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ABST
PAL  A vehicle wheel manufacturing apparatus to connect a wheel rim and a spider
      by accurately press fitting the spider into the rim and then cold working
      portions of the rim into a plurality of depressions within the periphery
      of the spider. The cold working is accomplished by a separate actuator for
      each portion with the manifold assembly connecting together all of the
      actuators so the actuators will all act simultaneously.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention relates to inflatable tire supporting
      structures and more particularly to an improved machine to manufacture the
      tire supporting structure.
PAR  It has been common practice for a great number of years to mount the
      inflatable tire of a vehicle upon a steel rim, and then to secure the
      steel rim to the wheel drum of an automobile. Normally, such steel rims
      were formed as an integral unit in a rough cast form. In an effort to
      improve the spider section of the wheel, the section centrally located
      with respect to the rim, it has been common to employ the use of a hubcap
      which is designed to be ornamental and pleasing to the eye. A large number
      of different types of hubcaps of various designs have been employed in the
      past.
PAR  Within the past few years it has been common to make ornamental the spider
      portion of the wheel itself, thereby eliminating the need for a hubcap. It
      has been found that if the spider is formed of a non-ferrous metal such as
      aluminum or magnesium, the spider is more receptive to styling by chrome
      plating than a steel spider. However, it has not been particularly easy to
      establish a strong, leakage free connection between the non-ferrous spider
      and the ferrous rim.
PAR  Most such rims are to support a tubeless tire wherein the rim must
      establish an airtight connection with the tire. It has been common
      practice in the past to rivet the rim to the spider. As a result, it has
      been common that a non-perfect riveting causes the pressurized air within
      the tire to leak out past the rivet. Also, although a satisfactory rivet
      connection may be initially established, after a period of time it may
      loosen permitting air to leak from the tire.
PAR  In an effort to overcome the use of rivets, there have been numerous
      attempts at welding the spider to the rim. However, the welding of a
      ferrous metal to a non-ferrous metal is not easily accomplished even by
      the most skilled artisan. Further, the welding technique is inherently
      time consuming. The cost of manufacture of such wheel assemblies is
      substantially increased when using the welding technique.
PAR  Because of the high precision required in the manufacture by either the
      rivet method or the welding method of vehicle wheel assemblies, it has
      been extremely difficult to design a machine to automatically manufacture
      such a vehicle wheel assembly. In the past it has been common to
      manufacture such vehicle wheel assemblies by employing the use of only
      portable hand held tools. Such manufacturing techniques are extremely time
      consuming and, as a result, are extremely costly as to labor. Also,
      because of the possibility of human error, inaccuracies in manufacturing
      by such portable tools frequently results in the producing of a high
      percentage of failures.
PAC  SUMMARY OF THE INVENTION
PAR  The manufacturing apparatus of this invention is designed to facilitate the
      securing of a non-ferrous spider within a ferrous rim of an inflatable
      tire wheel assembly. The spider includes a plurality of depressions spaced
      around the peripheral surface of the spider. The depressions are
      preferably formed substantially cone shaped with the side walls of the
      depressions being at a 45 degree angle with the circumferential spider
      wall. The rim is first centrally located about a piston rod. The spider is
      then located about the piston rod and upon actuation of the piston
      associated with the piston rod, the spider is forced into an interference
      fit within the rim. A plurality of male dimpling tools surround the rim in
      particular locations. Each of the male dimpling tools are movable between
      a retracted position and an extended position by means of an hydraulic
      actuator. The male dimpling tools are to be divided into groups with each
      group being fixedly supported with respect to the apparatus housing by
      means of a manifold. The actuators for each of the male dimpling tools are
      to be actuated simultaneously, or substantially simultaneously, which
      causes sections of the rim to be compressed simultaneously within each of
      the depressions within the spider. The depressing of the rim into the
      depressions of the spider is to be such as to cause the steel rim to flow
      plastically but not fracture. It is normally envisioned that approximately
      15 depressions are to be formed in a spaced apart relationship about the
      spider. The rim is to be cold worked within each of the depressions. As a
      result, a substantially integral high strength unit is formed between the
      spider and the rim.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the manufacturing apparatus of this invention;
PAR  FIG. 2 is a cross sectional view of the manufacturing apparatus of this
      invention taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary plan view of a portion of the manufacturing
      apparatus of this invention taken along lines 3--3 of FIG. 2;
PAR  FIG. 4 is a view similar to FIG. 2 showing the locating procedure for the
      rim and the spider;
PAR  FIG. 5 is a fragmentary plan view taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is a cross sectional view similar to FIG. 4 showing the apparatus of
      this invention in a succeeding intermediate position prior to connection
      of the spider within the rim;
PAR  FIG. 7 is a fragmentary plan view taken along line 7--7 of FIG. 6;
PAR  FIG. 8 is a view similar to FIG. 6 showing the structure in a further
      succeeding position prior to effecting connection of the spider within the
      rim;
PAR  FIG. 9 is a plan view of the completely assembled apparatus of this
      invention taken along line 9--9 of FIG. 8;
PAR  FIG. 10 is a cross sectional view of the apparatus of this invention taken
      along line 10--10 of FIG. 9 showing the spider being press fitted within
      the rim; and
PAR  FIG. 11 is an enlarged cross sectional view of the male dimpling tool
      employed to effect the drilling operations within this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE SHOWN EMBODIMENT
PAR  Referring particularly to the drawings, shown in FIG. 1 is the
      manufacturing apparatus 20 of this invention being mounted upon a base or
      housing 22 which is to be fixed to a floor or ground (not shown). The
      housing 22 includes an upper planar surface 24 which surrounds a
      cylindrical shaped well 26 formed within the housing 22.
PAR  Fixedly secured to the underside of the well 26 is an actuator housing 28.
      The actuator housing 28 includes a piston (not shown) which is to be
      movable by means of a source of compressed air (not shown). The piston
      within the actuator housing 28 is fixedly connected to the piston rod 30.
      The piston rod 30 is slidingly guided by means of a bearing within an
      upstanding housing 32. Housing 32 is fixedly secured to the housing 22
      within the well 26.
PAR  A plurality of plugs 34 are to be locatable in a concentric circle within
      the well 26 about the upstanding housing 32. Normally, six in number of
      such plugs 34 are employed equidistantly spaced apart within the well 26.
      However, the number of such plugs 34 and their particular spacing is to be
      considered a matter of choice or design. A ring 36 is adapted to rest upon
      the plugs 34. A bolt 38 is employed to pass through the ring 36 and a plug
      34 to secure such to the housing 34. Upon the tightening of all the bolts
      38, the ring and the plugs 34, in essence, become integral with the
      housing 32.
PAR  The rim 40, which is to support the inflatable tire of the vehicle (not
      shown), is to rest upon the ring 36 which is supported upon the plugs 34.
      The plugs 34 are selected along with the selection of the diameter of the
      ring 36 to locate the particular rim 40 at a specific height within the
      apparatus 20. In other words, the apparatus 20 of this invention is
      designed to facilitate the connecting of a spider 42 within numerous rim
      sizes. In other words, some vehicles are adapted to employ a 15 inch
      diameter rim, while other vehicles may employ a 14 inch diameter rim. The
      apparatus 20 of this invention is designed to facilitate the connection of
      a spider 42 within any of several sizes of rims 40 by the mere employing
      of different size plugs 44 and different diameter rings 36. The rim 40 is
      normally composed of a ferrous material such as steel or steel alloy.
PAR  The spider 42 may assume many of numerous configurations, the spoke
      configuration being selected for illustrative purposes. Basically, the
      spider 42 includes a plurality of spokes 44 which are equiangularly spaced
      from each other and extend radially from a hub aperture 46 and are to
      facilitate attachment of the spider 42 and its associated rim 40 to the
      drive drum of a vehicle such as an automobile. An annular element 50 is
      integrally connected to the free end of each of the spokes 44 and is
      concentrically disposed with respect to the central hub aperture 46. It is
      to be noted that the entire spider 42 is to be formed of a non-ferrous
      material such as aluminum, magnesium, or alloys thereof. However, it is to
      be understood that the manufacturing apparatus of this invention could
      readily be employed upon ferrous materials of the spider 42.
PAR  Formed within the upper surface of the upstanding housing 32 are a
      plurality of openings 52. Each of the openings 52 are adapted to receive a
      pin 54. Each pin is adapted to cooperate within a respective mounting hole
      48 of the spider 42. It is envisioned that two (in number) of such pins 42
      will be employed with two mounting holes 48 to support each spider 42. It
      is desired that two be employed because it is extremely important to
      firmly position the spider 42 in a concentric relationship with respect to
      the rim 40. It is to be noted that more than two in number of such
      openings 52 are shown within the upstanding housing 32. The reason for
      this is that a pin can be located in two particular openings 52 to
      cooperate with a specific type of spider 42 which has a particular
      mounting hole diameter 48. In other words, some mounting hole diameters
      are 41/2 inches, some are 43/4 inches, and some are 5 inches. It is to be
      noted that the pins 54 of sufficient length so as to cooperate with the
      mounting holes 48 with the spider 42 in the position shown in FIG. 6 of
      the drawings.
PAR  The outer diameter of the spider 42, in other words, annular element 50,
      should be of such a dimension as to establish a press fit (or interference
      fit) with the inner diameter of the rim 40. It is actually been found to
      be best that not only a snug fit occur between the rim 40 and the spider
      42, but it is required that the spider 42 be forcibly inserted within the
      rim 40 prior to the dimpling operation, which will be described further on
      in this specification.
PAR  In order to establish the press fit between the spider 42 and the rim 40,
      the compression ring 56 is adapted to be placed about the piston rod 30
      with the periphery of the compression ring 56 being in abutting contact
      with the annular element 50 of the spider 42. A cut-away portion 58 is
      formed upon the piston rod 30 adjacent the upper end thereof. A U-shaped
      washer 60 is adapted to cooperate with the cut-away portion 58 and be in
      abutting contact with the upper surface of the compression ring 56.
PAR  Fixedly secured to the upper surface 24 of the housing 22 are a plurality
      of manifolds 62. Actually, five in number of such manifolds 62 are shown.
      However, the exact number and arrangement of the manifolds 62 is
      considered to be a matter of choice or design.
PAR  Each of the manifolds 62 are basically a block upon which are located three
      in number of longitudinal passages (not shown). The center line of each of
      the longitudinal passages is on a radius of the longitudinal axis of the
      piston rod 30. Each of the longitudinal passages retains a hydraulic
      actuator 64. Each of the hydraulic actuators 64 are to be supplied
      hydraulic fluid from a source (not shown). It is normally desired that the
      hydraulic fluid be supplied from a single source to all the actuators 64.
      However, such is not absolutely necessary as numerous sources could be
      employed.
PAR  Each of the hydraulic actuators are capable of effecting longitudinal
      movement of a male dimpling tool 66. The exact construction of each of the
      actuators 64 is deemed to be conventional and need not be described here
      in detail.
PAR  Formed within the annular element 50 about its periphery are a plurality of
      inwardly extending, radially located depressions 68. It is to be noted
      that there are preferably three in number of such depressions 68 adjacent
      each spoke 44. Since there are five in number of such spokes employed,
      there are 15 such depressions 68 formed within the annular element 50.
      However, it is to be understood that the number of the depressions 58 is
      to be strictly a matter of choice or design.
PAR  The depressions 68 may also assume any basic configuration. However, the
      inventor has found that if the walls of the depressions are located
      substantially at a 45 degree angle with respect to the outer surface of
      the annular element 50, best results are obtainable. The cross sectional
      configuration of each depression 68 is basically in the shape of a circle.
      One of the best ways in which to form to the depressions 68 is by means of
      the tip portion of a conventional drill bit. The forming of each of the
      depressions 68 is accomplished prior to the placing of the spider 42 in
      cooperation with the rim 40 by means of the apparatus 20 of this
      invention.
PAR  Each of the male dimpling tools 66 is substantially circular in
      configuration and includes a head 70 which is substantially circular in
      configuration and is of a size substantially equal to the largest circular
      dimension of the depression 68. The end of the head 70 is relieved
      generally in the form of a chamfer 72. Generally, this chamfer 72 forms a
      45 degree angle with the cylindrical side wall of the head 70. The head 70
      is to be forcibly moved by means of its respective actuator 64 to deform a
      portion of the rim 40 into its respective depression 68. It is to be
      understood that the locations of each of the tools 66 (by the manifolds
      62) is such that it will respectively cooperate with a depression 68
      during operation thereof. Care must be taken so the force of moving the
      head 70 in cooperation with its respective depression 68 will not be so
      great so as to cause the ferrous material of the rim 40 to exceed its
      plastic range. In other words, care must be taken so that any fracture,
      even though very minute, will not occur in the rim 40 during the dimpling
      operation. The reason for this is that even the smallest crack will permit
      leakage of the air from within the tire which is supported about the rim
      40.
PAR  The dimpling operation is to be such to effect a cavity 74 within the outer
      surface of the rim 40 which is formed by permanent cold working of the rim
      material to extend partially within each depression 68. It is to be noted
      that there will be inherently produced a reduction in area of the rim
      material adjacent the outer circumference of the depression 68. But at the
      apex of the cavity 74, a small amount of reduction in area occurs or
      actually no reduction. This is very desirable as normally if a fracture
      was to occur on the rim 40, it would first occur in the area of the apex
      of the cavity 74. It has been found that by using this particular 45
      degree relationship, extremely small or practically no reduction of the
      apex of the cavity occurs.
PAR  Although the 45 degree angle is described as being preferable, it has been
      found that satisfactory results can be achieved if the angle is anywhere
      between 23.degree. to 45.degree.. Generally, if the angle exceeds
      45.degree., there is a greater tendency for the rim 40 to fracture during
      the dimpling operation. At lower angles (less than 23.degree.) the
      connection established between the spider 42 and the rim 40 is normally
      not sufficient to withstand an impact test. In other words, under an
      impact test, the connection will fail prior to the spider failing. With
      the 45 degree angle employed, the connection is so strong between the rim
      40 and the spider 42 that the spider itself fails prior to the connection
      failure.
PAR  The operation of the apparatus of this invention 20 is as follows: It will
      be presumed that the operator desires to effect the securing of a
      particular spider 42 within a particular rim 40. The operator then selects
      the particular desired length of the plugs 34 and the particular desired
      diameter of the ring 36 for the particular rim size. The plugs 34 are
      positioned as desired within the well 26 and the ring 36 so located
      thereupon. The bolts 38 are then installed with the entire unit of plugs
      34 and ring 36 being made integral with respect to the housing 22. The
      operator then locates the pins 54 within their desired opening 52 for the
      particular diameter of the mounting hole 48. The operator then grasps the
      rim 40 and places such about the piston rod 30 into abutting contact with
      the ring 36. The operator then takes a spider 42 and also places such
      around the piston rod 30 so that two mounting holes 48 of the spider
      cooperate with a pin 54. The operator then places the compression ring 56
      about the piston rod 30 and then locates the U-shaped washer 60 within the
      cut-away portion 58 of the piston 40 30.
PAR  At this time, the operator then effect actuation of the pneumatic piston
      within the actuator housing 28. Downward longitudinal movement of the
      piston rod 30 causes an appropriate downward movement of the washer 60 and
      the compression ring 56 and the spider 42. As a result, the spider 42 is
      press fitted within the proper section of the rim 40. The spider 42 is
      caused to move downward until it comes into abutting contact with the
      upper surface of the upstanding housing 32. It is to be noted that because
      of the pins 54, each of the depressions 68 are now in the particular
      desired alignment to cooperate with its respective tool 66.
PAR  The downward force of the actuator within the actuator housing 28 is
      permitted to remain in effect during the dimpling operation which will now
      be described. Such maintenance of the downward force insures that the
      exact position of the rim is maintained to achieve the best dimpling
      results.
PAR  The operator then effects actuation of the source of hydraulic fluid to
      apply hydraulic fluid to each of the hydraulic actuators 64. As a result,
      the tool 66 associated with each actuator 64 is caused to move
      longitudinally into contact with the rim 40. It is estimated that each of
      the hydraulic actuators 64 forces its respective tool 66 at a value
      between 5,000 psi and 7,500 psi to effect the dimpling operation. Each of
      the cavities 74 are formed at substantially the same time forming the
      integral bonded unit between the rim 40 and the spider 42.
PAR  Because of the substantial force that is generated by the hydraulic
      actuator 64 and transmitted to the spider 42, the hub portion of the
      spider must be supported or else a collapsing of the spider will occur or
      the spider will become out of round. It is for this reason, as shown in
      FIG. 8 of the drawings, that the piston rod 30 establishes a close fitting
      relationship within the hub aperture 46. In actual practice it is desired
      that the piston rod 30 be located within two or three thousandths of an
      inch within the hub aperture 46. As a result, the compression force of the
      hydraulic actuator 64 is transmitted directly through the spider and into
      the piston rod 30. The spider 42 is not then directly affected by the
      forces and therefore normally no breaking of the spider occurs or the
      spider does not become out of round.
PAR  The hub apertures 46 may vary in size for different size wheels. For
      different size hub apertures 46, different sizes of piston rod 30 may be
      employed so that the same close fitting relationship between the rod 30
      and the spider 42 will occur. However, it will normally be desirable to
      employ only a single size rod 30, such size being the smallest size
      contemplated to be used. When a larger size hub aperture 46 is employed, a
      sleeve is to then be placed over the rod 30, said sleeve being of a size
      to establish a close fitting relationship with the particular hub aperture
      46. It also fits closely about the rod 30. It is to be understood that
      there is to be various sizes of sleeves, each of which are to establish a
      close fit with a particularly sized hub aperture 46.
PAR  In the forming of some spiders 42, the hub aperture 46 may not be
      cylindrical but may be tapered so that the aft opening of the aperture 46
      will be larger than the fore opening. In such an instance it is considered
      to be within the scope of this invention that the sleeves may have a
      tapered outer configuration in order to establish a close fit with the
      particular configuration of aperture 46. It is further considered to be
      within the scope of this invention that the outer configuration of the
      sleeve may assume an arcuate configuration including a spherical outer
      surface. Such an arcuate configuration would establish a line contact with
      the wall of the hub aperture 46. Normally such line contact will be
      sufficient to cause the forces to be transmitted to the rod 30 and prevent
      the spider 42 from collapsing or becoming otherwise damaged.
PAR  After forming the wheel assembly (composed of the rim 40 and the spider
      42), the procedure is just reversed and the wheel assembly removed from
      the apparatus 20. Normally, this would be the final stage of manufacturing
      of the wheel assembly with wheel assembly now being ready for use.
PAR  It has been found that the manufacturing time to form such a wheel assembly
      by this invention would take approximately 30 seconds. This time interval
      is substantially quicker than previously known manufacturing methods.
      Also, because the manufacturing is accomplished automatically and
      independent of human error, an extremely accurate, failure free, wheel
      assembly is formed. After completion of the dimpling process of the
      apparatus 20 of this invention, there is no need for any additional
      welding or riveting, or any other extraneous operations prior to usage of
      the wheel assembly. In conclusion, the wheel assembly formed by the
      apparatus 20 of this invention results in the connecting of a ferrous rim
      to a non-ferrous spider which has higher strength characteristics than
      previously known methods.
CLMS
STM  What is claimed is: .[.
NUM  1.
PAR  1.  A vehicle wheel manufacturing apparatus to construct a vehicle wheel
      assembly, said assembly being composed of a rim to be capable of
      supporting an inflatable vehicle tire and a spider located interiorly of
      said rim, said manufacturing apparatus comprising:
PA1  first means to position said spider within said rim, said spider having
      hiatus structure located directly adjacent said rim; and
PA1  second means to effect deformation of said rim into cooperation with said
      hiatus structure ..]. .[.
NUM  2.
PAR  2. Apparatus as defined within claim 1 wherein:
PA1  said spider being of such a size that said spider must be forcibly inserted
      within said rim, said first means including an actuator to forcibly move
      said spider within said rim..]. .[.
NUM  3.
PAR  3. Apparatus as defined in claim 2 wherein: said actuator being actuated
      pneumatically..]. .[.
NUM  4.
PAR  4. Apparatus as defined within claim 1 including:
PA1  third means to support said rim within said apparatus, said third means
      being variable to support different sized rims..].
NUM  5.
PAR  5. A vehicle wheel manufacturing apparatus to construct the vehicle wheel
      assembly, said assembly being composed of a rim to be capable of
      supporting an inflatable vehicle tire and a spider located interiorly of
      said rim, said manufacturing apparatus comprising:
PA1  a first means to position said spider within said rim, said spider having
      .Iadd.formed therein .Iaddend.a plurality of .Iadd.separate
      .Iaddend.depressions .Iadd.arranged in a circumferential row about said
      spider .Iaddend..[.formed therein and located directly adjacent said
      rim.].; and
PA1  second means to effect deformation of said rim into cooperation with said
      depressions, said second means includes an actuator assembly, said
      actuator assembly including a separate actuator for each of said
      depressions, a manifold assembly to connect together a plurality of said
      actuator to maintain such in a predetermined fixed relationship relative
      to said apparatus.
NUM  6.
PAR  6. Apparatus as defined in claim 5 wherein:
PA1  each of said actuators having an actuating head to physically contact said
      rim and effect deformation thereof, each of said actuators to move its
      respective actuating head in a radial direction with respect to said rim.
NUM  7.
PAR  7. Apparatus as defined in claim 5 wherein:
PA1  said manifold assembly includes a plurality of separate manifold units,
      each of said manifold units to retain three in number of said actuators.
NUM  8.
PAR  8. Apparatus as defined in claim 7 wherein:
PA1  there being five in number of said manifold units being equidistantly
      spaced apart about said rim.
NUM  9.
PAR  9. Apparatus as defined within claim 5 wherein:
PA1  said rim to be deformed plastically within said depression but not to
      exceed the ultimate strength of the rim material.
NUM  10.
PAR  10. Apparatus as defined within claim 9 wherein:
PA1  said rim being in a circular configuration, said depressions being
      generally disposed in a radial direction with respect to said rim.
NUM  11.
PAR  11. Apparatus as defined within claim 10 wherein:
PA1  the sidewall of each of said depressions forming substantially a 45 degree
      angle with respect to the exterior surface of said spider.
NUM  12.
PAR  12. A vehicle wheel manufacturing apparatus to construct a vehicle wheel
      assembly, said assembly being composed of a rim to be capable of
      supporting an inflatable vehicle tire and a spider located interiorly of
      said rim, said manufacturing apparatus comprising:
PA1  first means to position said spider within said rim, said spider having
      .Iadd.formed therein .Iaddend.a plurality of .Iadd.separate
      .Iaddend.depressions .Iadd.arranged in a circumferential row about said
      spider .Iaddend..[.located directly adjacent said rim.].; and
PA1  second means to effect deformation of said rim into cooperation with said
      depressions.
NUM  13.
PAR  13. Apparatus as defined within claim 12 wherein:
PA1  said spider being of such a size that said spider must be forcibly inserted
      within said rim.
NUM  14.
PAR  14. Apparatus as defined within claim 12 including:
PA1  third means to support said rim within said apparatus, said third means
      being variable to support different size rims.
NUM  15.
PAR  15. Apparatus as defined within claim 12 wherein:
PA1  said second means includes an actuator assembly, said actuator assembly
      including a separate actuator for each of said depressions.
NUM  16.
PAR  16. Apparatus as defined within claim 15 including:
PA1  a manifold assembly to connect together a plurality of said actuators to
      maintain such in a predetermined fixed relationship relative to said
      apparatus.
NUM  17.
PAR  17. Apparatus as defined within claim 12 wherein:
PA1  the side wall of each of said depressions forming substantially a 45 degree
      angle with respect to the exterior surface of said spider. .Iadd. 18. A
      vehicle wheel manufacturing apparatus to construct a vehicle wheel
      assembly, said assembly being composed of a rim to be capable of
      supporting an inflatable vehicle tire and a spider located interiorly of
      said rim, said manufacturing apparatus comprising:
PA1  first means to position said spider within said rim, said spider having
      hiatus structure located directly adjacent said rim;
PA1  second means to effect deformation of said rim into cooperation with said
      hiatus structure; and
PA1  third means to support said rim within said apparatus, said third means
      being variable to support different sized rims. .Iaddend..Iadd. 19.
      Apparatus as defined in claim 18 wherein:
PA1  said spider being of such a size that said spider must be forcibly inserted
      within said rim, said first means including an actuator to forcibly move
      said spider within said rim. .Iaddend..Iadd. 20. Apparatus as defined in
      claim 19 wherein:
PA1  said actuator being actuated pneumatically.
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ABST
PAL  A worm gear drive assembly for driving the wheeled support assemblies for
      an elongated irrigation pipe including a motor having an output controlled
      in response to bending or deflection of the pipe and a forwardly and
      rearwardly extending shaft with a drive worm gear on each end thereof
      engaged with a worm wheel for driving the supporting wheels. Each
      supporting wheel is connected to the frame structure in such a manner that
      it may be oriented for driving the pipe in a direction transverse to the
      longitudinal axis thereof or in a position perpendicular thereto to enable
      the irrigation pipe to be towed or pulled in a direction parallel to its
      longitudinal axis to facilitate movement from one area to be irrigated to
      another.
BSUM
PAR  This application discloses improvements in the drive mechanism for the
      supporting assemblies of an irrigation pipe as disclosed in copending
      application Ser. No. 792,013, filed Jan. 17, 1969, .Iadd.now U.S. Pat. No.
      3,608,826.Iaddend. for Electrically Driven Circular Irrigation System.
PAR  The present invention generally relates to drive supporting assembly for an
      elevated irrigation pipe for supporting and driving the irrigation pipe
      for movement in a direction transverse of the longitudinal axis of the
      irrigation pipe and more particularly includes a worm gear drive for the
      supporting wheels on the supporting assembly.
PAR  An object of the present invention is to provide a worm gear drive for the
      supporting wheels at the forward and rearward ends of a supporting frame
      or assembly for an elongated irrigation pipe in which the pipe is
      supported by a plurality of similar support assemblies with each support
      assembly including a drive motor having a forward and rearward output
      shaft with the forward and rearward ends of the output shaft having a worm
      shaft thereon in meshing engagement with a worm wheel carried by the hub
      of the wheel to rotate the wheel thus driving the support assembly.
PAR  Another object of the invention is to provide a support assembly in which
      the wheels at the opposite ends thereof are orientated with the rotational
      axes thereof in parallel relation to each other and generally parallel to
      the longitudinal axis of the irrigation pipe supported thereby for moving
      the pipe in a direction transverse to its longitudinal axis with the
      wheels also being positioned for rotation about a substantially
      coincidental rotational axis in perpendicular relation to the longitudinal
      axis of the pipe so that the irrigation pipe may be towed longitudinally
      from one area to another such as from one field to another through a
      relatively narrow gate or along a relatively narrow road or the like thus
      facilitating movement of the irrigation system from one area to another.
PAR  A further important object of the present invention is to provide a support
      assembly for irrigation pipes having a worm gear drive to provide positive
      control of the driven wheels so that they will not roll freely forward in
      the event of traversing uneven terrain thereby providing positive control
      of the driving speed of the wheels at all times.
PAR  Another object of the present invention resides in its simplicity of
      construction, dependability and relatively inexpensive manufacturing and
      maintenance cost.
DRWD
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout, and in which:
PAR  FIG. 1 is a perspective view of one of the supporting assemblies for the
      irrigation pipe illustrating the orientation of the components thereof.
PAR  FIG. 2 is a plan view of the supporting assembly of the present invention
      illustrating the drive motor, output shaft extending forwardly and
      rearwardly therefrom in the position of a driving wheel when they are
      drivingly supporting the irrigation pipe.
PAR  FIG. 3 is a longitudinal, vertical sectional view taken substantially upon
      a plane passing along section line 3--3 of FIG. 2 illustrating further
      structural details of the invention.
PAR  FIG. 4 is a detailed sectional view taken substantially upon a plane
      passing along section line 4--4 of FIG. 3 illustrating further structural
      details of the drive mechanism.
PAR  FIG. 5 is a detail sectional view, on an enlarged scale, taken
      substantially upon a plane passing along section line 5--5 of FIG. 1
      illustrating the structure of the wheel and worm gear drive associated
      therewith.
PAR  FIG. 6 is an elevational view illustrating the positioning of the
      supporting wheel perpendicular to the end of the support assembly to
      support the irrigation pipe for movement axially along its longitudinal
      axis.
PAR  FIG. 7 is an exploded group perspective view of the wheel-mounting assembly
     .
DETD
PAR  Referring now specifically to the drawings, the supporting assembly for the
      irrigation system is generally designated by the numeral 10 and the
      irrigation pipe or boom is generally designated by the numeral 12 with the
      structure of the irrigation pipe or boom being the same as that disclosed
      in Ser. No. 792,013 mentioned previously. The irrigation boom or pipe is
      in the form of an elongated tubular pipe 14 having a plurality of
      sprinklers 16 mounted longitudinally therealong together with bracing and
      supporting truss assemblies generally designated by the numeral 18 all of
      which are the same as disclosed in Ser. No. 792,013. The support assembly
      10 includes a generally A-shaped construction formed by a pair of
      downwardly converging frame members 20 and 22 which extend both forwardly
      and rearwardly from the pipe 14 as illustrated in FIG. 1. The lower ends
      of the members 20 and 22 are interconnected by a rigid plate 24 which in
      turn is rigidly fixed to the horizontally disposed tubular frame member 26
      as by welding or the like with the plate 24 being disposed at the same
      angle as the members 20 and 22 and secured rigidly thereto by bolt-type
      fasteners 28 or the like. The upper ends of the members 20 and 22 are
      secured to the pipe 14 by suitable bracket structures generally designated
      by the numeral 30 and the support members 22 have a control system 32
      having a conductor 34 depending therefrom for operating the electric drive
      motor 36. All of this construction is the same as the structure disclosed
      in Ser. No. 792,013 including the flexible coupling 38 in the pipe 14 and
      the flanged coupling 40 therein provided with an O-ring seal in which both
      of the flanges of the flange coupling coupling 40 have a groove receiving
      an O-ring seal. The control system for controlling the operation of the
      electric motor in response to deflection of adjacent pipe sections about
      an axis defined by a specific construction of the flexible coupling 38 is
      the same as and specifically disclosed in Ser. No. 792,013.
PAR  The improvement disclosed in this application is directed toward the drive
      connection between the electric motor and a pair of supporting wheels 42
      and 44 which are located at the opposite ends of the support frame member
      26. Each wheel assembly 42 and 44 includes a pneumatically inflated tire
      46 supported on a conventional wheel rim 48 secured in place on a hub 50
      by lug bolts 52 to enable conventional vehicular wheels to be employed.
PAR  The hub 50 includes a tubular extension 54 supporting spaced bearing
      assemblies 56 which engage the tapered spindle shaft 58 to journal the hub
      50 from the spindle 58 in a well known and conventional manner. The
      bearing assemblies 56 are retained in position by a retaining nut 60 and a
      grease cap or seal 62 is attached to the tubular extension 54 to retain
      lubrication within the hub assembly. This structure is substantially
      conventional in vehicular structures in that the stationary spindle 58
      rotatably journals the hub 50 and the wheel assembly for rotation about
      the axis of the spindle 58.
PAR  The spindle shaft 58 extends inwardly into an attaching end portion 64
      which extends under a channel-shaped plate 68 being welded thereto as
      illustrated in FIGS. 5 and 7. The channel-shaped member 68 has depending
      flanges along each side edge thereof and an upstanding end lug 69 and
      upstanding side lugs 71 telescoped over and engaged with a channel-shaped
      plate 70 secured to the frame member 26 as by welding or the like. A
      through-bolt 72 extends through the channel-shaped member 68, the
      channel-shaped member 70 as well as the frame member 26 and a torque plate
      73 welded to the frame member 26 thus securing these components in rigid
      relation with the spindle or shaft 58 secured in perpendicular relation to
      the longitudinal axis of the frame member 26.
PAR  Attached to the inner surface of the hub 50 is an adapter plate 74 which is
      secured to the hub by the lug bolts 52 and which has a worm wheel 76
      secured to the inner surface thereof by suitable countersunk bolts 78 or
      the like so that the worm wheel 76 adapter plate 74, hub 50, wheel 48 and
      pneumatic tire 46 will all rotate together with the periphery of the worm
      wheel .[.46.]. .Iadd.76 .Iaddend.having the usual worm wheel teeth 80
      formed thereon.
PAR  In meshing engagement with the worm wheel 76 is a drive worm shaft or gear
      82 engaging the upper edge of the worm wheel 76 with the rotational axis
      of the worm gear 82 being perpendicular to the rotational axis of the worm
      wheel 76 in a well known and conventional manner. The worm gear or pinion
      82 is journalled in an upward extension 84 of an annular housing 86 which
      also journals the worm wheel and which includes a removable side plate 87
      secured in place by suitable fastening bolts. One end of the worm gear
      projects from the housing extension 84 and is provided with a universal
      coupling 88 thereon. A drive shaft 90 is connected to the universal
      coupling 88 adjacent the worm wheel housing 86 and the inner end of the
      drive shaft 90 is provided with a universal coupling 92 thereon. As
      illustrated in FIG. 2, the electric motor 36 is substantially disposed
      centrally of the frame member 26 with the drive shaft structure being
      identical toward both drive wheels. The electric motor 36 is provided with
      a reduction gear assembly 94 thereon having forwardly and rearwardly
      extending output shafts 96 connected with the universal couplings 92 to
      enable driving rotation to be imparted to the shafts 90 at the same speed
      for rotating the wheels 42 and 44 at the same rotational speed.
PAR  The upper end of the extension 84 on the housing 86 is engaged with the
      torque plate 73 which extends into overlying relation thereto by a pair of
      upstanding lugs 98 on housing extension 84. Thus, the through-bolt 72
      secures the housing 86 and extension 84 in place with the lugs on the
      housing transmitting torque to the torque plate 73 and the frame member
      26.
PAR  The electric motor and its reduction gear 94 may be supported from a
      vertical plate 104 rigidly secured to the frame member 26 which may be
      notched out for receiving the plate 104 which may be welded in position
      thereon. Also, a forwardly extending and curved guard rod 106 is provided
      for each of the wheels with the rod being secured to the inner edge of the
      channel-shaped member 68 by any suitable fastening structure or the like.
PAR  The plate 73 is rigidly fixed between the pair of lugs 98 on the housing
      extension 84 and serves as a torque plate for preventing the housing 86
      and its extension 84 as well as the worm shaft 82 from rotating due to the
      torque exerted on the wheel. When it is desired to tow the irrigation pipe
      from one field to another, it is only necessary to loosen or remove the
      bolt 72 sufficient to enable the lugs 69 and 71 to pass under member 70 to
      enable pivoting of the spindle 58 and its associated structure including
      the worm wheel, worm pinion and housing therefor to a position whereby the
      spindle 58 is parallel with the longitudinal axis of the frame member 26.
      The bolt 72 is then tightened .[.wit.]. .Iadd.with .Iaddend.member 70
      disposed between lug 69 and the inner end edges of lugs 71 thus providing
      rigid lock for the spindle 58 in both of its positions. The universal
      coupling .[.86.]. .Iadd.88 .Iaddend.is detached from the drive shaft 90
      prior to such movement. FIG. 6 illustrates the towed position and in this
      position, all of the supporting wheels 42 and 44 may be oriented with
      their axis of rotation being perpendicular to the longitudinal axis of the
      pipe 14 so that the pipe 14 may then be towed in a direction parallel with
      this longitudinal axis thus enabling the irrigation system to be moved
      from one field to another through a gate opening in a fence, along a
      relatively narrow road or the like without disassembly and reassembly of
      the irrigation pipe. When the wheel is in the position of FIG. 6, the worm
      wheel housing may rotate with the wheel which enables the worm pinion 82
      to rotate with the worm wheel 76. If desired, the drive shaft components
      90 may be telescopic or detachably connected to the universal couplings in
      any suitable manner and if desired, the universal coupling 88 may be
      detached from the worm wheel 82 to eliminate any possible damage thereto
      when the wheel has been oriented in the position of FIG. 6.
PAR  Any suitable bearing support structure may be provided for the wheel with
      the structure illustrated enabling conventional vehicular components to be
      employed thereby enabling the use of conventional and commercially
      available components to retain the cost of the device as low as possible.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention as claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an irrigation system having a boom movable over a relatively large
      land area and including an elongated pipe receiving water for discharge
      through a plurality of sprinkler heads, that improvement comprises a
      plurality of support assemblies for the boom, each support assembly
      including an elongated frame member generally in perpendicular relation to
      the boom, a wheel journalled at each end of the elongated frame member for
      engaging the ground surface, a drive motor supported from the frame
      member, and a driving connection between said motor and .[.each of.]. said
      wheels for driving the wheels and propelling the support assembly thus
      propelling the elongated boom, said drive connection including a worm
      pinion and worm wheel to provide positive driving connection between the
      motor and wheels to prevent free wheeling of the wheels in the event of
      traversal of a downgrade, each wheel including a spindle, means connecting
      the spindle to the frame member, a wheel hub journalled on said spindle, a
      wheel .[.and pneumatic tire.]. secured to the hub, said worm wheel being
      secured to said hub for rotation therewith .Iadd.about a common
      axis.Iaddend. whereby rotation of the worm wheel will drivingly rotate the
      wheel.Iadd., said means connecting the spindle to the frame means
      including means enabling the spindle to pivot approximately 90.degree.
      whereby the axes of rotation of the wheels may be parallel to the axis of
      the boom or perpendicular thereto, and means disengaging the drive
      connection between the motor and wheels to enable the boom to be
      towed..Iaddend.
NUM  2.
PAR  2. The structure as defined in claim 1 wherein said driving connection
      includes an elongated drive shaft extending from the motor, and extending
      toward each of the wheels, a worm pinion engaged with each worm wheel and
      drivingly connected to the outer ends of said shaft.
NUM  3.
PAR  3. The structure as defined in claim 2 wherein said worm pinions are
      detachably connected to the drive shaft with the worm pinion and worm
      wheel being disposed in a housing, means connecting the housing and the
      frame member to prevent rotation of the housing and enable torque to be
      exerted on the worm wheel and wheel connected therewith for driving the
      wheel.
NUM  4.
PAR  4. The structure as defined in claim 3 wherein said means connecting the
      spindle to the frame member includes releasable fastening means to retain
      the spindle in a position substantially perpendicular to the frame member
      for rotation of the wheels about axes substantially parallel to the
      longitudinal axis of the elongated boom and orientation of the spindle in
      a transport position for orientating the wheels in a transport position
      having rotational axes substantially perpendicular to the longitudinal
      axis of the elongated boom thereby enabling the elongated boom to be towed
      axially when all of the wheels on all of the supporting assemblies have
      been oriented in the transport position thereby enabling the irrigation
      system to be moved from one area being irrigated to another without
      disassembly and reassembly of the components of the irrigation system.
NUM  5.
PAR  5. The structure as defined in claim 4 together with a curved guard rod
      extending outwardly from means connecting the spindle to the frame member
      and curving in front of the wheel to protect the wheel and deflect crops
      from out of the path of the wheel.
NUM  6.
PAR  6. The structure as defined in claim 4 wherein the detachable connection
      between the drive shaft and worm pinion is automatically disconnected when
      the means connecting the housing and frame member is disconnected and the
      wheel is disposed in transport position to enable free wheeling of the
      wheel and rotation of the housing therewith.
NUM  7.
PAR  7. In an irrigation system having a boom movable over a relatively large
      land area and including an elongated pipe receiving water for discharge
      through a plurality of sprinkler heads, a plurality of support assemblies
      for the boom, each support assembly including an elongated frame member
      generally in perpendicular relation to the boom, a wheel journalled at
      each end of the elongated frame member for engaging the ground surface, a
      drive motor, that improvement comprising a worm drive connection between
      the drive motor and a ground-engaging wheel to provide positive drive for
      the wheel and prevent free-wheeling of the wheel when traversing a
      downgrade, said worm drive connection including a worm wheel connected
      with the ground-engaging wheel, and a worm pinion meshing with the worm
      wheel and drivingly connected with the motor, and means disengaging the
      drive connection between the drive motor and .[.ground-engaging wheel.].
      .Iadd.worm pinion.Iaddend. to enable towing of the boom when moving the
      irrigation system from one area to another. .Iadd. 8. The structure as
      defined in claim 7 wherein each of said wheels includes a supporting
      member defining an axis of rotation for the wheel, and means mounting the
      supporting member from the frame member for pivotal movement between a
      boom towing position in which the axis of rotation is perpendicular to the
      boom and a position in which the axis is parallel to the boom for movement
      of the boom in a circular path, and means releasably securing said
      supporting member in both positions..Iaddend..Iadd. 9. The structure as
      defined in claim 7 wherein said supporting member includes a housing for
      the worm drive connection, and means securing the housing to the frame
      member for orientation in both positions..Iaddend..Iadd. 10. In an
      irrigation system, an elongated water distribution pipe, a plurality of
      support means supportnig said pipe, each of said support means comprising
      an elongated, horizontally disposed frame means which is disposed
      transversely to the longitudinal axis of said pipe, a wheel assembly at
      each end of said frame means, power means including a drive shaft
      drivingly connected to at least one of said wheel assemblies, the
      rotational axis of each of said wheel assemblies being generally parallel
      to the longitudinal axis of said pipe when distributing water, and means
      for selectively pivoting said wheel assemblies with respect to the frame
      means to a tow position so that the rotational axis of each of said wheel
      assemblies will be transversely disposed with respect to the longitudinal
      axis of said pipe to permit said pipe and said support means to be towed,
      said driven wheel assembly comprising a drive wheel, a gear housing having
      gear means therein connected with a positive drive output member, said
      drive wheel being mounted on said output member for rotation therewith,
      and means for disengaging the drive shaft from the gear means so that said
      drive wheel may freely rotate when said wheel assembly has been pivoted to
      said tow position..Iaddend. .Iadd. 11. The structure as defined in claim
      10 wherein said gear housing includes a plate disposed horizontally
      thereon, said frame means including a plate disposed horizontally thereon,
      said means for selectively pivoting said wheel assemblies includes pivot
      bolt means extending through said plates, and lug means interengaging said
      plates to retain the plates in two perpendicular positions about the pivot
      bolt for retaining the wheel assemblies in water distributing position and
      tow position.
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PAL  Reacting a partial polyol monocarboxylic acid ester with an acidic
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      produce specific complete mixed polyol esters, especially confectioner's
      hard butter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for synthesizing complete mixed polyol
      esters, that is, polyol esters having at least two different ester groups
      and no hydroxyl groups. More particularly, this invention relates to a
      process for esterifying partial polyol esters with minimal rearrangement
      of ester groups either by intermolecular or intramolecular acyl group
      exchange, and to confectioner's hard butter compositions prepared in such
      fashion. The term "partial polyol ester" is used herein to denote a polyol
      which is partially, that is, incompletely, esterified and as a consequence
      contains at least one hydroxyl group.
PAR  The instant process provides mixed polyol esters with specific ester groups
      substantially all at specific polyol hydroxyl sites. This process is
      especially useful for providing confectioner's hard butter compositions
      from inexpensive raw materials such as lard and palm oil. Such
      compositions are useful as substitutes for cocoa butter in chocolate
      candies.
PAR  To be useful as a confectioner's butter, a triglyceride should optionally
      have the following characteristics: it should be brittle solid up to about
      77.degree. F.; it should have a relatively narrow melting range; and it
      should be completely liquid at about 95.degree. F., i.e., slightly below
      body temperature. Such melting characteristics contribute glossy coatings,
      absence of stickiness and favorable volume changes during confectionery
      product molding. These unique melting characteristics make confectioner's
      butters such as cocoa butter desirable for use in confectionery products,
      especially chocolates. However, cocoa butter is relatively expensive and
      must be imported, even when domestic fats which can be used to produce
      acceptable confectioner's butters are in plentiful supply at much less
      than the cost of cocoa butter. For many years, therefore, attempts have
      been made to provide from readily available and cheaper fats a product
      that can be used to replace at least part of the cocoa butter in
      chocolates and other confectionery products that normally contain cocoa
      butter.
PAR  In this search for alternate confectioner's butters, it has been determined
      that the advantageous physical characteristics of such butters are derived
      from the arrangement of the fatty acid substituents in their glycerides.
      Analytical tests have shown that cocoa butter comprises principally fatty
      acid triglycerides wherein a major proportion of the oleoyl substituents
      on the glycerol molecule are in the 2-position, e.g.,
      1-palmitoyl-2-oleoyl-3-stearoyl glycerol, and minor amounts of
      triglycerides having a different order of substitution of the palmitoyl,
      oleoyl and stearoyl groups on the glycerol molecule. Accordingly,
      palmitoyl-oleoyl-stearoyl triglycerides having a major proportion of the
      oleoyl groups in the 2-position of the glycerol molecule would provide the
      desired confectioner's hard butter compositions were such triglycerides
      readily available.
PAR  With most esterification procedures, the synthesis of such
      position-specific triglycerides is impossible since substantial ester
      group rearrangement occurs during esterification of specific partial
      glycerides, the synthesis of which is known in the prior art. Thus,
      acylation of 1,3-diglycerides with oleic acid and a conventional acid
      esterification catalyst provides only a minor proportion of triglycerides
      having an oleoyl group at the 2-position, where this group must occur to
      provide the desired confectioner's butter.
PAR  Feuge, Willich and Guice, the Journal of the American Oil Chemists Society,
      July 1963, pp. 260-264, demonstrate that ester group rearrangement
      ordinarily occurs during the esterification of partial glycerides, and, at
      page 260, point out that hydrochloride, sulfuric and hydrocarbyl sulfonic
      acids, which are widely used as esterification catalysts, cause ester
      group rearrangement. Accordingly, these acid catalysts are not suitable
      for preparing the desired position-specific (i.e., 2-oleoyl) triglycerides
      for use as a confectioner's butter. Similarly, ester group rearrangement
      ordinarily occurs during esterification of partial polyol esters other
      than glycerides, e.g., during esterification of partial 1,2-propylene
      glycol esters.
PAR  One known method for synthesizing a synthetic confectioner's butter which
      is similar to cocoa butter comprises reacting a diglyceride having
      palmitolyl and stearoyl groups at the 1- and 3-positions with oleoyl
      chloride; see U.S. Pat. No. 3,012,890. Further, it is known in the prior
      art that, in general, acid chlorides can be used to specifically esterify
      mono- and diglycerides. The use of acid chlorides for specific
      esterifications has many undesirable aspects, however. For instance, acid
      chlorides are very corrosive and their use involves handling problems.
PAR  U.S. Pat. Nos. 3,410,881 and 3,337,596 disclose the use of perchloric acid
      as an effective catalyst for preparing a synthetic cocoa butter without
      rearrangement of the ester groups. However, perchloric acid is known to be
      explosive and its use in the presence of organic compounds is preferably
      avoided.
PAR  The copending application of Yetter, entitled "Process of Synthesizing
      Complete Mixed Polyol Esters," Ser. No. 242,139, filed Apr. 7, 1972,
      discloses the use of perfluoroalkanesulfonic acid catalysts in
      position-specific triglyceride syntheses. While effective for the intended
      use, such perfluorinated catalysts are quite expensive and are in
      relatively short supply.
PAR  The concurrently filed application of Yetter, entitled, "Process for
      Synthesizing Complete Mixed Polyol Esters," Ser. No. 279,577, filed Aug.
      10, 1972, discloses the use of hydrogen bromide in position-specific
      triglyceride syntheses. While effective for the intended use, HBr is
      corrosive and can be difficult to handle.
PAR  It has now been found that boron trifluoride (and sources thereof)
      catalyzes the esterification of partial polyol esters without substantial
      ester group rearrangement. It is surprising that this particular acid
      catalyzes esterification reactions with only minimal ester group
      rearrangement, inasmuch as the previously noted catalysts are all protonic
      acids, rather than Lewis acids, as is BF.sub.3.
PAR  While boron trifluoride has been previously employed in esterification
      reactions (see, for example, U.S. Pat. Nos. 3,112,239; 3,242,200;
      3,035,069; 3,182,034 and 2,414,999), it has not been heretofore suggested
      as a position-specific esterification catalyst. To the contrary, U.S. Pat.
      No. 2,634,279, teaches the use of boron trifluoride as an ester
      interchange catalyst. The general interchange of ester groups is, of
      course, the precise problem which must be avoided in the preparation of
      position-specific triglycerides in the manner of the instant invention. In
      light of the ability of BF.sub.3 to catalyze ester interchange, its use as
      a position-specific esterification catalyst in the manner of the instant
      invention is surprising.
PAR  It is an object of this invention to provide a process for synthesizing
      complete mixed polyol esters, especially triglycerides, with relatively
      little rearrangement of ester groups either by intermolecular or
      intramolecular exchange. It is a further object herein to provide a
      process for synthesizing specific complete mixed polyol esters without
      using perchloride acid, acid chlorides or perfluoroalkyl sulfonic acids or
      hydrogen bromide. Yet another object of this invention is to provide a
      process for the preparation of a confectioner's hard butter composition.
      These and other objects are obtained herein as will be see from the
      following disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, it has been found that specific complete mixed
      polyol esters, i.e., those with specific ester groups at specific polyol
      hydroxyl sites, can be prepared by esterifying partial polyol esters with
      acid anhydrides in the presence of a catalytic amount of a boron
      trifluoride source at temperatures from about -30.degree. F. to about
      350.degree. F.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Various sources of the boron trifluoride esterification catalyst used in
      the instant process are available, and all such sources are useful herein.
      For example, the BF.sub.3 can be introduced into the reaction mixture as a
      gas; or, the BF.sub.3 can be complexed with a variety of organic Lewis
      bases, e.g., diethyl ether, and admixed with the reaction mixture.
      Alternatively, an aqueous solution of HF and BF.sub.3, i.e., the
      "fluoboric" acid of commerce, can be employed. Boron trifluoride in liquid
      hydrogen fluoride can also be employed. The most preferred boron
      trifluoride sources in the instant process are gaseous BF.sub.3 and the
      BF.sub.3 -Lewis base adducts, especially BF.sub.3 etherate, well known in
      the art.
PAR  The partial polyol esters to be esterified in the manner of this invention
      are derived from polyols selected from the group consisting of (1)
      aliphatic diols where the hydroxyl groups are unsymmetrically substituted
      with respect to the carbon chain, or (2) aliphatic polyols containing at
      least three hydroxyl groups. These diols and polyols are preferably those
      esterified with acyl substituents derived from monocarboxylic acids
      containing from 8 to 24 carbon atoms, although the esterification reaction
      herein is independent of this chain length.
PAR  Partial polyol esters derived from aliphatic diols include for example,
      esters derived from 1,2-propylene glycol, 1,2-butanediol and
      1,3-butanediol. Partial polyol esters derived from aliphatic polyols
      containing at least three hydroxyl groups include, for example, esters
      derived from glycerin, 1,2,4-butanetriol, erythritol, arabitol, xylitol,
      1,2,6-hexanetriol, sorbitol and mannitol. The ester groups of these
      partial polyol esters include, for example, those derived from caprylic,
      capric, lauric, myristic, palmitic, stearic, oleic, linoleic, linolenic,
      arachidic and behenic acids.
PAR  Partial polyol esters which are preferred for use herein are partial
      glyceride esters including 1- and 2-monoglycerides and 1,2- and
      1,3-diglycerides. The monoglyceride ester groups can be saturated or
      unsaturated. The diglycerides include disaturated, monoacid, diglycerides,
      e.g., distearin; disaturated, diacid diglycerides, e.g.,
      1-palmitoyl-3-stearoyl glycerol; diunsaturated, monoacid diglycerides,
      e.g., diolein; diunsaturated, diacid diglycerides, e.g.,
      1-oleoyl-3-palmitoyleoyl glycerol; and monounsaturated, monosaturated,
      diacid diglycerides, e.g., 1-palmitoyl-3-palmitoleoyl glycerol. The terms
      "diacid" and "monoacid" are used herein to denote glycerides having two
      different acyl substituents and one kind of acyl substituent respectively.
      The preparation of partial polyol esters for use in the instant process is
      fully described in Mattson and Volpenhein, Journal of Lipid Research, July
      1962, vol. 3, No. 3, pages 281-296.
PAR  Specific partial carboxylic acid esters of 1,2-propylene glycol can also be
      used in the present process. Most 1-mono-fatty acid esters of
      1,2-propylene glycol, such as 1-propylene glycol mono-stearate, can be
      prepared by reacting 1,2-propylene glycol with a desired fatty acid, such
      as stearic acid, in the presence of a catalyst, such as p-toluenesulfonic
      acid, and in a solvent, such as xylene, and the 1-fatty acid ester
      separated by fractional crystallization, for instance. 2-mono-fatty acid
      esters of 1,2-propylene glycol, such as 2-propylene glycol mono-behenate,
      can be prepared by acylation of an appropriately blocked 1,2-propylene
      glycol derivative, such as 1-tetrahydropyranyl propylene glycol, with an
      acid chloride, such as behenoyl chloride, and cleavage of the blocking
      group in the presence of boric acid.
PAR  The symmetrical acidic lipid anhydrides which are preferred for use in
      esterifying the above partial polyol esters have the structural formula:
      ##EQU1##
      wherein each X is a substituent selected from the group consisting of: (1)
      alkyl and alkenyl groups containing from 7 to 23 carbon atoms and having
      the formula
PAC   R--
PA1  (2) residues of alkyl and alkylene half-esters of a dicarboxylic acid
      having the formula
      ##EQU2##
      (3) residues of monoacyl diol half-esters of a dicarboxylic acid having
      the formula
      ##EQU3##
      (4) residues of diacyl glyceride half-esters of a dicarboxylic acid having
      the formula
      ##EQU4##
      and (5) residues of monoacyl derivatives of a primary monohydroxyl
      monocarboxylic acid having the formula
      ##EQU5##
      wherein in (1)-(5) above: R is an alkyl or alkenyl group having 7 to 23
      carbon atoms;
PA1  R.sup.1 is an alkylene group having 2 to 4 carbon atoms;
PA1  R.sup.2 is an alkylene group having 0 to 4 carbon atoms;
PA1  R.sup.3 is an alkylene group having 2 to 5 carbon atoms; and
PA1  Z is a substituent selected from the group consisting of nitrogen and
      methyl.
PAR  Another class of acid anhydrides suitable for use in the instant process
      are those of the formula
      ##EQU6##
      wherein R is selected from the group consisting of alkyl and alkenyl
      substituents having from 7 to 23 carbon atoms and Y is selected from the
      group consisting of benzoyl, p-nitrobenzoyl and alkyl phosphoryl
      substituents of the formula (R.sup.4 O).sub.2 P--O wherein R.sup.4 is a
      C.sub.1 to C.sub.5 alkyl or phenyl substituent. These unsymmetrical acid
      anhydrides are fully described in U.S. Pat. No. 3,337,596, incorporated
      herein by reference.
PAR  The acid lipid anhydrides in the present process can be prepared in
      well-known fashion by admixing the corresponding acidic lipid with an
      excess of acetic or propionic anhydride, cooling the reaction product,
      crystallizing the acid lipid anhydride and collecting the desired product
      by filtration. The unsymmetrical anhydrides are prepared as described in
      U.S. Pat. No. 3,337,596.
PAR  The most effective processes for the formation of acidic lipid anhydrides
      useful in this invention employ metathesis with acetic anhydride either at
      low temperatures, i.e., 32.degree. F. to 140.degree. F., with perchloric
      acid catalysis, or at higher temperature, i.e., 140.degree. F. to
      300.degree. F., without perchloric acid catalysis, but with evaporation of
      the acetic acid formed in the reaction. See U.S. Pat. Nos. 2,163,013 and
      2,411,567.
PAR  Acidic lipids for use in preparing the acidic lipid anhydrides by the above
      methods can be derived from a variety of sources, depending on the
      specific acidic lipid involved. The acidic lipids for use herein include
      aliphatic monocarboxylic acids, alkyl half-esters of dicarboxylic acids,
      monoacyl diol half-esters of dicarboxylic acids, diacyl glyceride
      half-esters of dicarboxylic acids, and monoacyl derivatives of primary
      monohydroxy monocarboxylic acids.
PAR  The monocarboxylic acids contain from 8 to 24 carbon atoms and include, for
      example, stearic and oleic acids. They can be readily obtained from
      glycerides by saponification, acidulation and isolation procedures or by
      hydrolysis. The acid desired determines the choice by glyceridic material.
      For example, a technical grade of stearic acid can be obtained from
      hydrogenated soybean oil and a technical grade of oleic acid can be
      obtained from olive oil.
PAR  The alkyl half-esters of dicarboxylic acids are condensation products of
      dicarboxylic acids having from 4 to 6 carbon atoms with straight chain
      fatty alcohols containing 8 to 22 carbon atoms. Useful dicarboxylic acids
      include succinic, glutaric and adipic acids. Useful alcohols include, for
      example, cetyl and octadecyl alcohols. The dicarboxylic acids are
      advantageously condensed with the fatty alcohols in a mutual solvent such
      as dimethylformamide, dimethylacetamide, dioxane, xylene or toluene,
      either with or without the use of a catalyst such as sulfuric acid,
      p-toluene sulfonic acid, hydrogen chloride, zinc chloride, and other such
      catalysts. These preparations are best carried out with reaction
      temperatures in the range of from 175.degree. F. to about 350.degree. F.
      with water being removed under reduced pressure. The desired condensation
      products are isolated by appropriate distillation, and/or washing, and/or
      crystallization treatments if such treatments are required to remove
      solvents, excess reactants and impurities.
PAR  The monoacyl diol half-esters of dicarboxylic acids are the reaction
      products of monoacyl diols and dicarboxylic acid anhydrides. The diols for
      use in preparing these lipids contain from 2 to 6 carbon atoms and can
      contain either primary or secondary hydroxy groups. Useful diols include,
      for example, ethylene glycol, 1,2-propylene glycol, 1,3-propanediol,
      1,4-butanediol, 1,3-butanediol and 1,5-pentanediol. An excess of one of
      these diols is condensed with a straight chain monocarboxylic acid,
      containing 8 to 24 carbon atoms, such as stearic or oleic acid, in the
      presence of an esterification catalyst, such as sulfuric acid, and
      preferably with refluxing with xylene. This condensation reaction yields a
      monoacyl diol which in turn is reacted at a temperature ranging from
      175.degree. F. to 350.degree. F. with the anhydride of a dicarboxylic acid
      containing 4 to 6 carbon atoms such as succinic, glutaric and adipic
      acids, to form the desired lipid.
PAR  The diacyl glyceride half-esters of a dicarboxylic acid are reaction
      products of diacyl glycerides and dicarboxylic acid anhydrides. The diacyl
      glycerides for use in preparing these lipids contain acyl groups derived
      from straight chain monocarboxylic acids containing from 8 to 22 carbon
      atoms, such as stearic and oleic acids, and can be prepared as described
      in the previously referred to Mattson and Volpenhein reference. These
      diacyl glycerides are reacted at a temperature ranging from 175.degree. F.
      to 350.degree. F. with the anhydride of a dicarboxylic acid containing
      from 4 to 6 carbon atoms, such as succinic, glutaric and adipic acids to
      form the desired lipids.
PAR  The monoacyl derivatives of a primary monohydroxy-monocarboxylic acid are
      reaction products of monocarboxylic acid chlorides containing from 8 to 24
      carbon atoms, such as stearic and oleic acid chlorides, with primary
      monohydroxymonocarboxylic acids having from 3 to 6 carbon atoms. Suitable
      monohydroxy-monocarboxylic acids include hydrocrylic, 4-hydroxybutyric,
      5-hydroxypentanoic, and 6-hydroxyhenanoic acids. The desired lipids can be
      prepared from these acid chlorides and monohydroxy-monocarboxylic acids as
      described in U.S. Pat. 2,251,695.
PAR  The unsymmetrical anhydrides useful herein are prepared by reacting the
      triethylammonium salt of one acid with the acid halide of the other acid
      in the manner fully described in U.S. Pat. 3,337,596.
PAR  As previously explained, the above partial polyol esters are reacted with
      the above acidic lipid anhydrides at a 1:1 mole ratio in the presence of a
      boron trifluoride source. In a preferred mode, an excess of the acidic
      lipid anhydride is employed over that required by the stoichiometry of the
      reaction; a 10% to 100% molar excess is preferred. The maximum amount of
      excess lipid anhydried is not critical and molar excesses of 10 to 20
      times can be employed, particularly when the anhydride is being used as
      the reaction solvent, as noted below. The molar ratio of boron trifluoride
      catalyst to acid lipid anhydride should be at least about 0.01:1; a ratio
      range of 0.1:1 to 1:1 is preferred for this molar ratio, but higher ratios
      are operable.
PAR  The position-specific esterification reaction of this invention takes place
      over a wide range of temperatures and in the presence of a wide variety of
      solvents without substantial ester group rearrangement. Reaction
      temperatures can range from -30.degree. F. to 350.degree. F., with
      0.degree. F. to 212.degree. F. being preferred. The reaction can in most
      cases be carried out at room temperature (ca. 70.degree. F.). It is noted
      that the reaction normally occurs at room temperature in a time period
      ranging from less than one minute to five hours. Thus, the reaction of
      this invention is very rapid when compared with esterification with acid
      chlorides, which at room temperature normally takes from 10 hours to 24
      hours for substantial reaction completeness.
PAR  In general, the reaction solvent herein, if any, can be any organic liquid
      medium which will form a phase sufficiently uniform so as to bring the
      reactants into contact. Preferably, if it is a liquid, a molar excess of
      the acid lipid anhydride is used as the solvent, this excess being
      calculated on the basis of only one acidic lipid group of each anhydride
      molecule reacting. Other useful solvents include chlorinated hydrocarbons
      such as chloroform and carbon tetrachloride, aromatic hydrocarbons such as
      benbene and aliphatic esters such as methyl acetate. Still other useful
      solvents include aromatic heterocyclic bases such as pyridine, tertiary
      amides such as dimethylformamide and dimethylacetamide, heterocyclic
      oxides such as tetrahydrofuran, and fatty acids.
PAR  In the case where monoglycerides are the partial polyol esters, the
      specific solvent used seems to have some effect on whether substantially
      no ester group rearrangement occurs; benzene and pyridine are desirably
      used as solvents in this case.
PAR  Turning now to one specific application of the above described general
      process, that is, a process for preparing a confectioner's hard butter, it
      has been found that certain 1,3-diglycerides can be esterified with oleic
      acid anhydride by the above described general method to provide hard
      butter compositions. This process is illustrated by the following
      equation:
      ##EQU7##
PAR  Although the stoichiometry of the reaction indicates that, at a 1:1 molar
      ratio of acid anhydride:polyol, two moles of acid are present, the second
      mole of acid is not involved in the esterification since it is not in the
      anhydride form. Of course, anhydride:polyol mole ratios of less than 1:1
      can be used herein, but this results in proportionate amounts of
      unesterified polyol in the product.
PAR  The 1,3-diglycerides used in this process can be obtained by
      superglycerination of lard or of substantially completely hydrogenated
      palm oil in the presence of triacetin using the method of Baur and Lange,
      Journal of the American Chemical Society, 1951, vol. 73, page 3826.
      Alternatively, the glycerolysis procedure set forth in U.S. Pat. 2,442,534
      can be employed.
PAR  The following example illustrates the preparation of a synthetic
      confectioner's butter in greater detail but is not to be construed in any
      way as limiting the scope of the invention. Unless otherwise specified,
      all percentages in the following examples are by weight.
PAC  EXAMPLE I
PAC  Preparation of a confectioner's hard butter
PAR  Following the procedure set forth in U.S. Pat. 2,442,434, 1.6 g. of sodium
      methoxide is reacted with 16 g. of glycerin for one half hour at room
      temperature, under vacuum (to remove methanol). Three hundred and four
      grams of palm oil hydrogenated to an iodine value of 8 and having an acid
      value of 0 are reacted continuously with the foregoing mixture of glycerin
      and sodium methoxide at about 250.degree. F. for 10 minutes. At this
      point, excess sodium methoxide is neutralized with H.sub.3 PO.sub.4.
      Excess glycerin is removed by vacuum stripping and the mixture is
      filtered. The reaction mixture is extracted using counter-current streams
      of wet methanol and n-hexane. The hexane stream is recovered and chilled
      to ca. 60.degree. F. to crystallize the desired 1,3-diglycerides.
PAR  Optionally, the solidified 1,3-diglycerides can be further purified as
      follows: the solid mass from the hexane extract is slurried with 30 ml. of
      aqueous acetic acid solution containing 50% water by volume. The slurry is
      dissolved in 4 liters of ethanol-hexane solution (50% ethanol by volume)
      and the resulting solution cooled to 50.degree. F. This temperature is
      maintained for a four-hour period, during which time crystals are formed.
      At the end of the four-hour period, the crystals are separated by vacuum
      filtration and recrystallized overnight from 3 liters of ethanol-hexane
      solution (50% ethanol by volume). The crystals recovered by filtration are
      dissolved in one liter of ethyl ether and water-washed three times. The
      ether is removed by evaporation and the residue crystallized from 2.5
      liters of ethanol-hexane solution (50% ethanol by volume) at 50.degree. F.
      After filtration the crystals are air dried to provide the substantially
      pure product.
PAR  Analysis of the above product shows it to be substantially all
      1,3-diglyceride containing palmitoyl and stearoyl groups. The above
      product has a hydroxyl value of 90-92 as compared with a theoretical value
      of 94.2 for 100% diglyceride and contains less than 0.5% monoglycerides.
      It has a complete melting point of 159.degree. F. to 160.degree. F.
      Analysis for specific acid groups shows the presence of ca. 35% palmitic
      and ca. 65% stearic, and minor amounts of myristic, all by weight with
      each acid group expressed as the corresponding acid.
PAR  Oleic anhydride is prepared by refluxing 100 grams of oleic acid in 300
      grams of acetic anhydride for three hours. The bulk of the distillable
      material present, mostly acetic acid, is then removed at atmospheric
      pressure. The residue is then heated at 355.degree. F. under 1 to 2 mm. Hg
      pressure for 30 minutes to distill the remaining volatile impurities.
PAR  One-hundred twenty-five grams of the 1,3-diglyceride mixture prepared in
      the foregoing manner and comprising about 45% 1-palmitoyl, 3-stearoyl
      glycerol, 42% 1,3-distearoyl glycerol, and about 11% 1,3-dipalmitoyl
      glycerol, the balance being mixed 1,3-diglycerides, were admixed with 325
      grams of a 1:1 mixture of oleic acid and oleic anhydride prepared as
      described above. Approximately 0.01 gram mole of BF.sub.3 gas was bubbled
      into the mixture, the mixture was stirred and maintained at 125.degree. F.
      for 45 minutes. An equal volume of water was added to the reaction
      mixture, which was then heated to 150-170.degree. F. for one hour to
      hydrolyze excess oleic anhydride. The water was removed and discarded and
      the residue extracted five times with equal volumes of methanol to remove
      traces of free acid.
PAR  Analysis by thin layer chromatography showed the product to conform to 5%,
      or less, unreacted diglyceride, approximately 2%, or less, free acid, the
      remainder being triglyceride. Analysis by thin layer chromatography
      utilizing argentation chromatography showed that the synthetic
      triglyceride contains 75%-80% by weight of oleic acid esterified at the
      2-position as compared with about 87%-88% by weight of oleic acid at the
      2-position in the commercially available cocoa butter. Accordingly, it is
      seen that little ester group rearrangement occurs in this process.
PAR  Further similarity between the above 2-oleoyl triglyceride composition and
      a commercially-available cocoa butter is shown by a comparison of
      consistencies as follows. Samples of the above synthetic triglyceride and
      commercially-available cocoa butter are melted; chilled in ice for five
      minutes; held for one day at 70.degree. F.; held for one week at
      80.degree. F.; and held overnight at 50.degree. F.; and the solids content
      at these various temperatures determined at the end of the period by the
      dilatometric methods described in Fulton, Lutton and Willie, Journal of
      the American Oil Chemists Society, March, 154, vol. XXXI, No. 3, pp.
      98-103. Comparison of the "melting" curves for the synthetic triglyceride
      and for the commercially-available cocoa butter shows that both of these
      products have similar consistencies over the range of temperatures from
      about 70.degree. F. to about 95.degree. F., that range of temperatures
      over which cocoa butter has its unique melting characteristics.
PAR  In summary, the above synthetic triglyceride has substantially similar
      weight proportions and distribution of fatty acids and substantially
      equivalent consistency characteristics to a commercially-available cocoa
      butter.
PAR  In the above product, the boron trifluoride etherate is replaced by an
      equivalent amount of a 10% methanolic solution of BF.sub.3 ; in an
      alternate procedure, gaseous BF.sub.3 is bubbled through the reaction at a
      rate of about 0.01 mole/hour during the course of the reaction between the
      oleic anhydride and 1,3-diglyceride mixture. In each instance, equivalent
      results are secured in that a synthetic confectioner's butter similar to
      cocoa butter is secured with little ester rearrangement.
PAR  The above procedure is carried out in a solvent amount of dry chloroform
      with equivalent results.
PAR  The above procedure is carried out at 0.degree. F. and 212.degree. F.
      (pressure vessel), respectively, and equivalent results are obtained.
PAR  In the above procedure, the oleic anhydride is replaced by an equivalent
      amount of oleic-benzoic anhydride, oleic-p-nitrobenzoic anhydride and
      oleic-ethylphosphoryl anhydride, respectively, and synthetic 2-oleoyl
      triglyceride mixtures suitable for use as a cocoa butter substitute are
      secured in each instance.
PAR  The above procedure is carried out using mole ratios of boron
      trifluoride-to-acidic lipid anhydride of 0.01:1 and 0.5:1 with equivalent
      results.
PAR  The above procedure is carried out using the saturated 1,3-diglycerides
      obtained from superglycerinated lard and an equivalent synthetic
      confectioner's hard butter is secured.
PAC  EXAMPLE II
PAC  Esterification of 1,3-dipalmitin with oleic anhydride
PAR  Twenty grams of 1,3-dipalmitin made as described in Example 2 of U.S. Pat.
      2,626,952 and 30 ml. of oleic anhydride made as in Example I herein are
      admixed in 50 ml. of water-washed, distilled and dried chloroform in the
      presence of 0.05 mole of boron trifluoride (added as the gas). The
      reactants are stirred at room temperature for three hours.
PAR  The reaction mixture is dissolved in 500 ml. ethyl ether together with 100
      ml. water. The ether phase is water-washed three times, dried and
      evaporated in an inert atmosphere. The residue is crystallized twice from
      acetone at 20.degree. F. and the crystals dried to provide substantially
      pure triglyceride product.
PAR  The product has an acid value of ca. 0.8 and a hydroxyl value of 2.0,
      showing that substantially all the product is triglyceride. The 2-position
      fatty acids are isolated by the pancreatic enzyme procedure of Mattson and
      Volpenhein, Journal of Lipid Research, January, 1961, vol. 2., No. 2, pp.
      58-64, and the triglyceride is found to contain about 70%-80% by weight
      oleic acid at the 2-position, i.e., 1-palmitoyl-2-oleoyl-3-palmitoyl
      glycerol, demonstrating that very little existing ester group
      rearrangement occurs during the above esterification reaction.
PAR  In the above procedure, the 1,3-dipalmitin is replaced by an equivalent
      amount of 1,3-distearoyl glycerol, 1-palmitoyl-3-stearoyl glycerol,
      1-palmitoyl-3-lauroyl glycerol and 1-behenoyl-3-stearoyl glycerol,
      respectively, and the corresponding 2-oleoyltriglycerides are formed
      without substantial ester group migration.
PAR  In the above procedure the chloroform is replaced by an equivalent amount
      of carbon tetrachloride, benzene and hexane, respectively, and equivalent
      results are secured.
PAR  The above procedure is repeated using an equivalent amount of
      1,2-dipalmitin as the partial glyceride and 1-oleoyldipalmitin is secured,
      demonstrating that little or no ester group rearrangement occurs with the
      boron trifluoride catalyst herein.
PAC  EXAMPLE III
PAC  Esterification of 1,3-dipalmitin with rapeseed oil fatty acid anhydride
PAR  Rapeseed oil fatty acid anhydride is formed as follows: rapeseed oil is
      hydrolyzed to the corresponding rapeseed oil fatty acids. These fatty
      acids are formed into the corresponding long chain fatty acid anhydrides
      by the anhydride-forming process disclosed in Example I. The anhydrides so
      formed as for the most part mixed anhydrides, that is, each anhydride
      molecule contains two different fatty acid groups. These anhydrides react
      in the same manner as if each molecule contains two identical fatty acid
      groups.
PAR  Two grams of rapeseed oil fatty acid anhydride, 1.5 grams of 1,3-dipalmitin
      prepared as in Example II, 10 ml. purified chloroform and 0.025 ml. 25%
      aqueous fluoroboric acid, i.e., HF.sup.. BF.sub.3, are reacted together
      with vigorous mixing at room temperature (ca. 70.degree. F.) for one hour.
      The reaction product is diluted with 100 ml. ethyl ether, water-washed and
      the solvent evaporated in an inert atmosphere. The residue is crystallized
      three times from 75 ml. acetone at 20.degree. F. to provide the purified
      product.
PAR  Thin layer chromatography shows that substantially all the product is
      triglyceride. Analysis of the triglyceride by argentation chromatography
      and comparison of the 2-position fatty acid composition of the
      triglyceride with the original rapeseed oil fatty acids indicates that the
      palmitic, stearic, oleic, palmitoleic, linoleic, linolenic and erucic acid
      fractions of the rapeseed oil each esterify the 1,3-dipalmitin primarily
      at the 2-position.
PAC  EXAMPLE IV
PAC  Esterification of 2-monostearin
PAR  One-half grams of 2-monostearin made by the process described in Martin,
      Journal of the American Chemical Society, 1953, vol. 75, page 5482, 1.84
      grams oleic anhydride made as in Example I, 10 ml. benzene and 0.01 ml.
      20% BF.sub.3.sup.. Et.sub.2 O are admixed and allowed to react, with
      constant mixing at 70.degree. F. for three hours.
PAR  The reaction mixture is diluted with ethyl ether, water-washed and the
      solvent removed by evaporation. The residue is crystallized twice from 20
      ml. acetone at 20.degree. F. The major portion of the product is
      2-stearoyldiolein; therefore, substantially no existing ester group
      rearrangement occurs during the esterification reactions.
PAR  In the above procedure, the benzene solvent is replaced with an equivalent
      amount of pyridine with equivalent results.
PAR  In the above procedure the BF.sub.3.sup.. Et.sub.2 O is replaced by an
      equivalent amount of gaseous BF.sub.3 and with an equivalent amount of a
      BF.sub.3 -trimethylamine adduct [BF.sub.3.sup.. N(CH.sub.3).sub.3 ], and
      equivalent results are secured.
PAC  EXAMPLE V
PAC  Esterification of 1-monostearin with stearoyl propylene glycol succinate
      anhydride
PAR  Forty-four grams (0.1 mole) of stearoyl propylene glycol hydrogen succinate
      are mixed with 30 grams (0.3 mole) of acetic anhydride and heated at
      reflux for one hour. The mixture is then heated at 250.degree. F. to
      265.degree. F. for two hours under a pressure of 2-5 mm. Hg. The residue
      is cooled with recovery of about a 96% yield of stearoyl propylene glycol
      succinate anhydride (an anhydride having the previously described
      structural formula wherein X is a residue of a monoacyl diol half-ester of
      a dicarboxylic acid).
PAR  Three and six-tenths grams of 1-monostearin (0.01 mole) prepared by the
      process described in Mattson and Volpenhein, Journal of Lipid Research,
      July 1962, vol. 3, No. 3, pp. 283, 284, are dissolved in 144 ml. benzene
      with slight warming. Nineteen grams (0.022 mole) of the above prepared
      stearoyl propylene glycol succinate anhydride are added with stirring. The
      sample is treated with 0.1 mol of 20% BF etherate catalyst and stirring
      continued at 90.degree. F. for one hour.
PAR  The reaction mixture is diluted with 100 ml. water and the mixture shaken
      in a separatory funnel. The washed benzene solution is dried and the
      product isolated by chromatography on a 300 gram silica gel (+5% water)
      column. Elution with one liter of benzene and with one liter of benzene
      containing 2% ethyl ether and 1% acetic acid yields about 11 grams of
      product. Fractional crystallization of the product from 15 volumes of
      acetone at 70.degree. F., 50.degree. F. and 0.degree. F. provides a
      product comprising about 80% 1-stearoyl-2,3-di(stearoyl propylene glycol
      succinyl) glycerol having the structural formula
      ##EQU8##
      Little, or no, existing ester group rearrangement occurs during the above
      esterification reaction.
PAC  EXAMPLE VI
PAC  Esterification of 1,3-distearin with octadecyl glutarate anhydride
PAR  Octadecyl glutarate anhydride (an anhydride having the previously described
      structural formula wherein X is a residue of an alkyl half-ester of a
      dicarboxylic acid) is prepared the same as the anhydride in Example V but
      with substitution of a molar equivalent of octadecyl hydrogen glutarate
      for the steroyl propylene glycol hydrogen succinate.
PAR  Six and two-tenths grams distearin prepared as in Example I of U.S. Pat.
      2,626,952 are dissolved in 120 ml. benzene with stirring and slight
      warming. Seven and nine-tenths grams of the above octadecyl glutarate
      anhydride are added; when the reagents are completely dissolved, 0.001
      mole of gaseous boron trifluoride is introduced below the surface of the
      reaction mixture. The mixture is then stirred at room temperature for one
      hour.
PAR  The reaction mixture is diluted with 100 ml. water and the aqueous layer
      separated and discarded. The benzene layer is washed twice with water,
      dried with five grams sodium sulfate, filtered and evaporated to dryness.
      The residue is crystallized from 200 ml. acetone at 195.degree. F. The
      crystals are recrystallized from 150 ml. acetone at 212.degree. F. to
      provide, 1,3-distearoyl-2-octadecyl glutaryl glycerol. Substantially no
      existing ester group rearrangement occurs during the above esterification
      reaction.
PAC  EXAMPLE VII
PAC  Esterification of 1,3-distearin with 1,3-distearin-2-succinate anhydride
PAR  1,3-distearin-2-succinate anhydride (an anhydride having the previously
      described structural formula wherein X is a residue of a diacyl glyceride
      half-ester of a dicarboxylic acid) is prepared in the same manner as the
      anhydride in Example V but with substitution of a molar equivalent of
      1,3-distearin-2-hydrogen succinate for the stearoyl propylene glycol
      hydrogen succinate.
PAR  Six and two-tenths grams 1,3-distearin are dissolved in 250 ml. benzene
      with stirring and slight warming. Fifteen grams of the above
      1,3-distearin-2-succinate anhydride are added and dissolved with stirring.
      When the reagents are completely dissolved, 0.2 ml. of a 25% suspension of
      BF.sub.3.sup.. NH.sub.3 in diethyl ether is added and the reaction mixture
      stirred at 100.degree. F. for one hour.
PAR  In order to purify the product, 100 ml. water are added and the aqueous
      phase separated and discarded. The product is further purified by
      treatment with three 30-gram portions of base-form ion exchange resin. The
      benzene solution is evaporated and the residue crystallized from 200 ml.
      acetone at 90.degree. F. to provide di(1,3-distearin)succinate.
      Substantially no existing ester group rearrangement occurs during the
      above esterification reaction.
PAR  The above process is carried out at 0.degree. F., 30.degree. F. and
      200.degree. F., respectively, with equivalent results.
PAC  EXAMPLE VIII
PAC  Esterification of propylene glycol monooleate with
      stearoyl-4-hydroxybutyric anhydride
PAR  One mole 1,2-propylene glycol is reacted with 0.5 mole oleic acid in one
      liter of xylene in the presence of 0.01 mole of p-toluene sulfonic acid
      catalyst. The sample is refluxed under a moisture trap for two hours,
      poured into ice water, water-washed and the solvent evaporated to provide
      70% pure propylene glycol monooleate. The impure product is purified with
      a silica gel column to provide about 0.35 mole of substantially pure
      propylene glycol monooleate. The propylene glycol monooleate is present as
      a mixture of isomeric esters with about 80% of the oleoyl groups at the
      primary hydroxyl position and 20% at the secondary position of
      1,2-propylene glycol.
PAR  Stearoyl-4-hydroxybutyric anhydride (an anhydride having the previously
      described structural formula wherein X is a residue of a monoacyl
      derivative of a primary monohydroxymonocarboxylic acid) is prepared the
      same as the anhydride in Example V but with substitution of a molar
      equivalent of stearoyl-4-hydroxybutyric acid for the stearoyl propylene
      glycol hydrogen succinate.
PAR  Three and four-tenths grams of the above propylene glycol monooleate are
      dissolved in 100 ml. benzene. Ten grams of the above
      stearoyl-4-hydroxybutyric anhydride are added to the solution and stirred
      with slight warming until dissolution is complete. When the reagents are
      completely dissolved, 0.1 mole of gaseous boron trifluoride is added and
      stirring continued at 70.degree. F. for one hour.
PAR  In order to purify the desired product, the reaction mixture is diluted
      with 100 ml. water and the aqueous phase is separated and discarded. The
      benzene layer is evaporated to dryness and the residue is dissolved in 100
      ml. hexane. The hexane solution is crystallized at 50.degree. F. to yield
      primarily stearoyl-4-hydroxybutyric acid. The filtrate from the 50.degree.
      F. crystallization is evaporated to dryness and this residue is dissolved
      in 200 ml. acetone. The acetone solution on crystallization at 40.degree.
      F. provides oleoyl (stearoyl-4-hydroxybutyryl) propylene glycol. The
      product consists of a mixture of isomeric esters with ca. 60% by weight of
      the oleoyl groups at the primary hydroxyl position and 40% at the
      secondary hydroxyl position of 1,2-propylene glycol. This mixture of
      isomers partially results from the fact that the propylene glycol
      monooleate used consists of an 80-20 mixture of primary and secondary
      esters respectively. Thus, very little existing ester group rearrangement
      occurs during the above esterification reaction.
PAC  EXAMPLE IX
PAC  Esterification of 1-propylene glycol monobenhenate with oleic anhydride
PAR  1-propylene glycol monobehenate is made as follows: ethyl lactate (450
      grams, 3.8 moles) is mixed with 1.2 ml. concentrated hydrochloric acid and
      the mixture cooled in an ice bath. Dihydropyran (420 grams, 4.9 moles) is
      added with stirring, after which the sample is allowed to warm to room
      temperature. After three hours, 10 grams of potassium carbonate are added
      and the sample stirred. The product is distilled under reduced pressure
      with collection of 366 grams tetrahydropyranyl ethyl lactate boiling at
      65.degree. to 70.degree. C. at 1-2 mm. pressure. Tetrahydropyranyl ethyl
      lactate (82 grams, 0.46 mole) is dissolved in 300 ml. tetrahydrofuran and
      the solution is cooled in an acetone-ethanol Dry Ice bath. The THP ethyl
      lactate solution is added slowly to a 10% lithium aluminum hydride
      solution and subsequently the mixture is warmed to room temperature. The
      reactants are diluted with 150 ml. ethanol, followed by two liters of
      water. The sample is then extracted three times with 400  ml. portions of
      benzene. The benzene extracts are dried with sodium sulfate, filtered, and
      the filtrate is distilled with collection of the fraction boiling at
      78-81.degree. C. at 3 mm. pressure. The yield is 28 grams of
      2-tetrahydropyranyl propylene glycol.
PAR  2-tetrahydropyranyl propylene glycol (16.0 grams, 0.1 mole) is inter
      esterified with 39 grams behenate using 4 ml. of 40% trimethyl benzyl
      ammonium methoxide as a catalyst. The reactants are stirred in a 250 ml.
      flask heated at 60-80.degree. C. under a reduced pressure of 200 mm. Hg
      for 6 hours. The reactants are poured into 600 ml. of hexane and the
      hexane solution washed with 400 ml. of 1% potassium bicarbonate solution.
      The washed hexane layer is diluted with 200 ml. ethanol and 75 grams urea
      are added to the sample. Adduct formation with urea is accomplished by
      stirring the sample initially at 40.degree. C. and allowing the mixture to
      cool at 25.degree. C. during a two-hour interval. The urea adduct is
      removed by filtration and discarded. The adduction with urea is repeated
      using 60 grams urea. The filtrate from the second urea adduction is
      water-washed three times and the hexane layer is evaporated to dryness.
      The residue is dissolved in 300 ml. hexane and the solution is
      crystallized at -18.degree. C. Filtration at -18.degree. C. yields 21.3
      grams of 1-behenoyl-2-tetrahydropyranyl propylene glycol.
      1-behenoyl-2-tetrahydropyranyl propylene glycol (8 grams, 0.0165 mole) is
      cleaved by reaction with 11 ml. of 1.6 molar boric acid in trimethyl
      borate. The reactants are heated in a boiling water bath with application
      of vacuum. Heating is continued for 15 minutes with a vacuum of 2-5 mm. Hg
      pressure during the final 10 minutes. The residue is cooled to room
      temperature and dissolved in 200 ml. ethyl ether and water-washed three
      times. The ether phase is dried with sodium sulfate, and evaporated to
      dryness on an evaporator without warming above  30.degree. C. The residue
      is dissolved in 100 ml. petroleum ether and crystallized at 70.degree. F.
      The crystals recovered at 70.degree. F. are recrystallized from 200 ml.
      petroleum ether at 50.degree. F. to yield ca. 5 grams of 1-propylene
      glycol monobehenate.
PAR  Five grams of the above prepared 1-propylene glycol monobehenate are
      dissolved in 100 ml. benzene together with 6 grams oleic anhydride made as
      in Example I. The sample is stirred at room temperature until solution is
      complete; 0.05 mole of gaseous boron trifluoride is added and the sample
      stirred for 30 minutes at room temperature.
PAR  In order to purify the product 100 ml. water are added and the aqueous
      phase separated and discarded. The benzene solution is evaporated to
      dryness and the residue dissolved in 100 ml. acetone. The acetone solution
      is crystallized at 0.degree. F. with recovery of ca. 85% pure
      1-behenoyl-2-oleoyl propylene glycol, indicating that very little existing
      ester group rearrangement occurs during the above esterification reaction.
PAC  EXAMPLE X
PAC  Esterification of 1,4-distearoyl erythritol with oleic anhydride
PAR  One mole erythritol is reacted with two moles methyl stearate in one liter
      of dimethylacetamide in the presence of 0.1 mole sodium methoxide
      catalyst. The reaction mixture is heated at 100-120.degree. C. under
      reduced pressure (80-100 mm. Hg) for three hours with slow distillation of
      solvent such that about 400 ml. of solvent is removed in the three-hour
      period. Twenty cc. of 50% by volume aqueous acetic acid are added to the
      sample and this mixture poured into two liters of water. One liter of an
      ethyl acetate-butanol mixture (four parts by volume ethyl acetate to one
      part by volume butanol) is added. The ethyl acetate-butanol layer is
      separated, water-washed twice and treated with 500 grams urea. This
      mixture is stirred at room temperature for two hours. The mixture is then
      filtered and 0.12 mole of 1,4-distearoyl erythritol is recovered from the
      urea adduct by dissolving in acetone and crystallizing at 90.degree. F.
PAR  Six and one-half grams of the above 1,4-distearoyl erythritol are dissolved
      in 200 ml. ethyl acetate with slight warming while stirring. Six and
      six-tenths grams oleic anhydride prepared as in Example I are added,
      followed by 10 ml. of 25% (wt.) BF.sub.3.sup.. Et.sub.2 O. The reaction
      mixture is stirred at room temperature for one hour.
PAR  In order to purify the product, the reaction mixture is washed three times
      with water and the ethyl acetate solution dried after 15 grams of sodium
      sulfate and filtered. The solution after crystallizing 24 hours yields
      substantially pure 1,4-distearoyl-2,3-dioleoyl erythritol. Little or no
      existing ester group rearrangement occurs during the above esterification
      reaction.
PAR  The foregoing examples illustrate the use of the boron trifluoride catalyst
      in the esterification of partial polyol esters with acid lipid anhydrides
      of various types. The examples are not intended to be limiting of the
      types of acid anhydrides and types of partial polyol esters useful in the
      process of this invention. As will be seen from the following example,
      carboxylic acid anhydrides having hydrocarbyl substituents from 1 to about
      30 carbon atoms and aryl substituents such as phenyl, tolyl, xylyl,
      naphthyl and the like, are also suitably employed in conjunction with
      partial polyol esters of all types to provide position-specific
      esterification reactions. Furthermore, the partial polyol esters useful
      herein are not limited in their type and can contain ester groups having
      from 1 to about 30 carbon atoms, and greater. It is to be understood,
      therefore, that the position-specific esterification reaction herein
      appears to be a general one in that it provides for the esterification of
      all manner of partial polyol esters by means of all manner of organic acid
      anhydrides without substantial ester group rearrangement.
PAC  EXAMPLE XI
PAC  Esterification of 1,3-dipropanoyl glycerol with acetic anhydride
PAR  One mole of 1,3-dipropanoyl glycerol is admixed with two moles of acetic
      anhydride and dissolved therein with heating and stirring at a temperature
      of about 175.degree. F. 0.5 mole of boron trifluoride gas are admixed with
      the reaction solution and the temperature is restored to room temperature
      (70.degree. F.) over a two hour period. The reaction mixture is poured
      into 1 liter of water which serves to hydrolyze the unreacted acetic
      anhydride.
PAR  Excess water is removed by vacuum evaporation at about 90.degree. F. on a
      rotary evaporator, which process also removes much of the acetic acid. The
      resulting residue left after evaporation is dissolved in a 1:1 mixture of
      ethyl alcohol and benzene and a 1.0 M solution of barium chloride is added
      thereto, portionwise, until precipitation of the insoluble barium acetate
      mono-hydrate is complete. The solids are removed by filtration and the
      benzene-alcohol solvent is evaporated on the rotary evaporator under
      vacuum. The resulting triglyceride product is predominately
      1-propanoyl-2-acetyl-3-propanoyl glycerol, indicating that the
      esterification occurs without substantial intramolecular or intermolecular
      acyl group rearrangement.
PAR  The above procedure is carried at 0.degree. F. and 212.degree. F.,
      respectively, with substantially equivalent results.
PAR  The procedure is carried at a catalyst-to-anhydride mole ratio of 0.01:1
      with equivalent results.
PAR  The gaseous boron trifluoride used in the above process is replaced by an
      equivalent amount of BF.sub.3.sup.. Et.sub.2 O,
EQU  BF.sub.3.sup.. NH.sub.3,
PAL  bf.sub.3.sup.. tetrahydrofuran and BF.sub.3.sup.. NH(CH.sub.3).sub.2,
      respectively, and equivalent results are secured.
PAR  In the above procedure the acetic anhydride is replaced by an equivalent
      amount of benzoic acid anhydride and the reaction product is predominantly
      1-propanoyl-2-benzoyl-3-propanoyl glycerol, indicating that little or no
      ester group rearrangement occurs in the process.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing specific complete mixed polyol esters from
      .[.unsymmetrically substituted.]. partial polyol esters with substantially
      no ester group rearrangement comprising esterifying .[.said.]. .Iadd.a
      .Iaddend.partial polyol .[.esters.]. .Iadd.ester .Iaddend.with an acid
      anhydride in the presence of a catalytic amount of a boron trifluoride
      source.Iadd., said partial polyol ester being from the group consisting of
      partial polyol esters from aliphatic diols having the hydroxyl groups
      unsymmetrically substituted with respect to the carbon chain and partial
      polyol ester from aliphatic polyol containing at least three hydroxyl
      groups.Iaddend..
NUM  2.
PAR  2. A process according to claim 1 wherein the boron trifluoride source is
      selected from the group consisting of gaseous boron trifluoride boron
      trifluoride-Lewis base adducts and fluoroboric acid.
NUM  3.
PAR  3. A process according to claim 1 comprising admixing: (1) a polyol
      selected from the group consisting of aliphatic diols wherein the hydroxyl
      groups are unsymmetrically substituted with respect to the carbon chain
      and aliphatic polyols containing at least three hydroxyl groups, said
      polyols having been partially esterified with a monocarboxylic acid
      containing about 8 to 22 carbon atoms, with; (2) a member selected from
      the group consisting of acidic lipid anhydrides of the formula
      ##EQU9##
      wherein X is a substituent selected from the group consisting of: (1)
      alkyl and alkenyl groups containing from 7 to 23 carbon atoms and having
      the formula R--
PA1  (2) residues of alkyl half-esters of a dicarboxylic acid having the formula
      ##EQU10##
      (3) residues of monoacyl diol half-esters of a dicarboxylic acid having
      the formula
      ##EQU11##
      (4) residues of diacyl glyceride half-esters of a dicarboxylic acid having
      the formula
      ##EQU12##
      and (5) residues of monoacyl derivatives of a primary monohydroxy
      monocarboxylic acid having the formula
      ##EQU13##
      wherein in (1)-(5) above: R is an alkyl or alkenyl group containing 7 to
      23 carbon atoms;
PA2  R.sup.1 is an alkylene group containing 2 to 4 carbon atoms;
PA2  R.sup.2 is an alkylene group containing 0 to 4 carbon atoms;
PA2  R.sup.3 is an alkylene group containing 2 to 5 carbon atoms;
PA2  Z is a substituent selected from the group consisting of hydrogen and
      methyl; and
PA2  Y is a substituent selected from the group consisting of benzyl,
      p-nitrobenzyl, and phosphoryl ester;
PAL  and  (3) a catalyst selected from the group consisting of boron trifluoride
      gas, boron trifluoride etherate and fluoboric acid at a molar ratio of
      said catalyst to acidic lipid anhydride of at least about 0.01 to 1.
NUM  4.
PAR  4. The process of claim 1 which is carried out at a temperature from
      0.degree. F. to 212.degree. F.
NUM  5.
PAR  5. The process of claim 1 which is carried out using a molar excess of the
      acid anhydride.
NUM  6.
PAR  6. The process of claim 1 wherein the partial polyol ester is a partial
      glyceride ester.
NUM  7.
PAR  7. The process of claim 1 wherein the partial polyol ester is a
      1,3-diglyceride.
NUM  8.
PAR  8. The process of claim 1 wherein the partial polyol ester is a partial
      ester or 1,2-propylene glycol.
NUM  9.
PAR  9. The process of claim 1 wherein the acid anhydride is symmetrical.
NUM  10.
PAR  10. The process of claim 1 wherein the acid anhydride is an alkyl anhydride
      wherein the alkyl group contains from 7 to about 23 carbon atoms.
NUM  11.
PAR  11. The process of claim 1 wherein the acid anhydride is oleic anhydride.
NUM  12.
PAR  12. The process of claim 1 wherein the partial polyol ester is a
      monoglyceride and the reaction is carried out in an organic solvent
      selected from the group consisting of benzene and pyridine.
NUM  13.
PAR  13. A process for preparing a confectioner's hard butter comprising
      acylating the 2-hydroxyl groups in a diglyceride mixture comprising
      1-palmitoyl-3-stearoyl glycerol, 1,3-distearoyl glycerol and
      1,3-dipalmitoyl glycerol with oleic anhydride in the presence of a boron
      trifluoride catalyst, and separating the hard butter thus formed.
NUM  14.
PAR  14. A process for preparing a confectioner's hard butter comprising: (1)
      admixing substantially completely hydrogenated palm oil with glycerol in
      the presence of a sodium alkoxide catalyst; (2) separating the
      1,3-diglycerides formed; (3) acylating the 2-hydroxyl groups of the
      1,3-diglycerides with oleic anhydride in the presence of a catalyst
      selected from the group consisting of boron trifluoride, boron
      trifluoride-Lewis base adducts and fluoroboric acid; and (4) separating
      the hard butter thus formed.
NUM  15.
PAR  15. The process of claim 14 wherein the catalyst to oleic anhydride molar
      ratio is at least 0.01:1.
NUM  16.
PAR  16. The process of claim 14 which is carried out at from about 0.degree. F.
      to about 212.degree. F.
NUM  17.
PAR  17. The process of claim 14 which is carried out in the presence of a molar
      excess of oleic anhydride.
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ABST
PAL  Reacting a partial polyol monocarboxylic acid ester with an acidic
      anhydride in the presence of a catalytic amount of hydrogen bromide to
      produce specific complete mixed polyol esters, especially confectioner's
      hard butter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for synthesizing complete mixed polyol
      esters, that is, polyol esters having at least two different ester groups
      and no hydroxyl groups. More particularly, this invention relates to a
      process for esterifying partial polyol esters with minimal rearrangement
      of ester groups either by intermolecular or intramolecular acyl group
      exchange, and to confectioner's hard butter compositions prepared in such
      fashion. The term "partial polyol ester" is used herein to denote a polyol
      which is partially, that is, incompletely, esterified and as a consequence
      contains at least one hydroxyl group.
PAR  The instant process provides mixed polyol esters with specific ester groups
      substantially all at specific polyol hydroxyl sites. This process is
      especially useful for providing confectioner's hard butter compositions
      from inexpensive raw materials such as lard and palm oil. Such
      compositions are useful as substitutes for cocoa butter in chocolate
      candies.
PAR  To be useful as a confectioner's butter, a triglyceride should optionally
      have the following characteristics: it should be brittle solid up to about
      77.degree. F.; it should have a relatively narrow melting range; and it
      should be completely liquid at about 95.degree. F., i.e., slightly below
      body temperature. Such melting characteristics contribute glossy coatings,
      absence of stickiness and favorable volume changes during confectionery
      product molding. These unique melting characteristics make confectioner's
      butters such as cocoa butter desirable for use in confectionery products,
      especially chocolates. However, cocoa butter is relatively expensive and
      must be imported, even when domestic fats which can be used to produce
      acceptable confectioner's butters are in plentiful supply at much less
      than the cost of cocoa butter. For many years, therefore, attempts have
      been made to provide from readily available and cheaper fats a product
      that can be used to replace at least part of the cocoa butter in
      chocolates and other confectionery products that normally contain cocoa
      butter.
PAR  In this search for alternate confectioner's butters, it has been determined
      that the advantageous physical characteristics of such butters are derived
      from the arrangement of the fatty acid substituents in their glycerides.
      Analytical tests have shown that cocoa butter comprises principally fatty
      acid triglycerides wherein a major proportion of the oleoyl substituents
      on the glycerol molecule are in the 2-position, e.g.,
      1-palmitoyl-2-oleoyl-3-stearoyl glycerol, and minor amounts of
      triglycerides having a different order of substitution of the palmitoyl,
      oleoyl and stearoyl groups on the glycerol molecule. Accordingly,
      palmitoyl-oleoyl-stearoyl triglycerides having a major proportion of the
      oleoyl groups in the 2-position of the glycerol molecule would provide the
      desired confectioner's hard butter compositions were such triglycerides
      readily available.
PAR  With some esterification procedures, the synthesis of such
      position-specific triglycerides is impossible since substantial ester
      group rearrangement occurs during esterification of specific partial
      glycerides, the synthesis of which is known in the prior art. Thus,
      acylation of 1,3-diglycerides with oleic acid and a conventional acid
      esterification catalyst provides only a minor proportion of triglycerides
      having an oleoyl group at the 2-position, where this group must occur to
      provide the desired confectioner's butter.
PAR  Feuge, Willich and Guice, the Journal of the American Oil Chemists Society,
      July 1963, pp. 260-264, demonstrate that ester group rearrangement
      ordinarily occurs during the esterification of partial glycerides, and, at
      page 260, point out that hydrochloric, sulfuric and hydrocarbyl sulfonic
      acids, which are widely used as esterification catalysts, cause ester
      group rearrangement. Accordingly, these acid catalysts are not suitable
      for preparing the desired position-specific (i.e., 2-oleoyl) triglycerides
      for use as a confectioner's butter. Similarly, ester group rearrangement
      ordinarily occurs during esterification of partial polyol esters other
      than glycerides, e.g., during esterification of partial 1,2-propylene
      glycol esters.
PAR  One known method for synthesizing a synthetic confectioner's butter which
      is similar to cocoa butter comprises reacting a diglyceride having
      palmitoyl and stearoyl groups at the 1- and 3-positions with oleoyl
      chloride; see U.S. Pat. 3,012,890. Furthermore, it is known in the prior
      art that, in general, acid chlorides can be used to specifically esterify
      mono- and diglycerides. The use of acid chlorides for specific
      esterifications has many undesireable aspects, however. For instance, acid
      chlorides are very corrosive and their use involves handling problems.
PAR  U.S. Pats. 3,410,881 and 3,337,596 disclose the use of perchloric acid as
      an effective catalyst for preparing a synthetic cocoa butter without
      rearrangement of the ester groups. However, perchloric acid is known to be
      explosive and its use in the presence of organic compounds is preferably
      avoided.
PAR  The copending application of Yetter, entitled "Process for Synthesizing
      Complete Mixed Polyol Esters," Ser. No. 242,139, filed Apr. 7, 1972,
      discloses the use of perfluoroalkyl sulfonic acid catalysts in
      position-specific triglyceride syntheses. While effective for the intended
      use, such perfluorinated catalysts are quite expensive and are in
      relatively short supply.
PAR  The concurrently filed application of O'Connor & Wyness, entitled "Process
      for Synthesizing Complete Mixed Polyol Esters," Ser. No. 279,574, filed
      Aug. 10, 1972, discloses the use of a non-protonic acid catalyst,
      BF.sub.3, as a position-specific esterification catalyst. While effective
      for the intended use, BF.sub.3 is relatively expensive for use in the
      large scale production of triglycerides.
PAR  It has now been found that hydrogen bromide catalyzes the esterification of
      partial polyol esters without substantial ester group rearrangement. It is
      surprising that this particular protonic acid catalyzes esterification
      reactions with only minimal ester group rearrangement, inasmuch as the
      previously noted Feuge et al., article teaches that a hydrochloric acid
      esterification catalyst causes complete ester group rearrangement.
PAR  It is therefore an object of this invention to provide a process for
      synthesizing complete mixed polyol esters, especially triglycerides, with
      relatively little rearrangement of ester groups either by intermolecular
      or intramolecular exchange. It is a further object herein to provide a
      process for synthesizing specific complete mixed polyol esters without
      using perchloric acid, acid chlorides or perfluoroalkyl sulfonic acids.
      Yet another object of this invention is to provide a process for the
      preparation of a confectioner's hard butter composition. These and other
      objects are obtained herein as will be seen from the following disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, it has been found that specific complete mixed
      polyol esters, i.e., those with specific ester groups at specific polyol
      hydroxyl sites, can be prepared by esterifying partial polyol esters with
      acid anhydrides in the presence of a catalytic amount of a hydrogen
      bromide source at temperatures from about -30.degree. F. to about
      350.degree. F.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Various sources of the hydrogen bromide esterification catalyst used in the
      instant process are available, and all such sources are useful herein. For
      example, the HBr can be introduced into the reaction mixture as a gas; or,
      the HBr can be dissolved in a variety of organic solvents and admixed with
      the reaction mixture. Alternatively, an aqueous solution of hydrogen
      bromide, i.e., the hydrobromic acid of commerce, can be employed. Hydrogen
      bromide sources based on in situ generation of HBr, e.g., by the reaction
      of PBr.sub.3 or SiBr.sub.4 with water, can also be employed. The most
      preferred hydrogen bromide sources in the instant process are gaseous HBr
      and aqueous solutions of HBr.
PAR  The partial polyol esters to be esterified in the manner of this invention
      are derived from polyols selected from the group consisting of (1)
      aliphatic diols where the hydroxyl groups are unsymmetrically substituted
      with respect to the carbon chain, or (2) aliphatic polyols containing at
      least three hydroxyl groups. These diols and polyols are preferably those
      esterified with acyl substituents derived from monocarboxylic acids
      containing from 8 to 24 carbon atoms, although the esterification reaction
      herein is independent of this chain length.
PAR  Partial polyol esters derived from aliphatic diols include for example,
      esters derived from 1,2-propylene glycol, 1,2-butanediol and
      1,3-butanediol. Partial polyol esters derived from aliphatic polyols
      containing at least three hydroxyl groups include, for example, esters
      derived from glycerin, 1,2,4-butanetriol, erythritol, arabitol, xylitol,
      1,2,6-hexanetriol, sorbitol and mannitol. The ester groups of these
      partial polyol esters include, for example, those derived from caprylic,
      capric, lauric, myristic, palmitic, stearic, oleic, linoleic, linolenic,
      arachidic and behenic acids.
PAR  Partial polyol esters which are preferred for use herein are partial
      glyceride esters including 1- and 2-monoglycerides and 1,2- and
      1,3-diglycerides. The monoglyceride ester groups can be saturated or
      unsaturated. The diglycerides include disaturated, monoacid diglycerides,
      e.g., distearin; disaturated, diacid diglycerides, e.g., 1-palmitoyl - 3 -
      stearoyl glycerol; diunsaturated, monoacid diglycerides, e.g., diolein;
      diunsaturated, diacid diglycerides, e.g., 1-oleoyl-3-palmitoleoyl
      glycerol; and monounsaturated, monosaturated, diacid diglycerides, e.g.,
      1-palmitoyl-3-palmitoleoyl glycerol. the terms "diacid" and "monoacid" are
      used herein to denote glycerides having two different acyl substituents
      and one kind of acyl substituent respectively. The preparation of partial
      polyol esters for use in the instant process is fully described in Mattson
      and Volpenhein, Journal of Lipid Research, July 1962, vol. 3, No. 3, pages
      281-296.
PAR  Specific partial carboxylic acid esters of 1,2-propylene glycol can also be
      used in the present process. Most 1-mono-fatty acid esters of
      1,2-propylene glycol, such as 1-propylene glycol mono-stearate, can be
      prepared by reacting 1,2-propylene glycol with a desired fatty acid, such
      as stearic acid, in the presence of a catalyst, such as p-toluenesulfonic
      acid, and in a solvent, such as xylene, and the 1-fatty acid ester
      separated by fractional crystallization, for instance, 2-mono-fatty acid
      esters of 1,2-propylene glycol, such as 2-propylene glycol monobehenate,
      can be prepared by acylation of an appropriately blocked 1,2-propylene
      glycol derivative, such as 1-tetrahydropyranyl propylene glycol, with an
      acid chloride, such as behenoyl chloride, and cleavage of the blocking
      group in the presence of boric acid.
PAR  The symmetrical acidic lipid anhydrides which are preferred for use in
      esterifying the above partial polyol esters have the structural formula:
      ##EQU1##
      wherein each X is a substituent selected from the group consisting of: (1)
      alkyl and alkenyl groups containing from 7 to 23 carbon atoms and having
      the formula
EQU  R--
PAL  (2) residues of alkyl and alkylene half-esters of a dicarboxylic acid
      having the formula
      ##EQU2##
      (3) residues of monoacyl diol half-esters of a dicarboxylic acid having
      the formula
      ##EQU3##
      (4) residues of diacyl glyceride half-esters of a dicarboxylic acid having
      the formula
      ##EQU4##
      and (5) residues of monoacyl derivatives of a primary monohydroxy
      monocarboxylic acid having the formula
      ##EQU5##
      wherein in (1)-(5) above: R is an alkyl or alkenyl group having 7 to 23
      carbon atoms; R.sup.1 is an alkylene group having 2 to 4 4 carbon atoms;
PA1  R.sup.2 is an alkylene group having 1 to 4 carbon atoms or hydrogen;
PA1  R.sup.3 is an alkylene group having 2 to 5 carbon atoms; and
PA1  Z is a substituent selected from the group consisting of hydrogen and
      methyl.
PAR  Another class of acid anhydrides suitable for use in the instant process
      are those of the formula
      ##EQU6##
      wherein R is selected from the group consisting of alkyl and alkenyl
      substituents having from 7 to 23 carbon atoms and Y is selected from the
      group consisting of benzoyl, p-nitrobenzoyl and alkyl phosphoryl
      substituents of the formula
      ##EQU7##
      wherein R.sup.4 is a C.sub.1 to C.sub.5 alkyl or phenyl substituent. These
      unsymmetrical acid anhydrides are fully described in U.S. Pat. 3,337,596,
      incorporated herein by reference.
PAR  The acid lipid anhydrides in the present process can be prepared in
      well-known fashion by admixing the corresponding acidic lipid with an
      excess of acetic or propionic anhydride, cooling the reaction product,
      crystallizing the acid lipid anhydride and collecting the desired product
      by filtration. The unsymmetrical anhydrides are prepared as described in
      U.S. Pat. 3,337,596.
PAR  The most effective processes for the formation of acidic lipid anhydrides
      useful in this invention employ metathesis with acetic anhydride either at
      low temperatures, i.e., 32.degree. F. to 140.degree. F., with perchloric
      acid catalysis, or at higher temperature, i.e., 140.degree. F. to
      300.degree. F., without perchloric acid catalysis, but with evaporation of
      the acetic acid formed in the reaction. See U.S. Pats. 2,163,013 and
      2,411,567.
PAR  Acidic lipids for use in preparing the acidic lipid anhydrides by the above
      methods can be derived from a variety of sources, depending on the
      specific acidic lipid involved. The acidic lipids for use herein include
      aliphatic monocarboxylic acids, alkyl half-esters of dicarboxylic acids,
      monoacyl diol half-esters of dicarboxylic acids, diacyl glyceride
      half-esters of dicarboxylic acids, and monoacyl derivatives of primary
      monohydroxy monocarboxylic acids.
PAR  The monocarboxylic acids contain from 8 to 24 carbon atoms and include, for
      example, stearic and oleic acids. They can be readily obtained from
      glycerides by saponification, acidulation and isolation procedures or by
      hydrolysis. The acid desired determines the choice of glyceridic material.
      For example, a technical grade of stearic acid can be obtained from
      hydrogenated soybean oil and a technical grade of oleic acid can be
      obtained from olive oil.
PAR  The alkyl half-esters of dicarboxylic acids are condensation products of
      dicarboxylic acids having from 4 to 6 carbon atoms with straight chain
      fatty alcohols containing 8 to 22 carbon atoms. Useful dicarboxylic acids
      include succinic, glutaric and adipic acids. Useful alcohols include, for
      example, cetyl and octadecyl alcohols. The dicarboxylic aids are
      advantageously condensed with the fatty alcohols in a mutual solvent such
      as dimethylformamide, dimethylacetamide, dioxane, xylene or toluene,
      either with or without the use of a catalyst such as sulfuric acid,
      p-toluenesulfonic acid, hydrogen chloride, zinc chloride, and other such
      catalysts. These preparations are best carried out with reaction
      temperatures in the range of from 175.degree. F. to about 350.degree. F.
      with water being removed under reduced pressure. The desired condensation
      products are isolated by appropriate distillation, and/or washing, and/or
      crystallization treatments if such treatments are required to remove
      solvents, excess reactants and impurities.
PAR  The monoacyl diol half-esters of dicarboxylic acids are the reaction
      products of monoacyl diols and dicarboxylic acid anhydrides. The diols for
      use in preparing these lipids contain from 2 to 6 carbon atoms and can
      contain either primary or secondary hydroxy groups. Useful diols include,
      for example, ethylene glycol, 1,2-propylene glycol, 1,3-propanediol,
      1,4-butanediol, 1,3-butanediol and 1,5-pentanediol. An excess of one of
      these diols is condensed with a straight chain monocarboxylic acid,
      containing 8 to 24 carbon atoms, such as stearic or oleic acid, in the
      presence of an esterification catalyst, such as sulfuric acid, and
      preferably with refluxing with xylene. This condensation reaction yields a
      monoacyl diol which in turn is reacted at a temperature ranging from
      175.degree. F. to 350.degree. F. with the anhydride of a dicarboxylic acid
      containing 4 to 6 carbon atoms such as succinic, glutaric and adipic
      acids, to form the desired lipid.
PAR  the diacyl glyceride half-esters of a dicarboxylic acid are reaction
      products of diacyl glycerides and dicarboxylic acid anhydrides. The diacyl
      glycerides for use in preparing these lipids contain acyl groups derived
      from straight chain monocarboxylic acids containing from 8 to 22 carbon
      atoms, such as stearic and oleic acids, and can be prepared as described
      in the previously referred to Mattson and Volpenhein reference. These
      diacyl glycerides are reacted at a temperature ranging from 175.degree. F.
      to 350.degree. F. with the anhydride of a dicarboxylic acid containing
      from 4 to 6 carbon atoms, such as succinic, glutaric and adipic acids, to
      form the desired lipids.
PAR  The monoacyl derivatives of a primary monohydroxy-monocarboxylic acid are
      reaction products of monocarboxylic acid chlorides containing from 8 to 24
      carbon atoms, such as stearic and oleic acid chlorides, with primary
      monohydroxy-monocarboxylic acids having from 3 to 6 carbon atoms. Suitable
      monohydroxy-monocarboxylic acids include hydracrylic, 4-hydroxybutyric,
      5-hydroxypentanoic, and 6-hydroxyhexanoic acids. The desired lipids can be
      prepared from these acid chlorides and monohydroxy-monocarboxylic acids as
      described in U.S. Pat. 2,251,695.
PAR  The unsymmetrical anhydrides useful herein are prepared by reacting the
      triethylammonium salt of one acid with the acid halide of the other acid
      in the manner fully described in U.S. Pat. 3,337,596.
PAR  As previously explained, the above partial polyol esters are reacted with
      the above acidic lipid anhydrides at a 1:1 mole ratio in the presence of a
      hydrogen bromide source. In a preferred mode, an excess of the acidic
      lipid anhydride is employed over that required by the stoichiometry of the
      reaction; a 10% to 100% molar excess is preferred. The maximum amount of
      excess lipid anhydride is not critical and molar excesses of 10 to 20
      times can be employed, particularly when the anhydride is being used as
      the reaction solvent, as noted below. The molar ratio of hydrogen bromide
      catalyst to acid lipid anhydride should be at least about 0.01:1; a ratio
      range of 0.1:1 to 1:1 is preferred for this molar ratio, but higher ratios
      are operable.
PAR  The position-specific esterification reaction of this invention takes place
      over a wide range of temperatures and in the presence of a wide variety of
      solvents without ester group rearrangement. Reaction temperatures can
      range from -30.degree. F. to 350.degree. F., with 0.degree. F. to
      212.degree. F. being preferred. The reaction can in most cases be carried
      out at room temperature (ca. 70.degree. F.). It is noted that the reaction
      normally occurs at room temperature in a time period ranging from less
      than one minute to five hours. Thus, the reaction of this invention is
      very rapid when compared with esterification with acid chlorides, which at
      room temperature normally takes from 10 hours to 24 hours for substantial
      reaction completeness.
PAR  In general, the reaction solvent herein, if any, can be any organic liquid
      medium which will form a phase sufficiently uniform so as to bring the
      reactants into contact. Preferably, if it is a liquid, a molar excess of
      the acid lipid anhydride is used as the solvent, this excess being
      calculated on the basis of only one acidic lipid group of each anhydride
      molecule reacting. Other useful solvents include chlorinated hydrocarbons
      such as chloroform and carbon tetrachloride, aromatic hydrocarbons such as
      benzene and aliphatic esters such as ethyl acetate. Still other useful
      solvents include aromatic heterocyclic bases such as pyridine, tertiary
      amides such as dimethylformamide and dimethylacetamide, heterocyclic
      oxides such as tetrahydrofuran, and fatty acids.
PAR  In the case where monoglycerides are the partial polyol esters, the
      specific solvent used seems to have some effect on whether substantially
      no ester group rearrangement occurs; benzene and pyridine are desirably
      used as solvents in this case.
PAR  Turning now to one specific application of the above described general
      process, that is, a process for preparing a confectioner's hard butter, it
      has been found that certain 1,3-diglycerides can be esterified with oleic
      acid anhydride by the above described general method to provide hard
      butter compositions. This process is illustrated by the following
      equation:
      ##EQU8##
PAR  Although the stoichiometry of the reaction indicates that, at a 1:1 molar
      ratio of acid anhydride:polyol, two moles of acid are present, the second
      mole of acid is not involved in the esterification since it is not in the
      anhydride form. Of course, anhydride:polyol mole ratios of less than 1:1
      can be used herein, but this results in proportionate amounts of
      unesterified polyol in the product.
PAR  The 1,3-diglycerides used in this process can be obtained by
      superglycerination of lard or of substantially completely hydrogenated
      palm oil in the presence of triacetin using the method of Baur and Lange,
      Journal of the American Chemical Society, 1951, vol. 73, page 3926.
      Alternatively, the glycerolysis of hydrogenated palm oil using an alkoxide
      catalyst can be used (see U.S. Pat. 2,442,534).
PAR  The following example illustrates the preparation of a confectioner's
      butter useful as a synthetic cocoa butter in greater detail but is not to
      be construed in any way as limiting the scope of the invention. Unless
      otherwise specified, all percentages in the following examples are by
      weight.
PAC  EXAMPLE I
PAC  Preparation of a confectioner's hard butter
PAR  Following the procedure set forth in U.S. Pat. 2,442,534, 1.6 g. of sodium
      methoxide is reacted with 16 g. of glycerin for one-half hour at room
      temperature, under vacuum (to remove methanol). Three hundred and four
      grams of palm oil hydrogenated to an iodine value of 8 and having an acid
      value of 0 are reacted continuously with the foregoing mixture of glycerin
      and sodium methoxide at about 250.degree. F. for 10 minutes. At this
      point, excess sodium methoxide is neutralized with H.sub.3 PO.sub.4.
      Excess glycerin is removed by vacuum stripping and the mixture is
      filtered. The reaction mixture is extracted using countercurrent streams
      of wet methanol and n-hexane. The hexane stream is recovered and chilled
      to ca. 60.degree. F. to crystallize the desired 1,3-diglycerides.
PAR  Optionally, the solidified 1,3-diglycerides can be further purified as
      follows: the solid mass from the hexane extract is slurried with 30 ml. of
      aqueous acetic acid solution containing 50% water by volume. The slurry is
      dissolved in 4 liters of ethanol-hexane solution (50% ethanol by volume)
      and the resulting solution cooled to 50.degree. F. This temperature is
      maintained for about a four-hour period, during which time crystals are
      formed. At the end of the four-hour period, the crystals are separated by
      vacuum filtration and recrystallized overnight from 3 liters of
      ethanol-hexane solution (50% ethanol by volume). The crystals recovered by
      filtration are dissolved in one liter of ethyl ether and water-washed
      three times. The ether is removed by evaporation and the residue
      crystallized from 2.5 liters of ethanol-hexane solution (50% ethanol by
      volume) at 50.degree. F. After filtration the crystals are air dried to
      provide the substantially pure product.
PAR  Analysis of the above product shows it to be substantially all
      1,3-diglyceride containing palmitoyl and stearoyl groups. The above
      product has a hydroxyl value of 90-92 as compared with a theoretical value
      of 94.2 for 100% diglyceride and contains less than 0.5% monoglycerides.
      It has a complete melting point of 159.degree. F.-160.degree. F. Analysis
      for specific acid groups shows the presence of ca. 35% palmitic and ca.
      65% stearic, and minor amounts of myristic, all by weight with each acid
      group expressed as the corresponding acid.
PAR  Oleic anhydride is prepared by refluxing 100 grams of oleic acid in 300
      grams of acetic anhydride for three hours. The bulk of the distillable
      material present, mostly acetic acid, is then removed at atmospheric
      pressure. The residue is then heated at 355.degree. F. under 1 to 2 mm. Hg
      pressure for 30 minutes to distill the remaining volatile impurities.
PAR  Sixty-one grams of the 1,3-diglyceride mixture prepared in the foregoing
      manner and comprising about 45% 1-palmitoyl-3-stearoyl glycerol, 42% 1,3
      distearoyl glycerol, about 11% 1,3 dipalmitoyl glycerol, the balance being
      mixed 1,3 diglycerides, were admixed with 250 grams of a 1:1 mixture of
      oleic acid and oleic anhydride prepared as described above. One ml. of
      aqueous 65% hydrobromic acid was added to the mixture and the reactants
      stirred together at room tempeature for one and one-half hours. An equal
      volume of water was added to the reaction mixture, which was then heated
      to 180.degree. F. for 30 minutes to hydrolyze excess oleic anhydride. The
      water was removed and discarded and the residue extracted five times with
      equal volumes of methanol to remove traces of free acid.
PAR  Analysis of the triglyceride product by thin layer chromatography showed
      that it contained about 90% triglyceride, less than 2% unreacted
      diglyceride and about 1% free fatty acid. Analysis by argenation
      chromatography showed that it contained 55%-60% by weight of oleic acid
      esterified at the 2-position, indicating that a significantly reduced
      level of ester group rearrangement occurs in this process.
PAR  Further similarity between the above 2-oleoyl triglyceride composition and
      a commercially-available cocoa butter is shown by a comparison of
      consistencies as follows. Samples of the above-prepared triglyceride and
      commercially-available cocoa butter are melted; chilled in ice for five
      minutes; held for one day at 70.degree. F.; held for one week at
      80.degree. F.; and held overnight at 50.degree. F.; and the solids content
      at these various temperatures determined at the end of the period by the
      dilatomeric method described in Fulton, Lutton and Willie, Journal of the
      American Oil Chemists Society, March 1954, vol. XXXI, No. 3, pp. 98-103.
      Comparison of the "melting" curves for the synthetic triglyceride and for
      the commercially-available cocoa butter shows that both of these products
      have similar consistencies over the range of temperatures from about
      70.degree. F. to about 95.degree. F., i.e., that range of temperatures
      over which cocoa butter has its unique melting characteristics.
PAR  In summary, the above synthetic triglyceride has substantially similar
      weight proportions and distribution of fatty acids and substantially
      equivalent consistency characteristics to a commercially-available cocoa
      butter.
PAR  In the above procedure, the 48% aqueous hydrobromic acid is replaced by an
      equivalent amount of 30% ethanolic solution of HBr; in an alternate
      procedure, gaseous HBr is bubbled through the reaction mixture at a rate
      of about 0.01 mole/hour during the course of the reaction between the
      oleic anhydride and 1,3-diglyceride mixture. In each instance, equivalent
      results are secured in that a confectioner's butter similar to cocoa
      butter is secured with little ester rearrangement.
PAR  The above procedure is carried out in a solvent amount of dry chloroform
      with equivalent results.
PAR  The above procedure is carried out at 0.degree. F. and 212.degree. F.
      (pressure vessel), respectively, and equivalent results are obtained.
PAR  In the above procedure, the oleic anhydride is replaced by an equivalent
      amount of oleic-benzoic anhydride, oleic-p-nitrobenzoic anhydride and
      oleic-ethylphosphoryl anhydride, respectively, and synthetic 2-oleoyl
      triglycerides suitable for use as a cocoa butter substitute are secured in
      each instance.
PAR  The above procedure is carried out using mole ratios of hydrogen
      bromide-to-acidic lipid anhydride of 0.01:1 and 0.5:1 with equivalent
      results.
PAR  The above procedure is carried out using the saturated 1,3-diglycerides
      obtained from superglycerinated lard and an equivalent synthetic
      confectioner's hard butter is secured.
PAC  EXAMPLE II
PAC  Esterification of 1,3-dipalmitin with oleic anhydride
PAR  Twenty grams of 1,3-dipalmitin made as described in Example 2 of U.S. Pat.
      2,626,952 and 30 ml. of oleic anhydride made as in Example I herein are
      admixed in 50 ml. of water-washed, distilled and dried chloroform in the
      presence of 0.05 mole of hydrogen bromide (as ethanolic HBr). The
      reactants are stirred at room temperature for three hours.
PAR  The reaction mixture is dissolved in 500 ml. ethyl ether together with 100
      ml. water. The ether phase is water-washed three times, dried and
      evaporated in an inert atmosphere. The residue is crystallized twice from
      acetone at 20.degree. F. and the crystals dried to provide substantially
      pure triglyceride product.
PAR  The product has an acid value of ca. 0.8 and a hydroxyl value of 2.0,
      showing that substantially all the product is triglyceride. The 2-position
      fatty acids are isolated by the pancreatic enzyme procedure of Mattson and
      Volpenhein, J. Lipid Research, January 1962, No. 2, pp. 58-64, and the
      triglyceride is found to contain about 80-85% by weight oleic acid at the
      2-position, i.e., 1-palmitoyl-2-oleoyl-3-palmitoyl glycerol, demonstrating
      that substantially no existing ester group rearrangement occurs during the
      above esterification reaction.
PAR  In the above procedure the 1,3-dipalmitin is replaced by an equivalent
      amount of 1,3-distearoyl glycerol, 1-palmitoyl-3-stearoyl glycerol,
      1-palmitoyl-3-lauroyl glycerol and 1-behenoyl-3-stearoyl glycerol,
      respectively, and the corresponding 2-oleoyltriglycerides are formed
      without substantial ester group migration.
PAR  In the above procedure the chloroform is replaced by an equivalent amount
      of carbon tetrachloride, benzene and hexane, respectively, and equivalent
      results are secured.
PAR  The above procedure is repeated using an equivalent amount of
      1,2-dipalmitin as the partial glyceride and 1-oleoyldipalmitin is secured,
      demonstrating that essentially no ester group rearrangement occurs with
      the hydrogen bromide catalyst herein.
PAC  EXAMPLE III
PAC  Esterification of 1,3-dipalmitin with rapeseed oil fatty acid anhydride
PAR  Rapeseed oil fatty acid anhydride is formed as follows: rapeseed oil is
      hydrolyzed to the corresponding rapeseed oil fatty acids. These fatty
      acids are formed into the corresponding long chain fatty acid anhydrides
      by the anhydride-forming process disclosed in Example I. The anhydrides so
      formed are for the most part mixed anhydrides, that is, each anhydride
      molecule contains two different fatty acid groups. These anhydrides react
      in the same manner as if each molecule contains two identical fatty acid
      groups.
PAR  Two grams of rapeseed oil fatty acid anhydride, 1.5 grams of 1,3-dipalmitin
      prepared as in Example II, 10 ml. purified chloroform and 0.025 ml. 15%
      aqueous hydrobromic acid are reacted together with vigorous mixing at room
      temperature (ca. 70.degree. F.) for one hour. The reaction product is
      diluted with 100 ml. ethyl ether, water-washed and the solvent evaporated
      in an inert atmosphere. The residue is crystallized three times from 75
      ml. acetone at 20.degree. F. to provide the purified product.
PAR  Thin layer chromatography shows that substantially all the product is
      triglyceride. Analysis of the triglyceride by argentation chromatography
      and comparison of the 2-position fatty acid composition of the
      triglyceride with the original rapeseed oil fatty acids indicate that the
      palmitic, stearic, oleic, palmitoleic, linoleic, linolenic and erucic acid
      fractions of the rapeseed oil each esterify the 1,3-dipalmitin primarily
      at the 2-position.
PAC  EXAMPLE IV
PAC  Esterification of 2-monostearin
PAR  One-half gram of 2-monostearin made by the process described in Martin,
      Journal of the American Chemical Society, 1953, voln. 75, p. 5482, 1.84
      grams oleic anhydride made as in Example I, 10 ml. benzene and 0.01 ml.
      48% aqueous hydrobromic acid are reacted together with mixing at
      70.degree. F. for three hours.
PAR  The reaction mixture is diluted with ethyl ether, water-washed and the
      solvent removed by evaporation. The residue is crystallized twice from 20
      ml. acetone at 20.degree. F. The major portion of the product is
      2-stearoyldiolein; therefore, substantially no existing ester group
      rearrangement occurs during the esterification reactions.
PAR  In the above procedure, the benzene solvent is replaced with an equivalent
      amount of pyridine with equivalent results.
PAR  In the above procedure the aqueous hydrobromic acid is replaced by an
      equivalent amount of a 1:3 (molar basis) mixture of PBr.sub.3 and H.sub.2
      O, and by a 30% (wt.) methanol solution of HBr, respectively, and
      equivalent results are secured.
PAC  EXAMPLE V
PAC  Esterification of 1-monostearin with stearoyl propylene glycol succinate
      anhydride
PAR  Forty-four grams (0.1 mole) of stearoyl propylene glycol hydrogen succinate
      are mixed with 30 grams (0.3 mole) of acetic anhydride and heated at
      reflux for one hour. The mixture is then heated at 250.degree. F. to
      265.degree. F. for two hours under a pressure of 2-5 mm. Hg. The residue
      is cooled with recovery of about a 96% yield of stearoyl propylene glycol
      succinate anhydride (an anhydride having the previously described
      structural formula wherein X is a residue of a monoacyl diol half-ester of
      a dicarboxylic acid).
PAR  Three and six-tenths grams of 1-monostearin (0.01 mole) prepared by the
      process described in Mattson and Volpenhein, Journal of Lipid Research,
      July 1962, vol. 3, No. 3, pp. 283, 284, are dissolved in 144 ml. benzene
      with slight warming. Nineteen grams (0.022 mole) of the above prepared
      stearoyl propylene glycol succinate anhydride are added with stirring. The
      sample is treated with 0.1 ml. of 48% aqueous hydrogen bromide catalyst
      and stirring continued at 90.degree. F. for one hour.
PAR  The reaction mixture is diluted with 100 ml. water and the mixture shaken
      in a separatory funnel. The washed benzene solution is dried and the
      product isolated by chromatography on a 300 gram silica gel (+ 5% water)
      column. Elution with one liter of benzene and with one liter of benzene
      containing 2% ethyl ether and 1% acetic acid yields about 11 grams of
      product. Fractional crystallization of the product from 15 volumes of
      acetone at 70.degree. F., 50.degree. F. and 0.degree. F. provides a
      product comprising about 80% 1-stearoyl-2,3-di(stearoyl propylene glycol
      succinyl) glycerol having the structural formula
      ##EQU9##
      Substantially no existing ester group rearrangement occurs during the
      above esterification reaction.
PAC  EXAMPLE VI
PAC  Esterification of 1,3-distearin with octadecyl glutarate anhydride
PAR  Octadeyl glutarate anhydride (an anhydride having the previously described
      structural formula wherein X is a residue of an alkyl half-ester of a
      dicarboxylic acid) is prepared the same as the anhydride in Example V but
      with substitution of a molar equivalent of octadecyl hydrogen glutarate
      for the stearoyl propylene glycol hydrogen succinate.
PAR  Six and two-tenths grams distearin prepared as in Example I of U.S. Pat.
      2,626,952 are dissolved in 120 ml. benzene with stirring and slight
      warming. Seven and nine-tenths grams of the above octadecyl glutarate
      anhydride are added; when the reagents are completely dissolved, 0.001
      mole of gaseous HBr is introduced below the surface of the reaction
      mixture. The mixture is then stirred at room temperature for one hour.
PAR  The reaction mixture is diluted with 100 ml. water and the aqueous layer
      separated and discarded. The benzene layer is washed twice with water,
      dried with five grams sodium sulfate, filtered and evaporated to dryness.
      The residue is crystallized from 200 ml. acetone at 195.degree. F. The
      crystals are recrystallized from 150 ml. acetone at 212.degree. F. to
      provide 1,3 - distearoyl - 2 -octadecyl glutaryl glycerol. Substantially
      no existing ester group rearrangement occurs during the above
      esterification reaction.
PAC  EXAMPLE VII
PAC  Esterification of 1,3-distearin with 1,3-distearin-2-succinate anhydride
PAR  1,3 - distearin - 2 - succinate anhydride (an anhydride having the
      previously described structural formula wherein X is a residue of a diacyl
      glyceride half-ester of a dicarboxylic acid) is prepared in the same
      manner as the anhydride in Example V but with substitution of a molar
      equivalent of 1,3-distearin-2-hydrogen succinate for the stearoyl
      propylene glycol hydrogen succinate.
PAR  Six and two-tenths grams 1,3-distearin are dissolved in 250 ml. benzene
      with stirring and slight warming. Fifteen grams of the above
      1,3-distearin-2-succinate anhydride are added and dissolved with stirring.
      When the reagents are completely dissolved, 0.2 ml. of constant boiling (1
      atm.) aqueous hydrobromic acid is added and the reaction mixture stirred
      at 100.degree. F. for one hour.
PAR  In order to purify the product, 100 ml. water are added and the aqueous
      phase separated and discarded. The product is further purified by
      treatment with three 30-gram portions of base-form ion exchange resin. The
      benzene solution is evaporated and the residue crystallized from 200 ml.
      acetone at 90.degree. F. to provide di(1,3-distearin)succinate.
      Substantially no existing ester group rearrangement occurs during the
      above esterification reaction.
PAR  The above process is carried out at 0.degree. F., 30.degree. F. and
      200.degree. F., respectively, with equivalent results.
PAC  EXAMPLE VIII
PAC  Esterification of propylene glycol monooleate with
      stearoyl-4-hydroxybutyric anhydride
PAR  One mole 1,2-propylene glycol is reacted with 0.5 mole oleic acid in one
      liter of xylene in the presence of 0.01 mole of p-toluene sulfonic acid
      catalyst. The sample is refluxed under a moisture trap for two hours,
      poured into ice water, water-washed and the solvent evaporated to provide
      70% pure propylene glycol monooleate. The impure product is purified with
      a silica gel column to provide about 0.35 mole of substantially pure
      propylene glycol monooleate. The propylene glycol monooleate is present as
      a mixture of isomeric esters with about 80% of the oleoyl groups at the
      primary hydroxyl position and 20% at the secondary position of
      1,2-propylene glycol.
PAR  Stearoyl - 4 - hydroxybutyric anhydride (an anhydride having the previously
      described structural formula wherein X is a residue of a monoacyl
      derivative of a primary monohydroxy monocarboxylic acid) is prepared the
      same as the anhydride in Example V but with substitution of a molar
      equivalent of stearoyl - 4 - hydroxybutyric acid for the stearoyl
      propylene glycol hydrogen succinate.
PAR  Three and four-tenths grams of the above propylene glycol monooleate are
      dissolved in 100 ml. benzene. Ten grams of the above stearoyl - 4 -
      hydroxybutyric anhydride are added to the solution and stirred with slight
      warming until dissolution is complete. When the reagents are completely
      dissolved, 0.1 ml. 47% hydrobromic acid is added and stirring continued at
      70.degree. F. for one hour.
PAR  In order to purify the desired product, the reaction mixture is diluted
      with 100 ml. water and the aqueous phase is separated and discarded. The
      benzene layer is evaporated to dryness and the residue is dissolved in 100
      ml. hexane. The hexane solution is crystallized at 50.degree. F. to yield
      primarily stearoyl - 4 - hydroxybutyric acid. The filtrate from the
      50.degree. F. crystallization is evaporated to dryness and this residue is
      dissolved in 200 ml. acetone. The acetone solution on crystallization at
      40.degree. F. provides oleoyl (stearoyl - 4 - hydroxybutyryl) propylene
      glycol. The product consists of a mixture of isomeric esters with ca. 60%
      by weight of the oleoyl groups at the primary hydroxyl position and 40% at
      the secondary hydroxyl position of 1,2-propylene glycol. This mixture of
      isomers partially results from the fact that the propylene glycol
      monooleate used consists of an 80-20 mixture of primary and secondary
      esters respectively. Thus, very little existing ester group rearrangement
      occurs during the above esterification reaction.
PAC  EXAMPLE IX
PAC  Esterification of 1-propylene glycol monobehenate with oleic anhydride
PAR  1-propylene glycol monobehenate is made as follows: ethyl lactate (450
      grams, 3.8 moles) is mixed with 1.2 ml. concentrated hdyrochloric acid and
      the mixture cooled in an ice bath. Dihydropyran (420 grams, 4.9 moles) is
      added with stirring, after which the sample is allowed to warm to room
      temperature. After three hours, 10 grams of potassium carbonate are added
      and the sample stirred. The product is distilled under reduced pressure
      with collection of 366 grams tetrahydropyranyl ethyl lactate boiling at
      65.degree. to 70.degree. C. at 1-2 mm. pressure. Tetrahydropyranyl ethyl
      lactate (82 grams, 0.46 mole) is dissolved in 300 ml. tetrahydrofuran and
      the solution is cooled in an acetone-ethanol Dry Ice bath. The THP ethyl
      lactate solution is added slowly to a 10% lithium aluminum hydride
      solution and subsequently the mixture is warmed to room temperature. The
      reactants are diluted with 150 ml. ethanol, followed by two liters of
      water. The sample is then extracted three times with 400 ml. portions of
      benzene. The benzene extracts are dried with sodium sulfate, filtered, and
      the filtrate is distilled with collection of the fraction boiling at
      78-81.degree. C. at 3 mm. pressure. The yield is 28 grams of
      2-tetrahydropyranyl propylene glycol.
PAR  2-tetrahydropyranyl propylene glycol (16.0 grams, 0.1 mole) is
      interesterified with 39 grams methyl behenate using 4 ml. of 40% trimethyl
      benzyl ammonium methoxide as a catalyst. The reactants are stirred in a
      250 ml. flask heated at 60-80.degree. C. under a reduced pressure of 200
      mm. Hg for 6 hours. The reactants are poured into 600 ml. of hexane and
      the hexane solution washed with 400 ml. of 1% potassium bicarbonate
      solution. The washed hexane layer is diluted with 200 ml. ethanol and 75
      grams urea are added to the sample. Adduct formation with urea is
      accomplished by stirring the sample initially at 40.degree. C. and
      allowing the mixture to cool at 25.degree. C. during a two-hour interval.
      The urea adduct is removed by filtration and discarded. The adduction with
      urea is repeated using 60 grams urea. The filtrate from the second urea
      adduction is water-washed three times and the hexane layer is evaporated
      to dryness. The residue is dissolved in 300 ml. hexane and the solution is
      crystallized at -18.degree. C. Filtration at -18.degree. C. yields 21.3
      grams of 1-behenoyl-2-tetrahydropyranyl propylene glycol.
      1-behenoyl-2-tetrahydropyronyl propylene glycol (8 grams, 0.0165 mole) is
      cleaved by reaction with 11 ml. of 1.6 molar boric acid in trimethyl
      borate. The reactants are heated in a boiling water bath with application
      of vacuum. Heating is continued for 15 minutes with a vacuum of 2-5 mm. Hg
      pressure during the final 10 minutes. The residue is cooled to room
      temperature and dissolved in 200 ml. ethyl ether and water-washed three
      times. The ether phase is dried with sodium sulfate, and evaporated to
      dryness on an evaporator without warming above 30.degree. C. The residue
      is dissolved in 100 ml. petroleum ether and crystallized at 70.degree. F.
      The crystals recovered at  70.degree. F. are recyrstallized from 200 ml.
      petroleum ether at 50.degree. F. to yield ca. 5 grams of 1-propylene
      glycol monobehenate.
PAR  Five grams of the above prepared 1-propylene glycol monobehenate are
      dissolved in 100 ml. benzene together with 6 grams oleic anhydride made as
      in Example I. The sample is stirred at room temperature until solution is
      complete. One-tenth ml. 60% (wt.) aqueous hydrobromic acid is added and
      the sample stirred for 30 minutes at room temperature.
PAR  In order to purify the product 100 ml. water are added and the aqueous
      phase separated and discarded. The benzene solution is evaporated to
      dryness and the residue dissolved in 100 ml. acetone. The acetone solution
      is crystallized at 0.degree. F. with recovery of ca. 85% pure
      1-behenoyl-2-oleoyl propylene glycol, indicating that very little existing
      ester group rearrangement occurs during the above esterification reaction.
PAC  EXAMPLE X
PAC  Esterification of 1,4-distearoyl erythritol with oleic anhydride
PAR  One mole erythritol is reacted with two moles methyl stearate in one liter
      of dimethylacetamide in the presence of 0.1 mole sodium methoxide
      catalyst. The reaction mixture is heated at 100-120.degree. C. under
      reduced pressure (80-100 mm. Hg) for three hours with slow distillation of
      solvent such that about 400 ml. of solvent is removed in the three-hour
      period. Twency cc. of 50% by volume aqueous acetic acid are added to the
      sample and this mixture poured into two liters of water. One liter of an
      ethyl acetatebutanol mixture (four parts by volume ethyl acetate to one
      part by volume butanol) is added. The ethyl acetatebutanol layer is
      separated, water-washed twice and treated with 500 grams urea. This
      mixture is stirred at room temperature for two hours. The mixture is then
      filtered and 0.12 mole of 1,4-distearoyl erythritol is recovered from the
      urea adduct by dissolving in acetone and crystallizing at 90.degree. F.
PAR  Six and one-half grams of the above 1,4-distearoyl erythritol are dissolved
      in 200 ml. ethyl acetate with slight warming while stirring. Six and
      six-tenths grams oleic anhydride prepared as in Example I are added,
      followed by 0.1 ml. 48% aqueous hydrobromic acid. The reaction mixture is
      stirred at room temperature for one hour.
PAR  In order to purify the product, the reaction mixture is washed there times
      with water and the ethyl acetate solution dried with 15 grams of sodium
      sulfate and filtered. The solution after crystallizing 24 hours yields
      substantially pure 1,4-distearoyl-2, 3-dioleoyl erythritol. Substantially
      no existing ester group rearrangement occurs during the above
      esterification reaction.
PAR  The foregoing examples illustrate the use of hydrogen bromide sources as
      the catalyst in the esterification of partial polyol esters with acid
      lipid anhydrides of various types. The examples are not intended to be
      limiting of the types of acid anhydrides and types of partial polyol
      esters useful in the process of this invention.
PAR  As will be seen from the following example, carboxylic acid anhydrides
      having hydrocarbyl substituents from 1 to about 30 carbon atoms and aryl
      substituents such as phenyl, tolyl, xylyl, naphthyl and the like, are also
      suitably employed in conjunction with partial polyol esters of all types
      to provide position-specific esterification reactions. Furthermore, the
      partial polyol esters useful herein are not limited in their type and can
      contain ester groups having from 1 to about 30 carbon atoms, and greater.
      It is to be understood, therefore, that the position-specific
      esterification reaction herein appears to be a general one in that it
      provides for the esterification of all manner of partial polyol esters by
      means of all manner of organic acid anhydrides without substantial ester
      group rearrangement.
PAC  EXAMPLE XI
PAC  Esterification of 1,3-dipropanoyl glycerol with acetic anhydride
PAR  One mole of 1,3-dipropanoyl glycerol is admixed with two moles of acetic
      anhydride and dissolved therein with heating and stirring at a temperature
      of about 175.degree. F. A volume of 48% (wt.) aqueous hydrobromic acid
      sufficient to provide 0.5 mole of HBr is admixed with the reaction
      solution and the temperature is restored to room temperature (70.degree.
      F.) over a two hour period. The reaction mixture is poured into 1 liter of
      water which serves to hydrolyze the unreacted acetic anhydride.
PAR  Excess water is removed by vacuum evaporation at about 90.degree. F. on a
      rotary evaporator, which process also removes much of the acetic acid. The
      residue left after evaporation is dissolved in a 1:1 mixture of ethyl
      alcohol and benzene and a 1.0 M solution of barium chloride is added
      thereto, protionwise, until precipitation of the insoluble barium acetate
      mono-hydrate is complete. The solids are removed by filtration and the
      benzene-alcohol solvent is removed on the rotary evaporator under vacuum.
      The resulting triglyceride product is substantially pure
      1-propanoyl-2-acetyl-3-propanoyl glycerol, indicating that the
      esterification occurs without substantial intramolecular or intermolecular
      acyl group rearrangement.
PAR  The above procedure is carried at 0.degree. F. and 212.degree. F.,
      respectively, with substantially equivalent results.
PAR  The procedure is carried at a catalyst-to-anhydride mole ratio of 0.01:1
      with equivalent results.
PAR  The aqueous hydrobromic acid used in the above process is replaced by an
      equivalent amount of a benzene solution of HBr, gaseous HBr and an amount
      of SiBr.sub.4 and H.sub.2 O sufficient to provide 0.5 mole of HBr,
      respectively, and equivalent resins are secured.
PAR  In the above procedure the acetic anhydride is replaced by an equivalent
      amount of benzoic acid anhydride and the reaction product is substantially
      all 1-propanoyl-2-benzoyl - 3 - propanoyl glycerol, indicating that
      substantially no ester group rearrangement occurs in the process.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing specific complete mixed polyol esters from
      .[.unsymmetrically substituted.]. partial polyol esters with substantially
      no ester group rearrangement comprising esterifying .[.said.]. .Iadd.a
      .Iaddend.partial polyol .[.esters.]. .Iadd.ester .Iaddend.with an acid
      anhydride in the presence of a catalytic amount of a hydrogen bromide
      source.[...]..Iadd., said partial polyol ester being from the group
      consisting of partial polyol esters from aliphatic diols having the
      hydroxyl groups unsymmetrically substituted with respect to the carbon
      chain and partial polyol esters from aliphatic polyol containing at least
      three hydroxyl groups. .Iaddend.
NUM  2.
PAR  2. A process according to claim 1 wherein the hydrogen bromide source is
      selected from the group consisting of aqueous hydrobromic acid and gaseous
      hydrogen bromide.
NUM  3.
PAR  3. A process according to claim 1 comprising admixing:  (1) a polyol
      selected from the group consisting of aliphatic diols wherein the hydroxyl
      groups are unsymmetrically substituted with respect to the carbon chain
      and aliphatic polyols containing at least three hydroxyl groups, said
      polyols having been partially esterified with a monocarboxylic acid
      containing about 8 to 24 carbon atoms, with; (2) a member selected from
      the group consisting of acidic lipid anhydrides of the formula
      ##EQU10##
      wherein X is a substituent selected from the group consisting of:
PA2  (1) alkyl and alkenyl groups containing from 7 to 23 carbon atoms and
      having the formula R--
PA2  (2) residues of alkyl half-esters of a dicarboxylic acid having the formula
      ##EQU11##
      (3) residues of monoacyl diol half-esters of a dicarboxylic acid having
      the formula
      ##EQU12##
      (4) residues of diacyl glyceride half-esters of a dicarboxylic acid having
      the formula
      ##EQU13##
      and (5) residues of monoacyl derivatives of a primary monohydroxy
      monocarboxylic acid having the formula
      ##EQU14##
      wherein in (1)-(5) above: R is an alkyl or alkenyl group containing 7 to
      21 carbon atoms;
PA1  R.sup.1 is an alkylene group containing 2 to 4 carbon atoms;
PA1  R.sup.2 is an alkylene group containing 0 to 4 carbon atoms;
PA1  R.sup.3 is an alkylene group containing 2 to 5 carbon atoms;
PA1  Z is a substituent selected from the group consisting of hydrogen and
      methyl; and
PA1  Y is a substituent selected from the group consisting of benzyl,
      p-nitrobenzyl, and phosphoryl ester; and
PAL  (3) a catalyst selected from the group consisting of hydrogen bromide and
      hydrogen bromide sources, at a molar ratio of said catalyst to acidic
      lipid anhydride of at least about 0.01 to 1.
NUM  4.
PAR  4. The process of claim 1 which is carried out at a temperature from
      0.degree. F. to 212.degree. F.
NUM  5.
PAR  5. The process of claim 1 which is carried out using a molar excess of the
      acid anhydride.
NUM  6.
PAR  6. The process of claim 1 wherein the partial polyol ester is a partial
      glyceride ester.
NUM  7.
PAR  7. The process of claim 1 wherein the partial polyol ester is a
      1,3-diglyceride.
NUM  8.
PAR  8. The process of claim 1 wherein the partial polyol ester is a partial
      ester of 1,2-propylene glycol.
NUM  9.
PAR  9. The process of claim 1 wherein the acid anhydride is symmetrical.
NUM  10.
PAR  10. The process of claim 1 wherein the acid anhydride is an alkyl anhydride
      wherein the alkyl group contains from 7 to about 23 carbon atoms.
NUM  11.
PAR  11. The process of claim 1 wherein the acid anhydride is oleic anhydride.
NUM  12.
PAR  12. The process of claim 1 wherein the partial polyol ester is a
      monoglyceride and the reaction is carried out in an organic solvent
      selected from the group consisting of benzene and pyridine.
NUM  13.
PAR  13. A process for preparing a synthetic cocoa butter comprising acylating
      the 2-hydroxy group of 1-palmitoyl-3-stearoyl glycerol with oleic
      anhydride in the presence of a catalyst selected from the group consisting
      of hydrogen bromide and hydrogen bromide sources, and crystallizing and
      separating the synthetic cocoa butter thus formed.
NUM  14.
PAR  14. A process for preparing a confectioner's hard butter comprising
      acylating the 2-hydroxy groups in a mixture comprising
      1-palmitoyl-3-stearoyl glycerol, 1,3-distearoyl glycerol and
      1,3-dipalmitoyl glycerol with oleic anhydride in the presence of a
      catalytic amount of hydrogen bromide.
NUM  15.
PAR  15. A process for preparing a confectioner's hard butter comprising: (1)
      admixing substantially completely hydrogenated palm oil with glycerol in
      the presence of a sodium methoxide catalyst and separating and
      crystallizing the 1,3-diglycerides formed; (2) acylating the 2-hydroxy
      groups of the 1,3-diglycerides prepared in step (1) with oleic anhydride
      in the presence of a catalyst selected from the group consisting of
      hydrogen bromide and hydrogen bromide sources; and (3) crystallizing and
      separating the hard butter thus formed.
NUM  16.
PAR  16. The process of claim 15 wherein the catalyst is a member selected from
      the group consisting of hydrogen bromide gas and aqueous hydrobromic acid.
NUM  17.
PAR  17. The process of claim 15 wherein the catalyst-to-oleic anhydride molar
      ratio is at least 0.01:1.
NUM  18.
PAR  18. The process of claim 15 which is carried out at from about 0.degree. F.
      to about 212.degree. F.
NUM  19.
PAR  19. The process of claim 15 which is carried out in the presence of a molar
      excess of oleic anhydride.
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ABST
PAL  A belt for a pillion rider. The belt has a pair of straps along the
      longitudinal outside face of the belt. The ends of the straps are secured
      through a slit in the belt and fastened to the inside face of the belt.
      The belt is secured around the waist of a driver and the pillion rider
      holds onto the pair of straps.
BSUM
PAR  This invention relates to belts which are designed for pillion riders.
PAR  A cyclist, equestrian and snowmobile driver frequently carry a passenger in
      tandem. These riders known as pillion or tandem riders hold onto the waist
      of the driver. If the ride is rough the grip can become loose and the
      rider can fall.
PAR  The instant invention provides a belt worn by the driver and used by the
      pillion rider to maintain a grip.
PAR  We provide a pillion rider belt comprising a belt having four slits spaced
      apart along a longitudinal axis of the belt, the belt having an inside
      face and an outside face; a pair of straps along the longitudinal axis of
      the outside face of the belt, the ends of each of the straps are inserted
      through a corresponding slit and fastened to the inside face of the belt;
      and means fastening the belt.
PAR  Other details, objects and advantages of this invention will become
      apparent as the following description of the present preferred embodiment
      proceeds.
DRWD
PAR  In the accompanying drawing, we have shown a present preferred embodiment
      of the invention in which:
PAR  The FIGURE is an isometric view of the belt for a pillion rider.
DETD
PAR  The FIGURE shows a belt 10 having four slits 12, 14, 16 and 18 which are
      spaced apart along the longitudinal axis of the belt 10. The belt 10 has
      inside and outside faces 20 and 22. A pair of straps 24 and 26 are located
      along the longitudinal axis of the outside face 22 of the belt. The ends
      (only two of which are shown 32 and 34) of each of the straps 24 and 26
      are inserted through a corresponding slit (12, 14, 16 and 18) and fastened
      to the inside face 20 by rivets, or sewing, or by both rivets and sewing
      (28 and 30 shown). The belt 10 is fastened by a buckle assembly 36. The
      fastening arrangement for the straps 24 and 26 inserted through slits
      (12-18) provides additional security. The driver wears the belt and the
      pillion rider holds the straps 24 and 26.
PAR  The straps can also be secured to the belt by passing a loop of steel,
      leather or other material through the slits 12, 14, 16 and 18 and
      fastening the straps 24 and 26 to such loops; or by fastening the straps
      24 and 26 by other means directly to the outside face 22 of the belt; the
      purpose being to control the sheer force exerted on the straps 24 and 26
      or their fastening.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pillion rider belt comprising:
PA1  A. a belt having four slits spaced apart along a longitudinal axis of the
      belt, the belt having an inside face and an outside face;
PA1  B. a pair of straps along the longitudinal axis of the outside face of the
      belt, the ends of each of the straps being inserted through a
      corresponding slit and fastened to the inside face of the belt; and
PA1  C. means fastening the belt.
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PAL  concise Guide to Biomedical Polymers, Their Design, Fabrication and
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ABST
PAL  A medical appliance suitable for use in direct or indirect contact with
      blood, such as an artificial valve, artificial blood vessel, blood
      transfusion set, solution infusion set, or blood bag characterized by
      being composed of 100 parts by weight of polyvinyl chloride and as
      plasticizer 50 to 100 parts by weight of thermoplastic polyurethane of the
      polyester type, said polyurethane having a softening point of about
      70.degree.C and giving no spot other than that of the origin at the same
      position loaded the test sample onto the plate in thin-layer chromatogram.
BSUM
PAR  This invention relates to a medical appliance made of polyvinyl chloride
      and, more particularly, to a medical appliance made of polyvinyl chloride
      suitable for use in direct or indirect contact with human blood, such as
      an artificial valve, artificial blood vessel, blood transfusion set,
      solution infusion set, or blood bag.
PAR  Many of the above-noted medical appliances have heretofore been made of
      plastic materials which meet the non-toxicity requirements specified in
      the Japanese Pharmacopeia when tested according to the specified testing
      methods such as, for example, the testing method for plastic containers
      used in medical solution for infusion (solution infusion). In such plastic
      materials, polyvinyl chloride is widely used because it is inexpensive, is
      available in a broad range of stiffness from flexible to rigid depending
      on the plasticizer content to serve for various purposes, and, moreover,
      is transparent and easy-processing.
PAR  Quite recently, however, it has been suggested that serious diseases might
      be caused if the human body takes in, through the blood contacted with a
      polyvinyl chloride plastics, phthalate esters including dioctyl phthalate
      which had long been believed to be a nontoxic plasticizer [for example J.
      Neergaard et al., Scand. J. Urol., Nephrol., 5, 141 (1971); R. J. Jaeger
      et al., New Eng. J. Med., 287 (22), 1,114 (1972); T. J. Contreras et al.,
      Transfusion, 14, (1), 34 (1974); and Medical Stoff Conference, California
      Medicine, 112 (2), 43 (1970)].
PAR  When a fabricated article of polyvinyl chloride plasticized with a
      phthalate ester is brought into contact with blood, some amount of the
      phthalate ester migrates into the blood. It is known, for instance, that
      from a blood bag made of polyvinyl chloride, a phthalate ester migrates
      into the stored blood in the bag and is accumulated in human tissues after
      transfusion of stored blood (R. J. Jaeger et al., loc. cit.). The present
      inventors also made it clear by a test that various plasticizers are
      extractable with blood plasma from plasticized polyvinyl chloride even if
      the plasticizer content is very low.
PAR  The object of this invention is to provide medical appliances made of
      plasticized polyvinyl chloride which contain no such toxic substances as
      are extractable with blood.
PAR  According to this invention, there is provided a medical appliance suitable
      for use in direct or indirect contact with human blood, characterized by
      being fabricated from plasticized polyvinyl chloride comprising 100 parts
      by weight of polyvinyl chloride and 50 to 100 parts by weight of
      thermoplastic polyester-based polyurethane used as plasticizer, said
      polyurethane having a softening point of about 70.degree.C and giving in a
      thin-layer chromatogram no spot other than the one at the original
      position where the test sample has been loaded onto the silica gel plate.
PAR  The thermoplastic polyurethane of the polyester type has a straight chain
      structure and composed of a polyester component and an alkylene or
      polyoxyalkylene diisocyanate component. The polyester component is derived
      from an aliphatic diol having at least 6 carbon atoms and an aliphatic
      dicarboxylic acid having at least 6 carbon atoms and its hydroxyl value of
      the polyester being 50 to 60. The softening point of the polyurethane is
      about 70.degree.C. Such a polyester-based polyurethane, contrary to the
      polyester-based type, is found to be sufficiently compatible with
      polyvinyl chloride to form plasticized polyvinyl chloride. The amount of
      thermoplastic polyester-based polyurethane to be incorporated in polyvinyl
      chloride ranges from 50 to 100 parts by weight for 100 parts by weight of
      the latter corresponding to a wide range of stiffness, from flexible to
      nearly rigid, necessary for the fabricated articles to serve for various
      uses. The amount to be incorporated, for example, is 60 to 90 parts by
      weight for a blood bag or an infusion set, 50 to 70 parts by weight for an
      artificial valve, and 70 to 100 parts by weight for an artificial blood
      vessel.
PAR  The polyurethane to be used should not contain any of the impurities which,
      on being tested by thin-layer chromatography, give spots other than the
      one at the original position where the test sample has been loaded. If
      plasticized with a polyurethane containing such an impuirty, the resulting
      polyvinyl chloride material does not meet the requirements specified in
      the Japanese Pharmacopeia and contains an impurity which tends to migrate
      into blood plasma and is easily identifiable by means of gas
      chromatography.
PAR  The thin-layer chromatography for selecting a proper polyurethane is
      carried out in accordance with the procedure described by Y. L. Marcel et
      al. [Lancet, 1, 35 (1970)]. Five grams of shaped polyurethane strips, 1.5
      cm in length, 0.5 cm in width, and 0.4 to 0.5 mm in thickness, was placed
      in a flask, to which is then added 100 ml of chloroform. The flask is
      closed tightly with a stopper and kept at room temperature for 3 hours.
      The contents of the flask are filtered and the filtrate is evaporated to
      dryness at a temperature below 50.degree.C under reduced pressure. To the
      residue is added 10 ml of methanol to obtain a sample solution. A 10-.mu.l
      portion of the sample solution was spotted on a silica gel layer, 0.25 mm
      in thickness, to carry out thin-layer chromatography [solvent:
      n-hexane-ethyl acetate (9 : 1); temperature: room temperature; developed
      distance: 10 cm]. The spot developed on the thin-layer is detected by
      exposing to iodine vapor.
PAR  The gas chromatography for identifying an impurity migrated into blood
      plasma is carried out in the following way. Two grams of sample strips of
      the same size as used above is extracted three times with each 10 ml of
      blood plasma. The combined extract solution is extracted three times with
      a chloroform-methanol (2 : 1 volume) mixture and the combined extract
      solution is evaporated to dryness. The residue is dissolved in 1 ml of
      methanol to obtain a sample solution. The sample solution is subjected to
      programmed-temperature gas chromatography by use of ChromoSorb G-NAW,
      (NIHON CHROMATO WORKS, LTD.-JOHNS-MANNVILLE, U.S.A., purified siliceous
      earth, Kieselguhr.) as support. Any impurity, if present, can be detected
      from the peak in gas chromatogram.
PAR  If polyurethane, especially in case of the appliance to a bag, is
      incorporated in excess of 100 parts by weight for 100 parts by weight of
      polyvinyl chloride, the water vapour permeability through the wall of the
      plasticized polyvinyl chloride bag increases undesirably, while if the
      incorporated amount of polyurethane is below 50 parts by weight, the
      plasticizing effect is unsatisfactory. The plasticized polyvinyl chloride
      can be further incorporated with a stabilizer such as stearate.
PAR  The medical appliance of this invention can be manufactured by hot-milling
      the compounded polyvinyl chloride, pelletizing the milled polyvinyl
      chloride, and then shaping the pellets by customary processing procedures
      such as extrusion, calendering, etc. The fabricated articles are
      transparent, withstand sterilization by ethylene oxide gas or
      high-pressure steam (autoclaving), and have acceptable quality, as tested
      by extraction with blood plasma. The evaporation loss of aqueous solution
      through the wall of a bag does not exceed 4.0%, a limit specified in
      Notification of Ministry of Health and Welfare (Japan).
PAR  The invention is illustrated below in more detail with reference to
      Example, however the invention is not limited to the Example.
PAL  Example and Comparative Example
PAL  Polyvinyl chloride (PVC):
PA1  Mean polymerization degree, 1,100;
PA1  Manufactured by suspension polymerization;
PA1  Amount used, 100 parts by weight.
PAL  Polyurethane:
PAR  A: does not give any spot due to impurities on thin-layer chromatogram;
      softening point, about 70.degree.C.
PAL  B: gives a number of spots (R.sub.f = 0.17, 0.22, 0.55, 0.62, and 0.90) on
      thin-layer chromatogram; softening point, about 70.degree.C.
PAR  Amount incorporated: as shown in Table 1.
PAL  Stabilizer:
PA1  Zinc stearate: 1.5 parts by weight.
PA1  Calcium stearate: 0.7 part by weight.
PAL  Pelletization:
PA1  Sheeting formed by means of a pair of  milling rolls at 150.degree. to
      160.degree.C from compounded polyvinyl chloride was cut into pellets.
PAL  Shaping:
PA1  Tubing extruded from an extruder (L/D of  screw = 26/1; compression ratio,
      3.5) at 140.degree. to 190.degree.C. was heat-sealed to form a bag, 0.45
      mm in wall thickness.
PAL  Test results: as shown in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
            Polyurethane                                                       
                        Peak in gas chroma-  Evaporation                       
                Amount in parts    Result of tests                             
                                             loss of aque-                     
                by weight per                                                  
                        togram due to im-                                      
                                   specified in                                
                                             ous solution                      
            Type                                                               
                100 parts by                                                   
                        purity in plasma                                       
                                   Japanese Pharma-                            
                                             in % (20.+-.2                     
                weight of PVC                                                  
                        extract    copeia    .degree.C, RH 65.+-.2             
                                             %, 14 days)                       
     __________________________________________________________________________
               50       none                 0.89                              
     Example                                                                   
            A  80       none        Acceptable                                 
                                             2.54                              
               100      none                 3.07                              
                                   1. Water extrac-                            
                                   tion test: un-                              
                                   acceptable with                             
     Comparative        A number of                                            
                                   respect to pH,                              
            B  100      peaks due to                                           
                                   reducing sub-                               
                                   stance, UV                                  
     Example            impurities absorption                                  
                                   spectrum.                                   
                                   2. Hemolysis                                
                                   test: unaccept-                             
                                   able.                                       
                                   3. Implantation                             
                                   test: unaccept-                             
                                   able.                                       
     __________________________________________________________________________
PAR  For reference, testing methods specified in Japanese Pharmacopeia are
      reproduced herein.
PAR  Plastic Containers for Aqueous Infusions:
PAR  The plastic containers for aqueous infusions should have a capacity of 500
      ml or more, and be used as containers for aqueous infusions. They meet the
      following requirements. When the surfaces of them are coated, the material
      before coating must be used for the tests (4)-(11).
PAR  1. The containers do not interact physically or chemically with the
      contained medicament in any manner to alter the property or quality, and
      do not permit the invasion of microorganisms.
PAR  2. Transparency and appearance: The containers have a transparency which
      does not practically interfere with the test for foreign matter specified
      in General Rules for Preparations, Injections (10). The containers do not
      have stripes, cracks, bubbles, or other faults which make it difficult to
      be used.
PAR  3. Permeability: Fill the container with water equivalent to the labeled
      volume. After closing it hermetically, weigh accurately, and allow to
      stand for 14 days at a humidity of 65 .+-. 2%, and at a temperature of 20
      .+-. 2.degree., then weigh accurately. The loss in weight is not more than
      0.20%.
PAR  4. Heavy metals: Place 1.0 g of cut pieces of the container into a
      porcelain crucible and perform the test, according to Method 2 of Heavy
      Metals Limit Test. Prepare the control solution with 2.0 ml of Standard
      Lead Solution.
PAR  5. Residue on ignition: Weigh accurately about 5 g of cut pieces of the
      container, and perform the test according to the Residue on Ignition; the
      residue is not more than 0.10%.
PAR  6. Extractive substances: Take the container at the homogeneous parts of
      less bend and possibly same thickness, cut it into a piece having about
      1,200 cm.sup.2 of total surface area when the thickness is 0.5 mm or less,
      or about 600 cm.sup.2 when the thickness is greater than 0.5 mm; subdivide
      into strips approximately 0.5 cm in width and 5 cm in length. Wash them
      with distilled water for injection, and dry at room temperature. Place
      these strips into 300 ml glass container complying with Glass Containers
      for Injections, (4) Soluble alkali test, add 200 ml of distilled water for
      injection, and fuse or close tightly with a suitable stopper. With high
      pressure steam sterilizer, heat it at 121.degree. for 1 hour, and allow to
      stand until the temperature lowers to room temperature, and use this
      solution as the test solution. Prepare the blank solution with distilled
      water for injection in the same manner. Perform the following tests with
      the test solution and the blank solution.
PAR  i. Description: The test solution is colorless and clear.
PAR  ii. foam test: Place 5 ml of the test solution in a glass-stoppered test
      tube of about 15 mm in innner diameter, and shake vigorously for 3
      minutes. The formed foams disappear almost within 2 minutes.
PAR  iii. pH: To each 20 ml of the test solution and the blank solution, add 1.0
      ml of potassium chloride solution containing 0.1 w/v% of potassium
      chloride in distilled water for injection. The difference of pH between
      them should not be more than 1.5 when measured by pH meter.
PAR  iv. Chloride: Place 10 ml of the test solution in a Nessler's tube, perform
      the test according to Chloride Limit Test. Prepare the control solution
      with 0.7 ml of 0.001 N hydrochloric acid.
PAR  v. Sulfate: Place 20 ml of the test solution in a Nessler's tube, perform
      the test according to Sulfate Limit Test. Prepare the control solution
      with 2.0 ml of 0.001 N sulfuric acid.
PAR  vi. Phosphate: Place 50 ml of the test solution in a Nessler's tube, add
      2.5 ml of ammonium molybdatesulfuric acid TS and 1.0 ml of
      1-amino-2-naphthol-4-sulfonic acid TS, shake well, and allow to stand for
      20 minutes. The solution has no more color than the following control
      solution.
PAR  Control solution: Instead of the test solution, use 50 ml water solution
      containing 0.30 ml of Standard Phosphoric Acid Solution, and proceed in
      the same manner.
PAR  vii. Ammonium: Place 10 ml of the test solution in a Nessler's tube, add
      sufficient water to make 50 ml, add 2.0 ml of sodium hydroxide solution (1
      .fwdarw. 3) and 1.0 ml of Nessler's TS, and shake well. The solution has
      no more color than the following control solution.
PAR  Control solution: Instead of the test solution, use 2.5 ml of Standard
      Ammonium Solution, and perform in the same manner.
PAR  viii. Heavy metals: Place 10 ml of the test solution in a separater, add 40
      ml of water, 1.0 ml of ammonium citrate solution and 2 drops of methylred
      TS, and add strong ammonia water dropwise until the solution develops a
      yellow color, and then add 1.0 ml of strong ammonia water, 10 ml of
      dithizonebenzene solution, shake vigorously for 1 minute, and drain off
      the water layer. Then add 50 ml of diluted strong ammonia solution (1
      .fwdarw. 100), shake vigorously for 30 seconds, and allow to stand,
      separate the benzene layer. Read the absorbance AT at the wavelength at
      525 m.mu. in a 10 mm cell, using benzene as the blank. With 10 ml of
      Standard Lead Solution for Dithizone Method and with 10 ml of water,
      proceed in the same manner as the test solution, and determine the
      absorbances, As and Ao respectively; (At - Ao) does not exceed (As - Ao).
      Ammonium citrate solution and dithizone-benzene solution correspond to the
      test solutions for Lead Determination (Dithizone Method).
PAR  ix. Potassium permanganate-reducing substances: Place 20 ml of the test
      solution in a glass-stoppered Erlenmeyer flask, add 20 ml of 0.01 N
      potassium permanganate and 1.0 ml of dilute sulfuric acid, and boil for 3
      minutes. After cooling add 0.10 g of potassium iodide and 5 drops of
      starch TS, titrate with 0.01 N sodium thiosulfate. Use 20 ml of water
      instead of the test solution, and perform in the same manner. The
      difference of the volume of consumed 0.01 N potassium permanganate is not
      more than 1.0 ml.
PAR  x. Residue on Evaporation: Measure 20 ml of the test solution, evaporate to
      dryness on a water bath, and dry the residue at 105.degree. for 1 hour.
      The weight of residue is not more than 1.0 mg.
PAR  xi. UV Spectrum: Read the absorbance of the test solution at the maximum
      wavelength at 220 m.mu. in a 10 mm cell, using water as the blank: it
      exhibits no more than 0.30.
PAR  7. Acute systemic toxicity: The material meets the requirements, when the
      test solutions A and B are examined under following conditions against the
      blank solutions A' and B'.
PAR  Preparation of the test solution A and the blank solution A': From a
      homogenous and preferably flat part of plastic sample take by cutting a
      portion having the area equivalent to about 1800 cm.sup.2 when the
      thickness is 0.5 mm or less, or 900 cm.sup.2 when the thickness is greater
      than 0.5 mm; subdivide the sample into strips about 5 cm in length and
      about 0.5 cm in width. Wash and rinse the strips with neutral detergent
      solution, water and Distilled Water for Injection successively, and dry
      under clean condition at room temperature. Transfer the strips to a 500 ml
      flask which meets the requirements of (4) Soluble alkali test in Glass
      Containers for Injections, and add 300 ml of physiological saline. Seal
      the opening by fusing or with a suitable cap. Heat in an autoclave at
      121.degree. for 1 hour, and cool by allowing to stand to room temperature.
      The solution thus obtained is used as the test solution A. The blank
      solution A' is prepared in the same manner.
PAR  Preparation of the test solution B and the blank solution B': Prepare the
      strips of plastic material, wash and rinse, and dry, according to the
      procedure under preparation of the test solution A and the blank solution
      A', transfer to about 500 ml glass flask and add 300 ml of
      ethanol-physiological saline. Seal the opening by fusing or with a
      suitable cap and extract by heat at 70.degree. for 24 hours, and cool to
      room temperature. The solution thus obtained is used as the test solution
      B. The blank solution B' is prepared in the same manner.
PAR  i. Test procedures
PAR  Test animals: Use healthy male mice of imbred strain or closed colony
      weighing 17 - 23 g.
PAR  Procedure: Inject intravenously to groups of 10 mice 50 ml per kg of each
      solution of the test and blank.
PAR  ii. Interpretation
PAR  Observe the animals for 5 days after injection. During the observation
      period, all animals treated with the extracts of the sample show no death
      as in the animals treated with the blank.
PAR  8. Intracutaneous reactivity test: The material meets the requirements,
      when the test solutions A and B specified in (7) are examined under
      following conditions against the blank solution A' and B'.
PAR  i. Test procedure
PAR  Test animal: Use healthy male rabbits weighing not less than 2.5 kg.
PAR  Procedure: Use groups of 2 rabbits for each sample. To a group, inject 0.2
      ml of extracts intracutaneously to 10 sites of one side of the animals
      back for the test solution A and 5 sites of opposite side for the blank
      solution A'. For another group, the test solution B and the blank solution
      B' are examined in the same manner.
PAR  ii. Interpretation
PAR  Observe the injection sites at 24, 48 and 72 hours after injection. At the
      observation times, any tissue reaction such as erythema, edema, bleeding
      and necrosis is absent as in the animals treated with the blank.
PAR  9. Pyrogen Test: The test solution A specified in (7) meets the
      requirements of Pyrogen Test as well as the blank solution A'.
PAR  10. Hemolysis test: The sample meets the requirements of the test, when
      hemolysis is not observed after adding 0.1 ml of defibrinated blood of
      rabbit to 10 ml of the test solution A specified in (7) and allowing the
      mixture to stand at 37.degree. for 24 hours. Using 10 ml of the blank
      solution A', perform the blank test in the same manner.
PAR  11. Implantation test: Prepare the 8 sample strips for implantation by
      cutting the plastics to the size of about 10 mm long and about 1 mm wide.
      Sterilize after rising with neutral detergent solution, water, and
      Distilled Water for Injection successively. Another 4 strips are prepared
      with negative control plastics for implantation test in the same manner.
PAR  The sample meets the requirements of the test when examined under the
      following conditions against control.
PAR  i. Test procedure
PAR  Test animal: Use two healthy male rabbits weighing not less than 2.5 kg.
PAR  Procedure: Insert each one test strip in a sterilized 15 -gauge needles
      beforehand. Into the paravertebral muscles of one side of each of 2
      rabbits, implant 4 strips of the sample with stylet, placing the strips at
      the sites about 2.5 cm apart from each other and about 3.5 cm from the
      spinal column. In the same manner, implant 2 strips of control in the
      opposite side of each animal.
PAR  ii. Interpetation
PAR  Keep the animals for a period of 72 hours after implantation, and sacrifice
      by anesthesia and then bleed. Examine the area of tissues surrounding the
      center portion of each implant strip macroscopically. Use magnifying glass
      if necessary. The tissues should free from changes such as hemorrhage or
      encapsulation as in the control, or the reaction should be observed at
      less than 1 of 4 sites in each animal.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A medical appliance suitable for use in direct or indirect contact with
      human blood, characterized by being fabricated from plasticized polyvinyl
      chloride comprising 100 parts by weight of polyvinyl chloride and 50 to
      100 parts by weight of thermoplastic polyesterbased polyurethane used as
      plasticizer, said polyurethane having a softening point of about
      70.degree.C and giving in a thin-layer chromatogram no spot other than the
      one at the original position where a test sample has been loaded.
NUM  2.
PAR  2. A blood bag according to claim 1, wherein the amounts of the
      thermoplastic polyester-based polyurethane are 60 to 90 parts by weight.
NUM  3.
PAR  3. An infusion set according to claim 1, wherein the amounts of the
      thermoplastic polyester-based polyurethane are 60 to 90 parts by weight.
NUM  4.
PAR  4. An artificial valve according to claim 1, wherein the amounts of the
      thermoplastic polyester-based polyurethane are 50 to 70 parts by weight.
NUM  5.
PAR  5. An artificial blood vessel according to claim 1, wherein the amounts of
      the thermoplastic polyesterbased polyurethane are 70 to 100 parts by
      weight.
NUM  6.
PAR  6. A medical appliance according to claim 1, wherein the thermoplastic
      polyester-based polyurethane is composed of a straight chain polyester
      component derived from an aliphatic diol having at least 6 carbon atoms
      and an aliphatic dicarboxylic acid having at least 6 carbon atoms, said
      polyester having a hydroxyl number of 50 to 60, and an alkylene
      diisocyanate or polyoxyalkylene diisocyanate component.
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ABST
PAL  The present invention is a concept to provide a means of movement control
      for a powered prosthetic device. An externally detectable article is
      implanted on a biological site where the exertion of muscle tension will
      impart a movement of the article. The muscle can be attached to an
      antagonistic natural muscle or some means of exerting an opposing tension
      on the natural muscle. The recipient controlled tension in the appropriate
      muscle moves the externally detectable article and an external detector
      monitors that movement and generates control signals to the means powering
      the device in relation to the amount and direction of movement of the
      implanted article.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention pertains to that field of the art where artificial
      limbs replace natural limbs that are missing or are surgically removed.
      Specifically the present invention is a control means for a powered
      artificial limb.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Artificial limbs are generally classified in two categories; passive or
      powered. A passive artificial limb moves by the exertion of remaining
      muscles and any specific function such a limb might have over simple
      motion such as grasping is also controlled by remaining muscles.
PAR  A second type of artificial limb is powered by some source of energy and
      its motion and specific functions are generated by a power source in or
      associated with the artificial member. The application of power to the
      limb must be under the control of the recipient and several prior art
      references teach such control means.
PAR  One body of prior art can be classified as electromyogram devices where
      electrodes on the skin of the recipient monitor the electrical activity of
      the adjacent muscle and translate that electrical activity to a logic
      system where it is transformed into control signals for the means powering
      the artificial limb. Typical of such a system is U.S. Pat. No. 3,418,661,
      Allison et al., where electrodes attached to two antagonistic muscles
      receive electromyogram (EMG) signals and those signals are amplified
      rectified and electronically filtered. The difference between the two
      signals generates a control signal to an electric motor operating on a
      closed loop system. The closed loop system receives a force and velocity
      feedback so as to control the signal to the motor moving the artificial
      member. Similarly U.S. Pat. Nos. 3,641,993, Gaardner et al.; 3,491,378,
      Ioffe et al.; and 3,501,776, Beeker et al., all use electromyogram outputs
      to generate control signals for a powered prosthetic limb. There are
      several deficiencies of such control systems the major one being the lack
      of feedback to the recipient as to the force and effect of the exertion
      being generated. Additionally the myoelectric signals are electrically
      noisy and from the standpoint of control there is only a rough
      relationship between muscle tension and myoelectric output. The result of
      these inherent shortcomings is that the recipient must undergo significant
      training in the operation of the device and its operation is the result of
      learned unnatural exertions of muscle tension.
PAR  U.S. Pat. No. 3,609,769, Suzuki et al., teaches a different type of
      prosthetic control system where the movement of a voluntary muscle
      activates the power to drive the prosthetic device. This reference teaches
      specific means to provide a feedback to the recipient so as to provide
      closed loop control to the powered device.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention is a means of controlling the movement of a powered
      prosthetic device by internally implanting a detectable article on or
      adjacent to a muscle attached to a member capable of exerting a tension in
      opposition to the muscle. The biological site of the placement of the
      detectable article must be one capable of being moved by the action of a
      remaining muscle. An external detector monitors the position of the
      article and generates a signal to the power means in relation to the
      location of the article. Therefore the recipient can proportionally move
      the prosthetic limb simply by exerting muscle movement against the
      resistance of the opposite tension force. In a preferred embodiment the
      opposing tension would be from the natural antagonist of the antagonistic
      muscle pair that originally moved the natural limb. In that instance
      motion of the powered artificial limb would be initiated and controlled by
      the exertion of the same muscles or muscle remnants in a manner similar to
      natural muscular control. Where there is only one remaining muscle of the
      original antagonistic pair then the natural muscle can be attached to an
      elastic member exerting an opposing tension for a simulation of the
      missing antagonist.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of the present invention where the
      intact muscle is opposed by an elastic member.
PAR  FIG. 2 is a schematic representation of the present invention where the
      elastic member is not in line with the natural muscle.
PAR  FIG. 3 is a schematic representation of the present invention where two
      antagonistic muscles are attached to form an antagonistic pair with the
      detectable article between them.
PAR  FIG. 4 is an embodiment that externally detects the movement of the
      implanted article and converts it to a signal that can control the
      movement of a powered prosthetic device.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIGS. 1 and 2 show two embodiments of the present invention where a natural
      muscle 10 fixed to some portion of the skeletal system 11 is attached at
      its opposite end to an elastic member 12. The elastic member is in turn
      attached to the skeletal system at point 13 thereby immobilizing the end
      opposite the end attached to the muscle. The connective member 15 between
      the muscle 10 and the elastic member 12 has an article 17 attached
      thereto. The article 17 is of a composition and size so as to be
      externally detectable by the detector 20 separated from the article 17 by
      tissue 14. The detector 20 is in turn connected to control 22 and slave
      means 24 that take the output of the detector 20 in relation to the
      magnitude and direction of the movement of the article 17 and convert it
      into the appropriate motion of the powered prosthetic device.
PAR  FIG. 2 differs from FIG. 1 solely in the geometric arrangement of the
      elements. Where it is desired to place the elastic member 12 at a location
      that is not in line with the natural muscle 10 then the connective member
      15 can be curved to the location of the elastic member as long as the
      connective member is supported. FIG. 2 simply shows a supporting member 16
      disposed to retain the connective member in a specific location and allow
      relative motion between the connective member 15 and the support 16. The
      support 16 can be comprised of any material capable of supporting the
      connecting member 15. For example it could be tissue, bone or an
      artificial support specifically placed for the purpose of supporting the
      connective member 15. In a preferred embodiment the support would be
      tissue with the connecting member 15 within a sheath, naturally formed by
      the body surrounding the connecting member.
PAR  FIG. 3 shows an embodiment of the invention where the detectable article 17
      is attached to a connective member 15 that connects two natural muscles 10
      and 30. In this embodiment the recipient of the control means determines
      the motion of the powered prosthetic device by moving the article 17 with
      the relative tension of the two natural muscles 10 and 30. In a manner
      similar to the motion of a normal member the recipient controls the muscle
      pair like a natural antagonistic muscle pair. Where the tension in the
      muscle 10 exceeds that of the muscle 30 then the article 17 will move
      toward muscle 10. Conversely the direction of movement is reversed if the
      muscle 30 exerts a tension of greater magnitude than that of muscle 10.
PAR  Whether the natural muscle 10 exerts a force in opposition to a static
      tension from an artificial member or an opposing natural muscle the
      control of the powered prosthetic device is essentially the same.
PAR  The natural muscle 10 (or 30) need not be a wholly intact muscle and a
      muscle remnant is operable as long as there is sufficient control and
      strength to move the article in relation to the desired movement of the
      powered prosthetic device. In the embodiments using an artificial static
      tension means to resist the natural muscle the magnitude of the opposing
      tension can be set in relation to the strength of the opposing natural
      muscle or muscle remnant.
PAR  The connective member 15 may be a natural tendon or an artificial tendon.
      Where an artificial tendon is used it must be compatible with the body and
      be able to move in relation to the surrounding tissue without causing
      irritation. Several specific artificial tendons are known in the art with
      biological grade silicone rubber (Silastic) covered Dacron being
      particularly successful.
PAR  FIG. 4 is a specific embodiment of a device capable of converting the
      magnitude and direction of movement of the article 17 into a control
      signal for the powered prosthetic device. The detector 20 consists of at
      least one induction coil 41 which is placed externally adjacent the
      article 17. The presence of the article 17 in a field produced by the coil
      41 will distort the field in relation to the position of the article if
      the article is of sufficient size and comprised of either an electrically
      conductive or ferromagnetic or ferrimagnetic material.
PAR  When the coil 41 is excited by alternating current a magnetic flux is
      generated adjacent the coil. If for example a ferromagnetic material is
      within the magnetic field the alternating flux density is increased. In
      addition electromagnetic induction causes current to flow within the
      ferromagnetic material. Either of the two effects may be used to remotely
      monitor the position of a ferromagnetic material, i.e., the change in flux
      density alters the coils inductive reactance and the electromagnetic
      induction in the article effects the coil's impedance by the reaction of
      the eddy currents induced in the article with the coil. The use of more
      than one coil, for example, the coil 41 and the optional dotted-line coil
      41a, in FIG. 4, in similar embodiments may utilize mutual inductance
      coupling between the coils and/or the detection of impedance changes of
      these coils to monitor the position of the detectable article. The
      relative amount of the changes in coil inductance and resistance
      (electrical impedance) and mutual coupling is dependent on several
      factors; number of coils, coil geometry, excitation frequency and the size
      and electrical characteristics of the detectable article.
PAR  The embodiment shown in FIG. 4 is disposed to change the impedance
      variations of the coil to corresponding voltage changes. This embodiment
      utilizes conventional electronic components with no attempt to miniturize
      the apparatus for actual prosthetic application. The apparatus of this
      embodiment successfully illustrates that the internal movement of an
      implanted article can be externally detected and transformed into a
      corresponding voltage change which would form the input for an electrical
      system disposed to move the artificial member.
PAR  FIG. 4 illustrates an embodiment where the impedance component on an
      excited coil were translated to a linear voltage change in relation to the
      position of a metal implant (the detectable article 17). An oscillator 45
      is employed to excite three networks: a driver amplifier 46, a balance
      adjustment network 48, and a phase shifter 44. The driver amplifier 46
      energizes the sensing coil 41 through a 50 ohm resistor 43 and the balance
      network 48 provides a signal voltage identical to the voltage seen across
      the sensing coil terminals when no metal objects are near the coil. The
      coil voltage and the balance network voltage are subtracted by the sum
      amplifier 47 to provide a near zero output voltage when the coil is in
      air. When the metal article is brought in proximity to the coil, the
      voltage across the coil changes to provide a corresponding change at the
      output of the summation amplifier 47.
PAR  The summation amplifier output voltage is then applied to the mixer 49,
      which multiplies it with the output from the phase shifter. Since output
      voltage from the summation amplifier has the same frequency as the voltage
      from the phase shifter a d-c voltage is provided at the mixer output. This
      voltage is proportional to the amplitude of the summation amplifier output
      multiplied by the cosine of the angle difference between the phase shifter
      output and the summation amplifier output. Therefore, by adjusting the
      phase shifter, various components of sensing coil impedance are measured.
      This technique of mixing a reference signal with the sensing coil voltage
      is commonly referred to as phase-lock detection. The commercial lock-in
      amplifier was employed with other fabricated components to measure the
      impedance components of the coil as a ferromagnetic implant was moved away
      from the center of the sensing coil.
PAR  The present invention was used in the following specific example:
PAC  EXAMPLE 1
PAR  A ferromagnetic material approximately 1/16 inch in diameter and 1/2 inch
      long was implanted in a tendon of a dog with approximately 1/16 inch of
      tissue between the implant and the sensing coil. A flat sensing coil
      having distributed windings was used to sense the position of the
      ferromagnetic implant as it was moved parallel to the plane of the coil.
      Voltage outputs from the lock-in amplifier were recorded as the
      ferromagnetic implant was moved along its axis parallel to the plane of
      the coil. The zero position was taken as the center of the sensing coil.
      The output show a nearly linear response from the 0.1 to 0.4 inch position
      and the average noise is estimated to be less than 5 percent. This
      indicates the potential of accurately sensing the implant position over a
      range of at least 1/4 inch without physical penetration of the skin.
PAR  The present invention has been disclosed by specific example and general
      description and one skilled in the art may devise variations of the
      invention not specifically described, however, the scope of this invention
      is defined by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A transcutaneous method of exerting control on a powered prosthetic limb
      comprising the placement of an externally electromagnetically detectable
      article on a connective member between two antagonistic muscles with the
      relative tension on the two muscles determining the position of said
      article and the position of said article being externally
      electromagnetically detected and used to control the position of said
      prosthetic limb in relation to the movement of said article.
NUM  2.
PAR  2. A transcutaneous method of exerting control on a powered prosthetic limb
      comprising:
PA1  a. implanting an electromagnetically detectable article on a biological
      site capable of being moved by the action of a remaining muscle;
PA1  b. externally, electromagnetically sensing the movement of said article;
      and
PA1  c. generating control signals to the limb's power means in relation to said
      movement.
NUM  3.
PAR  3. A transcutanceous system for controlling the motion of a powered
      prosthetic limb comprising:
PA1  a. an externally, electromagnetically detectable article of a size and
      shape to be internally placed on a biological site capable of being moved
      by the action of a remaining muscle; and
PA1  b. electromagnetic detection means externally adjacent said article
      disposed to generate control signals to the limb's power means in relation
      to the displacement of said article.
NUM  4.
PAR  4. The system of claim 3 including a connective member adapted to be
      connected between a pair of antagonistic muscles.
NUM  5.
PAR  5. The system of claim 3 where said detection means includes at least one
      induction coil and the movement of said detectable article alters the flux
      adjacent said coil.
NUM  6.
PAR  6. The system of claim 5, including means for monitoring the change in
      inductive reactance of said coil.
NUM  7.
PAR  7. The system of claim 5, including means for monitoring the change in coil
      resistance.
NUM  8.
PAR  8. The system of claim 5 where said detection means includes at least two
      inductively coupled coils and said article changes the inductance coupling
      between said coils in relation to the displacement of said article.
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ABST
PAL  An ankle block for joining a leg prosthesis to a foot prosthesis includes a
      generally cylindrical member formed of rigid foam material, and a metal or
      wood insert molded in place in the lower end of the cylindrical member.
      The insert includes flanges which anchor it firmly in the foam, and a hole
      extending axially therethrough for receiving and anchoring a bolt from the
      prosthetic foot. An upper cylindrical passage extends from the upper end
      of the block to the insert, and a lower cylindrical passage of smaller
      diameter extends likewise from the lower end. The insert is adapted to
      receive and anchor either a bolt from a Sach foot, or a tee-bolt from a
      single-axis foot prosthesis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  An ankle block is a device known in the prosthetic art for its use in
      joining a foot prosthesis to a leg prosthesis. Generally speaking, prior
      art ankle blocks are formed of wood, metal, or the like, and include a
      means for bolting the foot prosthesis thereto. Such means usually include
      a plate or the like embedded in the ankle block for receiving the foot
      bolt. Such a plate requires expensive machining to be emplaced properly in
      the ankle block, since access holes to the top and bottom of the plate are
      required, and must be bored or drilled out as needed. These procedures add
      significantly to the cost of the ankle block. It should also be noted that
      the materials for fabricating the ankle block are chosen for strength,
      rigidity, light weight, and their ability to be formed to resemble the
      human ankle. In the case of metal or wood, the labor required to achieve
      the proper form also increases the total cost of the ankle block.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention generally comprises an ankle block which is molded of
      rigid foam material such as polyurethane, and which is formed in one step
      with the desired exterior shape. In the molding process, an insert adapted
      to receive and secure a bolt extending from the prosthetic foot is molded
      in place within the block, as are the required access holes extending to
      the insert. Thus much of the labor required to fabricate the ankle blocks
      of the prior art is eliminated, as is a significant amount of weight.
PAR  The insert itself comprises a unitary metal, or wood, or high impact
      plastic member, preferably having a cylindrical upper portion, an inwardly
      tapering medial portion, and a lower portion comprising an outwardly
      directed flange. The upper portion is also provided with a flange equal in
      diameter to its counterpart, both flanges aiding in anchoring the insert
      securely in the rigid foam. A bolt hole extends axially through the
      insert, and is provided with a counterbore at the upper end thereof. The
      bolt hole may be threaded or smooth, as required by the foot prosthesis
      connecting means.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a cross-sectional elevation of one embodiment of the present
      invention.
PAR  FIG. 2 is a cross-sectional elevation of a further embodiment of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention generally constitutes an ankle block typically
      employed in joining a prosthetic leg to a prosthetic foot. With reference
      to FIG. 1, the ankle block includes a generally cylindrical member 11
      tapered and contoured to resemble a human ankle. The member 11 is cast of
      rigid foam material 12 such as polyurethane or the like, and includes a
      planar lower surface 13 normal to the axis of the member 11. The upper end
      of the member 11 is provided with means for joining the ankle block to the
      leg prosthesis, such means being commonly known in the art and not germane
      to the present invention. The lower surface 13 abuts the prosthetic foot
      14, a Sach foot which forms no independent part of the present invention.
PAR  Cast within the member 11 is an anchoring insert 15. As here illustrated,
      the unitary insert 15 includes a cylindrical upper portion 16 from which
      extends an upper flange 17, and a downwardly tapering medial portion 18
      depending subjacently from the upper portion 16. Extending from the lower
      end of the portion 18 is an outwardly directed lower flange 19
      approximately equal in diameter to its upper counterpart. A threaded hole
      21 extends coaxially with the axis of the insert and the member 11, and is
      provided with a counterbore 22 at the upper end thereof. The shape of the
      insert and the flanges extending therefrom are designed to securely anchor
      the insert in the foam without undue stress.
PAR  Extending downwardly from the upper end of the ankle block is an upper
      access passage 23, equal in diameter to the counterbore, and extending
      axially in the member 11. A lower access passage 24 extends axially from
      the surface 13 to the threaded hole 24, and is slightly larger in diameter
      than the latter. The lower access passage permits an anchoring bolt 26
      extending from the Sach foot 14 to reach and engage the threaded hole 24,
      thereby to anchor the foot to the block. The bolt 26 is rotated by means
      of the access port 27 in the Sach foot.
PAR  It should be noted that the ankle block is cast of selfcuring foam
      material, and that all of its salient features are formed in the casting
      process. The external shape is provided by the casting mold, and mold
      inserts form the passages 23 and 24. Furthermore, the anchoring insert is
      held in its proper place by the mold inserts during the poruing and curing
      process, so that virtually the entire ankle block is created in this one
      process. Those individuals skilled in the prosthetic art may appreciate
      the simplicity and integrity of this construction as opposed to prior art
      devices. The outer surface of the ankle block may be shaped to anatomical
      configuration and provided with an exterior surface laminate pigmented to
      match the skin tones of the wearer.
PAR  The ankle block of the present invention is also adapted to receive and
      anchor a tee-bolt 32 which is typically used to secure a single axis foot
      prosthesis 31 to the ankle block, as depicted in FIG. 2. In this instance
      it is not appropriate to provide a threaded hole in the anchoring insert
      15 as the tee-bolt can only be rotated by rotating the prosthetic foot, an
      unwieldy process at least, which can misalign the foot. Rather, a smooth
      bore 33 is provided through the anchoring insert, and access is had
      through the passage 23 to the top of the insert to secure a nut 34 in the
      counterbore 22 to the tee-bolt. Tightening the nut 34 on the bolt 32
      secures the foot to the ankle block.
PAR  It should be noted that the insert 15 may initially be provided with a
      smooth bore for the tee-bolt. Alternatively, an existing threaded hole 24
      as shown in FIG. 1 may be drilled out to create a smooth bore 33 when
      required. Also, in the embodiment of FIG. 2, the lower surface 13 may
      require trimming so that a requisite length of the threaded portion of the
      tee-bolt extends into the counterbore to engage the nut.
CLMS
STM  We claim:
NUM  1.
PAR  1. A prosthetic ankle block comprising a generally cylindrical member
      contoured to resemble a human ankle and cast of rigid foam material,
      including an anchoring insert imbedded in said foam material for anchoring
      a prosthetic foot to said ankle block; said insert including an upper
      cylindrical portion having an upper flange extending radially outwardly
      therefrom into said foam material, a medial portion comprising a
      frusto-conical member integrally formed with and subjacent to said upper
      portion, and a lower flange extending radially outwardly from the lower,
      narrow end of the medial portion; said insert including a hole extending
      axially therethrough and a counterbore extending into the end surface of
      the upper portion thereof; and said ankle block including an upper passage
      communicating with said counterbore and a lower passage extending to the
      lower opening of said hole.
NUM  2.
PAR  2. The prosthetic ankle block of claim 1, wherein said hole in said insert
      is threaded to receive an anchoring bolt of a prosthetic foot.
PATN
WKU  039408051
SRC  5
APN  6056466
APT  1
ART  243
APD  19750818
TTL  Selective volume flush valve
ISD  19760302
NCL  18
ECL  1
EXP  Artis; Henry K.
NDR  4
NFG  8
INVT
NAM  Sievers; William O.
STR  512 Milwaukee St.
CTY  Denver
STA  CO
ZIP  80206
CLAS
OCL    4 67A
XCL    4 34
EDF  2
ICL  E03D  134
ICL  E03D  502
ICL  A61B 1900
FSC    4
FSS  67 A;67 R;34;249;57 R;57 P
FSC  137
FSS  601
UREF
PNO  3406940
ISD  19681000
NAM  Kartell
XCL    4 34
UREF
PNO  3574866
ISD  19710400
NAM  Sievers
OCL    4 34
UREF
PNO  3619821
ISD  19711100
NAM  Bobo
OCL    4 41
UREF
PNO  3806962
ISD  19740400
NAM  Sievers
OCL    4 67A
UREF
PNO  3902201
ISD  19750900
NAM  Bobo
OCL    4 41
ABST
PAL  A dual capacity flush valve comprises a rotatable valve plate arranged in a
      sealed housing through which water passes from a supply to the flush
      outlet. The valve plate has openings which are moved to register with the
      water outlet and an actuator is provided for vertical movement to either
      of two open positions of the valve, a downward movement of the actuator
      for a small quantity flush and an upward movement for a full flush. The
      flush volume for each position is adjustable. A water motor driven by the
      flow of flush water returns the valve plate to closed position, stopping
      its operation when the flow of water is stopped.
BSUM
PAR  This invention relates to automatic valves for delivering predetermined
      quantities of liquid and particularly to an improved flush valve for
      toilets and the like which may be operated selectively to deliver either
      of two quantities of water.
PAR  Valves employed in plumbing fixtures are, for some applications, required
      to deliver a predetermined quantity of water and then to shut off.
      Automatic valves are employed for such purposes, and, for example, are
      used as toilet flush valves and as limited delivery valves in public wash
      rooms to save water by shutting off automatically when a predetermined
      limited amount of water has been delivered. With a view toward effecting
      further economy in the use of water, various valve control arrangements
      have been devised for providing a lower volume flush when the full flush
      volume is not required. My U.S. Pat. No. 3,806,962, issued Apr. 4, 1972,
      discloses a dual flush valve for this purpose.
PAR  The automatic flush valves commonly used in plumbing systems are single
      setting valves and two such valves used alternatively may be employed to
      provide a selectively operated dual capacity flush system. Accordingly, it
      is an object of my invention to provide an improved automatic flush valve
      which may be selectively actuated to provide either a full flush or a
      lesser flush.
PAR  It is another object of this invention to provide a flush valve of the dual
      quantity type including an improved positive acting mechanism for
      selectively determining the amounts of flush water flow in each of two
      actuating positions.
PAR  It is a further object of my invention to provide a dual capacity flush
      valve including an improved arrangement utilizing the flow of flush water
      for effecting the shutting off of the valve.
PAR  It is anothe object of my invention to provide an automatic flush valve
      including an improved and positive acting mechanism which may readily by
      adjusted to change the quantity of flush water to be delivered.
PAR  It is another object of my invention to provide a dual capacity flush valve
      including an improved actuating mechanism having a single actuator for
      selecting alternatively either a full capacity flush or a less capacity
      flush.
PAR  It is a further object of my invention to provide an improved dual flush
      valve having a single actuator and a single valve element for controlling
      both the full and the partial flush operations.
PAR  It is a further object of my invention to provide a single actuator dual
      capacity flush valve including an improved arrangement for adjusting the
      volume of water to be delivered in both the full and the partial flush
      operations.
PAR  It is a further object of my invention to provide a flush valve or the like
      including an improved arrangement for controlling the flow of water
      therethrough.
PAR  It is a still further object of my invention to provide a flush valve or
      the like including an improved arrangement for adjusting the amount of
      water to be discharged through the valve on each operation thereof.
PAR  Briefly, in carrying out the objects of my invention in one embodiment
      thereof, I provide a dual volume flush valve unit having a single
      actuating handle for both flow volumes. The low volume is selected by
      downward movement of the actuator handle and the full or normal volume is
      selected by upward movement of the handle. The valve is a rotatable disc
      having openings which uncover the outlet of the unit; selection of the
      full volume setting moves the disc to a minimum opening position. The flow
      of the water actuates a motor which moves the valve disc opening across
      the outlet until the disc closes the opening. For the low volume setting
      the valve disc is moved farther so that it leaves less of the opening to
      be closed, thus permitting less water to flow before the valve is again
      closed. In this manner the aggregate flow quantity while the outlet is
      open is less for the low flow condition than for the full flow position.
      Thus the selected high or low volume setting is effected by the actuator
      which rotates the disc a selected amount and the volume of the flow is
      controlled by further rotation of the disc in the same direction to a
      closed position. Ratchets or one-way clutches prevent reverse movement of
      the actuator mechanism upon motorized operation of the disc and also allow
      the actuator handle to return to its neutral or intermediate position when
      released after its selected actuation. The capacity for each position may
      be adjusted by changing the amount of movement of the disc which is
      effected by the actuator.
DRWD
PAR  The features of novelty which characterize my invention are pointed out
      with particularity in the claims annexed to and forming a part of this
      specification. My invention itself, however, both as to its organization
      and its manner of operation, together with further objects and advantages
      thereof, will best be understood upon reference to the following
      description taken in connection with the accompanying drawings in which:
PAR  FIG. 1 is a front elevation view of a dual flush valve embodying my
      invention;
PAR  FIG. 2 is an enlarged left side elevation view of the valve;
PAR  FIG. 3 is a rear elevation view of the valve;
PAR  FIG. 4 is a top plan view partly broken away;
PAR  FIG. 5 is an enlarged sectional view of the valve taken along the line 5--5
      of FIG. 3;
PAR  FIG. 6 is a sectional view of a portion of the valve taken along the line
      6--6 of FIG. 5;
PAR  FIG. 7 is a rear view of the valve with the housing removed and the valve
      closure partly broken away; and,
PAR  FIG. 8 is a front elevation view of the valve assembly with the capsule
      removed and showing the position of the outlet as a sectional view thereof
     .
DETD
PAR  Referring now to the drawings, the dual flush valve shown in FIGS. 1, 2, 3
      and 4 comprises a housing 10 and a valve casing or capsule 11 securely
      mounted on a water supply pipe 12 the outlet from which is indicated at
      12'; the outlet is connected through a coupling 13 to the input connection
      14 of a plumbing fixture 15 which may be a toilet bowl. The valve is
      provided with an actuator handle 16 which is moved upwardly for a full or
      high volume flushing operation and downwardly for a low volume flushing
      operation.
PAR  The capsule 11 includes a dished portion 17 having an outwardly extending
      flange 18 and a flat plate 20. The housing 10 is provided with an
      outwardly extending flange 21, and the flanges 18 and 21 with the outer
      periphery of the plate 20 therebetween are securely clamped together by
      bolts or machine screws 23. A sealing gasket 22 is provided between the
      flange 18 and the plate 20.
PAR  The actuating mechanism of the valve arranged within the housing 10 is
      illustrated somewhat diagrammaticly in FIGS. 5 through 8. The valve member
      which controls the passage of water from the inlet 12 to the outlet 12' is
      disc 24 which has a peripheral flange 25 extending rearwardly toward the
      plate 20. The valve disc 24 as shown in FIGS. 7 and 8 has a plurality of
      openings 26 each of the same size and formed with straight radial edges
      extending between radially spaced arcuate edges. The openings 26 are
      spaced at equal angular intervals and the solid portions of the disc
      between the openings are of sufficient length to extend across and
      completely close the outlet 12'. In FIGS. 7 and 8 an opening 26 is shown
      in position to uncover about one half of the area of the outlet. The valve
      disc 24 is rotatably mounted on a shaft 27 which is freely rotatable
      within a bearing assembly 28 securely mounted on the plate 20. A sealing
      ring 30 is monted on the inner surface of the dished portion 17 of the
      casing 11 about the outlet 12'. The seal frictionally engages the face of
      the valve disc 24 when any one of the solid portions of the disc is in
      position to extend across and close the outlet 12'. The disc 24 is
      connected as described below to be rotated by operation of the handle 16,
      so that by operation of the handle one of the openings 26 is moved into
      position with its leading radial edge beyond the near edge of the opening
      to uncover a portion of the outlet 12', so that water flows from the inlet
      12 to the outlet 12' through a water motor diagrammatically illustrated as
      a multi-vaned wheel 31 shown in FIGS. 6 and 7. The wheel 31 is mounted to
      rotate its shaft indicated at 32 which drives a bevel gear 33. The gear 33
      meshes with and drives a bevel gear 34 in a clockwise direction as viewed
      in FIG. 7; the gear 34 is mounted on a shaft 35 which extends through a
      water seal bearing 36 and meshes with and drives a gear 37 which meshes
      with a ring gear 38 provided on the inner side of flange 25 of the disc
      24. This drives the ring gear 38 clockwise as viewed in FIG. 7. The shaft
      32 turns in a bearing 32' rigidly supported on a post 32" which is firmly
      secured to the plate 20. The wheel 31 of the water motor continues to turn
      while water is supplied through the conduit 12 until the disc 24 moves
      sufficiently far that its trailing radial edge reaches the far edge of the
      opening to close the outlet 12' whereupon the disc stops. A fly wheel 40
      is mounted on the shaft 32 and assures a continuation of the movement of
      the disc 24 when the flow of water is diminished as the trailing edge
      approaches the far side of the outlet port 12' until the outlet port is
      closed. When the disc stops the outlet 12' is closed and the pressure of
      the water within the capsule 11 seals the valve plate 24 against the
      sealing ring 30. It will be understood that the capsule 11 is filled with
      water under pressure at all times because the water supply is in open
      communication with the interior of the capsule as shown in FIG. 6.
PAR  As shown in FIG. 7 the actuator handle 16 is pivoted on a shaft 42 and may
      be moved alternatively either up or down. The handle 16 has a flat
      elongated arm or extension 43 extending inwardly from the shaft 42. A pair
      of centering springs 44 and 45 are mounted between the arm 43 and lugs or
      blocks 46 and 47 and bias the arm 43 and the handle 16 to their central
      horizontal position. Stops illustrated as screws 50 and 51 are threaded in
      the blocks 46 and 47, respectively, and may be adjusted to select the
      predetermined upward and downward movement, respectively, of the arm 43.
      The springs 44 and 45 have been illustrated diagrammatically and it will
      be understood that their dimensions are such that they do not interfere
      with the movement of the arm 43 over the full range of stop settings of
      the screws.
PAR  The handle 16 is arranged to rotate the ring gear 38 in a clockwise
      direction as viewed in FIG. 7 alternatively through either of two spur
      gears 52 and 53 which are rotated upon movement of the arm 43 by operation
      of sprocket wheel and chain assemblies 54 and 55. Assembly 54 comprises a
      sprocket chain 56 engaging a sprocket wheel 57. The chain 56 is pivotally
      attached to the arm 43 at one end and to a post 58 at its other end by
      means of a tensioning spring 60. The post 58 is securely anchored to the
      flat plate or wall 20 of the capsule 11 and extends from the plate at
      right angles to its position for engagement with the spring 60. When the
      handle 16 is lifted, chain 56 is pulled downwardly against the tension of
      the spring 60 and rotates the sprocket gear 57 in a clockwise direction,
      thereby driving the ring gear 38 clockwise by rotation of the spur gear
      52. As shown in FIG. 5, the positive drive of the spur gear is effected
      through a ratchet type clutch having a driven element 61 connected to the
      shaft 62 of the gear 52 and an element 63 which is longitudinally
      slidable, but not rotatable, on the sprocket gear shaft 65 and is pressed
      toward the element 61 by a spring 64. On release of the arm 43 and its
      return to its center position, the ratchet affords relative rotation
      between the shaft 65 of the sprocket gear 60 and the shaft 62 of the spur
      gear 52. Thus the sprocket is returned to its position under bias of the
      spring 64.
PAR  In a similar manner the sprocket chain gear assembly 55 as shown in FIGS. 5
      and 7 comprises a chain 66 pivotally connected at one end to the arm 43
      and connected at its other end to a spring 67 which engages a pin 68 which
      projects outwardly or laterally from a mounted plate or support 70. The
      sprocket wheel of the assembly 55 indicated at 71 is mounted on a shaft 72
      and drives the spur gear 53 through a ratchet clutch comprising a
      slidable, but not rotatable, element 73 and an engaging element 74 which
      is secured to a shaft 75 of the spur gear 53. When the handle 16 is moved
      downwardly the arm 43 moves upwardly and drives the chain 66 upwardly to
      rotate the gear 71 in a clockwise direction and thereby drives the ring
      gear 38 in a clockwise direction by rotation of the spur gear 55. Upon
      release of the handle 16 the sprocket chain 66 is returned to its initial
      position to which it is biased by the spring 67.
PAR  As illustrated in FIG. 7, the stops 50 and 51 have been adjusted so that on
      downward movement of the handle 16 the arm 43 rotates upwardly a greater
      distance or angle than it may move downwardly upon upward movement of the
      handle 16, the stop 51 being positioned nearer to the central position of
      the arm 43 than the stop 50.
PAR  The mounting platae 70 is rigidly supported in spaced relationship to the
      plate 20 on a plurality of posts, two of which are shown at 76 and 77 in
      FIG. 5. In addition, the plate 70 carries the outer bearings for the
      shafts 64 and 72 of the gears 52 and 53, respectively. The blocks 46 and
      47 are secured to the plate 70. The sprocket chain assemblies 54 and 55
      are mounted on opposite sides of the plate 70 and are pivoted to the arm
      43 on opposite sides.
PAR  In the operation of the flush valve when the handle 16 is pressed
      downwardly the sprocket chain 66 moves up to rotate the gear 53 a distance
      sufficient to move the plate so that a portion of the solid area of the
      plate between two openings 26 covers, say, one-half of the discharge
      opening 12'. The flow of water activates the motor 31 and drives the ring
      gear 38 in a clockwise direction and when the solid portion of the disc
      has covered the remainder of the oulet 12' the water is shut off and the
      ring gear stopped. When the handle 16 is released the sprocket gear 71
      returns to its initial position by rotation independent of the gear 53
      because of the ratchet action of the member 73 and 74.
PAR  In a similar manner, if the handle 16 is raised, it results in a movement
      of the ring gear 38 through a lesser angular distance as determined by the
      setting of the stop 51. Thus the solid portion of the disc 24 betwen two
      openings may be brought to a position such that the moving edge moves
      slightly past the edge of the opening 12' at the end of the movement
      produces by the handle 16. Thus the disc must move over substantially the
      entire angle determined by the size of the opening before the water is
      again shut off by the closing of the following edge of the opening when it
      reaches the far side of the outlet 12'.
PAR  Access to the interior of the housing 10 is attained by removing the screws
      23 and drawing the cover away from the capsule 11 back along the straight
      inlet pipe, a suitable slot to accommodate movement past the handle being
      provided on the housing. After removal of the housing the control within
      the housing may be adjusted or otherwise serviced. For close quarter
      installations the housing may be made in two parts bolted together along
      the center horizontal plane of the pipe 12 to afford ready release of the
      housing after movement away from the handle.
PAR  For some applications it may be desirable to provide a more positive stop
      position for the disc 24 and a detent 80 and sloping sided recess 81 has
      been shown in the lower portion of FIG. 4, the detent 80 being secured to
      the plate 20 in any suitable manner at 82 and the detent being positioned
      to engage the recess 81 when the valve disc 24 moves to a position in
      which the solid area of the disc between two openings has closed the
      opening 12'. A plurality of recesses 81 are provided one for each of the
      openings 26 so that the detent enters the corresponding recess for each of
      the openings. The detent is effective when the water flow has decreased to
      a minimum and holds the disc in position ready for the next operation of
      the handle or actuator 16 which releases the detent by a movement of the
      disc 24.
PAR  The adjustment of the relative flows between the high volume flow and the
      low volume flow may be made by removing the housing for access and
      changing the positions of the screws 50 and 51, and in some cases by
      changing the point of connection of the sprocket chains to the arm 43
      provides a wide range of adjustment so that a quantity of flow for each of
      the positions of the handle 16 may be selected as desired. The provision
      of the low volume flow for a large portion of the number of operations of
      the valve acts to save water by decreasing the use of water in excess of
      that required.
PAR  While I have described my invention in connection with a specific partially
      diagrammatic arrangement, various modifications and arrangements will
      occur to those skilled in the art. I do not therefore desire my invention
      to be limited to the details shown and described, and I intend by the
      appended claims to cover all modifications which fall within the spirit
      and scope of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic flush valve for delivering a predetermined amount of water
      upon each acutation thereof comprising a closed casing having an inlet for
      water under pressure and an outlet, a valve comprising a plate for closing
      said outlet mounted for sliding movement across said outlet and having an
      opening therethrough movable into alignment with said outlet for affording
      the passage of water through said outlet, said opening having a leading
      edge and a trailing edge, actuator means for sliding said plate from its
      outlet closing position a predetermined distance across said outlet to a
      position wherein said leading edge has moved to effect a partial opening
      of said outlet, and driving means dependent upon the resulting passage of
      water through said valve for sliding said plate in the same direction as
      by said actuator means until said trailing edge passes said outlet to
      close said valve and stop the flow of water.
NUM  2.
PAR  2. An automatic flush valve as set forth in claim 1 having means for
      restoring said actuator to its starting positon upon release.
NUM  3.
PAR  3. An automatic flush valve as set forth in claim 1 having adjustable means
      for selecting said predetermined distance of movement of said plate by
      said actuator.
NUM  4.
PAR  4. An automatic flush valve as set forth in claim 1 wherein said plate is a
      rotatable disc, said disc having means utilizing inlet water pressure for
      sealing said outlet and preventing the flow of water through said outlet
      when said valve is closed.
NUM  5.
PAR  5. An automatic flush valve as set forth in claim 1 wherein said driving
      means is a water motor having a rotor arranged in the path of the water
      flowing toward said outlet and means utilizing the rotation of said rotor
      to drive said plate.
NUM  6.
PAR  6. An automatic flush valve as set forth in claim 5 having a flywheel on
      the shaft of said rotor for continuing the rotation of said valve when
      said opening approaches its closing position and the rate of flow of water
      has been reduced thereby.
NUM  7.
PAR  7. An automatic flush valve as set forth in claim 4 having a ring gear on
      said rotatable disc;
PA1  a pair of drive gears meshing with said ring gear;
PA1  means for connecting said actuator and said gears for rotating one of said
      gears in a predetermined direction upon movement of said actuator in one
      direction and for moving the other of said gears in the same direction
      upon movement of said actuator in a direction opposite said predetermined
      direction; and,
PA1  means for effecting a greater opening of said valve on movement of said
      actuator in said one direction than on movement in the opposite direction.
NUM  8.
PAR  8. An automatic flush valve as set forth in claim 7, each of said gears
      having a shaft, two sprocket wheels, each in axial alignment with a
      respective one of said shafts, and two chains, each engaging a respective
      one of said sprockets,
PA1  means biasing both said sprocket wheels to starting positions in the same
      direction of rotation, said actuator being connected to said chains for
      pulling said chains alternatively against their respective biasing means
      for rotating the selected gear to move said disc,
PA1  and overrunning means for preventing the rotation of each of said gears by
      the relative movement of its respective sprocket to its starting position
      by operation of said biasing means.
NUM  9.
PAR  9. A dual capacity flush vlave comprising a closed casing having a water
      inlet and a water outlet, a valve member movable from a fully closed
      position to a fully open position, means providing a water passage between
      said inlet and said outlet and a water motor positioned within said
      passage for rotation by water passing therethrough, means connecting said
      motor to drive said valve member in a predetermined direction, an actuator
      for selectively moving said valve member to a first open position and
      alternatively to a second more open position, said actuator upon moving
      said valve member to either of said positions effecting the supplying of
      water to said motor for driving said valve member to its closed position
      whereby movement of said member to said first position allows a greater
      volume of water to flow before closing said valve than that resulting from
      the movement of said valve member to said second position.
NUM  10.
PAR  10. A dual capacity flush valve as set forth in claim 9 wherein said valve
      member is a circular disc having at least one opening aligned with said
      outlet for opening said outlet upon movement of said opening to either of
      said positions, and wherein said motor and said actuator are connected to
      rotate said disc in the same direction.
NUM  11.
PAR  11. A dual capacity flush valve as set forth in claim 9 wherein said
      actuator comprises a pivoted handle movable to either of two opposite
      positions, and adjustable stop means for limiting the movement of said
      handle toward each respective position.
NUM  12.
PAR  12. A dual capacity flush valve as set forth in claim 10 wherein said disc
      has a ring gear thereon and including three drive gears, the first and
      second of said drive gears being connected to be rotated by said actuator
      in the same direction by operation of said actuator in respective ones of
      said actuator positions and the third of said gears being connected to be
      driven by said motor, and respective overrunning clutches for each of said
      first and second gears to afford driving of said first and second gears by
      said motor independently of said actuator.
NUM  13.
PAR  13. A dual capacity fluch valve comprising means providing an inlet for
      water under pressure and an outlet, a rotatable valve member positioned
      between said inlet and said outlet and having an opening therethrough for
      controlling the flow of water from said inlet to said outlet, a closed
      casing for said rotatable member, a valve actuator movable alternatively
      to either of two flush actuating positions, means connecting said actuator
      and said rotatable valve for effecting rotation of said valve in the same
      direction on movement of said valve to either of said positions, movement
      of said valve to one of said positions opening said valve a first
      predetermined amount and to the other of said positions to a second and
      greater predetermined amount, and power means dependent upon a flow of
      water from said inlet to said outlet for rotating said valve in the same
      direction to close said valve, the aggregate amount of water flowing to
      said outlet being greater for said one position of said valve than for
      said other position.
NUM  14.
PAR  14. A dual capacity flush valve as set forth in claim 13 wherein the valve
      member is a rotatable disc, said disc having means utilizing inlet water
      pressure for sealing said outlet and preventing the flow of water through
      said outlet when said valve is closed.
NUM  15.
PAR  15. A dual capacity flush valve as set forth in claim 13 wherein said power
      means in a water motor having a rotor arranged in the path of the water
      flowing toward said outlet and means utilizing the rotation of said rotor
      to drive said rotatable valve.
NUM  16.
PAR  16. A dual capacity flush valve as set forth in claim 15 having a flywheel
      on the shaft of said rotor for continuing the rotation of said valve when
      said opening approaches its closing position and the rate of flow of water
      has been reduced thereby.
NUM  17.
PAR  17. A dual capacity flush valve as set forth in claim 14 having a ring gear
      on said valve disc;
PA1  a pair of drive gears meshing with said ring gear;
PA1  means for connecting said actuator and said gears for rotating one of said
      gears in a predetermined direction upon movement of said actuator in one
      direction and for moving the other of said gears in the same direction
      upon movement of said actuator in a direction opposite said predetermined
      direction; and,
PA1  means for effecting a greater opening of said valve on movement of said
      actuator in said one direction than on movement in the opposite direction.
NUM  18.
PAR  18. A dual capacity flush valve as set forth in claim 17, each of said
      gears having a shaft, two sprocket wheels, each in axial alignment with a
      respective one of said shafts, and two chains, each engaging a respective
      one of said sprockets,
PA1  means biasing both said sprocket wheels to starting positions in the same
      direction of rotation, said actuator being connected to said chains for
      pulling said chains alternatively against their respective biasing means
      for rotating the selected gear to move said disc,
PA1  and overrunning means for preventing the rotation of each of said gears by
      the relative movement of its respective sprocket to its starting position
      by operation of said biasing means.
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ABST
PAL  A free-standing shower stall including a base, wall panels joined to the
      base, a rail connected to the wall panels to impart rigidity to the stall,
      and a drain connection in the base which permits the shower stall to be
      placed in any desired location. A shower stall as described wherein the
      wall panels are plastic and are joined together by imperforate, water
      tight hinges which permit the panels to be folded for shipment in
      association with other parts of the stall and to be easily erected during
      assembly.
PARN
PAC  CROSS-REFERENCED PATENTS
PAR  This application is a division of U.S. Pat. application Ser. No. 359,078,
      filed May 10, 1973 now U.S. Pat. No. 3,895,398, which in turn is a
      division of U.S. Pat. application Ser. No. 158,927, filed July 1, 1971,
      now U.S. Pat. No. 3,751,737, which in turn is a division of U.S. Pat.
      application Ser. No. 864,716, filed Oct. 8, 1969, and now U.S. Pat. No.
      3,609,773.
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PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates generally to the construction of stall
      enclosures, and more specifically to a new free-standing shower stall
      structure.
PAR  An object of the invention is to provide a free-standing stall construction
      including a base, wall panels joined to the base, and a hand rail secured
      to the wall panels within the stall to impart rigidity.
PAR  Another object of the invention is to provide a new stall enclosure
      characterized by a light-weight construction which can be conveniently
      packaged for shipment and easily and quickly assembled.
PAR  A further object of the invention is to provide a new free-standing shower
      stall which can be easily installed at any desired location.
PAR  Another object of the invention is to provide a new free-standing shower
      stall including a base and a drain connection in the base which can be
      easily connected to a drain outlet in the floor of a building.
PAR  A further object of the invention is to provide a new free-standing shower
      stall having plastic wall panels connected by water-tight, imperforate
      hinges which permit the wall panels to be folded for shipment and easily
      and quickly assembled during installation of the stall.
PAR  In the preferred embodiment of the invention, the new free-standing stall
      comprises wall panels which are joined to a floor or base to define three
      sides of a rectangular enclosure. When assembled and erected, the
      rectangular stall is rigid and is adapted to the mounting of a door, such
      as a conventional shower door. The floor or base of the stall may be a
      molded one-piece construction to which the wall panels can be easily
      secured by conventional fasteners.
PAR  The rectangular shape of the new stall makes it convenient to locate in a
      building and is an improvement over conventional, semi-cylindrical stalls
      which do not lend themselves to the mounting of a door and which provide
      minimum stall area for a given amount of floor space.
PAR  An important feature of the invention resides in the provision of a hand
      rail which is secured to the wall panels within the stall. The hand rail
      is secured to the walls in such a manner as to impart rigidity to the
      stall so that it will not sway and so that the walls are prevented from
      bowing. The hand rail also is a safety measure and contributes to the
      convenient use of the new structure as a shower stall.
PAR  Another important feature of the invention resides in a novel drain
      structure which may be provided in the base and which can be conveniently
      connected to a waste or drain pipe. In the preferred embodiment, the drain
      structure comprises a drain body which is fitted through a hole in the
      base and is externally threaded so that a drain casting can be connected
      to the drain body below the base. A pipe is in turn connected to the drain
      casting to extend to an outlet drain of the floor on the building in which
      the stall is located.
PAR  The drain body and drain casting are constructed such that the connected
      pipe can extend in any direction from the stall, whereby the stall can be
      located in any desired position remote from the drain outlet. Further, the
      shower stall can be conveniently installed having the necessary plumbing
      connections without the necessity of having to remove any part of the
      building floor on which the shower stall is placed.
PAR  According to the preferred embodiment of the invention, the wall panels of
      the stall are formed by sheets of plastic, thereby making the new stall
      resistant to corrosion which has been a problem with conventional metal
      stall constructions. The plastic wall panels are joined along their
      vertical edges by imperforate, leak-proof hinges, which eliminate the need
      for conventional metal fasteners or the like. The hinged formation of the
      plastic wall panels lends to the ease with which the new stall can be
      assembled.
PAR  Still another feature of the invention resides in the convenient and
      inexpensive manner in which the shower stall can be packaged for shipment.
      The preferred hinged formation of the plastic wall panels permits the wall
      panels to be folded for shipment in association with other components of
      the stall.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description taken in conjunction with the accompanying
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a shower stall according to a preferred
      embodiment of the present invention;
PAR  FIG. 2 is a cross-sectional view as seen from the plane indicated by the
      line 2--2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view as seen from the plane indicated by the
      line 3--3 of FIG. 1 and shown on a scale which is larger than the scale of
      FIG. 1;
PAR  FIG. 4 is a cross-sectional view as seen from the plane indicated by the
      line 4--4 of FIG. 3;
PAR  FIG. 5 is a cross-sectional view as seen from the plane indicated by the
      line 5--5 of FIG. 1;
PAR  FIG. 6 is a plan view of a preferred hinge construction connecting walls of
      the stall having portions broken away and with the walls laid flat;
PAR  FIG. 7 is a cross-sectional view as seen from the plane indicated by the
      line 7--7 of FIG. 6;
PAR  FIG. 8 is a perspective view of the walls of the enclosure of FIG. 1 folded
      for shipment;
PAR  FIG. 9 is a plan view of a support rail for the walls of the stall of FIG.
      1 which serves as a hand rail;
PAR  FIG. 10 is a cross-sectional view seen approximately from the plane
      indicated by the line 10--10 of FIG. 9 and shown on a scale which is
      larger than the scale of FIG. 9;
PAR  FIG. 11 is a cross-sectional view seen from the plane indicated by the line
      11--11 of FIG. 9 and shown on a scale which is larger than the scale of
      FIG. 9;
PAR  FIG. 12 is a cross-sectional view seen from the plane of the line 12--12 of
      FIG. 9 and shown on a larger scale then that of FIG. 9;
PAR  FIG. 13 is a cross-sectional view seen from the plane indicated by the line
      13--13 of FIG. 9 and shown on a larger scale;
PAR  FIG. 14 is a cross-sectional view similar to FIG. 5 showing another
      preferred construction of a hinge between walls of the stall of FIG. 1;
PAR  FIG. 15 is a cross-sectional view similar to FIG. 5 showing still another
      preferred construction of a hinge between walls of the stall of FIG. 1;
PAR  FIG. 16 is a perspective view of another preferred embodiment of the
      present invention;
PAR  FIG. 17 is a cross-sectional view of a portion of the shower stall of FIG.
      16 as seen from the plane indicated by the line 17--17 of FIG. 16 and
      having parts broken away;
PAR  FIG. 18 is a cross-sectional view as seen from the plane indicated by the
      line 18--18 of FIG. 16;
PAR  FIG. 19 is a plan view of parts of the stall which are assembled for
      shipment;
PAR  FIG. 20 is a plan view of the assembled parts of FIG. 19 and additional
      parts of the shower stall which are assembled to form a shipping package;
      and,
PAR  FIG. 21 is a view seen from the plane indicated by the line 21--21 of FIG.
      20.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a prefabricated shower stall 10 constructed according to
      a preferred embodiment of the present invention. The shower stall 10
      includes a base 11 vertically extending wall panels 12, 13, 14, and a
      conventional shower door 15. A suitable shower nozzle 16 extends through
      the wall 14 as do valve handles 17, 18 for controlling the flow and
      temperature of water sprayed from the nozzle 16. The nozzle 16 and handles
      17, 18 are adapted to be connected to conventional plumbing which is not
      illustrated.
PAR  The base 11, FIG. 2, is preferably a molded construction of fiber
      reinforced plastic and includes a generally rectangular central body
      portion 19 which defines the floor of the shower stall and an integral,
      peripheral flange structure 20. The flange structure 20 includes a
      downwardly extending support flange 21 formed continuously about the
      periphery of the body portion 19 and an upwardly extending wall supporting
      flange 22. The support flange 21 has portions 21a-d extending downwardly
      at the respective sides of the base 11 and the wall supporting flange 22
      has portions 22a-d extending upwardly from the respective sides of the
      base. If desired, leveling legs may be provided at the corners of the
      flange portions 21a--d.
PAR  The body portion 19 of the base 11 has a raised, peripherally extending
      ledge portion 23 adjacent the flange structure 20 and a floor defining
      portion 24 which slopes toward a central drain opening 25. Suitable
      supporting ribs 26 are molded in the base 11 beneath the floor portion 24
      and the ledge 23 to provide strength and rigidity.
PAR  A drain structure 32 is mounted through the drain opening 25. As shown, the
      drain structure 32 includes a drain body 33 having a cylindrical threaded
      portion 33a projecting below the floor 24 and an upper flanged portion 33b
      flush with the floor surface. A strainer 34 may be disposed across the
      mouth of the member 33 flush with the floor. The drain structure 32 also
      includes a drain casting or fitting 35 in the form of an elbow. The
      threaded portion 33a is threaded into the drain fitting and the fitting 35
      has an upper flange 36 engaging the bottom side of the floor 24 when the
      drain body 33 and the fitting 35 are threaded together. Suitable calking
      or gaskets can be disposed between the floor and the drain elements if
      desired.
PAR  The fitting 35 has a generally horizontally extending arm 37 having a
      peripheral bead 38 at its end. A plastic pipe 40 (shown in the broken
      lines in FIG. 2) is forced over the bead 38 so that the pipe is tightly
      maintained on the arm 37. In the preferred construction, the flange 20 of
      the base 11 is of a sufficient height to permit the drain pipe 40 to
      extend horizontally below the floor 24 through a notch 41 in a selected
      one of the flange portions 21a-d. The preferred manner of connecting the
      fitting 37 to the base by the drain body 32 enables the stall 10 to be
      installed at a location spaced from the waste pipe (not shown) to which
      the pipe 40 extends.
PAR  Since the fitting 35 and the drain body 33 are threaded together the
      fitting can be oriented to extend in any desired direction to facilitate
      installation. Further, the shower stall 10 can be installed without the
      necessity of tearing up any part of the floor which supports the stall. If
      desired, the base 11 can be placed directly over the waste pipe and the
      side connection provided by the fitting 35 eliminated.
PAR  The door 15 is hung on a frame including a pair of extruded aluminum
      structural members 45a, 45b which are attached to the flange portion 22d
      of the base 11 by screws 47 and extend upwardly to a support frame 46. The
      frame for the door 15 additionally includes a sill 50 which extends
      between the members 45a, 45b along the flange portion 22d.
PAR  As best seen in FIG. 3, the vertical door frame member 45a is generally
      channel shaped in cross-section and includes a web 52, a flange 54 along
      one side of the web and a pair of parallel flanges 55, 56 along the other
      side of the web. The flanges 55, 56 are spaced apart to define a groove 57
      adapted to receive the edge of the wall panel 12. The flanges 54-56 extend
      inwardly of the shower stall from the web. Parallel rib portions 60, 61
      extend along the web between the flanges 55, 56 and the flange 54.
PAR  The sill 50 is an extruded member having a generally L-shaped cross-section
      shape which is supported in an inverted position across the threshold of
      the door. The horizontal leg 50a of the sill is formed with downwardly
      projecting projections 62, 63 which are semicircular in cross-section, are
      disposed in facing relationship to define a nearly cylindrical space or
      opening 65 between them. The flange 54 is provided with an opening 70
      alignable with the opening 65 on the leg 61 of the sill 50, FIG. 4. A
      self-tapping screw 71 extends through the opening 70 and is threaded into
      the sill 50. The vertical leg of the sill 50 is connected to the flange
      22d on the base 11 by fasteners 72 extending through the flange 22d and
      leg of the sill 50.
PAR  The door frame member 45b is constructed and mounted substantially in the
      same manner as illustrated and described in connection with the member 45a
      except for the inclusion of a conventional hinge construction for
      supporting the door 15.
PAR  The support frame 46 at the top of the stall 10 includes sheet metal angle
      members 75a-d which are disposed along the upper edges of the walls 12,
      13, 14 and the door 15, respectively. The members 75 are mitered at their
      ends and are secured together by triangular gusset plates 76a-d which
      insure rigidity of the frame 46. In the preferred construction the frame
      46 is assembled by the manufacturer and mounted on the stall 10 as a unit.
PAR  The walls 12-14 are secured to their respective frame members 75a-c by
      screws 77 extending through the vertical leg of each frame member and the
      associated wall. The members 45a, 45b of the door construction are
      similarly fastened to the frame member 75d by screws 80.
PAR  The walls 12-14 are each constructed from a rectangular, relatively thin
      planar sheet of plastic material extending continuously between the base
      11 and frame 46. In a preferred construction the walls are defined by
      sheets of fiberglass reinforced polyester resin about 0.065 inches thick.
      Each wall is formed with appropriately located "knockouts" which can be
      dislodged to define openings for receiving the shower nozzle and valve
      handles. Thus the stall 10 can be located and oriented as desired with
      respect to existing plumbing and only the knockouts in one wall need be
      removed.
PAR  The walls 12, 14 are tightly received in the grooves 57 formed in the
      members 45a, 45b, respectively (FIG. 3), at the sides of the walls
      adjacent the door 15 and the walls are bolted to these flanges. The lower
      edges of the walls rest on the ledge 23 of the base 11 and are tightly
      maintained against the flanges 22a-d by screws extending through the
      flanges and walls.
PAR  The walls 12-14 are connected together by imperforate hinges 84, 85 which
      are assembled with the walls prior to connecting the walls to the base.
      The hinges are identical and therefore only the hinge 85 is described in
      detail. As shown in FIGS. 5-8 the hinge 85 is defined by two strips of
      plastic tape 90, 91. The strip 91 forms an interior corner of the shower
      stall extending continuously between the walls 13, 14 while the strip 90
      extends between the walls 13, 14 at the juncture of those walls on the
      exterior of the shower stall. The plastic tape must be of a nonstretching
      character capable of remaining firmly adhered to the walls when exposed to
      hot water at temperatures up to about 140.degree.F. Tapes which have been
      found satisfactory are a vinyl tape known commercially as "Devon" 120v
      sold by the Devon Tape Corporation and a polyester film tape No. 850 sold
      by the 3 M Company.
PAR  The strips 90, 91 are provided with an adhesive of a character which
      insures that each strip is bonded securely to the walls 13, 14 and to the
      other tape strip where overlapping occurs. The adhesive is insoluble in
      water and since the strips 90, 91 are imperforate, a permanent, flexible
      water-tight joint is formed between the sides.
PAR  The method of constructing the hinge 85 is best seen in FIGS. 6 and 7. As
      shown in FIG. 6 the walls 13, 14 are placed side by side with adjacent
      sides 13a, 14a spaced slightly apart; for example, the walls may be laid
      flat on a floor. The tape strip 91 is of greater length than the sides
      13a, 14a and is attached to the walls 13, 14 continuously along their
      interior (upwardly facing) faces, bridging the space between them. The end
      portions 91a, 91b of the strip 91 extend around the upper and lower sides
      of the walls 13, 14 and are bonded to the exterior of the walls.
PAR  The wall can then be turned over and the tape strip 90 is applied. The tape
      strip 90 is substantially the same length as the strip 91 and bridges the
      sides 13a, 14a along the exterior faces of the walls. The end portions
      90a, 90b overlie the ends 91a, 91b of the strip 91 and extend around the
      upper and lower sides of the walls 13, 14 and along the strip 91 on the
      interior faces of the wall.
PAR  The sides 13a, 14a are spaced apart sufficiently to enable folding the
      walls 13, 14 into confronting relationship (see FIG. 8). This enables
      efficient shipping and storage of the walls, with the hinges intact, as is
      described in more detail presently.
PAR  A support rail 95 extends about the interior of the shower stall to rigidly
      support the walls 12-14 intermediate their upper and lower ends. The
      construction of the rail is illustrated in FIGS. 9-13. FIG. 9 shows the
      rail to be constructed of two parts 96, 97 connected together to form a
      U-like rail. The parts 96, 97 are each L-shaped, as viewed in plan, and
      the short legs of each L terminate in tubular sections 100, 101
      respectively. These tubular sections are D-shaped in cross-section, see
      FIG. 13, and the section 100 is telescopically received in the section 101
      to secure the parts 96, 97 together and provide a rigid unitary rail
      construction. A rivet 98 is provided to maintain the sections 100, 101 in
      position.
PAR  The rails proper are generally semi-circular in crosssection with the open
      side facing downwardly. A reinforcing rib 102 is formed in the rail and
      extends longitudinally of the rail parallel to the downwardly extending
      sides.
PAR  The rail 95 is rigidly connected to the walls 12-14 and structural members
      45a, 45b. The rail 95 is disposed in the shower stall to form side wall
      portions 103, 104 and a rear wall portion 105 extending along the side and
      rear walls of the stall, respectively. The projecting ends 106, 107 of the
      rail are bolted to the structural members 45a, 45b as shown in FIG. 3. In
      the preferred construction "Speed Nuts" are fixed to the ends 106, 107 for
      receiving the bolts.
PAR  The ends 106, 107 of the rail 95 are received between the ribs 60, 61 on
      the associated frame member. The ends 106, 107 are tightly received
      between the ribs (FIG. 3) and thus the ribs rigidly maintain the ends
      square with respect to the frame members.
PAR  In addition to supporting the walls of the shower stall the rail 95 is
      constructed to provide a hand rail. The rail 95 thus includes integral
      support arms 110 extending between the rail portions 103-105 and their
      adjacent walls. The arms 110 are generally semicircular in cross-section
      opening downwardly and each is provided with a pair of longitudinal
      stiffening ribs 111 extending from the rib 102 to a support flange 112
      formed on the arm. The support flange 112 is provided with an opening for
      receiving a bolt 113 extending through the wall of the shower stall so
      that the arms 110 are rigidly attached to the walls of the stall. In the
      preferred construction "Speed Nuts" 114 are clamped to the arms 110 for
      reception of the bolts 113. In order to distribute the holding forces of
      the bolts 113, washers 115 are carried on the bolts. The washers are urged
      into engagement with the walls by the heads of the bolts.
PAR  In addition to the support and hand rail functions, the rail 95 provides
      suitable receptacles for soap, bottles and so forth within the stall. As
      is seen in FIGS. 9 and 11 a soap dish 116 is integrally formed in the rail
      95 at one corner of the shower stall. The soap dish 116 includes a
      generally oval support section 117 surrounded by a lip construction 118
      which merges into the side and rear rail portions 103, 105 respectively.
      The support 117 has a generally planar surface with a series of parallel
      longitudinal ribs 119 projecting upwardly from the surface for supporting
      soap above the surface. A series of drain openings 120 are provided in the
      support 117 on opposite sides of each rib to assure water drainage.
PAR  A bottle receptacle 122 is integrally formed between the side and rear rail
      portions 104, 105, respectively, and includes a generally oval support
      section 123 having drain openings 124 and ribs 125 which function in the
      manner described above in reference to the soap dish 116. The support 123
      is surrounded by a continuous side wall 126 which merges into an upper lip
      construction 128. The lip 128 is of substantially the same construction as
      the lip 118 of the soap dish 116. The side wall 126 is preferably about 3
      inches in height to provide adequate lateral support for bottles, tubes,
      etc. which may be placed in the receptacle.
PAR  FIG. 14 illustrates another preferred hinge construction 85' for the shower
      stall. The hinge construction 85' is substantially the same as the hinge
      construction described in reference to FIG. 5 except that a cylinder 130
      of sponge vinyl material extends the entire length of the walls between
      adjacent sides. The sponge cylinder 130 is adhered to the tape strips 90,
      91 and has a diameter approximately twice the thickness of the walls.
PAR  When the shower stall is assembled utilizing the hinge construction 85' the
      cylinder 130 provides a bead-like appearance at the corners of the walls
      and supports the tape strips. When the shower stall is assembled for
      shipping, as illustrated in FIG. 8, the cylinders 130 cushion the sides of
      the walls to prevent possible damage to them or to the tape during
      shipment.
PAR  In some circumstances, it is desirable to reinforce the tape forming the
      hinges against gouging which can result in the formation of holes through
      the tape strips 90 and 91. Should the tape strip 91 be holed, water could
      accumulate between the walls of stall at their junctures, and leak from
      the stall.
PAR  FIG. 15 illustrates a modified hinge construction 131 substantially like
      the hinges 84, 85, but which is reinforced to avoid the possibility of
      holing the plastic tape strips. The illustrated hinge construction 131
      includes reinforcing tape strips 132, 133, which are preferably composed
      of synthetic fibers for example Rayon, which carry a suitable adhesive. A
      preferred tape is a bidirectional Rayon fiber tape sold by Behr-Manning
      and known as No. 295 Behr strapping tape.
PAR  To construct the hinge 131, the walls are laid flat and the reinforcing
      tape strips 132, 133 are adhered to the walls in the same manner as
      described above in reference to applying the tape strips 90, 91 (FIGS.
      6-8). The tape strips 90, 91 are then applied over the strips 132, 133.
PAR  As shown in FIG. 15 the tape strips 90, 91 are considerably wider than the
      reinforcing strips 132, 133 so that the junctures of the walls are sealed
      by the strips 90, 91 which firmly adhere to the walls and to the
      reinforcing strips. The reinforcing strips coextend with the strips 90, 91
      across the space between the sides of the walls and because of the
      toughness of the reinforcing tape, sharp objects are not likely to
      penetrate the plastic tape strips 90, 91.
PAR  Although FIG. 15 illustrates two reinforcing tape strips in the hinge, it
      is contemplated that a single reinforcing strip can be employed. This
      strip preferably coextends with the plastic strip 90 at the outside of the
      shower stall.
PAR  Referring now to FIG. 16, another preferred shower stall 135 is shown. The
      stall 135 includes a base 136 supporting a drain construction and three
      walls 138-140. A wall supporting frame 141 extends about the upper ends of
      the walls and an access opening 145 is defined by a pair of vertical
      support members 146, 147 which extend from the base 136 to the upper
      support frame 141. A sill 150 extends between the vertical supports and is
      connected to the base.
PAR  The walls 138-140 of the shower stall 135 are defined by two sheets 155,
      156 of plastic material which are connected together at a joint 157, FIG.
      17, extending vertically along the center of the rear wall 140. The joint
      157 is formed by inwardly extending wall flanges 160, 161 which engage
      each other along the joint. The flanges 160, 161 are connected by a
      plurality of staples 162 which extend through and grip the flanges at
      spaced locations along the joint. Only one staple is illustrated in FIG.
      16.
PAR  The joint 157 is sealed to prevent water leakage between the flanges.
      Preferably the joint is covered by a suitable plastic or rubber seal 163
      extending the length of the joint on the inside of the stall. The seal
      includes resilient lips 164 which grip the staples to maintain the seal in
      position over the flanges.
PAR  The walls 138-140 of the shower stall are folded flat for shipment after
      the joint 157 is constructed and accordingly the walls are joined by
      hinges 165, 166. The hinges 165, 166 are provided in each sheet 155, 156
      of the plastic wall material at the corners so that the walls 138, 139 are
      foldable toward each other over the rear wall 140.
PAR  The hinges 165, 166 are each integrally formed of the wall material and
      provide what is termed a "live" hinge between adjacent walls. These hinges
      are defined by reduced sectional thicknesses of the material defining
      junctions of the walls and are considerably more flexible than the walls
      proper. The plastic material defining the walls is polypropylene, or the
      equivalent, and the properties of this material are such that the hinges
      freely flex to provide the "live" hinge between the walls. In the
      illustrated shower stall, vertical support ribs 167 are defined in the
      walls to provide rigidity. The wall 138 is illustrated folded upon the
      wall 140 by broken lines in FIG. 17.
PAR  The access opening 145 is closable by a shower curtain 168 is suspended
      from a bar 169 connected between gusset plates of the upper support frame
      141. The free end and sides of the shower curtain are suspended adjacent
      the vertical supports and the sill when the curtain is closed. The
      marginal portions of the curtain are anchored in place by fuzz latches 170
      (FIG. 18) disposed at spaced locations along these portions of the
      curtain. Each latch includes a pad 171 of fibrous latching material
      attached to the members 146, 147 and the sill 150, and a pad 172 of
      fibrous latch material attached to the shower curtain. Fibers of one pad
      define resilient hook-like elements while fibers of the other pad form
      loops. When the pads are pressed together, hooks and loops engage to
      detachably anchor the curtain in place.
PAR  The shower stall 135 additionally includes a curtained dressing area. A
      generally U-shaped rod 175 has its end connected to gusset plates on the
      upper frame 141 on opposite sides of the opening. The bight 176 of the rod
      175 projects horizontally away from the access opening. A shower curtain
      177 is suspended from the rod 175 by suitable clips permitting the curtain
      to be drawn about the rod 175. When the curtain 177 is drawn a
      substantially enclosed dressing area is provided immediately in front of
      the access opening. The shower stall 10 of FIG. 1 can also be provided
      with dressing area if desired.
PAR  FIGS. 19-21 illustrate parts of the shower stall 10 organized into an
      assemblage 200 for insertion in a shipping container. The shower stall
      components, except for the base or floor 11, are assemblable to occupy a
      flat rectangular volume for efficient shipping of the parts and wherein
      the parts are protected against damage during transit.
PAR  As seen in FIG. 19 the frame 46 and the handrail 95 are assembled together
      by tape strips 201 so that the handrail 95 is supported within the frame
      assembly.
PAR  The support frame members 45a, 45b are then laid out parallel to each other
      with the flanges 54 and 55, 56 extending toward each other. The walls are
      folded upon each other as shown in FIG. 8. The free side of one wall,
      e.g., the wall 12, is inserted into the groove 57 in the frame member 45a.
      The free side of the wall 14 is inserted in the groove 57 in the frame
      member 45b. The walls fit tightly in the grooves 57 so that the assemblage
      of the walls and frame members is maintained without additional fasteners
      or other securing devices.
PAR  The hinge between the walls 12, 13 is located above the flanges 55, 56 of
      the frame member 45a while the hinge between the walls 13, 14 is
      positioned below the flange 55 of the frame member 45b. Since the walls
      12-14 are folded into confronting relationship the assemblage of the frame
      members and folded walls is easily inserted in a rectangular shipping
      container.
PAR  When the walls and frames are assembled the frame and handrail are slid
      between the frame members 45a, 45b. As seen in FIGS. 20 and 21 the frame
      46 and handrail 95 are supported in position between the flanges 54 and
      the ribs 61 of each frame members.
PAR  The ribs 61 and flanges 54 are spaced apart so that the frame 46 is snuggly
      received between the flange 54 and rib 61 of each frame member. This
      prevents marring of the frame 46 during shipment as a result of shifting
      position or rattling. This construction further insures that the frame 46
      and handrail do not contact the folded walls during shipment which could
      otherwise result in damage to the walls.
PAR  The sill 50 may also be taped to the interior of one of the frame members
      for shipment, and, if desired, the door 15 (not shown in FIGS. 19-21) may
      be placed in a protective carton and inserted in the space between the
      frame members 45a, 45b above the folded walls.
PAR  Although the invention has been described in its preferred forms with a
      certain degree of particularity, it is understood that the present
      disclosure of the preferred forms has been made only by way of example and
      that numerous changes in the details of construction and arrangement of
      parts may be resorted to without departing from the spirit and the scope
      of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An assemblage of parts of a self-standing shower stall for insertion in
      a shipping container comprising:
PA1  a. first and second parallel extending frame members each having a
      generally U-shaped cross-section;
PA1  b. each of said frame members defining a longitudinal slot, and said
      members oriented with said slots opening toward each other;
PA1  c. walls of said shower stall extending between said frame members and
      supported thereby; and,
PA1  d. a side of a wall extending into and engaged with a slot in said first
      frame member and a side of a wall extending into and engaged with the slot
      in said other frame member.
NUM  2.
PAR  2. An assemblage as claimed in claim 1 wherein three walls are supported by
      said frame members, a first wall engaged in said slot of said first frame
      member, a third wall engaged in said slot in said second frame member and
      said first and third walls flexibly connected to a second wall disposed
      between and coextending with said first and third walls.
NUM  3.
PAR  3. An assemblage as claimed in claim 1 and further including at least one
      wall supporting member disposed between said first and second frame
      members, said first and second frame members each including a rib
      supporting said wall supporting member in position between said frame
      members and spaced from said walls.
NUM  4.
PAR  4. An assemblage as claimed in claim 3 wherein ribs on each of said frame
      members extend parallel to a leg of said U-shaped cross-section of said
      frame member and a side of said at least one wall supporting member is
      nested between said leg and said rib.
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ABST
PAL  An outlet drain designed to provide a safety environment to the users of
      pools, especially therapeutic or spa type pools. A series of channels
      extend radially outward from the central drain aperture in the pool. The
      suction created in the pool system draws the water through the channels
      and into the central drain sump. The diameter of the channels is
      sufficient that a person's body adjacent the drain area will not cause
      blockage which would otherwise create a suction on the person's body. The
      overall design of the pool system provides for the automatic cleansing of
      the bottom surface of the pool, preventing an accumulation of dirt
      particles adjacent the drain area.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of swimming pools and especially to spa
      or therapeutic type pools and more particularly is directed to the outlet
      or drain portion of the pool.
PAR  In any pool a suction is generated around the drain when the pump is
      operating. In therapy spa pools the volume of water pumped through the
      drain is quite high, as large quantities of water are being rapidly
      recirculated back to the pool for therapeutic purposes. It has become
      increasingly evident through a series of unfortunate experiebces bt
      various persons utilizing therapy pools that a serious safety concern in
      posed by the extreme suction created in the drain outlet by the high
      velocity water. It has been found that, when a portion of a person's body
      becomes positioned adjacent the drain, the blockage over the drain by the
      person's body creates a tremendous suction on his body which causes
      discomfort and, in some instances, essentially holds the person to a
      position adjacent the drain. This is quite critical in the case of smaller
      children who do not have sufficient strength in which to push away from
      this suction which holds them to the bottom of the pool. In some cases,
      panicked children have drowned.
PAR  Another drawback to the existing drain designs utilized not only in
      therapeutic pools, but also in normal swimming pools, is the tendency for
      a significant amount of dirt particles to collect in the area adjacent the
      drain. This is due to the fact that the dirt particles settle to the
      bottom of the pool and that most of the water which is drawn into the
      drain comes from a point above the bottom of the pool, leaving the dirt
      particles to remain in an essentially stagnant area of the pool around the
      drain.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises a drain designed with a series of radially
      extending channels which effectively increase the drain diameter or the
      area from which water leaves the pool and enters into the drain of the
      pool. Water is drawn through the channels which lead into the central
      drain portion in the bottom of the pool. In the preferred embodiment, all
      of the channels are exposed their entire length to the water. The area to
      which the channels extend makes it impossible for a person sitting on the
      drain to block all of the channels. Therefore, if a person should sit on
      or otherwise place part of his body adjacent the drain area of these
      channels, no discomforting or dangerous suction would be created, because
      a significant amount of drain area will still be exposed to the water of
      the pool which will allow a sufficient amount of water to continue to flow
      into the drain without the creation of extreme suction against the
      person's body.
PAR  In the preferred embodiment of this invention, an antivortex plate is
      placed over the main central drain area to prevent the normal swirling
      action or vortex that is created as water is drawn into the central drain.
      It is envisioned that other embodiments of this safety drain outlet could
      include a larger cover plate which would extend over a larger portion of
      the pool bottom, creating a drain area between the cover plate and the
      pool bottom, having a frusto-conical shape. The cover plate would be
      sufficiently large and have enough apertures or passages, either through
      its top or around its periphery, so that no extreme suction could be
      created by a person being adjacent the drain area since a significant
      number of apertures would still be exposed to the flow of the pool water.
PAR  The safety outlet drain invention also provides a unique method of
      maintaining the pool in a clean condition. Preferably the inlet to the spa
      pool is directed so that the water circulating in the pool is in a
      circular or spiral path which causes any dirt which may accumulate on the
      bottom of the pool to also flow in a circular direction. Consequently,
      dirt which may exist on spaces between the channels will be moved into an
      adjacent channel. Water leaving the pool moves with fairly high velocity
      through the channels which define a limited area flow path. This high
      velocity flow cleans the channels of any accumulated dirt. The circular or
      spiral circulation is particularly enhanced if the spa pool has an overall
      circular shape.
PAR  Further, the use of a Smimming Pool Filter which is described in the
      inventor's co-pending application Ser. No. 427,089, filed Dec. 21, 1973
      for a Swimming Pool Filter, now abandoned as of Oct. 16, 1974, in
      combination with the spa and drain removes all surface matter rapidly, and
      provides extremely high filter loading capacity and long filtration runs
      without stoppage or blockage, and further provides very simple cleaning of
      the filter when required.
PAR  This invention is designed for incorporation into the design of new pools
      by forming the channels directly in the bottom of the pool as it is
      fabricated. However, it is also envisioned that this invention will be
      utilized in retrofit units which can be placed within the main drains of
      existing pools. In this case, a complete molded section has a center drain
      sump with an outward extending flange around the drain sump including the
      formed radially extending channels.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the invention located in a pool system;
PAR  FIG. 2 is a plan view of the invention showing the radially extending
      channels;
PAR  FIG. 3 is a sectional view taken along the lines 3--3 of FIG. 2; and
PAR  FIG. 4 is a sectional view of an alternate embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a typical therapy or spa type pool 10 having for example, a
      general circular or cylindrical shape with a step portion 12 and a seating
      portion 14 above the bottom 16 of the pool. Connected to the pool 10 is a
      filter and skimmer assembly 18. The details of the filter and skimmer
      assembly 18 designed for use with the spa pool 10 are shown in the present
      inventor's co-pending application filed on Dec. 21, 1973 for a Swimming
      Pool Filter, Ser. No. 427,089 now abandoned as of Oct. 16, 1974.
      Positioned within the bottom 16 of the pool 10 is the safety suction
      outlet 20.
PAR  Water leaves the pool 10 through both the drain line 22 and through the
      skimmer compartment 24. A by-pass line 26 conducts water from the drain
      line 22 to a therapy pump which are not shown, when the therapy pump is
      operating. This water is then returned by the therapy return line 28 to
      the pool and just prior to entering the pool 10, is mixed with air in an
      air line 30 which is open to the atmosphere. Water leaving the filter
      portion 32 of the filter and skimmer assembly 18 follows a filtered water
      line 34 into a main pump and heater which are not shown, and which
      preferably are separate from the pump for the line 28. This filtered and
      heated water then returns to the pool through the filter return line 36
      and enters into the pool through the inlet port 38. It should be noted
      that the inlet port 38 directs the water to flow around and follow the
      cylindrical interior surface 40 of the pool 10, generally tangentially to
      develop a circular or spiral flow in the filtered water. The water line 42
      is used to clean the filter portion 32 as explained in the above
      referenced Swimming Pool Filter Application Ser. No. 427,089. The therapy
      air jet line 44 directs air from a blower (not shown) into the seat
      portion 14 of the pool 10 through a series of small apertures 45 found in
      the seat portion 14. In some embodiments, air may also be directed through
      similar small apertures in the walls, floor, face of seats, steps, or
      other portions of the spa.
PAR  FIGS. 2 and 3 show the safety suction outlet 20 in more detail. A series of
      channels 46 extend radially out from the drain sump 48 in a "sunburst"
      pattern. The channels 46 are open at the top for receipt of the water from
      the pool. As shown in FIG. 3 the channels 46 are in liquid communication
      with a main drain sump or cup 48. Each of the channels 46 are tapered from
      their inner end 49 to their outer end 50 with the inner end 49 having the
      greatest depth and the outer end 50 being smooth for a clean interface
      with the bottom 16 of the pool. Positioned over the drain sump 48, in the
      exemplary embodiment, is an anti-vortex plate 52 which rests on three
      mounting ledges 54 and is secured to the mounting ledges by screws 56. The
      anti-vortex plate 52 is designed to prevent the development of a vortex or
      swirling movement of the water as it enters into the drain sump 48. The
      drain line 22 is connected to the drain sump 48. As shown in FIG. 2, the
      channels 46 are tapered in a lateral direction with the width of the
      channel being greater at the inner end 49 and being narrowed to a point at
      the outer end 50. The particular design of the safety suction outlet shown
      in FIG. 2 with some of the channels 46 being shorter than others on one
      side of the anti-vortex plate 52 is the result of the placement of the
      step portion 12 as shown in FIG. 1 on one side of the therapy pool 10.
PAR  The safety suction outlet 20 as shown in FIGS. 2 and 3 is molded integrally
      with the pool bottom, or chemically bonded thereto, in the fabrication of
      a therapy or spa pool. However, it is desirable also to have a safety
      suction outlet designed for retrofit incorporation in existing pools
      having a main drain outlet.
PAR  Referring to FIG. 4 an alternate embodiment 60 of the safety suction outlet
      is shown comprised of a drain sump 62 having at its upper edge 64 an
      outwardly extending flange 66. Formed on the upper side of the flange 66
      are a series of channels 68 which have the same configuration as the
      channels 46 previously discussed with respect to FIGS. 2 and 3. The flange
      portion 66 rests on the general fustro-conical bottom 70 of the pool
      adjacent the main drain outlet 71, and the outer edge 72 of the flange 66
      is tapered in order to provide a smooth interface between the pool bottom
      70 and the flange 66, eliminating possible obstacle to the user. Mounted
      over the drain sump portion 62 is an anti-vortex plate 74 which is mounted
      on three step portions 76 and secured thereto by the screws 78.
PAR  Because the drain outlets 71 of various pools may have different internal
      diameters, a series of adjustable spring clips 82 are attached to the
      drain basket 62 in order to provide a secure fitting between the safety
      suction outlet and the main drain 71. The spring clips 82 are designed so
      that the upper end 84, when compressed toward the drain sump 62, will
      exert a pressure against the main drain 71 to provide a tight fit. Also,
      the upper ends 84 of the spring clips 82 are designed to dig into the main
      drain wall 71 in order to prevent unintended removal of the safety suction
      outlet 60.
PAR  Turning to the operation and use of the safety suction outlet 20, as shown
      in FIGS. 1 through 3, when th spa is in the therapy mode, large quantities
      of water are pumped from the spa by the therapy pump through lines 22 and
      26 and returned to the spa through line 28. This results in a large amount
      of suction or force being introduced through the outlet drain 20 by the
      velocity of the water flowing through it. In previous pool designs the
      drain area was limited to essentially the size outlined by the upper edge
      51 of the drain sump 48 as shown in FIG. 3. Since this area was not
      paricularly large, it was possible for an individual using the pool to
      inadvertently cover this small drain area, for example by sitting on it,
      resulting in a strong suction being developed on the person's body which
      would cause the person to become essentially held to the bottom of the
      pool. This situation became extremely unsafe in the case of small children
      who would not have sufficient strength to break the suction which had been
      created on a portion of their body.
PAR  The present invention as shown in the figures with the utilization of the
      series of outward extending channels 46 greatly increases the size of the
      suction or outlet area for the water leaving the pool, so that it becomes
      essentially impossible for an individual to block the outlet flow of the
      water and thereby eliminates the possibility of a suction being created on
      the person's body. For example, the overall diameter from one channel end
      to the opposite channel end may be about two feet. Water flows through the
      channels 46 and down into the drain sump 48 and out the drain line 22.
      Because the channels 46 extend out so far, an individual (shown in phantom
      on FIG. 2) sitting or resting adjacent the safety suction outlet 20 could
      not conceivable block the flow of water into all the channels 46. However,
      the channels are deep enough that a person sitting on them would not
      protrude sufficiently far down into the channels to block the flow,
      particularly in the area near the drain cup 48, and the water would flow
      beneath the individual through the channels 46.
PAR  The design of the safety suction outlet 20 also aids in automatic cleaning
      action of the bottom of the pool adjacent the drain area. Since the water
      is introduced through the inlet port 38 to produce a circular motion
      through the swimming pool 10 following the cylindrical surface 40 of the
      pool, causing water to circulate in a circular direction on the bottom
      portions 47 located between adjacent channels 46 will be moved
      circumferentially into an adjacent channel 46. Consequently, the circular
      movement of the water over the sections 47 will move any loose dirt that
      is found on these areas into the channels 46. As the channels present a
      relatively confined cross-section flow through the channels toward the
      drain will be accelerated relative to the flow toward the drain in a pool
      without the device of this invention. This result is aided by the
      anti-vortex plate which directs the suction toward the channels. This
      higher velocity flow in the channels will then move the dirt radially into
      the drain for ultimate disposal in the filter system.
PAR  It should be noted that the above discussion is equally applicable to the
      retrofit embodiment of the invention as shown in FIG. 4.
PAR  It is envisioned in this invention that other designs of this basic suction
      outlet system can be devised which would increase the suction area or
      outlet flow of water area in the bottom of the spa pool. Other such
      designs may include the use of a large plate resting on the general
      fustro-conical shape of the pool adjacent the main drain with the plate
      having a series of apertures over a large enough area that would eliminate
      any possibility of a person blocking the flow of water through these
      apertures. Such apertures might be dispersed over the surface of plate or
      located at its periphery. In any event, the apertures are over an area too
      large to be blocked by a person using the pool.
PAR  It also is envisioned that the anti-vortex plate might be eliminated and a
      conventional grate substituted in some embodiments; although the
      anti-vortex plate is desirable in directing the suction through the
      channels. It also should be understood that the spa could be of shapes
      other than cylindrical, although the cylindrical wall shape encourages
      such circulation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety suction outlet for a pool comprising:
PA1  a drain aperture in the bottom of said pool; and
PA1  means for extending the pool water outlet area for flow into said drain
      aperture to include an area on said bottom of said pool much larger than
      said aperture, said extending means being sufficiently large to virtually
      eliminate the possibility that a person of normal size could block a
      sufficient portion of the outlet area to create a heavy suction on said
      person when said person is positioned on said outlet area.
NUM  2.
PAR  2. A safety suction outlet for a pool as defined in claim 1 and further
      comprising an anti-vortex plate positioned over said aperture.
NUM  3.
PAR  3. A safety suction outlet for a pool as defined in claim 1 wherein said
      extending means are a plurality of channels extending outward from said
      aperture.
NUM  4.
PAR  4. A safety suction outlet for a pool as defined in claim 3 wherein said
      channels are open at the top and are dimensioned so that their
      cross-section is not blocked by a person of normal size sitting thereon.
NUM  5.
PAR  5. A safety suction outlet for a pool as defined in claim 3 wherein said
      channels are tapered to increase in depth toward said aperture.
NUM  6.
PAR  6. A safety suction outlet for use in a pool, said safety suction outlet
      comprising:
PA1  a drain unit situated in the bottom of said pool, said drain unit having an
      upper edge forming an aperture in said bottom of said pool,
PA1  a series of channels extending radially outward from said aperture,
PA1  an anti-vortex plate positioned over said drain unit covering said
      aperture, the bottoms of said channels adjacent said aperture being lower
      than said anti-vortex plate; and
PA1  an outlet pipe in liquid communication with said drain unit, said outlet
      pipe receiving water from said pool throught said series of channels, said
      series of channels providing a large outlet area of water for entry into
      said drain unit resulting in the elimination of the creation of a holding
      suction on a person's body when positioned on said outlet area.
NUM  7.
PAR  7. A safety suction outlet unit for insertion in the main outlet aperture
      of a pool, said unit comprising:
PA1  a cup section positioned within said aperture;
PA1  a radially extending flange connected to the upper portion of said cup
      section and resting on the bottom of said pool;
PA1  a series of channels formed in said flange, said channels in liquid
      communication with said cup section and extending radially sufficiently
      far to avoid blockage by a person of normal size sitting thereon; and
PA1  a cover plate positioned over said cup section, said cover plate
      encouraging the flow of water from said pool into said cup section to
      follow said series of channels.
NUM  8.
PAR  8. A safety suction outlet unit as defined in claim 7 and additionally
      comprising means located on said cup section for accommodating various
      sized main outlet apertures.
NUM  9.
PAR  9. A safety suction outlet unit as defined in claim 8 wherein said
      accommodating means comprises means for locking said safety suction unit
      in said main outlet aperture.
NUM  10.
PAR  10. A safety suction outlet unit as defined in claim 8 wherein said
      allowing means comprises a series of adjustable spring clips located
      around said cup section.
NUM  11.
PAR  11. A safety suction outlet unit as defined in claim 7 wherein the bottoms
      of said channels are tapered downward from the outer edge portion of said
      flange to the inner edge portion of said flange adjacent said cup portion,
      said outer edge portion of the flange being generally flat to produce a
      smooth surface interface between said bottom of said pool and said outer
      edge portion, so that no obstacle is presented which would tend to cause a
      person discomfort.
NUM  12.
PAR  12. A pool in combination with a self-cleaning suction outlet, said
      combination comprising:
PA1  a drain aperture in the bottom of said pool,
PA1  a series of channels located on the bottom of said pool and extending out
      from said aperture, said channels being open at the top and in liquid
      communication with said drain aperture,
PA1  an outlet pipe in liquid communication with said drain aperture to receive
      water from said pool, the greatest portion of water to said aperture
      moving through said channels to reduce the accumulation of dirt in said
      channels; and
PA1  an inlet pipe on said pool, said inlet pipe directing incoming water in a
      generally circular direction over said series of channels, said circular
      moving water causing any dirt accumulated between said channels to be
      moved into said channels causing said pool bottom to remain clean.
NUM  13.
PAR  13. A spa pool in combination with a safety suction outlet as defined in
      claim 12 wherein:
PA1  said pool is generally cylindrical in shape; said channels extend out
      radially from said drain aperture, and
PA1  a pump is connected between said outlet pipe and said inlet pipe to
      circulate water therethrough.
NUM  14.
PAR  14. A spa pool in combination with a safety suction outlet as defined in
      claim 12 and further comprising an anti-vortex plate over said aperture.
NUM  15.
PAR  15. A spa pool in combination with a safety suction outlet as defined in
      claim 13 wherein said channels extend outwardly to encompass an area too
      large for a person of normal size to block when sitting on the drain.
NUM  16.
PAR  16. A pool in combination with a self cleaning suction outlet as defined in
      claim 12 and further comprising a combination skimmer-filter in the wall
      of said pool.
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ABST
PAL  A patient transfer apparatus comprising a wheeled base having a vertically
      disposed post extending upwardly therefrom. A tubular support is
      vertically slidably movable on the post and has a pair of pivotal arms
      extending therefrom in a spaced apart relationship. A third arm is secured
      to the tube and extends upwardly and outwardly therefrom between the pair
      of arms. Power means is provided for raising and lowering the tube
      relative to the post. The post is selectively rotatably mounted on the
      base to permit the precise positioning of the arms. The arms are adapted
      to support the chair means for transferring the patient.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a patient transfer apparatus and more
      particularly to an apparatus which may be used for transferring a patient
      from a bed to a chair and vice versa. More particularly, the invention
      pertains to an apparatus which is convenient to use and which permits an
      individual to transfer a patient in a convenient and safe manner.
PAR  Therefore, it is a principal object of the invention to provide an improved
      patient transfer apparatus.
PAR  A still further object of the invention is to provide a patient transfer
      apparatus which is safe and convenient to use.
PAR  A further object of the invention is to provide a patient transfer
      apparatus for moving a patient from a bed to a chair and vice-versa.
PAR  A still further object of the invention is to provide a chair for use with
      a patient transfer apparatus.
PAR  A still further object of the invention is to provide a patient transfer
      apparatus having adjustment means thereon enabling the apparatus to be
      used in various environments.
PAR  A further object of the invention is to provide a patient transfer
      apparatus including a vertically adjustable support post which is
      selectively rotatably mounted about its longitudinal axis.
PAR  A further object of the invention is to provide a patient transfer
      apparatus which is economical of manufacture and durable in use.
PAR  These and other objects will be apparent to those skilled in the art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention consists in the construction, arrangements and combination
      of the various parts of the device, whereby the objects contemplated are
      attained as hereinafter more fully set forth, specifically pointed out in
      the claims, and illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of the apparatus having the patient chair
      attached thereto:
PAR  FIG. 2 is a perspective view of the apparatus illustrating a modified form
      of the patient chair being mounted thereon:
PAR  FIG. 3 is a perspective view illustrating the apparatus in one of its
      positions:
PAR  FIG. 4 is a side view of the apparatus of FIG. 2 with portions thereof
      cut-away to more fully illustrate the invention:
PAR  FIG. 5 is an enlarged sectional view seen on lines 5 -- 5 of FIG. 4:
PAR  FIG. 6 is a sectional view seen on lines 6 -- 6 of FIG. 5:
PAR  FIG. 7 is an exploded perspective view of one of the support arms:
PAR  FIG. 8 is a perspective view illustrating the means of attaching the seat
      to the support arm:
PAR  FIG. 9 is a sectional view seen on lines 9 -- 9 of FIG. 4:
PAR  FIG. 10 is an exploded view of the support base:
PAR  FIG. 11 is an enlarged sectional view seen on lines 11 -- 11 of FIG. 10:
PAR  FIG. 12 is a partial back view of the patient seat of FIG. 1:
PAR  FIG. 13 is a plan view of the patient seat of FIG. 1 in a flat position:
PAR  FIG. 14 is a rear view of the upper portion of the support tube; and
PAR  FIG. 15 is a view of the bracket retainer pin.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The numeral 10 refers generally to the apparatus of this invention
      generally comprising a caster wheel supported base 12 and a support means
      14. Base 12 comprises a pair of legs 16 and 18 extending forwardly from
      base area 20. Caster wheels 22 are provided on the base area 12 and the
      legs 16 and 18 to permit the apparatus to be easily maneuvered. Base area
      20 includes a recessed area 24 formed in its upper surface which receives
      a bearing assembly 26. Plate 28 is selectively rotatably mounted on
      bearing assembly 26 and area 20 by bolt 30 extending therethrough. The
      underside or bottom surface 32 of plate 28 is provided with a downwardly
      extending support ring 34 which engages the upper surface of bearing
      assembly 26. Ring 34 is provided with a plurality of spaced apart grooves
      36 which are adapted to receive a spring loaded plunger 38 extending
      upwardly through base area 20 as seen in FIG. 11. Plunger 38 is controlled
      by foot pedal 40 to permit plate 28 to be locked in various of its
      positions of rotation relative to base area 20. The numeral 42 refers to a
      stop or brake element which extends downwardly from base area 20 to lock
      the apparatus in position or to prevent the apparatus from inadvertently
      rolling.
PAR  Hollow post 46 is secured at its lower end to the upwardly extending
      channel-like support 48 by bolts or the like. A conventional screw motor
      assembly 50 is positioned within post 46 and its operated by the
      conventional battery pack 49 to cause rotation of the screw 52. A tube 54
      slidably embraces post 46 and is secured to the screw 52 in conventional
      fashion so that the rotation of screw 52 by the battery pack, including an
      electric motor, causes tube 54 to vertically move relative to post 46. A
      manual crank apparatus 56 is positioned on the upper end of tube 54 and is
      operatively connected to screw 52 to permit the selective rotation thereof
      should a power failure occur. The screw motor assembly 50 is controlled by
      a control box 58 magnetically affixed to shelf 60 on tube 54. If desired,
      the screw motor assembly 50 may be operated by conventional 110 - 115 volt
      A.C. current.
PAR  Bracket 62 is selectively vertically mounted on tube 54. Tube 54 is
      provided with a plurality of spaced apart openings 64 formed in its
      rearward side which are adapted to receive the pin 66 of stop element 68.
      The lower rearward portion of bracket 62 engages the stop element 68 to
      limit the downward movement of bracket 62 relative to tube 54 so that the
      bracket 62 may be selectively vertically positioned on the tube 54.
PAR  Bracket 62 is provided with a vertically disposed opening 70 extending
      downwardly thereinto which is adapted to receive the lower end of arm 72.
      As seen in the drawings, arm 72 genrally comprises a vertically disposed
      portion 74 and a horizontal portion 76. A hook means 78 is provided on the
      outer end of the arm 72 for receiving the hinged yoke 80. Yoke 80 includes
      a crossbar 82 and downwardly extending arms 84 and 86 hingedly secured
      thereto. The lower ends of the arms 84 and 86 are provided with inwardly
      extending portions 88 and 90 which are adapted to be received by tubes 92
      and 94 mounted on the underside or back side of back portion 96 of patient
      support 98.
PAR  Patient support 98 also comprises a seat portion 100 which is foldably
      connected to the lower end of back portion 96 and which has a removable
      portion 102 selectively closing an opening 104. With the removable portion
      102 removed, the patient support may be employed to position the patient
      on a toilet or the like. Patient support 98 also includes a pair of side
      flaps 106 and 108 extending laterally from seat portion 100 and which have
      hooks 110 provided on the outer ends thereof.
PAR  Support arms 112 and 114 are pivotally mounted on the bracket 62 about a
      horizontal axis and may be moved from the position of FIG. 1 to the
      position of FIG. 3 as desired. The inner ends of support arms 112 and 114
      are rotatably connected as illustrated in FIG. 7 and are provided with
      stop elements 116 and 118 welded thereto. The stops 116 and 118 are
      adapted to engage a limiting element 120 provided within bracket 62 to
      limit the downward pivotal movement of the arms as illustrated in FIG. 6.
      The arms 112 and 114 may be individual selectively pivotally moved or may
      be made integrally so that both of the arms are pivoted simultaneously.
      However, the preferred embodiment is to permit the arms to be individually
      pivotally moved as required.
PAR  Support arms 112 and 114 are provided with openings 122 adapted to receive
      the elements 110 extending from flaps 106 and 108 as illustrated in the
      drawings.
PAR  FIG. 2 illustrates a modified form of the patient support which is designed
      to be used from transferring the patient from chair to chair as opposed to
      bed to chair situation. In FIG. 2, it can be seen that the patient support
      124 includes a seat portion 126, back portion 128 and flaps 130 and 132.
      The patient support 124 is connected to the arms 112 and 114 as previously
      described and it can be seen that the patient support 124 does not require
      the use of the support arm 72.
PAR  The method of using the apparatus of FIGS. 1 and 2 is as follows. Assuming
      that the patient is positioned on the bed 134 in a horizontal position,
      the patient support 98 is slipped beneath the patient in a flat condition
      so that the patient's buttocks will be positioned over the seat portion
      100. The flaps 106 and 108 are folded outwardly so as to extend outwardly
      from opposite sides of the patient. The apparatus 10 is then wheeled to a
      position adjacent the bed such as FIG. 3 after the arms 112 and 114 have
      been pivotally moved upwardly to the position illustrated in FIG. 3. The
      apparatus is maneuvered so that the yoke 80 may be secured to the tubes 92
      and 94 on the underside of back portion 96. The screw motor assembly 50 is
      then actuated to cause the tube 54 to be vertically moved upwardly
      relative to the post 46. Upward movement of the tube 54 causes the
      portions 88 and 90 to be urged inwardly in the tubes 92 and 94 due to the
      hinge construction of the yoke. Continued upward movement of the tube 54
      causes the patient to be gradually moved upwardly to a sitting position.
      When the patient is in the sitting position, the patient is turned so that
      his legs extend toward the apparatus. The arms 112 and 114 are then
      pivotally moved downwardly to the position of FIG. 1 so that the arms are
      positioned on either side of the patient. The hooks 110 on the flaps 106
      and 108 are then positioned in the openings 122 in the arms 112 and 114.
      Screw motor assembly 50 is then again energized to raise the tube 54 and
      the arms 72, 112 and 114 so that the patient is lifted from the bed. With
      the patient lifted from the bed, the apparatus 10 is then wheeled away
      therefrom. The apparatus may be wheeled to the desired position and the
      tube 54 lowered through the screw motor assembly 50 so that the patient
      may be lowered into a wheel chair, chair or onto a toilet as previously
      described.
PAR  After the patient has been lowered to the desired position, the yoke 80 and
      the arms 112 and 114 may be disconnected from the support so that the
      apparatus may be moved to a convenient location. When it is desired to
      transfer the patient to a new position, it is simply necessary to again
      connect the flaps 106 and 108 to the arms 112 and 114 and to connect the
      yoke 80 to the tube 92 and 94. The patient may then be moved to the
      desired location.
PAR  As previously described, the patient support 124 described in FIG. 2 is
      provided to transfer the patient from one sitting position to another
      sitting position. The support 124 does not require the use of the arm 72
      since the arm 72 is designed primarily to raise the patient to a sitting
      position when the patient is lying on a bed. The operation of the
      apparatus when using the support 124 is identical to that just described.
PAR  The fact that the post 46 is selectively pivotally mounted on the base
      permits the support arms to be precisely maneuvered as desired. The
      locking feature of the post relative to the base is important in that the
      post 46 will not inadvertently pivot relative to the base until the
      desired time. The brake element 42 positively engages the floor or
      supporting surface to prevent inadvertent movement of the apparatus
      thereby providing an additional safety feature.
PAR  Thus it can be seen that a novel patient transfer apparatus has been
      provided which permits the patient to be transferred from a bed to a chair
      and vice-versa without the necessity of manually lifting the patient. The
      fact that the patient does not have to be manually lifted permits an
      individual to easily move the patient from one location to another
      location. The fact that the tube 54 is vertically mounted on the post 46
      provides a great amount of versatility to the device. Additional
      versatility is provided due to the fact that the bracket 62 is also
      selectively vertically positioned relative to the tube 54 to permit the
      apparatus to accommodate beds and chairs of extreme vertical variances.
      Thus it can be seen that a novel patient transfer apparatus has been
      provided which accomplishes at least all of its stated objectives.
CLMS
STM  I claim:
NUM  1.
PAR  1. A patient transfer apparatus, comprising, a wheeled base,
PA1  an upstanding post means secured at its lower end to said base and
      extending upwardly therefrom, said post means being length extendible,
PA1  power means for extending said post means,
PA1  a patient support means secured to said post means and extending therefrom,
PA1  said patient support means comprising a bracket means which embraces said
      post means and which is selectively, vertically, adjustably mounted on
      said post means,
PA1  first and second spaced apart support arms extending laterally therefrom,
PA1  said support arms being individually, pivotally mounted on said bracket
      means to permit said arms to be moved between a lower patient support
      position and an upper inoperative position,
PA1  and a third support arm secured to said bracket means and extending
      upwardly and outwardly therefrom, said third support arm comprising a
      substantially vertically disposed portion positioned intermediate of said
      first and second support arms, said vertically disposed portion being
      rotatably mounted on said bracket means about a vertical axis, said third
      support arm also comprising a substantially horizontally extending portion
      extending from the upper end of said vertically disposed portion.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said patient support means also
      comprises a foldable chair means comprising a rigid seat portion, a rigid
      back portion foldably secured to said seat portion, a pair of laterally
      extending flap members foldably secured to seat portion at opposite sides
      thereof, means for detachably connecting said back portion to said third
      support arm, and means for detachably connecting said flap members to said
      first and second support arms respectively.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said means for detachably connecting
      said back portion to said third support arm comprises a pivotal yoke means
      secured to said third support arm, said yoke means comprising upper yoke
      members pivotally secured together about a horizontal axis and extending
      outwardly therefrom and a pair of leg portions extending downwardly from
      the outer ends of said yoke members, said upper yoke members being secured
      to said third support arm at their said horizontal pivotal connection
      whereby said leg portions tend to move towards one another when weight is
      imposed on said chair means.
NUM  4.
PAR  4. The apparatus of claim 2 wherein said seat portion has an opening formed
      therein, and a cover element removably closing said opening.
NUM  5.
PAR  5. A patient transfer apparatus, comprising,
PA1  a wheeled base,
PA1  an upstanding post means secured at its lower end to said base and
      extending upwardly therefrom, said post means being length extendible,
PA1  power means for extending said post means,
PA1  a patient support means secured to said post means and extending therefrom,
PA1  said patient support means comprising a bracket means which embraces said
      post means and which is selectively, vertically, adjustably mounted on
      said post means, and first and second spaced apart support arms extending
      laterally therefrom.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said support arms are individually,
      pivotally mounted on said bracket means to permit said arms to be moved
      between a lower patient support position and an upper inoperative
      position.
NUM  7.
PAR  7. The apparatus of claim 5 wherein said patient support means also
      comprises a chair means comprising a rigid seat portion, a rigid back
      portion extending upwardly from said seat portion, a pair of upwardly
      extending side members secured to said seat portion at opposite sides
      thereof, and means for detachably connecting said side members to said
      first and second support arms.
NUM  8.
PAR  8. The apparatus of claim 5 wherein said patient support means also
      comprises a third support arm extending upwardly and outwardly from said
      post means between said first and second support arms.
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ABST
PAL  A hollow air filled flexible horizontal endless plastic waterproof loop
      floats on top of the water in a swimming pool and is shaped to conform
      with and bear continuously against the inner periphery of the pool. The
      loop has an open central region. A thin flat flexible horizontal plastic
      waterproof sheet is disposed in the region to close same and is sealed at
      its periphery to the loop.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Water in a swimming pool will evaporate whereby the remaining water will be
      cooled even when exposed to the hot sun.
PAR  The invention explained herein is a cover which is readily packed into a
      small space when not in use and when in use prevents loss of heat by
      evaporation. This cover floats on the surface of the water when the pool
      is not in use and prevents evaporation and resultant heat loss. The cover
      takes the form of a plastic hollow air filled horizontal endless loop
      having an open central region and shaped to conform with and bear
      continuously against the inner periphery of the pool. A thin flat flexible
      horizontal sheet of plastic is disposed in the region to close same and is
      sealed at its periphery to the loop. The sheet can be dark colored to pass
      to heat of the sun more readily into the water. Since the sheet and loop
      are both waterproof and cover substantially the entire exposed surface of
      the water, evaporation cannot occur and heat loss produced thereby is
      avoided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a perspective exploded view of the invention in use;
PAR  FIG. 2 is a detail side view thereof;
PAR  FIG. 3 is an enlarged detail view of a portion of the structure shown in
      FIG. 2;
PAR  FIG. 4 illustrates various shapes of swimming pools; and
PAR  FIG. 5 is a view similar to FIG. 2 but showing a modification thereof.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1-4, a swimming pool 10 which can be circular,
      rectangular, square or kidney shaped, or indeed having other shapes as
      well, contains water 12.
PAR  An elongated hollow air filled flexible loop 14 formed of circular plastic
      tubing and adapted to float on water in sized and contoured to bear
      continuously against the inner periphery of the pool. This loop has a
      large central opening.
PAR  A thin flat horizontal flexible plastic sheet 16 which also can float on
      water closes the central opening and is sealed at its periphery to the
      loop 14. The sheet can be dark colored to provide enhanced absorption of
      heat from the sun. The sheet if extended through the loop would in
      vertical cross section define a horizontal diameter thereof.
      Alternatively, the sheet could be disposed tangent to the bottom of the
      loop as shown in FIG. 5.
PAR  Both sheet and loop are waterproof. To permit the structure to be easily
      collapsed for storage or erected for use, the loop can be inflated with
      air or deflated via opening 18 filled by removable plug 20.
PAR  While the invention has been described with detailed reference to the
      drawings, the protection sought is to be limited only by the terms of the
      claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a swimming pool containing water to a preselected
      level and having an inner periphery:
PA1  A hollow air filled flexible waterproof endless loop shaped to conform to
      said periphery and floating on top of the water, the loop having an open
      central region and bearing continuously against the periphery, said loop
      in vertical cross section defining a circle and having a peripheral
      opening closed by a removable plug whereby the loop can be inflated for
      use and deflated for storage; and
PA1  a thin flat flexible horizontal dark colored plastic waterproof sheet
      closing said region and sealed at its periphery to said loop, said sheet
      being adapted to float in water.
NUM  2.
PAR  2. The combination of claim 1 wherein said sheet is secured to the
      periphery of the loop and in extension is coincident with a horizontal
      diameter traversing the interior of the loop.
NUM  3.
PAR  3. The combination of claim 1 wherein the sheet is secured to the periphery
      of the loop and in extension is tangent to the bottom of the loop.
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ABST
PAL  The box spring and box spring structure include a versatile frame made at
      appreciably lesser expense than presently known frames of equal rigidity
      and light weight. End rails of rectangular cross section carry no springs
      and are arranged completely underneath and overlap the side rails at the
      frame corners. All the rails have upper surfaces planar throughout their
      widths, those of the end rails being in secured engagement with the lower
      wide faces of the side rails at the frame corners to dispense with braces.
      The cross slats are parallel to each other and spaced any desired
      distances apart, equal or unequal. The end slats which carry the end rows
      of springs are arranged in close proximity to the respective end rails and
      are spaced above the end rails while extending inwardly enough in width to
      locate said spring rows in the proper position for upholstering. However,
      each end slat is securely connected to the end rail adjacent thereto by a
      longitudinal brace inserted between said end rail and said end slat and
      constituting the end part of the box spring frame. The brace, end rail and
      slat cooperate to form a self- reinforcing and self supporting structural
      unit, the members of which mutually transfer stresses between them. The
      brace so connected is intended to change the nature of the stresses to
      which the end parts of box springs have heretofore been subjected. The end
      portion of the box spring consequently is made capable of supporting
      unusually heavy loads concentrated on relatively small areas of said end
      portion. The frame is assembled upside down without rehandling and then
      righted if the springs have previously been attached to the slats to form
      the box spring structure or for the attachment of springs if needed and
      final upholstering.
BSUM
PAR  This invention relates to box springs for bedding and particularly to the
      arrangement and relative proportions of the structural elements of box
      spring frames and also relates to the method of assembling and securing
      said elements to form box spring structures and of finishing the
      structures to form box springs.
PAR  The invention is an improvement over U.S. Pat. No. 3,628,201 to D. Krakauer
      to which reference is made for a description of the state of the prior art
      relating to box springs and which describes the rails and cross beams
      ("slats" herein) constituting the frames of most box springs.
PAR  However, the framing and upholstering units disclosed in said patent may
      involve or require relatively costly special shapes or labor or both for
      the corner joints as well as corner braces other than the end rails; or
      require oblique cutting off of the upper corner material of the slats to
      attain good nailing when the slats are set edgewise or vertically; or may
      require making such slats fully as long as the overall width of the frame.
PAR  While retaining the advantages of the framing units disclosed in said
      patent, the amount of material and labor and consequently the costs and
      weights of said framing units have been still further lowered by the
      present invention, though the strength and rigidity of the frames or
      framing units have been increased to make the end portion of the box
      spring structure self-reinforcing and substantially self-supporting and
      rigid enough adequately to support loads much greater than has been
      possible, without damage, by previous frame assemblies of parts of about
      the same dimensions. This result has been accomplished by so
      interconnecting the end slat and the end rail adjacent thereto as to form
      a mutually reinforcing and stress transferring structural unit of the
      connected members. The frames have also been made so versatile that they
      are usable in box springs of any practical degree of firmness or overall
      height and with lumber involving a wide range of dimensional tolerances.
PAR  The frames of the present invention also enable the easy and precise
      location at one time on the various cross slats, of all the cone springs
      needed in the entire box spring structure, the springs being in rows
      spaced apart the same equal or unequal distances as the cross slats are
      spaced. Optionally, instead of a complete sub-assembly of springs being
      attached to the cross slats, each slat may, before being set into its
      place in the frame, be provided with its row of springs to form a partial
      sub-assembly, or individual springs may be attached singly to the slats
      after the frame has been completely assembled.
PAR  The additional advantages mentioned have been attained by the use, in a box
      spring structure, of a frame preferably but not necessarily comprising
      side and end rails of rectangular cross section each having a wide face
      thereof uppermost, the side rails being substantially the overall length
      of the structure, the end rails being substantially the overall width of
      the structure and each arranged underneath and across the side rails with
      the end portions of the upper wide face thereof coplanar with and in
      secured overlapping corner engagement with the respective adjacent end
      portions of the lower wide faces of the side rails, the frame including a
      multiplicity of substantially parallel cross slats of rectangular cross
      section on top of and in secured engagement with the upper wide faces of
      the side rails, the end slat at each end of the frame being directly
      underneath the end row of springs intended to be carried thereby, each end
      slat being in upward and inward spaced relation to the adjacent end rail
      and being securely connected thereto by a longitudinal brace having each
      end part thereof inserted between the end slat and the end rail adjacent
      thereto and forming therewith the end structural unit hereinbefore
      mentioned, the upper member of the unit being the end slat, the lower
      member being the end rail and the connecting member being the brace, and a
      filler strip of rectangular cross section secured to the lower face of
      each of the side rails and being coplanar with and extending
      longitudinally between the end rails.
PAR  The frames consisting of the rails, cross slats, filler strips and
      longitudinal brace are assembled in upside down position without
      rehandling and are then righted by inversion for the attachment thereto of
      the springs, if such springs have not been previously attached and for
      upholstering.
DRWD
PAR  Some of the various forms the invention may take are disclosed in the
      following description and are shown in the drawings, in which
PAR  FIG. 1 is a top plan view of about one half of a complete box spring frame
      for economy of illustration, the other half being the same and showing the
      cross slats arranged vertically or edgewise.
PAR  FIG. 1a is a similar view foreshortened of a somewhat different form of the
      frame showing the slats lying horizontally or flatwise on the side rails.
PAR  FIG. 2 is a vertical sectional view of the box spring frame taken on the
      line 2--2 of FIG. 1.
PAR  FIG. 3 is a similar view taken on the line 3--3 of FIG. 1a.
PAR  FIG. 4 is a vertical sectional view taken on the line 4--4 of FIG. 1 but
      showing the cross slats somewhat shorter than in FIG. 1, in connection
      wiyh a narrower filler strip.
PAR  FIG. 5 is a similar view taken on the line 5-5 of FIG. 1 but showing a
      somwhat wider filler strip than in FIG. 1a.
PAR  FIG. 6 is a fragmentary vertical sectional view similar to FIG. 2 of the
      completely finished and upholstered box spring showing clip-anchored
      springs.
PAR  FIGS. 7, 8 and 9 are fragmentary top plan views of the frame showing steps
      in the frame-assembling operation and also showing in dash-dot lines the
      position of a spring at the end of a cross slat and on an intermediate
      part of an end slat.
PAR  FIG. 10 is a foreshortened end elevational view of a box spring structure
      embodying the complete frame of FIG. 1 and showing the structural unit
      formed by the longitudinal brace, the end slat and the end rail.
PAR  FIG. 11 is a diagrammatic top plan view of a single spring-carrying cross
      slat constituting a partial sub-assembly.
DETD
PAR  Herein, by the term "box spring" is meant the completely assembled and
      upholstered frame, box spring structure and upholstery. By "box spring
      structure" is meant the box spring without the upholstery. By "frame" is
      meant the rails, filler strips, cross slats and longitudinal brace.
PAR  In both forms of the invention shown in FIGS. 1 and 1a, only half of each
      form of a frame appears for economy of illustration. The half frame 11 is
      shown in FIG. 1 while another form 12 of the half frame is shown in FIG.
      1a. The side rails 13 of both frames are of rectangular cross section. All
      of the rails are arranged flatwise, that is, with both wider and planar
      upper and lower faces thereof in a horizontal position. The inner edges of
      said side rails extend substantially the full overall length of the frame
      from one end to the other end. Each side rail provides an upper wide
      surface 14 for the support of the cross slats. A similar planar surface 15
      on the under face of each side rail makes possible a completely overlapped
      lap joint 16 at each frame corner with an end portion of each end rail 17
      or 18. In the frame 11, the cross slats 19 of rectangular cross section
      are positioned vertically or edgewise, by which is meant with the side
      faces thereof upright, while in the frame 12 the cross slats 20 are
      arranged flatwise, that is, with the respective wide faces thereof
      horizontal.
PAR  A relatively thin and narrow filler strip extending longitudinally between
      and coplanar with the end rails is secured to each of the side rails with
      its outer edge flush with the outer edge of the rail to which it is
      attached. The filler strip 21 is shown in frame 11 to be wider than the
      filler strip 22 of frame 12 to illustrate the wide range of tolerable
      dimensions possible. Each such strip transmits the weight of the load
      which is put on the side rail to the side rail of a suitable bed frame,
      not shown but on which it is intended to rest for most of its length.
PAR  A feature of the invention is the arrangement of the end rails relatively
      to the side rails. The end portions of said end rails 17 and 18 are
      positioned underneath the end portions of the side rails with the upper
      planar faces of the end rails in secured engagement with the under faces
      15 of the side rails, as best seen in FIG. 6 and shown in inverted
      position in FIGS. 8 and 9. The end rails carry no springs and make
      possible adequately rigid corner lap joints. They also support and permit
      tacking thereto of the bottom portion of the side panel of the upholstery
      cover 23 (FIG. 6). Most important and as previously indicated, they form
      the lower members of the end structural frame units which enable the box
      spring to carry unusally heavy loads safely without increase in the amount
      or sizes of the material usually used in box spring frames. The end rails
      may be made as wide or as narrow as convenient, provided they be wide
      enough to overlap the side rails over a sufficient corner area to give the
      frame corners the necessary rigidity. They consequently are made the full
      overall width of the frame. The arrangement of the end rails completely
      under the side rails further permits shortening of the filler strips 21,
      22 to a length less than the distance between the inner edges of the end
      rails as shown in FIGS. 2, 3, 6 and 9. Such shortening compensates
      inexpensively for the significant dimensional variations which must be
      tolerated in low cost wooden structures to avoid the cost and extra
      material required for hand fitting of such parts. The end rails are
      coplanar with the filler strips and cooperate therewith to form a smooth
      bottom surface on the frame and box spring. At the corner joints 16, the
      secured side and end rails are preferably rounded by curves having a
      radius not greater than the width of the narrower of either rail to ensure
      against undesirable shortening of either rail and consequent reduction of
      the area of the lapped joints.
PAR  As shown, the slats 19 and 20 do not extend completely across the frame,
      nor need all the slats in a frame be the same length. Considerable
      tolerances in length are allowable in view of the planar and wide upper
      surfaces on the side rails which can receive a substantial range of slat
      lengths efficiently. Although FIG. 1 shows the slats 19 overhanging the
      relatively wide filler strip 21, said slat may be considerably shorter as
      shown in FIG. 4 in connection with a narrow filler strip 22 with resulting
      appreciable economy of material. The strip 22 is also illustrated as
      narrower than the strip 21 to demonstrate the range of slat lengths and
      filler strip widths available to meet special conditions. In all cases,
      however, the outer edges of the filler strips are flush or coplanar with
      the outer edges of the respective side rails to ensure correct
      upholstering of the cover material. Said material is suitably attached to
      the box spring structure as by tacking or the like.
PAR  As shown in FIG. 6 the end slats 19a or 19b at each end of the respective
      frames 11 or 12 are at the proper distance from the adjacent end rail 17
      or 18 to arrange the top coils 24 and border wire 25 of the row of springs
      26 intended to be carried by each of said end slats, in the correct
      position for upholstering as by the padding 27 and the top cover panel 28
      when the box spring is finished. The end slats may overhang the end rails
      to some extent as in FIGS. 1 and 1a or may not so overhang as in FIGS. 5
      and 7-9 depending on the width selected for said end rails to attain
      adequate corner joints and to form the required structural units.
PAR  The slats are preferably, though not necessarily, spaced apart equal
      distances throughout the box spring structure. In any case, whether the
      spacing between slats in the same throughout or not, such spacing is
      determined by the spacing between the transverse rows of springs in the
      particular subassembly intended to rest on the slats; that is, the spacing
      between slats, whether equal or unequal, is the same as the spacing
      between said rows of springs. In view of such similar spacing between the
      rows of conical coil springs and of the slats, whatever such spacing may
      be, one is assured that the bottom coils of the springs in a sub-assembly
      such as 30 (FIG. 10) in which only the top coils of the springs are tied
      together, are properly centered directly on the top surfaces of their
      respective slats. Bottom coil tying wires may also be employed, of course,
      if the advantages justify the expense thereof, under certain
      circumstances. The sub-assembly, of whatever form, is secured to the
      finished frame after the frame has been assmbled.
PAR  In the sub-assembly 30 of FIG. 10, staples 31 are shown securing the bottom
      coils of the springs to the tops of the slats. In FIG. 5, the U-shaped
      wire anchoring clip 35 is the spring attaching means. Such anchoring clip
      is also employed should the edgewise disposed slats all be of uniform
      height to fit the clip or should it be desired to use only sub-assemblies
      as shown in FIG. 11 (partial subassemblies) in which each individual slat
      is supplied with its row of springs before being incorporated into the box
      spring frame. Tangent tying wires 32 are fastened to the top coils of the
      springs 26 for the slat 19 by the clips 33. The pre-assembly of a row of
      springs for each slat is suggested by the dash-dot circles of FIG. 9. The
      partial sub-assemblies 37 are nestable with each other to economize in
      space for shipment and storage. Though the springs 26 are centered on the
      various slats, those on the end slats overhang the respective end rails
      enough to position them properly for upholstering (FIG. 9).
PAR  As shown in FIGS. 7, 8 and 9, the frame is assembled in upside down
      position. The slats 19 and 19a (FIG. 7) for example, are first spaced
      apart the required distances parallel to each other and in edgewise
      position. The side rails 13 are then placed flatwise on top of the
      respective end portions of the slats and suitably secured thereto as by
      stapling or nailing and glueing, the fastener being driven downwardly
      first through the side rail and then deeply into the slat. The flatwise
      arranged side rail being of little height or thickness compared to the
      width or height of the edgewise arranged slat, the fastener passes quickly
      and easily through the side rail and firmly into the slat without the need
      to reduce the effective height of the slat be removal of corner material
      thereof. In addition, dangers of splitting the end of the slat and
      insufficient grip on the side rail are obviated.
PAR  To form the end structural units, a center or longitudinal brace is
      required for the slats especially in the various larger than single sized
      widths of box springs, in distinction from corner braces which are not
      here required. The longitudinal brace 36 (FIGS. 1, 1a and 10) is secured
      on to the tops of the slats at the time that the side rails are so
      secured. The brace need not be as long as the side rails but is long
      enough to reach the later set end rails and to be fastened thereto and to
      brace them. The brace is therefore coplanar with the side rails. The end
      rails 17 of the desired width and thickness are then set on top of the
      side rails and of the brace ends and secured therto. The corner lap joints
      16 thus formed are fastened in a similar manner (FIG. 8). The respective
      filler strips 21 or 22 are similarly secured on top of the side rails
      between the inner edges of the end rails with the outer edge of each strip
      flush with the outer edge of its side rail and coplanar with the end
      rails. The finished frame 11 or 12 is then inverted into its right side up
      position and the sub-assembly 30 or partial sub-assembly 37 of springs of
      whatever type, secured thereto, is springs have not previously been
      secured to the slats, thereby to complete the box spring structure.
      Finally, the structure is upholstered.
PAR  It will now be understood that the novel arrangement, end structural units
      and relative proportions of the frame parts make possible considerable
      economies in labor and materials as well as an efficient method of making
      box springs without loss of strength or efficiency and that the frames
      disclosed are such as can be employed for making a variety of spring
      structures and box springs some of which have been described and that the
      objects of the invention have been adequately attained.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a box spring having a box spring structure comprising a frame
      including side rails, an end rail at each end of the frame and cross slats
      extending between the side rails and means for forming a self-reinforcing
      structural unit with spaced apart members at each end of the frame
      connected together to cooperate in mutually transferring stresses
      therebetween and adequate to support concentrated loads on relatively
      small areas at the end portion of the box spring, said means comprising a
      longitudinal brace adapted to support all of the slats, the upper member
      of the structural unit being the end slat, the lower member of the unit
      being the end rail and the member connecting the end slat and the end rail
      being an end portion of the brace, said end portion having a lower surface
      in secured engagement with the upper surface of the end rail adjacent
      thereto, said portion having an upper surface in secured engagement with
      the lower surface of the end slat adjacent thereto, said end slat forming
      a support for the bottom coils of an end row of coil springs at the end
      portion of the box spring, the width of said upper surface of the end slat
      being sufficient to arrange said end row of springs in the proper position
      for upholstering.
NUM  2.
PAR  2. The box spring of claim 1, and a filler strip of rectangular cross
      section secured to the lower face of each of the side rails and being
      coplanar with and extending longitudinally between the end rails, and the
      upright side edge of the filler strip for each side rail being flush with
      the outer side edge of said side rail, the length of each filler strip
      being not greater than the distance between the inner edges of the end
      rails.
NUM  3.
PAR  3. The box spring of claim 1, the wider faces of the slats being upright,
      the upper faces of the side rails and end rails being planar throughout
      the entire widths of said rails and fasteners passing upwardly completely
      through the side rails and into the slats.
NUM  4.
PAR  4. In the box spring of claim 1, a row of cone springs centered on each
      slat and means securing the lowermost coil of each spring to the upper
      face of each slat, the end rails being devoid of springs.
NUM  5.
PAR  5. In the box spring of claim 1, the longitudinal brace being coplanar with
      and substantially parallel to the side rails and extending across
      substantially the length of the frame, the end slats being sufficiently
      wide to extend inwardly of the end rails.
NUM  6.
PAR  6. The method of making the box spring of claim 1 comprising aligning a
      number of slats in substantially parallel relation, securing a side rail
      on and across the corresponding top end portions of said slats, securing
      and overlapping an end rail on the top end portion of each side rail,
      securing a filler strip on top of each side rail between the end rails,
      securing the end portions of a longitudinal brace to the top portions of
      the end slats while maintsining said brace parallel to and between said
      side rails and coplanar with said filler strip, and turning the resulting
      frame into right side up position for further operation thereon to
      complete the box spring.
NUM  7.
PAR  7. The box spring making method of claim 6 and attaching rows of springs to
      the tops of the slats when the frame is right side up.
NUM  8.
PAR  8. The box spring making method of claim 6, securing the bottom coils of a
      number of cone coil springs to each slat to form a partial sub-assembly
      comprising a slat and a row of springs, tying the top coils of the springs
      in each row together and inverting the spring-carrying slats prior to
      securing the side rails to the slats.
NUM  9.
PAR  9. The box spring of claim 1, the side rails, end rails, slats and brace
      each being of rectangular cross section and having an upper face and a
      lower face completely planar across the entire widths thereof, the inner
      edges of the side rails being the full overall length of the frame, the
      inner edges of the end rails being substantially the full overall width of
      the frame, each of the end rails being arranged completely underneath the
      side rails with an end portion of the entire upper planar face thereof
      coplanar with and in secure overlapping corner engagement with the
      respective end portions of the lower faces of the side rails, each cross
      slat being intended to carry a row of cone springs centered thereon, each
      end slat being in upward and inward spaced relation to the end rail
      adjacent thereto and a filler strip of rectangular cross section secured
      to the lower face of each of the side rails and coplanar with and
      extending longitudinally between the end rails with the outer upright edge
      thereof coplanar with the outer upright edge of the side rail to which
      said strip is secured, the length of each said strip being not greater
      than the distance between the inner edges of the end rails.
NUM  10.
PAR  10. The box spring of claim 9, the slats being arranged edgewise on the
      side rails and staples passing upwardly completely through the side rails
      and deeply into the end portions of the respective slats.
NUM  11.
PAR  11. The box spring of claim 9, the slats being arranged flatwise on the
      side rails and staples passing upwardly completely through the side rails
      and into the end portions of the respective slats.
NUM  12.
PAR  12. The box spring of claim 9 having the frame made according to claim 6.
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ABST
PAL  Lightweight construction materials having a low heat shrinking percentage
      and a high moisture permeability obtained by forming complementary
      concavoconvex patterns by means of press molding on both surfaces of a
      sheet of a foamed polyethylene type resin containing a relatively large
      amount of inorganic calcic filler, cushion made of said construction
      materials and mattress manufactured by laminating sheets of soft
      polyurethane foam on the lightweight construction material as core and
      covering the whole with cloth.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel lightweight construction materials
      possessing excellent properties.
PAR  Foamed polyethylene and polystyrene are suitable materials for shaping and
      are widely used as construction materials, furniture materials and
      packaging materials. On the other hand, sheets of plastics such as
      polyethylene and polystyrene processed to have complementary concavoconvex
      patterns on their both surfaces by means of press molding are widely used
      as buffering material.
PAR  However, materials having complementary concavoconvex patterns on both
      surface thereof (referred to hereinafter simply as materials having a core
      structure) have not yet been manufactured by press molding from foamed
      polyethylene or polystyrene sheets. This is ascribable to the reason that
      foamed plastics are poor in moldability and difficult to form the core
      structure therein, and even if the core structure were formed, the
      resulting material would not be processed to articles for practical use
      because of their high heat shrinking percentage and low moisture
      permeability.
PAR  As the results of many researches made for obtaining practically utilizable
      material having a core structure from foamed plastics, it has now been
      formed unexpectedly that a polyethylene type resin containing a relatively
      large amount of an inorganic calcic filler is excellent in moldability and
      is easily processed to have the core structure and that the resulting
      articles are low in heat shrinking percentage and high in moisture
      permeability. This invention has been accomplished on the basis of the
      above finding.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide lightweight
      construction materials having a core structure made of foamed plastics.
PAR  It is another object of this invention to provide lightweight construction
      materials possessing low heat shrinking percentage and high moisture
      permeability.
PAR  It is still another object of this invention to provide easy cushion made
      of a foamed plastic material having a core structure.
PAR  It is further object of this invention to provide mattresses using said
      lightweight construction material as core material.
DRWD
PAR  Other objects, features and advantages of this invention will be apparent
      from the following description taken in connection with the accompanying
      drawing wherein:
PAR  FIG. 1 is a perspective view of an example of the lightweight construction
      material of this invention.
PAR  FIG. 2 is a sectional view of the material of FIG. 1 cut along the line
      A--A.
PAR  FIG. 3 is a longitudinal sectional view of an example of mattresses using
      the lightweight construction material as core material.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  By the term "complementary concavoconvex patterns" is meant herein a
      structure of a sheet having an alternate arrangement of a number of
      protuberances and recesses on each side in such manner that a protuberance
      is formed on one side where a recess is formed on the other side so that
      the sheet has a wavy sectional profile with a thickness.
PAR  The polyethylene type foamed resin constituting the lightweight
      construction material of this invention is obtained by adding a relatively
      large amount of an inorganic calcic filler together, if necessary, with a
      foaming agent and a bridging or cross-linking agent, to polyethylene, a
      copolymer of ethylene with the other comonomer or a polyblend composed
      predominantly of polyethylene and subjecting the admixture to foaming
      treatment. Utilizable as the inorganic calcic filler are fillers of
      inorganic compounds containing calcium as one of the essential components,
      for example, calcium carbonate, calcium sulfate, calcium silicate and
      calcium hydroxide, with calcium sulfite being particularly preferred. Said
      calcium sulfite shows excellent miscibility with polyethylene type resins
      and constitutes nuclei of effervescence in the process of manufacturing
      foamed body, thus serving to form a foamed body with minute and uniform
      cells. These fillers are generally in the form of powders having a
      particle size of 10 .mu. or less and are added to the resin at least in an
      amount of 30% by weight based on the total amount of the mixture. The
      foaming agent may be conventional ones such as azo-dicarboxylamide,
      diphenylsulfon-3,3-disulfohydrazide and benzylsulfonic diphenylhydrazide.
      As the bridging agent, organic peroxides such as ditertiary butyl
      peroxide, 1,3-bis(tert-butylperoxyisopropyl) benzene and dicumyl peroxide.
      If desired, other auxiliary additives such as lubricating agents and
      colorants may be added. These ingredients are mixed, milled sufficiently
      at a temperature of 90.degree. - 150.degree.C, charged into confined metal
      molds in a press molding machine and heated at a temperature of
      180.degree. - 200.degree.C under pressure to produce a foamed body.
PAR  In general, a molded material in the form of a thick board is first
      prepared in such manner and then cut into several thin sheets to obtain
      the desired sheet materials.
PAR  For manufacturing the lightweight construction materials of this invention
      from the sheet materials, the latter is press molded, using a metal mold
      having a number of protuberances as male mold and a metal mold having a
      number of recesses corresponding to the protuberances as female mold. In
      the case of articles with a simple structure, this press molding operation
      may be performed even at room temperature. In the case of articles with a
      complicate structure or in the case of performing the molding operation
      more easily, however, the sheet material is preferably once heated with a
      heater to 100.degree. - 150.degree.C and then subjected to press molding.
      In this case, joint use of a vacuum molding method with a compressed air
      molding method serves to facilitate the molding operation further.
PAR  FIGS. 1 and 2 show examples of such lightweight construction materials.
      FIG. 1 is a perspective view of a lightweight construction material 1 and
      FIG. 2 is a sectional view of the material 1 cut along the line A--A in
      FIG. 1. This sectional view shows the complementary arrangement of
      protuberances 2 and recesses 3. The complementary concavoconvex pattern on
      the surface of the lightweight construction material may be spherical as
      shown in FIGS. 1 and 2 or may be cylindrical or cubic. The lightweight
      construction materials of this invention is very light in weight because
      of its small bulk density and exhibits excellent buffering, i.e.,
      cushioning character. Also, it has such features as small coefficients of
      moisture and air permeability which could not been expected from the prior
      art material of this kind. Thus, it is suitable as buffering materials,
      construction materials such as wall material and ceiling material and
      various ornamental materials. Further, these materials can readily be
      ground, cut and processed for assembling. Furthermore, they have
      satisfactory bonding character and so are suitable as core material for
      composite panels.
PAR  On the other hand, cushions can easily be manufactured from foamed plastic
      materials having a core structure by laminating plural sheets of the
      lightweight construction material. Such cushions are very light in weight
      because of their small density and are easily bendable, thus making
      themselves suited as potable cushion. In addition, the cushion exhibits
      good cushioning property and warmth-maintaining property. Besides,
      finger-pressure therapeutic effects are obtained by virtue of the
      protuberances formed on the surface of the cushion, so that one can feel
      extreme comfortability on this cushion. As the cushion is excellent in
      water-resisting property, it can be used even in damp places. It is also a
      merit of the cushion that when it is incinerated as waste, incineration
      will be easy because of its small heat of combustion and little generation
      of toxic gases and soot.
PAR  It is possible to manufacture mattress from the lightweight construction
      material by laminating both surfaces of the material as core material with
      sheets of soft polyurethane foam and covering the laminate with cloth. For
      manufacturing the core material for such mattress, the sheet material is
      press molded, as in the case of manufacturing the lightweight construction
      material, by using a metal mold having a number of protuberances as male
      mold and a metal mold having a number of recesses corresponding to the
      protuberances as female mold. The resulting core material having the
      complementary concavoconvex patterns on both surfaces thereof is then
      punched by an adequate means such as borer. The punched holes give the
      mattress sufficient air permeability. As in the case of manufacturing the
      lightweight construction material, the press molding operation may be
      performed even at room temperature when the article to be manufactured has
      a simple structure. In the case of manufacturing articles with a
      complicate structure or in the case of performing the molding operation
      more easily, however, the sheet material is preferably once heated with a
      heater to 100.degree. - 150.degree.C and then subjected to press molding.
      As in the case of the lightweight construction material, joint use of a
      vacuum molding method with a compressed air molding method will serve to
      facilitate the operation. The resulting core material is then laminated on
      both surfaces thereof with sheets of soft polyurethane foam and the
      laminate is fixed with a conventional bonding agent such as a polyvinyl
      acetate emulsion adhesive. The laminate is finally coated with cloth to
      form mattress.
PAR  FIG. 3 is a sectional view showing an example of such mattress wherein the
      lightweight construction material 11 has punched holes 14 and 15 on the
      protuberance 12 and recess 13 thereof and laminated with sheets 16 and 17
      of soft polyurethane foam and the whole laminate is covered with cloth
      cover 18 and 19.
PAR  This mattress using a foamed sheet of a specific material and structure has
      excellent air permeability, cushioning property, warmth-keeping property
      and touch. Besides, finger-pressure therapeutical effects are obtained by
      virtue of the protuberances formed on the surface of the core material, so
      that one can feel extremely comfortable on this mattress. Because of
      excellent restoring character the mattress retains its shape even after
      long and very frequent use. It is also a merit of the mattress that it is
      light in weight and can conveniently be transported. The cushioning
      character of this mattress consists of adequate rigidity and adequate
      flexibility unlike the prior art one, so that the mattress is not prone to
      incur such inconvenience as excessive sinking of the body in it. Such
      adequate rigidity is achieved by the use of the foamed polyethylene resin
      sheet having a special configuration, while said adequate cushioning
      property is attributable to the soft foamed polyurethane sheets laminated
      on both sides of the foamed polyethylene resin sheet.
PAR  It is an additional merit of the mattress that when it is incinerated as
      waste, such incineration will cause no environmental pollution because of
      its small heat of combustion and little generation of toxic gases and
      soot.
PAR  This invention will be understood more readily with reference to the
      following examples. However, these examples are intended to illustrate the
      invention and are not to be construed to limit the scope of the invention.
PAC  EXAMPLES
PAR  A mixture of 40 parts by weight of polyethylene, 60 parts by weight of
      calcium sulfite, 2.0 parts by weight of azo-dicarboxylamide and 0.2 part
      by weight of 1,3-bis(tert-butyl peroxyisopropyl)benzene was heated for 12
      minutes at 180.degree. - 200.degree.C under pressure of 30 kg/cm.sup.2.
      The resulting foamed body was processed to sheets having various thickness
      and press molded to form sheets having a complementary concavoconvex
      pattern on both side thereof, using a molding machine having a heater with
      a Watt density of 3 W/cm.sup.2. For the purpose of comparison, similar
      sheets were manufactured from polyethylene and polystyrene free from the
      inorganic filler. The press conditions and characteristics of the
      resulting sheets are shown in the table given below.
TBL                                    Table                                   
     __________________________________________________________________________
               Example                                Comparative Example      
                                                      Poly- Poly-              
               No. 1 No. 2 No. 3 No. 4 No. 5                                   
                                            No. 6                              
                                                 No. 7                         
                                                      ethylene                 
                                                            styrene            
     Density (g/ml)                                                            
               0.193 0.193 0.193 0.193 0.193                                   
                                            0.193                              
                                                 0.193                         
                                                      0.038 0.024              
     __________________________________________________________________________
     Press molding                                                             
     conditions                                                                
      Heating                          room room room                          
      temperature                                                              
               140-150                                                         
                     140-150                                                   
                           140-150                                             
                                 140-150                                       
                                       tem- tem- tem- 100-120                  
                                                            100-120            
      (.degree.C)                      pera-                                   
                                            pera-                              
                                                 pera-                         
                                       ture ture ture                          
      Heating                                                                  
      time (sec)                                                               
               70    75    120   180   --   --   --   60    10                 
      Molding                                                                  
      time (sec)                                                               
               10    10    15    15    10   10   15   20    3                  
      Cooling                                                                  
      time (sec)                                                               
               15-20 15-20 30-40 60-70 --   --   --   40-60 10-20              
      Thickness                                                                
      of sample                                                                
      (mm)     4     5     8     10    4    5    8    4     4                  
     Characteristics                                                           
     of the moldings                                                           
      Depth of                                                                 
      core (mm)                                                                
               25    20    15    10    5    5    6    60-70 50-60              
      Density (g/ml)                                                           
               0.190 0.192 0.188 0.186 0.211                                   
                                            0.219                              
                                                 0.215                         
                                                      0.049 0.031              
      Heat shrink-                                                             
      ing percent-                                                             
      age (%)                                                                  
       Longitu-                                                                
       dinal                                                                   
       direction                                                               
        100.degree.C                                                           
               -2    --    -1    0     -6   -6   -4   -10   -10                
        120.degree.C                                                           
               -8    --    -7    -5    -11  -10  -9   -50   -40                
       Trans-                                                                  
       verse                                                                   
       direction                                                               
        100.degree.C                                                           
               +4    --    +2    +2    -6   -5   -4   -4    -20                
        120.degree.C                                                           
               +6    --    -4    -3    -8   -6   -6   -65   -60                
     Characteristics                                                           
     of the moldings                                                           
      Moisture                                                                 
      permeability                                                             
      (g/m.sup.2 /24hours)                                                     
               43.2  41.8  38.2  24.6  43.4 47.1 39.5 6.0   14.1               
     __________________________________________________________________________
PAR  In the table, the heat shrinking percentage stands for difference in size
      in terms of percentage between the size of the original sample and the
      size of a sample treated at a given temperature for 22 hours and left for
      one hour at 23.degree.C in a humidity of 50%, and the moisture
      permeability was measured according to JIS-Z-0208 under the conditions
      kept at 23.degree.C for 24 hours in a humidity of 90%.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mattress comprising an assembly of a core of a structural material
      having on each side thereof a flat sheet of soft resilient foam, said core
      comprising a sheet of a foamed mixture of polymer consisting essentially
      of an ethylene homopolymer or copolymer and at least about 30% up to about
      60% by weight of a finely divided inorganic calcium compound having a
      particle size up to about 10.mu., said sheet being deformed on its two
      opposite sides into a pattern of rows of alternating concavities and
      convexities with adjacent rows thereof being staggered relative to one
      another and the patterns on said opposite sides having a mating
      complementary configuration, the thickness of said sheet being less than
      the minimum extent of said concavities and convexities.
NUM  2.
PAR  2. The mattress of claim 1 wherein said core has apertures extending
      through said sheet at the bottom and top respectively of said concavities
      and convexities in said pattern.
NUM  3.
PAR  3. The mattress of claim 1 including an external fabric sheet on each side
      of said assembly.
NUM  4.
PAR  4. The mattress of claim 1 wherein said flat foam sheet is formed of
      polyurethane.
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ABST
PAL  A fitted, adjustable bed sheet is provided which is adapted for use with
      either spring or water bed mattresses. A substantially rectangular fabric
      has a top sleeping panel, four depending side panels with substantially
      square apertures cut between adjacent perpendicular edges of said side
      panels, and four fitted corners. Each corner is partially stitched
      beginning at the top of the open portion of the corner formed by the
      aperture and extending inwardly towards the top panel to form a dart. When
      the sheet is positioned on the mattress, the stitched portion of each
      sheet corner while the lower portion of top portion of the mattress corner
      while the lower portion of each mattress corner protrudes through the
      aperture formed between adjacent sheet side panels. The sheet is
      maintained in position on the mattress by a flap secured to the lower edge
      of a first side panel adjacent each corner. This flap extends outwardly
      towards the adjacent second side panel when the flap is folded under the
      mattress so that the free end of each flap is adapted to overlie a portion
      of the adjacent second side panel. Adherend strips mounted on opposed
      faces of the overlying portions of each flap and second side panel
      removably and adjustably secure the free end of each flap to the
      respective second side panel. Means are also provided to secure one edge
      of an overlying top sheet to any side panel of the fitted sheet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fitted sheets, and specifically to adjustable
      fitted sheets which are maintained in position primarily by portions of
      the sheet bearing against the sides and bottom of the mattress rather than
      against the corners of the mattress.
PAR  While this invention will be described primarily in connection with
      mattresses, and specifically spring and water bed mattresses, it will be
      understood that the sheet of this invention may be employed with various
      other types of cushions, such as pillows, sofa cushions and the like.
PAR  The normal unfitted or flat bed sheet, when used as the bottom sheet to
      cover a spring bed mattress, has many advantages in that it is adaptable
      to various size mattresses, may be positioned on the mattress in any of
      four directions, and may be installed on the mattress one side at a time
      without the necessity of lifting any portion of the mattress since the
      sheet edges may be merely folded or tucked in between the mattress and the
      springs. This later advantage is especially useful in hospitals where it
      is undesirable to discomfort the patient by lifting the corners and edges
      of the mattress, such as is necessary with the common contoured sheet.
      Flat bed sheets, however, are easily pulled out of position during the
      normal tossing and turning of a person sleeping on a bed. Such sheets
      consequently become wrinkled after a short period of time creating
      discomfort and, in hospital situations, causing bed sores.
PAR  The contoured bed sheets seek to overcome some of the problems of the flat
      sheet by elastic sewn around the top and bottom of the sheet and extending
      around all four corners. In order to install a contoured bed sheet on a
      spring mattress, three corners of the sheet are normally fitted around the
      first three mattress corners and the fourth corner of the mattress is then
      lifted to a substantial height in order to place the fourth corner of the
      sheet around the fourth mattress corner. Upon allowing the mattress to
      resume its original position, the contoured sheet is stretched tight
      across the top of the mattress and also at the corners, thus maintaining
      the sheet in a stretched or taut position for the normal period of time
      between washings. The contoured sheet has various disadvantages, however,
      since the tension created by the dimensions of the sheet and the elastic
      accelerates sheet wear to such an extent that the corners of the sheet
      frequently rip and the elastic wears out and shrinks before the normal
      life of the sheet fabric. In addition, the necessity for lifting at least
      one corner of the mattress to a considerable height when installing the
      sheet makes the contoured sheet particularly unsatisfactory for use in
      hospitals and the like. Furthermore, tension created across the top of the
      mattress by a contoured sheet diminishes the full capacity of the
      mattress. For example, some mattresses are constructed with an abundance
      of coil springs in order to allow the mattress to conform to the body
      contour of the person sleeping on the mattress. If a contoured sheeet is
      installed on such a mattress, the mattress will be placed under tension
      which tends to curl the corners and edges of the mattress upwardly and
      inwardly and to create stresses in the mattress which its designers did
      not intend. Such a prestressed mattress will not operate as intended and
      will thus deprive its owners of some of the benefits for which it was
      purchased. Such contoured sheets are also extremely awkward to fold and
      store due to the permanently crimped corners and the action of the
      elastic.
PAR  Water bed mattresses have presented a particular problem to the bedding
      industry. These mattresses are a generally rectangular rubber or plastic
      container with a substantially rounded nose around the sides and at the
      corners instead of square sides and corners. When such a mattress is
      filled with water, it generally raises to a height of about 10 inches. A
      normal fitted sheet is extremely unsatsifactory as the bottom sheet on a
      water bed mattress since it will be pulled loose from underneath the
      mattress in an extremely short period of time by displaced water pushing
      outwardly towards the mattress corners when a person sits or lies on the
      water bed. This displaced water hits against the corners of the mattress
      while at the same time the top surface of the mattress is placed under
      tension which tends to raise the corners of the mattress. Concurrently,
      the overlying sheet is placed under tension by the person sitting or lying
      on the bed. These stresses combined with the raised mattress corners
      eventually result in either tearing the corners or quickly loosening the
      sheet or both.
PAR  In an attempt to solve this problem, regular contoured sheets have been
      modified to provide deeper corners or pockets to accommodate water bed
      mattresses which are approximately 10 inches high, whereas regular spring
      mattresses are only about seven inches high. These contoured sheets have
      not solved the problem, however, since if they do remain in place on the
      mattress corners, the pressure against the sheet corners by the displaced
      water action described above causes the sheet corners to tear after a very
      short period of time. In any event, the sheet corners usually come loose
      from the mattress corners and thus these sheets continue to possess both
      disadvantages, that is, the sheet corners are subjected to stress until
      the sheet corners tear or come loose or both.
PAR  The top sheet commonly sold with contoured water bed bottom sheets is sewn
      to the foot of the contoured sheet, thus forming an expensive combination
      which must be washed, folded and stored together. In addition, since the
      bottom contoured sheet usually wears out extremely quickly, and certainly
      before the normal life of the sheet fabric, both the top and bottom sheet
      are rendered inoperative at an early stage.
PAR  The present invention overcomes the disadvantages of the prior art flat and
      contoured sheets by providing a fitted bottom sheet which has adjustable
      corners securely retained over the mattress corners while at the same time
      eliminating stress against the sheet corners and across the top sleeping
      panel of the sheet which might detract from the operability of the
      mattress. In its application to water beds, the bottom fitted sheet of
      this invention provides an aperture at each corner through which a portion
      of the water bed corners protrude so that the stresses transmitted to the
      water bed mattress corners by activity upon the mattress is not
      transferred to the sheet corners. Furthermore, the corners of this sheet
      are adjustable to accommodate various mattress dimensions while at the
      same time the sheets may be folded relatively flat for easy packaging and
      storage. In addition, these sheets are easily installed by merely folding
      portions of the sheet underneath the mattress without the necessity of
      raising the mattress to a substantial height, thus rendering this sheet
      particularly suitable for use in hospitals and the like.
PAR  Due to the lack of tension at the corners and across the top of the sheet
      of this invention, this sheet will not rip or tear during use so that the
      full life of the sheet material may be enjoyed. The adjustability of this
      sheet provides an actual reduction in the amount of material and number of
      sheet sizes required to fit the different size mattresses presently on the
      market. For example, a normal flat queen size sheet, when constructed in
      accordance with the teachings of this invention, will fit a water bed
      mattress, an eastern king size mattress, and the western king size
      mattress. A normal flat double bed size sheet, when constructed in
      accordance with the teachings of the invention, will fit a queen size
      mattress, a double bed size mattress and a sofa or hide-a-bed mattress. A
      flat twin size sheet, when constructed in accordance with the teachings of
      this invention, will fit all twin bed size mattresses from 36 to 39 inches
      in width. Such a reduction in the number of sheets and the size of the
      sheets required to fit the mattresses on the market will result in a great
      savings in both material and fabrication costs.
PAC  SUMMARY OF THE INVENTION
PAR  A fitted sheet adapted to cover a substantially rectangular cushion has at
      least one corner adapted to fit over the upper surface of the cushion
      adjacent at least one corner of the cushion. The upper sleeping panel and
      at least two side panels of the sheet cover the upper surface and portions
      of at least two side surfaces of the cushion respectively when the sheet
      fabric is fitted over the cushion. Securing means adapted to removably
      secure the side panels together passes underneath the cushion corner when
      the sheet is positioned over the cushion to maintain the side panels in
      substantially fixed relationship to each other, whereby the sheet is
      maintained in position over the cushion corner by the sheet side panels
      and securing means bearing against the cushion side and lower surfaces.
PAR  In one embodiment of the invention, the sheet has a top sleeping panel and
      four depending side panels which cover the top and side mattress surfaces
      respectively when the sheet is in position. A three sided, substantially
      square aperture formed at each sheet corner between perpendicular edges of
      the side panels provides a partially open sheet corner through which the
      lower portion of the respective cushion corners protrude. A stitched dart
      at each sheet corner extends from each aperture towards the sheet top
      panel to form four partially enclosed sheet corners which overlie the top
      of each mattress corner. An elongated flap attached to the lower edge of a
      first side panel adjacent each sheet corner extends parallel to the
      longitudinal axis of the first side panel and towards an adjacent second
      side panel when the flap is folded under the cushion. The loose end of the
      flap is adapted to overlie a portion of the second side panel and
      attachment means mounted on opposed faces of the overlying portions of the
      flap and the second side panel are adapted to removably secure the flap in
      various positions to the second side panel.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the invention may be had from consideration of
      the following detailed description when taken in conjunction with the
      accompanying drawing, wherein:
PAR  FIG. 1 is a fragmentary perspective view of a corner of a first embodiment
      of this invention with the flaps of the sheet extended;
PAR  FIG. 2 is a fragmentary perspective view of the underside of the first
      embodiment of the invention shown in FIG. 1 with the flaps folded in
      operative position;
PAR  FIG. 3 is a fragmentary top plan view of a second preferred embodiment of
      this invention;
PAR  FIG. 4 is a fragmentary perspective view of the underside of the second
      embodiment of the invention shown in FIG. 3 with the flaps folded in
      operative position and showing partial installation of a top sheet;
PAR  FIG. 5 is a cross-sectional elevational view taken along the line 5--5 of
      FIG. 4;
PAR  FIG. 6 is a fragmentary top plan view of a third embodiment of this
      invention;
PAR  FIG. 7 is a fragmentary perspective view of the third embodiment of the
      invention shown in FIG. 6 with the flap folded in operative position;
PAR  FIG. 8 is a cross-sectional elevational view taken along the line 8--8 of
      FIG. 7;
PAR  FIG. 9 is a fragmentary perspective view showing a fourth embodiment of
      this invention in operative position; and
PAR  FIG. 10 is a fragmentary perspective view of a fifth embodiment of this
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  This invention is characterized by a sheet having a top sleeping panel and
      various side panels which depend downwardly over the sides of a mattress.
      The side panels provide attachment for various flaps or straps which pass
      underneath the mattress corner to hold the sheet down on the mattress and
      which hold each sheet corner on the respective mattress corner. The
      primary force retaining the sheet in position is applied between the sheet
      side panels and flaps and the sides and bottom of the mattress. In this
      manner, the sheet is maintained in position without creating undue
      stresses at the sheet corners or across the top sleeping panel of the
      sheet.
PAR  In the first embodiment of the invention shown in FIGS. 1 and 2, the sheet
      20 is fitted over a boxed spring mattress SM so that the top sleeping
      panel 22 lies on the top sleeping surface of the mattress while the two
      side panels 24 and 26 depend from the top panel to cover the side surfaces
      of the mattress. The adjacent ends of the sheet side panels 24 and 26 are
      stitched together to form a mitered corner 28 which overlies the mattress
      corner. Flaps 30 and 32 are attached to or formed integrally with the
      lower edges of side panels 24 and 26 respectively adjacent the mitered
      corner 28. As shown in FIG. 1, flap 30 has on its upper surface an
      attachment means 34 while flap 32 has on its lower surface a mating
      attachment means 36. Such attachment means may be adhesive tape, male and
      female snaps, an eye and hook combination, or the like. However, in the
      preferred embodiment of this invention, the attachment means 34 and 36 are
      adherend strips or tapes, such as the Velcro-type tape.
PAR  In order to secure the sheet to the mattress, the sheet is folded over the
      top mattress edges 38 and 40 and the bottom mattress edges 42 and 44. Flap
      30 is folded under the mattress SM and flap 32 then folded over flap 30 as
      indicated by the arrows 46. The adherend strips 34 and 36, upon contacting
      each other, resist separation and prevent the flaps 30 and 32 from being
      displaced with respect to each other by sliding movement across their
      adjacent surfaces. When the sheet is subjected to tension across its top
      panel, the primary force resisting removal of the sheet is applied between
      the sheet side panels and the sides of the mattress, the flaps and the
      bottom of the mattress, and the edges of the sheet overlying the edges of
      the mattress.
PAR  In an alternative embodiment of the invention shown in FIGS. 1 and 2, the
      flaps 30 and 32 may be part of bottom sheet panels 48 and 50 respectively,
      shown in phanton, if the material for such bottom panels is available. In
      the preferred embodiment of this invention, the panels 48 and 50 are an
      integral part of the entire sheet so that the adherend strips 34 and 36
      are sewn on the ends of the bottom panels 48 and 50 respectively adjacent
      the mitered corner 28.
PAR  The sheets of this invention are adjustable for use with various sizes of
      mattresses. For example, where the mattress shown in FIGS. 1 and 2 is
      smaller in either height, length or width, the sheet may be adjusted by
      folding a portion of the side panels 24 and 26, as well as the flaps 30
      and 32, under the mattress until a snug fit is obtained around the
      mattress corner. The degree of adjustability will depend primarily on the
      size and positioning of the adherend strips 34 and 36 since a portion of
      these strips must overlie each other when a snug fit is obtained in order
      to maintain the sheet in position. Thus, the dimensions and placement of
      such strips may be changed depending upon the various uses for which a
      particular sheet is designed.
PAR  In the second embodiment of the invention shown in FIGS. 3-5, the sheet 54
      is positioned on a boxed spring mattress SM so that sheet top sleeping
      panel 56 rests on the top surface of the spring mattress SM while the
      sheet side panels 58, 60 and 62 depend downwardly over the side surfaces
      of the mattress as shown in FIG. 4. End portions of the side panels are
      cut out at each corner to form substantially perpendicular side panel
      edges 68, 70, 72 and 74. Adjacent pairs of these edges define apertures 76
      and 78. These apertures are substantially in the form of an equilateral
      triangle having a corner at the intersections of the respective pairs of
      perpendicular side panel edges.
PAR  A portion of the sheet is stitched to form darts 64 and 66 extending
      inwardly towards the top panel from the apertures 76 and 78 repsectively
      at the intersection of the side panel edges. The darts sewn in the sheets
      of this invention are normally formed by folding and sewing together the
      longitudinal edges of an elongated, substantially elliptical section of
      the sheet. Such an ellipse has its major axis extending into the sheet at
      an angle which substantially bisects the angle between the perpendicular
      edges of the adjacent side panels. The darts so formed may vary in length
      depending upon the depth of the mattress for which the sheet is designed
      and the appearance desired. For example, if no dart is desired, the sheet
      may be positioned so that the perpendicular side panel edges intersect
      directly above the mattress corner. If a large flap of darted material is
      desired to partially or entirely conceal the mattress corner, the dart may
      be any length up to the height of the mattress and the top corner of the
      mattress may be positioned anywhere beneath the dart. In the embodiment of
      the invention shown in FIGS. 3-5, the dart is about four inches long and
      the mattress corner is positioned under the inward terminus of the dart so
      that a flap of material 96 partially conceals the upper portion of the
      mattress corner.
PAR  Bottom panels 82, 84 and 86, formed integrally with side panels 58, 60 and
      62 respectively, are folded under the mattress SM so that the adherend
      strips 88, 90, 92 and 94 will secure the adjacent ends of the bottom flaps
      together. As is shown in FIG. 3, the adherend strips 88 and 94 are applied
      to the top surfaces of the bottom panels adjacent the ends of bottom
      panels 82 and 86 respectively while the adherend strips 90 and 92 are
      applied to the bottom surface of the bottom panels adjacent opposite ends
      of the bottom panel 84.
PAR  As is shown in FIGS. 4 and 5, the sheet side panels, such as 58 and 60,
      depend downwardly to cover the sides of the mattress when the sheet is
      installed. The bottom panels 82 and 84 are then folded under the mattress
      so that the adherend strips 88 and 90 contact and adhere to each other to
      prevent the bottom flaps from being separated at their ends due to sliding
      movement of the overlying portions of the bottom panels. As has been
      previously explained, the primary force maintaining the sheet on the
      corner of the mattress is applied between the sheet side panels and the
      sides of the mattress, the sheet bottom panels and the bottom of the
      mattress, and the top and bottom edges of the mattress and the sheet
      material covering those edges.
PAR  Because the dart 64 is not a mitered corner, a loose flap of material 96 is
      formed, as is shown in FIG. 5, in this embodiment of the invention which
      covers the top portion of the mattress corner. The lower portion of the
      mattress corner, however, is free to protrude through the aperture 76. The
      aperture 76 changes from triangular to substantially oval in appearance
      when the sheet is installed, as shown in FIG. 4.
PAR  The embodiment of the invention shown in FIGS. 3-5, as well as the other
      embodiments to be described hereinafter, is particularly useful with water
      bed mattresses in that the lower portion of each corner of the water bed
      mattress is allowed to protrude through the aperture 76 below the stitched
      dart 64. This prevents the application of undue stress between the
      mattress corner and the sheet corner. In addition, the upper portion of a
      water bed mattress corner fills out the flap 96, the dimensions of which
      may be changed by varying the dimensions of the dart so that the flap lies
      smoothly on the top of the mattress corner. In this manner, the stress of
      water movement within the water bed mattress is applied against the
      corners of the mattress rather than against the corners of the sheet, thus
      allowing expansion and contraction of the mattress corners within the
      apertures and preventing the sheet corners from tearing. This also avoids
      the tendency for the corners to pull up and over the mattress corners and
      in fact aids in maintaining the sheet corners in position on the mattress
      corners since a larger amount of mattress will protrude through the
      aperture as more pressure is applied to the center of the mattress.
PAR  As is shown in FIGS. 3 and 4, an adherend strip 98 may also be applied to a
      side panel 60 of the sheet to contact an overlying adherend strip 100
      mounted on the inside of side panel 102 of top sheet 104. In order to
      increase the versatility of the bottom sheet so that it may be turned in
      any direction to equalize wear, a similar adherend strip may be applied to
      all four bottom sheet side panels so that the top sheet may then be
      secured in any of four directions across the bottom sheet.
PAR  In the third embodiment of the invention shown in FIGS. 6-8, the sheet 110
      applied to water bed mattress WM has a first side panel 112 and an
      integrally formed bottom flap or panel 114. A second side panel 116 is
      formed without any bottom panel. The flap 114 is preferably formed by
      cutting a substantially rectangular section out of the corner of the sheet
      to form aperture 118. The width of the side panels is equal to the height
      of the mattress, which in the case of water beds is about ten inches. The
      dart 120, formed as previously described, is about six inches in length.
      The inward terminus of the dart overlies the beginning slope of the
      mattress corner so that the flap of material surrounding the dart lies
      substantially flat against the upper portion of the mattress corner, as is
      shown in FIG. 8.
PAR  A substantially triangular portion of material 119, shown in FIG. 6,
      bridging the edges of the side panels 112 and 116 is provided to increase
      the depth of the flap of material covering the top of the mattress corner.
      In an alternative embodiment, this flap may be removed in cutting the
      aperture 118 by merely extending the cut along the lines 127 and 128 to
      form a square corner.
PAR  In order to install the sheet, the side panels 112 and 116 are allowed to
      depend down to cover the sides of the water bed mattress and the dart is
      positioned over the top of the mattress cover as described above. The flap
      114 is then folded or tucked under the mattress so that the free flap end
      122 protrudes from underneath the mattress adjacent side panel 116
      sufficiently for the adherend strip 124 sewn on the flap to contact and
      adhere to the adherend strip 126 sewn on the side panel 116 when the flap
      is raised to overlie the side panel. The position of the adherend strip
      126 on the side panel will depend on the width of the flap 114. Similarly,
      the size of the adherend strips 124 and 126 will depend on the amount of
      adjustability desired. The aperture 118 is formed into a substantially
      oval shape between adjacent vertical edges of the side panels, as is shown
      in FIG. 7, when the flap 114 is in operative position to allow the lower
      portion of the water bed mattress corner to protrude therethrough as
      previously described and as shown in FIG. 8.
PAR  The fourth embodiment of the invention shown in FIG. 9 is similar to the
      embodiment previously described in connection with FIGS. 6-8 except that
      instead of a bottom panel, the side panels 130 and 132 are secured
      together by a strap 134, composed of a cotton or the like. Strap 134 is
      secured adjacent the bottom edges of the side panels 130 and 132 near the
      aperture 136 to pass under the water bed mattress WM and allow the lower
      portion of the mattress corner to protrude through the aperture.
PAR  The fifth embodiment of the invention shown in FIG. 10 is similar to the
      embodiment described in connection with FIG. 9 except that the strap 140
      is permanently secured to only one side panel 142 near the aperture 144.
      Adherend strip 146 mounted on the free end 148 of the strap overlies and
      adheres to adherend strip 150 sewn on side panel 152 when the strap is
      passed under the corner of the mattress in the direction of arrow 154 and
      is raised to overlie side panel 152. The aperture 144 allows the lower
      portion of the mattress corner to protrude through the aperture to
      substantially prevent pressure between the sheet corner and the mattress
      corner.
PAR  A sheet is thus provided by this invention which is adaptable for use not
      only with a normal coil spring-type boxed mattress but also with water bed
      mattresses and various other cushions. In addition, sheets constructed in
      accordance with this invention are adjustable to fit various size cushions
      and mattresses. Such sheets do not wear as quickly as contoured sheets,
      have fitted ends, and when employed with water bed mattresses provide a
      positive attachment to the mattress corners which will not loosen during
      use and which will not tear at the sheet corners.
PAR  It will be apparent that various modifications may be made in the
      embodiments of the invention shown and described herein, all within the
      scope of this invention. For example, the dimensions of the corners,
      darts, apertures, side panels, and flaps may be varied. In addition, the
      attachment means may be of various sizes, positioned in various locations,
      and composed of various materials, all within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fitted sheet adapted to cover a substantially rectangular cushion,
      said sheet comprising:
PA1  a substantially rectangular fabric having at least one corner adapted to
      fit over at least the upper cushion surface adjacent a corner of said
      cushion, an upper sleeping panel, and at least two side panels, said upper
      panel and side panels being adapted to cover the upper surface and
      adjacent portions of two side surfaces of said cushion respectively when
      said sheet is fitted over said cushion;
PA1  said fabric corner having a cut out portion which allows the lower portion
      of the cushion corner unrestricted movement; and
PA1  means mounted adjacent said cushion corner adapted to removably secure said
      adjacent side panels together, said securing means being adapted to pass
      under said cusion corner when said sheet is fitted on said cushion and to
      secure on at least one of said side panels to maintain said side panels in
      substantially fixed relationship to each other so that said sheet follows
      the natural contour of said cushion, whereby said sheet corner is
      maintained in position on said cushion corner by said sheet side panels
      and said securing means bearing against the cushion side surfaces and
      lower surface respectively.
NUM  2.
PAR  2. A fitted sheet as defined in claim 1, further comprising:
PA1  a stitched dart beginning at the sheet corner and extending inwardly
      towards the sheet upper panel, said stitched dart being at an angle which
      approximately bisects the angle between the adjacent side panel edges,
      said stitched dart providing a partial pocket which lies smoothly over the
      top of the cushion corner and which allows the lower portion of the
      cushion corner unrestricted movement.
NUM  3.
PAR  3. A fitted sheet as defined in claim 2, wherein said securing means
      comprises:
PA1  a flap attached to the lower edge of each of at least one of said side
      panels adjacent said corner, said flap being adapted to fold under said
      cushion; and,
PA1  attachment means mounted on said flap, said attachment means being adapted
      to secure the flap to the adjacent opposed side panel in a plurality of
      positions.
NUM  4.
PAR  4. A fitted sheet as defined in claim 3, wherein said flap comprises:
PA1  an elongated flap attached to the lower edge of a first one of said side
      panels, said flap extending parallel to the longitudinal axis of said
      first side panel and towards the second side panel when said flap is
      folded under said cushion, one end of said flap being adapted to overlie
      said second side panel after said flap has been folded under said cushion;
      and further comprising:
PA1  attachment means mounted on opposed faces of the overlying portions of said
      flap and said second side panel, said attachment means being adapted to
      secure said flap to said second side panel in a plurality of positions
      when said flap and second side panel are brought into overlying
      relationship.
NUM  5.
PAR  5. A fitted, adjustable water bed sheet, comprising:
PA1  a substantially rectangular fabric having a top sleeping panel, four
      depending side panels, and a substantially square, three sided aperture at
      each sheet corner forming substantially perpendicular edges between the
      ends of adjacent side panels so that the adjacent ends of the side panels
      are spaced apart to form a partially open corner when the sheet top panel
      and side panels are positioned over the water bed mattress top and side
      surfaces respectively, each of said corners having a stitched dart about
      two to six inches in length beginning at said aperture and extending
      inwardly towards the sheet top panel at an angle which substantially
      bisects the angle between the adjacent sheet side panel edges, whereby
      partially closed, stitched sheet corners are formed between adjacent sheet
      side panels to allow the lower portion of each water bed mattress corner
      to protrude through one of said apertures for unrestricted movement while
      the stitched portion of each sheet corner lies smoothly over the top of
      the respective mattress corner when the sheet top sleeping panel and four
      side panels are positioned to cover the upper surface and four side
      surfaces of the mattress respectively;
PA1  an elongated flap attached to the lower edge of a first one of said side
      panels adjacent each stitched corner, each flap extending substantially
      parallel to the longitudinal axis of each of said first side panels and
      extending towards the adjacent second side panel when said flap is folded
      under said mattress, the free end of each flap being adapted to overlie a
      portion of said adjacent second side panel after said flap has been folded
      under the respective mattress corner; and,
PA1  attachment means mounted on opposed faces of the overlying portions of each
      of said flaps and second side panels, said attachment means being adapted
      to removably secure each of said flaps in various positions on said
      respective second side panels when said flaps are brought into overlying
      relationship with the respective second side panels, whereby each sheet
      corner is maintained in position on the respective mattress corner by said
      sheet side panels and said flaps bearing against the mattress side and
      lower surfaces.
NUM  6.
PAR  6. A fitted, adjustable sheet as defined in claim 5, further comprising:
PA1  second attachment means secured to each sheet side panel, said second
      attachment means being adapted to removably and adjustably secure a top
      sheet bearing corresponding attachment means to any side panel of said
      fitted sheet.
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ABST
PAL  A collapsible trailer boat comprising a fore part and an after part jointed
      together in such a manner that they can be folded to form a trailer by
      pivotally moving the fore part in the longitudinal centerplane until it
      rests, with its bottom up, on the after part. The hull of the after part
      is shaped with a flat deadrise and has provision for mounting an outboard
      motor, a retractable undercarriage and a removable towbar. The fore part
      is detachable and adapted for use as a separate craft, the hull thereof
      being constructed in the form of a planing catamaran. To use the boat, the
      portion of the catamaran tunnel adjacent to the after part is closed with
      a removable hydroplate adapted to match the shape of the catameran bottom
      to the shape of the bottom of the after part and to form a transverse step
      at the junction of the fore and after parts, a gap being provided at the
      step for water to be drawn from the catamaran tunnel when the craft is
      planing. The fore part of the collapsible trailer boat can be used as a
      separate craft with an outboard motor. The after part can be used on land
      as a single-room home. The complete boat can be used both as a craft and
      as a two-room home on land.
BSUM
PAR  The invention relates to transport means, more particularly to collapsible
      boats arranged for use as a motor vehicle trailer, which boats have of
      late found wide use in recreational motoring owing to their high mobility
      with consequent increase of recreation opportunities and improvements in
      comfort. Since basic recreation areas are frequently located near a body
      of water, such boats gain ever growing popularity.
PAR  Well known are collapsible trailer boats having a hull made up of a
      considerably large number of transverse or longitudinal structural units
      jointed by means of fastenings.
PAR  Such boats suffer from the disadvantage that they need a large amount of
      assembly work, which complicates their use. Another disadvantage is that
      for constructional reasons they lack comfort.
PAR  Also known in the art are floating trailer homes designed to be hauled by
      trucks or towing vehicles. As a rule, they are heavy and unwieldy and it
      is difficult to put them afloat, get ashore or store in urban conditions.
PAR  Also known in the art are collapsible trailer boats wherein the
      disadvantages mentioned above are eliminated.
PAR  The hull of said boats is made up of a fore part and an after part, said
      parts being jointed in such a manner that they can be folded to form a
      trailer by pivotally moving the fore part in the longitudinal centerplane
      until it rests, with its bottom up, on the after part. The after part of
      the hull is adapted for mounting an outboard motor, a removable or
      retractable undercarriage and a towbar. Both the fore and after parts of
      the hull are shaped with a deadrise.
PAR  The collapsible boats under consideration require less assembly work and
      provide more comfort inasmuch as one of the hull parts is adapted to
      accommodate a folding superstructure arranged for erection simultaneously
      with unfolding the trailer to make a boat.
PAR  Such boats suffer, however, from substantial disadvantages, viz.: the parts
      of the boat are arranged as merely structural components and cannot be
      used separately for recreational purposes; such boats are not adapted for
      use as a camping home on land.
PAR  It is an object of the present invention to provide a collapsible trailer
      boat having one part thereof adapted to be used separately as a boat and
      the other part adapted for use as a camping home on land.
PAR  It is a further object of the present invention to provide a collapsible
      trailer boat arranged to be used bodily as a planing craft with an
      outboard motor and adapted to be converted into a two-room home for use on
      land.
PAR  These and other objects are achieved in a collapsible trailer boat
      comprising a fore part and an after part jointed together in such a manner
      that they can be folded to form a trailer by pivotally moving the fore
      part in the longitudinal centerplane until it rests, with its bottom up,
      on the after part. The hull of said after part is shaped with a flat
      deadrise and has provision for mounting an outboard motor, a retractable
      undercarriage and a removable towbar. According to the invention, the fore
      part is detachable and adapted for use as a separate craft, the hull
      thereof being constructed in the form of a planing catamaran. To use the
      boat bodily, the portion of the catamaran tunnel adjacent to the after
      part is closed with a removable hydroplate adapted to match the shape of
      the catamaran bottom to the shape of the bottom of the after part and to
      form a transverse step at the junction of said fore and after parts, a gap
      being provided at the step for water to be drawn from the tunnel when the
      craft is planing.
PAR  The fore part can be used as a separate craft. By virtue of it being
      constructed in the form of a planing catamaran, this craft, despite its
      low length-breadth ratio, possesses good transverse stability, its
      seagoing ability and permissible outboard motor power being higher than
      those a single-hull vessel having an equal length.
PAR  With the outboard motor transferred from the after part onto the fore part,
      the latter can be used independently as a planing catamaran, whilst the
      after part can be used on land as a single-room home.
PAR  When the trailer boat is used bodily, the employment of the hydroplate in
      the catamaran tunnel imparts to the complete hull a planing form. The
      transverse step and the gap formed by the hydroplate at the junction of
      the fore and after parts allow water to be drawn from the catamaran
      tunnel, thereby improving the seagoing qualities of the craft in planing.
PAR  Being detachable, the fore and after parts of the boat can be put afloat
      separately and thereafter jointed. This detachability feature is also
      helpful in getting the boat ashore.
PAR  According to one of the embodiments of the invention, a transom board is
      attached to the stern of the catamaran for the purpose of mounting an
      outboard motor and two removable antisquat boards are positioned
      substantially level with the catamaran bottom, one on each side of the
      tunnel, in order to improve the longitudinal stability of the craft. When
      the boat is used bodily, said antisquat boards are to be employed as a
      portion of the catamaran deck planking.
PAR  The employement of an outboard motor makes it possible to use the catamaran
      for motorboating sports and for towing applications in hydroskiing. The
      antisquat boards improve the longitudinal stability of the catamaran in
      planing. If constructed to produce sufficient displacement, said antisquat
      boards also improve the longitudinal stability of the catamaran when it is
      stationary and the boater is at the motor in the stern (extreme aft load
      distribution) or when the vessel's wave is overtaking the craft after
      abrupt stopping.
PAR  Owing to positive buoyancy, the antisquat boards do not sink if dropped
      into the water. They can also be used as part of the deck planking in
      order to reduce the weight of the boat assembly.
PAR  It is desirable that the hydroplate be made hollow, its under side be
      shaped with a deadrise increasing toward the after part and the upper side
      be flat so that the hydroplate may be used ashore as a tabletop.
PAR  The shape of the hydroplate under side described above makes it possible to
      match the flat bottom of the catamaran tunnel to the deadrise bottom of
      the boat after part at the junction between the fore and after parts,
      whereby the total hydraulic resistance of the boat bottom is reduced.
PAR  Being hollow and watertight, the hydroplate has positive buoyancy and does
      not sink if dropped into the water. It can also be used as an aid in
      learning to swim.
PAR  The fore and after parts of the boat can be coupled by means of two upper
      separable joints, each comprising a hock-shaped yoke, and two lower
      separable attachment fittings employing swinging bolts.
PAR  This constructional arrangement makes it possible to rapidly detach the
      fore part from the after part so that they can be used separately
      according to the invention.
PAR  In folding up the trailer boat, the fore part is turned about the upper
      joints and is thus readily orientated relative to the after part. Said
      joints also facilitate the orientation of the boat parts when unfolding
      them to make up the boat.
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PAR  Now the invention will be described in detail with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a longitudinal sectional view of the collapsible trailer boat
      complete with a tent.
PAR  FIG. 2 is a top view of the collapsible trailer boat without a tent.
PAR  FIG. 3 is a sectional view taken on line III--III of FIG. 1.
PAR  FIG. 4 is a side view of the boat folded to form a trailer.
PAR  FIG. 5 is a front view of the boat folded to form a trailer.
PAR  FIG. 6 is a rear view of the boat folded to form a trailer.
PAR  FIG. 7 is a side view of the fore part (catamaran).
PAR  FIG. 8 is a top view of the fore part (catamaran).
PAR  FIG. 9 is a front view of the fore part (catamaran).
PAR  FIG. 10 is a rear view of the fore part (catamaran).
PAR  FIG. 11 is a side view of the complete boat showing the joints and
      attachment fittings.
PAR  FIG. 12 is detail A of FIG. 11 showing the upper separable joint
      (enlarged).
PAR  FIG. 13 is a view in the direction of the arrow C in FIG. 12.
PAR  FIG. 14 is a view in the direction of the arrow D in FIG. 12.
PAR  FIG. 15 is detail B of FIG. 11 showing the lower separable attachment
      fitting (enlarged).
PAR  FIG. 16 is a view in the direction of the arrow E in FIG. 15.
PAR  FIG. 17 is a bottom perspective view of the boat configuration of FIG. 11.
DETD
PAR  The collapsible trailer boat which constitutes the present invention has a
      planing hull composed of a fore part 1 (FIGS. 1 and 2) and an after part 2
      jointed together in such a manner that they can be folded to form a
      trailer 3 (FIGS. 4 through 6) by pivotally moving the fore part 1 in the
      longitudinal centerplane until it rests, with its bottom up, on the after
      part 2.
PAR  The hull of the after part 2 is adapted for a retractable undercarriage 4
      (FIGS. 3 through 6) to be mounted on sides 2a and has provision for
      attaching a towbar 3 to a front wall 2b.
PAR  The bottom 6 (FIG. 3) of the after part 2 is formed with a flat deadrise.
PAR  According to the invention, the fore part 1 is detachable and adapted for
      use as a separate craft, the hull thereof being constructed in the form of
      a planing catamaran (hereinafter the fore part of the boat will also be
      referred to as a catamaran).
PAR  The bottom of the catamaran 1 has an axial tunnel 7 (FIGS. 1 and 9) of
      trapezoidal cross section. The portions 8 of the catamaran bottom at each
      side of the tunnel are shaped to match the flat deadrise shape of the
      bottom 6 of the after part 2 where the fore part 1 and the after part 2
      meet.
PAR  To maintain the planning form of the complete hull when using the boat
      bodily, the portion of the catamaran tunnel 7 adjacent to the after part 2
      is closed with a removable hydroplate 9 (FIGS. 1 and 11) which is shaped
      so as to match the form of the bottom of the catamaran 1 to the form of
      the bottom of the after part 2.
PAR  Said hydroplate 9 is arranged to form a transverse step 9a at the junction
      of the fore part 1 and the after part 2, a gap being provided at said step
      for water to be drawn from the tunnel 7 when the complete craft is
      planing.
PAR  According to the invention, the hydroplate 9 is made hollow, its under side
      9' is shaped with a deadrise increasing toward the after part 2, and the
      upper side 9" is flat so that said hydroplate may be used ashore as a
      tabletop. Apart from this, the hydroplate 9 is intended to be used as a
      cover to close an aperture in the front wall of the trailer 3 (FIGS. 4 and
      5).
PAR  Mounted on the side walls of the hydroplate 9 are locks 59 for attaching
      the hydroplate in the tunnel 7 of the catamaran 1 and to the front wall 2b
      of the trailer 3.
PAR  The fore part 1 and the after part 2 of the boat are each constructed in
      the form of a metal hull made up of transverse frames 10 (FIG. 1) and a
      skin with fore-and-aft projections (not shown) to serve as longitudinal
      strength elements. Said projections form longitudinal steps 11 (FIG. 9) on
      the bottoms of the hulls.
PAR  Fitted in the bow and stern of the catamaran 1 and in the stern of the
      after part 2 are watertight compartments 12 (FIG. 8) which ensure
      unsinkability of the complete boat and of the catamaran 1 when used
      separately.
PAR  To provide for mounting an outboard motor 13 (FIG. 1), transom boards 14
      (FIGS. 1 and 8) are attached to the stern frames 10 of both the fore part
      1 and the after part 2.
PAR  The stern frame 10 of the catamaran 1 has locks 15 (FIG. 7) for the
      attachment of two removable antisquat boards 16. Said antisquat boards are
      intended to improve longitudinal stability of the catamaran 1,
      particularly in planing by the propulsion of the outboard motor 13, and
      are arranged for mounting substantially level with the side portions 8 of
      the catamaran bottom.
PAR  According to the invention, the fore part 1 and the after part 2 are
      coupled by means of two upper separable joints 17 (FIG. 11) and two lower
      separable attachment fittings 18. The upper joints form pivots for the
      fore part 1 to be turned about in folding it down onto the after part 2 to
      form the trailer 3.
PAR  Each upper joint 17 comprises a bracket 19 and a bracket 20. The bracket 19
      is mounted on the side of the fore part and carries a cylindrical sleeve
      21. The bracket 20 is mounted on the side of the after part 2 and carries
      a hook-shaped yoke 22 adapted to engage the sleeve 21. After the
      engagement, the two members are secured with a screw 23 (FIG. 14) by means
      of a wrench 24.
PAR  Each lower attachment fitting 18 comprises a bracket 25 and a bracket 26.
      The bracket 25 is mounted on the side of the fore part 1 and has a tapered
      seat 27 adapted to receive a corresponding tapered projection provided on
      the bracket 26 which is mounted on the side of the after part 2. Pivoted
      to the bracket 26 is a swivel bolt 28 with nuts 29 by means of which the
      brackets 25 and 26 are held together.
PAR  The equipment of the collapsible trailer boat comprises removable foot
      gratings 30 (FIG. 2) and two soft benches 31 placed along the sides of the
      after part 2. Said benches can be readily converted into berths with two
      matresses (not shown). The matresses can be used on the deck of the fore
      part to provide sleeping accommodating for another two persons. Stowage
      places 32 are located under the benches 31, under the deck panel of the
      fore part and between the water-tight compartments 12 in the after part 2.
      A helmsman's seat is located in the stern near the motor 13.
PAR  The boat equipment also includes a removable table 34 (FIG. 2), guardrails
      35 (FIG. 1), a removable gang ladder to enter the water, and facing panels
      36.
PAR  Stowage for a fuel tank 37 and a fuel can is provided in the stern of the
      after part 2. Oars 3 are placed along the sides of the fore part 1.
PAR  The undercarriage 4 comprises two wheels which are pivotable about the hull
      between the retracted position shown in solid lines in FIG. 3 and the
      extended position shown in dotted lines in FIG. 3. It serves the purpose
      of trailering, putting the boat afloat and getting it ashore. The
      undercarriage suspension is of the independent, spring and arm type. The
      undercarriage wheels are mounted on articulated struts and adapted to be
      tilted up, out of the water, in which position they can be fastened to the
      sides of the after part 2.
PAR  The towbar 5 is adapted for quick removal and is provided with a ball-type
      hitch 39 for coupling to the tractor vehicle.
PAR  The after part 2 is provided with commonly known trailer electrical
      equipment which includes signalling lights 40 arranged to be fed from the
      electrical system of the tractor vehicle.
PAR  The boat is provided with soft-lined cradles 41 for the purpose of
      supporting the craft when it is kept on the land with the undercarriage
      retracted as shown in FIG. 1.
PAR  The boat is provided with a folding tent 42 of man's height. The tent is
      arranged to form a two-room home in conjunction with the boat. When the
      after part 2 is used separately, the tent 42 forms a single-room home with
      a canopy.
PAR  The boat constructed according to the present invention can be put to the
      following uses: a floating recreaction home; a two-room camping home for
      use on land; a recreational motorboat (with the camping and towing
      equipment removed); a single-room home with a canopy (when using the after
      part separately); a planing catamaran adapted to be propelled by power or
      by rowing (when using the fore part separately).
PAR  The two last-mentioned uses can be effected simultaneously, this being the
      main advantage featured by the invention
PAR  To unfold the trailer 3 (FIG. 4) for the purpose of making a two-room land
      camper, the hydroplate 9 is removed, the locks which hold the fore part 1
      folded down onto the after part 2 are disengaged, the fore part 1 is
      pivoted about the upper joints 17 (FIG. 11) until the brackets 25 and 26
      of the lower attachment fittings 18 meet and thereafter they are secured
      together with the bolt 28 and nut 29. The tent 42 is removed from its
      stowage in the after part 2 and is erected. To camp for a short time, the
      cradles 41 are placed under the wheels of the undercarriage 4, in which
      case the boat will rest on the ground by the wheels and the bottom of the
      fore part 1.
PAR  For camping for a long time, the undercarriage wheels are retracted and
      fixed in the upper position as shown in FIG. 3. The boat is placed on the
      cradles 41 (FIG. 1). The hydroplate 9 can be fitted with legs to form a
      table.
PAR  To prepare the boat for camping afloat, the following operations are
      carried out in addition to those described above:
PAR  Remove the towbar 5 and close the tunnel 7 in the catamaran 1 with the
      hydroplate 9. Open the rear cover of the after part 2 and mount the motor
      13 on the transom board 14.
PAR  Next the boat is wheeled into the water, with the stern ahead (the motor 13
      will serve as a counterweight, facilitating the operation). After the boat
      is put afloat, the undercarriage wheels are tilted up and fastened to the
      sides of the after part 2.
PAR  In order to use both the fore part 1 and after part 2 separately,
      disconnect them by taking apart the upper joints 17. For the purpose,
      using the wrench 24 (FIG. 14), remove the screw 23 from the sleeve 21 and
      thereafter disconnect the brackets 19 and 20. Remove the fore part 1 from
      the after part 2 and put it afloat. Place the after part 2 on the cradles
      41 and erect the tent 42.
PAR  With the camping and towing equipment removed, the boat becomes a
      high-speed planing pleasure craft.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A collapsible trailer boat adapted to be powered by an outboard motor
      and comprising: an after part the hull of which is shaped with a flat
      deadrise and has provision for mounting said outboard motor; a fore part
      jointed to said after part in such a manner that they can be folded to
      form a trailer by pivotally moving said fore part in the longitudinal
      centerplane until it rests, with its bottom up, on said after part; a
      retractable undercarriage mounted on said after part; a removable towbar
      mounted on said after part and adapted for hitching said trailer to a
      vehicle; said fore part being detachable from said after part, which fore
      part has a hull in the form of a planing catamaran with a tunnel and is
      adapted for use as a separate craft; a removable hydroplate which, for the
      purpose of using the complete boat bodily, is shaped to close the portion
      of said catamaran tunnel adjacent to the after part and to conform the
      shape of the bottom of said catamaran to the shape of the bottom of said
      after part, said hydroplate forming a transverse step at the junction of
      said fore and after parts, a gap being provided at said step for water to
      be drawn from the said catamaran tunnel when the craft is planing.
NUM  2.
PAR  2. A boat as claimed in claim 1, comprising a transom board attached to the
      stern of the catamaran for mounting said outboard motor and two antisquat
      boards arranged to be positioned substantially level with the catamaran
      bottom, one on each side of the tunnel thereof, said antisquat boards
      being intended to improve the longitudinal stability of the catamaran and
      to be employed as a portion of the deck planking when the complete boat is
      used bodily.
NUM  3.
PAR  3. A boat as claimed in claim 1, wherein the hydroplate is hollow, its
      under side being shaped with a deadrise increasing toward the after part,
      and the upper side being flat so that said hydroplate may be used ashore
      as a tabletop.
NUM  4.
PAR  4. A boat as claimed in claim 1, wherein said fore and after parts are
      detachably jointed by means of two upper separable joints, each comprising
      a hook-shaped yoke, and two lower separable attachment fittings employing
      swivel bolts.
PATN
WKU  039408140
SRC  5
APN  5058155
APT  1
ART  315
APD  19740913
TTL  Portable salvage lift
ISD  19760302
NCL  20
ECL  1
EXA  O'Connor; Gregory W.
EXP  Blix; Trygve M.
NDR  2
NFG  5
INVT
NAM  Bayles; John J.
CTY  Oxnard
STA  CA
INVT
NAM  Roster; Theodore J.
CTY  Oxnard
STA  CA
ASSG
NAM  The United States of America as represented by the Secretary of the Navy
CTY  Washington
STA  DC
COD  06
CLAS
OCL    9  8R
XCL    9  9
XCL  114 54
EDF  2
ICL  B63C  702
ICL  B63C  726
FSC    9
FSS  8 R;9
FSC  114
FSS  50;51;54
UREF
PNO  750322
ISD  19040100
NAM  Tribble
OCL    9  9
UREF
PNO  1249486
ISD  19171200
NAM  Polachek
OCL    9  9
UREF
PNO  3471877
ISD  19691000
NAM  Bayles
OCL    9  8R
UREF
PNO  3631551
ISD  19720100
NAM  Miller
OCL    9  8R
UREF
PNO  3667417
ISD  19720600
NAM  Clinkenbeard
OCL  114 51
LREP
FR2  Sciascia; Richard S.
FR2  St.Amand; Joseph M.
FR2  Hollis; Darrell E.
ABST
PAL  A portable salvage lift apparatus for use in an underwater environment
       coising a buoyancy system having a variable lift capability and a
      tethering system employing a brake comprising a pump. This pump has a
      rotor coupled to a reel in the tethering system, an inlet to admit water
      to the pump and a restricted outlet to increase the resistance to water
      flow through the pump thus resisting rapid rotation of the reel, whereby
      the rate of ascent of the apparatus is controlled.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates generally to underwater salvage lift systems, and
      more particularly to such system employing controlled buoyancy devices and
      a tether system having brake mechanisms.
PAR  2. Description of the Prior Art
PAR  Many devices have been utilized by divers to salvage objects from the ocean
      bottom. These range from plastic bags to inverted buckets that generally
      have been inflated or buoyed up by filling the device with scuba air from
      breathing gas bottles. No control was provided.
PAR  Recently, rigid devices have been provided having zipper closures which can
      be used to regulate lift capability by allowing excess gas to spill at any
      setting of the zipper slide. Some of these rigid devices have been
      provided with self-contained air supplies, generally limited. However,
      these rigid body devices are large and bulky, hence, difficult to handle
      by divers. Also, they have no means by which their rate of ascent can be
      controlled. As a result, injuries to surface objects and personnel often
      occur.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an apparatus for use in underwater salvage
      operations having a variable lift capability and a tethering system
      employing a braking system whereby the rate of ascent of the apparatus is
      controlled. In one embodiment of the present invention, a collapsible
      inflation bag having a zipper-controlled buoyancy mechanism is attached to
      a housing. A source of compressed gas is employed to inflate the inflation
      bag. A reel having a line wound thereon one end of which is affixed to the
      bottom serves as a tether mechanism. Attached to the reel is an impeller
      of a water pump having a restricted outlet whereby the rate of rotation of
      the reel is slowed down, hence, slowing the ascent of the apparatus.
PAR  Accordingly, one object of the present invention is to control the rate of
      ascent of the salvage apparatus.
PAR  Another object of the present invention is to provide controlled buoyancy
      to the apparatus.
PAR  Another object of the present invention is to provide protection for
      surface objects and personnel.
PAR  Another object of the present invention is to provide a low cost,
      efficient, reliable, easy to operate salvage apparatus.
PAR  Other objects and a more complete appreciation of the present invention and
      its many attendant advantages will develop as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings in which like
      reference numerals designate like parts throughout the figures thereof and
      wherein.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of one embodiment of the present invention
      illustrating the housing and inflatable bag.
PAR  FIG. 2 is an isometric view of one embodiment of the present invention
      illustrating the collapsible capability of the inflatable bag.
PAR  FIG. 3 is a section view of one embodiment of the present invention.
PAR  FIG. 4 is an isometric view of the stator blades of FIG. 3.
PAR  FIG. 5 is an isometric view of the reel and impeller of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning to FIG. 1, a housing 10 is shown having an upper part 12 and a
      lower part 14. Latches 16 hold upper and lower parts 12 and 14 together.
      Housing 10 is also provided with resilient bumper rings 18. Housing 10 is
      fabricated of fiberglass in the embodiment shown but can be fabricated
      from any suitable lightweight metal or plastic material.
PAR  Upper part 12 has an aperture 20 therein. Connected to housing 10 and
      located in aperture 20 is collapsible inflation bag 22. Collapsible
      inflation bag 22, when inflated, projects above housing 10. Inflation bag
      22 may be fabricated of a suitable material. Such suitable materials are
      numerous in the art.
PAR  Incorporated in one side of the cylindrical portion of inflation bag 22 is
      a venting mechanism 24 comprising a zipper 26, which incorporates a pull
      mechanism 28 having a central hole therein. As the zipper pull mechanism
      28 is moved toward and away from housing 10, the gas level in inflation
      bag 22 is caused to vary, thereby varying the degree of buoyancy. Zipper
      26 on both sides of pull mechanism 28 is closed so that the only vent to
      ambient pressure is through pull mechanism 28. Venting mechanism 24 may be
      fabricated from a metal or plastic material suitable for underwater usage.
      It is noted that stainless steel is compatible with a salt water
      environment and would be a suitable material for underwater use.
PAR  Now turning to FIG. 2, housing 10 is illustrated with collapsible bag 22 in
      its collapsed mode. A pair of removable retainer straps 30 are utilized to
      prevent collapsible bag 22 from projecting outward from housing 10.
PAR  Turning to FIG. 3, underwater lift salvage apparatus 40 is shown in section
      view. Housing 10 contains aperture 20 which has a plate 42 integral to
      housing 10 forming the bottom of aperture 20. Housing 10 contains spaces
      44 in which commercially available buoyancy materials 47 may be disposed
      to render apparatus 40 positively or negatively buoyant.
PAR  Inflation bag 22 is affixed to plate 42 by disposing a clamping ring
      spindle centering spider 45 into the bottom of inflation bag 22 and
      bolting spider 45 to load transfer ring 46. Both spider 45 and ring 46 are
      inside inflation bag 22.
PAR  Late Plate has an aperture 48 therein through which spindle 50 projects.
      Spindle 50 is connected to spider 45. Spindle 50 extends downward through
      plate 52. Spindle 50 is bolted to plate 52 via flange member 54, thereby
      clamping inflation bag 22 to plate 42. It is noted that the connection of
      spindle 50 to inflation bag 22 is gas-tight.
PAR  Spindle 50 is hollow, thereby providing a section of an air path from gas
      bottle 56 to inflation bag 22. The inflation gas from bottle 56 passes
      through pressure regulators and manifolding 58 and through pipe 60 to
      spindle 50. Attached to pipe 60 is inflation gas hand control 62. Thus, an
      air-tight path is formed from bottle 56 to inflation bag 22. Located on
      spider 45 is air check valve 64. Of course, retainer straps 30 have been
      removed in the embodiment of FIG. 3. Bottle 56 contains a replaceable gas
      element 57.
PAR  A reel 68 is also connected to spindle 50 via bearings 70 and 72 whereby
      reel 68 is free to rotate about spindle 50. Wound on reel 68 is line 74
      which exits reel 68 and penetrates housing 10 through opening 76.
      Connected between housing opening 76 and housing opening 78 is line guide
      tunnel 80. Line 74 passes through tunnel 80 and then extends over to line
      guide 82 attached to spindle 50. From line guide 82, line 74 exits housing
      10 through opening 84. It is envisioned that the end of line 74, passing
      outward from housing 10, will be affixed to the bottom or to an object in
      the water.
PAR  Attached to the underside of reel 68 are impeller blades 86. FIG. 5
      illustrates impeller blades 86 from an isometric view. Stator ring 88 and
      stator blades 90 are attached to plate 52 and surround the edge of
      impeller blades 86. It is noted that stator ring 88 may be considered part
      of housing 10. Plate 52 contains water inlet holes 92. Plate 52 with water
      inlet holes 92, impeller blades 86, reel 68, stator ring 88, stator blades
      90, and wall 94 form a water pump unit 98. An outlet opening 100 is formed
      by stator ring 88, wall 94, and the lower flange 102 of reel 68. Outlet
      opening 100 chokes down the flow of water through water pump 98 since
      outlet opening 100 is formed with a close tolerance fit, i.e. the
      cross-sectional area of outlet opening 100 is much smaller than the
      cross-sectional area of inlet opening 92. As an example, inlet holes 92
      may be approximately 18.84 square inches in cross-sectional area while
      outlet opening 100 may be approximately 7.76 square inches in
      cross-sectional area. The ratio of cross-sectional area of inlet holes 92
      to outlet opening 100 is approximately 2.42. This restriction or close
      tolerance fit of outlet opening 100 results in an energy expenditure or a
      slowing force being exerted on impeller blades 86 and transmitted to reel
      68. The path of water through water pump 98 is shown by dotted lines 96 in
      FIG. 3. Water exits housing 10 through ports 112 and 114. Thus, water pump
      98 serves as a brake for slowing the rate of rotation of reel 68 as
      apparatus 40 ascends to the surface when inflation bag 22 renders
      apparatus 40 positively buoyant.
PAR  One end of line 74 may be attached to an underwater object, thereby
      tethering apparatus 40 from the object. When apparatus 40 is rendered
      positively buoyant, apparatus 40 ascends in the water. As apparatus 40
      ascends, line 74 unwinds from reel 68. This rate of ascent, if unchecked,
      may cause damage to surface objects, personnel, or objects being carried
      by apparatus 40. In order to prevent any unfortunate accidents, water
      brake 98 controls the rate of ascent of apparatus 40. Of course, the
      setting of pull mechanism 28 is also a factor in determining the rate of
      ascent of apparatus 40. In addition, collapsible inflation bag 22 provides
      a soft bumper in case apparatus 40 does collide with a surface object. Of
      course, water brake 98 can be alternately disposed other than as depicted
      in FIG. 3, e.g. water pump 98 could be separated from reel 68 and driven
      through a gear assembly between reel 68 and water pump 98,
PAR  It is noted that alternative to reel 68 rotating about spindle 50, reel 68
      may be rigidly affixed to spindle 50, thereby causing apparatus 40 to
      rotate or spin in the water as it ascends.
PAR  Attached to the lower end of spindle 50 is load ring 104.
PAR  FIG. 4 illustrates stator ring 88 and stator blades 90. Each stator blade
      90 is disposed to be coincident with a radius line drawn from the center
      110 of spindle 50 at a distance r from center 110. Stator blades 90
      terminate the rotational movement imparted to the water by impeller blades
      86. This has the effect of increasing the slowing force exerted on reel 68
      via impeller blades 86.
PAR  It is envisioned that all metal parts of the operating mechanism are formed
      of stainless steel which is compatible with a salt water environment.
      Also, it will be appreciated by those skilled in the art that such
      necessary and suitable water-proofing materials are provided where needed.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described herein.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for underwater lifting in an essentially vertical direction
      through a column of water comprising:
PA1  a. housing means;
PA1  b. an inflatable member connected to said housing means;
PA1  c. means communicating with said inflatable member for inflating said
      member, thereby rendering said apparatus positively buoyant when said
      inflatable member in inflated;
PA1  d. cable means for serving as a tether line;
PA1  e. reel means having at least one flange rotatably connected to said
      housing means for housing said cable means, said reel means permitting
      said cable means to unwind therefrom, thereby permitting said apparatus to
      rise when said inflatable member is inflated; and
PA1  f. a water pump having a housing, inlet means, restricted outlet means, and
      an impeller rigidly connected to said reel means whereby the water passing
      through said water pump exerts a slowing force on said reel means due to
      forces created on said impeller when said water pump attempts to expel
      water through said restricted outlet means, thereby controlling the rate
      of ascent of said apparatus when said inflatable member is inflated.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said inflatable member includes venting
      means on said inflatable member for adjusting the amount of buoyancy of
      said apparatus.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said venting means are slidably
      adjustable so that a very fine adjustment of the buoyancy of said
      apparatus can be achieved.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said venting means are slidably
      adjustable the entire length of said inflatable member.
NUM  5.
PAR  5. The apparatus of claim 2 wherein said venting means comprises a slide
      fastener and a pull mechanism.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said slide fastener is closed at all
      portions exterior to said pull mechanism and open at portions interior to
      said pull mechanism; and
PA1  said pull mechanism has an aperture therethrough which permits open
      communication, through said slide fastener, between the interior of said
      inflatable member and the ambient pressure exterior to said inflatable
      member.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said inflatable member is collapsible
      when not inflated.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said housing means has an aperture
      therethrough.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said inflatable member is collapsible
      when not inflated.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said inflatable member is disposed in
      said aperture of said housing means.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said inflatable member includes
      detachable means for retaining said inflatable member in said aperture.
NUM  12.
PAR  12. The apparatus of claim 1 wherein said inflation means includes a manual
      control means for permitting manual control of the inflation of said
      inflatable member.
NUM  13.
PAR  13. The apparatus of claim 1 wherein said impeller comprises impeller
      blades rigidly attached to said flange of said reel means, said flange
      forming an upper portion of said water pump housing, said upper portion of
      said water pump housing being capable of rotating with respect to a lower
      portion of said water pump housing.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said water pump further comprises:
PA1  means disposed between said impeller and said outlet means for terminating
      the rotational movement imparted to the water exiting said impeller before
      the water passes through said outlet means, thereby increasing the slowing
      force imparted to said reel means.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said means for terminating rotational
      movement comprises a plurality of stator blades attached to said lower
      water pump housing, the water passing into said water pump through said
      inlet means, then passing through said impeller, then through said stator
      blades, and out through said restricted outlet means.
NUM  16.
PAR  16. The apparatus of claim 13 wherein said inlet means are disposed in said
      lower water pump housing and said outlet means is formed by the space
      between said lower water pump housing and said flange.
NUM  17.
PAR  17. The apparatus of claim 1 wherein said water pump further comprises:
PA1  means disposed between said impeller and said outlet means for terminating
      the rotational movement imparted to the water exiting said impeller before
      the water passes through said outlet means, thereby increasing the slowing
      force imparted to said reel means.
NUM  18.
PAR  18. The apparatus of claim 17 wherein said means for terminating rotational
      movement comprises a plurality of stator blades attached to said water
      pump housing.
NUM  19.
PAR  19. The apparatus of claim 1 wherein said inflation means comprises gas
      supply means for supplying gas to said inflatable member.
NUM  20.
PAR  20. The apparatus of claim 19 wherein said gas supply means comprises a
      cylindrical container having a replaceable gas element.
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ABST
PAL  A swim fin including a quick-release mechanism associated with the heel
      strap. The quick-release mechanism includes a lever and a link which are
      secured together and to the strap in such a way as to define an over
      center, toggle, lever arrangement whereby the effective length of the
      strap can be quickly and abruptly changed to allow easy entry or release
      of the foot of a swimmer from the foot receiving cavity of the fin.
PARN
PAR  This is a continuation of application Ser. No. 356,784 filed May 3, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to swim fins, and more particularly, to a
      quick-release device associated with the foot retaining strap on a swim
      fin.
PAR  Recent years have seen an explosion in a variety of recreational fields
      including swimming with the use of snorkels and/or scuba gear. Typically
      swimmers indulging in such endeavors utilize swim fins for increased and
      more effortless propulsion through the water. As every such swimmer knows,
      swim fins are a substantial advantage while in the water and swimming, but
      because of their bulk and unwieldyness, are cumbersome when the swimmer is
      entering or exiting the water or attempting to move out on land.
PAR  Thus, the swimmer will normally attempt to place the swim fin on his foot
      or remove it at or about the time of entry or exit into the water so as to
      avoid mobility difficulties caused by the bulk and unwieldyness of the
      fin. This procedure, however, has been less than satisfactory because of
      the securing means normally employed in connection with swim fins for
      holding the same on a swimmer's foot. Typically, such means are in the
      form of a strap extending across the opening of a foot receiving cavity in
      the fin to engage the heel of the swimmer and hold the foot in the cavity.
      Because the losing of a fin while swimming is to be avoided, such straps
      are normally placed under a fair amount of tension which makes it
      difficult to place the foot in the fin or remove the foot from the fin. As
      a result, it is almost as much bother for a swimmer to put on or take off
      a fin as it is to attempt to enter or exit the water or move about on dry
      land while wearing the fin.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the invention to provide a new and improve
      swim fin. More particularly, it is an object of the invention to provide a
      swim fin that may be easily placed on the foot of a swimmer or taken off
      the foot of a swimmer.
PAR  The exemplary embodiment of the invention achieves the foregoing object in
      a construction including a swim fin having a foot receiving cavity having
      an opening for receiving the foot of the swimmer adjacent the heel of the
      fin, an opposed toe end and a flexible blade extending forwardly and
      integral with the toe. A strap is secured to the foot receiving portion of
      the fin adjacent the opening on one side thereof while a quick-release
      connection is located between the other end of the strap and the foot
      receiving portion on an opposite side of the foot receiving opening.
PAR  According to the preferred embodiment, the quick-release connection is of a
      type whereby, through a single operation of the swimmer, the effective
      length of the strap may be quickly and substantially changed from a
      relatively short effective length whereat the strap will tightly embrace
      the swimmer's heel to hold the fin securely on the swimmer's foot and a
      relatively longer effective length whereat the strap will not interfere
      with the entry or exit of the swimmer's foot into or out of the foot
      receiving cavity.
PAR  One preferred construction of a quick-release means according to the
      invention is the use of an over center, toggle lever arrangement.
      According to the preferred embodiment, the lever is pivotally mounted to
      the foot receiving portion of the swim fin while a link extends from a
      point intermediate the ends of the lever to the strap. The arrangement is
      such that when an end of the lever opposite its point of pivotal
      connection to the foot receiving portion is extended directly away from
      the heel opening, a relatively short effective length of the strap
      results. The over center construction of the link and lever will hold the
      same in such a configuration once it has been manually moved thereto. When
      the swimmer desires to release his foot from the fin, the lever is merely
      pivoted toward the heel receiving opening to vastly increase the effective
      length of the strap whereby the foot may be easily removed or inserted out
      of or into the foot receiving cavity.
PAR  Other objects and advantages of the invention will become apparent from the
      following specification taken in conjunction with the accompanying
      drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a swim fin embodying the invention;
PAR  FIG. 2 is an enlarged, fragmentary, side elevation of a quick-release
      connection employed in the swim fin;
PAR  FIG. 3 is a horizontal section taken approximately along the line 3--3 of
      FIG. 2 and illustrates the arrangement of the elements when the strap has
      a relatively short effective length; and
PAR  FIG. 4 is a view similar to FIG. 3 but illustrating the arrangement of the
      various elements when the strap has a relatively long effective length.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An exemplary embodiment of a swim fin embodying the invention is
      illustrated in FIG. 1 and is seen to include a hollow, foot receiving
      portion, generally designated 10, having an open end 12 whereby the foot
      of a swimmer may be inserted into the foot receiving portion 10. Opposite
      of the opening 12 is a closed toe 14 and extending forwardly of the toe 14
      and integral therewith is a flexible blade 16 as is well known.
PAR  Extending across the opening 12 is a strap 18 having one end (not shown)
      fixedly secured to the foot receiving portion 10 adjacent one side of the
      opening 12 by any conventional means known in the art. The other end 20 of
      the strap 18 is secured to a quick-release means, generally designated 22,
      whereby the effective length of the strap 18 may be selectively and
      abruptly changed between a relatively short effective length whereat the
      strap 18 will tightly embrace the heel of a swimmer having his foot within
      the foot receiving portion 10 and a relatively long effective length
      whereat the foot may be easily placed into the foot receiving cavity or
      removed therefrom without interference from the strap 18. The
      quick-release means 22 are fixedly secured by means to be described in
      greater detail hereinafter to the foot receiving portion 10 adjacent the
      side of the opening 12 and opposite from the point of attachment of the
      other end of the strap 18.
PAR  With reference now to FIGS. 1-4, inclusive, the quick-release means 22 will
      be described in greater detail. The basic components of the same include a
      lever 24 and a link 26. As seen in the various FIGS., the right-hand end
      28 of the lever 24 serves as a handle portion. As will be seen, the user
      of the fin may grasp the handle portion 28 to selectively operate the
      quick-release means 22 in a manner to be described in greater detail
      hereinafter.
PAR  Turning now to FIGS. 2-4, inclusive, the lever 24, at the end opposite the
      handle portion 28, includes a re-entrant loop 30. The loop 30 is passed
      through a slot 32 in the bight 34 of a U-shaped mounting bracket 36. The
      legs 38 of the U-shaped mounting bracket include aligned apertures 40 near
      their extremities for receipt of a securing pin 42. Adjacent the opening
      12 and on the exterior of the foot receiving portion 10, is an integral
      lug 44 about which the U-shaped bracket 36 is located, as best seen in
      FIGS. 2-4. The pin 42 is then passed through the apertures 40 and a bore
      (not shown) in the lug 44 to firmly captivate the U-shaped member 36.
PAR  It is also to be observed that the bight 34 of the U-shaped bracket 36
      includes a depending flange 46 as well as an inwardly directed tongue 48.
      The flange 46 bears against the exterior of the foot receiving portion 10
      while the tongue 48 bears against a small notch 50 formed in the lug 44 so
      that the U-shaped bracket 36 bears against the fin at two spaced points to
      substantially preclude relative movement between the two thereby
      minimizing wear on the relatively soft material of which the swim fin will
      normally be formed.
PAR  As a result of the foregoing construction, it will be appreciated that the
      lever 24 is pivotally mounted on the foot receiving portion 10 adjacent
      the opening 12 with the U-shaped bracket 38 serving to locate the pivot
      axis of the lever 24 outwardly a distance from the foot receiving portion
      10.
PAR  Intermediate the ends of the lever 24, the latter includes a pair of
      U-shaped openings 54. As a result of the provision of the U-shaped
      openings 54, a pair of tongues are defined and they, in turn, are passed
      through a slot 58 in the end of the link 26 remote 56 are the opening 12
      in such a way as to captivate the end of the link and define a pivotal
      connection between the link 26 and the lever 24.
PAR  The end of the link 26 remote from the lever 24 includes a pair of slots 60
      for receiving the end 20 of the strap 18 to firmly, but adjustably,
      connect the end of the link 26 to the strap 18.
PAR  Intermediate the ends of the link, the latter includes a V-shaped formation
      62 which, as viewed in FIG. 3, allows the link 26 to pass about the
      pivotally mounted end of the lever 24. This formation allows the end of
      the link 26 to which the strap 18 is connected, to be closely adjacent the
      exterior of the foot receiving portion 10, as well as to allow the
      opposite end of the link 26 to assume a position in substantial abutment
      with the lever 24 in one position of the relative movement thereof.
PAR  As can be seen in FIG. 3, an over center, toggle lever arrangement is
      defined. When the lever 24 is moved to the position illustrated in FIG. 3,
      it will be appreciated that the strap end 20 will be drawn close to the
      opening 12 thereby providing a relatively short effective length of the
      strap 18. By suitably orienting the strap 18 within the slots 60, any
      desired foot retaining tension may be applied to the strap 18.
PAR  When it is desired to increase the effective length of the strap 18, the
      handle portion 28 of the lever 24 may be grasped and the same moved in the
      direction of an arrow 64, as shown in FIG. 3. At about a point 66, the
      lever 24 will pass over center and release so that the lever 24 and the
      link 26 may assume the position illustrated in FIG. 4. As is readily
      apparent, the effective length of the strap 18 has then been vastly
      increased so that a foot may be placed into or removed from the foot
      receiving cavity 10 with relative ease. Thus, at no time, need a simmer
      struggle with a tensioned strap in the course of putting on or taking off
      a swim fin. With the quick-release means of the invention, the swimmer
      need only simply and easily manipulate the lever 24 through the handle
      portion 28 thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A swim fin comprising: means defining a hollow, foot receiving portion
      having a heel opening whereby a swimmer may insert a foot into said hollow
      foot receiving portion, and an opposed toe portion; a flexible blade
      extending forwardly of and integral with said toe portion; a flexible
      strap adapted to bear against the heel of a swimmer when the swimmer has
      his foot received in said hollow foot receiving portion, said strap having
      one end secured to said foot receiving portion adjacent said heel opening;
      means secured to said foot receiving portion adjacent said heel opening at
      a point opposite said strap one end for quickly releasing said strap, said
      means comprises a lever having one end pivotally secured to said foot
      receiving portion, a handle portion on said lever projecting away from
      said pivotally secured end, a link having one end pivotally connected to
      said lever intermediate the ends of said lever, the other end of said link
      being secured to said strap other end, said link includes a V-shaped
      formation intermediate its ends to allow a portion of said link to pass
      about said one end of said lever and move into substantial abutment with a
      portion of said lever, and means for holding said lever in a position
      wherein said handle portion is directed away from said heel receiving
      opening, said holding means includes means locating said lever one end
      substantially outwardly of said foot receiving portion so that said lever
      and said link define an overcenter toggle system, said locating means
      comprises a bracket secured to a lug on the exterior of said foot
      receiving portion, said bracket having first and second tabs bearing
      against said foot receiving portion at spaced locations.
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ABST
PAL  Side lasting apparatus comprising a support for supporting a last, bottom
      side up and lasting instrumentalities supported at opposite sides of the
      last support between which a last mounted on the support with the lasting
      margin of an upper thereon projecting upwardly from the bottom is adapted
      to be moved by the support and wherein said instrumentalities are
      yieldably displaceable laterally and vertically by entrance of the last
      therebetween. There are flexible elements carried by the instrumentalities
      conformable to the shoulders of the last at each side by such displacement
      to fold the lasting margin inwardly over the bottom of the last as the
      last is moved between the instrumentalities.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Side lasting in the art is carried out in general by two types of lasting
      apparatus, to wit, the kind of lasting machine wherein the last is mounted
      on a jack, pinchers are employed to take hold of the lasting margin to
      pull the margin taut and reciprocal wiper blades are then moved parallel
      to the bottom to take the lasting margin from the pinchers and stretch it
      across the bottom and the Kamborian progressive type of lasting apparatus
      wherein a last with an upper mounted thereon with its lasting margin
      projecting upwardly from the bottom, is presented by the operator to a
      pair of constantly rotating gripping rolls which pull the lasting margin
      increment by increment upwardly over the side of the last and more or less
      perpendicular to the bottom and a rotary wiper which takes the taut
      lasting margin from the gripping rolls and forces it inwardly over the
      bottom. In each of the aforesaid apparatus the lasting margin may be
      pre-cemented or adhesive may be applied to the lasting margin just before
      the lasting instrumentalities operate to fold the lasting margin against
      the bottom. The latter type is not automatic but requires the constant
      attention and considerable cooperation of the operator. The apparatus of
      this invention is designed to be substantially automatic in its operation
      and to effect lasting of both sides of the shoe at once in a progressive
      fashion, that is, increment by increment without the assistance or need
      for manipulation by an operator other than to place the last on the last
      support.
PAC  SUMMARY OF INVENTION
PAR  As herein illustrated, the apparatus comprises means for moving a last
      bottom side up along a predetermined path with an insole and upper mounted
      thereon and with the lasting margin projecting upwardly from the bottom,
      instrumentalities supported at opposite sides of the path of movement for
      engagement with the sides of the last substantially at the shoulders, said
      instrumentalities being yieldably pressed against said shoulders and
      rotatably about axes inclined to the bottom of the last such as to present
      a succession of working surfaces into engagement with the shoulders as the
      last is moved along said path relative to the instrumentalities and
      wherein said instrumentalities are comprised of a series of deformable
      elements supported with portions above and below the bottom of the last at
      angles to the bottom of the last and as they are successively displaced by
      the last press the lasting margins over the shoulders and inwardly against
      the bottom.
PAR  The lasting instrumentalities are movable inwardly toward opposite sides of
      the last support and downwardly with respect thereto and there is means
      yieldably opposing their displacement. Each instrumentality is freely
      rotatable relative to the shoulder of the last as the last is moved
      relative thereto to present a succession of narrow working surfaces to the
      sides of the last for progressively and incrementally applying lasting
      pressure to the lasting margin. Each instrumentality comprises a shaft
      supported in a position inclined downwardly and outwardly with respect to
      the bottom of the last, axially spaced hubs on the shaft one of which is
      substantially above the bottom of the last and the other is substantially
      below the bottom of the last, a plurality of flexible elements fastened at
      their ends to the hubs so as to be stressed therebetween the means
      yieldably resisting displacement of the elements. Each element is fastened
      to the upper hub and is connected to the lower hub by a spring and may
      comprise a strip of leather, web ducking or rubber. The elements are
      spaced about the hub at uniformly spaced intervals to provide gaps
      therebetween and the upper hub has at its inner side an inclined surface
      which is substantially parallel to the bottom of the last so as to apply
      pressure to the portion of the displaced element overlying the bottom. The
      last support comprises a pair of disks mounted on a horizontal shaft for
      rotation in a plane midway between the lasting instrumentalities, the
      edges of which carry yieldable gaskets which define an annular groove, the
      walls of which converge, to receive the neck of the last placed on it. The
      last support is motor driven to carry a last placed on it upwardly and
      between the lasting instrumentalities and following lasting to move away
      from the lasting instrumentalities at the opposite side.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is an elevation of the lasting apparatus of this invention with
      parts in section;
PAR  FIG. 2 is a fragmentary elevation taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is an elevation taken on line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged fragmentary view partly in section showing the
      application of one of the wiping instrumentalities to the side of a last;
PAR  FIG. 5 is an elevation of the lasting instrumentality removed from the
      apparatus;
PAR  FIG. 6 is a top view of FIG. 5;
PAR  FIG. 7 is a bottom view of FIG. 5;
PAR  FIG. 8 is a fragmentary section taken on the line 8-8 of FIG. 4, and
PAR  FIG. 9 is a fragmentary section taken on the line 9--9 of FIG. 4.
DETD
PAR  Referring to FIGS. 1 and 2 the apparatus as herein illustrated is provided
      with a supporting frame 10 comprising uprights 12--12 joined at their
      upper and lower ends by suitable cross-bracings 14. To provide a stable
      structure angle bracings 18--18 is employed to steady the frame on its
      base.
PAR  Mounted on the supporting frame 10 are a last support 20 for lasts on which
      are mounted uppers for the side lasting operation and side lasting
      instrumentalities 22--22 mounted at opposite sides of the last support 20.
PAR  The last support 20 for the lasts, and by means of which lasts are
      presented to the wiping instrumentalities for lasting, comprises a pair of
      flat circular disks 24--24 mounted on a horizontally disposed shaft 26 by
      means of hubs 28--28 at their centers containing openings for slidingly
      receiving the shaft so that the distance between the disks may be adjusted
      for lasts of different size. Set screws 30--30 threaded into the hubs
      provide for securing the disks at a predetermined spacing. Peripherally of
      each disk there is a flexible gasket 32 the cross section of which is such
      that the gaskets on the two disks collectively define between them an
      annular space 34 which has radially divergent surfaces for receiving the
      neck n of the last L which is to be presented to the wiping
      instrumentalities. As shown in FIG. 2, a last with an upper u and insoles
      mounted thereon and with the lasting margin m of the upper projecting
      vertically from the bottom is placed bottom side up on the last support
      with the neck n of the last engaged between the gasket members 32--32 and
      is allowed to be carried upwardly in the direction of the arrow, that is,
      heel end first, between the lasting instrumentalities 22--22 without need
      for the operator holding onto the last.
PAR  The shaft 26 is supported at its opposite ends in bearing members 36--36
      which are in turn mounted on brackets 38--38 secured to the uprights
      12--12. A sprocket 40 is fixed to the shaft 26 and rotation of the shaft
      26 is effected by a chain 42 entrained at one end about the sprocket 40
      and at its other end about a sprocket 44 fixed to a shaft 46 driven by a
      motor M.
PAR  The wiping instrumentalities 22--22 as related above are supported at
      opposite sides of the last support 20 and are mounted on the frame at a
      spacing to receive between them the sides of a last mounted on the last
      support for the last and to resist lateral and upward displacement by
      movement of the last therebetween. Each instrumentality 22 comprises a
      shaft 48 on which there are mounted in axially spaced relation an upper
      hub element 50 and a lower hub element 52. Between the two hubs there are
      mounted peripherally and in uniformly spaced relation elements 54 which
      are flexible and which may be comprised of leather, webbing, rubber or the
      like. The upper ends of the elements 54 are fixed by pins 56 or their
      equivalent to the outer edge of the hub 50. These pins may be fixed in the
      face of the hub and the elements provided with slots 58 to enable engaging
      them over the heads of the pins for easy replacement if they become
      damaged. The lower ends of the elements 54 are connected to the peripheral
      edge of the lower hub by springs 60. As will be seen by reference to FIG.
      6 the elements are spaced uniformly about the hubs with gaps 62 between
      elements so that the edges 64 of the respective elements are exposed.
PAR  Each shaft 48 is rotatably supported at its upper end in an L-shaped
      bracket member 65, FIG. 1, fastened to a piston rod 66 protruding from a
      cylinder 68 mounted on the uprights 12 in an inclined position so that the
      axis of the shaft 48 inclines downwardly and outwardly relative to the
      support for the lasts. The cylinder 68 is supplied with air under pressure
      so that the lasting instrumentality fixed to the end of the rod will
      resist lateral displacement according to the pressure supplied to the
      cylinder 68.
PAR  The mounting for the cylinder 68 comprises a bracket member 70 which in
      turn is bolted to a plate 72 mounted on the upright 12 between guide rolls
      74--74 for vertical movement. A bracket 76 is fastened to the inner side
      of the plate 72 to which one end of a piston rod 78 is pivotally connected
      by a pin 80 The piston rod 78 extends from a cylinder 82 pivotally
      connected by pin 84 to a bracket 86 fastened to the bracket 38. Pressure
      is supplied to the upper end of the cylinder 82 so as to hold the rod 78
      fully retracted and thus the plate 74 and the lasting instrumentality
      mounting thereon in its lowermost position with respect to the support for
      the last.
PAR  As thus constructed, when a last with an upper mounted thereon with its
      lasting margin projecting from its bottom surface is placed on the last
      support 20 between the lips of the gasket members 32--32 it is carried
      around the heel end first into engagement with the wiping
      instrumentalities and as it enters between them it displaces the elements
      54 at each side laterally against the pressure forcing the
      instrumentalities inwardly and the pressure pulling the instrumentalities
      downwardly. The result is that the elements 54 which are flexible are
      deflected so as to wrap around the lower part of the last, shoulder, and
      on to the bottom and by such wraparound to fold the lasting margin
      downwardly and push it inwardly. The displacement produced by the last
      operates because of the spring loaded lower ends of the elements to apply
      a force upwardly toward the bottom in the direction of the arrow, FIG. 4,
      and a force inwardly over the bottom substantially parallel thereto in the
      direction of the arrow Y. The lasting forces are applied as the last is
      moved between the instrumentalities by rotation of the lasting
      instrumentalities in opposite directions to progressively bring the
      elements 54 successively into engagement with successive incremental
      portions of the lasting margin, thus the lasting process is a progresssive
      lasting of the upper to the last from the heel end toward the toe end
      which stretches the upper in the most optimum direction for producing a
      snug heel and obtaining a sufficient lasting allowance at the toe to
      enhance the toe lasting operation. The upper hubs 50 of the lasting
      instrumentalities have on their inner sides inclined surfaces 88-88 which
      are substantially parallel to the bottom of the last and when the last is
      moved between the instrumentalities and displaces the elements the
      inclined surface 88--88 apply pressure to the upper parts of the elements
      overlying the bottom more or less perpendicular to the surface which is
      particularly effective and useful if the lasting margin is pre-cemented or
      cement is applied to the lasting margin just before it is laid down to
      achieve good adherence. The surfaces 88--88 contain slots, FIG. 9, for
      receiving the elements 54 so as to provide a substantially flat surface
      for engagement with the margin. It is also to be observed that there are
      gaps between successive elements 54 so that the edges 64 of these elements
      are more or less exposed and as the last is moved between the lasting
      instrumentalities these edges frictionally grip and rub the lasting
      margins into place.
PAR  As the last is moved beyond the lasting instrumentalities it is carried by
      the last support clear of them so that it may be stripped from between the
      last supporting disks by suitable means or merely removed by the operator.
PAR  The apparatus is relatively simple, requires power for its operation only
      as to effecting rotation of the support for the lasts, the lasting
      instrumentalities themselves being free to rotate and a supply of air
      pressure for the cylinders 68 and 82 which respectively hold the lasting
      instrumentalities adjacent the opposite sides of the support for the last
      and at their lowermost position with respect thereto.
PAR  It is apparent from the foregoing construction that the apparatus is
      especially suitable for receiving lasts of all sizes and of all depths
      regardless of whether they are flat-bottomed or have a high arch because
      of the fact that the lasting instrumentalities are permitted to yield
      laterally and also vertically to follow the contour of the last without
      restraint.
PAR  The apparatus is substantially automatic in that the operator has only to
      place a last on the last support and the lasting will be accomplished
      without further manipulation.
PAR  It should be understood that the present disclosure is for the purpose of
      illustration only and includes all modifications or improvements which
      fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for applying a wiping stress to the upstanding lasting margin
      of an upper mounted on a last, comprising a support for a last, an
      instrumentality mounted adjacent the support for the last, said
      instrumentality embodying a series of flexible elements supported in a
      plane inclined downwardly and outwardly relative to the side of the last,
      means yieldably pressing the instrumentality towards the side of the last
      such that as each element is brought into engagement with the shoulder of
      the last it is stretched about the shoulder of the last against the bottom
      and non-yielding means freely rotatable in the direction of movement of
      the last to which the upper ends of the elements are attached having a
      surface disposed substantially parallel to the bottom of the last such as
      to apply a force to that part of the element engaged with the bottom which
      is substantially perpendicular thereto.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein the instrumentality is movable
      heightwise with respect to the bottom of the last and is yieldably urged
      downwardly toward the bottom.
NUM  3.
PAR  3. Apparatus for applying a wiping stress to the upstanding lasting margin
      of an upper mounted on a last comprising a support for the last, an
      instrumentality adjacent the support, said instrumentality embodying a
      plurality of elongage flexible elements, means supporting the
      instrumentality for rotation about an inclinded axis from above the bottom
      of the last downwardly and outwardly therefrom such that rotation of the
      instrumentality about said axis brings each element successively into a
      plane intersecting the path of movement of the shoulder of the last, and
      means for advancing the last relative to the instrumentality to bring the
      elements successively into engagement with the shoulder of the last.
NUM  4.
PAR  4. Apparatus for applying a wiping stress to the upstanding lasting margin
      of an upper mounted on a last comprising a support for a last, a shaft, a
      support mounting the shaft for rotation about an axis inclined downwardly
      and outwardly relative to the bottom of the last, axially spaced hubs
      fixed to the shaft, one substantially above the bottom of the last and the
      other substantially below the bottom of the last, a plurality of flexible
      elements fastened at their ends to the hubs so as to be stressed
      therebetween, and means yieldably resisting displacement of the shaft away
      from the side of the last presented thereto for lasting, to cause the
      successive elements to become warped about the side and shoulder of the
      last as they are rotated into engagement therewith.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein the lower ends of the elements
      are connected to the lower hub by spring means.
NUM  6.
PAR  6. Apparatus according to claim 4 wherein the upper hub has a peripheral
      surface arranged to overlie the bottom of the last and to be substantially
      parallel thereto at a distance corresponding substantially to the
      thickness of the elements, to press the portions of the elements overlying
      the bottom against the bottom and to apply a rubbing force thereto.
NUM  7.
PAR  7. Apparatus according to claim 4 wherein the elements are spaced about the
      hubs at equal intervals.
NUM  8.
PAR  8. Apparatus according to claim 4 wherein the elements have spaced parallel
      longitudinally extending edges such that the forwardly moving edge of each
      element applies a rearwardly wiping force as well as an upward wiping
      force.
NUM  9.
PAR  9. Apparatus according to claim 4, comprising a pneumatically operable
      piston for pressing the instrumentality against the shoulder of the last.
NUM  10.
PAR  10. Apparatus according to claim 4, wherein the flexible elements are
      leather.
NUM  11.
PAR  11. Apparatus according to claim 4, wherein the flexible elements are
      rubber.
NUM  12.
PAR  12. Apparatus for applying a wiping stress to the upstanding lasting margin
      of an upper mounted on a last comprising a support for supporting the last
      for movement along a predetermined path, a shaft, a support for supporting
      the shaft for rotation about an axis inclined downwardly and outwardly
      relative to the path of movement of the bottom of the last, axially spaced
      hubs fixed to the shaft with one hub substantially above the other
      substantially below the bottom, a plurality of relatively narrow flexible
      elements attached at their ends to the upper and lower hubs at uniformly
      spaced intervals peripherally of the hubs such as to provide spaces
      between adjacent elements, means fixing the upper ends of the elements to
      the upper hub, spring means connecting the lower ends to the lower hub and
      means for effecting movement of the last along said predetermined path.
NUM  13.
PAR  13. Apparatus according to claim 12, wherein the upper hub has a peripheral
      surface at its underside substantially parallel to the bottom which
      applies pressure perpendicular to the bottom and teeth at its edge which
      by engagement with the shoulder of the last as the latter is moved
      relative the the instrumentality effects rotation thereof.
NUM  14.
PAR  14. Apparatus according to claim 12, wherein there is an instrumentality
      supported at each side of the last for operating on the two opposite sides
      of the last simultaneously.
NUM  15.
PAR  15. Apparatus according to claim 14, wherein the support for the last is
      situated midway between the instrumentalities for advancing the last
      between the instrumentalities.
NUM  16.
PAR  16. Apparatus for applying a wiping stress to the upstanding lasting margin
      of an upper mounted on a last, comprising a support for moving a last
      along a predetermined path with its longitudinal axis in the direction of
      movement, an instrumentality adjacent the support, said instrumentality
      embodying a plurality of elongate flexible elements movable successively
      into the path of movement of the shoulder of the last, said elements being
      inclined downwardly and outwardly relative to the plane of the bottom of
      the last in a plane intersecting the path of movement of the shoulder of
      the last such that at the place of engagement of an element with the
      shoulder of the last a portion of the element is stretched about the
      shoulder into engagement with the bottom of the last so as to fold the
      lasting margin inwardly against the bottom and means for effecting
      relative movement of the last and the instrumentality to bring the
      elements successively into engagement with the shoulder of the last.
NUM  17.
PAR  17. Apparatus according to claim 16, wherein the elements are elastic.
NUM  18.
PAR  18. Apparatus according to claim 16, wherein there is an instrumentality at
      each side of the last for simultaneous engagement with the shoulders at
      opposite sides of the last.
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ABST
PAL  A suction head for use in vacuum cleaning a swimming pool bottom intended
      to avoid clamping of the sweep to the pool bottom. A generally rectangular
      flexible platform is supported for forward and backward motion
      perpendicular to the longitudinal axis of the platform while being
      maintained in spaced parallel relation above the pool bottom. A central
      opening in the platform is connected to a suction line. Pairs of
      transverse ribs extending upwardly on the platform are positioned adjacent
      the opening. A pole for moving the sweep across the pool bottom is
      pivotally connected to a pillar projecting vertically from the pool sweep
      adjacent the opening, by a horizontal rigid pin passing transversely
      through the pillar and through a yoke connected to the adjacent end of the
      pole. The ends of the pin contact the ribs adjacent the opening and
      substantially prevent longitudinal flexing of the platform in the region
      adjacent the opening. By preventing longitudinal flexing in the region
      adjacent the opening the problem of clamping, i.e. having the underside of
      the platform moved into contact with the pool bottom, is avoided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a suction head which, when attached to a suction
      source, may be used for vacuum cleaning the bottom of a swimming pool.
PAR  In sweeping the bottom of a swimming pool, it is known to utilize suction
      cleaning systems comprising a flexible suction line, which communicates
      with a suction source such as the pool circulation pump, connected to a
      suction head which distributes the suction over the pool bottom beneath
      the suction head. Accumulations of dirt on the bottom of the pool, such as
      particulate material, leaves and the like, which will be collectively
      referred to hereinafter as "silt," are drawn up the suction line out of
      the pool for removal. The suction head is usually moved manually across
      the pool bottom by a handle pivotally attached to the suction head.
PAR  Applicant's prior U.S. Pat. No. 3,273,188 discloses such a device made of a
      flexible plastic material allowing the suction head to conform to curved
      surfaces on and adjacent to the pool bottom, thereby maintaining a nearly
      uniform and constant separation between the suction head and the pool
      surface in these curved regions so that continued effective utilization of
      the available suction pressure can be achieved. A further advantage of the
      flexible suction head is that marring or chipping of the plaster surface
      of the pool is avoided. Another prior pool sweep of a related nature is
      disclosed in applicant's prior U.S. Pat. No. 3,805,309.
PAR  Although these prior devices have performed gratifyingly, a not infrequent
      problem with suction heads made of flexible material occurs because the
      plate-like nature of the suction head platform causes it to flex
      downwardly in the region of greatest suction, namely, the central region
      of the sweep where the suction line attaches to the platform. The downward
      flexing in the central region is also contributed to by pressure applied
      by the operator to the pole to move the pool sweep. This downward flexing
      may at times be sufficient to bring the underside of the platform into
      contact with the pool surface, resulting in a phenomenon known as
      clamping. This clamping, when it occurs, restricts the mobility of the
      suction head along the pool surface. Clamping can also damage the plaster
      surface of the pool, the suction source and the suction head. Further,
      clamping greatly reduces the efficiency of the cleaning operation because
      the suction source must normally be temporarily deactivated upon each
      clamping occurrence in order to free the suction head for motion.
PAR  The clamping phenomenon is most prevalent in commercial installations,
      which employ especially strong circulation pumps, and the resulting damage
      to pools and suction devices, together with the aforementioned
      inefficiencies mean undesired economic loss for swimming pool maintenance
      operators. Various approaches have been heretofore available to alleviate
      the clamping problem.
PAR  One approach has been to employ a suction head made of a rigid material,
      such as those formed primarily of metal which were the most frequently
      marketed variety less than a decade ago. However, while foreclosing any
      problems with clamping, the metal suction heads have the disadvantage of
      not readily conforming to curved surfaces at or near the pool bottom and,
      furthermore, they have a tendency to chip and mar the plaster surface of
      the pool. It is desirable to not sacrifice the flexibility of the plastic
      suction head in solving the clamping problem.
PAR  Another approach is to elevate the flexible suction head sufficiently high
      above the pool surface so that the suction force will be insufficient for
      clamping to occur. This approach necessarily results in reduced vacuuming
      efficiency due to the loss of suction force and it is desirable to
      maintain the suction head in close proximity to the pool surface in order
      to make most efficient use of the suction pressure.
PAR  Thus it is a concern of pool maintenance operators to be able to take
      advantage of the full suction pressure while utilizing a suction head
      which is flexible so as to conform to curved surfaces on the pool and
      which will not tend to damage the plaster surface of the pool.
PAC  SUMMARY OF THE INVENTION
PAR  A suction head for a swimming pool cleaner, constructed in accordance with
      the invention, is intended to provide a flexible device which will not
      sacrifice the advantages of heretofore known flexible pool cleaners, while
      remaining sufficiently rigid in the area immediately surrounding the
      opening communicating the suction source to the pool surface as to prevent
      clamping of the suction head to the pool bottom.
PAR  More particularly, a suction head, constructed in accordance with the
      present invention, includes a generally planar platform composed of a
      flexible material extending in longitudinal and transverse directions,
      supported by wheels which maintain the platform spaced above the pool
      bottom in adjacent, generally parallel relation thereto and facilitate
      forward and backward motion of the platform perpendicular to its
      longitudinal axis. An opening extending generally centrally through the
      platform is adapted for connection to a suction line. The upper surface of
      the platform is provided with a plurality of parallel longitudinally
      spaced transverse ribs arranged in pairs. The two ribs closest to the
      opening on opposite sides of it, constitute two inner ribs. The suction
      head is moved across the pool bottom by a pole manipulated by an operator
      standing by the pole. The pool is provided with a yoke at its lower end
      which loosely embraces a vertical pillar connected to the upper side of
      the platform adjacent the opening. A horizontal pin extends longitudinally
      through the pillar and the yoke to connect the pole pivotally to the
      platform. The pin is rigid and extends beyond the yoke into contact with
      the adjacent two innermost ribs. The contact between the rigid pin and the
      two inner ribs substantially prevents longitudinal flexing of the platform
      in the region adjacent the opening.
PAR  By preventing substantial longitudinal flexing in the region adjacent the
      opening the problem of having the underside of the platform drawn into
      contact with the pool bottom due to the combined, or separate, effects of
      the downward component of the force exerted on the pole by the operator
      and the high suction force beneath the central region of the platform is
      avoided. As a result, it is possible to utilize a flexible suction head
      uninhibited by the potential damage and inefficiencies created when the
      suction head is drawn into contact with the pool surface.
PAR  An additional advantage gained by utilizing the pin in the aforementioned
      manner is that the flexible suction head may be spaced more closely to the
      pool surface than heretofore possible. Positioning the underside of the
      platform closer to the pool bottom can result in more efficient
      utilization of the available suction pressure.
PAR  Further, by utilizing the pin it is possible to form the platform of a a
      more flexible material without fear that the platform will be drawn into
      contact with the pool bottom by the suction force. Using a more flexible
      material for the platform will facilitate the sweeping of especially sharp
      contours in the pool bottom.
PAR  A still further consideration is that the suction head, by utilizing the
      pin, can withstand higher suction forces and thus will be equally usable
      in home and commercial installations.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A suction head for sweeping a swimming pool bottom, constructed in
      accordance with a preferred embodiment of the invention, is illustrated in
      the accompanying drawings in which:
PAR  FIG. 1 shows a cross-sectional view of a prior art suction head,
      illustrating the problem of clamping of the platform in the region of the
      suction opening;
PAR  FIG. 2 is a cross-sectional end view of the center portion of a suction
      head constructed in accordance with the preferred embodiment of the
      invention; and
PAR  FIG. 3 is a cross-sectional plan view of the center portion of the suction
      head shown in FIG. 2 taken along the line 3--3 therein.
DETD
PAC  DETAILED DESCRIPTION
PAR  A suction head, according to the present invention, is intended to enable
      operating the platform at such a relatively short distance from the pool
      surface as to enable the most efficient use of the suction pressure
      available without clamping of the platform to the pool surface while still
      maintaining the desirable characteristics of known prior flexible suction
      heads.
PAR  Flexible suction heads according to the prior art, illustratively shown in
      FIG. 1, while exhibiting the desirable characteristics of conforming to
      curved pool surfaces and not marring or chipping plaster surfaces,
      sometimes tend to clamp to the pool surface in the region of the suction
      opening due to downward deflection of the platform in its central region
      either under the influence of the suction alone or due to the combination
      of the suction and the downward component of force applied to the moving
      pole by the operator. This problem is especially critical in commercial
      pool installations where suction pressure is apt to be great and clamping
      causes inefficiencies resulting in economic loss. The suction head of the
      present invention is rendered sufficiently inflexible in the region
      adjacent the suction opening to avoid the clamping phenomemon without
      sacrificing the advantages of prior flexible suction heads just described.
PAR  A suction head (FIG. 2), constructed in accordance with the preferred
      embodiment of the invention, includes a platform 4 composed of resiliently
      flexible material, such as plastic, of generally rectangular configuration
      provided on its upper surface with a plurality of paired, longitudinally
      spaced, transverse stiffening ribs 6 which extend beyond the edges of the
      platform to serve as mounts for wheels 8. At approximately the center of
      the platform there is mounted a suction inlet tube 10 communicating with
      the underside of the platform 4. The suction inlet pipe is connected via a
      flexible conduit 12 to a suitable suction source, such as the pump in the
      circulatory system of the swimming pool, to draw water from the underside
      of the platform 4 upwardly through the flexible conduit and out of the
      pool.
PAR  Inasmuch as the platform, the transverse ribs, the wheels and the suction
      inlet opening correspond to structure described in Applicant's prior U.S.
      Pat. Nos. 3,273,188 and 3,805,309, the descriptions of those patents are
      incorporated herein by reference.
PAR  Of particular interest in the present invention is structure for preventing
      clamping of the flexible platform to the pool bottom in the region of
      greatest suction, which is the area immediately adjacent the suction inlet
      opening 10 on the underside of the platform 4. Such structure includes a
      vertically extending pillar 13 spaced transversely behind the suction
      inlet tube 10 and positioned longitudinally between the innermost two of
      the transverse ribs 6. In the preferred embodiment, the pillar 13
      comprises three upright parallel, transversely extending, generally
      rectangular fingers 14 connected by two spaced, parallel, longitudinally
      extending webs 15.
PAR  Loosely embracing the pillar 13 are the arms 16 of a yoke 17 fixedly
      secured to the bottom of a pole (not shown) which may be manipulated by an
      operator standing adjacent the pool. A longitudinally extending, rigid pin
      18 mounted horizontally in the pillar 13 extends through the arms 16 of
      the yoke to provide a pivotal connection between the pole and the suction
      head. In the preferred embodiment, the pin 18 is formed of a metal
      resistant to water corrosion, such as stainless steel, and is of
      sufficient diameter to be substantially inflexible along its length under
      the loads imposed. The end portions of the pin 18 project over two
      horizontal, upwardly facing, supporting surfaces 20 provided on each of
      the two inner ribs 6. In the region of the horizontal surfaces 20, the
      inner ribs 6 are provided with an inwardly projecting vertically extending
      thickened portion 21.
PAR  If the operator applies an excessive downward component of force on the
      pole, as may occur when he is maneuvering the suction head adjacent the
      edge of the pool with the pole nearly vertical, the pin 18 transmits the
      downward component of force via the inner ribs 6 directly to the wheels 8,
      rather than applying the force to an unsupported central region of the
      platform as has been the case with various prior art pool sweeps. As a
      result, downward deflection of the central region of the platform due to
      pole pressure, which could combine with the pressure forces resulting from
      the high degree of suction prevailing on the underside of the platform in
      the region of the suction inlet opening to cause clamping, is
      substantially avoided.
PAR  The vertical end surfaces of the pin 18 abut two vertical shoulders 22
      formed on two weight covers 24. Each weight cover is positioned over a
      transversely extending, underlying rigid weight 26 which is positioned
      snugly in each of the channels defined between the ribs 6 in the two rib
      pairs positioned on either side of the central opening. The weight 26
      functions to hold the pool sweep downwardly against the bottom of the pool
      and, due to its rigid nature, also imparts transverse rigidity to the pool
      sweep platform across its width while permitting longitudinal flexing of
      the platform to conform to curved regions adjacent the bottom of the pool.
      Each weight 26 is fixedly held within the channel defined between the rib
      6 and the rib pair by a central threaded member 27 extending upwardly
      through the bottom of the platform in its central region.
PAR  The shoulders 22 function to prevent inward flexing of the inner two of the
      ribs 6 on opposite sides of the central region, thus preventing the
      platform from deflecting downwardly in its central region between the two
      inner ribs into contact with the pool bottom.
PAR  From the foregoing description, it will be apparent that a suction head
      according to the present invention avoids clamping problems associated
      with prior flexible suction heads by use of the rigid pin 18 in contact
      with the vertical and horizontal surfaces 20 connected with the two inner
      ones of the ribs 6. Thus, the downward component of force applied to the
      pole by which the pool sweep is moved is transmitted directly through the
      two inner ribs to the wheels 8 and does not cause buckling of an
      unsupported central region of the pool sweep in the manner known with some
      prior devices. Additionally, the vertical shoulders 22 on the weight
      covers assist in preventing inward flexing of the inner two ribs 6,
      thereby preventing downward deflection of the central region of the
      platform.
PAR  Each of the weight covers 22 is molded to fit over and extend along the top
      of the associated weight 26 and may be provided with a molded design on
      its upper surface. The shoulder 22, molded integrally with the weight,
      includes the previously described vertical surfaces and a hemispherical
      molded portion extending partially across the top of the weight cover
      towards its center. On its interior horizontal surface the weight cover is
      provided with one or more downwardly extending circular projections which
      are press fitted into undersize holes bored in the upper surface of the
      weights to secure the weight cover fixedly to the weight. Suitable
      adhesive may also be utilized.
PAR  To further increase the rigidity of the platform in the region between the
      two inner ones of the ribs 6, two transversely extending stiffening ribs
      32, of lesser vertical extent than the ribs 6, are molded on the upper
      surface of the platform. The stiffening ribs 32 are aligned with the outer
      two of the walls 14 forming the pillar 13 and extend in opposite
      transverse directions from the suction inlet tube 10. Additional
      stiffening in a longitudinal direction is provided by two longitudinally
      extending stiffening ribs 34 and 36. The longitudinal stiffening rib 34 is
      aligned with a longitudinal diameter of the inlet tube 10 and extends from
      it in opposite longitudinal directions into connection with the adjacent
      inner ribs 6. The other longitudinal stiffening rib 36 is positioned on an
      opposite side thereof from the pin 18 at an approximately equal spacing
      from the center of the opening 10 and is connected to the ribs 6 and 32.
PAR  As will be appreciated, the construction provided by the transverse
      stiffening ribs 32 and the longitudinal stiffening ribs 34 and 36,
      together with the previously described action of the pin 18, renders the
      platform substantially inflexible in both the longitudinal and transverse
      directions in the region surrounding the inlet connection. As a result,
      the platform in this region is substantially incapable of deflection to an
      extent sufficient to clamp to the bottom of the pool.
PAR  Additional pairs of ribs 6, weights 26 and weight covers 24 are provided
      along the length of the platform to help provide for transverse stiffening
      of the platform along its entire longitudinal surface. The wheels 8 are
      secured to the paired ribs 6 through bushings 40 by axles 42. Additional
      transverse ribs which extend upwardly from the platform and which do not
      project beyond the platform edges (not shown) are interspersed between the
      elongated rib pairs as an additional aid in preventing substantial
      transverse flexing of the platform while permitting longitudinal flexing
      thereof.
PAR  Although the suction head has been described with reference to one
      preferred embodiment, it will be understood by one skilled in the art that
      modifications may be made which will still embody the spirit of the
      invention described and claimed herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A suction head for vacuum cleaning a swimming pool bottom utilizing a
      suction line connected to a source of suction, wherein the suction head is
      adapted to be moved across the pool bottom by a pole manipulated by an
      operator positioned adjacent the pool, the suction head comprising:
PA1  a platform composed of material having at least limited flexibility
      extending in longitudinal and transverse directions;
PA1  means supporting said platform for motion while maintaining said platform
      spaced above the pool bottom in generally parallel relation thereto;
PA1  an opening extending upwardly through said platform, said opening on its
      upper side adapted for connection to the suction line;
PA1  at least two vertical, transversely extending inner ribs connected to said
      platform spaced longitudinally on opposite sides of said opening;
PA1  a pillar connected to said platform adjacent said opening projecting
      upwardly between said inner ribs spaced therefrom;
PA1  a yoke adapted to connect the pole to said pillar, said yoke at least
      partially embracing said pillar; and
PA1  a rigid pin extending longitudinally through said pillar and through
      adjacent portions of said yoke said pin connecting the pole to said
      platform for pivoting motion about a horizontal, longitudinally extending
      axis, said pin having end portions projecting beyond said yoke in opposite
      direction into contact with the adjacent said inner ribs to prevent
      vertical flexing of said platform in the region thereof between said inner
      ribs to an extent sufficient to prevent adjacent regions of the underside
      of said platform from deflecting into contact with the pool bottom.
NUM  2.
PAR  2. A suction head as defined in claim 1 wherein each said inner rib
      includes,
PA1  an upwardly facing horizontal surface underlying the adjacent end portions
      of said pin and abuttingly contacting said end portions to prevent
      vertical flexure of the region of said platform between said inner ribs
      into contact with the pool bottom.
NUM  3.
PAR  3. A suction head as defined in claim 1 further including,
PA1  two vertical shoulders each fixedly connected to one of said inner ribs in
      abutting contact with a vertical end surface on the adjacent one of said
      end portions of pin, said pin resisting relative inward movement of said
      shoulders and said inner ribs to prevent vertical flexure of the region of
      said platform between said inner ribs into contact with the pool bottom.
NUM  4.
PAR  4. A suction head as defined in claim 1 wherein each said inner rib
      includes,
PA1  an upwardly facing horizontal surface underlying the adjacent end portions
      of said pin and abuttingly contacting said end portions to prevent
      vertical flexure of the region of said platform between said inner ribs
      into contact with the pool bottom; and
PA1  a vertical shoulder fixedly connected to said inner rib in abutting contact
      with an adjacent vertical end surface on the adjacent one of said end
      portions of pin, said pin resisting relative inward movement of said
      shoulders and said inner ribs to assist said horizontal surfaces in
      preventing vertical flexure of the region of said platform between said
      inner ribs into contact with the pool bottom.
NUM  5.
PAR  5. A suction head as defined in claim 1 wherein said pillar extends
      longitudinally between and is spaced longitudinally from said inner ribs,
      said yoke including two longitudinally spaced parallel arms extending
      loosely between said pillar and said inner ribs on opposite side of said
      pillar, said pin extending pivotally through said arms and projecting in
      overlying relation above said inner ribs.
NUM  6.
PAR  6. A suction head as defined in claim 5 further including,
PA1  a vertical suction inlet tube fixedly connected to said platform extending
      peripherally around said opening
PA1  at least one transverse stiffening rib connected to said platform extending
      from said suction inlet tube in opposite transverse directions; and
PA1  at least one longitudinal stiffening rib connected to said platform on an
      opposite side of said opening from said pillar extending between said
      ribs, said stiffening ribs imparting additional rigidity to the region of
      said platform between said inner ribs.
NUM  7.
PAR  7. A suction head as defined in claim 3 further including,
PA1  two transversely extending outer ribs fixedly connected to said platform
      disposed in longitudinally spaced parallel relation to said inner ribs on
      opposite sides thereof from said opening,
PA1  two transversely extending rigid weights each fixedly mounted snugly in the
      spaces between the adjacent said inner and outer ribs; and
PA1  two weight covers each extending above and fixedly secured to the adjacent
      one of said weights, said vertical shoulders being provided on said weight
      covers.
NUM  8.
PAR  8. In a suction apparatus for vacuum cleaning a swimming pool bottom
      utilizing a suction line connected to a source of suction, the suction
      apparatus including a platform composed of flexible material extending in
      longitudinal and transverse directions; means supporting said platform for
      motion while maintaining said platform spaced above the pool bottom in
      generally parallel relation thereto; an opening extending upwardly through
      said platform, said opening on its upper side adapted for connection to
      the suction line; and means for restriction of transversal flexing of the
      platform; the improvement comprising,
PA1  a pole adapted to be manipulated by an operator positioned adjacent the
      pool,
PA1  at least two vertical, transversely extending inner ribs connected to said
      platform spaced longitudinally on opposite sides of said opening,
PA1  a pillar connected to said platform adjacent said opening projecting
      upwardly between said inner ribs,
PA1  a yoke fixedly connected to the pole, said yoke at least partially
      embracing said pillar, and
PA1  a rigid pin extending longitudinally through said pillar and through
      adjacent portions of said yoke, said pin connecting the pole to said
      platform for pivoting motion about a horizontal, longitudinally extending
      axis, said pin having end portions projecting beyond said yoke in opposite
      directions into contact with the adjacent said inner ribs to prevent
      vertical flexing of said platform in the region thereof between said inner
      ribs to an extent sufficient to prevent adjacent regions of the underside
      of said platform from deflecting into contact with the pool bottom.
NUM  9.
PAR  9. A suction head for vacuum cleaning a swimming pool bottom utilizing a
      suction line connected to a source of suction, the suction head
      comprising:
PA1  a platform composed of material having at least limited flexibility
      extending in longitudinal and transverse directions;
PA1  a plurality of upward extending elongated transverse ribs molded with said
      platform on its upperside, said ribs grouped in pairs, said ribs extending
      beyond the longitudinal edges of said platform;
PA1  front and rear wheels mounted in said elongated transverse rib pairs, said
      wheels rotatably mounted between the portions of said rib pairs extending
      beyond the longitudinal edges of said platform;
PA1  an opening extending upwardly through said platform, said opening on its
      upper side having a connection to the suction line;
PA1  a plurality of transversely extending spaced parallel rigid weights each
      mounted in one of said elongated rib pairs,
PA1  a plurality of cover members each covering the upperside of one of said
      weights, the two of said cover members positioned most nearly adjacent
      said opening on either side thereof having,
PA2  a pair of spaced inwardly facing, transversely aligned abutments positioned
      thereon,
PA1  a horizontal pin composed of rigid material, said pin extending
      transversely between said abutments in abutment therewith at its opposite
      ends, said pin adjacent its ends having its lower surface overlying the
      upper surfaces of the two innermost ones of said ribs, said pin contacting
      said innermost ribs and said shoulders to prevent longitudinal flexing of
      said platform in the region of said inlet opening,
PA1  at least one upwardly-extending pillar connected with said platform, said
      pin extending through said pillar to be supported thereby; and
PA1  a pole pivotally connected with said pin for moving said platform across
      the pool bottom.
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ABST
PAL  A motor driven machine, such as a machine capable of holding and imparting
      movement to a tool, for example, which may be an eraser strip that is
      brought to bear upon a surface, such as a paper surface, for erasure of
      undesirable markings therefrom. The machine includes an internal air
      supply mechanism having the capability of directing a flow of compressed
      air against the work surface in the area of contact between the tool and
      the surface for the purpose of cooling the surface and the tool as well as
      blowing particles from the immediate area of engagement between the tool
      and the surface. The machine may include a holding device for supporting
      the machine in proper position to be grasped when the machine is not in
      use.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to machines provided for doing work on
      various work surfaces, such as metal, wood or paper surfaces, for example,
      and more particularly relates to a motor driven machine having the
      capacility of directing a flow of air against the work surface for
      purposes of cooling the tool driven by the machine and accomplishing
      removal of particles such as grit, chippings, etc. While the invention is
      discussed herein as it relates to motor driven erasing machines, it is not
      intended to limit the scope of the invention to erasing machines, it being
      obvious that the invention may extend to other useful machines such as
      hand grinders, engraving machines and the like without departing from the
      spirit and scope of the invention.
PAC  BACKGROUND OF THE INVENTION
PAR  Mechanically driven erasing machines, such as those driven by both AC and
      DC electric motors of both cord and cordless type, have been utilized for
      many years. An erasing machine of this nature will generally incorporate a
      motor driven mechanism that is disposed with a motor housing, which drive
      mechanism is connected to a collet chuck mechanism that receives and holds
      a generally cylindrical strip of erasing material, commonly known as an
      eraser strip. Upon manual manipulation of an on-off switch, the erasing
      machine, which is adapted to be hand held, may be energized to cause rapid
      rotation of the eraser and may be brought to bear upon a surface to be
      erased in order to remove undesirable markings therefrom.
PAR  Although this specification is directed generally to application of the
      invention to rotary erasing machines, it is not intended to so limit the
      scope of the invention, it being obvious that other types of motorized
      erasing machines may be provided with air supply mechanisms within the
      spirit and scope of the invention. It is contemplated that the present
      invention be capable of employment in erasing machines having erasers
      other than the elongated eraser strips commonly employed. The term "eraser
      strip" is therefore to be construed herein as encompassing eraser
      structures of any desirable configuration.
PAR  As an erasing operation is conducted, the surface being erased is eroded to
      some extent and erasure particles become separated from the eraser strip
      and become deposited on the surface being along with particles eroded from
      the surface, thereby contaminating the surface. Periodically, it is
      necessary, in order to facilitate good visibility of the surface being
      erased, for the operator of the machine to cease the erasing operation and
      remove the erasure particles from the surface by means of a brush or any
      other acceptable erasure particle removable device. Ceasing the erasing
      operation in this manner and periodically removing the erasure particles
      from the surface obviously detracts from the commercial effectiveness of
      the erasing operation, because of the amount of time utilized in brushing
      of the erasure particles or grit away from that portion of the surface
      being erased.
PAR  Another problem, encountered in the use of mechanical erasing machines,
      concerns the generation of heat between the rapidly rotating eraser strip
      and the surface being erased. When a rotating eraser strip is brought to
      bear upon a paper surface, to remove pencil or ink lines therefrom, a
      draftsman, utilizing the machine, must exercise great care to prevent the
      contact area from becoming hot enough to burn through the paper as well as
      becoming hot enough to cause deterioration of the eraser strip. When
      erasing ink or pencil lines from a plastic film surface, a draftsman may
      not be allowed to utilize a mechanical erasing device because the film is
      so susceptible to burnthrough due to heat deterioration of the film. It is
      quite difficult to erase markings from a plastic surface without
      generating enough heat to burn through the surface. As the draftsman
      applies the rotating eraser strip to the surface, it is typically
      necessary for the machine to be periodically lifted from the surface for
      cooling and this, of course, adds time to the erasing operation and
      detracts from the commercial feasibility thereof.
PAR  Heat generated during an erasing operation may cause burnishing or slight
      discoloration of a paper surface, being erased, and may detract from the
      ability of the paper to receive ink or pencil markings after being erased.
      It may be necessary, after utilizing a mechanical eraser, for erasing
      pencil or ink lines on paper, to clean the erased surface with a manually
      applied eraser before applying ink or pencil lines thereto. Of course,
      between the mechanical and manual erasing operations, it is necessary to
      brush away the erasure particles. Considerable time may therefore be
      expended in the drafting and erasing operation which is, of couse,
      undesirable.
PAR  Another factor that may detract from mechanical erasing operation, is the
      amount of wear that occurs on rotating eraser strips because of the great
      amount of heat that is generated. Frequently, a rapidly rotating eraser
      strip will become sufficiently heated during an erasing operation that the
      eraser material will break down and crumble away quite rapidly. Heat
      deterioration of the eraser strip in this manner obviously substantially
      increases the cost of the erasing operation, as well as substantially
      increasing the amount of erasure particles that become deposited on the
      surface being erased, which particles of course must be brushed away
      before a drafting operation can be continued.
PAR  A draftsman drawing with pencil or ink on a paper surface will typically
      employ the following erasing sequence during drafting operations:
PAR  1. Pick up erasing machine.
PAR  2. Erase.
PAR  3. Lay erasing machine down.
PAR  4. Pick up brush.
PAR  5. Brush erasure particles away from the erasing area and inspect erasure.
PAR  6. Lay brush down.
PAR  7. Pick erasing machine up again.
PAR  8. Touch up incomplete erasure or erase over lines again to improve quality
      of erasure.
PAR  9. Lay erasing machine down.
PAR  10. Pick up brush.
PAR  11. Brush erasure particles away from erasing area and reinspect erasure.
PAR  12. Lay brush down.
PAR  13. Repeat steps 7-12 if necessary.
PAR  14. Begin drawing again.
PAR  It is therefore a primary object of the present invention to provide a
      novel air blowing erasing machine that provides the draftsman with the
      capability of utilizing the following sequence during erasing operations.
PAR  1. Pick erasing machine up.
PAR  2. Erase and inspect erasure simultaneously, because grit or erasure
      particles will have been removed from the surface being erased during
      application of the eraser strip to the surface.
PAR  3. Lay erasing machine down.
PAR  4. Begin drawing again.
PAR  It is a further object of the present invention to provide a novel
      mechanically driven air blowing machine such as an erasing machine that
      gives the erasing machine the capability of directing a flow of compressed
      air against the surface being erased, immediately adjacent the point of
      contact between the eraser strip and the surface, which flow of compressed
      air is sufficiently great to blow erasure particles away from the area
      being erased, thereby providing the draftsman with good visibility of the
      area being erased at all times.
PAR  It is an even further object of the present invention to provide a novel
      mechanically driven air blowing machine having the capability of
      developing a flow of gaseous medium for achieving cooling of the contact
      area between the tool carried by the machine and the surface on which work
      is being done, thereby preventing over heating of the work surface and
      preventing excessive or erosion of the tool carried by the machine during
      the working operation.
PAR  It is an even further object of the present invention to provide a novel
      mechanically driven air blowing machine having the capability of
      developing a flow of compressed air for use in general blowing, such as
      blowing chips, grit or cuttings from a surface being machined, sanded or
      otherwise worked upon.
PAR  Among the several objects of the present invention is noted the
      contemplation of a novel mechanically driven air blowing erasing machine,
      which promotes optimum erasing at nominal eraser strip cost by preventing
      excessive wear of eraser strips during erasing operations.
PAR  It is an even further object of the present invention to provide a novel
      mechanically driven air blowing erasing machine incluing an air supply
      mechanism that may be disposed within the erasing machine and may be
      driven by the motor of the erasing machine.
PAR  It is also an object of the present invention to provide a novel air
      blowing erasing machine utilizing an eccentric pump for causing pulsating
      flow of air which pump is capable of substantially vibration free
      operation.
PAR  It is also an object of the present invention to provide a novel air
      blowing erasing machine that may be supported in proper position to be
      readily grasped by a draftsman when not in use.
PAR  Other improvements of the function and facility of design will become
      apparent to one skilled in the art upon an understanding of the
      illustrative embodiments about to be described and various advantages, not
      referred to herein, will occur to one skilled in the art upon employment
      of the invention in practice.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the manner in which the above recited advantages and objects
      of the invention are attained, as well as others, which will become
      apparent, can be understood in detail, more particular description of the
      invention, briefly summarized above, may be had by reference to the
      specific embodiments thereof that are illustrated in the appended
      drawings, which drawings form a part of this specification. It is to be
      understood, however, that the appended drawings illustrate only typical
      embodiments of the invention and therefore are not to be considered
      limiting of its scope, for the invention may admit to other equally
      effective embodiments.
PAC  In the Drawings:
PAR  FIG. 1 is an elevational view having parts thereof broken away and shown in
      section, illustrating a motor driven, air blowing, machine constructed in
      accordance with the present invention.
PAR  FIG. 2 is an elevational view having parts thereof broken away and shown in
      section, and illustrating an air blowing machine, comprising a modified
      embodiment of the structure illustrated in FIG. 1.
PAR  FIG. 3 is an enlarged sectional view in elevation showing the upper portion
      of the machine structure of FIG. 2.
PAR  FIG. 4 is a sectional view taken along line 4--4 in FIG. 3.
PAR  FIG. 5 is a sectional view in elevation representing a self-contained
      motor-driven, air blowing machine representing a modified embodiment of
      the present invention.
PAR  FIG. 6 is a sectional view in elevation representing a holding device
      provided for supporting the machines of FIGS. 1, 2 and 5.
PAR  FIG. 7 is a front elevational view of the holding device illustrated in
      FIG. 6.
PAR  FIG. 8 is an isometric view illustrating the machine holder device of FIGS.
      6 and 7.
PAR  FIG. 9 is a sectional view of the machine holder structure of FIGS. 6, 7
      and 8, illustrating assembly of the holder device to the edge portion of a
      drafting table or other suitable structure and showing an erasing machine
      being supported by the holder device in position for ready grasping.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to the provision of a motor-driven, air
      blowing machine, such as an erasing machine, that may be driven by an
      external source of power, such as any conventional 110-volt AC circuit or,
      in the alternative, may be self-contained any may include a
      battery-operated drive motor and a battery energized power supply. The
      erasing machine, in its simplest form, may comprise a housing within which
      is disposed an electrically enerigized AC or DC motor that may be
      connected in driving relationship with a chuck mechanism disposed within
      the housing and adapted to receive and firmly hold a strip of erasing
      material. The erasing strip cooperates with the chuck mechanism to define
      an air passage along the length of the strip of erasing material for the
      purpose of conducting a flow of air along the erasing strip and causing
      the same to be directed against the surface being erased. If desired, the
      erasing strip may be provided with an external groove that cooperates with
      the wall structure of the chuck mechanism to define the air passage. In
      the alternative, the erasing strip may be provided with an axial passage
      within which may be received an air supply conduit.
PAR  An air supply mechanism may also be disposed within the housing structure
      of the erasing machine and may be connected in driven relation with the
      electrically energized motor. The air supply mechanism may comprise an
      eccentrically oscillatable rotor type pump mechanism that may be
      counterbalanced in such manner that very little vibration, if any, will be
      transmitted to the structure of the erasing machine. Air may be drawn into
      the pump structure through a filtered orifice and may be compressed by the
      eccentrically oscillatable rotor any may be conducted through the air
      passage along the length of the eraser strip where it may be directed in
      pulsating manner against the surface being erased, thereby blowing away
      erasure particles that might have become deposited and achieving cooling
      of the eraser strip to prevent excessive eraser wear.
PAR  Means is also provided for supporting the erasing machine in essentially
      the operating position thereof, thereby allowing the erasing machine to be
      stored when not in use in a position to be grasped and utilized in a
      convenient and efficient manner.
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  With reference to the drawings, wherein like structures are indicated by
      like reference numerals and with particular reference to FIG. 1, there is
      illustrated an erasing machine generally at 10 having a housing structure
      12 operatively supporting a rotary electric motor 14 therein having an
      armature 14a. The housing may comprise upper and lower housing sections
      12a and 12b that are maintained in assembly by screws 13 extending through
      apertured flanges 15 defined in housing section 12a and being threadedly
      received by threaded holes defined in connector bosses 17 provided on the
      lower housing section 12b. The motor 14, as indicated above, may be
      energized by either AC or DC electric current as desired. As is typically
      the case, the motor 14 may be powered by any suitable source of
      alternating current, for example 110 volt AC, which may be supplied
      through a conventional power cord, a part of which is shown at 16. The
      erasing machine may be provided with a finger operated switch actuator 18
      for the purpose of actuating a switch and selectively controlling
      energization of field coils supported by the housing to induce rotation to
      the armature of the motor 14. The armature 14a of the motor 14 may be
      disposed in driving connection with a chuck tube 20 that may be supported
      for rotation within the housing 12 and upper bearing support flange 15 by
      upper and lower bearings 22 and 24, respectively. When the motor 14 is
      energized, therefore, the armature will cause rotation of the chuck tube
      20 within the housing.
PAR  The chuck tube 20 may be provided with a lower externally threaded
      extremity 26 that may receive the internally threaded upper extremity 28
      of a chuck mechanism, identified generally at 30. The chuck tube 20 is
      adapted to receive a generally cylindrical strip of eraser material,
      typically referred to as an eraser strip, which is held in fixed relation
      to the chuck tube by the chuck mechanism 30. The lower extremity of the
      chuck mechanism 30 may be longitudinally split in such manner as to define
      a plurality of collet segments 32 which are movable relative to one
      another. The chuck mechanism 30 may be provided with a tapered external
      cam surface 34 about which may be received a locking ring 36. After a
      strip of eraser material, such as shown at 38 in FIG. 1, has been inserted
      through the chuck mechanism and into the chuck tube 20, the locking ring
      36 may be moved downwardly reacting against the tapered cam surface 34 of
      the collet chuck mechanism, thereby causing the segments 32 to move into
      releasable frictional locking engagement with the outer periphery of the
      eraser strip. Shoulders 40 are provided at the lower extremities of the
      segments 32 to prevent the locking ring from becoming disassembled from
      the chuck mechanism.
PAR  When the erasing machine is utilized during sustained erasing operations,
      the electric motor 14 may develop sufficient heat that cooling is
      necessary. Accordingly, the housing structure 12 may be provided with
      upper and lower vent openings 42 and 44 respectively that allow upward
      circulation of air through the motor portion of the erasing machine, which
      circulation may be enhanced by a fan assembly 46 that may be secured
      through the armature of the motor 14, thereby causing the fan to rotate
      when the motor 14 is energized.
PAR  To utilize the erasing machine 10, the operator would grasp the lower
      housing section 12b of the machine below the motor cover portion of the
      housing and would depress the switch operating element 18 which induces a
      switch to close thereby completing the electrical circuit of the motor 14.
      The eraser strip 38, through its connection with the chuck mechanism 30,
      will be rotated rapidly by the motor and may be applied to a surface to
      cause the surface to be erased free of any undesirable markings.
PAR  As indicated above it is desirable during erasing operations to provide
      means for removing any accumulation of erasure particles in the immediate
      area being erased and to provide for cooling of both the eraser strip and
      the surface being erased. One suitable means for accomplishing both
      cleaning and cooling may conveniently take the form of an air supply
      mechanism or pump disposed within the housing section 12a and being
      adapted to deliver a flow of air through the air passage defined along the
      length of the eraser strip. Referring now to FIG. 3, the upper housing
      section 12a of the housing 12 may have a generally cylindrical internal
      wall surface 48 that cooperates to define an internal pump chamber 50. A
      pump shaft 52 may be received in close fitting relation within the upper
      extremity of the chuck tube 20 and may be maintained in sealed engagement
      relative to the chuck tube by means of a plurality of sealing elements 54,
      56 and 58, such as elastomer O-rings or the like, received within
      appropriate annular grooves defined in the external periphery of the pump
      shaft 52. The sealing elements 54, 56 and 58 also serve to properly align
      the pump shaft relative to the chuck tube 20 and to maintain sufficient
      frictional engagement therebetween to cause the pump shaft 52 to be
      rotated along with the chuck shaft 20. The chuck shaft/pump shaft sealing
      and driving connection shown facilitates accurate rotation of the pump
      shaft under control of the upper bearing 22.
PAR  The upper extremity of the pump shaft 52 may be provided with an eccentric
      portion 60 that may define a generally cylindrical bearing support surface
      62,. which surface may be disposed in eccentric relation to the pump shaft
      52 and may be disposed to receive the inner race 64 of a rotor bearing,
      illustrated generally at 66. The eccentric portion 60 of the pump shaft 52
      may define a support shoulder 68 against which the inner race 64 of the
      bearing may seat to properly position the bearing within the pump chamber
      of the housing section 12a.
PAR  A generally cylindrical rotor 70 may be disposed within the pump chamber 50
      of the housing and may define a generally cylindrical surface 72 adapted
      to receive the outer race 74 of the bearing 66 in press-fitted relation
      therein. A support shoulder 76 may be defined by an internal flange formed
      within the rotor 70 and may provide locating support for the outer race 74
      of the bearing to positively locate the rotor element 70 relative to the
      bearing and relative to upper and lower generally planar surfaces 78 and
      80 that cooperate with the cylindrical surface 48 to define the pump
      chamber 50.
PAR  It is desired that the upper and lower extremities 82 and 84 respectively
      of the rotor 70 be disposed in close proximity to the planar surfaces 78
      and 80 without actually touching the same in order that air leakage and
      friction losses between the rotor and the planar surfaces be prevented or
      maintained as low as possible. If the rotor were to establish sealing
      engagement with the planar surfaces 78 and 80, it is obvious that air
      leakage would be maintained at a very low or virtually non-existent level.
      However, under such circumstances, friction losses created by frictional
      engagement of these surfaces would be quite high and substantial power
      loss would be incurred in overcoming the forces of frictional engagement.
      In order to maintain gas leakage past the rotor at an acceptable minimum
      and to facilitate inexpensive manufacture of both the rotor and housing
      structure with rather wide manufacturing tolerances, upper and lower
      sealing rings 86 and 88, respectively, may be received in press-fitted
      relation within the extremities of the rotor 70. The sealing rings 86 and
      88 may be composed of a low friction material, such as
      polytetrafluorethylene, which may or may not, as desired, be combined with
      a filler material of wear-resistant composition. To achieve proper fitting
      relationship with the rotor element 70 and with the planar surfaces 78 and
      80, the seal rings may be inserted slightly into lightly press-fitted
      relation with the respective end portions of the rotor during preliminary
      assembly of the air supply mechanism. As the upper and lower housing
      sections 12a and 12b are brought into assembly, the seal rings 86 and 88
      will be moved further into seated relationship with the rotor by the
      respective planar surfaces 78 and 80, thereby establishing proper fitting
      relationship between the seal rings and the planar surfaces. Immediately
      after assembly the seal rings will be rather tightly fitted against the
      planar surfaces but, upon initial rotation of the rotor 70 the seal rings,
      will be forced by the surfaces 78 and 80 further into seated relationship
      with the rotor structure, thereby establishing minimal but adequate
      clearance between the seal rings and the planar surfaces. The seal rings
      will be prevented from shifting toward the center of the rotor element by
      the interference fit thereof within the respective end portions of the
      rotor. The seal rings, as disposed thusly, will effectively prevent
      compressed air from flowing past the upper and lower extremities relative
      the rotor as the rotor is moved eccentrically reltive to the planar
      surfaces of the housing structure.
PAR  It has been determined through tests that considerable energy will be
      expended, thereby detracting from the erasing ability of the erasing
      machine or requiring that it be provided with a more expensive motor
      having higher torque capability, if the rotor element 70 is allowed to
      rotate within the pump chamber as it is oscillated therein upon rotation
      of the pump shaft 52. One suitable means for limiting rotation of the
      rotor 70 may conveniently take the form illustrated in FIG. 3 where a
      torsion spring 90 may be disposed within the pump chamber 50 and may be
      interposed between the housing structure and the rotor. The spring 90 may
      be provided with a locking projection 92 that may be received within a
      blind bore or recess formed in the upper portion of the housing structure,
      thereby retarding relative rotation of the spring 90 and the housing
      structure. The lower portion of the spring 90 may be merely disposed in
      engagement with an annular spring recess 94 defined in the rotor structure
      immediately outwardly of the bearing 66. Frictional engagement established
      between the spring 90 and the rotor element will prevent the rotor from
      freely rotating within the pump chamber, but will allow the rotor to have
      some limited degree of rotary movement, thereby insuring even wearing of
      the seal elements. This feature effectively prevents the rotor element
      from freely rotating and causing development of excessive motor retarding
      forces and also effectively facilitates development of optimum seal wear
      characteristics which promotes the operating life of the erasing
      mechanism.
PAR  In order to provide a pumping function, it is necessary that means be
      provided to control the flow of air as the air is moved about within the
      pumping chamber by eccentric movement of the rotor. In accordance with the
      present invention, one suitable means for providing effective control of
      air movement may conveniently take the form of a vane element 96 that may
      be movably received within a vane recess 98 defined in the wall structure
      of the housing. An urging means, such as a compression spring 100 or other
      suitable element, may be interposed within the recess 98 and may bear upon
      the vane element 96, thereby urging the vane element into contacting
      relationship with the generally cylindrical outer surface 102 of the rotor
      70. As the pump is operated the vane element is reciprocated within the
      recess 98 by the rotor as the rotor element oscillates within the pump
      chamber. The vane element 96 may, if desired, be composed of a low
      friction wear-resistant material such as filled polytetrafluorethylene to
      prevent excessive wear of the vane or rotor during operation of a pump
      mechanism.
PAR  The vane element 96 serves to divide the space between the rotor element
      and the cylindrical wall 48 on the pump chamber into variable volume
      intake and discharge chambers, the intake chamber being disposed in
      communication with the atmosphere through an intake aperture 104 having a
      filter element 106 disposed therein. Air will be caused to flow through
      the filter element 106 and into the intake chamber as the intake chamber
      enlarges during certain portions of the pump cycle. As the rotor continues
      to oscillate, air within the intake portion of the pump chamber will be
      conducted to the discharge portion of the chamber where it will be placed
      under compression as the space between the rotor and the cylindrical wall
      48 of the pumping chamber decreases. The discharge chamber will be
      disposed in communication with an air supply passage 108 defined within
      the pump shaft 52 by means of recesses or channels formed in the wall
      structure of the housing, as illustrated in broken lines at 110 and 112.
      As shown in full lines in FIG. 1 and in broken line at FIG. 3, an air
      supply conduit 114 may be press-fitted within the lower extremity of the
      air supply passage 108 and may extend downwardly to the chuck tube 20 and
      may be received within an elongated passage 116 defined in the eraser
      strip 38. The air supply conduit 114 will extend in loose fitting relation
      within the bore 116 of the eraser strip 38, a sufficient length to
      maintain fluid communication between the conduit and the bore 116 of the
      eraser strip even when the eraser strip has been eroded away by erasing
      wear until it becomes quite short. The air supply conduit 114, if desired,
      may extend beyond the lower extremity of a chuck assembly 30 and may serve
      to lend additional structural integrity to the eraser strip as well as
      providing a means for delivering compressed air for cooling and for
      purposes of cleaning the immediate working area of the surface being
      erased of any deposit of erasure particles.
PAR  The pumping operation is accomplished simply by eccentric movement of the
      rotor within the pumping chamber. As shown in FIG. 4, the intake and
      discharge chambers defined between the rotor and the wall 48 of the upper
      housing section 12a are approximately the same size. As the rotor is moved
      eccentrically in a clockwise direction from the position illustrated in
      FIG. 4, the discharge chamber will decrease in size, thereby compressing
      the air that is entrapped therein and forcing the compressed air to flow
      through the channels 110 and 112 to the discharge passage 108 defined in
      the pump shaft 52 where it will be conducted to the air supply passage
      defined along the length of the eraser strip. Simultaneously, the intake
      chamber will be enlarging and, because of the development of a low
      pressure condition therein, air will be drawn through the filter from the
      atmosphere and into the intake chamber. Continued clockwise rotation of
      the rotor within the pump chamber will conduct the air drawn into the
      intake chamber around the wall surface 84 where it will likewise be
      compressed and discharged in the manner described above.
PAR  During operation of the pump mechanism, the vane element 96 will
      reciprocate within its recess 98 against the influence of the compression
      spring 100. At the end of a compression stroke, the vane element will have
      been forced completely within the recess 98 by the surface 102 of the
      rotor. For further details of the rotary pumping operation, reference may
      be had to U.S. patent application Ser. No. 303,981, filed on Nov. 6, 1972
      in the name of Clifford E. Anderson and entitled Gas Supply Mechanism for
      Erasing Machines.
PAR  As the erasing machine of FIG. 1 is operated, thereby inducing eccentric
      movement of the rotor 70 within the pump chamber, it is obvious that means
      is desired to prevent undesirable oscillation of the erasing machine. In
      order to accomplish this feature, a weight 118 may be fixed to the pump
      shaft 52 in such manner as to offset the eccentric weight of the rotor,
      the rotor bearing and the eccentric portion 60 of the pump shaft 52. The
      erasing machine of the present invention will therefore operate in smooth
      and efficient manner without excessive vibration.
PAR  With reference now to FIG. 2, an erasing machine is illustrated which is
      constructed essentially identical to the erasing machine structure of FIG.
      1, with exception of the features defining an air supply passage through
      the chuck tube mechanism and along the length of the eraser strip. It will
      not be necessary to provide an air supply conduit for conducting
      compressed air from the pump mechanism to the eraser strip. The eraser
      strip 120 may be formed to define an elongated groove 122 extending along
      the entire length thereof, which groove may cooperate with the cylindrical
      internal wall 124 of the chuck tube 20 to define an air passage extending
      along the length of the eraser strip and, thereby, serving to conduct a
      flow of compressed air from the pump mechanism and cause the same to be
      directed to the tip of the eraser strip for purposes of cooling and of
      particle cleaning.
PAR  As indicated above, the collet mechanism 30 is slotted at its lower
      extremity to define the collet segments 32. It is desirable therefore to
      provide means for preventing the escape of compressed air through the
      slots defining the collets, and such may be accomplished conveniently by
      the provision of a chuck seal element 126 that may be disposed within the
      collet and may be received in close fitting relation about the outer
      periphery of the eraser strip 20. The chuck seal may be composed of a
      yieldable material such as any one of a number of acceptable soft plastic
      materials and may serve to confine the flow of compressed air to the
      elongated groove 122 extending along the length of the eraser strip. The
      chuck seal 126 will function efficiently if the eraser strip is provided
      with a plurality of elongated grooves for the purpose of conducting flow
      of compressed air to the surface being erased.
PAR  Referring now to FIG. 5, there is disclosed a self-contained electrically
      energized erasing machine generally at 128 which comprises a housing
      structure 130 within which is disposed a chuck tube 132 that is rotatably
      supported relative to the housing 154 and upper bearing flange 155 by
      upper and lower bearings 134 and 136. The lower extremity of the chuck
      tube 132 may be provided with a collet chuck mechanism 138 that may
      provide gripping support for an eraser strip 140 having an elongated
      groove 142 formed therein and extending along the length thereof.
PAR  The erasing machine 128 may be driven by an electrically energized DC motor
      144 having a drive gear 146 that is disposed in driving relation with a
      driven gear 148 secured to the chuck shaft 132. The motor 144 will be
      energized through manual manipulation of a switch actuating element 150 to
      achieve selection energization of the motor 144 by energy contained within
      a battery 152 or other suitable supply of electrical potential.
PAR  Within the housing structure 130 may be defined a pump housing 154 within
      which may be disposed a rotor 156 constructed and functioning in the same
      manner as described above in connection with FIGS. 1 through 4. The rotor
      156 may be supported by a bearing 158 to establish rotatable connection
      with a pump shaft 160 having an eccentric portion 162 defined at the upper
      extremity thereof. The pump shaft 160 may be disposed in driven relation
      with the chuck shaft 132, thereby causing the pump mechanism to be
      energized upon rotation of the motor 144. The air pump may also be
      provided with a vane element 166 that is urged by a spring 164 into
      engagement with the rotor 156, thereby causing the space between the rotor
      and the wall structure of the pump chamber to be partitioned into variable
      volume intake and discharge chambers that are constructed and function
      essentially the same as compared to the structures illustrated in FIGS. 1
      through 4.
PAR  As the erasing machine is energized by manipulation of the switch element
      150, the motor 144, being energized, induces rotation to the chuck shaft
      132 to cause rotation of the eraser strip 140. Simultaneously, the chuck
      tube achieves rotation of the pump shaft 160, thereby inducing oscillation
      of the rotor 156 through its eccentric relationship with the pump shaft.
      The rotor, upon being oscillated eccentrically within the housing
      structure 154, causes air to be forced in cooperating manner through an
      air supply passage 166 defined within the chuck tube thereby causing a
      pulsating flow of air through the eraser groove 142, which air is directed
      against the surface being erased.
PAR  With reference now to FIGS. 6 through 9, a support or holding device is
      provided for the purpose of supporting the air supplying erasing machines
      of FIGS. 1, 2 and 4 in upright operating position when not in use. The
      support or holding device facilitates ready grasping of the erasing
      machine in optimum condition for use. The support or holding device is
      illustrated generally at 170 and may include an orienting surface 172 that
      may be disposed in engagement with a vertical planar surface, such as a
      side surface of a drafting table, the end of a desk drawer or an inside
      surface of a desk drawer, etc. The holder may be composed of any suitable
      material such as any one of a number of acceptable plastic or metal
      materials and may include opposed support wings 174 and 176 having
      recesses 178 and 180 formed therein. Screws, or other suitable connection
      devices, such as illustrated at 182 in FIG. 9, may be received within the
      recesses 178 and 180 for the purpose of securing the wings 174 and 176
      into supporting abutment with a generally vertically disposed planar
      surface. Although the holding device is adapted to function efficiently
      when connected to a structure having a vertically disposed surface, it is
      not intended to limit use of a device to a surface that is vertically
      oriented, it being obvious that such surface may depart from the vertical
      without creating adverse effects. It is also obvious that various surfaces
      of the holding device may be oriented in such manner as to achieve proper
      orientation of an erasing machine when the support device is connected to
      a structure having a surface that is disposed in angular relationship to
      the vertical.
PAR  As illustrated in FIG. 6, the holding device may be provided with an upper
      surface 184 there may be disposed in acute angular relationship with the
      planar surface 172 and a support passage 186 may be defined within the
      holder device, which passage may be actually oriented in substantially
      normal relationship to the planar surface 184 thereby causing the passage
      186 to be disposed in acute angular relationship with the surface 172.
PAR  The passage 186, extending through the support device 170, may be of such
      configuration as to substantially fit the lower configuration of an
      electrically energized erasing machine. The passage 186 may be provided
      with an enlarged upper portion 188 that receives that portion of the
      erasing machine that is ordinarily gripped during an erasing operation.
      The passage 186 may also be defined by a reduced diameter lower portion
      190 that cooperates with the enlarged upper portion 188 to define support
      shoulder portion 192 that may support a majority of the weight of the
      erasing machine. The angular relationship of the passage 186 relative to
      the vertical causes the erasing machine to tend to pivot outwardly,
      thereby causing the support portion thereof to have point bearing at 194
      with the holder device. This of course causes the lower portion of the
      erasing machine to have point supporting contact with the holding device
      at 196, which point contact cooperates with point contact 194 to cause the
      erasing machine to be centered and positioned properly for grasping and
      removal from the holding device as the machine is to be used. After use of
      the machine has terminated, the operator may simply place the lower
      extremity of the erasing machine back into the receptacle defined by the
      passage 186 and simply release the machine. The machine, upon being
      released, will assume the optimum designed position for storage indicated
      above. The operator, upon desiring use of the machine for a further
      erasing operation, may simply reach and grasp the machine without looking
      while doing so because the machine will always be disposed in optimum
      position for ready grasping while being stored in this manner.
PAR  In view of the foregoing, it is apparent that I have provided a novel
      electrically energized air blowing machine such as an erasing machine that
      effectively facilitates efficient machining operations. I have also
      provided a machine that is capable of blowing a pulsating stream of air
      and directing the same against the work surface in the immediate vicinity
      of the contact point between a tool held by the machine and the surface
      for the purpose of cooling the tool to prolong its useful life and for
      cooling the work surface to protect it from overheating and burning due to
      the friction developed during working operations. The machine of my
      invention may utilize an eccentric type pump mechanism for the purpose of
      generating a flow of air for cleaning and cooling purposes which pump
      mechanism may be operative by a simultaneously energized pump motor, if
      desired, or may be driven by the operating motor of the machine itself.
      The air supply mechanism of my invention may be incorporated within the
      housing structure of an erasing machine, thereby providing an erasing
      machine structure that is small and compact and is not in any way
      objectionable in use. An erasing machine constructed in accordance with my
      invention facilitates more efficient drafting operations because it is not
      necessary to periodically stop the erasing operation and to grasp a brush
      for cleaning operations as is typically the case. The erasing operation is
      also made more efficient due to prolongation of the effective service life
      of an eraser strip due to the cooling capability of the mechanism I have
      developed.
PAR  It is therefore understood that my invention is one well adapted to obtain
      all of the objects and advantages hereinabove set forth, together with
      other advantages which will become obvious and inherent from a description
      of the apparatus itself. It will be understood that certain combinations
      and subcombinations are of utility and may be employed without reference
      to other features and subcombinations. This is contemplated by and is
      within the scope of the present invention.
PAR  Although only representative embodiments of the invention have been
      described and shown, it is intended that numerous modifications may be
      made possible by one skilled in the art without departing from the spirit
      or scope of the present invention. It is to be further understood that the
      embodiments described and illustrated herein are merely illustrative of an
      application of the principles of the invention and that numerous other
      arrangements and modifications may be made in the structures illustrated
      without departing from the spirit and scope of this invention.
CLMS
STM  Having thus fully described my invention, I claim:
NUM  1.
PAR  1. A motor driven erasing machine having a housing, a chuck tube being
      disposed within said housing and being rotatably driven by an electrically
      energized motor, said chuck tube having a chuck mechanism at the lower
      extremity thereof for supporting a strip of erasing material, the
      improvement comprising:
PA1  means defining air passage means within said chuck tube and extending
      lengthwise of said eraser strip and directing air flowing therethrough
      against the surface being erased in the immediate vicinity of the area of
      contact between the eraser strip and the surface being erased;
PA1  air supply means completely enclosed within said housing and developing a
      flow of air simultaneously with energization of said electric motor; and
PA1  means communicating said flow of air with said air passage means.
NUM  2.
PAR  2. A motor driven erasing machine as recited in claim 1:
PA1  said chuck tube and said eraser strip cooperating to define a space
      therebetween, said air passage means being defined by said space between
      said chuck tube and said strip of erasing material.
NUM  3.
PAR  3. A motor driven erasing machine as recited in claim 1:
PA1  said means defining said air passage means comprising elongated groove
      means being defined in said strip and extending lengthwise of said eraser
      strip, said groove means cooperating with said chuck tube to define said
      air passage.
NUM  4.
PAR  4. A motor driven erasing machine as recited in claim 1:
PA1  said means developing a flow of air being a pump mechanism disposed within
      said housing and defining air suction and discharge means; and
PA1  said air discharge means being communicated with said air passage means.
NUM  5.
PAR  5. A motor driven erasing machine as recited in claim 4:
PA1  said pump mechanism being driven by said motor of said erasing machine.
NUM  6.
PAR  6. A motor driven erasing machine as recited in claim 4:
PA1  said housing defining a pump chamber;
PA1  rotor shaft means being rotatably disposed within said pump chamber;
PA1  bearing means carried by said housing and providing rotatable support for
      said rotor shaft means;
PA1  rotor means being eccentrically carried by said rotor shaft means and being
      oscillatable within said pump chamber upon rotation of said rotor shaft
      means;
PA1  follower vane means being movably received within said housing and being
      disposed in engagement with said rotor, said follower vane means defining
      a movable partition separating the space between said rotor and said
      housing into variable volume suction and compression chambers; and
PA1  means urging said follower vane means into engagement with said rotor at
      all times.
NUM  7.
PAR  7. A motor driven erasing machine as recited in claim 6:
PA1  said rotor shaft means having a passage formed therein, said passage
      conducting air from said pump means to said air passage means.
NUM  8.
PAR  8. A motor driven erasing machine as recited in claim 6:
PA1  first bearing means being interposed between said rotor shaft means and
      said rotor means;
PA1  said rotor shaft means having a rotor drive portion formed eccentrically
      thereon; and
PA1  second bearing means being received by said rotor drive portion of said
      shaft means, said second bearing means being received by said rotor means
      and supporting said rotor means relative to said rotor shaft means.
NUM  9.
PAR  9. A motor driven erasing machine as recited in claim 6:
PA1  said rotor shaft means having a generally cylindrical surface eccentrically
      defined thereon;
PA1  bearing means received by said cylindrical surface and rotatably supporting
      said rotor means on said rotor shaft means;
PA1  said housing having a generally cylindrical internal wall surface defining
      said pump chamber; and
PA1  said rotor having a generally cylindrical peripheral surface moving in
      close proximity with said cylindrical wall upon rotation of said rotor
      shaft means.
NUM  10.
PAR  10. A motor driven erasing machine as recited in claim 9:
PA1  counterweight means being carried by said rotor shaft means and preventing
      vibration of said air erasing machine upon oscillation of said rotor
      within said housing.
NUM  11.
PAR  11. A motor driven machine for simultaneously doing work on a work surface
      and blowing loose particles from said surface and cooling the contact area
      between a tool carried by the machine and the work surface, said machine
      comprising:
PA1  housing means defining a tool section and a pump section
PA1  chuck tube means being disposed for rotation within said tool section and
      having chuck means disposed at one extremity thereof for supporting a
      tool, said tool extending at least partially through said chuck means and
      into said chuck tube means;
PA1  electric motor means being disposed within said tool section of said
      housing and being connected to said chuck tube, said motor means imparting
      rotation to said chuck tube, said chuck and said tool upon being
      energized;
PA1  means defining an air passage extending lengthwise of said chuck tube means
      and said tool;
PA1  pump means disposed within said pump section of said housing and developing
      a flow of air; and
PA1  means communicating said pump means with said air passage means and
      directing the flow of air from said pump means to said air passage means.
NUM  12.
PAR  12. A motor driven machine as recited in claim 11:
PA1  said pump means being driven by said motor means.
NUM  13.
PAR  13. A motor driven machine as recited in claim 11, wherein said pump means
      comprises:
PA1  rotor means being disposed within said pump section of said housing;
PA1  shaft means being rotatably supported within said pump section and having a
      generally cylindrical portion thereof disposed eccentrically thereof;
PA1  said rotor means being disposed about said cylindrical portion and, upon
      rotation, causing eccentric oscillation of said rotor means within said
      pump section of said housing means;
PA1  follower vane means being movably received within said pump section of said
      housing means and being disposed in engagement with said rotor means, said
      follower vane means defining a movable partition separating the space
      between said rotor and said housing into variable volume intake and
      compression chambers; and
PA1  means urging said follower vane means into engagement with said rotor at
      all times.
NUM  14.
PAR  14. A motor driven machine as recited in claim 13:
PA1  means disposed within said pump section of said housing means and retarding
      rotation of said rotor means relative to said housing.
NUM  15.
PAR  15. A motor driven machine as recited in claim 14, wherein:
PA1  said means retarding rotation of said rotor means relative to said housing
      comprises spring means disposed in nonrotatable relation with said
      housing, said spring means being disposed in engagement with said rotor
      means, said engagement preventing free rotation of said rotor means.
NUM  16.
PAR  16. A motor driven machine as recited in claim 13:
PA1  counterweight means being carried by said shaft means and substantially
      preventing vibration of said machine upon oscillation of said rotor means
      therein.
NUM  17.
PAR  17. A motor driven machine as recited in claim 11:
PA1  said shaft means having a passage formed therein and conducting the flow of
      air from said pump means to said air passage.
NUM  18.
PAR  18. A motor driven machine as recited in claim 11:
PA1  said shaft means having a connector portion defined thereon, said connector
      portion being received in driven relation with said chuck tube.
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ABST
PAL  A liquid-powered device is provided for washing the terminal-end portion of
      an elongated member, such as a hand, extended therein. Liquid, under
      pressure, energizes a positive-displacement motor which powers a
      rotational laving element wetted by the liquid after it has exited the
      motor. A housing which confines, collects, and vents used liquid has an
      entrance opening for entry of the terminal-end portion of an elongated
      member into washing relationship with the laving element. Provision can be
      made for supplying soap and the like in solid or liquid form within the
      housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Children are notoriously reluctant to wash their hands to standards of
      cleanliness acceptable to most adults. As a consequence, many parents
      resort to coercion, bribery, and the like to assure that their children
      will clean their hands before eating or upon entering the house after
      outdoor activities. The frustrating confrontations which often result from
      these conflicting attitudes on hand cleanliness can be avoided if the
      process of washing hands is changed from an odious and forced task to
      something children regard as pleasurable or fun.
PAR  One way of achieving this desired change of attitude is through use of a
      handwashing device which children will think of as a toy, and which they
      will want to use without parental prodding.
PAR  In this context, a handwashing device should satisfy certain desiderata in
      order to be accepted by both parent and child. Parental concern is
      centered around such factors as safety, cost, and convenience, whereas the
      child is only concerned with the availability of the device and the fact
      that it is fun to use.
PAR  First, and foremostly, the handwasher must be absolutely safe to use. It
      cannot have any foreseeable potential for harming its user. This requires
      that the device not use electricity in any manner whatsoever. It also
      means that the handwasher should have a safeguard against inadvertent use
      of scalding water.
PAR  The handwasher should be relatively inexpensive. Its initial cost should
      not be high. It should have a long service-life with minimal need for
      repair. This implies that the handwasher be of simple rugged construction
      without failure-prone components such as gears and the like.
PAR  Installation and removal of the handwasher should not call for special
      expertness or require complicated or time-consuming effort. After initial
      installation, the handwasher should not require parental intervention or
      close supervision for its continued use. It should be compatible with the
      routine of normal household operation. This requires that the handwasher
      be readily installable and removeable at or adjacent a kitchen or
      lavoratory sink without any need for special plumbing. Once installed, it
      should present no significant inconvenience to the normal use of these
      facilities. Ideally, the handwasher should be of a nature such that it can
      remain in position for use at all times, or be quickly removed and
      replaced as desired without use of tools.
PAC  SUMMARY OF THE INVENTION
PAR  The above outlined desiderata are substantially met by the handwashing
      device of the instant invention which can be removably connected at will
      to a conventional faucet at a bathroom or kitchen sink to provide tempered
      water selectively to the sink or to direct water through the handwasher
      prior to return to the sink. Tempered water is selectively directed to the
      handwasher upon activation of a flow-diversion valve, which valve may be
      of the fail-safe type in which interruption of flow therethrough resets
      the valve automatically to its initial condition, in which condition all
      water is directed to the sink. Water, selectively directed to the
      handwasher, enters a positive-displacement hydraulic motor which provides
      power to a rotational laving member, ideally comprising bristlelike
      elements, which laving member is wetted by water exiting the hydraulic
      motor. The hydraulic motor and the rotational laving member are supported
      and enclosed within a housing having an access-opening permitting limited
      entry of a child's hand for washing purposes. In addition to supporting
      the motor and the laving member, the housing confines and collects liquid
      and spray resulting from the interaction between the rotational laving
      member and the water exiting the hydraulic motor and provides an exit for
      drainage of the water therefrom.
PAR  Provision is made for supplying solid or liquid soap or detergent and the
      like, as desired, continuously or on demand.
PAR  The handwasher of this invention includes a base support structure
      utilizing suction, which structure allows the handwasher to be removably
      mounted, as desired, in a sink or on a counter or vanity surface adjacent
      a sink, so as to be available without undue interference with the normal
      functions of the lavoratory, bathroom, and kitchen facilities.
PAR  The housing, in addition to its functional structural utility, can have its
      exterior surface appearance adapted to present the aspect of a familiar
      toy: an animal such as a duck, fish, or whale, which is associated with
      water; or a familiar cartoon character, so that a child will associate the
      handwasher with a source of pleasure.
PAR  A principal object of this invention is to provide a new and novel
      water-powered handwashing device which is inherently safe, is of simple,
      rugged construction, is economical to produce, can be installed easily
      without special tools, and which will be acceptable to both parents and
      children. Other objects and advantages of this invention will become
      obvious through reference to the accompanying drawings and description of
      the preferred embodiments of this invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of a handwasher of this invention whose side
      walls are of transparent synthetic plastic material.
PAR  FIG. 2 is a sectional view taken along the plane at 2--2 of FIG. 1.
PAR  FIG. 3 is an elevation view of a physical-disconnect and flow-diversion
      valve termination for a conduit supplying liquid under pressure to the
      handwasher of this invention when adapted for use with a household water
      supply at a kitchen sink or lavoratory sink.
PAR  FIG. 3a is a cross-section elevation view of a two-position ball-valve.
PAR  FIG. 3b is a cross-section elevation view of a two-position stop-cock
      valve.
PAR  FIG. 3c is a cross-section elevation view of a fail-safe flow-diversion
      valve.
PAR  FIG. 4 is a cross-section elevation view of a thermally-activated shut-off
      valve.
PAR  FIG. 5 is a cross-section end view of a positive-displacement
      fluid-energized motor of this invention.
PAR  FIG. 6 is a sectional view taken along the plane at 6--6 of FIG. 5.
PAR  FIG. 7 is a cross-sectional view of a fluid-energized positive-displacement
      motor having pistons comprising balls and follower-discs.
PAR  FIG. 8 is a cross-sectional elevation view of a handwasher having
      radially-inwardly directed laving members.
PAR  FIG. 9 is a sectional view taken along the plane at 9--9 of FIG. 8.
PAR  FIG. 10 is a cross-sectional elevation view of an embodiment of the
      handwasher of this invention having a perforate bowl supported for
      rotation as a cantilever structure.
PAR  FIG. 11 is a block diagram of a cleaning system comprising the handwasher
      of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the drawings, wherein like reference characters refer to like elements,
      FIG. 1 and FIG. 2 taken together illustrate a preferred embodiment of the
      handwasher of this invention in which housing 10, comprising a metallic
      sheath supported by side walls of transparent plastic, is mounted on a
      base means for removably supporting said handwasher on an extended
      surface, said means for supporting comprising a base structure which
      includes at least one suction cup 12. Access-opening 14 is provided in
      housing 10 for insertion of a hand or the like through a hand-penetrable
      barrier 16 for confining liquid spray and the like, said barrier
      comprising a plurality of deformable setaceous elements mounted on
      periphery member 18 of access-opening 14. Fluid-energized motor 22,
      supported within housing 10 as by mounting bolts 20, has an inlet 24
      connected ot one end of conduit 26 whose other end, not shown, receives a
      stream of liquid under pressure. Said stream of liquid energizes said
      motor in transit therethrough and thereafter flows through hollow conduit
      30 having radially-directed outlets 32, said conduit 30 arranged as a
      rotational shaft mechanically coupled at its proximal end to a rotational
      member 40 of motor 22 as by coupling pin 28.
PAR  At least one laving member 34 is mounted on the exterior of hollow conduit
      30 with its laving surface 36 directed radially outwardly, said laving
      surface 36 defined by the outer terminal-ends of a plurality of
      bristlelike elements 38. The distal end of hollow conduit 30 is supported
      for rotation on an outboard bearing comprising a bearing pin 44 projecting
      through housing 10, said bearing pin engaging a depressed portion of
      closure 46 for the distal end of hollow shaft 30.
PAR  In the operation of this embodiment of the invention, liquid under pressure
      from conduit 26 energizes motor 22, activating the rotation of rotational
      member 40 and driving hollow conduit 30 coupled thereto. Liquid, exiting
      motor 22, traverses hollow conduit 30 and exits therefrom via a plurality
      of spaced-apart radially directed outlet 32. The rotational motion of
      hollow conduit 30 causes liquid emitted from said outlets 32 to interact
      in wetting relationship with rotating said laving member 34.
PAR  Access-opening 14 is located in housing 10 in relationship to the axis of
      rotation of laving member 34 so as to facilitate the contacting with
      laving surface 36 of a terminal-end portion of an elongated member
      inserted therethrough.
PAR  Liquid, confined and collected within housing 10, is vented therefrom
      through drain 48 located at a low point of housing 10.
PAR  A solid cleansing agent, such a soap bar 50, can be provided within housing
      10 by suspending said bar from hook 52, as illustrated by enclosure in an
      open-mesh bag 54 of plastic or the like. An alternate preferred means of
      support for soap bar 50 is to use a specially prepared bar of soap having
      the ends of a string embedded therein to form a loop for suspension on
      hook 52. Other means and methods for providing washing compound, cleansing
      agent, and the like will be described hereinafter.
PAR  A preferred physical-disconnect and flow-diversion valve termination for
      the end of conduit 26 not shown in FIG. 1 and FIG. 2 is shown in FIG. 3
      wherein said termination, adapted for use in conjunction with a household
      water supply at a kitchen or lavoratory sink having a conventional water
      faucet with threads for connection of an aerator and the like, comprises:
      adapter fitting 55, having external threads at both ends, for use when
      said faucet has female threads for the connection of a commercially
      available quick-couple physical-disconnect of the type used with portable
      dishwashers and the like; a quick-couple physical-disconnect made up of
      male member 56 with female threads and a female member 58 removably
      attachable to said male member 56 and secured thereto by the bias of
      slidable collar 60 acting on internal ball-detents; and a two- position
      valve 62 of the type having a handle 64 rotatable in the direction of the
      arrow between a first position in which flow therethrough exits at a first
      exit 66 and a second position, shown by the broken line outline of handle
      64, in which flow exits valve 62 at a second exit 68, said second exit 68
      connected to conduit 26.
PAR  A two-position ball-valve adapted to use as a flow-diversion valve in the
      practice of this invention is shown in cross-section in FIG. 3a wherein
      the cross-section plane is perpendicular to the axis of rotation of ball
      70 which has a birfucate passageway therein. Ball 70 is captively engaged
      by a valve body, made up of two body members 72 and 74, said valve body
      internally contoured to allow rotation of ball 70 around said axis of
      rotation. A handle means for manually rotating said ball 70, not shown, is
      constrained by interaction with said valve body, as is known in the art,
      to limit the rotation of ball 70 between a first position, as illustrated,
      and a second position 90.degree. counterclockwise, whereby said bifurcate
      passageway is open to second exit 68.
PAR  FIG. 3b shows an alternative type of flow-diversion valve in cross-section
      taken on a plane at right angle to the axis of rotation of barrel 76 of
      this stop-cock type valve. Barrel 76 is of frustro-conical shape with a
      bifurcate passageway therein, said passageway orthogonal to said axis of
      rotation. Barrel 76 is captively engaged in valve body 78 by means known
      in the art and not shown. Valve body 78 has alternative exits and means
      known in the art for limiting rotation of said barrel so that said
      bifurcate passageway aligns with a one or the other of said alternative
      exits.
PAR  FIG. 3c shows a cross-sectional elevation view of a fail-safe type
      flow-diversion valve having a two-component body in which a first body
      component 80, having a liquid entrance 82 and a liquid exit 84 is mated
      with a second body component 86 having an outlet 88. The mating ends of
      first body component 80 and second body component 86 include projecting
      valve seat elements 90 and 92 which cooperate to define the walls of a
      labyrinthian passageway having a vertical passage section 94 closable by
      manually raising weighted valve-stem 96 until sealing member 98 at the
      lower end thereof is brought into sealing relationship with the lower
      surfaces of the said valve seat elements. In the operation of this
      fail-safe flow-diversion valve, a stream of liquid under pressure,
      entering at entrance 82, discharges from outlet 88 whenever the
      back-pressure at exit 84 is greater than the pressure drop generated by
      flow through the said labyrinthian passageway. When sealing member 98 has
      been brought into sealing relationship with valve seat elements 90 and 92,
      closure of vertical passage section 94, so effected, is maintained by the
      dynamic back-pressure of the stream of liquid flowing through exit 84 to a
      positive-displacement motor of this invention.
PAR  Thus, when liquid entrance 82 is coupled to receive liquid, as water from a
      faucet, and exit 84 is connected to conduit 26 providing liquid to the
      handwasher of this invention and liquid is flowing through outlet 88,
      initiation of flow of liquid of said handwasher is accomplished by the
      manual lifting of valve stem 96 to close off vertical passage section 94.
      The dynamic back-pressure of positive-displacement motor 22 is sufficient
      to maintain closure of vertical passage section 94 until the flow of
      liquid entering liquid entrance 82 is stopped. The loss of pressure
      resulting from the cessation of flow allows weighted valve stem 96 to
      drop, reopening vertical passage section 94 and resetting the valve to its
      original mode of operation for flow of liquid out of exit 88.
PAR  The fail-safe feature of this flow-diversion valve prevents inadvertent
      admission of scalding water to the handwasher, since the temperature of
      the water may be adjusted as desired prior to the manual initiation of
      flow to the handwasher.
PAR  As an additional safety feature, a thermally activated shut-off valve can
      be provided intermediate the flow-diversion valve and the handwasher of
      this invention to shut off liquid flow when the temperature of said liquid
      is above a preselected temperature. FIG. 4 illustrates a thermally
      activated shutoff valve suitable for insertion in conduit 26, said
      shut-off valve similar to the thermostat valve in an automotive engine
      cooling system except that this normally open valve shuts in response to
      high temperature. A first body member 100, coupled to a second body member
      102, provides an inlet for liquid flow 104 and an outlet for liquid flow
      106. Hollow expansion-tube 108, having closed ends, is arranged as a helix
      with a first-end portion captively engaged between an inwardly projecting
      ledge member 110 of body member 100 and an inwardly projecting valve-seat
      member 112 of body member 102, said valve-seat member 112 having an
      axially located passage for fluid 114, the second-end portion of expansion
      tube 108 being secured as with screw fastener 116 to a first end of shaft
      118, said shaft passing through said passage for fluid 114 and terminating
      at a second end having a valve-closure member 120 secured thereon.
      Heat-activated expansion of expansion-tube 108 urges valve-closure member
      120 into closing contact with valve-seat member 112, preventing flow
      through passage for fluid 114.
PAR  Two views of a fluid-energized positive-displacement motor of particular
      utility in the handwasher of this invention are shown in FIG. 5 and FIG.
      6, wherein piston block 122 has an axial cylindrical through-bore and a
      plurality of outwardly opening equi-length radially disposed piston
      chambers 124 disposed symmetrically orthogonally to said bore, each of
      said piston chambers 124 interconnected with said bore by a radially
      extending passageway 126. External to said piston block 122 is a vented
      casing 128 having a reaction ring 130 with an inner-wall section in the
      form of a right circular cylinder, said reaction ring 130 having a center,
      said casing including a cylindrical pintle 132 located off said center on
      a diameter of said circular cylinder, said pintle 132 extending parallel
      to said inner-wall section of said reaction ring 130. Pintle 132 includes
      an entrance passage for fluid flow interconnecting fluid entrance 134 with
      radially opening entrance port 136, and a separate exit passage for fluid
      flow interconnecting radially opening exit port 138 with fluid exit 140.
PAR  Entrance port 136 and exit port 138 are located in opposed symmetric
      relationship on a common diameter of pintle 132, each said port of a size
      such that the circumferentially extending surface of pintle 132
      therebetween is sufficient to completely close off a said passageway 126
      when said through-bore of piston block 122 is mounted in rotational
      engagement with said pintle 132 and a said passageway 126 is aligned
      orthogonally to said common diameter. Piston block 122 is captively
      restrained from axial movement along pintle 132 by causing 128, washer
      142, and hollow thrust-bolt 144, threadably engaged with pintle 132. A
      movable piston, comprising a ball 146, rides in each of said piston
      chambers captively engaged between said piston block and said reaction
      ring.
PAR  When the perimeter of the cross-section of each of said piston chambers 124
      is a circle, ball 146 is selected of a close dimensional tolerance, as is
      known in the art, to limit leakage of fluid between said ball and said
      piston block. A plurality of vents 148 are located in casing 128 to permit
      the free drainage of fluid which unavoidably leaks past the pistons during
      operation of said motor and the leakage of fluid subsequent said operation
      when slow seepage is more apt to occur.
PAR  When a flow of fluid under pressure is supplied to fluid entrance 134 and
      casing 128 is restrained from rotational motion, as by fastening to a
      support structure, not shown in FIG. 6, piston block 122 rotates to
      provide rotational power. In this mode of operation, fluid under pressure
      is selectively and sequentially directed into each of the said piston
      chambers in outwardly urging relationship to the pistons and the said
      fluid in each of the said piston chambers is selectively and sequentially
      directed to fluid exit 140 in response to inward urging of each of said
      pistons.
PAR  FIG. 7 illustrates another embodiment of the positive-displacement motor of
      this invention wherein the pistons within symmetrically disposed
      equi-length radial piston chambers 124 each comprise a ball 146 and a
      follower-disc 150, said pistons constrained to motion within said piston
      chambers by reaction ring 130 defined by a segmented, vented outer casing
      comprising a first segment 152 with vents 148 and a second segment 154
      with vents 148, joined together as by bolted fasteners 156.
PAR  Hollow shaft 158, mated with piston block 122, as by keyway 160 and
      threaded retaining ring 162, provides a radially extending passageway 126
      for each of said piston chambers 124. Said hollow shaft 158 has a
      through-bore adapted to rotational engagement with pintle 132 of second
      segment 154. Said pintle 132 has a fluid entrance 134, a radially opening
      entrance port, interconnected therewith and not shown in this view, and a
      separate exit passage for fluid flow interconnecting radially opening exit
      port 138 with fluid exit 140.
PAR  Assembly of the motor of FIG. 7 is accomplished by: mating piston block 122
      with hollow shaft 158, utilizing keyway 160 and threaded retaining ring
      162 to secure said block to said shaft and to prevent both axial and
      rotational movement of piston block 122 on hollow shaft 158; inserting a
      follower disc 150 and then a ball 146 into each of piston chambers 124;
      captively retaining said follower-disc and said ball in said piston
      chambers by sliding first segment 152 on shaft 158 until retaining ring
      130 confronts piston chambers 124 and bearing surface 164 bears against
      piston block 122; then, inserting pintle 132 of second segment 154 into
      hollow shaft 158 until flanged bearing member 166 bears against the end of
      hollow shaft 158; and, finally, aligning and joining together said first
      segment 152 and said second segment 154 as by bolting fasteners 156. When
      fluid under pressure is supplied to fluid entrance 134 and hollow shaft
      158 is constrained from rotation, as by securing to a housing not shown,
      said outer casing rotates and provides rotational power to any element
      connected thereto.
PAR  When the positive-displacement motor of this invention is operated in the
      above described mode, said motor is best characterized as comprising
      non-rotary pistons and a rotational reaction ring. When operated in the
      alternate mode, with said outer casing constrained from rotation, said
      motor can be characterized as having rotary pistons.
PAR  In a positive-displacement motor of the type described, use of pistons
      comprising a ball and a follower-disc is of special advantage because the
      use of a follower-disc removes the requirement for precision tolerance in
      the dimensions of ball 146, which tolerance is difficult to achieve
      without high cost. Follower-disc 150 can be produced in volume to high
      precision at low cost.
PAR  Additionally, when a piston comprising a ball and a follower-disc is used,
      the piston chamber can have a cross-section perimeter which is not limited
      to a circle and can be any rectilinear or arcuate closed figure in which a
      circle can be inscribed.
PAR  FIG. 8 and FIG. 9, taken together, illustrate a preferred embodiment of the
      handwashing device of this invention wherein the laving surface 36 of each
      laving member 34 of a plurality of symmetrically spaced laving members is
      directed radially inwardly. In this embodiment, means defining a laving
      member 34 comprises sponge-like elements bonded to a laving means support
      member 168, said support member 168 including a transversely extending
      flange portion adapted to captive engagement in an elongated
      longitudinally extending channel defined by a pair of spaced-apart opposed
      channel sidewall members 170 of a one of longeron members 172 of a
      perforate basket made up of a plurality of spaced-apart hoop members 174
      and longerons, said longerons comprising a plurality of symmetrically
      disposed said longeron members 172 and a plurality of symmetrically
      disposed hollow conduits 30a having radially-directed outlets 32a. Said
      hollow conduits 30a interconnect with a plenum defined by hollow hub 176,
      said hub mechanically coupled, as by coupling-pin 28, to and driven by
      rotational member 40 of a fluid-energized positive-displacement motor
      having rotary pistons, said motor supported in housing 10 of synthetic
      plastic by mounting bolts 20.
PAR  In this embodiment, an outboard thrust-bearing is provided by captive
      engagement of a plurality of bearing members between flanged hoop 178,
      forming the rim of said perforate basket, and an inwardly depending lip of
      periphery member 18a of access-opening 14 of housing 10, said
      access-opening having a hand-penetrable barrier 16. In FIG. 8, the said
      bearing members are shown as comprising a cup-shaped member 180
      rotationally supported on a peg 182, said peg projecting inwardly from
      periphery member 18a. An alternative construction for said outboard
      thrust-bearing not shown utilizes a plurality of spherical bearing members
      captively engaged between said flanged hoop 178 and said periphery member
      18a which cooperate to form a bearing race as is well known in the art.
PAR  FIG. 10 shows a still further embodiment of the handwasher of this
      invention having symmetrically spaced radially inwardly directed laving
      surfaces wherein the laving surface 36 of each laving member 34 comprises
      the terminal-end portions of bristle-like elements bonded to laving means
      support member 168, said laving means support member including means
      heretofore described for mounting said laving member on the interior
      surface of a perforate bowl 184, said bowl having a plurality of
      perforations 186 in the walls thereof. Bowl 184 is supported for rotation
      as a cantilever structure from the substantially closed end thereof at a
      journal portion 196 and by attachment as with bolts 188 to piston block
      122 of a rotary-piston motor of this invention, said journal portion
      adapted to bearing against the bearing surfaces of pintle sheath 190 and
      pintle bolt 192.
PAR  Housing 10 includes motor-casing section 194 adapted to the mounting
      therein of pintle sheath 190 and reaction ring 130, said motor-casing
      section including a channeled pintle 132 and means for attaching a conduit
      for providing a stream of liquid under pressure to inlet 24. Pintle bolt
      192 threadably connects with said motor-casing section 194 to immobilize
      pintle sheath 190 and to captively engage journal portion 196 in
      rotational engagement with the bearing surfaces of said pintle sheath and
      said pintle bolt. Pintle sheath 190 has openings for a radially opening
      entrance port 136, a radially opening exit port not shown in this view,
      and a plurality of radial outlets 198. Journal portion 196 includes a
      plurality of radial channels 200 adapted to interaction and diversion of
      the liquid exiting said outlets 198 as said channels successively align
      with said outlets during rotation of said journal portion.
PAR  An arcuate deflector ring 202, supported by struts 204 from a nave section
      206 mounted on pintle bolt 192 as by screw fastener 208, is positioned
      opposite channels 200 so as to generate spray by impingement thereon of
      liquid exiting said channels, said spray interacting in wetting
      relationship with each said laving member 34.
PAR  Motor-casing section 194 includes a channel for liquid cleansing agent 210,
      said channel permits feeding liquid soap and the like through pintle 132
      into the stream of liquid which has exited piston chambers 124. A wide
      variety of means obvious to those skilled in the art are available for
      introducing liquid cleansing agent under pressure into channel 210. For
      example, it would be obvious to modify a squeeze bottle or a
      pumped-equipped bottle of the type used in the average home for dispensing
      liquid condiments, hand lotions, and the like, said bottle modified by the
      addition of an exit conduit adapted to insertion in channel 210.
      Motor-casing section 194 can be modified as required to provide a support
      for a squeeze bottle and the like, as would be obvious to one skilled in
      the art.
PAR  Referring now to FIG. 11, wherein a cleaning system comprising a handwasher
      of this invention is depicted in block diagram flow sheet, with said
      handwasher indicated by the elements enclosed within broken line block 212
      and the flow of cleaning solution as indicated by the arrowheads on the
      lines connecting the blocks, reservoir 214 is provided for storage of
      cleaning solution, said solution supplied from a source not shown which
      includes individual shipping containers and the like of proprietary
      cleaners, organic solvents and the like. A means for providing a stream of
      said cleaning solution under pressure, as pump 216, is coupled to said
      reservoir to supply a stream of liquid to handwasher 212 where the said
      stream of liquid first energizes motor 22 in transit therethrough and then
      interacts in wetting relationship with laving member 34, said handwasher
      including motor 22 and laving member 34 heretofore fully described and
      illustrated. Alternative means for pressurizing a stream of said cleaning
      solution exiting said reservoir 214 includes methods and means well known
      in the art such as the elevation of reservoir 214 above handwasher 212 a
      sufficient distance to provide a desired liquid head, and such an
      expedient as providing a pressurized volume of gas above the free surface
      of the cleaning solution as by pumping in liquid to a sealed said
      reservoir. Cleaning solution exiting handwasher 212 is directed to
      collecting tank 218 from whence it can be selectively directed to disposal
      220 or returned to reservoir 214, as by pump 222.
PAR  When water is the said cleaning solution of the cleaning system of FIG. 11,
      and reservoir 214 is a source of potable water, all liquid exiting
      handwasher 212 can bypass collecting tank 218 and be directed directly to
      disposal 220, which disposal may be a sewer, septic-tank, cess-pool and
      the like.
PAR  When the said cleaning solution is an organic solvent and the soil to be
      removed from a soiled surface contacting said laving member in laving
      relationship comprises solvent-soluble as well as solvent-insoluble
      components, said collecting tank 218 is advantageously provided with means
      known in the art for settling out the said solvent-insoluble components
      prior to the return of clarified said solvent to reservoir 214. Periodic
      removal of sludge from collecting tank 218 to disposal 220 serves to
      prolong the economically useful life of said solvent. Means known in the
      art, such as distillation, can be used as desired for repurification of
      said solvent whenever the concentration of soil dissolved therein reaches
      a predetermined value.
PAR  When the said cleaning solution is a proprietary solution of the type used
      for the removal of surface contamination comprising noxious chemicals and
      the like, disposal 220 can include isolation in containers, as is known in
      the art, to minimize likelihood of environmental contamination.
PAR  Whereas, water organic solvent, and proprietary solution have been
      discussed above as having particular utility in the practice of this
      invention, this list should not be construed as limiting inasmuch as many
      other liquids can be used, including: soap solution; detergent solution;
      solution of chelating agent; solution of sequesting agent; and germicide
      solution. These and other solutions can be used alone and in combination
      as desired.
PAR  Whereas, for convenience in the graphic presentation, the reaction ring of
      the fluid-energized positive-displacement motor of this invention has been
      depicted in the various views of the drawings as having an inner
      circumference in the form of a circle, it will be obvious to those skilled
      in the art that a circle is but one of the many possible configurations
      for the said inner circumference. What is meant by the appelation reaction
      ring in this specification and the appended claims is an upstanding wall
      member having an inner surface whose projection on a plane normal thereto
      is a closed arcuate figure, said arcuate figure being the path traced on
      said plane by a point moving in reciprocating motion between a first locus
      and a second locus along a radius of a circle, said circle having its
      center on an axis of said arcuate figure, said radius rotating in said
      plane such that said point is at a said locus only when said radius
      coincides with said axis. Further, it should be understood that the said
      center defines the axis of rotation of the rotary element of the motor of
      this invention.
PAR  Whereas, in asserting utility, the instant invention has been described
      primarily as a handwashing device, and it will be obvious to those skilled
      in the art to apply the teachings of this invention to an industrial
      environment for the cleaning of the terminal-end portion of an elongated
      member other than a hand and the like, it should, therefore, be understood
      that the appelation handwasher is but descriptive of one use for the
      device of this invention and should not be construed as limiting.
PAR  Although other positive-displacement motors known in the art can be used in
      the industrial applications of this invention where it is possible to
      design a source of liquid for energizing said motors so as to have an
      adequate pressure and an adequate flow rate, the fluid-energized
      positive-displacement motor of this invention having pistons comprising
      balls is preferred because of its inherently high efficiency, and is of
      special advantage when used with a household water supply where both
      pressure and flow rate are apt to be limiting. In this context, the use of
      vents in the casing of the motor of this invention has been found to be
      critical to successful operation with a marginal water supply. Thus, the
      motor of this invention illustrated in FIG. 5 when used in the handwasher
      of FIG. 1 and FIG. 2 and supplied with water at a pressure of about 30
      pounds per square inch at a flow rate of 1-gallon per minute ran at about
      245 revolutions per minute, said motor having a one-inch diameter piston
      chamber and three-tenths inch stroke. The maximum energy available under
      these conditions is about 1/50 horsepower. By increasing the flow rate
      and/or pressure about 1/15 horsepower is obtainable with the same motor.
PAR  In addition to the advantage of high inherent efficiency, the motor of this
      invention can be stalled without suffering damage and will always restart
      immediately upon removal of the stalling force. Also, since the speed of
      the motor is substantially completely determined by the cross-sectional
      area of the piston chamber, the piston stroke, and the volumetric flow
      rate of the energizing fluid, the motor can be sized easily to provide a
      desired rotational speed which permits direct drive without need for
      reduction gears and the like.
PAR  Whereas, in the various figures of the drawings various elements of this
      invention have been lined in sectional views to show a material of
      construction which in one embodiment may be plastic and in another
      embodiment may be metal, such indication of material should not be
      construed as limiting since either material can be used substantially
      interchangeably, as is known in the art, provided selection and
      modification not amounting to invention is made for the known differences
      in structural and mechanical properties and response to chemical attack.
PAR  Now, having described the invention and the manner and process of making
      and using it, in full, clear, concise and exact terms so that one skilled
      in the art can make and use same, and having set forth the best mode
      contemplated by the inventors of carrying out this invention in accordance
      with the statute, and aware that many variations of the invention can be
      practiced without departing from the spirit and the teachings of this
      specification the inventors do not want to be limited by the specification
      but only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid energized washing device for cleaning the terminal end of an
      elongated member, comprising in combination:
PA1  means for providing a stream of fluid under pressure;
PA1  fluid energized motor means for providing rotational power, said motor
      means activated by said stream of liquid under pressure, said motor means
      having in combination means defining a vented casing, vented to ambient
      having an inner wall section in the form of a reaction ring, means
      defining a piston blockhaving a plurality of equi-length radially disposed
      piston chambers radially interconnected to a central axial bore, means
      defining a piston for each of said piston chambers, means for directing
      fluid under pressure selectively into each of said piston chambers in
      outwardly urging relationship to said piston and for selectively and
      sequentially directing the flow of said fluid from each of said piston
      chambers to an exit means in response to inward urging of said piston, any
      said fluid under pressure escaping past a said piston being vented to
      ambient independent of said means for directing fluid under pressure to
      maintain the space between said piston block and said reaction ring
      substantially free of said fluid, means mounting said piston block in said
      casing and means for constraining one of said piston block and said
      reaction ring from rotational motion whereby rotational motion is
      developed between said piston block and said reaction ring provided at
      least one said piston is in urging relationship with said reaction ring;
PA1  means defining a laving member rotationally driven by said motor means
      wherein said laving member is a hollow conduit driveably rotatably mounted
      on said motor means having laving elements mounted along the inner wall
      thereof;
PA1  means for interacting said stream of fluid after said stream of fluid has
      exited through said exit means with said laving member so as to wet said
      laving member, said means for interacting comprising a hollow conduit
      having radially directed outlets;
PA1  means for facilitating the contacting of said terminal-end portion of said
      elongated member with said laving member in a laving relationship;
PA1  housing means for enclosing and supporting said motor means and said laving
      means, said housing means including a drain for fluid collected therein
      and an access opening adapted to the insertion therethrough of at least
      the terminal-end portion of the elongated member to contact said laving
      means;
PA1  and, base means for supporting said housing means on an extended surface.
NUM  2.
PAR  2. The invention of claim 1 wherein said fluid is water and the terminal
      end of the elongated member is a human hand.
NUM  3.
PAR  3. The invention of claim 2 wherein said laving member comprises bristle
      elements to facilitate laving.
NUM  4.
PAR  4. The invention of claim 3 wherein said laving member is in the form of a
      rotatable cup having bristle elements radiating inwardly from the cup
      walls.
NUM  5.
PAR  5. The invention of claim 4 wherein said housing means includes means for
      providing a water-dispersible cleaning compound onto said bristle
      elements.
NUM  6.
PAR  6. The invention of claim 5 wherein means for providing a stream of water
      under pressure is coupled to a sink faucet with means for selectively
      adjusting the flow rate and the temperature of said water exiting from the
      sink and entering the invention.
NUM  7.
PAR  7. The invention of claim 6 wherein the hollow conduit is driveably mounted
      on the motor means at its proximal end and is rotably mounted at its
      distal end into the housing.
NUM  8.
PAR  8. The invention of claim 7 wherein the distal end of the hollow conduit
      contains a deformable penetrable shield means to prevent water from
      splashing out of the housing therethrough.
NUM  9.
PAR  9. The invention of claim 8 wherein the shield means is in the form of
      bristles.
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PAL  A device for cleaning shoe soles, which can be stepped over, includes a
      grid with cylindrical rings having engaged surfaces and forming circular
      passages through the grid. A frame encloses these rings and has vertical
      pins extending through the axes of the rings. The cleaning brushes are
      plate-like and ring shaped and are rotatable upon these pins. The brushes
      extend into the circular passages of the grid. The pins also carry upper
      round plates, whereby the plates and the rings constitute edge supports
      for the brushes.
BSUM
PAR  This invention relates to a cleaner of shoe soles, capable of being
      overstepped for cleaning purposes and provided with a grid with several
      passages, each of which contains a brush driven for rotation.
PAR  A shoe sole cleaner of this type known in the art has brushes shaped as
      rollers with horizontal axes. This construction has several drawbacks,
      namely, due to the cylindrical shape of the outer surface of the brushes
      and the flat upper surface of the grid, the contacting surfaces between
      brush and sole are comparatively small. The rotating brushes which are not
      engaged by the sole can throw the dirt which was not removed upwardly
      against the clothing of the user. Furthermore, the described geometrical
      relationship produces wedges along the outer line of the brushes which
      endanger the user, since they can clamp the heel. Furthermore, in this
      range, the brushes do not have any substantial resistance against bending
      since, in case of a load by the weight of the body, the specific size of
      the wedges is increased. In addition, since the known cleaner has several
      roller brushes upon a common axis located at the grid rods, the
      replacement of the brushes which are worn out is comparatively
      complicated.
PAR  There is another known sole cleaner providing for stationary cleaning of
      one shoe at a time and using a single roller brush or disk brush located
      upon a supporting surface inclined to the ground. There, the weight load
      is small, since the user supports his weight upon his other foot placed on
      the ground.
PAR  Another sole cleaner is also known which is also not stepped over by the
      user. In that cleaner, a single disk brush with a vertical axis is also
      provided, which is covered to a great extent by a cover plate. The user is
      supported upon this cover plate and he moves his shoe into the range of
      openings of the cover plate to clean his sole by the driven brush.
PAR  An object of the present invention is to improve shoe sole cleaners of the
      described type.
PAR  Another object is to provide a shoe cleaner of simple and strong
      construction with a safe and reliable operation and easy upkeep.
PAR  Other objects of the present invention will become apparent in the course
      of the following specification.
PAR  In the accomplishment of the objectives of the present invention, it was
      found desirable to provide a grid with cylindrical rings forming circular
      passages through the grid. A frame enclosing these rings has vertical pins
      extending through the axes of the rings. These pins carry rotatable
      cleaning brushes which are plate-like and ring-shaped. The brushes extend
      into the circular passages of the grid. The pins also carry round plates
      which, along with the rings, constitute edge supports for the brushes.
PAR  The frame may have an upper section consisting of these rings and a lower
      supporting plate in which the pins are fixed. The distance between the
      upper section and the lower plate is maintained by vertical supports. The
      rings may be provided with suitable coverings.
PAR  The described construction provides a rigid grid capable of resisting
      strong forces and providing great safety for the user. The produced
      cleaning surfaces are sufficiently large for cleaning purposes, but are
      sufficiently small to avoid the clamping of the shoes. This is also helped
      by a support of the brushes at their circumferential surfaces, which
      permits only a small change in the shape of the brushes. This support
      causes the brushes to extend continuously above surface of the grid, so
      that when suitable grind firm substances are selected, the grind stays
      within permissible limits. The support for the brushes is simple, cheap
      and reliable. Plates removably connected with the pins permit an easy
      exchange of the brushes when their bristles have been used up.
PAR  The provision of two supporting plates held by a vertical support has the
      advantage of providing a stable grid capable of resistance and having
      small weight and the possibility of easy manufacture. The required height
      is small, thus, a height of 80 mm is already sufficient to provide an
      efficiently operated shoe sole cleaner. Since the grid can be swung
      upwardly, all parts are easily accessible for operation and cleaning.
PAR  Larger device can be easily constructed by placing one next to the other
      several devices of the described type.
DRWD
PAR  The invention will appear more clearly from the following detailed
      description when taken in connection with the accompanying drawings,
      showing diagrammatically and by way of example only, a preferred
      embodiment of the invention idea.
PAR  In the drawings:
PAR  FIG. 1 is a side view of the built-in shoe sole cleaner of the present
      invention. It illustrates two operating positions of the cleaner.
PAR  FIG. 2 is a top view of the cleaner.
PAR  FIG. 3 is a diagrammatic top view illustrating the operation of the
      brushes.
PAR  FIG. 4 is a partial vertical section on an enlarged scale.
DETD
PAR  The illustrated shoe sole cleaner has a rectangular grid 1 supported in a
      rim 2. The rim 2 is introduced into the ground 3 in such a manner that the
      upper surface of the cleaner lies in the upper surface of the ground. At
      its lower surface, the rim 2 is provided with a plate 4 (FIG. 4), so that
      the rim with the plate forms a closed box which receives the removed dirt.
PAR  The grid 1 is swingable upwardly about one of its longitudinal edges by a
      pivot 5 (FIG. 1) and is supported by a brace 6 in the upwardly raised
      position 1'. This provides easy accessibility to the cleaner for upkeep
      and the removal of dirt.
PAR  As shown in FIG. 2, the upper surface of the grid contains ring-shaped
      openings 7, in which lie brush borders 8 rotatable about vertical axes and
      mounted upon disks 9 in a manner which will be described hereinafter. As
      shown in FIG. 3, there are two groups of disks 9, each provided with a
      separated drive. A separate V-belt is guided over the disks 9 of each
      group; it is engaged by tensioning devices 11 and is driven by an
      electrical motor 12. For that purpose, one of the disks 9' is provided
      additionally with a toothed ring 12'.
PAR  It is possible to provide a single drive for all disks, but it is
      preferable to provide a separation into groups, since then, in case one
      motor is damaged, a partial operation will still be possible.
PAR  The covering of the driving motors provides at the same time a strip over
      which a dog led by his master can be guided, since dogs are afraid to run
      over brushes.
PAR  Details of the construction are shown in FIG. 4. The grid 1 consists of an
      upper supporting plate and a lower supporting plate. The lower supporting
      plate 13 can have the shape of a grating with openings 14, through which
      dirt can drop. The upper supporting plate is composed of several rows of
      vertically extending cylindrical rings 15 which are soldered to each other
      at their interengaged covering locations and are enclosed by a frame 16.
      The inner surfaces of the rings form the inner circumferential surfaces of
      the ring-shaped passages 7. The rings of the individual rows are staggered
      relatively to each other so that half-rings 17 are provided to form a
      uniformly rigid upper supporting plate. The upper surfaces of the
      half-rings 17 as well as the wedges outside of the rings are closed by
      coverings 18.
PAR  The upper supporting plate is connected with the lower supporting plate 13
      by supports 19. There are horizontally extending spacings between these
      supports to provide passage for the V-belts 10.
PAR  Vertical pins 20 are fixed in the lower supporting plate 13 in the axes of
      the rings 15 and extend into the range of these rings. A separate disk 9
      is mounted upon a bearing 21 of each pin 20 and is freely rotatable
      thereon. A disk 22 is located under the bearing 21 and serves as a
      support. Each disk 9 includes a wedgeshaped groove 23 receiving the V-belt
      10. A brush ring 8 is fixed upon the upper surface of the disk 9.
      Furthermore, the disk contains passages 24 for the removal of the
      stripped-off dirt.
PAR  The inner circumferential wall of each passage 7 is formed by a circular
      plate 25 which is screwed upon the pin 20 in such manner that the upper
      surface of the plate lies along the upper surface of the grid 1.
PAR  As shown in FIG. 4, the brushes 8 extend always above the upper surface of
      the grid and are supported at both circumferential surfaces of the passage
      7.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for cleaning shoe soles, comprising a grid having a lower
      supporting plate and an upper supporting plate, said upper supporting
      plate having rows of vertically extending cylindrical rings forming
      circular passages through the grid, vertical pins mounted in said lower
      supporting plate and extending through the axes of said rings, said upper
      supporting plate having round plates mounted upon said pins, ring-shaped
      brushes, and means mounting said brushes upon said pins for free rotation
      thereon, said grid passages containing said brushes, the edge of each
      round plate and the adjacent cylindrical ring, constituting
      circumferential limitations for a corresponding ring-shape brush.
NUM  2.
PAR  2. A device in accordance with claim 1, comprising coverings fixed to the
      edges of said cylindrical rings and extending over wedge-shaped spaces
      between the rings.
NUM  3.
PAR  3. A device in accordance with claim 1, wherein said means comprise discs
      carrying said brushes, each of said discs having a wedge-shaped groove,
      endless V-belts extending through said grooves and electrical motor means
      driving said V-belts.
NUM  4.
PAR  4. A device according to claim 3, wherein said V-belt partially encloses
      said disks and drives them in the same direction.
NUM  5.
PAR  5. A device according to claim 4, wherein in the brush-carrying disks are
      separated into two independent groups, the electrical motor means
      comprising a separate motor actuating each group.
NUM  6.
PAR  6. A device according to claim 1, comprising a rim enclosing said grid and
      adapted to be placed within the ground, said grid having a cover swingable
      about a longitudinal edge of the grid.
NUM  7.
PAR  7. A device according to claim 6, wherein said rim has a closed bottom.
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ABST
PAL  A cylindrical drum is rotatably mounted to a frame above the path of a car
      in an automatic car wash system. A plurality of towels are connected to
      the peripheral surface of the drum at spaced circumferential points to
      depend downwardly from the drum. A car passing under the drum is thereby
      successively wiped by the towels. Rotation of the drum positions
      successive towels for wiping action. A heater is positioned adjacent the
      upper portion of the drum for warming and drying the towels passing under
      the heater as a consequence of rotation of the drum.
BSUM
PAR  This invention relates generally to automatic car wash systems and more
      particularly to an improved car dryer arrangement for use in such systems.
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional automatic car wash systems in use at the present time normally
      provide large blowers for drying vehicles as they exit from the car
      washing apparatus. While the blowing of large quantities of air over the
      vehicle is effective to some extent, it is usually required to hand wipe
      the vehicles to effect a complete drying and remove any "spotting." In
      addition, the provision of the blowers themselves is expensive and a
      substantial horsepower is required to operate the same.
PAR  In an effort to overcome some of the foregoing problems, it has been
      proposed to introduce mechanical type wiping arrangements which would
      replace, to a large extent, the necessity for hand wiping of the vehicle
      after it passes through the car wash and further would reduce
      substantially the amount of power or energy required for any blowers that
      might be used.
PAR  U.S. Pat. No. 3,504,394 illustrates one such apparatus for the drying of
      vehicles. In the particular structure shown in the patent, there are
      provided a pair of endless loop chains positioned above the path of travel
      of a vehicle to which transverse rods are attached. Suitable cloth
      material or moisture-absorbing towels are hung from the transverse rods so
      that as the endless chain loops move, the towels are dragged over the
      vehicle. While the approach set forth in the foregoing patent is a step in
      the right direction towards diminishing the total overall power required
      at a car wash facility, the structure itself is elongated in the path of
      travel in order to accommodate the necessary number of depending towels to
      effectively wipe the car dry. In other words, the total path that the car
      must travel through the entire apparatus is necessarily elongated to
      accommodate the depending towel structures. Further, should any of the
      depending towels become snagged on a vehicle, the entire apparatus would
      normally have to be shut down to free the towel or alternatively, the
      entire cloth structure depending from the particular transverse rod
      involved could be badly torn.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention contemplates an improved car dryer apparatus for
      performing a function similar to that set forth in the heretofore
      mentioned patent but in a manner to achieve the same with greater economy.
      Moreover, the improved apparatus is designed to minimize problems should
      any snagging of the drying towels or cloths occur.
PAR  More particularly, rather than employ an elongated endless chain type
      structure for rectilinearly transporting transverse rods from which towels
      depend, the present invention utilizes a large diameter drum supported on
      a frame means over the path of travel of the car through the car wash
      system. The axis of the drum extends transversely to the path of the car,
      the drum having an axial length at least equal to the width of the car.
      Motor means coupled to the drum rotate it when energized. A plurality of
      towel means are coupled to the drum and depend from its peripheral surface
      at circumferentially spaced points. The arrangement is such that a car
      passing under the drum is successively wiped by the towel means. Rotation
      of the drum positions successive towel means for wiping action.
PAR  Important features of the improved apparatus of this invention include car
      operated switch means for de-energizing the rotation of the drum while a
      car is passing thereunder and starting rotation of the drum by the motor
      means after the car has passed so as to cause successive towels to pass
      over the top of the cylindrical drum. During this passage, a heating means
      is provided for drying out the towels.
PAR  In addition, the individual towel means depending from peripheral surface
      portions of the drum include a main rectangular fabric curtain, the drying
      towels themselves being frictionally retained at overlapping portions at
      the lower margin of the curtain so that should any one towel become
      snagged, it will pull free of the curtain and thus avoid interference with
      the remaining towels.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention will be had by referring to
      a preferred embodiment thereof as illustrated in the accompanying drawings
      in which:
PAR  FIG. 1 is a broken away, perspective view of the overall car dryer of the
      present invention;
PAR  FIG. 2 is a fragmentary cross section taken in the direction of the arrows
      2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary perspective of a portion of the apparatus looking
      in the direction of the arrows 3--3 of FIG. 1; and,
PAR  FIG. 4 is a fragmentary cross section of the lower end portion of one of
      the depending towel means looking in the direction of the arrows 4--4 of
      FIG. 1,
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a frame means 10 positioned over the
      path of travel of a car through an automatic car wash system. This path of
      travel is indicated generally by the arrow 11.
PAR  A cylindrical horizontal drum 12 is rotatably mounted to the frame means 10
      above the path of travel so that a car passes under the drum. As shown,
      the axis of the drum indicated at A--A extends transversely to the path of
      the car and the drum itself has an axial length L at least equal to the
      width of the car. Typically, the drum may be about four feet in diameter
      and about eight feet long.
PAR  Supported on the frame means 10 and shown in the upper left of FIG. 1 is a
      motor means 13 coupled to the drum as by gear 14 for rotating the same
      when energized. A plurality of towel means 15 are coupled to the drum and
      depend from its peripheral surface at circumferentially spaced points such
      as indicated at 16, 17, and 18, so that a car passing under the drum is
      successively wiped by the towel means.
PAR  In FIG. 1, it should be understood that many of the towel means are not
      shown in order to avoid obscuring other portions of the drawings. It
      should be understood, however, that the towel means would be secured at
      the spaced circumferential points over 360.degree. of the drum. Thus, in
      the preferred embodiment, there may be as many as 16 individual towel
      means individually depending from the drum.
PAR  As indicated by the arrow 19 in FIG. 1, the drum 12 is caused to rotate in
      a counterclockwise direction when viewing a car passing from right to left
      along the path indicated by the arrow 11.
PAR  In accord with a feature of this invention, there is provided a switch
      means schematically indicated at 20 on a side of the frame 10 for
      engagement and operation by a car passing under the drum. This switch
      means 20 is interconnected with the motor 13 as indicated by the dashed
      line 21. The arrangement is such that actuation of the switch means by a
      car passing under a drum will de-energize the motor means 13 so that the
      drum does not rotate while the car is passing thereunder. However, after a
      car has completely passed under the drum, the switch means 20 will be
      released to energize the motor 13 and permit the drum to rotate and
      thereby successively position new towels for a next arriving car.
PAR  Still referring to FIG. 1, in accord with a still further important feature
      of this invention, there is provided in combination with the drum a
      heating means 22 in the form of an iron press defining an arcuate chamber
      having a concave exterior surface extending along the path of the drum in
      juxtaposed relationship to an upper convex cylindrical surface portion of
      the drum periphery. This iron press is pivotally mounted to the frame 10
      independently of the drum 12 as indicated by the pivot rod 23. A gas tube
      the entrance portion of which is shown at 24 passes through the interior
      arcuate chamber of the iron press 22 and is arranged to receive gas along
      a line indicated by the dashes 25 from a gas source 26. Further details of
      this heating means will be described subsequently with respect to FIG. 2.
PAR  Still referring to FIG. 1, the plurality of towel means 15 are all
      substantially identical and thus a detailed description of one will
      suffice for all. Thus, with respect to the first towel means 15 shown in
      full view, the structure includes a large rectangular fabric material
      defining a curtain 27. The upper end of this curtain is supported by a
      transverse rod 28 extending parallel to the axis A--A of the drum adjacent
      to the cylindrical surface thereof and coupled to opposite end portions of
      the drum by coupling links such as indicated at 29 and 30, in such a
      manner that the curtain depends or hangs from the drum. A plurality of
      individual towels 31 in turn are individually removably fastened to the
      lower end of the curtain 27 as indicated at 32 and depend therefrom. The
      arrangement is such that should any one of the individual towels 31 become
      snagged, it can be pulled free of the lower end of the curtain without
      interference with the remaining towels.
PAR  In the specific embodiment illustrated in FIG. 1, each of the curtains such
      as the curtain 27 include slits such as indicated at 33 extending upwardly
      from between certain ones of the towel 31 to permit the curtain to
      separate at the slits and thus facilitate passage of vertical projections
      of the car passing thereunder. Such vertical projections, for example,
      might include the automobile antenna.
PAR  Referring now to FIG. 2, further details of the structure shown in FIG. 1
      will be described. Considering first the iron press heater 22, the arcuate
      chamber defined thereby is indicated at 34. The underside of the iron
      press heater 22 defines an exterior concave surface 35 juxtaposed an upper
      convex cylindrical surface portion 36 of the drum 12. The arrangement is
      such that a towel means passes between the opposed concave and convex
      surfaces 35 and 36 as the drum 12 is caused to rotate. The gas tube 24 as
      shown in FIG. 2 extending along the length of the arcuate chamber 34
      includes lateral openings 37 so that gas passed thereinto will burn in the
      arcuate chamber and thereby heat the concave exterior surface 35. The
      extreme upper end of the arcuate chamber 34 includes an exhaust opening
      38.
PAR  As described with respect to FIG. 1, the drum is ordinarily not rotated
      while a car is passing thereunder. However, after the car has completely
      passed under the drum, the switch means 20 is released to energize the
      motor 13 and cause the drum to rotate perphaps three-fourths of a turn
      between the successive cars. In this rotation in the direction of the
      arrow 19 as also indicated in FIG. 2, the various curtains and towels will
      be passed under the iron press or heater 22. Because of the pivoting of
      the heater about the pivot rod 23, it can swing outwardly or inwardly
      towards the peripheral cylindrical surface of the drum 12 as indicated by
      the dashed lines 22'.  As a consequence, the concave exterior surface 35
      can be brought into pressing engagement with the upper convex cylindrical
      surface 36 to provide a squeezing force on the towel means simultaneously
      with the applying of heat to the same, as they successively pass under the
      iron press. This arrangement assures that substantially most of the
      moisture accumulated by the towels is removed before they flop over to the
      other side of the drum preparatory to intercepting a next vehicle.
PAR  Referring to FIG. 3, details of one means for coupling the curtain
      supporting rod 28 to the drum are shown. Thus, the coupling link 30 may be
      pivoted as at 39 to a rim or flange portion 40 of the drum 12. The lower
      end of the link 30 may similarly be pivoted to the rod 28 as at 41. This
      arrangement provides for free swinging movement of the individual curtains
      and assures proper depending support for the upper portions of the
      curtains. In this respect, the upper end of each of the curtains such as
      27 and as shown in FIG. 3, can be wrapped around the transverse rod 28 and
      permanently sewn or otherwise secured so that it will be retained by the
      transverse rod.
PAR  FIG. 4 shows a desired and preferred fastening means for the individual
      towels to the lower ends of the curtains. Thus, there is shown one of the
      towels 31 secured to the lower end of the curtain 27 as by a pressure
      responsive friction means 42. Such a fastening will permit the towel to be
      readily removed if sufficient pulling force is exerted thereon. Otherwise,
      the towel is frictionally anchored to the lower end of the curtain. An
      example of such a friction fastening arrangement takes the form of small
      fabric hooks and loops which frictionally interlock when pressed together.
      Such material is presently manufactured under the trade name VELCRO.
PAC  OPERATION
PAR  The operation of the car dryer will be evident from the foregoing
      description. Preferably, the dryer itself would be used in conjunction
      with the usual type of blower means except that not nearly as much air
      need be blown when the dryer is used. In this respect, the air blowers can
      be operated at approximately one-third to one-fourth the normal horsepower
      required. Thus, as automobiles pass through the car wash system,
      conventional type blowers would first be applied to the vehicle to blow
      off the main stream of water and thereafter the vehicle would pass through
      the car dryer shown in FIG. 1.
PAR  As stated, when each individual car engages the switch means 20, the
      cylindrical drum 12 is stopped from its rotational movement so that the
      car will simply pass under the successive towel means 15. When the car has
      completely passed under the towel means, the switch 20 is released
      permitting rotation of the drum between the successive cars.
PAR  The foregoing rotation will bring the successively engaged towels which
      have picked up moisture between the upper cylindrical surface of the drum
      and the iron press heater 22 wherein pressure and heat will be applied to
      remove a substantial amount of the picked up moisture in the towels.
      Continued rotation of the drum will cause the towels to simply flop over
      the other side of the cylindrical drum 12 as described in conjunction with
      FIG. 2 so that as a successive car passes under the drum, substantially
      dry towels will be successively engaged.
PAR  Should any one or more of the individual towels on the bottom of the
      curtains become snagged, they will simply be pulled free without
      interfering with the remaining towels so that the chances of any jamming
      or hang-up during the operation of the equipment are minimized.
PAR  As a consequence of utilizing a single large diameter drum for supporting
      the plurality of towel means wherein there is provided an efficient drying
      means in conjunction therewith, a minimum amount of additional space is
      required in an automatic car wash facility.
PAR  From the foregoing description, it will thus be evident that the present
      invention has provided an improved mechanized car dryer for use with
      automatic car wash systems.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A car dryer for use in automatic car wash systems, including, in
      combination:
PA1  a. frame means positioned over the path of travel of a car through the car
      wash system;
PA1  b. a cylindrical horizontal drum rotatably mounted to the frame means above
      the path so that a car may pass under the drum, the axis of the drum
      extending transversely to the path of the car and the drum having an axial
      length at least equal to the width of the car;
PA1  c. motor means coupled to the drum for rotating it when energized; and,
PA1  d. a plurality of towel means coupled to the device and depending from its
      peripheral surface at circumferentially spaced points, each of said towel
      means including a large rectangular fabric material defining a curtain; a
      transverse rod extending parallel to the axis of the drum adjacent to the
      cylindrical surface thereof and coupled to opposite end portions of the
      drum at corresponding circumferential points, said rod supporting the
      upper end of said curtain; and towels individually removably fastened to
      the lower end of said curtain and depending therefrom whereby a car
      passing under the drum is successively wiped by the towel means, rotation
      of the drum positioning successive towel means for wiping action, and
      whereby should any one or more of said towels become snagged when a car is
      being wiped thereby, it is pulled free from said curtain without
      interference with the remaining towels.
NUM  2.
PAR  2. A car dryer according to claim 1, including switch means connected to
      said motor means and positioned to be actuated by a car passing under the
      drum for de-energizing the motor means so that the drum does not rotate
      while the car is passing thereunder.
NUM  3.
PAR  3. A car dryer according to claim 1, including heating means coupled to
      said frame means in a position to apply heat to the towel means as they
      successively pass over the top cylindrical portion of the drum as a result
      of rotation of the drum.
NUM  4.
PAR  4. A car dryer for use in automatic car wash systems, including, in
      combination:
PA1  a. frame means positioned over the path of travel of a car through the car
      wash system;
PA1  b. a cylindrical horizontal drum rotatably mounted to the frame means of
      the path so that a car may pass under the drum, the axis of the drum
      extending transversely to the path of the car and the drum having an axial
      length at least equal to the width of the car;
PA1  c. motor means coupled to the drum for rotating it when energized;
PA1  d. a plurality of towel means coupled to the device and depending from its
      peripheral surface at circumferentially spaced points so that a car
      passing under the drum is successively wiped by the towel means, rotation
      of the drum positioning successive towel means for wiping action; and,
PA1  e. heating means coupled to said frame means in a position to apply heat to
      the towel means as they successively pass over the top cylindrical portion
      of the drum as a result of rotation of the drum, said heating means
      comprising an iron press shaped to define an arcuate chamber having a
      concave exterior surface extending along the length of the drum in
      juxtaposed relationship to an upper convex cylindrical surface portion of
      the drum periphery, said towel means passing between said concave exterior
      surface and convex cylindrical surface; a gas tube having lateral openings
      passing through the interior of the chamber such that burning of gas
      passing out the lateral openings heats said concave exterior surface; and
      means pivoting the iron press to said frame means for swinging movement
      about an horizontal axis spaced from and parallel to the drum axis whereby
      said concave exterior surface can be brought into pressing engagement with
      said upper convex cylindrical surface to provide a squeezing force on the
      towel means simultaneously with the applying of heat to the same as they
      successively pass under said iron press.
NUM  5.
PAR  5. A car dryer according to claim 1, in which said towels are fastened to
      the lower ends of said curtain by pressure responsive friction means
      actuated by pressing marginal overlapping portions of the towel and
      curtain together.
NUM  6.
PAR  6. A car dryer according to claim 1, in which said curtain includes slits
      extending upwardly from between certain ones of said towels to facilitate
      passage of vertical projections of a car passing thereunder.
NUM  7.
PAR  7. In a car wash dryer:
PA1  a. frame means positioned over the path of travel of a car through a car
      wash system;
PA1  b. endless carrier means rotatably mounted on the frame means so that a car
      may pass under the carrier means;
PA1  c. motor means coupled to the carrier means for advancing it when
      energized;
PA1  d. a plurality of towel means coupled to the carrier means and depending
      therefrom at spaced points so that a car passing under the carrier means
      is successively wiped by the towel means, advancement of the carrier means
      positioning successive towel means for wiping action; and,
PA1  e. heating means coupled to said frame means in a position to apply heat to
      the towel means, said heating means comprising an iron press shaped to
      define an arcuate chamber having a concave exterior surface extending
      across the width of the carrier means in juxtaposed relationship to an
      upper convex cylindrical surface portion, said towel means passing between
      said concave exterior surface and convex cylindrical surface; a gas tube
      having lateral openings passing through the interior of the chamber such
      that burning of gas passing out the lateral openings heats said concave
      exterior surface; and means pivoting the iron press to said frame means
      for swinging movement about an horizontal axis whereby said concave
      exterior surface can be brought into pressing engagement with said upper
      convex cylindrical surface to provide a squeezing force on the towel means
      simultaneously with the applying of heat to the same as they successively
      pass under said iron press.
NUM  8.
PAR  8. In a car wash dryer:
PA1  a. frame means positioned over the path of travel of a car,
PA1  b. endless carrier means mounted on the frame means;
PA1  c. a plurality of curtain means secured to the carrier means at spaced
      points therealong;
PA1  d. a plurality of towels; and
PA1  e. a plurality of releasable connecting means securing the towels
      individually to the free ends of the curtain means whereby any towel
      snagged by a car is pulled loose from the curtain means without
      interference with the remaining towels.
PATN
WKU  039408221
SRC  5
APN  5512964
APT  1
ART  242
APD  19750219
TTL  Rear view safety mirror
ISD  19760302
NCL  4
ECL  1
EXP  Feldman; Peter
NDR  1
NFG  3
INVT
NAM  Emerick; Carl D.
CTY  Cridersville
STA  OH
INVT
NAM  Davis; Daniel E.
CTY  Lima
STA  OH
ASSG
NAM  All Weather Truck Mirror Co., Inc.
CTY  Lima
STA  OH
COD  02
CLAS
OCL   1525022
XCL   15250B
XCL   1525019
XCL  310209
XCL  350 61
EDF  2
ICL  B60S  144
FSC   15
FSS  250.19;250.20;250.22;250 B
FSC  310
FSS  209
FSC  350
FSS  61;63
UREF
PNO  2464847
ISD  19490300
NAM  Coffey
UCL  310209
UREF
PNO  2670449
ISD  19540200
NAM  Brice
OCL  310209
UREF
PNO  2722160
ISD  19551100
NAM  Prutzman
OCL  350 61
UREF
PNO  2814823
ISD  19571200
NAM  Werner
XCL  350 61
UREF
PNO  3135004
ISD  19640600
NAM  Naigraw
OCL   15250B
UREF
PNO  3153159
ISD  19641000
NAM  Lord
XCL  310209
FREF
PNO  229,252
ISD  19600600
CNT  AU
OCL   15250B
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  A rear view safety mirror is provided with an aperture through the mirror
      element through which extends a drive shaft for a wiper blade; the drive
      shaft is connected to the rotary armature of an electric motor which is
      mounted on the support bracket of the mirror in the rear portion thereof;
      the armature of the electric motor is mounted so as to be axially movable
      so that when the motor is supplied with direct current, the armature will
      shift its position to press the wiper element against the surface of the
      mirror during rotation thereof; a heating element is also provided in the
      housing of the mirror to maintain the mirror's surface free of ice and
      snow during inclement weather.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to rear view safety mirrors of the type
      generally used on large truck cabins and, more particularly, to an
      improved wiper assembly and heating element which are used with such
      mirrors to maintain them clear during inclement weather.
PAR  The standard rear vision mirrors employed on the cabs of trucks and tandem
      vehicles are generally rectangular in shape and mounted on the side of the
      cab of a truck with the longer dimension of the mirror generally
      vertically disposed. Since such mirrors are exposed to the elements,
      during travel at high speeds due to their large size, considerable air
      turbulance is generated which contributes to the deposition of water and
      dirt on the mirrors surface thus obscuring the driver's rear vision.
PAR  Since the undesirable safety conditions resulting from the obscuring of a
      driver's rear and side vision have long been recognized, the prior art has
      proposed a number of mechanisms, usually in the form of wiping blades, for
      clearing the mirror element. Some of the proposed arrangements have
      resorted to employing spring biased wiper arms similar to the arrangements
      commonly used in conjuntion with the passenger vehicle windshield wipers
      while others have resorted to employing rather complicated mechanical
      linkages to attain wiping of the entire mirror surface. These latter
      arrangements have been found to be very distracting to drivers when not in
      use during fair weather conditions and have thus often necessitated the
      provision of additional equipment to enable the wiping mechanism to be
      stored when not in use thus further increasing the costs of installing
      such apparatus.
PAR  In arrangements where a standard passenger vehicle wiper arm is utilized to
      clean the mirror's surface, the most expensive portion of the mechanism is
      the drive linkages since such articles must be specially designed,
      otherwise a specially constructed drive motor must be employed which, as
      it turns out, is not a viable economic alternative. As a consequence of
      the fact that such mechanical linkages must be specially designed for each
      type of mirror configuration, these linkages will be much more subject to
      failure as opposed to linkages which can be mass produced for a
      standardized and well tested operation.
PAR  It is an object of the present invention to provide a safety mirror wiper
      assembly and heating element which can be readily and very inexpensively
      adapted to accommodate any mirror dimension and satisfactorily effect
      efficient wiping action over at least a specific desired portion of the
      mirror and which does not require complicated mechanical linkages.
      Additionally, the apparatus of the present invention provides a novel
      means for effecting squeezing action between the wiper blade and
      reflecting surface of the mirror which is not subject to deterioration
      over a period of time as are the usual spring linkages that are commonly
      employed.
PAC  SUMMARY OF THE INVENTION
PAR  In a preferred embodiment, a specially constructed electric motor having a
      rotary output is mounted behind the mirror element with the output shaft
      of the motor extending through an aperture formed in the mirror. A
      flexible wiper element is attached to a wiper arm which in turn is secured
      to the end of the motor shaft so that the wiper element contacts the
      surface of the mirror. The electric motor is of the type that provides a
      very high speed rotary output so that, when in operation, the wiper blade
      will not be visible to an observer. In addition, the armature of the
      electric motor is mounted for axial displacement to a small degree which
      will occur when the winding of the motor is energized. This will result in
      a shifting of the armature further into the winding to thus affect a
      pressing action of the wiper blade on the mirror's surface to ensure firm
      contact between the wiper element and mirror's surface.
PAR  In one embodiment, the heat generated by the electric can be utilized to
      provide warming air to the casing behind the mirror to maintain the mirror
      free of ice and fog. In another embodiment, separate electrical coils can
      be mounted in the casing to furnish heat to the mirror's surface.
PAR  By providing a wiper blade that only sweeps a portion of the mirror's
      surface, the entire wiper blade assembly including the blade, drive shaft
      and electric motor will occupy only a very small portion of the entire
      mirror assembly and thus will not interfere in the conventional mounting
      bracket devices which are employed to permit relatively wide angular
      adjustment of the mirror to suit the needs of the individual operators of
      a vehicle.
PAR  With the arrangement of the present invention, a very durable yet extremely
      efficient and economical mirror wiping action can be achieved without
      requiring the implementation of complicated and expensive mechanical
      linkages or undue alteration of the conventional or already installed
      mirror mounting assembly.
DRWD
PAR  Other and further features and advantages of the present invention will be
      made apparent in the detailed description which follows when considered in
      conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view in elevation of a rear view mirror and support
      bracket illustrating the disposition of the wiper blade of the present
      invention and heating elements;
PAR  FIG. 2 is a side view in elevation of the apparatus illustrated in FIG. 1;
      and,
PAR  FIG. 3 is a detailed view of the motor and wiper blade assembly.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference now to the accompanying drawing, wherein the numerals
      designate corresponding parts throughout the several views, there is
      illustrated in FIG. 1, generally designated at 10, a mirror assembly
      incorporating the features of the present invention. The mirror assembly
      10 includes support means in the form of a pair of channeled border frames
      12 and 13 which are secured together by joining elements 16 and 18 to
      enclose a generally rectangular, planar mirror element 14. Also extending
      from the support means 12 are the usual mounting bolts 20 and 22 which are
      designed to rotatably engage bracket means in the form of support arms
      shown in dotted lines at 24 and 26. The support arms 24 and 26, of course,
      are rigidly secured to the cab of a motor vehicle adjacent the driver's
      position and, in many circumstances, they are provided next to the
      passenger position also. It should be understood that other types of
      brackets and support devices can be employed to secure the mirror element
      in position adjacent the cab of the vehicle.
PAR  In the illustrated embodiment, a wiper arm 28 which carries a resilient,
      flexible wiper element 30 is located in the upper portion 32 of the mirror
      element 14. It should be understood, however, that it is intended that the
      wiper element be located on that portion of the mirror which is
      approximately at the eye level of the vehicle operator so that the
      illustrated embodiment should be understood to be by way of example only.
      However, it is a feature of the present invention that the wiper element
      be of such dimensions that only a portion of the mirror element is
      traversed thereby when in operation to thus avoid the necessity of
      employing complicated mechanical linkages to obtain complete traversal of
      the mirror element for each sweep of the wiper element as it has been
      found that for safe operation, clearing of the eye level portion of the
      mirror element is adequate.
PAR  As shown in FIG. 2, the wiper arm 28 is secured to one end of a shaft 34
      which extends through an aperture 36 formed in the mirror element 14. The
      aperture may be provided with cushioning means in the form of a rubber
      gasket 38. The end of shaft 34 may be secured to the wiper arm 28 by any
      suitable means such as the illustrated pin 40 which cooperates with a hole
      (not shown) formed in the end of the shaft 34.
PAR  With the reflecting face of the mirror element 14 facing outward as shown
      in FIG. 1, the rear face (not shown) of the mirror element 14 is enclosed
      within a casing 42 which is sealingly secured to the frame 12 so as to
      prevent the intrusion of moisture into the enclosure formed by the casing
      42 and the rear face of the mirror. In this enclosure, there are provided
      coil elements shown in dotted lines at 44 which are mounted on the
      interior of the casing 42. The coil elements will heat the enclosure and
      the mirror element 14 when energized by current from the vehicle's
      battery.
PAR  Above the coil elements, on the exterior of the casing 42 is mounted a
      housing 45 for an electric motor generally designated at 46 in FIG. 3. The
      housing 45 on its front face 47 is provided with flanges as at 49 which
      may be bolted or welded to the back of the casing 42 to mount the housing
      45 thereon.
PAR  The electric motor 46 has a stationary winding consisting of a magnetic
      core wrapped with conducting wire of the conventional type fixedly carried
      in the housing 45. The winding 48 is generally circular having a contral
      axis designated by the line 50 in FIG. 3. The interior of the winding 48
      is spaced a distance from the axis 50 to provide space for a rotary
      armature 52 which consists of a core of magnetic material which is also
      wrapped with conductive wires. As is conventional, the armature 52 is
      disposed to rotate about axis 50 when current is introduced as through
      conductor 54 to the wires of the winding 48 and armature 52. In the type
      of motor to be used with the arrangement of the present invention,
      however, the armature 52 is mounted for translational movement parallel to
      axis 50 as well as rotary movement about the axis 50. To this end, shaft
      34 passes through a bearing assembly 56 at end 58 of the housing 45 and is
      shiftable relative thereto. The other end of the armature 52 is provided
      with an extension 58 which rests in a bearing member 60. The bearing
      member 60 is provided with a cylindrical race 62 which permits axial
      shifting of the armature 52 a predetermined distance to the right as
      viewed in FIG. 3. When the electric motor 46 is installed in the mirror
      assembly as illustrated in FIGS. 1 and 2, the armature 52 will normally
      take the position illustrated in FIG. 3 when the motor 46 is deenergized.
      However, when current is supplied to the motor 46, the pull of the
      resulting magnetic field will exert a force on the armature 52 to both
      rotate the armature about axis 50 and to shift it laterally to the right
      as viewed in FIG. 3 to an extent limited by the distance between the end
      of extension 58 and the back wall of the race 62. This shifting will be
      transmitted through shaft 34 which is rigidly secured in the armature 52
      to the wiper arm 28 so that the wiper arm 28 and its associated wiper
      element 30 will be shifted to the dotted line position illustrated in FIG.
      3. Since, in the assembled condition, the reflecting face of the mirror
      element 14 will be interposed, as illustrated in FIGS. 1 and 2, between
      the electric motor 46 and the wiper arm assembly, actuation of the
      electric motor to rotate the wiper arm 28 will also shift the wiper arm 28
      to press the wiper element 30 into firm contact with the reflecting face
      of the mirror element 14. It should be understood that the dotted line
      position of the armature and shaft 34 corresponding to their shifted
      positions is omitted for the sake of clarity in FIG. 3.
PAR  In practice, the amount of shifting may be very small, for example, on the
      order of between one-eighth to one-sixteenth of an inch to effect adequate
      contact between the wiper element 30 and the reflecting face of the mirror
      element 14.
PAR  The power output of the electric motor 46 should be sufficient to provide
      at least 3,000 revolutions per minute to the wiper arm 28 so that when the
      motor is actuated the wiper arm will not be visible to the human eye. When
      current to the electric motor 46 is cut off, pressure of the resilient
      wiper element 30 will be relieved and the armature 52, shaft 34 and wiper
      assembly will shift to its rest position as illustrated in FIG. 3 due to
      the unflexing of the wiper element 30.
PAR  It should be understood that the electric motor 46 may be of the
      conventional two pole direct current type where current is supplied both
      to the winding and the coils of the armature 52 to provide the necessary
      power output. To this end, commutator brushes or contacts (not shown)
      would be employed to provide electric current to the armature as is
      conventional in these types of motors.
PAR  Since electric motors of this type generate heat during their operation,
      fins may be provided as at 64 to dissipate the heat generated through
      vents or apertures as at 66 into the interior of the casing 42 to provide
      warmed air either as an alternative or in addition to that supplied by the
      coils 44. Of course, the rear wall 68 would also be provided with
      apertures to permit external air to be drawn in and over the armature and
      winding to remove heat generated therein.
PAR  Having described a preferred embodiment of this invention, it is to be
      understood that various modifications thereof can be made without
      departing from the spirit and scope of this invention as defined in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rear view mirror of the type having bracket means for attachment to
      a vehicle, a planar mirror element, support means movably mounted on said
      bracket means for supporting said mirror element, said mirror element
      having a reflecting face and a rear face, the improvement comprising:
PA1  said mirror element having an aperture therethrough, a rotary electric
      motor mounted on said support means adjacent said rear face, said electric
      motor having a housing, a field winding fixedly carried in said housing,
      said winding having a central axis, an armature,
PA1  means mounting said armature in said housing for rotation about said
      central axis and movement along said axis between a first and second
      position with said winding surrounding at least a portion of said armature
      when said armature is in said second position,
PA1  a shaft having one end connected to said armature, said shaft extending
      along said central axis and through said aperture in said mirror element,
      said shaft having its other end located adjacent said reflecting face of
      said mirror element,
PA1  wiper means mounted on said other end of said shaft, said shaft and wiper
      means being rotatable and movable with said armature from said first
      toward said second position so that said wiper means will be pressed
      against said reflecting face of said mirror element,
PA1  means for delivering electric current to said motor whereby a magnetic
      field will be established through said winding and armature to cause
      rotation of said armature and movement thereof from said first toward said
      second position to press said wiper means against said reflecting face of
      said mirror element.
NUM  2.
PAR  2. The invention as claimed in claim 1 wherein said housing for said
      electric motor is provided with means for distributing heat generated by
      said motor during the operation thereof to said rear face of said mirror
      element.
NUM  3.
PAR  3. The invention as claimed in claim 2 wherein said means for distributing
      heat generated by said electric motor includes vents formed in said
      housing for said motor.
NUM  4.
PAR  4. The invention as claimed in claim 1 wherein said support means includes
      a casing enclosing said rear face of said mirror element and heating coils
      are mounted in said casing to heat said mirror element.
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ABST
PAL  An end clip positively secured to the end of a backing strip of a
      windshield wiper blade refill unit by means of a projection at the end of
      the backing strip extending from one side thereof through a slot in the
      end clip to prevent relative longitudinal motion between the end clip and
      the backing strip, together with ear members extending inwardly from
      finger engaging upturned tabs on the outer edges of the end clip toward
      the center of the end clip overlying the other side of the backing strip
      for restraining relative motion between the end clip and the backing strip
      in a direction normal to the elongate axis of the backing strip.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to windshield wiper blade refill units of
      the type having a wiper element, a flexible backing strip having legs
      seated in grooves on either side of the wiper element and an end clip
      secured to one end of the backing strip for releasable connection with a
      supporting structure of a wiper blade assembly, and, particularly, to an
      arrangement for securing together the end clip and the backing strip of
      the refill unit.
PAR  A windshield wiper blade assembly typically comprises a blade refill unit
      releasably secured to a pressure distributing supporting structure which,
      in turn, is secured to the free end of a pivotally mounted arm assembly.
      When the wiper element of the blade refill unit becomes worn, it is
      desirable for the old refill unit to be easily disconnected from the
      supporting structure and replaced with a new refill unit.
PAR  To facilitate easy connection and disconnection of the refill unit and the
      supporting structure, end clips have been used which are secured to the
      backing strip and releasably engage with the claws of the supporting
      structure. These end clips comprise a planar body portion with two spaced
      arms extending therefrom which overlie the two legs of the backing strip
      and are seated therewith in grooves along both sides of the head of the
      wiper element. The arms have notches in their outer edges which
      resiliently engage the claws of the supporting structure and are released
      from engagement with the claws for removal of the refill units when the
      arms are squeezed together. To facilitate the squeezing by a person's
      fingers, the arms are often provided with tabs extending upwardly from the
      outer edges of the arms.
PAR  A troublesome problem of the refill units having end clips of the type
      described above lies in the manner in which the end clip and backing strip
      are secured together. Some current designs of end clips have projections
      at the end of the end clip extending through a slot in the backing strip
      to prevent relative longitudinal movement therebetween and the restraining
      action of the side walls of the grooves in the wiper element in which the
      two arms of the end clip are seated is relied upon to prevent relative
      motion in a direction normal to the longitudinal axis of the backing
      strip. When the arms of the end clip are engaged by the claws of the
      supporting structure, they are squeezed inwardly towards each other and
      fit snugly within the grooves. In this condition the restraining action of
      the grooves together with that of the claws of the supporting structure
      are generally sufficient to prevent the end clip from moving in a
      direction normal to the elongate axis of the backing strip and thereby
      becoming disengaged at its slot from the projection at the end of the
      backing strip.
PAR  However, when the refill unit is not secured to the supporting structure,
      and the end clip is in an unsqueezed condition, the arms of the end clip
      are sufficiently spaced that one or the other or both may move out of the
      grooves in the wiper element thereby permitting separation of the end clip
      and the backing strip where they are secured at their respective slot and
      projection. If the separation is great enough, the end clip may become
      totally separated from the backing strip and become lost.
PAR  Such separation of the end clip from the remaining portion of the refill
      unit may occur because of handling during the packaging of the refill unit
      such that incomplete and unusable refill units may be sold resulting in
      considerable consumer dissatisfaction. Further, when a plurality of such
      refill units are packaged together in a single container, dropping of the
      container has been known to result in separation of almost all of the end
      clips which, of course, requires considerable time to reassemble.
PAC  SUMMARY OF THE INVENTION
PAR  The separation problem described above is eliminated in the end clip and
      end clip securing arrangement of the invention in a unique and inexpensive
      manner. In accordance with the present invention, ears are formed at the
      ends of the tabs which ears extend inwardly toward the center of the end
      clip so as to overlie the edge portions of the backing strip. That is, the
      backing strip is slideably interposed between the inwardly extending ears
      and the top surface of the arms of the backing strip, and relative motion
      therebetween in a direction normal to the longitudinal axis of the backing
      strip is prevented. This, in combination with the slot and projection
      mating means preventing relative longitudinal motion between the end clip
      and the backing strip, provides a securing arrangement which absolutely
      prevents separation of the end clip and the backing strip despite the
      roughest handling during packaging or shipping of the refill units.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and further features and advantages of the end clip and end clip
      securing arrangement of the present invention will be made more apparent
      in the following description of the preferred embodiment taken together
      with the drawings in which:
PAR  FIG. 1 is a side view of a portion of a wiper arm assembly connected to a
      pressure distributing supporting structure which, in turn, has secured
      thereto a windshield wiper refill unit having a preferred embodiment of
      the end clip securing arrangement of the present invention;
PAR  FIG. 2 is a side view of an enlarged portion of the end of the windshield
      wiper assembly of FIG. 1 carrying the end clip showing the claw connector
      of the supporting structure and the wiper element, backing strip and end
      clip of the refill unit;
PAR  FIG. 3 is an enlarged view of the end of the windshield wiper assembly of
      FIG. 1;
PAR  FIG. 4 is a sectional view taken substantially along the section lines 4--4
      of FIG. 2;
PAR  FIG. 5 is a plan view of the top of a preferred embodiment of the end clip
      connected with a backing strip;
PAR  FIG. 6 is a plan view of the bottom of a preferred embodiment of the end
      clip connected with a backing strip;
PAR  FIG. 7 is a side view of another form of the preferred embodiment of the
      end clip connected with a backing strip; and,
PAR  FIG. 8 is a top view of the end clip and backing strip of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The windshield wiper blade assembly, generally designated by reference
      numeral 10, shown in FIG. 1 in addition to having a wiper blade refill
      unit, generally designated by reference numeral 12, in which the improved
      end clip securing arrangement of the present invention is utilized,
      includes a wiper arm assembly 11, the free end portion of which is
      designated by reference numeral 14, to which is pivotally connected, by
      means of a connector 16 or the like, a superstructure or pressure
      distributing supporting structure, generally designated by reference
      numeral 18. Supporting structure 18 comprises a primary yoke 20 to each
      end of which is articulated a secondary yoke 22 which, in turn, is
      slideably connected by means of claws 24 to the wiper blade refill unit
      12. Other forms of superstructures with different articulated members are
      adapted for use with the refill of the present invention.
PAR  As best seen in FIGS. 2, 3 and 4, refill unit 12 includes a wiper element
      26, an elongate backing strip 28 and connected thereto at at least one end
      of the refill unit, an end clip 29. As best seen in FIGS. 3 and 4,
      resilient wiper element 26 is composed of a wiping portion 27 and an
      attaching or back portion 30 which are joined together by an intermediate
      hinge portion 32 such that the wiping portion may move laterally with
      respect to the back portion when the blade is moved back and forth across
      a windshield. The wiping portion 27 is tapered gradually downwardly to a
      surface-contacting wiping edge 34 adapted to contact a windshield for
      cleaning the surface thereof.
PAR  Back portion 30 of wiper element 26 comprises a lower section 36 and an
      upper section 38 joined together by a reduced portion 40 so as to form a
      pair of matching grooves 42 and 44 in the opposite sides thereof extending
      the full length of the back portion. As best seen in FIGS. 2 and 4,
      grooves 42 and 44 have enlarged sections 46 near the end of wiper element
      26 to accommodate receipt of both the backing strip 28 and end clip 29 and
      a narrower section 48 extending the remaining length of wiper element 26
      to accommodate backing strip 28 alone. As seen in FIG. 4, each of the
      grooves 42 and 44 has a base wall 50 spaced an equal amount from the
      opposite sides of the longitudinal center line of the blade. Each base
      wall 50 is bounded by spaced side wall 52 and 54.
PAR  Elongate flexible backing strip 28, the end portion of which is best shown
      in FIGS. 2, 3, 5 and 6 is comprised of two spaced, parallel, elongate,
      planar leg members 56 and 58 extending from and between two connecting
      portions 60 at opposite ends thereof. Leg members 56 and 58 which are
      adapted to be resilient or flexible in directions perpendicular to the
      plane in which they lie and inflexible in their plane, are seated within
      grooves 42 and 44, respectively, and are of such a dimension that their
      outer edges 62 are positioned beyond the edge portions of upper sections
      38 of back portion 30 so that they are accessible by claw connectors 24 of
      the superstructure. The backing strip 28 also includes a projection member
      64 downturned from connecting portion 60 extending in a direction
      substantially normal to the plane of leg members 56 and 58. This
      projection member 64 is adapted to extend through a projection member
      receiving slot in the end clip for securing it thereto as will be
      explained in more detail hereinafter.
PAR  Turning now to FIGS. 3, 4, 5 and 6, the end clip 29 comprises a planar body
      portion 66 with two spaced elongate arms 68 and 70 extending therefrom and
      when assembled with the backing strip, will be juxtaposed with the bottom
      surfaces of legs 42 and 44, respectively, of the backing strip. Formed at
      the outer edges 72 of arms 68 and 70 are tab members 74 and 76,
      respectively, which extend upwardly and, when assembled with the backing
      strip will extend beyond the upper surfaces of legs 42 and 44 of the
      backing strip. Ear members 80 and 82 are formed on the tabs 74 and 76 and
      extend inwardly toward the center of the clip and overlie top surfaces of
      arms 68,70 of the clip and, when assembled with the backing strip 28, will
      overlie the top surfaces of legs 56 and 58, respectively, of the backing
      strip. At the one end of the body portion 66 of end clip 29 is a
      downturned end projection 84, and formed inwardly therefrom and adjacent
      thereto is a slot 86 adapted to receive projection 64 of the backing
      strip. Formed at the outer edges of arms 68 and 70, adjacent the tab
      members, are notches 88 and 90 adapted to receive the claws 24 of the
      superstructure.
PAR  Claws 24, which engage the end clip and backing strip at one end of the
      wiper blade and which engage only the backing strip at the other end and
      points intermediate therebetween may be embodied in various shapes, but
      includes in all instances a pair of channels 94 and 96, one formed in each
      side of the component of the superstructure and within which claws are
      slideably seated arm 68 and leg 58 and arm 70 and leg 56, respectively.
PAR  The claws are formed with parallel top and bottom walls 98 joined together
      by outboard walls 100 and are spaced sufficiently to slideably receive
      therebetween the arms of the end clip and legs of the backing strip. The
      spaced claws 24 on the outboard end of the yoke are seated within notches
      88 and 90, respectively, with the longitudinal edges 106 of the notches
      serving to limit the longitudinal movement between the claws 24 and the
      end clip 29.
PAR  The inboard end portion of side edges 72 of the arms 68, 70 of the end clip
      29 each have a tapered portion 110 extending inwardly from adjacent the
      notches toward the center and end of each arm. The claws 24 are engaged,
      and hence the superstructure is engaged, with the end clip by sliding the
      claws along the legs of the backing strip onto the tapered portions 110
      which are cammingly engaged by the inside of the outboard walls 100 of the
      claws to squeeze together the arms 68, 70 of the end clip. The claws ride
      over the tapered portion squeezing the legs together, until the claws
      completely pass the side wall of the notch adjacent the end of the arm at
      which time the arms of the clip resiliently return to the unsqueezed
      position with the claws 24 trapped in the notches 88, 90 to thereby secure
      the superstructure 18 to the wiper blade refill.
PAR  To remove the superstructure from the refill, the tab members 74, 76 on the
      arms of the end clip must be squeezed together so that the claws 24 can
      override the edges of the notches 88, 90 in the arms of the end clip and
      to facilitate this squeezing process, tabs 74 and 76 are provided. The tab
      members 74, 76 are planar and are bent upwardly from the plane of the body
      portion and arms of the end clip at an acute angle with respect thereto
      and are of sufficient dimension that they extend beyond the top surface of
      the backing strip. Bent inwardly at either end of the tab members are ear
      members 80 and 82. The ear members are also planar and are preferably bent
      at an angle of 90.degree. with respect to the plane of their associated
      tab member. The ear members have bottom edges 116 (FIG. 3) which are
      preferably straight and overlie the top surface of the legs 56, 58 of the
      backing strip. The portions of the bottom edges 116 which engage the edges
      of the legs of the backing strip if moved in a lateral direction are of a
      sufficient distance apart that the engagement with the legs of the backing
      strip does not prevent the arms 68, 70 of the end clip from being squeezed
      together to connect or disconnect the claws 24. That is, the distance
      between the engagement portions of the two ear members 80, 82 is greater
      than the width dimension of the backing strip 28, as best shown in FIG. 3.
      The ear members 80, 82 may be formed at the outboard end of the tabs 74,
      76 adjacent the body portion 66 of the end clip 29 as shown in FIGS. 3, 5
      and 6 or they may be formed at the inboard ends of the tabs 74, 76
      adjacent the claw engaging notches 88, 90 of the legs as shown in FIGS. 7
      and 8.
PAR  The end clip 29 and backing strip 28 are secured together by two latching
      arrangements, the first latching arrangement having projection 64 of the
      backing strip extending downwardly through slot 86 of the end clip and
      thereby limiting relative longitudinal motion between the end clip and the
      backing strip. The second latching arrangement having ear members 80, 82
      on the tabs 74, 76 which ears overlie the legs 56, 58 of the backing strip
      to prevent the backing strip and end clip separating in a direction normal
      to the elongate direction of the backing strip thereby preventing the
      projection member 64 of the backing strip becoming disengaged from the
      slot 86 of the end clip. The mating connection of projection 64 and slot
      86 prevents relative longitudinal movement between the end clip and
      backing strip and precludes the end clip from sliding off the end of the
      backing strip.
PAR  Thus, the combined mating connection between the projection member and slot
      together with the ear members overlying the legs of the backing strip
      positively prevents the end clip from becoming disengaged from the backing
      strip, and thus the aforementioned problems associated therewith are
      eliminated.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a windshield wiper blade refill unit having a backing strip with two
      spaced elongate parallel legs, a wiper blade having a pair of oppositely
      facing grooves formed therein, the legs of said backing strip nesting in
      said grooves, an end clip secured to one end portion of the backing strip,
      said end clip having a body portion with spaced arms extending therefrom
      and lying in face-to-face relationship with the lower surface of the legs
      of the backing strip, each of said arms having a portion adapted to be
      releasably engaged by claws of the superstructure and having aligned
      upturned tabs on the outer edge portions of the arms of said end clip
      adapted to be squeezed together to release the arms from engagement by the
      claws of the superstructure, means for positively securing the end clip
      and the backing strip together, said means comprising first and second
      latching means, said first latching means including a projection formed on
      the end of said backing strip which projection engages in a slot formed in
      the body portion of said end clip to secure the end clip from longitudinal
      movement relative to the backing strip, and said second latching means
      including a pair of inwardly projecting ears formed on the upturned tabs
      so as to overlie the edges of the backing strip to restrain movement of
      the end clip normal to the plane of the backing strip.
NUM  2.
PAR  2. The windshield wiper blade refill unit of claim 1 in which said tabs
      have an end adjacent the body portion of the end clip and said ear members
      are formed at said end.
NUM  3.
PAR  3. The windshield wiper blade refill unit of claim 1 in which each tab has
      an end adjacent the claw engaging portion of the arms of the end clip and
      said ear members are formed at said end.
NUM  4.
PAR  4. The windshield wiper blade refill unit of claim 1 in which both said
      tabs and said ear members are substantially planar, and said ear members
      are in a plane substantially perpendicular to and overlie the plane of the
      backing strip.
NUM  5.
PAR  5. The windshield wiper blade refill unit of claim 1 in which said arms of
      the end clip are substantially in a single plane and said tabs are
      upturned at an acute angle with respect thereto.
NUM  6.
PAR  6. The windshield wiper blade refill unit of claim 1 in which the backing
      strip is interposed across the width dimension thereof between inside
      edges of the ear members and engageable with portions thereof, the
      distance between the engagement portions of the ear members being greater
      than the width dimension of the backing strip to permit the arms of the
      end clip to be squeezed together for releasing the arms from engagement by
      the claws of the superstructure.
NUM  7.
PAR  7. The windshield wiper blade refill unit of claim 6 wherein said inward
      projecting end portions of the arms of the end clip have tapered shoulders
      and cut out sections facing laterally from the center line of the end clip
      such that claws of the superstructure will ride up the tapered shoulders
      to depress the arms toward each other until said claws line up with said
      cut out sections whereupon the resilience of the blade will force the arms
      outward to seat the claws and superstructure in retained relation with
      said blade.
NUM  8.
PAR  8. In a windshield wiper blade refill unit having a backing strip with two
      spaced elongate parallel legs, a wiper blade having a pair of oppositely
      facing grooves formed therein, the legs of said backing strip nesting in
      said grooves, and end clip secured to one end portion of the backing
      strip, said end clip having a body portion with spaced arms extending
      therefrom and lying in face-to-face relationship with the under surface of
      the legs of the backing strip, each of said arms having a portion adapted
      to be releasably engaged by claws of a superstructure and having aligned
      upturned tabs integrally formed on the outer edges of the arms of said end
      clip and adapted to be squeezed together to release the arms from
      engagement by the claws of the superstructure, means at the outer end of
      the backing strip cooperating with the body of the end clip for
      restraining relative longitudinal movement therebetween; and ear members
      integrally formed on said tabs and projecting inwardly toward each other
      and toward the center of the end clip and overlying the top surface of the
      legs of the backing strip to restrain the end clip and the backing strip
      from relative movement in a direction normal to the plane of the backing
      strip.
NUM  9.
PAR  9. The wiper blade refill unit of claim 8 in which said means for
      restraining relative longitudinal movement between the end clip and
      backing strip comprises first and second mating portions respectively
      associated with the end portion of the backing strip and the body of the
      end clip, said first mating portion including a projection on the backing
      strip and said second mating portion being a receiving slot in the end
      clip said first and second mating portions engage each other to limit
      relative longitudinal movement between the backing strip and the end clip,
      and said ear members restraining relative movement in a direction normal
      to the plane of the backing strip preventing said first and second mating
      portions from becoming disengaged.
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ABST
PAL  A combination paint tray and container therefore, wherein the tray is
      attached to the upper edge of one side of the container with the tray and
      the open end of the container forming an incline with respect to the
      upstanding sides of the container. The bottom of the tray has mounted
      thereon a hook adapted to mate with the rung of a ladder and the side of
      the container facing the bottom side of the tray includes an arm supported
      and adapted to be adjustably extended so that one end may be connected to
      the side of the container and the other end includes a hooked portion also
      adapted to be engaged with another rung of a ladder. The hooked portions
      on both the tray and the arm extending from the side of the container are
      formed to provide a positive engagement with the rungs of the ladder in a
      manner such that the tray and container are in a relatively secure
      position on the ladder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to painting apparatus, and more
      particularly to an improved paint tray and container apparatus
      specifically adapted for use in roller painting.
PAR  The use of rollers for painting has become widespread and it is generally
      accepted as being the most economical and practical way to apply paint to
      a surface in many situations. In most cases, the paint is poured from a
      paint can into a slanted tray wherein the paint is contained in the lower
      portion of the tray and is taken up by the roller and smoothed out on the
      roller in the slanted upward portion of the tray and from thence the paint
      is applied by the roller to the surface to be painted. However, most of
      these paint trays are not adapted for holding a large supply of paint.
      When excess paint is contained in the tray, it often results in an uneven
      distribution of the paint on the roller, since the excess paint overflows
      onto the slanted portion of the tray which portion is needed to evenly
      distribute the paint on the roller. This leads to an uneven application of
      the paint to the surface to be covered.
PAR  Furthermore, the present paint trays for roller application are extremely
      difficult to use when painting from a ladder. In fact they are almost
      impossible to use when painting from a straight, runged ladder. This is
      due to the fact that it is extremely difficult, if not impossible, to
      support the tray on the ladder unless a special type of platform is used
      on which the tray rests. This entails a great deal of inconvenience to the
      painter, and in many instances, severely limits the ability of the painter
      to use a roller to apply paint. Also in moving the painting apparatus from
      one location to another, it may be necessary to dismantle, at least in
      part, the special support mechanism and then reassemble it at the next
      location in which the ladder and painting apparatus is placed. This, of
      course, is both cumbersome and uneconomical.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Accordingly, it is the principal object of this invention to provide an
      improved paint tray and container apparatus which overcomes the foregoing
      disadvantages of the prior art.
PAR  A more particular object of the invention is to provide an improved
      roller-paint tray and container therefore adapted to hold a large supply
      of paint.
PAR  Still another object of the present invention is to provide an improved
      roller-paint tray and container apparatus adapted to be utilized when
      painting from a runged ladder.
PAR  Yet another object of the present invention is to provide an improved
      roller-paint tray and container adapted to be used when painting from a
      runged ladder and adjustable to compensate for the varying slant the
      ladder may have against a support surface.
PAR  The foregoing and other objects and advantages of the present invention are
      accomplished according to one aspect thereof through the use of a
      combination tray and container wherein the tray portion is attached to the
      upper edge of one side of the container and the tray and open top of the
      container form a slanted plane with respect to the upstanding sides of the
      container. On the bottom side of the tray is contained a hook adapted to
      mate with rung of the ladder and on the side of the container generally
      facing the bottom side of the tray is an arm supported and adapted to be
      adjustably extended therefrom having one end connected to the side of the
      container and the other end containing a hooked portion also adapted to be
      engaged with the rung of the ladder. The hooked portions on both the tray
      and the arm extending from the side of the container are formed to provide
      a positive engagment with the rungs of the ladder, thereby maintaining the
      tray and container in relatively secure position on the ladder.
PAR  According to a more specific embodiment of the invention there is provided
      a screen member adapted to be fitted into the tray portion of the
      apparatus which is operative to provide an even distribution of the paint
      on the roller.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective elevational view of the apparatus according to the
      present invention.
PAR  FIG. 2 is a partial perspective elevational view of the tray portion of the
      apparatus according to the present invention with the screen member to be
      inserted thereover, and
PAR  FIG. 3 is a side view partially fragmented of the apparatus according to
      the invention illustrating the manner in which it is suspended from a
      ladder.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For a better understanding of the present invention together with further
      and other objects thereof, reference is had to the following detailed
      description of the preferred embodiments taken in conjunction with the
      above described drawings.
PAR  Referring first to FIG. 1, the apparatus 11 includes a container portion 13
      having a generally rectangular cross-section which is open at the top and
      a generally rounded bottom portion 15. Attached to and what may be a part
      of the top of the container section is a tray member 17 which is attached
      to one edge of 19 of the container 13 to form a unitary tray and
      container. The tray/container apparatus is formed so that there are
      upstanding sides 21 around the outer perimeter of the tray except for that
      edge of the tray attached to the edge 19 of the container. Suitably
      attached toward the top of the container member is a handle 23 which is
      movably mounted and adapted to be placed in a raised position to
      facilitate carrying of the apparatus. Fitted into the top of the tray
      member 17 is a screen structure 25 comprised of a generally screen like
      material having suitable fastening members 27 mounted at the edge thereof
      and adapted to be secured over the upstanding edges 21 of the tray 17.
      Located on the under side tray are a pair of hook members 29, suitably
      formed to fit, for example, over the rung of a ladder. Mounted on the back
      side of the container 13 is a bracket 31 adapted to support a movable arm
      33 to which is attached a movable hook member 35. This ladder hook member
      is also formed to fit over the rung of a ladder.
PAR  Referring next to FIG. 2 there is shown an elevational view of the screen
      25 and its support hooks 27 removed from the tray member 17. In situations
      where it would not be desirable to use the screen member 25, the top of
      the tray 17 can have suitably formed in it raised cross ribbed portions 39
      and lateral ribbed portions 41 operative to enable a smooth distribution
      of paint on a roller, for example. In FIG. 2 it can also be said that
      according to a preferred embodiment the angle 43 between the underside of
      the tray 17 and the rear wall of the container 13 is an obtuse angle of,
      for example, between 95.degree. and 120.degree..
PAR  Referring now to FIG. 3, there is illustrated the manner in which the
      container 11 is adapted to be mounted on a fixture such as a ladder 45.
      The upper hook members 29 mounted on the underside of the tray 17 are
      engaged with a first rung 47 of the ladder 45 and the member 35 on the arm
      33 engages a lower rung 49 on the ladder. By varying the position of the
      adjustable member 35 on the arm 33, the angle between the tray and the
      ladder can be varied depending on personal preference. The adjustable
      member 35 is U-shaped and has side portions 51 engaging the edges and face
      of arm 33. The arm 33 has an elongated opening 53 which receives wing nut
      and bolt 55 which adjustably secures member 35 in the desired position
      along opening 53 to vary the disposition of the tray/container on the
      ladder.
PAR  As can be best seen in FIG. 3, the apparatus 11 is formed so that the
      weight of the apparatus operating through the hook members 29 and 35,
      provides a positive engagment on the rungs of the ladder, because of the
      purely gravitational forces that exist. This, of course, assures that the
      apparatus will remain in relatively fixed engagment with the rungs of the
      ladder in a stable configuration.
PAR  While the foregoing invention has been fully described by way of preferred
      embodiments, it is noted that various changes and modifications will be
      apparent to those of ordinary skill in the art and, therefore, the present
      invention is understood to be not limited by the specific details of the
      foregoing preferred embodiments, but rather embrace the full scope of the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved tray and container apparatus comprising:
PA1  a. a container section having a generally rectangular cross-section with an
      open top and a generally round bottom;
PA1  b. a tray portion integrally formed to one edge of the open top portion of
      said container section and extending away from said container section at
      an obtuse angle to form a unitary unbroken connection between the tray
      portion and container section;
PA1  c. said tray portion being of rectangular crosssection and having
      upstanding side portions merging into the open top of said container
      section;
PA1  d. elongated hook means disposed on the underside of said tray portion
      inwardly from said upstanding side portions and said integral connection
      of said tray portion and said container section;
PA1  e. said elongated hook means having its hook portion facing toward said
      container section;
PA1  f. a bracket secured to the back side of said container section below the
      integral connection between said tray portion and said container section
      and disposed medially of said elongated hook means;
PA1  g. an elongated arm movably attached to said bracket and extending
      outwardly from the back side of said container section and extending
      beyond the tray portion;
PA1  h. a movable hook member adjustably carried on said elongated arm and
      having its open hook portion facing in a direction opposite said elongated
      hook means;
PA1  i. a handle member secured to the top portion of said container section
      enabling the tray and container user to easily transport the entire
      apparatus and to permit disposition of said elongated hook means on an
      upper ladder rung and said movable hook member on a lower ladder rung.
NUM  2.
PAR  2. The tray and container apparatus of claim 1 wherein a screen is carried
      in said tray portion disposed above the tray surface to facilitate smooth
      distribution of material on a paint roller.
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ABST
PAL  A machine for automatically removing waste slivers from bobbins includes
      means for supplying bobbins with waste slivers or fibers to a moving
      endless belt which causes the bobbins to rotate, suction means for
      removing the slivers that were loosened by the belt, another moving
      endless belt having a pile that loosens and removes the remaining waste
      slivers from the rotating bobbins, and means for collecting the removed
      slivers in closed containers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Manufacture of fabrics from natural fibers involves several complicated
      processes for processing the natural fibers into yarns which are then
      woven into fabrics. Although the processes differ for different fibers,
      such as wool or cotton, there are certain common features if the natural
      fibers are short. The fibers may be used for a yarn if they have surfaces
      that will cohere to each other thus permitting the fibers to adhere to
      each other. The process of producing yarn may from these fibers be thought
      of as beginning with carding. The carding process takes a large mass of
      the short natural fibers which are scattered in essentially a random
      manner and disentangles the fibers and arranges them in a more ordered and
      parallel arrangement. If the fiber is cotton, numbers of now somewhat
      parallel fibers are brought together to form what is known as a sliver
      after having been carded. The slivers, however, contain fibers that are
      still not arranged in a parallel fashion as well as fibers that are too
      short to form the high quality yarn needed for good fabrics. To remove the
      short or waste fibers and to make the fibers more nearly parallel, the
      sliver is passed through pairs of drafting rollers. Each successive pair
      of drafting rollers rotates more rapidly than the previous pair. As a
      result, the fibers are drawn out with respect to each other and become
      more nearly parallel and the shortest fibers drop out.
PAR  The slivers are then wound upon bobbins. The bobbin is typically
      cylindrical in shape with a central bore through its length enabling it to
      be placed on a spindle. After the drafting process, the fibers such as
      cotton or wool, are typically put through another process known as
      spinning in which the fibers are again drawn out, a twist given to the
      fibers to give them strength, and then they are again wound on a bobbin.
      The final product of the spinning process is a yarn from which the desired
      fabric is woven.
PAR  It is generally desirable to remove the very short fibers so they will not
      be present in the final yarn since yarns using only long fibers are
      stronger and produce finer fabrics than yarns that also use short fibers.
      Some of the short fibers or waste slivers are removed during each stage.
      However, not all of the waste fibers are removed in the spinning or the
      drafting process and some waste fibers will be wound upon the bobbins in
      each stage and left there after the other fibers have been unwound from
      the bobbin. To maintain the high quality of these finished product, these
      waste fibers or slivers must be removed from the bobbin before the bobbin
      is used again to eliminate the possibility that the waste slivers will
      form part of the finished yarn and degrade its quality. After removal from
      the bobbins, the waste slivers should be collected in suitable storage
      units. This prevents the slivers from again being picked up by the bobbins
      and also minimizes the inhalation of slivers by textile workers in the
      factory, which constitutes a health hazard.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a machine for
      automatically removing waste slivers from bobbins.
PAR  It is a further object of the present invention to collect automatically
      the waste slivers after they have been removed from the bobbins.
PAR  It is a still further object of the present invention to supply bobbins
      automatically to the cleaning apparatus.
DRWD
PAR  Other and further objects of the present invention will become apparent
      from consideration of the following description and the appended drawings
      in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the machine.
PAR  FIG. 2 is a side elevational view showing the removal of slivers from the
      bobbin by the pile of an endless belt.
PAR  FIG. 3 is a side elevational view showing the removal of slivers from the
      endless belt.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The machine is shown generally in cross section in FIG. 1. It is surrounded
      by an enclosure 101 which rests on the floor 103. An endless chain 1 moves
      around and is maintained in proper position by four rotatably mounted
      sprocket wheels 5, 7, 9 and 11. The mounting of the wheels is not shown.
      At least one of the wheels is driven by any suitable means such as an
      electric motor and chain 1 moves in a clockwise direction. A plurality of
      conveyor lugs 3 having lengths suitable to support a bobbin are attached
      to chain 1 by suitable means (not shown) perpendicular to its direction of
      motion. Conveyor lugs 3 are, in a preferred embodiment, spaced apart a
      distance greater than the diameter of a typical bobbin but less than the
      diameter of two bobbins. This spacing and the height of the conveyor lugs
      3 ensures that only one bobbin 13 is positioned between adjacent conveyor
      lugs. This ensures that each bobbin will be in contact with the endless
      belts (described below) and that each bobbin can rotate with respect to
      the endless belts without hindrance from another bobbin.
PAR  At one end of the machine is positioned a hopper 15 having an interior
      surface located near chain 1. Hopper 15 has an opening 105 through which
      the bobbins that are to be cleaned may be inserted so that they lie
      generally parallel to conveyor lugs 3. An endless belt 17 moves in a
      generally vertical direction about rollers 19 and 21, one of which is
      driven by suitable means (not shown) so that belt 17 moves in the same
      direction as chain 1. Belt 17 is positioned so that its entire upper
      surface is positioned adjacent and parallel to chain 1. Near the uppermost
      position of endless belt 17 is a duct 23 which opens into a larger chamber
      25. At the end of chamber 25 opposite duct 23 is a filter 27 which
      collects the slivers after their removal from the bobbins 13. A blower 29
      is positioned such that the filter 27 is between chamber 25 and blower 29
      and is directed so that it exhausts air from chamber 25. In a preferred
      embodiment, chamber 25 is positioned on the top surface of hopper 15.
PAR  A second endless belt 31 moves about rollers 33 and 35 at least one of
      which is driven by any suitable means. Belt 31 has a pile-like material 32
      on its outer surface. This is shown in detail in FIGS. 2 and 3. Roller 33
      is positioned near roller 21 with the gap between rollers 21 and 33
      covered by a curved plate 37. Roller 33 is positioned near roller 21 with
      the gap between rollers 21 and 33 covered by a curved plate 37. Roller 35,
      in a preferred embodiment, is positioned lower than roller 33 and belt 31
      has its entire upper surface positioned immediately underneath and
      parallel to chain 1.
PAR  Located underneath the bottom surface of endless belt 31 is a rotatably
      mounted stripping roller 39 having a plurality of combs 41 which contact
      the pile 32 of endless belt 31. In a preferred embodiment, stripping
      roller 39 is located in chamber 43 which is connected to fiber collecting
      room 45. A blower 47 communicates with and exhausts the air from fiber
      collecting room 45 through a filter 49 which is suitable for collecting
      waste fibers.
PAR  Near roller 35, but in a lower position, is delivery wheel 53 which is
      placed close to opening 59 located in the surface of enclosure 101.
      Delivery wheel 53 is rotatably mounted in any suitable fashion and has a
      plurality of arms 55 extending from its axis of rotation. A suitably
      shaped plate 57, of any suitably strong material, is placed between roller
      35 and delivery wheel 53 to cover the otherwise open space between the
      lower portion of belt 31 and delivery wheel 53.
PAR  Chain 1 and conveyor lugs 3 move in a generally clockwise direction. As
      conveyor lugs 3 move through the interior space of hopper 15, each space
      between adjacent conveyor lugs will be occupied, provided that there is a
      sufficient number of bobbins in the hopper, by a single bobbin 13. Rollers
      19 and 21 are also rotating in a generally clockwise manner but at a speed
      sufficiently great that belt 17 is moving more rapidly than chain 1. The
      difference in speeds between chain 1 and belt 17 forces bobbins 13 to
      rotate in a counter-clockwise direction and tends to loosen the slivers.
      Some of the slivers are entirely removed from bobbin 13 and are picked up
      by belt 17. Near the uppermost position of belt 17 is located duct 23 past
      which the bobbins pass. Blower 29 acts as a suction device and the lowered
      air pressure it creates draws the loose waste slivers from the bobbins 13
      and belt 17 through an opening 104 in the enclosure through duct 23 into
      chamber 25 where they are trapped by filter 27. To prevent the fibers from
      getting into the blower 29 or from escaping into the working environment,
      filter 27 should extend across the entire lateral cross section of chamber
      25 and duct 23 should fit snugly into the enclosure 101. In a preferred
      embodiment, chamber 25 is located on top of hopper 15 and blower 29 is
      suitably mounted to chamber 25.
PAR  At the top of belt 17, bobbins 13 move on to plate 37 which is spaced
      between belts 17 and 31 and directly underneath chain 1 to prevent the
      bobbins 13 from falling into the gap between the two endless belts.
PAR  Endless belt 31 is forced to move in a counter-clockwise direction by the
      counter-clockwise rotation of either roller 33 or 35. Bobbins 13,
      maintained in position between conveyor lugs 3 are therefore caused by the
      movement of belt 31 to rotate in a clockwise direction. As the bobbins 13
      rotate, the ends of the waste slivers on the bobbins 13 are picked up by
      the pile 32 of endless belt 31 and the entire waste sliver is removed from
      bobbin 13. This is shown in detail in FIG. 2.
PAR  The waste slivers that are removed from bobbins 13 by belt 31 must be
      removed from belt 31 to permit the pile to continue efficient cleaning of
      the bobbins. In a preferred embodiment, this is accomplished by the
      stripping roller 39 and combs 41 located on the underside of endless belt
      31 in compartment 43. Stripping roller 39 rotates in a clockwise direction
      at a higher speed than endless belt 31. The combs 41 thus move more
      rapidly than belt 31 and remove the waste slivers from the pile 32 on
      endless belt 31. The waste slivers fall off combs 41 and are drawn into
      fiber collecting room 45 by gravity and blower 47 which is arranged to
      exhaust air. Filter 49 in fiber collecting room 45 retains the waste
      fibers in fiber collecting room 45 and prevents their escape from the
      machine into the working area or into blower 47.
PAR  Delivery wheel 53 is mounted so that it rotates as successive conveyor lugs
      3 strike one of its arms 55. As it rotates, another arm 55 is caused to
      strike a bobbin 13 resting on the conveyor lug 3 to knock the bobbin
      through an opening 59 in enclosure 101. After the bobbins leave the
      cleaning machine through opening 59, they may be collected in any suitable
      container.
PAR  Although a preferred embodiment of the invention has been described,
      certain variations will be obvious to one having ordinary skill in the
      art, and it is therefore intended that the invention not be limited to the
      particular embodiment herein described, but rather that the scope of the
      invention should be determined by reference to the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for removing waste fibers from bobbins, comprising:
PA1  an endless chain drivable about a predetermined path of movement having
      mounted thereon a plurality of lugs spaced apart in the direction of
      movement of said chain, the distance between said lugs being greater than
      the diameter of a bobbin,
PA1  a hopper for receiving said bobbins and feeding said bobbins to the spaces
      of said chain between said lugs,
PA1  a first drivable endless belt, means for driving said first endless belt
      said first belt having a surface positioned with respect to a first
      portion of said path of movement said endless chain so as to provide a
      support surface for the bobbins positioned between said lugs,
PA1  a first chamber, said first chamber having an opening near said first
      endless belt,
PA1  a first blower connected to said first chamber, said first blower being
      directed to exhaust air from said first chamber, said opening being
      positioned such that waste fibers are removed from said bobbins by the
      flow of air into said opening,
PA1  a second drivable endless belt beneath a second portion of said path of
      movement said endless chain, means for driving said second endless belt,
      said second endless belt having a surface positioned with respect to said
      second portion of said endless chain to provide a support surface for
      bobbins positioned between said lugs, said second endless belt being
      driven at a velocity different from that of said endless chain, said
      second endless belt having a pile-like surface for removing waste fibers
      from said bobbins,
PA1  means for directing said bobbins from said first endless belt to said
      second endless belt,
PA1  a roller having a plurality of combs thereon positioned in proximity to
      said second endless belt for removing waste fibers from said pile-like
      surface of said second belt,
PA1  a second chamber enclosing said roller, and means for exhausting air from
      said second chamber.
NUM  2.
PAR  2. Apparatus as recited in claim 1 wherein said means for driving said
      first belt drives said belt faster than said chain.
NUM  3.
PAR  3. Apparatus as recited in claim 2 wherein said second chamber further
      includes a filter, said filter being positioned to trap waste fibers
      within said second chamber.
NUM  4.
PAR  4. Apparatus as recited in claim 1 wherein said first chamber further
      includes a filter, said filter being positioned to trap waste fibers
      within said first chamber.
NUM  5.
PAR  5. Apparatus as recited in claim 1 wherein said means for driving said
      second belt drives said second belt in a direction opposite to the
      direction of motion of said chain.
PATN
WKU  039408264
SRC  5
APN  4059166
APT  1
ART  242
APD  19731012
TTL  Portable surface cleaner
ISD  19760302
NCL  24
ECL  1
EXA  Moore; C. K.
EXP  Hornsby; Harvey C.
NDR  3
NFG  8
INVT
NAM  Phillips; Paul E.
CTY  Whitehall
STA  MI
INVT
NAM  Nise; Wilfred C.
CTY  Spring Lake
STA  MI
INVT
NAM  Hommes; Jack L.
CTY  Muskegon
STA  MI
INVT
NAM  Lowder; Dale E.
CTY  North Muskegon
STA  MI
ASSG
NAM  Clarke-Gravely Corporation
CTY  Muskegon
STA  MI
COD  02
CLAS
OCL   15320
XCL   15345
XCL   15353
EDF  2
ICL  A47L  700
FSC   15
FSS  320;321;353;345;346
FSC  415
FSS  53
UREF
PNO  1211948
ISD  19170100
NAM  Koster et al.
XCL   15320
UREF
PNO  1948366
ISD  19340200
NAM  Barzen
OCL  415 53
UREF
PNO  3663984
ISD  19720500
NAM  Anthony et al.
OCL   15321
UREF
PNO  3676889
ISD  19720700
NAM  Edlin
OCL   15320
UREF
PNO  3761987
ISD  19731000
NAM  Nayfa et al.
XCL   15320
UREF
PNO  3774260
ISD  19731100
NAM  Emus
OCL   15321
LREP
FRM  Price, Heneveld, Huizenga & Cooper
ABST
PAL  The specification discloses a surface cleaning apparatus having a molded
      plastic housing and an upwardly and rearwardly projecting casing
      terminating at a handle, the lower portion of the housing including a
      forward suction nozzle, opening into a recovery chamber. Suction is
      generated by a blower at the rear of the recovery chamber and a shield
      positioned in front of the blower prevents liquid from being drawn from
      the recovery chamber into the blower. A pump removes liquid in the
      recovery chamber through a hose which empties into a remote drain. A
      parallel pump tubing causes recycle of liquid through the pump whenever
      liquid in the recovery chamber is depleted to prevent dry running of the
      pump. A set of spray nozzles located in the apparatus just behind the
      suction nozzle is connected through a hose to a faucet which acts as a
      remote source of clean water. The clean water supply tubing connects to
      the nozzles through a positive flow additive injector. The clean water
      supply tubing is also directly connected to the recovery tank through a
      bypass tubing so as to further aid in preventing dry operation of the pump
      and to cause additive flow even when source water pressure is low. The
      blower is shrouded so that air is evacuated downwardly from the blower
      into the surface being cleaned. A conveniently located handle switch is
      wired such that whenever clean water and additive are being sprayed onto
      the floor, the pump also operates. A separate switch enables one to run
      the pump only in the event the recovery tank gets too full.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to surface cleaning apparatus, and
      particularly to apparatus for cleaning carpets. One of the most popular
      types of carpet cleaners utilized today is the steam cleaner. These
      devices employ a carriage upon which a large clean water tank and a large
      recovery tank are mounted. Such devices are quite bulky and difficult to
      transport. Further, the clean water tank must be repeatedly filled and the
      dirty water tank must be repeatedly emptied. Also the distance between the
      suction nozzle used in conjunction with the steam cleaner and the blower
      or impellor which is mounted on the recovery tank causes the requirement
      of a very high-powered blower in order to generate enough suction to
      remove excess water from the carpet. The noise generated from such large
      blowers causes operator discomfort.
PAR  In order to place the blower in close proximity to the suction nozzle,
      patent application, Ser. No. 352,623, entitled SURFACE CLEANING APPARATUS,
      invented by Terry H. Jones and John T. Oakes, filed on Apr. 19, 1973 and
      patent application Ser. No. 405,819, entitled SURFACE CLEANING APPARATUS,
      invented by Terry H. Jones, filed on even date herewith, both assigned to
      the assignee of this application, show a portable sink connected surface
      cleaner and an improved version of the same utilizing a blower mounted in
      a housing in close proximity to a suction nozzle to effect a more
      efficient suction. This surface cleaner utilizes a small recovery tank
      between the suction nozzle and blower, with a shield mounted generally in
      front of the blower. A set of spray nozzles is mounted rearward from the
      suction nozzle and sprays cleaning fluid on the carpeted surface. A pump
      pumps the recovered used cleaning water from the recovery chamber to a
      remote source of discharge.
PAR  Though this surface cleaner is a great improvement over the prior art
      surface cleaners, many problems are associated with the cleaner. First of
      all, when the intermediate recovery chamber is pumped empty, the pump is
      dry operated causing severe wear and damage to the internal workings of
      the pump and to the pump motor due to overheating. Also, since the device
      utilizes a remote source of cleaning fluid supply such as a plumbing
      fixture, fluctuations in source pressure hinder efficient operation of the
      device. Whenever source pressure is low, additive flow into the cleaning
      fluid is retarded or may even stop, and whenever the source pressure is
      too great the recovery tank may become overfilled, and eventually will
      spill over the shield into the blower. Also, a constant concentration of
      additive in the cleaning fluid is not maintained when the source pressure
      fluctuates, since the additive is injected into the cleaning fluid flow
      due to an aspirator effect regulated by water volume through the injector.
      Another problem associated with the Jones device is that the housing
      mounted blower is loud and causes discomfort to the operator.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, a portable surface cleaning apparatus comprises a
      used cleaning fluid recovery chamber, a suction nozzle opening into the
      recovery chamber, a blower means in flow communication with the recovery
      chamber for effecting a rapid evacuation of air from the recovery chamber,
      a spray nozzle for spraying cleaning fluid onto the surface being cleaned,
      mounted rearward from the suction nozzle, a pump connected to the recovery
      chamber for pumping used cleaning fluid out of the recovery tank to a
      remote discharge area, and a parallel pump bypass tubing connected between
      the outlet and inlet of the pump for preventing dry running of the pump. A
      remote source of supply of cleaning fluid is connected to the spray
      nozzles and a bleed-off system is mounted ahead of the spray nozzle from
      the cleaning fluid supply source directly into the used cleaning fluid
      recovery chamber. The bleed-off causes a constant flow of cleaning fluid
      directly into the recovery chamber, so as to further prevent dry operation
      of the discharge pump.
PAR  Also used in conjunction with this invention is a positive flow additive
      injector, which allows a flow of additive into the cleaning fluid based on
      the flow of the cleaning fluid to the spray nozzles. The aforementioned
      bleed-off from the cleaning fluid supply directly into the recovery
      chamber causes additive flow even when source pressure is relatively low.
PAR  A conveniently located handle switch is wired such that whenever clean
      water and additive are being sprayed onto the floor, the pump also
      operates. Preferably this switch requires constant pressure and is placed
      into a contoured handle grip which is incorporated into the handle. A
      separate switch mounted on the handle enables one to run the pump only in
      the event that the recovery tank becomes overfilled. The electrically
      powered elements of the surface cleaner essentially comprise a water
      shut-off valve or solenoid, which controls the flow of cleaning fluid to
      the spray nozzle, the discharge pump and the blower. Preferably an
      indicator light is mounted on the handle and is activated whenever current
      is present in the wiring system of the cleaner. In the preferred
      embodiment whenever current is supplied to the cleaner by plugging into an
      outlet source and by engaging a handle mounted off-on switch, the blower
      is operating.
PAR  Finally, a shrouding is mounted over the blower so that noise associated
      with its continual operation is significantly reduced. Further, the
      shrouding allows a downward venting of the discharge air so as to either
      precondition the carpet surface being cleaned with the discharge air or to
      dry the somewhat wetted already cleaned surface. Downward venting of the
      discharge air from the shrouding into the surface being cleaned further
      reduces blower noise, so the apparatus operator may extensively use the
      cleaner without excessive sound associated discomfort.
PAR  These and other objects and advantages of the present invention will be
      more fully understood and appreciated by reference to the written
      specification and appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical cross-sectional view of the cleaner taken
      approximately along the center of the cleaner;
PAR  FIG. 2 is an exploded perspective view of the blower and its deflector
      shroud;
PAR  FIG. 3 is a vertical cross-sectional view of the blower deflector shroud
      taken approximately through the center of the deflector shroud;
PAR  FIG. 4 is a bottom view of the cleaner;
PAR  FIG. 5 is a schematic diagram of the cleaning fluid supply, discharge, and
      additive system;
PAR  FIG. 6 is an exploded, partially cross-sectional view of the positive flow
      injector;
PAR  FIG. 7 is a schematic wiring diagram for the pump, vac motor and flow
      control for the cleaner; and
PAR  FIG. 8 is a fragmentary front view of the handle control center.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the preferred surface cleaning apparatus 1 of this invention, a housing
      10 containing a suction nozzle 3 opening into a recovery chamber 30 has
      connected thereto a blower 50, which causes a rapid evacuation of the air
      from the recovery chamber 30 and thus generates a large amount of suction
      (FIG. 1). The supply tubing 26 connects spray nozzles 40 to a remote
      source of cleaning supply. The spray nozzles are mounted rearward of the
      suction nozzle 3, so that when the cleaning apparatus is operated the
      cleaning fluid is sprayed from the nozzles 40 onto the surface being
      cleaned and removed immediately therefrom by suction nozzle 3. The used
      cleaning fluid is recovered in chamber 30 wherein it is separated from its
      associated air. A pump 37 in communication with recovery chamber 30
      removes the used cleaning fluid to a remote source of discharge (FIGS. 1,
      4 and 5). A pump bypass tubing 39 prevents dry operation of the pump when
      the fluid in recovery chamber 30 is depleted. A bleed-off tubing 82
      connected between the supply tubing 26 and recovery chamber 30 causes a
      continual flow of cleaning fluid into the recovery chamber so as to
      further prevent dry operation of the pump 37. A positive flow additive
      injector 70 causes a flow of additive from additive container 61 into
      supply tubing 26. The bleed-off tubing 82 causes additive flow from
      injector 70 even when source pressure in tubing 26 is low. A handle
      mounted dead man's switch 97 deactivates solenoid 81 preventing further
      flow of cleaning fluid from supply tubing 26 to the spray nozzles 40 in
      the event that recovery chamber 30 begins to get too full. A handle
      mounted switch 96 activates pump 37 so that the excess used cleaning fluid
      in chamber 30 is depleted. A rubber deflector shrouding 53 is placed over
      the impellor 51 of the blower 50 to muffle blower noise by downwardly
      directing the air flow from the blower directly into the carpet being
      cleaned. The carpeting itself serves as a sound deadener. Further, the
      downwardly directed air acts either to precondition the carpet being
      cleaned or to aid in drying of the already wetted surface.
PAR  Referring to the drawings, FIG. 1 shows that surface cleaner 1 comprises a
      roller-mounted lower housing 10 which is substantially rectangular having
      an open bottom and an integrally molded upper control casing 20. Lower
      housing 10 is provided with a suction nozzle 3 in the forward most part of
      the housing. An air passageway connects the nozzle 3 to a cleaning fluid
      recovery chamber 30 mounted in housing 10, generally in front of nozzle 3.
PAR  Blower means 50, comprising an impellor 51 driven by motor 52 is positioned
      within the housing and is in communication with the recovery chamber 30.
      Impellor 51 exhausts air through a number of circumferentially spaced
      openings 51a. A shrouding 53 (shown also in FIGS. 2 and 3) surrounds the
      impellor 51. It is made of plastic, rubber or the like which is
      sufficiently heat resistant to avoid deterioration from the heat generated
      by blower 50 and is molded to correspond closely to the shape of the
      impellor housing of blower 50. The shrouding 53 closely fits around
      impellors 51 and motor 52 so that air flow from the shrouding 53 is
      restricted. Shrouding 53 includes a circumferential channel 54 therein
      which fits over the exhaust ports 51a of impellor 51. As seen in FIG. 4,
      air from ports 51a flows through channel 54 to a shrouding vent 55 at the
      bottom thereof which downwardly directs impellor exhaust air. The exhaust
      air is directed into the surface being cleaned, so as to muffle the noise
      generated by the blower. An additional benefit is derived in that the
      surface being cleaned may be preconditioned for cleaning by the air
      discharged from vent 55 or the air may act to dry a wetted surface. While
      an opening 56 into shroud 53 is also visible at the top of shroud 53, this
      is merely a locating notch to allow the overall blower assembly to be
      fitted tightly against internal walls within housing 10. Opening 56 is in
      practical effect closed by the internal walls against which this portion
      of blower 50 abuts.
PAR  As seen in FIG. 1, cleaning fluid spray nozzles 40 are mounted behind
      nozzle 3 within housing 10. Supply tubing 26 is connected at one end to
      nozzles 40 and at its other end to a remote source of supply of cleaning
      fluid. The cleaning fluid may be water, which is preferably hot, so that
      the remote source of supply may be a pumping fixture.
PAR  As shown by FIG. 1 and schematic FIG. 5, additive is provided by container
      61 which is fixedly held in a well where control casing 20 attaches to
      lower housing 10. Container 61 supplies additive through tubing 52 which
      runs through control casing 20 into adjustment valve 22 and thereafter
      into positive flow injector 70. Referring to FIG. 6, additive flows into a
      venturi type injector valve 70 through nipple 71 into the valve body 72.
      The nipple 71 is threaded into the valve body 72 and acts to encase flow
      elements, which consist of a check valve including ball 73, spring 74, and
      gaskets 75 and 79. As supply fluid flows into valve body 72 through
      seating element 76 and through aperture 77, effective fluid pressure is
      reduced in valve chamber 78 because of the flange effect of the body 72
      internal structure. As long as effective fluid pressure in chamber 78 is
      less than entrance pressure, the ball 73 will displace spring 74 thus
      unseating itself from the upper of gaskets 75 and additive will be drawn
      into the valve body 72 from the nipple 71.
PAR  If discharge from the valve chamber 78 is blocked or otherwise inhibited,
      supply intake pressure and spring 74 will cause seating of ball 73 into
      the upper gasket 75, thus preventing contamination of additive and/or
      backflow of cleaning supply fluid into the system. A bleed valve 80 allows
      air intake into the additive supply tubing 62 from nipple 71, so that air
      locks will not occur in tubing 62 and block fluid flow. A commercially
      available version of this injector is made by Dema Engineering Company of
      St. Louis, Mo.
PAR  Used cleaning fluid is removed from the recovery chamber 30 by pump 37
      through a conduit 38a. It is then pumped out through discharge tubing 38.
      Discharge tubing 38 and supply tubing 26 extend from the apparatus in a
      coaxial arrangement and are joined by suitable fittings to a remote drain
      and faucet respectively. As seen in FIG. 4 and schematic FIG. 5 the
      parallel pump tubing 39 is connected by bypass valves at one end to tube
      38a and at the other end to discharge tubing 38, thereby completing a
      circuit around pump 37. Preferably, discharge tube 38 extends upwardly
      from the point at which bypass tubing 39 joins it so that water will tend
      to collect at the juncture of tube 39 and tube 38. If the cleaning fluid
      level in chamber 30 is depleted, the bypass tubing 39 causes a recycle of
      used cleaning fluid from the pump exit to the pump intake port. By so
      doing, the pump is prevented from harmful dry running.
PAR  Also, seen in FIGS. 4 and 5, a bleed-off tubing 82 placed behind injector
      70 at one end directly connects into the supply tubing 26 by bypass valve
      82a. Bleed-off 82 at its other end connects and allows continued flow of
      the cleaning fluid directly to recovery chamber 30, bypassing the spray
      nozzle and suction nozzle. This continued flow directly to recovery
      chamber 30 further reduces the possibility of dry operation of pump 37.
      Also, additive flow will be assured even when supply pressure is low since
      the tube 82 will always act to lower the pressure in chamber 78 of the
      valve (see FIG. 6) causing additive flow into the injector valve 72.
PAR  As seen in FIGS. 4 and 5, a water shut-off valve or solenoid 81 is placed
      along tubing 26 so that when desired the water supply may be shut off at
      the cleaner without going to the remote source. The valve is electrically
      controlled by switch 97 and is placed upstream of injector 70, bleed-off
      82 and nozzles 40, so that fluid flow to these elements is eliminated when
      switch 97 is not engaged. Also, the placement of valve 81 upstream of
      injector 70 insures that water shut-off valve 81 operates in only clean
      water. This extends the life of the valve by preventing detergent solution
      gum up.
PAR  In FIG. 7, the circuit diagram of the electrically powered elements of the
      apparatus 1 shows that power plug 93 connects the circuit into a
      conventional grounded wall plug. The handle 21 shown in FIG. 8 acts as a
      control center for the electrically powered elements of cleaner 1 by
      acting as a mounting for the circuit controls hereinafter discussed. A
      neon lamp 94 shown in FIGS. 7 and 8 is placed parallel into the circuit so
      that whenever voltage is present in the system, the lamp 94 will be on and
      so warn the operator. Power switch 95 acts as an on/off control for all
      the powered elements of apparatus 1, except that pump 37 can be operated
      independently of switch 95 if desired. Switch 95 is positioned in series
      with the motor of blower 50. When only this switch is engaged, neon light
      94 and blower motor 52 are the only powered elements in the circuit
      operating. Switch 95 is in parallel with switch 96 through pole 96a
      thereof. Switch 96 then is in series with the motor of pump 37 to form a
      circuit which is parallel to the circuit of blower 50. When switch 96 is
      also engaged, pump 37 operates in conjunction with the light 94 and blower
      motor 52. Switch 95 is positioned in series with switch 97. Switch 97 in
      turn is in series with each of two parallel circuits and activates both
      when closed. One of these circuits is through the motor of pump 37. The
      other is through the second pole 96b of switch 96 and through the solenoid
      of solenoid valve 81. By disengaging switch 96 and engaging switch 97, the
      shut-off valve 81 is opened allowing a flow of cleaning fluid to the spray
      nozzles 40 and the pump 37 is also activated. In the preferred embodiment,
      switch 97 requires constant pressure to activate and is placed in finger
      receiving channel 21a of the contour grip of handle 21 as shown in FIG. 8
      allowing ready accessability by the operator, since it may be the most
      actively used switch. The switch 97 is a "deadman" type switch which being
      spring loaded only closes the electrical circuit by constant pressure.
      Similarly, switch 96 is a "deadman" type and normally closes the circuit
      through solenoid valve 81 as shown in FIG. 7.
PAC  OPERATION
PAR  In operation, the supply tube 26 is connected to a remote supply source,
      e.g., a plumbing fixture. Pump 37 is in flow communication with a remote
      drain via discharge tube 38. Engagement of electrical switch 95 activates
      blower 50. After engagement of switch 95, switch 97 is closed by manual
      pressure of the operator on the grip switch. Pump 37 is activated, and
      solenoid 81 is opened, causing the cleaning fluid to spray on the surface
      to be cleaned from nozzle 40. Cleaning fluid also begins to run into the
      chamber 30 through bleed-off 82. Additive begins to flow from container 61
      through the injector 70 into the cleaning fluid being transported to
      nozzle 40 by supply tubing 26. The operator by means of handle 21 pulls
      the cleaner 1 rearward and across the surface being cleaned. The used
      cleaning fluid is drawn upwardly in the direction of the air flow through
      suction nozzle 3 and into recovery chamber 30 where the air and water
      separate with the air being evacuated by blower 50 and the water being
      removed by pump 37. If the fluid level in recovery chamber 30 becomes too
      depleted bypass 39 prevents dry running of the pump 37 by allowing
      continuous recycle of the used cleaning fluid contained within the bypass.
      If a fluctuating cleaning fluid supply pressure exists, bleed-off 82
      allows continual flow of additive from the positive flow additive injector
      70 by draining cleaning fluid from supply tubing 26 downstream from the
      injector into recovery chamber 30 even under an extremely low cleaning
      fluid supply pressure.
PAR  The air which is evacuated from recovery chamber 30 by blower 50 is
      downwardly directed into the surface being cleaned by shrouding 53 through
      vent 55. The surface being cleaned and the shrouding 53 act to muffle the
      noise generated by the flow of air from the blower. When the switch 97 is
      activated and the cleaner is rearwardly directed across the surface being
      cleaned, the air being evacuated acts to precondition the surface being
      cleaned, i.e., fluffs the surface. After the completion of the cleaning
      pass of the device a switch 97 is deactivated and the cleaner is moved
      forward to be positioned for another cleaning pass. In so doing, the
      cleaner may be forwardly rolled over the partially wetted surface which
      was just cleaned and the outwardly directed blower discharge acts to dry
      the cleaned surface.
PAR  It it is desired to pick up excess cleaning fluid on the surface or to
      lower the used cleaning fluid level in the recovery tank 30, the switch 97
      is opened and switch 96 is closed causing pump 37 to be engaged in
      addition to the blower 50. By so doing, the excess cleaning fluid is
      removed from the surface and the recovery chamber 30. If fluid level in
      the recovery chamber 30 becomes too low while operating only the blower 50
      and pump 37, bypass 39 as discussed above prevents dry operation of the
      pump 37. To resume normal cleaning of the surface, switch 96 is
      deactivated and switch 97 is activated during the normal cleaning passes
      of the cleaner. After the cleaning operation is completed, one can
      completely turn off switch 95 and still operate pump 37 through switch 96
      in order to finally pump all residual solution out of recovery chamber 30.
PAR  It will be understood that various changes in the details, materials,
      steps, and arrangements of parts, which have been herein described and
      illustrated in order to explain the nature of the invention, may be made
      by those skilled in the art within the principle and scope of the
      invention as described in the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A portable surface cleaning apparatus comprising: spray means for
      spraying cleaning fluid onto the surface being cleaned; a used cleaning
      fluid recovery chamber; a suction nozzle in flow communication with said
      recovery chamber; blower means in flow communication with said recovery
      chamber for generating a suction in said recovery chamber for causing air
      and used cleaning fluid to be drawn through said suction nozzle into said
      recovery chamber; pump means for pumping used cleaning fluid out of said
      recovery chamber to a remote discharge means; a discharge flow line
      extending from said recovery chamber, through said pump means and to a
      remote discharge means; and a bypass flow line connected to said discharge
      line upstream and downstream of said pump means to prevent dry running of
      said pump when liquid in said recovery chamber is depleted; said spray
      means including a cleaning fluid flow line operably connected to a source
      of cleaning fluid; a bleed-off line connected at one end to said cleaning
      fluid flow line and its other end to said recovery chamber, thereby
      short-circuiting a portion of the flow of cleaning fluid directly to said
      recovery chamber and thereby further preventing dry operation of said
      pump.
NUM  2.
PAR  2. The apparatus of claim 1 comprising: a source of cleaning fluid additive
      to be injected into said cleaning fluid; venturi injector means positioned
      on said cleaning fluid flow line, said cleaning fluid additive source
      being operably connected to said venturi injector means whereby additive
      is injected into said cleaning fluid flow line; said bleed-off line being
      operably connected to said cleaning fluid flow line at a point downstream
      of said venturi injector whereby said bleed-off tends to decrease the
      water pressure downstream of said venturi injector and thereby facilitates
      operation of said venturi injector even in the event that pressure is low
      at the cleaning fluid source, upstream of said venturi injector.
NUM  3.
PAR  3. The apparatus of claim 2 in which said cleaning fluid source comprises a
      water tap, said cleaning fluid flow line including means for operably
      connecting said cleaning fluid flow line to said water tap.
NUM  4.
PAR  4. The apparatus of claim 2 in which said discharge flow line extends
      upwardly from its downstream point of juncture with said bypass flow line
      whereby fluid tends to accumulate at said juncture downstream of said pump
      means, thereby insuring a source of liquid to be recirculated through said
      pump means.
NUM  5.
PAR  5. The apparatus of claim 2 comprising: a solenoid valve on said cleaning
      fluid flow line for effecting the opening and closing thereof and for
      thereby controlling the flow of cleaning fluid to the surface to be
      cleaned; said pump means including a motor; a first switch for controlling
      both said solenoid valve and said motor, said first switch being in a
      first circuit which is in series with each of second and third circuits,
      said second and third circuits being parallel to one another; said second
      circuit comprising said motor for said pump means; said third circuit
      comprising a second switch and said solenoid of said solenoid valve, said
      second switch being normally closed to said solenoid of said solenoid
      valve whereby closing of said first switch closes a circuit through said
      solenoid valve and through said motor for said pump, thereby
      simultaneously causing a flow of cleaning fluid to the suface being
      cleaned and causing used cleaning fluid to be pumped from said recovery
      chamber; said second switch being additionally a component of a fourth
      circuit, said fourth circuit being parallel to said first circuit and
      being in series with said second circuit whereby when said second switch
      is manually engaged to thereby open said third circuit, said fourth
      circuit is closed through said second circuit and said motor for said pump
      operates alone with said solenoid valve being closed and the flow of
      liquid to the surface being cleaned thereby shut off.
NUM  6.
PAR  6. The apparatus of claim 5 including a fifth circuit comprised of a third
      switch and a motor for said blower means in series with one another; said
      third switch also being in series with said first circuit, said motor for
      said blower means being arranged in parallel with said first circuit and
      with said second and third circuits whereby said third switch acts as the
      main power switch for said motor for said blower means and said solenoid
      valve.
NUM  7.
PAR  7. The apparatus of claim 5 including: shroud means over said blower means
      for directing the blower means discharge downwardly onto the surface being
      cleaned.
NUM  8.
PAR  8. The apparatus of claim 1 in which said discharge flow line extends
      upwardly from its downstream point of juncture with said bypass flow line
      whereby fluid tends to accumulate at said juncture downstream of said pump
      means, thereby insuring a source of liquid to be recirculated through said
      pump means.
NUM  9.
PAR  9. The apparatus of claim 1 comprising: a solenoid valve on said cleaning
      fluid flow line for effecting the opening and closing thereof and for
      thereby controlling the flow of cleaning fluid to the surface to be
      cleaned; said pump means including a motor; a first switch for controlling
      both said solenoid valve and said motor, said first switch being in a
      first circuit which is in series with each of second and third circuits,
      said second and third circuits being parallel to one another; said second
      circuit comprising said motor for said pump means; said third circuit
      comprising a second switch and said solenoid of said solenoid valve, said
      second switch being normally closed to said solenoid of said solenoid
      valve whereby closing of said first switch closes a circuit through said
      solenoid valve and through said motor for said pump, thereby
      simultaneously causing a flow of cleaning fluid to the surface being
      cleaned and causing used cleaning fluid to be pumped from said recovery
      chamber; said second switch being additionally a component of a fourth
      circuit, said fourth circuit being parallel to said first circuit and
      being in series with said second circuit whereby when said second switch
      is manually engaged to thereby open said third circuit, said fourth
      circuit is closed through said second circuit and said motor for said pump
      operates alone with said solenoid valve being closed and the flow of
      liquid to the surface being cleaned thereby shut off.
NUM  10.
PAR  10. The apparatus of claim 9 including a fifth circuit comprised of a third
      switch and a motor for said blower means in series with one another; said
      third switch also being in series with said first circuit, said motor for
      said blower means being arranged in parallel with said first circuit and
      with said second and third circuits whereby said third switch acts as the
      main power switch for said motor for said blower means and said solenoid
      valve.
NUM  11.
PAR  11. The apparatus of claim 9 comprising: a contoured handle grip shaped to
      define a plurality of finger receiving channels, said first switch being
      located within one of said finger receiving channels of said contoured
      handle grip whereby it is conveniently located for activation as an
      operator operates said apparatus.
NUM  12.
PAR  12. A portable surface cleaning apparatus comprising: spray means for
      spraying cleaning fluid onto the surface being cleaned, said spray means
      including a cleaning fluid flow line operably connected to a source of
      cleaning fluid; a used cleaning fluid recovery chamber; a suction nozzle
      in flow communication with said recovery chamber; blower means in flow
      communication with said recovery chamber for generating a suction in said
      recovery chamber for causing air and used cleaning fluid to be drawn
      through said suction nozzle into said recovery chamber; pump means
      operably connected in flow communication with said recovery chamber for
      pumping used cleaning fluid out of said recovery chamber to a remote
      discharge means; a bleed-off line connected at one end to said cleaning
      fluid flow line and at its other end to said recovery chamber, thereby
      short-circuiting a portion of the flow of cleaning fluid directly to said
      recovery chamber and thereby preventing dry operation of said pump.
NUM  13.
PAR  13. The apparatus of claim 12 comprising: a source of cleaning fluid
      additive to be injected into said cleaning fluid; venturi injector means
      positioned on said cleaning fluid flow line, said cleaning fluid additive
      source being operably connected to said venturi injector means whereby
      additive is injected into said cleaning fluid flow line; said bleed-off
      line being operably connected to said cleaning fluid flow line at a point
      downstream of said venturi injector whereby said bleed-off tends to
      decrease the water pressure downstream of said venturi injector and
      thereby facilitates operation of said venturi injector even in the event
      that pressure is low at the cleaning fluid source, upstream of said
      venturi injector.
NUM  14.
PAR  14. The apparatus of claim 13 comprising: a solenoid valve on said cleaning
      fluid flow line for effecting the opening and closing thereof and for
      thereby controlling the flow of cleaning fluid to the surface to be
      cleaned; said pump means including a motor; a first switch for controlling
      both said solenoid valve and said motor, said first switch being in a
      first circuit which is in series with each of second and third circuits,
      said second and third circuits being parallel to one another; said second
      circuit comprising said motor for said pump means; said third circuit
      comprising a second switch and said solenoid of said solenoid valve, said
      second switch being normally closed to said solenoid of said solenoid
      valve whereby closing of said first switch closes a circuit through said
      solenoid valve and through said motor for said pump, thereby
      simultaneously causing a flow of cleaning fluid to the surface beng
      cleaned and causing used cleaning fluid to be pumped from said recovery
      chamber; said second switch being additionally a component of a fourth
      circuit, said fourth circuit being parallel to said first circuit and
      being in series with said second circuit whereby when said second switch
      is manually engaged to thereby open said third circuit, said fourth
      circuit is closed through said second circuit and said motor for said pump
      operates alone with said solenoid valve being closed and the flow of
      liquid to the surface being cleaned thereby shut off.
NUM  15.
PAR  15. The apparatus of claim 14 including a fifth circuit comprised of a
      third switch and a motor for said blower means in series with one another;
      said third switch also being in series with said first circuit, said motor
      for said blower means being arranged in parallel with said first circuit
      and with said second, and third, circuits whereby said third switch acts
      as the main power switch for said motor for said blower means and said
      solenoid valve.
NUM  16.
PAR  16. The apparatus of claim 14 comprising: a contoured handle grip shaped to
      define a plurality of finger receiving channels, said first switch being
      located within one of said finger receiving channels of said contoured
      handle grip whereby it is conveniently located for activation as an
      operator operates said apparatus.
NUM  17.
PAR  17. The apparatus of claim 12 including: shroud means over said blower
      means for directing the blower means discharge downwardly onto the surface
      being cleaned.
NUM  18.
PAR  18. A portable surface cleaning apparatus comprising: spray means for
      spraying cleaning fluid onto the surface being cleaned, said spray means
      including a cleaning fluid flow line operably connected to a source of
      cleaning fluid; solenoid valve means on said cleaning fluid flow line for
      alternatively stopping or allowing cleaning fluid to flow therethrough to
      the surface to be cleaned; a used cleaning fluid recovery chamber; a
      suction nozzle in flow communication with said recovery chamber; blower
      means including a blower motor in flow communication with said recovery
      chamber for generating a suction in said recovery chamber for causing air
      and used cleaning fluid to be drawn through said suction nozzle into said
      recovery chamber; pump means, including a pump motor, operably connected
      to said recovery chamber for pumping used cleaning fluid out of said
      recovery chamber to a remote discharge means; a first switch for
      controlling both said solenoid valve and said pump motor, said first
      switch being in a first circuit which is in series with each of second and
      third circuits, said second and third circuits being parallel to one
      another; said second circuit comprising said pump motor; said third
      circuit comprising a second switch and said solenoid of said solenoid
      valve, said second switch being normally closed to said solenoid of said
      solenoid valve whereby closing of said first switch closes a circuit
      through said solenoid valve and through said pump motor, thereby
      simultaneously causing a flow of cleaning fluid to the surface being
      cleaned and causing used cleaning fluid to be pumped from said recovery
      chamber; said second switch being additionally a component of a fourth
      circuit, said fourth circuit being parallel to said first circuit and
      being in series with said second circuit whereby when said second switch
      is manually engaged to thereby open said third circuit, said fourth
      circuit is closed through said second circuit and said pump motor operates
      alone with said solenoid valve being closed and the flow of liquid to the
      surface being cleaned thereby shut off.
NUM  19.
PAR  19. The apparatus of claim 18 including a fifth circuit comprised of a
      third switch and said blower motor in series with one another; said third
      switch also being in series with said first circuit, said blower motor
      being arranged in parallel with said first circuit and with said second
      and third circuits whereby said third switch acts as the main power switch
      for said blower motor and said solenoid valve.
NUM  20.
PAR  20. The apparatus of claim 19 comprising: a contoured handle grip shaped to
      define a plurality of finger receiving channels, said first switch being
      located within one of said finger receiving channels of said contoured
      handle grip whereby it is conveniently located for activation as an
      operator operates said apparatus.
NUM  21.
PAR  21. The apparatus of claim 18 comprising: a contoured handle grip shaped to
      define a plurality of finger receiving channels, said first switch being
      located within one of said finger receiving channels of said contoured
      handle grip whereby it is conveniently located for activation as an
      operator operates said apparatus.
NUM  22.
PAR  22. A portable surface cleaning apparatus comprising: a suction nozzle in
      flow communication with a recovery chamber; blower means in flow
      communication with said recovery chamber for generating a vacuum in said
      recovery chamber and causing debris to be drawn through said suction
      nozzle into said recovery chamber; said blower means including an impeller
      and an impeller housing in which said impeller is housed, said impeller
      housing being open at a plurality of points around the circumference
      thereof to allow the discharge of air from said impeller; shroud means
      being positioned over said impeller housing, said shroud means including a
      circumferential channel positioned around said points of discharge of said
      impeller and creating a flow communication channel for air discharged by
      said impeller; said channel being open at the bottom whereby air from said
      impeller is discharged downwardly directly onto the surface being cleaned.
NUM  23.
PAR  23. The apparatus of claim 22 in which said shroud means comprises a molded
      polymeric material of sufficiently high heat resistance to resist
      degradation caused by heat generated by said blower means.
NUM  24.
PAR  24. The apparatus of claim 22 in which said portable surface cleaning
      apparatus includes spray means for spraying liquid onto the surface to be
      cleaned whereby the downward blast of discharged air effected by said
      shroud means serves to help dry the surface to be cleaned as said
      apparatus is passed over a previously wetted area.
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ABST
PAL  Conventional rotary lawn mowers have a rotating cutter blade traveling at
      high velocity. This invention relates to an attachment for forming an
      enclosed housing containing the conventional mower components to create a
      vacuum chamber with a single input port which may be coupled to a flexible
      conduit to suck up leaves and other debris within an extended area for
      collection in conventional bags.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvement of equipment generally used in the
      nursery field; more particularly, it relates to an attachment for
      converting conventional rotary lawn mowers into mobile vacuums with
      hose-type pick-up elements.
PAR  2. Description of the Prior Art
PAR  It is receognized by all users of rotary lawn mowers that the rapidly
      rotating cutter blade creates some vacuum force when the housing is in
      close proximity to the ground. Such lawn mowers, however, rely principally
      upon the air flow created by rotation of the blade to transport cut grass
      and debris into the bagging attachment.
PAR  There is a need for equipment that will remove leaves and other light
      debris from flower beds, around shrubbery, and other relatively difficult
      to reach locations. Lawn cutting equipment, such as sickle-type lawn
      cutters, have occasionally included vacuum chambers to pick up the cut
      grass; but this does not help in removing debris from areas beyond the
      housing of the lawn cutters. There have also been modifications of rotary
      lawn mowers to make them function as sweepers and in some instances, the
      conventional flat blades have been replaced by fan blades; but, here too,
      no provision was made for gaining access to out-of-the-way areas.
PAR  To date, there are no known simple and economical attachments which can be
      used to rapidly convert the millions of existing rotary mowers into leaf
      vacuums capable of clearing flower beds and the like.
PAC  SUMMARY OF THE INVENTION
PAR  Structures embodying the present invention can be easily mounted or
      dismounted from conventional rotary mowers in order to create a vacuum
      chamber and provide the coupling for an input conduit. These attachments
      do not require modification of the existing rotary mower housing; nor do
      they require modifications or changing of the normal flat rotary cutting
      blades.
PAR  It is an object of the present invention to provide an attachment for
      convenient mounting and dismounting upon conventional rotary lawn mower
      housings.
PAR  It is another object of the present invention to provide an improved
      apparatus for developing a vacuum chamber from the existing housing of a
      conventional rotary mower.
PAR  Yet another object of the invention is to provide means for converting a
      conventional rotary mower into a mobile vacuum source suitable for
      coupling to a conduit which can be extended away from the lawn mower
      housing.
PAR  In accordance with one embodiment of the invention there is provided an
      attachment for use with a rotary lawn mower having an inverted
      superstructure with a rotating blade mounted for substantially horizontal
      rotation therein. The attachment comprises a walled pan having a periphery
      conforming with the lawn mower superstructure. A single input port is
      provided at one location on the peripheral wall of the attachment and it
      is coupled to the lawn mower housing to form a vacuum chamber.
PAR  A more complete understanding of the invention will be available from the
      following discussion which has been made in conjunction with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective illustration of a conventional lawn mower with an
      embodiment of the invention assembled thereon;
PAR  FIG. 2 is a top view of a pan element embodying the invention, showing the
      relative position of a conventional lawn mower blade and discharge port in
      phantom outline;
PAR  FIG. 3 is a vertical cross-sectional view taken along the lines 3--3 in
      FIG. 2 and also showing relevant components of a conventional lawn mower
      in phantom outline;
PAR  FIG. 4 is a vertical cross-sectional view taken along the lines 4--4 of
      FIG. 2; and
PAR  FIG. 5 is a partial vertical cross-section taken along the lines 5--5 of
      FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The conventional rotary mower 10, illustrated in FIG. 1, includes, among
      other components: an inverted upper blade housing 17, handle 16, motor 14,
      and leaf bag 15. It is not important whether the motor is gasoline or
      electric powered. The attachment embodying the present invention is
      assembled beneath the rotary mower housing and coupled by clips, bolts, or
      similar means. The basic pan component 13, best seen in FIG. 2, includes
      an input port 21 to which one may couple a flexible conduit 11. It has
      been found advantageous to terminate such a conduit with a rigid section
      12 for ease in handling. The length and dimensions of flexible conduit 11
      with section 12 may vary as long as they are substantially air-tight.
PAR  FIG. 3 shows in phantom outline the usual configuration of the housing of a
      rotary lawn mower. Thus, the housing 17 usually has a circular
      configuration surrounding the tip path of a rotating blade 18 mounted upon
      the drive shaft. The housing 17 has a side wall which completely encloses
      the rotating blade, the entire unit being supported at selectable heights
      above the surface to be cut. One side of housing 17 includes a discharge
      port 19 to which the leaf bag 15 is mounted. As a result of rotation of
      the blade 18 grass is cut and the movement of air created by the blade
      along with impact of the blade upon the particles of debris, creates a
      flow of material into discharge aperture 19 and thence through the leaf
      bag 15. In general, this operation of the conventional rotary mower does
      not employ or develop any appreciable vacuuming effect.
PAR  The pan member 13 of the attachment is adapted to be sealingly engaged to
      the bottom of existing housing 17. A lip or shoulder 23 may extend
      completely around pan 13 and is held in butting contact with the bottom of
      the lawn mower housing. The upward extension 22 of the pan 13, is seated
      within the lawn mower housing and provides a snug substantially air-tight
      fit. The remainder of pan 13 is completely enclosed with the exception of
      the input port 21 on one side wall. As suggested in FIGS. 1 and 2 lugs 24
      through 27 may be provided on both the pan and housing to bolt the units
      together. On the other hand, spring latches and couplings may also be
      suitably employed for this purpose. The lower surface of pan 13 is
      configured in order to produce a trough having its deepest portion at the
      inlet 21 and ascending to negligible proportions at approximately
      270.degree. therefrom. The center of the pan may be raised to restrict the
      total volume of the vacuum chamber and emphasize the chanel created about
      its circumference.
PAR  As a result of the sealable attachment of pan beneath the lawn mower,
      rotation of the blade 18 creates a vacuum force operative to suck air into
      port 21 and discharge it through pre-existing port 19 in the lawn mower
      housing. When used in conjunction with this equipment, leaf bag 15 must be
      air permeable in order to avoid build up of air and the creation of a back
      pressure at outlet port 19.
PAR  FIG. 5 suggests that the inlet port 21 may be of oval configuration. The
      specific cross-section of this port depends primarily upon the surface
      configuration of the inlet conduit 11. Flexible conduit 11 is available in
      cylindrical form and may be easily deformed into the oval or eliptical
      shape shown in FIG. 5. The restrictions upon this shape are principally
      the desire to avoid dragging the unit upon the ground. This is easily
      avoided by raising the mower with pre-existing elevating means to its
      highest position. There is no difficulty in rolling the assembled unit
      upon the lawn mower wheels.
PAR  It has been found desirable to position pan 13 with inlet 21 disposed
      approximately 180.degree. from the discharge outlet 19. Nevertheless, it
      will be appreciated that in some applications, depending upon the
      configuration of the lawn mower being used, it may be desirable to modify
      this orientation to either 90.degree. or 270.degree. upstream, relative to
      the direction of rotation of cutting blade 18.
PAR  A particular embodiment of the invention has been shown and described. With
      this material in hand, those skilled in the art will immediately recognize
      modifications. Any such modifications coming within the scope of the
      following claims, are intended to be covered thereby.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A leaf vacuuming attachment for rotary lawn mowers which include a
      horizontal cutting blade rotating within an inverted housing with a
      circumferential vertical side wall containing a discharge port
      therethrough that is substantially tangential to said side wall, said
      attachment comprising: a closure pan having a circumferential vertical
      side wall substantially conforming to that of said housing, the upper edge
      portion of said pan side wall being configured for butting contact with
      the lower edge of said housing side wall; an input port in said pan side
      wall; and means for fastening said edges together to form an enclosed
      housing for said cutting blade, with said input port being below said
      cutting blade and rotated at least 90.degree. upstream of said discharge
      port relative to the direction of rotation of said cutting blade.
NUM  2.
PAR  2. A leaf vacuuming attachment as defined in claim 1, wherein the outer
      periphery of said pan side wall at the upper edge is slightly less than
      the inner periphery of said housing wall at the lower edge, said pan side
      wall including an external shoulder about the periphery and below the
      edge, said shoulder being held in engagement with the lower edge of said
      housing side wall by said fastening means.
NUM  3.
PAR  3. A leaf vacuuming attachment as defined in claim 1, wherein the bottom
      surface of said closure pan includes a circumferentially extending trough
      of graduated depth, said trough being deepest in the vicinity of said
      input port and having a floor ascending towards said discharge port.
NUM  4.
PAR  4. A leaf vacuuming attachment as defined in claim 3, wherein the outer
      periphery of said pan side wall at the upper edge is slightly less than
      the inner periphery of said housing wall at the lower edge, said pan side
      wall including an external shoulder about the periphery and below the
      edge, said shoulder being held in engagement with the lower edge of said
      housing side wall by said fastening means.
NUM  5.
PAR  5. A leaf vacuuming attachment as defined in claim 1, further comprising a
      conduit coupled to said input port.
NUM  6.
PAR  6. A leaf vacuuming attachment as defined in claim 5, wherein said conduit
      is flexible.
NUM  7.
PAR  7. A leaf vacuuming attachment as defined in claim 5, wherein said conduit
      has a flexible section proximate to its coupling to said input port and a
      rigid section at the remote end thereof.
NUM  8.
PAR  8. A leaf vacuuming attachment as defined in claim 5, wherein the outer
      periphery of said pan side wall at the upper edge is slightly less than
      the inner periphery of said housing wall at the lower edge, said pan side
      wall including an external shoulder about the periphery and below the
      edge, said shoulder being held in engagement with the lower edge of said
      housing side wall by said fastening means.
NUM  9.
PAR  9. A leaf vacuuming attachment as defined in claim 8, wherein the bottom
      surface of said closure pan includes a circumferentially extending trough
      of graduated depth, said trough being deepest in the vicinity of said
      input port and having a floor ascending towards said discharge port.
NUM  10.
PAR  10. A leaf vacuuming attachment as defined in claim 1, wherein said input
      port is rotated 180.degree. upstream of said discharge port relative to
      the direction of rotation of said cutting blade.
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ABST
PAL  A snap hinge for use in connecting furniture doors, for example, to a
      furniture wall utilizing a pair of pivotally mounted link members and
      including a spring biased mechanism and a cam control unit associated with
      said link members for assuring positive closing of a door with which the
      snap hinge is associated.
BSUM
PAR  This invention relates to a snap hinge of the type which may be used for
      attaching a furniture door to the carrier wall of a piece of furniture and
      particularly to a hinge of the type formed by two pivoting link members
      comprising what might be called a quadrilateral link mechanism.
PAR  Hinges of this general type are known and these snap hinges have the
      characteristic that the opening or closing force, respectively, is only
      exerted within a selected range.
PAR  A most desirable characteristic in such a hinge would be that the hinge
      does not exert a force on the door throughout substantially the entire
      range of its pivotal movement, thus exerting neither an opening or a
      closing force in that range of movement. This range should extend between
      the open position of the door and a position shortly before the door is in
      a closed position. Only when this position is reached, i.e. shortly before
      the closed position, should the spring exert a closing force. Such a
      characteristic enables the door to remain stationary in all positions
      within the opening range which extends from the complete open position up
      to shortly before the closed position, and the door thus neither opens or
      closes by itself. Only when the door has been pivoted from the open
      position in a direction towards the closed position to such an extent that
      it is at a position shortly before the closed position, should the closing
      force which is to maintain the door positively closed after the closing
      process commence.
PAR  Prior art constructions have not provided a satisfactory hinge possessing
      these desirable characteristics. Thus, the invention has evolved from the
      problem of trying to make a hinge which is more stable and to allow a more
      precise functioning of the hinge.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of this invention is to provide a hinge unit having
      a pair of pivotally mounted link members including cam means for
      permitting a door with which the hinge unit is associated to move through
      substantially its full range of movement without any opening or closing
      force on the door and then to have a positive closing force exerted
      thereon when the door is close to a closed position.
PAR  Another object of this invention is to provide a hinge unit having a pair
      of pivotally mounted link members and a spring actuated mechanism
      associated with one of said link members for urging a door with which the
      hinge unit is associated to a closing position.
PAR  Another object is to provide a hinge unit having a pair of pivotally
      mounted link members and a spring biased mechanism associated with a cam
      mechanism on one of said link members for assuring positive closing of a
      door unit with which said hinge unit is associated.
PAR  Other objects and advantages of the invention will become more apparent
      when considering the following description and accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a horizontal section of a snap hinge embodying the invention
      herein showing the hinge mounted on a furniture wall and a door with the
      door in a closed position;
PAR  FIG. 2 is a vertical section showing the hinge of FIG. 1 mounted on a
      furniture wall and a door with the door in a partially open position;
PAR  FIG. 3 is a vertical section of the hinge member embodying the invention
      herein and taken through line 2--2 of FIG. 1;
PAR  FIG. 4 is an exploded view in perspective of the inner link of the hinge of
      FIG. 1 showing one of the cam control discs detached from the link member;
PAR  FIG. 5 shows a cam disc having detents formed in the surface thereof.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As can be seen from the drawing, the snap hinge serves for attaching a door
      1 to a carrier wall 2 of a piece of furniture. The hinge comprises a
      dish-shaped housing 3 which is inserted into a corresponding recess 3A of
      the door, and a carrier arm portion 4 which is constructed as a
      longitudinally extending inverted U-shaped carrier arm. In FIG. 1 the
      drawing shows only that end of the carrier arm 4 which is disposed
      adjacent the snap joint of the hinge.
PAR  The two portions, the dish-shaped housing portion 3 and carrier arm 4, are
      interconnected by a quadrilateral link mechanism comprising an inner link
      member 5 and an outer link member 6. The inner link 5 is pivotally mounted
      in the dish-shaped housing 3 by means of a pivot pin 7, and within the
      carrier arm 4 by means of a pivot pin 8. In the same manner, the outer
      link 6 is pivotally mounted within the housing 3 by means of a pivot pin 9
      and within the carrier arm 4 by means of a pivot pin 10.
PAR  An essential element of this snap hinge is the spring biased lever arm 11
      which is pivotally mounted at one of its ends by means of the pivot pin 12
      attached within the carrier arm 4. The pivoting end of the lever arm 11 is
      under the effect of a compression spring 13 which urges this pivoting end
      against a cam means. The cam means is attached to the inner link 5 and
      comprises two identical laterally spaced cam control discs 14 disposed
      parallel to each other and which are attached to the end of the pivotal
      mounting portion of the link 5 which fits around the pivot pin 8. The
      outer periphery of these control discs 14 define cam surfaces whose path
      or shape determines the operational characteristics of the hinge. The
      control discs 14 may be formed integrally with the link 5. They may also,
      however, be independent elements which may be attached to the link 5, for
      instance by way of riveting, welding or other suitable means. For
      illustrative purposes one of the two control discs 14 is shown detached
      from the link 5 in FIG. 4, while the other control disc is shown connected
      to the inner link 5.
PAR  Cam surfaces 14A and 14B are formed on the edges of the control discs 14.
      These cam surfaces 14A of the two control discs 14 extend coaxially to the
      pivot pin 8 throughout the greater part of the periphery thereof as
      substantially circular arcs. The lever arm 11 of the described embodiment
      is provided with a pair of rollers 15 mounted at the ends of pin 11A
      extending transversely through lever are 11 in order to reduce friction.
PAR  It can be seen from the FIGS. 1 and 2 that the rollers 15 travel along the
      substantially circular arc cam surfaces 14A during the greater part of the
      travel of the door during its swinging movement. When the door is about to
      close, however, the roller 15 travels on cam surface 14B, i.e. on that
      part of the two control surfaces within which the distance of the cam
      surface from the axis of the pivot pin is shorter. It is apparent from
      viewing FIGS. 1 and 2 that a closing force starts at the instant in which
      the roller 15 moves past the turning point 16 of the control curve which
      lies between the cam surfaces 14A and 14B. When the rollers 15 are in
      contact with the cam surfaces 14B a closing force starts, so that the
      hinge is firmly urged into a position in which the door is in a closed
      position as shown in FIG. 1. The total control curve comprising cam
      surfaces 14A and 14B and intermediate point 16 is the most important
      feature of the hinge in accordance with this invention.
PAR  It should be mentioned that surfaces 14A of the cam control discs 14 may
      also be provided with one or more small recesses or detents 17 in the
      center range and/or in the range of the open position for selectively
      holding the door in selected open positions as the rollers 15 are received
      in those recesses 17.
PAR  In the hinge shown here as a preferred embodiment the door remains open in
      almost its entire open range, and does not strike open entirely or close
      with an impact. The force closing the door has an effect only shortly
      before the closed position and will then cause the door to be closed
      entirely automatically and then remain positively closed.
PAR  The present invention embodies a particularly reliable construction for
      hinges with quadrilateral link mechanism due to the application of two
      control discs 14 which are arranged at as large a distance from one
      another as possible at the edges of the link 5. This provides a stable
      guidance for the two pressure rollers 15. It is possible in this manner to
      utilize the entire width of the pivotal mounting portion of the link 5 as
      a bearing surrounding the pivot pin 8.
PAR  In the case where the control discs 14 are first produced as separate
      parts, FIG. 4 shows a perspective view of the inner link 5 with one of the
      two control discs 14 formed integrally with the link while the other disc
      has been shown separately. It can be seen that these control discs can be
      attached to the edges of the link since the edges have been provided with
      recesses 18 for this reason. The fixed connection of the attached control
      discs 14 with the link 5 can be effected by way of peening the margins.
PAR  Although the operation of the hinge embodying the invention should be clear
      from the above description the operation will be briefly summarized.
      Starting with the door 1 in a closed position as shown in FIG. 1, the
      compression spring 13 urges the lever 11 downwardly pressing the rollers
      15 against cam surfaces 14B thereby urging the control discs 14 and the
      link 5 counterclockwise about pivot pin 8 to a positive closing position.
      When the door is slightly opened as shown in FIG. 2 the lever 11 is urged
      upwardly as the clockwise rotation of control discs 14 and link 5 causes
      the rollers 15 to ride upwardly on the cam surfaces 14B until they hit
      intermediate point 16. Further opening movement of the door 1 allows the
      rollers 15 to ride on the cam surfaces 14A with an equal pressure on the
      spring 13 because all points on the cam surfaces 14A are equidistant from
      the axis of the pivot pin 8, at least until the door 1 has reached a full
      open position. This allows the door to be placed at any of a number of
      selected open positions and remain at that particular open position
      without any force tending to further open or close the door.
PAR  When the door is to be closed the opposite takes place. When the control
      disc has rotated far enough counterclockwise to reach point 16 and an
      almost closed position compression spring 13 takes over and automatically
      makes rollers 15 ride down cam surfaces 14B to urge control discs 14 and
      link 5 further counterclockwise bringing the door 1 positively to a closed
      position.
PAR  While a preferred embodiment of the invention has been disclosed it will be
      appreciated that this has been shown by way of example only, and the
      invention is not to be limited thereto as other variations will be
      apparent to those skilled in the art and the invention is to be given its
      fullest possible interpretation within the terms of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A snap hinge for furniture doors having a carrier arm adapted to be
      mounted on the carrier wall of a piece of furniture and a housing adapted
      to be mounted in a door portion comprising:
PA1  a quadrilateral link mechanism including outer and inner longitudinally
      extending link members each having ends pivotally supported in the carrier
      arm and the housing thereby pivotally interconnecting the carrier arm and
      housing;
PA1  a lever arm having one end pivotally mounted on said carrier arm and the
      free end thereof being oscillatable in a plane perpendicular to the
      pivotal axis of said link members;
PA1  cam control means fixed on the end of said inner link member which is
      pivotally mounted in the carrier arm;
PA1  cam engaging means on said lever arm engaging said cam control means; and
PA1  biasing means urging said cam engaging means into engagement with said cam
      control means.
NUM  2.
PAR  2. The snap hinge of claim 1 wherein
PA1  said biasing means is a spring means operatively associated with said lever
      arm.
NUM  3.
PAR  3. The snap hinge of claim 1 wherein
PA1  said biasing means comprises a compression spring means disposed between
      the free end of said lever arm and the carrier arm.
NUM  4.
PAR  4. The snap hinge of claim 1 wherein
PA1  said cam control means comprises cam control disc means connected to said
      inner link member and pivotable therewith, said cam control disc means
      lying in a plane perpendicular to the pivotal connections of said link
      members.
NUM  5.
PAR  5. The snap hinge of claim 4 wherein
PA1  said cam control disc means is formed integrally with said inner link
      member.
NUM  6.
PAR  6. The snap hinge of claim 4 wherein
PA1  said cam control disc means comprises a pair of cam control discs formed
      separately from said link member and includes cooperating means on said
      link member and said control discs for securing the latter to said link
      member.
NUM  7.
PAR  7. The snap hinge of claim 1 wherein
PA1  said cam control means comprises a pair of cam control discs connected to
      said inner link member and pivotable therewith, said cam control disc
      means lying in a plane perpendicular to the pivotal connections of said
      link members.
NUM  8.
PAR  8. The snap hinge of claim 1 wherein
PA1  said cam control means comprises a pair of laterally spaced cam control
      discs connected to said inner link member; and
PA1  said cam engaging menas on said lever arm includes transversely extending
      members connected to said lever arm which engage said cam control discs.
NUM  9.
PAR  9. The snap hinge of claim 8 wherein
PA1  said lever arm swings between said cam control discs.
NUM  10.
PAR  10. The snap hinge of claim 1 wherein
PA1  said cam control means comprises a pair of laterally spaced cam control
      discs connected to said inner link member each of said discs being formed
      with a first cam surface lying at a relatively greater distance from the
      inner link pivotal connection with the carrier arm and a second cam
      surface connected with said first cam surface and lying at a relatively
      lesser distance from the inner link pivotal connection whereby when said
      cam engaging means contacts said second cam surface the door is biased
      toward a closed position.
NUM  11.
PAR  11. The snap hinge of claim 1 wherein
PA1  said biasing means comprises spring means effective to urge said cam
      engaging means on lever arm into engagement with said cam control means;
      and
PA1  said cam control means comprises cam control disc means connected to said
      inner link member and pivotable therewith, said cam control disc means
      lying in a plane perpendicular to the pivotal connections of said link
      members.
NUM  12.
PAR  12. The snap hinge of claim 1 wherein
PA1  said cam engaging means on said lever arm includes transversely extending
      portions connected to said lever arm and roller elements mounted on said
      portions.
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ABST
PAL  This disclosure relates to a hinge for abutting door sashes and
       particula a furniture hinge in which a linkage is provided in the form of
      a pair of rods pivotally mounted between mounting parts of an associated
      frame and sash, each radius rod having an end within a large diameter
      trunnion of a thickness greater than that of the associated rods, and each
      trunnion engaging in a corresponding bore of the sash.
BSUM
PAR  The present invention relates to a novel hinge for door sashes which abut
      each other and particularly to a furniture hinge which includes rods
      mounted between a furniture frame and an associated sash with each rod
      having an enlarged pintle or pivot journaled for rotation in bearings or
      bores of the sash.
PAR  It is conventional to journal or pivotally mount rods of hinges of the type
      described heretofore, in a mounting element such that the rods are
      provided with bores receiving therethrough pins which function as a pintle
      or a pivot for the hinge. In this type of arrangement the joint is
      relatively weak because the rods are apertured and even though the
      opposite apertured ends may be enlarged the same are relatively weak. This
      is highly detrimental since door sashes are supported entirely by the pins
      or pintles within the bores of the rods and, thus, the rods and pins carry
      a relatively large weight. Needless to say the risk of wear is relatively
      high and as wear occurs between the pins and the bored rods sagging of the
      door sash will occur. Furthermore, a relatively small amount of clearance
      is visibly noticeable in relatively broad door sashes.
PAR  In view of the foregoing, it is a primary object of this invention to
      provide a novel hinge for journaling rods in mounting elements of
      furniture hinges and the like in which precision journaling of the rods is
      insured even though the sashes are relatively heavy. In the case of a
      hinge for abutting door sashes of the type mentioned heretofore, the
      invention is particularly characterized in that the ends of the rods,
      normally referred to as radius rods, are formed as projecting bearings or
      trunnions whose diameters are substantially in excess of the thickness of
      the rods. In this manner, the specific surface pressure imposed on these
      trunnions is substantially reduced, wear is eliminated thus reducing
      sagging of the sash, and the overall precision of the hinge system can be
      simply, easily and reliably maintained.
PAR  In further accordance with this invention, the hinge preferably includes
      bushings constructed of plastic, particularly self-lubricating plastic, to
      achieve a simplified installation of the trunnions and a high degree of
      durability of the overall hinge construction.
PAR  In further accordance with this invention, the mounting elements are
      preferably provided with bores which function as journals or bearings for
      accommodating the trunnions of the rods and preferably the bearings are
      covered externally by means of a retaining plate which is inserted into
      slits of the mounting element to thereby protect the operative parts
      against the ingress of dirt, moisture, and the like.
PAR  With the above and other objects in view that will hereinafter appear, the
      nature of the invention will be more clearly understood by reference to
      the following detailed description, the appended claimed subject matter,
      and the several views illustrated in the accompanying drawing.
DRWD
PAC  IN THE DRAWING:
PAR  FIG. 1, is a fragmentary cross-sectional view of a novel hinge construction
      of the present invention, and illustrates the hinge connected to a frame
      and sash in the relatively closed position thereof.
PAR  FIGS. 2 and 3 illustrate one of a pair of radius rods having enlarged
      trunnions at sides thereof.
PAR  FIG. 4 is an elevational view taken generally along line 4--4 of FIG. 1,
      and illustrates the front of sash mounting of the hinge.
PAR  FIG. 5 is an elevational view taken generally along line 5--5 of FIG. 1,
      and illustrates the rear of the sash mounting of the hinge.
DETD
PAR  In accordance with this invention a novel hinge 1 is best illustrated in
      FIG. 1 of the drawing and is mounted between a sash 3 and frame 2 by
      mounting elements or parts 4 and 5. The mounting elements 4 and 5 are
      secured to the frame 2 and sash 3 respectively, by screws or like elements
      (unnumbered). The mounting elements 4 and 5 are interconnected by a pair
      of radius rods 6 and 7, FIG. 1, which are disposed in a recessed 8 of the
      mounting element 5. The rods 6 and 7 have free ends connected to an arm 11
      by pivot pins 9 and 10 to form a parallelogram linkage in conjunction with
      opposite bearings or trunnions 14 and 15. The arm 11 is preferably
      slidably mounted by a pivot pin 11a in longitudinal recesses 12 of the
      mounting element 4 and is adjusted in any one of a plurality of desired
      angular positions by means of a pair of screws 13 and 13a. The screws are
      threaded into the arm 11, as is readily apparent from FIG. 1, and the arm
      11, of course, is mounted by the pivot pin 11 a to the mounting element 4.
      The screws 13, 13a are accessible through circular apertures (unnumbered)
      of the mounting element 4, in a manner also readily apparent in FIG. 1.
PAR  The rods or plates 6 and 7 are substantially identical in construction and
      include on opposite sides of one end thereof the trunnions 14, 15,
      respectively. Each trunnion 14 includes a projection 14a upon which is
      pinned a bushing or bearing 14b, while each trunnion 15 includes a
      projection 15a and a bushing or bearing 15b. The projections 14a and 15a
      are rectangular and are received in like shaped bores of the respective
      bearing or bushing 14b, 15b to prevent rotation of the bushings or
      bearings 14b, 15b relative to the respective plate 6, 7. The diameter of
      the bearings or bushings 14b, 15b is between two to three times the
      thickness of the plates 6, 7, as is most readily apparent in FIG. 3 of the
      drawing. The trunnions 14, 15 are received in bores, eyes or bushings 16,
      17, respectively, of the mounting element 8. Although the projections 14a
      , 15a and bearings or bushings 14b, 15b are separate elements the same may
      be formed as integral elements of the rods 6, 7. The bushings or bearings
      14b, 15b are preferably constructed of plastic material and preferably of
      an anti-friction or self-lubricating plastic. Likewise, the mounting
      elements 4 and 5 are also preferably constructed of plastic material
      although metallic material such as brass or other metal with excellent
      anti-friction properties may be conveniently employed depending upon the
      characteristics of the particular insulation involved.
PAR  The bores 16 and 17 which receive the bearings of the trunnions 14 and 15
      are preferably constructed as bores which terminate in recesses 18 and 19
      of the mounting element 3, FIG. 5. Retaining plates 20 and 21 are fixedly
      supported in slits 22 and 23, respectively, to cover the bores 16 and 17
      so that the ingress of dirt is precluded.
PAR  Since the projections 14a and 15a are integral with the rods 6 and 7, it is
      possible for recesses 24 to be disposed in sides in part defining the
      recess 8 of the element 5 to facilitate the insertion of rods 6, 7
      thereinto. The bushings or bearings 14b, 15b are then inserted from the
      inside into the bores and are clampingly pushed on to the projections 14a,
      15a after which the bores 16, 17 are closed from the exterior by means of
      the retaining plates 20 and 21.
PAR  While preferred forms and arrangements of parts have been shown in
      illustrating the invention, it is to be clearly understood that various
      changes in detail and arrangement of parts may be made without departing
      from the spirit and scope of this disclosure.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hinge comprising a pair of elements each adapted to be secured to one
      of a pair of relatively pivotally mounted members, a pair of radius rods
      having opposite side edges, first means pivotally joining said pair of
      radius rods at one end thereof to one of said elements, second means
      pivotally joining said pair of radius rods at a second end thereof to a
      second of said elements, said radius rods being of a predetermined
      thickness corresponding to the width of said side edges, at least one of
      said first and second pivotally joining means including laterally
      oppositely projecting terminal projections carrying trunnions having a
      diameter greater than said predetermined width of said radius rods, and
      means journaling said trunnions for pivotal movement in at least one of
      said pair of elements.
NUM  2.
PAR  2. The hinge as defined in claim 1 wherein said projecting trunnions are
      defined by bushings non-rotatably carried on oppositely directed
      projections of said radius rods.
NUM  3.
PAR  3. The hinge as defined in claim 1 wherein one of said pair of elements
      includes bores receiving said trunnions and defining a bushing therefor.
NUM  4.
PAR  4. The hinge as defined in claim 3 wherein a retaining plate is provided
      for covering one of said elements, said one element having a pair of
      slits, and said retaining plate being insertable into said slits.
NUM  5.
PAR  5. The hinge as defined in claim 4 wherein said trunnions are constructed
      of self-lubricating plastic material.
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ABST
PAL  An integrated facility for breaking dressed animal carcassas includes a
      continuous flow of the carcasses and their subdivisions through a series
      of processing areas where the carcasses are broken into primal cuts, the
      primal cuts are further divided, boned and trimmed along processing lines
      designated for particular primal cuts, the secondary cuts thus produced
      are then trimmed and boned as necessary, packaged and sorted according to
      their weight. Groups of the secondary cuts are placed in boxes which carry
      machine-readable markings which indicate the box contents. The filled
      receptacles are carried by a common conveyor to an area where they are
      sorted into groups according to the machine-readable markings, palletized
      by groups and placed on unidirectional refrigerated storage conveyors.
      Orders for products are filled by discharging the pallets from their
      respective storage conveyors, depalletizing the goods and routing the
      boxes to designated transport vehicles. A constant inventory of boxed
      products is maintained by automatically reading the markings on the boxes
      and weighing the boxes both before and after they pass through the storage
      conveyors.
PARN
PAR  This is a pending division, of application Ser. No. 165,788, filed July 15,
      1971 which was a division of application Ser. No. 706,557 filed Feb. 19,
      1968, now U.S. Pat. No. 3,543,369.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention is directed to methods and apparatus utilized in the
      meatpacking industry for breaking carcasses, processing the cuts obtained
      from the breaking operations, and handling the meat as it passes through
      the various stages of such an operation.
PAR  In the meat industry, and particularly in those areas devoted to the
      processing of beef, it has been customary for the meatpacker to slaughter
      the animals, dress them and then ship the carcasses, in the form of sides
      or quarters, to a purveyor or to a retailer who then subdivides it into
      consumer cuts which are marketable to the public or the restaurant trade.
PAR  Utilizing previous techniques, the cost of shipping the dressed carcasses
      inherently involves payment of a shipping charge for undesired and
      inedible portions such as bone and fat. Moreover, the relatively
      inefficient procedure used by small fabricators, purveyors and markets
      involves a relatively inefficient use of manual labor which is due both to
      the unnecessary manhandling of the large bodies of meat and to the manner
      in which various bodies of meat must be routed through such facilities
PAR  The usual procedures for breaking carcasses have, for the most part, been
      inefficient and require a substantial amount of manual labor for
      supporting and manipulating the heavy portions of the carcass. An example
      of this is when a forequarter is removed from a side of beef which is
      supported on a gambrel or hook. This is usually done by sawing through the
      carcass as the forequarter is supported by two or more men who then lower
      it onto a cutting table or carry it to another place where it is to be
      further fabricated. In some instances, it has been proposed to provide a
      suspended support for lower portions of the carcass as they are cut;
      however, these techniques are not adapted to the high-production rate of
      the carcass breaking facility of this invention.
PAR  In the past, overhead conveyor rails have been used in conjunction with
      beef boning processes wherein boneless cuts of meat are removed from the
      suspended carcass at work stations along the conveyor, thus leaving the
      entire skeleton suspended from the rail. According to the present
      invention, however, portions such as primal cuts which include meat bone
      and fat are removed from a suspended carcass as it moves along the rail.
PAR  The customary method of supporting a large body of meat from an overhead
      conveyor is to employ a hook which penetrates the meat. Repeated handling
      of the meat, such as a beef chuck, results in many holes through the meat
      due to the use of the hooks, thereby damaging the meat to some extent and
      reducing its marketability. This is avoided by this invention.
PAC  SUMMARY OF THE INVENTION
PAR  The inventions described in this specification involve an integrated meat
      processing facility in which carcasses are broken, packaged, and handled
      enroute to a dispatching area; a method of breaking a carcass involving
      several novel aspects which substantially reduce the labor required to
      handle the meat; a particular construction of meat-handling tongs useful
      in the practice of the carcass-breaking operation and in other
      environments; a method and apparatus for handling bodies of meat using a
      flexible cord for support of the meat; and, a method and apparatus for
      ejecting cord-supporting bodies of meat from a hook on a conveyor.
PAR  The overall facility and the methods employed therein involve an area where
      carcasses are broken into parts such as primal cuts; processing lines
      where the primal cuts are, if necessary, boned, trimmed, further
      subdivided, wrapped, sorted into groups according to their individual
      weights, and placed in boxes or other receptacles which carry
      machine-readable indicia; a conveyor which is fed from a plurality of the
      processing lines and which carries receptacles filled with a number of
      different products; an area for sorting the receptacles according to the
      indicia which they carry and then palletizing them, whereafter they are
      led to designated unidirectional storage lanes in a refrigerated area. The
      palletized sets of containers may be discharged from the storage lanes,
      the pallet loads weighed, depalletized and routed to individual transport
      vehicles at a dispatching area.
PAR  The method and apparatus used in breaking a carcass into primal cuts is
      particularly important because it minimizes the amount of lifting which
      must be done in the breaking of a carcass. This is done in several ways,
      all of which are believed to have inventive merit. One method employed is
      to support a portion of the carcass from a pair of suspended tongs which
      preferably is mounted on an individual conveyor. The tongs preferably have
      a pair of plates for contacting the opposite sides of the body of meat
      without causing substantial penetration of the meat and the consequent
      damaging thereof.
PAR  Another method which avoids excessive handling of the product includes the
      insertion of a cord through a portion of the carcass and forming a loop in
      the cord, and cutting the corded portion from the carcass while supporting
      it by the cord from a support, preferably another conveyor. The use of a
      cord in this manner avoids the necessity of placing a number of holes in
      the meat if it is transferred from one supporting hook to another, and it
      permits the use of an automatic hook unloading device described below.
PAR  Still another manner of avoiding excessive handling is to route the carcass
      suspended from the main gambrel through a series of stations where some
      portions including meat, fat and bone such as primal cuts may be cut and
      released for movement to storage or to further processing areas.
PAR  Other significant aspects of the method and apparatus for breaking the
      carcass into subportions such as primal cuts will be evident from this
      specification and particularly from the claims hereof.
PAR  In another sense, this invention involves a novel meat-supporting pair of
      tongs which have relatively movable opposed plates for contacting the
      opposite sides of a large body of meat such as the forequarter. These
      tongs are provided with a number of small projections, preferably formed
      by bending a notched edge of the plate toward the other plate, which tends
      frictionally to retain the body of meat without penetrating it to a
      substantial extent.
PAR  A further phase of the invention relates to the apparatus and method of
      releasing a cord-supported body of meat from a conveyor hook. This
      includes a pair of relatively movable members, one of which is
      horizontally aligned with the shank of the hook and the other of which is
      horizontally aligned either with the meat or the cord, wherein the
      relative movement of the members results in the proper orientation of the
      hook and the release of the cord from the hook.
PAR  Other aspects of the invention pertain to an overall system for subdividing
      a beef carcass into parts, trimming and packaging the parts without
      lifting the carcass, or any part thereof by any operator; a method of
      suspending a beef part; and an integrated inventory control system for a
      beef breaking, fabricating and packaging facility.
PAR  Accordingly, it is among the objects of the apparatus and method of this
      invention to provide an efficient flow of the meat carcasses and their
      subdivisions through each phase of a facility of this type; to provide a
      carcass breaking operation which practically eliminates the manual labor
      involved in manipulating the meat while breaking a carcass into portions
      such as primal cuts; to avoid unnecessary damage to the meat due to its
      suspension from supporting devices; and, to provide an efficient method
      and apparatus for releasing bodies of meat from hooks.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic representation of the flow of carcasses and
      subportions thereof through the facility from which they emerge as boxed
      products;
PAR  FIG. 2 is a schematic view showing the preferred manner of subdividing a
      beef carcass into primal cuts;
PAR  FIG. 3 illustrates that area of the beef breaking facility where a
      forequarter of beef is supported by a pair of tongs as it is severed from
      a hindquarter;
PAR  FIG. 4 shows that portion of a beef-breaking facility where the chucks are
      supported on conveyor hooks by cords, preparatory to their being totally
      severed from the remainder of the forequarter;
PAR  FIG. 5 shows a loin processing line, foreshortened for convenience of
      illustration, wherein a beef loin is subdivided into secondary cuts, and
      certain secondary cuts are trimmed, packaged, weighed and sorted according
      to their weight;
PAR  FIG. 6 illustrates schematically the manner in which a core may be inserted
      through a body of meat;
PAR  FIG. 7 shows the cord of FIG. 6, arranged to form a loop by which the body
      of meat may be suspended;
PAR  FIG. 8 shows a box suited for machine-readable indicia;
PAR  FIG. 9 is an elevation of a pair of meat-supporting tongs for the handling
      of meat;
PAR  FIGS. 10, 11 and 12 are sectional, plan and elevational views of a
      meat-engaging plate used in the tongs of FIG. 9;
PAR  FIGS. 13 and 14 illustrate an apparatus for releasing a cord-supported body
      of meat from a conveyor hook.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  This description which pertains only to the illustrated and preferred
      embodiments is intended to be representative only and is susceptible to
      numerous modifications, variations and substitutions which fall within the
      broad conceptual areas defined in the claims.
PAC  Overall Facility
PAR  The flow pattern of the carcasses and the meat products derived therefrom
      is illustrated in FIG. 1 wherein the carcasses enter at the top and exit
      in the form of chucks, rounds, or boxed products at the loading docks at
      the lower end of this drawing.
PAR  Very briefly, the flow involves movement of the carcasses such as sides of
      beef through an initial carcass-breaking step 2 where they are subdivided
      into smaller bodies such as primal cuts which then move along the flow
      lines 4 to areas where further work is performed on them. In the instance
      of the chuck and round, the only further work involves the wrapping of the
      products and routing them to the storage lanes in a refrigerated area.
      Other primal cuts such as the plate, rib, flank, loin or brisket are
      processed at 6 where they may be further subdivided, boned, trimmed,
      wrapped, weighed and boxed. The details of a typical processing line 6 are
      described in connection with FIG. 5 in a later portion of the
      specification.
PAR  In the course of its movement through one of the processing operations at
      6, the primal cut is reduced to a number of smaller consumer cuts. For
      example, the loin is discharged from its processing line in the form of
      the top butt, bottom butt New York strip, and tenderloin. Some or all of
      these consumer cuts may, at the end of the processing line, be sorted into
      groups according to their weight and then placed in boxes which carry
      machine-readable indicia and enclose a particular type of consumer cut
      falling within certain weight ranges.
PAR  A single processing line may discharge several different products. For
      example, a loin processing line might produce twelve product, there being
      four types of consumer cuts produced and three weight ranges for each cut.
      For purposes of convenience, only two boxed product flow lines 8 are shown
      emerging from each of the processing lines 6, resulting in ten different
      boxed products.
PAR  The boxed products pass on a common conveyor 10 through a device 12 which
      closes the flaps on the box and secures the flaps in a closed position by
      an adhesive or mechanical fasteners.
PAR  After the boxes are sealed, they enter a closed conveyor loop 14, along
      which are a number of reading devices R which are capable of sensing the
      machine-readable indicia on the boxes. Such devices are well known and may
      operate in a number of manners, one of which is described in U.S. Pat. No.
      3,144,926.
PAR  When a box passes the reading device R which is programmed to emit a signal
      upon a passage of a box intended for the adjacent storage lane 16, a ram
      or other mechanism pushes the box from the sorting lane 14 into the
      appropriate temporary storage lane 16. In the event that any of the
      storage lanes 16 are filled so they cannot receive additional boxes, the
      boxes are recycled and passed again around the loop 14 until space is
      available in their respective storage lane.
PAR  When any of the storage lanes 16 becomes filled with a predetermined number
      of boxes which will constitute a pallet load, the gate G at the discharge
      end of that storage lane is opened and the boxes thereon are routed to a
      lane 18 which leads first to a case weigher and marker 20 where the cases
      are individually weighed, their contents noted by a device which reads the
      machine-readable indicia thereon, and impressed with a printing stamp
      which indicated its weight. Then, the cases are led to the palletizer 22
      where they are assembled on a pallet in stacked rows. Typical palletizers
      are shown by U.S. Pat. Nos. 2,979,872 and 3,050,199. The pallet and the
      cases are then led by a transfer conveyor 24 into a tower 26 which is a
      pallet elevating device which is capable of traversing along a track 28
      and transferring pallet loads to the refrigerated storage lanes 30. The
      movements of the tower 26 may be programmed from a device which reads the
      markings on any one of the boxes in a pallet load. In order to provide a
      most efficient use of the floor space, the lanes 30 may be vertically
      tiered, as well as being horizontally displaced apart.
PAR  Another function of the inventory control procedures is to account strictly
      of all of the meat and byproducts in order to avoid pilferage. This is
      accomplished by weighing the the carcasses before they are broken and
      weighing the unboxed byproducts of the operation. This data, together with
      the data obtained by weighing the filled boxes, chucks and rounds, is
      telemetered to a central point where it is analyzed to insure that the
      weight of the incoming carcasses is equal to that of the outgoing products
      and byproducts, with some allowance being made for shrinkage.
PAR  Due to the case-handling procedure described above, it will be appreciated
      that those cases which left one of the lanes 8 at the discharge of the
      processing line 6 will share a single lane 16 prior to entering the
      palletizer 22, and a single lane 30, while on their respective pallets.
PAR  Orders are filled from the storage lanes 30 by sending a signal to the
      tower 32 which is constructed similarly to the tower 26 so that it may
      ride along the track 34 to receive palletized loads from any of the
      storage lanes 30. The tower 32 discharges pallets to the line 36 which
      carries them to the weigher 38 and the depalletizer 40. At the weigher,
      there is another device for reading the marking on the boxes. Data so
      obtained by this reading and weighing is telemetered to a control point
      where it is used by data processing equipment for accounting, inventory
      control and billing. Individual cartons then move to a junction 42 where
      they are routed to any one of five vehicle loading conveyors 44, each of
      which leads to an individual transport vehicle such as a truck.
PAR  A running inventory is maintained on the boxed product by constantly
      receiving signals regarding the nature of the products and their weights
      from the stations 20 and 38. A visual totalizing board may be used to
      represent the inventory of goods between these points.
PAR  Unlike the products which move through the processing lines 6, the chucks
      and rounds are moved on the trolleys of overhead conveyors into a wrapping
      area 46 where they are individually wrapped in paper or a knit stockinet.
PAR  The trolleys which carry the chucks and rounds are preferably supported on
      a power and free system whereby the power rails with conventional driving
      dogs are used to advance the trolleys positively along the lanes 4 to the
      chuck and round wrapping area. The chucks and rounds then move on the
      rails 48 and 50 to weighing devices 52 and 54. The weighers 52 and 54 emit
      a signal which throws a particular one of the switches S, depending upon
      the weight range of the particular chuck or round. Therefore, the chucks
      or rounds move on the rails 56 and 58 until they are diverted into
      selective ones of the chuck storage rails 60 or round storage rails 62,
      wherein each rail 60, 62 will support cuts falling within designated
      weight ranges. The rails 60 and 62 are slightly inclined downwardly away
      from the switches S so that the chucks and rounds will advance therealong
      solely under the influence of gravity. Orders for chucks and rounds are
      filled by automatically opening any one of the gates 63 to release the
      trolleys onto a power rail 64 or 66 which then passes the product along a
      vehicle loading area where trucks T may be located. Weighing devices 68
      and 79 are located along the rails 64 and 66. Unloading devices 67 of the
      type illustrated in FIGS. 13 and 14 may be located along the chuck
      conveying rail at the individual truck docks.
PAR  Inventory control of chucks and rounds is similar to that employed for the
      boxed products. The weighing devices 52, 54, 68, and 70 all transmit
      information regarding the weight and quantity of the products passing
      thereby to a central location, where a totalizing board may indicate the
      inventory according to the nature and weight range of the product.
      Inventory may concurrently be maintained on the number of chucks and
      rounds and on the number and weight of each type of boxed product by
      automatically counting and weighing the products entering and leaving the
      refrigerated storage areas.
PAC  Breaking of Carcass into Primal Cuts
PAR  As mentioned previously, present methods of subdividing a beef carcass into
      primal cuts involve substantial amount of manual handling of large bodies
      of meat and a relatively inefficient use of the saws and other devices
      used in their subdivision.
PAR  This invention, on the other hand, handles the carcass and some of its
      heavier subportions in a manner which eliminates all lifting and manual
      transferring of the meat. This is done by a series of conveyors which pass
      through cutting stations in a manner which permits the large bodies of
      meat to be supported by a conveyor after they are separated from the
      carcass. As used herein, the term "carcass" is intended to include an
      eviscerated and dressed animal or any subportion thereof such as sides or
      quarters which cannot conveniently be carried by an ordinary workman.
PAR  A diagrammatic illustration of the method and apparatus for reducing the
      carcass to primal portions is illustrated in FIG. 2, where initially a
      side of beef is supported on a conveyor 100 by a trolley 102 which carries
      the conventional gambrel 104. At an initial station, a worker inserts a
      cord 108 through the chuck. This is done by using a pointed awl 109
      illustrated in FIG. 6 which is provided with an inclined notch 110 for
      receiving the cord. As used herein, the term "cord" is used to describe
      any strand-like material, either metallic or nonmetallic. Nylon cord is
      preferred. As illustrated in FIG. 6, this cord is inserted in a location
      where bones 112 will lie between the cord 108 and the line 114 where the
      chuck is to be severed from the forequarter. The inclination of the notch
      110 in the awl 109 permits the awl to be withdrawn while leaving a loop
      extending on one side of the chuck.
PAR  Returning to FIG. 2, it will be seen that there is a preliminary cut 106 in
      the carcass at the boundary between the forequarter and hindquarter.
      Further movement of the side of beef on the conveyor rail 100 brings it to
      a station where a worker engages the forequarter F with a pair of tongs
      116 having a pair of plates 118 which are movable into contacting
      engagement with the opposite sides of the forequarter. Details of the tong
      construction are described in a later portion of this specification.
PAR  The tongs 116 are carried by a conveyor rail 120 which supports the trolley
      122 and the chain 124 which permits the tongs to swing laterally with
      respect to the conveyor rail 120 when engaging the forequarter of the side
      of beef supported on the rail 100. The trolley 122 is moved in synchronism
      with the trolley 102 on rail 100.
PAR  After the tongs 116 are firmly engaged with the forequarter F, the cut is
      completed to sever the forequarter from the hindquarter so that each will
      be supported on its respective conveyor rail 100 or 120.
PAR  The steps of applying the meat tongs to the forequarter and severing the
      forequarter from the suspended carcass are also shown in FIG. 3 where the
      worker 126 is shown in the process of placing the pair of tongs 116 on the
      forequarter. Once the tongs engage the opposite sides of the forequarter,
      the weight of the body of meat tends to bring the tongs into more secure
      engagement with the forequarter and enables the tongs adequately to
      support the forequarter through the chain 124 or other flexible elongated
      member which depends from the trolley 122 on the overhead rail 120. The
      worker 126 then uses a knife to complete the severance of the forequarter
      F from the hindquarter H. The saws later used for removal of the primal
      cuts are suspended from retractable cables which relieve the operator from
      supporting the weight of the saw and permit him to move the saw to the
      elevation required to make the appropriate cut at his work station. Meat
      leaving the station illustrated in FIG. 3 includes the hindquarter H
      supported on the overhead conveyor 100 by a trolley 102, and the
      forequarter F supported by tongs 116 on the overhead conveyor rail 120.
PAR  As the forequarter continues its movement, an incision 132 is made between
      the chuck C and the remainder of the forequarter. Then, as seen in FIG. 7,
      the loose ends of the cord 108 are tied together in a double overhand knot
      134 and the loop 136 is drawn upwardly so that the lower portion of the
      cord encircles both the meat and the bone 112 of the chuck. The presence
      of the bones will avoid tearing of the meat when the chuck is supported by
      the loop 136.
PAR  FIG. 4 shows the loop 136 being placed over a hook 138 which is supported
      on a trolley 140 on a rail 142. As illustrated in FIG. 4 the rail 142 is
      spaced horizontally and vertically from the rail 120 so that when the hook
      138 is inserted in the loop 136 there will be a twisting or wrenching
      action in that area of the bodies which are still connected.
PAR  Once the loop 136 of the cord 108 is engaged over the hook 138, another cut
      may be made to separate the chuck from the forequarter as shown in FIG. 2.
      The shank may be left attached to the chuck or it may be dropped on the
      brisket processing line. The chuck is routed to a work area where it is
      wrapped and then sent to a storage cooler. During all its movement, it may
      continue to be supported by the trolley 140 as it is moved through the
      network of handling, sorting, and storage rails.
PAR  The hindquarter and the remainder of the forequarter continue moving on
      their respective rails 100 and 120 through a series or subsequent stations
      where subportions such as primal cuts are removed therefrom by cutting,
      preferably by conventional power saws used in the butchering industry.
PAR  FIG. 2 shows movement of the hindquarter H to a first station where the
      flank is dropped at the head of a flank processing line 144, and then to
      another cutting station where the loin L is cut and dropped at the head of
      the loin processing line 146, leaving only the round R suspended from the
      gambrel 104 of the trolley 102.
PAR  The rounds and the chucks on the conveyor rails 100 and 142 are moved
      through a common area where they are wrapped in paper or knit stockinets
      and then passed along rails where they are weighed and sorted in the
      manner explained in connection with FIG. 1.
PAR  After removal of the chuck, the forequarter moves along the rail 120
      through a series of subsequent processing stations where power saws are
      used to drop primal cuts onto various processing lines. FIG. 2 shows the
      body of meat moving first to a station where the brisket B is cut and
      dropped onto the head of the brisket processing line 148. At the final
      station, the plate and rib are pulled by the conveyor and chain 124 onto a
      sawing table 147 which is high enough to permit the chain 124 to fall
      slack and the tongs to open. The plate P and rib are cut apart and pushed
      into chutes which lead to the heads of the plate processing line 149 and
      rib processing line 152.
PAR  Although there are many ways in which the conveyors may be organized for
      performing the operation illustrated in FIG. 2 it has been found
      advantageous and convenient to use a power and free conveyor system for
      the rails 100 and 142. In such systems, which are well known in the art,
      there are power sections in which driving dogs engage the trolleys 102 and
      140 to move them positively along a power section of the rail. Typical
      power and free conveyor systems are shown by U.S. Pat. Nos. 1,921,109 and
      2,510,318. At the end of the power section, the trolleys 102 and 140 may
      be released onto free or nonpowered rails where they may be moved manually
      or gravitationally by a slightly inclined rail. This arrangement is
      particularly convenient in handling the chucks and rounds since it permits
      them to remain on the same trolley throughout all steps of their
      processing and storage. In the arrangement disclosed in FIG. 2, there is
      no necessity for releasing the trolleys 122 for free travel since the
      tongs 116 are empty at the end of their line. Therefore, a conventional
      chain-driven power conveyor may be used in connection with the rail 120.
PAR  Preferably, movement of the trolleys 102, 122 and 140 are synchronized and
      they are moved through the various cutting stations in a same direction
      and at a constant and equal velocity. In the stations where the
      forequarter is cut from the hindquarter and the chuck is cut from the
      forequarter, the involved conveyor rails should be parallel.
PAR  Another practical consideration involves the efficient utilization of floor
      space and, in this connection, it has been found desirable to arrange the
      conveyors so that the rail 120 is horizontally spaced between the rails
      100 and 142. This permits the tongs 116 to swing in one direction on the
      chain 124 when removing the forequarter from the side of beef and then to
      swing in an opposite direction when removing the chuck from the
      forequarter.
PAR  It is also desirable to have an elevated rail and cutting saw at the
      stations where the flank, loin, brisket, plate and rib are removed so that
      the workers performing the operation may release the primal cuts onto
      chutes which discharge to the head of the appropriate processing line.
      This removes the workers from the immediate vicinity of those who are
      stationed along the processing lines.
PAC  Primal Cut Processing Lines
PAR  In the processing lines which are represented diagrammatically at 6 in FIG.
      1, the primal cuts are divided into consumer cuts, boned, trimmed,
      packaged, weighed, and sorted according to weight and then placed in
      boxes. Some products do not require wrapping or others of the steps, so
      their processing lines may be modified accordingly. Generally, each of the
      processing lines includes as main conveyor which may comprise a stainless
      steel belt of a type commonly used by large scale meat purveyors. A number
      of secondary belt conveyors are arranged parallel and adjacent to the main
      conveyor and may carry various types of secondary cuts, bones, trim, and
      fat from the work stations along the main conveyor.
PAR  A somewhat abbreviated and foreshortened illustration of the loin
      processing line is shown in FIG. 5 where the main belt 154 is located to
      receive the loin from the cutting station 156 by means of a chute (not
      shown).
PAR  The initial operation on the loin is to remove the tenderloin, and this is
      done at the work areas 158 located along the main conveyor 154. The
      tenderloin is then placed on a separate conveyor (not shown) which is
      parallel to the main conveyor 154, which then carries the tenderloin to a
      branch processing line where it is trimmed, wrapped, weighed and boxed.
      After removal of the tenderloin, the loin is first split at the saw tables
      160, and then sawed at the saw tables 161 to remove the chine bone from
      the shell. The meat resumes its movement and is operated on at the cutting
      tables 163 to remove the finger bone from the loin and to bone the head
      loin. The bottom butt and the New York strip are placed on individual
      conveyors which lead them to branch processing lines. The top butt
      continues on the main conveyor 154 until it is transferred onto the top
      butt trimming conveyor 164 which has a number of cutting tables 166 where
      workers may perform the necessary trimming operations. The cutting tables
      158 and 166, as well as the saw tables 160 and 161, are at a same height
      as the adjacent belt conveyor so that the necessity for workers to lift
      the portions of meat is eliminated throughout the entire system.
PAR  After being trimmed, the top butts go through an area 168 where they are
      placed within thermoplastic heat-shrinkable bags before they are carried
      along a transfer conveyor 170 to the areas 172 where operators are
      provided with mechanisms for evacuating the bags and sealing them by
      stapling or other means. The bags then go through a shrink tunnel 174
      where they pass through a curtain of hot liquid, thus contracting the bag
      into close engagement with the meat to ensure that the meat will remain
      fresh. A transfer conveyor 176 leads the wrapped product to a weighing
      machine 178 of the type described and illustrated in U.S. Pat. No.
      3,093,245 to Leslie E. Worcester, et al. Such weighing machines weigh the
      product and then divert it along any one of the three paths 180 in
      accordance with its weight. Usually, the central path 180 will carry
      products falling within a predetermined weight range, while the paths to
      the left and right are used for articles falling above and below the
      predetermined weight range.
PAR  After being sorted by the machine 178, the products fall into pockets 182.
      A worker then transfers the products into the waiting boxes 184. In this
      manner, each box is filled with a group of consumer cuts of a given type
      falling within a given weight range. When the boxes are filled, they may
      be transferred by the worker onto the boxed products conveyor line 10
      which also is represented in FIG. 1. The conveyor 10 is preferably
      directly below the pockets 182 so the boxes may be moved laterally onto
      the conveyor to avoid unnecessary lifting of the boxes.
PAR  As discussed in connection with FIG. 1, each of the boxes is provided with
      machine-readable markings which may be indicative of both the particular
      type of cut contained in the box and the weight range of those cuts in the
      box. This indicia may comprise a pattern of reflective pieces of tape on
      the box. Referring to FIG. 8, it will be noted that the box includes, on
      its end panel 189, a printed series of squares 185. The operator who
      transfers the pieces of meat from the pockets 182 of the weighing machine
      178 to the boxes 184 at the end of the processing line shown in FIG. 5 is
      provided with a supply of reflective tape, pieces of which are placed in
      the appropriate squares to indicate the nature of the group of products
      enclosed within that box. The boxes are made of corrugated paper and
      include an interior panel 187 which is parallel to and behind the end
      panel 189, so that the products will not be contaminated by persons who
      lift the boxes by the hand hold openings 191. The term "box" is intended
      to encompass receptacles and containers of various shapes and materials.
PAR  As mentioned briefly above, the loin processing line includes branch
      conveyors for the processing of the bottom butts, New York strips, and the
      tenderloins. The bottom butts are trimmed, the tri tips and flaps are each
      placed on individual conveyors and all are routed to a boxing station
      without further wrapping or weighing. The New York strips and the
      tenderloins are processed along lines substantially the same as the one
      illustrated for the top butt in FIG. 5.
PAR  The other primal cuts which are fed along processing lines where they are
      further subdivided, trimmed or boned are the flank, brisket, plate and
      rib.
PAR  The flanks may simply be trimmed to remove the excess fat and then placed
      in boxes having suitable machine-readable markings. These boxes are then
      sealed, sorted, palletized and otherwise handled in the same manner as the
      consumer cuts from the loin described above.
PAR  The briskets pass along a stainless steel belt conveyor where they are
      boned and trimmed, sorted into groups according to their weight using an
      automatic machine, and then placed in boxes like the one illustrated in
      FIG. 8.
PAR  The processing of the plate is done alongside a main plate conveyor which
      lies adjacent to a series of parallel conveyors designed to carry the
      pastrami, skirt steaks, and kosher short ribs. The procedure along the
      main plate conveyor includes the steps of pulling the skirt steak and
      placing it on its individual conveyor, cutting the kosher short rib and
      placing it on its individual conveyor, boning the plate, and pulling the
      pastrami and placing it on its individual conveyor. At the end of this
      processing line, there is a station for boxing the kosher short ribs, a
      station for automatically sorting the pastrami into groups according to
      their weight range and boxing them in groups, and stations for boxing the
      skirt steaks. All of the boxed products are then routed on conveyors to
      the subsequent handling operations illustrated diagrammatically in FIG. 1.
PAR  The rib which is released from the tongs as illustrated in FIG. 2 falls at
      the head of a rib processing line, alongside of which are a series of
      table saws for sawing the short rib and the chine bone. The short ribs
      then move along a branch conveyor where they are trimmed and boxed. The
      O.P. ribs are tied in a conventional manner and then wrapped in
      heat-shrinkable bags in the same manner described above in connection with
      the top butts.
PAR  Important and desirable adjuncts of a processing facility of this magnitude
      are the bone removal conveyors, the trim removal conveyors, and the box
      assembling and supplying facilities.
PAR  The bones move first from the individual processing lines to a centralized
      area where they are advanced on a conveyor along a series of work stations
      provided with Whizzard knives of the type conventionally used for removing
      edible meat from bones.
PAR  The trim which includes fat and some edible meat is a salable product which
      may be used for making animal foods, sausages, and for other purposes. It
      is taken initially from work stations along the processing lines by belt
      conveyors which form a network throughout the entire facility. These
      conveyors are reversible and may be arranged to route the trim to any of
      several collection points or to a single collection point. At each
      collection point, there is a boxing station for the trim. This arrangement
      has proven to be particularly suitable since some purchasers of trim
      require a blending thereof so that it includes the trim from only certain
      portions of the animal. By adjusting the direction of movement of the
      various conveyors to route the trim from specified processing lines to
      designated collection points, such blending may be easily accomplished.
PAR  At the end of each processing line, there is a station where the product
      are placed in boxes. Boxes are supplied to the stations by chutes which
      lead from a box-forming area above the main meat processing floor. In the
      box forming area, there are a number of parallel lanes of flat box blanks
      which lead to box-assembly machines of the type generally shown in U.S.
      Pat. No. 3,218,940 of Reinhold A. Pearson. A single machine of this type
      may be used to serve several lanes of flat box blanks by having the
      machines mounted for movement on a rail which runs perpendicular to the
      lanes so that the machine may be aligned with a particular lane.
PAR  The box forming machine folds the boxes into their upright condition and
      discharges them to a box supply conveyor, one conveyor being provided for
      each type of box used in the operation. This conveyor may be a belt
      conveyor which elevates the boxes to the entry of a gravity conveyor
      leading to the box supply chutes. With this arrangement, all the boxing
      stations on the processing floor are adequately supplied with empty boxes.
PAC  Tong Construction
PAR  The tongs which may be used to support the forequarter during the sequence
      of steps illustrated in FIG. 2 are shown in FIGS. 9-12. They may be
      equally useful in handling any other large bodies of meat. The tongs are
      supported on a conveyor rail 120 by a trolley 122 which is driven by a
      continuous chain (not shown). A chain 124 connects the tongs 116 to the
      trolley and permits them to be swung laterally during the operations shown
      in FIGS. 3 and 4.
PAR  The tongs themselves include a pair of arms 200 which are pivotally
      connected at 202 and have their upper ends supported by the flexible
      chains 204 which connect to the suspending chain 124 at a ring 206.
PAR  The lower ends of the arms 200 have extensions 208 which carry the
      meat-engaging plates 118. There is also an upwardly directed spike 201 on
      one of the arms 200 which may be used to carry primal cuts or other loose
      bodies of meat.
PAR  FIGS. 10-12 show the preferred construction of the plates 118. They are
      relatively flat and have their vertically extending marginal portions bent
      inwardly as shown in FIG. 11 to provide an edge surface 212 which contacts
      the meat. Preferably, each edge surface 212 is divided into a series of
      projections by locating notches 214 therealong as shown in FIGS. 10 and
      12. The use of the plates 118 minimizes penetration of the meat by the
      tongs and therefore avoids any significant damage to the meat during its
      suspension by the tongs.
PAR  Each of the plates may also carry a single pointed member 216 which extends
      toward the opposite plate a distance substantially greater than do the
      projections of the edge 212. One of these pointed members is located on a
      lower portion of each plate and is offset to one side as shown in FIG. 12.
      They are also offset from each other.
PAR  It will be apparent from FIG. 9 that as the plates move in a downward
      direction, the linkages formed by the arms 200 and the chain sections 204
      will bring the plate 118 against the opposite sides of a body of meat to
      support it securely from the conveyor rail 120 and trolley 122. An
      important purpose of the pointed members 216 is to assure initial
      engagement of the plates 118 with the meat so there will be some downward
      movement of the plates 118 when they are subjected to the weight of the
      meat. The pointed members 216 will penetrate and perhaps lie between some
      of the bones in the meat. Without the members 216, there is a possibility
      that the body of meat will slip from the tongs before being brought into
      sufficiently firm engagement with the plate 118 and the projections 212.
      This arrangement also simplifies the task of placing the tongs on the body
      of meat, and prevents the twisting of the suspended meat between the
      plates 118.
PAC  Discharge of Cord-Supported Meat from a Conveyor Hook
PAR  FIGS. 13 and 14 show a device capable of automatically releasing a chuck or
      other cord-supported body of meat from a conveyor hook 138.
PAR  The trolley 140 shown in FIG. 13 includes a trolly roller 250 supported on
      an axle 252 which passes through both sides of a trolley bracket 254. The
      hook 138 is supported on an eye rivet 256 which, in turn, is rotatably
      received in a horizontal flange 258 of the trolley bracket 254.
PAR  The trolley 140 follows a path between the two members 260 and 262 which
      are used to disengage the cord 108 from the hook 138. The member 260 is
      located on one side of the path taken by the hook 138 and is horizontally
      aligned with the shank portion of the hook at an elevation above the
      upturned end portion 264 of the hook. The other member 262 is located on
      an opposite side of the path taken by the hook 138 and is movable to a
      position below the hook, preferably against the cord 108 closely adjacent
      to the hook. The member 262 is carried at the end of an arm 266 which is
      pivotally mounted at 268 to a stationary support 270. A fluid operated ram
      272 is anchored at 274 to a stationary support and has its rod 276
      pivotally connected at 278 to the arm 266. The ram 272 is connected to a
      source of fluid pressure which will operate in a usual manner to extend
      the rod 276 to move the arm 266 in a clockwise direction, thus bringing
      the member 262 against the cord 108.
PAR  Initially, the movement of the member 262 to the right when viewed from the
      position of FIG. 13 will cause the trolley 140 to incline slightly on the
      rail 280 so that the shank of the hook 138 will rest directly against the
      stationary member 260. In the event that the end portion 264 of the hook
      is pointing in any direction other than that shown in FIG. 13, the
      movement of the member 262 against the cord 108 will tend to turn the hook
      to the position shown in FIG. 13 to facilitate release of the cord 108
      from the hook.
PAR  As the member 262 continues its movement and passes to the right and beyond
      the member 260, the cord 108 will be forced up the end portion 264 of the
      hook and the body of meat and the cord will be released.
PAR  A suitable and preferred location of the arrangement illustrated in FIGS.
      13 and 14 is at the loading docks adjacent to the chuck conveyor 64
      illustrated in FIG. 1. At this location, a belt conveyor may underline the
      position where the meat is released, with the discharge end of the belt
      conveyor lying within the load-carrying portion of the truck or other
      transport vehicle.
PAR  FIG. 14 shows the suspended body of meat moving toward the discharge
      station where it will be released by the coaction of the members 260 and
      262 with the hook 138 and cord 108. The action of the ram 272 may be
      initiated by any suitable automatic sensing means which detects the
      presence of the trolley 140 between the members 260 and 262 at the
      unloading station.
PAR  This specification has dealt solely with preferred embodiments of the
      methods and apparatus used in a meat processing plant. Many of the
      manipulative steps and elements are capable of use in other phases of a
      meat breaking, fabricating and handling operations. Throughout the
      specification and particularly in the claims which follow, the terms used
      are intended to be given their broadest interpretation considered in light
      of the present state of the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. An integrated conveyorized facility for processing beef comprising a
      first area having cutting apparatus for breaking a carcass into primal
      cuts; a plurality of second areas each having a conveyor with an infeed
      end adjacent the first area for conveying a particular primal cut or
      subportions thereof from the infeed end to a discharge end, work stations
      and equipment positioned along the conveyors in the second areas for
      trimming, boning and subdividing the primal cuts; wrapping areas at the
      discharge ends of said conveyors, said wrapping areas having equipment for
      placing meat in heat shrinkable bags, for evacuating and sealing the bags,
      and for shrinking the bags; weighing areas at the discharge ends of the
      wrapping areas and having equipment for automatically sorting cuts of one
      type into groups according to weight; a box conveyor leading through the
      discharge end of the weighing areas for removing boxes filled with
      individual said groups; a sorting area at the discharge end of the box
      conveyor and having means for separating the boxes into sets according to
      the groups of cuts which they contain; a refrigerated storage area
      arranged to receive boxes from the sorting area and having a conveyorized
      lane for each said set; and, an order filling area with means for
      discharging the boxes from said conveyorized lanes and dispatching them to
      a vehicle loading station.
NUM  2.
PAR  2. Apparatus according to claim 1 having a box sealing device located on
      the box conveyor.
NUM  3.
PAR  3. Apparatus according to claim 1 having a palletizer between the sorting
      area and the storage area, and a depalletizer between the storage area and
      the vehicle loading station.
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ABST
PAL  Apparatus and method for forming a fibrous batt of controlled thickness and
      uniformity with fibers flowing from the discs of an attrition mill. The
      fibers are directed from the outlet of the mill in an air stream in a path
      of decreasing radius of curvature so that the fibers accelerate toward a
      collecting screen until they reach a forming chamber communicating the
      path with the screen. The acceleration of the fibers in the path prevents
      fiber contact and minimizes fiber contact with walls of the equipment
      thereby avoiding fiber agglomeration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Fibrous webs are commonly formed by providing the fibers in fiber form and
      directing the fibers to a collecting moving screen to achieve a fiber
      layer of extended length. The fibers employed in such operations are
      staple fibers and include wood pulp fibers, cotton and synthetic fibers.
      One apparatus frequently employed in providing the fibers in a form for
      deposition on a screen is an attrition mill. Such a mill may be employed
      as to cause the fiber pulp fed to it to be discharged substantially in the
      form of separated, individual fibers, or the equipment may be so adjusted
      that the output is in fiber-like pieces. It is not essential to the
      attainment of good webs that the fibers be actually in individual fiber
      form if that is, in fact, ever actually accomplished.
PAR  The attrition mill is of such a nature, however, discharging from the
      circumference of relatively rotating discs, that it is difficult to carry
      the fibers from the mill to the collecting screen without significant
      agglomeration. In some instances additional equipment such as "whizzers,"
      in effect, small paddles, are operated closely adjacent the collecting
      screen in an effort to maintain the fibers well separated.
PAR  This invention contemplates the provision of a method and apparatus which
      maintains the fibers emanating from an attrition mill well distributed as
      they move to the collecting screen.
PAC  THE INVENTION
PAR  It is a primary object of the present invention to provide a method of
      acting upon the fibers at the outlet of an attrition mill to accelerate
      the fibers away from the mill and to continue acceleration of the fibers
      as they move towards a collecting screen. The acceleration is achieved by
      carrying the fibers in an air stream through an arcuate path of decreasing
      radius. The fibers, due to the acceleration, do not clump together, tend
      to remain free of the wall means defining the arcuate path, and pass
      through a forming chamber in which their movement is slowed immediately
      before collection of the fibers in the web form.
PAR  It is a particular object of the present invention to provide apparatus
      which includes an annular path leading from the attrition mill to the
      forming chamber and collecting screen.
DRWD
PAC  THE INVENTION IN DETAIL
PAR  The invention will be more fully understood by reference to the following
      detailed description and accompanying drawings wherein:
PAR  FIG. 1 is a view partially in section and with parts broken away
      illustrating one embodiment of the apparatus of the invention;
PAR  FIG. 2 is a sectional view taken on line 2--2 of FIG. 1 but considerably
      enlarged;
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 1;
PAR  FIG. 4 is a fragmentary view in perspective of a portion of the apparatus
      of FIG. 1 illustrating particularly the apparatus outlet configuration and
      a vertical positioning of the apparatus;
PAR  FIGS. 5 and 5a through 8 and 8a illustrate in plan and front elevation
      various types of apparatus outlet configurations;
PAR  FIG. 9 is an elevational and fragmentary view in section illustrating
      apparatus for forming a web of centrally raised contour;
PAR  FIG. 10 is a view like that of FIG. 9 but illustrating an arrangement for
      forming a web of centrally depressed contour; and
PAR  FIG. 11 illustrates a further modification of the apparatus of the
      invention.
DETD
PAR  Referring to the drawings more in detail, the numeral 1 designates an inlet
      conduit through which a flow of fibers 2 in an air stream is directed to
      the central zone 3 of an attrition mill indicated generally at 4. The
      attrition mill includes an upper rotatable plate 5 and lower fixed plate
      6. Plate 5 has a conventional ribbed insert 7, and plate 6 has a similar
      ribbed insert 8. In some circumstances the lower plate may be provided to
      be rotatable also and, in this event, it is useful to provide the driving
      equipment for the plate 6 beneath it within the interior of the conical
      confine 9. Under such circumstances the two plates may rotate in opposite
      directions and, in any event, should be relatively rotatable. However,
      whether one plate is fixed as in the presently described embodiment or
      whether both plates rotate, the features of the invention are applicable.
PAR  The fibers treated by the circular discs to cause breakup of the incoming
      material into small fiber particles or individual fibers are discharged
      peripherally from the discs. In general, this discharge is completely
      about the circumference of the discs at the zone 10 between the ribbed
      inserts 7,8. The discs and the conical confine 9 are circumscribed by a
      casing 11. The casing 11 includes an upper circumferential collar 12 over
      which air passes as indicated by the arrows to the periphery of the
      attrition mill discs. The casing 11 is spaced from the conical confine 9
      to form an annular path for the flow of fibers and air from the discs
      toward a receiving screen 13. Immediately above the receiving screen 13 a
      forming chamber 14 is provided into which the fibers and air stream
      flowing in the annular path move. The air stream entering the equipment at
      the collar 12 is induced to move at high velocity by a provision of vacuum
      conditions on the side of the screen 13 remote from the chamber 14. The
      vacuum conduit for this purpose is indicated at 15.
PAR  To retain the conical confine 9 and the casing 11 in fixed spaced relation
      (FIGS. 2, 3) a trio of thin braces 16 are provided which extend
      longitudinally with the casing and are shaped to provide for air passage
      around them, the contour shown being most clearly shown in FIG. 2.
PAR  Referring to the apparatus now in more detail, a horizontal support 17 has
      welded to it a plurality of vertical members 18 providing bearing supports
      for the equipment. As illustrated in FIG. 1, the equipment projects
      generally horizontally and this is a preferred position as less stresses
      are imposed upon the supporting bearings and other structural members of
      the equipment. However, if desired, the casing 11 and its associated
      equipment may project vertically, in which case the receiving screen 13
      will move horizontally as is illustrated by FIG. 4. The casing 11 is
      itself mounted on a plurality of vertical supports indicated at 19. The
      supports 19 are of varying length to accommodate the conical nature of the
      casing 11.
PAR  The inlet conduit 2 is fixedly mounted in a collar 20 which is provided
      with a peripheral support 21 welded to the vertical supporting structure
      extension 18a. The collar 20 receives at its lower end rotating conduit
      portion 22 which is, in effect, a continuation of the fixed conduit 1. A
      bearing and sealing element 23 such as a graphite bearing is provided to
      permit ready rotation of the conduit portion 22. A clamp 24 in the general
      form of a retaining ring abuts the peripheral support 21 and retains
      bearing element 23 in place. Support 18 also mounts a ball bearing
      assembly 25 which encloses the conduit portion 22 over a short length.
PAR  A pulley 26 receives V beltings 27 and is itself carried on the conduit
      portion 22 fixedly to provide for rotation of the conduit portion and the
      circular disc 5 attached to the lower end of the conduit. The pulley hub
      is shown at 28.
PAR  A second bearing 29 provides further support for the conduit portion and is
      itself mounted upon a structural support 18. A nut 30 threaded onto the
      conduit portion over threads 31 serves to retain the left hand bearing 29
      in place. An air guide 32 is supported by conduit portion 22. Post 32a
      secured to member 18 fixes the guide against rotation, and element 32b
      provides a seal with the rotatable conduit portion. Air guide 32 defines
      with the collar 12 of the casing 11 the inlet portion of the annular path
      for air flow. Guide 32 could be mounted for rotation with the rotatable
      conduit portion if so desired.
PAR  The lower disc 6 of the attrition mill is fixedly carried by the conical
      confine 9 by being welded thereto peripherally.
PAR  The annular passage 33 defined between the casing and conical confine
      merges into the forming chamber 14. The width and contour of the chamber
      govern the nature of the fiber deposit. In the arrangement shown in FIGS.
      1, 4, 5 and 6, the outlet of the forming chamber 14 is of substantially
      rectangular configuration. Thus, fiber particles moving through the
      forming chamber will be deposited uniformly in a generally rectangular
      configuration with a greater concentration of fibers centrally to provide
      the web 34 (FIG. 5).
PAR  FIGS. 6 and 6a, while showing a forming chamber 35 similar in dimensions to
      that of FIG. 5, have the forming chamber oriented to deposit on the
      traveling screen a web 36 of uniform thickness overall.
PAR  FIGS. 7 and 7a, wherein a circular forming chamber 37 is employed,
      illustrate a contoured batt formation 38 in which the batt surface is
      arcuate having a greater depth centrally than on the edges.
PAR  FIGS. 8 and 8a illustrate the chamber 39 and batt formation arrangement 40
      in which the batt surface is contoured and of greater depth centrally but
      triangular rather than arcuately shaped in cross-section.
PAR  In FIG. 9 the extent of the skirt 41 of the forming chamber 14 below the
      conical confine 9 extremity is such as to permit a relatively large flow
      of fiber in the central area of the casing to provide a web 42 which in
      cross-section has a small protuberant portion 43 (FIG. 9).
PAR  In FIG. 10 the extent of the skirt 44 relative to the lower extremity 45 of
      the confine is less than in FIG. 9. This tends to prevent a large flow of
      fiber centrally of the casing 11, providing a depression 46 centrally in
      the web 47.
PAR  The flow of air which carries the fibers to the discs of the attrition mill
      is relatively constant. The flow under the influence of the vacuum may be
      altered to some degree to speed or slow fiber movement. An alternative
      approach to modifying the vacuum condition is illustrated in FIG. 11. As
      shown, casing 12 and air guide 32 may have a pair of cooperable plates 48
      and 49 supported therebetween. These plates are relatively rotatable, one
      overlies the other, and respectively have apertures 50,51 therein. By
      adjusting the plates and apertures to provide a certain degree of open
      area through the cooperating plates, the volume of air flow to the annular
      path 33 may be controlled and readily adjusted.
PAR  The fibers in their passage through the annular path of decreasing radius
      of curvature are carried by a high velocity air stream. Air movement of a
      speed of about 4000 fpm at the circular inlet causes the fibers to move in
      the annular path without significant contact with the equipment walls. The
      fibers are accelerated through the path from the outlet of the discs to
      the forming chamber. This acceleration provides the fibers in well
      dispersed form as they enter the forming chamber.
PAR  As many apparently widely different embodiments of this invention may be
      made without departing from the spirit and scope thereof, it is to be
      understood that I do not limit myself to the specific embodiments thereof
      except as defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for forming a fibrous batt comprising an attrition mill having
      circular discs which rotate relative to each other and are adapted to act
      on fibrous material to separate and disintegrate the material, means for
      feeding an airborne stream of the fibrous material to said attrition mill,
      a forming chamber and a forming screen, a generally conical casing coaxial
      with the circular discs and enclosing the discs of the attrition mill and
      projecting from the area of the discs toward the forming screen and
      terminating in the forming chamber, a conical confine within the casing
      spaced from the wall of the casing forming an annular path of decreasing
      diameter from the attrition mill towards the forming chamber and screen
      for the conduct of fibers from the mill to the chamber so that fibers
      leaving the attrition mill discs under the influence of the air stream
      accelerate in the annular path as they move toward the chamber, said
      chamber being of such dimension that fibers passing therethrough to the
      screen from the annular path are slowed in their movement.
NUM  2.
PAR  2. Apparatus for forming a fibrous batt as claimed in claim 1 in which the
      forming chamber has a rectangular cross-section facing the forming screen.
NUM  3.
PAR  3. Apparatus for forming a fibrous batt as claimed in claim 1 in which the
      forming chamber has a circular cross-section facing the forming screen.
NUM  4.
PAR  4. Apparatus for forming a fibrous batt as claimed in claim 1 in which the
      forming chamber has a triangular cross-section facing the forming screen.
NUM  5.
PAR  5. Apparatus for forming a fibrous batt as claimed in claim 1 in which the
      conical confine terminates well above the lower extremity and outlet of
      the conical casing so that the flow of fibers in the annular path tends to
      concentrate centrally of the forming chamber below the conical confine and
      is greater in the central area of the forming chamber outlet.
NUM  6.
PAR  6. Apparatus for forming a fibrous batt as claimed in claim 1 in which the
      confine terminates closely to the lower extremity and outlet of the
      conical casing so that the flow of fibers in the annular path tends to be
      less centrally of the forming chamber below the conical confine and is
      less also at the outlet of the forming chamber to the forming screen.
NUM  7.
PAR  7. The method of producing a web of fibers which comprises the steps of
      subjecting a fibrous material to an attrition mill to provide a flow of
      substantially individual fibers from the mill, conveying the fibers in an
      air stream from the outlet of the mill in an annular path of decreasing
      radius of curvature so that the fibers accelerate in their passage through
      the path, collecting the fibers from the air stream and decreasing the
      velocity of the fibers immediately before collecting the fibers, said
      collecting of the fibers involving contacting a forming screen with said
      fiber containing air stream so that the air passes through said forming
      screen while fibers are collected on the screen in the form of a layer.
NUM  8.
PAR  8. The method of producing a web of fibers as claimed in claim 7 in which
      the air stream carrying the fibers enters the path of decreasing radius of
      curvature at a speed of at least about 4000 fpm.
NUM  9.
PAR  9. The method of producing a web of fibers as claimed in claim 7 in which
      the fibers immediately prior to collection from the air stream are formed
      into a configuration which is rectangular in cross-section, and moving the
      collection screen diagonally of the configuration to attain a web of
      greater fiber depth centrally than laterally.
NUM  10.
PAR  10. The method of producing a web of fibers as claimed in claim 7 in which
      the fibers immediately prior to collection from the air stream are formed
      into a configuration which is circular in cross-section, and moving the
      collection screen transversely of the configuration to attain a web of
      fibers which is of greater depth centrally than laterally and which is
      arcuate in cross-section.
NUM  11.
PAR  11. The method of producing a web of fibers as claimed in claim 7 in which
      the fibers immediately prior to collection from the air stream are formed
      into a configuration which is triangular in cross-section, and moving the
      collection screen transversely of the configuration to attain a web of
      fibers which is of greater depth centrally than laterally and which is
      triangular in cross-section.
NUM  12.
PAR  12. The method of producing a web of fibers as claimed in claim 8 in which
      the volume of air entering the path of decreasing radius of curvature is
      adjusted.
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ABST
PAL  A corrugated banding strap for securing an electrical cable to a tubing
      string for lowering into a well.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Down-hole oil field equipment which is electrically operated requires the
      use of a cable extending from the surface generating equipment through the
      well casing to the down-hole equipment. Armored electrical cable is
      employed to deliver the current to operate the down-hole equipment, for
      example a motor and pump. The electrically driven apparatus, such as a
      submersible pump, is attached to the lower end of the production tubing,
      i.e., the tubing string, and the entire assembly -- the electrical motor,
      the submersible pump, and the tubing string, are lowered into the well
      from the surface. The electrical cable is supported by the tubing string
      by means of a narrow band of rolled steel which is wrapped around the
      tubing string and cable at approximately 10 foot intervals, and tightened
      to secure the cable to the tubing then sealed or locked in the tightened
      position by mechanically crimping the steel band or strap and holding the
      crimped section with a seal. The banding or strapping procedure and
      equipment is well known in the art.
PAR  In the past there have been numerous instances of electrical failure in the
      cable used in the foregoing manner, due to stretching of the cable.
      Stretching is on the order of about one inch per foot in some cases which
      is often sufficient to cause electrical failure. The cost of the cable
      replacement in the event of such a failure and the lost time involved in
      such replacement is very expensive.
PAR  Another source of electrical failure involves the snagging of the banding
      or strapping used to secure the cable to the tubing, on the inside edge of
      the casing joints at the gap between joints. Such snagging can result in
      tearing the strapping at the joints and damage to the cable. This problem
      is particularly prevalent in slant-hole operations where the tubing and
      cable assemblage, bear against the inside surface of the casing as the
      cable is lowered through the casing with the tubing.
PAR  It is an object of our present invention to provide an improved means and
      method for strapping the electrical cable to the production tubing for
      lowering into a well.
PAR  It is a further object of our present invention to provide strapping for
      securing an electrical cable to a tubing string for lowering into a well,
      which minimizes the stretching and elongation of said cable by the weight
      of said cable and decreases the friction on the cable while sliding
      downhole in contact with the inner surface of the well casing, for example
      in a slant hole.
PAR  It is also an object of our present invention to provide metal strapping
      for securing an electrical cable to a tubing string, which will not snag
      on the casing joint ends as said cable and tubing are lowered down through
      the casing.
PAR  These and other objects of our invention will become apparent from the
      following description of the invention and from the appended claims and
      the drawings.
PAC  SUMMARY OF THE INVENTION
PAR  It is proposed by our present invention to lower electrical cable into the
      well casing on tubing string to which the cable is secured by strapping
      which is corrugated in the area engaging the cable. Pre-cut lengths of the
      strapping are preformed to the approximate shape of the cable and
      longitudinally corrugated. When the strapping in accordance with our
      present invention, is used to secure cable to a tube string, elongation of
      the cable is minimized and the tendency of the strapping to snag on the
      casing joint edges is reduced.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 shows in partial section, a cable strapped to a tubing section in
      accordance with the present invention, for lowering through a well casing.
PAR  FIG. 2 is an enlarged cross-sectional view taken on line 2--2 of FIG. 1,
      and showing the strapping in the tightened and sealed position around the
      tubing string and the cable.
PAR  FIG. 3 is an enlarged view partially in section, taken on line 3--3 of FIG.
      2, and showing the manner in which the strapping of my present invention
      engages the corrugated cable.
PAR  FIG. 4 shows one of the straps in accordance with our present invention
      which has been preformed to receive the cable and corrugated to conform to
      the cable exterior dimension.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the embodiment of our invention shown in the drawings, a
      casing 10 extends from the earth's surface through the well bore down to
      the production zones. Production tubing 12 is lowered through the casing
      down to the production zones to receive oil being pumped to the surface.
      The tubing string 12 is made up of a series of lengths or joints of tubing
      which are joined together with couplers 14. In a similar manner the casing
      10 consists of a plurality of casing lengths or joints joined end to end,
      to form a continuous casing from the surface down through the well. The
      casing joints in the casing string 10 are also joined together with the
      couplers 11.
PAR  To the tubing string 12 is affixed the electrical cable 16, the upper end
      of which is attached at the surface to the electric power supply. The
      cable 16 is paid out from a reel (not shown at the surface) and fastened
      to the tubing as consecutive joints of tubing are joined together, and
      lowered into the well through the casing 10.
PAR  The cable 16 is secured to the tubing string 12 with strapping members 18
      which are tightened firmly to prevent relative movement between the cable
      16 and the tubing 12. When a strapping member 18 has been tightened, the
      ends of the strapping member 18 are crimped together at 20 with a seal 22
      by means of conventional sealer tool (not shown). The apparatus for
      tightening, crimping and sealing the strapping member is conventional
      equipment well known to those skilled in the art and forms no part of the
      present invention.
PAR  FIG. 2 is an enlarged cross-sectional view of the tubing string and the
      cable, showing the strapping member 18 and the sealing member 22. In
      accordance with the present invention the strapping member 18 is
      corrugated (longitudinally to the strapping band) so that the corrugations
      mate with the corrugations 24 of cable 16, as best viewed in FIGS. 3 and
      4. When the strapping is tightened, the mating of the corrugations of the
      cable with those of the strapping prevents longitudinal movement of the
      cable relative to the tube string.
PAR  In the prior art it was necessary to tighten the strapping member 18 so
      tight that the electrical cable 16 would sometimes be deformed, which
      often resulted in electrical failure. With the strapping of our present
      invention, however, extreme tightening of the strapping band 18 is
      unnecessary to engage the tubing string 12 to cable 16 securely enough to
      prevent substantial slippage.
PAR  FIG. 3. is an enlarged view, partially in section, taken on line 3--3 of
      FIG. 2. FIG. 3 shows the the manner in which the corrugations 24 formed in
      the banding strap 18, mate and frictionally engage the corrugations 26 of
      the cable 16. With the corrugated strapping, considerably more area of the
      strapping band is in frictional engagement with the corrugations of cable
      16 to thus prevent relative movement therewith.
PAR  The strapping 18 (FIG. 4) is pre-cut to the desired length for a particular
      tubing and cable, and the strapping member (cut to length) is bent or
      pre-formed at 26 to receive the cable 16. The shape of the pre-formed
      strap is bent to a size slightly larger than the cable 16. The strapping
      18 is then corrugated on a die to impress corrugations 24 in the strapping
      member. In the preferred form of our invention, the corrugating die is
      designed to accomplish the pre-forming operation also, so that the
      pre-forming and corrugating of the pre-cut strap are performed
      simultaneously in a single operation with a single die. Hence, with the
      apparatus and method of our present invention, cable strapping is provided
      which permits securing an electrical cable 16 to tubing string 12 so that
      the tubing string may be suspended from the surface of the well and the
      cable supported thereon, without danger of cable elongation which would
      result in electrical failure, deformation of the cable to effect
      tightening of the strapping material, or snagging of the lower edge of the
      strapping member on the casing joint edges.
PAR  The strapping of our present invention described above, may be used to
      support other elongation devices having a corrugated or rippled outer
      surface, to apparatus lowered into a well, for example armor-protected
      tubing, hydraulic lines, etc.
PAR  While our present invention has been described above with reference to a
      specific embodiment and with a certain degree of particularly for
      illustration purposes, our invention should not be limited to the details
      set forth, but rather should be afforded the entire scope of the appended
      claims.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. In an apparatus for running a production tubing string into a well
      through the well casing to which a corrugated electrical cable for
      providing electricity to down hole electrical apparatus positioned in said
      well proximate the lower end of said casing, is fastened; wherein banding
      strap is used to secure said cable to said tubing string at multiple
      points along said tubing string, and wherein said strap is tightened to
      firmly secure said cable to said tubing string and a seal affixed to the
      joined ends of said strap intermediate the tangential points of contact
      made by said strap with said corrugated cable and said tubing string to
      lock said strap in said tightened condition, the improvement comprising:
PA1  a banding strap having a section between the tangential points of contact
      with said cable pre-formed to a shape conforming to the shape of said
      cable, said pre-formed section of said strap having corrugations
      longitudinal to said strap to engage said corrugated cable to minimize
      relative movement between said strap and said cable when said cable is
      subjected to tensile loading.
NUM  2.
PAR  2. A strapping device for securing a corrugated electrical cable to a
      string of well tubing employed to lower said cable and down hole
      electrical apparatus down a well through well casing, comprising:
PA1  a. a length of strapping sufficient to transversely surround both said
      cable and said tubing to secure said cable to said tubing;
PA1  b. a portion of said strapping having its longitudinal section pre-formed
      to conform to the outer circumference of said cable between the points of
      tangency with said cable;
PA1  c. longitudinal corrugations in said strapping at said pre-formed section
      of a configuration to mate the corrugations of said cable and resist
      movement of said cable relative to said strapping;
PA1  d. said strapping being arranged and constructed for tightening and
      fastening about said tubing and cable to secure said cable to said tubing
      whereby the weight of said cable and electrical apparatus may be borne by
      said tubing without substantial deformation of said cable as said
      strapping is tightened around said cable and said tubing, and without
      elongation of said cable resulting from movement of said cable relative to
      said strapping.
NUM  3.
PAR  3. In an apparatus for running a tubular member from the earth's surface
      into a well through casing to which member a corrugated device for
      providing communication to down hole apparatus is fastened; wherein
      banding strap is used to secure said corrugated device to said tubular
      member at multiple points along said tubular member, and wherein said
      strap is tightened to firmly secure said corrugated device to said tubular
      member and a seal affixed to the joined ends of said strap to lock said
      strap in said tightened condition, the improvement comprising:
PA1  a banding strap having corrugations pre-formed longitudinal to said strap
      but only in that portion of said strap between its tangential points of
      contact with said cable, to engage said corrugated device and minimize
      relative movement between said strap and said corrugated device when said
      corrugated device is supported in said well from said surface.
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ABST
PAL  This disclosure teaches a method of longitudinally compressively shrinking
      a textile fabric web with the method comprising known steps of
      preconditioning the web, continuously feeding the web between a thick
      elastomeric belt and a heated polished cylinder having a low frictional
      resistance and thereafter drying the web. The method of this invention is
      characterized by selectively varying tension of the belt as well as
      selectively manually varying contact pressure between the belt and the
      polished cylinder. According to this invention skipping at high speeds is
      avoided and there is control of the pressure of the belt on the cylinder
      over a greater arc than by prior art methods.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to new and useful improvements in
      compressive shrinking of fabrics and particularly seeks to provide a novel
      method for high speed compressive shrinking employing a selectively
      variable wrap device in conjunction with a rubber belt unit.
PAR  Methods and machines for accomplishing compressive shrinking have been
      developed extensively and are exemplified in U.S. Pat. Nos. 2,021,975 and
      2,146,694 where essentially the same action takes place wherein the
      constraining belt is of thick rubber and the moisture imparted by a water
      spray device is prevented from escaping during the shrinking action and
      the maximum speed is around 110 yards per minute and light fabrics and
      40-45 yards per minute on heavier fabrics.
PAR  There are problems which develop as a result of trying to operate the
      apparatus of the prior art above speeds of 110 yards per minute, one of
      the most serious problems being skips or belt vibrations due to the
      centrifugal force which is created by the mass of the belt following a
      curved path. When these vibrations occur, they cause the rubber belt to
      lose contact with the heated drum and those sections of the fabric in that
      area are not compressively shrunk to the same degree as the balance of the
      fabric.
PAR  It is the purpose of the present invention to obviate the foregoing
      difficulties previously encountered in operating compressive shrinking
      apparatus of the prior art at high speeds.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an apparatus for longitudinally
      compressively shrinking a web of textile fabric is disclosed which
      includes a heated, hard surface cylinder having a low frictional
      resistance when brought into close contact with the web, a plurality of
      rolls each rotatable about an axis parallel to the axis of the cylinder
      and a rubber belt mounted on the rolls with at least one of the rolls
      being a driven cylinder and one of the rolls being a nip roll. Means are
      provided for moving a nip roll toward and away from the cylinder to form a
      variable nip between the belt and the cylinder. Another of the aforesaid
      rolls is a belt tension roll positioned adjacent to the nip roll and the
      cylinder, the belt traversing the tension roll after traversing the nip
      roll, the tension roll causing a portion of the belt intermediate the nip
      roll and tension roll to wrap around the cylinder. Means are provided for
      moving the tension roll generally tangentially to the cylinder to increase
      and decrease the length of contact with the drum as well as the tension of
      the belt. In cooperation with the foregoing apparatus, the present
      invention more specifically provides means for mounting the tension roll
      for movement generally perpendicular to the tangential direction toward
      and away from the cylinder to regulate the amount of wrap contact between
      the belt and cylinder after the belt leaves the nip and traverses the
      tension roll, which thereby causes the tension roll to function as a
      variable tension and wrap roll.
PAR  The advantages obtained for practicing the present invention are that
      textile fabric materials may be compressively shrunk at high speeds
      without skips due to belt vibration; and total production of preshrunk
      fabric may be greatly increased per unit of apparatus.
DRWD
PAR  The apparatus and method of the invention will be more fully understood by
      making reference to the following detailed description of a particular
      embodiment and the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 diagrammatically illustrates a side elevation of one form of
      apparatus suitable for practicing the method of this invention;
PAR  FIG. 2 is an enlarged view of a section of the improved apparatus to permit
      the practice of the present invention with the belt shown in maximum wrap
      position;
PAR  FIG. 3 is an enlarged view similar to FIG. 2 showing the belt in minimum
      wrap position; and
PAR  FIG. 4 is a section taken along line 4--4 of FIG. 3 of one type of belt
      useful in the practice of this invention.
DETD
PAC  DESCRIPTION OF A PARTICULAR EMBODIMENT
PAR  Referring to FIG. 1 of the drawings, in detail, it will be seen that a
      continuous web 5 of a textile fabric is fed from fabric roll 4 by rolls 6
      to a pair of scray feed rolls 7. The fabric then follows the scray chute
      8, in which the material is overfed to provide storage of fabric before it
      is drawn from the scray through a pair of swivel tension bars 9 over a sky
      roll 10, downwardly through an automatic fabric guider 11 and around an
      idler roll 12 by a feed roll assembly 13 which includes rolls 13a, 13b and
      input measuring roll 13c. The fabric passes over the input measuring roll
      13c through a conditioning chamber 14 wherein both faces of the web are
      exposed to moisture such as steam. The web 5 then passes over a weft
      straightening device 15 prior to contacting one or more heated dry cans 16
      which serve to evenly distribute the moisture through the fibers of the
      web 5. Upon leaving the dry can 16, the web enters the rubber belt
      compressive shrinking unit (generally designated) 17 after passing over
      rolls 18 and 19 and a scrimp bar 19a. The web 5, after leaving the
      shrinking unit 17, passes over a stripper roll 20 and an entering roll 20a
      and into the felt belt drying unit 40. Output measuring roll 20b in
      conjunction with the input measuring roll 13c are interconnected
      electrically by tachometer generators 21a and to a visual metering device
      21b whereby an operator may make any web feed adjustments necessary to
      indicate that the proper amount of compressive shrinkage and pull-out is
      taking place to insure that the web 5 is properly treated prior to
      discharge from the treatment range. This system of tachometer generators
      and related devices are disclosed in U.S. Pat. No. 2,885,763. It should
      additionally be mentioned that before textile fabric web 5 is subjected to
      compressive shrinking, a test sample thereof having marked length
      measurements, is laundered, dried and measured to determine the total
      shrinkage that has occurred in the textile fabric and thus indicate the
      amount of compressive shrinking that must be applied.
PAR  The fabric web 5 leaves the felt belt dryer and passes over rollers 41, 42
      and 43 before being engaged by cooler entry roller 44. The web 5 passes
      through the air cooling unit 45 over rollers 46, 47 and 48, and around
      roller 49 and into scray feed rolls 50 before entering and being stored
      tensionless in scray chute 51. There is a batcher 52 which serves to
      rewind the web on a roll following drying, cooling and storage in the
      scray chute 51. The web is drawn over swivel tension rolls 53 and sky
      rolls 54 through automatic fabric guiders 55 around roll 56 and is wound
      on a roll 57 by the batcher mechanism. Batcher 52 is equipped with a
      constant torque winding apparatus and is common in equipment of this type.
      This results in winding of the web on the roll 57 with controlled tension.
PAR  It will be understood that the apparatus disclosed and described in
      connection with FIG. 1 is an assembly of known components. The improvement
      provided by the present invention will now be described in more detail in
      connection with FIG. 2 and FIG. 3.
PAR  Referring to FIG. 2, there is a large diameter highly polished heated drum
      30 and relatively thick rubber belt 23 that passes beneath drum 30 and
      around nip roll 24, adjustable tension and wrap roll 25 and rolls 26 all
      of which are relatively small diameter rolls. A variable adjustment
      mechanism (generally designated) 31 is provided to increase or decrease
      the distance between nip roll 24 and the heated drum 30 thereby creating
      greater or less distance between roll 24 and drum 30. Adjustment mechanism
      31 includes a pair of screws 32 manually rotatable to effect translation
      thereon of internally threaded yokes 33. Yokes 33 are connected to the
      ends of mounting bars 34 which include means for journalling the nip roll
      24. The other ends of bars 34 are pivotally mounted to structure at 346 so
      that translation of yokes 33 will cause movement of nip roll 24 toward and
      away from drum 30.
PAR  The coaction of elements illustrated longitudinally compresses or shrinks
      the web in a known manner by the action of the belt as the surface portion
      thereof functionally bonded to the web changes from an elongated condition
      under tension around nip roll 24 to a compacted condition under
      compression around drum 30. Nip roll 24 is mounted considerably below the
      horizontal center line of drum 30 and is urged selectively toward and away
      from drum 30 by actuation of interconnection mechanism 31.
PAR  Tension and wrap roll 25 in its maximum wrap position is situated between
      the horizontal center line of roll 24 and drum 30 and considerably below
      the horizontal center line of nip roll 24 in its minimum wrap position by
      virtue of the adjustment elements 60 through 65. Referring now to FIG. 3
      there is a belt tensioning screw 60 rotationally connected at one end to a
      lever 61 and to the axis bearing (not shown) of belt tension and wrap roll
      25 through an internally threaded journal 62. There is also a wrap roll
      screw 63 rotationally connected at one end to the machine frame 64 and
      also slidably connected to a journal 65, which in turn is also internally
      threaded, to wrap roll screw 63. The turning of wrap roll screw 63 through
      journal 65 and tensioning screw 60 which slidably stands through journal
      65 and is rotationally mounted to lever 61 causes the wrap roll 25 to
      raise or lower, depending on the rotation of wrap roll screw 63, through
      an arcuate path to increase or decrease the amount of wrap of belt 23
      around cylinder 30. This arcuate adjustment and the attendant varying wrap
      of belt 23 against the outer periphery of roll 30 is an important advance
      in respect of this type of compressive shrinking machinery. The adjustment
      of roll 25 to increase or decrease belt wrap is arcuate and as such, does
      not change the tension in belt 23. If additional tension or less tension
      is desired in belt 23, actuation is effected through rotation of belt
      tensioning screw 60. There are water spray devices 67 which coat the inner
      and outer faces of the rubber belt to effect cooling of the belt and water
      removal rolls 68 to remove water or moisture from the belt 23 as it
      approaches the nip roll 24.
PAR  In accordance with the invention and the foregoing description, the roll 25
      is made variable in its tension and wrap functions. Heretofore, variable
      tension rolls existed; however, to combine the functions of tension and
      wrap in varying degrees in the same roll is novel. The wrap of the belt
      about the drum 30 can be increased for slower speed operation, or can be
      decreased for higher speed operation without changing the tension already
      being applied by the roll 25. Thus it is possible to greatly increase the
      speed of the compacting apparatus without the harmful effects such as belt
      skip or vibration previously encountered by merely adjusting the
      tensioning screw 60 to decrease the amount of wrap about the cyliner 30.
PAR  A belt such as 23 in previous or conventional rubber belt compressive
      shrinking apparatus has been approximately 21/4 inches in thickness and
      between shore durometor hardness of 35 to 40. In accordance with the
      present invention it has been found that belt 23 may advantageously have a
      thickness of only a maximum of one inch which lesser thickness produces
      highly satisfactory and efficient operation at the speeds employed in the
      present apparatus, i.e., wherein the speed of the belt's elastomeric
      surface is from 110 yards per minute (minimum) and 250 yards per minute
      (maximum). It has also been found advantageous to mold longitudinal,
      horizontal equally spaced cords or threads within the belt 23 closely
      adjacent to the rear face thereof. By inclusion of these cords or threads
      within the belt there is a shift in the neutral axis of the belt. The
      neutral axis of the belt may be defined as that line intermediate the top
      and bottom surfaces which remains unaffected by bending or curvature of
      the belt away from the heated drum. This results in enabling the use of a
      thinner belt because with the neutral axis relocated in a direction away
      from the heated drum and the back face being restrained against extension
      or compression the belt surface in contact with the heated drum is forced
      to stretch appreciably more than if the same thickness belt was used
      without these cords or threads.
PAR  Although the method so far described provides for moistening or
      conditioning the fabric prior to compressive shrinking, it will be
      understood that certain lightweight fabrics would not need such
      pretreatment and the conditioning chamber 14 will be bypassed.
PAR  Although the present invention has been described with reference to
      specific apparatus, it will be appreciated by a person skilled in the art
      that a wide variety of changes may be made without departing from the
      scope of the invention. For instance, certain features of the apparatus
      may be used independently of others and equivalents may be substituted for
      apparatus elements, all within the spirit and scope of the invention as
      defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for longitudinally compressively shrinking a light weight
      textile fabric web at high speed; the method comprising:
PA1  preconditioning the web,
PA1  providing a nip roller and a take up roller adapted to pass a thick endless
      elastomeric belt into contact with a heated polished cylinder having a low
      frictional resistance,
PA1  feeding continuously the web over the nip roller and between the
      elastomeric belt and the cylinder,
PA1  selectively varying tension on the belt by adjusting positioning of the nip
      roller substantially tangentially relative to the cylinder,
PA1  selectively varying contact pressure of the belt on the cylinder by
      adjusting the positioning of the take up roller; the method characterized
      by:
PA1  the selective varying of contact pressure achieved by arcuately biasing the
      take up roller radially relative to the cylinder about a fixed pivot axis
      for the take up roller and by biasing the take-up roller tangentially
      relative to the cylinder along a plane which intersects the pivot axis,
PA1  varying the contact pressure inversely relative to the speed of feeding;
      whereby skipping of the belt at the high speed is eliminated and control
      of the pressure of the belt onto the cylinder over a greater arc is
      achieved.
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ABST
PAL  Apparatus for applying cover elements of heat shrinkable plastics material
      upon the externally screw threaded metal necks of dispensing containers
      such as toothpaste tubes comprises a floating mandrel rod assembly adapted
      to be disposed within the leading end of a continuous length of synthetic
      plastics tubing for cooperation with feeding and cutting arrangements for
      operating upon the tubing to separate therefrom successive cover elements
      of desired length and dispose each element on a container neck prior to a
      heat shrinking operation for permanently securing the elements upon the
      threaded necks.
PARN
PAR  This is a continuation-in-part of copending application Ser. No. 340,293,
      filed Mar. 12, 1973 for METHOD AND APPARATUS FOR PROTECTIVELY COVERING
      CONTAINER NECKS.
BSUM
PAR  This invention relates to apparatus wherein relatively small lightweight
      elements of synthetic plastics material are formed from tubing of that
      material and successively advanced to surround the threaded or like formed
      neck surfaces of dispensing containers and the like, and more particularly
      to a novel floating mandrel rod assembly for coaction with cutting and
      feeding arrangements.
PAR  In the manufacture of flexible walled dispensing container tubes such as
      aluminum or aluminum alloy toothpaste tubes, it is customary to form upon
      one end a relatively rigid reduced diameter discharge neck having an
      external screw thread adapted to removably mount an internally threaded
      closure cap. Where the contents of the tube include abrasive particles,
      such as in many toothpastes, paste deposited on the external surface of
      the neck at or near the exit orifice of the neck tends to become
      discoloured as it spreads onto and abrades the relatively softer exposed
      aluminum surface of said neck, especially when said cap is removed and
      reinstalled a number of times during use of the tube contents.
PAR  In my copending application Ser. No. 340,293 filed Mar. 12, 1973 there is
      disclosed in detail methods and apparatus wherein thin-walled lightweight
      tubular elements of required size are severed in succession from the
      leading end of a continuous length of tubing of heat shrinkable synthetic
      plastics and each of these elements is positioned and heat shrunk in
      permanent surrounding relation upon the external metal surface of a
      dispensing container neck. This covering protects the metal surfaces
      against abrasion. This apparatus includes a floating mandrel rod assembly
      adapted to be disposed within the tubing at the leading end for spreading
      the tubing from a relatively flat condition of storage on a rotatable reel
      to tubular condition for coaction with cutting and feeding devices. The
      present application is directed to floating mandrel assembly features
      which are of special advantage in such apparatus.
PAR  The invention provides as an important advantage a special floating mandrel
      shape and structure for spreading synthetic plastics tubing from flat to
      tubular condition and for feeding and guiding the expanded tubing toward
      the neck of a container positioned in a cover element applying station.
PAR  The mandrel of the invention is further advantageous in that the tubing
      spreading is effected by longitudinally rigid but laterally flexible webs
      which are preferably integral and at right angles to each other and
      composed of a hard smooth synthetic plastic presenting no sharp cutting
      edges to the tubing.
PAR  Another advantage of the mandrel of the invention lies in the provision of
      a special spring biased longitudinally displaceable feed sleeve.
PAR  Further advantages of the invention will appear as the disclosure proceeds
      with reference to the appended claims and the structure shown in the
      annexed drawings.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is an elevation mainly in section illustrating the invention in a
      useful embodiment and operably incorporated in a machine for supply
      covering elements of heat shrinkable material to threaded members to be
      covered;
PAR  FIG. 2 is an elevation showing a preferred form of a floating mandrel apart
      from the machine of FIG. 1;
PAR  FIG. 3 is an elevation at right angles to the direction of FIG. 2 further
      showing the mandrel of FIG. 2;
PAR  FIG. 4 is an elevation like FIG. 2 but partly in section showing detail of
      the mandrel;
PAR  FIG. 5 is an end view of the mandrel as at line 5--5 in FIG. 3;
PAR  FIG. 6 is an opposite end view of the mandrel;
PAR  FIGS. 7, 8, and 9 are sections substantially on lines 7--7, 8--8, and 9--9
      in FIG. 4; and
PAR  FIG. 10 is a section substantially on line 10--10 of FIG. 3.
DETD
PAC  PREFERRED EMBODIMENTS
PAR  FIG. 1 shows one form of mandrel in its operative environment wherein it is
      surrounded by the leading end of plastic tubing and associated with
      cooperating tubing feeding and severing mechanisms.
PAR  In FIG. 1 a mounting tube 11 is fixed on the machine frame 12 and it
      slidably supports a tubular casing 13 for axial reciprocation. Casing 13
      is reciprocated by the action of a pair of axial-throw face cams 14
      engaging a follower roller 15 on a pin 16 fixed to casing 13, and relative
      rotation between casing 13 and tube 11 is prevented by a slidable key and
      slot connection 17 therebetween.
PAR  Casing 13 has mounted within it a chuck assembly 18 and a cutter assembly
      19. Chuck assembly 18 comprises a plurality of radially movable jaws 21
      periodically displaced between active and inactive positions by motion
      transmitted from a rotatable cam 22, rock bar 23, slidable pin 24, roller
      25, rotatable follower plate 26 and rollers 27 on the follower plate
      engaged in oblique slots on jaws 21. The operation of this structure in
      periodically moving clutch jaws into the active position wherein the jaws
      grip the tubing surrounding the mandrel is disclosed in said Ser. No.
      340,293. Cutter assembly 19 comprises a circumferential series of knives
      28 that are periodically displaced between active and inactive positions
      under the influence of a rotatable cam 31 acting through a rockable bar
      32, slidable pin 33, ball 34 engaging an inclined face 35 on a
      longitudinally slidable member 36 and spring biased brackets 37 carrying
      the knives 28. The operation of this structure in periodically moving
      knives 28 into active position wherein they sever the tubing surrounding
      the mandrel is disclosed in said Ser. No. 340,293.
PAR  Member 36 is longitudinally slidably mounted within a drive sleeve 38
      rotatably mounted in casing 13, and sleeve 38 is rotated by a belt drive
      and pulley arrangement at 39.
PAR  A floating mandrel rod assembly 40 is disposed with casing 13, and
      flattened polyethylene or like heat shrinkable plastic tubing 41 entering
      through mounting tube 11 is first opened to tubular condition by the rear
      end of the mandrel, the left end in FIG. 1, and goes on in close
      surrounding relation to the mandrel as will appear so that in operation of
      the machine relatively short tubular elements may be periodically severed
      from the leading end of the tubing 41 and moved to cover the threaded
      section of an article presented in axial alignment with the mandrel such
      as the toothpaste tube T having an externally threaded neck N shown in
      FIG. 1.
PAR  During operation of the foregoing the tubing surrounding the mandrel is
      periodically severed by the cutting assembly 19 to provide the thread
      covering element of desired length and then the casing 13 is moved to the
      left in FIG. 1 to push the severed element onto the threads at N.
PAR  Referring to FIG. 1, the tubing spreading distal web 42 of mandrel 40
      projects inside the flat tape 41 and merges by way of shoulder piece 43
      into tubing spreading web 44 disposed at right angles to the distal web
      42. The angle of shoulder 43 is preferably 45.degree.. The effect of the
      tape passing over webs 42 and 44 is to reshape it from flat condition to
      expanded tubular condition. Web 44 is fixed relative to a first
      cylindrical barrel portion 45 of the mandrel which adjoins a second
      cylindrical barrel portion 46 by way of a reduced diameter shank or stem
      47. The mandrel barrel portion 46 has a cylindrical severing portion 47'
      of the same or a slightly reduced diameter and this severing portion
      merges into a diverging tapered end-piece 48 which at the extreme end of
      the mandrel has its diameter substantially equal to that of the barrel
      portions 45 and 46; that is, a diameter which is smaller than that of the
      tubing by no more than is necessary for that material to be able to slide
      freely along the mandrel.
PAR  Mandrel 40 is advantageously of special composite construction. Preferably
      the webs 42 and 44 which may be formed as an integral unit are composed of
      a hard smooth synthetic plastics material such as polytetrafluoroethylene.
      This has been found markedly superior to metal for providing smooth
      efficient opening of the moving flat plastic tubing and it is light in
      weight. The mandrel body section comprising barrel portion 45, shank 47,
      barrel portion 46 may advantageously be of metal for hardness and
      rigidity. The end piece 48 which abuts the container neck is preferably
      composed of a heat insulating material such as polytetrafluoroethylene
      inserted for example as a plug fixed on the hollow end of barrel portion
      46, and its purpose as will appear is to minimize heat loss from the metal
      container tube during the operation of applying the covering element.
PAR  As illustrated, the mandrel assembly throughout its length is peripherally
      encased by the expanded plastics tubing and, because of this, the mandrel
      assembly is unsupported except through the tubing.
PAR  The mandrel assembly has a small degree of universal floatability; that is,
      it is not absolutely restrained against movement in any direction,
      although its freedom for such movement is very limited. It does have
      enough freedom of longitudinal movement to insure that it presses
      adequately against the container neck as the tubing is being fed to
      dispose a severed element on the neck. Thus, the mandrel is supported
      loosely by the integers which surround its barrel portions and also by its
      shoulder portion 43 which sits within a supporting collar 49. This
      supporting collar is formed in two semi-sylindrical portions which are
      concentrically disposed within tube 11.
PAR  The incoming tubing is spread by the web 44 at right angles to the plane of
      flatness from which it has been initially spread by the web 42. By the
      time the leading end of the tubing reaches and starts sliding over mandrel
      barrel portion 45 it is expanded to substantially cylindrical open end
      condition.
PAR  The tubing continues to encase the mandrel right to the neck covering
      station and when the tubular open leading end reaches that station a
      suitable short length or cover element is severed from it. The severed
      cover element together with the remainder of the tubing surrounding the
      mandrel is then advanced for the neck covering operation. The mandrel
      itself during the tubing feeding operation advances slightly in the
      direction towards the container neck positioned to receive the cut-off
      element, but it is soon halted by abutment with the container neck endwise
      presented to the mandrel in the applying station. The heat insulated end
      48 of the mandrel guards against heat transfer from the container. When
      the mandrel has been so halted and remains in abutment with the container
      neck, the severed element will continue to advance relative to the mandrel
      under the action of the intermittent tubing feeding means coacting with
      sleeve 51 to be described later so that it is applied in surrounding
      relation to the container neck.
PAR  The foregoing machine and mandrel construction and mode of operation is the
      same as disclosed in my earlier application Ser. No. 340,293 to which
      reference is made for any further detail necessary to understand the same.
PAR  The split supporting collar 49 restrains excessive endwise movement of the
      mandrel away from the element applying station and in that station endwise
      movement of the mandrel is restrained by the occasional presence of a
      container neck. On such occasions when a container may not be presented at
      the station, the mandrel is prevented from excessive endwise movement (to
      the right in FIG. 1) by the frictional contact around it of the tubing and
      this is sufficient simply because under those circumstances (no container
      neck presented to the station) the mandrel is not subjected to any force
      tending to advance it relative to the station.
PAR  A freely slidable feed sleeve 51 surrounds shank 47 and is lightly axially
      spring loaded by a compression spring 52. In operation after cutter
      assembly 19 has been operated by cam 31 to sever an element of
      predetermined length from the leading end of tubing 41 chuck jaws 21 are
      displaced from their retracted inactive position to an active position
      where they grip the tubing surrounding sleeve 51 for intermittent feed of
      the tubing toward the element applying station when casing 13 is operated
      by cam 14, all as disclosed in said application Ser. No. 340,293.
PAR  A preferred form of floating mandrel rod assembly construction will be now
      described in detail with respect to FIGS. 2-10 wherein the mandrel unit is
      designated at 50.
PAR  Mandrel 50 which is illustrated is substantially full size in FIGS. 2 and 3
      comprises a tape spreading web section 55 fixed at one end to a body
      section having a cylindrical metal barrel 56 and a coaxial cylindrical
      stem 57 integral with the barrel and terminating in a reduced diameter
      section 58. Web section 55 is preferably integrally formed of a hard
      smooth inert synthetic plastic, preferably polytetrafluoroethylene, and
      consists of two relatively thin flat webs 59 and 61 joined by a shoulder
      section 62. Webs 59 and 61 lie in planes at right angles to each other are
      of a special shape that promotes easy efficient spreading of the flat tape
      into tubular condition.
PAR  Web 59 first engaged by the tape has planar side surfaces 63 and 64 with
      end areas 65 and 66 inclined toward each other to form a narrow edged
      rounded wedge-like smooth end at 67. Between the shoulder section 62 and
      end 67, the side edges of web 59 are concave inwardly, as indicated at 68
      and 69, with a smooth gradual curvature so that the web 59 is wider at its
      ends 71 and 72 than between the ends. Concave side edges 68 and 69 merge
      in smoothly rounded regions 73 and 74 with the opposite ends of the curved
      end face 67. At its juncture with the shoulder 62 web 59 is at its widest,
      this dimension being indicated at w in FIG. 3, and this dimension is
      slightly wider than the lateral distance between regions 73 and 74 and is
      the greatest transverse dimension of the mandrel.
PAR  Web 61 has planar side surfaces 75 and 76 and at the end opposite shoulder
      62 it is secured permanently within a diametral end slot 77 in the conical
      end 78 of barrel 56. The diameter of the cylindrical surface 79 of barrel
      56 is equal to the width of web 61 at this juncture (FIG. 2) so that the
      opposite side edges 81 and 82 of web 61 merge smoothly into the periphery
      of barrel 56. These side edges 81 and 82 gradually slowly diverge as they
      approach shoulder 62 and at the juncture with the shoulder web 61 has the
      same width w as web 59.
PAR  At shoulder 62 the side surfaces of web 59 diverge outwardly at 90.degree.
      to provide generally axial flat triangular faces 83 and 84 (FIG. 5) that
      converge at their side edges to apices intersecting the opposite side edge
      areas 81 and 82 of web 61. Similarly at shoulder 62 the side surfaces of
      web 61 diverge outwardly at 90.degree. to provide generally axial flat
      triangular faces 85 and 86 (FIG. 10) that converge at their side edges to
      apices intersecting side edges 68 of web 59.
PAR  Web 59 may be shorter than web 61, and both webs for the major portions of
      their lengths preferably have the same uniform thickness. The thickness of
      each web is such that the each is readily flexible to bend in either
      direction away from its plane but is relatively rigid against bending in
      its plane. Thus webs 59 and 61 are respectively flexible with respect to
      the mandrel axis in directions that are at right angles to each other, and
      each is rigid against flexure with respect to the mandrel axis in
      directions at 90.degree. with respect to the its directions of flexure.
PAR  An annular collar 91 of hard smooth plastic such as polytetrafluoroethylene
      is mounted on stem 57. Collar 91 has a large diameter section 92 having a
      smooth outer cylindrical periphery 93 that is preferably of the same
      diameter as barrel 56, and a longer reduced diameter section 94 having a
      smooth cylindrical periphery 95. An axial stop face 96 is provided between
      collar sections 92 and 94.
PAR  A thin walled metal feed sleeve 97 having a cylindrical outer surface 98 is
      slidably mounted on collar section 94, surface 95 acting as both a guide
      and bearing for movement of the sleeve. As shown in FIG. 4, collar 91
      terminates short of the axial face 99 between barrel 56 and stem 57 and a
      coiled compression spring 101 surround stem 57 and is enclosed within
      sleeve 97 with its opposite ends abutting the end of collar 91 and an
      inturned annular flange 102 on sleeve 97.
PAR  An annular barrel member 103 having a smooth cylindrical periphery 104 is
      mounted on stem end section 58 in abutment with axial face 105. Member 103
      is fixed on the stem as by a diametral pin 106 extending through member
      103 and stem end 58.
PAR  The open end of member 103 is closed by a plug 107 of solid temperature
      resistant synthetic plastic such as polytetrafluoroethylene and similar to
      that at 48 in FIG. 1.
PAR  The cylindrical surfaces 79, 98, 93 and 104 are preferably of equal
      diameter, and that diameter is slightly less than the maximum web widths w
      at the web shoulder 62, the tape 41 being thereby spread to cylindrical
      condition with sufficient force at the web shoulder to insure easy free
      sliding of the expanded tubing over the cylindrical surfaces of the
      mandrel in operation.
PAR  The shapes of webs 59 and 61 are important in providing for smooth opening
      and feed movements of the tubing. The wedge-like smooth rounded end 67
      which is first encountered by tape 41 easily effects the initial opening,
      and the shoulder 62 where the mandrel is widest laterally insures
      sufficient spread. The areas of contact between the webs and the tubing
      are minimized by the concave edges at 68 and 69 and the inclined edges at
      81 and 82. The partially opened tubing 41 leaving shoulder 62 is given its
      maximum lateral dimension at the shoulder and therefore slides relatively
      freely toward and over barrel section 56 and the remainder of the mandrel.
PAR  Preferably member 103 is of hard steel presenting a smooth cylindrical
      surface at 104 acting as an anvil for optimum coaction with the cutting
      blades at 28.
PAR  Mandrel 50 is mounted in the apparatus in the same manner as mandrel 40,
      with feed sleeve 97 disposed for coaction with the chuck jaws and surface
      104 disposed for coaction with the cutting blades, and the mode of
      operation is essentially the same.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. A mandrel assembly adapted for use in apparatus for expanding synthetic
      plastic tubing from flattened to tubular condition, severing tubular
      elements of predetermined length from the leading end of the expanded
      tubing and feeding said elements toward a use station, characterized by
      means defining a longitudinally extending mandrel body, tubing expanding
      means extending longitudinally from one end of said body within said
      tubing and comprising at least two angularly related webs disposed in
      intersecting planes with each web having opposed longitudinally extending
      smooth edges for engaging the inerior of the tubing during expansion, and
      a tubing feed member constructed and arranged to be closely surrounded by
      the expanded tubing mounted on said body for movement longitudinally of
      said assembly.
NUM  2.
PAR  2. The assembly defined in claim 1, wherein said body is formed at its
      other end with an annular anvil surface providing internal backing for
      said expanded tubing during severing of said tubular elements therefrom
      and being of sufficient length to support and maintain in expanded
      condition at least one of said tubular elements after severance.
NUM  3.
PAR  3. The assembly defined in claim 1, wherein said tubing feed member is a
      sleeve longitudinally slidable on said body and resilient means is
      provided for biasing said sleeve toward said expanding means, said
      resilient means comprising a coil spring surrounding a portion of said
      body and peripherially enclosed by said sleeve.
NUM  4.
PAR  4. The mandrel assembly defined in claim 1, further characterized by said
      angularly related webs being connected end to end.
NUM  5.
PAR  5. The mandrel assembly in claim 4, wherein said webs comprise a first
      planar web fixed at one end of said body one end and a second planar web
      disposed at about 90.degree. to the first web and fixed at one end to the
      other end of said first web.
NUM  6.
PAR  6. A mandrel assembly adpated for use in apparatus for expanding synthetic
      plastic tubing from flattened to tubular condition, severing tubular
      elements of predetermined length from the leading end of the expanded
      tubing and feeding said elements toward a use station, characterized by
      means defining a longitudinally extending mandrel body, tubing expanding
      means extending longitudinally from one end of said body adapted to extend
      within said tubing and comprising at least two angularly related webs
      connected end to end and disposed substantially at right angles in
      medially intersecting planes, said webs having smooth edges for engaging
      the interior of said tubing during expansion, and a tubing feed member
      constructed and arranged to be closely surrounded by the expanded tubing
      mounted on said body for movement longitudinally along said body.
NUM  7.
PAR  7. The mandrel assembly defined in claim 6, said tubing expanding means
      consisting essentially of an integral member of hard smooth slippery
      synthetic plastic material.
NUM  8.
PAR  8. The mandrel assembly defined in claim 1, wherein said webs are laterally
      flexible but relatively rigid against bending in the directions of their
      opposed tubing engaging edges.
NUM  9.
PAR  9. The mandrel assembly defined in claim 8, wherein said webs are connected
      end to end and the rearmost web has a rounded wedge-like rear edge for
      initial expansion of the tubing.
NUM  10.
PAR  10. The mandrel assembly defined in claim 9, wherein the opposite lateral
      edges of the rearmost web are oppositely concave.
NUM  11.
PAR  11. The mandrel assembly defined in claim 9, wherein said webs are
      longitudinally separated by a shoulder section, and the side edges of the
      forwardmost web converge away from said shoulder section to merge into
      said body.
NUM  12.
PAR  12. The mandrel assembly defined in claim 1, wherein said tube expanding
      means comprises an integral hard smooth plastic member having
      longitudinally spaced flat sided webs at right angles to each other, the
      rearmost web having a rounded wedge-like rear edge and oppositely concave
      side edges, and each web being laterally flexible but relatively rigid in
      the directions of their side edges, all of the tubing contacting surfaces
      of the webs being smooth and free of sharp cutting edges.
NUM  13.
PAR  13. The mandrel assembly defined in claim 6, wherein said body comprises a
      member having an annular surface between said tube spreading means and
      said feed means and one web is rigidly secured at an end to said body
      member.
NUM  14.
PAR  14. The mandrel assembly defined in claim 1, wherein said tubing expanding
      means is mounted on the rear end of a mandrel body rear portion that has a
      first annular smooth periphery adjacent said tubing expanding means a
      fixed stem projecting forwardly from said body rear portion, said feed
      member comprising a feed sleeve slidably mounted longitudinally of said
      stem, and means resiliently biasing said feed sleeve toward said tubing
      expanding means.
NUM  15.
PAR  15. The mandrel assembly defined in claim 14, comprising a forward body
      portion having a second annular smooth periphery at the end of said feed
      sleeve opposite said first annular periphery, said second annular
      periphery being constructed and arranged for free sliding of the expanded
      tubing closely thereover and serving as a tubing supporting anvil upon the
      application of external cutting means, the peripheries of said feed sleeve
      and said body portions being cylindrical and substantially the same
      diameter, which diameter is such that the expanded tubing may slide freely
      thereover longitudinally of the mandrel, and said angularly related webs
      being longitudinally spaced by a shoulder that has a maximum lateral
      dimension slightly greater than said diameter such that the tubing
      expanding force sufficiently spreads said tubing to an internal diameter
      for free sliding over said body portions.
NUM  16.
PAR  16. The mandrel assembly defined in claim 14, wherein said resilient
      biasing means is a compression spring surrounding said stem and enclosed
      by said sleeve, with one end abutting an internal flange on the sleeve and
      the other end abutting a fixed body portion.
NUM  17.
PAR  17. The mandrel assembly defined in claim 1, further characterized by said
      body being a rigid metal member and there being a forward end portion of
      heat insulating material on said body.
NUM  18.
PAR  18. A mandrel assembly comprising a body having longitudinally spaced
      portions formed with cylindrical surfaces of about the same diameter, a
      reduced diameter stem extending rigidly between said portions, an annular
      collar of hard smooth plastic disposed on said stem, a feed slidably
      mounted on said collar, said collar having a cylindrical portion adjacent
      the forward body portion, compression spring means surrounding the stem
      within said sleeve biasing said sleeve toward the rearmost of said body
      portions, and tubing expanding means comprising angularly related
      longitudinally spaced laterally flexible webs of hard smooth synthetic
      plastic, one of said webs being rigidly connected at its forward end to
      the rearmost body portion and the other of said webs terminating
      rearwardly in an initial tubing spreading edge, said body portions, said
      sleeve and said collar portion having external surfaces of about the same
      diameter and the maximum lateral width of said tubing expanding means
      being at least equal to said diameter, and a solid body of heat insulation
      material fixed on the forward end of the mandrel body.
NUM  19.
PAR  19. The mandrel assembly defined in claim 18, wherein said sleeve is a thin
      metal tube having at one end an internal flange engaging one end of the
      spring means, and said collar having an end face engaging the other end of
      said spring means and an axial face located in the path of forward
      displacement of said sleeve against the force of said spring.
NUM  20.
PAR  20. The mandrel assembly defined in claim 18, wherein said forward body
      portion has a hard metal periphery for serving as a tubing cutting anvil.
NUM  21.
PAR  21. A mandrel assembly adapted for use in apparatus for expanding moving
      synthetic plastic tubing from flattened to tubular condition, severing
      tubular elements of predetermined length from the leading end of the
      expanded tubing and feeding said elements toward a use station,
      characterized by means defining a longitudinally rigid mandrel body,
      tubing expanding means mounted on one end of said body to extent within
      said tubing and comprising an integral element of hard smooth synthetic
      plastic fixed at one end to said body, said tubing expanding element
      comprising flat webs connected end to end in intersecting planes, and each
      web being flexible laterally of its plane, and a longitudinally slidable
      tubing feed member on said body constructed and arranged to be closely
      surrounded by the tubing expanded by said tubing expanding means.
NUM  22.
PAR  22. A mandrel assembly adpated for use in apparatus foe expanding moving
      synthetic plastic tubing from flattened to tubular condition, severing
      tubular elements of predetermined length from the leading end of the
      expanded tubing and feeding said elements toward a use station,
      characterized by means defining a mandrel body, tubing expanding means
      mounted on one end of said body to extend within said tubing and tubing
      feed means constructed and arranged to be closely surrounded by the tubing
      expanded by said tubing expanding means mounted on said body for movement
      longitudinally of said assembly, said tubing expanding means comprising at
      least two angularly related webs disposed in intersecting planes with each
      web having opposed longitudinally extending smooth edges for engaging the
      interior of the tubing during expansion, and said tubing feed means
      comprising a sleeve longitudinally slidably mounted on said body and
      spring means on the body enclosed by said sleeve connected to bias said
      sleeve toward said tubing expanding means.
NUM  23.
PAR  23. The mandrel assembly defined in claim 22, wherein said body has a
      smooth cylindrical bearing portion of synthetic plastic which said sleeve
      is slidable.
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PAL  A slotting cutter in which a disc is provided with insert pockets on
      opposite sides thereof with replaceable cutting inserts of hard wear
      resistant material mounted in the pockets. The inserts are clamped in the
      pockets by a wedge which forces the inserts against the rearward and
      bottom walls of the pockets thereby providing extremely firm support for
      the inserts. When the disc is viewed in the circumferential direction, the
      inserts are in overlapping relation and thereby cooperate to cut slots in
      a work member.
BSUM
PAC  RELATED APPLICATION
PAR  United States Patent application Ser. No. 469,516, filed May 13, 1974,
      entitled "SLOTTING CUTTER AND CUTTING INSERT THEREFOR," Inventors Edward
      L. Sorice and Ernest J. Friedline.
PAR  The present invention relates to slotting cutters and is particularly
      concerned with a slotting cutter of novel design which can be formed to
      cut relatively narrow as well as relatively wide slots.
PAR  Slotting cutters are known for cutting keyways and the like and, also, for
      providing work members with slots of various width.
PAR  Slotting cutters of the nature referred to are somewhat similar to milling
      cutters in that the cutter usually employs a disc-like member having
      cutting inserts mounted in the periphery thereof. In a milling cutter, the
      cutting inserts are generally presented axially, whereas, in a slotting
      cutter, the cutting inserts protrude radially from the supporting disc and
      are, thus, presented to the work in the radial direction.
PAR  In order to form slots rapidly and efficiently, it is essential that the
      cutting inserts be solidly supported in the support disc. With the inserts
      solidly supported, the slotting cutter is able to withstand substantial
      loads and can cut extremely rapidly and accurately.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to the present invention, a slotting cutter is formed by forming
      pockets in the sides of a supporting disc at the periphery thereof in
      circumferentially distributed relation with some of the pockets being
      formed in one side of the disc and others being formed in the opposite
      side of the disc. Cutting inserts are mounted in the pockets and protrude
      radially therefrom and wedges carried by the disc are operable for
      clamping the inserts firmly in the pockets in load transmitting relation
      to the trailing and radially inward walls of the pockets.
PAR  Each pocket extends only part-way through the support disc in the axial
      direction and, thus, has only two open sides so that an insert disposed in
      a pocket is extremely solidly supported therein and on the trailing side
      bears directly on the material of the support disc whereby the support for
      the insert is extremely solid and capable of sustaining relatively high
      loads.
PAR  With the foregoing in mind, a primary object of the present invention is
      the provision of a slotting cutter of improved design.
PAR  Another object is the provision of a cutting insert for detachably mounting
      in the slotting cutter and especially adapted for use therewith.
DRWD
PAR  The exact nature of the present invention will become more apparent upon
      reference to the following detailed specification taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is a view looking in at one side of a slotting cutter according to
      the present invention.
PAR  FIG. 2 is a view looking in at the edge of a slotting cutter of FIG. 1.
PAR  FIG. 3 is a view looking in at the side of the slotting cutter opposite the
      FIG. 1 side thereof.
PAR  FIG. 4 is a side view of a portion of the support disc of the slotting
      cutter drawn at enlarged scale and showing more or less in detail the
      configuration of an insert receiving pocket therein.
PAR  FIG. 5 is a plan view looking down on the pocket radially.
PAR  FIG. 6 is a sectional view indicated by line VI--VI on FIG. 4.
PAR  FIG. 7 is a side view of the cutting insert adapted for being received in
      the pocket of FIG. 4 and looking at the cutting insert from the side which
      faces axially outwardly of the pocket when the insert is mounted therein.
PAR  FIG. 8 is an end view looking in at the left end of the insert of FIG. 7 as
      indicated by arrow VIII on FIG. 7.
PAR  FIG. 9 is a view looking up at the bottom of the insert of FIG. 7 as
      indicated by arrow IX on FIG. 7.
PAR  FIG. 10 is a view looking in at the edge of the disc showing an insert
      clamped in a pocket.
PAR  FIG. 11 is a perspective view of a clamping wedge.
PAR  FIG. 12 is a perspective view of a typical cutting edge on an insert.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION:
PAR  Referring to the drawings somewhat more in detail, the slotting cutter
      according to the present invention comprises a support disc 10 having a
      central hub region 12 which is provided with a bore 14 for receiving a
      support shaft and with a keyway 16 for receiving a drive key. Slotting
      cutter 10 is provided with a plurality of cutting insert receiving pockets
      18 on each axial face of the insert.
PAR  The pockets are distributed circumferentially about each face of the
      insert, and the pockets in one face of the insert are staggered relative
      to the pockets in the other face of the insert. The staggering of the
      pockets will plainly be seen in FIGS. 1 and 3. Replaceably mounted in each
      pocket is a cutting insert 20 fixed in place by a wedge 22.
PAR  The slotting cutter of FIGS. 1 to 3 rotates in the direction of the arrow
      24 and each of the cutting inserts 20 is provided with a cutting edge 26
      on the leading side of the radially outer end and the cutting edge 28 on
      the trailing side of the radially inner end. Each insert, thus, has two
      cutting edges and these cutting edges can be selectively presented to
      working position by loosening an insert and indexing the insert about an
      axial axis and then again clamping the insert in the support disc.
PAR  Turning to FIGS. 4 to 6, each pocket 18 will be seen to comprise a rearward
      wall parallel to a radius spaced forwardly from the pocket on the leading
      side thereof. For example, in FIG. 4, a radius of the support disc 10 is
      indicated at 30 and the rearward wall of the pocket 18 illustrated therein
      is indicated at 32.
PAR  The radially inner wall of pocket 18, indicated at 36, is inclined at an
      angle to rearward wall 32 so as to converge with radius 30 in the radially
      outward direction. The direction of rotation of the support disc in FIG. 4
      is again indicated by arrow 24.
PAR  Turning to FIG. 5, it will be noted that pocket 18 has an axially bottom
      wall 38 extending forwardly from rearward wall 32 and forming an acute
      included angle therewith. It will, also, be noted in FIG. 5 that the
      pocket 18 is formed into support disc 10 so that the axially bottom wall
      38 thereof diverges from the central plane of disc 10 in the rearward
      direction, namely, so that the leading radial corner of the insert on the
      axially outer side is spaced farther outwardly from the disc than the
      trailing radial corner on the axially outer side.
PAR  In this manner, side clearance is provided for the insert. It will be
      understood that the pockets on opposite sides of the disc are inclined in
      respectively opposite directions so that the leading radially outer corner
      of each insert on the axially outer side projects outwardly from the
      support disc 10.
PAR  Reference to FIG. 6 will, furthermore, show that the axially bottom wall 38
      of eack pocket is inclined to the radial direction of support disc 10 so
      that the radially outermost region of the pocket is more shallow than the
      radially innermost region thereof whereby each insert is inclined
      outwardly toward the open side of the respective pocket so that the
      radially outer end is farthest away from the support disc.
PAR  The incline of the inserts in the support disc in the radial direction will
      be observed in FIG. 2 which shows an insert 20a at the bottom of the disc
      inclined outwardly toward one side and a second insert 20b also at the
      bottom of the disc and inclined outwardly in the opposite direction.
PAR  FIGS. 7, 8, 9 and 12 each show a typical insert adapted for mounting in a
      pocket of the support disc 10. The insert 20 of FIG. 7 shows at the front
      of the view that side 51 of the insert which faces away from the axially
      bottom wall 38 of the respective pocket while side 61 that faces the
      axially bottom wall 38 of the pocket is on the back of the view. The
      insert is generally a parallelogram when viewed from the side, as in FIG.
      7.
PAR  Each end of the insert has a first wall portion 56 inclined at angle B,
      say, 30.degree., to a plane P perpendicular to the longitudinal axis of
      the insert, and a second wall portion 58 which forms an obtuse angle with
      the aforementioned portion 56 and is at a smaller angle A, say,
      17.degree., to the aforementioned plane.
PAR  As will be seen in FIGS. 7, 8, 10 and 12, the insert has two longitudinal
      walls 53 and 55 which converge toward side 51 of the insert at an included
      angle of, say, 10.degree. therebetween. Each end of the insert, in
      addition to the aforementioned angular portions 56 and 58 which are formed
      thereon, has a surface area 57 facing toward the leading side of the
      insert and formed to any desired angle, say, at 8.degree. to the
      horizontal, when the insert is viewed in the direction of arrow 8 to
      provide for predetermined cutting conditions at cutting edge 26 of the
      insert. Thus, there can be positive rake conditions or negative rake
      conditions as may be desired along cutting edge 26 depending on the type
      of work to be done.
PAR  When the insert is mounted in the pocket, as shown in FIG. 10, that side 51
      of the insert which faces in the outward direction will be seen to incline
      inwardly toward the holder disc 10 in a direction rearwardly from cutting
      edge 26. This position of the insert in the pocket provides for the
      necessary side clearance toward the axially outer side of the holder disc.
PAR  On the other side of the insert, and commencing from the other end of
      cutting edge 26, there is a relieved region 59 which provides for
      clearance between the insert and the workpiece toward the axially inner
      side of the insert. Region 59 is inclined inwardly rearwardly from the
      cutting edge at an angle of about 49 from the plane of the adjacent side
      wall of the insert and in the downward direction inclines inwardly at
      about 5 degrees to the said plane. As will be seen in FIG. 7, the relieved
      region 59 extends completely across the insert from top to bottom, as the
      insert is viewed in FIG. 7, so that clearance is provided on both sides of
      the insert rearwardly of the cutting edge 26.
PAR  The manner in which the insert is clamped in the respective pocket in disc
      10 will become apparent from FIGS. 10 and 11. In FIG. 10, the insert will
      be seen to be in abutting engagement with rearward wall 32 of the
      respective pocket 18 and also in abutting engagement with axially inner
      wall 38 of the pocket. At the front side of the pocket, the disc is
      provided with a transverse radially outwardly opening notch 60 which is
      generally parallel with that side with wall 53 of the insert which faces
      away from rearward wall 32 of the pocket.
PAR  The side 62 of notch 60 opposed to side 53 of the insert converges
      therewith in the radially inward direction, and for this reason, wedge
      member 64 can be pulled down in notch 60 as by a screw 66 having a thread
      on one hand engaging a hole in the wedge member and a thread of the
      opposite hand engaging a hole in the bottom of notch 60.
PAR  It will be appreciated that the longitudinal walls 53, 55 of the insert
      converge in a direction axially outwardly from pocket 18 so that when the
      wedge is tightened up in its notch 60, insert 20 in the pocket will be
      firmly clamped therein and firmly held against rearward wall 32, axially
      inner wall 38 and radially inner wall 36.
PAR  Modifications may be made within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a slotting cutter; a disc-like body rotatable in a predetermined
      direction on a central axis perpendicular to the plane of the body, a
      plurality of pockets formed into each side of the body in
      circumferentially distributed relation with the pockets in the opposite
      sides of the body staggered relative to each other, each pocket having a
      rear wall inclined forwardly in the radially outward direction and an
      axially bottom wall inclined axially outwardly in the forward direction
      and a radially inner wall inclining radially outwardly in the forward
      direction, each said pocket being open on the axially outer side and at
      the radially outer end and on the forward side, a cutting insert in each
      pocket having forward and rearward and end walls and parallel side walls
      and cutting edges on the opposite ends, each insert having an end portion
      protruding radially from said body when mounted in a said pocket and
      presenting a said cutting edge on the forward side of the radially outer
      end, a lateral notch in said body at the forward side of each pocket
      having a rearwardly facing forward wall which converges with said rear
      wall of the respective pocket in the radially inward direction, and a
      clamping wedge in each notch between said forward wall of the notch and
      the opposed side of said insert for clamping each insert in the respective
      pocket while simultaneously urging the insert toward the said rear wall
      and the said radially inner wall of the pocket.
NUM  2.
PAR  2. A slotting cutter according to claim 1 in which each said axially bottom
      wall inclines outwardly in the radially outer direction.
NUM  3.
PAR  3. A slotting cutter according to claim 1 which includes threaded means
      extending radially in each wedge and in said body beneath the wedge for
      drawing the clamping wedge downwardly in the respective notch to clamp the
      adjacent insert in the respective pocket.
NUM  4.
PAR  4. A slotting cutter according to claim 1 in which said front wall of said
      notch converges with the rear wall of the respective pocket in the
      direction toward the open side of the pocket.
NUM  5.
PAR  5. A slotting cutter according to claim 4 in which said forward and
      rearward walls of the insert converge in the direction toward the open
      side of the pocket.
NUM  6.
PAR  6. A slotting cutter according to claim 1 in which the said cutting edges
      on each insert are located at the juncture of the end walls of the insert
      with respective ones of the top and bottom walls of the insert whereby
      each insert is invertable about an axis substantially parallel to the axis
      of rotation of the said body and in each position will present a said
      cutting edge on the forward side of the radially outer end thereof.
NUM  7.
PAR  7. A slotting cutter according to claim 1 in which the pockets on one side
      of the wheel axially overlap the pockets in the other side of the wheel.
NUM  8.
PAR  8. A cutting insert, especially for a slotting cutter; comprising a body of
      hard wear resistant material having forward and rearward walls and
      parallel side walls, said insert having end regions each forming a cutting
      edge near the plane of a respective one of said forward and rearward
      walls, each end region having a first portion near the respective one of
      said forward and rearward walls making a first larger included angle with
      the plane thereof and a second portion remote from said plane and making a
      second smaller included angle therewith, and each of said forward and
      rearward walls being inclined the same angle toward the other thereof in a
      direction toward one side wall of the insert.
NUM  9.
PAR  9. A cutting insert according to claim 8 in which the other side of each
      end portion is relieved rearwardly of said cutting edge to provide
      clearance rearwardly from the respective cutting edge.
NUM  10.
PAR  10. A cutting insert according to claim 9 in which each cutting edge is
      formed at the juncture of the said first portion of the respective end
      wall with the respective one of said top and bottom walls, the respective
      one of said top and bottom walls being formed to an inclination rearwardly
      from the cutting edge which is opposite to the direction of inclination of
      the said wall.
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PAL  A method of manufacturing a spherical bearing having an outer member, an
      inner spherical member bearing inserts interposed between the inner and
      outer members and a key disposed in a keyway in the outer member to enable
      the assembly and disassembly of the spherical bearing comprising the steps
      of forming a hole in the outer member, forming a keyway in the wall of the
      outer member to receive a key, forming the inner surface of the outer
      member to receive bearing inserts, placing the inserts in the outer member
      and placing the key in the keyway, forming the inner bearing surface on
      the outer surface of the inserts and the key, removing the key from the
      keyway, placing the inner member in the outer member and keyway and
      rotating the inner member out of the keyway, placing the key back in the
      keyway, rotating the inner member to its operational position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to self-aligning bearings having a
      ball-like inner member with a convex outer surface and an outer member
      having an inner surface with a complementary concave spherical inner face.
      These types of bearings, which are commonly called "spherical bearings,"
      have been utilized in industry for a substantial period of time. The
      technological evolution of these type bearings has been directed more in
      the terms of material composition of its various component parts rather
      than toward basic changes in design concepts. Accordingly, the design
      advances in spherical bearings have not been substantial in nature and
      thereby presently limit their applications.
PAR  One area in which the spherical bearings have been extensively applied is
      high temperature applications. This is due to the spherical bearing
      self-aligning characteristic and the relative ruggedness of this type
      bearing. A typical such application is marrying of a spherical bearing to
      a valve actuator for a butterfly valve in a high pressure high temperature
      (e.g. 1000.degree.F) steam system. In this application the outer race is
      commonly press-fitted or otherwise attached to actuator control linkage in
      a remote inaccessible area rendering it difficult to remove and/or
      maintain. When any such maintenance is required, such as replacing of the
      ball, the entire bearing assembly including the inner and outer race
      member would have to be removed and replaced by an entirely new bearing
      assembly. Such an operation could entail substantial expense and down time
      of the entire steam system.
PAR  There are a number of prior art type spherical bearings which have been
      addressed to this kind of problem. One such type prior art bearing is the
      "messerschmidt" bearing. A concept of this bearing is that the ball can be
      removed in the field without disassembling the entire bearing, that is,
      removing the outer race member from its mounting.
PAR  One may refer to my prior invention in this general field as embodied in
      U.S. Pat. No. 3,365,249, Patented Jan. 23, 1968 and entitled "Spherical
      Bearing." This particular bearing may be disassembled in the field but
      does not include the provision of changing the inner surface of the outer
      member. This area can become particularly vulnerable to damage, corrosion,
      wear and the like in high temperature applications.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a primary object of the present invention to provide a
      spherical bearing comprising an outer member having a hole extending from
      side to side, at least two bearing inserts abutting the surface of the
      hole, the outer surface of said inserts being concave and spherical so
      that they provide constricted portions at each side of the outer member,
      the outer member also having a keyway extending axially from side to side;
      a key in the keyway substantially co-extensive with the keyway, the key
      also having a concave and spherical top surface corresponding to the outer
      surfaces of the hole so that the key has shoulder portions corresponding
      to the constricted portions of the outer member; and a partially spherical
      inner member, the inner member being held in the outer member by
      impingement of the spherical surface of the inner member against the
      constricted portions of the outer member and the key being held in the
      outer member by impingement of the shoulder portions of the key against
      the spherical surface of the inner member, the inserts being held in the
      outer member by the spherical surface of the inner member and by the key.
PAR  It is another object of the present invention to provide a spherical
      bearing wherein said inserts have a spherical inner surface corresponding
      to the outer surface of said outer member.
PAR  It is still another object of the present invention to provide a spherical
      bearing wherein the inserts are a hardened non-swagable metal alloy.
PAR  It is a further object of the present invention to provide a spherical
      bearing wherein the inserts are a nonmetallic material.
PAR  It is yet another object of the present invention to provide a spherical
      bearing wherein there are two inserts and one key.
PAR  It is still another object of the present invention to provide a spherical
      bearing wherein the inserts are a laminated structure having a high
      temperature self-lubricating material in their outer bearing surface.
PAR  It is still another object of the present invention to provide a spherical
      bearing wherein the outer surface of the inserts have a key adapted to
      register with a slot in the inner surface of the outer member to further
      interlock the inserts within the outer member.
PAR  It is still another object of the present invention to provide a spherical
      bearing wherein the key is co-extensive with the keyway, and the keyway is
      walled and extends downward from the hole in the outer member.
PAR  It is yet another object of the present invention to provide a spherical
      bearing wherein the inner member has flat sides and the outer member is
      provided with flat sides which are substantially perpendicular to the flat
      sides of the key when said key is placed in said keyway.
PAR  It is yet another object of the present invention to provide a method of
      manufacturing a spherical bearing having an outer member, an inner
      spherical member, bearing inserts interposed between the inner and outer
      members and a key disposed in a keyway in the outer member to enable the
      assembly and disassembly of the spherical bearing comprising the steps of
      forming a hole in the outer member, forming a keyway in wall of the outer
      member to receive a key, forming the inner surface of the outer member to
      receive bearing inserts, placing the inserts in the outer member and
      placing the key in the keyway, forming the inner bearing surface on the
      outer surface of the inserts and key, removing the key from the keyway,
      placing the inner member in the outer member and keyway and rotating the
      inner member out of the keyway, placing the key back in the keyway,
      rotating the inner member to its operational position.
PAR  It is yet another object of the present invention to provide a method of
      manufacturing a spherical bearing wherein the hole is formed in the outer
      member by boring and the keyway is formed in the outer member by
      broaching.
PAR  It is still another object of the present invention to provide a method of
      manufacturing a spherical bearing wherein the inner bearing surface of the
      outer member is formed by boring.
PAR  Embodiments of the bearing according to the concept of the present
      invention are shown and/or described by way of example in the accompanying
      drawings and following description of the invention without attempting to
      show or describe all of the various forms and modifications in which the
      invention might be embodied; the invention being measured by the appended
      claims and not by the details of the specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an assembled bearing in accordance
      with the present invention;
PAR  FIG. 2 is a sectional view of the spherical bearing assembly of FIG. 1
      taken along line 2--2;
PAR  FIG. 3 is a side elevational view of the outer member of spherical bearing
      of FIG. 1 with the hole and keyway formed therethrough;
PAR  FIG. 4 is a sectional view of the outer member of FIG. 3 showing the
      substantially cylindrical hole and a keyway formed therethrough;
PAR  FIG. 5 is a sectional view of the outer member of FIG. 3 showing the inner
      surface of the outer member thereof formed to receive bearing inserts;
PAR  FIG. 6 is a sectional view of the outer member of FIG. 3 showing the outer
      member with the inserts and key in place;
PAR  FIG. 7 is a sectional view of the outer member of FIG. 3 showing the outer
      member of FIG. 6 with the inserts and key formed to provide the inner
      bearing surface of the outer member.
PAR  FIG. 8 is a sectional view of the outer member of FIG. 7 with the key
      removed from the keyway and showing the beginning of step of placing the
      inner member within the outer member;
PAR  FIG. 9 is a side elevational view of the inner and outer member of FIG. 8;
PAR  FIG. 10 is a sectional view of the spherical bearing of FIGS. 1 and 2 just
      before complete assembly showing the inner member rotated out of the
      keyway area and the key about to be finally inserted in the keyway;
PAR  FIG. 11 is a side elevational view of a preassembled bearing of FIG. 10;
PAR  FIG. 12 is a side elevational view of an assembled bearing of another
      embodiment of the present invention;
PAR  FIG. 13 is a sectional view of the spherical bearing assembly of FIG. 12
      taken along line 13--13.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  A spherical bearing and parts thereof embodying the concept of the present
      invention is generally indicated, as appropriate, by numeral 10 on the
      attached drawing as set forth in FIGS. 1 through 11, inclusive.
PAR  The bearing 10 shown is of the rod end spherical bearing variety, however,
      the present invention is also applicable to spherical bearings as well.
PAR  FIGS. 1 through 11 show the bearing 10 and its parts in various stages of
      assembly. In particular FIGS. 3 and 4 show an outer member 12 which may be
      provided with substantially flat sides 14. The outer member 12 is also
      provided with a substantially cylindrical 16 hole or bore formed
      therethrough as by boring or drilling or the like.
PAR  The FIGS. 3 and 4 also show the outer member having a keyway formed therein
      and therethrough. The keyway 18 can be shaped in a variety of patterns and
      the like. However, the keyway 18 shown in FIG. 3 is of the dovetail
      variety. The keyway 18 can be formed using various different machining
      operations, for example, a broaching tool could be used to so dovetail the
      keyway 18. It is of particular note that at this juncture the outer member
      12 has a bore 16 which has not yet been preformed in any manner, that is,
      the bore 16 is substantially cylindrical in form.
PAR  Referring now to FIG. 5, the inner surface of the outer member 12 is
      further formed to provide at its inner surface a concave surface 20. The
      concave surface 20 is provided on the inner surface of the outer member 12
      to accept the insertional placing of inserts. This next step can best be
      seen in FIG. 6 in which inserts 22 have been placed in the now formed bore
      of the outer member 12. The outer surface of inserts 22 have been formed
      in a convex surface 24 complementary to the concave surface 20 provided on
      the inner surface of the bore of the outer member 12. A key 26 is also
      shown in FIG. 6 inserted or placed within the keyway 18. FIG. 6 therefore
      depicts the spherical bearing assembly with all its components except the
      inner member which is to be referred to below. It can be seen from FIG. 6
      that the inner surface of both the key 26 and the inserts 22 comprise
      generally the cylindrical bore 28. It is this area defined by the
      cylindrical bore 28 that will ultimately provide the bearing surface for
      the yet to be described member.
PAR  FIG. 7 illustrates the outer member and its various components further
      formed to operationally accept and accommodate the inner member. In
      particular it can be seen in FIG. 7 that the inserts 22 and key 26 have
      now been preformed such that their inner surfaces now present a concave
      inner surface 30. The preforming step with the inserts 22 and key 26 in
      place can be accomplished with a number of machining operations as, for
      example, the concave inner surface 30 may be generated by a boring
      machine.
PAR  After the concave inner surface 30 has been generated, the key 26 may be
      removed from keyway 18. This is shown in FIG. 8. When the key 26 is so
      removed, the inner member 32 can be placed within the outer member 12. The
      outer profile of the inner member 32 can be seen in FIG. 9 which shows the
      accommodation of the entire member within the outer member 12. The inner
      member is provided with a convex surface 34 which is complementary to the
      concave 30 as presented by the outer surfaces of the inserts 22 and key
      26. It may be noted at this point that there is shown in FIG. 9, in
      particular, that there are two inserts 22. Certainly, other numbers and
      combinations of inserts are possible within the scope of the present
      invention.
PAR  Referring now to FIGS. 10 and 11, it can be seen that the inner member has
      now been rotated out of and away from keyway 18. When the inner member 32
      is in this position, the key 26 may be inserted into the keyway 18 without
      any interference from the inner member 32. FIG. 11 again shows the side
      profile of the inner member 32 within the outer member 12 and rotated away
      from the key area 26. It also shows the key inserted within the keyway 18.
PAR  With the key finally inserted within the keyway 18, the bearing 10 is in
      its assembled state. As before mentioned, FIGS. 1 and 2 best illustrate
      the assembled bearing. It can be seen that the inner member 32 is provided
      with two flat sides 36 and a central bore 38 therethrough. The bearing 10
      is shown as a rod and spherical bearing for operational attachment at the
      central bore 38 and at the end of the shank 40 of the outer member 12.
      Obviously, the shank 40 may be provided with a threaded portion (not
      shown) or internal threads (also not shown) depending upon application.
      Bearing 10 could also be configured in a spherical bearing arrangement
      without an extension or shank portion 40.
PAR  As can be seen in FIG. 1, key 26 abuts an end of each of the inserts 22 at
      junction 42. It is the abutting action of the key 26 against the ends of
      the inserts 22 and the convex surface of the inner member 32 that holds
      the inserts 22 in position within the outer member 12.
PAR  We have seen the various steps of forming an assembly of the spherical
      bearing 10 as depicted in FIGS. 1 through 11. The disassembly of the
      bearing is accomplished in the reverse and is best shown by FIGS. 11, 10,
      9 and 8. All that is required for such disassembly is the rotation of the
      inner member 32 to the position as shown in FIG. 11. This facilitates the
      removal of the key 26 from the keyway 18. Thereupon, inner member 32 may
      be rerotated to a position as shown in FIG. 9 and thereafter as shown in
      FIG. 8. At this point, the inserts 22 may be removed and/or replaced by
      new inserts and subsequently the bearing 10 could be reassembled by
      retracing the steps shown in FIGS. 8 through 11. This efficient
      expeditious form of assembly and disassembly facilitates easy maintenance
      and overhaul of the bearing 10 in the field. It also makes bearing 10
      particularly adaptable for adverse environmental applications, such as
      high temperature applications in which the bearing 10 experiences
      temperatures in excess of 1000.degree.F. In such high temperature
      applications, the inserts can be manufactured from a select group of
      materials making them particularly adaptable for high temperature purposes
      and thereby obviating the need for making the entire outer member 12 of
      the same material which in many cases are difficult to machine and costly
      to buy. Such materials could be selected from a group of hardened
      non-swagable alloys such as tool steel or 400 Series fully heat treated
      stainless steel or cobalt alloy steel. Further, the inserts 22 could be
      manufactured from a range of nonmetallic materials such as certain carbon
      and ceramic materials.
PAR  FIGS. 12 and 13 show another embodiment of the bearing which depicts
      similar components to that of bearing 10 which are shown with the "prime"
      affixed thereto.
PAR  The major difference of the bearing 10' of the bearing 10 is to be found in
      the outer surface of the inserts 44 and inner surface 46 of the outer
      member 12'. In particular the outer surface of the inserts 44 is
      substantially cylindrical in form having thereon a centrally disposed rib
      48. The rib 48 is adapted for registration in an annular groove 50
      disposed on the inner surface 46 of the outer member 12'. The rib 48
      further interlocks and operationally positions the inserts 44 within the
      outer member 12' by its registration within the annular groove 50.
PAR  From the above description of the invention along with various figures as
      set forth in the drawings, it will be readily seen and appreciated that a
      spherical bearing embodying the concept of the present invention will
      positively and effectively accomplish the objectives of the invention. The
      above noted embodiment is shown by way of example without attempting to
      show all the various forms and modifications in which the invention might
      be embodied; the invention being measured by the appended claims and not
      the specific details of the specification.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of manufacturing a spherical bearing having an outer member, an
      inner spherical member, bearing inserts interposed between the inner and
      outer members and a key disposed in a keyway in the outer member to enable
      the assembly and disassembly of the spherical bearing comprising the steps
      of forming a hole in the outer member, forming a keyway in the wall of the
      outer member to receive a key, forming the inner surface of the outer
      member to receive bearing inserts, placing the inserts in the outer member
      and placing the key in the keyway, forming the inner bearing surface on
      the inner surface of the inserts and the key, removing the key from the
      keyway, placing the inner member in the outer member and keyway and
      rotating the inner member out of the keyway, placing the key back in the
      keyway, rotating the inner member to its operational position.
NUM  2.
PAR  2. A method of manufacturing a spherical bearing in accordance with claim 1
      wherein said hole is formed in the outer member by boring and the key is
      formed in the outer member by broaching.
NUM  3.
PAR  3. A method of manufacturing a spherical bearing in accordance with claim 1
      wherein the inner surface of the outer member is formed by boring.
NUM  4.
PAR  4. A method of manufacturing a spherical bearing in accordance with claim 1
      wherein the inner surface of said outer member is concave and the outer
      surface of said inner member is convex.
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ABST
PAL  A hot air furnace which includes at least one heat exchange unit having at
      least one mounting flange section defining an opening therein and a plate
      member having an aperture therein corresponding to at least one of the
      openings in said heat exchange unit and in alignment therewith with sheet
      insulating material interposed between said plate member and heat exchange
      unit by virtue of the said flange being expanded into a plane parallel to
      that of said plate member to thereby secure the plate member and
      interposed insulating material in place on said heat exchange unit. A
      process for securing at least one plate member on at least one heat
      exchange unit of a hot air furnace including the steps of positioning
      sheet insulating material between the plate member and a mounting flange
      defined opening in the heat exchange unit, insertion of said flange
      through a corresponding opening in the plate member so as to form a sleeve
      of insulating material on the outer surface of the flange, and deforming
      the flange to urge same into a plane parallel with the plate member so as
      to secure said plate and insulating material in place on the heat exchange
      unit.
PARN
PAR  This is a division of U.S. application Ser. No. 420,756, filed Dec. 30,
      1973, now U.S. Pat. No. 3,908,629.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the construction of gas-fired furnaces it is conventional to weld a pair
      of clam shells together to form a heat exchanger section and to
      incorporate at least one such section in the furnace. An opening is
      provided in the lower or pouch section of the heat exchange unit for
      insertion of a gas burner so that the section can be fired up to a
      predetermined capacity, frequently of the order of 25,000 B.T.U. per hour.
      An opening is also provided in the upper section of each heat exchange
      unit to permit collection and discharge of the flue gases produced by the
      gas burner. To the front of the heat exchanger there is generally secured
      a pouch plate over the pouch area and a front partition plate over the
      upper section of the heat exchanger. The combination of the pouch plate
      and front partition plate is then usually sealed to the sides of the
      furnace in order to isolate the air being heated by the heat exchanger
      sections in the rear of the furnace from the furnace controls located in
      the front. Once such gas-fired furnace is the "COMFORTMAKER" furnace
      manufactured by The Singer Company.
PAR  It has been customary in the art of gas-fired furnace manufacture to weld
      the pouch plate and front partition plate to the heat exchanger. This
      technique, however, is costly and the resultant structure is susceptible
      to cracking when subjected to expansion and contraction stresses which
      develop during the heat and off cycles of the furnace. One expedient
      resorted to in an attempt to overcome such disadvantages has been to
      provide mating flanges on the heat exchanger outlets and on the pouch and
      front partition plates. The mating flanges are then secured together by
      fastening means such as screws. However, assembly of the completed unit by
      this alternate technique is time-consuming and frequently results in
      distortion of the component parts. Also, component elements of the
      assembly tend to work loose when subjected to extend periods of expansion
      and contraction cycles.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing it is one object of the invention to provide an
      improved process for securing the pouch plate and front partition plate to
      the heat exchangers of a gas-fired furnace.
PAR  Further objects and advantages of the invention will become readily
      apparent upon a reading of the following description of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be more fully understood it will now be
      described, by way of example, with reference to the accompanying drawings
      in which:
PAR  FIG. 1 is a front view, partially broken away, of a gas-fired furnace
      showing the pouch plate and front partition plate secured in place on the
      heat exchanger;
PAR  FIG. 2 is a top view of a clam shell heat exchange unit with the flange
      defining the smoke opening extended forwardly;
PAR  FIG. 3 is a view similar to FIG. 2 and illustrates the first step in the
      process of the invention;
PAR  FIG. 4 is a view similar to FIG. 3 and illustrates the second step in the
      process of the invention;
PAR  FIG. 5 is a cross-sectional view of the heat exchange unit depicted
      partially in phantom in FIG. 1 taken along line 5--5 of FIG. 1; and
PAR  FIG. 6 is a view similar to FIG. 4 illustrating the insulation and front
      partition plate applied to a pair of heat exchange units.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, particularly FIG. 1, there is shown a portion of
      a hot air furnace 10, preferably gas-fired, which includes at least one
      heat exchanger 11 formed by a pair of clam shells which have been welded
      together. The lower or pouch section 12 of the heat exchanger is provided
      with an opening 13 for reception of means such as a gas-burner (not shown)
      for firing of the unit. The upper section of the heat exchanger is
      generally corrugated as indicated by reference numeral 14 to increase the
      surface area and thus the heat transfer capacity of the unit. The upper
      section is also given a smoke opening 15 to permit the discharge of flue
      gases.
PAR  As shown in FIGS. 1 and 5, the opening in the upper section is defined by a
      forwardly extending mounting flange 16 which, as will be hereinafter
      described, is flared back or expanded such that the free end is caused to
      lie in a plane substantially perpendicular to the longitudinal axis of the
      flange. A sheet of material 17, such as sheet metal, commonly referred to
      as the vestibule panel or front partition plate, is secured in place to
      the front of the heat exchange unit. A sheet of insulating material 18,
      preferably 1/2 inch thick fiberglass, is interposed between the partition
      plate and the heat exchanger. Where desired the insulating material may be
      cemented to the back of the partition plate by means of any conventional
      adhesive. Also, the fiberglass employed may be provided with a foil
      material so that a portion of the heat generated by the heat exchanger
      will be reflected back thereby enabling the maintenance of a lower
      temperature on the partition plate.
PAR  The lower or pouch section 12 of the heat exchanger has secured in place
      thereover a pouch plate 19. The pouch section is provided with a mounting
      flange 20 which is forwardly extending prior to assembly of the pouch
      plate and which defines the pouch opening. Also, as with the front
      partition plate, it has been found advantageous to interpose a sheet of
      insulating material between the pouch plate and the pouch section of the
      heat exchanger.
PAR  Referring to FIGS. 2 and 5 it will be seen that the heat exchanger is
      formed in the region of the smoke opening with a flared end portion 21
      that is turned in to offer a shoulder 22 for a purpose to be hereinafter
      described. Mounting flange 16 then extends forwardly from the shoulder.
      The pouch section is similarly constructed with relation to the pouch
      opening.
PAR  As can best be seen by reference to FIGS. 3 and 4, the front partition
      plate and sheet insulating material are secured in place by a technique
      which is expeditious and avoids the need for a welding step or the use of
      any screws or other like fastening means. The partition plate 17, which is
      provided with an opening therein corresponding in dimension with that of
      the external diameter of flange 16, is assembled with a sheet of
      insulating material 18. The sheet of insulating material is given an
      opening somewhat less than the diameter of the smoke opening in the heat
      exchanger. The partition plate and insulating material are assembled such
      that their openings are in alignment and, with respect to the total
      dimensions of both components, such that the assembly may be secured in
      place on the heat exchanger with such openings in alignment with the smoke
      opening. The first step in the process comprises urging the assembly into
      place such that the flange 16 of the heat exchanger, whose inner diameter
      defines the smoke opening, projects through the opening in the partition
      plate and also through the opening in the sheet insulating material. As
      the flange emerges from the opening in the insulating material it causes a
      sleeve 23 of such material to form about its external surface as shown in
      FIG. 3. It will be observed that apart from the sleeve of insulating
      material thus formed on the flange the remainder of the insulating
      material is interposed between the partition plate and the heat exchanger
      in planar juxtaposition.
PAR  The next step in the process involves the expansion of the flange 16, such
      as by an expander device (not shown) so as to deform the outer portion
      thereof into a plane roughly parallel with that of the partition plate as
      may be seen from FIG. 4. In this step the flange, and the insulating
      material which previously formed sleeve 23, are urged against shoulder 22
      to form a leakproof joint and at the same time secure the partition plate
      and sheet insulating material in place on the heat exchanger.
PAR  The foregoing description of the process for securing the partition plate
      and sheet insulating material to the heat exchanger need not be repeated
      in respect of application of the pouch plate and insulating material to
      the heat exchanger since the steps are identical. Further, it is within
      the contemplation of the invention to either apply the partition plate and
      insulating material to the smoke opening separately from application of
      the pouch plate and insulating material to the pouch opening or
      simultaneously therewith. For example, a single sheet of insulating
      material may be employed of sufficient size to cover the upper section of
      the heat exchanger as well as the pouch section. In such event, as will be
      readily appreciated, openings will be provided in the insulating material
      adapted for alignment with both the smoke and pouch openings. Further, the
      pouch plate and front partition plate may be applied as separate and
      distinct components, or a single plate member having two openings therein
      may serve as the cover plate for both upper section and the pouch section
      of the heat exchanger. For example, it has been found advantageous, in the
      utilization of the heat exchanger of this invention with roof top
      equipment, to employ separate pouch and smoke pipe plates to permit an
      opening in the center section for the passage of circulating air directly
      through the heat exchanger.
PAR  As requires no elaboration, FIG. 6 illustrates the securing in place of the
      front partition plate and sheet insulating material across the front of a
      plurality of heat exchange units. It is within the ambit of the invention
      to practice the process in the construction of a furnace having as many as
      ten heat exchangers or conceivably an even greater number where this
      technique is considered appropriate.
PAR  The present specification has not described the use of any specific form of
      expander device for application in the step of expanding the flanges
      surrounding the smoke and pouch openings. Various such devices are well
      known, for example of the hydraulic type, and of single or multi-stroke
      capability. Selection of such a device is merely a matter of choice. Where
      necessary, of course, conventional expander devices may be modified to
      accommodate the dimensions and configuration of the smoke and pouch
      openings. Also, where required the heat exchanger unit may be constructed
      with one or more offset sections adapted to cooperate with the expander
      device during the step of expanding the flanges.
PAR  Numerous modifications of the process and structure herein disclosed will
      suggest themselves to those skilled in the art. However, it is to be
      understood that the present disclosure relates to a preferred embodiment
      of the invention which is for purposes of illustration only and not to be
      construed as a limitation of the invention. All such modifications which
      do not depart from the spirit of the invention are intended to be included
      within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process of securing at least one plate member to at least one heat
      exchange unit of a hot air furnace, comprising providing at least one
      forwardly extending mounting flange on each of said heat exchange units
      defining an opening therein, forming openings in said at least one plate
      member congruent with said heat exchange unit openings, providing sheet
      insulating material substantially coextensive with said plate member,
      forming openings in said sheet insulating material substantially smaller
      than said heat exchange unit openings positioning sheet insulating
      material and said at least one plate member over said heat exchange unit
      with said insulating material interposed between said plate member and
      heat exchange unit, arranging said openings formed in said plate member in
      alignment with the openings defined by said mounting flanges on said heat
      exchange units arranging said insulating material openings covering a
      substantial portion of the openings defined by said mounting flanges on
      said heat exchange units but exposing a concentric portion of each said
      heat exchange unit opening, effecting relative movement between each said
      plate member and heat exchange unit so as to urge each of said mounting
      flanges through the corresponding apertures in said plate member to thus
      cause the portion of said insulating material overlying the flange defined
      openings to form a sleeve on the outer surface of said flange, thereafter
      expanding said flanges into a plate parallel with that of said plate
      member to thereby secure said plate member to said heat exchange unit with
      said insulating material therebetween and effect a leakproof joint between
      said plate member and heat exchange unit.
NUM  2.
PAR  2. A process according to claim 1, wherein each said heat exchange unit is
      provided with a pouch opening and a smoke opening, affixing said
      insulating material to each said plate member and positioning the combined
      plate member and insulating material over each of said heat exchange
      units.
NUM  3.
PAR  3. A process according to claim 2, wherein separate plate members are
      provided for positioning over the pouch and smoke openings of said heat
      exchange unit.
NUM  4.
PAR  4. A process according to claim 2, wherein said insulating material and
      plate members are positioned over a plurality of said heat exchange units
      simultaneously.
PATN
WKU  039408388
SRC  5
APN  5522021
APT  1
ART  321
APD  19750224
TTL  Crimping tool for cable connector
ISD  19760302
NCL  14
ECL  1
EXP  Hall; Carl E.
NDR  3
NFG  7
INVT
NAM  Gryctko; Carl E.
CTY  Haddon Heights
STA  NJ
ASSG
NAM  I-T-E Imperial Corporation
CTY  Spring House
STA  PA
COD  02
CLAS
OCL   29203DT
XCL   29203HT
XCL   29461
XCL   29628
XCL   72410
XCL   72454
EDF  2
ICL  H01R 4304
FSC   29
FSS  203 DT;203 D;203 HT;203 H;628;461
FSC   72
FSS  410;454;DIG. 1
FSC  140
FSS  121
UREF
PNO  1677968
ISD  19280700
NAM  Hughes
OCL   29203DT
UREF
PNO  2247041
ISD  19410600
NAM  Bergan
OCL   29461
UREF
PNO  3800584
ISD  19740400
NAM  Edwards, Sr. et al.
OCL   29203H
LREP
FRM  Ostrolenk, Faber, Gerb & Soffen
ABST
PAL  A crimping tool for use with a stranded cable connector having co-aligned
      sleeve openings, including a first member with a crimping portion; a
      piercing portion extended from the first crimping portion; a second member
      with a crimping portion and a recess for receiving the piercing portion
      and means to move the first and second crimping portions towards one
      another. A loose fitting cable connector sleeve with an inserted cable
      portion is positioned on the second crimping portion and the piercing
      portion is moved through the sleeve openings, thereby displacing the cable
      strands toward the interior wall of the sleeve, and forming a through
      passage. Movement of the cooperating crimping portions continues until the
      crimping portions have formed flat surface areas along the entire length
      of the sleeve thereupon and further movement is limited by an adjustable
      stop.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to crimping apparatus and more particularly relates
      to a tool of this type for crimping a connector sleeve to a stranded
      cable.
PAR  Generally, a crimping tool must be capable of exerting sufficient pressure
      on several surfaces of a connector sleeve to cause the sleeve walls to be
      deformed so as to engage and frictionally hold the stripped portion of a
      cable which has been positioned within the sleeve bore. A crimping tool
      must not exert pressures in excess of this captivating pressure, since
      overpressurization often results in both cable strand breakage and
      connector sleeve splitting, which render the crimped connector useless for
      its intended purpose.
PAR  The crimping tool may also be required to perform other functions ancillary
      to the crimping process. These functions may include the forming of
      mounting or bearing surfaces on the sleeve, the forming of the entire
      connector into a shape as required by mounting volume considerations, the
      forming of apertures for the passage of mounting hardware through the
      sleeve or the sleeve and cable, the preventing of the application of
      excessive force in order to minimize distortion of a pre-formed sleeve
      portion or surface or the maintaining of a particular shaped surface or
      section while pressure is applied to adjacent surfaces or sections.
PAR  The crimping tool may, additionally, be required to establish and hold the
      connector sleeve and cable in a rigid relationship to one another and to
      the crimping tool. This positioning apparatus complicates the crimping
      tool and a preferred tool should be operable without elements utilized
      solely for holding the connector sleeve and the cable.
PAR  Crimp-type connectors have been formed with a flat portion having a through
      aperture, to allow passage of mounting hardware, and a tube, with its axis
      displaced above the plane of the flat portion, into which a cable end is
      placed. This offset tube is then crimped to the cable end by a tool which
      applies opposed forces of a magnitude sufficient to press the inner wall
      of the tube into intimate engagement with the cable strands. Large and
      often abrupt forces are generated by the crimping tool and the cable
      strands are often deformed and even nicked or severed by the crimping
      operation. The crimping tool must be designed to prevent contact with the
      flat portion of the connector during the crimping operation or the large
      forces exerted during crimping will be transmitted to that portion and
      will distort the mounting hardware aperture and the flat contact surface
      to such an extent that the crimped connector cannot be used at the
      intended connection surface.
PAR  Other crimp-type connectors have been formed by crimping a portion of tube
      to a cable end and then shearing the mounting hardware passage through the
      crimped tube and cable in a single operation of the crimping tool.
      Shearing a cylindrical tube containing a cable causes strands to have less
      high-pressure contact with the entire tube interior and results in
      unsatisfactory electrical contact between cable and mounting surface. The
      force necessary to shear the tube and the cable is usually obtained from
      explosive expansion, requiring that a relatively complex and massive tool
      be used and necessitating that the tool hold both tube and cable firmly in
      position so as not to be prematurely ejected from the tool and thereby
      create a hazardous condition.
PAR  A more compact and conductive connector is formed by inserting a cable end
      into a sleeve having co-aligned apertures. A passage is formed by
      displacing the cable strands from the region defined by a line extending
      between the two apertures. As the cable strands are displaced and the
      apertures in the wall of the sleeve have been previously formed, no
      shearing operation is necessary. The sleeve may now be crimped to the
      formed cable by the application of opposed forces along the entire
      exterior length of the sleeve, resulting in a high conductivity electrical
      connection. The need for abruptly generated forces is eliminated and
      relatively slow and steady engagement of the crimping tool may be
      utilized. It is desirable that the piercing portion of the tool remain
      within the passage formed in the cable during the crimping operation so
      that the passage shape is not altered. Because of the requirement for
      maintaining the position of the piercing portion, the crimping tool must
      be constructed in such a manner that the portions of the tool exerting the
      crimping force are unaffected by the piercing portion, to prevent the
      formation of a loose contact between the connector sleeve and the cable
      strands in the immediate vicinity of the mounting hardware passage. This
      is exactly that region of the connector at which firm contact is desired
      so as to provide the shortest and, therefore, the lowest electrical
      resistance path from the cable through the connector sleeve to the
      terminal to which the connector is to be mounted. The proper crimping tool
      for a connector of this type must provide this crimping pressure in the
      region immediately adjacent to the aperture while forming as large a
      crimped surface as possible for contact with the mounting surface and also
      preventing the collapse or return movement of the cable strands into the
      mounting hardware passage.
PAC  SUMMARY OF THE INVENTION
PAR  A crimping tool for the above described type of connector is described
      hereinafter.
PAR  To provide the necessary piercing of the cable and the necessary crimping
      pressure upon the connector sleeve while maintaining the integrity of the
      mounting hardware passage and preventing the application of excessive
      crimping pressures to the connector sleeve, the crimping tool in
      accordance with the invention has a piercing portion extended from the
      crimping portion of a first member which can be moved towards the crimping
      portion of a second member. The crimping portion of the second member is
      provided with a recess to receive the piercing portion of the first member
      such that the members may continue to come together until the opposing
      crimping portions have moved to a position which produces the required
      crimping pressure upon the sleeve of a stranded cable connector inserted
      between the two opposed crimping portions. An adjustable stop is provided
      in one member to bear against a buttress portion on the other member,
      thereby limiting the minimum distance between the crimping portions of the
      first and second members. The crimping tool is also provided with means
      for indicating the magnitude of crimping force produced on the connector
      sleeve.
PAR  The novel crimping tool set forth hereinabove has the advantage that it
      permits the piercing portion to form and maintain the mounting hardware
      through-passage while the crimping portions apply the pressure necessary
      to press the sleeve wall against the cable, forming flat portions for
      connector contact over the entire length of the sleeve surface including
      that area immediately adjacent to the mounting hardware through-passage.
      The crimping tool is easy to manufacture and does not require complex or
      massive components.
PAR  Accordingly, it is the primary object of the present invention to provide a
      novel crimping tool for forming stranded cable connections.
PAR  Another object of the present invention is to provide a crimping tool of
      the type described herein which is compact, yet embodies all the desirable
      mechanical features required for crimping a stranded cable connector.
PAR  A further object is to provide a crimping tool of the type described
      characterized by its ease of manufacture at low cost and the simplified
      crimping operation resulting from the use of the tool.
DRWD
PAR  These and other objects of this invention will become apparent from the
      following description of the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a crimping tool in accordance with the
      teachings of the instant invention;
PAR  FIG. 2 is a partially-sectionalized view in side elevation of the crimping
      tool in the open position and embodying the teachings of the invention and
      further showing a connector sleeve and stranded cable in the positions
      occupied preparatory to the passage forming and crimping operations;
PAR  FIG. 3 is a partially-sectionalized view in side elevation of the crimping
      tool of FIG. 2 in the closed position and further showing the completed
      stranded cable connector formed by the tool;
PAR  FIG. 4 is a partially-sectionalized view in side elevation of a portion of
      a crimping tool in accordance with the invention and showing one
      embodiment of a force measurement device used therewith; and
PAR  FIGS. 5, 6 and 7 are side elevations of alternate embodiments incorporating
      the teachings of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 2, a bare stranded cable portion 10 of an insulated cable
      12 is positioned within a metallic connector sleeve 20 which is to be
      crimped to the end of cable 12. Connector sleeve 20 is tubular and of
      known diameter, although the size of the connector sleeve is variable
      dependent upon the particular diameter stranded cable 10 that is chosen.
      Connector sleeve 20 includes two diametrically co-aligned apertures 21 and
      22 formed in connector sleeve 20.
PAR  Referring to FIGS. 1 through 4, crimping tool 30 in accordance with the
      invention comprises a first member 31, a second member 32 and pivot means
      33 to allow the cooperating ends of members 31 and 32 to be moved towards
      one another. The second member 32 includes a crimping portion 34 at one
      end, against which the conductor sleeve 20 is positioned. The first lever
      member 31 includes a cooperating crimping portion 35, which will be
      generally parallel to crimping portion 34 when connector sleeve 20 is
      properly crimped. The surface length of crimping portions 34 and 35 are
      preferably longer in length than conductor sleeve 20. In accordance with
      the invention, piercing portion 36 extending from portion 35 is
      cylindrical in cross-section and terminates at its free end with a gently
      sloping conical point 37. A recess 38 is formed in crimping portion 34 to
      receive the point 37 during the latter phase of the crimping operation.
PAR  It is desired to establish a minimum spacing between crimping portions 34
      and 35 to avoid splitting conductor sleeve 20 or breaking strands of cable
      10 and to obtain flat, parallel surfaces on the exterior of the conductor
      sleeve 20. A limit buttress portion 42 is formed upon the first lever
      member 31. An adjustment screw 39 is threadably engaged within a tapped
      aperture 40 through screw buttress portion 41 and through the second
      member 32 upon which screw buttress portion 41 is formed. Adjustment screw
      39 is rotated into, or out of, tapped aperture 40 to extend an adjustable
      distance from screw buttress portion 41 such that during a crimping
      operation the surface 39a of adjustment screw 39 will engage the surface
      42a of limit buttress portion 42 to prevent the application of excessive
      crimping pressure to connector sleeve 20. By this mechanism, a pair of
      flat parallel surfaces are provided on sleeve 20 without splitting the
      connector sleeve or breaking cable strands through overpressure.
PAR  In a typical application, connector sleeve 20 is to be crimped to stranded
      cable 10 and an aligned passage for mounting hardware is to be formed in
      the stranded cable so as to be aligned with pre-formed apertures 21 and
      22. A portion of insulation sleeve 12 is stripped away to expose an end
      portion of stranded cable 10, which end portion is inserted into the bore
      of the connector sleeve 20. The adjustment screw 39 is rotated into, or
      out of, tapped aperture 40 until the distance between surfaces 39a and 42a
      of the adjustment screw 39 and the screw buttress 41 are set to a
      predetermined position, to allow the crimping portions 34 and 35 to press
      the interior surface of sleeve 20 into intimate engagement with the
      adjacent strands of cable 10 and form a firm frictional hold. This
      distance is dependent on, but less than, the diameter D of the stranded
      cable 10 plus twice the wall thickness T of the connector sleeve 20.
PAR  The ends 34 and 35 of crimping tool 30 are separated so that connector
      sleeve 20 may be generally positioned against the surface of crimping
      portion 34 without mechanical interference with point 37. Force is applied
      to members 31 and 32, at their ends opposite to the crimping portions 35
      and 34 respectively, while connector sleeve 20 is rotated about the
      stranded cable 10 to align point 37 with aperture 21 to enable point 37 to
      engage the top surface of the stranded cable 10. Force is now firmly
      applied to move the point 37 of the piercing section 36 through stranded
      cable 10 and to preferably transversely displace rather than cut through
      the individual strands of cable 10 thereby forcing them outward into the
      empty annular space between the interior surface of the loosely fitted
      connector sleeve 20 and the exterior of the stranded cable 10. Point 37
      also passes through connector sleeve aperture 22 and is received within
      clearance recess 38 while piercing portion 36 fills the formed passage to
      maintain the configuration of the formed passage while the sleeve and the
      cable are crimped by tool portions 34 and 35.
PAR  Clamping portion 35 now bears on the entire upper exterior surface of the
      conductor sleeve 20. Continued application of force causes pressures to be
      transmitted along the entire length of the conductor sleeve 20 by both
      clamping portions 34 and 35, substantially simultaneously and equally. The
      applied force deforms conductor sleeve 20 until the limit buttress surface
      42a engages surface 39a of the adjustment screw 39 and the spacing between
      clamping portions 34 and 35 is at its desired minimum. The interior
      surface of connector sleeve 20 has been sufficiently pressed onto the
      stranded cable 10 and a firm frictional crimp with flat surfaces along the
      entire exterior length of the connector sleeve is obtained. The members 31
      and 32 are now moved apart from one another and the completed
      connector-wire assembly is removed from the piercing portion 36, which has
      retained the mounting hardware passage as well as holding the cable
      strands in their displaced positions to thereby fill the interior volume
      of the connector sleeve until the crimping operation is completed.
PAR  It is also desirable to indicate the magnitude of crimping force applied by
      crimping portions 34 and 35 to assure that the interior surface of
      conductor sleeve 20 has been properly pressed onto cable portion 10. A
      force measurement device 44 used as part of a preferred embodiment of the
      present invention includes a hollow enclosure 31a formed at the end of
      member 31 aligned with crimping portion 34. A cylindrical member 45 having
      one end thereof forming cooperating crimping portion 35, with piercing
      portion 36 extended therefrom, is slidably extended through a first
      aperture 31b formed in the enclosure wall and positioned whereby piercing
      portion 36 and recess 38 cooperate as described above. A cylindrical
      indicator shaft 46 axially extends from the center of an annular disc 47,
      which disc is attached to the free end of member 45 and has a diameter
      greater than the diameter of aperture 31b, to retain member 45 when the
      crimping tool is not in use. Shaft 46 is slidably extended through a
      second aperture 31c formed in the enclosure wall opposite first aperture
      31b. A spring 48 biases annular disc 47 toward the enclosure wall having
      aperture 31b formed therethrough. Indicator shaft 46 includes a sequence
      of force calibration marks 46a, the predetermined values of which are
      dependent upon the spring constant of spring 48 and the length of shaft 46
      projecting through aperture 31c. In use, crimping portions 34 and 35 are
      moved toward one another until the predetermined proper one of force
      calibration marks 46a project through aperture 31c even with the exterior
      of enclosure 31a, to establish a maximum spacing between crimping portions
      34 and 35.
PAR  FIGS. 5, 6, and 7 show alternative embodiments 30', 30" and 30'" of the
      crimping tool. In the embodiment of FIG. 5, the pivot means 33 has been
      placed at one end of each of the first and second members 31 and 32 to
      allow the members to move towards one another and the crimping portions 34
      and 35 have been made with a rounded cross-section. The remaining
      structure is substantially as shown in FIG. 1. In this embodiment, a large
      mechanical advantage is always achieved. The connector sleeve, with an
      inserted cable end, may be positioned in the crimping portions 34 and 35
      and yet enter the tool in a plane perpendicular to the axis of shaft 36
      but at an angle to the members 31 and 32. This embodiment is particularly
      useful in applications in which a relatively thick cable is being
      utilized, requiring a large force to be applied to form the passage and to
      crimp a relatively thick sleeve wall to that cable, or in which the
      crimping tool must be utilized in a confined space around the cable end,
      such as the riser trough behind a circuitbreaker panel, in which the tool
      must be positioned at an angle with respect to the cable direction and
      force multiplication is required when the tool operator cannot unaidedly
      generate sufficient force, because of his awkward position.
PAR  In the embodiment of FIG. 6, a tool 30" is shown which uses another means
      for moving members 31 and 32 towards one another. The pivot means of tools
      30 and 30' is replaced by the threaded shaft 51 and tapped aperture 50,
      extending through the arm 62 of U-shaped member 61. The first member 35 is
      affixed to shaft 51 and comprises the piercing portion 36 at one end of
      the first member, joined to the first crimping portion 35. A disc 53 is
      secured to shaft 51 and a rod opening 54 is diametrically drilled through
      shaft 51 at a position above the top surface of the disc 53. A rod 60 may
      be inserted into opening 54. The remaining structure is substantially as
      shown in FIG. 1. In this embodiment threaded shaft 51 is rotated by
      manipulation of disc 53 to move the first and second crimping portions
      toward one another, to pierce the cable and crimp the sleeve. If more
      crimping force is desired, one end of rod 60 is inserted into the rod
      opening 54 and the resulting large mechanical advantage multiplies the
      force applied to the other end of the rod 54. This embodiment is suitable
      for semipermanent mounting, as in a location where large numbers of
      cable-connector assemblies are to be formed over a period of time.
PAR  In the embodiment of FIG. 7, a crimping tool 30'" uses pneumatic or
      hydraulic pressure for moving crimping portions 34 and 35 towards one
      another. U-shaped member 61 includes a first arm 32 having a crimping
      portion 34 with a recess 38 formed therein. A second arm 62 includes a
      pressure enclosure 65 in which is mounted a piston 66 having member 31,
      cooperating crimping portion 35 and piercing portion 36 formed at an end
      thereof, which end 66a is downwardly extended as high pressure gas or
      fluid is forced into enclosure 65 via pipe 67 connected to a pressure
      source. Arm 62 contains a recess 62a, which recess closely cooperates with
      piston shaft 66b to guide piercing portion 36 along a straight line toward
      recess 38. Pressure gauge 70 and/or pressure alarm switch 71 are connected
      to enclosure 65 by tube 72. Pressure switch 71 may be utilized to sound a
      buzzer or other suitable alarm, or to shut a valve (not shown) in pressure
      pipe 67, when the desired pressure is reached and the required force has
      been produced on connector sleeve 20 by crimping portions 34 and 35. This
      embodiment is suited for permanent mounting, as in a central factory
      producing very large quantities of cable-connector assemblies.
PAR  It can be seen from the foregoing description that the present invention
      provides a novel crimping tool for use in substantially simultaneously
      piercing and crimping a connector sleeve and stranded wire, where a
      passage is formed in the stranded cable and its shape is maintained during
      application of crimping forces sufficient to distort the entire length of
      the connector sleeve walls and cause frictional crimp between the entire
      sleeve and the cable.
PAR  Although the present invention has been described in connection with
      several preferred embodiments thereof, many variations and modifications
      will now become apparent to those skilled in the art. It is, therefore,
      preferred that the present invention be limited not by the specific
      disclosure made herein, but only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for forming a through connection passage in a stranded cable
      having a conductive sleeve mounted thereon in a loosely fit fashion, said
      sleeve being provided with first and second co-aligned openings, said
      apparatus comprising:
PA1  first means for forming a passage through said cable in the region between
      said co-aligned sleeve openings by displacement of the strands of said
      cable in a direction transverse to the axis of said sleeve and movement of
      said displaced strands towards the interior surface of said sleeve, the
      resulting passage being in alignment with said co-aligned sleeve openings;
      and
PA1  crimping means for pressing at least the portions of said sleeve
      surrounding said sleeve openings towards one another to move said sleeve
      into intimate engagement with the adjacent strands of said cable,
PA1  whereby said cable and said sleeves are brought into intimate electrical
      engagement and the crimped regions surrounding said openings are formed to
      facilitate mechanical and electrical joining of a terminal thereto;
PA1  said first means operatively positioned within the formed passage to
      prevent collapse thereof during crimping of the sleeve and cable by said
      crimping means.
NUM  2.
PAR  2. Apparatus as set forth in claim 1, wherein said crimping means includes
      clearance means cooperating with said first means for preventing said
      first means from interfering with the operation of said crimping means.
NUM  3.
PAR  3. Apparatus as set forth in claim 1, wherein said crimping means further
      comprises second means for limiting the maximum deformation of said
      sleeve.
NUM  4.
PAR  4. Apparatus as set forth in claim 1, wherein said crimping means further
      comprises third means for indicating the magnitude of a crimping force
      produced on said sleeve portions by said crimping means.
NUM  5.
PAR  5. Apparatus as set forth in claim 1, in which the crimping means
      comprises:
PA1  a first member having a first crimping portion thereon;
PA1  a second member having a second crimping portion thereon; and
PA1  means for moving said first and second members toward one another such that
      said first and second crimping portions press against said sleeve at the
      regions surrounding said sleeve openings.
NUM  6.
PAR  6. Apparatus as set forth in claim 5, in which the first means comprises:
PA1  a cylindrical shaft attached at one end thereof to said first crimping
      portion; and
PA1  a conical point formed at another end of said shaft which engages the cable
      prior to engagement thereof by said cylindrical shaft.
NUM  7.
PAR  7. A crimping tool for forming a through passage in a stranded cable having
      thereon in a loosely fitted fashion a sleeve provided with first and
      second co-aligned openings, said crimping tool comprising:
PA1  a first member having a first crimping portion formed thereon;
PA1  a second member having a second crimping portion formed thereon;
PA1  a piercing portion extending from said first crimping portion toward said
      second crimping portion;
PA1  a recess communicating with said second crimping portion to receive said
      piercing portion; and
PA1  means for moving said first and second crimping portions towards one
      another,
PA1  whereby said piercing portion forms a passage through said cable in the
      region between said co-aligned openings by displacement of the strands of
      said cable in a direction transverse to the axis of said sleeve and
      movement of said displaced strands toward the interior surface of said
      sleeve, the resulting passage being in alignment with said co-aligned
      sleeve opening and said piercing portion preventing collapse of the
      passage while first and second crimping portions press portions of said
      sleeve surrounding said sleeve openings into firm engagement with the
      adjacent strands of said cable to form a completed crimp.
NUM  8.
PAR  8. A crimping tool as set forth in claim 7, further comprising means for
      limiting the minimum distance between said first and second crimping
      portions.
NUM  9.
PAR  9. A crimping tool as set forth in claim 8, in which the limiting means
      comprises:
PA1  a first buttress portion on one of said members;
PA1  a second buttress portion on the other of said members;
PA1  a tapped aperture in said second buttress portion; and
PA1  an adjustable screw rotatably engaged in said tapped aperture, whereby
PA1  said first buttress portion is positioned to operatively engage said
      adjustable screw thereby limiting further approach between said crimping
      portions to a minimum permissible distance therebetween.
NUM  10.
PAR  10. A crimping tool as set forth in claim 9, further comprising means for
      indicating the magnitude of a crimping force produced on said sleeve
      portions by said first and second crimping portions.
NUM  11.
PAR  11. A crimping tool as set forth in claim 7, in which the piercing portion
      comprises:
PA1  a cylindrical shaft extended at one end thereof from said first crimping
      portion; and
PA1  a conical point attached to said shaft at another end thereof.
NUM  12.
PAR  12. A crimping tool as set forth in claim 11, in which said first and
      second crimping portions have generally flat surfaces in a direction
      generally perpendicular to the axis of said piercing portion.
NUM  13.
PAR  13. A crimping tool as set forth in claim 12, in which said first and
      second crimping portions are generally parallel when spaced by the minimum
      permissible distance.
NUM  14.
PAR  14. A crimping tool as set forth in claim 13, in which said first and
      second crimping portions surfaces have lengths at least equal to the axial
      length of the cable connector against which said surfaces will be pressed.
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ABST
PAL  An assembly machine having a high accuracy positive positioning mechanism,
      which engages the assembly table when the indexing system is in a dwell
      portion of the cycle, not moving the assembly table. A positioning pin,
      which is mechanically connected to operate in synchronism with the indexer
      for the assembly table, positively engages and positions, if necessary,
      the assembly table. The positive positioning mechanism engages the
      assembly table between indexing steps. An overload clutch is provided
      between the indexer and the assembly table, to relieve mechanical
      overloads which may occur and to prevent damage to the assembly machine.
      The positive positioning mechanism is not driven by the indexer output
      thus it is unaffected by wear or defects in the indexer, the indexer
      drive, or the overload clutch mechanism. The dial positioning system
      utilizes the slack or backlash which is inherent in gears and thus permits
      moving the assembly table slightly, to a highly accurate position, during
      the portion of the machine cycle when the indexer is not moving the table.
      The positive positioning dial locating system utilizes a cam which
      operates and reciprocates a mechanical linkage to position a locator in
      time with the indexing unit. The reciprocating locator shaft is down and
      out of engagement with the assembly table during indexing and up and in
      engagement with the table during the dwell portion of the machine cycle.
      The locator shaft moves up due to the action of a spring actuated cam
      displaced lever and moves positively down due to the action of the cam.
      Thus the locator shaft is raised due to force applied through the spring
      and lowered due to the positive force applied by the cam. This arrangement
      assures positive disengagement of the locator pin, which is disposed at
      the end of the locator shaft, from the locator bushing which is connected
      to the assembly table. In the event that the assembly table is out of
      position the spring action will prevent damage to the locating system
      components. The locator bushing and the locator pin position the assembly
      table independent of wear in the indexer or overload mechanism thus
      overcoming a common problem in assembly machines.
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PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to copending application Ser. No. 543,678 filed
      Jan. 24, 1975 and copending application Ser. No. 543,679 filed Jan. 24,
      1975.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to assembly machines and more particularly to an
      assembly machine, adapted to assemble articles formed from several parts,
      having a positive positioning mechanism.
PAR  2. Description of the Prior Art
PAR  Assembly machines of the variety disclosed herein are particularly suitable
      for assembly of an article made from a plurality of relatively small
      parts. Assembly machines operate at a relatively high speed. During
      assembly of an article a portion of the article is fed onto a movable
      assembly table. The article is positioned at a station on the assembly
      table. The assembly table is then indexed, so that the article is moved to
      a work station where any of a number of operations can occur such as:
      adding additional components, drilling, taping, screwing, pressing,
      rivoting, reorienting, testing, removing, or any other desired operation.
      After a slight time delay the assembly table is again indexed so that the
      article moves to successive work positions where all the required
      operations are performed. At any time numerous articles in various states
      of assembly will be located on the assembly table. The article can be fed
      onto and removed from the assembly table by any of a variety of means well
      known in the prior art. It can readily be appreciated, that, since all
      operations on the article to be assembled must be coordinated with the
      location of the work stations during the dwell portion of the machine
      cycle, it is highly desirable that the work stations location be
      determined with a high degree of accuracy. That is, the various tooling is
      set to perform a predetermined operation on the article when it is at a
      given work position. If the article is not at the correct position,
      machine jams or damage to the article can occur. Exact high speed
      positioning becomes especially critical as the assembly speed is
      increased.
PAR  The assembly machine can have a rotatable assembly table with the stations
      spaced around the outer perimeter of the table. Various assembling and
      finishing operations can be performed on the article positioned in the
      station as the rotatable assembly table is indexed, in steps, around the
      machine. The articles can be loaded onto the assembly table by means of
      the well known vibratory bowl feeders, manually, or by other suitable
      means.
PAR  Assembly machines having an annular assembly table which can be rotated
      around a main center support column are well known in the art. U.S. Pat.
      No. 3,065,530 to Merchant et al. and U.S. Pat. No. 3,231,968 to Swanson
      exemplify prior art assembly machines having a rotatable assembly table.
      An indexing unit moves the assembly table of the machine at intervals or
      steps around the center support column. The stations, containing the
      article, are stopped at the work positions during indexing steps. During
      these dwell portions of the machine cycle, the required operations are
      performed on the article. A problem frequently encountered with the prior
      art units is that if the indexer is adequately protected from jam
      conditions with a torque limiting device between the indexer and the
      indexing table, the position accuracy of the indexer is dependant upon the
      reliability of the torque limiting device to return to an exact position.
      It is desirable to have a positioning system which positively and
      accurately positions the assembly table with a high degree of accuracy
      during the dwell portion of each machine cycle.
PAR  Due to the above problems prior art assembly machines which require long
      service accuracy are not provided with an overload mechanism between the
      indexer and assembly table.
PAC  SUMMARY OF THE INVENTION
PAR  A positive positioning mechanism is provided for holding and locating an
      assembly table of an assembly machine during the interval between indexing
      steps. The disclosed indexing locator positively locates stop positions of
      the assembly table independent of the indexing or overload mechanism.
      Locating is positive regardless of wear in the indexing or overload unit.
      A driver motor supplies power to a main drive shaft disposed in the center
      of a main support column. An annular assembly table is disposed around the
      main support column and is supported for relative rotary movement. An
      indexing unit is provided for moving the assembly table a predetermined
      distance at discrete, spaced apart intervals. A positive positioning
      mechanism is driven in synchronism with the indexer to positively engage
      and position the assembly table between indexing steps.
PAR  The indexing unit has a hollow drive shaft which drives an indexing gear at
      predetermined intervals. The indexing gear engages a main drive gear
      connected to the assembly table, to rotate the assembly table when the
      indexer drive shaft rotates. The dial positioning mechanism, which
      positions the assembly table between indexing steps, comprises a locator
      shaft disposed partially within the indexer drive shaft and supported for
      relatively longitudinal movement within the indexer drive shaft. One end
      of the locator shaft is connected to a mechanical lever mechanism
      including a cam follower which follows a cam disposed on the input shaft
      to the indexing unit. The locating shaft is then reciprocated in time with
      the indexing unit so that the shaft is down during indexing and up during
      dwell. A locating pin is provided on the free end of the locator shaft
      which engages a locator bushing disposed on the assembly table. When the
      locator pin engages the locator bushing, it positions the assembly table
      to a high degree of accuracy and holds this position during the dwell
      portion of the indexer. The assembly table is positioned to within 0.001,
      and the locator can correct for misalignment up to 0.030. The cam follower
      is urged towards the cam by a spring which is attached to the cam
      follower. The cam is constructed so that the spring urges the locator
      shaft up during the portion of the cycle when the indexer drive output
      shaft is in dwell and the cam positively forces the cam follower to a
      position which causes the locator shaft to drop prior to the indexing unit
      output rotation. Thus, if the annular assembly table is so far out of
      position so that the locator pin cannot engage the locator bushing, the
      spring will urge the locator shaft upward but since the shaft cannot
      engage the bushing, it will contact the underside of the assembly table.
      The spring will take up the force and will prevent any damage to the
      locator shaft or assembly table. The cam through appropriate mechanical
      connections forces the locator shaft down when the indexer drive shaft is
      rotated to assure that the locator pin and bushing are not engaged when
      the indexer is rotating the assembly table. The disclosed assembly machine
      with positive locating mechanism thus overcomes a common problem in prior
      art assembly machines of this variety.
PAR  It is an object of this invention to disclose a positive dial positioning
      mechanism, which positions the assembly table accurately regardless of
      wear in the indexing or overload unit.
PAR  It is an object of this invention to disclose a table for an assembly
      machine which is indexed to various positions at discrete intervals and is
      positively positioned and held during indexing steps.
PAR  It is a further object of this invention to teach an assembly machine which
      is indexed at discrete intervals having a positive positioning mechanism
      for positioning the assembly table to a high degree of accuracy when the
      indexing unit is not driving the assembly table.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be had to the
      preferred embodiments exemplary of the invention shown in the accompanying
      drawings, in which:
PAR  FIG. 1 is a front elevation view of an assembly machine utilizing the
      teaching of the present invention, with portions broken away for clarity;
PAR  FIG. 2 is a right side elevation view of the assembly machine shown in FIG.
      1;
PAR  FIG. 3 is a sectional view of the assembly machine shown in FIG. 1 along
      lines III--III;
PAR  FIG. 4 is a sectional view of a portion of the assembly machine shown in
      FIG. 1 along lines IV--IV;
PAR  FIG. 5 is a top view of the assembly machine shown in FIG. 1;
PAR  FIG. 6 is a section view of the assembly machine shown in FIG. 1 along
      lines VI--VI;
PAR  FIG. 7 is a sectional view of the assembly machine shown in FIG. 1 along
      lines VII--VII;
PAR  FIG. 8 is a front elevation view of the upper actuator driver;
PAR  FIG. 9 is a front view of the guide roller mount utilized on the disclosed
      assembly machine;
PAR  FIG. 10 is a sectional view of the guide roller mount shown in FIG. 9 along
      lines X--X;
PAR  FIG. 11 is a front view of the cam roller mount utilized on the disclosed
      assembly machine;
PAR  FIG. 12 is a side view of the cam roller mount shown in FIG. 11;
PAR  FIG. 13 is a plan view of the cam roller mount shown in FIG. 11;
PAR  FIG. 14 is a sectional view of a portion of the assembly machine shown in
      FIG. 7 along lines XIV--XIV;
PAR  FIG. 15 is a flat projection of the upper actuator cam development;
PAR  FIG. 16 is a flat projection of the upper tool plate cam development;
PAR  FIG. 17 is a flat projection of the lower actuator cam development;
PAR  FIG. 18 is a side view of the locator drive cam;
PAR  FIG. 19 is an enlargement of a portion of the assembly machine shown in
      FIG. 3 to more fully illustrate the indexer and the dial locating system;
PAR  FIG. 20 is a top view of the actuator assembly;
PAR  FIG. 21 is a front view of the actuator assembly with portions broken away
      for clarity;
PAR  FIG. 22 is a right side view of the actuator assembly shown in FIG. 21;
PAR  FIG. 23 is an exploded view of the disclosed actuator assembly;
PAR  FIG. 24 is a timing graph for the disclosed assembly machine;
PAR  FIG. 25 is a view of a portion of the assembly machine with the actuator
      assembly connected for operation of a pick and place assembly;
PAR  FIG. 26 is a top view of the assembly shown in FIG. 25;
PAR  FIG. 27 is a view of an electric probe which can be utilized with the
      disclosed assembly machine;
PAR  FIG. 28 is a schematic view with the actuator assembly operated by the
      lower actuator driver for a shuttle and place operation;
PAR  FIG. 29 is a schematic view of the actuator assembly being driven by the
      lower actuator driver for a process drive operation;
PAR  FIG. 30 is a schematic view of an electric probe operated from the upper
      tooling plate; and
PAR  FIG. 31 is an enlargement of a portion of the assembly machine shown in
      FIG. 3 with the locator pin disengaged and spaced apart from the locator
      bushing.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and FIGS. 1 through 5 in particular, there is
      shown an assembly machine 10 utilizing the teaching of the present
      invention. Power is supplied to the assembly machine 10 from an electric
      motor 201 which can be activated by an operator or other system control.
      Motor 201 is connected to a conventional clutch-brake device 202 by a
      drive belt 203. When the motor 201 is running the clutch-brake, 202 can
      connect or disconnect drive power for assembly machine 10. The output of
      the clutch brake 202 controls a drive shaft 11 through drive belt 7. Drive
      shaft 11 is rotatably supported by pillow block bearings 35 which are
      supported from the lower tooling plate 30. Drive shaft 11 which is
      rotatably supported by pillow block bearings 35 has a gear reducer 32
      connected to one end and a drive pulley 36 connected to the other end
      thereof. The output of gear reducer 32 is connected by coupling 31 to
      shaft 131 which drives indexing unit 98 and dial locating system 100,
      whose operation will be described hereinafter in detail.
PAR  Assembly machine 10 includes a rotatable turret or annular assembly table
      65 which is rotated at intervals by indexing unit 98 to move in steps
      around center column 117. Assembly table 65 has a plurality of assembly
      fixtures 64, mounted thereto for receiving components of the device to be
      assembled. The pins 64 are representative of fixtures, and any desired
      nest or fixture can be attached to assembly table 65. Tooling is connected
      to the lower tooling plate 30 and the upper tooling plate 82 for
      performing various operations on the device being assembled as assembly
      table 65 is indexed around center column 117. Power to activate the
      tooling is derived from main shaft 70.
PAR  Main shaft 70 is supported vertically within the assembly machine 10. Main
      shaft 70 is directly connected to the output of main shaft gear reducer
      69. The input of main shaft gear reducer 69 is driven by timing drive belt
      13 through pulley 34. Timing drive belt 13 is driven by drive pulley 36
      which is connected to drive shaft 11. Drive belt 13 is a timing belt so
      that the pulley 34 can be driven in synchronism with pulley 36. Main shaft
      gear reducer 69 must be kept in synchronism with reducer 32 so that
      mechanical synchronization of the machine is maintained.
PAR  Main shaft 70 is rotatably supported in a vertical alignment within the
      assembly machine 10. A main bearing assembly 71, disposed near the top of
      assembly machine 10, maintains main shaft 70 in vertical alignment. A main
      center column 117 within which is disposed the main shaft 70 is supported
      from lower tooling plate 30 and the main support frame 12. Various
      tooling, which can be mounted to lower tooling plate 30 and the upper
      tooling plate 82, derives its power from the main shaft 70. Main shaft 70
      rotates one turn for each assembly machine 10 cycle. Rigidly connected to
      main shaft 70 to rotate therewith are upper actuator cam 78, upper tooling
      plate cam 84 and lower actuator cam 67. Cams 78, 84 and 67 have cam
      grooves 178, 184 and 167 formed therein, respectively. A flat projection
      of the upper actuator cam development is shown in FIG. 15 A flat
      projection of the development of upper tool plate cam 84 is shown in FIG.
      16. A flat projection of the development of lower actuator cam 67 is shown
      in FIG. 17. An upper actuator driver 74 is mounted concentric with center
      column 117. Upper actuator driver 74 is supported so as to be movable in a
      reciprocating direction, but not to be able to rotate. Slot 120 acting
      against wear strips on cam follower assembly 55 prevents rotation of upper
      actuator driver 74. Cam follower assembly 55 engages the cam groove 178
      cut into upper actuator cam 78. As upper actuator cam 78 rotates due to
      the rotation of main shaft 70, the upper actuator driver 74 moves in an up
      and down reciprocating motion which is dependent on the groove 178.
PAR  The upper tooling plate support 83 is also disposed coaxial with and around
      center 117. Upper tooling plate support 83 is supported for reciprocating
      motion. Upper tooling plate support 83 is prevented from rotating by slot
      118 formed in center column 117 which engages a bronze wear plate 50 of
      the cam follower assembly 55 which is attached to upper tooling plate
      support 83. Cam follower assembly 55 is rigidly connected to upper tooling
      plate support 83 so that the reciprocating motion of upper tooling plate
      support 83 is dependent on the groove 184 cut into upper tooling cam 84.
PAR  A cam follower assembly 55 is rigidly connected to lower actuator driver 66
      to move lower actuator driver 66 in a reciprocating up/down motion which
      is dependent on the groove 167 cut into lower actuator cam 67. Lower
      actuator driver 66 is supported for up and down reciprocal motion but is
      prevented from moving in a rotational direction around center column 117.
      Roller 54 which forms part of cam assembly 55 rides in groove 167 to move
      lower actuator driver 66 in accordance with groove 167 cut into cam 67.
      Slot 119 acting against a wear plate on cam follower assembly 55 prevents
      rotary motion of the lower actuator driver 66.
PAR  A plurality of guide roller mounts are connected around the periphery of
      upper actuator driver 74, upper tooling plate support 83 and the lower
      actuator driver 66. Guide roller mount assembly 42, as best can be seen in
      FIGS. 6 and 7 are attached to their associated parts 66, 74 or 83 at
      approximately 120.degree. intervals. Guide roller mount 42 provides a
      guide wheel 43 which contacts the center column 117 and provides for
      proper spacing and easy relative movement of the associated part 74, 83 or
      66. The nylon guide roller 43 is rotatably supported in a mounting bracket
      44 on shaft 45. Mounting bracket 44 is constructed to attach directly to
      the associated part 66, 74 or 83. When the guide roller mount assemblies
      42 are bolted into place the associated part 66, 74 or 83 is properly
      aligned with respect to center column 117. Mounting bracket 42 is
      constructed to fit machined surfaces on the part to which it is mounted.
      The disclosed guide roller mount 42 is easily removable, without any
      additional disassembly of machine 10, by removing the necessary mounting
      bolts. The disclosed guide roller assembly 42 provides for self alignment
      of the associated part 66, 74 or 83 when in place. Roller 43 fits the
      contour of column 117 and allows easy longitudinal movement of the upper
      actuator driver 74, the upper tool plate support 83 or the lower actuator
      driver 66, in response to the movement of associated cam follower 55.
PAR  Cam follower assembly 55 is attached to parts 66, 74 and 83 to provide up
      and down reciprocating motion as shaft 70 is rotated. Construction of the
      cam roller assembly 55 can best be seen in FIGS. 11 to 13. Roller 54 is
      rotatably supported by a threaded shaft 52. Nut 51 secures the roller 54
      and shaft 52 to support bracket 150. Support bracket 150 is then bolted to
      the upper actuator driver 74, the upper tooling plate support 83 or the
      lower actuator driver 66, with the roller 54 disposed in the associated
      cam groove 178, 184 or 167, respectively. As the main shaft 70 rotates
      roller 54 rides in the groove of associated cam 78, 84 or 67 and the cam
      follower assembly 55 moves in response to the groove position. This in
      turn moves the part 74, 83 or 66 to which the cam follower assembly 55 is
      attached. Thus the rotary motion of the main shaft 70 is changed to
      reciprocating motion of the upper actuator driver 74, the upper tooling
      support 83 and the lower actuator driver 66, all of which ride on center
      column 117.
PAR  The upper actuator driver 74 and the lower actuator driver 66 have U-shaped
      grooves 46 formed in annular rings 47 which extend around their periphery.
      Tooling, which performs operations on devices mounted at assembly stations
      64 on assembly table 65, are mounted on the upper tool plate 82 and lower
      tool plate 30. The desired tooling and tooling actuators can thus be
      mounted both above and below the rotatable assembly table 65. An actuator
      14 which engages a groove 46 of the upper actuator driver 74 is mounted to
      the upper actuator mount 81. The actuator 14 which is shown in FIGS. 21
      through 23 supplies power to tooling mounted on the upper tooling plate
      82. As the upper actuator driver 74 reciprocates up and down in response
      to rotation of the main shaft 70, the actuator uses this motion to
      transmit power to tooling mounted on the upper tooling plate 82. If
      desired, actuator 14 can also be mounted on the lower tooling plate 30 and
      transmit power to tooling also mounted on plate 30. When mounted on
      tooling plate 30, the actuator 14 engages groove 46 formed in the lower
      actuator driver 66. As the lower actuator driver reciprocates up and down,
      this power is transmitted through actuator 14 to the associated tooling.
      Construction of actuator 14 which includes an overload release in either
      direction of movement will be described in detail hereinafter.
PAR  The apparatus to be assembled is positioned on nest or fixture 64 of
      assembly table 65. Assembly table 65 is then indexed around the periphery
      of assembly machine 10, moving the assembly fixtures from work station to
      work station. The work transfer system consists of a main indexing unit 98
      which is powered by gear reducer 32. It will be recalled that gear reducer
      32 is connected to the drive shaft 11 so as to be in synchronism with the
      main shaft reducer 69 and main shaft 70. The indexing unit 98 can be of
      any of a variety of standard indexing units which by intermittent
      operation move the assembly table so the device to be assembled moves from
      station to station. Indexer 98 is constructed so that when the input shaft
      131 is moved through a 360.degree. revolution, the output of the indexer
      moves with a controlled displacement motion through 45.degree.. Index unit
      98 drives index column 92 which is connected through an overload clutch
      device 91 to drive index gear 88. When indexer 98 rotates index gear 88
      and index drive column 92, through an angle of 45.degree., the main gear
      22 rotates annular assembly table 65, 15.degree.. This provides for a 24
      position machine which transfers the work from one work stop to the next.
      An assembly machine having any number of positions can be constructed as
      desired. This work transfer by indexer 98 is accomplished during a portion
      of the rotation of each revolution of main shaft 70. That is indexer 98
      only activates index gear 88 for a controlled portion, for example
      120.degree. of a full 360.degree. rotation by main shaft 70. This permits
      the remaining 240.degree. revolution of the main shaft 70 to be utilized
      for operation on the items to be assembled at the new work position. A
      15.degree. revolution, intermittently by the assembly table 65, provides
      for a 24 position assembly machine 10. Main gear 22 is mounted to center
      column 117 by a bearing 60. Assembly table 65 is attached to and extends
      from the outer periphery of main gear 22 to rotate therewith. The turret
      cover 62 covers the exposed portion of the bearing and gear 22.
PAR  A problem frequently encountered with prior art assembly machines is that
      the indexing unit does not position the turret as close as desired to the
      work station. This can be caused for a variety of reasons, such as wear in
      the indexer cam or overload clutch power transmission system. If an
      interference is encountered during operation of the indexing unit, the
      overload clutch 91 will operate to move down and disconnect the index unit
      from the indexing gear 88 and this motion will activate overload limit
      switch 126. Overload limit switch 126 can be connected electrically to the
      controls of the assembly machine 10 so as to stop the assembly machine
      when a mechanical overload of the indexing unit occurs. Due to wear
      problems which could affect positioning of the assembly table 65, prior
      art assembly machines could not reliably utilize an overload clutch
      between the indexer 98 and the assembly table 65.
PAR  Disclosed assembly machine 10 is provided with an assembly table locating
      system to very accurately position assembly table 65 each time it is
      indexed. This is very important since it allows for high speed accurate
      operations to be performed on the work piece at each assembly station.
      Operation of the dial or assembly table locating system can be best
      understood with reference to FIGS. 18, 19 and 31. A locating cam 97 is
      securely attached to the input shaft of indexer 98 to revolve in
      synchronism therewith. As cam 97 is rotated in synchronism with the input
      to indexer 98, cam follower 102 attached to lever 101 causes lever 101 to
      change position as determined by the contour of cam 97. A locator spring
      96 which is connected to the outer periphery of cam 97 positively urges
      cam follower 102 into engagement with the outer surface of cam 97. This
      assures that lever 101 will faithfully follow the movement of cam 97. One
      end of lever 101 is securely attached to shaft 103, which passes through
      pillow block bearing 104 and connects to lever 106. This assures that
      lever 106 moves in unison with lever 101. Locator shaft 111 disposed
      vertically is connected by a pin to the free end of lever 106. A short rod
      section 107 is disposed between locator shaft 111 and the free end of
      lever 106 to permit some relative movement of locator shaft 111 and lever
      106 without moving locator shaft 111 out of vertical alignment. Locator
      shaft 111 extends through the open center of index column 92. A locator
      pin 86 is connected to the free end of locator shaft 111. Locator shaft
      111 moves up and down with a reciprocating motion in response to the
      action of locator cam 97. Pin 86 which is attached to the free end of
      locator shaft 111 engages a bushing 85 positively locating assembly table
      65 at each index position. When pin 86 engages bushing 85, the assembly
      table can be positioned to an accuracy of 0.001, and misalignments of up
      to 0.030 can be corrected. A plurality of locator bushings 85 are disposed
      in circular alignment around the assembly table 65 so that one can be
      engaged by locator pin 86 whenever the turret 65 is indexed to the next
      station. The number of bushings required is determined by the number of
      stations on the assembly table. A 24 position assembly machine will
      require 24 locator bushings 85. When locator pin 86 engages locator
      bushing 85 if the indexer 98 has not positioned turret 65 at the exact
      desired position, the turret 65 is moved slightly to the desired position.
      That is, locator pin 86 when engaging bushing 85 can move the assembly
      table 65 slightly so as to align the work stations at each indexing point
      with a very high degree of accuracy. Normally the assembly table 65 will
      be moved slightly at each stop. Shaft 111 is in the down position when
      assembly table 65 is being indexed to the next station and is raised when
      the index gear 88 is not being rotated indicating that assembly table 65
      is near the desired index position. That is, when indexer 98 is rotating
      the assembly table 65 locator shaft 111 is lowered. When index column 92
      stops rotating, locator shaft 111 is raised positively locating assembly
      table 65. Locator shaft 111 thus reciprocates in time with the index unit
      98 so that the shaft is down during the index and up during the dwell
      portion of the machine cycle. The dial or assembly table 65 positioning
      system 100 utilizing the slack or backlash inherent in the gears 22 and 88
      and moves the assembly table 65 slightly to a highly accurate position
      during the dwell portion of the machine cycle. That is, when the assembly
      table 65 is not being rotated locating pin 86 engages bushing 85
      positioning and holding the assembly table 65 at this highly accurate
      predetermined position during the dwell portion of the machine cycle. The
      shaft moves up due to the action of spring 96 and moves down positively
      due to the action of cam 97. This assures positive disengagement of the
      locating pin 86 and the bushing 85 and provides protection in the event
      that assembly table 65 is out of position. Locator bushing 85 and the
      locator pin 86 thus provide positioning of the turret totally independent
      of any other positioning component of assembly machine 10. Thus, the
      assembly table locating system operates independently of the work transfer
      system provided by indexer 98 and any components which can wear such as
      gears, slip clutch, etc. cannot affect the positive positioning of
      assembly table 65. This overcomes a common problem in prior art assembly
      machines of this variety. FIG. 18 shows a construction of locator cam
      which provides for a 160.degree. dwell position, wherein the indicator pin
      86 is up and in positive engagement with the locator bushing 85.
      50.degree. of rotation are provided for each operation of raising and
      lowering locator shaft 111. A 100.degree. dwell in the down position is
      provided. During the 100.degree. down period the indexer 98 moves assembly
      table 65 to the next index station. As the locator cam 97 is further
      rotated the output of the indexer 98 stops and locator shaft 111 is
      raised, positively engaging bushing 85 disposed in the assembly table 65,
      for positive high accuracy positioning of assembly table 65.
PAR  Referring now to FIGS. 1 through 3, and 20 through 23, operation of the
      actuator 14 will be described in detail. Tooling, which is attached above
      and below the work stations 64 of assembly table 65 is supported on an
      upper tool plate 82 and a lower tooling plate 30, respectively. The
      actuator 14 for transferring operating power to the selected tooling is
      mounted to the upper actuator mount 81 or the lower tooling plate 30 as
      can best be seen in FIGS. 25 through 29. The cam roller 5 attached to
      actuator 14 engages the U-shaped slot 46 formed in the annular portion 47
      of the upper actuator driver 74. As the upper actuator driver 74
      reciprocates up and down, due to the movement of shaft 70, cam 78 and cam
      follower 55, bell crank lever 4 is moved accordingly. Roller 5 is provided
      to reduce wear and provide easy movement of lever 4 when the annular
      portion 47 moves with respect to lever 4. Roller 5 is supported on a shaft
      in one of the bifurcated ends of lever 4. Bell crank lever 4 has a
      bifurcated portion formed at its pivot point within which is disposed and
      pivoted a portion of lever 16. During normal operation, lever 16 moves
      together with bell crank lever 4. Spring clamping member 8 assures that
      lever 4 and lever 16 will move in unison unless an overload is reached.
      The free end of lever 16 is adapted to be linked to appropriate tooling so
      as to transmit power to the tooling. Actuator 14 can also be utilized with
      tooling mounted on the lower tooling plate 30. When utilized in this
      location, actuator 14 derives its power from the up and down reciprocating
      motion of U-shaped groove 46 in the lower actuator driver 66. The actuator
      assembly 14 transfers power from the lower actuator driver 66 or the upper
      actuator driver 74 to the appropriate tooling. The actuator 14 shown is a
      right angle assembly. However, it could very easily be used in a straight
      lever system or at any other desired angle. The actuator lever 4 operates
      in a positive manner both up and down from the movement of the appropriate
      actuator driver 66 or 74. Bell crank lever 4 moves every time the
      associated actuator driver 66 or 74 moves with respect to the associated
      actuator assembly 14. When a jam or overload has not occurred, the output
      lever 16 moves as a direct function of bell crank lever 4. The clamping
      force from spring 8 determines when or at what force output lever 16 will
      be disassociated from unitary movement with bell crank 4. As long as the
      load required on output lever 16 is less than the load spring 8 can
      restrain the lever 16 moves in synchronization with bell crank lever 4. If
      a load greater than that which spring 8 can withstand is applied, then
      spring 8 is compressed allowing independent movement of bell crank 4 and
      lever 16. Spring 8 can be compressed in two different situations. If the
      bell crank lever 4 is moving down and therefore output lever 16 is moving
      out from the center of assembly machine 10, and an interference is
      contacted, block 28 will move directly compressing spring 8. Bushing 1
      will remain in contact with lever 16 and bushing 2 will move out with the
      free end of bell crank lever 4. Conversely, if the driver 74 controlled
      end of lever 4 is going up and lever 16 is coming in, then if an
      interference stops lever 16 from moving, bushing 1 will continue to move
      and bushing 2 will remain stationary, therefore compressing spring 8 from
      the force applied at the opposite end. The actuator not only provides
      overload and jam protection in both directions but also provides means to
      operate stops in slides to achieve their repeated accuracy.
PAR  Construction of the actuator can best be understood with reference to
      exploded view shown in FIG. 23. The outward extending end of the
      bifurcated bell crank lever 4 supports cam roller 5 connected to pin 6
      which is secured to lever 4. This engages the actuator driver 66 or 74
      with which the actuator assembly 14 is operating. Bell crank lever 4 is
      pivotally connected to housing 23 by shaft 24. Lever 16 is also pivotally
      connected around shaft 24. Bushings 3 are provided in the openings of
      levers 4 and 16 which are disposed around shaft 24 to provide for
      relatively easy movement. The spring loaded slide assembly is utilized for
      connecting levers 4 and 16 for unitary movement so long as a predetermined
      force applied on lever 16 is not exceeded. If an overload force is applied
      to lever 16 then lever 16 and lever 4 can move independently. A pair of
      side plates 15 are disposed around the free end of bell crank lever 4 and
      a portion of lever 16. Side plates 15 have elongated slots 25 formed
      therein. A shaft or pin 26 with a bushing 1 disposed thereon connects one
      end of the pair of side plates 15. The other end of the pair of side
      plates 15 are connected by a block 27 having a longitudinal opening
      therethrough in which an adjustment screw 17 is disposed. A sliding block
      28 is disposed between side plates 15 engaging slots 25. Sliding block 28
      has a forked end between which pin 18 and bushing 2 are supported. Sliding
      block 28 is urged into engagement with the free end of bell crank 4 and a
      portion of lever 16 by overload spring 8. The force with which sliding
      block 28 is forced into engagement with lever 4 and 16 is dependent on the
      pressure applied by spring 8 and this can be adjusted by adjusting screw
      17. Thus, when the end of bell crank lever 4 containing the cam roller 5
      moves in a downward motion, a force is transmitted through bushing 2, to
      slide block 28, through spring 8, block 27, side plates 15, to bushing 1
      which engages portion 19 of lever 16. As long as a force greater than the
      compression force of spring 8 is not applied to lever 16, lever 16 will
      move backward in unison with the downward movement of the actuator end of
      lever 4. If an obstruction is encountered, lever 16 will stop and slide
      block 28 will be forced back compressing spring 8. When the end of lever 4
      containing cam roller 5 is moved in an upward direction, the force will be
      transmitted from lever 4, through bushing 1 to side plates 15, and block
      27, to spring 8 which urges sliding block 28 and bushing 2 to move lever
      16. As long as lever 16 does not encounter a force greater than the
      compression force of spring 8, levers 4 and 16 will move in unison. If
      lever 16 is stopped by a force greater than the compression force of
      spring 8, the movement of lever 16 will be stopped, stopping slide block
      28 and compressing spring 8. Thus spring 8 provides overload protection
      for lever 16 while moving in either direction. A pin 20 is disposed in
      bifurcated end of lever 16 for providing for easy connection to an
      associated tooling. Actuator 14 prevents damage to the tooling during an
      overload and also provides safety for operating personnel.
PAR  During normal operation of the machine, both the upper actuator driver and
      the upper tool plate support 83 move relative to the longitudinally fixed
      assembly table 65. This provides for two degrees of freedom of movement
      which is required for certain operations such as picking and placing. That
      is, tooling can be provided which will move the parts to be assembled in a
      longitudinally upward or downward displacement as well as a radially
      inward or outward displacement. To provide for power transmission through
      actuator 14 the upper actuator driver 74 must move relative to the upper
      actuator mount 81. This can be accomplished by proper selection and
      construction of the upper actuator cam 78 with respect to the upper
      tooling plate cam 84. FIG. 24 shows a diagram of tooling plate 82 movement
      and upper actuator driver 74 movement. An indexing step within 120.degree.
      of the machine cycle is also indicated. Numerous constructions of cams and
      timing of the assembly machine can be constructed as desired. Tooling
      operations which require only one direction of movement are particularly
      adaptable for being mounted on the lower tooling plate 30. Appropriate
      tooling mounted on the lower tooling plate 30 is powered by actuator
      assemblies 14 which are also mounted on the lower tooling plate 30 and
      receive power from the lower actuator driver 66. Mounting assembly table
      65 spaced apart from the lower tooling surface 30 provides advantages in
      that more space is provided for mounting tooling than is provided in the
      prior art. Being able to mount tooling above and below the assembly table
      65, on which the items to be assembled are mounted and having tooling
      drivers above and below the assembly table 65, permits additional tooling
      to be easily mounted on assembly machine 10. This provides for easy
      maintenance and operation of the disclosed assembly machine. Power take
      off from the main shaft 70 and tooling mounting, above and below the
      assembly table 65 is not available in some prior art assembly machines.
PAR  Referring now to FIGS. 25 through 30 there are shown some specific examples
      of tooling operations with the disclosed assembly machine 10. FIGS. 25 and
      26 show a pick up and place assembly which could be utilized for moving a
      part to be assembled onto or off of station 64 of assembly table 65. The
      pick up of the item to be assembled could be by vacuum, air, mechanical
      jaw, or any other sort of pick up device. As shown in FIG. 25 the pick and
      place assembly, due to the motion of the actuator driver 74, through the
      actuator 14, has a slide portion which moves out on a 3 inch stroke. As
      the upper tooling plate 82 descends on its short stroke, the assembly item
      is picked up from the item feeder. The short stroke of tooling plate 82
      occurs during the indexing portion of the machine cycle, as is apparent
      from the timing diagram in FIG. 24. The upper tooling plate 82 then rises
      to its up position and the slide retracts to its original in position. The
      upper tooling plate then descends on its long stroke down placing the item
      on the nest or assembly station 64. During a removal operation the above
      described procedure is reversed and the assembly item is removed from
      assembly machine 10.
PAR  FIG. 27 shows an electric probe which can be mounted as shown in FIG. 30
      for providing electrical testing or sensing of the devices being
      assembled. The purpose of the probe is to inspect for the presence and/or
      the position of an item after it has been placed at a previous work
      station. Then by sending a signal to the control system corrective action,
      if necessary can be taken. The assembly machine 10 can be stopped in the
      event of a negative probe and the condition corrected. Alternately, the
      malfunction can be noted in a shift register memory in the control system
      as the assembly machine 10 continues to operate and the faulty item will
      at some time be rejected as defective.
PAR  FIG. 28 shows an operation of assembly machine 10 for a shuttle and place
      operation. The shuttle and place device is used when parts overlap on the
      feed track and cannot be picked directly from the end of the feeder with a
      pick-and-place device. In this instance the slide mounted to the lower
      tooling plate moves forward shuttling the part to a position underneath
      the pick-up head mounted to plate 82. On the short stroke down of the
      upper tooling plate 82 the part is picked from the end of the shuttle, the
      upper tooling plate then rises to its reference position, the shuttle
      retracts and on the long stroke down of the upper tooling plate 82 the
      part is placed into the nest 64 of the assembly table 65. This operation
      provides for pick up devices and separating parts. To assure smooth and
      accurate operation linear ball bearings and adjustable positive stops are
      provided. Overload protection is provided in both directions.
PAR  FIG. 29 shows a vertical process driver with the actuator and tooling
      supported from lower tooling plate 30. This provides motion for process
      equipment which requires greater dwell time such as running nuts or
      testing units. For example, to run a screwdriver or a welder head, etc.
      The motion of the lower tooling actuator driver through the actuator gives
      a vertical motion. The benefit of this motion and mounting is that you
      have a longer dwell time than attaching the tooling directly to the upper
      tooling plate 82.
PAR  From the above description, it can be seen that the disclosed assembly
      machine has significant advantages over prior art assembly machines such
      as: having tooling mounting surfaces above and below assembly table 65 on
      which the part to be assembled is indexed; a positive assembly table
      locating system which is independent of wear and misalignment of the main
      indexing system; self aligning rollers for accurately aligning the
      reciprocating parts with respect to the center column 117; a simple and
      efficient tooling actuator 14 which provides overload protection in both
      directions of operation; and overload protection between the indexer 98
      and the assembly table 65.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An assembly machine for use in manufacturing an article comprising:
PA1  a rotatable assembly table on which at least a portion of the article is
      positioned at a selected position;
PA1  a plurality of work stops located at predetermined positions around said
      rotatable assembly table;
PA1  indexing means connected to said rotatable assembly table for rotating said
      rotatable assembly table a predetermined distance at repeatable intervals;
PA1  positive locating means for engaging and positively positioning said
      rotatable assembly table between the repeatable intervals when said
      indexing means is not rotating said rotatable assembly table so that the
      article is accurately aligned with the associated work stop;
PA1  drive means connected to and driving said indexing means, wherein said
      positive locating means is connected to and driven by said drive means
      independent of said indexing means and comprises;
PA1  a cam driven by said drive means;
PA1  a cam follower following the motion of said cam;
PA1  a locator shaft linked to said cam follower to be driven in accordance with
      the movement of said cam follower;
PA1  a locator pin disposed at one end of said locator shaft for engaging and
      positioning said rotatable assembly table when said indexing means is not
      rotating; and,
PA1  said cam being constructed to force said locator pin out of engagement with
      said assembly table when said assembly table is being rotated by said
      index means.
NUM  2.
PAR  2. An assembly machine as claimed in claim 1 wherein said indexing means
      comprises:
PA1  a hollow drive shaft;
PA1  a drive gear driven by said hollow drive shaft;
PA1  an overload clutch disposed between said drive gear and said hollow drive
      shaft; and,
PA1  an assembly table drive gear for driving said rotatable assembly table.
NUM  3.
PAR  3. An assembly machine as claimed in claim 2 wherein a portion of said
      locator shaft is disposed in said hollow drive shaft.
NUM  4.
PAR  4. An assembly machine as claimed in claim 1 comprising:
PA1  a mechanical overload device disposed between said indexing means and the
      assembly table; and,
PA1  an overload limit switch disposed to be activated when said mechanical
      overload device is activated due to an overload for interrupting said
      drive means.
NUM  5.
PAR  5. An assembly machine for use in manufacturing an article comprising:
PA1  a rotatable assembly table on which at least a portion of the article is
      positioned at a selected position;
PA1  a plurality of work stops located at predetermined positions around said
      rotatable assembly table;
PA1  indexing means connected to said rotatable assembly table for rotating said
      rotatable assembly table a predetermined distance at repeatable intervals;
PA1  positive locating means for engaging and positively positioning said
      rotatable assembly table between the repeatable intervals when said
      indexing means is not rotating said rotatable assembly table so that the
      article is accurately aligned with the associated work stop; and,
PA1  overload clutch means disposed between said indexing means and said
      rotatable assembly table for disconnecting said indexing means from said
      rotatable assembly table during an overload.
NUM  6.
PAR  6. An assembly machine as claimed in claim 5 comprising:
PA1  drive means connected to and driving said indexing means; and,
PA1  said positive locating means connected to and driven by said drive means
      independent of said indexing means.
NUM  7.
PAR  7. An assembly machine as claimed in claim 5 comprising:
PA1  an overload limit switch; and,
PA1  said overload limit switch disposed to be activated when said overload
      clutch operates due to an overload and being connected to interrupt power
      from said drive means.
NUM  8.
PAR  8. An assembly machine as claimed in claim 5 wherein:
PA1  said rotatable assembly table has a plurality of openings formed therein;
      and,
PA1  said positive locating means comprises a locator which engages one of the
      openings in said rotatable assembly table when said indexing means is not
      rotating said rotatable assembly table to position and hold said assembly
      table in a highly accurately determined position.
NUM  9.
PAR  9. An assembly machine as claimed in claim 5 comprising:
PA1  first gear reducer means having an input driven by said drive means and an
      output which drives said indexing means; and,
PA1  said assembly table positioning means driven by said drive means
      independent of the driving of said indexing means.
NUM  10.
PAR  10. An assembly machine as claimed in claim 9 wherein said assembly table
      positioning means comprises:
PA1  an opening formed in said assembly table;
PA1  a locating pin for positively engaging the opening in said assembly table
      and positioning said assembly table; and,
PA1  cam driving means connected between said locating pin and said drive means
      for driving said locating pin into engagement with said assembly table
      between the repeatable intervals when said indexing means operates.
NUM  11.
PAR  11. An assembly machine comprising:
PA1  drive means;
PA1  a main center support column;
PA1  an annular assembly table disposed around said main center support column
      and being supported for relative rotary movement around said main center
      support column;
PA1  indexing means having an input driven by said drive means and an output
      connected to said annular assembly table which rotates said annular
      assembly table through a predetermined angle at discrete spaced apart
      intervals;
PA1  assembly table positioning means driven by said drive means for engaging
      and accurately positioning said annular assembly table between the
      discrete spaced apart intervals when said indexing means rotates said
      annular assembly table;
PA1  an upper tooling mount located above said annular assembly table disposed
      around and supported from said main center support column;
PA1  a lower tooling mount located beneath said annular assembly table disposed
      around said main center support column;
PA1  a main center drive shaft disposed within said main center support column
      and being driven by said drive means;
PA1  an upper tooling actuating means disposed around and supported from said
      main center support column and being driven by said main center drive
      shaft for supplying power to tooling which can be attached to said upper
      tooling mount; and,
PA1  a lower tooling actuating means disposed around and supported from said
      main center support column and being driven by said main center drive
      shaft for supplying power to tooling which can be supported from said
      lower tooling mount.
NUM  12.
PAR  12. An assembly machine as claimed in claim 11 wherein:
PA1  said upper tooling actuating means is located above an annular assembly
      table; and,
PA1  said lower tooling actuating means is located below said annular assembly
      table.
NUM  13.
PAR  13. An assembly machine as claimed in claim 12 comprising:
PA1  an actuator connected between said actuating means and the associated
      tooling;
PA1  said actuator having an input contacting said actuator driver and an output
      connected to said tooling which can move in two directions; and,
PA1  said actuator being constructed to provide overload protection in either
      direction of movement of the output of said actuator
NUM  14.
PAR  14. An assembly machine as claimed in claim 11 comprising:
PA1  a plurality of self aligning support means for supporting said upper
      tooling actuating means and said lower tooling actuating means from said
      main column to permit reciprocal movement along the longitudinal axis of
      said main column.
NUM  15.
PAR  15. An assembly machine as claimed in claim 14 wherein each of said
      plurality of self aligning support means comprises:
PA1  a roller which positions the associated actuating means; and,
PA1  said roller can be removed externally from said actuating means without
      disassembling said actuating means from said main center support column.
NUM  16.
PAR  16. An assembly machine comprising:
PA1  drive means;
PA1  a main center support column;
PA1  an annular assembly table disposed around said main center support column
      and being supported for relative rotary movement around said main center
      support column;
PA1  indexing means having an input driven by said drive means and an output
      connected to said annular assembly table which rotates said annular
      assembly table through a predetermined angle at discrete spaced apart
      intervals;
PA1  assembly table positioning means driven by said drive means for engaging
      and accurately positioning said annular assembly table between the
      discrete spaced apart intervals when said indexing means rotates said
      annular assembly table; and
PA1  overload clutch means disposed between said indexing means and said
      rotatable assembly table for disconnecting said indexing means from said
      rotatable assembly table during an overload.
NUM  17.
PAR  17. An assembly machine as claimed in claim 16 including an overload limit
      switch which is activated when said overload clutch means operates.
NUM  18.
PAR  18. An assembly table positioning and indexing mechanism comprising:
PA1  indexing means for moving the assembly table a predetermined distance, at
      spaced apart discrete intervals, to within a predetermined spacing from
      the desired position;
PA1  positive positioning means for engaging said assembly table between said
      spaced apart discrete intervals;
PA1  said indexing means comprises a hollow indexing drive column for rotating
      the movable assembly table at predetermined intervals;
PA1  drive means disposed for driving said indexing means; and
PA1  a locator shaft partially disposed within said hollow indexing drive column
      for engaging said assembly table when said hollow indexing drive column is
      stationary.
NUM  19.
PAR  19. An assembly table positioning and indexing mechanism as claimed in
      claim 18 wherein:
PA1  said hollow drive column is supported for rotary motion;
PA1  said locator shaft is supported for reciprocal motion along the
      longitudinal axis of said hollow drive column; and,
PA1  cam drive means connected to the input of said indexing means for moving
      said locator shaft into engagement with said assembly table when said
      hollow drive column is not being rotated.
NUM  20.
PAR  20. An assembly table positioning and indexing mechanism as claimed in
      claim 19 comprising:
PA1  an overload clutch disposed between said hollow drive column and the
      movable table; and,
PA1  an overload switch disposed in the proximity of said overload clutch to be
      activated when said overload clutch is activated to disconnect power from
      the dial positioning and indexing mechanism.
NUM  21.
PAR  21. An assembly table positioning and indexing mechanism as claimed in
      claim 18 comprising:
PA1  a drive means for driving said indexing means and said positive positioning
      means; and,
PA1  said positive positioning means comprises a bushing, attached to assembly
      table, and a locator shaft which engages said bushing between the spaced
      apart discrete intervals.
NUM  22.
PAR  22. An assembly table positioning and indexing mechanism as claimed in
      claim 18 wherein said positive positioning means comprises:
PA1  an opening formed in the assembly table; and,
PA1  a locator pin which engages said opening when said indexing means is in the
      dwell portion of its operating cycle to position the assembly table at a
      highly accurate predetermined position.
NUM  23.
PAR  23. As assembly table positioning and indexing mechanism for very
      accurately locating and holding the movable assembly table of a machine
      comprising:
PA1  indexing means for moving the assembly table a predetermined distance, at
      spaced apart discrete intervals, to within a predetermined spacing from
      the desired position;
PA1  positive positioning means for engaging said assembly table between said
      spaced apart discrete intervals; and
PA1  an overload mechanism disposed between said indexing means and the movable
      table.
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ABST
PAL  A tool is provided for the extraction of preformed fittings placed in a
      peripheral groove hollowed into the wall of a bore. A pincer device is
      formed by two tapered noses, one fixedly attached to a hollow body and the
      second attached to a piston capable of sliding within the hollow body. An
      adjustable stop controls the width of the pincer device, and a reference
      marking indicates the setting of the stop. A grip sleeve and positioning
      holder assist a user in operating the tool.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to tools, and, more particularly, to a tool for
      extraction of a preformed fitting placed in a peripheral groove hollowed
      into the wall of a bore.
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous mechanisms have preformed fittings to ensure tightness between a
      cylindrical rod and a bore in which the rod is disposed, the seal being
      static if the rod and the bore are stationary, or dynamic if the rod and
      the bore are driven in a relative movement.
PAR  The fitting can be mounted in a groove hollowed in the cylindrical rod or
      in a peripheral groove hollowed in the wall of the bore. In this case, if
      the fitting is circular, the mounting of the fitting is called
      "cylindrical."
PAR  Extraction of such a preformed fitting without deterioration of it is a
      problem that has been poorly managed so far. It is generally done with use
      of non specific tools such as pliers, spatulas or hooks, the use of which
      runs the risk of damaging the fitting to the point that it is no longer
      usable. Use of these tools also risks scoring the inner wall of the bore.
PAR  Tools used presently for extraction of fittings are poorly adapted to the
      situation in which the bore is very small, on the order of a centimeter,
      and to conditions in which the groove that contains the fitting is not
      very accessible because it is relatively remote from the end. In addition,
      these tools require manual manipulation near the end of the bore, and in
      certain cases, this is not possible because of environmental conditions,
      e.g. temperature, pressure, corrosive atmosphere, dangerous radiation.
PAR  An object of the present invention is to provide a specific tool for the
      extraction of preformed fittings from a peripheral groove without risk of
      damaging them or scoring the inner wall of the cavity in which the groove
      is hollowed.
PAR  Another object of the present invention is to provide a tool for the
      extraction of fittings that allows operation at some distance from the end
      of the bore, when environmental conditions do not allow access to said
      end.
PAR  A further object of the invention is to provide a tool for the extraction
      of preformed fittings from a peripheral groove hollowed in the wall of a
      cavity, even when accessibility of the groove is made difficult by the
      diameter or the length of the cavity.
PAR  Still another object of the invention is to provide a tool capable of a
      rapid rate of operation, which can be automated in the case of numerous
      repetitive operations.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  These objectives are attained by means of a tool comprising a cylindrical
      hollow body whose external diameter is less than the diameter of the said
      bore, at least one longitudinal slit, opening at one of the ends, at least
      one nose at the bottom of the slit projecting to the outside of the hollow
      body and a piston that slides inside the hollow body and presents at one
      of its ends at least one nose that engages in one of the slits of the
      hollow body and projects to the outside thereof.
PAR  This tool is partly engaged in the bore, in such a way that the noses
      penetrate into the groove containing a preformed fitting, on either side
      of it, and by causing the piston to slide in the cylindrical body, the
      noses are brought toward each other, thus gripping the fitting, which can
      be extracted from the groove.
PAR  The hollow cylindrical body has a peripheral sleeve that serves as a grip,
      located at the end that remains outside the bore. The tool also has a
      positioning holder in which the hollow body slides, presenting at one end,
      a plate for bearing against the bore opening, and the hollow body abuts
      against this holder. For example, the grip has a peripheral shoulder that
      bears on the end of the holder opposite the bearing plate. The grip
      extends beyond the rear end of the hollow body, and presents a central
      bore obturated by a threaded plug through which the piston passes, sliding
      freely. In this central bore there is a spring, around the piston, which
      bears, at one end, on a peripheral shoulder of said piston and, at the
      other end, on the threaded plug. This spring maintains the separation
      between the noses. The rear end of the piston, outside the threaded plug,
      has an adjustable stop that limits the travel of a threaded nut and allows
      adjustment of the initial separation of the noses, so that it corresponds
      to the width of the groove that contains the fitting.
PAR  The advantages of this tool are as follows:
PAR  It allows extraction of preformed fittings at a distance from the bore
      opening, or in bores with small diameter. In fact, it is possible to make
      tools of this type that can penetrate into bores with diameter of the
      order of a centimeter.
PAR  In case of a preformed fitting with non circular cross-section, e.g.
      cruciform section, this tool allows extraction of the fitting without
      damage to it. The force of the gripping on the fitting between the noses
      is precisely adjusted by loosening the threaded plug.
PAR  Interchangeable positioning holders allow automatic positioning of the tool
      to gain access to grooves located at different depths, which speeds up
      rates of operation in situations where operation is repetitive.
PAR  The tool according to the invention allows work at a distance from the bore
      that contains a fitting to be extracted, and hence management of
      environmental constraints.
DRWD
PAC  DETAILED DESCRIPTION
PAR  Other features and advantages of the invention will be set forth in or
      apparent from a detailed description of a preferred embodiment found
      hereinbelow.
PAR  FIG. 1 is an exploded view, in perspective, with partial cutaways, of a
      tool according to the invention.
PAR  FIG. 2 is a longitudinal section of the same tool in operating position in
      a bore.
PAR  FIG. 3 is an explanatory diagram of the adjustable stop in FIGS. 1 and 2.
PAR  FIG. 4 is a section of the noses, on a larger scale.
DETD
PAR  FIGS. 1 and 2 represent a tool comprising a hollow cylindrical body 1,
      whose external diameter is less than the internal diameter of a bore 2,
      comprising a peripheral groove 3 in which there is placed a preformed
      packing fitting 4. In the case of FIG. 2, there is shown by way of
      illustration a fitting that has a cruciform transverse section. Of course,
      this section could also be circular, or present any other configuration
      that is conventional for preformed fittings.
PAR  At the front end which is engaged in the bore, cylinder 1 has a slit 5
      opening at the end. At the bottom of this slit, there is a nose 6
      projecting to the outside of the cylinder. This nose is tapered at its
      end. FIG. 2 shows nose 6 engaged in groove 3, between a flank thereof and
      fitting 4. The side of the nose that is turned toward the fitting
      preferably presents a form that is adapted to the transverse section of
      the fitting, as shown in FIG. 4.
PAR  A piston 7 is disposed in cylinder 1, its external diameter being
      substantially equal to the internal diameter of said cylinder, in which it
      can slide. Piston 7 has a tapered nose 8 at its end, engaging in slit 5.
      This nose prevents the rotation of the piston, with reference to the
      cylinder.
PAR  FIG. 2 shows nose 8 engaged in groove 3, between fitting 4 and the other
      flank of the groove. The two noses 6 and 8 constitute a pincer that grasps
      the fitting. The gripping of the fitting between the noses is effected by
      the sliding of piston 7 in cylinder 1.
PAR  Cylinder 1 has, at the back, a peripheral sleeve 9, rigidly connected to
      the cylinder, which serves as a grip. A positioning holder 10 is placed
      around cylinder 1, which can slide freely therein. This holder has a
      bearing plate 11 at its front end, applied about the mouth of bore 2. The
      front end of grip 9 forms a shoulder 12 that comes to abut against end 10a
      of positioning holder 10 opposite bearing plate 11. Holder 10 can be
      exchanged for other holders, of different length. The length of the holder
      is so selected that when grip 9 abuts on the holder, nose 6 is at a
      distance from the bore opening that corresponds to the separation between
      the right flank of groove 3 and this opening.
PAR  Grip 9 has a central bore 13 into which cylindrical body 1 engages. The
      rear end of bore 13 is obturated by a plug 14 which presents at its
      periphery a male threading 15 that is screwed into threaded bore 16 of
      grip 9. A threaded bore 18 borne by rod 19 which receives threaded end 17
      of piston 7 and extends piston 7 to the back of the device. Rod 19 passes
      through threaded plug 14 in a central bore 20 in which it slides freely.
      It is threaded in its rear portion.
PAR  A spring 21 is seated in bore 13. It bears at the back on threaded plug 14
      and at the front on a peripheral shoulder 22 of rod 19, which shoulder
      surrounds bore 18. The spring thrusts piston 7 forward and maintains a
      separation between noses 6 and 8. The device further comprises a nut 32
      that is threaded onto rod 19. Rod 19 has an adjustable stop at its rear
      end, designated as a whole by reference number 23. This stop comprises a
      first fixed ring 24 constituting the head of rod 19, which presents a
      series of notches 25, of different depths.
PAR  For example, head 24 has two series of three notches 25a, 25b, 25c. The
      adjustable stop has a second movable ring 26 that slides on rod 19, and
      has two spurs in relief, 27, diametrically opposed, engaged in two of the
      notches 25.
PAR  Movable ring 26 is engaged in a peripheral cup 28 that presents a flange
      29. A spring 30 bears on fixed ring 24 and on cup 28 and holds ring 26
      applied against ring 24.
PAR  However, with compression of the spring, it is possible to release spurs 27
      from notches 25 and to pivot ring 26, to engage spurs 27 in other notches
      25, of different depth.
PAR  When nut 32 is unscrewed, it abuts against ring 26, allowing adjustment of
      the position of nut 32, the separation of noses 6 and 8, and the
      tightening of the fitting in the pincer formed by the two noses.
PAR  FIG. 3 is an explanatory diagram of rings 24 and 26 on which notches 25a,
      25b and 25c, of different depths, are clearly seen, presented by fixed
      ring 24, and the two spurs 27 presented by the movable ring. In this
      figure, spurs 27 are shown engaged in notches 25b.
PAR  References, e.g. A, B, C are marked on fixed ring 24 opposite notches 25.
      Cup 28 has a window 31, aligned with one of spurs 27. Cup 28 turns at the
      same time as the movable ring and the reference shows up in window 31 that
      corresponds to the setting of the movable stop.
PAR  The operation of a tool according to the invention is as follows.
PAR  By turning ring 26, the separation of the noses is selected, adapted to the
      width of groove 3, which is known, and read in window 31. The tool is
      equipped with a positioning holder 10 corresponding to the position of
      groove 3 with reference to the mouth of the bore 2. The tool is introduced
      into the bore. It is moved toward the periphery of the bore so that noses
      6 and 8 engage in groove 3 on either side of fitting 4. Nut 32 is
      unscrewed until it comes to bear on ring 26.
PAR  Spring 21 thrusts rod 19 forward until nut 32 abuts against plug 14. This
      position corresponds to the maximum separation of the noses, which is
      equal to the width of groove 3.
PAR  Once the noses are engaged in the groove, nut 32 is gradually screwed,
      which has the effect of bringing threaded rod 19 toward the back,
      compressing spring 21 and tightening noses 6 and 8 on the fitting. Once
      the pincer has been formed by the noses and is sufficiently tightened, the
      tool is removed from the periphery of the bore, which effects extraction
      of the fitting from the groove.
PAR  Although the invention has been described with respect to an exemplary
      embodiment thereof, it will be understood that variations and
      modifications can be effected in the embodiment without departing from the
      scope or spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tool for extracting a preformed fitting from a peripheral groove
      hollowed in the wall of a bore comprising:
PA1  a cylindrical, hollow body having an external diameter less than the
      diameter of said bore, at least one longitudinal slit opening at one of
      the ends of said hollow body and at least one nose, disposed at the bottom
      of said slit and projecting to the outside of said hollow body;
PA1  a piston capable of sliding inside said hollow body, having at least one
      nose at one of the ends of said piston, positioned so as to engage in said
      at least one slit of said hollow body, and projecting to the outside
      thereof;
PA1  said tool including means for positioning said one end of said hollow body
      within a bore to position the nose of said hollow body and the nose of
      said piston at a pre-determined position within said bore.
NUM  2.
PAR  2. A tool as claimed in claim 1 further comprising a peripheral sleeve
      surrounding said hollow body and disposed at the end thereof remote from
      said one end that remains outside said bore, so as to serve as a grip.
NUM  3.
PAR  3. A tool as claimed in claim 1 further comprising a positioning holder, in
      which said hollow body slides, having at one end a bearing plate to be
      applied about the opening of said bore.
NUM  4.
PAR  4. A tool as claimed in claim 3 wherein said hollow body has a peripheral
      sleeve which serves as a grip disposed at the end thereof that remains
      outside said bore, said sleeve having a peripheral shoulder that bears on
      the end of said positioning holder opposite said bearing plate.
NUM  5.
PAR  5. A tool as claimed in claim 4 wherein said sleeve extends beyond the rear
      end of said hollow body and presents a central bore, said bore being
      obturated by a threaded plug through which said piston freely passes.
NUM  6.
PAR  6. A tool as claimed in claim 5 further comprising a spring disposed about
      said piston inside said central bore of said sleeve, said spring bearing
      on a peripheral shoulder of said piston at one end, and bearing on said
      threaded plug at the other end so as to maintain the separation between
      said nose of said hollow body and said nose of said piston.
NUM  7.
PAR  7. A tool as claimed in claim 5 wherein said piston is extended by a
      threaded rod, and further comprises a nut screwed on said threaded rod,
      and an adjustable stop against which said nut bears when unscrewed.
NUM  8.
PAR  8. A tool as claimed in claim 7 wherein said adjustable stop comprises a
      first ring constituting a head to said piston, said first ring presenting
      a series of notches of different depths, and a second ring, which slides
      about said piston, having at least one spur, in relief, on the face of
      said second ring turned toward said first ring, so that said at least one
      spur engages in one of the said notches, depending on the relative
      positions of said first and second rings.
NUM  9.
PAR  9. A tool as claimed in claim 8 wherein said second ring is held against
      said first ring by a peripheral cup, said cup cooperating with a spring
      that bears on said first ring, at one end, and the bottom of said cup at
      the other end.
NUM  10.
PAR  10. A tool as claimed in claim 9 wherein said cup has a window through
      which appears a reference marked on said first ring opposite each of said
      notches, so that said reference corresponds to the position of said
      adjustable stop, thus indicating the width of a groove containing a
      fitting to be extracted.
PATN
WKU  039408418
SRC  5
APN  550550&
APT  1
ART  323
APD  19750218
TTL  Clipper apparatus for attaching material to a broomstick or the like
ISD  19760302
NCL  10
ECL  1
EXP  Jones, Jr.; James L.
NDR  5
NFG  18
INVT
NAM  Velarde; Clyde R.
CTY  Raleigh
STA  NC
INVT
NAM  Williams; Henry G.
CTY  Mount Olive
STA  AL
ASSG
NAM  Rheem Manufacturing Company
CTY  New York
STA  NY
COD  02
CLAS
OCL   2924356
EDF  2
ICL  B23P 1100
FSC   29
FSS  243.56;243.52
UREF
PNO  3133288
ISD  19640500
NAM  Ohgren
OCL   29243.56
UREF
PNO  3160890
ISD  19641200
NAM  Lefebvre
XCL   29243.56
UREF
PNO  3810495
ISD  19740500
NAM  Pack
OCL   29243.56
LREP
FRM  Molinare, Allegretti, Newitt & Witcoff
ABST
PAL  An apparatus for attaching material to a rod, such as yarn to a broomstick
      to form a mop, comprises means for fastening the material to the rod with
      a metal clip. The clip attachment means includes a punch for driving the
      clip down a guide channel and into contact with a die to form the clip
      about the material and rod. The guide channel is formed in part by opposed
      pivotal parallel gates driven by gate actuators. The gates are closed by
      the same mechanism that drives the clip punch.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a clip apparatus and method for attaching a
      generally large clip about a substantially incompressible rod-like member.
      The apparatus of the present invention has particular utility for
      attaching yarn, broom straw, or the like, to a broomstick. There are,
      however, many additional applications for such an apparatus. In general,
      therefore, the apparatus is designed to attach a clip about a mass of
      material wherein at least a portion of the mass is substantially
      incompressible.
PAR  Previously, the attachment of yarn or the like to a broomstick, for
      example, was accomplished by means of a hand assembly operation including
      wrapping wire, cord, or the like around the yarn and broomstick.
      Alternatively, the wire wrapping operation could be accomplished by some
      type of wrapping machinery. Such procedures are both time consuming and
      relatively expensive. Moreover, the cost of the wrapping materials is not
      insignificant. In order to overcome various difficulties associated with
      prior art manufacturing methods and apparatus, the present application
      teaches how a single metal clip may be utilized in place of wire or cord
      to attach loose material to a rod.
PAC  SUMMARY OF THE INVENTION
PAR  In a principal aspect, the present invention comprises an apparatus for
      attaching a clip about a generally rod-like mass at least a portion of
      that mass being substantially incompressible. The apparatus comprises a
      mounting plate with an opening for receipt of the mass. Punch means are
      mounted on the plate for reciprocation toward and away from the opening as
      directed by a guideway. A die is also provided to direct attachment of the
      clip about the mass. The guideway for the clip is formed, in part, by
      opposed gates on opposite sides of the opening. The gates are closed by
      gate actuators which are mounted for operation in conjunction with the
      operation of the punch.
PAR  It is thus an object of the present invention to provide an improved
      clipping mechanism which may be used for attaching a clip about a
      generally incompressible mass.
PAR  It is a further object of the present invention to provide a clipping
      apparatus which includes a punch, a die and opposed gate members forming a
      clip guideway about an opening so that the clip may encircle the material
      in the opening and become attached firmly about that material.
PAR  Another object of the present invention is to provide a novel clip which
      may be used in combination and cooperation with the improved clip
      apparatus of the present invention for attaching and holding a mass of
      material.
PAR  Still another object of the present invention is to provide a clip
      apparatus capable of attaching a single clip about a rod-like member where
      the diameter of the clip as attached is greater than shown by the prior
      art.
PAR  One further object of the present invention is to provide a novel
      combination of elements capable of cooperating with a unique clip to
      position and attach that clip about a mass of material.
PAR  These and other objects, advantages and features of the invention will be
      set forth in greater detail in the description which follows.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  In the detailed description which follows reference will be made to the
      drawing comprised of the following Figures:
PAR  FIG. 1 is a perspective view of the apparatus of the present invention;
PAR  FIG. 2 is a perspective view illustrating one step in the method of
      practicing the present invention by providing attachment of a clip about a
      combination of yarn and a broomstick to form a mop;
PAR  FIG. 3 is the next sequential step in the manufacture of a mop utilizing
      the apparatus of the present invention;
PAR  FIG. 4 illustrates one embodiment of the finished product manufactured by
      the process utilizing the apparatus of the present invention;
PAR  FIG. 4A illustrates another embodiment of a product made in accordance with
      the process and product of the present invention;
PAR  FIG. 5 is a plan view of the improved apparatus of the present invention
      wherein the punch is in the retracted position;
PAR  FIG. 6 is a plan view similar to FIG. 5; however, the punch has been
      projected to the driving position to attach the clip about the mass of
      material within the opening of the clipping device;
PAR  FIG. 7 is a cross-sectional view of apparatus of the present invention
      taken substantially along the line 7--7 in FIG. 5;
PAR  FIG. 8 is a cross-sectional view taken substantially along the line 8--8 in
      FIG. 5;
PAR  FIG. 9 is a cross-sectional view taken substantially along the line 9--9 in
      FIG. 5;
PAR  FIG. 10 is a cross-sectional view taken substantially along the line 10--10
      in FIG. 5;
PAR  FIG. 11 is a cross-sectional view of the clip magazine and feed means taken
      substantially along the line 11--11 in FIG. 7;
PAR  FIG. 12 is a cross-sectional view of the clipping apparatus taken
      substantially along the line 12--12 in FIG. 7;
PAR  FIG. 13 is a cross-sectional view similar to FIG. 12 wherein the punch
      mechanism has been driven to engage the clip and close the gate members;
      and
PAR  FIGS. 14, 15, 16 and 17 illustrate another embodiment of a product made in
      accordance with the process and product of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The clipping apparatus of the present invention includes a frame 10 with an
      attached head plate 12 for mounting a drive cylinder 14. The drive
      cylinder 14 includes a projecting drive rod 16 connected with a punch 18.
PAR  The frame 10 is a plate member which may be mounted on an appropriate
      assembly machine by bracket means (not shown) in a manner familiar to
      those skilled in the art in order that the clipping apparatus may be
      utilized for performing a step in a manufacturing process. The frame 10
      includes a generally circular opening 20. The opening 20 is positioned
      substantially at the center portion of the frame 10 in a path of travel
      defined by descending movement of the punch 18.
PAR  First and second slots 22 and 24 are also defined in frame 10. Slots 22 and
      24 are parallel to each other and also are parallel to the direction of
      travel of the punch 18. The slots 22 and 24 are disposed on opposite sides
      of the opening 20 for reasons to be discussed in greater detail below.
PAR  Positioned on opposite sides of the punch 18 for cooperation therewith are
      first and second channel bars 26 and 28 respectively. The channel bars 26
      and 28 act as guide means and define a guideway for the punch 18. As shown
      in FIG. 8, channels 30 and 32 defined in the channel bars 26 and 28
      respectively define a guideway for the punch 18. The punch 18 includes
      cooperative outwardly extending flanges 34 and 36 received by the channels
      30 and 32 respectively. The punch 18 thus slides in the guideway defined,
      at least in part, by channel bars 26 and 28 between a retracted position
      illustrated in FIGS. 1, 5 and 12 and a driving position illustrated in
      FIGS. 6 and 13.
PAR  Also mounted on the frame 10 opposite the punch 18 and adjacent the opening
      20 is a die plate 38. A die 40 is, in turn, attached to the die plate 38.
      The die 40 includes channels or grooves 42 in FIG. 10 adapted to cooperate
      with a clip 82 to form that clip 82 about a mass of material in opening
      20. Generally, the grooves 42 comprise arcuate channels having a common
      axis of rotation and a common radius, disposed in side-by-side
      relationship on the die 40.
PAR  First and second gate members 44 and 46 are pivotally attached to the frame
      10 and channel bars 26 and 28 by means of pivot posts 48 and 59
      respectively. Torsion springs 52 and 54 encircle posts 48 and 50
      respectively and include an extension 56 and 58 to bias the gate members
      44 and 46 outwardly away from the opening 20 to a position illustrated in
      FIG. 12.
PAR  An actuating mechanism for the gate members 44 and 46 is coupled with the
      punch 18. The gate actuating mechanism includes a cross bar member 60
      which is attached to the punch 18 as illustrated in FIG. 8. The opposite
      ends of the cross bar member 60 are attached to rods 62 and 64
      respectively as illustrated in FIGS. 5, 6, 12 and 13. The lower end of
      each rod 62 and 64 respectively is mounted for sliding movements in a
      bushing 66 and 68 respectively. Intermediate support bushings 66A and 68A
      are also provided for each rod 62 and 64 respectively as shown in FIGS. 5,
      6, 9, 12 and 13. The bushings 66 and 68 are fixed to the frame 10 at the
      lower ends of slots 22 and 24 respectively. The bushings 66A and 68A are
      also fixed in slots 21 and 24 respectively as illustrated in FIG. 9. Thus,
      driving the punch 18 by the piston 14 will cause the cross bar 60 and
      attached rods 62 and 64 to move with the punch 18. It will be noted that
      the cross bar member 60 fits within a slot 61 defined in the channel bars
      26 and 28. Thus, as the punch 18 is moved downwardly relative to the
      channel bars 26 and 28, the cross bar member 60 and attached rods 62 and
      64 move downwardly in unison.
PAR  Gate actuators 70 and 72 are attached to the rods 62 and 64 respectively.
      Actuators 70 and 72 include cam rollers 74 mounted on pins 76. The pins
      also serve to attach the actuators 70 and 72 to the rods 62 and 64 as
      illustrated in FIG. 9, maintaining a bushing pad 75 in contact with the
      surface of frame 10. The rollers 74 are thus engageable with the outside
      edge of the gate members 44 and 46, as illustrated in FIGS. 12 and 13 as
      actuators 70 and 72 slide on frame 10 in unison with movement of rods 62
      and 64.
PAR  A clip magazine 78 is also provided as more clearly illustrated in FIGS. 7
      and 11. The clip magazine 78 is comprised of a rail 80 upon which a
      plurality of clips are arranged. The clips 82 are maintained in alignment
      on the rail 80 by a rail guard 84. The rail 80 is curved downward so that
      clips 82 may be guided into a slot or notch 86 defined by the channel bars
      26 and 28 in FIG. 12. The rail 80 is attached to a mounting block 88 in
      FIG. 12. The rail 80 is attached to a mounting block 88 in FIG. 7 which,
      in turn, spans and is attached to the channel bars 26 and 28. The mounting
      block 88 thus bridges the space between the channel bars 26 and 28 to
      permit positioning of a clip window or clip nest area.
PAR  Referring again to FIG. 12, once a clip 82 is positioned in a window, notch
      or nest 86 intermediate the channel bars 26 and 28, it is in position for
      engagement by the punch 18 is slidably mounted in the channels 30 and 32.
      The width of the punch 18 is substantially equal to the width of the clip
      82. Additionally, the gate members 44 and 46 include a cross-sectional
      form or channels 45 and 47 respectively in FIGS. 5 and 12 identical to the
      channels 30 and 32 of bars 26 and 28 so that a single continuous channel
      30-45 and 32-47 is formed along the length of the path of travel on each
      side of the punch 18 to the die 40 by actuation or closing of the gate
      members 44 and 46 by the gate actuators 70 and 72. In this manner, a total
      channel is provided for guiding the clip 82 about a mass of material 90 in
      the opening 20 for cooperation with die 40.
PAR  As shown in FIG. 11, the clip 82 is comprised of an arcuate crown portion
      92 with outwardly projecting runs or extensions 94 and 96 forming an acute
      angle with each other. The extensions 94 and 96 connect with parallel legs
      98 and 100 respectively. The legs 98 and 100 terminate as inwardly curved
      ends 102 and 104. The inwardly curved ends 102, 104 are especially
      important to insure that the ends 102, 104 will be projected into the mass
      of material 90 without any sharp external projections. Only the smooth
      outer surface of the clip 82 will be exposed because of this feature.
PAR  The diameter of the arcuate crown 92 is substantially equal to the diameter
      of the finished product resulting from the attachment of the clip to the
      mass of material 90 or alternatively the diameter of the rod-like
      material. This diameter is shown in FIG. 13. Note that this diameter is
      also substantially equal to the diameter at the lower end 106 of the punch
      18 as illustrated in more detail in FIG. 12. Moreover, the length of the
      arc of crown 92 is about equal to the arc of lower end 106. The legs 98
      and 100 are spaced from one another by a distance slightly greater to the
      diameter of the mass of material 90 prior to attachment of the clip. This
      is also illustrated in FIG. 12 of the application. In the event the mass
      material 90 is semi-compressed prior to application of a clip, the spacing
      of logs 98 and 100 may be proportionally decreased also.
PAR  In operation, the mass of material 90, which typically may include a
      broomstick 91 and yarn 93, is inserted in the clipper device as shown in
      FIG. 12. Subsequently the piston 14 is operated. Simultaneously the
      actuators 70 and 72 are driven into engagement with the gate members 44
      and 46 closing the gate members 44 and 46 and defining a channel for the
      clip 82. During the descent of the punch 18 after the gate members 44 and
      46 are closed, the punch 18 engages the clip 82 which has been fed into
      the clip channel by means of the clip injector mechanism. The clip 82 is
      driven in the channel about the mass 90 and into cooperation with the die
      40. This causes the clip 82 to form about the mass 90 as illustrated by
      FIG. 3 of the application. Subsequently the drive cylinder causes the
      punch 18 to be withdrawn and gates 44 and 46 retracted. The finished
      product may then be removed from the clipping apparatus as a finished
      product as shown typically in FIG. 4. Preferably, a second clip 108 in
      FIG. 4A is attached over the folded yarn or mass 90. Equivalent fastening
      means may be positioned in the place of clip 108. For example, cord or a
      heat shrinkable plastic may be used. Thus, the sequence of operation
      includes (1) combining the materials that will be eventually clipped as
      illustrated in FIG. 2, (2) positioning the material within the clipping
      apparatus, (3) attachment of the clip 82 to those materials, and (4)
      attachment of a second clip 108 or equivalent fastening means.
PAR  FIGS. 14-17 illustrate another method for manufacture within the scope of
      the invention. In this method, a sleeve 110 is fitted over the end of rod
      91. The material 90 is attached as previously described by a clip 82. This
      is shown in FIG. 15. Subsequently, the sleeve 110 is folded back over
      itself as shown in FIG. 17. Note that clip 82 must be applied in such a
      manner that permits sleeve 110 to be exposed and folded over. Sleeve 110
      may be formed of a plastic material, for example, and may be heat
      shrinkable. With this configuration, the addition of a second clip 108 is
      not required.
PAR  This apparatus is especially useful in the instance where a rather large
      mass of material must be clipped. Additionally, the large mass of material
      may be, at least in part, not compressible. Though the description refers
      to a rod-like member, the cross-sectional shape of the rod is not known to
      be a limiting feature of the invention.
PAR  Also the particular structure of the apparatus of the invention is not a
      limiting feature. That is, the frame may be comprised of a number of
      separate parts. The opening 20 may merely be defined by adjacent members
      rather than as a passage in a plate. Thus the invention shall be limited
      only by the following claims and their equivalents.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for attaching a clip about a mass comprising, in combination:
PA1  a mounting structure defining an opening for receipt of said mass, guide
      means on the mounting structure transverse to the axis of the opening;
PA1  punch means mounted in said guide means for reciprocation between a
      retracted position and a clip driving position;
PA1  clip magazine means mounted for inserting a single clip into said guide
      means in the path of travel of said punch means when in the retracted
      position;
PA1  die means mounted on the opposite side of the opening from said punch
      means;
PA1  first and second opposed gate members on opposite sides of said opening
      intermediate said die and punch means, said gate members pivotally
      attached with said guide means and extensible along the sides of said
      opening between said guide means and said die means to form a complete,
      closed channel for said clip and punch means;
PA1  first and second gate actuators mounted on said structure for translation
      parallel with said punch means to engage said first and second gate
      members respectively and drive said gate members to a closed position in
      response to travel of the punch means from the retracted toward the clip
      driving position; and
PA1  means for driving said punch means.
NUM  2.
PAR  2. Apparatus of claim 1 including biasing means to normally maintain said
      gate members pivoted outwardly away from said opening for access to said
      opening.
NUM  3.
PAR  3. The improvement of claim 1 wherein said gate members are pivotal about
      parallel axes on the side of the opening opposite the die means.
NUM  4.
PAR  4. Apparatus of claim 1 including a channel slot defined in said guide
      means and said gate members for receipt and guiding both said clip and
      said punch means.
NUM  5.
PAR  5. The apparatus in claim 1 wherein said clip magazine means comprises a
      clip rail positioned to receive a plurality of aligned clips thereon, one
      end of said rail terminating adjacent a channel defined in said guide
      means for receipt of said punch means, said rail positioned to discharge a
      clip having a crown in the channel in the path of the punch means whereby
      the punch means may engage the crown of said clip and drive said clip
      through said guide means and into contact with said die means about said
      mass.
NUM  6.
PAR  6. The apparatus of claim 1 including a cross member attached to said punch
      means and having its opposite ends also attached to said first and second
      gate actuators whereby said punch means and said gate actuators are driven
      in unison by said means for driving said punch means, said cross member
      being mounted for sliding movement in said guide means between the
      retracted and driving position of said punch means.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said first and second gate actuators
      each comprise a cam member positioned to engage said gate member and move
      said gate member about its pivot axis in response to translational
      movement of said gate actuator.
NUM  8.
PAR  8. The apparatus of claim 1 including a clip in said guide means said clip
      having an arcuate crown engaged by an arcuate edge defined at the driving
      end of the punch means, said clip also including outwardly extending runs
      from said crown forming an acute angle and subsequent parallel spaced
      legs, said legs being spaced a distance substantially equal to or greater
      than the size of the mass being clipped prior to attachment of the clip,
      the diameter of the crown being substantially equal to the diameter of the
      material subsequent to attachment of the clip.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said clipped legs terminate with
      in-turned ends adapted to cooperate with die means, form a generally
      circular clip about the mass and project into the mass in order to
      eliminate external clip protrusions.
NUM  10.
PAR  10. The apparatus of claim 1 wherein said punch means comprises a punch
      having an arcuate driving edge for engagement with the arcuate crown of a
      clip, said punch driving portion having a diameter substantially equal to
      the diameter of the material being clipped upon attachment of the clip
      thereto, said diameter being less than the total width of the punch.
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ABST
PAL  The invention is a device for slitting wieners in order to prepare them for
      barbecuing. The device includes a plastic cylinder having an axial bore of
      such a diameter that a wiener of commercial size will pass through the
      bore and the device also includes a plastic blade that has a serrated and
      curved cutting edge disposed within the bore of the cylinder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to devices used in outdoor cooking and indoor
      barbecuing, and more particularly to an improved device for circularly
      slitting wieners.
PAR  2. Statement of the Prior Art
PAR   In previous years one of the inventors of the present invention has
      manufactured a device for circularly slitting wieners for outdoor cooking.
      The device included a wooden cylinder with an axial bore of such a
      diameter that a wiener could be passed through the bore. The device also
      included a razor blade disposed within the bore of the cylinder.
PAR  In order to manufacture this device a multiple step process was necessary:
      first, a cylindrical piece of wood had to be cut to the proper length;
      second, an axial bore had to be drilled; third, the cylindrical piece of
      wood had to be shaped on a lathe; fourth, a slot had to be cut into the
      outer surface of the cylindrical piece of wood through it to its inner
      surface; fifth, a razor blade had to be inserted into the slot and secured
      therein with a bonding agent such as glue or epoxy. This multiple step
      process was too expensive and too time consuming for this inventor to
      continue manufacturing and selling these devices.
PAR  The other inventor experimented with several plastic devices including a
      plastic cylinder with an axial bore in which a plastic blade with a smooth
      and straight cutting edge is disposed. The plastic blade was not sharp
      enough to cut through the skin of the wieners so the inventor serrated the
      edges of the blade in an attempt to find a blade that could saw through
      the skin. Even though the serrated was able to saw through the skin of the
      wieners, it did not function inside the plastic cylinder because the
      cutting edge of the blade distributed its cutting pressure over the entire
      area of the skin rather than on a small area of the skin of the wieners.
      The device, as a result of this distribution of cutting pressure, was
      tearing slits in the wieners rather than cutting slits into the wieners.
PAR  The inventors decided that a plastic blade that could cuts slits, rather
      than tear slits, in the wieners would be ideal because it could be
      injection molded in a one step process. They rejected an alternative
      process of injection molding the plastic cylinder with a slot already
      formed and inserting a razor blade into the slot. This alternative process
      did not produce a device which eliminated many of the minor problems
      created by the original device for slitting wieners. The original device
      was an outdoor cooking implement that was used by the entire family.
      Children would often cut their fingers on the sharp razor blade inside the
      cylinder. A plastic blade in unlikely to cut a child's finger. The
      original device was often left outdoors and therefore its razor blade was
      exposed to oxidation and the formation of rust on the blade, which dulled
      the blade and made its replacement necessary. The original device had a
      tendency to collect organic debris at the interface of the slot and the
      razor blade thereby making the device a health hazard.
PAR  In spite of all these problems the inventor was able to sell as many of the
      original devices as he could make and he was unable to keep up with the
      demand because the multiple step process was becoming too costly as were
      the raw materials.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing factors and conditions which are characteristic of
      the prior art it is a primary object of the present invention to provide a
      plastic device for slitting wieners which can be economically mass
      produced.
PAR  It is another object of the present invention to provide a plastic device
      for slitting wieners which does not collect organic debris near its
      cutting blade.
PAR  It is still another object of the present invention to provide a plastic
      device for slitting wieners which does not tear open the skin of the
      wiener, but rather cuts into the skin of the wiener.
PAR  It is still yet another object of the present invention to provide a
      plastic device for slitting wieners which can be injection molded in a
      single step process thereby eliminating the multiple step process used
      previously by one of the present inventors to fabricate the prior art
      devices for slitting wieners.
PAR  It is yet aother object of the present invention to provide a device for
      slitting wieners that does not require the use of a metal razor blade
      whose surface may oxidize to form rust.
PAR  In accordance with an embodiment of the present invention a device for
      slitting wieners includes a plastic cylinder having an axial bore and a
      plastic blade with a serrated and curved cutting edge which is fixedly
      joined within the axial bore of the plastic cylinder. The plastic blade is
      disposed within the axial bore with its cutting edge in a plane which is
      at an angle of approximately 60.degree. with the axis of the cylinder.
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims.
DRWD
PAR  Other objects and many of the attendant advantages of this device will be
      more readily appreciated as the same becomes better understood by
      reference to the following detailed description and considered in
      connection with the accompanying drawing in which like reference symbols
      designate like parts throughout the figures.
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1. is a perspective view of the slitting device in accordance with the
      principles of the present invention.
PAR  FIG. 2 is a top plan view of the slitting device shown in FIG. 1.
PAR  FIG. 3 is a cross-sectional side view of the slitting device shown in FIG.
      1.
PAR  FIG. 4 is a schematic drawing of the slitting device as it is being used to
      slit a wiener.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment of the present invention can best be understood by
      reference to FIG. 1 wherein a perspective view of a device 10 for slitting
      wieners is shown. The device 10 includes a plastic cylinder 12 having an
      axial bore of such a diameter that a wiener may be passed through it. The
      device 10 also includes a plastic blade 14 which has a curved and serrated
      cutting edge 16 and which is disposed within the axial bore of the
      cylinder 12.
PAR  Referring now to FIG. 2 in which the curved and serrated cutting edge 16 is
      more readily apparent than in FIG. 1, the cutting edge 16 of the blade 14
      is serrated in order that it may cut into the skin of the wiener by sawing
      or tearing the skin. It is also necessary to curve the cutting edge 16 of
      the blade 14 in order to provide the maximum amount of force on an area of
      the skin of the wiener to puncture the skin without excessive force. When
      a razor blade is used the cutting edge is sharp enough so that the force
      applied against the wiener is not so excessive that it will mash the
      wiener. The inventor in experimenting with serrated cutting edges of
      plastic blades that were not curved found that this force required to
      puncture the skin of the wiener was so excessive that it mashed the
      wiener.
PAR  Referring to FIG. 3 the plastic blade 14 is disposed within the axial bore
      of the cylinder 12. The plane of the plastic blade 14 makes an angle of
      approximately 60.degree. with the axis of the cylinder 12. The inventor
      has found that the angle the plastic blade 14 makes with the axis of the
      clinder 12 may vary between 40.degree. and 80.degree..
PAR  Referring now to FIG. 4 a schematic drawing of the device 10 is shown as it
      is used to slit a wiener for outdoor cooking. One of the advantages of
      making the device 10 entirely of plastic is that it is very easily cleaned
      even after prolonged exposure to outdoor elements. This advantage is
      amplified when one realizes that the razor blade of the prior art devices
      often became rusty when left outdoors and that organic debris often
      collected at the interface of the wooden cylinder and the razor blade. The
      sharp cutting edge of the razor blade has been replaced by a relatively
      dull cutting edge of a plastic blade thereby decreasing the risk of
      children cutting their fingers. It is because the plastic blade is curved
      and serrated that it is able to cut the skin of the wiener.
PAR  Another advantage of the present invention is that the entire device can be
      made from plastic by a single step process of injection molding. This
      process compares favorably with the five or six step process of the prior
      art in which a wooden cylinder is formed, a bore drilled, a slot cut, a
      blade inserted into the slot, and the blade glued in place. The decrease
      in manufacturing steps reduces costs of making the device. It also reduces
      the time required to manufacture these devices thereby enabling the
      inventor to provide their customers with the desired number of these
      devices. In order for this device for slitting wieners to be commercially
      feasible, it must be mass produced in large quantities.
PAR  Until the present invention there have been no plastic devices for slitting
      wieners. The advantage of a plastic device includes several health
      features such as ease of cleaning, a rust-proof cutting edge, a dull
      cutting edge, and an absence of organic debris on the device. Furthermore,
      the device may be manufactured in a single step process of injection
      molding which is not only economical in terms of time and labor costs, but
      also eliminates material waste.
PAR  From the foregoing it can be seen that a plastic device for slitting
      wieners has been described. The device is used in outdoor cooking.
      Additionally, it should be noted that the device is not drawn to scale and
      that relationships of and between the figures of the drawing are not to be
      considered significant.
PAR  Accordingly, it is intended that the foregoing disclosure and showings made
      in the drawing shall be considered only as illustrations of the principles
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for slitting wieners so that they may be barbecued, comprising:
PA1  a. a plastic cylinder having an axial bore; and
PA1  b. a plastic blade which has a serrated and curved cutting edge disposed
      within said axial bore of said cylinder with said blade being in a plane
      which makes an angle in the range of 40.degree. to 80.degree. with the
      axis of said cylinder.
NUM  2.
PAR  2. A device for slitting wieners according to claim 1 wherein said plane
      makes an angle of approximately 60.degree. with the axis of said cylinder.
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ABST
PAL  An extension tube assembly is provided with a swivel coupling permitting
      selective angular adjustment thereof relative to a hand manipulated
      shut-off valve device of a compressed air sprayer unit, thereby to
      facilitate accurate "pointing" of a spray discharge nozzle carried by the
      assembly. A method of assembling the coupling is disclosed.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention generally relates to the field of discharge nozzle
      carrying extension tubes for use with compressed air sprayers. More
      particularly, the present invention relates to an improved arrangement for
      adjustably mounting the extension tube on a manually manipulated shut-off
      valve whereby to facilitate accurate pointing of the nozzle towards an
      object to be sprayed.
PAR  In accordance with the present invention, the extension tube is removably
      fixed to shut-off valve device or other manually manipulated discharge
      nozzle pointing device by means of a "swivel" coupling permitting ready
      adjustment of the angular orientation of the extension tube and thus the
      discharge nozzle relative to such valve device. The disclosed mode of
      fabricating or assembling the coupling permits a joint sealing gasket to
      be retained as a permanent part of the extension tube assembly.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a perspective view of a compressed air type spraying unit with
      which the present invention possesses utility;
PAR  FIG. 2 is an enlarged side elevational view of a portion of the unit shown
      in FIG. 1;
PAR  FIG. 3 is a sectional view taken through an extension tube coupling formed
      in accordance with the present invention; and
PAR  FIG. 4 is an exploded view of elements of the coupling shown in FIG. 3
      prior to assembly.
DETD
PAC  DETAILED DESCRIPTION
PAR  To facilitate description of the construction and mode of operation of the
      present invention, reference is first made particularly to FIG. 1, wherein
      10 designates a compressed air type spraying unit. Sprayer 10 is
      conventional from the standpoint that it includes a tank 12 having a
      manually operated pump 14, a flexible hose or flow conduit 16; a shut-off
      valve 18 having a manually operated valve control lever 20; an extension
      tube 22; and a spray nozzle 24. In use, tank 12 is normally suspended from
      the shoulder of an operator by means of a strap, not shown, and discharge
      of spray through nozzle 24 is controlled by operation of control lever 20;
      manual manipulations of the whole of shut-off valve 18 being employed to
      "point" the nozzle in order to control the direction of discharge of the
      spray.
PAR  In conventional sprayer units of the type illustrated in FIGS. 1 and 2, an
      externally threaded coupling 26 is rigidly fixed, as by soldering, to the
      front end of tube 22 for removably receiving an internally threaded or
      cup-shaped end 28 of nozzle 24; and an internally threaded coupling 30 is
      rigidly fixed, as by soldering, to the rear end of tube 22 for removably
      receiving an externally threaded nipple 32 extending forwardly from
      shut-off valve 18. Normally, a suitable sealing ring or gasket 34, shown
      only in FIGS. 3 and 4, is removably associated with coupling 30 to prevent
      leakage of fluid through the screw thread joint. This type of construction
      is normally quite acceptable when tube 22 is of a straight line
      construction or configuration. However, extension tubes are ofttimes bent
      or curved to define angularly arranged front and rear portions 22a and
      22b, respectively, in order to facilitate control of the direction of
      discharge of the spray. With this latter type of construction, it is
      necessary to maintain strict manufacturing tolerances in connection with
      the threading of nipple 32 and coupling 30, as well as the mounting of
      coupling 30 on tube portion 22b and the thickness of gasket 34. Otherwise,
      it is unlikely that tube 22 will be properly oriented relative to shut-off
      valve 18 when screwed together sufficiently to achieve a proper fluid seal
      therebetween. In this respect, it will be understood that it is normal
      practice to grip shut-off valve 18, such that its inlet conduit or nipple
      part 36 is engaged with the palm of the operator's hand, while the
      operator's fingers squeeze control lever 20 to open the shut-off valve in
      order to place tank 12 in communication with nozzle 24. This manner of
      gripping shut-off valve 18 results in the natural pointing of nozzle 24
      towards an intended point of application of the spray only when tube
      portion 22b is rotatably orientated relative to nipple 32, such as to
      arrange the spray discharge path, designated by arrow 38, to lie
      essentially within a "reference" or operator chosen plane, which may be
      considered as approximately lengthwise bisecting shut-off valve lever 20
      and inlet conduit 36. This in effect requires that tube portion 22b be
      rotatably oriented such that the whole of tube 22 is lengthwise bisected
      by this reference plane, since the front portion 22a and the spray
      discharge path are essentially coaxially arranged. As a practical matter,
      the orientation of this reference plane relative to shut-off valve 18 may
      vary between operators depending on individual hand sizes and shut-off
      gripping mannerisms. Thus, even with prior "top of the line" spraying
      units known for their maintenance of strict manufacturing tolerances,
      proper pointing of nozzle 24 was not always achieved in actual practice.
PAR  The present invention features an improved arrangement for connecting tube
      end portion 22b to shut-off valve nipple 32, whereby to permit selective
      operator adjustments of the tube 22 for achieving desired orientations of
      nozzle 24 relative to such operator's particular reference plane.
      Moreover, this may be achieved with the maintenance of minimal
      manufacturing tolerances and without greatly increasing the complexity and
      cost of tube fabrication.
PAR  Now with reference to FIGS. 3 and 4, it will be understood that the present
      invention features the provision of a swivel coupling 30' to adjustably
      connect tube rear portion 22b to shut-off valve nipple 32. Coupling 30' is
      of two part construction including a swivel cap adapter or mounting member
      30a' and a swivel cap 30b'. In the preferred form of the invention,
      adapter 30a' is of a generally cup-shaped configuration including a
      forwardly disposed sleeve portion 40, which is dimensioned to be slip
      fitted over the end of tube rear portion 22b; and an integrally formed,
      rearwardly disposed base portion 42, which includes an annular mounting
      flange 44 extending radially outwardly of sleeve 40. Flange 44 has a
      forwardly facing bearing surface 44a and a rearwardly facing sealing
      surface 44b. Base portion 42 is also formed with a centrally disposed or
      axially through bore opening 46 having a diameter preferably corresponding
      to that of shut-off valve flow passageway 48. The inner surface of sleeve
      portion 40 is permanently fluid sealed and rigidly fixed to the tube end,
      as by soldering or a suitable adhesive.
PAR  By now referring particularly to FIG. 4, it will be understood that, as
      formed, swivel cap 30b' includes a rearwardly disposed, hexagonally shaped
      base portion 50, which is provided with a threaded axially extending
      through opening 52 dimensioned to threadably receive nipple 32; and a
      forwardly and co-axially extending, integrally formed mounting sleeve
      portion 54, which has its cylindrically shaped inner surface axially
      divided into rear and front bearing portions 54a and 54b, respectively, by
      a groove or undercut 56. As formed, groove 56 includes a forwardly and
      radially outwardly flaired clearance surface 56a, and essentially
      cylindrically shaped intermediate clearance surface 56b and an essentially
      radially extending and rearwardly facing abutment or stop surface 56c. The
      internal diameter of sleeve 54 as formed exceeds the diameter of threaded
      opening 52, so as to cooperate therewith in defining an annular abutment
      or stop surface 60; such sleeve diameter being sufficient to slidably and
      rotatably accommodate mounting flange 44.
PAR  Previously mentioned gasket or sealing ring 34 is formed with a diameter
      approximating that of adapter mounting flange 44 and has a centrally
      disposed through opening 34a essentially corresponding to the diamter of
      bore opening 46.
PAR  By again referring to FIGS. 3 and 4, it will be understood that coupling
      30'  is assembled by a procedure including the steps of successively
      inserting gasket 34 and adapter base portion 42 into sleeve portion 54 and
      thereafter progressively inwardly deforming the forwardly disposed end of
      sleeve portion 54, as by a rolling operation. When the deforming operation
      is completed, the forward end of sleeve portion 54 is of a relatively
      reduced diameter with groove surface 56c positioned in a facing justaposed
      relationship with bearing surface 44a and inner surface bearing portion
      54b positioned to slidably and rotatably accommodate adapter sleeve
      portion 40 in the manner illustrated in FIG. 3. Surfaces 56c and 54b may
      depart slightly from their preferred radial and cylindrical configurations
      illustrated in the drawing without adversely effecting operation of
      coupling 30'. Groove 56 thus serves to define surface 56c; to provide for
      controlled "weakening" of the annular portion of sleeve 54 at which
      deformation thereof is to occur; and to afford radial clearance between
      the inner surface of sleeve 54 adjacent surface 56c and the outer surface
      of flange 44 subsequent to the deforming operation. Adapter sleeve 40 may
      be affixed to tube rear portion 22b, either before or after the coupling
      assembly operation.
PAR  When the above described assembly operation is completed, stop surfaces 60
      and 56c cooperate to permanently lock or retain gasket 34 and adapter 30a'
      within sleeve portion 54, while permitting slight axial displacement and
      rotational movements thereof relative to each other and sleeve portion 54.
PAR  When swivel cap 30b' is threaded onto nipple 32, the nipple cooperates with
      stop surface 56c for the purpose of clamping gasket 34 in fluid sealing
      engagement with both the front or radially disposed surface 32a of the
      nipple and surface 44b of adapter 30a'. Desired rotational adjustments of
      tube 22 relative to nipple 32 and thus valve 18 may be effected at any
      time before final fluid seal clamping of gasket 34.
PAR  With the disclosed coupling construction, tube 22 may be accurately
      orientated and effectively fluid sealed relative to shut-off valve 18
      without the necessity of maintaining excessively strict manufacturing
      tolerances.
PAR  While the extension tube assembly of the present invention has been
      described with reference to its use with a particular type of compressed
      air sprayer and in this connection as being fixed to a shut-off valve
      pointing device, it will be appreciated that the present extension tube
      assembly possesses utility with sprayer units other than that specifically
      described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of assembling a coupling for use in adjustably-removably
      attaching an inlet end of a tube to an externally threaded fluid discharge
      nipple, which comprises:
PA1  providing a swivel cap having a base portion provided with a through
      opening threaded to receive said nipple and an integrally formed sleeve
      portion extending coaxially forwardly of said base portion and having an
      internal diameter in excess of the diameter of said through opening
      thereby to define a forwardly facing annular first stop surface;
PA1  forming an annular groove in the inner surface of said sleeve portion
      whereby to divide said inner surface into relatively rear and forward
      bearing surfaces and to define within said groove a rearwardly facing and
      essentially radially extending annular second stop surface;
PA1  providing a swivel cap adapter having a base and integral formed sleeve
      extending co-axially forwardly of said base, said base having a centrally
      disposed flow opening therethrough and an annular flange extending
      radially outwardly of said sleeve and defining a rearwardly facing sealing
      surface and a forwardly facing annular bearing surface, said flange having
      a diameter in excess of said threaded opening and dimensioned to be
      slidably and rotatably accommodated within said sleeve portion;
PA1  providing a sealing ring having a diameter corresponding essentially to
      said flange diameter and a centrally disposed through flow opening;
PA1  successively inserting said sealing ring and said swivel cap adapter into
      said sleeve portion to position said sealing ring adjacent said first stop
      surface and said flange sealing surface adjacent said sealing ring with
      said sealing ring and said flange in essential radial alignment with said
      rear bearing surface of said inner surface;
PA1  deforming said sleeve portion to radially inwardly displace portions
      thereof forwardly of said groove for positioning said second stop surface
      in facing juxtaposed relationship to said flange bearing surface and for
      positioning said forward bearing surface of said inner surface to slidably
      and rotatably receive said sleeve, thereby to permanently retain said
      sealing ring and said swivel cap adapter within said sleeve portion
      axially intermediate said first and second stop surfaces with said flow
      openings in essential alignment with said threaded opening; and
PA1  permanently affixing said sleeve in fluid seal relationship to said tube
      inlet end to position said base flow opening in flow communication with
      said tube.
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ABST
PAL  An insulated staple is formed by a U-shaped body member, and a piece of
      flexible, plastic tubing bent in a U-shaped configuration and installed on
      the body member. The plastic tubing is cut along a longitudinal wall
      portion to form a longitudinally extending opening at the central region
      of the tubing. The insulated staple is then assembled by inserting the
      opposed and parallel legs of the body member through the longitudinal
      opening and out through the axial ends of the tubing so that the body
      member is lined along its inner periphery between the end portions of the
      tubing mounted on the opposed and parallel legs. The method for making the
      insulated staple comprises cutting the longitudinal opening in the tube,
      bending the tube in a U-shaped configuration and inserting the legs of the
      body member through the axial ends of the tubing so that the pointed tips
      are exposed and the inner periphery of the staple is lined between the end
      portions of the tubing on the parallel legs.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation of co-pending application Ser. No.
      342,852, filed March 19, 1973, now abandoned, which in turn is a
      divisional application of Ser. No. 227,842, filed Feb. 22, 1972, now U.S.
      Pat. No. 3,787,608.
PAR  This application also contains subject matter which is related to that in
      U.S. Pat. No. 3,751,902 entitled "Apparatus for Installing Insulation on a
      Staple" and having the same assignee.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an insulated staple and the method for
      making such a staple. More particularly, the present invention is related
      to a staple which has a generally U-shaped configuration and which
      includes a section of tubing formed from an insulating material and
      mounted on a body member to provide a staple with insulating
      characteristics for supporting conduits on walls, beams and similar
      supporting objects.
PAR  U-shaped staples for mounting conduits such as electrical or fluid conduits
      to other objects are well known in the are as indicated by U.S. Pats. Nos.
      662,587, 2,351,608 and 2,526,902. In a typical installation where such
      staples are employed, the elongated conductor is held in place by the
      component parts of the staple comprising a bridging section
      interconnecting two generally opposed and parallel legs straddling the
      conductor. The parallel legs have pointed, free ends which are driven into
      the supporting object by a hammer or other tool. The bridging section of
      the U-shaped staple is frequently lined or covered with an insulating
      material so that the conduit or cable being supported is held in isolated
      relationship from the staple In this respect, the use of the terms
      "insulated," "insulating" or "insulation" in this specification is
      intended to encompass electrical, thermal, and vibrational insulating
      characteristics, all of which can be advantageously employed between
      mounting staples and a supported conduit.
PAR  In the prior art staples exemplified in the above-referenced patents, the
      U-shaped body member is formed from a relatively hard material, most
      commonly a metal, in order to withstand the blows of a hammer as the
      staple is driven into a supporting base. Since most metals are good
      electrical and thermal conductors and, by their inherent hardness, tend to
      transmit vibratory forces with little attenuation to the supported
      conduit, it is common to provide insulation about the bridging section and
      contiguous portions of the parallel legs of the body member by coating or
      mounting an insulating material on the body member to separate the conduit
      and body member in the mounted positions. In U.S. Pats. Nos. 662,587 and
      2,351,608 the insulator is formed from a strip of insulating material or
      less pliable insert and is held to the body member by frictional
      engagement of the legs. In U.S. Pat. No. 2,526,902, the insulating
      material is applied to the staple as a close-fitting covering preferably
      applied by a molding operation with a special molding die of suitable
      construction.
PAR  In each of the above-referenced prior art staples, the insulator is
      specially formed for mounting on the U-shaped body members. While the end
      products are suitable for their intended purposes, the use of specially
      constructed insulators contributes to the cost of the product, and
      installation procedures utilized with such insulators can become
      relatively sophisticated in view of special molding or forming techniques
      required to obtain the desired insulator configuration and other
      difficulties associated with the installation of the insulators on the
      body members.
PAR  It is accordingly the general object of the present invention to disclose a
      staple which is simple in construction and which can be easily assembled
      from readily available insulating material having a multitude of other
      purposes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in a staple and the method by which the
      staple is constructed. The staple itself is comprised of a U-shaped body
      member having two opposed and parallel legs which are connected by a
      bridge section at adjacent leg ends and which are provided with pointed
      tips at the opposite or free ends for penetration into a supporting
      object. A section of non-metallic, flexible tubing bent in a U-shaped
      configuration is fitted over the U-shaped body member with opposite end
      portions of the tubing being positiond coaxially on the respective,
      opposed legs of the body member. The tubing section exposes the pointed
      ends of the legs and has an intermediate portion extending along the
      bridge section to line at least the inner periphery of the body member
      between the end portions mounted on opposed legs. The staple is
      constructed by removing a longitudinal wall portion from a section of
      flexible tubing and bending the tubing so that the tips of the parallel
      legs on the body member can be inserted respectively through the opposite
      axial ends of the tubing. The insulating tubing section and the body
      member are held together by the frictional engagement of the tubing
      section and the parallel legs of the body member. The insulated staple is,
      therefore, easily formed from materials which are readily available and
      the installation procedure is relatively simple compared to the special
      forming operations of the prior art.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the insulated staple of the present
      invention in one embodiment.
PAR  FIG. 2 is a cross sectional view of the insulated staple in FIG. 1 as
      viewed along the sectioning line 2--2.
PAR  FIG. 3 is a side view of the flexible insulating tubing after a
      longitudinal wall portion is removed.
PAR  FIGS. 4a-4e are a series of views showing the steps by which the flexible
      insulating tubing is installed on the body member of the staple.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 shows one embodiment of the insulated staple of the present
      invention. The staple, generally designated 10, is composed of two basic
      elements, a U-shaped body member 12 and an insulator which takes the form
      of a non-metallic, flexible tubing section or sleeve 14 bent in a U-shaped
      configuration corresponding to the configuration of the body member 12.
PAR  The U-shaped body member 12 is a conventional non-insulated staple already
      known in the prior art and formed from a heavy gauge wire stock of a
      conductive metal such as a steel alloy. The formation of a U-shaped body
      member of this type is not new in the art and is well known, one such
      forming operation and associated apparatus being described in the
      above-referenced U.S. Pat. No. 2,351,608, so that a further description of
      the metal forming operation is not provided or considered necessary with
      respect to the present invention.
PAR  As is shown in FIG. 1, the body member 12 is comprised principally of two
      opposed and parallel legs 20 and 22, each of which is pointed at the free
      ends 26 and 28 respectively and a bridge section 24 integrally joined with
      and interconnecting the ends of the legs 20 and 22 opposite the pointed
      ends 26 and 28. It will be noted that the pointed ends 26 and 28 or tips
      of the legs 20 and 22 have point-forming shear planes facing in opposite
      transverse directions relative to the plane of the U-shaped body member
      12. As a consequence, the free ends 26 and 28 of the staple legs are
      aligned in a direction which is slightly out of the plane of the body
      member 12.
PAR  The bridge section 24 integrally connected between the parallel legs 20 and
      22 includes a depressed flat or saddle 30 at its center portion which
      permits only the portions of the body member at the upper ends of the legs
      and outer ends of the bridge section to be exposed to the driving blows of
      a hammer that urge the pointed ends 26 and 28 of the legs into a support
      or base to which a conduit or other object is to be fastened by the staple
      10. With such construction, the driving blows are transmitted directly
      through the parallel legs to the pointed tips and facilitate anchoring the
      staple to a support.
PAR  The insulating tubing section 14 is cut to have a longitudinal length less
      than the total length of the two parallel legs 20 and 22 and the bridge
      section 24 of the body member 12, but greater than the length of the
      bridge section 24 alone so that when the tubing section is centrally
      mounted on the body member, the free or projecting ends 26 and 28 of the
      legs 20 and 22 are fully exposed for penetration into a support and the
      upper portion of the staple 10 is fully lined along the inner periphery
      which contacts the supported conduit. The tubing 14 is formed from a
      flexible insulating material, preferably a plastic such as
      polyvinylchloride or polyethylene, and has an internal diameter
      corresponding approximately to the outside diameter of the heavy gauge
      wire forming the body member 12 to receive the legs 20 and 22 in close
      fitting contact. Although the tubing and the body member are illustrated
      as having circular cross sections throughout the drawings, it is readily
      apparent that both tubes and body members having rectangular, oval and
      other cross sections can be employed. It is desirable, however, that the
      tubing and the legs of the staple be held in frictional engagement when
      the tubing is installed so that the insulator stays fastened to the body
      member before the staple is mounted in a support with a conduit under the
      bridge section 24.
PAR  As shown by a comparison of FIGS. 1 and 3 the insulating tubing 14 prior to
      installation on the body member 12 is a straight section of tubing having
      two axially opposite end portions 40 and 42 which after installation
      completely encircle the legs 20 and 22 respectively. An intermediate
      portion 44 of the tubing 14 connects the opposite end portions 40 and 42
      and extends along the inner periphery of the bridge section 24 of the body
      member when the tube is installed. In the tubing section 14 shown in FIGS.
      1-3, a longitudinally extending wall portion is removed along the
      intermediate portion 44 to form a longitudinal opening defined by two
      longitudinally extending edges 46a and 46b and two notches 48a and 48b
      forming longitudinal end edges. The length of the longitudinal opening
      between the notches 48 is selected to be no less than, and preferably
      approximately equal to, the length of the bridging section 24 connecting
      the parallel legs 20 and 22 of the body member 12. Furthermore, the edges
      46a, 46b lie in a longitudinally extending plane which is offset from the
      axis of the tubing 14 toward the side bearing the opening, and the
      greatest width of the longitudinal opening lies adjacent the longitudinal
      end edges, the longitudinal edges 46a, 46b being more closely spaced. By
      cutting the longitudinal opening so that the notches 48a, 48b adjacent the
      longitudinal ends of the opening are separated by an amount equal to the
      spacing of the legs and so that the notches penetrate approximately to the
      central plane of the tubing, the width of the opening will be largest at
      the longitudinal ends of the opening, such width being approximately equal
      to the inside diameter of the tubing. The tubing is then bent more easily
      into a U-shaped configuration corresponding to the shape of the body
      member 12, and the pointed tips 26 and 28 of the legs 20 and 22 are more
      easily inserted through the opening and into the end portions 40 and 42 of
      the tubing 14 as described in the installation operations below. The
      smaller width between the longitudinal edges 46a, 46b allows the
      intermediate portion 44 of the tubing to partially envelop the central
      portion or saddle 30 in the body member as shown most clearly in FIG. 2.
      By partially enveloping the saddle 30, there is less opportunity for a
      supported conduit to contact the metal of the bridging section 24 in
      installations where, for example, the cable is suspended in festoons or is
      otherwise bent over the bridge section 24. It is, therefore, advantageous
      to cut a wall portion from the tubing 14 so that the intermediate portion
      44 has a circumferential dimension substantially greater than one half of
      the tube outer circumference and the circumferential dimensions adjacent
      the ends of the intermediate portion 44 are approximately equal to one
      half of the circumference. When installed, the tubing 14 provides
      insulation at the important regions of the body member 12, and the
      bridging section 24 and connecting ends of the legs 20 and 22 are exposed
      to the direct blows of a hammer when the staple is driven into a support.
PAR  The steps of the novel method for installing the sleeve or tubing section
      14 on the U-shaped body member 12 in accordance with the present invention
      are depicted in sequence in FIGS. 4a-4e. In FIG. 4a a coil or roll 50 of
      non-metallic, flexible tubing (shown schematically) is unreeled from a
      supply spool to present a generally straight length of tubing L at the
      free or unraveled end of the coil. In FIG. 4b, a longitudinal wall portion
      52 is cut from the generally straight length of tubing to form the
      longitudinal opening 54 and then the section 14 of tubing is severed from
      the coil 50. As shown, the removed wall portion has a greater
      circumferential dimension adjacent the longitudinal ends than at the
      midpoint to provide the desired opening for the installation steps which
      follow. With the wall portion 52 removed, the section of tubing 14 is bent
      in a generally U-shaped configuration corresponding to a U-shaped body
      member and with the longitudinal opening 54 at the outer periphery of the
      configuration as shown in FIG. 4c. A body member 12 is presented to the
      bent tubing 14 with the pointed tips 26 and 28 of the member adjacent the
      respective longitudinal ends of the opening 54. The pointed tips 26 and 28
      of the legs 20 and 22 are aligned in a direction slightly out of the plane
      of the body member and it is preferable in preparation for the insertion
      of the leg tips through longitudinal opening in the tubing that the
      section of tubing be held at a slight angle relative to the plane of the
      body member 12 with the longitudinal axis of the tubing aligned with the
      pointed tips. In FIG. 4d, the pointed tips 26 and 28 of parallel legs 20
      and 22 are inserted respectively into the opposite longitudinal ends of
      the opening 54 and through the respective axial end portions 40 and 42 of
      the tube 14 so that the end portions are located coaxially about the
      respective legs 20 and 22 of the body member and the opening 54 faces away
      from the pointed ends of the legs. In this respect, the term "insert"
      contemplates movements of the body member 12 and the tubing 14 relative to
      one another to position the legs 20 and 22 of the body member and the
      respective ends 40 and 42 of the tubing in coaxial relationship as shown,
      regardless of which element, the body member 12 or the tubing 14, is moved
      or held stationary. In FIG. 4e the tube 14 is driven or pressed into a
      fully seated position on the body member 12 so that the intermediate
      portion 44 is adjacent the bridging section 24 as also shown in FIGS. 1
      and 2. Fully seating the intermediate portion 44 around the bridge section
      24 may be carried out when a conduit captured by the staple is forced
      against the bridge section as the staple is driven into another object.
      Apparatus for performing the assembling operation as shown is disclosed in
      the copending application cross referenced above.
PAR  It will thus be seen that the insulated staple 10 is formed by adding a
      section of readily available plastic tubing to a metallic staple body
      member 12 known in the prior art. After cutting the longitudinal opening
      the tubing 14 is easily bent into a U-shaped configuration and is slipped
      onto the parallel legs 20 and 22 of the body member to provide the desired
      insulation at all important points of the staple without covering the
      upper portion of the body member which receives the driving blows of a
      hammer or other device directly. The length of the axial end portions 40
      and 42 on the legs affects the depth of penetration of the legs into an
      object since the forces required to drive the legs further into an object
      after the end portions 40 and 42 have engaged the object increase
      significantly. Therefore, the end portions 40 and 42 afford some
      protection against crushing a captured conduit during a stapling
      operation. Additionally, it is significant that the steps for forming and
      installing the insulator are simple compared to the more sophisticated
      forming or molding operations taught in the prior art, and the insulated
      staples can be produced economically from ordinary plastic tubing or the
      like.
PAR  Although the present invention is described in a preferred embodiment, it
      will be readily understood that numerous modifications can be had without
      departing from the spirit of the invention. The body member 12 need not be
      an integrally formed element. The bridge section can be changed in shape
      and the saddle can be eliminated as desired. The particular form of the
      longitudinal opening can be varied from the form depicted in the drawings
      as long as the tubing installed on the body member provides the desired
      insulation and remains attached to the body member before and during use.
      The length of the axial end portions 40 and 42 of the tubing 14 and the
      length of the legs 20 and 22 of the body member 12 can be varied as
      desired. Materials other than those listed above can be employed provided
      that they can be made sufficiently flexible for installation of the body
      member. Accordingly, the present invention is disclosed in a preferred
      embodiment by way of illustration rather than limitation.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of making an insulated staple comprising the steps of:
      providing a U-shaped body member having two spaced and generally parallel
      legs and a bridging section connected to one end of each leg opposite the
      spaced, free ends of the legs; providing a flexible tube formed from an
      insulating material and having a length between the axial ends of the tube
      less than the combined lengths of the two parallel legs and the bridging
      section of the body member, and greater than the length of the bridging
      section alone; removing a longitudinally extending wall portion of the
      tube to form a longitudinal opening along one side of the tube
      intermediate the axial tube ends, the longitudinal length of the removed
      wall portion and the opening being less than the length of the tube; and
      after removing the wall portion, installing the flexible tube on the
      U-shaped body member in a position locating the axial ends of the tube
      coaxially on the respective legs of the body member and locating the
      longitudinal opening of the tube facing away from the free ends of the
      legs.
NUM  2.
PAR  2. A method of making an insulated staple as defined in claim 1 wherein the
      step of removing comprises removing the wall portion to form a
      longitudinal opening having a length along the axis of the tube
      substantially equal to the length of the bridging section alone.
NUM  3.
PAR  3. A method as defined in claim 2 wherein the step of installing comprises
      bending the flexible tube in a U-shaped configuration, and inserting the
      spaced ends of the legs through the longitudinal opening into the tube and
      respectively out of the axial ends of the tube.
NUM  4.
PAR  4. A method of making an insulated staple as defined in claim 2 wherein the
      step of installing comprises installing the tube in a position on the body
      member in which the portion of the tube coextensive with the longitudinal
      opening partially envelops the bridging section of the body member.
NUM  5.
PAR  5. A method of making an insulated staple as defined in claim 1 wherein the
      step of removing comprises cutting the wall portion to form a longitudinal
      opening having a longitudinal length substantially equal to the length of
      the bridging section of the body member and having a width adjacent the
      longitudinal ends of the opening greater than the width at the
      longitudinal midpoint of the opening.
NUM  6.
PAR  6. A method of making an insulated staple as defined in claim 5 wherein the
      step of cutting comprises cutting the opening to provide the greatest
      width of the opening adjacent the longitudinal ends and equal to the
      inside diameter of the tube.
NUM  7.
PAR  7. A method of making as defined in claim 1 wherein the step of removing
      comprises cutting from the tube a wall portion having a circumferential
      dimension adjacent the longitudinal ends of the wall portion greater than
      the circumferential dimension at the midpoint of the wall portion.
NUM  8.
PAR  8. A method of making an insulated staple as defined in claim 1 wherein the
      step of providing a flexible tube comprises selecting a plastic tube
      having an internal diameter corresponding to the diametrical dimension of
      the leg of the body member.
NUM  9.
PAR  9. A method of installing a generally straight, flexible, insulating sleeve
      on a U-shaped staple having a bridging section integrally connected to two
      spaced and parallel legs comprising the steps of: removing a longitudinal
      wall portion from one side of the insulating sleeve intermediate the axial
      ends of the sleeve to form a longitudinal opening while the sleeve is held
      in a generally straight configuration, the longitudinal dimension of the
      removed wall portion and the opening being selected to correspond with the
      spacing of the parallel legs at the connections with bridging section of
      the U-shaped staple; bending the flexible insulating sleeve along the
      region of the sleeve previously containing the removed wall portion to
      form a U-shaped configuration in which the longitudinal opening is located
      along the outer periphery of the bent sleeve; and inserting the free ends
      of the spaced and parallel legs respectively into the opposite ends of the
      longitudinal openings and through the respective axial ends of the
      flexible sleeve.
NUM  10.
PAR  10. A method of installing a flexible insulating sleeve on a U-shaped
      staple as defined in claim 9 wherein the step of removing comprises
      removing a wall portion having circumferential dimensions adjacent the
      longitudinal ends of the wall portion greater than the circumferential
      dimension at a point midway between the longitudinal ends of the wall
      portion.
NUM  11.
PAR  11. A method of installing a flexible insulating sleeve as defined in claim
      10 wherein the step of removing comprises cutting from the sleeve a wall
      portion having a circumferential dimension at the midpoint of the
      longitudinal dimension less than one half of the outer circumference of
      the sleeve.
NUM  12.
PAR  12. The method of making an insulated staple comprising the steps of:
PA1  providing a U-shaped body member having two spaced and generally parallel
      legs and a bridging section connected to one end of each leg opposite the
      spaced, free ends of the legs;
PA1  providing a flexible tube formed from an insulating material and having a
      length between the two opposite axial ends of the tube less than the
      combined lengths of the two parallel legs and the bridging section of the
      body member, and greater than the length of the bridging section alone,
      the tube having internal cross sectional dimensions corresponding
      approximately with the cross sectional dimensions of the legs of the body
      member; and
PA1  mounting the flexible tube on the U-shaped body member with the two axial
      end portions of the tube located coaxially on the two legs of the body
      member respectively with the tube walls of the axial end portions
      completely circumscribing the respective legs in close fitting
      relationship and with the remaining portion of the tube between the axial
      end portions extending under the bridging section of the body member.
NUM  13.
PAR  13. The method of making an insulated staple as defined in claim 12
      including the step of driving the flexible tube onto the body member to a
      position in which the remaining portion of the tube between the axial end
      portions is seated against the bridging section of the body member.
NUM  14.
PAR  14. The method of making an insulated staple as defined in claim 16
      including the step of:
PA1  bending the flexible tube into a U-shaped configuration prior to the step
      of inserting.
NUM  15.
PAR  15. The method of claim 14 wherein:
PA1  the step of bending comprises bending the flexible tube into a U-shaped
      configuration having the axial end portions substantially parallel with
      one another and spaced by a distance equal to the spacing of the legs on
      the body member.
NUM  16.
PAR  16. The method of making an insulated staple as defined in claim 12
      wherein:
PA1  the step of mounting includes inserting the tips of the spaced, free ends
      of the two legs respectively into the interior of the flexible tube
      adjacent the opposite axial ends and then out through the opposite ends so
      that the axial end portions of the tube are located coaxially and
      respectively on the legs.
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ABST
PAL  A closure flange molded of synthetic plastic resin has an internally
      threaded cylindrical neck surrounded at one end by a circumferentially
      enlarged base. An annular groove is formed on the flange base for
      retention of a thermoplastic bonding element having electromagnetic
      conducting particles embedded therein. The flange manufacture includes
      making the bonding element up from an elongated strand into a complete
      annulus and securely inserting the annular bonding element within the
      groove in the flange base.
PARN
PAR  This is a division of application Ser. No. 443,683, filed Feb. 19, 1974,
      now U.S. Pat. No. 3,873,132.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the manufacture of plastic pails and drums it has been proposed to
      provide a closure receiving neck thereon by permanently bonding an
      internally threaded closure flange about a flat opening molded within the
      container wall. One advantageously employed bonding technique consists of
      interposing an electromagnetic bonding element at the flange container
      wall interface. The bonding element is energized by placing the closure
      assembly within a high frequency magnetic field, causing a melt zone and
      resultant bonding at the flange container wall interface.
PAR  Heretofore a number of difficulties presented themselves in attempts to
      refine the above described bonding technique into an efficient container
      fabricating operation. One such difficulty concerns the need for a
      production oriented application of the bonding element to the groove in
      the flange base as opposed to a strictly manual operation. Another problem
      concerns the need for effectively forming a strand of electromagnetic
      bonding material into a complete and continuous annulus. Any space gap
      created at the intended juncture of the severed strand ends may introduce
      the likelihood of failure in bonding. Once the strand is properly applied
      to the flange base, the problem arises of securely retaining the bonding
      element within the flange base groove during subsequent shipping and
      handling conditions.
PAC  SUMMARY
PAR  The closure flange assembly and method of manufacture disclosed by the
      instant invention advantageously overcomes the above mentioned problems
      through the formation of a novel groove configuration in the flange base
      which precludes accidental dislodgment of the bonding element under the
      severest handling conditions. The method of manufacture herein disclosed
      includes feeding the bonding element as an elongated strand into a
      circular die cavity whereupon closing of the die severs the strand and
      inserts it as a complete annulus into the flange base groove.
PAR  It is, accordingly, a principal object of the invention to provide a new
      plastic closure assembly for thermoplastic bonding to a plastic container
      wall opening.
PAR  Another object is to provide a method of applying an electromagnetic
      bonding element to a closure flange to facilitate bonding to a container
      wall opening through the use of electromagnetic induction.
PAR  Still another object is to form an electromagnetic bonding element from an
      elongated strand into a complete annulus and apply the element to a
      closure flange so as to be securely retained thereon.
PAR  Other and more detailed objects will in part be obvious and in part be
      pointed out as the description of the invention taken in conjunction with
      the accompanying drawing proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a part elevational, part sectional view of the closure flange of
      the invention;
PAR  FIG. 2 is an enlarged fragmentary sectional view showing the initial
      position of the bonding element as it is applied to the flange base;
PAR  FIG. 3 is a sectional view similar to FIG. 3 but showing the bonding
      element fully seated in the flange base;
PAR  FIG. 4 is an enlarged fragmentary top plan view of the flange base with the
      bonding element applied;
PAR  FIG. 5 is a fragmentary sectional view showing the flange in position for
      bonding within a container wall opening;
PAR  FIG. 6 is a sectional view similar to FIG. 4 but showing the completed bond
      and a closure plug in place;
PAR  FIG. 7 is an exploded sectional view of the mechanism for applying the
      bonding element to the flange base in accordance with the method steps of
      the invention;
PAR  FIG. 8 is a view taken on line 8--8 of FIG. 7 and looking in the direction
      of the arrows;
PAR  FIG. 9 is an enlarged fragmentary sectional view similar to FIG. 8 showing
      an advanced position of the strand of bonding material within the applying
      mechanism; and
PAR  FIG. 10 is a sectional view similar to FIG. 9 showing a further advanced
      position with the strand severed and formed into a complete annulus.
DETD
PAR  As seen in FIGS. 1-6, the closure flange 1 is molded of a thermoplastic
      synthetic resin such as polyethylene and consists of an upstanding
      cylindrical neck 2 having an interior screw thread 3. The upper end of the
      flange neck has a short unthreaded portion 4 and terminates in a
      circumferentially enlarged bead 5. The exterior surface of the flange neck
      2 has a short section 6 of reduced diameter beneath the bead 5 and is then
      circumferentially thickened into a lower pilot portion as indicated at 7.
      An annular collar 8 surrounds the base of the flange neck having an upper
      surface 9. An annular, upwardly opening, groove 10 is formed in the upper
      surface 9 spaced radially outwardly from the thickened pilot portion 7 of
      the flange neck. The mouth of the groove 10 is partially closed off by a
      pair of annular ribs 11, one at each side of the groove and extending
      above the flange upper surface 9. An additional annular rib 12, extending
      above the upper surface 9, is formed at the outer edge of the collar 8.
PAR  The final step in the flange manufacture involves the application of an
      electromagnetic bonding element 13 to the flange collar for the purpose of
      forming a thermoplastic bond to a container wall opening. The bonding
      element here employed is made up from an elongated strand of thermoplastic
      material, circular in cross-section and having minute metal
      electromagnetic conducting particles embedded therein. The strand is
      formed into an annulus having overlapping end surfaces 13a and 13b which
      form a lap joint and insure against the presence of any radial gap in the
      bonding zone. As clearly see in FIGS. 2 and 3, the cross-sectional
      diameter of the bonding element 13 is substantially equal to the width of
      the groove 10 and slightly greater than the closest distance between the
      ribs 11. A downwardly directed force applied to the bonding element 13
      causes the flexible ribs 11 to open up, allowing the element to enter the
      groove 10. Subsequent relaxation of the ribs after the element is fully
      seated within the groove serves to positively retain the element securely
      in place. The mechanical grip applied by the ribs 11 prevents accidental
      dislodgment of the element 13 during packing, shipping and handling of the
      finished flange.
PAR  The bonding of the flange 1 to a plastic container wall section, such as a
      pail head as indicated at 14, is accomplished by inserting the neck of the
      flange up through the container wall opening 15 which just fits over the
      enlarged neck pilot portion 7. In FIG. 5 the undersurface of the container
      wall, prior to bonding, rests on top of the bonding element 13 and just
      above the ribs 11 and 12. Induction welding of the flange to the
      surrounding container wall section commences upon the application of a
      vertical force to the assembly and introduction within the magnetic field
      of a high frequency induction heating generator. As the thermoplastic
      resin of the element 13 starts to melt, together with the walls of the
      groove 10, the ribs 11 and 12 also melt, causing the upper surface 9 of
      the collar 8 and the undersurface of the wall 14 to come together. The rib
      12 being further removed from the bonding element 13 tends to melt more
      slowly, thus forming a dam against the outward flow of bonding material.
      As seen in FIG. 6, the result is a permanent homogeneous bonding at the
      flange container wall interface. It should be noted that the groove and
      cooperating ribs could also be formed on the undersurface of the flange
      collar to enable bonding of the flange to the exterior surface of a
      container wall such as would be required on blow-molded containers.
PAR  The bonded flange may then be fitted with a closure plug 16 having a
      threaded side wall 17 terminating at its upper end in a circumferentially
      enlarged head 18 designed for gasketing engagement with the flange bead 5.
      Further protection against leakage and pilfering can be had by crimping a
      tamperproof capseal (not shown) about the flange bead 5.
PAR  Considering the method herein disclosed for applying the bonding element to
      the flange, attention is directed to FIG. 7 which shows an applying head
      20 mounted on a vertically moveable shaft 21. The head 20 consists of an
      inverted cup-shaped housing 22 having a base wall 23 and a depending
      cylindrical wall 24 terminating in a lowermost locating surface 25. A
      passage 24a, as clearly seen in FIG. 8, extends angularly through the wall
      24 so as to communicate with the housing interior. The base 23 is formed
      with a large central opening 26 surrounded by three smaller holes 27. A
      cutter 28 is nested within the housing 22 having a base wall 29 surrounded
      by a depending cylindrical wall 30 terminating at its lower end in a
      shearing edge 31. The shaft 21 is slideably received through the center
      opening 26 in the housing member base 23 and is secured to the cutter base
      29 by nut 32. A cylindrical plunger 33 is slideably mounted within the
      cutter 28 and has an outwardly opening groove 34 formed in its exterior
      surface. Three screws 35 extend through the holes 27 in the housing base
      23 and are secured to the plunger 33. A coiled compression spring 36
      surrounds each of the screws 35 so as to resiliently urge cutter 30 and
      plunger 33 apart.
PAR  In operation a flange 1 is seated on an anvil 37 positioned beneath the
      applying head 20. An elongated strand of electromagnetic bonding material
      13 is fed into the passage 24a in the housing sidewall 24 and, as seen in
      FIG. 8, is guided by the groove 34 around the plunger 33 into an annular
      form. The head 20 is then lowered down over the flange with the locating
      surface 25 resting against the upper surface 9 of the flange collar, and
      with the plunger 33 resting on top of the flange bead 5. Continued
      downward movement of the shaft 21 overcomes the compression of springs 36
      and urges the cutter 28 downwardly relative to the housing and plunger. In
      so doing the shearing edge 31 is lowered over the passage 24a and severs
      the strand 13 along the interior surface of the housing wall.
PAR  As the my 28 continues to move downwardly, it pushes the element 13 ahead
      of it, forcing the element between the annular upstanding ribs 11 on the
      flange collar. The final downward movement of the cutter 28 firmly seats
      the element 13 within the flange groove 10 whereupon the head 20 is
      retracted upwardly and the parts thereof restored to their initial
      position. It should be noted that during the downward urging of the
      element 13 by the cutter 28, the leading cut end 13a and the trailing cut
      end 13b are lined up in a common axially extending plane as seen in FIG.
      10. As a result the strand of electromagnetic bonding material is formed
      into a complete uninterrupted annulus with the angled surfaces 13a and 13b
      preventing a detrimental radially extending gap from occurring at the
      joint due to minor variations in the strand length.
PAR  From the foregoing it is seen how a container closure flange molded of
      synthetic resin can be very simply assembled with an electromagnetic
      bonding element for thermoplastic induction bonding to a container
      openings. The assembly operation disclosed, while lending itself very well
      to an automatic or semiautomatic production operation, also contributes to
      the quality and effectiveness of the bond between the flange and the
      container wall.
CLMS
STM  Having described my invention, what I claim is as follows:
NUM  1.
PAR  1. A method of manufacturing closure flanges for electromagnetic bonding to
      containers comprising the steps of molding an annular closure flange of
      thermoplastic synthetic resin, supporting said flange in concentric
      alignment with an applying head, feeding an elongated strand of
      electromagnetic bonding material into said head to form an annulus
      displacing said head and flange toward each other, cutting said strand
      into a predetermined length and applying said strand as a complete annulus
      to said flange as said annulus is discharged from said head.
NUM  2.
PAR  2. A method of manufacturing closure flanges as in claim 1 and said cutting
      of said strand within said head forming a lap joint at the strand ends.
NUM  3.
PAR  3. A method of manufacturing closure flanges as in claim 1 and positively
      locking said strand onto said flange.
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ABST
PAL  There is disclosed a monolithic light display comprising a matrix of light
      emitting diodes in an integral structure which is scannable to produce an
      alpha numeric character display. Each of the light emitting diodes is
      electrically isolated from each other diode in a supporting carrier, with
      the cathodes of the diodes connected in a series of groups by address
      lines and anodes connected in an orthagonal plurality of groups by bit
      lines or column lines. A strobing format logic address system is provided
      for lighting the individual diodes to emission for producing an alpha
      numeric character.
PAL  There is also disclosed a method of making the foregoing which comprises
      moat etching a semiconductor substrate of a first conductivity to form a
      plurality of mesas in an orthagonal pattern desired for the ultimate alpha
      numeric display. A region of the opposite conductivity is then produced on
      the moat etched surface of the substrate by diffusing a suitable dopant
      therein. The PN junction is thereby formed following the contour of the
      moat etched surface. A layer of material is then deposted upon the
      diffused surface and a supporting carrier deposited over the first layer.
      If the first layer is of conductive material, the supporting carrier is
      required to be of dielectric material. If the first layer is of a
      dielectric material, the carrier may be either dielectric, heat
      conductive, or electrically conductive material. The original substrate is
      then removed by lapping, etching or polishing to leave only the mesas in a
      dielectrically isolated array. Suitable electrical connections are made to
      the individual diodes to complete the display.
PARN
PAR  This is a division of application Ser. No. 188,274, filed Oct. 12, 1971,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to alpha numeric displays and more particularly to a
      monolithic light emitting diode display. More particularly, the invention
      is related to a light emitting diode display which is scannably
      addressable.
PAR  Visual readout devices such as alpha numeric displays are available in
      several formats utilizing various light emitting devices such as
      incandescent lamps, gaseous discharge lamps, electroluminescent arrays and
      more recently, light emitting diode arrays. Such devices are utilized for
      many purposes such as computer readouts, process control instrumentation,
      aircraft and automotive instrument panels, and various other indicators
      such as clocks and gauges. Since most, if not all of the aforementioned
      uses, rely on semiconductor electronics, it is highly desirable that the
      alpha numeric display be compatible with the voltages and currents
      normally utilized in such semiconductor circuits and be compatible with
      its speed of operation. The major objection to the presently most widely
      used visual readout, the gas discharge lamp of the cathode glow variety,
      is the high voltage required for initiating the glow discharge. Such
      readouts require the use of interface semiconductors having high reverse
      voltage breakdown characteristics. Obviously, the light emitting diode
      array format, being itself a semiconductor device, is highly desirable for
      a visual readout since it is inherently compatible with the electronics of
      the semiconductor circuits.
PAR  Some attempts have been made to provide alpha numeric displays utilizing
      light emitting diodes in either discrete, hybrid or individually
      addressable diode bit arrays. In these formats, light emitting diode
      arrays have not been widely acceptable, as they are costly, unreliable and
      relatively inconvenient to adapt to standard systems.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide a monolithic light
      emitting diode alpha numeric display device and method.
PAR  A further object of the invention is to provide a monolithic light emitting
      diode alpha numeric display which is relatively economic and compatible
      with standard systems.
PAR  In accordance with the aforementioned objects, there is provided a
      monolithic light display comprising a matrix of light emitting diodes in
      an integral structure, said light emitting diodes being arranged in
      columns and rows, a first level of metallization contacting the anodes of
      all of said light emitting diodes in each of the plurality of rows and a
      second level of metallization contacting the cathodes of said diodes in
      each of the plurality of columns.
DRWD
PAC  THE DRAWINGS
PAR  Further objects and advantages of the invention will be obvious to one
      skilled in the art from the following complete description thereof and
      from the drawings wherein:
PAR  FIG. 1 is a plan view of a monolithic light emitting diode array in
      accordance with the preferred embodiment of the invention depicted
      somewhat schematically;
PAR  FIGS. 2-5 are cross sectional views depicting schematically successive
      stages in the manufacture of the light emitting diode array;
PAR  FIGS. 6 and 7 are top plan views of portions of the array depicting the two
      levels of metallization therefor;
PAR  FIGS. 8-11 are views indicating successive stages in the manufacture of the
      array in accordance with another embodiment; and
PAR  FIG. 12 is a plan view depicting still another embodiment.
DETD
PAC  DETAILED DESCRIPTION
PAR  While the following preferred embodiment of the invention is disclosed with
      particular reference to a monolithic array of gallium arsenide phosphide
      light emitting diodes, it will be appreciated that any optimum light
      emitting diode material such as gallium arsenide or gallium phosphide may
      be used. The carrier substrate for the array may be of any suitable
      material such as a semiconductor, a metal conductor or an insulating
      material, the particular selection of material being based on several
      criteria. For example, one of the current limiting values for a light
      emitting diode and hence, light output, will be based upon the heat or
      power dissipation characteristic of the substrate. Thus, for maximum
      dissipation of heat from the light emitting diode, a good power
      dissipating metal conductor backing carrier would be desirable so that the
      light emitting diodes could be operated up to a maximum intensity.
      However, the connection of the array into rows and columns may be
      conveniently arranged by use of the second embodiment of the manufacture
      wherein the layer immediately beneath the photo diodes is a conductor
      which eliminates a later step of metallization, and it may be desirable to
      have the carrier of insulating material similarly. A carrier layer
      composed entirely of insulating material may be satisfactory and eliminate
      a processing step encountered when using a conductive layer beneath the
      diode. Grounding of any capacitive charging of the substrate may be
      required to prevent slower speed of operation such that a semiconductor
      carrier would be the most desirable material.
PAR  In accordance with the preferred embodiment of the invention as shown in
      FIG. 1, the light emitting diode array comprises a plurality of light
      emitting diodes 18 arranged in a monolithic support structure 19 in an
      orthagonal matrix of rows and columns. As shown, the matrix comprises five
      light emitting diodes in each row and seven light emitting diodes in each
      column for a total of thirty-five light emitting diodes 21 comprising the
      array. Contacts B1-B7 are provided making contact with the anodes of each
      of the rows of light emitting diodes and contacts C1-C5 are provided for
      contacting the cathodes of the light emitting diodes in each column. Thus,
      a suitable strobing or scanning type logic matrix can individually address
      the light emitting diodes to cause each to emit light in a suitable alpha
      numeric pattern. The pattern indicated by the aura around various of the
      light emitting diodes being depicted as indicated the numeral "4." Each
      column is addressed during a particular clock pulse of the logic matrix
      and suitable of the light emitting diodes will be switched to emit light
      by addressing the desired anode through the row contacts. The crossing
      conductive paths comprising the column contacts C1-C5 and row contacts
      B1-B7 will be explained hereinafter in greater detail.
PAR  The successive steps in the manufacture of the light emitting diode array
      is depicted in FIGS. 2-7 which method has as its purpose obtaining the
      anodes of the light emitting diodes beneath the cathodes since the
      N-conductivity material of which the light emitting diode has been found
      to absorb less light than the P-conductivity material. As shown in FIG. 2,
      a substrate 20 of monocrystalline semiconductor material, preferably
      gallium arsenide phosphide, is coated with a suitable masking layer 21 in
      which suitable windows 22 are formed by a standard photolithographic
      technique. The substrate 20 is then etched to form the moats 23 of about 2
      mils surrounding a plurality of mesas 24 to 26. After removal of the
      masking layer 21, a dopant is diffused into the entire surface of the
      substrate 20 to form the P-type region 27. The diffusion is sufficiently
      deep, i.e., greater than 1 mil, to permit the later contacting thereof.
      The P-conductivity region 27 as shown in FIG. 3 thus conforms to the mesa
      and moat configuration of the prepared substrate. A first layer 28 of
      dielectric material is then deposited upon the substrate and entirely
      covers the same. A supporting carrier 29 preferably of polycrystalline
      silicon, is then deposited on the first layer 28 and most of the original
      substrate is removed to the lapline L--L by suitable lapping and polishing
      steps to form the mesa regions into isolated islands 24, 25 and 26 forming
      the light emitting diodes 21. The N-regions are thus made relatively thin
      to minimize light absorption.
PAR  Following removal of the bulk of the substrate 20, the new surface along
      the lapline L--L becomes the surface on which further operations are to
      take place, hence FIG. 5 rotated 180.degree. relative to FIG. 4 so that
      the lapline L--L now appears as the upper surface. The P-conductivity
      diffusion regions are segregated into separate regions 27a, 27b and 27c
      and together with regions 24, 25, and 26, now define separate light
      emitting diodes. Following the lapping, a dielectric layer 30 is placed
      over the new surface of the device, and windows are opened therein for the
      first conductive or metallization layer which may be placed either
      entirely over the dielectric layer 30 and through the windows or in a
      particular pattern. Following an entire layering of metallization, by
      suitable photomask techniques, the metallization is etched to form
      contacts 31 to the N-conductivity regions, and contacts 32 to the
      P-conductivity regions. The contacts 31 and 32 are shown in plan view in
      FIG. 6, and as shown there, the contacts 31 are generally triangular or
      other suitable shapes contacting the portion each of the N-conductivity
      regions while the contacts 32 contact those portions of the P-conductivity
      regions which extend to the planar surface formed by the lapline L--L and
      hence, encircle the diode. Metallization is left interconnecting the
      contacts 32 to define the row lines by which the anodes of light emitting
      diodes are to be electrically contacted. Following a further layer of
      dielectric material over the first metallization, windows are opened to
      the contacts 31 and a second level of metallization 32 (FIG. 7) defines
      the column lines C1-C5 for contacting of the cathodes of the photo diodes.
      It will thus be seen that with a particular column line C1-C5 energized,
      and a particular row line B1-B7 energized, one and only one photo diode
      will be energized to emit light. By scanning down the column and rows,
      individual photo diodes will be energized to define an alpha numeric
      character for display.
PAR  The P-conductivity region may be contacted in another manner if it is
      desirable to use a dielectric layer for the supporting carrier. This
      method of manufacture is depicted in FIGS. 8-11. As depicted in FIG. 8,
      following the moat etching of an N-conductivity substrate 41, and the
      forming of mesas 42, 43 and 44, a P-diffusion 45 is placed in the surface
      of the substrate 41. Instead of a first layer of dielectric material, a
      first layer 46 of conductive material, which might be polycrystalline
      silicon doped to give it substantial conductivity. A supporting carrier 47
      of dielectric material is placed thereover (FIG. 9). Then, the original
      N-conductivity substrate 41 is removed by a lapping technique to the
      lapline L--L to expose the P-conductivity regions 45 at the surface as
      well as the conductive layer 46 surrounding the P-conductivity regions. A
      dielectric layer 49 is then deposited on the surface defined by the
      lapline L--L (FIG. 10). Windows therein are opened to the P-conductivity
      regions and to the conductive layers 46a-46c and a metallization layer
      placed over the device by masking and etching techniques. Certain of the
      metallization is etched into the pattern depicted in FIG. 11 to define the
      contacts 50 and 51 and bonding pads 52 and 53.
PAR  Since the conductive region 46 will define a tunnel conductor, the contacts
      51 may terminate to define column lines from the bonding pad 53 down
      through the conductive layer 46 and be continued with a new contact 51 to
      the next photo diode in the particular column. The bonding pad 52 for the
      row column is connected to a continuous surface metallization line 50. It
      is thus seen that the first layer of conductor 46, being placed prior to
      the deposition of the supporting substrate, reduces a later metallization
      step as contrasted with the first embodiment.
PAR  As shown in FIG. 12, the row and column metallization can be accomplished
      in a single level metallization if the conductivity of the P-regions 27c',
      27b' and 27a' is sufficiently high. The contacts 31' are generally
      C-shaped with space left for column contacts 32'. Thus, the P-regions are
      utilized as tunnel conductors.
PAR  While certain preferred embodiments of the invention have been given by way
      of a specific disclosure thereof, it is obvious that suitable changes and
      modifications can be made without departing from the spirit and scope of
      the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the manufacture of a matrix of light emitting diodes,
      comprising the steps of:
PA1  a. forming a plurality of mesas in an orthagonal pattern on a
      monocrystalline semiconductor substrate of a first conductivity;
PA1  b. diffusing an opposite conductivity effecting material into the surface
      of said substrate to form a light emitting PN junction adjacent the
      surfaces of said mesas;
PA1  c. forming a supporting carrier over the entire surface of said substrate;
PA1  d. removing said monocrystalline substrate to separate said mesas into an
      orthagonal matrix of light emitting diodes electrically isolated in said
      supporting carrier and with the PN junction extending to the surface;
PA1  e. depositing a dielectric layer over the surface of the ioslated photo
      diodes;
PA1  f. placing a conductive layer thereon contacting said light emitting diodes
      in a plurality of rows;
PA1  g. placing a second dielectric layer thereon; and
PA1  h. placing a conductive layer thereon contacting said light emitting diodes
      in a plurality of columns.
NUM  2.
PAR  2. A process as recited in claim 1 wherein said monocrystalline substrate
      is selected from the group consisting of gallium arsenide, gallium
      phosphide and gallium arsenide phosphide.
NUM  3.
PAR  3. A process as recited in claim 2 wherein said monocrystalline substrate
      is gallium arsenide phosphide.
NUM  4.
PAR  4. A process as recited in claim 1 wherein said carrier substrate is
      selected from the group consisting of polycrystalline silicon and
      germanium.
NUM  5.
PAR  5. A process as recited in claim 1 wherein said monocrystalline substrate
      is removed by lapping.
NUM  6.
PAR  6. A process as recited in claim 1 and further including the step of
      depositing a dielectric layer upon said mesas prior to deposition of the
      supporting carrier.
NUM  7.
PAR  7. A process as recited in claim 6 wherein said dielectric material is of a
      material selected from the group consisting of silicon dioxide, silicon
      nitride and aluminum oxide.
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ABST
PAL  Light emitting diodes, switching diodes with memory, and backward diodes
      are fabricated by phosphorus ion implantation of a p-n semiconductor
      junction in aluminum doped zinc selenide substrate material.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States for all governmental purposes without the
      payment of any royalty.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the invention is in the art of ion implanted, p-n junction,
      solid state devices.
PAR  The creation of p-n junction devices by the diffusion process in common
      semiconductor material is well established. The creation of p-n junction
      devices in the exotic semiconductor materials such as zine selenide by
      diffusion has not been generally successful due to a phenomenon known as
      vacancy compensation as pointed out by King et al. in U.S. Pat. No.
      3,383,567. While King et al. do mention the creation of p-n junctions in
      ZnSe by phosphorous ion implantation they appear to be mainly concerned
      with the creation of junctions in a diamond body substrate. Kellett et al.
      in U.S. Pat. No. 3,341,754 disclose the process of producing precision
      resistors in silicon semiconductor material by phosphorus ion
      implantation. Weisberg et al. in U.S. Pat. No. 3,459,603 disclose the
      method of fabricating diffusion phosphorus doped ZnSe crystals, to provide
      electroluminescent devices. Other patents that may be of interest in
      connection with the background of this invention are: U.S. Pat. Nos.
      3,549,434, patentee M. Aven; 3,496,429, patentee R. J. Robinson; and
      3,705,059 patentee Z. K. Kun.
PAR  The desirability of creating semiconductor devices in widebandgap II-VI
      compounds, (group II and group VI of Mendelyeev's Periodic Table), has
      been well recognized due to their excellent potential for electronic and
      optoelectronic applications such as visible injection electroluminescent
      devices and integrated optical circuit elements. ZnSe has been a
      particularly intriguing material because it is a highly efficient phosphor
      with a direct bandgap of 2.67 eV at room temperature and has the highest
      covalent bonding of the II-VI compounds. Although low-resistivity n-type
      ZnSe can be produced easily by conventional methods, the corresponding
      p-type ZnSe cannot due to self-compensation effects. Recent advances in
      ion implantation technology have shown it to be an effective means of
      introducing type converting dopants.
PAR  Further information on devices of this invention may be found in the
      following published articles by the inventors. Page 1444, Journal of
      Applied Physics, Vol. 45, No. 3, March 1974, entitled "Injection
      Electroluminescence in Phosphorus-Ion-Implanted ZnSe p-n Junction Diodes",
      and at page 538, Vol. 62 in the Proceedings of the IEEE for April 1974
      entitled, "Switching and Memory Effects in Phosphorus-Ion-Implanted ZnSe
      Devices."
PAC  SUMMARY OF THE INVENTION
PAR  P-N junctions are formed in aluminum doped ZnSe by phosphorus ion
      implantation to provide improved semiconductor devices. In the disclosed
      processes of fabrication the magnitudes of the dopants, the implant
      energy, the phosphorus concentration, the annealing temperature, the
      annealing time, and the conditions of annealing environment, are varied to
      provide new light emitting diodes, backward diodes, and switching diodes
      with memory.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows schematically a ZnSe wafer;
PAR  FIG. 2 shows schematically the dopant ion beam producing the p-layer;
PAR  FIG. 3 shows schematically the contacts to the p-n junction ZnSe wafer;
PAR  FIG. 4 shows schematically the electrical connections to the contacts;
PAR  FIG. 5 shows a representative pictorial view of an ion implantation system;
PAR  FIG. 6 shows a typical plot of the current-voltage characteristics showing
      the comparison of gold contacts to a phosphorus implanted postannealed
      p-type ZnSe layer with that of gold contacts to an n-type ZnSe portion
      masked from the ion beam;
PAR  FIG. 7 is a semi-log plot of dc current-voltage characteristics of a
      phosphorus implanted ZnSe diode at room temperature in the dark as
      implanted and after annealing at 450.degree.C for 5 minutes;
PAR  FIG. 8 is a typical set of measured characteristic data showing the
      temperature dependence of Hall mobility, resistivity, and carrier
      concentration in ZnSe single crystal substrate material (before P-ion
      implantation) of degenerate cubic n-type, doped with aluminum to a
      concentration of 100 ppm, at a magnetic field intensity of H = 18KG.
PAR  FIG. 9 is a typical plot showing the comparison of the current-voltage
      characteristics of a phosphorus implanted ZnSe diode measured in the dark
      at temperatures of 300.degree.K and 200.degree.K;
PAR  FIG. 10 is a schematic-pictorial view of an electroluminescent (light
      emitting diode) device;
PAR  FIG. 11a is a plot of the typical current-voltage characteristics of an
      electroluminescent device;
PAR  FIG. 11b is an enlargement about the origin of the curve shown in FIG. 11a;
PAR  FIG. 12 shows the electroluminescence spectra of a typical forward-biased
      P-implanted ZnSe diode;
PAR  FIG. 13 shows the electroluminescence spectra of a typical reversed-biased
      P-implanted ZnSe diode;
PAR  FIG. 14 is a plot of the light output vs input current for a typical
      forward-biased P-implanted ZnSe diode;
PAR  FIG. 15 is a plot of the characteristics of a typical phosphorus implanted
      ZnSe diode switching device showing the two switching states; and
PAR  FIG. 16 is a plot of typical current-voltage characteristics of a
      phosphorus implanted ZnSe backward diode at room temperature.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The semiconductor base material for the embodiments of this invention is
      conventional melt-grown, single-crystal, cubic n-type ZnSe doped with
      aluminum in concentrations ranging from approximately 10 ppm to
      approximately 1000 ppm. The resistivity of such crystals is high, normally
      in the range of 10.sup.7 to 10.sup.9 .omega.-cm at room temperature due to
      defects produced during growth. This has been found to be true even though
      the use of n-type dopants such as aluminum might be expected to produce
      high n-type conductivity.
PAR  The substrates for all embodiments are conventionally heat treated in
      molten zinc for approximately 24 hours at approximately 900.degree.C. The
      following table sets forth the general properties of the n-type ZnSe
      substrate base material after heat treating.
TBL  ______________________________________                                    
                 Carrier Concentration                                         
                                  Resistivity                                  
     Al Concentration                                                          
                 (cm.sup.-.sup.3) (.OMEGA.-cm)                                 
     ______________________________________                                    
     Undoped     10.sup.16        1.0                                          
     10 ppm      10.sup.17        .10                                          
     100 ppm     10.sup.18        .01                                          
     1000 ppm    10.sup.19        .001                                         
     ______________________________________                                    
PAL  This heat treating provides substrate elements having electron mobilities
      of the range of approximately 350 cm.sup.2 /V-sec to 800 cm.sup.2 /V-sec.
      As a typical example a substrate having a carrier concentration of
      10.sup.18 cm.sup.-.sup.3, a resistivity of 0.01 .omega.-cm (an aluminum
      doped element to a concentration of 100 ppm), had an electron mobility of
      374 cm.sup.2 /V-sec.
PAR  Prior to implantation, each substrate embodiment 20, as shown in FIG. 1, is
      mechanically polished on the surface 21 of the (110) crystal plane on
      which the p-type layer is to be formed and chemically etched on both this
      surface and the opposite surface 22, (also a (110) crystal plane). A
      suitable etching solution is two parts H.sub.2 SO.sub.4 and three parts
      aqueous solution of K.sub.2 Cr.sub.2 O.sub.7. Approximately 1 minute of
      etching at a temperature of 70.degree. to 90.degree.C has been found to be
      generally preferable. It is not critical. The temperature determines only
      the rate of the etching. Following the etching of the surfaces, the
      substrate elements are rinsed in a boiling 25 percent (by weight) solution
      of NaOH for approximately 20 seconds, then successively rinsed in boiling
      trichloroethylene, acetone, boiling methanol, and deionized water.
PAR  As shown in FIG. 2 the phosphorus dopant ion beam 23 forms a p-type layer
      24 in the crystal. The ion implantation process is well known. A typical
      conventional ion implantation apparatus is shown in FIG. 5. The ions are
      formed in the ion source 51, accelerated in the accelerator 52, passed
      through the mass separator 53, and swept by the beam sweeping section 54
      which directs them into the multiple heated target chamber 55 in which
      they implant on the enclosed specimen 56.
PAR  Phosphorus is the preferred p-type dopant for these devices since a Group V
      element acts as an acceptor impurity in the host material by substituting
      for selenium atoms. Conventional room temperature is a suitable
      temperature for the implantation. It is preferred over cooler
      temperatures, because a greater amount of damage to the hose material
      generally occurs at lower temperatures. Typical implantation energies are
      from 70 to 400KeV with corresponding dosages ranging from approximately
      10.sup.16 to 10.sup.14 per square centimeter. The following table lists
      approximate typical parameters at these magnitudes.
TBL  ______________________________________                                    
                       Sheet Hole    Sheet                                     
     Energy  Dose      Concentration Resistivity                               
     (KeV)   (cm.sup.-.sup.2)                                                  
                       (cm.sup.-.sup.2)                                        
                                     (.OMEGA./square)                          
     ______________________________________                                    
      70     10.sup.16 10.sup.14     10.sup.4                                  
     400     10.sup.14 10.sup.13     10.sup.5                                  
     ______________________________________                                    
PAR  After ion implantation the devices are post-annealed at a temperature from
      approximately 450.degree. to 600.degree. Centigrade for approximately 5 to
      10 minutes. The preferred annealing environment depends upon the specific
      application of the device, as will be set forth later. Generally the
      annealing will be a vacuum of approximately 10.sup.-.sup.6 torr or in
      argon gas at atmospheric pressure (the argon gas environment preferred);
      or for the switching diode devices conventional room air at room
      conditions is the preferred annealing environment. Most of the annealing
      takes place within a short period (5 to 10 minutes). Devices have been
      annealed over the temperature of 425.degree. to 750.degree.C and for
      durations up to two hours, however, the shorter times at the previously
      stated temperatures are generally suitable and preferred for expediency.
      The post-annealing after implantation removes implantation-induced
      radiation damage produced on the implanted layer. Hole mobilities of 5 to
      10 cm.sup.2 /V-sec are typical for the annealed elements.
PAR  After annealing, an ohmic contact of gold 25 is made to the p-layer 24
      (FIG. 3) by conventional sputtering or evaporation. The contact 26 on the
      other side of the substrate is substantially pure indium, made by
      conventional ultrasonic soldering using indium solder (Indalloy No. 4).
      Electrical connections to those contacts may be made either by
      conventional pressure methods or by the soldering of electrical lead wires
      27 and 28 to the contacts. Typical embodiments of semiconductor devices
      fabricated as taught herein have the physical dimensions of being
      approximately 0.1 cm square and 0.02 cm thick. The gold contact is
      approximately a 20 mils in diameter and the Indium contact covers nearly
      all the backside of the substrate. The contact areas on the crystal are
      not critical. Conventional practices in making contact with semiconductor
      elements are satisfactory.
PAR  Curve 61 in FIG. 6 shows the ohmic nature of the Au contacts to an annealed
      p-type ZnSe layer where the I-V characteristic is linear over a
      considerable range of the applied bias voltage in both directions. Neither
      the Au contacts to an n-type ZnSe portion of the substrate that was masked
      from the ion beam during implantation nor those to an unannealed implanted
      layer displayed linearity in their I-V curves, as is shown in curve 62.
      Thus, it is shown that a p-type layer exists (created by the P-ion
      implantation) in the substrate providing the ohmic contact with the gold.
      (Gold does not make an ohmic contact with n-type material.)
PAR  Sheet-resistance measurements made on the p-type layer of typical
      embodiments of the invention showed ohmic characteristics over a
      considerable voltage range. The resistivity of the implanted p-layer was
      10 to 570 .omega.-cm, indicating that a fairly shallow acceptor level had
      formed due to P-ion implantation in the n-type ZnSe.
PAR  The I-V characteristic of the diodes of this invention obey an ideal p-n
      junction relation I = I.sub.0 [exp(eV/nkT)-1]. A semilog plot of the I-V
      characteristics of a typical embodiment of the invention, at room
      temperature, both before and after annealing is shown in FIG. 7. It is to
      be noted that the coefficient n has the value .perspectiveto. 1.3 which
      remains nearly constant for about four decades of the current range. The
      electrical breakdown for this embodiment occurs at .perspectiveto. 30V in
      room temperature.
PAR  Typical C-V (capacitance-voltage) characteristics of embodiments measured
      at room temperature in the dark, have the approximate form
      C.varies.V.sup.-.sup.1/3, indicating probable formation of linearly graded
      junctions. At zero bias typical junction capacitance value is
      .perspectiveto. 1.7.times.10.sup.-.sup.8 F/cm.sup.2. The corresponding
      depletion width is .perspectiveto. 0.46 microns.
PAR  The characteristics of typical single crystal degenerate cubic n-type ZnSe
      substrate material suitable for these devices is shown in FIG. 8. These
      characteristics are before P-ion implantation. FIG. 8 illustrates the
      near-degenerate conduction attained in ZnSe doped with aluminum to a
      concentration of 100 ppm.
PAR  The general effect of temperature changes in these devices is shown in FIG.
      9. Curve 91 is a plot of the characteristics of a typical P-ion implanted
      ZnSe diode constructed as taught herein made at 200.degree.K. Curve 92 is
      a plot of the same diode with the temperature raised to 300.degree.K.
PAR  The photovoltaic effect of these P-ion implanted ZnSe diodes have been
      observed. The open circuit spectral-response curve peaks at
      .perspectiveto. 4600A; the band edge of ZnSe. With intense white light
      incident on an implanted layer, a typical diode yielded an open-circuit
      voltage of 1.3V which can be considered a lower limit of the builtin
      potential formed in the diodes. This places the Fermi level in the
      implanted layer below the intrinsic Fermi level (.perspectiveto. 1.33eV
      below the conduction band edge) of ZnSE. The polarity of the photovoltage
      showed the implanted layer to be positive with respect to the bulk.
PAC  EXAMPLE OF SPECIFIC EMBODIMENTS
PAC  LED'S
PAR  Electroluminescent diodes, commonly referred to as light emitting diodes
      (LED'S) are well known. ZnSe with its wide band gap characteristic of 2.67
      eV at room temperature has been potentially very attractive as a
      prospectively very efficient electroluminescent material. Prior to this
      invention many attempts have been made to so utilize the material.
      However, with this material it is difficult to achieve amphoteric doping
      to produce p-n junctions, which are essential for efficient light-emitting
      diodes; although high-conductivity n-type ZnSe can be produced easily by
      conventional techniques, corresponding p-type ZnSe is difficult to achieve
      owing to self-induced compensating effects. In order to circumvent this
      problem, many alternative approaches such as metal-insulator-semiconductor
      (MIS) structures, heterojunction structures, p-n junctions from solid
      solutions, and less complex metal-semiconductor structures have been
      attampted previously with some degree of success. The formation, however,
      of a p-type layer in ZnSe to provide an efficient LED, prior to this
      invention, has met with only very limited success.
PAR  Utilizing the previous teachings contained herein for fabrication P-ion
      implanted ZnSe diodes and using ZnSe having aluminum doped carrier
      concentrations of approximately 10.sup.17 (i.e., 10 ppm), an implantation
      energy level of approximately 400 keV to provide phosphorus sheet dose
      concentration of approximately 10.sup.14 ions per square centimeter and
      post-annealing the device for five minutes in argon gas at atmospheric
      pressure at a temperature from approximately 450.degree. to 500.degree.C
      provides a very efficient LED as shown schematically in FIG. 10. (An
      anneal in a vacuum of approximately 10.sup.-.sup.6 torr may be used
      instead of the argon atmosphere, however the argon atmosphere is generally
      preferred.) The foregoing parameters are considered the generally
      preferred values however it is to be understood that within reasonable
      values they are not critical. For instance, satisfactorily operable LED
      devices may be produced with substrate dopant concentration from 7 or 8
      ppm up to approximately 100 ppm and implantation energies may be utilized
      over the range of 100 to 500 keV.
PAR  FIGS. 11a and 11b show the I-V characteristics of a typical embodiment made
      at room temperature as was measured on a conventional diode curve tracer.
      The forward I-V characteristic is shown by the curve of FIG. 11b. The
      breakdown voltage of approximately 30 volts under reverse bias is shown by
      the curve of FIG. 11a. From these data it is apparent that the I-V
      characteristics of the device obey an ideal p-n junction relation I
      .varies.exp(eV/nkT), with the value of the coefficient n=1.7 at the low
      forward-current level.
PAR  In the forward bias the diode exhibits an electroluminescence spectrum very
      similar to the red photoluminescence spectrum with a peak at 6300A (1.97
      eV) in room temperature, as is shown in FIG. 12. This is a characteristic
      luminescence for a P center in the ZnSe. When the diode is biased in the
      reverse direction, it emits light peaking at 5900A (2.10 eV), as is shown
      in FIG. 13. The electroluminescence band observed under reverse bias
      corresponds to the characteristic yellow band observed in the
      photoluminescence of Al-doped ZnSe from 3650A uv excitation. Analysis of
      data on the temperature dependence of photoluminescence spectra shows the
      band to be self-activated luminescence arising from transitions between
      localized states of a center consisting of a Zn vacancy and the impurity.
PAR  The emitted power of the 6300A line in the forward direction increases
      linearly with increasing current at low current levels (&lt;6 mA), as is
      shown in FIG. 14. The sublinear power dependence of the current at higher
      current levels shows that heat is being generated locally. The power
      dependence of the electroluminescence in the reverse-bias breakdown region
      is similar to that in the case of forward bias. In the forward bias a
      light output power of 1 .mu.W is obtained at about 6.5-mA input current
      and 5 V with 0.01 percent external quantum efficiency.
PAR  The fact that a fairly low-resistivity (10- to 570-.omega.cm) p-type layer
      is present in the implanted layer indicates that a shallow acceptor level
      has formed as a result of P ion implantation in the n-type ZnSe. It is
      generally known that the P dopants which substitute for Se in ZnSe act as
      deep acceptors having an activation energy of .perspectiveto. 0.7 eV.
      Therefore, the shallow acceptor level formed in the ion-implanted
      substrates may be due to P complexes. The existence and identification of
      the shallow level in the implanted ZnSe may be confirmed by further
      measurements.
PAC  SWITCHING AND MEMORY DIODES
PAR  Very efficient switching and memory diodes may be constructed by using
      substrates having carrier concentrations of approximately 10.sup.18
      /cm.sup.3 (i.e., aluminum doping of approximately 100 ppm), using
      phosphorus ion implantation energies of approximately 90 keV to a dose
      level of P concentrations of approximately 10.sup.16 /cm.sup.2, and
      annealing for 5 minutes in air. The annealing in air creates a thin
      insulating film on the p-layer. The foregoing parameters are those that
      provide the optimum characteristics for switching and memory diodes. They
      are not critical. Satisfactorily operable devices may be produced with
      carrier concentrations from the range of approximately 80 to 800 ppm,
      implant energies in the range of approximately 70 to 100 keV, and anneal
      temperatures from 450.degree. to 550.degree.C in air.
PAR  The embodiments fabricated in this manner exhibit switching and memory
      characteristics as illustrated by the typical currentvoltage
      characteristics of these devices obtained from a diode curve tracer as
      shown in FIG. 15. With forward bias (Au contact positive), the applied
      voltage increased from zero until a threshold voltage (V.sub.th) of about
      10 V was exceeded. At this voltage a transformation (switching) takes
      place from high-resistance state A curve 96 to low-resistance state B
      curve 97. The diodes were left under zero bias for more than a week; when
      the diodes were examined again, they were found to have remained in the B
      state. The B-state I-V characteristics were reproducible until a reverse
      bias was applied to the device, indicating the memory capability of the
      device. With reverse bias, the switching takes place from the
      low-resistance state C curve 97 to the high-resistance state D curve 96 at
      the threshold voltage of about 2 to 3 V. The devices remain in the D state
      indefinitely at zero bias.
PAR  A detailed study of the I-V characteristics of each state (A, B, C, and D)
      revealed a power-law relationship having the form I.varies.V.sup.n. In the
      A state the exponent N has the values 1 and 2 in the lowcurrent regions,
      and the current increases very rapidly at about 10 V. Switching from the A
      state to the B state takes place at the onset of the voltage region where
      the current increases steeply. The I-V characteristic of the B state
      remains ohmic for more than 4 decades of applied voltage up to about 2 V.
      When the reverse voltage was applied to the device, the C state still
      exhibited ohmic behavior at low-current values. At a current density of 10
      A/cm.sup.2, the C state switches to the D state with steep current
      increase. Between the states A to B and C to D, several intermediate
      metastable states are observed as the applied voltage is increased slowly.
      An abrupt voltage increase to about 10 V results in an instantaneous
      switching from the A to B state in a forward direction. The forward
      switching time from the A state to the B state is estimated to be in the
      order of 1 .mu.sec or less.
PAC  BACKWARD DIODES
PAR  Backward diodes, without negative resistance, may be produced by the
      process taught herein by using ZnSe substrate material doped to a carrier
      concentration of approximately 10.sup.19 /cm.sup.3 (1000 ppm), using a
      P-ion implant energy of 90 KeV to provide a dose concentration of
      approximately 10.sup.16 ions/cm.sup.2, and annealing the devices for
      approximately 10 minutes at a temperature of 600.degree.C in argon gas at
      atmospheric pressure. These parameters are preferred but not critical.
      Carrier concentration may be used over the range of approximately 500 to
      1200 ppm, the implantation energy may be within the range of approximately
      70 to 100 KeV, and 550.degree. to 650.degree.C annealing temperatures may
      be used.
PAR  The forward I-V characteristics of tunnel diodes exhibit a pronounced
      current maximum which is attributed to the tunneling of electrons from
      filled states on the n-side to the unoccupied states on the p-side.
      (Tunneling in degenerate germanium p-n junction diodes is well known.)
      Tunneling becomes significant in a degenerate p-n junction with depletion
      widths of .perspectiveto.100A and internal field strengths of
      .perspectiveto. 10.sup.6 V/cm. If the impurity content on one side of an
      abrupt junction is not quite degenerate, the negative-resistance region,
      (which is characteristic of a conventional tunnel diode), is absent and a
      backward diode results. Ion-implantation as taught herein provides a
      method of producing an abrupt p-n junction which is essential in electron
      tunneling.
PAR  At room temperature the typical I-V characteristics of the devices of this
      embodiment of the invention are shown by the plot of FIG. 16. It is that
      of a typical backward diode, i.e., it is more conductive in reverse bias
      than in forward bias. The shape of the I-V characteristic of these
      backward diodes is determined by the impurity concentration and other
      previously enumerated details of the construction of the junction. This
      particular shape of the characteristic as is provided by the previously
      stated preferred fabrication process is generally considered to be the
      optimum for these devices. The I-V characteristics are relatively
      temperature independent between 77.degree. and 300.degree.K. This
      relatively temperature-independent I-V characteristic, the low resistivity
      p-type layer, along with the backward diode characteristic provide fairly
      conclusive evidence that tunneling is taking place in the devices.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of fabricating a P-N junction device in an aluminum doped
      n-type ZnSe single crystal having a first (110) plane surface and a second
      (110) plane surface comprising the steps of:
PA1  a. heat treating the said crystal in molten zinc for approximately 24 hours
      at approximately 900.degree.C;
PA1  b. implanting a p-type layer on the said first surface by directing a
      phosphorus ion beam having an energy within the range from 70 to 500 keV
      on the said first surface providing a dosage from 10.sup.16 to 10.sup.14
      per square centimeter;
PA1  c. annealing the said crystal at a temperature within the range from
      approximately 400.degree. centigrade to approximately 650.degree.
      centigrade for approximately five to ten minutes;
PA1  d. depositing a gold electrical contact on the said implanted p-type layer;
      and
PA1  e. ultrasonic soldering an indium electrical contact to the said second
      surface.
NUM  2.
PAR  2. A method of fabricating a P-N junction semiconductor device in an
      aluminum doped n-type ZnSe single crystal having a first (110) plane
      surface and a second (110) plane surface comprising the steps of:
PA1  a. heat treating the said crystal in molten zinc for approximately 24 hours
      at a temperature of approximately 900.degree.C;
PA1  b. mechanically polishing the said first surface;
PA1  c. etching both the said first and second surfaces in two parts H.sub.2
      SO.sub.4 and three parts K.sub.2 Cr.sub.2 O.sub.7 for approximately one
      minute at a temperature within the range of 70.degree.C to 90.degree.C;
PA1  d. rinsing the said crystal in approximately 25 percent by weight solution
      of boiling NaOH for approximately twenty seconds;
PA1  e. rinsing the said crystal in boiling trichloroethylene;
PA1  f. rinsing the said crystal in acetone;
PA1  g. rinsing the said crystal in boiling methanol;
PA1  h. rinsing the said crystal in deionized water;
PA1  i. implanting a p-type layer on the said first surface at room temperature
      by directing a phosphorus ion beam having an energy level within the range
      of 70 keV to 500 keV with dosages within the range from 10.sup.16 to
      10.sup.14 per square centimeter;
PA1  j. annealing the said crystal at a temperature within the range of
      400.degree. centigrade to 650.degree. centigrade for a time within the
      range of five to ten minutes;
PA1  k. depositing a gold electrical contract on the said implanted p-type layer
      on the first surface by sputtering or evaporation; and
PA1  l. ultrasonic soldering an indium electrical contact to the said second
      surface.
NUM  3.
PAR  3. A method of fabricating an electroluminescent semiconductor P-N junction
      diode in a ZnSe single crystal doped with aluminum providing an n-type
      crystal having an aluminum concentration of approximately 10 parts per
      million, the said aluminum doped crystal having a first (110) plane
      surface and a second (110) plane surface, the said method comprising the
      steps of:
PA1  a. heat treating the said crystal in molten zinc for approximately 24 hours
      at a temperature of approximately 900.degree.C providing a carrier
      concentration per cubic centimeter of approximately 10.sup.17, and an
      ohm-cm resistivity of approximately 0.10;
PA1  b. implanting at room temperature a p-type layer on the said first surface
      by directing a phosphorus ion beam having an energy of approximately 400
      keV on the said first surface providing a dosage of approximately
      10.sup.14 per square centimeter;
PA1  c. annealing the said crystal at a temperature of approximately
      450.degree.C to 500.degree.C in argon gas at atmospheric pressure for
      approximately 5 minutes;
PA1  d. depositing a gold electrical contact on the said implanted p-type layer;
      and
PA1  e. ultrasonic soldering an indium electrical contact to the said second
      surface.
NUM  4.
PAR  4. A method of fabricating a switching with memory P-N junction diode in a
      ZnSe single crystal doped with aluminum providing an n-type crystal having
      an aluminum concentration of approximately 10 parts per million, the said
      aluminum doped crystal having a first (110) plane surface and a second
      (110) plane surface, the said method comprising the steps of:
PA1  a. heat treating the said crystal in molten zinc for approximately 24 hours
      at a temperature of approximately 900.degree.C providing a carrier
      concentration per cubic centimeter of approximately 10.sup.18, and an
      ohm-cm resistivity of approximately 0.01;
PA1  b. implanting at room temperature a p-type layer on the said first surface
      by directing a phosphorus ion beam having an energy of approximately 90
      keV on the said first surface providing a dosage of approximately
      10.sup.16 per square centimeter;
PA1  c. annealing the said crystal at a temperature of approximately
      500.degree.C for 5 minutes in air;
PA1  d. depositing a gold electrical contact on the said implanted p-type layer;
      and
PA1  e. ultrasonic soldering an indium electrical contact to the said second
      surface.
NUM  5.
PAR  5. A method of fabricating a P-N junction backward diode in a ZnSe single
      crystal doped with aluminum providing an n-type crystal having an aluminum
      concentration of approximately 1000 parts per million, the said aluminum
      doped crystal having a first (110) plane surface and a second (110) plane
      surface, the said method comprising the steps of:
PA1  a. heat treating the said crystal in molten zinc for approximately 24 hours
      at a temperature of approximately 900.degree.C providing a carrier
      concentration per cubic centimeter of approximately 10.sup.19, and an
      ohm-cm resistivity of approximately 0.001;
PA1  b. implanting at room temperature a p-type layer on the said first surface
      by directing a phosphorus ion beam having an energy of approximately 90
      keV on the said first surface providing a dosage of approximately
      10.sup.16 per square centimeter;
PA1  c. annealing the said crystal at a temperature of approximately
      600.degree.C in argon gas at atmospheric pressure for approximately 10
      minutes;
PA1  d. depositing a gold electrical contact on the said implanted p-type layer;
      and
PA1  e. ultrasonic soldering an indium electrical contact to the said second
      surface.
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ABST
PAL  A method for manufacturing tubular conductors which consist of a niobium
      layer and a layer of normal electrically conducting metal in which a
      copper body of rectangular cross section is covered with niobium on one
      wide and two narrow sides by means of fusion electrolysis and the
      resulting body then rolled to form a ribbon which is then bent to form a
      tube with the niobium flanges at the two edges of the ribbon abuting and
      welded together by electron beam welding. Tubular conductors made
      according to the method of the present invention are particularly suited
      for use as superconducting cables.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the formation of tubular conductors which consist
      of a niobium layer and a layer of normal conducting metal in general, and
      more particularly to an improved method of forming such tubular
      conductors.
PAR  A method for manufacturing such tubular conductors is disclosed in U.S.
      Pat. No. 3,777,368 issued Dec. 11, 1973 and assigned to the same assignee
      as the present invention. In the method disclosed therein, a ribbon
      consisting of layers of niobium and a normally conducting metal and which
      has at its edges a niobium flange is first fabricated. The ribbon is then
      bent to form a tube in such a manner that the niobium flanges at both
      edges of the ribbons abut and subsequently the niobium flanges are joined
      together, preferably by electron beam welding. Specifically, as disclosed
      in the above referenced patent, the fabrication of the ribbon consisting
      of the two layers is accomplished by first welding, to the two edges of a
      ribbon shaped niobium foil, niobium flanges, using electron beam welding
      to form a U-shaped niobium cross section. The empty space of the U-shaped
      cross section is then at least partially filled with a normal conducting
      metal. After this, the normally conducting metal is joined to the niobium
      ribbon and niobium flanges by the application of heat. An alternate method
      of fabrication also disclosed in the above reference patent comprises
      first joining the lateral edges of a copper ribbon to niobium flanges
      using diffusion and then applying a niobium layer on at least one side of
      the ribbon consisting of the niobium flanges and copper ribbons. As
      disclosed, the niobium layer can be applied by means of fusion
      electrolysis.
PAR  Although the methods disclosed in the above referenced patent are
      satisfactory, they require many steps and are not particularly simple.
      Thus, it is the object of this invention to provide a simpler method of
      forming tubular conductors of this nature.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention simplifies the process of forming such tubular
      conductors by eliminating some of the steps previously required. In
      carrying out the invention, a copper body of rectangular cross section is
      first plated with niobium on one wide side and two narrow sides using
      fusion electrolysis, after which the body so formed is rolled to form a
      ribbon. As disclosed, this forming will preferably be done by cold rolling
      since niobium would quickly oxidize in air at elevated temperature. It is
      advantageous that the rolling to the final thickness be done in several
      passes. The ribbon resulting after rolling will be a ribbon having layers
      of copper and niobium with niobium flanges on each side. The ribbon is
      then bent to form a tube in a manner such as that disclosed in the above
      referenced patent with the niobium flanges electron beam welded together.
PAR  For plating the copper body using fusion electrolysis, a trough-shaped
      anode is employed which surrounds the sides of the copper body which must
      be covered in order to only plate those sides where plating is desired. In
      a second disclosed process, two copper bodies are placed side-by-side and
      the whole arrangement plated, after which the two bodies are separated,
      thereby providing two layered bodies with flanges which can then be rolled
      to form the ribbons used in making the tubular conductor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of the plating of the copper body using
      a trough-shaped electrode and employing a fusion electrolysis method.
PAR  FIG. 2 is a cross sectional view of the body formed by the fusion
      electrolysis.
PAR  FIG. 3 is a cross sectional view of the ribbon resulting from the cold
      rolling of the body of FIG. 2.
PAR  FIG. 4 is a cross sectional view of a tubular conductor fabricated from a
      ribbon such as the ribbon of FIG. 3, indicating the manner in which the
      tubular conductor is electron beam welded.
PAR  FIG. 5 is a cross sectional view illustrating an alternate embodiment of
      the invention in which two copper bodies are placed side-by-side inside an
      electrode which encloses the body.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As indicated above, the first step of the present invention comprises
      covering a copper body on three sides with niobium using fusion
      electrolysis. For carrying out this process, the method described in the
      article by Mellors and Senderoff in the "Journal of the Electrochemical
      Society", vol. 112 (1965) p. 266 to 272 can advantageously be used. A
      particularly well suited electrolyte is a eutectic mixture of sodium
      fluoride, potassium fluoride and lithium fluoride, in which potassium
      heptafluoroniobate (K.sub.2 NbF.sub.7) is dissolved. A preferred
      electrolyte will consist of 16.2 % by weight K.sub.2 NbF.sub.7, 26.2 % by
      weight LiF, 10.4 % by weight NaF and 47.2 % by weight KF.
PAR  The components of the electrolyte in the above mentioned proportions, are
      then placed in a tank 1, such as that shown on FIG. 1, which will
      preferably be made of nickel. The tank 1, as illustrated, is placed in the
      lower part of a coating chamber 2, which will preferably be made of alloy
      steel. The coating chamber after the electrolyte is placed therein, is
      evacuated via the nozzles 3 and 4 and is then flushed with an inert gas
      such as argon. Subsequently, the electrolyte 5 is heated to a temperature
      of approximately 740.degree. C using an electric resistance furnace 6,
      which surrounds the lower part of the coating chamber 2. This will result
      in the electrolyte being melted. The copper body 7, which is to be plated
      and which has a rectangular cross section and an anode 8 which may, for
      example, consist of a niobium sheet, are then immersed in the melted
      electrolyte in a configuration such as that illustrated on FIG. 1. Prior
      to immersion of the copper body 7 and the anode 8, a preliminary
      precipitation such as that described in detail in German
      Offenlegungsschrift No. 2,114,555 can be carried out using an auxiliary
      electrode.
PAR  As illustrated, the anode 8 is of a trough-shaped design and will thereby
      result in niobium being deposited, for the most part, only on the wide
      side and the two narrow sides which are enclosed by the anode. Should
      small amounts of niobium also be deposited on the other wide side of the
      copper body, this niobium can be removed after the end of the plating
      process by grinding, for example. During the plating process, the current
      density at the cathode will preferably be about 40 mA/cm.sup.2. With this
      current density and using the above mentioned electrolyte, and with an
      electrolyte temperature of about 740.degree. C, a niobium layer of about
      0.6 um per minute is deposited on the copper body 7. Typically, on a
      copper body 7 with a thickness of about 20 mm, the deposition will be
      continued until the niobium layer has reached a thickness of about 2 mm. A
      typical copper body will be 20 cm wide and about 50 cm long. After
      plating, the copper body is removed from the electrolyte and allowed to
      cool under a protective gas. It is then removed from the coating chamber 2
      through a lock, not shown in detail on FIG. 1.
PAR  The resulting body after plating is shown on FIG. 2. As illustrated
      thereon, this will comprise the copper body 7 coated with a niobium layer
      9 on one wide side and two narrow sides. The copper used for the copper
      body will preferably be copper which has been electrolytically refined
      several times. The body shown on FIG. 2 is then cold rolled. Preferably,
      cold rolling will be accomplished using a number of passes to obtain a
      finished body having a thickness which will preferably be about 5 % of the
      thickness before rolling. Preferably, 10 to 15 cold-rolling passes will be
      used. During this rolling, it is advantageous to guide the ribbon at the
      lateral edges using guide rollers to prevent a possibly undesirable
      widening of the ribbon during the rolling. Irregularities at the edges of
      the ribbon, which might occur during the rolling, can be eliminated by
      milling over the edges. A typical rolled ribbon such as that shown on FIG.
      3 will comprise a copper layer 10, 1 mm thick and a niobium layer 11,
      about 0.1 mm thick. At the edges of the ribbon, the deposited niobium
      layer forms the flanges designated as 12 and 13 on FIG. 3. Starting with
      an original copper body having a width of about 20 cm and a length of
      about 50 cm, the width of the finished ribbon can advantageously be about
      20 cm and have a length of approximately 10 m.
PAR  It may be advantageous to subject the ribbon to a heat treatment between
      the individual rolling passes. The mechanical stresses which are produced
      by the cold forming will thereby be removed. As an example, the ribbon can
      be annealed at a temperature of several hundred, preferably about 500 to
      700.degree.C, for a period of, for example, 2 hours in a vacuum with a
      residual gas pressure of 10.sup..sup.-4 Torr or less, or in an inert gas.
PAR  After formation of the ribbon, the tubular conductor is then formed. The
      ribbon of FIG. 3 is bent in such a manner that the outer edges of the two
      niobium flanges 12 and 13 lie next to each other as shown in FIG. 4. The
      ribbon can also be bent into a tube in which the copper layer 10 is on the
      outside and the niobium layer 11 on the inside. After bending, the niobium
      flanges 12 and 13 are then joined, preferably through the use of electron
      beam welding. The electron beam which is directed on the joint between the
      flanges 12 and 13 is schematically illustrated by the arrow 14. Such
      electron beam welding can be performed in a vacuum of about 10.sup..sup.-4
      Torr with an electron acceleration voltage of about 110 kV and an electron
      current of about 7.5 mA. Under these conditions, a relative velocity
      between the electron beam and the tubular conductor will preferably be
      about 3.0 mm/sec.
PAR  Another manner of plating is illustrated by FIG. 5. As shown thereon, two
      copper bodies 21 and 22 are placed together with their wide sides meeting.
      The two bodies are then placed in the electrolyte bath along with an anode
      23 which completely encloses them. Plating is carried out as described
      above, and because of the complete enclosure of the electrode 23, layers
      24 and 25, which completely surround the two copper bodies, will be
      formed. After the plating process, the two copper bodies are then
      separated to result in two bodies substantially like that shown on FIG. 2
      which may then be further processed in the manner described above. This
      method has as an advantage, the elimination of any need for working over
      the unplated side of the copper bodies 21 and 22 which in this process
      will be completely free from niobium after plating.
PAR  The niobium layer deposited on the copper body adheres surprisingly well,
      both during and after rolling and forms an excellent thermal and
      electrical contact with the copper. The niobium layer, deposited by fusion
      electrolysis and rolled in the manner described above, exhibits
      surprisingly low a-c losses in the superconducting state, thereby making
      the tubular conductor of the present invention particularly well suited
      for superconducting a-c cables.
PAR  The method of the present invention has the particular advantage over the
      method disclosed in U.S. Pat. No. 3,777,368, in that it is not necessary
      to attach the niobium flanges by separate steps. With the method of the
      present invention, it is furthermore not necessary to plate extremely long
      copper bodies with niobium in order to fabricate lengths of tubes which
      are still transportable. Rather, it is possible to make a tube 10 m long,
      for example, from a plated copper body 50 cm long in accordance with the
      examples given above. Thus, the plating process is considerably
      simplified, particularly in regard to the required apparatus. In addition
      to these advantages, the method of the present invention retains all the
      advantages of the method described in the aforementioned patent. In
      particular, it makes possible the manufacture of tubular conductors
      consisting of niobium and copper in a relatively simple manner and avoids
      the difficulty which is usually encountered in welding ribbons consisting
      of a niobium and a copper layer due to the very different melting points
      of niobium and copper through the use of the niobium flanges which are the
      only metal portions in contact with each other at the welding seam where
      they are struck by the electron beam.
PAR  Thus, an improved method of forming tubular conductors consisting of a
      niobium layer and a layer of normally conducting metal has been shown.
      Although specific methods of carrying out the present invention have been
      disclosed, it will be obvious to those skilled in the art that various
      modifications may be made without departing from the spirit of the
      invention, which is intended to be limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved method for manufacturing tubular conductors which consist of
      a niobium layer and a layer of normal conducting metal in which a ribbon
      consisting of the two layers and having its edges, niobium flanges is
      first fabricated, after which the ribbon is bent to form a tube so that
      the niobium flanges at both edges abut, which flanges are then joined
      together, wherein the improvement comprises the steps of:
PA1  a. plating a copper body using fusion electrolysis to form a niobium layer
      on one wide and two narrow sides; and
PA1  b. rolling the body so formed to obtain a ribbon to be used in making the
      tubular conductor.
NUM  2.
PAR  2. The method according to claim 1 wherein said body is formed into a
      ribbon by a cold rolling.
NUM  3.
PAR  3. The method according to claim 1 wherein the step of rolling is carried
      out in several passes.
NUM  4.
PAR  4. The method according to claim 2 wherein the rolling is carried out in
      several passes.
NUM  5.
PAR  5. The method according to claim 1 wherein said step of plating is
      accomplished by using a trough shaped electrode which encloses only the
      sides of the copper body to be plated.
NUM  6.
PAR  6. The method according to claim 2 wherein said step of plating is
      accomplished by using a trough shaped electrode which encloses only the
      sides of the copper body to be plated.
NUM  7.
PAR  7. The method according to claim 3 wherein said step of plating is
      accomplished by using a trough shaped electrode which encloses only the
      sides of the copper body to be plated.
NUM  8.
PAR  8. The method according to claim 1 wherein the step of plating is carried
      out by placing two copper bodies on top of each other and plating the two
      combined bodies on all sides and further including the step of separating
      the two bodies after plating.
NUM  9.
PAR  9. The method according to claim 2 wherein the step of plating is carried
      out by placing two copper bodies on top of each other and plating the two
      combined bodies on all sides and further including the step of separating
      the two bodies after plating.
NUM  10.
PAR  10. The method according to claim 3 wherein the step of plating is carried
      out by placing two copper bodies on top of each other and plating the two
      combined bodies on all sides and further including the step of separating
      the two bodies after plating.
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ABST
PAL  An array of bent wire connectors to grip the edge of a printed circuit
      board is held in spaced, opposed grooves on facing side walls of a holder
      so that the whole array can be affixed to a mother board as a unit by
      soldering the free ends of the connectors in place. The grooves can be
      preformed to hold the connectors in the array, or they can be formed in
      situ by heating a jig with the connectors assembled in a similar array of
      holes in the surface of the jig and then pressing a thermoplastic holder
      onto the connectors. The heated connectors soften the contiguous portions
      of the holder, and after the latter is in place, the assembly is allowed
      to cool so that the thermoplastic material can reharden in gripping
      relation to the connectors. A bar can separate gripping portions of the
      connectors to align them and give them a pre-set position to receive the
      edge of the printed circuit board easily.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of wire form connectors and
      particularly to a system and apparatus for handling the wire form
      connectors so that a large number of them may be simultaneously inserted
      into one printed circuit structure to grip onto the edge of another
      printed circuit structure and furnish electrical connection between the
      two printed circuit structures.
PAR  2. The Prior Art
PAR  This invention relates to the type of electrical connectors described in my
      U.S. Pat. No. 3,340,440. These connectors may be described as generally
      U-shaped with a central reverse bend or as being generally M-shaped. Each
      connector is a single piece of wire with two outer legs that extend
      generally parallel to each other in one direction and are joined together
      by a curved bight section. Instead of a single curved section, the bight
      has a reverse bend in it so that the overall connector takes generally the
      shape of an M. The reverse-bent central section is defined by parts of the
      wire that extend generally in the same direction as the outer ends but the
      spacing between these two parts of the reverse bend is not uniform. It is
      smaller at the entrance of the reverse bend to form gripping portions, or
      jaws, capable of gripping the edge of a printed circuit board or the like.
      The extent of insertion of the printed circuit board between the two
      spaced apart gripping portions is limited by the length of the
      reverse-bent portion. The closed end of the reverse-bent portion may be
      relatively circularly curved or it may be more nearly straight with sharp
      curves joining the parts that form the gripping members. In the latter
      case, there is a more definite location of the edge of a printed circuit
      board or the like inserted between the gripping portions.
PAR  Such connectors have been inserted into printed circuit boards and the like
      by drilling or forming holes in the printed circuit board in the proper
      position to receive a second printed circuit board. Normally, the holes
      are formed in pairs to receive each of the free ends of each connector and
      the pairs of holes are arranged in two parallel straight lines since the
      printed circuit board to be inserted between the gripping portions of the
      aligned connectors is normally straight.
PAR  One of the disadvantages of using such connectors is the necessity of
      inserting each of them separately. In some cases they may be inserted by a
      machine, but often it is just as economical to insert them individually by
      hand. The structure into which they are inserted includes metallized areas
      around each of the holes so that each of the ends of the connectors can be
      soldered thereto. This is usually done by placing the entire structure
      over a soldering vessel and causing a wave of solder to wash across the
      metallized areas and the ends of the connectors. It is preferable to
      provide means to hold the gripping portions in alignment so that they will
      remain aligned after the soldering operation has been completed.
PAR  It is one of the objects of the present invention to provide a method and
      apparatus for handling the connectors in groups so that they need not all
      be inserted separately into holes in a printed circuit board or the like.
PAR  It is another object to provide for pre-setting the gripping portions of
      the connectors so that they will apply a certain pressure to a printed
      circuit member or the like in use.
PAR  It is still another object of the present invention to provide inherent
      correct alignment of a number of such connectors prior to the time they
      are inserted into the printed circuit board in which they are to be
      soldered.
PAR  A still further object is to provide an improved holding structure to
      receive connectors of the aforementioned type.
PAR  Another object is to provide for easy removal of a holder after it has
      served its purpose in facilitating attachment of a group of connectors to
      a printed circuit board.
PAR  Still further objects will become apparent to those skilled in the art
      after studying the following specification and drawings.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention a unitary article is formed of a
      plurality of connectors, which are of a type shown and described in U.S.
      Pat. No. 3,340,440, and a holder that grips the connectors in a
      predetermined aligned array. The holder has a pair of side walls that
      extend the full length of the array of connectors and at least a short
      distance beyond each end of the array. The free ends of all of the
      connectors extend beyond one of the long edges of the side walls so that
      they can be inserted in correspondingly aligned holes in a printed circuit
      member, commonly referred to as a mother board, and supported by the
      holder while being soldered in place.
PAR  The side walls of the holder are joined together by a transverse structure
      that may be a third wall joining the other long edge to form a structure
      of U-shaped cross-section or may be a plurality of transverse walls. The
      inwardly facing surfaces of the side walls have parallel grooves to hold
      the connectors in proper alignment and each groove in one side wall is
      directly opposite a groove in the other side wall so that the legs of each
      connector can be held in a pair of opposed grooves. The holder may be made
      of any suitable material, such as a thermoplastic material molded into the
      proper shape and having molded grooves to receive the connectors or, in
      the case of a holder having a U-shaped cross-section, extruded.
PAR  If the holder is extruded, the grooves, which are perpendicular to the
      direction of extrusion, are formed in situ. The method for forming the
      grooves with the connectors positioned therein requires that the array of
      connectors first be assembled by having their free ends inserted in
      properly aligned pairs of holes in a jig which is either in the form of a
      heat-conductive block or in the form of a plurality of heat-conductive
      blocks held in rigid, spaced relationship to each other to compensate for
      heat expansion of the blocks. The assembly of connectors and jig is then
      heated, for example, in an oven, to bring the legs of the connectors to a
      high enough temperature to soften the contiguous surface areas of the
      holder as the latter is pressed upon the assembled connectors in a
      direction parallel to the legs. The block and connectors are then allowed
      to cool enough so that the softened regions of the holder reharden in
      precisly fitting relationship to grip at least a portion of each leg of
      each connector.
PAR  Prior to placing the holder over the connectors, an alignment bar can be
      forced into the reverse-bent section of the M-shaped connectors. The bar
      not only aligns the connectors but spaces the gripping portions a certain
      distance apart. The rehardened holder side walls will retain the sides of
      the connectors to keep the gripping portions separated further than they
      would normally be and thus pre-set the connectors to have a certain
      gripping force on the edge of a printed circuit board of a certain
      thickness. After the holder and connectors have been joined together and
      cooled, the alignment bar is removed, and the holder-and-connector
      assembly is removed from the jig.
PAR  When the connectors are to be inserted in previously formed holes in a
      printed circuit board or the like, the holder may be placed in position to
      allow the ends of the legs of the connectors to fit into the holes on the
      printed circuit board and all of the legs sealed in place preferrably by a
      wave of molten solder. The holder may be removed immediately after the
      soldering operation due to the face that the molten solder provides enough
      heat to loosen the thermoplastic material. Alternatively, the holder may
      be left in place until the solder has cooled and may later be removed by
      applying sufficient heat, for example by radiant lamp or a heat gun or the
      like, to soften the thermoplastic holder. Only a relatively low degree of
      heat need be applied to loosen the holder for removal. The connectors are
      then fixed in place on the printed circuit board and are ready to receive
      between their gripping portions another printed circuit or the like.
      Because the alignment bar may be chosen to have an exact thickness, the
      distance between the gripping portions of the connectors may be fixed so
      that they will receive a printed circuit board and apply a certain
      pressure thereto. In this way a relatively large number of connectors can
      be placed so as to receive a single printed circuit board and yet the
      total force exerted by the connectors on the edge of the printed circuit
      board can be held to an amount that permits the board to be relatively
      easily inserted and removed, contrary to connectors built into a support
      structure and not available for easily setting the resilient bias of their
      gripping portions.
PAR  If a large number of connectors is to be aligned and held by a single
      holder, means must be provided so that the spacing between them does not
      change as the jig with the array of connectors on it is allowed to cool.
      If there is excessive contractions of the jig during cooling, the holder
      will warp. The use of a material such as Invar, which has a low thermal
      coefficient of expansion, for the jig eliminates any problem due to
      shrinkage, but Invar is expensive and difficult to machine, and a
      substitute is desired. One such substitute is to make the jig of an easily
      machined material, such as brass and divide the jig into several
      relatively short segments jointed together by a rod of a lower coefficient
      of expansion, such as steel. The rod and jig segments are gripped at
      certain points so that expansion in the segments takes place in both
      directions parallel to the axis of the rod and can thus be divided
      relatively equally in the two directions. This minimizes the total
      expansion of the support member, which minimizes the shift in spacing
      between the connectors as they cool down.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a connector of the type to be handled by the
      method and apparatus of the present invention.
PAR  FIG. 2 shows the connector of FIG. 1 installed on a printed circuit board
      and making connection with a second printed circuit board.
PAR  FIG. 3 shows an array of connectors of the type shown in FIG. 1 placed in a
      support member to be assembled with a holder.
PAR  FIG. 4 shows the support member of FIG. 3 with a holder placed over the
      connectors.
PAR  FIG. 5 is a cross-sectional view of a modified form of support member with
      a large number of connectors mounted on it.
PAR  FIG. 6 is a plan view of a modified form of holder.
PAR  FIG. 7 is a cross-sectional view of the holder in FIG. 6 along the line
      7-7'.
PAR  FIG. 8 shows a connector in a different cross-sectional location of the
      holder in FIG. 6 along the line 8-8'.
PAR  FIG. 9 shows a holder with connectors in it aligned to place the connectors
      in a printed circuit board.
PAR  FIG. 10 shows the holder and printed circuit board of FIG. 9 and
      diagramatically illustrates a wave-soldering bath under the printed
      circuit board.
PAR  FIG. 11 shows the holder of FIG. 10 being removed from the connectors
      mounted on the printed circuit board.
PAR  FIG. 12 shows a second printed circuit board being inserted into the
      connectors on the first printed circuit board.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The connector shown in FIG. 1 is a wire member 21 that has two
      substantially parallel legs 22 and 23 joined together at one end and free
      at the other end. The end at which they are joined together may be
      referred to as the bight end of the connector but instead of being a
      simple U-shaped bight, it has a reverse-bent, or downwardly bent section,
      so that it is more accurately described as M-shaped. The reverse-bent
      section includes a center portion 24 and two sides 26 and 27 joined to the
      center 24 by relatevely sharp bends 28 and 29. The sides 26 and 27 are
      joined by smoothly curved sections 31 and 32 to the outer legs 22 and 23,
      respectively.
PAR  As will be noted, the outer legs 22 and 23 are longer than the sides 26 and
      27, and the sides are closer together at the end where they join the
      sections 31 and 32, than where they join the center 24. As stated in my
      U.S. Pat. No. 3,340,440, this structure provides gripping portions 33 and
      34 that are rounded to press firmly against the opposite sides of a
      printed circuit board 36 illustrated in broken lines and shown with an
      arrow 35 indicating the direction that it is inserted between the gripping
      portions 33 and 34.
PAR  FIG. 2 shows the ends of the legs 22 and 23 inserted through a printed
      circuit board 37 and attached by solder connections 38 and 39 to
      metallized sections 41 and 42, respectively. The printed circuit board 37
      is defined as a mother board since, other boards, such as the board 36,
      are connected to it and supported by it. The board 36 has a conductive
      section 43 on one surface to be contacted by the gripping portion 34 as
      the board 36 is gripped between the portions 33 and 34. As will be noted,
      the effect of inserting the board 36, which is somewhat thicker than the
      normal distance between the gripping portions 33 and 34, between the sides
      36 and 27 is to force the sides apart slightly in the directions indicated
      by the arrows 44 and 46. This causes the legs 22 and 23 to be slightly
      deflected to apply further resilient pressure on the gripping portions 33
      and 34 in addition to the pressure provided by the natural resilience that
      causes the sides 26 and 27 to return to the position occupied in FIG. 1.
PAR  Normally a printed circuit board, such as the mother board 37, would have a
      large number of aligned connectors 21 to grip individual conductive
      sections of another board such as the board 36. In accordance with the
      present invention, such connectors 21 are shown mounted in a jig in the
      form of a heat conductive block, or support member, 47 in FIG. 3. The
      block 47 may be made of any suitable material, such as brass or steel or,
      preferrably, a material that has a low thermal coefficient of expansion,
      such as Invar. This block has, in the embodiment shown, two rows of holes
      48 bored in it and arranged along two straight parallel lines spaced
      approximately the same distance apart as the legs 22 and 23 of the
      connectors 21. The holes 48 need not extend entirely through the block 47,
      provided they extend far enough to allow the center 24 of each of the
      connectors 21 to rest on the surface of the block. Furthermore, the holes
      48 are slightly oversized and may be slightly countersunk to allow the
      ends of the legs 22 and 23 of the connectors 21 to be inserted easily. A
      U-shaped member 50 that is a little taller than the connectors may be
      placed in the array of connectors nearer one end of the array than the
      other to fit into a corresponding slot in the board 36 to keep the board
      36 from being inserted into the array backward.
PAR  One of the important advantages of the connectors 21 is that they may be
      adjusted to provide a desired pressure by the gripping portions 33 and 34.
      In order to do this, it is desirable that a bar 49 be placed in the
      reverse-bent sections of all of the connectors 21 in the block 47. As
      indicated by the arrow 51, the bar 49 is pressed downwardly between the
      portions 26 and 27 of all of the connectors 21, except it must be inserted
      before member 50 is in place. The thickness T of the bar is chosen to
      space the gripping portions 33 and 34 apart by a certain distance so that,
      when the connectors 21, which are thus given an initial resilient bias,
      are placed in the printed circuit board 37 shown in FIG. 2, they will all
      not only be aligned with each other to receive the printed circuit board
      36 easily, but will all press upon the printed circuit board 36 with a
      certain pressure that is great enough to make good contact between the
      gripping portion 34 and the conductive layer 43 but is not so great as to
      make it excessively difficult to push the printed circuit board 36 into
      gripping engagement with the connectors 21 or to remove it from the
      connectors. Forcing the bar 49 between the gripping portions 33 and 34
      causes the legs 22 and 23 to pivot so that they point toward a common
      location instead of being parallel. The thicker the bar the greater the
      deflection of the legs. The actual deflection is small, and the slightly
      oversized holes in the printed circuit board 37 in FIG. 2 allow the legs
      22 and 23 to enter at an angle. The solder connections 38 and 39 keep the
      legs 22 and 23 tilted at a slight angle, thus retaining a certain spacing
      between the gripping portions 33 and 34.
PAR  After the bar 49 has been placed in position so that it rest within the
      reverse-bent part of each of the connectors 21 in FIG. 3, the assembly of
      the block 47 and connectors 21 and, if used, the block 47 is heated, for
      example by placing the assembly in an oven.
PAR  When the assembly reaches a certain temperature, it is removed from the
      oven, and a suitable holder 52 shown in FIG. 4 is placed over the heated
      connectors 21 on the block 47. The holder 52 is preferably a thermoplastic
      material that is relatively hard such as, for example, a hard grade of
      pure vinyl chloride of approximately 90 durometer. The holder 52 is
      generally U-shaped and its central channel 53 has side walls that press
      against the outer legs 22 and 23 of each of the connectors 21 and of the
      member 50, which is not so tall that it will not fit in the channel 53.
      The temperature of the heated connectors 21 and member 50 is hot enough to
      cause the contiguous surfaces of the holder 52 to soften so that the outer
      legs 22 and 23 of each of the connectors 21 and the member 50 press into
      the holder to achieve an interfitting relationship. In so doing, at least
      a portion of the surfaces of the channel 53 that touch each of the legs 22
      and 23 of each of the connectors 21 melts slightly to grip the portion of
      the respective leg pressing against it. The temperature to which a hard
      grade of pure vinyl chloride should be heated for this purpose is about
      300.degree. to 350.degree.F. The bar 49 is still in place to establish the
      proper spacing between the gripping portions 33 and 34.
PAR  The assembly shown in FIG. 4 is then allowed to cool, after which the bar
      49 may then be drawn out by means of a hook (not shown) inserted in a hole
      54 at the end of the bar. Then the holder 53 may be lifted free of the
      block 47 with all of the connectors 21 firmly gripped by the holder. The
      holder 52 with the connectors 21 firmly embedded in it is then ready for
      use, as will be described hereinafter.
PAR  One of the disadvantages of using a material such as brass for the block 47
      is that it has a high coefficient of thermal expansion. As a result, if a
      large number of connectors 21 is to be held in place by a brass block to
      allow a long holder 52, for example a holder approximately 3 inches long,
      to be placed over them, the brass block 47 is likely to contract so much
      in cooling that the connectors 21 at the ends of the row will be slightly
      tilted toward each other and the entire holder 52 is likely to acquire a
      bowed shape. This is not suitable for holding the connectors 21 for
      insertion in a printed circuit board. Accordingly, the structure shown in
      FIG. 5 may be used in place of the single block 47 shown in FIGS. 3 and 4.
PAR  The structure in FIG. 5 includes two blocks 56 and 57 which have a
      relatively high thermal conductivity, such as brass, but which may also
      have a relatively high coefficient of thermal expansion. These blocks 56
      and 57 are attached to a rod 58 that extends into openings 59 and 61 bored
      into or otherwise formed in the blocks 56 and 57. The rod 58 is rigidly
      joined to the blocks 56 and 57 by means of set screws 62 and 63. By making
      the rod 58 of material that has substantially less thermal coefficient of
      expansion than the blocks 56 and 57, and by making the point of attachment
      between the rod and the blocks at a middle section of the blocks, the
      thermal expansion of each of the blocks 56 and 57 extends away from the
      point of attachment, i.e., the set screws 62 and 63, in the directions
      indicated by arrows 64-67. In this way a relatively large number of
      connectors 21, which are here shown cut along their respective center
      lines, may be mounted so that the relative shift of position between them
      is held to a sufficiently low value so that a holder, such as the holder
      52 in FIG. 4, having a length of 3 1/2 inches can be placed over them
      without being forced into a curved shape as the blocks 56 and 57 cool.
PAR  FIGS. 6-8 show a modified form of holder 69 that has a pair of side walls
      71 and 72, each of which has a plurality of grooves 73 and 74,
      respectively, formed in it. Each of these grooves has a depth
      approximately equal to the diameter of the wire from which the connectors
      21 are made and a width slightly greater than that diameter to accomodate
      a slight amount of warping of the connectors out of their normal form in
      which all parts of a connector lie in one plane. For strength, the holder
      69 has a plurality of transverse walls 76 between the side walls 71 and
      72. The holder 69 also has a built-in central bar 77 that has a slightly
      tapered cross-section as shown in FIGS. 7 and 8.
PAR  FIG. 8 shows a connector 21 placed in the holder 69 and pressed upwardly
      far enough so that its center 24 is against the upper edge of the bar 77.
      Its outer legs 22 and 23 fit into the grooves 73 and 74, respectively, to
      be held firmly. The bottom surfaces of the grooves are slanted slightly
      inwardly to hold the connectors 21 more firmly, and the central bar 77
      cooperates with grooves to provide accurate alignment of the connectors.
PAR  FIG. 9 shows the holder 52 with the connectors 21 and the member 50 in it
      aligned over a double row of holes 78 in the printed circuit mother board
      37. The board is also shown as having a second set of holes 79 to receive
      a second set of connectors 21. The metallized area around each hole does
      not appear on the surface of the board 37 shown in FIG. 9.
PAR  FIG. 10 shows the board 37 after the holder 52 has been lowered to allow
      the ends of the connectors 21 and the member 50 to extend through the
      holes 78. A wave 81 of molten solder 82 is shown sweeping the lower
      surface of the board 37 in the direction of an arrow 83 to solder each
      connector 21 and the member 52 in place.
PAR  FIG. 11 shows the holder 52 moving up in the direction of an arrow 84 after
      having been heated by a source 86, which may be an infra-red lamp or a
      heat gun or another source. The holder could have been removed when the
      connectors 21 and the member 50 were heated by the solder, but to do so
      might cause a small shift in the location of any connectors embedded in
      solder that was still soft. It is better to be sure that the solder has
      hardened and then reheat with the source 86.
PAR  FIG. 12 shows the completely installed connectors 21 and the member 50
      about to receive the printed circuit board 36 as it moves in the direction
      of the arrow 87. The board 36 has a printed conductive strip 88 to be
      mechanically grasped and electrically connected by each of the connectors
      21. It also has a slot 89 that fits over the upper bar of the member 50 to
      prevent the board 36 from being installed backward.
PAR  While the invention has been described in terms of specific embodiments and
      steps, it will be understood that modifications may be made therein within
      the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of handling resilient wire electrical connector members, each
      comprising a pair of legs extending generally parallel to each other to a
      pair of respective free ends, the other ends of each pair of legs being
      joined together by bent, integral sections of said wire, said method
      comprising the steps of:
PA1  A. inserting the free ends of each of said members in respective holes in a
      heat-conductive jig, said holes being aligned in pairs spaced apart along
      two parallel straight lines;
PA1  B. heating said jig and said members;
PA1  C. fitting a thermoplastic holder over the bent, integral sections of said
      heated members, the temperature of said members being higher than ambient
      temperature of portions of said holder not in contact with said members
      and being sufficiently high to soften the contiguous sections of said
      holder to allow mutually opposite pressure between said heated members and
      said holder to force a portion of each of said legs to impress itself at
      least partially into a respective contiguous portion of said holder to
      form one of said grooves;
PA1  D. allowing said holder to cool in contact with said members to a
      sufficiently low temperature to set said contiguous portions of said
      holder in gripping engagement with the respective ones of said members as
      a unitary structure; and
PA1  E. removing said unitary structure from said jig.
NUM  2.
PAR  2. The method of handling the members of claim 1 wherein the bent, integral
      section of each of said members has a central loop extending in the same
      direction as the legs thereof, each of said legs being joined to one side
      respectively, of said loop by additional curved sections of said wire, the
      sides of each of said loops adjacent said curved sections comprising
      gripping portions, said method comprising the additional step of inserting
      a spacer in the loop of each of said M-shaped members prior to heating
      said members to hold said gripping portions a predetermined distance
      apart.
NUM  3.
PAR  3. The method of claim 2 comprising the additional step of removing said
      spacer after said members and holder have cooled to form said unitary
      structure.
NUM  4.
PAR  4. The method of claim 1 comprising the additional steps of:
PA1  A. inserting said ends of said members incorporated into said unitary
      structure into metallized holes in a support member;
PA1  B. soldering said ends to the perimeters of said metallized holes, whereby
      said members are heated; and
PA1  C. removing said holder while said members are at least hot enough to
      soften said contiguous portions of said holder.
NUM  5.
PAR  5. The method of claim 4 comprising the additional step of reheating said
      holder after said soldering step is completed, said holder being removed
      only after said reheating.
NUM  6.
PAR  6. The method of claim 1 comprising the additional steps of:
PA1  A. inserting said ends of said members incorporated into said unitary
      structure into metallized holes in a support member;
PA1  B. soldering said ends to the perimeter of said metallized holes;
PA1  C. exposing the surface of said holder away from said members to radiant
      heat; and
PAR  D. pulling said holder away from said soldered-in members.
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PAL  A method of making electrical contacts of the type having a pair of
      disk-shaped contacts of precious metal secured to an electrically
      conductive base member. In this method, continuous flat silver strip is
      first preformed in a punch press to provide a series of disks left
      connected to one another at their opposite peripheral edges to afford
      sufficient stiffness for handling. A pair of these strips are then fed,
      while maintaining registration therebetween, concurrently with a
      continuous base member into a brazing or welding machine and are secured
      to one surface of the base member adjacent opposite edges thereof to form
      a continuous subassembly strip. This subassembly strip is then fed into a
      cut-off device with accurate registration so as to make cuts through the
      connection exactly between adjacent disks of directly opposite pairs
      thereof and through the base member to provide two round contacts spaced
      apart on a rectangular base member. These round contacts of diameter X
      require substantially less silver than square contacts having a side
      dimension X while providing an electrical life the same as the larger area
      square contacts. This method combines the advantages of the continuous
      attachment process with the economy of discrete contacts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A method of making electrical contacts from continuous strips has been
      known heretofore. In this method, one or two uniform strips of contact
      material are brazed near the edges of a strip of base material. Contacts
      are then chopped off this subassembly in a die. The greatest advantage of
      this method is that the attachment process is generally an unattended,
      continuous, automated operation and thus is more economical than handling
      and welding or resistance brazing discrete contacts. However, a
      disadvantage of this method is that it has been limited to making
      rectangular or square contacts, and, as a result, more silver is used than
      is necessary for the required performance. For example, the difference
      between a square contact and a round contact of the same diameter as the
      length of one side of the square contact is almost 22 percent in silver
      volume. That is, going from a square contact to a round contact of the
      same thickness and the above diameter results in a saving of almost 22
      percent in the amount of silver. But round contacts have had the
      disadvantage that they are discrete contacts that require individual
      handling, thus requiring more complex and costly manufacturing methods.
PAR  While these prior methods have been useful for their intended purpose, this
      invention relates to improvements thereover.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide an improved method of making
      electrical contacts.
PAR  A more specific object of the invention is to provide an improved method of
      making electrical contacts that combines the advantages of a continuous
      attachment process with the economy of material and durability afforded by
      formed discrete contacts.
PAR  Another specific object of the invention is to provide an improved method
      whereby round contacts in continuous strip form are fed and attached to a
      base member.
PAR  Another specific object of the invention is to provide an improved method
      of making electrical contacts whereby two strips of round contacts are fed
      in accurately controlled registration and secured to a base member
      whereafter such subassembly is closely registered to enable cutting
      precisely between contacts of opposite pairs thereof.
PAR  A further specific object of the invention is to provide an improved method
      of making round contacts secured to a base member whereby the round
      contacts are handled in continuous strip form prior to final cutting
      apart.
PAR  Other objects and advantages of the invention will hereinafter appear.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a top view of a punch press including means for moving and
      punching contact material into a preformed strip of round contacts;
PAR  FIG. 2 is an enlarged top view of means for feeding two preformed strips of
      round contacts simultaneously with a base strip into a welding or brazing
      device wherein the contact strips are accurately registered and attached
      to the base strip;
PAR  FIG. 3 is an edge view of the subassembly of contact strips and base member
      made in FIG. 2;
PAR  FIG. 4 is a cross-sectional view of the subassembly taken along line 4--4
      of FIG. 2; and
PAR  FIG. 5 is a top view of means for feeding the subassembly of FIGS. 2-4 into
      a cutoff device and cutting precisely between the round contacts.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a uniform strip of contact material 2
      such as silver or silver cadmium oxide being fed into a punch press. This
      punch press comprises a pair of intermittently driven feed sprockets 4 and
      6 and a punch die having a rear half 8 and a front half 10.
PAR  As shown in FIG. 1, each half of the die, 8 and 10, is shaped so that it
      will form the corresponding side of the strip. That is, each half of the
      die will cut the removable material from between two adjacent contacts,
      thus forming one quarter of the circumference of each adjacent contact.
      Thus, the two dies together form one-half of the circumference of each of
      the two adjacent contacts. As shown in FIG. 1, the dies are shaped to
      extend around slightly past the half-way points on the adjacent contacts
      to insure that the cut-off material will be completely severed. With this
      shape of die, a first punching operation will form the leading half of the
      first contact 2a, the strip is then advanced whereupon the second punching
      operation will form the trailing half of the first contact 2a and the
      leading half of the second contact 2b, the strip is again advanced
      whereupon the third punching operation will form the trailing half of the
      second contact and the leading half of the third contact 2c, etc.
PAR  For an initial set-up preparatory to running the punch press, it is first
      necessary to make a few punches from the end of the strip under manual
      control. This will enable the strip to be inserted between feed sprocket
      wheels or star wheels 4 and 6. As shown in FIG. 1, the first punch has
      been made at the leading end of the strip so as to form a half contact 2d
      that must be trimmed off later. To avoid such waste, the first punch can
      be made so as to form the leading half of the first contact, thus
      requiring three punches under manual control rather than two as in FIG. 1
      to reach the star wheels. The number of punches required under manual
      control will, of course, depend on the configuration of the machine and
      the distance between the feeding star wheels and the die.
PAR  Once the punch press has been set up as shown in FIG. 1, it can be run
      automatically to form the strip. In this operation, the die is raised, the
      star wheels will rotate one-sixth revolution in the direction indicated by
      the arrows to advance the silver or silver cadmium oxide strip and
      precisely position it for the next punch, and then the die comes down to
      make the punch. This operation repeats until the long continuous strip is
      formed.
PAR  As will be apparent, the round contacts 2a, 2b, 2c are left attached to one
      another at their opposite peripheral edges enough to provide sufficient
      strength and stiffness for handling. The die is shaped so that a straight
      cut later between adjacent contacts will provide as close to round
      contacts as possible.
PAR  After contact strips have been preformed as shown in FIG. 1, a pair of such
      contact strips are attached to a base member as shown in FIG. 2. For this
      purpose, there are provided a welding or brazing device 12, a first pair
      of feeding star wheels 14 and 16 for feeding rear strip 18, a second pair
      of feeding star wheels 20 and 22 for feeding front strip 24, and suitable
      feeding means such as drive rolls (not shown) for feeding base member 26.
      The four sprocket wheels or star wheels 14, 16, 20 and 22 are geared
      together and the two pairs thereof are spaced apart a multiple of contact
      widths, two contact widths in FIG. 2, thereby to register the two strips
      relative to one another so that the tangential line between adjacent
      contacts in one strip coincides exactly with the tangential line between
      adjacent contacts in the other strip.
PAR  For mechanical reasons, the aforesaid strips and base member are fed at
      different levels. That is, star wheels 20 and 22 and contact strip 24 are
      above star wheels 14 and 16 and contact strip 18. Also, base member 26 is
      therebelow. Thus, there are provided pincher rollers (not shown) in the
      brazing zone, preferably ahead of device 12, for bringing both contact
      strips 18 and 24 down against the upper surface of base strip 26 to be
      attached thereto by brazing or welding. When the subassembly leaves the
      left hand side of device 12, the two contact strips are rigidly and
      electrical conductively secured to base member 26 as shown in FIGS. 3 and
      4.
PAR  The final step of the method, cutting or chopping the subassembly into
      finished contacts, is shown in FIG. 5. For this purpose, there are
      provided two star wheels 28 and 30, like star wheels 14 and 22 in FIG. 2,
      except that they are on the same level, for feeding the subassembly,
      produced in FIG. 2, into a cut off device 32. These star wheels 28 and 30
      are geared together and may be similarly spaced as in FIG. 2, to feed the
      brazed subassembly into the cut off device. This cut off device includes a
      shear, die or the like for making a straight cut transversely across the
      subassembly exactly between contacts to produce finished contacts 34 shown
      in FIG. 5. Star wheels 28 and 30 rotate intermittently one-sixth
      revolution in the direction of the arrows between cut off device
      operations.
PAR  As shown at the left hand side of FIG. 5, finished contacts 34 consist of
      two spaced apart disk contacts secured to a rectangular base member. These
      contacts are very nearly round. A typical use of the finished contact is
      for bridging a pair of stationary contacts in an electrical switch or
      relay.
PAR  These round contacts of a diameter equal to the side dimension of square
      contacts will afford the same electrical life as the square contacts. This
      is because round contacts do not have loose corners to lift up or peel.
      The action of the arc leaving a round contact is more random than an arc
      which tends to leave a square or rectangular contact by the corners.
      Although the "jog" life which appears to be proportional to the amount of
      contact material would be reduced, nevertheless the electrical life would
      remain substantially the same, while taking advantage of the continuous,
      automated attachment process along with the economy of material in round
      contacts.
PAR  While the method hereinbefore described is effectively adapted to fulfill
      the objects stated, it is to be understood that the invention is not
      intended to be confined to the particular preferred method of making
      electrical contacts disclosed, inasmuch as it is susceptible of various
      modifications without departing from the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making electrical contacts comprising the steps of:
PA1  pre-forming a flat uniform continuous strip into a multiple-contact strip
      having a series of contact disks partially left connected to one another
      at their adjacent peripheral edges through a narrow integral connecting
      part sufficiently strong to provide adequate stiffness for mechanical
      feeding while providing substantially round contacts when a tangential cut
      is made through the connecting part between each pair of contact disks,
      said strip consisting of good electrical conducting material such as
      precious metal or the like;
PA1  forming a continuous base strip of electrical conducting material;
PA1  simultaneously feeding the two strips contiguously into a connecting device
      and therein rigidly securing the multiple-contact strip to the base strip
      to provide a combined strip from which electrical contacts may be cut off;
PA1  feeding said combined strip into a cutting device with accurate
      registration of said narrow connecting part with respect to the cutter;
PA1  and operating said cutting device to make a tangential cut, centered
      between adjacent disks, through said combined strip.
NUM  2.
PAR  2. The method of making electrical contacts claimed in claim 1, wherein
      said step of simultaneously feeding the two strips contiguously into a
      connecting device and therein rigidly securing the multiple-contact strip
      to the base strip to provide a combined strip from which electrical
      contacts may be cut off comprises:
PA1  passing said two strips through pinching rolls to press said
      multiple-contact strip against the surface of said base strip and then
      brazing the two strips together.
NUM  3.
PAR  3. The method of making electrical contacts claimed in claim 1, wherein
      said preforming step comprises:
PA1  intermittently feeding said flat uniform continuous strip;
PA1  and punching said strip between said intermittent feeding motions to form
      said interconnected series of contact disks thereon.
NUM  4.
PAR  4. A method of making electrical contacts comprising the steps of:
PA1  preforming flat uniform strips of contact material into multiple-contact
      strips having a series of contact disks left connected to one another at
      their adjacent peripheral edges through a narrow integral connecting part
      sufficiently strong to provide adequate stiffness for mechanical feeding
      while providing substantially round contacts when a tangential cut is made
      through the connecting part between each pair of contact disks, said strip
      consisting of good electrical conducting material such as precious metal
      or the like;
PA1  forming a flat uniform elongated base member of electrical conducting
      material;
PA1  simultaneously feeding a plurality of said multiple-contact strips in
      spaced apart relation to one another along with said base member into a
      connecting device and therein rigidly securing said multiple-contact
      strips to the flat surface adjacent the opposite edges of said base member
      to provide a subassembly strip from which electrical bridging contacts may
      be cut off;
PA1  feeding said subassembly strip into a cutting device;
PA1  and actuating said cutting device to make lateral cuts between contact
      disks of opposite pairs thereof through said subassembly strip to provide
      contacts having a pair of spaced contact disks on a rectangular base
      member.
NUM  5.
PAR  5. The method of making electrical contacts claimed in claim 4, wherein
      said step of simultaneously feeding two of said multiple-contact strips
      comprises:
PA1  maintaining said multiple-contact strips in accurate registration with
      respect to one another so that the transverse line between adjacent
      contact disks on each of said strips coincides precisely with the
      transverse line between corresponding contact disks on any other strip as
      said strips are fed into said connecting device and securing said
      multiple-contact strips to said base member in such registration.
NUM  6.
PAR  6. The method of making electrical contacts claimed in claim 4, wherein
      said step of feeding said subassembly strip into said cutting device
      comprises:
PA1  intermittently feeding said subassembly strip and accurately stopping the
      same between motions with respect to said cutting device so that said
      lateral cuts are made exactly between said contact disks to provide
      contacts that are as round as possible.
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ABST
PAL  A panel like member is provided for an electric shaver which seats against
      the side of the shaver screen which panel has a straight top in or just
      below the shearing plane of the blade for positioning the hairs as they
      enter the screen such that they will be sheared by the blade.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Electric shavers have a stationary apertured screen or guard behind which a
      driven blade is reciprocated or rotated to shave the user by shearing the
      individual hairs which project through the openings in the screen. The
      cutting blade is caused to move rapidly while pressed against the inside
      surface of the screen. The cutting blade has openings which permit the
      hairs which pass through the screen to also pass through the cutting blade
      whereby the hairs are sheared as the cutting blade passes across the
      screen openings. These openings are in the top of the screen and extend
      down the sides of the screen below the plane of the inside surface of the
      screen where the shearing action takes place.
PAR  For efficient shaving, ideally, the hairs should be erect and generally
      normal to the skin. However, this is an ideal only, since in many cases
      the hair grows at an acute angle to the skin, and, therefore, as the
      shaver head approaches the hair, the hair is folded down between the
      exterior surface of the screen and the skin surface and never passes
      through the screen openings. The result is a poor shave, because only a
      portion of the hairs are actually cut. This has been the source of
      considerable irritation and frustration to both the users and the
      manufacturers of the equipment.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a simple and relatively inexpensive accessory which
      may be added to the conventional electric shaver. The invention forces the
      hairs to stand erect as the leading edge of the shaver approaches them
      whereby they are positively positioned to enter the openings in the screen
      and be sheared. The invention accomplishes this by providing a plate or
      panel which overlies the exterior surface of the screen and also partially
      overlies that portion of the screen openings which extend down the side of
      the screen. This edge catches the hairs which are lying at an acute angle
      to the skin surface and tips them into an erected position just as they
      enter the screen openings. Because of the relative planar positions of the
      edge of this panel, and the effective shearing plane of the cutter blade,
      the hairs have no opportunity to return to their original position prior
      to being subjected to the shearing action of the blade. The construction
      of the invention is such that it may be added, as an accessory, to
      existing electric shavers without requiring redesign of the shaving head.
DRWD
PAR  The invention will be more clearly understood upon reading the following
      description and the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an enlarged sectional elevation view of a plural bladed shaver
      head showing the invention mounted on each of the individual screens of
      the head;
PAR  FIG. 2 is an oblique view of one form of the hair erecting panel of this
      invention;
PAR  FIG. 3 is a bottom view of the panel shown in FIG. 2;
PAR  FIG. 4 is an enlarged, sectional elevation view of this invention mounted
      on a shaver screen illustrating the manner of its operation;
PAR  FIG. 5 is an oblique view of the invention mounted on a typical electric
      shaver screen;
PAR  FIG. 6 is a very much enlarged, fragmentary, oblique view of the
      interrelationship of the top edge of the panel of this invention and the
      screen openings and top surface of the cutter blade; and
PAR  FIG. 7 is a cross-sectional view of a modified form of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The numeral 10 indicates a shaver head having plural cutters. The shaver
      head has a plurality of screens 11, 11a and 11b, all mounted on a support
      bracket 12. The means of mounting is not illustrated since it is
      conventional and varies from one shaver brand to another. Further, it does
      not form any part of this invention. In this particular construction, the
      screens are arranged on an arched surface 13 to improve shaving action and
      the wedge shaped spaces between the screens are occupied by suitable
      fillers 14.
PAR  The individual screens are of a generally inverted U-shape with the lower
      ends of the legs joined by a connecting member 15. As shown in FIG. 4,
      mounted within the screen is a cutting blade 16. The cutting blade is
      resiliently pressed against the inside surface of the screen by suitable
      means such as coil or leaf springs. These are not illustrated since the
      springs are conventional, are found in commercial products, and do not
      form any part of this invention.
PAR  The shaver head 10 is detachably mounted on a conventional shaver body
      which contains a motor and means extending into the shaver head to drive
      the cutting blade. In the particular form of shaver illustrated, the blade
      is reciprocated lengthwise of the screens. In other types of electric
      shavers the screen is circular and the blade is rotated. Again, this is
      conventional structure and is not a part of this invention.
PAR  The top surface of the screen is provided with numerous, narrow, closely
      spaced, parallel openings 20. These openings extending to the outer side
      edges of the screen and then extend partially down the sides of the screen
      to form side portion openings as are shown in FIGS. 4 and 6. The blade 16
      within the screen, also has openings 22 which extend through the top of
      the blade and also a portion of the distance down the sides of the blades.
      The top edges of each of these openings are so shaped as to form cutting
      edges 23 on each side. As the blade 16 is moved back and forth past the
      openings 20 of the screen, hairs projecting through the openings in the
      screen are caught in the openings 22 of the blade and, by virtue of the
      cutting edges 23, are sheared.
PAR  Up to this point in the description, everything that has been described is
      conventional and can be found in one or more of the various makes of
      electric shavers commercially available on the market. This invention
      modifies the screen blade combination by providing a plate or panel 30
      which seats tightly against the exterior surface of the screen. The top
      edge 31 of the panel 30 has a sharp corner (FIG. 6) at the juncture of the
      top face and the exterior face of the panel. The top edge 31 is straight
      and is positioned intermediate the bottoms of the side portions of the
      screen openings 20 and the inside surface 32 of the top of the screen.
      This surface lies in the plane A (FIG. 6), which plane not only is the
      inside surface of the top of the screen but is also the top surface of the
      cutter blade and, therefore, is the plane in which the cutting edges 23
      perform their shearing function as they pass back and forth across the
      openings 20. The bottoms of the openings 22 are also arranged in a plane
      which is indicated by the letter B in FIG. 4. In FIG. 4 the spacing
      between the planes A and B is indicated. The preferred position for the
      top edge 31 of the panel 30 is in the plane A where it lies in the same
      plane as the inside surface 32 of the screen or, stated another way, in
      the same plane as the top of the cutting blade 16.
PAR  The panel 30 may be a simple plate secured in any suitable manner such as
      by adhesives or fasteners to the side wall of the screen. A preferred
      embodiment, however, is that of a U-shaped member 35 as illustrated in
      FIG. 2. The U-shaped member consists of a pair of panels 30 integrally
      connected by a base portion 36. The top edges 31 of the U-shaped member 35
      are in the same plane and, as is clearly illustrated in FIG. 4, they
      partially overlie the lower part of the side portions of the screen
      openings when the screen is seated within the member 35 and bottomed
      against its base 36. The spacing between the panels 30 of the member 35 is
      such as to snugly receive the screen between them. The length of the
      member is at least that which will assure the top edges 31 extending to
      and beyond the end ones of the openings 20 in the screen. The precise
      length and depth of the member 35 will depend upon the length and depth of
      the screen and blade combination with which this invention is to be used.
PAR  The base 36 of the member 35 has a central aperture 37 to permit the
      driving finger or shaft of the shaver motor to project up into the
      blade-screen combination where it can engage and drive the blade.
PAR  A modified form of the invention is illustrated on the left hand side of
      FIG. 1 where the member 35a has one panel 30 of the type and height which
      has previously been described but the other side of the base portion has
      only a short, upstanding, integral flange 38. The height of this flange is
      only that which is sufficient to properly grip the screen 11 and firmly
      hold the member 35a in place. The reason for this modification is that
      while this invention greatly improves the shaving action of the shaver, it
      interfers with the use of the shaver as a trimmer. In this latter case,
      the hair is usually of a substantial length and the use of this invention
      interfers with the longer hairs entering the openings in the screen. Thus,
      by leaving one side open, the shaver can be improved in its shaving action
      without impairing its utility as a trimmer. Since the other blade screen
      combinations of the same head have top edges 31 of the members 35 at the
      normal height, the shaver is capable of lifting the hairs when shaving as
      the shaver is moved in both directions.
PAR  It will be seen that the invention is a simple attachment which can be
      mounted on the conventional shaver screen-blade combination and need not
      have any special attachment means since the snug fit between the screen
      and the member will hold it in position. Since the screen is bottomed in
      the U-shaped member, the position of the top surface is automatically
      indexed at the plane A. The member 35 can be made of any suitable material
      but preferably is formed from stainless steel for appearance, durability
      and sanitation.
PAR  The principle of operation of the invention is illustrated in FIG. 4. In
      this figure, the individual hairs 40 through 40d are illustrated in
      various angular relationships to the skin surface 41. It will be noted
      that some of the hairs are growing at an angle to the skin surface such as
      the hairs 40a, 40c and 40d. It is assumed that the hair 40b was originally
      inclined in the same direction as hair 40a. It is illustrated as about to
      enter the shaver as the shaver is being moved to the right. As the top
      edge 31 of the panel 30 engaged the end of the hair 40b it pushed the hair
      into an erected position by tipping it outwardly from the skin. Thus, the
      entire hair will be positioned, ready for cutting, rather than either
      passing between the exterior surface of the screen and the skin surface or
      only a portion of it projecting into the shearing plane A of the shaver.
PAR  As the hair 40a passes over the edge 31 of the panel 30, it will be bent in
      the opposite direction, that is, to the right as the invention is
      illustrated in FIG. 4. When the end of the hair has passed into the shaver
      beyond the top edge 31 of the panel, the natural resilience of the hair
      will tend to snap it back to its original, inclined position. As it does
      so, the blade will catch it and shear it. In the case of hairs inclined in
      the opposite direction, as in the case of hairs 40c and 40d, movement of
      the shaver in the opposite direction will result in their erection and
      thus will be sheared in the same manner as the hair 40b.
PAR  It will be seen that the use of the member 35a will not impair this action
      since hair passed over by the first screen-blade combination will be
      erected and sheared by the next two screen-blade combinations equipped
      with members 35.
PAR  It will be noted that the juncture of the top and sides of the screen is
      rounded. This is done to avoid the harsh scraping action which would
      result from the use of a sharp corner. This rounded juncture, however,
      tends to push the inclined hairs down against the skin since it has the
      effect of rolling over them. This invention provides a sharp-cornered
      leading edge 31 which eliminates this rolling action. Because this sharp
      corner 31 is recessed slightly below the exterior top surface of the
      screen it is prevented from scraping or irritating the skin but, at the
      same time, it is close enough to the skin surface to catch the hair and
      force it into erected position. Its sharpness eliminates the
      "rolling-over" action of the leading edge of the screen.
PAR  FIG. 7 illustrates a modified form of this invention particularly adapted
      to the multiple blade-type shaver illustrated in FIG. 1. In this
      construction, the member 35b instead of being seated around the
      screen-blade assembly forms a V-shaped jacket around the spacer-filler 14.
      The height of the sides of the member 35b is such that their top edges are
      in the same position as the top edges of the member 35 and thus function
      in the same manner. The sides form a channel which snugly receives the
      filler. The member 35b is positively positioned with respect to the
      screen-blade combination since the bottom 36b of the member seats against
      the support bracket 12. Since the top of the filler 14 is recessed, it
      will not interfere with the member's function. The thickness of the filler
      14 holds the sides of the member firmly against the sides of the adjacent
      screens. When this modified arrangement is used both leading edges of the
      shaver head will function as trimmers and the close shaving action will be
      performed by the inner edges of the screen-blade combination.
PAR  It will be seen that by the use of this invention a very close shave can be
      obtained quickly by passing the head back and forth across the skin
      surface. Further, the shaver will be much more complete since all of the
      hairs will be positioned such that they will be sheared. The invention is
      useful not only in the case of hairs which are growing at an angle, but
      also in the case of hair which is extremely fine and therefore lacks the
      necessary stiffness to stand erect. This type of hair tends to lay over
      toward the skin, and this invention will force these hairs into an
      outwardly projecting posture where they will be sheared by the blade.
PAR  It will be recognized that this invention can be applied to various types
      and makes of electric shavers either as original equipment or as an
      accessory to modify existing shaver heads. As such, the invention solves a
      problem which has not heretofore been satisfactorily answered in the
      electric shaver art.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. In a cutting head for an electric shaver having a thin screen and a
      driven cutting blade movably mounted within and engaging the inside
      surface of said screen, the screen having a top surface and a pair of
      sides, a plurality of openings through the top of said screen, portions of
      said openings extending down said sides through which individual hairs may
      pass to be sheared by said blade, the improvement in said cutting head
      comprising: a thin panel of rigid material extending parallel to and
      seated tightly against a side face of said screen, the top edge of said
      panel abutting said side face of said screen and being parallel with the
      top surface of said screen and in the same general horizontal plane as the
      inside surface of the top of said screen and overlying the lower part of
      those portions of said openings extending down said side of said screen
      for erecting individual hairs into a posture generally normal to the skin
      as the hairs pass into the openings in the screen for shearing by the
      blade.
NUM  2.
PAR  2. The improvement in electric shaver cutting heads as described in claim
      1, wherein a pair of said panels are provided, one on each side of said
      screen.
NUM  3.
PAR  3. The improvement in electric shaver cutting heads as described in claim 1
      wherein said panel has an integral base portion generally normal to the
      plane of said panel and projecting from the lower edge of said panel, an
      upturned flange integral with an edge of said base portion parallel with
      said panel and spaced therefrom a distance such that said screen may be
      snugly seated between said panel and said flange, said flange being
      shorter than said panel and no portion thereof overlying any of said
      openings in said screen.
NUM  4.
PAR  4. The improvement in electric shaver cutting heads as described in claim 3
      wherein an access opening is provided in said base portion to permit said
      blade and the drive of the shaver to be connected.
NUM  5.
PAR  5. The improvement in electric shaver cutting heads as described in claim 1
      wherein said panel has an integral base portion generally normal to the
      plane of said panel and projecting from the lower edge of said panel, an
      upturned flange integral with an edge of said base portion parallel with
      said panel and spaced therefrom a distance such that said screen may be
      snugly seated between said panel and said flange with said flange
      extending parallel to and seated tightly against the adjacent face of said
      screen, said flange being the same height as said panel, abutting the
      adjacent face of said screen and serving as a second panel for erecting
      hairs when the direction of movement of the shaver over the skin surface
      is reversed.
NUM  6.
PAR  6. In a cutting head for an electric shaver having a thin screen and a
      driven cutting blade movably mounted within and engaging the inside
      surface of said screen, the screen having a top surface and a pair of
      sides, a plurality of openings through the top of said screen, portions of
      said openings extending down said sides through which individual hairs may
      pass through said screen to be sheared by said blade, the improvement in
      said cutting head comprising: a thin panel of rigid material extending
      parallel to and seated tightly against a side face of said screen, the top
      edge of said panel abutting said side face of said screen and being
      parallel with the top surface of said screen and located above the bottom
      ends of the portions of said screen openings in said sides of said screen
      and in or below the horizontal plane of the inside surface of the top of
      said screen for erecting individual hairs into a posture generally normal
      to the skin as the hairs pass into the openings in the screen for shearing
      by the blade.
NUM  7.
PAR  7. In a cutting head for an electric shaver having a thin screen and a
      driven cutting blade movably mounted within and engaging the inside
      surface of said screen, the screen having a top surface and a pair of
      sides, a plurality of openings through the top of said screen, portions of
      said openings extending down said sides through which individual hairs may
      pass through said screen to be sheared by said blade, the improvement in
      said cutting head comprising: a thin panel of rigid material extending
      parallel to and seated tightly against a side face of said screen, the top
      edge of said panel abutting said side face of said screen and being
      parallel with the top surface of said screen and located between the
      horizontal plane of the bottom ends of the portions of said screen
      openings in said screen sides and the horizontal plane of the inside
      surface of the top of said screen for erecting individual hairs into a
      posture generally normal to the skin as the hairs pass into the openings
      in the screen for shearing by the blade.
NUM  8.
PAR  8. The improvement in electric shaver cutting heads as described in claim 7
      wherein a pair of said panels are provided, one on each side of said
      screen and each seated tightly against the adjacent face of said screen.
NUM  9.
PAR  9. The improvement in electric shaver cutting heads as described in claim 7
      wherein said screen is elongated, of inverted U-shape and said openings
      extend laterally thereof, said panel being elongated and of a length to
      overlie all openings in said screen side.
NUM  10.
PAR  10. The improvement in electric shaver cutting heads as described in claim
      9 wherein a plurality of said screen-blade combinations are provided,
      arranged parallel to each other, said panels being provided on each side
      of each of said screens except one side of one of said screens, said one
      side being the leading edge of said shaver head when the shaver is moved
      in one direction.
NUM  11.
PAR  11. An accessory for an electric shaver having a screen housing a driven
      cutter blade, the screen having a top and sides and a plurality of
      slotlike openings in the top thereof and extending down the sides, said
      accessory comprising: a member of rigid material having a base and
      integral upstanding side panels forming a channel of a width to snugly
      receive said screen with said upstanding side panels seated tightly
      against the sides of said screen, at least one of said side panels having
      a straight top edge which, when the screen is seated in said member will
      be in abutment with the adjacent one of said sides of said screen and
      parallel to the top surface of the screen and located between the
      horizontal plane of the bottom ends of said portions of the screen
      openings in the screen sides and the plane of the inside surface of the
      top of the screen, the juncture of the top face and the outer side face of
      said side defining a sharp angle.
NUM  12.
PAR  12. In a cutting head for an electric shaver having a plurality of cutters
      each having a thin screen and a driven blade movably mounted within and
      engaging the inside surface of said screen, the screens each having a top
      surface, a pair of sides and a plurality of openings through the top
      portions of said openings extending down said sides through which
      individual hairs may pass through said screens to be sheared by said
      blades, and a filler-spacer seated between and separating each adjacent
      pair of said cutters, the improvement in said cutting head comprising: a
      U-shaped member of thin rigid material having a central channel defined by
      a pair of sides and a base, said channel receiving said filler-spacer
      therein with said sides extending above the top of said filler-spacer,
      when said member is seated between a pair of said cutters, the sides of
      said member being seated tightly against the sides of the screens of the
      adjacent cutters, the top edges of said member being parallel with the top
      surfaces of said screens and located between the horizontal plane of the
      bottom ends of the portions of said screen openings in said screen sides
      and the horizontal plane of the inside surfaces of the tops of said
      screens for erecting individual hairs into a posture generally normal to
      the skin as the hairs pass into the openings in the screens for shearing
      by the blades.
NUM  13.
PAR  13. In a cutting head for an electric shaver having a thin screen and a
      driven cutting blade movably mounted within and engaging the inside
      surface of said screen, the screen having a top surface and a pair of
      sides, a plurality of openings through the top of said screen, portions of
      said openings extending down said sides through which individual hairs may
      pass to be sheared by said blade, the improvement in said cutting head
      comprising: a thin, rigid element seated tightly against a side face of
      said screen, the top edge of said element being in abutment with the
      adjacent one of the sides of said screen and parallel with the top surface
      of said screen and in the same general horizontal plane as the inside
      surface of the top of said screen and overlying the lower part of those
      portions of said openings extending down said side of said screen for
      erecting individual hairs into a posture generally normal to the skin as
      the hairs pass into the openings in the screen for shearing by the blade;
      said element being supported against movement with respect to said screen.
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ABST
PAL  A portable hand-held power device having a slotted entryway for sheet
      material to be cut; a tool mounted for reciprocation across such entryway
      and formed with an offset shoulder having a cutting edge movable to and
      from one side of the entryway, acting as a support for the material to be
      cut, for impacting a sheet against such side and shearing successive
      sections of material therefrom as the sheet is advanced through the
      entryway.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to power-driven hand tools for cutting sheet material
      as, for example, the common electric motor-driven circular saw and
      electric motor-driven saber saw.
PAC  SUMMARY OF INVENTION
PAR  A present sheet-cutting device functions by engaging a sheet to be cut
      within a slotted entryway of the tool and by "pinching off" or clamping
      the sheet between a reciprocating cutting tool and a supporting surface of
      the device, with the tool being formed to "chisel out" or shear off a chip
      of material on each stroke, thereby removing successive sections of the
      sheet over the length of the cut as the sheet is advanced through the
      entryway.
PAR  An object of the present invention is to provide a portable hand-held,
      power-operated sheet-cutting device of the character described which will
      make rapid, clean cuts in all forms of sheet material, including sheet
      metal, with the tool cutting faster, smoother, and through heavier
      material than portable power tools heretofore available.
PAR  Another object of the present invention is to provide a sheet-cutting tool
      of the character above which will be extremely rugged and capable of
      withstanding heavy, continuous usage over long periods of time without
      breakdown.
PAR  A further object of the present invention is to provide a sheet-cutting
      device of the character described which will cut sheet material along
      straight or curved lines with equal facility.
PAR  Still another object of the present invention is to provide a sheet-cutting
      device of the above character which will be of relatively lightweight and
      compact construction, of simple and economic manufacture, and have the
      ability to operate very smoothly at high speeds.
PAR  Yet a further object of the present invention is to provide a sheet-cutting
      device of the character described which may be easily and rapidly
      disassembled for changing of the cutting tool when required.
PAR  The invention possesses other objects and features of advantage, some of
      which of the foregoing will be set forth in the following description of
      the preferred form of the invention, which is illustrated in the drawings
      accompanying and forming part of this specification. It is to be
      understood, however, that variations in the showing made by the said
      drawings and description may be adopted within the scope of the invention
      as set forth in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a portable hand-held, power-operated
      sheet-cutting device constructed in accordance with the present invention;
PAR  FIG. 2 is a plan view of the device;
PAR  FIG. 3 is an exploded perspective view of the several parts making up the
      cutting head section of the device;
PAR  FIG. 4 is a cross-sectional view of the device;
PAR  FIG. 5 is a cross-sectional view of the device taken substantially on the
      plane of line 5--5 of FIG. 1; and
PAR  FIG. 6 is a fragmentary cross-sectional view of the device taken
      substantially on the plane of line 6--6 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  The portable hand-held, power-operated sheet-cutting device of the present
      invention comprises briefly a support 11; means 12 spaced from the support
      and defining therewith a slot 13 providing an entryway for a sheet to be
      cut; and a tool 14 mounted for reciprocation across slot 13 substantially
      perpendicular to an end face 16 of support 11, tool 14 being formed with a
      shoulder 17 offset in the direction of entryway 13 and provided with a
      cutting edge 18 confronting support surface 16 for impacting a sheet
      against surface 16 and shearing a section of material from the sheet. A
      power drive for reciprocating tool 14 may be obtained from an electric
      motor either as part of the tool or from an auxiliary tool such as a saber
      saw 19, here illustrated. The present invention is well adapted for
      construction as an attachment to a saber saw although, as will be
      understood, the electric motor drive may be incorporated directly in the
      present tool to provide a self-contained unit.
PAR  As will be best seen from FIGS. 1 and 4, shoulder 17 is positioned on the
      normally leading side 21 of tool 14; that is, facing entryway 13, and the
      tool is tapered in cross section, as seen in FIG. 6, with its widest
      dimension at leading side 21 and a reduced width at its normally opposite
      trailing side 22, so as to provide clearance in the cutaway part of the
      sheet and to permit relative rotational displacement of the tool and sheet
      for cutting curved configurations. As a further and important feature of
      the device, tool 14 is of elongated form and is mounted for lengthwise
      reciprocation, with its length substantially perpendicular to supporting
      face 16; and the cutting portion or edge 18 of the tool is bevelled, as
      seen in FIG. 5, with respect to the length of the tool, with the leading
      cutting edge 23 confronting support surface 16 so as to enter the sheet
      being cut with a progressive shearing action.
PAR  Preferably, support 11 here comprises a housing having a pair of spaced
      opposite side walls 26 and 27, see FIG. 5, forming a guideway therebetween
      for supporting tool 14 for reciprocation; at least one of the side walls
      being formed with a chip-ejection opening 28; and the tool is provided
      with a stroke moving the cutting portion 18-23 across entryway 13 and into
      registration with opening 28 for ejection of chips removed from the sheet.
      Preferably, the opposite side wall 27 is formed with a similar
      chip-ejection opening 29 in registration with opening 28.
PAR  Means 12, co-functioning with support wall 16 to define the slotted
      entryway for the sheet material to be cut, here comprises a head which is
      secured to the support 11 adjacent the trailing side 22 of the tool by
      attachment means 31, having a dimension perpendicular to slot 13 less than
      the width of the cutting edge 18 of the tool, so as to pass attaching
      means 31 through the cutaway portion of a sheet. As a feature of the
      present invention, support means 31 provides a pivotal attachment of head
      12, enabling rotational displacement of the head in a plane substantially
      perpendicular to the axis of reciprocation of tool 14, thereby enabling
      head 12 to follow the cutting of a sheet along a curved configuration. As
      a further feature, a spring 32 is connected to head 12 for biasing the
      rotational position of head 12 for straight-line cutting of a sheet; that
      is, with the head lined up in the plane of reciprocation of tool 14, as
      seen in FIG. 6. With reference to FIGS. 4 and 6, it will be noted that
      head 12 is formed with an opening 33 therethrough for accommodating the
      reciprocation of the outer end of tool 14, and support 31 here comprises a
      pivot pin journalling head 12 adjacent the lower end of opening 33, as
      seen in FIG. 6. Spring 32 is attached at one end 36 to the support housing
      and at its other end to pin 38 carried in a bore 39 through a lower end
      portion 41 of head 12. A set screw 42 carried by head portion 41 and
      bearing on pin 38 may be used to adjust the position of head 12
      longitudinally on pin 38 and thereby adjust the width of the slotted
      entryway 13 to accommodate sheets of different thickness. Pin 38 is here
      also mounted through and carried by a bracket 43, also pivoted on pin 31
      for greater stability of mounting of head 12. Preferably, tool 14 is
      provided with a stoke sufficient to move cutting portion 18 from a
      position within head 12 at its widest spacing from support 16, to a
      position in registration with openings 28 and 29. In practice, it has been
      found that a tool travel of about 3/16 inch is satisfactory. Such travel
      provides a maximum sheet-cutting capacity of about 1/8 inch. Normally,
      head 12 will be set for a slot width slightly larger than the thickness of
      the sheet being cut so as to provide a fairly snug passageway through
      which the sheet is moved while being cut. Forming of head 12 with opening
      33 therethrough provides a surrounding frame area, see FIG. 6, which
      affords a broad supporting face 44 for the sheet stock being cut in all of
      the adjusted width dimensions of the sheet entry slot 13, see FIGS. 4-6.
PAR  As hereinabove noted, the present device may be designed as an attachment
      for a standard portable, electric motor-driven saber saw 19 of the type
      having an electric motor 46, an attached gear box 47, and a handle 48 for
      manual engagement and positioning of the tool. Gear box 47 is connected to
      the motor shaft and translates the rotary power derived therefrom into a
      high-speed oscillation at a saw chuck 49 at the output of the gear box.
      Normally, a saber saw is attached to chuck 49 and in commonly commercially
      available tools is driven reciprocally through a distance of approximately
      1/2 to 1 inch. Upper and lower pairs of arms 51 and 52 here project from
      housing 11 for attachment, as by screws 53, to the housing of the gear box
      47. The shape and form of attachment arms 51-52 will vary for, and be
      custom designed to fit, various common makes of power-driven saber saws of
      the type here disclosed.
PAR  The unit of the present invention is provided with an input drive piece 56
      which is formed of conventional shape for demountably securing in chuck 49
      and is attached to a reciprocating drive member 57, here carried for
      reciprocation between guides 58 and 59, mounted within housing 11. Cutting
      tool 14 is here mounted between a pair of crank arms 61 and 62 and is
      formed with an elongated opening 63 for receiving an eccentric shaft 66
      connecting cranks 61 and 62. As will be best seen from FIGS. 3 and 4,
      opening 63 is provided in an enlarged portion 67 of tool 14; and portion
      67 is mounted for reciprocation between middle guide 59 and a top guide 68
      for co-planer reciprocation with drive member 57. Preferably guide member
      68 projects upwardly, as seen in FIGS. 1, 4 and 6, for assisting the user
      in guiding the tool along the line of the cut. Cranks 61 and 62 are here
      mounted for oscillation on shaves 71 and 72, which project outwardly from
      cranks 61 and 62 and are journalled in side plates 73 and 74. Cranks 61
      and 62 are additionally provided with a connecting eccentric shaft 76,
      which is engaged in an elongated drive slot 77, formed in drive member 57.
      Accordingly, motion of drive member 57 is transmitted to cranks 61 and 62
      via shaft 76, and such motion is, in turn, transmitted to tool 14 by shaft
      66. As a feature of the present construction, the foregoing arrangement
      provides mechanical advantage in the translation of motion from member 57
      to tool 14 and a force multiplication drive for the latter. Preferably,
      the 1/2 to 1 inch drive of member 57 is reduced to afford an overall
      stroke of tool 14 of about 3/16 inch. With such an arrangement, sheet
      material having a thickness of up to about 3/32 inch can be readily
      accommodated and cut. With the force multiplication provided, the device
      will move easily through cold rolled steel sheet up to about 3/32 inch
      and, of course, will cut softer materials with equal facility. Preferably,
      to obtain cutting proficiency and durability, the cutting surface and, if
      desired, the entire blade is made of carbide steel.
PAR  Other plates and fasteners making up the assembly of the present unit are
      illustrated in FIG. 3 and other views of the drawings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable hand-held power-operated sheet-cutting device comprising:
PA1  a support;
PA1  a head and mounting means therefor positioning said head in spaced relation
      to said support and defining therewith a slot providing an entryway for a
      sheet to be cut; and
PA1  a tool mounted for reciprocation across said slot substantially
      perpendicular to said support and being formed with a shoulder offset in
      the direction of said entryway and providing a cutting edge confronting
      and being beveled in the direction of said support for impacting a sheet
      against said support and shearing a chip of material therefrom, said tool
      having a tapered cross section with its widest dimension at its leading
      side and a reduced width at its opposite trailing side to provide
      clearance in the cutaway part of said sheet to permit relative rotational
      displacement of said tool and sheet for cutting curved configurations;
PA1  said mounting means securing said head to said support adjacent the side of
      said tool opposite said shoulder and having a dimension perpendicular to
      said slot less than the width of said cutting edge so as to pass by said
      mounting means the cutaway portion of said sheet and providing a pivotal
      support for said head for rotational displacement of said head in a plane
      substantially perpendicular to the axis of reciprocation of said tool
      thereby enabling said head to follow cutting of said sheet in a curved
      configuration; and
PA1  spring means biasing the rotational position of said head for straight-line
      cutting of said sheet.
NUM  2.
PAR  2. A device as defined in claim 1, said support comprising a housing formed
      with opposing side walls forming a guideway supporting said tool for
      reciprocation, said side walls being formed with transversely aligned
      chip-ejection openings on opposite sides of said tool; and
PA1  said tool having a stroke moving said cutting edge across said entryway and
      into juxtaposition to said openings for discharge of chips therethrough.
NUM  3.
PAR  3. A device as defined in claim 2, and a guide member mounted medially of
      said side walls and extending upwardly therefrom for assisting the user in
      guiding the device along the line to be cut.
NUM  4.
PAR  4. A device as defined in claim 1, said head having an opening therethrough
      passing said tool and providing work-supporting surfaces on opposite sides
      of said tool confronting said support and defining said entryway; and
PA1  said mounting means being formed to provide adjustable positioning of said
      head for adjusting the space between said work-supporting surfaces and
      said support to provide various widths of said entryway.
NUM  5.
PAR  5. A portable hand-held power-operated sheet-cutting device comprising:
PA1  a support;
PA1  means spaced from said support and defining therewith a slot providing an
      entryway for a sheet to be cut;
PA1  a tool mounted for reciprocation across said slot substantially
      perpendicular to said support, said tool being formed with a shoulder
      offset in the direction of said entryway and providing a cutting edge
      confronting said support for impacting a sheet against said support and
      shearing a section of material therefrom;
PA1  means adapted for mounting said support on a saber saw having a
      reciprocating saw chuck; and
PA1  means connecting said tool to said chuck.
NUM  6.
PAR  6. A device as defined in claim 5, said last-named means embodying
      mechanical advantage providing a force multiplication drive for said tool.
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ABST
PAL  A razor blade unit in the form of an elongated blade member, at least one
      long edge of which is constituted by a cutting edge, and means engaged
      with the blade member and in compression to strain the ends of the blade
      member apart.
BSUM
PAC  SUMMARY OF INVENTION
PAR  The prior U.S. Pat. No. 3,660,893 describes a safety razor having a blade
      which is secured in the razor at its ends only, the intermediate portion
      of the blade, on which the cutting edge is formed, being left unclamped
      and held under tension directed longitudinally of the blade, parallel to
      the cutting edge.
PAR  The present invention is concerned with razors of this form, and is
      primarily directed to providing improved means of producing and
      maintaining the requisite blade tension.
PAR  In accordance with the present invention there is provided a razor blade
      unit in the form of an elongated blade member, at least one long edge of
      which is constituted by a cutting edge, and means compressively engaged
      with the blade member to strain the ends of the blade member apart.
PAR  In the particular embodiments described below, the unit comprises two blade
      members rigidly secured together in spaced, parallel relationship with
      spacers located between adjacent ends of the two blade members, and both
      blade members are tensioned by means of a single wedge member that is
      located in the space between the ends of the blade members and that has
      cooperating wedging engagement with at least one of the spacers.
PAR  In one embodiment, the (or each) blade member is itself of open rectangular
      form.
PAR  In a second embodiment, a rectangular frame is defined by a pair of
      elongated, strip like blade members permanently secured together by means
      of spacers between the blade members at opposite ends thereof. Thus, in
      this case, the two blade members constitute the long sides of a
      rectangular frame and the spacers the short sides of that frame.
PAR  With these arrangements, it becomes a practical proposition to mass-produce
      a shaving unit in the form of a cartridge including guard and cap members
      with the blade units permanently sandwiched in between and held in a
      tensioned condition, the cartridge being removed as a unit and discarded
      when the cutting edges become dulled. The invention therefore includes
      within its scope a shaving unit of this "disposable" cartridge type.
DRWD
PAR  Two presently preferred forms of blade units and shaving units
      incorporating the same will now be described, by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a cross-section of a disposable shaving unit in accordance with
      the invention;
PAR  FIG. 2 is a plan view of a portion of a blade unit in accordance with the
      invention and forming part of the unit of FIG. 1, drawn to a larger scale;
PAR  FIG. 3 is a sectional view along the line 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view along the line 4--4 of FIG. 2;
PAR  FIGS. 5 and 6 illustrate, somewhat diagrammatically, the manner of
      producing the blade unit of FIGS. 2 to 4;
PAR  FIG. 7 is a perspective exploded view of a second form of blade unit;
PAR  FIG. 8 is a plan view of the blade unit of FIG. 7 immediately prior to
      final assembly;
PAR  FIG. 9 is a plan view of the blade unit of FIG. 7 after final assembly;
PAR  FIG. 10 is a plan view (with the cap portion broken away) of a shaving unit
      incorporating a blade unit similar to the type shown in FIG. 9;
PAR  FIG. 11 is a sectional view of the shaving unit along the line 11--11 of
      FIG. 10; and
PAR  FIG. 12 is a sectional view of a portion of the shaving unit along the line
      12--12 of FIG. 11.
DETD
PAC  DESCRIPTION OF PARTICULAR EMBODIMENTS
PAR  The disposable cartridge shaving unit of FIG. 1 comprises: a platform and
      guard member 10; a cap member 12 permanently secured to the member 10; and
      a blade assembly sandwiched between the members 10 and 12 and comprising
      primary and secondary blades 14 and 16, a pair of spacers 18 and a wedge
      member 20.
PAR  The member 10 and cap 12 are both formed as synthetic plastic mouldings,
      the parts being secured by integral pins 22 on the cap 12 passing
      downwardly through the member 10 and being upset by pressure (and
      optionally heat) to "rivet" the parts together. The member 10 has in its
      underside an undercut slot 24 for engagement with support rails formed on
      a razor handle (not shown) which is of known form in itself.
PAR  The blade unit is best seen in FIGS. 2 to 4, of which FIGS. 2 and 3 show
      only one end portion of the assembly.
PAR  Each of the blades 14 and 16 is in the form of an elongated, rectangular
      open frame, the outer edge of one long side of which is sharpened to a
      cutting edge 14A, 16A. The blades are held in spaced parallel relationship
      by a pair of spacers 18, each secured to and positioned between the
      adjacent superposed edges of the blades at one end of the assembly. The
      blades are conveniently of identical form, being offset in the assembly in
      a direction at right angles to the edges 14A, 16A to suit the required
      shaving geometry.
PAR  The wedge member 20 is a machined or pressed metallic member (for example,
      of brass) provided with clearance holes 26 for the pins 22. The member is
      of generally rectangular form as viewed in plan and in end elevation has a
      continuous ridge 28 along its rear edge which is disposed with clearance
      in a slot in the underside of the cap member 12, and is relieved at 30 on
      its underside to clear the rear side of primary blade 14 and the shoulders
      32 on the platform member 10 (see FIG. 1) on which the primary blade 14
      rests.
PAR  As seen in FIG. 3, end face 34 of the wedge member 20 mates with and abuts
      the adjacent face of a spacer 18, these faces being sloped at an angle of
      5.degree. to the vertical. The corresponding faces of the wedge and spacer
      at the opposite end of the unit are similarly angled and abutting, so that
      the wedge member has an included taper of 10.degree.. In the fully
      assembled condition illustrated, the wedge member is compressively engaged
      between the spacers 18 and the longitudinal sides of the blades are
      correspondingly tensioned.
PAR  FIGS. 5 and 6 serve to illustrate a method of forming the blade assembly.
PAR  In the first stage, illustrated in FIG. 5, two blades are superposed with
      the spacers 18 loosely inserted. The wedge member 20 is then dropped into
      position, so that its lower surface is flush with the lower surfaces of
      the primary blade 16 and with its sloping end faces 34 diverging upwardly.
      The spacers 18 are then pressed inwardly, to bear firmly against the faces
      34, thereby taking up clearances, and the blades and spacers are
      permanently secured together, for example by spot welding as indicated at
      36.
PAR  Finally, as shown in FIG. 6, the wedge member is forced through the blade
      and spacer assembly by a controlled amount, i.e. in a direction
      perpendicular to the planes of the blades, so that the wedge faces 34
      force the spacers 18 apart and thereby tension the long edges of the
      blades. The wedge member is, of course, correspondingly compressed and is
      held compressively engaged without any further fixing being necessary, the
      use of shallow wedging angles providing a good degree of security to the
      assembly. Of course, additional fixing or locking means could be provided
      if found necessary or desirable in any particular unit.
PAR  The above-described assembly technique will, of course, be accomplished in
      practice with the aid of assembly jigs and is highly suitable for
      high-speed, automated production. Once the blade assembly is completed it
      is easily handled as a unit, and final assembly effectively entails the
      handling of only three components, the members 10 and 12 and the blade
      assembly, and the shaving unit is completed by known production techniques
      for disposable cartridge units.
PAR  It will be readily appreciated that the construction and assembly of the
      blade unit are particularly well adapted for mass-production, for two main
      reasons. First, the use of separate spacers 18 which can be manipulated to
      take up clearances before the final wedging is effected tends to minimize
      the requirement for close tolerances in the individual components of the
      assembly. Secondly, good control of the degree of blade tensioning is
      possible in a simple manner. The tension is, of course, a function of
      taper angle and displacement of the wedge member between its initial
      position (FIG. 5) and its final position (FIG. 6) and this in turn is
      controlled (preferably) by the thickness of the member 20.
PAR  In a specific example, stainless steel blades 14, 16 are each 0.004 inch
      thick, 1.5 inch long and 0.28 inch wide, with the long sides of the blades
      having a width of 0.05 inch. The included taper angle is 10.degree. and
      the wedge member is driven in through a distance of 0.022 inch, to produce
      an extension of length of the blades of about 0.004 inch. The resultant
      tension of the blades (which has been measured at some 6 to 14 pounds in
      each blade) has been found highly satisfactory, but it will be appreciated
      that the tensile force required will vary widely between blades of
      different configuration and dimensions. For example, the tension typically
      required to give a satisfactory shaving performance will decrease if the
      blade is thicker, wider, or shorter, since it will have increased
      resistance to tension and lateral flexure in longitudinal planes
      perpendicular to its own plane.
PAR  One feature of the unit particularly advantageous to the user is that the
      unit exhibits very little tendency to trap shaving soap and debris between
      the blades 14 and 16, due to the full length open slot left between the
      rear or inner edge of the front side of the lower blade and the forward
      face of member 20, as seen in FIG. 1.
PAR  The unit and method described and illustrated herein will, of course, be
      subject to many modifications within the scope of the present invention.
      For example, the invention is applicable to double edged blades, i.e., in
      which both outer edges of the long sides of the frame are sharpened, as in
      a reversible head razor or a double-sided razor. Alternatively, the
      shaving unit may only have a single blade in which case the ends of the
      blade will probably have blocks secured to them to perform the function of
      the above-described spacers 18. Such a single blade may again be single
      edged or double edged. The blade assembly may in some units be adjustable,
      relative to the guard, to permit adjustment of blade exposure. The
      required wedging action could, of course, be achieved by different means.
      For example, the total wedging taper may be formed in one end face only,
      the other being square, or a two-part wedge assembly could replace the
      single wedge member described.
PAR  A second form of blade unit in accordance with the invention is shown in
      FIGS. 7 to 9 and comprises a pair of blade members 40, 42, a pair of
      spacers 44 between the blades at opposite ends thereof and a wedge member
      46.
PAR  The blade members 40 and 42 are of identical form; each being a narrow
      elongated strip, say 0.004 inch thick (1.0 mm.), having its leading edge
      sharpened to a cutting edge 48 and having at its ends a pair of rearwardly
      extending arms 50.
PAR  The spacers 44 are, like the blades, of steel, and each takes the form of a
      simple rectangular block.
PAR  The wedge member 46 comprises a metal plate having two forwardly projecting
      portions in the form of horns 52, whose thickness is substantially equal
      to, but no greater than, the thickness of the spacer (about 0.02 inch (0.5
      mm. in a particular embodiment) and whose outer faces 54 are each inclined
      at an angle of some 4.degree. (an included angle of 8.degree.) to a line
      at right angles to the blade edges and in the plane of the blades.
PAR  In manufacture, the blades 40, 42 and spacers 44 are superposed in their
      approximate final positions and the horns 52 of the wedge member 46 are
      partially inserted between the blades and the spacers. The spacers are
      then pushed in against the sloping outer faces 54 of the horns and the
      blades and spacers are secured together as by spot welding (in position as
      indicated in FIG. 8). At this stage, the blades are untensioned, but
      assembly is completed by pushing the wedge member fully home (to the
      position indicated in FIG. 9) so as to strain the spacers apart by virtue
      of the wedging action of the horns, thereby tensioning the blades. The
      frictional restraint between the horns and the spacers is sufficient, to
      maintain the assembled condition, without any further fixing of the wedge
      member relative to the other parts.
PAR  The blade unit has a number of practical advantages and virtues. It is very
      economical in the use of blade material, since the maximum width of the
      blade members (i.e., at the ends) in the embodiment described is only 0.08
      inch (2 mm.). Also, the area between the blades is completely open, except
      for the horns 52, which is of great assistance in the clearing of shaving
      debris.
PAR  Because of its compact and rigid construction, the blade unit is inherently
      adapted to be matched to a wide range of razor designs. It could for
      example be employed as a replacement unit in an injector razor system, or
      incorporated in a disposable shaving unit system.
PAR  An example of this latter type is illustrated in FIGS. 10-12. The shaving
      unit in which a blade unit similar to the above described blade unit is
      mounted includes an integral pressing constituting a guard 60, a cap 62
      and a neck 64 which is joggled (as at 66) or otherwise adapted for
      releasable engagement with a razor handle. In this embodiment, the forward
      and rear edges of the wedge member 46 are turned down to form flanges 68
      between the horns 52 to stiffen the blade longitudinally. At its ends, to
      the rear of the blades, the member 46 is turned down to provide end
      flanges 70 (see also FIG. 12). The blade unit is secured to the pressing
      by turning end portions 72 of the pressing inwardly over the flanges 70,
      thereby forming a secure, permanent assembly.
PAR  While particular embodiments of the invention have been shown and
      described, various modifications will be apparent to those skilled in the
      art and therefore it is not intended that the invention be limited to the
      disclosed embodiments or to details thereof, and departures may be made
      therefrom within the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A razor blade unit comprising two elongated blade members, at least one
      long edge of each being constituted by a cutting edge, spacer members
      securing said blade members together at the opposite ends thereof, and a
      wedge having opposed end faces in engagement with the adjacent inner faces
      of said spacer members and extending in a direction perpendicular to the
      planes of said blade members, said wedge being in compression to strain
      the ends of said blade members apart and maintain both of said blade
      members in tension.
NUM  2.
PAR  2. A razor blade unit comprising two elongated blade members, at least one
      long edge of each being constituted by a cutting edge, spacer members
      securing said blade members together at the opposite ends thereof, and a
      wedge having opposed end faces in engagement with the adjacent inner faces
      of said spacer members and extending between said blade members in a
      direction parallel with the planes of the blade members, said wedge being
      in compression to strain the ends of said blade members apart and maintain
      both of said blade members in tension.
NUM  3.
PAR  3. A blade unit as claimed in claim 2 wherein said wedge has a pair of
      forwardly projecting portions, the said portions engaging at their outer
      faces, the respective inner faces of said spacer members.
NUM  4.
PAR  4. A blade unit as claimed in claim 3 wherein said blade members are
      identically formed and are offset laterally with respect to each other.
NUM  5.
PAR  5. A razor blade unit in the form of an open rectangular frame that
      includes an elongated blade portion and two spacer portions, one at each
      end of said blade portion, and thickness of each said space portion being
      greater than the thickness of said blade portion, at least one long edge
      of said blade portion being constituted by a cutting edge, the opposite
      ends of said blade portion being connected to said spacer portions and
      said blade portion being unsupported intermediate its opposite ends so
      that the intermediate area between said opposite ends is open and assists
      in the clearing of shaving debris,
PA1  and wedge means fixed in compressive engagement within said open
      rectangular frame in engagement with said spacer portions to tension said
      cutting edge.
NUM  6.
PAR  6. A blade unit as claimed in claim 5 wherein said blade unit further
      includes a second elongated blade member, at least one long edge of which
      is constituted by a cutting edge, said blade members being rigidly secured
      together in spaced, parallel relationship with said spacer portions
      located between adjacent ends of the two blade members, and wherein both
      blade members are tensioned by means of said wedge means, said wedge means
      being in the form of a single wedge member located in the space between
      the ends of the blade members and having cooperating wedging engagement
      with at least one of said spacer portions.
NUM  7.
PAR  7. A blade unit as claimed in claim 6 wherein the each said blade member is
      itself of open rectangular form.
NUM  8.
PAR  8. A blade unit as claimed in claim 5 wherein said wedge means is a wedge
      member having at least one end face having cooperating wedging engagement
      with an adjacent surface portion integral with said blade member, the said
      one end face being inclined to the plane of the opposite end face of said
      wedge member.
NUM  9.
PAR  9. A blade unit as claimed in claim 5 wherein said blade unit includes
      first and second elongated blade members, said blade members being offset
      laterally with respect to each other and being unsupported intermediate
      their opposite ends so that the intermediate area between said opposite
      ends is completely open and assists in the clearing of shaving debris,
      said wedge means maintaining both of said blade members in tension.
NUM  10.
PAR  10. A shaving unit including cap and guard structure and a blade unit
      permanently secured between said cap and guard structure, said blade unit
      being in the form of an open rectangular frame and including first and
      second elongated blade members, one long edge of each said blade member
      being constituted by a cutting edge, said blade members being laterally
      offset with respect to each other and being connected to end portions of
      the frame at their opposite ends and being unsupported intermediate their
      opposite ends so that the intermediate area between said opposite ends is
      completely open and assists in the clearing of shaving debris, and wedge
      means fixed in compressive engagement within said open rectangular frame
      and engaging said end portions of said frame to strain the ends of said
      frame apart and maintain both of said cutting edges in tension.
NUM  11.
PAR  11. A shaving unit as claimed in claim 10 wherein said cap and guard
      structure is an integral pressing and said blade unit is secured to said
      pressing by deformation of portions of said pressing.
NUM  12.
PAR  12. A shaving unit as claimed in claim 10 wherein said cap and guard
      structure includes a cap member and a separate platform member, said
      platform member having a guard portion attached thereto and said blade
      unit is clamped in sandwich relation between said cap member and said
      platform member.
NUM  13.
PAR  13. A shaving unit as claimed in claim 10 wherein said end portions are
      spacer members and said wedge means is a single wedge member located in
      the space between the ends of said blade members secured solely by
      co-operating wedging engagement with at least one of said spacer members.
NUM  14.
PAR  14. A shaving unit as claimed in claim 13 wherein the (or each) blade
      member is itself of open rectangular form.
NUM  15.
PAR  15. A shaving unit including cap and guard structure and a blade unit
      permanently secured between said cap and guard structure, said blade unit
      comprising two elongated blade members, at least one long edge of each
      being constituted by a cutting edge, spacer members securing said blade
      members together at the opposite ends thereof, and a wedge having opposed
      end faces in engagement with the adjacent inner faces of said spacer
      members and extending in a direction perpendicular to the planes of said
      blade members, said wedge being in compression to strain the ends of said
      blade members apart and maintain both of said blade members in tension.
NUM  16.
PAR  16. A shaving unit including cap and guard structure and a blade unit
      permanently secured between said cap and guard structure, said blade unit
      comprising two elongated blade members, at least one long edge of each
      being constituted by a cutting edge, spacer members securing said blade
      members together at the opposite ends thereof, and a wedge having opposed
      end faces in engagement with the adjacent inner faces of said spacer
      members and extending between said blade members in a direction parallel
      with the planes of the blade members, said wedge being in compression to
      strain the ends of said blade members apart and maintain both of said
      blade members in tension.
NUM  17.
PAR  17. A shaving unit as claimed in claim 16 wherein said wedge has a pair of
      forwardly projecting portions, the said portions engaging at their outer
      faces, the respective inner faces of said spacer members.
NUM  18.
PAR  18. A shaving unit as claimed in claim 17 wherein said blade members are
      identical.
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ABST
PAL  A measuring device for measuring three dimensions of a member. Abutting
      contact between the member and measuring means movably disposed in three
      orthogonal directions within the device displaces each measuring means a
      predetermined overage distance, disposing the member exactly a
      predetermined distance from an axis extending through the device. Gauge
      means accurately indicate when the measuring means is displaced the
      predetermined overage distance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to measuring tools, and in particular, to a
      three-dimensional measuring device for use on a machine tool having a
      numerical position readout.
PAR  2. Description of the Prior Art
PAR  The fabrication of large turbogenerator apparatus requires precise
      machining and dimensioning or else faulty manufacture may result in
      premature failure of the apparatus. Presently, the measurement of each
      dimension for members fabricated for use in large dynamoelectric apparatus
      is done by using a separate measuring device for each measurement that is
      required to be taken. Each measurement device, whether micrometer, pin
      gauge, or journal, which must be used in the measurement process is
      calibrated in a meter room and brought to the work floor to the stock on
      which machining is being performed, and the measurement is then taken.
PAR  The various gauges, in addition to being difficult to calibrate, are each
      possibly subject to varying degrees of accuracy due to varying responses
      to temperature and humidity conditions. In addition, some devices are
      cumbersome to use and may require more than one man to operate. Often,
      such gauges rely upon an operator's "touch" rather than more objective
      criteria. As an example, measurements on the order of 20-25 feet, with
      permissible tolerances of thousandths of an inch, such as those taken for
      bore of a large dynamoelectric apparatus unit, are usually accomplished by
      two men using a pin gauge that is precisely measured by electronic
      techniques in the meter room.
PAR  The pin gauge is an elongated metal rod that, for purposes of the
      measurement, is held in place by one workman against one point on the
      stock being machined. The second end of the gauge is then swung by the
      second workman in short acrs using the first workman's pivot point as
      center of the arc. The degree of abrasion between the second end of the
      pin gauge and the stock opposite the pivot point indicates to a skilled
      workman the overage that must be trimmed in order to meet the prescribed
      dimension.
PAR  Of course, it is plain that such a pin gauge is affected by temperature and
      humidity conditions which might change its dimension slightly from the
      meter room to the work floor. But more importantly, the gauge is
      cumbersome to use and relies upon the "feel" of the workman, and not upon
      some more objective standard.
PAR  When measuring more than one dimension, it is required that a separate
      gauge for each dimension be brought from the meter room to the work floor
      and the measurements taken of the stock being machined. In addition to the
      variations induced in each gauge by the change in temperature and humidity
      conditions from the meter room to the work floor, the time involved in
      taking separate measurements, some measurements involving two workmen, is
      expensive. It is apparent therefore that a more accurate and expeditious
      measuring device able to measure the dimension of machined stock on each
      of three orthogonal dimensions is required.
PAC  SUMMARY OF THE INVENTION
PAR  This invention discloses a measuring device having first, second and third
      measuring means movably disposed within an outer casing. The first and the
      second measuring means are disposed in a plane perpendicular to an axis
      extending through the casing and through the third measuring means. Both
      the first and the second measuring means are disposed a predetermined
      distance plus a known overage distance away from the central axis. Gauge
      means indicate when abutting contact between a member to be measured
      displaces the measuring means the overage distance, thus assuring that the
      member is exactly the predetermined distance from the reference axis. The
      third measuring means is operably connected to the gauge means, and only
      forces directed along the reference axis will activate the gauge means.
      Force transfer means translate a force exerted on either the first or the
      second measuring means in a plane perpendicular to the reference axis to a
      force acting along the reference axis so as to activate the gauge means.
PAR  It is an object of this invention to provide a measuring device capable of
      measuring three dimensions of stock being machined. It is a further object
      of this invention to dispose a measuring device able to measure each of
      three dimensions of stock being machined upon a machine tool having a
      numerical position readout and have a measuring device capable of
      measuring dimensions in each of the three dimensions without reorienting
      the measuring device from its original attached position.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully understood from the following detailed
      description, taken in connection with the accompanying drawings, in which:
PAR  FIG. 1 is perspective view of a measuring device taught by this invention
      utilized with a machine tool to measure the dimensions of a workpiece;
PAR  FIG. 2 is an elevational view, partly in section, of a measurement device
      embodying the teachings of this invention;
PAR  FIG. 3 is an elevational view taken along line III--III of FIG. 2;
PAR  FIG. 4 is a view taken along line IV--IV of FIG. 2;
PAR  FIG. 5 shows the utilization of the measuring device taught by this
      invention to obtain the dimensions of a member;
PAR  FIG. 6 is a view similar to FIG. 5; and,
PAR  FIG. 7 is a view similar to FIG. 5 showing the utilization of the measuring
      device taught by this invention to obtain the dimensions of a member.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Throughout the following description, similar reference characters refer to
      similar elements in all figures of the drawings.
PAR  FIG. 1 illustrates a workpiece 10 for a dynamoelectric apparatus, such as a
      turbogenerator, mounted on a work table 12 of a machine tool 14. The tool
      14 can be any power operated tool, such as a core drill or a reamer,
      having a measuring head 16 taught by this invention mounted on a toll arm
      18. It is to be understood that the measuring device 16 occupies the same
      position on the machine tool 14 that a tool head member which performs the
      machining function normally occupies. The tool arm 18 on which the
      measuring device 16 is mounted is movable upon suitable brackets 20, 22
      and 24 in three orthogonal directions, corresponding to the directions
      indicated on the cartesian coordinate axis 26, 28 and 30. In FIG. 1,
      numeral 26 represents the X axis, numeral 28 the Y axis, and numeral 30
      the Z axis. Hereinafter, motion of the measuring device 16 to the right or
      to the left along bracket 20 will be described as motion in the positive
      or negative X direction respectively. Similarly, motion of the measuring
      device 16 upward or downward along the bracket 22 will be defined as
      motion in the positive or negative Y direction, while movement of the
      measuring device into and out of the plane of the paper along the bracket
      24 will be defined as motion in the positive or negative Z direction
      respectively.
PAR  The magnitude of the displacement of the measuring device 16 can be
      ascertained from numerical displays 32, 34 and 36 mounted on the machine
      tool 14. The display 32 indicates the magnitude of the displacement of the
      device 16 while mounted on the arm 18 in the X direction 26, the display
      34 indicating the magnitude of displacement of the tool head 16 in the Y
      direction 28, and the magnitude of displacement of the tool head 16 in the
      Z direction 30 is indicated by the numerical display readout 36.
PAR  As illustrated in FIG. 1, the workpiece 10 is a substantially rectangular
      member having a central axial bore 38 disposed therethrough. The workpiece
      10 has rectangular sides 40 and 42 thereon, a top surface 44 and a bottom
      surface 46, and a frontal surface 48. The workpiece 10 also has a flange
      portion 50 having a surface 52 substantially parallel to the frontal
      surface 48. The distance between the parallel surfaces 48 and 52 defines a
      step extending in the Z direction 30. The various surfaces of the
      workpiece 10 hereinbefore described are relevant to the description later
      described as to the method of operation of the measuring device 16.
PAR  In the prior art, whenever it is described to accurately obtain the
      measurement of the piece upon which work has been done, a separate gauge
      is usually required for each measurement. For example, different gauges
      would be utilized to measure the width (defined as the distances between
      sides 40 and 42) and the heighth (the distance between top 44 and bottom
      46) of the workpiece 10. In addition, a third gauge, commonly a pin gauge,
      is utilized to measure the diameter 54 of the bore 38 of the workpiece 10.
      The pin gauge is an elongated metal rod which requires two workmen in
      order to obtain the measurement sought.
PAR  As an example in the prior art, the diameter 54 of the bore 38 of the
      workpiece 10 is measured utilizing the pin gauge as follows: one of the
      workmen would pivotally hold one end of pin gauge to the inside diameter
      of the workpiece at one side thereof. Relative to FIG. 1, then, the first
      workman would pivotally hold the pin gauge at a point on the inside
      diameter of the bore 38 nearest the top surface 44. A second workman would
      then swing the other end of the pin gauge in short arcs, with the pivot
      point held by the first workman as the center of the arc, and through his
      "touch" or "feel" determine the amount of abrasion between the inside of
      the bore 38 near the bottom surface 46 opposite the point of pivoting of
      the pin gauge. The degree of abrasion between the second end of the pin
      gauge and the inside diameter of the workpiece 10 near the bottom surface
      46 indicates to a skilled workman how much machining must still be
      required in order for the bore 38 to reach a prescribed tolerance.
      Commonly, diameters of workpieces such as is illustrated in FIG. 1 extend
      distances of 20 to 25 feet, while the tolerances sought to be measured
      using the pin gauge device extend to the range of thousandths of an inch.
PAR  It is apparent that such a subjective test relying upon the feel of an
      operator, however skilled, is an inherently inaccurate measurement
      process. And, the pin gauge itself may produce variations in its length
      due to its response to different temperature and humidity conditions on
      the work floor than were present in the meter room when the pin gauge was
      electronically measured. Thus, to use the prior art method to attempt to
      accurately determine dimensions such as the diameter of a bore is
      disadvantageous. The precise tolerance, down to thousandths of an inch, is
      required, to avoid the possibility of manufacturing inaccuracies in
      dimensioning between constituent parts of the apparatus which could lead
      to premature failure.
PAR  Of course, the example of the prior art method of measurement described
      above for the bore of the workpiece is only illustrative. But similar
      problems of operator error occur when attempting to measure any dimension
      of any stock which must be machined. Also, any gauge, either pin gauge,
      micrometer, journal or any gauge, which are set in meter rooms undergo
      variations due to temperature and humidity changes on the work floor.
      Thus, it is apparent that some device which accurately measures all three
      dimensions without the necessity of relying upon subjective operating
      feeling or touch, and with a minimum of temperature and humidity
      variations, is desirable. In addition, it is desirable to have a measuring
      device which need not be reoriented from its original position when
      measuring each of the three directions.
PAR  The tool head 16 taught by this invention is a device which fulfills these
      needs.
PAR  Referring to FIGS. 2 and 3 of the drawings, front and side elevational
      views, respecitvely, each partially in section, illustrate the measuring
      device 16 embodying the teachings of this invention. The device 16
      generally comprises an outer casing as indicated at 60 in which movable
      measuring means 62, 64 and 66 are disposed. The measurement means 62 and
      64 are disposed in a plane perpendicular to a reference axis 68 which
      extends centrally and axially through the interior of the casing 60. The
      third measurement means 66 is movable within the casing 60 along the
      reference axis 68.
PAR  The entire device 16 is connected to the arm 18 of the machine tool 14
      (FIG. 1) by mounting means 70 coaxially secured to the casing 60. The
      first measuring means 62 and the second measuring means 64 are each
      disposed a predetermined distance 72 plus a known overage distance 74 from
      the axis 68. Gauge means 80 are provided and indicate when abutting
      contact between the measurement means 62 or 64 and the workpiece 10 (FIG.
      1) is sufficient to displace the first measurement means 62 or the second
      measurement means 64 the predetermined overage distance 74 and thereby
      dispose the workpiece 10 exactly the predetermined distance 72 away from
      the reference axis 68.
PAR  For clarity, it is to be understood that, in FIG. 1, the first and second
      measurement means 62 and 64 lie along the X axis 26 and the Y axis 28,
      respectively, and that the third measurement means 66 lies along the Z
      axis 30, as shown. It is to be further understood that the first
      measurement means 62 and the second measurement means 64 need not be
      disposed in the same plane, although they are shown as being so disposed.
      In addition, the overage distances 74 need not be equal for the first
      measurement means 62 as for the second measurement means 64, and the
      predetermined distance 72 away from the reference axis 68 need not be
      equal for the first measurement means 62 and for the second measurement
      means 64.
PAR  The third measurement means 66 is movable along the reference axis 68 and
      is operably connected to an actuator pin 82 of the gauge means 80. The
      operating pin 82 is reciprocally disposed in a cylinder 84 and, when
      depressed, the pin 82 deflects a needle 86 that is internally biased
      within the gauge means 80 so as to deflect the needle 86 across a
      faceplate 88 having marked gradations 90 thereon. The gauge means 80 is
      operable only be reciprocal deflection of the pin 82 along the axis 66 and
      thus responds only to forces directed upon the gauge 80 along the
      reference axis 68. So that forces imposed upon the first and the second
      measuring means 62 and 64 respectively, which lie in a plane perpendicular
      to the reference axis 68, may actuate the gauge 80, force transmission
      means 94 are disposed within the casing 60 and translate forces which are
      imposed in a plane perpendicular to the reference axis 68 to forces which
      act upon the reference axis 68 and which can therefore activate the pin 82
      of the gauge 80. The force transmission means 94 will be more fully
      described herein.
PAR  The casing 60 is comprised of a gauge support portion 96 and a measuring
      head support portion 98. The gauge support portion 96 is itself comprised
      of a three-sided body member 100 having connected thereto a cover plate
      102 and a bottom plate 104. The cover plate 102 and the bottom plate 104
      are connected to the body 100 by suitable attachment means such as bolts
      106. The attachment shaft 70 is received by the cover plate 102 and
      securely affixed thereto by suitable attachment means such as the screw
      110. The body member 100 has an axially extending support tongue 112
      therein, the tongue 112 having an opening 114, as best seen in FIG. 3. The
      body member 100, cover plate 102 and bottom plate 104 define a gauge
      chamber 116 therein. The gauge 80 is disposed within the gauge chamber 116
      and secured in a predetermined position therein by suitable attachment
      means such as a lock nut 118 which extends from the back of the gauge 80
      through the opening 114 in the body member 100. The pin 82 and pin
      cylinder assembly 84 extend through an opening 120 disposed centrally and
      axially within the bottom plate 104.
PAR  The measurement head support portion 98 of the casing 60 comprises a base
      plate 126 connected to a transition plate 130, which is in turn connected
      to a mating plate 134 by an elongated screw 135. The mating plate 134 is
      connected by suitable means such as an extension of the bolt 106 to the
      bottom plate 104 of the gauge support portion 96 of the casing 60. The
      transition plate 130 has four orthogonally disposed apertures 140 disposed
      therein, the apertures 140 permitting communication between the exterior
      of the device 16 and a cavity 142 defined within the measurement head
      support portion 98. Central axial openings 144 and 146 are disposed
      through the base plate 126 and the mating plate 134 respectively. The
      opening 144 permits communication between the central cavity 142 and the
      exterior of the device 16, while the opening 146 communicates with the
      opening 120 in the bottom plate 104 and the cavity 142.
PAR  Movably disposed within the cavity 142 is a measurement head support plate
      generally indicated by the reference numeral 150. The support plate 150
      comprises a top support plate 152 and a bottom support plate 154. The top
      support plate 152 is slidably disposed relative to the bottom support
      plate 154 within the cavity 142. To facilitate sliding motion between the
      top support plate 152 and the bottom support plate 154, keys 156 are
      disposed within in corresponding key ways 158 in the top support plate 152
      and the bottom support plate 154. The entire measurement head support 150
      is slidably disposed relative to the base plate 126 within the cavity 142
      on keys 160. Keys 160 are disposed in corresponding key ways 162 disposed
      between the bottom plate 154 and the interior surface of the base plate
      126. To facilitate the sliding motion described above, suitable
      lubrication, such as graphite or silicon grease, may be disposed in the
      key ways 158 and 162.
PAR  As is apparent from inspection of FIGS. 2 and 3, the top support plate 152
      slides with respect to the bottom support plate 154 on keys 156 into and
      out of the plane of the paper in FIG. 2 and in a left-to-right direction
      in the plane of the paper in FIG. 3. Conversely, keys 160 permit sliding
      motion between the entire support structure 150 and the base plate 126,
      this sliding motion occurring to the right and left in the plane of the
      paper of FIG. 2 and into and out of the plane of the paper in FIG. 3.
PAR  Referring to FIG. 2 only, due the disposition of keys 156 and 160, it is
      seen that only one of the two above described sliding motions can occur in
      one orthogonal direction at one particular time. Thus, if the support
      assembly 150 were sliding to the right or to the left in FIG. 2 along keys
      160, the top plate 152 is prohibited from sliding into and out of the
      plane of the paper because keys 156 act as a lock to prohibit this sliding
      motion. Similarly, when top plate 152 slides into and out of the plane of
      FIG. 2 with respect to bottom plate 154 on keys 156, motion of the entire
      assembly 150 in the left to right direction is prohibited by the
      disposition of keys 160. It is thus seen that the entire assembly 150 may
      slide to the left or right or that the top plate 152 may slide into and
      out of the plane of FIG. 2, but both sliding motions may not occur
      simultaneously due to the locking effect provided by the perpendicularly
      disposed keys 156 and 160.
PAR  The measurement head support assembly 150 has a central axial opening 164
      extending therethrough, the opening 164 aligning with the opening 144
      extending through the base plate 126 and with the opening 146 extending
      through the mating plate 134. The opening 164 flares axially outward as it
      extends through the top cover plate 152 and defines a frusto-conical
      surface area 166 surrounding the opening 164 within the top cover plate
      152. The frusto-conical surface 166 corresponds with frusto-conical
      surface area 168 which is disposed upon a cylindrical member 170. The
      cylindrical member 170 is slidably disposed along the axis 68 within the
      opening 146 passing through the mating plate 134. The top surface of the
      cylindrical member 170 abuts the pin 82 of the gauge 80 and with the
      interior of the mating plate 134 and the bottom plate 104 defines a spring
      chamber 172. A bias spring 174 is disposed within the spring chamber 172
      and exerts a force acting on the cylindrical member 170 in a direction
      176.
PAR  Mounted on the top cover plate 152 of the head support assembly 150 are the
      first sensing means 62 and the second sensing means 64. The first sensing
      means 62 comprise a set of elongated pin members 178 and 178' while the
      second sensing means 64 comprises a set of pin members 180 and 180'. Each
      corresponding pair of pins members 178 and 178' and 180 and 180' are
      displaced 180.degree. apart and extend through one of the orthogonally
      disposed apertures 140 within the transition plate 130. It is seen by
      securing the elongated pin members 178, 178' and 180, 180' to the top
      cover plate 152 of the support assembly 150, the first means 62 and the
      second means 64 are movably disposed within the casing 60. Movement of the
      support assembly 150 or the top plate 152 to the right or to the left
      within the cavity 142 or into and out of the plane of the paper in FIG. 2,
      respectively, will, because of the abutments of frusto-conical surfaces
      166 and 168, translate motion which occurs in a plane perpendicular to the
      axis 68 into a force acting along the axis 68.
PAR  It is observed that corresponding frusto-conical surfaces 166 and 168 and
      the slidable cylindrical member 170 comprise the force translation means
      94 which permit forces which have been exerted on the sensing heads 64 and
      66 in a plane perpendicular to the axis 68 to be translated into a force
      acting along the reference axis 68 and thus able to operate the gauge 80.
      Due to the locking effect of the keys 156 and 160, motion of the first
      measurement means 62 (which comprise the pair of elongated pins 178 and
      178') can occur into and out of the plane of paper in FIG. 2 on keys 156
      while motion of the second sensing means 64 (which comprise the pair of
      elongated pins 180 and 180') can occur to the right or to the left of the
      plane of the paper in FIG. 2 on keys 160. Because of the locking effect of
      the keys 156 and 160, only one sliding motion either of the first
      measurement means 62 or of the second measurement means 64 can occur at
      one time. From examination of FIGS. 2 and it is evident that a force on
      the first measurement means 62 or the second measurement means 64 acting
      in the plane perpendicular to the axis 68 is translated by the force
      translation means 94 into a force acting along the reference axis 68 so as
      to operate the gauge 80.
PAR  The third measurement means 66 comprises an elongated pin 186 which extends
      axially through the opening 144 within the base plate 126 and is secured
      to the cylindrical member 170. The spring 174 biases the third measurement
      means 66 into a first position. Displacement of the pin 186 along the axis
      68 against the force of the spring 174 will operate the gauge 80. By
      displacing the gauge 80 at varying predetermined position within the
      chamber 116 will vary the magnitude of displacement of the measuring means
      62, 64 and 66 necessary to operate the gauge 80.
PAR  Referring now to FIG. 4, a view taken along lines IV--IV of FIG. 2 is
      shown. The pair of elongated pins 178-178' which comprise the first
      measurement means 62 and the pair of diametrically opposed elongated pins
      180 and 180' which comprise the second measurement means 64 are shown as
      extending orthogonally to each other through the aperture 140 within the
      transition plate 130 (FIGS. 2 and 3). The tips of the pins 178 and 178'
      and 180 and 180' are machined precisely such that a circle 190 having the
      reference axis 68 as its center will pass precisely through the tips of
      the pins 178, 178' and 180 and 180'. The circle 190 has a diameter of
      exactly 4.050 inches, and a radius of 2.025 inches. The tip of any of the
      pins 178, 178', 180 or 180' is thus exactly 2.025 inches away from the
      reference axis 68. Of this 2.025 inches, the distance 72 (FIGS. 2 and 3)
      is precisely 2 inches while the predetermined overage distance 74 is
      precisely 0.025 inch. The quantities recited are for illustration only and
      are intended, in no way, to be limiting.
PAR  Referring again to FIGS. 2 and 3, if the second measurement means 64, which
      comprise the diametrically opposed pins 178 and 178', is displaced the
      overage distance 74 by abutting contact with the member to be measured,
      the member will then be disposed the predetermined distance 72 of
      precisely 2 inches from the reference axis 68. Similarly, if the second
      measuring means 64, which comprises the diametrically opposed pins 180 and
      180', is displaced by abutting contact with the member to be measured the
      overage distance 74, the member will be disposed the predetermined
      distance 72 of exactly 2 inches from the reference axis 68. It is also
      seen that due to the connection through the force transition means 94, the
      amount of the displacement can be indicated upon the gauge means 80 and
      accurately indicate to an external observer that the tip of the first or
      second measurement means 62 and 64 respectively has been displaced the
      predetermined overage distance 74. By disposing the gauge means 80 in a
      predetermined position within the chamber 116 and by securing the lock nut
      118 so as to maintain the gauge 80 at that predetermined position, the pin
      82 will be abutted against the top of the cylindrical member 170 and by
      recording the deflection of the needle 86 across the face 88 of the gauge
      80 one may accurately ascertain whether the first or the second
      measurement means 62 and 64 have been displaced the predetermined overage
      distance 74 by abutting contact with the member to be measured. Once the
      abutting contact between the member and the measurement means, is ended,
      the spring 174 returns the pin 82 to its original undisplaced position a
      predetermined distance 72 plus a predetermined overage distance 74 from
      the axis 68. Any convenient overage distance and any predetermined
      distance from the reference axis may be used; any magnitude of deflection
      of the needle 86 across the face 88 of the gauge 80 can be used as a
      convenient indication that the measurement means 62 and 64 have been
      displaced the overage distance by abutting contact with the member.
PAR  To demonstrate the operation of the device 16, three separate measurements
      on the workpiece 10 will be described. Although utilization of the device
      is described in connection with the fabrication of a large dynamoelectric
      apparatus, such as a turbogenerator, it is to be understood that the
      measuring device taught by this invention is applicable to determine the
      dimensions of any article of manufacture or any measurement requirement of
      any kind. The first measurement to be described is the measurement of the
      width of the workpiece 10. The width is defined as the distance between
      the left-hand surface 40 and the right-hand surface 42 of the workpiece 10
      (FIG. 1). In order to more clearly point out the operation of the
      measuring device 16 when measuring the width of the workpiece 10,
      reference is directed to FIG. 5. In FIG. 5, a front view of the workpiece
      10 showing the frontal surface 48, the bore 38, the left surface 40 and
      the right surface 42 is illustrated. The parallel surface 52 of the flange
      50 is omitted from FIG. 5 for clarity.
PAR  As was stated earlier the device 16 is fastened to a machine arm 18 by
      suitable attachment means 70. It is also noted that the device 16 and the
      arm 18 are movable on a bracket 20 toward the left and toward the right in
      FIG. 5. This movement to the right will be defined as lying in a positive
      X direction relative to the X axis 26, while movement to the left will be
      described as movement in the negative X direction. The magnitude of
      displacement in the X direction of the arm 18 on the bracket 20 is
      accurately indicated by the numerical readout 32 positioned on the machine
      tool 14.
PAR  The device 16 is mounted on the machine tool arm 18 in a predetermined
      orientation and, it is to be understood that throughout the illustrative
      measurements utilizing the device 16 this orientation is not to be
      altered. As stated earlier, the first measurement means 62 comprises the
      set of diametrically opposed elongated pins 178 and 178'. The pins 178 and
      178' are oriented so as to lie along the X axis 26, the pin 178 being
      directed in the positive X direction while the pin 178' is directed in the
      negative X direction. As a natural consequence, the second measurement
      means 64 comprising the set of diametrically opposed elongated pins 180
      and 180' lie in the Y direction 28, with the pin 180 directed in the
      positive Y direction while the pin 180' is directed in the negative Y
      direction.
PAR  After the device 16 has been securely attached in a predetermined
      orientation on the arm 18 on the machine tool 14, the gauge means 80 are
      adjusted so that the magnitude of any displacement of the first
      measurement means 62 caused by abutting contact between the first
      measurement means 62 and the workpiece 10 can be accurately determined.
      Again it is to be pointed out that the structure of the preferred
      embodiment disposes the tip of each elongated measuring pin the first
      predetermined distance 72 equal to two inches and the second predetermined
      overage distance 74 equal to twentyfive thousandths of an inch.
PAR  The gauge means 80 are calibrated so that the displacement of the first
      measurement means 62 the overage distance 74 of twenty-five thousandths of
      an inch may be accurately determined. Any convenient reference datum
      across the facr of the gauge 80 may be utilized, but the most expeditious
      method for determining the magnitude of the displacement would be for the
      gradations 90 on the face 88 of the gauge 80 to correspond directly to the
      unit of measurement which most clearly discloses the magnitude of the
      overage distance 74. In this particular instance, since the overage
      distance 74 is twenty-five thousandths of an inch, the gradations 90 on
      the face 88 of the gauge 80 are calibrated in thousandths of an inch.
      Thus, deflection of the needle 86 across one gradation 90 on the face 88
      of the gauge 80 is equal to the displacement of the measurement means 62
      one-thousandth of an inch. When the needle 86 is deflected 25 gradations
      on the face 88 of the gauge 80, an observer may be assured that the forces
      exerted by the member on the measurement means 62 is sufficient to
      displace the measurement means the predetermined overage distance 74, and
      that the member is disposed exactly the predetermined distance 72 away
      from the reference axis 68.
PAR  To measure the width of the workpiece 10, the device 16 is moved on the
      bracket 20 to the left-hand side of the left surface 40 the workpiece 10.
      The device 16 is then moved in the positive X direction until abutting
      contact between the first of the elongated pins 178 is established between
      the pin 178 and the left-hand surface 40 of the workpiece 10. The abutment
      is sufficient so that the member 10 exerts the force on the pin 178 to
      displace the pin 178 the predetermined overage distance 74. This force
      acts in a plane perpendicular to reference axis 68 and thus the force
      transmission means 94 translates the force acting in the plane
      perpendicular to the reference axis 68 to a force acting along the
      reference axis 68 and sufficient to activate the gauge means 80. A
      deflection of the gauge means 80 of twenty-five gradations 90 is equal to
      a displacement of the first pin 178 the predetermined overage distance 74.
      When the gauge means 80 indicates that the first pin 178 has been
      displaced the predetermined overage distance 74 the operator is assured
      that the left-hand surface 40 of the workpiece 10 is exactly the
      predetermined distance 72 of two inches from the reference axis 68 of the
      device 16.
PAR  At this point, the reading on the numerical readout 32 is either recorded
      or else changed to a particular reference datum. This value constitutes
      the first readout value. Abutting contact between the device 16 and the
      left-hand surface 40 of the workpiece 10 is then broken. When this occurs,
      of course, the spring 174 impels the pin 178 back to its original position
      within the casing 60, thus disposing the tip of the pin 178 the
      predetermined distance 72 plus the known overage distance 74 away from the
      reference axis 68. The device 16 is then translated across the bracket 20
      in the positive X direction until the second pin 178', which lies
      diametrically opposed from the first pin 178, is immediately to the right
      of the right-hand surface 42 of the workpiece 10.
PAR  The next step is to displace the device 16 in the negative X direction
      until abutting contact between the right-hand surface 42 of the workpiece
      10 and the pin 178' is sufficient to displace the pin 178' the overage
      distance 74. Since this force acts in a plane perpendicular to the
      reference axis 68, the force transmission means 94 again come into play so
      that the magnitude of the displacement of the second pin 178' can be
      accurately followed on the gauge means 80. When the contact is sufficient
      to displace the pin 178' the predetermined overage distance 74, the
      operator is assured that the right-hand surface 42 of the workpiece 10 is
      exactly the predetermined distance 72 of exactly 2 inches from the
      reference axis 68. At this point, the value appearing on the readout
      control 32 is again recorded. This value is the second readout value.
PAR  To accurately determine the width dimension of the workpiece 10 between the
      left-hand surface 40 and the right-hand surface 42 the magnitude of the
      differences between the second recorded value on the readout 32 and the
      first recorded value on the readout 32 is taken. This, however, is subject
      to a correction factor since the first recorded value indicates the
      position of the device 16 when it is disposed two inches to the left of
      the left-hand surface 40. Similarly, the second readout value occurs when
      the device 16 is disposed 2 inches to the right of the right-hand surface
      42 of the workpiece 10. It is thus apparent that a correction of four
      inches must be made to the dimension determined by calculating the
      difference between the second readout value and the first readout value on
      the indicator 32.
PAR  The device 16 can be utilized to determine the dimension 54 of the bore 38.
      It will be recalled the difficulty involved in obtaining this dimension
      using the pin gauge of the prior art. Referring to FIG. 6, a view similar
      to FIG. 5 is shown. Since the orientation of the device 16 on the tool arm
      18 is unchanged from that of FIG. 5, the second measurement means 64 which
      comprise the set of diametrically opposed elongated pin members 180 and
      180' is along the positive and the negative Y directions 28 respectively.
      The second readout 34 will be utilized to display the magnitude of
      displacement of the device 16 in the Y direction 28 along the bracket 22
      (FIG. 1). The first step in measurement of the dimension of the bore 54 is
      to bring the pin 180 into abutting contact with the top inner surface of
      the bore 38. The view in FIG. 6 is shown as occurring in the top uppermost
      position in the bore 38 and is so illustrating so as to demonstrate use of
      the device 16 for measurement in the vertical or Y direction 28. The pin
      180 is brought into abutting contact so that the member 10 exerts a force
      on the pin 180 sufficient to displace the pin 180 the predetermined
      overage distance 74. Since this force acts in a plane perpendicular to the
      reference axis 68 the force transmission means 94 translate this force
      into a force acting in the direction of the reference axis 68 so as to
      activate the gauge means 80. The displacement of the pin 180 is accurately
      determined when the gauge 80 has been deflected the predetermined number
      of gradations 90. When this occurs the operator is assured that the member
      is disposed precisely the predetermined distance 72 of exactly 2 inches
      from the reference axis 68. At this point, the value on the Y readout 34
      is recorded or else adjusted to a suitable reference datum. This setting
      constitutes the first readout value.
PAR  Abutting contact between the pin 180 and the member 10 is then broken and
      the spring 174 impels the pin 180 to its first position within the casing
      60 the predetermined distance 72 plus the overage distance 74 away from
      the reference axis 68. The device 16 is then displaced in the negative Y
      direction 28 and is disposed so that the second pin 180' is brought into
      abutting contact with the opposite surface of the bore 38. The abutting
      contact is maintained until a force sufficient to deflect the pin 180' the
      predetermined overage distance 74 has been recorded on the gauge 80. When
      this occurs, the operator is assured that the member 10 is disposed
      precisely the predetermined overage distance 74 of exactly 2 inches from
      the reference axis 68. The second recorded value on the readout 34 is then
      taken, and the magnitude of the displacement and therefore the dimension
      of the diameter of the bore 38 can be accurately determined.
PAR  However, the difference between the second recorded value on the readout 34
      and the first recorded value taken on the readout 34 must be corrected
      since both readings were taken when the device was disposed the
      predetermined distance 72 of two inches away from the member 10. It is
      thus apparent that a correction of four inches must be added to the value
      of the displacement obtained by taking the difference of second readout
      value and the first readout value.
PAR  To generalize, when the device 16 is utilized externally to the member 10,
      as was the case when measuring the dimension of the width in connection
      with FIG. 5, a correction of four inches must be subtracted from the value
      obtained by taking the difference of the readout values. However, when the
      device 16 is utilized and measuring from the inside of the member, as is
      the case in conjunction with FIG. 6, a correction factor must be added to
      the difference of recorded readouts. It is also to be understood that the
      descriptions for utilizing the device 16 taught by this invention are
      illustrative only and that suitable process by which the dimensions of the
      workpiece may be obtained using a measurement device 16 is within the
      teachings of this invention.
PAR  Referring to FIG. 7, measurement in the Z direction 30 is possible and may
      be obtained without disorienting the device 16 from its original position
      on the tool arm 18. To measure the distance of the step between surfaces
      48 and 52 of the member 10 in the Z direction 30, the third measurement
      means 66, which comprises the elongated pin 186 connected operably to the
      pin 82 of the gauge 80 through the cylinder 170, the tool arm 18 is
      brought into position just abutting the frontal surface 48 on the
      workpiece 10. However, to ensure accuracy, it is recommended that the
      abutting contact be sufficient to displace the needle 86 on the gauge 80
      any predetermined distance. It is of course recognized that the force
      transmission means 94 are not involved in such a deflection since the
      force imposed on the pin 186 will be directly transmitted along the axis
      68 against the force of the spring 174 to deflect the pin 82 of the gauge
      80.
PAR  Once the gauge 80 has been deflected any predetermined distance, the
      readout 36 of the machine tool 14 is recorded or adjusted to a
      predetermined setting. The device is then displaced in the Z direction 30
      along the bracket 24 (FIG. 1) until the pin member 186 abuts against the
      surface 52 of the flange 50. Again, to ensure accuracy, the machine tool
      14 displaces the pin 186 the same predetermined distance that the pin 186
      was displaced previously against the frontal surface 48. The value of the
      readout 36 is again recorded. When this has occurred, the operator is
      assured that the difference between the second readout value and the first
      readout value on the indicator 36 is an accurate measure of the distance
      in the Z direction 30 of the step on the workpiece 10.
PAR  It is seen that the device 16 may be utilized to measure the dimensions in
      the X direction 26, the Y direction 28 and the Z direction 30 without the
      necessity of having to reorient the device 16 from its original position
      on the tool arm 18. Correction factors must be added or subtracted, to
      values obtained from readouts in the X and Y directions depending upon the
      method of measurement, when determining the value of the dimension
      measured by the first and the second measurement means 62 and 64
      respectively. No correction factor need be added or subtracted to the
      values obtained from readout 36 in the third measurement direction. But,
      in order to ensure accuracy, it is recommended that the third means 66 be
      displaced the same predetermined distance, as indicated by the gauge 80,
      before the first value on the readout and the second value on the readout
      are taken.
PAR  Although a machine tool 14 having numerical readouts 32, 34 and 36 is used
      along with the device 16 to determine the dimensions of the workpiece 10,
      it is of course understood that any suitable method for obtaining the
      distance that the device 16 has been displaced in each direction is within
      the contemplation of this invention.
PAR  It is apparent that a device 16 taught by this invention which disposes
      displaceable measuring means along three axes of a cartesian coordinate
      system and which disposes the measuring means located in a plane
      perpendicular to the reference axis extending through the device a
      predetermined distance plus a known overage distance from the axis and
      which provides gauge means to indicate when abutting contact between the
      measuring means and the member to be measured is sufficient to displace
      the measuring means the predetermined overage distance, and when utilized
      with the means of accurately ascertaining the displacement in each
      direction between abutting contacts, an accurate measurement of a member
      of each direction can be obtained.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A device for measuring the dimensions of a member comprising:
PA1  a casing having an opening defining a reference axis therethrough,
PA1  a first and a second pair of measuring pins movably mounted in said casing,
      each pin in each pair being 180.degree. from the other, the first pair
      being orthogonal to the second pair, each pin in each pair terminating in
      a tip with each tip being displaceable in a plane perpendicular to said
      reference axis, each tip of each pin being disposed a predetermined
      distance plus a finite overage distance from said reference axis,
PA1  means connected to said pairs of pins for translating forces exerted on
      said pairs in said perpendicular plane to forces directed along said axis,
      said means including an axially displaceable cylindrical member and a
      spring biasing said cylindrical member against said pairs of measuring
      pins,
PA1  a third measuring element orthogonal to said pairs and mounted for axial
      movement through said opening within said casing, said third measuring
      element mounted on said cylindrical member,
PA1  gauge means operatively associated with said force translating means and
      said third measuring element for indicating displacement thereof, said
      gauge means including an activating member engaged against said
      cylindrical member, indicating displacements of said first and second
      pairs of measuring pins and of said third measuring element,
PA1  said gauge means responding to forces translated along said reference axis
      by said cylindrical member of said translating means from said first pair
      of pins against said spring bias to indicate when abutting contact between
      one of said first pair of pins and said member have displaced one of said
      first pair said finite overage distance so as to dispose said member
      exactly said predetermined distance from said reference axis,
PA1  said gauge means responding to forces translated along said reference axis
      by said cylindrical member of said translating means from said second pair
      of pins against said spring bias to indicate when abutting contact between
      one of said second pair of pins and said member have displaced one of said
      second pair said finite overage distance so as to dispose said member
      exactly said predetermined distance from said reference axis,
PA1  said gauge means responding to forces acting along said reference axis when
      abutting contact between said member and said third measuring element
      displaces said third measuring element and said cylindrical member against
      said spring bias to indicate the magnitude of said displacement of said
      third measuring element.
NUM  2.
PAR  2. The device of claim 1, wherein said device is adaptable for mounting
      upon a machine tool having means for indicating the magnitude of
      displacement of said device,
PA1  said device further comprising mounting means for attaching said device to
      said machine tool.
NUM  3.
PAR  3. The device of claim 1, wherein:
PA1  said tips of each of said measuring pins in said first and second pairs of
      measuring pins are rounded, and
PA1  wherein said rounded tips are disposed so that each of said rounded tips is
      coincidental with a separate point on a circle in said plane perpendicular
      to said reference axis, said circle being centered in said plane on said
      reference axis and having a radius in equal length to said predetermined
      distance plus said finite overage distance.
NUM  4.
PAR  4. The device of claim 1, further comprising:
PA1  locking means for prohibiting simultaneous displacement of said first and
      said second pair of measuring pins.
NUM  5.
PAR  5. The device of claim 1, wherein:
PA1  said cylindrical member has a frustoconical surface area thereon,
PA1  and wherein said force translation means further comprises,
PA1  a translation element connected to said pairs of measuring pins, said
      translation element having a frustoconical surface area thereon engaging
      said frustoconical surface area on said cylindrical member, said
      translation element being slidably disposed within said casing in a plane
      perpendicular to said reference axis,
PA1  said translation element responding to forces imposed thereon when abutting
      contact between any one of said pins and said member displaces said pin by
      moving slidably within said casing in said perpendicular plane,
PA1  the movement of said translation element displacing said cylindrical member
      engaged thereagainst, said cylindrical member displacing against the force
      of said biasing spring to deflect said activating member on said gauge
      means.
NUM  6.
PAR  6. A device for measuring the dimensions of a member comprising:
PA1  a casing having an opening defining an axis extending therethrough,
PA1  a first and a second pair of measuring pins movably mounted in said casing,
      each pin in each pair being 180.degree. from the other, said first pair
      being orthogonal to said second pair, each pin in each pair terminating in
      a tip with each tip being displaceable in a plane perpendicular to said
      axis, each tip being disposed a predetermined distance plus a finite
      overage distance from said reference axis,
PA1  translating means connected to said first and second pairs of pins for
      translating forces exerted thereon in said perpendicular plane to forces
      directed along said axis, said translating means comprising:
PA2  a first translation element disposed slidably within said casing along said
      axis and having a frustoconical surface area thereon,
PA2  a second translation element connected to said pairs of pins and having a
      frustoconical surface area thereon engaging said frustoconical surface
      area on said first translation element, said second translation element
      being slidably disposed within said casing in said perpendicular plane,
PA2  said second translation element responding to forces imposed thereon when
      abutting contact with a member displaces any one pin by displacing
      slidably within said casing in said perpendicular plane,
PA2  the displacement of said second translation element transferring said force
      imposed thereon through said engaged frustoconical surfaces to displace
      said first translation element along said axis,
PA1  a third measuring element disposed perpendicular to said pairs of measuring
      pins and displaceable through said opening along said axis,
PA1  gauge means operatively associated with said force translating means and
      said third measuring element for indicating displacements thereof, said
      gauge means responding to forces translated along said axis by said
      translating means from said pairs of pins to indicate when abutting
      contact between any one of said pins and said member has displaced said
      pin said overage distance to dispose said member exactly said
      predetermined distance from said axis, said gauge means responding to
      forces acting along said axis when abutting contact between said member
      and said third measuring element displaces said third measuring element to
      indicate the magnitude of said displacement thereof, said gauge means
      being biased so as to be activated only when forces generated by abutment
      with said member are exerted on said gauge means along said axis, and,
PA1  locking means for prohibiting simultaneous displacement of one pin of said
      first pair and one pin of said second pair, said locking means comprising:
PA2  a first runner element mounted within said casing in a direction parallel
      to the direction of displacement of said first pair of measuring pins,
PA2  a slide member disposed for slidable movement within said casing on said
      first runner,
PA2  a second runner element mounted on said slide member in a direction
      parallel to the direction of displacement of said second pair of measuring
      pins and perpendicular to the direction of displacement of said first pair
      of measuring pins,
PA2  said second translation element being slidably mounted on said second
      runner element,
PA1  displacement of one of said second pair of measuring pins slidably
      displacing said second translation element on said second runner and
      prohibiting slidable displacement of said slide member on said first
      runner element, said slide member remaining stationary during displacement
      of said second translation element on said second runner and,
PA1  displacement of one of said first pair of measuring pins slidably
      displacing both said slide member and said second translation element
      along said first runner element and prohibiting slidable displacement of
      said second translation member on said second runner.
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ABST
PAL  A pipeline pig is provided which is especially adapted for use in
      conjunction with laying offshore pipelines in that it detects and
      indicates dents, and other disconformities in the nominal cross-sectional
      configuration of the pipeline which may occur as a result of the laying of
      the pipeline. It employs a plurality of prolate spheroid rollers arranged
      to secure substantially full circle coverage of the pipeline and yet only
      a minor portion of the length of the rollers will be normally in contact
      with the pipeline thereby reducing the wear on the remaining portions of
      the rollers and increasing the ease with which the pig can be towed along
      the pipeline. In another aspect, a system is provided in which a pig
      includes with a means of sensing a condition along the pipeline and a
      memory means for storing the output of the detecting means. The system
      also includes a readout means located remotely from the pig and
      transmission means connecting the memory means to the readout means for
      periodically reading out the output stored in the memory means within the
      pig while the latter is within the pipeline.
BSUM
PAR  This invention relates to a pipeline pig which is especially adapted to be
      towed through an offshore pipeline as the same is being laid in order to
      determine objectionable disconformities in the nominal cross-sectional
      configuration of the pipeline caused by the laying operations. In another
      of its aspects, it relates to a system in which a pig is adapted to sense
      a condition along a pipeline and to store the sensed information
      internally of the pig, the arrangement being such that the stored
      information can be retrieved periodically at convenient times from a point
      remote from the pig.
PAR  In the laying of an offshore pipeline, a large barge is employed and the
      end of the pipeline to which joints are to be added is supported on the
      barge with the remainder of the pipeline extending over the end of the
      barge and gently curving downwardly until it is supported by the ocean
      floor. As construction proceeds, added joints are welded to the end of the
      pipeline, the barge moved forward accordingly with the corresponding
      additional length of the pipeline coming to rest on the ocean floor. In
      this manner, there is a stepwise addition to the length of the pipeline
      but there is substantially constant length of pipeline extending between
      one end of the barge and the ocean floor. The barge is so constructed as
      to maintain tension on the pipeline extending between the barge and the
      floor so that it retains a gentle curve which is not sharp enough to cause
      bending of the pipeline as it is being lowered to the ocean floor.
      However, the pipeline does at time undergo excessive bending stresses with
      resulting kinks, dents or other disconformities being formed in it. In
      order to detect such dents, one practice has been to have divers walk the
      line as it is laid. Another procedure has been to run a gauging pig after
      the line is completed. However, both of these practices have obvious
      disadvantages and it would be highly desirable to avoid the use of divers
      and yet detect any dents which may be formed in the pipeline at a short
      distance behind the barge, such as where the pipeline finally engages the
      ocean floor. This would facilitate repair or replacement of the dented
      section and would also afford a reasonably accurate determination of the
      location of the dent.
PAR  It is accordingly an object of this invention to provide a pipeline pig
      which can be towed behind the barge in a pipeline as it is being laid on
      the ocean floor and which can readily detect dents in the pipeline and
      signal the presence of such dents to the barge while the latter is in the
      immediate vicinity of the section of the pipeline having the dent therein.
PAR  Another object is to provide such a pig which will sense the minimum inside
      diameter of the pipeline as it is laid on the ocean floor and display such
      information on the deck of a pipe laying barge and will do so with a
      minimum interruption of the normal pipe laying procedures on the barge.
PAR  Another object is to provide such a pig which will collapse to a small size
      in order to pass major dents without the pig becoming lodged in the
      pipeline.
PAR  Another object is to provide such a pig which has a plurality of prolate
      spheroid-shaped rollers arranged to obtain full circle coverage of the
      inner wall of the pipeline and yet which has a minor portion of each
      roller length in actual contact with the pipeline so as to reduce the
      frictional resistance encountered in pulling the pig along the pipeline
      and to reduce the wear on the rollers.
PAR  Another object is to provide a system for remotely detecting a condition in
      the pipeline wherein information concerning such condition is temporarily
      stored in the pig and then read out at a position remote from the pig
      while the pig is still in the pipeline.
DRWD
PAR  Other objects, advantages and features of the invention will be apparent to
      one skilled in the art upon consideration of this specification including
      the claims and the attached drawings wherein:
PAR  FIG. 1 is a schematic representation of a length of pipeline as it is being
      laid on the ocean floor showing a preferred embodiment of the pig of this
      invention within the pipeline to detect dents therein;
PAR  FIG. 2 is a schematic illustration of a pipe laying barge showing the
      manner in which pipe is supported by the barge as it is being laid;
PAR  FIG. 3 is a horizontal elevation of a preferred embodiment of the pig
      showing it in position in a section of pipeline;
PAR  FIG. 4 is a front view of the pig of FIG. 3 and indicates that the view of
      FIG. 3 is taken along the line of 3--3 of FIG. 4;
PAR  FIG. 5 is a partial view, partially in section, showing the pig passing a
      dent in the pipeline;
PAR  FIG. 6 is a block diagram showing a preferred arrangement for storing and
      transmitting information from a pig in a pipeline to the pipe laying barge
      or other remote point;
PAR  FIG. 7 is an elevational view, partially in section, showing another form
      of the pig of this invention;
PAR  FIG. 8 is a view similar to FIG. 7 but with parts removed in order to
      better illustrate arrangement of the pig body;
PAR  FIG. 9 is a view taken along the line 9--9 of FIG. 7; and
PAR  FIG. 10 is a cross-sectional view taken on a line 10--10 of FIG. 7.
DETD
PAR  In accordance with this invention, a pipeline pig is provided for detecting
      dents or other deviations from normal in an inner wall of a pipeline. A
      central pig body supports a plurality of rollers mounted thereon so that
      the rollers can move inwardly and outwardly of the pig body in a direction
      generally radially thereof and so that the rollers are biased outwardly
      against the inner wall of the pipeline for contacting same as they roll
      along such wall. The rollers are each of a length so as to extend along a
      substantial portion of the inner circumference of the pipeline wall and
      have the shape of a prolate spheroid as their general configuration. A
      minor portion of the length of the rollers is radially enlarged so that
      only this minor portion normally contacts the pipe wall and the remaining
      major portion of the length of the rollers is spaced from but sufficiently
      close to the inner wall of the pipeline to engage dents or other
      deviations so as to move the entire roller inwardly thereby permitting
      sensing such dent or deviation. With rollers of this configuration, the
      entire inner wall of the pipeline can be inspected with a reasonably small
      number of rollers, preferably six arranged in groups of three, fore and
      aft each other. With this construction, only a minor portion of the roller
      is in rolling engagement with the pipeline in the absence of a dent.
      Without the minor radially enlarged portion, the entire length of the
      roller would normally be engaged with the pipeline wall and since the
      radius of the roller varies along its length in order that the entire
      outer surface of the roller can be proximate to the pipeline wall, it will
      be appreciated that the smaller diameter portions of the rollers will tend
      to, if in contact with the pipeline, revolve a greater number of
      revolutions per length of pipeline than will be the larger diameter
      portions. As a result, certain portions of the rollers would have to skid
      along the pipeline thereby increasing the wear on the rollers and making
      the pig more difficult to tow along the pipeline. By maintaining the major
      portion of the rollers spaced from the wall of the pipeline as above
      indicated, there can be no skidding of this portion along the pipeline and
      by making the minor portion of the length of the rollers of enlarged
      diameter but a relative small part of length of the roller, friction and
      wear will be minimized.
PAR  In a preferred embodiment, a plurality of rollers are mounted in fore and
      aft groups and are so connected to a pig body such that when one or more
      rollers of a group is collapsed by a dent, for example, such movement is
      sensed by a sensing device. The arrangement is such that the other group
      of rollers is not collapsed by the collapse of the first set of rollers
      but, should the other set of rollers encounter a dent, the inward movement
      of one or more of them will cause the same sensing device to indicate the
      presence of a dent without at the same time collapsing the first set of
      rollers. In another arrangement, when one set of rollers encounters a
      dent, the inward collapse thereof permits a like inward collapse of the
      other set of rollers even though the latter has not encountered a dent.
      With this arrangement, a suitable bumper can be provided at the rear of
      the pig so that should the pig become stuck, a follow-up pig can be pumped
      in behind and when it pushes against the bumper, it will cause both sets
      of rollers to collapse so that the pig can be pushed beyond the
      obstruction.
PAR  Also in accordance with this invention, a system is provided for remotely
      detecting a condition in the pipeline. Thus a pipeline pig is equipped
      with a means for detecting the condition as it exists along the pipeline.
      The output of this detecting means is stored in a memory means carried by
      the pig body. The pig is connected to a remote location by a suitable
      transmission means which connects the memory means to a readout means at
      the remote location, the arrangement being such that the memory means can
      be interrogated by the readout means as desired to obtain the retrieval of
      any information stored in the memory means. Preferably, means are also
      provided for conditioning the memory means to receive another output after
      information stored in the memory means has been retrieved. In this manner,
      the pig can be moved along a pipeline while it stores information about a
      condition and the stored information retrieved at desired intervals
      without having to provide for a continuous retrieval of such information.
      This avoids continuous recordation and permits a record to be made only
      when the condition has deviated a predetermined amount from a norm.
PAR  Referring to the drawings, FIG. 2 in a very diagrammatic way shows a pipe
      laying barge 10 anchored in position by anchors 11. Extending from one end
      of the barge is a pipeline section 12 which is being lowered to the ocean
      floor as an extension of the pipeline 13 which has already been laid. As
      indicated, pipeline section 12 is partially supported by a stinger
      arrangement 14 and generally has a gentle s-shaped curve. As additional
      lengths of pipe are welded to the end of the pipeline on barge 10, the
      latter will be moved forward accordingly to in turn pay out an additional
      section of pipeline as its rear. It is in the section 12 of the pipeline
      extending between the ocean floor and the barge that dents and other
      disconformities can occur due to the pipe laying operation. Therefore, it
      is proposed in accordance with this invention that a pipeline pig 15 be
      disposed in the pipeline to be towed there along via a cable 16 connected
      to the rear of a pipe lineup clamp 17. The line-up clamp has a control rod
      18 which is used to manually control the various functions performed by
      the line-up clamp. With the line-up clamp in a position shown bridging the
      joint 19 between pipeline section 12 and a new length of pipe 20 which is
      to be joined thereto, the control rod will extend a short distance from
      the open end of pipe length 20. In one mode of operation, after the weld
      of joint 19 has been partially completed, the control rod will be
      manipulated to cause the line-up clamp to retract its shoes and to move
      sufficiently into section 12 that the control rod does not extend from the
      end of pipe length 20. Then when the weld at joint 19 is finished (or at
      least finished for that particular welding station), a new joint of pipe
      21 is placed in alignment with pipe length 20 but spaced therefrom so that
      an operator can manually manipulate the control rod to cause the pipe
      line-up clamp (which is self powered) to move forward to bridge the new
      joint between pipe lengths 20 and 21. In so doing, the control rod will be
      caused to extend from the end of the new length 21 in the same manner as
      it is shown as extending from the length of pipe 20. As the line-up clamp
      so moves forward through joint 18, it causes pig 15 to likewise move
      forward and inspect the length of pipe through which it then is being
      moved. As will be explained hereinafter, after the new joint of pipe 21
      has been positioned and the line-up clamp moved forward so that the
      control rod 18 extends beyond the new part joint, the readout means (which
      can be contained within console 22) is connected to an electrical
      conductor extending along the control rod through the line-up clamp and
      thence through the cable 16 to pig 15. A reading can then be taken of the
      results of the conditions sensed by the pig during its last movement and
      then the console can be disconnected from the control rod. In this manner,
      a continuous connection between the console and the pig is eliminated and
      the connection is made only periodically (once per joint) and at a time so
      as to not interfere with the normal pipe laying operation in such a way as
      would lengthen the cycle of such operation.
PAR  Referring now to FIGS. 3 and 5, there is illustrated a preferred embodiment
      of the pig of this invention. The pig has a central body designated by the
      numeral 23 comprising a tubular portion 23a, spaced apart plates 23b and
      23c fixed thereto, brackets 23d and 23e respectively carried by the plates
      and a nose piece 23f.
PAR  A plurality of rollers are provided for contacting and rolling along the
      inner wall of the pipeline as the pig body is moved therethrough. It is
      preferred that the rollers be mounted in forward and aft groups so as to
      obtain full circle coverage of the inner wall of the pipeline and yet
      permit the rollers in each group to move substantially close to the pig
      body without interfering with each other as when the pig passes a major
      dent. Means are provided for mounting the rollers on the pig body for
      inward and outward movement in a direction generally radially of the pig
      body and biasing the rollers outwardly from engagement with the inner wall
      of the pipeline. As illustrated, such means can take the form, for each
      roller, of an L-shaped lever arm 25 pivoted at 26 to one of the brackets
      23d or 23e. The short legs 25a of the lever arms of each group of rollers
      is pivotally linked to plates 27 and 28 respectively. These plates are
      slidably mounted on a slide assembly respectively comprising rods 29 and
      30, the latter being joined together via an intermediate plate 31. The
      slide assembly is supported on the pig body by plates 23b and 23c through
      which the rods slidably extend. Rear spring 32 and forward spring 33
      respectively abut plates 23b and 23c at one end and plates 27 and 28 at
      the other end to resiliently urge the respective groups of rollers
      outwardly into engagement with the pipeline. With this arrangement, it
      will be seen that the rear spring 32 will urge plate 27 to slide along
      rods 29 which causes lever arms 25 to move the rear group of rollers
      outwardly until they are in engagement with the pipeline wall. Similarly,
      forward spring 33 urges plate 28 to slide on rods 30 to move the forward
      group of rollers outwardly. Springs 32 and 33 should be strong enough to
      not only urge the rollers outwardly but also to assure all of the rollers
      of each group are in contact with the wall of the pipeline when in the
      section of the pipeline of normal configuration. In this manner, it is
      assured that the pig body will be centered in the pipeline.
PAR  When one or more rollers of a group encounters a dent in a pipeline, such
      as is suggested in FIG. 5, it will be moved inwardly thereby. This inward
      movement causes a respective one of the plates 27 or 28 to move forwardly.
      Such movement also results in forward movement of the slide assembly. For
      example, if a rear roller encounters a dent, rear plate 27 will engage a
      stop pin 34 in rods 29 thereby causing rods 29 to slide forwardly through
      plate 23b. However, the forward group of rollers is not affected by this
      movement inasmuch as rods 30 merely slide through plate 28. After the dent
      has been passed, the rear spring 32 will move plate 27 rearwardly until it
      reaches its nominal position. The slide assembly is also moved rearwardly
      by a return spring 36. Similarly, when one or more of the rollers of the
      forward group encounters a dent, it will move plate 28 forwardly against
      stop pin 35 to thereby cause forward movement of rods 30. The forward
      movement of rods 30 results in forward movement of rods 29 but this does
      not affect the positioning of the rear group of rollers since stop pin 34
      merely moves away from plate 27.
PAR  Means are provided for indicating when a roller is moved inwardly such as
      when it encounters a dent. This means is illustrated as including a push
      rod 37 connected at its outer end to a plate 38 which in turn is attached
      to rods 29. The other end of the push rod has a lost motion connection
      with a potentiometer 39. The latter is herein illustrated as being of the
      linear movement type. The lost motion connection is diagrammatically
      illustrated as including a slot 40 in the inner end of push rod 37 and a
      cross pin 41 carried by wiper element 42 of the potentiometer. With this
      construction, referring to FIG. 5, when a roller encounters a dent, the
      resulting forward movement of the slide assembly and push rod 37 will
      cause wiper element 42 to be pushed forwardly to thereby change the
      apparent resistance of potentiometer 39. However, when the pig has passed
      the dent and the rollers are in their normal position, the rod 37 will
      have been moved rearwardly by the slide assembly but the lost motion
      connection does not result in a like rearward movement of wiper element
      42. The return of the wiper element to is normal or zero position is
      caused by actuating a solenoid 43 as will be explained in greater detail
      below.
PAR  The nose piece 23f of the pig is mechanically connected to cable 16 as
      indicated in FIG. 3. This cable includes inner electrical conductors which
      extend from the cable connection to the interior of the pig as indicated
      at 44. One function of the conductor is to supply power to electric motor
      45, one of which is illustrated as being mounted on each of lever arms 25.
      As indicated in FIG. 3, each of the motors has a sprocket 46 having a
      chain drive 47 with a shaft 48 on which rollers are mounted. The
      electrical connection between the cable 16 and the motors 45 is via the
      conductor 44, junction outlets 48 and conductors 49. The motors 45 are
      preferably reversible and have an internal clutch which disengages them
      from the chain drive when power is not being applied to the motors. With
      this arrangement, the pig can be inserted into the open end of the
      pipeline and then be powered to drive itself through the pipeline until it
      reaches the desired position such as shown in FIG. 1. Conversely, it can
      be removed from the pipeline by reversing the motors and driving the pig
      forward. The reversible feature is not necessary since the pig can be
      pulled from the pipeline by cable 16. However, it is a desirable feature
      since it permits the pig to be traversed back and forth across a dent
      without manipulating cable 16 in order to verify that a dent is present.
PAR  Referring now to the construction of the rollers, the preferred form is
      shown in FIGS. 3 and 4. Thus, each roller is of a length as to extend
      along a substantial portion of the inner periphery of the pipeline. Each
      roller also has the general configuration of a prolate spheroid. The
      configuration can also be described as that of an arc of revolution with
      the arc having a radius substantially equal to the inside radius of the
      pipeline in which the pig is to be used. Each roller also has a radially
      enlarged portion which is a minor part of its length arranged such that
      only the radially enlarged portion contacts an inner wall of the pipeline
      when the latter is of nominal cross-sectional configuration and the
      remaining portion of the roller is spaced from but sufficiently close to
      an inner wall of the pipeline to engage dents and other deviations. Thus,
      more specifically, each roller is illustrated in FIGS. 3 and 4 as
      including a plurality of axially spaced apart segments with each segment
      being wheel-like in character. Thus each roller is illustrated as
      including outer segments 50, a pair of inner segments 51 and a pair of
      intermediate segments 52. As best illustrated in FIG. 4, the inner
      segments 51 are radially enlarged so that normally the outer and
      intermediate segments 50 and 52 do not normally engage the pipeline but
      are spaced closely enough to the inner wall of the pipeline to encounter
      dents which are greater than a predetermined magnitude and thereby move
      their respective roller inwardly to indicate such a dent. With this
      arrangement, it will be seen that normally only inner rollers 51 will be
      in contact with the pipe wall and since they are of the same diameter,
      they will roll smoothly along the wall. By maintaining roller segments 50
      and 52 out of contact, there is no tendency for the roller to have
      portions thereof skidding or sliding along the wall as would be the case
      if the roller segments 50 and 52 were in continuous contact with the wall.
PAR  Referring to FIG. 6, there is shown a preferred form of a circuit
      arrangement for storing information in a pig and retrieving it at a point
      remote from the pig while the latter is in the pipeline. Of the components
      shown, it will be understood that those below dash line 42 are contained
      within the pig while those above the line can be in console 22 (except, of
      course, cable 16). In this particular embodiment, the potentiometer 39 is
      connected to a constant current source 54 via a calibrating potentiometer
      55. Potentiometer 39 is actuated to some lesser resistance by an
      obstruction in the pipeline and remains in that position. As each joint of
      pipe is added, a multiconductor cable is connected between the console 22
      and to the conductors in towing cable 16 at the upper end thereof. Making
      this connection initiates the "test" sequence. Thus, the constant current
      flowing through potentiometer 55, tow line resistance 16, and diameter
      measuring potentiometer 39 produces a voltage proportional to pipe
      diameter that is applied to digital voltmeters 56 and 60, by way of
      calibration potentiometer 56a. The reading of digital voltmeter 56 is
      locked in and gated by gate 57 to the comparators 63 and 64, and to the
      printer 58.
PAR  If the voltage is outside the limits set by the maximum or minimum size
      switches 67, a respective one of alarms 65 and 66 is sounded.
PAR  The AC power oscillator 68 is then momentarily switched on to the tow line
      and activates the release solenoid 43, which releases potentiometer 39
      back to the value it had before the device encountered an obstruction in
      the pipeline. The output of digital voltmeter 60 is then gated by gate 61
      to the size comparator circuit and the printer, just as was digital
      voltmeter 56. This provides evidence that the potentiometer 39 has been
      properly reset. As the printer 58 prints each voltage reading, an
      auxiliary bit of information is printed also: One is the time of day from
      clock 59 and the other is an event count from events counter 62 that
      represents the total number of times the "test" procedure has been
      conducted.
PAR  Also, a reverse motor solenoid 69 can be provided to reverse the direction
      of rotation of motors 45.
PAR  Thus, it will be seen that a pig is provided with a memory means for
      storing an output from a detecting means also carried by the pig. Further,
      a readout means, here illustrated as the printer 58 and its associated
      circuitry, is located remotely from the pig and in this case can be on the
      barge 10. Further, transmission means are provided in the form of cable 16
      to connect the memory means to the readout means for periodically reading
      out the output stored in the memory while the pig is in the pipeline.
      Further, means are provided for conditioning the memory means to receive
      another output after one output has been read out and this is illustrated
      as being in the form of release solenoid 43.
PAR  Referring to FIGS. 7 to 10, another embodiment, though less preferred, of
      the pig of this invention is illustrated. In this embodiment, the slide
      assembly comprises movable plates 27 and 28 interconnected by rods 70
      which slidably extend through support plates 71 fixed to the tubular
      portion 23a of the pig body. The lever arms 25 in this embodiment are
      pivotally mounted by brackets 23d' connected directly to the tubular
      portion 23a of the pig body. Also, there is a single return spring 72
      which urges both the forward and rearward set of rollers outwardly into
      engagement with the pipeline. Also the push rod 37 is connected directly
      to the forward plate 28 and the potentiometer and release solenoid are
      disposed within a sealed container 73 with which push rod 37 has a sliding
      seal engagement.
PAR  With this arrangement, it will be seen that when one or more of rollers 24
      encounter a dent, it will cause the entire slide assembly to move forward
      thereby permitting all of the rollers on the pig to move inwardly by a
      like amount. However, when the roller has passed the dent, spring 72 will
      move all of the rollers outwardly and center the pig in the pipeline.
PAR  This construction, in addition to its relative simplicity, has the added
      advantage in that a bumper means in the form of a bumper plate 74 can be
      connected by rod 75 to the slide assembly, e.g. to plate 27. Thus, should
      the pig become stuck in the pipeline, a second pig equipped with cups can
      be pumped in behind it until the second pig strikes bumper plate 74. Then
      upon applying further force to the second pig, such as by pumping
      additional liquid in behind it, it can cause the bumper plate to move
      forward thereby collapsing all the rollers to their innermost position and
      affording the maximum opportunity to dislodge the pig from the pipeline.
PAR  Referring particularly to FIGS. 9 and 10, it will be seen that rollers 24
      have the same prolate spheroidal shape as those illustrated in FIG. 3.
      However, in this instance, the rollers have only three segments, outer
      segments 75 and a radially enlarged center segment 76. As shown in FIG. 9,
      the center segment is the only segment which normally contacts the pipe
      but the outer segments 75 are spaced closely enough to the inner wall that
      they will contact any substantial dents therein.
PAR  From the foregoing it will be seen that this invention is one well adapted
      to attain all of the ends and objects hereinabove set forth, together with
      other advantages which are obvious and which are inherent to the
      apparatus.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matter herein set
      forth or shown in the accompanying drawings is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  The invention having been described, what is claimed is:
NUM  1.
PAR  1. A pipeline pig for detecting deviations of an inner wall of a pipeline
      from a nominal cross-sectional configuration, comprising, in combination;
      a central pig body; a plurality of rollers for contacting and rolling
      along an inner wall of a pipeline as the pig body is moved therethrough;
      means mounting the rollers on the pig body for inward and outward movement
      in a direction generally radially of the pig body and biasing the rollers
      outwardly for engagement with an inner wall of a pipeline; said rollers
      each being of a length as to extend along a substantial portion of an
      inner periphery of a pipeline for rolling movement therealong and the
      rollers having substantially the shape of a prolate spheroid with a minor
      portion of the length thereof being radially enlarged in a manner such
      that only said minor portion contacts an inner wall of a pipeline when the
      latter is of nominal cross-sectional configuration and the remaining major
      portion of the roller is spaced from but sufficiently close to an inner
      wall of a pipeline to engage inward deviations of such wall and to be
      moved inwardly thereby; and means for indicating when a roller is so moved
      inwardly.
NUM  2.
PAR  2. The pig of claim 1 wherein each of said rollers comprises a plurality of
      axially spaced apart segments.
NUM  3.
PAR  3. The pig of claim 2 wherein the segments are wheel-like in character with
      at least one of the wheel-like segments being located intermediate the
      ends of the roller and being the radially enlarged portion of the roller;
      and drive means carried by the pig for driving said at least one
      wheel-like segment to propel the pig along a pipeline.
NUM  4.
PAR  4. The pig of claim 1 wherein said mounting means includes an element
      carried by the pig body for movement with respect thereto and also
      includes linkages between said rollers and said element such that inward
      movement of any roller causes movement of said element, said indicating
      means being responsive to movement of said element.
NUM  5.
PAR  5. A pipeline pig for detecting deviations of an inner wall of a pipeline
      from a nominal cross-sectional configuration, comprising, in combination;
      a central pig body; a plurality of groups of rollers spaced longitudinally
      along the length of said pig body, each group of rollers having a
      plurality of individual rollers therein with the rollers of one group
      being offset circumferentially from the rollers of another group so that
      the rollers of the groups together provide substantially full-circle
      coverage of an inner wall of a pipeline; means mounting the rollers on the
      pig body for inward and outward movement in a direction generally radially
      of the pig body and biasing the rollers outwardly for rolling contact with
      an inner wall of a pipeline, said mounting means including a member for
      each group of rollers carried by the pig body for movement with respect
      thereto and also includes linkages between the rollers of each group and
      said member for such group such that inward movement of any roller of such
      group causes movement of its respective member; said rollers having the
      general shape of a prolate spheroid so as to conform generally with the
      curvature of an inner wall of a pipeline; means for indicating when at
      least one member has been moved by a roller; and means forming a linkage
      between said indicating means and said members to actuate said indicating
      means in response to movement of at least one of said members.
NUM  6.
PAR  6. The pig of claim 5 wherein said members are rigidly connected to each
      other so that movement of one member causes movement of the other, and
      wherein a single resilient means urges the members in a direction to bias
      the rollers outwardly.
NUM  7.
PAR  7. The pig of claim 5 wherein bumper means are provided at one end of the
      pig body for causing inward movement of said rollers responsive to
      movement of the bumper means with respect to the pig body.
NUM  8.
PAR  8. The pig of claim 5 wherein the mounting means includes biasing means for
      each group of rollers acting to bias the rollers of that group outwardly;
      and wherein the linkage means has a limited sliding engagement with each
      of said members such that movement of one member causes the linkage means
      to actuate the indicating means without also moving the other member and
      vice versa.
NUM  9.
PAR  9. A system for remotely detecting a condition in a pipeline comprising, in
      combination; a pipeline pig having means for detecting a condition as it
      exists along a pipeline; said pig carrying memory means for storing an
      output from said detecting means said memory means being a potentiometer,
      means for changing the effective resistance of the potentiometer
      responsive to a change in the output of said detecting means; a readout
      means located remotely from the pig for periodically reading the output
      stored in said memory means while the pig is in a pipeline; and
      transmission means connecting said memory means to said readout means.
NUM  10.
PAR  10. A roller adapted for use with a pipeline pig to sense abnormalities in
      the configuration of the inner circumference of a pipeline comprising a
      shaft, a plurality of roller segments mounted thereon, the segments as a
      group having the configuration of a prolate spheroid with at least one
      segment having a radius such that its periphery extends radially beyond
      the prolate spheroidal configuration of the other segments.
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ABST
PAL  There is disclosed in the present application a micrometer caliper or gage
      of the comparator type including an expansible measuring member detachably
      coupled to an amplifying and indicating mechanism. The mechanism includes
      an index pointer and a dial which is adjusted to zero relatively to the
      pointer while the measuring member engages a reference standard.
      Thereafter, the pointer indicates deviations in measured dimensions of a
      workpiece on the dial either plus or minus from the size of the standard.
      The measuring member of the specification is in the form of a partial
      split ring adapted to measuring the size of external diameters. A sleeve
      which limits the expansion of the measuring member, however, is equally
      applicable to calipers for internal dimensions, internal calipers, as is
      also its interior construction of the measuring member for coupling it to
      the mechanism.
BSUM
PAR  The present invention relates generally to improvements in micrometer
      calipers or gages but more specifically to such calipers as that disclosed
      in U.S. Pat. No. 1,652,854 granted Dec. 13, 1927 upon application of
      Philip J. Darlington. According to one aspect of the invention, the
      improvements relate to the provision of measuring or gaging members for
      external dimensions, external calipers, utilizing a partial split ring
      member operatively coupled to an amplifying and indicating mechanism.
      However, the construction of the measuring member is also valuable when
      applied to internal calipers for measuring internal dimensions.
PAR  Internal micrometer calipers according to the above identified Darlington
      patent have been manufactured and in widespread use since their invention.
      However, such gages employ an expansible plug as the measuring member and
      are accordingly useful only for the measurement of internal dimensions. In
      addition, such internal calipers, which are made in accordance with the
      disclosure of the patent, are subject to certain disadvantages. One of
      these is that either accidentally or deliberately the plug of Darlington
      may be damaged by being expanded beyond the elastic limit of the material.
      Another is that the same plug is not useful for different amplification
      factors. Different plugs must be used for measuring two internal
      dimensions of the same basic size having different tolerance bands. Thus,
      for example, a first complete plug assembly must be used for a hole having
      a tolerance band of 0.998 to 1.002 and a second plug assembly for a second
      hole having the same basic dimension but a tolerance band of 0.994 to
      1.006.
PAR  It is accordingly an object of the present invention to improve the
      accuracy in the measurement of external dimensions.
PAR  Another object is to increase the speed with which external dimensions are
      accurately measured.
PAR  Still another object is to improve the flexibility of micrometer calipers
      either internal or external, by providing gaging members which may be
      employed for measuring a basic dimension even when there is a variation in
      the tolerance band.
PAR  Yet another object is to improve the ruggedness and reliability of
      micrometer calipers by protecting them against deliberate or accidental
      damage.
PAR  In the achievement of the foregoing objects, a feature of the invention
      relates to a measuring member especially adapted for being coupled to an
      amplifying and indicating mechanism such as that disclosed in the
      Darlington patent. The measuring member is in the shape of a partial split
      ring detachably coupled to the mechanism and formed in such a way that it
      is readily expanded to engage the external portion of the workpiece to be
      measured. The conventional Darlington internal caliper includes a plunger
      which is coupled to a plug by means of a conical end engaging a conical
      seat in the plug. In order to contract the plug so that it can be inserted
      into a hole to be measured, the plunger is retracted causing the plug to
      collapse on the tapered end thereby allowing it to be easily inserted into
      the workpiece. The basic construction of Darlington permits only the
      retraction of the plunger which is spring urged against the seat in the
      plug to expand the plug and by its axial motion operate the amplifying and
      indicating mechanism. The present partial ring is so constructed that the
      same retraction of the plunger causes the ring to expand so that it may be
      freely placed around the portion of the workpiece to be measured. Thus the
      shape of the partial split ring is such that its size is made to expand by
      retraction of the conical-ended plunger which in the internal caliper
      causes the plug to contract.
PAR  According to another feature of the invention, changes in the amplification
      factor of the caliper assembly whether internal or external are greatly
      simplified by providing a cylindrical seat rather than a conical seat to
      cooperate with the conical end of the plunger in coupling the measuring
      member to the amplifying and indicating mechanism. Accordingly, in order
      to change the amplification factor within certain limits, the included
      angle of the cone on the plunger is the only element which needs to be
      changed, increasing the included angle to reduce the amplification factor
      and reducing the included angle to increase the amplification factor.
PAR  Still another feature relates to a sleeve loosely embracing the limbs of
      the gaging extensions near their distal end to prevent them from being
      excessively spread and the caliper thereby damaged.
DRWD
PAR  The foregoing objects, features and numerous advantages of the present
      invention will be more fully understood from a detailed description of an
      illustrative embodiment taken in connection with the accompanying drawings
      in which:
PAR  FIG. 1 is a view in side elevation of an external micrometer caliper
      assembly according to the present invention including a measuring member
      in the form of a partial split ring;
PAR  FIG. 2 is a view in end elevation of the assembly of FIG. 1 showing the
      split ring with its parts in relative positions which they occupy while
      being manufactured;
PAR  FIG. 3 is a view similar to FIG. 2 but showing in exaggerated relationship
      the parts of the ring spread apart to measure a workpiece of maximum
      dimension; and
PAR  FIG. 4 is a view in longitudinal section and on an enlarged scale of an
      external micrometer caliper assembly adapted to being detachably coupled
      to an amplifying and indicating mechanism according to the Darlington
      patent.
DETD
PAR  Turning now to the drawings, there is shown an external micrometer caliper
      according to the present invention and including an amplifying and
      indicating mechanism indicated generally at 10 which may be exactly the
      same in its construction and general appearance as that of the Darlington
      patent. The mechanism 10 includes a dial 12 which is mounted on a bezel 14
      to permit it to be rotated for adjustment relative to an index pointer 16
      while calibrating the micrometer assembly to a reference master. There is
      also included in the mechanism 10 a bolt 18 terminating in a thumb piece
      20 which is pressed manually to cause the retraction of a plunger 22 seen
      in FIG. 4, whose function and mode of operation will be described below.
PAR  The coupling of the gaging member in the present external micrometer
      caliper is similar to that in the Darlington internal caliper and
      comprises a cross head 24 integral with the plunger 22 which is also
      slotted at 26 to receive a retaining pin 28. The plunger 22 is free for
      longitudinal motion, being slidable in a bushing 30 which is pressed into
      a gage body indicated generally at 32 similar in some respects to the plug
      comprising the gaging member of the Darlington internal caliper. The body
      32 is pierced by a transverse opening 34 and slotted at 36 to form a pair
      of spring limbs 38 and 40 upon the distal end of which is mounted a pair
      of C-shaped measuring members 42 and 44, seen in FIG. 2 to be
      substantially like members separated by a generally S-shaped slot. The pin
      28 prevents the rotation of the plunger 22 with respect to the body 32 and
      is retained by a sleeve 46 located longitudinally on the body by a pin 48.
      The sleeve 46 covers the opening 34 and also a pair of flexible sections
      50 which are produced by reducing the wall thickness of the limbs 38 and
      40 in the vicinity of the opening 34, the sleeve being sufficiently loose
      about the body 32 that it does not restrict the necessary deflection of
      the limbs throughout the operating range of the caliper.
PAR  The measuring members 42, 44 may be regarded as originally being
      substantially completely machined before being separated into two parts by
      the composite S-shaped slot consisting of horizontal slots 52, 54 and 56,
      the latter being central, and vertical slots 58 and 60, as seen in FIGS. 2
      and 3. The measuring members 42 and 44 are each formed with a contact or
      gaging surface 62 and 64 respectively ground to a radius slightly greater
      than the maximum dimension to be measured. For example, in a gage for
      measuring a dimension d of 4.0025 - 4.0035 the gage members would be
      ground to a diameter of 4.0060 - 4.0063 which would assure that even while
      measuring a workpiece having the largest dimension d, contact would be
      established essentially along two lines lying in the plane of a vertical
      center line 66 and this condition would of course obtain throughout the
      useful range of the caliper. The gage members 42, 44 are secured to a
      flange 68 at the distal end of the legs 38 and 40 by six special screws 70
      designed to prevent their loosening or removal. In addition, the gaging
      members 42 and 44, when taken together are formed with a precise
      cylindrical central opening or bore 72 counterbored at 76 to receive the
      flange 68. The gaging members are also formed with sight notches 78
      provided so that the diameter to be engaged by the caliper may be seen as
      the caliper is advanced in an axial direction which would otherwise result
      in obscuring the target on the workpiece.
PAR  The expansion and contraction of the measuring members 42 and 44 is related
      to the amplifying and indicating mechanism 10 through the longitudinal
      motion of the plunger 22 which is formed with a conical end 80 engaging
      points 82 and 84 along the center line 66 at the corner formed by the
      intersection of the bore 72 with the bottom of the counterbore 76. Since
      the diameter of the conical end 80 for the interval of its length which
      co-incides with the plane of the bottom counterbore 76 throughout the
      operative range of the gage is less than the diameter of the bore 72,
      contact occurs with each of the gaging members 42 and 44 only at the
      points 82 and 84 in the plane of the vertical center line 66. When the
      assembly depicted in FIG. 4 is coupled to the amplifying and indicating
      mechanism 10 in much the same manner as the internal measuring member of
      Darlington, a spring contained in the mechanism presses the plunger 22 to
      the left forcing the points 82 and 84 apart thereby causing the dimension
      d of the measuring members to be contracted either upon the master for
      initially calibrating the caliper assembly or upon the workpiece being
      measured.
PAR  The manner in which the spreading effect of the conical end 80 of the
      plunger 22 reduces the dimension d will be best understood by considering
      FIG. 3 which shows in an exaggerated manner the relative positions assumed
      by the measuring members 42 and 44 when the plunger 22 is partially or
      completely withdrawn out of contact with the measuring members by manually
      depressing the bolt 18. Under these conditions, the spring limbs 38 and 40
      press the points 82 and 84 closer together as the cylindrical bore 72
      assumes a generally ovoid condition. As the bore 72 is contracted in a
      vertical direction as seen in FIG. 3, the measuring surface 64 on the
      member 44 which is rigidly connected to the point 82 moves downwardly and
      similarly the surface 62 on the member 42 which is connected to the point
      84 moves upwardly thereby increasing the dimension d. In the condition of
      FIG. 3, the dimension d is greater than the maximum dimension of the
      workpiece and accordingly the gaging members may be easily slipped axially
      over the diameter of the workpiece to be measured. Conversely, when the
      plunger 22 under the urging provided by the spring of the mechanism 10
      spreads apart the points 82 and 84, the dimension d is reduced, closing in
      tightly in measuring engagement with the diameter of the workpiece. The
      longitudinal motion of the plunger 22 is translated into a motion of the
      pointer 16 which indicates the difference between the dimension of the
      part being measured and that of the master to which the dial has been
      adjusted to zero. The amplifying and indicating mechanism 10 has already
      been described as generally similar in appearance to that of Darlington,
      the only difference being that the direction in which increases and
      decreases of the measured dimension are indicated on the dial 12 are the
      exact opposite of Darlington. On the dial 12, increases in the dimension d
      are indicated in a counter-clockwise direction by the plus (+) sign and
      decreases in the clockwise direction indicated by the minus (-) sign.
PAR  It will be readily appreciated that the amount of longitudinal motion of
      the plunger 22 for a given change in the dimension d is dependent upon the
      included angle of the conical end 80. Since the conical end 80 bears
      against the points 82 and 84 and is not matched to a conical socket as in
      the case of the Darlington gage, the amplification factor may be changed
      by providing a plunger having a different included angle at the conical
      end. Thus, the amplification factor is increased if the included angle of
      the cone is reduced and conversely the amplification factor is reduced if
      the angle is increased. In this way, the effective amplification may be
      increased or decreased by a factor of two or three, thereby extending at
      low cost either the accuracy of measurement or range of the gage as
      desired.
PAR  In order to prevent the limbs 38 and 40 from being either accidentally or
      deliberately forced apart and thereby impairing the operation of the
      caliper, a sleeve 86 loosely surrounds the limbs 38 and 40 and is retained
      by a shoulder screw 88 passing loosely through the sleeve and engaging a
      threaded opening in the body 32.
CLMS
STM  Having thus disclosed my invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. An external micrometer gaging assembly adapted to being detachably
      coupled to an amplifying and indicating mechanism comprising a
      longitudinally slotted elongated body formed with a deformable area and a
      pair of spring limbs, a pair of C-shaped measuring members having
      interdigitated arms mounted on the distal ends of the limbs, together
      formed with a socket partly in each of the adjacent arms and each with a
      measuring surface adapted to engage an external surface on a work piece, a
      plunger formed with a conical end mounted for longitudinal motion in the
      body and having the conical end adapted to be spring pressed by the
      mechanism into the socket to engage and spread apart opposite points on
      the socket, whereby spreading apart of the points causes contraction of
      the distance between the measuring surfaces.
NUM  2.
PAR  2. A gaging assembly according to claim 1 further characterized in that the
      measuring members are separated by a generally S-shaped slot.
NUM  3.
PAR  3. A gaging assembly according to claim 1 further characterized in that the
      socket is a cylindrical bore and the points lie at the intersection of the
      bore with a flat surface in a reference plane generally normal to the
      plane of the slot in the body.
NUM  4.
PAR  4. A gaging assembly according to claim 1 further characterized in that the
      socket is a cylindrical bore and further comprising a counterbore in the
      measuring members concentric with the bore, a flange at the distal ends of
      the limbs fitted to the counterbore, the intersection of the bottom of the
      counterbore with the bore defining the opposite points in a plane
      generally normal to the plane of the slot.
NUM  5.
PAR  5. A gaging assembly according to claim 2 further characterized in that the
      S-shaped slot defines a pair of substantially equal members, a portion of
      the S-shaped slot being central and bisecting the socket, the members
      being so formed that one of the points engaged by the plunger on one side
      of the central slot is in the same member as a measuring surface on the
      other side of the central slot.
NUM  6.
PAR  6. An external micrometer caliper comprising an amplifying and indicating
      mechanism, including a graduated dial and an index pointer, an elongated,
      longitudinally slotted body mounted on the mechanism and having a pair of
      spring limbs, a pair of C-shaped measuring members having interdigitated
      arms mounted on the distal ends of the limbs, together formed with a
      cylindrical socket partly in each of the adjacent arms and each formed
      with a measuring surface, and means for translating the expansion and
      contraction of the members into an indication by the pointer on the dial,
      including a plunger coupled to the mechanism and having a conical end
      pressed into engagement with the socket to cause contraction of the
      distance between the measuring surfaces.
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ABST
PAL  The methods and means are concerned with processes and devices useful in
      marking wallboard, paneling, and the like for the accurate definition of
      the limits of cut-outs to be formed to receive outlet boxes, switch boxes,
      and the like. In the preferred embodiment, the means comprise a
      substantially flat strip having a pair of spaced-apart cut-outs or
      recesses formed therein which, therebetween, define a triangular
      projection. Terminal, lateral portions of the strip are bent over upon
      themselves to define thereof a pair of resilient clips -- the clips being
      resiliently receivable by walls of such outlet boxes, and switch boxes,
      and the like, to cause the projection to extend from the strip and box
      wall for marking of wallboard, paneling, and the like to denote the box
      wall location. To accommodate the marking means for engagement with wall
      junctures of the boxes, the means is bent transverse to an elongate axis
      thereof; accordingly, each clip engages a distinct wall of the box, and
      the projection extends from the wall juncture. The forming method sets
      forth the process of forming the novel marking means from a strip of
      material, and the locations marking method discloses a process of
      impressing cut-out location markings on wallboard, paneling and the like
      which, especially, can be practiced with the novel marking means.
BSUM
PAR  This invention pertains to methods of marking cut-out locations for outlet
      boxes, switch boxes, and the like, on wallboard, paneling, and the like,
      cut-out locating marking means, and methods of forming such marking means,
      and in particular to such methods and means which are useful in impressing
      only one, unitary and isolated marking on such wallboard, paneling, and
      the like.
PAR  Cut-out locations marking methods, means, and methods of forming such means
      are already known in the prior art and, particularly, U.S. Pat. No.
      2,788,151, issued Apr. 9, 1957, to L. D. Shore, for Electrical Conduit Box
      Locator, and U.S. Pat. No. 2,887,776, issued May 26, 1959, to J. H.
      Eisner, for Template, are probably the more representative. Such prior
      devices and methods for their use function well, and accurately locate
      cut-out locations for outlet boxes, switch boxes, and the like.
PAR  The "Locator," according to the teaching of L. D. Shore, in the aforenoted
      U.S. Pat. No. 2,788,151, requires the fabrication of the conduit box,
      circuit box, or whatever, with the marking means integral therewith. Now,
      this presents two problems. For one, the circuit, conduit boxes have to be
      manufactured with the marking means, and this is not a desirable option
      from the marketing point of view. Also, it will not serve the homeowner
      who is working with installed, classic-type of circuit and conduit boxes.
      Further, the patentee's marking means comprise pointed "pins" which must
      be swung through an arc, for lodging in "openings," that they might
      project from the box. Now, it is to be expected that this manner of
      functioning will find the pins obstructed by wiring passed through slug
      holes in the box; at least, it requires that portions of the box be free
      of wiring so that the marking means can be put to their function. Too, it
      is required that the "pins" wholly penetrate the wallboard, paneling,
      etc., to receive an outlining template. The "Template" taught by patentee
      Eisner in his U.S. Pat. No. 2,887,776 will meet the general end purposes
      of the instant invention. It impresses locating markings for an outlet
      box, circuit box, or the like -- i.e., for a box of particular size, shape
      or configuration, but not for another outlet or circuit box. Thus, for
      outlet, cirsuit, and switch boxes of differing dimensions and
      configurations, it is necessary to have separate and complementary
      "templates" for each thereof.
PAR  It is an object of this invention to overcome the limitations found in such
      prior art locating marking means, by setting forth an improved marking
      means, method of forming such marking means, and marking method.
PAR  Particularly it is an object of this invention to teach means for marking
      cut-out locations, for outlet boxes, switch boxes, and the like, on
      wallboard, paneling, and the like, comprising marker means, responsive to
      an engagement thereof with wallboard, paneling, and the like, for
      impressing a single, isolated marking on such wallboard, paneling, and the
      like whereat the latter and said marker means engage; and means for
      resiliently and releaseably clasping said marker means to an outlet box,
      switch box, and the like.
PAR  A feature of this invention comprises a substantially flat strip having a
      pair of spaced-apart cut-outs or recesses formed therein which,
      therebetween, define a triangular projection. Terminal, lateral portions
      of the strip are bent over upon themselves to define thereof a pair of
      resilient clips -- the clips being resiliently receivable by walls of such
      outlet boxes, switch boxes, and the like, to cause the projection to
      extend therefrom for marking of wallboard, paneling, and the like to
      denote the box location.
DRWD
PAR  Further objects and features of this invention will become more apparent by
      reference to the following description taken in conjunction with the
      accompanying figures, in which:
PAR  FIG. 1 is an isometric or perspective view of an electrical switch box onto
      the corners of which marking means according to the invention have been
      resiliently clasped. Four embodiments of the novel marking means are
      depicted.
PAR  FIG. 2 is a top view of a flat strip of material, in slight perspective,
      which is the source blank for one of the marking means of FIG. 1;
PAR  FIG. 3 is an isometric view of a fragment of the material strip or blank of
      FIG. 2, showing one tab portion bent into a clip configuration, and FIG.
      3A is a view similar to FIG. 3, showing the strip or blank bent transverse
      to the normal axis thereof into a right-angular shape;
PAR  FIG. 4 is an isometric view of an alternate embodiment of the novel marking
      means, the same being substantially an axial half of the FIGS. 2, 3 and 3A
      embodiment;
PAR  FIG. 5 is a plan view of an alternate embodiment, a further embodiment of
      the inventive marking means in source blank form; and
PAR  FIG. 6 is an operativel-conformed depiction of the FIG. 5 embodiment.
DETD
PAR  As shown in FIG. 1, a typical switch box 10 is defined of side walls 12 and
      end walls 14, with a backing 16. A stud-mounting plate 18 is fixed to the
      box 10 to facilitate the mounting of the latter (according to practices
      well-known, and not germane to the instant invention).
PAR  Marking means 20, 22, 24, and 26, comprising the invention, are resiliently
      held in corners of the box 10, by tab portions 28 which are bent over to
      define resilient clips which clasp the walls.
PAR  Marking means 20 comprises a strip of material 30 which is bent transverse
      to the length thereof, substantially in a mid-location along an axis
      "Z--Z" (FIGS. 2, 3, 3A, 5, 6), to negotiate the right-angular corner. A
      marking pin 32 is fixed to the strip 30, for projection of an end thereof
      beyond the walls 12 and 14, the end 34 of the pin having a cross-cut
      formation.
PAR  Marking means 24 is substantially the same as marking means 20, except that
      in this embodiment a marking pin 32' is terminated in a sharp point 34'.
      Marking means 26 is similar to means 20 and 24, being formed of a strip 30
      and tab portions 28. However, this embodiment of the invention includes a
      strap 36 fixed to the strip 30 for mounting a fiber-tip marking pen 38.
      Pen 38 comprises a replaceable cartridge which, by means of a
      threadedly-removable cap 40, can be withdrawn and supplanted with another.
PAR  Marking means 22 is one of the simpler forms of the invention. It is formed
      of a blank of strip material, as shown in FIG. 2, the material 30 having a
      pair of spaced-apart lateral cut-outs 42 formed therein -- to define
      therebetween a triangular, pointed portion 44 at one end of axis Z--Z.
PAR  With reference to FIGS. 2 and 3, it can be seen that the enabling clips
      which secure the marking means 22 (and 20, 24 and 26) to the walls of the
      box 10 are defined by bending the tab portions 28 over into parallelism
      with the complementary portion of the material 30 along fold lines X and
      Y. If the marking means 22 is to be used in clasp of only a straight
      outlet box or circuit box wall, then nothing further need to be done to
      it. Where it is to be used to engage a corner of an electrical outlet box
      -- as shown in FIG. 1, then it remains only to bend the material 30 along
      the axial fold line Z--Z.
PAR  FIG. 4 depicts a simpler version of marking means, the same being means 22'
      which is substantially a half of means 22. In some uses it will be found
      that such "half" marking means, having a narrower portion 44', will
      satisfy the wallboard, paneling, etc. marking.
PAR  FIGS. 5 and 6 illustrate a final embodiment of the invention, in marking
      means 23 which is not so unlike means 22 except that it yields no waste of
      the blank or material 30. Means 23 is formed by simply forming
      diverging/converging lateral cuts. Now, whereas the tab portions 28 of the
      prior embodiments are engaged with inside surfaces of the electrical box
      walls, means 23 employs tab portions 28' which engage the outside wall
      surfaces.
PAR  Each embodiment of my marking means offers a flexibility and utility not
      found in prior art markers. A deployment of any four of my marker means
      will impress the outline of any electrical box -- regardless of the width
      and or length of the box. It is not necessary to have templates for each
      electrical box configuration and size. The embodiments 22 and 24 will
      likely find the most universal use for paneling and wallboard marking.
      Yet, as there are coverings which have speckling of sorts which may make
      it difficult to discern and locate the impressed markings -- the
      indentations formed by marking means 22 and 24 -- I have disclosed the
      alternate embodiments of means 20 and 26. The cross-cut formation in end
      34 of pin 32 will leave a more distinctive marking and, if it is more
      desirable to deposit only a surface coloration, then the fiber-tip pen 38
      carried in means 26 will serve this need.
PAR  As will be apparent to those skilled in this art, right-angularly-formed
      marking means of metal, plastic, and the like can be manufactured and
      supplied to the marketplace thus. Alternatively, pliant metal or
      composition blanks of material 30 can be provisioned in the fully flat
      formation as depicted in FIG. 2 (or with the tab portions 28 pre-bent, as
      shown in FIGS. 3 and 4) without a fold along axial fold line Z--Z. Thus,
      the user can elect to use the marking means on linear wall edges, or
      choose to bend the same along fold lines Z to shape the means for
      electrical boxes of whatever shape: round, hexagonal, etc.
PAR  The marking means 20, 22, and 24, of course, are used in the well-known
      manner. That is, the clips defined by the bent-over tab portions 28 are
      engaged with walls 12 and 14, at the juncture thereof -- where it is
      desired to mark the corner of a switch box 10 (or the like). The same is
      done at all corners of the box, and then the paneling which is to be
      marked is aligned, for optimum installation, with the studs (or whatever)
      flooring, ceiling, etc., and positioned against the marking means-bearing
      switch box 10. Then, by impacting the paneling -- by means of a mallet, or
      even by hand -- in the general area whereat the switch box is known to be
      supported by stud or cross limb therebehind, the terminal ends of the
      marking means "bite" into the rear surfacing of the paneling to leave
      indicia of the outline of the switch box. Thereafter, of course, it
      remains only to cut out the material lying within the corner indicia to
      present an accurately-located cut-out or window for the switch box 10.
PAR  The use of marking means 26 is quite similar, except that it is not
      required to bite into the paneling surfacing with this embodiment of the
      invention. Rather, all one needs to do is to impress the rear surfacing of
      the paneling against the fiber-tip terminations of the corners-borne means
      26 to deposit ink-dot indicia to denote the switch box outline.
PAR  As noted earlier, the novel marking means can be provisioned un-bent
      transverse the axis thereof; i.e., the same can be provisioned as shown in
      FIG. 3. Accordingly, the means of this type can be clipped to single walls
      of switch boxes (and the like); the same is true of the embodiment of FIG.
      4. Further, if the circuit box, switch box, etc., is round, or hexagonal,
      the un-bent, straight type of marking means can be formed into obtuse
      angles, or be arcuately shaped, to engage such electrical boxes.
PAR  While I have described my invention in connection with specific embodiments
      thereof, it is to be clearly understood that this is done only by way of
      example and not as a limitation to the scope of my invention as set forth
      in the objects thereof and in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a means for marking cut-out locations, for wallbounded outlet boxes,
      switch boxes, and the like, on wallboard, paneling, and the like, for use
      in combination with such outlet or switch boxes, and for use together with
      a plurality of said means for marking, in order that all said means for
      marking will impress discrete marks representative of an appropriate,
      geometric pattern of a cut-out, having a marker responsive to an
      engagement thereof with wallboard, paneling, and the like, for impressing
      only one, unitary, isolated mark on such wallboard, paneling, and the like
      whereat the latter and said marker engage; and means for resiliently and
      releaseably clasping said marker to an outlet box, switch box, and the
      like;
PA1  the improvement characterized in that said marker has an axis, and a
      marking end at one end of said axis; and
PA1  said clasping means defines a clip of substantially U-shaped cross-section
      for axially receiving, and resiliently engaging, opposite sides of a
      selected portion of a wall of an outlet box, switch box, and the like;
      said clip opening opposite said one end of said axis, therein to receive a
      wall portion.
NUM  2.
PAR  2. Marking means, according to claim 1, wherein:
PA1  said marker comprises an element carried by said clip having a tapered and
      pointed termination.
NUM  3.
PAR  3. Marking means, according to claim 2, wherein:
PA1  said element, in cross-section, is of right-angular configuration.
NUM  4.
PAR  4. Marking means, according to claim 2, wherein:
PA1  said element, in elevation, is of triangular configuration.
NUM  5.
PAR  5. Marking means, according to claim 1, wherein:
PA1  said means for marking comprises a substantially flat, elongate strip
      having an elongate axis; and
PA1  said clip comprises a portion of said strip bent over upon itself generally
      parallel with said elongate axis of said strip.
NUM  6.
PAR  6. Marking means, according to claim 5, wherein:
PA1  a plurality of portions of said strip are bent over upon themselves,
      generally parallel with said axis, to define a plurality of U-shaped,
      resilient clips.
NUM  7.
PAR  7. Marking means, according to claim 6, wherein:
PA1  said strip is bent, transverse to said axis, along an intermediate portion
      thereof.
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PAL  The antenna reflector whose surface is to be measured is mounted on a
      moderately level surface. A relatively thin full diameter template is
      located sequentially at n different locations in the antenna reflector.
      Spacers are disposed between the template and the reflector surface at
      each of the n locations. A graduated target is mounted on the template at
      the certral vertical axis of the reflector. A bench scope is supported and
      levelled on a table disposed a convenient distance from the target and
      sighted at the target at each of the n locations. At each of the n
      locations a height reading is made and measurements of the spacing between
      the template and reflector surface are made at m intervals along the
      template. These readings and measurements are recorded in a matrix of n
      rows and (m + 1) columns. The change in height reading is calculated for
      each position of the template and used to weight the associated m spacing
      measurements. The height readings and weighted spacing measurements are
      employed in a number of equations to obtain the root mean square error of
      the reflector surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to antenna reflectors and more particularly to a
      method of measuring the accuracy of an antenna reflector surface.
PAR  It is well known in the electronics industry that accurate antenna
      reflector surfaces are required to form antenna beams with maximum
      efficiency and minimized side lobes. The ability to obtain the required
      accuracy becomes more difficult at higher frequencies and in particular in
      the microwave region on up. Antenna reflector manufacturers strive to
      obtain accurate reflector surfaces, but it then becomes necessary to
      measure the surface accuracy to evaluate their efforts and to project
      electrical performance. Various optical and mechanical means of
      measurement have been devised to obtain RMS (root-mean-square) surface
      errors, but in all known methods to date, a relatively elaborate,
      expensive and time consuming process is involved. In many of these
      methods, the usual procedure involves the utilization of a template having
      a curved edge conforming to the desired curvature of the reflector
      surface. Preferably the template is a full diameter template rather than a
      radial template. Great care is taken to mount the template over the
      reflector surface and both the reflector diameter plane and the template
      diameter plane must be very carefully levelled. This relationship must
      then be maintained as the template is revolved in order to measure the
      surface deviation from the curved edge of the template. It is, therefore,
      necessary to construct an accurate fixture which employs precision
      bearings. The measurements are then taken with feeler type gauges.
PAR  To simplify matters, attempts have been made to measure the RMS surface
      error by laying the template on the surface and obtain data by utilizing
      feeler gauges. This method is simple but it can produce errors in the RMS
      surface error determination of greater than 50% of the true value. A major
      cause of this error is the fact that the rise and fall of the template
      with rotation is not detected or taken into account. The surface accuracy
      will then appear better than it actually is.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a method of measuring the
      accuracy of antenna reflector surfaces that overcome the disadvantages of
      the above-mentioned prior art methods.
PAR  Another object of the present invention is to provide a method of measuring
      the accuracy of an antenna reflector surface that is economical, rapid and
      accurate.
PAR  Still another object of the present invention is to provide a method of
      measuring the accuracy of an antenna reflector surface that has an
      accuracy comparable to the more expensive precision bearing technique,
      while at the same time provide the simplicity and expedience of the more
      inaccurate method mentioned hereinabove.
PAR  A feature of the present invention is the provision of a method of
      measuring antenna reflector surface accuracy comprising the steps of: (a)
      mounting the antenna reflector whose surface is to be measured on a
      moderately level surface; (b) centrally locating a relatively thin full
      diameter template having a curved edge conforming to the desired curvature
      of the reflector surface and a straight edge in the antenna reflector at a
      selected location; (c) placing spacers of selected thickness between the
      curved edge and the reflector surface to space the curved edge from the
      reflector surface a given amount; (d) mounting a graduated target on the
      straight edge at the central vertical axis of the antenna reflector; (e)
      supporting a bench scope on a table disposed at a convenient distance from
      the target; (f) levelling the bench scope on the table; (g) aiming the
      bench scope at the target; (h) reading from the target by employing the
      bench scope a height at the selected location; (i) measuring the spacing
      between the curved edge and the reflector surface at m intervals along the
      template at the selected location, where m is an integer greater than one;
      (j) repeating steps (b), (c), (g), (h) and (i) for (n - 1) other different
      positions of the template; where n is an integer greater than one; (k)
      recording the n height readings and the m spacing measurements of steps
      (h), (i) and (j) in the form of a matrix having n rows corresponding to
      the n positions of the template and (m + 1) columns corresponding to the m
      spacing measurements and the height reading for each of the n positions of
      the template; (l) calculating an average template height from each of the
      n height readings; (m) calculating a change in template height for each of
      the height readings from the height reading for each of a particular row
      of the matrix and the average template height; (n) weighting the m spacing
      measurements of each of the n rows of the matrix by an associated one of
      the change in template heights; (o) calculating an average of the m
      weighted spacing measurement from the m weighted spacing measurements for
      each of the n rows of the matrix; (p) calculating a change in spacing
      between the curved edge and the reflector surface for each of the m
      weighted spacing measurement in each of the n rows of the matrix from each
      of the m weight spacing measurements in each of the N rows of the matrix
      and the average of the m spacing measurements; and (q) calculating the
      surface accuracy by calculating a root mean square reflector surface error
      from the change in spacing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Above-mentioned and other features and objects of this invention will
      become more apparent by reference to the following description taken in
      conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a schematic illustration of the setup for measuring the accuracy
      of an antenna reflector surface in accordance with the principles of the
      present invention;
PAR  FIG. 2 is a schematic illustration of the relationship between the
      graduated target of FIG. 1 when it is not aligned with the central
      vertical axis of the antenna reflector; and
PAR  FIG. 3 is a schematic illustration of the manner in which the height
      reading and antenna reflector surface spacing measurements are recorded in
      accordance with the principles of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is illustrated therein the setup to make the RMS
      surface area determination in accordance with the principles of the
      present invention. The antenna reflector 1 whose surface is to be measured
      is mounted with its mounting hub 2 on a flat surface 3 which is only
      moderately level. Surface 3 does not have to be perfectly level. A
      relatively thin full diameter template 4 having a curved edge 5 conforming
      to the desired curvature of the reflector surface 6 of reflector 1 is
      centrally located in reflector 1 at a selected location. Template 4 is
      located above surface 6 by means of spacers or shims 7. The thickness of
      spacers 7 should be kept to a minimum such that template 4 can just be
      rotated into any position without template 4 hitting a high spot on
      reflector surface 6. It is important to minimize the spacer thickness
      because excessive thickness will reduce the accuracy of the measurement. A
      graduated target 8, such as a K & E (Keuffel & Esser) scale is mounted on
      the straight edge 9 of template 4 and is located at the central vertical
      axis Y of reflector 1. It is important that the target not be moved from
      this location throughout a measuring run.
PAR  A bench scope 10 is supported on a table 11 at a convenient distance from
      target 8. It is important in the method of this invention that scope 10
      and table 11 not be moved relative to target 8 during a measuring run. The
      bench scope may be a K & E bench scope No. 71-3010.
PAR  The method of measuring the accuracy of an antenna reflector surface in
      accordance with the principles of the present invention is as follows:
PAR  1. Level bench scope 10 on its table 11 and do not upset levelling for the
      entire measuring run.
PAR  2. Centrally locate template 4 with spacers 7 inside reflector surface 6 at
      a selected location either with reference to the central hub 2 or the edge
      of reflector surface 6. This centering can be done by eye or with the aid
      of a fixed reference or spacer gauge.
PAR  3. With template 4 positioned for the selected location or cut aim bench
      scope 10 at target 8 and read the height which may be a reference height
      to compare to height readings at other positions or cuts of template 4.
      The first height reading is chosen arbitrarily as the reference height. It
      should be noted that the only error besides the resolution in the bench
      scope 10 reading encountered in the height measurement will result from
      target 8 not being perpendicular, or in other words, not aligned with
      center axis Y as indicated in FIG. 2. This situation can be present if one
      of the spacers 7 is on a "bump" in reflector surface 6. The height reading
      in this case will depend on cos A as illustrated in FIG. 2. For a vast
      majority of measuring cases, angle A is equal to or less than 9.degree.,
      which means that the height reading will be off by no more than 1% which
      is sufficiently accurate. Much finer accuracy can be obtained by levelling
      target 8 with the aid of the vertical cross hair of bench scope 10, or
      dividing the height reading by cos A. The levelling of target 8 can be
      done in a few minutes, but as stated previously, it is not necessary. It
      should be noted that if extreme accuracy is needed, the division of the
      reading made by the scope divided by cos A can be accomplished if the
      scope can read angles under these conditions; namely,
EQU  TRUE HEIGHT = (Scope reading/cos A)                        (1)
PAR  4. measure the spacing between the curved surface 5 of template 4 and
      reflector surface 6 at either m random intervals or prescribed m constant
      intervals 12 along template 4 and, hence, the diameter of reflector
      surface 6 at the selected position. For reflectors of approximately 6 feet
      in diameter, m can equal 8 if template 4 is positioned at n positions with
      adjacent ones of the n positions being separated by 30.degree.. Thus, n is
      equal to 12 and there are 96 spacing measurements in all to be made.
PAR  5. Repeat steps (3) and (4) for (n - 1) other different positions of
      template 4 and record the height reading and spacing measurements in the
      form of a matrix having n rows corresponding to the n positions of
      template 4 and (m + 1) columns corresponding to the m spacing measurements
      and the associated height reading for each of the n positions of template
      4 as illustrated in FIG. 3.
PAR  6. Calculate the average target height H.sub.av by employing the following
      equation:
      ##EQU1##
      where H.sub.i is equal to any one of the recorded target heights.
PAR  7. Calculate the rise or fall .DELTA.H.sub.j of template 4 employing the
      following equation:
      ##EQU2##
      where H.sub.j is equal to any particular height for which the .DELTA. from
      the average height must be found.
PAR  8. Weight all spacing measurements in a particular row (the j.sup.th row
      for example) by .DELTA.H.sub.j. This is done by direct addition or
      subtraction of .DELTA.H.sub.j to all m measurements in the j.sup.th row.
      It should be noted that the sign of .DELTA.H.sub.j is (+) when H.sub.j is
      less than H.sub.av and (-) when H.sub.j is greater than H.sub.av.
PAR  9. Repeat step (8) for all rows.
PAR  10. Calculate the average spacing S.sub.av between the curved surface 5 of
      template 4 and reflector surface 6 by employing the following equation:
      ##EQU3##
      where S.sub.ij is equal to the weighted spacing measurement in the
      i.sup.th row and the j.sup.th column.
PAR  11. Calculate the change in the spacing measurements .DELTA.S by employing
      the following equation:
      ##EQU4##
PAR  12. Calculate the surface accuracy by calculating the RMS reference surface
      error .sigma. by the following equation:
      ##EQU5##
PAR  The total time elapsed to take 96 readings and determine the RMS surface
      error of a 6 foot diameter reflector surface using the method of this
      invention and a desk top calculator was approximately one hour. This time
      did not include the initial set up time of the reflector 1 and bench scope
      10.
PAR  While we have described above the principles of our invention in connection
      with specific apparatus it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of our invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of measuring antenna reflector surface accuracy comprising the
      steps of:
PA1  a. mounting said antenna reflector whose surface is to be measured on a
      moderately level surface;
PA1  b. centrally locating a relatively thin full diameter template having a
      curved edge conforming to the desired curvature of said reflector surface
      and a straight edge in said antenna reflector at a selected location;
PA1  c. placing spacers of selected thickness between said curved edge and said
      reflector surface to space said curved edge from said reflector surface a
      given amount;
PA1  d. mounting a graduated target on said straight edge at the central
      vertical axis of said antenna reflector;
PA1  e. supporting a bench scope on a table disposed at a convenient distance
      from said target;
PA1  f. levelling said bench scope on said table;
PA1  g. aiming said bench scope at said target;
PA1  h. employing said bench scope to read a height from said target with said
      template at said selected location;
PAR  i. measuring the spacing between said curved edge and said reflector
      surface at m intervals along said template at said selected location,
      where m is an integer greater than one;
PA1  j. repeating steps (b), (c), (g), (h) and (i) for (n - 1) other different
      positions of said template, where n is an integer greater than one;
PA1  k. recording said n height readings and said m spacing measurements of
      steps (h), (i) and (j) in the form of a matrix having n rows corresponding
      to said n positions of said template and (m + 1) columns corresponding to
      said m spacing measurements and said height reading for each of said n
      positions of said template;
PA1  l. calculating an average template height from each of said n height
      readings;
PA1  m. calculating a change in template height for each of said height readings
      from said height reading for each of a particular row of said matrix and
      said average template height;
PA1  n. weighting said m spacing measurements of each of said n rows of said
      matrix by an associated one of said change in template heights;
PA1  o. calculating an average of said m weighted spacing measurement from said
      m weighted spacing measurements for each of said n rows of said matrix;
PA1  p. calculating a change in spacing between said curved edge and said
      reflector surface for each of said m weighted spacing measurement in each
      of said n rows by said matrix from each of said m weight spacing
      measurements in each of said N rows of said matrix and said average of
      said m spacing measurements; and
PA1  q. calculating said surface accuracy by calculating a root mean square
      reflector surface error from said change in spacing
NUM  2.
PAR  2. A method according to claim 1, wherein
PA1  said selected thickness of said spacers has a value which will enable said
      template to be rotated to said n positions without said template hitting a
      high spot on said reflector surface.
NUM  3.
PAR  3. A method according to claim 1, wherein
PA1  said step of reading includes
PA2  dividing said height reading obtained by said bench scope by the cosine of
      the angle between said target and said central axis.
NUM  4.
PAR  4. A method according to claim 1, wherein
PA1  said m intervals are random.
NUM  5.
PAR  5. A method according to claim 1, wherein
PA1  said m intervals are prescribed evenly spaced intervals.
NUM  6.
PAR  6. A method according to claim 1, wherein
PA1  said reflector surface is six foot in diameter,
PA1  said m intervals are equal to eight, and
PA1  said n positions of said template are taken every 30 degrees.
NUM  7.
PAR  7. A method according to claim 1, wherein
PA1  said (1) step of calculating includes the step of employing an equation
      ##EQU6##
      where H.sub.av is equal to said average height and H.sub.i is equal to any
      one of said n height readings.
NUM  8.
PAR  8. A method according to claim 1, wherein
PA1  said (m) step of calculating includes
PA2  the step of employing an equation
      ##EQU7##
      where .DELTA.H.sub.j is equal to said change in template height for any
      one of said n height readings, H.sub.i is equal to anyone of said n height
      readings and H.sub.j is equal to any particular one of said n height
      readings for which the change from said average height must be found, the
      sign of .DELTA.H.sub.j being plus when H.sub.j &lt;H.sub.av and minus when
      H.sub.j &gt;H.sub.av, where H.sub.av is equal to said average height.
NUM  9.
PAR  9. A method according to claim 1, wherein
PA1  said (o) step of calculating includes the step of employing an equation
      ##EQU8##
      where S.sub.av is equal to said average of said m weighted spacing
      measurements and S.sub.ij is equal to said weighted spacing measurement in
      the i.sup.th row and j.sup.th column of said matrix.
NUM  10.
PAR  10. A method according to claim 1, wherein
PA1  said (p) step of calculating includes the step of employing an equation
      ##EQU9##
      where .DELTA.S is equal to said change in spacing and S.sub.ij is equal to
      said weighted spacing measurement in the i.sup.th row and j.sup.th column
      of said matrix.
NUM  11.
PAR  11. A method according to claim 1, wherein
PA1  said (q) step of calculating includes the step of employing an equation
      ##EQU10##
      where .sigma. is equal to the root mean square error of said reflector
      surface and S.sub.ij is equal to said weighted spacing measurement in the
      i.sup.th row and j.sup.th column of said matrix.
NUM  12.
PAR  12. A method according to claim 1, wherein
PA1  said (1) step of calculating includes the step of employing an equation
      ##EQU11##
      where H.sub.av is equal to said average height and H.sub.i is equal to any
      one of said n height readings;
PA1  said (m) step of calculating includes the step of employing an equation
      ##EQU12##
      where .DELTA.H.sub.j is equal to said change in template height for any
      one of said n height readings and H.sub.j is equal to any particular one
      of said n height readings for which the change from said average height
      must be found, the sign of .DELTA.H.sub.j being plus when H.sub.j
      &lt;H.sub.av and minus when H.sub.j &gt;H.sub.av ;
PA1  said (o) step of calculating includes the step of employing an equation
      ##EQU13##
      where S.sub.av is equal to said average of said m weighted spacing
      measurements and S.sub.ij is equal to said weighted spacing measurement in
      the i.sup.th row and j.sup.th column of said matrix;
PA1  said (p) step of calculating includes the step of employing an equation
      ##EQU14##
      where .DELTA.S is equal to said change in spacing; and said (q) step of
      calculating includes the step of employing an equation
      ##EQU15##
      where .sigma. is equal to the root mean square error of said reflector
      surface.
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ABST
PAL  An instrument is provided which requires no complex computations or high
      degree of skill in aligning scales to accurately indicate the time of day
      from observations of the position of the sun, and to accurately locate the
      moon, the sun, and other stars and constellations in celestial space.
PAL  The instrument comprises a vertically adjustable stand upon which is
      mounted a support plane which may be rotated about a horizontal axis to
      accommodate alignment with the celestial equator. To the support plate is
      mounted a single rotary disk rotatable about a principal axis normal to
      the plane of the support plate. Inscribed upon the surface of the disk are
      an hour scale, a month-day scale, a right ascension hour angle scale, a
      local hour angle scale, a moon phase scale, a lunation scale to trace the
      phases of the moon, and a zodiac constellation display.
PAL  Integrally formed from and normal to the disk are a sunbeam aperture plate,
      a sunbeam trace plate, and a plate having a declination scale inscribed
      thereon and to which a space object pointer with a bubble level is
      rotatably attached. Inscribed on the surface of the sunbeam trace plate
      opposite the aperture plate are time equation graphs tracing the movement
      of the sun in both the northern and southern celestial hemispheres. Sun
      declination scales and mean sun base lines corresponding to each time
      graph are also inscribed on the trace plate.
PAL  When the support plate is aligned with its face toward the north and
      parallel to the plane of the celestial equator, the rotary disk may be
      turned to a position where sunlight passes through an aperture of the
      sunbeam aperture plate to strike a time equation graph or a mean sun base
      line inscribed on the trace plate. A rotary meridian marker mounted to the
      support plate so as to rotate about its principal axis independent of the
      rotary disk may then be used to directly indicate standard time, daylight
      saving time, solar time, or mean solar time on the hour scale.
PAL  To function as a space transit, the rotary disk may be adjusted for
      longitudinal correction and right ascension, and the space object pointer
      may be adjusted for declination to locate the moon, sun, planets and other
      stars and constellations in space. Conversely, after the instrument has
      been directed toward an object in space, the instrument may be adjusted to
      indicate the right ascension and declination of the object. In addition,
      the constellations of the zodiac may be more generally located by means of
      the zodiac constellation display and a knowledge of the sun's declination
      during the month of concern.
PAL  The moon phase and lunation interval scales make possible the tracing of
      any moon phase throughout the current and subsequent years. Further, when
      the date of the moon phase is determined, the right ascension and hour
      angle of the moon at any given time during the phase may be acquired.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to the field of astronomy, and more
      particularly to devices for indicating the correct time of day and for
      locating at any time the position in space of the sun, the moon, and
      specified stars or constellations.
PAC  PRIOR ART
PAR  Sundials have long been in use for indicating the time of day by the
      position of a shadow cast by the sun on a graduated plate or surface.
      Improvements to the basic sundial such as that disclosed in the
      Applicant's U.S. Pat. No. 3,417,473 provide means by which standard time
      may be accurately determined by direct readings from the sundial
      throughout the year.
PAR  U.S. Pat. Nos. 1,570,349 and 1,630,891; British Patent No. 214,034 and
      French Pat. No. 915,671 each disclose intruments for indicating the time
      of day. British Patent No. 214,034; U.S. Pat. No. 1,570,349; and U.S. Pat.
      No. 1,630,891 more particularly disclose an instrument including a base
      plate upon which a rotary disk having a rotational axis aligned with the
      Earth's rotational axis is mounted, and two parallel plates extending
      perpendicularly from the face of the disk and fixedly secured thereto. One
      of the plates is apertured so that a sun ray passing through the aperture
      will appear as a light spot on the inner face of the second plate. When
      the sun image is bisected by a center line on the second plate, apparent
      local or sun time may be directly read. British Patent No. 214,034 and
      U.S. Pat. No. 1,630,891 further disclose the placement of a graph
      describing the annual path of the center of the sun image upon the inner
      face of the second plate. When the disk is rotated until the center of a
      sun image passing through the apertured plate falls on an edge of the
      graph, a time pointer indicates true standard time.
PAR  French Pat. No. 915,617 includes a sunbeam apertured plate and a sunbeam
      trace shelf operating in combination with means for adjusting a time
      indicator to provide readings for daylight saving time, standard time, and
      for different time zones.
PAR  The amateur astronomer's interest in space has transcended the mere telling
      of time. However, before the development of various instruments to assist
      the amateur astronomer, the location of celestial bodies in space was made
      by either referring to periodically published sky maps or by referring to
      tables such as those published in "The Ephemeris," which is published
      annually by the Nautical Almanac Office of the United State Naval
      Observatory. As the use of the tables and sky maps in combination with the
      telescope requires a fair degree of technical knowledge and computational
      ability, such materials were useful to only a small percentage of the
      general public.
PAR  U.S. Pat. Nos. 2,231,071 and 3,052,986 disclose instruments for locating
      any designated star or constellation in celestial space. U.S. Pat. NO.
      2,231,071 specifically discloses an instrument which locates a star or
      constellation and includes means for providing a correction for the date
      to reduce local mean time to sidereal time, means for rotating a sighting
      device about one axis to align a marker with the correct right ascension
      indication, and means for rotating the sighting device about a second axis
      perpendicular to the first to align a second marker with a declination
      indication. It is noted, however, that there is provided no correction for
      a viewer's longitude to reduce standard time to local mean time. Further,
      the disclosed instrument has no means for directly indicating the time of
      day.
PAR  U.S. Pat. No. 3,052,986 discloses an instrument for not only locating a
      selected star or constellation in the celestial sphere, but also for
      directly indicating either a local sun time or a standard time. The
      instrument comprises a space object alignment unit including three
      contiguous disks rotating about a principal axis, with a first disk having
      an hour circle and a longitude scale, a second disk having a month-day and
      a right ascension scale, and a third disk having a right ascension index
      pointer. Each of the three disks may rotate independently about a
      principal axis of rotation. A plate extends perpendicularly from the
      surface of the three disks and is mounted so as to rotate with the right
      ascension index pointer disk. The plate includes a semicircular
      declination scale inscribed on one surface and a declination pointer
      rotatably mounted so as to rotate about an axis perpendicular to the
      principal axis of rotation.
PAR  Neither U.S. Pat. No. 2,231,071 nor U.S. Pat. No. 3,052,986 include a
      sunbeam aperture shelf or a sunbeam trace shelf, nor do either employ a
      time equation graph.
PAR  The present invention provides an improved astronomical instrument which
      may be accurately aligned with both true North and the Earth's rotational
      axis without requiring the use of a magnetic compass or previous knowledge
      of the observer's latitude. The instrument may be directed toward any
      object in space when the right ascension and declination of the object are
      known, and conversely may be adjusted from a line-of-sight alignment to
      indicate the right ascension and declination of an unknown space object.
      In addition, a simplified means is provided to accommodate conversion from
      standard to mean solar and solar time. Further, as all scales are
      contained on a single rotary disk, an astronomical instrument is provided
      which is more compatible with amateur usage, and which requires a lesser
      level of technical skill and computational ability.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an astronomical instrument with which
      an observer using minimal skill and having only basic datum may accurately
      determine the time of day and the position of space objects relative to
      the observer's position.
PAR  More particularly, an hour scale, a month-day scale, a right ascension hour
      angle scale, a local hour angle scale, a moon phase scale, a lunation
      scale, and a zodiac constellation display are concentrically inscribed
      about a principal axis of rotation on a single rotary disk. Integrally
      formed from and normal to the rotary disk is a plate having a declination
      scale inscribed thereon, a sunbeam aperture plate, and a sunbeam trace
      plate upon which are inscribed time equation graphs, mean sun base lines
      and sun declination scales. Contiguous to the rotary disk is a meridian
      marker rotatably about the principal axis of rotation. In addition, a
      declination position indicator is mounted adjacent to the declination
      scale so as to rotate about a declination axis normal to the principal
      axis of rotation. Attached to the declination position indicator and
      positioned on the opposite side of the declination plate is a space object
      pointer.
PAR  The rotary disk so inscribed, the rotary meridian marker, the declination
      position indicator, and the space object pointer may be operated in
      combination to accurately locate celestial objects in space from a
      knowledge of only the observer's longitude and the celestial object's
      right ascension and declination. As all scales and graphs are inscribed on
      a single rotary disk, complex computations and the relative alignment of
      scales are not required. More specifically, the space object pointer may
      be used to direct the instrument toward true North or true South, to
      determine the latitude of the observer's position from observations of the
      sun, and to align the rotary disk with the equatorial plane of the
      celestial sphere. The rotary meridian marker then may be adjusted for a
      longitude correction and the rotary disk adjusted for a right ascension
      indication. When the declination position indicator is rotated to the
      declination of the celestial object, the object appears within the field
      of view of the space object pointer. In addition, by a reverse process,
      the instrument may be directed toward an unknown celestial object, and
      then adjusted to indicate the right ascension and declination of the
      object.
PAR  Further, after the rotary disk has been directed toward true North or true
      South and aligned with its principal axis parallel to the axis of rotation
      of the Earth, the moon phase and lunation scales may be used in
      combination with the month-day, hour, and right ascension hour angle
      scales to trace the phases of the moon during a year of observation in
      which the date of a single moon phase is known, and to accurately
      determine the right ascension and hour angle of the moon at any time
      during a particular moon phase.
PAR  Alternatively, the instrument may be used as an accurate sundial by turning
      the rotary disk until sunlight passes through an aperture of the sunbeam
      aperture plate and strikes a time equation graph or a mean sun base line.
      The rotary meridian marker may be used in combination with a time equation
      graph or analemma to indicate mean solar time on the hour scale, or in
      combination with a mean sun base line to indicate solar time on the hour
      scale. In addition, the rotary marker may be adjusted for a longitude
      correction and the rotary disk turned until a sun spot image is bisected
      by a time equation graph to provide a direct reading of standard time on
      the hour scale.
PAR  In one aspect of the invention, there is provided a space object pointer
      having a bubble level to facilitate latitude adjustments to the rotary
      disk, the plumbing of the instrument, the determination of the observer's
      zenith and horizon, the taking of azimuth and elevation readings, and the
      determination of space object rising and setting times relative to the
      observer's horizon.
PAR  In another aspect of the invention, the space object pointer includes
      sunbeam aperture and trace shelves for observing the azimuth and elevation
      of the sun and for determining the direction of true North and true South.
PAR  In still another aspect of the invention, the rotary disk comprises a
      sunbeam trace plate having both a northern hemisphere time equation graph
      and a southern hemisphere time equation graph inscribed thereon, and a
      sunbeam aperture plate having two apertures each aligned with one of the
      two graphs to provide a more compact instrument.
PAR  In still another aspect of the invention, the rotary marker has mounted
      thereon a lunation blade rotatable about an axis offset from the principal
      axis of rotation to facilitate tracking of the phases of the moon.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference may now be had to the following
      description taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of space transit embodying the present
      invention;
PAR  FIG. 2 is a plan view from the rear of the space transit of FIG. 1 with the
      plane of the rotary disk vertically aligned;
PAR  FIG. 3 is a partially exploded view from the side of the space transit of
      FIG. 1;
PAR  FIG. 4 is a pictorial view of the rotary disk of FIG. 1 with integral
      plates aligned with the plane of the disk; and
PAR  FIG. 5 is a pictorial view of the rotary marker of FIGS. 1 and 3 with a
      lunation blade extended to be in operable relation with the lunation scale
      of FIG. 4.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAC  FIGS. 1-3
PAR  Referring to FIGS. 1-3, there is illustrated a space transit 10 comprising
      a tripod stand 11, a hollow extension rod 12 subtended at one end by an
      annular flange 13, and a transit head 14.
PAR  Extension rod 12 is rotatably and slidably received within a vertical tube
      11a of stand 11, and held in place by two friction screws 11b.
PAR  A cylindrical support post 14a of transit head 14 is rotatably and slidably
      received within extension rod 12 and held in place by a friction screw
      12a. A triangular marker 11c etched on the outer surface of tube 11a, and
      a longitudinal line 12b etched on the outer surface of rod 12 may be used
      in combination to maintain a proper rotary alignment when rod 12 and post
      14a are extended for greater height.
PAR  Encircling post 14a at an upper end is a rectangular sleeve 14b. At the
      lower extremity of sleeve 14b is mounted a triangular marker 14c which
      extends transversely from the principal axis of the sleeve. The lower
      surface of marker 14c confronts the upper surface of flange 13 when post
      14a is in a recessed position.
PAR  A support plate 14j is rotatably mounted upon post 14a so as to rotate
      about a horizontal axis. Mounted upon plate 14j is a rotary disk 15, which
      may be rotated about a threaded post 21 coincident with both the principal
      axis of plate 14j and the principal axis of rotation of disk 15. Disk 15
      includes a sunbeam aperture plate 15a having apertures 15b and 15c, a
      sunbeam trace plate 15d parallel to plate 15a, and a declination position
      plate 15e having its plane perpendicular to the planes of plates 15a and
      15d. Plates 15a and 15d are offset from the center of disk 15, and extend
      perpendicularly from the plane of disk 15. Plate 15e is offset from the
      center of disk 15 in a direction opposite to that of plates 15a and 15d,
      and also extends perpendicularly from the plane of disk 15. Each of the
      plates 15a, 15d and 15e are integrally formed extensions of disk 15 which
      have been folded to a position perpendicular to the principal plane of
      disk 15.
PAR  Inscribed upon the face of disk 15 are scales concentric to the principal
      axis of rotation of disk 15 which are used in indicating time and locating
      space objects as will be described below. The terms used throughout the
      description of the preferred embodiment conform to standard usage in the
      field of astronomy. Specific references include Astronomy by Robert H.
      Baker, Third Edition, D. Van Nostrand Company, Inc. and Fundamentals of
      Celestial Mechanics by J. M. Danby, First Edition, Yale University.
PAR  A declination position indicator 16 is adjacent to the interior face of
      plate 15e, and secured by means of bolt and nut combinations 16a to a
      space object pointer 17 adjacent to the outer face of plate 15e. Indicator
      16 and pointer 17 are mounted so as to rotate about an axis perpendicular
      to the disk 15 principal axis of rotation.
PAR  Space object pointer 17 comprises an open ended and hollow rectangular box
      with a principal axis parallel to the plane of plate 15e. A sun aperture
      shelf 17a and a sun trace shelf 17b are integrally formed from an exterior
      face of shelf 17 parallel to plate 15e. A bubble level 18, which is a
      cylindrical vial having an internal barrel shape to accommodate
      360.degree. rotation, is mounted along the principal axis of pointer 17 on
      an exterior face having a principal axis parallel to the plane of plate
      15e.
PAR  A rotary meridian marker 20 used in conjunction with the scales inscribed
      on disk 15 is rotatably mounted to plate 14j. More particularly, a
      threaded washer 19 is screwed into a threaded post 21, and interposed
      between disk 15 and marker 20. Post 21 in turn is secured to a plate 14h
      which is fixedly mounted to the rear face of plate 14j by means of brad
      and sleeve combinations 14i.
PAR  Marker 20 is secured in place by means of a washer 22 and a threaded cap
      23, and so mounted as to be able to either rotate about the principal axis
      of rotation or be fixed in place independent of the rotation of disk 15. A
      downward bent tip 20c of marker 20 rides on the outer rim of disk 15 to
      protect the face of the disk from defacement. Affixed to the underside of
      marker 20 by means of a brad 20b is a lunation blade 20a which is used to
      trace the phases of the moon during a year of observation.
PAR  The mounting of plate 14j to vertical post 14a may better be seen by
      referring to FIG. 2, wherein flanges 14d and 14e are shown secured to the
      underside of plate 14j by means of nut and bolt combinations 14f. Sleeve
      14b is slidably received between flange walls extending perpendicularly
      from the underside of plate 14j, and fixedly held with respect to support
      post 14a by means of a threaded shaft 14k generally indicated by dotted
      lines in FIG. 2. Shaft 14k extends through the outwardly extending flange
      walls, sleeve 14b and post 14a, and is secured in place by means of
      washers 14r and threaded caps 14g. Plate 14j thus is mounted so as to be
      rotatable about a horizontal axis transverse to sleeve 14b and coincident
      with shaft 14k.
PAC  FIG. 4
PAR  A more detailed illustration of the scales inscribed upon the face of
      rotary disk 15 is shown in FIG. 4, wherein numerous scales are
      concentrically arranged about the principal axis of rotation, which passes
      through a mounting aperture 30 perpendicular to the plate. Ordered from
      the outermost scale toward the aperture 30 are a sun time or hour scale
      40, a month-day scale 50, a right ascension hour angle scale 60, a local
      hour angle scale 70, a moon phase scale 80a, a lunation interval scale
      80b, and a zodiac constellation display 90.
PAR  Hour scale 40 is formed by marking disk 15 with 24 equal divisions about
      the circumference of an outer circle centered at aperture 30. The
      divisions of the scale are designated by Roman numerals beginning with
      numeral I and increasing counterclockwise to numeral XII, and then
      repeating in sequence with a second numeral XII, 12:00 Noon, aligned with
      the vernal equinox or March 21 division mark of the month-day scale 50.
      The Roman numeral divisions are in turn separated by 15 lesser extended
      division marks corresponding to 1.degree. intervals. The accuracy of scale
      40 is transferred to the inner scales by way of radial edge 20d of
      meridian marker 20, FIG. 1.
PAR  The month-day scale 50 is formed by dividing a circle on disk 15 into
      segments equal to the number of days in each month in a normal leap year.
      Slightly extended marks are used to indicate five day intervals, while
      more extended marks are used to indicate the end of a month. The distances
      between the marks are proportioned according to the numbers of days in
      each month. The calendar months are placed from January to December in a
      counterclockwise direction and positioned so that the scale location
      corresponding to March 21 is located along the radial line from the
      aperture 30 to the Roman numeral XII of scale 40 corresponding to 12:00
      Noon.
PAR  Right ascension hour angle scale 60 consists of division marks dividing a
      circle into 24 equal hour segments. The segments are numbered from 1
      through 23 in a counterclockwise direction, with the 24th division mark
      being identified as a "O"  positioned radially below the March 21 division
      mark on month-day scale 50 and corresponding to the right ascension angle
      of the vernal equinox.
PAR  The local hour angle scale 70 consists of 24 divisions radially aligned
      with the division marks for the right ascension hour angle scale 60, and
      positioned about the circumference of a circle nearer to aperture 30. The
      identifying numbers 0 through 23 of the local hour angle scale, however,
      increase in a clockwise rather than a counterclockwise direction with the
      number 1 being located radially below the number 23 of scale 60.
PAR  The moon phase scale 80a contains in a counterclockwise direction about
      aperture 30 a new moon symbol 81, a first crescent phase symbol 82, a
      first quarter symbol 83, a first gibbous phase symbol 84, a full moon
      symbol 85, a second gibbous phase symbol 86, a third quarter symbol 87,
      and a second crescent phase symbol 88. The moon phase scale is formed by
      placing the new moon symbol 81 on a radial line from the aperture 30 to
      the zero hour angle indication on the right ascension hour angle scale 60,
      and then dividing the circumference of the circle passing through the new
      moon symbol into eight equal segments. Symbols 82 through 88 are then
      placed in sequence in a counterclockwise direction from symbol 81 on
      radial lines extending from the aperture 30 to the one-eighth divisions of
      the circumference of the moon phase scale 80a.
PAR  To understand the positions in which to expect the moon at any time it is
      most convenient to consider its position relative to the sun. For example,
      when the moon is new it is in the same direction as the sun. Consequently,
      it rises and sets with the sun, and cannot be seen from the Earth. As the
      Earth moves in its orbit about the sun, the moon orbits about the Earth
      and it is not until after the lapse of approximately 29.5 days that the
      moon is in the same position relative to the sun's direction. The 29.5
      days is referred to as the synodic month.
PAR  The days of the synodic month during which a particular phase may occur are
      indicated on the moon phase scale 80a. For example, the number 7 adjacent
      to the first quarter symbol 83 indicates that a first quarter phase occurs
      seven days after the new moon phase. Similarly, a number 14 is adjacent to
      full moon symbol 85, a number 22 is adjacent to the third quarter symbol
      87 and a number 29.5 is adjacent to the new moon symbol 81. Thus, it is
      indicated that a full moon occurs 14 days after the new moon phase, a
      third quarter moon phase occurs 22 days after the new moon phase, and a
      new moon occurs once each 29.5 days corresonding to the synodic month.
PAR  A lunation interval scale 80b is inscribed as a sequence of lunation dots,
      89a-89k and 89m-89p, on disk 15 to indicate the interval between similar
      phases of the moon during the course of a year. If a new moon were to
      occur on a particular year around February 28 corresponding to the
      location of lunation dot 89a, the dates for new moons during that year
      would be February 28, March 30, April 28, May 28, June 26, July 26, August
      24, September 23, October 22, November 21, December 20, January 19, and
      February 17 of the following year.
PAR  The lunation interval scale 80b is made by inscribing a first dot, for
      example dot 89a, at a convenient location on the scale and then inscribing
      12 subsequent dots, 89b-89k and 89m-89n, in a counterclockwise direction
      at intervals corresonding to the lunation period or synodic month. As the
      lunation period is approximately 29.5 days, the approximate angular
      separation between adjacent dots on the scale is equal to [(360 .div.
      365.25) .times. 29.5] degrees where 365.25 is the approximate number of
      days for the Earth to complete one orbit around the sun.
PAR  As the particular phases of the moon are seen to occur on different days as
      one proceeds from year to year, an additional aid is required to maintain
      a 29.5 day period as a year-to-year trace of a particular moon phase is
      made. Lunation dots 89o and 89p used in combination with lunation blade
      20a, FIG. 1, perform this function as will be later explained. As may be
      seen by inspection of FIG. 4, dot 89o is displaced 29.5 days
      counterclockwise from dot 89n, and dot 89p is displaced 29.5 days
      counterclockwise from dot 89o to continue the 29.5 day period as one
      proceeds from year to year.
PAR  To generally locate constellations in space, a zodiac constellation display
      90 is formed about a circular hub 90a centered at the aperture 30. Radial
      spokes extending outward from the hub divide the map into 12 equal
      segments, each 30.degree. in width and having placed therein the
      astronomical name and symbol of a constellation. The display thus may be
      used as a constellation position indicator generally locating a
      constellation relative to the celestial equator.
PAR  Inscribed on the inner face of plate 15e is a semicircular declination
      angle scale 92 having division marks formed on the circumference of a
      circle concentric to a mounting aperture 91. The division marks of scale
      92 are separated by five degree intervals located on radial lines
      extending outward from aperture 91. Slightly extended division marks
      spaced 10 degrees apart are numbered in sequence beginning with the number
      0 at one end point of the semicircular scale and ending with the number 90
      at the apex of the scale. The extended division mark numbers then decrease
      in sequence from the number 90 to the number 0 at an opposite end point of
      the scale.
PAR  Diametrically opposite to plate 15e on disk 15 are plates 15a and 15d.
      Sunbeam aperture plate 15a comprises apertures 15b and 15c which focus a
      sun image on a time equation graph or analemma inscribed on the inner
      surface of sunbeam trace plate 15d. A mean sun base line 102 dissects
      analemma part 100, while sun base line 103 dissects analemma part 101. The
      analemma parts 100 and 101 are further divided into month segments, with
      each segment corresponding to a particular month identified by an
      abbreviation. Each month segment is defined by two consecutive end of the
      month dots, generally indicated by reference numbers 100a and 101a on
      analemma parts 100 and 101, respectively. Analemma part 101 and mean sun
      base line 103 are used to trace the movement of the sun in the southern
      celestial hemisphere, while analemma part 100 and means sun base line 102
      trace the movement of the sun in the northern celestial hemisphere.
PAR  The information necessary to prepare a tme equation graph or analemma, such
      as that shown by analemma parts 100 and 101, may be obtained from a
      publication which shows the equation of time for the sun. "The Ephemeris",
      prepared each year by the Nautical Almanac Office of the United States
      Naval Observatory and published by the United States Government Printing
      Office, provides information from which may be prepared time equation
      graphs accuarate to a fraction of a minute.
PAR  The declination of the sun at any observation date may be obtained from the
      analemma parts 100 and 101 when used in combination with adjacent
      declination scales. To the left of analemma part 101 and parallel to base
      line 103 is a sun declination scale 104 which is graduated to indicate
      degrees of south declination. Correspondingly, to the right of analemma
      part 100 and parallel to base line 102 is a sun declination scale 105
      which is graduated to indicate degrees of north declination.
PAR  While the space transit herein described is designed for operation in the
      northern hemisphere, it is to be understood that operation in the southern
      hemisphere may be accommodated by adjusting the inscriptions on disk 15 to
      permit the instrument to be operated while pointed to true South instead
      of true North.
PAR  In accordance with the invention, there is provided a space transit 10
      which will point to any address in space when the instrument is properly
      adjusted for longitude correction, declination, and right ascension.
      Conversely, when the instrument is directed toward an object in space, the
      right ascension and declination of the object may be read directly from
      the instrument. The invention further provides an instrument with which
      the lunations and positions of the moon phases may be determined. In
      addition, a simple sundial is provided from which solar, mean solar,
      standard or daylight saving time can be read directly.
PAR  In operation as a sundial, the principal axis of rotation of disk 15 is
      placed in a horizontal plane by rotating late 14j about shaft 14k. More
      particularly, the declination position indicator 16 is rotated to indicate
      zero degrees declination on scale 92, and the bubble level 18 is used to
      place the principal axis of plate 14j in a horizontal plane. Disk 15 is
      then rotated about threaded post 21 until Roman numeral XII of scale 40,
      radially below September 19 on month-day scale 50, is positioned above a
      radial mark 14m inscribed on plate 14j. Transit head 14 is then rotated
      about a vertical axis coincident with support post 14a, and space object
      pointer 17 is rotated about a horizontal axis normal to plate 15e until a
      sun ray is transmitted through the apertured shelf 17a and intersects a
      transverse midline 17c on the trace shelf 17b. The position of the
      triangular marker 14c is then noted on the annular flange 13 of extension
      rod 12. One of two procedures may then be followed:
PAR  a. The position of the declination position indicator 16 may be maintained
      and the sun traced until a sun spot image again intersects the midline on
      trace shelf 17b. During this process only transit head 14 is rotated about
      the vertical axis. No other motion takes place. When the correct sun image
      is acquired, the second position of the triangular marker 14 c is noted on
      flange 13. Transit head 14 is then rotated about the vertical axis until
      the triangular marker is positioned at a midpoint between the two previous
      noted positions. The principal axis of plate 14j is then pointed due
      North.
PAR  b. Alternatively, both the declination position indicator 16 and the
      transit head 14 may be rotated to plot or trace the sun path during the
      day. The triangular marker 14c will then be positioned at the zenith of
      the plot along the horizontal flange 13 to align the space transit 10 with
      true North.
PAR  A correction for the observer's latitude is next made. Assuming the sun is
      in the northern celestial hemishere, the declination of the sun for a
      given day of observation may be obtained for analemma part 100 used in
      combination with declination scale 105. Further, the high noon elevation
      of the sun may be determined from scale 92 when used in combination with
      shelves 17a and 17b of space object pointer 17 as before described. The
      sun's declination is subtracted from the high noon elevation, and
      indicator 16 is adjusted to indicate the complement, the angle between the
      observer's zenith and the celestial equator.
PAR  Plate 14j then may be rotated about shaft 14k until the bubble level 18
      indicates a horizontal position. The plane of rotary disk 15 thereby is
      placed in the celestial equator, and the principal axis of plate 14j is
      aligned with the rotational axis of the Earth.
PAR  To obtain a direct reading of the time of day, the meridian marker 20 is
      aligned vertically with the vernal equinox, March 21 on month-day scale
      50, and fixed in place by tightening cap 23. This setting is aligned with
      Roman numeral XII corresponding to 12:00 Noon on the hour scale 40 and
      with the new moon symbol 81 on the moon phase scale 80a. With marker 20
      thus set, disk 15 is rotated about post 21 relative to the marker. Such
      rotation continues until a sunbeam image passes through the sunbeam
      aperture plate 15a, and either strikes a time equation graph or a mean sun
      base line on the sunbeam trace plate 15d at a position corresponding to
      the date of observation. If the sun image is bisected by either mean sun
      base line 102 or 103, then solar time may be read on hour scale 40 as
      indicated by marker 20. However, if the sun image is bisected by analemma
      parts 100 or 101, then mean solar time may be read from hour scale 40.
PAR  To directly read standard time from the space transit, a longitudinal
      correction must be made which corresponds to the longitude of the
      observer. More particularly, if the position of the observer is offset to
      the East of the center of the observer's time zone, disk 15 is rotated
      relative to marker 14m on plate 14j in a clockwise direction the number of
      degrees of the offset as indicated on hour scale 40, and alternatively in
      a counterclockwise direction if the observer's position is West of the
      time zone center. The meridian marker 20 is then realigned with the Roman
      numeral XII of scale 40 corresponding to the new moon symbol 81 of moon
      phase scale 80a, and disk 15 is rotated with respect to marker 20 until a
      sun image strikes a time equation graph on trace plate 15d at a position
      corresponding to the date of observation. With space transit 10 aligned as
      above described, standard time may be read from the hour scale 40 as
      indicated by marker 20.
PAR  In addition to indicating time of day, the instrument may be used to take
      azimuth and elevation readings, and to establish the zenith and horizon of
      the observer. More particularly, the declination position indicator 16 is
      rotated to indicate zero degrees declination on scale 92, and the bubble
      level 18 is used to place the principal axis of plate 14j in a horizontal
      plane. When the space transit 10 is raised to eye level, the space object
      pointer 17 will be in line with the observer's horizon. Further, when the
      declination position indicator 16 is rotated to indicate ninety degrees
      declination on scale 92, the space object pointer 17 will be directed
      toward the observer's zenith.
PAR  For azimuth and elevation readings, indicator 16 is rotated to indicate
      90.degree. on scale 92, and the bubble level 18 is used to place the
      principal axis of plate 14j in a vertical plane. An azimuth reading then
      may be taken by rotating plate 15 about post 21 and sighting with pointer
      17. The angular movement between hour scale 40 and radial mark 14m then
      becomes a measure of azimuth in degrees. In addition, the angular distance
      between indicator 16 and the ninety degree division mark on scale 92
      becomes a measure of elevation.
PAR  Space transit 10 also may be used to indicate the position of a star or
      other space object when the right ascension and declination of the object
      are known. First, a longitudinal correction is made by rotating disk 15
      relative to mark 14m on plate 14j as before described, and the rotatable
      marker 20 is aligned with the Roman numeral XII on scale 40 corresponding
      to the new moon symbol 81 on the moon phase scale 80a. The meridian marker
      20 then is fixed in place by tightening cap 23, and disk 15 is rotated
      about post 21 until the date of observation as noted on the month-day
      scale 50 is aligned with marker 20. The March 21 division mark on the
      month-day scale 50 then points outward to the position of the vernal
      equinox at 12:00 Noon on the date of observation.
PAR  With disk 15 and marker 20 aligned as above described, marker 20 may be
      rotated from the March 21 division a distance equivalent to the right
      ascension of the object as indicated by the right ascension hour angle
      scale 60 and locked in place, and the declination position indicator 16
      may be rotated to the declination of the object as indicated by
      declination scale 92. The image of the object then will be located within
      the field of view encompassed by space object pointer 17 at the time
      indicated by marker 20 on hour scale 40.
PAR  In summary, a longitudinal correction is made and disk 15 rotated to the
      date of observation as indicated by marker 20. The position of the vernal
      equinox at noon at the day of observation is then shown by the March 21
      division mark on the month-day scale 50. The marker 20 is then rotated
      from the March 21 division mark a distance corresponding to the right
      ascension of the space object being sought. With the declination position
      indicator 16 adjusted to indicate the declination of the object, disk 15
      may be rotated with respect to marker 20 to align pointer 17 with the
      object at any time of day as indicated by the marker on hour scale 40.
      Further, the rising and setting times for the space object may be
      determined by rotating disk 15 until pointer 17 is aligned with the
      observer's horizon as determined by bubble level 18.
PAR  If a star or other space object unknown to the user is sighted, the right
      ascension and declination of the object may be determined for
      identification. First, a longitudinal correction is made as above
      described and disk 15 is rotated to the date of observation as indicated
      by marker 20. The marker 20 then is rotated to the hour of observation as
      noted on the local hour angle scale 70 and fixed in place to point to the
      position of the vernal equinox at the time of observation. The image of
      the space object is positioned within the field of view enclosed by space
      pointer 17 by rotating the disk 15 about threaded post 21, and rotating
      the space object pointer 17 about the declination axis of rotation normal
      to plate 15e. The declination of the space object then is indicated on
      scale 92 by the position indicator 16, and the right ascension of the
      object is indicated on scale 70 by marker 20.
PAR  In determining the location and phase of the moon at any time of
      observation, moon phase scale 80a and lunation interval scale 80b are
      used. The lunation interval scale 80b indicates the interval between
      similar phases of the moon during the course of the year. The intervals
      shown by the scale may be read in approximate days on the month-day scale
      50. An observer uses the lunation scale as shown in the illustrative
      embodiment by noting at one time during the year the number of days
      separating a particular phase of the moon and one of the lunation dots
      89a-89k and 89m-89p. For example, in a year of observation a full moon may
      occur on March 5 or five days after the scale position of lunation dot
      89a. The dates of each full moon throughout the year then may be
      determined as the full moons will occur five days after each of the dots
      89b-89k throughout the year of observation. The full moon phases may also
      be traced into the succeeding year by noting the synodic month or 29.5 day
      separation between lunation dots 89m-89p. However, after lunation dot 89p,
      there is no succeeding dot spaced a 29.5 day interval. Thus, an additional
      aid is required to trace the moon phases into a succeeding year.
PAC  FIG. 5
PAR  In accordance with one aspect of the invention as illustrated in FIG. 5,
      lunation blade 20a and rotary marker 20 are used in combination with
      lunation scale 80b to trace the phases of the moon from a year of
      observation to a succeeding year. More particularly, lunation blade 20a
      may be rotated about brad 20b to place the inner edge of the blade in
      coincidence with a succeeding lunation dot. For example, with edge 20d of
      marker 20 coincident with lunation dot 89p, lunation blade 20a may be
      extended to place the inner edge of the blade in coincidence with lunation
      dot 89c. Thus, the synodic intervals may be continued with blade 20a while
      the moon phase occurrences continue to be indicated by marker 20.
PAR  Further, if marker 20 is initially aligned with a moon phase date on scale
      50 which occurs between lunation dots, blade 20a may be extended to an
      adjacent lunation dot to maintain a synodic interval. The dates of moon
      phase occurrences, however, are indicated by marker 20 as before.
PAR  After an observer has determined the dates corresponding to a single phase
      of the moon for a particular year of observation, he can determine the
      dates of all phases of the moon during the year by reference to the moon
      phase scale 80a. For example, if a fully moon occurs on March 5 of a
      particular year, then by reference to moon phase scale 80a it can be
      determined that the third quarter phase as represented by symbol 87 will
      occur eight days after the full moon phase as represented by symbol 85.
      Thus, the third quarter phase of the moon will occur on March 13 of the
      year of observation.
PAR  In accordance with the invention, there is provided a space transit for
      accurately indicating the time of day and locating objects in space, with
      all scales, maps, and graphs necessary for its use inscribed on a single
      rotary disk.
PAR  The invention further provides a rotary meridian marker mounted about the
      principal axis of rotation of the rotary disk, and having a lunation blade
      to be used in combination with a lunation interval scale and a moon phase
      scale to trace the phases of the moon through a year of observation and
      into a succeeding year.
PAR  There is still further provided a space object pointer having a bubble
      level, a sunbeam aperture shelf and a sunbeam trace shelf for accurately
      aligning the instrument toward true North, toward true South, and in the
      plane of the celestial equator. The space object pointer further may be
      used to take azimuth and elevation readings, establish the oberver's
      zenith and horizon, and indicate the rise and set times of any object in
      space relative to an observer's horizon.
PAR  In addition, to provide a more compact instrument, a time equation graph
      inscribed on a sunbeam trace plate is divided into a northern hemisphere
      part and a southern hemisphere part, each part being aligned with a
      separate aperture of a sunbeam aperture plate.
PAR  Whereas the present invention has been described with respect to specific
      embodiments thereof, it will be understood that various changes and
      modifications, such as attaching a telescope to the space object pointer
      17 or dividing the analemma inscribed on the sunbeam trace plate 15d into
      more than two parts, will be suggested to one skilled in the art. It is
      intended to encompass such changes and modifications to the extent they
      fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A space transit, comprising:
PA1  a. support means rotatable about both a vertical axis and a horizontal
      axis;
PA1  b. a rotary plate mounted on said support means so as to rotate about a
      principal axis perpendicular to the face of said plate and to said
      horizontal axis, said plate having three integral subplates upstanding
      perpendicular to said face, two of said subplates providing a space
      aperture and space trace combination and with an hour scale inscribed on
      said face indexed to a line parallel to the axis of said combination;
PA1  c. a meridian marker structure cooperating with said hour scale on said
      plate mounted on said support means to both rotate about said principal
      axis and to be locked against rotation independent of said plate;
PA1  d. a second marker means rotatably mounted on the third of said subplates
      so as to rotate about an axis normal to said principal axis; and
PA1  e. a space object pointer attached to said second marker means and
      positioned on a side of said third subplate opposite to said second marker
      means.
NUM  2.
PAR  2. The combination set forth in claim 1 wherein said rotary plate has
      concentric scales inscribed thereon and centered about said principal axis
      and including a month-day scale, a right ascension hour angle scale, a
      local hour angle scale, a moon phase scale, a lunation interval scale, and
      a zodiac constellation display all cooperating with said meridian marker
      structure.
NUM  3.
PAR  3. The combination set forth in claim 2 wherein said meridian marker
      includes a lunation blade pivotable about an axis spaced from but parallel
      to said principal axis of rotation for tracing moon phases on said
      lunation scale from a year of observation to a succeeding year.
NUM  4.
PAR  4. The combination set forth in claim 3 wherein said meridian marker has
      one edge extending radially from said principal axis, and a tip bent to
      make sliding contact outside said hour scale.
NUM  5.
PAR  5. The combination set forth in claim 4 wherein said space object pointer
      includes a sunbeam aperture shelf and a sunbeam trace shelf for tracking
      the sun.
NUM  6.
PAR  6. The combination set forth in claim 1 wherein said third subplate has
      inscribed thereon a declination angle scale, wherein a second of said
      three subplates has inscribed thereon a mean sun base line, an analemma
      segmented in months, and wherein the first of said three subplates is
      apertured and parallel to said second of said subplates.
NUM  7.
PAR  7. The combination set forth in claim 6 wherein said mean base line, said
      analemma, and said second declination angle scale are divided into two
      parts corresponding to the northern and southern celestial hemispheres.
NUM  8.
PAR  8. The combination set forth in claim 1 wherein said space object pointer
      is a hollow sleeve having a 360.degree. bubble level mounted on an
      exterior surface thereof with the axis thereof parallel to the axis of
      said sleeve.
NUM  9.
PAR  9. A space object position and time of day indicator having a sunbeam
      aperture plate, and a sunbeam trace plate with a time equation graph
      inscribed thereon, the combination which comprises:
PA1  a. a main plate integral with said trace plate and aperture plate mounted
      for rotation relative to both a vertical axis, a horizontal axis, and a
      principal axis of rotation perpendicular to said main plate and to said
      horizontal axis, said main plate having inscribed on a circle there a time
      of day indicia indexed to a reference line parallel to a line extending
      through an aperture on said aperture plate and the base line of said
      graph;
PA1  b. a meridian marker mounted for rotation about said principal axis and
      lockable at any angle independent of said main plate;
PA1  c. space object pointer means supported by said main plate and rotatable
      about an axis perpendicular to said principal axis and to said reference
      line, level indicating means on said pointer parallel to the axis of said
      pointer means, an indicator rotatable with said pointer, and a scale
      element supported by said plate registrable with said indicating means.
NUM  10.
PAR  10. The combination set forth in claim 9 wherein said pointer includes a
      sunbeam aperture shelf and a sunbeam trace shelf.
NUM  11.
PAR  11. The combination set forth in claim 9 wherein said level indicating
      means is a bubble level internally ground to a barrel shape to accommodate
      360.degree. rotation.
NUM  12.
PAR  12. A space transit comprising:
PA1  a. a support means rotatable about both a vertical axis and a horizontal
      axis,
PA1  b. a rotary plate mounted on said support for rotation about a principal
      axis normal to said horizontal axis, said plate having an hour scale
      thereon indexed to a center line passing through the center of rotation of
      said plate, with three integral subplates normal to the face of said
      plate, two of said plates being parallel to each other and spaced apart
      with one of the two plates having an analemma thereon and the other
      apertured on a second line parallel to said center line with said second
      line passing through the base line of said analemma, the third plate being
      perpendicular to said two subplates and having a declination scale thereon
      with the zeroes thereof on a line parallel to the plane of said rotary
      plate,
PA1  c. meridian marker adjustably mounted for rotation on the axis of rotation
      of said rotary plate and having means adapted to lock the same relative to
      said support means while permitting rotation of said rotary plate relative
      thereto,
PA1  d. a second marker rotatably mounted on said third plate to rotate about an
      axis normal to said principal axis, and
PA1  e. a space object pointer attached to rotate with said second marker and
      positioned on the side of said third plate opposite said second marker.
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ABST
PAL  A method of, and apparatus for, drying a hygroscopic material possessing a
      fibrous structure, such as wood and cardboard, which is impinged in a
      closed drying compartment by a flowing drying medium, which is heated and
      demoisturized, and wherein after the introduction of the material to be
      dried into the drying compartment the drying medium is heated to a
      predetermined temperature and maintained during the entire drying process
      at such temperature. The drying medium is moved past the material to be
      dried in order to remove from such material the expelled moisture. From
      the point in time of reaching the aforementioned predetermined temperature
      and a fixed value of the moisture content of the drying medium, calculated
      after the course of a certain time duration, the drying medium is
      demoisturized for such length of time until its moisture content has
      dropped to the aforementioned fixed value. And thereafter in alternate
      sequence there is interrupted the dehumidification or demoisturizing of
      the drying medium during the entire predetermined time duration from the
      point in time of the momentary attainment of the mentioned fixed value of
      the moisture content of the drying medium, and finally after expiration of
      the mentioned predetermined time duration the drying medium is
      demoisturized for such length of time until its moisture content has
      reached the aforementioned fixed value.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to new and improved method for drying a
      hygroscopic material having a fibrous structure, such as wood and
      cardboard, which is impinged in a closed drying compartment by a current
      or flowing drying medium which is heated and dehydrated, and further
      pertains to apparatus for the performance of the aforesaid method.
PAR  In the case of hygroscopic materials with fibrous structures, such as wood,
      veneer, cardboard, by way of example, the danger exists during drying that
      fissures will form and also that there will occur a deformation of the
      surface due to encasing of the surface regions, i.e. owing to a closing of
      the pores in the outermost layers there will be prevented the expulsion of
      the water present internally of the material.
PAR  In order to overcome such drawbacks the state-of-the-art devices for drying
      of materials with fibrous structure must be equipped with correspondingly
      complicated and expensive apparatuses and controls, resulting in
      relatively high costs for the procurement and maintenance thereof.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it is a primary object of the present invention to avoid the
      previously mentioned drawbacks.
PAR  Another and more specific object of the invention aims at the provision of
      a new and improved method of, and apparatus for, enabling in a simple and
      reliable manner a protective drying of materials having fibrous structure.
PAR  Now in order to implement these objects and others which will become more
      readily apparent as the description proceeds, the inventive method aspects
      of this development are manifested by the features that after introducing
      the material to be dried into the drying compartment the drying medium is
      heated to a predetermined temperature and is maintained at this
      temperature throughout the entire drying operation. Further, the drying
      medium is moved past the material in order to take-up moisture which is
      expelled by the material. From the point in time of reaching the
      aforementioned predetermined temperature and a fixed value of the moisture
      content of the drying medium, after termination of a predetermined time
      duration, the drying medium is dehumidified for such length of time until
      its moisture content has dropped to the aforementioned fixed value, and
      thereafter in alternate sequence there is interrupted the dehumidification
      of the drying medium during the aforementioned predetermined time duration
      from the point in time of the momentary attainment of the aforementioned
      fixed value of the moisture content of the drying medium. Then following
      completion of the aforementioned predetermined time duration the drying
      medium is demoisturized for such length of time until its moisture content
      has reached the aforementioned fixed value.
PAR  Not only is the invention concerned with the aforementioned method aspects
      but also pertains to apparatus for the performance thereof and such
      apparatus for carrying out the method is characterized according to the
      invention through the provision of a closed drying compartment with a
      heating element for heating the drying medium, a desicattor or
      dehumidifier element for the periodic demoisturizing of the drying medium,
      a circulation device for moving the drying medium past the material to be
      dried, and a control device for controlling the heating element and the
      dehumidifier element and which possesses a measuring feeler arranged in
      the path of flow of the drying medium which is to be moved past the
      material to be dried, a hygrostat for cutting-off the dehumidifier, a
      thermostat for the switching-in and switching-off of the heating element
      and a time switch which can be switched-on by the hygrostat and after
      completion of its running time duration switches on the dehumidifier.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is a schematic illustration of a first embodiment of a drying
      compartment;
PAR  FIG. 2 is a schematic illustration of a second embodiment of a drying
      compartment;
PAR  FIG. 3 schematically illustrates the control device installed in the drying
      compartment; and
PAR  FIG. 4 is a graph for explaining the course of the drying operation.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIGS. 1 and 2 there are shown two exemplary embodiments of a drying
      compartment or chamber for the drying of a material having a fibrous
      structure. It is to be appreciated that as a matter of convenience in both
      Figures the same components have been designated with the same reference
      characters.
PAR  The material to be dried, in the present case under consideration, by way
      of example, a stack 1 of wooden boards 1a arranged in spaced relationship
      from one another, is disposed in a closed thermally-insulated compartment
      2 in such a manner that at both sides of the stack 1 there are provided
      free zones. The interior of the compartment 2 is subdivided by a partition
      wall 3 into a pressure compartment 4 and a suction compartment 5, so that
      a part of the wooden stack 1 is located in the pressure compartment 4 and
      a part thereof in the suction compartment 5. In the compartment 2 there is
      arranged an aggregate or assembly 6 which encompasses a dehumidifier or
      desicattor, a heater and a ventilator, schematically indicated by
      reference characters 6a, 6b and 6c respectively. By means of this assembly
      6 the drying medium, for instance air, is heated in a manner still to be
      described, demoisturized or dehydrated and circulated. The flow of the
      drying medium has been conveniently indicated by the arrows 7.
PAR  With the embodiment shown in FIG. 1 the assembly 6 is arranged at the
      ceiling of the compartment 2 in such a way that its inlet opening is
      located in the suction compartment 5 and its outlet opening in the
      pressure compartment 4.
PAR  With the embodiment according to FIG. 2 the assembly is arranged in the
      suction compartment 5, wherein at the partition wall 3 there are installed
      additional ventilators or fans 8 for the circulation of the drying medium.
PAR  With both exemplary embodiments there is arranged in the suction
      compartment 5 a control device or unit 9 for controlling the assembly 6.
      This control unit 9 has been schematically illustrated in FIG. 3 and
      possesses a feeler element 10 past which moves the drying medium departing
      from the wooden stack 1. The control unit 9 furthermore contains a
      hygrostat 11, a thermostat 12 and a time or timing switch 13. The function
      of the control device 9 will be clearly apparent from the following
      description taken in conjunction with FIG. 4.
PAR  This FIG. 4 illustrates the graph of the drying process for wooden boards
      which, as has been shown in FIGS. 1 and 2, are introduced into the drying
      compartment or chamber 2 in the form of a stack 1. Along the abscissa of
      the graph there is plotted the time t in hours. Along the ordinate there
      is plotted at the left-hand side thereof the relative moisture in percent
      and at the right-hand side thereof the temperature in degrees centigrade.
PAR  The curve 14 provides the course of the relative moisture of the drying
      medium during the drying process, whereas the curve 15 indicates the
      moisture content of the wood. The curve designated by reference character
      16 shows the course of the temperature of the drying medium.
PAR  Below the abscissa axis there are collectively plotted the time plans for
      the operation of the ventilator, the time switch, the dehumidifier, the
      hygrostat or hygrometer and the heater.
PAR  It is assumed that moist wooden boards of a certain thickness and a given
      moisture content of, for instance, 40 percent, are to be dried. At the
      thermostat 12 there is adjusted a predetermined reference value A for the
      temperature of the drying medium, for instance 30.degree.C, whereas at the
      hygrostat or hygrometer 11 there is adjusted a certain reference value B,
      for instance 50 percent, for the moisture content of the drying medium.
      These reference values A and B of the temperature and moisture content of
      the drying medium remain the same during the entire drying operation and
      are dependent upon the nature of the wood, the thickness of the wooden
      boards or planks, the moisture of the introduced wet wood, and upon the
      moisture content of the wood which is desired after the drying operation.
      At the time switch or timer 13 there is adjusted or set a fixed running
      time duration C, for instance 20 minutes.
PAR  After the introduction of the wooden stack 1 into the closed drying
      compartment 2 there is turned-on the ventilator 6c of the assembly 6, or
      the ventilators 8 (FIG. 2) respectively. Assuming that the moisture
      content of the drying medium amounted at the start to 38 percent at
      16.degree.C, then gradually the temperature of the drying medium rises
      according to the curve 16 and the moisture content of the medium according
      to the curve 14, since the drying medium which moves past the wooden
      boards takes-up the moisture content delivered by the wooden boards at
      their surface. During the starting time of the drying process the time
      switch 13, which turns on the dehumidifier 6a, is blocked.
PAR  The thermostat 12 shuts-off the heater 6b as soon as the temperature of the
      drying medium has reached the reference value A, that is 30.degree.C. The
      heating is turned-on and turned-off as required during the entire drying
      process in order to maintain the temperature of the drying medium at the
      reference value A.
PAR  Now if the moisture content of the drying medium reaches the reference
      value B set at the hygrostat 11, that is to say 50 percent, then the
      hygrostat 11 responds. If at the same time the temperature of the drying
      medium has reached the reference value A (point D, curve 14), then by
      means of the hygrostat 11 the timer or time switch 13 is turned-on and
      runs during its running time duration C of, for instance, 20 minutes, as
      such will be apparent from the corresponding time plan below the axis of
      the abscissa. During this time duration C the drying medium takes-up the
      moisture delivered by the wooden boards, so that the relative moisture of
      the drying medium further increases, as illustrated by the section 14a of
      the curve 14. After expiration of the time duration C of the time switch
      13 there is automatically placed into operation the dehumidifier of the
      assembly 6, so that the drying medium is demoisturized (section 14b of the
      curve 14).
PAR  If the moisture content of the drying medium reaches the reference value B
      (point E of the curve 14), then the hygrostat 11 is again switched-off,
      with the result that the time switch 13 is reset to null and the
      dehumidifier is turned off. Owing to the follower action of the
      dehumidifier the hygrostat 11, after a dead time of about 5 minutes, again
      turns on (point F, curve 14) whereupon, as already mentioned, the time
      switch 13 is again switched-on. The moisture content of the drying medium
      again increases according to the section 14c of the curve 14, since the
      drying medium again takes up the moisture from the wooden boards. After
      expiration of the running time duration C of the time switch 13 the
      dehumidifier is again turned-on (section 14d, of the curve 14), wherein
      the drying medium is again demoisturized to the reference value B,
      whereafter the dehumidifier as already mentioned, is turned-off. The
      described operation of the alternate demoisturizing of the drying medium
      and the subsequent interruption of the demoisturizing process, as shown in
      FIG. 14, is automatically repeated for such length of time until the
      wooden boards possess the moisture content desired in the dry state. The
      removal of the moisture from the wooden boards is indicated by the curve
      15.
PAR  With the described process during the period when the drying medium is not
      demoisturized, owing to the increasing relative moisture of the drying
      medium, the delivery of water from the surface zones of the wooden boards
      is increasingly braked and the movement of the water from the interior of
      the wooden boards through its surface is enhanced. Consequently, there is
      prevented an enclosing or encasing of the surface of the wooden boards.
PAR  The temperatures of the drying medium required with the described method
      are lower than with conventional methods and do not exceed 35.degree.C.
      This condition further contributes to a protective drying of the wet
      material.
PAR  A wetting of the material to be dried during the drying process for the
      purpose of preventing the aforementioned encasement is not necessary with
      the described method.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims.
CLMS
STM  Accordingly, what is claimed is:
NUM  1.
PAR  1. A method of drying hygroscopic material possessing fibrous structure,
      such as wood and cardboard, and which is impinged in a closed drying
      compartment by a flowing drying medium, which is heated and demoisturized,
      the improvement comprising the steps of: after the introduction of the
      material to be dried into the drying compartment heating the drying medium
      to a predetermined temperature, maintaining throughout the entire drying
      process the drying medium at this predetermined temperature, moving the
      drying medium past the material to be dried in order to take-up the
      moisture expelled by such material, and from the point in time when there
      is reached the aforementioned predetermined temperature and a fixed value
      of the moisture content of the drying medium, and after expiration of a
      predetermined time duration, demoisturizing the drying medium for such
      length of time until its moisture content has dropped to the
      aforementioned fixed value, thereafter in alternate sequence interrupting
      the demoisturizing of the drying medium during the entire predetermined
      time duration from a point in time when there is momentarily attained the
      aforementioned fixed value of the moisture content of the drying medium,
      and then after expiration of the aforementioned predetermined time
      duration demoisturizing the drying medium for such length of time until
      its moisture content has reached the aforementioned fixed value.
NUM  2.
PAR  2. An apparatus for drying a hygroscopic material having a fibrous
      structure, such as wood and cardboard, comprising a closed drying
      compartment equipped with a heating element for heating a drying medium
      which impinges the material, a dehumidifier element for the periodic
      demoisturizing of the drying medium, a circulation device for moving the
      drying medium past the material to be dried, a control device for
      controlling the heating element and the dehumidifier, said control device
      including a measuring feeler arranged in the flow path of the drying
      medium which is moved past the material to be dried, a hygrostat for
      switching-off the dehumidifier, a thermostat for switching-in and
      switching-out the heating element, and a timer switch which can be
      switched-on by the hygrostat and after expiration of its running time
      duration switches-on the dehumidifier.
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ABST
PAL  Condenser apparatus for removing moisture from the air including a housing
      for the condenser apparatus, which housing has both a cooling liquid inlet
      and an air inlet at one end. Within the housing is a condensing chamber
      and a rotatable disc spaced inwardly from the liquid inlet so that when
      the disc is rotated and liquid is impinged upon the disc a cooling liquid
      droplet cloud is produced in the condensing chamber. At the opposite end
      of the condenser housing from the inlet is an air outlet and a
      concentrically positioned rotatable blower. Located between the blower and
      the rotatable disc is a rotatable liquid droplet interceptor wheel for
      collecting entrained liquid droplets before they pass into the blower and
      depositing them into an underlying bath. Circumferentially around the
      interceptor wheel is a liquid pump that removes liquid from the condenser
      apparatus. An electric motor is utilized for rotatably driving all of the
      rotating elements. The condenser apparatus is provided with apparatus
      de-energization means including a liquid level sensing means connected in
      cooperative relationship to a switch for de-energizing the apparatus in
      the event of overflow and a means to retain the overflow liquid after
      de-energization.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to condenser apparatus, and more particularly to
      condenser apparatus for utilization in an automatic clothes dryer so that
      warm moisture-laden air from the clothes dryer is cooled and moisture
      removed therefrom.
PAR  2. Description of the Prior Art
PAR  In automatic clothes dryers it is common to vent the warm moisture-laden
      exhaust air or vapor outside the machine and preferably even outside the
      house or building while air is constantly being introduced into the
      clothes dryer, heated and passed over the fabrics to be dried. It is not,
      however, always possible and, in fact, it may not be desirable to provide
      such a venting system for automatic clothes dryers in apartments or other
      high rise housing establishments. In drying fabrics in a clothes dryer it
      is highly desirable to be able to heat the air, pass the heated air over
      the fabrics to be dried and withdraw moisture therefrom, remove the hot
      moisture-laden air from the fabrics and introduce it into an apparatus
      that lowers the temperature of the moisture-laden air thereby condensing
      out moisture from the air, then recirculate the air through the clothes
      dryer.
PAR  Condensing apparatus has been utilized in laundry machines, both
      combination clothes washers and dryers and automatic clothes dryers, for
      many years. One such condensing apparatus is shown in U.S. Pat. No.
      2,451,692 wherein moist air is passed through a water spray from a nozzle
      that is also used to effect movement of the air and free water from a
      spray is removed by a stationary screen. Another type of condensing
      apparatus is disclosed in U.S. Pat. No. 2,785,557 wherein only a
      controlled portion of the moist air is passed through a dehumidifier. U.S.
      Pat. No. 2,921,384 shows apparatus that uses an impeller to circulate air
      that also has the cooling water discharged directly against the impeller,
      however, there is no free water collection means provided. U.S. Pat. No.
      3,121,000 utilizes a condensing arrangement that produces a coherent film
      of water on a channel wall to avoid entrainment of water droplets.
PAR  A liquid droplet cloud in a condensing chamber through which the hot
      moisture-laden air from the dryer is passed is quite efficient for
      lowering the air temperature. However, such a system inherently produces
      entrainment of the free liquid droplets. It is desirable to collect these
      droplets and deposit them in an underlying bath before they can leave the
      condensing chamber. This is particularly desirable when the blower that
      induces the air flow through the condenser apparatus is in axial alignment
      with the condensing chamber and downstream from the liquid droplet cloud.
      Too much entrainment of free liquid can detrimentally affect the operation
      of the entire condenser apparatus and reduce the normal life of such an
      apparatus. Also, since the condenser apparatus may be utilized in an
      automatic clothes dryer it is desirable to minimize expelling free liquid
      from the condenser apparatus into the clothes dryer system.
PAR  With liquid being introduced into the condenser apparatus to form the
      liquid droplet cloud and the droplets being collected in the condensing
      chamber before they pass into the blower area it is necessary to have a
      pump to remove the liquid from the condensing chamber. In the event of a
      pump malfunction, such as clogging, it is highly desirable to have the
      incoming liquid stopped and the appliance turned off or de-energized.
      There is, however, a time lag in such an operation and overflow liquid
      needs to be contained where it will not come into contact with electrical
      components of the appliance. This improvement invention relates to a means
      for accomplishing this.
PAC  SUMMARY OF THE INVENTION
PAR  There is provided a condenser apparatus for removing moisture from the air,
      particularly a condenser apparatus that is utilized in connection with an
      automatic clothes dryer, which includes a housing for the condenser
      apparatus and has both a water or other cooling liquid inlet and an air
      inlet at one end, an air outlet at the opposite end of the housing, and a
      condensing chamber therebetween. Means for forming a cloud of liquid
      droplets in the condensing chamber is also included. Positioned near the
      air outlet of the condenser apparatus is a means, such as a blower, for
      inducing an air flow through the condenser apparatus from the air inlet to
      the air outlet passing through the liquid droplet cloud.
PAR  Means for collecting the liquid droplets before they pass into the blower
      is provided and arranged to deposit the collected liquid into an
      underlying bath at the bottom of the condensing chamber. The droplet
      collecting means is located between the means for forming the droplets and
      the air flow inducing means. Means for driving all of the rotating
      components is also provided.
PAR  There is a pump for removing liquid from the condenser chamber. An
      auxiliary liquid discharge outlet having an opening outside the condensing
      chamber is also provided.
PAR  This invention is an improvement on the condenser apparatus described and
      includes condenser apparatus deenergization means having a tray with side
      walls and two compartments. The first compartment underlies the auxiliary
      discharge outlet and has a liquid level sensing means connected to a
      switch for de-energizing the apparatus. The other compartment is separated
      from the first compartment by a partition having a height sufficient to
      retain liquid until the liquid level sensing means de-energizes the
      apparatus but is lower than the side walls of the tray.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational, cross-sectional view of a condenser apparatus
      utilizing my improved deenergization means structural arrangement.
PAR  FIG. 2 is an enlarged side elevational view of a portion of the
      de-energization arrangement shown in cross section.
PAR  FIG. 3 is a perspective view of a condenser apparatus showing my improved
      de-energization means structural arrangement in position relative to the
      condenser apparatus.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the drawings, the condenser apparatus includes a housing
      10 which is cylindrical or drum shaped and has an air inlet 12 located at
      the front of the condenser unit. Also located at the same end of the
      condenser housing 10 is a liquid inlet means 14 which may conveniently be
      a hose or tubular conduit 16 supported by structure 18 secured in a
      suitable fashion to the condenser housing. The structure 18 secures and
      positions the tubular conduit 16 substantially on the longitudinal axis of
      the condenser housing 10 with the end 20 of the conduit 16 directed into
      the condenser apparatus. The liquid introduced into the condenser
      apparatus by means of the tubular conduit 16 passes through a solenoid
      operated control valve (not shown) and is in the form of a stream. Spaced
      axially from the end 20 is a single rotatable disc 22.
PAR  At the opposite end of the condenser housing 10 from the liquid inlet means
      end 20 is a blower 24 for inducing air to flow from the air inlet 12 to an
      air outlet 26. The blower in this embodiment consists of a rotatable
      blower wheel having a plurality of blades 28 secured as by molding to
      circular plate 30 and a confining air space 32 surrounding the blower
      wheel for developing sufficient air pressure within the blower to induce
      the above-mentioned air flow. Positioned within the condenser housing 10
      and located between the rotatable disc 22 and the blower 24 is a liquid
      droplet collecting means 34.
PAR  The liquid droplet collecting means 34 is in the form of a rotatable liquid
      droplet interceptor wheel having a plurality of equally spaced blades 36.
      The interceptor wheel 34 has a hub 38, the center of which is the axis
      about which the interceptor wheel rotates. The rear portion of the hub 38
      is a hollow cylinder to be received upon the rotatable motor shaft 40 and
      secured thereto for rotation along with rotation of the motor shaft. The
      forward portion of the hub is also a hollow cylinder and it is adapted to
      receive the rotatable disc 22 for simultaneous rotation also along with
      the motor shaft. The blades 36 are thin and extend radially outward from
      the outer surface of the hub 38. The blades are arranged to minimize
      obstructing the air stream flowing through the interceptor wheel. To
      support the outer blade edges 44 they are secured to a circumferential
      ring member 46. The hub 38, blades 36, and outer support ring member 46
      may all be integrally formed as by molding with each other from suitable
      plastic material. In this fashion the entire interceptor wheel is a
      one-piece molded component structure.
PAR  The pump 48 surrounds the liquid droplet interceptor wheel 34. Pump 48
      partly consists of a rotatable inner wall 50 and a stationary outer pump
      wall which is the interior of housing 10. Forming the front part of the
      pump 48 is a circular wall member 58 that is rigidly secured to the inside
      of the condenser housing and depends inwardly therefrom. A back wall 60 of
      the pump is also provided. The inner, outer, front and back walls
      cooperate with each other to provide a pump cavity therebetween. At the
      top of the pump 48 is an outlet 64 which is in communication with the pump
      cavity through the outer pump wall so that liquid may be removed from and
      discharged outside the condenser apparatus. Through the circular wall
      member 58 is an opening 66 communicating with the underlying liquid bath
      at the bottom of the condensing chamber 68. The purpose of this opening is
      to allow liquid that accumulates in the bottom of the condensing chamber
      68 to pass through the pump wall member 58 and into the pump cavity. The
      inlet to the pump operates on the venturi principle so that the pump 48 is
      self-priming.
PAR  It will be noted particularly that the pump 48 is circular and is
      circumferentially located around the interceptor wheel 34 which has a
      large air opening through the center thereof. As pointed out previously,
      this is quite advantageous in that it is desirable to have the air flowing
      through the condenser apparatus encounter only minimum resistance thus
      reducing the power requirements yet achieve proper air flow. The rotating
      inner pump wall 50 is carried by, and is integrally molded with, the
      circumferential ring member 46 of the liquid droplet collecting means 34.
      Therefore, as the interceptor wheel 34 is rotated the inner pump wall 50
      is rotated simultaneously and at the same speed.
PAR  Located at the bottom of the condenser housing 10 is an auxiliary liquid
      discharge outlet having a sump 76 partially within the housing 10 and an
      outlet opening 78 outside the housing. Plumbing codes generally require a
      sufficient air gap in association with the water inlet, so that if a
      negative pressure is produced in the water line, only air will be taken
      in. It can be seen in the drawings that if the condenser pump 48 fails to
      operate, liquid accumulates in the condenser apparatus sump until it
      overflows, thus providing an air gap in the system between the discharge
      outlet 78 and liquid inlet end 20.
PAR  It is desirable that in the event of liquid overflowing from the condenser
      apparatus that the apparatus be de-energized and the flow of incoming
      liquid be stopped as quickly as possible to prevent possible electrical
      shock hazard and prevent damage to the electrical components of the
      condenser apparatus and any other components of the appliance such as an
      automatic clothes dryer, in which the condenser apparatus is used. By my
      improvement invention there is provided apparatus de-energization means
      that not only will afford fast de-energization and stop incoming liquid
      flow of the condenser apparatus but will accommodate any liquid being
      discharged from the auxiliary outlet during the time lag between the
      overflow condition and shutdown of the condenser apparatus. The apparatus
      for shutdown includes a tray 100 having a bottom wall 102 and side walls
      104a, 104b, 104c, and 104d. All of the side walls may conveniently be of
      the same height from the bottom wall. The tray is divided into at least
      two compartments, one of which is a float containing compartment 106 and
      the other compartment 108 being a liquid reserve compartment to
      accommodate overflow liquid from the float containing compartment 106.
      Dividing the two compartments is a partition 110 which is slightly less in
      height than the side walls 104a, 104b, 104c, and 104d. The tray 100 is
      positioned underneath the condenser apparatus in order to conserve space
      and is located such that the float containing compartment 106 underlies
      the auxiliary outlet opening 78 so that liquid passing through the outlet
      opening 78 will fall or be dispensed initially into the float containing
      compartment. The float containing compartment is dimensioned so that
      liquid being introduced into that compartment will cause the float
      mechanism 112 to respond quickly. In other words, a relatively small
      amount of liquid in the compartment 106 will cause the float 114 of the
      float mechanism to be raised quickly and correspondingly pivot the float
      lever arm 116 about pivot pin 117 which in turn by suitable coupling
      causes an electrical switch 118 to be actuated. Other liquid level sensing
      means may be used to respond to the liquid level in the compartment 106
      and in turn cause the switch 118 to be actuated.
PAR  The electrical arrangement of the condenser apparatus is connected in
      circuit with the switch 118 such that when it is actuated the condenser
      apparatus is de-energized. That is, the electric current to the motor 86
      and to the solenoid that operates the water inlet valve is turned off by
      actuation of the switch. This is accomplished by any suitable electrical
      switching arrangement easily designed by an electrician to accommodate the
      system in which the condenser apparatus is used. It should be appreciated
      that it is highly desirable to have the apparatus de-energized as quickly
      as possible once liquid has overflowed from the auxiliary liquid outlet
      78. There is, however, a time lag in the de-energization process and after
      the float mechanism 112 actuates the switch there still is liquid flow
      from the auxiliary outlet 78 into the float containing compartment 106. By
      my de-energization apparatus I provide a liquid reserve compartment 108
      separated from the float containing compartment 106 by a partition 110. As
      pointed out above, this partition has a height less than the side walls
      104a, 104b, 104c, and 104d, however, it should be of a height sufficient
      to retain liquid in the float containing compartment until the float is
      raised sufficiently to de-energize the condenser apparatus. Subsequent to
      the de-energizing operation liquid may pass over the partition 110 and
      into the reserve compartment 108. Reserve compartment 108 should have a
      capacity sufficient to accommodate liquid overflow from the condenser
      apparatus after the de-energization process. In this manner then liquid is
      retained in a tray and isolated from the electrical components of the
      condenser apparatus and any other components of the appliance in which it
      may be incorporated. It should be noted that this tray configuration
      minimizes the amount of space taken up by such an apparatus
      de-energization means which is quite important when the condenser
      apparatus is incorporated in an appliance such as a clothes dryer as space
      is very important, particularly when the cabinet size is required to be no
      larger than a standard clothes dryer.
PAR  At the rear of the condenser housing 10 is a rear wall 80 which forms part
      of the condenser housing. The rear wall 80 together with cylindrical wall
      section 82 of housing 10 and inwardly directed circular flange 84 form the
      blower chamber 32. Secured to the rear wall 80 on the opposite side from
      the blower chamber 32 is an electric motor 86 which may be suitably
      attached to the rear wall as by bolts 88. The electric motor has a
      rotatable shaft 40 extending through an aperture in the rear wall 80 close
      to the central longitudinal axis of the condenser apparatus. Secured to
      this motor shaft 40, which extends into the condenser housing, are the
      four rotatable elements of the condenser apparatus, namely, the blower 24,
      the liquid droplet interceptor wheel 34, inner wall 50 of the pump 48, and
      the disc 22. The single motor 86 rotatably drives all four of these
      condenser apparatus elements.
PAR  The operation of the condenser and dryer apparatus is as follows: Hot
      moisture-laden air, such as perhaps air that has been passed through a
      clothes dryer drum and picked up moisture from the fabrics tumbled
      therein, is introduced into the condenser unit through the air inlet
      opening 12 while a stream of cooling liquid is being introduced into the
      condenser unit through tubular conduit 16 controlled by a solenoid
      operated liquid inlet valve (not shown). When the condenser apparatus is
      operating the electric motor provides for simultaneous rotation of the
      blower 24, liquid droplet interceptor wheel 34, inner wall 50 of pump 48
      and disc 22. As disc 22 is being rotated a stream of liquid being
      introduced impinges upon the disc and forms liquid droplets. The generally
      radial flight of the liquid droplets is interrupted by the inner surface
      94 of the condenser housing 10 whereupon the liquid droplets are deflected
      back toward the center of the condenser chamber 68; this in effect
      produces a curtain or cloud of liquid droplets within the condensing
      chamber 48 while the incoming hot moisture-laden air flows through this
      resultant liquid droplet cloud.
PAR  The hot moisture-laden air in contact with the cooler liquid droplets
      causes the air temperature to be lowered and the moisture condensed
      therefrom. Because the air flowing through the condenser chamber 68 may
      entrain some liquid droplets the water droplet collecting means 34 is
      positioned upstream of the blower 24 between the disc 22 and blower 24 so
      that entrained liquid droplets are essentially collected by the rotating
      blades 36 and deposited in an underlying liquid bath 96 which is in
      communication with the pump reservoir through an opening 66. It will be
      understood that simultaneously with the introduction of cooling liquid
      into the condenser apparatus through the tubular conduit 16 liquid will
      also be removed from the condenser apparatus by the pump 48 at a rate such
      that only a small amount of liquid is in the liquid bath 96 at a given
      time during operation of the condenser apparatus.
PAR  The liquid is removed from the condenser apparatus by utilizing the pump 48
      described heretofore. The rotating inner pump wall 50 is driven by the
      electric motor and the revolutions per minute should be such that the ring
      of liquid captured in the pump cavity 62 is rotated relative to the
      stationary wall 56 sufficiently to effect pumping of the liquid out of the
      outlet 64.
PAR  The air that has been cooled passes through the interceptor wheel 34 and
      pump 48 and into the blower 24 which applies air pressure to induce the
      air flow and force the air out of the condenser apparatus through air
      outlet 26.
PAR  Should the condenser apparatus malfunction such that the pump cannot pump
      the liquid out of the apparatus at a rate to prevent overflow then the
      auxiliary liquid outlet 78 will provide a means for the overflow liquid to
      be discharged from the condenser apparatus. The overflow liquid will flow
      or fall into the float containing compartment 106 of the underlying tray
      100. As the liquid level within the compartment 106 rises so does float
      114 which causes float lever arm 116 to be pivoted and actuate the switch
      118 which in turn de-energizes the condenser apparatus as described
      heretofore. After de-energization of the condenser apparatus any further
      liquid flowing into that float containing compartment 106 will pass over
      the partition 110 and into the reserve compartment 108. In this manner the
      liquid will be retained in the tray 100 until a service repair call can be
      made to determine the reason for the malfunction of the condenser
      apparatus.
PAR  The foregoing is a description of the preferred embodiment of the invention
      and variations may be made thereto without departing from the spirit of
      the invention, as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Condenser apparatus for removing moisture from air by passing
      moisture-laden air through a cloud of cooling liquid droplets having:
PA1  a. a housing,
PA1  b. liquid inlet means at one end of said housing,
PA1  c. air inlet means at said one end of the housing,
PA1  d. air outlet means at the end of the housing opposite the air inlet means,
PA1  e. a condensing chamber between the air inlet and outlet,
PA1  f. means to form a liquid droplet cloud within the condensing chamber,
PA1  g. means for inducing air to flow from the air inlet means through the
      condensing chamber to the air outlet means,
PA1  h. means for collecting liquid droplets which is positioned within the
      housing and located between the means to form a liquid droplet cloud and
      the air flow inducing means,
PA1  i. a pump for removing liquid from the condenser apparatus,
PA1  j. means for driving the rotatable components including the pump, and
PA1  k. an auxiliary liquid discharge outlet having an opening outside the
      condensing chamber,
PAL  the improvement comprising apparatus deenergization means having a tray
      with sidewalls and two compartments, the first compartment underlying the
      auxiliary discharge outlet and having a liquid level sensing means
      connected in cooperative relationship to a switch for de-energizing the
      apparatus and the other compartment being separated from the first by a
      partition of a height sufficient to retain liquid until the liquid level
      sensing means de-energizes the apparatus and lower than the side walls of
      the tray.
NUM  2.
PAR  2. The condenser apparatus of claim 1 wherein the liquid level sensing
      means is a float mechanism located within the said first compartment.
NUM  3.
PAR  3. The condenser apparatus of claim 1 wherein the auxiliary liquid
      discharge outlet includes a sump in communication with the outlet opening,
      the sump being partially located within the condensing chamber at the
      bottom thereof.
NUM  4.
PAR  4. In an automatic clothes dryer machine having a cabinet, a drum mounted
      for rotation within the cabinet to tumble clothes to be dried, means for
      passing air through the drum and heating means to heat the air, and a
      condenser apparatus through which the air passes to be cooled and remove
      moisture, the condenser apparatus having:
PA1  a. a housing,
PA1  b. liquid inlet means at one end of said housing,
PA1  c. air inlet means at said one end of the housing,
PA1  d. air outlet means at the end of the housing opposite the air inlet means,
PA1  e. a condensing chamber between the air inlet and outlet,
PA1  f. means to form a liquid droplet cloud within the condensing chamber,
PA1  g. means for inducing air to flow from the air inlet means through the
      condensing chamber to the air outlet means,
PA1  h. means for collecting liquid droplets which is positioned within the
      housing and located between the means to form a liquid droplet cloud and
      the air flow inducing means,
PA1  i. a pump for removing liquid from the condenser apparatus,
PA1  j. means for driving the rotatable components including the pump, and
PA1  k. an auxiliary liquid discharge outlet having an opening outside the
      condensing chamber,
PAL  the improvement comprising apparatus deenergization means having a tray
      with sidewalls and two compartments, the first compartment underlying the
      auxiliary discharge outlet and has a liquid level sensing means connected
      in cooperative relationship to a switch for de-energizing the apparatus
      and the other compartment being separated from the first one by a
      partition of a height sufficient to retain liquid until the liquid level
      sensing means de-energizes the apparatus and lower than the side walls of
      the tray.
NUM  5.
PAR  5. The condenser apparatus of claim 4 wherein the liquid level sensing
      means is a float mechanism located within the said first compartment.
NUM  6.
PAR  6. The condenser apparatus of claim 4 wherein the auxiliary liquid
      discharge outlet includes a sump in communication with the outlet opening,
      the sump being partially located within the condensing chamber at the
      bottom thereof.
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ABST
PAL  A sailing simulator comprising: a hull provided with a boom and a rudder;
      first supporting means for supporting the hull through the intermediary of
      springs for heeling motion; second supporting means for supporting the
      first supporting means for rotation about a vertical axis; and drive means
      for causing the first and second supporting means to effect heeling motion
      and rotation, respectively; and means operable in response to the handling
      of the boom and/or the rudder to control the drive means. An elastic means
      is interposed between the first supporting means and the drive means
      therefor so that the hull can be moved about the heeling axis by
      positional change of the weight of the trainee on the hull. Means is also
      provided for application of a reactive force to the boom as the boom
      and/or the rudder are handled.
BSUM
PAR  The invention relates to a sailing simulator and more particularly to an
      apparatus for training beginners in the art of handling a sailboat or
      yacht.
PAR  For a beginner to learn the technics of sailing a yacht, it has been
      customary that the trainee together with a skilled person or trainer gets
      on board a yacht actually sailing on water. However, such training on
      actual water is always accompanined by some danger, and weather conditions
      suitable for training beginners cannot always be encountered.
PAR  Recently there have been proposed various types of trainers or simulators
      which enable learning of the sailing technics on dry land or indoors. In
      some of them, however, the hull of a model boat is fixed on a base, so
      that it is impossible to acquire a sensitivity a yachtsman must have to
      changes in the draft of the boat due to the weight of the crews and the
      heeling of the boat due to changes in the position of each crew or the
      conditions of the sail, and to learn elementary sailing techincs to
      balance the heeling by changing the position of his weight on the yacht.
PAR  Accordingly, one object of the invention is to provide an apparatus which
      enables a beginner to learn the sailing technics as if he were actually
      sailing a yacht on water. The apparatus comprises a model sailboat the
      hull of which is elastically supported so that it draws deep or light,
      heels and pitches as if it were actually on water.
PAR  In order to maneuver the sailboat properely on actual water it is necessary
      to acquire higher technics such as tacking and jibing. In the training
      apparatus it is therefore highly desirable to be able to learn such higher
      sailing technics through having as realistic feeling or senses as possible
      to the reaction of the boom to the wind, its sudden movement from one side
      to the other of the boat, and the reaction of water to the rudder, and
      through training of setting the boom angle and handling the tiller in
      proper relation to the direction of the wind and the heading of the boat.
      None of the known devices have been successful in training the student
      with such realistic feelings as would be experienced on actual water when
      the yacht runs, quarters, tacks, or jibes.
PAR  Another object of the invention is therefore to provide an apparatus for
      training the student in various sailing technics such as running,
      quartering, reaching, tacking, jibing, etc., or combinations thereof as
      realistically as if the yacht were on actual water.
DRWD
PAR  The invention will be clearly understood by reading the following detailed
      description of preferred embodiments thereof with reference to the
      accompanying drawings wherein:
PAR  FIG. 1 is a schematic perspective view, partly in vertical section, of one
      embodiment of the invention;
PAR  FIG. 2 is a simplified top plan view of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a block diagram of a control circuit of the apparatus of the
      invention;
PAR  FIG. 4 is a front view showing a different method of elastically supporting
      the hull of the sailboat shown in FIG. 1;
PAR  FIG. 5 is a schematic perspective view, partly in vertical section, of a
      portion of another embodiment of the invention; and
PAR  FIG. 6 is a view similar to FIG. 2 but showing the embodiment of FIG. 5.
DETD
PAR  Referring now to FIGS. 1 and 2, there is shown a sailboat or yacht
      generally designated by 10 and comprising a hull 11 which is supported by
      a heeling frame 12 through the intermediary of two pairs of coil springs
      13 and 14. Due to the springs when a person gets in the boat the hull
      moves up and down and tilts to either side relative to the frame 12.
PAR  The frame 12 is pivoted at the opposite ends of the length thereof by a pin
      15 to the upper ends of a pair of brackets 16 and 16' in such a manner
      that the frame 12 is swingable about a horizontal axis X passing the
      metacenter of the hull. The brackets 16 and 16' have their respective
      lower ends fixed to a rotatable member in the form of a turntable 17 at
      the diametrically opposite positions thereof. The turntable is provided at
      its central portion with a depending tube 18 which is supported on a base
      19 secured to the ground or floor 20 through a suitable bearing 21 so that
      the table is freely rotatable about a vertical axis Z passing the
      metacenter of the hull.
PAR  The turntable is supported on the ground or floor by means of a plurality,
      say, three rollers only two of which are shown at 22. A servomotor (yawing
      servomotor) 23 is rigidly mounted on the turntable and when controlled as
      described later, rotates one of the rollers 22 through a belt 24 thereby
      to turn the table 17 about the vertical axis Z.
PAR  Another servomotor (heeling servomotor) 25 is rigidly mounted on the
      turntable and when energized as described later, turns an arms 26 about
      its midpoint 26' in either direction. A pair of coil springs 27, 27'
      connect the opposite ends of the arm 26 to the corresponding ends of an
      upper arm 28 fixed to the pivot pin 15. When the motor 25 is energized as
      described later, the arm 26 and consequently the arm 28 are turned so that
      the frame 12 is swung about the axis X thereby heeling the hull 11 to
      either side. Springs 27, 27' allow arm 28 to be at a different angular
      position than arm 26 due to the position of the crew in the hull.
PAR  A mast 29 stands vertically on the hull, with its lower extension 29'
      projecting downwardly through the bottom of the hull and the frame 12. A
      sprocket wheel 30 is secured to the lower end of the extension for the
      purpose to be described presently. A boom 31 is secured to the mast at a
      predetermined height so as to be turned simultaneously with the mast. A
      main sail 32 and a jib sail 33 are provided.
PAR  A bracket 34 secured to the upper surface of the turntable 17 supports a
      pair of pulleys 35 and 36 which are individually rotatable about a common
      shaft 37. A vertical shaft 38 is rotatable about the previously mentioned
      vertical axis Z. A sprocket wheel 39 is secured to the upper end of the
      shaft 38, to the lower end of which a crank arm 40 is fixed. A single
      endless chain 41 is provided between the sprocket wheels 30 and 39 passing
      about the two pulleys 35 and 36. The two sprocket wheels are of the same
      diameter so that one of them rotates for the same angle as the other.
PAR  As shown in FIG. 2 the crank arm 40 is dispalced 180 degrees from the boom
      31. A coil spring 42 has its one end attached to the outer end of the
      crank arm and its other end fixed to drum 43. With this arrangement, if
      the boom is tightened against the wind blowing in the direction of the
      arrow Wd in FIG. 2, that is, rotated counterclockwise about the main mast,
      the crank arm 40 is turned counterclockwise about the shaft 38 against the
      force of the spring 42. This means that as the boom is moved windward, the
      reaction of the spring 42 to the boom and consequently to the hand holding
      a mainsheet 31' connected to the boom increases. On the contrary, if it is
      moved leeward, that is, turned clockwise, the load on the hand decreases.
      Thus, it is possible to impose a proper load on the hand handling the boom
      in accordance with the angle the boom makes with the direction of the wind
      without being affected by the turning, heeling or pitching of the hull.
PAR  It should be noted that when the boat heels so that the mast is inclined
      from its vertical position, the transmission of rotation through the
      chain-and-sprocket connection 30, 31, 35, 36, 41 is not affected. In FIG.
      2 the sprocket 30 is shown in dot-and-dash lines as the boat heels. Thus,
      it is possible for a student to learn as realistically as if he were on
      water the behavior of the boom or sail, such as that as the yacht tacks
      from the position shown in FIG. 2, the boom comes to be directed
      completely leeward, whereupon no load is on the sail so that it is
      difficult to change the position of the boom or sail from one to the other
      side of the hull; and that as the yacht jibes, the boom comes to be
      directed windward, whereupon a large load is suddenly impressed on the
      sail when the boom is turned from one to the other side of the hull.
PAR  A geared motor 44 is provided to rotate the drum 43 thereby changing the
      initial tension of the spring 42 so as to produce a similar effect to that
      produced when the strength of the wind has changed.
PAR  A rudder 45 is provided at its lower end with a lever 46, between which and
      the sprocket wheel 30 there is provided a tension spring 47. When the
      rudder is operated by means of a tiller 48, the spring 47 applies to the
      boom 31 a load in addition to the load provided by the spring 42, thereby
      giving a realistic feeling similar to that experienced on actual water as
      the heading of the yacht is changed by handling the rudder.
PAR  A first detector D1 for detection the angle a which the boom makes with the
      longitudinal axis of the hull is supported by a bracket 49 fixed to the
      heeling frame 12 below the lower end of the extension 29' of the mast 29
      in axial alignment therewith. As the boom 31 is moved, the main mast 29 to
      which the boom is fixed is turned about its axis so that the angle of
      rotation, that is, the boom angle a is detected by the detector D1.
PAR  A second detector D2 is mounted on the base 19 for detecting the angle b
      which the longitudinal axis of the hull makes with the direction of the
      wind. The direction of the wind is supposed to be fixed in the illustrated
      embodiments. The detector D2 is connected through gears 50 and 51 meshing
      with each other to the depending tube 18 of the turntable 17 for detection
      of the rotational angle of the turntable, that is, the hulll angle b.
PAR  A third detector D3 is mounted on the shaft 45' of the rudder 45 so as to
      detect the rotational angle c thereof, that is, the rudder angle.
PAR  A controller 52 is provided to apply a signal to energize the motor 44 to
      rotate the drum 43 thereby adjusting the initial tension of the spring 42
      to a desired value. The assembly comprising the drum 43, the motor 44 and
      the controller 52 is fixed to the ground or floor 20.
PAR  Turning to FIG. 3 which shows an electrical circuit to control the above
      described mechanism, suppose that the output signals from the detectors
      D1, D2 and D3 and the controller 52 are E.sub.a, E.sub.b, E.sub.c and
      W.sub.v, respectively. The signals E.sub.a, E.sub.b and W.sub.v are
      applied to a first operation circuit 53, which produces a heeling signal
      E1 and a sailing speed signal V.sub.B in accordance with the following
      equations (1) and (2).
EQU  E1 = K1 sin(b - a) cos a                                   1
EQU  V.sub.B = K2 sin(b - a) sin a                              2
PAL  wherein K1 and K2 are constants. The heeling signal E1 is applied to the
      heeling servomotor 25 to effect a corresponding heeling motion of the
      hull.
PAR  The output signal V.sub.B is applied to a yacht speed indicator 54 through
      a circuit 55 which gives a lag having an appropriate time constant. An
      indicator 52' may be connected to the output of the wind speed controller
      52 so as to indicate the speed of the wind.
PAR  The output signal E.sub.c from the rudder angle detector D3 is applied to a
      second operation circuit 56, to which the speed signal V.sub.B is also
      applied through the circuit 55, so that the circuit 56 conductes
      calculations in accordance with the following equation (3) and produces a
      yawing signal E2 to be applied to the yawing servomotr 23 which rotates
      the turntable 17 through a corresponding angle thereby causing the yacht
      to yaw.
EQU  E2 = K3 V.sub.B sin c                                      3
PAL  wherein K3 is a constant.
PAR  Thus, in response to the operation of the trainee, that is, the rudder
      angle, the boom angle and the heading of the boat relative to the
      direction of the wind, the hull heels and/or changes its heading as if it
      actually were sailing on water.
PAR  An oscillator 57 may be added so as to provide a pulsating output to be
      superimposed on the outputs E1 and E2 from the circuits 53 and 56 to be
      applied to the servomotors 25 and 23, respectively. These superimposed
      signals cause the hull to repeatedly slightly heel and change its heading
      to and fro at a predetermined cycle. This gives the trainee a feeling
      similar to that he would have on the actual sea when the waves cause the
      boat to pitch, roll or drift.
PAR  An X-Y recorder 90 may also be provided for recording the wake of the
      yacht. To this end, the speed signal V.sub.B is split by a signal
      splitting circuit 58 into two signals V.sub.BX and V.sub.BY corresponding
      to the speeds of the yacht along the X- and Y-axis, respectively. The
      signals V.sub.BX and V.sub.BY are applied through integrators 59 and 60 as
      the X and Y inputs to the recorder 90, which indicates the wake of the
      yacht the trainee is handling, so that his skill can be judged by the
      record.
PAR  The record of the X-Y recorder may be projected on a screen 61 so that even
      during the course of training the trainee can see how he is handling the
      sail and the rudder.
PAR  In the embodiment of FIG. 1, the hull is resiliently supported on the
      heeling frame 12 through the coil springs 13 and 14. The coil springs may
      be replaced by a leaf spring 62 as shown in FIG. 4. Let it be assumed that
      the spring 62 supports the bow of the hull 11. Another similar leaf spring
      not shown supports the stern of the hull. The spring 62 at the bow has its
      one end fixed to a slide 63 and the other end supported between a pair of
      rollers 64. The slide is vertically slidable in a guide member 65 mounted
      on the heeling frame 12, and the rollers 64 are supported by a block 66
      mounted on the frame. A geared motor 67 mounted on the heeling frame has
      fixed to the output shaft thereof an eccentric cam 68 which is in contact
      with the bottom surface of the slide 63. It will be easily seen that as
      the cam 68 is rotated, the slide 63 with the end of the leaf spring 62
      moves up and down, thereby giving the hull a pitching motion combined with
      a slight rolling motion similar to those caused by the waves on the actual
      sea.
PAR  If a similar eccentric cam is placed below the hull shown in FIG. 1, the
      same effect as in FIG. 4 can be obtained in the arrangement of FIG. 1.
PAR  With the mechanism shown in FIG. 1 for applying a reactive force or load to
      the boom 31 when it is operated, the magnitude of the force applied to the
      boom is constant regardless of the angle which the longitudinal axis of
      the hull makes with the direction of the wind, provided that the angle
      which the boom makes with the direction of the wind remains unchanged.
      Experience shows, however, that when the boat advances windward the force
      acting on the boom is of a magnitude different from when it runs leeward
      despite that the angle of the boom relative to the wind is the same.
PAR  FIGS. 5 and 6 show an arrangement which enables application of a proper
      reactive force or load to the boom in accordance with the angle of the
      longitudinal axis of the hull relative to the direction of the wind, that
      is, the angle of the hull as well as the angle of the boom relative to the
      direction of the wind. In FIGS. 5 and 6 the same reference numerals and
      symbols as in FIGS. 1 and 2 denote corresponding parts and in FIG. 5 the
      gears 51 and 50 and the detector D2 in FIG. 1 are not shown for simplicity
      of illustration. An eccentric cam 69 is fixed to the depending tube 18 of
      the turntable 17. A lever 70 is pivoted by a pin 71 to the base member 19.
      A coil spring 72 has its one end fixed to the other free end of the lever
      70 and passes about a pulley 73 and has its other end fixed to the crank
      arm 40 fixed to the vertical shaft 38. The spring 72 urges the lever 70
      into contact with the circumferential surface of the cam 69.
PAR  Another lever 91 has its one end pivoted by a pin 74 to the ground 20 and
      its other end fixed to the spring 72 as at 73'. The lever 73 has a slider
      ring 75 axially slidable thereon and a pair of sprocket wheels 76 and 77
      at the opposite ends thereof. An endless chain 78 connects the sprocket
      wheels 76 and 77 and is fixed to the slider ring 75. A spring 79
      corresponding to the spring 42 in FIG. 1 has its one end fixed to the
      slider 75 and its opposite end anchored to the ground at 80.
PAR  When the boom 31 is turned in either direction about the mast 29, a
      reactive force is applied to the boom by the action of the spring 79 in
      accordance with the angle of the boom relative to the direction of the
      wind. Then as the turntable 17 and the hull 11 thereon is turned, the cam
      69 is rotated thereby to cause the lever 70 to swing about the pivot pin
      71. This changes the force of the spring 72 which acts on the boom
      together with the force of the spring 79. In other words, a proper load is
      applied on the boom in accordance with the angle of the hull relative to
      the direction of the wind, that is, the angle of rotation of the hull as
      well as the angle of the boom relative to the direction of the wind, so
      that the trainee can have a realistic feeling as if he were on the actual
      sea.
PAR  It is known that even with the same angle of the boom relative to the
      direction of the wind, a larger force acts on the boom when the boat runs
      leeward than when it advances windward. Therefore, the cam 69 is so
      contoured that as the hull is turned from windward to leeward, the tension
      of the spring 72 increases, and the cam 69 and the lever 70 are attached
      to the turntable 17 and the base 19, respectively, in such a manner as to
      satisfy the above relation.
PAR  The force applied to the lever 40 by the spring 79 can be changed by
      energizing a geared motor 81 to rotate the sprocket wheel 77 thereby
      displacing the slider 75 axially of the lever 91. This change of the
      spring force is equivalent to the change of the wind speed.
CLMS
NUM  1.
PAR  1.  Sailing simulator comprising: a hull provided with a boom for handling
      a sail and a rudder; first supporting means, first elastic means
      interposed between said hull and said first supporting means for
      resiliently mounting said hull to said first supporting means, second
      supporting means for supporting said first supporting means so that said
      first supporting means is swingable about the longitudinal axis of said
      hull, said second supporting means being rotatable about a vertical axis;
      drive means for causing said first supporting means to swing about said
      longitudinal axis and said second supporting means to rotate about said
      vertical axis; and second elastic means interconnecting said first
      supporting means and said drive means for summing the driving force from
      the drive means to swing said first supporting means and the force
      produced by the weight and position of a crew.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said first elastic means comprises
      coil springs.
NUM  3.
PAR  3. The apparatus of claim 1, wherein said first elastic means comprises
      leaf springs.
NUM  4.
PAR  4. The apparatus of claim 1, further including means for periodically
      moving said hull relative to said first supporting means thereby to give
      said hull a pitching motion.
NUM  5.
PAR  5. The apparatus of claim 1, further including means for biasing said boom
      so that as said boom is rotated about a mast in a predetermined direction,
      a reactive force acting on said boom increases, while as said boom is
      rotated in the opposite direction, said force decreases.
NUM  6.
PAR  6. The apparatus of claim 5, further including means operable in response
      to the handling of said rudder to apply an additional force on said boom.
NUM  7.
PAR  7. The apparatus of claim 5, wherein said biasing means comprises a crank
      arm which is rotatable about said vertical axis and displaced 180.degree.
      from said boom; means for applying a force to said crank arm to rotate the
      same about said vertical axis, and means for effecting transmission of
      rotation between the axes of rotation of said crank arm and said boom in
      such a manner that said transmission of rotation is unaffected by heeling
      motion of said hull.
NUM  8.
PAR  8. The apparatus of claim 7, wherein said force applying means comprises a
      spring having one end connected to said crank arm and means connected to
      the other end of said spring for changing the initial tension of said
      spring.
NUM  9.
PAR  9. The apparatus of claim 7, wherein said force applying means comprises
      elastic means operatively connected to said crank arm, and means for
      changing the characteristics of said elastic means in accordance with said
      longitudinal axis of said hull relative to the direction of the wind.
NUM  10.
PAR  10. The apparatus of claim 7, wherein said force applying means comprises a
      first spring operatively connected to said crank arm; means for changing
      the characteristics of said first spring; a second spring operatively
      connected to said crank arm; and means operable in response to the
      rotation of said second supporting means to change the force of said
      second spring to be applied to said crank arm.
NUM  11.
PAR  11. The apparatus of claim 1 wherein said second elastic means includes a
      first arm connected to said drive means, a second arm connected to said
      first support means, and a pair of springs interconnecting corresponding
      ends of said first and second arms so as to allow said arms to assume a
      non-parallel relationship.
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PAL  A game fostering the telling of a story based on iconographic stimuli. A
      set of objects and figurines are set up on a stimulus board. Each of these
      objects functions as an icon tending to invoke a significant primary
      emotion. Dice having different indicia on the faces thereof are thrown by
      the players. If a first indicia comes up, the players select one, two or
      three icons about which a story is told. The number of icons selected is a
      function of a numerical indicia on the die face. If a second indicia comes
      up, a card is selected which refers to an emotional category and calls for
      the player to tell a story about an icon on the board that fits the
      emotional category. Intermediate awards are given for each storytelling.
      Intermediate rewards during the game and more concrete rewards at the end
      of the game enhance the game feature and provide an incentive for
      storytelling and fantasizing.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 167,372, now U.S. Pat. No. 3,779,557, filed on July 30, 1971, entitled
      Psychological Testing and Therapeutic Game Device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention in general relates to psychological therapy, and more
      particularly to a game type of device particularly adapted to be employed
      with children in evoking meaningful and effective storytelling.
PAR  In the process of psychological therapy, and in particular with children,
      it is known to employ a free play situation in order to evoke fantasy
      which may be a partial basis for analysis and therapy. The fantasizing
      that results from known techniques tends to be narrow in range and
      difficult to use in therapy. The major purpose of this invention is to
      provide a more fruitful fantasy evocation.
PAR  It is a further purpose of this invention to provide a context, within
      which the fantasy evocation occurs, that is amenable to further processing
      by the therapist. In particular, it is a purpose of this invention to
      permit the therapist to make inquiry, concerning the fantasy evoked, in a
      fashion that has a minimum likelihood of freezing the fantasy evocation.
      It is desired that the therapist inquiry be viewed as part of the fantasy
      evocation process rather than as a third degree.
PAR  It is a further purpose of this invention to provide a specific repeatable,
      though broad, context within which the fantasy evocation arises so that
      patterns of fantasy evocation can be observed and some relationship can be
      drawn to model responses.
PAR  It is another purpose of this invention to provide a technique to achieve
      relevant fantasy evocation in a manner that is an efficient use of the
      therapist's time.
PAR  It is a further more detailed purpose of this invention to provide a less
      word oriented and more object or icon oriented means to evoke fantasy than
      is described in the parent patent application.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In brief, this invention is in a game, played by patient and therapist,
      that includes the telling of a story based on object stimuli. A stimulus
      board is employed that is divided into square spaces and has a number of
      objects arranged thereon, one object on each square. The objects are
      selected for their emotional significance and for the fact that they are
      likely to incite relevant emotional feelings.
PAR  The objects are small objects or figurines which are grouped into a number
      of categories such that all of the objects within any one category tend to
      evoke the same significant primary emotion. As noted herein, there are
      eleven such primary emotions into which, in one embodiment, one hundred
      objects are divided.
PAR  A set of two dice are employed. The twelve faces of the two dice are
      divided into three green faces (one on a first die and two on a second
      die), one yellow face, one white face carrying the letter "F", and seven
      empty faces. In addition, there is a set of yellow cards. Each card
      carries a legend and the set of cards includes a subset of cards which
      makes reference to various objects on the board generally by reciting a
      category of objects such as "animal" or a type of emotional
      characterization such as "lazy."
PAR  During play, the set of cards is placed in an upside-down position between
      the players. The players successively throw the two dice. For each green
      face that appears face-up when the dice are thrown, the player selects an
      object from the board and receives a two gold star award if he makes up a
      story about the object selected. If the yellow face appears on the throw,
      the player selects the top yellow card and performs in accordance with the
      instructions thereon which normally provides two gold stars if a story is
      told about an object selected from some specified category of objects on
      the board. If the white face with the legend F is thrown, the player
      receives a two gold star award for telling a story about any one of the
      objects on the board or, alternately, the telling of any story that comes
      to mind. If neither face thrown is one of the above, that is, if both
      faces thrown are empty, then the player loses his turn and the game passes
      to the next player.
PAR  Enhanced results and greater depths of analysis can be obtained by awarding
      additional gold stars by answering questions about the story told. Still
      further results can be obtained by providing additional gold stars for
      dramatizing part or all of the story told. At the end of a player session,
      the player with the most gold stars is awarded a prize and is deemed the
      winner or the gold stars are turned in at a certain trade-in rate for
      trinkets.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and purposes of this invention will be apparent from the
      following detailed description and drawings in which:
PAR  FIG. 1 is a representation of some of the objects employed in this
      invention, positioned on a board.
PAR  FIG. 2 is a representation of the dice used in connection with this
      invention.
PAR  FIG. 3 is a representation of the set of yellow cards used in connection
      with the FIG. 2 dice.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 2, there are two dice 10, 12. The first die 10 has two
      green faces 14, 16 and one yellow face 18. The rest of the faces (not
      shown) of this die 10 are blank. The second die 12 has one green face 20
      and one white face 22 marked with the letter F. The rest of the faces on
      this die 12 including the face 24 shown and three faces not shown are
      blank.
PAR  The patient and therapist alternate turns throwing the dice 10, 12 and
      performing in accordance with the faces turned up on each throw. Two faces
      will, of course, show on each throw and on each throw there is a
      possibility of a double performance. For each green face that shows on a
      throw, the player selects one, two or three objects 25 off the board 26.
      The number of objects selected corresponds to the number of black dots on
      the green face. This board 26 is conveniently divided into a set of 100
      green squares, 10 .times. 10, so that each of one hundred objects can be
      placed on a separate square. Only a few of the hundred objects are shown
      to avoid a confusing representation. The player gets two gold stars if he
      tells a story about the object selected. If two green faces show on the
      throw, then the player selects two sets of objects 25 and has the
      opportunity to receive four gold stars by telling two stories.
PAR  If the yellow face shows, the player selects one of the yellow cards 28 and
      follows the instructions thereon. Most of the yellow cards 28 will simply
      provide that the player can get two gold stars if he tells a story about
      one of the objects selected from the board with the constraint that the
      object must fit within a category specified on the card. To enhance the
      game aspect of this device, a few of the cards 28 basically provide for an
      extra turn or for doubling the award for the next story to be told.
PAR  If the white or F face appears, the player gets four gold stars if he tells
      a story of any sort that comes to his mind.
PAR  After an object is removed from the board 26 during play, it is kept off
      the board to prevent wasteful repetition.
PAR  The companion invention described in the referenced patent application
      deals with an analogous approach employing objects which have such
      emotional significance as to be appropriately termed iconic objects. The
      instant invention appears to be better adapted for children who do not
      react to the written word as much as other children may. In any case, the
      age range for applicability is approximately three to 13. The objects 10
      are carefully selected to cover a range of emotional categories or
      dimensions. The 100 objects 10, in one embodiment, consist of the
      following 11 clusters:
PAR  1. Orality; that is, dependent orientation. This category is represented by
      14 icons, namely: a baby-type milk bottle, a cow with its calves, a set of
      teeth, an alligator, a hippo, a pig with its piglets, a nurse, a kangaroo
      (with baby kangaroo in pouch), a goose with its goslings, a shark, a bed,
      an empty wine-type bottle, a bathtub and a refrigerator.
PAR  2. Anality; that is, anal retentive or explosive orientation and
      urethrality. This category is represented by six icons, namely: a skunk, a
      toilet, a money-bag of gold coins, a small pile of amorphous brown clay
      (suggestive of feces), a fire engine, and a wrist watch or clock.
PAR  3. Phallic-aggressive (Sado-masochistic) orientation. This category is
      represented by 18 icons, namely: a gun, a knife, a bullet or bomb, an
      Indian, a cowboy, a robber (thief) with cap and mask, a snake, a tiger, a
      lion, a gorilla, a dinosaur, an ambulance, a key, a football, a
      rhinoceros, a pirate, an elephant, and a bear.
PAR  4. Authoritarian orientation. This category is represented by 11 icons,
      namely: a king, a queen, a fireman, a policemen, a doctor in white garb
      and stethoscope, a witch, a spider, an owl, a circus ring-master, a police
      whistle, and a police (sheriff's) badge.
PAR  5. Super-ego conflict derivatives. This category is represented by three
      icons, namely: a devil with pitchfork, a convict with stripes, and a judge
      in robes with gavel.
PAR  6. Self-image derivatives, negative or positive. This category is
      represented by 20 icons, namely: a clown, a strongman (weight lifter
      type), a rabbit, a fox, a deer, a frog, a giraffe, a parrot, a camel, a
      sheep, a poodle, a cat, a fish, a horse, a donkey, a monkey, a turtle, a
      seal, a snail, and a mouse.
PAR  7. Concern with death and/or aging. This category is represented by two
      icons, namely: an old man (bent and with grey beard), and a coffin or
      sarcophagus.
PAR  8. Narcissistic-exhibitionistic-voyeuristic orientation. This category is
      represented by four icons, namely: eyeglasses, a lipstick, a tiny mirror
      and binoculars.
PAR  9. Concern with reproduction and/or generativity. This category is
      represented by three icons, namely: a pregnant woman, an engagement ring
      with stone and a heart symbol.
PAR  10. Competitive orientation. This category is represented by three icons,
      namely: a racing car, a winning or championship cup (trophy cup) and a
      report card.
PAR  11. Representatives of significant objects (persons, animate and inanimate
      objects, as well as part-objects). This category is represented by 16
      icons, namely: a boy, a girl, a naked boy, a naked girl, a baby, a man, a
      woman, a nondescript Creepy Crawler, a bird (winged), a dog (e.g., Collie
      or German Shepherd), a car, a truck, an airplane, a telephone, a horseshoe
      good-luck charm and a motor boat.
PAR  There are seven additional icons in cluster 11. These seven icons are black
      (Negro) human figures, namely: a boy, a girl, a naked boy, a naked girl, a
      baby, a man and a woman. They may be used to replace the first seven icons
      in cluster 11.
PAR  The set of yellow cards 28 employed in one embodiment are 41 in number. The
      41 cards have on the face thereon, respectively, the following 41 legends:
PA0  1. SORRY! YOU MUST RETURN FOUR CHIPS TO THE BANK. (OR AS MANY AS YOU HAVE
      IF YOU HAVE LESS THAN FOUR).
PA0  2. good luck! bank must pay you four chips!
PA0  3. good luck! take four chips from each of the other players. (or as many
      as they have, if they have less than four).
PA0  4. bad luck! give four chips to the player on your right. (or all those you
      have, if you have less than four).
PA0  5.good luck! take an extra turn now.
PA0  6. bad luck!! you lose your next turn.
PA0  7. good luck! ! jackpot! you get double chips for your next story and its
      questions and play!!
PA0  8. congratulations! you can tell a story about any object on the board
      which you choose and you get proper rewards.
PA0  9. good luck! if you can make up a different story about any of the objects
      about which you have already told a story, you get two chips!!
PA0  10. the person to your right must make up a story about any of the objects
      you have already chosen, but you get his two reward chips!!
PA0  11. you get two chips if you can tell a story about any animal on the
      board!
PA0  12. you get two chips if you can tell a story about any non-living thing or
      object on the board!!
PA0  13. you get two chips if you can tell a story about any scary object,
      anything scary on the board!!
PA0  14. you get two chips if you can tell a story about anything bad, any bad
      object on the board!!
PA0  15. you get two chips if you can tell a story about anything happy, any
      happy object on the board!!
PA0  16. you get two chips if you can tell a story about anything good, any good
      object on the board!!
PA0  17. you get two chips if you can tell a story about anything sad, any sad
      object on the board!!
PA0  18. you get two chips if you can tell a story about anything angry, any
      angry thing on the board!!
PA0  19. you get two chips if you can tell a story about anything weak, any weak
      object on the board!!
PA0  20. you get two chips if you can tell a story about anything strong, any
      strong object on the board!!
PA0  21. you get two chips if you can tell a story about anything dirty, any
      dirty object on the board!!
PA0  22. you get two chips if you can tell a story about anything clean, any
      clean object on the board!!
PA0  23. you get two chips if you can tell a story about anything smart, any
      smart object on the board!!
PA0  24. you get two chips if you can tell a story about anything dumb or
      stupid, any dumb or stupid object on the board!!
PA0  25. you get two chips if you can tell a story about anything lazy, any lazy
      object on the board!!
PA0  26. you get two chips if you can tell a story about anything lively or
      active, any object lively or active, one with lots of life and energy, on
      the board!!
PA0  27. you get two chips if you can tell a story about anything greedy, any
      greedy object on the board!!
PA0  28. you get two chips if you can tell a story about anything kind, any kind
      object on the board!!
PA0  29. you get two chips if you can tell a story about any person, animal or
      thing on the board, with problems or troubles.
PA0  30. you get two chips if you can tell a story about any person, animal or
      thing on the board that feels guilty!!
PA0  31. you get two chips if you can tell a story about any person, animal or
      thing on the board who is crying.
PA0  32. you get two chips if you can tell a story about any person, animal or
      thing on the board who gets rescued or saved!
PA0  33. you get two chips if you can tell a story about any person, animal or
      thing on the board who is being punished.
PA0  34. you get two chips if you can tell a story about person, animal or thing
      on the board who did something wrong!
PA0  35. you get two chips if you can tell a story about any person, animal or
      thing on the board that feels ashamed!!
PA0  36. you get two chips if you can tell a story about any person, animal or
      thing on the board who is hiding!
PA0  37. you get two chips if you can tell a story about any person, animal or
      thing on the board that has a secret!!
PA0  38. you get two chips if you can tell a story about any person, animal or
      thing on the board that is jealous!!
PA0  39. you get two chips if you can tell a story about any person, animal or
      thing on the board that is proud!
PA0  40. you get two chips if you can tell a story about any person, animal or
      thing on the board that is lonely!
PA0  41. you get two chips if you can tell a story about any person, animal or
      thing on the board that wants to harm someone!
PAR  the value of mixing the objects 10 with the yellow cards 28 in this
      invention is that it creates a variety of constraints on the patient in
      selecting objects for storytelling. From the point of view of the 11
      psychological categories set forth above, the yellow face 18 on the die 10
      by referring to the yellow cards 28 provides a greater degree of
      constraint than do the green faces 14, 16 which have reference to any
      object 10 on the board. In general, a throw that turns up the yellow face
      18, which calls for the selection of a yellow card, restricts, through
      that yellow card, the player to a word within one of the eleven
      psychological categories. By contrast, each green face 14, 16 permits a
      wide range of selection on the board.
PAR  The white face 22, providing a free story option, is of further value in
      providing an open-ended storytelling situation not limited to anything on
      the board.
PAR  After the story has been completed there are various possibilities open for
      further therapeutically processing the material. The game sequence up to
      this point lends itself to various optional therapeutic maneuvers that are
      initially expressed to the patient as the rules of the game. Experience,
      judgment and preference will dictate which game plan will be followed.
PAR  One useful sequence, after the story has been completed, is to indicate
      that a further gold star can be obtained by answering a series of
      questions about the story. The particular questions asked by the therapist
      will, of course, be analytically oriented questions. These questions may
      be ostensibly be directed to clarify the story but will in addition,
      provide insight for at least the therapist and perhaps, also for the
      patient.
PAR  A further rule of the game that is possible is to provide another gold star
      for the player's dramatization of the story. This dramatization can be
      effected with the aid of the other child players when the game is used in
      a group therapy situation.
PAR  Thus, as described above, it is possible to acquire four gold stars for
      elaborating a story around a selected word, replying to questions about
      the story, and finally, play-acting a scene or scenes around the incidents
      in the story. The last two features of the game might be modified or
      eliminated depending upon the wishes of the therapist.
PAR  The advantage of having the green die faces 14, 16, 20, the yellow die face
      18, the free story die face 22 and the blank faces is that they tend to
      enhance the game aspect of this invention by providing variation and by
      providing it in a randomly selected fashion. When a player throws the dice
      10, 12 there are four main separate results possible and, in addition, the
      possibility of a combination result such as one green face and one yellow
      face. This complicates the nature of the chance the player is taking. To
      put it another way, this provides a hierarchy of luck in each turn,
      certain results of each throw being luckier than others in terms of the
      goals (awards) of the game. Just as there is more excitement in a horse
      race having a number of horses running, so too there is more excitement
      and more of a game feeling in having a number of different possibilities
      for each throw of the dice 10, 12.
PAR  The free story face 22 is of further value in providing an open-ended
      storytelling situation. This open-ended mode of play can serve to quickly
      and more efficiently bring out matters of greatest concern to the patient
      player. It provides for the bringing out of matters with the least degree
      of constraint on the patient. By contrast, the yellow face, and to some
      extent the green faces, provide a greater degree of constraint. From the
      point of view of the eleven psychological categories set forth above, the
      yellow face 18 provides a greater degree of constraint than do the green
      faces 14, 16, 20 in that the yellow face turns up a card which restricts a
      player to selection of an icon within one or two of the eleven
      psychological categories whereas the green face permits icon selection
      from anyone of the eleven psychological categories. Thus, during the
      course of play a varying degree of freedom of choice or a varying degree
      of constraint on the player is provided. This combination of constraint
      and choice is of value in assuring that a range of emotional ground is
      covered while at the same time permitting the patient to focus on the
      emotional matters of greatest concern to him. It is further useful that
      this combination of constraint and freedom also appears to the
      patient-player as part of the game aspect of the device.
PAR  The player who accumulates the most gold stars during the playing session,
      usually something under an hour, may be adjudged the winner and given a
      pre-arranged award, such as a small toy or trinket. Alternately as
      incentive award system may be established in which a given number of gold
      stars are exchanged for a trinket or small toy.
PAR  The use of specific concrete rewards, in the form of trinkets given to the
      child, has certain desirable results. First, the reward is sought by the
      child and increases the likelihood of the child's entering into the spirit
      of the game and thus, in effect, being cooperative with the process
      involved. Perhaps more importantly, the rewards underscore the game-like
      quality of the process. For the child to view the process as a game is an
      appreciable factor in gaining the child's active and meaningful
      participation in the process. In addition, the use of intermediate awards
      (the gold stars) as part of the inquiry process aids in establishing the
      inquiry process as part of the overall game process. This fosters
      acceptance of the inquiry and aids in minimizing the kind of uncooperative
      reaction that is likely to occur if the child see the inquiry process as a
      third degree type inquiry.
PAR  It should be noted that the device of this invention is indeed a game
      device and will be seen as such by the patient. The combination of skill
      and chance features involved assure that it will be seen as a game device.
PAR  The particular die face operative at each turn of the game is provided on a
      chance or random basis. Furthermore, the particular yellow card selected
      when a yellow face is operative is also picked on a chance or random
      basis. There is, in addition, an element of skill or volition, as
      contrasted with chance, in those turns where a story is to be told in that
      the player selects an icon and further must construct a story about that
      icon in order to obtain a gold star award.
PAR  The game aspect can be further enhanced by the fact that certain of the
      cards 28 need not call for storytelling. Accordingly for this reason and
      because of the blank die faces, the storytelling itself and the
      opportunity for intermediate rewards for storytelling is barred during
      some of the turns.
PAR  By a combination of randomly invoking the various means (the means being
      the cards and the operative dice faces) by which storytelling is arrived
      at, by providing different degrees of constraint as to player selection of
      the icon on which storytelling is to focus and even by barring
      storytelling during certain turns the result is a device that is readily
      perceived as a game and not as a forced inquiry. Both skill and chance
      enter into the game and into the obtaining of rewards. The primary element
      of skill is in the ability to tell a story. This combination of skill and
      chance in varying degrees serves to enhance the gamelike aspect of this
      invention.
PAR  It is preferred that the three green faces 14, 16, 20 be differentiated by
      having, respectively, one, two and three black dots thereon. These dots
      are used as indicia to indicate that the player is to select,
      respectively, one, two and three icons 25 from the board 26 for the
      purpose of telling a story about the icons selected.
PAR  Among the advantages of providing this added complexity is that it enhances
      the game-like quality of the play in part because of the complexity and in
      part because of the variety provided. More substantively, this procedure
      compels the player to scan the board more carefully. It also requires the
      player to integrate two or three objects on the board and provides further
      insights into relationships as the constellation with which a single icon
      is placed varies from game to game. This latter variety in constellation
      will not occur within a single game since, as indicated above, icons used
      in a single game are withdrawn from the board.
PAR  The use of icons instead of words in this invention provides a different
      dimension to the way in which a primary emotion is presented to the
      patient. Accordingly, the words used on the set of cards 28 are not the
      names of the icons 25 on the board 26 so as to minimize the constraint in
      fantasizing about the object and to enhance relating to the objects as an
      icon. Yet the key operative words on the cards 28 do provide a direct
      reference to a primary emotion in order to constrain player selection of
      an icon to within a range of primary emotions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A psychological testing and therapeutic game device adapted to be
      employed to invoke fantasizing for purposes that include psychological
      testing and therapy comprising:
PA1  a stimulus board,
PA1  a set of icons arranged on said board,
PA1  the predominent portion of the icons on said board each evoking a
      significant primary emotion,
PA1  said icons comprising a plurality of sub-sets of icons, each of the icons
      in any one of said sub-sets evoking the same primary emotion, each sub-set
      evoking a different primary emotion,
PA1  a set of cards, each having first indicia thereon and each card of said set
      bearing second indicia referring to one of said primary emotions and
      requesting the selection of one of said icons corresponding thereto,
PA1  a pair of dice having a plurality of faces, a first portion, less than the
      whole, of said faces each having an indicia thereon identical to said
      first indicia on said set of cards.
NUM  2.
PAR  2. The device of claim 1 wherein said icons comprise:
PA1  a first sub-set of icons evoking orality feelings,
PA1  a second sub-set of icons evoking anality feelings,
PA1  a third sub-set of icons evoking phallic-aggressive feelings,
PA1  a fourth sub-set of icons evoking authoritarian feelings,
PA1  a fifth sub-set of icons evoking super-ego conflict feelings,
PA1  a sixth sub-set of icons evoking self-image feelings,
PA1  a seventh sub-set of icons evoking feelings about aging and death,
PA1  an eighth sub-set of icons evoking narcissistic-exhibitionistic feelings,
PA1  a ninth sub-set of icons evoking feelings concerning reproduction, and
PA1  a tenth sub-set of icons evoking competitive feelings.
NUM  3.
PAR  3. The device of claim 1 further comprising:
PA1  an eleventh sub-set of icons relating to significant objects to which other
      significant primary emotions attach.
NUM  4.
PAR  4. The device of claim 1 wherein:
PA1  said board has a plurality of squares, a portion, less than the whole, of
      said squares having a second indicia thereon,
PA1  said pair of dice have a second portion, less than the whole, of said faces
      each having a second indicia theron identical to said second indicia on
      said squares of said board,
PA1  one of said icons being positionable on each of said squares.
NUM  5.
PAR  5. The device of claim 2 wherein:
PA1  said board has a plurality of squares, a portion, less than the whole, of
      said squares having a second indicia thereon,
PA1  said pair of dice have a second portion, less than the whole, of said faces
      each having a second indicia thereon identical to said second indicia on
      said squares of said board,
PA1  one of said icons being positionable on each of said squares.
NUM  6.
PAR  6. The device of claim 5 further comprising:
PA1  an eleventh sub-set of icons relating to significant objects to which
      significant emotions attach.
NUM  7.
PAR  7. The device of claim 4 wherein:
PA1  said second portion of said faces each have a separate numerical indicia
      thereon.
NUM  8.
PAR  8. The device of claim 5 wherein:
PA1  said second portion of said faces each have a separate numerical indicia
      thereon.
NUM  9.
PAR  9. The device of claim 6 wherein:
PA1  said second portion of said faces each have a separate numerical indicia
      thereon.
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ABST
PAL  An article capable of being hot stamped with desired lettering or designs
      comprising a plastic laminate and an overlying carrier film with colored
      matter attached to an appendage portion of the plastic laminate. The back
      of the laminate has a pressure-sensitive adhesive protected by a removable
      covering or backing. The method of imprinting and using the article
      comprises hot stamping the foil and underlying plastic laminate to form
      the desired lettering or design, removing the foil and appendage portion
      from the plastic laminate, removing the protective backing to expose the
      adhesive and to affix the imprinted laminate to a plaque or other item.
      The process of imprinting on the article includes hot stamping the
      laminate to deboss it and transfer the coloring matter to the debossed
      portions, and removing the carrier film. The process for forming the
      article includes cutting the plastic laminate and carrier film to a
      desired size and shape, slitting the laminate to form a plate portion and
      an appendage portion, and securing the carrier film to the appendage
      portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an article with a surface capable of being
      imprinted. In particular, the invention relates to plastic articles, such
      as plates, suitable for imprinting by a hot-stamping process and to
      methods for manufacturing and using these articles.
PAR  Decorative plates are used to personalize many items. For example, trophies
      and plaques given as recognition of an achievement usually hone a plate
      which contains the recipient's name and other pertinent information. Other
      uses for such plates include personalization of desk sets, luggage,
      automobiles and works of art.
PAR  Heretofore, most aesthetically acceptable plates have been produced on a
      metallic material, usually gold or silver in color. Generally, these
      plates have been imprinted by an engraving method. The method is performed
      by etching the metallic plate, such as brass or aluminum, with a diamond
      or carbide stylus. To achieve proper form and arrangement of lettering or
      other engraved material, a pantograph is generally used.
PAR  "Lettering" as used herein means any reproduction of a letter, numeral,
      design, logotype, trademark or the like.
PAR  Although the imprinted plates made by the engraving method have high
      aesthetic qualities, they often have a disadvantage resulting from the
      lack of contrast between the imprinted lettering and the remaining surface
      of the plate. As a result, it may be difficult to read the imprinted
      lettering. In metal plates, an oxidation process may be employed to obtain
      contrast, but in most cases the extra cost of this process is prohibitive.
      Also, contrast has been obtained on plastic plates by using contrasting
      colors of laminated plastic, but this material and the process of
      engraving it are expensive.
PAR  A second prior art method of imprinting on plates is silk-screening by
      which coloring matter, such as ink, paint or dye is forced with a squeegie
      onto the plate through the meshes of a silk or organdy screen so prepared
      as to have pervious lettered areas and impervious nonlettered areas.
      Although there may be a high degree of contrast between the lettered and
      the remaining portion of the plate, a debossed surface cannot be achieved
      by the silk-screen method. Thus, silk-screening cannot be used where an
      engraved appearance or effect is desired.
PAR  Another disadvantage of the silk-screen method is that it is frequently
      impractical for personalizing individual plates. This results from the
      long set up time necessary to prepare the silkscreen for printing. The
      consequent set-up cost may be acceptable when printing, for example, a few
      hundred plates, but the additional cost will often be prohibitive when
      printing only one.
PAR  A major problem with the engraving and the silk-screening methods is the
      requirement that a skilled person perform either method. Thus, neither
      method is geared for immediate use by the general retail trade. In the
      case of engraving, the retailer usually sends the item to a jeweler. In
      the case of silkscreening, the retailer usually sends the item to a
      printer. The additional time and handling, together with the consequent
      increased cost, lessen "impulse" purchases which is important in the
      retail marketing of a relatively low-cost item with an engraved plate.
PAR  Another means for imprinting on objects is hot stamping. This technique has
      been used to imprint such materials as paper, leather, and plastic; but
      the process does not achieve a high quality engraved-like debossed effect
      on these materials. Furthermore, hot stamping is not an acceptable
      technique for imprinting on metal surfaces. Therefore, this technique is
      not used to imprint metal plates and cannot be used effectively to deboss
      such metal plates.
PAR  Accordingly, an object of the present invention is to provide an improved
      article with a surface which can be imprinted by a hot-stamping process.
      Another object is to provide an article with a metallic-like surface which
      can be imprinted by a hot-stamping method to achieve a high color contrast
      and a debossed character comparable to an engraved metal plate. Another
      object of the present invention is to provide a method of imprinting a
      plate which may be performed by an unskilled operator at the point of
      sale. Still another object of the invention is  to produce a debossed high
      contrast imprinted plate having superior aesthetic qualities at a low
      cost. Another object is to provide a plate on which certain common
      processing mistakes may be inexpensively, easily and quickly corrected. A
      further object is to provide a plate which may be readily and
      inexpensively manufactured.
PAR  Further objects will become manifest from the description, drawings and
      claims.
PAC  SUMMARY OF THE INVENTION
PAR  In one form the invention is an article of a preselected size and shape
      comprising a plastic laminate with a colored hot-stamping foil
      superimposed thereon. The foil is adhered to an appendage portion of the
      plastic laminate. The back of the laminate contains a pressure-sensitive
      adhesive protected by backing paper. This laminate is adapted to be hot
      stamped with desired lettering. After the stamping operation, the backing
      paper is removed to expose the adhesive and separate the imprinted plate
      from the appendage portion and the foil. The resulting plate has high
      contrast lettering with excellent aesthetic properties and the plate may
      be affixed to many types of objects, such as plaques, commemorative
      keepsakes, trophies, etc.
PAR  The process for manufacturing the plate of this invention comprises, in one
      form, cutting the plastic laminate and the foil to a desired size and
      shape, slitting the plastic laminate to form a plate portion and appendage
      portion, applying an adhesive to the appendage, superimposing the foil
      over the plate and appendage portions and applying pressure to adhere the
      foil to the appendage portion.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of the article of this
      invention.
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is an exploded view of the layers of the article of FIG. 1;
PAR  FIGS. 4 and 5 schematically illustrate an exemplary method and apparatus of
      manufacturing the article of FIG. 1;
PAR  FIG. 6 is a fragmentary view of the article of FIG. 1 as it appears during
      the process of manufacture illustrated in FIGS. 4-5; and
PAR  FIG. 7 is a side view of a hot-stamping machine capable of imprinting the
      article of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THIS INVENTION
PAR  As illustrated by FIGS. 1-3, the article 20 comprises a plastic laminate or
      pad 22 of a preselected size and shape having a pressure-sensitive
      adhesive 24 on the back 26 of laminate 22. The adhesive coating 24 is
      covered by a backing sheet 28, which is preferably chemically treated,
      such as by applying a silicone or waxed release surface, in order to
      prevent strong adhesion to the adhesive coating 24.
PAR  A hot-stamping foil 30 is superimposed over the plastic laminate 22. A
      second adhesive coating 32 is located on an appendage 38 on the front 34
      of the plastic laminate 22. This adhesive retains the hot-stamping foil 30
      to plastic laminate 22. Other suitable means may be employed for retaining
      the foil 30 to the plastic laminate, such as stapling. The appendage 38 is
      removable from the remainder or plate portion 40 by means of a slit 41.
      Backing sheet 28 maintains appendage portion 38 in contiguous relation
      with plate portion 40 so that the entire article 20 is self-contained
      during the hot-stamping operation hereinafter discussed.
PAR  The plastic laminate 22 comprises a polyester film 42 laminated on a
      thermoplastic material 44 (FIG. 4). Applicant has found "metallized" MYLAR
      to be a satisfactory polyester film (MYLAR is a trademark for polyester
      film of the du Pont Company). Metallized MYLAR which has the aesthetic
      properties of gold or silver is readily available from various
      manufacturers, such as Flexcon Company, Inc.
PAR  The thermoplastic material 44 should be readily formable through the
      application of moderate heat and pressure and a pressure-sensitive
      adhesive should adhere to it. The film 44 should also be sufficiently
      rigid to function as a printable plate. Applicant has found rigid
      polyvinyl chloride to be satisfactory.
PAR  In one form, article 20 was constructed using a laminate 22 of MYLAR film
      having a thickness ranging from 1/2 to 1 mil and rigid vinyl with a
      thickness of about 8 mils. Within this range, applicant has found that the
      plastic laminate 22 was sufficiently rigid and thick to withstand hot
      stamping and to provide a suitable imprinting surface.
PAR  For the adhesive backing 24, a number of compositions, generally known as
      "pressure-sensitive adhesives," can be used. These are various blends of
      natural and synthetic rubbers with resins, polyvinyl acetates,
      ethylene-polyvinyl acetate copolymers (EVA), polyterpenes, hydrogenated
      resins, resin ester, acrylics, chlorinated paraffins, ethyl cellulose, and
      a variety of other substances. Common and well-known types of
      pressure-sensitive adhesives are exemplified by those used on transparent
      cellophane adhesive tapes. These materials may be applied as solutions
      using solvents such as naphthas, toluene, chlorinated hydrocarbons, and
      the like. An important property is that the adhesive be capable of
      adherence to metal, wood and other types of surfaces used for the products
      to which the plates of this invention are intended to be attached. The
      protective cover 28 may be paper, plastic, or other suitable material
      having desirable releasing properties.
PAR  The hot-stamping foil 30 consists of a carrier supporting a coloring matter
      such as ink. Generally, the carrier is MYLAR, cellophane or acetate. The
      foil is available in many colors so that various degrees of contrast
      between the lettering and the remaining plate surface may be achieved.
      Distributors of suitable hot-stamping foils include Howard Corp., Franklin
      Corp., and Kingsley Corp.
PAR  It should be noted that the rectangular shape of product 20 in this
      embodiment is merely illustrated as an example. The invention is not
      limited to any particular shape or size.
PAR  FIGS. 4-6 disclose an exemplary method of manufacture which may be used to
      produce the article of this invention. The method illustrated may be
      performed on a Webtron Printing Machine.
PAR  In the preferred embodiment, the plastic laminate 22 having adhesive 24 on
      one side protected by the backing paper 28 is first manufactured in any
      convenient manner and rolled into a supply roll 46. Likewise, the
      hot-stamping foil 30 is manufactured in any conventional manner and rolled
      into supply roll 48.
PAR  In one form, the width of the material 22, 30 on each of the supply rolls
      46, 48, respectively, is 41/2 inches. This material is slit into four
      ribbons or strips 62 which are 11/8 inches wide. Each strip 62 consists of
      plate material 64 which is 7/8  inch wide and appendage material 66 which
      is 1/4 inch wide. The finished product 20 is thus 11/8 inches wide, and
      the imprinted plate is 7/8 inch wide.
PAR  The plastic laminate web 22 is drawn from supply roll 46 under slitters 50
      which cut only through the plastic laminate 22. The backing paper 28 is
      not cut; it remains intact. Next, adhesive impregnated rollers 52 apply
      adhesive between the cut or slitted areas 54, 56. The supply roll 48 of
      hot-stamping foil 30 is drawn into contact with the adhesive-coated
      laminated material 22. Pressure roll 58 aids in assuring adhesion of
      hot-stamping foil 30 to the slitted areas 54 and 56 of the plastic
      laminate 22.
PAR  Cutting wheel 60 longitudinally divides the web into the four strips 62.
      Transverse cutting wheel 63 divides the strips 62 into the completed
      articles 20. It should be noted that the rectangular article 20 could be
      die cut into other desired shapes by suitable die cutting apparatus (not
      shown).
PAR  The article 20 may be hot stamped on a conventional hot-stamping machine
      69, as illustrated, for example in FIG. 7. The machine 69 comprises
      support member 66 suitably mounted onto base member 88. The upper portion
      of the support member 88 has a ram-receiving aperture 70. Stamping means
      71 includes a spring-biased ram 72 slidably mounted within ram-receiving
      aperture 70 and articulated by handle 74 through gear means 76. A heat
      conductive type stick 78, containing preselected type, is mounted onto a
      heat conductive mandril portion 80 of ram 72. A heating means 82 supplies
      thermal energy to the type stick 78.
PAR  After the type has been set and the type stick 78 has been inserted into
      the mandril portion 80, the article 20 is aligned by suitable means on
      base plate 84. Responsive to the activation of handle 74, stamping means
      71 is forced downwardly onto article 20 and heat is concurrently applied,
      thereby debossing the article 20 while transferring ink from the hot-stamp
      foil to the debossed letters. The temperature and time at which the
      stamping operation is carried out are related functions. If the
      temperature is increased, the time of contact between the stamping means
      and the object being stamped may be decreased; and the converse is
      likewise true. It has been found that a hot stamp temperature range of
      between 150.degree. and 300.degree. will give satisfactory debossing
      results. At these temperatures, the time range may vary from a fraction of
      a second to three seconds. At a temperature of 250.degree. F., a stamping
      time of between one and one and one-half seconds is satisfactory. The
      hot-stamping foil 30 selected for this process should accommodate the
      temperatures used and the materials being stamped.
PAR  A further function of the stamping operation is the pressure applied to the
      stamping means. In hand-operated stamping equipment, normal hot-stamping
      pressures may be satisfactorily applied. One of the advantages of
      applicant's process is that, where too little or too much pressure has
      been applied, measures can be taken to correct the plate being imprinted.
      If the operator exceeds the proper pressure or stamping time, a
      conventional burnishing stick may be rubbed over the surface of the plate
      to remove excess ink. If the operator uses too little pressure or time,
      the plate may be easily corrected by restamping.
PAR  Once the article 20 has been hot stamped, the backing sheet 28 is removed
      and the plate portion 40 is separated from appendage portion 38 and foil
      30 (as best illustrated in FIG. 3). The plate portion 40 may then be
      applied to a plaque or other object.
PAR  It is to be understood that the embodiments of the invention which have
      been described are merely illustrative of the application of the
      principles of the invention. Numerous modifications may be made by those
      skilled in the art without departing from the true spirit and scope of the
      invention, and it is intended that these modifications be included in the
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An article which may be imprinted by a hot-stamping process, comprising
      a discrete pad of a predetermined augmented plaque size having at least
      three superimposed layers, a first of said layers being a hot-stamping
      foil having an overlying coloring matter which transfers from said foil
      when said foil is subjected to heat and pressure, and a second of said
      layers comprising a plate of plastic material having a heat deformable
      characteristic such that said material debosses under said heat and
      pressure, said plate being separable along an edge in the augmented
      dimension to form an appendage portion and a separate plaque-sized plate
      portion, said first layer being attached to said appendage with said
      coloring matter in face-to-face contact with at least part of said plate
      portion, said plate having an adhesive on a side opposite the foil,
      whereby said plate material is debossable and said coloring matter will be
      deposited in the debossment when said plate is subjected to localized heat
      and pressure.
NUM  2.
PAR  2. The article of claim 1 wherein said adhesive is a pressure sensitive
      adhesive and has a release surface in face-to-face relation with said
      pressure sensitive adhesive.
NUM  3.
PAR  3. The article of claim 2 wherein the pressure-sensitive adhesive is
      protected by a removable backing, which, when removed, separates the plate
      portion from the appendage portion and the foil.
NUM  4.
PAR  4. The article of claim 2 wherein said second layer is a thermoplastic
      material with a polyester film laminated thereto to form a surface for
      receiving said ink.
NUM  5.
PAR  5. The article of claim 4 wherein the thermoplastic material is vinyl and
      the polyester film is MYLAR having a metallic appearance.
NUM  6.
PAR  6. The article of claim 4 wherein the thermoplastic material is vinyl
      having a thickness of about 8 mils and the polyester film has a thickness
      ranging from 1/2 to 1 mils and has a metallic appearance.
NUM  7.
PAR  7. The article of claim 1 and indicia formed by hot stamping said pad of
      layers to deboss an image in said plastic plate portion with said coloring
      matter embedded in said debossment.
PATN
WKU  039408655
SRC  5
APN  4870719
APT  1
ART  333
APD  19740710
TTL  Plate for indicating the floors and the numbers of stairs of a building
ISD  19760302
NCL  5
ECL  1
EXA  Pitrelli; John F.
EXP  Mancene; Louis G.
NDR  1
NFG  2
INVT
NAM  Mori; Toshio
STR  Dainimiharuso, No. 81
CTY  Iguchi, Mitaka, Tokyo 181
CNT  JA
PRIR
CNT  JA
APD  19730721
APN  48-84685[U]
CLAS
OCL   40134
XCL   35  7R
XCL   40125R
EDF  2
ICL  G09F 1320
FSC   40
FSS  125 R;134
FSC   35
FSS  7 R;16
FSC  D10
FSS  12 R;12 H;12 G
UREF
PNO  1728731
ISD  19290900
NAM  Hayes
OCL   40134
UREF
PNO  3249994
ISD  19660500
NAM  Hill
XCL   40134
UREF
PNO  3799550
ISD  19740300
NAM  Milana et al.
XCL   35  1
UREF
PNO  D158662
ISD  19500500
NAM  Hendrickson
OCL  D10109
FREF
PNO  2,340
ISD  19040000
CNT  UK
OCL   40134
FREF
PNO  813,227
ISD  19370200
CNT  FR
OCL   40134
LREP
FR2  Jordan; Frank J.
ABST
PAL  On a floor indicating plate to be mounted within a building, the sectional
      forms and arrows of stairs and numerals representative of the numbers of
      the stairs are indicated together with numerals representative of floors
      by the use of only a luminous paint or both the luminous paint and a
      fluorescent paint. By posting such indicating plate at a prominent place
      in the staircase between the floors, it is facilitated for an ascender or
      descender to instantly and precisely judge the present personal situation
      in the daytime and nighttime, at the failure of electricity or the trouble
      of an elevator, or in any other case such as outbreak of fire. Thus, it is
      made possible to confine to the minimum the occurrence of unforeseen
      injuries which the ascender or descender has heretofore been prone to
      sustain especially in an emergency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates, in a broad sense, to a guide sign or a directional
      sign. In a narrow sense, it pertains to the so-called `directional sign
      for refuge`  which serves to facilitate safe, quick and appropriate refuge
      activities especially at the occurrence of a state of emergency.
PAR  On a conventional guide sign provided on, for example, a wall near the
      landing of the staircase of a building, there are indicated only numerals
      which represent the upper floor and the lower floor as viewed from the
      place of the provision of the sign. Therefore, although the ascender or
      descender of the staircase can readily know what floor of the building his
      present position belongs to, he must step on the stairs throughout in
      order to know the number of the stairs. It is accordingly very difficult
      for the ascending or descending person to precisely grasp the real
      condition of his course at the occurrence of a state of emergency. He
      becomes irritated, frightened and confused in vain. As the result, he
      misses his footing on the stairs to fall down and to be wounded, or prompt
      and daring refuge activities to the outdoors are hindered. This leads to
      the problem that a disastrous accident causing many casualties can be
      induced.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide an indicating plate (guide plate)
      in which the sectional forms and arrows of stairs and numerals and letters
      representative of the numbers of the stairs are indicated in the middle
      and numerals and letters representative of upper and lower floors as
      viewed from the staircase are indicated above and below the sectional
      forms by the use of a single color or of several colors of luminous
      paints. It is attached onto a wall or any other prominent place near the
      landing of the staircase. Thus, at the normal times during the daytime and
      besides in cases of the trouble of an elevator, outbreak of fire, failure
      of electricity, etc. during the daytime, the ascender or descender of the
      staircase can precisely grasp the circumstances of his course owing to the
      colored patterns and the colored numerals and letters on the indicating
      plate (guide plate), and is facilitated to take appropriate action
      serenely and promptly. At the failure of electricity, etc. during the
      nighttime, the safety for the course of the ascender or descender in the
      dark is secured owing to the indications of the sectional forms of the
      stairs, the upper and lower floors as viewed from the particular position
      and the numbers of the stairs, the indications being attended with
      illumination by the luminous paints as light accumulating agents.
      Furthermore, in case of an emergency such as outbreak of fire in the
      nighttime, the ascender or descender can perform cool and quick refuge
      activities.
PAR  Another object of this invention is to provide the above-specified
      indicating plate (guide plate) in which parts (for example, contours only)
      of the stair sectional forms, arrows, floors, and numerals and letters
      representative of the numbers of the stairs are indicated by a fluorescent
      paint, while all the remaining parts are indicated by a luminous paint.
      During the daytime and the lighting of lamps, the function as both the
      guide sign and the directional sign is achieved by utilizing reflected
      light at the parts displayed by the fluorescent paint. At the failure of
      electricity in the nighttime, etc., the function as the guide sign is
      satisfactorily achieved by utilizing the light emitting illumination
      action of the luminous paint as a light accumulating agent at the parts
      displayed by the luminous paint. In this way, the occurrence of injuries
      caused by disorder at the occurrence of a state of emergency is prevented
      as far as possible.
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PAR  The above-mentioned objects and further objects are accomplished by this
      invention as will be apparent from the following description taken with
      reference to the accompanying drawing constituting part of this
      application and from the appended claims. The drawing, however, is for
      elucidation only, and never restricts the scope of this invention.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing illustrates an embodiment of `a plate for indicating the floors
      and the numbers of stairs of a building` for putting the novel concept of
      this invention into a concrete form.
PAR  FIG. 1 is a front view of the indicating plate, and
PAR  FIG. 2 is a vertical sectional view taken along a line X -- X in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention indicates the number of stairs together with floors on a
      floor indicating plate which is posted within a building, and causes the
      ascender or descender of the stairs, not only to confirm his present
      position, but also to accurately conjecture the actual condition of his
      course in the daytime, in the nighttime, at the failure of electricity, at
      the outbreak of fire, at the occurrence of a natural disaster such as
      earthquake, or in any other case. Thus, it is intended to prevent to the
      utmost the occurrence of injuries which the ascender or descender has
      hitherto been prone to sustain.
PAR  The subject matter stated above will be explained in detail hereunder in
      connection with an embodiment shown in the accompanying drawing.
PAR  Reference symbol 21 designates an indicating plate, which is made so as to
      be posted at a conspicuous place in the staircase between floors. Symbols
      22 and 22' denote numerals which indicate the floors. The upper numeral 22
      represents the upper floor, while the lower numeral 22' the lower floor.
      Symbol 23a shows the sectional form of the stairs from a landing 25 to the
      upper floor, and symbol 23b the sectional form of the stairs from the
      landing 25 to the lower floor.
PAR  The sectional form 23a of the stairs has arrows 26 and 26' affixed thereto
      in the vertical direction and horizontal direction, respectively.
      Likewise, the sectional form 23b has arrows 27 and 27' affixed thereto in
      the vertical direction and horizontal direction, respectively. Numerals at
      24 and 24' for representing the numbers of the stairs are respectively
      added to the arrows.
PAR  The stairs 23a, 23b, the landing 25, the number-of-stairs indications 24,
      24', and the floor indications 22, 22' are coated with a luminous paint
      singly or with both the luminous paint and a fluorescent paint so that
      they can be very clearly perceived even in the nighttime, at the failure
      of electricity, or in the like case.
PAC  FIRST EXAMPLE
PAR  In the middle of a plate body made of a metal, a synthetic resin or the
      like, the pair of stair sectional forms 23a and 23b above and below the
      landing 25; the respectively paired arrows 26, 26' and 27, 27' above and
      below the same; and the numerals and letters 24 and 24' representative of
      the numbers of the stairs are indicated by coating by the use of several
      colors of luminous paints. Above and below the sectional forms 23a and
      23b, the numerals and letters 22 and 22' representative of the upper floor
      and the lower floor relative to the staircase are similarly indicated.
      Thus, the plate 21 for indicating the floors and the numbers of stairs is
      constructed. It is attached and posted on a wall or at any other prominent
      place near the landing of the staircase. In this way, at normal times and
      besides in cases of the trouble of an elevator, outbreak of fire, failure
      of electricity, etc. during the daytime, the ascending or descending
      person of the staircase is precisely informed of the circumstances of his
      course owing to the colored patterns 23a, 23b; 25; 26, 26'; and 27, 27'
      and the colored numerals and letters 22, 22'; and 24, 24' displayed on the
      surface of the indicating plate 21. It is thus facilitated to take
      appropriate action serenely and promptly. At the failure of electricity,
      etc. during the nighttime, the feeling of uneasiness for his course as the
      ascender or descender is prone to hold in the dark is wiped out to the
      utmost owing to the indications of the sectional forms 23a,  23b as well
      as the landing 25 of the staircase, the upper and lower floors 22 and 22'
      relative to the staircase, and the numbers 24 and 24' of the stairs, the
      indications being attended with illumination by the luminous paints as
      light accumulating agents. Particularly in case of emergency such as
      outbreak of fire in the nighttime, the ascending or descending person can
      efficiently perform calm, cool and quick refuge activities.
PAC  SECOND EXAMPLE
PAR  Parts (for example, contours only) of the stair sectional forms 23a, 23b,
      arrows 26, 26'; 27, 27', floors 22, 22' and numerals and letters
      representing the numbers of the stairs 24, 24' in the indicating plate 21,
      and a blank part except the numerals and letters 22, 22' representative of
      the floors in the floor indicating space surrounding the patterns are
      indicated by a fluorescent paint. All the remaining parts are formed by
      coating with a luminous paint. Then, during the daytime and the lighting
      of lamps, the guide and directional sign function can be effected by
      utilizing reflected light at the parts displayed by the fluorescent paint.
      On the other hand, at the failure of electricity in the nighttime, etc.,
      the guide sign function can be satisfactorily effected by utilizing the
      light emitting illumination action of the luminous paint as a light
      accumulating agent at the parts displayed by the luminous paint. In
      consequence, even at the sudden occurrence of a state of emergency, etc.,
      the ascender or descender can readily estimate and judge the real
      condition of his course, and hence, he is neither irritated nor confused
      in most cases. Accordingly, it is not too much to say that there is
      substantially no fear of the injuries of the body and life due to
      deliration.
PAR  The indicating plate 21 constructed as described above is posted at a
      conspicuous place in the staircase between the floors. It can, not only
      indicate the floor of the position, but also clearly represent the number
      of the stairs. As the result, the ascender or descender can easily guess
      and foresee the actual condition of his course, and he never becomes
      terrified, astonished, excited or confused even at the failure of
      electricity in the nighttime, etc. Accordingly, there is substantially no
      such fear that he will miss his footing on the stairs. Especially, in case
      of the sudden occurrence of a state of emergency such as fire and
      earthquake or the occurrence of an accident such as unusability of an
      elevator, it is facilitated to secure safety for the use of the staircase
      and to accomplish quick and appropriate cares and besides to make the
      refuge activities more perfect. Thus, unforeseen losses for lives and
      property to suffer are confined to the minimum. The invention has such
      extraordinarily various effects. The effects are particularly remarkable
      at the exit and entrance staircases of a building, school, hospital,
      theater or any other huge structure, and station precincts, underground
      market or subway into and from which many people usually go and come.
PAR  The concrete aspects of performance stated above, merely exemplifies the
      technical contents of the invention of this application. This invention
      ought not to be narrowly construed upon restriction to the foregoing
      examples (embodiment) only, but it can be variously modified and performed
      within the scope of the appended claims without departing from the spirit
      of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A safety plate for installation in a building staircase or the like
      comprising stair indicating means on a generally central portion of said
      plate depicting a cross sectional representation of the actual stairs in
      said staircase between floors at one location in said staircase where said
      safety plate is installed, numerical indicating means on said plate
      indicating the actual number of stairs between floors in said staircase at
      said one location, arrow indicating means on said plate positioned to
      relate said numerical indicating means to said stair indicating means so
      that the number of actual stairs between floors in said staircase at said
      one location are readily depicted by and discerned from said stair
      indicating means, said numerical indicating means and said arrow
      indicating means, lower floor indicating means on a lower portion of said
      plate indicating the actual floor of said building at the foot of the
      actual stairs at said one location, upper floor indicating means on an
      upper portion of said plate indicating the actual floor of said building
      at the head of the actual stairs at said one location, all of said means
      comprising a luminous paint viewable under unlighted conditions of said
      staircase such that the plate is adapted to be viewed by a stair ascender
      or descender under said unlighted condition to guide said ascender or
      descender in negotiating said staircase under emergency conditions or the
      like.
NUM  2.
PAR  2. A safety plate according to claim 1 wherein at least some of said means
      further comprises fluorescent paint to facilitate viewing thereof under
      lighted conditions in said staircase.
NUM  3.
PAR  3. A safety plate according to claim 1 wherein said stair indicating means
      depicts a cross sectional representation of a mid-floor landing included
      on the actual stairs in said staircase at said one location, said
      numerical indicating means including an upper portion indicating the
      actual number of stairs between said mid-floor landing and the head of the
      actual stairs at said one location and a lower portion indicating the
      actual number of stairs between said mid-floor landing and the foot of
      said actual stairs at said one location.
NUM  4.
PAR  4. A safety plate according to claim 3 wherein said arrow indicating means
      comprises vertical arrows including an upper vertical arrow terminating at
      said mid-floor landing of said stair indicating means and a lower vertical
      arrow terminating at said mid-floor landing of said stair indicating
      means.
NUM  5.
PAR  5. A safety plate according to claim 4 wherein said arrow indicating means
      comprises horizontal arrow indicating means including an upper horizontal
      arrow joined to said upper vertical arrow and a lower horizontal arrow
      joined to said lower vertical arrow.
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PAL  The present invention discloses a system for mounting three dimensional
      letters on a support surface wherein at least one clip is rigidly secured
      to the support surface proximate a bottom edge of the letter and at least
      one other clip is positioned on the support surface proximate a side edge
      of the letter. Both clips have tongues that engage the respective edges of
      the letter with at least the clip on the side of the letter having a
      deformable tongue. With the clips properly secured to the support surface
      the tongue of the side clip engages the letter, for example in a hole
      formed therein, and then the letter is forcibly moved downwardly so that
      the tongue of the bottom clip engages the letter and thereby the letter
      itself deforms the tongue of the side clip. An obtuse angle is thus
      generated between the two tongues. Any one of a number of different
      movable clamping devices, for example such as disclosed in U.S. Pat. No.
      3,749,349, may be used at the top of the letter. When the letter is
      completely mounted, the rear plane thereof is spaced from the front plane
      of the support surface to permit flow of fluid to the space created in
      order to wash the front plane of the support surface.
BSUM
PAR  The aforementioned Abstract is neither intended to define the invention of
      the application which, of course, is measured by the claims, nor is it
      intended to be limiting as to the scope of the invention in any way.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to signs and more particularly to an
      improved system for mounting individual letters particularly those made of
      synthetic resin and mounted on a synthetic resin support surface.
PAR  2. Description of the Prior Art
PAR  There are many systems presently available for mounting letters on a
      vertical support surface for the purpose of forming a sign. One example of
      the prior art is shown in U.S. Pat. No. 3,225,477 granted on Dec. 28, 1965
      to L. N. Edwards. In this patent the interchangeable letters are provided
      with brackets secured to the rear faces thereof. The brackets define
      recesses that can readily accommodate portions of resilient clips. Tangs
      formed on the rear faces of the brackets extend into openings or recesses
      in the feet of the resilient clips so that when the resilient clips are
      inserted into the recesses defined by the brackets on the rear faces of
      the letters, the tangs on the brackets engage the recesses or openings in
      the feet of the resilient clips and thereby prevent accidental separation
      of the clips from the letters. It will be evident from a review of this
      patent that it is difficult to mount the letters since the brackets are on
      the rear face thereof and are not visible. Accordingly, in mounting the
      letters the operator is working in the "blind." This presents considerable
      difficulty and serves to increase the cost of installation.
PAR  U.S. Pat. No. 2,880,537, U.S. Pat. No. 2,916,839 and U.S. Pat. No.
      3,142,124 all represent another form of prior art devices that are used in
      cooperation with individual letters for forming a sign. All of the last
      three mentioned patents relate to clip-on letters that require some form
      of groove, aperture or rail for their installation. It will be appreciated
      that the construction taught by the last three mentioned patents requires
      a support surface that is relatively expensive to form and which also
      interferes with rain washing.
PAR  Still another form of prior art is shown in U.S. Pat. No. 2,496,747 which
      utilizes suction cups for retaining individual letters on a vertical
      surface such as glass. It will be evident that unless the glass is
      perfectly clean and perfectly flat the suction cups will tend to release
      the letters and thereby permit them to fall. In addition, atmospheric
      changes will also adversely affect the continuous operability of the
      suction cups.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention is applicable to three dimensional letters, for
      example synthetic resin, metal or wood letters that are used to form a
      sign on a synthetic resin background. In its broadest aspect, the present
      invention provides at least two clips for each letter with the clip being
      rigidly secured to the front plane of a vertical support surface. For each
      letter, one of the clips is positioned proximate the bottom edge of the
      individual letter while the other clip is positioned proximate one side
      edge of each individual letter. Preferably each of these two clips
      includes a tongue which, when they are first installed, are at right
      angles to each other. The tongues are adapted to engage the letters, for
      example, in openings that are formed in the respective edges of the
      letters. At least the clip at the side edge of the letters has a
      deformable tongue so that when the letters are positioned adjacent the
      clips, the tongue in the side clip is placed into its respective opening
      and the letter is moved downwardly so as to deform the tongue prior to the
      tongue of the bottom clip entering its respective opening in the letter.
      When fully assembled, the two tongues form an obtuse angle with respect to
      each other to thereby lock the letter in place. A clamp, for example such
      as disclosed in my issued U.S. Pat. No. 3,749,349, may be used adjacent
      the top edge of the letter. The structure disclosed in my aforementioned
      U.S. patent is incorporated herein by reference.
PAR  Accordingly, it is an object of the present invention to provide an
      improved system for mounting individual letters on a support surface so as
      to define a sign.
PAR  Another object of this invention is to provide improved clip means for
      mounting individual letters on a support surface.
PAR  Still another object of the present invention is to provide an improved
      system whereby deformable clip means are used for locking individual
      letters onto a vertical surface so as to define a sign.
PAR  An additional object of this invention is to provide an improved system for
      mounting individual letters on a vertical surface whereby means are
      included for clamping the letters in place.
PAR  It is a feature of the present invention that the clip means used for
      mounting the letters on the vertical surface automatically space the
      letters from the vertical surface so as to define a drainage opening for a
      fluid whereby the vertical surface may be kept clean.
PAR  An advantage of the present invention is that the letters may be installed
      from a position in front of the support surface in a fast, simple manner
      that minimizes the expenditure of time and money.
PAR  A particular object of the present invention is to provide improved means
      for mounting the clips on the vertical support surface.
DRWD
PAR  These and other features, objects and advantages of the invention will, in
      part, be pointed out with particularity and will, in part, become obvious
      from the following more detailed description of the invention taken in
      conjunction with the accompanying drawing which forms an integral part
      thereof.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the various figures of the drawing like reference characters designate
      like parts. In the drawing:
PAR  FIG. 1 is an elevational view fragmentarily illustrating a vertical support
      surface with a plurality of letters mounted thereon in accordance with the
      concept of this invention;
PAR  FIG. 2 is a vertical sectional elevational view, on an enlarged scale,
      taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is an elevational view schematically illustrating the positioning of
      the clips and clamp means used in the present invention with a typical
      letter being shown in phantom outline;
PAR  FIG. 4 is a perspective view, in cross section illustrating one of the
      clips of the present invention as well as means for mounting the clip onto
      a vertical surface;
PAR  FIG. 5 is a front elevational view illustrating an alternative embodiment
      of the clip used with the present invention; and
PAR  FIG. 6 is a side elevational view of the clip shown in FIG. 5 mounted on a
      support surface.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1 there is shown one example of a sign that may be
      formed by the structure comprising the present invention. A support
      surface 10 having a front plane 12 is oriented in a vertical direction in
      the embodiment illustrated. It should be understood however that the
      support surface 10 need not be vertical. A plurality of letters 14 are
      mounted on the front surface 12 in spaced relationship thereto by means of
      a first plurality of clips 16 and a clamping member generally designated
      by the reference character 18 which may be of the type disclosed in my
      U.S. Pat. No. 3,749,349 and which is incorporated herein by reference.
PAR  As shown by way of example in FIG. 2, each letter 14 is hollow (although it
      could also be solid), is made of a synthetic resin plastic material (or
      any other convenient material), and includes a front surface having top,
      bottom and side edges 22, 24 and 26 extending rearwardly therefrom. The
      rear plane 28 of the letter 14 is spaced from the front plane 12 of the
      support surface 10 by the dimension d in order to permit the flow of a
      fluid such as rain water through the space so as to wash the front surface
      12.
PAR  As shown best in FIGS. 3 and 4, the clips 16 are each comprised of a base
      wall 30 having a leg 32 extending outwardly therefrom and a tongue 34
      integral with the free end of the leg 32. Initially, the tongue 34 is in a
      plane parallel to but spaced from the base wall 30. The tongue 34 is
      adapted to engage an appropriate edge of the letter 14, for example, in an
      opening 36 formed in the side wall 26 (FIG. 2). It should be understood
      that the top and bottom walls 22 and 24 have openings similar to the
      opening 36 in order to receive the tongue 34 of the clip 16 or the
      clamping member 18 that is mounted adjacent thereto.
PAR  In order to mount a letter, the front plane 12 of the support surface 10 is
      cleaned of any grease or dust and the letters are laid out on the front
      plane 12. Appropriately located holes 36 are then formed, such as by
      drilling, in the side, top and bottom edges of each letter 14. The clips
      16 are then secured to the front plane 12 by suitable means, for example,
      by means of a double surface foam plastic tape 38 such as shown in FIG. 4.
      Initially; the tongues 34 of the clips 16 shown in FIG. 3 will be at right
      angles to each other. The tongue designated 34a in FIG. 3 is then inserted
      into the hole 36 formed in the side edge 26 of the letter 14 and then the
      letter 14 is moved downwardly so that the tongue designated 34b in the
      bottom edge 24 in FIG. 3 engages its respective hole 36. In so doing, an
      obtuse angle A will then be formed between the tongues 34a and 34b so as
      to lock the letter 14 in place. The clamping member 18, which has been
      previously secured to the front plane 12 of the support surface 10 in the
      open condition, is then released in the usual manner so as to clamp the
      letter 14 in place. The letter 14 is permanently installed but can be
      quickly removed for maintenance thereto or to the front place 12 of the
      support surface 10.
PAR  An alternative embodiment of the present invention is shown in FIGS. 5 and
      6. A clip 40 is formed with two holes 42 but in all other respects is the
      same as the clip 16 and need not be further described. Suitable fastener
      means such as rivets, screws or the like which are generally designated by
      the reference character 44 may then be used to secure the clip 40 to the
      support surface 10 in the manner described hereinabove in connection with
      the first embodiment.
PAR  While a specific clamping member, such as disclosed in my issued U.S. Pat.
      No. 3,749,349 has been suggested for use with the aforementioned clips, it
      should be clearly understood that this was done by way of illustrative
      example only and that the invention is not so limited. Other clamping
      members could be used with equal facility. For example, there could be a
      two-part swivel mount wherein a first portion is secured to the background
      support and a second portion pivots into frictional engagement with the
      first portion. Alternatively the two-part clamping member could employ
      linear movement and interfitting means for retention. The clamping member
      could be tempered to spring-like consistency or a separate biasing member
      such as a torsion spring could be used that urges one portion of the
      clamping member relative to another portion. This last mentioned
      embodiment would therefore act in the manner of a spring biased hinge.
PAR  From the foregoing it will be appreciated that a low cost simple
      installation for three dimensional or raised letters has been provided.
      The clips are inexpensively made from aluminum, stainless steel, plastic
      or the like. The letters are permanently installed from in front of the
      support surface. The letters can be easily removed for maintenance to
      either the letter or the support surface. The system described hereinabove
      for mounting letters on a support panel takes into account the expansion
      and contraction of the letters and the support surface due to changes in
      temperature either exterior or interior. Since the letters are spaced from
      the support surface, fluid can be passed between the letters and the
      support surface in order to maintain the support surface in a clean
      condition.
PAR  There has been disclosed heretofore, the best embodiment of the invention
      presently contemplated. It is to be understood however that various
      changes and modifications may be made thereto by those skilled in the art
      without departing from the spirit of the invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A system for mounting three dimensional letters on a support surface,
      said system comprising:
PA1  a. at least two clips mounted on the support surface, a first of said clips
      being positioned adjacent a bottom edge of each letter with a second of
      said clips being positioned adjacent a side edge of each letter, each said
      clip including a base wall and a tongue extending therefrom for engaging
      the letter, said tongues of said first and second clips being initially at
      approximately a right angle with respect to each other, said tongue of at
      least said second clip being deformable whereby when the letter is mounted
      on the support surface, said tongues of said first and second clip form an
      obtuse angle with respect to each other to thereby lock the letter in
      place;
PA1  b. means for rigidly securing said first and second clips to the support
      surface; and
PA1  c. a movable clamping member mounted on the support surface for engaging
      the top edge of each letter.
NUM  2.
PAR  2. The system according to claim 1 wherein said clamping member comprises a
      compound clip including a first section that is rigidly secured to the
      support surface and a second section that is movable with respect to said
      first section, said second section including means for engaging a letter
      to thereby clamp and retain the letter.
NUM  3.
PAR  3. The system according to claim 2 wherein means are provided for
      resiliently biasing said second section relative to said first section.
NUM  4.
PAR  4. The system according to claim 1 wherein said securing means comprises
      double-sided tape.
NUM  5.
PAR  5. The system according to claim 1 wherein said securing means comprises
      fasteners that extend through said clip means and the support surface.
NUM  6.
PAR  6. The system according to claim 5 wherein said fasteners are rivets.
NUM  7.
PAR  7. The system according to claim 5 wherein said fasteners are screws.
NUM  8.
PAR  8. The system according to claim 1 wherein at least a portion of said two
      clips is positioned between the rear plane of the letter and the front
      opposing plane of the support surface to thereby define a drain channel.
NUM  9.
PAR  9. The sign system according to claim 1 wherein each of the letters
      includes a hole on each edge thereof that is adjacent each said clip
      whereby said tongue of each said clip is arranged to engage the respective
      hole therefor.
NUM  10.
PAR  10. The sign system according to claim 1 wherein there are further included
      a plurality of consecutive numerals from 0 to 9.
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ABST
PAL  An intake guidance valve for connection to an intake opening of a fish pump
      having a frusto-concial shield open at its small end and at its base. A
      conical deflector is mounted on and axially of the shield in a plurality
      of vanes which extend at an end beyond the base of the shield and at their
      other ends towards but short of the apex of the deflector so as to provide
      a plurality of upwardly tapering guidance passages. An annular flange
      projects radially from the base of the deflector so that water and fish
      are drawn radially into the guidance passages.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to apparatus for pumping fish from nets and the like
      into holds of fishing vessels and, in particular to a fish guidance valve
      adapted to be attached to a pump intake.
PAR  2. Prior Art
PAR  For many years transfer of fish from a purse seine or a similar net to the
      hold of a fishing vessel has, traditionally, been accomplished by means of
      a brailer, use of which is very difficult and also results in serious loss
      of fish and damage to net and brailing gear.
PAR  Of recent years pump apparatus has been developed which permits the fish to
      be pumped directly from the net into the hold of the boat. In some types
      of pump apparatus, large pumps have been installed on the deck of the
      fishing vessel from which a suction hose can be extended into the net
      which is drawn along side the boat and the fish then pumped into the
      vessels hold. In other types of pump apparatus the pump itself is
      suspended in the concentration of fish and has a suction opening through
      which fish are drawn and which are then pumped upwards into the hold
      through a discharge hose.
PAR  In both types of pump apparatus the suction opening is normally
      bell-mouthed and is provided with a screen, the openings of which are of a
      size sufficient to allow fish to pass through but prevent passage of the
      net and large objects. The screen openings must be several times larger
      than the fish being pumped so that more than two fish can go through the
      opening at one time to prevent jamming and also to allow small fish to
      pass through cross-wise. The large openings thus allow the passage of
      large predatory fish, such as dog fish, which can pass through either tail
      first or head first. As with most pumps of this nature of the centrifugal
      type, dog fish which pass into the suction opening of the pump tail first
      very often "ball up" in the vanes of the centrifugal pump and can jam the
      pump or the hose.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an intake guidance apparatus for either a
      deck mounted pump or a submersible pump which reduces the tendency of
      large predatory fish, such as dog fish, from entering the pump tail first.
PAR  The intake guidance valve of the present invention has a frusto-conical
      shield open at each end, connectable at its smaller end to the intake of
      the pump apparatus, a substantially conical deflector disposed in and
      co-axially of the shield and spaced from walls of the shield so as to
      provide a tapering annular passage, the deflector extending outwards of
      the open end of the shield, an annular flange extending radially from the
      base of the deflector and spaced outwardly of the base of the shield,
      guidance vanes disposed between the walls of the deflector and the shield
      dividing the annular passage into a plurality of upwardly tapering
      guidance passages, said vanes extending from the annular flange towards,
      but short of the apex of the deflector.
DRWD
PAR  A detailed description following, related to the drawings, gives
      exemplification of apparatus according to the invention which, however, is
      capable of expression in means other than those particularly described and
      illustrated.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of the intake guidance valve secured to the
      conventional fish pump,
PAR  FIG. 2 is a perspective view of the guidance valve with portions thereof
      broken away for purposes of clarity,
PAR  FIG. 3 is a plan view of the valve, a portion of the housing being broken
      away for purposes of clarity.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, and in particular to FIG. 1, a fish guidance
      valve, generally 10, of the invention is shown in association with pump
      apparatus, generally 11. The apparatus 11 which is typical of many such
      pump apparatuses includes a centrifugal pump 12 which is driven by a
      hydraulic motor 13. Operating fluid to the motor is supplied through
      flexible conduits (not shown) which extend from a suitable pump (not
      shown) on the vessel (not shown). The motor and combined pump are provided
      with a bracket 14 to which supporting lines from the vessel are secured
      for suitably positioning the pump over the side of the vessel.
PAR  The pump has a flexible discharge conduit 15 which carries discharge from
      the pump into the hold of a vessel. The pump also has a central suction
      pipe 16, at the lower end 17 of which, the valve 10 is secured.
PAR  Referring to FIGS. 2 and 3, the valve 10 has a frusto-conical shield 18
      from the upper end of which a short cylindrical discharge section 19
      extends, which, as shown in the drawings, is provided with a flange 21 for
      providing a bolted connection to the end of the suction pipe. Other types
      of connectors can obviously be used.
PAR  A conical deflector 22 is supported inside and co-axially of the shielf by
      a plurality of vanes 23, six being shown, which follow the taper of the
      cone and shield and which are secured as by welding along their upper
      edges to the shield and along the lower edges to the deflector. The vanes
      are spaced equidistantly apart and terminate at their upper ends,
      severally 25, short of the apex of the deflector, and divide the annular
      passage between the shield and the deflector into a plurality of upwardly
      tapering guidance passages.
PAR  The vanes also extend outwards of the shield at their lower ends, severally
      76, and carry a circular base plate 27 which is spaced from the lower or
      flared end of the shield to provide openings 28. Diameter of the base
      plate is greater than diameter of the flared or lower end of the shield so
      that it projects as an annular flange, outwards of the base of the
      deflector.
PAR  Dimensional relationship of the various parts of the valve as above
      described is such that the width of openings 28 between the lower edge of
      the shield and the base plate is roughly equal to the distance measured
      perpendicularly between the shield and the deflector. Length of the vanes
      is such that at their upper ends they are spaced apart a distance
      approximately equal to the distance between the cone and shield.
PAR  In use, refer to FIG. 1, the valve is immersed in water within the purse
      seine 29 just below the greatest concentration of fish which normally tend
      to gather near the surface, and is moved back and forth. The fish, such as
      herring, are sucked radially into the valve. As they do so the vanes help
      align the fish with the flow of water so that they can pass head first
      into the suction pipe and thence through the pump and discharge conduit
      into the hold of the vessel.
PAR  FIG. 3 illustrates the action of the valve to obtain directional guidance
      of a large predatory fish, such as a dog fish, 31. Fish of this nature
      have a long torpedo-like body which is very flexible and which offers very
      little resistance to the passage of water in a head to tail direction, but
      offers considerable resistance to passage of water in a tail to head
      direction. Such fish when trapped in a purse seine usually swim in a
      horizontal position and when approached by the suction device attempt to
      swim away from it. Consequently, the fish is sucked sideways to the valve.
      The vanes are spaced apart at their lower edges a distance approximately
      two thirds the length of the largest fish that the valve and pump are
      designed to accommodate, consequently, such a fish will, when sucked
      sideways meet at least one of the vanes and due to its flexible nature
      will bend over the vane with its head and tail extending into adjacent
      passages. As water entering the guidance passages passes over the tail
      portion of the fish in a head to tail direction and over the head portion
      in a tail to head direction, the greater resistance offered by the head
      portion will result in the fish moving into the valve head first. Once it
      obtains this head first attitude it is maintained in that attitude by the
      vanes themselves and also by the effect of the increased drag of the water
      on the head of the fish as velocity of the water increases towards the
      discharge end of the valve. The fish, therefore, passes up the suction
      pipe and into the pump head first, a condition which enables a centrifugal
      pump to handle the fish without its being "balled up" and passes it
      through the discharge conduit, also in a head first condition.
PAR  It is apparent that although the valve is illustrated and described as an
      overall conical shape, a valve similarly constructed having a pyramoidal
      shape would suffice. Consequently, in the claims hereafter appended,
      reference to the valve and its components having a conical aspect shall
      mean and include a valve having a pyramoidal aspect.
CLMS
STM  I claim:
NUM  1.
PAR  1. An intake guidance valve for fish pump apparatus having a centrifugal
      pump comprising:
PA1  a. a substantially frusto-conical shield open at each end connectable at
      its smaller end to the intake of the pump apparatus,
PA1  b. a substantially conical deflector disposed in and co-axially of the
      shield and spaced from walls of the shield so as to provide a tapering
      annular passage, the deflector extending outwards of the open end of the
      shield,
PA1  c. an annular flange extending radially from the base of the deflector and
      spaced from the base of the shield,
PA1  d. guidance vanes disposed between the walls of the deflector and the
      shield dividing the annular passage into a plurality of upwardly tapering
      guidance passages, said vanes extending from the annular flange towards,
      but short of the apex of the deflector.
NUM  2.
PAR  2. A valve as claimed in claim 1 in which the annular flange is a
      peripheral portion of a circular base plate, secured to the base of the
      deflector.
NUM  3.
PAR  3. A valve as claimed in claim 1 in which the length of the vane is such
      that the guidance passages terminate in discharge openings having
      substantially the same breadth and depth.
NUM  4.
PAR  4. A valve as claimed in claim 1 in which the ends of the vanes projecting
      from the shield are spaced apart a distance substantially two thirds the
      length of the largest fish which can pass through the guidance passages.
PATN
WKU  039408680
SRC  5
APN  4206665
APT  1
ART  333
APD  19731130
TTL  Fish lure
ISD  19760302
NCL  13
ECL  1
EXA  Leach; Daniel J.
EXP  Mancene; Louis G.
NDR  2
NFG  9
INVT
NAM  Northcutt; Michael E.
STR  1704 Miramonte Ave.
CTY  Mountain View
STA  CA
ZIP  94040
CLAS
OCL   43 176
XCL  307311
EDF  2
ICL  A01K 8500
FSC   43
FSS  17.6
FSC  200
FSS  61.05
FSC  240
FSS  6.4 F;1 EL
FSC  307
FSS  311
UREF
PNO  757077
ISD  19040400
NAM  Whipple
OCL   43 17.6
UREF
PNO  1079891
ISD  19131100
NAM  Simms
OCL   43 17.6
UREF
PNO  1648197
ISD  19271100
NAM  Roodhouse
OCL  200 61.05
UREF
PNO  2711044
ISD  19550600
NAM  Woods
OCL   43 17.6
UREF
PNO  3040462
ISD  19620600
NAM  Guida
OCL   43 17.6
UREF
PNO  3721815
ISD  19730300
NAM  Wall
OCL  240  1EL
UREF
PNO  3795821
ISD  19740300
NAM  Ichiyanagi
XCL  307311
OREF
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PAL  "Solid State Optoelectronics," General Electric Specification Bulletin of
      Jan., 1972.
ABST
PAL  A Light Emitting Diode (L.E.D.) that gives off a monochromatic red light of
      a frequency that is attractive to fish is attached to a conventional fish
      hook or lure, along with its power supply battery. A water activated
      switch can be installed to complete the electrical circuit when the lure
      is immersed in the water. The electrical leads can also function as the
      leader to the hook. The L.E.D., battery and circuit components can also be
      installed inside a fish lure body, and can be used in conjunction with
      other fish lures such as reflecting panels and tied flies.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  To be effective, a fish lure must draw the attention of the fish. The
      response of the fish to such stimulation is instinctive, causing the fish
      to strike at the lure and the accompanying hook. Effective stimulation can
      take the form of movement, light, or sound, the former two being the most
      prevalent. An example of movement stimulation is found in a wiggling live
      worm, or a metal panel of a lure oscillating as the lure is pulled through
      the water. The most common light stimulation is the reflection of sunlight
      through the water upon a shiny lure. The prior art is replete with a great
      number of fishing lures, incorporating both movement and light stimuli
      alone or in combination. They range from simple to complex, unpowered and
      powered.
PAR  Many attempts have been made to develop effective lighted lures. These have
      utilized, for the most part, incandescent bulbs as light emitters.
      However, they gave rise to a number of problems. First of all,
      incandescent lamps require high current, and it is difficult to supply
      high current to a lure submerged in water. High current necessitates a
      powerful power supply, and relatively heavy associated components. The
      relatively large size of the components renders the lure unattractive to
      the fish. Furthermore, incandescent lamps are easily broken and cannot
      take the shock and abuse to which fishing tackle is usually subjected. The
      components of an incandescent lamp system are not easily adapted to fit
      conventional fishing equipment, and the system thus becomes expensive. If
      intermittent light is desired, the system must be even more complex and
      costly.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a new and improved fish lure
      that is extremely effective.
PAR  A further object of this invention is to provide a fish lure that is easily
      manufactured of low cost materials.
PAR  Another object of this invention is to provide a light emitting fish lure
      that is simple in design and rugged in construction.
PAR  Another object of this invention is to provide a light emitting fish lure
      that can be utilized with conventional fishing tackle.
PAR  Another object of this invention is to provide an electrical powered light
      emitting fish lure having low power requirements.
PAR  Still another object of this invention is to provide a fish lure that gives
      the appearance of emitting intermittent light.
PAR  This invention is directed to a fish lure that overcomes the problems
      present in the prior art. Basically, it comprises a Light Emitting Diode
      (L.E.D.) with a power supply means. The L.E.D. is fastened to the fish
      hook at a point where a fish striking it will hit the hook. The battery
      can be located adjacent to the L.E.D., or at a point spaced therefrom. For
      example, the power supply can be attached to the fishing line a few feet
      from the L.E.D., or can be in the handle of the fishing rod. Or, both the
      L.E.D. and the power supply can be located with the body of a fish lure.
      Fibrous light elements can be utilized with the L.E.D., to increase the
      attractiveness of the lure to the fish. The power to the L.E.D. can be
      manually controlled, or a water-activated switch can be used.
PAR  The invention has a great number of advantages over the prior art lighted
      lures. An L.E.D. emits a monochromatic red light of a wave length that has
      been discovered to be particularly attractive to fish. Such light is
      unidirectional in nature, and thus even slight changes in the orientation
      of the lure relative to the fish make the light appear intermittent,
      making it even more interesting to the fish. Electrically, an L.E.D. is
      extremely efficient, and requires only a slight amount of power to
      operate. An L.E.D. will last much longer than an incandescent lamp under
      similar power situations. L.E.D.'s are commonly available at very
      reasonable cost. They are very sturdy and resist breakage, so that the
      effects of casting, depths, and encounter with the fish would not be prone
      to render them inoperable. The L.E.D itself is very small, so that it can
      be adapted for use with conventional hooks and lures, and the electricals
      required are simple and of small size.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the invention utilized with a conventional fish hook and line;
PAR  FIG. 2 shows the invention with the electrical leads functioning as the
      fish hook leader line and equipped with a water-actuated power switch;
PAR  FIG. 3 shows an alternative method of closing the electrical power circuit
      in the inventive fish lure of FIG. 2;
PAR  FIG. 4 is a schematic diagram of the electrical circuitry of the invention;
PAR  FIG. 5 shows the invention installed within the body of a fish lure;
PAR  FIG. 6 shows the invention utilized in conjunction with fibrous light
      conductors;
PAR  FIG. 7 shows the invention used in combination with a conventional fish
      lure;
PAR  FIG. 8 shows the invention in an alternative construction within a lure
      body; and
PAR  FIG. 9 is an enlarged sectional view of one type of electrically conductive
      fish line that can be used with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  A conventional fishing line 10 and fish hook 12 are shown in FIG. 1, the
      line 10 being attached to hook 12 at a hook eye 14. A Light Emitting Diode
      (L.E.D.) 16 is mounted on the shank 18 of hook 12. The L.E.D. 16 comprises
      a body 20 and a light emitting portion 22. A spring clip 24 is mounted on
      body 20 and is then attached to shank 18. Advantageously, spring clip 24
      is of the snap type, that can easily be fitted on, and removed from, hook
      12. It should be noted, however, that body 20 can be attached to hook 12
      by other means, such as line or tape. A pair of electrical lead wires 28
      and 30 extend outwardly from body 20 to a power supply casing 32 attached
      to line 10 by spring clips 34 at a point spaced from hook 12. Power casing
      32 contains a battery 36 and the wiring necessary to present the potential
      of the battery of the L.E.D. lead wires. Lead wires 28 and 30 terminate in
      plug means 38, which plugs into unit 32 to connect leads 28 and 30 with
      battery 36. While this is a purely manual manner of activating the L.E.D.,
      other switch means can be used, as described below. Plug 38 closes casing
      32 in a waterproof seal.
PAR  L.E.D. 16 does not interfere with the use of a conventional tied fly lure
      42, which can be installed on hook 12 in the usual manner, to be used in
      conjunction with L.E.D. 12 to attract fish. Reflective panels or
      phosphorescent panels can also be used, as can fibrous light conductors,
      as shown below.
PAR  An alternative embodiment of the invention is shown in FIG. 2. As with the
      first embodiment, a conventional fish hook 12 is used, which has
      attachment ring 14 and a shank 18. A light emitting diode 16 having a body
      portion 20 and a light emitting portion 22 is attached to shank 18 by
      means of spring clip 24. A pair of electrical leads 46 and 48 extend from
      body portion 20 to a power supply unit 50. Electrical leads 46 and 48 are
      secured to hook 12, such as by tying, and also form the leader from the
      hook to the main fishing line 10. Power supply unit 50 has an eye 52
      attached thereto, to which fishing line 10 is tied. In this embodiment,
      power to the L.E.D. is controlled by a water-sensitive switch. A pair of
      switch probes 54 and 56 extend outwardly of unit 50. Probes 54 and 56 are
      so spaced from one another as to close the electrical circuit when
      immersed in water by virtue of the conductivity of the water. A circuit
      for accomplishing this is shown in FIG. 4. Electrical leads 46 and 48 are
      secured to unit 50 so strongly as to allow them also to function as a
      leader. This can be by means of clamps (not shown) within unit 50, or an
      eye (not shown) similar to eye 52. In such an arrangement, of course,
      leads 46 and 48 must be fashioned from material of sufficient tensile
      strength as to be capable of performing as a leader.
PAR  FIG. 3 shows an alternative means for closing the L.E.D. electrical
      circuit. Power supply casing 64 has a pair of leads 68 and 70 extending
      from one end to the L.E.D. (not shown). A pair of switch probes 60 and 62
      extend outwardly from the other end of casing 64 connected internally to
      the electrical circuit. Probes 60 and 62 are in the form of eyes or loops,
      having central openings. To close the electrical circuit, a conductive
      snap attachment clip 66, such as is commonly used to attach leaders to
      lures, is passed through the opening in eyes 60 and 62. Fishing line 10 is
      attached to clip 66. In this case, the L.E.D. is activated as soon as clip
      66 is installed, rather than being activated by the conductive properties
      of the water.
PAR  A preferred electrical circuit is shown in FIG. 4. A battery 74 supplies
      the power. Battery 74 can be of the disposable type, or of the
      rechargeable type. In series with battery 74 is the light emitting diode
      76, and a resistor 78. The final component in this simple circuit is the
      switch 80, which can be one of several types, some of which are described
      above.
PAR  In FIG. 5, the invention is shown in the form of a fish lure 82 having a
      body comprising a head portion 84 and a tail portion 86. Head portion 84
      is of transparent or translucent material, and is provided with an
      internally threaded cylindrical recess 90. Tail portion 86 has an
      externally threaded cylindrical neck 92, which mates with the threaded
      recess so that the two portions can be screwed together. A swivel-type
      connector 94 is installed on head portion 84, to which a fish line 96 is
      attached. An L.E.D. 100 is embedded within head portion 84, along with a
      resistor 102 and the necessary wiring, which terminates in electrical
      contacts 104 and 106, exposed to recess 90. Tail portion 86 has a
      connector 110 to which a barbed fish hook 112 is attached. A battery
      recess 114 is provided, in which a battery 116 is positioned. A spring
      conductor 118 is installed in recess 114 to contact the rear of battery
      116. When the portions 84 and 86 are tightly screwed together, the head of
      battery 116 touches contact 106, and spring conductor 118 touches contact
      104 and the rear of battery 116, to complete the electrical circuit and
      cause L.E.D. 100 to be energized.
PAR  As an alternative to the structure of FIG. 5, in FIG. 6 the head portion
      122 need not be transparent, but is provided with a number of fibrous
      light conductors 124 and 126 in communication with a light box 128 into
      which the L.E.D. 130 emits its light. Fibrous light conductors 124 and 126
      terminate at the outer surfaces of head portion 122, at which points they
      will appear lighted. The fibrous conductors can also be used in a
      transparent head portion.
PAR  FIG. 7 shows another preferred manner of using the inventive teachings set
      forth herein. An L.E.D. lure unit 134 like that shown in FIG. 5 is
      equipped at each end with a barrel swivel 136, to one of which is attached
      the fish line 138, and to the other of which is attached a conventional
      leader 140. A conventional lure 142 is attached to leader 140.
      Alternatively, lure 142 could be another L.E.D. equipped lure. The ability
      of the two lures to swivel independently adds to the attractiveness to the
      fish. This arrangement minimizes the chances of losing the L.E.D. by
      snagging, etc., and also adds casting weight.
PAR  The arrangement shown in FIG. 8 utilizes an L.E.D. power supply located on
      the fishing rod, in the handle, for example, not shown. A multifilament
      fishing line 146 containing electrical power conductors is utilized. Line
      146 comprises (FIG. 9) a pair of conductive leads 148 and 150 embedded in
      an insulated covering 152. The strength and felxibility of line 146 are
      commensurate with that of conventional fishing line. A weighted
      electrically conductive barrel swivel 156 is attached to line 146. A
      leader line 158 of construction like that of line 146, but possibly of
      lesser strength, connects swivel 156 to the L.E.D. lure 160. In this case,
      lure 160 is similar to that shown in FIG. 5, except that it contains no
      battery, power being received from a remote source via lines 146 and 158.
      The lure therefore need only have the L.E.D. 162 itself, plus the
      connecting wires 164 and 165.
PAR  The embodiments above show only a few of the many embodiments and
      variations thereof that are possible within the scope of this invention.
      For example, looking to FIG. 5, head portion 84 can be colored with one or
      several hues. Reflective panels or foils can be positioned in the path of
      the L.E.D. light, to add interest thereto. The L.E.D. shown in FIG. 1 can
      be provided with a tiny air chamber, or encased in buoyant material, so
      that the fly will float on the surface of the water. In addition,
      electrical circuit interruptors of known types can be incorporated into
      the L.E.D. circuit to cause the L.E.D. to operate intermittently.
PAR  It is quite possible that even more alternatives and modifications will
      become apparent to those skilled in the art, once having been exposed to
      the inventive concept. However, the invention is defined only by the scope
      of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fish lure comprising:
PA1  a light emitting diode having a body portion and a light emitting portion,
PA1  means for attaching one of said portions to fish hook means, and,
PA1  power supply means for energizing said light emitting diode.
NUM  2.
PAR  2. The fish lure of claim 1 wherein said power supply means is spaced from
      said light emitting diode and is connected to said light emitting diode by
      electrically conductive strand means.
NUM  3.
PAR  3. The fish lure of claim 2 wherein said power supply means is attachable
      to a fishing line.
NUM  4.
PAR  4. The fish lure of claim 3 wherein said electrically conductive strand
      means are of high tensile strength material to also function as at least a
      portion of the fishing line.
NUM  5.
PAR  5. The fish lure of claim 4 wherein said electrically conductive strand
      means comprises a fish hook leader.
NUM  6.
PAR  6. The fish lure of claim 1 further comprising switch means for selectively
      energizing said light emitting diode.
NUM  7.
PAR  7. The fish lure of claim 6 wherein said switch means is electrically
      closed when said switch means is submerged in water.
NUM  8.
PAR  8. The fish lure of claim 1 wherein said fish hook means comprises a lure
      body attachable to a fishing line and a fish hook attached to said lure
      body, and wherein said power supply means is installed inside said lure
      body.
NUM  9.
PAR  9. The fish lure of claim 8 wherein said lure body comprises first and
      second portions and means for attaching said portions together, and
      wherein said light emitting diode is contained in one of said portions and
      said power supply means is contained in the other of said portions, and
      further comprising electrical circuitry in said portions so arranged as to
      place said power supply means in electrical communication with said light
      emitting diode when said portions are attached together.
NUM  10.
PAR  10. The fish lure of claim 1 further comprising a fibrous light element
      having one end adjacent to said light emitting diode.
NUM  11.
PAR  11. The fish lure of claim 1 wherein said light emitting diode and said
      power supply means are spaced from one another, and further comprising
      electrically conductive fishing line connected between said light emitting
      diode and said power supply means.
NUM  12.
PAR  12. The fish lure of claim 1, wherein said light emitting diode emits a
      unidirectional monochromatic red light.
NUM  13.
PAR  13. A fish lure comprising:
PA1  a lure body,
PA1  a light emitting diode for emitting a unidirectional monochromatic red
      light disposed in said lure body in such a manner as to allow said
      monochromatic light to radiate outwardly of said lure body, and
PA1  power supply means for energizing said light emitting diode.
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ABST
PAL  An artificial lure and process for forming same is disclosed herein. The
      lure results from the steps of cutting a strip from a sheet of compressed
      cellular material or sponge of the type which expands to at least twice
      its thickness when added to water. A fishing hook is inserted into the
      compressed dehydrated material and the combination is immersed in water
      which causes the compressed dehydrated material to expand to form an
      artificial fishing lure. The sponge may be cut into a simple elongated
      rectangle or may contain one or more curves to enhance the movement of the
      lure in water. A fish attracting substance may be added to the water prior
      to the expansion step. The use of compressed cellulosic sponge of the type
      which expands to approximately eight times its original thickness after
      immersion in water is also disclosed herein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the invention is artificial fishing lures and the invention
      more particularly relates to fishing lures which resemble a worm, minnow,
      squid or other natural bait, many of which have a relatively high water
      content in the natural state. The use of polyvinyl chloride plastisol to
      form artificial worms is well known and these artificial worms have been
      widely used in sport fishing. Various means have been used to embed one or
      more hooks in such artificial worms, and fish attracting substances have
      also been added to some plastic worms as well as to other types of
      artificial lures in order to improve their fish attracting
      characteristics.
PAR  There are perhaps few fields which have generated the imagination and
      variety of articles as that of artificial lures for fishing. Many of such
      attempts have resulted in lures of relatively high cost and of relatively
      low effectiveness. External hooks on some artificial lures create the
      problem of snagging on underwater objects such as logs or rocks and yet
      most attempts to eliminate this problem substantially decrease the ability
      of the lure to carry out its prime function of securing a fish.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is for a process for forming an artificial fishing
      lure comprising the steps of cutting a shaped strip from a sheet of
      compressed dehydrated sponge of the type which expands to at least twice
      its original thickness when immersed in water. A fishing hook is inserted
      into the strip, and the strip and hook are inserted in water whereby the
      compressed sponge expands about at least a portion of the hook if not
      completely covering the hook. The material may be cut into a simple
      elongated rectangle or may be cut to various bait imitation shapes with
      one or more curves, which tend to enhance the movement of the lure through
      the water and better simulate the natural food of fish found in both fresh
      and salt water. By adding a fish attracting substance to the water prior
      to the immersion step, the lure may be permeated with a fish attracting
      substance which is retained in the pores of the sponge for long periods of
      time. The use of compressed and dehydrated cellulosic sponge of the type
      which expands four to eight times its origianl thickness is particularly
      effective. After expansion the resulting sponge is largely composed of
      water and forms a soft surrounding for at least a portion of the fish hook
      and yet readily gives way when the lure is inhaled or otherwise attacked
      or swallowed by a fish. Such lures may be formed from a plurality of
      strips and the hook may be inserted through the sponge in a plurality of
      places, depending upon the artificial bait being simulated whether this be
      of a worm, crawfish or minnow, etc.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a compressed dehydrated sponge.
PAR  FIG. 2 is a perspective view of strips cut from the compressed dehydrated
      sponge of FIG. 1.
PAR  FIG. 3 is an enlarged side elevation of one of the strips of FIG. 2.
PAR  FIG. 4 is a side elevation of the strip of FIG. 3 after immersion in a
      water containing fluid.
PAR  FIG. 5 is a perspective view of one of the articles of FIG. 2 after
      immersion in a water containing liquid.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 1, a sheet of compressed dehydrated sponge generally
      indicated by reference character 10 is marked with a plurality of lines
      along which the sponge will be cut to form the artificial lures shown in
      FIG. 2. A sponge may be formed from any compressed and dehydrated water
      absorbing material which has the capabilities of expanding to at least
      twice its original thickness when immersed in water. An especially
      effective material is compressed dehydrated cellulose sponge and sponges
      of this type are capable of expanding up to eight times their original
      thickness upon immersion in water. Such sponges are commercially available
      and are used for advertising novelties and other uses where their
      remarkable ability to expand in water is useful.
PAR  An elongated rectangle 11 is formed by cutting sheet 10 along line 12. In
      order to form a fish lure a hook 13 is inserted through rectangle 11 and
      the sponge and hook are immersed in water. The use of a highly water
      absorbent sponge further permits the imbibing and holding of a fish
      attracting substance by immersing the compressed sponge in water which
      contains such a substance. In this way the substance is completely
      absorbed and is held with a remarkable degree of permanence within the
      expanded lure. This immersion step does not require squeezing of the
      sponge with its inherent danger of injury from the fish hook. The use of a
      fish attracting substance is not essential, however, for the practice of
      the present invention. The sheet may also be cut in the shape of a minnow
      or other natural shape.
PAR  The expanded lure has a very high water content, together with high
      flexibility and as a result tends to move in a highly natural manner
      through the water. Furthermore, when a cellulosic sponge is used the pores
      help to hold the lure in a fish's mouth for an instant longer than
      commonly used lures and this greatly enhances the ability of the lure to
      securely hook the fish.
PAR  The compressed and dehydrated sheet may be readily printed or marked in a
      manner to resemble natural bait or to mark the lure with advertising or
      other indicia.
PAR  By cutting sheet 10 along the multi-curved lines 15 and 16 a curved lure
      results and the movement and flexibility of the lure in the water is
      enhanced. By cutting sheet 10 along a plurality of lines indicated by
      reference character 17, an artificial squid may be formed. Such a lure is
      shown in FIG. 2 and indicated by reference character 18. A wire or other
      tie 19 may be made around the uncut end of lure 18 either before or after
      insertion of hook 20. Lure 18 is shown after immersion in water in FIG. 5
      and, as is there plainly shown, hook 20 is largely surrounded by the
      expanded lure 18.
PAR  Lure 11 is shown in enlarged side elevation in FIG. 3 where a hook 25 is
      inserted through rectangle 11 in two places indicated by reference
      characters 26 and 27. The lure of FIG. 3 is shown after immersion in water
      in FIG. 4 and the result is a lure which tends to be weedless since the
      barb 28 is largely surrounded by the expanded sponge.
PAR  The lure of the present invention may be flavored with such fish attracting
      substances as anise oil, fish oil, anchovy flavor or the like. While the
      lures of the present invention tend to have a natural movement caused by
      their flexibility, this movement may be enhanced by wrapping such lures
      with one or more strips of a reflective substance, such as metal foil or
      metallic coated Mylar. Such an addition is shown in FIG. 5 and indicated
      by reference character 30 representing a plurality of strips of metallic
      coated Mylar.
PAR  It has been postulated that fish are motivated to strike a lure for five
      basic reasons. The fish may be hungry, curious, playful or protective, and
      may also take the lure in a reflex action. It is believed that the lures
      of the present invention are effective because they may be formed into
      shapes which resemble the natural food of fish in both fresh water and
      salt water or when combined with flashing metallic strips give rise to the
      fish's curiosity or protective instincts. The lure has been found
      effective in both fresh and salt water fishing.
PAR  The compressed dehydrated sponges may be made in essentially any color and
      also can be printed or marked with dots, stripes, advertising indicia or
      the like. Such lures may also be used in either fresh or salt water and
      may be made in a wide variety of sizes. Compressed and dehydrated sponges
      are commercially available in thicknesses including 5/16, 1/2, 3/4, 5/8, 1
      and 2 after expansion. Compressed and dehydrated cellulose is an
      inexpensive material and thus permits a low cost fishing lure. Since the
      compressed cellulose is relatively thin prior to expansion the lure before
      expansion may be very compact and easily packaged. Further, by placing the
      fish hook into the sponge prior to expansion, the hook tends to be
      disguised after expansion.
PAR  The present embodiments of this invention are to be considered in all
      respects as illustrative and not restrictive, the scope of the invention
      being indicated by the appended claims rather than by the foregoing
      description. All changes which come within the meaning and range of
      equivalency of the claims therefore are intended to be embraced therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for forming an artificial fishing lure comprising:
PA1  cutting a piece from a sheet of compressed dehydrated sponge of the type
      which expands to at least twice it original thickness when water is added
      thereto;
PA1  inserting at least one fishing hook into said piece; and
PA1  immersing said piece and hook into water whereby said compressed sponge
      expands.
NUM  2.
PAR  2. The process of claim 1 wherein said piece is an elongated rectangle.
NUM  3.
PAR  3. The process of claim 1 wherein said piece is an elongated length having
      at least one arcuate curve therein.
NUM  4.
PAR  4. The process of claim 1 further including the step of adding a fish
      attracting substance to said water prior to said immersing step.
NUM  5.
PAR  5. The process of claim 1 wherein said compressed sponge is a cellulosic
      sponge.
NUM  6.
PAR  6. The process of claim 1 wherein said sponge expands in thickness at least
      four times its original thickness after immersion in water.
NUM  7.
PAR  7. The process of claim 1 wherein said sponge expands in thickness about 8
      times its original thickness after immersion in water.
NUM  8.
PAR  8. The process of claim 1 further including the step of affixing a
      plurality of said pieces of said fish hook.
NUM  9.
PAR  9. The process of claim 1 further including the step of affixing at least
      one reflective member to said strip or shape.
NUM  10.
PAR  10. The process of claim 9 wherein a plurality of said members are affixed
      to said strip.
NUM  11.
PAR  11. The process for forming an artificial fishing lure having fish hooks
      means affixed thereto, said process comprising:
PA1  cutting at least one article from a sheet of compressed sponge;
PA1  inserting at least one fish hook through said article at a plurality of
      places;
PA1  immersing said article in a water containing liquid.
NUM  12.
PAR  12. The process of claim 11 wherein said water containing liquid has a fish
      attracting substance therein.
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ABST
PAL  A bait holding device has an elongated rod divided by a hand plate and has
      a handle and line attaching loop member on one end and a plurality of
      projecting barbs and a line attaching loop member on the other end. A
      container encapsulates the bait holding device and is divided into a
      sheath at one end and a top container at the other end.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to angling apparatus and 10 pertains in particular
      to a device for holding crab bait.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  in one crabbing technique, bait such as a fish head, fish body or tail is
      tied or attached to a weighted 15 line and dropped into the water. When a
      crab takes the bait, the line is gently withdrawn until the crab is
      brought near the surface of the water. When the crab is within range, it
      is scooped out with a hand 20 net.
PAR  Heretofore, the bait has been attached to the drop line by way of a wire,
      hook or the like. In use, however the bait tends to break away from the
      holding wire or hook. Moreover, it is an unpleasant and messy task to
      insert the wire or hook through the bait.
PAR  Accordingly, one object of this invention is to simplify the attachment to
      and improve the retention of bait on the holding device.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the preferred embodiment of this invention, a bait
      holding device comprises a sharpened, rigid rod having a handle on one end
      and bait gripping means on the sharpened end.
PAR  In accordance with one feature of this invention, the bait gripping means
      includes projecting barbs which facilitate bait retention.
PAR  In accordance with another feature of this invention, the handle end of the
      bait holding device includes a pressure plate or hand guard for
      facilitating insertion of the bait holder through the bait.
PAR  In accordance with another feature of this invention, the bait holding
      device is encapsulated by a container having a sheath at one end and a top
      container at the other end.
PAR  In accordance with another feature of this invention, the top container is
      adapted to accommodate accessories typically used when crabbing.
DRWD
PAR  These and other objects and features of this invention will be more readily
      understood by reference to the following detailed description and drawing.
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  FIG. 1 is a front elevation view of a bait holding device made in
      accordance with this invention and having parts broken away to show
      interior portions.
PAR  FIG. 2 is a perspective view of a bait rod made in accordance with this
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, a bait holding device 10 is disclosed which comprises
      an elongated bait rod 11 and an encapsulating housing 12. The bait rod 11
      is made of a rigid material such as plastic and may have a number of
      different cross-sections. Moreover, it may have different cross-sections
      in different portions of its length.
PAR  In the embodiment illustrated, the bait rod 11 is divided into two portions
      by a hand guard or plate 13. One of the two portions functions as a grip
      14 which, as best seen in FIG. 2, may advantageously be circular in
      cross-section. The other portion serves as a bait retainer and, in the
      embodiment shown, is a shaft having a triangular cross-section.
PAR  The grip 14 may be surfaced with a suitable gripping material such as
      rubber or the like, and terminates in an eyebolt 15 adapted to accept a
      tie-on drop line. The grip 14 is firmly attached to the plate 13, and for
      reasons which will become apparent later, the plate 13 is advantageously
      circular in configuration.
PAR  The second portion of the bait rod 11 tapers to a point and includes a
      plurality of barbs 16. In the embodiment illustrated, the barbs 16 are
      directed outwardly from the bait rod 11 and are inclined at an angle such
      that they project toward the plate 13. With this configuation, insertion
      of the bait rod 11 into a bait will be facilitated and retention of the
      bait will be increased by virtue of the backwardly directed barbs 16. The
      second portion of the bait rod 11 terminates in a point and includes an
      aperture 17 suitable for accepting a weight or line. When the second
      portion is inserted into a bait, the hand guard 13 will help concentrate
      the inserting force and thereby facilitate and simplify the baiting
      operation.
PAR  The housing 12 is a container comprising a top section 18 and a sheath
      section 19. The sheath section 19 is advantageously circular at the point
      where it engages the top section 18 and may advantageously include an
      elasticized material in its periphery. It may be made of any tough,
      flexible material such as plastic, leather, or the like as its function is
      to enclose the barbs 16. Advantageously, the sheath section 18 includes a
      notch for permitting access for a drop line 14 as desired.
PAR  The top section 18 is advantageously cylindrical in cross-section and
      includes an upper lip 20 at one end and a lower lip 21 at the other end.
      The upper lip 20 is adapted to accommodate a cover cap 22. The lower lip
      21 is adapted to cooperate with the open end of the sheath section 19;
      i.e., its elasticized lip, so as to form an encapsulating housing.
      Moreover, it is circular so as to frictionally hold the plate 13.
      Advantageously, the top section 18 may include an intermediate plate or
      disk 23 adapted to divide the top section 18 into upper and lower
      compartments. The lower compartment accommodates the grip 14, while the
      upper compartment will accommodate accessory items such as the drop line,
      weights, etc. Furthermore, the top section 18 may be equipped with a
      handle 24. When so equipped, and the intermediate disk 23 is permanently
      attached, it will readily serve as a drinking container for beverages,
      such as water, coffee or the like.
PAR  The top section 18 and sheath section 19 can also be used without the bait
      rod 11; i.e., for a fishing accessory. In that application, the sheath
      section 19 can be used as a bait holder while the top section 18 can serve
      as a tackle storage container, cup or the like.
PAR  In summary, a bait holding device has been disclosed which cooperates with
      a container to improve bait retention and facilitate attachment of the
      bait to drop line. Moreover, the resulting device simultaneously protects
      the user while offering handy accessory uses. It will be readily
      understood, however, that the embodiment of the invention shown is
      illustrative of the principles of the invention and many other embodiments
      falling within the scope of the invention will readily occur to those
      skilled in the art.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In apparatus for holding a bait, the combination comprising:
PA1  elongated rod means made of a substantially rigid material;
PA1  guard means for concentrating bait engaging force, said guard means
      dividing said rod into first and second portions and having a perimeter
      projecting outwardly from said rod to define the outer limit of a space
      surrounding said portions;
PA1  grip means included in said first portion and abutting said guard means;
PA1  apertures for accepting tie-on lines, one aperture being located at each
      end of said rod means, and
PA1  a plurality of bait engaging barbs projecting outwardly from said second
      portion wherein each barb projects outwardly a distance less than the
      distance between said second portion and said outer limit whereby said
      guard means can accomodate and hold in place a barb covering sheath
      surrounding said second portion.
NUM  2.
PAR  2. The combination in accordance with claim 1 wherein said barbs are angled
      towards said guard means.
NUM  3.
PAR  3. The combination in accordance with claim 2 wherein said barbs are
      disposed symmetrically on said rod means.
NUM  4.
PAR  4. The combination in accordance with claim 3 wherein said rod means
      includes a multi-sided shaft.
NUM  5.
PAR  5. The combination in accordance with claim 4 wherein a portion of the
      cross-section of said shaft is triangular in configuation.
NUM  6.
PAR  6. The combination in accordance with claim 1 further including an
      encapsulating housing wherein said housing is divided into a top container
      and a sheath section, said sheath section and said top container being
      adapted to removably join each other and said sheath section being adapted
      to protectively accommodate said second portion.
NUM  7.
PAR  7. The combination in accordance with claim 6 wherein said top container is
      cylindrical in shape and includes a first lip at one end and a second lip
      at the other end, said first lip being adapted to accept a cover cap and
      said second lip being adapted to engage said sheath section and said guard
      means.
NUM  8.
PAR  8. The combination in accordance with claim 7 wherein said top container
      includes a handle disposed between said first and second lips.
NUM  9.
PAR  9. The combination in accordance with claim 8 wherein said top container
      includes disk means dividing said top container into first and second
      compartments, said first compartment being adapted to accommodate said
      grip means and said second compartment being adapted to accommodate
      suitable user accessories.
NUM  10.
PAR  10. In apparatus for holding a bait, the combination comprising:
PA1  elongated rod means made of a substantially rigid material;
PA1  guard means for concentrating bait engaging force, said guard means
      dividing said rod into first and second portions;
PA1  grip means included in said first portion and abutting said guard means;
PA1  apertures for accepting tie-on lines, one aperture 10 being located at each
      end of said rod means;
PA1  a plurality of bait engaging barbs projecting from said second portion, and
PA1  an encapsulating housing wherein said housing is divided into a sheath
      section and a cylindrical top container, said sheath section being adapted
      to protectively accomodate said second portion and said top section having
      an exterior handle, a lip at one end adapted to accept a cover cap, a lip
      at the other end adapted to removably engage said sheath section and said
      guard means, and disk means for dividing the interior thereof into first
      and second compartments suitable for accomodating said grip means and
      selected user accessories, respectively.
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ABST
PAL  An integral molded metal sinker has a streamlined body with a pair of wings
      and a keel fin projecting therefrom. The body has a bulbous,
      semi-spherical front end which tapers back smoothly to a relatively small
      rear end. A wire is embedded in the body and extends from the rear end to
      the front end thereof. Swivels are connected to opposite ends of the wire
      for attaching the sinker to a fishing line and to a leader. The rear
      swivel is near the central axis of the body, but the front swivel is
      substantially above the central axis of the body, thereby placing the
      center of gravity of the body substantially below the front swivel and
      tending to prevent rotation of the body. The leading edge portions of the
      wings are angled downwardly with respect to the rear portions to make the
      sinker tend to dive when it is drawn through the water. The downturned
      wing portions are substantially rectangular in shape to maximize their
      area for a given wing span and width.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Sinkers having wings and fins projecting from the body thereof are known in
      the prior art, as disclosed, for example, in U.S. Pat. Nos. 1,701,444;
      1,320,804; 2,605,557; 2,566,029; D-174,492; 3,570,167; 3,032,912;
      3,643,370; 2,883,787 and 2,789,386. However, these prior art sinkers do
      not achieve the advantages of my sinker and the structures thereof differ
      in important respects.
PAC  SUMMARY OF THE INVENTION
PAR  Trolling sinkers embodying the present invention are characterized by their
      relatively light weight, but deep diving and deep running capabilities
      notwithstanding their light weight. The sinker may be used in both fresh
      and salt water fishing. While designed primarily for trolling, it may also
      be used in still fishing. When used as a trolling sinker, various types of
      lures may be towed behind this sinker without affecting its performance.
      The sinker is tangle-free and will not overturn or twist the line in the
      water. The fisherman and his rod experience little pull. When a fish
      strikes, the sinker does not interfere with the fight or action of the
      fish.
PAR  The aerodynamic design of the sinker causes it to dive to the proper depth
      which it will maintain during trolling. The hydraulic forces on the sinker
      body and wing surfaces are balanced at such depth to impose minimum pull
      on the line. The over-all size and/or weight of the sinker can be
      increased or decreased, without change in its shape, depending on the
      desired trolling depth.
PAR  In structure, the wings and fin are desirably integrally joined to the body
      by being integrally molded therewith in a common mold. This reduces the
      cost of the sinker and increases the strength of the joint between the
      wings and fin and the body. Various metals can be used, depending on the
      desired weight. Aluminum and lead are examples of light and heavy metals
      which can be used. The body, wings and fin are streamlined to reduce drag.
      The leading edge portions of the wings are angled downwardly with respect
      to the rear portions to make the sinker tend to dive when it is drawn
      through the water. The downturned wing portions are substantially
      rectangular in shape to maximize their area for any given wing span and
      width. The wings are continuous through their intermediate bent positions.
PAR  Other objects, features and advantages of the invention will appear from
      this disclosure.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of one embodiment of the invention being drawn
      through the water.
PAR  FIG. 2 is a top view of the embodiment shown in FIG. 1.
PAR  FIG. 3 is a rear end view of the embodiment of FIG. 1.
PAR  FIG. 4 is a front perspective view of the embodiment shown in FIG. 1.
PAR  FIG. 5 is a side view of the embodiment shown in FIG. 1, in use.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Although the disclosure hereof is detailed and exact to enable those
      skilled in the art to practice the invention, the physical embodiments
      herein disclosed merely exemplify the invention which may be embodied in
      other specific structure. The scope of the invention is defined in the
      claims appended hereto.
PAR  The illustrated embodiment is an integrally molded metal sinker having a
      rearwardly tapered cone-shaped body 10 with two wings 12 projecting
      laterally therefrom and a rearwardly disposed keel fin 14 projecting
      downwardly therefrom. Wings 12 extend in a fore and aft direction for
      almost the entire length of body 10. Keel fin 14 extends in a fore and aft
      direction for only about one-half the length of the body 10. The sinker is
      desirably cast of any suitable metal, such as lead, babbit, aluminum, or
      the like, and may be made in a variety of sizes and weights. In weights
      from one-half ounce up, the sinker is preferably made of a heavy metal
      such as lead, but in weights from one-half ounce down, the sinker is
      preferably made of light metal such as aluminum. The integrally cast
      structure of this invention is an important feature because it reduces the
      cost of the sinker with respect to prior art sinkers and increases the
      strength of the joints between the body, wings and fin.
PAR  The cone-shaped body 10 has a bulbous, semi-spherical front end 16 and
      tapers smoothly from front end 16 to a relatively small rear end 18. The
      central axis 20 of body 10 passes through the center of the front end 16
      and the center of rear end 18. Wire 22 is offset upwardly from axis 20 and
      passes from front end 16 and rear end 18. Wire 22 is embedded in body 10
      projects from front end 16 and rear end 18. A front swivel 24 having an
      eye 26 is attached to the front end of wire 22 and a rear swivel 28 having
      an eye 30 is attached to the rear end of wire 22. Rear swivel 28 is
      located near the central axis 20, but front swivel 24 is located
      substantially above the central axis 20. This places the center of gravity
      of the sinker substantially below front swivel 24 and helps to prevent the
      sinker from rotating about the wire 22 when it is drawn through the water.
      The fact that wing portions 12 are symmetrical on both sides of body 10,
      and that the keel fin 14 projects from the body also helps in preventing
      the sinker from rotating about wire 22.
PAR  The wings 12 include rear portions 32, which are substantially aligned with
      central axis 20, and front portions 34, which are angled downwardly at an
      angle A to rear portions 32 and central axis 20. Front wing portion 34 and
      rear wing portion 32 are connected on bend 35. The downwardly angled front
      wing portions 34 cause the sinker to tend to dive when it is drawn through
      the water. In the illustrated embodiment, angle A is preferably in the
      neighborhood of 35.degree., but larger or smaller angles may be employed
      depending on the desired diving tendency. The larger the angle A, the
      greater the diving tendency for any given wing area of front wing portions
      34.
PAR  The front portions 34 of wings 12 are preferably substantially rectangular
      in shape to maximize their area and diving tendency for any given wing
      span and width. Their front edges 33 intersect bulb 16 near its bottom.
      The rear portions 32 of wings 12 are preferably substantially triangular
      in plan and have rearwardly tapering edges 36 which merge into the rear
      end 18 of body 10. This configuration streamlines the wings and reduces
      undesirable drag.
PAR  Keel fin 14 is triangular in shape and has a rear rudder edge 15 at the
      rear end 18 of body 10. Fin 14 has a bottom edge 38 which merges with the
      body 10 at about the mid point of body length. The bulbous front end 16
      and tapered rear portion of body 10 and streamlined edge 38 of keel fin 14
      also serve to reduce undesirable drag.
PAR  Accordingly, the sinker exerts minimum pull on the fishing line with
      minimum resistance to reeling in of a hooked fish. The streamlined shape
      also reduces the tendency of the sinker to snag in weeds and catch on
      underwater objects such as tree stumps or the like.
PAR  In use, the sinker is connected at its front swivel eye 26 to a fishing
      line 40 and at its rear swivel eye 30 to a leader 42 which carries a
      baited hook or an artificial lure 44. The fishing line 40 is typically
      drawn through the water by a moving fishing boat 46. The weight of the
      sinker and the diving tendency due to the downturned front wing portions
      34 causes the sinker to dive to a depth at which the total downward force
      on the sinker is equal or balanced by the upward force on line 40 due to
      the forward motion of boat 46. The bait 44 will then be drawn through the
      water at this depth, which is intended to correspond to the depth at which
      the fish are feeding. The heavier the sinker and the larger the area of
      the downturned wing portions, the deeper the sinker will dive. The
      fisherman will normally carry an assortment of sinker sizes which
      correspond to the range of depths at which he intends to fish.
PAR  As the sinker is drawn through the water, the keel fin 14 keeps it on a
      straight course behind boat 46 and counteracts any tendency for the sinker
      to veer to one side or the other. If the bait 44 rotates, the rear swivel
      28 takes up the rotation and prevents it from being transmitted to the
      sinker. As noted above, any tendency for the sinker to rotate is minimized
      due to the fact that its center of gravity is substantially below front
      swivel 24 and also due to the fact that both the front portions 34 and the
      rear portions 32 of wings 12 are symmetrical on both sides of body 10.
PAR  Wire 22 is optional, but desirable, for heavier sinkers. In lighter sinkers
      the wire 22 can be omitted and the swivels 24, 28 formed with end anchors
      cast into the sinker body.
CLMS
STM  I claim:
NUM  1.
PAR  1. An integrally molded trolling sinker comprising a streamlined body with
      two wings and at least one fin projecting from the body, means connected
      to the front of the body for attachment to a fishing line, means connected
      to the rear of the body for attachment to a fishing leader, said body
      having a bulbous semi-spherical front end which tapers down to a
      relatively small rear end, said wings being disposed rearwardly from the
      bulbous front end of the body so that said bulbous front end disposes a
      substantial part of the weight of the sinker forwardly of the wings, the
      front portion of said wings being larger in area than the rear portions
      thereof and angled downwardly with respect to the rear portion thereof to
      cause the sinker to tend to dive when it is drawn through the water, the
      rear portion of said wings tapering rearwardly from the front portions and
      being disposed between the top and bottom of the body.
NUM  2.
PAR  2. The sinker of claim 1 wherein said front portions of said wings are
      substantially rectangular in shape with wing tips forming substantially
      right angle corners whereby to maximize the area thereof for any given
      wing span and width, thus maximizing the diving tendency induced by the
      front portion of said wings.
NUM  3.
PAR  3. The sinker of claim 2 wherein said rear portions of said wings are
      substantially triangular in shape to minimize unnecessary drag.
NUM  4.
PAR  4. The sinker of claim 1 wherein said means for attachment to a fishing
      line is positioned above the central axis of said body whereby the weight
      of said body tends to prevent rotation of the body.
NUM  5.
PAR  5. The sinker of claim 1 wherein both the fin and the wings terminate at
      the small rear end of the body, said wings having a greater longitudinal
      extent than the fin.
NUM  6.
PAR  6. The sinker of claim 1 wherein the rear portions of said wings are
      substantially aligned with the central axis of said body and wherein the
      front portions leading edges of the downwardly inclined front portions of
      the wings terminate above the bottom of the body.
NUM  7.
PAR  7. The sinker of claim 1 wherein said means for attachment to a fishing
      line and leader comprise a wire embedded in said body and having portions
      projecting from the front and rear ends of said body, a front swivel
      connected to the front portion of said wire, and a rear swivel connected
      to the rear portion of said wire.
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ABST
PAL  A flat plate has means for connecting a fish bait to the rear portion
      thereof and has a link swingably attached to the front portion thereof
      with an eye on the end of the link for attachment to a trolling line. An
      upstanding fin projects from the top of the plate and has a slot located
      in the forward portion of the fin and extending obliquely rearwardly of
      the plate for receiving and detachably holding the link in a position
      which causes the plate to dive when it is drawn through the water. The
      sides of the slot are flexible and there is an adjustment screw to adjust
      the amount of force required to detach the link from the slot.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Diving sinkers are used in ocean fishing and in great lakes fishing to
      carry the bait down to deep feeding fish. Typical prior art diving sinkers
      are disclosed in my co-pending U.S. Pat. application Ser. No. 407,341, now
      U.S. Pat. No. 3,844,059, and in U.S. Pat. No. 3,643,370 to Cook et al. In
      both disclosures, a flat plate has means on its rear end for connecting a
      fish bait thereto and has a link swingably attached to the front portion
      of the plate with an eye on the link for attachment to a trolling line. In
      the sinker of my U.S. Pat. No. 3,844,059, the link is detachably held in a
      position to cause the flat plate to dive by a spring wire extending
      forwardly and upwardly from the rear of the flat plate. A hook on the end
      of the spring detachably engages an eye on the end of the link. When a
      fish strikes the bait, the striking force applied to the rear of the plate
      causes the link to detach from the spring and allows the link to swing
      forwardly to a position which causes the flat plate to rise. In this
      diving sinker, the amount of force necessary to detach the swingable link
      depends on the strength of the spring and is not adjustable. Furthermore,
      assembly is time-consuming.
PAR  In the diving sinker of U.S. Pat. No. 3,643,370, the swingable link has a
      small ball on its end which is detachably engaged in a pair of jaws on a
      flexible support which extends upwardly from the flat plate. When a fish
      strikes the bait, the striking pressure causes the ball to snap out of the
      jaws and permits the link to swing to a position which causes the flat
      plate to rise. An adjustment screw is threadably attached between the jaws
      to adjust the force required to snap the ball free. This diving sinker is
      adjustable, but it is inconvenient to use because the small size of the
      detachable ball and the jaws makes it difficult to snap the ball into the
      jaws, and the ball is on a loose hanging extension.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, the swingable link of a diving sinker is
      detachably engaged in a slot on the leading edge of a vertical stabilizing
      fin that projects upwardly from the top of the flat plate to serve dual
      purposes. The slot extends obliquely rearwardly and has flexible sides
      into and out of which the swingable link may be snapped. A screw is
      threadably engaged between the sides of the slot to adjust the amount of
      force required to snap the swingable link out of the slot. An eye is
      formed on the upper end of the swingable link to receive a trolling line.
      The eye extends beyond the upper end of the slot and provides a means by
      which the swingable link can be conveniently grasped to snap it into the
      slot.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of one embodiment of the invention with
      the swingable link thereof snapped into the slot thereof to cause the
      sinker to dive.
PAR  FIG. 2 is a side elevational view of the embodiment of FIG. 1 with the
      swingable link thereof detached from slot thereof.
PAR  FIG. 3 is a top view of the embodiment shown in FIGS. 1 and 2 with the
      swingable link thereof detached from the slot.
PAR  FIG. 4 is a bottom view of the embodiment shown in FIGS. 1-3 with the
      swingable link thereof detached from the slot.
PAR  FIG. 5 is a cross-sectional view taken on the line 5--5 of FIG. 1.
PAR  FIG. 6 is a top view showing several persons fishing off the stern of a
      boat and using the diving sinkers shown in FIGS. 1-5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, the preferred embodiment comprises a flat plate
      10 (FIGS. 3-5) which has an opening 12 (FIG. 3) in its rear end through
      which a ring 14 is engaged to enable a fishing line to be connected
      thereto. A swivel 16, fishing line 18, and artificial bait 20 are
      connected to ring 14 and trail from the rear of flat plate 10 when it is
      drawn through the water.
PAR  An opening 22 (FIGS. 3 and 4) is formed in the front end of flat plate 10.
      A rigid link 24, preferably formed of relatively stiff metal wire, is
      swingably engaged in opening 22 by means of an eye 26 formed at the lower
      end of link 24. Another eye 28 is formed on the upper end of link 24 to
      enable a trolling line to be attached thereto. A swivel 30 is attached to
      eye 28 and a trolling line 32 is attached to swivel 30.
PAR  A vertical stabilizing fin 34 projects upwardly from the top of flat plate
      10. In this embodiment of the invention, flat plate 10 is made of plastic
      and vertical fin 34 is also of plastic and is integrally molded with flat
      plate 10. However, other constructions are possible, i.e. vertical fin 34
      can be attached to flat plate 10 by cement or by screws.
PAR  The leading edge of vertical fin 34 slopes obliquely rearwardly toward flat
      plate 10 and is slotted at 36 (FIGS. 1 and 5) to detachably receive and
      hold rigid link 24. Slot 36 is grooved at 38 on both sides (FIG. 5) to
      receive link 24. The sides 40 of slot 36 are flexible to enable link 24 to
      be snapped into and out of grooves 38. An adjustment screw 42 (FIG. 5) is
      threadably engaged between the sides 40 to adjust the spacing of sides 40
      and thus to adjust the amount of force required to snap link 24 out of
      grooves 38 of slot 36.
PAR  As shown in FIG. 1, the line-connection eye 28 at the upper end of link 24
      extends above slot 36 and can be easily grasped by the fingers to snap
      link 24 into and out of grooves 38 of slot 36. This is an important
      feature of the invention, because link 24 must be snapped into grooves 38
      before the sinker is ready for use.
PAR  A lead weight 44 is attached to a flat pointer 46 which is rotatably
      adjustably attached to the bottom of flat plate 10 by a screw 48. A scale
      50 (FIG. 4) is marked on the bottom of flat plate 10 opposite the end of
      pointer 46. Lead weight 44 can be manually moved to the right or left by
      rotating pointer 46 about screw 48. This enables the steering of the flat
      plate 10 to the right or the left as it is drawn through the water, e.g.
      to prevent the tangling of lines of several fishermen who may be
      simultaneously trolling off the rear of a fishing boat as shown in FIG. 6.
      Adjustable weight 44 is desirable but it is not an essential feature of
      the invention, which can utilize either a fixed weight or no weight at all
      except for the intrinsic weight of flat plate 10 and vertical fin 34. In
      cases where plate 10 and vertical fin 34 are made of metal, no additional
      weight will be required.
PAR  To use this embodiment of the invention, link 24 is manually snapped into
      the grooves 38 of slot 36 as shown in FIG. 1. The sinker and artificial
      bait 20 are then thrown over the rear of the boat and line is reeled out
      until bait 20 is the desired distance from the rear of the boat. Trolling
      line 32 is then held fast and draws the sinker and bait 20 through the
      water as the boat moves forward. As the sinker is drawn through the water,
      the position of eye 28 causes flat plate 10 to turn downwardly at an angle
      to trolling line 32 and causes the sinker to dive until it reaches a depth
      at which the downward diving tendency of flat plate 10 is counterbalanced
      by the upward force on trolling line 32 due to its forward movement
      through the water. This equilibrium depth can be pre-set to any desired
      level by varying the angle A (FIG. 2) between slot 36 and flat plate 10
      and by varying the length of link 24, the size of flat plate 10, and the
      weight 44. The control of the above-noted factors to achieve any desired
      equilibrium level are well known to those skilled in the art. At the
      equilibrium depth, the relationship between trolling line 32, bait 20, and
      flat plate 10 is approximately as shown in FIG. 1.
PAR  When a fish 52 (FIG. 2) strikes bait 20, the force of the strike causes
      link 24 to snap out of grooves 38 of slot 36 and to swing forwardly. This
      raises the leading edge of flat plate 10 and aligns it with trolling line
      32, thereby causing the sinker and bait 20 to tend to rise, which assists
      in bringing the fish to the surface. After the fish has been landed, link
      24 is manually snapped back into grooves 38 of slot 36, and the sinker and
      bait 20 are thrown back into the water for further trolling.
PAR  The amount of force required to snap link 24 out of grooves 38 can be
      checked manually by snapping link 24 into and out of grooves 38 and
      determining the amount of force by feel. If necessary, the amount of force
      involved can be adjusted by turning adjustment screw 42 with a
      screwdriver. The amount of force required to snap link 24 out of grooves
      38 is preferably set high enough to prevent link 24 from snapping free
      when bait 20 touches the bottom or is pulled through weeds, but is set low
      enough to allow link 24 to snap free when a fish strikes bait 52.
PAR  In addition to providing the structure which forms grooves 38 of slot 36,
      vertical stabilizing fin 34 also serves to guide the diving sinker as it
      is drawn through the water and to prevent it from wobbling. In this
      particular embodiment, vertical fin 34 extends almost the full length of
      flat plate 10, but this is not an essential feature of the invention. If
      desired, vertical fin 34 can be terminated at the rear end of slot 36.
PAR  Another advantage of this invention is that it does not have any loose
      balls or rings that hang free when the swingable link is disengaged from
      its holder such as are used in the prior art sinkers described in the
      above-noted U.S. Pat. No. 3,643,370.
PAR  Various changes and modifications may be made without departing from the
      spirit of the invention, and all of such changes are contemplated as may
      come within the scope of the claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a diving sinker having a flat plate, having means at the rear of said
      plate for connecting a fish bait thereto, having link means swingably
      attached to the front of said plate, there being an eye on said link means
      to which a trolling line can be attached, the improvement comprising an
      upstanding vertical fin on top of said plate, and an elongated slot having
      flexible sides located in a forward portion of said fin and extending
      obliquely rearwardly toward the plate for receiving and detachably holding
      said link means in a position which causes said plate to extend at an
      angle to said trolling line, thereby causing said plate to dive as it is
      drawn through the water.
NUM  2.
PAR  2. The diving sinker of claim 1 wherein said fin extends rearwardly beyond
      the end of said slot over a major portion of said plate.
NUM  3.
PAR  3. The diving sinker of claim 1 wherein said eye is located on one end of
      said link and lies beyond said slot when said link is positioned within
      said slot, thereby providing a convenient finger hold for snapping said
      link into said slot.
NUM  4.
PAR  4. The diving sinker of claim 3 wherein there is a second eye on the end of
      said link means which is swingably attached to said plate and wherein
      there is an opening in the front end of said plate for receiving said
      second eye.
NUM  5.
PAR  5. The diving sinker of claim 4 wherein said link means is made of a length
      of wire and has eyes formed on both ends thereof.
NUM  6.
PAR  6. The diving sinker of claim 1 wherein said link means is rigid.
NUM  7.
PAR  7. The diving sinker of claim 1 and further comprising an adjustment screw
      threadably engaged in a forward portion of said fin adjacent said slot for
      adjusting the distance between the sides of said slot to adjust the amount
      of force required to detach said link means from said slot.
NUM  8.
PAR  8. The diving sinker of claim 1 wherein the sides of said slot are grooved
      to removably receive said link.
NUM  9.
PAR  9. The diving sinker of claim 1 in which said flat plate and fin are
      integral with one another.
NUM  10.
PAR  10. The diving sinker of claim 1 in which said flat plate and fin are an
      integral plastic molding.
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ABST
PAL  A low cost, lightweight hook shield comprising a unitary member fabricated
      from a flexible material and having two mating body portions joined
      together along facing edges by an integral hinge. Each body portion is
      provided with a complementary pad of Velcro on the inner facing surface,
      the pads serving to releasably secure the mating body portions in a folded
      attitude and to embrace a barbed hook. The free end of each body portion
      is provided with a tab-like projection which may be grasped by the fingers
      of the user to facilitate unfolding of the shield.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to shields for barbed hook-like members,
      particularly fishhooks.
PAR  Exposed fishhooks and other barbed hook-like members can accidentally
      inflict annoying and sometimes dangerous wounds. Moreover, exposed
      fishhooks frequently become entangled with other hooks, fishing lines or
      other fishing tackle when stored in a tackle box or left attached to a
      fishing line. To avoid these difficulties attendant with the use of
      fishhooks, shields have been designed to cover the barbs, representative
      examples of which are disclosed in U.S. Pat. Nos. 206,206; 2,932,118;
      3,141,258; and 3,453,770. However, known shields have been found to suffer
      from one or more disadvantages, such as relatively high cost, bulky size
      or weight, and inconvenience in attachment or removal.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises a low cost, lightweight shield which is simple and
      convenient to use and which provides complete shielding of a fishhook or
      other similar barbed instrument.
PAR  In the preferred embodiment, a unitary member fabricated from a flexible
      material has two mating body portions joined together along facing edges
      thereof by an integral hinge. To the inner facing surfaces of each body
      portion is adhered a complementary pad of Velcro which serves both to
      releasably secure the two mating body portions in a folded attitude and to
      embrace a barbed hook.
PAR  In use, a hook is placed on either pad and the mating body portions are
      folded along the hinge until the Velcro pads are mutually engaged with the
      hook therebetween. To release the hook, the two portions are unfolded
      about the hinge, whereupon the hook may be removed. To facilitate
      unfolding of the device, the free end of each body portion opposite the
      integral hinge is provided with a tab-like extension which may be grasped
      between the fingers.
DRWD
PAR  For a fuller understanding of the nature and advantages of the invention,
      reference should be had to the ensuing detailed description taken in
      conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is front elevational view of a preferred embodiment of the invention
      in the open position;
PAR  FIG. 2 is a perspective view of the embodiment of FIG. 1 in closed
      position;
PAR  FIG. 3 is a partial sectional view taken along lines 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to the drawings, FIG. 1 shows a front elevational view of a
      preferred embodiment of the invention in the open position. The preferred
      embodiment comprises a unitary member generally designated by reference
      numeral 10 and having complementarily configured portions 11, 12 joined
      along facing edges thereof by means of a unitary hinge portion 13. Each
      body portion is formed in a generally rectangular shape and is provided
      with a tab-like extension 14, 15 along the free edge thereof opposite
      integral hinge portion 13. Secured to the inner facing surfaces of body
      portions 11, 12 are a complementary pair of generally rectangular pads 17,
      18 preferably fabricated from Velcro or other similar material known to
      those skilled in the art. Unitary member 10 may be fabricated from any
      flexible material having resistance to fatigue when flexed, such as
      polypropylene, polyurethane, leather or other equivalent materials known
      to those skilled in the art. When used in a fishing environment, the
      material should also be preferably water resistant.
PAR  The device is employed by placing a barbed hook, such as fishhook 20
      mounted on leader 21, on one of the pads 17, 18 and folding member 10
      about hinge portion 13 to the closed position illustrated in perspective
      in FIG. 2. In the closed position, the barbed portion of hook 20 is
      completely shielded and restrained against movement by complementary body
      portions 11, 12 and pads 17, 18. As shown in the enlarged partial
      sectional view of FIG. 3, that portion of hook 20 lying within the
      perimeter of pads 17, 18 is embraced by the individual fibers of the
      Velcro material to restrain the hook 20 against movement out of the shield
      provided by the invention. In addition, pads 17, 18 retain body portions
      11, 12 in the folded attitude to insure that the hook 20 will not be
      accidentally uncovered. Fishhook 20 may be released by simply grasping
      tabs 14, 15 and forceably separating body portions 11, 12 by unfolding
      about hinge portion 13.
PAR  Fishhook shields constructed in accordance with the invention have been
      found to possess several advantages. Due to the simplicity in design and
      materials employed, such shields may be fabricated at extremely low cost
      and possess a relatively long useful lifetime. Further, due to their small
      size and light weight, many shields may be accommodated in an ordinary
      fishing tackle box without adding significantly to the total weight of the
      fishing tackle. Moreover, the shields may be used with hooks already
      mounted on a fishing line, without the necessity of removing the hooks
      from the line, and may be also used in the tackle box with individual
      hooks of various shapes and sizes. In addition, the shields may be made in
      various shapes and sizes to accommodate fishhooks of different size and
      style.
PAR  While the above provides a full and complete disclosure of the preferred
      embodiment of the invention, various modifications, alternate
      constructions and equivalents may be employed without departing from the
      true spirit and scope of the invention. Therefore, the above description
      and illustrations should not be construed as limiting the scope of the
      invention which is defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safeguard hook mitten for releasably embracing a barbed hook-like
      member, said mitten comprising:
PA1  a substantially flat sheet of non-metallic soft flexible material having
      complementarily configured body portions joined along one edge thereof by
      an integral fold portion to permit said body portions to be folded along
      said fold portion to a releasable closed position; and
PA1  a pair of complementary hook pad means each secured to the inner facing
      surface of a different one of said body portions for embracing a barbed
      portion of said hook-like member and for releasably maintaining said body
      portions in said closed position.
NUM  2.
PAR  2. The combination of claim 1 wherein each of said body portions is
      provided with an integrally formed tab-like projection extending from an
      edge thereof generally opposite said hinge.
NUM  3.
PAR  3. The combination of claim 1 wherein said pad means are fabricated from
      Velcro.
NUM  4.
PAR  4. The combination of claim 1 wherein the opposing major surfaces of said
      flat sheet are substantially planar.
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ABST
PAL  A cockroach trap constructed by providing side walls surrounding a base,
      forming several openings in each said side wall the edges of which lie at
      an angle of 30 to 60 degrees apart with the apex of said angle directed
      downwardly, each opening being designed to serve as an entrance for the
      cockroaches, and providing a layer of adhesive on the surface of said base
      spaced inwardly of the openings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Recently, various types of traps been used for capturing cockroaches.
      However, these known traps are designed to capture the cockroaches alive
      without using any insecticide, so that these traps involve the troublesome
      problems of disposal of the captured cockroaches. The capture rate is also
      low because, according to such known systems, the cockroaches must force
      open the entrance door of the trap by their own efforts in order to enter
      the trap. In order to solve these problems, there has more recently been
      devised a trap of the type in which an adhesive is spread inside a
      box-like cardboard structure after the fashion of flypaper.
PAR  However, it has been found that, in the case of cockroaches, which differ
      from flies in many respects, it is hardly possible to obtain satisfactory
      results by merely applying an adhesive on the flat base, because
      cockroaches are far larger in size than flies, and crawl with the aid of
      feelers, so that if an adhesive layer is present in front of them, they
      quickly sense it with their feelers, and even if their feelers or
      forelimbs should be caught by the adhesive, they may escape due to the
      strength of their rear legs.
PAR  In order to overcome this problem, various attempts have been made, such as
      developing an adhesive with strong adhesion, thickening the layer of
      adhesive, or mixing an insecticide in the adhesive. Nevertheless, none of
      these attempts has succeeded in obtaining satisfactory results in
      practical applications.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved cockroach trap for capturing
      cockroaches with the use of an adhesive. This device features the
      provision of inverted triangular openings, or openings of a similar
      configuration, having walls diverging from each other at an angle of
      30.degree. to 60.degree. and designed to serve as entrances for the
      cockroaches, so as to capture the cockroaches efficiently by taking
      advantage of the peculiarities of the cockroaches.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of the present device;
PAR  FIG. 2 is a side view thereof;
PAR  FIGS. 3 to 7 are diagrams showing examples of various openings (cockroach
      entrances);
PAR  FIGS. 8 and 9 are side views of trap walls formed with sesame seed-sized
      cockroach entrances along with normal triangular openings;
PAR  FIG. 10 is a perspective view showing an example of a trapping plate;
PAR  FIG. 11 is a perspective view, with parts broken away, showing another
      example of a trapping plate;
PAR  FIG. 12 is a perspective view of another embodiment of the present device;
PAR  FIG. 13 is a sectional view taken along the line X--X of FIG. 12;
PAR  FIG. 14 is a developmental view of the structure of FIG. 12;
PAR  FIGS. 15a--15d are plan views showing various configurations of the
      entrance openings; and
PAR  FIG. 16 is an enlarged sectional view of the base or ground paper having a
      rough surface.
PAR  The reference numerals and characters used in the drawings indicate the
      following:
PA1  1: main body of the cockroach trap
PA1  2: openings or cockroach entrances
PA1  3: adhesive
PA1  4: lure
PA1  a: length of the horizontal portion of the vertex of each opening;
PA1  .theta.: vertex angle of the inverted triangular opening (cockroach
      entrance).
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to a cockroach trap using an adhesive.
PAR  It has been often observed that the cockroach attracted by a lure would
      approach the adhesive-spread area, but upon detecting the presence of the
      adhesive with its feelers, it would run away. This inventor has made
      careful observation of the behavior of the cockroaches which were
      attracted to the trap, and has learned that most of the cockroaches which
      approached the adhesive made their escape even though they had had their
      feelers and/or forelimbs caught by the adhesive, and that when fleeing,
      they did not move back but turned the direction of the body. Therefore, if
      the trap were so constructed that they could not turn their body
      direction, they would have no other alternative but to advance and would
      necessarily be caught by the adhesive.
PAR  Based on these findings, the present inventor has provided openings, or
      cockroach entrances, of a specific configuration in the side walls of the
      trap and tested the effect thereof. It was found that this would produce
      unexpectedly satisfactory results.
PAR  Several preferred embodiments of the present invention will now be
      described in detail, with reference to the accompanying drawings.
PAR  FIG. 1 shows in perspective a roach trap according to one embodiment of the
      present invention comprising the body 1 of the trap, openings or cutouts 2
      (designed to serve as cockroach entrances), a layer of adhesive 3, and a
      lure 4. The letter a indicates the length of the lower edge of the
      opening, and .theta. is the angle between the sides of the cockroach
      entrance intersecting the base. FIG. 2 is a diagrammatic side view
      thereof, and FIGS. 3 to 7 show openings having different shapes. FIGS. 8
      and 9 are side views of trap side walls in which smaller entrances are
      provided along with the normal-size openings to permit the capture of
      small cockroaches.
PAR  The high cockroach capturing ability of the trap provided with the
      above-said entrances is due to the fact that when the cockroach detects
      the presence of the adhesive, it is already in a position where it can no
      longer move back.
PAR  According to the present invention, it was found that best results are
      obtained when, as shown in FIG. 1, the angle (.theta.) between the sides
      of each triangular opening is from 30.degree. to 60.degree. and the
      distance a of the bottom of the opening is less than 5 mm, with the
      horizontal distance b (see FIG. 2) from each opening 2 to the adhesive
      zone being less than 10 mm.
PAR  Most of the cockroaches can be captured by a trap according to the present
      invention provided with the above-described openings of specific
      configurations, but in the case of undersized cockroaches or croton bugs
      which are the same size as a sesame seed or an adzuki bean, they cannot
      escape if a feeler or a forelimb touches even lightly with the adhesive
      because they are feeble in bodily strength, so that by providing small
      openings of any suitable shape (such as circular, rectangular, triangular
      or polygonal) along with the openings of said specific configuration in
      each side wall of the trap, as shown in FIGS. 8 and 9, it is possible to
      capture all sorts of cockroaches irrespective of bodily size. One or more
      openings or cockroach entrances 2 may be provided in each side wall of the
      trap 1. If a lure 4 is placed in the center of the adhesive layer, the
      capturing effect is improved. The adhesive 3 may be applied beforehand on
      the base paper and covered with a release paper which is removed when
      using the trap, said base paper being exchangeable as required. Or such
      adhesive may be contained in a tube so that it is spread on the base paper
      at the time of use. The base paper may be cardboard, plastic sheet
      material or the like, and its surface is preferably roughened to allow the
      application of a greater amount of the adhesive.
PAR  In a cockroach trapping system using an adhesive, it is preferable for
      convenience in use to cover the adhesive surface with release paper and to
      remove such release paper at the time of use. However, when the base paper
      on which the adhesive is spread is made of cardboard or plastic sheet, it
      is technically impossible to employ such a release paper method. This is
      because the adhesive is a viscous liquid which has the properties of
      showing an unyielding resistance when sudden strong force is applied, but
      tending to flow easily when a weak force is continuously applied.
      Therefore, if the base paper is made of cardboard or another thick paper,
      the adhesive may soak through the back side of the base paper in long term
      use, while in the case of a flat impermeable sheet such as a plastic
      sheet, if a thick layer of adhesive is applied thereon and covered with
      release paper and such assembly is left as it is for a long time, the
      adhesive could flow out from between the base paper and release paper.
      Thus, use of release paper imposes certain restrictions on the amount and
      thickness of the adhesive that can be applied, and within such limited
      range of amount and thickness of the adhesive, it is hardly possible to
      capture the cockroaches.
PAR  As a result of many studies and experiments, this inventor has found that a
      closed cell synthetic resin sheet is best suited for use as the base paper
      of the adhesive. The open-cell synthetic resins, such as open-cell foamed
      urethane, which is widely used as a construction material or a heat
      insulator, is not suited for the object of the present invention as the
      adhesive penetrates into such foamed resin sheets to impair its surface
      adhesiveness.
PAR  The closed cell synthetic resin sheets of the present invention are made by
      foaming urea resin, polyethylene, styrol, and like resins. Its excellent
      pliability permits easy capture of the cockroaches, and once captured, the
      cockroaches can no longer escape. Also, when using such closed cell
      synthetic resin sheets, the amount of adhesive required for effective
      cockroach capturing can be halved as compared with the case of using
      pasteboard or the like as the base paper. Furthermore, the adhesive won't
      diffuse during storage or use by reason of the high affinity between the
      closed cell synthetic resin and the adhesive.
PAR  The cockroach trap according to the present invention may be made by first
      forming the body portion 1 of the trap by using foamed polystyrene paper
      as the closed cell synthetic resin plate and then applying an adhesive
      over the bottom surface of the body portion 1. It is also possible to
      separately prepare a capture sheet such as shown in FIGS. 10 and 11 and
      then replaceably locate it in the trap body 1. In the case of FIG. 10, an
      adhesive 3 is spread over the surface of a synthetic resin sheet having
      closed cells therein, and release paper 7 is placed thereover to thereby
      form a capture plate, and at the time of use, the release paper 7 is
      removed and the plate with the exposed adhesive layer thereon is placed in
      the trap body 1. In the embodiment of FIG. 11, a backing 8 such as Kraft
      paper, cardboard or synthetic resin plate is further laminated to the back
      of the closed cellular synthetic resin sheet 6 of FIG. 10. The effect of
      using such a closed cell synthetic resin sheet as the base is described in
      Test Example 3 hereinafter described.
PAR  The adhesive is composed mainly of such materials as natural rubber,
      synthetic resin, vinyl acetate or the like which may be used either singly
      or in admixture, with the addition of a minor proportion of a tackifier,
      plasticizer and anti-aging agent. This cockroach capturing sheet is made
      by applying an adhesive to a closed cellular synthetic resin plate 1
      either directly or through transfer from the release paper, then pasting
      thereon a sheet of release paper 3 so as to cover the entire surface of
      the adhesive, and then cutting the plate into a desired size and shape.
PAR  One embodiment of the present invention will now be described in detail
      with reference to the accompanying drawings.
PAR  After taking into consideration the above-said peculiarities of the
      cockroaches, a hollow trigonal trap body 1 having vertical end faces 11,
      11 and sloping side faces 12, 12 inclined at an angle of 25.degree. to
      35.degree. relative to the base 13, that is, relative to the horizontal,
      was constructed as shown in FIG. 12. Then triangular openings or cockroach
      entrances 2, 2, 2', 2', . . . having apices with an interior angle of
      30.degree. to 60.degree. were formed in each of said faces at locations
      close to the base edge, and an adhesive was spread over the entire surface
      of the bottom plate 13 including the parts immediately below the lowermost
      apices of said triangular entrances 2, 2, 2',2' . . . , with a lure 4
      being placed at the centre of said bottom plate 13 (see FIG. 13).
PAR  According to the trap of this arrangement, the cockroach, attracted by
      scent of the lure, crawls up the wall of the end face 11 or side face 12
      and tries to enter the trap from a suitable portion of one of the
      triangular openings 2, 2' where the body of the cockroach can pass, but
      since each end face 11 and side face 12 rise up vertically or at a certain
      angle relative to the horizontal, its feelers for sensing the object ahead
      cannot touch the base 13, and hence the cockroach tries to advance further
      into the trap from the opening until its feelers or forelimbs reach the
      bottom to feel for the object. However, as soon as the feelers or
      forelimbs touch the bottom, they become stuck to the adhesive on the
      bottom, so it attempts to escape by rapidly turning back, but as such
      turning of the body is obstructed by both edges of the equilateral
      triangular opening, the cockroach is obliged to advance, resulting in all
      of its limbs sticking to the adhesive. Thus, the cockroach becomes unable
      to move at all and is captured.
PAR  As described above, the cockroach trap according to the present invention
      is provided with openings or cockroach entrances in all four sides of the
      trap, so that it can be set at any place and in any direction. Also, since
      each of such openings is provided close to the edge of the bottom plate
      and has an apex with an interior angle of 30.degree. to 60.degree., it is
      possible to capture cockroaches of all sizes. The present device is far
      more effective than any of the known types of cockroach traps.
PAR  The most important feature of the present device is the provision of
      triangular entrances or entrances having sides 2, 2, 2', 2', which slope
      downwardly and inwardly close to the edge of the bottom plate such that
      the interior angle of the vertex of the isosceles triangle defining these
      entrances is 30.degree. to 60.degree.. Although the inverted equilateral
      triangular entrances are provided in the embodiments of FIGS. 12 and 14,
      the part other than the lowermost vertex portion can take any shape as
      exemplified in FIG. 15 a, b, c and d, provided that said vertex has the
      above-defined interior angle. Provision of said openings close to the
      bottom edge and selection of the above-defined interior angle of the
      vertex are intended to permit easy entrance of small-sized cockroaches.
      Large-sized cockroaches are supposed to creep into the trap from the wider
      space at the upper part of the opening.
PAR  The slant of the sides 12, 12 is intended to facilitate the entrance of the
      cockroaches into the trap when it is set adjacent room wall or other like
      structure. But as trouble occurs when the trap is set with one of its
      vertical end faces 11, 11 facing a wall or like structure, it is desirable
      to provide eaves 16 with their lower end cut off as shown in the drawings,
      so that even if one of the end faces 11 is placed facing the wall, a
      sufficient space is formed between said end face and wall to allow the
      cockroaches to pass therethrough and enter the trap from one of the
      entrances 2, 2, . . . .
PAR  The cockroach trap of the present invention can be made from paper or
      plastic sheet. When made from a sheet of paper, it is preferable to cut
      such paper sheet to form a pattern 40 such as shown in FIG. 14 so that the
      user can easily form the trap by bending and applying a pressure-sensitive
      adhesive to the joined parts. The present device can be also embodied in
      the form of a hollow pyramid, such as a triangular or quadrangular
      pyramid. It is preferred that the trap of the present invention be roofed
      as in the shown embodiments, but the cockroach capturing efficiency of the
      present device is not affected according to whether the roof is provided
      or not.
PAR  In order to corroborate the effectiveness of the present device, the
      results of several tests are described below.
PAC  TEST 1
PAR  50 imago and 50 larvae of the smoky-brown cockroach were freed in a room
      about 12 m.sup.2 shut off from external light, and 1 hour later, 20
      different types of traps having cockroach entrances (openings) with
      different values of a and .theta. as shown in FIG. 1 but in all of which
      the value of b as shown in FIG. 2 as a zero, were divided into five groups
      (each group comprising the traps with the same value of .theta. and
      assigned as one experimental unit), and set simultaneously in said room.
      This experiment was repeated five times, and the number of cockroach
      captured was counted.
TBL                TABLE I                                                     
     ______________________________________                                    
     .THETA.       Angle                                                       
     a             20.degree.                                                  
                           30.degree.                                          
                                    60.degree.                                 
                                           80.degree.                          
     ______________________________________                                    
              0      mm    46    93     99     68                              
     Length of                                                                 
              3            58    108    106    69                              
     the base of                                                               
              5            42    97     98     52                              
     entrance 7            33    72     68     36                              
              10           40    31     39     30                              
     ______________________________________                                    
PAR  It was observed that if a is substantially larger than 5 mm, specifically,
      as large as 7 mm, there were many cockroaches who turned back at the
      entrance, and that if .theta. is either smaller than 30.degree. or greater
      than 60.degree., the number of cockroaches captured was markedly reduced.
      These facts show that the best results are obtained when a is smaller than
      5 mm and .theta. is from 30.degree. to 60.degree..
PAC  TEST 2
PAR  Four different types of traps having the cockroach entrances (openings)
      with constant values of a and .theta. (.theta. = 60.degree. and a = 3 mm,
      with which good results were obtained) but variations in the value of b
      were set in the same room as used in Test 1. This experiment was repeated
      five times, and the number of cockroach captured in each trap was counted.
TBL                Table 2                                                     
     ______________________________________                                    
              Number of experiments                                            
     b        conducted            Total                                       
            1     2      3      4    5                                         
     ______________________________________                                    
     0     mm     20      19   21   17   18    95                              
     5            18      22   20   19   23    102                             
     10           17      19   23   13   15    87                              
     15           6       6    11   9    2     36                              
     ______________________________________                                    
PAR  The catch was few when b was 15 mm. This is probably because the
      cockroaches, particularly the small-sized ones, which have once entered
      the trap, turned back without advancing toward the adhesive. For best
      results, therefore, b should be less than 10 mm.
PAC  TEST 3
PAR  Tests were conducted by using an adhesive base made from pasteboard and one
      made from a closed cell foamed synthetic resin sheet.
PAR  50 imago and 50 larvae of the smoky-brown cockroach were freed in a room
      about 12 m.sup.2 shut off from external light, and 1 hour later, the
      roach-capturing plates A and B were set at the same distance from the room
      wall and at equal intervals from each other. These plates were left in the
      room for one night, and the number of cockroaches captured by the
      respective plates was counted. This test was repeated five times.
PA1  Capture papers A -- An adhesive was applied in an amount of 4 or 8 grams on
      a square base paper measuring 13 cm on each side, and 1 gram of lure was
      placed in its centre.
PA1  Capture plates B -- The same adhesive as was used on capture papers A was
      applied in an amount of 4 grams on each plate made by laminating a 2 mm
      thick closed cell foamed polyethylene sheet (same dimensions as the base
      paper), to the square base paper with measuring 13 cm on each side, and 1
      gram of lure was placed in the centre of the plate.
TBL                Table 3                                                     
     ______________________________________                                    
     Capture papers A       Capture plate B                                    
     4 g           8 g          4 g                                            
     ______________________________________                                    
     1      2          7            8                                          
     2      1          6            4                                          
     3      3          15           18                                         
     4      2          6            9                                          
     5      0          10           9                                          
     ______________________________________                                    
     Total  8          44           48                                         
     ______________________________________                                    
PAR  The capture plates B to which 4 grams of adhesive were applied gave results
      comparable with those of the capture papers A to which 8 grams of adhesive
      had been applied. The capture papers A to which 4 grams of adhesive had
      been applied were so poor in tackiness that the cockroaches could escape.
PAR  These results show that the amount of adhesive required when using a closed
      cellular polyethylene sheet can be halved as compared with that required
      when using conventional cardboard.
PAC  TEST 4
PAR  The stability and cockroach capture rates of the capture plates prepared by
      applying an adhesive in an amount of 2 grams, 4 grams and 8 grams,
      respectively, on the surfaces of square bases measuring 13 cm on each side
      were tested.
PAR  Stability was determined by measuring the distance of displacement or shift
      of the release paper which was placed on the adhesive layer and then set
      on a 30.degree.- gradient sloping plate for 24 hours under a static load
      of 30 g/cm.sup.2. The cockroach capturing rates were determined in the
      same way as Test 3.
PAR  About 1 gram of lure was placed in the centre of each plate, and the test
      was repeated 5 times.
PAR  The base used was as described below, and vinyl type synthetic resin was
      used as adhesive.
PA1  Capture plates A: Polyvinyl chloride plate with roughened surface (see FIG.
      16 where h indicates coating thickness and 6' shows polyvinyl chloride
      plate)
PA1  Capture plates B: polyvinyl chloride plate with smooth surface
PA1  Capture plates C: cardboard
PAR  Stability is shown in Table 4 and the capture rates in Table 5 below. (The
      results in these tables are the averages of 5 tests).
TBL                Table 4                                                     
     ______________________________________                                    
     Capture                                                                   
            Displacement (mm) in each                                          
     plate  amount of adhesive                                                 
     ______________________________________                                    
     2 g            4 g          8 g                                           
     A      0               0            0                                     
     B      5       mm      18     mm    27     mm                             
     C      0               4      mm    19     mm                             
     ______________________________________                                    
TBL                Table 5                                                     
     ______________________________________                                    
     Capture    Number of roaches captured                                     
     plate      in each amount of adhesive                                     
     ______________________________________                                    
              2 g      4 g        8 g                                          
     A          3.6        9.6        10.2                                     
     B          3.5        8.8        8.7                                      
     C          0.2        1.6        8.8                                      
     ______________________________________                                    
PAR  As apparent from the results of Tables 4 and 5, the capture plates with a
      smooth surface were poor in stability, and in the case of the capture
      plates using cardboard, if the adhesive is applied thick enough to obtain
      a satisfactory capturing rate, the stability is impaired. Also, in such
      cardboard-using capture plates, adhesive could ooze out to the back side
      of the plate. In contrast with this, the base with a rugged surface
      according to the present invention showed excellent results both in
      stability and in capture rate.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cockroach trap in the form of a box defining therewithin a
      substantially open space, said box having a base, a layer of adhesive on
      said base, and side walls made of sheet material surrounding said base,
      said side walls defining at least one cockroach admitting opening through
      said sheet material having downwardly converging sides with at least the
      lower portions of said sides lying at an angle of 30.degree. to 60.degree.
      with respect to each other and the lower ends of said sides less than 5 mm
      apart.
NUM  2.
PAR  2. A cockroach trap according to claim 1, wherein the base is square in
      shape and the side walls extending from two opposed sides of the base form
      an acute angle with said base while those extending from the other sides
      of the base rise vertically to form substantially isosceles triangles.
NUM  3.
PAR  3. A cockroach trap according to claim 2, wherein at least one opening is
      provided in each side wall slanted relative to the base.
NUM  4.
PAR  4. A cockroach trap according to claim 2, wherein part of each edge of each
      wall at an acute angle to the base is wider than the base to provide
      eaves.
NUM  5.
PAR  5. A cockroach trap according to claim 1, wherein the horizontal distance
      from each opening to the adhesive layer is less than 10 mm.
NUM  6.
PAR  6. A cockroach trap according to claim 1, wherein a plate to which an
      adhesive has been applied is removably positioned on the base of the trap.
NUM  7.
PAR  7. A cockroach trap according to claim 6, wherein a foamed synthetic resin
      sheet having a closed cell structure is used as the plate on which
      adhesive is applied.
NUM  8.
PAR  8. A cockroach trap according to claim 6, wherein an impermeable sheet
      having a roughened surface is used as the plate on which adhesive is
      applied.
NUM  9.
PAR  9. A cockroach trap according to claim 1, wherein the upper surface of the
      adhesive layer provided on the base is covered with a sheet of release
      paper, adapted to be removed when the trap is set for use.
NUM  10.
PAR  10. A cockroach trap according to claim 1, wherein the side walls are
      substantially vertical.
NUM  11.
PAR  11. A cockroach trap according to claim 1, wherein the base and side walls
      are made from cardboard, synthetic paper or polystyrene paper and arranged
      to be easily assembled.
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ABST
PAL  Soil is treated for termite or like control by dispersing in the soil a
      termite toxic insecticide in an active available state and a termite toxic
      insecticide in an initially unavailable state and timed to be released
      before complete dissipation of the immediately available insecticide. The
      initially unavailable insecticide is enveloped in a container made of a
      material either in whole or in part attractive to and edible by the
      termites, to release the insecticide when the container or plug is eaten
      by the termites. Combined with the insecticide is any odoriferous material
      which will signal the presence of termites by its distinctive odor. A soil
      coloring agent can be used also or in addition to provide a visual signal.
      The odor producing agent can be used alone.
PARN
PAR  This is a continuation in part application of my copending application Ser.
      No. 306,933 filed Nov. 15, 1972 and now Pat. No. 3,835,578.
PAR  The present invention relates generally to improvements in termite control
      and it relates particularly to an improved method for treating soil to
      control subterranean termites or the like for extended periods of time,
      and to signal their presence.
PAR  The damage to wood containing buildings by subterranean termites, which are
      prevalent in both northern and southern areas, is very extensive, and
      various procedures are widely employed to minimize and prevent such
      damage. A practice which is widely and generally employed in this
      connection involves the impregnation of the soil with a persistent termite
      toxic insecticide before the erection of the wood containing structure
      thereon. However, the insecticides which are employed are not indefinitely
      effective and after a few years, the treated soil is no longer toxic to
      termites and termite colonies may then be established in the soil with
      consequent damage to the overlying structure. Since termites are a
      subterranean creature, their presence is not normally known until after
      some damage has occurred or by swarming at certain times. It thus becomes
      necessary upon depletion of the insecticide to replenish the insecticide
      in the soil, a procedure which in many cases is highly expensive and
      inconvenient particularly where the building includes a concrete floor
      slab resting directly on the ground, since this necessitates the drilling
      of numerous holes in the ground slab to permit the treatment of the
      underlying soil as well as the digging of trenches about the base of the
      structure. Thus the retreatment of the soil underlying a building for
      termite control is an expensive, inconvenient process and any practice
      which reduces the frequency of the necessity of such procedures is highly
      desirable.
PAR  It is therefore a principal object of the present invention to provide an
      improved termite control process.
PAR  A further object of the present invention is to provide an improved manner
      of detecting the presence of termites.
PAR  Another object of the present invention is to provide an improved process
      for the treatment of soil for the control of subterranean termites and
      provide an easy manner of detecting the presence of termites.
PAR  Still another object of the present invention is to provide an improved
      process for increasing the duration of the effectiveness of the termite
      control treatment of soil and enhancing a subterranean termite barrier.
PAR  A still further object of the present invention is to provide an improved
      process for treating soil prior or subsequent to the erection of a
      structure thereon and attendant to the conventional termite control
      treatment thereof for extending the time of and reinforcing the termite
      inhibition properties of the soil.
PAR  Still a further object of the present invention is to provide a process of
      the above nature characterized by its simplicity, reliability and high
      versatility and adaptability.
DRWD
PAR  The above and other objects of the present invention will become apparent
      from a reading of the following description taken in conjunction with the
      accompanying drawing which illustrates a preferred embodiment thereof,
      wherein:
PAR  FIG. 1 is a vertical sectional view of a slab on ground construction
      treated in accordance with the present method; and
PAR  FIG. 2 is a longitudinal medial longitudinal sectional view of a termicide
      loaded receptacle embodying the present invention.
DETD
PAR  In a sense, the present invention contemplates the provision of a method
      for treating a soil to control subterranean termites comprising dispersing
      in the soil a termite toxic insecticide in an initially unavailable state
      combined with an odor producing ingredient or a dye and releasable into
      the soil after a predetermined time interval or after reinfestation. The
      initially unavailable insecticide is advantageously released when the
      initially available insecticide has sufficiently dissipated, so that the
      support of termite colonies in the soil is no longer prevented and the
      subterranean termite barrier is continued or when termites appear before
      the release of the unavailable insecticide by corrosion. Also, containers
      made of a termite attractive, edible material, in whole or in part,
      containing only an odor producing material, can be used which will provide
      an early indication of when termites are present since the eating of the
      container, or a part will release the volatile material, producing the
      distinctive odor.
PAR  The initially unavailable insecticide and odor producing or visual material
      is advantageously distributed in the soil in closed receptacles such as
      envelopes or containers which prevent the escape of the insecticide and
      preserve the full activity thereof. The receptacles are formed of a metal
      which sufficiently corrodes in the soil in the desired time, for example,
      in about five years, and may for example, be formed of thin steel plate.
      If desired, in order to accelerate the corrosion of the metal another
      metal may be associated with the containers to promote electrolytic action
      or to delay the corrosion, the metal may be plated with a more corrosion
      resistant metal or otherwise selectively coated. Also, the receptacle may
      be formed of a synthetic organic polymeric resin, for example a thin
      polyethylene, a cellulosic material, such as cellulose acetate, a
      polystyrene or a polyvinyl chloride, polyvinyl acetate, phenol
      formaldehyde, neoprene and styrene dibromide, or synthetic rubbers, which
      weathers and ruptures in the desired time interval as explained above or
      is attractive to the termites, which consume the plastic and release the
      insecticide and the odor producing material. Instead of relying on the
      action of the soil to corrode or degrade the receptacle, a suitable agent
      may be contained in the receptacle having such activity and which does not
      adversely affect the insecticide. Normally the corrosion rate of the metal
      receptacle depends on the metal used, its thickness, soil composition and
      any additive used.
PAR  Among the termite toxic insecticides which may be employed both as the
      initially available and unavailable insecticides are chlordane, dieldrin,
      benzene hexachloride, aldrin, heptaclor and the like. In the application
      of the immediately available insecticides they are advantageously applied
      as water emulsions although they may be highly concentrated oil solutions
      or water emulsions, and in cases where the insecticide has a high vapor
      pressure, as in the case of dieldrin, it may be containerized in the solid
      state. Similarly, even a powder form can be used and depend on the
      moisture of the soil to permeate. Furthermore the containers are
      advantageously of small size and may be capsules or microcapsules of
      suitably corrodable, degradable or termite edible material or may be
      deferred by a suitable coating on the insecticide substrate. In a form for
      use around the foundation; cylinders or tubes, such as the size of bullets
      or shotgun shells, can be used, deformed to close off certain lengths.
      Another form of container to be used as illustrated in FIG. 2 can combine
      a metal container 6, closed at one end, with a plastic plug 7 at the other
      end preventing the insecticide and odor producing and visual agent 8 which
      is in fluid form as explained herein, from flowing from the metal
      container. The plug is made from a plastic that termites find attractice
      and consume. If the container is placed in the ground so that the plug is
      the lowest point, when the termites consume the plug, the insecticide and
      added agents flow from the container and the insecticide treats the soil
      and the odor producing material emits an odor that alerts the homeowner of
      the presence of termites. If a dye is used, it should permeate the ground
      and provide a visual indication of the presence of termites. The homeowner
      can then take additional protective steps as desired. Some plastics that
      termites find attractive and consume are cellulose acetate, polyvinyl
      chloride, polyvinyl acetate, polystyrene, phenol formaldehyde, neoprene,
      styrene dibromide, and synthetic rubbers. Some examples of odor producing
      ingredients are oil of wintergreen, peppermint, and spearmint, ammonia,
      menthol, thymol, camphor, "essential oils," and artificial scents such as
      animal, astringent or medicinal odors, which are well known in the
      cosmetic, perfumery and food fields. Normally, flower, tree and grass
      scents should be avoided to avoid confusion with any plants or flowers in
      the neighborhood, but such scents could be used if desired. Some coloring
      materials which can be used are red oxide or black oxide.
PAR  The insecticides may be applied before the erection of the overlying
      structure or, whenever indicated, to the underlying soil of an existing
      structure. Thus, in treating the soil before the erection of the building,
      the soil is impregnated with a solution or emulsion of the termite toxic
      insecticide and the units of the delayed release termite toxic insecticide
      are uniformly distributed throughout the soil and the overlying structure
      then erected. Where the underlying soil of an existing structure is
      treated, a similar procedure is followed, trenches being dug about the
      structure and holes being drilled in the concrete ground slab where
      present, to facilitate and permit the dispersion and distribution of the
      immediately available and the delayed release insecticides.
PAR  Also, while the odor producing materials or dyes have been described in use
      with the delayed release insecticide materials, they can be used alone or
      in combination in a container made of a termite attractive and edible
      material. Upon the termites eating the container or plug, the volatile
      odor signalling material or dye will be released, thereby providing an
      olefactory or visual signal on the agent used, that termites are present
      in the soil.
PAR  By way of example as shown in FIG. 1 in the treatment of the soil 3
      underlying on a slab-on-ground house, holes of about 1/2 inch to 1 inch in
      diameter are made in the slab 4 about 1 foot apart and 6 inches from the
      wall. Thereafter, an aqueous emulsion of dieldrin of about 0.5 percent
      concentration is pumped into the underlying soil through the holes at the
      rate of at least 2 and preferably in excess of 3 gallons of the dieldrin
      emulsion for each 5 lineal feet of wall. Cans 5 having closure plugs 7
      formed of a material attractive to and edible by termites of the nature
      described above and containing a high concentration emulsion of the
      dieldrin, for example exceeding 18% strength or undiluted dieldrin and 20%
      of oil of peppermint are inserted through the holes into the underlying
      soil and the holes are then sealed. The metal cans are formed of a
      predetermined thickness of can type sheet steel depending on the type of
      soil in which it is to be used or coated depending on the soil
      characteristics. Along the outside of the building, a trench is dug about
      six to eight inches wide and about a foot deep and the 0.5% strength
      emulsion is applied to the trench at the same rate as applied through the
      holes preferably by first applying part of the dieldrin emulsion to the
      trench, distributing the containers of dieldrin and oil of peppermint
      along the trench, covering the base of the trench with about four to six
      inches of soil, applying the remainder of the 0.5% dieldrin emulsion and
      enclosed dieldrin and filling the trench with additional soil and tamping
      the soil. Advantageously the amount of dieldrin applied as aqueous
      emulsion and that applied in cans are approximately equal although the
      proportions may be varied depending on ambient conditions.
PAR  Another example is a container made of a termite edible material containing
      40% of a dieldrin emulsion, 40% of oil of spearmint, and 20% of red oxide.
PAR  The above procedure may be varied in accordance with the type of structure,
      that is in connection with crawl space houses, basement houses, etc.
      Furthermore, other termite toxic insecticides and odor producing agents
      such as those earlier identified, may be substituted for the dieldrin and
      oil of pepermint respectively, or a dye added. The containers are of a
      size permitting their insertion into the holes and their suitable
      distribution in the trenches and, as above set forth, may be formed of a
      synthetic organic polymeric resin such as soil weatherable polyethylene or
      the like or a termite edible cellulosic material that will disintegrate
      within the selected time period or be eaten by the termites, if they
      return sooner than expected or the corrosion rate of the container is
      slower than expected. The eaten container releases the insecticide and
      odor when needed. A metal container with a plastic plug, as described
      earlier, can likewise be used. Similarly, the container could only contain
      a volitile, aromatic material that rises through the soil to produce a
      distinctive odor. Similarly, only a coloring agent can be used which
      permeates the ground and provides a visual signal.
PAR  It has been found that once the type of material of the container is
      decided upon, the wall thickness of the container can be selected to
      release the insecticide contained therein within the time period selected
      within a range of plus or minus approximately a year which is not
      critical, depending on the characteristics of the soil and the corrosion
      rate of the metal. Similarly, the thickness of a plastic plug can
      determine the time it is destroyed by the termites and release the
      insecticide.
PAR  It is thus seen from the above description that the homeowner is alerted to
      the release of initially unavailable insecticide by a distinctive odor
      and/or a visual indication. The release can be caused by the eating of the
      cap or body of the container by termites when they are made from an edible
      material or after a predetermined period of time, if a corrodible metal or
      degradable plastic is used. In either case, the homeowner replenishes the
      insecticide containers to maintain the termite barrier. If the containers
      are made in whole or in part of a termite edible material and only contain
      an odor producing and/or visual dye, the homeowner is alerted to the
      presence of termites and will proceed to take preventive action. While 20%
      of the odor forming material was used in the examples above, from about
      10% to about 50% can be used. Also, from about 10% to about 50% of a dye
      can be used with the insecticide.
PAR  While there have been described preferred embodiments of the present
      invention, it is apparent that numerous alterations, omissions and
      additions may be made without departing from the spirit thereof. For
      example, the soil may be treated in the above manner before the start of
      the building erection and the release of the insecticide may be delayed in
      other manners such as by coating encapsulation provided that the envelopes
      become ruptured or permeable to the insecticide at the desired time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of providing a signal that subterranean termites are present
      comprising dispersing in the soil a volatile, soil penetrating odor
      forming material enveloped in an imperforate enclosure substantially
      impermeable to said material, making a portion of said enclosure of a
      material attractive to and edible by said termites, placing that portion
      in the soil so that any termites in the soil adjacent said enclosures
      would consume said portion and free said odor forming material to produce
      an odor detectable above the soil surface.
NUM  2.
PAR  2. The method of claim 1 further including adding a termite toxic
      insecticide to said enveloped material and placing said attractive
      material at the lower point of said enclosure in the soil.
NUM  3.
PAR  3. The method of claim 1 wherein said attractive material is a plastic.
NUM  4.
PAR  4. The method of claim 1 wherein said enclosure is a container closed at
      one end and open at the other end, said portion attractive to and edible
      by said termites comprises a plug made of a plastic material and closing
      the open end of said container.
NUM  5.
PAR  5. An article for producing a signal in response to the presence of
      subterranean termites comprising a volatile material producing a
      distinctive soil penetrating odor enveloped in an imperforate container
      having walls, said container walls including a wall portion formed from a
      material which is attractive to and consumed by termites for releasing
      said material for detection from above the soil surface.
NUM  6.
PAR  6. The article of claim 5, wherein said material that is attractive to
      termites is made up of one of the following plastic materials; cellulose
      acetate, polyvinyl chloride, polystyrene, polyvinyl acetate, phenol
      formaldehyde, neoprene rubber and styrene dibromide.
NUM  7.
PAR  7. The article of claim 5 wherein said odor forming material includes one
      of the following materials: oil of peppermint, oil of spearmint, ammonia,
      "essential oil," menthol, camphor, thymol, and materials which have
      characteristic odors of selected animals, medicines, flowers, trees or
      plants.
NUM  8.
PAR  8. The article of claim 5 further including a termite toxic insecticide
      enveloped within said container.
NUM  9.
PAR  9. The article of claim 7, wherein said container walls comprise a portion
      formed from a metal corrodible within a predetermined period under ambient
      conditions of the soil to be treated, and a portion of said wall portion
      formed from a plastic material that is attractive to and edible by
      termites.
NUM  10.
PAR  10. An article of claim 7, wherein said container has one opening at one
      end, said walls including a metal portion corrodible within a
      predetermined period under ambient conditions of the soil to be treated,
      said wall portion formed from a plastic material that is attractive and
      edible by termites being a plug covering said opening.
NUM  11.
PAR  11. The method of providing a signal that subterranean termites are present
      comprising dispersing in the soil a stain producing, soil penetrating
      material enveloped in an imperforate enclosure substantially impermeable
      to said material, making a portion of said enclosure of a material
      attractive to and edible by said termites, placing that portion in the
      soil so that any termites in the soil adjacent said enclosure would
      consume said portion and free said stain producing material to produce a
      stain in the soil detectable above the soil surfaces.
NUM  12.
PAR  12. The method of claim 11 further including adding a termite toxic
      insecticide to said enveloped material and placing said attractive
      material at the lowest point of said enclosure in the soil.
NUM  13.
PAR  13. An article for producing a signal in response to the presence of
      subterranean termites comprising a soil staining and penetrating material
      enveloped in an imperforate container having walls, said container walls
      including a wall portion formed from a material which is attractive to and
      consumed by termites for releasing said staining material for detection
      above the soil surface.
NUM  14.
PAR  14. The article of claim 13 further including a termite toxic insecticide
      enveloped within said container.
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ABST
PAL  A safe animal trap including a bait chamber for carrying bait to attract
      the animal to be trapped; a hole in the bait chamber sized to admit the
      animal to be trapped; an access member having an elongated passage for
      communicating with the hole, the passage proportioned to restrict entry
      into the chamber, the passage being sufficiently wide to permit movement
      therethrough of the animal and being at least as long as it is wide; and
      means for engaging the access member with the bait chamber.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to an animal trap in which access to the bait
      chamber is restricted.
PAC  BACKGROUND OF INVENTION
PAR  Conventional animal traps, such as mousetraps generally are one of two
      types: spring loaded or poison bait. The former is dangerous not only to
      the fingers of the setter of the trap but also presents a serious hazard
      to household pets and children who might as a result of curiosity or
      inattention accidentally trip the trap. The latter is more dangerous
      because the bait in these traps often contains poison and is not meant
      merely to trap but to kill the animal and could result in the poisoning of
      a household pet or child. The poison bait type of trap has a bait chamber
      accessible through a port of some type often with a one-way door to enable
      entry but prevent escape of the animal after it has taken the bait. There
      is a great variety of such traps some of which are quite complex. Yet,
      generally, in each case access to the bait chamber is through a small port
      or hole. Even though the hole is generally small and even though there may
      be a one-way door, a cat's paw, or the nimble little fingers of a small
      child are small enough to pass through the hole and reach the bait. There
      is also the additional danger that the trap will be upset causing the bait
      which often contains poison to spill out of the trap where it can be
      reached by children and pets.
PAC  SUMMARY OF INVENTION
PAR  It is therefore an object of this invention to provide an improved, simple,
      inexpensive and easy-to-use, safe animal trap which reduces the hazard to
      household pets and children caused by the presence of poisoned bait.
PAR  It is a further object of this invention to provide such an improved trap
      which structurally restricts access to the bait chamber.
PAR  It is a further object of this invention to provide such an improved trap
      which reduces the danger that the trap will be upset and the bait spilled
      out of it.
PAR  The invention results from the realization that a safe animal trap could be
      made by providing a long and narrow passage to the bait chamber such that
      the extended length of the passage coupled with its narrowness make it
      extremely difficult for a child to get its hand, or a cat its paw, all the
      way through the passage into the bait chamber.
PAR  The invention features a safe animal trap such as a mousetrap having a bait
      chamber for carrying bait to attract the animal to be trapped. There is a
      hole in the bait chamber sized to admit the animal to be trapped. An
      access member has an elongate passage through it for communicating with
      the hole. The passage is proportioned to restrict entry to the chamber;
      the passage is sufficiently wide to permit movement therethrough of the
      animal to be trapped and is at least as long as it is wide. There are
      means provided for engaging the access member with the bait chamber.
PAR  In specific embodiments the access member and bait chamber may be
      releasably interconnected. A one-way door may be provided for permitting
      the mouse to enter the bait chamber and take the bait but prevent its
      escape thereafter. This is especially useful if the bait is a slow acting
      poison which will not act quickly enough to prevent the mouse from leaving
      the bait chamber. Securing means may be provided for releasably securing
      either the member or the chamber or both in a fixed position to prevent
      the trap from being upset and the bait from spilling out where it would be
      available to pets and children.
DRWD
PAC  DISCLOSURE OF PREFERRED EMBODIMENT
PAR  Other objects, features and advantages will occur from the following
      description of a preferred embodiment and the accompanying drawings, in
      which:
PAR  FIG. 1 is an axonometric view of an animal trap according to this
      invention;
PAR  FIG. 2 is a side elevational view of the trap of FIG. 1 with the access
      member shown in cross section;
PAR  FIG. 3 is an axonometric view of a cover which may be used to sealingly
      engage the bait chamber in FIG. 1; and
PAR  FIG. 4 is a front view of the trap of FIG. 1 showing two different types of
      devices for securing the trap in a fixed position.
DETD
PAR  The invention may be accomplished using a bait chamber for carrying bait to
      attract the animal to be trapped such as a mouse. A sealed bait chamber
      may be constructed using a glass or plastic jar in which a portion of bait
      is placed. There is a hole provided in the bait chamber typically
      constituted by the mouth of the jar which is large enough to admit the
      animal to be trapped. An access member which may be a block of wood is
      provided with an elongated passage through it which communicates with the
      hole in the bait chamber. The elongated passage is proportioned to
      restrict entrance to the chamber. The passage is sufficiently wide to
      permit movement through it of the animal to be trapped and preferably not
      wider than that. The passage is at least as long as it is wide preferably
      much longer in order to prevent a cat's paw or child's hand from reaching
      all the way through the passage to the bait chamber even though the hand
      or paw might be small enough to fit in the passage. Some means is provided
      for sealingly engaging the access member with the bait chamber. Typically
      this might be a cover for the plastic or glass jar; the cover would have a
      hole in it at least as big as the passage through the access member and
      would be secured to the access member. The cover could be fixed to the
      access member and removeable from the jar or chamber so that the bait
      chamber and access member are releasably interconnected. Alternatively,
      the cover may be fixed to the chamber and/or the chamber may be fixed to
      the access member, e.g., the chamber and member could be integrally
      formed. A one-way door may be provided most conveniently in the cover to
      permit the mouse to enter the bait chamber but prevent its escape
      therefrom.
PAR  Some securing means such as rubber suction cups or screw fasteners may be
      attached to either or both the bait chamber and the access member to
      secure the trap to a neighboring floor or wall to prevent it from being
      accidentally upended and the poison bait spilled out of it.
PAR  There is shown in FIG. 1 a mousetrap 10 according to this invention
      including a transparent bait chamber 12 and an access member 14. The mouse
      must enter through passage 16 in access member 14 to reach the bait 18 in
      bait chamber 12. Passage 16 in access member 14, FIG. 2, is cylindrical in
      form and has a length L which is equal to or greater than its diameter D.
      Bait chamber 12 is fastened to access member 14 by means of cover 20 which
      contains a hole 22 that interconnects passage 16 with the interior of bait
      chamber 12. Cover 20 may contain threads or other means for releasably,
      sealingly, engaging bait chamber 12.
PAR  Cover 20, FIG. 3, may include a one-way door 24 on the bait chamber side of
      hole 22 in order to permit ingress of the mouse but to prevent egress.
      Although door 24 is shown as a simple one piece flap hinged at 26 to cover
      20 it may utilize various other constructions which are well known in the
      prior art such as spikes, individual pins, and the like.
PAR  In order to prevent the trap from being upended and the poison bait 18
      spilled out of bait chamber 12 and through passage 16, either chamber 12
      or member 14 may be fixed to a wall or floor or other relatively
      stationary object in the area by means of rubber suction cups 30 or one or
      more fastening brackets 32.
PAR  Other embodiments will occur to those skilled in the art and are within the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safe animal trap comprising a bait chamber for carrying solid poison
      bait to attract the animal to be trapped; a hole in said bait chamber
      sized to admit the animal to be trapped; an access block having at least
      one flat surface for stably stationing said trap, said block having an
      elongate passage through it, generally parallel to said surface, for
      communicating with said hole, said passage proportioned to be
      significantly longer than it is wide to restrict entry to said chambeer,
      said passage being sufficiently wide to permit movement therethrough of
      the animal; and means for engaging said access block with said bait
      chamber.
NUM  2.
PAR  2. The trap of claim 1 further including securing means for releasably
      securing at least one of said block and chamber in a fixed position.
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ABST
PAL  A stuffed toy designed to simulate a composite real-world object having a
      number of constituent parts. Each part is formed as a separate element of
      cloth enclosing a resilient stuffing material. At least one of the
      elements has a plurality of loops affixed thereto and other elements
      include integral portions for selective insertion through the loops,
      thereby releasably attaching the elements in such relationship as to form
      the composite object. Only soft materials are used. The elements are so
      constructed that small children can assemble and disassemble the objects,
      and preferred objects are those occurring in nature such as trees,
      flowers, birds, and the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to toys and, more specifically, to stuffed
      toys of a modular nature which can be selectively assembled and
      disassembled by small children.
PAR  It is a principal object of the invention to providing interesting and
      durable toys which may be used by small children with no possibility of
      injury to the child. A further object is to provide stuffed toys having
      educational value and offering manual manipulative training for small
      children.
PAR  Another object is to provide modular toys comprising a number of
      three-dimensional elements, each of cloth stuffed with a resilient
      stuffing material, which may be assembled by small children to form a
      composite toy simulating an object or combination of objects occurring in
      nature.
PAR  Other objects will in part be obvious and will in part appear hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the foregoing objects, the invention comprises a
      plurality of separate pieces, each fabricated in the nature of a stuffed
      toy. That is, a suitable material such as a cloth fabric is cut and
      stitched according to a predetermined design to form a hollow enclosure
      having an opening for insertion of a resilient stuffing material. The
      stuffing is packed to the desired density within the formed enclosure and
      the opening is stitched closed.
PAR  The various pieces of the toy are formed with cooperatively mating portions
      so that they may be assembled by insertion of one part of a secondary
      piece through an opening provided therefor in or on a base piece. The
      opening may be formed directly in the base piece as, for example, a hole
      passing therethrough, or in the nature of a loop formed from a length of
      material attached at both ends to the base piece. In either case, the
      elements are releasably secured in a simple manner, easily performed by a
      small child, to form a composite object of a type encountered in nature.
      For example, the base piece may be a stuffed member simulating a tree
      trunk, and the secondary pieces may be stuffed toys simulating limbs,
      leaves and/or birds having portions engaged through loops on the base.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a perspective view of an assembled stuffed toy exemplifying one
      form of the invention;
PAR  FIG. 2 is a perspective view of another stuffed toy showing a further form
      of the invention;
PAR  FIG. 3 is a fragmentary, perspective view of a portion of the toy of FIG.
      1;
PAR  FIGS. 4 and 5 are elevational views of individual elements of the toys
      shown in FIG. 2; and
PAR  FIG. 6 is a sectional view taken on the line 6-6 of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings, in FIG. 1 is shown a stuffed toy fabricatd
      according to the present invention and including base member 10, secondary
      members 12 and tertiary members 13 and 14. Each of members 10, 12, 13 and
      14 is formed in the nature of a stuffed toy according to conventional
      techniques. That is, one or more pieces of flexible material, preferably a
      cloth fabric of natural or synthetic material, are cut to a predetermined
      shape and sewn or otherwise attached along marginal edges to form a hollow
      enclosure. Normally, the cloth enclosure is then turned inside out so that
      the marginal edges are on the inside. A resilient material, preferably
      nonallergenic, fire-resistant, polyester batting, is stuffed into the
      enclosure and packed to a desired density. The enclosure is then fully
      closed by stitching or otherwise permanently sealing the opening through
      which the stuffing is inserted.
PAR  Member 10, as seen in FIG. 1, simulates in appearance the base of a tree,
      including trunk 16, roots 18 and branches 20, all being stuffed in the
      aforementioned manner with the density of the stuffing being such that
      member 10 is self-supporting when resting with roots 18 on a flat support
      surface. A plurality of loops 22 are affixed to member 10, in this case to
      the upper portions thereof. Loops 22 may be formed integrally with base
      10, but are preferably formed separately of a length of material stitched
      at each end to the base at selected locations. Loops 22 may be elastic in
      nature, or may comprise stuffed cloth enclosures of the same general type
      as the other members.
PAR  Members 12, 13 and 14 simulate the appearance of stylized tree branches,
      birds and blossoms. End portions 24 of members 12 are formed for insertion
      through loops 22. When so inserted, members 12 are so positioned and
      dimensioned relative to base 10 that the composite object formed by
      combination thereof in the manner indicated simulates the appearance of a
      tree with limbs and branches, the appearance being enhanced by forming
      members 10 and 12 of brown and green material, respectively.
PAR  Loops 26 are formed and affixed to members 12 in the same manner as loops
      22 and member 10. End portions 28 and 30 of members 13 and 14,
      respectively, are formed for insertion through loops 26 so that the birds
      and blossoms simulated thereby are supported upon members 12. In the
      illustrated embodiment, loops 22 and 26 form openings of substantially the
      same size, whereby end portions 24, 28 and 30 of the respective members
      are of substantially the same proportions. Thus, if desired, members 13
      and 14 may be engaged through loops 22 on base member 10, or members 12
      may be affixed to one another to form larger simulated branches.
      Alternatively, loops 26 may define openings of a different size than loops
      22, with end portions 24 shaped to fit only loops 22 and end portions 28
      and 30 only loops 26.
PAR  Various elements of the composite object of FIG. 1 may be seen more clearly
      in the somewhat enlarged fragmentary view of FIG. 3.
PAR  In FIG. 2 is shown another composite object, in the nature of a flower,
      formed by selective assembly of a number of constituent parts each formed
      as a stuffed element in the manner previously described. The petals, or
      bloom portion of the flower is formed as a single element, denoted by
      reference numeral 32. Portion 32 is supported by a plurality of other
      stuffed elements 34, which are of substantially identical configuration,
      simulating stems at the lower end and portions of the bloom at the upper
      end. The elements beneath portion 32 in FIG. 2 are formed in the nature of
      leaves and also include openings (not shown) through which elements 34
      pass. In this embodiment, portion 32 may be considered the base member,
      elements 34 the secondary members, and the leaf elements shown under
      element 32 additional secondary or tertiary members.
PAR  Elements 32 and 34 are shown separately in FIGS. 4 and 5. Element 32 is
      provided with openings 36, stitched around their peripheries, for
      accepting small ends 38 of elements 34. The composite object is supported
      on large ends 40 of elements 34 when assembled as shown in FIG. 2. Small
      ends 38 extend through the upper side of elements 32 to appear as the
      stamen portion of the flower. The size of openings 36 is such, relative to
      the size of the opposite ends of elements 34, that only ends 38 of the
      latter may be placed through the openings.
PAR  In FIG. 6, the sectional view of portion 34 shows the outer covering 42, of
      cloth fabric or other flexible material suitable for such use, and
      resilient stuffing 44 with which the compliant form is filled.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A modular, three dimensional toy kit having only relatively soft members
      for selective assembly and disassembly by small children, said kit
      comprising:
PA1  a. a base member of cloth covering filled with resilient stuffing material
      and shaped to represent a first portion of a real-world object:
PA1  b. a plurality of secondary members of cloth covering filled with resilient
      stuffing material and shaped to represent second portions of said
      real-world object; and
PA1  c. means for attaching said secondary members to said base member, said
      means consisting solely of a plurality of loops of cloth material attached
      to selected points to said base member and integral portions of said
      secondary members, each said integral portion forming a simulated part of
      said real-world object, the relative sizes of said loops and said integral
      portions being such that said secondary members are secured to said base
      member by insertion of said integral portions through said loops.
NUM  2.
PAR  2. The invention according to claim 1 wherein said loops are formed of a
      cloth covering filled with resilient stuffing material.
NUM  3.
PAR  3. The invention according to claim 1 wherein said base member is of
      substantially greater height than its width and thickness, and the density
      of said stuffing material is such that said base member is self
      supporting.
NUM  4.
PAR  4. The invention according to claim 3 wherein said first portion comprises
      a tree trunk and said second portions comprise tree limbs.
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ABST
PAL  A toy having an elongated handle connected by a flexible driving line to a
      whirling assembly comprising two flat rings joined together by a flexible
      connecting line. The driving line is connected to the whirling assembly by
      a double swivel connector, which is located beside one of the rings and
      permits rotation of both lines within the swivel. The rings rotate about
      an axis midway between them as the free end of the handle is rotated, and
      several different recreational exercises can be accomplished by different
      manipulations of the handle. In alternative embodiments, different swivel
      arrangements are provided to prevent twisting of the driving line and
      winding of the driving line around the connecting line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to toys, and has particular reference to a toy of
      the type in which an assembly of relatively heavy bodies is supported on
      an elongated line and adapted to be whirled, lasso-fashion, by
      manipulation of a handle to which the line is connected.
PAR  Numerous toys of this general type have been known in the past, one example
      being shown in U.S. Pat. No. 3,605,327 as having a string with a series of
      five balls threaded onto one end portion of the string and positioned in
      spaced apart relation, lengthwise of the string, to be whirled about the
      central ball of the series. Another interesting toy of this general type,
      shown in U.S. Pat. No. 2,826,861, comprises two spheres that are joined
      together by a stiff rod and are supported by a flexible line. Several
      other patents disclose toys in which a hoop or rope, similar to the loop
      of a lasso, is supported by a line.
PAR  The recreational value of such prior toys was to some extent limited,
      because of the limited variety of permissible activity, and in most cases
      because of the absence of any intrigue or mystery in the effects that
      could be achieved with the toys. The primary objective of the present
      invention is to provide a novel toy of the foregoing general character
      which is capable of use in a wider variety of ways, increasing as the
      level of skill of the user increases, so as to maintain interest and
      provide a progressively increasing challenge, and which, at the same time,
      involves a degree of intrigue or mystery in its operation.
PAC  SUMMARY OF THE INVENTION
PAR  The invention resides in a whirling toy which has a handle for manual
      manipulation, a driving line connected to the handle, and a whirling
      assembly on the driving line comprising two bodies, preferably
      substantially flat, planar bodies of about the same size and weight, that
      are joined together by a flexible connecting line. Means are provided for
      preventing twisting of the driving line and for preventing winding of the
      driving line around the connecting line during whirling of the two bodies
      and manipulation of the whirling bodies through different exercises. The
      connection of the driving line to the assembly is in an area spaced from
      the center of the connecting line, and preferably is closely adjacent one
      end of the connecting line.
PAR  In the preferred embodiment shown herein, the whirling bodies are rings of
      relatively dense plastic or similar material, and produce a particularly
      attractive and pleasing illusion or "figure" when whirling substantially
      in a plane perpendicular to the axis of rotation of the rings, this axis
      being midway between the rings along the connecting line. The "figure"
      appears to hang in mid-air, seemingly unconnected to the handle and
      detached from the control of the operator.
PAR  The preferred means for preventing twist and winding is a double-action
      swivel forming the connection between the driving line and the connecting
      line. This swivel is a bead which has two perpendicular throughpassages,
      with the connecting line passing loosely through one through-passage and
      with the lower end portion of the driving line passing loosely through the
      other.
PAR  Alternatively, a conventional single-action swivel may be used to connect
      the driving line to the handle, and a one-way bead swivel can be used as
      the connector between the lines. Also, the connecting line can be
      rotatably mounted on each of the rings, and the driving line can be tied
      directly to the connecting line.
DRWD
PAR  Other aspects and advantages of the invention will become apparent from the
      following detailed description, taken in conjunction with the accompanying
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view showing a whirling toy embodying the novel features
      of the present invention, held in the hand of a user and shown in an
      inactive, starting position;
PAR  FIG. 2 is a perspective view similar to FIG. 1 but showing one condition of
      the parts of the toy after motion has been imparted to the bodies to cause
      them to whirl in a generally horizontal plane;
PAR  FIG. 3 is a side view showing the appearance of the whirling "figure"
      during operation, with the whirling assembly disposed in a vertical plane.
PAR  FIG. 4 is a diagrammatic side elevational view of the toy, with the bodies
      in a horizontal plane and rotated 180.degree. from the condition shown in
      FIG. 2;
PAR  FIG. 5 is a view similar to FIG. 4 showing a condition of the parts of the
      toy after the rotation has been changed to the substantially vertical
      plane, as in FIG. 3, with an arrow indicating a back and forth swinging
      motion that can be imparted to the whirling bodies;
PAR  FIG. 6 is a view similar to FIG. 4 showing rotation in an inclined plane;
PAR  FIG. 7 is an enlarged fragmentary perspective view showing the end of the
      handle, parts of the driving line, the double-action swivel connector, and
      parts of the connecting line and one whirling body; and
PAR  FIGS. 8, 9 and 10 are somewhat enlarged fragmentary views, generally
      similar to parts of FIG. 2, illustrating alternative embodiments of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE FIRST EMBODIMENT
PAR  As shown in the drawings for purposes of illustration, the invention is
      embodied in a whirling toy, indicated generally by the reference number
      10, and comprising a lever-like handle 11 in the form of an elongated,
      relatively stiff rod that is held in the hand 12 of a user, a driving line
      13 attached to one end of the handle, the left end in the drawings, and a
      whirling assembly 14 that is attached to the driving line in spaced
      relation with the handle, and includes two bodies 15 and 17 that are
      connected together by a line 18. When the handle is properly manipulated,
      the two bodies are spread apart by centrigual force, and are caused to
      rotate generally in a common plane about an axis 19 disposed between the
      bodies and perpendicular to the connecting line 18. When so rotating, the
      whirling assembly produces an illusion or "figure", generally as
      illustrated in FIG. 3.
PAR  The driving line 13 is composed of any suitable material, one being nylon
      monofilament, and is attached by its upper end to the free end of the
      handle 11, herein by a simple tie through a hole in the end of the handle.
      The bodies 15 and 17 may take various forms, the preferred form being two
      rings of relatively stiff plastic, which may be brightly colored for an
      attractive appearance. The connecting line 18 also may be nylon
      monofilament, and is attached at its ends to the peripheral portions of
      the two rings, this being accomplished in the illustrative embodiment
      simply by passing the connecting line through holes 21 in the rings (see
      FIG. 7) and securing it to the rings with knots 22. An advantage of
      monofilament is the virtual invisibility of the lines, when the assembly
      is whirling.
PAR  An important aspect of the invention is the manner of connection of the
      driving line 13 to the whirling assembly 14 formed by the two rings 15 and
      17 and the connecting line 18. As shown most clearly in FIGS. 2 and 7,
      this preferably is accomplished by means of a double-action swivel
      connector 23 that allows each line 13, 18 to rotate about its longitudinal
      axis relative to the other line. This permits the assembly to rotate
      without twisting of the driving line 13, and prevents winding of the
      driving line around the connecting line as certain movements of the
      whirling assembly are performed.
PAR  Herein, the swivel-connector 23 is a spherical bead having two
      intersecting, diametrical throughpassages 24 and 25 that preferably are
      perpendicular to each other, and are offset slightly from each other to
      prevent rubbing of the two lines where they cross inside the swivel. The
      driving line 13 passes loosely through the passage 25 and is held in place
      by a washer 26 and knot 27 in the end of the line 13. The connecting line
      18 is threaded through the passage 24. Each line turns freely within the
      swivel 23.
PAR  It will be apparent that, for the development of rotational motion in the
      whirling assembly 14, the connector 23 should be spaced from the center of
      the assembly. In addition, rotational stability of the whirling assembly
      is enhanced as this spacing is increased. Therefore, the optimum position
      for the swivel connector 23 is adjacent one of the rings 15, 17.
PAR  In the illustrative embodiment, the swivel connector 23 is positioned
      beside the ring 15, and its movement along the connecting line 18 away
      from this ring is blocked by an abutment 28, which can be an enlargement
      in the connecting line, larger than the passage 24, herein formed by a
      simple overhand knot. The knot 28 is spaced from the knot 22 (see FIG. 7)
      a distance slightly larger than the diameter of the swivel connector 23,
      to insure that the line turns freely in the connector.
PAR  Although dimensions of the various parts are not critical, a few points
      should be observed for optimum design. First, the handle 11 should be long
      enough to allow a small movement of the hand of the user to create a
      relatively large amount of movement in the whirling assembly 14. This
      serves as a part of the mystery as to the source and magnitude of movement
      in the whirling assembly. In addition, the driving line 13 should be long
      enough to permit the rings 15 and 17 to rotate when the axis of rotation
      is parallel to the handle 11, with clearance between the adjacent portions
      of the "figure" 20 and the handle. The rings should be sufficiently heavy,
      in relation to their surface areas, to overcome the tendency to deflect as
      a result of wind resistance, and in this respect, it has been found that
      lightweight cardboard rings are not as good as plastic, or heavier
      cardboard. Whatever the material, it should be relatively rigid, to
      eliminate bending.
PAR  As a specific example of the specifications for one suitable whirling toy,
      the handle 11 may be on the order of 27 inches long, the driving line 13
      about 20 inches, the rings 15 and 17 8 to 9 inches in outside diameter and
      5 to 6 inches in inside diameter, and the connecting line 18 5 to 6 inches
      in length. These dimensions are to be taken as merely illustrative,
      however, and not as limitations of the present invention.
PAR  In using the toy 10, the typical starting position is that shown in FIG. 1,
      with the handle 11 extending outwardly, perhaps inclined downwardly to
      some extent, and with the driving line 13 and the whirling assembly 14
      hanging below the free end of the handle. The handle is manipulated to
      rotate the free end (as indicated at 29 in FIG. 2) and to begin swinging
      the whirling assembly, which initially is basically formless and
      disorganized. The initial movement of the free end is in a relatively
      large circle, perhaps on the order of ten to twelve inches in diameter.
PAR  In response to the centrifugal force developed, the lower ring 17 will
      begin to swing out, away from the upper ring 15, and to rise toward the
      level of the upper ring. At the same time, the upper ring begins to swing
      out on the opposite side, away from the lower ring, toward a position in a
      horizontal plane extending through the swivel connector 23.
PAR  The rate of rotation of the handle 11 initially is relatively slow, to
      begin swinging the assembly 14, and then is progressively increased, to
      accelerate the swinging. This, of course, increases the centrifugal force
      tending to separate the rings, until they are whirling in the manner
      illustrated in FIGS. 2 and 4. The free end of the handle is rotated in a
      smaller and smaller circle as the rate increases, and when the condition
      illustrated in FIGS. 2 and 4 is attained, the circle 29 of rotation of the
      free end is relatively small.
PAR  Illustrated in FIG. 5 is a first variation that is possible with the toy
      10, after the initial condition in FIGS. 2 and 4 has been achieved. It can
      be seen that the rings 15 and 17 are disposed in a vertical plane, and are
      rotating about a horizontal axis 19', still midway between the rings but
      now generally parallel to the handle 11. This is accomplished by changing
      the motion of the free end from rotational to translatory, that is, up and
      down, as indicated by the arrow 30 in FIG. 5.
PAR  As another alternative, the free end of the handle 11 can be rotated in an
      inclined plane, as indicated by the arrow 31 in FIG. 6. This will cause
      the plane of rotation of the rings 15 and 17 to shift from the horizontal
      plane, of FIGS. 2 and 4, to an inclined plane, as shown in FIG. 6,
      generally parallel to the plane of rotation of the free end of the handle.
      The axis 19" of rotation of the rings now will be inclined, as shown in
      FIG. 6.
PAR  A representation of the "figure" 20 is shown in FIG. 3, generally as it
      appears in all of the various attitudes of the whirling bodies. Basically,
      the inner and outer peripheries of the "figure" appear as solid bands 20a
      and 20b, and the space between them appears as moving, petal-like arcuate
      sections 20c.
PAR  The "figure" 20 formed by the rotating assembly 14 thus can be moved from
      plane to plane, and it also can be moved about in a variety of secondary
      ways. For example, the "figure" can be maintained behind one's back; it
      can be thrown upward in the air and "caught,"  whirling, on its way down;
      and it can be towed like a kite, rising in the air as it rotates in an
      inclined plane. Also, the entire whirling figure can be swung back and
      forth in its different attitudes.
PAR  The swivel connector 23 permits the driving line 13 to be disposed at any
      angle relative to the connecting line 18, and the centrifugal force
      maintains the integrity of the "figure" in the different attitudes and
      motions. This swinging motion is illustrated by the arrow 32 in FIG. 5,
      indicating lateral swinging during rotation in a vertical plane. Although
      it might logically be assumed that the whirling "figure" would foul with
      the driving line 13 during such swinging, it has been found that, instead,
      the line passes through the "figure" as the latter passes back and forth.
PAR  This is but one of the intriguing aspects of the toy 10 of the present
      invention, which also is intriguing in its transition from the formless,
      disordered state of FIG. 1 to the orderly state produced by centrifugal
      force, and in the seeming detachment of the whirling figure from the
      operator. These aspects, and the variety of recreational exercises that
      can be performed as skill and dexterity increase, distinguish the toy from
      prior toys of this general type.
PAC  DETAILED DESCRIPTION OF THE ALTERNATIVE EMBODIMENTS
PAR  Shown in FIGS. 8, 9 and 10 are three variations in the whirling toy with
      alternative arrangements of the means for preventing twisting and winding
      of the lines. Parts of these embodiments that correspond to parts shown in
      FIGS. 1 through 7 are indicated by the same reference numbers that are
      used in FIGS. 1 through 7.
PAR  First, in FIG. 8, a standard swivel 33 is interposed between the handle 11
      and the driving line 13, to prevent twisting of the latter by the whirling
      assembly 14. A single-action bead swivel 34 is tied to the other end of
      the driving line and formed with a through-passage 35 through which the
      connecting line 18 loosely extends.
PAR  The swivel 33 has an upper eye 35 clipped to the handle, a central swivel
      bead 37, and a lower eye 38 to which the driving line 13 is tied. In other
      respects, this embodiment may be the same as the first.
PAR  Shown in FIG. 9 is another alternative in which a bead swivel 39 at the
      lower end of the driving line 13 provides a single swiveling action, but
      this time for the driving line 13. The latter is rotatable in the bead as
      in the first embodiment, but is non-rotatably fastened to the connecting
      line 18.
PAR  The connecting line 18, however, has ends 40 and 41 which are rotatably
      secured to the rings 15 and 17, so that the connecting line can rotate
      about its longitudinal axis relative to the rings. For this purpose, each
      end of the connecting line extends loosely through a passage 42 in the
      ring, and into an aperture 43 in the body of the ring, where the line is
      knotted, as shown at 44, to form an abutment preventing withdrawal of the
      line from the passage 42. A small antifriction washer 45 between each knot
      44 and the wall of the aperture lessens resistance to turning.
PAR  A third alternative, shown in FIG. 10, combines the swivel mounting of the
      ends 40, 41 of the connecting line 18 in passages 42 and apertures 43 in
      the rings 15 and 17, with a standard swivel 47 between the driving line 13
      and the handle 11, as described in connection with the first alternative
      embodiment (FIG. 8). This arrangement similarly prevents twisting and
      winding of the lines 13 and 18 even though the driving line 13 is tied
      directly to the connecting line 18, as indicated at 48.
PAR  Each of the foregoing embodiments provides a whirling toy that can be
      manipulated in the manner described in connection with the first
      embodiment. All are relatively simple and inexpensive in construction, yet
      provide interesting and pleasant entertainment, and a continuous and
      growing challenge.
PAR  While different specific embodiments of the invention have been illustrated
      and described, it will be apparent that various other modifications,
      additions, and changes may be made without departing from the spirit and
      scope of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A whirling toy, comprising:
PA1  an elongated handle having one end portion adapted to be gripped in the
      hand, and an opposite, free end portion adapted to be moved through
      rotational and translatory motions;
PA1  an elongated flexible driving line of preselected length connected at one
      end to said free end portion of said handle;
PA1  two flat bodies of substantially the same size, shape and weight;
PA1  a flexible connecting line substantially shorter than said driving line,
      said connecting line extending between said bodies and having opposite end
      portions joined to corresponding peripheral portions of said bodies,
      thereby joining said bodies together in a whirling assembly;
PA1  and a double-action swivel means connecting said driving line to said
      connecting line adjacent one of said bodies, and permitting each of said
      lines to rotate about its longitudinal axis relative to said swivel means,
      whereby said whirling assembly may be put into rotation about an axis
      between said bodies, and generally in a selected plane, by rotation of
      said free end of said handle, and while rotating, may be variably
      manipulated with said handle.
NUM  2.
PAR  2. A whirling toy as defined in claim 1 in which each of said bodies is a
      ring composed of relatively dense and stiff material and having inner and
      outer circular edges, and said connecting line is joined to each ring
      adjacent the outer edge thereof.
NUM  3.
PAR  3. A whirling toy as defined in claim 1 in which said double-action swivel
      means is a connector having two through-passages, said connecting line
      passing loosely through one of said through-passages, said driving line
      passing loosely through the other, and said driving line having means
      thereon holding said connector rotatably on the driving line.
NUM  4.
PAR  4. A whirling toy as defined in claim 3 further including means for
      maintaining said connector in a preselected position longitudinally of
      said connecting line.
NUM  5.
PAR  5. A whirling toy as defined in claim 1 in which said handle is an
      elongated, relatively stiff rod.
NUM  6.
PAR  6. A whirling toy, comprising:
PA1  a handle adapted to be gripped in the hand;
PA1  an elongated driving line;
PA1  means connecting one end of said driving line to said handle;
PA1  two bodies of substantially the same size and weight;
PA1  a flexible connecting line extending between said bodies;
PA1  means joining the opposite ends of said connecting line to said bodies to
      connect them together in a whirling assembly of fixed length;
PA1  and means connecting said driving line to said connecting line in an area
      spaced a preselected and substantially fixed distance from the center of
      said connecting line thereby to support said assembly in an apparently
      formless manner when at rest, and to put the assembly into rotation in a
      selected plane through manipulation of said handle, said connecting line
      having nothing of any substantial mass on it between said two bodies, to
      avoid interference with the rotation of said assembly;
PA1  said joining means and said connecting means including means permitting
      said assembly to rotate about an axis between said bodies without twisting
      said driving line and preventing winding of said driving line about said
      connecting line during movement of the plane of rotation of said bodies.
NUM  7.
PAR  7. A whirling toy as defined in claim 6 in which said bodies are flat and
      substantially planar in shape.
NUM  8.
PAR  8. A whirling toy as defined in claim 6 in which said bodies are rings.
NUM  9.
PAR  9. A whirling toy as defined in claim 6 in which said means connecting said
      driving line to said connecting line includes a swivel connector having a
      passage through which said connecting line loosely extends, means locating
      said connector along said connecting line adjacent one of said bodies, a
      second passage in said connector through which said driving line loosely
      extends, and means holding said connector rotatably on the driving line.
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ABST
PAL  A walking mechanism for a toy having two legs. Each leg is provided with a
      vertically elongated slot intermediate its ends which receives a pin
      connected to a frame mounting a drive motor. The drive motor operates a
      shaft bearing two eccentrics with the eccentrics being located 180.degree.
      apart about the shaft and each eccentric is drivingly connected to one end
      of a respective leg. As a result, each leg is driven through a generally
      elliptical path with the movement of each being 180.degree. out of phase
      with the movement of the other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to toys, and more specifically, to toys embodying a
      walking mechanism.
PAR  Recent years have seen a great influx of proposals for walking mechanisms
      for such toy items as dolls, robots, etc. While certain of the proposals
      have been successfully implemented and have achieved commercial success,
      because of the compound movement of two legs required by the same, all too
      often the mechanisms have been extremely complex and therefore relatively
      expensive to manufacture and embody in a toy.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of the invention is to provide a new and improved toy
      having a walking mechanism. More specifically, it is an object to provide
      a toy embodying a walking mechanism, which walking mechanism is reliable,
      drives the legs of the toy in a realistic walking motion and can be
      manufactured relatively inexpensively.
PAR  The exemplary embodiment of the invention achieves the foregoing object by
      means of a simple drive mechanism including a spring motor driving a
      rotary output shaft, which shaft mounts on its opposite ends, a pair of
      eccentrics which are located about the same 180.degree. apart from each
      other. Each eccentric is drivingly connected to one end of a respective
      leg and intermediate the end of each leg there is provided an elongated
      slot which receives a pin affixed to the mechanism frame. Rotation of the
      shaft by the spring motor will thereby reciprocate and pivot each leg
      about the pin so that the end of the leg opposite the connection to the
      eccentric is moved in a generally elongated elliptical path with each leg
      being moved in its path 180.degree. out of phase with the other leg.
PAR  In order to improve the operating characteristics of the spring motor, the
      same is connected through a reduction gear train to a flywheel which evens
      out the rate of unloading of the spring motor and regulates the rate of
      unloading. In order to minimize gear chatter thereby enabling the use of
      extremely inexpensive gear parts, the flywheel is connected to be driven
      by the output of the gear train by means of a resilient belt which absorbs
      energy pulses.
PAR  The exemplary embodiment of the invention also contemplates that the toy
      may be used in conjunction with various accessories. According to one
      embodiment of the invention, one of the legs may be received in a
      releasable connection in a miniature scooter configured so that the other
      leg may contact a supporting surface as it moves through a portion of its
      path of movement to thereby propel the scooter with the toy on the same.
      According to another embodiment of the invention, the toy by means of
      miniature hands may be releasably connected to a handle on a vehicle such
      as a baby buggy to push the same. In order to insure that the wheels of
      the buggy are maintained in contact with the supporting surface during up
      and down motion of the toy during walking of the same, the rear set of
      wheels of the same are mounted for vertical movement relative to the
      vehicle frame as the latter is moved up and down by the toy.
PAR  To facilitate the use of the toy with still other accessories, a unique
      connection between the hands of the same and the arm which permits limited
      pivotal movement is provided so that the hands may grip another
      instrumentality that extends generally horizontally, generally vertically
      or at various intermediate attitudes.
PAR  Other objects, and advantages of the invention will become apparent from
      the following specification taken in conjunction with the accompanying
      drawings.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a perspective view of a toy embodying the invention;
PAR  FIG. 2 is an enlarged, side elevation of the toy with parts shown in
      section;
PAR  FIG. 3 is a schematic illustrating four sequential positions of leg-like
      appendage through one cycle of operation of the invention;
PAR  FIG. 4 is a vertical section taken approximately along the line 4--4 of
      FIG. 2;
PAR  FIG. 5 is an enlarged, fragmentary vertical section of a portion of the
      mechanism illustrated in FIG. 4;
PAR  FIG. 6 is a side elevation of the partially assembled mechanism shown in
      FIG. 5;
PAR  FIG. 7 is a side elevation of a portion of a drive mechanism;
PAR  FIG. 8 is a perspective view of a toy embodying the invention and including
      an exemplary vehicle;
PAR  FIG. 9 is a vertical section of the toy and auxiliary vehicle shown in FIG.
      8; and
PAR  FIG. 10 is an exploded view of a connection between a hand and arm for the
      toy illustrated in various of the other figures.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An exemplary embodiment of a walking toy made according to the invention is
      illustrated in FIG. 1 in perspective and is seen to include a doll body in
      the figure of a young girl, generally designated 20. As illustrated in
      FIG. 1, the doll 20 is pushing a toy baby buggy, generally designated 22,
      which will be described in greater detail hereinafter.
PAR  With reference to FIGS. 2 and 4, the doll 20 is comprised of a housing 24
      configured in the form of a dress and formed of two shell halves 26 and
      28. The shell halves 26 and 28 may be secured together in any suitable
      manner and are configured to define a lower opening, generally designated
      30, through which a pair of legs 32 downwardly extend. The housing 24
      further includes an upper opening 34 for receiving a downwardly extending
      projection 36 of a doll head 38. The projection 36 includes an aperture 40
      receiving a stub shaft 42 extending from a boss 44 on the inner side of
      the shell half 28. The shell half 26 includes an inwardly extending boss
      46 having a recess 48 aligned with and receiving the end of the stub shaft
      42 whereby the head 38 is mounted for limited pivotal movement.
PAR  On the outer side of each of the shell halves 26 and 28 near the upper
      extremity thereof there is provided an outwardly extending stub shaft 47
      which is received in a collar 48 integrally formed with an arm 50. The arm
      50 may be secured to the stub shaft 47 in any suitable manner. For
      example, if the elements are formed of resilient material, suitable snap
      fitting means may be employed so long as the same permit pivotal movement
      of the arm 50 on the stub shaft 47.
PAR  The basic assemblage is completed by a drive motor and motion imparting
      mechanism, generally designated 52, located within the housing 24 and
      interposed between the legs 32 to impart a walking motion thereto.
PAR  With reference to FIGS. 2, 5 and 6, the mechanism 52 is seen to comprise a
      pair of spaced mounting plates 54 which are secured together by means of
      rivets 56 and spacing sleeves 58. Near the lower extremity of the
      structure defined by the plates 54 and between the two there is located a
      conventional spring motor, generally designated 60. The spring motor 60
      includes, as is well known, a spring 62 and one end of the same may be
      secured against movement to one of the spacing sleeves 58. The other end
      of the spring 62 is secured, either directly or indirectly, to a keyed
      shaft 64 which may receive a winding key (not shown) for the purpose of
      winding up the spring motor 60. The housing 24, on one or the other or
      both sides thereof includes an opening 66 (FIG. 1) for insertion of such a
      winding key.
PAR  As illustrated in FIG. 7, the spring motor 60 is completed by a
      conventional ratchet mechanism, generally designated 68 for maintaining
      the spring 62 in a wound state whereby the energy stored therein will be
      imparted in the form of rotary motion to an associated spur gear 70.
PAR  Returning to FIG. 5, the ends of the shaft 64 at their point of emergence
      through the plates 54 are surrounded by bearing plates 72 through which
      the shaft 64 extends. Each of the bearing plates 72 includes an outwardly
      extending pin formation 74 which is received in an elongated slot 76 in a
      corresponding one of the legs 32 to define therewith a pin and slot
      connection. The pin and slot connection thus defined is intermediate the
      end of the respective legs 32.
PAR  The spur gear 70 is in mesh with a small spur gear 78 which in turn is
      drivingly connected to an enlarged spur gear 80. The spur gears 78 and 80
      are mounted for rotation on a shaft 82 and pinned thereto to impart
      rotation of the same. As will be seen, the shaft 82 serves as the output
      shaft to drive the legs 32 in a walking motion.
PAR  The gear 80 is in engagement with a reduction gear combination 84 mounted
      for rotation on a shaft 86 which in turn drives a reduction gear
      combination 88 mounted for rotation on a shaft 90. The large gear of the
      combination 88 in turn drives a small spur gear 92 (FIG. 6) which is
      drivingly connected to a rotatably mounted shaft 94 which also mounts an
      enlarged sheave 96. A belt 98 formed of a resilient material such as
      rubber is trained about the sheave 96 and is in driving engagement with a
      small sheave 100 which is pinned to a rotary shaft 102. Also pinned to the
      rotary shaft 102 for rotation therewith is a flywheel 104 which serves to
      regulate the rate at which the spring motor 70 unwinds as well as to
      smooth out the unwinding action. The resilient belt 98 is operative to
      absorb pulses in energy and serves thereby to minimize the noise of
      operation by eliminating chatter amongst the various gears.
PAR  Returning to the output shaft 82, the same is seen to include squared ends
      106 received in hubs 108 of bearing discs 110 having crank arms 112 near
      one extremity thereof. The hubs 108 are journalled in apertures in
      respective ones of the plates 54.
PAR  Each of the legs 32 includes a bore 114 in its upper extremity which
      receives a respective crank 112 to establish a driving connection. As
      illustrated in FIG. 5, the crank 112 associated with the rightmost leg 32
      is oriented with respect to the shaft 82 so as to be 180.degree. away from
      the location of the crank 112 associated with the left-most leg 32.
PAR  Turning now to FIG. 3, the nature of operation of one of the legs 32 will
      become apparent. In FIG. 3, there are four dotted line showings of leg 32
      and assuming that the leg corresponds to the rightmost leg 32 in FIG. 5
      and starts at the position therein shown, the leg 32 will be in the
      position identified as position number 1. This will be due to the fact
      that the crank 112 is at its uppermost position so the leg is centered at
      its uppermost position with the pin 74 being in the lowermost end of the
      slot 76. As the crank 112 is rotated 90.degree. in a counterclockwise
      direction with regard to the showing in FIG. 3, the upper end of the same
      will pivot to the left about the pin 74 and will be moved downwardly
      resulting in the leg being moved to the position identified as position
      number 2. Continued movement of the crank will result in the same reaching
      its lowermost position to further lower the leg. Furthermore, the second
      90.degree. of rotation of the crank will result in the leg moving
      rearwardly and the net result will be that after 180.degree. of rotation
      of the crank 112, the leg will be in the position identified as position
      number 3. Continued rotation of the crank will result in the leg being
      moved rearwardly and upwardly for the next 90.degree. of rotation to the
      position identified as position number 4. Continued rotation through
      another 90.degree. will result in the leg being returned to position
      number 1.
PAR  It will be recalled that the orientation of the two cranks 112 for the
      respective legs 32 is 180.degree. out of phase on the shaft 82. As a
      result, when the rightmost leg is in position number 1, the left leg will
      be in position number 3. As the right leg moves to position number 2, the
      left will move to position number 4, etc. As a result, the two legs have a
      walking motion imparted thereto.
PAR  Returning now to FIG. 2, to insure that the walking motion imparted to the
      legs 32 will result in movement of the doll, the lower extremity of each
      of the legs 32 may be provided with an ornamental slipper such as those
      illustrated at 116. Preferably, such slippers are made out of a material
      that will have a high coefficient of friction with the surface on which
      the doll is to be used.
PAR  Turning now to FIGS. 8 and 9, a doll embodying the walking mechanism just
      described may be used in conjunction with an auxiliary toy vehicle such as
      a scooter, generally designated 120. The toy scooter 120 may be formed as
      a miniature scooter by any suitable manner and includes a handle grip 122
      to which hands 124 of the doll may be releasably secured in any suitable
      manner known in the art. The platform 126 of the scooter is further
      provided with a releasable connector 128 which may be much of the form of
      the slippers 116 for receiving the foot of one of the legs 32. The overall
      construction of the releasable connector 128, the platform 126 and wheels
      130 of the scooter 120 is such that the other leg 32 may be in contact
      with the supporting surface for at least some portion of its movement. As
      a result the doll can actually ride and propel the miniature scooter 120
      as the free leg 32 moves through positions L1, L2 and L3 shown in dotted
      lines in FIG. 9.
PAR  Returning to FIG. 2, a specific feature of the baby buggy 22 will be
      described. From the foregoing, it will be appreciated that as the doll
      walks, the body 20 of the same will reciprocate in a generally vertical
      direction. When the hands 124 of the doll are secured to a handle 132 on
      the baby buggy 22, the vertically reciprocating action of the doll will
      result in the handle 132 being moved upwardly and downwardly as the doll
      walks. Since the baby buggy 22 will conventionally include front wheels
      134, the same will serve as a pivot point for the entire buggy 22 and in
      order to insure that the rear wheels 136 of the same are maintained in
      contact with the supporting surface for realism, a frame member 140 of the
      buggy 22 mounting the rear wheels 136 is provided with an elongated slot
      142 for receiving the axle 144 mounting the rear wheels 136. As a result,
      the axis of the rotation of the wheels 136 can move relatively to the body
      of the buggy 22 as the same is pivoted back and forth about the pivot
      provided by the wheel 134 to maintain contact with the supporting surface.
PAR  While the doll herein described has been illustrated in conjunction with
      vehicles of a type having generally horizontal handle grips, such as the
      grips 122 and 132, it will be appreciated that the same may find use with
      other types of accessories, as, for example, skiis. In such a case, to add
      realism to the toy, it is desirable to employ ski poles, not shown, which,
      of course, would be gripped by the hands 124 at an attitude approximately
      90.degree. from that with which the grips 122 and 132 are gripped. To this
      end, the extremity of each arm 50 is provided with a cuff formation 150 as
      best seen in FIGS. 2 and 10. The cuff formation 150 includes a circular
      recess 152 having a centered, outwardly projecting stub shaft 154 and a
      peripheral notch 156 having a radial extent of about 90.degree.. The hand
      124 is mounted on a disc 158 having a central aperture 160 for snap fit
      receipt of the stub shaft 154 and a peripherally extending tooth 162 for
      receipt in the slot 156. As a result, each hand 124 is mounted for
      rotation through about  90.degree. on its respective arm 50 so that the
      hand may be moved to grip other accessories in a realistic manner.
CLMS
STM  We claim:
NUM  1.
PAR  1. A walking mechanism for a toy comprising: first and second legs, each
      having first and second opposite ends with a surface engaging portion at
      the first end thereof, a driving portion at the second end thereof and a
      portion of a pin and slot connection on each leg near the second end and
      intermediate the first end and the driving portion; a drive mechanism for
      said legs including a spring motor, a rotary shaft driven by the spring
      motor and terminating at each end in cranks, said cranks being oriented on
      said shaft in an out of phase relation with each other and each being
      connected to the driving portion of a respective one of said legs against
      lost motion relative to the legs; mounting means, means on said mounting
      means defining the other portion of said pin and slot connections, said
      other portions being in mating relation with a respective one of said
      first portions of said pin and slot connections on said legs whereby each
      leg will be positively driven by each crank and pivot about the pin and
      slot connection so that the first end of each leg will move in a walk
      simulating elongated eliptical path of travel.
NUM  2.
PAR  2. The walking mechanism of claim 1 further including a rotary flywheel,
      and transmission means operatively interposed between said spring motor
      and said flywheel, said transmission means including a gear train and a
      driving connection having a resilient belt whereby gear noise during
      operation of the spring motor is minimized.
NUM  3.
PAR  3. The walking mechanism of claim 1 wherein said resilient belt drivingly
      interconnects said gear train and said rotary flywheel.
NUM  4.
PAR  4. A walking toy embodying the walking mechanism of claim 1 further
      including means defining a toy figure receiving said walking mechanism,
      said toy figure including a pair of arms, a pair of hands, one for each
      arm; and means interconnecting each hand to a respective arm for a limited
      pivotal movement.
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ABST
PAL  A doll joint structure for connecting the limbs of a toy figure or doll to
      the torso. A first toy figure part has a generally concave socket portion
      having an opening therethrough. A second toy figure part has a
      complementary convex portion at said joint for engagement within the
      concave portion of the first part. A resiliently flexible intermediate
      connecting member is disposed between the two figure parts at the joint.
      The intermediate connecting member is sort of mushroom shaped and includes
      an elongated shaft portion on one end fixedly positioned in the opening in
      the first figure toy part, and a generally disc-shaped flange portion at
      the other end for fixed engagement with the second figure toy part. The
      disc-shaped flange portion of the connecting member includes a cylindrical
      flange therearound to provide greater area of contact between the
      connecting member and the second toy figure part. The flange portion of
      the connecting member is resiliently flexible so that as the limb of the
      doll or figure toy is moved the flange portion will flex to accommodate
      the movement and, upon release of the limb, return the limb back to its
      original position.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to toy figures, mannekins, jointed dolls, and the
      like. Particularly, the invention is directed to providing a joint
      structure of the character described, with new and improved joint means to
      permit articulation of the several limbs of the toy figure or doll.
PAR  Heretofore, joint structures of toy figures, such as dolls or the like,
      usually took the form of a ball and socket-type joint with resilient
      means, such as a spring, holding the ball portion of one figure member in
      the socket portion of another figure member in various articulated
      positions. Dolls or figure toys provided with a ball and socket-type joint
      at the limbs normally required additional manual manipulation of the limbs
      to return them to their original position.
PAR  An object of the present invention is to provide a new and improved joint
      structure for connecting limbs of figure toys, such as dolls or the like,
      which will maintain the limbs in a predetermined relative position, permit
      articulated movement away from that position, and return the limbs to the
      predetermined position after they have been moved and released by a child
      or other user.
PAR  Although the joint structure of the present invention is adapted for all
      sorts of toy figures, mannekins, and the like, it is shown herein in a
      baby doll construction.
PAR  In the exemplary embodiment of the present invention, the joint structure
      for connecting the limbs of the doll includes a first toy figure part
      having a generally concave socket-type portion at the joint. A second toy
      figure part has a generally complementary convex portion at the joint for
      engagement within the concave portion of the first part. An intermediate
      connecting member is disposed between the first and second toy figure
      parts of the doll, between the relative concave and convex portions
      thereof. The intermediate member is resiliently flexible and is somewhat
      mushroom shaped, including an elongated shaft portion which is fixed
      within an opening in the concave portion of the first toy figure part. A
      disc-shaped flange portion is formed at the other end of the shaft and a
      circumscribing cylindrical flange portion surrounds the disc-shaped flange
      portion for securement to the inside of the convex portion of the second
      toy figure part. The joint structure is shown herein in opposite
      orientations in the upper torso portion between the doll's arms and the
      upper torso portion, and in the hip joints between the lower torso portion
      and the doll's legs. Of course, other joint areas where the joint
      structure could be used also are contemplated.
DRWD
PAR  Other objects, features and advantages of the invention will be apparent
      from the following detailed description taken in connection with the
      accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a toy figure in the form of a doll in a
      lying down position, incorporating joint structures of the present
      invention between the torso and the limbs;
PAR  FIG. 2 is a section of the doll of FIG. 1, on an enlarged scale, taken
      generally along the line 2--2 of FIG. 1, but in an upright position to
      facilitate the illustration of the various joint structures of the doll;
PAR  FIG. 3 is a fragmented vertical section, taken generally along the line
      3--3 of FIG, 2;
PAR  FIG. 4 is a fragmented horizontal section, taken generally along the line
      4--4 of FIG. 2;
PAR  FIG. 5 is a canted section taken generally along the line 5--5 of FIG. 2;
PAR  FIG. 6 is a perspective view of one of the concave joint portions;
PAR  FIG. 7 is a perspective view of the intermediate connecting member in the
      arm joints of the doll; and
PAR  FIG. 8 is a perspective view of the intermediate connecting member for the
      leg joints of the doll.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A doll, generally designated 10, employing the use of several of the joint
      structures of the present invention is shown in FIG. 1. The doll includes
      a body or torso portion 12, a head 14, a pair of arms 16 and a pair of
      legs 18. FIG. 1 shows the doll 10 in a lying down position with its arms
      and legs extending generally upwardly as is not uncommon or even normal
      with infants before they are able to sit or stand. However, the doll 10 is
      capable of supporting itself in a sitting position, as shown in FIG. 2.
PAR  Joint structures, generally designated 20 in FIGS. 2, 4 and 5, maintain the
      arms and legs in the aforesaid normal position. Both the arms 16 and the
      legs are flexibly mounted by the joint structures 20 so that they may be
      manually moved to different positions, but will return and assume the
      position as shown in FIG. 1 after they are released. Additionally, the
      arms 16 are rotatably mounted to the torso 12 so that they may be pivoted
      about a rotational axis through the shoulder areas while maintaining the
      same shape and form relative to the joint structure when free of outside
      forces.
PAR  Referring to the top of FIG. 2 and to FIGS. 4, 6 and 7, each of the joint
      structures 20 between the arms 16 and the torso 12 includes a generally
      concave toy figure apart, generally designated 22 (see FIG. 6), disposed
      in the limb sockets of the torso 12, a second generally convex toy figure
      part, generally designated 24 (FIG. 2), formed integrally with the arms
      and intermediate member, generally designated 26 (FIG. 7).
PAR  More particularly, the first toy figure part 22 (FIG. 6) is secured to the
      torso 12 to maintain and secure the arms 16 to the torso 12. Each first
      toy figure part 22 includes a generally concave or cup-shaped portion 30
      and an elongated cylindrical journal portion 32 defining an aperture
      having an axis generally through the center of the cup-shaped portion 30.
      The torso 12 is provided with an aperture at the shoulder for mounting the
      first toy figure part 22. Each of the shoulder apertures includes a small
      semi-spherical inwardly directed flange 36 which engages the outside
      surface of the cup-shaped portion 30. A small annular, radially directed
      flange or tab 38 is provided around the outermost edge of the shoulder
      aperture adjacent the flange 36 to secure the first toy figure part 22
      within the aperture by a snap fit behind the tabs 38. Although, in the
      embodiment described herein, the cup-shaped portions 30 are snap fit
      within the shoulder apertures, it is also contemplated that the first toy
      figure part be molded integrally with the torso 12.
PAR  The second toy figure parts 24 for the arms of the preferred embodiment are
      provided integrally with the arms 16. This second toy figure part 24
      includes an outside, generally spherical or convex portion 40 having a
      generally cylindrical recess 42 therein. When the arms 16 are secured to
      the torso 12, the cylindrical recesses 42 are directed generally inwardly
      across the shoulder area of the torso 12.
PAR  The connecting member 26 secures the first and the second toy figure parts
      of the arms together. More particularly, referring to FIG. 7, the
      connecting member 26 includes an elongated shaft portion 48 which is
      secured at one end, in a non-perpendicular fashion, to a flexible
      disc-shaped flange portion 50. The flange 50 includes a circumscribing
      cylindrical flange 52 for attachment, as by glue, to the internal
      cylindrical wall 42 of the second toy figure part 24. The opposite end of
      the elongated shaft 48 has a tapered head 54 which is introduced through
      the journal 32 to the interior of the torso. As shown in FIG. 2, the
      diameter of the elongated shaft 48 is approximately equal to the internal
      diameter of the journal 32 so as to rotatably mount the arm 16 to the
      torso 12.
PAR  The joint structures 20 mounting the legs 18 to the torso 12 are described
      with reference to the bottom of FIG. 2, and FIGS. 5 and 8. Each of the leg
      joint structures 20 is somewhat similar to the arm joint structures 20
      except that the component parts are slightly larger than those provided
      for in the arm joint structures. More particularly, referring to the
      bottom of FIG. 2, each leg joint structure generally includes a first,
      generally concave toy figure part, generally designated 62, disposed in
      the hip sockets of the torso 12, a second generally convex toy figure
      part, generally designated 64 (FIG. 5), formed integrally with the legs,
      and an intermediate connecting member, generally designated 68 (FIG. 8).
PAR  More particularly, referring to FIG. 5, the first toy figure parts 62 are
      secured to the torso 12 to maintain and secure the legs 18 to the torso.
      Each first toy figure part 62 includes a generally concave or cup-shaped
      portion 70 and an elongated cylindrical journal portion 72 having an axis
      generally through the center of the cup-shaped portion 70. The torso 12 is
      provided with a hip aperture at each hip on opposite sides of the bottom
      end of the torso 12. Each of the hip apertures includes a small partially
      spherical inwardly directed flange 76 which engages the outside surface of
      the cup-shaped portion 70. A small annular, radially directed flange or
      tab 78 is provided around the outermost edge of the aperture adjacent the
      flange 76 to secure the first toy figure part 62 within the hip aperture
      by a snap fit behind the tab 78. Although, in the embodient described
      herein, the cup-shaped portions 72 are snap fit within the apertures, it
      also is contemplated that the first toy figure part may be molded
      integrally with the torso 12.
PAR  Like the arm joint structures, the second toy figure parts of the hip or
      leg joint structures 20 are provided integrally with the legs. The second
      toy figure part 64 at the leg joints includes an outside generally
      spherical portion 80 having a generally cylindrical recess 82 therein.
      When the legs 18 are secured to the torso 12, the cylindrical recess 82 is
      directed generally inwardly toward the axis of the torso 12.
PAR  The connecting member 68 which secures the first and second toy figure
      parts of the legs together, includes an elongated shaft portion 84 which
      is secured at one end, in a non-perpendicular fashion, to a flexible,
      disc-shaped flange 86. Flange 86 includes a circumscribing cylindrical
      flange 88, extending in both directions therefrom. The cylindrical flange
      88 is secured, as by glue, to the internal cylindrical surface of the
      cutout 82 in the second toy figure part secured to each leg. The elongated
      shaft portion 84 also is secured, as by glue, to the internal diameter of
      the journal 72 provided in the first toy figure part 62. In this manner,
      the mounting provided for the legs does not permit them to rotate as
      previously described for the arms.
PAR  The connecting members 26 and 68 are formed of highly flexible material,
      such as vinyl or the like, and are capable of being deformed by pressure
      on the arms and legs and returning to an undeformed configuration after
      the outside pressure or forces are terminated. Additionally, as described,
      the arms 16 are free to rotate about the axis of the journal 32 provided
      in the toy figure part 22. As shown in FIG. 1, the connecting members 26
      and 68 are in a substantially undeformed configuration. A child or other
      user may move the arms or legs substantially in any direction while, also,
      if desired, rotating the arms 16. Movement of the arms 16 and legs 18
      causes the connecting members 26 and 68 to deform or flex. More of this
      flexure is accommodated by deformation of the disc portions 50 and 86 of
      the connecting members 26 and 68, respectively. As the pressure on the
      arms or legs is released, the disc portions 50 and 86 return to their
      original configuration (FIG. 2) and thereby return the arms 16 and legs 18
      to their normal positions as shown in FIG. 1.
PAR  Referring now to the top of FIG. 2 and FIG. 3, a modified form of joint
      structure is provided to secure the head 14 to the torso 12. More
      particularly, the torso 12 includes a generally spherical concave portion
      92 molded or formed integrally therewith in the area between the
      shoulders. An aperture 94 is provided in the concave portion 92 for
      mounting the head 14. A concave plate 96 is provided interiorly and
      adjacent the aperture 94 for securing a connecting means, generally
      designated 98, within the aperture 94. The connecting means 98 comprises a
      flexible resilient member having enlarged spherical portions 102 on each
      end of a flexible connector portion 104.
PAR  The head 14 includes a complementary spherical convex portion 106 which
      mates with the portion 92 formed on the torso 12. An aperture is formed on
      the portion 106 of the head by an inwardly directed cylindrical wall 108.
      The cylindrical wall 108 is partially closed by a cylindrical flange 110.
      A second cylindrical portion 112 is inserted within the cylindrical wall
      108 and is secured thereto as by glue, or the like. The end of the
      cylindrical wall 112 adjacent the convex portion 106 is open while the
      opposite end on the interior of the head, is closed by an integral disc
      114. A hemi-spherical detent 116 is provided in the center of the disc 114
      for locating one end 102 of the retaining means 98 in alignment with the
      aperture 94 in the torso. An opening 118 is provided at the bottom of the
      detent 116 to permit passage therethrough of the connecting means portion
      104. In this manner, the head 14 is resiliently secured to the torso 12 so
      it can be rotated relative thereto and pivoted slightly to simulate the
      movement of a doll's head. The retaining disc 96 (FIG. 3) is slidable
      relative to the concave portion 92 so that the retaining means can move
      slightly until limited by the walls of the aperture 94. Unlike the joint
      structure 20 for the arms and legs, the joint structure 90 for the head
      permits the head to be moved and held at plural positions.
PAR  The foregoing detailed description has been given for clearness of
      understanding only and no unnecessary limitations should be understood
      therefrom as some modifications will be obvious to those skilled in the
      art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A joint structure for connecting parts of toy figures or the like,
      comprising:
PA1  a first toy figure part including a rounded portion at said joint, with an
      opening therein;
PA1  a second toy figure part having a complementary rounded portion at said
      joint; and
PA1  connecting means disposed between said first and second toy figure parts at
      said joint, said connecting means comprising an elongated portion for
      insertion into the opening of said first toy figure part, means
      nonflexibly retaining said elongated portion in said opening, and a
      substantially flexible transverse flange portion on said elongated portion
      fixedly connected to the rounded portion of said second toy figure part to
      permit relative movement between said first and second toy figure parts by
      flexing said transverse portion.
NUM  2.
PAR  2. The joint structure of claim 1 wherein the elongated portion of said
      connecting means is radially rotatably received within the opening formed
      in said first toy figure part.
NUM  3.
PAR  3. The joint structure of claim 1 wherein the elongated portion of said
      connecting means is nonrotatably secured within the opening of said first
      toy figure part to prevent relative rotation of the second toy figure part
      with the first toy figure part.
NUM  4.
PAR  4. The joint structure of claim 1 wherein the elongated portion of the
      connecting means includes an enlarged compressible head on the end thereof
      opposite the transverse portion for insertion through the opening in said
      first toy figure part to facilitate assembly and to retain said joint
      together when assembled.
NUM  5.
PAR  5. The joint structure of claim 1 wherein said first toy figure part
      includes an elongated cylindrical journal at said opening for receiving
      said elongated portion of said connecting means to prevent radial flexing
      thereof.
NUM  6.
PAR  6. A joint structure for connecting parts of toy figures, or the like,
      comprising:
PA1  a first toy figure part having a generally concave socket type portion at
      said joint, with an opening therethrough;
PA1  a second toy figure part having a complementary partially convex portion at
      said joint for positioning in said concave portion of said first part; and
PA1  connecting means disposed between said first and second toy figure parts,
      said connecting means including an elongated shaft portion receivable in
      the opening of said first toy figure part at one end and including a
      generally disc-shaped flange at the other end thereof secured to the
      convex portion of said second toy figure part.
NUM  7.
PAR  7. The joint structure of claim 6 wherein the convex portion of said second
      toy figure part includes a generally cylindrical opening therein, the axis
      of said cylindrical opening being generally in alignment with the opening
      in said first toy figure part, and said connecting means including a
      cylindrical flange circumscribing said disc shaped flange portion for
      engagement within the interior cylindrical surface of said cylindrical
      opening in the second toy figure part.
NUM  8.
PAR  8. The joint structure of claim 7 including means for fixedly securing said
      cylindrical flange within said cylindrical opening.
NUM  9.
PAR  9. The joint structure of claim 8 including means nonflexibility retaining
      said shaft in the opening of the concave portion of said first toy figure
      part.
NUM  10.
PAR  10. The joint structure of claim 8 wherein the first toy figure part
      includes a generally cylindrical shaft journal formed in said opening for
      receiving the shaft portion of said connecting means.
NUM  11.
PAR  11. The joint structure of claim 10 including means nonrotatably retaining
      said shaft in said cylindrical shaft journal.
NUM  12.
PAR  12. The joint structure of claim 6 wherein said shaft portion of the
      connecting means extends generally perpendicular to said disc-shaped
      flange portion.
NUM  13.
PAR  13. The joint structure of claim 6 wherein the axis of the shaft portion of
      said connecting means extends outwardly of said disc-shaped flange at an
      angle relative thereto.
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ABST
PAL  A toy for use by children which can be pushed and steered and which upon
      its front end includes a bumper having an electromagnet for magnetically
      attracting a cooperative magnet on a rear of a toy vehicle so that the
      vehicle can be pushed into different directions, and the electromagnet
      being manually controlled by a push button located near a steering wheel.
BSUM
PAR  This invention relates generally to push toys.
PAR  A principal object of the present invention is to provide a push toy which
      enables a child to steer while walking upright.
PAR  Another object of the present invention is to provide a push toy which may
      be made in various sizes so as to suit different age groups of children.
PAR  Still a further object of the present invention is to provide a push toy
      which is adaptable to magnetically engage toy vehicles in front thereof so
      that the toy vehicles can be pushed into any desired direction.
PAR  Other objects are to provide a push toy which is simple in design,
      inexpensive to manufacture, rugged in construction, easy to use and
      efficient in operation.
DRWD
PAR  These and other objects will be readily evident upon a study of the
      following specification and accompanying drawing wherein:
PAR  FIG. 1 is a perspective view of the present invention and showing a cover
      for enclosing the batteries, shown removed.
PAR  FIG. 2 is a top front view of and shown including the batteries exposed.
PAR  FIG. 3 is an electrical circuit of the invention.
PAR  FIG. 4 is a fragmentary side elevation view of the invention and shown in
      position for magnetically attracting a vehicle toy for pushing the same.
PAR  FIG. 5 is a fragmentary side cross-sectional view of the carriage of the
      push toy and showing a removable magnetized toy placed upon a magnetic
      space of the carriage.
DETD
PAR  Referring now to the drawing in detail, the reference numeral 10 represents
      a push toy according to the present invention wherein there is a carriage
      11 that is mounted upon a pair of side wheels 12 rotatable about axles 13
      that are axially aligned and secured to the carriage 11. Upon a front end
      of the carriage there is front bumper 14 which at its center has an
      electromagnet 15 built into it, the electromagnet 15 being in electrical
      circuit with a pair of dry cell batteries 16 mounted on top of the
      carriage 11 and which are protectively enclosed under a removable top
      cover 17 that allows the batteries to become replaced after worn out.
      Additionally the circuit includes a push button switch, to be described
      later, and which serves to open and close the circuit.
PAR  Also on top of the carriage 11 there is mounted a block 18 upon which is
      mounted a magnet 19, the purpose of the block 18 being so that the magnet
      19 is at least at an elevation equal to the top of the cover 17 so that
      when a toy 20 having a magnet base 21 therebeneath is placed upon the
      magnet 19, it does not interfere with the battery cover 17. As shown in
      FIG. 5, such toy 20 can represent an animal or any other happy figure that
      pleases a child.
PAR  The carriage is attached by means of a single pivot pin 22 to one end of an
      elongated stick 23 and which at its opposite extreme end forms a handle 24
      for being grasped in the hands of a child. Near the handle 24 there is a
      steering wheel 25 rigidly secured to a turning shaft or winch 26 and which
      are rotatable about a pin 27 mounted upon the stick 23. A pair of nylon
      cables 28 are each wound up at their one ends upon the winch 26, the nylon
      cables extending therefrom through an eye bolt 29 mounted upon a lower end
      of the stick 23, and the terminal ends of the nylon cables are then
      attached at 30 near opposite side edges of the carriage so that when the
      steering wheel is rotated in one direction, the carriage turns in that
      particular direction, and when the steering wheel is turned in an opposite
      direction, the carriage turns likewise opposite, thus rotation of the
      steering wheel causes the carriage to be steered into any desired
      direction.
PAR  The switch 31 of the electric circuit is mounted on the stick 23 and
      includes a push button 32 that is located on the steering wheel so that a
      child can readily reach the same in order to close the electrical circuit
      in order that the electromagnet is activated for magnetically attracting
      other objects that are of steel or cooperative magnet material.
PAR  As shown in FIG. 4, the present invention can include or be associated with
      vehicle toys 33 of various design and which upon their rear end have a
      magnet 34 for being attracted by the electromagnet 15.
PAR  In operative use, by pushing the push button 32, the electromagnet 15 is
      activated so that when positioned against the rear end of the toy vehicle
      33, the cooperative magnet 34 is attracted to magnet 15 and thus is pushed
      by the push toy. Thus the toy vehicle can be pushed into any desired
      direction as the child controls the steering wheel.
PAR  This toy will give the child the delight of driving his friends
      imaginatively carried within the toy vehicle or else in the form of dolls
      or other toys 20 that are placeable upon the magnet 19.
PAR  The Happy Wheels push toy can be made in any of various different
      attractive colors so as to appeal visually to children.
PAR  While various changes may be made in detailed construction, it is
      understood that such changes will be within the spirit and scope of the
      present invention as defined in the present claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a push toy the combination of a carriage is supported upon a pair of
      side wheels, said wheels being mounted upon axles in axial alignment with
      each other and secured to said carriage, a control stick being attached to
      said carriage at one end, an opposite end of said stick forming a handle
      for being held in a child's hand, and means for magnetically attaching
      other toys to said carriage, a front side of said carriage includes a
      front bumper, said front bumper having an electromagnet built thereinto,
      said electromagnet being an electrical circuit with a switch and dry cell
      batteries, said dry cell batteries being carried upon said carriage and
      enclosed by a removable top cover, said stick is pivotally attached to
      said carriage by means of a singular pivot pin, a steering wheel secured
      to a winch being pivotable about a pin secured on said stick, said winch
      having one end of a pair of nylon cables wound therearound, the opposite
      ends of said nylon cables extending through an eye bolt secured upon said
      stick, and the terminal ends of said nylon cables being secured to
      opposite side areas of said carriage, whereby rotation of said steering
      wheel causes turning said carriage to right or left.
NUM  2.
PAR  2. The combination as set forth in claim 1, wherein said switch includes a
      push button that is located on said stick relatively close to said
      steering wheel.
NUM  3.
PAR  3. The combination as set forth in claim 2, wherein a magnet upon said
      carriage magnetically secures thereupon toys having magnet bases.
NUM  4.
PAR  4. The combination as set forth in claim 3, wherein toy vehicles having a
      magnet on a rear are magnetically attracted for engaging said
      electromagnet of push toy.
NUM  5.
PAR  5. A push toy comprising a carriage; a pair of wheels rotatably mounted to
      said carriage for supporting said carriage; a control stick extending from
      said carriage, one end of said control stick pivotally mounted to said
      carriage, an opposite end of said control stick defining a handle; a
      steering wheel rotatably mounted to said control stick; cable means
      attached to said steering wheel and said carriage, rotation of said
      steering wheel causing said carriage to turn relative to said control
      stick; an electromagnet mounted to said carriage, said electromagnet
      having energized and deenergized states; and means for energizing said
      electromagnet for magnetically coupling a toy to said carriage.
NUM  6.
PAR  6. The push toy as claimed in claim 5 wherein said means for energizing
      includes a switch having ON and OFF states and at least one battery, said
      battery connected to said electromagnet through said switch, an electrical
      path established between said electromagnet and said battery when said
      switch is in said ON state, said electromagnet in said energized state
      when said switch is in said ON state, said electromagnet electrically
      disconnected from said battery when said switch is in said OFF state, said
      electromagnet magnetically coupling a toy to said carriage only when said
      electromagnet is in said energized state.
NUM  7.
PAR  7. The push toy as claimed in claim 5 wherein said wheels are rotatably
      mounted on opposite sides of said carriage, said control stick extending
      from a rearward portion of said carriage, said electromagnet mounted to a
      forward of said carriage.
NUM  8.
PAR  8. The push toy as claimed in claim 7 including a bumper mounted to said
      forward portion of said carriage, said electromagnet mounted to said
      bumper.
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ABST
PAL  A motor-driven model airplane which is designed to have a pusher propeller
      to free the fuselage from aerodynamic influences of propeller slip stream
      and also to protect the fuselage from such damage as would be caused by
      collision in flight.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to motor-driven model airplanes and, in
      particular, to battery-powered motor-driven model airplanes of the pusher
      propeller type having a propeller disposed at the rear of the fuselage.
PAR  2. Description of the Prior Art
PAR  In the general design of actual airplanes, pusher-type airplanes with
      propellers behind the tail planes have often been considered because of
      excellent visibility provided for the pilot, higher safety in landing,
      taxiing and guidance, and also because of other advantages of these
      airplanes. In the case of model airplanes, pusher types driven by pusher
      propellers from behind are also desired because such models are less
      subject to damage when they collide unexpectedly in flight and also
      because they are less likely to cause bodily injuries, to operators than
      those models having a high speed propeller mounted on the nose. Also, the
      airframes of model airplanes having pusher propellers are free from
      aerodynamic influences of propeller slip streams, and practical designs
      for mounting pusher propellers on model airplanes have so far been
      awaited.
PAR  However, designing an engine-driven model airplane using a gasoline engine,
      which is a well known power source for radio controlled model airplanes,
      has been regarded as practically impossible.
PAR  For a model airplane well stabilized longitudinally and laterally, it is
      generally desirable to increase the distance between the position of the
      center of gravity of the entire airframe and the position of the tail
      plane, or the tail moment arm. In the case of a conventional model
      airplane driven by a gas engine, if it is a pusher-type model airplane, it
      is impracticable to mount the engine at the nose of the airframe because
      this engine would be heavy and the center of gravity would necessarily be
      shifted backward. In contrast to the above situation, the battery, which
      is the heaviest component of a model airplane of the present invention,
      can be mounted at the airframe nose of a pusher-type model airplane to
      obtain a satisfactorily large tail moment arm and hence high stability. In
      order to properly locate the center of gravity of the model airplane, it
      is necessary to mount the heavy engine close to main wings. Suppose that a
      model airplane, having an engine mounted inside the fuselage to meet the
      above requirement and a propeller behind the tail plane, is driven by an
      extension shaft of the engine. A strong mechanical structure will
      necessarily be required for mounting the propeller this way, in order to
      withstand the strong torsional force exerted on the propeller shaft and
      the extension shaft when the engine is started by compression. This means
      increased weight in the neighborhood of the tail plane and a shorter
      distance between the main wings and the tail plane and hence reduced
      longitudinal stability of the airplane.
PAR  Also, if the method of starting the engine with a string wound on a pulley
      attached to the engine output shaft is adopted, the engine cannot be
      enclosed within the fuselage; an opening with a lid has to be provided to
      the fuselage so that the opening is closed after the engine has been
      started, or else the engine is required to be mounted outside the
      fuselage.
PAR  However, an exposed engine mounted outside the fuselage has the particular
      drawback of being subjected to undesirable air resistance. Also, provision
      of a starter motor for the engine will mean additional weight of the
      entire airplane. Also, starting the engine requires not merely revolving
      the output shaft, but the choke and the needle valve must be adjusted.
      Because of these problems it has been considered impractical to enclose
      the engine within the fuselage. An additional requirement is that the
      radio equipment be spaced from the engine compartment to be free from
      engine dirt, which naturally constitutes a good deal of difficulty in
      designing the location of the center of gravity and the main wings. It has
      been considered practically impossible to build model airplanes with
      engines mounted inside the fuselages and having pusher propellers.
PAR  The present invention will solve these problems by means of a
      battery-powered, motor-driven model airplane.
PAR  In this connection, recently developed nickel-cadmium batteries, provided
      with gas release valves that act when the batteries are overcharged, are
      capable of quick charging. Because of their extremely small internal
      resistance, large discharge current of several amperes or more, relatively
      small size and light weight for their high current discharge, and quick
      charging time of a few minutes, these batteries have come into practical
      service for battery-powered motor-driven model planes.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a motor-driven model
      airplane with a pusher propeller behind the airframe.
PAR  Another object is to provide a pusher-type motor-driven model airplane
      having an extension shaft provided with an impact absorber.
PAR  A further object is to provide a pusher-type motor-driven model airplane
      having a motor provided with a cooling fan.
PAR  A still further object is to provide a motor-driven model airplane having
      means for supporting a pusher propeller, said means comprising a
      cup-shaped member attached to the rear end of the fuselage.
PAR  A still further object is to provide a pusher-type motor-driven model
      airplane having an extension shaft which is free to nutate or rock.
PAR  A still further object is to provide a pusher-type motor-driven model
      airplane having an extension shaft which is adjustable by means of a
      ball-shaped shaft bearing.
PAR  A still further object is to provide a pusher-type motor-driven model
      airplane having a propeller racing device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a motor-driven model airplane with a pusher
      propeller which embodies the present invention, and in which the airframe
      is partly cut away by way of illustration.
PAR  FIG. 2 is a side elevational view of the model airplane shown in FIG. 1.
PAR  FIGS. 3 and 4 are perspective and transverse sectional elevational views,
      respectively, of a drive shaft shock or impact absorber embodying the
      present invention and illustrating how shock is absorbed.
PAR  An example of a universal joint which acts as a drive-shaft shock or impact
      absorber and also serves to align and adjust the drive shaft, is shown
      perspectively in two contitions in FIGS. 5(A), (B) and in section and
      elevation in FIGS. 5(C), (D) respectively.
PAR  FIG. 6 shows an example of a motor for a motor-driven model airplane, which
      is provided with a fan for forced air cooling of the motor.
PAR  FIGS. 7 through 11 individually show other examples of alternative
      embodiments.
PAR  FIG. 12 is a general perspective view of another motor-driven model
      airplane with a pusher propeller, which also embodies the present
      invention.
PAR  FIG. 13 is an exploded side view illustrating the engagement of the
      extension shaft and the drive shaft of the motor employed in the model
      airplane in FIG. 12.
PAR  FIG. 14 is a cross-section of a cup-shaped member used in the model
      airplane in FIG. 12 and shows the arrangement of bearing means, extension
      shaft, and the propeller.
PAR  FIG. 15 is an exploded perspective view of the cup-shaped member shown in
      FIG. 14, and
PAR  FIG. 16 is an exploded view of the coupling of the extension shaft and the
      drive shaft of the motor in the example shown in FIG. 12.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS OF THE INVENTION
PAR  A motor-driven model airplane with a pusher propeller, which is shown as an
      example of the present invention, has a fuselage 1, a nose 2, main wings 3
      and 4, horizontal tail planes 5, a rudder fin 15, and a pusher propeller
      6. The propeller 6, having a spinner-cap 7, is mounted for rotation on a
      propeller extension shaft 8. Between the propeller 6 and the extension
      shaft 8 are provided a universal joint 9 and a ball-shaped bearing 10 for
      easier alignment of the propeller 6 and the extension shaft 8, and between
      the extension shaft 8 and a drive motor 11 are provided a revolving shaft
      impact or shock absorber (comprising elements 23 and 24 as will be
      illustrated later in FIGS. 3, 4, and 5 and a reduction gear 12. Reference
      character 13 represents a pushrod for moving the rudder fin 15, and one
      end of the rod 13 is attached to the rudder fin 15 and the other end to a
      servo mechanism 16 including a radio control receiver. A battery
      (nickel-cadmium battery) cassette 17 for powering the above drive motor 11
      and the radio receiver is provided and, if required, a noise filter 18 is
      also provided in the neighborhood of the battery 18. Reference character
      19 is an antenna for radio control reception. An ON/OFF switch 20 is
      provided for an electric circuit connecting the cassette 17 and the drive
      motor 11. Reference character 21 is a main wheel, and reference character
      22 is a nose wheel.
PAR  In the case of the present invention, the recent development of
      small-sized, high-output batteries makes it possible to realize
      battery-powered motor-driven model airplanes, leading to the first
      embodiment of a model airplane of this type having a pusher propeller.
PAR  In a model airplane of this type, the position of the center of gravity is
      determined mainly by the prime mover for driving the propeller and the
      energy source for said prime mover, and the position may be made slightly
      adjustable by means of the servo mechanism.
PAR  In the case of the present invention, the above conditions will be met by
      locating the battery cassette 17 near the nose 2 and correspondingly
      mounting the drive motor 11 at the proper position. This means that the
      drive motor 11 is positioned close to the center portion of the fuselage
      1, i.e., near the main wings 3, 4 for better longitudinal stability of the
      fuselage 1.
PAR  In this way the motor 11, which can be started simply by turning ON the
      switch 2, may be mounted within the fuselage 1, and this solves all the
      difficult problems encountered by an attempt to drive a pusher propeller 6
      by a conventional gasoline engine. The fact that the weight of the battery
      cassette 17 does not change with the consumption of battery energy makes
      it possible to place the battery cassette 17 close to the nose 2. The
      motor 11 is provided with the extension shaft 8 and therefore can be
      located near the center of the fuselage 1 to increase the distance between
      the main wings 3 4 and the tail plane 5, making it possible to design an
      airframe with high longitudinal stability. Through introduction of the
      pusher propeller, which is now made possible by the present invention, the
      fuselage 1, particularly the main wings 3 4 and the tail plane 5, are free
      from adverse aerodynamic influences of turbulent airflow caused by the
      slip stream of the propeller. The propeller efficiency can also be much
      higher because no resistance is present to the thrust behind the
      propeller. In this way, the present invention provides a model airplane
      that is much more stable and flies much better than models having tractor
      type propellers. In addition, impact absorbing means, such as rubber, may
      be provided at the nose 2 for protection against damage from colliding
      with trees or poles. The propeller 6 is also substantially safe from
      damage. This is, so to speak, a model airplane with ideal safety.
PAR  FIG. 3 and FIG. 4 show an impact absorber designed for cushioning the
      impact on the propeller drive shaft when the motor 11 is being started.
      8-1 designates the shaft 8 on the side of the propeller 6; 8-2 the shaft 8
      on the side of the motor 11; and 23 and 24 form the impact absorber for
      the drive shaft. 23 is a frame member which may be a rigid body, and 24
      represents a T-shaped member made of resillient material. When the switch
      20 in FIG. 1 and FIG. 2 is turned ON, the motor 11 immediately starts
      revolving at very high speed, and an extremely large torque is applied to
      the extension shaft 8. In the case of the present invention, the impact
      absorber 23 and 24 is provided to cushion this impact as shown in FIG. 4,
      illustrating the T-shaped elastic member 24 being deflected to reduce the
      very large torque temporarily generated. Also, when the axes of the shafts
      8-1 and 8-2 are slightly out of alignment, this can be corrected by the
      T-shaped member 24 which will move slightly rightward or leftward within
      the slots of the frame member 24.
PAR  FIGS. 5(A), (B), (C), and (D) show a universal joint which may be used with
      or in place of the above described shock absorber. It consists of a
      resillient blade 25 inserted between the shafts 8-1 and 8-2 to have its
      torsional flexibility reduce the impact on the shafts in a manner such
      that the angular difference between the revolutions of the shafts 8-1 and
      8-2 is absorbed by this torsional deflection. The blade 25 will also
      correct misalignment of the axes of the shafts 8-1 and 8-2 as shown in
      FIG. 5(C), because both ends of the blade 25 are supported by these
      shafts. This blade 25 may also be pivotally supported by the shafts 8-1
      and 8-2 to be rotational edgewise, as shown in FIG. 5(D).
PAR  As described above, in a motor-driven model airplane of the present
      invention having a small-sized but high-output battery as its energy
      source, the motor is installed within the fuselage 1 because it can be
      started by simply turning ON the switch 2, and the motor 11 can also drive
      from this position the pusher propeller 6 through the extension shaft 8,
      while the center of gravity of the model airplane is still maintained at
      the forward part of the fuselage 1. The present invention thus makes it
      possible to provide a model airplane with outstanding stability and flying
      capability as well as high safety. Also, it is generally the case with a
      model airplane of this type that the air resistance of the main wings 3 4
      combined with the propelling force of the propeller 6 tends to generate a
      turning torque which, in the case of FIG. 2, is in a direction to push the
      fuselage nose 2 downward. To correct this tendency, it is necessary that
      the revolving axis of the propeller 6 be slightly inclined rather than
      horizontal. The impact absorbers 23, 24 and 25 and the universal joint 9
      facilitate this adjustment, and they also can absorb the high torque when
      the motor starts.
PAR  However, the above described pusher-type battery-powered model airplane
      still has technical problems to be solved. In the case of a conventional
      tractor-type motor-driven model airplane, the propeller attached to the
      airframe nose can directly air cool the motor by the propeller slip stream
      as well as by air flowing around the motor as the model airplane advances.
      But, it is not desirable for a pusher-type model airplane to mount the
      motor at the nose even where an extension shaft is provided to the motor.
      Therefore, in comparison with the case of a tractor-type model airplane
      that can utilize the propeller slip stream, it is difficult for this
      pusher type to make up for the absence of the motor cooling air obtainable
      from the tractor-type propeller, even if the air flowing over the
      advancing fuselage is directly used to cool the motor. In a
      battery-powered system, high motor output is required in such cases as
      where a model airplane is operated by radio control, and the resultant
      heat generation in the motor would make it difficult to maintain the high
      power output in these cases, which makes it very desirable to provide an
      efficient cooling means for the motor. This cooling means will be
      described below as examples of forced air cooling fans to be attached to
      the motor 11 of FIG. 1 and FIG. 2, by referring to FIGS. 6 through 11.
PAR  In FIG. 6, a pinion gear 27 and a forced air cooling fan 28 are fastened to
      a power drive shaft 26 of the motor 11, and the motor 11 is provided with
      a gear frame 29 which is fastened to the motor body. The gear frame 29
      carries the extension shaft 8 mounting a spur gear 30 to engage with the
      pinion gear 27. As the motor shaft 26 revolves, the fan 28 also will
      revolve to effect forced air cooling of the motor 11 by forcing air
      through air inlet openings 31 and air outlet openings 32.
PAR  FIG. 7 shows an integrally molded pinion gear 27 and fan 28 of, for
      example, synthetic resin, which will simplify the assembling process
      substantially reducing the cost of quantity production. FIG. 8 shows the
      pinion gear 27 and the fan 28 separately molded, and FIG. 9 illustrates a
      case where the fan 28 is mounted on the motor side of the pinion gear 27.
      FIG. 10 and FIG. 11, respectively, show embodied examples of cases where
      the revolving speed of the shaft 8 is increased by means of gears. In FIG.
      10, a gear 33 having an integrally molded fan 28 is fastened to the motor
      shaft 26, and the gear 33 engages with a speed increasing gear 34 to
      increase the revolving speed of the extension shaft 8. In FIG. 11, a spur
      gear 36 having large ventillation openings 35 is fastened to the motor
      shaft 26 and engages with a speed increasing gear which is not
      illustrated. The cooling fan 28 is also mounted on the motor shaft 26.
PAR  As described above, in a pusher-type motor-driven model airplane enclosing
      a motor within the fuselage to reduce air resistance, a forced air cooling
      fan is provided to the motor to prevent excessive temperature rise in the
      battery-powered drive motor, thereby maintaining high motor efficiency. In
      particular, because of the difficulty of these model airplanes to
      efficiently utilize wind produced by flight, the increased resistance of
      the motor coil will directly cause the driving current to decrease.
      However, the above described examples of the present invention can solve
      all these problems merely be adding a forced air cooling fan of very
      simple construction.
PAR  Where the propeller is driven via an extension shaft, the extension shaft
      must be supported by bearings at one or both ends, requiring a good deal
      of attention to adjusting the direction of the drive shaft of the
      propeller. In the embodied examples shown in FIGS. 12 through 15, the axes
      of the extension shaft 8 and the propeller 6 are fixedly set to coincide
      in a straight line, and a cup-shaped member is provided as a means of
      providing a bearing at the rear end of the fuselage such that the
      extension shaft 8 is free to rock against the bearing to adjust the
      direction of the drive shaft of the propeller.
PAR  In FIG. 12, 8 represents the extension shaft driving the propeller 6, 37 a
      cup-shaped member having bearing means in the interior and tightly fitted
      to a hollow or tubular end 1a of the fuselage 1. 38 and 39 represent,
      respectively, a joint on the propeller side and another on the motor side
      which engage with each other. As shown in FIG. 13, coupling between the
      motor 11 and the extension shaft 8 connected to the propeller 6 is
      accomplished by having the projections and depressions of the
      propeller-side joint 38 engage respectively with the depressions and
      projections of the motor-side joint 39. Details of the construction of
      these joints are illustrated in FIG. 16.
PAR  FIG. 14 and FIG. 15 show the interior structure of the above cup-shaped
      member 37 shown in FIG. 12 and FIG. 13. In FIGS. 14 and 15, 40 is a
      propeller shaft, 41 a washer, 42 a compression spring, 43 a nut, 44 and 45
      washers, 46 a ball-shaped bearing, 47 a bearing mount supporting the
      ball-shaped bearing 46, 48 a propeller seat, and 49 is a racing shaft
      integral with the propeller 6, 48a represents holes provided in the
      propellers seat 48 to receive projections 49a of the racing propeller
      racing shaft 49.
PAR  As expressly illustrated in FIG. 14 and FIG. 15, the axes of the extension
      shaft 8 and the propeller shaft 40 are in fixed coincidence with each
      other and the cup-shaped member 37 is retained by the surface of the
      ball-shaped bearing 46 via the bearing seat 47. The bearing 46 and the
      shaft 8 can rock or nutate about the center of the bearing seat 47. In
      this configuration, the extension shaft 8, which is connected to the
      propeller 6 and runs through the ball-shaped bearing 46 is permitted to
      make rocking movement together with the ball-shaped bearing 46 against the
      cup-shaped member 37 while it is also supported to be free to revolve,
      making it possible to change the direction of the drive shaft of the
      propeller with respect to the fuselage 1, with the cup-shaped member 37
      tightly fitted in the hollow rear end (1a, in FIG. 12) of the fuselage 1.
PAR  In the above described example, the motor mounting position can be adjusted
      after the cup-shaped member 37 has been fitted to the hollow rear end 1a
      of the fuselage 1, meaning that for this adjustment the extension shaft 8
      can freely rock within the cup-shaped member 37, i.e. in the fuselage 1,
      to facilitate the adjustment of the axis of propeller revolution with
      respect to the center of gravity of the airframe 1. This makes it possible
      to obtain optimum conditions for flying. As shown in FIG. 12, the simple
      attachment of a lid that simulates the cockpit canopy for example, which
      can be opened and closed, to the portion of the fuselage 1 above the motor
      11 will make it possible to adjust the mounting position of the motor 11
      and also to couple the extension shaft 8, which is connected to the
      propeller 6, to the motor 11 with ease.
PAR  In addition, the above described construction has a provision for propeller
      racing. While in powered flight, the propeller 6, being pushed forward by
      the washer 41, the spring 42, and the nut 43 and also by its own
      propelling force, is in positive engagement with the propeller seat 48 to
      be driven by the extension shaft 8. When the power output of the motor 11
      drops, the force of air resistance applied to the propeller 6 will urge
      the above spring 42 backward, causing the projections 49a of the propeller
      racing shaft 49 to withdraw from the propeller seat 48 to permit the
      propeller 6 to windmill. In this way, the propeller 6, responding to the
      forward movement of the fuselage 1, can be set free to race and decrease
      the air resistance, so that the model airplane in flight be least subject
      to undesirable air resistance.
PAR  FIG. 16 illustrates the way the motor drive shaft and the extension shaft 8
      connected to the propeller are coupled as described above, showing the
      spur gear 30, the pinion gear 27, the gear frame 29, projections 38a and
      depressions 38b of the propeller-side joint 38, and projections 39a and
      depressions 39b of the motor-side joint 39. The projections 38a of the
      propeller-side joint 38 can engage with and withdraw from the depressions
      39b of the motor-side joint 39, and the projections 39a of the motor-side
      joint 39 can engage with and withdraw from the depressions 38b of the
      propeller-side joint 38. The propeller-side joint 38 is tightly fixed to
      the extension shaft 8.
PAR  Thus the above described engagement between the propeller-side joint 38 and
      the motor-side joint 39 enables the extension shaft 8 connected to the
      propeller 6 to transmit the revolution of the motor 11 to the propeller 6.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A model airplane comprising a fuselage adapted to contain a battery, a
      battery driven motor having an extension shaft and pusher-type propeller
      mounted on and driven by said extension shaft at a location behind the
      tail of said airplane, the rear of said fuselage further including a
      hollow cylinder-shaped member and a cup-shaped member tightly fixed to
      said cylinder-shaped member, said cup-shaped member having bearing means
      in the interior thereof, said extension shaft being permitted to rock on
      said bearing means and a propeller racing device.
NUM  2.
PAR  2. The model airplane according to claim 1, wherein said extension shaft
      between said propeller and said motor is provided with at least one impact
      absorber to absorb impacts or shocks.
NUM  3.
PAR  3. The model airplane according to claim 1, wherein said motor is mounted
      in the interior of said fuselage and wherein there is further provided for
      said motor a forced cooling fan.
NUM  4.
PAR  4. The model airplane according to claim 1, wherein said bearing means is
      tightly fixed relative to the rear of said fuselage, said extension shaft
      being connected to said propeller and wherein there is further provided an
      extension-shaft coupler for detachably connecting said extension shaft to
      the output shaft of the motor.
NUM  5.
PAR  5. The model airplane according to claim 1, wherein said extension shaft is
      connected to said propeller and runs through said cup-shaped member and
      said bearing means has a spherical surface and is mounted on said
      extension shaft, said cup-shaped member being carried on said spherical
      surface of said bearing means, said cup-shaped member and said bearing
      means being coupled together by means of a bearing holder.
NUM  6.
PAR  6. The model airplane according to claim 1, wherein there are provided a
      propeller setter fixedly mounted on said extension shaft, said propeller
      being rotatably supported with respect to said extension shaft and adapted
      to be fixedly connected to said extension shaft by engaging with said
      propeller setter, a stopper attached to the propeller-side rear end of
      said extension shaft and a spring coil between said propeller and said
      stopper.
NUM  7.
PAR  7. A model airplane comprising a fuselage adapted to contain a battery, a
      battery driven motor having an extension shaft and a pusher-type propeller
      mounted on and driven by said extension shaft at a location behind the
      tail of said airplane, there being further included bearing means tightly
      fixed relative to the rear of said fuselage, said extension shaft being
      connected to said propeller and an extension-shaft coupler for detachably
      connecting said extension shaft to the output shaft of said motor.
NUM  8.
PAR  8. The model airplane according to claim 7, wherein said extension shaft
      between said propeller and said motor is provided with at least one impact
      absorber to absorb impacts or shocks.
NUM  9.
PAR  9. The model airplane according to claim 7, wherein said motor driving said
      propeller is mounted in the interior of said fuselage and wherein there is
      also provided for said motor a forced cooling fan.
NUM  10.
PAR  10. The model airplane according to claim 7, wherein there are provided a
      propeller setter fixedly mounted on said extension shaft, said propeller
      being supported rotationly with respect to said extension shaft and
      adapted to be fixedly connected to said extension shaft by engaging with
      said propeller setter, a stopper attached to the propeller-side rear end
      of said extension shaft and a spring coil between said propeller and said
      stopper.
NUM  11.
PAR  11. A model airplane comprising:
PA1  a fuselage;
PA1  main wings secured to said fuselage;
PA1  a battery located near the nose of said fuselage;
PA1  a motor mounted close to said main wings and driven by said battery;
PA1  an extension shaft driven by said motor;
PA1  a bearing for said extension shaft, said bearing being positioned at the
      rear end of said fuselage;
PA1  a pusher-type propeller mounted on and driven by said extension shaft at a
      location behind the tail of said airplane; and
PA1  means for setting the axis of propeller revolution to said fuselage, and
      said propeller being so mounted that the axis of propeller revolution is
      substantially directed to the center of gravity of the airplane.
NUM  12.
PAR  12. A motor-driven model airplane of claim 11, wherein the extension shaft
      between the propeller and the motor is provided with at least one impact
      absorber to absorb impact or shocks, and said impact absorber also
      comprises said means for setting the axis of propeller revolution.
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ABST
PAL  A process for the growth and production of mushroom tissue which comprises
      the steps of suspending mushroom tissue in an aqueous nutrient
      fermentation medium solution, inoculating said solution into a mushroom
      growth and production bed comprising saw dust, wheat bran, rice bran,
      peptide for synthetic Japanese sake or liquor, acid potassium phosphate
      and/or chaff, and contained in a container, adjusting the pH of said bed
      to pH of 6.0-5.0 with an acid, ageing said mushroom growth and production
      bed under fermentation conditions, cooling the bed, turning the container
      upside-down and subjecting said bed to mushroom growth and production
      conditions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved process for the growth and production
      of mushroom tissue by the utilization of an artificial mushroom growth and
      production bed and more particularly, to an improved process for the
      growth and production of mushroom tissue by the utilization of an
      artificial mushroom growth and production bed which essentially comprises
      providing mushroom tissue, suspending the mushroom tissue in an aqueous
      nutrient fermentation solution, inoculation of the mushroom tissue
      suspending nutrient fermentation solution into an artificial growth and
      production bed, ageing the nutrient fermentation inoculated bed and
      growing the mushroom tissue within the bed under growth conditions.
PAR  Edible mushrooms have been highly esteemed as a high class foodstuff
      because of their refined flavor, but at present the mushrooms are drawing
      one's attention on account of their nutritive qualities with demand for
      the foodstuff increasing year by year. Up to date, mushroom tissues have
      been cultivated and produced by placing the mushroom tissues into suitably
      cut holes in growth and production tree trunks, stems, stocks or branches
      cut from a tree selected from the group comprising Quercus glandulifera,
      Quercus serrata and chestnut trees, covering the holes with covers and
      suitably arranging and leaving such growth and production tree cuts in a
      forest or wood until the mushroom tissues will be fully grown. However,
      such a conventional growth and production process for mushrooms suffer
      from the disadvantages that areas where the process can be carried out are
      not readily available, that the process requires a great deal of labor and
      time and a relatively large space and that the time for harvest for
      mushrooms is limited to only two seasons of a year. Of the above-mentioned
      disadvantages inherent in the conventional mushroom growth and production
      process, the disadvantages in connection with area and space are most
      serious because the prior art process for growing and producing mushrooms
      has to be carried out at a mountainous area where trees suitably used for
      the process are available and the process requires a spacious land area.
      In order to eliminate such disadvantages inherent in the prior art growth
      and production process of mushrooms, of late a variety of improved
      processes for the growth and production of mushrooms which employs the
      so-called artificial mushroom growth and production bed instead of the
      conventional tree medium have been proposed and actually employed.
PAR  All of such processes for the growth and production of mushrooms employing
      the artificial growth and production bed have the disadvantages that they
      require a great deal of labor and a substantially long period of time for
      the growth and production of mushrooms though they are free of the
      disadvantages relating to area and space limitations.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, one object of the present invention is to provide a novel and
      improved process for the growth and production of mushroom tissue which
      can be effectively eliminate the disadvantages inherent in the prior art
      process for the growth and production of mushroom tissue.
PAR  Another object of the present invention is to provide a novel and improved
      process for the growth and production of mushroom tissue employing an
      artificial growth and production bed which makes it easier to grow and
      produce mushroom tissue and shortens the time required for the growth and
      production of mushroom tissue.
PAR  A further object of the present invention is to provide a novel and
      improved process for the growth and production of mushroom tissue
      employing an artificial growth and production bed which can be readily
      applicable to a mass production operation of mushroom tissue.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  To describe briefly, according to the present invention, there is provided
      a process for the growth and production of mushroom tissue which
      essentially comprises providing mushroom tissue, suspending the mushroom
      tissue into an aqueous mushroom nutrient fermentation solution,
      inoculating the mushroom tissue suspending nutrient fermentation solution
      into a prepared artificial growth and production bed contained in a
      container, ageing the solution inoculated bed under ageing conditions at a
      temperature of 25.degree.C, in a humidity of 75-80 percent and the
      intensity of illumination of about 100 candela until the bed ages
      sufficiently, cooling the contents of the container at 5.degree.C for 50
      hours, turning the container upside-down and subjecting the contents of
      the container under growth and production conditions at a temperature
      range of 10.degree.-15.degree.C, in a humidity of 70-75 percent and the
      intensity of illumination of about 200 candela. The above-mentioned
      artificial mushroom tissue growth and production bed is prepared by mixing
      saw dust, wheat bran, rice bran, peptide for synthetic sake (synthetic
      Japanese rice liquor), acid potassium phosphate and chaff together and
      adjusting the mixture to pH 6.0-5.0 with a suitable acid such as citric
      acid.
PAR  The process of the present invention will be described in further detail by
      way of one preferred example in which the process is successfully carried
      out, but it is to be understood that the present invention is not limited
      to such an example because the process can be carried in other various
      ways.
PAR  First of all, a nutrient fermentation solution is prepared by mixing
      together potato extract (an extract solution obtained by extracting 200 g.
      of potato per 1000ml. of the nutrient fermentation solution in heated
      water), 0.1 percent by weight of peptide for synthetic Japanese sake or
      rice liquor "APT" (the trade name of an acid decomposition product of
      soybean protein by the Ajinomoto K.K.) based on the weight of the nutrient
      solution and 10 percent by weight of glucose based on the weight of the
      nutrient solution in a container, mushroom tissue is suspended in the
      mixture solution, the suspension is adjusted to pH 6.0 and the contents of
      the container are then shaked at 25.degree.C for 168 hours to thereby
      complete the prenutrient fermentation of the mushroom tissue. In a
      separate operation, a growth and production bed is prepared by mixing
      together 6 l. of saw dust, 1 l. of wheat bran, 1/10000 l. of peptide APT
      for synthetic Japanese sake or rice liquor, 1/10000 l. of acid potassium
      phosphate (KH.sub.2 PO.sub.4) and 8 l. of chaff, 6 l. of water is added to
      the mixture and the resultant mixture is adjusted to pH 6.0-5.0 with
      citric acid. The thus obtained growth and production bed is then placed
      into an open top heat-resistance container with about one-fifth of space
      leaving above the content (based on the capacity of the container), the
      open top of the container is covered with a cellophane film, for example
      and thereafter, the content of the container is sterlized at 120.degree.C
      for 30 minutes to thereby complete the preparation of the growth and
      production bed.
PAR  Thereafter, the thus obtained growth and production bed in the container is
      inoculated with the afore-mentioned mushroom tissue suspending nutrient
      fermentation solution in the amount of 1/100 l., the container is placed
      in a growth and production room adjusted to the mushroom tissue growth and
      production conditions at a temperature of 25.degree.C, in a humidity of
      75-80 percent and the intensity of illumination of about 100 candela. The
      container is left in the room under the afore-mentioned conditions until
      the artificial growth and production bed ages sufficiently for growth and
      production of the mushroom tissue. The artificial growth and production
      initiates its ageing within 60-80 days after the inoculation of the
      nutrient fermentation solution and ages sufficiently for growth and
      production of the mushroom tissue within 90-100 days after the inoculation
      whereupon the bed sets in the mushroom growth stage. Thereafter, the
      contents in the container are cooled at 5.degree.C for 48 hours to transit
      from the nutrient growth stage to the reproduction growth stage whereupon
      the container is turned upside-down to position the now bottom top and the
      now top bottom whereby the space of one-fifth of the capacity of the
      reversed container is again provided above the contents. The contents of
      the container are then again replaced in the growth and production room
      under the growth and production conditions of the temperature range of
      10.degree.-15.degree.C, the humidity range of 70-75 percent and the
      intensity of illumination of about 200 candela. The container is left in
      the room for about 2 weeks whereupon the growth of mushroom tissue sets
      in. In two weeks after the initiation of the reproduction growth stage, a
      first yield is made possible. After the second yield, mushroom tissue is
      reproduced and grown with replenishment of only water. The growth and
      production bed continues to reproduce mushroom tissue for about 2 months
      without any replenishment of nutriment.
PAR  Various mushroom growth and production beds were prepared by modifying the
      constituent components in various ways and experimentally employed for the
      growth and production of mushroom tissue. The results of the experiments
      will be given in the following Table 1. From the results, it will be noted
      that the rice bran has an important influence on the reproduction of
      mushroom tissue and the wheat bran, peptide for synthetic Japanese sake or
      liquor (APT) and chaff accelerate the growth of mushroom tissue and
      shorten the ageing time of the bed. The saw dust serves as the support for
      the other constituents of the bed and also as the nutriment for mushroom
      tissue. Although the effect of the acid potassium phosphate cannot be
      positively determined, it is considered that the component or constituent
      may maintain the pH of the nutrient solution within 5-6 and stabilize the
      growth conditions.
PAR  The various mushroom tissue growth and production beds of different
      compositions having the afore-mentioned nutrient fermentation solution
      inoculated therein were employed under the same growth and production
      conditions. Each of the growth and production containers had the capacity
      of about 1 kg. and 13 containers of the same-type composition were
      employed, respectively. Each of the growth and production bed compositions
      comprised the constituent ratio relationship of 6 by volume of saw dust, 1
      by volume of wheat bran, 1 by volume of rice bran, 1/1000 by volume of
      APT, 8 by volume of chaff and/or 1/1000 by volume of KH.sub.2 PO.sub.4.
TBL                                    Table 1                                 
     __________________________________________________________________________
               saw                                                             
               dust           saw       saw                                    
               wheat                                                           
                    saw  saw  dust      dust                                   
               bran dust dust rice saw  wheat                                  
               rice rice wheat                                                 
                              bran dust bran                                   
               bran bran bran wheat                                            
                                   rice rice                                   
               APT  APT  APT  bran bran bran                                   
     Bed       chaff                                                           
                    chaff                                                      
                         chaff                                                 
                              chaff                                            
                                   APT  APT                                    
     composition                                                               
               KH.sub.2 PO.sub.4                                               
                    KH.sub.2 PO.sub.4                                          
                         KH.sub.2 PO.sub.4                                     
                              KH.sub.2 PO.sub.4                                
                                   chaff                                       
                                        KH.sub.2 PO.sub.4                      
     __________________________________________________________________________
     Growth con-                                                               
     ditions of                                                                
     mushroom tis-                                                             
                --   --   --   --   --   --                                    
     sue 10 days                                                               
     after inocu-                                                              
     lation                                                                    
     Number of                                                                 
     days required                                                             
               92   108  130  115  101  135                                    
     for sufficient                                                            
     ageing of bed                                                             
     Yield within                                                              
     2 weeks   28 ea.                                                          
                    18 ea.                                                     
                         6 ea.                                                 
                              11 ea.                                           
                                   16 ea.                                      
                                        15 ea.                                 
     after growth                                                              
               1.2 kg                                                          
                    0.6 kg                                                     
                         0.2 kg                                                
                              0.5 kg                                           
                                   0.6 kg                                      
                                        0.7 kg                                 
     of mushroom                                                               
     tissue                                                                    
     Yield within                                                              
     15 - 45 days                                                              
               30 ea.                                                          
                    21 ea.                                                     
                         10 ea.                                                
                              18 ea.                                           
                                   24 ea.                                      
                                        20 ea.                                 
     after growth                                                              
               1.8 kg                                                          
                    1.1 kg                                                     
                         0.4 kg                                                
                              1.1 kg                                           
                                   1.5 kg                                      
                                        1.0 kg                                 
     of mushroom                                                               
     tissue                                                                    
     Yield within                                                              
     45 - 90 days                                                              
               21 ea.                                                          
                    12 ea.                                                     
                         4 ea.                                                 
                              20 ea.                                           
                                   10 ea.                                      
                                        14 ea.                                 
     after growth                                                              
               1.0 kg                                                          
                    1.7 kg                                                     
                         0.2 kg                                                
                              1.2 kg                                           
                                   0.7 kg                                      
                                        0.9 kg                                 
     of mushroom                                                               
     tissue (500ml.                                                            
     water replenished)                                                        
     Total     79 ea.                                                          
                    51 ea.                                                     
                         20 ea.                                                
                              49 ea.                                           
                                   50 ea.                                      
                                        49 ea.                                 
     yield     4.0 kg                                                          
                    2.4 kg                                                     
                         0.8 kg                                                
                              2.8 kg                                           
                                   2.8 kg                                      
                                        2.6 kg                                 
     __________________________________________________________________________
PAR  The relationship between the mass of the growth and production bed and the
      mushroom tissue yield is shown in the following Table 2 and from the
      table, it will be noted that where the bed mass is over 5 kg., there is no
      significan difference.
TBL  ______________________________________                                    
     Relationship between bed mass and                                         
     mushroom tissue yield                                                     
                 (mushroom yield per kg. of bed mass)                          
       Bed mass                                                                
                   10 kg.     5 kg.      1 kg.                                 
     Yield                                                                     
     ______________________________________                                    
     Yield within                                                              
     14 days after  5 ea.      6 ea.      5 ea.                                
     growth of mush-                                                           
                   220 g.     280 g.     200 g.                                
     room tissue                                                               
     Yield within                                                              
     15 - 45 days   9 ea.      8 ea.      4 ea.                                
     after growth                                                              
     of mushroom   420 g.     350 g.     195 g.                                
     tissue                                                                    
     Yield within                                                              
     45 - 90 days   4 ea.      4 ea.      3 ea.                                
     after growth                                                              
     of mushroom   180 g.     170 g.      85 g.                                
     tissue                                                                    
     Total          18 ea.     18 ea.     12 ea.                               
                   920 g.     800 g.     480 g.                                
     ______________________________________                                    
PAR  Since many embodiments may be made of this invention and since many changes
      may be made in the embodiments described, the foregoing is to be
      interpreted as illustrative only and the invention is defined by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the growth and production of mushroom tissue comprising
      the steps of providing mushroom tissue of wood rotting fungi, suspending
      said mushroom tissue in an aqueous nutrient fermentation solution,
      inoculating said mushroom tissue suspending solution into a prepared
      mushroom growth and production bed contained in a container under
      sterilized conditions, ageing said nutrient fermentation solution
      inoculated bed, cooling the contents of said container, turning said
      container upside down and subjecting the contents of said container to
      mushroom growth and production conditions.
NUM  2.
PAR  2. The process for the growth and production of mushroom tissue of claim 1
      wherein said mushroom growth and production bed comprises a mixture the pH
      of which is adjusted to pH 6.0-5.0 with an acid.
NUM  3.
PAR  3. The process for the growth and production of mushroom of claim 2 wherein
      said acid is citric acid.
NUM  4.
PAR  4. The process for the growth and production of mushroom tissue of claim 1
      wherein said mushroom growth and production bed comprises a mixture
      consisting of saw dust, wheat bran, rice bran, peptide for synthetic
      Japanese rice liquor, acid potassium phosphate and chaff.
NUM  5.
PAR  5. The process for the growth and production of mushroom tissue of claim 1
      wherein said mushroom growth and production bed comprises a mixture
      consisting of saw dust, rice bran, peptide for synthetic Japanese rice
      liquor, acid potassium phosphate and chaff.
NUM  6.
PAR  6. The process for the growth and production of mushroom tissue of claim 1
      wherein said mushroom growth and production bed comprises a mixture
      consisting of saw dust, wheat bran, peptide for synthetic Japanese rice
      liquor, acid potassium phosphate and chaff.
NUM  7.
PAR  7. The process for the growth and production of mushroom tissue of claim 1
      wherein said mushroom tissue growth and production bed comprises a mixture
      consisting of saw dust, wheat bran, rice bran, acid potassium phosphate
      and chaff.
NUM  8.
PAR  8. The process for the growth and production of mushroom tissue of claim 1
      wherein said mushroom tissue comprises a mixture consisting of saw dust,
      wheat bran, rice bran, peptide for synthetic Japanese rice liquor and
      chaff.
NUM  9.
PAR  9. The process for the growth and production of mushroom tissue of claim 1
      wherein said mushroom tissue comprises a mixture consisting of saw dust,
      wheat bran, rice bran, peptide for synthetic Japanese rice liquor and acid
      potassium phosphate.
NUM  10.
PAR  10. The process for the growth and production of mushroom tissue of claim 1
      wherein said ageing is carried out under the conditions of a temperature
      of about 25.degree.C, in a humidity range of 75-80 percent and an
      intensity of illumination of about 100 candela.
NUM  11.
PAR  11. The process for the growth and production of mushroom of claim 1
      wherein said cooling is carried out at 5.degree.C.
NUM  12.
PAR  12. The process for the growth and production of mushroom tissue of claim
      1, wherein said mushroom tissue growth and production conditions comprise
      a temperature range of 10.degree.-15.degree.C, a humidity range of 70-75
      percent and an intensity of illumination of about 200 candela.
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ABST
PAL  A readily adjustable, moisture retainable, air transferable soil covering,
      integral with fertilizer and, if desired, fungicide is provided that may
      be used with indoor plants. The soil covering is made up of a
      biodegradable cellulose paper and film covering having thereon water
      soluble beads of fertilizer or fungicide. The covering has been perforated
      in a series of concentric circles together with at least one radial
      perforation so that the unit may be torn radially to the proper size for
      the pot, may have an opening in the center for the stem of the plant, and
      may be torn radially to allow insertion of the stem.
PAL  The same type covering may also be utilized in rolls for gardens and can be
      perforated in regular design for regular spacing of plants.
PAL  The perforations serve the additional purpose of providing for water
      permeability while the film covering prevents moisture evaporation and
      permits air to reach the soil,
PAL  As the plant is watered, a certain portion of the fertilizer is dissolved
      from the undersurface of the discs and enters the soil to feed the plant.
      Water is also absorbed by the paper and released, with additional
      fertilizer over a period of time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to care of indoor house plants. It is applicable
      also to use in outdoor gardens.
PAR  Its objective is to prevent the evaporation of water from the soil into the
      atmosphere (and so lessen the number of waterings needed), to add
      fertilizer and fungicide, retain heat and prevent weeds, but to permit
      passage of air between the soil and the atmosphere.
PAR  Due to the number of different sizes of pots the design should be such as
      to allow flexibility of fitting various sizes of pots and around various
      stem locations in the pots.
PAC  SUMMARY OF THE INVENTION
PAR  The invention includes a paper material, preferably a biodegradable
      cellulose paper. Adhered to the upper surface of the paper is a plastic
      film which will transmit gases (oxygen and carbon dioxide) but which will
      not transmit moisture.
PAR  The discs have a series of concentric perforations. They will also have one
      or more radial perforations. For convenience of manufacture, the "discs"
      often have a square outer perimeter so that they can be manufactured from
      a long sheet and cut off into individual squares.
PAR  In use, the disc is torn along one of the concentric perforations so as to
      give the finished disc a diameter that will fit within the pot and,
      preferably, have the disc contact the soil. The center disc is also
      removed to provide for the stem of the plant, and one of the radial
      perforations is torn to enable the covering to be placed about the plant.
PAR  On the underside of the disc, secured to the paper, are a series of beads
      which may contain fertilizer and/or fungicide. They are water soluble so
      that when water contacts them a certain amount of fertilizer or fungicide
      is available to the soil. Preferably the beads are of varying sizes or
      formulation so that they dissolve at different rates permitting the disc
      to be useful for a longer period of time.
PAR  The beads can be placed on the paper surface in any desired manner, but I
      have found a simple technique is to prepare a stencil with holes of
      varying sizes and of thickness equal to the thickness of the beads and
      simply to stencil the beads on the paper by forcing the material of the
      wet fertilizer-fungicide mix through the holes in the stencil with a
      squeegee.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The details of my invention are shown in the attached drawings and the
      accompanying specification.
PAR  These drawings are:
PAR  FIG. 1 is a perspective of a plant holder with a flower and carrying the
      disc covering of my invention.
PAR  FIG. 2 is a plan view from the top of the covering in the form in which it
      would be sold.
PAR  FIG. 3 is a section of a small portion of the covering of FIG. 2 showing
      the relationship between the plastic film, the heavy paper and the beads
      of fertilizer.
PAR  FIG. 4 is a view of a disc covering torn to size and ready to be mounted.
PAR  FIG. 5 is a portion of the underside of the disc showing a typical
      arrangement of beads of fertilizer and fungicide.
PAR  FIG. 6 is a view showing the method of applying the fertilizer-fungicide
      mixture to the paper backing.
PAR  FIG. 7 shows a modification of the invention in which it is prepared in a
      roll for use in outdoor gardening.
DETD
PAR  Turning to the FIGURES, FIG. 1 shows a disc covering in a flower pot 2. The
      stem of a flower projects through an opening 4 in the center of disc 1. It
      will be seen that disc 1 substantially covers the entire upper surface of
      pot 2. Disc 1 has slot 6 that has been used to get the disc around stem 3.
PAR  As positioned in pot 2, disc 1 has the film layer uppermost with the
      cellulose backing below it and secured to it, and the beads of fertilizer
      and/or fungicide below the cellulose paper.
PAR  FIG. 2 shows covering 1 before it has been cut to size. It will be noted
      that it is square in shape and has a series of concentric perforations 10
      and a pair of diagonal, i.e., radical perforations 11. These perforations
      are made with a standard die press and clicked out on the cellulose paper
      backing after the film has been applied. By tearing along the set of
      perforations desired for the size desired, disc 1 can be made to appear as
      is shown in FIG. 4.
PAR  FIG. 3 is a cross-section of a small portion of disc 1. It shows the upper
      plastic film layer 14, the intermediate cellulostic paper 15 and the beads
      16 of fertilizer and/or fungicide secured to the underside of paper 15. It
      will be noted that the beads are of differing sizes.
PAR  Film 14 may be any one which transmits gases, such as oxygen and carbon
      dioxide, and retains moisture. One that has been found useful is sold by
      American Can Company under the name "Soft-Gard." It is of 90 gauge
      thickness and has a permeability to oxygen of 7,000 milli-liters per
      square meter per 24 hours and to carbon dioxide of 14,700 milli-liters per
      square meter per 24 hours. (Both at 73.degree.F and 50% relative
      humidity). Yet, at 90% relative humidity and 45.degree. F, water vapor
      transmission is only 0.187 gram per 100 square inches per 24 hours.
PAR  Various kinds of paper 15 can be used. Preferably the paper is absorbent
      and not water-repellent. It was found that the most satisfactory one was a
      biodegradable cellulose paper such as blotter paper. There also may be
      instances in which only film is used, and no paper, with the beads being
      adhered directly to the film.
PAR  The film 14 may be secured to paper 15 with any desirable adhesive which
      does not destroy the characteristics of film 14. One technique is to apply
      silicone spray and a wax on the paper, apply the film to that, and iron
      the entire surface with a hot iron.
PAR  The beads 16 are made of a combination of active and inert ingredients in a
      water-soluble ink-type formulation. The base formulation includes
      additives such as white flour base, peanut oil, and coloring such as
      soluble green tempera or finger paints. The composition of the beads is
      approximately 20% inert ingredients and 80% active ingredients. In the
      preferred formulation the 80% active ingredients would be primarily plant
      foods constituting ammonium phosphate, urea, and potassium chloride making
      up 75.5 to 75.0% and secondary plant foods making up 0.1 to 0.5%.
      Approximately 4% of the total could be used for fungicide, if desired, a
      satisfactory fungicide being "Thiram" which is
      tetramethylthiuramdisulfide.
PAR  The beads are applied to the bottom surface of the paper 15 in a manner
      which will be described below and, preferably, are of different sizes.
      This is desirable so that the beads will dissolve in the water at
      different rates of speed.
PAR  FIGS. 5 and 3 show a portion of the underside of disc 1 and a
      cross-section, respectively. As can be seen the heads are of varying
      sizes. The beads may be applied to the paper by various techniques such as
      silk screening, roller coating through a stencil, rubber stamping, wood
      stamping, squeegeeing through a stencil, use of a granulated fertilizer in
      the first instance and adhering by use of an adhesive wax, laquer or
      paint, a powdered form applied to an adhesive, or an encapsulated time
      release fertilizer; preferably they are applied through a stencil to an
      adhesive.
PAR  The simplest form for applying the beads to the paper is shown in FIG. 6.
      There paper 15 with its bottom surface upward is placed on table 20. A
      stencil 21 is rested on the paper and the stencil includes a series of
      holes 22. The stencil is of a total thickness equal to the desired depth
      of the beads and contains a series of holes 22 which can be of the same or
      different sizes to determine the size of the beads. The moist bead mixture
      25 is scraped along the upper surface of the stencil 21 by use of a
      squeegee 26 which forces the fertilizer-fungicide mixture in the holes 22
      forming beads 16. The beads may then be allowed to dry and adhere to the
      paper or, if a release agent is used within holes 22, the stencil may be
      immediately removed for the beads to dry either naturally or through the
      application of heat. The beads are best applied after perforation.
PAR  When a disc 1 is in place and the plant is watered, water can enter the pot
      2 through opening 4, around the edges of disc 1 or through the
      perforations, thus moistening the earth in the pot. This moisture will not
      only be used by the plant but will also serve to dissolve a portion of the
      fertilizer-fungicide beads. Moisture will also be retained in the paper
      and will be later drawn into the soil with additional
      fertilizer-fungicide. Due to the nature of the film 14, gases such as
      oxygen and carbon dioxide may be transmitted through the disc covering,
      but moisture is retained inside the pot.
PAR  FIG. 7 simply shows the perspective view of the modification of the
      invention in which the film-paper-bead laminate is in long roll form,
      preferably for use in large surfaces outdoors. This roll may have
      perforations 30 in it so that the various tearing processes may be
      followed, if desired, just as with the discs themselves. When the material
      is unrolled in flower and vegetable plant gardens, it acts as mulch and in
      addition it fertilizes every time it rains or the row is watered, it adds
      fungicide to discourage mildew and fungus. It may be cut or perforated, as
      at 32, to indicate a variety of equally spaced seed or plant positions,
      the mulch keeps the weeds out retaining moisture and keeps the earth and
      germinating seeds warm.
PAR  When initially devised, samples of the discs were made up, cut out and
      tested on living plants. It was found that the samples kept the plants
      moist for some two weeks without additional watering. By contrast, test
      plants, grown without the use of the discs in the same atmosphere, were
      bone dry in about four days. In addition, plants with the discs became
      green and healthy as fertilizer was absorbed. It would thus appear that a
      technique has been developed for encouraging and simplifying plant growth.
CLMS
STM  I claim:
NUM  1.
PAR  1. A universal soil cover for use with plants in different sized containers
      and being capable of retaining moisture in the soil and dispensing
      plant-useful material to the soil but permitting the passage of air to the
      soil including
PA1  a sheet of biodegradable cellulostic material capable of retaining water,
PA1  a plastic film adhered to the upper surface of said water-retaining sheet,
PA1  said film of a type permitting the passage of air therethrough but being
      repellent to water,
PA1  beads of water-soluble plant useful material such as fertilizer or
      fungicide uniformly secured to the lower surface of said water-retaining
      sheet, whereby water retained in the sheet will be drawn down into the
      soil and will carry dissolved water-soluble plant-useful material from the
      beads into the soil,
PA1  opening means in said composite sheet and film to receive a plant stem,
PA1  at least one separation line in the composite sheet extending outwardly
      from the stem opening to permit the composite sheet to be placed around a
      plant stem, and
PA1  a plurality of rows of spaced perforations in said composite sheet and film
      adapted to permit ready tearing away of outer portion of said cover to
      reduce it to a size conforming to a container holding said plant,
PA1  whereby said cover may surround the stem of a plant in a container to
      retain moisture and dispense plant-useful material therein without
      preventing aeration of the plant's root structure.
NUM  2.
PAR  2. A soil cover as set forth in claim 1 in which said perforations form a
      series of concentric circles, and in which said separation line extends
      radially.
NUM  3.
PAR  3. A soil cover as set forth in claim 1 in which said beads include
      fertilizer.
NUM  4.
PAR  4. A soil cover as set forth in claim 1 in which said beads include
      fungicide.
NUM  5.
PAR  5. A soil cover as set forth in claim 1 in which said beads are of varying
      size so that they dissolve over differing time periods.
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ABST
PAL  Seeds are subjected to microwave energy and a coolant gas, then subjected
      to a partial vacuum to stimulate growth and stabilize such stimulation.
      Seeds so treated have superior growth characteristics and are more
      resistant to disease and weather hazards. Apparatus for effecting this
      process is also disclosed.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  Certain aspects of the subject matter relating to microwave treatments were
      disclosed in my application Ser. No. 137,712 filed Apr. 26, 1971, for
      Treatment of Plant Seeds, stems and Roots, which application has become
      abandoned. Related material is disclosed in my U.S. Pat. No. 3,494,723 for
      Method and Apparatus for Controlling Microorganisms and Enzymes, issued
      Feb. 10, 1970.
PAC  BACKGROUND OF THE INVENTION
PAR  The pressure on agronomists resulting from the worldwide demand for
      increased food supplies has led to the pursuit of numerous avenues of
      research in attempts to produce greater yields from the limited area of
      suitable agricultural land available for the production of agricultural or
      forest products usable for food or industry. Much effort has been devoted
      to treatment of seeds with various sorts of energy, among them
      radioactive, physical, sonic or ultrasonic, magnetic and laser, and
      numerous sorts of chemical treatments. Many of these processes are
      laboratory curiosities, experimental in nature, without concrete relation
      to the realities of commerce. Among the issue U.S. Patents relating to
      such subject mater are Nos. 43,292, 2,059,835, 2,101,584, 2,300,727,
      2,344,151, 2,932,128 and 3,397,640, and the following foreign patents,
      British No. 743,350; Belgian No. 511,232, German No. 474,454; Canadian No.
      608,485; French Nos. 874,656 and 922,132 and Nederlands Nos. 19,358 and
      43,753. Low voltage treatment of seeds is discussed in an article entitled
      "Low Voltage Irradiation of Seeds" published in Agriculture Engineering,
      Vol. 38, No. 9, pp.  666-9, September, 1957.
PAR  While treatments such as these may improve yield, none of them have
      presented commercially satisfactory solutions to the problem. One of the
      reasons is that whatever stimulation these various sorts of treatment
      bring about, it is short-lived; i.e., if the time lapse between treatment
      and planting is short, improved yields may be established. However, the
      realities of processing and distributing seeds for agriculture or forest
      use do not fit in with such a brief time interval of stimulation so that
      efforts to improve yields along the lines described have proved a waste of
      time and money considered in the economic aspects of the problem.
PAR  Much effort has been expended by scientists in the development of "high
      yielding varieties" of various types of plants, of which wheat and maize
      are typical. The difficulty with these genetic innovations is that they
      have not been time-tested for disease resistance, an example of which was
      the epidemic of southern corn blight that destroyed a fifth of the United
      States crop in 1970. An object of this invention is to boost yields of
      standard varieties of crops or trees which have developed normal disease
      resistance over many hundreds, if not thousands, of crop generations. I
      have found, however, as a side effect in respect of tree seeds, at least,
      that subjection of seeds to my processes not only increases yield but
      develops disease-resistant characteristics which will be discussed later
      herein.
PAR  My invention is directed to a method of treatment, the apparatus therefor
      and the product thereof, which will not only stimulate seed growth but
      stabilize the stimulating factors, whatever they may be, over a reasonable
      period of time so that the seeds may be transported over whatever distance
      may be necessary, stored, if necessary, and still retain the efficacy of
      the stimulating factors so that, when ultimately planted, the seeds will
      reproduce in the desired quantity. The only attempts in the art known to
      me to be concerned with the extension in time of optimum seed growth
      characteristics are disclosed in an article in Science for Dec. 20, 1974,
      "Viability of Stored Seeds," pp. 1123-4, where experiments with the use of
      low voltage energy for this purpose are described.
PAR  In brief, I subject seeds to microwave energy in an atmosphere, the
      temperature of which is controlled in a manner hereinafter to be
      described, then sequentially and immediately after the treatment with
      microwave energy, I subject the treated seeds to a vacuum treatment, again
      in a manner hereinafter to be more particularly described. As the result
      of this sequence of treatments, seeds so treated have been stored for as
      much as one year while still retaining the same comparable added growth
      qualities that they would have had had they been planted immediately after
      treatment. I have found, however, that no only does the vacuum treatment
      secure the desired stabilizing effect, but that seeds which have been
      treated with microwave energy and then stabilized per vacua can produce a
      greater degree of growth and productivity than seeds which have been
      stimulated by an equivalen microwave treatment and then planted without
      stabilization. Thus there appears to be a synergistic interaction between
      the stimulation and the stabilization which produces seeds with superior
      growth and productive qualities.
PAR  As illustrative of the effect of this synergism, samples of bean seeds were
      subjected to four different sets of conditions as follows:
PA1  Sample 1: Microwave energy, cooling and vacuum;
PA1  Sample 2: Microwave energy only;
PA1  Sample 3: Microwave energy plus cooling;
PA1  Sample 4: Vacuum only.
PAL  The treated seeds, plus controls, were then planted and observations taken
      on germination in 65 hours and height of plant at 121/2  days. Taking the
      growth of the control grown with Sample 1 as an index of 100, the growth
      of the plants subjected to the several types of treatments described, and
      the other controls, is set out in the following Table 1:
TBL                TABLE I                                                     
     ______________________________________                                    
                                           Va-                                 
     Microwave Complete                                                        
                       Energy    Energy plus                                   
                                           cuum                                
           Time      Treatment Only    Cooling Only                            
     Sample          1         2       3        4                              
     ______________________________________                                    
     Control     100       93.4      100     97.7                              
     10 sec.     126.8     93.4      100     93.3                              
     15 sec.     146.7     106.8     120     90.0                              
     20 sec.     106.8     33.4      53.4    93.3                              
     ______________________________________                                    
PAL  Samples 1, 2 and 3 comprising three batches were subjected to 500 milliamps
      of 2450 megahertz for 10, 15 and 20 seconds, respectively; in Samples 1
      and 3 the temperature was held to 70.degree.F.; in Samples 1 and 4, the
      vaccum was 15 inches of Hg absolute for 5 minutes; Sample 4 represented
      three different batches plus the control and are arrayed opposite the
      lines of microwave time for convenience only. The treated seeds and
      controls were planted in flats 1 foot square and 5 inches deep.
PAR  I have indicated in this specification that the product treated in
      accordance with the procedures herein outlined may be stored for as much
      as a year or more. However, storage should be in facilities at a
      controlled temperature. I have found that if the temperature is controlled
      between 34.degree.F. and 70.degree.F., no decline in germination will
      occur.
PAR  The added yields resulting from seed treatments described in this
      specification will occur if no more than conventional agricultural
      practices are applied to treated seeds, in planting, care and harvesting.
      In other words, special inputs of fertilizer, water, insecticides and the
      like are unnecessary to produce the increased results in yield or growth
      following my described seed treatment; cf. Science, Dec. 20, 1974, pp.
      1085-1088, 1093-1096.
PAR  Numerous types of seeds have been treated, planted and harvested, among
      them Bragg soybeans, Example 1; Davis soybeans, Example 2; Corn Hybrids,
      Examples 3 to 5; Atlas Cotton Seeds, Example 6; Georgia Early Runner
      Peanuts, Example 7; Slash Pine Seeds, Examples 8 and 9, and Loblolly Pine
      Seeds, Examples 10 and 11. Other types of seeds which have responded
      satisfactorily to the treatment generally described are canteloupe, oats,
      radishes, Oregon rye, watermelon, wheat, sunflower and tomato seeds.
PAR  It has been found in respect of Examples 7 to 11 that the prescribed
      treatment for seeds has a side effect on the statistical controls of an
      unexpected nature. In randomized planting controls are statistically
      located contiguous to treated seeds in accordance with standard
      statistical theory to secure what are considered objective results. In the
      planting of the Georgia Early Runner Peanuts of Example 7, controls were
      located not only randomly within the planting with treated seeds, but were
      likewise located in a border around the planting. Of the various treated
      seeds as shown in Example 7, Sample T-3 showed the largest yield, 5,109.6
      in pounds per acre, of any of the various treatments. However, the inside
      controls produced 3,532.7 pounds per acre; the outside controls produced
      1,847.52 pounds per acre. While it is impossible to specify the reasons
      for this effect, it is thought that during the period of growth, the
      intertwining of the roots of the treated seedlings with those of the
      controls transfers to the controls in some fashion or other a portion of
      the benefits derived from the treatment. Where the controls are remote
      from the treated seeds as in the outside controls, the difference is
      substantial, e.g., Sample T-3 is 46.0 percentum more productive than the
      inside controls; it is 177 percentum more productive than the border
      controls. Thus it is possible by intermixing treated with untreated seeds
      to increase substantially the productivity of the untreated seeds if they
      are planted in the same plot.
PAR  The same effect is observable in the statistical data on the plantings of
      slash and loblolly pine set out hereinafter in Examples 8 to 11,
      respectively. In each of these plantings, no attempt was made to establish
      border controls as was the case with the Georgia Early Runner Peanuts of
      Example 7 so that the controls, randomly intermingled in the plantings,
      must be compared with data for state common and state improved all of
      which are provided in the examples hereinafter set out.
PAR  It will be understood, of course, by persons experienced in this type of
      work, that each seed of a different class, genus or variety may require
      differing treatments. What is efficacious for soybeans, will not
      necessarily produce an equivalent in tree seeds. Equally, different
      treatments may be required for differing varieties of soybeans. However,
      within the parameters hereinafter set out explicity, sufficient
      information is provided so that an operator presented with a type of seed
      for which treatment data has not been established can determine a
      preferred treatment for the particular seed in question.
PAR  The economic determinant of the efficacy of such treatment is, of course,
      the increase in harvested bushels per acre for such plants as soybeans.
      However, with such plants as slash or loblolly pines, the measure is
      growth per year. Not only do soybeans treated by my methods produce
      substantially more bushels per acre, slash and loblolly pine seeds treated
      by my methods, when planted, result in seedlings which grow much more
      rapidly.
PAR  One of the effects I have discovered as the result of treatment in planting
      is that to the eye of an observer, a field of soybeans planted with seeds
      so treated is much greener. Analysis indicates that the chlorophyll
      contents of the leaves and stems of soybeans so treated is higher than
      normal. Again, in respect of soybeans, normal production of commercially
      available beans is two beans to a pod; three beans to a pod is common and
      four beans are occasionally observed. In fields of beans grown from
      commercial seed treated by my methods, by count, 12 percentum of the pods
      were four-bean pods. In making this statement, I am mindful of the
      circumstance that special bean varieties, e.g., those disclosed in Plant
      Variety Certificate No. 7400094, shows a higher percentage of beans, but
      by practicing my process, commercial beans which normally would produce
      very four-bean pods can be stimulated to produce a substantial percentage
      of four-bean pods.
PAR  Another effect of my method of treatment which is particularly significant
      in tree seedlings in an increase in the hardiness of the seedling. During
      the course of an experimental planting which was begun prior to the filing
      of this application, treated loblolly and slash pine seedlings and control
      seedlings experienced as a random event an unprecedently heavy sleet and
      ice storm. The 8,000 treated seedlings went through it without any damage
      while the control seedlings were badly damaged by the event. Other
      manifestations of the salutary effects of my treatment with tree seedlings
      are absence of fusiform cankers, tip moth infestation, damping off and
      chlorosis and no evidence of dormancy.
DRWD
PAR  Referring now to the drawings,
PAR  FIG. 1 is a side elevation, partly broken away, of a one magnetron unit for
      processing seeds such as soybeans;
PAR  FIG. 2 is a plan view of the device shown in FIG. 1;
PAR  FIG. 3 is a sectional view along the lines 3--3 of FIG. 2;
PAR  FIG. 4 is a view, partly broken away, of the horn of the device;
PAR  FIG. 5 is a plan view, partly broken away, showing a multiple horn
      equipment;
PAR  FIG. 6 is a sectional view along the lines 6--6 of FIG. 5 however showing
      an elevational view of the shield, partly broken away;
PAR  FIG. 7 is a sectional view along the lines 7--7 of FIG. 5;
PAR  FIG. 8 is a view of the vacuum equipment, partly broken away. to show the
      seeds in place during the vacuum process;
PAR  FIG. 9 is a flow diagram for the treatment showing in a general way the
      limits in microwave energy and time for the microwave stage in this
      treatment and the degree of vacuum and time for the vacuum stage in the
      treatment.
DETD
PAC  DESCRIPTION OF COMMERCIAL DEVICES
PAR  In the commercial device shown in FIG. 1, it should be understood that it
      discloses an equipment of limited capacity for treating small quantities
      of seeds. The purpose of the device is to subject seeds for a very limited
      time interval, 1 to 30 seconds, to microwave energy, 2450 plus or minus 25
      megahertz, under conditions of controlled temperature, while the seeds
      traverse the microwave field on an endless belt 12 before they are
      discharged by chute to be subjected to the vacuum step, later to be
      described, and shown schematically in FIG. 9. It is common knowledge that
      microwave energy is dangerous and must be confined. Hence, the entire unit
      is enclosed in a soldered screen as a shield 26, shown broken away in the
      drawings, with mesh of less than 3/16 inches.
PAR  The parameters of the equipment are determined by the approximate 4.8
      inches length of the wave at 2450 meghertz. Thus each of the spacing of
      the horn 10 for the propagation of the energy from the seed bed, the depth
      of the seed bed on the endless belt 12, the depth of the water in the
      waterbed 14, is a function of this parameter.
PAR  Equally, the subjection of material to microwave energy causes a heat rise
      which would, if not dissipated, damage the seed. This is done by providing
      a source of refrigerated gas 16 circulated through the seeds to maintain
      the seeds being processed through the microwave energy at a temperature of
      from 40.degree. to 70.degree.F.
PAR  The cavity 19 in which the seeds are processed and the waterbed 14 are
      shown in FIG. 1. At the top of the cavity is a turret 11 designed to
      encompass a horn 10 of parabolic configuration in side elevation, having
      rectangular dimensions of 2 by 28 inches at the mouth. In the low capacity
      equipment shown in FIG. 1, but one horn is employed. To accommodate
      varying depths of seeds, the posture of the horn is adjustable upwardly
      and downwardly. This is done by shimming the horn in a manner hereafter to
      be described, when it is necessary to move it further from the seed bed.
PAR  The seeds are charged on to the endless belt 12 by the chute 20 at the
      right which traverses the mouth of the horn 10 in the direction of the
      arrow, FIG. 1 discharging the seeds at the end of the traverse by a chute,
      not shown, to containers for immediate processing by the vacuum process,
      later to be described. To insure that the belt and seeds being carried
      therealong are at all times true to the horizontal, a slide board or
      platform 13 is provided above the waterbed 14 and below the belt 12 so
      that the aspect of the traversing seeds will be a constant with the mouth
      of the horn. Means 17 for circulation of the water in the waterbed are
      provided, as shown in FIG. 1.
PAR  Referring now specifically to the cavity 19, it comprises a
      parallelepipedal structure of aluminum or stainless steel, the interior
      having polished, smooth, flat sidewall surfaces, weld-free. The cavity has
      an open bottom for insertion into the waterbed. At either end, it has
      proximal and distal slots to provide for the slide board and moving belt.
      On the interior of the cavity at each of said slots are streamers 21 of
      aluminum foil to preclude the egress of microwave energy from the cavity
      outwardly beyond the belt.
PAR  Pending through the turret into the cavity is a horn 10 of either aluminum
      or brass of parabolic construction, as shown. The horn is driven by a
      magnetron 15 inserted through an opening at the focus of the parabola.
      Engaging the magnetron is a quater-wave dipole 22 which extends into the
      horn to engage a cup 23 on the side of the horn opposite the opening for
      the magnetron. The dipole 22 is of aluminum or brass tubing with its tips
      tapered and slotted. Beyond the dipole 22 but contiguous thereto are a
      pair of tuning pins, 24, 24, of solid aluminum or brass rod, the function
      of which is to tune the horn to direct the flow of energy therefrom. The
      location of such pins should be approximately as shown but the optimum
      location of the pins is within the skill of the art.
PAR  As the magnetrons 15 generate heat, means are provided in the form of fans
      25 for dissipating the heat. Alternatively, water cooled magnetrons may be
      used. In the device shown in FIGS. 1-3, only one horn and magnetron is
      disclosed. In equipments having heavy commercial capacity, shown in FIGS.
      5-7, a series of magnetrons and horns is provided. In such circumstances,
      the horns are rotated at 90.degree. to the position shown in FIG. 1 and
      spaced approximately 18 inches apart on centers to provide clearance for
      the magnetrons and fan-cooling means to reduce the heat rise in the
      magnetrons when they are energized
PAR  The functions of the waterbed 14 are (a) to maintain a matched load; (b) to
      absorb any excess energy not taken up by the product being processed; and
      (c) to act as a seal to prevent leakage of microwave energy.
PAR  In FIGS. 5-7, I show a multiple horn system designed to process up to
      10,000 pounds of seeds per hour. As I have indicated, the horns are
      disposed at 90.degree. to the long axis of the belt and are spaced
      approximately 18 inches apart to provide clearance for the magnetrons and
      cooling equipment. This leaves a gap of approximately 18 inches between
      each horn and to provide a continuing flow of energy through this space, I
      dispose a reflector 27 below each horn at an angle of from 14.degree. to
      17.degree. to the horizontal to direct energy to the space between the
      horns, see FIGS. 6-7. Preferably the reflectors are of stainless steel or
      polished aluminum.
PAR  The endless belt 12 is preferably of neoprene or similar material having
      the physical characteristics that it will absorb a minimum of microwave
      energy and remain inert to oils, fats or waxes which might be experienced
      in processing oily seeds. The spacing between the mouth of the horn and
      the belt is adjustable, depending upon the depth of seeds on the belt. In
      machines for processing large quantities of seeds, the desired depth of
      seeds on the belt is a maximum of 3 inches. With this depth of seeds, the
      optimum performance is to space the mouth of the horn from the top of the
      seed bed so that the peak of the wave would register about 11/2  inches
      below the top of the seed bed. Where a 1-inch seed bed is utilized, the
      spacing is changed so that the peak of the wave is at the top of the seed
      bed. Such adjustments are necessary since the machine must be adaptable to
      processing many types and varieties of seeds which are quite variant in
      their dimensions and require a different set up adjustment. This is done
      by shimming although other means are possible. On either side of the horn
      is a flange 28 which rests on top of the turret, 11. It can be raised by
      shims to any new position desired as the depth of the seeds on the belt
      may require it.
PAR  Amperage may be varied. However, I have found that using as little as 180
      milliamps requires an increase of exposure time to the point where
      negligible volume can be processed on a commercial machine; at 740
      milliamps, the heat rise becomes such that air has to be cooled to about
      35.degree.F. to 40.degree.F. with attendant shortening of magnetron life.
      I have found that about 500 milliamps works best with air cooled to
      70.degree.F., thus maximizing the capacity of commercial processing
      equipment designed in accordance with my invention.
PAR  Treatment of the seeds proceeds continuously with discharge through a chute
      into suitable containers which, as quickly as it can conveniently be done,
      are deposited in vacuum chambers 30 of a conventional type, shown in FIG.
      8 with pumps 31, and subjected at room temperature to a vacuum of from 15
      to 25 inches Hg. absolute pressure for a period of about 5 minutes.
      Following this treatment, the treated seeds are then ready for packaging
      and distribution to agriculturalists.
PAC  DESCRIPTION OF TEST PROCEDURES
PAR  In testing and control seeds for the examples hereinafter set out in this
      specification, I have followed the statistical procedures specified in
      Experimental Design, Cochrane & Cox, John Wiley & Son, New York (2d ed.),
      (1957), pp. 95 to 147. All seeds utilized both for treatment and control
      were commercially procured and were planted in statistical field plots
      after treatment. Planting occurred from 2 weeks to 14 months after the
      treatment was completed.
PAR  In summary of the several variables involved in the practice of my process,
      they are as follows and will be described hereinafter in detail:
TBL  1. Microwave frequency;                                                   
                     6.  Vacuum time in minutes;                               
     2. Microwave amperage;                                                    
                     7.  Depth of seed bed;                                    
     3. Treatment time in seconds;                                             
                     8.  Spacing of top of seed bed from mouth                 
                         of horn;                                              
     4. Control temperature;                                                   
                     9.  Reflector angle;                                      
     5. Degree of absolute vacuum;                                             
                     10. Liquid content of seed.                               
PAR  1. Microwave Frequency: As indicated above, I prefer a frequency of 2450
      megahertz plus or minus 25 megahertz; the range above and below this
      frequency is controlled by the parameters of the machine to be designed,
      as previously described; the maximum and minimum frequency ranges are 890
      to 940 megahertz with a wave length of about 13 inches, and 2400 to 2500
      megahertz with a wave length of about 4 to 5 inches of the wave lengths
      presently available under Federal Communication Commission regulations.
PAR  In the United States, the available microwave bands dictated by the Federal
      Communication Commission govern the bands within which my process can be
      put to use. The available 890-940 band with a wave length of about 13
      inches is impractical because of the design parameters involved. This
      makes the available band of frequencies of about 2400-2500 with a wave
      length of about 4-5 inches the most convenient. The available band from
      17,850-18,000 with a wave length of about 0.7 inch is impractical for the
      same reason as the 890-940 band. It is not understood that such
      limitations are prevalent in areas outside of the United States. In
      consequence, useful microwave energy in the band from about 890 megahertz
      through 18,000 megahertz could be utilized although the design parameters
      based on 2450 megahertz are the optimum for the construction of equipment.
PAR  2. Microwave Amperage: My preferred amperage is 500 milliamps, with a range
      from 180 milliamps to 740 milliamps;
PAR  3. Treatment Time in Seconds: This varies with the type of seed with a
      range of from 1 second to 25 seconds;
PAR  4. Control Temperature: This variable depends upon the amperage; with the
      preferred amperage of 500 milliamps, the control temperature should be
      70.degree.F.;
PAR  5. Degree of Absolute Vacuum: The vacuum in absolute inches of mercury may
      vary from 15 inches absolute to 25 inches absolute; in most of my
      processing I have found that the higher range is suitable for effective
      stablization of the seed;
PAR  6. Vacuum Time in Minutes: I have found that 5 minutes is an effective time
      interval for subjection of the microwave process seed to the vacuum
      treatment;
PAR  7. Depth of Seed Bed: This will vary with the types of seed; with such
      seeds as soybeans, I prefer a 3-inch bed depth; with much smaller seeds, 1
      inch is the preferred depth;
PAR  8. Spacing of Top of Seed Bed from Mouth of Horn: With a bed depth of 3
      inches, the top of the seed bed should be spaced from the mouth of the
      horn so that the peak of the wave of approximately 4.8 inches is at 11/2
      inches below the top of the bed; with a depth of seed bed of 1 inch, the
      peak of the wave length should be at the top of the bed;
PAR  9. Reflector Angle: In multiple horn equipments, reflectors are desirable
      to concentrate the microwave energy which penetrates the seed bed back so
      that it reacts on the seeds in the space of approximately 18 inches
      between horns; this angle I have found properly variable from 14.degree.
      to 17.degree., depending upon the depth of the seed bed; e.g., where the
      seed bed is 3 inches in depth, the reflector angle should be 17.degree.;
      where one inch, 14.degree., or at whatever angle is necessary to reflect
      the energy back between the horns.
PAR  10. Liquid Content of Seed: For best results, liquid content of seeds
      should be 5 to 12 percentum; when liquid content is less than about 5
      percentum, exposure time must be lengthened. This is true where the liquid
      content is water or oil. When the liquid content exceeds about 12
      percentum, cooling temperature must be lowered and the exposure time
      shortened.
PAR  In Table II below, I set out data on the growth characteristics for 15
      examples of various types of seeds which were treated in accordance with
      my process. Each of the samples of seeds were treated at 500 milliamps for
      varying time intervals reported in seconds, column (4), at the temperature
      set out in column (3), and were then subjected for 5 minutes to the vacuum
      set out in column (5). The seeds were then planted with controls and the
      growth noted at the end of 121/2  days after planting. The percentage of
      increased growth of the treated seeds over the controls is shown in column
      (6) and the time interval of microwave treatment in which the peak of
      growth was noted is set out in column (7). These data are as follows:
TBL                                    TABLE II                                
     __________________________________________________________________________
                   Microwave        Growth                                     
                                          Optimum                              
                   Process                                                     
                          Time Absolute                                        
                                    Increase                                   
                                          Time Range                           
     Item                                                                      
         Sample    Temperature                                                 
                          Range                                                
                               Vacuum                                          
                                    in %  in sec.                              
     (1)  (2)      (3)    (4)  (5)  (6)   (7)                                  
     __________________________________________________________________________
     1.  Corn A    n/a     5/25                                                
                               25    17/161                                    
                                          15                                   
     2.  Corn B    n/a     5/25                                                
                               25   11/65 15                                   
     3.  Corn C    n/a     5/25                                                
                               25   11/48 15                                   
     4.  Cotton    n/a     5/20                                                
                               25    4/37 5                                    
     5.  Peanuts   n/a     5/17                                                
                               25    8/41 10                                   
     6.  Soybeans  70.degree.F.                                                
                          10/20                                                
                               15   107/146                                    
                                          15                                   
     7.  Canteloupe                                                            
                   70.degree.F.                                                
                          10/25                                                
                               15   250/400                                    
                                          10                                   
     8.  Oats      66-68.degree.F.                                             
                          10/20                                                
                               16   160/240                                    
                                          10/15                                
     9.  Radishes  70.degree.F.                                                
                          15/25                                                
                               15   400/800                                    
                                          15/20                                
     10. Oregon Rye                                                            
                   70.degree.F.                                                
                          10/20                                                
                               15   300/800                                    
                                          15                                   
     11. Watermelon                                                            
                   70.degree.F.                                                
                          10/25                                                
                               15   112/175                                    
                                          10                                   
     12. Winter Wheat                                                          
         (Arthur Variety)                                                      
                   55.degree.F.                                                
                           5/25                                                
                               16   117/204                                    
                                          5                                    
     13. Sunflower 67.degree.F.                                                
                           5/20                                                
                               15   400/600                                    
                                          10                                   
     14. Loblolly Pines                                                        
                   68.degree.F.                                                
                            10 15   400/500                                    
                                          10                                   
     15. Slash Pines                                                           
                   68.degree.F.                                                
                            10 15   400/500                                    
                                          10                                   
     __________________________________________________________________________
      NOTE:                                                                    
      n/a denotes not available as data on microwave process temperature were  
      not preserved.                                                           
PAR  In the following Exs. 1 to 11, I provide data on treatment parameters and
      dates, planting and harvesting dates, growth rapidity in respect of Exs. 3
      to 5, and productivity in contrast with the controls.
TBL  ______________________________________                                    
     EX. 1 (BRAGG SOYBEANS)                                                    
             Microwave Treatment                                               
                              Yield in   Percent.                              
     Sample  Milliamp/Secs.   Bu. Acre   Increase                              
     ______________________________________                                    
     PP*     350/10           66.5       332                                   
     BSCV    550/10           80.7       400                                   
     BPGP*   550/10           71.8       359                                   
     BS      550/12           80.6       400                                   
     PSGP    350/15           67.4       347                                   
     BPCV*   350/15           62.9       314                                   
     Control --               20.0       100                                   
     ______________________________________                                    
      Note 1:                                                                  
      The treated samples were treated November 3, 1971; all samples including 
      controls were planted May 10, 1973, then were harvested in December, 1973
      Note 2:                                                                  
      Samples designated with an asterisk were perforated; other samples not   
      perforated; perforation is effected by puncturing the skin of the seed   
      with a needle, care being used to avoid injuring the germ; this procedure
      was followed for experimental purposes only; vacuum treatment was at 25  
      in. Hg. absolute for 5 minutes at room temperature.                      
TBL  ______________________________________                                    
     EX. 2 (DAVIS SOYBEANS)                                                    
             Microwave Treatment                                               
                              Yield in   Percent.                              
     Sample  Milliamp/Secs.   Bu. Acre   Increase                              
     ______________________________________                                    
     APGP*   350/7            34.5       172                                   
     AP*     350/10           38.1       190                                   
     DCG     350/12           37.5       187                                   
     AC      550/5            40.1       200                                   
     APCV*   550/10           43.0       215                                   
     ASGP    550/10           47.8       239                                   
     ASCV    550/12           47.8       239                                   
     Control --               20.0       100                                   
     ______________________________________                                    
      Note 1:                                                                  
      The treated samples were treated November 3, 1971; all samples including 
      controls were planted May 10, 1973, then were harvested in December, 1973
      Note 2:                                                                  
      Samples designated with an asterisk were perforated, other samples not   
      perforated; see comments on perforation in note to Ex. 1; vacuum treatmen
      was at 25 in. Hg. absolute for 5 minutes at room temperature.            
TBL  ______________________________________                                    
     EX. 3 (CORN HYBRID A)                                                     
             Microwave Treatment                                               
                              Yield in   Percent.                              
     Sample  Milliamp/Secs.   Bu. Acre   Increase                              
     ______________________________________                                    
     A-4     500/5            64.3       17                                    
     A-2     500/10           97.9       28                                    
     A-6     500/15           143.5      161                                   
     A-3     500/20           131.4      139                                   
     A-5     500/25           107.8      96                                    
     A-1     500/30           48.9       --                                    
     Control --               55.0       --                                    
     ______________________________________                                    
      Note:                                                                    
      The treated samples were treated June 7, 1973; all samples were planted  
      April 22, 1974, near Athens, Georgia; the treated samples were harvested 
      June 28, 1974, and the controls August 4, 1974; the rapid maturity of the
      treated samples should be noted.                                         
TBL  ______________________________________                                    
     EX. 4 (CORN HYBRID B)                                                     
             Microwave Treatment                                               
                              Yield in   Percent                               
     Sample  Milliamp/Secs.   Bu. Acre   Increase                              
     ______________________________________                                    
     B-6     500/5            61.0       11                                    
     B-2     500/10           81.9       49                                    
     B-3     500/15           90.7       65                                    
     B-4     500/20           77.5       41                                    
     B-5     500/25           67.1       22                                    
     B-1     500/30           49.5       --                                    
     Control --               55.0       --                                    
     ______________________________________                                    
      Note:                                                                    
      The treated samples were treated June 7, 1973; all samples were planted  
      April 22, 1974, near Athens, Georgia; the treated samples were harvested 
      June 28, 1974, and the controls August 4, 1974; the rapid maturity of the
      treated samples should be noted.                                         
TBL  ______________________________________                                    
     EX. 5 (CORN HYBRID C)                                                     
             Microwave Treatment                                               
                              Yield in   Percent.                              
     Sample  Milliamp/Secs.   Bu. Acre   Increase                              
     ______________________________________                                    
     C-1     500/5            61.0       11                                    
     C-3     500/10           69.8       27                                    
     C-5     500/15           81.4       48                                    
     C-6     500/20           73.7       34                                    
     C-2     500/25           61.6       12                                    
     C-4     500/30           61.0       11                                    
     Control --               55.0       --                                    
     ______________________________________                                    
      Note:                                                                    
      The treated samples were treated June 7, 1973; all samples were planted  
      April 22, 1974, near Athens, Georgia; the treated samples were harvested 
      June 28, 1974, and the controls August 4, 1974; the rapid maturity of the
      treated samples should be noted.                                         
TBL  ______________________________________                                    
     EX. 6 (ATLAS COTTON SEEDS)                                                
             Microwave Treatment                                               
                              Yield in   Percent.                              
     Sample  Milliamp/Secs.   Bu. Acre   Increase                              
     ______________________________________                                    
     A       500/5            657        37                                    
     B       500/10           590        23                                    
     C       500/15           532        11                                    
     D       500/20           499         4                                    
     Control --               480        --                                    
     ______________________________________                                    
      Note:                                                                    
      The treated samples were treated January 20, 1974; the treated samples   
      including the controls were planted May 21, 1974, and all samples were   
      harvested December, 1974; planting was near Athens, Georgia.             
TBL  __________________________________________________________________________
     EX. 7 (GEORGIA EARLY RUNNER PEANUTS)                                      
               Microwave Treatment                                             
                           Yield in                                            
                                 Percent. Increase                             
     Sample    Milliamp/Secs.                                                  
                           lbs./acre                                           
                                 Over Inside Control                           
     __________________________________________________________________________
     T-2       500/5       3746.2                                              
                                  8.3                                          
     T-4       500/7       3949.4                                              
                                 12.5                                          
     T-3       500/10      5109.6                                              
                                 46.0                                          
     T-5       500/17      4297.9                                              
                                 25.0                                          
     T-6       500/25      3431.7                                              
                                  3.0                                          
     Control (inside)                                                          
               --          3532.7                                              
                                 --                                            
     Control (outside)                                                         
               --          1847.5                                              
                                 --                                            
     __________________________________________________________________________
      Note:                                                                    
      The treated samples were treated February 2, 1974; all samples were      
      planted May 24, 1974, and harvested October 19, 1974; the planting was   
      near Athens, Georgia.                                                    
TBL  ______________________________________                                    
     EX. 8 (SLASH PINE, EARLY COUNTY, GEORGIA)                                 
               Microwave Treatment                                             
                                Height - Diameter                              
     Sample    Milliamp/Secs.   in tenths of feet                              
     ______________________________________                                    
     Control   --               4.61      1.26                                 
     B         185/40           4.37      1.10                                 
     C         740/5            4.33      1.11                                 
     A         740/10           4.31      1.13                                 
     State improved                                                            
               --               3.68      0.84                                 
     State common                                                              
               --               3.67      0.88                                 
     Samples A, B, C Vacuum 23 in. Hg. absolute                                
     ______________________________________                                    
      Note:                                                                    
      The treated samples were treated July, 1971; seeds were planted May, 1972
      including the controls; the seedlings were planted January, 1973, and the
      measurements after twenty-three months were taken December, 1974.        
TBL  ______________________________________                                    
     EX. 9 (SLASH PINE, CLARK COUNTY, GEORGIA)                                 
               Microwave Treatment                                             
                                Height - Diameter                              
     Sample    Milliamp/Secs.   in tenths of feet                              
     ______________________________________                                    
     B         185/40            4.27    1.21                                  
     C         740/5             4.10    1.20                                  
     A         740/10            4.02    1.19                                  
     Control   --                3.97    1.12                                  
     State improved                                                            
               --                3.32    0.80                                  
     State common                                                              
               --                3.24    0.69                                  
     Samples A, B, C Vacuum 23 in.Hg. absolute                                 
     ______________________________________                                    
      Note:                                                                    
      The treated samples were treated July, 1971; seeds were planted May, 1972
      including the controls; the seedlings were planted January, 1973, and the
      measurements after twenty-three months were taken December, 1974.        
TBL  ______________________________________                                    
     EX. 10 (LOBLOLLY PINE, CLARK COUNTY, GEORGIA)                             
               Microwave Treatment                                             
                                Height - Diameter                              
     Sample    Milliamp/Secs.   in tenths of feet                              
     ______________________________________                                    
     D         740/10            5.12    1.23                                  
     E         185/40            4.61    1.08                                  
     F         740/5             4.60    1.09                                  
     Control   --                4.47    1.20                                  
     State improved                                                            
               --                3.61    0.82                                  
     State common                                                              
               --                3.43    0.80                                  
     Samples D, E, F Vacuum 23 in.Hg. absolute                                 
     ______________________________________                                    
      Note:                                                                    
      The treated samples were treated July, 1971; seeds were planted May, 1972
      including the controls; the seedlings were planted January, 1973, and the
      measurements after twenty-three months were taken December, 1974.        
TBL  ______________________________________                                    
     EX. 11 (LOBLOLLY PINE, EARLY COUNTY, GEORGIA)                             
               Microwave Treatment                                             
                                Height - Diameter                              
     Sample    Milliamp/Secs.   in tenths of feet                              
     ______________________________________                                    
     F         740/5             5.45    1.32                                  
     D         740/10            5.28    1.18                                  
     E         185/40            5.23    1.28                                  
     Control   --                5.15    1.26                                  
     State improved                                                            
               --                4.58    1.01                                  
     State common                                                              
               --                3.98    0.85                                  
     Samples F, D, E, Vacuum 23 in.Hg. absolute                                
     ______________________________________                                    
      Note:                                                                    
      The treated samples were treated July, 1971; seeds were planted May, 1972
      including the controls; the seedlings were planted January, 1973, and the
      measurements after twenty-three months were taken December, 1974.        
PAR  Seeds amenable to testing by processes come in many hundreds of varieties
      and a wide spectrum of sizes and weights, from 515,450 per ounce for
      agrostis canina L. (velvet bent grass) to 55 per ounce for cicer arietinum
      L. (chick pea), stizolobium deeringianum Bort. (velvet bean) or phaseolus
      lunatus L. (lima bean) or 7 per ounce for prunus persica Batsch. (peach),
      see Rules for Testing Seeds, Proceedings of the Association of Official
      Seed Analysts, Vol. 60, No. 2, 1970, pp. 4, 6, 11, 14 and 19. None of the
      seeds here referred to have been treated by my processing equipments.
      While I have given a number of examples of various types or varieties of
      seeds which have been treated by my process on the type of equipment
      described with a resulting significant improvement in growth rapidity,
      productivity, and other characteristics, it is impossible, considering the
      time intervals involved in conducting experiments to deal with even a
      minimum portion of the entire spectrum of seeds having agricultural,
      horticultural, or forestry uses. However, it is believed that my process
      will be efficacious in improving growth and productive qualities of any
      seeds of economic significance.
CLMS
STM  Having fully described my invention, I claim:
NUM  1.
PAR  1. Apparatus for treating seeds comprising, in combination,
PA1  a source of microwave energy,
PA1  means to concentrate the energy propagated by such source,
PA1  means to absorb random energy propagated by such source,
PA1  means for passing such seeds through the field of such energy for a limited
      time interval,
PA1  means to counteract the heat rise from the application of microwave energy
      by refrigerating and circulating within a chamber containing the apparatus
      gas at a controlled temperature, and
PA1  means subjecting the seeds after the microwave treatment to a partial
      vacuum for a limited time interval.
NUM  2.
PAR  2. Apparatus in accordance with claim 1, including a series of
      magnetron-driven horns as a source of microwave energy spaced from one
      another and disposed at an angle of 90.degree. to the means for passing
      the seeds through the field of energy and reflecting means disposed below
      said passing means to reflect energy back into the spaces between said
      horns.
NUM  3.
PAR  3. That process for stimulating growth and productive yield of seeds and
      maintaining such stimulus over a protracted time interval which comprises,
      first, subjecting the seeds to concentrated microwave energy in a range of
      from 890 to 18,000 megahertz, with the amperage ranging from 180-740
      milliamps, for from 1 to 25 seconds in a temperature controlled atmosphere
      of from 40.degree. to 70.degree.F., then subjecting said seeds to a
      partial vacuum of from 15 to 25 inches of mercury, absolute, for from 3 to
      10 minutes.
NUM  4.
PAR  4. That process for improving the average productivity of seeds which
      comprises planting seeds treated in accordance with claim 3 and similar
      untreated seeds in contiguity with one another.
NUM  5.
PAR  5. The process of claim 4, wherein said seeds are selected from the group
      consisting of seeds of corn, cotton, peanut, pine, cantaloupe, oat,
      radish, rye, watermelon, wheat, tomato, and sunflower.
NUM  6.
PAR  6. A method of improving the average productivity of treated and similar
      untreated seeds which comprises first treating a quantity of seeds in
      accordance with claim 3, then intermingling the seeds so treated with
      similar untreated seeds in a random manner.
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ABST
PAL  A door locking structure forming a panic exit device consisting of an
      elongated housing recessed within the leading edge of a door structure, an
      operating rod including latch bolts disposed in said housing, an astragal
      seated within a channel formed in the leading edge of said housing, link
      members connecting said rod and said astragal and operating means carried
      by said housing operating said rod to move said astragal inwardly and
      outwardly of said channel, a plurality of cam headed lug members carried
      by said rod, a plurality of studs corresponding to said cam members
      extending rearwardly of said astragal whereby latching movement of said
      rods moves said cam members to engage their corresponding studs to hold
      said astragal in an outward or extended dead locked position.
PARN
PAR  This application is a streamlined continuation of U.S. Pat. application
      Ser. No. 321,141, filed Jan. 5, 1973, now abandoned.
BSUM
PAC  SUMMARY AND BACKGROUND OF THE INVENTION
PAR  The invention herein relates to a panic exit device representing an
      improvement in a door locking structure. Such devices generally consist of
      an exposed or concealed vertical rod operating top and bottom latch bolts
      with a hand operated cross bar operating both the vertical rod and door
      lock whereby exit through the door is readily made with the door locking
      automatically against entrance therethrough.
PAR  The vertical operating rod is in general use. However, in the case of
      double doors, unless a mullion is used, there is generally an air space
      between the adjacent door edges or between a door edge and its respective
      jamb.
PAR  The improvement in the invention herein consists primarily in providing an
      extendable sealing member and means to dead lock said sealing member
      against retractable movement with respect to a closed door whereby with
      cooperating sealing members there results both a positive air seal and a
      barrier preventing an instrument from being disposed between adjacent door
      edges or between a door and the adjacent jamb to reach the door opening
      means at the inner side of a door.
PAR  It is an object of this invention therefore to provide a panic exit device
      particularly adapted to form a positive air seal at the leading edge of a
      door.
PAR  It is another object of this invention to provide a panic exit device
      having an extendable sealing member or astragal forming both a positive
      air seal and a barrier preventing the insertion of an instrument at the
      leading edge of a door as between the adjacent edges of a double door or
      between a door and a jamb which could engage and operate the door opening
      mechanism at the inner side of a door.
PAR  More generally it is an object of this invention to provide a panic exit
      device consisting of a housing recessed into the leading edge of a door
      and having vertical operating rod therein, said rod operating upper and
      lower latch bolts, means operating said rod, an astragal carried in a
      channel in the leading edge of said housing, links connecting said rod and
      said astragal for movement of said astragal into and outwardly of said
      channel, a plurality of cam headed lugs carried by said rod, a plurality
      of studs corresponding to said lugs carried by said astragal for
      engagement by said lugs to dead lock said astragal in an extended closed
      door position.
DRWD
PAR  These and other objects and advantages of the invention will be set forth
      in the following description made in connection with the accompanying
      drawings in which like reference characters refer to similar parts
      throughout the several views and in which:
PAR  FIG. 1 is a broken view in front elevation on a reduced scale showing a
      pair of doors having the invention herein installed therein;
PAR  FIG. 2 is a view in perspective showing the device herein;
PAR  FIG. 3 is a broken view in horizontal section on an enlarged scale taken on
      line 3--3 of FIG. 1 as indicated;
PAR  FIG. 4 is a view in vertical section taken on line 4--4 of FIG. 1 as
      indicated;
PAR  FIG. 5 is a broken view in vertical section taken on line 5--5 of FIG. 4
      showing the invention herein in an operating position;
PAR  FIG. 6 is a view similar to FIG. 5 showing the device herein in another
      operating position;
PAR  FIG. 7 is a broken view on an enlarged scale taken on line 7--7 of FIG. 5
      as indicated;
PAR  FIG. 8 is a broken view in vertical section on an enlarged scale showing a
      plurality of portions of a device herein;
PAR  FIG. 9 is a broken view in horizontal section on an enlarged scale of a
      detail of structure taken on line 9--9 of FIG. 5 as indicated;
PAR  FIG. 10 is a broken view in horizontal section on an enlarged scale of a
      detail of structure taken on line 10--10 of FIG. 8 as indicated;
PAR  FIG. 11 is a broken top plan view on an enlarged scale of a detail of
      structure; and
PAR  FIG. 12 is a broken view in vertical section on an enlarged scale taken on
      line 12--12 of FIG. 11 as indicated.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  With reference to the drawings for purpose of illustration herein, a double
      door assembly 10 is shown in FIG. 1 which includes a door frame 12
      comprising a threshold or sill 14 and an overhead plate or soffit 16,
      doors 18 and 20 conventionally hinged, said doors having lever arms 22 and
      24 to operate the latching mechanism to be described.
PAR  The latching structure 26 as indicated in FIG. 2, which comprises the
      subject matter of the invention herein, will be understood to be a
      distinct item of builders hardware and is herein indicated and described
      for the most part in an installed or operating position.
PAR  Referring generally to the FIGS., the structure 26 is shown disposed into a
      vertical open-ended channel 27 formed in the leading edge or stile 19 of a
      door such as door 20.
PAR  Said structure 26 which may be conveniently extruded as a unitary member as
      here illustrated is shown comprising spaced parallel side plate or wall
      members 30 and 34 respectively having reversely right angled leading edge
      portions 31 and 35 forming pocket flanges 32 and 36 into which are seated
      the leading edge portions 28 and 29 of said channel 27. Recessed inwardly
      of said leading edge portions 31 and 35 and coextensive therewith is a
      wall 38 which in effect with said leading edge portions 31 and 35 forms
      forward open ended channel 40 and a rearward channel 37.
PAR  Disposed in said channel 37 in vertical spaced relation rearwardly thereof
      are a plurality of guide block members 42 secured between the lower
      portion of said side wall members 30 and 34 by bolts 43 and having a
      plurality of guide block members 44 secured between the upper portion of
      said side wall members by bolts 43. Said guide block members respectively
      have apertures 45 and said guide block members are positioned to have
      their respective apertures in axial alignment.
PAR  A pair of spaced transverse slots 50 and 51 are formed in the lower rear
      central portion of said side wall member 34 as indicated in FIGS. 2, 5 and
      6.
PAR  An operating rod or rod member 53 is disposed through said guide block
      members 42, said rod extending upwardly to said slot 50. An operating rod
      55 is disposed through said guide block members 44 and extends upwardly
      from said slot 51 as will be further described.
PAR  A latch operating member 60 is here illustrated consisting of a bar
      operating member 61 having an upper angled portion 62 extending
      transversely through the slot 51 and being apertured to receive
      therethrough the lower end portion of the rod 55, said rod being secured
      in said angled portion 62 as by a pin 63. Said bar member 61 has a
      threaded stud 66 extending therebelow and having an arm 67 slidingly
      disposed thereon and secured thereon by a pair of nuts 69, said arm being
      apertured to receive therethrough the upper end portion of said rod 53,
      said rod end portion being secured therein as by a pin 63.
PAR  Said nuts 69 permit axial adjustment between said rod 53 and said member
      61. Said slots 50 and 51 will be of sufficient height to accommodate the
      upward and downward movement of said member 61 in operating the rods 53
      and 55 as will be described.
PAR  It will be understood that the leading edge portion or stile of the door 20
      will be mortised as at 71 to accommodate the member 61 extending
      therethrough and overlying said mortised opening and said member 61 is a
      lock casing or housing 73 secured by bolts 74 extending transversely
      through said door through appropriate accommodating apertures.
PAR  Said casing has an opening 76 therein into and through which an operating
      arm 77 extends being pivoted within said housing by a pin 78. Said arm at
      its inner end portion has a projecting shoulder 80 engaging the bottom end
      portion of the threaded stud 66 and said arm is held in a normally
      inoperative position by a coil spring 82 seated between an upstanding boss
      portion 83 of the inner end of said arm 77 and the adjacent wall portion
      of the casing 73 and with said arm 77 in position as illustrated in FIG.
      7, the rods 53 and 55 are in normally latching position as will be
      described.
PAR  Said casing 73 is mounted upon the inner side of the door 20. At the outer
      side of said door 20 is a latch housing or casing 85 through which the
      bolts 74 are extended to be threaded into an appropriate handle structure
      87 of conventional design with said handle structure thus becoming
      operatively integral with said casing 85.
PAR  With reference to FIGS. 6, 8, 11 and 12, at the upper end of said member 26
      secured to said wall 38 therein and overlying the upper ends of said wall
      members 30 and 34 and extending rearwardly thereof is a bolt guide and
      anchor plate member 88 which fits into an accommodating recess 89 at the
      forward top edge portion of said door 20 and said member is secured as by
      screws 90. Said plate member 88 has a vertical circular aperture 93
      therein having a radial slot 94 therein. A transverse slot 95 extends
      through said plate member intersecting said vertical aperture and being
      adapted to be slidably disposed and contained therein is a plate member 96
      having a vertical opening 97 therein having a transverse dimension equal
      to the diameter of said aperture 93.
PAR  Extendable through said aperture 93 is a top latch bolt 100 having an
      angled rod link 102 threaded into the bottom portion thereof and being
      pivoted by a link member 104 to the upper end portion of the rod 55 by
      appropriate pins. Said link member has a pin 107 disposed centrally
      therethrough and secured in the side wall members 30 and 34 to provide
      said link member with a lever action whereby an upward movement of said
      rod 55 retracts said latch bolt 100 and a downward movement of said rod
      moves said latch bolt upwardly into a latching position.
PAR  A soffit strike 109 is recessed into said soffit 16 to be in alignment with
      said aperture 93 to receive said latch bolt 100.
PAR  Said latch bolt 100 has an open ended vertical slot 110 aligned with the
      slot 94 and has a plate spring 112 therein, said spring being pivoted at
      its bottom in said slot by a pin 113. Said spring is upwardly outwardly
      bowed having an upper portion 114 angled inwardly of said slot below the
      upper end portion of said bolt 100.
PAR  Diametrically opposite said slot 110 at the other side of said latch bolt
      at the upper end portion thereof is a ledge or shoulder 115. Said
      apertures 93 and 97 are of a size to accommodate the free movement of said
      latch bolt therethrough. Hence in latching position, said apertures 93 and
      97 will be held aligned by said bolt extending therethrough. As the bolt
      is retracted from apertures 93 and 97, said spring will urge said plate 96
      outwardly of said slot 95 with the rear of said plate moving forward to
      engage the ledge 115 and thus hold said bolt in retracted position. When
      the door 20 is closed, the plate 96 in extended position will be moved
      inwardly of the slot 95 by engagement with the conventional stop member of
      the door frame such as at 116 and the portion of said plate member 96
      overlying said ledge 115 will be moved rearwardly thereof thus releasing
      said latch bolt 100 to move upwardly through the apertures 93 and 97 into
      latching position into the soffit strike 109.
PAR  Referring to FIGS. 5 and 6, recessed in the bottom leading edge portion of
      the door 20 is plate member 117 secured by screws 90 having a cylindrical
      latch bolt guide 119 extending upwardly within the channel 37 of said
      member 26. A threshhold strike 120 is recessed within the threshhold 14 in
      alignment with said latch bolt guide 119.
PAR  Referring to FIGS. 5 and 6, a link 121 receiving the lower end portion of
      said rod 53 therethrough and being rigid therewith as by a pin or set
      screw 123 has an angled threshhold latch bolt 125 extending therethrough
      and being pivoted thereto by a pin 126. Said latch bolt extends into said
      latch bolt guide 110 for movement therethrough into and out of said
      threshhold strike 120.
PAR  Thus it is seen that an upward movement of the rods 53 and 55 retract the
      latch bolts 125 and 100 and a downward movement of said rods moves said
      latch bolts oppositely into latching position.
PAR  Referring especially to FIGS. 5, 6, 8 and 9, carried by said rods 53 and 55
      respectively are link members 128 each comprising a pair of spaced plate
      members as shown at either side of said rods in FIG. 9 and being pivoted
      thereto by pins 132. Said link members respectively have pins 134
      extending centrally therethrough and being secured at either end thereof
      to the walls 30 and 34 as shown. Said pins 134 may be in the form of bolts
      extending through said wall members and thus said links function as
      levers.
PAR  Also carried by said rods 53 and 55 spaced therealong and secured thereto
      as by set screws 123 are a plurality of dead locking or cam headed lug
      members 138 having their cam heads 139 facing toward said wall 38. Said
      cam heads are formed to be inclined inwardly and downwardly in the
      direction of said rods 53 and 55 as shown in FIG. 6.
PAR  Disposed in said channel 40 and extending outwardly thereof is an elongated
      sealing member 145 here forming a male astragal having a substantially
      rectangular body portion 146 within said slot 40 and having a forwardly
      extending portion 147 of reduced transverse dimension shown here having a
      rounded leading edge portion. Said astragal within the concept of the
      invention herein will be formed of a rigid material such as of aluminum
      and is conveniently formed as by extrusion.
PAR  Extending rearwardly of said astragal 145 and secured thereto such as by
      being threaded thereinto are a pair of vertically spaced stub rods of rod
      members 150 corresponding in position to said pairs of link members 128.
      Said link members are pivotly secured to said rods 150 by pins 132.
PAR  Also extending rearwardly of said astragal 145 in like manner as said stub
      rods 150 are studs or stud members 160 corresponding as to position to
      said cam members 138. Said studs 160 are here shown having dome shaped
      head portions 161 and are positioned relative to said cam members that
      when said astragal is in extended position outwardly of the slot 40 that
      said cam members will ride over said head portions of said rods 160
      securing them and said astragal in a dead lock position.
PAR  With reference to said casing 73 and operating arm 77, a corresponding
      casing 73a and arm 77a will be mounted on door 20 spaced therefrom and
      said arms 77 and 77a will support therebetween the operating bar 24. Door
      18 will be equipped in like manner.
PAR  With reference to FIG. 7 a conventional cylinder lock 170 is indicated with
      a cam headed operating handle 171 for unlocking and opening the door 20
      from the outer side. These are conventional items with the lock 170 being
      connected to the operating handle 171 to enable it to either rotate the
      extended cam head arm 173 and its cam head 174 or to disengage it
      therefrom. This arrangement is well known in the art. With the cylinder
      lock 170 in unlocked position, the handle 171 is turned to rotate the cam
      arm 173 to have its cam head portion 174 thereof operate the arm 61 to
      raise it upwardly to retract the upper and lower latch bolts for the door
      to be opened. The operating handle 171 is spring loaded as is conventional
      to automatically return to an inoperative position whereby there is no
      interference between the operation of the handle 171 and the otherwise
      normal operation of the handle member 24 at the inner side of the door.
PAR  With reference to FIG. 2, the door 18 is indicated having disposed therein
      a latching structure 26a identical in structure to the latching member 26
      above described and including all of the elements described in connection
      therewith with the only modification thereof being present in the astragal
      145a which is here shown as a female astragal having an extended concave
      leading edge portion 147a to receive the extended portion 147 of the
      astragal 146 and disposed therebetween and carried by said portion 147a is
      a resilient sealing member 178. The astragals 145 and 145a as here shown
      are respectively operable to be disengaged from each other for the
      respective doors 18 and 20 to be opened separately and in engaged position
      provide a positive weather seal and an effective barrier to prevent the
      insertion of an instrument therebetween which could be used to open a door
      from the inner side thereof.
PAR  It will be understood that the exit device described herein may be used in
      a single door installation and in lieu of a female astragal the male
      astragal will have a like cooperative relationship with a door jamb having
      a vertical insulated groove therein to receive said astragal.
PAR  It is believed that the operation of the invention herein will be well
      understood from the above description.
PAR  It will of course be understood that various changes may be made in form,
      details, arrangement and proportions of the parts without departing from
      the scope of the invention herein which, generally stated, consists in an
      apparatus capable of carrying out the objects above set forth, in the
      parts and combinations of parts disclosed and defined in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A door locking structure forming a panic exit device having in
      combination
PA1  an elongated housing formed as an open-sided channel,
PA1  an operating rod disposed longitudinally in said channel,
PA1  a sealing member in said channel in spaced relation to said rod and movable
      inwardly and outwardly of said channel,
PA1  a plurality of vertically spaced links pivoted in said channel intermediate
      their ends,
PA1  said links each being pivoted at one end to said rod,
PA1  said links each being pivoted at their other ends to said sealing member,
PA1  a door operating means operating said rod to move said sealing member
      inwardly and outwardly of said channel by means of said links,
PA1  deadlock means carried by said rod in operative relationship with said
      sealing member,
PA1  a latching bolt carried at the upper end of said operating rod,
PA1  a plate member slidably carried at the upper portion of said channel having
      an aperture therein,
PA1  said latch bolt operated by said rod extending through said aperture of
      said plate member,
PA1  said latch bolt having a ledge formed in the upper end portion thereof,
PA1  a spring member normally urging said plate member to overlie said ledge of
      said latch bolt to retain said latch bolt in retracted position,
PA1  said plate member having a portion extending outwardly of said channel,
PA1  a door frame receiving said housing in a door closing position, and
PA1  said extended portion of said plate member engaging said door frame and
      yielding to said engagement to release said latch bolt to have the same
      extend therethrough to latching position.
NUM  2.
PAR  2. A door locking structure forming a panic exit device having in
      combination
PA1  an elongated housing formed as an open-sided channel,
PA1  an operating rod disposed longitudinally into said channel,
PA1  a sealing member disposed into said channel in spaced relation to said rod,
PA1  means connecting said sealing member and said rod for movement of said
      sealing member to latched position outwardly of said channel by operation
      of said rod,
PA1  a plurality of deadlock members carried by said operating rod, said
      deadlock members each comprising
PA1  a cam headed member consisting of a projecting portion, and
PA1  said projecting portion of each of said deadlock members engaging said
      sealing member in latched position deadlocking the same.
NUM  3.
PAR  3. The structure set forth in claim 2, wherein
PA1  said sealing member has stud members extending in the direction of said
      operating rod, and
PA1  said stud members respectively being in alignment with said projecting
      portions of said cam headed members in a deadlock position.
NUM  4.
PAR  4. The structure set forth in claim 2, wherein
PA1  said projecting portion of said cam headed member comprises an inclined
      surface portion and a vertical surface portion.
NUM  5.
PAR  5. The structure set forth in claim 2, wherein
PA1  said projecting portions respectively comprise an inclined surface portion
      and a vertical surface portion, and
PA1  said stud members are respectively in alignment with said vertical surface
      portions in a deadlock position.
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ABST
PAL  A hydraulically controlled pneumatic swinging door operator comprising a
      pneumatic cylinder with a piston therein, a continuous loop connected to
      opposite sides of the piston and entrained at its ends over sprockets, one
      of which makes driving or driven connection with a door, a passive
      hydraulic system including a cylinder and a piston, the piston of which is
      carried by the side of the loop opposite the side carrying the pneumatic
      piston, and passage work in the hydraulic system for controlling the flow
      of hydraulic fluid in said cylinder from one side of the hydraulic piston
      to the other side.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  While hydraulic swinging door operators have been highly developed, plants,
      stores, and other buildings with already established pneumatic systems
      frequently prefer that their door operators likewise be powered in this
      fashion. Among other things, there is some feeling that a pneumatic system
      is more trouble free than a hydraulic system.
PAR  The present invention includes a continuous loop entrained over two spaced
      sprockets, one of which is adapted for connection to a door to drive or be
      driven by the door in opening and closing. One side of the loop between
      the sprockets incorporates a pneumatic piston enclosed within a pneumatic
      cylinder. Springs on each side of the piston within the cylinder maintain
      the piston normally in a central, door-closed position. Depending on the
      desired direction of movement of the door, either end of the pneumatic
      cylinder is connected to a source of air under pressure through mat-switch
      or similarly controlled valving means. The other side of the loop has a
      hydraulic piston therein contained within a hydraulic cylinder.
      Passageways provide for the controlled flow of hydraulic fluid from one
      side of the piston to the other. The hydraulic system is purely passive,
      simply following the movement of the pneumatic piston, and serves only to
      control and restrain the movement of the door.
PAR  The advantages of this structure are many. The same unit can be employed
      for left or right hand doors opening either inward or outward. Pneumatic
      pressure in itself, without restraint, is an unsatisfactory power source
      for door operators because of its elasticity. The hydraulic controller in
      the present invention imposes a non-elastic response to the pneumatic
      pressure and has the capability of adjustably controlling the rate of
      movement of the door differently at different points in the arc of its
      swing.
PAR  The springs on opposite sides of the pneumatic piston accurately hold the
      piston at a central, door-closed position within the cylinder. The springs
      also permit a panic breakaway for emergency exit from a normally inwardly
      opening door and permit a controlled opening and closing of the door in
      either direction in the event of a switch or power failure. The resiliency
      of the two springs may differ from each other so as to impose a greater
      resistance in the panic exit direction than in opposition to the pneumatic
      opening.
PAR  Other objects and advantages of this invention will be apparent from the
      following description and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a device embodying the invention as applied to
      a double door, shown with cover removed;
PAR  FIG. 2 is a section taken along the line 2--2 of FIG. 1 looking in the
      direction of the arrows with certain parts omitted showing the
      relationship of the hydraulic controller and the pneumatic system of the
      door operator;
PAR  FIG. 3 is a section taken substantially along the line 3--3 of FIG. 1
      looking in the direction of the arrows;
PAR  FIG. 4 is a section taken along the line 4--4 of FIG. 3 looking in the
      direction of the arrows;
PAR  FIG. 5 is an enlarged plan view of the underside of the hydraulic
      controller taken from the line 5--5 of FIG. 2 looking in the direction of
      the arrows;
PAR  FIG. 6 is a developed section taken along the line 6--6 of FIG. 5 looking
      in the direction of the arrows;
PAR  FIG. 7 is a section taken along the line 7--7 of FIG. 5 looking in the
      direction of the arrows; and
PAR  FIG. 8 is a section taken along the line 8--8 of FIG. 1 looking in the
      direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment will be first described in general terms and the
      structural details described later. It includes a box 10 adapted to the
      mounted to the lintel of a doorway overlying the axis of hinging of a
      single door or, in the case of double doors, extending to overlie the axis
      of hinging of both doors. Within the box is mounted the pneumatic operator
      unit 12 and a slave assembly 14 in the event the invention is to be
      applied to the double door situation. The slave assembly will be omitted
      in a single door application. The pneumatic operator unit 12 includes a
      drive sprocket 16 keyed as at 18 to a vertical drive spindle 20 which
      extends through the bottom of the box 10 and is formed to a square section
      22 at its lower end for a driving or a driven connection to the top edge
      of a swinging door at its axis of hinging.
PAR  A horizontal continuous loop 24 including a drive sprocket length of roller
      chain 26, a take up sprocket length of roller chain 28, a hydraulic rod
      30, and a pneumatic piston 32 is entrained over the drive sprocket 16 and
      a horizontally displaced take-up sprocket 34 to effect driving or driven
      engagement with the sprocket 16.
PAR  The piston 32 is contained in a sleeve 36 or pneumatic cylinder which is
      closed at the drive sprocket end by a drive sprocket housing 38 and at the
      other end by a take up sprocket housing 40. The two housings also support
      their respective sprockets 16 and 34 for rotation. Inlets 42 for air under
      pressure are provided in each housing. One or the other of these inlets
      will be used, depending on the desired opening movement of the door, but
      generally not both unless it is desired that the door open in upon ingress
      and out upon egress. The inlet ports 42 will be connected through a two
      way valve 44 to a source of air under pressure 46. The valve 44 is
      solenoid 48 energized through a normally open mat switch 50 and a normally
      closed cam operated switch 51 to deliver air into the cylinder when the
      mat switch is closed and to permit exhaust from the cylinder when the
      solenoid is de-energized. Safety switches and time delays are involved in
      the de-energization of the solenoid, but as these are old and well known,
      they have not been shown.
PAR  The sprocket 16 is given as large a diameter as possible within its housing
      in order to obtain an optimal torque relationship for opening the door and
      thereby minimize stresses on the hinging parts of the control unit, and
      the tangent thereto, therefore, is displaced from the central axis of the
      pneumatic cylinder 36. An idler 52 is mounted in the drive sprocket
      housing to put the drive sprocket chain 26 on the center line of the
      cylinder 36 inwardly of the periphery of the drive sprocket.
PAR  The piston 32 is centered within the cylinder 36 by caged springs 54
      contained between the ends of the cylinder 36 and the piston 32. Pneumatic
      pressure applied to either end of the cylinder through the inlet ports 42
      will drive the piston 32 away from the end of air introduction against the
      force of the opposite spring 54. The compressed spring 54 will restore the
      piston 32 to its central position upon relief of pressure.
PAR  The housings 38 and 40 not only close off the cylinder 36 but also extend
      out to the side of the cylinder as at 58 in the case of the drive sprocket
      housing 38 and 60 in the case of the take up sprocket housing 40. These
      sideward extensions have facing bores 62 and 63 which connect to pipes 64
      and 65 which in turn connect to opposite ends of the hydraulic control
      unit 66. The hydraulic control unit includes a hydraulic cylinder 68 which
      is isolated from the pneumatic system by seals 70 embracing the hydraulic
      rod 30 at each end of the cylinder 68. The hydraulic rod has a hydraulic
      piston 72 thereon interior of the hydraulic cylinder 68 which is centered
      within the cylinder when the pneumatic piston 32 is centered as
      illustrated in FIG. 4 within the pneumatic cylinder 36 under the influence
      of the caged springs 54. The hydraulic unit, as will be later explained,
      controls, restrains, and limits the action of applied pneumatic pressure.
PAR  Thus, there is a continuous closed path within the apparatus in which the
      loop 24 is lodged consisting of the pneumatic cylinder 36, the drive
      sprocket housing 38, the sideward extension 58 of the drive sprocket
      housing, the pipe 64, the hydraulic cylinder 68, the pipe 65, the sideward
      extension 60 of the take-up sprocket housing 40, and the take-up sprocket
      housing 40 itself. It will be appreciated that the take-up sprocket
      housing end cap 74 and the sideward extension 60 are both in open
      communication with the cavity which encloses the take-up sprocket 34, and
      the drive sprocket housing end cap 76 and the sideward extension 58 are
      both in open communication with the cavity within the housing which
      contains the drive sprocket 16. The portion of the path within the
      hydraulic cylinder 68 is isolated by the seals 70 for a separate hydraulic
      controlling function.
PAR  To describe the apparatus in greater detail now, the drive sprocket
      housing, it will be appreciated, comprises, generally integrally, the
      pneumatic cylinder cap 76, a flat, sprocket-containing pocket 78 extending
      from the outer side of the cap 76, and the sideward extension 58 which
      extends from the pocket to the front side of the cap 76 to open in the
      same direction as the cap. The pocket has an upper 80 and lower 82 wall.
      On the back side of the pocket, an idler shaft 84 is contained in
      appropriate apertures in the upper and lower walls, and the idler 52 is
      mounted on bearings to the shaft 84 to rotate thereon. As stated, the
      center line of the pneumatic cylinder 36 is tangent to the periphery of
      the idler 52. Outwardly of the idler 52, the lower wall 82 of the pocket
      78 has a large aperture therein proportioned to admit the drive sprocket
      16 for assembly purposes, which is closed by a lower bearing housing 86
      bolted as by bolts 88 to the lower wall of the pocket to close the
      aperture. The lower bearing housing is centrally apertured as at 90 for
      the through passage of the lower end 22 of the drive sprocket shaft 20 and
      is configured for the reception of bearings 92 and pneumatic seals 94. The
      upper wall 80 of the pocket is likewise apertured for the through passage
      of the drive sprocket shaft 20 and is also suitably configured the
      reception of bearings 96 and seals 98.
PAR  The upper end of the drive sprocket shaft is outwardly shouldered as at 100
      within the upper housing wall 80 for positional support of the drive shaft
      20 and still further outwardly shouldered as at 102 above the drive
      sprocket housing. An eccentric cam 104 (See also the diagrammatic
      pneumatic and electrical diagram at the bottom of FIG. 3) is held against
      the underside of the shoulder 102 by a snap ring 106. The upper surface of
      the shoulder 102 is transversely slotted for a stop bar 108 which extends
      beyond the periphery of the shoulder 102. A post 109 integral with the
      housing 38 extends upwardly therefrom beside the shoulder 102, and a
      horizontal screw 111 therein is adjustable to intercept the stop bar 108
      and impose a positive mechanical limit to the arc of swing of the door. A
      slave drive sprocket 110 with a recessed center is secured to the top of
      the shoulder 102 by bolts 112 and dowels 114. A stud 113 is secured to the
      top 115 of the box 10 and extends into the recess of the slave drive
      sprocket for additional support.
PAR  The drive sprocket housing is furnished with feet 116 which are screwed to
      the floor 117 of the box 10. The floor of the box is provided with
      apertured reinforced corners 118 through which long bolts will secure the
      assembly to the lintel of a doorway.
PAR  The end cap 76 is square in outline, and the receptacle for the pneumatic
      cylinder is a cylindrical boring 120 in the face of the square with a
      groove around the inside periphery thereof for a sealing ring 122. An
      integral web 124 extends between the top wall 80 and the bottom wall 82 of
      the pocket 78 to provide a continuous edge surface for the pneumatic
      cylinder receptacle 120 and for the pipe-64-receiving bore 62.
PAR  The take-up sprocket housing 40 is similarly configured in these respects.
      The pneumatic cylinder cap 74 again is square in outline with a
      cylindrical cavity 126 formed in it and provided with a sealing ring 128
      about its inside periphery. The two housings 38 and 40 are secured to the
      ends of the cylinder 36 and to each other by tie bolts 130 extending
      between the outwardly standing corners of the end caps outside the
      cylinder 36.
PAR  The take-up sprocket housing likewise includes a relatively flat pocket 131
      extending integrally from the back side of the end cap 74 and to the front
      of the cap to provide for the pipe-65-receiving bore 63. Again, an
      integral web 132 extends between the top and bottom walls of the pocket
      generally between the end cap 74 and the frontward extension 60 so as to
      provide a continuous annular surface for the bore 63 and the cylinder-36
      receptacle 126.
PAR  The take-up sprocket housing 40 is belled out as at 134 at its remote end
      and includes a detachable end cap 136. The end cap is a pedestal having
      feet 138 for attachment to the floor of the box 10, and upwardly of the
      feet, a domed closure 140 for the otherwise open ended housing 40. A pair
      of vertically aligned take-up screws 142 extend through the domed closure
      140 into the housing 40. The screws 142 are threaded at each end and on
      their inside ends are threaded into a take-up sprocket shaft 144 upon
      which the take-up sprocket rotates. Exteriorly of the closure 140, sleeve
      nuts 146 are threaded on the other threaded ends of the screws 142 for
      adjustment of the shaft 144 of the take-up sprocket to and from the drive
      sprocket so as to obtain the desired degree of tautness in the driving
      loop 24.
PAR  The pneumatic piston 32 is a relatively simple disc with seals 150
      contained in its periphery and a bolt 152 with outstanding flattened ends
      154 and 155 extending through its center. The bolt is held to the piston
      by a flange 156 inward of the left hand flattened end 154 and a nut 158
      engaged on a threaded portion of the bolt inward of the right hand
      flattened end 155. The end cheek pieces 160 of the take-up sprocket chain
      28 are secured by a pin 162 to the flattened end 154 of the bolt 152, and
      the end cheek pieces 164 of the drive sprocket chain are secured by a pin
      166 to the flattened end 155 of the bolt 152.
PAR  The caged springs 54 are identical. An annular plate 170 having an exterior
      diameter to fit within the cylinder 36 and an interior diameter larger
      than the nut 158 constitutes the inside end of the spring cage or that end
      against which the piston 32 is moved by pneumatic pressure. One end of the
      spring 54 bears against the plate 170, and inside the ring of spring
      bearing, three nuts 172 are secured (only one being illustrated). The
      other end of the cage is a deep cup 174 with a central hole 176 in its
      bottom 178 to accommodate through passage and movement of the chain 24.
      The wall 180 of the cup 174 lies directly inside the spring 54 and at its
      outer end has an outstanding flange 182. Flange 182 has an exterior
      diameter equal to exterior diameter of the cylinder 36, and periphery of
      the flanges 182 are interposed between the cylinder sleeve 36 and the
      cylinder end caps 74 and 76 to fix the location of the springs within the
      cylinder 36. Elongated bolts 184 extend through appropriate holes in the
      inner flange or bottom 178 of the cup 174 and are threaded into the nuts
      172 secured to the plate 170. The bolts 184 are adjustable to limit the
      separate expansion of the springs at a point where the piston 172 is
      exactly centered, or more precisely, where the controlled door is exactly
      closed. Movement of the piston away from center immediately encounters
      substantial spring resistance, but at its centered position the piston has
      no pressure exerted on it by the springs.
PAR  The depth of the cup 180 is determined by the maximum desired extension of
      the bolts 184 toward the cylinder caps 74 and 76. In other words, upon
      compression of either spring by displacement by the piston 32 to its
      maximum desired extent, the bolts 184, whose length is determined by the
      depth of the cup 180, should stop well short of the cylinder caps.
PAR  The hydraulic control unit 66 is a roughly rectangular casting with a
      vertical orientation separate from the pneumatic system but connected
      thereto by the pipes 64, 65. Its side-by-side relationship to the
      pneumatic system can be best observed in FIG. 2. The hydraulic cylinder 68
      is a horizontal bore lengthwise through the lower part of the casting.
      Separate from and above the cylinder 68 is a horizontal reservoir 200. The
      bore forming the cylinder 68 is enlarged and interiorly threaded at its
      outer ends 202. The seals 70 are T-shaped annular members, the flanges 204
      of which are seated against the shoulders defined by the enlarged ends 202
      of the cylinder bore and the pipes 64 and 65 are threaded down on the
      flanges to clamp the seals 70 in place. The seals are equipped with
      sealing rings to bear both on the piston rod 30 and the periphery of the
      cylinder to prevent fluid loss. At their outer ends, the pipes 64 and 65
      include telescoping smooth-surfaced tips 206 adapted to engage closely in
      the bores 62 and 63 and threaded portions 208 inwardly therefrom. Nuts 210
      are threaded on the threaded portions to bear firmly against the ends of
      the extensions 58 and 60 of the drive sprocket housing and the take-up
      sprocket housing to support the hydraulic assembly 66 firmly in place.
PAR  The casting is bored into the ends of the reservoir 200 as at 212, 213 to
      define a ball check valve seat in each passage 212, 213 and a ball check
      valve 214 is situated in each passage to permit flow out of the reservoir
      but not into the reservoir. The passages are outwardly plugged by a plug
      216. Vertical bores 218 intersect the bores 212, 213 outwardly of the ball
      check valve seat and communicate with the hydraulic cylinder 68
      immediately inside the seals 70. These passages are plugged as at 220 at
      their upper ends. The reservoir is also furnished with a filler hole 222
      in its top, closed by plug 224.
PAR  The hydraulic system as shown in FIGS. 3, 4, 6, and 7 illustrate the
      position of the hydraulic piston 72 centered within the hydraulic cylinder
      68 or midway between the seals 70 which is its position when the door is
      closed. Since the hydraulic system restrains and controls the effect of
      applied pneumatic pressure, it must impose the opening and closing
      characteristics desired upon the door. To this end, a series of passages
      are formed in the base of the casting 66 below the cylinder 68 to provide
      for fluid flow from one side of the piston 72 to the other depending upon
      movement of the door, either pneumatically or manually driven. The
      arrangements for each side are symmetrical and provide for a controlled
      opening rate in either direction, a retarded rate or back check as the
      door approaches its fully open position, a metered closing rate, and a
      checked closing rate as the door approaches the last few degrees of swing
      toward its closed position.
PAR  To this end, two sets of passage systems are employed. In the set
      illustrated in FIG. 7, horizontal passages 230 and 232 are drilled in
      opposite ends of the base 234 of the casting, spatially separated but
      overlapping to extend to the end of the piston 72 in its centered position
      remote from the point of entry of the drill, and plugged 235. Vertical
      plugged passages 236 and 238 intersect the inner ends of passages 230 and
      232 and open into the cylinder 68 just inside the ends of the piston 72 in
      its centered, door closed position. Second passages 244, 246 are drilled
      upwardly from the bottom of the casting 234 to intersect respectively the
      passages 230 and 232 and extend into the cylinder 68, each at a point
      close to but appreciably inward of that end of the cylinder as defined by
      the seals 70 adjacent the respective ends of entry of the bores 230 and
      232. The passages 244, 246 are equipped with combined check and high flow
      rate metering valves 248 and 250 oriented to permit flow of the cylinder
      and forbid flow into the cylinder.
PAR  FIG. 6 illustrates the other passage system, in somewhat simplified form,
      however, in that the end portions of the figure are actually at right
      angles to the plane of the central part of the figure as will be
      appreciated from the indicative section lines and arrows of FIG. 5.
PAR  Plugged passages 252 and 254 (FIG. 5) are extended from the ends of the
      base to a point just underlying the near edge of the piston 72 in its
      centered position. Vertical intersecting passages 256 and 258 extend
      through the passages 252 and 254 and open into the cylinder 68 at its
      extreme ends defined by the seals 70. The passages 256 and 258 contain
      metering valves 260 and 262. Other passages 264 and 266 intersect the
      inner ends of passages 252 and 254 respectively and extend into the
      cylinder 68 at points just underlying the ends of the piston when the
      piston is in its centered position. Passages 264 and 266 have metering
      valves 268 and 270 therein respectively. The stems 272 of valves 260, 262,
      268, and 270 are of less diameter than the threaded shanks 274 thereof and
      the valve seat for each of these valves is defined by the full bore
      diameter of the threaded shank extending through and beyond the passages
      252 and 254 which they intersect. Between that diameter and their entry
      into the cylinder 68, the passages 256, 258, 262, and 264 are of less
      diameter. Thus an annular chamber 276 surrounds the stems 272 of these
      valves into or out of which the metered flow occurs.
PAR  Horizontal passages 280 and 282 are bored in the face of the base 234 to
      intersect the chambers 276 of the metering valves 260 and 262
      respectively. These passages are shouldered and furnished with ball check
      valves 284 and 286 respectively. Vertical passages 288, 290 plugged at
      their bottom ends extend from a point in the passages 280, 282 upwardly to
      open into the cylinder 68 immediately adjacent its ends 70. The check
      valves 284, 286 permit flow from the chambers 276 of metering valves 260,
      262 through passages 288, 290 into the cylinder and prevent the flow in
      the opposite direction.
PAR  To provide for two other passages to be described hereafter, the casting 66
      is provided with a truncated, vertical, right-triangular, integral
      extension 292 extending from the front face thereof. From one face of the
      extension 292, a horizontal plugged passage 296 is drilled to meet the
      chamber 276 of valve 270, and from the other face, a plugged passage 298
      is drilled to meet the chamber 276 of valve 268. It will be noted from
      FIG. 6 that the passages 296 and 298 are at different vertical elevations.
      A valve chamber 300 is vertically drilled to intersect both passages 296
      and 298, and a metering valve 302 is situated in the valve chamber to
      restrict adjustably the flow between passages 296 and 298.
PAR  The device as thus far described is all that is necessary for the operation
      of a single door. The assembly will be secured against the lintel of the
      doorway and a door connected to be driven by or to drive the spindle 20.
PAR  Assuming that the device as illustrated in FIG. 4 is to open the door by
      clockwise rotation of the drive sprocket 16, the pneumatic pressure line
      will be connected as illustrated in FIG. 3 to the left hand inlet port 42
      of the pneumatic cylinder 36. When the mat switch 50 or other actuating
      means is closed, the solenoid 48 will be energized to operate valve 44 to
      admit pneumatic pressure to the left hand end of the cylinder. The
      pneumatic piston 32 will thereupon be urged toward the right hand end of
      the cylinder 36 against the force of the right hand spring 54, and the
      entire operating loop 28 will be urged in a clockwise direction so driving
      the sprocket 16 similarly. The right hand spring 54 will yield and the
      bolts 182 of the spring cage will be moved upwardly within the cup 174.
      The left hand spring 54 will be unchanged by the movement since its cage
      prevents its further expansion. Clockwise movement of the loop will result
      in a movement of the hydraulic piston 72 to the left as illustrated in
      FIGS. 6 and 7. It will be appreciated that both ends of the hydraulic
      cylinder on either side of the piston are full of hydraulic fluid by
      virtue of gravity flow through the unbiased check valves 214.
PAR  As the piston 72 moves to the left, hydraulic fluid ahead of the piston
      will be forced through passage 244, past the combined check and metering
      valve 248, and through passage 230 and passage 236 to the back side of the
      piston. The metering valve 248 will be adjusted to control the rate of
      such fluid flow. Flow also occurs through the passage 256, past the
      metering valve 260, through passage 252, around metering valve 268, into
      passage 296, past metering valve 302, through passage 298, past metering
      valve 270, and through passage 266 to the back side of the piston. Valves
      260 and 302 are set for a relatively low flow rate. Valves 268 and 270 are
      set for a relatively high flow rate.
PAR  In view of the low flow rate imposed by valve 260 in the passage system of
      FIG. 6, the initial rate of opening will be essentially governed by the
      passage system of FIG. 7 and hence by the adjustment of valve 248, which
      will be set for a relatively high flow rate. In other words, the passage
      system of FIG. 7 governs the opening of the door; the system of FIG. 6
      controls the back check and the closing of the door. The reservoir check
      valves 214 close as the piston moves toward either of them and so forbid
      bypassing the passage systems through the reservoir.
PAR  As the door approaches its fully open position and the piston 72 continues
      to the left, it covers passage 244 and blocks further flow therethrough.
      Thereafter, as the piston continues to move, flow occurs exclusively
      through the second described passage (FIG. 6) wherein escape of fluid is
      governed by the low flow rate valve 260 to reduce the rate of opening.
      Flow then continues through the passage 256. At the end of the movement of
      the piston in the opening direction, the stop bar 108 will encounter the
      stop screw 111 to impose a positive mechanical limit to the opening of the
      door so that it cannot be forced open either manually or by pneumatic
      pressure to any greater degree than the predetermined angle to protect the
      mechanism of the operator.
PAR  Upon release of the pressure or actuation of the valve 44 to vent the
      pneumatic cylinder, the right hand compressed spring 54 will act on the
      piston 32 to move it back toward its center position. Under these
      circumstances, hydraulic fluid must be displaced from the right hand side
      of the piston 72 to the left hand side thereof. Initial flow occurs
      through passage 264, past the high flow rate metering valve 274, passage
      252, through the chamber 276 surrounding the valve 260, and through the
      check valve 284 and passage 288 to permit a relatively high flow rate and
      a normal closing speed of the door. In closing, no flow occurs through
      passages 230 and 232.
PAR  As the piston approaches its center position, it covers passage 264 and
      flow thereafter continues through passage 266, past valve 270, through
      passage 298, past the low-flow-rate metering valve 302, through passage
      296, around valve 268, through passage 252, around valve 260, past check
      valve 284, and through passage 288. The introduction of valve 302 into the
      fluid discharge system results in a sharply reduced rate of closure as the
      door approaches its closed position for smoothness of closing. Closing
      movement thus continues until passage 266 is covered and the right hand
      spring 54 has reached the maximum expansion permitted by its cage. At this
      point the door will be closed.
PAR  The door operates as a panic exit in the same fashion. Let it be assumed
      that the door opening by clockwise rotation as described above is an
      inwardly opening door. When moved for panic exit, it will be rotated in a
      counterclockwise direction. The sprocket 16 will thus be moved in a
      counterclockwise direction to drive the loop 24 counterclockwise and move
      the pneumatic piston 32 to the left, so compressing the left hand spring
      54 and moving the hydraulic piston 72 to the right. The valve 44 being
      de-energized, there will be no compression ahead of the pneumatic piston.
PAR  As the hydraulic piston moves to the right, controlled relatively free flow
      of fluid occurs through passage 246, combined check and metering valve
      250, passage 232, and passage 238 until the door reaches its near fully
      open position at which time the piston blocks passage 246. Thereafter
      restrained flow occurs through passage 258 to the back side of the piston
      in the same fashion as described above in conjunction with passage 252.
      When the door reaches its fully open position and passage 258 is covered,
      the stop bar 108 will be in juxtaposition with the stop screw 111 on the
      opposite side, again to provide a positive mechanical stop and prevent
      damage to the operator. Upon the release of the manual hold open, the left
      hand spring 54 will expand, moving the pneumatic piston 32 to the right
      and the hydraulic piston to the left and returning the door to closed
      position. Under this circumstance, flow occurs through passage 266, past
      metering valve 270, passages 254, check valve 286, and passage 290 until
      passage 266 is blocked off by the piston. Thereafter, for the last few
      degrees of closing, flow occurs through passage 264 and the restricted
      check valve 302 for the retarded closing rate.
PAR  One circumstance to be avoided in the use of the door as a panic exit is,
      as a person exits and steps on the entering mat switch, to have pneumatic
      pressure applied to the operator to move the door inward when it is
      manually forced outward. It is to this end that the cam 104 on the drive
      sprocket shaft is provided. In the schematic electric diagram forming the
      part of FIG. 3, it will be appreciated that the cam will be so positioned
      as to open the energizing circuit to the valve 44 when the door is moved
      away from closure in the direction opposite to intended pneumatic
      operation.
PAR  The slave assembly 14 consists of the slave drive sprocket 110, a driven
      sprocket 310 having a diameter equal to that of the drive sprocket 110
      mounted at the opposite end of the box 10 and a crossed loop 312 including
      roller chain sections 314 and 316 at its ends.
PAR  Referring particularly to FIG. 8, the slave driven sprocket 310 is keyed to
      the upper end of a shaft 318. A pedestal 320 is secured as by screws 322
      to the floor 117 of the box 10. The pedestal has aligned vertical
      apertures provided with bearing 324 which receive the shaft 318 for
      rotation. The shaft extends through and beyond the floor 117 of the box
      and terminates in a squared end 326 in the same fashion as the vertical
      drive spindle 20 of the drive sprocket 16.
PAR  The crossing portion of the loop consists of a pair of rods 328 flattened
      at one end 330 to be embraced and pinned by the cheek pieces of the end
      links of the chain 314. The other ends of the rods 328 have threaded
      adjustment links 340 thereon to adjust the effective length of the loop
      which are flattened at their free ends 342 and are 343 embraced by the
      cheek pieces of the ends of the chain 316 and pinned 343. A U-shaped guide
      344 is secured to the top of 115 of the housing 10, the arms 346 thereof
      extending downward to embrace the rods 328 at their point of crossing.
PAR  The operation of the slave drive assembly will be evident from the
      foregoing description. By virtue of the identical diameter of the
      sprockets 110 and 310, as sprocket 110 moves clockwise through a
      particular angle, the sprocket 310 will be driven counterclockwise through
      that same angle. Thus the powered operation of sprocket 110 to open its
      associated door inwardly will have the effect of driving the door
      associated with sprocket 310 a like angle also inwardly. Pressure applied
      to the door associated with the slave sprocket 310, conversely, will have
      the effect of driving the drive sprocket 110. Thus, with center-opening,
      paired doors, the two doors are linked together to move, inwardly or
      outwardly, through equal angles regardless of which door opening pressure
      is applied to and regardless of whether the application of pressure is
      through the pneumatic system or manually.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydraulically controlled pneumatic door operator comprising a loop,
      spaced means supporting said loop at its ends for travel, one of said
      spaced means being rotatable and adapted for driving connection to a
      swinging door, said loop being drivingly connected to said one spaced
      means, a pneumatic piston carried by said loop on one side thereof between
      said spaced means, a pneumatic cylinder enclosing said pneumatic piston
      and including resilient means comprising caged springs on each side of
      said piston to normally position said piston centrally within said
      cylinder corresponding to door closed position, a hydraulic piston carried
      by said loop on the other side thereof between said spaced means, a
      hydraulic cylinder enclosing said hydraulic piston in normally central
      position, means defining passages for permitting controlled liquid flow
      from one side of said hydraulic piston to the other in said hydraulic
      cylinder and means for admitting air under pressure to said pneumatic
      cylinder to move said piston.
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ABST
PAL  A gemstone faceting machine for properly orienting a gemstone for forming
      facets thereon in a plurality of coaxial rows with equal spacing of the
      facets in the rows. A dop stick is provided on the end of a faceting shaft
      secured in a quill sleeve rotatably mounted in a faceting head (which can
      be angularly adjusted for different facet rows to be formed). A
      spring-biased detent trigger is pivoted on the bracket to engage between
      the teeth of an indexing gear secured on a collar on the quill sleeve near
      the other end of the shaft. A positioning pin is secured to the collar and
      projects through the gear. A guide disc having evenly spaced peripheral
      notches is engaged around and can be rotated on a flanged bushing
      threadably engaged on the quill sleeve adjacent the gear, and a coil
      spring is provided on the bushing, urging the disc toward the gear. The
      disc has respective holes spaced to receive the pin to establish the
      angular relationship between the successive rows of evenly spaced facets.
      The notches on the disc guide the detent trigger into engagement between
      the gear teeth for assuring uniform angular rotational steps of the shaft
      in forming the facets of a particular row.
BSUM
PAR  This invention relates to gemstone grinding and polishing machines, and
      more particularly to machines for holding gemstones in proper positions
      for forming facets thereon.
PAR  A main object of the invention is to provide a novel and improved
      facet-forming holder for a gemstone, the holder being relatively simple in
      construction, being easy to operate, and which greatly speeds up,
      simplifies and reduces chances for error in the positioning of a gemstone
      for the grinding and polishing of faces or facets on its surface.
PAR  A further object of the invention is to provide an improved gemstone
      faceting machine which enables facets to be formed on a gemstone in an
      accurately oriented manner, the machine involving relatively inexpensive
      parts, being easily adjustable to angularly orient a gemstone held thereon
      for faceting, and enabling an operator to form the facets on a gemstone
      without requiring painstaking attention to the orientation of the stone
      except by following a specified procedure in the operation of the machine
      which assures the accurate positioning of the gemstone in an automatic
      manner.
PAR  A still further object of the invention is to provide an improved gemstone
      faceting machine which enables facets to be formed on a gemstone with
      equal spacings for each row of facets and which can be angularly adjusted
      for different facet rows to be formed, the machine having the capacity for
      relocating facets accurately after they have once been formed for repeated
      grinding or polishing actions on the facets, and enabling the complete
      faceting operation to be performed on a gemstone in a relatively short
      period of time and with minimum chance for error in indexing.
DRWD
PAR  Further objects and advantages of the invention will become apparent from
      the following description and claims, and from the accompanying drawings,
      wherein:
PAR  FIG. 1 is a top plan view of an improved gemstone faceting machine
      constructed in accordance with the present invention.
PAR  FIG. 2 is an elevational view of the gemstone faceting machine of FIG. 1.
PAR  FIG. 3 is a longitudinal vertical cross-sectional view taken through the
      faceting machine substantially on a line 3--3 of FIG. 1.
PAR  FIG. 4 is a fragmentary cross-sectional view taken substantially on a line
      4--4 of FIG. 3.
PAR  FIGS. 5, 6, 7 and 8 are respective cross-sectional views taken
      substantially on a line 5--5 of FIG. 3 and showing the adjustable guide
      disc member of the machine set for forming different rows of facets on a
      gemstone mounted in the machine for faceting.
DETD
PAR  To enhance their sparkle, transparent gemstones are commonly ground and
      polished with a series of flat faces or facets covering their surfaces. A
      common diamond engagement ring is an example of a faceted gemstone.
PAR  In the early history of gemstone cutting, these facets were located
      visually and were therefore not precisely positioned. As the art of gem
      cutting developed, it was found that the positions of the facets affected
      the brilliance of the stone and that certain specific arrangements of the
      facets resulted in more sparkle in the cut stone.
PAR  As the science of optics evolved, the optimum positioning of the facets was
      further defined, and at the present time there is extensive information in
      the form of charts, and the like, defining the precise location of each of
      the dozens of facets on a typical gemstone.
PAR  In order to hold the gemstone while the facets are ground and polished, it
      is cemented to a bar or "dop". In a modern facet-cutting machine, the dop
      is mounted in an indexing device, called a "faceting head" which is used
      to position the stone precisely for cutting and polishing each facet.
PAR  The angle of the stone with the vertical is set by means of a protractor
      built into the faceting head. Once the vertical angle is set, the facets
      are located at precise intervals around the stone by engaging a trigger
      member in notches in a gear wheel or index wheel which is fastened to the
      dop or to the quill in which the dop is clamped.
PAR  Perhaps 90% of all faceted stones are finished in a "brillant cut" which
      consists of seven rows of eight facets plus a flat top or table for a
      total of 57 facets. Since each facet must be positioned for cutting and
      polishing at least three times, and more usually four to six times, it is
      obvious that there is a considerable value in any device that speeds up
      this indexing and reduces the chance for error in indexing.
PAR  While the standard brilliant cut has seven rows of eight facets, three of
      the rows are in line with other rows so that a total of four different
      positions of eight facets are required for a total of 32 positions around
      the stone. Since the spacings are regular, a 32-tooth gear wheel is used
      to located the facets. To allow for modifications of the standard cut, a
      64-tooth gear wheel is often used, or for even more versatility, a
      96-tooth gear wheel may be used.
PAR  After the angle of the faceting head is set for cutting one row of facets,
      it is necessary to position each of the eight facets in that row by
      selecting, one at a time, the correct eight positions of the teeth on the
      gear wheel. The trigger member is set into the proper notch, and one facet
      is partially ground. Then, the next facet is positioned by setting the
      trigger in the next correct notch, and that facet is partially ground.
      This is continued until all eight facets are partially ground. This series
      of steps is repeated until all the facets are ground to a depth where the
      corners of the facets just meet. If one facet is cut too deep, it is then
      necessary to re-cut all the facets in that row to match the deep one.
PAR  Since this positioning of the facet is usually repeated several times for
      the rough grinding step, and at least once each for the fine grinding and
      polishing steps, it is common to index each of the 57 facets four to six
      times for a total of about 300 settings for each stone cut. For each of
      these settings, the trigger member must be set in exactly the right notch.
      Just one error in this 300 or more settings may mean that the whole stone
      must be re-cut to a smaller size. Finding the right notch is painstacking
      work with a 32-tooth gear wheel. It is even more difficult with the more
      versatile 64-tooth or 96-tooth gear wheels.
PAR  The facet-locating device incorporated in the present invention allows the
      trigger member to be quickly set in the correct eight positions for each
      row of facets, and with no possibility of error. In fact, with the present
      invention, the machine operator can, with his eyes closed, index to the
      correct notch in less than 1 second.
PAR  The facet finding means comprising the present invention includes a thin
      circular disc or shield slightly larger in diameter than the gear wheel
      and held against it. The disc may preferably be of transparent plastic so
      that the gear wheel notch numbers can be read through the facet-locating
      disc. In a typical embodiment, eight evenly spaced notches are cut in the
      periphery of the facet-locating disc. This disc prevents the trigger
      member from entering any notch in the gear wheel except the eight correct
      gear wheel notches exposed by the eight guide notches in the
      facet-locating disc. After one row of eight evenly spaced "main" facets is
      cut, the facet head angle is set for another row, namely, for forming the
      "star" facets.
PAR  For cutting the first eight facets, namely, the "main" row facet-locating
      disc is positioned positively by means of a locating pin provided on the
      associated indexing gear wheel. The facet locating disc is therefore
      provided with a hole adapted to receive the pin. Similarly, to reposition
      the facet-locating disc, for cutting the "star" facets, the disc is
      retracted against the force of a biasing spring and is rotated until the
      corresponding hole in the disc can be engaged over the pin. Thus, the
      operator pulls back the facet-locating disc and rotates it until the
      proper hole for the "star" facets registers with the pin, after which the
      locating disc is released, placing it in the proper position to guide the
      trigger member for engagement for forming the "star" facets. Similarly,
      the two positions for the "girdle" facets are cut by locating
      corresponding holes on the facet-locating disc so that they can be engaged
      with the aforesaid pin. After the four rows of facets are cut on the top
      of the gemstone, the stone is reversed in position and the three required
      additional sets of facets are cut on the bottom of the stone, using the
      same facet-locating procedure.
PAR  It will be further understood that the above-described facet-locating
      procedure is adaptable to other cuts than for the 32-position brilliant
      cut, and for use with other gear wheels. Also, the re-positioning of the
      facet-locating disc for each row of facets can be accomplished by other
      means than the specific pin means presently to be described. Thus, any
      desired type of interengageable locking means on the disc and indexing
      gear may be employed to interlock the disc and gear in a plurality of
      different angular relationships to each other.
PAR  Referring to the drawings, 11 generally designates a gemstone faceting
      holder constructed in accordance with the present invention. The holder 11
      comprises a support 12 generally in the form of a T-shaped member having a
      main stem portion 13 and outwardly projecting end wing portions 14, 14.
      The main stem portion 13 is provided with a leveling screw 15 and the wing
      portions 14, 14 are likewise provided with respective leveling screw
      members 16, 16, the leveling screws being employed to horizontally
      position the base member 12 on a suitable supporting table 18. The
      leveling screw members 15 and 16, 16 are suitably provided with manually
      operable knobs for adjusting same, and the leveling screw members 15 are
      provided with number scales cooperating with pointer elements 19 on their
      knobs, as shown in FIG. 1.
PAR  The base member 12 is formed with a forwardly projecting arcuate arm 20
      which is of generally U-shaped construction between the side arms of which
      is horizontally pivoted an angularly adjustable bracket member 21, for
      example, by a transversely extending pivot shaft 22 rotatably engaged in
      the side arm portions and lockingly secured to the bracket member 21 by a
      set screw 22, as shown in FIG. 3. Rigidly secured in the U-shaped member
      20 adjacent one of its side arm portions is an arcuate protractor plate 24
      having an arcuate slot 25 and an angle scale 26, the arcuate edge of the
      plate 24 being concentric with the pivot shaft 22, and the slot 25 being
      likewise concentric with said shaft, as shown in FIG. 2. A clamping screw
      member is threadedly engaged with the bracket member 21, said screw member
      being shown at 27, the screw member having a clamping shoulder 28. Said
      screw member is engaged through the arcuate slot 25 in a position such
      that the shoulder 28 may be utilized to clamp the bracket member 21 in an
      adjusted position along the angle scale 26 by the clamping engagement of
      its shoulder portion 28 with the protractor plate member 24, as will be
      apparent from FIGS. 1 and 2.
PAR  As shown in FIG. 2, the leveling screws 15 and 16, 16 are provided with
      clamping set screws 29 for locking them in adjusted positions relative to
      the supporting table 18.
PAR  Rotatably supported in the bracket member 21 in a downwardly and forwardly
      inclined position is a sleeve member 30 accurately oriented to be rotated
      in a vertical plane when the bracket member 21 is angularly adjusted
      around its pivot shaft 22. Supportingly contained in the sleeve member 30
      is a dop stick shaft 31 which is provided at its lower end with a
      conventional socket 32 in which a gemstone to be faceted, shown at 33, may
      be cemented in a conventional manner. Thus, the dop stick means 31 holds
      the gemstone 33 in a position to be abraded by a conventional lapping
      wheel 34 in the manner illustrated in FIG. 2. A key or "quill" element 35
      is engaged through the lower portion of the shaft member 31, and a
      clamping nut 36 is threadedly engaged on the upper end of the shaft member
      31 which is clampingly engageable against the upper end of the sleeve
      member 30 to lock the shaft member 31 rigidly in the sleeve member when
      the nut 36 is tightened.
PAR  The sleeve member 30 is formed with an outwardly projecting annular flange
      37 which rotatably engages against the upper end portion of the bracket
      member 21. A retaining collar 38 surrounds the lower end portion of the
      sleeve member 30 and is secured thereto by means of a setscrew 39, as
      shown in FIG. 3.
PAR  The upper end portion of the sleeve member 30 is externally threaded, as
      shown at 41 and a bushing member 42 is threadedly engaged therewith, said
      bushing member being provided with an outwardly extending annular flange
      43. Surrounding the sleeve member 30 upwardly adjacent the flange 37 is a
      conventional peripherally toothed indexing gear 44 which is held fixed
      relative to flange 37 by means of an outwardly projecting pin member 45
      engaging through an aperture in gear 44 and rigidly secured in flange 37.
      The top portion of bracket member 21 is formed with a pair of longitudinal
      spaced ribs 46, 46 between which is pivoted a trigger lever 47 having a
      V-shaped bottom outer edge portion 48 engageable between the teeth of gear
      44, the trigger lever 47 being pivoted on a transverse pivot pin 49
      extending between the ribs 46, 46 and being biased in a clockwise
      direction, as viewed in FIG. 3, by a coil spring 50 whose upper end is
      received in a suitable notch 51 provided therefor in the bottom edge of
      trigger lever 47 and whose lower end bears on bracket member 21 between
      the ribs 46, 46 as is clearly shown on FIG. 3. Trigger level 47 is
      provided with a gripping tab 52 for manually rotating the trigger level in
      a counterclockwise direction, as viewed in FIG. 3, to disengage detent
      portion 48 thereof from between the teeth of the indexing gear 44, as will
      be presently described.
PAR  The gear 44 may be provided with conventional numerical markings visible
      from the right side of the holder 11, as viewed in FIGS. 1, 2 and 3, to
      indicate its instantaneous angular position.
PAR  Gear 44 may be locked against flange 37 by tightening the bushing 42.
      Surrounding the bushing 42 is an indexing disc or wheel 53 of suitable
      transparent, rigid material, having evenly spaced peripheral notches 54
      and having a plurality of apertures 55 located so that pin 45 is
      receivable therein at various selected positions of adjustment of wheel 53
      relative to gear 44. Thus, in FIG. 5, the pin 45 is received in the
      aperture 55 marked M, providing the proper angular relationship between
      wheel 53 and gear 44 for the "main" facets. FIG. 6 shows the pin 45
      engaged in another aperture 55 to provide the desired angular relationship
      between wheel 53 and gear 44 for the "star" row of facets. This aperture
      is marked S on wheel 53. In FIG. 7, the pin 45 is shown engaged through
      the aperture 55 marked G on the wheel 53, corresponding to the adjustment
      for the first row of "girdle" facets. FIG. 8 shows the pin 45 engaged in
      the second aperture 55 marked G on wheel 53, providing the setting of
      wheel 53 relative to gear 44 for the second row of " girdle" facets.
PAR  Surrounding the bushing 42 and bearing between flange 43 and wheel 53 is a
      coiled spring 56 which holds the wheel 53 against gear 44 and thereby
      maintains locking interengagement therebetween. Thus, when it is desired
      to change the setting of wheel 53 relative to gear 44, the wheel 53 is
      pulled rightwardly, as viewed in FIG. 3, to disengage it from the pin 45,
      after which, the wheel can be rotated to the new setting and released, to
      allow pin 45 to enter another aperture 55. It is therefore very easy to
      change the setting of the wheel 53 relative to the gear 44, for example,
      from shifting from one row of facets to the next in the faceting
      operation.
PAR  As shown in FIGS. 5 to 8, the wheel 53 is slightly larger in diameter than
      the gear 44 so that the teeth of the gear will be exposed in the notches
      54, allowing the trigger lever to engage between adjacent gear teeth when
      the trigger lever is received in one of the notches 54. Also, since the
      wheel 53 is transparent, the gear notch members can be read through wheel
      53.
PAR  Thus, in the particular embodiment illustrated, the trigger lever edge 48
      can be quickly set in the correct eight positions for each row of facets
      with no possibility of error.
PAR  As will be understood by those skilled in the art, while the standard
      brilliant cut has seven rows of eight facets, three of the rows are in
      line with other rows, so that a total of four different positions of each
      facet are required, for a total of 32 positions around the stone. Since
      the spacings are regular, a 32-tooth gear wheel is used to locate the
      facets. For modifications of the standard cut, a 64-tooth gear wheel may
      be used, or even a 96-tooth gear wheel for more versatility.
PAR  In operation, after the angle of the faceting head assembly is set for
      cutting the first row of facets, by means of the protractor scale 26, it
      is then necessary to position each of the eight facets in the first row by
      selecting, one at a time, the correct eight positions of teeth to be
      engaged on the gear 44. The trigger member 47 is set into the proper
      notch, with the pin 45 engaged in the M aperture 55, and one facet is
      partially ground. Then the next facet is positioned by setting the trigger
      lever 24 in the next correct notch 54 and that facet is partially ground.
      This is continued until all eight facets are partially ground. This series
      of steps is repeated until all the facets are ground to a depth where the
      corners of the facets just meet. If one facet is cut too deep, it is then
      necessary to re-cut all the facets in that row to match the deep one.
PAR  To reposition the wheel 53 for cutting the "star" facets, the wheel 53 is
      pulled back against the biasing force of spring 56, as above explained,
      and wheel 53 is then rotated until the aperture 55 corresponding to the
      "star" facets comes into registry with the pin 45 and is released. At this
      time, the "star" facets can be cut, with the proper angular adjustments of
      dop stick shaft 31 relative to the protractor scale 26.
PAR  Similarly, the two positions of "girdle" facets are cut by locating the G
      apertures 55 in positions to receive the pin 45 in the manner above
      described. After the four rows of facets are cut on the top of the
      gemstone 33, the stone is removed and re-installed in reverse position,
      and the three required sets of facets are cut on the bottom of the stone,
      using a procedure similar to that above described, namely, by properly
      positioning the wheel 53.
PAR  It should be noted that in a procedure such as that above described, the
      positioning of each facet is usually repeated several times for the rough
      grinding step and at least once for each of the fine grinding and
      polishing steps, wherein it is common to index each of the 57 facets four
      to six times, for a total of 300 settings for each stone cut. For each of
      these settings, the trigger member 47 must be set in exactly the right
      notch 54, since one error in the approximately three hundred setting may
      mean that the entire stone must be re-cut to a smaller size. Finding the
      correct notch is painstaking work with a 32-tooth gear wheel 44. It is
      even more difficult with the more versatile 64-tooth gear wheel or the
      96-tooth gear wheel. The use of the indexing wheel 53, as above described,
      allows the trigger member 47 to be quickly set in the correct eight
      positions for each row of facets with no possibility of error, as above
      explained, since disc 53 prevents the trigger member 47 from entering any
      notched portion of gear wheel 44 except the eight correct notched portions
      exposed by the eight notches 54 in the indexing wheel 53.
PAR  While a specific embodiment of an improved gemstone faceting holder has
      been disclosed in the foregoing description, it will be understood that
      various modifications within the spirit of the invention may occur to
      those skilled in the art. Therefore it is intended that no limitations be
      placed on the invention except as defined by the scope of the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gemstone faceting holder comprising a support, an angularly adjustable
      bracket member on said support provided with angle-indicating means, a
      sleeve member rotatably mounted in said bracket member, dop stick means
      secured in said sleeve member, a peripherally toothed indexing gear
      secured on said sleeve member, a spring-biased trigger lever pivoted on
      said bracket member and being engageable with the toothed periphery of the
      gear to fix the position of said dop stick means, an indexing wheel
      rotatably mounted on the sleeve member and having evenly spaced peripheral
      guide notches for the trigger lever, interengaging locking means on the
      wheel and gear to interlock the wheel and gear in a plurality of different
      angular relations to each other, said interengageable locking means
      including a projection on the gear and angularly spaced receiving socket
      means on the wheel for receiving said projection at said different angular
      relations between the wheel and gear, and spring means urging the wheel
      into interlocking relation with the gear, the wheel being disengageable
      from the gear by lifting movement axially of the sleeve member against the
      bias of said spring means to vary the angular relation of the wheel and
      gear.
NUM  2.
PAR  2. The gemstone faceting holder of claim 1, wherein said projection
      comprises a pin member projecting from the gear, and said receiving socket
      means comprises respective spaced apertures in said wheel located to
      receive said pin member.
NUM  3.
PAR  3. The gemstone faceting holder of claim 2, and wherein said sleeve member
      is provided with a bearing flange and said spring means comprises a coil
      spring bearing between said flange and said wheel.
NUM  4.
PAR  4. The gemstone faceting holder of claim 2, and wherein said sleeve member
      has an integral flange and said pin member is affixed to said integral
      flange and passes through an aperture in said gear to one of said
      apertures in the indexing wheel.
NUM  5.
PAR  5. The gemstone faceting holder of claim 4, and wherein said sleeve member
      is provided with a bushing element having a bearing flange and said spring
      means comprises a coil spring surrounding said bushing element and bearing
      between said bearing flange and said wheel.
NUM  6.
PAR  6. The gemstone faceting holder of claim 1, and wherein said wheel is made
      of transparent material.
NUM  7.
PAR  7. The gemstone holder of claim 5, and wherein said bushing element is
      threadedly engaged on said sleeve member.
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ABST
PAL  A generally rectangular, elongated, rotary cutting blade work piece which
      is to be sharpened on oppositely facing, opposite end portions is conveyed
      on a flat horizontal path in direction transverse to its longitudinal axis
      through a grinding and deburring aaparatus. Passage of the work piece
      through the apparatus is interrupted periodically to position it serially
      at four work stations. At each station it stops, is precisely positioned,
      held firmly, and worked on. At a first station it is brought into contact
      with a belt grinder which sharpens a first of the rotary leading outer end
      portions of the blade by removing material from it. At a second station
      this ground portion is brought into contact with a rotary deburring
      member. At a third station the work piece is brought into contact with a
      belt grinder to sharpen a second, oppositely facing, rotary leading outer
      edge portion. At a fourth station, the portion just ground is brought into
      contact with a deburring member. The positioning of the blade transversely
      of the conveyor just before each grinding operation is determined by
      vertical guides on either side of the conveyor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Grinding or sharpening through the use of belt grinders whereby a contact
      wheel is powered to drive an endless abrasive belt which is riding over an
      idler pulley is well known in the art. Customarily such grinding was
      accomplished by bringing the entire forward facing surface of the work
      piece to be ground flat against the abrasive belt where it is backed by
      the contact wheel. Recently, however, one edge of a contact wheel has been
      relieved on a radius, and an endless belt positioned to extend out over
      this relieved radius and beyond the outer edge of the contact wheel. Work
      pushed against this abrasive belt and contact wheel results in grinding
      pressure being exerted, not only on the portion of the work piece in
      contact with the cylindrically supported portion of the abrasive belt, but
      also on that portion extending out beyond the wheel. The pressure varies
      from full pressure over the belt backed by the contact wheel to the point
      where the belt parts contact with the work. The only pressure beyond the
      contact wheel is that occasioned by the centrifugal action of the abrasive
      belt itself. The result achieved is a smooth, even taper from the point of
      full backup contact by the wheel to the point where the abrasive belt is
      no longer in contact with the work piece.
PAR  The same result can be achieved with the use of a dressed carbide cutting
      wheel, but the exact shape of the carbide wheel at any particular point in
      time is directly related to its original shape and the amount of work
      piece material which has previously been removed by the wheel. The wheel
      is abraded away each time it is brought in contact with a work piece, and
      so its shape is constantly changing. To pressure balance in the rotary
      blade work piece, therefore, it is necessary that each end of the grinding
      blade be sharpened in consecutive order on the same carbide cutter wheel.
      In other words, the blade has to be sharpened on one end, and then
      reversed end for end and sharpened on the other end to insure that the
      only difference in the shape of the carbide cutter from the beginning of
      the first sharpening to the end of the second sharpening is occasioned by
      the wear on the cutter during those two sharpening operations.
PAR  Since the very process of cutting causes the carbide cutter wheel to be
      abraded away, it is not precisely the shape to which it is dressed after
      it first removes its first material on the first cut after it has been
      dressed. Thus many interruptions of the grinding process are necessary so
      that the carbide cutter can be redressed to the proper shape.
PAR  Also, each time the wheel is so dressed, the working diameter of the wheel
      is reduced, so the jigs holding the work pieces to be ground by the
      carbide cutters cannot continuously hold the blades for an accurate cut,
      and must somehow be modified to take this change in outer diameter of the
      cutter into consideration.
PAR  Working with carbide cutters in the manner set out above, one man can
      sharpen a maximum of about 1,800 blades per day at a processing cost of
      about 6 cents per blade.
PAR  Needed to overcome the difficulties with the prior art methods was an
      apparatus whereby precisely identical cuts can be made at each end of work
      piece rotary blades, time after time after time, so that the blades will
      not have to be turned end for end and exposed to sharpening by the same
      grinding means at each end of the blade.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The sharpening of opposite end portions of rotary cutting blades to provide
      opposed, rotary forwardly facing cutting edges is described herein in
      connection with blades useful on rotary lawnmowers. The apparatus of the
      invention will be equally effective as to many other kinds of rotary
      cutting, commutating, or slicing blades.
PAR  Comparing the production figures of an apparatus of the present invention
      with the 1,800 blade per day production of one man using carbide cutters,
      costing about 6 cents per blade; the apparatus of the invention can be
      operated by one man, and can produce in the neighborhood of 5,600 blades
      per day at a cost of about 3 cents per blade.
PAR  In the form of the invention as shown, a rotary cutting blade is generally
      constituted as a generally flat, rectangular, elongated work piece having
      an opening or openings at the center thereof for supporting the blade and
      for rotating it when it is to be used for its intended purpose. In an
      apparatus of the invention, such blades progress down a longitudinally
      extending conveyor; with the longidutinal axis of each blade being
      positioned transverse to the longitudinal axis of the conveyor. In the
      form of the invention as shown, vertical drive tabs extend upwardly from
      endless conveyor chains or bands. The progress of each work piece blade
      along the conveyor is interrupted at specific work stations along the
      conveyor. At one of these work stations, each blade is precisely
      positioned with respect to a belt grinder, is held firmly and is brought
      into contact with the belt grinder to remove a portion of a first
      longitudinally extending end section of the work piece blade. When this
      has been accomplished, the work piece moves longitudinally along the
      conveyor, that is to say transversely of the longitudinal axis of the work
      piece and is stopped at another work station where it is precisely
      positioned with respect to a second belt grinder, firmly held and brought
      in contact with that belt grinder to remove a portion of a transversely
      extending opposite end section of the work piece, this second transverse
      portion forming a cutting edge along a longitudinally extending side of
      the work piece opposite the side where the first cutting edge was formed.
PAR  In the form of the invention as shown, the first transverse cutting edge is
      formed on the leading edge of the work piece as it moves along the
      conveyor, and the second cutting edge is formed on the trailing edge of
      that work piece. It is to be understood, however, that these work stations
      could be reversed and the initial sharpening could be done on the trailing
      edge while the subsequent sharpening could be done on the leading edge.
PAR  Also in the form of the invention as shown, there is a work station at
      which the work piece stops immediately after each grinding work station,
      and at these work stations, the ground portions of the work piece blades
      are brought into contact with rotary deburring members to remove burrs
      which are set up in the grinding operations. These deburring operations
      can both take place at the same work station located at position following
      the second grinding station, or can also be performed after the work piece
      left the apparatus of the invention.
PAR  Because of considerations of space in the apparatus itself, however, there
      are distinct advantages to performing the operations on each work piece in
      the order set out in detail in connection with the specific embodiment
      which follows.
PAR  In the form of the invention as shown, the precise positioning of each work
      piece at each work station is accomplished by providing positioning
      fingers which are in the path of each work piece as it passes along the
      conveyor. Each time a work piece contacts such a positioning finger, the
      conveyor stops leaving that work piece precisely positioned with respect
      to that work station. Each of the work stations is so located that when
      any work piece is contacted by any positioning finger to stop the
      conveyor, any other work piece on the conveyor in proximity to any other
      work station will be precisely positioned with respect to that station. In
      this description, one pair of such positioning fingers are shown at the
      first work station, and this will be satisfactory if there is a work piece
      being driven by each set of drive tabs on the conveyor at least as it
      arrives at the first work station. Such positioning fingers can be
      provided at each work station, and then the absence of a work piece at any
      particular work station will not interfere with the proper processing of
      work pieces at the other stations.
PAR  With the conveyor stopped at the proper position to align the work pieces
      with the work stations, the positioning fingers are withdrawn and a saddle
      block moves up through the conveyor to lift the work material and to clamp
      it in a positioning jig.
PAR  At each grinding station, the moving contact wheel and endless abrasive
      belt of a belt sander are moved to work on the proper portion of the work
      piece and such movement is limited by appropriate stops so that the final
      grind at each station varies only the variation in thickness of abrasive
      on the abrasive belt as the belt progresses from new condition to
      replacement condition. These stops can be in the form of physical
      limitations of movement of the contact wheel and belt with respect to the
      clamping jig, or can be in terms of the amount of pressure applied by the
      contact wheel and belt against the work piece, the quality and nature of
      the abrasive, the peripheral speed of the belt, and the time that grinding
      contact is maintained, or can be a combination of the physical movement
      limit with the other factors.
PAR  At each deburring station, the work piece is picked up by a saddle block,
      clamped into a jig and a rapidly rotating abrasive deburring wheel having
      flexible or resilient abrasive elements thereon is brought into contact
      with the ground portion of the work piece thus to remove the burrs
      therefrom.
PAR  From the point where each work piece is placed on the conveyor and picked
      up for movement by the conveyor drive tabs, vertical guide plates are
      provided to contact the outermost ends of the work piece to assure that it
      is in the precise position transversely of the direction of movement of
      the conveyor belt relative to the abrasive belts and contact wheels so
      that proper portion of the work piece will be ground at each grinding work
      station. This position is also maintained as the work material moves from
      each grinding station to its related deburring station.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a top plan view of an apparatus made according to the present
      invention;
PAR  FIG. 2 is a side elevational view of the apparatus of FIG. 1;
PAR  FIG. 3 is an enlarged vertical sectional view taken on the line 3--3 in
      FIG. 2;
PAR  FIG. 4 is a vertical sectional view taken on the line 4--4 in FIG. 3;
PAR  FIG. 5 is an enlarged fragmentary vertical sectional view taken on the line
      5--5 in FIG. 5; and
PAR  FIG. 6 is a fragmentary vertical sectional view taken on the line 6--6 in
      FIG. 5.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  For sharpening generally rectangular, elongated, rotary cutting blade or
      lawnmower blade work pieces 10, a blade sharpening apparatus 12 includes a
      main frame 14 supported on a floor 16 by legs 18.
PAR  A work piece conveyor 20 includes a driven axle 22 rotatably mounted in
      driven axle bearings 24, 24, these bearings being fixedly mounted to the
      frame 14 on horizontal rearward frame extensions 26. At the front end of
      main frame 14, an idler axle 28 of the conveyor 30 is rotatably mounted in
      idler axle bearings 30, 30. These idler axle bearings 30, 30 are supported
      on the frame 14 by horizontal front frame extensions 32.
PAR  Three conveyor drive sprockets 34 are integrally mounted to rotate with the
      driven axle 22 while three conveyor idler sprockets 36 are integrally
      mounted to rotate with the idler axle 28. Two central, parallel, spaced
      apart conveyor chains or bands 38, 38 are each drivingly associated with
      one of the drive sprockets and one of the idler sprockets. A front end
      conveyor chain or band 40 is drivingly associated with the remaining idler
      sprocket 36 and with the front end conveyor sprocket 42 rotatably mounted
      on an axle 43 which is rotatably supported in bearings 44, 44 supported on
      the frame 14.
PAR  Similarly, a rear end conveyor band or chain 46 is drivingly supported on
      the remaining drive sprocket 34 and is operatively associated with a rear
      end conveyor sprocket 48 which is mounted to rotate with a rear end
      conveyor axle 50, rotatably mounted in bearing 52, 52 on the main frame
      14. A plurality of upstanding conveyor chain drive tabs 54 are situated in
      spaced apart relationship on all of the conveyor chains. This relationship
      is such that each drive tab 54 is in transverse relationship with respect
      to a similar tab 54, on all other parallel conveyor chains, to the end
      that a work piece 10 moving along the conveyor will be uniformly contacted
      by a tab on every chain which it overlies at a particular point in time.
PAR  Drive sprockets 34 and axle 22 at the rear end of the main frame 14 are
      driven through a driven sprocket 56 integral with axle 22, a conveyor
      drive chain 58 runs on that sprocket 56 and on a gear motor sprocket 60
      which is driven by conveyor drive gear motor 62.
PAR  Through these instrumentalities, the work piece conveyor 20 moves the work
      pieces intermittently along, stopping as each of the work pieces arrives
      serially at one after another of four work stations along the conveyor
      route through the machine, in a manner to be described.
PAR  The approximate positioning of work pieces 10 when at each of the work
      stations is indicated by letters A through D, and these four work stations
      are delineated as follows:
PA1  Station A. First leading edge grinding station;
PA1  Station B. Second leading edge deburring station;
PA1  Station C. Third trailing edge grinding station; and
PA1  Station D. Fourth trailing edge deburring station.
PAR  The rotary cutting blade work pieces 10 are first positioned on the
      conveyor 20 to the right as seen in FIGS. 1 and 2 by automatically or
      manually placing them over the central conveyor chains 38, 38 and the
      front end conveyor chain 40 at position as seen in 64 in FIG. 1. The work
      piece 10 is held in that position either by placing it on runners which
      extend up higher than the top surface of the chains (not shown), or by
      holding it manually until such time as a set of drive tabs 54 come along
      to contact the work piece and begin to carry it along the horizontal path
      of the conveyor.
PAR  Each of the work pieces, to be effective on a rotary cutter such as a
      rotary lawn mower, will have to be sharpened along a longitudinally
      extending leading edge portion 66 and along a longitudinally extending
      trailing edge portion 68 thereof. In order to properly grind these
      portions, an outermost end 74 of the work piece 10 adjacent the leading
      cutting edge portion 66 must be exactly positioned with respect to the
      Station A belt grinder and an outermost end 78 of work piece 10 adjacent
      the trailing cutting edge 68 must be exactly positioned with respect to
      the Station C belt grinder. This is accomplished by a Station A guide
      plate 70 and a Station C guide plate 72. When the work piece 10 is put
      onto the work piece conveyor 20 at the position as indicated at 64 in FIG.
      1, care is taken to insure that outermost end 74 of the leading edge
      portion 66 of that work piece is positioned where it will make contact
      with Station A guide plate 70 before it passes an outwardly flared forward
      portion 76 of that guide plate. Then as the work piece moves to the left
      as seen in FIG. 1, its outermost end 74 will be contacted and, if
      necessary, the work piece pushed transversely of the conveyor chains 38,
      38, thus to have a precisely determined relationship to grinding Station
      A.
PAR  After the grinding operation has been performed on the leading edge portion
      66 of the work piece 10 at that grinding station, in a manner to be
      described, the conveyor will move the work piece to deburring Station B,
      where it will still be in approximately the same transverse alignment with
      respect to the conveyor chains 38, 38. The deburring operation is there
      performed in a manner to be described, and the work piece moves to the
      left as seen in FIG. 1, for example, until outermost end 78 of the
      trailing edge portion 68 of the work piece 10 contacts an outwardly flared
      forward portion 80 of the Station C guide plate 72. This outwardly flared
      portion 80 forces the work piece 10 to move transversely with respect to
      the conveyor chains 38, 38 as these conveyor chains and their drive tabs
      54 carry the work piece to the left as seen in FIG. 1, for example, Thus
      the precisely proper transverse alignment of the work piece with respect
      to the conveyor chains and with respect to grinding Station C is obtained,
      and the work piece proceeds down the conveyor in such alignment until it
      reaches grinding Station C where the trailing edge portion 68 is ground in
      a manner to be described.
PAR  In the form of the invention as shown, guide plates 80 and 82 parallel to
      the conveyor belt are shown at the opposite ends of the work piece from
      guide plates 70 and 72. As shown, these guide plates are so positioned as
      to be substantially in contact with the opposite end of the work piece
      while the aligning guide plates 70 and 72 are in contact with that work
      piece. This situation can prevail where the apparatus is set up to handle
      work pieces of a single set maximum length. However, when shorter work
      pieces of several lengths are to be processed, the guide plates 70 and 72
      are important to insure precise alignment with the grinding Stations A and
      C regardless of the length of the work piece.
PAR  Another important advantage of this use of guide plates to fix and control
      the transverse positioning of the work piece with respect to the apparatus
      is one of economy in the space taken by the machine. If a work piece was
      to proceed down the conveyor without any transverse movement between the
      first leading edge grinding operation and the second trailing edge
      grinding operation, then the overall machine would have to be much wider,
      this wide space being wasteful and completely unnecessary when the
      transverse alignment techniques just described are employed.
PAR  In order to regulate the movement of the conveyor belts, a microswitch 86
      is mounted on the frame 14 (see FIG. 5) and includes a switch arm 88 which
      is in contact with a stop finger support yoke 90. Support yoke 90 is
      pivotally mounted as at 92 to the frame 14, and rests against a pair of
      double acting linear, air operated, stop finger drive motors 94, 94. These
      drive motors are likewise supported on the frame 14, but are free to move
      away from it sufficiently to operate the switch arm 88 of the microswitch
      86. Work piece stop fingers 96, 96 extend downwardly from the air operated
      piston-cylinder motors 94, 94 as piston rods of those motors and extend
      into the path of the work pieces 10 as they move along with conveyor
      chains 38, 38, as best seen in dotted lines in FIG. 6. As soon as one of
      the work pieces contacts fingers 96, 96, these fingers cause the stop
      finger drive motors 94, 94 to move almost imperceptibly away from the
      frame 14, pushing yoke 90 in the same direction, and causing it to operate
      on switch arm 88 of the microswitch 86. Upon operation of this switch,
      control means of any usual or preferred construction (not shown) (1)
      de-energizes the drive from gear motor 62, instantaneously locking all of
      the drive chains in position, and (2) causes air under pressure to be
      introduced into a line 98 to activate drive motors 94 to raise stop
      fingers 96, 96 to position as shown in full lines in FIG. 5.
PAR  At the same time, the work piece 10 is lifted from the conveyor belts and
      precisely positioned for grinding, in appropriate saddles and jigs in a
      manner to be described. The positioning of the conveyor chain drive tabs
      54 along the conveyor chains is such that whenever a work piece 10
      triggers such a stoppage of the conveyor belt, it and three other work
      pieces will be precisely aligned with the saddles and jigs at the work
      stations. Assuming that every set of drive tabs 54 has a work piece
      positioned in front of it, it is only necessary to have one set of stop
      fingers and controls to insure that every work piece is worked on at each
      of the four stations. By providing stop fingers and associated controls at
      each of the four work stations, however, it is possible to insure that
      every work piece passing through the apparatus will be processed at all
      four stations whether or not there is a work piece associated with each
      set of drive tabs 54.
PAR  To precisely position each work piece as it arrives at each of the four
      stations, A, B, C and D, a jig 100 is fixedly mounted to the frame 14 at
      each of those stations. In vertical alignment below each such jig is a
      saddle block 102, operatively mounted with respect to a piston rod 104 of
      a linear, air operated, cylinder-piston motor 106. Each such motor
      includes a cylinder 108 fixedly mounted with respect to the frame 14, and
      a piston 110 operably associated with cylinder 108 and with piston rod
      104. A rectilinear work piece lifting frame 112 is mounted to move up and
      down with the saddle block 102 and the piston rod 104 as at 114 (see FIGS.
      5 and 6) and supports a work piece lifting arm 116 and a work piece
      lifting rod 118 (see FIG. 5).
PAR  When a work piece 10 arrives at a work station, for example Work Station A,
      and the control means causes the conveyor chains to stop and the work
      piece stop fingers 96, 96 to be drawn up out of the way, this control
      means then causes air under pressure to be introduced into air line 120
      from a source (not shown) to cause piston 110, piston rod 104, and saddle
      block 102 to be elevated, carrying the work piece to position as seen in
      dotted lines in FIG. 6.
PAR  A work piece clamp 122, fixedly mounted in a piston rod 124 of a linear,
      air operated, piston-cylinder clamp motor 126 will be activated by that
      motor to move firmly in against the trailing edge of the work piece 10 to
      insure that the work piece is firmly fixedly positioned between the jig
      100, the saddle block 102 and the clamp 122. This positioning of the parts
      is seen in FIG. 4.
PAR  In order to move the piston rod 124 and the work piece clamp 122 to
      position where the clamp can so hold the work piece 10, the clamp motor
      126 is provided with a cylinder 128, and a piston 130 operably associated
      with the cylinder and with the piston rod 124. In order to move into its
      clamping position, the motor 126 receives air through an upper air line
      132, thus to force the piston 130, piston rod 124 and clamp 122 in
      downward clamping direction.
PAR  With a work piece 10 precisely and fixedly positioned in its associated jig
      100 at each of the work stations, the grinding or deburring operation will
      be performed on it in a manner to be described. When this operation is
      completed, (1) air under pressure is introduced into a lower air line 134
      and into the cylinder 128 to move the clamp 122 away from the work piece
      10; (2) air is introduced into upper air line 136 and into the cylinder
      108 of the saddle block motor 106 to move the saddle block 102 and work
      piece 10 down away from the jig 100, depositing the work piece on the
      conveyor chains 38, 38; and (3), the conveyor chains are agains powered by
      conveyor drive gear motor 62 to cause each of the work pieces to move on
      toward the next work station, or off of the end of the apparatus.
PAR  It is to be noted that while the jig, saddle block and clamp structures
      have been most clearly illustrated in connection with Station A, identical
      or similar structures are located at each of the other three stations.
      When the saddle block 102 and piston rod 104 come up between conveyor
      chains 38, 38 the work piece lifting rod 118 comes up simultaneously on
      the far side of conveyor chain 40 from chains 38, 38, to lift an outer end
      portion of the work piece 10 and maintain it in a parallel relationship
      with respect to the bed of the conveyor chains and to the clamping faces
      of the jig 100 and the saddle block 12. This upper positioning of the
      lifting rod 118 and the work piece 10 are most clearly indicated in dotted
      lines in FIG. 5; and the lower positioning thereof in full lines in FIGS.
      3 and 5.
PAR  As the conveyor chains 38, 38 and 40 and conveyor chain drive tabs 54 move
      the work piece 10 past the work station, air under pressure is introduced
      into upper air line 138 leading to the upper part of stop finger drive
      motors 94, 94 to move stop fingers 96, 96 again down to position as seen
      in dotted lines in FIG. 6 so that they will be in a position to halt the
      conveyor chains once again when the next work piece 10 comes in contact
      with them.
PAR  With a work piece 10 clamped in position at each of the four work stations,
      A, B, C and D, a grinding operation is performed on each work piece at
      Stations A and C and a deburring operation is performed on the work pieces
      at Stations B and D. The details of construction and operation of the
      grinding apparatus are shown most fully and most clearly at Station A, and
      the details and construction of the deburring apparatus is shown most
      clearly as at Station B. However, the structures at Stations C and D are
      equivalent to those at A and B, respectively except that they are such as
      to work on the opposite trailing edge portion of the work piece.
PAR  As most clearly seen in FIGS. 2, 3 and 4, a belt grinder 150 includes a
      grinder base 152 supported by the floor 16 and capable of being moved with
      respect to the main frame 14 should it be necessary or desirable to change
      the relative positioning of the grinding entity with respect to the work
      piece 10 held in the jig-saddle block-clamp. A stanchion 154 extends
      upwardly from the base 152 to provide support for a pivot rod 156 for a
      main contact wheel and idler wheel support beam structure 158. The
      stanchion 154 also provides a support for a belt grinder motor 160. This
      motor has a shaft 162 which is in exact axial alignment with pivot rod
      156.
PAR  Support beam structure 158 includes a support beam 164, and an elongated
      contact wheel shaft bearing 166 integral with beam 164 and extending
      transversely of it. At the opposite or lower end of the beam, an idler
      wheel bracket platform 168 is fixedly and rigidly mounted with respect to
      the support beam 164. This platform pivotally supports, as at 170, an
      idler wheel bracket 172. This bracket includes at an upper end thereof, an
      integral transversely extending idler wheel shaft bearing 174.
PAR  A contact wheel shaft 176 is rotatably supported in the contact wheel shaft
      bearing 166, an idler wheel shaft 178 is rotatably mounted in idler wheel
      shaft bearing 174; while a contact wheel 180 is fixedly mounted on the
      contact wheel shaft and an idler wheel 182 is fixedly mounted on the idler
      wheel shaft. An abrasive grinder belt 184 is operably associated with
      contact wheel 180 and idler wheel 182.
PAR  A linear, air operated, piston-cylinder belt tension motor 186 includes a
      cylinder 188 fixedly mounted with respect to the support beam 164 and the
      idler wheel bracket platform 168. A piston rod 190 pivotally mounted with
      respect to idler wheel bracket 172 at 192, and a piston 194 is operably
      associated with cylinder 188 and piston rod 190. Air from a source not
      shown can enter the head end of cylinder 188 to maintain the predetermined
      tension on abrasive grinder belt 184 by exerting an outward force, through
      the piston rod 190 on idler wheel shaft 178 and the idler wheel 182 during
      grinding operations. Air can be introduced into the rod end of cylinder
      188 to move the idler wheel close to the contact wheel when it is
      necessary to replace the grinder belt 184. This arrangement allows the
      shut down time for belt replacement to be reduced to the barest minimum.
PAR  The contact wheel, idler wheel, grinder belt assembly is power driven to
      move the contact wheel and idler wheel in counter-clockwise direction as
      seen in FIG. 4, for example, through the instrumentality of the belt
      grinder motor 160, motor shaft 162, a grinder motor pulley 196 integral
      with the shaft 162, a contact wheel drive pulley 198, contact wheel shaft
      176, and a grinder drive belt 200 operably associated with grinder wheel
      pulley 196 and contact wheel pulley 198. See FIG. 3.
PAR  A linear, air operated, piston-cylinder belt grinder positioning motor 202
      includes a cylinder 204 pivotally mounted as at 206 to the grinder base
      152, a piston rod 208 pivotally mounted as at 210 to the elongated contact
      wheel shaft bearing 166, and a piston 212 operably associated with piston
      rod 208 and cylinder 204.
PAR  For the purpose of containing the metal dust and abrasive dust which is the
      result of the grinding operation, a substantially all encompassing sheet
      metal cover 214 is situated around the contact wheel, grinder belt, idler
      wheel and support beam 164, this cover being fixedly mounted with respect
      to the support beam 164 to move with it. Means is provided for carrying
      this deliterious grinding by-product away from the apparatus, but such
      means has been omitted from the present disclosure in the interest of
      clarity.
PAR  When the conveyor chains 38, 38, 40 and 46 are in operation, and work
      pieces 10 are moving with the chains and tabs 54 through the machine, the
      belt grinder assembly 150 will be positioned as seen in dotted lines in
      FIG. 4. See specifically the dotted position of the contact wheel shaft
      bearing 166, the contact wheel shaft 176, and the idler wheel shaft 178 in
      FIG. 4. After the conveyor chains stop, and the work piece 10 is
      positioned by the saddle block 102, the jig 100, and the clamp 122 as seen
      in FIG. 4, air will be introduced through lower line 216 into the lower
      head end of the cylinder 204 to force piston 212 in upward direction to
      bring grinder belt 184 and contact wheel 180 into grinding relationship to
      the longitudinally extending leading edge porton 66 of the work piece 10.
PAR  As best seen in FIG. 2, a vertically adjustable contact wheel limit stop
      218 is threadably mounted in a limit stop support bar 220 which in turn is
      integral with downwardly extending limit stop support post 222, which
      itself is fixedly mounted on the main frame 14. The positioning of the
      contact wheel limit stop 218 will be such that further upward movement of
      the contact wheel 180 and the grinder belt 184 will be stopped when
      precisely the desired amount of material has been removed from the work
      piece 10 by this belt 184.
PAR  This disclosure of the grinder belt assembly 150 in FIG. 2 is at work
      station C, while the disclosure of the grinder belt assembly in FIG. 4 is
      at work station A. In the disclosure in FIG. 2, the belt grinder assembly
      is shown at its normal downward position as when the conveyor chains are
      moving the work pieces through the conveyor, while the full line
      disclosure in FIG. 4 is of the position assumed by the grinder belt
      assembly 150 when it is performing a grinding operation on the work piece
      10 while the conveyor chains are stopped.
PAR  With the work pieces 10 fixedly positioned at work stations B and C, a
      rapidly rotating deburring wheel 224 having flexible strands of abrasive
      particles extending radially outwardly therefrom is brought down into
      contact with longitudinally extending leading edge portion 66 and
      longitudinally extending trailing edge portion 68 of the work piece 10,
      respectively, by a mechanism which can be seen most clearly in FIGS. 4 and
      2. In FIG. 4, the positioning of the parts of a deburring assembly 226 in
      full lines is that which would prevail when the conveyor chains 38, 38 and
      40 were moving the work pieces through the conveyor, and the positioning
      of the parts at the time the deburring assembly 226 including the
      deburring wheel 224 were actually operating on the work piece is shown in
      dotted lines. This is not consistent in this figure with the positioning
      of the parts of the belt grinder assembly 150; but the parts have been so
      illustrated in order to improve the clarity of the explanation and
      illustration.
PAR  The deburring wheel 224 is mounted on a deburring wheel shaft 228 and a
      deburring wheel shaft pulley 230 integral with shaft 228 (see FIG. 1) is
      operably connected to a deburring wheel motor 232 through the
      instrumentality of a deburring wheel drive belt 234 running on pulley 230
      and on a motor pulley 236. Motor 232 and a bearing member 238 for
      deburring wheel shaft 228 are mounted on a platform 240 in pivoted
      relationship to the main frame 14, as at 242. A linear, air operated,
      piston-cylinder deburring wheel positioning motor 244 includes a cylinder
      246 pivotally mounted with respect to the main frame 14 as at 248, a
      piston rod 250 pivotally mounted as at 252 with respect to the platform
      240, and a piston 254 operably associated with the cylinder 246 and the
      piston rod 250.
PAR  With the work piece 10 clamped in position by a saddle block and jig at
      work station B, for example, hydraulic fluid will be introduced through
      lower air line 256 and into the head end of cylinder 246 to force the
      deburring assembly 226 from position as seen in full lines in FIG. 4 to
      position as seen in dotted lines in that figure. Because of the flexible
      nature of the materials from which the deburring wheel is made, it is not
      necessary to position the parts as accurately as at grinding work stations
      A and C, so any kind of simple or preferred adjustments such as
      illustrated by hand wheel 258 can be used to adjust the relationship of
      the deburring wheel 224 to work piece 10.
PAR  In operation, the grinder motors 160 and the deburring wheel motors 232 are
      activated. The conveyor drive motor 62 is activated to move the conveyor
      drive chains 38, 38, 40 and 46 in direction so that their upstanding
      conveyor chain drive tabs 54 will move work pieces 10 thereon in direction
      from right to left as seen in FIGS. 1 and 2 and from left to right as seen
      in FIG. 4. Each work piece is put on the conveyor at what arbitrarily has
      been designated as the front end of the apparatus at position as seen at
      64 in FIG. 1, and is held there until a set of drive tabs 54 comes in
      contact with it and carries it forward with the outermost end 74 of its
      longitudinally extending leading edge portion 66 in contact with station A
      guide plate 70. As one work piece 10 is moved from position 64 (FIG. 1),
      another work piece is promptly positioned there so that it will be
      intercepted by the next set of drive tabs 54. As long as a work piece is
      positioned in front of each set of tabs as they come up into driving
      position on the front end of the conveyor, only one microswitch 86
      situated at work station A will be needed to insure that each work piece
      is acted on at every work station, regardless of whether work pieces are
      subsequently rejected or for any other reason removed from the conveyor
      apparatus after passing work station A.
PAR  At the time that the conveyor chains are first made operative, the
      deburring assemblies 226 will be positioned as seen in FIG. 4 and as seen
      at work stations B and D in FIG. 2, while the belt grinder assemblies 150
      will be positioned as seen at work stations A and C in FIG. 2 and as seen
      in FIGS. 3 and 5.
PAR  Once operation of arm 88 of microswitch 86 indicates the presence of a work
      piece 10 in contact with work piece stop fingers 96, 96 at work station A
      (or at another work station if controls are provided at the other
      stations), the drive of the conveyor chain will be immediately
      interrupted, and the saddle block motors 106 will be activated to cause
      the saddle blocks 102 to carry the work pieces aligned therewith up into
      fixed position with respect to the jigs 100. When each of the work pieces
      is correctly and securely so positioned, the belt grinder positioning
      motors 202 and the deburring wheel positioning motors 244 are activated to
      position the belt grinder assemblies 150 as seen in full lines in FIG. 4
      and to position the deburring assembly 226 at position as indicated in
      dotted lines in FIG. 4. At this point, material is ground simultaneously
      from the longitudinally extending leading edge portion 66 of work piece 10
      at work station A and from the longitudinally extending trailing edge
      portion 68 of the work piece 10 at work station C. At the same time the
      deburring operation is going on with respect to the longitudinally
      extending leading edge portion 66 of the work piece at work station B and
      with respect to the longitudinally extending trailing edge portion 68 of
      the work piece at work station D. When grinding at work stations A and C
      has created the desired cutting edges on the work piece blades 10, the
      direction of the drive of belt grinder positioning motors 202 and
      deburring wheel positioning motors 244 is reversed to cause the grinder
      and deburring assemblies to go back to their original positions. When this
      occurs, the four work pieces at the four work stations will be back on the
      surface of the conveyor chains, and the conveyor chain drive will be
      reinstituted to cause the drive tabs 54 to move the work pieces serially
      on to their next work station. Work pieces leaving work station D will be
      conveyed off of the end of the conveyor chains and will be picked up on a
      further conveyor or on a slide, or will drop into a storage bin, as
      desired, none of which has been shown.
PAR  While, as set out above, the operations instituted after a signal is
      received from a microswitch 86 may be automatic in nature through any
      usual or preferred control mechanisms, not shown, it is clear that, once a
      signal is received from a microswitch 86, the control steps could be
      performed manually. A combination of automatic and manual controls could
      also be used. For example, assuming the signal from microswitch 86
      interrupted the power to conveyor drive motor 62, an operator, upon
      observing the interruption of the drive of the work pieces, can
      simultaneously open the head end of motors 202 and 244 to a source of air
      under pressure, thus instituting operation of the grinding and deburring
      procedures on the work pieces at each of the work stations, respectively;
      and can then introduce such air under pressure to the rod end of the
      motors 202 and the motors 244 when grinding operation and the deburring
      operations have been completed, thus backing off the belt grinder
      assemblies 150 and the deburring assemblies 226. After these assemblies
      are backed off, the operator can reinstitute the drive of the conveyor
      chains 38, 38, 40 and 46, which drive will proceed until the next work
      piece comes in contact with fingers 94, 94 to then again cause microswitch
      86 to interrupt the conveyor chain drive.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of sharpening a relatively flat, elongated, double ended rotary
      cutting blade using a belt sander having an abrasive grinder belt running
      over and rotating with a contact wheel, and using a rotating abrasive
      member having flexible abrasive elements extending outwardly therefrom,
      including the steps of:
PA1  A. bringing a moving abrasive belt backed by a rotating contact wheel of a
      belt sander into operational grinding relation to a longitudinally
      extending leading edge portion of a first end of a relatively flat, double
      ended rotary cutting blade to achieve a first sharpened cutting edge;
PA1  B. bringing such an abrasive belt backed by such a contact wheel into
      operational grinding relation to a longitudinally extending trailing edge
      portion of a second end of said blade to achieve a second sharpened
      cutting edge substantially identical to and opposite from said first edge;
PA1  C. removing burrs raised in the grinding steps by bringing said
      longitudinally extending leading edge portion at the first end of such
      blade and said longitudinally extending trailing edge portion at the
      second end of said blade each into operational abrading relationship to a
      rotating abrasive member having flexible abrasive elements extending
      outwardly thereof at position adjacent first and second cutting edges.
NUM  2.
PAR  2. The method of claim 1 wherein step C is performed relative to said first
      end of said blade after step A has been performed and before step B has
      been performed; and wherein step C is performed on the second end of such
      blade after step B is performed.
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ABST
PAL  A system for accommodating people for any of numerous functions, such as
      housing, schools, offices, hotels, etc., including one or more generally
      rectangular modules which can be arranged to afford maximum flexibility in
      both spatial orientation and interior and exterior living space. Each
      module comprises top and bottom preformed shells which receive the upper
      and lower edges of vertical wall sections. Each module is supported in a
      cantilever fashion by a plurality of columns spaced in a predetermined
      configuration which support the entire structural load of the module so
      that exterior and interior wall sections can be selectively chosen during
      fabrication to include windows or doors or as solid, opaque members (or be
      omitted entirely). Modules can be vertically stacked in a variety of
      configurations, e.g., displaced at 90.degree. angles to one another by
      aligning and connecting the columns of a lower module to the corresponding
      columns in the module immediately below. The displaced vertical stacking
      arrangement in combination with a multiplicity of possible lateral
      orientations of the modules provides substantial flexibility in the extent
      of both interior and exterior living space. The specific techniques for
      connecting vertically adjacent columns and columns to the modules are also
      disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to modular accommodation systems for
      housing, schools, offices, etc., and, more particularly, to accommodation
      systems comprising modules which may be stacked in a variety of different
      configurations to provide maximum geometrical flexibility and living
      space.
PAR  The drastically increasing rate of population growth over the past few
      years coupled with a general migration of the population towards urban
      centers has resulted in an increased need for medium and high density
      housing at low cost. Currently available conventional housing of this
      nature has proven to be not entirely satisfactory to meet these needs for
      several reasons. For example, conventional housing, such as high-rise
      apartment houses, provide insufficient, if any, access to private outdoor
      living space due to their rigidized geometry. Additionally, although it is
      highly desirable both physically and psychologically for the interior of
      an apartment to have some exposure to sunlight through a window or by
      other means during the day, the linear nature of conventional high-rise
      apartments often does not permit such exposure for a substantial number of
      apartments. Nor has it been feasible to provide sufficient land
      surrounding conventional high-density dwelling structures for use as
      public amenity areas, such as playgrounds, parks, etc. Further, the
      construction of conventional high-rise type dwellings is dependent to an
      extent upon external factors such as weather which often delay
      construction thereby causing deleterious changes in construction schedules
      which add to the already high cost of construction.
PAR  There have been several attempts to design modular housing systems to meet
      medium and high density needs which seek to overcome one or more of these
      problems. However, such systems have not proven entirely adequate. In the
      main, due to the desire to provide modules amenable to mass production
      techniques, they offer little more geometrical flexibility with regard to
      the orientation of living area than do the high-rise type dwellings
      discussed above. They provide little additional private exterior living
      space relative to the conventional housing they seek to replace and, in
      fact, often result in a decrease in environmental quality. In general, it
      may be said that aside from possible improvements in the time and cost of
      construction, little progress has been made in alleviating the problems
      existing in the medium and high density housing area, either through
      conventional means or through modular housing systems.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of this invention is to provide a new and improved
      modular accommodation, system.
PAR  Another object is the provision of a new and improved modular accommodation
      system which provides maximum non-linear geometrical flexibility with
      respect to the orientation of individual dwellings while maintaining
      individual privacy.
PAR  Still another object is to provide a new and improved modular accommodation
      system wherein maximum flexibility is provided with respect to the
      provision of windows, terraces, and other means of communication with the
      external environment.
PAR  A further object of this invention is to provide a new and improved modular
      accommodation system comprising modules which combine particular
      suitability to mass production techniques and still provide multiple
      possibilities for geometrical arrangements of the modules.
PAR  A still further object is the provision of a new and improved modular
      accommodation system wherein the walls of each module bear no structural
      load so that they may be selectively chosen during fabrication to include
      windows, doors, etc., to provide communication between both adjacent
      modules or the external environment.
PAR  A still further object is the provision of a new and improved modular
      accommodation system which affords a maximum of public amenity to space
      surrounding the dwellings.
PAR  Another object is the provision of a new and improved accommodation system
      which is relatively inexpensive to construct and which may be assembled in
      the factory in a minimum amount of time.
PAR  In accordance with a preferred embodiment of this invention, these and
      other objects are attained by providing a modular accommodation system,
      each module including a top and bottom shell assembly and vertical wall
      panels whose upper and lower ends are received along the perimeter of the
      shell assemblies, all being entirely supported in cantilever fashion by an
      arrangement of structural columns connected to truss elements nested
      within the shells. The columns are arranged so that modules may be
      vertically stacked above one another, either directly or rotated by
      90.degree. in one embodiment, by aligning and connecting the lower ends of
      the upper modules' columns to the upper ends of the lower modules' columns
      by ferrules, gusset plates or the like.
PAR  In another embodiment vertically adjacent modules in a stack may be rotated
      relative to each other by any desired amount. Since the load of the
      stacked modules is supported solely by the connected columns, the number
      of modules which may be stacked is limited only by the strength of these
      columns while the structure of the individual modules remains independent
      of the organization of the modules within the stack.
PAR  Such structure of the module affords maximum spacial flexibility for the
      system in addition to particular suitability for production of the modules
      by mass production techniques. When stacked modules are rotated relative
      to each other, the roof of a lower module may be used as a terrace by the
      occupants of an upper module. Since the exterior walls of each module
      support no load, sections may be omitted completely during fabrication to
      provide an opening between laterally adjacent modules thereby increasing
      the living space beyond that available in a single module. Additionally,
      exterior wall sections containing windows may be used where desired to
      provide the interior of the module with maximum exposure to sunlight. The
      rotated stacks further result in an unusually high floor to exterior wall
      ratio. The lowest module on the stack is preferably supported upon a
      foundation comprising four structural columns connected to the modules'
      columns thereby leaving the ground space beneath the stack open preferably
      for use as playgrounds, etc. By virtue of the nature of rotated stacks
      made possible by the columnar load-supporting system, a practically
      limitless number of variations of stacked configurations is possible while
      the potential of closely grouping the modules into high density
      configurations is high.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more complete description of the invention and many of the attendant
      advantages thereof will be readily appreciated by reference to the
      following detailed description when considered in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is an exploded perspective view with portions removed, of one
      embodiment of module according to the present invention;
PAR  FIG. 2 is a plan view of the module with the upper truss and shell removed;
PAR  FIGS. 2A and 2B are schematic views of other columnar arrangements which
      may be used for a module;
PAR  FIG. 3 is a perspective view with portions removed of the interior of a
      module in the direction of the arrow in FIG. 2;
PAR  FIG. 4 is a perspective view with portions removed of the interior of a
      module in the direction of the arrows in FIG. 2;
PAR  FIG. 5 is a plan view in section of a stacked arrangement of two modules
      rotated 90.degree. relative to each other;
PAR  FIG. 6 is a side view in partial section of a stacked arrangement of two
      modules rotated 90.degree. relative to each other;
PAR  FIG. 6A is a detail view of the column connection in FIG. 6;
PAR  FIG. 7 is a plan view in section of a cluster of modules including
      vertically stacked and laterally adjacent modules;
PAR  FIG. 8 is a side view in section of a stacked arrangement of two modules
      according to another embodiment of the present invention;
PAR  FIG. 9 is a plan view of the modules shown in FIG. 8;
PAR  FIG. 10 is a section view taken along line 10--10 of FIG. 9 of a portion of
      the stacked module arrangement; and
PAR  FIG. 11 is a section view taken along line 11--11 of FIG. 9 of a portion of
      the stacked module arrangement.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings wherein like reference characters designate
      identical or corresponding parts throughout the several views, a single,
      typical module, generally denoted as 10, is illustrated in FIGS. 1 and 2.
      Generally, four vertical tubular columns 12 are connected near their upper
      and lower ends to upper and lower trusses 14,16 respectively in a manner
      to be described in greater detail below. Trusses 14 and 16 nest within and
      are fixed to top and bottom rectangular, trough-shaped shells 18,20 which
      define the exterior horizontal boundaries of the module 10. Exterior wall
      sections 22 are supported at their upper and lower edges within peripheral
      channels defined between the shell perimeters and respective trusses. The
      columns 12 support the entire structural load of the module so that the
      walls 22 are substantially free of stress. The arrangement of the
      structural columns are of importance in the practice of the invention. In
      the preferred embodiment, the columns 12 define corners of a hypothetical
      square (FIG. 2), each column 12 being spaced from an exterior end wall 22"
      by a distance equal to approximately one third of the length of the module
      so that the longitudinal ends of the module are centilevered over the
      columns. Interior walls or partitions 24 define the usual functional areas
      within the module such as the kitchen area (K), lavatory area (L), living
      room (LR), dining area (D) and bedroom (BR). It is understood that
      although a single module may be utilized alone, it is a feature of this
      invention to provide a module particularly suitable for construction by
      mass production techniques which is uniquely capable of
      inter-communicating with substantially identical modules in a variety of
      different configurations to achieve maximum geometrical flexibility with
      respect to living area and maximum density without infringement of private
      exterior and interior accommodation areas.
PAR  Referring now to FIGS. 1-4, the structure of the basic module 10 will be
      described in greater detail. The top and bottom shell members 18,20 are
      identically formed, preferably of molded asbestos cement produced from a
      slurry combining asbestos fiber and Portland cement wherein the asbestos
      fibers reinforce the cement and impart exceptional strength
      characteristics to the material. Each shell member is substantially
      trough-shaped having a planar, horizontal surface 26 with diverging
      integral side walls 28, the free edges of which terminate in a continuous
      inwardly facing U-shaped lip 30. Although each shell is preferably formed
      as a unitary structure, alternatively, the shell may be formed in sections
      in which case they may be fastened together by the longitudinally
      extending joists of the truss, the seams being caulked to provide weather
      proofing. Further, other material may be used to form the module shells
      such as pre-cast concrete. However, materials such as this are
      substantially heavier than the preferred material and, accordingly, are
      not as desirable as asbestos cement.
PAR  Upper and lower trusses 14,16 are also preferably identically constructed.
      The bottom truss is designed to support loads normally occurring in a
      residential dwelling while the upper truss is identically formed merely
      for the sake of uniform manufacturing procedures. In the preferred
      embodiment, each truss comprises a plurality of vertically spaced pairs of
      chords 32 extending transversely to the shells, each chord comprising
      double angle members. Web members 34 comprising steel bars extend between
      the double angle members of chords 32 and are connected to them in any
      conventional manner, such as by welds, rivets or bolts. Identical web
      members 34' define the longitudinal ends of the trusses, web members 34'
      being connected to vertically spaced pairs of longitudinally extending
      joists 36, preferably also formed of double angle members, but of
      substantially larger size than the angle members of chords 32.
PAR  Still referring to FIGS. 3 and 4, the truss is located within its
      respective shell, and the primary longitudinal joists 36 which are flush
      with the inner surface of the horizontal shell surface 26 are fastened
      thereto by conventional means such as by fastener inserts 38. Further, as
      seen in FIG. 4, the ends of the outer transverse chords 32 are connected
      as by welding to the web of a channel member 40 previously located within
      the lip 30. The outer primary longitudinal joists 36 together with the web
      of channel member 40 defines a peripheral channel 42 within which the
      upper and lower edges of the exterior wall sections 22 are located as
      described below.
PAR  The columns 12 which are preferably formed of tubular structural steel are
      connected to the upper and lower trusses via transverse primary joists 36'
      (FIG. 3) which extend parallel to chords 32 at those positions which
      transversely align with columns 12. These transverse primary joists 36'
      are fastened to the columns by brackets 44 which are bolted to the
      columns. Thus, it can be seen that the weight of the shell members 18,20
      is transmitted via joists 36' to the columns 12. It is emphasized that
      regardless of where a module is located within a stacked arrangement, the
      construction described above remains the same.
PAR  The interior walls or partitions 24 and exterior walls 22 are preferably of
      conventional sandwich construction also employing an asbestos cement
      material for the outer surfaces and any well known thermal/acoustical
      insulating material for the core. As seen in FIG. 4, the upper and lower
      edges of the exterior walls 22 are received within the channels 42 with
      caulking material 46 applied along the exterior joints. Since all the
      structural load is supported by columns 12, the exterior walls are
      essentially stress-free except, of course, for the minimal stresses
      resulting from their own weight, wind, rain, etc.
PAR  Floor panels 48 are mounted over outer chords 32 of the lower truss 16,
      preferably being retained in position by the horizontal flanges of both
      the transverse and longitudinal primary joists 36', 36. A conventional
      floor surface 50 may then be provided over floor panels 48. In a similar
      fashion, ceiling panels 52 are provided between the outer transverse
      chords 32 of the upper truss 14 and the horizontal flanges of the outer
      primary joists 36, 36' with a finished surface 54, such as a thin sheet of
      asbestos cement, being added. The interior partitions or walls 24 which
      may be formed of the same material as the exterior walls 22 are mounted on
      U-shaped top and bottom rails 56,58 (FIG. 4) which are preferably
      removably mounted by any conventional means such as by adhesive, in
      vertical alignment on the ceiling and floor surfaces respectively.
PAR  The single module as described above comprises one embodiment of the basic
      building block of the accommodation system of the present invention.
      Although it is possible to build the module 10 to any desired dimensions,
      it is essential that the module be of rectangular configuration, such as
      shown in FIG. 2. Modules have been designed in two sizes, namely 12 feet
      by 30 feet and 20 feet by 40 feet. Provision for all services such as
      heating, plumbing and air conditioning may be made available in floor and
      ceiling plenums. It is emphasized that neither the exterior nor the
      interior walls or partitions bear any structural load. This is important
      in that windows and doors can be placed in practically any location. As
      will be seen, this feature enables extreme flexibility not only in the
      assurance of exposure of the module interior to sunlight, but also in
      geometrical configuration relative to other modules which are stacked or
      are parallely situated. The fact that the module preferably does not rest
      directly on the ground but is elevated by columns embedded in footings
      whose upper ends are connected to the structural columns 12, provides
      additional amenity space on the ground level.
PAR  Referring to FIGS. 5-7, typical arrangements of a plurality of modules 10
      forming the housing system of the present invention will now be described.
      The unique structural support system of the housing system of the present
      invention permits two or more modules to be stacked in vertical groups
      without the need for heavier or structurally different modules at lower
      levels of multi-story units. Further, the unique columnar arrangement of
      each module permits stacking of the modules at ninety-degree angles to one
      another. The columnar arrangement, shown in the preferred embodiment to be
      of a square configuration, can comprise still other configurations to
      achieve the desired rotatable stacking capability. Broadly, it is seen
      that so long as the column arrangement is substantially symmetrical about
      a vertical plane disposed at a 45 degree angle to the longitudinal axis of
      the module, the stacked modules may be rotated 90.degree. relative to each
      other with the vertically adjacent columns aligning with each other. Thus,
      as seen in FIG. 2, the arrangement of columns 12 is symmetrical about a
      vertical plane 59 which is disposed at a 45.degree. angle to the
      longitudinal axis 61 of module 10. FIGS. 2A and 2B illustratively show
      other possible columnar arrangements. It is noted in each case that the
      columns are substantially symmetrically located about a plane 59 disposed
      at approximately a 45.degree. angle .alpha. to the longitudinal axis 61 of
      the modules. It is highly desirable to be able to displace stacked
      adjacent modules by 90.degree. in order to provide an outdoor living area
      in the form of a terrace as described below.
PAR  Referring to FIGS. 5 and 6, two modules 10 and 10' are shown in stacked
      relationship displaced from each other by 90.degree.. Referring to FIG. 6,
      columns 12 of module 10 are connected to foundation columns 60 which
      extend from footings 62.
PAR  FIG. 6A illustrates a preferred design for connecting vertically adjacent
      columns. A ferrule 100 having a lip 102 is inserted within column 12 and
      column 12' located over its upper end. Of course similar ferrules are
      provided at each column connection. Alternatively, other conventional
      column connectors may be utilized, such as plates riveted or welded
      transversely to the mutual column ends and then bolted together. The
      entire weight of module 10 is transmitted through columns 12 and 60 and
      thus no load is applied to the walls 22 of module 10. The space beneath
      module 10 defined between columns 60 may be enclosed or left open as
      desired to provide a maximum of available public area for walkways,
      playgrounds, etc. Columns 12' support module 10' and are connected at
      their lower end to the upper ends of columns 12. Columns 12' similarly to
      column 12 of module 10, support the entire weight of module 10'. As seen,
      module 10' is rotated ninety degrees relative to module 10, and due to the
      configuration of columns 12' as described above, these columns align with
      columns 12 of module 10. Thus, the weight of module 10' which is carried
      by columns 12' is transmitted through columns 12 to columns 60. Thus, the
      weight of module 10' (and any other modules which may be stacked above it)
      is transmitted through the columns only.
PAR  Still referring to FIG. 5, 90.degree. displacement of module 10' relative
      to module 10 inherently provides the former with external terraces 64 and
      66 comprising the upper surface of the top shell member 18 of module 10.
      In the particular arrangement of modules illustrated in FIG. 5, terrace 64
      is enclosed by conventional preformed translucent plastic screens 65,
      while terrace 66 is left open with railings 67 provided about its
      perimeter. Wall sections containing doorways 68 and 70 which provide
      access to terraces 64,66 are provided in lieu of the solid exterior wall
      sections which would otherwise be used. Since the walls of module 10'
      support no structural load, the doorways may be situated in any convenient
      position by merely removing a wall section at that location. Thus, it is
      seen that the unique stackability of the modules provides a maximum of
      exterior living space. In the particular organization of modules shown, a
      refuse chute 71 may be provided forming a core for a spiral staircase 73
      which services the stacked modules.
PAR  Referring now to FIG. 7, a cluster of modules is shown which in this
      example comprises an arrangement of horizontally or laterally
      interconnecting modules which are also vertically stacked. An important
      feature of the housing system of the present invention is that two or more
      modules may be arranged to increase the living space beyond that contained
      in a single module. Four modules 76, 76', 78, 78' are shown. Two module
      pairs 76, 78 and 78, 78' are stacked upon each other as described above
      relative to FIG. 5. The interiors of modules 78, 78' are interconnected to
      form a single dwelling unit by omission during fabrication of the exterior
      wall sections of each module where these wall portions would otherwise
      coincide. An interior partition 84 is preferably provided to define
      functional areas within the aparment.
PAR  In practice, where the accommodation system of the present invention is to
      comprise for example, a housing system, after the construction site is
      chosen, the spacial requirements of the future inhabitants of the
      dwellings are derived and the modules designed prior to fabrication to
      provide suitable intercommunication between laterally adjacent ones. The
      modules may then be mass produced. Thus, the accommodation system of the
      present invention provides great flexibility in the amount of living space
      afforded while maintaining the desirable characteristic of being
      susceptible to mass production techniques. It is understood that an almost
      infinite number of arrangements of modules are possible in addition to the
      ones shown in FIG. 7.
PAR  The rectangular shape of the modules in combination with the rotatable
      stacking feature, i.e., where vertically adjacent modules have their
      longitudinal axes displaced relative to each other, result in several
      advantages. The ratio of the length of exterior wall to the area within
      the module is very large enabling windows to be provided as desired. For
      example, the bedroom (B) at the right side of module 78' in FIG. 7 may
      have windows provided in no less than three walls, if desired. However, if
      an end of a module 79 were placed adjacent to one of the bedroom walls as
      shown in phantom of FIG. 7, the contiguous bedroom wall of module 78'
      would, of course remain solid. Further, the terrace 82 in the case where a
      module 79 is used, would still provide a private exterior area. This
      feature provides the added potential of closely grouping the units into
      any one of a variety of high density configurations while still
      maintaining the privacy of interior and exterior living areas.
PAR  As mentioned above, it is understood that more than two modules may
      intercommunicate with each other to provide dwelling units of greater area
      than that available from a single module. For example, using a 30-foot by
      12-foot module as the basic building unit in a housing system, a single
      module having 360 square feet available may be used as a bachelor studio.
      A one-bedroom apartment may comprise one and one-half modules yielding 540
      square feet. A two or three-bedroom apartment may be formed by combining
      two modules to yield 720 square feet (as shown in FIG. 7). Similarly,
      three cells may be combined for a three or four-bedroom apartment yielding
      1,080 square feet. This, together with the exterior terraces, provides an
      unusually flexible system wherein a basic module of relatively
      uncomplicated construction is utilized. Of course, similar
      intercommunication is available when the system is utilized for hotels,
      schools, offices, etc.
PAR  Various clusters of modules (one cluster being shown in FIG. 7) may be
      provided, the geometrical relationships between the clusters depending
      entirely on the choice of pedestrian circulation arrangements. Modules can
      be sited a considerable distance apart, in close proximity, or directly
      adjacent to one another. The clear separation of public walkways from
      private terraces provides a sense of individuality for occupants of the
      modular housing system.
PAR  Although the modules may be constructed on site, their compact size permits
      their mass production at an off-site factory with subsequent transport by
      truck to the construction site. The building materials are inexpensive and
      since there are relatively few components, the cost of building the module
      is relatively low. The unique manner of interconnecting the modules
      substantially reduces construction time. For example, two modules have
      been vertically stacked and connected in rotated relationship in one hour
      with the mechanical and electrical work completed and the units sealed in
      less than one day.
PAR  Turning now to FIGS. 8 and 9, another embodiment of the accommodation
      system of the present invention is illustrated. Briefly, it is a feature
      of this embodiment that when a plurality of modules are stacked,
      vertically adjacent ones may be rotated relative to each other with their
      longitudinal axes forming any desired angle, i.e. rotation is not limited
      to 90.degree. displacement.
PAR  As shown in FIGS. 8 and 9, module 103 is stacked on module 105, their
      respective longitudinal axes 104, 106 forming an angle .beta..
      Essentially, modules 103, 105 are constructed substantially identical to
      the modules shown in and described relative to FIGS. 1 to 7. However, a
      pair of ring beams 108, 108' are rigidly connected to the ends of the
      columns 112 in module 103 while identical ring beams 110, 110' are
      connected to the ends of the columns 114 in module 105. Each ring beam is
      of an annular configuration and may, for the modular dimensions specified
      in the description of the first embodiment, have an outer diameter of
      about 10 feet, and inner diameter of about 8 feet, and a height of about
      10 inches. The ring beams, as shown in the drawings, are located on the
      outer surface of the respective shell members. However, alternatively,
      they may be provided within the shell member. The vertical column
      configurations are illustrated as being the same as described above with
      respect to FIGS. 1 through 7, i.e., a square arrangement. However, other
      column configurations are possible, for example, a triangular
      configuration, etc. The only constraint on the particular arrangement of
      vertical columns being that the column ends must intersect the annular
      ring beams associated with that particular module. As shown in FIG. 10,
      the ends of the columns are preferably connected to the ring beams
      preferably by being received within shallow recesses 120 formed in the
      ring beam with the subsequent permanent connection of the columns to the
      ring beams, as by welding. Of course, other conventional methods of
      attachment may be utilized.
PAR  During the construction of a typical stack as shown in FIGS. 8 and 9, ring
      beam 108 is placed directly on the lower ring beam 110. As best shown in
      FIG. 11, pads 115 of high friction material such as latex may be
      interposed between the ring beams. The beams are then rigidly joined by
      bolts or rivits.
PAR  It may be seen that by virtue of this construction, 8 vertical adjacent
      modules may be rotated at any desired angle .beta. with respect to each
      other. Identical advantages are obtained with this construction as are
      derived from the embodiment of FIGS. 1 to 7, i.e., the vertical columns
      still support all the structural load facilitating flexibility in varying
      the exterior construction of the modules. Clusters of modules may be
      provided with intercommunicating laterally adjacent modules. Terrace areas
      are still available. Of course, the additional advantage of complete
      versatility in stacking is obtained here due to the universal
      possibilities of angles which vertically adjacent modules may define
      relative to each other.
PAR  It should also be noted that other planar members may be substituted for
      the annular ring beams disclosed, so long as the column ends are rigidly
      connected to it and the planar members of vertically adjacent modules
      directly overly one another when the modules are stacked.
PAR  Obviously, numerous modifications and variations of the invention may be
      made in the light of the instant disclosure. It is therefore to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A module for use in a modular housing system comprising:
PA1  upper and lower shell members having identical rectangular, trough-shaped
      configurations;
PA1  upper and lower trusses, each truss including vertically spaced, parallel
      joists having web members extending therebetween each truss nesting within
      a respective shell member and fixed therein, a space being formed between
      the peripheries of the trusses and respective shell members defining
      peripheral channels;
PA1  vertical wall sections extending between the upper and lower shell members,
      the upper and lower edges of the wall sections being located within the
      peripheral channels; and
PA1  an assembly of vertical structural columns each column having its upper and
      lower end portion connected to the upper and lower trusses respectively so
      that the entire load of said shell assemblies is transmitted through said
      columns, the wall sections being essentially free of load, the columns of
      said column assembly being arranged substantially symmetrically about a
      vertical plane disposed at a 45.degree. angle relative to the longitudinal
      axis of said module.
NUM  2.
PAR  2. A module for use in a modular accommodation system including a plurality
      of substantially identical ones of such housing modules, comprising:
PA1  an upper, horizontally disposed shell assembly;
PA1  a plurality of vertical structural columns, each column being connected to
      and supporting the upper shell assembly;
PA1  a lower, horizontally disposed shell assembly spaced from the upper shell
      assembly and connected to the lower ends of and being supported by said
      columns;
PA1  a first annular shaped ring beam provided in proximity to said upper shell
      assembly rigidly connected to the upper ends of said columns;
PA1  a second annular shaped ring beam provided in proximity to said lower shell
      assembly rigidly connected to the lower ends of said columns; and
PA1  exterior vertically disposed wall sections located between the peripheries
      of the spaced shell assemblies.
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PAL  A high strength frusto-conical or conical structure utilizing an integral
      flanged reinforcing grid is disclosed. The structure comprises a skin
      plate having a generally conical shape, with a plurality of upstanding
      integral ribs. At least some of the ribs are configured in evenly spaced
      right and left spirals. Other ribs may extend along conic generatrix
      intersecting the spiral ribs at points where right and left spiral ribs
      intersect. Each rib includes a narrow flange at the inner edge, lying
      substantially parallel to the skin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to conical structures and, more
      specifically, to high strength conical structures with a reinforcing rib
      construction.
PAR  In most metallic structures, such as buildings, large tanks, vehicles
      including automobiles, aircraft, etc., the exterior structure consists of
      a metal sheet skin mounted on a supporting frame comprising load carrying
      stringers. In some cases, the skin is stressed to increase the structure
      load carrying capacity. Such arrangements are complex and difficult to
      assembly in a manner providing truly uniform load carrying ability, but
      are often satisfactory for applications which do not require high strength
      in combination with low weight. Also, these structures generally do not
      efficiently distribute structural stresses under load, particularly impact
      loads.
PAR  In many applications, such as aerospace vehicles, a high strength-to-weight
      ratio is necessary in large, complex structures. Often structures such as
      aircraft fuselages, space launch vehicles, spacecraft, etc., are
      constructed from large, shaped, skin panels attached to elaborate stringer
      and reinforcement systems. These structures are complex, heavy, and do not
      possess uniform properties.
PAR  A high strength-to-weight ratio is especially difficult to achieve in
      structures which must have thin skin-plus-support thickness to permit
      effective use of the largest possible internal volume. This problem occurs
      in structures such as frusto-conical space launch vehicle inter-stage
      adapters, which may be filled with electronics and propulsion-related
      items, in conical pedestals or enclosures for military equipment, etc.
PAR  Thus, there is a continuing need for thin-walled conical structures of
      improved strength, high strength-to-weight ratios, and exceptional stress
      distribution under load.
PAR  It is, therefore, an object of this invention to provide a conical or
      frusto-conical structure having improved strength-to-weight
      characteristics.
PAR  Another object of this invention is to provide a thin-walled conical
      structure having improved stress distribution characteristics.
PAC  SUMMARY OF THE INVENTION
PAR  The improved structure of this invention comprises, basically, a skin in a
      generally conical configuration with a plurality of integral upstanding,
      inwardly or outwardly directed ribs. At least some of the ribs are
      configured as evenly spaced, intersecting, right and left spirals. Other
      ribs preferably extend along generatrix of the cone and intersect the
      spiral ribs at points where right and left spiral ribs intersect.
      Preferably, each rib carries a narrow flange at its upper edge, the flange
      being generally parallel to the skin.
PAR  The conical structure may be formed in one piece or from a plurality of
      radial sections, or panels, which are secured together by any suitable
      means to form the overall structure. For the purposes of this application
      "conical" includes a cone or any portion of the surface of a cone, such as
      a frustum.
PAR  Where the conical structure is made up of a plurality of panels, the panels
      when assembled will produce a conical structure having the above-described
      rib configuration. The panels may be secured together in any suitable
      manner. Typical fasteners include bolts, rivets, welding, or any
      combination thereof. Splice plates or strips may be placed over the line
      between contiguous panels and may be secured thereto.
PAR  Any suitable material may be formed into the novel structure of this
      invention. Typical materials include metals, ceramics, plastics, etc. For
      aerospace application, aluminum, titanium and advanced composites (e.g.,
      boron/aluminum, graphite/epoxy) are generally preferred for their high
      strength-to-weight ratios.
PAR  The panels and structure may be shaped by any suitable method. Typical
      methods include milling (both with machine tools and chemical milling),
      forming, diffusion molding, casting, or any combination thereof. With
      aluminum and titanium, it is preferred that the ribs be formed by milling
      a flat plate, which is then brake-formed into the final structural shape,
      as is detailed below.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further details of the invention, and certain preferred embodiments
      thereof, will be further understood upon reference to the drawing,
      wherein:
PAR  FIG. 1 is a perspective view of the conical structure of this invention;
PAR  FIG. 2 is an interior elevation view of portions of two panels (somewhat
      flattened and in part cut-away for clarity) which make up the conical
      structure;
PAR  FIG. 3 is a sectional view taken on line 3--3 in FIG. 2;
PAR  FIG. 4 is a sectional view taken on line 4--4 in FIG. 2;
PAR  FIG. 5 is a sectional view taken on line 5--5 in FIG. 2;
PAR  FIG. 6 is a plan view of a portion of the conical structure illustrating a
      fixture support member;
PAR  FIG. 7 is a sectional view taken on line 7--7 in FIG. 6;
PAR  FIG. 8 is a sectional view through a portion of a conical structure
      illustrating a spring support means; and
PAR  FIG. 9 is a perspective view of a spring support means useful with the
      conical structure.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, there is seen a conical structure, in this case
      frusto-conical in shape, which might typically serve as an inter-stage
      adapter between two cylindrical stages of a space launch vehicle. Various
      electronic components, propulsion equipment, etc., may be mounted within
      the adapter, which has a large, clear span. The structure is made up of a
      plurality of panels 10. The upper and lower rims are provided with flanges
      12 and 14, respectively, to provide means for securing the conical
      structure to adjacent structures. These flanges 12 and 14 are further
      detailed in FIG. 3. If desired, a plurality of reinforcing webs
      perpendicular to flange 14 may be provided between flanges 14 and skin 16,
      at the upper end of FIG. 3.
PAR  Each panel 10 comprises an outer skin 16 having a plurality of upstanding,
      inwardly extending ribs. While the embodiment shown uses inwardly
      extending ribs, if desired, the skin could be on the inside of the cone,
      with the ribs extending outwardly. These ribs include ribs 18 which lie
      along a right spiral, ribs 20 which lie along a left spiral, and ribs 22
      which lie along conical generatrix and intersect ribs 18 and 20 only at
      points where ribs 18 and 20 intersect. The ribs then form a pattern of
      triangles bounded by one straight and two curved ribs. The curved ribs 18
      and 20 are described by an spiral according to the equation: R.sub.2 =
      R.sub.1 exp(.pi..theta./6), where R.sub.1 and R.sub.2 are radii from the
      cone apex to selected points 1 and 2 on the curve and .theta. is the angle
      at the cone apex between the radii vectors R.sub.1 and R.sub.2 in radians.
      Since the slope of the equation with respect to a radius vector is
      constant, all corner angles at the intersections of the developed rib
      pattern are 60.degree.. One generatrix rib also lies along each panel edge
      24. A series of ribs 26 forming small, approximately rectangular pockets
      is provided adjacent to the upper and lower panel rims. A circular pocket
      28, as seen in FIGS. 2 and 5, is provided at each intersection of ribs 18,
      20 and 22.
PAR  Ribs 18, 20 and 22 each include a narrow flange 27 on the inner end, as
      best seen in FIGS. 3, 4 and 5. Also, the base portion 30 of each rib is
      preferably slightly thickened. The skin 16 is also preferably slightly
      thickened at 32 adjacent to the ribs on one or both sides of each rib to
      form an I-beam-like condition. As seen in FIG. 5, part of the I-beam
      flange 32 integral with the skin and inside the pocket 28 is preferably
      eliminated and the inner lip of the flange 27 is thickened at 29 to
      optimize stress distribution in the node since the skin is not designed to
      elastically buckle.
PAR  In some cases it is advantageous to include thermal insulation material in
      the conical structure. The pockets or spaces between the webs surrounding
      pockets 28 which are overlapped along the edges by flanges 27 are uniquely
      suited to constraining sheets or masses of insulating material. Typically,
      these spaces may be filled to the level of flanges 27 with a
      foamed-in-place insulation 31, which will be locked in place by those
      flanges as shown in FIG. 5 only. Alternately, blocks of foam, batts of
      multi-layer insulation, etc., may be inserted into and similarly retained
      in those spaces.
PAR  Adjacent panels are secured together by splice plates 34 which cover the
      inter-panel gap along the outside of the structure and by plates 36 which
      cover adjacent rib intersection points on the inside of the panels. While
      these plates 34 and 36 may be fastened to the structure by any suitable
      means, such as rivets, spot welds, bolts, etc., splice plates 34 are
      preferably secured to panels 10 with a series of rivets 38, and plates 36
      are preferably secured to panels 10 by huck bolts 40. Splice plates 34 are
      preferably made in sections to avoid hard-point loads at the mounting rim
      flanges 12 and 14.
PAR  The nodes or pockets 28 provide novel attachment points for a variety of
      auxiliary support means which cooperate with the overall conical
      structure. A typical support structure which utilizes pockets 28 as
      attachment points is shown in FIGS. 6 and 7.
PAR  As seen in FIGS. 6 and 7, support member 50 consists primarily of a
      V-shaped clevis plate 52, upstanding webs 54 along the edges of plate 52
      and an outwardly-directed flange 56 along the upper edges of webs 54.
      Above each pocket 58, structure 50 includes a downwardly extending,
      generally cylindrical extension ending in a circular member 58, which
      rests on flange 27 around pocket 28. An attachment means, such as huck
      bolt 60, extends through a hole in the base of extension 58 and connects
      to an attachment fitting 62. Fitting 62 is a narrow strip, as shown in
      FIG. 9, to facilitate insertion into pocket 28 before bolt 60 is
      tightened. In the embodiment shown in FIGS. 6-8, the I-beam flange 32
      integral with skin 16 is used on both sides of the web for added strength.
PAR  The device or mechanism being supported by support means 50, here a pair of
      struts 64 and 66, are attached to means 50 by a pair of conventional
      bolted fittings 68 and 70. As is apparent from these figures, the uniform
      repeating pattern of pockets 28 across the conical structure provides a
      number of identical attachment points for support members mounted in the
      manner illustrated in FIGS. 6 and 7. The grid surface is similar to a "peg
      board" in that standard fittings can be rapidly and easily connected to
      the overall structure at any of a number of locations. Since the grid can
      be formed on either the inner or outer surface of skin 16, these fittings
      may typically mount electronic or other mechanisms within the conical
      structure or may be used for outside attachments supporting the conical
      structure within a larger structure. For example, as illustrated in FIGS.
      8 and 9, the circular pockets and cooperating fittings may be used to
      mount springs which could flexibly support a tank within the conical
      structure or, on the outside, flexibly support the conical structure
      within a larger structure.
PAR  As seen in FIGS. 8 and 9, an attachment fitting 62 is slipped into pocket
      28 and under flanges 27, then the circular base of cup-shaped member 64,
      having a number of outwardly extending spring arms 66, is secured to
      fitting 62 by a rivet, bolt or other means such as huck bolt 60. Spring
      arms 66 deflect when a surface 70 is forced thereagainst.
PAR  Thus, it can be seen that the conical structure of this invention together
      with the cooperating fittings, provides a strong, lightweight, adaptable
      and versatile structure suitable for many applications.
PAR  While, as discussed above, the conical structure of this invention may be
      manufactured by a number of processes, a preferred method has been
      developed for producing the structure from aluminum or other metal plates.
PAR  In the preferred method, a metal plate having the thickness of the final
      panel is positioned in a numerical control milling machine and the
      material within the pockets is milled away. Where skins thinner than about
      0.04 inch are desired, they are preferably milled to a greater thickness,
      then are chemically milled to final thickness. Webs, flanges and other
      features are protected by masking during chemical milling. Conventional
      "T-slot" type milling cutters are used to remove the undercut portions
      between the rib flanges 27 and skin 16. When machining is complete, the
      pockets are filled with a removable solid material, such as "Rigidax" low
      melting epoxy filler material available from M. Argueso and Co.,
      Mamaroneck, New York. The panel is rolled or brake formed to the desired
      contour. The filler is removed by heating the panel above the filler
      melting temperature. The panel is then clamped to a fixture of the desired
      contour and aged. If desired, the panel may be stretch formed either with
      or without the filler material in place. The panels are then secured
      together to produce the desired conical structure.
PAR  While certain specific materials and structural arrangements have been
      detailed in the above description of preferred embodiments of the
      structure of this invention, these may be varied or other components used,
      as described above, where suitable, with similar results. Other
      applications and variations of the present invention will occur to those
      skilled in the art upon reading this disclosure. These are intended to be
      included within the scope of this invention, as defined in the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A high strength conical structure comprising:
PA1  at least one skin sheet configured as a section of a conical surface;
PA1  a first plurality of upstanding ribs of substantially equal height
      extending away from said skin sheet and integral therewith;
PA1  said first plurality of ribs configured in evenly spaced alternately right
      and left spirals said right and left spirals being defined by the equasion
      ##EQU1##
      wherein R.sub.1 and R.sub.2 are radii from the cone apex to selected
      points 1 and 2 on the spiral and .theta. is the angle at the cone apex
      between the radii vectors R.sub.1 and R.sub.2 in radians.
PA1  a second plurality of upstanding ribs of substantially even height with
      said first plurality of ribs extending away from said skin sheet and
      integral therewith;
PA1  said second plurality of ribs extending along conic generatrix and
      intersecting said first plurality of ribs only at points of intersection
      and between right and left spiral ribs;
PA1  narrow flanges at the inner edge of each of said first and second plurality
      of ribs, said flanges being substantially parallel to said skin; and
PA1  a circular node pocket bounded by a circular flanged rib at the
      intersections of said first and second pluralities of ribs.
NUM  2.
PAR  2. The structure according to claim 1 further including means to fasten a
      plurality of conical surface sections together to provide a unitary
      conical structure; said means including internal and external splice
      plates bridging adjacent sections.
NUM  3.
PAR  3. The structure according to claim 2 further including means at the conic
      apex and base edges of said structure adapted to permit connection to
      other structures.
NUM  4.
PAR  4. The structure according to claim 1 further including a layer of
      insulation material in contact with said skin and substantially filling
      the spaces between said ribs.
NUM  5.
PAR  5. The structure according to claim 1 further including at least one
      support means overlying at least one of said circular flanges having a
      generally circular member in contact with said circular rib, a removable
      attachment fixture within said pocket bridging said pocket and contacting
      the under surface of said circular flange and bolt means between said
      circular member and said fitting to clamp them together with said circular
      flange therebetween.
NUM  6.
PAR  6. The structure according to claim 5 wherein said support means includes a
      plurality of said circular members spaced apart distances equal to the
      spacing of said pockets, whereby said support means may be simultaneously
      clamped to a plurality of said circular rib flanges.
NUM  7.
PAR  7. The structure according to claim 1 further including at least one
      flexible support means overlying at least one of said circular flanges,
      each of said flexible support means comprising:
PA1  a generally circular member in contact with the outer surface of said
      circular flanges;
PA1  said circular member having at least two spring arms extending radially
      outwardly of said circular member and inwardly of said conical structure;
PA1  said spring arms being unattached at their outer ends but adapted to
      contact and flexibly support an adjacent object surface;
PA1  a generally bar-shaped attachment fixture within said pocket in contact
      with the under surface of said circular flange; and
PA1  bolt means engaging said circular member and said fixture to clamp them
      together with said circular flange therebetween.
NUM  8.
PAR  8. A high strength conical structure comprising:
PA1  at least one skin sheet configured as a section of a conical surface;
PA1  a first plurality of inwardly upstanding ribs of substantially equal height
      extending away from said skin sheet and integral therewith;
PA1  said first plurality of ribs configured in evenly spaced alternately right
      and left spirals, said right and left spirals being defined by the
      equasion
      ##EQU2##
      wherein R.sub.1 and R.sub.2 are radii from the cone apex to selected
      points 1 and 2 on the spiral and .theta. is the angle at the cone apex
      between the radii vectors R.sub.1 and R.sub.2 in radians;
PA1  a second plurality of upstanding ribs of substantially even height with
      said first plurality of ribs extending away from said skin sheet and
      integral therewith;
PA1  said second plurality of ribs extending along conic generatrix and
      intersecting said first plurality of ribs only at points of intersection
      between right and left spiral ribs;
PA1  narrow flanges at the inner edge of each of said first and second plurality
      of ribs, said flanges being substantially parallel to said skin;
PA1  said skin being thicker along a strip adjacent and parallel to the rib
      bases so that each rib, flange and thickened strip combine to present an
      I-beam like cross-section configuration; and
PA1  at least some of said ribs having a greater thickness near said skin than
      near said flanges.
NUM  9.
PAR  9. A high strength conical structure comprising:
PA1  at least one skin sheet configured as a section of a conical surface;
PA1  a first plurality of inwardly upstanding ribs of substantially equal height
      extending away from said skin sheet and integral therewith;
PA1  said first plurality of ribs configured in evenly spaced alternately right
      and left spirals, said right and left spirals being defined by the
      equasion
      ##EQU3##
      wherein R.sub.1 and R.sub.2 are radii from the cone apex to selected
      points 1 and 2 on the spiral and .theta. is the angle at the cone apex
      between the radii vectors R.sub.1 and R.sub.2 in radians;
PA1  a second plurality of inwardly upstanding ribs of substantially even height
      with said first plurality of ribs extending away from said skin sheet and
      integral therewith;
PA1  said second plurality of ribs extending along conic generatrix and
      intersecting said first plurality of ribs only at intersections between
      right and left spiral ribs;
PA1  narrow flanges at the inner edge of each of said first and second plurality
      of ribs, said flanges being substantially parallel to said skin;
PA1  a circular node pocket bounded by a circular flanged rib at the
      intersections of said first and second pluralities of ribs; and
PA1  a plurality of support means engaging a plurality of the circular flanges,
      at least two of said support means secured to an object to be mounted on
      said structure and spaced apart a distance equal to the spacing of said
      pockets, each of said support means comprising:
PA2  a circular member in contact with the outer surface of said circular flange
      and secured to said object;
PA2  a generally bar-shaped attachment fixture within said pocket in contact
      with the under surface of said circular flange; and
PA2  bolt means engaging said circular member and said fixture to clamp them
      together with said circular flange therebetween.
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ABST
PAL  A self-erecting structure including a plurality of trusses joined by cables
      with a hydraulic system for producing relative rotation of the trusses at
      their juncture axes. The trusses comprise series of subelements hinged at
      common juncture I-beams. The cables effectively join adjacent structural
      subelements and the hydraulic system includes a plurality of hydraulic
      elements having their outer casings secured to the I-beams and their
      piston elements extending downwardly against the cable. Upon the
      application of hydraulic pressure, the outer casing and juncture I-beams
      move upward in opposition to the restraint of the cables causing relative
      rotation at the junctures of adjacent trusses to the desired angular
      position thereby producing an arch bay section. The curved edges of a
      series of arches are connected together to form the self-erecting
      structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a portable self-erecting structure and, more
      particularly, the invention is concerned with providing a "pop-up"
      structure suitable for housing aircraft wherein a series of hydraulic
      elements which are an integral part of the structure, produce a relative
      rotation between adjacent structural elements resulting in the progressive
      erection of the composite structure.
PAR  Future requirements for tactical air power are expected to remain much as
      they are today -- rapid deployment, a timely weapon system application,
      and a quick and effective weapon system recovery and redeployment. Often,
      the site of deployment and air operations is a hostile zone, subject to
      random rocket and mortar attacks. Thus, for successful air operations, the
      appropriate weapons system support facilities must be included in the
      activity. These facilities should consist of easily transported and
      quickly erected shelters to give adequate weather protection and be
      expandable to a hardened structure, if needed, without hindering the
      mission.
PAR  The hereinafter described self-erecting aircraft shelter has many potential
      military applications. This structure and its construction technique
      provide for increased mobility and speed and ease of construction,
      combined with rapid recovery and efficient storage. Engineers with some
      imagination, by slightly modifying its configuration, could adapt the
      structure as a general-purpose space frame suitable for a number of
      military functions.
PAR  The possibility also exists of using this type of shelter on a very mobile
      basis to cover aircraft which are down for maintenance at remote
      installations or in severe weather conditions. The structure could be
      flown to the site of the downed aircraft, erected over it to provide
      shelter while maintenance was being performed, and then recovered when the
      work was finished.
PAR  Also, there are situations where a mobile installation must be converted to
      a permanent installation for sustained air operations. In many cases it is
      necessary to replace temporary structures with more durable ones because
      of extended time required for the mission. Obviously, this is uneconomical
      and may interrupt daily air operations. The pop-up shelter as it stands in
      the field in its soft-mobile form can be considered a soft-permanent
      structure. Its structural strength can be increased by explosively welding
      together all the hinged joints and hydraulic elements. For this operation,
      the explosives would be pre-positioned on the structure, go up with the
      elements to the desired erection mode, and detonate on command.
PAR  Mobile shelters should be suitable for conversion not only to
      soft-permanent structures without replacement or major modification, but
      also to hardened-permanent structures. This shelter is adaptable to that
      requirement. The basic structure explosively welded together can serve as
      the primary frame for a hardened structure. Instead of installing
      conventional roof panels which would provide only weather protection and
      insulation, a more shock-resistant panel could be installed. While precast
      concrete panels could easily be utilized, this would require heavy
      construction equipment at the job site, the elimination of which up to
      this point has been an advantage. To obviate this, hollow roof panels
      could be erected as integral components of the structure, and concrete
      pumped into them to form concrete panels.
PAR  A hardened shelter must be able to withstand mortar and rocket barrages as
      well as a general overpressure resulting from the application of more
      strategic weapons. Thus, for a hardened-permanent structure to be
      effective in withstanding dynamic loads, it must be able to deform enough
      to dissipate shock energy without deflection to failure. In this
      modification the concrete roof panels would be connected longitudinally at
      the truss points by embedded steel plates explosively welded together to
      form moment connectors. In addition, the hydraulic elements and connecting
      cables could be springloaded in a manner similar to that of a shock
      absorber to assist in dissipating shock energy.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a self-erecting structure for aircraft or
      the like wherein the basic structural synthesis and provided integral
      structural components permit the inducement of desired joint relative
      rotations and, as a system permit the field erection of a fabricated
      structure without the need for heavy conventional equipment or elevated
      worker activity. The same system also permits the recovery of the
      structure.
PAR  The completed structure comprises an assembly of structural elements which
      join one another at certain angles of relative inclination. Such angles
      are formed immediately upon the final positioning and final joining of the
      structural elements. In the case of the superstructure, heavy equipment is
      usually used for this placement which occurs after other structural
      members have been placed in separate sequences. The structure erection
      method and devices constituting this invention permit a very different and
      more economical means of construction for certain common types and
      configurations of structures. Specifically, in such cases, it allows the
      entire structure to be assembled at ground elevation and then erected
      using an internal means. Thus, the invention is termed a "self-erecting"
      structure. The exceptional economy in time and money result from complete
      fabrication being permitted at ground level and, secondly, the repeated
      relocation and reuse of the structure made possible by a de-erection
      procedure very similar to the initial erection procedure.
PAR  Accordingly, it is an object of the invention to provide a means for
      constructing a facility without significant above ground level work
      required. Consequently, scaffolding, form work and high working heights
      are eliminated. In addition to savings in time and money being realized,
      the safety aspects of working conditions would be enhanced. The aircraft
      shelter is but one example.
PAR  Another object of the invention is to provide a scaffolding system, the
      height of which can be easily adjusted. This allows great flexibility and
      ease of operation in activities such as aircraft and building maintenance
      and construction.
PAR  Still another object of the invention is to provide a self-erecting
      structure which permits great mobility such as certain military and
      civilian construction activities demand. The structural system is as
      easily de-erected as it is erected. Relocation and re-erection presents no
      problem.
PAR  A further object of the invention is to provide a self-erecting structure
      which can also serve as a lifting substructure to position permanent
      structural components. Once such components are in their final positions,
      they would be conventionally joined, forming a self-sufficient structure.
      At which time, the self-erecting lift structure would be lowered and
      removed.
PAR  A still further object of the invention is to provide a self-erecting
      structure which is useful in positioning form work for concrete placement.
      Once the concrete has been placed and has set, the structural system is
      lowered and removed. The conventional approach for curved geometries
      requires extensive field form work fabrication prior to concrete
      placement. This capability would greatly minimize on-site construction
      time.
PAR  These and other objects, features and advantages will become more apparent
      after considering the following description taken in conjunction with the
      annexed drawing and appended claims.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective of a fully deployed self-erecting aircraft
      structure according to the invention showing a typical trussed arch
      section in detail;
PAR  FIGS. 2a, 2b and 2c are idealized views in isometric of the self-erecting
      structure showing the sequence of erection events; and
PAR  FIGS. 3a and 3b are side views of one of the hinged junctures showing the
      hydraulic system and cable prior to applying pressure and after applying
      pressure, respectively.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the invented capability is illustrated in
      FIG. 1 which shows an arch structure 13 like that commonly used to shelter
      aircraft. In general, the desired structure is sythesized to consist of a
      system of structural subelements which when completed assembled at ground
      level represent the desired final erected configuration with the exception
      of the attainment of the final angles of relative rotation between the
      structural subelements. These are produced by using an internal means to
      force the common hinged juncture of adjacent structural subelements to
      move vertically relative to their outer ends. If such an activity is
      caused to take place at each of the structural subelement junctures, the
      structural assembly as a whole will gradually erect itself into the
      desired final configuration. The facility is self-erecting in that
      hydraulic elements, installed as an integral part of the structure,
      produce a relative rotation between structural elements which results in
      the progressive erection of the composite structure. Thus, the shelter is
      erected without the use of heavy construction equipment after the
      structure is fully pre-assembled while it is at ground level.
PAR  FIG. 2a illustrates the initial configuration as totally fabricated in the
      horizontal plane 15, FIG. 2b shows an intermediate configuration common to
      this erection scheme and FIG. 2c illustrates the desired final
      configuration. A representative typical arch bay is indicated in FIG. 1 as
      the shaded region 17. The arch bay can be considered as comprising many
      truss elements hinged at common juncture I beams 19 as shown most clearly
      in FIGS. 3a and 3b which illustrates two adjacent truss elements 21. In
      this embodiment, an extendable hydraulic element 23 and structural tie
      member 25 placed as an integral part of the structure are used to produce
      the desired angle of relative rotation between the adjacent elements 21.
PAR  As illustrated in FIGS. 3a and 3b, the hydraulic element 23 is caused to
      extend through fluid under pressure entering at the fitting 27. The outer
      casing 29 of the hydraulic element 23 is secured to the I-beam structure
      of the truss element 21 at the juncture 19. The travel of the piston 31 of
      the element 23 is resisted by the structural ties 25, which are preferably
      wire cables that joint the lower end of the piston 31 to points on
      adjacent structural subelements 21. Through such restraint the outer
      casing 29 along with the juncture I-beam must move upward as the hydraulic
      element 23 extends. Thus, the desired final angle of relative rotation is
      achieved at the subelement juncture 19.
PAR  In a typical arch bay construction, a plurality of truss subelements 21 are
      positioned in a side-by-side relationship to form a long row with a
      hydraulic element 23 at the juncture 19 of each of the adjacent
      subelements 21. In the preferred embodiment shown in FIGS. 2a, 2b and 2c,
      there are sixteen truss subelements 21 in each row so that a progressive
      erection of each bay arch and, hence the total shelter can be accomplished
      by applying fluid pressure to each of the hydraulic elements 23.
      Conventional pumps, manifold and hydraulic conduits service the hydraulic
      elements 23. If a uniform rate of erection across the structure is
      desired, the hydraulic system must be capable of delivering different
      pressures at any one time to the various hydraulic elements since the
      required axial forces vary with the joint positions. Several conventional
      approaches may be used for this purpose. For example, the piston sizes may
      be varied so that one common applied hydraulic pressure will result in the
      required variation of piston force with position to piston. In the case of
      the arch, it would be feasible to use several pumps each serving
      independent service lines. Once final erection is achieved, mechanical
      slip devices can be used to fix the pistons 31 relative to their housings
      29. At this point, the hydraulic pressure can be relieved. In order to
      preclude a catastrophic structural failure during erection or de-erection
      due to sudden hydraulic pressure loss, pressure activated braking bands
      can be incorporated into the hydraulic element housing. Upon loss of
      pressure, these brakes would automatically be activated prohibiting
      further relative motion of the piston 31. To de-erect, the system is
      repressurized and the mechanical slip devices disengaged. At this point,
      the hydraulic pressure can be reduced and the structure, responding to
      gravity forces, consequently lowered. Once at ground level, it can be
      disassembled and relocated for other uses.
PAR  If the structure is intended to remain erected, the relative position of
      the piston 31 to its housing 29 can be fixed either mechanically or
      through the use of explosive impulse welding or swaging. These means are
      currently in common related use. Another means would require both end
      supports to be fixed to withstand end thrusts. A conventional tie member
      or heavy foundation devices would be sufficient. In any case, the
      hydraulic fluid would be recovered. Other means to produce the relative
      rotation are possible. Rather than using a hydraulic element that extends
      to develop the required relative joint rotation, a contracting hydraulic
      element could be used. In addition, a worm gear assembly could also be
      used to provide relative joint rotation. With the winding of the cables
      upon a drive shaft, tensile forces could be created which would develop an
      upward thrust upon the juncture beam, as in the case of the extending
      hydraulic element, an offset in the direction of the load applied to the
      adjacent structural elements is necessary to most feasibly provide the
      thrust upward on the junction beam in order to initiate the relative
      rotation. Space frame erection is also possible using the same mechanism
      and principles.
PAC  CONSTRUCTION SEQUENCE
PAR  The erection sequence for the hereinbefore described structure is shown in
      FIGS. 2a, 2b and 2c. The shelter 13 is prefabricated so that it can be
      air-transportable in a C-130 aircraft or equivalent, or trucked on pallets
      from a storage depot to the construction site. At the site, the components
      21 are laid out and hinged together at the junctures 19, and the hydraulic
      elements 23 are connected to a pump at the fitting 27. Roof panels are
      then installed between the truss sections 21 and flashing is placed at the
      hinges 19 for weather protection. The pump is activated, the pistons 31
      are displaced, and the relative rotation at the joints 19 is developed
      which cumulatively forms a structurally stable arch. When the required
      relative rotation has been achieved and the erection sequence is complete,
      valves controlling the hydraulic elements 23 are closed, the pump is
      disconnected, and the free end of the arch having the wheels 33 attached
      thereto is pinned to a foundation deadman. For added structural stability
      at the joints 19, automatically locking mechanical fasteners may be
      included to maintain the position and act as a backup system if a closed
      valve should leak. To recover the structure, the foundation pins are
      removed, the valves are opened, and the structure relaxes in a very stable
      manner. On the ground, the roof panels and flashing are removed, the
      trusses 21 are disassembled, and the components are remounted on pallets
      for redeployment.
PAR  By using a single pump, an essentially uniform pressure is applied to the
      hydraulic elements 23 all of uniform size. Thus, the hydraulic forces
      applied to the trusses 21 through the cables 25 are the same. But the
      resisting truss dead-weight forces are not uniform, varying with respect
      to position in the structure and the degree of structural erection. Hence,
      in order to achieve simultaneous uniform relative rotation in all of the
      joints 19, the manifold must be carefully manipulated. All required forces
      are greatest as the erection procedure begins. The center piston force
      requirement always is greatest as the uniform relative rotation
      development begins. As this relative rotation in the joints develops, the
      dead weight is redistributed largely to the fixed and rollered ends, and
      the forces against which the piston acts decrease accordingly.
PAR  In a preferred embodiment of the self-erecting aircraft structure according
      to the invention, a shelter for F-4 and F-111 aircraft was designed with
      16 truss sections laid side-by-side. The three structural systems include
      roof panels and supporting truss assemblies, tie cables, and a hydraulic
      system. The trusses carry the primary live loads applied to the structure
      after erection and some of the dead load. The cable serves as a structural
      tie connector between the adjacent static trusses and the hydraulic
      system. As the hydraulic element extends, the relative angle between
      adjacent trussed arch elements must increase since the cable and truss
      lengths remain unchanged. Inversely, as the hydraulic element reduces its
      length, so does the angle of relative rotation with the aid of gravity
      forces.
PAR  Although the invention has been illustrated in the accompanying drawings
      and described in the foregoing specification in terms of a preferred
      embodiment thereof, the invention is not limited to this embodiment or to
      the particular configuration disclosed. It will be apparent to those
      skilled in the art that other uses can be made of the hereinbefore
      described self-erecting structure including the rapid deployment and
      redeployment of weapons systems particularly in a hostile zone subject to
      random rocket and mortar attacks. Also, it should be noted that full field
      assembly of the structure can be completed on ground level without the use
      of heavy construction equipment.
CLMS
STM  Having thus set forth and described the nature of our invention, what we
      claim and desire to secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A self-erecting structure for use in the storage of aircraft and the
      like, said structure comprising a series of bay arches in a row forming a
      building structure, each of said arches including a plurality of truss
      subelements in side-by-side relationship, each of said truss subelements
      being hingedly connected to the next adjacent truss subelement, one end of
      said plurality of truss subelements being pivotally attached to a point on
      ground level and a pair of rotatable wheels attached to the other end to
      permit rolling motion along ground level during relative rotation of
      adjacent truss subelements, and means for erecting said structure by
      causing a relative rotation of adjacent truss subelements to increase the
      relative angle therebetween thereby forming an arch bay for attachment to
      other similarly configurated arch bays to produce the self-erecting
      building structure.
NUM  2.
PAR  2. The self-erecting structure defined in claim 1 wherein the means for
      producing relative rotation between said truss subelements includes a
      hydraulic system comprising, in combination, a plurality of hydraulic
      elements corresponding structural tie members, each of said hydraulic
      elements having outer casings and extendible members, the outer casings of
      said hydraulic members being fixedly attached to the juncture between
      adjacent truss subelements and the lower end of the extendible member
      being attached to the structural tie member, each end of said structural
      tie member being fixed to the central lower surface of adjacent truss
      subelements such that the extension of the extendible member being
      restrained from downward movement by the structural tie member produces a
      corresponding upward movement of the outer casing attached to the juncture
      between said adjacent truss subelements thereby causing a rotation and
      increase of the relative angle between said adjacent truss subelements.
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PAL  An A-frame home includes interconnected roof panels. The joint connection
      is at the apex of the abutting upper panel edges which includes abutting
      vertically disposed surfaces. Aligned horizontal slots are formed in the
      vertical surfaces and connect with enlarged cavities. The slots and
      cavities form an I-shaped passageway. An I-shaped connecting element is
      slidably positioned in the I-shaped passageway for locking the panels
      together. The upper edges of the panels are horizontal and flat while the
      top portion of the vertical abutting faces are slightly spaced apart to
      receive a rib extending downwardly from a cap. The rib includes laterally
      extending teeth for gripping the adjacent groove surfaces. A pair of
      shoulders oppositely disposed relatively to the rib extend downwardly from
      the cap for engagement with the top horizontal surface of the panels and
      downwardly extending flanges are provided on the outer edges of the cap
      wings and the flanges extend downwardly along the outer panel surfaces.
BSUM
PAR  Important to structures formed of panels is that they be quickly assembled
      or disassembled and this will depend a large part upon the connecting
      joints utilized.
PAR  The structural joint of this invention includes an I-shaped connecting
      element received in a correspondingly shaped passageway formed by
      oppositely extending slots in abutting faces of panels which in turn open
      into enlarged cavities. The connecting element is horizontally positioned
      and inserted into the passageway from one side or the other of the pair of
      panels. The connecting element may be of plastic or metal material and
      similarly the panels may include a metal frame in combination with a wood
      exterior.
PAR  Moisture is prevented from entering the joint by a cap being placed over
      the top. The cap includes a downwardly extending rib having teeth on it
      and the rib is received in a groove formed by spaced apart abutting face
      portions on the adjacent joint surfaces. The cap can be snapped into and
      out of position and is formed from plastic material.
PAR  It is understood that the joint of this invention while shown in a
      60.degree. peak joint for A-frame homes can nevertheless be used in an
      infinite variety of fastening situations.
DRWD
PAR  This invention consists in the construction, arrangements and combination
      of the various parts of the device, whereby the objects contemplated are
      attained as hereinafter more fully set forth, specifically pointed out in
      the claims, and illustrated in the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of an A-frame home employing panel
      construction wherein the panels are interconnected by the joint of this
      invention.
PAR  FIG. 2 is a cross section of view taken along line 2 -- 2 in FIG. 1 and
      showing specifically the joint of this invention.
PAR  FIG. 3 is a fragmentary perspective view of the connecting element of the
      joint of FIG. 2.
DETD
PAR  The structural joint of this invention is referred to in FIG. 2 generally
      by the reference numeral 10 and is seen connecting together a pair of roof
      panels 12 and 14 in an A-frame home 16 seen in FIG. 1.
PAR  Each of the panels include aluminum frames 20 which are filled with
      expanded foam core installation material 22 enclosed by outer plywood
      sheets 24 and 26.
PAR  The aluminum frame 20 of each panel includes vertically disposed abutting
      faces 28 having slots 30 formed therein and running the width of the
      panels which in turn merge into enlarged cavities 32 to form an I-shaped
      passageway 34. A correspondingly shaped I-shaped connecting element 36 is
      seen in FIGS. 2 and 3 and is horizontally disposed and inserted into the
      passageway 34 from either end of the assembled panels 12 and 14. The
      I-shaped connecting element 36 includes a stem portion 38 and rectangular
      in shape opposite end portions 40. The connecting element may be
      fabricated from plastic preferably although metal can also be used.
PAR  The abutting faces 28 include portions 42 which are spaced apart and
      include serrations for engagement with corresponding serrations on a
      downwardly extending rib 44 carried on a cap 46. The spaced apart portions
      42 form a groove 48 filled by the rib 44. Also extending downwardly from
      the cap are shoulders 50. The cap includes outwardly extending wings 52
      which terminate in downwardly extending flanges 54 positioned outwardly of
      and over the adjacent outer surfaces of the panels 12 and 14 thereby
      completely protecting the joint from moisture. The wings 52 of the cap 46
      taper outwardly and downwardly thereby deflecting the rain and the
      downwardly extending shoulders 50 maintain this angle. The metal frame 20
      of the panels include horizontal wall portion 60 against which the
      shoulders 50 bear. The outer edges of the wall portion terminate in a
      downwardly and outwardly extending portion 62 against which the upper end
      of the plywood sheet 24 bears. Shoulders 66 are provided at the corner of
      the wall portions 60 and 62 and limit movement of the plywood sheets 24.
PAR  In operation it is seen that roof panels 12 and 14 are positioned as seen
      in FIG. 2 with the slots 30 in alignment such that the I-shaped connecting
      element 36 can be inserted and thereby locking the panels together. Next
      and lastly the cap 46 is placed on top with the rib 44 extending down into
      the groove 48. The cap is locked in place by the interaction of the teeth
      and serrations on the abutting faces. Should it be necessary or desirable
      to disassemble the building this can be accomplished by removal of the
      I-shaped element 36 and removal of the cap 46.
CLMS
STM  We claim:
NUM  1.
PAR  1. An A-frame roof structure structural joint comprising,
PA1  a pair of upstanding roof panels positioned to form an A and having
      abutting vertically disposed surfaces at their apex, said vertical
      surfaces having aligned horizontal slots which connect with enlarged
      cavities to form an I-shaped passageway,
PA1  an I-shaped connecting element slidably positioned in the I-shaped
      passageway for detachably locking said panels together,
PA1  said abutting faces including spaced apart portions above said I-shaped
      passageway which form a groove which opens upwardly, said groove having
      sidewalls including serrations,
PA1  said panels having top end edges which are horizontal and flat and merge
      with said groove and with said outer surfaces on said panels extending
      downwardly and outwardly,
PA1  a cap positioned on said top end edges, said cap including a downwardly
      extending rib received in said groove and said rib including serrations
      engaging the serrations of said groove sidewalls,
PA1  said cap having a horizontal portion including wing portions on opposite
      sides of said rib and said wing portions slope downwardly and outwardly to
      the outside surfaces of said panels where said wings merge into sidewall
      portions which extend downwardly along said outside surfaces of said
      panels and
PA1  downwardly extending shoulder means are provided on said cap on opposite
      sides of said rib and engage the top end edges of said panel to limit
      movement of said wing portions towards said panel end edges.
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ABST
PAL  Transparent tubular caskets are closed at one end by a shouldered plug-type
      cover. Pegs are driven laterally through the transparent wall into aligned
      holes in the cover. A central evacuating and inert gas filling hole is
      threaded to receive a pad-eye for lowering the tubular casket into a glass
      lined vertical concrete vault. The upper edge of the vault is rabbeted to
      receive a rabbeted concrete cover with centrally recessed decorative
      identification plate, which covers a threaded pad-eye receiver hole. A
      plurality of vaults in a honeycomb arrangement have interspaces to receive
      ashes and pets.
BSUM
PAR  This invention concerns improvement in burial caskets and means to conserve
      space in cemeteries and the like. Ground space for burials in many places
      is becoming scarce and especially where many people wish to bury their
      loved ones in cemeteries which have reached their capacity to accommodate
      more bodies under existing conditions; for instance where the boundries of
      cemeteries are surrounded by built-up communities such as homes and city
      buildings and land which cannot be acquired by purchase or because of city
      and state ordinances. Thus such cemeteries cannot be extended but
      nevertheless there is a strong demand for more space.
PAR  In accordance to the aims of this invention, three or more bodies can be
      respectfully buried and cared for in the space usually required for by one
      body. This is especially so where a single person is buried in a single
      grave as now generally practiced, that is, buried horizontally.
PAR  One of the principal objects of this invention is to arrange burial wherein
      the body is stood upright in a sealed capsule and which capsule is
      inverted into an upright casing that is accommodated in a hole in the
      ground and wherein the casing itself is also sealed. Many casings are
      employed in adjacent relationship and when the casings are cylindrical, a
      space is reserved between them for the burial of the ashes of deceased
      persons and/or pets.
PAR  Another object is to seal transparent capsules so that the remains of a
      person or pet can be viewed at times of a funeral and which capsule is
      provided with means so that the air can be exhausted therefrom and if
      desired a preserving fluid can be egressed into the capsule for there are
      times when it is an advantage to preserve a body for various purposes and
      for a long time.
PAR  A further object is to provide an economical means and system for burials
      along with means for economical manufacture of the capsules and the ground
      casings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is an elevational view of a capsule within a ground casing with
      parts broken away to show certain parts in sectional view;
PAR  FIG. 2 is a plan view of the top portion of that shown in FIG. 1;
PAR  FIG. 3 is a top plan view of the capsule per se;
PAR  FIG. 4 is an enlarged sectional view of the closure cap means of the
      capsule;
PAR  FIG. 5 is a plan view of a cemetary ground area showing how a large number
      of upright burial sites can be arranged.
DETD
PAR  The particular form, as illustrated, shows a ground casing 1 which may be
      concrete or made of any other suitable material which can be economically
      employed for such a purpose. The casing may be of any suitable
      configuration such as a tube that may be round or oval, but in this case
      it is shown as a cylinder having the bottom 2 and an open top having a
      rabbet formation as indicated at 3. A cover means or capping means 4 plugs
      the open top of the cylinder 1, and its periphery is stepped or rabbeted
      to conform with the rabbet portion 3. This cover means may also be
      concrete or other suitable material. There is a plate 5 countersunk and
      perhaps removable if desired and which is for inscriptions regarding the
      person buried and perhaps numbered in accordance to some identification
      system. This plate may be round or of any suitable configuration and may
      be permanently fixed in place by cement or other means. A threaded portion
      6 may be provided to receive a hook or eye member so that the cover can be
      easily removed at time of burial. The casing is lined as shown at 7, and
      the lining may be glass or colored plastic material for decorative
      purposes and also to act as a seal to prevent entrance of ground moisture
      to the capsule which is shown at 8.
PAR  The capsule 8 is the casket for the body of the deceased, and means are
      provided to hold the body in a suitable display position whether or not
      this position is horizontal or vertical or some position in between.
      Obviously, straps or other kinds of ties may be employed for this purpose
      and anchored to the capsule. The capsule is made of glass or plastic
      material and may be colored, but in many cases the capsule is just plain
      clear glass or plastic of a good grade and strong enough for the purposes.
PAR  A sealing means or cover 9 is shown and consists of a round top portion 10
      and an offset portion 11 as clearly shown in FIG. 4 and is an enlargement.
      The portion numbered 11 aids in forming the annular shoulder portion 12
      which enters the capsule as a plug. This plug portion is provided with a
      plurality of holes or bores 13 and the top or cover rim of the capsule is
      provided with similar bores 14 and these bores are alined so that they can
      receive pegs 15 which may be plastic or of some other suitable material.
      The pegs are sized so that they can be tightly driven into the bores, and
      thus hold the top 9 to its capsule 8. Sealing means such as a suitable
      cement may be employed.
PAR  The capsule top cover means is provided with a bore 16 and the top portion
      thereof is threaded to receive the threaded end of an eye member 17 as
      shown in FIG. 4. The bore 6 in cover 4 of casing 1 is also provided with
      threads to receive the eye member 17 so that a suitable lift means is
      provided for raising these covers and for carrying the capsule from place
      to place.
PAR  The bore 16 has another use and an important one. The threaded portion of
      this bore 16 can be attached to or coupled with a suitable air exhausting
      machine so that fluid can be withdrawn from the capsule. A suitable degree
      of vacuum will aid in preserving the body placed in the capsule.
      Furthermore, an inert fluid may be forced into the capsule and this is
      another means for preserving the body. The item 18 is a cap designed to
      close the bore 16 and this cap should be cemented in place after use of
      the exhaust machine.
PAR  FIG. 5 shows a group of ground casings 1 which are arranged as shown, that
      is, to save ground space, they are placed side-by-side in close formation,
      and this arrangement provides spaces 19 into which ashes of deceased
      persons can be placed. In this case, a suitably configurative capsule is
      placed in these spaces 19 and then provided with a concrete cover.
      Obviously, the shape of the capsules, ground casings and spaces 19 will
      conform to some particular design and the same is true as to their
      associated parts such as covers etc. so that all will be in agreement and
      fit in the manner shown.
PAR  Obviously, various modifications and changes may be made to that disclosed
      without departing from the spirit and scope of the invention as described
      and claimed.
CLMS
STM  Having thus described my invention, what is claimed and believed new and
      which is desired to be secured by Letters Patent is:
NUM  1.
PAR  1. The burial means comprising an elongated capsule having one open end is
      included for receiving the body of a deceased, a removable top end closure
      means in the open end of the capsule, and a bore through the top closure
      means for exhausting air in the capsule and/or injecting an embalming
      fluid into the capsule, wherein the top end of the capsule is provided
      with a plurality of laterally oriented bores and the closure means is
      provided with a plurality of similar laterally oriented bores, and pegs
      driven into the said bores when aligned for securing the closure means to
      the capsule in shear force across the pegs.
NUM  2.
PAR  2. The burial means recited in claim 1 wherein the capsule has means to
      hold the body of a deceased inserted through the open end of the capsule
      in proper position for viewing purposes before the capsule is placed into
      a casing.
NUM  3.
PAR  3. The burial means recited in claim 2 wherein the casing is made of cement
      pipe lined with a water sealing material.
NUM  4.
PAR  4. A burial casket capsule for insertion in an upright tubular casing
      comprising a transparent cylindrical elongated tube having one
      longitudinal end integrally closed, and having an open opposite
      longitudinal end, means for supporting a body of a deceased person in the
      tube, inserted in the tube through the open longitudinal end, laterally
      oriented holes through the tube wall near the open end, a closure having a
      shoulder section which abuts the open end of the tube and a plug section
      integrally formed with the shoulder section, which plug section fits
      tightly within the tube near its open end, openings extending laterally
      through the tube wall adjacent the plug section, and complementary
      openings laterally extending into the plug section and fastening means
      extending through the tube openings and into the plug section openings.
NUM  5.
PAR  5. The burial casket capsule of claim 4 further comprising a fluid
      passageway extending axially through the closure to an interior of the
      tube for passing fluid out of and into the closed tube and plug means for
      sealing the fluid passageway.
NUM  6.
PAR  6. The burial casket capsule of claim 4 further comprising a threaded
      pad-eye receiver hole in the closure for removably receiving a pad-eye for
      lowering the closed capsule into a tubular casing.
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PAL  An earthquake isolating and vibration absorbing equipment for structures is
      provided with a hanger secured to one of a floor including a ground and a
      supported member of a structure installed on the floor, a lever, one end
      of which is swingably mounted on the hanger, a weight member mounted on
      the other end of the lever, a holder secured to the other one of the floor
      and supported member, and arms for connecting one end of the lever to the
      free end portion of the holder. The structure provided with the equipment
      is less influenced by an earthquake or vibrations under the action of the
      lever on which there is mounted the weight member having a weight far
      lighter than that of the structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a vibration absorbing mechanism for structures
      and more particularly to an earthquake isolating and vibration absorbing
      equipment for structures including buildings and spherical tanks.
PAR  Recently, there has been an increase in the number of structures, such as
      multistory buildings, spherical tanks for storing liquid gas and
      warehouses for the storage of dangerous articles. As a result, these
      structures are in constant danger of being destroyed by vibrations due to
      earthquakes, operation of machines installed in a factory, and so on with
      the attendant disaster.
PAC  PRIOR TECHNIQUES
PAR  It is known that, in an attempt to prevent a structure built on the group
      from being resonated due to such vibration or earthquake by shifting the
      natural period of the structure, there is provided an earthquake isolating
      and vibration absorbing equipment comprising a pendulum suspended from the
      structure or an inverted pendulum swingably mounted on or fixedly secured
      to the structure. However, it is necessary that, in order to attain the
      desired absorbing effect, the weight of a weight member of the pendulum be
      made 1/15 to 1/2 the weight of the structure. As a result, a great excess
      load is applied to the structure and, in addition, the equipment
      unavoidably occupies a greater space. This is particularly true where the
      equipment is installed in the building, the inner space of the building is
      narrowed, because of the bulkiness of the equipment, with the resultant
      disadvantage. When an attempt is made to mount the equipment on a tank
      structure through newly prepared girders, it is necessary to strengthen
      the tank structure, particularly by replacing the columns with a new rigid
      ones or the foundation with reinforced one, since the conventional tank
      structure or foundation has no rigidity sufficient to support the
      equipment. It is also necessary to provide a great space for installation
      of the equipment.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is accordingly an object of this invention to provide an earthquake
      isolating and vibration absorbing equipment for structures, which
      prominently enhances a damping effect by decreasing the response
      acceleration of each part of the structure as caused by the vibration of a
      foundation of the structure and shifting the natural period of the
      structure.
PAR  Another object of this invention is to provide an earthquake isolating and
      vibration absorbing equipment for structures, which can be easily mounted
      on the structure with little or no modification thereby.
PAR  Another object of this invention is to provide a lightweight and
      small-sized earthquake isolating and vibration absorbing equipment for
      structures.
PAR  According to this invention, there is provided an earthquake isolating and
      vibration absorbing equipment for structures, comprising a hanger
      connected to one of a floor and a supported member of a structure
      installed on the floor, a lever one end portion of which is swingably
      mounted on the hanger, a weight member mounted on the other end of the
      lever, a holder connected to the other one of the floor and supported
      member, and arm means having one end pivoted to the free end portion of
      the holder and the other end pivoted to said one end portion of the lever
      other than a first pivotal point at which the lever is swingably mounted
      on the hanger.
PAR  Dependent upon the type of structures, the hanger may be secured to a
      saddle-type support adapted to be secured to either one of the floor or
      supported member.
PAR  A second pivotal point at which the lever is pivoted to the other end of
      the arm means may be located between the weight member and the first
      pivotal point, or the second pivotal point may be located remote from the
      weight member than the first pivotal point.
PAR  This invention will be described by way of example with reference to the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view, as taken along line 1--1 in FIG. 2, of an
      earthquake isolating and vibration absorbing equipment according to one
      embodiment of this invention;
PAR  FIG. 2 is a view taken along line 2--2 in FIG. 1;
PAR  FIG. 3 is a front view, as taken along line 3--3 in FIG. 4, of an
      earthquake isolating and vibration absorbing equipment according to
      another embodiment of this invention;
PAR  FIG. 4 is a view taken along line 4--4 in FIG. 3;
PAR  FIG. 5 is a front view, as taken along line 5--5 in FIG. 6, of an
      earthquake isolating and vibration absorbing equipment according to
      further embodiment of this invention;
PAR  FIG. 6 is a view taken along line 6--6 in FIG. 5;
PAR  FIG. 7 is a front view, as taken along line 7--7 in FIG. 8, of an
      earthquake isolating and vibration absorbing equipment according to
      another embodiment of this invention;
PAR  FIG. 8 is a view taken along line 8--8 in FIG. 7;
PAR  FIG. 9 is a front view, taken along line 9--9 in FIG. 10, of an earthquake
      isolating and vibration absorbing equipment according to another
      embodiment of this invention;
PAR  FIG. 10 is a view taken along line 10--10 in FIG. 9;
PAR  FIG. 11 is a front view, as taken along line 11--11 in FIG. 12, of an
      earthquake isolating and vibration absorbing equipment according to
      another embodiment of this invention;
PAR  FIG. 12 is a view taken along line 12--12 in FIG. 11;
PAR  FIG. 13 is a front view, as taken along line 13--13 in FIG. 14, of an
      earthquake isolating and vibration absorbing equipment according to
      another embodiment of this invention;
PAR  FIG. 14 is a view taken along line 14--14 in FIG. 13;
PAR  FIG. 15 is a front view, as taken along line 15--15 in FIG. 16, of an
      earthquake isolating and vibration absorbing equipment according to
      another embodiment of this invention;
PAR  FIG. 16 is a view taken along line 16--16 in FIG. 15;
PAR  FIGS. 17 to 24 are schematic views showing multistory structures in which
      the earthquake isolating and vibration absorbing equipments showning in
      FIGS. 1, 3, 5, 7, 9, 11, 13 and 15 are installed, respectively;
PAR  FIGS. 25 to 28 are schematic view showing structures, each comprised of a
      spherical tank and supporting structure, in which the earthquake isolating
      and vibration absorbing equipment shown in FIGS. 1, 5, 9 and 13 are
      installed, respectively;
PAR  FIGS. 29 to 36 are schematic diagrams for explaining the operation of the
      earthquake isolating and vibration absorbing equipments as installed in
      the buildings shown in FIGS. 17 to 24;
PAR  FIGS. 37 to 40 are schematic diagrams for explaining the operation of the
      earthquake isolating and vibration absorbing equipments as installed in
      the spherical tank structures shown in FIGS. 25 to 28; and
PAR  FIGS. 41 to 48 are graphical representations showing different vibration
      absorbing characteristics observed between the case where the earthquake
      isolating and vibration absorbing equipments according to this invention
      to be used with the structures as shown in FIGS. 29 to 36 are employed and
      the case where no such equipment is employed.
PAR  Throught the figures, the same reference numerals are employed to designate
      similar or identical parts or elements. An earthquake isolating and
      vibration absorbing equipment according to this invention is hereinafter
      referred to merely as an absorbing equipment.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTs
PAR  In FIGS. 1 and 2, the absorbing equipment is generally designated at 100. A
      hanger 106 is secured to a supported member 104 (for example, a ceiling
      and beam of a building, girder or spherical tank) of a structure 102
      (including a multistoried structure, spherical tank etc.) whose vibration
      due to earthquake, operation of machines etc., is to be prevented. On the
      hanger 106, a pin or pivot 110 is swingably mounted in such a manner that
      a lever 108 can be swung at that portion (hereinafter referred to as a
      pivoted portion 109) near to the upper end thereof. A weight member 112
      having a center of gravity at G is mounted on the lower end of the lever
      108.
PAR  On a floor 114 (including the ground, foundation of the structure 102,
      floor of a building per se, etc.) which is directly or indirectly
      subjected to vibration due to an earthquake etc., there is provided a
      substantially rigid, columnar holder 116 which is vibrated with the floor
      114. A pair of parallel arms or links 118 horizontally extend in a plane
      perpendicular to the pin 110. The pair of arms 118 have one end connected
      through a pin 120 to the upper end (hereinafter referred to as a
      connecting portion 119) of the lever 108 and the other end connected
      through a pin 122 to a holding element 124 provided on the upper portion
      of the holder 116. The ratio of a distance a between the axis of the pin
      110 and the axis of the pin 120 to a distance b between the axis of the
      pin 110 and the center G of gravity of the weight member (hereinafter
      referred to as "a lever ratio") is preferably selected to have a greater
      value such as, for example, 1:30.
PAR  Suppose that, when the earthquake or vibration occurs, the floor 114 is
      absolutely displaced to an extent corresponding to y, in a direction
      indicated by arrow A in FIG. 1 and that the supported member 104 is
      absolutely displaced, to an extent corresponding to x+y, in a direction
      indicated by arrow B in FIG. 1. Then unless x=0, the supported member 104
      is relatively displaced, according to the positive or negative value of x,
      right or left relative to the floor 114 to an extent corresponding to
      .vertline.x.vertline.. Since the top end of the lever 108 is connected
      through the arms 118 and holder 116 to the floor 114 and the pivotal
      portion 109 is connected through the hanger 106 to the supported member
      104 by reason of the pin 120, the pivotal portion 109 is displaced, to an
      extent corresponding to x, relative to the top end of the lever 108 to
      cause the weight member 112 to be swung, together with the lever 108,
      about the pin 110. The swinging movement of the lever 108 (thus the weight
      member 112) causes an inertia force to be induced so that the supported
      member 104 is moved through the pivot 110 and hanger 106 in a direction
      opposite to that in which the supported member 104 is relatively moved. As
      a result, x becomes small namely, the relative displacement between the
      floor 114 and the supported member 104 is reduced. Where the weight of the
      weight member 112 is identical, if the distance a between the axis of the
      pin 110 and the axis of the pin 120 becomes smaller as the designing
      criteria and the rigidity of the equipment 100 permit, then the lever
      ratio b/a becomes greater and the earthquake isolating and vibration
      absorbing effect will be enhanced by that extent.
PAR  In an absorbing equipment 200 according to another embodiment shown in
      FIGS. 3 and 4, a hanger 106 is secured to a floor 114 and a substantially
      rigid holder 116 is fixed to the supported member 104 of a structure 102.
      In other words, this embodiment shows an inverted one of the absorbing
      equipment 100 shown in FIGS. 1 and 2.
PAR  As will be later explained, this embodiment can attain the same earthquake
      isolating and vibration absorbing effect as realized in the first
      embodiment.
PAR  An absorbing equipment 300 shown in FIGS. 5 and 6 is obtained by modifying
      the position of the pivotal portion 109 of the absorbing equipment 100
      shown in FIGS. 1 and 2, while an absorbing equipment 400 shown in FIGS. 7
      and 8 is obtained by modifying the position of the pivotal portion 109 of
      the absorbing equipment 200 shown in FIGS. 3 and 4. In the embodiments
      shown in FIGS. 1 to 4, the weight member 112 and the connecting portion
      119 are mounted on one end of the lever 108 and on the other end thereof,
      while, in the embodiments shown in FIGS. 5 to 8, a hanger 106 of FIGS. 5
      and 6 is pivoted to the upper end of the lever 108 and a hanger 106 of
      FIGS. 7 and 8 is pivoted to the lower end of the lever 108 and a
      respective connecting portion 119 of the respective embodiment are located
      between a weight member 112 and a pivotal portion 109, i.e., the weight
      member 112 and the connecting portion 114 are located on the same side
      when viewed from the position of the pivoted portion 109. A lever ratio
      corresponding to that of FIGS. 1 to 4 is a ratio of a distance a between a
      pin 110 and a pin 120 to a distance b between the pin 120 and the center G
      of gravity of the weight member 112.
PAR  With an absorbing equipment 500 shown in FIGS. 9 and 10, a substantially
      rigid holder 116 is secured to a supported member 104 of a structure 102
      and a substantially rigid, saddle type support 216 has a base portion
      secured by bolts 126 to a floor 114. A hanger 106 is fixed on an
      undersurface 128 of the top portion of the support 216. The arrangement of
      the other parts or members is similar to that shown in FIGS. 1 and 2. In
      this case, a lever ratio is the same as in the case of the embodiment
      shown in FIG. 6.
PAR  In an absorbing equipment 600 shown in FIGS. 11 and 12, a substantially
      rigid holder 116 is secured to a floor 114 and a substantially rigid,
      saddle type support 216 is secured to a supported member 104 of a
      structure 102. This arrangement shows an inverted form of the embodiment
      of FIGS. 9 and 10. A lever ratio is the same as in the case of the
      embodiment of FIG. 8.
PAR  In absorbing equipments 700 and 800, respectively, shown in FIGS. 13 and 14
      and 15 and 16, a connecting portion 119 and weight member 112 are mounted
      on one end of a lever 108 and on the other end thereof with pivoting
      portion 109 disposed therebetween. These embodiments 700 and 800 of FIGS.
      13 and 14 and 15 and 16 are similar in arrangement to the embodiments of
      FIGS. 9 and 10 and FIGS. 11 and 12, respectively, except that, in the
      latter embodiments, a connecting portion 119 is located between a pivoting
      portion 109 and a weight member 112. In these embodiments, a lever ratio
      is the same as in the embodiments shown in FIGS. 2 and 4, respectively.
PAR  FIGS. 17 to 24 show the cases in which the absorbing equipments 100, 200,
      300, 400, 500, 600, 700 and 800 shown in FIGS. 1, 3, 5, 7, 9, 11, 13 and
      15, respectively, are each installed in each floor of multistory building
      202 which is one of the above-mentioned structures. In these cases, the
      floor means each floor 214 of the building 202 and the supported member
      means each ceiling 204 of the building 202. It will be understood that the
      installation of the absorbing equipment in each floor of the building
      permits the vibration or quake of the floor as caused by earthquake etc.
      to be reduced.
PAR  FIGS. 29 to 36 are views for explaining an earthquake isolating and
      vibration absorbing effect obtained from the arrangements of FIGS. 17 to
      24. Now suppose that the whole weight of the structure is so concentrated
      on the first ceiling that the multi-story structure 202 can be regarded as
      a one-story building. Symbols hereinafter employed for explanation are
      defined as follows:
TBL  W.sub.11                                                                  
            the whole weight of the structure 202;                             
     w.sub.12                                                                  
            the weight of the weight member 112;                               
     k.sub.11                                                                  
            the spring constant of columns of the structure                    
            202;                                                               
     x      a relative horizontal displacement of the                          
            ceiling 204 relative to the floor 214;                             
     a      a distance between the axis of the pin 110                         
            and the axis of the pin 120;                                       
     b      a distance from the center G of gravity of                         
            the weight member 112 to that pin mounted on                       
            the lever 108, which is closest to the center                      
            G of gravity of the weight member 112;                             
     g      the acceleration of gravity;                                       
     x      a horizontal acceleration of the ceiling 204                       
            relative to the floor 214 of the building 202;                     
     y      the horizontal acceleration of the floor 214.                      
PAL  Where no absorbing equipment is employed in the building 202, the equation
      of motion of the ceiling 204 can be expressed as follows:
EQU  x + k.sub.11 /w.sub.11 qx = -y                             1
PAL  The natural frequency of the building 202 will be
      ##EQU1##
      Where the absorbing equipment according to this invention is installed as
      schematically shown in FIGS. 17 to 24 the operation of which is shown in
      FIGS. 29 to 36, the following equations will be given.
PAR  With respect to the embodiment of FIG. 29, when
      ##EQU2##
      the equation of motion of the ceiling 204 of the building 202 can be given
      below:
      ##EQU3##
PAR  With respect to the embodiment of FIG. 30, when
      ##EQU4##
      the equation of motion of the ceiling 204 can be expressed as follows:
      ##EQU5##
PAR  With respect to the embodiment of FIG. 31, when
      ##EQU6##
      the equation of motion of the ceiling 204 can be expressed as follows:
      ##EQU7##
PAR  With respect to the embodiment of FIG. 32, when
      ##EQU8##
      then the equation of motion of the ceiling 204 will be
      ##EQU9##
PAR  With respect to the embodiment of FIG. 33, when
      ##EQU10##
      the equation of motion of the ceiling 204 can be expressed as follows:
      ##EQU11##
PAR  With respect to the embodiment of FIG. 34, when
      ##EQU12##
      the equation of motion of the ceiling 204 can be expressed as follows:
      ##EQU13##
PAR  With respect to the embodiment of FIG. 35, when
      ##EQU14##
      the equation of motion of the ceiling 204 can be expressed as follows:
      ##EQU15##
PAR  With respect to the embodiment of FIG. 36, when
      ##EQU16##
      the equation of motion of the ceiling 204 can be expressed as follows:
      ##EQU17##
PAR  The equations (2) to (10), upon comparison with the equation (1), indicate
      that when absorbing and isolating coefficients
      ##EQU18##
      are less than 1, an earthquake isolating and vibration absorbing function
      becomes effective.
PAR  Regarding the embodiments of FIGS. 29 to 36, the natural frequencies of the
      building 202 can be represented as follows:
      ##EQU19##
      Where no absorbing equipment is used and where the absorbing equipment of
      this invention is employed as shown in FIGS. 29 to 36, if w.sub.11,
      w.sub.12, a and b are given by
PA1  w.sub.11 = 100 tons
PA1  w.sub.12 = 0.1 ton
PA1  a = 6 cm
PA1  b = 180 cm,
PAL  the absorbing and isolating factors and natural frequencies of the building
      202 can be expressed as shown in Table 1, provided that the damping ratio
      is disregarded in either case.
TBL                Table 1                                                     
     ______________________________________                                    
     absorbing       absoring                                                  
     and iso-        and iso-    natural fre-                                  
     lating          lating      quencies of                                   
     coefficients    factors     building                                      
     ______________________________________                                    
             M.sub.11                                                          
     Fig. 29        = 0.526  47.4%     f.sub.11 = 1.96 Hz                      
             M.sub.11                                                          
             M.sub.12                                                          
     Fig. 30        = 0.511  48.9%     f.sub.12 = 1.96 Hz                      
             M.sub.12                                                          
             M.sub.13                                                          
     Fig. 31        = 0.511  48.9%     f.sub.13 = 2.00 Hz                      
             M.sub.13                                                          
             M.sub.14                                                          
     Fig. 32        = 0.526  47.4%     f.sub.14 = 1.93 Hz                      
             M.sub.14                                                          
             M.sub.15                                                          
     Fig. 33        = 0.526  47.4%     f.sub.15 = 1.97 Hz                      
             M.sub.15                                                          
             M.sub.16                                                          
     Fig. 34        = 0.511  48.9%     f.sub.16 = 1.96 Hz                      
             M.sub.16                                                          
             M.sub.17                                                          
     Fig. 35        = 0.511  48.9%     f.sub.17 = 2.00 Hz                      
             M.sub.17                                                          
             M.sub.18                                                          
     Fig. 36        = 0.526  47.4%     f.sub.18 = 1.93 Hz                      
             M.sub.18                                                          
     No absorb-                                                                
     ing equip-                                                                
     ment em-                                                                  
             1.000        0.0%       f.sub.10 = 2.73 Hz                        
     ployed                                                                    
     ______________________________________                                    
PAR  From this table, it will be understood that according to this invention,
      vibration can be reduced to substantially one half the original magnitude.
      It is also understood from this table that the natural frequency of the
      building is smaller than the case in which no absorbing equipment is used.
      In other words, the natural period is lengthened.
PAR  FIGS. 41 to 48 corresponding to FIGS. 29 to 36 show, in a case of 10%
      attenuation, a relation between a resonance curve S when the absorbing
      equipment according to this invention is used and resonance T when no
      absorbing equipment is employed. In the graphical representation as shown
      in FIGS. 41 to 48, the natural frequency (Hz) is plotted as abscissa and
      the ratio of a relative maximum displacement (which is referred to as
      x.sub.max since it shows the maximum value of x) to an absolute maximum
      displacement y of the floor 214 of the building 202 due to vibration,
      i.e., a deflection amplitude ratio, is plotted as ordinate. In any case,
      according to this invention, vibration is restricted as compared with the
      case in which no absorbing equipment is employed. It is also observed that
      the natural frequency is varied.
PAR  Though explanation has been made in connection with the one-story building,
      it will be understood that, with respect to a multi-story building, an
      earthquake isolating and vibration absorbing effect can be obtained using
      the absorbing equipment according to this invention.
PAR  FIGS. 25 to 28 the case in which the absorbing equipment according to this
      invention is employed in a spherical tank structure 302 which is one
      example of the above-mentioned structure. In these figures, the spherical
      tank structure 302 comprises a spherical tank 304 and a supporting
      structure 306 supporting the spherical tank 304 and including a foundation
      314, columns 308, braces 310 and girders 312 corresponding to the
      above-mentioned support member 104. In these cases, the ground or
      foundation 314 corresponds to the abovementioned floor 114.
PAR  In the embodiments shown in FIGS. 25 to 28, the absorbing equipments 100,
      300, 500 and 700 shown in FIGS. 1, 5, 9 and 13, respectively, are
      employed.
PAR  In FIGS. 25 and 26, the hangers 106 of the absorbing equipments 100 and 300
      are fixed to the corresponding girders 312, respectively, and the holder
      116 stands upright on the ground or the foundation 314. In FIGS. 27 and
      28, the holders 116 of the absorbing equipments 500 and 700 are fixed to
      the corresponding girders 312, respectively, and the hanger 106 is secured
      to the top of a support 216 which stands upright on the ground or
      foundation 314.
PAR  FIGS. 37 to 40 are views for explaining an earthquake isolating and
      vibration absorbing effect as obtained from the embodiments shown in FIGS.
      25 to 28. Let symbols employed throughout these figures be defined as
      follows:
TBL  w.sub.1                                                                   
           the weight of the spherical tank 304                                
     w.sub.2                                                                   
           the weight of the weight member 112                                 
     k.sub.1                                                                   
           the spring constant of the supporting structure                     
           306 as involved between the girder 312 and the                      
           ground or foundation 314                                            
     k.sub.2                                                                   
           the spring constant of the supporting structure                     
           306 as involved between the girder 312 and the                      
           connection 316 of the column 308 to the tank 304                    
     a     a distance between the axis of the pin 110 and                      
           the axis of the pin 120                                             
     b     a distance from the center G of gravity of the                      
           weight member 112 to that pin mounted on the                        
           lever 108 which is closest to the center G of                       
           gravity of the weight member 112                                    
     g     the acceleration of gravity                                         
     x.sub.1                                                                   
           the relative horizontal displacement of the                         
           girder 312 relative to the ground or the foun-                      
           dation 314                                                          
     x.sub.2                                                                   
           the relative horizontal displacement of the con-                    
           nection 316 relative to the ground or the                           
           foundation 314                                                      
     x.sub.1                                                                   
           the horizontal acceleration of the girder 312                       
     x.sub.2                                                                   
           the horizontal acceleration of the spherical                        
           tank 304                                                            
     y     the horizontal acceleration of the ground or                        
           the foundation 314                                                  
PAR  Suppose that attenuation (or damping ratio) is not taken into
      consideration.
PAR  Where no absorbing equipment is used, the equation of motion of the
      spherical tank will be
      ##EQU20##
      and the natural period can be expressed as follows:
      ##EQU21##
PAR  In contrast, where the absorbing equipment according to this invention is
      employed, the equation of motion of the spherical tank structure can be
      expressed as
      ##EQU22##
      in which K.sub.1, K.sub.2 and K.sub.3 are given as shown in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Fig. No.                                                                  
            K.sub.1      K.sub.2      K.sub.3                                  
     __________________________________________________________________________
     Fig. 25                                                                   
             w.sub.2                                                           
                 2 b b.sup.2 w.sub.2                                           
                                 b    w.sub.2                                  
                                            b                                  
               2+  +     k.sub.1 +k.sub.2 +                                    
                                         2+                                    
     (Fig. 37)                                                                 
            g    a   a.sup.2 a  a     g    a                                   
     Fig. 26                                                                   
            w.sub.2                                                            
                  b.sup.2    w.sub.2                                           
                                   b  w.sub.2                                  
                                            b                                  
               1+        k.sub.1 +k.sub.2 +                                    
                                1+       1-                                    
     (Fig. 38)                                                                 
            g    a.sup.2     a    a   g    a                                   
     Fig. 27                                                                   
            w.sub.2                                                            
                  b          w.sub.2                                           
                                   b  w.sub.2                                  
                                            b                                  
               1+   .sup.2                                                     
                          k.sub.1 +k.sub.2 +                                   
                                1+       1+                                    
     (Fig. 39)                                                                 
            g    a           a    a   g    a                                   
     Fig. 28                                                                   
            w.sub.2                                                            
                b            w.sub.2                                           
                                 b    w.sub.2                                  
                                          b                                    
                  .sup.2 k.sub.1 +k.sub.2 +                                    
     (Fig. 40)                                                                 
            g  a             a  a     g  a                                     
     __________________________________________________________________________
PAR  A symbol "s" appearing in the following explanation denotes 1, 2.
PAR  With q.sub.s representing the time function, a modular analysis technique
      shows
EQU  {x} = {X.sub.1 }q.sub.1 + {X.sub.2 }q.sub.2
PAL  provided that
      ##EQU23##
PAR  If an attenuation of h.sub.s is given with respect to the time function
      q.sub.s in modular analysis, then the equation of motion of the spherical
      tank structure 302 can be expressed as follows:
      ##EQU24##
PAR  With .beta.s representing
      ##EQU25##
      obtained when the absorbing equipment according to this invention is
      employed, and .beta..sub.1 representing the value of the first degree of
      .beta..sub.s and with .beta..sub.0 representing that value corresponding
      to .beta..sub.1 which is obtained when no absorbing equipment is employed,
      if .beta..sub.1 /.beta..sub.0 &lt;1, an earthquake isolating and vibration
      absorbing effect become effective.
PAL  Here,
EQU  M.sub.5 = {X.sub.s }.sup.T [m]  {X.sub.s };
EQU  K.sub.s = {X.sub.s }.sup.T [k] {X.sub.s };
EQU  M.sub.s = }X.sub.s }.sup.T [ m];
PAL  where [m] denotes mass matrices and is equal to
      ##EQU26##
      appearing in the equation (21);
PAR  [k] denotes stiffness matrices and is equal to
      ##EQU27##
      appearing in the equation 21); and
PAR  [m] denotes vectors equal to
      ##EQU28##
      appearing in the equation (21).
PAR  The natural period is represented by
      ##EQU29##
      provided that s = 1, 2 corresponding to the natural periods of the first
      and second degrees.
PAR  In FIGS. 37 to 40 which show the operation of the absorbing equipments in
      FIGS. 25 to 28, when
PA1  W.sub.1 = 500 tons,
PA1  w.sub.2 = 0.5 ton,
PA1  a = 10 cm,
PA1  b = 400 cm,
PA1  k.sub.1 = 180 tons/cm and
PA1  k.sub.2 = 360 tons/cm,
PAL  then, the natural frequency .beta..sub.1 /.beta..sub.0 and absorbing and
      isolating factors can be represented as shown in Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
            natural periods                                                    
                       .beta..sub.1 /.beta..sub.0                              
                                absorbing and iso-                             
                                lating factors                                 
     ______________________________________                                    
     No absorbing                                                              
     equipment                                                                 
              0.41 sec.    1.000    0.0%                                       
     employed                                                                  
     Fig. 37  T.sub.1 = 0.566 sec.                                             
                           0.597    40.3%                                      
     Fig. 38  T.sub.1 = 0.564 sec.                                             
                           0.573    42.7%                                      
     Fig. 39  T.sub.1 = 0.566 sec.                                             
                           0.597    40.3%                                      
     Fig. 40  T.sub.1 = 0.564 sec.                                             
                           0.573    42.7%                                      
     ______________________________________                                    
PAR  As a result of actual measurement, spherical tank structures in general
      have a natural period of 0.3 to 0.5 sec. This natural period is within the
      earthquake acceleration resonance range of strong earthquakes heretofore
      encountered.
PAR  Assume that the acceleration of the ground surface be 0.3 g (g= 980
      cm/sec.sup.2), a value approximate to the acceleration of the strongest
      earthquake which has been experienced. Since the damping of general
      spherical tank structures is less than that of buildings, the response
      acceleration of the tank structures in response to the acceleration of the
      ground surface is amplified to 0.6 to 1.0 g. In order to withstand such
      response acceleration, the static seismic intensity k of design the
      criteria is required to fall within the range of 0.6 to 1.0. In this case,
      the conventional tank structure requires a very extensive reinforcement,
      with the consequent impracticability. Usually, k is selected, as the
      static seismic intensity of design criteria, to have a value of 0.2 to
      0.3. If k is so selected, it will be evident that the tank structure can
      not withstand possible strong earthquakes, since a greater response
      acceleration is involved due to the fact that the natural frequency lies
      in the region of an acceleration resonance.
PAR  Where the absorbing equipment according to this invention is applied to the
      spherical tank structure, even if the weight ratio of the spherical tank
      to the weight member is about 1000:1, the natural period of the sperical
      tank structure can be so shifted, as shown in Table 3, that it falls
      outside the range of the acceleration resonance of possible strong
      earthquakes. Furthermore, it is possible to reduce the acceleration
      response of the tank structure by more than 40%. These facts, together
      with the fact that the viscous damping of the spherical tank structure is
      increased by the swing of the weight member, causes the tank structure to
      less respond to the earthquake. Suppose that the tank structure is
      designed at k = 0.3 and even if, in this case, the ground surface is
      quaked at the acceleration of 0.3g, the response acceleration of the tank
      structure using the absorbing equipment of this invention is not increased
      to any greater extent. Since, therefore, the tank structure has a strength
      well within the allowable stress range, the tank structure to which the
      absorbing equipment according to this invention is applied can fully
      withstand possible strong earthquakes.
PAR  Moreover, the hanger 106 or the holder 116 can be mounted in the
      corresponding position by making only a slight modification and change to
      the columns or the foundation.
PAR  Though, in FIGS. 17 to 40, the lever ratio, i.e., the ratio of the distance
      a between the axis of the pin 110 and the axis of the pin 120 to the
      distance b between the pin 110 or 120 and the center G of gravity of the
      weight member 112 has been described as being 1:30, the lever ratio is not
      restricted thereto and it may take any value near to 1:30. By such lever
      ratio, the weight of the weight member of the absorbing equipment can be
      made equal to, or near to, one-thousandth the weight of the structure
      including the building and spherical tank and, therefore, it is possible
      to shift the natural period of the structure beyond the resonance period
      of vibration or quake due to earthquakes etc. even if the absorbing
      equipment is made small-sized.
PAR  A suitable selection of a lever ratio b/a assures a sufficient earthquake
      isolating and vibration absorbing effect, even if the weight of the weight
      member of the absorbing equipment is made, for example, 1/300th to
      1/3000th the weight of the structure.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An earthquake isolating and vibration absorbing equipment for structures
      which each is provided with a floor member and a supported member carried
      by the floor member, said equipment including a hanger connected to one of
      the members, a lever normally positioned vertically and pivoted to the
      hanger at a pivotal point in one end portion of the lever, a weight member
      mounted on the other end portion of the lever, a holder secured to the
      other of said members, an arm member having one end pivoted to a free end
      portion of the holder and the other end pivoted to a portion of the lever
      other than the pivotal point, said arm member extending horizontally so as
      to be parallel with the supported member and the floor member, and the
      weight member being adapted to swing to produce an inertia which applies
      to, and along the arm member through the lever, a force resisting against,
      and reducing the horizontal movement of the supported member resulting
      from an earthquake and for vibration of the floor member.
NUM  2.
PAR  2. The earthquake isolating and vibration absorbing equipment for
      structures according to claim 1, in which that portion of said lever
      pivoted to the other end of the arm member is located, with respect to
      said pivotal point of the lever, on the side opposite to the side on which
      said weight member is disposed.
NUM  3.
PAR  3. The earthquake isolating and vibration absorbing equipment according to
      claim 2, in which said holder is fixed to the floor member.
NUM  4.
PAR  4. The earthquake isolating and vibration absorbing equipment according to
      claim 3, in which said holder is secured to the supported member.
NUM  5.
PAR  5. The earthquake isolating and vibration absorbing equipment according to
      claim 3, in which there is further provided a support secured to, and
      suspended from, said supported member and having said hanger fixed on the
      undersurface of the free end thereof.
NUM  6.
PAR  6. The earthquake isolating and vibration absorbing equipment according to
      claim 2 in which said holder is fixedly mounted on the supported member.
NUM  7.
PAR  7. The earthquake isolating and vibration absorbing equipment according to
      claim 6, in which said hanger is secured to said floor member.
NUM  8.
PAR  8. The earthquake isolating and vibration absorbing equipment according to
      claim 6, in which there is further provided a support secured upright to
      said floor member and having said hanger fixed on the undersurface of the
      top end thereof.
NUM  9.
PAR  9. The earthquake isolating and vibration absorbing equipment according to
      claim 1, in which that portion of said lever pivoted to the other end of
      said arm member is located between the weight member and said pivotal
      point of said lever pivoted to the hanger.
NUM  10.
PAR  10. The earthquake isolating and vibration absorbing equipment according to
      claim 9, in which said holder is fixedly mounted on said supported member.
NUM  11.
PAR  11. The earthquake isolating and vibration absorbing equipment according to
      claim 10, in which said hanger is fixedly secured to said floor member.
NUM  12.
PAR  12. The earthquake isolating and vibration absorbing equipment according to
      claim 10, further including a support fixedly secured to said floor member
      and having said hanger fixed on the undersurface of the top end thereof.
NUM  13.
PAR  13. The earthquake isolating and vibration absorbing equipment according to
      claim 9, in which said holder is fixedly secured to said supported member.
NUM  14.
PAR  14. The earthquake isolating and vibration absorbing equipment according to
      claim 13, in which said hanger is fixedly mounted to said floor member.
NUM  15.
PAR  15. The earthquake isolating and vibration absorbing equipment according to
      claim 13 in which there is further provided a support fixedly mounted
      upright to said floor member and having said hanger fixed on the
      undersurface of the top end thereof.
NUM  16.
PAR  16. The earthquake isolating and vibration absorbing equipment according to
      claim 1 in which said lever is pivoted through a pivot to said hanger, the
      other end of said arm member being pivoted through a pin to said one end
      portion of the lever, and the ratio of a distance between the axis of said
      pivot and the axis of said pin to a distance between the axis of said
      pivot and the center of gravity of said weight member being substantially
      1:30 when the ratio of the weight of the weight member to the weight of
      the supported structure is substantially 1:300 to 1:3000.
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ABST
PAL  A sun reflector formed by a carrier of transparent sheet material and
      internal louvers for use in a window panel is disclosed. The louvers are
      inserted across the width of the carrier and on equally spaced centers
      along its length. The louvers are received by the carrier at an angle
      acute to the plane of the surface. The louvers are formed of individual
      segments, each of which is equidistantly spaced from adjacent louver
      segments with the outer segments being spaced from the sides of the sheet
      material. The louver segments are encased by the sheet material.
BSUM
PAR  The present invention relates to sun reflectors in the form of a sheet
      material carrier having internal louvers and the method for forming the
      same. The sheet material with the encased louvers has particular utility
      as one lamina of a laminated window panel and serves as a medium to
      reflect the sun's rays from the window panel without affecting visibility
      through the panel.
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art includes louvered screens which take the form of horizontal
      metal louvers supported between metal uprights or mullions. The mullions
      are essential to hold the louvers fixed in a horizontal position. While
      such screens are effective to reflect the rays of the sun, they prove
      impractical to use and suffer from certain disadvantages.
PAR  In this connection, if the metal louvered sun screen is placed adjacent a
      window, it rapidly accumulates dirt which impairs or blocks visibility. So
      as not to unduly impair visibility through the screen the louvers and
      mullions are quite thin. Thus cleaning is a difficult undertaking and the
      louvers and mullions are easily bent or broken. To overcome this problem
      of cleaning, such screens have been suspended between two spaced sheets of
      glass to form a window. If the sheets are not bonded together and the
      space evacuated condensation may occur between the sheets to impair
      visibility. If the sheets are bonded together to enclose the screen the
      problem of condensation may be supplanted by problems introduced because
      of the wide variance between the coefficients of expansion and contraction
      of metal and glass. Thus, on a very cold day, for example, the contraction
      of the metal screen, compared to the relatively small contraction of the
      glass may be sufficient to cause the glass to shatter.
PAR  An additional disadvantage of the prior art metal screens resides in the
      fact that because of their size the mullions which support the louvers
      must be spaced fairly closely. For example, the mullions may be spaced on
      the order of one inch apart to introduce stability to the louvers causing
      the louvers to remain horizontal throughout their length. The mullions
      impair visibility. To this end, the mullions present to the eye a number
      of opaque vertical strips across a person's view. This arrangement is
      annoying to one looking through the window structure, and places severe
      limitations on architects in their attempts to make attractive window
      designs.
PAR  Because of the aforementioned problems and objections to this form of
      screen including mullions and supported louvers attempts have been made to
      form louvers in glass or in transparent plastic sheets. Generally, such
      efforts have been directed to forming in a glass panel over one surface
      thereof a family of parallel grooves, or in sawing parallel grooves in one
      surface of a plastic sheet, and then depositing an opaque material in such
      grooves to provide the desired lower effect. The depth of the grooves must
      be restricted in order not to unduly weaken the panel. Therefore, great
      pains must be taken in the production of such structures to avoid or
      lessen breakage and marring of the same. Accordingly, these structures are
      extremely difficult, time-consuming and costly to produce.
PAR  A further example of prior art louvered screening is disclosed in U.S. Pat.
      No. 2,980,567 which issued to me on Apr. 18, 1961. Briefly, a louvered
      sheet forming a sun screen to be included in a panel is disclosed as being
      formed of a multiplicity of individual relatively thin sheets,
      approximately 0.005 inches in thickness, which are bonded together under
      conditions of heat and pressure. To this end, a stack of sheets is bonded
      by a press apparatus including a pair of platens which close about the
      stack. The sheets are formed of transparent plastic, such as cellulose
      acetate butyrate. One surface of each sheet contains a family of spaced
      (on approximately 0.062 inch centers) and parallel opaque lines extending
      between the edges of the sheet and across the length. The lines are
      applied in a layer approximately equal to one-half the thickness of the
      sheet and approximately 0.010 inches in width.
PAR  The spacing of the lines corresponds to the desired louver separation. The
      louver separation is obtained by predetermined displacement of the
      individual sheets of the stack relative to adjacent sheets. The louver
      through the bonded sheet, formed by the several opaque lines, will reside
      at some angle from the vertical as determined by the sheet displacement.
      The bonded sheet is in turn bonded to a pair of panes to form an optical
      panel. For further explanation, attention may be directed to the
      aforementioned patent.
PAR  The bonded sheet product having spaced louvers within the sheet has been
      widely accepted within the industry for use as a reflector in a window
      panel. While the bonded sheet product is widely accepted within the
      industry it has been found that added cost of the product has been
      introduced in the manufacturing procedure by the necessity of exercise of
      extreme care in material selection, the observance of criticality in the
      disposition of the several sheets to be bonded, and in the initial
      application of the opaque lines to the sheets. Particularly, the several
      sheets need to be perfectly flat. Otherwise the final bonded sheet will
      contain ridges to militate against proper bonding to the outer glass
      layers. The family of parallel spaced opaque lines on each sheet must be
      deposited precisely. And the inclination of the several sheets preparatory
      to the bonding process and the formation of the clear plastic sheet with
      miniature louvers therein must be provided with precision.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention overcomes the problems and disadvantages of the prior
      art heretofore noted both in connection with the formation of metal
      louvers and in the formation of the bonded louvered sheet according to the
      method of its manufacture as described particularly in my earlier patent.
PAR  In one aspect, the present invention is directed, with more economy and
      consistency of product, to the manufacture of a louvered sheet which
      displays at least the efficiency of prior art products of similar nature
      and manufacture. Thus, the invention includes certain operations which are
      carried out on a flat sheet of plastic material which in the ultimate
      product resides between a pair of panes thereby to form a window panel.
      Particularly, the sheet of predetermined width and length is passed to and
      stationarily received by the bed of a punch press. The press includes at
      least one punching die head oriented above and movable along the bed and
      the sheet thereon. Each die head is formed by a plurality of die head
      elements spacedly positioned across the head. Material for forming a
      louver is passed to the die head. The material is sheared to predetermined
      length and upon each actuation of the head elements the predetermined
      length is inserted edgewise into the sheet material carrier. To compensate
      for thermal changes causing expansion or contraction of the louver, the
      louver material is carried by a plurality of rolls mounted on a single
      shaft. The rolls are spaced one from the other. Each width of material is
      passed to a single element of the die head which inserts the material
      segment into the carrier with the same spacing. The actuations follow a
      predetermined stepped advance of the die head relative to the bed or vice
      versa until louvers are inserted throughout the surface area. The sheet
      material will preferably be thicker than the width of the louver
      irrespective of the angle of insertion. Thereafter, a further layer of
      sheet material is applied to the penetrated surface. The thickness of the
      applied layer will approximately be equal to the unpenetrated thickness of
      the original material. The louvered sheet may be bonded to outer panes to
      form a window panel.
PAR  The sheet provides a cushion and serves to positively encase louver
      segments across the width and throughout the length of the sheet. The
      sheet because of the spacing accommodates possible expansion or
      contraction of the louver caused by thermal conditions. The method is a
      positive and economical operation. The product may be replicated over and
      over again.
PAR  The present invention contemplates in a further aspect the insertion of
      louver segments into a sheet material of a thickness such that the louver
      penetrates and cores the sheet material upon passage to the lower surface.
      Additional layers of sheet material will be received to encase the
      louvers. The louver sheet similarly is bonded to outer panes to form a
      window panel.
PAR  In the aforementioned procedures the louver material is passed to the die
      head in the direction of the stepping advance. It is contemplated, also,
      that the material may be passed along a path longitudinal of the die head.
      In this connection, the louver material will have been cut to desired
      width and is sheared by the die head lengthwise at a plurality of
      locations in order to insert the louver segments, as discussed. In either
      case, the louver is inserted into the sheet material at an angle acute to
      the plane of the sheet material surface.
PAR  As a further aspect, the present invention contemplates the use of multiple
      die heads which are equidistantly spaced along the length of the bed. To
      this end, the insertion operation may be completed in some fraction of the
      time required for process completion utilizing a single die head.
PAR  There has thus been outlined rather broadly the more important features of
      the invention in order that the detailed description thereof that follows
      may be better understood, and in order that the present contribution to
      the art may be better appreciated. There are, of course, additional
      features of the invention that will be described hereinafter and which
      will form the the subject of the claims appended hereto. Those skilled in
      the art will appreciate that the conception upon which this disclosure is
      based may readily be utilized as a basis for the designing of other
      structures for carrying out the several purposes of the invention. It is
      important, therefore, that the claims be regarded as including such
      equivalent construction as do not depart from the spirit and scope of the
      invention.
DRWD
PAR  The accompanying drawings form a part of the present invention. By these
      drawings, which illustrate a preferred form of the invention,
PAR  FIG. 1 is a view in perspective of the apparatus for punching louver
      segments into a sheet material carrier;
PAR  FIG. 2 is an enlarged partial view in perspective of the sheet material
      carrier and illustrating the disposition of the louver segments;
PAR  FIG. 3 is a view in perspective of the louvered sheet material carrier of
      FIG. 2 and a cover layer received thereon to encase the louvers; and,
PAR  FIG. 4 is a view in elevation of the louvered carrier of FIG. 3 disposed
      between and bonded to two outer layers to form a window panel.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference may now be had to the several Figures of the drawings in order
      that the invention which generally has been discussed may be more fully
      appreciated.
PAR  The apparatus which may be employed in the process of formation of a
      louvered screen is illustrated in FIG. 1. The apparatus is denoted by the
      numeral 10. Certain structural features, i.e., those directly related to
      the process are illustrated in some detail, whereas other structural
      components of the apparatus which may be conventional or not directly
      connected to the process are generally shown or discussed, only. The
      process and the product formed thereby as generally brought out above is
      amplified below.
PAR  The apparatus includes a frame having a pair of side members 12,14
      supported by stanchions or legs 16. The frame carries a bed or table 18
      arranged in horizontal disposition for receipt of sections of sheet
      material. The sheet material serving as a carrier body may be pre-cut and
      through any means placed on the bed or else drawn to the bed from an
      endless roll 20. The bed is of a dimension to accommodate for processing a
      sheet having a length of nine feet and a width of five feet. During the
      processing operation, the sheet is retained against movement. One means to
      accomplish this end is to provide within the area of the bed a plurality
      of apertures 22 which may be communicated to a source of vacuum. The
      vacuum will act upon the lower surface of the sheet to hold it in place.
      Alternatively, suitable means on the bed, such as a frame within which the
      dimensioned sheet is disposed, may also be employed.
PAR  The apparatus may include either single or multiple rows of punch dies 30.
      The punch dies may be conventional in design and operation. Each punch die
      is arranged above the surface of the bed. And each punch die is of a
      length to traverse the width of the bed, maintaining throughout a
      disposition normal to the axis of the sheet. Each punch die, further, is
      formed of multiple die elements (not shown) for the purpose to be brought
      out. If punch dies in a greater number than one are employed the punch
      dies are equidistantly positioned along the length of the bed. In
      operation for punching the louver in the sheet material the bed may be
      advanced in stepped increments relative to the punch die arrangement or
      vice versa. Conventional stepping means will be employed for this purpose.
      The stepping action will continue until the total complement of louvers,
      at the desired spacing, has been punched into the sheet. Upon completion
      of the stepping operation, the sheet material will be replaced by a
      further length of sheet material and the bed or punch die arrangement will
      return to the initial position of the next and subsequent runs.
PAR  As illustrated, the roll 20 of sheet material is carried for rotation by a
      shaft 22 carried by opposed brackets 24,26. The brackets are carried by
      the frame. The sheet material may be drawn from the roll in the direction
      of the arrow and conveyed by any suitable means toward the bed upon
      processing demands. The sheet material is positioned for passage to the
      bed by the interaction of the brackets and groove 28 in the shaft. A
      cutter apparatus (not shown) may be interposed between the roll and the
      bed to sever the sheet to appropriate length or else the process may be
      carried out on an endless length of sheet material.
PAR  The sheet material 40 may be formed of plastic such as polyvinyl butyral,
      cellulose acetate butyrate or other suitable synthetic resinous material.
      Preferably, the sheet material will be capable of being bonded between a
      pair of sheets of glass or other synthetic plastic material which may be
      used as a glass substitute. Contemplated are glass substitutes, such as an
      acrylic resin, for example polymethyl acrylate, polymethyl methacrylate
      and the like. The sheet material should display characteristics of
      resiliency to receive and secure the multiplicity of louver elements
      substantially across its width and at spaced locations throughout its
      length. The sheet material, also, should be capable of being formed
      preferably quite thin. The invention envisions the use of a sheet of from
      about 0.064 inches to about 0.125 inches in thickness. Also, the material
      will be transparent and optically clear so as not to effect in any way the
      ability to pass radiation or be subject to ultraviolet problems, such as
      yellowing.
PAR  For the purposes of this invention it is preferred to use sheet material of
      polyvinyl butyral, and the invention has been carried out successfully
      through utilization of such sheet material having a thickness of
      approximately 0.094 inches.
PAR  The material for forming the louvers may be supported in a manner similar
      to that above. Thus, a shaft 42 and end brackets 44 mount the rolled
      louvered material above the frame. The material is then drawn by any
      convenient means (not shown) to the punch die. The material is disposed
      upon a plurality of rolls 46. The material preferably is of a width A
      which is considerably less than the width of the bed. For example, the
      louver segment from each roll may be from 4 to 6 inches in width or
      longer, if necessary or desirable. The outer edge of the material in the
      outer rolls is spaced inwardly from the edge of the bed. As illustrated,
      the inner plurality of rolls of material are also spaced from adjacent
      rolls. A plurality of collar elements 48 secured against shifting movement
      on the shaft maintain the proper spacing. In this manner, material for
      forming the louvers, if conveyed to the die assembly along parallel paths
      from the several rolls, will be punched as individual segments at spaced
      locations into and across the width of the sheet material.
PAR  The spacing C of adjacent segments within each row and the edge of the
      outer segments from the edge of the sheet accommodates any thermal
      expansion or contraction of the segment within the resilient sheet
      material body. The body serves to provide sufficient cushion of movement
      of the segments thereby to guard against breakage of the outer lamina
      because of thermal conditions and expansion or contraction of the
      segments. It has been found that a spacing of approximately 0.010 inches
      is sufficient for this purpose.
PAR  If more than one punch die assembly is utilized in the operation additional
      assemblies for the feeding of louver material will be provided, also.
PAR  The multiple punch die elements of each punch die receive the material, as
      discussed. Each punching operation contemplates sequentially severing of a
      length D of material from the individual rolls 46 and forcing the material
      endwise into the sheet material. This length may be approximately 0.062
      inches. As illustrated in the Figure, the segments 46' are introduced at
      an acute angle .alpha. to the plane normal to the surface of the sheet
      material. Assuming use of the panel within the United States, this angle
      may be within the range of approximately 15.degree.-19.degree.. It is
      preferred that this angle be approximately 17.degree., and satisfactory
      results have derived therefrom.
PAR  The louver may be formed of metal, such as aluminum, steel, bronze, or
      copper. The material is coated, preferably black, thereby to be opaque.
      Any convenient coating process, such as enameling may be used. The
      material will be in the range of 0.002 to 0.010 inches in thickness and
      the spacing B of the segments of the adjacent rows will be on
      approximately 0.055 inch centers.
PAR  From the above it will be seen that the individual segments reside above an
      unpenetrated thickness of the sheet material. The unpenetrated thickness
      will be approximately 0.035 inches [i.e., 0.094 inches (thickness of the
      sheet) - 0.059 inches (0.062 cos 17.degree. = 0.062 .times. .9563)].
PAR  The invention also contemplates that a louver segment as described may be
      punched into sheet material of a thickness to accommodate the segment
      within an opening cored by the insertion process. This form of the sheet
      may be utilized if stress of compression possibly developed internally of
      the sheet material by punched louvers cannot be tolerated. To this end,
      while the louver cores a pocket the resiliency of the sheet material will
      bind the louver preliminary to subsequent operations.
PAR  FIG. 2 illustrates in enlargement a broken away portion of the sheet
      material and disposed louvers according to the foregoing discussion and a
      portion of the bed of the apparatus including the apertured surface.
PAR  A further sheet 50 of polyvinyl butyral is applied (see FIG. 3) to the
      upper surface (and also the lower surface in the event of implementation
      of the discussed alternative operation) of the sheet material to encase
      the louvers. The applied sheet (or sheets) will be of a thickness less
      than the thickness of the sheet material 40. Preferably, the sheet (or
      sheets) 50 will be approximately 0.031 inches in thickness so that the
      overall thickness of the louvered screen will be approximately 0.125
      inches.
PAR  The laminate of FIG. 3 defines the central lamina layer of the FIG. 4
      construction. This Figure illustrates a window panel 60 including opposed
      outer layers 62,64 of glass or plastic, as discussed, and the internal
      louvered screen bonded thereto. Bonding of the louvered screen to the
      outer glass or plastic layers may be carried out with precision and
      without critical regard to positioning of the lamina. To this end, the
      louvered screen is received between a pair of layers 62,64 and the package
      is passed between the nip of a pair of rollers (not shown). With proper
      pressurization the rollers will act upon the outer layers to compress the
      package and expel any air bubbles which may have been trapped between the
      layers 62,64 and the louvered screen. It is also contemplated that the
      package may be disposed in a vacuum bag and subjected to vacuum conditions
      thereby to achieve the same result. The package next is received in an
      autoclave and subjected both to elevated temperatures and pressure
      conditions throughout a suitable time period, during which the bonding of
      the lamina will be carried out. A temperature of about 280.degree.F. and a
      pressure of about 150 pounds per square inch during a period of about 1 to
      1/2 hours has proven sufficient to bond the lamina when introduced in
      batch quantities to the autoclave. To this end, the polyvinyl butyral
      material forming the layers of the carrier will bond to itself and to the
      outer layers 62, 64 of glass or plastic thereby to form a window panel.
PAR  In accordance with the invention, the optically pure panel will contain a
      plurality of individual louvers which, with the panel in the vertical
      disposition, will reflect rather than permit passage of sunlight. Yet the
      louvers do not adversely affect total viewing through the panel.
PAR  The process of making the louvered sun screen of this invention is
      extremely simple and inexpensive. The panel may be formed at what is
      considered a fraction of the cost of the above discussed metal sun
      screens. Since the panel of the present invention may be readily bonded
      between sheets of glass, it provides a sun screen window which does not
      suffer from problems attendant to accumulation of dust, condensation, or
      thermal problems. The panel is also an improvement over previous design in
      that it is not subject to problems which may arise from inaccuracies in
      the positioning of the several individual sheets to be bonded, or in the
      printing of opaque lines thereon, or in the possible uneven surface
      contour of individual sheets.
PAR  A sun screen window formed in accordance with this invention may readily be
      cut to desired size. Since there are no mullions more architecturally
      aesthetic design combinations of windows may be utilized. The louvers may
      be tinted to add greater range to design choice.
PAR  From the foregoing, it will be seen that in accordance with the present
      invention there is provided an improved sun screen window panel. The panel
      of the present invention therefore performs the objects and provides
      advantages heretofore not achieved on similar type devices.
PAR  Having described the invention with particular reference to the preferred
      form thereof, it will be obvious to those skilled in the art to which the
      invention pertains, after understanding the invention, that various
      changes and modifications may be made therein without departing from the
      spirit and scope of the invention as defined by the claims appended hereto
     .
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. A louvered screen comprising a carrier body formed of transparent sheet
      material whose upper and lower surfaces substantially are continuous and
      throughout equidistantly spaced apart; and a plurality of opaque louver
      means disposed in and supported substantially stationarily by said carrier
      body, each of said louver means formed from at least two separate segments
      of material each having a substantially planar rectangular outline and a
      major and minor axis, said segments being positioned in the carrier body
      in a spaced apart discontinuous manner along their major axis, the space
      between said segments having nothing to impede vision through the carrier
      body; said louver means being spaced from adjacent louver means along a
      second dimension of said carrier body which is normal to said first
      dimension, each of said louver means being disposed at an angle acute to a
      plane normal to the surface of said carrier body, and each louver means
      and having a thickness greater than the product of the length of the minor
      axis of said louver means times the cosine of the angle of disposition so
      that each said louver means is embedded within said carrier body.
NUM  2.
PAR  2. The louvered screen of claim 1 wherein each of said louver means are
      equidistantly spaced along said second dimension.
NUM  3.
PAR  3. The louvered screen of claim 1 wherein each segment of said louver means
      is substantially coextensive and equidistantly spaced across said first
      dimension.
NUM  4.
PAR  4. A window comprising two transparent panels and louvered screen
      positioned between and bonded to said panels, said louvered screen
      comprising a carrier body formed of transparent sheet material whose upper
      and lower surfaces substantially are continuous and throughout
      equidistantly spaced apart; and a plurality of opaque louver means
      disposed in and supported substantially stationarily by said carrier body,
      each of said louver means formed from at least two separate segments of
      material each having a substantially planar rectangular outline and a
      major and minor axis, said segments being positioned in the carrier body
      in a spaced apart discontinuous manner along their major axis, the space
      between said segments having nothing to impede vision through the carrier
      body; said louver means being spaced from adjacent louver means along a
      second dimension of said carrier body which is normal to said first
      dimension, each of said louver means being disposed at an angle acute to a
      plane normal to the surface of said carrier body, and said sheet material
      of said carrier body being of a thickness greater than the product of the
      length of the minor axis of said louver means times the cosine of the
      angle of disposition so that each said louver means is embedded within
      said carrier body.
NUM  5.
PAR  5. The window of claim 4 wherein each of said louver means are
      equidistantly spaced along said second dimension.
NUM  6.
PAR  6. The window of claim 4 wherein each segment of said louver means is
      substantially coextensive and equidistantly spaced across said first
      dimension.
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ABST
PAL  A planar structural assembly has a series of cells formed by elongate
      structural members, the cells each receiving a pane or panel. To provide a
      weather-seal, closed loops of resilient sealing strips extend around the
      exterior edge of each pane or panel and are mounted on auxiliary members
      secured to the structural members. The auxiliary members clamp the sealing
      strips in compression against their panes or panels to ensure the seal
      there. The contiguous edges of the sealing strips of adjacent cells are
      locked in place and a seal formed between them by locking or zipper
      strips.
BSUM
PAR  This invention relates to structural assemblies for buildings and is
      particularly concerned with constructions in which an area is filled using
      a pane or panel or a plurality of smaller panes (i.e. transparent or
      translucent sheets) and/or panels mounted in a frame structure.
PAR  According to one aspect of the invention there is provided a structural
      assembly comprising a series of rigid elongate members secured together to
      form a frame structure defining at least two enclosed spaces arranged to
      receive infill elements panes or panels, and means making a seal between
      the members and each said pane or panel, said means comprising a flexible
      inner sealing device for each said space in the form of a closed loop of a
      strip-like material engaging the frame members at the periphery of the
      space, and auxiliary rigid frame elements clamping said sealing devices in
      place, further bridging sealing means being provided between adjacent
      edges of respective sealing devices at the common boundary or boundaries
      between each contiguous pair of said spaces.
PAR  According to another aspect of the invention, there is provided a
      structural assembly comprising a series of rigid elongate elements secured
      together to form a frame structure defining at least one enclosed space
      arranged to receive an infill pane or panel, and means making a seal
      between the members and said pane or panel, said means comprising an inner
      flexible sealing device for the space in the form of a closed loop of a
      strip-like material engaging the frame members at the periphery of the
      space and auxiliary rigid frame elements clamping said sealing device in
      place at least one peripheral flexible sealing device being disposed
      outwardly of said loop-forming sealing device at the external periphery of
      said frame structure, and further, bridging sealing means being provided
      between adjacent edges of the or each peripheral sealing device and the
      contiguous loop-form sealing device or devices at the common boundary or
      boundaries between said peripheral device and said loop-form device or
      devices.
PAR  Particularly when the assembly is relatively large it is preferable to
      secure the frame members together in such a way that they are free to make
      slight movements relative to each other, e.g. for thermal expansion and
      for building movements.
PAR  In a preferred form of the invention, the or each said pane or panel has
      its edges sealingly located between said loop-form sealing devices and
      rear sealing members disposed in opposition to said sealing devices. The
      auxiliary frame elements can comprise forward portions projecting
      laterally from a central securing portion, said forward portions being
      adapted to extend over the edges of the or each associated pane or panel
      and thereby to apply sealing pressure to said edges. This can conveniently
      be done by arranging that said loop-form sealing devices locate on said
      forward portions of the auxiliary elements to extend around at least a
      part of the front and rear surfaces thereof, that portion of each device
      at the rear of the forward portions being clamped in compression against
      the associated pane or panel. A recess between the front faces of said
      forward portions can provide a keying engagement for the sealing devices.
PAR  Preferably said forward portions are provided with rearward projections
      disposed intermediate the lateral extent of rear portions of the sealing
      devices engaging the pane or panel, the clamping pressure referred to
      above being applied through said projections. Preferably also the rear
      faces of the sealing devices bearing on the pane or panel are given a
      profile providing a plurality of laterally spaced lines of sealing
      therewith, such that said profile includes a marginal lip providing one of
      said lines of sealing that is disposed beyond the lateral extent of said
      frame element forward portion.
DRWD
PAR  By way of example, the invention will be more particularly described with
      reference to the accompanying drawings, wherein:
PAR  FIG. 1 is an exploded perspective view showing some of the components at a
      mullion/transom junction in one embodiment of structural assembly
      according to the invention,
PAR  FIG. 1a illustrates schematically the complete assembly,
PAR  FIG. 2 is a side view of the junction of FIG. 1,
PAR  FIG. 3 is a plan view of a part of the same structural assembly showing the
      attachment of a transom to a mullion and of a mullion to a lower sill,
PAR  FIG. 4 is a view in a horizontal plane of a part of the same structural
      assembly at a jamb,
PAR  FIG. 4a shows a modification of the construction in FIG. 4 as seen in the
      same horizontal plane,
PAR  FIG. 5 is a plan view showing a modification of the assembly of the
      preceding figures to provide double glazing or a sandwich wall, and
PAR  FIG. 6 is a further illustration of the modification in FIG. 5 showing how
      transition can be achieved between single and sandwich panes or panels in
      successive cells of the structural assembly.
DETD
PAR  The drawing shows embodiments of the invention in which a frame structure,
      as illustrated in FIG. 1, is composed of a series of mullions 2 extending
      upwardly from a bottom cill member 6, and connected by transoms 4, the
      opposite side edges of the structure being formed by jamb mullions 8 and
      the upper edge of top sill members 10. The sealing arrangements are
      similar for all the members, as will be explained below, and detailed
      illustration of only some of the members is all that is necessary for an
      understanding of the invention.
PAR  Each mullion 2 comprises a main box section having relatively deep side
      walls 12 joined by a front wall 14 and a rear wall 16. A forwardly
      projecting channel-like formation 18 located centrally on the front wall
      14 is made up of a pair of parallel flanges 20 with stiffening root
      fillets 22. In the slot 24 between the flanges 20, central web 26 of an
      extruded generally T-form auxiliary frame element 28 is a free fit.
      (Similar auxiliary frame members are associated with the other members
      forming the frame structure and co-operate with them in a similar manner.)
      The side limbs 30 of the element 28 receive opposite-handed extruded
      sections 32a of respective outer sealing gaskets 32 that, in conjunction
      with inner sealing strips 33 mounted on flanges 34 of the mullion, seal
      the edge of a pane or panel 36 clamped between them. The clamping pressure
      is applied by the auxiliary frame element 28 and is obtained by tightening
      countersunk screws 38 securing it to the frame element, these passing
      through spaced apertures along the length of the frame element and
      projecting laterally of the element to be gripped by the opposed faces of
      the flanges 20.
PAR  The side limbs 30 of the T-form auxiliary element are profiled to provide a
      recess 40 between them with re-entrant side faces and at the edges of the
      limbs are rearwardly directed lips 42. The gaskets 32 are made of a
      resilient material and can initially be mounted on the auxiliary elements
      28 in a substantially undeformed state. Each section 32 comprises a female
      region that generally fits its associated side limb 30 but with some
      slight clearance at the forward and outer regions 46 of the side limbs and
      also at the rear regions 48 inwardly of the lips 42, where the element is
      forwardly recesssed, the purpose of which will be described below. Inner
      side margin 50 can fit into one side of recess 40 of the auxiliary
      element.
PAR  The rear face of each section 32a comprises an inner lobe 52 located
      slightly inwardly of the recess 48 on its associated frame element side
      limb 30. An outer lobe 54 lies outwardly of the side limb and in the
      unstrained state of the section projects rearwards slightly more than the
      lobe 52. Between these two lobes, approximately coincident laterally with
      the lip 42, is an auxiliary ridge 56 shallower than either of the lobes.
PAR  Between the margins 50 of the two adjacent sections 32a in the recess 40,
      there is a small gap 58 sufficient for both sections to be assembled on
      the frame element 28 without interference with each other. In the front of
      the gap 58, a profiled space between the two sections is arranged to
      receive a zipper or locking strip 60 of a material that is hard in
      relation to the material of the gaskets 32, but that it is also
      elastically deformable, to form a seal with the juxtaposed sections. It is
      to be noted that the maximum width of the zipper strip cross-section lies
      within the tapered sides of the recess 40 so that the zipper strip cannot
      work loose when inserted.
PAR  The zipper strip 60 is not inserted until after the gaskets 32 have been
      clamped into sealing engagement with the panes or panels 36, as will be
      described below. This clamping action is obtained by tightening the screws
      38 and has the effect of deforming the gasket profile to bring both lobes
      52, 54 and the ridge 56 into engagement with the clamped pane or panel. In
      the tightening process the outer lobe 54 of each section first engages the
      pane or panel and begins to be flexed outwards, the clearance at 46
      facilitating this action. As said flexing begins, the inner lobe 52
      engages the pane or panel and after being urged more firmly into the
      recess 48 it also begins to flex but inwards because of its location
      relative to the relative to the recess 48. This deformation thus acts in
      opposition to the outward flexing of the lobe 54 and intending to draw the
      section inwards and under the frame element side limb 30 assists in
      preventing wrinkling of the front face of the section as the outer lobe 54
      is fully deformed.
PAR  When the edge of a pane or panel is clamped, the clamping pressure is
      applied almost whollly through the lobe 52 directly from the associated
      frame element side limb 30. The ridge 56, the function of which is to
      provide an intermediate line seal, will bear with little pressure because
      of its small size in relation to the lobe 52, while the lobe 54 is able to
      flex relatively freely as the clamping pressure increases due to the fact
      that it is well beyond the lateral extremity of the side limb 30. It will
      be noted thus that the primary seal afforded by the lobe 54 is obtained
      separately from the clamping effect afforded by the lobe 52 while the
      greater the clamping pressure applied, the more firmly are the sections 32
      held in place on the side limbs 30.
PAR  in the use of the invention, e.g. for curtain walling, the various
      components can be cut to size and preformed before they are brought to the
      building site. The frame members and the auxiliary elements will
      themselves be formed from extruded metal sections, the elements 28 having
      holes drilled at intervals along their length to receive the screws 38.
      The sealing gaskets will each be formed as a closed loop: that is to say,
      the frame structure will itself be of a cellular nature (in its simplest
      form each of the cells being of rectangular form. e.g. as defined between
      adjacent lines of mullions and transoms) and a sealing gasket will thus
      comprise lengths of an extruded section having the cross-section
      illustrated with specially moulded junction pieces having a similar
      cross-section bonded to the ends of these lengths to join them in the
      closed loop. A rectangular cell will then have a sealing gasket in the
      form of a rectangular loop with the four lengths forming the sides of the
      rectangle joined by relatively small L-pieces with which they are
      integrally moulded.
PAR  The initial state of the assembly involves the erection of the main members
      of the structure. The bottom sill member 6 is first secured in place and
      exturded spigot members 62 are mounted on this by screws 64 passing
      through a central slot 66 to locate the bottom ends of the mullions and
      the jamb mullions. At the tops of the mullions and jamb mullions, on their
      side faces, further spigot members are provided to engage the top sill
      members 10 running between adjacent pairs of these vertical members of the
      frame structure. The transoms are similarly supported by spigot members on
      the mullions and jamb mullions and the assembly of a transom is shown in
      some detail in FIG. 1 where it will be seen that this member comprises a
      main channel-form section 68 which can be simply dropped onto the spigot
      members between which it runs, the bottom face of the member then being
      closed by a snap-on capping 70. It is to be noted that the spigot form
      connections allow relative movements, e.g. of the transoms transversely to
      the mulliions, that can take up differential thermal expansion effects.
PAR  The inner sealing strips 33 can all be cut to length and mounted on their
      flanges 34 of the frame members before assembly. At the junctions between
      frame members, the sealing strips 33 are in abutment with each other but
      there is special provision made at these junction regions for the
      auxiliary frame element as will be subsequently described.
PAR  To describe now the glazing or infill of the frame structure thus erected
      it will be convenient to presume that the strucutre is in the form of a
      rectangular grid i.e. comprising a number of vertical columns side-by-side
      each column being made up of a series of cells of rectangular form above
      each other, the mullions forming the divisions between the successive
      columns and the transoms the divisions between successive cells in each
      column.
PAR  The glazing or infill process is tackled column by column, starting from
      the bottom of each. Thus, first the T-section auxiliary element of the
      bottom cill member is secured loosely in place, and, with the pane or
      panel supported on that element, the first transom auxiliary element is in
      turn secured loosely over the top edge of the pane or panel. At this
      stage, short lengths of the sections of the sealing gasket material are
      provided at the central regions of these upper and lower T-section
      elements to retain the pane or panel more safely in these initial stages
      when it is not firmly gripped around its periphery.
PAR  The next pane or panel in that column can now be supported on the first
      transom auxiliary frame element and similarly be secured at its upper edge
      by mounting the second transom auxiliary frame element. This procedure is
      then repeated over the full height of the column until the top edge of the
      uppermost pane or panel is held by the upper cill auxiliary frame element,
      and a second column of panes or panels immediately adjacent the first is
      similarly mounted on the frame structure, building up from the bottom.
PAR  With the second column completed, auxiliary frame elements can be secured
      loosely onto the mullion between the columns and similarly a further
      series of mullion frame element can be attached with the completion of
      each succeeding column. Of course, at the jamb mullions, the auxiliary
      frame elements can be attached there and the panes or panels in the column
      adjacent the jamb can be mounted whether or not there is a further column
      in place.
PAR  To maintain integrity of sealing at the junction regions of the frame
      members at the corner of each cell, special provisions are employed and in
      the arrangement illustrated in FIG. 1, the extruded T-section auxiliary
      frame elements 28 terminate a few inches short of each junction and a
      specially cast T-section, exemplified by the cruciform unit 76, is
      provided at the junction to make up the gap, the limbs of the unit each
      have an identical cross-section to the frame elements 28. Alternatively,
      it may be more convenient to make up the junction joint from short lengths
      of the extruded T-section, mitered as indicated at 76a to form respective
      arms 77 that are individually attached to the frame members. Whichever
      method is used, at the mullion/transom junction shown, the arms of the
      cruciform unit or assembly have elongated apertures or slots 78 for
      attaching screws 80 to secure the unit to the mullion and the transoms.
PAR  The apertures are elongated to allow relative movement between the unit and
      each transom and so avoid constraint of thermal stresses between these
      members. It will be appreciated that the spigots 62 also allow such
      movements to take place. Although no movement is required between the
      junction unit and the mullion, by forming all four apertures as elongate
      slots errors of assembly are avoided. It will be appreciated from the
      foregoing that, in the initial assembly, some small gap will be left
      between the transom auxiliary frame elements 28 and their adjacent arms of
      the junction unit but that this precaution is not necessary for the
      auxiliary frame elements on the mullion. Of course, at the outer margins
      of the frame, further units of T- and L-section will serve similar
      functions to the cruciform unit shown and where appropriate allowance can
      be made at these junctions also for thermal movements.
PAR  Once all the T-section frame elements are in place, the temporary retaining
      lengths of sealing gasket sections can be removed, preferably after the
      T-section junction units have been put in place. The panes or panels are
      able to move because of the looseness of attachment of the auxiliary frame
      lements, but they cannot fall from the frame structure.
PAR  On each cell of the grid, the prefabricated rectangular outer sealing
      gaskets are now mounted but the inner side margin 50 of each gasket is
      left out of the recesses 40 so that the heads of the screws 38 remain
      exposed and the screws can then be tightened up to make the seal between
      the gasket and the pane or panel in the manner already described. These
      side margins of the gaskets can now be slid into position in the recesses
      40. By using a roller tool it is possible to do this at the same time as
      the zipper strip 60 is inserted. At the junction regions, e.g. on the
      cruciform T-section unit 76, the mullion zipper strip can run continuously
      through the region and the zipper strips of the two transoms can then abut
      this first strip.
PAR  In order to ensure that the sealing gaskets have their front limbs held
      firmly in the recesses 40 of the frame elements 28, to prevent inward
      leakage of moisture by this route, the zipper strips are arranged to apply
      a substantial compression force to these portions of each gasket by
      cutting the zipper strips slightly over-length and inserting the zipper
      strips under considerable longitudinal compression. Initially the
      compressed strip will not extend the length of the space provided for it
      but if it is ensured that it can expand to relieve some of the compressive
      force in it, preferably by first applying an anti-friction coating in the
      slot, after assembly it will fill the space provided and so apply the
      residual compression in it evenly to the full length of the gasket on
      which it bears.
PAR  It will be appreciated that at each outer or peripheral edge of the frame
      structure, the closed or loop-form gaskets there engage only the inner
      limb of the auxiliary T-section elements. Along the outer limbs of the
      T-section elememts at the peripheral edge of the frame structure, as for
      example at the jamb mullion 8 in FIG. 4, straight lengths of gasket 32b
      having a section corresponding to the closed-loop gaskets 32 extend the
      length of each side of the frame to abut or to be boned to L-form corner
      pieces (not shown) made up of the same section material. The lengths 32b
      have a free length such that they are held in compression when assembled
      and they engage outwardly extending flexible sealing strips 89 that
      project from the frame structure to bear sealingly on the surrounding
      aperture boundary A or other construction on which the frame structure is
      mounted. It may be noted here that for simplicity the jamb mullion section
      may be the same as the main transom section 68, although of course a
      capping is not used here. As an additional protection, mastic 91 is
      injected behind the strip 89.
PAR  An alternative arrangement to that in FIG. 4 is shown in FIG. 4a. This uses
      a modified T-section 128, that differs from the element 28 by having an
      extended outer limb 129 comprising a socket 131 gripping sealingly a
      length of gasket 132. The socket and the gripped portion of the gasket
      have complementary ribbed surfaces 133 for secure engagement and the
      gasket also comprises an integral extension 135 sealing against the edge
      of the aperture in the same manner as the strip 89. The formation of the
      gasket 132 in other ways, and in particular as regards its engagement in
      the forward recess 40 of the element 128, it similar to that of the gasket
      32.
PAR  In a modified arrangment of the junction regions of the frame structure,
      the use of specially cast or moulded I-section junction units can be
      avoided by mitering small lengths of the extruded T-section material to
      build up the cruciform or other shape required, these separate elements
      being secured in place with their mitred ends abutting. In the
      mullion/transom junction of FIG. 1, the elements of this junction assembly
      that extend along the mullion would then be secured by screws through
      circular apertures preventing longitudinal movement. The elements of the
      assembly extending along the transoms would have the slotted apertures
      shown in the cast junction unit 76 but there would also be circular
      apertures immediately adjacent their mitred ends for screws that are
      tapped into the flanges 34 of the mullion so tha these elements are held
      fixed relative to the elements on the mullion.
PAR  As is the case with the cast unit, the main T-section elements of the
      mullion can abut onto the shorter elements of the junction assembly
      (although it is likely that the need for manufacturing tolerances would
      require some slight clearance) but a definite clearance is left between
      each main transom T-section and their associated elements of the junction
      assembly.
PAR  As a further possibility, the main T-section elements can be extended into
      the junction regions where they have their ends mitred to leave only the
      small gaps required for thermal movements of the transoms (and top cills).
      In this event, the gaps at the mitred joints will normally require the
      presence of further sealing material and this can be provided by
      thickening the section of the sealing gaskets at their corner regions. To
      ensure that the sealing material is applied firmly to the gaps, it is also
      desirable that the zipper strips be fitted without any possibility of a
      discontinuity at the junction region: for this purpose, the sectional
      material of the zipper strip can be used to form an integral junction
      unit, (i.e. a cruciform unit at the mullion/transom junction) with short
      arms extending into all the T-section elements meeting at that junction,
      these arms abutting main zipper strip lengths running between successive
      junction regions.
PAR  Preferably, in such a zipper strip unit the sectional form is itself
      thickened at the corners where its arms meet, e.g. the arms having
      radiussed fillets at the corners, in order to increase the sealing
      pressure it applied to the corner regions of the gaskets when they are
      pressed the gaps between the T-sections elements. As already described, of
      course, the main lengths of zipper strip are compressed when inserted and
      it is arranged that as they expand to fill their slots they in turn apply
      compression to the zipper strip units at the junctions.
PAR  FIG. 5 of the drawings illustrates the provision of a double-glazing or
      sandwich infill in a structural assembly according to the invention. The
      sections of the frame members can be identical to those in the embodiment
      of FIGS. 1 to 3, although there is shown here a rather narrower transom 4a
      with a correspondingly smaller suspension spigot 62a. Modified auxiliary
      frame elements 28a are provided which differ from the elements 28 of FIGS.
      1 to 4 in that a substantially wider recess 40a is provided between the
      side limbs 30. In other respects, however, the elements 28 and 28a are
      identical.
PAR  To provide for the increased thickness of the infill the frame members'
      section may be modified to have a corresponding deepened front channel
      formation 18. For manufacturing reasons, however, it may be preferred to
      build up the increased depth by using supplementary sectional members 82
      so that the elements 28a are connected to the frame members through the
      supplementary sectional members 82 which are interposed between said
      elements and the frame members. The members 82 are extruded lengths of
      material, substantially co-terminous with their respective frame elements.
      Their sectional form comprises a rear central web 84, analogous to the web
      26 and similarly being slotted to receive securing screws 38a the heads of
      which bear on the root of a forward channel-like formation 86 of the
      member 82 that is analogous to the formation 18 on each frame member. It
      will be clear therefore that the frame elements 28a can in their turn be
      secured to the members 82 by the screws 38 engaging the internal faces of
      the channel-like formation 86.
PAR  The members 82 can be secured in place on the frame members before assembly
      of the frame begins and the infill with the supporting frame elements can
      then be mounted in the same way as in the first-described example. In
      order to take up the increased width of the recess 40a, it is convenient
      to use a wider zipper strip 60a rather than change the section 32a. The
      thickness of spacer element 88 between the panes or panels of the sandwich
      infill of course determines that the elements 28a apply a sufficient
      clamping force for secure sealing of the infill, and the wider spacing of
      the side limbs 30 of the elements 28a, as compared with the spacing of
      these limbs on the elements 28, ensures that the sealing lobes 54 engage
      the infill panes or panels laterally inwardly of the spacer elements 88.
PAR  If it is required to change from a sandwich infill to a single-skin infill
      in the one structural assembly, the arrangement shown in FIG. 6 indicates
      one way in which this may be done. The upper half of this figure has the
      sandwich infill construction already described with reference to FIG. 5
      but the lower flange 34 of the transom (and the adjacent flange 34 of the
      mullion) now carry extruded lengths of an adaptor 90, which comprises a
      rear channel portion 92 clipping onto the associated flange 34 and a
      forward flange 94 identical to the flange 34, on which the sealing strip
      33 is located to provide a sealing face that is effectively co-planar with
      the front face of the spacer element 88. To prevent leakage past the
      spacer elements 88, a resilient sealing strip 96 is gripped between the
      edges of the sandwich infill and the supplementary member 82. A similar
      provision would of course be made at the edges of a structural assembly
      that had a sandwich infill over its whole area.
PAR  It will be appreciated that many modifications are possible within the
      scope of the invention. Thus, although a planar structural assembly has
      been described, it is possible to employ the invention with curved or
      multi-planar assemblies. Also, although for simplicity a rectangular frame
      grid has been described, the frame and its cells can have different forms
      and it is by no means necessary for the cells to be similar in shape to
      each other. As regards their size, the cells encompassed by individual
      closed-loop sealing devices may extend over a number of storeys.
PAR  An assembly according to the invention can of course receive infill panes
      and/or panels of a wide variety of forms. Opening window lights or other
      ventilation means may be included, for example, and illuminated panels.
PAR  It is a feature of the illustrated constructions that the preparation of
      the individual parts of the frame structure can be completed in controlled
      conditions away from the building site. Once at the site, it is only
      necessary to put the parts in place and secure them there. The weather
      tightness of the assembly is ensured by the closed-loop form of the
      sealing strips 32 and the way in which the locking or zipper strips seal
      the junctions between the contiguous portions of adjacent strips.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A structural assembly comprising, in combination, a frame structure, a
      series of rigid elongate members being attached together to form said
      structure and at least two contiguous spaces being defined by the elongate
      member in the structure to receive infill elements, and means making a
      seal between the members of each each infill element, said means
      comprising a flexible sealing device for each said space in the form of a
      closed loop of a strip-like material engaging the infill element at the
      periphery of the space, auxiliary rigid frame elements secured to the
      elongate members clamping said sealing devices in place, at least at the
      common boundary between each contiguous pair of said spaces, said
      auxiliary elements comprising forward portions projecting laterally
      oppositely away from a central portion, a recess being provided between
      the front faces of the forward portions and each forward portion having a
      respective flexible sealing device mounted on it, a forward element of
      said sealing device covering the front face of said forward portion and an
      inner marginal element of said sealing device extending into said recess
      in a self-retaining manner, and further, bridging sealing means being
      provided between the adjacent edges of said inner marginal elements of the
      respective sealing devices in said recess and lockingly securing the
      sealing devices in the recess.
NUM  2.
PAR  2. A structural assembly comprising, in combination, a frame structure, a
      series of rigid elongate members being attached to form said structure and
      a series of enclosed spaces being defined by the elongate members in the
      structure each to receive an infill element, said elongate member
      including at least one member extending continuously over the extent of at
      least two contiguous said spaces, means making a seal between the members
      and each infill element, said means comprising an inner flexible sealing
      device for each space in the form of a closed loop of a strip-like
      material engaging the infill element at the periphery of the space,
      respective auxiliary rigid frame elements for each side of said space
      being secured to the elongate members forming said space and projecting
      forwardly of their frame members, said auxiliary elements clamping said
      sealing device in place, contiguous spaces of said series having a common
      boundary being provided with respective loop-form sealing devices that are
      clamped by a common auxiliary frame element at said common boundary, said
      auxiliary elements comprising forward portions projecting laterally
      oppositely away from a central portion, a recess being provided between
      the front faces of the forward portions and each forward portion having a
      respective flexible sealing device mounted on it, each said sealing device
      comprising a forward element covering said front face and an inner
      marginal portion of said sealing device extending from said forward
      element into said recess in a self-retaining manner, and further, bridging
      sealing means being provided between adjacent edges of said inner marginal
      portions of the respective sealing devices in said recess and lockingly
      securing the sealing devices in the recess.
NUM  3.
PAR  3. A structural assembly according to claim 1 wherein rear sealing members
      are provided behind said infill elements in opposition to the loop-form
      sealing devices whereby to engage sealingly the edges of each said infill
      element between a loop-form sealing device and the associated rear sealing
      members.
NUM  4.
PAR  4. A structural assembly according to claim 1 wherein said forward portion
      of the auxiliary frame elements extend over the edges of their associated
      infill elements and thereby to apply sealing pressure to said edges.
NUM  5.
PAR  5. A structural assembly according to claim 4 wherein each loop-form
      sealing device comprises a portion disposed at the rear of the forward
      portions of the auxiliary frame elements clamped in compression between
      said forward portions and the associated infill element.
NUM  6.
PAR  6. A structural assembly according to claim 4 wherein rearward projections
      are provided on said forward portions of the auxiliary elements, the
      rearward projections being disposed intermediate the lateral extent of
      said rearwardly disposed portions of the sealing devices adapted to engage
      the infill element, said clamping pressure being applied through said
      projections.
NUM  7.
PAR  7. A structural assembly according to claim 4 wherein each loop-form
      sealing device has a profiled rear face adapted to bear on the infill
      element, the profile of the rear face providing a plurality of laterally
      spaced lines of sealing the infill element to extend substantially
      parallel to the associated edges of the infill element, a marginal lip of
      said sealing device disposed beyond the lateral extent of its engaging
      frame element forward portion having a rear face profile providing one of
      said lines of sealing.
NUM  8.
PAR  8. A structural assembly according to claim 7 wherein said profile includes
      an inner portion within the lateral extent of its engaging frame element
      and providing a further of said lines of sealing, an intermediate portion
      between said line of sealing of the lip profile and said inner portion
      providing an additional line of sealing but projecting rearwardly to a
      lesser extent than said lip and inner portion before clamping pressure is
      applied.
NUM  9.
PAR  9. A structural assembly according to claim 1 having a sandwich infill in
      at least one cell of the frame structure, said infill comprising two
      spaced infill elements overlying each other in mutually parallel planes,
      said auxiliary frame elements extending the depth of said sandwich infill
      between said parallel planes.
NUM  10.
PAR  10. A structural assembly according to claim 1 having at least two rigid
      elongate members directed transversely to each other and junction means
      connecting together said elongate members permitting relative movement of
      one of said members towards and away from the other in the direction of
      the longitudinal axis of said one member, each junction means providing
      relative location between said secured members in a direction
      perpendicular to the plane in which the longitudinal axes of the
      respective members lie.
NUM  11.
PAR  11. A structural assembly according to claim 1 wherein the auxiliary frame
      elements comprise a rearwardly directed web, a forwardly open slot being
      provided in the elongate members to receive said web in a freely fitting
      manner, openings being formed in the auxiliary frame elements extending
      over the width of said web and screws in said openings thereby projecting
      to engage opposed inner faces of said forwardly open slot to secure the
      auxiliary elements to the elongate members.
NUM  12.
PAR  12. A structural assembly according to claim 11 wherein said engagement of
      the screws with said slot inner faces permits relative longitudinal
      displacement between the auxiliary frame element and its associated
      elongate member.
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ABST
PAL  A double-pane window containing a dry atmosphere is produced by placing two
      panes of transparent material in a spaced-apart relationship; a sealing
      means is placed about the periphery of the adjacent faces of the panes of
      transparent material to enclose a sealed area which is then evacuated and
      filled with a dry gas. The window is then mounted in a suitable frame to
      maintain the panes of transparent material in a suitable spaced apart
      relationship.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is in the field of double paned windows.
PAR  2. Description of the Prior Art
PAR  In the prior art, especially in the field of mobile home windows, double
      pane windows have been provided which contain a normal air atmosphere. The
      moisture between the panes of these windows is capable of freezing and
      condensing, thereby obstructing vision through the window. Obviously such
      frost or condensation is inaccessible for removal in order to provide
      clear vision through the window.
PAR  There is a need for an effective yet inexpensive method for producing
      double paned windows having an enclosed atmosphere incapable of
      obstructing vision over a desired temperature range.
PAC  Summary of the Invention
PAR  In a typical embodiment of the invention, a sealing material is applied
      along the periphery of a first side of a first pane of transparent
      material, a plurality of spacers are inserted into the sealing material, a
      first side of a second pane of transparent material is placed adjacent to
      the first side of the first pane, the periphery of the first side of the
      second pane being in continuous contact with the sealing material, the
      panes are forced toward one another until the panes and the sealing
      material enclose a sealed area, the spacers maintain the panes in a spaced
      apart relationship, a portion of the air in the sealed area between the
      panes is replaced with dry gas, and holding means are provided for
      maintaining the panes in a spaced apart relationship. A double pane window
      having a dry atmosphere is thereby provided.
PAR  It is an object of the present invention to provide an efficient yet
      inexpensive method for producing a double pane window having a dry
      atmosphere.
PAR  It is a further object of the present invention to provide a double pane
      window having a dry gas atmosphere.
PAR  Further objects and advantages of the present invention shall become
      apparent in the following figures and detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a pane of transparent material with sealing material and
      spacers.
PAR  FIG. 2 is an enlarged view of a portion of FIG. 1.
PAR  FIG. 3 shows a second pane of transparent material positioned atop the
      first with portions removed.
PAR  FIG. 4 shows a final window assembly according to one embodiment of the
      present invention.
PAR  FIG. 5 shows a cross section of part of the window of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For the purposes of promoting an understanding of the principles of the
      invention, reference will now be made to the embodiment illustrated in the
      drawings and specific language will be used to describe the same. It will
      nevertheless be understood that no limitation of the scope of the
      invention is thereby intended, such alterations and further modifications
      in the illustrated device and method, and such further applications of the
      principles of the invention as illustrated therein being contemplated as
      would normally occur to one skilled in the art to which the invention
      relates.
PAR  Referring in particular to FIG. 1, there is shown a pane of transparent
      material 11, which is preferably tempered glass but might also be annealed
      glass. A continuous mound of sealing material 12 is placed about the
      periphery of one surface of transparent pane 11. The sealing material
      preferably is Buterate from Protective Treatment, Inc., of Dayton, Ohio.
      Plastic spacers such as 13 are placed into the sealing material at
      intervals about the periphery of pane 11. Spacers 13 include a portion 16
      which is inserted into the sealing material (FIG. 2), and a head portion
      14 generally circular in shape and having a diameter determinitive of the
      spacing of the double paned window to be constructed. The continuous mound
      of sealing material is originally applied to pane 11 in a height or
      thickness greater than the diameter of head portion 14 of spacers 13.
PAR  A second pane of transparent material 17, also preferably tempered glass,
      is aligned with pane 11 and forced into sealing engagement with sealing
      material 12. Panes 11 and 17 are forced together until they are maintained
      in a spaced apart relationship by spacers 13. Since the mound of sealing
      material 12 was thicker than the diameter of head portion 14 of spacers
      13, the sealing material 12 is continuously engaged by the outer edge of
      the facing surfaces of panes 11 and 17, thereby enclosing a sealed area.
PAR  In FIG. 3 panes 11 and 17 are illustrated forming the above described
      enclosed area. However, two portions of upper pane 17 have been shown
      cut-away in order to more clearly illustrate the procedure for providing a
      dry atmosphere to the area enclosed between the panes. In accordance with
      the present invention, there are no portions actually removed from pane
      17.
PAR  After panes 11 and 17 have been placed in sealing engagement, hypodermic
      needle 18 is inserted through sealing material 12 and into the enclosed
      area between panes 11 and 17. Pump 21 evacuates the air from the enclosed
      area between the panes through hypodermic needle 18 and tube 19 until the
      panes deform at their centers. Then a dry gas, preferably dry nitrogen,
      from source 22 is provided through tube 23 and hypodermic needle 24, which
      is also inserted through the sealing material 12, into the enclosed area
      between the panes. Needle 18 and needle 24 are disposed on opposite sides
      of the panes 17 and 11. A second evacuation of the enclosed area by pump
      21 and a resupply of dry nitrogen from source 22 is preferred in order to
      obtain a satisfactory concentration of dry nitrogen gas within the
      enclosed area between panes 11 and 17. After the enclosed area between
      panes 11 and 17 has been converted to a dry atmosphere, hypodermic needles
      18 and 24 are removed from sealing material 12, which heals itself and
      closes the holes made by needles 18 and 24. A frame is now provided about
      the periphery of panes 11 and 17 to form a completed double pane window
      having a dry atmosphere.
PAR  After removal of the hypodermic needles 18 and 24 a vinyl beading 25 is
      continuously disposed about the edges of panes 11 and 17 (FIG. 5). A two
      piece frame is then forced over the vinyl beading and the pieces rigidly
      fastened together. As shown in FIG. 4, a U-shaped framing member,
      generally indicated as 26, encloses three of the four edges of panes 11
      and 17. A second framing member 28 encloses the fourth edge of panes 11
      and 17. Channels 31 and 32 extend the length of framing member 28, and
      holes are provided through the end portions of framing member 26 to
      coincide with channels 31 and 32 when the frame members are assembled.
      Self tapping screws such as 33 are provided to rigidly fasten framing
      members 26 and 28 at their two contact points. Flanges 27 and 29 are
      provided on framing members 26 and 28 respectively to facilitate the
      placement of the finished double pane window in a casing such as in a
      house or mobile home.
PAR  FIG. 5 shows a cross sectional view of the double pane window of FIG. 4
      along framing member 28. The upper portions 33 and 34 of framing member 28
      hold the vinyl beading 25 in sealing engagement against panes 11 and 17.
      Framing member 26 holds vinyl beading 25 in sealing engagement with panes
      11 and 17 in the same manner as framing member 28.
PAR  Sealing material 12, while preferably Buterate, may be any flexible
      adhesive material which is capable of reforming to close the hole from
      which a hypodermic needle is removed.
PAR  It can be seen that the present invention has provided an efficient and
      inexpensive method for producing a double pane window enclosing a dry
      atmosphere.
PAR  It can also be seen that the present invention has provided an efficient
      and inexpensive double pane window enclosing a dry atmosphere.
PAR  While there have been described above the principles of this invention in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation to
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A double-pane window having a dry atmosphere comprising:
PA1  a first pane of transparent material;
PA1  a second pane of transparent material essentially parallel with the first
      pane;
PA1  a strip of flexible adhesive material disposed along the periphery of the
      adjacent sides of the panes of transparent material in sealing engagement
      with the panes enclosing a sealed area between the panes;
PA1  a dry gas within the sealed area between the panes;
PA1  a plurality of rigid spacers each having a stem portion inserted in the
      flexible adhesive material and having a head portion larger than the stem
      portion, which head portion is in contact with both panes of transparent
      material and maintains the panes of transparent material in spaced apart
      relationship; and framing means along the edges and the periphery of the
      outer sides of the panes of transparent material for holding the panes
      stationary relative to one another and in contact with the flexible
      adhesive material.
NUM  2.
PAR  2. The window of claim 1 in which each spacer has a cylindrical head
      portion, the diameter of which determines the spacing between the panes of
      transparent material.
NUM  3.
PAR  3. The window of claim 1 in which the framing means includes flexible
      beading and a rigid frame maintaining the beading in sealing engagement
      with the panes of transparent material.
NUM  4.
PAR  4. The window of claim 3 in which the flexible beading has a first wall
      disposed around the edges of the panes of transparent material, a second
      wall, attached at an end to a first end of the first wall, disposed about
      the periphery of the outer side of the first pane of transparent material,
      and a third wall, attached at an end to the second end of the first wall,
      disposed about the periphery of the outer side of the second pane, the
      second and third walls each including a first and second flange extending
      outwardly from the wall and a sealing ledge pivoted on the free end of the
      wall.
NUM  5.
PAR  5. The window of claim 4 in which the frame has a first wall positioned
      over the first wall of the beading, a second wall engaging the flanges of
      the second wall of the beading and contacting one end of the sealing ledge
      at the end of the second wall and maintaining the opposite end of the
      sealing ledge engagement with the first pane of transparent material, and
      a third wall in sealing engagement with the flanges of the third wall of
      the sealing bead and bearing against the end of the sealing ledge on the
      end of the third wall of the sealing bead maintaining the opposite end of
      the sealing ledge in engagement with the second pane of transparent
      material.
NUM  6.
PAR  6. The window of claim 5 in which the first wall of the frame includes a
      flanged extension essentially parallel to and away from the panes of
      transparent material.
NUM  7.
PAR  7. The window of claim 6 in which the dry gas is dry nitrogen gas.
NUM  8.
PAR  8. The window of claim 7 in which each spacer has a cylindrical head
      portion, the diameter of which determines the spacing between the panes of
      transparent material.
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ABST
PAL  A metal stud for constructing a fire-rated wall and the wall structure
      formed of a plurality of studs mounted in runners and having at least two
      spaced-apart layers of wallboard panels with adjacent panels in abutting
      relationship, the stud being formed of an integral piece of sheet metal
      and comprising a single layer web having a first plurality of oppositely
      directed flange means at one edge thereof, a web substantially
      perpendicular to the flange means, and a panel at the other edge of the
      web for supporting wallboard panels. Medial portions of the web are
      struck-out at longitudinally spaced-apart intervals to form a second pair
      of oppositely directed flange means substantially parallel to and
      spaced-apart from the first pair of oppositely directed flange means, the
      first and second flange cooperating with a portion of the web therebetween
      to define a plurality of oppositely directed channels engaging edges of a
      first layer of wallboard panels, and a second layer of wallboard panels
      affixed to the panels of the stud at the other end of the web, the
      over-all wall structure having excellent fire-rating properties.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to wall constructions, and more particularly
      refers to studs which may be utilized to form fire-retardant or fire-rated
      wall structures particularly for use in enclosing open shafts in
      multi-story buildings such as offices and high-rise apartments, and to the
      wall structures formed therewith.
PAR  2. Description of the Prior Art
PAR  Walls enclosing shafts such as air return shafts, elevator shafts, and
      stairwell shafts commonly separate the shafts from other rooms such as
      corridors, toilets, and utility rooms. With increasing governmental
      concern for promoting safety for occupants of public buildings,
      manufacturers of building products have sought to provide shaft walls
      meeting at least minimal safety requirements, while at the same time,
      providing builders with materials that are both easy to install and low in
      cost.
PAR  Two of the most important of these safety requirements concern wind loading
      and fire ratings. Destructive wind loading is of particular concern where
      the shaft is an air return shaft or an elevator shaft, where pressures or
      vacuums are developed which load the shaft wall up to 15 pounds per square
      foot in excess of atmospheric pressure.
PAR  Cavity walls, and particularly those utilized for enclosing elevator
      shafts, stairwells, and air return shafts, are continually being subjected
      to increasingly stringent fire code requirements. The trend is to require
      such walls to meet or surpass certain fire ratings measured pursuant to
      ASTM E-119 Fire Rating Test. Elevator shaft walls require, for example at
      least a 2-hour rating. Where the wall system is "unbalanced",
      increasingly, code enforcement organizations are requiring that the rating
      be achieved from both sides of the wall. To pass such tests, each transfer
      through the metal studs used to construct such walls must be substantially
      reduced. At the same time, however, the stud must still retain a
      sufficient degree of structural strength, and in addition, must meet
      economic requirements. Moreover, the engagement of the stud with the wall
      panels which they support must be of such nature that construction is
      achieved with a minimum of required labor and materials. The structure
      must, nevertheless, withstand the requirements of accurate and complete
      engagement of the panels and studs, to ensure that the fire rating will be
      achieved.
PAR  The above fire problems concerning shafts can also be said to apply to long
      corridors in buildings, which in effect are horizontal, rather than
      vertical, shafts. Thus, without adequate fire ratings, a corridor wall
      easily transmits the fire throughout the floor as the fire proceeds along
      the corridor.
PAR  To solve these and other problems, early building shaft walls were commonly
      built up and lined with various types of block masonry, including both
      concrete and gypsum block. While block masonry has proved suitable for
      many applications, it has been found to be undesirable in those situations
      where the shaft rises to great heights. Further, block masonry structures
      cannot withstand high wind loading. Because of their great weight,
      concrete block masonry materials require supporting structures of great
      weight and strength. An additional problem is that these heavy materials
      give rise to problems in their installation. Those skilled in installing
      the above-described shaft lining materials are forced to handle them at
      dangerously high levels.
PAR  Walls of the type described and related structures have been disclosed in
      the prior art, and particularly in U.S. Pat. Nos. 3,740,912, 3,702,044,
      3,609,933, 3,016,116, 3,094,197, 999,752, 3,495,417, 3,271,920, 3,839,839,
      and many others. However, even though many of the structures disclosed in
      these patents have proven to be highly satisfactory, the search has
      continued to provide wall structures of the type described of greater
      strength, and greater fire-retardant properties.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly, an object of the invention to provide a stud for the
      construction of a cavity shaft wall for multi-story buildings, which walls
      meet safety standards of wind loading.
PAR  It is a further object to provide a stud for the production of a cavity
      shaft wall, which wall can meet required fire-rating tests.
PAR  It is an additional object to provide a stud for the production of a cavity
      shaft wall which is relatively inexpensive, lightweight, and relatively
      safe and easy to install.
PAR  It is a further object to provide a building structure utilizing studs of
      the type described wherein both layers of wallboard panels can be inserted
      from the outside or corridor side, thereby obviating the need for workmen
      to erect scaffolding and to work within an elevator shaft around which the
      shaft wall is being installed.
PAR  Other objects and advantages will become apparent upon reference to the
      drawings and detailed description.
PAR  According to the invention, a fire-rated cavity shaft wall structure is
      provided utilizing a plurality of metal studs according to the invention
      and a plurality of gypsum wallboard panels disposed to form two
      spaced-apart rows with each of the panels having two opposed vertical
      edges, a stud being interposed between adjacent panels and mounting the
      panels. Each of the studs has a web portion formed of a single layer of
      metal, a first pair of oppositely directed flanges provided at one edge of
      the web, and a supporting panel provided at the other edge of the web
      spaced-apart from the first set of flanges and substantially parallel
      thereto. Additionally, at spaced-apart intervals, a plurality of
      struck-out portions are provided in the web defining a second pair of
      oppositely spaced-apart flanges combining with the first pair of
      spaced-apart flanges and the web portion therebetween to define a pair of
      oppositely directed channels engaging adjacent edges of a pair of
      wallboard panels of the first layer, and having a second layer of
      wallboard panels affixed to the supporting panel of each stud.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAC  In the drawings
PAR  FIG. 1 is a side elevational view of a stud according to the invention.
PAR  FIG. 2 is a cross-sectional view taken at the line 2--2 of FIG. 1, looking
      in the direction of the arrows.
PAR  FIG. 3 is a perspective view of the stud shown in FIGS. 1 and 2.
PAR  FIG. 4 is a perspective view of a portion of a cavity shaft wall embodying
      studs according to FIGS. 1-3, and
PAR  FIG. 5 is a cross-sectional view taken at the line 5--5 of FIG. 4, looking
      in the direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1-3, a stud 10 is shown formed of a unitary integral
      sheet of metal such as steel or aluminum. The stud comprises a first
      flange-forming panel 11 comprising an outer panel member 12 terminating at
      a first fold 13, and an inner panel member 14 connected at the first fold
      13 and folded over onto the outer panel member 12 and extending to a
      second fold 15 thereby defining a pair of oppositely directed flanges 16
      and 17. A web 18 is connected at the second fold and extends away from the
      panel 11, terminating at the opposite edge of the stud at a third fold 19.
      A wallboard-supporting panel 20 is connected at the third fold 19 and
      extends substantially parallel to the first flange-forming 11 to a fourth
      fold 21.
PAR  A plurality of second flange-forming panels 22 are struck entirely from the
      web 18 and connected thereto at fifth folds 23. The panels 22 are discrete
      and spaced-apart longitudinally, and they each comprise an inner panel
      member 24 connected at the fifth fold and extending substantially
      perpendicularly to the web 18 to a sixth fold 25. An outer panel member 26
      is connected at the sixth fold 25 and extends beyond the web 18 for a
      distance substantially equal to the width of the inner panel member 14.
      The second flange-forming panel 22 thereby provides a pair of oppositely
      directed flanges 27 and 28. The flange 27 is provided with a fluted or
      grooved edge 34 to facilitate insertion of a panel edge into the channel
      29. The first and second flange-forming panels 11 and 22 define web member
      portions 35 of the web 18 therebetween and cooperate therewith to define a
      pair of oppositely directed channels 29 and 30.
PAR  In order to improve the fire-rating properties of a wall formed with the
      studs of the invention, a plurality of apertures 31 may be placed along
      the margin of the web 18 and extending through the web member portions 35.
      Since the web member portions 35 are positioned intermediate the edges of
      adjacent panels, the presence of the apertures improves the fire-rating
      properties since they break up the flow of heat within the stud.
      Additionally, they provide spaces into which heat from the wallboard panel
      edges may be dissipated.
PAR  In order to improve the structural rigidity of the stud, a lip 32 may be
      placed on the edge of the outer panel member 12, and a flange 33 may be
      placed on the wallboard-supporting panel 20. An additional flange 36 may
      also be provided, thereby forming a channel at the edge of the
      wallboard-supporting panel 20.
PAR  Referring to FIGS. 4 and 5, a fire-rated wallboard structure is shown
      utilizing studs 10 as shown in FIGS. 1-3. The structure is in the form of
      a cavity shaft wall structure 49, suitable for assembly from the outer or
      corridor side with respect to the cavity around which the wall is
      assembled. The structure comprises an upper J-runner 50 having a web 51, a
      major or large flange 52 on the shaft side, and a minor or smaller flange
      53 on the outer wall or corridor side. The runner 50 may be affixed to a
      ceiling structure. On the floor is mounted a lower J-runner 54 having a
      web 55, a major flange 56 on the shaft side, and a minor flange 57 on the
      outer or corridor side. A plurality of studs 10 are mounted inside the
      runners 50 and 54. As shown in the drawings, adjacent panels of a layer or
      row of gypsum wallboard or liner panels 58 are retained within the
      channels 29 and 30 of each stud and restrained in three directions by the
      web 18 and web portions 35 cooperating with the flanges 16, 17, 27 and 28.
      The liner panels 58 may be provided with beveled corners 59 to facilitate
      insertion into the channels of the stud.
PAR  A second layer of gypsum wallboard panels 60 is affixed to the
      wallboard-supporting panels 20 of the studs by means of screws 61. A third
      layer of wallboard panels 62 is affixed to the second layer of panel 60 by
      means of screws 63. Alternatively, the third layer of wallboard panels 62
      may be affixed to the first layer of panels 58 on the shaft wall side to
      provide a wall structure which is finished on both sides and suitable for
      use in applications such as stairwells.
PAR  In erecting the wall, because of the structure of the J-runners and studs,
      the entire wall may be assembled from the outside or corridor side of the
      shaft without the need for placing workmen on scaffolding within the shaft
      to assemble any portion of the wall from the shaft side. In assembling the
      wall, the runners 50 and 54 are first affixed to the ceiling and floor
      structures. A stud 10 is then inserted between the flanges of the runners
      and maintained in place by the flanges. The flanges may be screwed to the
      studs if desired. A wallboard panel 58 is then set into place with its
      bottom edge within the lower runner, and the upper edge is swung into
      place into the upper runner. The minor flange 53 is sufficiently narrow so
      that the upper edge of the wallboard panel 58 clears the flange and comes
      to rest against the major flange 52. It can then be moved laterally to
      become engaged within the channels 29 or 30. A second stud is then mounted
      between the runners and moved laterally until the opposite vertical edge
      of the panel 58 is engaged within one of the channels 29 or 30. Then
      another panel is inserted followed by another stud. This process continues
      until the entire inner wall is erected. The first outer wallboard panels
      60 are then placed against the wallboard-supporting panel 20 of the studs
      and affixed in place by means of screws 61. The second layer of outer
      wallboard panels 62 is then placed against the first layer of panels 60
      and affixed thereto and to the stud by means of screws 63.
PAR  The studs of the present invention are relatively inexpensive and simple to
      produce. They are strong and may be used to form a fire-rated wall having
      excellent fire resistant properties.
PAR  It is to be understood that the invention is not to be limited to the exact
      details of operation or structure shown and described in the specification
      and drawings, since obvious modifications and equivalents will be readily
      apparent to one skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stud adapted for use in constructing a wall comprised of a pair of
      spaced-apart coplanar layers of gypsum wallboard panels in abutting
      relationship having a plurality of said studs interposed between said
      layers of wallboard panels and affixed thereto, said stud being formed of
      a unitary integral sheet metal structure and comprising:
PA1  A. a first wallboard panel layer-engaging structure comprising:
PA2  1. a first flange-forming panel comprising
PA3  a. an outer panel member extending to a first fold, and
PA3  b. an inner panel member connected at said first fold and folded over a
      surface of said outer panel member and extending to a second fold
      intermediate the edges of said outer panel member, thereby forming a pair
      of flanges one on each side of said second fold,
PA2  2. a web connected at said second fold and extending away from said first
      flange-forming panel, disposed substantially perpendicular thereto and
      extending to a third fold, and
PA2  3. a plurality of discrete longitudinally spaced-apart second
      flange-forming panels each formed of a single tab struck from a medial
      portion of said web and positioned substantially parallel with respect to
      said first flange-forming panel, each of said discrete panels comprising;
PA3  a. an inner panel member connected to said web at a fourth fold and
      disposed substantially perpendicular to said web and extending to a fifth
      fold, and
PA3  b. an outer panel member connected at said fifth fold and folded over said
      inner panel member and extending beyond said web and terminating at a free
      edge, thereby forming a pair of flanges one on each side of said web,
PA1  said first and said plurality of second flange-forming panels and said web
      cooperating to form a plurality of H-shaped structures in cross-section
      defining oppositely directed channels for receiving and restraining
      adjacent wallboard panels in three directions; and
PA1  B. means for supporting a second layer of gypsum wallboard panels spaced
      apart from said first layer of panels comprising a wallboard-supporting
      panel connected at said third fold extending in a direction substantially
      parallel to and spaced-apart from said first flange-forming panel and
      adapted to permit said second layer of panels to extend across and be
      affixed to the outer surface of said supporting panel.
NUM  2.
PAR  2. A stud according to claim 1, wherein said first fold and said fifth fold
      are on opposite sides of said web.
NUM  3.
PAR  3. A stud according to claim 1, wherein said first fold and said fifth fold
      are on the same side of said web.
NUM  4.
PAR  4. A stud according to claim 1, wherein a flange is provided on said
      wallboard-supporting panel to increase structural rigidity.
NUM  5.
PAR  5. A stud according to claim 1, having apertures provided in said
      supporting web to permit passage of conduits, wires and pipes.
NUM  6.
PAR  6. A stud according to claim 1, wherein the edges of said outer panel
      members of said second flange-forming panels are fluted to facilitate
      engagement of the edges of wallboard panels.
NUM  7.
PAR  7. A stud according to claim 1, wherein said web is provided with a
      plurality of apertures.
NUM  8.
PAR  8. A stud according to claim 7, wherein said apertures are elongate and
      arranged in a row.
NUM  9.
PAR  9. A fire-retardant wall comprising in combination:
PA1  I. upper and lower runners
PA1  Ii. a plurality of studs mounted in said runners, each of said studs
      comprising:
PA2  A. a first wallboard panel layer-engaging structure comprising:
PA3  1. a first flange-forming panel comprising
PA4  a. an outer panel member extending to a first fold, and
PA4  b. an inner panel member connected at said first fold and folded over a
      surface of said outer panel member and extending to a second fold
      intermediate the edges of said outer panel member, thereby forming a pair
      of flanges one on each side of said second fold,
PA3  2. a web connected at said second fold and extending away from said first
      flange-forming panel, disposed substantially perpendicular thereto and
      extending to a third fold, and
PA3  3. a plurality of discrete longitudinally spaced-apart second
      flange-forming panels each formed of a single tab struck from a medial
      portion of said web and positioned substantially parallel with respect to
      said first flange-forming panel, each of said discrete panels comprising;
PA4  a. an inner panel member connected to said web at a fourth fold and
      disposed substantially perpendicular to said web and extending to a fifth
      fold, and
PA4  b. an outer panel member connected at said fifth fold and folded over said
      inner panel member and extending beyond said web and terminating at a free
      edge, thereby forming a pair of flanges one on each side of said web,
PA2  said first and said plurality of second flange-forming panels and said web
      cooperating to form a plurality of H-shaped structures in cross-section
      defining oppositely directed channels for receiving and restraining
      adjacent wallboard panels in three directions; and
PA2  B. means for supporting a second layer of gypsum wallboard panels spaced
      apart from said first layer of panels comprising a wallboard-supporting
      panel connected at said third fold extending in a direction substantially
      parallel to and spaced-apart from said first flange-forming panel and
      adapted to permit said second layer of panels to extend across and be
      affixed to the outer surface of said supporting panel, and
PA1  Iii. a first row of gypsum wallboard panels, the edges of adjacent panels
      being engaged and retained within the oppositely directed channels of said
      studs, and
PA1  Iv. a second row of gypsum wallboard panels engaged by and affixed to said
      wallboard supporting panels in substantially parallel spaced-apart
      relationship with respect to said first row.
NUM  10.
PAR  10. A wall according to claim 9, wherein a third layer of gypsum wallboard
      panels is affixed to said second layer of wallboard panels.
NUM  11.
PAR  11. A wall according to claim 9, wherein a third layer of gypsum wallboard
      panels is affixed to said first layer of wallboard panels.
NUM  12.
PAR  12. A wall according to claim 9, wherein the first fold and the fifth folds
      of each stud are on opposite sides of said web.
NUM  13.
PAR  13. A wall according to claim 9, wherein the first fold and fifth folds of
      each stud are on the same side of said web.
NUM  14.
PAR  14. A wall according to claim 9, wherein a flange is provided on the
      wallboard-supporting panel of each stud to increase structural rigidity.
NUM  15.
PAR  15. A wall according to claim 9, wherein apertures are provided in the
      supporting web of each stud to permit passage of conduits, wire and pipes.
NUM  16.
PAR  16. A wall according to claim 9, wherein the corners of the vertical edges
      of each panel of said first layer are beveled to facilitate their
      insertion into said oppositely directed channels.
NUM  17.
PAR  17. A wall according to claim 9, wherein the edges of the outer panel
      members of said second flange-forming panels are fluted to facilitate
      engagement of the edges of said wallboard panels.
NUM  18.
PAR  18. A wall according to claim 9, wherein the web of each stud is provided
      with a plurality of apertures.
NUM  19.
PAR  19. A wall according to claim 18, wherein said apertures are elongate and
      arranged in a row.
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ABST
PAL  A frame assembly is disclosed for supporting a panel which together with
      the frame provides a partition or divider structure. The frame assembly
      includes a pair of upright frame members of extruded aluminum and a pair
      of horizontal frame members of extruded aluminum. The upright members are
      provided with opposed pairs of polygonal openings therethrough, and the
      horizontal members include a tubular portion complementary in polygonal
      cross-section and dimension with respect to the openings in the upright
      members. Expandable fasteners of complementary cross-section are inserted
      through the openings and expanded to interconnect the horizontal and
      vertical members. The horizontal members include integral pairs of flanges
      providing opposed recesses for receiving corresponding edges of a panel
      supported by the frame assembly.
BSUM
PAR  The present invention relates to the art of partitions and, more
      particularly, to an improved frame assembly for supporting the panel of a
      partition or divider structure.
PAR  Partition or divider panel structures serve a wide variety of purposes
      including, for example, dividing office space into cubicles, separating
      adjacent areas of living quarters such as living room and dining areas,
      and dividing adjacent balcony areas in apartment buildings or the like for
      privacy purposes. A number of partition structures are available for these
      and other purposes including, for example, panels of synthetic plastic
      material or the like supported by frame structures which are mounted on
      and between support surfaces such as a floor and ceiling.
PAR  In connection with such framed panel partition structures heretofore
      provided, an extremely large number of different structural members and
      fasteners are required to complete the assembly thereof, whereby the cost
      of part fabrication and assembly thereof is very expensive. Often, for
      example, at least some of the frame members are tubular components of
      sheet metal construction and the fabrication thereof requires the bending,
      edge forming and edge joining to complete the tubular structure.
      Furthermore, such a frame member is often provided with brackets, U-shaped
      channels, or other structural components for receiving and supporting an
      edge of the framed panel. Such supporting components must of course be
      mounted on the frame member and such mounting is achieved by welding or
      the use of fasteners such as screws. This of course, adds to the cost of
      fabrication in that a large number of different members and fasteners must
      be provided and in that the assembly of the component parts is very time
      consuming.
PAR  Moreover, upon completion of the assembly of the component parts of framed
      panel partition structures heretofore provided, it is difficult and
      sometimes impossible to disassemble the components to replace or repair a
      broken or damaged part. Accordingly, it is often necessary to completely
      replace a partition structure as a result of damage to a component part
      thereof. Further, if disassembly is possible to enable part replacement,
      such disassembly is time consuming and thus expensive.
PAR  In accordance with the present invention, an improved frame assembly for
      supporting a partition or divider panel is provided by which the foregoing
      difficulties and others of such panel structures heretofore provided are
      avoided or overcome. In this respect, a frame assembly is provided which
      is comprised of a minimum number of component parts and fasteners.
      Moreover, the parts are structured and structurally interrelated to
      facilitate part production and assembly with minimum time and effort, and
      to provide a frame and panel assembly having structural integrity and an
      overall appearance which is pleasing to the eye.
PAR  More particularly, the panel frame assembly of the present invention is
      comprised of a first pair of parallel spaced apart frame members which are
      interconnected by a second pair of frame members extending therebetween.
      Aligned openings of polygonal cross-section are provided through the first
      pair of frame members, and the opposite ends of the second pair of frame
      members are provided with polygonal openings aligned with the
      corresponding pair of the openings through the first support members.
      Preferably, the openings are of complementary cross-sectional
      configuration and dimension, and the first and second pairs of frame
      members are interconnected by expandable fasteners extending through the
      openings in the first members and into the openings in the ends of the
      second pair of members. The expandable fasteners have portions disposed in
      the openings in the first and second frame members, and the fastener
      portions are of complementary cross-sectional configuration and dimension
      with respect to the openings. Accordingly, the frame members are
      interconnected against relative rotation therebetween with respect to the
      axes of the openings.
PAR  Importantly, in accordance with the present invention, the second frame
      members are each provided with a pair of integral longitudinally extending
      parallel flanges defining a panel edge receiving recess, and the recesses
      of the two members are disposed in parallel opposed relationship.
      Preferably, the second frame members are extruded aluminum tubes of square
      cross-section having the flanges on one of the walls of the tube. The
      tubular portion thus provides the polygonal openings for the second frame
      members. By providing for the panel receiving recesses to be defined by
      flanges integeral with the second frame members, the use of a separate
      structural componenet for this purpose is avoided together with the cost
      of fabrication and assembly thereof on the frame member. Further, the
      existence of a visible line of demarcation between two such assembled
      components is avoided, thus to enhance the appearance of the frame member
      and ultimately the framed panel structure.
PAR  In accordance with the preferred embodiment of the invention, the first
      frame members are also of extruded aluminum and are U-shaped channels
      disposed with the open sides thereof facing outwardly of the panel frame
      structure. The webs of the channels are provided with square openings
      through which expandable fasteners of square cross-section are inserted.
      An extruded aluminum cover plate is removably interengaged with each
      channel member to close the open side thereof. The cover plate
      advantageously hides the fasteners and thus enhances the appearance of the
      frame assembly. Moreover, the cover plate is removable to provide access
      to the fasteners should it become necessary or desirable to disassemble
      the framed panel structure for maintenance or replacement purposes. The
      opposite ends of the first frame members are provided with mounting
      brackets by which the completed frame and panel structure is adapted to be
      mounted between supporting surfaces such as a floor and ceiling. Such
      mounting brackets are also preferably extruded components.
PAR  Extrusion of the frame members, the covers for the first frame members, and
      the mounting brackets advantageously enables these components to be
      produced in indeterminate lengths which can be cut to desired lengths for
      a given panel frame assembly. This not only facilitates the fabrication
      process but also provides for uniformity of the components in appearance
      and dimension, thus to minimize free play between the frame components
      upon assembly thereof, obvious misalignment between the frame components
      due to errors in fabrication, and differences in appearance between one
      frame assembly and another.
PAR  It is accordingly an outstanding object of the present invention to provide
      an improved frame assembly for supporting a partition or divider panel
      member.
PAR  Another object of the present invention is the provision of a panel
      supporting frame structure comprised of a minimum number of different
      structural parts.
PAR  A further object of the present invention is the provision of an improved
      panel suppporting frame structure which is extremely simple to assemble
      and disassemble and which, when assembled, is structurally stable and
      pleasing in appearance.
PAR  Yet another object of the present invention is the provision of an improved
      panel supporting frame assembly in which the frame components are
      interengaged by expandable fasteners to prevent relative rotation
      therebetween and to enhance structural stability of the frame assembly.
PAR  Yet a further object of the present invention is the provision of an
      improved panel supporting frame assembly in which opposed frame members of
      the assembly are each of one piece construction including integral flanges
      defining panel edge receiving recesses.
PAR  Still another object of the present invention is the provision of a panel
      supporting frame assembly comprised of two pairs of extruded aluminum
      frame members, at least one of which pairs of members are of one piece
      construction, and which pairs of members are interconnected to define a
      rectangular frame unit adapted to support a panel member therebetween
      independent of any fasteners or structural components attached to the
      extruded members.
DRWD
PAR  The foregoing objects, and others, will in part be obvious and in part
      pointed out more fully hereinafter in conjunction with the description of
      a preferred embodiment of the invention shown in the accompanying drawings
      in which:
PAR  FIG. 1 is a perspective view of a panel supporting frame assembly made in
      accordance with the present invention;
PAR  FIG. 2 is an exploded perspective view of the components of the frame
      assembly shown in FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 in FIG. 1; and,
PAR  FIG. 4 is a cross-sectional view taken along line 4--4 in FIG. 1.
DETD
PAR  Referring now in greater detail to the drawings wherein the showings are
      for the purpose of illustrating a preferred embodiment of the invention
      only and not for purposes of limiting the invention, a partition or
      divider structure is shown in FIG. 1 which is comprised of a panel member
      A and a frame assembly B. Frame assembly B, to be described more fully
      hereinafter, is comprised of a pair of upright frame members 10 laterally
      spaced apart and interconnected by horizontally extending upper and lower
      frame members 12. In the embodiment shown, the partition is adapted to be
      oriented in a vertical disposition and interconnected between spaced apart
      supporting surfaces such as the floor and ceiling of a room or the like
      and, accordingly, the upper and lower ends of frame members 10 are
      provided with mounting brackets 14 for this purpose. While a particular
      vertical spacing is shown between frame members 12, it will be appreciated
      that this spacing, as well as the spacing between frame members 10, will
      vary depending on the intended use for the partition or divider.
PAR  The structures of the frame members and the interconnections therebetween
      to define the frame assembly are show in detail in FIGS. 2-4 of the
      drawing. Referring to these Figures, upright frame members 10 are of
      identical construction and include a channel member 16 opening outwardly
      from the corresponding side of the assembly, and a cover member 18 which
      closes the open side of the channel as set forth more fully hereinafter.
      Preferably, channel member 16 and cover member 18 are aluminum extrusions.
      Each channel 16 includes a web 20 and a pair of flanges 22 extending along
      the side edges thereof. The outer ends of flanges 22 terminate in
      longitudinally extending inwardly directed projections 24 adapted to
      cooperably interengage with longitudinally extending projections 26 on
      cover plate 18 to releasably interengage the cover plate with the channel.
      Preferably, the resiliency of channel flanges 22 and the contours of
      projections 24 and 26 provides for the cover plate to be releaseably
      snap-locked in place across the open side of the channel.
PAR  The horizontal upper and lower frame members 12 are each of one piece
      construction and are of identical structure. In this respect, each of the
      frame members 12 includes a tubular portion 28 which is square in
      cross-section and includes an opposed pair of side walls 30 and opposed
      outer and inner walls 32 and 34, respectively. A pair of longitudinally
      extending flanges 36 extend inwardly of the frame structure from inner
      wall 34 of each tubular portion 28. Flanges 36 are parallel to one another
      and to walls 30 and are laterally spaced apart in the direction between
      walls 30 to define a panel edge receiving recess 38 which receives a
      corresponding marginal edge of panel A. The inner surface of each flange
      36 includes longitudinally extending ribs 40 projecting inwardly with
      respect to the corresponding recess 38 to frictionally engage the opposite
      sides of panel A. Preferably, frame members 12 are defined by aluminum
      extrusions, whereby the identical structures thereof enables such a frame
      member to be produced in an intermediate length and then cut to provide
      the individual frame members.
PAR  The inner surfaces of walls 30, 32 and 34 of tubular portions 28 of frame
      members 12 define square openings extending therethrough. At locations
      corresponding to the points of engagement of the ends of frame members 12
      with side frame members 10, webs 20 of channels 16 are provided with
      square openings 42 therethrough which correspond in cross-sectional
      dimension with the openings through tubular portions 28. Openings 42 are
      aligned with the opening into the corresponding end of tubular portion 28,
      and expandable fastener plugs 44 are introduced through openings 42 and
      into the corresponding end of tubular portion 28 to interengage frame
      members 10 and 12, as set forth more fully hereinafter.
PAR  Fastener plugs 44 preferably are malleable aluminum castings and each plug
      includes a portion 46 disposed in the corresponding end of tubular portion
      28, and a portion 48 disposed in opening 42 in web 20. Plug portions 46
      and 48 correspond in cross-sectional dimension and contour with the
      corresponding opening in which they are received. Accordingly, in the
      embodiment disclosed plug portions 46 and 48 are square in cross-section.
      Plug 44 further includes a head 50 which engages the outer surface of web
      20 to limit the extent of plug insertion.
PAR  Plug portion 46 is divided into a pair of legs 46a and 46b by means of a
      slot 52 which extends diagonally through portion 46. Legs 46a and 46b are
      radially expandable with respect to the axis of the plug and, for this
      purpose the plug is provided with a longitudinally extending bore 54
      adapted to receive a cylindrical steel drive pin 56. The portion of bore
      54 extending through plug portion 48 and head 50 is of a diameter having a
      tight fit with pin 56, whereby the latter must be forceably driven into
      the bore, such as by a hammer. In the embodiment shown, the width of slot
      52 between legs 46a and 46b is less than the diameter of pin 56, and the
      opposed inner faces of legs 46a and 46b are provided with longitudinally
      extending arcuate pin guiding recesses 58. The latter recesses taper
      inwardly of the fastener axis from the ends adjacent plug portion 48
      toward the free ends of the fastener legs to provide for pin 56 to
      radially displace legs 46a and 46b when the pin is driven therebetween.
PAR  It will be appreciated from the foregoing description that an end of a
      frame member 12 is readily interconnected with a side member 10 by
      aligning tubular portion 28 with opening 42, inserting plug 44 through
      opening 42 and into tubular portion 28 until head 50 abuts web 20, and
      then driving pin 56 into the plug. The square contour of plug portion 48
      cooperates with square opening 42 to prevent rotation of the plug about
      its axis relative to frame member 10. The cross-sectional dimensions of
      plug portion 48 and opening 42 preferably provide for a tight fit
      therebetween, and plug portion 48 is provided with longitudinally
      extending ribs 49 adapted to bight into the inner faces of opening 42 for
      this purpose. The square contour of plug portion 46 provides for
      interengagement thereof with the inner surfaces of walls 30, 32 and 34 to
      prevent rotation of frame member 12 relative to the fastener plug and thus
      relative to frame member 10. Radial expansion of leg portions 46a and 46b
      in tubular portion 28 interengages frame members 10 and 12 against
      separation axially of frame members 12. Preferably, legs 46a and 46b are
      provided with transversely extending sharp ribs 60 adapted to bight into
      the inner surfaces of the walls of tubular portion 28 to enhance the
      interengagement therebetween against separation.
PAR  Preferably, webs 20 of channels 16 are each provided on the outer surfaces
      thereof between openings 42 with an extruded aluminum trim channel 62
      having a web 64 and side flanges 66, which web and flanges define a panel
      edge receiving recess 68 to receive the corresponding marginal edge
      portion of panel A. Flanges 66 of each trim channel 62 are spaced apart a
      distance corresponding to the spacing between flanges 36 of frame members
      12 and extend vertically between flanges 36 of frame members 12 so as to
      define a continuous peripheral panel edge receiving recess therewith.
      Preferably, the inner surfaces of flanges 66 of the trim channels are
      provided with longitudinally extending inwardly projecting ribs 70 similar
      to and for the same purpose as ribs 40 on flanges 36 of frame members 12.
PAR  The primary purpose of trim channels 62 is to provide continuity in
      appearance about the peripheral edge of panel A and to lend stability to
      the corresponding marginal edges of panel A against flexure perpendicular
      to the plane of the panel. This can be achieved simply by positioning the
      trim channels along the marginal edges of the panel but, preferably, the
      trim channels are interconnected with webs 20 of frame members 10 to
      maintain the trim channels in place against displacement inwardly of the
      frame assembly and against sliding movement in the plane of the outer
      surfaces of webs 20. Such interengagement can be simply achieved such as
      by means of a rivet 72 extending through apertures provided therefor in
      webs 64 and 20 and expanded adjacent the inner surface of web 20 to
      complete the interconnection.
PAR  Any suitable arrangement can be employed for fastening a completed panel
      assembly between supporting surfaces. In the embodiment shown, mounting
      brackets 14 are L-shaped members having a leg 74 overlying the outer
      surface of web 20 and a leg 76 extending inwardly of the frame assembly.
      Leg 74 is provided with an elongated slot 78, and web 20 is provided with
      an aperture 80, and bracket 14 is mounted on the corresponding frame
      member 10 by means of a headed bolt 82 which extends through slot 78 and
      aperture 80 to receive a nut 84. Slot 78 of course provides for adjusting
      bracket 14 longitudinally with respect to the corresponding frame member
      10. Leg 76 of bracket 14 is provided with an elongated slot 86 by which
      the corresponding end of frame member 10 is adapted to be interconnected
      with a support surface by means of a suitable fastener, not shown. Slots
      86 in the mounting brackets at corresponding ends of frame members 10
      provide for adjustment of the panel and frame assembly in the direction of
      the plane thereof.
PAR  While L-shaped brackets 14 are shown mounted on the outer surfaces of webs
      20 of channels 16, it will be appreciated that leg portions 74 of the
      brackets could be narrowed in the direction between flanges 22 of channels
      16 so as to be positioned within the channels against the inner surfaces
      of webs 20 for interconnection therewith. Still further, flanges 22 of
      channels 16 can each be provided with a piar of longitudinally extending
      inwardly projecting ribs 88 providing the channel with opposed recesses 90
      having a width slightly less than the thickness of a bracket leg such as
      leg 74 of bracket 14. The bracket leg would have a width providing for the
      opposite sides thereof to be received in recesses 90, and the bracket leg
      would be hammered or otherwise forced into the recess with the force fit
      therebetween providing the necessary interconnection. The extrusion of
      channel members 16 advantageously enables the provision of ribs 88 in the
      side frame members for this purpose and for the added mounting option
      provided thereby. Although the framed panel structure is illustrated and
      described in connection with brackets at the opposite ends of the side
      frame members for mounting the panel structure between opposed support
      surfaces, it will be appreciated that the structure can be otherwise
      mounted for use.
PAR  It will be appreciated that panel A to be supported by the frame assembly
      can be of any suitable structure and material. For example, the panel
      could be comprised of a body of relatively rigid synthetic resinous
      material provided on its opposite faces with a decorative embossed
      pattern, or facing sheets providing a desired decorative appearance. It
      will be further appreciated that the panel is of a thickness between the
      opposite sides thereof slightly greater than the spacing between the
      innermost edges of ribs 40 and 70 in the panel edge receiving recesses so
      that the panel is frictionally engaged against an undesirable amount of
      displacement relative to the frame assembly in the plane of the panel.
PAR  Fabrication of the frame components and the assembly thereof to produce the
      completed partition structure is procedurally simple. In this respect,
      channels 16 and cover plates 18 defining frame members 10 are extruded in
      indeterminate length and are cut to the desired length for a given frame
      structure. The necessary holes are then stamped in webs 20 of the channels
      to complete fabrication thereof. Frame members 12 are extruded in
      indeterminate length and are cut to the desired length for the given frame
      structure, and nothing further is required with regard to the fabrication
      of these members. Trim channels 67 are likewise extruded in indeterminate
      length and cut to the desired length for the frame structure, and the
      rivet holes are punched in the webs thereof.
PAR  Assembly of the frame components and panel A is readily achieved as
      follows. Trim channels 62 are riveted or otherwise attached to webs 20,
      anad corresponding ends of frame members 12 are then fastened to one of
      the channel members 16 by means of the expandable fasteners in the manner
      described hereinabove. Panel A is then slid into place for the
      corresponding marginal edges thereof to be received in recesses 38 of
      frame members 12 and recess 68 of the trim channel on the one channel
      member 16. The second channel member 16 is then positioned for the trim
      channel 62 thereon to receive the corresponding edge of panel A, and the
      second channel 16 is interconnected with frame members 12 by means of the
      expandable fasteners. If brackets 14 are employed as shown in FIG. 2, the
      brackets are then mounted on the channel webs, and the assembly operation
      is completed by snapping cover plates 18 in place to close the open sides
      of the channels. The completed panel structure is then ready for
      installation. Cover plates 18 advantageously cover and hide the fasteners
      and rigidify channels 16 against twisting and flexure.
PAR  In the event it becomes necessary or desirable to repair or replace a
      component of the assembly, cover plates 18 are readily removable to gain
      access to the outer ends of the expandable fasteners. Pins 56 of the
      fastener assemblies can be driven completely through the plug axially
      inwardly of tubular portion 28 of the corresponding frame member 12, thus
      to release the wedging action of the fastener legs on frame components 12.
      Frame members 10 and 12 can then be separated. It will be appreciated
      therefore, that maintenance, repair or replacement can readily achieved.
PAR  Of considerable importance in connection with the present invention is the
      fact that frame members 12 are of one piece construction whereby flanges
      36 thereof are integral with the tubular portion. Frame members 12 are
      readily produced by extrusion and cut to the desired length. This is all
      that is necessary to produce the frame member in that, as extruded, the
      frame member includes the necessary openings for the expandable fasteners
      and a recess to receive the corresponding marginal edge of a panel.
      Moreover, by having the recess defining flanges integral with the tubular
      portion, the end cuts across the tubular portion and flanges are coplanar
      to assure a flush engagement between the ends of frame member 12 and the
      corresponding faces of webs 20 of channels 16. This increases the
      structural integrity of the frame assembly by minimizing the possibility
      of any relative pivotal displacement between the frame members 10 and 12
      laterally of the axis of the expandable fasteners, assures alignment
      between the frame components, and lends to an overall pleasing appearance
      for the partition structure. While such a flush arrangement could be
      achieved by attaching a separate panel receiving channel to the tubular
      portion, similar to trim channel 62, and then cutting through the
      composite structure to achieve a coplanar relationship between the cut
      lines, the latter procedure not only involves the fabrication of two
      components and the fastening of the components together, but also involves
      material waste resulting from cutting the composite structure.
PAR  While the cross-sectional contour of the expandable fasteners and the
      openings therefor in channel web 20 and frame members 12 are herein
      illustrated and described as being square, it will be appreciated that the
      desired interengagement of the frame members against relative rotation can
      be achieved with fastener components and openings having polygonal
      cross-sections other than square. Further, it will be appreciated that
      expandable fastener structures other than the diagonally slotted structure
      shown can be employed. While it is preferred that the side frame members
      10 be defined by U-shaped channels and cover plates snap-locked in place
      with respect thereto, it will be appreciated that other side frame member
      structures can be employed without departing from the principles of the
      present invention and that cover plates, when employed, can be removably
      interengaged with these frame members other than by snap-locked
      interengagement.
PAR  As many possible embodiments of the present invention can be made and as
      many possible changes can be made in the embodiment herein illustrated and
      described, it is to be distinctly understood that the foregoing
      descriptive matter is to be interpreted merely as illustrative of the
      present invention and not as a limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A panel supporting frame assembly comprising, first and second pairs of
      parallel spaced apart frame members, said first pair of frame members
      having walls facing one another and provided with aligned polygonal
      openings therethrough, said second pair of frame members being extruded
      metal members having opposite ends juxtaposed with respect to said walls
      and provided with polygonal openings thereinto aligned with said openings
      through said walls, expandable fastener means extending through said
      openings in said walls and into the openings in the ends of said second
      pair of frame members, each of said second pair of frame members including
      a pair of longitudinally extending laterally spaced apart flanges integral
      therewith and defining a panel edge receiving recess therefor, said
      recesses of said second pair of frame members opening toward one another
      and being spaced apart to receive and support a panel therebetween, said
      fastener means having first portions in said wall openings, second
      portions in said second member openings and means engaging said walls to
      axially position said first and second portions in said openings, said
      first and second portions being of complementary polygonal cross-section
      and dimension with respect to the corresponding wall and second member
      openings, said second portion of each said fastener means including a
      plurality of legs in the corresponding second member opening, and each
      said fastener means further including wedge means engaging and spreading
      said legs radially against said corresponding second member opening.
NUM  2.
PAR  2. The frame assembly according to claim 1, wherein each of said first pair
      of frame members has opposite ends, and means on said opposite ends for
      mounting said frame assembly between spaced apart support surfaces.
NUM  3.
PAR  3. The frame assembly according to claim 1, wherein each of said first pair
      of frame members is a channel member having a web and parallel flanges,
      said channels having open sides facing away from one another, the webs of
      said channels defining said walls, and cover plate means closing said open
      sides of said channels.
NUM  4.
PAR  4. The frame assembly according to claim 1, and a U-shaped member on the
      wall of each of said first pair of frame members, said U-shaped members
      opening toward one another and extending longitudinally of the
      corresponding frame member between said openings through the wall thereof,
      said U-shaped members and said flanges on said second pair of frame
      members defining opposed pairs of panel edge receiving recesses.
NUM  5.
PAR  5. The frame assembly according to claim 1, wherein said pair of
      longitudinal flanges have opposed inner surfaces, and retention means on
      said inner surfaces and projecting inwardly thereof to engage the opposite
      sides of a panel edge received therebetween.
NUM  6.
PAR  6. The frame assembly according to claim 5, wherein said retention means
      are longitudinally extending ribs integral with said flanges.
NUM  7.
PAR  7. The frame assembly according to claim 1, wherein each of said pair of
      second frame members includes a tubular portion generally square in
      cross-section and having opposed pairs of sides having inner surfaces
      defining a square opening therethrough, said pair of longitudinally
      extending flanges projecting outwardly from said tubular portion
      perpendicular to a common one of said sides and parallel to the sides of
      said tubular portion adjacent said one side.
NUM  8.
PAR  8. The frame assembly according to claim 7, wherein said longitudinally
      extending flanges have opposed inner surfaces, said inner surfaces
      including longitudinally extending ribs integral with said flanges and
      projecting inwardly from said surfaces to frictionally engage the opposite
      sides of a panel edge received between said flanges.
NUM  9.
PAR  9. The frame assembly according to claim 8, wherein each of said first pair
      of frame members is a channel member having a web and parallel flanges,
      said channels having open sides facing away from one another, the webs of
      said channels defining said walls, and cover plate means closing said open
      sides of said channels.
NUM  10.
PAR  10. The frame assembly according to claim 9, wherein said cover plate means
      and said flanges of said channels have interengaging means releaseably
      holding said cover plate means on said channels.
NUM  11.
PAR  11. The frame assembly according to claim 10, and a U-shaped member on the
      wall of each of said first pair of frame members, said U-shaped members
      opening toward one another and extending longitudinally of the
      corresponding frame member between said openings through the wall thereof,
      said U-shaped members and said flanges on said second pair of frame
      members defining opposed pairs of panel edge receiving recesses.
NUM  12.
PAR  12. The frame assembly according to claim 11, wherein each of said U-shaped
      members includes a bottom wall overlying and fastened to the wall of the
      corresponding one of said first pair of frame members and a pair of
      parallel side walls extending along the side edges of said bottom wall,
      said side walls having opposed inner surfaces including longitudinally
      extending ribs integral with said side walls and projecting inwardly from
      said opposed inner surfaces thereof.
NUM  13.
PAR  13. The frame assembly according to claim 12, wherein each of said channel
      members defining said first pair of frame members has opposite ends, and
      bracket means attached to each channel member at the opposite ends thereof
      for mounting said frame between spaced apart support surfaces.
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ABST
PAL  The present invention relates to extremities for decorative mouldings,
      mounted on decorative mouldings of metal or synthetic material and fixed
      on a support by means of clips co-operating with orifices formed in the
      said support.
PAL  The end-piece, according to the invention, forming the extremity of the
      decorating moulding mounted on a support, is essentially characterized by
      the fact that it is constituted by a unit made of one piece and
      comprising, in combination, a head in two parts, the first of which
      constitutes the finish of the moulding at its extremity, while the second
      forms the reception member for the extremity of the moulding and a clip
      for fixing the second part of the head on the support of the moulding,
      constituted by a panel of pre-determined thickness provided with a
      corresponding orifice for receiving the said clip.
BSUM
PAR  The present invention relates to extremities for decorative mouldings,
      mounted on decorative mouldings of metal or synthetic material and fixed
      on a support by means of clips co-operating with orifices formed in the
      said support.
PAR  The decorative mouldings, whether they are made of metal or of synthetic
      material, must always be terminated, in their most varied applications, at
      their extremities, as is well known, by shaping operations which have the
      disadvantage of being very expensive. On the other hand, in order to
      prevent longitudinal movement of these mouldings, it is usually necessary
      to carry out a second cutting-off operation in order to permit the
      introduction into the support of a stud provided on a special fixing
      piece.
PAR  When the decorative mouldings are made from sections cut-off to the desired
      length, it is necessary to ensure their fixing by means of added
      end-pieces, of which various types exist, but which do not always make it
      possible to satisfy the required conditions, and especially the takingup
      of play or the elimination of the longitudinal movement.
PAR  The present invention enables these inadequacies to be obviated by
      providing extremities for decorative mouldings formed by added end-pieces
      which simultaneously permit utilization of sections without it being
      necessary to carry out any other operations than that of cutting-off,
      taking up the play corresponding to the cutting-off tolerance of the
      sections or the tolerance between centres of the introduction orifices of
      the fixing clips, of fixing the sections in position by elimination of
      longitudinal movement, and of easy installation of the section in the same
      manner as sections employed for usual types of moulding.
PAR  The end-piece according to the invention, forming the extremity of the
      decorating moulding mounted on a support, is essentially characterized by
      the fact that it is constituted by a unit made of one piece and
      comprising, in combination:
PAR  -- A head in two parts, the first of which constitutes the finish of the
      moulding at its extremity, while the second forms the reception member for
      the extremity of the moulding the said member having, at least in part, a
      shape complementary to the internal longitudinal face of the moulding and
      having a means for fixing the said moulding on the said member, the two
      said parts having a common flat face which can be applied against the
      outer flat face of the support;
PAR  -- a clip for fixing the second part of the head on the support of the
      moulding, constituted by a panel of pre-determined thickness provided with
      a corresponding orifice for receiving the said clip, this latter being
      constituted by a first arm with a longitudinal axis perpendicular to the
      flat face common to the two parts of the head, and a second arm curved
      back around the extremity of the said first arm and directed towards the
      said flat face common to the two parts of the head and on the side of the
      first part of the head, the said second arm having an extremity
      terminating in an elastic lug supported by its extremity of the lateral
      wall of the passage orifice of the clip, while the external face of the
      first arm is supported on the portion of the lateral wall of the
      diametrically opposite passage orifice, the curved portion separating the
      first arm of the said clip from the second forming a flexible hinge.
PAR  According to other characteristic features:
PAR  -- The fixing means for the second part of the head on the moulding
      comprise a flexible clip when the said moulding is rigid;
PAR  -- The fixing means for the second part of the head on the moulding
      comprise a rigid abutment when the said moulding is flexible.
PAR  In an advantageous manner, the first arm of the fixing clip for the head on
      the support comprises a supporting step on the inner face of the
      supporting panel placed at a distance from the flat face common to the two
      parts of the head equal to the thickness of the said panel.
PAR  According to another form of construction, the fixing clip for the head on
      the panel comprises a second arm provided along its central longitudinal
      plane with an open slot on its free extremity, and the width of which is
      greater than the thickness of the first arm.
DRWD
PAR  Other characteristic features and advantages of the present invention will
      be more clearly brought out in the description which follows below,
      reference being made to the accompanying drawings, in which:
PAR  FIG. 1 shows a view in central longitudinal section of a form of embodiment
      of an end-piece according to the invention, in the fixing position;
PAR  FIG. 2 shows a plan view of the end-piece illustrated in FIG. 1;
PAR  FIG. 3 shows a general view of a section fixed on a panel by means of two
      terminal end-pieces;
PAR  FIG. 4 shows a perspective view of an end-piece provided with a means for
      fixing a flexible section.
PAR  In these drawings, the same reference numbers are used to represent the
      same parts.
DETD
PAR  Referring to FIGS. 1, 2 and 4, the one-piece end-member 1, according to the
      invention, has a longitudinal plane of symmetry A-A comprising a first
      part 2 forming the added extremity of a decorative moulding 3, internally
      hollow, of which it ensures the finish at its two extremities, fixed on a
      support 4 which is preferably a wall of small thickness such as a steel
      sheet, and a second portion 5 constituting the part of the end-piece to
      which the said moulding is fixed at one of its extremities.
PAR  These two parts of the end-piece comprise a common flat face which, in the
      fixing position on the support, is applied against the flat inner face of
      the said support.
PAR  On the side of its flat face, the end-piece  1 is provided with a fixing
      clip 6 for the said end-piece on the support 4, constituted by an elastic
      member in the form of a hook, the first arm of which is formed by a
      straight rod having a flat face and a cylindrical face with an axis
      perpendicular to the flat face common to the two parts of the head, and
      the second arm 8 by an oblique rod of the same shape, coupled to the first
      by a curved portion forming an elastically flexible hinge, directed to the
      side of the first part of the head, and the end portion 9 of which is bent
      back in the direction of the first arm, its free extremity being supported
      against the flat face of the end-piece head and being movable due to the
      elasticity of the clip between its position of rest in which it is spaced
      apart from the inner face of the first arm, and this same flat inner face.
      The said clip is arranged in the central plane of longitudinal symmetry of
      the end-piece.
PAR  For the purpose of fixing the end-piece on the support, the clip 6 is
      introduced into an orifice 10 formed in the said support. This orifice may
      be circular, its diameter then being at most equal to the total width of
      the clip in the state of rest, measured in its central plane of
      longitudinal symmetry A-A or alternatively it may be of oblong shape, that
      is to say comprising two opposite circular arcs coupled together by two
      straight sides parallel to the longitudinal plane of symmetry A-A.
PAR  The clip is introduced into the corresponding orifice 10 by its curved
      hinge portion and is pushed in until the flat face of the head comes up
      against the outer face of the supporting wall, the arm 8 being bent back
      elastically about the flexible hinge so as to permit the passage of its
      extremity 9 into the orifice, the said extremity being supported, at the
      end of the positioning of the clip, on the wall of the orifice opposite to
      the straight arm 7, which is itself supported by its circular outer
      transverse face on the wall of the orifice.
PAR  In a second form of embodiment of the clip 6, the first arm 7 of this
      latter comprises a shoulder 11 arranged on its outer transverse face at a
      distance from the flat face of the head equal to the thickness of the
      supporting wall 4, the said shoulder having a slightly oblique ramp
      coupled to the said transverse face at a distance from the flat face equal
      to the thickness of the wall-support, so as to facilitate the introduction
      of the clip into the orifice. This shoulder makes it possible to ensure
      perfect positioning of the end-piece in the orifice before receiving the
      moulding.
PAR  The clip 6 for fixing the end-piece on the support 4 permits, due to the
      elasticity of its arm, a to-and-fro movement of amplitude a parallel to
      the direction of the arrow F which may be rendered necessary for taking-up
      the cutting-off tolerance of the sections or of the distance between
      centres of the fixing orifices of the end-pieces at the extremities of the
      moulding.
PAR  In a third form of embodiment of the clip, this latter comprises a unit
      with two second branches 8a and 8b (see FIG. 4) coupled to the first in
      the zone of the elastic hinge, each having the same shape as the arms 8 of
      the forms of embodiment described above, but separated from each other by
      a slot 12 having a width at least equal to the thickness of the first arm
      7, so that the two said arms 8a and 8b can be bent back simultaneously on
      the side of the first while their extremities can be positioned in such
      manner that the first arm 7 is arranged between the two said extremities.
      In this way, when the value of the possible to-and-fro movement is
      inadequate, the moving portion of the clip, that is to say the arm 8, is
      prevented from coming into contact with the fixed portion, namely the arm
      7. In this way it is possible to increase the movement and in consequence
      the permitted tolerances.
PAR  The second portion 5 of the end-piece head, and on which the clip 6
      described above is mounted, is separated from the first by its flat
      transverse end-face 13 on the outer contour of which is supported the
      extremity of the moulding, this outer contour being the same as that of
      the transverse section of the member constituting the moulding, so that
      the part 2 of the end-piece can be connected to it without any
      discontinuity.
PAR  This second portion is formed by a part 9 which partly follows the shape of
      the inner face of the section from which the moulding is made, the flat
      face intended to be applied against the outer flat face of the supporting
      panel carrying the clip for fixing on the said support as described above.
PAR  When the moulding is made from a flexible and deformable section, the
      fixing part 5 for the said moulding further comprises a stop 14 supported
      on the end transverse face 13 of the part 2 of the end-piece, and the
      length of which is equal either to a part or to the whole of the fixing
      member 5, the said stop being arranged opposite the flat face applied
      against the support.
PAR  By reason of its flexibility and deformability, the moulding is placed in
      position by hand by simple pressure, as in the case of the added
      end-pieces of known type, the fixing being obtained by flexible clipping
      of the moulding on the member 5, the said moulding closely following the
      internal shape of this latter. During this positioning the flexible
      section most frequently becomes deformed by being forcibly passed over the
      non-deformable portion 5 of the end-piece. The stop 14 then enables either
      the compression and crushing effect to be avoided or the re-shaping of the
      section to be effected. When this stop is of the same length as the rigid
      clipping portion 5, the deformation is either eliminated or is much more
      easily taken-up.
PAR  When the moulding is made from a rigid section, the reception member 5 for
      the said section is extended (see FIGS. 1 and 2) by an assembly of two
      elastic lugs 15 and 16, in the shape of a fork, the two said lugs, the
      contour of which passes towards the exterior with respect to the lateral
      faces of the part 5, constituting lugs for clipping the section on the
      end-piece.
PAR  The end-piece as described above may be placed at either of the extremities
      of the same moulding, or in most cases at each of these extremities; the
      same type of end-piece can be mounted indifferently on one or the other
      due to its longitudinal symmetry. The assembly formed by the moulding and
      its two end-pieces makes it possible to effect the locking of the moulding
      in position without any risk of longitudinal displacement.
PAR  The mounting of the moulding and the end-pieces on the supporting wall can
      be carried out in many ways. Following a first method of operation, the
      two end-pieces according to the invention are first placed in position in
      their reception orifices 10, after which the moulding is placed in
      position by hooking the latter on the end-pieces by supporting it and
      pressing it on the said end-pieces.
PAR  According to a second method of operation, the end-pieces are fixed on the
      extremities of the moulding by pressing the said extremities on the
      corresponding end-pieces, or by causing them to slide in the said
      extremities, after which the end-pieces are fixed by pushing the fixing
      clips of the end-pieces on the supporting wall in the orifices provided
      for that purpose in the said wall.
PAR  In FIG. 3, there has been shown by way of example a rigid section 3 in the
      fixing position on the supporting wall 4, that is to say provided with its
      two end-pieces 1 fixed on the said wall, the two said end-pieces having
      been placed in position in the orifices 10 before the mounting of the
      section. This latter has first of all been placed in position on one of
      the two end-pieces, that shown on the righthand side of the drawing, for
      example so as to permit the application of a pressure in the direction of
      the arrow F on the transverse face 13 of this same end-piece. It can then
      be placed between the two end-pieces and can be hooked on them by simple
      pressure due to the elastic lugs 15 and 16, and at the same time on all
      the other fixing clips which may be provided over its entire length.
PAR  The mounting may also be carried out by fixing the two end-pieces inserted
      by sliding into the two corresponding extremities of the section in such
      manner that they cannot be lost, for example by glueing, the taking-up of
      tolerances on the between centres of the two orifices 10 for fixing on the
      supporting wall being obtained in the same manner as the taking-up of
      cutting-off tolerance of the sections, that is to say by the elasticity of
      the fixing clips 6 for the end-pieces on the supporting wall.
PAR  When the thickness of the supporting wall is small, the fixing clips 6 for
      the end-piece on the said wall can advantageously be constituted by clips
      such as that described in the French Patent Application No. 72 20.469
      filed on June 7, 1972  in the name of I.T.W. DE FRANCE. This elastic clip
      also gives the end-piece on which it is provided the longitudinal mobility
      necessary for taking-up tolerances either between centres of the fixing
      orifices 10 or of the cutting-off tolerances of the sections, to exactly
      the same extent as the clips 6 described above.
PAR  It will of course be understood that the present invention has only been
      described and illustrated in the form of a preferred example and that
      technical equivalents may be provided in its constituent parts without
      thereby departing from the scope of the said invention, as defined in the
      appended Claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A one-piece plastic device forming an extremity for an internally
      hollowed decorated molding mounted on a support and comprising: a head
      having two portions, the first portion of which constitutes the finish of
      the molding at one of its extremities while the second portion constitutes
      the reception member for retaining the extremity of the molding, said
      second portion having at least partly a shape complementary to the
      longitudinal inner face of the hollow molding and having means for fixing
      said molding on said second portion, said first and second portions of
      said head lying along the longitudinal axis of the molding to be retained,
      these two portions of said head having in common a flat face applicable
      against the outer face of the support; a clip for fixing the second
      portion of said head on the cooperative support, said support constituted
      by a panel of predetermined substantially constant thickness provided with
      a corresponding orifice for the reception of said clip, this latter
      arranged on the side of the flat face of the head and comprising a first
      arm with a longitudinal axis perpendicular to the flat face common to the
      two portions of said head and at least one resilient second arm curved
      back from the extremity of said first arm and directed towards said flat
      face common to the two portions of said head and on the side of the first
      portion of the head, both of said arms forming the clip lying in a plane
      substantially parallel to the longitudinal axis of the molding to be
      retained, said second arm having an extremity for complimentary
      cooperation with the lateral wall of the orifice closest to the end of the
      molding to be retained while the outer face of said first arm cooperates
      with the diametrically-opposite lateral wall of the passage orifice, the
      curved portion separating the first and second branches of said clip
      constituting an elastically flexible hinge.
NUM  2.
PAR  2. An end-piece as claimed in claim 1, in which said means for fixing the
      second portions of said head on the molding comprises a flexible clip when
      said molding is rigid.
NUM  3.
PAR  3. An end-piece as claimed in claim 1, in which said means for fixing the
      second portion of said head on the molding comprises a rigid abutment when
      said molding is flexible.
NUM  4.
PAR  4. An end-piece as claimed in claim 1, in which the first arm of the clip
      for fixing said head on the support includes a supporting shoulder
      engageable with the inner face of the supporting panel, said shoulder
      located at a distance from the flat face common to the two portions of
      said head, equal to the thickness of said panel.
NUM  5.
PAR  5. An end-piece as claimed in claim 1, in which the clip for fixing the
      head on the panel comprises a second arm provided along its central
      longitudinal plane with a slot open on its free extremity and the width of
      which is greater than the thickness of the first arm.
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ABST
PAL  A method of constructing buildings is disclosed wherein a multicellular
      monolithic structure is formed with walls and future floors all in a
      vertical plane. The walls may be formed from concrete or other laminate
      material. The structure is then tilted about tilt points along a tilt line
      which is retained in a V-groove attached to a base until the structure
      reaches a vertical location. After the tilting step the structure is
      levelled by means of jacks. Wedges are inserted to support the structure
      and the jacks are removed. Several structures may be assembled to form a
      building. Cantilever walls may be added which join together to form a
      corridor or hall between structures.
BSUM
PAR  This invention relates to a method for constructing buildings, and more
      particularly, to a method of forming a multicellular, monolithic structure
      with vertical walls and floor slabs, tilting the structure to an upright
      position and adding the end walls.
PAR  There are a number of well known methods for constructing buildings, such
      as apartments, office blocks, etc. Most of these types of buildings
      require a concrete floor, the floor either being poured or cast in place
      or, alternatively, pre-fabricated or pre-cast and erected in panels or
      blocks as the building rises. In some cases, a complete building is formed
      of concrete panels or units which are pre-cast; the units may be formed of
      single cell structural sections of one or more stories, which are mounted
      one upon the other to form the building. Alternatively, they may be panels
      which are assembled to form walls and floors; or another method, perhaps
      the most common method, is constructing a building by making forms and
      pouring the walls and then the floor on top of the walls as the building
      rises. Other methods exist for constructing buildings, such as casting
      concrete panels or units on ground level and then lifting them up and
      assembling them in position. Some buildings have steel structures to
      support the floors; in such buildings the steel is first erected, and then
      pre-cast concrete slabs are assembled on the steel beams or alternatively
      forms are positioned for pouring a concrete slab in place. Masonry brick
      walls may sometimes be used for bearing walls but not generally for
      floors.
PAR  In conventional construction methods, one commences with the foundation
      walls and works up. If the floors are being cast in place, forms have to
      be positioned on each floor. The forms may be reausable but they have to
      be well supported to prevent the liquid concrete spilling and causing
      accidents. If the walls and floors are pre-cast concrete slabs, then when
      they are erected in place one is faced with moving a large number of
      components which requires the continual use of hoists or cranes and
      consequently a high labour content with this method. All these
      conventional methods of concrete construction include cold joint forming
      between the structural components.
PAR  It is an object of the present invention to provide a method for
      constructing a multi-cellular monolithic structure which does not require
      pouring concrete in flat horizontal floor panels, neither does it require
      the assembly of the building in many components.
PAR  To obtain this and other objects of the present invention, the method of
      constructing should be efficient and economical; it should meet all
      architectural, structural, mechanical and construction requirements, and
      should be adaptable for various types of structures and designs. Such a
      building method should make the building simpler and more economical to
      build and preferably avoid the use of concrete forms that have to be moved
      and reused as the building rises.
PAR  The present invention includes a method of constructing a building
      comprising the steps of assembling at least one multi-cellular, monolithic
      structure in the horizontal plane having only vertical walls and floor
      slabs, tilting the structure about a tilt line to raise it to a vertical
      location, and levelling the structure after the tilting step.
PAR  The multicellular, monolithic structure is first formed at ground level
      with the walls and floors being in the vertical plane and then tilted
      about tilt points along a tilt line of the structure through 90.degree. to
      the upright position to form the building structure. It is then necessary
      to finish the building by the construction of end walls, which may be
      curtain wall construction, masonry brick walls or other suitable types
      erected on site. A multicellular, monolithic structure has advantages over
      the single cell monolithic structure, as multicellular structures have
      only one wall between cells, whereas a single cell monolithic structure
      requires a wall around each cell. Thus there are two walls between cells
      in the single cell monolithic structure against only one wall between
      cells in a multicellular monolithic structure.
PAR  Another advantage of the multicellular, monolithic structure is strength.
      In a single cell monolithic structure, it is generally necessary to
      calculate bending moment using the WI.sup.2 /8 formula for simple
      supported spans and, in view of the fact that each cell in the system is
      separate, the bending moment must be calculated individually. However, for
      the multicellular, monolithic structure, one can consider it as one
      component; thus the stresses may be calculated as extending over all the
      walls and floors in the structure with a considerable advantage in
      strength. This means that a reduced thickness of the concrete slab and a
      relative reduction of the steel area in the concrete may be obtained which
      consequently reduces the weight of the structure.
PAR  A further advantage of the present invention is apparent when concrete
      structures are being considered. Whatever method of forming is used to
      obtain a multicellular, monolithic structure, the concrete walls and slabs
      are all poured vertically.
DRWD
PAR  These and other objects of the present invention will be apparent from the
      following detailed specifications and the accompanying drawings which
      illustrate embodiments of the invention:
PAR  FIG. 1 is a schematic perspective view of a multicellular, monolithic
      structure of the present invention.
PAR  FIG. 2 is a schematic elevational view of the fulcrum tilt system, with two
      opposing multicellular, monolithic structures, tilted from the horizontal
      to the vertical position.
PAR  FIG. 3 is a schematic elevational view of a continuation of the structure
      shown in FIG. 2 with two multicellular, monolithic structures tilted from
      outside the two existing erected monolithic structures.
PAR  FIG. 4 is a schematic perspective view of an erected building formed from
      multicellular, monolithic structures, which have been tilted into the
      vertical position.
PAR  FIG. 5 is an end view at the location of the fulcrum tilt showing a
      multicellular, monolithic structure in the upright position.
PAR  FIG. 6 is a cross-sectional elevational view through the side of a
      multicellular, monolithic structure adjacent the location of the fulcrum
      tilt showing a guide angle retaining the structure in the correct location
      after tilting to the upright position.
PAR  FIG. 7 is a side elevational view of a further embodiment of a
      multicellular, monolithic structure cast in two halves and then tilted to
      form a building.
PAR  FIG. 8 is a plan view of the embodiment shown in FIG. 7.
PAR  FIG. 9 is a side elevational view of yet another embodiment of a
      multicellular, monolithic structure cast in two halves and then tilted to
      form a building.
PAR  FIG. 10 is a plan view of the embodiment shown in FIG. 9.
DETD
PAR  Referring now to the drawings, a multicellular, monolithic structure is
      shown in FIG. 1, assembled about a fulcrum tilt line 10. The three
      vertical walls 11, 12 and 13 extend perpendicular from the tilt line 10.
      Between the vertical walls 11, 12 and 13 spaced apart to form rectangular
      cells are three further walls 14, 15 and 16. The walls are all integrally
      formed together, thus forming the multicellular, monolithic structure. The
      walls may be made from a number of known building materials, perhaps the
      most common today being concrete which is poured into forms with
      reinforcing steel in place to strengthen the walls. The concrete may be
      poured by a number of methods, such as a slip-form method, a removable and
      reversible form method, and others known to those skilled in the art. It
      is important that no cold joints occur in the structure as this reduces
      its strength.
PAR  Another method of constructing the multicellular, monolithic structure,
      such as that shown in FIG. 1, is according to my method shown in Canadian
      Pat. No. 887,175 which issued Nov. 30, 1971. This patent discloses the use
      of solid insulation as forms for pouring concrete, the insulation being
      held together by clips. The insulation may be removed after the concrete
      is cured or may remain as insulation for the building.
PAR  A slip-form method that may be used for the pouring of vertical concrete
      walls includes the use of a separate polyethylene sheet or other suitable
      plastic film that rests against the surface of the concrete as it cures
      and permits the slip-form to be slowly raised up, leaving the plastic film
      in place, against the surface of the concrete. The slip-form is preferably
      made from plywood with a smooth surface finish such as a plastic coating.
      A frame behind the plywood provides the necessary strength to support the
      plywood when the liquid concrete is poured into the form. The plastic film
      must have a low coefficient of friction with the slip-form in order for
      the slip-form to be raised leaving the film in place. The plastic film may
      be stripped from the concrete after the slip-form has been removed and the
      concrete has cured. To improve the coefficient of friction between the
      slip-form and the plastic film some form of oil or lubricating material
      may be used.
PAR  Another system that may be used is a band-roller system, where metal or
      plastic bands act as the form; these are supported by rollers at top and
      bottom, and may be slowly raised as the concrete is poured. The concrete
      at the bottom hardens and the bands are slowly raised to permit concrete
      to be poured in at the top before the surface of the concrete sets thus
      avoiding a cold joint. Such a system is essentially practical when a
      series of multicellular, monolithic concrete structures are to be
      prepared.
PAR  Regular slip-form methods are recognized as being capable of extruding
      vertical concrete walls having a thickness of at least eight inches. If
      the thickness is less than 8 inches, then the friction forces due to the
      weight of concrete against the slip-form creates problems in separating
      the slip-form from the concrete. Slip-form panels are preferably made of
      three-fourths inch plywood and are mounted on platforms which may be
      raised and lowered as a whole by means of hydraulic jacks. By the use of a
      thin film of plastic such as polyethylene, the thickness of the walls may
      be considerably reduced as the plastic film against the concrete surface
      reduces the friction between the slip-form and the plastic film, the
      plastic film remaining on the concrete. By this method, vertical walls
      having a thickness of less than six inches may be extruded satisfactorily.
PAR  Other materials than concrete may be used to construct the multicellular,
      monolithic structure; these include wood or plastic laminates of sandwich
      type construction, extruded foam with wood, metal or plastic reinforcing,
      and other new light weight building materials now being experimented with.
      It is important, however, that whatever materials are used the layers or
      other materials must all be firmly joined together to form the monolithic
      structure. Referring again to FIg. 1, the structure is erected by tilting
      it about the tilt line 10. When it is in the upright position, the walls
      11, 12, 13 become the transverse bearing walls of the structure, the walls
      14, 15, 16 become the floors of each storey, and in the case of the top
      floor 16, perhaps the roof of the building. It is not essential that walls
      14, 15 and 16 are only located between the walls 11, 12 and 13. Extensions
      from walls 14, 15 and 16 may protrude beyond the walls and floor slabs so
      that they become cantilevered floor sections suitable for balconies or
      used in joining two or more structures together to form halls or
      corridors. It will be apparent to those skilled in the art that the walls
      need not necessarily be equidistant apart, nor need the rectangular cells
      be the same size. In this manner, the transverse bearing walls may be
      spaced to conform to desired architectural layouts. Corridors, halls,
      staircases and rooms may be incorporated within the structure and if
      desired the finishing of the walls and floors may be incorporated to
      satisfy the architectural finishing requirements before tilting the
      structure to its vertical location. Once the structure has been tilted to
      its vertical location, additional walls may be required at each end. If
      the structure is made in two halves, a second tilt line is spaced apart
      from the first tilt line such that when the second multicellular,
      monolithic structure is tilted into its vertical location, it mates with
      the first structure. The end walls and intermediate walls of the two
      structures may be curtain walls, glazed or pre-cast, and are placed in
      position where necessary. Balconies may be added if desired. In some cases
      a space may exist between two adjacent structures and this may be filled
      by means of pre-cast concrete panels, which form floors and other
      connecting walls. The sectional depth and height of a multicellular,
      monolithic structure varies depending on the site and architectural
      requirements. It is to be appreciated that the structure must be designed
      so that when lifted about its top corner it does not collapse and the
      structure at the fulcrum tilt line must have sufficient strength to take
      the load of the structure as it is raised. Similarly, one must consider
      the capacity and boom height of the crane or cranes required to raise the
      structure to its vertical location. These two factors restrict the size of
      the structure. The width and thickness of walls and floors have also to be
      taken into account to ensure they can be formed and have sufficient
      strength. The type of concrete to be used is equally important; if a light
      weight concrete is used, it may be possible to form five stories in one
      multicellular, monolithic structure which may then be tilted to its
      vertical location.
PAR  FIG. 2 shows two multicellular, monolithic structures 20 and 21 each having
      four stories which are assembled in a horizontal position and then tilted
      about their appropriate fulcrum tilt lines 22 and 23 into a vertical
      location where they mate to form a single building 24. The foundation
      walls 25 are formed before tilting the structures into their vertical
      location and contain strengthened positions at the tilt lines 22 and 23
      and pockets 26 in the walls 25 for jacks so the structures may be levelled
      after they have been raised. Once the first two structures 20 and 21 are
      erected, as shown in FIG. 2, two further multicellular, monolithic
      structures 27 and 28 are assembled in the horizontal position, as shown in
      FIG. 3 and then tilted about fulcrum tilt lines 29 and 30 into a vertical
      location, thus increasing the size of the building. In the same way, the
      foundation walls 25 have strengthened positions at tilt lines 29 and 30
      and pockets 26 in the walls 25 for jacks to level each structure after
      erection.
PAR  A building that has been assembled from a number of multicellular,
      monolithic structures is shown in FIG. 4. In the construction of this
      building, a first row of three multicellular, monolithic structures 40,
      each having two rows of five cells, are first assembled in a horizontal
      plane, then tilted about a tilt line 41 to a vertical location. At the
      same time, a second row of three multicellular, monolithic structures 42
      are assembled in a horizontal plane and then tilted about a tilt line 43
      to a vertical location and mate with the three structures 40 in the first
      row. Spaces 44 and 45 remain between these mated structures in the rows
      and these in turn are filled with pre-cast concrete floor slabs 44A and
      45A that are erected on each floor after the structures have been tilted
      to their vertical locations. In the next step, a third row of three
      multicellular, monolithic structures 46 are assembled in a horizontal
      plane and are tilted about tilt line 47 to their vertical locations so
      that they mate with the three structures 40 in the first row. At the same
      time, a fourth row of three similar structures 48 are assembled in a
      horizontal plane and tilted about a tilt line 49 to their vertical
      locations such that they mate against the three structures 42 in the
      second row. Pre-cast concrete panels are erected in the spaces 44 and 45
      between the structures, and interior and exterior end walls are installed
      to complete the structure of the building.
PAR  The embodiment shown in FIG. 4 has tilt lines in one plane only. However,
      it will be apparent to those skilled in the art that the tilt lines could
      be in two planes at right angles to each other. This would provide
      vertical walls at right angles to each other. The multicellular,
      monolithic structures may be tilted to a vertical location so that all
      four sides of the structure eventually mate with adjacent structures.
      Alternatively only two opposing sides mate with adjacent structures as
      shown in FIG. 4 or in some cases no sides mate with adjacent structures.
      The spaces between the structures may be joined by floor slabs erected on
      each floor after the structures have been tilted to their vertical
      location and prefabricated end walls may be erected as required. The
      structures may be formed so that cantilevered floor sections mate between
      adjacent structures to avoid the necessity of having a vertical wall of
      one structure mating with an adjacent vertical wall of another structure.
PAR  An example of the fulcrum tilt position is shown in FIG. 5. A foundation
      wall 50 has a plate 51 mounted thereon and connected to reinforcing steel
      in the foundation wall 50. The plate has a V-notch 52 which forms the tilt
      line. A corner of the multicellular, monolithic structure 53 is shown in
      the vertical location, and has strengthened corner plates 54, preferably
      made of steel, positioned so that when the structure is tilted the corner
      plates 54 or tilt points are initially retained in the V-notch 52 and
      moves within the V-notch until the structure has moved through 90.degree..
      A jack 55, preferably a hydraulic jack, is located in a pocket 56 in the
      foundation wall 50 and is used for levelling the structure when it is
      raised to the vertical location. FIG. 6 shows a section through the
      foundation wall 50 with a guide angle 57 mounted on the steel plate 51 to
      act as a guide and retain the structure 53 in its correct location. The
      structure 53 has reinforcing steel 58 therein and is formed from concrete.
PAR  In the method of construction, the multicellular, monolithic structure
      first is assembled in the horizontal position in the manner disclosed
      herein. If the unit is made from concrete then it is essential to ensure
      that the concrete is cured before the tilting step commences. If it is
      formed from laminates such as wood or plastic then the laminate must be
      set before the tilting step commences to ensure that the structure has
      sufficient strength to avoid collapsing during the tilting step. Before
      commencing the next step, the location of the structure is checked to
      ensure it is in the correct position for the tilt step, the foundation
      walls are firm and the tilt plates 51, as shown in FIG. 5, are located
      with the V-notch 52 at the tilt line. The step of tilting is preferably
      carried out by two cranes although in small structures one crane is
      sufficient. Lifting hooks are connected at each side of the structure to a
      standard lifting bar or sling arrangement which is attached to the four
      top corners of the structure. When the lift commences the load comes on
      the two uppermost corners of the structure; then, as the cranes raise the
      structure and commence tilting it about the tilt line, the load spreads to
      the four corners of the structure until eventually when the centre of
      gravity of the structure passes over the tilt line, the load is
      transferred to the two uppermost corners again and the cranes prevent the
      structure from lowering too fast and damaging the foundation walls. Once
      the structure has been raised to its vertical location and is aligned
      within the angles 57, then the jacks 56 are used to ensure that the
      structure is level. After levelling, the jacks are removed and replaced by
      wedges or spacers on the foundation walls as required. After the structure
      has been tilted to its vertical location and levelled then exterior end
      walls may be added and internal walls as required. If the structure is to
      mate with one or more other structures, then it is necessary to ensure
      that the mating structures line up both vertically and horizontally. This
      may be done by the jacks. Curtain walls, glazed or pre-cast, may be fixed
      to the cell floor edges in the open ends of the structure. Recessed
      balconies, prefabricated internal walls or plain and simple masonry walls
      may be erected as required.
PAR  It will be appreciated that foundation walls may not be required and other
      types of foundation or slab may be used for a building. Such a system may
      be incorporated in the present invention in place of the foundation walls
      shown in FIGS. 5 and 6. In effect, a slab or raft foundation would reduce
      pressure at the line of contact during the tilting step, because the
      contact would not be restricted to the foundation walls.
PAR  Another embodiment of the present invention is shown in FIGS. 7 and 8. This
      embodiment is of particular interest in low-cost housing. Two halves of a
      house are assembled in a horizontal position. The first half 70 has two
      external walls 71, an internal wall 72 and a sloped roof 73 meeting at a
      central ridge 74. The second half 75 has two external walls 76, an
      internal wall 77 and a sloped roof 78 meeting at a central ridge 79. The
      first half 70 has a tilt line 80 and the second half 75 has a tilt line
      81. Foundation walls 82 match the external and interior walls of the two
      halves which both have floors 83 and 84. When the two halves are tilted to
      their vertical locations, the walls 71, 72, 76 and 77 of the two halves 70
      and 75 rest on the foundation walls 82 and a basement is formed beneath
      the floors 83 and 84 within the house. The two halves 70 and 75 are tilted
      about the fulcrum points 80 and 81 to their vertical locations and a seal
      is provided between the two halves to prevent moisture entering the house
      or heat escaping from the house. Hydraulic jacks may be used as required
      to ensure that the two halves 70 and 75 meet after they have been tilted
      to their vertical locations and are correctly aligned. End walls,
      staircases and other interior walls and partitions are preferably pre-cast
      and assembled after the two halves are erected. The multicellular,
      monolithic structure gives strength to the structure during the tilting
      step. The tilting of each half may be done by means of one crane with a
      lifting bar or sling arrangement attached to the two corners on each side
      of the central ridge 74, 79 of the roof 73, 78 or by two cranes each
      having a lifting bar arrangement attached to the four top corners of the
      structure.
PAR  Yet a further embodiment of the invention is shown in FIGS. 9 and 10 where
      a first structure 90 and a second structure 91 are tilted to a vertical
      location to mate and form a twostorey house. In this concrete foundation
      walls are required. A shallow pit 92 is prepared and filled with crushed
      stone 93. Two concrete strips 94 and 95 are prepared to support tilt lines
      96 and 97. Each structure is assembled with a base floor 98 and 99 in
      place. Thus after the tilting step the base floors 98 and 99 rest on the
      crushed stone 93. Concrete pads 100 are positioned at the sides of each
      structure to allow jacks to be used to level the two structures. The
      blocking or wedges may then be added and the jacks removed. A strong
      connection between the two halves is required to prevent their separating
      after the house has been assembled. This embodiment allows a house to be
      constructed without having to pour a concrete slab in the horizontal
      location. Only concrete strips 94 and 95 are required together with
      concrete jacking pads 100. In cold climates these strips and pads
      preferably have foundations below the frost line to prevent the completed
      building heaving in the spring thaw.
PAR  It will be apparent to those skilled in the art that a number of variations
      may be made within the framework of the present invention without
      departing from the scope thereof. It will be apparent to those skilled in
      the art that the engineering design of a structure suitable for tilting
      according to the present invention may be carried out without any
      inventive concepts being applied. Stresses due to the tilting step may be
      calculated dependent upon the weight of the structure and the design of
      the structure made to contain these stresses. The use of the crane is
      within the skill of a crane operator, the one tricky point being where the
      centre of gravity of the structure passes over the tilt line. Cranes have
      been referred to in this disclosure, but other lifting devices including
      jacks and winches may be suitably employed. The scope of this invention is
      not limited to buildings but may include other structures such as bridges,
      overpasses and the like.
CLMS
STM  The embodiments of the invention in which an exclusive property of
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of constructing a building comprising the steps of:
PA1  forming at least one multicellular, monolithic structure on a horizontal
      plane, the formed structure having only vertical walls and having a
      forward lower edge in said horizontal plane;
PA1  providing a V-notch in the horizontal plane adjacent to said lower forward
      edge of said structure but out of contact therewith;
PA1  sliding and tilting said structure forward about said lower forward edge
      thereof until said edge enters and rests in said V-notch;
PA1  tilting said structure about said V-notch, and raising said structure to a
      vertical location, said lower forward edge leaving said V-notch during the
      raising of said structure; and
PA1  leveling said raised structure.
NUM  2.
PAR  2. The method of constructing a building wherein a plurality of
      multicellular monolithic structures are assembled according to the method
      of claim 1 wherein spaces are provided between each structure and further
      including the step of filling each space with preformed floor slabs.
NUM  3.
PAR  3. The method of constructing a building according to claim 1 wherein said
      forming step comprises forming the multicellular, monolithic structure in
      a horizontal plane by the slip-form method of pouring concrete which
      comprises providing a slip-form, pouring concrete into said slip-form,
      raising said slip-form, and repeating said pouring and raising steps a
      predetermined number of times.
NUM  4.
PAR  4. The method of constructing a building according to claim 1 wherein the
      forming step comprises providing monolithic structure concrete forms made
      from rigid insulation, pouring concrete into said forms, leaving said
      forms in place after the walls are formed so that the rigid insulation
      remains with the structure to provide insulation for the building.
NUM  5.
PAR  5. The method of constructing a building according to claim 1 and further
      including the additional steps of:
PA1  forming end walls from pre-cast panels; and
PA1  erecting the end walls after the structure has been tilted to the vertical
      position.
NUM  6.
PAR  6. The method of constructing a building according to claim 1 wherein the
      step of providing a V-groove in the horizontal surface includes
      positioning a steel plate with a V-notch in the horizontal surface.
NUM  7.
PAR  7. The method as claimed in claim 6 wherein said lower forward edge is
      defined by at least two corners, said method further comprising the step
      of positioning and attaching strengthened corner plates onto the corners
      of the formed structure, said corner plates being positioned and attached
      such that when said structure is tilted, said corner plates enter and rest
      in said V-notch.
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ABST
PAL  A prefabricated transportable room element for use in the construction of a
      plural storey building comprising a plurality of such room elements
      stacked one upon another, the room element comprising a floor panel
      structure and at least one vertical load-bearing structure extending
      upwardly of the floor panel structure, the room element having releasably
      connected thereto structural bracing means which is connectable to the
      foundation of a building and/or to the bracing means of another like room
      element when the room element is stacked therewith, the room element and
      the bracing means having buttressing surfaces which co-operate to transmit
      horizontal loads on the room element to the bracing means whilst allowing
      relative vertical movement between the room element and the bracing means
      when the room element is incorporated in a building with the bracing means
      connected to the foundation of the building and/or the bracing means of a
      like room element stacked with the room element and with the bracing means
      released from the room element.
BSUM
PAR  The present invention relates to prefabricated transportable room elements
      for use in the construction of a plural storey building and comprising a
      floor panel structure and at least one vertical load-bearing structure
      extending upwardly of the floor panel structure.
PAR  In contrast to a closed-sided box-like room element whose walls stand
      perpendicular to one another and therefore mutually brace one another
      horizontally, the or each vertical load-bearing structure of an open-sided
      room element is held horizontally only by its moment-resistant connection
      to the floor panel structure. In certain cases, e.g. when a building, due
      to its height or expanse, presents a large surface area to the wind, it
      may be advisable or even necessary to relieve the connection of the
      vertical load-bearing structure(s) to the floor panel, as well as the
      floor panel itself, of the considerable moments imposed thereupon. In
      order to accomplish this, buildings of open-sided room elements subject to
      high wind loading have often been provided with shear walls anchored in
      the foundations and extending over several storeys at right angles to the
      wind-loaded surface. However, such shear walls, whether they be built in
      situ or prefabricated, represent an element foreign to room element
      philosophy in that they require increased work on the building site. In
      order to overcome this disadvantage, the multiple-storey shear wall has
      often been divided into single-storey sections which were each built into
      a room element of the corresponding storey level. The result was a braced
      room element which could no longer simply be stacked upon others, but
      required structural inter-connection to them. Apart from the still
      considerable amount of site work, this entailed the disadvantage of
      requiring much closer manufacturing tolerances.
PAR  The present invention provides a prefabricated transportable room element
      for use in the construction of a plural storey building comprising a
      plurality of such room elements stacked one upon another, the room element
      comprising a floor panel structure and at least one vertical load-bearing
      structure extending upwardly of the floor panel structure, the room
      element having releasably connected thereto structural bracing means which
      is connectable to the foundation of a building and/or to the bracing means
      of another like room element when the room element is stacked therewith,
      the room element and the bracing means having buttressing surfaces which
      cooperate to transmit horizontal loads on the room element to the bracing
      means whilst allowing relative vertical movement between the room element
      and the bracing means when the room element is incorporated in a building
      with the bracing means connected to the foundation of the building and/or
      the bracing means of a like room element stacked with the room element and
      with the bracing means released from the room element.
PAR  If a plurality of room elements are stacked to the desired height at the
      desired location of the building, and if, as each room element is set in
      position its bracing means is released from it and connected to the
      foundation or to the bracing means of the element below, then a wind
      bracing frame complete in itself, anchored in the foundations and
      integrated in the building can be produced step-by-step, simultaneously
      with the building. The bracing frame can thus be equivalent to a vertical
      cantilever beam anchored at its base and extending up into the building
      for the desired height, and engaging the building only via the buttressing
      surfaces, i.e. capable of resisting only horizontal forces. Thus such a
      room element permits of modular erection, not only in that the wind
      bracing can be modularised, but rather in that the wind bracing structural
      modules need not be specially erected because they are already present at
      the right location once the corresponding room element has been set.
      Consequently, the field work is reduced to a minimum, since the wind
      bracing means can be built into the room elements in the factory and
      transported with them to the building site. A further advantage resulting
      from the parallel erection of the building and the wind bracing means is
      that the construction is braced against side-loads at all stages of
      erection without requiring the room elements themselves to be structurally
      anchored to the foundation or to the room elements below. Consequently the
      required manufacturing tolerances lie in the heretofore accustomed range.
      The fact that the bracing means is releasably attached to the room element
      and can be released from the room element as it is integrated into the
      wind bracing frame, thus assuring that horizontal loads imposed on the
      room element are transmitted to the bracing structure solely via the
      buttressing surfaces, means that the building and the bracing structure
      can be two vertically independent structural entities having the advantage
      that no secondary or parasitical stresses arise when they work or are
      subjected to wind load. The vertical independence also permits the use of
      bracing means in a material different from that of the room element which
      may have a coefficient of thermal expansion considerably different. Just
      as the two entitites are structurally independent vertically, so are their
      dimensional tolerances. Both entities remain free of constraints or
      built-in stresses even when one or the other or both of them depart from
      the nominal configuration. The mutually cooperating buttress surfaces of
      the room elements and bracing means can give a direct transmission of wind
      force, so that the bracing construction prevents horizontal motion of the
      building, thereby relieving the moment-resistant connection of the
      vertical load-bearing structures to the floor panel structure of bending
      streses due to wind loading.
PAR  The buttressing surfaces of the room element may be provided by buttress
      shoes connected to the floor panel structure. The bracing means may be
      releasably connected to the buttress shoes. The buttress shoes may be
      adjustable relative to the floor panel structure to enable the buttress
      surfaces thereof to be moved into cooperating engagement with the buttress
      surfaces of the bracing means. Said buttress shoes may comprise angle
      members one limb of each of which is connected to the floor panel
      structure and the other limb of each of which provides a said buttressing
      surface. At least some of said buttressing surfaces may be of sufficient
      vertical extent to enable the buttressing surfaces to make cooperating
      engagement should the relation of the bracing means to the room element in
      a finished building depart from nominal, e.g. due to manufacturing
      tolerances or settling of the building. The floor panel structure may be
      provided with bearing surfaces with which the buttress shoes make sliding
      contact, the buttress shoes being flexible in adjusted position relative
      to said bearing surfaces. Preferably said bearing surfaces and at least
      those parts of the buttress shoes which make contact therewith are of
      steel so that the buttress shoes can be permanently fixed in adjusted
      position by welding. Means may be provided for temporarily attaching the
      buttress shoes to the floor panel structure, the temporary attachment
      means being removable when the buttress shoes are permanently fixed in
      adjusted position.
PAR  The bracing means is preferably of storey height. The bracing means may
      comprise upper and lower coupling means whereby it can be connected to the
      foundation of a building and/or to the bracing means of a like vertically
      adjacent room element. The coupling means may comprise vertically oriented
      centering means, e.g., in the form of at least one vertically oriented
      projection on the upper or lower coupling means and a complementary
      aperture or apertures in the lower or upper coupling means.
PAR  The bracing means may comprise spaced uprights. A said coupling means may
      be provided at the upper and lower end of each spaced upright. The bracing
      means may further comprise at least one cross-member connecting the spaced
      uprights to one another, which cross-member may extend between the upper
      ends of the spaced uprights. The bracing means may also comprise crossed
      diagonal stays each of which extends from adjacent the upper end of one
      upright to adjacent the lower end of the other upright. The bracing means
      may be of steel girder construction. Alternatively, or in addition, the
      bracing means may comprise one or more solid panels.
PAR  The bracing means may comprise oppositely directed buttressing surfaces
      adapted to cooperate with oppositely directed buttressing surfaces of the
      room element. Where the bracing means comprises spaced uprights, the
      uprights may each provide one of the buttressing surfaces.
PAR  The floor panel structure may have spaced apertures therein in which said
      uprights are received. Said apertures may be in a side margin of the floor
      panel structure or may be intermediate opposite side margins of the floor
      panel structure, e.g., on the longitudinal centre-line of the floor panel
      structure.
PAR  The floor panel structure is preferably a load-bearing structure of
      reinforced concrete. The floor panel structure may be formed in one piece
      or may be formed from two or more floor panel sections connected
      end-to-end by structural means such as post-tensioning means.
PAR  The vertical load-bearing structure or structures may be of reinforced
      concrete, and may be connected to the floor panel structure by suitable
      structural means such as post-tensioning means. The or each vertical
      load-bearing structure may comprise a wall, e.g., an end wall, of the room
      element or may comprise one or more load-bearing columns.
PAR  The invention also provides a method of constructing a plural storey
      building, the method comprising:
PAR  a. taking a plurality of prefabricated transportable room elements each
      comprising a floor panel structure and at least one vertical load-bearing
      structure extending upwardly of the floor panel structure and each having
      bracing means releasably connected thereto, the room element and the
      bracing means each having buttressing surfaces,
PAR  b. stacking the room elements one upon another on a foundation with the
      bracing means of the room elements vertically aligned,
PAR  c. connecting the bracing means of the lowermost room element to the
      foundation and the bracing means of the plurality of room elements to one
      another,
PAR  d. ensuring that the buttressing surfaces of each room element and its
      associated bracing means are in cooperating engagement so that horizontal
      loads on the room element will be transmitted to the bracing means, and
PAR  e. disconnecting each bracing means from its associated room element so as
      to permit relative vertical movement between the room element and the
      bracing means.
PAR  Each bracing means may be at least partially disconnected from its
      associated room element before, during or after placing the room element
      in stacked position so that the room element and bracing means can be
      independently aligned with an adjacent stacked room element and bracing
      means.
PAR  The buttressing surfaces of each room element may, as hereinbefore
      described, be provided by buttress shoes which are adjustable in
      buttressing direction and the method may further comprise adjusting the
      buttress shoes so that the buttressing surfaces thereof are in cooperating
      engagement with the buttressing surfaces of the associated bracing means.
      The method may further comprise permanently fixing said buttress shoes in
      adjusted position, e.g., by welding. The bracing means of each room
      element may be releasably connected to the buttress shoes of that room
      element and the bracing means may be disconnected from said buttress shoes
      when the buttress shoes are permanently fixed in adjusted position.
PAR  The invention further provides bracing means comprising means whereby the
      bracing means can be releasably connected to a room element, upper and
      lower coupling means whereby the bracing means can be connected to the
      foundation of a building and/or to like bracing means, and oppositely
      directed buttressing surfaces for cooperation with oppositely directed
      buttressing surfaces of a room element.
DRWD
PAR  The invention will be further described with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 shows a room element and bracing structure according to the present
      invention in exploded perspective view;
PAR  FIG. 2 is a fragmentary side elevation of two constructions according to
      FIG. 1 being stacked one upon the other;
PAR  FIG. 3 is a fragmentary detail view according to FIGS. 1 and 2;
PAR  FIG. 4 is a fragmentary detail view according to FIGS. 1 and 2;
PAR  FIG. 5 is an exploded side view of a wind-bracing frame comprising a
      plurality of storey-high bracing structures;
PAR  FIG. 6 is an enlarged fragmentary detail view of FIG. 3 at a later stage of
      erection;
PAR  FIG. 7 is an exploded perspective view of an alternative embodiment of the
      invention.
DETD
PAR  Referring to FIG. 1, the room element 1 has a rectangular load-bearing
      floor panel structure 2, to the ends of which are connected vertical
      load-bearing end structures 3 and 4. The expression "floor panel
      structure" is to be understood in the broadest sense, including for
      example a construction assembled from segments or sections. In the present
      case the floor panel structure comprises a slab 5 with ribs 6 and 7
      longitudinally disposed on the underside and set-in from the side edges
      thereof, leaving laterally protruding cantilever edge portions 8 and 9 of
      the slab 5. Prestressing members (not shown) may extend through
      longitudinal ribs 6 and 7 to provide a means of connecting the end
      structures 3 and 4 to the floor panel structure 2. The expression
      "vertical load-bearing end structure" is also to be understood in the
      broadest sense, e.g. to include a closed ring or U-shaped portal frame or
      one or more vertical columns. In other words, the end structures 3 and 4
      schematically represent whatever vertical load-bearing members are
      associated with the open-sided room element. Such members may be at
      locations other than the outermost extremities of the floor panel
      structure, or may be more or less than two in number. The instant example
      of a room element is further fitted with a ceiling construction 10. In
      addition, the room element may be partially or completely finished and
      outfitted, including for instance surface finishes and glazing and
      installations such as electrical wiring, electrical fittings, gas pipes,
      plumbing, sanitary installations, and the like.
PAR  Such room elements are mounted face-to-face, e.g. side-by-side, end-to-end
      and/or end-to-side, in layers to form a multi-storey building. The
      juxtaposed and superposed vertical structures cooperate to form inherent
      wind-bracing means in their common major planes (i.e. at right angles to
      the longitudinal axes of the room elements). With respect to wind forces
      acting at right angles to their major plane, the vertical structures can
      only offer the resistance provided by their moment-resistant connection to
      the floor panel structure 2. This connection must normally accommodate not
      only the forces imposed directly upon the associated vertical structure,
      but also the much more appreciable load taken up by the vertical
      structures of the room elements above and transmitted down. With this in
      mind, the room element 1 is provided with a wind-bracing structure 11
      comprising two mutually parallel vertical members 12 and 13, a cross
      member 14 connecting their upper ends and two diagonal ties 15 and 16.
      Mating coupling flanges 17', 17" are mounted at the top and bottom ends of
      members 12 and 13, flange 17' having a centering pin and flange 17" a
      complementary aperture for receiving same.
PAR  The bracing structure 11 has a pair of shafts 19, 20 formed by the free
      lower ends of the vertical members 12 and 13, upon the opposing faces of
      which slidable buttressing shoes 21 and 22 are mounted by screw means. The
      cantilevered edge portion 8 of the floor panel structure has two openings
      23, 24 to accommodate the shafts 19 and 20. Bearing surfaces 25, 26 are
      mounted on the inner edges of openings 23 and 24 and anchored to the
      cantilever portions 8 of the slab. If the bracing structure 11 is inserted
      into the room element as indicated by the arrow in FIG. 1, the buttress
      shoes 21 and 22 will bear on the bearing surfaces 25 and 26 and can be
      fastened thereto by means of screws 27 visible in FIG. 3. The buttress
      shoes 21 and 22 form the buttressing surfaces of the floor panel structure
      2 and shafts 19 and 20 the counterbutts of the bracing structure. The
      bracing structure is releasably fixed to the buttress shoes 21 and 22 of
      the floor panel structure by means of the screws 28 visible in FIG. 3.
      Screws 28 engage elongated slots 29 in the buttress shoes 21 and 22 so
      that the bracing structure 11 while fixed to the floor panel 2 can be
      adjusted vertically relative to the room element. The storey-high bracing
      structure 11 can thus be mounted in a position low enough to assure that
      -- as can be seen in FIG. 2 -- coupling flanges 17" extend slightly below
      the bottom edges 39 of longitudinal ribs 6 and therefore below the plane
      of the mounting surfaces of the room element 1.
PAR  If a room element that is fitted with a bracing structure 11 is transported
      from the factory to the building site and there mounted upon an already
      erected room element which is also fitted with a bracing structure (11' in
      FIG. 2), the centering pins 18' of the upper coupling flange 17' of the
      bracing structure 11' of the already erected room element will engage the
      locating apertures 18" of the lower coupling flanges 17" of the bracing
      structure 11 of the room element 1 being erected, such that the mating
      coupling flanges 17' and 17" of said bracing structures 11 and 11' are
      located with respect to one another. At this stage they can be fastened
      together by means of screw means 30, 31 as indicated in FIGS. 2 and 4.
      More important however is the release of the connection between the
      bracing structure 11 and the room element 1. The foundations 32 are also
      fitted with coupling flanges 17' to which the coupling flanges 17" of the
      lowermost room element are connected in order to provide anchoring means
      for the entire wind bracing frame. As can be envisioned from the schematic
      view of FIG. 5, a wind-bracing frame 33 anchored in the foundations 32
      rises step-by-step in parallel with the stacking of the room elements 1
      and is constituted by the individual bracing structures of superimposed
      room elements connected together via their coupling flanges. The exact
      sequence of manipulation or details of construction are of secondary
      importance. The bracing structure may be installed in its room element in
      such manner that the coupling flanges 17" extend below the plane of the
      mounting surface 39. With this arrangement, as a room element 1 is lowered
      into place, its bracing structure 11 can be (perhaps only temporarily)
      coupled to that of the one below, followed by release of the connection
      between buttress shoes 21 and 22 and the shafts 19 and 20 and then by the
      setting of the room element itself in position. On the other hand, the
      bracing structure can be so installed that its coupling flanges 17" remain
      above the plane of the mounting surface 39. In this case the room element
      is first set in place and then the bracing structure released, lowered
      into engagement with a lower bracing structure of the foundation and
      connected. Finally, the bracing structure can be so installed that its
      coupling flanges 17" lie in the plane of the mounting surface 39 and
      engage the flanges below simultaneously with the positioning of the room
      element. Whatever procedure is followed, two independent structural
      entities result, i.e. a stack of room elements and an integral ("
      monolithic") wind-bracing frame made from the individual wind-bracing
      structural modules transported and erected with each room element. Each of
      these two structural entities is subject only to its own relevant design
      factors (of which the inherent dimensional tolerances are the determining
      factors), as long as the connection between each bracing structure and its
      room element is released at an appropriate time.
PAR  At any time after a room element has been set in position and its bracing
      structure adjusted and anchored, buttress shoes 21 and 22 of the floor
      panel structure are definitively adjusted so that the buttressing surfaces
      thereof are in engagement with the buttressing surfaces of shafts 19 and
      20, and then anchored. To this end, screw 27 is loosened and the
      corresponding buttress shoe is adjusted with the help of screws 28 with
      respect to the counterbutt formed by shafts 19 and 20. Pads of neoprene,
      Teflon or similar material can be interposed between the buttressing
      surfaces if desired. After buttress shoes 21 have been thus adjusted, they
      are definitively fixed to the floor panel. For this purpose buttress shoes
      21 and 22 may be welded to the bearing surfaces 25 and 26, which are let
      into the floor panel, as indicated at 34 in FIG. 6. Afterwards the
      connection between the buttress shoes and the counterbutt can be
      definitively released by removing screws 28 entirely, producing the final
      condition depicted in FIG. 6. Both said structural entities are from this
      point on independent of one another in the vertical direction and if one
      or the other of them should deform due to settlement or temperature change
      it cannot give rise to stresses in the other or be itself constrained by
      the other. On the other hand, the wind-bracing frame 33 horizontally
      stabilizes the floor panel of each room element 1. This is true even
      during erection, so the building is stabilized during all phases of
      erection. Depending on the length of the building, stacks of room elements
      having bracing structures can be erected at one or at several separate
      locations. The resulting wind-bracing frames need not, of course, extend
      through the entire height of the building, since the upper say two or
      three storeys, according to conditions, could be erected without bracing.
      In special cases stacks of room elements fitted with bracing structures
      can also be erected end-to-end producing two or more wind bracing frames
      in tandem. The two or more wind bracing frames need not be of the same
      height. From the above it should be clear that the most varied conditions
      which might arise from case to case can be accommodated.
PAR  Referring now to FIG. 7 it will be seen that the bracing structure 11 need
      not be mounted at the outer edge of the room element 1', but can be
      located in the interior portion of the slab, here on the longitudinal
      centerline. It could also be installed at right angles to the longitudinal
      axis of the room element should such be required. The principles
      previously disclosed are equally applicable in these arrangements. The
      arrangement of FIG. 7 may be employed when the longitudinal ribs 6, 7 of
      the floor panel do not leave a cantilever portion of the slab free at the
      outer edge, or not a sufficiently wide one, and either arrangement may be
      used when required by special floor-planning considerations. It is to be
      understood that the bracing structure need not be of steel. An execution
      in concrete is equally plausible, to mention only one possibility,
      although it is always advisable to employ the lightest possible
      construction in order not to unnecessarily complicate transport and
      erection of the room elements. Countless modifications of the buttress
      shoes and coupling members are possible.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of constructing a plural storey building, the method
      comprising:
PA1  a. taking a plurality of prefabricated transportable room elements each
      comprising a floor panel structure and at least one vertical load-bearing
      structure extending upwardly of the floor panel structure and each having
      bracing means releasably connected thereto, the room element and the
      bracing means each having buttressing surfaces,
PA1  b. stacking the room elements one upon another on a foundation with the
      bracing means of the room elements vertically aligned,
PA1  c. connecting the bracing means of the lowermost room element to the
      foundation and the bracing means of the plurality of room elements to one
      another,
PA1  d. ensuring that the buttressing surfaces of each room element and its
      associated bracing means are in co-operating engagement so that horizontal
      loads on the room element will be transmitted to the bracing means, and
PA1  e. disconnecting each bracing means from its associated room element so as
      to permit relative vertical movement between the room element and the
      bracing means.
NUM  2.
PAR  2. A method according to claim 1, wherein each bracing means is at least
      partially disconnected from its associated room element before, during or
      after placing the room element in stacked position so that the room
      element and bracing means can be independently aligned with an adjacent
      stacked room element and bracing means.
NUM  3.
PAR  3. A method according to claim 1, wherein the buttressing surfaces of each
      room element are provided by buttress shoes which are adjustable in
      buttressing direction and which comprises adjusting said buttress shoes so
      that the buttressing surfaces thereof are in co-operating engagement with
      the buttressing surfaces of the associated bracing means.
NUM  4.
PAR  4. A method according to claim 3, which comprises permanently fixing said
      buttress shoes in adjusted position.
NUM  5.
PAR  5. A method according to claim 4, which comprises welding said buttress
      shoes in adjusted position.
NUM  6.
PAR  6. A method according to claim 4, wherein the bracing means of each room
      element is releasably connected to the buttress shoes of that room element
      and wherein the bracing means is disconnected from said buttress shoes
      when the buttress shoes are permanently fixed in adjusted position.
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PAL  A method for manufacturing a book having a security cover comprises the
      steps of: (a) aligning a stack of sheets to provide an edge surface; (b)
      locating a first kraft paper sheet adjacent the first sheet of the stack;
      (c) locating a second kraft paper sheet adjacent the last sheet of the
      stack; (d) fixing an adhesive binding strip to the sheets along said edge
      surface and to the outside of the protective sheets; and (e) fixing the
      first protective sheet to the second protective sheet with an adhesive.
BSUM
PAR  The subject invention generally relates to methods for making books having
      protective covers and, in particular, to a method wherein a book is
      integrally manufactured with a removable protective cover. It should be
      noted that a book, disclosed hereinafter, manufactured with the subject
      method is the subject matter of a U.S. application No. 562,625
      contemporaneously filed herewith.
PAR  In business offices multi-page reports are frequently bound with adhesive
      strips to provide books for local and distant distribution. To keep the
      books closed during distribution the books are often placed in envelopes
      or have a band individually placed around them. While bands facilitate
      handling of books during a distribution process they are not useful when
      books contain sensitive subject matter because bands may be slipped into
      association and disassociation with a book without detection. Similarly,
      when evelopes are used for distributing or mailing books, books may be
      removed from the envelopes, may be read, and may be reinserted in suitably
      addressed and similar envelopes.
PAR  It is an object of the present invention to provide a method for making
      mailable books having integrally associated protective covers.
PAR  It is another object of the present invention to provide a method for
      making a book having a security cover, any opening or removal of the cover
      being readily detectable.
PAR  Briefly, the invention herein provides a method for manufacturing a book
      having a security cover. The method comprises the steps of: (a) aligning a
      stack of sheets to provide an edge surface; (b) locating a first
      protective sheet adjacent the first sheet of the stack; (c) locating a
      second protective sheet adjacent the last sheet of the stack; (d) fixing
      an adhesive binding strip to the sheets along said edge surface and to the
      outside of the protective sheets; and (e) fixing the first protective
      sheet to the second protective sheet.
DRWD
PAR  Additional object and features of the invention will become apparent by
      reference to the following description in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a book manufactured according to the
      invention;
PAR  FIG. 2 is a plan view of an end of the book shown in FIG. 1; and
PAR  FIG. 3 is a plan view of an end of the adhesive bearing strip, used in
      making the book, shown in FIGS. 1 and 2, a section of the strip having
      been removed to more fully disclose components of the strip.
DETD
PAR  Referring to FIGS. 1 and 2, a book 10, manufactured according to the
      invention, includes a rectangular stack of aligned sheets 11, 17, and 18
      providing an edge surface 16. Adjacent the first sheet 18 of the stack
      there is located a rectangular protective sheet 12. Sheet 12, for example,
      may be manufactured from kraft paper with length and width dimensions
      suitable for covering a longitudinal section of sheet 18. Adjacent the
      last sheet 17 of the stack there is located another protective sheet 14
      which, for example, may be manufactured from kraft paper. Rectuangular
      sheet 14 has a width dimension large enough to cover the length of the
      book and long enough to extend around edge 30 of the stack into
      overlapping relationship with sheet 12. The stack of aligned sheets 11, 17
      and 18 and the protective sheets 12 and 14 are mutually coupled by an
      adhesive bearing strip 19.
PAR  As disclosed in FIG. 3, adhesive strip 19 comprises a formable substrate 20
      of, typically, relatively heavy paper stock, and adhesive coatings 21 and
      22. Adhesive coatings 21 and 22 constitute a plurality of strip-like
      formations comprising two heat activated adhesive types. Heat activated
      adhesives may be either of the low or high tack types. A low tack adhesive
      comprises an adhesvie material which when heated becomes fairly molten or
      fluid, thereby providing a high degree of surface wet-out with a minimum
      application of pressure or heat. A typical low tack adhesive may be a
      mixture of about 80% by weight of an ethylene/vinyl acetate copolymer
      having a 90% ratio of ethylene to vinyl acetate and about 20% by weight of
      rosin acid ester. A high tack adhesive comprises an adhesive material
      which when heated remains highly viscous and somewhat immobile so that a
      definite amount of heat is necessary to wet-out a surface being adhered. A
      typical high tack adhesive may be a mixture of polyethylene, a rosin acid,
      and a metal salt of a carboxylic acid, present in weight proportions of
      80/10/10, respectively. High tack adhesives have the advantage that, on
      application of heat and pressure, the bond created thereby immediately
      possesses a high degree of strength. On the other hand, the low tack
      adhesive flows readily or is wicked into the edges of paper sheets to be
      bound. The strip 19 preferably has the high tack adhesive 21 uniformly
      applied to the substrate 20 while the low tack adhesive 22 is applied
      along the center line of the substrate with a relatively greater thickness
      than that of the high tack material. Typically, the width of the adhesive
      22 is approximately equal to or slightly greater than the overall
      thickness of the stack of sheets 11.
PAR  Referring to FIGS. 1 and 2, protective sheet 14 extends snugly around the
      unbound edge 30 of the stack of sheets and is fixed, near its end 24, by
      an adhesive 25 to protective sheet 12. Adhesive 25 may be of the pressure
      sensitive type and, preferably, should have a holding strength sufficient
      to prevent separation of protective sheets 12 and 14 unless detectable
      tearing of either of the sheets 12 and 14 occurs.
PAR  Sheet 12 is scored with a linear series of slits 28 spaced from and
      parallel to edge 13 of the sheet and binding strip 19 is fixed to an area
      between slit 28 and edge 13. Similarly, sheet 14 is scored with a linear
      series of slits spaced from its end 15 and adhesive strip 19 is fixed to
      an area of sheet 14 which is located between slit 27 and end 15. Thus,
      substantial sections of the protective sheets 12 and 14 may be separated
      from the book along the series of slits 28 and 27, respectively, when they
      are no longer required.
PAR  Ends 13 and 15 of protective sheets 12 and 14, respectively, may be located
      so as to coincide with edge surface 16; however, it is preferred that they
      be spaced away from the edge surface to provide areas on sheets 17 and 18
      engageable by strip 19. The stated preference exists because when said
      substantial parts of the protective sheets 12 and 14 are removed sheets 17
      and 18 will remain as covers and in normal use shear stresses between
      adhesive strip 19 and sheets 17 and 18 are expected. Since sheets 17 and
      18 will serve as covers when the protective sheets are at least partially
      removed they should be manufactured from stock which is thicker and more
      durable than the sheets which make up the pages of book 10.
PAR  The book 10, described above is manufactured, according to the invention,
      by aligning the stack of sheets 11, 17 and 18 to provide edge surface 16.
      The alignment may be accomplished, for example, by jogging the sheets
      against a flat surface. During or after the alignment step sheets 12 and
      14 may be located as described above, adjacent sheets 18 and 17,
      respectively. Thereafter, adhesive strip 19 is fixed to the edge surface
      16, the protective sheets 12 and 14, and when the preference stated above
      is desired, to sheets 17 and 18. The alignment of the stack of sheets and
      the location of the protective sheets are steps which may be adequately
      performed manually. However, fixing of the adhesive strip 19 to the
      resulting structure is best accomplished with a bookbinding machine such
      as is disclosed in pending U.S. patent application Ser. No. 474,840, filed
      May 30, 1974 by R. Kuhns. Subsequently, protective sheet 14 may be fixed
      to protective sheet 12, with, for example, a suitable adhesive.
PAR  It is noted that binding strips and applicators other than those described
      above may be used to provide covered books according to the invention. In
      view of this and the fact that other modifications which do not deviate
      from the spirit of the invention will be readily apparent to those skilled
      in the art, it is to be understood that the particular method described
      above has been set forth as an example and is not to be construed or
      interpreted as a limitation on the claims which follow and define the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for manufacturing a book having a security cover, comprising
      the steps of:
PA1  a. aligning a stack of sheets to provide an edge surface;
PA1  b. locating a first protective sheet adjacent the first sheet of the stack;
PA1  c. locating a second protective sheet adjacent the last sheet of the stack;
PA1  d. fixing an adhesive binding strip to the sheets along said edge surface
      and to the outside of the protective sheets; and
PA1  e. fixing the first protective sheet to the second protective sheet.
NUM  2.
PAR  2. A method as defined in claim 1 wherein said protective sheets are scored
      before being located and the adhesive strip is not fixed to the scored
      part of the protective sheets.
NUM  3.
PAR  3. A method as defined in claim 2 wherein the first protective sheet is
      fixed to the second protective sheet by placing a pressure sensitive
      adhesive on one of the protective sheets and by bringing the adhesive
      bearing section on said one of the protecting sheets into pressure
      engagement with the other of the sheets.
NUM  4.
PAR  4. A method as defined in claim 3 wherein said first and second protective
      sheets are located so as to be spaced away from said edge surface; wherein
      the binding strip is fixed to an area on the first sheet of the stack; and
      wherein the binding strip is fixed to an area on the last sheet of the
      stack, said areas being contiguous with the edge surface.
NUM  5.
PAR  5. A method as defined in claim 4 wherein each of the first and last sheets
      of said stack are thicker than the other sheets in the stack.
NUM  6.
PAR  6. A method as defined in claim 4 wherein each of the protective sheets is
      a sheet of kraft paper.
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ABST
PAL  A thermal compress has an outer container defining an inner space. An inner
      wall provided within the container divides the space into two separate
      compartments each bounded in part by the outer container in one embodiment
      of the invention. A control is physically associated with the wall to
      provide, on the application of manual forces to the container, a passage
      through the wall at a localized and predictable position. Different
      substances are respectively located in the above mentioned compartments
      and separated by the wall until the formation of the passage through the
      wall whereupon the substances contact each other and perform a thermal
      reaction to provide heat or cold. With respect to the outer container, two
      sheets are connected together to form the inner space with a wall being
      provided in the inner space to divide the same into two compartments with
      the aforesaid substances being respectively located in these compartments
      and adapted on contact to effect a thermal reaction. As one form of
      control, a tear strip is connected between the sheets and to the wall to
      enable tearing a passage into the wall to permit the substances to mix.
      Preferably the tear sheet is connected to the wall along a V-shaped seam
      adapted to form a passage through the wall at a localized and predictable
      position.
PARN
PAC  OTHER APPLICATIONS
PAR  This application is a divisional application based on my earlier filed
      copending application Ser. No. 373,436 filed July 25, 1973 now U.S. Pat.
      No 3,865,117.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to apparatus and methods for preparing thermal
      compresses adapted upon manipulation to provide a source of heat or a
      cooling compress and more particularly to apparatus and methods for
      manufacturing compresses as described in application Ser. No. 373,436.
PAC  BACKGROUND
PAR  It is known to provide thermal compresses in the form, for example, of a
      plastic envelope containing a chemical which absorbs heat on the addition
      of water thereto and in which the water is retained in a separate envelope
      which is susceptible of being ruptured so that the necessary thermal
      change or thermal reaction will take place when the water is permitted to
      come together with the aforementioned chemical. Such an article of
      manufacture is described, for example, in U.S. Pat. No. 2,907,173 which
      issued to A. Robbins on Oct. 6, 1959. In this patent is described a
      refrigerating package which includes an outer sealed envelope coated with
      a metallic foil and containing a dry freezing chemical mixture with a
      sealed envelope contained within the outer sealed envelope and containing
      a hydrous substance, the inner envelope being susceptible of being
      ruptured without breaking the outer envelope. This patent discloses, among
      other chemicals, the use of ammonium nitrate, sodium carbonate and the
      like which upon being exposed to water or to a hydrous chemical form a
      cooling mixture. The envelopes in which the chemicals are retained and in
      which the water or hydrous chemical are retained are fabricated, for
      example, of polyethylene, vinyl or acetate. The inner bag is sufficiently
      thin that when the compress is twisted or compressed, the inner envelope
      is torn permitting the material therein to escape and intermingle or mix
      with the other chemical contained in the outer envelope.
PAR  A further description of a thermal compress in the form of a refrigerating
      package is given in U.S. Pat. No. 2,925,719 which issued on Feb. 23, 1960
      to A. Robbins et al. This patent describes a refrigerating package
      comprising a sealed outer envelope formed of flexible fluid-tight
      transparent sheet plastic material, a refrigerating chemical disposed
      within this outer envelope, a water soluble coloring dye disposed in the
      outer envelope and a sealed water containing inner envelope formed of a
      flexible fluid-tight transparent sheet plastic material disposed within
      the outer envelope. The inner envelope is of smaller dimensions and has a
      lower bursting strength than the outer envelope. The interior of the outer
      envelope is partially evacuated of air and the water within the inner
      envelope is normally isolated from the refrigerating chemical. The
      exterior surfaces of the walls of the inner envelope are directly
      engageable by the interior surfaces of the walls of the outer envelope
      whereby an inwardly directing force applied against the outer envelope
      imposes a direct mechanical force on the inner envelope to rupture the
      latter without breaking the outer envelope. Thereby there is effected the
      mixing of the water with the refrigerating chemical and with a coloring
      dye.
PAR  Among the problems of the packages provided by A. Robbins in the aforesaid
      patents is the problem that sometimes considerable force is required to
      burst the inner envelope in order to provide for a mixing of the thermally
      reactive chemicals. In addition it is sometimes found that a certain
      technique is required to burst the inner envelopes and that this technique
      is not always easily effected. In addition there are problems of premature
      liquid leakage and furthermore it is not possible to construct packages of
      predictable operation since it is not possible to predict where the inner
      envelopes will burst and the degree to which there will exist a passageway
      between the substance contained in the inner envelopes and the substance
      surrounding the same.
PAR  Some of the above problems are to a slight extent solved by Caillouette et
      al in U.S. Pat. No. 3,175,558 which issued on Mar. 30, 1965. Herein is
      described a therapeutic pack for the thermal treatment of a person which
      pack includes a container bag of flexible proof material, chemical
      substances within the container bag including a liquid component and a
      separate non-liquid component for producing a temperature changing
      reaction upon the mixture of these components within the bag, there being
      provided a fracturable section for containing the liquid component apart
      from the other component so that the components can be controllably mixed
      to give the desired thermal result. In this patent is furthermore
      described the coating of at least a portion of one of the chemical
      components with a soluble coating in order that the mixing of the
      substances be spread out over a greater period of time. In addition, there
      is described an absorbent pad corresponding in size to the container bag
      and a wrapper of flexible material for holding the pad and the container
      bag together whereby the pad can be held adjacent to the person being
      treated.
PAR  The difficulty with one embodiment of the invention disclosed by
      Caillouette et al is that the solid chemical substance is generally
      retained all in one portion of the resulting enclosure after the chemicals
      are permitted to mix, while at the same time, the package provided is of
      extended length and difficult to pack and ship as well as to manufacture
      with a high degree of consistency as regards the subsequent usage thereof.
      This embodiment employs opening tabs but employs them in a construction
      wherein the fluid forces which are exerted on the closure between the
      substances can be expected to lead to fluid leakage and consequently
      premature operation of the package. The other embodiment disclosed by
      Caillouette et al. is subject to the same deficiencies as have been noted
      hereinabove with respect to the Robbins Patents.
PAC  SUMMARY OF INVENTION
PAR  It is an object of the invention to provide improved apparatus and methods
      for manufacturing thermal compresses.
PAR  It is a further object of the invention to provide improved methods and
      apparatus for manufacturing an improved thermal compress having an
      improved style of operation.
PAR  Still another object of the invention is to provide improved methods and
      apparatus for manufacturing an improved thermal compress capable of
      retaining two substances in isolated relationship until the time arrives
      for the using of the compress at which time a passage can be provided
      between the substances at a localized and predictable location.
PAR  Another object of the invention is to provide improved methods and
      apparatus for manufacturing an improved thermal compress having a high
      degree of safety as regards the possibility of leakage of one substance
      into the other substance which is intended to react therewith.
PAR  Still another object of the invention is to provide improved methods and
      apparatus for manufacturing an improved thermal compress which requires a
      low degree of strength to provide for intermixing the substances which are
      to react thermally.
PAR  In application Ser. No. 373,436 there is described a thermal compress
      comprising an outer container defining an inner space, an inner wall
      within said container dividing said space into two separate compartments
      each bounded in part by said outer container, control means physically
      associated with said wall to provide, on the application of at least one
      manual force to the container, a passage through the wall at a localized
      and predictable position, and first and second chemicals respectively
      located in said compartments and separated by said wall until the
      formation of said passage, said first and second chemicals upon contacting
      one another, after the formation of said passage, performing a thermal
      function such as generating heat or providing for a cooling action.
PAR  In accordance with a preferred form described in application Ser. No.
      373,436, the outer container includes two sheets connected together along
      a closed line through the intermediary of the aforesaid wall. Preferably
      the sheets and wall are peripherally sealed together.
PAR  According to a preferred embodiment of the invention in application Ser.
      No. 373,436, the aforementioned control means includes a tear strip
      connected to the aforesaid wall. Advantageously the sheets and wall are
      flexible and the control device is operatively associated therewith. Apart
      from being a tear strip as described above, the control means may be a
      generally rigid frangible member provided in the wall and adapted for
      being broken to provide the localized and predictably located passage.
PAR  The method of the invention for making the above-noted type of thermal
      compress comprises sandwiching a wall between two sheets and connecting
      the sheets to the wall along a closed line to form separate compartments
      which are charged with a respective thermally reactive substance. The
      method further comprises leaving an opening into each said compartment
      through the aforementioned line then charging the compartment with
      respective of said substances through the openings and then closing each
      said opening.
PAR  The walls and sheets are formed of a flexible plastic and are heat sealed
      along the aforesaid line. As provided in accordance with one embodiment of
      the invention, the wall may be provided with a rigid frangible part.
      According to another embodiment of the invention, the tear strip mentioned
      above is sealed to the above mentioned wall on one side of the latter and
      is, at its other extremity, sealed between the wall and one of said
      sheets.
PAR  The method of the invention includes bending the wall and the sheets as
      well as said tear strip transversely of the latter and, before the tear
      strip is sealed between the wall and the associated sheet, at least partly
      straightening the tear strip to decrease the effective length thereof
      relative to that of the wall and associated sheets.
PAR  As has been noted hereinabove the method of the invention may comprise
      sealing the tear strip to the one side of the wall along a V-shaped seam.
      The invention may comprise, as a particularly advantageous form thereof,
      loading foam plastic elements into at least one of the compartments to
      form an insulation layer.
PAR  The apparatus of the invention will comprise sources of three sheets of
      plastic, guides to guide the same into face-to-face relationship with one
      of the sheets sandwiched between the other two sheets to form a wall
      therebetween, sealing devices to seal the sheets together to form two
      pockets separated by the aforesaid wall and supplies to supply into
      respective of the pockets substances which when mixed result in a thermal
      change as noted hereinabove. In addition the apparatus will include
      sealing devices to seal the aforesaid pockets closed.
PAR  According to the invention, the apparatus provided in accordance therewith
      will include means to apply to the wall a device for controllably forming
      in the wall a passage through which the aforesaid substances can be mixed.
      The aforesaid means may include a source of a strip and a sealing means to
      seal the strip to the wall. Also there may be included means to bend the
      sheets and strip transversely of the latter and means to straighten the
      strip at least in part before the pockets are sealed closed.
PAR  The guides mentioned hereinabove may include at least one concave roller to
      provide for the admission of at least one of the substances into one of
      the pockets and to permit the above-mentioned straightening of the tear
      strip.
PAR  With the above indicated apparatus there may be formed a thermal compress
      comprising two sheets connected together to form an inner space, a wall in
      the inner space to divide the same into two compartments, chemicals in the
      compartments adapted on contact to effect a thermal reaction, and a tear
      strip connected between the sheets and to the side wall to enable a
      tearing of a passage into the wall to permit the substances to mix.
PAR  The construction may be such that the compartments are preferably and
      respectively bounded by the aforesaid sheets. However, it is also possible
      that the tear strip may be used in a construction where the compartments
      are arranged so that one of these compartments is spaced from the
      associated sheets.
PAR  The above objects and features of the invention as well as advantages
      thereof will be better understood from the following detailed description
      of some preferred embodiments as illustrated in the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a front view of a thermal compress prepared in accordance with
      one embodiment of the invention;
PAR  FIG. 2 is a sectional view taken along section II--II of FIG. 1;
PAR  FIG. 3 is a diagrammatic illustration of the operation of the tear strip of
      the invention;
PAR  FIG. 4 illustrates a further thermal compress straightened out to tear a
      passage into the intervening wall;
PAR  FIG. 5 is a view similar to FIG. 4 illustrating a further compress;
PAR  FIG. 6 illustrates a further embodiment of the wherein the tear strip is
      employed with a compartment contained in entirety within an outer
      container;
PAR  FIG. 7 is a plan view of an intervening wall employed in a further
      compress; and
PAR  FIG. 8 diagrammatically illustrates the method and apparatus of the
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The invention is generally concerned with a method and apparatus for
      manufacturing a thermal compress which can be operated by means of an
      activator strip or the like or by the use of a precisely located rigid and
      frangible member. The thermal compress enables the use of a foam plastic
      of greater thickness or of desired thickness for the separator walls or
      inner envelopes to avoid leakage problems while still enabling the facile
      actuation of the chemicals.
PAR  The invention relates moreover to methods and apparatus for forming a
      plurality or multitude of compartmented bags which can be activated as has
      been described generally above while being capable of being automatically
      fabricated. The techniques of the invention can be used with therapeutic
      hot packs or cold packs in turn involving exothermic or endothermic
      reactions.
PAR  By the use of the expression "thermal compress" is intended to be meant
      packages capable upon manipulation of mixing two previously isolated
      chemicals or substances to perform a thermal reaction which is either
      exothermic or endothermic, as noted above, whereby in one type of package
      depending upon the chemicals involved there may be generated heat while in
      another type of package due to the chemicals involved there may be
      generated a cooling effect.
PAR  In the FIGS. 1 and 2 is illustrated a thermal compress 10 which includes
      two outer walls or sheets 12 and 14 sealed together along edges 16, 18, 20
      and 22.
PAR  Sandwiched between the sheets 12 and 14 is a third sheet 24 which
      constitutes a separator wall which divides the inner space formed between
      the sheets 12 and 14 into two compartments 26 and 28. It will be
      particularly noted in FIG. 2 that the wall 24 is peripherally sealed to
      the sheets 12 and 14 as, for example, indicated at 30 and 32.
PAR  In the compartment 26 is contained a chemical 34 such as has been noted
      above and inclusive by way of example of the following: Na.sub.2
      CO.sub.3.H.sub.2 O; NH.sub.4 Cl; Na.sub.2 SO.sub.4 ; KI; CaCl.sub.2 ; and
      NH.sub.4 NO.
PAR  In the compartment 28 is located a hydrous chemical or water 36 capable, on
      intermixing with the chemical 34, of effecting an exothermic or
      endothermic reaction as has been mentioned hereinabove.
PAR  To provide for a passage in a localized and predictable position so that
      the fluid in compartment 28 can pass into the compartment 34 and
      vice-versa, there is included in accordance with the invention a tear
      strip 38. This tear strip is connected at its extremity 40 between the
      edges 42 and 44 of sheets 12 and 14 respectively. At its other extremity,
      it is connected such as by heat sealing to the wall 24. This latter
      extremity is indicated at 46, there being a reversed bend 48 provided in
      the tear strip 38 as results from the manufacturing technique to be
      described hereinafter.
PAR  In FIG. 1, it will be noted that the connection between the extremity 46 of
      tear strip 38 to the wall 24 is provided along a V-shaped seam 48, the
      purpose of this seam being to provide a localized and highly predictable
      position for the passage to be formed upon the manipulation of the thermal
      compress of the invention as next described hereinbelow.
PAR  Examination of FIG. 2 will show that the effective lengths of sheets 12 and
      14 as well as wall 24 is greater than the effective length of the tear
      strip 38. Sheet 14 and wall 24 have a greater effective length than tear
      strip 38 between the respective ends thereof due to the fact that the
      angle T formed by the tear strip 38 is smaller than the angle W formed by
      the wall 24 and the angle S formed by the sheet 14. Tear strip 38 has a
      shorter effective length than the sheet 12 because the latter is wrinkled
      or, in other words, follows a serpentine path due to the bending or
      folding of the thermal compress. As a result, when the extremities of the
      thermal compress are pulled in the direction indicated by the arrows 50
      and 52, by forces exerted at indicator I and at a position opposite the
      same, the tear strip 38 will be the first element of the aforediscussed
      elements to reach its fully extended length and thereafter the forces will
      cause the extremity 46 to pull against the wall 24 whereupon a passage
      will be initiated along the seam 48 which as been discussed hereinabove.
      This passage will be highly localized and highly predictable since it will
      occur specifically at the seam 48 and will occur upon the facile
      administration of forces of a relatively low magnitude.
PAR  It is to be noted that the tear strip 38 may be fabricated of a plastic
      which is preferably of a larger gauge than the gauge of the sheets 12 and
      14 and the sheet or wall 24. All of these elements can be fabricated of a
      plastic such as, for example, polyethylene, vinyl or any other suitable
      plastic capable of retaining water or a hydrous chemical and inert to the
      chemicals concerned. As will be seen hereinafter, the outer sheets as well
      as the separator wall may be connected along a closed line, the sheets and
      wall being preferably peripherally sealed together.
PAR  Indicated at 54 are a plurality of foam plastic elements such as small
      plastic balls or spheres which, when the device is operated to mix the
      thermally reacting chemicals, will float on the liquid and form an
      insulating layer. This feature can advantageously be employed to prolong
      the cold effect or to prevent excessive heat from reaching the skin in
      case of the provision of a therapeutic hot pack.
PAR  FIG. 3 diagrammatically illustrates the effect of the tear strip 38 with
      respect to the wall 24. When the force indicated by arrow 56 is exerted on
      the extremity of the tear strip 38 which is not connected to the wall 24,
      the aforesaid passage will result along the V-shaped seam 48. It is to be
      noted that by use of the term "V-shaped", it is not intended to limit the
      invention to the precise shape of a V since it will be clear that W-shaped
      seams and certain U-shaped seams and the like will also be capable of
      providing a localized and positionally predictable opening in the wall 24
      in accordance with the invention although the V-shape will be best.
PAR  FIG. 4 illustrates a further compress somewhat similar to that illustrated
      in FIGS. 1 and 2, the view in FIG. 4 illustrating the associated thermal
      compress after it has been straightened out to form the passage 58 and to
      provide for a mixing of the thermally active chemical reactants.
PAR  In FIG. 4 is illustrated a thermal compress including sheets 60 and 62
      defining an inner space which is divided by a wall 64 into compartments 66
      and 68 wherein the chemical substances mentioned hereinabove are
      respectively located. The construction also includes a tear strip 70 of
      the aforementioned type which is connected in the same manner as described
      above to provide eventually the passage 58.
PAR  In the construction of FIG. 4, there is additionally attached a plastic
      sheet 72 to provide a further compartment 74 wherein are located a
      multitude of foam plastic elements or spheres 76 which provide an
      insulating effect as has been described above.
PAR  FIG. 5 is a view similar to FIG. 4, showing a further compress, including
      walls 78 and 80 and further including the intervening wall 82 with which
      is associated the tear strip 84 for forming the passage 86 in the
      above-noted manner.
PAR  The construction of FIG. 5 inlcudes a further sheet 88 forming an
      additional compartment 90 which is filled with air in order to space the
      wall 88 from the sheet 80 whereby to provide for ameliorating the heating
      or cooling effect as applied to the skin of the person using the device or
      being treated with the same.
PAR  The construction of FIG. 6 is also a thermal compress. It comprises the
      outer sheets 92 and 94 forming an inner space 96 and peripherally
      connected at edges 98 and 100. In this embodiment of the invention an
      inner wall 102 provides an inner compartment 104 entirely separated from
      the sheets 92 and 94 as distinguished from the forms mentioned
      hereinabove. In each of the forms mentioned hereinabove, the inner
      compartments are bounded by the associated outer sheets whereas in the
      forms of FIG. 6, as has been mentioned above, the inner compartment is
      isolated from the sheets 92 and 94. The construction of FIG. 6 has in
      common with the aforegoing forms, the provision of the tear strip 106
      which operates in the manner mentioned hereinabove to provide a passage
      through which can flow the fluid or hydrous chemical 108 contained within
      the compartment 104.
PAR  In the construction of FIG. 6, the left extremities of the sheets 92 and
      94, such as indicated at 110 and 112 are wrinkled or folded or otherwise
      follow a serpentine contour so that a straightening of the same will apply
      to the tear strip 106 a force as indicated by arrow 112 to provide that
      the extremity 114 of the tear strip 106 generate in the compartment 104 a
      passage which is highly localized and predictably located.
PAR  A further compress is illustrated in FIG. 7 wherein the plan view of the
      wall 120, which is the separator wall between the two compartments, is
      sufficient to understand the operation of the resulting thermal compress.
      Herein, the wall 120 includes a section 122 which is of a preferably rigid
      and frangible substance such as a plastic foam or the like.
PAR  It will be understood that since the wall 120 is of a flexible plastic, the
      provision of the frangible member 122 enables the breaking of the latter
      by a distortion of the wall 120 and the associated outer walls of the
      package whereby a highly localized and predictably located passage is
      provided in the wall 120 to enable an intermixing of the aforesaid
      chemicals.
PAR  The method and apparatus of the invention are best understood by reference
      to FIG. 8 wherein appear sources 150, 152 and 154 of plastic sheets 156,
      160 and 162 respectively, said sheets forming the outer sheets of the
      resulting thermal compress with the central sheet 160 forming the
      separator wall utilized therein.
PAR  Also provided is a source 164 of the tear strip 166, said source being
      connected by a mechanical means 168 with a reverser drive 170 for a
      purpose which will be described hereinafter.
PAR  For attaching the strip 166 to the central sheet 160 which forms the
      separator wall, there is provided a back up block 170 capable of being
      reciprocally moved as indicated by arrow 172 and operating in conjunction
      with the sealing member 174 also capable of being operated in reciprocal
      directions as indicated by the arrow 176. A source of heat can be
      provided, for example, in the form of a high-frequency heating unit 178 of
      known construction. Alternatively, different sources and forms of heat can
      be employed. The function of the sealing member 174 is, as will be
      consistent with the aforegoing description, to provide a V-shaped seal as
      indicated at 180 or a seal which is equivalent thereof so that a passage
      can be torn in the wall 160 in the manner which as been described
      hereinabove.
PAR  The apparatus illustrated in FIG. 8 includes a guide consisting in part of
      rollers 182 and 184, these rollers being preferably concave in order to
      provide sections such as indicated at 186 for the introduction of the
      different chemical substances by means of nozzles 188 and 190 or the like.
      In the event that foam plastic elements or spheres, as have been described
      above, are to be introduced, an additional source or nozzle (not shown)
      may be employed.
PAR  To seal the sheets 156, 160 and 162 laterally together at their extremities
      which are indicated at 192 and 194, there are provided rotary sealing
      elements 196, 198 and 200 as well as a fourth sealing element cooperating
      with the element 200 and concealed from view by the aforementioned sheets.
      The elements 196, 198 and 200 are rotary elements and are supplied with
      energy by high-frequency units 202 and 204 which may be of any known
      construction. The rotary elements serve also to pull the sheets
      downwardly.
PAR  The lower extremity of the aforesaid sheets are received in a channel 206
      whereat they are sealed together by energy supplied by high-frequency
      heating unit 204. It is to be understood that the arrangement indicated by
      sealing members 196, 198 and 200 as well as by element 206 is very
      diagrammatically indicated and that the detailed construction of these
      components of this apparatus will be obvious to those of ordinary skill in
      the art involved.
PAR  A bar extending transversely of the aforesaid sheets is indicated at 208.
      Movement of the member 206 in the direction indicated by the arrow 210
      will cause a bending of the three aforesaid sheets 156, 160 and 162 as
      well as of the strip 166 connected to the center sheet or wall 160. The
      member 206 is then returned to the illustrated position which will allow a
      certain amount of slack in the sheets 156, 160 and 162 as well as in the
      strip 166. The sheets 156, 160 and 162 will, however, not be drawn in
      reverse direction due to peripheral engagement by the rollers 182 and 184
      which turn unidirectionally only. At this time, however, the direction of
      rotation of the source or roller 164 is reversed by reverser drive 170
      whereby the strip 166 is drawn taut or is effectively shortened in length
      to have a shorter effective length than the folded or bent sheets 156, 160
      and 162. This will have the effect of creating a unit such as has been
      discussed relative to FIG. 2 above.
PAR  Finally, there are diagrammatically illustrated cutter blades 212 and 214
      capable of moving in reciprocal directions as illustrated by arrows 216
      and 218 in order to sever and seal the aforesaid sheets as well as the
      tear strip 166 connected to the separator wall 160. The strip 166,
      however, will have a shortened effective length due to operation of
      reverser 170. Thereby in accordance with the invention, there may be
      formed the compresses illustrated in FIGS. 1 and 2 above and with minor
      modifications and changes, the compress illustrated in FIGS. 4 and 5.
PAR  From what has been described above, it will now be obvious that the
      invention provides a method of making a thermal compress comprising
      sandwiching a wall between two sheets and connecting the sheets to the
      wall along a closed line to form separate compartments which are
      respectively charged with thermally reactive substances. An opening is
      left in each of the compartments so that the compartments can be charged
      with respective of the chemical substances mentioned above whereafter the
      openings can then be sealed off. This sealing operation can be effected
      through the aforesaid cutters 212 and 214 which may be, for example,
      coupled to the high-frequency heating units 202 or 204.
PAR  The method of the invention comprises forming the aforesaid wall and sheets
      of flexible plastic such as polyethylene, vinyl or the like and heat
      sealing the same along the aforesaid closed line.
PAR  Alternatively, the method may comprise forming the separator wall with a
      rigid frangible part.
PAR  According to the preferred embodiment of the invention, a tear strip is
      sealed to the separator wall on one side of the latter and the opposite
      extremities of the tear strip is sealed between the separator wall and one
      of the associated sheets.
PAR  The method of the invention furthermore comprises bending the wall and
      sheet, as well as the tear strip, transversely of the latter and, before
      the tear strip is sealed between the said wall and said one sheet, at
      least partly straightening the tear strip to decrease the effective length
      thereof relative to that of the wall and sheets.
PAR  Preferably, the tear strip is sealed to one side of the wall along a
      V-shaped seam or the like.
PAR  As a feature of the invention the method thereof may comprise loading foam
      plastic elements or pellets into at least one of the compartments to form
      an insulation layer. Further sheets may be attached to the aforegoing
      package in order to provide for insulation spaces including air or plastic
      pellets or alternatively, being evacuated and supplied with an inert gas
      or the like.
PAR  The apparatus of the invention as has been seen comprises sources of three
      sheets of plastic, guides to guide the same into face-to-face relationship
      with one of the sheets sandwiched between the other two sheets, sealing
      devices to seal the sheets together to form two pockets separated by one
      of the sheets which forms the separator wall, supplies to supply into
      respective of the pockets substances which when mixed result in a thermal
      change and a sealing device to seal the pockets closed.
PAR  There will now be obvious to those skilled in the art many modifications
      and variations of the methods and apparatus described hereinabove. These
      modifications and variations will not depart from the scope of the
      invention if defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making a thermal compress comprising sandwiching a wall
      between two sheets and connecting the sheets to the wall along a closed
      line to form separate compartments, sealing a tear strip between said wall
      and one of said sheets, bending said wall and sheets as well as said tear
      strip transversely of the latter and, before the tear strip is sealed
      between said wall and said one sheet, at least partly straightening the
      tear strip to decrease the effective length thereof relative to that of
      said wall and sheets.
NUM  2.
PAR  2. A method as claimed in claim 1 comprising sealing the tear strip to said
      wall along a V-shaped seam.
NUM  3.
PAR  3. A method as claimed in claim 2 comprising loading foam plastic elements
      into at least one of said compartments to form an insulation layer.
NUM  4.
PAR  4. Apparatus for manufacturing a thermal compress comprising sources of
      three sheets of plastic, guide means to guide the same into face-to-face
      relationship with one of the sheets sandwiched between the other two
      sheets, sealing means to seal the sheets together to form two pockets
      separated by said one sheet which constitutes a wall between the pockets,
      supply means to supply into respective of said pockets substances which
      when mixed result in a thermal change, sealing means to seal the pockets
      closed, a source of a strip, sealing means to seal said strip to said
      wall, means to bend the sheets and strip transversely of the latter, and
      means to straighten the strip at least in part before the pockets are
      sealed closed.
NUM  5.
PAR  5. Apparatus as claimed in claim 4 comprising further means to apply to the
      wall a device for controllably forming in the wall a passage through which
      said substances can be mixed.
NUM  6.
PAR  6. Apparatus as claimed in claim 5 wherein the sealing means to seal the
      pockets closed is positioned to seal said strip in one of said pockets
      when the latter are sealed shut.
NUM  7.
PAR  7. Apparatus as claimed in claim 6 wherein the sealing means to seal the
      strip to the wall includes a member shaped to form a V-shaped seam.
NUM  8.
PAR  8. Apparatus as claimed in claim 6 wherein said guiding means includes at
      least one concave roller to provide for the admission of one of said
      substances into one of said pockets and to permit straightening of said
      strip.
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ABST
PAL  A supply of hose-shaped wrapping material is pleated axially and fits
      telescopically about the outer surface of a forming tube. A portion of the
      wrapping material extends over the upper rim of the tube and downwardly
      through the tube bore to a position below the lower rim of the tube where
      it is fastened in a tightly gathered together manner. A gate, positioned
      below the lower rim of the tube, supports articles fed into the wrapping
      material in the tube bore. This gate is movable to a position which allows
      the articles and wrapping material to drop downwardly through the bore to
      a position below the gate. Such downward movement of the wrapping material
      draws another portion of wrapping material into the bore of the forming
      tube. By supporting the wrapping material and accumulated articles at a
      position above the fastened end of the wrapping material, the lowermost
      article within the wrapping material will drop from the position of
      support to the fastened end of the wrapping material upon removal of the
      support. This results in a downward pull on the wrapping material to break
      up any bridging of articles in the tube. After one batch of articles in
      the wrapping material has dropped below the gate, the gate returns to a
      position underlying the forming tube for supporting another batch of
      articles while the wrapping material below the gate and above the first
      batch of articles is being fastened and severed to provide the completed
      article package.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to package forming, and more particularly, it
      pertains to a method of and apparatus for packaging articles in a
      hose-shaped wrapper.
PAR  2. Description of the Prior Art
PAR  Net bags have been favorably received in marketing channels for packaging
      produce, such as citrus fruit, because they improve package appearance and
      quality maintenance of the produce. The fruit is exposed to air within the
      net bags and thus can breathe, while in polyethylene film bags, which have
      also been used in packaging fruit, air circulation is limited even when
      such bags are provided with special breathing holes. Pre-manufactured net
      bags, however, cost about twice as much as bags made of polyethylene film
      and require special equipment for opening and filling. Thus, despite their
      obvious advantages, they have not been readily accepted by the fruit and
      produce packaging industry.
PAR  Net bagging material, typically of polyethylene, is provided by the
      manufacturer generally in the form of a long rope of unstretched tubing
      with the tubing being provided in continuous form on a coil. In order to
      adapt such material for use with conventional produce filling equipment,
      the net tubing must first be severed and made into bags and then applied
      to the prior art equipment with special adaptive devices. As mentioned
      hereinbefore, this has materially increased the costs of packaging and,
      hence, has not been readily accepted by the industry. There has been a
      continuing search for a machine which will handle net tubing in its
      continuous state and form the bags at the same time that the produce is
      placed therein. One such machine, as used for the citrus bagging market in
      Florida, is described in a report by the Agricultural Research Service,
      U.S. Department of Agriculture, entitled "Automatic Produce-Bagging
      Machine That Uses Factory-Roll Polyethylene Net Tubing ", ARS-S-18,
      published July 1973. The machine as described operates in a manner whereby
      the free end portion of a continuous rope of net tubing is brought up into
      a gripping head and is arranged to be spread open by a device within the
      tubing. The gripping head elevates the opened, free end of the tubing into
      a position to receive a batch of fruit. Then, that portion of the net
      material which is directly above the spreading means is clamped and cut
      off. Upon completion of the filling of fruit into the separated portion of
      the tubing, the top thereof is clamped and the completed and filled bag is
      released.
PAR  Other apparatus for packaging articles into bags formed from a continuous
      supply of hose-shaped material is shown in various prior art patents. For
      example, U.S. Pat. No. 2,908,123 of Muller et al, issued Oct. 13, 1959,
      discloses a device for forming filling, closing and disconnecting packages
      from a supply of hose-shaped, net packing material that is stretched over
      a filling tube opening and pulled out in lengths as required for each
      separate package. While the net packing material extends upwardly along
      the outer surface of a forming tube, over the upper rim of the tube and
      downwardly through the tube bore, the filling tube, wherein the articles
      to be packaged are batched, is a separate tube that is placed inside of
      the hose-shaped packing material.
PAR  U.S. Pat. No. 2,706,370 of Snyder, issued Apr. 19, 1955, discloses an
      apparatus for forming packages with a continuous supply of flexible
      tubular wrapping material that extends upwardly along the outer surface of
      a forming tube, over the upper rim of the tube and downwardly into the
      tube bore where the product is filled for forming a package. The clamping
      of the wrapping material to form successive packages is performed at both
      the top and the bottom of the forming tube.
PAR  U.S. Pat. No. 2,292,231 of Lesavoy, issued Aug. 4, 1942, discloses an
      automatic packaging system wherein a double walled bag is formed about the
      exterior of a vertically positioned product batching tube. Clamping and
      cutting means are utilized at the lower end of the tube to successively
      tie and sever the bags after the deposit of product therein. A gate within
      the batching tube allows the accumulation of a given quantity of the
      product while a previously filled bag is being closed and detached.
PAR  U.S. Pat. No. 2,656,658 of Grady, issued Oct. 27, 1953, discloses a
      vertically arranged filling tube for a bag making and filling machine. The
      free end of a longitudinally-compacted length of tubular material is drawn
      downward past a pair of crimping elements. An electrically-heated filament
      loop positioned therebetween is used to close, and detach the filled
      lower-most bag and to close and provide a platform for the lower end of
      the next bag to permit initiation of filling therein.
PAR  Problems encountered with known automatic, apparatus for forming packages
      from a continuous supply of hose-shaped wrapping material include a
      tendency for articles to bridge within the filling tube which directs the
      articles into the wrapping material, thereby causing a jam which an
      operator must clear. Furthermore, in most of the prior art systems, the
      bag making steps of forming, filling, closing and severing must be
      performed successively, instead of simultaneously, and thus, the package
      forming operation is more time consuming. In those systems which do
      provide simultaneous bag making and filling, complex machinery is
      generally required for performing such operation.
PAC  Summary of the Invention
PAR  With the method and apparatus of the present invention means are provided
      whereby individual bags are formed from a continuous supply of hose-shaped
      wrapping material and are simultaneously filled with articles. The
      apparatus basically comprises a forming tube which is adapted to receive
      the hose-shaped material about the exterior surface thereof with such
      material extending over the upper rim and down through the bore of the
      tube. The articles are filled directly into the tube and the wrapping
      material therein from above. A shiftable gate is provided directly
      adjacent to the lower end of the forming tube for supporting the articles
      within the tube during the filling operation, and, upon the reception of
      the desired quantity of articles within the tube, the gate is arranged to
      be opened to permit the packaged articles to drop to the previously
      applied clamp at the free end of the wrapping material. This movement of
      the articles automatically feeds another portion of wrapping material into
      the tube and break up any bridging of articles across the walls of the
      tube. Means are provided externally of the forming tube for applying a
      clamp to close the bottom end of the bag into which the articles have just
      been filled and for severing the proceding filled bag from the end of the
      wrapping material. In the preferred embodiment of the invention, this
      clamping and severing mechanism comprises a device which applies two
      closely spaced clamps (one for closing the top of one bag and the other
      for closing the bottom of the next succeeding bag) and which severes the
      wrapping material between the clamps.
PAR  While the apparatus of the present invention is basically simple and
      includes no complex, and hence expensive, mechanisms, it has been found to
      be extremely effective for the semi-automatic packaging of articles such
      as citrus fruit for example, into net bags. The shiftable gate permits
      batching of the articles directly in the forming tube to fill one bag
      while the end portion of that bag is being clamped and while the preceding
      bag is being detached, and this is one of the keys to the high speed
      obtainable with the machine. Also, because the fruit or other articles
      within the forming tube are allowed to drop once the gate is opened, the
      consequent pull on the end of the wrapping material results in the
      breaking up of any bridging of articles within the forming tube. This
      bridging is a serious problem with certain of the prior art devices which
      use a forming tube to fill articles such as fruit into a tubular wrapping
      material.
PAR  In field tests of the apparatus of the present invention briefly trained
      female operators are able to consistently average 10 to 12 bags per minute
      throughout a single days run. The apparatus has a capability of averaging
      as much as 14 to 16 bags per minute when operated at high speed by skilled
      personnel.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevation of a package forming and filling apparatus in
      which the present invention is embodied with a portion thereof being
      broken away and shown in section.
PAR  FIG. 2 is a discharge end elevation view of the package forming and filling
      apparatus shown in FIG. 1.
PAR  FIG. 3 is an enlarged longitudinal section, taken on the line 3--3 of FIG.
      2, illustrating the forming tube and gate.
PAR  FIG. 4 is a transverse section, taken on the line 4--4 of FIG. 3,
      illustrating the gate details.
PAR  FIG. 5 is a schematic diagram of the pneumatic circuitry for the package
      forming and filling apparatus shown in FIG. 1.
PAR  FIG. 6 is a schematic diagram of the electrical circuitry for the package
      forming and filling apparatus shown in FIG. 1.
PAR  FIGS. 7-10 are operational views illustrating the manner in which a bag is
      formed and filled using the method of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to drawing FIG. 1, a package forming and filling apparatus 11 is
      shown which includes a hopper 12 for receiving a bulk supply of articles
      such as citrus fruit F, which are to be packed. A conventional peg flite
      elevator 14 feeds the fruit from the hopper to a counter 18 which includes
      a counter infeed conveyor section comprised of three parallel sets of
      endless V-belt conveyors 15 and a counter timing conveyor section
      comprised of three endless pusher chains 16. The fruit is transported
      through the counter 18, and, after each individual fruit is counter, it is
      discharged into a delivery chute 20.
PAR  The packaging portion of the apparatus of the present invention includes a
      forming tube 22 which is mounted below the delivery chute 20 and which is
      adapted to receive the fruit F therefrom. The forming tube is provided
      with a supply of hose-shaped polyethylene net wrapping material 24 that
      fits telescopically about the outer surface of the tube and is pleated
      axially for longitudinal compaction on the tube. The free end portion of
      the wrapping material extends over the upper rim 26 of the tube and
      downwardly through the tube bore to a position below the lower rim 28 of
      the tube where it can be fastened in a tightly gathered together manner by
      a staple or clamp 30 to form the bottom closure for the bag into which the
      fruit are to be packed. A gate 32 is mounted directly below the lower rim
      of the tube for supporting fruit fed from the delivery chute into the
      wrapping material within the tube bore, and the gate is arranged to be
      moved between a position wherein it supports the fruit within the tube and
      a position out of alignment with the tube to thereby allow the fruit and
      wrapping material to drop downwardly through the bore to a location below
      the gate. A fastening and severing mechanism 34 is provided at a position
      laterally of the gate and at a lower elevation for applying a pair of
      closely spaced clamps 30 to the wrapping material above the batch of fruit
      therein and for severing the material therebetween in order to detach the
      completed package of fruit from the end of the wrapping material and to
      leave the new free end of the material with a closure (as shown in FIG.
      1).
PAR  The package forming and filling apparatus 11 is provided with a main frame
      that includes four generally vertical support posts 36 (FIG. 1) mounted
      upon caster wheels 40. The supports are held in spaced relationship by
      longitudinally braces 42 and by transverse braces 44 (FIG. 2). A pair of
      panels 46 and 47 are mounted to the posts 36 at the sides of the frame,
      and a pair of panels 48 and 50 are mounted to the back and to the front of
      the frame, respectively.
PAR  The peg flight elevator 14 (FIG. 1) is mounted for movement within a sheet
      metal trough 52 that extends through a notch in the back panel 48 and is
      supported by and pivots on its upper drive shaft 54 which is attached to
      the side panels 46 and 47 by pivot bearings. The lower end of the trough
      supports the fruit feed hopper 12 and is held outwardly from the frame by
      a strut 56 that is connected to the back brace 44. The peg flite elevator
      14 is comprised of an endless belt 58 having a series of both
      longitudinally and laterally spaced pegs 59 projecting outwardly from the
      surface of the belt to define flights spaced longitudinally of the belt
      and to define lanes spaced transversely of the belt. The endless belt 58
      is trained about an upper drive roller 60 that is mounted on drive shaft
      54 and a lower driven roller 62 that is mounted on an idler shaft 64 with
      both of said shafts being supported by and journalled for rotation in the
      side walls of the trough 52. A series of idler rollers 66 are positioned
      at intervals spaced longitudinally along the length of the trough 52 for
      supporting the upper run of the conveyor belt. Hopper 12, which is
      supported by the lower end of trough 52, has a bottom wall 68 that directs
      fruit to the upper run of the belt at a position above the lower driven
      roller 62. This fruit is carried upwardly by the spaced pegs 59 to the
      upper drive roller 60. The drive shaft 54 is driven by an elevator drive
      unit that includes a sprocket wheel 69 mounted on the drive shaft 54, a
      drive chain 70 trained about the sprocket wheet 69, a sprocket wheel 72 of
      a gear reducer 74 which powers the drive chain 70, and a motor 76 which
      drives through the gear reducer. An air-actuated clutch 77 is provided in
      the elevator drive unit to control the operation of the elevator.
PAR  A ramp 78 is positioned at the discharge end of the peg flite elevator 14
      to receive the fruit therefrom and to direct it downwardly to the infeed
      V-belts 15 of the counter 18. The counter 18, as shown in FIG. 1, is
      arranged to receive the fruit F from ramp 78 and to transport such fruit
      in single file fashion in three parallel lanes (FIG. 2) past pivotally
      mounted counter switch actuating arms 79 which are aligned with the lanes.
      The fruit lanes are comprised of two separate conveyor sections--the
      downwardly extending infeed conveyor section having three parallel sets of
      V-belts 15 and the upwardly extending timing conveyor section comprised of
      three endless pusher chains 16 each of which are aligned in end-to-end
      relationship with one of the sets of V-belts. The pusher chains have lugs
      or pushers 80 arranged in a staggered relationship across the counter so
      that fruit will be discharged from the counter at spaced time intervals.
      Consequently, by a timed activation of the switches engaged by each of the
      actuating arms 79, a separate and distinct count can be attained for each
      fruit discharged from the counter. The counter is supported upon a pair of
      channels 81 that extend between the side panels 46 and 47. The particular
      counter shown in FIG. 1 is described more completely in U.S. Pat. No.
      3,500,982, and reference to such patent may be had for a further detailed
      description of the structure and operation of the counter.
PAR  The delivery chute 20 has a funnel-like shape and is pivotally mounted to
      side panels 46 and 47 at the upper end thereof by means of laterally
      projective trunnions that are rotatably supported by swivel support tubes
      83 secured to the side panels (FIG. 2). The delivery chute is supported
      near its lower end by a pneumatic actuator cylinder 82 so that it extends
      in a downwardly inclined position (FIG. 1) spaced outwardly from the front
      panel 50. When it is necessary to remove the forming tube 22 so as to
      provide a new supply of wrapping material 24 the pneumatic actuator 82 can
      elevate the delivery chute about its pivotal mountings so that the forming
      tube can be readily removed and replaced.
PAR  A forming tube support frame is formed by a pair of panels 86 positioned
      below the delivery chute 20 and attached to the frame structure of the
      apparatus so as to extend forwardly from the side panels 46 and 47. A
      channel 88 (FIGS. 2 and 4) is secured between the panels near the adjacent
      lower ends thereof for supporting a clamp ring 90 that is split axially at
      90a (FIG. 2) on the opposite side from the support channel 88. The forming
      tube 22 has a radial flange 23, shown in FIG. 3, that serves as a stop
      when positioning the wrapping material about the outer surface of the
      tube. That portion of the tube below flange 23 and the lower rim 28 is
      arranged to fit within and be held by the clamp ring. The clamp ring is
      tightened about the forming tube by a toggle clamping mechanism 91 which
      exerts a force on a pair of ears 92, projecting outwardly from opposite
      sides of the split 90a in the clamp ring, to close and hold the ring in
      position.
PAR  A bearing member 93 (FIGS. 3 & 4) is mounted to the web of the channel 88,
      and a shaft 94 is journalled within the bearing member to support the
      movable gate 32 in a position directly below the lower rim 28 of the
      forming tube 22. The gate member is rigidly affixed to the lowermost end
      of the shaft 94 as shown in FIG. 3. A link 96 pivotally connects the upper
      end of shaft 94 with a pneumatic actuator 98 that provides the power for
      moving the gate between its closed and opened positions as shown in full
      and phantom lines, respectively, in FIG. 4.
PAR  A stapler support bracket 100 is mounted across the front vertical support
      posts 36 at a position below the gate 32. The fastening and severing
      mechanism 34 is mounted on the stappler support bracket at a location
      spaced laterally of the gate 32. The fastening and severing mechanism
      includes a pair of spaced stapler hammers and a knife blade interposed
      therebetween that operate together during a single stroke of a pneumatic
      actuator 102 (FIG. 5) to clench the metal clamps 30 about the hose-shaped
      wrapping material 22 in a tightly gathered together manner at two spaced
      locations and to sever the wrapping material between the metal clamps. A
      groove 103, shown in FIG. 10, is provided in the fastening and severing
      mechanism so that the wrapping material can be manually inserted between
      the stapler hammers and opposed anvils. Magazines are provided for feeding
      commercial, preformed pieces of metal stock (staples) to the staplers with
      the metal stock being transformed into the metal clamps that fasten the
      wrapping material. The fastening and severing mechanism 34 is a
      conventional piece of machinery, and, for example, a device such as shown
      in the aforementioned U.S. Pat. No. 2,908,123 may be used. The fastening
      and severing mechanism as shown and described is a Model No. FT-7
      "Rocagraph" distributed by the International Staple & Machine Co. of
      Butler, Pennsylvania.
PAR  With reference to FIG. 5 which discloses the pneumatic circuitry for
      operating the apparatus of the present invention, it will be seen that air
      under pressure is arranged to be supplied to the elevator air-actuated
      clutch 77 through a line 105 regulated by a solenoid-controlled
      directional valve 104 having two operating positions. In one position of
      the valve (when the control solenoid SOL-C is energized), air pressure is
      applied to the clutch to engage it and initiate the feeding of fruit by
      the elevator 14. In the other valve position, as shown in FIG. 5, air is
      vented from the clutch to disengage it and stop the feeding of fruit to
      the counter. The pneumatic actuator 102 for operating the fastening and
      severing mechanism 34 is similarly regulated by a solenoid-controlled
      directional valve 106 in line 107. When the valve 106 is shifted (by means
      of the energization of solenoid SOL-S) so as to provide air to the
      actuator 102, the actuator will operate the fastening and severing
      mechanism to apply the clamps 30 to the wrapping material and sever the
      completed bag in the manner heretofore described. Pneumatic actuator 82
      for supporting the delivery chute 20 has a double-acting piston which is
      regulated by a solenoid-controlled directional valve 108. When solenoid
      SOL-DC is energized, the valve 108 is shifted to pressurize one side of
      the piston while venting the other side of the piston in order to swing
      the delivery chute 20 upwardly to its elevated position to permit the
      removal and replacement of the forming tube 22. When it is desired to
      lower the delivery chute to its operative (i.e., filling) position, the
      solenoid SOL-DC is de-energized to shift the position of the valve 108 and
      reverse the pressurizing and venting sides of the piston in the actuator
      82. Similarly, pneumatic actuator 98 for controlling the movement of the
      gate has a double-acting piston which is regulated by a
      solenoid-controlled directional valve 110. When solenoid SOL-G is
      energized, the valve 110 is shifted to open the gate 32 and thereby cause
      the accumulated fruit to drop out of the forming tube; when the solenoid
      SOL-G is de-energized the pressurized and vented sides of the piston
      within the actuator 98 are reversed and the gate returns to its closed
      position.
PAR  The electrical control circuitry for the package forming and filling
      apparatus 11 is shown in FIG. 6 and will now be described in conjunction
      with the description of the operation of the apparatus. The circuitry will
      be described using the reference characters L for a line, R for a relay, C
      for a contact, M for a motor, and SOL for a solenoid. In the case of
      contacts, the numeral following the letter C is the same as that of the
      relay by which the contact is controlled, and a letter designation A, B or
      C after the numeral differentiates between multiple contacts controlled by
      the same relay.
PAR  The control circuitry is connected with a source of power to provide a
      desired voltage between line L-1 and L-2. A switch MS is closed to
      energize fruit feed motor 76. An ON/OFF toggle switch TS is closed to
      connect line L-1 with a line L-3 and to connect line L-2 with a line L-4.
      A starter relay R-1 between lines L-3 and L-4 is energized and closes
      normally open contacts C-1 to send a current through a counter motor M.
      This counter motor drives the V-belts 15 and the timing conveyor 16 in the
      counter through an electrical clutch-brake mechanism (not shown)
      controlled by a solenoid SOL-CC. A foot control switch FS and a stapler
      switch SS are normally open. A delivery chute control selector switch CS
      is positioned to maintain the delivery chute 20 in a down, i.e.,
      operative, position by closing contacts CCS-1 and opening contacts CCS-2.
      A desired article count representing the number of articles to be packaged
      in each bag is set in a stepping switch within the internal circuitry of
      the counter CO.
PAR  To ready the apparatus 11 for operation, the foot control switch FS is
      depressed momentarily and then released. Upon closing of the foot control
      switch, a relay R-2 is energized through normally closed contacts C-5C and
      C-4A. The energization of relay R-2 causes normally closed contacts C-2A
      to open and normally open contacts C-2B to close. Upon the opening of
      contacts C-2A, time interval relays R-3 amd R-4 are de-energized. Upon the
      sebsequent opening of switch FS after it has been released, relay R-2 is
      de-energized, closing contacts C-2A to energize relays R-4 and R-3 through
      closed contacts CCS-1. Upon energization of relay R-3, contacts C-3A close
      immediately and a current passes through normally closed time delay
      contacts C-3B to reset the counter CO before contacts C-3B open after a 1
      second time delay interval. Energization of relay R-4 opens normally
      closed contacts C-4A to prevent the opening of gate 32 by energization of
      solenoid SOL-G until normally open time delay contacts C-4B close after a
      2 second time interval.
PAR  Once the counter is reset, relay R-5 is energized from the counter
      circuitry CO. Normally open contacts C-5A close to permit a current to
      pass therethrough to energize the clutch solenoid SOL-C and thereby
      operate elevator 14 to convey fruit to the V-belts 15 and the timing
      conveyor 16. These latter elements are also activated upon the resetting
      of the counter by the energization of solenoid SOL-CC by means of
      appropriate contacts in the counter circuitry CO. Normally closed contacts
      C-5B open upon energization of relay R-5 to prevent accidental
      energization of a relay R-6 that would elevate the delivery chute 20
      during a bag filling operation if contacts CCS-2 were accidentally closed.
      Normally closed contacts C-5C are opened by energization of relay R-5 to
      disable the gate control solenoid SOL-G during a bag filling operation.
PAR  Fruit switches SW-1, SW-2, and SW-3 are actuated by contact of the
      actuating arms 79 with fruit F passing on the pusher chains of the timing
      conveyor 16, and this fruit counting and delivering operation is continued
      until the pre-set article count is reached. Upon completion of the pre-set
      article count, solenoid SOL-CC is de-energized to stop the timing conveyor
      16 and relay R-5 is de-energized (by circuitry within the counter CO).
      Contacts C-5A open, de-energizing clutch control solenoid SOL-C and
      thereby disengaging clutch 77 to stop fruit feed elevator 14.
PAR  To discharge the accumulated articles from the forming tube 22, foot switch
      FS is manually closed, energizing relays R-2 and R-7 to close contacts
      C-2B, allowing a current to pass therethrough and through normally closed
      time delay contacts C-7 for a 2 second time interval to energize the gate
      control solenoid SOL-G which opens gate 32. The gate is therefore
      automatically maintained in an open position for the 2 second interval
      provided by delay contacts C-7, and, if desired, it can be maintained open
      for a longer period if the foot switch FS remains depressed. Normally
      closed contacts C-2A are opened by energization of relay R-2, and relays
      R-3 and R-4 are de-energized. The stapler control solenoid SOL-S is
      disabled when gate 32 is open because of the opening of contacts C-2A.
      While gate 32 is open, the wrapped articles drop from the forming tube and
      are caught by the operator who moves the wrapping material 24 and the
      enclosed articles to the fastening and severing mechanism 34.
PAR  The normally closed time delay contacts C-7 automatically open after the 2
      second time interval elapses, but solenoid SOL-G will remain energized
      through contacts C-5C and C-4A so long as the foot switch FS remains
      depressed. If after the 2 second time interval elapses foot switch FS is
      opened, relay R-2 will be de-energized to close contacts C-2A and solenoid
      SOL-G will be de-energized to close the gate 32. Relay R-3 is energized to
      reset the counter and start the fruit feeding conveyors (in the manner
      previously pointed out) so that another counting and fruit filling
      operation can commence while the wrapping material is being fastened and
      severed. Thus, upon releasing the foot switch FS, the bag filling cycle is
      completed and the counter circuitry CO is reset to count the next batch of
      articles while the operator places the wrapping material 24 in the
      fastening and severing mechanism 34. Stapler switch SS is closed by the
      operator to energize the stapler control solenoid SOL-S and thus apply the
      clamps 30 above the packaged fruit while the next batch thereof is being
      delivered into the forming tube.
PAR  The above sequence continues until the quantity of wrapping material 24 on
      the forming tube 22 is nearly exhausted. At this time, the operator
      switches the delivery chute control selector switch CS to a position
      closing contacts CCS-2 and thereby conditions the circuitry for elevating
      the delivery chute 20 to permit the changing of the forming tube. The
      counter CO will finish the count of articles into the delivery chute, and
      upon de-energization of relay R-5 and closing of contacts C-5B, relay R-6
      will be energized. After a 2 second time delay to permit the fruit to be
      discharged from the delivery chute, contacts C-6 will close and the
      delivery chute control solenoid SOL-DC will be energized to elevate the
      delivery chute. The counter circuitry CO is inoperative while the delivery
      chute is up because contacts CCS-1 of selector switch CS are opened to
      prevent the resetting of the counter, and the operator can replace the
      forming tube with a tube having an abundant supply of wrapping material
      thereon. Upon replacement of the forming tube, the selector switch CS is
      moved to its normal position closing the contacts CCS-1 for lowering the
      delivery chute, and the counter circuitry CO can then be reset to begin
      another bag making and filling cycle.
PAR  The package forming operation is illustrated in diagrammatic FIGS. 7-10.
      With reference to FIG. 7, a forming tube 22 has a supply of hose-shaped
      wrapping material 24 pleated axially and fitting telescopically about the
      outer surface of the tube with a portion of the wrapping material
      extending over the upper rim 26 of the tube and downwardly through the
      tube bore to a position below the lower rim 28 of the tube and below the
      gate 32 where the wrapping material is tightly gathered together and
      fastened by a staple or clamp 30. Fruit F is being filled into the
      wrapping material within the forming tube during the time that the clamp
      30 is applied. The portion of wrapping material inside the tube bore
      continues to be filled with a quantity of fruit F to be packaged, as shown
      in FIG. 8, while the wrapping material and accumulated articles are
      supported by gate 32 at a position directly below the lower rim 28 of the
      tube but above the staple 30 at the fastened end of the wrapping material.
      In accordance with the present invention, the filling of fruit into the
      bag can occur prior to the application of the staple 30 to the end of the
      material, and, in fact, the filling will be initiated immediately after
      the gate is returned to its closed position and before the clamping and
      severing of the filled bag by the mechanism 34. Upon opening gate 32, as
      shown in FIG. 9, the wrapping material support is removed and the
      accumulated fruit drop downwardly within the wrapping material toward the
      end thereof fastened by staples 30. This causes a downward pull on the
      wrapping material to break up any bridging of fruit across the tube so
      that the fruit and wrapping material pass downwardly through the tube bore
      to a position below the tube where an operator catches them while another
      portion of wrapping material is fed into the tube bore. The gate 32 is
      then closed, as shown in FIG. 10, so that another batch of fruit can be
      accumulated within the tube while the operator places that portion of the
      wrapping material just above the first accumulated batch of fruit into the
      fastening and severing mechanism 34 where the wrapping material is
      fastened in a tightly gathered together manner at two spaced positions and
      severed therebetween.
PAR  It will thus be seen that the method of and apparatus for forming packages
      as disclosed herein will result in the breaking up of any bridging of
      articles in the forming tube because of the downward movement of the
      wrapping material between the articles and the internal surface of the
      tube. In the package forming operation disclosed, the steps of forming and
      filling one package are performed simultaneously with the steps of closing
      and severing the preceding package, and thus the operation is more rapid
      than operations in which all operations on one package must be performed
      before the operations on the next package can commence. The method and
      apparatus disclosed speeds up the packaging operation and thereby provides
      for economy in packaging.
PAR  Although the best mode contemplated for carrying out the present invention
      has been herein shown and described, it will be apparent that modification
      and variation may be made without departing from what is regarded to be
      the subject matter of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A package forming apparatus
PA0  comprising a forming tube having
PA1  an outer surface,
PA1  an upper rim,
PA1  a lower rim, and
PA1  an internal bore extending between the upper and lower rims,
PA1  said forming tube being of a size and shape for receiving a supply of
      hose-shaped wrapping material pleated axially and fitting telescopically
      about the outer surface of the tube with a portion of the wrapping
      material extending over the upper rim of the tube and downwardly through
      the tube bore to a position below the lower rim of the tube;
PA0  means for feeding a quantity of articles to be packaged into the
      hose-shaped wrapping material within the forming tube;
PA0  a gate positioned below the lower rim of the tube for supporting the
      portion of wrapping material positioned inside the tube bore as said
      quantity of articles to be packaged are filled therein, said gate being
      movable to a position out of alignment with the tube bore to allow the
      position of wrapping material and said quantity of articles to be packaged
      to drop downwardly through the bore to a position below the gate and
      thereby feed another portion of wrapping material into the bore;
PA0  means for fastening the hose-shaped wrapping material in a tightly gathered
      together manner in at least one location at a level lower than the gate
      and above the articles to be packaged, said fastening means being located
      laterally of the line of fall from the lower rim of the forming tube by a
      distance sufficient for the gate to be moved to an article supporting
      position while the hose-shaped wrapping material is being fastened and
      sufficient to provide a tail on the package being formed into which
      articles can drop when the gate is moved to its position out of alignment
      with the bore of the tube; and
PA0  means for severing the hose-shaped wrapping material below the one
      fastening position.
NUM  2.
PAR  2. The package forming apparatus described in claim 1 including a counter
      for counting articles fed into the hose-shaped wrapping material within
      the forming tube, control means responsive to said counter reaching a
      predetermined article count for inactivating said means for feeding said
      articles, and means for moving the gate to the position allowing the
      wrapping material and articles to be packaged to drop downwardly through
      the forming tube bore.
NUM  3.
PAR  3. The package forming apparatus described in claim 1 wherein said
      hose-shaped wrapping material is a tubular net.
NUM  4.
PAR  4. The package forming apparatus described in claim 1 wherein said
      fastening means fastens the hose-shaped wrapping material at two spaced
      locations above the articles to be packaged, and said severing means cuts
      the hose-shaped wrapping material between the two spaced fastening
      positions.
NUM  5.
PAR  5. In a package forming apparatus including a forming tube with an outer
      surface and a downwardly extending internal bore that extends between an
      upper rim and a lower rim of the forming tube, said forming tube being of
      a size and shape to receive a supply of hose-shaped wrapping material
      fitting telescopically about the outer surface of the tube with a portion
      of the wrapping material extending over the upper rim of the tube and
      downwardly through the internal bore; wherein said improvement comprises a
      gate positioned below the lower rim of the forming tube; means for moving
      the gate between a position in alignment with the bore of the forming tube
      for supporting the portion of wraping material inside the forming tube as
      a quantity of articles to be packaged are filled into the portion of
      wrapping material and a position out of alignment with said bore for
      allowing the portion of wrapping material in the forming tube and the
      articles to be packaged therein to drop downwardly through the bore to a
      position below the gate whereby another portion of hose-shaped wrapping
      material is fed into the bore for reception of the next batch of articles
      to be packaged; and means for fastening the hose-shaped material in a
      tightly gathered together manner at a location located laterally of the
      line of fall from the lower rim of the forming tube by a distance
      sufficient for the gate to be moved to an article supporting position.
NUM  6.
PAR  6. In a package forming apparatus including a forming tube with an outer
      surface and a downwardly extending internal bore that extends between an
      upper rim and a lower rim of the forming tube, said forming tube having
      means for receiving a supply of hose-shaped wrapping material fitting
      telescopically about the outer surface of the tube with a portion of the
      wrapping material extending over the upper rim of the tube and downwardly
      through the internal bore; means for feeding articles to be packaged into
      the hose-shaped wrapping material within the forming tube bore; means for
      fastening the hose-shaped wrapping material in a tightly gathered together
      manner at a location below the lower rim of the forming tube; wherein said
      improvement comprises a gate positioned at a location above the fastening
      means and below the lower rim of the forming tube; means for moving the
      gate between a position in alignment with the internal bore of the forming
      tube for supporting the portion of wrapping material inside the forming
      tube bore as the articles to be packaged are fed into that portion of
      wrapping material and a position out of alignment with said bore for
      allowing the portion of wrapping material and the articles to be packaged
      to drop downwardly through the bore to a position below the gate whereby
      another portion of wrapping material is fed into the bore for reception of
      the next batch of articles to be packaged; and means for severing the
      hose-shaped material at a location located laterally of the line of fall
      from the lower rim of the forming tube by a distance sufficient for the
      gate to be moved to an article supporting position.
NUM  7.
PAR  7. A method of forming a package comprised of articles wrapped in a
      hose-shaped wrapper, said method comprising the steps of providing a
      generally vertically oriented forming tube and a supply of hose-shaped
      wrapping material pleated axially and fitting telescopically about the
      outer surface of the tube with a portion of the wrapping material
      extending over the upper rim of the tube and downwardly through the tube
      bore to a position below the lower rim of the tube; gathering the end of
      the wrapping material together and applying a fastener thereto; filling
      the portion of wrapping material inside the tube bore with a quantity of
      articles to be packaged while supporting the wrapping material and the
      accumulated articles at a position directly below the tube; removing the
      support from the wrapping material and accumulated articles upon
      completion of the filling operation to drop at least some of the articles
      in the wrapping material from the position of support downwardly to the
      fastened end of the wrapping material thereby causing a downward pull on
      the wrapping material to break up any bridging of any other articles in
      the tube so that all of the articles pass downwardly through the tube bore
      to a position therebelow and another portion of hose-shaped wrapping
      material is fed into the internal bore for the reception of the next batch
      of articles to be packaged; returning the support to a position below the
      tube for supporting said next batch of articles; and severing the wrapping
      material at a location located laterally of the line of fall from the
      lower rim of the forming tube by a distance sufficient for the support to
      be moved to an article supporting position, said material being severed
      above said quantity of articles to be packaged.
NUM  8.
PAR  8. The method of forming a package as set forth in claim 7 wherein said
      fastening and severing steps include fastening the hose-shaped wrapping
      material in a tightly gathered together manner at two closely spaced
      positions above the articles to be packaged; and severing the wrapping
      material between the two spaced fastening positions.
NUM  9.
PAR  9. The method of forming a package as set forth in claim 8 including the
      further step of counting the articles being fed into the portion of
      wrapping material positioned within the forming tube, said removal of the
      support from the wrapping material and accumulated articles being
      initiated upon the reaching of a predetermined article count.
NUM  10.
PAR  10. The method of forming a package as set forth in claim 8 including the
      further steps of catching the hose-shaped wrapping material together with
      the accumulated articles therein at a position below the level of the
      forming tube after said removal of said support; and moving the wrapping
      material and articles laterally of the line of fall to a position where
      the wrapping material is fastened nd severed.
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ABST
PAL  An apparatus for automatically opening and loading collapsed bottle
      carriers or cartons, which are formed of paperboard or similar foldable
      sheet material and which are adapted to be loaded through an open bottom
      after being set up into tubular condition, which apparatus comprises
      conveyor mechanism for advancing successive collapsed cartons and
      associated plow members for opening the same into tubular shape, with the
      cartons assuming a vertical position above a bottle carrying and grouping
      conveyor which delivers successive groups of the bottles to an assembly
      area where the cartons are lowered onto the bottle groups and thereafter
      advanced through mechanism which closes top and bottom wall forming panels
      and engages locking and latching members formed in overlapping margins of
      the panels so as to complete the packaging operation.
PAR  This invention relates to packaging machinery or apparatus and is more
      particularly concerned with improvements in apparatus for opening
      collapsed or flattened carriers or cartons for beverage bottles, or
      similar articles, and filling the same with a predetermined number of
      bottles wherein the carriers are of the type which are initially formed as
      a collapsed tube with top and bottom wall forming panels extended in the
      plane of the side wall forming panels and having overlapping margins witth
      interengageable locking and latching elements herein.
PAR  In the marketing of products such as bottled and canned beverages and the
      like, many different packaging arrangements have been employed. Generally,
      each new packaging design has resulted in the development of new machinery
      for handling the packaging operations. Two general types of packages have
      proven most acceptable to the beverage bottling and canning industry, both
      of which are adapted to contain a multiplicity of the product elements,
      usually six, eight or twelve bottles or cans. One form of package, used
      most often for canned beverages, is formed by wrapping an elongate
      rectangular blank, which is especially cut and scored, about an assembly
      of cans or bottles with its end secured so as to tightly enclose the
      assembly. Another type of package which is used for bottled beverages
      employs a carton which is in the form of a cellular basket with an open
      top and having a collapsed cell-forming partition structure which is
      opened up to receive the bottles when the initially collapsed carrier is
      set up. In loading this type carrier the bottles are dropped into the
      cells through the open top of the carrier. This involves considerable
      handling of the bottles which is undesirable. More recently there has been
      developed a package which employs a carton having some of the
      characteristics of both the basket type and the wraparound type and which
      is fabricated in collapsed or flattened condition with bottom wall forming
      panels initially extended in the plane of the side walls and enabling the
      container to be opened into tubular form and dropped over an assembly of
      bottles after which the bottom wall panels, and in some designs also the
      top wall panels, are folded to closed position and connected by
      interengaging locking and latching elements. A carton design of the latter
      type is disclosed in the application of Edwin A. Arneson and Guelfo A.
      Manizza, Ser. No. 368,825, filed June 11, 1973. It is a general object of
      the present invention to provide a machine which will open up a carton or
      carrier of this general type, drop it over an assembly of bottles, close
      and latch the panels forming the top and bottom wall of the package, which
      machine will operate efficiently at a relatively high rate of speed so as
      to be adapted for use in high speed beverage bottling and canning lines.
PAR  It is a more specific object of the invention to provide an apparatus for
      automatically opening, or setting up, collapsed bottle carriers or cartons
      and filling the same, the cartons being of the type which are adapted to
      be opened, and to be filled or loaded by depositing them on groups or
      assemblies of bottles which are advancing on a conveyor in a bottling line
      or the like, and thereafter closing the bottoms by folding and latching
      bottom wall forming panels.
PAR  It is another object of the invention to provide a machine for opening up
      collapsed bottle carriers or cartons which are of the type which are
      initially formed in collapsed tubular condition and with bottom wall
      forming panels extending in the plane of the side wall panels wherein the
      machine includes an entrance conveyor having a top run onto which
      successive collapsed cartons are fed and advanced to an opening station
      where they are each swung to an upright position and simultaneously opened
      into tubular condition for deposit from the top into an assembly of
      bottles carried on a conveyor beneath the carton supporting and feeding
      conveyor.
PAR  It is another object of the invention to provide an apparatus for opening
      up collapsed bottle packaging cartons which are adapted to be loaded
      through the bottom wherein the apparatus comprises a horizontally disposed
      conveyor run on which the collapsed cartons are advanced and opened by
      means of associated mechanism for turning a bottom wall forming panel into
      a vertical plane and thereafter swinging the remainder of the carton
      upwardly while opening it into squared up condition so as to enable it to
      be advanced to a station or area where it is aligned with and dropped down
      over an assembly of bottles advancing on a feeding conveyor traveling in a
      path beneath the carton conveyor.
PAR  It is another object of the invention to provide an apparatus for opening
      up bottle packaging cartons which are initially formed in collapsed
      tubular condition wherein the apparatus comprises a horizontally disposed
      conveyor run on which the cartons are advanced and associated mechanism
      for confining in a predetermined path one of a pair of bottom wall forming
      panels while turning the carton about the hinge connection of the confined
      panel with the side wall, into an upright position, and simultaneously
      squaring up the carton into tubular form, the apparatus including also
      mechanism enabling successive cartons to be deposited on an assembly of
      bottles after which the assembly is advanced through mechanism for folding
      top and bottom wall forming panels into closed position and for latching
      the same.
DRWD
PAR  These and other objects of the invention will be apparent from a
      consideration of the carrier or carton opening and loading apparatus which
      is shown by way of illustration in the accompanying drawings wherein:
PAR  FIGS. 1A and 1B constitute a side elevation of a machine embodying the
      principle features of the invention, the views being in part schematic and
      having parts thereof omitted or broken away;
PAR  FIGS. 2A and 2B constitute a view of the machine taken on a horizontal
      plane, with portions of the machine omitted and other portions broken
      away, FIG. 2A being a plan view and FIG. 2B being taken on the plane
      indicated by the lines 2B--2B on FIG. 1B;
PAR  FIG. 2C is a plan view taken on the horizontal plane indicated at 2C--2C on
      FIG. 1B with portions broken away;
PAR  FIG. 3 is a fragmentary cross sectional view, taken on the line 3--3 of
      FIG. 2A;
PAR  FIG. 4 is a partial plan view at the entrance end of the machine, the view
      being to a larger scale and showing the arrangement of the collapsed
      cartons on the carton infeed section of the machine;
PAR  FIG. 5 is a fragmentary cross sectional view taken on the line 5--5 on FIG.
      4;
PAR  FIG. 6 is a fragmentary cross sectional view taken on the line 6--6 of FIG.
      4;
PAR  FIG. 7 is a fragmentary cross sectional view taken on the line 7--7 of FIG.
      4;
PAR  FIG. 8 is a fragmentary cross sectional view taken on the line 8--8 of FIG.
      4;
PAR  FIG. 9 is a fragmentary plan view, to an enlarged scale, and with portions
      broken away, or omitted, the view showing the progress of the carton
      immediately following the opening operation and constituting a
      continuation of the view shown in FIG. 4;
PAR  FIG. 10 is a fragmentary cross sectional view taken on the line 10--10 of
      FIG. 9;
PAR  FIG. 11 is a fragmentary cross sectional view taken on the line 11--11 of
      FIG. 9;
PAR  FIG. 12 is a fragmentary elevational view, partly in section, taken on the
      line 12--12 of FIG. 9;
PAR  FIG. 13 is a fragmentary cross sectional view taken on the line 13--13 of
      FIG. 2A to an enlarged scale;
PAR  FIG. 14 is a fragmentary cross sectional view taken on the line 14--14 of
      FIG. 2A to an enlarged scale;
PAR  FIG. 15 is a fragmentary side elevational view to an enlarged scale and
      with portions broken away, the view showing the control of the advance of
      the cartons as they are deposited on the bottle assembles at the carton
      and bottle assembly station;
PAR  FIG. 16 is a fragmentary side elevational view, with portions broken away
      and to an enlarged scale, the view showing the advance of the cartons as
      they are brought down onto the bottle assemblies;
PAR  FIG. 17 is a fragmentary cross sectional view taken on the line 17--17 of
      FIG. 15;
PAR  FIG. 18 is a fragmentary cross sectional view taken on the line 18--18 of
      FIG. 16;
PAR  FIG. 19 is a fragmentary cross sectional view, to a greatly enlarged scale,
      the view showing a small portion of the mechanism shown in FIG. 17;
PAR  FIG. 20 is a cross sectional view taken on the line 20--20 of FIG. 2B, to
      an enlarged scale;
PAR  FIG. 21 is a fragmentary cross sectional view taken on the line 21--21 of
      FIG. 2B, to an enlarged scale;
PAR  FIG. 22 is a cross sectional view taken on the line 22--22 of FIG. 2B, to
      an enlarged scale;
PAR  FIG. 23 is a fragmentary elevational view taken on the line 23--23 of FIG.
      21;
PAR  FIG. 24 is a fragmentary view taken on the horizontal plane indicated by
      the lines 24--24 on FIG. 22, with portions broken away;
PAR  FIG. 25 is a fragmentary vertical section taken on the line 25--25 of FIG.
      24;
PAR  FIG. 26 is a fragmentary cross sectional view taken on the line 26--26 of
      FIG. 25, to an enlarged scale;
PAR  FIG. 27 is a cross sectional view, taken on the line 27--27 of FIG. 2B, the
      view being to an enlarged scale and showing a cross section of the
      completed package;
PAR  FIG. 28 is a perspective view showing the completed package which is
      adapted to be formed on the present machine;
PAR  FIG. 29 is a plan view of the blank which is cut and scored to provide the
      carton in the package of FIG. 28;
PAR  FIG. 30 is a perspective view of the longitudinal and transverse partition
      element for separating the bottles in the package; and
PAR  FIG. 31 is a plan view of the blank which is cut and scored to form the
      partition elements of FIG. 30.
DETD
PAR  Referring to FIG. 28, there is illustrated a package P which is adapted to
      be formed on the present machine by enclosing a group or assembly of
      beverage bottles or other product elements of similar character in a
      carton or carrier which is fabricated from a blank B of paperboard or
      other suitable package forming sheet material, cut and scored as shown in
      FIG. 29. While the blank B is illustrated as specially designed for use in
      the present machine, it has the basic construction shown in application
      Ser. No. 368,825.
PAR  The blank is divided by transverse score lines TC1, TC2 and TC3, which are
      spaced lengthwise of the blank, into side wall forming panel sections S1
      and S2 and end wall forming panels E1 and E2. The side wall panel section
      S1 has lateral extensions divided therefrom by transversely spaced,
      longitudinal crease lines LC4 and LC5 which extensions constitute an
      upper, top wall forming male panel UM, and a lower, bottom wall forming,
      female panel LF. The side wall forming panel section S2 has lateral
      extensions of a similar character which are divided therefrom by
      transversely spaced, longitudinal crease lines LC6 and LC7, which
      extension panels constitute upper or top wall forming female panel UF and
      lower, bottom wall forming male panel LM. The upper male panel UM includes
      a latching panel LP1 and lower male panel LM includes a corresponding
      latching panel LP2. The co-operating locking apertures for the locking and
      latching fingers and tabs are provided in the panels LF and UF on the
      other side of the blank which are aligned transversely therewith. A series
      of spaced heel holes for the bottles are provided, at one side of the
      blank, along each of the longitudinal crease lines LC5 and LC7 which are
      designed CH for the center hole and EH for each of the end holes. Along
      the opposite side of the blank, the side wall panel section S1 has a
      relatively small, elongated, rectangular hole or aperture PH cut therein
      at the top edge forming crease line LC4, for co-operation with a conveyor
      carried pin or lug, in squaring up the carton, as hereinafter described.
      Except for the hole PH, the blank B is cut and scored according to the
      description in Ser. No. 368,825.
PAR  The carrier or carton is fabricated at the manufacturing plant, for
      delivery to the bottling plant, in collapsed condition by folding blank B
      on the score or crease lines TC1 and TC3, with the panel section S1 and E2
      being connected by the glue tab or glue panel G at the one end of the
      blank, the collapsed container carton being illustrated in FIG. 4, where
      successive collapsed carton units are shown deposited on an advancing
      conveyor at the infeed end of the machine. The bottle separator or
      partition forming panel structure D may be formed in accordance with the
      disclosure in Ser. No. 368,825. In the form illustrated in FIGS. 30 and
      31, it comprises a generally rectangular, elongated panel, the main
      portion of which is designed to form a longitudinal partition between the
      two rows of bottles C in finished package P. It is provided with two
      spaced, transverse partition forming panels TP, which are cut so that they
      are adapted to hinge into transverse planes on spaced transverse score
      lines in order to form transverse partitions for separating the center
      bottles in the two rows from the end bottles therein. In addition, the
      separating panel D has a tab HT along the bottom forming edge thereof
      which is adapted to be bent over into a horizontal, transverse plane on a
      hinge forming crease or score line HL which is aligned with the edge of
      the panel. The tab HT is disposed in the final package P beneath the
      center bottle C which serves to hold the partition panel D in proper
      vertical position between the bottles, the height of the panel being
      substantially less than the height of the bottles, the tab HT serving to
      anchor the panel in its bottle separating position.
PAR  Referring to FIGS. 1A to 2C, particularly, there is illustrated a machine
      embodying the principles of the present invention which is adapted to form
      the package shown in FIG. 28 by enclosing a group of six bottles C
      arranged in double row, transversely aligned pairs, in a carton formed
      from the blank B. The blanks B are fed onto a conveyor at the infeed end
      of the machine in collapsed condition and opened into squared-up or
      tubular condition, with top and bottom wall forming panels extended in the
      planes of the side walls to which they are hinged. The squared-up cartons
      are advanced to a point where each successive carton is dropped onto an
      assembly of bottles advanced on a conveyor beneath the carton feed
      conveyor. Thereafter, the assemblies are advanced through mechanism for
      closing and latching the top and bottom wall forming panels with the
      partition forming member D being dropped between the bottle assemblies
      before they reach the point where the carton is lowered onto the same.
PAR  As illustrated in FIGS. 1A and 1B, the machine comprises an infeed section
      10 at the entrance end thereof which includes an upper conveyor mechanism
      12 on which the collapsed cartons are received and a lower bottle feed
      line conveyor mechanism 14 for advancing the bottles C in a double line
      beneath the carton feeding and set-up mechanism. The cartons are advanced
      through a carton opening or setting-up mechanism 16 where the collapsed
      cartons are opened onto tubular form and turned through 90.degree. so as
      to place them in vertical position for further advance to a carton deposit
      or carton and bottle assembly station  or section 18. Mechanism is
      provided at section 18 for carrying successive opened cartons down an
      inclined path and for lowering them onto successive groups of two rows of
      three bottles each, which are aligned transversely in pairs and which are
      advancing on the conveyor mechanism 14 beneath the carton advancing
      conveyor mechanism 12. A suitable mechanism (not shown) is provided for
      inserting a partition member D between the bottles of each group at some
      point prior to advance of the groups of bottles to the carton assembly
      station 18. Following the deposit of the cartons onto the bottle
      assemblies, mechanism is provided for advancing the carton and bottle
      assemblies through a mechanism 20 which is positioned to close the top and
      bottom wall panels and lock the same, as indicated in FIG. 1B. A package
      discharge conveyor 22 at the discharge or exit end of the machine is
      provided to receive the completed packages and deliver them out of the
      machine.
PAR  It will be understood that in the drawings illustrating the preferred form
      of the machine, the structural frame on which the various elements are
      mounted has been omitted or broken away, only parts being shown where it
      is considered to be helpful in understanding the arrangement of the
      machine elements and the operation thereof. Also, there are moving
      elements employed in the machine requiring connection to a suitable power
      drive means which drive means does not appear to require detailed
      illustration.
PAR  The infeed mechanism 12 for the collapsed cartons comprises a pair of
      longitudinally extending, laterally spaced, endless conveyor chains 24 and
      25, the top runs of which travel in parallel paths and in a common place
      so as to support the collapsed cartons which are received thereon as shown
      in FIG. 4. Chain 24 is shorter than the chain 25 and is mounted on leading
      and trailing sprocket members 26 and 27 which are supported on parallel,
      longitudinally spaced, transverse shafts 28 and 30. The chain 25 is
      mounted at the trailing, or entrance end, on a sprocket 32 which is
      supported on cross shaft 28 in axially spaced relation to the sprocket 26
      carrying the chain 24. At the leading end, the chain 25 is mounted on
      sprocket 33 which is supported on a driven cross shaft 34. The shaft 34
      has an end sprocket 35 with chain 26 connected to a suitable power drive
      (not shown). The shafts 28, 30 and 34 are journaled in frame members one
      of which is shown at 37 in FIG. 2A. The chain 24 is supplied with
      longitudinally spaced, carton engaging lugs or pushers 38 which are
      spaced, lengthwise of the chain, to engage the trailing edges of the
      carton side wall panels S2. The chain 24 also carries carton positioning
      lugs or fingers 40 which are spaced relative to the pusher lugs 38 so as
      to form a carton positioning means which is engaged by the front or
      leading edge of the side wall panel S1 when the collapsed cartons are fed
      onto the conveyor mechanism. The distance between the pusher lugs 38 and
      positioning fingers 40 is slightly greater than the dimension of the
      flattened or collapsed carton along the line overlying the chain 24. The
      chain 25 extends in parallel, transversely spaced relation with the chain
      24 and is supported on the trailing and leading sprockets 32 and 33 so
      that the top run thereof co-operates with the top run of the chain 24 in
      supporting the collapsed cartons thereon. The chain 25 is provided with
      pusher lugs or arm 42 which are spaced along the length of the chain 25 a
      sufficient distance to accommodate the cartons between the same. Each
      pusher arm 42 is angular in form with the one arm or leg thereof extending
      outboard of the conveyor chain 25 and each of the pusher arms 42 is
      positioned, or spaced lengthwise, on the chain 25 so as to co-operate with
      a pusher lug 40 on the chain 24 in holding the collapsed carton in proper
      position transversely of the two conveyor chains 24 and 25, with the drive
      for the chains 24 and 25 being properly synchronized. The one arm of the
      pusher lug 42 extends outboard of the chain 25 and each of the lugs
      engages the trailing edge of the collapsed carton at a point at the bottom
      of the score line LC1. The chain 25 also has mounted thereon a pair of
      finger members 43 in the form of relatively thin, rectangular plates which
      extend outboard of the chain 25 as shown in FIGS. 4 to 12 and which are
      spaced in advance of each of the pusher lugs 42 and longitudinally of the
      chain 25 so as to underlie the carton, when it is placed thereon, and
      position the outer ends thereof in alignment with the end heel holes EH in
      the carton panel LM.
PAR  At the entrance end of the conveyor chains 24 and 25 where the collapsed
      cartons are initially positioned there is mounted a bottom panel knockdown
      disc 44 (FIGS. 1A, 2A and 4 to 6) on a cross shaft 45 which is positioned
      above the top runs of the chains 24 and 25. The cross shaft 45 is suitably
      supported on a bracket 46 extending from a frame side plate 47. Shaft 45
      is driven by a suitable power source (not shown) through a sprocket and
      chain drive connection 48. The knockdown disc or kicker member 44 is
      positioned and rotated in timed relation to the advance of the cartons on
      chains 24 and 25 so as to pass the topmost bottom wall forming panel LF
      and strike the lowermost wall panel LM which folds the latter downwardly
      into a vertical plane along the outside face of a longitudinally extending
      guide or guard plate 50 which is spaced outwardly of the path of chain 25
      and parallels the same to a point near the cross shaft 34 at the leading
      end of the chain 25. As the panel LM is knocked down by the kicker disc or
      blade 44 the outermost ends of the finger plates 43 are positioned in the
      two end heel holes EH so as to maintain the carton in proper alignment on
      the conveyor 12 as it is advanced by the conveyor. The turned down bottom
      wall forming panel LM moves into a guide channel which is formed between
      the longitudinal guide plate 50 and a longitudinally extending guide rod
      or bar member 52, the latter being spaced in parallel relation outboard of
      the guide plate 50.
PAR  The collapsed carton is advanced in the flattened or collapsed state to the
      unfolding or set up station or area 16 (FIGS. 1A, 2A, 4, 7 and 8) near the
      leading end of the shorter chain 24, where the collapsed carton advances
      over the end portion 53 of a plow member 54 which plow end portion 53
      extends between the chains 24 and 25. The plow 54 has an upwardly and
      outwardly curved edge 55 on which the collapsed carton body rides so that
      it swings or pivots about the hinge connection between the panel LM and
      the side wall panel S2 as illustrated in FIGS. 7 and 8. As the carton
      rides up on the plow 54 it is advanced by and its advance is controlled by
      the fingers 43 which extend into the heel hole apertures EH in the panel
      LM with a portion of the trailing pusher arm 42 still engaged with the
      trailing edge of the side wall panel E2 as shown in FIGS. 7 and 8. The
      uppermost bottom wall forming panel LF remains above the guide bar 52 as
      the carton rides up on the plow 54 and it begins to open as shown in FIG.
      8 with the guide bar 52 separating the panels LM and LF. The plow 54 is
      supported on a suitable bracket 56 as shown in FIG. 8 and includes a
      horizontally disposed top portion 57 having an outer edge 58 extending
      parallel to the path of the chain 25 and spaced outwardly thereof so as to
      engage and guide the carton panel section S2.
PAR  When the carton reaches the top portion 57 of the plow 54 it is raised into
      a vertical plane, as shown in solid lines in FIGS. 8, and advances in a
      path which brings the top wall forming panels UF and UM opposite a small
      roller 62 (FIGS. 1A, 2A, 3, 8 and 9) on the bottom end of a shaft 63 which
      depends from a block connection on the outer end of a horizontally
      disposed slide rod 64. The slide rod 64 is mounted for horizontal movement
      in an upstanding bracket arm 65. A small bar 66 connects the slide rod 64
      with a parallel slide rod 67 which is also mounted for horizontal sliding
      movement in the upper end of the standing bracket post 65. A link bar 68
      is pivotally connected, at one end, to the end of the slide rod connecting
      bar 66 and, at the other end, to the upper end of a vertically disposed
      operating link 70 which is pivoted at 72 on the supporting post 65 and
      pivotally connected, at its opposite end, to a horizontally disposed link
      73 which has a pivotal, off-center connection at 74 to a sprocket 75. The
      sprocket 75 is mounted on a suitably supported shaft 76 and driven by a
      chain 77 from a suitable drive source. The drive linkage provides for
      horizontal reciprocation of the roller 62 which is timed relative to the
      advance of the cartons to pass the upstanding wall forming panel UF and
      strike the panel UM so as to move the latter with its connecting panels LF
      and S1 outwardly of the panels UF, S2 and LM and to open up the carton
      into the tubular form, as illustrated in FIGS. 9 and 10. At this point the
      carton is still being advanced by the plate-like fingers 43, the ends of
      which extend into the heel holes EH. The side wall section S2 is
      restrained against lateral movement by the associated panel LM which is
      trapped in the channel between the guide plate 50 and the guide bar 52.
      The carton is opened by movement of the roller 62 against the upstanding
      panel UM as it is advanced by engagement with the fingers 43 on the chain
      24 and moves onto a bottom support plate 80 which is disposed in a
      horizontal plane and extends from the end of the guide rod 52 along the
      side of the chain 25. An outwardly slanted edge 82 at the entrance end of
      the plate 80 serves to help square up the carton by engaging in plow-like
      fashion with the depending panel LF. The panel section 52 is held in line
      by a plate 83 which extends in a horizontal plane above the chain 25 with
      its outer edge 84 engaging the panel S2. The support plate 80 is offset
      laterally of the chain 25 so that, as the carton moves onto the plate 80,
      it is moved laterally away from the chain 25 which releases the successive
      cartons for advancing movement by pusher lugs or fingers 85 which are
      carried in longitudinally spaced relation on a traveling conveyor chain 86
      (FIGS. 2A and 9). The chain 86 is supported for movement in a horizontal
      plane and laterally of the path of the cartons on the sprockets 87, 88, 90
      and 92 which are arranged in spaced relation as shown in FIG. 2A. The
      sprockets 87, 88, 90 and 92 are supported on vertically disposed,
      parallel, shafts 87', 88', 90' and 92' which are journaled in portions of
      the frame (not shown). The chain 86 is suitably driven in proper timed
      relation with the chain 25 for advancing movement of the cartons as the
      advance of the cartons is taken over by the pusher lugs 85. The opening of
      the cartons results in increased spacing as shown in FIG. 9 and this
      spacing is subsequently adjusted as required for deposit on the bottle
      assemblies.
PAR  As the carton is advanced on the support plate 80 by the pushers 85 the
      outermost side wall section S1 and its associated top wall panel UM is
      guided by an outside guide plate 93 (FIGS. 2A, 9, 10 and 11) which has an
      inner edge 94 extending parallel with an outer edge 95 of the support
      plate 80 and disposed in a horizontal plane above the plane of the plate
      80. On the other side of the path of advance of the carton the outermost
      edge 96 of the horizontally disposed guide plate 83 engages with and
      serves as a guide for the side wall panel section S2. The guide plates 83
      and 93 are in a common horizontal plane. As shown in FIGS. 10 and 11, the
      carton top wall forming panels UF and UM extend above the body of the
      carton in the plane of the side wall forming panels S2 and S1 while the
      bottom wall forming panels LM and LF extend in the plane of the side walls
      S2 and S1 below the support plate 80. To insure that the cartons do not
      remain engaged with fingers as the cartons reach the end of the chain 25
      the vertical guard plate 50 is provided with a horizontal outwardly
      directed flange 98 on the end portion (FIGS. 2A, 9, 11 and 12), the outer
      edge of which engages the panel LM and forces it outwardly so as to free
      it from the fingers 43 and permit the latter to move around the sprocket
      33 for the return run of the chain 25 without damage to the cartons.
PAR  When the cartons reach the end of the chain 25 advancing movement is taken
      over by a conveyor forming chain 100 (FIGS. 1A, 2A and 12 to 15) which is
      mounted above the path of the cartons on sprockets 102, 103, 104 and 105.
      The sprockets are carried on parallel cross shafts 102', 103', 104' and
      105' which are supported on depending frame members 106, 107 and 108. The
      chain 100 travels in a vertical plane extending above the path of advance
      of the cartons and carries, at longitudinally spaced intervals thereon,
      pairs of co-operating panel gripping or clamping members 110 and 112,
      which are so mounted on the chain 100 that they open up when they round
      the trailing sprocket 102, as shown in FIGS. 1A and 12. The movement of
      the chain 100 is timed relative to the advancing movement of the cartons,
      by the lugs 85 on the chain 86, so that, the top margin of the leading end
      wall panel E1 of each successive carton advances between the two open
      clamp members 110 and 112 as the latter round the sprocket 102. The clamp
      member 110 and 112 close on and grip the leading panel E1 while advancing
      the carton as it is supported on the bottom plate 80. The carton engaging
      clamp members or jaws 110 and 112 are spaced on the chain 100 and the
      movement of the latter is adjusted in timed relation to the advance of the
      cartons by the chain 25 so as to adjust the spacing between the cartons as
      they move along the plate 80 to the spacing required for subsequent
      deposit on the bottle assemblies. As each carton is advanced by the chain
      100 it is supported on the plate 80 and confined between the vertically
      disposed edges 94 and 96 of the guide plates 93 and 83 with the bottom
      wall forming panels LF and LM in depending relation (FIG. 11). When the
      carton is advanced beyond the leading end of the chain 25, the bottom wall
      forming panels LF and LM are plowed or swung outwardly of the bottom edges
      of the side wall panels S1 and S2 by a pair of plow forming plate or bar
      members 114 and 115 which are suspended in a horizontal plane beneath the
      plate 80 and which have outwardly diverging outer edges 116 and 117
      engaging the panels LF and LM and swinging them upwardly so as to move
      them into a horizontal position on a widened end portion 118 of the
      support plate 80, the latter having diverging edges 120 and 122 which
      co-operate with the members 114 and 115 in turning the panels LF and LM
      into the horizontal position as shown in FIG. 14. The successive cartons
      are spaced relatively close together as shown in FIG. 15 so as to align
      the same vertically with the groups of bottles which are advanced beneath
      the same by the bottle feeding mechanism 14.
PAR  As shown in FIGS. 1A and 2B a double row of bottles C is advanced on the
      bottle infeed conveyor 123, the leading end of which is shown supported on
      a sprocket 124, the latter being suitably mounted on a cross shaft 125 so
      that the upper run of the conveyor 123 supports the double row of bottles
      for travel, or advance, in a plane spaced below the path of advance of the
      carton carrying chains 24 and 25. The bottles are advanced by the infeed
      conveyor 123 is grouping conveyor 126 which is supported on leading end
      sprocket 127 (FIG. 1B) and trailing end sprocket 128 (FIG. 1A) with the
      sprockets 127 and 128 being mounted on cross shafts 130 and 132 suitably
      mounted on the support frame of the machine. The conveyor 126 is driven so
      that it is traveling at a slightly faster speed that the infeed conveyor
      123 and carries grouping lugs or fingers 133 spaced along the length
      thereof so as to pick up successive groups of six of the bottles C and
      advance the same to the carton deposit or carton and bottle assembly
      section 18, where successive open cartons are lowered onto the groups of
      bottles while they are advancing on the conveyor 126. The conveyor 126
      comprises a plurality of laterally spaced chain members. As shown in FIG.
      18 there are two chains for each line of bottles with associated pusher
      lugs 133 also in pairs.
PAR  The cartons are dropped or carried down an incline at the leading station
      18 (FIG. 1A, 1B, 2B and 15 to 17) by pairs of upper and lower endless
      chain conveyor mechanisms 134, 135 and 134', 135' arranged on each side of
      the upper and lower conveyors 100 and 126, the latter advancing the
      cartons and the bottle assemblies, respectively. The chain conveyors 134,
      135 and 134', 135' are of identical construction except for being on
      opposite sides of the carton path. Each pair thereof has mounted thereon
      co-operating carton panel gripping or engaging members 136, 137 and 136',
      137' respectively. The upper conveyor chains 134, 134' are mounted on
      pairs of sprockets 140, 142 and 143 which are axially spaced on parallel
      cross shafts 144, 145 and 146 which are suitably supported on the machine
      frame. The shafts 144, 145 and 146 are arranged so that the lowermost runs
      of the chains 134 are in a downwardly inclined plane parallel with and
      spaced above corresponding upper runs of the lower chains 135, 135'. The
      lower chain assemblies 135, 135' are supported on pairs of sprocket
      members 147, 148 and 150 which are axially spaced on parallel cross shafts
      152, 153 and 154, the cross shafts being arranged so that the uppermost
      runs of the chains 135, 135' are in oppositely disposed spaced relation to
      the inclined lower run of the chains 134. The panel gripping members 136,
      137 and 136', 137' are in the form of co-operating clamps comprising
      mounting blocks or plates 155, 156 and 155', 156' (FIGS. 17 and 19), the
      end surfaces 157 and 158 (FIG. 16) of which are inclined relative to a
      plane normal to the plane of the associated support chain and which are
      complementary so as to engage on top and bottom surfaces of the carton
      bottom wall panels LM and LF as shown in FIGS. 16, 17 and 19 when the
      clamp members 136, 137 and 136', 137' are traveling along the parallel
      lower and upper runs of the chains 134, 134' and 135, 135' as shown in
      FIGS. 15 and 16. The clamp members 136, 136' on the upper chains 134, 134'
      each have a finger 160, 160' which is offset inwardly of and extends
      beyond the end of the associated mounting block so as to engage the center
      heel hole CH in the panels LM and LF as shown in FIGS. 16 to 19 thereby
      insuring proper alignment of the cartons with the bottle assemblies as the
      cartons are advanced and lowered onto the same.
PAR  As the cartons reach the bottom of the inclined path and are fully seated
      on the bottle assembly the chains 134, 134' and 135, 135' move around the
      bottom sprockets 142 and 150, respectively, which separates the clamp
      members 136, 137 and 136', 137' and frees the outturned panels of the
      cartons. The cartons and bottle assemblies continue their advance on the
      conveyor 126 which extends beneath a cross frame 162 of inverted U shape.
PAR  Plow members 163 and 163' (FIGS. 1B, 2B, 2C, 16 and 18), in the form of
      plates, with curved entrance edges 164 and 164' are mounted on the cross
      frame 162 at the bottom thereof which are in the path of the bottom wall
      forming panels LM and LF so as to turn these panels downwardly into
      vertical planes below the associated side wall panels S2 and S1 as shown
      in FIG. 20. The plow members 163 and 163' are supported by means of
      laterally extending brackets 165 and 165' on the cross frame 162.
PAR  The brackets 165 and 165' (FIG. 18) are extended so as to support the
      entrance ends of laterally spaced conveyor chains 166 and 166' which are
      mounted for movement in a common horizontal plane and which have lug
      members 167, 167' spaced thereon for co-operation in advancing the carton
      and bottle assemblies along a path between transversely spaced, opposed
      runs of the chains 166, 166'. The conveyor chains 166 and 166' are
      supported in an identical manner on opposite sides of the carton path, as
      indicated in FIGS. 2B and 18. As shown in FIG. 2B the chain 166' is
      supported on four sprockets 168, 170, 172, 173, the sprockets being
      mounted on parallel, vertically disposed shafts 174, 175, 176, 177 with
      the shafts 174 and 173 at the entrance end thereof being supported on the
      bracket 165'. The chain 166 is supported in the same manner on the
      opposite side of the machine so as to provide parallel spaced runs between
      which the carton assembly is advanced. The chains 166, 166' are driven by
      connection with a suitable power drive (not shown). The chain conveyors
      166, 166' take over the advance of the carton and bottle assemblies from
      the conveyor 126 which terminates at the cross frame 162. As the advance
      of successive carton and bottle assemblies is taken over by the side
      conveyors 166, 166' the assemblies are supported on a bottom plate 180
      (FIG. 2B) which is bifurcated at the entrance end, providing clearance
      between laterally spaced legs 182, 182' (FIGS. 2B and 18) for travel of
      the center chains of the conveyor 126. A tongue member 183 (FIGS. 2B, 20
      and 21) extends down between the legs 182 and 182' of the support plate
      180 with a curved entrance edge 184 for engaging the holddown tab HT on
      the divider panel D which is positioned between the two rows of bottles
      and has settled to the bottom by gravity (FIG. 20). A horizontally
      disposed plate 185 is mounted in spaced relation beneath the one leg 182
      of the support plate 180 with an inner edge positioned so as to strike the
      partition panel D on the hinge line HL and hold the body of the panel
      against bending while permitting the holddown tab HT to ride forward on
      the edge 184 of the tongue 183 so as to break the hinge crease and swing
      tab HT to the position shown in FIG. 21, with further forward movement of
      the assembly raising the panel D to its proper position, which is shown in
      FIG. 22, the lower edge of the panel D and the folded holddown tab HT
      riding up on the tongue 183 to a position on top of the support plate 180.
      During this movement the one bottom wall forming panel LF rides up on the
      top edge of a vertically disposed plow member 186 which is arranged
      beneath the support plate 180 to fold the panel LF into the horizontal
      position. Further advance of the carton and bottle assembly by the chains
      166, 166' carries the same over a plow 187 arranged to engage the bottom
      wall panel LM and fold it into position for locking. The assembly advances
      between a pair of transversely spaced conveyors operating in a horizontal
      plane and carrying compression fingers 188, 188' (FIG. 22) which engage in
      apertures EH, CH and draw the bottom panels tight in the same manner as
      the compression fingers in U.S. Pat. No. 3,474,590 dated Oct. 28, 1969.
      Thereafter the assembly is advanced over a latching mechanism indicated at
      189 which may be as shown in U.S. Pat. No. 2,986,857, dated June 6, 1961.
PAR  Mechanism for folding the top wall forming flaps or panels UF and UM and
      for tightening the same is illustrated in FIGS. 2C, 18 and 20 to 27. An
      elongate back up bar member 190 is suspended from the cross frame 162 so
      as to extend between the neck portions of the two rows of bottles C as
      they advance. A plow member 191 is mounted by means of a depending bracket
      192 on the cross frame 162 with an inwardly tapered and downwardly turned
      edge 193 for folding down the male panel UF, the bottles being steadied by
      the back up bar 190. As the carton advances to bring the panel UF into
      contact with the folding blade edge 193 the assembly moves between a pair
      of laterally spaced chain assemblies 194 and 194' which are arranged for
      operation in a common horizontal plane with opposed runs between which the
      carton and bottle assemblies advance. The chains 194 and 194' have spaced
      along their length sets of outwardly directed finger members 195 and 195'
      which are arranged for co-operation in engaging and folding panel members
      UM and UF on opposite sides of the path of travel of the carton and bottle
      assemblies. The finger members 195 and 195' are of identical construction
      except as noted hereinafter. They are formed on flat plate material with
      horizontal and vertical legs 196, 196' and 197, 197' in right angle
      relation, the horizontal legs 196, 196' being tapered to a relatively thin
      end and being adapted to move in a horizontal path so as to strike the
      panels and fold them into top wall forming position (FIG. 22). The
      conveyor chain 194 is supported on a series of spaced sprockets 198, 200,
      202, 203, 204 and 205 arranged as shown in FIG. 2C. The sprockets 198,
      200, 202, 203, 204 and 205 are carried on parallel vertical shafts 206,
      207, 208, 212 and 213. The chain 194' is supported in a like manner with
      the sprockets positioned so as to provide a funnel-like entrance between
      the two conveyors and opposed runs which are spaced a predetermined
      distance apart. The arrangement of the opposed chain runs and the spacing
      of the panel engaging members 195 and 195' is such that the latter
      co-operate in holding the panels UM and UF in tight top wall forming
      position as shown in FIG. 22 with the back up bar 190 separating the rows
      of bottles and holding them in line while the assemblies are advanced
      beneath a panel locking and latching mechanism indicated at 214. One of
      the finger members 195' of each group thereof is provided with a short pin
      215 projecting from the vertical leg 197' which is adapted to engage in
      the hole PH of the panel S1 at the leading edge thereof so as to orient
      and square up the top of the carton.
PAR  The operation of the machine will be generally understood from the
      foregoing description of the machine details. The cartons in collapsed or
      flattened condition are fed from a magazine or other supply source to the
      top run of conveyor mechanism 12 (FIGS. 1A and 2A) where the panel LM is
      kicked down by rotating disc 44 and, as the carton advances, enters the
      vertical channel between guide plate 50 and guide bar 52 where it is
      confined while the body of the carton rides on the plow 54 to an upright
      position. At the opening station 16 the reciprocating roller 62 strikes
      the upstanding panel UM (FIG. 18) and opens the carton to tubular form
      whereupon the carton is shifted laterally by the support plate 80 and
      freed from the conveyor mechanism 12. The advance of the carton is taken
      over by the overhead conveyor 100 carrying clamp fingers 110, 112 which
      grip the leading end panel of the carton, the clamp members 110, 112 being
      spaced on the supporting chain to reduce the spacing of the carton which
      is increased when they are opened from the flat folded to the tubular
      condition and must be reduced to align with the bottle groups or
      assemblies delivered on the lower conveyor 126 to the assembly station or
      area 18. The conveyor 100 carries the opened cartons over plows 114, 115
      which fold the bottom wall forming panels LM and LF outwardly in position
      to be gripped by co-operating clamp members 136, 137 and 136', 137' on the
      downwardly inclined chain members 134, 135 and 134', 135'. The latter
      advance the cartons while lowering each successive carton onto an assembly
      of bottles, the carton and bottle assemblies being then advanced to the
      top and bottom wall panel closing and latching mechanisms disposed at 20,
      above and below the path of advance of the cartons. The bottom wall
      forming panels LM and LF are plowed to closed position, with provision, as
      shown in FIGS. 2B, 20, 21 and 22, for folding the hold down tab HT on an
      internal vertical bottle divider D and raising the divider panel and
      associated tab HT into proper position, by means of fixed blades 183, 185.
      The carton and bottle assemblies are advanced by the side chains 166, 166'
      while top wall panel engaging and fold down members carried on traveling
      side chains position and hold the top wall panels for latching by overhead
      latching mechanism. Similar mechanism is provided beneath the path for
      latching the bottom wall forming panels which have been plowed to the
      closed position. The travel of the cartons is continuous from the entrance
      end to and through the final top and bottom panel closing mechanisms.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for opening and loading a folded tubular packaging
      container of the type which comprises a plurality of side wall panels
      connected on parallel hinge lines and having top and bottom wall forming
      closure panels extending in the plane of the side wall panels and hinged
      thereto, said container being adapted to be unfolded by hinging in
      opposite directions the side wall panels on hinge lines at opposite ends
      of the container, said apparatus comprising means for advancing successive
      folded containers in a generally horizontal plane and along a
      predetermined path with the hinge lines which connect the side wall panels
      extending transversely of the direction of travel, means forming a panel
      confining channel extending along one side of said container advancing
      means, means for turning a bottom wall forming panel on each successive
      container downwardly into a generally vertical plane and guiding the same
      into said panel confining channel, means for hinging said container about
      the panel which is confined in said channel so as to position said
      container in a generally vertical plane along said one side of said
      container advancing means with the unconfined panels free to pivot on said
      connecting hinge lines and to move a predetermined distance outwardly
      relative to said confined panel, means to move said unconfined panels
      outwardly thereby to open up said container into tubular condition, means
      to advance said opened up container to an assembly station, means to
      advance to said assembly station one or more articles to be loaded into
      said container and means to align the container vertically with said
      articles and to guide the container down onto the articles so as to load
      the container.
NUM  2.
PAR  2. An apparatus as set forth in claim 1 wherein the means for advancing the
      containers comprises endless conveyor elements having container engaging
      pusher lugs spaced thereon and finger means for engaging with said bottom
      wall forming panel when it is disposed in said panel confining channel so
      as to advance said container when said container is hinged to a vertical
      position.
NUM  3.
PAR  3. An apparatus set forth in claim 1 wherein the means for advancing the
      containers comprises a pair of endless chain conveyor members supported
      for travel in spaced parallel relation with top runs thereof in a common
      horizontal plane and having container engaging lugs carried thereon in
      spaced relation so as to position the containers for advance in uniform
      spaced relation.
NUM  4.
PAR  4. An apparatus as set forth in claim 3 wherein one of said endless chain
      conveyor members has mounted thereon one or more finger members of
      plate-like form which are positioned to extend outboard of the chain so as
      to engage in an aperture in the bottom wall forming panel when it is
      disposed in said panel confining channel thereby serving to enable the
      chain member to advance to the container when it is hinged to a vertical
      position.
NUM  5.
PAR  5. An apparatus as set forth in claim 1 wherein said means to hinge said
      container about the panel which is confined in said channel comprises a
      plow member positioned relative to said container advancing means to
      engage the leading edge of the container and providing an upwardly curved
      track forming edge for guiding the container to an upright position in a
      generally vertical plane.
NUM  6.
PAR  6. An apparatus as set forth in claim 1 wherein said means to move said
      unconfined panels outwardly of said confined panel includes a roller
      member disposed above said container advancing means, a mounting means for
      supporting said roller for reciprocation in a path extending transversely
      of the path of said conveyor advancing means and means for reciprocating
      said roller in timed relation to the advance of the cartons so as to
      strike an upstanding unconfined panel of each successive carton and move
      the same outwardly thereby opening the carton.
NUM  7.
PAR  7. An apparatus as set forth in claim 1 wherein said means to advance said
      opened up container to said assembly station comprises an endless conveyor
      member mounted for travel in a horizontal plane and spaced laterally of
      said container advancing means, which endless conveyor member has mounted
      thereon spaced pusher member for engaging the trailing side of each
      successive opened up container and for advancing the same, and a bottom
      supporting and panel guiding member disposed at the end of said container
      advancing means for moving the opened up container in a path which frees
      the container from said container advancing means at the leading end of
      said container advancing means.
NUM  8.
PAR  8. An apparatus as set forth in claim 1 wherein said means to advance said
      articles to said assembly station comprises an endless conveyor aligned
      beneath said container advancing means and having a top run on which
      articles are supported in continuous row alignment and having spaced
      article engaging lugs for separating groups of articles of a predetermined
      number.
NUM  9.
PAR  9. An apparatus as set forth in claim 1 wherein said means to align each
      said container comprises upper and lower endless conveyor members which
      are spaced laterally of the path of advance of the opened containers and
      having opposed runs with cooperating panel gripping members operative to
      grip outturned bottom wall forming panels on the successive containers
      which opposed runs are mounted to travel in a downwardly inclined plane so
      as to carry the successive containers down onto the articles at said
      assembly station.
NUM  10.
PAR  10. An apparatus for opening a collapsed tubular container of the type
      which is characterized by a series of hingedly connected side and end wall
      forming panels adapted to collapse by folding into a common plane and to
      be opened by swinging the end wall forming panels at opposite ends about
      their connecting hinge folds, said container having top and bottom wall
      forming panels hingedly connected to oppositely disposed side wall panels
      which are in the plane of the associated side wall panels in the collapsed
      condition, said apparatus comprising conveyor means having a horizontally
      disposed run for receiving successive containers in collapsed condition
      and for advancing said containers along a predetermined path with the end
      hinge folds thereof extending transversely of the direction of travel,
      means forming a narrow guide channel in laterally spaced relation along
      one side of the path of said container conveyor means, means for engaging
      a lowermost bottom wall forming panel on each successive carton and for
      guiding it into said channel in a vertical extending position, means
      associated with said container advancing means for swinging each
      successive container about the hinge connection with the panel which is
      confined in said channel so as to bring the container into a vertical
      position, and means operative on an upstanding unconfined panel to cause
      the end wall panels to swing about the vertically disposed end fold lines
      and thereby open the container and position it in upright tubular form.
NUM  11.
PAR  11. An apparatus as set forth in claim 10 wherein said means to cause the
      end wall panels to swing about said end fold lines comprises an elongate
      support plate which is offset laterally relative to said container
      conveyor means with side edges disposed to engage inside faces of
      depending bottom wall forming panels of said containers as the containers
      are advanced to the leading end of said container conveying means so as to
      guide the containers into a path of advance where they are free of said
      container conveyor means and means for engaging an upstanding top wall
      forming panel of each of said successive containers and for moving the
      associated wall forming panels outwardly of said panel which is confined
      in said channel so as to open the containers as they are advanced onto
      said support plate.
NUM  12.
PAR  12. An apparatus as set forth in claim 10 wherein said means for engaging
      said lowermost bottom wall forming panel on each successive carton and for
      guiding it into said guide channel comprises a rotating blade member
      disposed above and to one side of said container conveyor means and
      adjacent the entrance to said guide channel.
NUM  13.
PAR  13. An apparatus as set forth in claim 10 wherein said guide channel
      forming means comprises an elongate vertically disposed guide plate
      supported along the side of said container conveyor means and spaced a
      short distance outboard thereof with a top edge portion positioned beneath
      the hinge line connecting the bottommost carton bottom wall forming panel
      with the associated side wall forming panel when the collapsed carton is
      received on said conveyor means and a parallel bar member spaced a short
      distance outboard of said guide plate and extending in spaced relation
      along the top edge of said guide plate.
NUM  14.
PAR  14. An apparatus for opening, filling and closing collapsed tubular
      containers of the type which comprise a series of hingedly connected side
      wall panels which are folded into a common plane and top and bottom wall
      forming panels which are in the plane of the associated side wall panels,
      and which are hinged to top and bottom forming edges of said side wall
      panels, said container being adapted to be opened by hinging the side wall
      panels at their opposite ends in opposite directions about hinge forming
      connecting folds, said apparatus comprising means for advancing successive
      collapsed containers along a generally horizontal path with said hinge
      forming folds extending transversely of the direction of travel, means
      forming a vertical channel along a side of the path of said container
      advancing means, means disposed along one side of the path of travel for
      folding a lowermost bottom wall forming panel of each successive container
      downwardly about its hinged connection with the associated side wall panel
      and guiding it into said vertical channel which is disposed along said one
      side of the path of said container advancing means, means for engaging
      said container and for turning the container upwardly about the hinged
      connection with the panel which is confined in said vertical channel so as
      to swing the container, while it is advancing, into a vertical position
      with the side wall panels extending above said vertical channel and
      certain of said panels being free to hinge about the vertically disposed
      connecting folds, panel guiding means operative to open the container into
      tubular form by hinging said free side wall forming panels about said
      connecting folds, conveyor means for advancing assemblies of articles in a
      path extending below the container opening means, means to align the
      containers with successive article assemblies, means moving with said
      containers for guiding the opened containers down an inclined path and
      depositing them on successive article assemblies, means for folding the
      bottom wall forming panels into bottom closing position and means
      traveling with said containers for folding the top wall forming panels
      onto top closing position.
NUM  15.
PAR  15. An apparatus as set forth in claim 14 wherein said means for guiding
      said opened containers down an inclined path comprises upper and lower
      endless conveyor members mounted in paired relation on opposite sides of
      the path of advance of the containers and having opposed runs with means
      thereon for engaging bottom wall forming panels which are turned outwardly
      on each side of the containers.
NUM  16.
PAR  16. An apparatus as set forth in claim 14 wherein said conveyor means for
      advancing assemblies of articles in a path below said container opening
      means comprises an endless conveyor mechanism having means for supporting
      a double line of articles in transversely aligned pairs which articles
      have the general form of bottles and means on said conveyor mechanism for
      segregating groups of the articles and advancing the groups to a position
      beneath said means for guiding the opened containers down said inclined
      path so as to enable the containers to be deposited on successive article
      assemblies.
NUM  17.
PAR  17. An apparatus as set forth in claim 14 wherein said means for guiding
      the opened containers down an inclined path comprises pairs of endless
      traveling conveyor members arranged on each side of the path of advance of
      the containers, each pair thereof having opposed runs supported for travel
      in a downwardly inclined path and means on said conveyor members for
      gripping outwardly turned bottom wall forming panels of successive
      containers and advancing the same between said opposed conveyor runs.
NUM  18.
PAR  18. An apparatus as set forth in claim 17 wherein said means on said
      conveyor members for gripping and panels comprises cooperating spaced lug
      members having complimentary end surfaces between which the container
      panels are received and a projecting finger on one of said lug members
      disposed for engagement in an aperture provided in said panels.
NUM  19.
PAR  19. An apparatus as set forth in claim 14 wherein said means for folding
      the top wall forming panels into top closing position comprises a pair of
      horizontally disposed endless traveling conveyors mounted on opposite
      sides of the path of advance of said container and article assemblies with
      spaced parallel runs between which the container and article assemblies
      are advanced, and said traveling conveyors having mounted in spaced
      relation thereon and in outboard extending relation cooperating finger
      members which engage the upstanding top wall forming panels of each
      successive container and fold said panels downwardly in predetermined
      sequence onto the tops of said articles while advancing with said
      containers to a panel securing means.
NUM  20.
PAR  20. An apparatus as set forth in claim 19 wherein said panel engaging
      finger members are in the form of angularly related plate members having
      leg portions disposed in horizontal and vertical planes so as to fold down
      the top wall forming panels and overlie portions of the hingedly connected
      side and top wall panels at the connecting hinge line thereby holding the
      top wall forming panels in proper position for securing them in tightly
      drawn relation on the top of the articles.
NUM  21.
PAR  21. An apparatus as set forth in claim 19 wherein said panel engaging
      fingers have means thereon for engaging a portion of a side wall panel so
      as to orient and square up the top of the container as it is advancing.
NUM  22.
PAR  22. An apparatus as set forth in claim 20 wherein at least one of said
      panel engaging finger members has a pin member projecting from the panel
      engaging face of a leg portion which is in a vertical plane and which pin
      member is positioned to engage in an aperture provided in the container
      side wall panel which the leg portion engages so as to orient and square
      up the top portion of the container as it is advancing.
NUM  23.
PAR  23. An apparatus for opening collapsed cartons preparatory to filling the
      same, which cartons are formed of foldable sheet material with body
      forming side and end wall panels connected on parallel hinge lines and
      having top and bottom wall forming closure panels which are hingedly
      connected to top and bottom edges of the side wall panels and which extend
      in the plane of the associated side wall when in collapsed condition, said
      apparatus comprising a carton supporting conveyor having a horizontal
      disposed run on which successive collapsed cartons are positioned with the
      parallel hinge lines connecting the side and end wall panels extending
      transversely of the path of advance of said supporting conveyor, means for
      folding down along the side of the path of said supporting conveyor a
      bottom wall forming closure panel of each successive carton, means along
      the side of said conveyor means for retaining said folded down panels in a
      generally vertical plane while the cartons are advanced by said supporting
      conveyor to a carton opening area, means at said carton opening area for
      swinging the collapsed body forming panels of each successive carton
      upwardly about the hinged connection with said folded down closure panel
      so as to bring the carton into a generally vertical plane, and means for
      forcing the wall forming panels which are free of said folded down closure
      panel in a direction laterally of the path of said supporting conveyor so
      as to open said carton into tubular condition, thereby enabling the carton
      to be advanced to a filling station where it is adapted to be filled
      through the open bottom thereof.
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ABST
PAL  A nuclear fuel pellet loading machine including an inclined rack mounted on
      a base and having parallel spaced grooves on its upper surface arranged to
      support fuel rods. A fuel pellet tray is adapted to be placed on a table
      spaced from the rack, the tray having columns of fuel pellets which are in
      alignment with the open ends of fuel rods located in the rack grooves. A
      transition plate is mounted between the fuel rod rack and the fuel pellet
      tray to receive and guide the pellets into the open ends of the fuel rods.
      The pellets are pushed into the fuel rods by a number of mechanical
      fingers mounted on a motor operated block which is moved along the pellet
      tray length by a drive screw driven by the motor. To facilitate movement
      of the pellets in the fuel rods the rack is mounted on a number of spaced
      vibrators which vibrate the fuel rods during fuel pellet insertion. A
      pellet sensing device movable into an end of each fuel rod indicates to an
      operator when each rod has been charged with the correct number of
      pellets.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The heat producing core of one well known design of nuclear reactor
      contains multiple fuel assemblies which include a total of about 21000
      fuel rods. Each fuel rod contains 240 fuel pellets used to generate heat
      during the reactor fission process. It therefore is apparent that more
      than five million pellets must be loaded into the fuel rods during the
      manufacturing operation. Regardless of the size of the reactor the task of
      loading or charging fuel rods with such a massive quantity of pellets
      constitutes a major factor in the reactor construction costs and in the
      construction time needed to fabricate a complete reactor.
PAR  According to present invention practices, the pellets are manually inserted
      in the fuel rods by utilizing various designs of stands and tables which
      support the rods in fixed predetermined positions relative to a tray
      containing about 25 columns of fuel pellets. Each column is accurately
      aligned axially with an open end of its corresponding fuel rod and an
      operator then manually pushes four or five columns of pellets
      simultaneously into the hollow rods until the pellet tray is empty. The
      tray is then replaced with a new supply of pellets and the process
      repeated about five times until each rod is full. Plugs are then welded in
      both ends of each rod to retain the pellets therein.
PAR  The primary disadvantage of this process is the inherent inefficiency and
      consequent high labor costs resulting from the effort involved in manually
      inserting the fuel pellets. Both the pellets and the rods are manufactured
      to exacting tolerances thereby requiring the pellet columns to be
      accurately aligned in both the X and Y planes of each rod during the
      loading operation. Should misalignment occur, the complete operation must
      be stopped until the defect is remedied. Inefficiency is particularly
      evident when the pellets tilt and consequently jam in the rod barrel
      during loading. Under this condition, the operator cannot exert sufficient
      force on the end of the column of pellets to break the jam and thereby
      free the rod for further loading. To break the jam, the rod must be lifted
      and vibrated manually with a mallet, or the like, to loosen the pellets
      from their jammed position. Upon pellet loosening, the rod must again be
      located in its appreciate groove and the tray then reset to continue the
      loading operation. Because all steps in the loading operation must be
      performed manually, the time to fill 20 thousand or so rods for a reactor
      results in direct labor costs which are disproportionately high when
      compared to other costs in the manufacturing cycle.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Briefly stated, the above disadvantages are eliminated in accordance with
      the teachings of this invention by providing an automatically operating
      pellet loading machine which mechanically loads pellets into fuel rods
      with only minimum manual effort. The machine imparts a uniform force of
      predetermined magnitude to each column of pellets to push them into
      corresponding rods placed in alignment therewith. Such force limiting
      features sense fuel pellet jamming conditions which relieves the applied
      force on the affected fuel pellet column only and permits continuation of
      loading of pellets into the remaining fuel rods not affected by the jammed
      condition. To help free jams and to assist movement of pellets after entry
      into each rod, the rods are vibrated mechanically by magnetically
      operating vibrators associated with the fuel rod support rack. Additional
      sensing devices are provided to determine when each rod is properly
      charged with the correct number of pellets.
PAR  An object of the invention therefore is to provide a fuel pellet loading
      machine which automatically loads fuel pellets into nuclear reactor fuel
      rods.
PAR  Another object of the invention is the provision of a pellet loading
      machine which vibrates fuel rods during the time fuel pellets are being
      loaded thereinto to facilitate the loading process and to minimize jamming
      of pellets in the fuel rods.
PAR  Another object of the invention is to provide a fuel pellet loading machine
      which mechanically pushes columns of fuel pellets from a loading tray into
      a transition device prior to moving the pellets into fuel rods.
PAR  Still another object of the invention is to provide a fuel pellet loading
      machine which varies the rate of insertion of pellets into fuel rods
      during a pellet loading operation.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter of the invention, it is believed
      the invention will be better understood from the following description
      taken in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is an isometric view showing the pellet loading machine of this
      invention;
PAR  FIG. 2 is an isometric view of mechanism used in pushing fuel pellets into
      aligned fuel rods;
PAR  FIG. 3 illustrates the design of a transition device which transfers fuel
      pellets from a loading tray to the fuel rods;
PAR  FIG. 4 is a plan view of a sensing device which indicates when each fuel
      rod is full; and
PAR  FIG. 5 is a sectional view of the device of FIG. 4.
DETD
PAR  Referring now to the drawings wherein like reference characters designate
      like or corresponding parts throughout the several views, there is shown
      in FIG. 1, a loading machine 10 designed to automatically load multiple
      columns of pellets into fuel rods 12 adapted for use in a nuclear reactor.
      The machine generally comprises three separate sections including a fuel
      pellet sensing table 14, fuel rod support rack 16 and a pellet table 18
      having control mechanisms connected thereto. These sections are supported
      on a base of horizontally and vertically disposed angle irons 20 and a
      stand 22 arranged to permit positioning the machine at an angle of about
      8.degree. to the horizontal.
PAR  The fuel rod rack 16 includes base 24 having channel shaped brackets 25
      which hold vibrators 26 spaced at about 21/2 foot intervals along the
      support rack length. The rack upper portion comprises a plate 28 bolted or
      otherwise secured to the top of vibrators 26 and of a length substantially
      less than the fuel rods 12. To accommodate positioning of fuel rods in the
      machine for pellet loading purposes, the plate 28 surface contains a
      multiplicity of semi-circular grooves 30 having a size corresponding to
      the outer dimensions of fuel rods 12 which are shown positioning in the
      grooves for pellet loading purposes. Clamps 32 hinged to a side of plate
      28 are movable to a position overlying the fuel rods to hold the rods
      against displacement during the pellet loading operation. If desired, the
      clamp 32 surface may have complementary grooves for holding the rods in
      place. Since the open ends of the fuel rods must be located precisely with
      respect to the pellet columns positioned in a loading tray, plate 28 may
      be further adjusted vertically on base 24 by a conventional bolt-slot
      arrangement 34.
PAR  The pellet table 18 linearly spaced from fuel rod rack 16 supports a
      removable tray 36 which feeds pellets 38 into the fuel rods. Table 18
      likewise has a flat surface and is vertically adjustable on framework 40
      by a bolt and slot arrangement 42. Since the table surface should be
      disposed at an angle of about 8.degree. .+-. 1.degree. with the horizontal
      to assist movement of pellets into the rods, the framework bars 40 are
      chosen to provide such angle when the table is secured thereto.
PAR  The pellet tray 36 is adapted to be placed on the table surface for
      providing a source of pellets which are fed into the fuel rods. To help
      assure exact alignment of the pellet columns with the fuel rod ends, a
      number of parallel bars 37, FIG. 3, spaced a distance less than pellet
      diameter are welded or otherwise secured to the tray surface. These bars
      all lie in the same plane and therefore provide parallel channels in which
      the pellets 38 rest in the form of pellet columns. FIG. 1 illustrates an
      arrangement of the machine wherein six columns of fuel pellets 38 are
      located on the tray surface and each of these columns is positioned in
      exact alignment with a groove 46 in a transition plate 48 located between
      the end of the fuel rods 12 and the end of the tray containing the columns
      of pellets. Obviously, the mechanism can be varied in size to accommodate
      a greater or less number of fuel pellet columns, for example, a typical
      tray design includes twenty five pellet columns.
PAR  As illustrated in FIGS. 1 and 2, the transition plate 48 is adjustably
      mounted to a pair of upstanding bars 50 which are secured to base 20. The
      upper surface of the plate is provided with multiple semi-circular grooves
      52 having a diameter only slightly larger than the diameter of a pellet.
      The plate further is provided with a ledge 54 which serves as a stop for
      the upper ends of the fuel rods. With the fuel rods placed in position on
      the transition plate, a stockade clamp 56 having complementary
      semi-circular grooves 58 milled in its surface is arranged to be placed
      over the fuel rods to prevent their displacement during the fuel pellet
      loading operation. During forward travel, each fuel pellet is pushed
      through the accurately machined funnel-shaped stockade clamp having a
      21/2.degree. lead-in angle to help assure smooth transition of pellets
      from the tray into a receiving fuel rod.
PAR  Movement of the pellets from the transition piece into each fuel rod is
      accomplished by a device of the design illustrated in FIG. 3. As shown, a
      thin wall stainless steel anti-contamination funnel 60 is inserted in the
      open end of each fuel rod while the flared end 62 fits over a
      complementary-shaped section 64 of a heavy walled Zircaloy or stainless
      steel lead-in funnel 66. The thickness of funnel 60 should range between
      0.001 inch - 0.0015 so that after pellets enter the fuel rod, there still
      is only limited clearance between the pellet outside surface and the
      inside walls of the rod to minimize the likelihood of pellet jamming
      during the time they are being charged into the rod. Upon completion of
      the loading process, the funnels are removed and discarded.
PAR  This funnel arrangement has been found particularly useful in those
      situations where a radioactive material such as plutonium is loaded into
      the fuel rods. Experience shows that where a funnel is not used, minute
      particles of the radioactive material is scraped off the sides of the
      pellet as they are loaded into the fuel rod. The powdery substance thus
      resulting from the operation accumulates on the entrance end of the rod
      and unless it is thoroughly cleaned prior to welding a plug in the rod
      end, the plutonium infiltrates the weld material which then becomes
      radioactive. As is known, such radioactive material cannot thereafter be
      removed by scrubbing or other methods. By utilizing the funnel arrangement
      illustrated in FIG. 3, the problem caused by plutonium or other
      radioactive materials are eliminated since upon completion of the loading
      process, the funnels are treated as a highly contaminated dispensible
      item.
PAR  Referring now to the pellet table 18 and the mechanism used for pushing
      fuel pellets 38 into the fuel rods 12, there is shown in FIGS. 1 and 2, a
      block 68 having multiple mechanical fingers 70 extending outwardly
      therefrom and in a direction to engage the columns of fuel pellets in
      pellet tray 36. The block 68 is slidably mounted on a pair of spaced bars
      72 located on each side of the mechanism. To provide for movement of the
      block 68 in a direction in line with the fuel pellets on the tray, a motor
      and gear box arrangement 74 rotates a drive screw 76 which engages
      internal screw threads in block 68. It will be apparent to those skilled
      in the art that hydraulic or air motors for example may be used in lieu of
      an electric motor. As motor 84 rotates the drive screw, coaction between
      the drive screw and block 68 internal threads causes the block to move
      along the drive screw length thus moving the fingers 70 into contact with
      the respective fuel pellet columns positioned in the fuel pellet tray. A
      micro-switch 78 conveniently mounted on drive screw support 80 reverses
      the applied voltage to drive screw motor 74 when block 68 reaches its end
      of travel, thus causing the block to return to its start position. At this
      time, all pellets in the tray have been inserted in the fuel rods 12.
PAR  During the course of loading fuel pellets into the fuel rods, it is
      desirable that an excessive force not be used in driving the fuel pellets
      into position since pellet jamming might otherwise occur. The structure
      shown in FIG. 2 effectively minimizes the likelihood of such jamming by
      limiting the amount of force which is applied by the pusher fingers
      against the fuel pellet columns. As shown, each of several mechanical
      fingers 70 is firmly anchored in a holder 82 of T-shape configuration
      mounted for sliding movement on inwardly directed flanges 84 milled in
      block 68. Each holder normally lies flush with the face of block 68, as
      indicated at 86, but is mounted in a manner to slide rearwardly out of the
      block. A bar 88 is also secured at one end in the holder 82 and terminates
      at its other end in a stop member 90 which is attached, as by welding, to
      each mechanical finger 70. Compression spring 92 bears at one end against
      member 90 and at its other end against the face of block 68. A plurality
      of micro-switches 94 are mounted on arms 96 extending forwardly from block
      68. Each switch includes a switch arm 98 having a roller 100 in its outer
      end. To hold each holder 82 in place, holes 102 bored in block 68 contain
      a ball 104 which is urged into a detent 106 by spring 108. The housing 110
      for the spring and ball is screw threaded into block 68 to thereby permit
      adjusting the spring to different compression amounts.
PAR  During the time pellets are being loaded in fuel rods, as a finger meets
      resistance to in pushing pellets into a rod and the force exceeds 5
      pounds, the finger and its attached holder 82 will move rearwardly out of
      its T-shaped slot and spring 92 simultaneously will compress. Should the
      resistance to pellet movement in the affected fuel rod be relieved, the
      spring will urge holder 82 back into its normal position in block 68 and
      the finger will continue pushing the pellets into the rod in synchronism
      with other fingers. However, should such resistance not be relieved, thus
      indicating a jammed condition in the fuel rod, the holder 82 will stay
      retracted until all pellets are loaded into the other fuel rods. As block
      68 then reaches the end of its forward movement, micro-switch 78 will
      close and reverse current flow in motor 74 windings and thus move block 68
      rearwardly on drive screw 76 until it reaches its initial or start
      position.
PAR  Under some circumstances it may be desirable to move pellets into the fuel
      rods at different speeds. Motor 74 therefore is a variable speed motor
      having appropriate controls 112 which act to vary the motor speed and the
      rate of movement of fuel pellets into the fuel rods. Also, a control
      mechanism 114 is provided to vary the frequency and magnitude of vibration
      imparted to the fuel rack 16 by vibrators 26 on which the rack is
      positioned.
PAR  In order to determine when a fuel rod is loaded with the correct number of
      fuel pellets, a sensing mechanism 116 of the type illustrated in FIGS. 4
      and 5 is installed on table section 14. The mechanism includes a block 118
      secured to the table top by bolts 120. The block contains a multiplicity
      of bores 122 positioned in alignment with the fuel rods. An inner pin 124
      located in a cylindrical tube 126 is positioned in each of the bores and
      is of a length sufficient to extend outwardly from each side thereof. A
      spring 128 in each of the bores biases the pin 124 in an outward direction
      toward the fuel rods. A number of microswitches 130, one for each inner
      pin, are mounted in brackets 132 attained to the back side of block 118.
PAR  With fuel rods 12 set in place on rack 16 and prior to loading fuel pellets
      into the fuel rods, block 118 is moved forwardly on table 14 until the end
      of each inner pin 124 extends a short distance into each fuel rod. As the
      pellets come down the rod and reach their final position, the weight of
      the pellets move the inner pin rearwardly until it contacts its respective
      microswitch. Upon closing the switch, a circuit is completed to a signal
      light 134 which indicates to the operator that the pellets have reached
      the desired position in the fuel rods.
PAR  In operation, the pellet sensing table 14, fuel rod support rack 16 and the
      pellet table 18 are aligned accurately with one another by the adjusting
      means provided between the tables and the framework on which they are
      mounted. The desired work angle of 8.degree. .+-. 1.degree. provides a
      slope to the fuel rods which helps facilitate movement of fuel pellets 38
      therein. Fuel rods 12 having funnels in the ends thereof are then placed
      in grooves 30 provided in the support rack with their ends terminating in
      the transition plate 48. Block 118 on the fuel pellet sensing table 14 is
      moved forwardly and pins 124 are inserted in the other end of the fuel
      rods. A pellet tray having a number of columns of pellets corresponding to
      the number of fuel rods to be loaded, is placed on the fuel pellet table
      and moved alignment with the grooves provided in the transition plate. The
      stockage clamp and other clamps are then moved to a closed position to
      hold the fuel rods in position during the loading process.
PAR  With the machine thus prepared in this manner, the drive screw motor 74 is
      started and the vibrators 26 energized to vibrate the fuel rods in the
      support rack. To commence loading, the drive screw 76 is rotated in a
      direction to cause the block containing the mechanical fingers to move in
      a fuel pellet loading direction. The fingers thereupon engage the end of
      each column of fuel pellets and push the pellets from the tray into the
      transition plate and from there into the open ends of the fuel rods. In
      the event the tray is not large enough to accommodate the required number
      of pellets for a fuel rod, it is reloaded and the process repeated until
      the rods are full. During the time pellet loading is taking place, the
      fuel rods are vibrated to help move the pellets along the fuel rod length.
      The rate of movement of fuel pellets into the rods is controlled by the
      drive screw motor and the vibrator 26 frequency and amplitude of vibration
      may be varied depending on the fuel rod and pellet material dimensions. In
      the event one of the rods becomes jammed with pellets, the block 68 will
      continue moving forward but the mechanical finger associated with the
      jammed fuel rod will cause the T-shaped holder 82 to move out of block 68.
      This action relieves the force on the jammed rod and permits continued
      movement of the block and the remaining mechanical fingers toward the
      pellet loading position. If desired, the jammed fuel rod may then be
      removed to an area where the jammed condition can be remedied. Upon
      reinsertion of the T-shaped member and the spring and ball arrangement in
      the block, the process can then be renewed without interruption.
PAR  In view of the above it will be apparent that many modifications and
      variations are possible in light of the above teachings. It therefore is
      to be understood that within the scope of the appended claims the
      invention may be practiced other than as specifically described.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. A machine for loading fuel pellets into fuel rods to be used in a
      nuclear reactor comprising:
PA1  a base supporting a rack arranged to hold a multiplicity of fuel rods in a
      stationary position;
PA1  means on the base in longitudinal alignment with said rack for holding
      multiple columns of fuel pellets respectively corresponding to the number
      of fuel rods;
PA1  said means and said rack being inclined at an angle to the horizontal; and
      a power driven device on said base having members arranged to contact said
      columns of fuel pellets to feed said pellets into said fuel rods.
NUM  2.
PAR  2. The combination according to claim 1 wherein said power driven device
      includes a power driven block movable on said base; and
PA1  said members comprise mechanical fingers on said block positioned in
      alignment with said columns of fuel pellets so that upon movement of said
      block the fingers engage said columns of pellets to urge said pellets into
      said fuel rods.
NUM  3.
PAR  3. The combination according to claim 2 including means mounted in said
      block for relieving the force applied by said block to any one of said
      fingers in the event pellets jam in any one of said fuel rods.
NUM  4.
PAR  4. The combination according to claim 1 wherein said power driven device
      comprises a block and said members comprise mechanical fingers thereon in
      axial alignment with said columns of fuel pellets;
PA1  means on said base arranged to support said block and to facilitate its
      movement in a direction towards said fuel rods; and
PA1  a controllable speed motor connected with said block for moving it in a
      direction toward said fuel rods thereby causing said fingers to contact
      the ends of said columns of fuel pellets to move the pellets into said
      fuel rods as said block moves in the fuel rod direction.
NUM  5.
PAR  5. The combination according to claim 4 wherein a drive screw is supported
      on said base and extends through said block;
PA1  a motor driven gear reducer connected with said drive screw to rotate it at
      a preselected speed;
PA1  a bore in said block having internal threads complementary to said drive
      screw;
PA1  whereby upon actuation of said motor, said drive screw rotates and causes
      said block to traverse the drive screw length and move the fingers on said
      block into engagement with the ends of said fuel pellet columns to drive
      the fuel pellets into said fuel rods.
NUM  6.
PAR  6. The combination according to claim 4 including a switch mounted on said
      base in a location for contact by the block when the block reaches its end
      of travel; and
PA1  means connected with said switch and motor for reversing the motor to cause
      said block to return to its start position.
NUM  7.
PAR  7. The combination according to claim 1 including vibration means mounted
      on said base and wherein said rack is supported by said vibration means;
      and
PA1  a control system connected to said vibration means for controlling the
      frequency and amplitude of vibratory forces imparted to said fuel rods.
NUM  8.
PAR  8. The combination according to claim 1 wherein transition means are
      interposed between said columns of fuel pellets and said fuel rods for
      facilitating the movement of said fuel pellets into said fuel rods.
NUM  9.
PAR  9. The combination according to claim 8 wherein said transition means
      includes a plate adjustably mounted on said base;
PA1  said plate including a multiplicity of semi-circular grooves in alignment
      with said columns and corresponding to the dimensions of said pellets;
PA1  a clamp mount on said plate and having multiple grooves therein
      complementary to the grooves in said plate for providing passageways
      through which said fuel pellets move prior to being inserted in the fuel
      rods.
NUM  10.
PAR  10. The combination according to claim 1 wherein funnel means are attached
      to the loading end of each of said fuel rods, said funnel means having an
      opening therein of a size greater than said fuel pellets for channeling
      said fuel pellets into said fuel rods.
NUM  11.
PAR  11. The combination according to claim 10 wherein said funnel means
      comprises a first funnel insertable in the loading end of each of said
      fuel rods and having a flared end extending outwardly therefrom; and
PA1  a second funnel of similar design having an end insertable in the flared
      end of each of said first funnels;
PA1  said funnels being positioned to guide fuel pellets into each of said fuel
      rods.
NUM  12.
PAR  12. The combination according to claim 1 wherein a table is positioned in
      alignment with the end of said fuel rods opposite from the feed end;
PA1  fuel pellet sensing means mounted on said table, said sensing means having
      a member associated with an end of each of said fuel rods for determining
      the position of pellets loaded therein.
NUM  13.
PAR  13. The combination according to claim 12 wherein said sensing means
      comprises a multiplicity of pins, each pin being adapted to extend into an
      end of each of said fuel rods; and
PA1  visual indicating means arranged to be actuated by each of said pins and
      which illuminate when the first pellet loaded in each of said fuel rods
      engages any one of said pins.
NUM  14.
PAR  14. The combination according to claim 13 wherein a biasing device in said
      sensing means holds said pin in a predetermined position; and
PA1  multiple switches mounted on said sensing means, each of said switches
      being aligned with a pin and positioned to be engaged by an end of said
      pin so that when said pellets move said pin in a rearward direction, it
      engages said switch which illuminates said visual indicating means.
NUM  15.
PAR  15. A machine for loading fuel pellets into fuel rods to be used in a
      nuclear reactor comprising a base having at least one vibrator attached
      thereto and a fuel rod rack attached to the upper surface of said
      vibrator;
PA1  grooves in said rack for respectively receiving fuel rods;
PA1  a table on said base supporting a fuel pellet tray, said tray having means
      thereon for receiving multiple columns of fuel pellets;
PA1  said rack and table being mounted on said base at an angle to the
      horizontal;
PA1  means separately interconnecting said rack with the vibrators and table
      with said base for aligning said grooves with said pellets;
PA1  means positioned between the pellet discharge side of said tray and the end
      of each of said fuel rods for channeling said fuel pellets thereinto;
PA1  drive means on said base having mechanical fingers thereon in alignment
      with each of said fuel pellet columns;
PA1  said drive means including a power actuated device which moves said fingers
      into engagement with the end of said fuel pellet columns to push said
      pellets into said fuel rod.
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PAL  The machine and includes an endless conveyor having receptacles for
      receiving vials in a vertical position. The conveyor is indexed during
      each cycle of operation so that a plurality of vials is presented at a
      means which engraves a notch or mark on the necks of the initially closed
      vials so that, at a subsequent station, hammers serve to fracture the
      necks immediately upstream of a filling station. After the vials have been
      filled, they are resealed by multiple burners and a pinch device, the
      sealing taking place as the vials are rotated by friction wheels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a machine for filling and sealing glass vials
      starting from closed vials.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided, in a machine for
      filling and sealing glass vials, endless conveyor means having an upper
      run, a lower run and receptacles arranged to receive vials in a vertical
      position, means for indexing the conveyor means during each cycle, means
      for supplying a plurality of closed vials to the conveyor means at a
      station adjacent the lower run, the vials being displaced into the
      receptacles from below, engraving means disposed at a station adjacent the
      lower run of the conveyor means, means for fracturing the necks of the
      vials, filling means at a station adjacent the upper run at which the
      vials are filled, sealing means including multiple burners, pinch means
      for the simultaneous closure of a plurality of filled vials and means to
      rotate the vials during the action of the burners and pinch means on the
      vials.
PAR  In combination with a vials feed system, including upward thrust means for
      the vials, the machine may additionally comprise tilting gripper means to
      receive several vials and retain them with a resilient retaining effect,
      tilting control means of the gripper means to arrange the vials beneath
      the lower run and with the closed neck downwardly directed, and expelling
      means to axially urge the vials to transfer them from the tilting gripper
      means to the seats of the conveyor.
PAR  The tilting gripper means may be assembled rotatably on an oscillating
      unit, and may be rotated by means of teeth thereof meshing with a geared
      sector concentric to the oscillation axis.
PAR  The engraving means may advantageously include an engraving system slidable
      relatively to the vials in their dwell station, comprising a high
      frequency motor and a steel disc fixed onto the motor shaft and rotating
      at a high speed. A centering device for the vials for aligning them on the
      same sliding axis of the engraving unit may also be provided.
PAR  A system of flames may be provided to invest the necks of the vials to be
      severed, to externally sterilize the facture zone and increase also the
      internal pressure of the vial with the temperature, so that, upon
      fracture, there is an outward blast of air, so as to avoid the penetration
      of fragments into the vials.
PAR  Downstream of the engraving positions and along the conveyor lower run, two
      sets of hammers may serve as fracturing means, acting on the vials necks
      to sever them at the engraving zone.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  One embodiment of a machine for filling and sealing glass vials will now be
      described, by way of example, with reference to the accompanying
      diagrammatic drawings, in which;
PAR  FIGS. 1 and 2 are, respectively front and side elevations of the
      embodiment;
PAR  FIG. 3 is a longitudinal vertical section illustrating certain parts lying
      within the base of the machine;
PAR  FIGS. 4 and 5 show details of a toothed belt endless conveyor;
PAR  FIGS. 6 and 7 show details of a mechanism for loading and tilting the
      vials;
PAR  FIGS. 8 and 9 show, to an enlarged scale, a multiple gripper forming part
      of tilting mechanism;
PAR  FIG. 10 is a section of a mechanism for effecting rotation of the vials
      during sealing;
PAR  FIGS. 11 and 12 show details of an engraving device;
PAR  FIGS. 13 and 14 shown, respectively, a section and a side elevation of
      hammer units which serve to sever necks of the vials engraved by the
      device of FIGS. 11 and 12; and
PAR  FIGS. 15 and 16 illustrate details of an unloading device forming a part of
      the machine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The machine comprises a lower, stationary, base or casing 1, a
      vial-carrying endless geared belt or chain conveyor 3, movable in a
      vertical plane with an associated trip motion system, and associated
      mechanism for rotating the vials at a sealing station. The conveyor 3
      carries rotary containers or other receptacles 3A. An unloading mechanism
      5, a loading mechanism 7, an engraving device, a severing device 9, and a
      drive motor 11 are also included in the machine. An upper casing 12 is
      mounted above the casing 1 and is adjustable in height by means of
      adjustable columns 14.
PAR  A main drive shaft is synchronized through a drive 18, 20 (FIG. 3)
      connected to a speed reduction gear box 11A of the motor 11, in the lower
      casing. This shaft is provided with adjustable cams, which cooperate with
      respective followers in order to operate the various drives.
PAR  The casing 12 also carries a filling mechanism 22, comprising syringes,
      needles and opening and closing valves for the product, and a vial-closure
      mechanism 24, constituted by gas burners and by grippers for engaging the
      excess of the length of the necks of the vials.
PAR  The machine is supplied directly from baskets and/or from cardboard boxes
      containing closed vials as they arrive from a glass blowing machine. The
      time gap between one given loading operation and the next depends upon the
      dimensions of the box or basket, upon the vial diameter and thus upon the
      capacity. At the loading station, the vials are arranged on a double grid
      27 (FIGS. 6 and 7) having an inclined plane, and are distributed and
      arranged for tilting on a chain of the loading mechanism by reciprocable
      blades or knives 29 secured to two slides 30 controlled by a three-lobed
      cam 32 by means of a linkage 34A, 34B, 34C. The load on the tilting
      mechanism is displaced by means of expelling devices 36, secured on a
      slide 38 reciprocated by a cam 40 through a linkage 42A, 42B, 42C, the
      whole being tensioned by a spring 44 through a chain or belt 46.
PAR  The tilting mechanism serves to overturn the vials so that they are
      presented beneath the containers 3A downwardly directed with respect to
      the chain or belt 3, i.e. with the neck downwardly directed, (see FIGS. 4
      and 5). This tilting mechanism includes a multiple gripper 48 mounted on a
      sector gear 50, as best seen in FIGS. 6 and 8. The assembly 48, 50 is
      rotatably mounted on an oscillatory structure 52 pivoted on a pin 54 and
      moved through the rod 56 by the follower 58A of a cam 58. The sector gear
      50 rolls along a fixed sector rack 60, following a circular arc with the
      centre on the axis of the pin 54.
PAR  When the vials have been inverted, resiliently based expelling units 62
      urge the vials, towards the top of the neck, so that each vial body is
      introduced into the containers or receptacles 3A of the conveyor 3, under
      the control of a slide 64 operated by a cam 66 and by a spring 68. The
      expelling units 62 are telescopic and held extended by springs so as to
      dampen the impact received by the vial when it encounters the container or
      receptacle bottom. The mechanism also has the task of facilitating the
      penetration into the receptacles 3A of the conveyor, should one vial be
      longer or shorter than the others.
PAR  Subsequently, the inverted vial neck is engraved and arranged for severing
      or breakdown at the station 9. A hardened steel disc 70 (FIGS. 11 and 12),
      rotated at high speed by a high frequency motor supplied from a converter,
      effects the engraving. The motor is fixed to an arm 72 pivoted on a rack
      pin 74 so that by means of a handwheel 76, the arm 72 bearing the motor of
      the disc 70 can be adjusted axially. The pin 74 is carried by a slide 78
      which provides for horizontal sliding of the engraving disc 70 onto the
      vials to be cut during the same operation.
PAR  The slide is moved by a rod 80, secured to a chain 82 actuated by pinions
      84, of which one is idle and the other fast with a gear wheel 86. The gear
      86 is driven by another gear wheel 88 secured on the lower shaft 90 of the
      main drive of the machine, the chain 82 with its pinions being carried by
      a carrier 92 (FIGS. 3 and 11). A roller 94 mounted on the arm 72 is
      arranged to roll along a substantially horizontal elongate linear cam 96
      and controls the movement of the engraving disc 70 towards the vials
      stationary on the conveyor 3, so that the engraving disc forms an engraved
      line on a portion thereof.
PAR  Appropriate centering units 98 (FIGS. 11 and 12) are resiliently carried on
      a frame 100A forming a part of a lever 100 clamped by means of a pressure
      screw 100B between the walls of a hollow lever 102 (FIG. 14). This
      arrangement enables, by means of the screw 104, manually to adjust the
      lever 100 carrying the centering units 98, relative to the vials. The
      hollow lever 102 is fixed to a shaft 106, which is driven by a lever 108
      constituting the tappet of a cam 110 fixed on to the main lower shaft 90.
PAR  In the opening of the inverted vials, by cutting off their necks, when they
      are stationary and have been already engraved, hammers 112, 114 approach
      one another to effect the detachment of the necks. The hammer 112 is
      carried by an adjustable lever 116, similar to the lever 100, and is
      driven towards the vials by means of the shaft 106, in turn driven by the
      cam 110. The hammer 114 is carried by a lever 118, secured to a lever 120
      which is idle on the shaft 106 and is controlled by a cam 122 of the shaft
      90.
PAR  Before the detachment of the necks from the vials takes place, the necks
      are heated by the flames of gas burners 124 which are moved up to the
      vials together with the hammer 112, both being mounted on the shaft 106.
      The flames serve both to sterilize externally the fracture point and to
      increase the internal pressure of the vials by heating, so that, when the
      hammers effect the fractures a blast is produced, thus avoiding pieces of
      glass penetrating into the vial.
PAR  After filling at the station 22, during closing of the vials by means of
      sealing with conventional gas burners, it is necessary that the vials be
      rotated so as to obtain a uniform sealing. For this purpose a mechanism
      126 is provided which imparts rotation to the vials during the sealing
      stage. This mechanism includes a box 128 (FIGS. 3 and 10) carrying a shaft
      130 having gear wheels mounted thereon driven continuously by a motor 132.
      The shaft 130 meshes, for each vial to be rotated with a gear 134, which
      is provided with a bush 136 bearing an eccentric pin 138 which can be
      introduced between two small wings 3B forming a part of the lower end of
      each container 3A of the chain or belt 3. The mechanism 126 is carried by
      a slide 140 and is moved towards the containers to be rotated, when the
      latter are stationary in the sealing position, by means of a cam 142 fast
      on the shaft 90 in the main drive of the lower portion of the machine. The
      cam 142 controls a lever 144 and a rod 146 and thus the slide 140 on which
      the mechanism is secured.
PAR  For unloading the vials from the chain or belt, an expelling device 150
      (FIGS. 15 and 16) is employed and this is mounted on a slide 152 operated
      by a cam 154 through a lever 156. After the vials have been expelled from
      the containers or receptacles 3A, they are received by a comb or reed 160
      fixed to a slide 162, operated by a cam 164 through a linkage 166. The
      comb provides for the alignment of the vials towards an unloading basket.
CLMS
STM  We claim:
NUM  1.
PAR  1. A machine for filling in and sealing glass vials comprising, in
      combination, a frame; endless conveyor means mounted on said frame, and
      including an endless conveyor having an upper substantially horizontal run
      and a lower substantially horizontal run; receptacle secured to said
      conveyor and arranged to frictionally receive vertically oriented vials;
      driving means operable to drive said conveyor means; indexing means
      operable to index the conveyor means during each cycle of operation;
      means, at a station adjacent said lower substantially horizontal run,
      operable to supply a plurality of closed empty vials to said conveyor
      means by displacing the vials, in inverted relation, into said receptacles
      from beneath said lower substantially horizontal run; engraving means
      disposed at a station adjacent said lower substantially horizontal run of
      said conveyor means and operable to engrave a fracturing mark on the neck
      of each vial mounted in inverted relation in a receptacle; fracturing
      means adjacent said lower substantially horizontal run, downstream of said
      engraving means in the direction of movement of said endless conveyor,
      operable to fracture the necks of the vials at said fracturing marks;
      filling means at a station adjacent said upper substantially horizontal
      run and operable to fill the now upright vials having open necks; sealing
      means adjacent said upper substantially horizontal run and downstream of
      said filling means in the direction of movement of said endless conveyor,
      said sealing means including multiple burners positioned to heat the necks
      of the filled vials and pinch means operable to simultaneously close the
      necks of a plurality of filled valves; and means adjacent said upper
      substantially horizontal run operable, during the action of said burners
      and pinch means on the vials, to rotate the vials.
NUM  2.
PAR  2. A machine according to claim 1 wherein the fracturing means lies
      adjacent the lower run of the conveyor means and comprises
PA1  two hammers acting on the vial necks to sever them at the fracture zone
      engraved by the engraving means.
NUM  3.
PAR  3. A machine according to claim 1, in which said supplying means comprises
      tilting gripper means positioned beneath said lower substantially
      horizontal run and adapted to receive several vials and resilient retain
      the vials; thrust means operable to thrust closed substantially upright
      empty vials upwardly into said tilting gripper means in one position of
      said gripper means; control means operatively associated with said gripper
      means and operable to tilt said gripper means to a second position in
      which the closed empty vials are inverted and aligned with receptacles on
      said lower substantially horizontal run; and expelling means operable,
      when said tilting means is in said second position to engage the inverted
      closed empty vials and push the same longitudinally out of said tilting
      gripper means into the conveyor receptacles.
NUM  4.
PAR  4. A machine according to claim 3, in which said control means comprises a
      unit supporting said gripper means and mounted in said frame for
      oscillation about an axis; a sector gear fixedly mounted in said frame
      concentric with the axis of oscillation of said unit; and a gear wheel
      secured to said gripper means for rotation therewith and meshing with said
      sector gear whereby, upon oscillation of said unit, said gripper means is
      rotated between said first and second positions thereof.
NUM  5.
PAR  5. A machine according to claim 1, wherein said engraving means comprises
      an engraving system sidably mounted on said frame for movement
      longitudinally of said conveyor beneath said lower substantially
      horizontal run thereof; said engraving system including a high frequency
      motor movable therewith and having a motor shaft rotating at a high speed,
      and a steel disk secured on said motor shaft; said steel disk, during
      sliding of said engraving system longitudinally relative to said conveyor,
      moving along the necks of a row of inverted closed empty vials in said
      receptacles to engrave said necks; said engraving means further including
      a centering device engageable with the group of vials positioned for
      engagement by said engraving means and holding the vials of said group in
      alignment, said centering device extending parallel to the direction of
      sliding movement of said engraving system.
NUM  6.
PAR  6. A machine according to claim 1, including a burner system mounted in
      said frame adjacent said fracturing means and operable, before and during
      fracturing of the necks of inverted closed empty dials, to sterilize the
      fracture zones and to increase the internal pressure of the dials so that,
      upon fracturing of the necks of the vials by said fracturing means, a
      blast of air under pressure is discharged from the fractured necks of the
      vials to prevent ingress of glass fragments into the inverted vial.
NUM  7.
PAR  7. A machine according to claim 1, in which said receptacles are mounted on
      said conveyor for rotation about axes extending substantially
      perpendicular to said conveyor; and means located adjacent said upper
      substantially horizontal run of said conveyor adjacent said sealing means
      and operable to engage and rotate said receptacles to rotate the vials
      during the action of said burners and pinch means on the vials.
NUM  8.
PAR  8. A machine according to claim 7, in which each receptacle is formed with
      an aperture in its base to provide for entry of expelling means into the
      receptacle to expel a vial therefrom; and expelling means mounted on said
      frame adjacent said upper substantially horizontal run of said conveyor
      and downstream of said sealing means in the direction of movement of said
      upper substantially horizontal run, said expelling means including
      expelling elements and means for moving said expelling elements into and
      through the base apertures of said receptacles to expel vials therefrom.
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PAL  A rotary mower mechanism of the type having a plurality of rotatable cutter
      units on a transversely extending cutter bar supported on skid means. Each
      cutter unit is provided with at least one blade operatively extending
      between the skid and a guard mounted over the cutter bar to provide
      protection and aid in the conveyance of cut crop material in a rearward
      direction. A rotatable crop conveyor assembly is provided to sweep crop
      material across the area of the cutter bar and facilitate its conveyance
      in a rearward direction for eventual discharge. The mower mechanism also
      includes rearwardly disposed crop conditioner means adapted to operate on
      the crop prior to discharge thereof to the ground.
BSUM
PAR  This invention relates to rotary mowers for agricultural use and more
      particularly to rotary mowers of the type having at least two rotatable
      cutter units mounted side-by-side and each supporting at least one cutter
      blade to cut standing crop during forward movement of the mower. The
      invention is particularly useful when applied to a combined rotary mower
      and crop conditioner, hereinafter referred to as a "mower conditioner".
      The terms "forward" and "rearward" used throughout the specification are
      with respect to the direction of movement of the machine in operation.
PAR  Some rotary mowers currently in use have a cutter bar comprising a housing
      which accommodates the drive means for the rotary cutter units. In the
      operative position, the cutter bar housing extends substantially parallel
      to the ground and in a transverse direction relative to the forward
      operative movement of the mower. The rotatable cutter units are arranged
      substantially coplanar on top of the housing and in side-by-side
      relationship, whereby the cutter units are driven from below. Each cutter
      unit normally comprises a shaped structure supporting at its outer
      periphery at least one cutter blade. The trajectories of the cutter blades
      normally overlap each other at a location substantially in front of the
      drive housing in order to ensure a clean cutting action over the whole
      width of the cutter bar. The cutter blades operate as impact cutters and
      in order to provide for sufficiently strong cutting impacts, the
      rotational speed of the cutter units is relatively high. After being cut,
      the crop falls on top of the cutter units, the rotational movement of
      which ensures the discharge of the mown crop in a rearward direction
      relative to the cutter bar.
PAR  Although the capacity of rotary mowers is considerably greater than
      conventional reciprocatory sickle bar mowers, known rotary mowers still
      suffer many disadvantages. For example, in the underdriven type of mower
      discussed above, the drive housing forms the lowermost portion of the
      cutterbar, and is held close to the ground to maximise the quantity of
      mown crop. Since the crop to be mown is usually a green crop having a high
      moisture content and since the crop is often wet from rain or dew, there
      is a tendency for pieces of mown crop and/or dirt (soil, mud, etc.) to
      build up at the forward edge of the drive housing and to adhere thereto,
      particularly at the point where the trajectories of the cutter blades of
      two neighbouring cutter units overlap each other. This build-up also
      occurs at the location where the cutter blades move towards each other or
      at the locations where the cutter blades move away from each other. When
      these accumulations of crop and/or dirt are sufficient to extend beyond
      the points of intersection of the cutter blade trajectories, the standing
      crop can no longer come within the reach of the cutter blades because the
      accumulations deflect the standing crop in forward direction, whereby the
      cutter blades pass thereover. As a result, one or more strips of uncut
      crop are left which is a waste of valuable crop and which often causes
      problems during the subsequent hay making operations with hay tools such
      as tedders, rakes and balers.
PAR  This problem of so-called "stripping" is aggravated by the fact that the
      cutter bar often strikes mole hills, etc., the resulting spread of soil
      tending to increase the risk of dirt build-up on the forward edge of the
      cutter bar and also tending to pollute the mown crop.
PAR  Due to the high rotational speed of the cutter units, the cutter blades
      often hit the stems of the crops several times before the crop is
      discharged rearwardly of the cutter bar. Accordingly, a considerable
      portion of the crop becomes chopped into small pieces and apart from the
      increased risk of accumulation of this material on the cutter bar drive
      housing, this also constitutes another disadvantage in that the volume of
      useful crops is reduced. The risk of crop becoming chopped is especially
      great when difficult crop conditions are met, such as, for example, a
      heavy crop, an extremely wet crop, a flattened crop, or an entangled crop.
PAR  Another disadvantage resides in the fact that at the rearward edge of the
      cutter bar the crop can again contact the rotating cutter blades while
      being discharged, whereby another undesirable chopping action results
      giving rise to wasted crop.
PAR  Considerable power is consumed by these undesirable chopping actions. Also
      the rotation of the cutter units creates considerable air turbulencies
      which tend to deflect the crop in a forward direction which prevents the
      mower from cutting the crops in a clean and even manner.
PAR  When the crop is flattened or entangled, for example as a result of bad
      weather conditions, a clean and even cut is often very difficult, if not
      impossible, to attain, as the cutter blades do not cut low enough with
      respect to the ground. This results in the crop being mown in
      inappropriate lengths, if it is cut at all.
PAR  In another arrangement of rotary mower, the rotatable cutter units are
      mounted underneath the transversely-extending cutter bar drive housing,
      i.e. they are driven from the top instead of from beneath. The drive
      housing is extended in a forward direction by means of stationary shields
      completely covering the rotary cutter units except for the cutter blades
      thereof. A rearwardly and upwardly extending rake member is arranged
      substantially above the stationary drive housing and a first crop conveyor
      rotor is arranged on top of the rake member substantially above the centre
      line of the cutter bar, while a second crop conveyor rotor extends
      substantially behind the first conveyor. Both rotors are intended to
      convey the crop rearwardly in cooperation with the rake member. However,
      the rotors and the rake member have a very complicated structure and fail
      to provide for a continuous and even flow of crop towards the rear of the
      cutter bar. In addition, there still remains a "dead" zone between the
      forward edge of the cutter bar at which the crops are cut and the most
      forwardly extending rotor. As a result, the crop is not conveyed in a
      rearward direction immediately after being cut, whereby the crop is
      chopped to some extent and the movement thereof becomes very irregular.
PAR  Also, again no satisfactory mowing operation can be obtained in flattened
      and/or entangled crops as the cutter blades tend to move above the crop.
      Furthermore, the rotary cutter units also create considerable air
      turbulencies which tend to deflect the standing crop in a forward
      direction preventing, as already discussed, an even and clean cut,
      particularly when a short crop is to be mown. Also, this type of mower
      attracts the problem arising out of the striking of mole hills or other
      mounds of soil. Finally, as the rotating cutter units inevitably contact
      the ground and as these units are rotated at high speeds (for example of
      the order of 3000 r.p.m.) they are subject to exceptionally fast wear.
PAR  Mower conditioners having rotary type mower means are in use and each has a
      cutter bar which is principally similar to the underdrive rotary mower
      discussed above. As a result, all the disadvantages which are
      characteristic of such rotary mowers also apply to these mower
      conditioners. In addition, mower conditioners have other disadvantages.
PAR  In one mower conditioner, the actual conditioner means comprise a large
      transversely-extending conditioning roll which is cooperable with a
      stationary curved shield. This conditioning roll extends substantially
      above the rotary cutter units of the cutter bar at a location slightly
      offset to the rear thereof and is rotated clockwise as seen in end view
      with the roll located to the right of the cutter bar. Due to this
      particular arrangement, the generally horizontal movement of the crop
      towards the rear of the cutter bar is abruptly changed into a generally
      vertical movement around the conditioner roll. This causes a hesitation in
      the movement of the crop, whereby the risk of the crop being chopped by
      the rotating cutter blades is further increased. The fluent movement of
      the crop is also hindered thereby, which results in an inadequate
      conditioning of the crop.
PAR  Other mower conditioners comprise a pair of conditioning rolls which extend
      one above the other at a location generally behind the rear edge of the
      cutter bar and are driven in opposite directions in such a manner as to
      pass the mown crop therebetween and then discharge it rearwardly of the
      machine. A stationary guide plate is usually arranged between the
      discharge end of the cutter bar and the intake end of the conditioner
      means. Since there is no positive feeding of the mown crop to the
      conditioner means from the mower means, the flow of crop to the
      conditioner means may be uneven instead of being continuous. Again under
      such circumstances, the cut crop may become chopped to some extent by the
      rotating cutter blades and inadequate conditioning may take place.
PAR  In an attempt to ensure a fluent and continuous feeding of the crop from
      the mower means to the conditioner means, some mower conditioners have
      been provided with a transversely-extending reel which is positioned
      substantially above the rear edge of the mower means and above the
      stationary guide plate in order to provide positive crop conveying means
      to convey the crop in an even pattern from the mower means to the
      conditioner means. In this arrangement, the crop is first accelerated by
      the cutter units and conveyed towards the reel and the stationary guiding
      plate. At the transition between the mower means and the guide plate there
      may still occur some hesitation in the movement of the crop, whereby again
      there is a risk of the crop being chopped.
PAR  It is known to provide mower conditioners with a conventional reciprocatory
      sickle bar and with a reel extending substantially above the forward edge
      of the sickle bar. In this arrangement, the reel is operative to convey
      the crop rearwardly from a location where it is cut towards the
      conditioning means. In addition, this reel is also intended to keep
      forwardly-extending fixed knife guards free from any substantial build up
      of material. However, the lower portions of the sickle bar structure are
      stationary and out of the reach of the reel, whereby dirt may accumulate
      thereon resulting in jamming of the cutter bar. As is well known, such
      sickle bar type mowers have a maximum capacity which is substantially
      below the maximum capacity of rotary type mowers and, therefore, the
      latter type is more desirable than the former, provided the disadvantages
      of rotary mowers referred to can be eliminated.
PAR  It is the principle object of the present invention to overcome or to
      attenuate one or more of the aforementioned disadvantages of rotary type
      mowers and mower conditioners employing such mowers.
PAR  According to the present invention a rotary mower comprises a cutter bar,
      at least one skid for supporting the cutter bar, and a guard mounted over
      the cutter bar, the cutter bar comprising at least one rotatable cutter
      unit having at least one cutter blade, each cutter unit being located
      between the, or each, skid and the guard, and the trajectory of the
      outermost end of each cutter blade extending beyond the forward edges of
      the, or each, skid and the guard.
PAR  Preferably, the cutter bar comprises a transversely-extending housing
      having a plurality of rotatable cutter units mounted on the lower side
      thereof and in use driven by drive means located within the housing. A
      skid may be provided below each of the cutter units and each skid is
      preferably made freely rotatable. The guard is stationary and extends over
      the total width of the cutterbar, only the trajectories of the outermost
      ends of the cutter blades projecting beyond the freely rotatable skids and
      the stationary guard at the forward edges thereof. The rotatable cutter
      units may be of any shape but are preferably substantially flat and
      oval-shaped in plan view. The freely rotatable skids may have
      substantially the same diameter as the major diameter of the oval cutter
      units and are arranged concentrically one above the other. The forward
      edge of the guard may be scalloped, the radius of curvature of each
      portion being substantially the same as that of the skids and the forward
      edges of said portions being aligned vertically with that of the
      respective skids.
PAR  Preferably crop conveyor means are rotatably arranged substantially above
      the forward edge of the cutter bar, the crop conveyor means being operable
      to raise flattened crop before being cut, to sweep the crop towards the
      cutter bar, and to convey cut crop rearwardly over the stationary guard
      for discharge to the ground immediately after being cut, thereby
      preventing any chopping of the cut crop.
PAR  The crop conveyor means may be in the form of a reel structure having
      cam-actuated transverse slats supporting tines, the cam means being
      operable angularly to adjust the slats, and hence the position of the
      tines, such that the tines positively engage the crop forwardly of the
      cutter bar, feed it to the cutter bar for cutting, then convey the cut
      crop in a rearward direction over the guard immediately after being cut,
      and finally release the cut crop.
PAR  The rotary mower may form part of a mower conditioner in which case crop
      conditioner means are provided rearwardly of the cutter bar for operating
      on the cut crop prior to discharge thereof to the ground.
PAR  The conditioner means may comprise a pair of oppositely driven and
      cooperable conditioner rolls and the guard may extend from the forward
      edge of the cutter bar to slightly below and short of the nip of the
      rolls. Alternatively, the conditioner means may comprise an impacting
      rotor or beater with a cooperating shield.
PAR  In the case of a mower conditioner, the crop conveyor means are arranged to
      release the cut crop adjacent the conditioner means, such as at the nip of
      the conditioner rolls when these are employed, or at the intake region of
      the impacting rotor and associated shield when these are employed.
PAR  During operation of the mower, the freely rotatable skids may engage the
      ground and are rotated in one or other direction as soon as any resistance
      is met and as soon as there is a tendency for cut crop and/or dirt to
      accumulate and adhere thereto, whereby such accumulation is prevented. The
      reel structure is operable to raise any flattened crops and to force all
      crop into contact with the cutter blades. As soon as the crop is cut, it
      is conveyed out of the reach of the cutter blades on to the stationary
      guard, and further conveyed rearwardly and upwardly over the guard for
      discharge in case of a rotary mower and towards the conditioner means in
      the case of a mower conditioner. All components driven at relatively high
      speed, except for the portions of the cutter blades which extend beyond
      the skids and guard, are shielded by the skids and guard, whereby adverse
      influences thereof on the crop and the harvesting operation are
      eliminated, or at least attenuated.
PAR  Rotary mowers in accordance with the invention and mower conditioners
      employing the same in addition to preventing any accumulation of material
      thereon and any chopping of the cut crop also provide a clean cut of the
      crop over the whole width of the cutter bar even under the most adverse
      crop conditions. Furthermore the cut crop is continuously and fluently
      conveyed rearwardly which results in an even and adequate conditioning
      with minimum power requirements.
DRWD
PAR  Two mower conditioners with a cutter bar of the rotary type embodying the
      present invention will now be described in greater detail, by way of
      example, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a somewhat diagramatic cross-sectional view of the first mower
      conditioner,
PAR  FIG. 2 is an enlarged sectional view, similar to FIG. 1, of only a portion
      of the mower conditioner,
PAR  FIG. 3 is a diagramatic plan view of drive means for the cutter bar,
PAR  FIG. 4 is a diagramatic fragmentary view taken along the line IV--IV of
      FIG. 2.
PAR  FIG. 5 is an enlarged elevational view of one component of the mower
      conditioner indicated at V in FIG. 2,
PAR  FIG. 6 is a fragmentary top view taken along the line VI--VI of FIG. 2, and
PAR  FIG. 7 is a view similar to FIG. 1 of the second mower conditioner.
DETD
PAR  With reference to FIGS. 1 to 6, the mower conditioner is indicated
      generally at 1 and comprises a chassis 2 having a transversely-extending
      main beam 3 and rearwardly extending arms 4 secured thereto to support the
      whole structure on rearward ground-engaging wheels 5. The chassis 2
      further comprises fore-and-aft extending side-walls 6 which are arranged
      to support a secondary transversely-extending beam 7, conditioner rolls 8,
      9, a forward deflector rod 10, a forward protective curtain or skirt 11
      and a rearward deflector shield 12. The mower conditioner further
      comprises a forwardly-extending tongue or hitch (not shown) and drive
      means (also not shown) for attaching the mower conditioner to a pulling
      tractor and to transmit driving motion from the tractor to the components
      of the mower conditioner.
PAR  The mower conditioner further comprises a cutter bar of the rotary type
      which is generally indicated at 13 and comprises a housing or supporting
      casing 14 secured to the lower edge of the secondary transverse beam 7 and
      accommodating drive means generally indicated at 15. The drive means 15
      comprise a number of generally vertically-extending shafts 16 which extend
      through openings in a base plate 17 of the casing 14 in downward direction
      and are arranged to support cutter units 18 each having pivotally
      connected thereto a pair of cutter blades 19. The shafts 16 further
      support at their lower free ends freely rotatable ground-engaging skids
      20. The casing 14 extends over the total width of the mower conditioner
      and protrudes, at the side of the tongue, beyond the associated side wall
      6. At this end of the casing 14, which is indicated at 21 in FIG. 3, a
      vertical input shaft 22 extends upwardly through a top plate 23 of the
      casing 14 and is operatively arranged to receive driving motion from the
      main drive transmission (not shown). The input shaft 22 supports a first
      gear 24 inside the casing 14 which meshes with a reversing gear 25 which
      in turn meshes with a second reversing gear 26. The drive transmission 15
      inside the casing 14 further comprises gears 27 secured to respective
      shafts 16, and intermediate reversing gears 28, 29 which are operative to
      transmit and reverse the drive motion from one shaft 16 to the
      neighbouring shaft 16. Accordingly, the cutter units 18 are driven in
      opposite direction as indicated by the arrows 30, 31 in FIGS. 3 and 4.
PAR  Referring to FIG. 2, the secondary transversely-extending beam 7 comprises
      a generally flat and horizontally-extending member 32 arranged to support
      a bearing member 33 for each shaft 16 by means of bolts 34, each bearing
      member also being bolted at 35 to the top plate 23 of the casing 14. Ball
      bearings 36 and 37 are seated inside each bearing member 33 to bear the
      top end of the associated shaft 16. The base plate 17 of the casing 14 is
      in turn bolted to the top plate 23 by bolts 38 of which alternate ones are
      arranged to cooperate with nuts 39 and the remainder arranged to cooperate
      with tapped extensions 40 of the beam 7. A series of second bearing
      members 41 having bearings 42 is secured to the base plate 17 of the
      casing 14 by means of bolts 43 and each bearing 42 bears an intermediate
      portion of the associated shaft 16. The bearing members 33 and 41, the
      bearings 36, 37 and 42, the shafts 16 and the base and top plates 17 and
      23 of the casing 14 are assembled and sealed in such a manner that the
      casing 14 is operative to hold oil to ensure a smooth running and long
      life of the components of the drive transmission 15.
PAR  Cutter unit support members 44 are keyed to respective shafts 16 at a
      location substantially below the base plate 17 of the casing 14. Upper and
      lower generally oval-shaped (as seen in plan view) cutter blade supporting
      members 45, 46 are secured to the members 44 by a retaining ring 47 and
      bolts 48. The cutter blade supporting members 45, 46 have outer cranked
      sections 49, 50, the crank of the lower member 46 being greater than the
      crank of the upper member 45, whereby a free space is created between the
      two members 45, 46 when assembled. The cutter blades 19 are mounted in
      this free space and pivot therewithin when in use they strike an
      obstruction. The section 50 of the lower cutting blade supporting member
      46 has a square-shaped aperture 51 which is operative to hold a
      specially-shaped cutter blade retaining nut 52 comprising a generally
      cylindrical body portion 53 and a square collar 54 as seen in FIG. 5. The
      square collar 54 cooperates with the complementary shaped aperture 51 in
      the section 50 to prevent any rotational movement of the nut 52, the
      cylindrical body portion 53 being operative to hold, and provide the pivot
      for, the cutter blade 19. The section 49 of the upper cutter blade
      supporting member 45 has two circular apertures 55 which receive bolts 56
      for cooperation with respective nuts 52 to hold the latter in the
      operative position. When assembled, the cutter blades 19 are freely
      pivotable with clearance around the cylindrical body portions 53 of the
      nuts 52. Removal and replacement or reversal of the cutter blades 19 is
      easily accomplished from the rearward edge of the cutter bar 13 at a
      location substantially below the beam 7 as it is only necessary to unscrew
      the bolts 56 and take out the nuts 52. The cutter blades are bevelled on
      opposed edges so that they may be reversed when one edge becomes blunt, as
      is conventional.
PAR  As already mentioned, the shafts 16 support at their lower ends freely
      rotatable supporting skids 20. Each skid 20 comprises a generally
      cylindrical central boss 58 (FIG. 2) by which the skid is mounted on the
      associated shaft 16 via a bearing 59, and a dished circular
      ground-engaging body portion 60. Each bearing 59 is held in position on
      its shaft 16 by a retaining ring 61 while the bearing 59 is sealed from
      dust etc. at the lower end by a sealing member 62 which forms a cap for
      the lower end of the shaft 16 and sits in the lower end of the boss 58
      over which the body portion 60 does not extend.
PAR  The major diameter of the cutter blade supporting members 45, 46 is
      slightly less than the diameter of the skids so that they are protected by
      the latter. The cutter blades 19 can pivot in such a manner as also to lie
      completely within the radius of the skids 20 although in the normal
      operative cutting position, the cutter blades 19 extend beyond the outer
      circumference of the skids 20.
PAR  Bolts 63 and washers 64 ensure that the shafts 16 are held in position
      relative to the respective bearing members 33. In the operative position,
      the cutter bar 13 is slightly downwardly inclined in a forward direction
      with respect to the ground line which is generally indicated at 65. It
      should be noted that the trajectories 66 of the outer ends of the cutter
      blades 19 of adjacent cutter units 18 overlap each other to a considerable
      extent. This is made possible by the provision of oval-shaped cutter blade
      supporting members rather than circular shaped members for example, and
      the timing of the cutter units. Adjacent cutter units 18 are assembled
      90.degree. out of phase with each other as shown in FIG. 4 and are
      maintained in these relative positions by the drive gears 25, 26 and 27 so
      that in operation one unit cannot foul an adjacent unit. The trajectory of
      the outer end of a cutter blade 19 when it pivots around the pivot points
      formed by the associated nut 52 has been indicated at 67 in FIG. 4.
PAR  A stationary guard 68 is arranged above the cutter bar 13 in a generally
      upwardly and rearwardly extending direction between the forward end of the
      cutter bar 13 and the nip of the conditioner rolls 8, 9. The guard 68
      comprises flared, (from top to bottom), convex sections 69 (as seen in
      FIG. 6) having lower arcuate edges 70 positioned above and towards the
      forward edge of the respective cutter units 18. Arcuate forward sections
      71 are welded to the arcuate edges 70, the sections 71 being substantially
      flat, and generally parallel to the cutter units 16, and extending in
      forward direction with forward edges 72 of substantially the same radius
      as the freely rotatable skids 20. The forward edges 72 of the sections 71
      are positioned substantially concentrically with the respective skids 20
      but slightly vertically offset therefrom to accommodate the protrusion of
      the cutter blades 19. With this arrangement, the cutter blade supporting
      members 45, 46 are completely shielded from any direct contact with the
      crop, while the cutter blades 19 only protrude beyond the shielding
      members formed by the guard 68 and the skid members 20 at small operative
      cutting sections in front of the cutter bar 13. The sections 69 of the
      guard 68 are spaced from each other by generally flat triangularly-shaped
      sections 73. The guard 68 is secured to the secondary
      transversely-extending beam 7 by round head screws 74 and spacers 75. The
      upper edge of the protective guard 68 is substantially rectilinear and is
      arranged slightly below but in close relationship to the nip of the
      conditioner rolls 8, 9.
PAR  The mower conditioner further comprises a crop conveyor 76 (FIG. 1) formed
      by a rotatable reel structure comprising a central core 77 carried by the
      side walls 6, a number of radially-extending supports 78 secured thereto
      at the outer ends thereof, and transverse slats 79 pivotally borne by the
      supports 78. Each slat 79 carries a series of long tines 80 and a series
      of short tines 81. The long tines 80 are positioned along each slat 79 so
      as to be generally aligned with the flat triangularly-shaped sections 73
      of the guard 68, while the short tines 81 are aligned with the convex
      sections 69. This arrangement ensures a close relationship between all the
      tines 80, 81 and the whole surface of the guard 68. In addition, the reel
      76 is also positioned in close relationship to the forward edge of the
      cutter bar 13 and to the intake side of the conditioner rolls 8, 9.
PAR  Each slat 79 is connected at one end to a crank shaft 82 having a cam
      follower 83 which is arranged to ride in a cam track 84 which is secured
      to one of the side walls 6. The cam track 84 and the cam followers 83 are
      operative to pivot the slats 79 from a crop-engaging or conveying position
      85 when located above the forward end of the cutter bar 13 and the
      protective guard 68, to a crop-releasing position 26 when located
      generally at the nip of the conditioner rolls 8, 9. The trajectories of
      the outer ends of the tines 80 and 81 are partially indicated by broken
      lines 87 and 88, respectively. The direction of rotation of the reel 76 is
      indicated by arrow 89. Arrow 90 indicates the direction of forward
      operative movement of the mower conditioner, and arrows 91 and 92 indicate
      the direction of contra-rotational movement of the conditioner rolls 8, 9.
PAR  With reference to FIG. 7, showing the second mower conditioner embodying
      the present invention, identical components are indicated by identical
      reference numerals. This mower conditioner also comprises a chassis 2
      having a transversely-extending main beam 3 and rearwardly-extending arms
      4 secured thereto to support the whole structure on rearward
      ground-engaging wheels 5. The structure further comprises a
      transversely-extending secondary beam 7, the rotary type cutter bar 13
      according to the invention, the forwardly-extending crop conveyor means 76
      and the upwardly and rearwardly extending guard 69 situated above the
      cutter bar 13. However, the conditioner rolls 8, 9 of the embodiment of
      FIG. 1 are replaced by impact conditioner means or beater generally
      indicated at 101 and comprising a single rotor 102 with a plurality of
      flails 103, in the form of radially-extending arms with forked ends, and a
      cooperating arcuate shield or guide 104 extending over the rotor and
      helping to convey or guide the cut crop rearwardly of the machine in
      cooperation with the rotor. The rotor 102 is rotated in the direction of
      arrow 105. The forward edge 106 of the shield 104 extends slightly above
      and in front of the rear edge of the guard 68 so as to provide a
      continuous and uninterrupted passage for the crop from above the guard 68
      to the rotor 102. V-section conditioner elements 107 are arranged on the
      inner side of the shield 104, which elements act as auxiliary conditioner
      means to the rotor 102. The elements 107 extend substantially parallel to
      the axis of the rotor 102.
PAR  In operation the mower conditioner 1 is pulled through a field of standing
      crop material by a tractor with power being supplied to run the machine
      from the usual tractor power take-off shaft. The input power is
      transferred to the various drive mechanisms in a conventional manner and
      the individual components are driven as hereinbefore described. The cutter
      bar 13 is positioned in inclined, close operative relationship with
      respect to the ground line 65 and is moved in the direction 90. The freely
      rotatable skid members 20 engage the ground in this operative position of
      the cutter bar 13 whereby upon encountering any resistance, they rotate in
      one or other direction, thus preventing any accumulation of cut crop
      and/or dirt thereon. When any obstacles are encountered, the skids 20
      ensure that the cutter bar 13 is raised so as to pass over the obstacle.
      The cutter units 18 are rotated at about 3000 r.p.m., thereby ensuring
      that the cutter blades 19 cut the crop material by impact as the mower
      conditioner traverses the field. The reel 76 which is mounted above the
      cutter bar 13 engages the crop material and is operative to hold it within
      the reach of the cutter blades 19 during the cutting operation and to
      raise flattened crop material, where applicable, prior to being cut. As
      soon as the crop material is cut, it is deposited on top of the guard 68
      out of the reach of the cutter blades 19, whereby chopping of cut crops is
      minimised, if not obviated. Referring to the embodiment of FIGS. 1 to 6
      the tines 80, 81 are operative continuously to sweep the cut crop material
      away from the cutting location in upward and rearward direction over the
      guard 68 towards the conditioner rolls 8, 9 thereby ensuring a continual
      clearing of cut crop material at the forward edge of the cutter bar 13 and
      a fluent feed thereof to the conditioner rolls 8, 9. At the nip of the
      conditioner rolls 8, 9 the tines 80, 81 are pivoted to the crop-releasing
      position 86, so that the crop can enter the nip and pass between the two
      rolls, the upper one 8 of which is resiliently urged towards the lower one
      9. The conditioner rolls 8, 9 crush and crack the crop material in a
      conventional manner. As the crop material leaves the rolls 8, 9 it passes
      downwardly under the deflector plate 12 and is deposited in a relatively
      wide fluffy swath readily to permit drying of the conditioned material.
      The surfaces of the rolls 8 and 9 may be fluted and arranged to mesh one
      with the other. Alternatively, one roll may be plain and the other fluted,
      or both rolls may be plain.
PAR  Referring to the embodiment of FIG. 7, the tines 80, 81 are pivoted to the
      crop releasing position 86 at the forward edge 106 of the shield 104 (i.e.
      at the intake region of the rotor 102) so that the crop can enter the
      space between the rotor 102 and the shield 104 and pass therebetween. The
      flails 103 beat on the crop and throw it against the conditioner elements
      107 at the inner side of the conveyor guard 104, whereby it is thoroughly
      crushed and cracked, i.e. conditioned. As the crop material leaves the
      conditioner means 101 it is deposited in a relatively wide fluffy swath
      readily to permit drying of the conditioned material. The conditioner
      means 101, and more particularly the shield 104, are positioned relative
      to the discharge end of the protective guard 68 in such a manner so as to
      provide a smooth transition for the crop from the protective guard 68 to
      the space between the rotor 102 and the shield 104.
PAR  A mower or mower conditioner constructed in accordance with the invention
      is especially advantageous over the prior art as it ensures a clean and
      even cut of crop without leaving any strips of uncut material, even under
      the most adverse conditions such as heavy, entangled, wet or flattened
      crops. This is mainly due to the fact that no accumulation of foreign
      material on the cutter bar can occur. The cut crop is continuously and
      fluently cleared away from the fast rotating cutter components, whereby
      any desired chopping action on the crop is prevented and hence
      substantially no crop losses occur while minimising power requirements.
      Due to the special arrangement whereby the fast rotating cutter
      components, except the cutter blades 19, are "sandwiched" between the
      stationary guard 68 and the freely rotatable skids 20, no adverse air
      turbulencies are created. Also when mole hills are encountered. for
      example, only the cutter blades 19 make contact therewith so that the
      resultant spreading of the soil is minimised compared with known machines
      in which the whole of the cutter units are contactable by the soil which
      is accordingly scattered to a greater extent.
PAR  The arrangement of an elongated cutter bar and elongated conditioner means
      associated therewith, ensures that the mat of crop material is conditioned
      over a width which substantially corresponds with the cutting width of the
      machine. Hence the mat of crop is comparatively thin when being
      conditioned. This results in an excellent conditioning operation which
      would not normally be obtained when conditioning a thicker mat as in known
      machines.
PAR  The skirt 11 is made up of a number of strips of rubber or other flexible
      material and serves to protect the tractor driver from stones or other
      hard objects that may be flung up by the cutter blades 19. However, the
      skirt 11 need not be employed. The rod 10 serves to deflect tall crop
      forwardly prior to mowing which facilitates the actual cutting operation.
PAR  Modifications and alterations to the described preferred embodiment of the
      invention may be made. For example, a rotary mower similar to the
      aforedescribed structure but without the conditioner rolls 8, 9 may be
      provided for use as mower means only. In a modified embodiment of such a
      rotary mower, the reel structure 76 may have a reduced diameter, but will
      still extend substantially above the forward edge of the cutter bar and
      will be operative to sweep crop to the cutter bar and convey cut material
      in rearward direction over a stationary guard provided over the cutter
      units. Also the position of the reel 76 relative to the cutter bar 13 may
      be made adjustable by means of hydraulic cylinders, for example.
      Furthermore, the freely rotatable ground engaging skids 20 may have an
      upturned periphery to reduce the risk of dirt etc. entering between the
      skids 20 and the guards 68. Circular baffle elements or labyrinth flanges
      may be provided on the movable components such as the skids 20 and the
      support members 44, and the stationary components such as the underside of
      the casing 14, in order to protect the various bearings against the
      ingress of dust, etc.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A rotary mower comprising:
PA1  a. a cutter bar comprising at least one rotatable cutter unit having at
      least one cutter blade, said cutter unit being substantially flat and
      oval-shaped in plan view;
PA1  b. at least one skid for supporting the cutter bar, one skid being provided
      below each said cutter unit and being freely rotatable, said skid further
      being circular in plan view and generally concentrically arranged with
      said cutter unit and having substantially the same diameter as the major
      diameter of the oval cutter unit;
PA1  c. a guard mounted over the cutter bar, said guard having a forward edge
      portion being aligned vertically with that of each respective skid, said
      forward edge portion of the guard being scalloped and having a radius of
      curvature substantially the same as that of the respective skid;
PA1  d. said cutter unit being located between a respective skid and the guard
      and the trajectory of the outermost end of each cutter blade extending
      beyond the forward edge portions of the respective skid and the guard; and
PA1  e. crop conveyor means arranged substantially above the forward edge
      portions of the guard and the cutter bar and being operable to sweep crop
      towards the cutter bar and to convey cut crop rearwardly over the guard.
NUM  2.
PAR  2. A rotary mower as set forth in claim 1, wherein each of the scalloped
      forward edge portions of the guard is formed from flat arcuate members
      attached to the respective lower arcuate edges of flared convex portions
      of the guard so that they are disposed substantially parallel to the
      cutter units, the convex portions being joined together by generally flat
      triangular portions.
NUM  3.
PAR  3. A rotary mower comprising:
PA1  a. a cutter bar comprising at least one rotatable cutter unit having at
      least one cutter blade;
PA1  b. a least one skid for supporting the cutter bar;
PA1  c. a guard mounted over the cutter bar;
PA1  d. said cutter unit being located between the skid and the guard and the
      trajectory of the outermost end of each cutter blade extending beyond the
      forward edges of the skid and the guard; and
PA1  e. crop conveyor means arranged substantially above the forward edges of
      the guard and the cutter bar and being operable to sweep crop towards the
      cutter bar and to convey cut crop rearwardly over the guard, said crop
      conveyor means being in the form of a reel structure having
      peripherally-arranged transverse slats supporting tines and actuated by
      cam means, said cam means being operable angularly to adjust the slats,
      and hence the position of the tines, such that the tines positively engage
      the crop forwardly of the cutter bar, feed it to the cutter bar for
      cutting, then convey the cut crop in a rearward direction over the guard
      immediately after being cut, and finally release the cut crop.
NUM  4.
PAR  4. A rotary mower as set forth in claim 3, wherein said crop conveyor means
      is further operable to raise flattened crop before being cut.
NUM  5.
PAR  5. A rotary mower as set forth in claim 3, wherein the cutter bar further
      comprises a transversely extending housing having a plurality of rotatable
      cutter units mounted on the lower side thereof and including means located
      within the housing for driving said cutter units.
NUM  6.
PAR  6. A rotary mower as set forth in claim 3, wherein the guard is stationary
      and extends over the total width of the cutter bar, and wherein only the
      trajectories of the outermost ends of the cutter blades project beyond the
      skids and the guard at the forward edges thereof.
NUM  7.
PAR  7. A rotary mower as set forth in claim 3, wherein one end of each slat is
      connected to a crank shaft provided with a cam follower arranged to ride
      in a cam track.
NUM  8.
PAR  8. A rotary mower, as set forth in claim 3, and further comprising crop
      conditioner means disposed rearwardly of the cutter bar and the guard and
      operable on the cut crop prior to discharge thereof to the ground.
NUM  9.
PAR  9. A rotary mower, as set forth in claim 8, wherein the conditioner means
      comprise a pair of oppositely driven and cooperable conditioner rolls, and
      wherein the guard extends from the forward edge of the cutter bar to
      slightly below and short of the nip of the conditioner rolls.
NUM  10.
PAR  10. A rotary mower as set forth in claim 9, wherein the crop conveyor means
      is arranged so that the cut crop is released at the location of the nip of
      the conditioner rolls.
NUM  11.
PAR  11. A rotary mower, as set forth in claim 8, wherein the conditioner means
      comprise an impacting rotary beater with a cooperating shield.
NUM  12.
PAR  12. A rotary mower as set forth in claim 11, wherein the rotary beater
      comprises a core which carries a plurality of radially-extending arms
      having forked ends.
NUM  13.
PAR  13. A rotary mower as set forth in claim 11, wherein auxiliary conditioner
      means are provided on the surface of the shield facing the rotary beater,
      the latter being operable to throw the crop against the auxiliary
      conditioner means.
NUM  14.
PAR  14. A rotary mower, as set forth in claim 13, wherein the auxiliary
      conditioner means are in the form of a plurality of elements of V-section
      disposed substantially parallel to the axis of the rotary beater.
NUM  15.
PAR  15. A rotary mower, as set forth in claim 3, wherein crop-deflecting means
      are provided forwardly of the crop conveying means and cutter bar to
      deflect relatively tall crop forwardly prior to being cut.
NUM  16.
PAR  16. A rotary mower as set forth in claim 3, wherein the forward edge of the
      guard is scalloped, being formed from flat arcuate members attached to
      respective lower arcuate edges of flared convex portions of the guard so
      that they are disposed substantially parallel to the cutter unit, the
      convex portions being joined together by generally flat triangular
      portions.
NUM  17.
PAR  17. A rotary mower, as set forth in claim 16, wherein some of the tines are
      shorter than the others, the longer tines being arranged to cooperate
      closely with the triangular portions of the guard, and the shorter tines
      being arranged to cooperate closely with the convex portions of the guard.
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ABST
PAL  Combined harvesting and threshing machine which can be mounted as a compact
      single unit on the front of a self-propelled power unit. Crop is cut by a
      cutterbar and fed by an auger to a threshing cylinder at one end of a crop
      gathering table. The threshing cylinder discharges threshed crop onto the
      input end of straw walkers mounted above the cutterbar.
BSUM
PAR  This invention relates to harvesters for such crops as wheat, barley,
      maize, rice, soya beans, ground nuts and other crops which require
      threshing in order to separate seed from other crop material. In this
      specification such crops are hereafter referred-to as grain crops.
PAR  According to the invention there is provided a harvester comprising crop
      gathering means, crop threshing means, and conveyor means operative to
      carry gathered unthreshed crop in a first direction towards the crop
      threshing means and operative to carry threshed crop away from the crop
      threshing means in the direction opposite to said first direction,
      characterized in that the conveyor means comprises separate feed-in and
      feed-out conveyors operative to feed crop towards and away from
      respectively the crop threshing means, the feed-out conveyor being
      positioned above the feed-in conveyor and being drivable independently
      thereof.
DRWD
PAR  Several embodiments of the invention will now be described by way of
      example with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a front elevation view of a harvester having straw walkers
      positioned above a front auger, and constituting a first embodiment of the
      invention;
PAR  FIG. 2 is a view similar to that of FIG. 1, of a second embodiment of the
      invention having rotary separating apparatus in place of the straw
      walkers;
PAR  FIG. 3 shows a section on the line A--A in FIG. 1 and also shows a crop
      gathering reel not seen in FIG. 1;
PAR  FIG. 4 shows a plan view, with portions omitted, of the FIG. 2 embodiment;
PAR  FIG. 5 shows a plan view of the FIG. 1 embodiment with certain portions cut
      away for purposes of illustration and includes the crop gathering reel of
      FIG. 3 together with grain cleaning apparatus to remove chaff etc. from
      separated grain;
PAR  FIG. 6 shows a section on the line B--B in FIG. 2;
PAR  FIG. 7 shows a rear elevation view of the FIG. 1 embodiment with certain
      portions cut away for purposes of illustration and shows the threshing
      mechanism, and the grain cleaning apparatus which is also seen in FIG. 5;
PAR  FIG. 8 shows an end elevation of the FIG. 1 embodiment, the direction of
      viewing being from the right in FIG. 1 and from the left in FIG. 7, so as
      to show the grain cleaning apparatus;
PAR  FIG. 9 shows in a view similar to that of FIG. 7, a portion of the FIG. 1
      embodiment incorporating an alternative non-rotary grain cleaning device;
PAR  FIG. 10 shows in a view similar to that of FIG. 9, a further alternative
      grain cleaning device;
PAR  FIG. 11 shows a section on the line C--C in FIG. 5, and, in a view similar
      to that of FIG. 3 illustrates details of the method of mounting driving
      and adjusting the crop gathering reel;
PAR  FIG. 12 shows an end elevation of a further embodiment which is otherwise
      similar to that of FIG. 1 but which uses a self-regulating blower to
      separate grain from chaff underneath the crop threshing apparatus;
PAR  FIGS. 13 and 14 show an end elevation and plan view respectively of a still
      further embodiment of the invention, in which a threshing cylinder is
      provided at each end of a crop gathering table, the threshing cylinder
      being fed by a single auger having flights of opposite hand and the
      threshed crop from the cylinders being gathered by a common auger which
      co-operates with a concave to effect further grain separation;
PAR  FIG. 15 shows, in a view similar to that of FIG. 3, another embodiment, in
      which a conventional combine reel is used, together with a conveying drum
      to feed crop rearwards immediately after it has been cut by a cutterbar;
PAR  FIG. 16 shows an end elevation view of a further embodiment, otherwise
      similar to that of FIG. 15 but having an auger positioned immediately
      behind a cutter bar and a chain and slat conveyor feeding crop to the
      threshing apparatus;
PAR  FIG. 17 shows an end elevation view of yet another embodiment,
      incorporating further modifications of the crop feeding arrangements.
DETD
PAR  As shown in FIGS. 1, 3, 5 and 7 a grain crop harvester to be mounted on the
      front of a self propelled power unit or tractor comprises a crop gathering
      table having a cutter-bar 1 in front of a feeding auger 2 (constituting a
      feed-in conveyor) which conveys the crop to the right hand end of the
      table (looking in the travel direction) to a position in front of a
      threshing mechanism 5, 6. Due to the gradual reduction of the height of
      the auger flight 3 in front of the threshing mechanism, the crop is
      equally distributed over the complete width of the threshing mechanism. A
      series of retractible fingers 4 (constituting discharge elements) mounted
      in the cylinder of the feeding auger 2 feed the crop rearwards to the gap
      between the threshing cylinder 5 and the concave 6 of the threshing
      mechanism.
PAR  In use, most of the threshed grain falls through the concave 6 onto a
      conveying auger 7 (FIG. 7) which conveys the grain to a cleaning device
      27, 28 (see FIG. 7). The straw with the remaining grain is thrown in a
      forward direction by the threshing cylinder 5 onto straw walkers 8 which
      are positioned above the feeding auger 2. The straw walkers 8 constitute a
      feed-out conveyor and convey the straw in the opposite direction to the
      direction of movement of crop on the feeding auger 2, that is to the left
      hand end of the table (as seen in FIG. 7) and drop it onto the ground. The
      grain remaining in the straw after threshing is separated during this
      conveying operation on the walkers 8. This separated grain falls onto a
      pan 9 under the walkers and from here into the conveying auger 7.
PAR  As shown in FIGS. 3, 5 and 11, for feeding standing crop to the cutter-bar
      1 which is positioned in front of or beneath the walkers 8 and from here
      to the feeding auger 2 which is also positioned beneath the walkers 8, the
      use of a band reel as shown in FIGS. 3, 5 and 11 is desirable. Such a reel
      requires less space in the vertical direction than a conventional combine
      reel. The band reel comprises circulating endless chains or belts 10 on
      which cross bars 11 are mounted. The cross bars carry tines 12.
PAR  In order to produce positive transport of the crop material, the attitude
      of the tines 12 is controlled so that the tines remain in a downwardly
      projecting attitude. For this purpose, the cross bars 11 are equipped with
      an attitude control linkage which is driven by an additional endless chain
      or belt 13. The axes of the pulleys or sprockets 14 for the belt or chain
      13 are offset from the axes of the sprockets 15 for the chains 10 whereby
      the tines 12 are maintained in a downwardly projecting attitude by being
      connected to the belt or chain 13.
PAR  The attitude of the tines can be adjusted by adjustment of the position of
      each sprocket 14 relative to the axis of its respective sprocket 15 in an
      arc centred on the axis of the sprocket 15.
PAR  The complete band reel is adjustable in attitude relative to the ground
      surface. This adjustment is effected by a hydraulic ram 16 (FIG. 11) which
      pivots the band reel about a shaft 17 on which sprockets 15 are
      journalled.
PAR  If the distance between the cutter-bar 1 and the walkers 8 allows a higher
      position of the band reel 10, 11, 12, then the reel carrying arms 20 can
      be pivoted on upper pivot points 19.
PAR  A buffer 33 is mounted on each reel carrying arm 20 for engagement with
      respective upstanding arms 18 to limit upward angular movement of the reel
      when the reel is pivoted on shaft 17. The effect of the buffers is that,
      on pivoting the reel upwards, after engagement of the buffers with arms 18
      both arms 20 and arms 18 are pivoted, whereby the position of the rear
      shaft 17 relative to the feeding auger 2 is changed.
PAR  As shown in FIGS. 5 and 7, the grain-chaff mixture separated by the
      threshing concave 6 is subjected to a cleaning stage while beneath the
      threshing concave, by an air current, before the grain reaches the
      conveying auger 7. The air flow is produced by a fan 22, 39 and emerges
      from an air channel 21.
PAR  As shown in FIG. 12, the air pressure generated by fan 22, 39 is
      automatically regulated according to the quantity of chaff underneath the
      threshing concave 6. The air coming out of the air channel 21 acts in the
      direction of arrow 90 against a hinged deflector plate 23 which is
      positioned in the outlet opening. If the air pressure is too high the
      deflector plate 23 is pushed upwards and an orifice leading to the suction
      side of the fan 22 is closed by a plate 25 which is connected by a linkage
      24 with the deflector plate 23. If the air pressure or rate of air flow is
      too low the deflector plate 23 tends to fall under its own weight whereby
      plate 25 enlarges the orifice on the suction side of the fan 22. In order
      to control the direction of air flow from fan 22, a rear deflector plate
      26 positioned behind the concave is mounted so as to be adjustable both in
      position and attitude.
PAR  The grain and any other dense particles which are not carried away by the
      air flow fall into the conveyor auger 7 and are conveyed to a cleaning
      device, a first form of which is shown in FIGS. 7 and 8, and two
      alternative forms of which are shown in FIGS. 9 and 10.
PAR  The cleaning device shown in FIGS. 7 and 8 comprises an upper rotary
      cylindrical sieve or screen 27 to receive at one end the grain from the
      conveyor auger 7. The grain is conveyed by an auger 28 positioned inside
      sieve 27 to the other end thereof. During this conveying operation the
      grains fall through the openings of the rotary screen 27 onto a conveying
      auger 29 at the bottom of the cleaning device. The larger crop particles
      such as incompletely threshed ears of grain and also grain which did not
      pass through sieve 27 is discharged by auger 28 onto a deflector plate 30
      which deflects it into a second rotary cylindrical screen or sieve 31
      similar in structure to the screen 27. In this second screen separation
      takes place in the same manner as in the upper screen 27. The remaining
      larger particles which emerge from the screen 31 are deflected by a plate
      32 into a third rotary cylindrical screen 34. The openings of the sieve 34
      are larger than those of the screens 27 and 31. Accordingly, sieve 34
      separates the unthreshed ears or "tailings" and these are returned via a
      deflector plate 35 (FIG. 8) to the feeding auger 2 which feeds them to the
      threshing mechanism again.
PAR  The components of the grain chaff mixture reaching sieve 34 which do not
      pass therethrough are conveyed by an auger 36 inside the sieve to an
      opening and dropped onto the ground.
PAR  The grain separated by the sieves 27 and 31 together with any remaining
      short straw and chaff falls through an air flow coming out of an air duct
      37 from the fan 39. This air flow removes any remaining chaff and short
      straw from the grain.
PAR  The clean grain is collected, and conveyed by an auger 29 and a chain
      elevator 40 into a grain tank (not shown).
PAR  FIG. 9 shows a grain cleaning device which may be used in place of that
      shown in FIGS. 7 and 8 and which does not include rotary cylindrical
      screens. In the FIG. 9 embodiment, the conveying auger 7 bringing grain
      from the threshing cylinder and straw walkers extends along the full width
      of the cleaning device.
PAR  Auger 7 distributes the grain/chaff mixture equally over the full width of
      the cleaning device. Light particles are separated by an air flow coming
      out of an air duct 37. The thus-cleaned grain is collected and conveyed by
      an auger 41 and an elevator 42 into a grain tank (not shown).
PAR  FIG. 10 shows a further alternative grain cleaning device. The grain chaff
      mixture coming from the threshing mechanism is conveyed by auger 7 to an
      elevator 42 and thence into an upper auger 43. Auger 43 distributes the
      grain/chaff mixture over the full width of an airflow zone lying below the
      auger. The grain falls from auger 43 through said zone into a bottom auger
      44. The light chaff and straw parts are separated by an air flow through
      said zone and coming out of an air duct 45 as they fall. The denser
      particles, mainly of grain, are conveyed by auger 44 into a sieve elevator
      46. Elevator 46 is equipped with conveying boxes 47 which are covered by
      adjustable sieves 48. The grain delivered into elevator 46 is taken by the
      sieves 48 and conveyed upwards. During this conveying process the small
      heavy particles (i.e., the grain) fall through the sieves 48 into the
      conveying boxes 47. Due to the inclination of the bottom of each conveying
      box 47 the grain falls into a clean grain elevator 49 which carries the
      grain into a grain tank (not shown).
PAR  FIG. 13 shows a side elevation and FIG. 14 a plan view of a further
      embodiment of the invention.
PAR  In this embodiment, the crop cut by a cutter-bar 1 is transported to a
      feeding auger 50 constituting a feed-in conveyor. As shown in FIG. 14,
      auger 50 has two flights of opposite hand which feed the crop equally to
      two respective threshing mechanisms 51, 52 located one at each end of the
      cutting width of the harvester. Discharge elements in the form of a series
      of fingers 53 which extend, feather and retract as the auger rotates are
      provided at each end of auger 50 to discharge the crop rearwards into the
      threshing mechanisms behind auger 50. The threshing cylinders 51 and 52
      thresh the grain out of the crop and discharge the straw with any
      remaining grain onto a straw conveying auger 54 positioned behind the
      threshing mechanisms. The straw conveying auger 54 conveys the straw
      coming from threshing cylinder 52 to the right hand end of the harvester
      where paddles 55 mounted on auger 54 throw the crop from both threshing
      mechanisms onto straw walkers 8 positioned above feeding auger 50. The
      straw walkers 8 convey the crop in the opposite direction to the direction
      of crop movement on the straw conveying auger 54.
PAR  A major part of the grain in the harvested crop is separated from the straw
      by the threshing concaves 56 which are positioned one beneath each of the
      threshing cylinders 51 and 52. The grain/chaff mixture passing through the
      concaves falls onto a grain auger 57.
PAR  Grain separation is also effected by auger 54 however. For this purpose,
      the trough 58 in which auger 54 operates is perforated or has longitudinal
      bars so that the trough is in the form of an elongated open-grate concave
      similar in structure to concaves 56. The grain which passes through trough
      58 also falls onto auger 57. The grain separated by the straw walkers 8
      falls onto a reciprocating pan 59 under the walkers and thence the grain
      is fed to auger 57.
PAR  In order to maintain cutter-bar 1 at a constant height from the ground, the
      cutter-bar together with trough 61 of the feeding auger 50 is carried by
      two gauge wheels 60. A transverse hinge 62 permits these parts of the
      harvester to float up and down over ground contours under the action of
      the gauge wheels.
PAR  Thus, the gathering cutting and feeding parts of the harvester (comprising
      the reel, cutter-bar 1, trough 61 of the feeding auger 50 and the feeding
      auger 2 or 50 itself) are free to float up and down relative to the
      threshing mechanism and the straw walkers 8. Accordingly, cutter-bar 1,
      which is supported by the wheels 60 maintains a constant height of cut
      over varying ground contours.
PAR  Hinge 62 also allows the gathering, cutting and feeding parts of the
      harvester to be detached from the rest of the machine.
PAR  In the embodiment of FIG. 15, a combine otherwise similar to that of FIGS.
      1 and 3 is provided with a conventional combine reel. The tines 63 of this
      reel are carried by rotary reel spiders 64. As the reel, on account of its
      size, has to be mounted forwardly of the straw walkers 8, the cutter-bar 1
      is mounted on a forward extension of trough 61 so as to be slightly in
      front of the straw walkers 8. The cut crop is conveyed over this extension
      by an additional drum conveyor 65.
PAR  In the embodiment of FIG. 16 the arrangement of reel and cutterbar is as in
      FIG. 15, but the feeding auger 2 is positioned directly behind the
      cutter-bar 1. The crop is fed by the feeding auger 2 and its fingers 4,
      which extend feather and retract, under a chain and slat type elevator 66.
      This elevator 66 could be replaced by one or more rotary beaters. The
      chain type elevator 66 feeds the crop to the threshing mechanism which is
      positioned behind it.
PAR  In the embodiment of FIG. 17, behind the cutter-bar 1 there is provided a
      beater 67 which feeds the cut crop directly into the threshing mechanism
      68, 71. The threshing cylinder 68 extends along the full length of
      cutter-bar 1. However, if desired, threshing cylinder 68 can be shorter
      than the cutter-bar, in which case the beater 67 is provided at both ends
      with auger flights which convey the material laterally to the threshing
      cylinder 68. The threshed straw with the remaining grain emerging from the
      cylinder and concave passes to an auger 54 which is constructed and
      arranged in a manner substantially the same as that of auger 54 in FIG. 14
      and which discharges the crop material onto the straw walkers 8 positioned
      above the threshing cylinder 68 in the same way as already shown and
      described in connection with FIG. 14.
PAR  The grain which passes through the perforated trough 89 in which auger 54
      operates, drops via a deflector plate 69 onto a conveyor belt 70. This
      belt also carries the grain which passes through the threshing concave 71
      and conveys it laterally towards one end of the harvester.
PAR  An air flow from a duct 72 in the direction indicated by arrow 73 at right
      angles to the direction of movement of belt 70 is provided to remove chaff
      and short straw from the grain on the belt. The material removed from the
      belt is deposited at the rear of the harvester.
PAR  The embodiment illustrated in FIGS. 2, 4, and 6 will now be described.
PAR  The crop is cut by a cutter-bar 1 and delivered to a series of augers 74,
      76, constituting a feed-in conveyor which convey it to a threshing
      cylinder 75 at one end of the harvester.
PAR  The conveying augers 74 and 76 are driven in synchronous relationship and
      are so positioned that the auger flights overlap.
PAR  The front conveying auger 74 includes a short portion in front of threshing
      cylinder 75 which has a flight of opposite hand to the remainder of the
      augers 74, 76 to carry cut crop past the threshing cylinder. The augers 74
      and 76 feed the cut crop to a front beater 91 (FIG. 2) which itself feeds
      the crop into the threshing cylinder 75. The threshing cylinder rotates
      about an axis extending in the direction of forward motion of the
      harvester.
PAR  A major part of the grain is separated by passing through threshing concave
      78. The grain/chaff mixture thus separated drops onto an auger 79 and is
      conveyed to a cleaning device such as that shown in FIGS. 7 and 8, or FIG.
      9, or FIG. 10. The threshed straw with the remaining grain is thrown by
      the threshing cylinder 75 into a rotary cylindrical separating device or
      walker 77 which is positioned above the conveying augers 74 and 76.
PAR  The rotary walker 77 is supported and driven by rollers 80. Due to the
      rotation of the walker the remaining grain is separated from the straw and
      falls through a perforated wall of the walker into the bottom of a
      cylindrical casing 81 within which the rotary walker is mounted.
PAR  A series of paddles 82 mounted on the external surface of drum 77 convey
      the grain out of casing 81 rearwards into a conveying auger 83 which
      delivers the grain to the conveying auger 79 beneath threshing concave 78.
PAR  Rotary walker 77 can be replaced by a conventional walker 8 as shown in
      FIGS. 1 and 3.
PAR  The arrangement of augers 74 and 76 allows rotary walker 77 or a
      conventional walker to be positioned very close thereto with a minimum of
      vertical clearance therebetween. This reduces the overall height of the
      combine and also promotes equal distribution of the crop over the whole
      width of the threshing cylinder.
PAR  The gathering, cutting and feeding apparatus of the combine comprising
      cutter-bar 1, trough 61 and feeding auger 2 can be used as a swather to
      cut crop and deliver it to the ground. In this case the threshing
      mechanism and walkers are detached from the cutting and feeding apparatus.
PAR  The principal advantages provided by the embodiments of the invention
      described above are:
PAR  1. the provision of exceptionally compact grain harvesting apparatus;
PAR  2. the provision of grain harvesting apparatus which can be mounted as a
      single unit on the front of a self-propelled power unit and driven
      thereby. Attachment is thereby made a simple matter and the harvesting
      apparatus itself is rendered less expensive since it does not incorporate
      an engine nor traction and steering systems. The harvester therefore
      represents much less unproductive capital investment during the
      non-harvesting part of the year, than do conventional combined harvesting
      and threshing machines;
PAR  3. the harvester has the potential to provide much greater harvesting
      capacity than conventional combines since it can be scaled-up without
      running into road transport problems because it is well adapted to be
      transported endwise on a trailer behind a tractor or similar power unit.
PAR  4. the provision of separate feed-in and feed-out conveyors to feed crop to
      and from the threshing cylinder provides the advantage that these
      conveyors can be designed for the specific and different requirements of
      the crop at these two stages in its treatment. Where the feed-out conveyor
      is in the form of reciprocating straw walkers, these can be chosen to be
      of much greater width than the feed-in conveyor, which may simply be an
      auger. This ensures much more complete separation of grain from the
      threshed crop material. Furthermore the separate feed-in and feed-out
      conveyors can be separately driven and means provided for varying the
      speed of either or both conveyors independently during harvesting as
      dictated by varying crop conditions. Full details of the drives for these
      conveyors have not been given in this specification as it is believed that
      they are not needed by those skilled in the art. The methods of driving
      augers and straw walkers for example, are very well known.
PAR  Among modifications which can be made in the above-described embodiments
      without departing from the scope of the invention are:
PAR  1. the use of a draper or other pick-up device in place of the cutterbar in
      order to gather crop which has been previously cut by, for example, a
      swather;
PAR  2. the construction of the harvester as an implement to be trailed by a
      tractor, or as a self propelled vehicle, instead of an implement to be
      mounted on the front of a mobile power unit or tractor;
PAR  3. the use of row units in place of the cutterbar, for harvesting maize and
      similar crops.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A crop harvesting machine including a frame; an elongated crop gathering
      table mounted on the frame with an open front for receiving crop material
      and a first and second side at opposite ends of said open front; a
      conveyor mounted on the elongated crop gathering table for conveying crop
      material toward said first side and away from said second side of the
      elongated crop gathering table; a crop threshing mechanism including a
      cylinder and concave mounted on said frame adjacent to the first side of
      the elongated crop gathering table, for receiving crop material from the
      conveyor mounted on the elongated crop gathering table and threshing the
      crop material; grain separating means mounted on the frame of the crop
      harvesting machine directly above at least a portion of the elongated crop
      gathering table and the conveyor mounted on the elongated crop gathering
      table, for receiving threshed grain and crop material from the threshing
      mechanism, for separating the grain from the crop material and for
      conveying crop material from an area adjacent to the first side of the
      elongated crop gathering table to a crop material discharge adjacent to
      the second side of the elongated crop gathering table; cleaning means
      mounted on said frame for receiving grain from said grain separating means
      and cleaning the grain; a clean grain conveyor mounted on said frame for
      conveying grain away from the cleaning means; and attaching means mounted
      on said frame for attaching the crop harvesting machine to a vehicle.
NUM  2.
PAR  2. The crop harvester of claim 1 wherein the grain separating means is
      straw walkers which receive crop material from the threshing mechanism
      adjacent to the first side of the elongated crop gathering table and
      convey the crop material to a crop material discharge adjacent to the
      second side of the crop gathering table which is remote from the threshing
      mechanism.
NUM  3.
PAR  3. The crop harvester of claim 1 wherein the grain cleaning means is
      mounted on the frame adjacent to a side of the elongated crop gathering
      table that is remote from the threshing mechanism.
NUM  4.
PAR  4. The crop harvester of claim 1 wherein the conveyor mounted on the
      elongated crop gathering table is an auger that conveys crop material away
      from the second side of the elongated crop gathering table and then to the
      rear and away from the open front of the crop gathering table.
NUM  5.
PAR  5. The crop harvester of claim 1 wherein the threshing mechanism elevates
      the crop material and conveys crop toward the front on the harvesting
      machine and onto the grain separating means.
NUM  6.
PAR  6. The crop harvesting machine of claim 1 wherein the crop threshing
      mechanism in mounted on the frame to the rear of the elongated crop
      gathering table.
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ABST
PAL  A method for separating deuterium from hydrogen in which the gaseous
      mixture of deuterium and hydrogen is brought into contact with TiNi,
      Ti.sub.2 Ni or a mixture of these alloys and after a delay sufficient for
      the absorption of hydrogen in the metal alloy, the non-absorbed residual
      gas is separated from the metal alloy.
BSUM
PAR  The present invention relates to a process for the separation of deuterium
      and hydrogen.
PAR  For the manufacture of the technically very important heavy water, D.sub.2
      O, essentially the following physically different methods are used:
PAR  In the Clusius separation column process, the effect of the
      thermo-diffusion and thermo-convection are utilized. Hydrogen as the
      lighter component thereby rises along a heated wire in the center of a
      glass column approximately 20 meters in length, whereas deuterium as
      heavier component of the gas mixture sinks down along the cool column
      wall. Consequently, the pure hydrogen is conducted away at the upper
      column end whereas pure deuterium is obtained at the lower end.
PAR  In order to achieve a higher efficiency of the separating column process,
      the latter is coupled with an ultra-centrifuge. In a centrifuge running at
      very high rotational speed, the lighter isotope also concentrates in the
      center whereas the heavier isotope concentrates at the edge, whence the
      thermal-diffusion effect is assisted.
PAR  If one starts with liquid hydrogen in the deuterium recovery, then one
      obtains by fractionated distillation an enrichment or collection of
      hydrogen in the vapor and of deuterium in the liquid.
PAR  Also in chemical exchange reactions between liquid and vapor phase, nearly
      always a shift in the isotope ratio takes place. Thus, in the sulfur
      hydrogen method, the H.sub.2 S gas, conducted through hot water, absorbs
      deuterium in order to give off the same again to cold water during the
      exchange and to concentrate or enrich thereat.
PAR  According to the last-mentioned method, D.sub.2 O is manufactured in
      Canada, the country with the largest heavy water reactors. The planning of
      additional power reactors on the basis of heavy water has caused a
      bottleneck in the D.sub.2 O supply so that the requirements cannot be met.
      This shortage in D.sub.2 O and the manufacturing process itself lead to
      high prices for the heavy water.
PAR  It is the aim of the present invention to obtain both a less expensive
      method of manufacturing as also an increased production rate in deuterium
      and therewith in heavy water.
PAR  It has been discovered that the two alloys, namely Ti.sub.2 Ni and TiNi,
      are able to absorb in the lattice thereof, hydrogen in very large
      quantities but deuterium only very slightly or not at all at temperatures
      up to 350.degree. C., especially at temperatures of about 50.degree. to
      about 150.degree. C.
PAR  If one uses specifically TiNi for such separating experiments, then
      exclusively hydrogen is absorbed in large quantities whereas the gas
      residue is enriched with deuterium above the TiNi inserted as powder or as
      solid body.
PAR  The alloys of Ti.sub.2 Ni and the alloy mixtures Ti.sub.2 Ni/TiNi also
      behave similarly.
PAR  Accordingly, it is an object of the present invention to provide a method
      for obtaining deuterium by isotope separation which avoids by simple means
      the aforementioned shortcomings and drawbacks encountered in the prior
      art.
PAR  Another object of the present invention resides in a method of obtaining
      deuterium by isotopic separation which entails a reduction in the cost of
      manufacture as well as a higher production rate due to improved
      efficiency.
PAR  Still a further object of the present invention resides in a process for
      obtaining deuterium by isotope separation at titanium-nickel phases, which
      is simple and relatively inexpensive, yet considerably increases the
      yield.
PAR  These and further objects, features and advantages of the present invention
      will become more apparent from the following description, setting forth a
      preferred embodiment of the present invention.
PAR  The aim of the present invention is, as mentioned above, a method for the
      separation of deuterium and hydrogen which essentially consists in that
      one causes the gaseous deuterium-containing hydrogen to come into contact
      with TiNi, Ti.sub.2 Ni or mixtures thereof and to separate the
      non-absorbed gaseous residue from the TiNi alloy and to isolate the gas
      enriched with deuterium or to conduct the same for further enrichment or
      concentrations. Metal additions of the group IIIb  - VIIIb, as well as
      copper and traces of the rare earth metals are able to influence the
      behavior of the alloys. Thus, an addition of zirconium facilitates the
      hydrogen separation out of the phases whereas copper addition increases
      the mechanical rigidity. Depending on the desired type of application,
      such additives may therefore be preferred.
PAR  The isotope separating effect of the two alloys and of the alloy mixtures
      by reason of the hydrogen absorption in the alloy lattice may be used to
      advantage in two different ways for the manufacture of pure deuterium or
      for the deuterium enrichment.
PAR  One typical example of a method of operation according to the present
      invention essentially consists in bringing the hydrogen/deuterium mixture
      into contact with the respective alloys free of hydrogen by way of various
      stages. The deuterium content in the residual gas therefore increases
      constantly and the mixture strongly enriched with deuterium can be
      conducted again either in a continuous, closed cycle process over the
      dehydrogenated alloys, or can be separated according to known methods,
      known as such in the prior art.
PAR  Another possibility of the present invention essentially resides in filling
      a Clusius separating column with a powder of the aforementioned TiNi
      alloys and to utilize now in common the absorption effect and the thermal
      effect. The heating wire of the column is therefore surrounded by the
      powder and the hydrogen concentration drop along the column is clearly
      increased by the high hydrogen absorption of the alloys. Of course, for
      purposes of filling, for example, also sintered bodies or granulates of
      the alloys may be used, though a powder filling is most simple.
PAR  The waste product or by-product of the separating process, namely the more
      or less fully hydrogenated titanium/nickel alloys, may in their turn again
      find a large commercial use in the battery construction and as
      pressureless hydrogen storage means, or they are dehydrated so that the
      metal can be fed again to the renewed contact with the hydrogen/deuterium
      gas. The dehydrogenation may take place in a conventional known manner,
      for example, by heating possibly assisted by a vacuum.
PAR  Since the price per kilo of the TiNi alloys at present amounts to only DM
      10 -- and since the enrichment processes can take place very rapidly, the
      production costs can be decreased by means of the process according to the
      present invention, and the yearly production quantities of the D.sub.2 O
      may be increased. A typical example utilizing the method according to the
      present invention is as follows:
PAR  Within the range of between about 20.degree. and 200.degree. C. and at
      pressures of about one atmosphere to about 200 atmospheres, up to 33 1/3
      atom percent .congruent. 1 percent by weight of hydrogen are incorporated
      as TiNiH in the TiNi alloy. In contrast thereto under the same condition
      no dissolution of deuterium takes place in the TiNi-lattice, as can be
      readily proved. Hydrogen consists to about 99.9855% of the isotope
      .sub.1.sup.1 H and to about 0.0145% of the isotope .sub.1.sup.2 D.
      Consequently, 0.145 mol of deuterium correspond to 1,000 mol of hydrogen
      each. If one causes the content of a 100 liter pressure container with a
      filling pressure of 224 atmospheres (1,000 mol hydrogen) to react with the
      TiNi alloy at temperatures at which the dissociation pressure of the
      hydrogen amounts to at most 2 atmospheres, then 1,000 mol hydrogen are
      dissolved in 200 kg TiNi (50 l volume) within the temperature range
      between about 20.degree.  C. and about 250.degree. C. If now the pressure
      container is now disconnected at an interior pressure of one atmosphere,
      then only about 5 mol hydrogen remain in the container whereas 0.145 mol
      deuterium remain in the same since this was not absorbed in the
      TiNi-lattice. If this residual gas is compressed to a volume of 500
      cm.sup.3 (approximately 220 atmospheres) and is brought into contact under
      the conditions indicated hereinabove with 1.5 kg TiNi, then the residual
      gas resulting therefrom consists at about 5 atmospheres of 0.02 mol
      hydrogen and 0.145 mol deuterium.
PAR  The speed of separation depends only on the cooling speed of the TiNi alloy
      (reaction enthalpy smaller than 10 k cal/mol H.sub.2), it amounts with the
      aforementioned dimensions and with a sufficient water cooling to about 15
      to 30 minutes.
PAR  Consequently, in only two stages the ratio H:D of 7000:1 can be changed
      into 1:7, i.e., by about a factor of 50,000. A greater enrichment or
      concentration can be realized either by way of further hydride stages or
      with the aid of other known methods (Clusius separating column). In that
      connection the thermal separating effect can possibly be further assisted
      by the absorption of the hydrogen in the TiNi alloy. Consequently,
      depending on the desired efficiency, any required quantitiy of the TiNi
      alloy can be brought into the respectively desired temperature zone in the
      Clusius column.
PAR  The powder particle sizes is not uniform and may be selected between about
      10.mu. and about 1 mm.
PAR  The mixtures may be between 0- 100% and 100- 0% of Ti.sub.2 Ni and TiNi.
PAR  The dehydrogenation takes place at pressures of about 0.1 atmosphere
      beginning with temperatures of about 100.degree. C. and with greater
      velocity beginning with temperatures of about 200.degree. - 250.degree. C.
PAR  Up to about 10% by weight of zirconium may be used instead of titanium for
      reducing the binding enthalpy of the hydrogen.
PAR  Up to about 25% by weight of copper may be used instead of nickel to
      produce a better mechanical stability of the individual granules.
      Nonetheless, the porosity and form of the sintered bodies remain preserved
     .
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PAR  In the drawing the single FIGURE schematically illustrates an installation
      which may be used for carrying out the present invention.
DETD
PAR  Reference numeral 10 thereby generally designates a conventional pressure
      vessel or container having a piston or plunger 11 which is adapted to be
      actuated by conventional means. Hydrogen is fed into the vessel 10 at 224
      atmospheres through inlet line 12 by way of control valve 13. The pressure
      container 10 is connected, on the one hand, by way of a line 14 containing
      a control valve 15 with a second container or vessel 16 which contains
      TiNi powder, for example, 200 kg (50 l) of the alloy. The vessel 16 is
      appropriately heated or cooled by the use of conventional means, such as
      an appropriate conventional heating and cooling system generally
      designated by reference numeral 17 and therefore only schematically
      indicated. The discharge or removal from the container 16 takes place by
      way of a line 18 including a control valve 19.
PAR  The pressure container 10 is further connected with a small vessel or
      container 20 by way of a line 21 containing a control valve 22. The
      container 20 is again adapted to be heated and cooled by conventional
      means only schematically indicated and designated generally by reference
      numeral 23. For example, about 1.5 kg of the TiNi powder is provided in
      the container 20. The outlet from the container 20 takes place by way of
      line 24 including the control valve 25.
PAR  A further line 26 including a control valve 27 is provided to permit the
      removal of D.sub.2 and H.sub.2 for further enrichment of concentration.
PAR  In the position 1 of the piston 11, valves 15, 19, 22 and 27 are closed
      while valve 13 is opened. The pressure in the 100 liter vessel or
      container 10 is 224 atmospheres. The valve 13 is then closed and valve 15
      is opened. The hydrogen then reacts with the TiNi alloy in the container
      16. The pressure in the container 10 is now permitted to become about 1
      atmosphere and valve 15 is closed.
PAR  The piston 11 is now moved to its position 2 indicated in dash lines
      whereupon the valve 19 is opened, the heating system 17 is controlled to
      increase the temperature by about 100.degree. C. thereby causing a
      discharge of hydrogen out of the TiNi container 16.
PAR  The pressure underneath the piston 11 is about 200 atmospheres. Valve 22 is
      now opened and the hydrogen reacts with the TiNi powder in the container
      20. The pressure under the piston 11 is thereby permitted to become about
      5 atmospheres. Valve 22 is now closed and valve 25 is opened while the
      heating system 23 is controlled to provide an increase of about
      100.degree. C. causing a discharge of H.sub.2. Thereupon the heating
      system 17 is controlled to reduce the temperature by about 100.degree. C.,
      valve 27 is opened until the pressure under the piston reaches about
      10.sup..sup.-2 Torr. Valve 27 and valve 25 are then closed and the heating
      system 23 is controlled to reduce the heat by about 100.degree. C.
PAR  While I have shown and described only one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art and I, therefore, do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method for separating deuterium and hydrogen, comprising the steps of
      bringing into contact a gaseous mixture of deuterium and hydrogen with a
      metal alloy material consisting essentially of TiNi, Ti.sub.2 Ni, or a
      mixture thereof, and thereafter separating a non-absorbed residual gas
      enriched in deuterium from the metal alloy material after a period of time
      sufficient for the absorption of hydrogen in the metal alloy material.
NUM  2.
PAR  2. A method according to claim 1, characterized in that the absorption is
      carried out at temperatures up to about 300.degree. C.
NUM  3.
PAR  3. A method according to claim 2, characterized in that the absorption is
      carried out at temperatures of between about 50.degree. and about
      150.degree. C.
NUM  4.
PAR  4. A method according to claim 3, characterized in that a hydrogen and
      deuterium mixture is brought into contact, in stages, with said metal
      alloy material in dehydrogenated powder form to provide a non-absorbed
      residual gas having a constantly increasing deuterium content.
NUM  5.
PAR  5. A method according to claim 3, characterized in that the
      hydrogen/deuterium mixture is passed in continuous circulation over a said
      metal alloy material in a dehydrogenated form.
NUM  6.
PAR  6. A method acording to claim 3, characterized in that a gaseous mixture of
      hydrogen and deuterium is passed through a closed cycle operation to cause
      said mixture to come into contact with the metal alloy material.
NUM  7.
PAR  7. A method according to claim 3, characterized in that a separating
      installation is filled with the metal alloy material in powder form.
NUM  8.
PAR  8. A method according to claim 7, characterized in that the separating
      installation is completely filled with the metal alloy material in powder
      form.
NUM  9.
PAR  9. A method according to claim 7, characterized in that the separating
      installation is partially filled with the metal alloy material in powder
      form.
NUM  10.
PAR  10. A method according to claim 7, characterized in that the separating
      installation is a Clusius separating column.
NUM  11.
PAR  11. A method according to claim 3, characterized in that a Clusius
      separating column of a material permeable to hydrogen is used and the
      inside thereof is covered with a compact layer of the metal alloy
      material.
NUM  12.
PAR  12. A method according to claim 1, characterized in that a hydrogen and
      deuterium mixture is brought into contact, in stages, with dehydrogenated
      portions of said metal alloy material in powder form to provide a
      non-absorbed reesidual gas, the deuterium content of which increases from
      one stage to the other.
NUM  13.
PAR  13. A method according to claim 1, characterized in that the
      hydrogen/deuterium mixture is passed in continuous circulation over a said
      metal alloy material in a dehydrogenated form.
NUM  14.
PAR  14. A method according to claim 1, characterized in that a gaseous mixture
      of hydrogen and deuterium is passed through a closed cycle operation to
      cause said mixture to come into contact with the metal alloy material.
NUM  15.
PAR  15. A method according to claim 1, characterized in that a separating
      installation is filled with the metal alloy material in powder form.
NUM  16.
PAR  16. A method according to claim 15, characterized in that the separating
      installation is completely filled with the metal alloy material in powder
      form.
NUM  17.
PAR  17. A method according to claim 15, characterized in that the separating
      installation is partially filled with the metal alloy material in powder
      form.
NUM  18.
PAR  18. A method according to claim 15, characterized in that the separating
      installation is a Clusius separating column.
NUM  19.
PAR  19. A method for separating deuterium and hydrogen, comprising the steps of
      bringing into contact a gaseous mixture of deuterium and hydrogen with a
      metal alloy material selected from the group consisting of TiNi, Ti.sub.2
      Ni, and a mixture TiNi and Ti.sub.2 Ni in a Clusius separating column of a
      porous matrix whose pores are filled with the metal alloy material,
      thereafter separating a non-absorbed residual gas from the metal alloy
      material after a period of time sufficient for the absorption of hydrogen
      in the metal alloy material and conducting away hydrogen diffused through
      the column wall kept at temperatures up to about 300.degree.C. maximum.
NUM  20.
PAR  20. A method according to claim 19, characterized in that the column wall
      is kept at a temperature of about 50.degree. to about 150.degree. C.
NUM  21.
PAR  21. A method according to claim 19, characterized in that the diffused
      hydrogen is continuously carried off.
NUM  22.
PAR  22. A method according to claim 19, characterized in that the diffused
      hydrogen is intermittently carried away.
NUM  23.
PAR  23. A method according to claim 1, characterized in that a Clusius
      separating column of a material permeable to hydrogen is used and the
      inside thereof is covered with a compact layer of the metal alloy
      material.
NUM  24.
PAR  24. A process for producing deuterium-enriched gas, which comprises
      contacting a gaseous mixture of deuterium and hydrogen at temperatures up
      to about 300.degree.C. with a metal alloy material consisting essentially
      of TiNi, Ti.sub.2 Ni or a mixture of TiNi and Ti.sub.2 Ni for a period of
      time sufficient to absorb hydrogen in said material and to provide a
      deuterium-enriched residue gas, separating said residue gas from said
      material, heating the material having hydrogen absorbed therein to cause
      dehydrogenation and discharge of hydrogen from said material, thereafter
      contacting said dehydrogenation material with said gaseous mixture of
      deuterium and hydrogen or said deuterium-enriched residue gas to absorb
      additional hydrogen and to provide another deuterium-enriched residue gas,
      and separating said another deuterium-enriched residue gas from said
      material.
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ABST
PAL  A row crop harvesting apparatus adapted to sever forage from a field and
      deliver it to a crop processing mechanism. The apparatus includes two
      elongated, laterally opposed conveyor belts which define between them a
      crop receiving passage. The design of the belts on either side of the crop
      receiving passage preferably comprises a driving member, a forward idler,
      and longitudinally spaced intermediate idlers. The idlers are spaced so
      that idlers of one belt are not laterally aligned with idlers of the other
      belt. The apparatus includes a rotary cutter mounted and driven by an
      adjustable forward idler. Means are provided for adjusting the adjustable
      forward idler. The rotary cutter cooperates with a second cutter element
      mounted on the means for adjusting the adjustable forward idler, thereby
      allowing the forward idler to be adjusted without affecting the cutting
      relationship of the rotary cutter and the second cutter element.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention pertains to a row crop harvesting apparatus. More
      particularly, the present invention pertains to an apparatus adapted to
      sever crop material from a field and to convey the severed material to a
      harvester. The device of the present invention, which may be employed will
      conventional mobile ensilage harvesters or the like, is particularly
      suitable for use in harvesting rows of corn.
PAC  BACKGROUND OF THE INVENTION
PAR  Typical forage harvesters usually embody a portable vehicle adapted to
      travel down rows of field borne crops. Such devices are equipped with a
      header attachment for delivering incoming forage to a suitable processing
      mechanism, which in the case of an ensilage harvester, will comprise
      suitable chopping and blowing means. The header attachment positioned in
      front of the processing mechanism, includes means for severing the forage
      and means for conveying the severed forage to the processing mechanism.
      Generally, header attachments include a pair of laterally opposed, endless
      conveyor belts defining between them a forage material receiving passage;
      the belts are adapted to grip forage and move it through the passage to
      the processing mechanism. Typically, header attachments also include a
      conventional oscillating cutting knife or sickle bar for severing the
      forage material from the field.
PAR  The reciprocating sickle employed to sever forage stalks has presented
      problems in conventional row crop header attachments. A reciprocating
      sickle is difficult to balance out, in part because of the varying loads
      imposed upon it. Uneven loading is caused by differences in the size of
      stalks and differences in resistance to cutting caused by varying
      condition, such as moisture content and density, of the crop material. In
      addition, the sickle must change direction twice during each cycle. This
      involves stopping and starting twice during each cycle to change
      direction. For these reasons, a reciprocating or oscillating sickle can
      seldom be completely balanced out. The difficulty in balancing out
      reciprocating sickles is evidenced by vast numbers of models used, and the
      frequent modification made to reduce vibration.
PAR  Rotary cutters have been employed with row crop header devices for forage
      harvesters. Desirably, a forward idler wheel for the endless belt conveyor
      of the header supports and drives the rotating cutter blades which
      cooperate with a fixed cutter blade. While the use of a rotary cutter
      obviates problems presented by the use of an oscillating sickle cutter,
      other problems are presented. To maintain proper tension on the conveyor
      belt, it is desirable that the forward idler be adjustable. Adjustment of
      a forward idler, carrying and driving a rotating cutter blade, can
      adversely affect the relative orientation of the rotating blade and the
      fixed cutter blade.
PAR  In addition to the problems with the severing means, the conveying means of
      conventional row crop header devices are not as efficient as desirable.
      Typically, such conveying means involves the use of two cooperating belts
      composed of steel chain links equipped with crop material engaging lugs.
      Such chains inefficiently feed the processing mechanism, often become
      wrapped with the crop material, have a short life, and are noisy during
      operation. In addition, the design of many current conveying means have
      little flexibility and do not readily adapt to differences in crop
      particle size. Oversized material passing through the conveying means can
      readily choke and jam the mechanism. Excess bulk can also stress
      components, such as the conveyor frame structure, resulting in
      misalignment of the cooperating conveyor belts or in breakage of the
      device.
PAR  The row crop harvesting device of the present invention preferably employs
      a rotary cutter cooperating with a second cutter element. The rotary
      cutter is supported and driven by a forward idler of the conveying means,
      which forward idler may be adjusted without affecting the cutting
      relationship of the rotary cutter and the second cutter element. The
      conveying means of the row crop harvesting device of the present invention
      provides for conveying crop material of different sizes without choking or
      excessively stressing various components. In addition, the design of the
      row crop harvester of the present invention inherently provides
      simplicity, ease of maintenance, quiet operation and sturdy construction.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a row crop harvesting apparatus adapted to
      sever field borne crop material and convey the crop material to a suitable
      processing mechanism. The device includes means for severing the crop from
      a field and means for conveying crop material rearwardly. Preferably, the
      conveying means comprises at least one forwardly and rearwardly extending
      endless conveyor belt.
PAR  In accordance with one embodiment of the present invention, the conveying
      means includes at least one conveyor belt in operable contact with an
      adjustable forward idler and means for adjusting the forward idler
      forwardly or rearwardly. In accordance with another embodiment of the
      present invention, means are provided for vertically adjusting the forward
      idler. In yet another embodiment, means for supporting a forward idler are
      provided along with means connected to the forward idler for cleaning
      debris from between the forward idler and the means for supporting the
      forward idler.
PAR  The severing means of the row crop harvesting device of the present
      invention preferably includes a rotary cutter, supported and driven by an
      adjustable forward idler of the conveying means. Preferably, the rotary
      cutter may be in operative cutting relationship with a second cutter
      element connected to and adjustable with the means for adjusting the
      forward idler forwardly and rearwardly. As is apparent, it is possible to
      adjust the position of the forward idler forwardly or rearwardly without
      affecting the relationship of the rotary cutter and the second cutter
      element.
PAR  Preferably, the conveying means of the row crop header attachment of the
      present invention includes at least two laterally opposed forwardly and
      rearwardly extending and rearwardly movable surfaces. The surfaces define
      between them a crop material receiving passage for conveying the crop
      rearwardly. The surfaces, which may be formed by elongated, laterally
      opposed, endless conveyor belts, preferably are each in operable
      supporting relationship with a plurality of idler members. The idler
      members along the crop receiving passage are spaced so that no idler
      member in contact with one of the surfaces is laterally aligned with an
      idler member in contact with the other of the surfaces. Spacing the idlers
      so that the idlers of one surface are not directly opposite the idlers of
      the other surface permits entry into, and passage along, the crop
      receiving passage of crop material of different sizes and diameters.
      Oversized chunks of material passing between the surfaces do not choke in
      a fixed lateral position between the idlers of the opposing surfaces, but
      rather merely laterally deflect one of the flexible surfaces. In addition,
      the flexible surfaces permit not only entry of crop material of different
      sizes, but also permit an irregular grouping of the crop material in the
      passage without causing undue stressing of the conveying means.
PAR  In accordance with an additional embodiment, the means for conveying the
      crop material rearwardly includes at least one forwardly and rearwardly
      extending conveyor belt, which conveyor belt includes a plurality of
      spaced double lugs extending from its inner surface. Each double lug
      comprises a top lug and a bottom lug and at least one idler member is
      positioned between the top and bottom lugs in operable supporting
      relationship with the conveyor belt.
PAR  In accordance with a further embodiment of the present invention, the means
      for conveying crop material rearwardly includes at least one forwardly and
      rearwardly extending endless conveyor belt, at least one driving member in
      operable contact with the conveyor belt, a forward idler in operable
      contact with the conveyor belt, and at least one intermediate idler
      member. The intermediate idler member is located between the driving
      member and the forward idler member and is in operable supporting
      relationship with both the advancing and returning portions of the endless
      conveyor belt.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view illustrating a row crop harvesting apparatus
      embodying the principles of the present invention assembled into operative
      relationship with a conventional forage harvester.
PAR  FIG. 2 is a perspective view of the front of a header structure for a row
      crop harvesting apparatus embodying the features of the present invention.
PAR  FIG. 3 is a partial top plan view showing a conveying means and severing
      means of a header apparatus for a row crop harvester constructed in
      accordance with the teachings of the present invention.
PAR  FIG. 4 is a partial bottom perspective view showing details of a severing
      means within the scope of the present invention.
PAR  FIG. 5 is a partial top perspective view showing an alternative conveying
      means embodying the features of the present invention.
PAR  FIG. 6 is a side view, partially in section, showing a forward idler in
      accordance with a preferred embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The row crop harvesting apparatus of the present invention may be employed
      with forage harvesters and the like. In FIG. 1, by way of example, a
      pull-type forage harvester incorporating a row crop harvesting apparatus
      of the type contemplated by the present invention is shown. The device,
      supported on a wheeled chassis, generally 30, has a conventional hitch 1
      for attachment to a tractor or the like, and a conventional power take-off
      2 for attachment to a power source on the tractor or the like. Laterally
      opposed gathering members 3 and 4 define between them crop material
      receiving passages, generally 13. Crop material passes through crop
      material receiving passages 13 to feed roll 5. Feed Roll 5 feeds crop
      material to a cutting means (not shown) within the harvester to reduce or
      chop the crop material and deliver it rearwardly to a blower mechanism
      contained within housing 6. The blower mechanism blows the reduced or
      chopped crop material through spout 24 to a trailer or the like.
PAR  The row crop forage harvester and header attachment depicted respectively,
      in FIGS. 1 and 2, includes two laterally disposed conveying means each of
      which cooperates with a separate severing means. Such attachments are
      suitable for simultaneously harvesting two rows of forage. It should be
      appreciated that the row crop harvesters of the present invention may
      include either a single conveying means and cooperating severing means, or
      a plurality of conveying means and cooperating severing means.
PAR  The two laterally disposed conveying means and the cooperating severing
      means of the row crop header apparatus depicted in FIG. 2, are mirror
      images of each other. Similarly, the two laterally disposed conveying
      means depicted in FIG. 5 are also mirror images of each other.
      Accordingly, further description will be made only with reference to the
      conveying and severing means found on the right-hand side of these
      figures.
PAR  The row crop harvesting apparatus of the present invention includes means
      for conveying crop material, such as forage, rearwardly. The conveying
      means may include a frame. In accordance with the embodiment of the
      invention shown in the drawings, and as best illustrated in FIGS. 2 and 3,
      the frame comprises a cross member 7, a forwardly extending support 8, and
      a forwardly extending member 9.
PAR  As here embodied, the conveying means includes two rearwardly movable
      surfaces. The movable surfaces comprise elongated, laterally opposed,
      endless conveyor belts 10 and 11. The belts preferably include a plurality
      of regularly spaced traverse lugs 12. It will be appreciated that while
      the lugs 12 are spaced uniformly along the entire length of the belts, for
      the purpose of clarity, only a few lugs are illustrated in the drawings.
      Conveyor belts 10 and 11 may be composed of any suitable material,
      however, reinforced synthetic rubber or other elastomers are preferred. As
      embodied, the conveyor belts extend rearwardly and upwardly, defining
      between them a crop material receiving passage, generally 13.
PAR  In the present embodiment, belts 10 and 11 each pass around, in operable
      contact with, driving members, respectively 14 and 15. Driving members 14
      and 15 are mounted on frame cross member 7 and are in turn, operably
      connected to a conventional driving means (not shown). The driving means
      is adapted to rotate driving members 14 and 15 in opposite directions so
      that the driving members cause belts 10 and 11, in the area of the
      material receiving passage 13, to move towards the driving members.
PAR  The conveying means of the row crop harvesting apparatus of the present
      invention preferably includes at least one adjustable forward idler in
      operable contact with one of the conveyor belts. In the embodiment
      illustrated by the drawings, belt 10 passes around adjustable forward
      idler or pulley 16 mounted in a clevis 18. As embodied, conveyor belt 11
      also passes around a forward idler or pulley 17 mounted in clevis 19.
PAR  In the embodiment illustrated in FIGS. 2 and 3, belts 10 and 11 are also in
      operable supporting relationship with intermediate idler members 20, 21,
      22, 23, and 25, each of which is mounted in a clevis, respectively, 26,
      27, 28, 29, and 31. Each of the clevi is mounted on forwardly extending
      support member 8. Idler members 20, 21, 22, 23 and 25 are spaces so that
      no idler member in contact with belt 10 is directly opposite or laterally
      aligned with an idler member in contact with belt 11.
PAR  In accordance with one embodiment of the present invention, means are
      provided for adjusting the adjustable forward idler forwardly or
      rearwardly in the longitudinal direction of the crop material receiving
      passage.
PAR  In the embodiment shown in FIGS. 2 and 3, the means for adjusting the
      forward idler includes a connector bar 32 attached, by conventional means
      such as welding, to clevis 18. Connector bar 32 abuts against threaded
      member 33. Threaded member 33 passes through a mating nut member 35
      mounted on a support member 36. A bolt head 37 is rigidly attached to
      threaded member 33. Connector bar 32 is slidably mounted in a yoke 34
      which is mounted on a brace member 38.
PAR  As here embodied, idler member 16 along with clevis 18, can be adjusted
      forwardly or rearwardly in the longitudinal direction of material
      receiving passage 13 by merely turning bolt head 37 in the appropriate
      direction. Advancing or retracting threaded member 33 through nut member
      35 will advance or retract forward idler 16. Advancing or retracting
      forward idler 16 will affect the tension of conveyor belt 10 which is in
      contact with forward idler 16.
PAR  In accordance with another embodiment of the present invention, means are
      provided for adjusting the adjustable forward idler vertically relative to
      the longitudinal direction of the crop material receiving passage.
PAR  In the embodiment shown in FIG. 6, the means for vertically adjusting
      forward idler 16 includes idler shaft 59, which is connected to idler 16
      and passes through openings 70 and 71 in clevis 18. Idler shaft 59 has an
      adjusting head 69 on its upper end and the lower end of idler shaft 59 has
      threads 64 which mate with nut 65. Nut 65 is attached to the underside of
      clevis 18 by conventional means such as welding. Threads 64 also mate with
      jam nut 67 which serves to lock bearings 61 and 62 of idler 16 to idler
      shaft 59.
PAR  As is apparent, idler 16 may be vertically adjusted upward or downward by
      merely turning adjusting head 69 in the appropriate direction. Depending
      upon the direction in which adjusting head 69 is turned, threads 64 either
      advance into, or retract from, nut 65. Adjustable idler 16 moves
      vertically upward or vertically downward respectively, with shaft 59 as
      threads 64 retract from, or advance into, nut 65. As will be pointed out
      subsequently, vertical adjustment of a forward idler may provide a method
      of adjusting the severing means.
PAR  The conveying means of the row crop harvesting apparatus of the present
      invention may include at least one intermediate idler member, located
      between the driving member and a forward idler, which is in operable
      supporting relationship with both the advancing and returning portions of
      an endless conveyor belt.
PAR  In the preferred embodiment of FIG. 5, the conveying means includes two
      laterally opposed, endless conveyor belts 10 and 11. Each belt is in
      operable contact with intermediate idler members. Intermediate idler
      member 53 is in operable supporting relationship with both the advancing
      portion (in the area of material receiving passage 13) and the opposite
      returning portion of conveyor belt 10. Similarly, intermediate idler 54 is
      in operable contact with both the advancing portion (in the area of
      passage 13) and the opposite returning portion of conveyor belt 11.
      Intermediate idlers 53 and 54 are supported at least in part by support
      members 56 and 57. It will be appreciated that such an embodiment may also
      employ an adjustable forward idler such as those previously described.
PAR  The conveying means of the row crop harvesting device of the present
      invention may include at least one conveyor belt having a plurality of
      spaced double lugs extending from the inner surface of the belt.
PAR  As embodied in FIG. 5, spaced double lugs, generally 48, extend from the
      inner surfaces of belts 10 and 11. Each double lug 48 comprises a top lug
      50 and a bottom lug 51. Preferably, the top lug and bottom lug are
      perpendicularly aligned relative to the longitudinal direction of the
      belts.
PAR  To aid in maintaining conveyor belts centered, at least one idler member
      may be positioned between top and bottom lugs. As here embodied,
      intermediate idler 53 is positioned between top lugs 50 and bottom lugs 51
      of belt 10. Similarly, idler 54 is positioned between lugs 50 and 51 of
      belt 11. In the illustrated preferred embodiment, idlers 53 and 54 are in
      operable supporting relationship, between top lugs 50 and bottom lugs 51,
      with both the advancing and returning portions of belts 10 and 11. It will
      be appreciated, however, that idlers may be positioned between lugs 50 and
      51 which are in operable contact with only the advancing or returning
      portions of the belts.
PAR  The conveying means of yet another embodiment of the present invention
      include a forward idler, supporting means for the forward idler, and means
      connected to the forward idler for cleaning debris from between the
      forward idler and the means for supporting the forward idler.
PAR  In the embodiment depicted in FIGS. 4 and 6, the means for cleaning debris
      from between the forward idler and the means for supporting the forward
      idler comprises an L-shaped cleaning member 45. Cleaning member 45 is
      connected to the underside of idler 16 by conventional means such as bolts
      46. The means for supporting idler 16 includes clevis 18. As is apparent,
      cleaning member 45 sweeps debris from between the underside of the idler
      16 and clevis 18 on each revolution of idler 16. L-shaped cleaning member
      45 is preferably positioned for easy replacement and formed from an
      inexpensive mild steel. Cleaning member 45 prevents the area between
      clevis 18 and idler 16 from becoming choked with weeds and other debris.
PAR  The row crop harvester of the present invention also includes means for
      severing crop material from a field. In accordance with preferred
      embodiments, the severing means is located at the forward end of the crop
      material receiving passage and includes a rotary cutter, supported and
      driven by an adjustable forward idler. The rotary cutter may be in
      operative cutting relationship with a second cutter element which is
      connected to and adjustable with the means for adjusting the adjustable
      forward idler forwardly and rearwardly.
PAR  In accordance with one embodiment of the present invention, and as shown in
      FIGS. 3, 4, and 6, a rotary cutter generally 40, is directly attached to
      forward idler 16, by conventional means such as bolts. As here embodied,
      the rotary cutter comprises a plurality of cutting blades 41 mounted on
      the underside, and extending beyond the periphery of idler 16. The cutting
      blades 41 may be directly mounted on idler 16 by conventional means such
      as bolts 42. As here embodied, the rotary cutter cooperates with a fixed
      blade 43, mounted on and adjustable with clevis 18. As the cutting blades
      41 move into cutting relationship with fixed blade 43, forage stalks are
      sheared off between the edges of the blades. The heel of the entering
      cutting blade 41 contacts the fixed blade 43 before the tip of the cutting
      blade 41 leaves fixed blade 43. This prevents jamming of the rotating
      cutter into fixed blade 43.
PAR  It will be appreciated that either or both of forward idlers 16 and 17
      could be made adjustable and adapted to support and drive a rotary cutter.
      Preferably, one forward idler is located rearwardly of the other. By
      placing one forward idler rearwardly of the other, gathering of forage
      material is facilitated and choking of the material receiving passage with
      forage between the two forward idlers is avoided. In the embodiment of the
      drawings, the rearward forward idler supports and drives the rotary
      cutter. Such an arrangement insures gripping of forage in the material
      receiving passage immediately upon severing. It is also preferred that the
      rotary cutter extend forwardly of the frame of the row crop harvesting
      apparatus. A forwardly extending rotary cutter assists in gripping and
      gathering row crop material.
PAR  In operation, the row crop harvesting apparatus of the present invention
      may be mounted to a movable forage harvester adapted to travel down rows
      of forage. In the embodiment shown in the figures, drive members 14 and 15
      are connected to suitable driving means. As viewed in FIGS. 2 and 3,
      driving member 15 is rotated in, and drives belt 11 in a clockwise
      direction. Drive member 14 rotates in, and drives belt 10 in a
      counterclockwise direction. Forward idler 16 is in turn, driven by belt 10
      in a counterclockwise direction. Forward idler 16 drives cutter blades 41
      in a counterclockwise direction and into cooperative severing relationship
      with fixed blade 43. Forward idler 16 also drives cleaning member 45
      through the area between the bottom of idler 16 and the upper interior
      surface of clevis 18 (including the portion of clevis 18 which supports
      fixed cutter blade 43.).
PAR  As the row crop header here embodied moves down a row of field borne forage
      material, stalks of forage material are gathered by the combined action of
      belt 11 in the area of idler 17, and by cutting blades 41. The stalks are
      brought into the forward end of forage material receiving passage 13 where
      they are severed from the ground by the cooperative action of cutter
      blades 41 and fixed blade 43. The severed stalks are gripped in forage
      material receiving passage 13 between belts 10 and 11 immediately upon
      being severed from the ground. Any debris collecting between the underside
      of rotary cutter 40 and clevis 18 is removed by rotating cleaner member
      45. The severed forage is conveyed rearwardly and upwardly into the area
      of driving members 14 and 15 where it is delivered to an ensilage
      harvester or to other suitable mechanisms for further processing.
PAR  In accordance with the preferred embodiment of the present invention,
      whereby the various idlers such as intermediate idlers 20,21, 22, 23, and
      25 (FIGS. 2 and 3) or 53 and 54 (FIG. 5) are placed so that no idler
      member in contact with belt 10 is directly opposite an idler member in
      contact with belt 11, forage material of different sizes and diameters is
      readily passed through the forage material receiving passage 13. The
      oversized material in passage 13 does not choke in a fixed lateral
      position between idlers of the opposing belts. Rather, at every point in
      which one belt is in contact with an idler, the other belt is free to
      laterally deflect.
PAR  In accordance with certain embodiments of the present invention, it is
      possible, if desired, to readily change the tension in at least one of the
      conveyor belts, as to prevent slippage or to effect gripping of forage in
      the forage material receiving passage, without affecting the cutting
      relationship of the rotary cutter, and the second cutter element. For
      example, in the embodiment of the invention shown FIGS. 2 and 3, tension
      in belt 10 can be increased by merely turning bolt head 37 in the
      appropriate direction to cause threaded member 33 to advance through nut
      member 35. Movement of threaded member 33 forward will cause connector bar
      32 to move forward which will in turn, cause clevis 18 and idler 16 to
      move forward, thus increasing tension in belt 10. To decrease tension, it
      is merely necessary to turn bolt 37 in the opposite direction. Since
      rotary cutter 40 and idler 16 move simultaneously with clevis 18 and fixed
      cutter blade 43, adjustment of idler 16 forwardly or rearwardly does not
      affect the cutting relationship between rotary cutter 40 and fixed cutter
      blade 43.
PAR  In accordance with another embodiment of the present invention, it is
      possible, if desired, to readily adjust the vertical relationship between
      the rotary cutter and the second cutter element. For example, in the
      embodiment shown in FIG. 6, the relative vertical positions of rotary
      cutter 40 and fixed cutter blade 43 can be adjusted by merely turning
      adjusting head 69 in the appropriate direction to cause threads 64 to
      either advance through or retract from nut 65. Movement of threads 64
      through nut 65 will cause idler shaft 59 and idler 16 to move upwardly or
      downwardly. Rotary cutter 40, supported by, driven by, and adjustable with
      forward idler 16, will also move upwardly or downwardly. Such motion is
      relative to clevis 18, which supports both idler 16 and fixed cutter blade
      43. Accordingly, vertical movement of idler 16 affects the relative
      position of rotary cutter 40, including cutter blades 41, and fixed cutter
      blade 43. In this manner, cutter blades 41 and fixed cutter blade 43 may
      be readily and precisely vertically adjusted so that they are in proper
      vertical cutting relationship. The means for vertically adjusting idler 16
      provide a simple means of adjustment to compensate for wear of cutting
      blades 41 and fixed cutter blade 43.
PAR  The invention in its broader aspects is not limited to the specific details
      shown and described, and departure from such details may be made without
      departing from the principles of the invention and without sacrificing its
      principal advantages.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a row crop harvesting apparatus having means including at least one
      forwardly and rearwardly extending endless conveyor belt for conveying the
      crop rearwardly and means for severing the crop from a field, the
      improvement comprising an adjustable forward idler in operable contact
      with said conveyor belt, said means for severing the crop including a
      rotary cutter operating coaxially with said adjustable forward idler,
      means for adjusting said forward idler forwardly and rearwardly while
      maintaining the relative orientation of said forward idler and said
      severing means, and means for rotating said rotary cutter.
NUM  2.
PAR  2. The row crop harvesting apparatus of claim 1 in which said means for
      adjusting said forward idler includes a clevis supporting said forward
      idler, said rotary cutter being supported by and adjustable with said
      clevis.
NUM  3.
PAR  3. The row crop harvesting apparatus of claim 1 also including a plurality
      of spaced double lugs, each of said double lugs comprising a top lug and a
      bottom lug extending from the inner surface of said converyor belt, a
      rearward driving pulley, said belt being partially supported by said
      forward idler and said driving pulley, and at least one idler member
      spaced from the forward idler and rearward pulley and positioned between
      top and bottom lugs in operable supporting relationship with at least a
      portion of said conveyor belt.
NUM  4.
PAR  4. The row crop harvesting apparatus of claim 3 in which top and bottom
      lugs are perpendicularly aligned relative to the longitudinal direction of
      said belt.
NUM  5.
PAR  5. The row crop harvesting apparatus of claim 3 in which said at least one
      idler member is positioned between top lugs and bottom lugs in operable
      supporting relationship with both the advancing and returning portions of
      said endless conveyor belt.
NUM  6.
PAR  6. The row crop harvesting apparatus of claim 1 also including a fixed
      cutter in cutting relationship with said rotary cutter and wherein the
      means for adjusting the forward idler permits adjustment of belt tension
      without affecting the cutting relationship of the rotary and fixed cutter
      and ensures that the crop will be gripped by said belt immediately upon
      severance.
NUM  7.
PAR  7. The row crop harvesting apparatus of claim 1 including means for
      supporting said forward idler and wherein said severing means also
      includes a cutter element mounted on said supporting means and adjustable
      forwardly and rearwardly simultaneously with said forward idler and said
      rotary cutter.
NUM  8.
PAR  8. A crop harvesting apparatus having means for severing a crop from a
      field and means including at least two laterally opposed forwardly and
      rearwardly extending conveyor belts having substantially parallel
      rearwardly movable surfaces defining between them a crop receiving passage
      for conveying the crop rearwardly, the improvement comprising a pair of
      forward idlers, one forward idler being in supporting relationship with
      each belt, a plurality of intermediate idler members spaced rearwardly
      from said forward idlers, in operable supporting relationship with each of
      said belts, one of said forward idlers being located forwardly of the
      other forward idler for establishing an extended portion of one of said
      substantially parallel rearwardly moving surfaces of said belts, the
      length of said extended portion including at least the projection of the
      diameter of the other of said pair of idlers, and wherein said severing
      means includes a rotary cutter, said extended portion being laterally
      opposed to said rotary cutter, said intermediate idler members along the
      crop receiving passage being spaced so that no intermediate idler member
      in supporting relationship with one belt is laterally aligned with an
      intermediate idler member in supporting relationship with the other of
      said belts.
NUM  9.
PAR  9. The crop harvesting apparatus of claim 8 including means for adjustably
      moving at least one of said forward idlers forwardly and rearwardly while
      maintaining the relative orientation of the adjusted forward idler and
      said severing means.
NUM  10.
PAR  10. The crop harvesting apparatus of claim 9 in which one adjustable
      forward idler supports and drives said rotary cutter.
NUM  11.
PAR  11. The row crop harvesting apparatus of claim 8 also including a rearward
      pulley said forward idler and rearward pulley being respectively in
      operable contact with the forward and rearward end of each belt, each said
      conveyor belt including a plurality of longitudinally spaced double lugs
      extending from the inner surface thereof, each double lug comprising
      transversely spaced first and second lugs, and at least one idler between
      said forward idler and rearward pulley positioned between said first and
      second lugs for supporting portions of said belt and maintaining said
      belts in alignment with respect to each other to ensure forming said
      receiving passage and conveying crop material rearwardly.
NUM  12.
PAR  12. The apparatus defined in claim 11 in which said at least one idler is
      in operable supporting relationship with both the forwardly moving and
      rearwardly moving portions of each belt.
NUM  13.
PAR  13. A crop harvesting apparatus having means for severing a crop from a
      field and means including at least two laterally opposed forwardly and
      rearwardly extending and rearwardly movable surfaces defining between them
      a crop receiving passage for conveying the crop rearwardly, the
      improvement comprising a plurality of idler members in operable supporting
      relationship with each of said opposed surfaces, which idler members along
      the crop receiving passage are spaced so that no idler member in
      supporting relationship with one opposed surface is laterally aligned with
      an idler member in supporting relationship with the other of said
      surfaces, and at least one movable surface comprises an endless conveyor
      belt, which has a plurality of spaced double lugs, each double lug
      comprising a top lug and a bottom lug, extending from the inner surface of
      said conveyor belt and in which at least one of said idler members along
      said crop receiving passage is positioned between top lugs and bottom lugs
      in operable supporting relationship with both the advancing and returning
      portion of said endless conveyor belt.
NUM  14.
PAR  14. In a row crop harvesting apparatus having means for severing the crop
      from a field and means including at least two laterally opposed forwardly
      and rearwardly extending and rearwardly movable surfaces defining between
      them a crop material receiving passage for conveying the crop rearwardly,
      the improvement comprising a forward idler in supporting relationship with
      each of said surfaces, said forward idlers including a pulley and shaft,
      one of which forward idlers is located rearwardly of the other, said means
      for severing the crop including a rotary cutter supported and driven by
      the rearwardly located forward idler and a second cutter element mounted
      in cooperating cutting relationship with said rotary cutter.
NUM  15.
PAR  15. The row crop harvesting apparatus of claim 14 in which the forward
      idler which supports said rotary cutter is adjustable and which includes
      means for adjusting said forward idler forwardly and rearwardly without
      affecting the relative orientation of said idler and said rotary cutter.
NUM  16.
PAR  16. The row crop harvesting apparatus of claim 14 which includes a
      plurality of idler members in operable contact with each of said laterally
      opposed movable surfaces and in which idler members along the crop
      material receiving passage are spaced so that no idler member contact with
      one of said surfaces is laterally aligned with an idler member in contact
      with the other of said surfaces.
NUM  17.
PAR  17. A row crop harvesting apparatus for severing and conveying crop
      material, said apparatus comprising:
PA1  A. a frame;
PA1  B. means attached to said frame for conveying crop material rearwardly,
      comprising:
PA2  1. at least two elongated, laterally opposed, endless conveyor belts,
      defining between them a crop material receiving passage, said belts
      arranged to convey severed crop material rearwardly through said passage;
PA2  2. an adjustable forward idler in operable contact with at least one of
      said conveyor belts;
PA2  3. means for adjusting said forward idler forwardly and rearwardly in the
      longitudinal direction of the crop material receiving passage; and
PA1  C. means located at the forward end of said crop material receiving passage
      for severing crop from a field comprising:
PA2  1. a rotary cutter, supported and driven by said forward idler, in
      operative cutting relationship with
PA2  2. a second cutter element connected to and adjustable with said means for
      adjusting said forward idler, whereby adjustment of said forward idler
      does not affect the relationship of said rotary cutter and said second
      cutter element.
NUM  18.
PAR  18. The row crop harvesting apparatus of claim 17 wherein said rotary
      cutter extends forwardly of said frame.
NUM  19.
PAR  19. The row crop harvesting apparatus of claim 18 in which said adjustable
      forward idler is adjustable forwardly and rearwardly without affecting the
      relative orientation and cutting relationship between said rotary cutter
      and said forward idler.
NUM  20.
PAR  20. The row crop harvesting apparatus of claim 19 in which said conveyor
      belts extend rearwardly and upwardly.
NUM  21.
PAR  21. The row crop harvesting apparatus of claim 19 in which said conveyor
      belts are flexible.
NUM  22.
PAR  22. The row crop harvesting apparatus of claim 19 in which said means for
      adjusting said forward idler includes a clevis in which said forward idler
      is mounted and in which said second cutter element is mounted on and
      adjustable with said clevis.
NUM  23.
PAR  23. The row crop harvesting apparatus of claim 19 in which the conveying
      means includes a plurality of idler members in operable contact with each
      of said belts and in which idler members along the crop material receiving
      passage are spaced so that no idler member in contact with one of said
      belts is laterally aligned with an idler member in contact with the other
      of said belts.
NUM  24.
PAR  24. The row crop harvesting apparatus of claim 19 in which said rotary
      cutter comprises at least one cutting blade attached to the underside, and
      extending beyond the periphery of said forward idler.
NUM  25.
PAR  25. The row crop harvesting apparatus of claim 24 in which said rotary
      cutter comprises a plurality of cutting blades.
NUM  26.
PAR  26. The row crop harvesting apparatus of claim 19 in which each of said
      belts is in contact with a forward idler, one of which forward idlers
      located rearwardly of the other supports and drives said rotary cutter.
NUM  27.
PAR  27. The row crop harvesting apparatus of claim 19 including a plurality of
      said means attached to said frame for conveying crop material rearwardly
      and a plurality of said means located at the forward end of each crop
      material receiving passage, for severing crop from a field.
NUM  28.
PAR  28. The row crop harvesting apparatus of claim 19 which includes means for
      vertically adjusting said adjustable forward idler.
NUM  29.
PAR  29. The row crop harvesting apparatus of claim 19 which includes means for
      supporting said adjustable forward idler and means connected to said
      forward idler for cleaning debris from between said forward idler and said
      means for supporting said forward idler.
NUM  30.
PAR  30. The row crop harvesting apparatus of claim 19 in which a plurality of
      spaced double lugs, each double lug comprising a top lug and a bottom lug,
      extend from the inner surface of at least one of said conveyor belts, and
      in which at least one idler member is positioned between top and bottom
      lugs in operable supporting relationship with the conveyor belt.
NUM  31.
PAR  31. The row crop harvesting apparatus of claim 30 in which at least one
      idler member is positioned between top lugs and bottom lugs in operable
      supporting relationship with both the advancing and returning portions of
      said endless conveyor belt.
NUM  32.
PAR  32. In a row crop harvesting apparatus having means including at least one
      forwardly and rearwardly extending endless conveyor belt for conveying
      crop material rearwardly, a forward idler in operable contact with said
      conveyor belt, a rotary cutter operatively associated with the bottom of
      said forward idler, and means for supporting said forward idler the
      improvement comprising means connected to the bottom surface of said
      rotary cutter and movable with said forward idler for cleaning debris from
      between said forward idler and said means for supporting said forward
      idler.
NUM  33.
PAR  33. The row crop harvesting apparatus of claim 32 in which said means for
      cleaning debris comprises a member extending downwardly from said bottom
      surface of said rotary cutter and radially outward from the axis of
      rotation of said forward idler, whereby debris is swept from the space
      between the bottom surface of said rotary cutter and the support for said
      forward idler upon rotation of said forward idler.
NUM  34.
PAR  34. The row crop harvesting apparatus of claim 33 in which said forward
      idler is adjustable.
NUM  35.
PAR  35. In a row crop harvesting apparatus having means including at least one
      forwardly and rearwardly extending endless conveyor belt for conveying the
      crop rearwardly and means for severing the crop from a field, the
      improvement comprising an adjustable forward idler in operable contact
      with said conveyor belt, means for supporting said forward idler, said
      means for severing the crop from a field includes a rotary cutter and a
      cutter element which cooperates with said rotary cutter, said rotary
      cutter being operatively associated with said adjustable forward idler,
      and means for adjusting said forward idler and said rotary cutter relative
      to said means for supporting said forward idler to adjust the cutting
      relationship of said rotary cutter and said cutter element, said forward
      idler being adjusted in a direction parallel to the axis of rotation
      thereof.
NUM  36.
PAR  36. The row crop harvesting apparatus of claim 35 in which the axis of
      rotation of said forward idler is substantially vertical.
NUM  37.
PAR  37. The row crop harvesting apparatus of claim 1 further including at least
      one driving member in operable contact with said conveyor belt, at least
      one intermediate idler member located between said driving member and said
      forward idler, said intermediate idler member being in operable supporting
      relationship with both the advancing and returning portions of said
      endless conveyor belt, and said rotary cutter being supported by and
      driven by said forward idler.
NUM  38.
PAR  38. The row crop harvesting apparatus of claim 37 which includes a
      plurality of intermediate idler members.
NUM  39.
PAR  39. The row crop harvesting apparatus of claim 35 also including a rearward
      driving pulley and a plurality of spaced double lugs extending from the
      inner surface of said conveyor belt, each of said double lugs comprising a
      top lug and a bottom lug, said belt being partially supported by said
      idler pulley and said driving pulley and at least one idler member spaced
      from said idler pulley and said driving pulley and positioned between top
      and bottom lugs in operable supporting relationship with said conveyor
      belt.
NUM  40.
PAR  40. The row crop harvesting apparatus of claim 39 in which top and bottom
      lugs are perpendicularly aligned relative to the longitudinal direction of
      said belt.
NUM  41.
PAR  41. The row crop harvesting apparatus of claim 39 in which said at least
      one idler member is positioned between top lugs and bottom lugs in
      operable supporting relationship with both the advancing and returning
      portions of said endless conveyor belt.
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ABST
PAL  An apparatus for false twisting a thread having three rotatably mounted
      spindles each carrying a pluralilty of friction discs which overlap each
      other and means for passing a thread along a zig-zag path between the
      spindles and over the edges of the friction discs is provided with at
      least one friction disc having a twist stop edge which interrupts the
      helical path of the thread in a kink-like manner at the exit end of the
      path of the thread.
BSUM
PAR  This invention relates generally to apparatus for false twisting threads
      and more particularly to a false twister provided with improved friction
      discs.
PAR  False twist devices having friction discs for friction false twisting of
      synthetic threads or crimping them are known in various forms. A
      particularly advantageous false twister has three rotatably mounted
      mutually parallel spindles, each carrying at least one friction disc and
      lying in plan view at the corners of an equilateral triangle. The discs on
      each spindle overlap the discs on the other spindles so that the thread to
      be false twisted passes between the discs along a zig-zag path. The three
      spindles are driven so that they all rotate in the same direction. False
      twister devices of this type are disclosed in German OS No. 2,213,147 and
      in the corresponding U.S. Patent application Ser. No. 342,085 filed Mar.
      16, 1973, the disclosure of which is incorporated herein by reference.
PAR  It has also been proposed, in such a false twister, to curve or bow in
      cross-section the symmetrical convex contact surfaces or peripheral edges
      by which the friction discs engage the thread, so that the thread passes
      through the device substantially along a helical path. In such an
      arrangement, the aim is that the friction discs each comprise, at the
      contact surface with the thread, at least two materials having
      respectively a higher co-efficient of friction for imparting the false
      twist and having a lower co-efficient of friction for guiding the thread
      on the disc, advantageously the material of higher friction co-efficient
      being present at that point of the contact surface which has the greatest
      peripheral speed. The material having the higher co-efficient of friction
      can furthermore be sandwiched at the contact surface on both sides between
      material of lower co-efficient of friction as disclosed in German Patent
      Application No. P 23 06 853.3, and the corresponding U.S. patent
      application Ser. No. 441,209 filed Feb. 8, 1974, the disclosure of which
      is incorporated herein by reference.
PAR  In such friction discs the imparting of the false twist occurs only on a
      part of the overall breadth of the contact surface, so that also in the
      case of a convexly bowed contact surface, which is particularly favorable,
      the region of it which imparts the false twist rotates at substantially
      the same peripheral speed over all parts of it. This not only achieves
      trouble-free uniformly good and satisfactory imparting of the false twist
      but also significantly reduces the danger of thread breakage.
PAR  It is an object of the present invention to provide false twist apparatus
      of the kind described in which a defined twist stop point is given, so
      that the extent of the twist remains constant. Another object of the
      invention is to provide a false twist device for crimping threads having
      friction discs provided with peripheral edges having a twist stop point
      whereby the extent of the twist of the thread is constant.
DRWD
PAR  Other objects will become apparent from the following description with
      reference to the accompanying drawing wherein
PAR  FIG. 1 is a partially longitudinally sectioned side view of a first
      embodiment of the invention;
PAR  FIG. 2 is a plan view of the embodiment of the apparatus of FIG. 1;
PAR  FIG. 3 shows part of an enlarged partially longitudinally sectioned side
      view of a friction disc which has no twist stop edge, in the apparatus of
      FIGS. 1 and 2;
PAR  FIG. 4 is an enlarged view within the circle at IV in FIG. 1; and
PAR  FIGS. 5 and 6 are each views corresponding to FIG. 4 and showing
      respectively a second and third embodiment of the friction disc with the
      twist stop edge.
DETD
PAR  The foregoing objects and others are accomplished in accordance with this
      invention by providing a false twist apparatus having a friction disc
      provided with a twist stopping edge which interrupts the helical path of
      the thread passing through the apparatus at a predetermined point on the
      thread exit side where the thread experiences a somewhat sharp kink.
PAR  Some embodiments of the apparatus according to the invention are described
      in the following by way of example with reference to the drawing.
PAR  The false twister shown in FIG. 1 comprises a base plate 1 carrying three
      spindles 2. These spindles are arranged with their longitudinal axes
      parallel to each other and in plan view lie at the corners of a triangle,
      as seen in FIG. 2. Each spindle 2 is provided with a sealed bearing 3
      which is secured to the base plate 1 by means of a nut 4. Furthermore, at
      its lower end as viewed in FIG. 1 each spindle 2 is provided with an
      externally toothed wheel 5. All three wheels 5 are enclosed by a common
      internally toothed belt 6. Accordingly, the spindles 2 all run in the same
      direction of rotation when in operation.
PAR  On each spindle 2 there is mounted a set of three friction discs 7, each
      having a hub and an annular flange at one end of the hub. The friction
      discs 7 of each set are assembled next to one another on a common locating
      sleeve 8. The locating sleeve 8 is fitted onto the associated spindle 2
      together with a spacer ring 9 and secured to the spindle to rotate with it
      by means of a screw 11 with a washer 10. At the end of it furthest from
      the washer 10 and the screw 11 the locating sleeve 8 engages an abutment
      ring 12 provided on the spindle 2.
PAR  The sets of friction discs, which are mutually identical apart from the
      twist stopping edge, to be described later, are arranged on the respective
      associated spindle 2 with the friction discs 7 in different axial
      positions. This is achieved by the spacer rings 9. On the left hand
      spindle 2 as viewed in FIG. 1 such a spacer ring 9 is placed above the set
      of discs, and the same is true of the right hand spindle 2, in which,
      however, the set of friction discs is the other way round, i.e. they are
      standing on their heads. On the central spindle 2 there are two spacer
      rings 9, namely a taller one at the bottom and a thinner one above the set
      of discs, which itself is arranged the same way up as the discs on the
      left hand spindle 2.
PAR  The discs 7 therefore overlap one another and in operation they rotate in
      the same direction, for example in the direction of the arrow 13 in FIG.
      2. The thread 15 which passes through the apparatus in the direction of
      the arrow 14, that is to say in a downward direction, is therefore
      provided with a Z twist. As it passes through the apparatus it follows a
      helical path of substantially uniform pitch, i.e. it runs on a path which
      follows a helix about an imaginary cylinder 16 indicated in broken lines
      in FIG. 2, to pass out of the apparatus through a fixed tubular
      balloon-preventer 17. The balloon-preventer 17 extends through the base
      plate 1 and is secured to it at the center of the above-mentioned triangle
      of spindles.
PAR  The thread 15 is pressed against peripheral edge of each disc 7; in fact
      against a contact surface 18 on each disc, so as to roll on it. The
      contact surface 18 is split into regions of different co-efficients of
      friction, which are mutually adjacent one another in the direction of the
      thickness of the disc and which extend around the whole of the periphery
      of the disc. For this purpose, in the disc 7 made from material of low
      co-efficient of friction, there is machined an annular groove 19 in which
      is provided a ring 20 of material of higher co-efficient of friction. The
      region of higher co-efficient of friction of the contact surface 18,
      formed by the ring 20, serves to impart the false twist, and the two
      adjacent regions of lower co-efficient of friction serve to guide the
      thread on the disc 7. In the region of higher co-efficient of friction the
      peripheral speed of the contact surface 18 is substantially uniform, so
      that exact imparting of the false twist is achieved.
PAR  As shown particularly clearly in FIG. 3, the contact surface 18 has a
      symmetrical convex cross-sectional shape. Also the ring 20 lies
      symmetrically with respect to this contact surface 18, i.e. in its central
      region.
PAR  According to the invention a rotating twist stop edge is provided,
      interrupting the helical path of the thread 15 at the thread exit face,
      and in fact in FIG. 1 this is provided on the lowermost disc 7. This disc
      7 has at its periphery a sharp cross-section, the rounded-off tip of the
      cross-section forming the twist stop edge 21, as shown particularly
      clearly by FIG. 4. From this it will be seen that in the disc 7 which has
      the twist stopping edge 21 there is no ring corresponding to the ring 20.
PAR  However, as shown in FIG. 5, the twist stopping edge 21 can have a high
      co-efficient of friction with respect to the thread to be false twisted.
      The embodiment in FIG. 5 differs from that of FIG. 4 solely in that a ring
      22 made from a material of high co-efficient of friction similar to that
      of insert 20 of FIG. 3 is provided in an annular groove 23 in the disc 7.
      As in the embodiment of FIG. 4 the cross-section at the periphery of the
      disc 7 is of symmetrical form, although it is true that the groove 23 and
      the ring 22 are asymmetrical, i.e. they are arranged off-set towards the
      thread exit face.
PAR  The embodiment of the twist stop edge 21 shown in FIG. 6 differs from that
      of FIG. 5 only in that the disc 7 having this twist stopping edge 21 has
      an asymmetrical cross-section at its periphery.
PAR  Although the invention is described in detail for the purpose of
      illustration it is to be understood that such detail is solely for that
      purpose and that variations can be made therein by those skilled in the
      art without departing from the spirit and scope of the invention except as
      it may be limited by the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for false-twisting threads by means of friction discs
      which comprises three rotatably mounted mutually parallel spindles, each
      provided with at least one friction disc, the disc or discs on each
      spindle overlapping the discs on the other two spindles, and means for
      passing the thread to be false-twisted over the discs along a
      substantially helical path, the improvement which comprises providing one
      of the friction discs with a rotating twist stop edge disposed to
      interrupt the helical path of the thread in a kink-like manner on the exit
      face.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the twist stop edge is provided on only
      one of the friction discs.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the friction disc having the twist stop
      edge has at its periphery a sharp cross-section.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the friction disc having the twist
      stopping edge has an asymmetrical cross-section at its periphery.
NUM  5.
PAR  5. The apparatus of claim 1 wherein the twist stopping edge has a high
      co-efficient of friction with respect to the thread to be false-twisted.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the friction disc having the twist
      stopping edge is provided with a ring of material of high co-efficient of
      friction.
NUM  7.
PAR  7. The apparatus of claim 1 wherein the friction discs which are free from
      twist stop edges each have at their contact surfaces with the thread to be
      false-twisted portions of at least two materials having respectively a
      higher co-efficient of friction for imparting the false twist and a lower
      co-efficient of friction for guiding the thread on the disc, the contact
      surfaces having a convex cross-sectional shape.
NUM  8.
PAR  8. The apparatus of claim 7 wherein the material with the higher
      co-efficient of friction at the contact surface is sandwiched on both
      sides between material of lower co-efficient of friction.
NUM  9.
PAR  9. In an apparatus for false-twisting a thread having three rotatably
      mounted spindles each carrying a plurality of friction discs which overlap
      each other and means for passing a thread along a zig-zag path between the
      spindles and over the edges of the friction discs, the improvement wherein
      the friction disc immediately adjacent to the point of exit of the thread
      from between the friction discs has a sharp peripheral edge over which the
      thread moves as it emerges from its zig-zag path whereby a substantially
      uniformly constant false twist is imparted to the thread.
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ABST
PAL  An arrangement for mounting spinning rings is provided that employs a set
      of chuck elements at each ring rail spindle opening to grip a spinning
      ring thereat in a manner which allows replacement or a change in ring size
      much more readily than has heretofore been possible.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of copending application Ser. No. 509,441,
      filed Sept. 26, 1974, and now abandoned in favor of this application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Spinning rings are normally mounted on the ring rail of a spinning frame
      through use of ring holders that are installed at the ring rail spindle
      openings and held in place by snap rings engaging the holders below the
      rail. As a consequence, the ring rail must be removed from the frame for
      either mounting or removing the rings, and when the ring size is to be
      changed a new rail suited to the particular changed size of ring must be
      provided. In addition, the considerable number of rings that must be
      handled in the case of a change over or whenever replacement is necessary
      imposes a tedious and expensive downtime burden on mill operations
      according to usual practice.
PAR  The prior art has recognized this problem, as in U.S. Pat. Nos. 164,536 and
      990,360, but no satisfactory solution has heretofore been devised insofar
      as I am aware.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention ring rail mounting of spinning rings is
      greatly simplified and expedited by providing a set of three chuck
      elements for mounting each ring. The chuck elements of the set are each
      arcuately grooved at one face for supported disposition in slidable
      relation within a ring rail spindle opening and are also arcuately grooved
      at their opposite face for gripping in slidable relation a spinning ring
      to be installed at the spindle opening. The set of chuck elements has an
      aggregate arcuate length when slid to adjacency within the spindle opening
      that does not exceed 180.degree. so that the spinning ring may be released
      readily whenever desired, while being gripped and held in place by the
      chuck elements as long as they are maintained at opposing positions within
      the opening. In gripping position the chuck elements are spaced at
      intervals of about 120.degree. within the spindle opening, and at least
      one of the chuck elements is preferably biased inwardly within the opening
      both to insure a centered spinning ring grip and to ease release thereof
      as noted in further detail below. The chuck elements may also be arranged
      for inverting to provide for mounting differently sized spinning rings in
      accordance with the modified embodiments described below.
DRWD
PAC   DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a spinning ring mounted on a ring rail in
      accordance with the present invention;
PAR  FIG. 2 is an enlarged sectional detail taken at the line 2--2 in FIG. 1;
PAR  FIG. 3 is an enlarged sectional detail taken at the line 3--3 in FIG. 1;
PAR  FIG. 4 is a plan view of the chuck element shown in FIG. 3;
PAR  FIG. 5 is a side view as seen from the bottom in FIG. 4;
PAR  FIG. 6 is a sectional detail corresponding to FIG. 3 but showing a modified
      form of chuck element arranged for inverting to mount differently sized
      spinning rings;
PAR  FIG. 7 is an end view of the FIG. 6 chuck element;
PAR  FIG. 8 is a right side elevation of the FIG. 6 chuck element with
      invertable clearing means disposed thereon;
PAR  FIG. 9 is a top plan view corresponding to FIG. 8;
PAR  FIG. 10 is a perspective view of the clearing means shown in FIGS. 8 and 9;
PAR  FIG. 11 is a right side elevation of a further modified form of invertable
      chuck member having a differently formed clearing means disposed thereon;
PAR  FIG. 12 is a top plan view corresponding to FIG. 11; and
PAR  FIG. 13 is a perspective view of the clearing means shown in FIGS. 11 and
      12.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 of the drawings, a mounted spinning ring is designated by the
      reference numeral 10, a ring rail portion by the numeral 12, a ring rail
      spindle opening by the numeral 14, and a set of chuck elements embodying
      the present invention by the respective reference numerals 16, 18 and 20.
PAR  All three of the chuck elements 16, 18 and 20 are basically similar and may
      have identical overall dimensions so that all may be formed from a common
      basic piece. FIG. 2 shows the chuck element 16, which is the simplest one,
      to be supported on ring rail 12 at a groove 22 formed arcuately (Compare
      FIGS. 1 and 2) in one face for slidable disposition on rail 12 within the
      spindle opening 14, and also to have an arcuate groove 24 formed at its
      opposite face for gripping the spinning ring 10 in slidable relation at an
      outer peripheral portion of its lower flange. The second chuck element 18
      is a full counterpart of the element 16 just described except that it has
      a traveler clearing finger 26 attached thereto by a fastening screw as
      shown in FIG. 1, although this finger 26 might alternatively be mounted on
      chuck element 16 as a matter of choice.
PAR  The remaining chuck element 20 of the ring mounting set also has opposite
      faces thereof arcuately grooved at 28 and at 30 (see FIGS. 3, 4 and 5) for
      supported disposition within the spindle opening 14 of ring rail 12 and
      for gripping the spinning ring 10 as the others, but it is further
      arranged to incorporate the previously mentioned inward bias by which a
      releasable grip is maintained on spinning ring 10 according to the
      preferred embodiment that is illustrated.
PAR  In order to provide this bias, chuck element 20 is bored as at 30 from the
      face thereof at which the ring rail groove 28 is formed in intersecting
      relation with this groove and has at least one leaf spring 34, and
      preferably a pair of such springs, seated in the bore 32 so as to bear
      against the adjacent edge portion of spindle opening 14 when element 20 is
      disposed on ring rail 12. The preferred form of leaf spring 34 is a
      circular annulus pressed to a spherical shape, and when a pair of these
      springs are used they are inverted with respect to each other for seating
      in bore 32. To hold the springs 34 in seated position, the bore 32 is
      specially counterbored to set up lip portions therein that may be swaged
      to spring confining position as indicated at 36.
PAR  As noted earlier, the chuck elements 16, 18 and 20 are spaced within the
      ring rail spindle opening 14 at intervals of approximately 120.degree. for
      holding the spinning ring 10 in place. In this ring mounting arrangement,
      chuck elements 16 and 18 serve to locate spinning ring 10 in properly
      centered relation with respect to spindle opening 14, while the biased
      chuck element 20 acts to maintain an adequate grip on ring 10 and also to
      force any ring having an elliptic tendency into round as it is installed.
      In addition, all of the chuck elements 16, 18 and 20 further act in
      combination, through the arcuate grooving at which they respectively
      engage spinning ring 10 and ring rail 12, to plumb spinning ring 10
      reliably at spindle opening 14 as an incident of installation.
PAR  The biased arrangement of chuck element 20 further serves to render an
      installed ring 10 easily releasable whenever desired by simply sliding the
      other chuck elements to adjacency so that they occupy an arcuate length
      that does not exceed 180.degree. within spindle opening 14, as indicated
      in broken lines at 16' and 18' in FIG. 1. Initial outward pressure on the
      biased chuck element 20 can be employed to ease the spinning ring grip so
      that sliding of the other chuck elements is readily started, and for this
      reason chuck element 20 is preferably arranged at the accessible side of
      ring rail 12 where it can be reached conveniently for applying such
      pressure. Additionally, it is helpful to have chuck element 20 so arranged
      in order to have the other chuck elements within easy common reach when
      they have been slid to adjacency and need to be held in spindle opening 14
      as the spinning ring 10 is released.
PAR  If the released spinning ring 10 is to be replaced, the replacement ring is
      simply seated in the arcuate grooving therefor in the respective chuck
      elements and the chuck elements 16 and 18 are returned to their
      120.degree. spacing to complete the replacement mounting with exceptional
      ease. If, on the other hand, a different size of spinning ring is to be
      substituted a new set of chuck elements is installed to fit the different
      ring size and the installation proceeds in the same way with the new chuck
      element set without any need to change the ring rail and at a very
      substantial reduction in the time and effort ordinarily needed for a ring
      size change.
PAR  The general advantages of the present invention can also be obtained
      without biasing any of the chuck elements and providing each of them
      instead with a tension screw by which they can be set within the spindle
      opening 14 at proper ring gripping positions after having been slid
      thereto, but such an arrangement imposes considerably more critical
      tolerances on the chuck element design and is a good deal more burdensome
      to manipulate, so that the preferred embodiment including a biased chuck
      element 20 as described above is preferred because of the greater facility
      with which it can be provided and used.
PAR  The modified form of chuck element 200 shown in FIGS. 6 through 9 of the
      drawings differs from those previously described in that it is arranged
      for inverting to mount differently sized spinning rings 10, and for
      service as a common basic unit for all members of the chuck element set.
PAR  For these purposes, each chuck element 200 has the arcuate grooving 280
      that is provided for supported disposition on ring rail 12 arranged
      symmetrically in relation to its top and bottom faces, and has arcuate
      grooving 300 and 300' for gripping a spinning ring, as at 10, located
      adjacent both its top and bottom faces in respectively differing depths so
      that differently sized spinning rings are accommodated depending upon
      which face is disposed upwardly. In this manner each set of chuck elements
      200 can be arranged for double duty and thereby further simplify a
      changeover between ring sizes when the change involves sizes that are
      reasonably close.
PAR  Also, it has been found that there is advantage in arranging all chuck
      elements of a set with an inward bias at their supported disposition on
      ring rail 12, and this is done in the case of chuck elements 200 by boring
      them at 320 from the element face that is arcuately grooved for supported
      disposition on ring rail 12 and in intersecting relation with such
      grooving 280, while leaving a central stub portion 320' projecting at the
      bottom of bore 320, and then seating an annular leaf spring 340 in bore
      320 about the stub portion 320' which is staked to hold the spring 340 in
      place. By providing each chuck element 200 with a bias in this way it
      becomes possible to use all chuck elements interchangeably, and the
      biasing action is better distributed when a ring is gripped.
PAR  Additionally, the invertable chuck elements 200 are arranged for
      disposition of clearing means 360 readily at whichever face is disposed
      upwardly. This is done by linearly grooving the chuck element end faces,
      as at 380, in spaced parallel relation to the top and bottom chuck element
      faces so that a clearing means 360 of the sort shown in FIG. 10 can be
      disposed in place as shown in FIGS. 8 and 9 and easily shifted to the
      opposite face whenever the chuck elements are inverted. Alternatively, a
      clearing means 400 having the form shown in FIG. 13 may be used by
      arranging the linear grooving, as indicated at 420 in FIGS. 11 and 12, in
      the top and bottom chuck element faces. Such arrangements allow the
      clearing means to be disposed on any chuck element of a set as well as to
      facilitate nicely any necessary repositioning of the clearing means
      whenever a changeover is made.
PAR  The present invention has been described in detail above for purposes of
      illustration only and is not intended to be limited by this description or
      otherwise to exclude any variation or equivalent arrangement that would be
      apparent from, or reasonably suggested by, the foregoing disclosure to the
      skill of the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. Means for ring rail mounting of spinning rings comprising a set of three
      chuck elements, said elements each being arcuately grooved at one face for
      supported disposition in slidable relation within a ring rail spindle
      opening and also being arcuately grooved at the opposite face thereof for
      gripping in slidable relation a spinning ring to be installed at said ring
      rail spindle opening, and said elements having an aggregate arcuate length
      when slid to adjacency within said ring rail spindle opening that does not
      exceed 180.degree..
NUM  2.
PAR  2. Means as defined in claim 1 in which said chuck elements are spaced at
      intervals of about 120.degree. within said ring rail spindle opening for
      gripping said spinning ring.
NUM  3.
PAR  3. Means as defined in claim 1 in which said chuck elements are arcuately
      grooved at said opposite face for gripping said spinning ring at an outer
      peripheral portion of a flange thereof.
NUM  4.
PAR  4. Means as defined in claim 1 in which one of said chuck elements is
      biased inwardly within said ring rail spindle opening for securely
      gripping said spinning ring when the other elements of said set are slid
      to opposing positions within said opening.
NUM  5.
PAR  5. Means as defined in claim 4 in which said biased chuck element is bored
      from the face thereof that is arcuately grooved for supported disposition
      on said ring rail in intersecting relation with said groove, and has at
      least one leaf spring seated in said bore for providing said bias.
NUM  6.
PAR  6. Means as defined in claim 4 in which one of said chuck elements other
      than the biased one has a traveler clearing finger mounted thereon.
NUM  7.
PAR  7. Means as defined in claim 4 in which said chuck elements are spaced at
      intervals of about 120.degree. within said ring rail spindle opening for
      gripping said spinning ring, in which the chuck elements other than the
      one that is biased serve to center the gripped spinning ring with respect
      to said spindle opening, in which the biased chuck element acts to
      maintain an adequate grip on the spinning ring and hold it in round, and
      in which all of said chuck elements further act in combination to plumb
      the spinning ring reliably at said spindle opening.
NUM  8.
PAR  8. Means as defined in claim 1 in which all of said chuck elements are
      biased inwardly within said ring rail spindle opening for securely
      gripping said spinning ring when said elements are slid to opposing
      position within said opening.
NUM  9.
PAR  9. Means as defined in claim 8 in which the bias for said chuck elements is
      provided by an annular leaf spring seated in each element at the bottom of
      a bore extending from the element face that is arcuately grooved for
      supported disposition on said ring rail and intersecting such grooving.
NUM  10.
PAR  10. Means as defined in claim 1 in which said chuck elements are arcuately
      grooved at said opposite face for gripping said spinning ring at an outer
      peripheral portion of a flange thereof, and said arcuate grooving is
      located adjacent both the top and bottom faces of said elements in
      respectively differing depths, whereby said elements may be inverted for
      gripping differently sized spinning rings.
NUM  11.
PAR  11. Means as defined in claim 10 in which said chuck elements are
      additionally grooved for invertable disposition of clearing means at
      either the top or bottom face thereof.
NUM  12.
PAR  12. Means as defined in claim 11 in which the end faces of said chuck
      elements are linearly grooved in spaced parallel relation to the top and
      bottom faces thereof for holding said invertable clearing means in
      relation to either of said top and bottom faces.
NUM  13.
PAR  13. Means as defined in claim 11 in which the top and bottom faces of said
      chuck elements are linearly grooved for holding said invertable clearing
      means in relation to either of said faces.
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ABST
PAL  A woven or knitted fabric to be employed for ion exchange purposes
      comprises filaments of a fluorinated polymer with sulfonyl containing
      pendant side chains either in ionic or nonionic form whereby the filaments
      are supported by higher strength material prior to a weaving or knitting
      operation. Thereafter the supporting material is desirably removed. The
      final fabric may be woven so that the fabric is essentially impermeable to
      passage of fluids through fiber interstices or in an alternate manner is
      woven or knitted to allow controlled passage of liquid through fiber
      interstices. The polymer employed in the fabric possesses permselectivity
      giving desirable performance in electrolytic as well as membrane ion
      exchange and reverse osmosis devices.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Fluorinated polymers with pendant side chains containing ion exchange
      groups in the form such as sulfonic acid are known in the prior art. These
      resins are particularly useful where it is necessary to have thermal and
      chemical stability, e.g., for use as a membrane or a diaphragm in an
      electrolytic chlor-alkali cell. Suitable disclosures of ion exchange
      polymers are set forth in U.S. Pat. Nos. 3,773,634 and 3,793,163 wherein
      films are employed in a chlor-alkali cell for formation of chlorine and
      caustic. A teaching of use of an ion exchange polymer in a porous
      diaphragm for formation of chlorine and caustic is disclosed in U.S. Pat.
      No. 3,775,272.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to formation of knitted and woven ion
      exchange fabrics formed from filaments of a fluorinated polymer containing
      pendant side chains in the SO.sub.2 X form wherein X represents fluorine
      or chlorine and preferably fluorine. Conversion of the sulfonyl groups of
      the polymer to ionic form takes place whereby the polymer has ion exchange
      properties.
PAR  It is highly desirable for many applications that a thick film or a thick
      filament not be employed. For example, with thick gauges in a film or
      filament the resulting material will be thicker, heavier, more costly and
      generally will possess higher electrical resistance. Additionally, in use
      such as in a chlor-alkali cell, a penalty in operation may be imposed due
      to a lower current efficiency. To overcome these disadvantages, the amount
      of polymer for a unit area is most desirably minimized.
PAR  It is set forth in my copending application Ser. No. 430,754 filed Jan. 4,
      1974 that it is possible to form a tightly woven fabric with minimum
      passage of liquid through fiber interstices. The use of a fabric overcomes
      limitations in a film whereby the physical strength of the film is unduly
      low. Also, in a film, a tear or perforation may quickly progress in length
      which is characteristic of many low gauge films.
PAR  The present invention encompasses the tightly woven fabrics set forth in my
      copending application Ser. No. 430,754. Additionally, the formation and
      use of woven or knitted fabrics is included which allow passage of liquid
      through fiber interstices.
PAR  The present invention permits the use of knitted and woven fabrics and
      overcomes an inherent weakness of low strength filaments. In weaving
      and/or knitting operations, a higher strength supporting material is
      employed with the ion exchange polymer precursor or the ion exchange
      polymer in filament form. Most desirably, a supporting filament is twisted
      with the filament comprising the ion exchange polymer precursor or ion
      exchange polymer. However, alternate manners of support are possible.
      Illustratively, a coating which imparts strength may be applied to the
      filament.
PAR  The high strength supporting material permits the weaving or knitting
      operation as if the fluorinated polymer possessed high strength.
      Thereafter, the high strength filament may be destroyed either before or
      at the time the ion exchange polymer is utilized.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A fluorinated polymer with terminal sulfonyl groups present in the
      --SO.sub.2 X form with X representing fluorine or chlorine and preferably
      fluorine represents the starting polymer which is formed into filaments.
      Illustratively, starting or precursor ion exchange polymers are set forth
      in Connolly et al. U.S. Pat. No. 3,282,875 and Grot U.S. Pat. No.
      3,718,627. While it is highly desirable that the filament be supported
      when the sulfonyl groups are in the --SO.sub.2 X form, nevertheless it is
      within the scope of the invention to have the sulfonyl groups in ionic
      form at the time of the weaving or knitting operation.
PAR  With the fluorinated polymer in the --SO.sub.2 X form at the time of
      supporting operation, less difficulty is generally introduced into the
      weaving or knitting operation. Illustratively, in many instances with the
      polymer in ionic form, the filaments are more brittle and are more
      difficult to weave or knit into a uniform product. The fluorinated polymer
      with terminal groups in --SO.sub.2 X form with X representing fluorine or
      chlorine is melt processable, i.e., it can be extruded and worked by
      application of elevated temperature. In contrast, the fluorinated polymer
      with sulfonyl groups in ionic form generally cannot be melt processed.
      Additionally, if a tightly woven fabric is necessary, the supporting
      operation with the high strength reinforcing material should take place
      prior to the conversion of the fluorinated polymer to ionic form.
PAR  By ionic form is denoted that the sulfonyl group will carry a negative
      charge under the conditions of ion exchange as opposed to covalent bonding
      present in the sulfonyl halide (--SO.sub.2 X) form. Included within this
      definition of ionic form are sulfonyl groups which will convert to ionic
      form by splitting off of a hydrogen ion (under suitable pH conditions). An
      example of an ionizable group which will split off a hydrogen ion is a
      sulfonamide group (e.g., see Resnick and Grot, U.S. patent application
      Ser. No. 406,361 filed Nov. 16, 1973).
PAR  The denier (dry basis) of the filaments of fluorinated polymer with
      sulfonyl groups in --SO.sub.2 X form or in ionic form will be less than
      400. With a high denier and use of a supporting material, less care is
      necessary in the weaving or knitting operation to prevent breaks. A
      preferred denier (dry basis) is below 200 (and preferably above 50) in
      order to minimize the amount of polymer. Generally, it is not possible to
      directly weave or knit these fluorinated polymer filaments without
      excessive filament breakage. Use of the high strength supporting material
      overcomes the breakage problem.
PAR  The techniques of supporting the fluorinated polymer filaments are varied.
      A preferred manner is by twisting a high strength, low denier filament
      with the fluorinated polymer filament. Illustratively, a polyester, a
      polyamide (e.g., nylon) or a metal filament may serve as the supporting
      filament. Another technique is to coat the high strength supporting
      material onto the fluorinated polymer filament. Illustratively, the
      fluorinated polymer may be drawn through a bath of molten polymer for the
      coating application.
PAR  As employed herein, fluorinated polymer denotes a polymer with a backbone
      fluorocarbon chain which has sulfonyl groups attached either directly to a
      main fluorocarbon chain of the polymer or to a fluorocarbon side chain
      attached to a main chain, and where either the main chain or a side chain
      (or both) may contain ether oxygen atoms.
PAR  The intermediate polymers are prepared from monomers which are fluorine
      substituted vinyl compounds. The polymers are made from at least two
      monomers with at least one of the monomers coming from each of the two
      groups described below. The first group comprises fluorinated vinyl
      compounds such as vinyl fluoride, hexafluoropropylene, vinylidene
      fluoride, trifluoroethylene, chlorotrifluoroethylene, perfluoro(alkyl
      vinyl ether), tetrafluoroethylene and mixtures thereof.
PAR  The second group is the sulfonyl containing monomers containing the
      precursor --SO.sub.2 F or --SO.sub.2 Cl. One example of such a comonomer
      is CF.sub.2 =CFSO.sub.2 F. Additional examples can be represented by the
      generic formula CF.sub.2 =CFR.sub.f SO.sub.2 F wherein R.sub.f is a
      bifunctional perfluorinated radical comprising 2 to 8 carbon atoms. The
      particular chemical content or structure of the radical linking the
      sulfonyl group to the copolymer chain is not critical and may have
      fluorine, chlorine or hydrogen atoms attached to the carbon atom to which
      is attached the sulfonyl group. If the sulfonyl group is attached directly
      to the chain, the carbon in the chain to which it is attached must have a
      fluorine atom attached to it. The R.sub.f radical of the formula above can
      be either branched or unbranched, i.e., straight chained and can have one
      or more ether linkages. It is preferred that the vinyl radical in this
      group of sulfonyl fluoride containing comonomers be joined to the R.sub.f
      group through an ether linkage, i.e., that the comonomer be of the formula
      CF.sub. 2 =CFOR.sub.f SO.sub.2 F. Illustrative of such sulfonyl fluoride
      containing comonomers are
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      The most preferred sulfonyl fluoride containing comonomer is
      perfluoro(3,5-dioxa-4-methyl-7-octenesulfonyl fluoride),
      ##EQU2##
      The sulfonyl containing monomers are disclosed in such references as U.S.
      Pat. No. 3,282,875 to Connolly et al. and U.S. Pat. No. 3,041,317 to Gibbs
      et al. and in U.S. Pat. No. 3,718,627 to Grot.
PAR  The preferred intermediate copolymers are perfluorocarbon although others
      can be utilized as long as there is a fluorine atom attached to the carbon
      atom which is attached to the sulfonyl group of the polymer. The most
      preferred copolymer is a copolymer of tetrafluoroethylene and
      perfluoro(3,6-dioxa-4-methyl-7-octenesulfonyl fluoride) which comprises 10
      to 60 percent, preferably, 25 to 50 percent by weight of the latter.
PAR  The intermediate copolymer is prepared by general polymerization techniques
      developed for homo- and copolymerizations of fluorinated ethylenes,
      particularly those employed for tetrafluoroethylene which are described in
      the literature. Nonaqueous techniques for preparing the copolymers of the
      present invention include that of U.S. Pat. No. 3,041,317, issued to H. H.
      Gibbs and R. N. Griffin on June 26, 1962; that is, by the polymerization
      of a mixture of the major monomer therein, such as tetrafluoroethylene,
      and a fluorinated ethylene containing sulfonyl fluoride in the presence of
      a free radical initiator, preferably a perfluorocarbon peroxide or azo
      compound, at a temperature in the range of 0.degree.-200.degree.C. and at
      pressures in the range 1-200, or more, atmospheres. The nonaqueous
      polymerization may, if desired, be carried out in the presence of a
      fluorinated solvent. Suitable fluorinated solvents are inert, liquid,
      perfluorinated hydrocarbons, such as perfluoromethylcyclohexane,
      perfluorodimethylcyclobutane, perfluorooctane, perfluorobenzene and the
      like.
PAR  Aqueous techniques for preparing the intermediate copolymer include
      contacting the monomers with an aqueous medium containing a free-radical
      initiator to obtain a slurry of polymer particles in non-water-wet or
      granular form, as disclosed in U.S. Pat. No. 2,393,967, issued to M. M.
      Brubaker on Feb. 5, 1946; contacting the monomers with an aqueous medium
      containing both a free-radical initiator and a telogenically inactive
      dispersing agent, to obtain an aqueous colloidal dispersion of polymer
      particles, and coagulating the dispersion, as disclosed, for example, in
      U.S. Pat. No. 2,559,752 issued to K. L. Berry on July 10, 1951, and U.S.
      Pat. No. 2,593,583 issued to J. F. Lontz on Apr. 22, 1952.
PAR  The intermediate polymer is formed into a filament by conventional
      techniques such as extrusion melt spinning. Such extrusion melt spinning
      is well known in the prior art and conventional techniques are suitable in
      the present case. In the melt spinning operations, an increase in length
      during the drawing operation conventionally occurs such as of the order of
      50 to 400 percent wherein the diameter is reduced. By this fashion, an
      orientated fiber is obtained in the drawing operation.
PAR  The intermediate fluorinated polymer which is formed into a filament
      desirably is supported by a high strength material prior to a weaving or
      knitting operation. The filament comprising a fluorinated polymer
      generally will not be of high strength. Where a tight weave is required
      such as disclosed in my copending patent application Ser. No. 430,754, use
      of thick filament will result in a heavy fabric which results in added
      weight and higher electrical resistance. The present disclosure by
      employment of the high strength supporting material allows the desired
      weaving into the final fabric form.
PAR  The types of supporting materials are varied which are suitable in the
      present disclosure. Generally, the supporting material will have a high
      strength to volume ratio in comparison to the fluorinated polymer.
      Illustratively, in employment of a supporting filament, a strong low
      denier supporting filament is desirable. Suitable supporting materials
      include polyamides (such as nylons), polyesters and metals. Since the
      supporting materials will not have the ion exchange properties in the
      manner of the fluorinated polymer with groups in ionic form, it is most
      desirable that the supporting material be destroyed after weaving or
      knitting. The destruction of the supporting material eliminates
      interference with ion exchange properties of the fabric.
PAR  The manner of destruction of the reinforcing material is varied and will be
      dependent on the reinforcing material and the state of the fluorinated
      polymer, i.e., sulfonyl groups in --SO.sub.2 X or ionic form.
      Illustratively, with sulfonyl groups in --SO.sub.2 X form, acid conditions
      may be employed to destroy the filaments. Illustratively, a supporting
      material of metal may be destroyed.
PAR  If caustic conditions will cause destruction of the supporting material,
      destruction of this material and conversion of the sulfonyl groups
      (--SO.sub.2 X) of the fluorinated polymer to ionic form may take place
      simultaneously.
PAR  In another manner of destruction of the supporting material, the
      intermediate fluorinated polymer may be first converted to ionic form.
      This conversion may be undertaken by conventional techniques. Thereafter,
      the supporting filament may be destroyed by either an acid or caustic.
PAR  It is also possible to cause destruction of the supporting filament at the
      time of use of the fabric for ion exchange purposes. Illustratively, in a
      chlor-alkali cell, caustic conditions may remove the supporting material.
      In this event, the supporting material will serve as reinforcement until
      the time of actual employment of the fabric for its intended use.
PAR  It is desirable in many instances that the final article fabricated from
      the fabric be essentially impermeable to physical passage of liquids
      between the fabric strands. Water will swell the polymer and will diffuse
      directly through the polymer in ionic form. However, the construction of a
      tightly woven fabric minimizes passage between the interstices of the
      fabric of undesired components, e.g., salt passage into caustic formation
      of caustic and chlorine from a brine solution.
PAR  As employed herein, essentially impermeable denotes the ability of the
      woven fabric to pass at most a limited quantity of water. More
      specifically, the term denotes the passage of less than 100 ml of water
      through a square inch of fabric exposed to a vertical head of 19 inches of
      water during a 60-hour time period. The fabric is preconditioned prior to
      the test procedure by soaking in boiling water for one-half hour.
PAR  Upon conversion to the final polymer, shrinkage of the fiber takes place in
      the longitudinal direction while swelling of the fiber occurs along its
      width which causes the impermeability of the final woven fabric.
PAR  For purposes of explanation only as set forth in my copending application
      Ser. No. 430,754, it is considered that the final polymer in ionic form
      has a memory compared to the individual film from the intermediate fabric.
      In other words, in the melt spinning in a drawing operation, an increase
      in the length of the fiber takes place with a decrease in the diameter of
      this intermediate polymer form. It is considered upon conversion of the
      polymer to ionic form that the polymer remembers its original dimensions
      before the drawing operation and attempts to return to this state. The
      polymer shrinks along its longitudinal direction but in contrast swells
      along the fiber diameter. For all practical purposes, the volume of the
      fiber does not change greatly, if at all, but the physical volume is
      redistributed and swelling along the width denotes that the fiber is
      thicker in the final woven fabric. Therefore, the physical property of the
      final fabric of essential impermeability to the flow of liquids is
      realized, and the important utility of the invention is obtained wherein
      high strength is obtained in comparison to films of the polymer per se.
PAR  In an alternate manner, the intermediate polymer may be converted to ionic
      form prior to removal of the reinforcing material.
PAR  The exact technique employed will be dependent upon utility of the final
      article. More specifically, if a tightly woven fabric is necessary, the
      removal of the reinforcing material will take place before the polymer in
      its precursor form (sulfonyl groups present as --SO.sub.2 X) is converted
      to the ionic form. However, if a fabric either woven or knitted is desired
      which is to contain spaces between the fibers, conversion may be
      undertaken to ionic form prior or after removal of the supporting
      material.
PAR  Conversion of the intermediate polymer to the ionic form will be by
      chemical reaction of the sulfonyl groups of the intermediate polymer.
PAR  The sulfonyl groups of the intermediate polymer may be converted from the
      --SO.sub.2 X form to the form of --(SO.sub.2 NH).sub.m Q, wherein Q is
      selected from the group consisting of H, cation of an alkali metal and
      cation of an alkaline earth metal and m is the valence of Q or to the form
      of --(SO.sub.3).sub.n Me, wherein Me is a metallic cation, H, or NH.sub.4
      and n is the valence of Me.
PAR  In the above definition, preferred members include cations of alkali metals
      such as sodium or potassium.
PAR  For conversion of the intermediate sulfonyl groups to the --(SO.sub.2
      NH).sub.m Q form wherein Q is H, contact may be undertaken with anhydrous
      ammonia in liquid or gaseous form. Conversion to Q as a cation of an
      alkali metal or alkaline earth metal may involve contact with the
      hydroxide of the cation of the alkali metal or cation of the alkaline
      earth metal.
PAR  Illustratively, conversion of the --SO.sub.2 F groups to --SO.sub.2
      NH.sub.2 may take place by contact with anhydrous ammonia which can be in
      the gaseous form, the liquid form, as a mixture with air or other gases
      which will not react with the sulfonyl group or the remaining portion of
      the polymer or ammonia in a solvent which is nonaqueous and which is
      nonreactive with the polymer.
PAR  To convert the sulfonyl groups in --SO.sub.2 X form to --(SO.sub.3).sub.n
      Me form, the intermediate polymer may be contacted with a hydroxide of the
      metallic cation such as sodium hydroxide. In specific instances of Me, it
      may be necessary to form --SO.sub.3 Na by reaction with sodium hydroxide
      followed by ion exchange with a solution of the salt of the desired Me.
PAR  Suitable disclosures of conversion from the intermediate to the final
      polymer are set forth in U.S. Pat. No. 3,282,825 and U.S. Pat. No.
      3,770,567.
DETD
PAR  To further illustrate the innovative aspects of the present invention, the
      following Examples are provided.
PAC  EXAMPLE 1
PAR  A copolymer of tetrafluoroethylene and
      ##EQU3##
      (mole ratio of 7.5:1) was extruded at a temperature of 280.degree.C.
      downwards through a 13 hole spinneret with a take off speed of 250 yards
      per minute. The yarn was then drawn at a rate of 1000 yards per minute
      over a pipe heated to about 150.degree.C. resulting in a 300 percent
      elongation. The yarn bundle thus obtained had a thickness of about 2.5
      mils while the 13 individual fibers have a thickness of 0.7 mil. For the
      subsequent weaving, one strand of this yarn was plied together with a
      15-denier nylon filament.
PAR  Thereafter, the yarn was woven into a plain weave with a thread count of
      120. The nylon monofilament in the fabric was destroyed by a treatment
      with a 1:1 mixture of 37 percent hydrochloric acid and acetic acid. This
      treatment caused a decrease in both length and width of the fabric of
      about 7 percent and microscopic examination revealed the voids left by the
      removal of the nylon monofilament. The fabric was then converted with the
      sulfonyl group in --SO.sub.3 K form by treating with a solution containing
      10 percent KOH and 30 percent DMSO at 70.degree.C. for 5 hours. After
      washing with water and air drying the fabric showed a total shrinkage of
      32 percent in length and 25 percent in width.
PAR  Microscopic examination showed that the voids left the removal of the nylon
      have been closed.
PAC  EXAMPLE 2
PAR  The disclosure of Example 1 was directly followed except the chemical
      treatment conditions were reversed. In other words, the sulfonyl groups in
      the fabric were converted to --SO.sub.3 K form prior to destruction of the
      nylon filament with hydrochloric acid and acetic acid.
PAR  The yarn had a wrinkled appearance which upon microscopic examination
      showed voids left by the removal of the nylon.
PAR  Although the invention has been described by way of specific embodiments,
      it is not intended to be limited thereto. As will be apparent to those
      skilled in the art, numerous embodiments can be made without departing
      from the spirit of the invention or the scope of the following claims.
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STM  What is claimed is:
NUM  1.
PAR  1. A fabric comprising filaments of a fluorinated polymer containing
      sulfonyl groups in --SO.sub.2 X form with X selected from the group
      consisting of fluorine and chlorine, the filaments having a denier of no
      more than 400 and being individually supported by a material which serves
      to strengthen said filaments.
NUM  2.
PAR  2. The fabric of claim 1 wherein said fluorinated polymer filaments are in
      the range of 50 to 200 denier.
NUM  3.
PAR  3. The fabric of claim 1 wherein said material is in the form of filaments
      individually twisted about the fluorinated polymer filaments.
NUM  4.
PAR  4. The fabric of claim 1 wherein said filaments are selected from the group
      of polyester, polyamide or metal.
NUM  5.
PAR  5. The fabric of claim 1 which is woven.
NUM  6.
PAR  6. A fabric comprising filaments of a fluorinated polymer containing
      sulfonyl groups in ionic form, the filaments having a denier of no more
      than 400 and being individually supported by a material which serves to
      strengthen said filaments.
NUM  7.
PAR  7. The fabric of claim 6 wherein said sulfonyl groups in ionic form are
      selected from the group consisting of --(SO.sub.2 NH).sub.m Q wherein Q is
      H, cation of an alkali metal or cation of an alkaline earth metal and m is
      the valence of Q or (--SO.sub.3).sub.n Me where Me is a metallic cation, H
      or NH.sub.4, and n is the valence of Me.
NUM  8.
PAR  8. The fabric of claim 6 wherein said fluorinated polymer filaments are in
      the range of 50 to 200 denier.
NUM  9.
PAR  9. The fabric of claim 6 wherein said material is in the form of filaments
      individually twisted about the fluorinated polymer filaments.
NUM  10.
PAR  10. A woven fabric comprising filaments of a fluorinated polymer containing
      sulfonyl groups in ionic form, the filaments having a denier of no more
      than 200; said fabric having the ability to pass less than 100 ml of water
      through a square of said fabric exposed to a vertical head of 19 inches of
      water during a 60-hour time period.
NUM  11.
PAR  11. The fabric of claim 10 wherein said sulfonyl groups in ionic form are
      selected from the group consisting of --(SO.sub.2 NH).sub.m Q wherein Q is
      H, cation of an alkali metal or cation of an alkaline earth metal and m is
      the valence of Q or (--SO.sub.3).sub.n Me where Me is a metallic cation, H
      or NH.sub.4 and n is the valence of Me.
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PAL  A composite yarn, which is bulky when relaxed and elongates to at least 100
      percent greater length under tension, with quick recovery of the relaxed
      condition when tension is removed, is composed of uncrimped elastic yarn
      and at least five relatively inelastic continuous filaments entangled
      about the elastic yarn to provide protection and desirable textile
      properties. The composite yarn can be made at unusually high speeds by
      entangling the relatively inelastic filaments about stretched elastic yarn
      with jets of high velocity fluid impinged at an angle of
      90.degree..+-.45.degree. to the yarn axis, using a filament feed rate
      which avoids formation of filament loops in the stretched yarn. Examples
      illustrate combining spandex elastic yarn at 4X stretch with nylon
      filaments at zero percent overfeed, when using feed rates of up to 789
      yards per minute.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to composite elastic yarns and a process for making
      them. The invention is more particularly concerned with a composite of
      relatively inelastic filaments entangled around spandex elastic yarn or
      other highly elastic yarn.
PAR  Elastic yarns for textile use are usually covered with relatively inelastic
      filaments which may be any of the synthetic filaments commonly used for
      textile purposes. When used in combination with elastic yarns, such
      filaments may be designated as "hard fibers." The hard fibers are used to
      protect the elastic yarn from abrasion, to provide strength at the maximum
      useful extension of the composite yarn so that the elastic yarn will not
      be broken, and to provide lower running friction properties to improve the
      performance of the composite yarn in knitting or weaving operations. The
      hard fibers also make possible the production of fabrics having the
      appearance and feel of fabrics knitted or woven from conventional
      inelastic yarns.
PAR  The most common method of producing such composite yarns is to twist one or
      more yarns of hard fibers about the elastic yarn while the elastic yarn is
      extended to about the maximum extent desired for use in the final fabric.
      When one or more covering yarns are wrapped spirally in a single direction
      about an elastic yarn, the composite yarn is called a "single covered"
      elastic yarn. Such composite yarns have torque due to the unidirectional
      twist. When additional yarn or yarns are also wrapped around the composite
      yarn with opposite direction of twist, the result is called a "double
      covered" elastic yarn. Since a large number of spiral turns per yard of
      yarn are required for adequate covering of the elastic yarn, and the
      wrapping operation is slow, production of single or double covered elastic
      yarn is costly.
PAR  Composite yarns can be produced at higher speeds by false twisting a
      covering of hard fibers about an elastic yarn and heat setting the false
      twist in the hard fibers. A relatively loose covering of hard fibers
      having a reversing helical crimp can be produced in this way.
      Objectionable slippage of the covering over the elastic yarn can be
      avoided if the heat-setting treatment is performed at a temperature which
      causes portions of the hard fibers to adhere to the elastic yarn. However,
      heat-treatment of the elastic yarn is undesirable because it causes a
      serious reduction in elastic stretch properties.
PAR  Hard fiber coverings have also been applied to elastic yarns with bulking
      jets as disclosed in Marshall U.S. Pat. No. 3,078,654, Breen U.S. Pat. No.
      3,013,379 and Miyasaka Japanese Application Pulication 40-21496/1965. Bulk
      is provided by crunodal or other loops which project from the surface even
      when the composite yarn is stretched to the maximum useful extension of
      the yarn. Projecting loops are undesirable when the composite yarn is
      extended under tensions used in knitting or weaving because the loops
      interfere with processing the yarn into fabric.
PAR  The present invention provides important improvements with respect to the
      above-mentioned problems. Other advantages of the invention will become
      apparent from the specification, drawings and claims.
PAC  SUMMARY OF THE INVENTION
PAR  The composite yarn of the present invention comprises uncrimped elastic
      yarn and at least five relatively inelastic filaments (hard fibers) to
      protect the elastic yarn and provide desirable textile properties. The
      relaxed composite yarn is bulky and is capable of being extended at least
      100 percent in length when stretched until the relatively inelastic
      filaments first become load-bearing. When stretched until the hard fibers
      first become load-bearing, the composite yarn is characterized by
      load-bearing, relatively inelastic filaments entangled tightly around the
      elastic yarn in intermittent zones of random braided structure and
      otherwise extending substantially parallel to the elastic yarn, there
      being an average entanglement spacing of less than 10 centimeters and the
      filaments being free from crunodal or other surface loops when the
      composite yarn is examined in the stretched condition as described
      subsequently.
PAR  The composite yarn preferably has substantially zero unidirectional torque.
      The relatively inelastic filaments preferably have crimp when relaxed. The
      crimp is preferably such that the relatively inelastic filaments form
      loops and twist pigtails when the composite yarn is relaxed. In accordance
      with a preferred embodiment, the relatively inelastic filaments form
      reversing helical coils when the composite yarn is relaxed. The relatively
      inelastic filaments may be bicomponent filaments which crimp when relaxed.
PAR  The elastic yarn may be of any type having a break elongation greater than
      100 percent, but is preferably a coalesced spandex elastic yarn having a
      break elongation greater than 200 percent. The elastic yarn may be
      composed of a plurality of separately-coalesced spandex elastic yarns. The
      composite yarn preferably has a break elongation of 200 to 400 percent.
      Preferred embodiments of composite yarn have an average entanglement
      coherency of less than 5 centimeters in the test described subsequently.
      The elastic portion of the composite yarn shows no evidence of crimp,
      twist or torque produced by the operation of combining the hard fiber
      filaments with the elastic yarn.
PAR  The composite yarn of this invention can be produced at feed rates of up to
      800 yards per minute, or higher, by continuously feeding the elastic yarn
      with the relatively inelastic filaments through jetted high velocity fluid
      and impinging the jetted fluid on the yarn axis at an angle of 90.degree.
      .+-. 45.degree. to entangle the filaments tightly around the elastic yarn
      in intermittent zones of random braided structure. The elastic yarn is fed
      to the jetted fluid under tension sufficient to extend the yarn to at
      least 100 percent greater length than its relaxed length. The relatively
      inelastic filaments (hard fibers) are simultaneously fed at a rate which
      provides between 2 percent net underfeed and 2 percent net overfeed to the
      jetted fluid. Preferably the composite yarn is wound on a package with the
      hard fiber filaments under tension.
PAR  Suitable hard fiber filaments include any synthetic textile filaments of
      relatively inelastic material such as nylon, polyester, polypropylene,
      cellulose acetate, regenerated cellulose, etc. The hard fiber filaments
      may be fed to the jetted fluid as a bundle of at least five filaments and
      may be of more than one material. The bundle preferably has less than 1/2
      turn per inch of twist and the filaments must be capable of being
      separated by the jetted fluid.
PAR  The elastic yarn must have a break elongation greater than 100 percent. It
      may be a monofilament or coalesced multifilaments, and may be two or more
      filaments which can be separated at least temporarily by the jetted fluid.
      Preferably the elastic yarn is composed of coalesced spandex elastic yarn
      having a break elongation of greater than 200 percent and the yarn is fed
      under tension sufficient to extend the yarn to at least 200 percent
      greater length than its relaxed length. Preferably the elastic yarn is
      composed of a plurality of separately-coalesced spandex elastic yarns and
      the jetted fluid is impinged on the yarn to insert portions of the
      relatively inelastic filaments between the spandex yarns, in addition to
      entangling the filaments around the elastic yarn.
PAR  The fluid used is preferably compressed air, although other fluids can be
      used; it is usually at ambient temperature. The fluid is preferably
      impinged on the yarn from more than one direction, each substantially
      perpendicular to the yarn axis.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a process for entangling a hard
      fiber yarn about an elastic yarn and winding up the product.
PAR  FIG. 2 is an enlarged cross-sectional view of entangling jet 9 of FIG. 1.
PAR  FIG. 3 illustrates a yarn of this invention when held at the tension under
      which it is entangled and wound on a package.
PAR  FIG. 4 illustrates, at greater magnification, a highly entangled
      random-braided zone of the yarn of FIG. 3.
PAR  FIG. 5 illustrates the yarn of FIGS. 3 and 4 when partially relaxed.
PAR  FIG. 6 illustrates a circular knit fabric made from a yarn of this
      invention in which the multifilament hard fiber yarn is a false-twist
      textured stretch yarn.
PAR  FIG. 7 illustrates a fabric knit from a yarn of this invention in which the
      multifilament hard fiber yarn is a bicomponent.
PAR  FIG. 8 illustrates a tensioned yarn of this invention wherein two elastic
      yarns are employed.
PAR  FIG. 9 is a schematic representation of equipment for measuring yarn
      delivery and residual tensions.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, elastic yarn 1 is fed from package 2 which preferably rests on
      and is rotated by driven feed roll 3. Driven roll 4 is rotated at a higher
      rate of speed than feed roll 3, the difference in speeds being determined
      by the desired degree of stretch to be imposed on the elastic yarn.
      Multifilament hard fiber yarn 5 is drawn from package 6 by the rotation of
      roll 4. Yarn 5 may be wrapped on guide 7 to establish pre-tension or one
      of the common tensioning devices may be substituted at no. 7.
      Alternatively, yarn 5 may be fed to roll 4 by a positively driven feed
      roll. At roll 4, elastic yarn 1 and hard fiber yarn 5 are guided together
      in parallel in one or more wraps between powered roll 4 and freely
      rotating roll 8. The yarns then pass through fluid entangling jet 9 which
      may have yarn guides at the entrance and exit to center the yarns within
      jet 9 which entangles the hard fiber filaments about the elastic yarn. The
      resulting composite yarn 10 then passes in one or more wraps about rolls 4
      and 8 and thence to a windup device which may be a ring and traveler,
      feeding the yarn onto windup package 11, the windup often inserting a low
      degree of twist, e.g., one turn per inch or less. Alternatively, package
      11 may be cross wound without twist.
PAR  In FIG. 2, a fluid jet entangling device of Bunting et al. U.S. Pat. No.
      3,115,691 is shown in cross section along the lines A--A of FIG. 1. In
      FIG. 2, compressed air is supplied from a source (not shown) through pipe
      15 to plenum chamber 16 within jet body 17 and thence through two fluid
      conduits 18 to impinge on the elastic and multifilament covering yarns and
      entangle the covering filaments about the elastic yarn forming composite
      yarn 10. Wall 19 is supported at a fixed distance from body 17 and
      confines the air from orifices 18 within the region around the yarns to
      intensify the entangling action.
PAR  FIG. 3 shows a yarn of this invention in which hard fiber filaments 20 are
      shown entangled with other hard fiber filaments about elastic yarn 1,
      which in this case is a single yarn of coalesced spandex. The entanglement
      is predominantly concentrated at random braided zones 21 spaced
      periodically along the length of the yarn. In between random braided zones
      21, the hard fiber filaments 20 are distributed about elastic yarn 1 so as
      to minimize contact between elastic yarn 1 and guide surfaces, for
      example, but are not necessarily entangled about it.
PAR  FIG. 4 is a closer view of one random braided zone 21 of FIG. 3. Hard fiber
      filaments 20 surround elastic yarn 1 and are entangled with other
      filaments 20 at locations such as 22. Even though filaments 20 of this
      particular yarn are false twist textured, they do not exhibit coils or
      loops at this stage because they are tensioned.
PAR  FIG. 5 shows the yarn of FIGS. 3 and 4 relaxed to about half of its
      fully-extended length. The portions of filaments in between random braided
      zones 21 are free to form loops 23 and twist pigtails 24. Even in random
      braided zones 21 the shortening of the composite yarn allows filaments 20
      to move substantially away from elastic yarn 1 and to form loops. Since
      not all filaments are equally entanged in zones 21, those which are less
      entangled are free to form twist pigtails 24. Entanglements can be seen at
      22.
PAR  FIG. 6 shows a hosiery fabric knit from a yarn of FIGS. 3 and 4. The fabric
      has been finished under hot relaxed conditions, allowing filament loops
      and twist pigtails to develop. The fabric is shown partially extended,
      approximately as it would be during wear. Courses of composite yarn 10
      alternate with courses of ordinary nylon 25. The knit stitches of course
      of composite yarn 10 are approximately the same size as the stitches of
      ordinary nylon 25 when formed, but the contraction of elastic yarn 1
      provides desired elasticity in the fabric. Loops 23 protrude from the
      surface of composite yarn 10 and partially obscure openings 26 between
      stitches, thus contributing opacity or covering power. Twist pigtails 24
      not only contribute opacity but also extend out of the plane of the
      fabric, giving spun-like tactile aesthetics.
PAR  FIG. 7 is a hosiery fabric similar to that of FIG. 6 except that hard fiber
      filaments 27 are bicomponent. These filaments are essentially straight at
      the time they pass through fluid entangling jet 9 but when the fabric is
      finished, the differential shrinkage between the constituents of the
      bicomponent filaments cause them to form periodically reversing coils 28
      in the nature of small tension springs. Thus, filaments 27 remain in close
      contact with elastic yarn 1. The spring-like nature of such coils allows
      the composite yarn to stretch and relax in use while keeping the filaments
      27 close to elastic yarn 1 and not obscuring openings 26. This is useful
      in the leg portion of pantyhose where opacity and spun-like tactile
      aesthetics are undesirable.
PAR  FIG. 8 shows a random braided zone of a tensioned yarn of this invention
      having a two-filament elastic yarn 1. Hard fiber filaments such as 28 pass
      between elastic yarns 1 and may be entangled around each of elastic yarns
      1 individually while other hard fiber filaments such as 29 are entangled
      around both elastic yarns 1.
PAC  PROCESS
PAR  Elastic yarn 1 may be a single strand of rubber or, in the case of spandex,
      may be a single end consisting of filaments which have been coalesced at
      the spinning operation so that they are substantially inseparable during
      the entangling operation of this invention. Elastic yarn 1 may also be two
      or more individual strands, and they may be taken from individual packages
      or they may be unwound in parallel from a single package. For certain
      purposes, uncoalesced spandex filaments may be employed. Alternatively,
      elastic filaments or groups of filaments may be lightly coalesced so that
      the fluid forces encountered in the entangling process may separate the
      filaments intermittently or completely, or the filaments may be coalesced
      intermittently along their lengths, providing intermittent spaces for hard
      filaments to be inserted between the elastic filaments while maintaining
      substantial coherency between the elastic components.
PAR  The elastic yarn or yarns may be stretched between rolls 3 and 4 up to
      nearly the elastic limit of the yarn, e.g., a stretch of 150%, 200%, 300%,
      400%, 500% or higher, depending on the yarn. The exact degree of stretch
      is determined by the amount of retraction desired in the final yarn.
      Normally, a suitable degree of stretch would be approximately 50% to 90%
      of the ultimate break elongation of the elastic yarn.
PAR  The hard fiber multifilaments 5 consist of relatively inelastic continuous
      filaments of any commonly available textile material. Nylon is generally
      preferred because of its high strength and low friction. Either uncrimped
      or crimped yarn may be employed, but crimped or crimpable yarns must be
      capable of being held loop-free at the tension required to entangle the
      filaments around the core and wind the composite yarn on a package.
      Tension-stable textured yaran of Breen U.S. Pat. NO. 2,783,609, for
      example, which has crunodal surface loops when held at tension, is
      unsatisfactory for the purpose of the present invention. Two or more
      different multifilament yarns may be employed, for example, nylon to give
      strength at ultimate extension and cellulose acetate to provide luxurious
      tactile aesthetics when the fabric is relaxed. Two yarns having
      differential shrinkage properties may be employed for certain effects. For
      example, an untextured polyester yarn having high potential shrinkage may
      be fed with a textured nylon yarn and be entangled around an elastic core
      yarn wherein both hard fiber yarns are at the same tension during
      entangling and, in contrast to those of Breen above, remain loop free when
      wound on the package. When such yarn is made into fabric, and the fabric
      is heat treated under relaxed conditions, the polyester will shrink while
      the nylon develops crimp. When the treated fabric is then stretched, the
      polyester will become the load-bearing member to limit the ultimate
      extension of the composite yarn and will permit the textured nylon to
      retain a degree of crimp and bulk even at ultimate extension of the
      composite.
PAR  When the hard fiber component of the present composite yarn is crimped or
      crimpable, the retractive power of such yarn may be less than that
      normally required when these filaments are used alone, since the elastic
      portion of the present composite yarn furnishes the major retractive power
      of the composite. The hard fiber filaments, therefore, need only have
      sufficient crimping ability to form the crimps, twists, or coils desired
      for imparting bulk, opacity or tactile aesthetics to the final fabric.
      These filaments may, therefore, be processed at higher speeds or under
      less stringent texturing conditions than would normally be required. This
      may permit false twist texturing, for example, to be performed on hard
      fiber which is then fed directly into the entangling step in a single
      continuous process.
PAR  There should be at least five hard fiber filaments, a smaller number being
      insufficient to form a useful degree of entanglement and random braiding.
      More filaments are generally desirable to provide more chances for
      entanglement, and more thorough protection for the elastic yarn. Low
      denier per filament in the hard fiber yarn is generally conducive to
      better entanglement, the smaller filaments being more easily formed into a
      random braid. In the case of stretch textured or bicomponent yarns, low
      denier per filament favors formation of small, fine coils when relaxed.
      Low bending modulus in the hard fiber filaments is also conducive to
      improved entanglement. A yarn with residual torque force, such as a yarn
      produced by one of the numerous ways of texturizing, often will form a
      twisted loop (e.g., at 24 in FIG. 5) during finishing of fabrics. The
      twisted loop gives a softer tactile hand to a fabric surface because it is
      more compliant and flexible than loops of horseshoe, arched (e.g., at 20
      and 23 in FIG. 5) or circular shapes.
PAR  The hard fiber feed yarns should have low twist, preferably not more than
      the 0.2 to 0.5 turns per inch known as "producer twist," or most
      preferably zero twist. High twist interferes with opening of the filament
      bundle during the process of entangling and surrounding the elastic core.
      Feed yarns having zero or low twist may have interlace as described in
      Bunting et al. U.S. Pat. No. 2,985,995,  but they should not have such a
      large degree of interlace that the filaments are unable to separate for
      random braiding in the present process. For the present purposes, a yarn
      having the lowest degree of interlace consistent with processing, winding,
      and unwinding is preferred, no interlace being most preferable.
PAR  The yarns should not have size or finish of such a cohesive nature that is
      prevents the bundle from opening during the entangling process, although
      certain finishes may be desirable which allow the bundle to open but aid
      in retaining entanglement subsequently. Finishes disclosed in Gray U.S.
      Pat. No. 3,701,248, for example, may be used to improve the performance of
      yarns of this invention.
PAR  The hard fiber filaments, at the time they enter the entangling operation
      along with the stretched elastic yarn, must be fed at no more than about
      2% net overfeed or underfeed. The term "net" indicates the overfeed or
      underfeed after any shortening or lengthening of the yarn has taken place
      due to previous treatments which the yarn has received, such as
      stretching, or due to any additional effects which may take place in the
      entangling zone. For example, the hard fiber yarn may be stretched before
      entering the entangling zone due to combining the operation of the present
      invention with the drawing operation on the hard fiber yarn. When the yarn
      is at drawing tension before entering the entangling zone, an elastic
      retraction of 5 to 10% or more may take place depending on the nature of
      the polymer and the drawing conditions. Furthermore, certain types of
      textured or crimped yarns may be stretched before entangling to remove
      visible crimp or to enhance the development of latent crimp. Such
      stretching will result in a certain degree of elastic retraction as the
      yarn goes from the higher tension to the low tension required for
      entangling. On the other hand, if the hard fiber yarn either shrinks or
      elongates in the entangling zone for any other reason, such as the use of
      elevated temperature in the jet, or the effect of liquids applied to the
      covering yarn, such changes in length should be taken into account in
      determining the true net overfeed.
PAR  If net overfeed of appreciably greater than 2% is used during the
      entangling operation, the hard fiber filaments form loops and tangles
      which tend to persist even if the tension is raised before the yarn is put
      on a package. Such persistent loops project from the surface of the
      package and snag the yarn as it is leaving the package, producing tension
      plucks. On the other hand, appreciable underfeed or high tension on the
      hard fiber filaments will inhibit their ability to open up satisfactorily
      and entangle about the elastic core. The net underfeed should be no more
      than about 2%.
PAR  The fluid jet entangling device may be one of those shown in Bunting el al.
      U.S. Pat. Nos. 3,364,537 and 3,115,691 or McCutchan U.S. Pat. No.
      3,426,406, for example, in which one or more fluid streams impinge on the
      yarn line at an angle of 90.degree. .+-. 45.degree.. The essential
      requirement is that the hard fiber filaments be subjected to a fluid
      stream having an appreciable component of force at right angles to the
      filaments to separate them and force them around the elastic yarn and
      around and between other hard fiber filaments to entangle the hard fiber
      filaments by a random braiding action intermittently along the length of
      the composite yarn. If fluid jets are directed at the yarns at an angle of
      less than 45.degree., the fluid forces parallel to the yarns tend to be
      greater than those transverse to the yarns, thereby tensioning the
      filaments and tending to form stable loops rather than braiding them. It
      is also necessary to avoid a predominantly unidirectional fluid twisting
      vortex since such action tends to wrap the filaments around the yarn
      rather than randomly braiding them. Jets having a unidirectional twisting
      effect are suitable for the present process only when a yarn oscillates
      rapidly between a region of fluid torque operating in one direction and a
      region of opposite torque, as in Bunting et al. U.S. Pat. No. 2,990,671.
PAR  For most purposes, yarns of this invention should be wound on a package at
      a tension not appreciably less than that employed during the entangling
      operation. If a lower tension is employed, the retraction of the elastic
      yarn will force the hard fiber filaments to bulge out and protrude from
      the surface of the package. When yarn is removed from the package, the
      protruding filament loops will snag the yarn coming off the package and
      produce tension plucks in the yarn, which will impair the feeding of the
      yarn into the knitting or weaving operation and will degrade the fabric
      quality. This is particularly true of light denier leg yarns for circular
      knitting of hosiery. However, certain heavy denier yarns for outerwear may
      be wound at substantial relaxation because the fabric-making operations
      can tolerate more tension non-uniformities coming off the package and the
      yarns are not appreciably degraded by moderate snagging. In some cases,
      the winding tension may be higher than that employed during the entangling
      operation. This may be particularly true of very light denier yarns where
      the elastic yarn is 20 denier or less.
PAR  When more than one elastic filament or coalesced multifilament is used, the
      fluid forces transverse to the yarns insert portions of the hard fiber
      filaments between the core elements, thus anchoring the hard fiber
      filaments to the elastic yarns. This effect is in addition to the cohesion
      contributed by the entanglement of other of the hard fiber filaments
      around the multiple elastic yarns. Such entanglement, in turn, improves
      the anchoring of the hard fiber filaments, which are between or amongst
      the elastic core elements, by holding such elements together to prevent
      the hard fiber filaments from pulling out from between the elastic yarns.
PAR  If desired, a composite yarn may be run through a second jet where an
      additional hard fiber yarn may be applied over the first, the tension and
      overfeed requirements for the second yarn being similar to the first.
      Alternatively, a composite yarn of this invention may be wrapped with a
      hard fiber yarn in a normal single covering operation, yielding a product
      which can replace double covered yarn at reduced cost.
PAR  A remarkable advantage of this process is that it may be operated at speeds
      of 10 times to 100 times that of a conventional covering process. For
      example, the conventional yarn speeds in single covering are 15-25 yards
      per minute where 20-30 turns of twist per extended inch of yarn required
      for adequate protection. In double covering, speeds are 5-10 yards per
      minute. The process of the present invention may be operated at speeds of
      up to 800 yards per minute or higher, including speeds which permit
      spinning, drawing and entangling in a single continuous process.
PAC  Product
PAR  The yarn of this invention comprises one or more elastic yarns (or
      filaments) and continuous hard fiber filaments entangled intermittently
      about the elastic yarn in a random braided structure, and when the
      composite yarn is stretched until the hard fiber filaments first become
      load-bearing, is substantially free of crunodal or other surface loops.
      The randomly braided zones usually occur at discrete intervals along the
      length of the composite yarn but in some cases the entanglement may be
      intense, particularly when the hard fiber yarn consists of a large number
      of fine denier filaments.
PAR  The braiding is said to be random and intermittent because filaments do not
      pass over and under adjacent filaments in a uniform pattern as in a true
      braid, but rather a portion of a filament will pass under another and
      entangle with it, forming entanglements of opposite hand at irregular
      locations along the length of the yarn.
PAR  The random braided structure simulates the action of a tubular braided
      structure. When such a structure is elongated axially, it contracts
      radially and vice versa. Devices operating on this principle are used for
      gripping objects to be lifted and for pulling electrical cables through
      conduits.
PAR  The random intermittent braided structure of this invention has important
      advantages over other ways of protecting an elastic yarn. For example,
      when a single covered yarn of the prior art is stretched to the point at
      which the covering yarn bears the majority of the tensile load, the
      covering yarn tends to follow a straight axial path while the elastic core
      spirals about the covering yarn. Under such conditions, the elastic yarn
      can no longer be said to be "covered," and the elastic yarn is forced out
      against yarn guides or knitting machine parts, for example, where its high
      friction impedes feeding of the yarn. When composite yarn of the present
      invention is tensioned to a similar extent, it is found that hard fiber
      filaments are entangled completely around the elastic yarn at frequent
      intervals so that the entire periphery of the elastic core yarn is
      protected by hard fiber filaments at such zones. Furthermore, at least a
      few hard fiber filaments are randomly distributed about the elastic yarn
      between such zones, furnishing substantial protection to the elastic yarn
      between the zones. Thus, the hard fiber filaments in yarns of this
      invention may protect the elastic yarn best at tensions sufficient to
      destroy the "covering" mechanism of single covered yarns. Therefore, yarns
      of the present invention should preferably be wound, unwound, knit or
      woven at tensions sufficient to load the hard fiber filaments. A
      particular retractive power or stretch ratio of the elastic yarn may be
      selected to accomplish this goal in a yarn intended for a particular end
      use.
PAR  In addition, when high tension is needed to pull the composite yarn through
      weaving or knitting machinery, the randomly-braided structure grips the
      elastic yarn and tightens on it at each randomly braided zone. In single
      covered yarn, the covering is not attached to the core at any point. One
      difference between a yarn of this invention and single covered yarn can be
      shown dramatically by cutting the hard fiber filaments of each. In single
      covered yarn, the covering will simply unwind and separate from the core.
      In yarns of this invention, the hard fiber filaments will remain entangled
      about the core. Such coherency is accomplished without the need for fusing
      covering filaments to the core.
PAR  A further advantage of the random intermittent braided structure is seen
      when the composite yarn is relaxed. Portions of the hard fiber filaments
      are free to loop, bend away from the elastic yarn or develop crimp, thus
      contributing bulk, covering power, and spun-like tactile aesthetics to the
      product. Even at the points of most intense random braiding, the axial
      retraction of the elastic core permits the structure to expand. This is in
      contrast, for example, to the behavior of yarns covered by a wrapping
      process wherein the turns of wrapping become tighter as the expansion of
      the elastic yarn presses outward against the wrappings to limit the degree
      of contraction. The hard fiber filaments in yarns of this invention have
      greater freedom to depart from the elastic core than do the filaments of a
      single covered yarn where the entire covering yarn passes frequently
      around the elastic yarn. This is particularly true in yarns of this
      invention in the regions between zones of maximum entanglement, where the
      hard fiber filaments have little entanglement and are almost completely
      free when relaxed. Therefore, the filaments of the hard fiber yarn are
      more nearly free to exhibit their own individual character, and so may
      display a much wider variety of properties than those made by other
      processes. In contrast, the prior art processes of twisting, false
      twisting, or otherwise wrapping hard fiber filaments about an elastic yarn
      limit the character of the composite yarns to those imposed by the
      particular covering process regardless of what type of hard fiber yarn is
      used.
PAR  Surprisingly, hosiery fabrics made from yarns of this invention which are
      only intermittently surrounded by hard fiber have wear durability
      equivalent to those made from single covered yarns which are continuously
      wrapped in a spiral manner.
PAR  Since a composite yarn of the present invention has not been heated during
      the combining process, the elastic portion shows no evidence of heat-set
      crimp, twist, or torque, and its elongation and retractive power are
      substantially the same as before combining. The yarns of this invention
      are essentially torque-free since there are no substantial zones in which
      the hard fiber filaments are wrapped unidirectionally around the elastic
      yarn.
PAC  UTILITY
PAR  Yarns of the present invention may in general be used in fabrics which
      employ single or double covered yarns such as the leg and top of
      pantyhose, the elastic top of men's hosiery, and knitted waistbands. Most
      of such fabrics are circular knit.
PAR  They are also useful in stretch warp-knit fabrics made on tricot or raschel
      machines. In one method of operation, 100% nylon filament yarns are knit
      on one bar of the machine, and the composite yarn is knit on the other.
      Because the hard fiber filaments of the composite are relatively lightly
      associated with the elastic yarn, when knitting tensions are released they
      form numerous loops which have enough freedom to come to the surface of
      the fabric. The number, spacing, size and shape of the loops will depend
      on the type of hard fiber used. This development of loops can affect
      fabric hand and surface texture in profound ways which cannot be
      duplicated if the hard fiber filaments are bound closely to the spandex in
      a "single covered" yarn. Increasing the number of loops formed also
      provides bulk which improves fabric body and fullness.
PAR  The particular fabric character and aesthetics will depend on the geometry
      and openness of its contruction. The yarn knit on the front bar generally
      appears on the surfaces of the fabric. Putting the composite on this bar
      therefore gives the most pronounced surface effects. Depending on the
      stitch pattern, the hard fiber filaments of the composite can be brought
      to one or both surfaces of the goods.
PAR  Optionally, the composite yarns may be knit on the back bar. Although this
      typically carries them to the fabric interior, the inelastic component may
      appear at the surfaces if the back bar yarn is "laid in" to the
      construction, that is, if it passes through the front bar stitches rather
      than forming stitches itself. Alternatively, the composite yarn may be
      intermittently knit and laid in, e.g., knit on one course and laid in on
      one or more courses before repeating the knit course. When the composite
      yarn is laid in, the longer the segments between its passages around
      needles, the greater its freedom to form projecting loops of hard fiber
      filaments.
PAR  The resulting surface texture can range from a soft and velvety nap to
      nubby or pebbled effects, depending on the size, stiffness and shape of
      the loops. A fine spun-like surface may be obtained most readily when the
      inelastic component is a textured yarn, because the individual loops twist
      on themselves to form flexible nearly-linear "hairs" (FIG. 5, 24) on the
      fabric surface. A loop-pile surface results when non-textured hard fiber
      filaments are used. These loops do not twist on themselves. They may be
      sheared or broken by abrasives in the conventional ways to make surface
      pile, as in sueding. Depending on the number and size of the loops, the
      resulting surface will be spun-like, sueded, velour or heavily napped.
      When the hard fiber portion of the composite yarn has high shrinkage or
      latent crimp, as in bicomponent yarns, a more compacted nap is formed at
      one or both fabric surfaces.
PAR  The above effects are useful and have value for stretch dresses, blouses,
      swim suits, and other uses, because they provide the surface
      characteristics obtained from spun yarns. Spun-like aesthetics are
      especially desirable for apparel but are difficult to obtain by warp
      knitting techniques. The new products also afford versatility in using the
      simple fabrication procedure of two-bar warp knitting. Unique textures and
      fabric surface interest are possible which can be approached only by more
      expensive multi-bar knitting or weft insertion procedures.
PAR  The principles described above apply in the same way to stretch fabrics
      made by weft knitting and by weaving, where the new composite yarns also
      afford novel and useful products, such as crepe fabrics.
PAR  Certain varieties of products of this invention may be used in the legs of
      ladies' hosiery where sheerness is desired. A yarn of this invention,
      employing bicomponent filaments as the hard fiber, provides retractive and
      support power equal to a single covered yarn and also valuable sheerness.
PAR  Yarns of the present invention can be taken off packages and fed into
      weaving or knitting operations with processability as good as that of
      single covered yarn where similar elastic and hard fiber yarns are
      employed. Where the hard fiber has a large number of filaments, the
      processability of double covered yarn can be approached. Furthermore, the
      low or zero degree of torque in yarns of this invention makes them
      suitable for use in applications where the torque in single covered yarn
      would present problems.
PAC  Test Procedures
PAC  Hosiery Knitting Efficiency
PAR  This term expresses the hours of actual knitting time of a given yarn or
      yarns on commercial hosiery knitting machines, as a percentage of the
      total elapsed hours during which the test was conducted. To ensure
      validity of comparisons of knitting efficiencies among different yarns,
      the machines are given comparable surveillance and attention so that the
      down-time per break is comparable. Periodic inspections ensure that the
      yarns to be compared are giving first-grade hosiery.
PAC  Delivery And Residual Tension Measurement
PAR  Delivery tensions of less than 5 grams at about 200 ypm are generally
      considered necessary for acceptable commercial pantyhose knitting
      performance. Higher tensions result in unacceptably frequent yarn breaks
      and knitting interruptions. It is also necessary that the tension in the
      yarn drops immediately to less than 4 grams when knitting stops. If the
      yarn tension remains high, the yarn will pull back from the binder holding
      the idle end and knitting cannot be resumed without restringing the
      machine.
PAR  A laboratory device simulating the knitting machine threadline path is used
      to determine both the delivery tension and the residual tension of test
      yarn (FIG. 9). Yarn is withdrawn from the test package 30 at 200 ypm. The
      yarn passes in an S fashion around two 3/16 inch diameter smooth Alsimag
      snubbing pins 31 arranged on one inch centers. Total wrap angle through
      these pins is about 180.degree.. The yarn then passes through three
      ceramic eyelets 32 arranged so that a 60.degree. wrap angle was made on
      the middle eyelet which is connected to strain gauge 33 and a device (not
      shown) for recording the delivery tension of the yarn being drawn from the
      pirn. The yarn then passes straight into hollow Alsimag feed finger tube
      34 (obtained from a knitting machine) with an inside diameter of 0.03 inch
      and length of 0.75 inch. The yarn bends at 60.degree. when leaving the
      tube. The yarn then passes through a second tension measuring device
      having three pins 35 and strain gauge 36 and thence to the puller roll 37.
      Residual tension is measured by the second tension measuring device
      attached to strain gauge 36 five seconds after stopping the puller roll.
PAC  Method Of Determining Whether A Yarn Is Of This Invention
PAR  1. Strip surface yarn from package until fresh yarn is exposed. Grasp yarn
      near surface of package and remove approximately one foot of yarn,
      maintaining approximately the tension at which the yarn was wound on the
      package. If the yarn was not wound on the package at a tension sufficient
      to load the hard fiber, the yarn should be tensioned until the hard fibers
      just bear tensile load.
PAR  2. The one-foot length of yarn should be examined with a magnifying glass
      or microscope. If crunodal filament loops project from the yarn surface,
      the yarn is not of this invention. The yarn should also be observed for
      the presence or absence of entanglements similar to those shown at 21 and
      22 on FIGS. 3 and 4. If the hard fiber filaments are everywhere
      approximately parallel to each other, either in a spirally twisted
      configuration or parallel to the composite yarn axis, the yarn is not of
      this invention.
PAR  3. A section of yarn several inches long when relaxed is cut from the
      package and the hard filaments are removed. If the relaxed elastic yarn is
      crimped or convoluted, the yarn is not of this invention. In a yarn of
      this invention, the elastic portion will be substantially straight when
      relaxed.
PAR  4. Take a new one-foot length of composite yarn and remove any true twist
      which may be present in it.
PAR  5. While the composite yarn is relaxed, grasp the hard fiber filaments at
      the point where they appear to be least bound to the elastic yarn and pull
      transversely to separate all hard fiber filaments from the elastic yarn.
      Insert a probe one centimeter in diameter between the hard fiber filaments
      and the elastic yarn. Tension the yarn until the hard fiber filaments just
      bear a tensile load. Measure the distance between the points at which the
      hard fiber filaments join the elastic yarn. Repeat the measurement on 5
      sections of one foot extended length each and average the readings of the
      5 sections. If the average entanglement spacing is less than 10
      centimeters, the yarn is of this invention.
PAC  Entanglement Coherency Test
PAR  An automatic yarn entanglement tester, Model R-2040, manufactured by
      Rothschild, is used for determining coherency of the composite bundle. The
      equipment is substantially as described in Bulla et al. U.S. Pat. No.
      3,566,683, FIG. 7, and Column 5, line 37 through Column 6, line 6. The
      running tension is determined by the setting of hysteresis brakes 6'. An
      entanglement is indicated by a rise in tension from the level of the
      running tension to the predetermined tension sensed by load cell 92. A
      short distance indicates high entanglement. If the piercing needle misses
      the yarn bundle, the yarn is advanced for a predetermined length of 40
      centimeters and such a measurement is automatically rejected. On each
      sample of yarn, the device inserts the needle 10 times and prints the
      total distance between stops with the needle inserted in the yarn. Three
      sets of 10 measurements each are taken on each yarn sample and the results
      are averaged. Tension settings to be used for the entanglement test on
      composite yarns having various nominal deniers of elastic component are
      shown in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Denier of                  Predetermined                                  
     Elastic Yarn                                                              
                 Running Tension                                               
                                Tension                                        
     ______________________________________                                    
     10-39       15       gms.      23     gms.                                
     40-69       20                 30                                         
     70-99       35                 45                                         
     100 and over                                                              
                 75                 95                                         
     ______________________________________                                    
PAR  In the following examples, entangling jet 9 shown in FIG. 2 has orifices 18
      of 0.876 millimeters diameter, and included angle between orifices 18 is
      90 degrees, and the distance between the orifices where they emerge from
      the lower surface of body 17 is 3.94 millimeters. The distance between
      wall 19 and body 17 is 1.18 millimeters. Since the plane of the cross
      section A--A is perpendicular to the yarn 10 each of orifices 18 impinges
      on yarn 10 at 90.degree. to the axis of the yarn. The measurement of
      "Elongation to Break" begins with the yarn extended under a load of 0.3
      grams.
PAC  EXAMPLE I
PAR  A 20 denier seven filament false-twist-textured polyhexamethyleneadipamide
      stretch yarn is combined with a 40 denier coalesced spandex elastic yarn
      in the manner indicated in FIGS. 1 and 2. The nylon is snubbed to provide
      a tension of 10 g ahead of the roll 4 which is rotating with a surface
      speed of 789 ypm. The elastic yarn is unwound by a rolling take-off at 197
      ypm providing a 4X stretch between feed roll 3 and draw roll 4. Five wraps
      are taken around rolls 4 and 8. Both yarns are passed through the
      entangling jet 9 operating at an air pressure of 60 psig and then four
      more wraps are taken on a 4% smaller step on the same rolls. Retraction of
      the nylon from the prestretching caused by the 10 g. tension is sufficient
      to provide a 0% net overfeed in the jet zone. Yarn is wound on package 11
      with a ring and a traveler, with the nylon filaments under tension and
      with 0.3 turns of twist/inch in the final yarn. The packaged yarn is 33%
      spandex and 67% nylon.
PAR  The resultant yarn of this invention is knit into pantyhose tops at 80%
      efficiency vs. 75-85% for single covered yarn knit on the same equipment.
      Panythose appearance and fit are essentially equivalent to those obtained
      from single or double covered yarn. The composite yarn has 240% elongation
      to break. Entanglement as measured with the Rothschild Entanglement
      Tester, Model R-2040 is 2.0 cm. Delivery tension from the package is 1.6 g
      to 3.8 g. Residual tension in the threadline five seconds after stopping
      is 1.3 g to 3.0 g.
PAR  The flase-twist-textured nylon yarn has substantial torque when removed
      from the package and measured by usual methods for determining torque.
      However, the entangling operation for making the composite yarn of the
      invention rearranges the filaments so that torque in individual filaments
      do not necessarily reinforce one another and therefore the torque in the
      final composite yarn is substantially less than that in the original feed
      yarn, and is sufficiently low that no adverse effects are seen in the
      knitting operation or in the resulting fabric. There is no need to knit S
      and Z torque yarns in any particular pattern.
PAR  The same yarns are combined as stated earlier but with a five percent net
      nylon overfeed in the jet zone. The resultant composite yarn (not of this
      invention) is tightly entangled (Entanglement measurement, 0.74 cm.) but
      has small nylon filament loops when tensioned and wound on a package.
      These interfere with delivery of the yarn from the pirn and with knitting.
      Delivery tension of this type of yarn is 3.6 g and residual tension is 3.9
      g. Knitting efficiency in pantyhose tops is much less than 50% even with
      pirns hanging in an inconvenient inverted position and with yarn being
      removed from the lower end to assist in take-off. Knitting performance is
      rated commercially unacceptable.
PAR  The same yarns are combined as stated earlier except at 341 ypm. and with a
      5% net nylon underfeed. The resultant yarn (not of this invention) has
      poor coherency and little entanglement of the hard fiber filaments. The
      two components separated easily when removed from the package and the
      composite yarn does not knit acceptably. Entanglement as measured by the
      Rothschild Entanglement Tester is 9.4 cm. Delivery tension is 4.6 g and
      residual tension is 3.0 g.
PAC  EXAMPLE II
PAR  Composite yarn of this invention of Example I is wound on a set of tricot
      beams at 28 ends per inch at a tension of 11 to 12 grams/end. At this
      tension the nylon hard fiber component supports the load and does not loop
      out from the threadline. These beams are threaded to the back bar (BB) of
      a Mayer 28-gauge tricot knitting frame. Beamed 40-denier 13-filament nylon
      is threaded to the front bar (FB). Tricot is knit at 500 stitches/minute
      in constructions A and B as shown in Table II. The beaming arrangement is
      then reversed for fabric C by using the beams of composite yarn for the
      front bar and the 40-13 nylon for the back bar. All fabrics are then fully
      relaxed by boiling in water for 15 minutes and tumble drying at
      140.degree. F. The available stretch in each direction is determined by
      hand and is tabulated in Table II. Samples are mounted on tenter frames to
      stabilize them by heat setting. They are mounted just taut in any
      direction where available stretch is below 75% otherwise extended far
      enough to provide 75% residual hand stretch after setting. Heating is
      carried out for 25 to 40 seconds at 382.degree.-385.degree. F. after which
      the samples are acid dyed at pH 4.5 to 5.5 for 15 minutes, rinsed and
      dried at room temperature.
PAR  After finishing, Sample A has a dry hand, suggesting the feel that fine
      cotton would give, whereas analogous tricot from bare 40 denier spandex
      and nylon feels flat and smooth. At low magnification, the difference can
      be seen to stem from the nylon projecting more strongly from the fabric
      surfaces of Sample A. The interior of the fabric is crowded with small
      loops of the textured nylon. Their bulk alters the contours of the yarn at
      the surfaces of the tricot.
PAR  The surfaces of Sample B feel soft to the touch, as if covered by down.
      Magnification shows that twisted loops of the textured nylon filaments
      project from both sides of the fabric. In this construction, "laying in"
      the composite yarn means that it does not form stitches and so is freer to
      develop loops at the fabric surfaces.
PAR  Freedom of the composite yarn to develop surface loops during finishing is
      even greater in the construction of Sample C. A heavy nap covers the
      fabric on the lap side, creating a soft velour-like texture adaptable to
      stretch outerwear. Magnification shows the napped surface to be populated
      heavily by small loops of the textured nylon.
TBL                                    TABLE II                                
     __________________________________________________________________________
                                 INCHES OF FABRIC                              
                                           HAND STRETCH                        
                        RUNNER LENGTH                                          
                                 PER 480 COURSES                               
                                           LENGTH                              
                                                WIDTH                          
     SAMPLE CONSTRUCTION                                                       
                        inches   (quality) %    %                              
     __________________________________________________________________________
     A    Jersey FB 2-3/1-0                                                    
                        63       7.75      103  135                            
              BB 1-0/1-2                                                       
                        36                                                     
     B    Atlas Fb 2-3/2-1/1-0/1-2                                             
                        51       11        130  115                            
          Lay-in alternate courses                                             
                        45                                                     
          BB 1-0/1-1/2-3/2-2                                                   
     C    Jersey FB 2-3/1-0                                                    
                        85       8          70  130                            
              BB 1-0/1-2                                                       
                        44                                                     
     __________________________________________________________________________
PAC  EXAMPLE III
PAR  A 20 denier fourteen filament false-twist-textured stretch
      polyhexamethyleneadipamide yarn is combined with a 40 denier coalesced
      spandex elastic yarn in the manner indicated in FIGS. 1 and 2. The nylon
      is snubbed to provide a tension of 0.5 to 1.0 gram ahead of draw roll 4
      which is rotating at a surface speed of 341 ypm. The elastic yarn is
      unwound by a rolling take-off at 85.5 ypm providing a 4X stretch between
      feed roll 3 and draw roll 4. Two wraps are taken around rolls 4 and 8.
      Both yarns are passed through entangling jet 9 at 60 psig air pressure and
      then two more wraps are taken on the same rolls at the original diameter
      to provide essentially 0% overfeed of the nylon in the jet zone. Yarn is
      wound on package 11 with a ring and traveler, with the nylon filaments
      under tension and with 0.3 turns of twist/inch in the final yarn. Yarn as
      packaged is 33% spandex and 67% nylon.
PAR  The resultant composite yarn is knit into pantyhose tops. Pantyhose
      appearance, fit and durability are essentially equivalent to those made
      from single covered yarn. The composite yarn has 333% elongation to break.
      Entanglement as measured with the Rothschild Entanglement Tester, Model
      R-2040 is 1.7 cm. Delivery tension from the packages is 2.6 gms., and
      residual tension in the yarn five seconds after stopping is 2.6 gms.
PAC  EXAMPLE IV
PAR  A 20 denier seven filament false-twist-textured polyhexamethyleneadipamide
      stretch yarn is combined with a 55 denier elastic yarn comprising two
      separately-coalesced spandex elastic yarns of 27.5 denier each in the
      manner indicated in FIGS. 1 and 2. The nylon is snubbed to provide a
      tension of 0.5 to 1.0 g ahead of draw roll 5 which is rotating at a
      surface speed of 789 ypm. The elastic yarn is unwound by a rolling
      take-off at 197 ypm provided a 4X stretch between feed roll 3 and draw
      roll 4. Three wraps are taken around rolls 4 and 8. Both yarns are passed
      through entanglement jet 9 at 95 psig air pressure and then two more wraps
      are taken on the same rolls to provide a 0% net overfeed of the nylon in
      the jet zone. Yarn is wound on package 11 with a ring and traveler, with
      the nylon filaments under tension, and with 0.3 turns of twist/inch in the
      final yarn. Yarn as packaged is 41% spandex and 59% nylon.
PAR  The composite yarn is knit into pantyhose tops which have cotton-like feel
      and substantial opacity at 92% efficiency. Pantyhose fit and durability
      are essentially equivalent to those obtained with single covering yarn.
      The composite yarn has 300% elongation to break. Entanglement is 1.3 cm.
      Delivery tension from the package is 3.0 g. Residual tension in the
      threadline five seconds after stopping is 1.7 g. yarn as packaged is 41%
      spandex and 59% nylon.
PAR  The coherency of this yarn using two spandex elastic yarns is better than
      that of a yarn made by a similar process but using one 55 denier coalesced
      spandex elastic yarn. The latter has an entanglement of 1.5 cm., delivery
      tension of 2.5 gm. and residual tension of 3.2 gms., substantially higher
      than the data for the previous yarn. The poorer coherency of the latter is
      also seen in slight defects caused by sliding of the nylon along the
      elastic yarn, about 15 per hose, while hose made from composite yarn
      having two spandex yarns has only about 5 defects per hose. The sliding is
      caused by the fact that the tension used in knitting these yarns is lower
      than the tension at which the yarn was entangled and wound on the package,
      and therefore the hard fiber yarn is somewhat loose on the elastic yarn
      when passing through the knitting equipment.
PAC  EXAMPLE V
PAR  A 20 denier twelve filament bicomponent polyamide yarn is combined in the
      manner indicated in FIGS. 1 and 2 with a 55 denier elastic yarn made of
      two 27.5 denier separately coalesced ends. The nylon is snubbed to provide
      a tension of 0.5 to 1.0 g ahead of draw roll 4 which rotates with a
      surface speed of 341 ypm. The elastic yarn is unwound by a rolling
      take-off at 85.5 ypm providing a 4.0X stretch between feel roll 3 and draw
      roll 4. Two wraps are taken around rolls 4 and 8. Both yarns are passed
      through entangling het 9 at 100 psig air pressure and then two more wraps
      are taken on the same rolls to provide a 0% net overfeed in the jet zone.
      Yarn is wound on package 11 with a ring and traveler, with the nylon
      filaments under tension and with 0.3 turns of twist/inch in the final
      yarn. Yarn as packaged is 41% spandex and 59% nylon.
PAR  The composite yarn had 323% elongation to break. Entanglement is 1.2 cm.
      Delivery tension from the package is 4.7 g. Residual tension in the
      threadline five seconds after stopping is 2.2 g.
PAR  Pantyhose legs are knit using the composite yarn in alternate courses with
      21-denier 3 filament type 280 regular nylon yarn. Subsequent development
      of the crimp in the latently crimpable bicomponent yarn during scouring,
      dyeing, and boarding results in a unique fabric structure with unexpected
      sheerness. Since the elastic yarn supports the fabric load, the balanced
      torque bicomponent yarn crimps in tight association and in the same yarn
      path as the elastic yarn, resulting in the surprising sheerness.
PAR  Pantyhose in which the legs are made as described above are evaluated for
      durability by weartest versus commercial pantyhose of comparable size,
      stretch and sheerness. The legs of the commerical hose are knit from
      40-denier spandex yarn, single-covered at 30 turns per inch with 20-7
      nylon, with alternate courses of 21-3 nylon. The two types of garments
      have equivalent wearlife in their leg portions. For example, of 14 pair of
      single-covered hose starting the test, 7 pair were still being worn on the
      tenth day. The others had been rejected by the wearers because of failures
      in the leg. When the surviving 7 pair were inspected by test referees,
      only 3 were judged suitable for continued wear, because of significant or
      incipient damage. On the other hand, of 9 pair of composite-yarn hose at
      the start, five were being worn on the tenth day, four of which were
      judged acceptable for resumed use. In view of the vagaries of this type of
      testing, these results are considered equivalent. The conclusion of
      comparable durability of these hosiery fabrics is supported by laboratory
      data in which test hosiery legs are rubbed until failure between
      polymethacrylate and nylon-belt surfaces under controlled conditions.
PAC  EXAMPLE VI
PAR  A 70 denier thirty-four filament untextured polyhexamethyleneadipamide yarn
      with trilobal cross-section filaments and no interlace or twist is
      combined with a 40 denier coalesced spandex elastic yarn in the manner
      indicated in FIGS. 1 and 2. The nylon is snubbed to provide a tension of
      about 1.0 g ahead of draw roll 4 which rotates with a surface speed of 341
      ypm. The elastic yarn is unwound by a rolling take-off at 85.5 ypm
      providing a 4.0X stretch between feed roll 3 and draw roll 4. Two wraps
      are taken around rolls 4 and 8. Both yarns are passed through entangling
      jet 9 operating at 100 psig air pressure and then two more wraps are taken
      on the same rolls to provide a 0% net overfeed of the nylon in the jet
      zone. Yarn is wound on package 11 with a ring and traveler, with the nylon
      filaments under tension and with 0.3 turns of twist/inch in the final
      yarn. The final yarn is 12.5% spandex and 87.5% nylon.
PAR  The composite yarn has 223% elongation to break. Entanglement is 1.3 cm.
PAR  The above yarn is wound on quills at a tension of 18 grams which prevents
      the nylon component from looping out, and is woven at the same tension in
      the filling of a fabric using a 58-inch wide warp of 70-34 nylon. The
      loomed construction is a plain weave of 58 ends per inch and 80 picks per
      inch. The resulting fabric is scoured in a beck at 140.degree. F and acid
      dyed at pH 4 for 90 minutes at 200.degree. F after which it has retracted
      to a width of 23 inches. It is stabilized by heat setting at 42-inch width
      on a tenter frame at 380.degree. F for 1 minute.
PAR  Suprisingly, the relaxed finished fabric, 39-inches wide with 25% available
      stretch, is a crepe. Its surface is covered with a network of permanent
      fine crinkles in the length direction. A comparable woven stretch fabric
      with filling of 40-denier spandex which has been single-covered with 70-34
      nylon, has a flat non-crepe surface.
PAC  EXAMPLE VII
PAR  A 20 denier seven filament false-twist-textured polyhexamethyleneadipamide
      stretch yarn is combined with two ends of 35 denier separately-coalesced
      spandex elastic yarn in the manner indicated in FIGS. 1 and 2. The nylon
      is snubbed to provide a tension of 0.5 to 1.0 gram ahead of draw roll 4
      which rotates at a surface speed of 341 ypm. The elastic yarn is unwound
      by a rolling take-off at 85.5 ypm providing a 4X stretch between feed roll
      3 and draw roll 4. Two wraps are taken around rolls 4 and 8. Both yarns
      are passed through entangling jet 9 at 100 psig air pressure and then two
      more wraps are taken on rolls 4 and 8 at the original diameter to provide
      0% net overfeed in the jet zone. Yarn is wound on package 11 with a ring
      and traveler, with the nylon filaments tension and with 0.3 turns of
      twist/inch in the final yarn. Yarn as packaged is 47% spandex and 53%
      nylon.
PAR  The composite yarn has 325% elongation to break. Entanglement is 1.6 cm.
      Delivery tension from the package is 1.9. Residual tension in the
      threadline five seconds after stopping is 2.2 g. The composite yarn is
      knit into pantyhose tops at about 90% efficiency in a mill test vs. 75-85%
      for single covered yarn. Pantyhose appearance, fit and durability are
      essentially equivalent to those obtained with single covered yarn.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composite yarn comprising uncrimped elastic yarn and at least five
      synthetic filaments of relatively inelastic material to protect the
      elastic yarn and provide desirable textile properties, the relaxed
      composite yarn being bulky and capable of being extended at least 100
      percent in length when stretched until the relatively inelastic filaments
      first become load-bearing; said stretched composite yarn being
      characterized by load-bearing relatively inelastic filaments entangled
      tightly around the elastic yarn in intermittent zones of random braided
      structure and otherwise extending substantially parallel to the elastic
      yarn, there being an average entanglement spacing of less than 10
      centimeters and said filaments being essentially free from crunodal or
      other surface loops when the composite yarn is in said strecthed
      condition.
NUM  2.
PAR  2. A composite yarn as defined in claim 1 which has substantially zero
      unidirectional torque.
NUM  3.
PAR  3. A composite yarn as defined in claim 1 wherein said relatively inelastic
      filaments have crimp when relaxed.
NUM  4.
PAR  4. A composite yarn as defined in claim 1 wherein said relatively inelastic
      filaments form loops and twist pigtails when the composite yarn is
      relaxed.
NUM  5.
PAR  5. A composite yarn as defined in claim 1 wherein said relatively inelastic
      filaments form reversing helical coils when the composite yarn is relaxed.
NUM  6.
PAR  6. A composite yarn as defined in claim 1 wherein said relatively inelastic
      filaments are bicomponent filaments which crimp when relaxed.
NUM  7.
PAR  7. A composite yarn as defined in claim 1 wherein said elastic yarn is
      coalesced spandex elastic yarn having a break elongation greater than 200
      percent.
NUM  8.
PAR  8. A composite yarn as defined in claim 1 wherein said elastic yarn is
      composed of a plurality of spandex elastic filaments.
NUM  9.
PAR  9. A composite yarn as defined in claim 1 which has a break elongation of
      200 to 400 percent.
NUM  10.
PAR  10. A composite yarn as defined in claim 1 wherein the average entanglement
      coherency is less than 5 centimeters.
NUM  11.
PAR  11. A composite yarn as defined in claim 1 wherein the yarn is on a package
      and the relatively inelastic filaments are under tension.
NUM  12.
PAR  12. A process for combining elastic yarn, having a break elongation of
      greater than 100 percent, with relatively inelastic synthetic polymer
      filaments to produce a composite yarn, which comprises continuously
      feeding the elastic yarn with the relatively inelastic filaments through
      jetted high velocity fluid and impinging the jetted fluid on the yarn axis
      at an angle of 90.degree. .+-. 45.degree. to separate the filaments and
      entangle the filaments tightly around the elastic yarn in intermittent
      zones of random braided structure, the elastic yarn being fed under
      tension sufficient to extend the yarn to at least 100 percent greater
      length than its relaxed length, and the relatively inelastic filaments
      being fed at a rate which provides between 2 percent net underfeed and 2
      percent net overfeed to the jetted fluid.
NUM  13.
PAR  13. The process defined in claim 12 wherein the elastic yarn is composed of
      coalesced spandex elastic yarn having a break elongation of greater than
      200 percent and the yarn is fed under tension sufficient to extend the
      yarn to at least 200 percent greater length than its relaxed length.
NUM  14.
PAR  14. The process defined in claim 13 wherein the elastic yarn is composed of
      a plurality of separatelycoalesced spandex elastic yarns and the jetted
      fluid is impinged on the elastic yarn to insert portions of said
      relatively inelastic filaments between the spandex yarns in addition to
      entangling the filaments around the elastic yarn.
NUM  15.
PAR  15. The procss as defined in claim 12 wherein the jetted fluid is impinged
      on the yarn from more than one direction, each substantially perpendicular
      to the yarn axis.
NUM  16.
PAR  16. The process as defined in claim 12 wherein the composite yarn is wound
      on a package with the relatively inelastic filaments under tension.
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ABST
PAL  A programmer clock for use with alarm systems in banking and like
      institutions employs a diode matrix, day and hour stepper switches and a
      direct current motor driven clock, the positions and controls of all of
      which are mounted and visible on a single control panel. The condition of
      the alarm system and the program can be determined at a glance and the
      program itself can be readily and accurately altered at any time by
      authorized persons.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Programmer clocks are used in banks and similar institutions in which the
      alarm system protecting the vault or other areas of the bank or
      institution is turned off, that is, "unset", during normal business hours
      and then turned on again, or "set", to protect the premises during other
      hours, all by means of the clock. Typically, the latter have taken the
      form of a synchronous motor driven clock having a large face
      circumferentially divided into the 7 days of the week with each day being
      further subdivided into its 24 hours. The times of each day when the alarm
      system is to be set or unset is determined by a series of "pointers"
      clamped at appropriate locations about a rim on the face of the clock and
      connected into the alarm system. These clocks, however, have a number of
      deficiencies.
PAR  In the first place, their accuracy tends to be poor, especially when a full
      7 day program is laid out on one dial, since it is difficult, if not
      impossible, to position the pointers exactly. For instance, if the alarm
      system is to be unset at 8 a.m., often the pointer will have to be
      adjusted back and forth several times before the alarm unsets at that hour
      instead of 7:45 a.m. or 8:15 a.m. Next, if a holiday intervenes during the
      week, then it is necessary to remove the pointers for that day in order
      for the alarm to remain set, whereupon they must be then replaced with all
      the attendant trouble to do so accurately just described. Finally, the use
      of synchronous clock motors, typical of the other clocks in banks, makes
      it difficult to provide standby power.
PAR  Accordingly, the primary object of the present invention is the provision
      of a programmer clock for the uses described which offers quick, accurate
      programming, can easily be programmed at any time and readily accommodate
      holidays, and is adapted to conventional standby power supplies.
PAC  SUMMARY OF THE INVENTION
PAR  The heart of the present invention lies in a diode type matrix and an
      ordinary direct current clock arranged together with their associated
      controls on a single panel so that the program of the clock can be
      accurately and quickly established or changed and its condition at any
      time determined at a glance. The face of the clock is divorced from any
      part of the program so that not only is it more easily read but provides a
      quick check of the positions of day and hour stepper switches which are
      also located on the panel. The program is visibly set in the matrix alone,
      apart from the clock, so that it, too, can be quickly checked. The use of
      a diode matrix not only allows the program to be rapidly and accurately
      set, by means of pins, but altered with equal facility, and provides great
      flexibility to accomodate holidays. The entire device is contained in a
      small, neat housing which includes a rechargeable battery and a trickle
      charger for standby power purposes. Other and further features and
      advantages of the present invention will become apparent from the more
      detailed description which follows and the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view of the housing of the programmer clock
      of the prsent invention shown with its front cover open to illustrate the
      appearance of the control panel and the functions present on it.
PAR  FIG. 2 is a schematic of the electrical circuitry within the housing shown
      in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The programmer clock, as shown in FIG. 1, is encased by a rectangular metal
      housing 10 having a hinged, drop-down front cover 11 which when closed is
      normally locked at 12 to obscure an inner control panel 13 except its
      portion visible through a window 14 in the cover 11. Upon the control
      panel 13 are mounted the various controls involved with the circuitry
      shown in FIG. 2 and contained within the housing 10. Power is supplied by
      a rechargeable 12 volt battery B connected by lines 20 and 21 into a trunk
      line 22 leading at one end to a suitable trickle charger TC. The latter is
      connected in turn to 110 VAC power source through a transformer T1 and
      supplies regulated +12 volt DC power to the line 22 to maintain the
      battery B and to provide power for the remainder of the circuit now to be
      described.
PAR  A line 23 connected into the line 21 supplies the motor CM of a typical
      direct current electric clock C whose face and hands, together with its
      set knob CK, are located on the control panel 13, as shown in FIG. 1. To
      the hour hand drive shaft of the clock C is fixed a wiper in contact with
      a circuit card having 12 circumferentially spaced contacts (not shown),
      one for each of 12 hours, which are serially engaged by the wiper as the
      hour hand advances. This arrangement constitutes a rotary switch having 12
      positions and is diagramatically indicated in FIG. 2 at CS. Of course,
      some other arrangement having an equivalent function could serve just as
      well, or a digital clock could be substituted and its pulses used instead
      of a switch C.S. In any event, the clock switch CS closes a circuit to
      ground through a line 24 to a clock timer CT which "smooths" out the
      circuit closing of the clock switch CS at each hour. The timer CT
      incorporates a typical monolithic timing circuit, indicated at MC, of a
      well-known type readily available on the market from various sources.
      Owing to the width of the contacts in the clock switch CS, the circuit to
      the timer CT is closed for approximately 20 minutes after each hour and
      during that time the output of the latter through a line 25 energizes a
      relay K1 connected by a line 26 into the trunk line 22. The normally open
      contacts KK1 of the relay K1 through lines 27 and 28 in turn activate an
      hour timer HT and, through the normally closed contacts KK2 of a driver
      relay K2, the solenoid K3 of a three-pole HP1-3, three-bank HB1-3 hour
      stepper switch HS whose pole HP1 is connected by a line 29 into the trunk
      line 22. After approximately 2 seconds, the timer HT activates the driver
      relay K2 through a line 30 to open its contacts KK2 and deactivate the
      solenoid K3 of the hour stepper switch HS. In the meantime, since the
      clock switch CS remains closed for 20 minutes, the timer CT maintains the
      relay K1 energized during that period until the clock switch CS opens to
      deactivate the timer CT and the relay K1 and open its contacts KK1. At the
      same time, the timer CT through a line 31 and line 28 resets the hour
      timer HT to drop out the relay K2 and restore the circuit just described
      to the condition shown in FIG. 2 until again activated by the clock switch
      CS at the next hour.
PAR  The bank HB1 of the hour stepper switch HS with which the pole HP1 is
      associated is connected, as shown, only at the "one o'clock" position by a
      line 32 to one of a pair of normally closed contacts KK4 of a relay K4,
      then to the solenoid of the latter, and finally to a day timer DT, similar
      to the hour timer HT. Since only the one o'clock position of the hour
      stepper switch bank HB1 is used, only at that time is power applied
      through the lines 29 and 32 to the day timer DT and through the contacts
      KK4 and a line 33 to the solenoid K5 of a single-pole, single-bank, 12
      position day stepper switch DS whose pole DP is connected to the other end
      of the trunk line 22. After a two second interval the timer DT energizes
      the relay K4 through a line 35, thus opening its contacts KK4 and
      deactivating the stepper switch solenoid K5. The relay K4 remains
      energized for an hour until the hour stepper switch HS moves to the "two
      o'clock" position, thus shutting off power through the line 32 to reset
      the day timer DT and deactivate the relay K4, whereby the circuit just
      described is returned to the condition shown in FIG. 2. The stepper
      switches HS and DS are also mounted on the control panel 13 and may be
      manually operated by knobs HK and DK as shown in FIG. 1.
PAR  Seven of the twelve positions of the single bank DB of the day stepper
      switch DS representing the seven days of the week are used in the manner
      hereafter described. The remaining five (owing to the fact that seven
      position stepper switches are not commercially available) are "by-passed"
      at the end of the seventh day by connecting them together by a line 36 to
      a driver relay K6 having two pairs of normally open contacts KK6 through
      which the line 33 to the stepper switch solenoid K5 is connected to the
      trunk line 22 by lines 37 and 38. Hence, when the day stepper switch DS
      has advanced to its eighth position, power is supplied through the line 36
      to the solenoid of the driver relay K6, closing its contacts KK6 and
      energizing the stepper switch solenoid K5 through the lines 33, 37 and 38.
      The stepper switch DS continues to advance until it returns to its first
      or "Sunday" position, disconnecting the trunk line 22 from the line 36 and
      deactivating the driver relay K6 to open its contacts KK6, whereupon the
      stepper switch solenoid K5 is also deactivated.
PAR  The first through seventh positions of the day stepper switch bank DB,
      representing Sunday through Saturday, respectively, are connected as shown
      into the day deck DD of a diode type matrix DM, which opens through the
      control panel 13 as shown in FIG. 1, the connections representing the six
      days Monday through Saturday being through respective pairs of normally
      closed contacts of six double-pole, single-throw holiday switches HSW1-6,
      also located on the control panel 13 as shown in FIG. 1, for purposes to
      be later described. The remaining banks HB2 and HB3 of the hour stepper
      switch HS, each having 24 positions, are connected respectively to an
      "open deck" OD and a "close deck" CD of the matrix DM with which the
      remaining two poles HP2 and HP3 of the stepper switch HS are also
      respectively associated. The pole HP2 is connected by lines 39a, 39b and
      39c to the trunk line 22 through the normally closed contacts KK7 of a
      close alarm relay K7 and a pair of normally open contacts KK8a of an open
      alarm relay K8, and by a line 40 to the solenoid of the latter relay. The
      pole HP3 in turn is connected by a line 41 directly to the solenoid of the
      relay K7. A pair of normally closed contacts KK8b of the relay K8 are
      connected by lines 42 and 43 to the output of the programmer clock which
      in turn sets and unsets the alarm system (not shown) in the manner to be
      described. Also connected into the alarm system through lines 44 is a
      tamper switch TS associated with the housing 10. The remaining pairs of
      normally open contacts of the holiday switches HSW1-6 are connected in
      parallel with a line 45 from the charger TC and in series with a signal
      lamp L on the control panel 13. The face and hands of the clock C, its set
      knob CK, the manual control knobs HK and DK for the stepper switches HS
      and DS and the lamp L are visible through the window 14 when the cover 11
      is closed and locked.
PAR  The diode matrix DM, as is well known, is operated by two sets of "open"
      and "close" pins OP and CP of different lengths, each containing a diode
      through which connection is made between the day deck DD on the one hand
      and the open and close decks OD and CD on the other hand. When the alarm
      is set, the relay contacts KK7, KK8a and KK8b are in the positions shown
      in FIG. 2 and in the absence of any pins OP and CP in the matrix DM the
      alarm will remain set. Suppose it is desired to unset the alarm each week
      day including Saturday at 8 a.m. and reset it at 6 p.m. Monday through
      Friday and at 1 p.m. on Saturday. Open and close pins OP and CP are
      therefore placed in the matrix DM in the appropriate locations as shown in
      FIG. 1. The clock C advances the hour stepper switch HS and the latter the
      day stepper switch DS in the manner previously described. Taking Wednesday
      as an example (see FIG. 2), when the pole DP of the day stepper switch DS
      arrives at the Wednesday position and the pole HP2 of the hour stepper
      switch HS at the 8 a.m. position, power from the trunk line 22 is applied
      through the open pin OP at the 8 a.m. Wednesday position and the lines 39c
      and 40 to the solenoid of the open alarm relay K8, opening its contacts
      KK8b. The alarm circuit through the lines 42 and 43 is thus opened while
      the closing of the contacts KK8a establishes a holding circuit through the
      lines 39a, 39b, the contacts KK7 of the relay K7, and the lines 39c and 40
      for the solenoid of the open relay K8. Hence the alarm circuit remains
      unset until the pole HP3 arrives at the 6 p.m. position whereupon power
      from the trunk line 22 is applied through the close pin CP at the 6 p.m.
      Wednesday position and the line 41 to the solenoid of the close relay K7,
      thus opening its contacts KK7 to drop out the holding circuit for the
      relay K8 and reset the alarm circuit through the contacts KK8b. Sunday, of
      course, normally has no pins OP or CP at all so that the alarm remains set
      throughout that day. Should Wednesday or any other weekday be a holiday,
      its respective holiday switch HSW1-6 is activated, by-passing the effect
      of the pins OP and CP for that day and thereby keeping the alarm circuit
      set without need to disturb its pins OP and CP. The signal lamp L is also
      lit at the same time to warn that the normal program of the matrix DM has
      been shunted for 1 (or more) days. Obviously any adjustment of the hours
      of any day in which the alarm circuit is to be set or unset is readily and
      accurately accomplished simply by manipulating the pins OP and CP.
      Daylight savings time is easily accommodated by the clock set knob CK and
      the knobs DK and HK for advancing or retarding the stepper switches HS and
      DS on the control panel 13. Observe that the condition of the programmer
      clock at any time and its entire program is quickly available upon a
      glance at the control panel 13. Other details of the circuitry of FIG. 2
      and its fabrication will be apparent to those skilled in the art.
PAR  Though the present invention has been described in terms of a particular
      embodiment, being the best mode known of carrying out the invention, it is
      not limited to that embodiment alone. Instead, the following claims are to
      be read as encompassing all adaptations and modifications of the invention
      falling within its spirit and scope.
CLMS
STM  I claim:
NUM  1.
PAR  1. A programmer clock for the alarm systems of banking and like
      institutions comprising: an electrically powered clock having a face
      providing visual indication of the time of day; hour and day stepper
      switches, the hour stepper switch having successive positions indicative
      of the 24 hours of each day and electrically associated with the clock
      effective so that it is activated by the clock and serially advanced upon
      each hour of the day signalled by the clock, the day stepper switch having
      successive positions indicative of the seven days of each week and
      electrically associated with the hour stepper switch effective so that the
      day stepper switch is activated by the hour stepper switch and serially
      advanced after the end of each day signalled by the hour stepper switch,
      each of said switches having means for optionally and independently
      manually advancing or retarding the same; a diode matrix having first,
      second and third decks, the first deck having successive locations
      respectively electrically connected in series with said positions of the
      day stepper switch, the second and third decks each having successive
      locations respectively electrically each connected in series with said
      positions of the hour stepper switch, the matrix having means for
      electrically interconnecting selected locations of the first deck to
      selected locations of each of the second and third decks to provide an
      output effective to control an alarm system; holiday switches respectively
      interposed between said positions of the day stepper switch and said
      locations of the first deck effective to permit selected ones of said
      switch positions to be electrically disconnected from their respective
      ones of said deck locations; and signal means activated when any of the
      holiday switches provide said disconnection; the clock face, the manual
      means for the day and hour stepper switches, said deck locations of the
      matrix, the interconnecting means, the holiday switches and the signal
      means being all desposed upon a panel for visual observation thereof.
NUM  2.
PAR  2. The programmer clock of claim 1 including a first electrical timing
      circuit interposed between the clock and the hour stepper switch effective
      to deactivate the latter switch independently of the clock after each
      advancement thereof by the clock, and a second electrical timing circuit
      interposed between the hour stepper switch and the day stepper switch
      effective to deactivate the latter switch independently of the hour
      stepper switch after each advancement of the day stepper switch by the
      hour stepper.
NUM  3.
PAR  3. The programmer clock of claim 2 including a rechargeable battery
      supplying electrical power for the programmer clock and a trickle charger
      for maintaining the battery.
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ABST
PAL  An electronic wristwatch with an electronic sound emitter device which
      provides greatly improved efficiency in the quality and quantity of the
      sound emitted with a minimum number of elements. The results, in general,
      are obtained by arranging the elements in such a manner that a suitable
      signal is presented to the sound emitter driving device upon the
      coincidence of a preset time and the time given by a time display device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an electronic wristwatch, and more particularly,
      to a crystal wristwatch with an electronic sound emitter device which
      vibrates a small size piezo-electric sound converter element by a signal
      from a frequency standard source of the wristwatch.
PAR  2. Prior Art
PAR  Prior art devices disclose a wristwatch with an electronic sound emitter
      device which requires a high voltage in order to vibrate a piezo-electric
      sound converter element. The maximum voltage which can be obtained from a
      small size battery suitable for placing in a wristwatch is approximately
      three volts. Usually, in order to increase voltage requirements, a
      transformer is used. However, it has been very difficult to produce a
      transformer small enough to be conveniently installed in a wristwatch.
      Another prior art method of operating a piezo-electric sound converter
      element is to use a relaxation oscillator or a blocking oscillator. Both
      the blocking oscillator and relaxation oscillator dissipate a considerable
      amount of power, and have a physical size not suitable for a wristwatch.
      Hence production of an electronic wristwatch with an electronic sound
      emitter device has not been achieved.
PAR  Recently a mechanical wristwatch combined with an electronic sound emitting
      divce has been manufactured. However, it lacks a compact arrangement
      whereby the sound emitting device and the mechanical part could share the
      electronic circuit. To the contrary the electronic device is merely placed
      physically into the mechanical watch. Consequently it does not appear as a
      welldesigned wristwatch.
PAR  In recent years, a crystal wristwatch with a small sized, low power C-MOS
      (Complimentary Metal Oxide Semiconductor) circuit has been on the market,
      and since that time production of crystal wristwatches with piezo-electric
      sound emitter device has been desired.
PAR  In the case of the above-mentioned wristwatch, the sound emitter driving
      circuit comprising C-MOS transistors are used to set a low frequency
      signal by dividing the oscillator signal from the crystal oscillator by
      the use of multi-stage frequency divider. However, one of the difficulties
      encountered in this crystal wristwatch was to emit alarm sound loud enough
      to be heard by human ear.
PAR  Furthermore, the mechanical resonance frequency of said piezo-electric
      sound converter element is limited by the size of the wristwatch and its
      operational range of the frequency will be from 1K Hz to 8K Hz. In a case
      where the series divided frequency signal obtained from the multi-stage
      frequency divider is directly used, the frequency of the most effective
      alarm sound to the human ear is below 1K Hz. Therefore, if the frequency
      of the sound from 1K Hz to 8K Hz of said wristwatch is used, the alarm
      sound of said wristwatch can hardly be heard by the human ear except at
      its beginning.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The primary object of this invention is to provide an electronic wristwatch
      with an electronic sound emitter device comprising a moderately high
      frequency standard oscillator, preferably a crystal oscillator, as a
      frequency standard, an oscillating circuit means for vibrating the
      standard oscillator, a multi-stage frequency divider for reducing the
      frequency of the signal from the oscillator, a time count means driven by
      the signal from the multi-stage frequency divider to electronically
      determine the time, a time display means to display the time content of
      said time count means, a control means to be controlled externally for
      controlling the sound emitting time to be stored in the memory means, a
      switch mechanism which is coupled to said control means for operating the
      control means, a memory means for storing the sound emitting time by the
      use of said switch mechanism, a detecting means to detect the time
      matching between the presetting memory content of said memory means and
      the content of said time count means, a gating circuit which controls
      (turn on/off) the signal from a stage of said multi-stage frequency
      divider by the use of the signal from said detecting means, a sound
      emitter driving circuit having at least one bipolar transistor, a booster
      coil, a piezo-electric sound converter element, said piezo-electric sound
      converter element and said booster coil are connected in parallel, one end
      of said booster coil is coupled to the input of said sound emitter driving
      circuit, the other end of said booster coil is coupled to a power
      terminal, and upon the correspondence of said time content to said memory
      content, said detecting means and said gating circuit control the signal
      from a stage of said multi-stage frequency divider to the input of said
      sound emitter driving circuit, thereby vibrating said piezo-electric sound
      converter element.
PAR  Another object of this invention is to provide an electronic wristwatch
      with an electronic sound emitter device having a high effectiveness of
      alarm sound by choosing the singing signal and intermittent signal of said
      piezo-electric sound converter element from a group of frequency of
      2.sup.n obtained from said multi-stage frequency divider or said time
      count means.
PAR  A further object of this invention is to provide an electronic wristwatch
      with an electronic sound emitter device, wherein the piezo-electric sound
      converter element is vibrated at the matching resonance frequency of both
      the mechanical resonance frequency of said piezo-electric sound converter
      element and an electric resonance frequency determined by said booster
      coil and said piezo-electric sound converter element, wherein the
      frequency of said vibration signal is to be obtained from multiplying or
      dividing said resonance frequency by an integer.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a piezo-electric sound converter element attached
      to the back cover of a crystal wristwatch with an electronic sound emitter
      device described as an embodiment of this invention.
PAR  FIG. 2 is a sectional view along line II--II' of FIG. 1.
PAR  FIG. 3 is a block diagram showing the structure of the crystal wristwatch
      with an electronic sound emitter device described in the same embodiment.
PAR  FIG. 4 is a timing diagram showing the timing details of the timer circuit
      shown in FIG. 3.
PAR  FIG. 5 is a logic circuit diagram of the switching circuit.
PAR  FIG. 6 is a logic circuit diagram of the structure of the timer circuit 94
      in detail.
PAR  FIG. 7 is a truth table showing the operation of the timer circuit in FIG.
      6.
PAR  FIG. 8 is a schematic diagram of another embodiment showing a sound emitter
      driving circuit.
PAR  FIG. 9 is a schematic diagram of an equivalent circuit of the booster coil
      106 and piezo-electric sound converter element 28.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 which is a plan view of a piezo-electric sound
      converter element, a dish-shaped oscillation membrane 24 made of titanium
      materials is attached to the inner brim of back cover 10 of the
      wristwatch.
PAR  Using a conductive adhesive agent, a piezo-electric element 26 is adhered
      to the middle portion of said oscillation membrane 24. The material
      BaTiO.sub.3 or Pb (Ti--Zr)O.sub.3 is used as a piezo-electric element. The
      mechanical resonance frequency (fm) of the piezo-electric sound converter
      element 28 comprising the oscillation membrane 24 and piezo-electric
      element 26 depends largely upon the size of the piezo-electric sound
      converter element 28. In the preferred embodiment the mechanical resonance
      frequency (fm) of 2,000 Hz was obtained empirically by setting the
      following parameters, wherein the diameter of the oscillation membrane 24
      is 28 mm with a thickness of 0.1 mm, and one side of the perfect-squared
      piezo-electric element 26 is 8 mm with a thickness of 0.14 mm. In this
      case the device (piezo-electric sound converter element) is adhered to the
      back cover provided in a limited space of the inner wall of the watch case
      so that no space will be wasted within the watch.
PAR  The above-mentioned mechanical resonance frequency (fm) is a sound
      frequency which can easily be heard by human ear. For example, if the size
      of the piezo-electric sound converter element mounted on the watch is
      smaller than one described above, the mechanical resonance frequency is
      increased to above 5,000 Hz and it can hardly be heard by human ear. At
      the same time, if the frequency is higher than 5,000 Hz, it consumes more
      power in order to vibrate the piezo-electric sound converter element so
      fast.
PAR  On the other hand, if the size of the piezo-electric sound converter
      element is larger than one described above, then it is difficult for it to
      be installed in the limited space of the watch even though the mechanical
      resonance frequency goes down to below 1,000 Hz which has more effective
      alarm sound to human ear. Thus it has been experimentally discovered that
      the most suitable mechanical resonance frequency for the piezo-electric
      sound converter element for a wristwatch size is around 2,000 Hz (e.g.,
      broadly the range of approximately 1,000 - 5,000 Hz).
PAR  Referring to FIG. 2, apertures 12, 14, 16, 18, 20, and 22 are provided on
      the bottom part of back cover 10 in order to transfer and emit the alarm
      sound from the vibrating piezo-electric sound converter element to the
      outside. A space 30 of 0.1 mm is provided between the inner bottom of back
      cover 10 and oscillation membrane 24 in order to keep enough space for the
      amplitude of oscillation (below 0.02 mm) of oscillation membrane 24 which
      is vibrated by piezo-electric sound converter element 28. The electric
      vibration signal to the piezo-electric sound converter element is
      transmitted by the known joint spring connected between the back cover and
      the watch movement.
PAR  Referring to FIG. 3 which shows a block diagram of the crystal wristwatch,
      a high-frequency standard oscillator 32 is used as a frequency standard.
      In the preferred embodiment, a 32768 Hz crystal oscillator is used as
      standard oscillator 32. Multi-stage frequency divider 36 is formed by
      cascading 15 dividers or 15 flip-flops; that is, dividing the oscillator
      signal 32768 Hz from the oscillator by two 15 times so that the low
      frequency of 1 Hz is obtained at the last stage of frequency divider 36.
      Numeral 34 designates an oscillator circuit to oscillate crystal
      oscillator 32 which is well known to the art.
PAR  Numeral 38 designates a time count means to count divided frequencies
      .phi..sub.2 from the multi-stage frequency divider, which includes a 10
      .times. 6 counter circuit 40 comprising a mode-10 counter circuit to count
      the ones digit of seconds and a mode-6 counter circuit to count the tens
      digit of seconds. A 10 .times. 6 counter circuit 42 comprising a mode-10
      counter circuit to count the ones digit of minutes and a mode-6 counter
      circuit to count the tens digit of minutes is connected to 10 .times. 6
      counter circuit 40. A 10 .times. 2 counter circuit 44 consisting of a
      mode-10 counter circuit to count the ones digit of hours and a mode-2
      counter circuit to count the tens digit of hours is connected to the 10
      .times. 6 counter ciircuit 42. The counter content of 10 .times. 6 counter
      circuit 40 (seconds counter) is connected to a decoder and display driver
      circuit and time display means 58 which contains an electronic light
      display means such as liquid crystal or well-known L.E.D. (Light Emitter
      Diode) display means in order to display seconds. Such decoders, driving
      circuits, and displays are well known in the art. At normal states, using
      the display switch circuit 60 the time display is done by using display
      means 58 to display minutes and hours chosen from the time contents of 10
      .times. 6 counter circuit 42 and 10 .times. 2 counter circuit 44.
PAR  An operational mechanism 64 to be operated from outside of the watch such
      as a winding crown is linked or coupled to switching means 66 comprising
      switches 68 and 70 which are at neutral positions of the operational
      mechanism and are normally open. By turning the operational mechanism
      clockwise or counter-clockwise, both these switches can be operated; that
      is, to close switch 68 the operational mechanism is turned
      counter-clockwise and if it is turned clockwise, switch 70 will be closed.
      One end of switch 68 and one end of switch 70 are tied to the positive
      terminal 76 of a voltage source. Also, lead 72 from switch 68 and lead 74
      from switch 70 are connected to both memory means 78 and display switching
      means 80.
PAR  Memory means 78 comprises two AND gates 82 and 84, a 10 .times. 6 counter
      circuit 86, an OR gate 88, and a 10 .times. 2 counter 90. Memory means 78
      counts the signal .phi..sub.2 from said multi-stage frequency divider
      during the operational period of the operational mechanism and setsor
      stores the memory content, which is the sound emitting time, in 10 .times.
      6 counter circuit 86 and 10 .times. 2 counter circuit 90.
PAR  Detecting means (comparator) 92 is formed by the combinations of known AND
      gates to which each bit from each counter 42, 44, 86, and 90 are coupled.
      Detecting means 92 then compares the time content of said 10 .times. 6
      counter circuit 42 with the memory content of said 10 .times. 6 counter
      circuit 86, and similarly compares the time content of said 10 .times. 2
      counter circuit 44 with the memory content of 10 .times. 2 counter circuit
      90. Therefore, when the time content of timer circuits 42 and 44 match
      with the memory content of counter circuits 86 and 90, detecting means 24
      sends out signal .phi..sub.4 which is a one-minute wide pulse or signal of
      logic level "1". From here the wave forms of FIG. 4 are explained at the
      same time.
PAR  Timer circuit 94 is connected to detecting means 92 and when its input
      receives the signal .phi..sub.4 from detecting means 92 it sends out
      signal .phi..sub.5 which is a seven-second wide pulse of logic level "1".
      This signal .phi..sub.5 connected to reset terminal R1 of 10 .times. 6
      counter circuit 86 and reset terminal R2 of 10 .times. 2 counter circuit
      90, clears the memory contents.
PAR  Numerals 96 and 98 designate AND gate circuits. One of the inputs of AND
      gate 96 receives signal .phi..sub.1 (e.g., 2048 Hz) from F--F of the
      multi-stage frequency divider and another input of AND gates 96 receives
      the signal .phi..sub.2 (e.g., 1 Hz) from F--F.sub.15 of the frequency
      divider, and then AND gate 96 generates signal .phi..sub.3.
PAR  Two inputs of AND gate 98 are connected to signal .phi..sub.3 from AND gate
      96 and to signal .phi..sub.5 from timer circuit 94 and AND gate 98
      generates signal .phi..sub.6. This signal .phi..sub.6, which comes from
      the output of AND gate 98, is connected to the input of the sound emitter
      driving circuit 100.
PAR  Numeral 106 designates booster coil, one end of which is connected to the
      output of the sound emitter driving circuit 100 and the other end of which
      is connected to positive terminal 76 of the voltage source. Also, this
      booster coil 106 is connected in parallel to piezo-electric sound
      converter element 28 which is vibrated by oscillation signal .phi..sub.6.
PAR  Now, the numeral values of signal .phi..sub.1 and intermittent signal
      .phi..sub.2 in this embodiment will be discussed. Both signal .phi..sub.1
      and signal .phi..sub.2 are chosen from frequency groups of 2.sup.n (n=0,
      1, 2, . . . , n) of said multi-stage frequency divider 36 and generates
      signal .phi..sub.3. If a signal of 512 Hz .phi..sub.3 is chosen, it will
      be outside of the operational range of said piezo-electric sound converter
      element and it is very difficult to produce enough output of sound.
      Therefore, a frequency range of 1,000 to 8,000 Hz is chosen, but if the
      frequency exceeds 5,000 Hz, then it requires more electric power for
      oscillations and also it can hardly be heard by human ear because of the
      high frequency. Also, if the frequency of intermittent signal .phi..sub.2
      is chosen at a few tenths of 1 Hz, the effectiveness of the alarm sound is
      decreased because of long off-periods. On the other hand, if the frequency
      is too short, it also decreases the effectiveness of the alarm sound.
PAR  As described above, as far as signal .phi..sub.3 in this embodiment is
      concerned, the most effective alarm sound can be obtained from
      combinations of frequency ranges of 0.5 Hz to 2 Hz for signal .phi..sub.2
      and 1,000 Hz to 5,000 Hz for signal .phi..sub.1, centered at 2048 Hz for
      signal .phi..sub.1 and 1 Hz for signal .phi..sub.2. Actually, it is
      advantageous in designing the circuit to use frequency divided signals
      from the oscillator circuit which is the frequency standard of an
      electronic wristwatch as signal .phi..sub.1 and signal .phi..sub.2, that
      is, to choose 1024 Hz, 2048 Hz or 4086 Hz for signal .phi..sub.1 and 0.5
      Hz, 1 Hz, or 2 Hz for signal .phi..sub.2. Then any combinations of above
      frequencies can be picked. In this way, it is not necessary to provide a
      relaxation oscillator or a blocking oscillator which are used to operate
      the piezo-electric sound converter element.
PAR  The display switch means is explained as follows: Lead 72 from switch 68 is
      connected to one of two inputs of OR gate 112 and lead 74 from switch 70
      is connected to the other input of OR gate 112, each of the input ends
      being grounded with resistor 108 and resistor 110, respectively, having
      the resistance of 10 M.OMEGA.. Thus, if either one of the switches 68 or
      70 is closed, the output of OR gate 112 goes to logic level "1". This is
      the operational state while the sound emitting time is being set into
      memory means 78. The output of OR gate 112 is connected to display switch
      means 60. The basic circuit of display switch means is shown in FIG. 5.
PAR  Referring to FIG. 5, a well-known switch circuit 62, comprising two AND
      gates 114 and 116, inverter 118, OR gate 120 and terminal 132, is
      connected to the output of said OR gate 112. Terminal 134 is connected in
      such a way that one bit signal, which is part of the time content of said
      counter circuit 42 or 44, can be obtained, and terminal 136 is connected
      so as to give a one-bit signal corresponding to the one-bit signal which
      is a part of said time content, which in turn is a part of the memory
      content of said counter circuit 86 or 90. Thus, switch circuit 60 shown in
      FIG. 3 includes 12 combinations of display switch circuit 62 combined with
      seven bits of counter circuit 42 and five bits of counter circuit 44.
PAR  Twelve terminals 138 are connected to display means 58 and when the output
      of OR gate 112 is at logic level "1", the memory contents of counter
      circuits 86 and 90 will be displayed on display means 58 and when the
      output of OR gate 112 is at logic level "0", the time contents of counter
      circuits 42 and 44 will be displayed. Thus, the memory setting of sound
      emitting time operated by operational mechanism 64 can be monitored by the
      memory content shown by display means 58 while the memory setting is being
      done. In this way it will be assured that the memory setting is done with
      no errors or false signals.
PAR  Referring to FIGS. 6 and 7, circuit descriptions and operations of timer
      circuit 94 are now explained. In FIG. 6, a known logic differentiator
      circuit 122 differentiates signal .phi..sub.4 at the beginning of a rise
      to logic level "1" and makes differentiated narrow pulse signals which go
      to each terminal of F-Fa, F-Fb, F-Fc. Having reset each F-Fs by
      differentiated pulses, output logic levels of each F-Fs (Qa), (Qb), (Qc)
      are shown on the truth table (To) in FIG. 7. Therefore, the logic level of
      the output of gate 124 goes to "0" since the inputs of gate 124 are
      connected to Qa, Qb, Qc, respectively.
PAR  Numeral 130 designates an inverter and the output of inverter 130, signal
      .phi..sub.5, goes to logic level "1" accordingly.
PAR  Numeral 128 designates a gate circuit and one of the inputs of gate 128 is
      connected to said output terminal 126 and the other input of gate 128 is
      connected to signal .phi..sub.2, 1 Hz signal.
PAR  Output of gate 128 is connected to input of F-Fa and it counts signal
      .phi..sub.2, starting from (To) state and ending at (T.sub.7) state which
      is Qa = "0", Qb = "0", Qc = "0". During this counting period, since signal
      (.phi..sub.2) is 1 Hz, it counts 7 seconds, and brings signal .phi..sub.5
      to logic level "0" again. This (T.sub.7) state will be maintained until
      next signal .phi..sub.4 comes in.
PAR  Thus, signal .phi..sub.3 and signal .phi..sub.5 enable the limiting of the
      alarm signal to oscillation signal .phi..sub.6, which is generated by AND
      gate 98, to seven seconds and this period, seven seconds, is short enough
      to save electric power consumption that is needed to operate sound emitter
      driving circuit 106 and piezo-electric sound converter element 28, etc.
      which all occurs after signal .phi..sub.6 is generated.
PAR  In FIG. 3, sound emitter driving circuit 100 consists of NPN type bipolar
      transistor 102 and resistor 104. The oscillator signal .phi..sub.6 from
      gate circuit 98 go through resistor 104 (e.g., 40 K.OMEGA.), and is fed to
      the base of bipolar transistor 102 to control the ON and OFF switch of the
      bipolar transistor. Reasons for using a bipolar transistor are as follows:
      First, when the bipolar transistor is in an ON state and is saturated, the
      voltage drop between the collector and emitter is extremely small so that
      enough voltage from a 1.5-volt battery, which is small enough to be
      installed in a wristwatch, can be supplied efficiently to piezo-electric
      sound converter element 28 and booster coil 106. On the other hand, in
      case an M.O.S. transistor is used, there is some resistance 1K - 2K,
      so-called channel resistance, between the drain and source of the
      transistor when it is in the "ON" state. Therefore, the voltage drop is
      relatively large and it is impossible to vibrate the piezo-electric sound
      converter element hard enough to emit an alarm sound. Secondly, an MOS
      transistor is easily burned or damaged by a high voltage from booster coil
      106 while a bipolar transistor is much more durable with respect to a high
      voltage. Therefore, it is suitable to use bipolar transistors for the
      sound emitter driving circuit.
PAR  In FIG. 8, numeral 140 designates a 100 K.OMEGA. resistor, numeral 142
      designates an NPN type bipolar transistor, and numeral 144 designates a
      PNP type bipolar transistor. By combining PNP type transistor and NPN type
      transistor, a Darlington circuit is formed to gain a large emitter current
      I.sub.E from a small base current I.sub.B. Suppose the current gain of
      transistor 142 is hFE.sub.1 and the current gain of transistor 144 is
      hFE.sub.2, then emitter current I.sub.E will be I.sub.E = hFE.sub.1
      .times. (1 + hFE.sub.2 ) .times. I.sub.B. Therefore, the sound emitter
      driving circuit can be controlled ON and OFF by the small base current
      (I.sub.B), thus there is no need to flow much current from AND gate 98
      formed by C-MOS devices. In this way it is much easier to join AND gate 98
      with the sound emitter driving circuit.
PAR  An equivalent circuit is shown in FIG. 9, in which booster coil 106 and
      piezo-electric sound converter element 28 are connected in parallel. Cm
      and Co are capacitors and Rm is resistor.
PAR  In FIG. 9 the equivalent circuit (mechanical value is replaced by
      electrical value in order to simplify calculation) for piezo-electric
      sound converter element 28 comprises inductor Lm, capacitors Cm and Co,
      and resistor Rm, and its mechanical resonance frequency is primarily
      determined by the formula:
      ##EQU1##
PAR  The equivalent circuit for booster coil 106 consists of an inductor (L) and
      resistor (R) and by connecting booster coil 106 and piezo-electric sound
      converter element in parallel, the electric resonance frequency is
      primarily determined by the formula:
      ##EQU2##
PAR  In order to vibrate the piezo-electric sound converter element efficiently,
      the inductance L of booster coil 106 should be increased so that output
      voltage (e) from booster coil 106 is also increased.
EQU  e = - L (di/dt)
PAL  Thus a very high voltage can be obtained. But the maximum value that can be
      obtained from the booster coil wound on a ferrite core, which is small
      enough to be installed in the wristwatch, is 0.1 (H). Therefore, the
      following methods can be used to vibrate efficiently.
PAR  1. By matching the electric resonance frequency fo (which is formed by
      booster coil 106 and piezo-electric sound converter element 28) and the
      mechanical resonance frequency fm of piezo-electric sound converter
      element, the energy loss caused by inserting the booster coil can be
      decreased; that is, to bring the resonance impedance of the parallel
      resonance circuit larger than the D.C. resistance (R) and since fo = fm is
      held (matching the electric resonance frequency with the mechanical
      resonance frequency), more energy will be supplied to the piezo-electric
      sound converter element to vibrate efficiently.
PAR  2. The frequency of signal .phi..sub.2, which is base signal for
      oscillation signal .phi..sub.6, can be matched with the mechanical
      resonance frequency fm of piezo-electric sound converter element 28 or
      signal .phi..sub.2 can be matched with the mechanical resonance frequency
      fm multiplied by the numbers such as 2.sup.n (n = 1,2,3 . . . , n) or 1/2,
      1/3, 1/4, . . . etc. By applying the methods described above
      satisfactorily to the design, an effective alarm sound can be obtained.
PAR  Experiments have proven that the power consumption which directly relates
      to the efficiency of the system is very small, less than 10 mw, and still
      it is enough to operate the system. In one embodiment, inductance L of
      booster coil 106 is approximately 50 mH and the physical size of booster
      coil 106 is small enough to be installed into the space of the wristwatch.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electronic wristwatch with an elctronic sound emitter device
      comprising an oscillator means for providing a frequency standard, said
      means providing a repetitive signal, a multi-stage frequency divider for
      reducing the frequency of the signal from the oscillator means, a time
      count means for determining the time, said means driven by a signal from
      the multi-stage frequency divider, a time display means to display the
      time content of said time count means, a control means to be controlled
      externally for controlling the setting of a sound emitting time in a
      memory means, a switch mechanism which is coupled to said control means to
      operate said control means, a memory means for storing the sound emitting
      time when said switch mechanism is activated, a detecting means for
      detecting the time matching between the setting of said memory means and
      the content of said time count means and thereupon providing a signal, a
      logic circuit means for providing a signal determined by said multi-stage
      frequency divider and said detecting means, said logic circuit means
      coupled to said detecting means and said multi-stage frequency divider, a
      sound emitter driving circuit coupled to said logic circuit means, a
      booster coil, a piezo-electric sound converter element, said
      piezo-electric sound converter element and said booster coils are
      connected in parallel, one end of said booster coil is coupled to the
      output end of said sound emitter driving circuit, the other end of said
      booster coil is coupled to a power terminal, whereby upon the
      correspondence of said time content with said memory content, said
      detecting means provides a signal to operate said logic circuit means to
      provide a signal from said multi-stage frequency divider to the input of
      said sound emitter driving circuit thereby oscillating said piezo-electric
      sound converter element.
NUM  2.
PAR  2. An electronic wristwatch with an electronic sound emitter device of
      claim 1 wherein said sound emitter driving circuit has at least one
      bipolar transistor.
NUM  3.
PAR  3. An electronic writstwatch with an electronic sound emitter device
      according to claim 1, wherein the frequency of the signal provided from
      said multi-stage frequency divider to said piezo-electric sound converter
      element is selected from the group comprising the following frequencies,
      1024 Hz, 2048 Hz, and 4096 Hz, and the logic circuit means and the
      detecting means cooperate such that said signal from said divider
      intermittently operates said piezo-electric sound converter element at a
      rate selected from the group comprising the following frequencies, 0.5 Hz,
      1 Hz, and 2 Hz.
NUM  4.
PAR  4. An electronic wristwatch with an electronic sound emitter device
      according to claim 1, wherein said electronic wristwatch has a display
      switch means in order to selectively display the contents of said time
      count means and said memory means.
NUM  5.
PAR  5. An electronic wristwatch with an electronic sound emitter device
      according to claim 1, wherein a timer circuit is provided between said
      detecting means and said logic circuit means.
NUM  6.
PAR  6. An electronic wristwatch with an electronic sound emitter device
      according to claim 1, wherein said sound emitter driving circuit is a
      Darlington circuit.
NUM  7.
PAR  7. An electronic wristwatch with an electronic sound emitter device
      according to claim 1, wherein said piezo-electric sound converter element
      is vibrated at the matching resonance frequency of both the mechanical
      resonance frequency of said piezo-electric sound converter element and an
      electric resonance frequency, determined by said booster coil and said
      piezo-electric sound converter element.
NUM  8.
PAR  8. An electronic wristwatch with an electronic sound emitter device
      according to claim 7, wherein the frequency of said vibration signal is to
      be obtained from multiplying or dividing said resonance frequency by an
      integer.
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ABST
PAL  A zone time display clock having a zone or locality appointing and
      displaying means having a form of a world map and provided with touch
      detecting terminals disposed on the world map and with zone illuminating
      means for illuminating the designated zone. The clock further comprises a
      reference clock, a time difference generating circuit for generating the
      time difference signals for the designated and the "home" localities with
      respect to the reference locality alternately, touch switch means for
      memorizing a touched place in the world map and activating the zone
      displaying means and the time difference generating circuit, time and date
      difference calculating means for calculating the time and the date
      difference for the designated locality with respect to the "home"
      locality, and display driving means for displaying the time and the date
      difference or the date for the designated locality.
PARN
PAR  This is a continuation, of application Ser. No. 342,621, filed Mar. 19,
      1973.
BSUM
PAR  This invention relates to a zone time display clock capable of selectively
      indicating the time of one of various times zones or localities in the
      world in a same time indicator in the designation by a user.
PAR  A zone time display clock is a timepiece which can indicate the time of a
      selected zone in a same time indicator immediately after the zone is
      appointed. Several zone time display clocks have been proposed such as
      U.S. Pat. No. 3,186,158 granted to M.E. Miller, "Computron" of Bulova
      Watch Co., and "World Clock" of Data Time Inc. The zone time display clock
      proposed by Miller is an electric clock in which, when a user consults the
      city or zone lists and appoints the predetermined number for the desired
      zone on a dial switch, turns on the indication lamp of the name of the
      designated city or zone and time thereof to display the zone name and the
      time selectively. This zone time display clock is inconvenient in the
      point that one must consult a list to find out the number of the desired
      zone and set the number in the dial switch. Further, since a multiplicity
      of lamps are arranged in three groups in the time indication panel (24
      lamps for clock hour indication, 60 lamps for each of minute and second
      indications) and selectively connected to a power source through a rotary
      stepping switch to indicate the clock hour, minutes and seconds at the
      three lamp positions, it is not very convenient to read out the time.
      Further, various problems may arise from the mechanical rotary portions
      from the point of view of noise, service life, etc.
PAR  Nixie tubes (trade mark) are used in said "Computron" and "World Clock" to
      facilitate the reading thereof "Computron" is a zone time display clock
      formed of electronic circuits in which designation of a desired zone can
      be done by pushing one of twenty-four piano switches corresponding to the
      respective time zones in the world. The designated zone, however, is not
      apparently displayed and therefore one cannot know from the display the
      time of what zone is displayed. Further, in case of using this timepiece
      in New York, for example, when one wishes to know the London time and then
      reset the timepiece into the New York time indication, one should first
      search for and push the London time switch and then search for and push
      the New York time switch. "World Clock" is a simple zone time display
      clock having a mechanical rotary portion arranged in such a manner that
      when the rotary switch is rotated by each contact, the indication of time
      advances or retreats by 1 hour and the energized indicator lamps
      (twenty-four lamps in total) showing a time zone on the world map shift
      one by one, whereby the indicated time and the corresponding time zone may
      be known. In the case of finding the time of another place different from
      the "home" zone where the clock is used and resetting the time indication
      to the "home" zone, one should search the desired zone by rotating the
      rotary switch referring to the energized indicator lamp on the world map
      and then repeat similar operations to reset the time indication.
PAR  There have been proposed no zone time display clocks which can also
      indicate selectively the difference of date with respect to the "home"
      zone instantly by the command of a user as well as the time of the
      designated zone.
PAR  An object of the present invention is to provide a novel zone time display
      clock which has solved the inconveniences and problems in the conventional
      zone time display clock.
PAR  Another object of the present invention is to provide a zone time display
      clock which can display instantly the date and time of an appointed zone
      or locality and the whole area of the time zone selectively only by
      appointing a desired zone, requiring no knowledge of the difference in
      time and date or mental calculation.
PAR  A further object of the present invention is to provide a zone time display
      clock in which the designation of a desired zone can be done by only
      pointing out the portion of a desired zone or a world map or a place list
      by finger or by a simple but special pen.
PAR  Another object of the present invention is to provide a zone time display
      clock which can selectively display the whole zone including the
      designated locality on a world map or a place list separately from other
      time zones for the purpose of confirming the designated zone, displaying
      the zone time and indicating the correspondence of the displayed time and
      the applicable zone of the displayed time.
PAR  Another object of the present invention is to provide a zone time display
      clock which can correctly indicate the difference in date based on the
      reference to the "home" zone which may be set to any part of the world:
      For example, the time of 20th, 2:00 p.m. in New York in equal to the time
      of 21st, 4:00 p.m. in Japan. In this case, when the clock is used in New
      York and Japan is appointed, the date and time indication will be +1 day
      4:00 p.m., tomorrow 4:00 p.m., 21, 4:00 p.m., etc. When it is used in
      Japan and New York is appointed, the indication will become -1 day 2:00
      p.m., yesterday 2:00 p.m., 20, 2:00 p.m., etc. Thus the clock displays the
      correct date and time at either New York and Japan by exchanging the
      "home" zone setting switch.
PAR  There are some zones in the world such as U.S.A., Canada or India where
      summer time or day light saving time is adopted. Thus, another object of
      the present invention is to provide a zone time display clock in which the
      summer time setting can be done independently in the respective zones and
      the summer time indication can be done.
PAR  Another object of the present invention is to provide a zone time display
      clock having one time indication panel which is automatically reset to the
      time indication of the "home" zone when a certain time has passed since a
      desired zone was pointed out, as is the case in the world timepiece
      proposed by Miller.
PAR  A further object of the present invention is to provide a zone time display
      clock capable of achieving all of the said objects and a simple zone time
      display clock capable of achieving part of said objects according to
      necessity.
PAR  According to an embodiment of the present invention, there is provided a
      zone time display clock comprising zone appointing and displaying means
      having touch detecting terminals disposed at positions of a map carrying
      localities and coupled with a time zone display for selectively displaying
      a time zone;
PAR  touch switch means for memorizing a touched position and activating the
      time zone display and the time difference generating circuit;
PAR  a time difference generating circuit for alternately supplying a time
      difference signal corresponding to the locality stored in the touch switch
      means and a time difference signal for the "home" place with a
      synchronizing signal to the time difference calculation circuit;
PAR  a time calculation circuit and a date difference calculation circuit for
      caluculating the time and the date difference from the reference time
      supplied from a reference electronic clock and the time difference
      supplied from the time difference generating circuit; and
PAR  a display driving circuit for displaying the date difference and the time
      in a display means by the outputs of said circuits;
PAR  whereby when a touch detecting terminal on the map or the list is touched
      with a finger, etc., the display clock indicates the date, the time and
      the time zone of the touched locality.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of an embodiment of a world zone time display
      clock according to this invention;
PAR  FIG. 2 illustrates the calculation of the difference in date and of
      a.m./p.m. exchange;
PAR  FIG. 3 is a detailed electric circuit diagram of a touch switch unit; and
PAR  FIG. 4 is a detailed electric circuit diagram of a time difference
      generating circuit.
DETD
PAR  An embodiment of a zone time display clock according to this invention is
      shown in FIG. 1. The zone time display clock comprises an electronic clock
      1 for incrementally progressing the time of a reference zone in binary
      code, a time calculation circuit 2 for calculating the time of an
      appointed locality on the basis of the inputs of a reference clock signal
      from the reference clock 1 and a time difference signal from a time
      difference generating circuit 8, a date difference calculator circuit 3
      for calculating the date difference on the basis of the time difference
      signal and the signal from the time calculator circuit 2, a display
      driving circuit 4 for reading the time and the date difference signal and
      displaying the time and the date difference in the display, a display unit
      5 for displaying the time, the date difference, the summer time
      indication, etc., a zone appointing and displaying unit 6 capable of
      selectively displaying a time zone on a world map when the portion
      carrying a desired zone in a world map is touched by a finger, etc., a
      touch switch means 7 for detecting and memorizing the touched portion and
      activating the time zone indication of the display 6 and the time
      difference generating circuit 8, and a time difference generating circuit
      8 for alternately supplying the time difference signal between the
      memorized locality (appointed place) and the reference place and the time
      difference signal between the "home" place of the clock and the reference
      place to the calculator circuits 2 and 3.
PAR  The electronic clock 1 is a standard or reference clock marking the time at
      the zone GMT-12H and includes an oscillator/counter 12 which
      frequency-divides a generated reference frequency f, to supply signals
      representing minutes and seconds to the display driver circuit 4 and
      supply signal representing hours to a duodecimal counter 10, and an AM/PM
      counter 11. The arrangement of such a standard clock is publicly known.
      The reason for selecting the time of the zone GMT-12H as the reference is
      that all the other zone times in the world advance forward from this time
      and thus the date difference has only two possibilities, i.e. the same day
      and the next day, so that the structure of the date difference calculator
      circuit 3 will become simpler.
PAR  The time calculator circuit 2 comprises a summer time indicating adder
      circuit 20 for adding one hour to the reference time signal derived from
      the duodecimal (o'clock) counter 10 under the order of a summer time
      signal A.sub.6 from the time difference generating circuit 8, an adder
      circuit 21 for adding the output of the adder circuit 20 and the time
      difference signal A.sub.1 to A.sub.4 (binary signals representing a number
      corresponding to zero to eleven hours) derived from the time difference
      generating circuit 8, a code transformer circuit 22 for supplying a signal
      A'.sub.5 discriminating whether the addition time is above 12 o'clock or
      not and binary signals expressing a two figures number of a decimal system
      corresponding to one to 12 o'clock, a memory circuit 23 for reading and
      storing these binary signals with a synchronizing signal w, an a.m./p.m.
      adder circuit 24 for adding the discriminating signal A'.sub.5 indicating
      whether the result of the addition is above twelve o'clock or not, a
      signal A.sub.5 from the time difference generating circuit 8 indicating
      whether the time difference is above 12 hours or not and the a.m./p.m.
      signal of the reference time from the a.m./p.m. counter 11, and a memory
      circuit 25 for reading and storing the output of the adder circuit 24 with
      the synchronizing signal W, which thereby adds the time difference
      generated in the time difference generating circuit 8 and the reference
      time and supplies the time signal of the appointed place to the display
      driving circuit with the synchronizing signal W.
PAR  The synchronizing signals are supplied from a synchronizing signal
      generation circuit 9, which produces signals W and W for synchronizing a
      switching circuit 81 of a time difference generation circuit 8 to be
      described later, memory circuits 23 and 25 of the time difference
      calculation circuit 2, and memory circuits 34 and 35 of the date
      difference calculation circuit 3, with each other.
PAR  The date difference calculator circuit 3 comprises a date difference
      discriminator circuit 300 with respect to the reference place including a
      NOT circuit 30, and NAND circuits 31, 32 and 33, and a date difference
      discriminator circuit 301 with respect to the "home" (use) place including
      a memory circuit 34 for storing the date difference of the appointed place
      from the reference place, a memory circuit 35 for storing the date
      difference of the "home" place from the reference place, an exclusive OR
      circuit 36, NOT circuits 37 and 39, and an AND circuit 38. More
      particularly, the date difference discriminating circuit 300 comprises a
      NAND circuit 31 receiving the signal A.sub.5 from the time difference
      generating circuit 8 indicating whether the time difference is above 12
      hours or not, and the signal A.sub.5 ' from the code transformer circuit
      22 indicating whether the addition result is above 12 hours or not, a NAND
      circuit 32 receiving the output P.sub.1 of the a.m./p.m. counter 11 and
      the signal P.sub.2 formed of the output of the a.m./p.m. adder circuit 24
      but inverted through the NOT circuit 30, and a NAND circuit 33 receiving
      the outputs of the NAND circuits 31 and 32. The output D of the NAND
      circuit 33 in stored in the memories 34 and 35 by the synchronizing
      signals W and W, respectively. The date difference calculating circuit 300
      achieves the logic operation of D = A.sub.5 A.sub.5 ' + P.sub.1 P.sub.2.
      The date difference discriminating circuit 301 comprises the exclusive OR
      circuit 36 receiving the output D.sub.1 of the memory circuit 34 for the
      date difference of the appointed place from the reference place and the
      output D.sub.2 of the memory circuit 35 for the date difference of the
      "home" place from the reference place, the AND circuit 38 receiving the
      signal D.sub.1 and the signal D.sub.2 formed of the signal D.sub.2 but
      inverted in the NOT circuit 37, and the NOT circuit 39 for inverting the
      output D.sub.3 of the exclusive OR circuit 36 to generate the signal
      D.sub. 3. The output D.sub.3 of the exclusive OR circuit 36 is expressed
      by the logic equation of D.sub.3 = D.sub.1 D.sub.2 + D.sub.1 D.sub.2 and
      corresponds to the date difference of O or 1 day of the appointed place
      with respect to the "home" place. The output D.sub.4 of the AND circuit 38
      is expressed by the logic equation of D.sub.4 = D.sub.1 D.sub.2 and
      corresponds to the advance or retreat of the date. Circuit arrangement of
      the display driving circuit 4 is done in such a manner that a figure
      display 530 (0 shown in dotted line) in a date display portion 53 in the
      display panel 5 is lighted when D.sub.3 = 1, a figure display 531 (1 shown
      in a solid line) and a sign display portion 532 (- shown in solid line)
      are lit when D.sub.3 = 1 and a sign display portion 533 (1 shown in dotted
      line) is lit when D.sub.4 = 1. Then, the date difference of -1 (D.sub.3 =
      1 and D.sub.4 = 0 indicating that the date of the appointed place is one
      day behind the date of the "home" place), 0 (D.sub.3 = 0 and D.sub.4 = 0
      indicating that the date of the appointed place is same as that of the
      "home" place) and +1 (D.sub.3 = 1 and D.sub.4 = 1 indicating that the date
      of the appointed place advances one day from that of the "home" place)
      with respect to the "home" place can be displayed in the display panel.
PAR  Next, the principles of the structure of such time and date difference
      calculation will be described referring to FIG. 2. A 24 hours system will
      be adopted in which the reference time X varies from 0 to 23 o'clock (0
      o'clock corresponds to 12 o'clock a.m.) and the time difference Y from the
      reference time varies from 0 to 23 hours. In order to display the time in
      familiar a.m./p.m. 12 hours system and to simplify the circuit structure,
      the signals X and Y will be represented by signals (x, P.sub.1) and (y,
      A.sub.5), where x and y are duodecimal signals. Namely, when X &lt;12, x = X
      (0 to 11) and P.sub.1 = 0 and when X .gtoreq. 12, x = X - 12 and P.sub.1 =
      1. Then, P.sub.1 = 0 corresponds to a.m. and P.sub.1 = 1 corresponds to
      p.m. Similarly, y = 0 to 11, when Y &lt; 12, (y = Y, A.sub.5 = 0) and when Y
      .gtoreq. 12, (y = Y - 12, A.sub.5 = 1). The arithmetic rules are listed in
      FIG. 2 in which the discrimination signal of whether x + y &lt;12 or x + y
      .gtoreq. 12 is denoted by A'.sub.5 (when x + y .gtoreq. 12, A'.sub.5 = 1),
      the a.m./p.m. signal formed by the addition of the reference time X and
      the time difference Y is denoted by P.sub.2 (P.sub.2 = 1 corresponds to
      p.m.), and the date difference with respect to the reference place is
      denoted by D (D = 0 for the same day and D = 1 for one day advance).
PAR  In FIG. 2, the left end column represents the four possibilities of the
      addition of the reference time and the time difference X + Y, the second
      column from the left end denotes the date difference D, the third column
      denotes a.m./p.m. as a result of the addition, the fourth column shows the
      time -- indicating figures in the twelve hours system with a clear
      correspondence between X, Y and x, y, the fifth column denotes the
      a.m./p.m. signal P.sub.1 of the reference time, the sixth column denotes
      the signal A.sub.5 representing whether the time difference Y is above 12
      or not and the seventh (right end) column denotes the signal A'.sub.5
      representing whether x + y is above 12 or not. In the case of the first
      possibility (if 1.degree. X + Y &lt; 12), the time of the appointed place is
      in the same day (D = 0), a.m. (P.sub.2 = 0) and X + Y o'clock (= x + y
      o'clock), and the a.m./p.m. of the reference time is a.m. (P.sub.1 = 0).
      Regarding the time difference, since Y &lt; 12, A.sub.5 = 0 and since x + y &lt;
      12, A.sub.5 ' = 0. In the case of 2.degree. 24 &gt; X + Y .gtoreq. 12, the
      time of the appointed place is in the same day, p.m. and X + Y - 12
      o'clock. This case includes three possibilities: (1) X &lt; 12 and Y &lt; 12
      (since X = X, P.sub.1 = 0, y = Y and A.sub.5 = 0, X + Y - 12 = x + y - 12
      and x + y .gtoreq. 12, i.e. A'.sub.5 = 1); and (2) X .gtoreq. 12 or Y
      .gtoreq. 12 (if x = X - 12, P.sub.1 = 1, X + Y - 12 = (X - 12) + Y = x + y
      and hence x + y &lt; 12, i.e. A.sub.5 ' = 0, or if y = Y - 12, A.sub.5 = 1, X
      + Y - 12 = X + (Y - 12) = x + y and hence x + y &lt;  12, i.e. A'.sub.5 = 0).
      Similarly, the cases of 3.degree. 36 &gt; X + Y .gtoreq. 24 and 4.degree.  48
      &gt; X + Y .gtoreq. 36 are listed.
PAR  From this table, P.sub.2 = P.sub.1 (A.sub.5 A.sub.5 ' + A.sub.5 A.sub.5 ')
      + P.sub.1 (A.sub.5 A.sub.5 ' + A.sub.5 A.sub.5 ') = P.sub.1 (A.sub.5 .sym.
      A.sub.5 ') + P.sub.2 (A.sub.5 .sym. A.sub.5 ') = P.sub.1 .sym. A.sub.5
      .sym. A.sub.5 ' and D = P.sub.1 (A.sub.5 + A.sub.5 ') + A.sub.5 A.sub.5 '
      can be obtained by use of the Karnaugh. Alternatively, D = P.sub.1 P.sub.2
      + A.sub.5 A.sub.5 ' can be obtained from P.sub.2, P.sub.1, A.sub.5 and
      A.sub.5 '.
PAR  An embodiment of the concrete circuit for carrying out the above logic is
      the adder circuit 24 and the date difference discriminating circuit 300
      with respect to the reference place in the date difference calculator
      circuit 3 shown in FIG. 1.
PAR  The display driving circuit 4 receives the time signal, the date difference
      signal, the summer time display signal, etc. and drives, for example, a
      liquid crystal display unit 5 to carry out the predetermined display.
PAR  The display unit 5 may be formed of a liquid crystal display unit and
      includes the a.m./p.m. indicator 52, the clock hour display 51, the
      minutes display 50, the summer time indicator 54 and the date difference
      indicator 53.
PAR  The zone appointing and displaying unit 6 is formed of a semi-transparent
      plate 60 printed with a world map, metal pins 61 disposed at the
      representative cities in the world and working as the indication of the
      city location and the touch detecting terminal, light chambers 62 disposed
      under the world map 60 for illuminating the time zone, lamps 63 disposed
      in the light chambers, and a printed circuit board 64 for connecting the
      multiplicity of pins 61 and lamps 63 to a touch switch circuit 7. The
      heads of the metal pins 61 are extruded above the surface of the plate 60
      printed with a world map at the representative cities, countries and zones
      of the world so that they can be touched by a finger. The legs of the pins
      61 penetrate through the plate 60 and the light chambers 62 and are
      connected to the printed circuit board 64. The legs of the pins in a time
      zone are connected in common on the print circuit board 64 to an input
      terminal of the touch switch 7. Each of the light chamber 62 has a light
      diffusing surface on the top surface which is shaped like the shape of
      corresponding time zone. The side and bottom surfaces of each light
      chamber 62 are coated with a reflecting material and formed in an
      appropriate shape prevent to the leak of light to the adjacent light
      chambers and to illuminate the upper surfaces uniformly. A multiplicity of
      such light chambers 62 are disposed under the semitransparent plate 60
      printed with a world map. In each of these light chamber at least one lamp
      is disposed according to the area and shape of the upper surface
      representing a time zone so that the upper surface lights up uniformly.
      The lamps belonging to a same time zone are connected in common on the
      printed circuit board 64 to the same output terminal of a time zone
      display driving circuit 73 of the touch switch 7.
PAR  The touch switch 7 comprises a touch detector circuit 70 connected to a
      multiplicity of the touch detecting terminals 61 of the zone display and
      appointing unit 6 for detecting that a touch detecting terminal is touched
      and which terminal is touched (i.e. which time zone is appointed) an
      appointment memory circuit 71 for memorizing the output of the touch
      detector circuit 70 (the signal of which time zone is appointed), a
      control circuit 72 for the memory 71 for preventing an error memory in the
      case where the touch detecting terminals of two or more different time
      zones are touched or an error memory due to noise and for erasing the
      memory after a predetermined time, and a time zone display driving circuit
      73 for activating the time zone display corresponding to the place of zone
      memorized in the appointment memory circuit 71, i.e. the lamp group in the
      light chamber of the time zone including the appointed locality.
PAR  A concrete embodiment of the touch switch circuit 7 is shown in FIG. 3. The
      touch detector circuit 70 generates the signal (X.sub.i, Y.sub.j) (i = 1
      to 6, j = 1 to 4) representing which input terminal is touched and the
      signal Z representing that one of the input terminals is touched from a
      multiplicity of inputs T.sub.0 to T.sub.23  to 24 time zones which are
      different by one hour). A high input impedance amplifier 700 consists of a
      protecting resistor R.sub.1, a protecting diode D.sub.1 ', a base-emitter
      resistor R.sub.2 and a PNP transistor Q.sub.1. A multiplicity of
      amplifiers similar to the amplifier 700 form an X Y matrix with the
      collectors forming columns and the emitters forming rows. The signal
      generated in a common collector resistance 701 of the X.sub.1 column is
      denoted by signal X.sub.1. Signals X.sub.2, X.sub.3, X.sub.4, X.sub.5 and
      X.sub.6 are defined similarly. The common line of the Y.sub.1 "  row is
      connected to the base of the transistor Q.sub.2 of a voltage amplifier
      702. Similar amplifiers to the amplifier 702 are connected similarly to
      the common lines Y.sub.2, Y.sub.3 and Y.sub.4. Signals generated in the
      collector resistors R.sub.3 for the transistors Q.sub.2 of the voltage
      amplifiers 702 connected to lines Y.sub.1 to Y.sub.4 form signals Y.sub.1
      to Y.sub.4, and the emitters of the transistors Q.sub.2 are connected to a
      common resistor 703. Circuit 704 amplifies the signal generated in the
      common emitter resistor 703, and rectifies it to generate a constant dc
      voltage from the moment when any one of the input terminals T.sub.0 to
      T.sub.23 is touched and for as long as it is touched.
PAR  An X signal memory circuit 71 X of the appointment memory circuit 71
      consists of six unit circuits, each consisting of an SCR Q.sub.3 and a
      resistor R.sub.5. The gate of each SCR Q.sub.3 is connected to one of the
      output terminals X.sub.1 to X.sub.6 of the touch detecting circuit. The
      outputs X.sub.1 ' to X.sub.6 ' of the memory are derived from the anodes
      of the SCR's Q.sub.3. The cathodes of the SCR's Q.sub.3 are connected in
      common to a resistor R.sub.X in the control circuit 72. A Y signal memory
      circuit 71 Y of the appointment memory circuit 71 has similar unit
      circuits as those of the circuit 71X, the gates of the respective SCR's
      Q.sub.4 are connected to the output lines Y.sub.1 to Y.sub.4, the cathodes
      of the SCR's Q.sub.4 are connected in common to a resistor R.sub.Y in the
      controller circuit 72, and outputs Y.sub.1 ' to Y.sub.4 ' are derived from
      the anodes.
PAR  The controller circuit 72 consists of an electronic switch control circuit
      720, an electronic switch 721, a biasing circuit 722, and an error memory
      detecting circuit 723.
PAR  The control circuit 720 for the electronic switch 721 cuts off the
      electronic switch 721 at the moment when a touch signal is generated in
      the output Z (a dc voltage generated during a touch signal is applied to
      any one of the inputs) of the touch detecting circuit 70. The control
      circuit 720 also cuts off the electronic switch 721 when an error memory
      signal is generated in the output of the error memory detecting circuit
      723, and maintains the switch 721 being cut off until a touch signal is
      applied again. Further, the control circuit 720 cuts off the switch 721
      after a predetermined time has passed from the disappearance of the touch
      signal.
PAR  The output Z of the touch detecting circuit 70 is applied to a
      differentiator circuit A and a delay circuit B. The output of the
      differentiator circuit A is connected to the base of a transistor Q.sub.5.
      The emitter and the collector of the transistor Q.sub.5 are connected to
      the earth line and to the anodes of a SCR Q.sub.6 and a diode D.sub.2 '
      through a current limiting resistor R.sub.7, respectively. The cathode of
      the SCR Q.sub.6 is connected to a voltage source line -V. The gate thereof
      is connected to the voltage source line and the collector of a transistor
      Q.sub.10 through resistors R.sub.8 and R.sub.9, respectively. The cathode
      of the diode D.sub.2 ' is connected to the base of a transistor Q.sub.7 in
      the electronic switching circuit 721. The output Z' of the delay circuit B
      is differentiated in a differentiator circuit C and this differentiated
      pulse is applied to the base of the transistor Q.sub.7 through a diode
      D.sub.3 '.
PAR  The electronic switch 721 consists of a transistor Q.sub.7 and a resistor
      R.sub.11. The emitter, collector and the base of the transistor Q.sub.7
      are connected to the voltage source line -V, to resistors R.sub.X and
      R.sub.Y in the biasing circuit 722, and to the voltage source line -V
      through the resistor R.sub.11 and the cathodes of the diodes D.sub.2 ' and
      D.sub.3 ', respectively. The biasing circuit 722 consists of resistors
      R.sub.X and R.sub.Y. One end of the resistors R.sub.X and R.sub.Y is
      connected to the collector of each of the transistor Q.sub.7 of the
      electronic switch 721 in common and the other ends are connected to the
      cathodes of the SCR in the memory circuits 71 X and 71 Y and the bases of
      the transistors Q.sub.8 and Q.sub.9 of the error memory detecting circuit
      723. The values of resistances R.sub.X and R.sub.Y are selected in such a
      manner that when each one SCR in the circuits 71 X and 71Y is turned on
      the voltage generated across the resistors R.sub.X and R.sub.Y should
      become larger than the maximum voltage of the outputs X.sub.i and X.sub.j
      of the touch detecting circuit 70. When at least each one SCR of the
      circuits 71X and 71Y is turned on, the cathode voltage of the SCR's is
      higher than the touch signal level applied to the gate of the SCR and the
      gates of the SCR's in the circuit 71X and 71Y are reversely biased. While
      this reverse bias is applied to the SCR's, any other SCR does not turn on
      even if a signal (X.sub.i, Y.sub.j) is applied from the touch detecting
      circuit 70. Namely, when an SCR is turned on by a touch signal, any other
      signal (X.sub.i, Y.sub.j) arriving thereaafter cannot turn on the
      corresponding SCR unless all the SCR's are turned off and the SCR
      corresponding to the earlier signal (X.sub.i ', Y.sub.j ') is kept turned
      on.
PAR  There exists a minimum value of the signal energy generated across the
      resistor 703 and a time delay for generating a dc voltage in the output Z
      of the amplifying rectifier 704 by the touch signal generated across the
      resistor 703 in the touch detecting circuit 70. When a dc voltage is
      generated in the output Z, the normally turned-on transistor is
      momentarily turned off by the output of the differentiator circuit A,
      hence the electronic switch 721 is momentarily opened and thereby all the
      SCR's in the memory circuits 71X and 71Y are turned off. As a result, the
      bias voltages of the resistors R.sub.X and R.sub.Y in the biasing circuit
      722 disappear and an SCR corresponding to the output (X.sub.i, Y.sub.j)
      from the touch detecting circuit will be turned on. Namely, the appointed
      zone is memorized. However, if a touch signal which cannot generate a dc
      voltage in the output Z, i.e. a noise, is transmitted from the touch
      detecting circuit to the memory circuit, it is not memorized in the memory
      circuit by the virtue of the biasing circuit 722. Namely, even if a signal
      may be generated from the touch detecting circuit by noise due to
      induction, etc., it is not memorized. Further, when two or more touch
      signals are generated by an error, the SCR corresponding to the first
      generated touch signal is turned on but the SCR corresponding to the touch
      signal generated thereafter is not turned on if they are generated with
      such a time difference that no separated signals can be generated in the
      output Z. Namely, only the touch signal generated first can be stored in
      the memory circuit. Thus, the biasing circuit 722 achieves the prevention
      of an error memory and the priority storing of the touch signal in
      conjunction with the amplifying rectifier circuit (also having the
      function of a filter) 704 and the electronic switch 721. The biasing
      circuit 722 also generates an error memory signal. When two or more touch
      signals are generated at exactly the same time, three or more SCR's
      corresponding to the respective touch signals are turned on. Namely, an
      error memory occurs. In this case, the voltages generated across the
      resistors R.sub.X and R.sub.Y in the biasing circuit 722 becomes larger
      than those of the normal case. The error memory detecting circuit 723
      detects this state and cut off the electronic switch 721 and all the SCR's
      in the memory circuits 71X and 71Y. The bases of the transistors Q.sub.8
      Q.sub.9 are connected to the cathodes of the SCR's in the memory circuits
      71X and 71Y, respectively. The emitters of the transistors Q.sub.8 and
      Q.sub.9 are both connected to the voltage source line -V through a
      resistor R.sub.10 and to the earth line through a resistor R.sub.12. The
      collectors of the transistors Q.sub.8 and Q.sub.9 are both connected to
      the base of a transistor Q.sub.10 through a resistor R.sub.13. The emitter
      and the collector of the transistor Q.sub.10 are connected to the earth
      line, and to the SCR Q.sub.6 through a resistor R.sub.9, respectively.
      When a voltage exceeding a certain voltage determined by the emitter
      voltage divided by the resistors R.sub.10 and R.sub.12 is generated in the
      base voltages of the transistors Q.sub.8 and/or Q.sub.9, i.e. at least one
      of the resistors R.sub.X and R.sub.Y, at least one of the transistors
      Q.sub.8 and Q.sub.9 is turned on, which then turns on the transistor
      Q.sub.10. When the transistor Q.sub.10 is turned on, a voltage is
      established across the resistor R.sub.8 in the electronic switch control
      circuit 720 and turns on the SCR Q.sub.6. When the SCR Q.sub.6 is turned
      on, the base-emitter voltage for the transistor Q.sub.7 in the electronic
      switch 721 decreases and the transistor Q.sub.7 becomes cut off. The
      cut-off of the switching transistor Q.sub.7 leads all the SCR's in the
      memory circuits to be cut off. Thus, the voltage drop across the resistors
      R.sub.X and R.sub.Y reduces to zero, but the SCR Q.sub.6 remains turned
      on. Therefore, the electronic switch 721 remains turned off. This state
      may be detected to activate an error indicator. For example, a lamp, etc.
      (not shown in FIG. 3) may be inserted in the place of the resistor
      R.sub.7. As is described above, when two or more touch signals are
      generated at exactly the same moment, the SCR's in the memory circuits are
      instantly cut off and remain cut off.
PAR  When the user notices the error and generates another touch signal, the
      transistor Q.sub.5 is momentarily turned off by the output of the
      differentiator circuit A and the SCR Q.sub.6 is turned off, thereby the
      electronic switch 721 is turned on and the SCR's in the memory circuits
      corresponding to the touch signal are turned on to store the touch. The
      reason of cutting off the electronic switch Q.sub.7 by the SCR Q.sub.6 is
      that an oscillation may arise in the closed loop of the electronic switch
      721, the biasing circuit 722, the error memory detecting circuit 723 and
      the electronic switch controlling circuit 720. Thus, the use of SCR
      Q.sub.6 prevents the possible oscillation in the case where a user
      continues to generate two or more signals unintentionally.
PAR  The time zone display driving circuit 73 is a transistor switching circuit
      which receives the outputs X.sub.1 ' to X.sub.6 ' and Y.sub.1 ' to Y.sub.4
      ' of the memory circuits 71X and 71Y as the inputs and selectively turns
      on or off the lamps (denoted by 63 in FIG. 1) in the time zone display.
      The arrangement of such a circuit is well known as is shown by 73 in FIG.
      3 and comprises a matrix of the base-emitter of transistors Q.sub.12
      connected to the lamp groups corresponding to the respective time zones
      and transistors Q.sub.11 for switching the emitter side thereof.
PAR  Now, the operation of the touch switch circuit will be described. In the
      case of driving this zone time display clock by an ac power source, when a
      user touches an input terminal, for example T.sub.0, of the touch
      detecting circuit 70 with his finger, an inducted hum current is allowed
      to flow through resistors R.sub.1 and R.sub.2 and the base of a transistor
      Q.sub.1. This current is amplified through the transistors Q.sub.1 and
      Q.sub.2 to generate hum voltages across the collector resistors 701 and
      R.sub.3 for the transistors Q.sub.1 and Q.sub.2 and across the emitter
      resistor 703 for the transistor Q.sub.2. The hum voltages across the
      resistors 701 and R.sub.3 correspond to the signals X.sub.1 and Y.sub.1
      and are applied to the gates of the corresponding SCR's in the memory
      circuits 71X and 71Y. On the other hand, the hum voltage across the
      resistor 703 generates a dc voltage in the output Z of the amplifying
      rectifier 704. By this dc voltage, all the SCR's in the memory circuits
      71X and 71Y are once turned off by the memory control circuit 72 and then
      SCR's corresponding to the signal (X.sub.1, Y.sub.1) are turned on as is
      described above. Thus, the fact that the input terminal T.sub.0 is touched
      is stored in the memory and the lamp corresponding to the input terminal
      T.sub.0 is lighted by the time zone display driving circuit 73. Further, a
      corresponding time difference is generated in the time difference
      generating circuit 8.
PAR  When two input terminals are touched by error, hum voltages corresponding
      to two combinations (X.sub.i, Y.sub.j) and (Xm, Yn) and a dc voltage in
      the output Z are generated in a similar manner. If there exists a certain
      time difference between these touches, however, the earlier touch is
      stored and if the two touches are at exactly the same moment, all the
      SCR's in the memory circuits are turned off as is described above. Since
      the touch detecting circuit has a high input impedance, it easily
      generates an output signal by a induced noise, etc. but the signals due to
      noise are not stored as described above.
PAR  The time difference generating circuit 8 consists of a time difference
      encoder 80 connected to the output of the memory circuit 71 of the touch
      switch circuit 7, a switching circuit 81 for alternately exchanging the
      time difference signal of an appointed place which is the output of the
      encoder 80 and the time difference signal of the use place derived from a
      use place setting circuit 83 and supplying the signal to the calculation
      circuits 2 and 3, a summer time setting circuit 82, and a home setting
      circuit 83. A concrete embodiment of the time difference generating
      circuit 8 is shown in FIG. 4.
PAR  The table in the left upper portion of FIG. 4 shows the correspondence
      between the combination of the outputs X.sub.1 ' to X.sub.6 ' and Y.sub.1
      ' to Y.sub.4 ' of the memory circuit 71 and the time difference. For
      example, if the signal (X.sub.2 ', Y.sub.2 ') becomes a negative voltage,
      the time difference is 3 hours. The time difference encoder transforms
      such values as listed in the said table into a binary signal of 5 bits
      bearing a duodecimal figure. The encoder 80 is a known OR circuit of the
      negative logic consisting of diodes D.sub.1 ' to D.sub.9 ' and resistors
      R.sub.1 to R.sub.5. Since the touch switch 7 is arranged to generate a two
      dimensional output of X and Y, the number of diodes for the encoder can be
      very small.
PAR  The switching circuit 81 consists of MOS transistors Q.sub.1 to Q.sub.6 the
      respective gates of which are connected to the resistors R.sub.1 to
      R.sub.5 of the encoder 80 and a resistor R.sub.6 of the summer time
      setting circuit 82, drain resistors R.sub.7 to R.sub.12 and diodes
      D.sub.10 ' to D.sub.15 ' connected to the drains of the MOS transistors
      Q.sub.1 to Q.sub.6, MOS transistors Q.sub.7 and Q.sub.8 connected to the
      sources of the MOOS transistors Q.sub.1 to Q.sub.6 in common, and a MOS
      transistor Q.sub.9 connected to one side of switches S.sub.3 to S.sub.6 of
      the home setting circuit 83 and one side of a summer time setting switch
      S.sub.2.sub.-  in common. The drain, the source and the gate of the MOS
      transistor Q.sub.7 are connected to the sources of the MOS transistors
      Q.sub.1 to Q.sub.6, to the drain of the MOS transistor Q.sub.8, and to the
      output Z' of the delay circuit B of the touch switch circuit 7. The
      sources and gates of the MOS transistors Q.sub.8 and Q.sub.9 are connected
      to the earth line, and to the synchronizing signal W and the drain of the
      MOS transistor Q.sub.7, respectively.
PAR  The summer time setting circuit 82 consists of switches S.sub.1-1 and
      S.sub.2-1 for advancing the time by 1 hour, switches S.sub.1-2 and
      S.sub.2-2 for displaying that it is summer time, an AND circuit 61, and an
      OR circuit 62. The switches S.sub.1-1 and S.sub.1-2 and the switches
      S.sub.2-1 and S.sub.2-2 are interlocked switches for setting the summer
      time at the appointed place and at the use place, respectively. The switch
      S.sub.1-1 turns on and off the connection between a terminal a connected
      to the gate of the MOS transistor Q.sub.6 of the switch circuit 81 and to
      the voltage source line -V through a resistor R.sub.13, and the earth
      line. When the switch S.sub.1-1 is cut off, i.e. in the position b, the
      summer time is set. The switch S.sub.2-1 turns on and off the connection
      between the anode of a diode D.sub.15 ' and the drain of the transistor
      Q.sub.9. When it is closed, i.e. in the position b), the summer time is
      set. The switch S.sub.2-2 turns on and off the connection between the
      input of the AND circuit 61 and the earth line. The switch S.sub.1-2 turns
      on and off the connection between the input of the OR circuit 62 and the
      earth line. Both of the switches S.sub.2-2 and S.sub.1-1 set the summer
      time in the closed position b. The other input of the AND circuit 61 is
      connected to the output Z' of the delay circuit B of the touch switch
      circuit 7 and the output is connected to the other input of the OR circuit
      62. The output B' of the OR circuit 62 is connected to the display driving
      circuit 4.
PAR  The use place setting circuit 83 is formed of a group of five switches
      S.sub.3 to S.sub.7, the one sides of which are connected to the drain of
      the transistor Q.sub.9 in common and the other sides of which are
      connected to the drains of the transistors Q.sub.1 to Q.sub.5 through the
      diodes D.sub.10 ' to D.sub.14 ', respectively. The time difference output
      is derived as A.sub.1 to A.sub.4 (weighted by factors 1, 2, 4 and 8) and
      A.sub.5 (discriminating whether the time difference is above twelve hours
      or not) from the drains of the transistors Q.sub.1 to Q.sub.5, and A.sub.6
      (indicating whether it is in the summer time or not) from the drain of the
      transistor Q.sub.6.
PAR  Next, the operation will be described. In the case where no negative
      voltage is established at the output Z' , the transistor Q.sub.7 is turned
      off, hence all the transistors Q.sub.1 to Q.sub.6 are turned off, and
      since the negative voltage -V is applied to the gate of the transistor
      Q.sub.9, the transistor Q.sub.9 is turned on. Thus, the time difference
      signals (the time difference at the "home" place) set by the switches
      S.sub.3 to S.sub.6 and S.sub.2-1 appear at the terminals A.sub.1 to
      A.sub.5. For example, when the switches S.sub.3, S.sub.4 and S.sub.5 are
      closed and the others are open, the time difference is seven hours.
      Provided that the reference is taken to the zone GMT-12H, this corresponds
      to the fact that the zone of -12 + 7 = -5H, i.e. New York, is set as the
      "home" zone.
PAR  When an input terminal of the touch switch 7 is touched, a negative voltage
      is generated in the output Z' and the transistor Q.sub.7 becomes turned
      on. Then, the transistors Q.sub.8 and Q.sub.9 are alternately turned on
      and off by the synchronizing pulse W applied to the gate of the transistor
      Q.sub.8. When the transistor Q.sub.8 is turned on, the transistor Q.sub.9
      is turned off and the transistors Q.sub.1 to Q.sub.6 are turned on or off
      according to the voltage applied to the gate thereof. Namely, at the
      drains A.sub.1 to A.sub.6 of the transistors Q.sub.1 to Q.sub.6, the time
      difference signal for the appointed place or zone appears. When the
      transistor Q.sub.8 is turned off, the time difference for the "home" zone
      appears at the terminals A.sub.1 to A.sub.6 similar to said case when the
      transistor Q.sub.7 is turned off. Thus, the time difference signal for the
      appointed place and that for the "home" place are alternately generated on
      the terminals A.sub.1 to A.sub.6 by the synchronizing pulse W until the
      negative voltage at the output Z' vanishes (for a certain time after an
      input terminal is touched).
PAR  The function of the switches for displaying the summer time is as follows.
      When the time of the "home" zone is displayed in the time display panel,
      i.e. when the output Z' is zero volts, the summer time indicator is
      controlled by the position of the switch S.sub.2-2 for the "home" zone due
      to the AND circuit 61, but when the time of the appointed place, i.e. when
      the output Z' is of a negative voltage, due to the character of the AND
      circuit 61 the summer time indicator cannot be controlled by the position
      of the switch S.sub.2-2 for the "home" zone. On the other hand, the summer
      time switch S.sub.1-2 for the appointed place can always control the
      summer time indicator due to the character of the OR circuit 62. When the
      switch S.sub.2-2 is at the position b and the switch S.sub.1-2 is at the
      position a, the summer time display is achieved in the case of displaying
      the time of the "home" zone, but in the case of displaying the time of the
      appointed place the summer time display disappears and the normal time
      display is made. When the display returns to the "home" time display, the
      summer time display reappears. If the switch S.sub.1-2 is at the position
      b, the summer time display will be done in both cases of displaying the
      time of the "home" zone and the appointed place.
PAR  As has been shown in the above embodiment, a very useful zone time display
      clock which can display the date difference, the time and the time zone of
      an appointed place only by touching the portion of the desired place on a
      world map with a finger can be provided.
PAR  The present invention should not be limited to the embodiment described
      above, but is a zone time display clock comprising: (a) a zone appointing
      and displaying unit, (b) a touch switch unit, (c) a time difference
      generating unit, (d) a calculating unit, (e) an electronic clock, and (f)
      an display unit including a display driving circuit, and featured by the
      fact that when the position bearing a desired place in the zone appointing
      and displaying unit is touched with a finger, etc., the time and the time
      zone of the appointed place is displayed instantly.
PAL  (a) Zone appointing and displaying unit:
PAR  The zone list, the desired zone indication and the time zone indication are
      integrated to this unit so that a series of operations for searching for a
      desired place, appointing a place and confirming the appointment is made
      very smooth and easy. In place of the world map described in the
      embodiment, a place list carrying the names of cities, zones and/or
      countries may be used. A liquid crystal panel, an EL panel, etc. may be
      used in place of the time zone indication by lamps and light chambers.
      Further, transparent electrodes formed in the shape of the time zones,
      etc. may be used in place of the metal pins. Yet further, sensors for
      ultrasonic waves, lights, temperatures, high frequency waves, etc.
      disposed under a world map or a place list may be used as the touch
      detecting terminals.
PAL  (b) Touch switch unit:
PAR  This is a unit for amplifying a touch signal induced in a touch detecting
      terminal in the zone appointing and displaying unit when it is touched
      with a finger, etc., memorizing the touched position, selectively
      activating the time zone display and generating the time difference signal
      in a time difference generating circuit corresponding to the touches and
      memorized locality. Besides the one described in the embodiment, following
      alternatives or modifications are possible. As the touch signal, a dc
      voltage or a high frequency voltage can be used besides the hum voltage
      induced from a finger. For example, using the circuit arrangement of the
      embodiment it will be apparent that the unit operates normally if one uses
      a pen having a point connected to the voltage source line -V and touches a
      touch detecting terminal with the pen point. Further, it will be also
      apparent that normal operation can be obtained by using a pen containing a
      battery and an oscillator and applying the oscillation energy of the pen
      through touching a touch detecting terminal with the pen.
PAR  In the embodiment of the touch detecting circuit, the memory circuit, the
      equal time zone display driving circuit, etc. are formed in X - Y
      matrices. It is easy to provide a high input impedance amplifier and an
      SCR circuit and insert a lamp as the load of the SCR at every input
      terminal. Usual flip-flops, etc. can also be used as the memory elements.
PAL  (c) Time difference generating unit:
PAR  This unit includes a home setting circuit, a summer time setting circuit, a
      time difference encoder for the appointed place, and a switching circuit
      and alternately generates the time differences for the "home" and the
      appointed place.
PAL  (d) Calculator unit:
PAR  Although an embodiment for the a.m./p.m. 12 hours system was described, a
      calculator unit for the 24 hours system can also be realized easily.
      Further, although only the memory circuits 23 and 25 (c.f. FIG. 1) for
      storing the output of the time calculation with the synchronizing signal
      W, if further memory circuits 23' and 25' for storing the output of the
      time calculation with a synchronizing signal W are provided and one more
      set of the display and the driving circuit is equipped, it is easy to
      display the time of the "home" place constantly and at the same time to
      display the time of the appointed place described in the embodiment in
      another display unit. Namely, a world time piece having two displays and
      always displaying the time of the "home" place in one display and the time
      of an appointed place in another display can be easily achieved. In this
      case, the resetting of the memory circuits by the delay circuit B of the
      touch switch 7 and the transistor Q.sub.7 in the time difference
      generating circuit, etc. are dispensed with. It is also easy to arrange a
      structure capable of changing the date indication of the electronic clock
      1 by calculating the date signal and the date difference signal instead of
      directly displaying the date difference by the output of the date
      difference calculator. For example, when the date in the "home" place is
      the 10th, the indication of the 9th instead of the date difference
      indication of -1 day can be achieved by the logic design techniques.
PAR  In the embodiment, hum signals are employed as the touch signal so that the
      system is limited to the use of an ac power source. However, a small size
      portable zone time display clocks can be achieved by using a dc voltage as
      the touch signal, appointing a zone with a thin pen point as described
      above and achieving the time zone display with an indicator of low power
      consumption such as a liquid crystal indication panel.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A world clock comprising:
PA1  a zone appointing and displaying means including an integrated structure of
      a map divided into a plurality of substantially equal time zones, a
      plurality of touch detection terminals disposed at locations on said map
      corresponding to cities or countries, and time zone display devices
      arranged beneath the map for providing a separate indication of each time
      zone on the map;
PA1  touch switch circuit means, including a touch detection circuit connected
      to said touch detection terminals for amplifying a designated location
      signal from a designated touch detection terminal to generate a touch
      signal at an output terminal corresponding to the location of the touch
      detection terminal on the map as well as the output terminals
      corresponding to all of the touch detection terminals, a location memory
      circuit connected to the output terminal corresponding to said location
      for storing the designated location, a display driver circuit connected
      between an output of said location memory circuit and said time zone
      display devices for activating the time zone display device corresponding
      to the designated location, and a control circuit connected to the output
      terminals corresponding to all of the touch detection terminals of the
      touch detection circuit and the location memory circuit for controlling
      the operation of the memory circuit;
PA1  an electronic clock circuit for generating a reference time signal,
      corresponding to a reference location, in the form of binary code;
PA1  a time difference generation circuit including an encoder circuit connected
      to the output of said location memory circuit for generating a time
      difference signal representing the time difference between the designated
      location and the reference location, a home location setting circuit for
      generating a signal representing the time difference between a home
      location and the reference location, and a switching circuit coupled to
      outputs of said encoder and home location settling circuits;
PA1  a time difference calculation circuit, including an adder circuit coupled
      to the reference electronic clock circuit and the switching circuit of
      said time difference generation circuit with the time of the store
      operation in the date difference calculation circuit.
NUM  2.
PAR  2. A world clock according to claim 1, wherein said touch detection circuit
      includes amplifying means having a high input impedance coupled to said
      touch detection terminals for amplifying a human-body-induced AC hum
      voltage.
NUM  3.
PAR  3. A world clock according to claim 1, further comprising: an
      amplifier-rectifier circuit for amplifying and rectifying the touch
      signals corresponding to all of the touch detection terminals to supply a
      signal to a control circuit for controlling the operation of the location
      memory circuit.
NUM  4.
PAR  4. A world clock according to claim 3, further comprising an error memory
      circuit coupled to said location memory circuit for preventing erroneous
      operation in case more than one touch detection terminal is energized
      simultaneously, including means for clearing said location memory circuit
      and means coupled to said clearing means for inhibiting writing into said
      location memory circuit until after a single touch detection terminal is
      energized.
NUM  5.
PAR  5. A world clock according to claim 3, further comprising:
PA1  a plurality of SCR's each having its gate electrodes coupled to one output
      of said touch detection circuit;
PA1  bias circuit means coupled to the cathodes of said SCR's through interposed
      normally open electronic switch circuit means; and
PA1  means developing a voltage in said bias circuit means due to current flow
      through said SCR's which is larger than a signal voltage applied to the
      gates of said SCR's, whereby said electronic switch circuit means are
      turned off by a signal from said control circuit, thereby turning off
      those SCR's having no signal voltage applied to their gates.
NUM  6.
PAR  6. A world clock according to claim 5 further including an erroneous memory
      detection circuit connected to the biasing circuit for generating an
      output signal when the voltage of the biasing circuit exceeds a
      predetermined value, and a control circuit operable in response to said
      output signal to turn the electronic switch off and maintain the
      electronic switch in an off state until a new touch signal appears at the
      output terminal of the amplifier-rectifier circuit for the touch detection
      circuit.
NUM  7.
PAR  7. A world clock according to claim 1, further comprising: a summer time
      setting circuit connected to said switching circuit; and a summer time
      indicator coupled to and operated by the output of the summer time setting
      circuit; and wherein said time difference calculation circuit further
      includes a further adder interposed between the adder coupled to the code
      converter circuit and the reference clock circuit and coupled to the
      switching circuit for adding the output of the switching circuit and the
      output of the reference clock circuit.
NUM  8.
PAR  8. A world clock according to claim 1, further comprising a date difference
      indicator coupled to said date difference calculation circuit through the
      display drive circuit for indicating the date difference with reference to
      the home location as -1, 0 or +1 in response to the output of the date
      difference calculation circuit.
NUM  9.
PAR  9. A world clock according to claim 3, wherein said control circuit
      comprises: a delay circuit coupled to said amplifier-rectifier circuit; a
      differentiator circuit coupled to the output of said delay circuit; means
      coupling the output of said differentiator circuit to said location memory
      circuit for clearing the contents thereof; and means coupling the output
      of said delay circuit to said switching circuit of said time difference
      generation circuit for a predetermined time period after a designated
      location signal has been applied to a designated touch detection terminal.
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ABST
PAL  In a rotating drum type of digital clock, the minute drum is fixed to the
      drum shaft. A drive disc is carried on the shaft, freely rotatable
      thereon, adjacent to the minute drum. Sandwiched between them is a detent
      ring which is keyed to the drive disc, but which has limited axial freedom
      with respect to both the disc and the drum, being pressed toward the web
      of the drum by a spring. Convex detent bosses extending axially from the
      ring can engage with any of a plurality of recesses in the web of the
      minute drum. The drive disc is advanced each minute by the normal
      actuating mechanism, and drives the minute drum through the detent ring. A
      setting knob is engageable with the shaft, permitting rotation of the
      latter, and hence of the minute drum, for setting purposes. In setting,
      the bosses are forced out of the recesses, the ring retracting axially, so
      that the drum can be rotated with respect to the ring. As a setting is
      completed, the bosses will drop again into recesses, thus indexing the
      drum to provide proper full-figure display of the numerals on its
      periphery.
BSUM
PAR  In a drum type of digital clock it is necessary to have a friction clutch
      or some similar device which will permit rotation of the drums for setting
      the clock to a desired indication by manual means, without damage to the
      normal drive mechanism. In addition, it is desirable to have some sort of
      indexing or detent device which causes the numerals to be displayed
      properly centered vertically in the exposing aperture.
PAR  The present invention accomplishes both of these desired results, and has
      several advantages over known arrangements for accomplishing the same
      results. It eliminates the problem of fatigue, weakening and breakage of
      spring fingers such as are used in some known mechanisms. It provides an
      indexing means which requires substantially the same torque for setting in
      either direction, thus overcoming the disadvantage of prior art detents
      such as drag levers or leaf springs, which may require noticeably greater
      torque for setting in one direction than in the other.
PAR  Most importantly, its peak setting torque requirement comes at the point
      where the drum is leaving an indexed position, and after the peak point is
      passed, the torque requirement is relatively low until the next index
      position is reached. Hence an index position is the point at which the
      user is most likely to stop in making a setting adjustment, because there
      is a "hump" to be overcome before the drum can be rotated further. In some
      other detent indexing systems, there is a peak torque requirement
      somewhere between index positions, with an increased likelihood that the
      user may stop the setting action with the drum numerals overlapping in the
      exposure aperture.
PAR  The present invention is applicable to a rotating drum type of digital
      clock in which there is an hour drum, a ten minute drum with numerals 0 to
      5, and a minute drum with numerals 0 to 9. A seconds drum may or may not
      be provided.
PAR  The minute drum is fixed to the drum shaft. A drive disc is mounted for
      free rotation upon the shaft, next to the minute drum on the side thereof
      opposite to the 10 minute drum. Sandwiched between them is a detent ring
      which is keyed to the drive disc, but which has limited axial freedom with
      respect to both the disc and the drum, being pressed toward the web of the
      drum by a spring. Detent bosses extend axially from the ring, and are
      engageable with any of a plurality of recesses formed in the web of the
      minute drum. The drive disc is advanced each minute by the normal
      actuating mechanism, and drives the minute drum through the detent ring,
      by reason of the engagement of the bosses in the recesses of the minute
      drum.
PAR  A setting knob has a spindle which is engageable with the drum shaft,
      permitting rotation of the latter, and hence of the minute drum, for
      setting purposes. When the drum shaft is manually rotated in this way, it
      rotates the minute drum, which in turn advances or sets back the other
      drums in the train, according to whether the setting action is forward or
      back.
PAR  When torque is manually applied to the drum shaft in the setting operation,
      rotation of the minute drum causes the bosses of the drive disc to be
      forced out of the recesses, the ring retracting axially against the
      spring, so that the drum can be rotated with respect to the ring, without
      damage to the normal drive mechanism As a setting is completed, the
      tendency is for the user to stop the application of force at a point where
      the bosses have dropped again into recesses, thus indexing the drum to
      provide proper full-figure display of the numerals on its periphery in the
      exposure aperture.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawings:
PAR  FIG. 1 is a bottom view of a digital clock mechanism such as has been
      referred to above;
PAR  FIG. 2 is an enlarged sectional view through the minute drum of such a
      clock mechanism, illustrating an embodiment of the present invention
      therein, the adjacent drums and part of the drive disc being shown in
      elevation;
PAR  FIG. 2A is a fragmentary sectional view, similar to the center portion of
      FIG. 2, illustrating an alternate form of the detent means;
PAR  FIG. 3 is an enlarged perspective view of the detent ring;
PAR  FIG. 4 is a fragmentary sectional view taken on the line 4--4 of FIG. 2;
PAR  FIG. 5 is an illustration of a spring washer such as may be employed in
      place of the coil spring shown in FIG. 2;
PAR  FIG. 6 is an enlarged sectional view, similar to that of FIG. 2, but
      showing the use of the spring washer instead of a coil spring; and
PAR  FIG. 7 is a fragmentary front view of the portion of the clock bezel
      through which the numerals are exposed.
DETD
PAR  In the drawings, FIG. 1 shows a digital clock mechanism of generally
      conventional design, in which a frame 10 carries a drum shaft 12 on which
      time indicating drums including an hour drum 14, a 10-minute drum 16, and
      a minute drum 18 are mounted for rotation in axially spaced relation to
      one another, the minute drum having a drive disc 20 associated with it. A
      seconds drum 22 may also be provided, with a gear 24 mounted thereon or
      integral therewith, by which the drum 22 is driven through a train of
      gears 26 from the motor 28.
PAR  In FIG. 2, the minute drum 18 and associated parts are shown on an enlarged
      scale. The minute drum is fixed on the shaft 12 by being pressed onto a
      knurled portion 30 thereof. All other drums, 14, 16 and 22 are freely
      rotatable with respect to the shaft. The drive disc 20 is also freely
      rotatable on the shaft, and is held in close relation to the drum 18 by a
      C-clip 32 fitting in a groove 34 in the shaft.
PAR  Normal drive of the drum train is from seconds drum 22 through indexing
      gear 36 (FIG. 1), by which the seconds drum advances the drive disc 20
      (and thereby the minute drum) one-tenth of a revolution for each
      revolution of the seconds drum. In well-known manner, which need not be
      further described, the minute drum through indexing gear 38 advances the
      10-minute drum, which in turn through indexing gear 40 advances the hour
      drum.
PAR  As seen in FIG. 2, the drive disc 20 has an annular flange 42 extending
      axially within the minute drum 18 toward the web 58 thereof. Internally
      this flange has an axially extending key 44, which fits in driving
      engagement with a keyway 46 (FIG. 3) in a detent ring member 48, causing
      the ring to rotate at all times in just the same way as the disc 20. The
      ring 48 is dimensioned to provide a sliding fit within the annular flange
      42, and likewise on the hub 50 of the minute drum, so that although
      constrained rotationally by the keyway 46, it can move axially to a
      limited extent. The end face 53 of the ring has convex bosses or
      projections 54 at such a radius from the shaft as to engage with concave
      recesses 56 in the adjacent web 58 of the minute drum. In the ordinary
      case, where there are ten numerals 60 on the periphery of the minute drum
      (0-9), ten recesses 56 are provided, equidistant from the shaft 12, and
      equiangularly spaced, as seen in FIG. 4. A coil spring 52, partly
      contained in a recess 55 in the detent ring, bears against the disc 20 and
      against the bottom of the recess 55. The disc 20 is restrained by the
      C-clip 32 against movement to the right (FIG. 2) and the spring tends to
      move the ring 48 toward the web 58 of the minute drum. This bias by the
      spring causes the projections 54 to enter into the recesses 56 (when they
      come into register therewith) with a detent action which is sufficient to
      drive the minute drum 18 and the succeeding drums 16 and 14 in the drum
      train when the drive disc 20 is rotated.
PAR  In FIG. 2A an alternate arrangement of the detent means is shown, in which
      the projections 54A are provided on the web 58 of the drum 18, and
      recesses 56A are formed in the detent ring 48. The other parts are
      substantially the same as above described;
PAR  When it is desired to set the clock, depressing a setting knob 62 in the
      direction of the arrow (FIG. 1) moves the setting spindle 64 axially
      against the influence of a spring 66, and brings bevel gear 68 on the
      spindle into engagement with bevel gear 70 on shaft 12. Rotation of knob
      62 then causes rotation of the shaft 12, and consequently of minute drum
      18 while the drive disc 20 and detent ring 48 are constrained against
      rotation by the indexing gear 36. The torque exerted in setting is enough
      to force the projections 54 to withdraw from the recesses 56 against the
      biasing influence of spring 52. The projections and/or the recesses at
      their intersections with the adjacent plane surfaces of the end 53 of the
      ring and of the web 58, respectively, have angles such as to permit this.
      Preferably the projections 54 are provided in diametrically opposite
      pairs, as shown in FIGS. 3 and 4, or in other symmetrical arrangement, so
      that in the withdrawing movement there is no tendency to cock or tilt the
      ring 48, which might cause it to bind within the flange 42 or on the hub
      50.
PAR  When the minute drum is rotated with respect to the detent ring in setting,
      the projections drop into the recesses as each opposite pair of recesses
      is encountered, and there is thus a definite indexing effect. It will be
      apparent that the greatest torque requirement is at the indexed position,
      when the projection is being forced to climb out of the recess against the
      bias of the spring. Once the projection has been raised out of the recess,
      however, a relatively low and uniform torque is all that is necessary to
      further rotate the minute drum, with the projections 54 sliding along the
      smooth surface of the web 58 until they drop into the next pair of
      recesses. For this reason, when a setting operation is completed, the user
      is most likely to stop applying force at one of the indexing points, i.e.,
      where the projections are engaged in a recess.
PAR  The purpose of the indexing feature is to cause the numerals 60 on the drum
      18 to be properly displayed, vertically centered in the aperture 72 of the
      bezel 74 through which they are exposed to view, as seen in FIG. 7. The
      relation of the numerals 60 with respect to the recesses 56, and with
      respect to the viewing aperture 72, is predetermined so that the desired
      orientation of the numerals in the aperture occurs when projections 54
      engage in any pair of recesses 56. Without any particular effort or
      attention on the part of the user, the objective is attained by
      utilization of the present invention because it is "human engineered" in a
      way to accomplish the result. This is explained by the fact that when the
      user applies sufficient torque to force the detent projections out of the
      recesses, the torque required is considerably more than is necessary to
      rotate the minute drum with the projections sliding along the smooth
      surface of the web 58 between the recesses. Therefore, when the detent
      projections "pop" out of the recesses, the muscle tension which has been
      built up is such that the transit to the next set of recesses is made very
      quickly, and the user could hardly relax his grip in time to stop at an
      intermediate point even if he desired to do so. The result is that a user
      will normally stop at a properly indexed position with no special effort
      to that end.
PAR  The axial spring bias effective on the detent ring can be provided in
      various ways. FIG. 6 shows an alternate form of construction in which a
      spring washer 76 is employed to exert a biasing force on the detent ring
      48, tending to move it toward the web 58 of the minute drum, i.e., serving
      the same purpose as the coil spring 52 in FIG. 2. Spring washers are
      available in various styles; one which is applicable to this usage is
      shown in section in FIG. 6 and in plan in FIG. 5.
PAR  The foregoing description of the invention is only illustrative of specific
      forms which the invention may take. Other modifications and variations
      will suggest themselves to persons skilled in the art. It is intended
      therefore that the detailed description be considered as exemplary only,
      and that the scope of the invention be ascertained from the following
      claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In a setting mechanism for a digital clock having a plurality of time
      indicating drums supported for rotation in axially spaced relation to one
      another, the combination comprising
PA1  rotating means adjacent to one of said drums and rotationally advanced at
      periodic time intervals, said one of said drums constituting a driven
      member,
PA1  yieldable indexing means through which said rotational advancement of said
      rotating means can similarly advance said driven member, said indexing
      means comprising
PA1  a detent member rotating with said rotating means and spring-biased toward
      said driven member, one of said member having
PA1  projections thereon, and the other thereof having
PA1  recesses equiangularly spaced therein, said projections being engageable in
      said drum, for driving engagement of said driven member by said detent
      member, and
PA1  setting means adapted to rotate said driven member independently of said
      indexing means by the application through said setting means to said
      driven member of sufficient torque to cause said projections to be forced
      out of said recesses.
NUM  2.
PAR  2. A setting mechanism in accordance with claim 1 wherein said detent
      member is axially movable relative to said one of said drums.
NUM  3.
PAR  3. A setting mechanism in accordance with claim 1, wherein said projections
      are even in number and located in a pair or pairs in diametrically
      opposite and symmetrical positions with respect to the axis of rotation of
      said one of said drums.
NUM  4.
PAR  4. A setting mechanism for a drum-type digital clock having a minute drum
      with a central web, fixed to and rotating with a shaft, comprising in
      combination
PA1  a drive disc mounted on and rotatable with respect to said shaft,
PA1  a detent member keyed to the drive disc for rotation therewith, but having
      limited axial freedom with respect to both the drive disc and the minute
      drum,
PA1  resilient means pressing said detent member toward the web of said minute
      drum,
PA1  mating surfaces on said web of said minute drum and on the adjacent face of
      said detent member, said mating surfaces being adapted to interfit at a
      fixed number of rotated positions of said minute drum with respect to said
      detent member,
PA1  actuating means adapted to advance the drive disc each minute, and
PA1  setting means engageable with said shaft, adapted to rotate said minute
      drum independently of said detent member by the application of sufficient
      torque to said minute drum to force said mating surfaces to withdraw from
      interfitting relation.
NUM  5.
PAR  5. A setting mechanism for a drum-type digital clock having a drum with a
      central web, mounted on a shaft, comprising in combination
PA1  drive means rotatable with respect to said shaft,
PA1  a detent member keyed to the drive means for rotation therewith, but
      capable of axial movement with respect to said drive means and said drum,
PA1  resilient means biasing said detent member toward the web of said drum,
PA1  a boss projecting axially from said detent member and engageable with any
      of a plurality of recesses in the web of said drum,
PA1  actuating means adapted to advance the drive means periodically, and to
      restrain the drive means against rotation between advance periods, and
PA1  setting means adapted to rotate said drum independently of said detent
      member by the application of sufficient torque to said drum to force said
      boss to withdraw from engagement with said recesses.
NUM  6.
PAR  6. A setting mechanism in accordance with claim 5, having a plurality of
      bosses projecting from said detent member.
NUM  7.
PAR  7. A setting mechanism in accordance with claim 6, wherein said bosses are
      even in number and located in a pair in diametrically opposite and
      symmetrical positions with respect to said shaft.
NUM  8.
PAR  8. A setting mechanism in accordance with claim 5 wherein said combination
      includes
PA1  said drum, said drum having numeric indicia on its periphery at uniformly
      spaced intervals, and
PA1  a bezel supported in fixed position with respect to said drum said bezel
      having an aperture therein sized for display therethrough of individual
      ones of said numeric indicia.
NUM  9.
PAR  9. A setting mechanism in accordance with claim 8, wherein said drive
      means, said boss and said recesses in the web of said drum are so related
      dimensionally that when said drive means is at rest between advance
      periods, and said boss is engaged in any of said recesses, an individual
      one of said numeric indicia will be displayed through said aperture in
      substantially centered relation thereto.
NUM  10.
PAR  10. A setting mechanism in accordance with claim 5 wherein said boss slides
      along a circular path on said web of said drum between said recesses
      therein, upon actuation of said setting means, and the surface of said web
      in said path is smooth.
NUM  11.
PAR  11. A setting mechanism in accordance with claim 10 wherein greater torque
      is required to be applied to said drum by said setting means to force said
      boss to withdraw from engagement with said recesses than is required to
      move said boss along said circular path between said recesses.
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ABST
PAL  A noncircular watch case is provided which includes a case body underlying
      and supporting a noncircular crystal. A pin and crown arrangement is
      mounted in the case body and is operatively connected to the watch
      movement for performing a plurality of functions. Fixedly connected at its
      ends to the back cover of the watch is a spring member which is releasably
      connected to the case body interior. For releasing the case body and
      crystal mounted therein from its connection to the spring and back cover,
      the case body is provided with a lug which is fixedly mounted thereon. An
      upward pressure may be manually applied to the lug, while the back cover
      is held in fixed position for releasing the spring from its preselected
      setting in a groove of predetermined incline in the case body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a watch case construction, and more particularly
      to a watch case construction for a noncircular watch.
PAR  Prior watch cases and noncircular watches have been bulky and difficult to
      assemble and disassemble. These watch cases have generally also been of
      substantial depth, thereby providing a watch of undesirably thick
      appearance.
PAR  Accordingly, the instant invention provides a novel watch case construction
      for a noncircular watch and is in general of lesser depth and width than
      prior noncircular watch cases. It is also found that the instant watch
      case may be easily assembled or disassembled, and ready access to the
      watch movement therein may be had.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, a noncircular watch
      case is provided which includes a case body underlying and supporting a
      noncircular crystal. A pin and crown arrangement is mounted in the case
      body and is operatively connected to a watch movement housed therein. A
      plurality of pin positions are provided for performing various timekeeping
      functions. Fixedly connected at its ends to the back cover of the watch
      case is a configured flat spring member which releasably connects the case
      body of the watch to the back cover thereof. The case body of the watch
      overlies the spring mounting.
PAR  For releasing the case body and crystal mounted therein from its connection
      to the spring and back cover, the case body is provided with a lug which
      is fixedly mounted thereon. An upward pressure may be manually applied to
      the lug, while the back cover is held in a fixed position. The upward
      pressure releases the flat spring from its preselected setting in a groove
      of predetermined incline provided in the case body.
PAR  Accordingly, it is an object of this invention to provide a novel
      noncircular watch case.
PAR  Another object of the invention is to provide a relatively flat, compact
      watch case for a noncircular watch.
PAR  A further object of the invention is to provide a noncircular watch case
      which is easy to assemble and dissassemble and which provides ready access
      to the movement housed therein.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the features of construction,
      combinations of elements, and arrangement of parts which will be
      exemplified in the construction hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings
      in which:
PAR  FIG. 1 is a fragmentary sectional view of a prior noncircular watch case
      construction;
PAR  FIG. 2 is a fragmentary sectional view of another embodiment of a prior
      noncircular watch case construction;
PAR  FIG. 3 is a sectional view of a noncircular watch case constructed in
      accordance with the invention;
PAR  FIG. 4 is a plan detail view of the configured flat spring member employed
      in the embodiment shown in FIG. 3 for releasably connecting the case body
      to the back cover of the noncircular watch case;
PAR  FIG. 5 is a fragmentary sectional view of another noncircular watch case
      constructed in accordance with the instant invention; and
PAR  FIG. 6 is a plan detail view of the flat spring and inclined groove
      arrangement employed in the embodiment seen in FIG. 5 for releasably
      connecting the case body to the back cover of the noncircular watch case.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1 which illustrates one embodiment of a prior
      noncircular watch case construction, a gasket 3 overlies a stepped up
      flange provided in a back cover 2 and underlies the rim of crystal 1 for
      thereby providing a watertight seal therebetween. A pin 6 mounted in a
      leaf spring 5 is housed in a recess 2aof back cover 2. Pin 6 is spring
      biased into an aperture 4a provided in noncircular outer case body 4 which
      thereby axially inwardly compresses crystal 1 and back cover 2 into gasket
      3 for watertightly sealing crystal 1 against back cover 2.
PAR  In this type construction, however, the watch winding crown (not shown) is
      operatively connected to the movement 7 through back cover 2, and the
      crown must be pulled to its outer most position before access to movement
      7 or the battery which powers the movement may be had. This is an
      undesirable feature of this type construction.
PAR  In a modification of this construction, a hinged battery access door may be
      provided on back cover 2. However, the thickness of back cover 2 must be
      substantially increased to accommodate the door, and the door construction
      substantially increases the unit cost of the item as well as production
      time.
PAR  An additional undesirable feature of this type construction involves the
      use of spring mounted pin 6 and pin groove 4a. As leaf spring 5 loses
      resiliency, the watertight compression of crystal 1 against back cover 2
      diminishes. It is also possible that pin groove 4a may become enlarged as
      pin 6 wears in the groove, thereby diminishing the watertight compression
      of crystal 1 and back cover 2 against gasket 3.
PAR  Yet another disadvantage of this type of construction is related to the gap
      provided between noncircular outer case body 4 and back cover 2 whereby
      moisture such as perspiration may filter into and remain in the gap, and
      eventually that water may affect the watertightness and corrosion
      resistance of the time piece members.
PAR  Referring now to FIG. 2 which shows another embodiment of a different prior
      noncircular watch case construction, a core 13 mounted on a noncircular
      back cover 12 releasably connects the case body 14 and crystal mounted
      therein to the back cover 12. Core 13 is provided with a dowel 13a which
      releasably connects in a recess 14a of case body 14. Dowel 13a and case
      body 14 are both rigid, therefore plastic deformation occurs during
      assembly and disassembly of case body 14 on back cover 12 and either dowel
      13a or side walls of recess 14a become worn. The stability of the
      releasable connection between back cover 12 and case body 14 thereby
      diminishes over the useful life of the watch. An additional undesirable
      feature of this type construction is the accuracy required in fabricating
      dowel 13a in core 13 for an accurate fit in recess 14a. Yet another
      undesirable feature of this type construction is that support 13b of core
      13 engages under the lip flange provided on frame 16 for suitably locating
      movement 17 within the casing housing. Deformation of support 13b or frame
      16 may result in improper placement of movement 17 within the casing
      housing and thereby affect the timekeeping accuracy thereof.
PAR  Noncircular watch case constructions within the scope of the instant
      invention overcome the inherent defects of the hereinbefore described
      prior embodiments. Referring now to FIGS. 3 and 4, a noncircular crystal
      21 is adhesively connected to a frame therefor provided in a case body 24.
      A noncircular back cover 22 is releasably connected to case body 24 so
      that access to the timepiece movement 23 may be had. The releasable
      connection between back cover 22 and case body 24 is provided by a
      configured flat spring member 25 as best seen in FIGS. 4(a) - (d). Spring
      25 is loaded in a spring groove 22a provided therefor in back cover 22.
      Opposed ends of spring 25 are linearly flanged and fixedly connected to a
      supporting wall of back cover 22, for instance by a spot weld or a caulk.
      The mid portion of spring 25 is permanently depressed outwardly in at
      least one segment thereof to biasingly engage side walls of at least one
      inclined groove 24a predetermined dimensions provided in case body 24. In
      the particular flat spring embodiment 25 seen in FIG. 4, which is employed
      in the construction illustrated in FIG. 3, the spring segments connected
      to the opposed linear flanges are respectively obtusely inclined therefrom
      and connected in a substantially linear spring segment which is
      substantially parallel to the respective flanges. When this type of spring
      construction is employed, only one inclined groove 24a of specific
      dimensions is provided in case body 24. It is, however, understood that
      the specific configuration of the interior spring segments may be altered
      into a variety of suitable modes so long as there is a suitable releasable
      bias between spring 25 and inclined groove 24a therefor.
PAR  Between case body 24 and back cover 22 is a gasket 26 into which both
      respective members are compressed for thereby providing a watertight seal
      therebetween. Gasket 26 sits on a flange extension provided in back cover
      22 and the rim of case body 24 sits thereon. The bias between spring 25
      and inclined groove 24a vertically downwardly compresses case body 24 into
      gasket 26 which is seated on back cover 22. The angle of incline of groove
      24a and the resilience of gasket 26 are predetermined so that the vector
      of vertical compression of spring 25 against case body 24 is greater than
      the force of compression of gasket 26 against back cover 22. In practice,
      it is preferable that the angle of incline, .theta., of groove 24a to the
      vertical be between about 5.degree. to about 45.degree., and that the
      concomitant hardness of gasket 26 be from about 40 to 60 Mohs.
PAR  For operating the timepiece, a winding crown 27 is fixedly connected to a
      rotatable winding stem 28. Stem 28 is operatively connected to the watch
      movement 23 through a slot 24c provided in case body 24. In a groove seat
      28a of stem 28, a gasket 29 is mounted which frictionally engages the side
      wall of groove 24c as stem 28 is moved to various operational positions.
PAR  Movement 23 is secured in the casing housing by a frame and gasket
      arrangement. Frame 30 in which movement 23 sits is mounted on back cover
      22 and on the upturned rim thereof gasket 31 is mounted. When back cover
      22, including frame 30 and gasket 31, is releasably connected in case body
      24, gasket 31 engages against an interior continuous elbow provided in
      case body 24. Overlying movement 23 and operatively connected thereto is a
      dial disc 32 which rests on a frame 33 mounted on movement 23. Frame 33 is
      preferably fabricated of a highly permeable material. In the interior
      recess of back cover 22, a magnetically resistant frame 34 is mounted,
      frame 34 being preferably fabricated of a highly permeable material. In
      frame 34, a battery 35 for operating movement 23 is mounted.
PAR  For opening the watch case to thereby obtain access to movement 23, a
      projection 22b is provided on back cover 22. To provide a manually fixed
      support for the case while the back cover 22 thereof is being separated
      therefrom by a manual pressure exerted on projection 22b, a lug 24b is
      provided on case body 24 proximately projection 22b so as to provide a
      fulcrum effect as back cover 22 is levered open.
PAR  Referring now to FIGS. 5 and 6 which illustrate another emobidment within
      the scope of the invention, the back cover 42 is plurally releasably
      biased into connection with case body 44. As best seen in FIG. 6, a flat
      configured spring 45 is provided with a pair of raised portions and a
      respective pair of inclined grooves 44a is provided therefor in case body
      44. Opposed ends of spring 45 are linearly flanged and are fixedly
      connected to back cover 42, for instance in the manner previously
      described in connection with the embodiment of FIG. 3. Respective pairs of
      interior segments of spring 45 are acutely angularly oriented relative to
      each other for defining the raised portions of the spring. The segment
      connecting each respective pair of acutely oriented segments is
      substantially linear. As heretofore discussed, the raised portions of
      spring 45 may have a variety of shapes. Upstanding in an interior elbow
      provided in back cover 42 is a frame 43 provided with a slot 43a through
      which raised portions of the spring 45 project into inclined grooves 44a
      therefor in case body 44. The unraised linear central portion of spring 45
      is connected to back cover 42, for instance by brazing.
PAR  For each raised portion of the spring, a respective inclined groove 44a is
      provided on the case body interior. As hereinbefore described in
      connection with the embodiment of FIG. 3, the angle of incline of each
      groove 44a is preferably between 5.degree. and 45.degree. and the
      concomitant hardness of gasket 46 is preferably from about 40 to about 60
      Mohs.
PAR  In this embodiment, the top of case body 44 is provided with a lateral lip
      which overlies the beveled edge of crystal 41. Under crystal 41 and
      mounted to the interior side wall of case body 44 is a frame 48 having an
      upturned elbow and thereby defining a seat in which a gasket 47 is loaded
      for securing crystal 41 against the lip provided on case body 44. Since
      the gasket seat defined by frame 48 is noncircular, from a construction
      standpoint, it may be preferable to mount frame 48 on cover 42 rather than
      case body 44.
PAR  In the embodiment seen in FIG. 5, a movement 49 is mounted in the casing
      housing on frame 43. Overlying movement 49 is a frame 50 in which the dial
      disc is mounted. Preferably, the dial disc is fabricated of a highly
      permeable material. In a gasket seat provided around the perimeter of
      frame 50, a gasket 51 is mounted. However, the upstanding rim of frame 50
      may be elongated and engaged against frame 48, without employing gasket
      51. Underlying movement 49 is a recess in the casing housing in which a
      battery 52 may be mounted for providing power to the movement.
PAR  The shape of the movement employed may in part determine the configuration
      of the flat spring employed for releasably connecting the back cover and
      case body. For instance, when the movement is rectangular, a spring having
      the configuration of FIG. 6 may be employed. However, when the movement is
      substantially or partially circular, but the case body is noncircular,
      then it may be desirable to employ a flat spring which has a substantially
      curved configuration throughout its length.
PAR  Therefore, it is understood that the instant invention may be employed in
      connection with any shape movement that may be installed in a noncircular
      watch case housing. As a result, a casing of highly desirable aesthetic
      appearance and compactness may be fabricated. It is also found that watch
      cases constructed according to the instant invention are of substantially
      reduced thickness and as a result thereof the watch may be miniaturized
      relative to usually available watches.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A watertight watch casing comprising a back cover, a gasket of a
      preselected hardness mounted on said back cover, a case body overfitting
      said back cover and releasably connected thereto, said case body including
      a mounted crystal and a lug which may be pressured for releasing the
      connection between said case body and said back cover, said case body
      overlying said gasket, an upstanding support mounted on said back cover
      extending interiorly into said casing, and a flat configured spring
      mounted on said upstanding support, said spring having at least one raised
      portion, said case body having at least one interiorly ascending incline
      and at least one concomitant lateral overhang defining a groove on its
      interior side wall corresponding to said at least one raised portion of
      said flat spring, said incline having an angle of ascension having a
      predetermined relationship to said hardness of said gasket, said at least
      one raised portion of said spring being normally accommodated within said
      groove in said case body when said case body and said back cover are
      connected, said at least one raised portion of said spring being
      self-depressing during release and connection of said case body and back
      cover.
NUM  2.
PAR  2. The watch casing as claimed in claim 1 wherein said at least one
      inclined groove in said case body has an angle of incline to the vertical
      of between about 5.degree. to about 45.degree..
NUM  3.
PAR  3. The watch casing as claimed in claim 1 wherein said gasket is
      characterized by a hardness of from about 40 to about 60 Mohs.
NUM  4.
PAR  4. The watch casing as claimed in claim 1 wherein said flat spring is
      characterized by one raised portion having a chamfered top edge.
NUM  5.
PAR  5. The watch casing as claimed in claim 1 wherein said flat spring is
      characterized by first and second raised portions having respective first
      and second chamfered top edges.
NUM  6.
PAR  6. The watch casing as claimed in claim 1 wherein said flat spring includes
      opposed linear flanges, a pair of opposed obtusely inclined portions
      relative to said linear flanges and a substantially linear segment
      connecting said obtusely inclined segments which is substantially parallel
      to said flanges.
NUM  7.
PAR  7. The watch casing as claimed in claim 1 wherein said flat spring includes
      linearly flanged opposed ends and two respective pairs of acutely
      angularly oriented interior segments, and a pair of respective linear
      segments for connecting said respective acute pairs of segments.
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ABST
PAL  An improved method is provided for more efficiently operating a
      catalytically supported thermal combustion gas turbine system, and at the
      same time provide low emissions of unburned hydrocarbons, carbon monoxide,
      and nitrogen oxides. In the adiabatic combustion of the fuel and air
      admixture at least a portion of the thermal combustion of the fuel takes
      place in the expansion zone of the gas turbine to counteract the cooling
      effect of the expansion of the gases.
PARN
PAR  This application is a continuation-in-part of my prior abandoned
      applications, Ser. No. 142,939, filed May 13, 1971 and Ser. No. 164,718,
      filed July 21, 1971, and my copending applications, Ser. No. 197,323,
      filed Nov. 10, 1971 (not abandoned) and Ser. No. 358,411, filed May 8,
      1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There is disclosed in my copending application, Ser. No. 358,411, filed May
      8, 1973, a method and system for the catalytically supported thermal
      combustion of carbonaceous fuels. The invention of said application
      pertains particularly to the catalytically supported thermal combustion of
      carbonaceous fuels under essentially adiabatic conditions, without the
      formation of substantial emissions of carbon monoxide and nitrogen oxides
      (NO.sub.x), particularly the latter.
PAR  Disclosed in my copending application is a method of combustion which is
      distinct from purely thermal combustion and purely catalytic combustion.
      The method comprises a unique combination of catalytically supported
      thermal combustion.
PAR  In conventional thermal combustion fuel and air in inflammable proportions
      are contacted with an ignition source, e.g., a spark, to ignite the
      mixture which will then  continue to burn. Flammable mixtures of most
      fuels are normally burned at relatively high temperatures, i.e., in the
      order of about 3300.degree.F. and above, which inherently results in the
      formation of substantial emissions of NO.sub.x. In the case of gas turbine
      combustors, the formation of NO.sub.x can be greatly reduced by limiting
      the residence time of the combustion products in the combustion zone.
      However, even under these circumstances undesirable quantities of NO.sub.x
      are nevertheless produced. In addition limiting such residence time makes
      it difficult to maintain stable combustion even after ignition.
PAR  In purely catalytic combustion systems, there is little or no NO.sub.x
      formed in a system which burns the fuel at relatively low temperatures.
      Catalytic combustion heretofore has been generally regarded as having
      limited practicality in providing a source of power as a consequence of
      the need to employ impractically large amounts of catalyst so as to make a
      system unduly large and cumbersome. Consequently, catalytic combustion has
      been limited generally to such operations as treating tail gas streams of
      nitric acid plants, where the catalytic reaction is employed to heat spent
      process air containing about 2% oxygen at temperatures in the range of
      about 1400.degree.F. Catalytic oxidation reactions follow the course of
      the graph of FIG. 1 of the accompanying drawings, to the extent of Regions
      A, B and C of that graph. FIG. 1 represents a plot of temperature against
      rate of reaction.
PAR  For any given catalyst and set of reaction conditions, as the temperature
      in catalytic combustion is initially increased, the reaction rate is also
      increased as shown in the kinetic region A of the rate curve of FIG. 1.
      This rate of increase is exponential with temperature. As the temperature
      is raised further, the reaction rate then passes through a transistion
      zone where the limiting parameters determining reaction rate shift from
      catalytic to mass transfer (region B of the curve in FIG. 1). When the
      catalytic rate increases to such an extent that the reactants cannot be
      transferred to the catalytic surface fast enough to keep up with the
      catalytic reaction rate, the reaction shifts to mass transfer control, and
      the catalytic reaction rate levels off regardless of further temperature
      increases. The reaction is then said to be mass transfer limited (region C
      of the curve of FIG. 1). In mass transfer controlled catalytic reactions,
      one cannot distinguish between a more active catalyst and a less active
      catalyst because the intrinsic catalyst activity is not determinative of
      the rate of reaction. Regardless of any increase in catalytic activity
      above that required for mass transfer control, a greater catalytic
      conversion rate cannot be achieved for the same set of conditions.
PAR  Because of this limitation, in order to increase the conversion rate for
      any given system, it appears essential either to increase the amount of
      catalyst surface or to increase the rate of mass transfer of reactants to
      the surface. The former, for practical combustion systems, would require
      either a catalyst size of such magnitude as to be unwieldy or a catalyst
      configuration which results in increased specific pressure drop and which
      would require unwieldy geometry to hold a total pressure drop constant.
      For example, in the case of gas turbine engines, the catalytic reactor
      might very well be larger than the engine itself. On the other hand,
      increasing the rate of mass transfer of reactants to the catalytic
      surfaces would result in increased pressure drop and consequently a
      substantial loss of energy; sufficient pressure drop may not even be
      available to provide the desired rate of reaction. Quite obviously, these
      approaches, while theoretically possible, are quite impractical.
PAR  The method and system of my said copending application stems from my
      discovery that it is possible to achieve essentially adiabatic combustion
      in the presence of a catalyst at a reaction rate many times greater than
      the mass transfer limited rate. That is, I have found that
      catalytically-supported, thermal combustion surmounts the mass transfer
      limitation. If the operating temperature of the catalyst is increased
      substantially into the mass transfer limited region, the reaction rate
      again begins to increase exponentially with temperature (region D of the
      curve of FIG. 1). This is an apparent contradiction of catalytic
      technology and the laws of mass transfer kinetics. The phenomena may be
      explained by the fact that the catalyst surface and the gas layer near the
      catalyst surface are above a temperature at which thermal combustion
      occurs at a rate higher than the catalytic rate, and the temperature of
      the catalyst surface is above the instantaneous autoignition temperature
      of the fuel-air admixture (defined hereinbelow). The fuel molecules
      entering this layer spontaneously burn without transport to the catalyst
      surface. As combustion progresses, it is believed that the layer becomes
      deeper. The total gas is ultimately raised to a temperature at which
      thermal reactions occur in the entire gas stream rather than only near the
      surface of the catalyst. Once this stage is reached within the catalyst,
      the thermal reactions continue even without further contact of the gas
      with the catalyst as the gas passes through the combustion zone.
PAR  The term "instantaneous auto-ignition temperature" for a fuel-air admixture
      as used herein is defined to mean that the temperature at which the
      ignition lag of the fuel-air mixture entering the catalyst is negligible
      relative to the residence time in the combustion zone of the mixture
      undergoing combustion.
PAR  In accordance with the invention of my said copending application,
      catalytically-supported thermal combustion is achieved by contacting at
      least a portion of the carbonaceous fuel intimately admixed with air with
      a solid oxidation catalyst having an operating temperature substantially
      above the instantaneous auto-ignition temperature of the fuel-air
      admixture. At least a portion of the fuel is combusted under essentially
      adiabatic conditions. Combustion is characterized by the use of a fuel-air
      admixture having an adiabatic flame temperature substantially above the
      instantaneous auto-ignition temperature of the admixture but below a
      temperature that would result in any substantial formation of oxides of
      nitrogen. The adiabatic flame temperature is determined at catalyst inlet
      conditions. The resulting effluent is characterized by high thermal energy
      useful for generating power and by low amounts of atmospheric pollutants.
      Where desired, combustible fuel components, e.g., uncombusted fuel or
      intermediate combustion products contained in the effluent from the
      catalytic zone, or fuel-air admixture which has not passed through a
      catalytic zone, may be combusted in a thermal zone following the catalytic
      zone, as explained hereinbelow in greater detail.
PAR  Sustained catalytically-supported, thermal combustion of this invention
      occurs at a substantially lower temperature than in conventional adiabatic
      thermal combustion and therefore it is possible to operate without
      formation of significant amounts of NO.sub.x. Combustion is no longer
      limited by mass transfer as in the case of conventional catalytic
      combustion, and at the specified operating temperatures the reaction rate
      is substantially increased beyond the mass tranfer limitation, e.g., at
      least about 5 or 10 times greater than the mass transfer limited rate.
      Reaction rates of up to about 100 or more times the mass transfer limited
      rate may be attainable. Such high reaction rates permit high fuel space
      velocities which normally are not obtainable in catalytic reactions. I can
      employ, for instance, at least an amount of fuel equivalent in heating
      value to about 300 pounds of propane per hour per cubic foot of catalyst,
      and this amount may be at least several times greater, for instance, an
      amount of fuel equivalent in heating value to at least about 1000 pounds
      of propane per hour per cubic foot of catalyst. There is, moreover, no
      necessity of maintaining fuel-to-air ratios in the flammable range, and
      consequently loss of combustion (flame-out) due to variations in the
      fuel-to-air ratio is not the problem it is in conventional combustors.
PAR  The adiabatic flame temperature of fuel-air admixtures at any set of
      conditions (e.g., initial temperature and, to a lesser extent, pressure)
      is established by the ratio of fuel to air. The admixtures utilized are
      generally within the inflammable range or are fuel-lean outside of the
      imflammable range, but there may be instances of a fuel-air admixture
      having no clearly defined inflammable range but nevertheless having a
      theoretical adiabatic flame temperature within the operating conditions of
      the invention. The proportions of the fuel and air charged to the
      combustion zone are typically such that there is a stoichiometric excess
      of oxygen based on complete conversion of the fuel to carbon dioxide and
      water. Preferably, the free oxygen content is at least about 1.5 times the
      stoichiometric amount needed for complete combustion of the fuel. Although
      the invention is described herein with particularity to air as the
      non-fuel component, it is well understood that oxygen is the required
      element to support proper combustion. Where desired, the oxygen content of
      non-fuel component can be varied and the term "air" is used herein to
      refer to the non-fuel components of the admixtures. The fuel-air admixture
      fed to the combustion zone may have as low as 10 percent free oxygen by
      volume or less, which may occur, for example, upon utilization as a source
      of oxygen of a waste stream wherein the portion of this oxygen has been
      reacted. In turbine operations, the weight ratio of air to fuel charged to
      the combustion system is often above about 30:1  and some turbines are
      designed for air-to-fuel ratios of up about 100 or 200 or more:1.
PAR  The carbonaceous fuel, which when burned with a stoichiometric amount of
      air (atmospheric composition) at the combustor inlet temperature usually
      has an adiabatic flame temperature of at least about 3300.degree.F., is
      combusted essentially adiabatically in the catalyst zone. Although the
      instantaneous auto-ignition temperature of a typical fuel may be below
      about 2000.degree.F., stable adiabatic combustion of the fuel below about
      3300.degree.F. is extremely difficult to achieve in practical primary
      combustion systems. It is for this reason that even with gas turbines
      limited to operating temperatures of 2000.degree.F., the primary
      combustion is typically at temperatures in excess of 4000.degree.F. As
      stated above, in the invention of my said copending application,
      combustion is characterized by using a fuel-air admixture having an
      adiabatic flame temperature substantially above the instantaneous
      auto-ignition temperature of the admixture but below a temperature that
      would result in any substantial formation of NO.sub.x. The selection of
      the adiabatic flame temperature limits is governed largely by residence
      time and pressure. Generally, adiabatic flame temperatures of the
      admixtures are in the range of about 1700.degree. to 3200.degree.F., and
      preferably are about 2000.degree. to 3000.degree.F. Operating at a
      temperature much in excess of 3200.degree.F. results in significant
      formation of NO.sub.x even at short contact times; this derogates from the
      advantages of the invention vis-a-vis a conventional thermal system. A
      higher temperature within the defined range is desirable, however, because
      the system will require less catalyst and thermal reactions are an order
      of magnitude or more faster, but the adiabatic flame temperature employed
      can depend on such factors as the desired composition of the effluent and
      the overall design of the system.
PAR  It will thus be observed that a fuel which would ordinarily burn at such a
      high temperature as to form NO.sub.x, is successfully combusted within the
      defined temperature range without significant formation of NO.sub.x.
      Although combustion occurs adiabatically, it should be understood that for
      practical operations there may be heat losses to the environment from the
      combustion zone. A loss in temperature as measured by the effluent
      temperature may be as much as about 300.degree.F. and preferably is not
      more than about 150.degree.F. Notwithstanding these minor heat losses, the
      operation from a practical standpoint is considered adiabatic, and the
      heat of reaction is released primarily in the effluent gases. Thus there
      may be about four times, preferably at least about seven times, more heat
      released (thermal energy) in these gases than is lost from the combustion
      zone.
PAR  The catalyst in the catalytically supported thermal combustion generally
      operates at a temperature approximating the theoretical adiabatic flame
      temperature of the fuelair admixture charged to the combustion zone. The
      entire catalyst may not be at these temperatures, but preferably a major
      portion, or essentially all, of the catalyst surface is at such operating
      temperatures. These temperatures are usually in the range of about
      1700.degree. to 3200.degree.F., preferably about 2000.degree.F. to about
      3000.degree.F. The temperature of the catalyst zone is controlled by
      controlling the composition and initial temperature of the fuel-air
      admixture, i.e., adiabatic flame temperature, as well as the uniformity of
      the mixture. Relatively higher energy fuels can be admixed with larger
      amounts of air in order to maintain the desired temperature in a
      combustion zone. At the higher end of the temperature range, shorter
      residence times of the gas in the combustion zone appear to be desirable
      in order to lessen the chance of forming NO.sub.x. The residence time is
      governed largely by temperature, pressure and space throughput, and
      generally is measured in milliseconds. The residence time of the gases in
      the catalytic combustion zone and any subsequent thermal combustion zone
      may be below about 0.1 second, preferably below about 0.05 second. The gas
      space velocity may often be, for example, in the range of about 0.5 to 10
      or more million cubic feet of total gas (standard temperature and
      pressure) per cubic foot of total combustion zone per hour. For a
      stationary turbine burning diesel fuel, typical residence times could be
      about 30 milliseconds or less; whereas in an automotive turbine engine
      burning gasoline, the typical residence time may be about 5 milliseconds
      or less. The total residence time in the combustion system should be
      sufficient to provide essentially complete combustion of the fuel, but not
      so long as to result in the formation of NO.sub.x.
PAR  Nitrogen oxides found in the effluent may have been introduced to the
      system from the air supply or even from the fuel as an impurity.
      Combustion occurs, however, without the substantial formation of NO.sub.x,
      in my catalytically supported thermal combustion system. Typically, the
      combustion effluent will contain less than about 15, or less than about
      10, parts per million by volume of NO.sub.x above the amount fed to the
      combustion system. Values lower than those present in the incoming air
      have been measured. In addition, the effluent from combustion of a
      nitrogen free carbonaceous fuel may typically contain less than about 2
      parts per million by volume of NO.sub.x. It is of further significance
      that the effluent typically may contain less than about 10 parts per
      million by volume hydrocarbons, and frequently even less than about 300
      parts per million by volume carbon monoxide, and even less than about 20
      parts per million. Effluents this low in pollutants are most acceptable
      and are far below any requirements of the Federal Emission Standards
      established by the Environmental Protection Agency for 1976 for automobile
      emissions.
PAR  The present invention, as in accordance with my earlier co-pending
      application Ser. No. 197,323, filed Nov. 10, 1971, provides a gas turbine
      system exhibiting markedly increased efficiency and greater power and
      employing catalytically supported thermal combustion in accordance with my
      earlier application Ser. No. 358,411. According to the present invention,
      combustion occurs under essentially adiabatic conditions to form an
      effluent containing uncombusted fuel values, and at least part of the
      uncombusted fuel values are thermally combusted in an expansion zone
      positioned in the path of the effluent to counteract the cooling effect
      occurring on expansion of the gases within the gas turbine. The turbine
      expansion zone is placed sufficiently close to the catalyst zone such that
      thermal combustion occurring subsequent to the catalyst will not go to
      completion except in the expansion zone. The turbine expansion zone, for
      example, may be the turbine wheel itself or nozzle means prior to the
      turbine wheel, or any combination thereof, and the like. In this manner,
      it is possible to maintain the temperature of the expanding gases at a
      higher level than otherwise obtainable. Thus, it is possible to obtain
      more power for a given size turbine, and to obtain higher efficiency in
      operation.
DRWD
PAR  The present invention has as its purpose to provide an improved method for
      operating a catalytically supported thermal combustion turbine system
      without the formation of substantial amounts of nitrogen oxides. Other
      objects will be apparent to those skilled in the art from the present
      description, taken in conjunction with the appended drawings in which:
PAR  FIG. 1, as discussed above, is a plot of temperature versus rate of
      reaction for a catalytic oxidation reaction.
PAR  FIG. 2 is a diagrammatic, partially sectional representation of a turbine
      system, embodying the present invention, and in which the method may be
      practiced.
PAR  FIG. 3 is a schematic representation of an embodiment of the present
      invention employing a fuel air by-pass system to achieve greater
      efficiency.
PAR  FIG. 4 is a schematic representation of another embodiment of the present
      invention, similar to that of FIG. 3, but employing also a separate
      additional air by-pass to the turbine.
PAR  FIG. 5 is a schematic representation of a further preferred embodiment of
      the invention employing a by-pass and regenerative features to provide
      optimum efficiency in the system.
DETD
PAC  GENERAL STATEMENT OF THE INVENTION
PAR  The present invention provides a method for highly efficient gas turbine
      operation wherein there can be relatively little pollution of the
      atmosphere by undesirable exhaust components, such as NO.sub.x and carbon
      monoxide, and wherein the combustion of the fuel is adapted for quick
      response to changes in the conditions of the system. The invention
      provides a highly efficient turbine operation in which thermal efficiency
      is improved by the continuous reheating effect obtained in a gas expansion
      zone of the turbine while enabling the maximum temperature in the turbine
      to remain in the range of about 1500.degree. to 3200.degree.F., preferably
      about 1700.degree. to 2800.degree.F., at which efficient operation occurs.
      Since in the method of this invention at least part of the thermal
      combustion of the partially combusted effluent from the combustion
      catalyst providing the catalytically supported thermal combustion occurs
      during gas expansion in the turbine, it is possible to combust more fuel
      for a given operating temperature due to the offset of the heat produced
      in the gas phase reaction in the turbine by the simultaneous loss of heat
      incurred through expansion of the combustion gases. This also provides
      greater power from the turbine at a given operating temperature.
PAR  In conventional systems, an increase in the amount of fuel in the fuel-air
      mixture results in an increase in temperature of the gas passing to the
      turbine, and hence, such prior art systems are limited to the use of a
      lesser amount of fuel if the maximum permissible gas temperature allowable
      in the turbine is not to be exceeded.
PAR  The system of my invention provides for combustion in a gas expansion zone
      of the turbine, and therefore the turbine delivers greater power because
      more fuel is combusted and average temperatures in the turbine are higher
      without any necessity for increasing turbine inlet temperatures.
      Consequently, the system of the present invention also has a faster
      response to changes in operating conditions than if the entire oxidation
      of the fuel took place prior to the expansion zone. The improved results
      provided by the present invention are very important since the efficient
      use of fuels and low contamination of the atmosphere are necessary and
      becoming more critical as time passes. The process of the invention may
      thus provide a gaseous effluent from the oxidation system having less than
      about 10 parts per million by volume (ppmv) hydrocarbons, less than about
      300 ppmv carbon monoxide and less than about 15 ppmv nitrogen oxides,
      preferably less than about 4 ppmv nitrogen oxides.
PAR  The method of the present invention takes advantage of a sequence of fuel
      combustion zones, and improves the system by conducting at least a portion
      of the thermal combustion in a gas expansion zone of the turbine. This
      expansion may occur in the nozzles of a turbine or in the moving blades or
      buckets on a rotating turbine wheel or impeller. Part of the thermal
      combustion may occur in both of these types of expansion areas. As a
      result, a continuous reheating effect occurs within the turbine and this
      system provides for the highly efficient use of the fuel, greater than if
      no combustion occurs in the expansion zone, without the formation of
      undesirable amounts of nitrogen oxides during such combustion and the
      development of excessively high temperatures.
PAR  Part of the catalytically supported thermal combustion of the fuel-air
      mixture according to the method of this invention is conducted upstream of
      the turbine by combustion of the mixture while passing through an
      insufficient amount of catalyst to effect complete combustion of the fuel
      prior to passing through the turbine wheel or expansion zone. The
      partially combusted effluent from the catalyst, with or without
      substantial intermediate but incomplete further combustion, is introduced
      into a gas expansion zone of the turbine so that the partially combusted
      effluent is further thermally combusted while undergoing expansion. The
      further thermal combustion converts remaining combustible fuel components
      to carbon dioxide and water. The addition of heat to the system provided
      by combustion in the turbine gas expansion area counteracts the cooling in
      the system concomitant with the gas expansion. The turbine is thus
      operated under conditions which may be referred to as continuous
      reheating. The operating efficiency and work output of the turbine are
      thereby enhanced according to known reheating principles. Also, the
      reheating effect can be obtained without the necessity of employing plural
      turbine stages and separate reheating equipment. The present invention
      thus provides benefits even in turbines with a single impeller wheel or
      single stage; however, the invention can also be used where the combustion
      is accomplished in the gas expansion zones of a plurality of turbine
      wheels or stages. In the latter type systems, advantageous efficiencies
      can be obtained.
PAR  In one preferred embodiment of the invention, in which partial combustion
      is conducted upstream of the turbine by catalytically supported thermal
      combustion, a lesser amount of catalyst than is required for complete
      combustion of the fuel is used in the catalyst zone. Accordingly, and
      since at least a portion of the combustion is conducted in a downstream
      turbine gas expansion area, the system of this invention responds quickly
      to desired changes in operation, and yet the combustion can still produce
      an effluent from the work-performing zone having a relatively small amount
      of nitrogen oxides. As a consequence, the operation of this invention can
      be highly advantageous in turbines used for propelling automotive
      vehicles. A temperature lowering effect from expansion of the gases within
      the turbine expansion zone normally occurs in turbines, and this is
      counteracted in the present invention by providing at least some thermal
      combustion of fuel within the turbine gas expansion zone. Thus, for a
      turbine which operates at a given temperature, more fuel can be burned in
      the method of this invention as compared with conventional operations,
      without producing excessive temperatures in the turbine. The burning of
      larger amounts of fuels further increases the work output of the turbine
      and its thermal efficiency. Power from the turbine engine of this
      invention can be employed in various ways, for instance, the engine can
      serve especially as a prime mover for automotive, or other vehicles, or
      for the generation of electricity. Due to the conditions employed in the
      combustion operations of this invention, the combustion is very efficient,
      and, in addition, the exhaust gas from the turbine is not only low in
      carbon monoxide and hydrocarbon contents, but the amount of nitrogen
      oxides released into the atmosphere can be minimized. The present
      invention thus provides for efficient fuel combustion and power recovery
      with a minimum of atmospheric pollution.
PAR  Advantageously, excessively high temperatures are avoided upstream of the
      turbine wheel or expansion zone, and in such systems most, if not
      essentially all, of the combustion is accomplished at temperatures of
      about 1700.degree. to 3200.degree.F., preferably about 2000.degree. to
      3000.degree.F. By this type of operation it is easier to insure that a
      significant portion of the combustion process will be accomplished in the
      turbine gas expansion zone, and excessive production of contaminating
      nitrogen oxides can more readily be avoided. Such temperature control can
      be exercised by thoroughly premixing the fuel with air before the fuel
      enters the catalytically-supported combustion zone and limiting the
      contact or residence time of the mixture in the initial combustion zone so
      that the combustion temperature is not excessive, i.e., does not exceed
      about 3200.degree.F., and typically is not above about 3000.degree.F. This
      combustion can be conducted non-catalytically and in the presence of
      flame, but it is preferred that it be accomplished by catalytically
      supported thermal combustion means of this invention. The feed to this
      catalytic oxidation zone is an intimate admixture of fuel, air, and, if
      desired, other selected materials, in vaporous form (e.g., gas, mist,
      aerosol, etc.) and these components are present in amounts such that the
      mixture has a theoretical adiabatic flame temperature at the conditions of
      the oxidation catalyst of at least about 1700.degree.F., preferably at
      least about 2000.degree.F., based on complete oxidation of the fuel to
      carbon dioxide and water.
PAR  Combustion upstream of the turbine expansion zone is preferably conducted
      under essentially adiabatic conditions. Thus, in spite of minor heat
      losses to the atmosphere, the conditions may be essentially adiabatic in
      this combustion zone since there may be little, if any purposeful cooling
      of the combustion zone by indirect heat exchange. Air or other inlet gases
      may be used to cool the combustion zone walls and to this extent could
      render the combustion less adiabatic in the combustion zone itself. The
      catalyst generally operates at a temperature approximating the theoretical
      adiabatic flame temperature of the fuel-air admixture charged to the
      combustion zone. The entire catalyst may not be at these temperatures, but
      preferably a major portion, or essentially all, of the catalyst surface is
      at such operating temperatures. These temperatures are usually in the
      range of about 1700.degree. to 3200.degree.F., preferably about
      2000.degree. to about 3000.degree.F. To accomplish temperature control,
      the amounts of fuel, free nitrogen, free oxygen and any other components
      of the mixture fed to the combustion zone upstream of the turbine, and the
      conditions of reaction in this zone are controlled so that the zone is in
      the desired temperature range. Higher energy fuels can therefore be mixed
      with larger amounts of air, and perhaps other gases, than can lower energy
      fuels in order to maintain the desired temperature in the oxidation zone.
      The free oxygen content of the mixture fed to the oxidation zone upstream
      of the turbine is often at least about 1.1 or even at least about 1.5,
      preferably at least about 2, times the amount of that needed to completely
      oxidize the fuel to carbon dioxide and water.
PAR  In order to carry out the process of the invention, it is necessary to
      first mix fuel and air to prepare a mixture with the desired adiabatic
      flame temperature. Frequently, in mixing the fuel and air, mixtures are
      created which are within the flammability limits. Such flammable mixtures
      are easily ignited and may burn at temperatures in excess of
      4000.degree.F. This would produce unwanted NO.sub.x. Combustion or
      detonation of the flammable mixture can be avoided by maintaining the
      velocity of the fuel-air mixture above its maximum flame propagation
      velocity, which can be achieved by means known in the art. Such velocity
      will prevent the development of combustion temperatures materially above
      3200.degree.F. as might occur upon flashback of combustion from the
      catalyst to the fuel rich region where the fuel is introduced. Preferably,
      the fuel-air mixture is above this maximum flame propagating velocity at
      the inlet to the initial combustion catalyst surface. It is to be
      understood that specific operations will generally define the maximum
      flame velocity which is controlled by various conditions of operations,
      such as amount of air and fuel present, the type of fuel employed,
      temperature and pressure, as is appreciated by those skilled in the art.
      Suitable gas velocities which are above the actual maximum linear velocity
      for flame propagation, are generally above about 3 feet per second.
PAR  In order to be compatible with practical turbine systems, it is desirable
      that the residence time of the combustion gases in the catalytic and
      thermal oxidation zones is blow about 0.1 second, preferably below about
      0.05 second, and is thereby sufficient to give essentially complete
      combustion of the fuel without the production of objectional amounts of
      nitrogen oxides.
PAR  The overall gas space velocity may be, for example, in the range of about
      1-10 or more million volumes of total gas (standard temperature and
      pressure) per volume of the total catalytic combustion zones per hour,
      although lower space velocities may also be used. The volume of catalyst
      is taken as the total superficial volume encompassing the active catalyst
      and any less active support, including any voids or gas passages through
      the catalyst.
PAR  Since only a portion of the fuel is combusted prior to the turbine
      expansion zones, the volume of catalyst prior to said expansion zones is a
      minor portion of the total amount that would be needed to completely
      oxidize all of the fuel to carbon dioxide and water at the conditions of
      the oxidation, and this amount of catalyst is at least sufficient to
      stabilize combustion. Thus the volume of catalyst in this oxidation zone
      may be less than about 0.5, preferably less than about 0.25, the amount
      that would be needed for complete combustion of the fuel. This amount may
      be as little as about 0.02 or 0.01 or less of the volume needed for
      complete combustion of the fuel.
PAR  Preferably, the combustion in the oxidation zones upstream of the turbine
      expansion area oxidizes up to about 60 weight percent of the fuel passing
      to this zone, and this amount may be up to about 75 weight percent, based
      on the theoretical conversion to carbon dioxide and water. The amount of
      oxidatation which occurs in the turbine gas expansion zone is often at
      least about 10 percent, preferably at least about 25 percent, of the total
      heating value of the fuel passing to the oxidation zone located upstream
      of the turbine, based on conversion to carbon dioxide and water. This
      amount may be about 60 percent or more of the heating value of the fuel.
      In order for combustion to take place within the turbine gas expansion
      zone in accordance with the invention, it is preferred that the combustion
      gases at the inlet to the turbine expansion zone be above the
      instantaneous auto ignition temperature of the fuel air mixture, but no
      higher than the maximum allowable turbine inlet temperature. The required
      residence time of the gases in the space between the catalyst and the
      inlet of the turbine expansion zone is a function of the temperature of
      the gases exiting the catalyst. In any event, the gas residence time
      between the exit of the upstream oxidation zone and the inlet of the
      turbine gas expansion zone may be minimal and is such that at least a
      significant amount of the combustion takes place in the turbine gas
      expansion zone. If desirable, this residence time may be so small that at
      least a major portion, and even essentially all, of the total combustion
      occurring subsequent to the upstream catalyst zone is in the turbine
      expansion zone.
PAR  The effluent from the overall oxidation system of this invention may not be
      completely free of unoxidized fuel, hydrocarbonaceous oxidation products
      and carbon monoxide, but the effluent will be low in these contaminants
      and nitrogen oxides. If necessary, or desirable, the gaseous effluent from
      the turbine can be further treated, e.g., by catalytic,
      catalytically-supported thermal combustion, or thermal combustion, to
      reduce the amount of combustible contaminants in the effluent. The
      catalytically-supported thermal combustion of the present invention has
      the further advantage in that quite large amounts of air or other gas can
      be passed through the combustion zone without fear of flameout through the
      use of excessive gas velocities or excessively lean fuel-air mixtures as
      long as the temperature of the catalyst located upstream of the turbine is
      sufficient to establish the oxidation of the fuel in the air-fuel mixture
      passing through the combustion zone. In turbine operations, the weight of
      air to fuel is often above about 20:1, and some turbines are designed for
      air-to-fuel ratios of up to about 100 or 200 or more:1. The gas expansion
      zone is generally such that the gas is expanded therein by a factor of at
      least about 2:1, i.e., the compression ratio is at least about 2:1.
PAR  In a typical operation according to this invention, fuel is combusted in
      contact with free or molecular oxygen and free or molecular nitrogen. The
      oxygen and nitrogen are most often supplied, for the most part, by air,
      although the mixture may be enriched by addition of more concentrated
      forms of oxygen or diluted with additional amounts of nitrogen or other
      essentially inert gases. The non-fuel components of the mixture are
      generally referred to herein as air. Frequently, the fuel-air mixture fed
      to the initial oxidation zone has at least about 10% free oxygen by
      volume, or even at least about 15%. The fuels employed in this invention
      contain carbon and thus are termed carbonaceous. These fuels are, at least
      when oxidized in accordance with this invention, essentially in the vapor
      state and have sufficiently high energy that, when oxidized with a
      stoichiometric amount of air will exhibit an adiabatic flame temperature
      of at least about 3300.degree.F. The fuels may be gaseous or liquid at
      ambient conditions and are exemplified by, for instance, methane, ethane,
      propane, and other low molecular weight hydrocarbons; naphtha, kerosene
      and other normally liquid hydrocarbons; as well as other carbonaceous
      fuels such as carbon monoxide, alkanols of 1 to 4 carbon atoms, especially
      methanol, and other materials containing combined oxygen. The fuel may
      occur or be obtained in admixture with components which are essentially
      inert in the oxidation system. The fuel has a relatively high energy
      content and is of a nature which permits the preparation of the oxidation
      feed streams used in the present invention.
PAR  The solid catalyst which can be used in accordance with the present
      invention can have various forms and compositions and can be the types
      used or generally known in the art to oxidize fuels in the presence of
      molecular oxygen. The catalyst can be in the form of relatively small,
      solid particles of various sizes and shapes, often in sizes below about
      one inch in the largest dimension, with a plurality of such particles
      being arranged together to form one or more catalyst masses or beds in the
      combustion zone. The catalyst is preferably of larger form and has a
      skeletal structure with gas flow paths therethrough. The unitary or
      honeycomb-type catalyst are examples of this preferred form, see, for
      instance, U.S. Pat. No. 3,565,830. The catalyst generally have one or more
      metal containing components which are catalytically active towards
      promoting the desired oxidation reactions, and in view of the rather high
      temperatures at which the catalyst used in this invention operate,
      materials normally considered to be relatively inactive or insufficiently
      active, to promote adequately the oxidation of the fuel, may be suitable.
      The catalytic metal may be in a combined form, such as an oxide, rather
      than being solely in the elemental state, and preferably the catalytic
      metal compound is carried by a less catalytically-active, or even an
      essentially inert, support which may be, for instance, ceramic in nature.
      In these catalysts, the more catalytically-active metal component is often
      a minor amount of the catalyst, while the support is the major portion.
      The catalytically-active metals are often in the following groups of the
      periodic chart of the elements, and thus in Groups IB, IIB, or III to VIII
      or in the rare earth or lanthanide series. The catalytically-active forms
      of these metals are used and the oxides of a given metal, e.g., aluminum,
      may be more active or less active depending on its physical state, degree
      of hydration and other factors as is known in the art. Generally speaking,
      however, the catalytic components of the metals of Groups III and IV, for
      instance, silica, alumina, zirconia and their mixtures, are less active
      than the catalytic forms of the Group VIII metals, particularly the
      platinum group metals, such as platinum, palladium and rhodium; or the
      metals of Groups IB, IIB, V, VI, VII, the iron series of Group VIII and
      the rare earth metals, e.g., Cu, Cr, Ni, Co, V, Fe, Ce and the like. In
      some preferred forms, the catalyst used may be composed of both a more
      active component having one or more metals from Groups IB, IIB and V to
      VIII or from the rare earths, along with one or more less
      catalytically-active components of metals from Groups III and IV, and
      these combinations may or may not be, but preferably are, supported on a
      still less active, and even essentially inert, carrier. For example, such
      a catalyst may contain 1% platinum in active form and 10% alumina in
      active form carried on a honeycomb alpha-alumina or cordierite support, or
      the platinum may be replaced by minor amounts of chromium and cerium
      oxides. The catalyst is preferably arranged in the combustion zone so that
      the pressure drop of the gases passing through the catalyst is below about
      10 psi, or even below about 3 psi.
PAR  The unitary, skeletal structure support type of oxidation catalyst can be
      characterized by having a plurality of flow channels or paths extending
      therethrough in the general direction of gas flow. The flow channels need
      not pass straight through the catalyst structure and may contain flow
      diverters or spoilers. The skeletal structure support is preferably
      constructed of a substantially chemically inert, rigid, solid material
      capable of maintaining its shape and strength at high temperatures, for
      instance up to about 3200.degree.F. or more. The support may have a low
      thermal coefficient of expansion, good thermal shock resistance, and low
      thermal conductivity. Often, the skeltal support is porous but its surface
      may be relatively non-porous, and it may be desirable to roughen its
      surface so that it holds the catalyst coating better, especially if the
      support is relatively non-porous. The support may be metallic or ceramic
      in nature or a combination thereof.
PAR  The channels through the unitary body or skeletal structure can be of any
      shape and size consistent with the desired superficial surface and should
      be large enough to permit relatively free passage of the gas mixture. The
      channels may be parallel, or generally parallel, and extend through the
      support from one side to an opposite side, such channels being separated
      from one another by preferably thin walls. The channels may also be
      multi-directional and may even communicate with one or more adjacent
      channels. The channel inlet openings can be distributed across essentially
      the entire face or cross-section of the support subject to initial contact
      with the gas to be oxidized.
PAC  Specific Description of the Invention
PAR  A preferred form of the present invention will be described further in
      connection with the simplified drawing of FIG. 2, which is a diagrammatic,
      partly sectional representation of a turbine system embodying the present
      invention, and by the schematic representations of FIGS. 3, 4 and 5.
PAR  With reference to FIG. 2 of the drawing, turbine (10) has a rotatable power
      shaft (11) carrying a turbinetype air compressor (12) and gas power
      turbine wheel (14). Often the turbine will have a plurality of such wheels
      or stages. The shaft (11) can be connected to any suitable power
      transmission system to use the power imparted to the shaft by turbine
      wheel (14). Turbine (10) may, for example, have a high or relatively low
      compression ratio. The structure, operation, and control of such turbines
      are known in the art, and details in this regard are omitted from this
      description since they are unnecessary to explain the present invention.
PAR  A hydrocarbon fuel, for instance, propane or straight run petroleum
      naphtha, enters the turbine system by way of line (15), using valve (16),
      to regulate the amount of fuel sent to the turbine system. The fuel passes
      from valve (16) through line (21) and is introduced into air entering the
      compressor by way of inlet (23). The resulting mixture of fuel and air
      varies from fuel-rich in the immediate vicinity of where the fuel is
      introduced to fuel-lean in the bulk mixed fuel-air phase, and thus
      flammable gases must exist in the mixture. Gas velocities, desirably above
      the flame propagating velocity, are used to insure against detonations.
PAR  The gaseous mixture of air and fuel passes through mixing vanes (22) and
      heat exchanger (25) to stationary combustor catalyst (33). The exit of
      combustor catalyst (33) communicates with conventional gas expansion
      turbine nozzles (31) and turbine wheel (14), and discharges the gaseous
      effluent from the catalyst directly into the gas expansion nozzles (31).
      The details of the structure of such nozzles is not shown since such is
      well known. The turbine wheel (14) is placed sufficiently close to the
      combustor catalyst (33) so that at the rate of gas flow, the combustion
      gases will have been only partially thermally combusted when they reach
      the gaseous expansion zone represented by expansion nozzles (31) and
      turbine wheel (14). Expressed another way, insufficient catalyst is
      employed to more than partially thermally combust the fuel before reaching
      expansion nozzles (31). The fuel-air mixture flows through the combustor
      catalyst (33) without significant pressure drop.
PAR  Positioned upstream of combustor catalyst (33) are ignitor (36), and fuel
      inlet line (38) leading into the gas passage (35) adjacent ignitor (36).
      Injection of this fuel by line (38) is controlled by valve (37). As shown,
      fuel inlet line (38) is turned away from the catalyst (33) at (38a) to be
      sure that the flame therefrom will not impinge on the catalyst.
      Thermocouple (40) is positioned at the inlet of combustor catalyst (33) so
      that the thermocouple detects the temperature of the combustor at this
      location. The gaseous effluent from combustor catalyst (33) is further
      combusted upon passage into the nozzles (31) of power turbine wheel (14)
      where the gases serve as a motive fluid to impart rotating power to shaft
      (11). The gases emitting from the turbine wheel (14) are passed to
      catalyst (41) which completes the combustion by the catalytically
      supported thermal combustion of the invention. The gases then exit from
      the turbine by exhaust line (24) after being passed in indirect heat
      exchange with the air-fuel mixture in heat exchanger (25).
PAR  In the operation of the system of FIG. 2 of the drawings, after air flow is
      established ignitor (36) is activated and fuel introduced into passage
      (35) by injection from line (38) during start-up of the engine and is
      thermally combusted with a flame until the temperature of the combustor
      catalyst (33) is high enough so that the catalyst will initiate combustion
      of the fuel when ignitor (36) is shut down. During this time, valve (16)
      is closed. When operation of the catalyst has been established, ignitor
      (36) can be incapacitated and fuel by line (38) shut off by closing valve
      (37). The valve (16) is opened and line (21) becomes the source of fuel to
      the system.
PAR  During start-up of the turbine and the bringing of combustor catalyst (33)
      to operating temperature, the mixture of fuel and air is in the
      inflammable range at the conditions existing adjacent the ignitor (36),
      and the velocity of the gases in contact with the ignitor is such that
      flame propagation velocity is not exceeded. Accordingly, in this period,
      there will be flame in the vicinity of ignitor (36) and the heat produced
      thereby serves to increase the temperature of the combustor catalyst (33)
      sufficiently so that it will be effective to cause oxidation of the fuel
      when ignitor (36) is not in operation. To transfer from conventional flame
      combustion to catalytically supported thermal combustion using the
      catalyst, the discharge of supplemental fuel into the combustion zone via
      line (38) is, as described above, discontinued, extinguishing the flame.
      Valve (16) is opened and fuel entering the air stream via line (21) then
      serves to establish catalytically supported thermal combustion according
      to this invention and the velocity of the gases entering combustor
      catalyst (33) is desirably above the maximum flame propagation velocity at
      the inlet of the catalyst.
PAR  In accordance with the method of this invention combustion of propane can
      be obtained by contact with combustor catalyst (33) employing my
      catalytically supported thermal combustion at temperatures in the range of
      about 1700.degree.-3200.degree.F. to initiate combustion and partially
      oxidize the fuel. For example, for a small regenerative turbine having a 4
      to 1 compression ratio, a maximum turbine inlet temperature of
      2100.degree.F. and a maximum air flow rate of about 2 pounds per minute,
      the catalyst (33) may have an outside diameter of 1-1/2 inches and be
      4-1/2 inches long in the form of a honeycomb structure having 100 channels
      per square inch of cross-sectional area and an open space of about 70% of
      the cross-section. With the fuel-air mixture at 1100.degree.F. just before
      the catalyst inlet, at full air flow the catalyst converts about 60 to 70%
      of the fuel to combustion products and the effluent from the catalyst (33)
      has a temperature of about 2000.degree.F. After contact with the
      combustion catalyst, the fuel is further oxidized by thermal combustion
      (supported by the preceding catalyst combustion zone 33) in the turbine
      expansion zone in which the nozzle and blade expansion areas have a gas
      flow path length of about 4 inches. These exhaust gases from the turbine
      are passed through another honeycomb catalyst, e.g., 3 inches outside
      diameter by 2 inches length and having 200 channels per inch and 68% open
      area, to oxidize remaining contaminants, if present, in the gases and
      thereby obtain an effluent gas containing minimal amounts of hydrocarbons,
      carbon monoxide and nitrogen oxides. This operation is similar in turbine
      performance to one in which the maximum operating temperature is about
      2200.degree.F. when the same amount of fuel is completely combusted before
      it reaches the turbine expansion zone.
PAR  FIGS. 3 and 4 are schematic representations of additional embodiments of
      the invention, providing modifications of the combustion system
      represented by FIG. 2. These embodiments, employing fuel-air by-pass, and
      optionally additional air by-pass, enable one to obtain even greater
      efficiencies in the operation of a combustion system and thus a turbine
      system. The advantages to be gained by employing fuel-air by-pass and/or
      additional air by-pass include for example lower combustor pressure drop,
      lower catalyst volume requirement and broader turn down ratio. The
      embodiments of FIGS. 3 and 4 employ a numbering system similar to each
      other and to that of FIG. 2.
PAR  The turbine represented in FIGS. 3 and 4 has a rotatable power shaft (11)
      carrying a turbine-type air compressor (12) and gas powered turbine (14).
      Air is introduced into the compressor (12) through inlet (23), where it is
      supplemented by fuel introduced through line (21). The fuel-air mixture
      resulting then passes through line (21a) to combustor (30) having catalyst
      (34). Part of the fuel-air mixture is introduced downstream of the
      catalyst bed (34) by two by-pass tubes (21b). This supplemental fuel-air
      mixture provides additional heat which is introduced into the gas turbine
      at (14) by virtue of gas passage (35). As in the embodiment of FIG. 2, at
      least 25% of the re-heat takes place in the wheel or nozzle of the turbine
      (14). Thus the additional fuel-air mixture introduced under pressure
      through by-pass tubes (21b) amplifies the expansion which takes place
      within the expansion zone of the gas turbine.
PAR  The diagram of FIG. 3 is provided with a representative temperature
      pattern.
PAR  The embodiment of FIG. 4 differs from that of FIG. 3 in having a separate
      additional supplemental air by-pass (23a) replacing one of the by-pass
      tubes (21b). Also the remaining by-pass tube (21b) enters gas passage
      (35), rather than the combustor (30). In accordance with the present
      invention the system of FIG. 4 can also be practiced without the
      supplemental fuel-air by-pass (21b) and the combustion supplemented by
      compressed air introduced via by-pass (23a).
PAR  FIG. 5 is a schematic representation of another preferred embodiment of the
      invention, whereby a regenerative system is employed to provide extremely
      high efficiency and optimum recovery of heat values. FIG. 5 shows a
      representative temperature profile at various stages of the system. In the
      system, air is introduced through inlet (23) into compressor (12). The
      compressor provides a primary source of compressed air through tube (20)
      and a secondary, less highly compressed air supply through tube (20a).
      Highly compressed air through tube (20) passes through heat exchanger (46)
      where its temperature is increased. It then passes through tube (47) where
      it is mixed with fuel introduced through line (21). One such fuel is that
      introduced in an amount to provide a fuel-air mixture having an adiabatic
      flame temperature of about 2600.degree.F. The fuel-air mixture resulting
      is passed through tube (21a) as a primary source of fuel-air mixture to
      the combustor (30) having a catalyst bed (34). A secondary supply of the
      fuel-air mixture is transported through by-pass tube (21b) into the
      combustor (30) downstream from the catalyst bed (34). Turbine (14) having
      shaft (11) has a first nozzle component (42), a first wheel component
      (43), a second nozzle component (44), and a second wheel component (45).
      The secondary supply of compressed air from tube (20a) passes through
      second heat exchanger (50), out through tube (51) into first heat
      exchanger (46) and out through tube (52) where it is mixed with second
      source of fuel (60) in proportions to provide a mixture of air and fuel
      which is preferably similar to that passing through combustor (30). The
      fuel-air mixture passes through line (61) where it is introduced
      downstream of first wheel (43). The emissions from the turbine are passed
      through pipe (70) to first heat exchanger (40) where much of its heat is
      imparted to compressed air from lines (21) and (51). The exhaust emitting
      from heat exchanger (46) is then passed through line (71) to second heat
      exchanger (50) where additional heat is imparted to compressed air from
      line (20a). The exhaust is then passed from the system into the atmosphere
      via line (72).
PAR  An excellent catalyst for use in the present invention can be made by
      slurrying 2400 grams of activated alumina powder, less than 40 mesh in
      size, in a mixer with a solution prepared by dissolving 2526 grams Cr
      (NO.sub.3).sub.3.9H.sub.2 O and 1382 grams Ce(NO.sub.3).sub.3 .6H.sub.2 O
      in 890 ml. H.sub.2 O. The mixture is dried at 120.degree.C. over a
      weekend. The dried solids are crushed and screened to less than 40 mesh,
      and then the powder is calcined for 4 hours at 1000.degree.. 3200 grams of
      the powder is charged to a 3.4 gallon ball mill along with 3200 ml.
      H.sub.2 O and 145.4 grams of palladium nitrate. The mill is rolled for 17
      hours at 54 RPM. The resulting slip has a density of 1.63 grams per ml., a
      pH of 4.20 and a viscosity of 12 centipoises. 1625 grams of the
      asrecovered slip are diluted with 1180 ml. of a 1 percent nitric acid
      solution. An alpha alumina honeycomb is dipped in the diluted slip held
      for one minute, and then withdrawn from the slip and blown with air to
      remove excess slip.
PAR  The terms and expressions which have been employed are used as terms of
      description and not of limitation, and there is no intention in the use of
      such terms and expressions of excluding any equivalents of the features
      shown and described or portions thereof, but it is recognized that various
      modifications are possible within the scope of the invention claimed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for operating a gas turbine by catalytically supported thermal
      combustion of carbonaceous fuel comprising (a) forming an intimate
      admixture of fuel and air, (b) contacting in a combustion zone at least a
      portion of said fuel-air admixture with solid oxidation catalyst occupying
      a major portion of the flow cross section of said combustion zone, (c)
      thereby effecting sustained combustion of at least a portion of said fuel
      under essentially adiabatic conditions at a rate which surmounts the mass
      transfer limitation, said combustion being characterized by said fuel-air
      admixture having an adiabatic flame temperature such that upon contact
      with said catalyst the operating temperature of said catalyst is
      substantially above the instantaneous autoignition temperature of said
      fuel-air admixture but below a temperature that would result in any
      substantial formation of oxides of nitrogen, (d) forming an effluent of
      high thermal energy containing uncombusted fuel values, and (e) thermally
      combusting at least partially the uncombusted fuel values contained in
      said effluent in an expansion zone of the turbine positioned in the path
      of said effluent to counteract the cooling effect occurring on expansion
      of gases within said gas turbine, whereby said thermal energy of said
      effluent and the energy from thermally combusting said uncombusted fuel
      values are utilized in operation of the turbine.
NUM  2.
PAR  2. A method according to claim 1 wherein said expansion zone of the gas
      turbine is a wheel positioned in the path of the effluent emitting from
      said oxidation catalyst before completion of said thermal combustion.
NUM  3.
PAR  3. A method according to claim 1 wherein said expansion zone of the gas
      turbine is a nozzle means positioned in the path of the effluent emitting
      from said oxidation catalyst before completion of said thermal combustion.
NUM  4.
PAR  4. A method according to claim 1 employing an amount of catalyst so that
      when the effluent emitting from said solid oxidation catalyst reaches the
      expansion zone of said gas turbine, only a portion of the thermal
      combustion has been completed.
NUM  5.
PAR  5. A method according to claim 1 wherein the fuel employed, when burned
      with a stoichiometric amount of air, has an adiabatic flame temperature of
      at least about 3300.degree.F.
NUM  6.
PAR  6. A method according to claim 1 wherein operating temperature of said
      catalyst is maintained between about 1700.degree. and 3200.degree.F.
NUM  7.
PAR  7. A method according to claim 1 wherein operating temperature of said
      catalyst is maintained between about 2000.degree. and 3000.degree.F.
NUM  8.
PAR  8. A method according to claim 1 wherein said intimate admixture of fuel
      and air contains at least a stoichiometric amount of oxygen.
NUM  9.
PAR  9. A method according to claim 1 wherein the velocity of said intimate
      admixture of fuel and air is in excess of the maximum flame propagating
      velocity of said intimate admixture.
NUM  10.
PAR  10. A method according to claim 1 wherein at least about 25 percent of the
      thermal combustion takes place in the expansion zone of the gas turbine.
NUM  11.
PAR  11. A method according to claim 1 wherein the resulting turbine effluent is
      catalytically combusted to reduce the content of combustibles.
NUM  12.
PAR  12. A method according to claim 1 wherein a mixture of fuel and air is
      introduced downstream of the catalyst and prior to the expansion zone.
NUM  13.
PAR  13. A method according to claim 1 wherein additional air is introduced
      subsequent to the catalyst and prior to the expansion zone.
NUM  14.
PAR  14. A method according to claim 1 wherein additional fuel-air mixture is
      introduced in the expansion zone.
NUM  15.
PAR  15. A method according to claim 14 wherein the additional fuel-air mixture
      is introduced between the nozzles and wheel of the gas turbine.
NUM  16.
PAR  16. A method according to claim 1 wherein the exhaust from the turbine is
      heat exchanged to impart some of its heat values to the air intake.
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ABST
PAL  This invention relates to a rotary engine that functions without internal
      gears, off-centered rotors, reciprocating pistons, crankshafts, trochoidal
      chamber, chains, nor belts. (While no claim can be made on missing parts,
      the fact that such conventional parts are missing is one of the reasons
      that make this invention different from prior arts, and, therefore, it is
      so listed.) The preferred embodiment, comprising multipurpose rotors,
      paired dams, combustors, turbines, etc., could be made small enough to run
      a lawn mower or large enough to fly a big air plane. It uses a modified
      form of combustors, wherein combustion takes place amid ample air, thus
      promoting a fuller combustion of fuel at a lower temperature than in
      conventional rotary and reciprocating piston engines. Consequently, this
      invention has a surprisingly low amount of CO, NO.sub.x, and unburnt
      hydrocarbons in its exhausts. Each rotor has a compressing head, oil
      reservoir, turbine blades protruding from its radial side, and cooling
      means in its central part, and serves as a compressor, flywheel,
      lubricator, engine cooler, and turbine. Exactly at the end of each
      compressing cycle, each rotor releases its compressed gasses to the
      combustors, wherein gasses are either mixed and ignited, or directly
      ignited. The resulting expanding gasses passing through the combustors'
      exhaust nozzles strike the turbines, causing the latters to spin. Each
      turbine is attached to a rotor's radial side, and each rotor, in turn, is
      keyed to the central power output shaft.
PAC  SUMMARY
PAR  The present invention relates to a rotary engine that has the good features
      of rotary and air-breathing turbo-jet engines, but without the
      off-centered geared rotating parts, jet disturbances, space taking axial
      and radial compressors, and cumbersome heat exchangers. It has fewer
      mechanical parts than the majority of the conventional hot-air, free
      piston, gas turbine, and reciprocating piston engines, and consequently it
      is lighter and takes less space than the majority of such engines of
      comparable power. It is designed so that it could be constructed small
      enough to run a lawn mower, or large enough to power a car, a boat, or an
      electric generator of considerable size.
PAR  In designing the present engine, I have kept foremost in mind a power
      source that will not become a threat to the environment. It is well known
      that the conventional off-centered rotary, free piston, and reciprocating
      piston engines have too much of the three major pollutants in their
      exhausts: (1) carbon monoxide and (2) unburnt hydrocarbons, which are due
      to a great extent to the incomplete combustion of fuels, and (3) nitrogen
      oxides which are caused by too high a combustion temperature that is very
      difficult or impossible to avoid in such engines. It is also known that
      the combustions in the combustors of gas turbine and turbojet engines are
      fuller and occur at a lower temperature than in the very limited
      combustion spaces of the conventional off-centered rotary and the
      reciprocating piston engines because more combustion supporting air and
      space are available in the formers, and consequently there is very little
      carbon monoxide, unburnt hydrocarbons, and nitrogen oxides in the exhausts
      of combustor-equipped engines.
PAR  By using a new type of combustor, this invention provides a comparatively
      large amount of air and space to sustain a fuller combustion at a lower
      combustion temperature than are possible in the limited combustion spaces
      of reciprocating piston and off-centered rotary engines now on the market,
      thereby keeping the amount of carbon monoxide, unburnt hydrocarbons, and
      nitrogen oxides in its exhausts at a very low level that could hardly
      become a serious threat to environment.
PAR  The present engine is made in a substantially cylindrical configuration,
      which comprises, among others, a casing that is divisible into two
      cylindrical parts, a pair of rotors that move in separate but parallel
      paths, paired dams or gates, and combustors.
PAR  The two rotors, with a stationary cylindrical power chamber sandwiched
      between them, are keyed to a common power output shaft. The forward wall
      of each rotor serves as the piston head, and the heads of the two rotors
      are separated from each other by 180.degree., which means that each piston
      head will reach a given dam or gate in its path at a time different from
      that of the other. Besides being a compressor, each rotor has a central
      section that serves as an engine cooler and ventilator, a peripheral part
      that contains an oil reservoir that serves as a supplier of lubricants to
      the various contacting surfaces, a circle of turbine blades protruding
      perpendicularly from its radial side, and sufficient weight that could
      make it function as an energy conserving and rotation equalizing flywheel.
PAR  The said stationary power chamber contains the combustors, and separates
      the paired dams and the paired rotors into the left and the right dams,
      and the left and the right rotors. Each rotor's piston head compresses
      gasses in its enclosed path against a leak-proof gate called dam. A dam is
      mounted and securely attached to each end section of a common shaft with
      the plane of each dam securely fixed in a position perpendicular to that
      of the other. Consequently, if the right rotor's piston head, after
      completing its side of the compression, pushes the right dam into a
      horizontal or open position so that it could pass under it, the left dam
      will, at the same moment, become vertical or closed so that the left
      piston head could compress gasses in its path against the closed dam, and
      vice versa. By virtue of the said perpendicularity of the paired dams and
      the way the parts, the dams' shaft in particular, are structured and
      arranged, the said dams open and close at the right time without any human
      or electronic help.
PAR  Compression increases as each piston head approaches a closed or vertical
      dam, and at the maximum or near maximum compression, the outlet ports in
      each rotor's radial side, by virtue of the rotor's rotation, align with
      the openings in the stationary passageways that lead to the power chamber,
      thus giving the compressed gasses smooth channels that lead into the
      combustors.
PAR  At low or lower medium speed, the combustors fire at regular or
      comparatively short intervals, but the rotation of the output or power
      shaft continues to be comparatively smooth due to the rotors that double
      as flywheels. At the upper medium and high speeds, the intervals between
      the compressions and firings become so short that the resulting rotation
      of the engine, for all practical purpose, will be very near or about the
      same as those of the continually firing jet engines.
PAR  The said combustors use compressed air and mix it with fuel, or use
      compressed mixture of air and fuel, or even hydrogen. Ignition takes place
      in the cone located in the paraboloidal nose of each combustor. The
      resulting expanding gasses or jet strikes the turbines mounted and
      attached to the radial side of each rotor, which is keyed to the central
      power output shaft. Thus, the kenetic energy of the expanding gasses is
      converted directly into usable rotary motion.
PAC  DETAILED DESCRIPTION
PAR  For a fuller description of the parts, assembly, and operation of the said
      engine, references are made to the following specification and to the
      accompanying drawings wherein like reference numbers are utilized to refer
      to identical components throughout the several drawings. It is understood
      that this invention is not to be construed as limited to the particular
      forms described or illustrated herein, since the forms were chosen for the
      purpose of the disclosure, and, therefore, should be regarded as
      illustrative rather than restrictive.
DRWD
PAC  REFERRING NOW TO SAID DRAWINGS,
PAR  FIG. 1 shows an isometric view of the engine as a whole.
PAR  FIG. 2 shows a cross-sectional view of the rotor and the dams,
PAR  and FIG. 3 is a turbine blade viewed from the peripheral side of the rotor.
PAR  FIG. 4 is cross-sectional view of the turbine blade, while
PAR  FIG. 5 is an elevation the view of the rotor and its turbine.
PAR  FIG. 6 is cross-sectional view of the rotor and the turbine.
PAR  FIG. 7 is an isometric view of the power chamber, while
PAR  FIG. 8 is a schematic elevation view of one of the inner cylinders of the
      central power chambers. FIGS. 9, 10, and 11 are detailed views of the
      combustors.
PAR  FIG. 12 is a view of the dam shaft. FIGS. 13 and 14 show views of the dam.
      FIGS. 16 and 17 are schematic outline intended to explain how the
      compression of gasses is accomplished in the preferred embodiment.
PAR  FIGS. 18 and 19 show the several positions of the lubricating device: 44
      represents a stationary lubricating device and 47 a rotating part that is
      to be lubricated; 46 is a rotating lubricator while 45 is a stationary
      part that is to be lubricated. FIGS. 20, and 21 are detailed views of the
      lubricating device.
PAR  FIGS. 15 and 22 are alternate shapes of the dam and the compressing
      chamber.
PAC  CASING
PAR  The casing of this engine is constructed in a substantially cylindrical
      shape, and is designed to be divisible into two equal or nearly equal
      cylindrical parts. (FIG. 1) The radial wall of each half of the said
      casing is constructed in the form of a wheel that has a wide felly-like
      part 4, which is joined and held securely by a plurality of evenly spaced
      spoke-like members 23 to a hub-like part 23A that is made to retain roller
      bearings for supporting one end of the central power output shaft.
PAR  Each of the said half-casings has two substantially semi-cylindrical
      extensions 5, separated from each other by 180.degree. as measured between
      their means, on its outer cylindrical surface. Each of the said extensions
      has its axis well above the outer cylindrical surface, and parallel to
      that, of the said half-casing. Sections of the said extension's radial
      walls are cut away along a curved line that matches the curvature of the
      said cylindrical half-casing so that the said extension could sit evenly
      on, and be welded to, the said half-casing. The radial walls 5A of the
      said extensions are detachable, and have circular holes (5B) bored through
      them at the loci corresponding to their axes.
PAR  A ring-shaped internal flange 1Aa, having a maximum diameter equal to the
      inner diameter of the said half-casing, and having its radial side
      parallel to, but separated by a narrow margin from, the radial wall 4 of
      the said half-casing, extends from each half-casing's inner surface
      towards its axis for a distance of about an inch as an added welded member
      of said half-casing.
PAR  Evenly spaced holes for bolts 51 are made around the margin close to the
      open side 1B of the said half-casing, and one or more exhaust ports 9 are
      bored in the same section, but slightly removed from said margin.
PAR  Port for intake of gasses 52 is located in that part of each half-casing's
      peripheral wall that lies immediately above the path of each compressing
      chamber, and ports for lubricants are located in that part of each
      half-casing's peripheral wall that lies above the path of the piston.
PAR  Suitable conventional bases and attachments (not shown in drawings) to
      maintain the equilibrium and the stability of each half-casing before
      union, and the whole casing after their union are provided.
PAC  HEAT AND WEIGHT REDUCTIONS FEATURES
PAR  Before proceeding further, I shall describe the heat and weight reductions
      features of the important parts of this engine. Ports 53 are bored in each
      of the inner cylindrical extensions 31 of the power chamber to draw in air
      from the centrally located tunnel 50 of the wheel-like section of the
      engine. Cooling air is drawn into the spaces among the turbines' blades,
      and by virtue of the centrifugal reaction caused by the fast spinning
      turbines, the exhausts from the combustors, mixed with cool air from said
      tunnel, are forced through the exhaust ports 9 with sufficient force to
      run a generator. In the drawing, the external exhaust tubes, which are
      present on the engine, are not shown since the word "tubes" is in itself a
      sufficient guide for one skilled in the art to make them.
PAR  To protect the turbine blades from being bent indirectly by heat, a large
      ring 18 made of refractory alloy and a small ring 18A of the same alloy
      are securely fastened to the upper and the lower free sides, respectively,
      of the blades.
PAR  Unlike those in some conventional rotary engines, combustions do not take
      place in the compressing chambers of this invention, and overheating of
      its chambers' walls is quite remote. Nevertheless, holes for air are bored
      in the rotors' thicker walls that support the turbine blades. The holes
      start from the rim 16 of each rotor down through to the said air tunnel.
PAR  The weight of one of the engine's most important components, the dams, is
      reduced by at least 50% by a large number of holes 41 bored through the
      sides of each dam 43, which holes made to run parallel to the axis of each
      rotor (in their assembled relation) to prevent the leakage of gasses in
      the compressing chamber.
PAC  CYLINDRICAL POWER CHAMBER
PAR  The cylindrical power chamber is stationary. It has an outer diameter
      substantially equal to that of the engine's casing. In its assembled
      position, it has its radial walls parallel to those of the said casing. By
      its position in the middle of the engine configuration, it separates the
      said casing into the left and the right half-casings, and at the same time
      holds securely the said two half-casings unto itself by means of hollow
      cylindrical extensions 19 of its radial sides that penetrate into the open
      ends 1B of the said half-casings to be bolted thereto.
PAR  The cylindrical power chamber is constructed in two sections bolted
      together. Its central section 54 is made in the form of a cylindrical
      wheel that has a hub-like part with roller bearings for the support of the
      engine's power output shaft, a felly-like part, and a plurality of evenly
      spaces spoke-like members that rigidly and securely join and hold the said
      hub-like part to the said felly-like part. Attached to the said central
      section is a peripheral section 55 constructed in the form of a circular
      chamber that completely encircles the said central section. The said
      chamber has a generally rectangular cross section.
PAR  In the preferred embodiment, the said circular chamber contains two
      identical combustors 14, each occupying a position diametrically opposite
      of that of the other. Each combustor, securely held in position by aft and
      forward bulkheads 56, has bifurcated exhaust nozzles 14A-B, a
      substantially cylindrical midsection 14C, and a paraboloidal nose section
      57 containing a securely held cone-shaped diffuser 36. The vertices 58 58"
      of the diffuser and the paraboloidal section have air and fuel intake
      ports and are pointed in a common direction. Close to the said ports, in
      and through the said paraboloidal and cone-shaped walls, are openings 37
      38 for fuel line and electric wiring. The fuel nozzle is located in the
      said cone, but at a point 37 down stream from the said vertex, and and its
      fuel line 37A goes through the said openings to an outside source of fuel
      supply. The electric ignitor 38 is located close to the said nozzle on the
      downstream side, and its wire goes through the said opening to a source of
      power. Currently available fuel injection and electronic ignition devices
      are used.
PAR  The combustor's bifurcated nozzles 14A-B, which penetrate the said
      chamber's radial walls 55A are aimed at the turbines 3 attached to the
      radial walls of the rotors (to be described in the next section).
PAR  Each of the said combustors has single-layered wall with a plurality of
      fins 35 mounted on its outer surface and made to encircle the generally
      cylindrical body. Unlike the conventional combustors that rely heavily for
      their cooling on already heated air (from their compressors and heat
      exchangers) circulating between the hot spaces of their double-layered or
      multiple walls, the combustors of this invention rely on the direct
      cooling effect of unheated ambient air entering through numerous ports
      32,53 and circulating around and among the said fins 35.
PAR  The said power chamber has a hollow cylinder (30 protruding perpendicularly
      from each of its radial sides as its added and welded extension. Each of
      the said hollow cylinders has its unattached end or side open, and its
      axis aligned in a straight line with that of the said chamber. The outer
      diameter of the said hollow cylinder is almost equal to, but slightly
      less, that that of the inner diameter of the aforesaid half-casing. During
      the final stage of the assembling of the various parts, each of the said
      hollow cylindrical protrusion is pushed into the open side of each
      half-casing, and bolted thereto.
PAR  Located inside of each of the said hollow cylinders is a smaller, but very
      thick walled hollow cylinder that protrudes perpendicularly as an added
      and welded protrusion of each radial wall of the said power chamber. Each
      of the said smaller cylinders 31 has its axis aligned in a straight line
      with that of the said power chamber, and has its very thick rim abutting
      the nearest radial wall of the assembled rotor.
PAR  At this point, the relative terms "left" and "right" are introduced, not as
      permanent designations of the two smaller cylinders, their passageways,
      and their positions, but merely to avoid confusions in descriptions and
      understanding thereof.
PAR  Two pairs of passageways for compressed gasses start from the thick rims of
      the two smaller hollow cylinders. The first passageway 34 of the left pair
      starts from an opening 33 in the flat radial surface 31A of the rim of the
      left cylinder 31, and runs axially between the outer 31B and the inner 31C
      surfaces of the thick cylindrical wall, through the left radial wall 55A
      of the power chamber, and joins with the first passageway right of the
      right pair that has followed an identical, but opposite, path from the
      right cylinder located on the right side of the said power chamber, and
      together they communicate with a channel 34B that leads into the first of
      the said combustors, while a second passageway 34A of the left pair starts
      from an opening in the flat radial side 33 of the same rim of the left
      cylinder, but at a point 180.degree. from that of the first as measured
      between their medians, and follows a nearly parallel path through the
      walls and joins with a second passageway of the right pair right that has
      also followed the oppositely located identical path from the right
      cylinder, and together they communicate with a channel 34B that leads into
      the second combustor 14.
PAR  Each of the said openings in the radial side of the rim of each of the
      smaller cylinder is made arcuate in shape to permit the round openings in
      the radial side of each rotor to have adequate time to pass their
      compressed gasses into the opening of a stationary rim. The said arcuate
      opening has a width about three-fourths of the thickness of the said rim,
      and extends at least 50.degree. radially in the smooth radial side of said
      rim. The said arcuate opening gradually constricts into a round shape as
      it extends into the cylindrical wall.
PAR  In the peripheral surface of the said power chamber are two fuel intake
      ports 8, each located diametrically opposite of the other and communicates
      with a tube leading into each combustor. The terminals of ignition means
      are also located in the same areas, but separated from the fuel intake
      ports. Except in the radial walls facing the turbines, numerous
      ventilating holes 32 are bored at random in the said chamber's walls.
      Evenly spaced holes for bolts 51A that align with those found in the
      margins of the open sides of the said half-casings are made in the
      peripheral wall of the larger cylindrical protrusions 30.
PAR  Two substantially semi-cylindrical extensions 6, separated from each other
      by 180.degree. as measured between their medians and having their axes
      positioned parallel to that of the casing, protrude from the peripheral
      cylindrical surface of the said chamber as extensions of the said surface
      and wall. Each of the said substantially semi-cylindrical extensions has a
      comparatively large hole bored in and through the full length of its axis
      6A, the said hole equipped with roller bearings and related parts and
      positioned above, meaning outside, the curved peripheral surface of said
      wall.
PAR  All parts in the said power chamber, the combustors in particular, are made
      substantially arcuate to conform to the walls of the said chamber.
PAC  COMPRESSING MECHANISM
PAR  Rotors and dams are used in this invention to compress gasses for ignition.
      This engine uses toroidal compressing chambers, round pistons, and round
      and oval dams for its special models to meet special requirements, but in
      the average model, the preferred embodiment, the compressing chambers and
      the pistons have "substantially square" cross sections, and the frontal
      shape of the end sections of each dam is also "substantially square,"
      which term as used in this application means a square with at least two of
      its four sharp corners rounded to some degree to make the movements of the
      contacting parts smooth, and not a plain "square" that has four sharp
      corners.
PAR  Fuller descriptions of the said dams and rotors follow next.
PAC  PAIRED DAMS
PAR  The word "dam" as used herein denotes a generally rectangular body with
      seals in its sides that effectively holds back liquids and gasses, and
      prevents such fluids from flowing away from a given section of the engine.
PAR  This invention uses one paired-dams unit for a small engine. Each
      paired-dams unit is enclosed in a substantially semi-cylindrical twin
      housings 5 attached to the peripheral cylindrical surface of the engine's
      casing. There is no limitation on the number of paired-dams units, but for
      vehicles and small airplanes, two paired-dams units appear to be adequate.
      The preferred embodiment used herein as an illustration for the disclosure
      has two paired-dams units (FIG. 16) which are securely installed on the
      peripheral wall of the engine's substantially cylindrical casing, each
      unit separated from the other by 180.degree. as measured between their
      medians.
PAR  Each paired-dams unit has a comparatively long shaft 12 constructed in one
      piece, but has three sections: a cylindrical middle section 12' that is
      rotatably held in the axial passageway of the semi-cylindrical extension 6
      of the peripheral wall of the aforesaid power chamber, a rectangular left
      section 12A that extends over the said assembled left rotor, and a
      rectangular right section 12B, whose flat planes are perpendicular to
      those of the left section, extends over the said assembled right rotor.
PAR  Each member of each paired-dams unit is constructed in a single piece, but
      also divisible into three sections: a middle section 42 designed to hold
      the said rectangular section of the shaft, and two end sections 42A-B,
      each having a substantially square outline that could fit transversely
      into the said compressing chamber of each rotor. The surface of the dam's
      each end section that must face in the direction of the dam's rotation is
      made concave or curved so that it could conform to the curvature of the
      contacting surface of the said assembled rotor, and the section's other
      side made flat and straight. Rollers are rotatably held in each dam's
      curved surfaces. Each dam has a slot bored through its midsection in a
      straight line parallel to its flat plane, the said slot being of the size
      and shape that could admit the aforesaid rectangular section of the said
      shaft.
PAR  When the said rectangular sections of the dam's shaft are inserted and
      securely held in the said rectangular slots 42 of the dams, the plane of
      the left dam 43 will become perpendicular to that of the right dam 43A
      because the planes of the end sections of the dam's shaft 12A-B are
      perpendicular to each other.
PAR  Each dam extends over each rotor, more specifically, the compressing
      chamber. When a dam is in a vertical or closed position, its one end will
      bein the compressing chamber and closing a section of the latter, but when
      the dam is in a horizontal or open position, it will lie above the said
      chamber, and the piston could pass under it. Each member of the
      paired-dams unit remains in a horizontal position during the moments any
      part of the rotating piston is under it and keeps it from turning, which
      state, in turn, keeps the opposite dam in a vertical or closed postion
      during the same moments so that the opposite piston could compress gasses
      against it.
PAR  When the left dam, for example, is pushed into a horizontal or open
      position by the left piston head at the proper time, the right dam, by
      virtue of the aforesaid perpendicularity instantly becomes vertical or
      closed so that the right piston head could compress gasses against it, and
      vice versa.
PAR  The interior of the said housing for each dam is made with considerable
      precision, and each dam fixed to its shaft could spin with its sides in
      close or sliding contact with the internal surface of the housing. An oil
      reservoir is created in the interior of the cylindrical section of the
      shaft of each paired-dams unit. The said reservoir 59 has an inlet for
      direct replenishment of oil 59A, and several outlets that lead into the
      said twin housings.
PAC  ROTORS
PAR  The engine is normally equipped with one pair of rotors. For a very large
      engine, several pairs may be used.
PAR  The central section of each rotor is a cylindrical wheel-like body 60
      resembling that of the power chamber described earlier, and consists of a
      felly-like part, a hub-like part, and a plurality of spoke-like members
      that join and hold rigidly and securely the felly-like rim to the hub-like
      part 60A.
PAR  The peripheral section 61 of the rotor may be described as a ring-like
      chamber that has a substantially square cross section, and that completely
      encircles and securely holds the said cylindrical wheel-like section. The
      said peripheral section is divided into a hollow piston 10, which occupies
      about 160.degree., and the compressing chamber 2 the remainder
      210.degree.. The forward wall 10A of the hollowed piston, the side facing
      in the direction of the rotor's rotation, is made very thick since it
      serves as a piston head and dividing wall between the hollowed piston and
      the tail-end of the compressing chamber. The tail-end of the said piston
      is separated from the front side of the compressing chamber by a less
      thick wall 11.
PAR  The said compressing chamber has three walls, not counting the two
      transverse walls that separate it from the piston. Its peripheral wall, is
      missing. The function of the missing wall is supplied by the contacting
      surface (inner) of the engine's casing. Near the forward side of the
      compressing chamber, in the walls that separate the said chamber and the
      central wheel-like section, are air-intake ports 29 that communicate with
      the air spaces among the spoke-like members of the rotor. The said
      spoke-like members are made slightly concave in the direction of the
      rotor's rotation, and curved a little in the manner of fan blades to help
      channel ambient air into said compressing chamber, and also into the
      centrally located power chamber. Ports for air and other gasses 8 are
      provided in the engine's casing for direct injection into the compressing
      chamber.
PAR  The hollow piston section 10 is supplied with all the walls, and its
      interior serves as an oil reservoir 28, which has plugged openings in its
      wall that align with threaded openings in the casing, and a plurality of
      small openings facing the surfaces of the parts of the engine that touch
      the rotor.
PAR  A radial wall of each rotor 16, the wall that faces the power chamber when
      assembled, is made very thick, and a plurality of evenly spaced grooves
      and perforated ribs that run perpendicularly to the rotor's axis radiate
      toward the wall's peripheral border. Turbine blades are anchored in the
      said grooves and bolted to the said ribs. The said turbine blades 3
      protrude in the direction of the radial side of the said power chamber,
      but without touching any part of the latter.
PAR  Two outlets for gasses(compressed) originate in different parts of the
      rotor. One passageway 26 for compressed gasses starts from the floor of
      each compressing chamber, close to the piston head, enters the thick
      felly-like part of the central section, turns in the general direction of
      the assembled power chamber, and terminates in the radial side 26A of the
      said felly-like part at a level where its opening could align with an
      opening of a passageway that leads into the power chamber. The second is a
      one-way tube 27 that drains the compressed gasses in each of the said dam
      housings. The tube goes through the oil reservoir of each rotor: one open
      end is located in the peripheral wall of the hollowed piston and is
      covered by the inner surface of the engine's casing, but uncovered when
      passing under the dam's housing, and the other end penetrates about half
      way into the felly-like part of the central section, and turns in the
      general direction of the assembled power chamber and terminates as an
      opening in the radial side of the said felly-like part 26B at a level
      where said opening could align and communicate with an opening of a
      passageway that leads into the power chamber.
PAR  The piston heads of the paired rotors are separated from each other by 180
      degrees as measured between their medians, and the rotors are keyed to the
      same power output shaft.
PAC  HOW THE GASSES ARE COMPRESSED BY THE ROTORS AND THE DAMS
PAR  The relative terms that cannot be nailed down, namely, left, right, and
      clockwise, are used in the following, not as permanent designations, but
      merely for the purpose of making the descriptions less involved and to
      avoid confusions that are likely to occur due to the presences of several
      sets of paired parts. The said terms are used and are valid within the
      frame of reference of the drawings, i.e., FIGS. 16 and 17. Only the
      locations of the paired dams-units are designated permanently as 0.degree.
      dam-unit and 180.degree. dam-unit according to their positions on the
      periphery of the engine's casing.
PAR  Compression of gasses is accomplished not by the mutual movement toward
      each other of the piston and the compression chamber, which movement
      cannot occur, but by the movement of the piston against a closed dam that
      abuts in the compressing chamber.
PAR  Referring to FIG. 16, it is seen that the plane of the left dam is
      perpendicular to that of the right dam. Since they are mounted securely on
      the same shaft, no matter how often they are turned they will continue to
      be perpendicular to each other as long as their mountings remain secure.
      When the left dam is pushed into a horizontal or open position, the right
      dam becomes vertical or closed, and vice versa.
PAR  In FIG. 16, the piston head 10A of the left rotor has almost completed the
      compression of gasses in its path against its left vertical or closed dam
      at 0.degree. dam-unit 0.degree., while its tail end 11 is still under the
      left dam of 180.degree. dam-unit. In the meantime, the piston head 10A of
      the right rotor is also approaching, and almost completing its compression
      against, the vertical or closed right dam at 180.degree. dam-unit
      180.degree., but its tail end 11 is still under the right dam at 0.degree.
      dam-unit 0.degree..
PAR  Still referring to FIG. 16, the piston head 10A of the left rotor will not
      be able to pass clockwise its vertical or closed dam at 0.degree.  dam
      unit, as long as the right piston's tail end 11 at 0.degree. dam-unit
      0.degree. keeps the right dam horizontal, and thereby causing the left dam
      at that point to remain in a vertical or closed position. At the same
      time, the piston head of the right rotor 10A cannot pass clockwise through
      its vertical or closed dam 43D at 180.degree. dam-unit as long as the tail
      end of the left piston is at the 180.degree. dam-unit and keeps the left
      dam 43C at 180.degree. dam unit in a horizontal position, and thereby
      causing the right dam to remain in a vertical or closed position.
PAR  It is clear that neither the left nor the right rotor's piston head could
      pass through its closed dam with a movement independent of that of the
      other. However, the two rotors could easily pass through their respective
      dams when they move together at the same time, at the same rate, and in
      the same clockwise direction.
PAR  Since the left and the right rotors are keyed to the same power output
      shaft and have to rotate together at the same time and rate in the same
      clockwise direction, the piston head of the left rotor could push its
      closed or vertical dam into a horizontal or open position at 0.degree.
      dam-unit because at that same moment the tail end of the right rotor's
      piston 11 will be also moving clockwise away from the right side of the
      0.degree. dam-unit and permitting the dams to turn; and at the same time,
      the piston head of the right rotor could push open its vertical or closed
      dam at 180.degree. dam-unit because at that moment the tail end of the
      left rotor's piston will also be moving clockwise away from the left dam
      at 180.degree. dam-unit, and permitting the dams to turn.  FIG. 17 shows
      the positions of the pistons after passing the dams.
PAR  Thus the rotor's two pistons and the two dam-units cooperate in compressing
      the gasses by opening and closing the individual dams at the right time
      without direct human and electronic helps.
PAC  TURBINE BLADES
PAR  The turbine blades of this invention depart considerably in form from those
      of the conventional types. Each of its blades is substantially
      rectangular, but has a shallow bowl-shaped depression in the surface that
      must face the blast of the combustors, and also has a small hole in the
      center of said depression. The depression is identified as 15 in FIGS. 3
      and 4.
PAC  LUBRICATION
PAR  One of the engine's lubrication means consists of a handleless roller,
      rotatably held in the wall of the engine's oil containers 28. It is not
      worked manually. It utilizes a mechanical principle resembling, but not
      identical to, that of the ball-point pen, paint roller, and kitchen
      rolling pin.
PAR  It has (a) a cylindrical rod 48 that has a narrow, smooth margin encircling
      each of its ends 48A, several narrow grooves 49 extending longitudinally
      in its cylindrical surface but not touching the said end margins, radial
      sides whose surfaces having no protrusions nor identations 48B for any
      handle, and a cylindrical cavity 48C that extends longitudinally within
      the body and that communicates, through small openings, with at least one
      of the said grooves; and (b) a narrow rectangular opening 48D in the wall
      of the lubricant container, which opening extending in a straight line
      parallel to the axis of the rotor, and that has ball bearings and related
      parts in the recesses in both ends of the said opening. The part described
      in (a) hereof is inserted into the opening described in (b) hereof, the
      former being held rotatably in the latter. FIG. 21 shows an opening (for
      the lubricator) in the oil container.
PAR  In the unit thus described, when one surface of the said handleless roller
      is in contact with the lubricant in the interior of the said container,
      the diametrically opposite surface of the said roller will be in contact
      with the surface of the object to be lubricated. The lubrication itself is
      done by the rolling action of the said roller or cylindrical rod on the
      contacting surface, and the rolling is caused by the rotation and movement
      of one of the contacting parts. In the preferred embodiment, this type of
      lubrication means is found in the peripheral and radial walls of the
      rotors.
PAR  In addition to the above lubrication method, conventional lubrication is
      done through each of the said oil reservoirs' outlets in the rotors and
      the dam-units.
PAC  COOLING
PAR  The engine is cooled internally by ample flow of ambient air that goes
      through the wheel-like sections of the casing, rotors, and the power
      chamber. The spoke-like members of the rotors are slightly curved and
      resemble fan blades. They draw and force the ambient air toward the
      centrally located power chamber. Numerous holes are provided in the walls
      of the power chamber for the circulation of cooling air around the
      combustors.
PAC  ASSEMBLING OF THE PREFERRED EMBODIMENT
PAR  Except where it was self-explanatory, the assemblings of the various
      individual parts and units of the preferred embodiment have been described
      in reasonable detail under separate headings. Consequently, the assembling
      of the whole engine may be described succinctly and reasonably completely
      as follows:
PAR  (The terms"left" and "right" used hereafter in the senses and purpose
      previously described under "How The Gasses Are Compressed By The Rotors
      and The Dams.")
PAR  First. The central power output shaft is inserted through the hublike part
      of the power chamber. The parts of the shaft protruding out of the left
      and the right sides of the said chamber should be of equal length.
PAR  Second. The left rotor is placed on the left and the right rotor on the
      right of the said stationary power chamber, with their radial sides
      positioned parallel to each other and the power output shaft through their
      hub-like parts.
PAR  Third. The piston heads of the two rotors are turned until they are exactly
      180.degree. apart, the said degrees to be computed by using a definite
      point on the radial sides of the said power chamber.
PAR  Fourth. The two rotors are pushed towards the stationary power chamber
      until the rims of the latter's hollow cylindrical extensions touch the
      radial walls of the rotors. When thus positioned and aligned, being
      careful that the forward sides of the piston heads are still 180.degree.
      apart, the two rotors are securely keyed to the power output shaft. In
      this state, the shaft held in the stationary power chamber's central
      bearings and the two rotors could spin in unison.
PAR  Fifth. The half-casings are then positioned: the left half casing, with the
      power output shaft in its central bearing, is pushed toward the rotor
      until the side of its ring-like flange in its inside wall 1A touches the
      rotor's left radial wall; and the right half-casing, with the said power
      output shaft in its central bearings, is pushed toward the rotor until the
      side of its internal ring-like flange is in close contact with the rotor's
      right radial wall. The two half-casings are then bolted to the cylindrical
      extensions 30 of the power chamber.
PAR  Sixth. The shaft of each paired-dams is inserted through the opening in
      each of the two semi-cylindrical extensings 6 located on the peripheral
      surface of the stationary power chamber, then through each detachable
      radial wall of the dams' twin housings 5A located on the peripheral
      surface of the engine's casing. Next, each rectangular end 12A-B of the
      said shaft is inserted into the rectangular opening 42 of each dam, and
      securely held therein. Finally, all the radial walls of the twin housings
      are placed in their proper positions, bolted and sealed.
PAC  HOW THE PREFERRED EMBODIMENT WORKS
PAR  Gasses are admitted into the compressing chamber 2 of each of the rotors
      through ports in the peripheral wall of the engine's casing. As to how the
      compression of gasses is accomplished in the compressing chamber by the
      actions of the pistons and the dams has been already elucidated in great
      detail.
PAR  It is suffice to say, however, that the piston located in the peripheral
      section of each rotor pushes the gasses in its enclosed path against a
      vertical or closed dam, and the compressed gasses are released through two
      ports of each rotor: one in the radial side of the felly-like part below
      the compression chamber, and the other in the radial side of the
      felly-like part below the piston. The said ports align at regular
      intervals during the course of the rotors' rotation with the stationary
      openings of the passageways that lead into the combustors.
PAR  If the compressed gasses entering the combustors are a mixture of fuel and
      air, they are directly ignited. If the compressed gasses entering the
      combustors are natural components of air, fuel is injected into them and
      the mixture ignited. The resulting expanding gasses pass through the
      bifurcated exhaust nozzles of the combustors and strike the turbines that
      are attached to the radial sides of the two rotors, which are, in turn,
      attached or keyed to the power output shaft. Thus, the kinetic energy of
      the expanding gasses is converted into a usable rotary motion.
PAR  The terms "compression chamber" and "compressing chamber" are used
      synonymously herein, and the terms "paired-dams unit" and "dam unit" are
      used interchangeably.
PAR  Although the invention has been described hereinabove with reference to a
      preferred embodiment, various modifications may be made without departing
      from the scope and spirit of this invention. It is my intention to cover
      in the appended claims all modifications of this invention that would
      appear to reasonable, prudent, and impartial individuals as within the
      scope and spirit of this invention.
CLMS
STM  Having thus described my invention in the above specification and having
      illustrated the same in the accompanying drawings, I hereby claim for the
      purpose of securing letters patent therefor, the followings:
NUM  1.
PAR  1. A rotary engine which is designed to receive air and other gasses from
      suitable sources of supply, to compress and ignite such gasses, and to
      convert the kinetic energy of the expanding gasses directly into usable
      rotary motion, said engine comprising, in unique and useful combinations:
PA1  a. a casing that is constructed in a substantially cylindrical form, and
      made to be divisible into two substantially equal cylindrical parts;
PA1  b. at least one pair of rotors, each rotor having a central section that
      resembles a cylindrical wheel, a peripheral section comprising a pair of
      axially spaced annular walls extending radially from the periphery of said
      central section and cooperating therewith to define an annular chamber,
      two substantially radially extending partitions dividing said annular
      chamber into two subchambers, said one subchamber serving as an oil
      reservoir and rotary piston, said other subchamber serving as a
      compression chamber, and an arrangement of turbine blades located on one
      of said annular walls on the side opposite said annular chamber; the said
      rotors keyed to
PA1  c. a central power output shaft that is mounted in the roller bearings of
      the hub of
PA1  d. a stationary cylindrical power chamber, which, by its position,
      separates the said casing into two cylindrical parts, and the said paired
      rotors into two opposite, but parallel, rotating members;
PA1  e. at least one paired-dams unit that functions as a dam to hold back
      liquids and gases or retain such fluids in said compression chamber for,
      and during, the compression of such fluids, each unit enclosed in a twin
      housing that is mounted on, and attached to, the peripheral cylindrical
      surface of the engine's casing;
PA1  f. a plurality of passageways for compressed gases originating in the said
      rotors and communicating with channels that lead into the combustors;
PA1  g. a plurality of combustors housed in the said cylindrical power chamber,
      and having their bifurcated exhaust nozzles aimed at turbine blades
      mounted on a radial wall of each rotor;
PA1  h. a lubrication means, consisting of a handleless roller rotatably held in
      the wall of each rotor's oil reservoir and not activated manually, that
      uses the working principle resembling, but not identical, to those of the
      ball-point pen, paint roller, and kitchen rolling pin to spread oil and
      grease by a rolling action caused by one of the contacting surfaces; and
PA1  i. a plurality of slightly curved spoke-like members of each rotor's
      wheel-like section that draw in ambient air in the manner of fan blades,
      and that cool the engine internally.
NUM  2.
PAR  2. A rotary engine as claimed in claim 1, wherein the said casing is
      separable into two substantially equal cylindrical parts, and each
      half-casing comprising, in a unique and useful combination,
PA1  a. a radial wall constructed in the form of a wheel having a felly-like
      part that occupies about one-half of the radius of the said wall, a
      hub-like part that has ball bearings for the support of one end of the
      said power output shaft, and a plurality of evenly spaced spoke-like
      members that join, support, and securely hold the said felly-like part to
      the said hub-like part; the said radial wall being securely attached to,
      and closing one end of
PA1  b. a generally cylindrical section that houses a rotor and its turbine
      blades;
PA1  c. an internal flange in the form of a concentric ring, having an outer
      diameter substantially equal to the inner diameter of the said half-casing
      and separated from the inner surface of the radial wall of the said
      half-casing by a small margin, extending from the inner surface of the
      said cylindrical wall towards its axis for a short distance as a welded
      member of the said half-casing;
PA1  d. two substantially semi-cylindrical extensions, separated from each other
      by 180.degree. as measured between their medians, protruding from the
      half-casing's outer cylindrical surface;
PA2  d1. each of the said extensions having its axis parallel to that of the
      rotor and well above (meaning outside) the curved peripheral surface of
      the half-casing;
PA2  d2. each of the said extensions having detachable radial walls with
      circular axial holes suitable for shaft bored through them at a level
      above (meaning outside) the peripheral surface of the half-casing;
PA1  e. intake ports for gasses in that part of each half-casing under which a
      compressing chamber must pass;
PA1  f. at least one exhaust port in its cylindrical wall near its open side,
      but not too close to the rim;
PA1  g. means for fastening its open side to the said power chamber.
NUM  3.
PAR  3. The invention of a rotary engine as claimed in claim 1, wherein the said
      stationary cylindrical power chamber comprising, in a unique and useful
      combination,
PA1  a. a central section constructed in the form of a cylindrical wheel that
      has a hub-like part with roller bearings for the support of the said power
      output shaft;
PA1  b. a peripheral section having an overall diameter equal to that of the
      engine's casing, constructed in the form of a circular chamber that has a
      generally rectangular cross section, and a hollow in the shape of a
      cylinder in its central area that is large enough to accept the said
      central section as a close fitting bolted member, the said circular
      chamber of the peripheral section containing
PA1  c. a pair of identical combustors constructed arcuately, each combustor
      having a generally circular midsection, a paraboloidal forward section
      containing a cone-shaped diffuser and fuel and ignition means, and
      bifurcated exhaust nozzles aimed at turbine blades that are mounted on the
      radial side of each assembled rotor;
PA1  d. two hollow cylinders having their free ends open and their axes aligned
      on a straight line with that of the said central section protruding
      perpendicularly from each radial side of the said power chamber as welded
      members of the latter,
PA2  d1. each of the said cylinders having an outer diameter almost equal to,
      but slightly less than, that of the inner diameter of the said
      half-casing,
PA2  d2. the rim of each of the said cylinders when inserted into the open side
      of the said half-casing, abuts the section of the nearest radial wall of
      the assembled rotor closest to the rotor's periphery;
PA1  e. two thick walled hollow cylinders, smaller in diameter than those
      described in (d) hereof, having their free ends open and their axes
      aligned in a straight line with that of the said power chamber, extending
      perpendicularly from each radial side of the said power chamber as welded
      members of the latter,
PA2  e1. each said cylinder positioned inside the larger cylinder described in
      (d) hereof, and ending at a point where the flat radial side of its rim
      touches the nearest radial side of the felly-like section of eaech
      assembled rotor,
PA2  e2. each of said hollow cylinders having an outer diameter about equal to,
      but not smaller than, the maximum diameter of the said felly-like part of
      each rotor,
PA2  e3. the rim of each of the said cylinder having two arcuate openings in its
      flat radial side, each opening located diametrically opposite of the
      other, communicating with a passageway having a round cross section that
      leads into the combustor;
PA1  f. two pairs of passageways for compressed gases (designated as the left
      and the right merely for the purpose of avoiding confusion) that start
      from the rims of the two hollow cylinders described in (e) hereof (also
      named as the left and the right cylinders for the same reason) :
PA2  f1. the first passageway of the left pair starting from the arcuate opening
      in the flat radial side of the rim of the left cylinder and running
      between the outer and the inner surfaces of the thick wall, through the
      radial wall of the power chamber, and joining with the first passageway of
      the right pair that has followed an identical, but opposite, path from the
      right cylinder located on the right side of the said chamber, and together
      communicating with a channel that leads into the first of the said two
      combustors, while a second passageway of the left pair starting from an
      arcuate opening in the flat radial side of the same rim of the left
      cylinder, but at a point 180.degree. from that of the first arcuate
      opening as measured between their medians, and following a nearly parallel
      path and joining with the second passageway of the right pair that has
      also followed an oppositely located path from the right cylinder, and
      together communicating with a channel that leads into the second
      combustor;
PA1  g. a plurality of fuel intake ports in the peripheral cylindrical surface
      of the said power chamber communicating with tubes that lead into the
      combustors;
PA1  h. terminals of ignition means located close to the said fuel intake ports;
PA1  i. exhaust ports in the peripheral wall of each of the hollow cylinders
      described in (d) hereof;
PA1  j. means for holding securely the open side of each halfcasing to the said
      power chamber;
PA1  k. numerous ventilating holes bored at random in the walls and extensions
      of the power chamber; and
PA1  l. two semi-cylindrical extension having their axes parallel to that of the
      power chamber, and separated from each other by 180.degree. as measured
      between their medians, protruding from the outer cylindrical surface of
      the power chamber as welded extensions, each semi-cylindrical extension
      having a circular hole bored in a straight line along its axis to retain
      rotatably a shaft of the aforesaid paired-dams unit.
NUM  4.
PAR  4. A rotary engine as claimed in claim 3, in which there are two said
      paired-dams units positioned diametrically opposite of each other on the
      outer cylindrical surface of the engine's casing, and each unit comprising
      the components, and manifesting by virtue of a unique combination the
      distinctive appearances and useful movements described immediately under
      each such component, as follows:
PA1  a. two dams (designated herein as the left and the right dams to avoid
      confusion) held on opposite sections of a common shaft, each dam
      constructed in one piece in a substantially rectangular shape, but
      functionally divisible into three sections: a middle section having a
      rectangular slot bored through it in a straight line parallel to its
      plane, and substantially square end sections containing numerous
      cylindrical cavities,
PA2  a1. the said end sections being of the size and shape that could fit into
      the said compressing chambers,
PA2  a2. the surface of each of the said end-sections that must face in the
      direction of the dam's rotation curved or made concave so as to conform to
      the curvature of the contacting surface of the assembled rotor, and the
      other surface made straight and flat, and
PA2  a3. each said end section holding rotatably a roller on its curved side;
PA1  b. a comparatively long shaft constucted in one piece but having three
      sections: a cylindrical middle section that is rotatably held, when
      assembled, in each of the said semi-cylindrical extensions of the
      peripheral wall of the said power chamber, a rectangular left section
      extending over the assembled left rotor and into the the said rectangular
      slot of the left dam to be securely held therein, and a rectangular right
      section, the wider of whose planes made perpendicular to the corresponding
      planes of the left section, extending over the said assembled right rotor
      and into the rectangular slot of the right dam to be securely held
      therein,
PA2  b1. the surface or plane of a dam attached to one side of a dam's shaft
      becoming perpendicular to that of a dam attached to the opposite side of
      the said shaft by virtue of the perpendicularity of the two end sections
      of the said shaft;
PA2  b2. each dam being open during the moments it lies horizontally over the
      path of a piston, and closed during the time it assumes a vertical
      position in the path of a piston; and
PA2  b3. when the left dam is pushed under proper condition into a horizontal
      position, the right dam becomes vertical or closed at the same moment, and
      vice versa;
PA1  c. a substantially semi-cylindrical twin housing, extensions of the
      engine's casing, with removable radial walls, enclosing each pair of dams,
PA2  c1. each member of the said twin housing having an internal space of the
      size and shape that permit the individual dam to turn with the dam`s sides
      in close or sliding contact with the internal surfaces of its radial and
      arched walls; and
PA1  d. stripes of seals having their longitudinal side held in grooves in, and
      a fraction of the said side protruding from, those parts of the dams
      requiring sealing engagement with the internal surfaces of the said twin
      housing and the said compressing chambers.
NUM  5.
PAR  5. A rotary engine as claimed in claim 1, in which the said paired rotors
      are separated by the presence between them of the said cylindrical power
      chamber into opposite but parallel rotors, each rotor comprising, in a
      unique and useful combination, the following components:
PA1  a. a central section constructed in the form of a cylindrical wheel that
      has a hub-like part that holds the central power output shaft to which it
      is keyed, a felly-like part, and a plurality of evenly spaced spoke-like
      members that rigidly join and hold the hub-like part to the felly-like
      part,
PA2  a1. the said spoke-like members made slightly curved so that in their
      rotation as central members of the rotor could effectively draw in ambient
      air towards the centrally located power chamber;
PA1  b. a peripheral section constructed in the form of a circular chamber that
      has a substantially square cross section, and that completely encircles
      and securely holds with suitable means the said wheel-like section, the
      said peripheral section divided into a compressing chamber and a hollow
      piston;
PA1  c. a compressing chamber that occupies about 200.degree. of the rotor's
      peripheral section and that has all the walls, except the outer one,
PA2  c1. the function of said missing peripheral wall supplied by the contacting
      inner surface of the engine's casing;
PA1  d. an outlet passageway for compressed gasses that starts from the floor of
      the said compressing chamber close to the said piston head and that
      terminates in a round hole in the radial side of the said felly-like part
      at a level that it could align and communicate with the opening of a
      passageway that leads into the power chamber;
PA1  e. a piston that occupies that part of the said peripheral section not
      included in the said compressing chamber, and that has a hollow interior
      that serves as an oil reservoir, and separated from the compressing
      chamber by two thick transverse walls,
PA2  e1. the said thick wall on the forward side of the piston (the side facing
      in the direction of the rotor's rotation) serving as the piston head, and
PA2  e2. the said oil reservoir having outlets leading to the various contacting
      surfaces of each rotor;
PA1  f. a tube that runs through the hollowed section of the said piston with
      its open end covered by the contacting inner surface of the engine's
      casing, and uncovered when aligned with the open base of the said dam
      housing, and that has its other open end in the radial side of the said
      felly-like part at a level that it could align with an opening of a
      passageway that leads into the power chamber,
PA2  f1. the said tube serving as a channel through which the compressed gasses
      accumulating in the dam housing could enter the power chamber to be used
      in the combustors;
PA1  g. a circle of turbine blades mounted on a radial wall of each rotor, each
      turbine blade anchored in the groove in said radial wall and bolted to
      fin-like projection located close to and along said groove.
NUM  6.
PAR  6. A rotary engine as claimed in claim 3, in which the mechanism for
      compressing gasses comprising the following components that function as a
      combination:
PA1  a. the said paired rotors, separated from each other by the presence
      between them of the said power chamber into two separate but parallel
      rotating members, but keyed to the same power output shaft, each rotor
      having its piston head separated from that of the other rotor by
      180.degree., and named as the left and the right rotors for the purpose of
      description;
PA1  b. a compressing chamber that occupies the major part of each rotor's
      peripheral section;
PA1  c. a piston, long and arcuate, that occupies that part of each rotor's
      peripheral section not occupied by the compressing chamber;
PA1  d. a piston head consisting of the thick forward wall (the side facing in
      the direction of the rotor's rotation) of each piston, the said piston
      head serving also as the separating wall between the compressing chamber
      and the long arcuate piston;
PA1  e. the said two paired-dam units, each unit located diametrically opposite
      of the other on the peripheral wall of the engine's casing, and designated
      according to their position as the 0.degree. dam unit and the 180.degree.
      dam unit, and each member of the unit named as the left or the right dam
      for the purpose of description;
PA1  f. each paired dam unit having its shaft rotatably held in the extension of
      the said power chamber, and having the shaft's one end section extending
      over the said compressing chamber of the left rotor and into, and to be
      held in, the rectangular slot of the left dam that is positioned
      vertically in, or horizontally above, the same chamber, and having the
      shaft's other end section extending over the compressing chamber of the
      right rotor and into, and to be held in, the rectangular slot of the right
      dam that is positioned vertically in, or horizontally above, the said
      chamber;
PA1  g. each dam positioned and mounted securely to its shaft to insure the
      perpendicularity of its plane in respect to that of the other, i.e., when
      the plane of the left dam is horizontal over the left compressing chamber,
      the plane of the right dam should be vertical in the right compressing
      chamber, and vice versa;
PAL  and the combination of the said components, in sharp contrast to a mere
      aggregation of hardwares, performing the following logical and useful
      movements that give to the physical appearance and description of the
      combination the necessary statutory elements that make it different from
      prior arts, to wit,
PA1  h. when the right dam is pushed at the proper moment into a horizontal or
      open position, the left dam will become, at the same instant, vertical or
      closed because of the perpendicularity of their planes;
PA1  i. compression of gases is accomplished by the movement of the said piston
      head against a dam that is obstructing a section of the said compressing
      chamber, and all the gases in the said chamber found between the advancing
      piston head and the momentarily stationary dam would be compressed;
PA1  j. the left dam at 0.degree. dam unit remains closed in order to permit the
      left piston head to compress gases against it, and will remain closed, or
      locked as it were, as long as the tail end or any part of the long arcuate
      right piston is under the right dam at 0.degree. dam unit and keeps the
      opposite or left dam in a vertical or closed position, and at the same
      time the right dam at 180.degree. dam unit remains closed to permit the
      right piston head to compress gases against it and will remain closed or
      locked as long as the tail end or any part of the long arcuate left piston
      is under the left dam at 180.degree. dam unit and keeps the opposite or
      right dam at 180.degree. dam unit in a vertical or closed position;
PA1  k. neither the left nor the right piston head could pass through its closed
      dam with a movement independent of the other;
PA1  l. since the arcuate pistons are shorter than 180.degree., and since the
      two pistons, through their rotors, are keyed to the same power output
      shaft and must move at the same rate, at the same time, and in the same
      direction, when the piston heads get too close to their respective
      diametrically opposite closed dams, their tail ends will clear away from
      their respective diametrically opposite dams, and consequently the left
      dam at 0.degree. dam unit opens for the left piston to pass through and
      the right dam at 0.degree. dam unit closes so that the right dam could
      compress gasses against it, and at the same instant, the right dam at
      180.degree. dam unit opens to let the right dam to pass through and the
      opposite or left dam at 180.degree. dam unit closes for the left piston to
      compress against it, and thus the dams open and close at the right time
      without human or electronic help and the compression is repeated.
NUM  7.
PAR  7. A rotary engine as claimed in claim 1, wherein the said lubricating
      means comprising, in combination,
PA1  a. a smooth cylindrical rod having a narrow smooth margin encircling each
      of its ends, several narrow grooves extending longitudinally in its
      cylindrical surface, radial sides whose surface having no protrusion nor
      indentation for a handle; the said cylindrical rod inserted and rotatably
      held in
PA1  b. a narrow rectangular opening in the engine's lubricant container where
      the wall has been made thicker than elsewhere in or on the container,
      which opening extending longitudinally in a straight line parallel to the
      axes of the rotors and having ball bearings and related supporting parts
      in the recesses of its both ends; and
PA2  b1. the unit thus assembled lubricating the contacting surfaces by a
      rolling action of the said cylindrical rod, which is in contact with both
      the oil filled interior of the container and the surface of the body to be
      lubricated, and which is activated by friction when one of the contacting
      bodies is in motion.
NUM  8.
PAR  8. A rotary engine as claimed in claim 1, wherein one pair of said dams is
      used as a component of its gas compressing system.
NUM  9.
PAR  9. A rotary engine as claimed in claim 1, wherein the extremities of each
      of the said dams are made substantially convex, and the floor or the
      bottom side of each of the said compressing chambers made substantially
      concave to match the dam's shape.
NUM  10.
PAR  10. A rotary engine which is designed to receive air and other gasses from
      suitable sources, to compress and ignite such gasses, and to convert the
      kinetic energy of the expanding gases into usable rotary movement by
      channelling the rushing gasses against its turbines, but without the help
      of any internal gear, reciprocating parts, nor off-centered rotors, the
      said engine comprising in a unique, logical, and useful combination:
PA1  a. a casing that is constructed in a substantially cylindrical form, and
      designed to be divisible into substantially equal cylindrical parts, the
      said casing housing
PA1  b. a plurality of rotors, each rotor having
PA2  b1. a central section made in the form of a cylindrical wheel which has
      spoke-like members that are slightly curved in the manner of fan blades,
PA2  b2. a peripheral section consisting of a compressing chamber that occupies
      more than 180.degree. of the said section, and an arcuate piston that
      occupies less than 180.degree. of the said said arcuate piston containing
      an oil reservoir, section, and
PA2  b3. a thick radial side that has a circle of turbine blades; the said
      rotors, through their hub-like parts, keyed to
PA1  c. a power output shaft, and the central section of the said shaft
      supported in the roller bearings in the hub-like part of
PA1  d. a stationary cylindrical power chamber, which, because of its position
      in the middle of the configuration, separating the rotors into opposite,
      but parallel, rotating members, and the engine's casing into two opposite
      half-casings, but holding the latters securely to its radial sides, and
      which contains a plurality of arcuate combustors whose cross section being
      generally round, and which have bifurcated exhaust nozzles aimed at
      turbine blades on the radial sides of the assembled rotors; the said power
      chamber supporting in the roller bearings of the semi-cylindrical
      extension of its peripheral wall a dam shaft that extends over the paired
      rotors;
PA1  e. two pairs of dams, each pair positioned diametrically opposite of the
      other on the peripheral surface of the engine's casing and extending into
      the compression chambers of the rotors, each dam mounted securely on each
      end section of the said dam shaft with the plane of one dam made
      perpendicular to that of the other dam on the same shaft, and each dam
      designed to close exactly at the proper time so that the advancing piston
      could compress gasses against it, and to open at the precise time to
      permit the piston to pass through no matter how slow or how fast the
      engine may be running and without any direct human or electronic help;
PA2  d1. the said dams opening and closing at the correct time by virtue of the
      perpendicularity of the planes of the paired dams, the angular distance of
      180.degree. separating the two parallel piston heads, the length of the
      arcuate piston being less than 180.degree. the paired rotors being keyed
      to the same shaft which make them rotate together at the same time, at the
      same acceleration,, and in the same direction (which set of data being
      sufficient to bring into the range of comprehension of one skilled in the
      art to which it is related as to how the mechanism works);
PA1  f. a plurality of passageways for compressed gases originating in the said
      rotors and comunicating with channels that lead into the combustors;
PA1  g. a lubrication means, consisting of a handleless cylindrical rod
      rotatably held in a slot in the wall of each rotor's oil reservoir, that
      spreads lubricants by the rolling actions and movements of the contacting
      surface; and
PA1  h. a plurality of curved spoke-like members in each rotor's wheel-like
      section that draw ambient air into the center of the engine for internal
      cooling, and that cool the engine more effectively than the conventional
      external fanning could.
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ABST
PAL  A rotary internal combustion engine comprising: a compressor section, a
      power section and a combustion chamber therebetween. The compressor
      section may comprise a pair of intermeshing gear members mounted in a
      compressor housing having an inlet on one side and a discharge on the
      opposite side. The intermeshing compressor gear members are mounted for
      rotation in opposite directions to compress and transfer air-fuel mixtures
      from the inlet to the discharge. The compressor discharge may be connected
      to the combustion chamber for combustion of the air-fuel mixture therein.
      The power section may comprise at least one rotor mounted in a housing
      having an inlet connected to the combustion chamber and through which
      expanding gases are directed against the periphery of the rotor for
      driving an output shaft connected thereto. The rotor may be connected to
      at least one of the compressor gear members for rotation thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to internal combustion engines. More
      specifically, the present invention concerns rotary type, internal
      combustion engines.
PAR  2. Brief Description of the Prior Art
PAR  By far the most commonly used internal combustion engine is the
      piston-crankshaft type, reciprocating engine. Such engines are relatively
      inefficient and create pollution problems which are not easily solved.
PAR  In recent years there has been an increasing interest in other types of
      internal combustion engines such as the rotary type. Probably the most
      well known rotary engine is the one commonly referred to as the "Wankel"
      engine. Many rotary engines have better pollution characteristics and may
      also be more efficient than the common reciprocating engine.
PAR  Continuing research and development is being conducted on the Wankel engine
      and many other types of rotary engines have been proposed. A few examples
      of the various types of rotary internal combustion engines may be seen in
      the following Schlecter;
PAR  U.S. Pat. No. 2,511,441 -- Loubiere; U.S. Pat. No. 2,845,777 -- Nielson, et
      al; U.S. Pat. No. 2,782,596 -- Lindhagen et al; U.S. Pat. No. 3,175,359 --
      Schleter; U.S. Pat. No. 3,233,406 -- Holt.
PAL  As can be seen from these patents, rotary engines include the vane type,
      volute type, gear type and others. However, as the number of proposed
      designs indicate, a continual search is being made for more efficient and
      less polluting engines. The recent energy crisis has accelerated the
      search for more suitable engines, particularly those for use with
      automobiles.
PAC  SUMMARY OF THE INVENTION
PAR  The engine of the present invention may comprise a compressor section, a
      power section and a combustion chamber therebetween. The compressor
      section may comprise a pair of intermeshing gear members mounted in a
      compressor housing having an inlet on one side and a discharge on the
      opposite side. The intermeshing compressor gear members may be mounted for
      rotation in opposite directions to compress and transfer air-fuel mixtures
      from the inlet to the discharge. The discharge is connected to the
      combustion chamber for combustion of the compressed air-fuel mixtures. The
      power section may comprise at least one rotor mounted in a housing having
      an inlet connected to the combustion chamber through which exploding gases
      are directed against the periphery of the rotor for driving an output
      shaft connected thereto. The rotor may be connected to at least one of the
      compressor gear members for rotating the compressor.
PAR  In one embodiment the power rotor comprises a pair of intermeshing gear
      members. In another, a single rotor is provided with a plurality of radial
      vanes projecting from the periphery thereof. A valve assembly is provided
      for alternately permitting and blocking flow of expanding gases between
      the combustion chamber and the periphery of the power rotor. The valve
      assembly may comprise a unique valve rotor arrangement connected to the
      power rotor for selectively aligning a radial passage with the power inlet
      for permitting and blocking of the expanding combustion gases.
PAR  Other unique variations are disclosed, including apparatus for
      precompression of air-fuel mixtures. Unique cooperation between the
      compressor section and power section is also disclosed.
PAR  The rotary internal combustion engine of the present invention is an engine
      development which is superior to those now in use, particularly the
      piston-crankshaft type, reciprocating engine. In the present engine,
      combustion takes place outside of the propulsion mechanism. Therefore, the
      combustion chamber can be designed for whatever size and shape is required
      to ensure complete, efficient combustion and minimization of pollution.
      Fewer moving parts are required, reducing manufacturing, maintenance and
      repair problems. Other objects and advantages will be seen from a reading
      of the following description in conjunction with the accompanying drawings
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional elevation view of a rotary internal combustion
      according to a preferred embodiment of the invention;
PAR  FIG. 2 is a perspective view of an alternate embodiment of an internal
      combustion engine of the invention, portions of which have been broken
      away for a clearer understanding thereof;
PAR  FIG. 3 is a top plan view, partially in section, of the rotary internal
      combustion engine of FIG. 2; and
PAR  FIG. 4 is an end elevation view, partially in section, of a power section,
      partially in section, suitable for use with alternate embodiments of the
      present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, a preferred embodiment of a rotary internal
      combustion engine, according to the present invention will be described.
      The engine may comprise a compressor section 1 and a power section 2
      connected by a combustion section or chamber 3.
PAR  The compression section 1 may comprise a pair of intermeshing gear members
      4 and 5 mounted in a compressor housing 6. These gear members are mounted
      on parallel shafts 7 and 8 and in suitable bearings (not shown) for
      rotation in opposite directions, as indicated by the arrows thereon. Only
      enough clearance is provided between the teeth of gear members 4 and 5 to
      permit rotation in the surrounding housing 6.
PAR  The compressor housing 6 is provided with inlet and discharge ports 9 and
      10 respectively. The inlet port 9 provides an inlet for an air-fuel
      mixture provided from an air source 11 and carburetor 12. A suitable
      throttle 13 may also be provided. The design of carburetors and throttles
      are well known and will not be further described herein.
PAR  The compressor discharge port 10 provides a communication with the
      combustion chamber 3. The design of combustion chambers is also well known
      and will not be further described herein except to mention the fact that
      since the combustion chamber in the present invention is effectively
      separated from the power section 2, the combustion chamber may be designed
      as required to ensure complete, efficient combustion without being
      dependent on the power section, as is the case in piston type engines. As
      will be more fully explained hereafter, the present invention is one of
      continual combustion and once combustion is initiated does not require an
      ignition source. However, for starting the engine, an ignition source,
      such as spark plug at 14, may be provided as well as an auxilliary source
      of compressed air-fuel mixture 15.
PAR  The power section 2 may comprise a pair of intermeshing gear members 16 and
      17 mounted in a surrounding housing 18. Gear members 16 and 17 may be
      attached to parallel shafts 19 and 20 mounted in suitable bearings (not
      shown) carried by the housing 18 for rotation in opposite directions as
      indicated by the arrows thereon. The power section housing 18 is provided
      with an inlet port 21 and an exhaust port 22. The inlet port 21 provides
      communication between the combustion chamber 3 and the power rotors or
      gear members 16 and 17. The exhaust port 22, of course, provides a means
      of exhausting burned gases, as will be more fully understood hereafter.
PAR  The power section 2 may be connected by drive means to the compressor
      section 1 for supplying power to the compressor. The drive means may
      comprise a chain 23 connecting sprockets 24 and 25 mounted on shafts 19
      and 8, respectively. It will be noted that the diameter of sprocket 25 is
      substantially greater than the diameter of sprocket 24. This is to produce
      a mechanical advantage, the purpose of which will be more fully understood
      hereafter.
PAR  In operation, a compressed air-fuel mixture would be first introduced from
      the auxillary source 15 into combustion chamber 3. Combustion would be
      initiated by the ignition means 14. Once combustion is initiated, the
      exploding gases expand and are directed, through power inlet 21, against
      the periphery of the power gear members 16 and 17, causing them to rotate
      in the direction shown. The burned gases enter the spaces between the
      teeth of gears 16 and 17 and are transferred by the rotation thereof to
      the exhaust port 22 where they are exhausted to the atmosphere or for
      further handling.
PAR  The exploding gases also exert some forces against the compressor gear
      members 4 and 5 so as to tend to rotate them in a direction opposite to
      that desired. However, since the drive means by which the power section is
      connected to the compressor section produces a mechanical advantage, this
      tendency is overcome and the compressor gear members 4 and 5 are driven by
      the chain 23 in the direction indicated. An air-fuel mixture is drawn
      through compressor inlet 9 from the air and fuel sources 11 and 12
      respectively, into the spaces between the gear teeth of compressor gears 4
      and 5. Alternatively, fuel can be injected into the combustion chamber
      while air, only, is drawn in by the compressor section. This air-fuel
      mixture is then compressed and transferred by rotation of the gears
      through discharge 10 into the combustion chamber 3. Since the air-fuel
      mixture is being continuously fed into the combustion chamber combustion
      continues and the auxillary air-fuel mixture 15 and ignition means 14 may
      be terminated.
PAR  The foregoing cycle is continuous and the power generated thereby may be
      utilized by connection to either one or both of the shafts 19 and 20.
PAR  Referring now to FIGS. 2 and 3, an alternate embodiment of the invention
      will be described. As in the embodiment of FIG. 1, this embodiment also
      includes a compressor section 31 and a power section 32 joined by a
      combustion chamber 33. It may also be provided with a second compressor
      section 34 which may be referred to as a booster or precharger section.
PAR  Like in the previous embodiment, the compressor section 31 may comprise a
      pair of intermeshing gear members 35 and 36 mounted for rotation within a
      compressor housing 37. The compressor section is also provided with an
      inlet 38 through which air-fuel mixtures enter between the teeth and gear
      members 35 and 36 for compression and transfer to the discharge 39 and
      into the combustion section 33.
PAR  Very little needs to be said about the combustion chamber, except to
      mention again that combustion takes place outside the power section 32.
      Therefore the combustion chamber may be designed for whatever size and
      shape is required to ensure complete, efficient combustion and
      minimization of pollution. Although it is not shown in FIGS. 2 and 3,
      combustion chamber 33 may also be provided with auxillary air-fuel source
      and an ignition source, as in the embodiment of FIG. 1, for initiation of
      combustion.
PAR  Like in the previously described embodiment, the power section 32 of the
      present embodiment comprises a pair of intermeshing gears 40 and 41
      mounted in a power housing 42. The power housing is provided with an inlet
      43 and a discharge or exhaust 44.
PAR  It will be noticed that there is a substantial difference between the
      orientation of the compressor and power sections 31 and 32, respectively,
      and the compressor and power sections of the previous embodiment. In this
      embodiment, a compressor gear 35 is coaxially mounted with a power gear 40
      on a common shaft 45. Likewise, the other compressor gear 36 and power
      gear 41 are coaxially mounted on a common shaft 46. The shafts 45 and 46
      are suitably journaled in bearings carried by the compressor and power
      housings 37 and 42 respectively. Such an arrangement eliminates the
      sprocket chain drive means of the previously described embodiment.
      However, to overcome the tendency to rotate the compressor gears 35 and 36
      in a direction opposite to that desired, due to the expanding gases within
      combustion chamber 33, some mechanical advantage must be obtained. For
      this reason, the width of power gears 40 and 41 are greater than the width
      of the compressor gears 35 and 36. Thus, the power gear area on which the
      expanding gas pressure is acting is greater than the compressor gear area
      on which it is acting by a ratio proportional to the gear widths. Of
      course, other means may be provided to obtain a mechanical advantage e.g.,
      difference in diameters of power gears and compressor gears.
PAR  The "booster," "precharger" or second compressor section 34 may also
      comprise a pair of intermeshing gears 47 and 48 mounted in a suitable
      housing 49. The housing is provided with an inlet 50 and a discharge 51.
      The discharge 51 is in communication with the inlet 38 of the first
      compressor section 31. It will also be noted that the second compressor
      gears 47 and 48 are coaxially mounted on shafts 45 and 46, respectively,
      with the corresponding gears of first compressor section 31 and power
      section 32.
PAR  It should be noted at this point that the present embodiment could be
      operated without the second compressor section 34. Such a booster
      compressor would not significantly affect fuel efficiency. However, it
      would create a higher operating pressure in the combustion chamber which
      would in turn permit a given power output to be achieved with a smaller
      engine. Booster size can be selected so as to give any pressure desired.
      With higher pressure comes higher temperature, and presumably the
      limitation on pressure would be the heat resistant quality of the
      materials economically available. In the embodiment shown, the gears 47
      and 48 of the booster or second compressor section 34 are of the same
      width of the power gears, i.e. three times as great as the width of the
      first compressor section gears.
PAR  Like in the previously discussed embodiment the present engine of course
      would require an air source, a fuel source from a carburetor or the like
      and could be provided with a throttle. It will also be noted, as best seen
      in FIG. 3, that manifolding 55, 56 and 57 is required to connect the
      discharge and inlet of the various sections.
PAR  As in the previous embodiment, operation of the present engine would be
      initiated by auxillary air-fuel mixture and ignition source at the
      combustion chamber 33. Once combustion has been initiated it becomes a
      continual process. The expanding gases from the combustion chamber would
      enter the power section through inlet 43 exerting pressure against the
      periphery of the gears 40 and 41 causing them to rotate in the direction
      of the arrows shown thereon. The burned gases would be carried between the
      gear teeth for exit through exhaust 44.
PAR  Since the power gears are connected to the same shafts as the compressor
      gears, rotation of the power section would cause rotation of the
      compressor gears 35, 36 and the second or booster compressor gears 47 and
      48. The primary source of fuel and air would be drawn through inlet 50
      compressed and transferred by the booster section 34 to its discharge 51
      and through manifold 55 to the inlet 38 of the compressor section 31.
      Further compression and transfer of the compressed air-fuel mixture to the
      discharge 39 is effected by compressor gears 35 and 36. The fully
      compressed air-fuel mixture is then transferred through the manifold 56 to
      combustion chamber 33 where combustion takes place. As previously
      mentioned, once combustion is initiated in combustion chamber 33 it is
      continuously fed and the auxillary fuel and ignition sources may be
      terminated. The exploding, expanding gases in the combustion chamber 33
      are transmitted to the power section 32 by manifolding 57 and the process
      continues.
PAR  Referring now to FIG. 4, an alternate power section 60, suitable for use
      with engines of the present invention, will be described. Such a power
      section may be substituted for the power section 32 in the embodiments of
      FIGS. 2 and 3 and, with other changes, could also be adapted for use with
      several variations of the invention.
PAR  Instead of the intermeshing gears of the previously discussed power
      sections, the present power section 60 is provided with a power rotor 61
      centrally disposed within a housing 62. The rotor is provided with a
      plurality of radially extending vanes 63a, 63b, 63c which project for
      sealing rotational movement along the interior walls of housing 62. The
      rotor may be mounted on a shaft 64 which is suitably journaled in bearings
      (not shown) carried by the housing 62. If used in place of the power
      section 32 in the type of engine shown in FIGS. 2 and 3, the shaft 64
      would be coaxially disposed with one of the power gears 35 and 36 and
      would correspond with either of the shafts 45 or 46.
PAR  Mounted within subhousings 65 and 66, which project outwardly from housing
      62, are a pair of valve rotors 67 and 68. Although only two valve rotors
      are shown, any number could be utilized. Each of the valve rotors is
      mounted for rotation about corresponding shafts 69 and 70 which are
      suitably journaled in bearings (not shown) carried by the subhousings 65
      and 66. Each of the valve rotors is provided with radial passages 71, 72,
      the purpose of which will be more fully understood hereafter.
PAR  It will be noted that the valve rotors are mounted in their corresponding
      subhousings 65 and 66 in a close fit. However, a portion of the interior
      of each of the subhousings is relieved to provide arcuate chambers 73 and
      74 on one side thereof.
PAR  The valve rotors should be designed for rotation within their respective
      housing so as to rotate at some speed dependent upon the rotation of the
      power rotor 61. For this purpose, gears 75 and 76 may be attached to the
      ends of shafts 69 and 70 for meshing with a cooperating power gear 77
      mounted on the end of power shaft 64. These gears may be conveniently
      mounted on the exterior of the housings 62, 65 and 66. In the particular
      embodiment shown in FIG. 4, the diameters of gears 75 and 76 are
      two-thirds the diameter of power gear 77, so that one-third of a
      revolution of gear 77 produces one-half of a revolution of the gears 75
      and 76.
PAR  The valve rotor housings 65 and 66 are provided with inlet ports 79 and 80
      which may be connected by suitable manifolding to a combustion chamber
      such as 33 in the embodiment of FIGS. 2 and 3. Thus, expanding gases from
      combustion are exposed to the valve rotors 67 and 68 through these ports.
PAR  To understand the operation of the power section 60, attention is first
      directed at the lower valve rotor 68. Expanding gases are admitted from
      the combustion chamber through the port 80 and valve rotor passage 72 for
      direction against the vane 63c. These expanding gases force the power
      rotor 61 to rotate in the direction indicated by the arrow until the vane
      63c reaches a position substantially where the vane 63a is shown. During
      this movement, the expanded and burned gases on the counterclockwise sides
      of vane 63c are exhausted through one or more discharge ports 83a at the
      ends of housing 62. Exhaust ports 83b are also provided diametrically
      opposite exhaust ports 83a. When the vane 63c obtains position
      substantially 180.degree. from a position in which it is shown in FIG. 4,
      more expanding combustion gases are supplied through ports 79 and valve
      rotor passage 71 to repeat the cycle. The arcuate chambers 73 and 74 would
      prevent compressed gases from being trapped inside the passages of the
      valve rotors.
PAR  It will be noted that the peripheries of power rotor 61 and valve rotors 67
      and 68 tangentially contact each other as they are rotated. Were it not
      for the design of passages 71 and 72, this would create interference
      problems between the vanes 63a, 63b and 63c and the periphery of the valve
      rotors 67 and 68. However, the ends of the passages 71 and 72 are flared
      so as to permit entrance of the vanes as the vanes approach a
      corresponding valve rotor. Since the gears 75, 76 and 77 assure
      cooperative rotation, it is always assured that a flared passage will be
      provided for engagement with the vanes as they travel toward and away from
      each of the valve rotors.
PAR  At start-up, it is possible that a particular valve rotor might be in a
      position which would prevent combustion gases from entering the housing
      62. For this reason, it may be necessary to provide an auxiliary port 84
      with a valve member 85 which would be opened during startup. The port 84
      would be connected by suitable manifolding (not shown) to the combustion
      chamber.
PAR  Several embodiments of a rotary internal combustion engine have been
      described herein. In each of the engines described, combustion takes place
      outside the power section or propulsion mechanism. This permits the
      combustion chamber to be designed in whatever configuration is required to
      ensure complete, efficient combustion and minimization of pollution. In
      addition, many of the reciprocating parts, valves, spark plugs and other
      components of the piston-crankshaft type internal combustion engines are
      eliminated. Fuel efficiency should be superior to that of a conventional
      engine. Maintenance and repair should be simplified and less costly.
PAR  Although several embodiments of the engine of the present invention have
      been described, many more could be developed by those skilled in the art
      without departing from the spirit of the invention. It is therefore
      intended that the scope of the invention be limited only by the claims
      which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary internal combustion engine comprising a compressor section, a
      power section, and a combustion chamber therebetween; said compressor
      section comprising a pair of intermeshing gear members mounted in a
      compressor housing, inlet means on one side of said compressor housing and
      discharge means on the opposite side of said compressor housing, said
      intermeshing compressor gear members being mounted for rotation in
      opposite directions to compress and transfer air-fuel mixtures from said
      inlet means to said discharge means; said discharge means being connected
      to said combustion chamber for combustion of said compressed air-fuel
      mixtures; said power section comprising at least one power rotor mounted
      in a housing having inlet means connected to said combustion chamber
      through which exploding gases are directed against the periphery of said
      power rotor for driving an output shaft connected to said power rotor,
      said power rotor being connected to at least one of said compressor gear
      members for rotation of said compressor gear members; said power section
      comprising at least one valve rotor connected to said power rotor for
      cooperative rotation relative thereto, said power rotor being provided
      with a plurality of radial vanes projecting from the periphery thereof,
      said valve rotor being provided with valve ports which, upon rotation of
      said valve rotor, alternately permit and block flow of said exploding
      gases between said combustion chamber and the periphery of said power
      rotor, permitting said exploding gases to alternately expand against said
      power rotor vanes to rotate said power rotor, said power section being
      provided with exhaust means through which said expanded exploding gases
      may be selectively exhausted; said valve rotor comprising a radial passage
      therethrough, each end of which terminates at the periphery of said valve
      rotor, providing communication between said power section inlet and said
      power rotor periphery at preselected time intervals related to the
      rotation of said power rotor and said valve rotor.
NUM  2.
PAR  2. An internal combustion engine as set forth in claim 1 in which said
      power rotor and one of said compressor gear members are coaxially mounted
      to effect said connection therewith.
NUM  3.
PAR  3. A rotary internal combustion engine comprising: a compressor section, a
      power section, and a combustion chamber therebetween; said compressor
      section comprising a pair of intermeshing gear members mounted in a
      compressor housing, inlet means on one side of said housing and discharge
      means on the opposite side, said intermeshing gear members being mounted
      for rotation in opposite directions to compress and transfer air-fuel
      mixtures from an air-fuel source to said combustion chamber for combustion
      therein; said power section comprising a power rotor mounted in a
      cylindrical power housing and having radial vanes projecting therefrom,
      said power housing having inlet means through which expanding gases from
      said combustion chamber are directed against said power rotor vanes for
      effecting rotation of said power rotor, said cylindrical power housing
      having exhaust means in at least one end thereof communicating with the
      periphery of said power rotor and through which said expanded gases are
      exhausted; and comprising valve means at said power housing inlet means
      adapted to alternately permit and block flow of said expanding gases from
      said combustion chamber to said power rotor, said valve means including a
      rotor connected to said power rotor for related motion thereto and having
      a radial passage the ends of which terminate on opposite sides of said
      valve rotor, providing communication between said combustion chamber and
      said power rotor at selected rotational positions of said valve rotor.
NUM  4.
PAR  4. An internal combustion engine as set forth in claim 3 in which said
      valve rotor is provided at one end thereof with a gear meshing with a
      corresponding gear at one end of said power rotor by which said valve
      rotor is rotated.
NUM  5.
PAR  5. An internal combustion engine as set forth in claim 4 comprising a pair
      of said valve rotors on opposite sides of said power rotor, said power
      rotor having an odd numbered plurality of said radial vanes and having a
      diameter greater than the diameter of said valve rotors.
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ABST
PAL  A jet propulsion engine such as a gas turbine engine has an air compressor
      for supplying compressed air to the engine compressor stages. The air
      compressor is controllably and selectively driven by way of a
      disconnectable drive connection between the air compressor and a freely
      rotatable fan which is arranged in front of the air compressor and which
      in operation is rotated by the flow of intake air into the engine. A
      by-pass duct permits a part of the intake air to be by-passed around the
      air compressor and passed in variable proportions either to the engine
      compressor stages or directly out of a by-pass duct outlet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The very high velocity air flowing into the air intake of a jet propulsion
      engine such as a gas turbine engine of an aircraft, is a potential source
      of power. In the aircraft engines which are at present in use however,
      this power is not utilised in developing the propulsive power of the
      engine.
PAR  Furthermore, it may be found that, during a major part of an aircraft
      flight, the aircraft is moving at such a speed that the volume of air
      taken into the jet propulsion engine exceeds that which can be accepted by
      the first stage of the engine air compressor system. The result of this is
      deceleration of the air on impact with the air intake and the front of the
      compressor rotor, and this causes a negative thrust along the line of
      flight.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a jet propulsion engine
      which utilises the kinetic energy of the high velocity air flow entering
      the air intake of the jet propulsion engine.
PAR  It is a further object of the invention to provide a jet propulsion engine
      which is capable of handling the full volume of the high velocity air flow
      which enters the air intake of the engine during normal operating
      conditions of the engine, for example during the major part of an aircraft
      flight.
PAR  It is yet another object of the present invention to provide an air-driven
      compressor in a jet propulsion engine, to provide a preliminary
      compression of the air intake flow passed to the engine air compressor
      system, thereby reducing the power required by the main engine turbine.
PAR  The jet propulsion engine of the invention has at its forward end a freely
      rotatable fan which can be driven by ram air flowing into the engine air
      intake. Located rearwardly of the fan is an air compressor for supplying
      compressed air to the engine and more particularly the main compressor
      means of the engine. The air compressor can be selectively controllably
      driven by the fan, to provide preliminary compression of the air flowing
      through the engine, before it reaches the main compressor means.
PAR  The fan and the air compressor can be selectively connectable by a
      disconnectable drive connection in the form of a fluid drive device. In
      addition, the air compressor can be connected to the main compressor means
      of the engine by a disconnectable drive coupling, and the coupling can be
      operated to connect the air compressor to the compressor means of the
      engine when the fan is developing an amount of power such that it cannot
      be effectively absorbed by the air compressor.
PAR  The engine can also have a valve-controlled by-pass duct for controlling
      air flow from the fan to the compressor means of the engine, the duct
      comprising two ducts which are arranged concentrically to each other and
      concentrically around the axis of the engine. The radially inner duct can
      be connected to the intake end of the compressor means of the engine,
      through an opening which is controllable by a valve. The rearwardly
      directed outlet of each of the two ducts can also be controlled by a
      valve. In a preferred embodiment, the valve controlling the communication
      between the radially inner duct and the intake end of the compressor means
      is combined in its operation with the valve controlling the outlet of the
      radially inner duct, in such a way that when the communication with the
      engine compressor means is progressively opened, the outlet of the
      radially inner duct is progressively closed, and vice-versa. Each of the
      valves can be in the form of a slide valve operable in accordance with the
      ram air pressure at the engine intake.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic side view of a gas turbine engine with the upper
      half shown in section;
PAR  FIG. 2 is a diagrammatic side view of the engine with the closure valves
      for the by-pass duct shown in the position occupied during starting and
      static running of the engine;
PAR  FIG. 3 is a view similar to that of FIG. 2 with the valves shown in the
      position occupied during take-off and climbing of the aircraft; and
PAR  FIG. 4 is a view similar to that of FIG. 2 with the valves shown in the
      position occupied during the cruising speed of the aircraft.
DETD
PAR  The gas turbine engine comprises a low pressure axial flow compressor 10
      connected by a rotor shaft 11 to a multi-stage low-pressure turbine 12.
      Compressed air from the low-pressure compressor 10 is fed to an axial flow
      high-pressure compressor 13 connected by a rotor shaft 14 to a
      high-pressure turbine 15. Located between the high-pressure compressor 13
      and turbine 15 is an annular combustion chamber 16 to which fuel is
      supplied by a fuel control system (not shown).
PAR  Located at the forward end of the engine is a fan 17 comprising a plurality
      of fan rotor blades 18 mounted on a hub 19. The blades 18 which may be of
      variable incidence rotate within a housing 20 which supports a fluid drive
      device 21 located between the hub 19 and an axial flow compressor 22.
      Provided between the compressor 22 and the low-pressure compressor 10 is a
      disconnectable drive unit 23. The compressor 22 rotates within a casing 24
      which forms part of the housing 20 and forms a continuation of the casing
      25 of the low pressure compressor 10.
PAR  The housing 20 includes an outer annular duct 26 through which a proportion
      of the air discharged by the fan blades 18 passes before exhausting to
      atmosphere, and a by-pass duct 27 which also receives a proportion of the
      air discharged by the fan blades 18. The wall of the casing 24 is provided
      with an opening 28 which enables tne by-pass duct 27 to be placed in
      communication with the interior of the casing 24 at a point between the
      discharge end of the compressor 22 and the intake end of the low-pressure
      compressor 10. The opening 28 is controlled by a slide valve 29 connected
      to an actuator 30. The actuator 30 is also connected to a slide valve 31
      which can be moved to a position in which it closes off the outlet end of
      the by-pass duct 27. The opening 28 is gradually closed off by the valve
      29 as the outlet end of the by-pass duct 27 is opened by the valve 31 and
      viceversa.
PAR  The gas turbine engine described above operates in the following manner,
      reference now being made to FIGS. 2 to 4 of the drawings.
PAR  When the aircraft in which the engine is mounted is static, the slide valve
      29 is moved to a position in which the opening 28 is uncovered and the
      slide valve 31 is moved to a position in which the outlet end of the
      by-pass duct 27 is closed off (FIG. 2). The low pressure compressor 10,
      high pressure compressor 13 and associated turbines 12 and 15 are rotated
      and fuel supplied to and ignited in the combustion chamber 16. The low
      pressure compressor 10 receives air from the atmosphere which flows past
      the fan blades 18 and through the compressor 22 and air which flows from
      the by-pass duct 27 through the opening 28. The fan 17 is allowed to
      freely rotate and the compressor 22 will windmill.
PAR  As the aircraft moves forward and increases in forward velocity the opening
      28 is gradually closed off by the valve member 29 and the outlet end of
      the by-pass duct 27 is gradually opened so that a reduced amount of air is
      supplied to the low pressure compressor from the by-pass duct 27 (FIG. 3).
      The actuator 30 is controlled by a control system sensitive to ram air
      pressure. The low pressure compressor 10 now receives a greater percentage
      of air from the compressor 22 which is driven by the fan 17 through the
      fluid coupling 21. At a predetermined aircraft forward speed, air density
      and ram air pressure rise the opening 28 will be completely closed and the
      outlet end of the by-pass duct 27 fully open so that all of the air
      required by the low pressure compressor 10 is received from the fan driven
      compressor 22 and a high proportion of the air from the fan 17 discharged
      rearwardly through the ducts 26 and 27 (FIG. 4).
PAR  When the fan 17 is developing an excess of power, i.e. power which cannot
      be effectively absorbed by the compressor 22, then the drive unit 23 is
      operated to connect the rotor of the compressor 22 with the low pressure
      compressor rotor 10 to assist in driving it.
PAR  The engine described provides a means for harnessing the kinetic energy of
      the air entering the gas turbine engine during operation. The fluid drive
      21 provides the means by which the kinetic energy of the rotating fan 17
      can be progressively transmitted to the compressor 22.
PAR  The very high velocity air entering the air intake of a gas turbine engine
      whilst in forward motion is a course of power which has not previously
      been harnessed effectively in existing gas turbine engines, i.e. pure jet
      engines, by-pass type and fan type gas turbine engines. The total power
      output from gas turbine engines make it possible to propel the aircraft
      powered by such engines at a forward velocity which for most of its flight
      is such that the volume of air exceeds that which can be accepted by the
      first stage of the engine air compressor system. The result is a
      deceleration of the air on impact with the engine air intake and the front
      of the compressor rotor resulting in a negative thrust along the line of
      flight. A certain amount of benefit is obtained from the ram pressure air
      but the velocity air stream striking the front of the engine is greater
      than the engine can handle. The kinetic energy of the air entering the
      engine air intake is not fully utilised in conventional gas turbine
      engines.
PAR  The air driven fan and compressor system of the engine described with
      reference to the drawings makes it possible to harness more effectively
      the energy of the high velocity air stream and therefore provides an
      independent source of compressor power. This independent source of power
      harnessed by the free fan compressor system makes possible the provision
      of a supplementary source of compressor power thereby reducing the power
      required by the main engine turbine.
CLMS
STM  I claim:
NUM  1.
PAR  1. A jet propulsion engine comprising an air intake casing, a fan rotatable
      in the air intake casing, a main casing, an air compressor in the main
      casing, compressor means in the main casing rearwardly of the air
      compressor, a first disconnectable drive coupling between the fan and the
      air compressor, for the selective controllable driving of the air
      compressor by the fan, a second disconnectable drive coupling between the
      air compressor and the compressor means, for the selective controllable
      driving of the compressor means by the air compressor, a by-pass duct
      means having a rearwardly directed outlet and an aperture communicating
      with the compressor means, and valve means for varying the degree of
      opening of the outlet and the aperture whereby the proportion of the
      intake air flow passing from the fan to the compressor means and the
      proportion of the intake air flow passing from the fan through the by-pass
      duct means and out of the outlet is controllably varied inversely relative
      to each other.
NUM  2.
PAR  2. A jet propulsion engine as claimed in claim 1 in which said compressor
      means has an intake, said by-pass duct means comprising two ducts which
      are concentric with each other and co-axial with said fan and which are
      located rearwardly of said fan, each duct having a rearwardly directed
      outlet and the radially inner duct having said aperature establishing
      communication between the inner duct and the intake of said compressor
      means, said valve means controlling said aperture and said opening of the
      inner duct.
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ABST
PAL  An internal combustion engine possesses a reactor for afterburning of
      unburned constituents in the exhaust gas. The reactor includes a shell
      containing a heat-insulated, freely movable reactor chamber with at least
      one inlet nozzle extending freely through the shell and communicating with
      an outlet passage of the combustion engine. An outlet is also provided for
      escape of the exhaust gases from the reactor chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the operation of internal combustion engines the reactor chamber is
      subjected to substantial temperature fluctuations because of the diverse
      operating conditions of the engine resulting in considerable thermal
      distortions of the reactor chamber relative to the outer shell or to the
      reactor as a whole. The resulting stresses may cause damage to the reactor
      and adversely affect its performance as well as it service life.
PAR  From German publication DT 2,020,154, a reactor is proposed with a chamber
      arranged freely extensible in the housing shell. The inlet nozzle is
      attached to the housing of the engine and extends freely through the shell
      and the wall of the reactor chamber. The inlet nozzle is surrounded by a
      tubular nozzle attached to the wall of the reactor chamber extending
      freely through the shell, and sealed to the shell by a diaphragm. This
      construction is costly and difficult to assemble, and owing to the
      detachment of the inlet nozzle from the reactor chamber does not allow the
      latter to be heated up rapidly.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to simplify the structure of the reactor,
      facilitate its attachment to the engine and make it possible to heat up
      the reactor rapidly.
PAR  This object is accomplished, according to the invention by the provisions
      of an inlet nozzle of the reactor protruding freely into the outlet
      passage of the engine, and the shell of the reactor having a portion
      thereof around the inlet nozzle in contact with the housing of the engine
      while being bolted at its periphery to the engine housing.
PAR  In the proposed arrangement, the direct and free protrusion of the inlet
      nozzle into the outlet passage of the engine serves to achieve rapid
      heating of the reactor chamber in the desirable manner, since the inlet
      nozzle is in direct thermally conductive connection with the reactor
      chamber but not with the engine housing. At the same time, the inlet
      nozzle is largely free to move in all planes in accordance with the
      thermal distortions of the reactor chamber, so that no stresses will be
      set up in the reactor. The attachment of the reactor to the combustion
      engine by the periphery of the shell results in considerably more
      convenient accessibility of the bolted connection and in a compact
      arrangement because of the proximity of the engine.
PAR  To achieve a simple and compact design the reactor may advantageously
      include a shell and the reactor chamber each defined by a substantially
      cylindrical member composed of two hemicylindrical shells, for example of
      metal sheet, approximately mirror images of each other. There emanates
      from the reactor chamber more or less perpendicular to its longitudinal
      axis an outlet nozzle jacketed in a matching prolongation of the shell.
      The inlet nozzle extends freely movable through a matching aperture in the
      shell, and opens into the reaction chamber more or less perpendicular to
      its longitudinal axis. The halves of the shell and the reactor chamber may
      be fabricated by simple pressing and stamping means.
PAR  The edges of the halves of the shell on the one hand and of the reactor
      chamber on the other hand are preferably welded together in each instance
      forming a peripheral flange, with the flange of the reactor chamber being
      joined to the edges of the half shell, preferably by welding only in the
      region of the outlet nozzle at a point distant from the chamber wall. The
      procedure of assembling the reactor entails first placing the reactor
      chamber welded up at its edge in the halves of the shell. Then to weld the
      edge of the reactor to the shell is welded only in the region of the
      outlet nozzle when welding up the edge of the shell. Thus free expansion
      of the reactor chamber is made possible.
PAR  Preferably, the flange of the reactor chamber is guided freely movable
      between the edges of the halves of the shell outside its area of
      attachment.
PAR  To achieve a vortex motion especially favorable to afterburning of the
      exhaust gases entering the reactor chamber, the inlet nozzle may open into
      the reactor chamber tangentially and extend partway into it. This too
      helps to heat up the wall of the reactor chamber rapidly.
PAR  The hemicylindrical half of the shell on the engine side preferably has a
      greater wall thickness than the other half of the shell, since this part
      of the reactor, directly in contact with the engine forms the supporting
      flange of the reactor, because of the bolted connection to the engine.
PAR  It is provided further that the inlet nozzle protruding into the outlet
      passage of the engine with clearance all around, shall be surrounded by a
      packing to provide a seal between the engine and the reactor. The seal may
      consist of a steel ring in direct contact with the inlet nozzle and a
      metal-asbestos ring arranged radially outside it. The steel ring prevents
      exhaust gas from leaking in between the inlet nozzle and the reactor
      shell; and the metal-asbestos ring is intended to seal the surface of
      contact of the reactor with the engine housing.
PAR  The packaging may be set in a recess of the housing around the outlet
      passage of the engine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a cross-section of a reactor attached to an internal combustion
      engine having two outlet passages;
PAR  FIG. 2 shows a half of the reactor chamber in perspective; and
PAR  FIG. 3 shows a half of the reactor shell in perspective.
DETD
PAC  DETAILED DESCRIPTION
PAR  The reactor for internal combustion engines of this invention consists of a
      shell 1 and a heat-insulated reactor chamber 2 arranged freely movable
      therein, each in the form of a substantially cylindrical member. The shell
      1 is composed of two metal sheet halves 1a and 1b approximately mirror
      images of each other; and, likewise, the reactor chamber 2 is composed of
      two metal sheet halves 2a and 2b approximately mirror images of each
      other. The reactor chamber 2 possesses two inlet nozzles 3 opening therein
      tangentially and extending freely movable through apertures 4 in shell 1.
      Each nozzle communicates with an outlet passage 5 of the engine 6. A
      tangentially departing outlet nozzle 7 is arranged more or less
      perpendicular to the longitudinal axis of the reactor chamber 2, and is
      jacketed in a matching prolongation 8 of the shell 1 and connected to the
      shell 1 exclusively in this region. The partings of the halves 1a and 1b
      and 2a and 2b preferably lie in one plane.
PAR  In the region of each outlet passage 5 a plane contact area 9 of the metal
      sheet half of shell 1 is in contact with the engine 6, and is bolted to
      the engine 6 by a peripheral flange 10 parallel to the contact area 9 by
      means of bolts 11 and spacers 12. Since the metal sheet half 1a forms the
      supporting flange of the reactor, it is thicker than the half 1b, in the
      interests of suitable rigidity of its contact areas 9. Each inlet nozzle 3
      protruding into a turned recess 13 in the outlet passage 6 with clearance
      all around, is encircled by a steel ring 14 in direct contact with the
      inlet nozzle 3 and an asbestos-filled metal ring 15, both arranged in a
      recess 16 around the outlet passage 5. The steel ring 14 prevents exhaust
      gas penetrating the space formed between recess 13 and inlet nozzle 3 from
      escaping further through the aperture 4 between the shell 1 and the
      reactor chamber 2 while the metal-asbestos ring 15 seals the contact area
      9 from the engine 6. The steel ring 14 fits closely but with lateral play
      in the recess 16, so that it can follow lateral movements of the inlet
      nozzle 3 due to thermal deformations of the reactor chamber 2.
PAR  FIG. 2 represents the metal sheet half 2a fabricated by pressing and
      stamping and having a peripheral edge 17, to be welded to the matching
      edge of the approximately mirror-image half 2b not shown, to form the
      complete reactor chamber 2. The outlet nozzle 7 is angled at its posterior
      end and emanates from the center of the reactor chamber 2. The two
      tangential inlet nozzles 3 viewed in longitudinal direction lie ahead of
      and behind the outlet nozzle 7, so that the incoming exhaust gases first
      execute a circling motion along the walls of the reactor chamber 2 before
      flowing out through the outlet nozzle 7.
PAR  In the region marked A and B, the contour of the reactor chamber 2 is
      superposable with the contour of the metal sheet half 1a or 1b shown in
      FIG. 3 of shell 1 to the inclusion of the holes 18 and 19. Owing to the
      indentations 20 the outlet nozzle 7 forms a free-standing neck enabling
      the reactor chamber 2, after being welded up with shell 1 in region A, B
      to be freely movable within shell 1 outside that region.
PAR  The metal sheet half 1a of shell 1 as shown in FIG. 3 is likewise
      fabricated by pressing and stamping and like its more or less mirror image
      half 1b has a peripheral edge 21 which after assembling of the reactor
      forms a peripheral flange 10 to be bolted to the engine by holes 18, 19
      and 22. In the region of the apertures 4, the outer surface of the half
      shell 1a is provided with plane contact areas 9 which, however, may
      alternatively extend over the entire length of the half shell. The
      prolongation 8 angled at its lower end emanating from the center of the
      shell 1 jackets the outlet nozzle 7 of the reactor chamber 2.
PAR  To prevent the reactor chamber 2 freely movable within the shell 1 outside
      the region of its indentations 20, from assuming a change of position
      beyond the measure of thermal distortions, a guide is provided in the
      shell 1. The guide consists either of a pressed recess in the halves 1a
      and/or 1b more or less parallel to the edge 21, or of a fitted spacer ring
      25 (in FIG. 1) placed between the edges 21. In this guide, the edge 17 of
      the reactor chamber 2 can move freely, the lateral distance being
      determined by the depth of the recess 23 or a matching thickness of the
      spacer ring 25. When the half shells 1a and 1b are welded up along the
      edge 21 the reactor chamber 2 is connected to the shell 1 at 27 (FIG. 1)
      in the region A and B of superimposability.
PAR  The heat-insulating space 26 between the shell 1 and reactor chamber 2 may
      contain either circulating air or a filling of insulating material. Thus
      the several aforenoted objects and advantages are most effectively
      attained. Although several somewhat preferred embodiments have been
      disclosed and described in detail herein, it should be understood that
      this invention is in no sense limited thereby and its scope is to be
      determined by that of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An internal combustion engine having an engine housing and having a
      reactor for afterburning of unburned constituents in the exhaust gas, the
      reactor having a shell with a periphery and containing a heat-insulated,
      reactor chamber connected thereto and being freely movable beyond the
      point of connection to the shell with at least one inlet nozzle extending
      freely through the shell and communicating with an outlet passage of the
      engine, and an outlet for escape of the exhaust gases from the reactor
      chamber, the inlet nozzle protruding freely into the outlet passage, and
      the shell having a portion around the inlet nozzle and in contact with the
      engine housing and being bolted at its periphery to the engine housing,
      and the inlet nozzle protruding into the outlet passage of the engine with
      clearance all around and being surrounded by a packing.
NUM  2.
PAR  2. An engine according to claim 1 in which the shell and the reactor
      chamber are each defined by a substantially cylindrical member composed of
      two hemicylindrical edged halves approximately mirror images of each
      other, an outlet nozzle emanating from the reactor chamber and more or
      less perpendicular to its longitudinal axis, the outlet nozzle being
      jacketed in a matching prolongation of the shell, and the inlet nozzle
      extending freely through a matching aperture in the shell opens into the
      reactor chamber more or less perpendicular to its longitudinal axis.
NUM  3.
PAR  3. An engine according to claim 2, in which the engine-side hemicylindrical
      half of the shell has a greater wall thickness than the other half.
NUM  4.
PAR  4. An engine according to claim 2, in which the edges of the halves of the
      shell on the one hand and of the reactor chamber on the other hand are
      welded together, each forming a peripheral flange, and the flange of the
      reactor chamber is connected to the edges of the halves of the shell only
      in the region of the outlet nozzle in a region distant from the chamber
      wall.
NUM  5.
PAR  5. An engine according to claim 4, in which the flange of the reactor
      chamber is guided freely movable between the edges of the halves of the
      shell outside its area of attachment to the shell.
NUM  6.
PAR  6. An engine according to claim 1, in which the inlet nozzle opens into the
      reactor chamber tangentially and extends partway into it.
NUM  7.
PAR  7. An engine according to claim 1, characterized in that the packing is
      comprised of a steel ring in direct contact with the inlet nozzle and a
      metal-asbestos ring arranged radially outside it.
NUM  8.
PAR  8. An engine according to claim 1, in which the packing is set in a recess
      in the housing around the outlet passage.
NUM  9.
PAR  9. An internal combustion engine having an engine housing and having a
      reactor for afterburning of unburned constituents in the exhaust gas, the
      reactor having a shell with a periphery and containing a heat-insulated
      reactor chamber connected thereto and being freely movable beyond the
      point of connection to the shell with at least one inlet nozzle extending
      freely through the shell and communicating with an outlet passage of the
      engine in position to permit the inlet nozzle to be heated very quickly by
      exhaust gases, and an outlet for escape of the exhaust gases from the
      reactor chamber, the inlet nozzle protruding freely into the outlet
      passage, and the shell having a portion around the inlet nozzle and in
      contact with the engine housing and being bolted at its periphery to the
      engine housing, and the inlet nozzle protruding into the outlet passage of
      the engine with clearance all around and being surrounded by a packing.
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ABST
PAL  In an emission control system having an air pump for delivering air to the
      exhaust system of an internal combustion engine, a valve controls the air
      pump discharge pressure in a fixed relationship to exhaust pressure by
      diverting a portion of the air pump discharge air flow. As a result, the
      flow of air from the pump to the exhaust system is maintained as a
      constant proportion of the engine air flow.
BSUM
PAR  This invention relates to a system having an air pump for delivering air to
      the exhaust system of an internal combustion engine and, more
      particularly, to a control valve which regulates the air pump discharge
      pressure by diverting part of the air flow to the atmosphere.
PAR  Increased emphasis has been placed on reducing the portion of unburned
      constituents, such as hydrocarbons and carbon monoxide, present in the
      exhaust gases discharged from internal combustion engines. One of the most
      effective arrangements devised to accomplish this reduction is a system
      wherein additional air is injected into and mixed with the exhaust gases
      to complete oxidation of exhaust hydrocarbons and carbon monoxide in
      post-combustion reactions external to the engine. It is common practice to
      use a separate positive displacement air pump driven by the engine for
      this air injection. In some such applications, it has been found desirable
      to proportion this secondary air flow to the primary engine air flow.
PAR  In U.S. Pat. No. 3,785,152 a pressure operated control valve is described
      which throttles the inlet to such an air pump to regulate secondary air
      flow. However, the design of the air inlet on many air pumps would make
      inlet throttling in this manner difficult without extensive modification.
      Also, it is possible to damage an air pump by overheating if the air flow
      is greatly throttled in this manner.
PAR  Other approaches for the control of injection air flow would be to restrict
      or divert a portion of the air pump discharge flow. Restricting the
      discharge, however, would increase the power requirements of the air pump
      and the possibility of overheating. Alternatively, diverting a portion of
      the air pump discharge flow maintains full capacity air flow through the
      air pump even through only a portion of the discharge flow is used for air
      injection. Less air pump power would probably be required as compared to
      the restricted discharge approach, and overheating would be precluded.
      Thus, air flow regulation can be achieved by diverting a portion of the
      air pump discharge flow.
PAR  Discharge-controlling diverter valves are currently available for this type
      of application. For example, a pressure relief device, carried by the air
      pump, may divert a portion of the air pump discharge flow when a
      predetermined pressure is exceeded. Since the discharge pressure of an
      engine driven positive displacement air pump increases with engine speed,
      the pressure relief valve limits air injection at high speeds. However,
      these valves do not proportion the secondary air flow to the primary air
      flow.
PAR  It is a principal object of the present invention to provide an air
      diverter valve whereby air flow to the exhaust system can be effectively
      regulated as a proportion of engine air flow.
PAR  Another object of the invention is to provide an air diverter valve for use
      with an exhaust emission control system for continuously regulating the
      secondary air flow to the exhaust system in accordance with the difference
      between the air pump discharge pressure and the pressure in the exhaust
      system to provide an injection air flow in constant proportion to the
      engine air flow.
PAR  These and other objects and advantages of the present invention are
      attained in an emission control system having an air diverter valve and an
      engine driven positive displacement air pump. The discharge of the pump is
      determined by engine speed and the amount of secondary or injection air
      flow to the exhaust system is controlled by the diverter valve which has,
      in the preferred embodiment, a rectangular valve plate for uncovering a
      discharge port to the atmosphere. The valve plate is actuated by a
      pressure responsive servomotor having a pair of unequal size diaphragms,
      which are respectively responsive to pump discharge and exhaust pressures.
      This combined responsiveness is critical in establishing the desired
      relationship between exhaust gas flow and injection air flow. It regulates
      the diverter valve in a novel manner which causes the valve to divert a
      portion of the pump discharge air flow to the atmosphere in accordance
      with the difference between pump discharge and exhaust pressures.
PAR  In summary, the present invention provides having an air diverter valve for
      controlling the discharge of an air pump to an engine exhaust system. This
      invention differs from the above-mentioned devices in that the air
      diverter valve regulates the secondary or air injection flow in linear
      relationship to primary engine air and exhaust flow. This is accomplished
      by diverting the excess air pump discharge flow to the atmosphere in a
      predetermined manner in which the position of the diverter valve is
      governed by the difference between the pump discharge pressure and the
      engine exhaust pressure.
PAR  We have set forth herein a diverter valve assembly which has a
      cylindrically bored housing and a rectangular valve plate rotatably
      disposed in the bore. The plate is actuated by a servomotor having a pair
      of unequal diaphragms which partition the motor into two sealed pressure
      chanbers and an intermediate atmospheric chamber. One of the chambers is
      exposed to pump discharge pressure occuring in the bore upstream of the
      plate and the other chamber is exposed to the exhaust system pressure.
      These pressures have the combined effect of actuating the plate so that it
      traverses a port opening from the housing to the atmosphere to divert a
      portion of the air flow to the atmosphere and thus proportion the pump
      discharge pressure to the exhaust system pressure. The injection air flow
      is thereby proportioned to engine exhaust flow and a constant proportional
      relationship between injection air flow and exhaust flow is maintained.
      This has been shown to be advantageous in supporting oxidation of
      undesirable emissions in the exhaust system.
PAR  This regulation of injection pressure and injection air flow is provided by
      the diverter valve in a manner which uses the difference between air pump
      discharge pressure and exhaust pressure to actuate the diverter valve. It
      is well known that engine exhaust pressure is a function of exhaust
      volumetric gas flow and that air pump discharge pressure is a function of
      engine speed (in an engine driven positive displacement pump). This
      invention works in the following manner: as engine load increases and the
      throttle is opened to permit larger engine air flow and thus maintain a
      constant engine speed, the resulting larger exhaust gas flow causes
      increased exhaust pressure in the exhaust system. The increased difference
      between air pump discharge pressure and exhaust pressure is used as the
      signal to the value actuating means. In response thereto, the valve plate
      covers an increased portion of the valve discharge port to divert less air
      flow to the atmosphere. Accordingly, more air is supplied to the exhaust
      system to combine with the exhaust flow. However, as the pump discharge
      pressure increases and exhaust pressure remains constant, this reduces the
      pressure difference therebetween and causes the valve actuation means to
      move the valve plate to uncover the discharge port. Accordingly, more air
      is diverted to the atmosphere and less air will be injected to the exhaust
      system. A predetermined equilibrium position of the valve plate with
      respect to the discharge port will be established whereby injected air
      flow to the exhaust system is maintained in constant proportion to exhaust
      gas flow.
DRWD
PAR  For a better understanding of the invention, reference should be made to
      the following detailed description of the invention to be read in
      connection with the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic illustration of an internal combustion engine having
      an exhaust emission control system associated therewith, the system
      including an engine driven positive displacement air pump having its
      discharge flow controlled by an air diverter valve in accordance with the
      invention;
PAR  FIG. 2 is an enlarged axial sectional view of the air diverter valve of
      FIG. 1;
PAR  FIG. 3 is a sectional view taken along lines 3--3 of FIG. 2 showing further
      details of the valve;
PAR  FIG. 4 is a view taken along lines 4--4 of FIG. 2 and having parts broken
      away showing the rectangular outlet traversed by the valve plate and the
      openings to the atmospheric pressure chamber; and
PAR  FIG. 5 is a schematic of the air diverter valve illustrating the functional
      parts and nomenclature used in the discussion.
DETD
PAR  Referring now to FIG. 1, an internal combustion engine 10 is provided with
      a carburetor 11 and an air cleaner 12 mounted thereon to supply an
      air-fuel mixture to the intake manifold 14 of the engine, primary air flow
      through the carburetor to the engine being controlled by a throttle valve
      15 pivotal within the induction passage 16 of the carburetor. An exhaust
      manifold 17 receives the exhaust gases from the cylinders (not shown) and
      defines a flow path for the combustible exhaust gases discharged
      therefrom. Each exhaust manifold 17 is connected to an exhaust pipe 18
      which in turn is connected to a thermal reactor or converter 19 and a
      muffler 20. Thermal reactor 19 is preferably in the form of an insulated
      reaction chamber in which engine exhaust gases are exothermically reacted
      to reduce the amount of undesirable exhaust constituents, as set forth in
      U.S. Pat. No. 3,754,398, Mattavi.
PAR  Upstream of reactor 19 and disposed within exhaust pipe 18 is an air supply
      tube 21 connected to an air pump 22. The air supply tube 21 delivers air
      which mixes with the engine exhaust gases to support combustion of the
      unburned exhaust gas constituents in reactor 19.
PAR  An engine-driven positive displacement air pump 22 delivers clean air to
      air supply tube 21 for injection to exhaust pipe 18 and reactor 19. The
      air pump is driven by the crankshaft 23 of the engine through a belt and
      pulley arrangement (not shown), as is conventional. Air enters air pump 22
      through an air inlet port 24. The discharge port 25 of air pump 22 is
      connected to a branched conduit 26 having one portion 27 extending to air
      supply tube 21 for providing air flow thereto. The other branch 28 of
      conduit 26 extends to the inlet port 29 of a diverter valve assembly 30.
PAR  The diverter valve 30 controls the amount of air diverted from the normal
      flow path defined from air pump 22, through discharge port 25, branch 27
      and air supply tube 21 to exhaust pipe 18 and reactor 19. The diverted air
      flow path is, in this case, from air pump 22, through discharge port 25,
      branch 28, and inlet 29 through valve assembly 30 and an associated
      throttle discharge port 31 to the atmosphere. Diverter valve 30 may be
      formed integral with air pump 22 or, as shown, as a separate unit
      connected to the discharge port 25 of the air pump in parallel with air
      supply tube 21.
PAR  The diverter valve 30 in the embodiment shown in FIGS. 2 - 4 includes a
      valve housing member 32 having a cylindrical central bore 34. Bore 34 is
      closed at one end thereof by a valve housing cover 36 which has an
      external flange 38 secured by means of screws 40 to the housing 32. As
      best shown in FIG. 3, the cover 36 includes an inwardly extending
      cylindrical portion 42 which fits in one end of the bore 34 to close the
      housing 32 on one end and forms a metal-to-metal seal between cover 36 and
      housing 32. The housing is closed at the opposite end by a valve housing
      cover 44 like cover 36. Thus, it includes a flange 46 engaging the other
      end of housing 32 and a cylindrical portion 48 received in the bore 34 as
      seen in FIG. 3. A plurality of screws 50 secure the housing cover 44 in
      place on the housing 32.
PAR  The housing covers 36, 44 have, respectively, central bores 52, 54 that
      receive opposite ends of a valve shaft 56 carried in a pair of bearings
      57, 59. As best seen in FIG. 2, shaft 56 includes a flat surface portion
      58 with a pair of spaced apart shoulders 60, 62 (FIG. 3) to supportingly
      receive a rectangular throttle or valve plate 64 having side notches 66,
      68 which engage the shoulders 60, 62. A central portion 69 of plate 64 is
      seated against the flat surface 58 and secured thereto by means of screws
      70. A pin 71 limits counterclockwise rotation of plate 64.
PAR  The valve plate 64 has side edges 72, 74 located in sliding sealing
      abutment with the inner flat surfaces 76, 78 on the housing covers 36, 44
      respectively. The plate 64 further includes end edges 77, 79 that are
      located in sliding abutment with the inner cylindrical surface of the bore
      34 between the housing covers 36, 44.
PAR  A metal yoke 80 is attached to valve plate 64 by means of screws 70 and
      forms a lever arm 82 defined between an upwardly turned bifurcated end 86
      of yoke 80 and shaft 56. Bifurcated end 86 of the lever 82 is secured to a
      flat end 88 of a diaphragm rod 90 by a cotter pin 91.
PAR  The disphragm rod 90 is connected to a pair of flexible circular diaphragm
      elements 92, 93. As shown in FIG. 1, a signal port 94 opening from exhaust
      manifold 17 provides an exhaust pressure signal to diverter valve 30
      through a signal line 96 having one end connected to port 94 and having
      the opposite end thereof connected to an inlet fitting 98 on valve 30.
      Referring to FIG. 2, fitting 98 is received in a diaphragm cover member
      100. The diaphragm cover 100 includes a radially extending flange 102 in
      engagement with the periphery 104 of diaphragm 93. Diaphragm 93 is
      supportingly received at its periphery 104 by an associated radially
      extending flange 108 of an intermediate annular member 110 adapted for
      registration with housing 32 and cover member 100. A plurality of screws
      111 secure cover member 100 to intermediate annular member 110.
PAR  Diaphragm 93 is sealed with respect to the cover member 100 to form an
      exhaust pressure chamber 112 therebetween. A washer 114 is secured to the
      diaphragm 93 by means of a nut 118 received on a threaded portion 120 of
      the rod 90. The opposite side of diaphragm 93 is supported by a plate 122
      secured by a nut 124 received on threaded portion 120.
PAR  The lower diaphragm element 92 is supported in a similar manner by a
      cup-shaped washer 125, a plate 126, and nuts 127, 128 received on the
      threaded portion 120. A plurality of countersunk screws 130 secure
      intermediate annular member 110 to housing 32, thus securing diaphragm 92
      therebetween at its periphery 129.
PAR  The cavity between diaphragms 92, 93 and within intermediate annular member
      110 defines an atmospheric pressure chamber 131 that is in communication
      with ambient pressure through a plurality of bores 132 opening from the
      intermediate annular member 110 to the atmosphere as shown in FIG. 4.
PAR  The left side of diaphragm 92 communicates with bore 34 through a channel
      portion 133 formed in housing 32 which thus forms an air pump discharge
      pressure chamber 134.
PAR  As shown in FIG. 2 the right end of rod 90 has a small diameter extension
      135 thereon supportingly received within a guide opening 136 in cover 100.
      A plug 138 is sealingly pressed into opening 140 after guide opening 136
      is formed.
PAR  Pump discharge pressure chamber 134 on the left side of disphragm 92 is
      exposed to the superatmospheric pressure occurring upstream of plate 64
      which is substantially the same as the pressure occuring at the discharge
      port 25 of air pump 22. Chamber 112 on the right side of diaphragm 93 is
      exposed to the pressure occurring in the exhaust manifold 17 as conveyed
      by port 94, conduit 96, and fitting 98.
PAR  Referring now to FIG. 4, a rectangular hole 148 is formed in wall 150 and
      opens to discharge port 31 of valve housing 32 to define a flow area for
      diverting a portion of the air pump discharge air flow to the atmosphere.
PAR  As shown schematically in FIG. 5, diverter valve 30 is a dual diaphragm
      servomotor having a central actuating rod 90 secured to the diaphragms for
      moving a valve plate 64 to control the amount of air flow diverted to the
      atmosphere. A smaller left diaphragm 92 has an effective area A.sub.92 and
      a larger right diaphragm 93 has an effective area A.sub.93.
PAR  The following analysis demonstrates that the object of the present
      invention, that is, the requirement of proportioning mass flow of injected
      air to mass flow of exhaust gas, is achieved by maintaining the pump
      pressure in chamber 134, P.sub.P, proportional to the lesser exhaust
      pressure in chamber 112, P.sub.e.
PAR  The static equilibrium equation describing this air diverter valve may be
      written as:
EQU  (P.sub.e - P.sub.a) .sup.. A.sub.93 = (P.sub.P - P.sub.a).sup.. A.sub.92 (
     1)
PAL  where P.sub.a is the ambient or atmospheric pressure (in chamber 131)
      intermediate diaphragms 92 and 93. Rewriting equation 1,
      ##EQU1##
      where K.sub.2 is a constant of proportionality and the subscript 2 refers
      to the defining equation number.
PAR  P.sub.e - P.sub.a and P.sub.p - P.sub.a are gauge pressures for exhaust
      system pressure and pump outlet pressure, respectively, and will be
      defined as P.sub.eg and P.sub.pg. Noting that it is the desired object to
      proportion hte mass of injected air flow, Q.sub.a, to the mass of exhaust
      flow, Q.sub.e, the following defining relation can be shown:
      ##EQU2##
PAR  Since the mixture of exhaust gas and secondary injected air must flow to
      the atmosphere, the following can be written:
EQU  P.sub.eg = K.sub.4 (Q.sub.e + Q.sub.a).sup.n               (4)
PAL  where n is an experimentally determined constant usually having the value
      of about 2.0 for air.
PAR  The air flow through the secondary air supply or air injection system
      likewise follows the equation:
EQU  P.sub.p - P.sub.e = K.sub.5 (Q.sub.a).sup.n                (5)
PAL  or, in terms of pump gauge pressure,
EQU  P.sub.pg = (P.sub.p - P.sub.e) + P.sub.eg = K.sub.5 (Q.sub.a).sup.n +
      K.sub.4 (Q.sub.e+ Q.sub.a).sup.n                          (6)
PAL  Since we require that Q.sub.a =K.sub.3 Q.sub.e from equation 3, by
      substitution it follows that:
EQU  Q.sub.e + Q.sub.a = Q.sub.e +K.sub.3 Q.sub.e = (1 + K.sub.3)Q.sub.e (7)
PAL  with the result:
EQU  P.sub.pg = (K.sub.3).sup.n K.sub.5 (Q.sub.e).sup.n + K.sub.4
      [(1+K.sub.3)Q.sub.e ].sup.n                               (8)
PAL  or, equivalently,
EQU  P.sub.pg = K.sub.9 Q.sub.e.sup.n                           (9)
PAL  Through further manipulations using equations 7 and 4
      ##EQU3##
EQU  = K.sub.11 (Q.sub.e + Q.sub.a ).sup.n                      (11)
EQU  = K.sub.4 K.sub.11 P.sub. eg                               (12)
PAL  or finally
EQU  P.sub.pg = K.sub.13 .sup.. P.sub.eg                        (13)
PAR  Therefore, it can be seen that the mass flow of injected air, Q.sub.a, will
      be proportioned to the mass flow of exhaust gas, Q.sub.e, when linear
      relationship is maintained between pump (gauge) pressure, P.sub.pg, and
      exhaust (gauge) pressure P.sub.eg.
PAR  It should be noted from FIG. 2 that the effective area of diaphragm 92
      (A.sub.92) is less than that of diaphragm 93 (A.sub.93). This is necessary
      because pump discharge pressure must invariably be greater than exhaust
      pressure so that secondary air will flow from pump 22 to exhaust pipe 18
      and not vice-versa. Accordingly, diaphragm 93, responsive to exhaust
      system gauge pressure P.sub.eg, must have a larger effective area than
      diaphragm 92, responsive to pump discharge gauge pressure, P.sub.pg, to
      compensate for this disparity. The constant K.sub.13 appearing in equation
      13 relates the exhaust and pump pressures linearly. By selecting
      diaphragms 92 and 93 so that A.sub.93 /A.sub.92 = K.sub.13 (where K.sub.13
      = 1/K.sub.2), valve 64 will be positioned to make P.sub.pg /P.sub.eg =
      1/K.sub.2 and Q.sub.a /Q.sub.e = K.sub.3.
PAR  In operation, as rectangular plate 64 is repositioned by rod 90, it
      traverses opening 148 thus varying the exposed discharge area. In the
      solid position shown in FIG. 2, diverter valve 30 is essentially fully
      closed which would prevent any air flow from air pump 22 from being
      discharged to the atmosphere through opening 148. As rod 90 moves
      rightwardly under the influence of increased pump discharge pressure or
      reduced exhaust pressure, valve plate 64 moves clockwise to the phantom
      valve opened position. (The extent of travel of the valve plate 64 between
      opened and closed positions is 30.degree. in the preferred embodiment.)
      When valve is in its phantom open position, edge 79 thereon will coincide
      with leftmost edge 152 of opening 148 to permit a substantial amount of
      the air flow from air pump 22 to be discharged or diverted to the
      atmosphere. However, when valve plate 64 is in the solid line valve closed
      position shown in FIG. 2, edge 79 overlaps with rightmost edge 154 of
      opening 148 and essentially no air is diverted to the atmosphere.
PAR  The position of valve plate 64 and thus the amount of air flow diverted
      through opening 148 of diverter valve 30 will be determined by the
      proportioned air-to-exhaust flow requirements of the exhaust-reactor
      system in order to oxidize the unburned exhaust constituents. If, for
      example, the pump discharge pressure, P.sub.pg, is less than the product
      of the constant K.sub.13 (from Eq. 13) and the exhaust pressure, P.sub.eg,
      diaphragms 92, 93 will move rod 90 and rotate plate 64 counterclockwise to
      divert less air to the atmosphere. This will increase the pump discharge
      pressure until the equality between that pressure and K.sub.13 .sub..
      P.sub.eg (Eq. 13) is reestablished. Conversely, if the pump discharge
      pressure, P.sub.pg, should exceed K.sub.13 .sup. P.sub.eg, diaphragms 92,
      93 will move rod 90 and rotate plate 64 clockwise to divert more air to
      the atmosphere. This will decrease the pump discharge pressure until the
      equality between that pressure and K.sub.13 .sup..  P.sub.eg (Eq. 13) is
      reestablished. Thus, it can be seen that a stable position of valve plate
      64 will be established whereby the resultant forces acting on diaphragms
      92, 93 and rod 90 are equilibrated. Accordingly, Eqs. 3 and 13 are
      satisfied so that injected air flow, Q.sub.a, is proportioned to exhaust
      flow, Q.sub.e. In this manner, diverter valve 30 continuously regulates
      the amount of air injected to the exhaust-reactor system by maintaining
      the pump discharge pressure, P.sub.p, in constant proportion to the
      exhaust pressure, P.sub.e, to provide a constant ratio of secondary air
      flow to exhaust flow for optimum oxidation of the undesirable exhaust
      constituents.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An air diverter valve for use with an internal combustion engine having
      an emission controf system including an exhaust system for exhaust gas
      flow from said engine, an air pump, and a passage connecting said pump to
      said exhaust system for secondary air flow thereto, said valve comprising:
PA1  a housing having an inlet port connected to said passage and a discharge
      port opening to the atmosphere and further having a cylindrical bore
      portion therebetween;
PA1  valve means including a rectangular plate rotatably disposed in said bore
      portion and having edge portions adjacent to and abutting the cylindrical
      interior of said bore portion, one of said edge portions traversing said
      discharge port for varying the discharge flow area therefrom, a rod
      pivotally connected at one end to said plate; and
PA1  means for actuating said rod and plate, said means including an annular
      member adapted for registration with and secured to one end of said
      housing, said annular member having at least one aperture opening to the
      atmosphere, a first flexible diaphragm secured at its periphery between
      said annular member and said housing, a cover member secured to said
      annular member and having a port adapted for connection to said exhaust
      system, a second flexible diaphragm secured at its periphery between said
      cover member and said annular member, said diaphragms being centrally
      attached to said rod for moving said plate, an exhaust pressure chamber
      formed between said second diaphragm and said cover member, an atmospheric
      chamber formed between said first and second diaphragms within said
      annular member, and a pump pressure chamber formed between said housing
      and said first diaphragm and opening to said bore upstream of said
      rectangular plate;
PA1  whereby said actuating means senses the pump discharge pressure occurring
      in said pump pressure chamber and the exhaust pressure occurring in said
      exhaust pressure chamber, said pressures acting, respectively, on opposite
      sides of said first and second diaphragms, and whereby said actuating
      means moves said rod and rotates said plate to traverse said discharge
      port thereby controlling the amount of air diverted from said passage to
      the atmosphere to control said discharge pressure in said passage in a
      fixed relationship to said exhaust pressure to thereby proportion the
      amount of air flow from said pump through said passage to the exhaust
      system to the exhaust flow therethrough.
NUM  2.
PAR  2. An air diverter valve for use with an internal combustion engine having
      an emission control system including an exhaust system for exhaust gas
      flow from said engine, an air pump, and a passage connecting said pump to
      said exhaust system for secondary air flow thereto, said air diverter
      valve comprising a housing forming a pump discharge pressure chamber
      having an inlet port adapted for connection to said passage and a
      discharge port opening to the atmosphere, a valve member associated with
      said discharge port for varying the discharge flow area from said pump
      pressure chamber, a rod connected to said valve member, an annular member
      adapted for registration with and secured to one end of said housing, said
      annular member having at least one aperture opening to the atmosphere, a
      first flexible diaphragm secured at its periphery between said annular
      member and said housing and responsive to the difference between the pump
      discharge pressure within said chamber and the atmospheric pressure within
      said annular member, a cover member secured to said annular member and
      having a port adapted for connection to said exhaust system, a second
      flexible diaphragm secured at its periphery between said cover member and
      said annular member and responsive to the difference between the exhaust
      pressure within said cover member and the atmospheric pressure within said
      annular member, said diaphragms being connected to said rod whereby said
      disphragms position said valve member to divert sufficient air from said
      passage through said discharge port to maintain the pressure in said
      passage in fixed proportion to the pressure in said exhaust system and
      thereby proportion the amount of air flow from said pump through said
      passage to the exhaust system to the exhaust flow through said exhaust
      system.
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ABST
PAL  The invention relates to a hydrodynamic transmission system comprising at
      least one pump and a bladed turbine arranged to form a toroidal fluid
      circuit.
PAL  The leading edges of the blades of the pump and turbine are inclined
      relative to the corresponding radial plane, and the blades are designed in
      such a way as to extend the path followed by the streams of fluid nearest
      the centre relative to the path followed by the streams of fluid furthest
      away from the centre. There is thus obtained a reduction in the shock and
      friction losses to improve performance and increase the starting torque.
PAL  Disclosed application is to automobile vehicles.
BSUM
PAR  This invention relates to hydrodynamic transmission systems, such as
      couplers and torque converters, used in particular in automobile vehicles
      and comprising at least one pump and a bladed turbine, arranged to form a
      toroidal fluid circuit, and a reaction member in the case of torque
      converters.
PAR  Known systems of this kind are attended by the serious disadvantage that
      they undergo a rapid decrease in output at low speeds of the turbine(s),
      and by the further disadvantage that they have a very inadequate starting
      torque with the result that, in cases where they are used in automobile
      vehicles in particular, it is necessary to provide a gear box.
PAR  These inadequacies are due above all to so-called shock losses and to the
      friction losses of the fluid. The shock losses take place as the fluid
      passes from one wheel to another, whilst the friction losses take place
      inside each wheel. Certain improvements which have already been proposed
      are based on the controlled variation of the angle of incidence of the
      blades for reducing the shock losses of the wheel in question, and on the
      consecutive reduction of the rate of flow of the circulating fluid. These
      complicated solutions are not sufficiently reliable.
PAR  The object of the present invention is to improve performance and to
      increase the starting torque.
PAR  U.S. Pat. No. 3,431,728, in the name of the same Applicant, describes an
      arrangement of blades at the inlet end of the turbine which produces a
      significant reduction in the shock losses.
PAR  This arrangement is distinguished by the fact that the line of the leading
      edge of the blades of the turbine is inclined towards the radius, and by
      the fact that the blades of the turbine are shaped accordingly. In
      particular, the plane of their leading edge is parallel to the mean
      position of the streams of fluid coming from the pump.
PAR  The effect of this arrangement is to reduce the amplitude of variation of
      the angle at which the streams of fluid coming from the pump attack the
      blades of the turbine.
PAR  This angle generally varies from 15.degree. to 20.degree. on either side of
      its mean position in dependence upon the relative speeds of the pump and
      turbine. The proposed arrangement reduces this variation to 4.degree. or
      5.degree..
PAR  The present invention extends this arrangement to the blades of the pumps
      of at least the torque converters or couplers, and in addition associates
      with them a particular configuration of said blades.
PAR  The hydrodynamic transmission system according to the invention is
      essentially distinguished by the fact that the blades of the pump and
      turbine have their leading edges inclined relative to the corresponding
      radial plane, and by the fact that these blades are designed in such a way
      as to extend the path followed by the streams of fluid nearest the centre
      relative to the path followed by the streams of fluid furthest away from
      the centre.
PAR  By reducing the differences in path length between the streams of fluid,
      which is the object of the above-mentioned inclination of the leading
      edges of the blades, it is possible to obtain a reduction in the friction
      losses of the fluid in addition to the reduction in the shock losses.
PAR  Accordingly, the invention enables the energy made available by the
      reduction in the aforementioned losses and reflected in an increase in the
      circulation of fluid to be used with advantage in the turbine(s).
PAR  Part of this energy is absorbed by the increased friction losses, but the
      increase in the rate of circulation develops an increased useful torque in
      the turbine(s) which absorbs the rest of the available energy.
PAR  The invention also relates to various means for utilizing in particular the
      increase in energy in question in the turbine(s) by relative reduction of
      the flow cross-sections of the fluid and/or of the mean outlet radius of
      the fluid.
PAR  The invention also relates to an arrangement comprising an intermediate
      turbine with variable-pitch blades, and to the control of those blades.
DRWD
PAR  Various embodiments of hydrodynamic transmission systems according to the
      invention are described by way of example in the following with reference
      to the accompanying drawings, wherein:
PAR  FIG. 1 is a section, with parts broken away, through a pump whose blades
      are seen in the direction of the arrows I--I in FIG. 2.
PAR  FIG. 2 is a plan view of the pump illustrated in FIG. 1 at the inlet and
      outlet end of the fluid with parts broken away to show the shape of the
      blades, of which only a few are illustrated.
PAR  FIG. 3 is a view illustrating one form of blade belonging to the pump.
PAR  FIG. 4 is a section through a turbine with parts broken away.
PAR  FIG. 5 is a plane view of the turbine at the inlet and outlet end of the
      fluid with parts broken away and only a certain number of blades
      illustrated.
PAR  FIG. 6 is a section with parts broken away through two adjacent turbines.
PAR  FIG. 7 is a half plan view of the first turbine shown in FIG. 6.
PAR  FIG. 8 is a half plan view of the second turbine illustrated in FIG. 6 with
      only a few blades shown.
PAR  FIG. 9 is an external view of a reaction member with parts broken away.
PAR  FIG. 10 is a plan view of the reaction member shown in FIG. 9.
PAR  FIG. 11 is a section on the line XI--XI of FIG. 12 through a turbine with
      variable fluid-flow channels.
PAR  FIG. 12 is a plan view of the turbine illustrated in FIG. 11.
PAR  FIG. 13 is a radial section through another embodiment of a turbine with
      variable fluid-flow channels.
PAR  FIG. 14 is a partial plan view of the turbine illustrated in FIG. 13.
PAR  FIG. 15 shows a detail of FIG. 14 in the direction of the arrow XV.
PAR  FIG. 16 is a radial section through another embodiment of a turbine with
      variable fluid-flow channels.
PAR  FIG. 17 is a partial plan view of the turbine illustrated in FIG. 16.
PAR  FIG. 18 is a radial section through one embodiment of a converter
      comprising an intermediate turbine with variable-pitch blades.
DETD
PAR  FIGS. 1 and 2 show one embodiment of a pump 1 whose blades 2 are inclined
      at the inlet end 3 of the fluid to reduce the so-called shock losses.
      These blades extend between an outer shell 4 and an inner shell 5
      generally semi-toroidal in shape which, between them, form an annular
      outlet 6 for the fluid in addition to the annular inlet 3. In FIG. 1, the
      outer shell 4 is cut at 7 and the inner shell 5 broken away at 8 in order
      to illustrate the blades more clearly. Similarly, the inner shell 5 shown
      in FIG. 2 is broken away in the top left-hand quarter. At the inlet 3, the
      leading edge of the blades 2 is inclined relative to the radial plane
      through an angle A, the optimum value of this angle being between
      40.degree. and 60.degree. although it may even be as much as 75.degree..
PAR  In this case, the leading edges are inclined towards the front of the
      intended direction of rotation R of the pump (cf. FIG. 2) starting from
      the point at which they are closest to the axis of the pump. However, a
      symmetrical inclination relative to the radial plane could also be used.
PAR  Each blade has a generally helical configuration and, in the present case,
      terminates in a radial trailing edge. Accordingly, the configuration of
      the blade is such that it enables the path followed by the streams of
      fluid nearest the centre (those circulating along the inner shell 5) to be
      lengthened relative to the path followed by the streams of fluid furthest
      away from the centre (those circulating along the outer shell 4) and, in
      particular, in relation to what they would be in the case of a radial
      leading edge of the blade or a leading edge adjacent a radial plane.
PAR  The effect of this is to reduce internal friction through better
      harmonization of the flow of the streams of liquid in the pump.
PAR  FIG. 3 illustrates one example of the configuration of such a blade in
      chain lines 9 with reference to the blade 2 illustrated, traces of planes
      of intersection with that blade extending parallel to the axis of the pump
      and to the trailing edge of the blade and defined in the present case by
      the straight lines 10.
PAR  FIGS. 4 and 5 show one embodiment of a turbine 11 comprising blades 14
      between an inner shell 12 and an outer shell 13. In FIG. 4, the outer
      shell is cut at 15 and the inner shell at 16 in order better to illustrate
      the shape of a blade between these two cuts. Similarly, the inner shell
      illustrated in FIG. 5 is broken away in the top right-hand quarter, and
      the hub of the outer shell is not shown. The leading edge of the blades
      14, which receives the fluid coming from the pump, is inclined relative to
      the radial plane through an angle B which, in this case, is approximately
      70.degree. but which may be between 40.degree. and 75.degree..
PAR  The leading edges are inclined towards the rear of the intended direction
      of rotation R of the turbine (cf. FIG. 5), starting from the point at
      which they are closest to the axis of the turbine.
PAR  The configuration of each blade is such that it terminates in a trailing
      edge inclined oppositely to the leading edge, and further such that the
      path followed by the streams of fluid closest to the centre (those
      circulating along the inner shell 12) is extended relative to the path
      followed by the streams of fluid furthest away (those circulating along
      the outer shell 13), and in particular in relation to what they would be
      in the case of radial leading edges and/or trailing edges or leading edges
      and/or trailing edges adjacent a radial plane.
PAR  In the same way as before, a decrease in internal friction is obtained in
      this way.
PAR  FIGS. 6, 7 and 8 illustrate another embodiment of the blades in the case of
      two consecutive turbines 17, 18 which are similar to the single preceding
      turbine except in size. The inclination of the leading edges of the blades
      19 of the first turbine 17 affords the same advantages as before, this
      turbine being able to function as a reaction member when it is mounted for
      free rotation, or alternatively may be coupled to the rest of the system
      through a differential mechanism with satisfactory results, especially in
      regard to the reduction in shock losses, without any need to provide
      variable-pitch blades as already known.
PAR  FIGS. 9 and 10 illustrate one embodiment of a converter reaction member in
      which the leading edges 20a of the blades 20 are again inclined between an
      external band or ring 21 and a central hub 22 intended to be mounted for
      free rotation in the usual way, the direction of free rotation being
      indicated by RL in FIG. 10. This free rotation begins when the angle of
      incidence of the streams of fluid coming from the turbine passes from the
      direction of the arrow F to the direction of the arrow G, the outlet
      direction being indicated by the arrows H. As can be seen in FIG. 10, the
      leading edge 20a of the blades is inclined through an angle C of
      approximately 45.degree., although the optimum value of this angle is in
      the range from 40.degree. to 60.degree.. In this case, a stream of fluid
      which would attack a blade with a radial leading edge at an angle of
      60.degree., as is the case when the turbine is stationary, now attacks the
      blade 20 at an angle of only 38.degree.  at which the shock losses at the
      inlet end of the engine are reduced by 66%.
PAR  In this case, the leading edges of the blades are inclined in the direction
      of free rotation, starting from the point at which they are nearest the
      centre of the system, this direction of inclination having been found by
      experience to be preferable to the opposite direction. In this case, the
      blades are above-average in number, especially greater than 17 in number,
      in order similarly to reduce the shock losses at the output end of the
      engine, thus avoiding break-down of the streams of fluid in the vicinity
      of the trailing edge of the blades.
PAR  In the case of single-turbine converters, and in order to utilize in the
      single turbine the increase in energy obtained by the configuration of the
      blades in the system as a whole, it is possible to decrease the flow
      cross-section of the channels formed between the blades and the shells
      and/or the mean outlet radius of the fluid in relation to what they would
      be with a conventional blade configuration.
PAR  An arrangement of this kind is essentially obtained, as illustrated in FIG.
      4, by modifying the inner shell 12 relative to what it would be in the
      case of a conventional configuration as indicated in dotted lines at 12a.
PAR  The reduction in flow cross-section may also be obtained by increasing the
      number or thickness of the blades, this latter case being illustrated in
      the bottom right-hand quarter of FIG. 5 with the blades denoted by the
      reference 14a, the profile of one of those blades being shown in section.
PAR  This reduction may also be variable in nature. FIGS. 11 and 12 illustrate
      an arrangement of this kind, in which the blades 24 are fixed between an
      inner shell 25 and an outer shell 26, whilst an intermediate shell 27 is
      provided, being fixed to the blades through corresponding slots 27a and
      mounted in such a way that it is able to slide along them parallel to the
      axis of the turbine over a certain section of the surface of the blades
      which, to this end, extend axially in the vicinity of the inner shell 25.
PAR  The intermediate shell 27 surrounds the shell 25 and is assembled from
      outside the shell 25 relative to the turbine with a ring 28 provided
      locally with axial tubes 29 accommodating compression springs 30 and
      mounted to slide on guides 31 fixed to the inner shell 25, the guide
      forming counter-supports for the springs.
PAR  During startup, the turbine being stationary, the fluid circulates at its
      highest rate of flow. The reduced pressure generated over that surface of
      the intermediate shell 27 in contact with the fluid causes it to slide
      towards the position in which the restriction of the flow cross-section of
      the fluid is at its greatest.
PAR  The compressed, opposing springs determine an equilibrium position
      corresponding to the optimum starting torque.
PAR  As the turbine picks up speed, the circulating fluid slows down, its
      pressure increases and the compressed springs expand and, in doing so,
      move the ring 28 and the shell 27 to another equilibrium position
      corresponding to another optimum working position. The guides 31 and tubes
      29, of which there are a minimum of three in number distributed over the
      circumference, provide for correct axial displacement of the shell 27. The
      edges of the slots in the shell 27 are thus kept at an equal distance from
      that part of the surface of the blades which is parallel to the axis of
      the turbine so as to avoid jamming during the movements of the shell 27.
PAR  FIGS. 13 to 15 illustrate another arrangement of a turbine with a
      displaceable intermediate shell, designed in particular with a view to
      avoiding any risk of this shell tilting and jamming during its
      displacement.
PAR  The blades 32 are fixed between an inner shell 33 and an outer shell 34,
      whilst an intermediate shell 35 is fixed to the blades through
      corresponding slots 35a. This shell surrounds the inner shell 33 and is
      assembled from outside the turbine with a ring 36. Above the ring 36 there
      is another ring 37 which is connected to the inner shell 33 by three
      stirrups 38 extending through the ring 36 and the ring 37. Each stirrup 38
      has two arms 38a, 38b which are pivotally connected, on the one hand, to a
      pin 39 supported by an axial displacement guide 40 for the intermediate
      shell 35 which is fixed to the inner shell 33 and which cooperates at its
      free end with a tube 41 integral with the ring 36 and accommodating a
      compression spring 42. On the other hand, the arms of the stirrup are
      pivotally connected to a pin 43 which extends through the ring 37 by way
      of corresponding openings formed therein and which is engaged through an
      element 44 forming with it a kind of bracing arranged between the ring 36
      and the ring 37. The pins 39 and 43 are radial and converge at a point X
      situated on the axis of the turbine, whilst the element 44 of the bracing
      formed with the pin 43 is able to oscillate about its own axis.
PAR  The connection between the ring 37 and the ring 36 is a purely sliding
      connection by resting between the ring 36 and the elements 44 of the
      articulation arms of the stirrups. The connection may also be established
      by a slide track or by a ball train, as shown at 45 in FIG. 14. FIG. 14
      also shows the fixing of a stirrup 38 to the guide 40, and the fact that
      the arms of the stirrup are in their normal position slightly inclined
      relative to the axial plane extending through their articulation axis 39
      so as to prevent them from assuming a vertical dead-centre position. Thus,
      the intermediate shell 35 can be displaced strictly parallel to the axis
      of the turbine so that, during the corresponding angular pivoting of the
      stirrups 30 about their axis 39, the ring 37 is rotated about the axis of
      the turbine and displaced parallel to that axis, the presence of the three
      stirrups providing both for the required parallelism and for a similar
      displacement of the ring 38 and shell 35 without any danger of jamming
      through tilting.
PAR  FIGS. 16 and 17 relate to another arrangement of a turbine with a
      displaceable intermediate shell which can be controlled through the
      pressure of the fluid admitted into the system. The blades 46 are fixed
      between an inner shell 47 and an outer shell 48, whilst the intermediate
      shell 49 is fixed to the blades through corresponding slots 49a. The
      intermediate shell 49 is assembled from outside the turbine with a ring 50
      above which there is another ring 51 which is connected to the inner shell
      47 through three stirrups 52 arranged in the same way as before. Each
      stirrup is thus pivoted, on the one hand, about a pin 52a integral with a
      tubular element 53 fixed to the inner shell, and on the other hand about a
      pin 54 which extends through the ring 51 by way of corresponding openings
      and which is engaged through an element 55 forming with it a brace
      arranged between the ring 50 and the ring 51. A sliding connection is
      established between the ring 51 and the ring 50 in the same way as before.
PAR  Instead of the springs in the previous embodiment, an annular bellows 56 is
      arranged between the ring 50 and an annular disc 57 centred by three
      cylindrical members 57a in the three tubular elements 53 corresponding to
      the stirrups, the pins 52a thereof providing for the fixing of these
      members 57a in the elements 53 and hence for the fixing of the disc 57 as
      well. The bellows 56 is made up of two elastic walls made of corrugated
      metal which are brazed to the ring 50 and the disc 57. This bellows forms
      a fluid-tight chamber which can be filled with a fluid under pressure
      adding its force to the natural elastic force of the spring formed by the
      bellows.
PAR  By acting on the pressure of the hydraulic fluid used in the system or
      converter, this arrangement makes it possible to remote-control or to
      control in dependence upon a given working parameter the degree of
      compression or expansion of the bellows and, hence, the position of the
      intermediate shell 49 which governs the throttling of the stream of fluid
      circulating in the turbine, i.e. the value of the torque developed by the
      turbine.
PAR  FIG. 18 illustrates another arrangement of the converter according to the
      invention, comprising an intermediate turbine with variable-pitch blades
      controlled by a bellows similar to the bellows used in the preceding
      embodiment. The pump is denoted by the reference 58, the intermediate
      turbine by the reference 59, the main turbine by the reference 60 and the
      reaction member by the reference 61. The intermediate turbine 59 comprises
      blades 62 integral with a spindle 63 which is pivotally mounted between an
      inner band 64 and an outer band 65 which form a flow link between the pump
      58 and the turbine 60. The outer band 65 is integral with a shell 66 which
      may be mounted in any one of a number of known manners. The inner band 64
      is integral with a ring 67 carrying the control bellows 68. The bellows 68
      is arranged between two rings 69, 70. The ring 69 rests on three
      cylindrical feet 71 integral with the ring 67, each of which carries a
      pivot pin 72 of a stirrup 73 which, in addition, is pivotally connected to
      a pin 74 extending through corresponding openings in a ring 75 having a
      sliding connection with the ring 70. The pin 74 is engaged through an
      element 76 forming with it a brace arranged between the ring 75 and the
      ring 70. The pins 72 and 74 converge at point X on the axis of the
      turbine. The sliding ring 75 is provided with individual fingers 77 for
      controlling the pitch of the blades 62. To this end, each finger 77
      cooperates with a terminal fork 78 of an angle lever 79 which, in
      addition, is integral with the pivot axis 63 of the corresponding blade.
      Thus, the angular position of the ring 75, which is variable in relation
      to the ring 67 integral with the intermediate turbine according to the
      degree of compression or expansion of the bellows 68 as a result of the
      previously explained effect of the connecting stirrups 73, is reflected in
      a variable orientation of the blades 62 of the turbine in response to the
      pressure of the fluid admitted into the converter.
PAR  Other modifications may of course be made without departing from the scope
      of the invention.
CLMS
STM  What I claim as new is:
NUM  1.
PAR  1. A hydrodynamic transmission system comprising at least one pump and a
      bladed turbine arranged to form a toroidal fluid circuit, wherein the
      leading edges of the blades of the pump and turbine are inclined relative
      to the corresponding radial plane, and wherein these blades are designed
      in such a way as to extend the path followed by the streams of fluid
      nearest the centre in relation to the path followed by the streams of
      fluid furthest away from the centre.
NUM  2.
PAR  2. A hydrodynamic transmission system as claimed in claim 1, wherein the
      inclination of the leading edges of the blades of the turbine at least is
      directed towards the rear of the direction of rotation, starting from the
      point at which they are closest to the centre of the system.
NUM  3.
PAR  3. A hydrodynamic transmission system as claimed in claim 1, wherein the
      angle of inclination of the leading edges is between 40.degree. and
      75.degree., as measured in relation to the median radial plane of each of
      them.
NUM  4.
PAR  4. A hydrodynamic transmission system as claimed in claim 1, more
      especially a torque converter comprising a reaction member mounted for
      free rotation, wherein the leading edges of the blades of the reaction
      member are inclined in relation to the corresponding radial plane.
NUM  5.
PAR  5. A hydrodynamic transmission system as claimed in claim 4, wherein the
      angle of inclination of the leading edges of the blades of the reaction
      member is between 40.degree. and 60.degree., as measured in relation to
      the median radial plane of each of them.
NUM  6.
PAR  6. A hydrodynamic transmission system as claimed in claim 4, wherein the
      inclination of the leading edges of the blades of the reaction member is
      directed towards the front of the direction of rotation of the reaction
      member mounted for free rotation, starting from the point at which they
      are closest to the centre of the system.
NUM  7.
PAR  7. A hydrodynamic transmission system as claimed in claim 1, wherein the
      turbine is designed to consume the increase in energy obtained in the
      system as a whole.
NUM  8.
PAR  8. A hydrodynamic transmission system as claimed in claim 7, wherein the
      turbine comprises means for reducing the flow cross-sections for the
      fluid.
NUM  9.
PAR  9. A hydrodynamic transmission system as claimed in claim 8, wherein said
      means for reducing the flow cross-sections for the fluid consist of an
      intermediate shell between an inner shell and an outer shell for fixing
      the blades, the intermediate shell being formed with slots by which it is
      fixed to the blades.
NUM  10.
PAR  10. A hydrodynamic transmission system as claimed in claim 9, wherein the
      intermediate shell is designed in such a way as to surround the inner
      shell of the turbine.
NUM  11.
PAR  11. A hydrodynamic transmission system as claimed in claim 9, wherein the
      intermediate shell is kept by springs in the position in which the opening
      of the flow cross-sections is at its greatest.
NUM  12.
PAR  12. A hydrodynamic transmission system as claimed in claim 11, wherein the
      springs are arranged between the inner shell and that part of the
      intermediate shell which surrounds the inner shell externally of the
      blades.
NUM  13.
PAR  13. A hydrodynamic transmission system as claimed in claim 10,
PA1  wherein a bellows forming a spring for positioning the intermediate shell
      in dependence upon the pressure of the fluid admitted into the system is
      arranged between the inner shell and that part of the intermediate shell
      which surrounds the inner shell externally of the blades.
NUM  14.
PAR  14. A hydrodynamic transmission system as claimed in claim 10, wherein
      axial guide means are provided between the intermediate shell and the
      inner shell of the turbine externally of the blades, and wherein that part
      of the blades corresponding to the possible travel of the intermediate
      shell also extends axially.
NUM  15.
PAR  15. A hydrodynamic transmission system as claimed in claim 10, wherein
      there is provided between the intermediate shell and the inner shell of
      the turbine, externally of the blades, a connection comprising at least
      three stirrups with two arms articulated at their ends along two axes
      converging at a point of the axis of the turbine, one of said axes being
      integral with the internal shell whilst the other extends through the wall
      of a ring having a sliding connection with the intermediate shell, this
      axis being engaged in an element forming with it a brace designed to be
      oriented about its own geometric axis.
NUM  16.
PAR  16. A hydrodynamic transmission system as claimed in claim 1, comprising an
      intermediate turbine with variable-pitch blades between the aforementioned
      pump and turbine, and means for adjusting the pitch of the blades, wherein
      said adjusting means comprise a ring mounted with a degree of freedom of
      angular movement relative to the turbine governed by the compression or
      expansion of a bellows forming a spring for positioning said ring in
      dependence upon the pressure of the fluid admitted into the system, said
      ring comprising individual connections with individual pitch-orienting
      levers integral with the blades.
NUM  17.
PAR  17. A hydrodynamic transmission system as claimed in claim 16, wherein the
      ring is connected to a support integral with the intermediate turbine by
      at least three stirrups with two arms articulated at their ends, on the
      one hand along an axis integral with said support and, on the other hand,
      along an axis extending through the wall of said ring, the ring having a
      sliding connection with a ring supporting the bellows, the bellows being
      annular in shape and arranged between said bellows-supporting ring and a
      supporting ring on said support.
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ABST
PAL  A fixed platen is supported in the machine frame, and a movable platen is
      connected to two parallel rods which project rearwardly through the fixed
      platen. Each rod carries a first piston and each piston is slidably
      received in a first cylinder. These cylinders are slidably received on the
      rods and each cylinder has a forward end defining a second larger piston
      slidably received in a fixed second cylinder. The front and rear faces of
      the smaller pistons are selectively connected to fluid from a first pump
      through a synchronizing valve, and a paralleling pump supplements the flow
      from the first pump during synchronization, that is during the major part
      of the mold opening and closing movement. Slower movement is provided for
      just prior to the platen reaching the mold open and closed positions. The
      larger piston is fed high pressure fluid from still another pump at the
      mold closed position to clamp the molds closed, a power check valve being
      provided to seal fluid between the first piston and the second during such
      clamping action.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates generally to hydraulic mold closing, clamping and
      opening systems in a plastic injection molding machine, and deals more
      particularly with an improved hydraulic system capable of high speed
      platen movement during the major portion of its opening and closing
      movement, and with slow down capability prior to reaching full open and
      closed positions. An improved actuator design includes two series mounted
      hydraulic pistons, one of which has a very short stroke, providing
      primarily a clamping force on the closed molds, and the other piston
      having a relatively long stroke for moving the movable platen. Power check
      valve means is provided for isolating the fluid in the longer stroke
      cylinder during such clamping action.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view illustrating the general configuration of an
      injection molding machine incorporating the present invention, and
      illustrates the various elements of the hydraulic system and actuators
      associated with moving the movable platen with respect to the fixed platen
      in such a machine.
PAR  FIG. 2 is a detailed view of one of the two actuators illustrated in FIG.
      1, the actuator being shown in a limit or open position associated with
      the full open position of the movable platen, but reversed in direction
      from that of FIG. 1.
PAR  FIG. 3 is a schematic view similar to FIG. 2, but illustrating the actuator
      and movable platen at the start of the mold closing stroke.
PAR  FIG. 4 is a view similar to FIG. 3, but illustrating the actuator and
      movable platen just prior to reaching the closed position of the mold.
PAR  FIG. 5 is a view similar to FIGS. 3 and 4, but illustrating the actuator
      and movable platen as they reach the closed position.
PAR  FIG. 6 is a view similar to FIG. 5 with the movable platen in the closed
      position, and with the clamping piston in operation.
PAR  FIG. 7 is a view similar to FIGS. 3-6 inclusively with the movable platens
      still in the closed position but with the pressure applied to the actuator
      ports for reversing the clamping action and initially opening movement
      (break-away).
PAR  FIG. 8 is a view similar to FIGS. 3-7 inclusively, but illustrating the
      movable platen having started its opening movement.
PAR  FIG. 9 is a view similar to FIGS. 3-8 inclusively, but illustrating the
      movable platen at the completion of its high speed opening stroke and just
      prior to slowing down and prior to reaching the full open position, which
      open position is illustrated in FIG. 2.
PAR  FIG. 10 is an electrical schematic diagram illustrating the electrical
      connections between the limit switches depicted in FIG. 1, and the
      solenoid devices of FIG. 1 for operating hydraulic valves in the system of
      the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning now to the drawings in greater detail, FIG. 1 shows a fixed platen
      10 mounted in the fixed frame 12 of an injection molding machine, and the
      fixed platen may support a individual mold half A which is adapted to be
      fed a plasticized charge through a runner system, indicated schematically
      at 14, from a conventional charge forming and feeding means, indicated
      generally at 16. It will be apparent to those skilled in the art that the
      operation of this charge forming and feeding means can be conventionally
      synchronized with respect to a conventional means for moving a movable
      platen 18 toward and away from the fixed platen 10. Therefore, the
      operation of this conventional portion of a machine need not be described
      in detail herein. However, the means for moving the movable platen 18 will
      be described in detail since this portion of the injection molding machine
      relates directly to the invention described and claimed in this
      application. The movable platen 18 carries a mating mold half E adapted to
      mate with the fixed mold half A.
PAR  In accordance with the presently preferred embodiment of the present
      invention the platen 18 is moved by parallel guide rods 20 and 21, each of
      which rods extend rearwardly through slide bearings defined in the fixed
      platen 10. The movable platen 18 may be supported by the guide rods 20 and
      21, but the platen 18 is preferably slidably supported on ways (not shown)
      and is guided as well as actuated by these rods. Each of the guide rods,
      20 and 21, defines a first piston, 22 and 24 respectively, directly
      mounted on its associated rod and to move both rods in unison with one
      another as will be described in greater detail hereinafter to achieve the
      opening and closing movement of the movable platen 18 and hence of the
      movable mold half B. The hydraulic system, to be described, introduces
      hydraulic fluid by way of line 26 to the chamber defined at the front of
      this piston 22 in order to achieve closing movement of the platen 18, the
      hydraulic actuator defining this chamber will now be described in greater
      detail by way of reference to FIG. 2.
PAR  The guide rod 20 can be seen from FIG. 2 to extend rearwardly through an
      opening 28 in the fixed platen 10 mounted in the fixed frame 12 of the
      machine, and to support the first piston 22 for movement therewith. As
      shown in FIG. 2 the first piston 22 has its front face 23 abutting the
      rearwardly facing front end wall 30 of a first cylinder defining structure
      means 32. This position of the first piston 22 and the rod 20 corresponds
      to a mold open position, the movable molds and platen 18 being omitted
      from FIG. 2 but their relative positions being apparent from the foregoing
      disclosure when taken together with FIG. 1. The first cylinder structure
      32 defines a passageway 26a which comprises a portion of the first fluid
      conduit 26 extending from the chamber defined between the front face 23 of
      the piston 22 and the rearwardly facing end wall 30 of said cylindrical
      structure 32. This passageway 26a of first fluid conduit 26 includes a
      portion 26b defined by the rear end wall 34 of said cylindrical structure,
      and it is a feature of the present invention that valve means in the form
      of a powered check valve, or pilot operated check valve, 36 is provided in
      this portion 26b of such passageway, as best shown in FIG. 2, so that
      fluid under pressure is adapted to pass in the direction of the arrow 38
      through the passageway 26a to the front face 23 of the piston 22 in order
      to achieve closing movement of the rod 20 and hence of the movable platen
      18.
PAR  It is an important feature of the FIG. 2 actuator that a second piston is
      defined on the first cylinder structure 32, and in accordance with the
      present invention said second piston comprises the front end wall 30 of
      said first cylinder. Thus, the second piston, indicated generally at 40 in
      FIG. 2, preferably has a cross sectional area considerably greater than
      that of the first piston 22. As shown in FIG. 2 the second piston 40 abuts
      the fixed or stationary platen 10 when fluid pressure is provided at the
      rear face of the first piston 22 from line 66 and other components of the
      hydraulic system illustrated in FIG. 1 are suitably prepositioned so as to
      vent those lines, 26 and 46, used to drive both these pistons 22 and 40
      respectively in the opposite direction, that is to close the molds. The
      first cylinder defining structure 32 has both its front and rear end
      walls, 40 and 34 respectively, slidably received on the rod 20.
PAR  Still with reference to the actuator of FIG. 2, the second piston 40 has a
      diameter slightly greater than the cylindrical side wall defining portion
      32 of the first cylinder, and said second piston is itself slidably
      received in a second cylinder defining structure, or means 42, fixed in
      the machine frame by machine screws 44. A fluid passageway 46 is provided
      in the fixed frame of the machine for connecting the front face of the
      piston 40 to a second source of fluid under the control of the hydraulic
      system depicted in FIG. 1 in order to achieve the clamping force required
      to hold the mold segments closed during the injection of plastic into the
      cavities defined by the closed molds and during the forming of the
      articles. Fluid from said second source acts upon the relatively large, as
      compared to the relatively smaller annular area afforded by the front face
      23 of the first piston 22, cross sectional area of the second piston 40.
      Thus, the first mentioned source of fluid for moving the first piston 22
      rearwardly, closing the movable platen 18, can advantageously be a
      relatively high volume rate of flow source at a relatively low pressure,
      and the second source of fluid can advantageously be a relatively low rate
      of flow source at a relatively high pressure. However, in order to lock
      the first piston with respect to the fixed frame of the machine during
      action of this high pressure second source on the second piston 40 the
      fluid provided in the chamber defined between the front face 23 of the
      first piston 22 and the end wall 30 and in at least a portion of the first
      fluid conduit 26 must be isolated and itself pressurized to transmit the
      necessary clamping force. The powered check valve 36 serves this important
      function in a manner to be described in greater detail hereinbelow.
PAR  Still with reference to FIG. 2, the first cylinder defining means or
      structure 32 and more particularly the end walls 30 and 34 thereof are
      slidably received on the rearwardly projecting support rod 20, and
      therefore sealing means are provided in each of these end walls as
      indicated generally at 50 and 52 respectively. Seals (not shown) are also
      preferably provided in the rear end wall 34 and also in the fixed platen
      10 between the opening 28 and this support rod. A fluid pressure seal 58
      is preferably provided in the latter area in order to seal this area from
      the relatively high pressure produced in line 46 during the above
      mentioned clamping action of the second piston 40. Since the fluid in the
      chamber defined between the front face 23 of the first piston 22 and the
      rearwardly facing end wall 30 of the cylinder 32 also will be pressurized,
      indirectly as a result of this clamping action, a relatively high pressure
      seal 60 is also provided in the first piston 22. Finally, the second
      piston itself must also include a relatively high pressure seal 62 in
      order to withstand the second source pressure delivered through the second
      conduit 46.
PAR  In summary then, FIG. 2 shows a compound actuator and two such actuators
      are used in the machine depicted schematically in FIG. 1. Each of these
      actuators includes a first piston, adapted to move in response to a
      relatively low pressure high flow rate fluid, and a second piston defined
      on the cylinder defining means for the first piston and adapted to exert a
      clamping force in at least one direction by fluid from a relatively high
      pressure low flow rate source. Thus, the first cylinder defining means is
      adapted to act with respect to the fixed frame of the machine, but to move
      only slightly if at all in order to achieve this clamping action. Thus,
      the degree of movement may be very slight in view of the fact that it is
      not necessary for motion to be achieved by this relatively large second
      piston 40 but rather that a relatively high mold clamping force be
      achieved as a result of the relatively high pressure exerted over a
      relatively large high pressure area defined by the front face of such
      second piston. Fluid must be sealed in the relatively smaller first
      piston/cylinder combination, and a power check valve 36 is provided for
      accomplishing this function. Return movement of the first piston 22 is
      possible as a result of applying fluid pressure in a line 64 to the piston
      side of the powered check valve so as to upset the check valve element or
      ball 37 and allow return movement in a reverse direction through the first
      fluid conduit 26. This valve 36 comprises a commercially available element
      of the combination described and claimed herein.
PAR  Turning next to a more complete description of the hydraulic circuit
      depicted schematically in FIG. 1, the first and second pistons 22 and 40
      associated with one actuator are shown in schematic fashion and the first
      fluid conduit 26 and a first fluid return conduit 66, associated with the
      chambers defined at the front and rear sides respectively, of said first
      piston 22 are also shown. The high pressure line 46 associated with the
      front face of the second piston 40 is also shown in conjunction with a
      return line 48 associated with the rear face of the second piston.
PAR  The other actuator has a first piston 24 identical in structure to that
      shown and described with reference to FIG. 2, but the hydraulic circuit to
      be described does achieve a somewhat different operation for the second
      cylinder chiefly as a result of the function achieved by a synchronizing
      valve 68 to be described. The actuators are themselves similar to one
      another and the foregoing description of the first mentioned actuator of
      FIG. 2 applies equally to its twin shown in FIG. 1.
PAR  The twin or dual actuators are controlled primarily through a control valve
      70 which delivers fluid under pressure to either the first fluid conduit
      26 to the first actuator, and its counterpart conduit 27 through the valve
      68 to the twin actuator, for closing movement, this in response to
      energizing solenoid A and deenergizing solenoid B. Opening movement is
      achieved by providing fluid through the return lines 66 and 67 as a result
      of energizing solenoid B and deenergizing solenoid A.
PAR  These modes of operation for both the control valve 70 and the actuators
      associated with the guide rods 20 and 22 requires that the synchronizing
      valve 68 be positioned as shown, that is with solenoid C deenergized and
      the synchronizing valve in the position depicted in FIG. 1. The pumping
      means 72 for providing fluid under pressure to the control valve 70
      includes a single motor M adapted to drive three constant volume hydraulic
      pumps indicated generally by the reference numbers I, II, and III and each
      of these pumps have output pressures and fluid flow rates which differ
      from one another, especially as to pumps I and II. More particularly, pump
      I has a relatively low pressure high volume flow output and pump II has a
      relatively low flow rate but a high pressure output especially suitable
      for operating the second piston 40, and its equivalent in the twin
      actuator, in a direction to clamp the molds closed.
PAR  A solenoid activated valve 74 is provided in line 46 to control the
      delivery of such relatively high pressure second source fluid to the front
      face of the piston 40, and when not functioning so as to exert this
      clamping action the valve 74 merely ports high pressure fluid directly to
      the reservior as indicated by the FIG. 1 position for this valve 74. A
      power check valve similar to the valve 36 is provided in line 46 for a
      purpose to be described in greater detail hereinbelow. Pump III has a flow
      rate and pressure which may compare with the output of pump I, and a
      supplementing valve 76 is provided in a loop 78 such that pressure or
      fluid output from pump III can be either returned to the reservoir, as
      indicated in FIG. 1, when solenoid D is deenergized in the valve means 76,
      or as a result of energizing solenoid D fluid from said third source, pump
      III, is passed through the upper branch of loop 78 and supplements the
      output from pump I so as to speed up the operation of the first piston 22
      associated with guide rod 20. As will be seen from the description of FIG.
      10 to follow the action of the first piston 24 associated with the twin
      actuator and its rod 21 is also supplemented, but this is accomplished
      indirectly through valve 68.
PAR  Still with reference to FIG. 1, a pressure relief valve is integrally
      provided in the housing for the pumping means 72 in order to unload pump
      II, and similar relief valves 80 and 82 are provided in association with
      pumps I and III, respectively, for unloading these pumps when their output
      pressures exceed predetermined amounts. By way of example it is noted that
      a 10 horsepower motor M, rotating at 1800 rpm, is adapted to operate pump
      I so that an output pressure of 500 pounds per square inch produces a flow
      rate on the order of 15 gallons per minute, and the output of pressure
      pump II is preferably set higher, by a factor of three or approximately
      1500 pounds per square inch, with the resulting flow rate at this pressure
      of 5 gallons per minute maximum. Pump III is designed to have a flow rate
      slightly less than that of pump I and its output pressure might,
      correspondingly, be slightly greater than the 500 pounds per square inch
      set at valve 80. It has been found that a cooler 81 might advantageously
      be provided in the return line for pump III since operation of this pump
      is associated with relatively high speed movement of the movable platen
      from a full open position to a position just short of the full closed
      position and also during a substantial portion of platen travel in
      reverse, or mold opening direction.
PAR  Turning next to a brief description of the operation of the hydraulic
      system depicted in FIG. 1, associated with movement of the twin actuators,
      FIG. 10 shows a simplified electrical diagram wherein limit switches LS2,
      LS3, LS4 and LS5 are adapted to control operation of the solenoid control
      devices associated with the various valves 68, 70, 74 and 76 shown in FIG.
      1. Limit switch LS1 is so arranged as to be tripped when the safety gate
      on the machine is closed, and does not control these valves except when
      the gate is not fully closed. Limit switches LS3 and LS5 are tripped when
      the movable platen is in its full closed and full open positions
      respectively. Limit switches LS2 and LS4 are tripped when the movable
      platen passes predetermined positions just short of these full closed and
      full open positions. This arrangement for these limit switches is depicted
      schematically in FIG. 1, and it will be apparent that camming devices
      might be attached to the movable platen for so actuating these switches.
PAR  Considering the movable platen to be in the open position of FIG. 2, limit
      switches LS5 will be held open and LS3 will be in the normal position
      shown allowing the operator to energize the solenoid A through the medium
      of push button switch PB1. Thus, control valve 70 will be shifted to the
      right in FIG. 1 with the result that fluid from pump I is available to
      conduit 26 and to the front side of first piston 22. Limit switch LS2,
      located as described above is normally closed and hence solenoids C and D
      will be energized simultaneously with solenoid A in response to depressing
      push button switch PB1. Although limit switch LS4 is tripped during mold
      closing movement, it has no effect on the energizing of solenoids C and D.
      Solenoid C causes synchronizing valve 68 to shift to the left in FIG. 1,
      and solenoid D causes flow supplementing valve 76 to shift to the left
      also. The flow supplementing valve 76 merely provides increased fluid flow
      through the loop 78 and through control valve 70 to speed up the movement
      of the first piston 22. However, synchronizing valve 68 provides a further
      speed up, and also a synchronizing function as a result of shunting fluid
      from return line 66 through the valve 68 and through line 86 to line 27 to
      the other actuator.
PAR  This transfer of fluid assures that the actuators remain in synchronized
      relationship with one another, and also serves to speed up the operation
      of these actuators as a result of the lessened fluid flow requirements for
      achieving a given speed of motion. This high speed operation of the mold
      closing mechanism continues until normally closed limit switch LS2 is
      tripped open, at a predetermined position suggested generally in FIG. 4.
      From FIG. 10 it will be apparent that this action serves to interrupt the
      energizing of solenoids C and D simultaneously. Thus, the motion of the
      movable platen 18 will be slowed as a result of supplementing valve 76
      shifting back to the normal position shown for it in FIG. 1 and hence
      interrupting the flow of fluid from the third pump through loop 78 to
      control valve 70. In addition, the synchronizing valve 68 will also be
      returned and its spool element shifted to the normal position shown for it
      in FIG. 1 with the result that fluid will be split at junction point a to
      travel not only through conduit 26 but also through the loop defined by
      conduits 84 and 86 through the valve 68 and thence by way of line 27 to
      the front side of the first piston 24 associated with the second actuator.
PAR  As the movable platen 18 reaches a mold closed position, limit switch LS3
      is tripped and this situation is depicted in FIG. 5. Limit switch LS3 has
      two sets of contacts, the upper set controlling solenoid E. When solenoid
      E is energized, solenoid A is deenergized. Solenoid E controls the valve
      74 associated with feeding high pressure fluid from pump II through line
      46 to the front side of the larger or second piston 40 in the first
      actuator. A cross over line 47 provides the same pressure to the second
      piston 41 associated with the second actuator. The increased pressure on
      these relatively large area pistons 40 and 41 assures that the desired
      lock up force is achieved on the molds, but it will be apparent that
      pressure is necessarily sealed in the chamber defined between the front
      face of the two first pistons 22 and 24 and the rear or inner sides of the
      second pistons 40 and 41 respectively. As mentioned previously, check
      valves 36, 36 are provided in each of the first fluid conduits 26 and 27
      associated with the twin actuators for this purpose.
PAR  In the manual mode depicted in FIG. 10 push button switch PB1 will be
      released as the molds close, but in an automated version of the machine
      described and claimed herein it will be apparent that timing devices, or
      pressure sensitive devices might be utilized in conjunction with the
      charge forming and feeding means 16, so as to permit an automated mode of
      operation for an injection molding machine incorporating the invention
      described and claimed herein. However, for purposes of simplification it
      will be assumed that the machine operator will await the power forming of
      the articles prior to depressing push button switch PB2 so as to achieve
      opening movement of the molds. With both switches PB1 and PB2 in the
      normal positions shown in FIG. 10, solenoids A and B are deenergized and
      control valve 70 shifts to the rest or normal position shown in FIG. 1,
      with the result that return fluid from the rear sides of both second
      pistons 40 and 41 can flow through lines 48, and be returned to the
      reservoir through line 98. FIG. 6 shows the configuration of the pistons
      when the mold clamping force is being exerted by the second piston through
      the fluid trapped between the second and the first piston and thence
      through the rod 20 on the movable platen.
PAR  Turning next to a description of the opening movement of the movable platen
      FIG. 7 shows the movable platen still located in the closed position, but
      as a result of depressing the push button switch PB2 in FIG. 10, solenoid
      E will be deenergized with the result that high pressure fluid is no
      longer directed through valve 74 to the front sides of the second pistons
      40 and 41 and solenoid B will be energized with the result that control
      valve 70 now shifts from its neutral position shown in FIG. 1 to the left
      providing fluid under pressure from the first pump to point b and thence
      to the rear side of the first piston 24 associated with the second
      actuator and through synchronizing valve 68 also to the rear side of the
      first piston 22 associated with the first or primary actuator. The powered
      or driven check valves 36, 36 associated with the two actuators are upset
      as a result of pressure in the lines 64 and 66 and it is further noted
      that the power check valve 36 in line 46 is also upset through the same
      fluid pressure and through line 92 which for convenience receives
      pressurized fluid from the back side of piston 22 in the primary actuator.
      A line 94 associated with the second or twin actuator provides fluid from
      this same source in the second actuator to the rear sides of the second
      pistons 40 and 41 in both actuators, line 48 providing a cross over line
      between these two pistons. FIG. 7 shows the configuration of one of the
      actuators in this situation. Return fluid from the front sides of the
      first pistons 22 and 24 is vented through the lines 26 and 27, back
      through point a and out through the previously pressurized line, now the
      return line indicated generally at 96. The check valves 36, 36 will have
      been upset as described above to permit the fluid to return to the
      reservoir through line 96. So too, the front sides of the second pistons
      40 and 41 are vented through lines 46 and 47 and the upset check valves
      36, 36 through valve 74.
PAR  As the movable platen 18 moves from the closed position of FIG. 7 to a
      predetermined position where the molds have been opened slightly, as shown
      for example in FIG. 8, limit switch LS2 is tripped energizing solenoids C
      and D and again bringing in to operation the synchronizing valve 68 and
      the fluid flow supplementing valve 78 with the result that the actuators
      move in synchronization with one another, and also with the result that
      their movement is speeded up not only through the action of the
      synchronizing valve 68 but also through the action of the supplementing
      valve 76 drawing fluid from the third source of pump III. High speed
      movement of the movable platen 18 is not desired during initial mold
      opening movement and a slow "break away" is provided for instead. However,
      once the "break away" has occurred, and the FIG. 8 position reached limit
      switch LS2 closes causing the speed-up and actuator synchronizing action.
PAR  When the FIG. 9 position is reached, limit switch LS4 is again tripped
      open, solenoids C and D are deenergized and a return to the slower speed,
      as described hereinabove with reference to the closing movement of the
      molds is again brought about. Once the molds reach the open position, as
      shown in FIG. 2, limit switch LS5 again trips open and further action of
      the apparatus must await depressing of push button switch PB1 in the
      manual mode of operation discussed herein. Obviously, in an automatic mode
      of operation it will be apparent that suitable timing devices might be
      utilized for sequencing operation of the various valves described above to
      provide an automated mode for an injection molding machine incorporating
      the invention disclosed and claimed herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an injection molding machine of the type having a fixed frame
      supporting a stationary mold part and a movable platen which supports a
      mating mold part, and a hydraulic system for the movable platen, said
      system comprising:
PA1  a. parallel rods slidably received in the fixed frame and connected to the
      movable platen for closing movement toward and opening movement away from
      the stationary mold part,
PA1  b. at least one of said rods having a portion which projects rearwardly
      through the fixed frame generally opposite the movable platen and a first
      piston on said projecting portion,
PA1  c. means defining a first cylinder for slidably receiving said first
      piston, and a first fluid conduit for providing a first fluid to a front
      face of said first piston to close said mold parts,
PA1  d. a second piston defined on said first cylinder defining means, said
      first cylinder defining means being slidably received on said rods, said
      second piston having a forward limit position wherein a forwardly facing
      stop surface abuts the fixed frame,
PA1  e. second cylinder defining means fixed in the machine frame and slidably
      receiving said second piston, and a second fluid conduit for providing a
      second fluid to the front face of said second piston to bias said first
      cylinder rearwardly, and
PA1  f. valve means for selectively closing said first fluid conduit when second
      fluid is provided at said second fluid conduit.
NUM  2.
PAR  2. The hydraulic system defined in claim 1 further characterized by fluid
      pumping means including a first pump for providing the first fluid at a
      first output pressure and a second pump for providing the second fluid at
      a second output pressure, the output pressures of said second pump being
      significantly greater than that of said first pump.
NUM  3.
PAR  3. The hydraulic system defined in claim 1 wherein the effective area of
      the front faces of said first piston is significantly less than that of
      said second piston, said second piston being more particularly defined by
      the front end of said first cylinder defining means.
NUM  4.
PAR  4. The improvement defined in claim 3 further characterized by fluid
      pumping means including a first pump for providing the first fluid at a
      first output pressure and a second pump for providing the second fluid at
      a second output pressure the output pressure of said second pump being
      significantly greater than that of said first pump.
NUM  5.
PAR  5. The hydraulic system defined in claim 4 further characterized by first
      and second fluid return conduits communicating with the rear faces of said
      first and second pistons, and control valve means for selectively
      connecting said return conduits and said first fluid conduit to the fluid
      output of said first pump.
NUM  6.
PAR  6. The hydraulic system defined in claim 5 further characterized by a mold
      closed limit switch so arranged as to be tripped as the movable platen
      reaches the mold closed position, and said control valve means including
      solenoid operable valve means responsive to tripping said mold closed
      switch for connecting said second fluid conduit to the fluid output of
      said second pump.
NUM  7.
PAR  7. The hydraulic system defined in claim 6 further characterized by said
      parallel rods comprising at least two, and the additional such rods also
      having a portion projecting through the fixed machine frame opposite the
      movable platen and having a first piston on said projecting portion.
NUM  8.
PAR  8. The hydraulic system defined in claim 7 further characterized by a first
      cylinder for slidably receiving said additional first piston, and means
      for providing said first fluid output pressure to the front face of said
      additional first piston, said last mentioned means including synchronizing
      valve means for selectively directing fluid from said first fluid return
      line to said front face of said additional first piston.
NUM  9.
PAR  9. The hydraulic system defined in claim 8 wherein said synchronizing valve
      means comprises a solenoid operated device which has a synchronizing
      position for so directing return fluid and which has an alternative
      position for connecting said first fluid output pressure to the front of
      said additional first piston when said control valve means has been
      positioned to provide said first fluid to the front of said first piston.
NUM  10.
PAR  10. The hydraulic system defined in claim 9 further characterized by a mold
      closing limit switch so arranged as to be tripped when the movable platen
      reaches a position short of said predetermined position, said solenoid
      operated synchronizing valve device being responsive to tripping said mold
      closing limit switch to shift said device from said synchronizing position
      to said alternative position.
NUM  11.
PAR  11. The hydraulic system defined in claim 6 wherein said fluid pumping
      means further includes a third pump providing a third source of fluid,
      said supplementing valve means for selectively providing fluid from said
      third pump to said first fluid conduit to supplement the flow from said
      first fluid pump.
NUM  12.
PAR  12. The hydraulic system defined in claim 11 wherein said supplementing
      valve means includes a solenoid operated device which has a flow
      supplementing position for directing fluid from said third pump to
      supplement that from said first pump, and a mold closing limit switch so
      arranged as to be tripped when the movable platen reaches a predetermined
      position short of said closed position, said solenoid operated flow
      supplementing device being responsive to tripping said mold closing limit
      switch to shift said device to an inactive bypass position from said flow
      supplementing position during closing movement of said movable platen.
NUM  13.
PAR  13. The hydraulic system defined in claim 12 further characterized by a
      mold opening limit switch so arranged as to be tripped just prior to a
      full open position for said movable platen, and said mold opening limit
      switch arranged in an electrical circuit with the said solenoid operated
      device to permit the increase in the speed of closing as aforesaid and to
      also increase the speed of opening movement of said movable platen except
      just prior to reaching said full open position.
NUM  14.
PAR  14. The hydraulic system defined in claim 13 further characterized by at
      least two of said parallel rods having rearwardly projecting portions, and
      an additional first piston and cylinder associated with said additional
      support rod, and synchronizing valve means for selectively directing fluid
      from said first fluid return line to said front face of said additional
      first piston, said synchronizing valve means including a solenoid operated
      device having a synchronizing position for so directing return fluid and
      an alternative position for connecting said first pump to the front of
      said additional piston, said synchronizing device having said
      synchronizing position when said supplementing device is in said
      supplementing position.
NUM  15.
PAR  15. The hydraulic system defined in claim 14 further characterized by a
      mold open limit switch so arranged as to be tripped when said movable
      platen reaches said full open position, said control valve means including
      a solenoid operating device having at least two positions one for porting
      fluid from said first pump to the front face of said first piston and the
      second position for porting fluid to the rear face of said first piston.
NUM  16.
PAR  16. The hydraulic system defined in claim 5 where said valve means for
      selectively closing said first fluid conduit comprises a power check valve
      having a check valve upset position to permit reverse fluid flow through
      said first fluid conduit when fluid from said first pump is provided to
      said first fluid return conduit, and means responsive to fluid pressure in
      said first fluid return line for moving said check valve into said upset
      position.
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ABST
PAL  An emergency hydraulic system for use in a vehicle having an engine which
      not only powers the vehicle but also drives a main hydraulic pump to
      supply hydraulic fluid under pressure to a hydraulic control means is
      disclosed. The emergency hydraulic system includes an auxiliary hydraulic
      pump driven by an electric motor to provide an auxiliary source of
      hydraulic fluid under pressure to the hydraulic control means under
      emergency conditions. An electrical control circuit for the electric motor
      is described which control circuit will automatically activate the
      electric motor whenever the engine is operating normally but the flow of
      hydraulic fluid from the main hydraulic pump falls below a given level and
      will automatically inactivate the electric motor whenever the engine is
      operating normally and the flow of hydraulic fluid from the main hydraulic
      pump is above a given level. As disclosed, the control circuit also
      includes means for the manual operation thereof and means for
      automatically activating the electric motor only if the engine of the
      vehicle should fail after it has been in normal operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a hydraulic control system for use in vehicles
      having an engine which not only powers the vehicle but also drives a pump
      to provide hydraulic fluid under pressure for the hydraulic control system
      and more particularly to such a system including an electrical circuit and
      an electrically operated motor pump unit for automatically supplying
      hydraulic fluid under pressure to the control system if the engine or main
      pump fail in operation.
PAR  For example, the weight of various self-propelled vehicles of the type
      utilized in the earth moving industry make it necessary to provide power
      steering to aid the vehicle operator in controlling the vehicle. Such
      power steering conventionally takes the form of a hydraulic circuit
      including steering control means actuated by hydraulic fluid under
      pressure and the usual practice is to provide a pump driven by the vehicle
      engine to provide the pressurized hydraulic fluid. Thus, if the engine of
      the vehicle fails in operation, it becomes extremely difficult to control
      the vehicle while it is being brought to a stop and if the engine cannot
      be started, then it will be difficult to control the vehicle while it is
      being moved to a place where repairs can be made.
PAR  It has been proposed in the prior art to provide an auxiliary or emergency
      hydraulic system including an electrically driven motor pump unit to
      provide hydraulic fluid under pressure to the control system if the engine
      or main pump is inoperative for any reason. For example, U.S. Pat. No.
      3,153,462 discloses such an electrically powered auxiliary or emergency
      system which is manually actuated by the operator upon the occurrence of
      an emergency condition. However, by the time the operator realizes that an
      emergency condition has occurred, it may be too late to energize the
      emergency system in time to avoid an accident.
PAR  Thus, it is an object of this invention to provide an electrical control
      circuit for automatically actuating the electric motor of an auxiliary or
      emergency system for supplying hydraulic fluid under pressure if the
      engine or the main hydraulic pump should fail for any reason.
PAR  Automatic control circuits of this type have been proposed as disclosed in
      U.S. Pat. Nos. 2,954,671 and 3,434,282. However, such previously proposed
      control circuits are undesirable in that the auxiliary or emergency system
      is actuated whenever the engine of the vehicle is started.
PAR  It is an object of this invention to provide a control system for
      automatically actuating the emergency hydraulic system only upon a failure
      of the engine or main hydraulic pump after the engine has been in normal
      operation.
PAR  In addition, the automatic operation of control systems proposed in the
      prior art has depended upon means for sensing the pressure of the
      hydraulic fluid provided by the main hydraulic pump whereas the fluid flow
      from the main hydraulic pump is a more important criteria with respect to
      the satisfactory operation of the main hydraulic system. This is
      particularly true in hydraulic systems wherein a constant flow of
      hydraulic fluid is maintained into and out of the reservoir and the
      pressures encountered in the system vary depending on the state of
      actuation of the system.
PAR  Thus, it is a further object of this invention to provide a control system
      sensitive to the flow of hydraulic fluid from the main hydraulic pump for
      automatically actuating the emergency hydraulic system when such flow
      falls below a given level.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, a vehicle having an engine, hydraulic control means actuated by
      hydraulic fluid under pressure, a main hydraulic pump driven by the engine
      to provide hydraulic fluid under pressure for actuating such control means
      and an auxiliary hydraulic pump driven by an electric motor to supply
      hydraulic fluid under pressure for actuating such control means is
      provided with an electrical control circuit for such electric motor
      according to this invention which control circuit includes a source of
      electrical power and a first solenoid operated relay having normally open
      contacts connected in series with the electric motor across the source of
      electric power. The normally open contacts of a second solenoid operated
      relay are connected in series with the solenoid of the first solenoid
      operated relay across the source of electrical power. The solenoid of the
      second solenoid operated relay is connected in series with both the
      normally closed contacts of a first switch means adapted to be opened by a
      given fluid flow from the main hydraulic pump and the normally open
      contacts of a second switch means adapted to be automatically closed when
      the engine of the vehicle is in normal operation. A third solenoid
      operated relay is provided having normally open contacts connected in
      parallel with the normally open contacts of the second switch means and
      with its solenoid electrically connected across the series connected
      normally closed contacts of the first switch means and solenoid of the
      second solenoid operated relay. The first switch means is adapted to open
      before the second switch means are automatically closed in normal
      operation. A third switch means having normally closed manually operable
      contacts interposed between at least the solenoid of the third solenoid
      operated relay and the source of electrical power and a fourth switch
      means having normally open manually closable contacts connected in
      parallel with said second switch means are preferably included in the
      control system.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing and other objects and features of this invention will be more
      fully understood from a reading of the following detailed description of a
      preferred embodiment thereof in conjunction with the attached drawings
      wherein:
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PAR  The lone drawing FIGURE shows the automatic control circuit of this
      invention schematically with the electrical elements thereof shown at the
      bottom of the FIGURE and the hydraulic elements thereof shown in
      conjunction with a hydraulic circuit to which this invention is applicable
      at the top of the FIGURE, the mechanical interconnection between the
      electrical and hydraulic circuits being indicated by dotted lines.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In accordance with the preferred embodiment of this invention the hydraulic
      system shown schematically at the top of the single FIGURE of drawing is a
      power steering system suitable for use on a heavy earth moving vehicle in
      which the engine 10 not only provides motive power for the vehicle but
      also drives a main hydraulic pump 11. The main hydraulic pump 11 takes
      suction from a reservoir 12 containing a quantity of hydraulic fluid and
      supplies a flow of such fluid through a flow sensing device 13 and a check
      valve 14 to a flow control relief valve 15. The service output of the flow
      control relief valve 15 is connected in parallel to the inputs of a pair
      of steering control valves 21 and 22. The relief outlet of the flow
      control relief valve is connected through a filter 16 back into the
      reservoir 12.
PAR  The steering control valves 21 and 22 are adapted to be operated by an
      appropriate steering actuator 23 in the usual manner to provide for the
      flow of hydraulic fluid into and out of a pair of hydraulic steering
      motors or double acting rams 25 and 26. The hydraulic motors 25 and 26 are
      each connected between the vehicle frame and a different one of a pair of
      steerable wheels (not shown) to thereby provide for the steering of the
      vehicle in operation. The outlet of the steering control valves 21 and 22
      are connected in parallel to the filter 16 and thence back into the
      reservoir 12.
PAR  It will be understood that when the steering actuator 23 is at rest, there
      will be no flow of hydraulic fluid through the steering control valves 21
      and 22 either to or from the hydraulic motors 25 and 26. Under such
      circumstances, the flow of hydraulic fluid will be diverted by the flow
      control relief valve through the relief outlet thereof and back to the
      reservoir 12 through the filter 16.
PAR  According to this embodiment of the invention an auxiliary hydraulic pump
      31 is provided which takes suction from the reservoir 12 at a lower point
      therein than the point at which the main hydraulic pump 11 takes suction
      and provides a flow of fluid to a second inlet of the flow control relief
      valve 15 through a second check valve 34. The auxiliary hydraulic pump 31
      is driven by an electric motor 40 and is adapted to deliver the required
      flow of hydraulic fluid for operation of the hydraulic motors 25 and 26 in
      the event that the flow of hydraulic fluid from the main pump 11 should
      fail for any reason. The source of electrical power for the electric motor
      40 is the battery 41 of the vehicle on which the system is mounted.
      According to this invention, the electric motor 40 is automatically
      actuated by the electrical control circuit shown schematically at the
      bottom of the single FIGURE of drawing only if the flow of hydraulic fluid
      fails after the engine of the vehicle has been placed in normal operation.
      Specifically, the electrical control circuit according to the teaching of
      this invention will not actuate the electric motor 40 during the initial
      start-up of the engine 10, thus avoiding the imposition of an excessive
      demand for electrical power on the battery 41 of the vehicle.
PAR  To this end, the electrical control circuit according to the teaching of
      this invention includes a first solenoid operated relay 42 having normally
      open contacts 43 connected in series with the motor 40 across the battery
      41. The solenoid 44 is connected in series with the normally open contacts
      45 of a second solenoid operated relay 46 across the battery 41 through a
      pair of normally closed switches 47 and 48. As shown in the drawing, the
      normally closed switch 48 may be a single pole, double throw switch
      forming part of the engine shut-down or "panic button" control
      conventionally used with diesel engines. The function of the normally
      closed switch 47 will be more fully discussed hereinafter. However, at
      this point it should be understood that the functions of switches 47 and
      48 could be combined in one single pole, double throw switch structure and
      that the switch 47 may be located in the control circuit other than as
      shown in the drawing in other embodiments of this invention.
PAR  The solenoid 49 of the second solenoid operated relay 46 is connected in
      series with a first switch means 51 having normally closed contacts
      adapted to be opened by the flow sensing device 13 when a given flow is
      sensed from the main hydraulic pump 11 and with a second switch means 52
      having normally open contacts adapted to be automatically closed after the
      engine 10 is in normal operation. For example, the engine 10 may include
      an appropriate mechanical device for closing the contacts of the switch
      means 52 in response to the attainment of a given oil pressure within the
      engine 10.
PAR  The series array of solenoid 49 and first and second switch means 51 and 52
      is connected in parallel with the series array of solenoid 44 and normally
      open contacts 45 of relay 46. Similarly, the solenoid 53 of a third
      solenoid operated relay 54 is connected in parallel with the series array
      consisting of solenoid 49 and first switch means 51. The solenoid operated
      relay 54 has normally open contacts 55 which are connected in parallel
      with the second switch means 52. Finally, a normally open switch 57 is
      also connected in parallel with the second switch means 52.
PAR  From the above it will be understood that the third solenoid operated relay
      54 serves as a latching relay which conditions the automatic electrical
      control circuit of this invention for operation in the desired manner.
      Thus, when the engine 10 is started and the oil pressure therein has
      increased to a value representative of normal engine operation, the second
      switch means 52 will close thereby energizing the solenoid 53 through the
      normally closed switches 47 and 48. Energization of the solenoid 53 will
      close the normally open contacts 55 thereof, thereby maintaining the
      energization of the solenoid 53 even if the switch means 52 should
      subsequently open. Thus, once the engine 10 has been placed in normal
      operation, the control circuitry of this invention will be conditioned for
      automatic operation.
PAR  It will be further understood that the normal operation of the engine 10
      should result in the required flow of hydraulic fluid from the main
      hydraulic pump 11 which flow will be sensed by the device 13 resulting in
      the opening of the normally closed contacts of switch means 51. Thus, the
      solenoid 49 of the second solenoid operated relay 46 will not be energized
      unless the required flow of hydraulic fluid from the main hydraulic pump
      11 fails for some reason. Upon failure of such flow, the contacts of
      switch means 51 will automatically close thereby energizing the solenoid
      49 and closing the normally open contacts 45 thereof. The closure of
      normally open contacts 45 of relay 46 will energize the solenoid 44 of the
      first solenoid operated relay 42 to close the normally open contacts 43
      thereof to activate the motor 40. Activation of the motor 40 will result
      in the required hydraulic fluid flow from the auxiliary pump 31 to supply
      the hydraulic system.
PAR  The check valves 14 and 34 of course provide the required isolation between
      the main hydraulic pump 11 and the auxiliary hydraulic pump 31. The fact
      that the auxiliary hydraulic pump 31 takes suction from a lower point in
      the reservoir 12 than the main hydraulic pump 11 will provide steering
      capability for a short period of time after failure of flow from the main
      hydraulic pump 11 due to loss of hydraulic fluid as through a rupture for
      example. Thus, in order to give the operator of the vehicle warning that
      the auxiliary hydraulic system is in operation, an appropriate warning
      light 60, for example, may be connected in parallel with the electrical
      motor 40.
PAR  It will be understood that once the engine 10 has been placed in normal
      operation, the third relay 54 will remain latched due to closure of the
      contacts 55 thereof until the solenoid 53 thereof has been disconnected
      from the power source 41 as by opening either one of the normally closed
      switches 47 and 48. Where the engine 10 is shut down through manipulation
      of the switch 48, the power to the solenoid 53 of the third solenoid
      operated relay 54 will be interrupted automatically thereby allowing the
      contacts 55 thereof to open. The switch means 52 will also return to its
      normally open condition since the oil pressure in the engine 10 will fail
      when the engine 10 is shut down. Thus, the automatic control circuit of
      this invention will be automatically turned off whenever the engine 10 of
      the vehicle is shut down.
PAR  However, if the engine 10 of the vehicle should stall in operation and
      cease to function, then the automatic control circuit of this invention
      would remain in operation since the normally open contacts 55 of the third
      solenoid operated relay 54 will remain latched even though the contacts of
      the second switch means 52 return to their normal open condition upon
      failure of the engine oil pressure. It will then be necessary to manually
      open normally closed switch 47 in order to inactivate the control system
      of this invention prior to restarting the engine 10 in order to avoid an
      excessive drain on the battery 41 during the attempted start-up of the
      engine 10. It will be understood that only a momentary opening of the
      normally closed switch 47 will be required to allow the contacts 55 of the
      relay 54 to open.
PAR  It will be understood that if the attempts to restart the engine 10 are
      unsuccessful, then the second switch means 52 will remain in their
      normally open condition and the relay 54 will not be energized in order to
      condition the electrical control circuit for operation by the closure of
      the contacts 55 of relay 54. If it is desired to move the vehicle to some
      place where repairs to the engine 10 can be carried out, it would be
      desirable to actuate the electrical motor 40 in order to provide hydraulic
      fluid flow to enable steering of the vehicle during its movement to the
      place where it can be repaired. Thus, a momentary closure of the normally
      open switch 57 will result in a latching of the normally open contacts 55
      of the relay 54 thereby conditioning the electrical control circuit for
      automatic operation due to the fact that there will be no flow of
      hydraulic fluid from the pump 11 to actuate the sensing means 13 and open
      the normally closed contacts of the first switch means 51. It will be
      understood that the motor 40 cannot be actuated so long as there is
      sufficient flow from the pump 11 to cause the flow sensing means 13 to
      open the normally closed contacts of the first switch means 51.
PAR  From the above it will be understood that the electrical control circuit
      according to the teaching of this invention will always be in condition
      for emergency operation but that it will not operate unless the engine 10
      has been placed in normal operation. If normal operation of the engine 10
      does not result in a sufficient flow of hydraulic fluid, then the motor 40
      will be automatically activated by the electrical control system.
      Similarly, if the engine 10 should fail after a period of normal
      operation, the motor 40 will be activated. However, the motor 40 will not
      be activated by the electrical control circuit of this invention during
      the period in which the engine is being started and until it has reached
      its normal operating level. To this end, the second switch means 52 is
      specifically adapted according to this invention so that it will not close
      until after the normally closed contacts of the switch means 51 have been
      opened by the flow of hydraulic fluid from the pump 11 under normal
      conditions.
PAR  The normally closed switch 47 and the normally open switch 57 may both be
      spring loaded so that they will automatically return to their normal
      condition after being manually operated. Thus, the electrical control
      circuit according to the teaching of this invention will tend to remain in
      condition for automatic operation at all times, subject to the
      requirement, of course, that the circuit be turned off by the manual
      actuation of normally closed switch 47 following any period during which
      the control circuit has been placed in operation by the manual actuation
      of the normally open switch 57.
PAR  It will be understood that this invention is applicable to any system in
      which an electric motor is used to power an auxiliary hydraulic pump which
      is used as a back-up pump in a hydraulic system. Thus, the auxiliary pump
      31 might be included in a totally redundant auxiliary hydraulic system
      rather than being connected in parallel with the main hydraulic pump 11.
      It is believed that those skilled in the art will find other hydraulic
      systems to which the electrical control circuit of this invention may be
      applied with advantage.
CLMS
STM  WHAT IS CLAIMED IS:
NUM  1.
PAR  1. In a vehicle having an engine, hydraulic control means actuated by
      hydraulic fluid under pressure, a main hydraulic pump driven by said
      engine to provide hydraulic fluid under pressure for actuating said
      control means, and an auxiliary hydraulic pump driven by an electric motor
      to provide hydraulic fluid under pressure for actuating said control
      means; an electrical control circuit for said electric motor comprising:
PA1  a. a source of electrical power;
PA1  b. a first solenoid operated relay having normally open contacts connected
      in series with said electric motor across said source of electrical power;
PA1  c. a second solenoid operated relay having normally open contacts connected
      in series with the solenoid of said first solenoid operated relay across
      said source of electrical power;
PA1  d. a third solenoid operated relay having normally open contacts;
PA1  e. first switch means having normally closed contacts adapted to be
      automatically opened by a given fluid flow from said main hydraulic pump;
PA1  f. second switch means having normally open contacts adapted to be
      automatically closed after said engine is in normal operation; and
PA1  g. third switch means having normally closed contacts adapted to be
      manually opened; said normally closed contacts of said first switch means
      and the solenoid of said second solenoid operated relay being electrically
      connected in series with each other and with said normally open contacts
      of said second switch means across said source of electrical power, the
      solenoid of said third solenoid operated relay being electrically
      connected across said series connected normally closed contacts of said
      first switch means and solenoid of said second solenoid operated relay,
      said normally open contacts of said third solenoid operated relay being
      electrically connected in parallel with said normally open contacts of
      said second switch means, and said contacts of said third switch means
      being interposed between at least said solenoid of said third solenoid
      operated relay and said source of electrical power.
NUM  2.
PAR  2. An electrical control circuit in a vehicle as claimed in claim 1 wherein
      a fourth switch means having normally open contacts adapted to be manually
      closed is connected in parallel with both said normally open contacts of
      said third solenoid and said normally open contacts of said second switch
      means.
NUM  3.
PAR  3. An electrical control circuit in a vehicle as claimed in claim 1 wherein
      said third switch means is electrically connected to shut off said engine
      of said vehicle when said normally closed contacts thereof are manually
      opened.
NUM  4.
PAR  4. An electrical control circuit in a vehicle as claimed in claim 3 wherein
      said third switch means is a single pole, double throw switch structure.
NUM  5.
PAR  5. An electrical control circuit in a vehicle as claimed in claim 1 wherein
      said normally open contacts of said second switch means are adapted to be
      closed by a given oil pressure in the oil lubricating system of said
      engine of said vehicle.
NUM  6.
PAR  6. An electrical control in a vehicle as claimed in claim 1 wherein said
      normally open contacts of said second switch means are adapted to be
      automatically closed after said normally closed contacts of said first
      switch means are automatically opened during normal starting of said
      engine of said vehicle.
NUM  7.
PAR  7. An electrical control system as claimed in claim 1 wherein an
      electrically operated indication means is connected in parallel with said
      electric motor.
NUM  8.
PAR  8. An electrical control circuit in a vehicle as claimed in claim 1 wherein
      said auxiliary hydraulic pump is hydraulically connected in parallel with
      said main hydraulic pump and a pair of check valves are included in the
      hydraulic system, each at the output of a different one of said main and
      auxiliary pumps to prevent reverse fluid flow through said main and
      hydraulic pumps.
NUM  9.
PAR  9. An electrical control circuit in a vehicle as claimed in claim 8 wherein
      said main and auxiliary hydraulic pumps take suction from and return
      hydraulic fluid to a common reservoir and said auxiliary hydraulic pump
      takes suction from a vertically lower point in said reservoir than said
      main hydraulic pump.
NUM  10.
PAR  10. An electrical control circuit in a vehicle as claimed in claim 1
      wherein said normally closed contacts of said third switch means are
      interposed between said source of electrical power and all of the
      electrical elements of said electrical control circuit other than said
      normally open contacts of said first solenoid operated relay and said
      electrical motor.
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PAL  In a closed Stirling Cycle system gas, such as dried air, is heated and
      expanded within a power piston chamber, driving the power piston outwardly
      of the chamber into contact with a cam groove of a flywheel, rotating the
      flywheel. When the power piston reaches the top of its stroke, the cam
      slope reverses, and drives the power piston back into its chamber
      expelling the heated gas therefrom into one or more cooling chambers,
      cooling and contracting the gas which is then charged into a recovery
      piston chamber, driving the recovery piston outwardly of its chamber into
      contact with another cam groove of the flywheel. When the recovery piston
      reaches the top of its stroke, its cam groove reverses and drives the
      recovery piston back into its chamber, expelling the cooled gas therefrom
      back to the power piston chamber recommencing the power cycle to drive the
      flywheel. Preferably, several pair of power-recovery pistons operate out
      of phase to drive the flywheel.
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PAC  FIELD OF THE INVENTION
PAR  This invention relates to a noncombustion engine, particularly an engine
      which converts expansion and contraction energy of gas to mechanical
      power.
PAC  THE PRIOR ART
PAR  Stirling cycle engines are known, see U.S. Pat. No. 1,277,849 to Campbell
      et al., U.S. Pat. No. 3,407,593 to Kelly and U.S. Pat. No. 3,509,718 to
      Fezer et al. These engines operate by alternately heating and expanding,
      then cooling and contracting a quantity of gas, e.g., hot air to drive
      pistons and/or a flywheel. However, such machines have not realized wide
      acceptance and success due to factors which include the location of the
      hot and cold sides of the machine in adjacent chambers, which causes great
      stress on the chamber materials and high power loss and inefficiency since
      the hot and cold sides work against each other, i.e., tend toward
      equilibrium and lower the temperature differential therebetween.
PAR  There has heretofore not been a noncombustion engine which develops a high
      temperature differential and high power thrust and there is a need and
      market for such an engine that obviates the above shortcomings.
PAR  There has now been discovered a Stirling cycle engine wherein the hot and
      cold chambers are spaced apart, the pistons operating in cooperation to
      drive a flywheel or other annular body. This engine moreover operates
      employing a remote heat source without discharge of portions of the
      working fluid.
PAC  SUMMARY
PAR  Broadly, the present invention provides method and apparatus for developing
      noncombustion power comprising an annular body rotatably mounted, an
      expansion chamber mounted proximate the annular body, a power piston
      reciprocably mounted in said chamber, the outer end of the piston being in
      contact with a portion of the annular body spaced from the turning axis
      thereof, a contraction chamber spaced from the expansion chamber, a
      recovery piston reciprocably mounted in the contraction chamber, a chase
      connecting the chambers, the expansion chamber having working fluid at a
      first temperature and pressure therein means for heating the working fluid
      to an elevated second temperature and pressure which forces the power
      piston against the annular body rotating the same, means for driving the
      power piston back into the expansion chamber to expel and charge the fluid
      into the chase and thence into the contraction chamber to drive the
      recovery piston outward of said chamber, means for further cooling the
      fluid in the contraction chamber, and means for driving the recovery
      piston back into the contraction chamber to drive the cooled and
      contracted fluid back into said expansion chamber to recommence the power
      cycle and drive the annular body.
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PAC  DESCRIPTION
PAR  The invention will become more apparent from the following detailed
      specification and drawings in which:
PAR  FIG. 1 is an elevation schematic view of an apparatus embodying the
      noncombustion engine of the present invention:
PAR  FIG. 2 is a plan, partially schematic, view of another apparatus embodying
      the noncombustion engine of the present invention;
PAR  FIG. 3 is an elevation view of the engine embodiment of FIG. 2;
PAR  FIG. 4 is an enlarged fragmentary sectional elevation of the embodiment of
      FIG. 2 taken on line 4--4 looking in the direction of the arrows;
PAR  FIG. 5 is a schematic elevation view of the embodiment of FIG. 2 taken on
      line 5--5 looking in the direction of the arrows;
PAR  FIG. 6 is a partial sectional elevation view of the noncombustion engine of
      FIG. 2 taken on line 6--6 looking in the direction of the arrows;
PAR  FIG. 7 is an enlarged fragmentary sectional elevation view of the portion
      of the embodiment shown in FIG. 5;
PAR  FIG. 8 is an end view of the large fragment shown in FIG. 7;
PAR  FIG. 9 is an enlarged fragmentary sectional elevation detail of a portion
      of the noncombustion engine of FIG. 5;
PAR  FIG. 10 is an enlarged fragmentary sectional elevation detail of another
      portion of the embodiment of FIG. 5;
PAR  FIG. 11 is a view of the fragment of FIG. 10 rotated 180.degree.;
PAR  FIG. 12 is an elevation schematic view partly in section of another
      noncombustion engine embodying the present invention;
PAR  FIG. 13 is an enlarged fragmentary sectional elevation detail of a portion
      of the embodiment of FIG. 12;
PAR  FIG. 14 is an enlarged fragmentary detail of another portion of the
      embodiment of FIG. 12;
PAR  FIG. 15 is an end view of the fragment of FIG. 14, and
PAR  FIG. 16 is a sectional elevation view of the noncombustion engine of FIG.
      12 taken on line 16--16 looking in the direction of the arrows.
DETD
PAR  Referring now to the drawings, in a simple two cylinder embodiment of the
      invention, engine 10 has expansion chamber 12 surmounted by power piston
      14 which carries support bracket 15 and piston roller 16 thereon, as shown
      in FIG. 1. Expansion chamber 12 contains gas, e.g. nitrogen or air at 45
      PSI at room temperature, which is heated by heating coil 18 to
      1400.degree.K which expands the fluid to 1875 PSI therein. The piston
      roller 16 rides in a cam groove 22 (solid line) of flywheel 20, as shown
      in FIG. 1 and is held down thereby while the fluid pressure builds up
      therein until the cam groove 22 slopes inwardly (dotted line) whereupon
      the piston roller 16 moves up against the flywheel 20, turning the same in
      the indicated clockwise direction. When the piston 14 reaches the top of
      its stroke, mechanical release valve 24 opens at the base of the expansion
      chamber 12, and concurrently the cam groove slopes outwardly to the
      flywheel surface, so that the rotating flywheel 20 then drives the power
      piston 14 downwardly into the expansion chamber 12 (where it is held down
      during the next pressure build-up cycle) to expel the pressurized gas in
      such chamber through the mechanical release valve 24 into first pressure
      reduction chamber 26 which components are shown in FIG. 1. In the chamber
      26, the gas cools to reduced pressure, thence the gas passes into cooling
      coils 30 and then to second pressure reduction chamber 34 where the gas
      further cools and contracts as shown in FIG. 1. The gas then passes
      through check valve 36 into contraction chamber 38 where it is further
      cooled by cooling coil 40 to 672.degree.K, contracts, fills said chamber
      and forces recovery piston 42 upward to the top of its stroke, the piston
      roller 44 riding in its own cam groove 46, in the turning flywheel 20, as
      shown in FIG. 1.
PAR  When the recovery piston 42 reaches the top of its stroke check valve 36
      automatically closes and the cam groove slope 46, steeply reverses and
      slams the recovery piston 42 downwardly into its contraction chamber 38,
      which compresses the fluid therein and drives a shot of cooled fluid
      through check valves 48 and 50 into expansion chamber 12, where the cycle
      is recommenced. Power is transmitted from rotating flywheel 20 by power
      take-off shaft 52 as shown in FIG. 1.
PAR  The expansion chamber 12 is heated by heating coil 18 which is connected to
      circulatory pipes 19, heater 21 and pump 25, while contraction chamber 38
      is cooled by cooling coil 40 which is fed by lines 41, cooler 43 and pump
      45, all as shown in FIG. 1. Lines 41 further serve to cool cooling coils
      30 as shown in FIG. 1.
PAR  In operation the power piston undergoes fluid pressure build-up and
      periodically drives the flywheel on its upstroke exerting about 1875 PSI,
      the flywheel being driven counter to the direction of the upstroke of the
      power piston as indicated by the arrow of FIG. 1, due to the side-wise
      thrust of the piston roller 16 in the cam groove 22 of such flywheel. The
      recovery piston is periodically driven by the flywheel on its downstroke
      against the resistance of only about 45 PSI, so as to feed the power
      piston with successive charges of cooled gas. The only power input is
      energy to heat the heating fluid and cool the coolant and to operate the
      two pumps which circulate the heating fluid and coolant in their
      respective coils as shown.
PAR  In actual practice, a series of power pistons, e.g., three, each out of
      phase, drive the flywheel within their respective cam grooves.
PAR  Thus, in multi-piston noncombustion engine 47, flywheel drum 48 is driven
      by power pistons 50, 54, 58 and 62 which are each successively 90.degree.
      out of phase and which ride respectively in cam grooves 51, 55, 59 and 63
      as shown in FIGS. 2 and 3. The drum 48 concurrently drives recovery
      pistons 52, 56, 60 and 64 which are paired with the above power pistons,
      as shown, which recovery pistons ride respectively in cam grooves 53, 57,
      61 and 65 as shown in FIGS. 2 and 3.
PAR  All the pistons ride in their respective cam grooves on piston rollers such
      as piston roller 66 shown in FIGS. 5, 7 and 8. Such rollers are also shown
      in FIG. 3 but omitted for clarity in FIG. 2.
PAR  The power pistons are heated by heat source 57 and heating line 68 which
      connects to the respective heating coils thereof, e.g., heating coil 70 in
      power piston 62 as shown in FIGS. 2, 5 and 10.
PAR  Cooled working fluid is charged into the power pistons, e.g., at chase 72
      past check valve 74 and through heated pipe 76 as shown in FIGS. 5 and 10
      to heat and expand, driving the power piston 62 up against the drum 48 to
      rotate the same as previously described; see the rotational arrows in FIG.
      5. When the power piston, e.g., piston 62, rises, valve lugs 78 mounted on
      the inside piston wall rise therewith into contact with release valve 82
      opening the same (see dotted lines) to release the heated and expanded
      working fluid through standpipe 80 as shown in FIG. 11. The fluid is thus
      released to the first pressure reduction chamber 84 as the piston 62 is
      driven on its descent stroke by cam 63 on drum 48, as shown in FIGS. 2, 5,
      10 and 6. As the piston 62 nears the bottom of its stroke, valve lugs 78
      descend and the piston 62 contacts valve 82 and returns it to its closed
      position on standpipe 80.
PAR  The working fluid thus is discharged sequentially from the power pistons
      into the first pressure reduction chamber 84 from whence it flows into
      finned serpentine cooling duct 86 in radiator 87 for further cooling and
      thence to second pressure reduction chamber 88 for further cooling as
      shown in FIGS. 3 and 6. The pressure reduction chambers 84 and 88 are
      separated by thorough insulation 85.
PAR  The fluid then flows sequentially up through the recovery piston inlets,
      e.g., through inlet 90, past check valve 92, through cooled pipe 94 into
      recovery piston 64, as shown in FIGS. 6, 5 and 9, to further cool and
      drive the recovery piston 64 up in its cam groove 65 as previously
      described.
PAR  When the recovery piston 64 reaches the top of the stroke, the rotating cam
      groove reverses its slope and drives the piston 64 downward, as previously
      described, charging the cooled and contracted working fluid out of the
      piston into chase 72, as shown in FIGS. 5 and 9, past check valves 73 and
      74 and into heated pipe 76 of power piston 62 to reheat the working fluid
      and recommence the power cycle.
PAR  The recovery pistons are cooled by compressor 95 and line 96 which connect
      to the cooling coils thereof, e.g., cooling coil 98 as shown in FIGS. 2,
      3, 5 and 9.
PAR  The compressor 95, which is belt driven off flywheel drum 48, by belt 91,
      pumps the coolant through line 96 and then across the inner face of the
      radiator 87 by the line 97 to cool the same, from which line 97 returns to
      the compressor. Radiator 87 is further cooled by fan blade 89 which is
      rotatably mounted on drum 48 as shown in FIGS. 2 and 3.
PAR  The flywheel drum 48 rotates on axle 100 which rides on a low friction
      bearing assembly 101 having two concentric sets of needle bearings 102 and
      104 separated by an idler ring 106, all encased in a tapered ring seat 108
      as shown in FIG. 4.
PAR  Accordingly, the only power input required in the above embodiment, aside
      from start-up, is energy to heat and circulate the heating matter e.g.,
      dowtherm in the respective coils. The cooling unit is self-sufficient as
      described above. As for start-up and maintenance, fluid charging ports 49
      and 51, shown in FIG. 2, are employed for flushing and pressurizing the
      engine 47 with working fluid, feeding new fluid in one port and removing
      exit fluid from the other of said ports, while turning the flywheel drum
      to assist fluid circulation.
PAR  In another embodiment of the present invention, end drive noncombustion
      engine 110 has an expansion chamber 112 surmounted by a power piston 114
      having mounted thereon roller bracket supports 119 and piston roller 116
      which contacts the end of the barrel cam 111 on cam ridge 113 as shown in
      FIGS. 12, 13 and 16. At the other end of barrel cam 111, which rotates on
      axis 115, is contraction chamber 118 surmounted by recovery piston 120 on
      which is mounted roller bracket supports 123 and piston roller 122 which
      contacts the opposite end of barrel cam 111 on cam ridge 117 as shown in
      FIG. 12, 14 and 15.
PAR  As shown in FIGS. 12, 13 and 16, three such power pistons 114 are mounted
      in contact with the barrel cam about 120.degree. apart (and out of phase)
      thereon, which power pistons are paired respectively with three such
      recovery pistons 120 which are mounted at 120.degree. intervals at the
      other end of the barrel cam 111, in contact therewith. FIGS. 12, 14 and
      15.
PAR  The power pistons, as shown in FIG. 13, are heated by heating coil 124 from
      the heat source 125. The recovery pistons which have the same construction
      as the power pistons, such as shown at FIG. 13, are each cooled by a
      cooling coil such as coil 124 from cold source 126, FIG. 12.
PAR  Accordingly, cool working fluid at about 45 PSI sequentially enters each
      power piston 114 via transfer chase 129. FIG. 13, where the fluid is
      heated and expanded to 1400.degree.K and 1875 PSI which pushes power
      piston 114 and piston roller 116 outwardly against cam ridge 113, FIG. 12,
      turning the same on axis 115 as each each piston 114 moves in sequence to
      the end of its power stroke. The barrel cam continues turning and then by
      reverse cam slope forces the power piston 114 in the reverse direction
      which expels the heated and expanded gas back into the transfer chase 129
      where it is cooled as it passes through economizer 130, within said chase
      129 and thence passes into contraction chamber 118, where the fluid is
      further cooled by the cooling coil 123 therein (which is constructed like
      coil 124 of FIG. 13), while filling said contraction chamber and forcing
      the recovery piston 120 against the cam ridge 117 until it reaches the end
      of its stroke. Thereupon, the turning action of barrel cam 111 and the
      change of slope of cam ridge 117 forces the recovery piston 120 to
      suddenly reverse stroke and expel the cooled and contracted gases out of
      the contraction chamber 118, back into the transfer chase 129, and through
      the economizer 130, where the gases are heated en route to expansion
      chamber 112, where further fluid heating and expansion take place and the
      power cycle is repeated, all in the apparatus shown in FIGS. 12 and 16.
PAR  The three power pistons and their associated recovery pistons are
      positioned, as previously described, 120.degree. apart on the ends of the
      barrel cam 111, which power pistons act 120.degree. out of phase to
      sequentially drive said barrel cam 111. Each power-recovery piston pair
      are connected by their own transfer chase as indicated by dotted lines
      127, 128 and 129 shown in FIGS. 12 and 16.
PAR  The heating coil 124 is fed by lines from heater pump 125. The cooling coil
      123 is fed by lines from cooler pump 126. The heat exhaust gas from heater
      pump 125 passes through flue 131, which heats vanes 132 of the economizer
      130 en route to the flue exhaust 134. The flue vanes 132 are heated to a
      lesser extent as the flue gas nears its exhaust, and the flue gas is
      concurrently cooled en route to discharge.
PAR  Recovery piston 64 reciprocates in chamber 67 as shown in FIG. 9; power
      piston 62 reciprocates in chamber 69 as shown in FIGS. 10 and 11 and
      piston 114 reciprocates in chamber 112 as shown in FIG. 13. The respective
      pistons and chambers are separated by bearings 61 as shown in FIGS. 9, 10,
      11 and 13. These bearings can be of poly-tetra fluoroethylene ("Teflon")
      or oil impregnated metal bearings (e.g., of brass, bronze) known as
      "Oilite" and the like in ring or other form. Conventional piston rings can
      be employed, which, of course, require lubrication. Bleeder tubes 59
      advantageously vent pressure build-up or vacuum between bearing seals 61
      as shown in FIGS. 10 and 11.
PAR  In actual operation, the working fluid is heated, expanded, driving in
      sequence one or more power pistons, which drives a barrel cam; the heated
      and expanded fluid is then propelled through the transfer chase to the
      cool side of the engine, where it is cooled, contracted and shuttled back
      to the heated side periodically. The power piston exerts high PSI, as
      above stated in the first embodiment and the recovery piston or pistons
      are driven by the barrel cam against a far less PSI so as to feed the
      power piston or pistons with successive charges of cooled fluid.
      Advantageously, a series of power, recovery piston pairs, each pair out of
      phase around the barrel cam ends respectively, drive the barrel cam in
      sequence. Preferably, concentric needle bearings such as shown in FIG. 4
      are employed in the mounting of barrel cam 111.
PAR  Thus, the noncombustion engine embodying the present invention utilizes a
      Stirling Cycle wherein working fluid either shuttles between hot and cold
      sides or circulates around a closed system, in turn being heated,
      expanded, cooled and contracted.
PAR  In further operational detail, in the deflection drive embodiment,
      illustrated in FIGS. 1, 2 and 3, the transfer of heat to the expansion
      chamber expands the working fluid (nitrogen, demoisturized air) opening
      the power piston, during which time the recovery piston is closed by the
      cam action of the flywheel. The recovery piston is then reopened for the
      major part of its cycle to assist the filling thereof with cooled fluid.
      During the outward stroke of the power piston against the flywheel, in the
      case of the embodiments illustrated in FIGS. 1, 2 and 3, the valve 24 or
      82 remains closed until the power piston reaches the top of its stroke, at
      which point valve 24 or 82 opens as described. Thereupon, the power piston
      is abruptly closed by the cam action which drives the working fluid out of
      the expansion chamber to a pressure reduction chamber, or in a simpler
      embodiment, directly to the other side of the engine to a contraction
      chamber and recovery piston as previously discussed. In the end drive
      embodiment, by cam action, the opening of the recovery piston coincides
      with the closing of the power piston, in a pair thereof (and vice versa),
      the working fluid being transferred from the power piston to the recovery
      piston, as in the embodiments shown in FIGS. 12 and 16.
PAR  It can be seen from the above invention, that in both embodiments, the hot
      and cold sides of the Stirling cycle, are considerably separated and
      accordingly do not act against each other. The first embodiment,
      deflection drive, provides a circulatory system with a series of check
      valves which permit one way circulation. In the second embodiment, end
      drive, a shuttle system with no check valves, is provided and the working
      fluid shuttles back and forth according to strokes of the respective
      pistons.
PAR  Preferably, the pistons are cup shaped to hold gas therein and to surround
      the heating and cooling coils respectively, although solid pistons can be
      employed.
PAR  The pistons and chambers are preferably cylindrical, although other
      cross-sectional shaped pistons can be employed where desired. The pistons
      and chambers are of rigid material, e.g., metal, able to withstand high
      pressure.
PAR  The deflection drive embodiment of the present invention, particularly
      FIGS. 1, 2 and 3, is highly efficient in that, for example, where the
      power take-off is employed to drive a generator, the horsepower recovered
      is up to 45% or more of the horsepower input to the system, i.e., by the
      heating and cooling energy input. In the end drive embodiment, the HP
      recovered is up to 45% or more of input.
PAR  The noncombustion engine embodying the invention can come in various sizes
      depending upon the application. For example, the end drive engine
      embodiment of FIGS. 12 and 16 can be a small, light, portable unit for
      such uses as a portable electric power generator, a portable compressor,
      and constant speed required uses such as power tools and the like.
PAR  The deflection drive embodiment of FIGS. 1, 2 and 3 can be a small unit or
      a large unit in which annular body or flywheel 20 is a large mass, e.g.,
      100 pounds or up to much greater weights for delivery power to the power
      receiving unit, e.g., engines, generators, or other power receiving units
      including reciprocal units, e.g., cranks and the like.
PAR  As stated, the light-weight end drive barrel cam engine functions as a
      fluid shuttle model. For heavier models, the fluid shuttle system can be
      replaced with a fluid circulatory system with check valves of the kind
      illustrated in FIGS. 1, 5, 6, 9 and 10, if desired.
PAR  The fluid enclosed in the unit can be various gases available. However,
      inert gases such as nitrogen and air are preferred, particularly air low
      in moisture content.
PAR  Various pressure and temperatures applied to the gas within the system can
      be employed as desired. In a preferred embodiment, the system is
      pressurized at 45 PSI and at room temperature, 530.degree.K with air
      demoisturized to .+-. 0.01% by weight. At the upper end of the cycle, the
      temperature in the power piston is calculated to reach 1400.degree.K at
      1875 PSI.
PAR  As indicated above, in the noncombustion engine of the present invention,
      the heat is not forced through the walls, nor is the hot side adjacent the
      cold side of the engine, as disclosed in the prior art, rather, the "cold"
      and "hot" (less cold) elements are separated and insulated into (1) a
      recovery piston acting as a displacer force and (2) a power piston which
      transfers the energy to the output drive.
PAR  The expansion chamber can be heated by circulating dowtherm (a commercial
      boiler fluid), oil, or other fluid to coils in the power pistons; the
      heating fluid being heated by a burner, charcoal, wood, gas and the like.
      Electrical, including electrical rods, or nuclear heat source can also be
      substituted. Moreover, heat can also be supplied directly to each power
      piston by any of the above means if desired. Further, to the extent heat
      can be delivered to the power pistons by "wick-core" pipes, i.e., by
      wicking action, return lines and pump can be dispensed with.
PAR  The recovery piston situated at the colder side of the noncombustion engine
      embodying the invention, is cooled by a coil having circulating within, a
      cooling agent, e.g., freon, or other fluid, such as cold water, brine and
      the like.
PAR  It is recommended in the end drive noncombustion engine embodying the
      invention (FIGS. 12 and 16) that three or more pairs of power and recovery
      pistons be employed, operating out of phase on the barrel cam to insure
      smooth operation.
PAR  In the deflection drive embodiment of the noncombustion engine of the
      present invention (FIGS. 1, 2 and 3) one or more pairs of power-recovery
      piston pairs can readily be employed, two or more pair being preferred.
PAR  The power take-off for both the embodiments of the invention can be located
      at the axis or periphery of the flywheel or at an intermediate point
      thereof.
PAR  An economizer is preferably employed to assist in the heating and cooling
      of the working fluid of the end drive embodiment of the invention. The
      working fluid can be shuttled without such economizer if desired. The
      economizer, which can be heated with flue exhaust, can include metal vanes
      separated by air or other insulation, can include a series of insulated
      containers filled with fluids of boiling points of decreasing value and
      the like.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A noncombustion engine comprising an annular body rotatably mounted; an
      expansion chamber mounted proximate said body; a power piston reciprocably
      mounted in said chamber, the outer end of said piston being in contact
      with a portion of said annular body spaced from the turning axis thereof;
      a contraction chamber spaced from said expansion chamber; a recovery
      piston reciprocably mounted in said contraction chamber, spaced from said
      expansion chamber; a conduit connecting said chambers; said expansion
      chamber having fluid at a first temperature and pressure therein; means
      for heating said fluid to an elevated second temperature and pressure
      which forces said power piston against said annular body rotating the
      same; means for driving said power piston back into said expansion chamber
      to expel and charge said fluid into said conduit, and thence into said
      contraction chamber, to drive said recovery piston outwardly of said
      chamber; means for further cooling said fluid in said contraction chamber
      and means for driving said recovery piston back into said contraction
      chamber to drive the cooled and contracted fluid back into said expansion
      chamber to recommence the power cycle and drive said annular body.
NUM  2.
PAR  2. A noncombustion engine comprising, a flywheel rotatably mounted on its
      axis; a fluid expansion chamber mounted proximate said flywheel; a power
      piston reciprocally mounted in said chamber, the outer end of said piston
      being in contact with the peripheral portion of said flywheel; pressure
      reduction means connected by a release port, to said expansion chamber for
      expanding and cooling said fluid; a contraction chamber connected via a
      check valve to said pressure reduction means, spaced from said expansion
      chamber; a recovery piston reciprocally mounted in said chamber, the outer
      end of said piston being in contact with another peripheral portion of
      said flywheel; means for feeding fluid at a first pressure and temperature
      into said expansion chamber; means for heating said input fluid to an
      elevated temperature such that the pressure in said expansion chamber
      increases to force said power piston out of said expansion chamber against
      said flywheel rotating the same; means for opening said release port;
      means for driving said piston back into said expansion chamber to expel
      and charge said fluid into said pressure reduction means for cooling and
      reducing the pressure thereof; means for charging the so-cooled,
      reduced-pressure fluid into said contraction chamber to drive said
      recovery piston outwardly against said flywheel; means for further cooling
      and contracting the fluid within said chamber and means to drive said
      recovery piston back into said contraction chamber to drive said cooled
      fluid into said expansion chamber to recommence the power cycle and drive
      said flywheel.
NUM  3.
PAR  3. The engine of claim 1 wherein said power piston contacts said annular
      body at one end thereof spaced from the axis thereof.
NUM  4.
PAR  4. The engine of claim 1 wherein said power piston contacts said annular
      body at one end thereof spaced from the turning axis thereof and the
      recovery piston contacts said annular body at the other end thereof spaced
      from the turning axis thereof, the respective ends of said annular body
      having cam sloped surfaces to cooperate with reciprocal movements of said
      pistons as said annular body rotates.
NUM  5.
PAR  5. The engine of claim 4 wherein a plurality of pairs of power and recovery
      pistons contact said annular body at opposite ends thereof in spaced
      phased power relationship.
NUM  6.
PAR  6. The engine of claim 4 wherein a plurality of power pistons contact said
      annular body at one end thereof spaced from the turning axis thereof, and
      a plurality of recovery pistons contact said annular body at the other end
      thereof spaced from the turning axis thereof, the respective ends of said
      annular body having cam sloped surfaces to cooperate with reciprocal
      movements of said pistons as said annular body rotates.
NUM  7.
PAR  7. The engine of claim 4 wherein said conduit has an economizer thereon
      including a metal grid therein for heat exchange passing therethrough.
NUM  8.
PAR  8. The engine of claim 1 wherein said power piston contacts said annular
      body at an acute angle to the periphery thereof.
NUM  9.
PAR  9. The engine of claim 1 wherein a separate return conduit is provided,
      connecting said chambers for passage of the contracted gas to said
      expansion chamber.
NUM  10.
PAR  10. The engine of claim 1 wherein said conduit includes a first pressure
      reduction chamber connected to cooling coils, connected in turn to a
      second pressure reduction chamber and thence to said contraction chamber
      and a separate return conduit is provided connecting said expansion and
      contraction chambers.
NUM  11.
PAR  11. The engine of claim 1 wherein said expansion chamber has a valve
      connecting it with said conduit; means for closing the valve during the
      power stroke of said power piston and means for opening said valve when
      said power piston reaches the top of its power stroke.
NUM  12.
PAR  12. The engine of claim 1 wherein said pistons are cup shaped, being closed
      at the outer ends thereof.
NUM  13.
PAR  13. The engine of claim 1 wherein said annular body has cam paths defined
      on the surfaces thereof for contact with said power and recovery pistons.
NUM  14.
PAR  14. The engine of claim 2 wherein said annular body is a flywheel
      containing cam paths inscribed around the periphery thereof for contact
      with said power and recovery pistons, each path sloping inwardly to
      cooperate with the upstroke of its associated piston and sloping outwardly
      to cooperate with the downstroke of said piston.
NUM  15.
PAR  15. The engine of claim 2 wherein a plurality of pairs of said power and
      recovery pistons contact spaced cam paths on the periphery of said annular
      body, the pairs operating out of phase with each other to drive said
      annular body.
NUM  16.
PAR  16. The engine of claim 2 wherein said pressure reduction means includes a
      first pressure reduction chamber connected to a radiator coil connected in
      turn to a second pressure reduction chamber.
NUM  17.
PAR  17. The engine of claim 2 wherein said power piston contacts said annular
      body at an acute angle to the periphery thereof.
NUM  18.
PAR  18. The engine of claim 1 wherein a heating coil heats said expansion
      chamber, a cooling coil cools said contraction chamber and power take-off
      means contact said annular body to transmit power therefrom.
NUM  19.
PAR  19. The engine of claim 1 wherein each end of the flywheel axle turns on a
      pair of concentric sets of needle bearings separated by an idler ring
      therebetween.
NUM  20.
PAR  20. A method for developing noncombustion engine power comprising feeding a
      gas at a first temperature and pressure into an expansion chamber having a
      reciprocably mounted power piston therein; heating the gas in said
      expansion chamber to an elevated second temperature and pressure to drive
      said power piston out of said chamber against a rotatably mounted annular
      body to rotate the same, driving said power piston back into said chamber
      to expel and charge said gas from said chamber into a conduit, feeding the
      gas from said conduit into a contraction chamber having a reciprocably
      mounted recovery piston therein to fill said contraction chamber and drive
      said recovery piston out thereof; further cooling and contracting said gas
      in said contraction chamber; driving said recovery-piston into said
      contraction chamber to expel said gas from the said contraction chamber
      into said expansion chamber to recommence the power cycle and drive said
      annular body.
NUM  21.
PAR  21. A method for developing noncombustion engine power comprising; feeding
      a fluid at a first temperature and pressure into an expansion chamber
      having a reciprocably mounted power piston therein; heating the fluid in
      said expansion chamber to an elevated second temperature and pressure to
      drive said power piston out of said chamber against a rotatably mounted
      flywheel to rotate the same; opening a fluid release port in said chamber;
      driving said power piston back into said chamber to expel said fluid from
      said expansion chamber; closing said release port, expanding and cooling
      said fluid; feeding said fluid into a contraction chamber having a
      reciprocably mounted recovery piston therein to fill said chamber and
      drive said recovery piston out thereof, further cooling said fluid in said
      contraction chamber; driving said recovery piston back into said chamber
      to expel said fluid from said contraction chamber and drive said fluid
      into said expansion chamber to recommence the power cycle and thus drive
      said flywheel.
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ABST
PAL  Commercial exploitation of the closed-cycle Stirling engine has been
      delayed because of inherent difficulties in controlling the engine output
      instantaneously. The disclosed invention presents a method and a device
      for intermittent power control of a Stirling engine by alternately
      connecting and disconnecting a separate dead space to the engine gas
      circuit. The control cycle includes a multiple of engine revolutions and
      is independent of the engine speed.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention pertains to the control of a hot gas engine of the stirling
      type.
PAC  PRIOR ART
PAR  The Stirling engine operates with a closed work cycle in which one and the
      same amount of working gas is transferred between various chambers in
      order to effect the various phases of the cycle. Compared to the open work
      cycle of the Otto and Diesel cycle engines in which the output can be
      instantaneously changed by altering the flow of working gas from and to
      the atmosphere, instantaneously regulating the engine output in the closed
      Stirling cycle involves certain difficulties.
PAR  One practicable and successful method is to regulate the output by means of
      changing the so-called engine dead space, i.e. the volume which remains
      for the working gas at maximum compression during the work cycle.
PAR  Various methods and devices for such regulation of the dead space are
      known.
PAR  The first involves infinitely variable dead space from a maximum value
      which, at the prevailing highest gas temperature, gives the lowest output
      and a minimum value which gives corresponding highest output or full
      power. The device for this purpose comprises essentially a cylinder with a
      piston connected to the engine gas circuit, said piston being displaceable
      towards its upper dead point when the output is to be increased so that
      the working gas therein is displaced from the dead space cylinder to the
      engine internal gas circuit. This increases the engine pressure amplitude
      which instantaneously results in an increase in output. In spite of its
      fundamental value the method and device imply increased practical
      difficulties and engine costs with sealing, control force and control of
      the piston position.
PAR  The second involves a number of dead spaces which can be individually
      connected to the engine gas circuit. The device then consists of delimited
      chambers, whose volumes are appropriately related to the engine internal
      dead space, e.g. 2.sup..sup.-n where n is an integer. By means of two-way
      valves the number of chambers connected to the gas circuit can be changed
      so that the dead space and hence the pressure amplitude of the working gas
      varies by sufficiently small stages, even with a moderate number of dead
      space chambers, for example three or four. Even if this type of step-wise
      power control does not imply any true disadvantage, it has been found that
      the valve arrangement for opening and closing of the desired combinations
      of the various dead space chambers is complex and costly if it is to
      operate with satisfactory reliability.
PAR  A third known method is to employ a single dead space, sufficiently large
      for the desired minimum output, which for each work cycle of the Stirling
      engine is connected to the gas circuit, starting at the beginning of the
      work cycle at mean gas pressure, by means of a two-way valve. The dead
      space is then shut off from the gas circuit by the valve after a part of
      the compression stroke has been carried out. The method implies that the
      pressure amplitude of each work cycle is lowered below the maximum value
      in a pre-set relation to the part of the compression stroke when the gas
      circuit is connected to the dead space. This makes it possible to
      steplessly control the engine output between the two extreme values when
      the dead space is constantly disconnected and connected, respectively. The
      practical device for realizing this method meets with great difficulties,
      however, owing primarily to the therewith associated demands for extremely
      fast opening and closing of the valve at the desired time in the work
      cycle at fairly high frequency, 50 Hz being a normal value. At this value,
      the valve is required to open or close completely within a few
      milliseconds of the delimited interval of 1/100 of a second. This is
      practically unfeasible since both the mass and the movement of the valve
      and control device are considerable and the control force is limited.
PAR  Errors in timing and period for opening or closing the valve involve
      throttle losses in the engine working gas and thereby decreased
      efficiency.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a method for regulating the output of
      engines of the Stirling type by means of intermittant connection and
      disconnection of a single dead space of suitable volume having a two-way
      valve controlled by a pilot valve during a space of time comprising
      respectively a plurality of engine work cycles and portions thereof.
PAR  In the method according to the invention, a control cycle period suitable
      for the engine working frequency is selected, for example 1/10 to 2/10
      second, and the two-way valve between the engine gas circuit and the dead
      space is held closed during a part of this period and it is held open
      during the remaining part of the period. In this way the engine will, in
      the same order, first carry out a number of work cycles with high pressure
      amplitude and then a number of work cycles with low pressure amplitude,
      after which the control cycle is repeated. The control frequency and the
      crankshaft frequency are not required to have a determined relation to one
      another, nor need they be synchronized.
PAR  The consequence of the foregoing is that the engine during the short period
      of the control cycle alternately delivers full output and idling output in
      such proportions as are determined by the pre-set modulation of the valve
      position. The extreme values naturally imply full output for a closed
      valve during the entire control period and idling output for an open valve
      during the entire control period, respectively.
PAR  If the engine operates under constant load its speed will thus increase
      during the earlier portion of the control cycle and will decrease during
      the later portion. Speed variations during the control period will
      therewith depend, among other things, on the composite rotary moment of
      inertia and will under all normal applications be negligible.
PAR  If increased output is desired, the closed-valve portion of the control
      cycle is increased and the open-valve portion is decreased. If reduced
      output is desired, the open-valve portion is instead increased.
PAR  Because the control cycle and the engine work cycle have only a
      conveniently chosen, approximate frequency relationship but do not include
      regulating of the control cycle in phase with the work cycle, it occurs,
      of course, as a rule that the valve opens and closes, respectively, out of
      phase with the work cycle. As noted above, this implies decreased
      efficiency. However, this decrease is negligible since, for example, of
      5-10 work cycles with a regulation cycle thereof, only two are disturbed,
      one for full output and one for idling output. This also results in
      practicably moderate demands on the valve function, although rapid opening
      and closing are naturally still desirable.
PAR  The invention also concerns a device for effecting the method. In a
      preferable embodiment the device comprises a dead space chamber connected
      to the engine gas circuit via a two-way valve, said dead space chamber
      being sufficiently large to render the desired idling power. The two-way
      valve is adapted to hold either the open or closed position, wherewith
      throttle losses via the valve in the open position are small. When the
      valve is open the pressure in the dead space varies essentially with that
      in the engine gas circuit. When the valve is closed the pressure
      prevailing in the dead space equals that in the engine gas circuit at the
      closing instant.
PAR  For opening and closing of the two-way valve, the valve stem is rigidly
      connected to a piston in a cylinder, which is connected by a duct to a
      three-way valve or pilot valve, preferably controlled by an electromagnet.
PAR  The pilot valve is connected to the engine internal gas circuit by two
      branch ducts, each containing a check valve. Via the check valves the
      branch ducts will contain gas at the highest and lowest pressure,
      respectively, in the engine gas circuit. Either branch duct can be
      connected to the two-way valve cylinder by means of the magnetic valve,
      whereupon the resulting force on the two-way valve cylinder either opens
      or closes the valve. By appropriately dimensioning the piston surface and
      the valve surface, opening and closing of the valve take place
      sufficiently fast.
PAR  An electronic pulse-time modulator can be employed for control of the
      position of the magnetic valve, by means of which in a wellknown manner
      the entire control cycle period can be delimited as well as the portion of
      the control cycle when the magnetic valve connects the branch duct which
      leaves the two-way valve open. During operation of the engine, engine
      power is regulated from its highest value towards its lowest value by
      increasing this portion, i.e. by increasing the ratio open portion/control
      period. Regulation involves then essentially the positioning of a control,
      for example in the form of a knob, a lever or a pedal, which influences
      the pulse modulator portion or ratio for open valve.
PAR  If the regulation particularly concerns maintaining the engine speed
      constant at a certain value, this can also be accomplished by known means
      by comparing electric impulses from an engine-shaft driven tachometer with
      the pre-set value for the speed in a summator and by increasing or
      decreasing the pulse time for holding the valve open in accordance with
      the measured difference.
PAR  Another simple device for holding the speed constant in a Stirling engine
      according to the invention comprises an electro-mechanical device with a
      dc-source to the magnetic valve and a breaker comprising an inertial mass
      on a leaf spring and an adjusting screw, whereby the speed is adjusted.
DRWD
PAR  On the drawings:
PAR  The invention is described below with reference to the attached drawings,
      in which
PAR  FIG. 1 shows a Stirling engine fitted with a dead space connection for
      optional output control according to the invention,
PAR  FIG. 2 a Stirling engine with output control according to FIG. 1 and a
      device for maintaining constant speed and
PAR  FIG. 3 a diagram of the pressure in the engine gas circuit when the dead
      space is connected and disconnected intermittently for output control
      according to the invention.
DETD
PAR  As shown on the drawings:
PAR  The gas circuit in the Stirling engine 1 in FIG. 1 can by means of a
      two-way valve 2 be connected to a suitably large vessel having a dead
      space 3. The valve 2 opens between the gas circuit and the dead space 3
      when a valve head 6 is lifted from its seat by a stem 5 connected to a
      piston 4 in the valve 2. The free surface of the piston 4 is considerably
      larger than the valve head 6 surface. The piston 4 is actuated via a duct
      by the gas pressure in a three-way valve or pilot valve 7. The pilot valve
      7 is connected to the gas circuit in the engine 1 through two branch ducts
      8 and 9 having two divergently directed check valves. The highest or
      alternatively lowest gas pressure occurring in the engine 1 gas circuit
      can thus be made to act on the piston 4 in the two-way valve 2 by means of
      an electromagnet or magnetic relay 10 in the pilot valve 7. When the
      highest gas pressure from the branch duct 8 acts on the piston 4 the valve
      head 6 is closed against the seat and the dead space 3 is disconnected
      from the gas circuit in the engine 1. When branch duct 9 with the lowest
      gas pressure is instead connected to act on the piston 4, valve 2 opens
      and connects the dead space 3 to the engine 1 gas circuit. Because the
      piston 4 is considerably larger than the valve head 6 the gas pressure
      forces on piston 4 in both cases are so large that the valve head 6 opens
      or closes instantaneously.
PAR  The magnet 10 is fed by a source of current not shown through a pulse time
      modulator 11, which is furnished with a control 12 which can be designed
      as, for example a knob, a lever or a pedal. According to the setting of
      the control 12, the magnetic relay 10 via the branch ducts 8 and 9 opens
      the valve 2 during the entire control cycle period, a portion of the
      control cycle period or during none of the period.
PAR  FIG. 2 shows the same engine 1 with the same device for control of the
      output by means of intermittent dead space connection as in FIG. 1, though
      not necessarily furnished with the control 12. For maintenance of an
      approximately constant, desired speed of the engine 1 there is instead a
      speed setting device 13, which is connected to a summator 14, which in
      turn controls the pulse time in the pulse time modulator 11, which by
      previously described means controls the magnetic valve 10 and therewith
      the valve 2.
PAR  A tachometer generator 15, which is electrically connected to the summator
      14 and which is mechanically connected to the engine shaft, allows
      comparison of actual versus pre-set speed. Because of the intermittent
      adjustment the engine speed will, under all operating conditions, vary
      during the control time cycle, the variations depending, among other
      things, on the inertial mass connected to the engine and the instantaneous
      load on the engine. During the portion of the control cycle when the valve
      2 is open, the engine speed will generally decrease while during the
      remainder of the control cycle it will increase. As long as the summator
      14 senses that the speed from the tachometer generator 15 is correct no
      pulse time changes in the pulse time generator 11 will take place.
PAR  Long term practical tests with the above-described method and device
      clearly show that the control cycle being unrelated to the engine cycle
      frequency and cycle phase does not involve any difficulties nor does it
      imply reduction of engine efficiency if only closing and opening times of
      the valve 2 is short in relation to the work cycle period. This is
      achieved with the described device.
PAR  FIG. 3 shows diagrammatically how the method according to the invention
      affects the gas pressure in the engine 1 gas circuit. The pressure p in
      the gas circuit is shown on the vertical axis, and time t along the
      horizontal axis.
PAR  In the left hand part of the diagram the valve 2 is open, i.e. the dead
      space 3 is connected and the pressure amplitude in the engine 1 gas
      circuit is therefore small. At t.sub.1 the valve 2 closes off the dead
      space 3 from the gas circuit after which the engine work cycle continues
      several revolutions with reduced dead space and thereof resulting higher
      pressure amplitude p.sub.2 -p.sub.1. At t.sub.2 the valve 2 again opens
      for connecting of the dead space 3 to the gas circuit, by means of which
      the pressure amplitude falls to p.sub.4 -p.sub.3. This pressure amplitude
      is held until the valve 2 at t.sub.3 again closes off the dead space 3
      from the gas circuit, so that the pressure amplitude again increases.
PAR  The time t.sub.3 -t.sub.1 is the control cycle period and is thus equal to
      the inverse value of the pulse time modulator carrier frequency. For a
      given engine having a specific purpose this period is fixed and has a
      value corresponding to approximately ten work cycles at the normal speed
      of the engine. On the other hand no connection need exist between the time
      points t.sub.1, t.sub.3 and any special pressure value in the work cycle.
PAR  The portion t.sub.3 -t.sub.2 when the valve 2 is open can be called pulse
      time. As is clear from the diagram, t.sub.3 occurs at an arbitrary
      pressure within the interval p.sub.4 -p.sub.3, for which reason the mean
      pressure during the work cycles where the valve 2 is closed differs as a
      rule from the mean pressure with the valve 2 open.
PAR  If the summator 14 in the same way senses that the desired value of speed
      has been exceeded, it emits a signal to the pulse time modulator 11 to
      increase the pulse time, thus holding the valve 2 open, and when the
      desired value has been underpassed to decrease the pulse time. The actual
      speed of the engine can thereby be held at the desired value within an
      allowed margin.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method for controlling the power of a hot gas engine of the Stirling
      type having a dead space separated from the engine internal gas circuit,
      comprising:
PA1  periodically connecting the dead space to the gas circuit and disconnecting
      the dead space from the gas circuit for a combined period of time
      comprising one control cycle of constant duration independent of engine
      speed, whereby gas circuit pressure amplitude respectively decreases and
      increases.
NUM  2.
PAR  2. A method according to claim 1 in which the duration of said control
      cycle is that of a plurality of engine revolutions.
NUM  3.
PAR  3. A method according to claim 2 in which the duration of the portion of
      the control cycle in which the dead space is connected to the gas circuit
      is steplessly varied within the entire control cycle.
NUM  4.
PAR  4. A method according to claim 1 in which the duration of the portion of
      the control cycle in which the dead space is connected to the gas circuit
      is steplessly varied within the entire control cycle.
NUM  5.
PAR  5. A device for controlling the power of a hot gas engine of the Stirling
      type having dead space separated from the engine internal gas circuit,
      comprising:
PA1  a. electrically controlled valve means adapted to connect the dead space to
      the gas circuit; and
PA1  b. a pulse time modulator having an output terminal connected to said
      electrically controlled valve means, said modulator having a constant
      duration cycle independent of the engine, a portion of which cycle is
      regulable in duration and which portion energizes said valve means.
NUM  6.
PAR  6. A device according to claim 5 including a control connected to said
      pulse time modulator for regulating the duration of said portion of said
      control cycle.
NUM  7.
PAR  7. A device according to claim 5 including:
PA1  a. a tachometer generator adapted to be mechanically driven by the engine;
PA1  b. a speed selecting device settable to a desired engine speed; and
PA1  c. an electronic summator connected to receive speed-dependent signals from
      said tachometer generator and said speed selecting device, said summator
      being operative to compare such signals and to emit a corrective control
      signal, and having a connection to said pulse time modulator for said
      control signal to regulate the duration of said portion of said cycle;
PAL  whereby a desired engine speed is maintained.
NUM  8.
PAR  8. A device according to claim 5 in which said valve means includes:
PA1  a. a two-way valve connecting the dead space to the gas circuit;
PA1  b. an electrically controlled three-way pilot valve;
PA1  c. a pair of gas ducts having oppositely facing checkvalves therein
      connected to said pilot valve and adapted to be connected to the gas
      circuit; and
PA1  d. a third gas duct interconnecting said valves.
NUM  9.
PAR  9. A device according to claim 8 in which:
PA1  a. a first of said pair of gas ducts is connected to said two-way valve by
      said pilot valve during said portion of said cycle; and
PA1  b. the other of said pair of gas ducts is connected to said two-way valve
      by said pilot valve during the remainder of said cycle.
NUM  10.
PAR  10. A device according to claim 9 including: a displaceable piston forming
      a part of said two-way valve, said piston being responsive to the
      different gas pressures in said ducts and movable to a first position in
      which said two-way valve is open and a second position in which said
      two-way valve is closed.
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ABST
PAL  An internal combustion Stirling V-engine is disclosed having individual
      heat exchangers for each cylinder disposed between two adjacent cylinders.
      A central preheater is disposed centrally between the cylinders in the
      V-space to vertically overlap the cylinder heat exchanger span.
PARN
PAR  This is a continuation of application Ser. No. 181,870 filed Sept. 20, 1971
     .
BSUM
PAR  This invention relates to a multi-cylinder Stirling engine of the kind
      (herein called "the kind defined") in which each piston acts as a power
      piston and a displacer simultaneously.
PAR  The present invention is intended to provide an engine of the kind defined
      which is economical in manufacture and service, which is compact, and
      which has a low weight thus making it suitable for use in the light
      automotive industry.
PAR  According to the present invention an engine of the kind defined is
      constructed as a V-engine having a single crank-shaft with heat-exchanger
      units equal in number to the cylinders disposed between the cylinders, a
      heat-exchanger unit being located between each two respective adjacent
      cylinders.
PAR  Preferably a single heater unit is disposed centrally relative to the
      cylinders and said heat-exchangers, the heater unit extending downwardly
      so as to partly overlap the cylinders and heat-exchangers in the vertical
      direction.
DRWD
PAR  An engine in accordance with the invention is illustrated in the
      accompanying drawings, in which
PAR  FIG. 1 shows a schematic perspective view of the main parts of the Stirling
      engine,
PAR  FIG. 2 is an exploded view showing the pistons, cross-heads,
      connecting-rods, and the crank-shaft to be used in the engine shown in
      FIG. 1,
PAR  FIG. 3 schematically shows the relative positions of cylinders and
      heat-exchangers in the engine as viewed from above, and
PAR  FIG. 4 is a vertical section through the engine along the line IV--IV in
      FIG. 1.
DETD
PAR  Referring to FIGS. 1 and 2, an engine block 1 is connected to a crank
      casing 2. A unit 3 comprising heater elements 4 and cylinder heads 5 and
      heat-exchanger heads 6 is shown separated from the engine block 1. The
      engine is provided with an ordinary crank-shaft 7 driven by four
      connecting-rods 8, each of which is connected to a cross-head 9 and a
      piston 10.
PAR  The engine block 1 contains four cylinders 12, 13, 14, and 15 and four
      heat-exchangers located in cylindrical cavities 120, 130, 140 and 150.
PAR  FIG. 3 shows schematically the relative positions of the four cylinders 12,
      13, 14 and 15 and the four heat-exchanger cavities in the engine block as
      viewed from above the geometrical axis of the crank-shaft being indicated
      by a dash-dotted line 16.
PAR  Each of the working cycles in the four cylinders 12, 13, 14 and 15 is
      displaced through a time interval corresponding to a crank-shaft rotation
      of 90.degree. relative to the cycle in the preceding and the following
      cylinder.
PAR  As shown in FIG. 4 the space 17 below the piston 10 is connected through a
      channel 18 to a heat-exchanger having a cooler 19 and a regenerator 20.
      The top of the heat-exchanger is connected to heater tubes 21.
PAR  As illustrated in FIG. 4, and as will be understood from FIG. 1, the space
      below the piston in cylinder 12 is connected to heat-exchanger 150.
      Consequently, the space below the piston in the cylinder 13 is connected
      to the heat-exchanger 120 -- the space below the piston of cylinder 14 is
      connected to heat-exchanger 130 -- and the space below piston of cylinder
      15 is connected to heat-exchanger 140.
PAR  The space 22 above the piston 10 of the cylinder 12 is connected to heater
      tubes 23. The tubes of the unit 3 are divided into four sections, (see
      FIG. 1), each section being sealed from the other sections. The tubes
      communicating with cylinder 12 also communicate with the heat-exchanger
      120 and form one section. Likewise a section of heater tubes connects the
      top of the cylinder 13 with the top of the heat-exchanger 130 -- a third
      section of tubes connects the top of the cylinder 14 with the top of the
      heat-exchanger 140 -- and finally the fourth section of tubes connects the
      top of the cylinder 15 with the top of the heat-exchanger 150.
PAR  It will be understood that the space between the cylinders and the
      heat-exchangers accommodates a central part 24 of a burner and pre-heater
      device 25, and thus the total height of the engine is reduced. The compact
      design and the substantial use of conventional elements makes the engine
      suitable as power source for passenger cars or road vehicles.
PAR  The single heater unit 24 - 25 is disposed centrally relative to the
      cylinders 12, 13, 14, and 15 and heat-exchangers 120, 130, 140, and 150,
      and extends downwardly so as to partially overlap the cylinders and
      heat-exchangers in the vertical direction.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A Stirling engine arrangement comprising in combination, a single-crank
      shaft, a plurality of at least four cylinders disposed along paths forming
      a V-arrangement extending from said crank-shaft, each cylinder containing
      a piston dividing the cylinder into a high temperature region and a low
      temperature region the low temperature region being located adjacent the
      crotch of said V-arrangement, a separate regenerator-cooler unit connected
      to each cylinder and disposed in said V-arrangement in a location
      positioned between said two adjacent ones of said cylinders to place each
      cylinder and its regenerator-cooler adjacent each other near the crotch of
      said V-arrangement with the low temperature part of one cylinder being
      connected by a working gas flow channel to the cooler portion of the
      regenerator-cooler unit and with the high temperature part of another
      cylinder located adjacent thereto connected by heater tubes to the
      regenerator portion of the regenerator-cooler unit, said working gas flow
      channel connecting each said cylinder to its adjacent heat exchanger unit
      through a short passageway near the crotch of said V-arrangement, said
      heater tubes disposed in an array about said cylinders at the high
      temperature region away from the crotch of said V-arrangement to define
      inside the V-arrangement between the cylinders a heating space, and a
      single burner unit being mounted in said heating space for heating the
      heater tubes for each of said cylinders.
NUM  2.
PAR  2. An engine as defined in claim 1 wherein said burner unit at least
      partially overlaps the position of the cylinders and regenerator-cooler
      units within the V-arrangement.
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ABST
PAL  A positioning device for controlling a member such as a pen of a chart
      recorder, wherein the positioning motion is produced by a wire formed of
      temperature-responsive material (Nitinol) exhibiting a martensitic
      transformation which contracts the wire when its temperature is increased
      within a predetermined temperature range, and relaxes the wire when cooled
      within that range. The wire is maintained under tension by a spring having
      a negative spring-rate. This spring cooperates with internally-generated
      forces and the elasticity of the wire material to produce
      contraction/expansion length changes of the wire in response to changes in
      its temperature. Electrical circuitry for controlling the wire temperature
      is disclosed, and includes means for inductively developing a
      frequency-modulated pulse-current through the wire.
PARN
PAR  This is a continuation of Ser. No. 239,906 filed Mar. 31, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to motion-producing devices within the broad
      category of prime movers. More particularly, this invention relates to
      positioning devices utilizing an elongate element the temperature of which
      is controlled to cause the element to contract and expand so as to develop
      an output motion.
PAR  2. Description of the Prior Art
PAR  Copending application Ser. No. 002,120, filed by E. O. Olsen on Jan. 12,
      1970, now abandoned, discloses several positioning devices of a type to
      which the present invention is directed. In such devices, the
      motion-producing element is a wire illustratively made of Nitinol (a
      compound of Nickel and Titanium). Such material undergoes a
      temperature-responsive martensitic transformation which causes an
      internally generated contraction when the temperature is raised through
      the operating range. The wire is maintained continuously under tension
      developed by an external spring, and when the wire is cooled down through
      the operating temperature range, the spring force elongates the wire back
      to its original length. A feedback system, responsive to the position of
      the output member, automatically adjusts the heat input to the wire to
      maintain the output position in correspondence to an input signal. Such
      devices can be used for many purposes, such as positioning the pen of a
      chart recorder, actuating a valve, etc.
PAC  SUMMARY OF THE INVENTION
PAR  A principal object of the invention is to provide more effective operation
      of a positioning device of the type having a temperature-responsive
      element arranged to produce contraction/elongation movement. A more
      specific object is to provide novel apparatus and techniques which enhance
      the efficiency and reliability of such positioning devices.
PAR  In an embodiment of the invention to be described below in detail, the
      positioning device comprises a Nitinol wire coupled to an electrical
      circuit which produces a flow of current through the wire, thereby
      controlling the wire temperature. One end of the wire is fixedly secured
      to the chassis of the device, and the other end develops the output motion
      as the wire contracts and expands. The wire at all times is maintained
      under tension by a spring having a negative spring rate. Thus, as the wire
      contracts with an increase in temperature, the spring resists that
      movement with an opposing force which is reduced in proportion to the
      amount of movement.
PAR  Since the resisting spring force diminishes as the wire contracts, the
      amount of internally-generated contracting force required to overcome the
      spring force is correspondingly reduced. This reduces the volume of
      Nitinol required to perform a given amount of work, in comparison with a
      similar device using a positive spring-rate spring. The reduction in
      spring force also permits (1) an increase in the response speed of the
      wire, (2) a reduction in the required operating temperature range, and (3)
      a reduction in the operating stress range, in amounts depending upon
      design trade-off considerations.
PAR  Other detailed objects, aspects and advantages of the invention are pointed
      out in, or apparent from, the following description considered together
      with the accompanying drawings.
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-3 are schematic illustrations of a positioning device in accordance
      with the present invention, shown in different positions;
PAR  FIG. 4 is a simplified schematic representation of a positioning device
      with means to limit externally applied wire stress;
PAR  FIG. 5 is a graph showing how the wire stress varies in the FIG. 4 device
      using a positive spring-rate tension;
PAR  FIG. 6 is a graph like FIG. 5, but showing the stress variation using a
      negative spring-rate tension;
PAR  FIG. 7 is a plan view of a pen motor in accordance with the present
      invention;
PAR  FIGS. 8 and 9 are simplified schematic versions of the pen motor of FIG. 7,
      shown in two different positions;
PAR  FIG. 10 is a graph showing relationships between wire elongation and
      temperature; and
PAR  FIG. 11 is a circuit diagram of the electrical system for controlling the
      current in the wire.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1-3, there is shown in schematic outline a
      positioning device including a Nitinol wire 20 one end of which is secured
      to a fixed point 22, and the other end of which is fastened to the movable
      end 23 of a pivoted lever 24. Means (not shown) are provided to control
      the temperature of the wire over an operating range wherein the wire
      contracts as the temperature is raised and relaxes as the temperature is
      lowered. The wire temperature may for example be controlled by causing
      electrical current to flow through the wire, as described in the
      above-mentioned copending application Ser. No. 002,120.
PAR  As the wire 20 contracts (progressing from FIG. 1 to FIG. 2), it rotates
      the lever 24 counterclockwise about its pivot axis 26. This output motion
      is resisted by a spring arrangement comprising a coiled tension spring 28
      connected between the upper end 23 of lever 24 and a fixed "ground" or
      base point 30 below the level of the pivot axis 26. The spring force,
      which in total is essentially constant over the range of motion
      illustrated, can be considered as composed of two components, one directed
      along the lever 24 towards the pivot axis 26 (and hence not an influence
      on the pivotal movement), and another component directed at right angles
      with respect to the longitudinal direction of the lever, and thus tending
      to oppose the counterclockwise motion of the lever produced by contraction
      of the wire.
PAR  The magnitude of the right-angled component of spring force is proportional
      to the sine of the angle .theta. between the lever and the spring line.
      Thus, as the wire contraction proceeds, and the angle .theta. decreases
      correspondingly, the component of spring force similarly decreases.
      Accordingly, the spring acts with a negative spring rate, such that the
      resisting spring force diminishes with increases in wire contraction. If
      the contraction were allowed to proceed to the extent shown in FIG. 3, the
      three points 23, 26 and 30 will come into alignment, and the component of
      spring force resisting the wire contraction will drop to zero.
PAR  Since the wire-tensioning spring force must be overcome by the
      internally-generated temperature-responsive forces produced within the
      Nitinol material, the reduction in spring force, through use of a negative
      spring rate, correspondingly reduces the amount of Nitinol force required
      to achieve a given amount of output motion. This in turn leads to the
      possibility of reducing the volume of Nitinol required for the same amount
      of work performed. Seen from another point of view, the improvement in
      overall operational efficiency can be taken advantage of by gaining an
      increase in response speed of the positioning device. Similarly, it
      becomes possible to reduce the operational range of temperatures and/or
      stresses to which the wire is subjected, thereby enhancing the reliability
      of performance of the apparatus. This is particularly important for
      apparatus which must operate over many thousands or even millions of
      cycles.
PAR  In most practical applications of a positioning device, the output motion
      will be limited by stops external to the device. It is desired that wire
      stress be kept to low values when the external stops are encountered. FIG.
      4 illustrates such stress limiting means for a contraction/expansion wire
      motor comprising a Nitinol wire 50 held taut by a spring 52. A motion
      member 54 is pivoted at 56 for rotational movement between points labelled
      0% and 100%. The motion member is articulated to an output member in the
      form of a pointer 58 which during normal operation is held in position
      with respect to member 54 by an overtravel spring 60. If the pointer
      encounters stops 62 or 64, or if the pointer is moved by hand, it will
      rotate (clockwise or counterclockwise) about one or the other points of
      contact with member 54. The stress change in the wire will be limited to a
      fraction of the preset force of coupling spring 60.
PAR  If the tensioning spring 52 has a positive-spring rate, the stress within
      the wire 50 will vary as shown in FIG. 5, as the output member moves from
      one stop to the other. During the principal motion from 0% to 100% of full
      scale, the stress increases linearly as the spring 52 expands under the
      contractive pull of the wire. At the left-hand end of the graph, the
      stress drops off rapidly beyond the 0% position, due to the opposing force
      developed by limit stop 62 acting through coupling spring 60. At the
      right-hand end, the stress increases rapidly beyond 100% of scale, due to
      the force of limit stop 64 which, through spring 60, augments the force of
      spring 52. Thus, the total stress range to which the wire 50 is subjected
      represents an effective summation of the spring stresses.
PAR  By using a negative spring-rate spring 52, the total working stress range
      of the wire 50 can be substantially reduced, as indicated in FIG. 6. The
      stress range may for example be one-third of that required by a positive
      spring-rate spring.
PAR  FIG. 7 shows in detail one embodiment of a positioning device utilizing a
      negative spring-rate spring for tensioning a temperature-responsive wire
      element 70. FIGS. 8 and 9 illustrate the same positioning device in
      somewhat schematic form to emphasize certain operational features, and
      show the device in two different output positions to clarify the movements
      of various interconnecting components.
PAR  The Nitinol wire 70 is fixed at its left-hand end to a point 72 on the
      metal chassis or frame of the device. The right-hand end of the wire is
      connected to the free end 74 of a lever 76 which serves as a motion
      member, and is pivotally mounted to the frame by cross-flexures 78.
      Electrical current is induced into the wire by a coupling coil 80 (FIG. 7)
      on a toroidal core. The wire 70 passes through the center of this toroid
      and, in combination with the metal frame, presents a one-turn loop
      inductively coupled to the toroid coil in transformer fashion. Alternating
      current of controllable energy content is generated within the toroid,
      producing a corresponding flow of current within the wire to heat it to an
      appropriate, adjustable level within the range of operating temperatures.
PAR  As the wire 70 is heated, it contracts, thereby rotating lever 76
      counterclockwise about its pivot 78. This rotation is resisted by a spring
      mechanism which includes a curved leaf spring generally indicated at 82,
      and comprising two sections 84, 86 extending transversely to each other.
      The spring portion joining these two sections is held in position by a
      back-up support or bumper 85.
PAR  The first spring section 84 is fixedly secured to the frame at point 88,
      and the end of the other section 86 engages the free end point 89 of a
      force-strut 90 to apply compressive spring force longitudinally down the
      strut. The strut delivers the spring force to the lever 76 through a
      flexure strip at a connection point 92. This flexure connection permits
      rotational movement of the lever while maintaining the strut in
      force-applying relation thereto.
PAR  The compressive spring force is applied by the strut 90 at a small angle
      with respect to the lever 76. This spring force includes a component
      opposing counterclockwise rotation of the lever 76 caused by contraction
      of the wire 70. The magnitude of this opposing component of force is
      proportional to the small angle between the strut and the lever, and thus
      the opposing spring force decreases with the amount of counterclockwise
      rotation, e.g. as the lever moves from the FIG. 8 position to the FIG. 9
      position. Accordingly, the spring 82 develops an effective negative spring
      rate with respect to the lever 76.
PAR  A significant feature of the FIG. 7 spring arrangement is its overall
      compactness. This is achieved by employing a leaf spring the sections of
      which are located close to the principal operating components of the pen
      motor. That is, one section 84 extends alongside of lever 76, and the
      other section 86 extends transversely thereto over to the spring "base"
      point 89 where the spring force is applied to the strut 90. It will be
      apparent that if the lever 76 were rotated counterclockwise to such an
      extent that the base point 89 is aligned with the spring force application
      point 92 and the lever pivot point 78, the spring force point 92 would be
      located between the pivot point and the base point.
PAR  The motion of lever 76 is coupled to an output linkage comprising links 96,
      98 and 100. Link 96 is pivotally mounted on lever 76 at point 102, and
      link 100 is pivotably mounted to the frame by cross-flexures 104. Motion
      of the lever 76 is transmitted to the output linkage through a light
      spring 106 connected between link 96 and a transverse arm 108 integral
      with lever 76.
PAR  The recorder pen (not shown) may be attached to the output linkage in any
      conventional fashion, as by means of a stud 110 aligned with the
      cross-flexures 104 and integral with link 100. Thus, any motion of the
      output linkage results in a corresponding pivotal motion of the pen. If,
      through some inadvertence, the pen is shifted about its pivot axis by an
      external force (i.e., an operator error), the output linkage will move
      with the pen, and the spring 106 will absorb this motion so as to prevent
      transmission of damaging stress to the wire 70.
PAR  The overall mechanism is so arranged that full-scale output motion of the
      pen is achieved with a contraction/expansion of the wire 70 of only about
      25% of its maximum attainable contraction/expansion. As shown in FIG. 10,
      this limitation on the required change-in-length of the wire provides
      consistent results with successive cycles. That is, there is no net change
      in length of the wire when operating on the minor hysteresis loop 120. If
      the meximum length-change were utilized, there would be creep (permanent
      elongation) of the wire, as indicated on the major hysteresis loop 122.
PAR  Referring now to FIG. 11, which shows electronic circuitry associated with
      the device of FIG. 7, an input command signal (0-10 volts full-scale) is
      applied to input terminals 200, 202 leading to an RC filter comprising
      series resistors 204 (232K each) and a shunt capacitor 206. The resistors
      204 also serve, together with resistors 208, 210 (178K; 274 ohms), as a
      voltage-divider, to develop at input point 212 a signal approximately
      one-third the magnitude of the original signal.
PAR  Input terminal 202 is connected through resistors 214, 216 (464K each) to
      ground. However, in practice terminal 202 will be essentially at ground
      potential and thus resistors 214, 216 do not have any significant effect
      on the magnitude of the applied signal.
PAR  The signal at circuit point 212 is applied to one input terminal 218 of an
      operational amplifier 220. The signal on the other input terminal 222 is a
      position feedback signal derived from a pen-position potentiometer 224.
      This potentiometer is a 10K linear slide-wire the wiper of which is
      physically driven by lever 76 (FIG. 7), and is electrically connected to
      amplifier 220 through a voltage-divider consisting of resistor 226 (287K)
      and resistors 214 and 216. The slide-wire may be physically located
      beneath the lever 76, but is not shown in FIG. 7.
PAR  When the pen is not positioned in conformity with the command signal, there
      will be a net input signal at amplifier 220 which produces a corresponding
      amplifier output current. This output current is directed to an RC circuit
      230 including a resistor 232 (12.1K) and a capacitor 234 (0.012
      microfarads) in parallel with another resistor 236 (3.48K). The magnitude
      of amplifier current determines the pulse-repetition-rate of a relaxation
      oscillator 240 coupled to the RC circuit 230, and thereby determines the
      electrical current flowing through the Nitinol wire 70. (As previously
      explained, the wire is transformer-coupled to the oscillator.)
PAR  The oscillator 240 includes a transistor 242 the base of which is connected
      through one transformer winding 244 (2 turns) to capacitor 234. The
      collector is connected through a second transformer winding 246 (12 turns)
      in parallel with a capacitor 248 (1000 pF), to the positive power supply
      terminal. The emitter is connected through a small resistor 250 (16.2
      ohms) to the negative power supply terminal.
PAR  Current from amplifier 220 charges capacitor 234 and thereby
      correspondingly raises the base potential of transistor 242 until current
      flow is initiated through the transistor. The resulting change in current
      in winding 246 induces in winding 244 a voltage augmenting the voltage
      from capacitor 234, thereby rapidly switching the transistor on.
      Accordingly, a relatively large pulse of current flows through winding
      246, and induces a corresponding flow of current through the one-turn
      transformer winding represented by the wire 70 and the return path through
      the metal motor frame.
PAR  This voltage induced in winding 244 is polarized in a direction which tends
      to cause a reverse flow of current into capacitor 234, i.e. opposing the
      current from amplifier 220. Thus, after a predetermined time period, the
      base of transistor 242 will be lowered to a point driving the transistor
      out of conduction, and ending the current pulse in the wire 70.
      Thereafter, the cycle repeats, as the capacitor 234 again begins to
      recharge from the amplifier 220.
PAR  The rate at which capacitor 234 charges up is proportional to the current
      flow from amplifier 220, and this in turn determines the time duration
      between oscillator pulses. Consequently, the duty cycle of the output
      pulses (corresponding to the RMS signal level in the wire 70) is
      determined by the deviation between the actual pen position and the
      commanded position.
PAR  The gain of amplifier 220 is quite high, such that small deviations of pen
      position will cause the amplifier output to saturate in one direction or
      the other. The amplifier includes a negative feedback circuit 260 which
      provides dynamic compensation for the servo loop. The time constant of
      this feedback circuit is effectively the same as the heating and cooling
      time constant of the Nitinol wire 70. The dynamic system gain, i.e. the
      response to sudden changes, is relatively low, but the static gain is very
      high, so as to assure high positioning-accuracy.
PAR  The slide wire 224 is supplied with a d-c voltage (8.125 volts) from an
      integrated circuit voltage regulator 262 of conventional design. This
      supply voltage also energizes a voltage-dividing circuit including
      resistors 264, 266 (1.47K; 6.19K) and resistor 210. Resistor 210 provides
      a bias signal which causes the position of the slide-wire to be a short
      distance (e.g. 5% of travel) from the end of its stroke when the command
      signal is zero. This avoids any problems with non-linearity which might
      arise near the end of the slide-wire stroke.
PAR  The junction between resistors 264, 266 is connected through an isolating
      diode 268 to the base of a transistor 270. If the voltage at the wiper of
      the slide-wire 224 exceeds a predetermined value (indicating that the
      output lever 76 has reached a pre-set limit position for contraction of
      the wire 70), transistor 270 conducts so as to shunt resistor 226. This
      serves, in effect to increase the voltage applied to amplifier feedback
      terminal 222, thereby tending to rebalance the amplifier input. Thus, when
      the command signal demands a pen position beyond the prescribed limit, and
      the slide-wire reaches that limit, this circuit automatically produces
      what is in effect an artificial amplifier input signal which indicates
      that the pen has reached the commanded position, even though in fact the
      pen has not actually gone beyond the pre-set limit position. Accordingly,
      the limiter circuit prevents the wire 70 from being driven beyond the
      motion allowable for lever 76.
PAR  Although specific embodiments of the invention have been described herein
      in detail, it is desired to stress that this is for the purpose of
      illustrating the invention, and should not be considered as necessarily
      limiting of the invention, since it is recognized that various
      modifications of the apparatus can be made by those skilled in the art to
      suit particular applications, without departing from the scope and spirit
      of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Positioning apparatus of the type comprising: an element at least one
      spatial dimension of which is variable with temperature, said element
      being connected to a spring arranged to develop a force tending to oppose
      such temperature-induced dimensional change of said element;
PA1  means to controllably change the temperature of said element in response to
      changes in an applied signal;
PA1  that improvement in such apparatus wherein said spring means has a negative
      spring rate.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said element changes in length
      with changes in its temperature.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, wherein said element is formed of
      material which exhibits a martensitic transformation over a temperature
      range wherein a variation in temperature in one scale direction produces
      an internally-generated dimensional change and a variation in temperature
      in the opposite scale direction relaxes the wire;
PA1  said spring serving to oppose said internally-generated dimensional change
      and, when said element is relaxed, further serving to cause a dimensional
      change in the direction opposite to said internally-generated change.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, wherein said element is connected to a
      movable member to impart thereto output motion corresponding to said
      dimensional changes.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, wherein said element is a wire which
      contracts with a change in temperature.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, wherein said member is pivotally
      mounted at a first point thereof, said wire being connected to said member
      remotely from said pivot point.
NUM  7.
PAR  7. Apparatus as claimed in claim 6, wherein said spring includes means
      extending from a second point on said member to a third point serving as a
      base point fixed relative to said pivot point;
PA1  said base point being located beyond the region between said first and
      second points if said member were positioned so as to place all three
      points in line.
NUM  8.
PAR  8. Apparatus as claimed in claim 7, wherein said spring means comprises a
      tension spring; said first (pivot) point being between said second and
      third points when said three points are placed in line.
NUM  9.
PAR  9. Apparatus as claimed in claim 7, wherein said spring means comprises a
      compression spring; said second point being between said first and third
      points when said three points are placed in line.
NUM  10.
PAR  10. Apparatus as claimed in claim 9, wherein said compression spring is in
      the form of a leaf spring.
NUM  11.
PAR  11. Apparatus as claimed in claim 10, including a strut connected between
      said leaf spring and said member to transmit the spring force to said
      member.
NUM  12.
PAR  12. Apparatus as claimed in claim 10, wherein said leaf spring is curved to
      occupy a position closely adjacent said movable member, thereby to reduce
      the total space requirements of the apparatus.
NUM  13.
PAR  13. Apparatus as claimed in claim 12, wherein said leaf spring is curved to
      provide two sections extending transversely to each other; one of said
      sections extending along one side of said movable member, the other
      section extending transversely with respect to said movable member to a
      region next to the other side of said movable member; the free end of said
      other spring section engaging means to apply the spring force to said
      member.
NUM  14.
PAR  14. In positioning apparatus of the type having a temperature-responsive
      wire means adapted to be contracted and expanded to actuate a motion
      member to produce movement of an output member in accordance with the
      contraction/expansion of the wire means; said apparatus comprising:
PA1  spring means coupled between said motion member and said output member
      normally providing corresponding movement of said two members but
      permitting relative movement therebetween in the event movement of said
      output member is prevented, thereby limiting the stress in said wire
      means.
NUM  15.
PAR  15. Apparatus as in claim 14, including stop means operative to restrain
      excessive movement of said output member.
NUM  16.
PAR  16. Apparatus as in claim 14, wherein said wire means is formed of material
      exhibiting a martensitic transformation which produces
      internally-generated changes in length; and
PA1  second spring means connected to said wire means to maintain the wire means
      under tension.
NUM  17.
PAR  17. Apparatus as in claim 14, including means to limit the heat energy
      applied to said wire means to a level which produces a predetermined
      length avoiding temperature-induced overstressing of the wire material.
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ABST
PAL  A plant cover having a thermally responsive actuator for venting purposes.
      The actuator includes a hermetically sealed plyable bag containing an
      amount of vaporizable liquid that when vaporized expands the bag to effect
      actuator actuation. A method of growing plants using the plant cover of
      the invention including planting in an earthen trough and covering the
      trough with a plant cover of the invention.
PARN
PAR  This is a division of application Ser. No. 129,772, filed on Mar. 31, 1971,
      now U.S. Pat. No. 3,698,131.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to plant husbandry, but more particularly, the
      invention relates to plant covers of the type that protect plants from
      damage caused by climatic temperature conditions.
PAR  It is desirable to plant seeds or seedlings of certain agricultural crops
      as early as possible in a growing season. Early planting may be directed
      toward the following goals: (1) planting more than one crop during a
      growing season; (2) assuring full maturity of a crop; or (3) early
      marketing of a crop.
PAR  In some locals, daytime temperatures may be high enough to sustain plant
      growth but temperatures during the night or a few days may be cool enough
      to damage the plants or curtail their growth.
PAR  It was early recognized that a plant protector or cover having a thermally
      responsive venting means is advantageous. Such a plant protector is
      disclosed by U.S. Pat. 585,009 as issued to Taylor et al. However, devices
      such as Taylor's are unsatisfactory and too expensive for present day
      agricultural needs. The devices are also unsatisfactory when taken in view
      of improved thermally responsive actuators such as disclosed by U.S. Pat.
      No. 2,489,879 as issued to Grebe.
PAR  To meet present day growing needs, it is common practice in many
      agricultural areas to cover a row of plants with a tent-like structure of
      wooden stakes, wire, and pliable, light-transparent material. The
      structure or "plant cover" must be manually attended to assure a tolerable
      or stimulating environment for the plants. During daylight hours, the
      plant cover may be manually vented by partial disassembly. Venting
      protects the plants from damaging high temperatures that could develop
      underneath the plant cover. The plants must be manually recovered to
      protect them from harmfully cold night or day temperatures. This invention
      is directed toward overcoming the manual operation of present-day plant
      covers.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, an actuator is provided which is capable
      of automatically venting a plant cover in response to thermal conditions
      such as solar radiation, ground radiation, or ambient temperature changes.
      The actuator includes a hermetically sealed pliable bag that contains a
      vaporizable liquid that when vaporized expands and inflates the bag to
      effect actuation. Also provided is a plant cover in the form of at least
      one strip of light transparent and pliable material. Thermally responsive
      actuators are arranged along at least one edge of the strip to displace
      the strip and vent the plant cover in response to changes in the thermal
      environment.
PAR  A method of growing plants is provided in conjunction with the plant covers
      of the invention where an earthen trough is prepared to define generally
      parallel earthen ridges. Planting is accomplished in the trough and a
      strip of light transparent material is positioned over the trough. The
      edges of the strip are anchored and thermally responsive actuators are
      placed along and between at least one edge of the strip and one earthen
      ridge. The edge of the strip is displaced to vent the plant cover
      automatically in response to local thermal conditions.
PAR  Accordingly, it is an object of the invention to provide an inexpensive but
      reliable thermally responsive actuator that may be used to effect venting
      of a plant cover.
PAR  Another object of the invention is to provide an actuator for plant covers
      that is thermally responsive to ground radiation, solar radiation, and
      temperatures surrounding the plant cover.
PAR  Still another object of the invention is to provide a thermally responsive
      actuator which may be used in combination with present day plant covers.
PAR  Another object of the invention is to provide a plant cover having venting
      means controlled by an inexpensive, thermally responsive actuator.
PAR  And another object of the invention is to provide a method for growing
      plants in conjunction with a thermally responsive plant cover that
      stimulates growth.
DRWD
PAR  These and other objects or advantages of the invention will become apparent
      by reviewing the drawings and description thereof wherein:
PAR  FIG. 1 is an isometric view of an uninflated actuator of the invention.
PAR  FIG. 2 is an isometric view showing actuation of the FIG. 1 actuator.
PAR  FIG. 3 is an isometric view and partial cutaway of a plant cover of the
      invention as positioned over a row of plants.
PAR  FIG. 4 is an isometric view and partial cutaway of an alternate form of a
      plant cover of the invention.
PAR  FIG. 5 is an isometric and partial cutaway view of an alternate form of the
      invention.
PAR  FIG. 6 is an isometric view showing an alternate form of the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2 a thermally responsive actuator 10 is provided
      in accordance with the invention. The actuator 10 is made of a pliable and
      generally gas impermeable material such as a plastic or elastomeric film.
      One satisfactory material is a polyester film that is sold under the
      trademark "Mylar".
PAR  The material is formed into a bag or enclosure of any desired shape.
      Preferably, the bag is formed into a rectangular or pillow shape 12. A bag
      may be easily formed by folding 14 a piece of film material and
      hermetically sealing 16 the peripheral edges together by welding or
      cementing. The bag is formed in a collapsed or flattened state so there is
      little or no air entrapped therein. A small amount of heat vaporizable
      liquid 18 is injected into the bag just prior to sealing. Together, the
      bag and liquid entrapped therein define a thermally responsive actuator
      10.
PAR  Various types of low boiling point liquids may be used to achieve a desired
      thermal response which will later be discussed. Liquids having a boiling
      point generally between  the range of 65.degree. to 90.degree.  Fahrenheit
      have proven satisfactory. Preferably, a non-flamable liquid is used such
      as a fluorinated hydrocarbon sold under the trademark "Freon". A
      sufficient amount of liquid is injected to inflate the bag when the liquid
      is vaporized as shown in FIG. 2. The amount of liquid injected may be
      readily determined by known methods once the bag size and type of liquid
      is established. For example, a bag that when flat measures 17 by 28
      centimeters, may be satisfactorily inflated when approximately 9 cubic
      centimeters of liquid freon are vaproized in the bag. With the vaporizable
      fluid sealed in the bag, the actuator is ready for use.
PAR  Actuation is accomplished as the actuator is inflated and deflated in
      response to the liquid being alternately vaporized and condensed. The
      liquid is vaporized, FIG. 2, as the thermal environment of the actuator
      imparts sufficient heat to boil the liquid. Conversly, the liquid is
      condensed, FIG. 1, as the actuator thermal environment receives heat from
      the liquid.
PAR  The thermal environment of the actuator includes earth radiation, solar
      radiation, ambient conditions, and any other heat source located near the
      actuator. The thermal response of the actuator may be affected by changing
      any part of the thermal environment. For example, the actuator may be
      selectively colored to magnify or reduce the effect of solar or earth
      radiation. The actuator may be positioned adjacent or away from the ground
      or other heat source to change its response time.
PAR  When the liquid vaporizes, pressure forces are generated in all directions
      as the bag is inflated. Thus, a multitude of actuation movements are
      available when the bag is expanded. The actuation movements may better be
      understood when the actuator is used in conjunction with a plant cover.
PAR  Referring now to FIG. 3, a plant cover 20 of the invention is shown in
      position over a row of plants 22. To use the plant cover, an earthen
      trough 24 is prepared to form two earthen ridges 26, 28. The earthen
      ridges may have the same or different heights. Preferably, the ridges 26,
      28 are generally parallel or equidistant. The trough 24 has sufficient
      depth and width to accommodate a plant of desired size. Seeds, seedlings,
      or plants are placed along the bottom of the trough to form a row. A strip
      of light-transparent material 30 is positioned over the trough and along
      the earthen ridges 26, 28. Shading by the cover may be eliminated or
      reduced by preparing ridges of different height so the plant cover is
      tilted or angled toward the prevailing direction of the sun. Preferably,
      the strip 30 is of a pliable plastic for economical reasons. Drain holes
      32 or slits are formed at spaced-apart intervals along the strip. The
      holes prevent moisture from accumulating on top of the strip and weighting
      the strip to displace it to an undesirable position. Soil or weight
      retaining means such as in the form of pockets 33 or tubes 34 may be
      located or fabricated along one 36 or both longitudinal edges of the strip
      by known methods. Such pockets or tubes provide means for anchoring the
      strip into position over the trough 24. Alternately, a longitudinal edge
      of the strip may be buried 38 or staked 40 into position over the trough.
      A plurality of thermally responsive actuators of any desired type are
      spaced-apart along at least one longitudinal edge 36 of the strip. The
      actuators 10 are positioned between the edge 36 of the strip and an
      earthen ridge 26. The actuators may be attached to the strip if desired.
      Preferably, actuators 10 of the type as disclosed by FIGS. 1 and 2 are
      used. The actuators lift the edge 36 of the strip in response to a thermal
      condition which is too hot and vents the trough 24 to lower the
      temperature therein. Should the temperature within the trough 24 become
      too cold, the actuators collapse in response to the thermal condition and
      the strip 20 is returned to a protective position over the trough.
PAR  Here, the thermal sensitivity of the actuator of the invention should be
      noted. When placed on the ground, the actuator thermal response is
      directly influenced by ground temperature. When the actuator is positioned
      so a portion thereof extends into the trough, thermal response is
      influenced by the temperature in the trough. Thus, the actuator may be
      selectively positioned to thermally respond to a desired condition.
PAC  ADDITIONAL SPECIES
PAR  Referring now to FIG. 4, actuators 10 of the invention are shown in
      combination with a plant cover 50 somewhat in the form of a tent. The
      plant cover is constructed by forming a framework of stakes 52 and wire 54
      over a row of plants 56. Two or more strips 58, 60 of light transparent
      and pliable material, such as plastic, are positioned over the framework.
      One parallel edge of each strip 62, 64 is anchored to near the base of the
      plant row such as by burying. The second edge of each strip 66, 68 are
      juxtaposed to define the top of the tent structure. The strips are
      intermittently fastened to the wire framework 54 with any desired fastener
      70. An actuator 10 of the invention is positioned between the juxtaposed
      edges 66, 68 of the strips and wire framework 54. Actuation of the
      actuators separate the juxtaposed edges 66, 68 of the strips and vents the
      plant cover to lower the temperature therein. The wires 54 of the
      framework bias the edges to a juxtaposed position should the thermal
      environment be such to deflate the actuator.
PAR  Referring now to FIG. 5, a light transparent structure is arranged in tent
      fashion over a plant row to define a plant cover 80. A plurality of vent
      holes 82 are located in the cover near the top. A flap 84 is attached to
      the cover near the vent holes 82. The flap 84 is arranged such that it is
      capable of blocking or covering the vent holes. An actuator 10 of the
      invention is positioned between the flap 84 and the cover 80 to actuate
      the flap. The vent holes 82 are alternately covered and uncovered by the
      flap as the actuator responds to thermal environmental changes in a manner
      as previously described. Optionally, a bias means 86 may be used to bias
      the flap into position over the vent holes. The bias means is particularly
      useful in windy areas because wind may lift the flap away from the vent
      holes during low temperature periods. The bias means may be the actuator
      itself where the actuator is made of an elastomeric material.
PAR  Referring to FIG. 6, a plant cover similar to that of FIG. 5 is shown.
      However, a flap is not used. A thermally responsive actuator of the
      invention is attached to the plant cover near the vent holes. The actuator
      10 operates in a manner as previously explained. As the actuator is
      inflated 90, it displaces itself to a position away from the vent holes
      82. When the actuator is deflated 92, it is relaxed to a position that
      covers the vent holes. Thus, the plant cover is automatically vented in
      response to thermal changes. Optionally a bias means may be provided to
      bias the actuator into position over the vent holes when the actuator is
      deflated.
PAR  The foregoing detailed description was made for purpose of illustration
      only and is not intended to limit the scope of the invention which is to
      be determined from the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermally responsive actuator adapted for actuating an air circulation
      vent of a plant cover comprising:
PA1  a hermetically sealed uncorrugated polymeric and generally flat bag of a
      pliable and substantially gas impermeable film material, the bag
      collapsible and expansible in substantially all directions; and
PA1  a liquid capable of being vaporized and condensed within ambient
      temperature ranges, said liquid disposed within said bag in sufficient
      amount to inflate the bag when said liquid is vaporized.
NUM  2.
PAR  2. An actuator as set forth in claim 1 wherein said bag is colored to have
      a desired thermal response to radiation.
NUM  3.
PAR  3. An actuator as set forth in claim 1 and further including bias means for
      biasing said bag to a predetermined position when said liquid is in the
      liquid state.
NUM  4.
PAR  4. A thermally responsive plant cover comprising:
PA1  a strip of light transparent material having edges, and a plurality of
      thermally responsive actuators spaced apart along at least one edge of
      said strip, said actuators comprising hermetically sealed generally flat
      bags of flexible and substantially gas impermeable film material, the bags
      colored to have a desired thermal response to radiation and said bags
      containing an amount of fluid which when vaporized inflates said bag, said
      fluid capable of being vaporized and condensed within ambient temperature
      ranges;
PA1  whereby expansion of the said bags displaces that edge of said strip along
      which said bags are positioned.
NUM  5.
PAR  5. A thermally responsive plant cover comprising:
PA1  a strip of light transparent material having edges, and a plurality of
      thermally responsive actuators spaced apart along at least one edge of
      said strip, said actuators comprising hermetically sealed generally flat
      bags of a flexible and substantially gas impermeable film material, said
      bags containing an amount of fluid which when vaporized inflates said bag,
      said fluid capable of being vaporized and condensed within ambient
      temperature ranges; and
PA1  bias means for biasing said bags to a predetermined position when said
      liquid is in the liquid stage;
PA1  whereby expansion of said bags displaces that edge of said strip along
      which the bags are positioned.
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PAL  An intensifier for use with pressurized fluids requiring additional
      pressure boosting to assume higher presures includes an elongated housing
      with differential diameter internal bore of which large end is closed by a
      cap with fluid port therein and the opposite small end provided with an
      end wall having fluid passage therethrough, a differential diameter
      elongated piston of close sliding fit inside the bore having small
      plugging piston end at one end and a large actuating piston end at the
      other end with an intermediate diameter intensification piston
      therebetween and capable of being shuttled inside housing bore from first
      small piston end engaged position preventing pressurized fluid supply to
      the intensification chamber to the second small piston disengaged position
      allowing fluid supply thereto while simultaneously developing an evacuated
      annulus inside intensifier with a vacuum force tending to maintain piston
      in the first position and aiding in the operation of intensifier through
      an airless void when actuating piston becomes pressurized urging
      intensification of the pressure during piston return to the first position
      with mechanical advantage proportional to the diametral differences of
      large actuating and intermediate intensifying pistons and their respective
      areas exposed to system pressures, with resultant displacement of fluids
      at elevated pressures.
PARN
PAR  This is a continuation in part of my copending application Ser. No. 244,019
      filed Apr. 14, 1972 and now U.S. Pat. No. 3,815,481.
BSUM
PAR  This invention is particularly suitable for use with Cryogenic Transfer
      Systems which require intensification of fluid pressures when transferred
      from storage dewars to high pressure compressed gas bottles, but not
      limited to it. Most intensifiers either employ springs to aid in the
      position change of the piston or springs with air vent for displacement of
      air during piston shuttling inside the housing.
PAR  The use of springs is associated with many disadvantages, the foremost
      being the energy loss while working against the spring force. In cryogenic
      environment, no springs can perform properly because of temperature effect
      to the material composition and transformation of crystals under severe
      temperature variations with drastic consequences to the performance of
      such springs: metallurgical phase changes induced by drastic temperature
      changes lead to premature spring failures. More critical is the air vent
      in equipment contemplated for use with liquefied gases at cryogenic
      temperatures, because of moisture segregation from the air accumulating
      inside such openings and depositing as ice:cold surfaces of such equipment
      act as a pump for air because of such removal of moisture therefrom,
      resulting in equipment failure due to accumulation of ice.
PAR  Intensifiers are also employed in pneumatic/hydraulic circuits, and they
      are quite complicated, let alone costly.
PAR  The object of this invention is to provide a simplified design of an
      intensifier that is suitable for applications presently plagued with
      difficulties, through the use of principle of evacuated space that enable
      piston return to the original position and provide energy savings.
PAR  Further object of this invention is to provide an intensifier that employs
      no springs nor any air vents, and as such is ideally suitable for
      cryogenic applications as well.
PAR  Devices of this type which require fewer components and improve ultimate
      performance of the system are obviously desirable because they provide a
      simple, inexpensive and reliable means of displacing fluids at higher
      pressure with extreme reliability at less cost initially and in service.
DRWD
PAR  Other objects reside in novel details of construction and combination
      and/or arrangement of parts, all of which will be apparent from the
      description that follows:
PAR  FIG. 1 is a cross-sectional view of an intensifier operated by a three-way
      valve in a normally closed condition with small piston inside fluid supply
      opening.
PAR  FIG. 2 is a cross sectional view of intensifier shown in FIG. 1 in its open
      position with large piston exhausting while small piston unplugged and the
      annulus formed between intermediate piston diameter and large cylinder
      under vacuum.
DETD
PAR  As can be seen from the drawngs, an intensifier 1 which is adapted to
      elevate the pressure of fluid leaving a source such as indicated at 10
      through conduits 11 and 41 to enter inlet opening 12 at one housing end
      which is small for pressurization by intensifier with subsequent exhaust
      therefrom via port 9 through conduit 13 provided with a directional check
      valve 14 and interconnected with a conduit 15 also having a check valve 16
      to feed a receiver through a conduit indicated diagrammatically at 17
      shown in FIG. 1, and at the other housing end which is large the source 10
      supplies pressurized working fluid through conduits 18 and 19 to a
      three-way valve 20 at the large housing end 23 feeding large actuating
      piston end 21 of differential diameter piston 35 via port 22.
PAR  Assuming initially that the source of pressurized working fluid is
      operative and the valve 20 is in open position, the piston end 21 having
      largest surface area is subjected to the pressure force forcing the piston
      35 to assume position as shown in FIG. 1 identifying first position of
      intensifier with inlet opening 12 plugged.
PAR  When the three-way valve 20 is shifted to a closed position, the working
      fluid from the large housing end 23 is allowed to escape through a conduit
      indicated diagrammatically at 24 as shown in FIG. 2, and the source
      pressure becomes predominent in the opening 12 of the small housing end 25
      forcing the piston 35 to assume position shown in FIG. 2 identifying
      second position of intensifier with inlet opening unplugged supplying
      cavity 8 with the fluid while simultaneously creating an evacuated annulus
      26 formed between a portion 38 of piston 35 and large housing end bore 31.
PAR  Turning to a description of intensifier 1 in more detail it is seen to
      include an elongated cylindrical housing 2 of which one larger diameter
      end 23 has an open end 5 closed by an end cap 28 with seal 29 including a
      fluid port 22, and the other smaller diameter end 25 provided with an end
      wall 7 having fluid inlet opening 12 passing therethrough centrally and
      incorporating a male threaded connection 6 externally, icluding an axially
      extending differential diameter cylindrical bore 30 therein. Bore 30 at
      the large diameter housing end 23 has first large diameter portion 31
      continuing inwardly partway and a coaxial intermediate diameter second
      bore portion 32 interconnectd at innermost ends with the larger diameter
      portion 31 through a shoulder 33 at one end and at the other end with the
      coaxially extending fluid passage 12 comprising a small bore portion
      separated by a shoulder 34 adjacent which a fluid exhaust port 9 is
      located, allowing escape of pressure intensifier fluid from the cavity 8
      through the side port 9 when intensifier is actuated as shown in FIG. 1.
PAR  A differential diameter coaxial piston 35 of close sliding fit with the
      differential diameter bore 30 has an enlarged piston end 21 with a seal 27
      serving as intensifier actuating diameter at one piston end 21, also
      called actuator piston 21 and an elongated small diameter opposite piston
      end 36 with a seal 37 serving as fluid plug when piston is in position
      shown in FIG. 1 including an intermediate diameter piston portion 38 with
      a seal 39 serving as intensifying diameter also called intensifier piston
      28.
PAR  The intensifier operation is dependent on the position piston 35 is forced
      to assume inside the bore 30, such position controllable by a single
      component, the three-way valve 20 which when opened to exhaust would
      permit intensifier feeding via opening 12 at lower pressure along with
      having other lines and receiver to be filled with lower pressure fluid
      from the source, as shown in FIG. 2. When the three-way valve is shifted
      to stop exhausting and to open fluid supply to the piston end 21 inside
      large intensifier end 23 via conduits 18, 19 and the port 22, the piston
      end 21 having considerably larger surface area than the other piston areas
      exposed to the same fluid is forced to move forward by initially plugging
      fluid supply passage 12 and subsequently by raising pressure inside
      annular cavity 8 formed between the small elongated portion of piston 36
      and that of the second bore portion 32 with a force proportional to the
      diametral area differences of the intensifier piston 38 and actuator
      piston end 21 until the pistob 35 is stopped by the shoulder 33 inside
      bore portion 31. In effect, the intensification of pressure inside cavity
      8 takes place immediately when the piston end 21, subjected to fluid
      pressure entering port 22 develop large end force to begin axial motion of
      piston 35 from the position shown in FIG. 2 while actual pressurization
      starts upon having small plugging piston seal 37 enter opening 12, between
      the constantly progressing seal 39 of intensifier piston 38 and the
      shoulder 34 while the passage 12 is completely disconnected through piston
      end 36 until piston 35 assumes the position shown in FIG. 1. FIG. 1 also
      identifies the normally prevalent position of the piston inside the
      housing established during the initial piston assembly therein through a
      forceful assembly of piston 35, with shoulder 33 in direct contact with
      piston large end 21, thereby displacing all air therefrom over seals and
      bottoming piston against shoulder 33 accurately, as shown in FIG. 1. When
      piston 35 is forced to assume a position as that shown in FIG. 2, an
      evacuated annulus 36 formed between piston portion 38 and bore portion 31
      provides an airless void with vacuum force tending to keep piston in
      position shown in FIG. 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressure intensifier comprising:
PA1  an elongated housing having first and second ends interconneced by a
      differential diameter bore extending therethrough, said bore having a
      first large size open receiver end adjacent said first end extending a
      substantial portion inwardly therefrom toward said second end along the
      axis of said bore including a first inner end wall therein, a second small
      size bore portion adjacent said second end extending inwardly therefrom
      toward said first end along the axis of said bore, a coaxial third
      intermediate size bore portion interconnecting the innermost ends of said
      first and second bores extending inwardly from said first end wall toward
      said second bore including a second inner wall adjacent said second bore,
PA1  an end cap permanently secured in said open receiver end including a fluid
      port therein,
PA1  said first open receiver end having a diameter larger than the diameter of
      said second and third bores serving as an actuating end of said
      intensifier, said third intermediate size bore having a diameter larger
      than said second small size bore but smaller then the diameter of said
      first open receiver end serving as a pressure intensification chamber,
      said second small bore having a diameter smaller than the remaining bore
      portions serving as a feeding end of intensifier with said small opening
      permitting fluid supply thereto, said housing further including a side
      port entering housing wall adjacent said second inner wall perpendicularly
      for fluid exhaust from said third size bore portion during the pressure
      intensification therein,
PA1  a pressure intensification means for elevating pressures of the fluid
      entering said third size bore portion via said fluid supply opening and
      exiting at higher pressures via said fluid exhaust side port, said
      pressure intensification means movable from a first position wherein said
      small fluid supply opening is closed to a second position wherein said
      fluid supply opening is wide open, means for generating an airless
      evacuated annulus therein with substantial vauum force in at least one of
      said positions, means for shifting said pressure intensification means to
      move from one of said positions by the pressurized fluid force coupled
      with said vacuum force means efficiently and with energy conservation to
      another of said positions, means for maintaining said pressure
      intensification means in one of said positions including valving means for
      porting fluid to fluid operable means,
PA1  said pressure intensification means further including an elongated axially
      slidable piston having differential diameters of corresponding close
      sliding fit with said differential diameter housing bore portions, with a
      first large diameter short portion of said piston at one end serving as an
      actuating end of said intensifier, a second small diameter elongated
      portion of said piston at the opposite end serving as a plugging piston
      end for fluid supply opening and a third intermediate diameter elongated
      portion interconnecting the innermost ends of said first and second
      portions of said piston serving as a pressure booster when shuttled inside
      said housing borre from the first small piston engaged position with said
      fluid supply opening closed to the second small piston disengaged position
      allowing fluid supply to said pressure intensification chamber when said
      valving means initiate said fluid operable means for porting the
      pressurized fluid in said actuating end of said intensifier selectively
      allowing fluid flow to one of said housing bore ends thereby shifting said
      piston between said first and second positions wherein when said valving
      means permit pressurization of said piston actuating end, said fluid
      operable means will shift said piston by fluid action over said large
      diameter piston end to said first small piston engaged position, and
      wherein said valving means permit depressurization of said piston
      actuating end by allowing escape of the pressurized fluid out of said
      actuating housing end, said fluid operable means will shift said piston by
      fluid action ove said small diameter piston end to said second small
      piston disengaged position while simultaneously generating said evacuated
      annulus formed between said third portion of said piston and said first
      large size bore portion when said piston is in said second small piston
      disengaged position, the return of said piston to said first small piston
      engaged position by fluid action over said large diameter piston end
      accompanied by the vacuum force in said evacuated annulus substantially
      aiding in the operation of said intensifier when fluid trapped inside said
      intensification chamber is subjected to the force said pressure booster
      exerts over said fluid, said force being proportional to the diametral
      differences of said first large actuating and said third intermediate
      diameters of said piston and capable of having pressure elevation inside
      said intensification chamber forcing fluid to exit via said side port
      therefrom at substantial pressure boost induced thereto by the same
      pressurized fluid action over said piston surfaces entailing mechanical
      advantage therein.
NUM  2.
PAR  2. A pressure intensifier as in claim 1 wherein said piston includes seals
      inside peripheral grooves provided therein.
NUM  3.
PAR  3. A pressure intensifier as in claim 1 wherein said valving means for
      porting fluid includes a three-way directional valve disposed generally at
      said actuating end of said intensifier.
NUM  4.
PAR  4. A pressure intensifier as in claim 3 wherein said valving means further
      includes a directional check valve disposed in said side port of said
      housing to prevent return of fluid discharged at elevated pressures during
      said change of positions piston assumes therein.
NUM  5.
PAR  5. A pressure intensifier as in claim 4 wherein said valving means includes
      a second directional check valve in a conduit feeding intensifier said
      second end when interconnected with a conduit leaving said directional
      valve in said side port disposed so as to prevent high pressure fluid back
      flow when dispensed from intensifier to flow to a receiver at boosted
      pressures.
NUM  6.
PAR  6. A pressure intensifier as in claim 1 wherein said housing first inner
      end wall having a shoulder defined between differential diameter portions,
      said piston having a shoulder defined between said first and said third
      diameter portions, including seals on said differential diameters of said
      piston, said piston in said first small piston engaged position being
      positioned within said housing bore with said respective shoulders of said
      piston and said end wall abutting and bottoming one another displacing air
      therefrom to render evacuated space between said housing end wall and said
      first large diameter piston forming an annulus between said first large
      diameter housing portion and said elongated portion of said third diameter
      portion when said piston is moved to the second piston disengaged position
      whereby upon removing pressure from said supply opeing, said piston is
      returned to a first small piston engaged position by the force of the
      vacuum even without pressurization of said piston actuation end, tending
      to maintain said piston in said first position after initial assembly of
      said piston inside said housing bottomed.
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ABST
PAL  A master brake cylinder comprises a spring biased piston reciprocally
      mounted in a bore defined in a housing thereof. A cup seal, disposed in
      the bore to abut the piston, comprises a flexible annular flange portion
      having a plurality of circumferentially disposed grooves formed thereon to
      induce rotation of the cup seal upon the return stroke of the piston,
      subsequent to a braking operation. The cup seal is composed of a cured
      elastomeric material having a cup-shaped reinforcing fabric encapsulated
      therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional rubber cup seals employed in master brake cylinders are prone
      to wear and distortion, thus requiring replacement thereof after extended
      use. The cup seal is normally reciprocated in a working bore by a push-rod
      assembly to force hydraulic fluid into the wheel cylinders of band or disc
      brakes. The brake cylinder has a fluid reservoir which communicates with
      the bore via refill and compensating passages to continuously supply
      adequate fluid thereto for brake actuation purposes.
PAR  Upon movement of the cup seal into masking relationship over the passages,
      portions of the seal will tend to become distorted thereat. Such
      distortion is primarily occasioned by the high fluid pressures, e.g. 1,800
      psi, prevalent in the bore of the cylinder during brake actuation. In
      particular, portions of the seal tend to be extruded into the above
      mentioned passages to eventually permanently damage and/or distort the
      seal to render the braking system leak prone and possibly inoperative.
PAC  SUMMARY OF THIS INVENTION
PAR  An object of this invention is to provide an economical and improved piston
      cup seal which will exhibit a long life expectancy when used in a master
      brake cylinder, for example. Such desiderata may be attributed to means,
      preferably a plurality of circumferentially disposed grooves formed on a
      flange portion of the cup seal, for inducing rotation of the cup seal upon
      reciprocation thereof. Such long life expectancy and durability is further
      increased by capsulating a reinforcing fabric in at least the flange
      portion of the cup seal to rigidify the same.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects of this invention will become apparent from the following
      description and accompanying drawing wherein:
PAR  FIG. 1 is a partially sectioned view of a master brake cylinder employing
      the piston cup seal of this invention therein and shown in its retracted
      position;
PAR  FIG. 2 is an enlarged, back side view of the cup seal;
PAR  FIG. 3 is a side elevational view of the cup seal; and
PAR  FIG. 4 is a cross sectional view of the cup seal, taken in the direction of
      arrows IV--IV in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a master brake cylinder 10 comprising a housing 11
      defining a fluid reservoir 12 and a working bore 13 therein. The chamber
      and bore communicate with each other via a compensating port 14 and a
      refill passage 15 which function during a braking operation in a
      conventional manner. A push-rod assembly comprises a piston 16
      reciprocally mounted in bore 13 for movement along a longitudinal axis X
      and biased leftwardly against a push-rod 17 by a compression coil spring
      18.
PAR  The push-rod is adapted for connection by suitable linkage to a
      conventional brake pedal (not shown) for selectively moving the piston
      rightwardly in bore 13. Such movement functions to discharge pressurized
      brake fluid through a port 19, adapted to be connected to one or more
      wheel cylinders (not shown) of a conventional braking system. A piston cup
      seal 20 of this invention is disposed between the rightward end of the
      piston and the leftward end of the spring.
PAR  The cup seal is preferably disposed in unsecured relationship with respect
      to the piston and spring to permit it to rotate relative thereto.
      Referring to FIGS. 2-4, the cup seal comprises a disc shaped base portion
      21 integrally connected at its periphery to a flexible flange or lip
      portion 22 adapted to flex radially in bore 13 to continuously provide a
      circumferential sealing engagement therewith.
PAR  As previously mentioned with regard to prior art cup seal constructions,
      reciprocation of a conventional cup seal past compensating port 14 would
      tend to extrude peripheral portions of the cup seal therein due to the
      high pressures prevalent in bore 13. One novel aspect of this invention is
      a provision of means, preferably in the form of circumferentially disposed
      grooves 23 formed on the periphery of flange portion 22, for inducing
      rotation of the cup seal relative to the housing upon reciprocal movement
      of the piston. Such rotation of the cup seal will prevent one specific
      area of the flange portion from being continuously subjected to such
      extrusion which would tend to permanently distort and/or damage the cup
      seal to induce leakage therearound.
PAR  Referring to FIG. 3, the grooves are disposed at an angle a, preferably
      selected from the range of from about 10.degree. to 45.degree. relative to
      longitudinal axis X of the cup seal. In the illustrated cup seal
      embodiment, such angle closely approximates 30.degree.. The grooves are
      preferably equally spaced circumferentially about flange portion 22 and
      extend generally in the direction of axis X along a distance L, from the
      juncture of base portion 21 with flange portion 22 to terminations at
      closed ends thereof, which preferably approximates one-half of the axial
      distance of the flange portion.
PAR  The cup seal is preferably composed of a cured elastomeric material, such
      as a plastic or rubber composition, which is resistant to brake cylinder
      fluid and which will maintain its required flexibility, elasticity and
      resiliency throughout a wide temperature range. For example, the cup seal
      may comprise an ethylene propylene diene-modified cured rubber composition
      (E.P.D.M.). The rubberized portion of the cup seal may further have an
      acrylic resis (e.g. trimethylol propane trimethacrylate) mixed therein to
      comprise from two to twenty parts by weight of every 100 parts by weight
      of the rubber polymer in the cup seal to increase the hardness and
      extrusion resistance thereof.
PAR  Another novel feature of this invention, which further increases the life
      expectancy of the cup seal, comprises a reinforcing fabric 24 encapsulated
      in at least the flange portion thereof. In the preferred embodiment, the
      fabric is cup-shaped to have its flange portion 25 disposed in substantial
      co-extensive relationship with respect to a flange portion 22 of the cup
      seal. The fabric may constitute a nylon, polyester, glass fiber, metal, or
      polyimide material, polytetrafluoroethylene (Teflon) or other suitable
      woven fabric. The increased stiffness afforded by the fabric aids in
      resisting the above-mentioned extrusion of flange portion 22 of the cup
      seal into port 14 upon reciprocation of the cup seal. Such extrusion could
      cause "nibbling" of the base portion at its juncture with the flange
      portion to occur to thus induce leakage, particularly when the master
      cylinder is actuated and high pressures are prevalent.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a master brake cylinder comprising a housing defining a bore therein,
      a piston reciprocally mounted in said bore for movement along a
      longitudinal axis thereof and an elastomeric cup seal disposed in said
      bore to be reciprocated along with said piston and having disc shaped base
      portion integrally connected at its periphery to a flexible annular flange
      portion thereof disposed in sealing relationship within said bore, the
      improvement wherein said annular flange portion comprises means formed
      thereon for inducing rotation of said cup seal relative to said housing
      upon reciprocal movement of said piston, said means comprising a plurality
      of circumferentially disposed grooves formed on a periphery of said flange
      portion with each groove extending generally in the direction of said
      longitudinal axis from an open end thereof disposed at the junction of
      said base portion with said flange portion to a termination at a closed
      end thereof disposed between the axial ends of said cup seal.
NUM  2.
PAR  2. The cylinder of claim 1 wherein said grooves are each disposed at an
      angle selected from the range of from 10.degree. to 45.degree. relative to
      said longitudinal axis.
NUM  3.
PAR  3. The cylinder of claim 2 wherein said angle approximates 30.degree..
NUM  4.
PAR  4. The cylinder of claim 1 wherein said grooves are equally spaced
      circumferentially about said flange portion.
NUM  5.
PAR  5. The cylinder of claim 1 wherein said grooves terminate, approximately
      one-half of the axial length of said flange portion.
NUM  6.
PAR  6. The cylinder of claim 1 wherein said cup seal is composed of a cured
      elastomeric composition having a reinforcing fabric encapsulated in at
      least the flange portion thereof.
NUM  7.
PAR  7. The cylinder of claim 6 wherein said fabric is cup shaped and has a
      flange portion which is substantially co-extensive with respect to the
      flange portion of said cup seal.
NUM  8.
PAR  8. The cylinder of claim 6 wherein said fabric is selected from a group of
      materials consisting of nylon, polyester, glass fiber, metal, or
      polyimide.
NUM  9.
PAR  9. The cylinder of claim 6 wherein said fabric constitutes
      polytetrafluoroethylene.
NUM  10.
PAR  10. The cylinder of claim 1 wherein said cup seal comprises an ethylene
      propylene diene-modified cured rubber.
NUM  11.
PAR  11. The cylinder of claim 10 wherein said cup seal further comprises an
      acrylic resin comprising from two to twenty parts by weight for every one
      hundred parts by weight of rubber polymer of said cup seal.
NUM  12.
PAR  12. The cylinder of claim 11 wherein said acrylic resin constitutes
      trimethylol propane trimethacrylate.
NUM  13.
PAR  13. In a master brake cylinder comprising a housing defining a bore
      therein, a piston reciprocally mounted in said bore for movement along a
      longitudinal axis thereof and an elastomeric cup seal disposed in said
      bore to be reciprocated by said piston and having disc shaped base portion
      integrally connected at its periphery to a flexible annular flange portion
      thereof disposed in sealing relationship within said bore, the improvement
      wherein said cup seal is composed of a cured elastomeric material having a
      cup shaped reinforcing fabric encapsulated in each of the base and flange
      portions thereof, said fabric having a flange portion which is
      substantially coextensive with respect to the flange portion of said cup
      seal but terminating short of a free axial end thereof and groove means
      formed on the flange portion of said cup seal for inducing rotation of
      said cup seal relative to said housing upon reciprocal movement of said
      piston.
NUM  14.
PAR  14. The cylinder of claim 13 wherein said fabric constitutes a
      nylon-polyester material.
NUM  15.
PAR  15. The cylinder of claim 13 wherein said fabric constitutes
      polytetrafluoroethylene.
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ABST
PAL  A closed vapor cycle engine which uses a trifluoroethanol working fluid
      improved by the addition of ammonia for corrosion protection. The working
      fluid may contain water. The improvement improves life and reduces
      maintenance of the engine.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The closed vapor cycle engine offers advantages over a conventional
      internal combustion engine, particularly in regard to fuel conservation
      and atmospheric pollution. Vapor cycle engines serve well as bottoming
      cycle engines, such as one which utilizes the otherwise waste heat of an
      internal combustion engine. Also, they offer possible replacements for
      gasoline and deisel engines.
PAR  Trifluoroethanol (CF.sub.3 CH.sub.2 OH) and trifluroethanol/water working
      fluids are thermodynamically well suited for vapor cycle engines. These
      working fluids are less corrosive to iron alloys than water, and generally
      are not likely to cause early corrosion failure of engine parts. However,
      they are corrosive enough to be contaminated by corrosion products when in
      contact with carbon steel, cast iron and other iron alloy engine parts.
      These corrosion products are removed by filtration.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention relates to closed vapor cycle engines, using a
      trifluoroethanol working fluid including an additive of ammonia or
      ammonium hydroxide for corrosion inhibition. Ammonium hydroxide or
      anhydrous ammonia may be used. The presence of ammonia substantially
      inhibits corrosion and thereby extends the life of the engine and reduces
      maintenance.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawing is a schematic view of closed vapor cycle engine.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring to the FIGURE which shows a closed vapor cycle engine, working
      fluid 10 in the liquid state is pumped to a vapor generator 12 by a pump
      14, where it is vaporized by heat from a heat source 16. The vapor
      generator 12 may use heat from a variety of sources. The vapor generated
      by the vapor generator 12 is introduced to an expander 20 to produce work.
      Turbine and reciprocating piston expanders are the most common, but other
      types are known. Typically these have iron alloy parts exposed to the
      working fluid. Exhausted working fluid vapor is then condensed to liquid
      in a condenser 22 and finally pumped back to the vapor generator 12.
PAR  Typically the vapor generator 12 uses heat given off by a burner or heat
      rejected by another system. Waste heat from an internal combustion engine
      may provide the heat input. In such a configuration the vapor cycle engine
      is commonly referred to as a bottoming cycle. One example of a bottoming
      cycle system is disclosed in U.S. Pat. No. 3,830,062.
PAR  Trifluoroethanol (CH.sub.3 CH.sub.2 OH) and mixtures of trifluoroethanol
      and water have desirable thermodynamic properties for vapor cycle engines
      which operate from about 300.degree.F to 650.degree.F, and in the pressure
      range of 300-1000 psia. These temperatures and pressures are appropriate
      for engines constructed of low cost materials such as ordinary carbon
      steel, cast iron and other iron alloys.
PAR  Such engines commonly use a once through vapor generator which may be
      visualized as a tube heated along its length. Liquid working fluid is
      introduced at one end and is vaporized, and possibly superheated, by the
      time it reaches the other end. This type of vapor generator is relatively
      small and inexpensive and working fluid is vaporized essentially on demand
      so only a small amount of high pressure vapor is in the vapor generator at
      one time. The small volume of vaporized working fluid is advantageous both
      as to a short warm up time and as to safety in the event of a large leak
      or a rupture in the engine.
PAR  Nonvaporizable material, including corrosion products, suspended in the
      working fluid may be deposited in the once through generator, thereby
      interferring with its action. Only a small amount of such material will
      impair performance of the engine. Even in a kettle-type vapor generator,
      solid non-volatile material in the working fluid interferes with the
      generator by forming deposits on its inside walls. Trifluoroethanol and
      trifluoroethanol/water working fluids, though only mildly corrosive to
      carbon steel and cast iron, produce a small amount of corrosion which in
      time will shorten engine life or increase maintenance costs. Inhibition of
      corrosion extends engine life and reduces maintenance.
PAR  Corrosion inhibition is provided by the addition of ammonia, in the form of
      pure ammonia (NH.sub.3) or as solution of ammonium hydroxide (NH.sub.4
      OH), to trifluroethanol or a trifluoroethanol/water mixture working
      fluids. Ammonium hydroxide is the probable form of ammonia in a water
      solution. It is preferred that ammonia or ammonium hydroxide be added so
      that the concentration of ammonia (as NH.sub.3) is not less than one tenth
      of one percent or more than three percent by weight. Ammonia, being
      volatile, is not deposited in the vapor generator. It also affords
      protection throughout the system, being carried along with the working
      fluid.
PAR  The mechanism of trifluroethanol's corrosion of iron alloys is obscure; it
      has been found that commercially "pure" trifluoroethanol is more corrosive
      than a trifluroethanol/water mixture containing 15 mole percent of water.
      Apparently, water is not the major corrosive substance in such
      trifluoroethanol/water mixtures.
PAR  The following table illustrates the effectiveness of ammonia as a corrosion
      inhibitor in a solution of trifluoroethanol and water. Water is present in
      a concentration of about 3 percent by weight, corresponding to 15 mole
      percent. Each example represents a sample of fluid exposed to air and
      carbon steel and observed after several days, as the table indicates. It
      can be seen the addition of very small amounts of ammonia significantly
      reduces contamination of the fluid by corrosion products.
TBL  ______________________________________                                    
     EX-    TEMP    PERCENT   ELAPSED CONDITION OF                             
     AMPLE  (.degree.F)                                                        
                    NH.sub.4  TIME    FLUID                                    
                    (WEIGHT)  (DAYS)                                           
     ______________________________________                                    
     1      Room    0         3       Clear                                    
                              13      Particles                                
                              21      Particles                                
     2      Room    .2        3       Clear                                    
                              13      Clear                                    
                              21      Clear                                    
     3      Room    .58       3       Clear                                    
                              13      Clear                                    
                              21      Clear                                    
     4      600.degree.F                                                       
                    0         3       Fine particles                           
                              11      Fine particles                           
                              22      Fine particles,                          
                                      deposit on test                          
                                      tube                                     
     5      600.degree.F                                                       
                    .2        3       Clear yellow                             
                              11      Yellow w/black                           
                                      particles                                
                              22      Yellow w/black                           
                                      particles, deposit                       
                                      on test tube                             
     6      600.degree.F                                                       
                    .58       3       Clear yellow                             
                              11      Clear yellow                             
                              22      Clear yellow                             
     7      600.degree.F                                                       
                    0         15      Fine particles                           
                              25      Large particles                          
     8      600.degree.F                                                       
                    .58       15      Clear yellow, gray                       
                                      coating on test tube                     
                              25      Clear yellow, gray                       
                                      coat on test tube                        
     9      600.degree.F                                                       
                    .58       15      Clear yellow, gray                       
                                      on test tube                             
                              25      Clear yellow, gray                       
                                      coat on test tube                        
     ______________________________________                                    
PAR  This invention has been described by way of preferred embodiment. It will
      be apparent that certain modifications and changes may be made without
      departing from the scope of this invention as set forth by the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A closed vapor cycle engine having iron alloy parts comprising:
PA1  a trifluoroethanol working fluid wherein said working fluid is in contact
      with said iron alloy parts of said engine;
PA1  vapor generating means for vaporizing said working fluid;
PA1  expander means for expanding working fluid vapor to produce work;
PA1  condenser means for condensing expanded working fluid vapor to liquid; and
PA1  pump means to introduce condensed working fluid vapor to said vapor
      generator;
PA1  wherein said working fluid further comprises ammonia in sufficient quantity
      to inhibit corrosion of said iron alloy parts.
NUM  2.
PAR  2. The engine of claim 1, wherein said working fluid comprises at least 0.1
      percent by weight of ammonia.
NUM  3.
PAR  3. The engine of claim 2, wherein said working fluid comprises not more
      than 3 percent by weight of ammonia.
NUM  4.
PAR  4. The engine of claim 3, wherein said engine uses a once through vapor
      generator.
NUM  5.
PAR  5. A closed vapor cycle engine having iron alloy parts comprising:
PA1  a trifluoroethanol working fluid containing between 1 and 40 percent by
      weight of water wherein said working fluid is in contact with iron alloy
      parts of said engine;
PA1  vapor generating means for vaporizing said working fluid;
PA1  expander means for expanding working fluid vapor to produce work;
PA1  condenser means to condense expanded working fluid vapor to liquid; and
PA1  pump means to introduce condensed working fluid vapor to said vapor
      generator;
PA1  wherein said working fluid further comprises ammonia for inhibiting
      corrosion of said iron alloy parts.
NUM  6.
PAR  6. The engine of claim 5, wherein said working fluid comprises between 1
      and 18 percent by weight of water.
NUM  7.
PAR  7. The engine of claim 6, wherein said working fluid comprises at least 0.1
      percent by weight of ammonia.
NUM  8.
PAR  8. The engine of claim 7, wherein said working fluid comprises not more
      than 3 percent by weight of ammonia.
NUM  9.
PAR  9. The engine of claim 6, wherein said working fluid comprises about 3
      percent by weight of water.
NUM  10.
PAR  10. The engine of claim 9, wherein said working fluid comprises at least
      0.1 percent ammonia by weight.
NUM  11.
PAR  11. The engine of claim 10, wherein said working fluid comprises no more
      than 3 percent of ammonia by weight.
NUM  12.
PAR  12. The engine of claim 11, wherein said engine uses a once through vapor
      generator.
NUM  13.
PAR  13. A closed vapor cycle engine comprising iron alloy parts and working
      fluid contact with said iron alloy parts, wherein said working fluid
      comprises about 96.5 percent by weight of trifluoroethanol, 3 percent by
      weight of water, and 0.5 percent by weight of ammonia.
NUM  14.
PAR  14. The engine of claim 13, wherein said engine's heat source comprises
      waste heat from an internal combustion engine.
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ABST
PAL  A method for protecting ground surfaces from spilled petroleum products,
      i.e. in bund areas, which comprises covering the surface with a layer of
      fibre reinforced unsaturated polyester resin applied on top of a membrane
      which is impervious to the resin and sufficiently flexible to accommodate
      the ground contours.
PARN
PAC  CROSS REFERENCE
PAR  This is a continuation-in-part of Ser. No. 386,621 filed Aug. 8, 1973, now
      abandoned.
BSUM
PAR  The present invention relates to a process for the treatment of ground
      surfaces to render them impervious to hydrocarbon liquids and the
      subsequent erection of hydrocarbon liquid storage tanks thereon.
PAR  It is common practice for reasons of safety in the oil industry to erect
      storage tanks for various hydrocarbon liquids in areas known as bunds.
      These are basin-like areas surrounded by dykes, capable of containing
      within the bund the total liquid content of the tanks and any tidal wave
      caused by its escape and thereby localising the harmful effect of any
      damage to the tanks. Until recently, it has only been necessary for the
      bund to prevent any overflow of spillage in order to meet the various
      international safety regulation. However, it has now been found desirable
      and indeed necessary to meet new regulations for the bund to prevent
      seepage of the hydrocarbon liquids into the earth on which the bund is
      located. Furthermore, in existing bunds it is frequently difficult to
      detect any leakage from a tank in time to prevent serious loss of
      hydrocarbon liquid.
PAR  According to the present invention, a method for erecting a hydrocarbon
      liquid storage tank comprises forming under the whole area of the tank a
      continuous, cured glass fibre reinforced unsaturated polyester resin sheet
      on a membrane which prevents loss of unsaturated polyester resin prior to
      its cure and which is sufficiently flexible to conform to the contours of
      the ground surface under the weight of the uncured resin, said sheet
      having at least one point in its peripheral area outside the area of the
      tank to which liquid leaking from the tank will flow and be collected.
PAR  The cured polyester resin sheet has at least one point in its peripheral
      area outside the area immediately over which the tank is erected, where
      liquid leaking from the tank can collect. Any drainage system can be
      employed. Thus the sheet may be contoured under the tank so that any
      hydrocarbon liquid leaking from the tank is collected at a point from
      which it can be piped to an inspection point on the periphery of the
      sheet. Provided the pipe runs towards the periphery, and hydrocarbon
      leaking from the tank will rapidly be detected from an inspection for oil
      at the inspection point. Alternatively, the sheet under the tank can be
      contoured so that any hydrocarbon liquid leaking from the tank collects in
      a channel or depression in the sheet. If this channel or depression is
      made to slope towards an inspection point near the periphery of the sheet,
      any leakage can be rapidly detected. It will be appreciated that tanks are
      normally erected on flat, substantially level bases and thus the pipe or
      channel through which leaking hydrocarbon liquid passes to the inspection
      point will have to be sloped appropriately to ensure that any escaping
      liquid passes rapidly to the inspection point. The design of the
      inspection point may be conventional and most conventional inspection pits
      or chambers can readily be placed in the peripheral area of the cured,
      glass fibre sheet.
PAR  By hydrocarbon liquids are meant throughout this specification the crude
      hydrocarbon materials entering and the refined hydrocarbon products
      leaving oil refineries together with any intermediate products, which
      materials are liquids at normal temperatures and pressures. Typical
      examples of these are crude oil per se, straight run naphtha, heavy gas
      oils, atmospheric residues and motor gasoline reformates, including the
      high aromatic content, e.g. around 65% reformates.
PAR  The expression "unsaturated polyester" is used throughout this
      specification in its normal sense as covering the polycondensation
      products of dicarboxylic acids or anhydrides with dihydroxyl alcohols when
      one of the reactants present during the polycondensation reaction contains
      a polymerisable double bond. Unsaturated polyesters can be modified by the
      presence in the polycondensation reaction mixture of monocarboxylic acids,
      monohydroxyl alcohols and small amounts of polycarboxylic acids or
      polyhydroxyl alcohols. Particularly valuable unsaturated polyesters are
      obtained by esterifying saturated dihydric alcohols, such as ethylene
      glycol, or its precursor ethylene oxide, diethylene glycol, triethylene
      glycol, trimethylene glycol, .alpha.-propylene glycol, or its precursor
      propylene oxide, 1:3 butylene glycol and the bisphenol A adducts with
      ethylene oxide and propylene oxide with peroxide -unsaturated, .alpha.,
      -hydroxy -dicarboxylic acids, such as maleic, fumaric, itaconic and
      citraconic acids. This type of unsaturated polyester may be modifed by
      replacing some of the unsaturated hydroquinone, acid, sebacic, phthalic,
      isophthalic, azealic, tetrahydrophthalic, endomethylene tetrahydrophthalic
      promoters hexachloroendomethylene tetrahydorphthalic acids.
PAR  Unsaturated polyesters are generally cured in the presence of an
      ethylenically unsaturated monomer capable of copolymerising with the
      unsaturated polyester. Examples of such monomers are styrene, which is the
      most commonly employed, vinyl toluene, .alpha.-methyl styrene, methyl
      methacrylate, ethylene glycol dimethacrylate, ethyl acrylate,
      acrylonitrile, vinyl acetate, diallyl phthalate, diallyl maleate and
      triallyl cyanurate. The rate of setting of unsaturated polyesters and
      their mixtures with copolymerisable monomers is usually increased by the
      presence of polymerisation catalysts which include organic peroxides such
      as benxoyl peroxide, lauryl peroxide, isopropyl benzene hydroperoxide,
      methyl ethyl ketone peroxide and 1hydroxy cyclohexyl hydroperoxide-1. The
      rate of cure of the polyester resin may also be modified by the addition
      of suitable inhibitors, such as hydroquionone, alpha-naphthol, t-butyl
      catechol, benzaldehyde, alpha-naphthol, t-butyl catechol, benzaldehyde or
      tetra chloroquinone, and promotors such as certain amines like dimethyl
      aniline, diethyl aniline, di-n-propyl aniline, dimethyl-para-toluidine,
      diethyl- .alpha.-naphthylamine, para-di-methyl-amino azobenzene and
      dimethyl meta-aminophenol and metallic salts such as vanadium, cobalt and
      manganese octoates and naphthenates. The use of such curing catalysts,
      promoters and inhibitors in a balanced system enables the curing of the
      polyester resin to be brought about in the required time at the varied
      ambient conditions, i.e. from the high temperatures of Middle Eastern Oil
      Fields to the low temperatures of some North American Oil Fields, in which
      the process of the present invention is applicable. In particular, where
      the ambient temperature is sufficiently low to cause air inhibition of the
      resin, a wax, such as paraffin wax can be added in an amount from 0.01 to
      0.1 wt% based on the weight of the resin.
PAR  If required, the resin can be pigmentated to enable a more visible laminate
      to be prepared. Further, filler materials such as carbon black can be
      added to reduce the possibility of static electricity build up.
PAR  The glass fibre reinforcement used in the process of the present invention
      can be in the form of chopped rovings, chemically bonded chopped fibre
      mats or continuous strand mat. In a preferred aspect of the present
      invention, the glass fibre is in the form of chopped rovings.
PAR  The membrane can be made of any material which is sufficiently impervious
      to the chosen unsaturated polyester resin to prevent any substantial
      quantity of the polyester resin from seeping away from the glass-fibre
      reinforcement into the ground being treated before the resin has set, and
      which is sufficiently flexible to enable it to take up the contours of the
      ground under the weight of the uncured resin to prevent the formation of
      voids between the set resin layer and the ground which could lead to
      subsequent mechanical failure of the resin layer.
PAR  The preferred membranes are made from thin, flexible sheets of polymeric
      materials. In particular, polyvinyl chloride and high and low density
      polyethylene in blown film form are suitable. When using blown high
      density polyethylene film, it has been found that material of thickness in
      the range 80 to 200 gauge i.e. 0.0008 to 0.002 inches is suitable and
      material in the range 100 to 150 gauge, i.e. 0.001 to 0.0015 inches thick
      is particularly suitable.
PAR  The membrane need not be a continuous sheet covering the whole area and
      can, in practice, consist of a plurality of overlapping strips arranged so
      that there is sufficient area of overlap between one sheet and the next to
      prevent any substantial seepage of polyester resin into the ground before
      the resin has set.
PAR  In one aspect of the present invention, the unsaturated polyester resin is
      pigmented, in order that the protective layer produced is colored and the
      area of treatment visible.
PAR  Either as well as or alternatively to this pigmentation, the protective
      layer can be coated with a thin layer of mineral material, such as sand
      with or without rolling prior to the setting of the polyester resin. The
      layer can then be compacted to the ground layer, with or without contained
      filler, to improve the compressive properties.
PAR  The unsaturated polyester resin is suitably applied to glass-fibre
      reinforcement on the impervious membrane by any of the methods well known
      in the art for the preparation of glass-fibre reinforced articles. In a
      preferred aspect of the present invention the glass-fibre in the form of
      continuous rovings is fed to an application gun, together with a supply of
      catalysed unsaturated polyester resin, the glass fibre is chopped into
      short strands at the gun and sprayed, with the resin, onto the membrane.
      Alternatively, when the glass-fibre is in mat form, the mat is placed on
      the membrane and unsaturated polyester resin is applied to the mat,
      suitably by spraying, and worked, by rolling into the mat to thoroughly
      impregnate it.
PAR  When the storage tank is to be erected in a bund according to the process
      of the present invention, it is preferred that the layer be continued up
      to and even over the top of the perimeter wall in order to provide a catch
      tank for the contents of the storage vessels contained within the bund.
      The inspection point in the peripheral area of the cured glass-fibre sheet
      is suitably sited within the bund wall in the embodiment of the invention.
PAR  When the process of the present invention is used to provide a foundation
      for a storage tank, it is preferred that the layer is laid on a
      pre-prepared load bearing area, suitably consisting of graded and
      compacted mineral materials, the area being either flat or convex. The
      storate tank can either be erected directly on top of the impervious layer
      or, preferably, a further layer of compacted mineral materials can be
      placed on top of the layer of cured glass-fibre reinforced unsaturated
      polyester resin.
PAR  In the process of the present invention the use of an impervious membrane
      between the glass-fibre reinforced unsaturated polyester resin sheet and
      the ground allows proper control of the sheet composition, thickness and
      performance, prevents possible inhibition of cure of the unsaturated
      polyester resin by unknown materials in the ground and also avoids
      unnecessary wastage of unsaturated polyester resins.
PAR  An unexpected advantage of the process of the present invention is that
      tanks erected according to it are surprisingly free from corrosion. In
      known bund areas the storage tanks have to be protected by cathodic
      protection and it is found that a positive current is needed to prevent or
      at least reduce corrosion. When cathodic protection is applied to a tank
      erected according to the present invention, substantially no current flows
      thus indicating that the tank is not subject to the same degree of
      corrosion as a tank erected according to the prior art directly on the
      bund area surface.
PAR  The process for the protection of a bund area according to the present
      invention is illustrated in the following Example.
PAC  EXAMPLE
PAR  A circular bund area of 5282 square meters total area including a storage
      tank foundation was treated by the following procudure.
PAR  The area was first approximately leveled and then hollowed out at the
      centre to make it saucer shaped so that any liquid escaping in the area
      would gravitate to the centre. A drain was then laid in the centre and
      connected to a downwardly sloping pipe leading to the periphery of the
      area. At the periphery an inspection chamber was laid and connected to the
      pipe.
PAR  A 2 meter wide strip of high density blown polyethylene film of 10 micron
      thickness was laid along a diameter of the bund area, including the drain
      and the inspection chamber and was cut away to correspond to the surface
      opening of these two items. The film was coated with a layer of glass
      fibre reinforced unsaturated polyester resin at a coating weight of 3.6
      kg/sq. meter to give a laminate thickness of 2.5mm using a resin to glass
      ratio of 2.9:1. The resin, Cellobond A 262/249 Ex promoted with cobalt
      octoate was applied from a Polyspray M30CE machine, in which it was mixed
      with Butanox M50 catalyst and chopped rovings of E-Glass fibre. The
      quantities of promoter and catalyst were adjusted to give a gel time of
      10-5 minutes at a resin temperature of between 28.degree.-43.degree. to
      allow consolidation of the laminate. The resin/glass was sprayed over the
      whole of the membrane strip, excluding the drain and inspection chamber
      and allowed to overlap marginally onto the substrate. Subsequent strips of
      membrane were laid either side of the diameter strip, overlapping
      slightly, and the subsequent resin/glass layers were sprayed to cover the
      overlap of membranes and to overlap slightly onto the previous resin/glass
      layers to provide a continuous laminate.
PAR  The laminate could be walked on 1 hour after application, and was covered
      with foundation sand/rock 24 hours after application.
PAR  In the drawing:
PAR  FIG. 1 shows diagramatic presentation of the invention, and,
PAR  FIG. 2 is a modification of the invention.
DETD
PAR  In the accompanying drawings FIG. 1 is a diagrammatic representation of the
      cross section of the bund area described in the example after the erection
      thereon of an oil storage tank. In the drawing the earth is formed into a
      saucer shaped area bounded by the bund walls 2. The cured glass fibre
      reinforced resin sheet 3 covers this area. The tank 4 is mounted on the
      sand/rock foundations 5. Any oil leaking from the tank will collect in the
      centre of the saucer shaped bund area where it flows into drain 6 and from
      there into pipe 7 connecting the drain to the inspection chamber 8 in the
      periphery of the cured resin sheet covering the substantially level
      surface of the bund area on which the tank is erected. Any hydrocarbon
      leaking from the tank collects in the inspection chamber and is easily
      visible on routine inspection.
PAR  FIG. 2 is a diagrammatic representation of a tank erected on a bund area
      according to a further embodiment of the present invention. In the drawing
      the earth is formed into a platform 9 surrounded by a shallow ditch 10 and
      finally by the bund walls 11. A cured glass fibre reinforced resin sheet
      12 is laid on a membrane to cover the platform, the ditch and the bund
      walls. The tank 13 is mounted on a sand/gravel foundation 14. Any oil
      leaking from the tank will rapidly find its way into the lined ditch where
      it will eventually collect in inspection chamber 15.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for rendering the earth ground surfaces of a hydrocarbon
      storage tank bund impervious to hydrocarbon liquid and for detection of
      hydrocarbon seepage from said tank comprising
PA1  a. a laminate of
PA2  i. a polymeric membrane on the ground surface of said bund, and
PA2  ii. a continuous, glass-fibre reinforced, sheet of a cured unsaturated
      polyester resin on said membrane,
PA1   said membrane being capable of preventing loss of unsaturated polyester
      resin prior to its cure and sufficiently flexible to conform to the
      contours of the ground surface under the weight of the uncured resin, said
      laminate extending to at least the perimeter of the walls of said bund;
PA1  b. drain means in said laminate within the area to be occupied by said
      tank;
PA1  c. at least one inspection chamber disposed outside the periphery of said
      tank and below the bottom of said tank; and
PA1  d. conduit means for conveying by gravity hydrocarbon liquid collecting in
      said drain means from said laminate to said inspection chamber.
NUM  2.
PAR  2. The system according to claim 1 wherein said laminate is contoured to
      allow hydrocarbon liquid to flow by gravity to said drain means.
NUM  3.
PAR  3. The system according to claim 1 wherein the glass-fibre is in the form
      of chopped rovings.
NUM  4.
PAR  4. The system according to claim 1 wherein the glass-fibre is in the form
      of chemically bonded chopped fibre mat or continuous strand mat.
NUM  5.
PAR  5. The system according to claim 1 wherein the membrane is blown
      polyethylene or polyvinyl chloride film.
NUM  6.
PAR  6. The system according to claim 5 wherein the membrane is blown high
      density polyethylene film of thickness in the range 0.001 to 0.0015
      inches.
NUM  7.
PAR  7. The system according to claim 1 wherein the membrane is in the form of a
      plurality of overlapping strips.
NUM  8.
PAR  8. A system for rendering the earth ground surfaces of a hydrocarbon
      storage tank bund impervious to hydrocarbon liquid and for detection of
      hydrocarbon seepage from said tank comprising
PA1  a. a laminate of
PA2  i. a polymeric membrane on the ground surface of said bund, and
PA2  ii. a continuous, glass-fibre reinforced, sheet of a cured unsaturated
      polyester resin on said membrane,
PA1   said membrane being capable of preventing loss of unsaturated polyester
      resin prior to its cure and sufficiently flexible to conform to the
      contours of the ground surface under the weight of the uncured resin, said
      laminate extending to at least the perimeter of the walls of said bund;
PA1  b. a compacted mineral foundation for said tank disposed on said laminate
      within said bund; and
PA1  c. at least one inspection chamber disposed outside of and below the area
      of said laminate occupied by said foundation for collecting by gravity any
      hydrocarbon seepage from said tank passing through said foundation.
NUM  9.
PAR  9. The system according to claim 8 wherein the glass-fibre is in the form
      of chopped rovings.
NUM  10.
PAR  10. The system according to claim 8 wherein the glass-fibre is in the form
      of chemically bonded chopped fibre mat or continuous strand mat.
NUM  11.
PAR  11. The system according to claim 8 wherein the membrane is blown
      polyethylene or polyvinyl chloride film.
NUM  12.
PAR  12. The system according to claim 11 wherein the membrane is blown high
      density polyethylene film of thickness in the range of 0.001 to 0.0015
      inches.
NUM  13.
PAR  13. The system according to claim 8 wherein the membrane is in the form of
      a plurality of overlapping strips.
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ABST
PAL  To strengthen the roof of an underground passage such as an adit, drift or
      gallery of a mine, bores drilled from below into the roof are stuffed with
      frangible packages of interreacting components of a bonding agent which
      are subsequently pierced by the tips of anchor bolts introduced into these
      bores. Each anchor bolt terminates at its lower end in screw threads
      engaged by a nut which supports a washer, the threads being provided with
      a discontinuity preventing the detachment of the nut. During emplacement
      of each bolt, the nut is gripped by a rotating socket wrench which is
      turned under upward pressure first in a reverse or unscrewing direction,
      causing the nut to engage the discontinuity and to entrain the inserted
      bolt to pierce the packages and to stir their contents until the adhesive
      begins to set, and then in a forward or screw-tightening directing until
      the washer comes to rest against the roof surface under a pressure which
      tensions the sealed-in bolt against the surrounding roof structure.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Our present invention relates to a reinforcement for the roof of an
      underground passage, such as a level of a mine, and to a method of making
      such reinforcements.
PAC  BACKGROUND OF THE INVENTION
PAR  In order to steady the roof of a mine adit, drift or gallery against
      collapse, substantially vertical bores may be drilled from below into the
      overhead rock and may be stuffed with a sealant or bonding agent designed
      to anchor a set of bolts firmly in position therein, each of these bolts
      having a threaded lower extremity which projects from the roof surface and
      traverses a perforated retaining element such as a large washer which
      bears upon that surface under pressure of a nut screwed onto this threaded
      extremity. Bonding agents generally used for this purpose are of a
      multicomponent type, their several components including a hardenable mass
      such as a thermosetting resin, a curing agent therefor and, if desired, a
      catalyst and an accelerator. At least the hardenable mass, e.g. an epoxy
      resin, and the curing agent, e.g. an amine, must be separately packaged in
      frangible envelopes initially preventing their interaction. (See, for
      example, U.S. Pat. No. 2,982,396 and British Pat. No. 765,082.) Upon
      insertion of the bolt into a bore occupied by adhesive components so
      packaged, the envelopes are pierced and their contents intermingle so as
      to react with one another. To ensure a dependable bond, the mixture should
      be homogenized by vigorous agitation before setting. For this purpose, the
      inserted part of the bolt may be provided with a roughened surface,
      preferably in the form of a helicoidal groove, which upon rotation of the
      bolt has a stirring effect and which after the setting of the adhesive
      serves for more effective bonding.
PAR  If the lower end of the bolt has a polygonal head designed to facilitate
      its rotation, separate tools must be used to install each reinforcement,
      namely a first socket wrench fitting that head and a second socket wrench
      mating with the screw for tightening same against the retaining element
      after the bolt has been firmly emplaced. While the tools can be driven
      automatically, their interchange between the stirring and tightening steps
      is somewhat laborious and requires the intervention of an operator who may
      be exposed to the danger of falling rocks from a not yet consolidated roof
      portion.
PAR  Without such preliminary rotation, a reliable anchorage of the bolt in the
      overhead rock is difficult to attain even if the amount of adhesive is
      sufficient to fill the entire bore around the inserted bolt. If the lower
      end of the bolt is used to support a load, e.g. to serve as a point of
      attachment for a cable or the like, relative shifts between the bolt and
      the rock at that lower end tend to weaken the bond in that region so that
      the rock is liable to split around the bore, thereby seriously impairing
      the stability of the reinforcement.
PAC  OBJECTS OF THE INVENTION
PAR  The general object of our present invention, therefore, is to provide an
      improved reinforcement of this nature which avoids the aforestated
      disadvantages.
PAR  A related object is to provide a method of emplacing such a reinforcement
      in an efficient manner enabling the use of automatic equipment.
PAC  SUMMARY OF THE INVENTION
PAR  In a reinforcement according to our invention, a metallic bolt of the
      character described has the threads of its lower extremity provided with a
      discontinuity which arrests its nut upon rotation thereof in an unscrewing
      direction, i.e. counterclockwise as seen from below if right-hand threads
      are used. Thus, the bolt can be rotated counterclockwise through its nut,
      resting against that discontinuity, during the mixing step and thereafter
      remains in position as the bonding agent sets around it, allowing the nut
      to be rotated clockwise for tightening it to exert pressure upon the
      overlying retaining element. The two opposite rotations of the nut can be
      carried out with a single tool, e.g. a socket wrench engaging the nut;
      such a tool can thus be mounted on a remote-controlled reversible chuck
      exerting an upward thrust upon the nut in order to keep the bolt from
      dropping out of its bore.
PAR  Advantageously, the aforementioned discontinuity is provided in an
      intermediate zone of its screw threads so that another nut can detachably
      engage these threads below that discontinuity to facilitate the attachment
      of a load to the bolt.
PAR  According to a further feature of our invention, the roughened surface on
      the upper extremity of the bolt extends over only a minor fraction of the
      inserted length thereof, preferably between about 10 and 20 percent of
      that length. With proper dosing of the bonding agent to fill only the
      upper part of the bore surrounding that roughened surface, and with the
      remainder of the bolt smooth-surfaced down to its threaded lower
      extremity, the major part of the bolt will be free from any bond and can
      therefore be tensioned against its sealed-in upper end so as to stress the
      bolt as the nut is tightened. The bolt may be made of suitable steel
      having the desired degree of elasticity.
PAR  If the threads of the lower extremity and the helicoidal groove of the
      upper extremity of the bolt have pitch angles of like sign, as where both
      are in the form of right-handed helices, the reverse rotation (e.g.
      counterclockwise) of the nut during the stirring and homogenization phase
      will drive the surrounding mass upwardly in the bore so that the same is
      thoroughly masticated while being kept from descending along the stem of
      the bolt.
PAR  The deformation of the lower bolt extremity for creating the nut-arresting
      discontinuity can be carried out by various means, as by peripheral
      milling or by compression in a heated state. If no second nut is to be
      screwed onto that extremity, the discontinuity could be formed with the
      aid of a sledge-hammer at the very end of the bolt at normal temperatures.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of our invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is an elevational view of a bolt forming part of a reinforcement
      according to our invention; and
PAR  FIG. 2 is a fragmentary vertical section through the roof of a mine level
      provided with several reinforcements of the type shown in FIG. 1.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIG. 1 we have shown a bolt 1 having a roughened upper extremity
      provided with a coarse helical groove 2 of the right-handed type. A
      transverse cut at the top of the bolt forms a pair of teeth 3 serving to
      pierce the walls of a plurality of generally cylindrical frangible
      packages 11, 12 with sealant components (FIG. 2) stuffed into a bore 10 of
      a mine roof which is to be strengthened in accordance with our present
      invention. The bolt tip could also be beveled or pointed for the same
      purpose.
PAR  The lower extremity of the bolt is provided with screw threads 4, also of
      the right-handed type, whose pitch angle is thus of the same sign as that
      of the helical groove 2 at the top. Between these two extremities the bolt
      1 has a smooth cylindrical surface.
PAR  A washer 8 is traversed by the threaded lower extremity 4 of the bolt and
      rests on a nut 5 matingly engaging same. The descent of the nut is limited
      by a discontinuity 6, here in the shape of a milled annular groove,
      provided about midway along the threaded bolt portion 4. A second nut 7
      engages the threads 4 below the discontinuity 6 and can be used to support
      a hook, a bracket or some other coupling element serving to attach a load
      to the bolt 1.
PAR  As shown in FIG. 2, the main nut 5 can be engaged by a socket wrench 14
      mounted on a nonillustrated reversible chuck which exerts an upward thrust
      (arrow A) upon the nut and the bolt 1, thereby introducing the latter into
      a bore 10 for successive piercing of the packages 11 and 12 whose
      components thereupon begin to interact to form an adhesive 15. Instead of
      separate packages, a single package with a rupturable internal partition
      may be used. With counterclockwise rotation (arrow B) of nut 5 as seen
      from below, the nut descends along the threads 4 until it hits the
      discontinuity 6 whereupon the bolt 1 is entrained in the same direction so
      that its grooved upper extremity 2 shreds the packages 11 and 12 while
      stirring and homogenizing their contents as the bolt reaches its fully
      inserted position shown at right. The upward compaction of the adhesive
      mixture by the helically grooved surface 2 provides a solid bonding and
      sealing layer free from voids or gas pockets.
PAR  When the adhesive 15 has set and prevents further rotation of bolt 1 and
      nut 5 in the direction of arrow B, the drive of the chuck is reversed so
      that tool 14 now rotates in the opposite direction (arrow C) and threads
      the nut 5 upwardly until the washer 8 comes to rest against the underside
      of the roof structure. Rotation is then continued for a limited period
      until the resistance of the nut reaches a predetermined level, indicating
      that a desired tension has been imparted to the bolt 1. Washer 8 is now
      firmly held against the lower roof surface and the various rock strata of
      the roof are compressed by the stressed bolt.
PAR  The two-way rotation of the chuck carrying the tool 14 can be performed,
      for example, by a hydraulic servomotor preventing any overstressing of
      either the tool or the bolt.
PAR  In practice, the bolts 1 may have a length ranging between about 1.5 and 2
      meters, with the groove 2 extending over approximately 20 cm; the threaded
      extremity 4 may be approximately 10 cm long. The diameter of the steel
      bolt may range between about 17 and 19 mm; bore 10 may have a diameter
      exceeding that of the bolt by about 4 to 8 mm.
PAR  Naturally, the washers 8 may be replaced by other perforated retaining
      elements serving to transfer the tensile stress of the bolts 1 to the
      surrounding roof structure.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an underground passage having a roof provided with at least one
      substantially vertical bore accommodating a reinforcement, the improvement
      wherein said reinforcement comprises:
PA1  a metallic bolt having a threaded upper extremity inserted into said bore
      and a threaded lower extremity projecting from the bore;
PA1  a hardenable mass of bonding agent surrounding said upper extremity of said
      bolt for anchoring same to the roof;
PA1  a perforated retaining element surrounding said lower extremity outside
      said bore; and
PA1  a nut engaging the threads of said lower extremity and bearing from below
      upon said element, thereby urging the same under pressure against the roof
      surface and holding said bolt under tension, said lower extremity being
      provided with a discontinuity along the threads thereof spaced from said
      nut and disposed therebelow to prevent a detachment of said nut from said
      bolt whereby said nut is displaceable into contact with said discontinuity
      by an unscrewing motion enabling unidirectional rotation of said bolt by a
      nut-engaging tool to stir said bonding agent prior to hardening thereof.
NUM  2.
PAR  2. The improvement defined in claim 1 wherein said threaded upper extremity
      extends over substantially 10 to 20 percent of the inserted length of said
      rod, said bolt being substantially smooth-surfaced between said
      extremities.
NUM  3.
PAR  3. The improvement defined in claim 1 wherein said discontinuity is
      provided in an intermediate zone of said threads of said lower extremity,
      further comprising another nut detachably engaging said threads below said
      discontinuity.
NUM  4.
PAR  4. The improvement defined in claim 1 wherein the threads of said upper and
      lower extremities have pitch angles of like sign.
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ABST
PAL  A structure for propelling a pipeline as it is continuously formed at a
      construction site, wherein the formed pipeline is cap sealed at its
      leading end and is sealed adjacent its other end by a piston on which the
      pipeline slides as it is formed. The pipeline is propelled by admitting
      pressurized fluid through the piston from a delivery tube communicating
      through the piston with the interior of the seal pipeline and a stop or
      stops are provided to engage the delivery tube whereby thrust is applied
      to the cap sealed end of the pipeline.
PARN
PAR  The instant application is a division of application No. 363,969 filed May
      28, 1973, and now U.S. Pat. No. 3,849,997.
BSUM
PAR  This invention relates to submarine pipelines and has been devised to
      provide improvements in the preparation, assembly and laying of such
      pipelines.
PAR  Known techniques for the design, assembly and laying of such pipelines
      (referred to for simplicity hereafter as the pipeline) will be briefly
      described hereunder, and in such known techniques the pipeline has overall
      negative buoyancy once it becomes operational. When the pipeline is to
      convey gas, the negative buoyancy is usually achieved by encasing it with
      concrete.
PAR  The known techniques are summarised as follows:
PA1  A. Individual pipes are joined together on shore, given negative buoyancy
      and are then pulled into position along the sea or river bed (or in a
      previously excavated trench) where the completed pipeline finally rests.
      This method is generally limited to comparatively short lengths of
      pipeline, say up to 10 miles.
PA1  B. Individual pipes are joined together ashore to form strings of say 1/2
      mile in length, made buoyant and floated into position. This string is
      then joined together with the end of the previous string, usually on the
      surface. The buoyancy is then removed allowing the pipeline to sink into
      its final position. This method requires calm surface conditions and
      requires use of divers to release the buoyancy according to a
      predetermined programme. Consequently, there are depth restrictions on
      this method.
PA1  C. Individual pipes are attached to the seaward end of the pipeline. This
      work is carried out from a lay barge, and as lengths are added, the lay
      barge is moved forward as the pipeline is lowered to the sea bed.
      Difficulties occur with this method when weather conditions deteriorate,
      but this method is the one usually adopted in open sea. It is considered
      that this method can only be used to a limited depth.
PA1  D. Individual pipes are joined together ashore and wound onto a reel
      located on the lay barge. The barge is towed to the location where the
      pipeline is unwound along the route. This method has not yet been used for
      pipes over about 10 inches diameter due to the limiting allowable radius
      of curvature.
PAR  In all cases (except (a)) during the course of laying the pipeline is
      subject to bending which is an inherent disadvantage. In all cases the
      pipeline is laid under tension to alleviate the possibility of buckling
      due to bending.
PAR  In all of the above procedures, forces to either control the pipe laying
      procedure, or to cause movement, are applied by means of winches held
      either on the barge or on land.
PAR  According to the present invention, the pipeline is formed from lengths of
      pipe joined together in end to end relationship on shore, said pipeline
      having an overall positive buoyancy and being propelled seawards from the
      shore as a continuous length for laying in a desired location relative to
      the sea bed; said pipeline including variable buoyancy pipeline supporting
      means including at least one buoyancy chamber connected to the barge and
      connected to the leading end of the pipeline, said supporting means
      providing a means whereby anchors progressively applied to the supporting
      means are progressively anchored to the sea bed according to the contour
      of said sea bed by varying the buoyancy of said supporting means by
      operation of control means located on the barge, said pipeline
      progressively engaging the anchors and maintaining itself clear of said
      sea bed by virtue of its buoyancy; the anchors imparting a negative
      buoyancy to the pipeline to locate said pipeline relative to the sea bed
      and each including an anchor weight and rollers spaced above said anchor
      weight, said rollers engaging said pipeline whereby the latter can be
      propelled seawards past the applied anchor weights; said control means
      comprising controls for said buoyancy chamber (s) arranged to selectively
      vary the degree of buoyancy of said chamber (s); and propelling means
      located on shore and connected to the pipeline to provide a continuous
      thrust against the supporting means to move said supporting means and the
      pipeline seawards.
DRWD
PAR  The invention will now be described with reference to the annexed drawings,
      wherein:
PAR  FIGS. 1-5 are diagrammatic views depicting the movement of a pipeline and
      supporting means therefor seawards from the shore, and the application of
      anchors to said supporting means and to the sea bed, for subsequent
      engagement by the pipeline to locate it relative to the sea bed.
PAR  FIG. 6 is a fragmentary detail view of one form of the supporting means for
      the pipeline, sealed at one end to the leading end of the pipeline.
PAR  FIG. 7 is a detail view of one from of the control means for the pipeline
      supporting means.
PAR  FIGS. 8-10 are detail views of various forms of anchors for the pipeline.
PAR  FIG. 11 is a detail view of the application of anchor weights to the
      pipeline.
PAR  FIG. 12 is a diagrammatic view of the arrangements for welding a new pipe
      length to the trailing end of the last pipe length of the pipeline, and
      the arrangement for propelling the pipeline seawards.
PAR  FIGS. 13-14 are further views of the pipe welding and propelling means
      illustrated in FIG. 12.
PAR  In the illustrated embodiments, the pipeline supporting means are referred
      to as comprising a plurality of conjoined buoyancy chambers and reference
      is also made to the use of pressurised air for the control means and for
      propelling the pipeline seawards. The invention is not limited to these
      embodiments for the following reasons:
PA1  a. the pipeline supporting means is presently illustrated to show that
      these supporting means can adopt various "bent" shapes for the purpose of
      applying the anchors in desired positions along the proposed path of the
      pipeline, regardless of the sea bed contour,
PA1  b. the invention is not restricted to the use or pressurised air as other
      pressure fluids may be substituted.
DETD
PAR  As illustrated, the supporting means, generally indicated by reference 1,
      comprises a plurality of pipes generally indicated at 2 connected together
      and to a pipeline 3. The pipeline 3 must have a positive buoyancy. The
      degree of buoyancy is controlled for example by encasing the pipeline on
      shore with concrete. The number of connected pipes 2 required, is a
      function of the greatest depth of water in which the pipeline 3 is to be
      laid and the allowable stresses in chamber walls to be described. The tail
      end of the supporting means 1 is secured to the pipeline 3 to seal that
      end of supporting means 1 and pipeline 3. This includes at least one and
      may be a plurality of bulkheads 4 which are shaped and spaced as desired,
      to provide an effective seal between the respective ends of supporting
      means 1 and pipeline 3. If one bulkhead 4 fractures or otherwise fails,
      the remainder function as back-up bulkheads to ensure an effective seal.
      As illustrated, each supporting means pipe section 2 includes a variable
      buoyancy units comprising a water compartment 5 having openings therein; a
      first bulkhead 6 on one end of the compartment; a second bulkhead 7
      sealing the other end of the water compartment 5 from one end of an
      air-water compartment 8; and a third bulkhead 9 sealing the other end of
      the air-water compartment 8. A flexible water pipe 10 having a weight 11
      thereon is located in the air-water compartment 8 and is mounted in a port
      in the bulkhead 7 for communication with the water compartment 5. A
      flexible airpipe 13 having a float 14 thereon is also located in the
      air-water compartment 8. It is mounted in a port in the bulkhead 9 and the
      airpipe 13 is connected through control means to be described, to a source
      of pressurised air supply, both of which latter are carried by a barge B.
      The supporting means 1 of the illustrated embodiment also includes a
      plurality of airtight compartments 12 consisting of pipe sections located
      between bulkheads 6 and 9 of the buoyancy units described, 5 and buoyancy
      units being, hereafter referred to as buoyancy chambers. A separate air
      pipe 13 is connected to each compartment 8 so that by either increasing or
      decreasing the air pressure within each compartment 8 the buoyancy may be
      varied for the individual buoyancy chambers along the length of the
      supporting means 1, thus varying its shape. Thus it is possible to
      reproduce at a controlling station, i.e. on the barge B, the shape
      required in the supporting means 1. The shape of the supporting means 1 is
      varied as required throughout its length in accordance with the general
      trend of the ocean floor F without regard to the actual contour of the
      ocean floor. This is achieved by metering at the controlling station on
      barge B, the pressure existing within each variable buoyancy chamber and
      adjusting the buoyancy of each said chamber 2.
PAR  Sealed manometer tubes 16 are connected one to each compartment 8 and each
      registers on a depth gauge 17. A pressurised air supply 18 is connected
      through pressure regulator 19 and valves 20 to atmosphere and through said
      regulator 19 and valves 21 to the individual manometer tubes 16 via lines
      22, and to the compartments 8 through lines 23. This control means is
      located on barge B and with it, it is possible to determine the exact
      depth position of any part of the supporting means 1, and it is also
      possible for these results to be interpreted in order to give the operator
      the necessary instructions to alter the shape of the supporting means 1 to
      that desired to provide a safeguard against overstressing.
PAR  The anchors constitute mooring points for the pipeline 3 and they may take
      various forms. In each case they each include rollers 24 supported by a
      yoke 25 which in turn carries an anchor block-weight W. The rollers 24 are
      located above the weight W and they engage the pipeline substantially
      above the horizontal centre of said pipeline and the pipeline moves freely
      past the rollers. The weight W may be flexibly or rigidly connected to the
      yoke 25 and if flexibly connected, the distance between yoke 25 and anchor
      block W is predetermined from sea bed profile, and the yokes 25 are
      located in position relative to the shore by mooring cable C having one
      end fixed on or adjacent the shore as indicated at AP and being reeled
      from a reel 26 carried by barge B.
PAR  Where it is preferred to encase the pipeline 3 with concrete for example,
      the encasement is applied onshore in order to accurately attain the
      desired degree of buoyancy in the pipeline 3. The supporting means 1 are
      fabricated on shore and launched and the seaward end thereof is flexibly
      connected to barge B. The barge B is the headquarters of the off-shore
      operations and locates the pipeline 3 throughout the procedure. The
      position of the barge B is predetermined by radio for example, and in
      order for it to keep position it is assisted for example by tug T. A
      mooring cable C as stated, is anchored on or adjacent the shore and is
      reeled from the barge B. The supporting means 1 and later the pipeline 3
      and barge B move forward, the mooring cable C is unreeled under tension
      and at predetermined positions anchors are attached to it and threaded on
      to the supporting means.
PAR  As the pipeline is moved forward it passes through the anchors, which have
      already been located in position by the supporting means and fixed in
      position by the mooring line. Further anchors are located at predetermined
      intervals for subsequent engagement by the pipeline 3.
PAR  The buoyancy of the supporting means 1 is greater than the anchors, but the
      anchors when secured to the pipeline 3, overcome the buoyancy of the
      pipeline 3. Therefore as the pipeline 3 progresses it is necessary to pump
      a quantity of water into the supporting means 1 to apply to it a desired
      curvature for locating the anchors. Thus the pipeline is not subject to
      excessive bending and sudden changes of direction as in the known
      techniques. The rollers 24 allow the pipeline 3 to move through the
      anchors and the pipeline 3 is held in its desired position. This technique
      is followed until approaching an offshore structure, with more water being
      added to the supporting means 1 as required to allow for the increasing
      depth. The thrust moving the pipeline 3 seawards is always at the offshore
      end of the pipeline 3 keeping the pipeline 3 under tension and also
      substantially all severe bending is imparted to the supporting means 1
      during the laying procedure. As the offshore structure is approached the
      spacing of the anchors is increased, and to partially counteract this more
      water is added to the supporting means 1.
PAR  When the end of the pipeline 3 has reached its designed location the
      pressure within the pipeline is released and the water within the
      supporting means 1 is pumped out causing the supporting means to float.
PAR  The anchorage along the last part of the pipeline 3 is inadequate to
      balance this buoyancy such that the pipeline 3 is brought to the surface
      where it may be secured either to the offshore structure if completed, or
      to barge B.
PAR  The supporting means 1 is now disconnected, and a riser (not shown) is
      connected to the end of the pipeline 3 and extra anchors are added. The
      pipeline 3 is then allowed to sink to the sea bed F as the riser is
      extended. Concrete is then placed around the end of the pipeline 3 to form
      the necessary operational thrust block.
PAR  The following procedure is adopted in order to obtain the pressure within
      the pipeline 3 which exerts the thrust to cause movement seawards.
PAR  The first length 27 of pipeline 3 is drawn over a cup-washer type piston 28
      which allows for irregularities in the bore of the pipe. The piston 28 is
      held in position by a hollow tube 29 running through the pipe 27 to a stop
      30. The leading end of the first pipe length 27 is secured to the trailing
      end of the supporting means 1 and this securement includes the bulkhead
      (s) 4 previously described. Pressure within the pipeline 3 is obtained by
      compressing air, gas or some other fluid, and is pumped by pump 31 to the
      pipeline 3 through the tube 29 and piston 28 to the bulkhead (s) 4, which
      takes the thrust from the piston 28 back to the stop 30. Since there is a
      considerable thrust in this tube 29 it is preferably supported at regular
      intervals by spiders (not shown) located within the pipeline 3.
PAR  While welding and x-ray procedures are progressing, see FIG. 12, the next
      length 32 of pipeline is put on to a conveyor 33 behind stop 30. An
      extension 34 of the tube 29 is inserted within this subsequent length 32
      and attached to the tube 29 within the original length 27. The thrust is
      then taken up by this extended tube 34 and stop 30 is then removed. This
      allows the second length 32 of pipe to move up to the original length 27.
      When the second length 32 of pipe has passed stop 30, the stop 30 is
      replaced by stop 35 and the thrust again taken by this stop 35 while the
      tube extension 34 is removed. By means of two hose connection points 36-37
      continuous pressure can be applied to the pipeline 3. This procedure is
      repeated until the full length of pipeline 3 is constructed.
PAR  The advantages of the invention are that most of the work involved in
      laying the pipeline are shorebased and not subject to vagaries of the
      weather. The offshore laying barge B requires no anchoring facilities and
      the barge is free to move relative to the pipeline 3 and should the
      weather deteriorate during the laying procedure, then it is possible for
      tugs and barges to run for shelter and the supporting means 1 to be
      released and then recovered when the pipe laying recommences.
PAR  Also it will be understood that the supporting means 1 may perform
      functions other than those described here with regard to the actual laying
      of a pipeline 3. For example, these means 1 may be used to raise a
      pipeline 3 or to lower and position it, and the precise constructional
      features thereof may be varied to suit other requirements.
CLMS
STM  I claim:
NUM  1.
PAR  1. Propelling means for a pipeline as it is formed at a site to any desired
      length as a continuous pipeline and then directing the interconnected
      unitary pipeline to a site location for ultimate use adapted for passing
      fluids from end to end of the interconnected unitary pipeline, said
      propelling means comprising; a first sealing means mounted on the
      preformed pipeline and sealing one leading end thereof; a second sealing
      means slidably mounted in the preformed pipeline and spaced from said
      first sealing means; tube means connected to a source of pressurized fluid
      supply and mounted in the pipeline to deliver pressurized fluid into the
      pipeline between the first and second sealing means; and stop means on the
      tube means to prevent movement of the tube means and the second sealing
      means as said pipeline slides upon said second sealing means as a result
      of said pressurized fluid acting upon the first sealing means to move the
      leading end of the pipeline away from said second sealing means due to
      engagement of the pressurized fluid with the first sealing means to move
      the movable pipeline away from the stationary stop means and tube as long
      as additional pressurized fluid is being supplied and thereafter until the
      volume between the first and second sealing means increases sufficiently
      to dissipate the fluid pressure.
NUM  2.
PAR  2. The invention in accordance with claim 1 wherein the first sealing means
      is a closure fixed over the leading end of the pipeline, the second
      sealing means being a piston having at least one seal thereon slidingly
      and sealingly engaging the inner wall of the pipeline, the tube means
      being a rigid tube, the piston being mounted on one end of the rigid tube,
      the one end of the tube communicating through the piston with the interior
      of the pipeline, and the other end of the tube releasably connected to the
      source of pressurized fluid supply.
NUM  3.
PAR  3. The invention in accordance with claim 2 wherein the tube has a second
      tube selectively releasably connected to the other end thereof and the
      second tube is connected to the source of pressurized fluid supply, the
      stop means comprising a pair of spaced apart stops each of the stops being
      selectively, releasably engageable with one of the tubes.
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ABST
PAL  A carefully controlled, multistage freezing and thawing process for the
      preservation of animal semen, blood, and other biological materials. A
      variety of diluting substances can be utilized to effectively modify the
      cell membrane's permeability to water and to initiate and/or alter the
      process of crystallization to minimize undesirable physio-chemical
      effects.
PAL  A sample of semen is diluted with a suitable cryoprotective agent to
      achieve a final pH of 6.0 to 6.3 at +5.degree.C. The sample is collected
      at body temperature and cooled slowly to +5.degree.C, held at this
      temperature for 30 minutes or longer, followed by a rapid decrease in
      temperature to a nominal -4.degree.C, or a temperature slightly below the
      freezing point of the diluent. The sample is held at this temperature for
      a period of 1 to 8 minutes to allow adjustment and stabilization of the
      temperature induced changes in pH and associated alterations in membrane
      permeability and osmotic pressure. The sample is then cooled rapidly after
      stabilization down to a nominal -100.degree.C at a nominal rate of
      20.degree.C/minute. The sample is then immersed into liquid nitrogen for
      final cooling and storage.
PAL  Rapid thawing is also an essential step in the total process to enhance
      cell survival. Semen or other biological materials in ampules may be
      thawed by immersing the ampules in +45.degree.C water for 15 to 30 seconds
      while semen packaged in straws will thaw within 5 to 7 seconds in
      +45.degree.C water.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to the field of cold storage preservation
      of living cells, and more particularly to the process for preparing such
      cells for deep-freezing preservation, and the subsequent process of
      thawing to revive such cells.
PAR  2. Description of the Prior Art
PAR  The use of cold temperatures for the preservation of biological materials
      is well known. The field of artificial insemination of animals is
      dependent upon the ability to freeze a specimen of animal semen for
      storage and shipment, to thaw it for use, and to have a sufficient number
      of sperm cells survive to be effective. The freezing and thawing processes
      are a severe shock to any living cell and can cause serious chemical and
      structural phase changes in the cell.
PAR  Glycerol was found, in 1949, to provide a protective effect for bovine
      semen against the shock of deep freezing -- down to liquid nitrogen
      temperatures. This discovery was extended to the preservation of a variety
      of biological materials, including whole blood. The glycerol normally is
      used in a concentration of 5% to 10% of the semen or other biological
      material.
PAR  Unfortunately, glycerol has been found to be toxic at the concentrations in
      use, and particularly so when the specimen is exposed to ambient
      temperatures for extended periods of time. This adverse reaction has
      precluded its use with some biological materials. For some materials,
      including whole blood, a low temperature dialysis procedure is required
      for removal of the glycerol after the material is thawed and prior to its
      use.
PAR  A number of cryoprotective diluents, other than glycerol, have been tried
      and reported in the patent and technical literature. These include:
      dimethylsulfoxide, high molecular weight sugars (e.g. lactose, raffinose,
      etc.) and polymeric hydrocarbons such as polyvinylprolidone. Organic
      buffering afents such as TRIS (trishydroxymethylamino methane) and TES N
      tris(hydroxymethyl) methyl-2-aminoethane sulfonic acid have also been
      incorporated in some cryoprotective diluents. Examples of other diluters
      are taught in the patents to Smith et al., U.S. Pat. No. 3,185,623; and to
      Folkers et al. U.S. Pat. No. 3,306,818. However, glycerol has remained the
      cryoprotective diluent of choice for commercial processing of "frozen
      semen."
PAR  The freezing process per se, and particularly the rate of cooling for
      preparing "frozen semen," has also been a subject of extensive study. The
      general consensus from these studies recommends, for 1 ml. ampules of
      semen, a slow cooling rate (1.degree.C per minute) from approximately +
      4.degree.C to -15.degree.C followed by a nominal 3-fold increase in the
      cooling rate. For "ampule freezing," this continues to be the generally
      used procedure.
PAR  An alternative "vapor freezing" technique, particularly for freezing semen
      in glass or plastic straws has also been employed. This involves
      suspending the straws filled with semen and diluent above the surface of a
      liquid nitrogen bath. After the samples are frozen, they are then immersed
      in the liquid nitrogen for storage. This technique is still widely used
      for both ampules and straws.
PAR  A third technique involves "pellet freezing" of semen and diluent. A
      droplet of approximately 0.07 ml. diluted semen is placed directly upon
      the surface of "dry ice" and allowed to remain until frozen. The pellet is
      subsequently transferred into liquid nitrogen for storage.
PAR  All of the above described methods have been predicated upon empirically
      derived slow cooling rates, usually involving the classical "supercooling
      temperature curve." This classical curve denotes crystallization from a
      supercooled state. The "pellet freezing" technique may appear to be an
      exception, but, in fact, is not. The sublimation of CO.sub.2 increases in
      the region immediately below the droplet of semen, thus forming
      essentially an insulating blanket of gas which effectively slows the
      cooling rate. As the temperature of the semen droplet decreases, the
      CO.sub.2 evolution slows, and the cooling rate of the droplet is then
      increased. As a consequence of these interactions between the semen
      droplet and the "dry ice" surface, the relative cooling rate of the sample
      is still that which is generally characterized as slow freezing.
PAR  The rate of thawing of semen samples has also received some study, but
      relatively little in comparison to the freezing process. Generally,
      glycerol protected samples thawed at body temperature or in ice water have
      given acceptable fertility rates.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object to provide an improved integrated systems process for the
      cryogenic preservation and storage and subsequent use of sensitive
      biological materials.
PAR  It is a more particular object to provide a carefully controlled,
      multistage freezing and thawing process for the preservation of animal
      semen, blood and other biological materials.
PAR  A variety of diluent materials can be used as cryoprotective agents in
      conjunction with the freezing process. Protective agents of choice are the
      disaccarides including lactose, maltose and raffinose.
PAR  It is another object to provide an improved and effective freezing process
      that does not require the use of glycerol as a diluent. In some
      applications, it may be possible to use glycerol in substantially reduced
      quantities, i.e. below toxic levels.
PAR  The diluted semen or other biological material is carried through a
      carefully controlled freezing curve that is staged at critical times so as
      to minimize the deleterious effects of temperature and related chemical
      and structural phase changes that take place during the freezing stage.
PAR  It is a supplemental object to include an improved thawing process in
      conjunction with the improved freezing process so as to further increase
      the survival rate of living cells.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The preferred method for carrying out the improved process of the present
      invention may best be understood by following these numbered steps:
PAL  1. Preparation of cryoprotective agent.
PAR  A variety of agents can be utilized so long as they are effective to modify
      the cell membrane's permeability to water and to initiate and/or alter the
      process of crystallization of cellular fluids. For bovine semen
      preservation, an example of a suitable agent may be a disaccharide
      concentration in the range of 0.2 to 0.25 molar for the total
      diluent:semen mixture. A typical formulation could be 3 parts of diluent
      (11% lactose and 7.5% to 25% egg yolk made to volume with distilled water)
      plus 1 part semen.
PAL  2. Dilution of semen.
PAR  The prepared cryoprotective agent should be added to the semen immediately
      after collection, while the semen is warm. The dilution should be made in
      such a manner as to achieve a final pH of 6.0 to 6.3 at +5.degree.C. The
      egg yolk concentration and the hydrolysis of the disaccharide, as affected
      by heating, are variables which can be used do compensate for the pH and
      buffering capacity of the semen.
PAL  3. Packaging of diluted semen.
PAR  Any packaging of the diluted semen into ampules or straws, or other type
      containers should take place prior to cooling. At the latest, the semen
      should be packaged before the samples are cooled below +5.degree.C.
PAL  4. initial cooling of diluted semen.
PAR  After dilution and/or packaging, the semen should be cooled slowly to a
      nominal +5.degree.C, or within the range of +3.degree.C to +8.degree.C.
      Preferably, the cooling rate should be less than 1 degree Centigrade per
      minute from body temperature down to the +5.degree.C level. The time
      period during which the diluted semen is held at this temperature may be
      from 30 minutes to several hours and may be varied to help optimize the
      cooling and/or packaging procedure.
PAL  5. Initial freezing process.
PAR  This step which is an essential element of the invention involves a very
      rapid decrease in temperature from the nominal +5.degree.C to a nominal
      -4.degree.C. The latter temperature should be close to, but only slightly
      below, the freezing point of the diluent:semen mixture. A temperature more
      than a few degrees below this freezing point results in the death of the
      cells. The actual freezing temperature may vary with the mixture, but
      normally will lie in the range of -0.5.degree.C to -6.degree.C.
PAL  6. maintenance of constant temperature.
PAR  The initial freezing temperature of a nominal -4.degree.C should be
      maintained constant for a sufficient period of time to allow adjustment
      and stabilization of the temperature induced changes in pH and associated
      alterations in membrane permeability and osmotic pressure. The time
      required for this stabilization to take place may range from 1 to 6
      minutes for semen packaged in straws, ampules, or sprayed in nebulized
      form onto cold packaging surfaces.
PAL  7. Second stage of the freezing process.
PAR  This stage of the freezing process involves rapid cooling of the frozen
      samples from the nominal -4.degree.C down to a nominal -100.degree.C. (For
      this prupose, a modified Linde Biological Freezer, No. BF-4-2 may be
      used). The optimum rate of cooling in this stage is largely dependent upon
      the type of packaging and sample volume. Typically, for nebulized, straw,
      and ampule packaged semen, the cooling rates should be approximately
      30.degree.C/min., 20.degree.C/min., and 10.degree.C/min., respectively.
      The temperature decreases must be sustained because warming fluctuations
      are detrimental to cell survival, even during the lower temperatures of
      this stage.
PAL  8. Third stage of the freezing process.
PAR  This stage involves the direct immersion of the samples from the second
      stage into liquid nitrogen for final cooling and storage.
PAL  9. Thawing of samples prior to use.
PAR  Rapid thawing of the frozen samples from liquid nitrogen temperatures to
      warm water temperatures is an important adjuct to the complete
      preservation system. The optimum temperature of thawing is related to
      volume of material involved. Typically, the samples should be thawed by
      immersion into +45.degree.C water. Ampules should be immersed for 15 to 30
      seconds, while semen packaged in straws will thaw within 5 to 7 seconds at
      this temperature.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a graph of a plurality of cooling curves showing the effect
      on sperm survival for various operative conditions.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  The graph of the FIGURE shows a plot of a plurality of experimentally
      obtained freezing curves and the survival rates realized by following the
      illustrated procedures. Survival rates were obtained by counting the
      number of progressively motile cells in a series of microscope fields and
      taking this as a percentage of the total number of cells in the respective
      fields. Samples were diluted to provide a total count of between 20 and 50
      cells pef field. This graph illustrates the extreme criticallity of
      following the cooling procedure through the prescribed stages.
PAR  Curve A shows that the sample was maintained at an elevated temperature for
      a period of 20 minutes prior to cooling and was then cooled rapidly to
      -4.degree.C, without significant pause at +5.degree.C. This procedure
      realized less than 1% survival.
PAR  Curve B shows a sample that was cooled slowly to +5.degree.C and then
      cooled rapidly to -100.degree.C without pause at -4.degree.C. This
      procedure also realized less than 1% survival.
PAR  Curve C shows the effect of a still slower rate of cooling, i.e. 40 minutes
      from 35.degree.C to +10.degree.C and then rapid cooling from +10.degree.C
      to -4.degree.C and held for 4 minutes at this temperature. The sample was
      then cooled rapidly to -100.degree.C. This procedure yielded about a 30%
      survival rate.
PAR  Curve D shows a conventional cooling curve, i.e. slow cooling from
      +35.degree.C to -8.degree.C, and more rapid cooling from -8.degree.C to
      -100.degree.C. This conventional cooling rate in the range of -8.degree.C
      to -100.degree.C is slower than recommended by the process defined by the
      present invention. This conventional procedure yielded about a 25%
      survival.
PAR  Curve E is a plot of the cooling rate that begins to approach the procedure
      recommended by the present invention. The sample is cooled slowly to
      +5.degree.C and rapidly to -4.degree.C. The sample is held at this latter
      temperature for about 8 minutes and then cooled rapidly to -100.degree.C.
      The measured survival rate was about 40%.
PAR  Curve F is similar to Curve E except that the sample was held at
      -4.degree.C for an additional 2 minutes. This change in procedure yielded
      a 50% survival rate.
PAR  Curve G differs from Curve E only by virtue of a holding period of 30
      minutes at +5.degree.C. This was followed by a cooling rate equivalent to
      that of Curve E. The survival rate for this procedure was about 75%.
PAR  The empirically obtained curves above indicate there are two temperatures
      at which stabilization or equilibration must be allowed to take place.
      These temperatures are the nominal +5.degree.C and the nominal
      -4.degree.C. The time periods for which the samples can or should be held
      at these temperatures are available depending on interactions between
      particular samples and their cryo-protective agents. The holding times may
      also be limited by other physical-chemical changes that take place. For
      example, the age of the collected cells has been found to be one factor
      that effects holding times. Older cells appear to require less time to
      stabilize.
PAR  The length of the holding period at +5.degree.C has been found to be less
      critical than at -4.degree.C. The holding period at +5.degree.C has not
      been found to affect the survival rate when extended from the indicated 30
      minutes up to several hours. However, the 30 minute holding period appears
      to be near optimal.
PAR  The pause for a few minutes at -4.degree.C is critical. The curves above
      show that no pause is very detrimental, i.e. only 1% survival, and
      extending the pause beyond the point of crystallization is also
      detrimental. The optimum holding time span appears to be 2 to 6 minutes.
PAR  The curves shown on the drawings are depicted as straight lines for the
      purposes of description of the steps taken and it is to be understood that
      the actual changes in temperature may be other than linear.
PAR  The survival rates were determined by direct microscopic observation of the
      semen samples before freezing, and following freezing and subsequent
      thawing. Relative counts were made of living vs. dead cells. In addition,
      video-tape recordings were made of the microscopic fields to record the
      relative motility of the sperm cells before freezing and following
      freezing and thawing.
PAR  It was found that the motility of the surviving cells after thawing was
      only slightly diminished from that of the unfrozen cells.
PAR  In addition, it was found that the motility of the live cells was
      significantly greater than that of cells frozen by conventional processes,
      when comparable video-recordings were made of the latter.
PAR  The combined advantages of increased suvival rates and sustained motility
      are readily projectible to increased fertility rates in inseminated cows,
      or alternatively, the same fertility rates with extended semen.
PAR  The invention taught herein is not to be considered as limited to the
      process described, except insofar as the claims may be so limited.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the cryo-preservation of living cells comprising the steps
      of:
PA1  collecting a sample of living cells at ambient temperature;
PA1  diluting the sample collected with a liquid cryo-protective agent;
PA1  slowly cooling the mixture of cells and agent to a temperature in the range
      of about +3.degree.C to +8.degree.C;
PA1  rapidly cooling the mixture to a temperature just below the freezing point
      of the mixture;
PA1  holding the mixture at just below freezing for a short period of time
      sufficient to allow adjustment and stabilization of the temperature
      induced changes in pH and alterations in membrane permeability and osmotic
      pressure; and
PA1  rapidly cooling the mixture to cryogenic storage temperature.
NUM  2.
PAR  2. A process for the cryo-preservation of living cells comprising the steps
      of:
PA1  collecting a sample of living cells at ambient temperature;
PA1  diluting the sample collected with a liquid cryo-protective agent;
PA1  slowly cooling the mixture of cells and agent to a temperature in the range
      of about +3.degree.C to +8.degree.C;
PA1  holding the mixture within said temperature range for a period of from
      about 30 minutes to several hours;
PA1  rapidly cooling the mixture to a temperature just below the freezing point
      of the mixture in the range of -0.5.degree.C to -6.degree.C;
PAR  holding the mixture within said latter temperature range for a period of
      about 1 to 6 minutes; and
PAR  rapidly cooling the mixture to cryogenic temperature.
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ABST
PAL  The present disclosure is directed to an automatic glass washer and chiller
      dispenser which pre-washes, immersion washes, hot rinses, cold rinses and
      chills cocktail and high ball glasses, including beer glasses and mugs on
      a ferris wheel type rotary transfer mechanism which moves dirty glasses
      through a wash, rinse and chill cycle in a compact cabinet structure for
      either bar use or service bar use.
BSUM
PAR  An object of the present invention is to provide a compact automatic glass
      washer, rinser and chiller for making chilled or frosted glasses
      immediately available to either a bartender or service bar operator.
PAR  A further object of the present invention is the provision of a continuous
      source of chilled glasses which have been washed, rinsed, and chilled
      ready for use in a lightweight, compact automatic apparatus requiring only
      a minimum of human attention.
PAR  A still further object of the present invention is the provision of an
      apparatus which pre-rinses, immersion washes, hot sprays and cold sprays
      glasses on a continuous basis prior to chilling and which has a storage
      reservoir of chilled glasses available for quick dispensing in bar service
      areas where chilled glasses are required in quantity.
PAR  With the foregoing and other objects in view the invention will be more
      fully described hereinafter and more particularly pointed out in the
      appended claims.
DRWD
PAR  In the drawings in which like parts are denoted by reference characters
      throughout the several views:
PAR  FIG. 1 is a perspective view of an automatic glass washer and chiller
      dispenser constructed in accordance with the present invention.
PAR  FIG. 2 is a vertical section taken through the apparatus of FIG. 1.
PAR  FIG. 3 is a transverse section taken on the lines 3--3 in FIG. 2.
PAR  FIG. 4 is a sectional view taken through a glass supporting projection
      relative to a rinse spray taken at an enlarged scale.
DETD
PAR  Referring now to the drawings, and for the moment to FIG. 2, 10 designates
      a cabinet structure in which is mounted a ferris wheel type rotary
      transfer device 11 which is driven by a shaft 12 powered by a motor 13.
      Arranged circumferentially about the device 12 are a pre-rinse zone 14, an
      immersion wash zone 15, a hot rinse zone 16, a cold rinse zone 17 and a
      chilling and cold storage area 18 to retain chilled glasses.
PAR  The ferris wheel transfer device is of a drum like structure from which
      extend radial projections 19 over which glasses 20 are placed in the
      inverted position. These projections are shaped generally of a truncated
      conical form and are foraminous to permit the wash and rinse water to pass
      to the interior of the glasses 20 placed thereover. Baffles 22,22 define
      the pre-rinse zone or compartment within which are mounted spray nozzles
      23 supplied with pressurized detergent liquid from a pump 24 through lines
      25. Between baffles 22 and 26 and an outer tank-like receptacle 27 is
      defined a wash immersion tank 28. Between baffles 26 and 29 is defined a
      hot rinse zone 16 having nozzles 31 connected to a pressurized hot water
      rinse line. The cold water rinse zone 17 lies between baffles 29 and 33.
PAR  The glasses 20 are manually pre-washed at 30 and introduced to the
      projections on the rotary transfer device through an opening 10A in
      cabinet 10.
PAR  The cabinet 10 is provided with insulating walls 10B, 10C and 10D to keep
      the chill area cold. Refrigeration coils 10E maintain chill temperature
      from refrigeration unit 10F.
PAR  The washed and chilled glasses 20 slide down a gravity slide 10G to a
      dispensing area 10H.
PAR  A vacuum connection 34 is provided to draw off cigarette butts, orange
      peels etc. left in glasses and loosened by the pre-rinse sprays 23. The
      projections 19 are of different shapes to accommodate both long stemmed
      cocktail glasses as well as high ball glasses.
PAR  In operation the bartender pushes button 35 which energizes motor 13 to
      commence rotation of the rotary transfer device while simultaneously
      activating all spray systems and the vacuum system. The refrigeration or
      chill system is operated independently so that glasses may be kept chilled
      when the washing system is not in operation. The width of the unit may
      accommodate 2, 3 or 4 glasses abreast, as shown in FIG. 3 depending upon
      the required capacity of chilled glasses required.
PAR  As the glasses 20 pass through the hot rinse zone 16 and cold rinse zone 17
      they ride up a volutely curved plate 32 which is split to permit passage
      of the projections therethrough while urging the glasses 20 upwardly to
      the chill area 18 for their slide down the plate 10G.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An automatic glass washer and chiller dispenser comprising
PA1  a. wash means,
PA1  b. rinse means,
PA1  c. chilling means, and
PA1  d. ferris wheel type rotary transfer means for advancing dirty glasses
      through said wash means and rinse means to said chilling means for
      subsequent dispensing while in a chilled state comprising a rotary drum
      means driven about a horizontal axis and having truncated perforated
      projections extending therefrom over which inverted glasses are placed.
NUM  2.
PAR  2. An automatic glass washer as claimed in claim 1 wherein said wash means
      comprises a pre-rinse spray and an immersion wash.
NUM  3.
PAR  3. An automatic glass washer as claimed in claim 1 wherein said rinse means
      comprises a hot spray rinse followed by a cold spray rinse in advance of
      said chilling means.
NUM  4.
PAR  4. An automatic glass washer as claimed in claim 1 further comprising glass
      transfer means positioned to engage the glasses and remove same from the
      perforated projections for transfer to a chilled storage area.
NUM  5.
PAR  5. An automatic glass washer as claimed in claim 4 wherein said glass
      transfer means is a split rail track bent on a volute curve to raise the
      glasses off the projections while permitting the projections to pass
      between the split in the rail.
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PAL  A flexible shaft for transmitting torque, comprising a flexible hose,
      inside which there is provided, between two mutually separate
      torque-transmitting means for input and output of torque, a flexible core
      lying in contact with the inner circumference of the hose at several
      places. A shaft of this type is included in the torsion-stiff connection
      between the steering wheel and steering gear on a vehicle.
PAR  The present invention relates to a flexible shaft for transmitting torque.
PAR  Various different kinds of flexible shafts are previously known. One kind,
      for example, comprises a close-lapped helical spring while another kind
      comprises a conbination of a helical spring inside which a rotatable wire
      is arranged. A further kind comprises a tube having circumferential,
      adjacent folds. What is common for these and other similar kinds of
      flexible shafts is that it is difficult to unite great torque-transmitting
      ability with great flexibility. The shaft becomes either fairly rigid and
      has great torque-transmitting ability or it becomes weak and has only
      slight torque-transmitting ability.
PAR  In terms of driver-protection in vehicles, it is desirable to form the
      steering arrangement in such a way that the driver runs little or no risk
      of being injured by the steering wheel or steering column when the vehicle
      is subjected to a collision or the like. Normally, a straight non-flexible
      steering column is used which is telescopical and, if desired, provided
      with a deformable, energy absorbing member near the steering wheel. It is
      also common that rigid steering columns are mounted with deformable
      fasteners. Another solution, known by U.S. Pat. specification No.
      3,548,675 and German Pat. specification No. 1 935 746, is to construct a
      portion of the steering arrangement near the steering gear in the form of
      a flexible, torque-transmitting shaft for the purpose of being able to
      purposely change the steering column inclination upon entering or getting
      out of the vehicle or in the event of a collision. In the firstmentioned
      specification it is not disclosed in detail how the flexible shaft is to
      be designed, whereas, in the second specification, it is disclosed that
      the shaft in question comprises wire cables which, via a universal link,
      are connected to the steering gear. One of the disadvantages with this and
      other constructions is that the flexible shaft can only be given a limited
      length so as not to jeopardize steering accuracy to too great an extent
      and, further, a significant portion of the steering column is inflexible
      and thus, despite all precautions, still constitutes a potential danger to
      the driver. Known torsion-stiff shafts have been all too inflexible while,
      on the other hand, sufficiently flexible shafts have not been sufficiently
      torsion-stiff other than in short connections and, thus, flexible shafts
      have, so far, not been used so extensively in steering arrangements in
      vehicles.
PAR  The purpose of this invention is to obtain a flexible shaft which, better
      than previously known kinds of flexible shafts, unites great torsion
      stiffness and good flexibility. Another purpose is to hereby obtain a
      simplified steering arrangement for vehicles.
PAR  A flexible shaft is obtained according to the invention by means of a
      tubular, flexible hose being provided with two, in the longitudinal
      direction of the hose separated torque-transmitting means for transmitting
      torque respectively to and from the hose and, further, at least one
      flexible core being arranged inside the hose between said mutually
      separated torque-transmitting means, said core lying in contact with the
      inner circumference of the hose at several places along the same so that
      the hose and the core from a flexible and torsion-stiff
      torque-transmitting element.
PAR  In one suitable embodiment according to the invention, the hose comprises a
      braided tube, preferably cross-lapped, whereby it is possible to achieve
      great torque-transmitting ability in both torsional directions with a
      relatively thin and pliable hose.
PAR  According to a further suitable embodiment, the core comprises a flexible
      rod provided with a plurality of radial flanges. An increased flexibility
      is obtained when the core is composed of a plurality of separate,
      adjacently placed elements and it is also possible to combine a flexible
      rod and separate elements in suitable proportions.
PAR  A simplified steering arrangement for vehicles is obtained by allowing the
      flexible shaft constructed in the manner disclosed above to be included in
      the torsion-stiff connection between the steering wheel and the steering
      gear.
DRWD
PAR  These and other details and advantages which are characteristic of the
      invention are explained in more detail with reference to the examples
      shown in the enclosed drawings in which:
PAR  FIG. 1 schematically illustrates a possible use of a flexible shaft
      according to the invention,
PAR  FIG. 2 schematically illustrates another possible use of said shaft,
PAR  FIG. 3 is a side view, partially in section, of a flexible shaft according
      to the invention,
PAR  FIG. 4 is a detail of the hose,
PAR  FIG. 5 shows another embodiment of the flexible shaft,
PAR  FIG. 6 is a side-view of separate core elements,
PAR  FIG. 7 schematically illustrates a flexible shaft according to the
      invention in its position in a steering arrangement for vehicles and
PAR  FIG. 8 shows the shaft according to FIG. 7 in a partially deformed state.
DETD
PAR  FIG. 1 shows how a flexible shaft 1 according to the invention is used in
      order to transmit torque between two arrangements 2 and 3, respectively,
      the respective shafts 4 and 5 of which form a certain angle to each other.
      Both ends of the flexible shaft 1 are provided with a torque-transmitting
      means 6 and 7 respectively which are connectable to the shafts 4 and 5,
      respectively and which transfer torque to and from the flexible shaft 1.
      The torque-transmitting means 6 and 7 suitably have tension transmitting
      attachment to the shafts 4 and 5. The arrangements 2 and 3 can be
      stationarily mounted or have a certain mutual freedom of movement. When
      the arrangements are stationarily mounted, the shaft 1 can be guided by a
      support 8 which is illustrated by the striped lines, said support 8 being
      channel-like or providing in another way guidance in a radial direction.
PAR  According to FIG. 2, torque is transmitted between the arrangements 2 and 3
      with the help of a flexible shaft 1 which is supported by supports 9,10
      and 11, wherein the support 11 is constructed in essentially the same
      manner as the support 8 in FIG. 1. The torque-transmitting means 6 is
      movable on the shaft 4, while the torque-transmitting means 7 has a
      tension transmitting attachment to the shaft 5. In order to take up the
      tensional load in the flexible shaft 1 when torque is transmitted, the
      shaft 1 is provided with stationary supports 9a, 10a and 10b which bear
      against the supports 9 and 10, respectively. The portion of the shaft 1
      which is situated between the supports 9 and 10 is relieved of tension by
      means of the supports 9 and 10 being held apart or being stationary while
      the shaft 1 is mounted with a certain prestressing. The stationary support
      10b, together with support 10, relieves the remaining portion of the shaft
      1. It is also possible to couple together two or more flexible shafts via
      intermediary conventional rigid shafts which can be stationary or movable.
      The amount and type of supporting elements is adjusted according to need.
PAR  Common for these different connections is that angular joints (for example
      with gears), universal joints and other commonly used arrangements for
      transmitting torque between mutually angled shafts becomes unnecessary.
      This provides great advantages in terms of both assembly and cost.
PAR  In the embodiment of a flexible shaft 1 according to the invention which is
      shown in FIG. 3, a tubular, flexible hose 12 is provided at both ends with
      torque-transmitting means 6 and 7, respectively, which are attached to the
      hose for transmitting torque to and from the hose, respectively. A
      flexible core 13 is arranged between the torque-transmitting means 6 and 7
      inside the hose 12, said core 13 lying in contact with the inner
      circumference of the hose 12 at several places along the same. The hose
      and the core form a flexible, torsion-stiff torque-transmitting means.
PAR  The torque-transmitting means 6 has a portion 14 which projects into the
      hose 12 and is fastened to the inside of the same. The end portion of the
      hose 12 is contained between said portion 14 and a casing shaped part 15
      which is placed on the outside of the hose 12 and fastened to the
      torque-transmitting means 6. The torque-transmitting means 6 can be
      designed for several different types of connection to the arrangements
      from or to which the torque shall be transmitted and can, for example, be
      provided with inner or outer splines or the like, but can also be designed
      for friction locking. Torque-transmitting means 7 has a corresponding
      construction.
PAR  The core 13 comprises a flexible rod 16 which is provided with a number of
      mutually separate, radial flanges 17 which hold the hose 12 stretched.
      Three support means 18,19,20 are fastened on the outside of the hose 12
      between the torque-transmitting means 6 and 7, said support means being
      intended to guide the shaft in supports when the shaft is of great length
      or is mounted with one or more great bends. The hose 12 is inwardly
      provided with a brace 21 at the middle support means 19, said brace
      dividing the core 13 in two parts.
PAR  A braided tube is most advantageously used as a hose and can have the
      cross-lapped form shown in FIG. 4. Portions 22,22' etc. form angles and
      are braided together with portions 23,23' etc. Each such portion can be
      constructed in a unit in the form of band or wire or can, as shown here,
      comprise a plurality of separate band or wire-shaped members which, in
      turn, can be constructed in a various number of ways. The construction is
      in each separate case, adapted to those demands which are placed on
      flexibility and torque-transmitting capability.
PAR  The embodiment shown in FIG. 5 essentially differs from the one shown in
      FIG. 3 in that at least a portion of the core 13 has another construction.
      The end of the core 13 which is situated closest to the
      torque-transmitting means 6 comprises a number of separate, closely spaced
      elements 24 which are essentially disc-shaped and have greater axial
      extension at their centre than at their periphery. An expedient
      construction can be alternatively obtained by cutting into sections the
      rod 16 in FIG. 3 between the flanges 17. It is essential that the portions
      of the flanges 17 or the separate elements 24 which are in contact with
      the inner circumference of the hose are not all too distant from each
      other axially as, otherwise, the risk arises that the hose 12 deforms in
      an undesirable manner between these contact points. An embodiment of a
      separate core-member according to FIG. 6 and which has in section a
      spherical portion has, in terms of friction, been shown to be
      advantageous.
PAR  The material in the hose and torque-transmitting means is most suitably
      steel but even other metals, plastics etc. are conceivable. The support
      means and the core can be constructed of metal or plastics. Parts of
      metal, for example, the hose and torque-transmitting means can, for
      example, be welded, soldered or glued together, while plastics parts or
      plastics and metal parts can, for example, be glued together. The
      torque-transmitting means can also serve as support means and it is also
      possible to place one or a plurality of such torque-transmitting means
      between those torque-transmitting means which are placed at the ends of
      the hose, the former torque-transmitting means being attached totally on
      the outside of the hose. It is also possible to join together two hoses of
      differing construction to a common shaft with or without
      torque-transmitting ability at the joining point.
PAR  The hose 12 can be outwardly provided with a protective hose 25, see FIG.
      4, which can enclose the hose 12 tightly or be so much larger than said
      hose 12 that a ring-shaped gap 26 is formed between the hose 12 and the
      protective hose. The gap 26 can, for example, contain lubricants which
      keep the hose 12 in good condition.
PAR  A possible use for a shaft according to the invention is shown in FIG. 7,
      where a flexible shaft 101 to the steering arrangement in a vehicle is
      included in the torsion-stiff connection between the steering gear 102 and
      the steering wheel 103 in a vehicle 104. The driven axle 105 on the
      steering gear 102 forms, here, a certain angle to the turning axis of the
      steering wheel 103. In the end which is turned towards the steering gear
      102, the shaft 101 is provided with a torque-transmitting means 106 which
      is attachable to the driven axle 105 of the steering gear 102, and the
      opposite end of the shaft 101 is provided with a torque-transmitting means
      107 which is attachable to the steering wheel 103. The two
      torque-transmitting means 106 and 107 transfer torque from and to,
      respectively, the shaft 101. The shaft 101 is mounted in a number of
      supports 108,109 and 110 between the steering gear 102 and the steering
      wheel 103, said supports being attached to the vehicle 104 and
      constituting guides for the shaft 101 and are arranged to absorb tension
      loads arising in the shaft 101 when transmitting torque. As can be seen in
      FIG. 7, the shaft 101 is held straight between the supports 109 and 110
      while, between the support 109 and the steering gear, it is fairly
      strongly bent and, in the bend or curve, is guided by the support 108. The
      steering column, that is, the shaft 101 can also be mounted with
      pretension between the stationary supports. That portion of support 108
      which supports the shaft 101 suitably has the shape of a bent groove.
PAR  The striped lines 130 in FIG. 7 schematically illustrate what happens to
      the flexible shaft 101 when the steering gear 102, in a head-on collision
      for the vehicle 104, is displaced in a direction towards the driver (not
      shown). The shaft 101 is bent without the steering wheel being moved and
      injuring the driver. Suitably at least the support 108 is so mounted that
      the deformation of the shaft 101 is made easier.
PAR  In FIG. 8, it is shown how the flexible shaft 101 can be deformed according
      to 131 when the driver is thrown against the steering wheel. The
      deformation forms shown in FIGS. 7 and 8 only constitute examples which
      show how a steering arrangement is obtained which, in terms of safety, is
      advantageous and which also show how a simplified installation without
      universal joints or the like is possible. A steering arrangement of this
      type can of course be constructed in several other ways which are adapted
      to the vehicle in question.
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STM  What we claim is:
NUM  1.
PAR  1. A flexible and torsion-stiff torque transmitting shaft comprising
PA1  a. means for transmitting torque from a first torque-transmitting member to
      a second torque-transmitting member spaced from the first
      torque-transmitting member along a longitudinal direction, said means
      comprising a flexible hose disposed generally along said longitudinal
      direction and operatively connected at its ends to the first and second
      members, and
PA1  b. means for supporting said flexible hose from the interior thereof to
      prevent play between the first and second torque-transmitting members,
      said means including a flexible core making contact with and supporting
      said hose at several places along the length thereof.
NUM  2.
PAR  2. A shaft according to claim 1, characterized in that the hose comprises a
      braided hose, preferably cross-lapped.
NUM  3.
PAR  3. A shaft according to claim 1, characterized in that the core comprises a
      flexible rod provided with a number of radial flanges.
NUM  4.
PAR  4. A shaft according to claim 1, characterized in that said shaft is
      arranged to be fastened between stationary tension-absorbing means.
NUM  5.
PAR  5. A shaft according to claim 1, characterized in that a protective hose is
      arranged on the outside of the hose.
NUM  6.
PAR  6. A flexible and torsion-stiff torque-transmitting shaft for a steering
      arrangement in a vehicle having a steering wheel and steering gear, said
      shaft comprising
PA1  a. means for transmitting torque from the steering wheel to the steering
      gear, said means comprising a flexible hose disposed generally along a
      longitudinal direction and operatively connected at its ends to the
      steering wheel and the steering gear respectively, and
PA1  b. means for supporting said flexible hose from the interior thereof to
      prevent play between the steering wheel and the steering gear, said means
      including a flexible core making contact with and supporting said hose at
      several places along the length thereof.
NUM  7.
PAR  7. A flexible and torsion-stiff torque transmitting shaft comprising
PA1  a. means for transmitting torque from a first torque-transmitting member to
      a second torque-transmitting member spaced from the first
      torque-transmitting member along a longitudinal direction, said means
      comprising a flexible hose disposed generally along said longitudinal
      direction and operatively connected at its ends to the first and second
      members, and
PA1  b. means for supporting said flexible hose from the interior thereof to
      prevent play between the first and second torque-transmitting members,
      said means including a flexible core making contact with and supporting
      said hose at several places along the length thereof, wherein the core
      comprises a number of separate, closely-spaced elements.
NUM  8.
PAR  8. A shaft according to claim 7, characterized in that the separate
      elements are essentially disc-shaped and have greater axial extension at
      their centre than at their periphery.
NUM  9.
PAR  9. A shaft according to claim 7, characterized in that the separate
      elements have a spherical middle section.
NUM  10.
PAR  10. A shaft according to claim 9, characterized in that inside the hose a
      support for the bearing means is arranged at the bearing means.
NUM  11.
PAR  11. A flexible and torsion-stiff torque-transmitting shaft comprising
PA1  a. means for transmitting torque from a first torque-transmitting member to
      a second torque-transmitting member spaced from the first
      torque-transmitting member along a longitudinal direction, said means
      comprising a flexible hose disposed generally along said longitudinal
      direction and operatively connected at its ends to the first and second
      members, and
PA1  b. means for supporting said flexible hose from the interior thereof to
      prevent play between the first and second torque-transmitting members,
      said means including a flexible core making contact with and supporting
      said hose at several places along the length thereof, wherein the core
      comprises partly a flexible rod provided with a number of radial flanges
      and partly a number of separate, closely spaced elements.
NUM  12.
PAR  12. A shaft according to claim 11, characterized in that the separate
      elements are essentially disc-shaped and have greater axial extension at
      their center than at their periphery.
NUM  13.
PAR  13. A shaft according to claim 11 characterized in that the separate
      elements have a spherical middle section.
NUM  14.
PAR  14. A flexible and torsion-stiff torque transmitting shaft comprising
PA1  a. means for transmitting torque from a first torque-transmitting member to
      a second torque-transmitting member spaced from the first
      torque-transmitting member along a longitudinal direction, said means
      comprising a flexible hose disposed generally along said longitudinal
      direction and operatively connected at its ends to the first and second
      members, and
PA1  b. means for supporting said flexible hose from the interior thereof to
      prevent play between the first and second torque-transmitting members,
      said means including a flexible core making contact with and supporting
      said hose at several places along the length thereof, wherein said hose is
      outwardly provided with a bearing means between the mutually separated
      torque-transmitting means for the purpose of guiding the shaft.
NUM  15.
PAR  15. A flexible and torsion-stiff torque transmitting shaft comprising
PA1  a. means for transmitting torque from a first torque-transmitting member to
      a second torque-transmitting member spaced from the first
      torque-transmitting member along a longitudinal direction, said means
      comprising a flexible hose disposed generally along said longitudinal
      direction and operatively connected at its ends to the first and second
      members, and
PA1  b. means for supporting said flexible hose from the interior thereof to
      prevent play between the first and second torque-transmitting members,
      said means including a flexible core making contact with and supporting
      said hose at several places along the length thereof, wherein said shaft
      is arranged to be supported by a bent groove or corresponding guide means
      when the shaft is strongly bent, that is when the bending radius of the
      shaft is small.
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ABST
PAL  A universal joint includes a drive member and a driven member. One of the
      members includes a curved polyhedron and the other of the members includes
      a socket for receiving the curved polyhedron with an interference fit. The
      improvement comprises the curved polyhedron having at least two sides of
      different widths. A further improvement comprises a coating on the curved
      polyhedron which is preloaded with stored energy upon insertion of the
      curved polyhedron into the socket.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  While the invention is subject to a wide range of applications, it is
      especially suited for automotive steering applications and will be
      particularly described in that connection.
PAR  Among the problems involved in universal joint drive connections is the
      transmission of fluctuating angular velocity. In other words, a given
      rotation of the driving shaft does not necessarily result in an equal
      rotation of the driven shaft. Further, an increase in the angle between
      the driving shaft and the driven shaft causes an increase in the
      fluctuation of angular velocity.
PAR  Another problem found in universal joints is that clearances are required
      to allow the joint to rotate without binding. However, this clearance
      causes a backlash in the joint which is undesirable.
PAR  U.S. Pat. No. 3,406,534 to Chapper discloses a universal coupling. The
      patent states, for example, "The invention comprises broadly the
      combination of a socket firmly attached to a shaft, a ball snap-fitted
      into the socket, a driving rod firmly attached to the ball, a second ball
      in which the other end of said driving rod is longitudinally movable, a
      second socket engageable with the second ball, and a second shaft firmly
      attached to the second socket."
PAR  U.S. Pat. No. 1,906,057 to Guy discloses, for example, a "universal joint
      of the class in which non-metallic yieldable means is employed to transmit
      motion from the driving to the driven member of the joint and to permit
      relative angular movement for disalignment of said members."
PAR  U.S. Pat. No. 1,646,427 to Skidmore discloses, for example, "A flexible
      coupling for interconnecting approximately aligned shafts and comprising,
      a pair of coupling members adapted to be secured to the shafts, each said
      member having a non-circular driving face; a relatively soft elastic
      interconnecting element adapted to be interposed between said members and
      having driving faces cooperating with the driving faces of said
      members...." Skidmore further discloses, for example, "The side wall of
      the recess thus provides one or more driving faces, each of which is
      eccentric to the axis of rotation. One specific shape of recess which will
      provide the desired driving face is a hexagon."
PAR  U.S. Pat. No. 1,128,430 to Fetzer discloses, for example, "A universal
      joint comprising a box having a rectangular opening thereon, a shank, a
      head on said shank positioned within said opening, said head having
      rounded sides."
PAR  Universal joints are generally expensive to produce because of a need for
      close tolerances. Further, wear on a universal joint changes the
      tolerances, and tends to amplify the non-uniform velocity characteristics.
PAR  It is an object of the present invention to provide an universal joint
      which eliminates backlash.
PAR  It is a further object of the present invention to provide a universal
      joint which compensates for wear.
PAR  It is a further object of the present invention to provide a universal
      joint whose velocity characteristics are nearly constant.
PAR  It is a further object of the present invention to provide a universal
      joint that is failsafe.
PAR  It is a further object of the present invention to provide a universal
      joint which is relatively inexpensive to manufacture.
PAR  It is a further object of the present invention to provide a universal
      joint through which compressive or translational vibration cannot be
      transmitted.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is disclosed a universal
      joint including a drive member and a driven member. One of the members
      includes a curved polyhedron and the other of the members includes a
      socket for receiving the curved polyhedron. The improvement comprises the
      curved polyhedron having at least two sides of different widths. A further
      improvement comprises a coating on the curved polyhedron which is
      preloaded with stored energy upon insertion of the curved polyhedron into
      the socket.
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is made to the following
      description, taken in connection with the accompanying drawings, while its
      scope will be pointed out in the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a steering assembly with two universal joints
      in accordance with the present invention;
PAR  FIG. 2 is a side view, partly in section, illustrating a universal joint in
      accordance with the present invention;
PAR  FIG. 3 is a cross-sectional view, illustrating a shaft with a socket on one
      end;
PAR  FIG. 4 is a section taken on line 4 -- 4 of FIG. 3;
PAR  FIG. 5 is a side view, illustration a shaft with a curved polyhedron on one
      end;
PAR  FIG. 6 is a section taken on line 6 -- 6 of FIG. 5;
PAR  FIG. 7 is a top view of a socket having four interior sides;
PAR  FIG. 8 is a view, illustrating a step in constructing a curved polyhedron;
PAR  FIG. 9 is a view, illustrating another step in constructing a curved
      polyhedron;
PAR  FIG. 10 is a view, illustrating another step in constructing a curved
      polyhedron;
PAR  FIG. 11 is a view, illustrating another step in constructing a curved
      polyhedron;
PAR  FIG. 12 is a view, illustrating another step in constructing a curved
      polyhedron;
PAR  FIG. 13 is a top view, illustrating a curved polyhedron;
PAR  FIG. 14 is a side view, partly in section, illustrating two curved
      polyhedrons attached to a common shaft, and each received by a socket;
PAR  FIG. 15 is a view, in section, illustrating a pair of universal joints in a
      deformed steering assembly; and
PAR  FIG. 16 is a view, partly in section, illustrating a pair of universal
      joints in a deformed steering assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with the present invention, a universal joint 24 includes a
      drive member, such as steering column 30, and a driven member, such as
      steering shaft 28. The drive member includes a curved polyhedron, such as
      52 and the driven member includes a socket, such as 40, for receiving the
      curved polyhedron. Polyhedron 52 has at least two sides, 106 and 108, of
      different widths. The polyhedron includes a coating 102 of an elastomeric
      material.
PAR  Referring to FIG. 1, there is shown a schematic view of a steering assembly
      which includes two universal joints 24 according to the present invention.
      The steering assembly also includes wheels 22, steering box 20, steering
      shaft 34, common steering shaft 28, steering column 30, and steering wheel
      32. When a change in the direction of wheels 22 is desired, steering wheel
      32 may be rotated. This causes a rotation of steering column 30, common
      steering shaft 28 (including universal joints 24), and steering shaft 34.
      Steering box 20 may include a conventional gear assembly which is rotated
      by steering shaft 34. The gear assembly is also connected to wheels 22 so
      that rotation of the gears results in a change in the direction of wheels
      22.
PAR  Referring to FIG. 2, there is shown the details of universal joint 24 in
      accordance with the present invention. A curved polyhedron as used in the
      present disclosure may be defined as a mass having a plurality of curved
      faces. Polyhedron 52 can be basically described as the mass defined by the
      intersection of cylindrical segments formed on the end of drive shaft 38.
      It operates in tangent to the substantially planar interior sides of
      socket 40 on the end of driven shaft 42. Torque is transmitted through the
      polyhedron to socket 40 when a rotational force is applied to drive shaft
      38 in either a clockwise or counter-clockwise direction. Although the
      polyhedron is disclosed as being on the drive member and the socket is
      disclosed as being on the driven member, it should be understood that the
      parts may be reversed so that the socket is on the drive member and the
      polyhedron is on the driven member.
PAR  Socket 40, as best seen in FIGS. 3 and 4, has an interior cross-section
      having the shape of any desired irregular polygon. At least two interior
      sides, such as sides 48 and 50, have different widths. Preferably, no two
      sides are equal in width. The outside shape of socket 40 is a matter of
      engineering design, and in order to conserve material, it generally has a
      substantially constant wall thickness. Socket 40 has been illustrated with
      an interior constructed in the shape of an irregular hexagon and no two
      sides parallel. The depth of socket 40 should be greater than the length
      of curved polyhedron 52.
PAR  Referring to FIGS. 5 and 6, there is shown the details of drive member 44.
      Curved polyhedron 52 mates with socket 40, and therefore, its
      cross-section as shown in FIG. 6 is similar to the interior cross-section
      of socket 40 as shown in FIG. 4.
PAR  FIGS. 7 to 13 illustrate a manner in which the curved polyhedron of the
      present invention may be formed. While a socket 54 and polyhedron 84 will
      be described as having four sides to simplify the explanation, it should
      be understood that the concept can be expanded to fit a polyhedron with
      any desired number of sides. It is significant to note that any socket
      having an opening of irregular cross-section with substantially planar
      interior walls may be used in the practice of the present invention. The
      curved polyhedron is made to fit the socket as described below.
PAR  Referring to FIG. 7, four perpendicular lines of different lengths r.sub.1,
      r.sub.2, r.sub.3, and r.sub.4 may be drawn from an arbitrary point 56,
      such as the centroid of socket 54, to each of its interior sides. The
      lengths of these lines are then measured. As shown in FIG. 8, two parallel
      lines 58 and 60 are then drawn at a distance of r.sub.1 and r.sub.3 from a
      point 62.
PAR  Referring to FIG. 9, arc segments 64 and 66 are drawn tangent to each of
      parallel lines 68 and 70, respectively, from point 62. Each of these arc
      segments are symetric about the points of tangency 72 and 74.
PAR  Next, referring to FIG. 10, arcs 64 and 66 are connected with straight
      lines 76 and 78. In order to determine the length of the arcs, and
      therefore, the length of straight lines 76 and 78, several design
      considerations, such as the maximum required working angle w (see FIG. 2),
      are considered. If the working angle w is not very large, the arcs need
      not be very long. Also, the diameter of a shaft connected to the curved
      polyhedron is considered because the diameter of a shaft limits the
      working angle. For instance, when polyhedron 52 rotates in socket 40, (see
      FIG. 2) shaft 38 may be restrained by contacting the interior wall of
      socket 40. Therefore, the length of arc segments 64 and 66 need only be
      long enough to insure contact of the curved surfaces of the final
      polyhedron with the interior walls of the socket throughout the entire
      working angle w.
PAR  Referring to FIG. 11, the two-dimensional shape shown in FIG. 10 has been
      expanded to a three-dimensional rod 80 having a uniform cross-section
      similar to the shape shown in FIG. 10. Axis a -- a extends along the
      length of rod 80 through point 62. Axis b -- b is perpendicular to axis a
      -- a.
PAR  FIG. 12 shows a rod 82 which is formed like rod 80 but with r.sub.2 and
      r.sub.4 being substituted for r.sub.1 and r.sub.3. Rod 82 has an axis
      a.sup.1 -- a.sup.1 perpendicular to axis b.sup.1 -- b.sup.1.
PAR  Referring to FIG. 13, curved polyhedron 84 consists of a combination of
      rods 80 and 82. It is formed as follows:
PAR  1. axis b.sup.1 -- b.sup.1 of rod 82 is placed on axis b -- b of rod 80;
PAR  2. axis a.sup.1 -- a.sup.1 of rod 82 is rotated 90.degree. about axis a --
      a of rod 80.
PAR  Curved polyhedron 84 is defined by curved surfaces 86, 88, 90, and 92, and
      the end surfaces 91 and 93. The lines of intersection between the curved
      surfaces have elliptical shapes.
PAR  It should be understood that this procedure is not limited to four sided
      polyhedrons. For example, a six-sided polyhedron could be constructed by
      drawing three rods (rather than two) and placing them 60.degree. out of
      phase (rather than 90.degree. out of phase).
PAR  In the manufacture of the polyhedron of the present invention, a core is
      made having a slightly smaller radius than defined above. This allows a
      coating to be applied to the core so that an interference fit between a
      polyhedron and a socket, according to the present invention, is
      accommodated.
PAR  As seen in FIG. 6, an elastomeric material 102 is coated over core 104.
      Material 102 may be a polyurethane such as, for example, Hytrel 6350 or
      Urethane 9232. The material can be applied with injection molding or made
      separately and stretched over core 104.
PAR  Coating 102 comprises between approximately 2 percent and 15 percent of the
      cross-sectional area of curved polyhedron 52. If coating 102 comprises
      less than approximately 2 percent of the cross-sectional area, the joint
      is not capable of handling any change in the working angle w. An
      interference fit between polyhedron 52 and socket 40 requires enough
      deformable material between the two bodies so that a change in angle w
      does not cause polyhedron 52 to bind in socket 40. When the coating is
      more than approximately 15 percent of the cross-sectional area of
      polyhedron 52, the elastomer must have a high durometer to inhibit
      excessive deformation. However, with present material limitations, an
      elastomer with a high durometer such as, for example, above approximately
      100, has a tendency to crack, rather than deform.
PAR  Since an interference fit between polyhedron 52 and socket 40 is created
      upon the assembly of universal joint 24, it necessarily follows that
      elastomeric material 102 is deformed. Wide variations in the degree of
      interference fit are possible, with the limitations as described below. As
      the deformation increases, the surface area of coating 102 which is in
      contact with socket 40 also increases. Further, increased deformation
      causes a rise in the frictional load as well as increased damping of the
      universal joint. if joint 24 is then operated at a high r.p.m., an
      increase in friction results in increased heat and possible failure of the
      coating. Also, at the point where polyhedron 52 transmits a turning torque
      to socket 40, increased deformation results in an increase in unit stress
      and can cause a failure of coating 102. The upper limit for the amount of
      deformation of material 102 is approximately 30 percent. The least amount
      of acceptable deformation of material 102 in universal joint 24 is enough
      to match or exceed the required deformation which conforms to the
      operating characteristics of joint 24. As the amount of deformation
      decreases, the joint increasingly transmits more vibration. Further, the
      possibilities for increasing the working angle w decreases. For example,
      if the working angle is 165.degree., an approximate 8 percent deformation
      of the coating 102 is required. Of course, if the joint 24 is operated so
      that the working angle is approximately 180.degree. and has very small
      deviation such as, 1.degree., the amount of required deformation would be
      very small. In the preferred embodiment, an approximate 15 percent
      deformation of coating 102 provides a proper preload.
PAR  Although coating 102 is an elastomer in the preferred embodiment of the
      present invention, any deformable material such as, for example, spring
      steel, can be used. The present invention also contemplates coating the
      inside of a socket instead of the surface of a polyhedron.
PAR  As best seen in FIG. 2, the angle between shafts 42 and 38 is defined as
      the working angle w. As universal joint 24 rotates, working angle w can
      change as necessary. This change results in elastomer 102 taking on a new
      shape. Rotation of universal joint 24 without any change in working angle
      w also results in elastomer 102 taking on a new shape. In either case, the
      amount of energy stored within the elastomer remains approximately
      constant. When polyhedron 52 turns socket 40, the driving force is exerted
      on one half of a side such as, for example, 106 in FIG. 6. This results in
      a deformation of that portion of the side while the other half of side 106
      is being expanded. Thus, the shape of the coating 102 is constantly
      changing while the amount of stored energy remains approximately constant.
PAR  The present invention provides a smooth, damped input-output relationship.
      The torsional compliance of the universal joint, which is a function of
      the durometer and preload of coating 102, eliminates transmission of
      vibration.
PAR  The preload on the elastomer has several additional advantages. Backlash is
      substantially eliminated because there is no free play between the
      polyhedron and socket. Also, as working portions of the universal joint
      wear, coating 102, being deformed, is still able to perform its function.
      Further, manufacturing tolerances do not have to be closely controlled
      because a small change in the interference fit does not hinder the smooth
      operation of the present joint.
PAR  The universal joint of the present invention has nearly constant velocity
      characteristics due to the preload. Many prior art universal joints
      transmit fluctuating angular velocity and an increase in the working angle
      between a drive shaft and a driven shaft causes an increase in angular
      fluctuation. In other words, a given rotation in a drive member does not
      necessarily result in the same rotation of a driven member. The angularity
      fluctuates through six maximums and six minimums during every 360.degree.
      of joint rotation. The universal joint of the present invention, with a
      30.degree. working angle, has an angular fluctuation of plus or minus
      1.5.degree.. By comparison, a cardan joint, operating at the same working
      angle, fluctuates plus or minus 7.degree..
PAR  Additionally, the joint of the present invention is failsafe. The distance
      across polyhedron 52, as seen in FIG. 6, is larger than the distance
      across the sides of socket 40. If elastomeric material 102 fails, burns,
      or falls out, no slipping between the members will occur and polyhedron 52
      will remain capable of turning socket 40. A second fail-safe feature
      resulting from the uneven sides, is a decrease in unit stress. If coating
      102 fails, and curved polyhedron 52 is turned in socket 40, the edges of
      polyhedron 52 tend to push out the sides of socket 40. With some sides of
      polyhedron 52 being larger than other sides, the longer sides tend to
      lodge in a corner of the socket and therefore not deform the socket. On
      the other hand if each side of polyhedron 52 is of equal width, each edge
      of polyhedron 52 engages a side of socket 40 and a very high stress point
      is created. This can result in polyhedron 52 slipping in socket 40. It
      follows that joint 24 of the present invention can operate at a higher
      turning torque before deforming socket 40.
PAR  The present invention provides for ease in assembly when a specified
      orientation between the drive and driven members is required. Since
      several of the sides of the curved polyhedron are of different widths, the
      joint can only be assembled in a limited number of positions.
PAR  Referring to FIG. 14, a second embodiment of the present invention is shown
      with two universal joints 24 used in conjunction with each other. Two
      curved polyhedrons 94 and 96 are attached to a common shaft 28 and are out
      of phase from each other. By offsetting curved polyhedrons 94 and 96, any
      angular velocity fluctuation produced by one joint is cancelled out by the
      second joint. In eliminating angular velocity fluctuation, it is important
      to keep the working angles of the two universal joints approximately
      equal. The amount of offset is determined from the formula:
EQU  offset = 360/2n
PAL  where n equals the number of sides of the figure. In the case of a hexagon,
      the polyhedrons are offset from each other by 30.degree.. The present
      invention also contemplates two universal joints connected by a polyhedron
      and a socket on either end of a common shaft (not shown). Further, the two
      universal joints may be constructed with curved polyhedrons of different
      shapes.
PAR  The universal joint of the present invention has several failsafe qualities
      which are very important in automotive steering applications. As explained
      hereinbefore, steering is still possible when the coating fails. If an
      accident occurs, and the frame may move with respect to the steering
      column (see FIG. 15). The deep extrusion of lower socket 98 allows lower
      polyhedron 94 to progress into socket 98 and therefore steering is still
      possible. At the same time, steering column 30 has no tendency to be
      driven back into the passenger compartment since the effort required to
      move polyhedron 96 into socket 98 is a nominal load such as, for example,
      less than 50 pounds. Referring to FIG. 16, further deformation of a car is
      assumed and upper ball 96 is shown twisted out of upper socket 100. The
      change in the angle of upper socket 100 in relation to common shaft 28 is
      due to common shaft 28 being easily bent and again a modest load is seen
      by the steering column. In very high impacts such as, for example, over 30
      miles per hour fixed barrier collisions, there is no tendency to move
      steering column 30 back into the passenger compartment.
PAR  The present universal joint is relatively inexpensive to manufacture
      because it is formed by a cold extrusion process and does not require
      machining. With the exception of coating 102, the invention is
      manufactured from, but not limited to, metal such as, for example, 1020,
      1015, or 8640 steel.
PAR  The resilient synthetic applied to the core has an additional advantage in
      that it provides lubricity. The present invention also contemplates
      putting a lubricant such as, for example, silicone grease in the joint to
      reduce wear.
PAR  One skilled in the art will realize that there has been disclosed a
      universal joint that eliminates backlash, dampens vibrations, has nearly
      constant velocity characteristics, is failsafe, can be efficiently made,
      dissipates wear, absorbs manufacturing tolerances, and has lubricity.
PAR  While there has been described what is at present considered a preferred
      embodiment of the invention, it will be obvious to those skilled in the
      art that various changes and modifications may be made therein without
      departing from the invention, and it is, therefore, aimed in the appended
      claims to cover all such changes and modifications as followed in the true
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A universal joint including a drive member and a driven member, one of
      said members including a curved polyhedron and the other of said members
      including a socket for receiving said curved polyhedron, the improvement
      comprising: said curved polyhedron having six sides and characterized in
      that said curved polyhedron is formed by intersecting cylindrical surfaces
      and that each of said six sides is of different width.
NUM  2.
PAR  2. The universal joint as recited in claim 1 further characterized in that
      said curved polyhedron is formed by intersecting cylindrical surfaces.
NUM  3.
PAR  3. The universal joint as recited in claim 2 further characterized in that
      said curved polyhedron has six sides.
NUM  4.
PAR  4. The universal joint as recited in claim 2, further characterized in that
      said curved polyhedron includes a core of metal.
NUM  5.
PAR  5. The universal joint as recited in claim 4, further characterized in that
      deformable means for preloading stored energy is interposed between said
      core of metal and said socket.
NUM  6.
PAR  6. The universal joint as recited in claim 5, further characterized in that
      said deformable means comprises a coating of an elastomeric material.
NUM  7.
PAR  7. The universal joint as recited in claim 6, further characterized in that
      said elastomeric material consists of approximately 2 to 15 percent of the
      cross-sectional area of said curved polyhedron.
NUM  8.
PAR  8. The universal joint as recited in claim 2, further characterized in that
      said socket has a cavity with an interior periphery that corresponds to
      and is smaller than said curved polyhedron.
NUM  9.
PAR  9. The universal joint as recited in claim 8, further characterized in that
      said cross-section of said cavity is greater than a corresponding
      cross-section of said metal core.
NUM  10.
PAR  10. A universal joint including a drive member and a driven member, one of
      said members including a curved polyhedron and the other of said members
      including a socket for receiving said curved polyhedron, the improvement
      comprising: deformable means on said curved polyhedron covering
      substantially the entire outer surface thereof for maintaining a
      substantially constant preloading of stored energy throughout both a
      rotation and change in alignment of said universal joint.
NUM  11.
PAR  11. The universal joint as recited in claim 10, further characterized in
      that said curved polyhedron includes a core of metal.
NUM  12.
PAR  12. The universal joint as recited in claim 11, further characterized in
      that said deformable means consists of an elastomeric material.
NUM  13.
PAR  13. The universal joint as recited in claim 12, further characterized in
      that said elastomeric material consists of approximately 2 to 15 percent
      of the cross-sectional area of said curved polyhedron.
NUM  14.
PAR  14. The universal joint as recited in claim 13, further characterized in
      that said socket has a cavity with an interior periphery that corresponds
      to and is smaller than said curved polyhedron.
NUM  15.
PAR  15. The universal joint as recited in claim 10, further characterized in
      that said member including a curved polyhedron has a second curved
      polyhedron located on an opposite end of said member from said curved
      polyhedron.
NUM  16.
PAR  16. The universal joint as recited in claim 15, further characterized in
      that said curved polyhedron and said second curved polyhedron are
      substantially identical.
NUM  17.
PAR  17. The universal joint as recited in claim 16, further characterized in
      that said second curved polyhedron is offset from said curved polyhedron.
NUM  18.
PAR  18. The universal joint as recited in claim 17, further characterized in
      that said second curved polyhedron is received within a second socket.
NUM  19.
PAR  19. A universal joint including a drive member and a driven member, one of
      said members including a curved polyhedron and the other of said members
      including a socket for receiving said curved polyhedron, the improvement
      comprising: each side of said curved polyhedron being a different width.
NUM  20.
PAR  20. A universal joint including a drive member and a driven member, one of
      said members including a curved polyhedron and the other of said members
      including a socket for receiving said curved polyhedron, the improvement
      comprising: said curved polyhedron having at least three sides of
      different width.
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ABST
PAL  A rotatable driving connection in which a plurality of abutments on one
      rotating part engage corresponding generally radial slots on the other
      rotating part with resilient material between each abutment and the
      contacting surfaces of its respective slot. The abutments are arranged in
      pairs of groups, the resultant of the forces of one group being
      perpendicular to the resultant of the other group. A leaf spring may be
      associated with each abutment to maintain contact between the resilient
      material and the walls of the slot and to prevent backlash. The area of
      contact between the resilient material and the walls of the slot varies in
      relation to the force transmitted by the connection.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application,
      Ser. No. 367,376, filed June 6, 1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a driving connection for use between an internal
      combustion engine and for instance, a rotating casing of a torque
      converter and having an intermediate part of resilient or flexible
      material for transmitting drive.
PAR  The main operational requirements for such connections are that they sould
      be capable of accepting a certain degree of misalignment and allow a
      certain degree of axial movement between the connected parts. At the same
      time the resilience should be such that the connected parts rotate at
      speeds below the critical speed the whole time, or in some cases, at
      speeds between the critical speed ranges.
PAR  Many types of resilient driving connections are known and, in some of
      these, the resilience is varied for the transmission of different torques,
      allowing a critical speed to be exceeded or permitting operation in the
      critical speed ranges.
PAR  In general, known driving connections are expensive and fulfil the
      requirements to a greater or lesser extent in one respect or another. Such
      connections include star plates and different kinds of waved discs
      permitting very high critical speeds to be achieved. Soft rubber elements
      with a high damping capacity are also used between driving and driven
      parts in a drive-line fitted with a hydraulic drive.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  It is a purpose of the present invention to form a resilient coupling of
      the type having resilient material between driving and driven parts,
      having a low resilience and a resilience varying in different driving
      directions and for transmission of different torques in such a way that it
      would be possible, not only to drive partly through critical speed ranges
      but, also, due to the kind of variation of the resilience, to drive partly
      in critical speed ranges for different torques.
PAR  It is another purpose of the invention to form a coupling which would
      readily permit modification of the resilience in both directions of
      driving to adapt the coupling, without and major structural variations,
      for different operational requirements. Also, of course, the coupling
      should be capable of accepting misalignment between the connected parts to
      the degree required for the type of application and allow independent
      axial journalling of shafts associated with the coupling such as, for
      instance, the engine crankshaft and the rotating casing of the torque
      converter with their expansion and axial movements. It is also desirable
      that the coupling should permit easy mounting by sliding one part into
      another.
PAR  In addition to the disadvantages previously mentioned, other disadvantages
      of known connections are that centering depends on the journalling
      surfaces of the connected parts as well as the fact that they normally
      permit a certain amount of backlash. In the latter case it is, therefore,
      difficult to avoid overlaod tendencies with an attendant increase in
      torsional oscillating energy in all driving conditions. The present
      invention therefore, also seeks to overcome these disadvantages and
      provide a resilient driving connection which is self-centering and in
      principle is independant of separate journalling surfaces. The present
      invention further seeks to eliminate backlash and provide a resilient
      element possessing a suitable variation in the relationship between
      deflection and force so as to reduce torsional movement energy overload
      tendencies by varying the theoretically critical speed in relation to the
      torsional load.
PAR  These purposes of the present invention are satisfied in accordance with
      the invention by providing a resilient driving connection which includes
      generally radial slots or apertures in either a rotatably mounted driving
      or driven part, in which slots or apertures abutments from the other part
      are located. These abutments are either coated with a resilient material
      or carry a sleeve of such material of suitable thickness. The connection
      between the driving and the driven parts is obtained through pairs of
      groups of surfaces, the direction of the resultant forces acting on one
      group of pairs being perpendicular to the resultant of the forces acting
      on the other group of pairs. In a preferred arrangement the two groups
      comprise double pairs of diametrically opposed surfaces parallel to a
      plane through the axis of rotation, in which a multiple of such opposed
      pairs of surfaces substantially at right angles to each other serve to
      center the driving and the drive parts and the driving force between the
      parts is transmitted via the resilient material. Leaf springs may be
      inserted between the abutment and the resilient material or vulcanized
      into the resilient material.
PAR  According to one aspect of the invention there is provided a resilient
      driving connection for use between a driving part and a driven part each
      part including a plurality of groups of circumferentially spaced driving
      contact surfaces and each group including a pair of contact surfaces on
      each part with one surface of each pair formed on the respective parts and
      with the surfaces on each pair located in radial planes or planes
      substantially parallel to radial planes passing through the axis of
      rotation of the parts and a resilient member disposed between each pair of
      driving contact surfaces and constituting a direct connection
      therebetween.
PAR  It will therefore be appreciated that the requirements of the invention are
      fulfilled by a structure according to the invention in that the torque
      between the two rotating parts is carried over by torque transmitting
      surfaces, which are parallel to radial planes passing through the axis of
      rotation and disposed in groups around a circumference, in which each
      group has two surfaces in each part to co-operate with two surfaces on the
      other part and that between these surfaces is a resilient material formed
      in such as way that different areas of contact surfaces are obtained for
      different forces transmitted and that the resilience is, in principle,
      different in the two driving directions due to the fact that spring
      elements co-operate with the resilient material in principle on the side
      normally not taking over torque and, further, that these groups of radial
      planes are disposed around the circumference not only balancing the forces
      carried over but also, due to the above mentioned shape, centering the two
      contact parts.
PAR  With the structure in question low or high resilience in a normal driving
      direction can easily be obtained, as the contact surfaces may be chosen
      for this requirement.
PAR  One important goal of this invention is to provide a coupling of the type
      having resilient force transmitting material which is suitable not only
      for driving the rotating casing of a normal torque converter but also for
      driving a torque converter having a direct drive lock-up clutch which, in
      certain circumstances must be engaged even at low engine speeds,
      especially during hydraulic braking. This goal is achieved by reducing and
      for all practical purposes eliminating backlash by utilizing a spring
      between the resilient material and one of the said driving contact
      surfaces of each pair and by the specific form of the resilient material
      located between the pair of driving surfaces.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a schematic plan view illustrating the application of the present
      invention to the driving connection between an engine and a transmission;
PAR  FIG. 2 is a partial sectional and partial side elevational view, taken
      along line 2--2 of FIG. 1 and showing the present invention applied to the
      driving connection between an engine flywheel and the rotating casing of a
      torque converter;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged sectional view taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is view similar to a portion of FIG. 2, showing another form of the
      invention;
PAR  FIG. 6 is an end view of FIG. 5, taken in the direction of arrow Z in FIG.
      5;
PAR  FIGS. 7 and 8 show the resilient element of FIGS. 5 and 6 in plan and
      section respectively before mounting on its half of the driving
      connection;
PAR  FIG. 9 is a section view showing a variation of FIG. 8;
PAR  FIG. 9A is an enlargement of the circled portion of FIG. 9;
PAR  FIG. 10 is a diagram showing the flexibility of one example of a coupling
      according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, like elements are represented by like
      numerals throughout the several views.
PAR  FIG. 1 illustrates schematically the environment of the present invention.
      An output shaft 11 from an engine 10 such as a diesel engine transmits its
      torque via driving connection 12 to a transmission 13 which may be a
      torque converter.
PAR  FIGS. 2-4 illustrate a preferred arrangement of the present invention
      wherein the engine output shaft 11 is drivingly engaged with a torque
      converter 13.
PAR  Referring now to FIGS. 2-4, a flywheel 20 of the engine 10 is formed with a
      plurality of parallel sided radially extending slots 23. A rotatable
      casing 13 of a torque converter has a plurality of peripherally spaced
      abutments 24 extending into the slots 23 in the flywheel and, on each
      abutment 24, there is a sleeve or coating 25 of a resilient material. For
      convenience, each abutment and its respective slot may be referred to as a
      drive unit, wherein each side of the abutment with its facing side of the
      slot defines opposed surfaces. The abutments 24 are of generally
      rectangular cross-section and extended in a radial direction with their
      major surfaces disposed parallel to a plane passing through the axis of
      rotation X. Each sleeve 25 and its associated abutment 24 has one mutual
      co-operating plane surface 24A (see FIG. 4) in the driving direction as
      indicated by the arrow Y in FIG. 3. In addition, the outer surfaces 25A
      and 25B of the sleeve 12 are slightly convex and lie against plane
      radially extending surface 23A of the slot 23 in the flywheel so as to
      vary the area of the load transmitting contact surface relative to the
      load and to vary the flexure of the sleeve in relation to the load for
      different loads. On the side 24B of each abutment 24 opposite from side
      24A, i.e. in the direction normally transmitting load when the engine is
      braking, a spring 26 is located between the abutment 24 and the sleeve 25.
      The spring 26 may have a convex shape in the radial and/or axial direction
      to assist not only to reduce backlash but also to reduce any tendency for
      separation to occur between the sleeve 25 and the abutment 24 on the one
      hand and the radial sides 23A of the slot 23 and the sleeve 25 on the
      other hand. The spring 26 is actually sufficiently strong to take up the
      torque carried over in the opposite direction when engine braking is
      applied without permitting loss of contact in the driving direction
      between the abutment 24 and the slot 23 via the resilient material. The
      function of the spring load serves to center the flywheel 20 and the
      rotating casing 13 as well as to practically eliminate or at least
      considerably reduce backlash.
PAR  The spring 26 is a leaf spring inserted between the resilient member 25 and
      the abutment 24; alternatively, spring 26 could be a coil spring, or a
      leaf spring formed directly in the interior of the resilient material.
PAR  The driving connection of the invention makes it possible by simply
      exchanging the spring plate 26 to adapt the driving connection to
      different combinations of driving conditions of the driving and driven
      parts. The resilient material from which the sleeve 25 is made is of a
      type having high hysteresis and at the same time, is capable of resisting
      high temperatures, for example, certain variants of silicon rubber. Since
      a coupling of the type in question if often used between engines having a
      large eccentricity between the flywheel casing and the crankshaft and also
      having high dynamic "swash" action, it is desirable to provide large
      contact surfaces in relation to load between the driving surfaces and to
      allow axial movement between the resilient material and the surface in the
      slot without wear. This is obtained in the coupling according to the
      invention by having a relatively large number of slots and abutments and
      also by making them of relatively large radial extent. This is
      accomplished in this design without loss of volume. The surfaces of the
      slots are preferably polished and/or coated with an anti-friction coating
      in the form of a lacquer or polytretofluoroethylene (Teflon).
PAR  The concept of self-centering is accomplished by constructing the
      abutment-slot connections such that while radial movement between the
      abutments and the slots is permitted in radial directions because of the
      radial elongation of the slots currently positioned in that direction,
      such movement is only allowed without changing the center due to the
      effect of the slots and abutments in quadrature. This concept will be more
      clearly explained with reference to Fig. 3 wherein twelve abutment-slot
      connections have been labeled A through L.
PAR  Essentially, the abutment-slot connection can be thought of as being
      divided into pairs of groups, the resultant force of each group of a pair
      being perpendicular to the resultant force of the other group of that
      pair. For example, each group may comprise diametrically opposite
      connections, one group of the pair constituting connections A and G while
      the other group of the pair comprises connections D and J. Considering the
      groups in this manner as pairs of diametrically opposed connections, FIG.
      3 illustrates a further group of pairs including connections H and B on
      the one hand and E and K on the other hand and a third pair of groups
      including C and I on the one hand and F and L on the other hand. However,
      it can be seen that there are numerous combinations which will accomplish
      the same result of having the resultant force of each group of a pair
      being directed perpendicular to the other. For example, if connections A
      and G form one group of the pair, the other group of that same pair could
      include (rather than connections D and J as described above ) connections
      C, K, I, E or connection D, I and K or connections J, E and C, et cetera.
PAR  The embodiment of FIGS. 5-9, differs from that of FIGS. 2-4 in certain
      respects. In FIGS 2, 3 and 4 the resilient sleeves 25 have a surface
      curvature the axis of which is parallel to the axis of rotation, whereas
      in FIG. 5 to 9 the axis of the curvature of element25' is parallel to a
      radius through the center shaft. Further, in the embodiment of FIGS. 2, 3
      and 4 there is the same contact surface between the rubber and the steel,
      rubbing against each other, whereas according to the variant of FIGS. 5 to
      9, the rubber contact line, if sliding due to misalignment or
      eccentricities, will move axially and cover a surface on the contacting
      steel part. From a wear standpoint, this variant is more favorable.
PAR  Further, to make the coupling in question more capable of functioning for
      relatively large axial movements during rotation of the coupling between
      the abutments and the slots in the flywheel, the resilient sleeves 25' are
      formed with cuts as shown in FIGS. 9 and 9A to produce a number of rubber
      fingers 90 which take up the tangential force and allow each rubber finger
      to bend under an axial force applied to the free end of the finger and, in
      a way, roll with the contact surface without really slipping during an
      axial movement.
PAR  In another version each finger 90 has a radius to simplify this movement.
      Even if this theoretically would lead to a line contact due to the surface
      pressure, each finger will have contact practically over its entire end
      surface, but it will roll more easily and tend to stay in contact with the
      same steel surface. The slots of FIGS. 9 and 9A may of course be used
      equally well on the resilient sleeves of FIGS. 2, 3 and 4.
PAR  A further difference between the features according to FIGS. 2-4 and 5-9 is
      that the resilient sleeves 25' according to 5 to 9 may be cast round,
      which simplifies the manufacture of tools. Another difference is that the
      resilient sleeves 25' according to 5-9 are fastened as shown on FIG. 5 by
      means of a steel plate 50 to avoid axial movement of the abutments 24',
      either of the resilient elements 25' or the spring plate 26A. Also the
      spring plate 26A may be considered to be bent in the opposite direction to
      that shown on 2-4 to obtain a longer contact line opposite to the driving
      side.
PAR  FIG. 10 shows the torsial flexibility of one example of a coupling
      according to the invention, utilized between a 70 h.p. 4 cylinder diesel
      engine and a torque converter transmission for the same, the engine having
      a top speed of 3200 rpm. The diagram shows on the upside flexibility in
      normal driving direction and below the center line it shows the
      flexibility of the coupling when the engine is braking. The two curves
      show the hysterises of the coupling in a way representing the absorption
      of energy. As will be seen from the curve the resonance frequency changes
      with the load and further the frequency is high enough to allow running
      below critical speed. In the application in question the maximum number of
      impulses per minute from the engine in question will be 3200/2 .times.  4
      or 6400. This number of impulses will not occur or it will be of little
      importance at low torque transportation. Therefore, there is a substantial
      margin to the resonance frequency. The frequences shown on FIG. 10 are
      calculated from the masses on both sides of the coupling in the
      application in question and with the flexibility of the coupling at each
      torque. The coupling in question would therefore be safe even without its
      quality of varying the frequency with the torque. However, many times,
      especially for earth moving vehicles, impulses in any frequency can enter
      from the secondary side. Therefore this feature is always of high value.
      The coupling is obviously also better than a so-called stiff coupling,
      because it can eliminate torque peaks, for instance the last moment of
      synchronizing when connecting direct drive. On FIG. 10 .delta. is a
      displacement of the coupling on the radii of the abutments while .phi. is
      the angular displacement in radiant. f is the resonance frequency in
      impulses/ minute and M is the number of Kgm loading the coupling in
      question being in accordance with the invention and having dimensions
      suitable for the application in question.
PAR  It will be appreciated that by selecting the radial extension and the width
      of the contact surface and by choosing the correct number of abutments and
      slots, it is possible to make the coupling sufficiently stiff to retain
      its other features and to run under critical speed even if this, due to
      the character of the coupling, is not entirely necessary.
PAR  One of the characteristics of the coupling according to the invention is
      that in spite of the fact that it is self-centering and that it is capable
      of taking large misalignment and axial movement, it lends itself to be
      made rotationally stiff and thereby function as rotationally stiff
      connection.
PAR  Although the invention has been described in considerable detail with
      respect to preferred embodiments thereof, it will be apparent that the
      invention is capable of numerous modifications and variations apparent to
      those skilled in the art without departing from the spirit and scope of
      the invention, as defined in the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A resilient driving connection rotatably drivingly connecting a driving
      part and a driven part, comprising:
PA1  a plurality of drive units spaced about the axis of rotation of the parts,
      each unit comprising a drive member rigid with the driving part and a
      driven member rigid with the driven part, first opposed surfaces on the
      driving and driven members through which drive normally occurs, second
      opposed surfaces on the driving and driven members substantially free of
      driving forces during normal drive, but through which force is transmitted
      upon braking wherein the driven member drives the driving member, both
      pairs of opposed surfaces extending in planes which are radial or parallel
      to radial planes so that the driving and driven members can move radially
      relative to each other to correct for misalignment between the driving and
      driven parts,
PA1  first resilient means interposed between the first opposed surfaces, said
      first resilient means having means for absorbing energy and becoming
      stiffer as the driving load increases, such that the resonant frequency
      thereof increases sufficiently rapidly with increased load that it stays
      above the actual frequency of vibration of the resilient means during
      normal operation thereof, and second resilient means interposed between
      the second opposed surfaces, said second resilient means having a
      stiffness less than that of the first resilient means so as to permit
      relative movement of both pairs of opposed surfaces for correcting for
      misalignment, but sufficiently stiff to maintain contact between the
      second opposed surfaces during substantially all normal driving
      conditions.
NUM  2.
PAR  2. A resilient driving connection according to claim 1, said means for
      increasing the stiffness of the first resilient means comprising means for
      increasing the area of contact between one of the first opposed surfaces
      and said resilient means.
NUM  3.
PAR  3. A resilient driving connection according to claim 2, each of said first
      and second resilient means comprising resilient material interposed
      between their respective opposed surfaces.
NUM  4.
PAR  4. A driving connection according to claim 3, wherein the surface of the
      resilient material is convexly curved about an axis parallel to the axis
      of rotation of the driving and driven parts.
NUM  5.
PAR  5. A driving connection according to claim 3, wherein the resilient
      material is convexly curved about an axis generally perpendicular to the
      axis of rotation.
NUM  6.
PAR  6. A driving connection according to claim 2, said means for increasing the
      contact area of the first resilient means of comprising the construction
      wherein said one surface of the first resilient means is convexly curved,
      whereby the resilience of the resilient means and the convex shape cause
      the resilient means to tend to flatten so as to increase the said contact
      area upon an increase in the force transmitted across the first opposed
      surfaces.
NUM  7.
PAR  7. A driving connection according to claim 6, said one surface of the
      resilient means being curved about an axis generally parallel to the axis
      of rotation of the driving and driven parts.
NUM  8.
PAR  8. A driving connection according to claim 6, said one surface of the first
      resilient means curved about an axis generally perpendicular to the said
      axis of rotation.
NUM  9.
PAR  9. A driving connection according to claim 3, said resilient material being
      formed with a plurality of cuts into the surface thereof extending
      generally perpendicular to the said one surface so as to allow movement
      between the said one surface and that opposed surface which it abuts with
      reduced force and wear.
NUM  10.
PAR  10. A driving connection according to claim 9, wherein the portions of said
      one surface of the resilient material between the cuts are formed to roll
      on the said abutting opposed surface when the resilient material is
      flexed.
NUM  11.
PAR  11. A driving connection according to claim 1, in which the driving units
      include abutments on one of the parts extending axially into radially
      extending slots on the other part, the sides of the abutments and the
      sides of the slots lying in said planes which are radial or parallel to
      radial plane, each side of each abutment and that side of the slot which
      it faces constituting a set of said opposed surfaces with its respective
      resilient means located therebetween.
NUM  12.
PAR  12. A driving connection according to claim 11, wherein each slot is
      longer, in the radial direction than its respective abutment, so that each
      abutment is free to undergo limited radial movement in its respective slot
      to adjust for misalignment between the driving and driven parts.
NUM  13.
PAR  13. A driving connection according to claim 11, said resilient means
      comprising a single element extending about the abutment to form both the
      first and the second resilient means.
NUM  14.
PAR  14. A driving connection according to claim 13, said element being a sleeve
      of resilient surrounding its respective abutment.
NUM  15.
PAR  15. A driving connection according to claim 14, including a spring means
      urging the resilient material of the second resilient means outward
      against its adjacent side of the slot.
NUM  16.
PAR  16. A driving connection according to claim 15, said means for increasing
      the stiffness of the first resilient means comprising means for increasing
      the contact area of the resilient material with its side of the abutment
      as the driving force is increased, the last said means comprising the
      construction wherein the resilient material has a convex curvature where
      it abuts the slot, whereby the resilience of the material and the convex
      shape cause the material to compress so as to increase the said contact
      area upon an increase in the force transmission in a direction tending to
      compress that resilient material.
NUM  17.
PAR  17. A driving connection according to claim 15, in which the spring means
      is a leaf spring.
NUM  18.
PAR  18. A driving connection according to claim 15, in which the spring is a
      coil spring.
NUM  19.
PAR  19. A driving connection according to claim 13, each slot being longer in
      the radial direction than its respective abutment so that each abutment is
      free to undergo limited radial movement in its respective slot to adjust
      for axial misalignment between the driving and driven parts, and said
      abutments arranged in at least one pair of groups, wherein the resultant
      of the torque transmitting forces acting at the abutment-slot connections
      of the first group of the pair are perpendicular to the direction of the
      resultant of the other group of the pair.
NUM  20.
PAR  20. A driving connection according to claim 19, at least one group of the
      pair comprising two diametrically opposed abutment-slot connections.
NUM  21.
PAR  21. A driving connection according to claim 20, wherein both groups of each
      pair comprise two diametrically opposed abutment-slot connections.
NUM  22.
PAR  22. A driving connection according to claim 19, said driving and driven
      parts being a combustion engine and a hydraulic torque converter having a
      rotating casing and also a direct drive connection between the rotating
      casing and the output of the torque converter.
NUM  23.
PAR  23. A driving connection according to claim 13, wherein the single element
      is a sleeve of resilient material formed as an annulus to be deformed by
      mounting on an abutment on one of the parts, each abutment having two
      sides, each parallel to and in close proximity to a radial plane passing
      through the axis of rotation and interconnected by arctate surfaces.
NUM  24.
PAR  24. A driving connection according to claim 23, wherein the resilient
      material is secured in position on the abutment by a locking plate.
NUM  25.
PAR  25. A driving connection according to claim 24, wherein the curvature of
      the resilient material is such that a mainly radial contact surface is
      obtained.
NUM  26.
PAR  26. A resilient driving connection rotatably drivingly connecting a driving
      part and a driven part, comprising, a plurality of abutments projecting
      axially from one part into slots on the other part, which slots extend
      radially a greater distance than their respective abutments so that the
      abutments are movable radially within their respective slots to adjust for
      axial misalignment between the axes of the driving and driven parts,
      resilient means positioned between each side of each abutment and the
      facing side of the slot, said resilient means on both sides of each
      abutment engaging their respective sides of the slot in the absence of the
      force transmission, the resilient means on the side of each abutment which
      is normally the drive side comprising means for increasing its stiffness
      as force transmission through the connection increases so as to increase
      the resonant frequency of that resilient means such that it stays above
      the actual frequency of the vibrations thereat, and wherein the resilient
      means on the other side of that abutment has a stiffness less than that of
      the first said resilient means but sufficient to maintain the abutment and
      slot into contact during normal driving.
NUM  27.
PAR  27. A driving connection according to claim 26, said resilient means being
      a body of resilient material, and including a spring menas urging the
      resilient material on said other side of the abutment outward away from
      the surface of the abutment and into engagement with its adjacent side of
      the slot.
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ABST
PAL  A universal joint shaft assembly is balanced by weights carried in rings of
      C-shaped cross section surrounding the assembly adjacent the universal
      joints and the weights are retained in balancing positions by locally
      deforming the outer peripheral leg or arm of the C-shaped ring into
      gripping relation with the weights. Where the weights are made of soft
      metal, notches of the ring can be pressed into the weights. The C-shaped
      rings can be anchored to components adjacent the joints of the universal
      shaft by pressing flaps out of the webs of the rings and securing these
      flaps to the joint components or can be integral parts of a tube
      surrounding the shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the art of balancing universal joint shaft
      assemblies and particularly deals with the mounting of balancing weights
      in C-shaped rings carried by universal joint components and deforming the
      rings to lock the weights in balancing positions.
PAR  2. Prior Art
PAR  German utility model Pat. No. 1,746,291 dated Apr. 8, 1957 issued to the
      assignee of this application discloses a universal joint having an annular
      groove of dove-tail cross section receiving wedge-shaped weights pressed
      against the inner walls of the grooves by a set screw between adjoining
      halves of the weights. This arrangement requires a high concentration of
      material to accommodate the annular groove without unduly weakening the
      assembly. Such concentration of material is not available in small and
      medium sized universal shaft assemblies. Therefore, in such assemblies it
      has been necessary to determine the dynamic unbalance on a balancing
      machine and compensate the unbalance at least approximately by weights in
      the form of metal strips spot welded near the joints. In many cases,
      however, for reasons of deficiency of available space or owing to
      excessive unbalances, this is insufficient to insure quiet running of the
      shafts and balancing could only be obtained by selective removal of
      material by boring or grinding. These procedures are complicated and time
      consuming, requiring special balancing machines equipped with devices for
      welding the balancing weights and/or removing the material. In such cases,
      after the unbalance has been measured on the balancing machine, the
      universal shaft has had to be transferred to a work bench or separate
      device where balancing weights are welded on, after which the shaft is
      again placed on the balancing machine for a test run following which
      material is removed if required at another separate operating station.
      Frequently, additional test runs are necessary.
PAR  Furthermore, in nearly all prior art cases, the welding for securing of the
      balancing weights and the boring for removing material from the universal
      shaft reduces the strength of the components involved and this
      disadvantage can only be compensated by providing excessive material in
      the form of a ring for boring when the components are being constructed or
      by using thick tubes affording sufficient safety against dangerous
      accumulation of tension caused, for example, by hardening at the weld
      spots. The increased provision of material is expensive and increases the
      inertia moment of the universal joint shaft which may also increase the
      noise of operation, particularly in Cardan shafts.
PAC  SUMMARY OF THIS INVENTION
PAR  The present invention now avoids the deficiencies of the prior art in
      balancing universal shafts by providing weight receiving annular grooves
      in sheet metal rings of C-shaped cross section that are anchored to the
      universal shaft and locally deformed for securing the balancing weights in
      their effective positions.
PAR  The weight carrying rings can be secured to the universal joint components,
      either directly by welding at places where the resulting hardening of
      metal does not cause damage, or can be mounted on a tube or other
      component of the universal shaft assembly. The rings have a negligible
      mass in comparison with the inertia of the joint shaft. The balancing
      weights can be inserted in the ring and secured therein by deforming the
      radially outer periphery of the ring by a hammer or chisel and the
      assembly may remain in the balancing machine for a test run after the
      balancing weights have been attached.
PAR  In a preferred embodiment, the weight receiving C-shaped rings are anchored
      to the universal shaft components adjacent the universal joints by
      pressing flaps out of the webs of the rings and locking the flaps to the
      joint components as by welding.
PAR  The invention is particularly useful in universal joint shaft assemblies
      where the joints can be moved axially relative to each other and are
      joined by a splined shaft which is surrounded by a protective tube secured
      to one of the joint components. This protective tube can be externally
      flanged at one end and can itself form the ring with a C-shaped cross
      section.
PAR  If desired, each balancing weight can be provided with a recess in its
      radial outer face into which the C-shaped ring can be pressed.
PAR  It is then an object of this invention to simplify the balancing of
      universal shafts.
PAR  A further object of the invention is to provide universal shafts with
      components defining deformable grooves into which balancing weights can be
      anchored.
PAR  A further object of the invention is to balance universal joint shafts
      without increasing the inertia of the shaft assembly by means of
      inexpensive balancing weights carried in rings of C-shaped cross section
      secured on the shafts adjacent the universal joints.
PAR  A specific object of the invention is to provide a universal joint shaft
      assembly with weight carrying deformable C-shaped rings embracing the
      assembly adjacent the universal joints thereof.
PAR  Other and further objects of this invention will be apparent to those
      skilled in this art from the following detailed description of the annexed
      sheets of drawings which, by way of examples only, illustrate several
      embodiments of the invention.
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 is an elevational view, partly in vertical section, of one end of a
      universal shaft equipped with a weight balancing ring of this invention;
PAR  FIG. 2 is a fragmentary sectional view with parts in elevation, of a
      modified detail of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 1 showing the other end of the universal
      shaft of FIG. 1.
DETD
PAC  AS SHOWN ON THE DRAWINGS:
PAR  The universal shaft of FIGS. 1 and 3 connects the flange 12 of FIG. 1 with
      the flange 14 of FIG. 3.
PAR  The flange 12 is formed integral with a component 16 of a pivot universal
      joint and component 16 is secured to a joint component 18 by a cross pin
      20. Component 18 is formed integral with an outwardly toothed splined
      shaft 22, which can be axially moved in an internally toothed tubular
      splined shaft 24. Shaft 24 is welded to one end of a tube 26 whose other
      end is welded to a component 28 of a second pivot universal joint.
      Component 28 is secured by cross pin 30 to a corresponding second joint
      component 32, which is formed integral with the flange 14.
PAR  Component 18 is welded to a protective tube 34 which surrounds shaft 24
      along part of its length. The free end of tube 34 is provided with a
      sealing means 36 which seals off a flat cylindrical portion 38 of the
      outer surface of shaft 24. A sheet metal ring 40 is disposed on the end of
      tube 34 secured to component 18. Ring 40 has a C-shaped cross-section
      comprising a radially inward arm 42 adjacent tube 34, a radially outward
      arm 44 and a web 46. Arms 42 and 44 are cylindrical and coaxial with
      component 18 and tube 34 and web 46 lies in a plane at right angles to the
      axis of component 18. Flaps 48 are pressed out of web 46 at two or three
      places separated by equal angular distances. As shown in FIG. 1, flaps 48
      form a linear extension of the radially inward arm 42 and are welded,
      together with tube 34, to component 18.
PAR  Ring 40 forms an annular groove, which is open in one axial direction, for
      receiving balancing weights 50. Weights 50 are sector-shaped and have a
      cross-section which substantially corresponds to the inner cross-section
      of ring 40.
PAR  The embodiment of FIG. 2 differs from that in FIG. 1 in that the protective
      tube has a different shape and is, therefore, denoted by 34'. Tube 34' is
      constructed integral with a C-shaped ring denoted by 40' in FIG. 2, thus
      saving more material and, more particularly, simplifying the assembly of
      the universal shaft. In FIG. 2, seal 36 is replaced by a simplified seal
      36'.
PAR  FIG. 3 shows a joint component 28 secured to a ring 40" corresponding to
      ring 40, as before by means of two or more flaps 48" which are offset at
      uniform angular distances. In FIG. 3, the flaps are bent radially inward
      so that they form abutments on component 28 as soon as ring 42" is pushed
      on. FIG. 3 also shows how ring 40" can be formed with one or more notches
      52 by chiseling after a balancing weight 50 has been inserted; the notches
      can be pressed into a balancing weight 50, which is made of lead or
      another soft heavy metal, thus securing the weight. In order to facilitate
      the pressing in of notches 52, weight 50 can be preformed with a matching
      recess 54 on its radially outward side with respect to the universal
      shaft.
PAR  From the above descriptions it will therefore be understood that this
      invention simplified and facilitates the balancing of universal shafts by
      anchoring balancing weights in a deformable groove provided by a shaft
      component adjacent each universal joint of the shaft.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A universal shaft balancing device which comprises a sheet metal ring of
      C-shaped cross section having an inner peripheral arm adapted to be locked
      on the shaft, a deformable outer peripheral arm and a web connecting the
      arms, said C-shaped ring providing an annular groove with an open face at
      one axial end thereof adapted to receive balancing weights to be locked in
      the groove by inwardly deforming the outer peripheral arm of the ring.
NUM  2.
PAR  2. The shaft of claim 1 including balancing weights in the form of arcuate
      segments fitting the groove.
NUM  3.
PAR  3. The shaft of claim 1 wherein said ring is an integral part of a tube
      surrounding the shaft.
NUM  4.
PAR  4. A universal shaft having a universal joint component on an end thereof,
      means on the component defining a deformable annular groove, and a
      balancing weight in said groove at a position for dynamically balancing
      the shaft wherein said means defining the deformable groove is a metal
      ring of C-shaped cross section with an inner peripheral arm anchored on
      the shaft, an outer peripheral arm deformed locally against the weight in
      the groove and a web connecting the arms.
NUM  5.
PAR  5. The shaft of claim 4 wherein the web of the ring has flaps pressed
      therefrom anchoring the ring to the joint component.
NUM  6.
PAR  6. The shaft of claim 5 wherein the flaps have inward projections adapted
      to snap lock on the joint component.
NUM  7.
PAR  7. The universal shaft of claim 4 in which said outer peripheral arm has an
      inwardly deformed notch anchoring the balancing weight in the groove.
NUM  8.
PAR  8. The shaft of claim 7 wherein the weight has a groove receiving the
      notch.
NUM  9.
PAR  9. The shaft of claim 7 wherein the weight is deformable and the notch is
      pressed into the weight.
NUM  10.
PAR  10. The device of claim 1 having flaps pressed out of the web to lock the
      ring to the shaft.
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ABST
PAL  A hydraulic, automatically adjustable timing device for fuel injection
      wherein vanes of rotor and radial members of casing form operating
      chambers, each having a passage to permit fluid in and out; a pilot valve
      is disposed in the drive shaft, is rotatable by centrifugal force of
      flyweights and controls the opening and closing of fluid chambers,
      resulting in rotational transmission and relative movement between the
      shafts through fluid present in the chambers; and a flat shaft of the
      pilot valve forms lands to control communication of the flow passage with
      the fluid chambers.
BSUM
PAR  This invention relates to a hydraulic, automatically adjustable timing
      device for fuel injection and more particularly to improvements in the
      device of U.S. Pat. No. 3,709,001 (corresponding to Japanese Pat. No.
      631,593).
PAR  The device of the above Patent is excellent in performance by its
      construction, particularly its pilot valve.
PAR  An object of this invention is to obtain a device of this kind which is
      reliable to operate and easy to manufacture by producing advantageously
      and more easily its construction, particularly a pilot valve controlling
      mechanism.
DRWD
PAR  In order that this invention may be more readily understood, reference will
      now be made, by way of example, to the accompanying drawings in which:
PAR  FIG. 1 shows an embodiment of this invention and is a vertical sectional
      view taken along the line I--I of FIG. 3,
PAR  FIGS. 2 to 5 are cross sectional views taken along the lines II--II,
      III--III, IV--IV and V--V of FIG. 1 respectively,
PAR  FIG. 6 is a horizontal cross sectional view of a part of FIG. 1,
PAR  FIG. 7 is a vertical sectional view taken along the line VII--VII of FIG. 1
      and showing an essential part only and
PAR  FIG. 8 is a perspective view of the other embodiment of a pilot valve.
DETD
PAR  A drive shaft 1 is engaged with a crank-shaft member of an engine (not
      shown) through a spline 2. On the outer periphery of the drive shaft 1 is
      engaged with a rotor having vanes 3a and 3b through a spline (not shown).
      The vanes 3a and 3b are fitted oiltightly and slidably by seals 4, each
      having a sheet spring 3c, to a casing 5 between radial members 5a and 5b
      and the rotor 3, to the radial members 5a and 5b between the vanes 3a and
      3b. Both left and right openings of the casing 5 are closed by side plates
      6 and 7 and respectively connected oiltightly and slidably to the outer
      periphery of the drive shaft 1, the rotor 3 and the sides of the vanes. On
      the outer sides of the side plates 6 and 7 are fitted covers 8 and 9
      respectively tightly and slidably with the outer periphery of the drive
      shaft 1. These covers together with the side plates 6 and 7 respectively
      form oiltight chambers 10 and 11. The casing 5, the side plates 6 and 7,
      and the covers 8 and 9 are integrally connected to each other and fixed by
      bolts 12 to a driven shaft or a pump gear member 13 provided in the
      opposite side to the spline 2. The gear member 13 is in engagement through
      a gear 13a with a cam shaft of a fuel injection pump, not shown. In a
      chamber 14 formed between the cover 9 and the gear member 13, a pair of
      flyweights 15 are located in symmetry relative to the drive shaft 1, each
      being pivotably mounted at one end on a screw 17 fitted with a plate 16
      and connected at the other end to an extension of a screw member 18 for
      fixing the plate 16 to the cover 9 by means of a spring 19 for preventing
      the flyweight 15 from being opened by centrifugal force. The plate 16 can
      move around within certain limits by the screw member 18 as it is loosened
      and can be adjusted the mounting load applied on the spring 19. Thus the
      acting point of the flyweight 15 is a point where a longitudinal groove 20
      engages with a pin 21. A Pilot valve 22 has flanges 22a and 22b, a plate
      22c and a flat shaft 22d between the flanges 22a and 22b. The plate 22c is
      fixed to an end of an extension shaft 22e on the flange 22b of the pilot
      valve 22. The pin 21 projects from a surface directed to the chamber 14 of
      the plate 22c and fixed on the surface. The pilot valve 22 has a cylinder
      which is oiltightly fitted to an inner bore of the drive shaft 1 and
      bushes 1a and 1b  on both sides of the drive shaft 1. In the inner bore of
      the drive shaft are provided oil chambers 30a and 30b which are isolated
      by a flat shaft 22d serving as a boundary wall. Oiltightness of the flat
      shaft is maintained by lands 22f and 22g which may form a cylindrical
      surface of the flat shaft 22d. When the flyweights 15 open outwardly
      against force of the springs 19 due to centrifugal force, therefore, the
      pilot valve 22 is caused to turn round clockwise through the pin 21 and
      the plate 22c as shown in FIG. 2. A second spring 23a is oppositely
      directed to the opening of the flyweight 15 housed in the inner bore of an
      adjusting bolt 23 threaded into the cover 9. The spring 23a cooperates
      with the spring 19 with a rotational speed larger than predetermined one
      and can vary the advance angle charateristics within a high speed area.
      The initial speed of the rotation can be simply controlled by loosening a
      nut 24 and adjusting the bolt 23. A torsion and compression spring 25 is
      fixed at the ends respectively to the drive shaft bush 1b and the plate
      22c, between which it is compressed and is adapted to open the flyweight
      15 outwards against tension of the spring 19. The torsion and compression
      spring thus serves to remove a play between the flyweight 15 and the pin
      21 to determine the axial position of the pilot valve 22. The drive shaft
      1 is fitted with a collar member 26 oiltightly contacting with the cover 8
      on the driving side. The collar member 26 is provided with a flow passage
      27 which forms an inlet port for a working oil. A similar flow passage 28
      of the drive shaft 1 and a longitudinal groove provided on the outer
      periphery of the bush 1a and forming a flow passage 29 between the bush
      and the drive shaft 1 are connected to a chamber 30a formed between the
      flanges 22a and 22b. An oil passage 39 consisting of a longitudinal groove
      on the outer periphery of the bush 1a having an angle 180.degree. rotated
      from the flow passage 29 communicates to an oil chamber 30b. The oil
      passage 39 then connects the oil chamber 30b to an atmospheric chamber 41
      via a radial hole 40 opening outwords from the flange 22a. The chamber 10
      is connected to the inner bore of the bush 1a inside the flange 22a
      through radial flow passages 31 and 32 respectively in the drive shaft 1
      and the bush 1a. The chamber 11 is connected to the inner bore of the bush
      inside the flange 22b through similar flow passages 33 and 34 of the drive
      shaft 1 and the bush 1b. These flow passages are respectively closed by a
      land 22f or 22g at the neutral position in the pilot valve 22 and
      controlled so as to communicate to the oil chamber 30a or 30 b by rotating
      the pilot valve 22 around. To this end, thickness of the lands in the
      peripheral direction is made equal to or slightly larger than the
      communication ports in the flow passages 32 and 34. Thus, when the pilot
      valve 22 turns round clockwise in FIG. 2 from the closed position of the
      communication port of each land, the flow passage 32 is connected to the
      oil chamber 30b, while the flow passage 34 to the oil chamber 30a.
      Inversely, when the pilot valve 22 is turned round anticlockwise, the flow
      passage 32 is connected to the oil chamber 30a and the flow passage 34 to
      the oil chamber 30b. Inner walls of the casing 5 consist of the radial
      members 5a and 5b which form same number chambers as the vanes and with
      the inner surfaces of which are oiltightly contact the seals S fitted into
      the boss in the rotor 3. The vanes 3a and 3b divide these chambers into
      two operating chambers 35a and 35b, the operating chamber 35a being
      communicated to the chamber 10 provided between the side plate 6 and the
      cover 8 via the passage 6a in the side plate 6 and the operating chamber
      35b, to the chamber 11 formed between the side plate 7 and the cover 9 via
      the passage 7a in the side plate 7. The stopper 3S which projects from
      both sides of  the vane defines an area of relative movement between the
      rotor 3 and the casing 5 upon engagement with the radial members of the
      casing 5, while at the same time preventing the closing of the passages 6a
      and 7a by the vane 3a . The direction of rotation of the drive shaft when
      the device is used is restricted in the anti-clockwise direction in FIG.
      2. Another embodiment of the pilot valve 22 includes a construction such
      that an opening 42 is provided in the flange 22a, connecting the oil
      chamber 30b to the atmospheric pressure chamber 41, so as to dispense with
      the use of the flow passage 39 and the opening 40 in the longitudinal
      groove of the bush 1a.
PAR  Operation of the device of the invention is now explained. Upon the rising
      rotation, the flyweights 15 are opened outwardly against the force of the
      springs 19. The pilot valve 22 is then rotated clockwise relative to the
      drive shaft 1 in FIG. 2, and opens the flow passages 32 and 34 to
      communicate the operating chamber 35a to the atmospheric pressure side via
      the passage 6a, the chamber 10, the flow passages 31 and 32 and the oil
      chamber 30b, and also communicate the operating chamber 35b to the
      hydraulic pressure supply source via the passage 7a, the chamber 11, the
      flow passages 33 and 34, and the oil chamber 30a. In the inner chamber 30a
      is always supplied a high pressure operating oil through a feed pump, not
      shown, via the operating oil feed port 27 and the flow passages 28 and 29.
      Therefore, the operating oil flows into the operating chamber 35b, while
      the operating oil in the operating chamber 35a communicating to the
      atmospheric pressure side flows out of the device. The casing 5 is moved
      in the rotational direction of the drive shaft by differential pressure
      between the two chambers. This causes a phase difference, i.e., an advance
      angle between  the drive shaft 1 and the gear member 13 in the rotational
      direction of the drive shaft. When the casing 5 rotates in an amount equal
      to that of rotational rise, the plate 16 integral with the casing 5 and
      the flyweight 15 supported by the plate also rotate. The pilot valve 22 is
      then rotated anti-clockwise through the pin 21 in FIG. 2, so that the flow
      passages 32 and 34 are again closed. Thus, the operating chambers 35a and
      35b are closed oiltightly so that the rotation is transmitted with the
      advance angle retained in the amount of rotational rise. In the area of
      speed higher than predetermined one, the flyweight 15 may abut the second
      spring 23a so that the advance angle characteristics moderate become
      moferate much more than when the spring 19 produces a single action
      relative to the variation of rotational speed. Due to combination of these
      springs therefore, there may be obtained an advance characteristics most
      adapted to the engine. The initial speed of rotation also may be adjusted
      by having the screw member loosened, rotating the plate 16 and changing
      the load charged by the spring 19. Inversely in case of rotational drop,
      the flyweight 15 is closed inwards by the spring 19, so that the pilot
      valve 22 is rotated in the counter-clockwise direction in FIG. 2. The
      operating chamber 35a is connected to the inner chamber 30a and the
      operating chamber 35b, to the oil chamber 30b, respectively. The operating
      oil flows into the operating chamber 35a and the casing 5 is rotated in an
      amount equal to the rotational drop in the reverse direction. Transmission
      of rotation is thus made with the same condition maintained. Even a larger
      driving torque is transmitted in the same way because of the
      non-compressibility of the fluid. If the change in torque is large, the
      advance angle will not be changed. If the springs 19 and 23a are provided
      at a proper angle respectively to a line connecting the axis of the screw
      17 which pivotally mounts the flyweight 15 and the acting point for the
      flyweight 15, it is possible to obtain a linear relationship between the
      advance angle and the rotational speed. In absence of such an angle, the
      spring force and the centrifugal force may be proportioned and the
      centrifugal force is proportional to the square of the rotational speed,
      the relation between the advance angle and the rotational speed may cause
      a secondary curve. In the construction as described above, since the
      flyweight opens larger outwards, the flyweight 15 and the springs 19 and
      23a may assume a relative position such that the angle may become smaller
      and the spring force may increase. The spring force may be changed as in
      the secondary curve relative to the centrifugal force. Therefore, the
      spring force can offset the change of the centrifugal force to the
      rotational speed thereby to obtain a linear relationship.
PAR  According to the construction of the invention as described above, since
      the pilot valve takes a simple form which consists of the flat shaft and
      the flanges of a cylindrical shape, which pilot valve can control the
      supply or exhaust oil passages for the operating chambers 35a and 35b, the
      construction makes it possible to be easy to manufacture in massive scale
      and also obtain a sure operation as it makes an easy working of valve
      controlling parts having cylindrical surfaces of a flat shaft serving as
      lands.
PAR  Many variations may be effected without departing from the spirit of the
      invention. It is to be understood that these, together with other
      variations in details, are anticipated by the appended claim.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydraulic, automatically adjustable timing device for fuel injection
      in which a rotor having vanes and a casing having radial members are
      coaxially connected to a drive shaft and a driven shaft respectively, each
      vane and each radial member forming an operating chamber having a passage
      to permit fluid in and out; the bore of said drive shaft having disposed
      therein a pilot valve rotatable by centrifugal force of flyweights and
      having separate fluid chambers provided with fluid passages respectively,
      said pilot valve controlling the opening and closing of the fluid
      chambers, resulting in rotational transmission and relative movement
      between the drive shaft and the driven shaft through fluid present in the
      chambers; the pilot valve having a flat shaft which separates the two
      fluid chambers and forms lands to control communication of the flow
      passage with the fluid chambers, said lands being parallel to the axis of
      said pilot valve, said chambers being in communication with the
      atmospheric pressure side and the fluid pressure source side respectively.
NUM  2.
PAR  2. A device according to claim 1 in which a flange of the pilot valve is
      provided with an opening.
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ABST
PAL  Multi-feed circular knitting machine having three level selecting means for
      lever operated needles. The needles have radially extending pivotally
      movable levers individually associated therewith in such manner that
      rocking movements of said levers act to raise and to lower the needles,
      and there are movable control members individually associated with the
      levers to rock the same in one direction to raise the needles from welt to
      tuck and to knit levels. There is a needle raise cam engageable with the
      control members to lower the same thereby to rock the levers to raise the
      needles and there is a needle lowering cam engageable with the levers
      thereby to rock the same in the opposite direction to lower the needles.
      The levers act to multiply the movement imparted to them by the needle
      raise and lowering cams thereby to move the needles along pathways which
      are steeper than the cam faces. Selectively operated pattern jacks
      individually associated with the control means are provided to disengage
      selected ones of the control members from the needle raise cam at two
      places along the face thereof in order to position selected ones of the
      needles at welt, tuck and at knit levels.
BSUM
PAR  The present invention relates generally to the art of knitting and more
      particularly to improved lever operating means for use upon multi-feed
      circular knitting machines for the raising and lowering of the needles
      thereof along sharply angled pathways, and to means for three position
      selection of the needles at knit, tuck and welt levels in combination with
      the lever operating means for the needles.
PAR  In multi-feed circular knitting machines it is desirable to have the
      maximum number of feeds thereon so that the machine, operating at a
      maximum permissable speed, can produce the maximum amount of knit fabric,
      and, in addition, it is also desirable to have means upon the machine for
      three position selection of the needles at knit, welt and tuck levels in
      order to produce pattern effects in the fabric during the making thereof.
      Since the extent of lengthwise travel from welt to knit level is constant
      for needles having a given length of latch, it has been customary, in
      machines wherein the needles are raised and lowered by means of raising
      and lowering cams which act directly upon the needle butts, to increase
      the number of feeds per machine by increasing the angle of the cam faces
      of the raising and lowering cams thereby to provide a more sharply angled
      pathway for the needles. Further, in those machines which also have means
      for three position selection of the needles, it has been customary to use
      a minimum of circumferential distance for such selecting means in order to
      have the maximum number of feeds. However, with use of the more sharply
      angled needle operating cams to provide more feeds, the speed of the
      machine is reduced to avoid butt breakage by the cam action so that the
      increase in fabric production is not proportional to the increase in the
      number of feeds.
PAR  Accordingly, it is the principal object of the present invention to provide
      improved means for raising and lowering the needles of multi-feed circular
      knitting machines along sharply angled pathways by means of levers
      interposed between the needles and shallow angled raising and lowering
      cams for the levers whereby a maximum number of feeds may be placed upon
      the macchine and whereby the shallow angled cams permit the machines to be
      operated at their most effective rate of speed.
PAR  It is a further object of the present invention to provide for selective
      multi-level positioning of the needles in combination with the lever
      operation thereof.
PAR  It is a still further object of the present invention to provide for
      selective disengagement of the needle operating levers from the needle
      raise cam in such manner as to provide for three position selection of the
      needles at knit, tuck and at welt levels.
PAR  With the above and other objects in view which will become apparent from
      the following detailed description of a preferred embodiment of the
      invention shown in the accompanying drawings, the present invention
      resides in the novel elements of construction and arrangement of parts of
      the lever needle selecting means for circular knitting machines
      illustrated and as hereinafter particularly pointed out in the appended
      claims.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a vertical sectional view through the needle cylinder and
      surrounding cam ring of a multi-feed circular knitting machine embodying
      the lever needle selecting means of the present invention, and showing the
      larger diameter cylinder for the presser pattern jacks, the sub-jacks
      controlled by the presser jacks, the multiplying levers connecting the
      sub-jacks to the needles, the cam acting upon the sub-jacks to raise the
      needles, and the cam acting upon the levers to lower the needles,
PAR  FIG. 2 is an enlarged schematic view of a portion of FIG. 1 showing the
      needle and associated parts in knit position with the sub-jack at its
      lowermost position on the needle raise cam,
PAR  FIG. 3 is a view similar to FIG. 2 with the needle and associated parts in
      welt position with the sub-jack at its uppermost position on the needle
      raise cam,
PAR  FIG. 4 is a view similar to FIG. 3 showing the sub-jack removed from the
      needle raise cam,
PAR  FIG. 5 is a schematic view in elevation of a vertically extending needle, a
      vertically extending pivotable pattern presser jack, a vertically
      extending pivotable sub-jack slidably connected to the upper end of the
      presser jack, a horizontally extending multiplying lever connected to the
      lower end of the needle and to the upper end of the sub-jack, and presser
      cams for selectively moving the presser jacks,
PAR  FIG. 6 is a schematic face view of the cams at each feed of the machine for
      operating upon the needles, presser jacks, sub-jacks and multiplying
      levers,
PAR  FIG. 7 is a cross-sectional view of the return cam adapted to act upon the
      sub-jacks, as taken on line 7--7 of FIG. 6,
PAR  FIG. 8 is a view in elevation of a pair of pattern presser jacks,
PAR  FIG. 9 is a schematic view in elevation of some of the recurring series of
      diagonally extending butts of the pattern presser jacks in the machine,
PAR  FIG. 10 is a schematic view showing the operation of two sets of presser
      cams upon the presser jacks to selectively place the needles in their
      knit, tuck and welt positions,
PAR  FIG. 11 is a view similar to FIGS. 2 and 3 with the needle and associated
      parts in tuck position and with the corresponding sub-jack in an
      intermediate position on the needle raise cam, and
PAR  FIG. 12 is a view similar to FIG. 11 showing the sub-jack removed from the
      needle raise cam.
DETD
PAR  The needle cylinder of the circular knitting machine embodying the present
      invention is shown at 1 in FIG. 1 with vertically movable needles 3 in
      slots 2 of the cylinder. The needles are provided with conventional
      working butts 3a and have extended shanks the end portions of which are
      provided with radially extending U-shaped apertures 3b to receive therein
      one end of the needle moving multiplying levers to be described. Sinkers
      4, between the needles, move radially in slots in sinker bed 5 secured to
      the upper end of the needle cylinder, the sinkers being actuated by cams
      in sinker cap 6.
PAR  A jack cylinder 9 of larger diameter than the needle cylinder is disposed
      co-axially therewith, the upper end of the jack cylinder being disposed in
      peripheral groove 11 formed at the bottom of the needle cylinder and being
      secured to the latter by suitably disposed bolts 12. A conventional ring
      gear 13, secured to the bottom of the jack cylinder by suitably disposed
      bolts 14, is driven in customary manner to rotate the joined jack and
      needle cylinders.
PAR  The periphery of jack cylinder 9 is provided with vertically extending
      slots 10 equal in number to and aligned with needle slots 2 of the needle
      cylinder. Disposed in each slot 10 is a pattern pressure jack 7, FIGS. 1,
      5, 8, pivotally movable at its enlarged lower end 7e about a peripherally
      extending garter spring 15 encircling the jack cylinder in a
      circumferential groove formed therein while the spring, at the same time,
      is disposed in suitable semicircular depressions formed in the jack ends
      7e, the presser jacks thus being secured against vertical movement while
      being pivotable about the garter spring as a fulcrum. The upper ends 7f of
      the presser jacks are ball shaped to slidingly engage within inverted
      U-shaped slots 8a in arm 34 of the sub-jacks 8, the latter being
      individually related to the presser jacks in such manner that the jacks
      and sub-jacks may move pivotally and longitudinally with respect to each
      other.
PAR  Each of the presser jacks is provided with a single radially extending
      pattern butt thereon by means of which the jacks are selectively and
      pivotally pressed inwardly of the slots in the jack cylinder. The pattern
      butts, FIG. 9, are disposed at each of thirty seven separate levels upon
      each of 37 correspondingly adjacent individual presser jacks. Jack 7 has
      its butt 7a at the uppermost of the butt levels, FIG. 8, jack 7' has its
      butt 7b at the next uppermost level, and so on, as indicated by the
      letters a, b, c and d, FIG. 9, representing the butts at the four highest
      of the thirty seven levels upon four adjacent ones of the presser jacks.
      It will be noted that the butts upon each of successive groups of the 37
      presser jacks extends diagonally, one after the other, about the jack
      cylinder. The radial measurement of the butts gradually decreases from the
      uppermost to the lowermost one thereof, thus, while the length of
      uppermost butt 7a on jack 7 is shown at a', FIG. 5, the length of butt 7b
      on jack 7' is somewhat less, and so on for butts c and d and the remainder
      of the butts, as indicated by the line 7g, FIG. 5.
PAR  The jacks 7 are selectively moved inwardly, via their butts, by selected
      ones of each of two adjacently stacked series of 37 presser cams 17 and
      42, FIGS. 5, 10. The cams 17 comprise one series of cams while the cams 42
      comprise the second series of cams, the cams 17 have sloped faces 17a
      while the cams 42 have sloped faces 42a to engage the jack butts to press
      the jacks inwardly. The cams 17 and 42 are vertically stacked and
      contained in the presser cam holder 16, FIG. 1, and any suitable pattern
      means may be employed to selectively place each of the cams 17 and/or 42
      in forward jack butt operating position in accordance with a
      pre-determined pattern selection. As in FIG. 10, cams 42 are disposed
      ahead of cams 17 so as to act first upon the jacks, in position A cams 17
      and 42 are not pushed in and accordingly jacks 7 are likewise not pushed
      in thereby resulting in the needles corresponding to such jacks being
      raised to knit level, by means to be described. As in position B of FIG.
      10, cams 42 are not pushed in while cams 17 are pushed in to push jacks 7
      inwardly and this arrangement results in the corresponding needles being
      raised to tuck level. In position C, cams 17 and 42 are both pushed in to
      push jacks 7 inwardly and this arrangement results in the corresponding
      needles remaining at welt level. Cams 17 and 42 thus differ only in the
      time of their action upon the jacks, and, in fact, in position C the same
      results may be obtained by pushing only cams 42 inwardly. The outward
      position of jacks 7 may be seen in FIGS. 1, 3, 5 while their inward
      position may be seen in FIGS. 4,6.
PAR  The sub-jacks 8, also disposed in suitable slots provided in cylinder 9,
      are both vertically and pivotally movable, the inward pivotal movement of
      their lower ends taking place when their corresponding jacks 7 are moved
      inwardly by cams 17, 42. The sub-jacks 8 are each provided, on their inner
      edge, with intermediate fulcrum rocking point 8b, at their upper end with
      radially inwardly extending butt 29, at their lower end with radially
      outwardly extending butt 35, and, intermediate fulcrum 8b and butt 29,
      with spaced radially outwardly extending butts 37,41, the butts 37,35
      providing a cut out portion therebetween for cams 36, 38 to be positioned
      therein.
PAR  Joining sub-jacks 8 to needles 3 are multiplying levers 18, also disposed
      in suitable slots provided at the upper end of jack cylinder 9, these
      levers being rockable about a circular fulcrum 19 and having a shorter arm
      28 the ball shaped end of which is disposed under butt 29 of sub-jack 8,
      and also having a longer arm 27 the ball shaped end of which is rockably
      disposed in slot 3b of the needle. Levers 18 have semi-circular portions
      30 on the upper sides of their longer arms at an intermediate point along
      the same. The lower edge sections of fulcrum 19 of levers 18 are rockably
      supported upon a spaced pair of steel wires 21 disposed in and extending
      alonga peripherally formed groove 20 in the upper end of cylinder 9. The
      upper edge sections of fulcrum 19 are covered by a pair of similar steel
      wires 23 disposed in and extending along a peripherally formed groove 22
      in a depending portion of ring 24, the latter ring being suitably secured
      in a circular groove 26 formed in the upper bed plate 25 of the machine.
PAR  Lever 18 is rocked in clockwise direction about pivot 19, FIG. 5, to raise
      needle 3 from welt to tuck and to knit levels via arm 27 in slot 3b of the
      needle, by the downward movement of sub-jack 8 via its butt 29 pulling
      downward upon arm 28 of the lever. The sub-jacks 8 are moved downwardly,
      when jacks 7 are in their outward non-selected position, by means of
      relatively shallow angled cams 36, 38 which are positioned between butts
      35, 37 of the sub-jacks. While cams 36, 38 may be considered as lowering
      cams with respect to the sub-jacks and levers, they are also to be
      considered as raise cams with respect to the needles. It will be noted
      that cams 36, 38 do not lower the sub-jacks when the latter have been
      rocked inwardly, FIGS. 4, 12, by the inward movement of selected jacks 7
      which serves at the same time to pull the sub-jacks off the cams. The head
      7f of the jacks in slots 8a of the sub-jacks acts to pull the sub-jacks
      off the cams, the sub-jacks being rocked about their fulcrum points 8b.
PAR  The jacks can pull the sub-jacks off the cams before any downward movement
      thereof takes place, the sub-jacks then being at point or level 47 along
      lone C--C of FIG. 6 which corresponds to the welt level of the needles,
      the position of the sub-jacks on the cams being shown in FIG. 3 while the
      position of the sub-jacks after having been pulled from the cams being
      shown in FIG. 4. The position of cams 17, 42 at this time to pull the
      jacks off the cams when the needles are at welt level is shown at C in
      FIG. 10 where cams 17, 42 are in their inward selecting positions.
PAR  The jacks can also pull the sub-jacks off the cams after the latter have
      been partially lowered by cam face 43 of cams 36, 38 to level 45 along
      line B--B of FIG. 6 which corresponds to the tuck level of the needles,
      the position of the sub-jacks on the cams being shown in FIG. 11 while the
      position of the sub-jacks after having been pulled from the cams being
      shown in FIG. 12. The position of cams 17, 42 at this time to pull the
      jacks off the cams when the needles are at tuck level is shown at B in
      FIG. 10 where cams 42 are in outward non-selecting position and cams 17
      are in inward selecting position.
PAR  Further, when it is desired that the needles are to be raised to knit
      level, the jacks are not selected at all so that the sub-jacks are not
      pulled from their lowering cams, as may be seen in FIGS. 1, 2 wherein the
      needles are at knit level with the sub-jacks at their lowermost position
      upon their lowering cams. This corresponds to level 45a along line A--A,
      FIG. 6, with cams 17, 42 intheir outward non-selecting position A of FIG.
      10. The needle butts 3a of needles raised to knit and to tuck levels pass
      above cam 46, while the needle butts remaining at welt level pass below
      this cam.
PAR  The needles are lowered toward welt level, FIG. 3, from their knit and tuck
      levels, by the action of relatively shallow angled cam face 32 of cam 31,
      at line A--A FIG. 6, upon the rounded projection 30 of lever 18 which is
      thereby rocked in counterclockwise direction. Cam 31 acts as a lowering
      cam for end 27 of the levers and may also be considered as a needle
      lowering cam. As the needles are thus being lowered, the shorter ends 28
      of the levers act to raise the sub-jacks toward their uppermost position,
      the latter being free of their lowering cams at 45b thereof at this time.
      While the sub-jacks are thus being raised, they are also subjected to the
      rocking action of inclined face 40 of return cam 39 acting upon their
      butts 37,41 so that those of the sub-jacks which have been selectively
      pulled off their lowering cam are rocked about fulcrum 8b to their outward
      position, FIG. 3, ready for a selection at the next feed of the machine.
      As the sub-jacks are rocked by return cama 39, their associated jacks 7
      are at the same time thereby moved outwardly of the jack cylinder in
      position for a fresh selection thereof by cams 17, 42 at the next feed of
      the machine. After the needles are lowered by return cam 31, their butts
      3a are also acted upon by face 44 of stitch cam 33, and after being fully
      lowered thereby to welt level, the needle butts are acted upon by cushion
      cam 48 and then by the guard cam 48'. Such lowering of the needles to welt
      level causes the sub-jacks to be fully raised.
PAR  It will be noted that, by the apparatus provided, the needles are caused to
      be raised at a very steep angle by the shallow angled cam 36 acting via
      sub-jacks 8 upon the shorter arms of levers 18 to the longer arms of which
      the needles are connected, and that the needles are caused to be lowered
      at a very steep angle by the shallow angled cam 31 acting at a point along
      the longer arms of the levers 18 which, at the same time, cause the
      sub-jacks to be raised. Thus the needles are raised and lowered at steeper
      angles than would be possible by the use of needle raising and lowering
      cams acting directly upon the needle butts, and, thereby less
      circumferential extent is required for each feed of the machine. In
      addition, the present apparatus provides for selective disengagement of
      the sub-jacks 8 with cam 36 whereby the needles may be selectively
      positioned at knit, tuck and welt levels. The present needle selecting
      means takes up no additional circumferential space between the feeds of
      the machine and the shallow angled needle operating cams 31, 36 and 38
      permit the machine to be operated at higher speeds than they could be
      operated when sharply angled needle raise and lowering cams acted directly
      upon the needle butts. Inasmuch as the sub-jacks 8, depending upon their
      position, act to control whether or not needle raise cam acts upon levers
      18, the sub-jacks have been referred to as control members in the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mult-feed circular knitting machine having a vertically extending
      slotted needle cylinder and a circle of needles individually disposed in
      said needle slots for independent reciprocating movement therein, said
      reciprocating movement of said needles being between the welt, tuck and
      knit levels of their knitting stroke, a circle of like pivotally movable
      levers extending radially outwardly of said circle of needles, each of
      said levers having a longer and a shorter arm of which the former are
      individually and operatively related to said needles to move the same,
      said levers being rockable in one direction to raise said needles and
      being rockable in the opposite direction to lower said needles thereby to
      move said needles through their knitting stroke, a circle of like
      vertically extending and reciprocatingly movable control members
      individually and operatively related to said shorter arms of said circle
      of levers to rock the same in said one direction when said control members
      are moved downwardly, said control members being movable upwardly by said
      levers when the latter are rocked in said opposite direction, a fixed
      needle raise cam at each feed of the machine rotatable relative to and in
      engagement with said circle of control members to move the same downwardly
      from a first to a second and to a third level thereby to rock said levers
      accordingly in said one direction and thereby to raise said needles via
      said levers from welt level to tuck and to knit levels, respectively, a
      fixed needle lowering cam at each feed of the machine rotatable relative
      to and in engagement with said longer arms of said circle of levers to
      rock the same in said opposite direction thereby to lower said needles and
      at the same time to cause said levers to raise said control members, and
      pattern controlled means capable of acting upon said circle of control
      members to disengage selected ones of the latter from contact with said
      needle raise cam at an earlier and at a later time, certain of said
      control members being so disengaged from said needle raise cam at an
      earlier time when they are at their first said level whereby the needles
      associated with said cetain control members are not raised and remain at
      their welt level, certain other of said control members being so
      disengaged from said needle raise cam at a later time when they are at
      their said second level whereby the needles associated with said certain
      other control members are raised to and remain at their tuck level, the
      arms of said levers being so proportioned that said needles are raised and
      are lowered in their knitting stroke along pathways the angles of which
      are steeper than the angles of the cam faces of said needle raise cam and
      of said needle lowering cam, respectively.
NUM  2.
PAR  2. A machine as in claim 1 wherein said needles are provided with operating
      butts, and a stitch cam at each feed of said machine rotatable relative to
      said needles, said stitch cam being engageable with said needle butts to
      lower said needles after said needles have been lowered via said levers by
      the action of said fixed needle lowering cam.
NUM  3.
PAR  3. A machine as in claim 1 wherein said pattern controlled means includes a
      circle of pattern jacks individually related to said circle of control
      members, and wherein said jacks are selectively operated to cause
      disengagement of correspondingly selected ones of said control members
      from said needle raise cam.
NUM  4.
PAR  4. A machine as in claim 3 wherein said pattern controlled means includes a
      first and a second set of cams both sets of which are selectively operable
      upon said pattern jacks, said first set of cams being operable upon said
      pattern jacks prior to the operation of said second set of cams thereon,
      selected ones of said first set of cams causing selected ones of said
      pattern jacks to disengage correspondingly associated control members from
      said needle raise cam to position correspondingly associated needles at
      welt level, and selected ones of said second set of cams causing selected
      ones of said pattern jacks to disengage correspondingly associated control
      members from said needle raise cam to position correspondingly associated
      needles at tuck level.
PATN
WKU  039409511
SRC  5
APN  1930478
APT  1
ART  352
APD  19711027
TTL  Knitting machine control
ISD  19760302
NCL  12
ECL  8
EXP  Reynolds; Wm. Carter
NDR  12
NFG  13
INVT
NAM  Christiansen; Paul
CTY  Novelty
STA  OH
ASSG
NAM  Hayes-Albion Corporation
CTY  Norristown
STA  PA
COD  02
CLAS
OCL   66 50R
XCL   66155
XCL  3401725
EDF  2
ICL  D04B 1578
FSC   66
FSS  50 R;154 A;50 A;50 B;25
FSC  340
FSS  174.1 C;174.1 J;174.1 K;172.5
FSC  235
FSS  151.1
UREF
PNO  2892183
ISD  19590600
NAM  Selmer
OCL  340172.5
UREF
PNO  3016522
ISD  19620100
NAM  Lourie et al.
OCL  340174.1C
UREF
PNO  3232079
ISD  19660200
NAM  Levine et al.
OCL   66154A
UREF
PNO  3446037
ISD  19690500
NAM  Sutton
OCL   66 25
UREF
PNO  3601808
ISD  19710800
NAM  Vlack
OCL  340172.5
UREF
PNO  3623039
ISD  19711100
NAM  Barham
OCL  340174.1J
UREF
PNO  3662348
ISD  19720500
NAM  Weiss
OCL  340172.5
UREF
PNO  3709002
ISD  19730100
NAM  Brandt et al.
XCL   66 50R
UREF
PNO  3844139
ISD  19741000
NAM  De Cerjat
OCL   66 50R
FREF
PNO  2,004,194
ISD  19700900
CNT  DT
OCL  235151.1
FREF
PNO  1,273,661
ISD  19720500
CNT  UK
OCL   66 50R
FREF
PNO  1,474,081
ISD  19670200
CNT  FR
OCL   66 50R
FREF
PNO  1,522,413
ISD  19680300
CNT  FR
OCL   66 50R
FREF
PNO  1,194,731
ISD  19700600
CNT  UK
OCL   66 25
FREF
PNO  1,800,794
ISD  19700800
CNT  DT
OCL   66 50R
ABST
PAL  A control for a circular knitting machine having a magnetic disc memory for
      storing data descriptive of a pattern to be knitted, position indicating
      means for indicating the rotational position of the knitting machine,
      electronic circuitry for retrieving segments of data from the magnetic
      disc memory as needed, and electromagnetic actuators for steering the
      knitting meedles to knit or non-knit positions in accordance with the
      retrieved data.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the invention is generally knitting machines, and more
      particularly, pattern controls for circular knitting machines. Circular
      knitting machines are well-known and have been built for many years. A
      number of pattern control devices for circular knitting machines are also
      well known, the most common at the present being of the Jacquard type
      having a plurality of pattern drums, discs, or belts. One known variation
      utilizes a photographic film for recording the knitting commands.
PAR  Each of the presently known knitting machine controls has a number of
      disadvantages. For example, a pattern drum control employs a pattern drum
      at each feeder of the knitting machine. Each pattern drum may have as many
      as 600 pin locations. In a 32-feeder circular knitting machine, there
      would be 19,200 pin locations, three-fourths of which could require a pin
      for knitting a four-color pattern. Setting pins in a particular drum is a
      tedious and exacting task. Although devices have been built that aid in
      setting the pins, the task is at best very time consuming and subject to
      human error.
PAR  The present invention contemplates the use of rotating magnetic drum or
      disc memory for storing pattern data. Other forms of memory, such as
      magnetic core, may also be used. However, rotating magnetic memory is
      generally more economical in the storage capacity range required, and
      suitable buffering enables it to be used for the present application. A
      magnetic disc memory is currently preferred.
PAR  One of the advantages of using computer-type memory, such as magnetic disc
      memory, for storing pattern data is that the plurality of mechanical
      drives for synchronizing pattern drum movements with the knitting machine
      are eliminated. Synchronism in the present control is provided by a single
      encoder or pulse generator that provides the necessary data address
      signals to the data retrieval circuitry and synchronizing signals to the
      actuator driver circuitry at each feeder.
PAR  Another advantage of the present control is the ease with which patterns
      can be changed. It is necessary only to read a new set of data into the
      magnetic disc memory, or if desired, plug a different disc memory into the
      data retrieval circuitry. Also the particular data address format used
      relates the memory address of each bit of data to the stitch row and
      stitch of the pattern it defines. This facilitates alteration of patterns.
PAR  Still another advantage of the present control is its repetitive use of
      knitting data within a pattern cycle. For example, in a 36-feeder knitting
      machine knitting a four-color plain fabric pattern, 24 revolutions of the
      knitting machine are required to knit a complete 208 stitch by 216 stitch
      row pattern. To make full use of the machine, however, the pattern is
      knitted nine times around the circumference of the knitted tube during
      these 24 revolutions. In a known control using a photographic film to
      store pattern data, it would be necessary to store the pattern information
      nine times to take full advantage of the knitting machine capability. This
      is not necessary in the control of the present invention, wherein the
      pattern information need be stored only once, thereby greatly reducing the
      amount of memory required.
PAR  It is therefore an object of the present invention to provide an improved
      knitting machine control.
PAR  It is a further object to provide a knitting machine control wherein
      knitting pattern data is stored in computer type memory and the pattern
      data is re-used a number of times within a pattern cycle.
PAR  It is still another object of the present invention to provide a control as
      above wherein the memory addresses of pattern data are easily related to
      pattern stitch rows and stitches defined by the data stored therein.
DRWD
PAR  These and other objects of the invention will become more apparent from the
      following detailed description of a presently-preferred embodiment, which
      is shown in the accompanying drawings.
PAR  FIG. 1 is a diagram showing the location of the feeders around a 36-feeder
      circular knitting machine.
PAR  FIG. 2 is a schematic diagram showing the relative positions of the
      selector butts on a plurality of selector jacks and the actuators at a
      feeder.
PAR  FIG. 3 is a table illustrating some of the ways the illustrative knitting
      machine may be threaded to knit some representative patterns.
PAR  FIG. 4A-4D is a diagrammatic table showing the stitch rows knitted by each
      feeder of the illustrative knitting machine during the knitting of a
      208-stitch by 216-stitch row four-color plain pattern.
PAR  FIG. 5 is a simplified schematic block diagram of the knitting machine
      control system of the present invention.
PAR  FIG. 6 is a diagram showing the memory address arrangement used on the
      magnetic disc.
PAR  FIG. 7 is a schematic block diagram of one data transfer system used in the
      knitting machine control of the present invention.
PAR  FIG. 8 is a more detailed schematic block diagram of the data transfer
      system of FIG. 7 for a single feeder.
PAR  FIG. 9 is a schematic block diagram of an alternate data transfer system
      used in the knitting machine control of the present invention.
PAR  FIG. 10 is a more detailed diagramatic block diagram of the data transfer
      system of FIG. 9 for a single feeder.
DETD
PAR  The particular knitting machine that will be used for illustration
      throughout this specification is a 36-feeder circular knitting machine
      having 1,872 knitting needles in its cylinder and dial. As shown
      schematically in FIG. 1, the feeders are arranged around the circumference
      of the knitting frame and are identified by the reference characters
      F0-F35. Individual needles will be referred to by the reference characters
      N0-N1871.
PAR  In the well-known variations of Jacquard pattern mechanisms, such as those
      employing pattern drums having a plurality of actuating pins located
      therein defining the pattern to be knitted, the actuating pins operate to
      rock selector jacks so that a cam butt on each selector jack enters one of
      two cam tracks, generally referred to as the knit and non-knit cam tracks.
      Whether the needle associated with a selector jack that is rocked so that
      its cam butt engages the knit cam track is raised to the knit or tuck
      position is determined by a manual setting of a needle jack cam track to
      either the knit height or the tuck height. Thus, depending upon the manual
      setting of the needle jack cam track at a given feeder, a needle will
      either knit or tuck when the cam butt of its associated selector jack
      engages the knit cam track. Hereafter, when reference is made to selecting
      a needle to knit, it will be understood that this may also refer to the
      tuck position. The non-knit position may also occasionally be referred to
      as the welt position.
PAR  In the illustrative embodiment of the present invention, the selector butts
      of the selector jacks are arranged in echelon formation of thirteen butts
      per echelon. Of course, there is a group of thirteen needles associated
      with each echelon of selector jacks. This number (13) can be varied in
      accordance with the requirements of different knitting machines. The
      selector jack arrangement is illustrated in FIG. 2 which shows four
      echelons, E0-E3, of selector jacks, J0-J12. Each selector jack J0-J12 has
      a respective selector butt B0-B12.
PAR  Thirteen electromagnetic actuators A0-A12 at each feeder, one aligned with
      each selector butt position, are selectively energized to interfere, or
      not interfere, respectively, with the selector butts. Interference by an
      actuator with a selector butt will rock the selector jack to cause its cam
      butt to enter the non-knit cam track to cause the associated needle to
      non-knit. Non-interference will permit the cam butt to enter the knit cam
      track. It will be recognized by those skilled in the art that this
      selection process could readily be reversed. That is, a knitting machine
      could be designed wherein interference would cause the cam butt to enter
      the knit cam track and non-interference would permit the cam butt to enter
      the non-knit cam track.
PAR  As viewed in FIG. 2, the selector jacks move rightward while the actuators
      remain fixed. In this manner, the jacks J0-J12 of the first echelon E0 are
      successively brought into position for possible interference between their
      selector butts and associated actuators. Following echelon E0 are echelons
      E1, E2, and E3 each having jacks J0-J12. Each electromagnetic actuator
      A0-A12 is associated with only one selector butt position, and therefore
      is associated with only one needle in each echelon. This requires each
      actuator to steer only every thirteenth needle, allowing time after each
      operation for the actuator to be positioned in advance of the arrival of
      the next jack it is to steer.
PAR  It should be noted that the control of the present invention may also be
      used to control a knitting machine having a single actuator at each
      feeder, wherein there is no echelon formation and the single actuator
      steers every needle. For such an application the actuator enable signals
      to be described below would not be required, but the remainder of the
      control would be the same.
PAR  To enable each actuator to be energized or de-energized at the proper time,
      an optical shaft encoder or pulse generator may be used. The presently
      preferred embodiment uses an optical shaft encoder that is described in
      application Ser. No. 192,984 filed Oct. 27, 1971 by Ralph H. Schuman now
      U.S. Pat. No. 3,831,402 and entitled Knitting Machine Encoder and assigned
      to the assignee of the present application. The encoder is geared to the
      cylinder of the knitting machine and provides a unique combination of
      binary coded numbers for each advance of the cylinder by one needle
      position. These binary coded numbers will be referred to herein as the
      actuator count number, the byte count number, the feeder count number, and
      the revolution count number. Of these binary coded numbers, we need now
      consider only the actuator count number. The actuator count proceeds
      repetitively from 0 - 12 (13 counts) as the machine cylinder rotates. By
      decoding the binary coded actuator count to provide 13 individual signals,
      one actuator at each feeder is enabled by each of the thirteen discrete
      actuator count numbers generated by the encoder. Properly orienting the
      encoder disc with respect to the knitting machine cylinder assures that
      the actuators at each feeder will be serially enabled as their associated
      selector jacks move into their respective positions for possible
      interference by the actuators. Since other encoders could be utilized if
      desired and to avoid undue prolixity of description, the encoder will not
      be described in detail herein and the disclosure of the above indentified
      Schuman application should be considered as being incorporated herein in
      its entirety by this reference thereto.
PAR  The illustrative knitting machine may be set up to knit a variety of types
      of patterns. For example, the illustrative machine may be set up to knit
      two-color plain, one-color tuck, three-color plain, one color blister,
      two-color blister, four-color plain, and three-color blister patterns. The
      first two types require two feeders per stitch row, the second three types
      require three feeders per stitch row, and the last two types require four
      feeders per stitch row. This is illustrated in FIG. 3 where it can be seen
      that to knit a two-color plain pattern the even numbered feeders are
      threaded with yarn of color A and the odd numbered feeders are threaded
      with yarn of color B. Letting a feeder group consist of the number of
      feeders required to knit one stitch row of a pattern, it will be seen from
      FIG. 3 that the illustrative machine when knitting a two-color plain
      pattern will have its 36 feeders operated in 18 feeder groups of two
      feeders each. Similarly, if three feeders are required to knit a stitch
      row of the pattern, there will be twelve feeder groups of three feeders
      each. Likewise, if four feeders are required to knit one stitch row of the
      pattern, there will be nine feeder groups of four feeders each.
PAR  By way of illustration, the knitting machine set-up and operation required
      to knit a four-color plain pattern will now be described. The knitting
      machine is set up as shown in FIG. 3 for four-color plain patterns, with
      yarn of color A at feeder F0, yarn of color B at feeder F1, yarn of color
      C at feeder F2, and yarn of color D at feeder F3. This A, B, C, D sequence
      of yarn colors is repeated for the remaining feeders. Thus, feeders F0,
      F1, F2, and F3 comprise feeder group 1; feeders F4, F5, F6 and F7 comprise
      feeder group 2; feeders F8, F9, F10, and F11 comprise feeder group 3; etc.
      For a four-color plain pattern, each needle will knit only once in each
      feeder group, and therefore, will knit nine times during each full
      revolution of the cylinder. Thus, if a stitch of stitch row 1 of the
      pattern is knitted in the first feeder group (F0-F3) by a given needle,
      that needle will knit a stitch of stitch row 2 of the pattern in the
      second group (F4-F7) and so on, knitting a stitch of stitch row 9 in the
      ninth feeder group (F32-F35). After one full revolution, when the given
      needle is ready to re-enter the first feeder group (F0-F3) it is ready to
      knit a stitch of stitch row 10 of the pattern. Therefore, it will be seen
      that the first feeder group will knit stitch row 1 of the pattern for one
      full revolution, and then begin knitting stitch row 10 of the pattern.
      Because of the geometry of the knitting machine and the arbitrary pattern
      size chosen (208 stitches wide by 216 stitch rows high), nine repeats of
      the pattern will be knitted around the circumference. This is due to the
      fact that the pattern is 208 stitches wide and there are 1872 stitches in
      each stitch row. Thus, the first feeder group will knit stitch row 1 of
      the pattern nine times during the full revolution mentioned above before
      starting to knit stitch row 10 of the pattern. Stitch row 10, of course,
      will be knitted nine times during the second full revolution of the needle
      cylinder by the first feeder group (F0-F3).
PAR  The four feeders of a feeder group cannot simultaneously change over from
      knitting stitch row 1 of the pattern to knitting stitch row 10 of the
      pattern. The change must take place feeder by feeder, even within the
      feeder groups. Therefore, in the illustrative example of a four-color
      plain pattern 208 stitches wide by 216 stitch rows high, feeder F0 will
      knit stitch row 1 for the first full revolution of the knitting machine
      before changing to stitch row 10. Feeder F1, however, will initially be
      knitting stitch row 208. Feeder F1 will not begin knitting stitch row 1
      until 52 needles after feeder F0 begins knitting stitch row 1, but feeder
      F1 will continue to knit stitch row 1 for 52 needles after feeder FO
      changes over to stitch row 10.
PAR  The point upon the knitting cylinder between the last needle to knit a
      stitch of stitch row 1 and the first needle to knit a stitch of stitch row
      10 is called the change point. On pattern drum machines, the change point
      is a fixed location on the knitting cylinder where a single cog is
      located. Each time the cog enters a feeder, it engages a pattern drum
      advancing mechanism and advances the pattern drum by one pin row, bringing
      the next row of pins into operative relationship with the selector butts.
      To provide clearance for pattern drum rotation, a number of needles and
      their associated jacks are left out of the cylinder near the change point.
      This causes a discontinuity in the knitted pattern several stitches wide.
PAR  With the control of the present invention, no needles need be left out of
      the cylinder, and the change point may be located to be between any two
      adjacent needles. The location of the change point is determined by the
      orientation of the encoder with respect to the cylinder.
PAR  For convenience of illustration, assume that the change point lies between
      needles N1871 and N0, that needle N0 is just ready to enter feeder F0, and
      that feeder F0 is just ready to start knitting stitch row 1 of the
      pattern. Feeders F1, F2, and F3 will be knitting stitch row 208 of the
      pattern. When the cylinder has moved one feeder distance (52 needles) the
      change point reaches feeder F1 and feeder F1 changes from knitting stitch
      row 208 to knitting stitch row 1 of the pattern while feeders F2 and F3
      continue knitting stitch row 208. After another feeder distance, the
      change point is entering feeder F2 and feeder F2 changes from stitch row
      208 to stitch row 1. Likewise, still another feeder distance later, feeder
      F3 changes from knitting stitch row 208 to knitting stitch row 1.
PAR  Needle N0 has now moved 208 needle positions, or in other words, has moved
      through four feeders and is ready to enter feeder F4, which is the first
      feeder of feeder group 2. In a four-color plain pattern of the example,
      needle N0 has knitted one stitch during its passage through feeders F0-F3.
      The next time needle N0 knits, the stitch knitted will be in pattern
      stitch row 2. Therefore, feeder F4 must change to knitting pattern stitch
      row 2 just before needle N0 enters it. Now, needle N0 need not actually
      knit at feeder F4 (color A). Whether it does or not is determined by the
      patterning data. Needle N0 will knit, however, at one of the feeders
      (F4-F7) of the second feeder group. When a pattern having a tuck or
      blister stitch is selected, certain needles will knit twice in a feeder
      group.
PAR  A study of FIGS. 4A, 4B, 4C, and 4D will show that the staggered short
      vertical lines represent the location of the change point on the
      illustrative knitting machine just before it enters each feeder on each
      revolution when knitting a four-color plain pattern. Thus, during
      revolution 9, for example, when the change point is just ready to enter
      the feeder F20, indicated at reference numeral 25 on FIG. 4B, feeder F20
      is ready to change from knitting stitch row 78 to knitting stitch row 87.
      At this time, feeders F21, F22, and F23 are knitting stitch row 78;
      feeders F24-F27 are knitting stitch row 79; and feeders F16-F19 are
      knitting stitch row 86.
PAR  In the illustrative combination of a 1872-needle, 36-feeder knitting
      machine and a pattern 216 stitch rows high, 24 knitting machine
      revolutions are required to knit a complete four-color plain pattern.
      Therefore, after 24 machine revolutions, the above described pattern
      sequence repeats. This may be visualized by imagining FIGS. 4A, 4B, 4C,
      and 4D to be continuous upon the surface of a cylinder, the next
      revolution following revolution 23 being revolution 0.
PAR  As noted above, the needle actuators (A0-A12 of FIG. 2) in each of the
      feeders are sequentially enabled by actuator enabling signals from a
      machine driven encoder. Knitting pattern data is stored on a magnetic disc
      which rotates at 3600 RPM, or 60 revolutions per second. This enables the
      magnetic disc to be scanned and pattern data read if required
      approximately once during each advance of the needle cylinder by 10
      needles with the needle cylinder rotating at 20 RPM. Stored data is read
      from the disc into temporary storage means and is used to selectively
      activate actuators which have been enabled by signals from the encoder.
      Thus, during the time interval an actuator is enabled by a signal from the
      encoder, it will be activated by a pattern data signal if the pattern
      requires the next needle associated with that actuator to non-knit.
PAR  FIG. 5 shows a simplified block diagram of the knitting machine control of
      the present invention for selectively reading the required data from the
      disc and supplying it to the proper actuators as required. A circular
      knitting machine is represented at 31 and has a plurality of feeder means
      32. An optical shaft encoder 33 is coupled to the knitting machine 31 so
      that the input shaft of the encoder rotates in timed relationship to the
      cylinder of knitting machine 31. The encoder provides a plurality of
      binary coded signals to a code translator 34 which transforms them into an
      actuator count number, a byte count number, a feeder count number, and a
      revolution count number. The encoder also provides signals to
      multivibrator circuits 34A which produce needle clock and sync signals,
      the use of which will be described subsequently. Arithmetic circuitry 35
      operates to subtract 1 from the revolution count number to provide the
      previous revolution count number, and to add 2, 4, and 6 respectively to
      the byte count number to provide offset byte count numbers the use of
      which will be described subsequently.
PAR  A magnetic disc memory device 36 has a plurality of recording tracks
      thereon, two of which are used for storing clock pulses for use in
      transferring data to and from the disc, and the remainder of which may be
      used for data storage. Each track has a reading head (not shown) and a
      reading amplifier 37. The signals from the clock tracks drive a set of
      current address counters 38 which are continuously up-dated to indicate
      the zone, sector, byte, and bit addresses of data under the reading heads.
      The data from the memory disc is utilized to selectively activate the
      actuators during the time intervals they are enabled under the influence
      of the encoder 33. Of course, whether or not a particular actuator is
      activated while it is enabled depends upon the pattern being knitted. Each
      feeder 32 has associated therewith feeder circuitry 40 for utilizing
      signals provided by the encoder 33 and memory disc 36. For example, each
      feeder control 40 includes one or more shift registers for temporarily
      storing pattern data from the memory disc 36 before it is used by an
      associated one of the feeders 0-35. Each shift register is loaded with
      data from the disc under the control of a comparator, which compares the
      address of the next data that will be required with the current address of
      data under the reading heads and initiates a data transfer from the disc
      to a shift register when the current disc address corresponds with the
      address of the required data. The address of the next required data is
      produced by the encoder and its associated translator circuitry. The
      feeder control 40 further includes gating circuitry responsive to actuator
      enabling signals from code translator 34 to sequentially enable each of
      the actuators at each feeder during the passage of each echelon of
      selector jacks.
PAR  Although different numbers of data tracks could be utilized in different
      circumstances, the presently preferred magnetic disc 36 utilizes nine data
      tracks, T0-T8, a bit clock track T9, and an origin clock track T10. FIG. 6
      shows the arrangement of the knitting pattern data on the data tracks.
      Each track T0-T8 is divided into four zones identified by reference
      characters Z0-Z3. Each zone has capacity to store all of the knit and
      non-knit commands required to control one feeder during the knitting of
      the maximum size pattern of which the control is capable. In the selected
      four-color plain pattern, this would be a 208 stitch by 216 stitch row
      pattern requiring four feeders per stitch row. As described above, it
      requires 24 revolutions to knit the selected four-color plain pattern on
      the illustrative machine. Since each feeder group will knit 24 stitch rows
      of the selected 208 stitch wide four-color pattern and since data must be
      stored to indicate whether each feeder is to knit or non-knit on each
      stitch of the 24 stitch rows, each zone contains 4992 bits to control the
      operation of the associated feeder during the knitting of the selected
      pattern.
PAR  Each zone is subdivided into 24 sectors S0-S23. Each sector has a bit
      capacity sufficient to store all of the knit and non-knit commands
      required to control one feeder for one full stitch row of the maximum size
      pattern. In the illustrative machine and pattern, this is 208 bits. Each
      sector is further subdivided, for purposes that will be more fully
      described below, into eight bytes, referred to as B0-B7, of 26 bits each.
PAR  Thus, referring again to FIG. 6, it will be seen that track T0, zone Z0
      contains all the pattern data for feeder F0. Track T0, zone Z1, contains
      the data for feeder F1. Track T0, zone Z2, contains the data for feeder
      F2. The data for feeders F4-F7 is on track T1, the data for feeders F8-F11
      is on track T2, etc. As illustrated in FIG. 6, track T8, zone Z2, contains
      the data for feeder F34. Zone Z2 is divided into 24 sectors (as are the
      other zones), the data in each sector (S0-S23) containing data for feeder
      F34 for one pattern stitch row. For example, sector S12 contains the data
      for stitch row 117 of the pattern, which will be used by feeder F34 for
      one full revolution starting during knitting machine revolution 12 and
      ending during knitting machine revolution 13. It should be remembered that
      the knitting machine revolutions are numbered starting with zero. Sector
      S12, as is every other sector, is subdivided into eight bytes, B0-B7, of
      26 bits each. The 26 bits of byte B3, sector S12, zone Z2, track T8, are
      represented at 41 in FIG. 6.
PAR  A pattern is encoded stitch row by stitch row in a binary code wherein a
      "1" indicates knit and an "0" indicates non-knit. Of course, this could
      easily be reversed so that a "0" would indicate knit and a "1" non-knit.
      As noted above, the data for feeder F0 is located on track T0 in zone Z0.
      This is further broken down so that feeder F0 data for knitting machine
      revolution 0 is stored in sector S0, data for knitting machine revolution
      1 is stored in sector S1, data for the revolution 2 in S2, etc. Data for
      the remaining feeders is similarly located in their respective tracks,
      zones, and sectors.
PAR  By way of example, assume a three-color plain pattern with the illustrative
      machine threaded according to FIG. 3. In this case, track T0, zone Z0,
      sector S0 will contain the first stitch row data for color A; track T0,
      zone Z1, sector S0 will contain the first stitch row data for color B; and
      track T0, zone Z2, sector S0 will contain the first stitch-row data for
      color C. Track T0, zone Z3, sector S0 will contain the second stitch-row
      data for color A. Track T0, zone Z0, sector S1 will contain the thirteenth
      stitch-row data for color A, because on the second revolution of the
      knitting machine (revolution 1) feeder F1 is knitting in the thirteenth
      stitch row of the pattern. Assuming a 216 stitch row three-color plain
      pattern, the pattern will be completed after eighteen revolutions of the
      knitting machine. Therefore, sectors S18 through S23 of each zone are not
      used.
PAR  It should be recognized that track, zone and sector are merely convenient
      terms for defining data addresses, and that other address formats could
      have been used. The above described address format is currently preferred.
      One of the outstanding features of the preferred data address system is
      that it permits rapid trouble-shooting of any data errors, and facilitates
      making minor changes in patterns. For any given type of pattern, e.g.
      four-color plain or two-color blister, each stitch of each stitch row of
      the pattern will be defined by a data bit stored in a known disc address.
PAR  Two different data transfer systems have been designed to retrieve knitting
      from the disc and supply it as required to the feeder actuators as
      described above and illustrated in FIG. 5. In both systems, data is read
      from the disc in serial groups of bits into buffer storage and from the
      buffer storage is supplied to the actuators. The sizes of the groups of
      bits transferred and the buffer storage arrangements for the two systems
      are different. Both of these systems will be described herein.
PAC  SYSTEM A
PAR  In one data transfer system, which will be referred to as system A, and
      which is diagramatically illustrated in FIGS. 7 and 8, pattern data is
      recorded on the disc 36 from a data source 36a, such as a tape or card
      reader or keyboard with suitable buffer storage to provide a time
      interface between the data source and disc. Data is transferred from the
      relatively rapidly rotating disc 36 via reading heads and track amplifiers
      37. Each reading head has its own track amplifier 37, and therefore, all
      nine data tracks T0-T8 may be read simultaneously. Data transfer from the
      disc is clocked by pulses from the disc bit clock track T9, which also
      drive the current disc address counters 38. These are binary counters, the
      first of which is the bit counter 38a, which repetively counts from 0-25
      (26 counts). Each time bit counter 38a rolls over, it supplies a pulse to
      byte counter 38b, which repetitively counts from 0-7 (8 counts), and at
      any given instant indicates the byte address of data under the nine
      reading heads for the data tracks T0-T8. Each time the byte counter 38b
      rolls over, it supplies a pulse to sector counter 38c, which repetitively
      counts from 0-23 (24 counts), and at any given instant indicates the
      sector address of data under the reading heads. Each time the sector
      counter 38c rolls over, it supplies a pulse to zone counter 38d, which
      counts repetitively from 0-4 (5 counts), and at any given instant
      indicates the zone address of data under the reading heads. There is no
      zone Z4, as such. There is, however, an unused portion of the disc between
      the end of zone Z3 and the beginning of zone Z0. Therefore, to identify
      the unused portion and present a data transfer when it is under the
      reading heads, it is treated as zone Z4, which is never addressed by the
      data transfer circuitry. The disc origin clock track T10 supplies one
      pulse per revolution of the disc. This pulse is used to reset all of the
      counters 38 to zero so that the counters are reliably synchronized with
      the actual disc position every revolution of the disc.
PAR  The translator circuitry 34 receives its input from encoder 33 and provides
      four binary arithmetic outputs; the actuator count numbers, the byte count
      number, the feeder count number, and the revolution count number. Each of
      the outputs except the revolution count number is cyclic within a single
      revolution of the knitting machine. The revolution count number, however,
      must cycle once for each complete pattern height knitted. The reason for
      this will be explained subsequently.
PAR  The number of knitting machine revolutions required to knit a complete
      pattern height of 216 stitch rows depends upon the number of feeders per
      stitch row required to knit the particular pattern. Thus, a four feeder
      per stitch row pattern requires 24 revolutions, a three feeder per stitch
      row pattern requires 18 revolutions, and a two feeder per stitch row
      pattern requires 12 revolutions. For this reason, the revolution count
      number is selectable to repetitively count from 0-5 (6 revolutions), from
      0-11 (12 revolutions), from 0-17 (18 revolutions), or from 0-23 (24
      revolutions), depending upon the number of revolutions required to
      complete one pattern height. This selectability also provides flexibility
      in the pattern heights that may be chosen. For example, if the pattern
      height were 108 stitch rows, then 12 revolutions would be required for a
      four feeder per stitch row pattern, and 6 revolutions would be required
      for a two feeder per stitch row pattern. It will be seen that a large
      number of combinations of pattern types and heights can be knitted on the
      illustrative machine in 6, 12, 18, and 24 revolutions. Although the
      translator 34 could be set to count different numbers of revolutions in
      many different known ways, a manually engageable selector S is provided to
      enable the revolution count to be varied to suit the selected pattern. One
      specific arrangement for providing this selectability is disclosed in the
      aforementioned Schuman patented.
PAR  While it is contemplated that the pattern data on the disc 36 will be
      varied by a suitable recording means, it should be understood that a
      plurality of discs 36 could be used interchangeably, each disc having data
      corresponding to a particular pattern. Also, matrix type core storage
      could be used in place of a disc, but is not presently economical in this
      particular usage.
PAR  One sector on a disc data track of the disc 36 contains the knitting data
      for one stitch row of the pattern and will supply one feeder for a full
      revolution of the knitting machine. The revolution count number from
      translator circuitry 34 is used to derive the disc sector address of the
      next data required by each feeder. Disc sector address and revolution
      count number will always be the same for each feeder behind the change
      point. For feeders in front of the change point, sector addresses are one
      less than the revolution count number. Therefore, in order to supply the
      proper sector address for each feeder in front of the change point,
      arithmetic circuitry 35 includes a subtractor 42 which subtracts 1 from
      the revolution count number to provide the previous revolution count
      number. Gating circuitry included in each feeder control 40 selectively
      connects either the current revolution count number or the previous
      revolution count number to a comparator in each feeder control 40 in
      accordance with a feeder offset signal from feeder offset generator 44.
PAR  The input to feeder offset generator 44 is provided by the feeder count
      number from translator circuitry 34. The feeder count number leads the
      current location of the change point with respect to the feeders around
      the knitting machine by 26 needle positions plus an additional amount, say
      two needle positions, to allow for operating time of the actuators. The
      feeder offset generator 44 generates from the feeder count number a feeder
      offset signal X0-X35 for each feeder of the knitting machine. The feeder
      offset signal leads the change point by the same distance as the feeder
      count number. Assume the amount of the lead is actually 26 needle
      positions. Each feeder offset signal remains at the zero logic level from
      26 needle positions before the time the change point enters feeder F0
      until 26 needle positions before the change point starts to enter its
      associated feeder. For example, the feeder offset signal X12 for feeder
      F12 goes to zero 26 needle positions before the change point enters feeder
      F0 and remains at the zero logic level until 26 needle positions before
      the change point enters feeder F12 at which time X12 changes to a logic 1
      level and remains there until the change point again reaches the location
      26 needle position before entering feeder F0. The feeder offset signal X23
      for feeder F23 goes to logic zero 26 needle positions before the change
      point enters feeder F0 and remains there until 26 needle positions before
      the change point reaches feeder F23 at which time X23 changes to a logic 1
      level. The feeder offset signal X0 for feeder F0 is always at the logic 1
      level. This is because the instant the change point is 26 needle positions
      before entering feeder F0 it is also at the position to go to logic 1 and,
      therefore, would be at the logic zero level for zero time.
PAR  Further, by way of example, assume the knitting machine is on revolution
      11. The feeder offset signal X24 for feeder F24 will be at logic zero for
      most of the revolution, having gone to logic zero 26 needle positions
      before the change point entered feeder F0, and remaining there until 26
      needle positions before the change point enters feeder F24. Just before
      X24 went to logic zero during revolution 11, the revolution count number
      was 11 and feeder F34 was being supplied with data from sector S11. When
      X24 goes to logic zero, the revolution count number also changes from 11
      to 12. With X24 now at logic zero, feeder F24 will continue to be supplied
      with data from sector S11 until 26 needle positions before the change
      point enters feeder F24 because the previous revolution number is now 11.
PAR  On knitting machine revolution 12 and more than 26 needle positions before
      the change point enters feeder F24, one of the two 26-bit shift registers
      associated with feeder F24 will be loaded with data from sector S11. When
      the change point reaches 26 needle positions before feeder F24, feeder
      offset signal X24 goes to logic one. The logic one level of X24 will cause
      the next data loaded into the other 26-bit shift register associated with
      feeder F24 to be drawn from sector S12, because the current knitting
      machine revolution count number is then 12. Thus, it will be seen that the
      feeder offset signal for each feeder properly selects the current
      revolution or the previous revolution number to identify the sector
      address of data needed by each feeder from the disc.
PAR  Arithmetic circuitry 35 also includes a byte offset generator 45 that adds
      2, 4, and 6 to the byte count number. Byte offset generator 45 provides
      four byte offset signals that indicate respectively the byte count number,
      the byte count number plus 2, the byte count number plus 4, and the byte
      count number plus 6. The byte count number will never be larger than seven
      (binary 111). Therefore, by way of example, if the byte count number is
      five (binary 101), byte count number plus 2 will be 7 (binary 111), and
      the byte count number plus 6 will be 3 (binary 011). Since there are 52
      needles per feeder, there are two 26-bit bytes per feeder. Therefore, each
      feeder around the knitting machine lags its preceding feeder in time or
      needle position by two bytes. Thus, the byte offset number having zero
      offset provides the disc byte address for feeders F0, F4, F8, etc. The
      byte offset number having plus 6 offset (same as minus 2 offset) provides
      the disc byte address for feeders F3, F7, F11 etc. The The byte offset
      number having plus 4 offset (same as minus 4 offset) provides the disc
      byte address for feeders F2, F6, F10, etc. The byte offset number having
      plus 2 offset (same as minus 6 offset) provides the disc byte address for
      feeders F1, F5, F9, etc.
PAR  In order to prevent multiple reading of the data on the rapidly turning
      memory disc 36 each time new data is required by a feeder, the set output
      of a flip flop 46 is used to provide a disc transfer enable signal Q which
      restricts each disc data transfer or readout to approximately one full
      revolution of the disc. The set input of flip flop 46 is connected to a
      differentiator circuit 47 that is connected to the units digit signal of
      the byte count number. Each time the byte count number changes, circuit 47
      produces a pulse that sets flip flop 46. The set output Q of flip flop 46
      is connected to one input of an and gate 48, the output of which is
      connected to the input of a 3-stage binary counter 49. The other input to
      and gate 48 is provided by the pulse output of counter 38c, which also
      provides one input of a 2-input and gate 50, the other input of which is
      provided by the third stage of counter 49. Counter 49 counts in the normal
      binary sequence, 000,001,010,011,100, etc. The counter 49 is initially in
      the 000 state. The output of and gate 50 is connected to the reset inputs
      of flip flop 46 and the counter 49. Therefore, the counter 49 never counts
      past binary four (100). This enables the reading heads to start their scan
      in the middle of a zone and scan the unused area of the disc 36 as well as
      fully scanning the initial zone before the counter 49 is reset.
PAR  In operation, each time the byte count number changes, circuit 47 produced
      a pulse which sets flip flop 46, causing its set output Q to go from logic
      zero to logic one, which enables and gate 48 to pass zone pulses to
      counter 49. After four zone pulses, counter 49 will be in the binary 100
      state, enabling and gate 50. Thus, the fifth zone pulse passes through and
      gate 50 to reset counter 49 to the 000 state, and to reset flip flop 46,
      changing the set output Q from logic one to logic zero. No further disc
      data transfer can occur until the byte count number changes again. The
      disc 36, of course, may revolve several times before this happens.
PAR  FIG. 8 is a detailed block diagram of one of the feeder controls 40 which
      activates actuators A0-A12 in an associated one of the feeders F0-F35 in
      accordance with pattern data stored on the disc 36. To provide for a
      transfer of data from the proper sector of the disc 36 to a storage
      register and subsequently to the actuators A0 to A12, the sector address
      under the reading heads for the disc 36 must be compared with the
      revolution count number. Of course, the revolution count number for each
      feeder is adjusted to provide for feeder offset before the pattern change
      point reaches the feeder. Therefore, the previous knitting machine
      revolution count number is compared with the disc sector address until a
      predetermined number of needle positions before the change point enters
      the feeder associated with the specific controls 40 of FIG. 8. (In our
      previous example, 26 needle positions is used as this predetermined
      number.) When the needle cylinder moves to within the predetermined number
      of needle positions (i.e., 31) before the feeder, the present knitting
      machine revolution count is compared with the disc sector address.
PAR  Accordingly, each stage of the revolution count number from the translator
      34 provides one input to a plurality of and gates 51. Similarly, each
      stage of the previous revolution count number from the subtractor 42 (FIG.
      7) provides one input to a plurality of and gates 52 (FIG. 8). The second
      inputs of and gates 51 are provided by the feeder offset signal from the
      feeder offset generator 44 (FIG. 7) and the second inputs of and gates 52
      are provided by the inverse of the feeder offset signal generated by
      inverter 53 (FIG. 8). Thus, when the feeder offset signal is zero, the
      inverse of the feeder offset signal is at logic 1 enabling and gates 52 to
      gate the previous revolution count number through or gates 54 to
      five-stage digital comparator 55. When the change point moves to within a
      predetermined number of needle positions (i.e. 31) before the feeder, the
      feeder offset signal goes from logic zero to logic 1 and the revolution
      count number is gated via and gates 51 and or gates 54 to comparator 55.
      Thus, the feeder offset signal selectively controls the gating of the
      revolution count number or the previous revolution count number to
      comparator 55. The current disc sector address of the data under the
      reading heads of disc 36 is also connected to comparator 55 from counter
      38c. The comparator 55 provides a logic 1 level on line 57 only when its
      two five-stage inputs are identical.
PAR  In addition to comparing the knitting machine revolution count number with
      the sector address, the byte count offset number must be compared with the
      disc byte address of the data from the disc 36. Therefore, the disc byte
      address from counter 38b and the byte offset number from byte offset
      generator 45 are compared by a three stage digital comparator 59. The
      comparator 59 provides a logic 1 output on its output line 61 only when
      both of its three-stage inputs are identical, that is when disc byte
      address and the byte offset number coincide.
PAR  Furthermore, the disc zone (Z0-Z3) on the disc 36 being read must coincide
      with the zone for the particular feeder associated with the controls 40 of
      FIG. 8. The disc zone address from counter 38d provides one input to a
      three-stage digital comparator 63. The other input of comparator 63 is
      hard wired to indicate the disc zone address where data for the feeder in
      question is located. Similar to comparators 55 and 59, comparator 63
      provides a logic 1 output on line 65 only when both of its inputs are
      identical.
PAR  When the current disc address (zone, sector, and byte) coincides with the
      zone, revolution count number, and byte offset number for the feeder
      associated with the controls of FIG. 8, an enabling signal is provided to
      allow data to be transferred from the memory disc to a storage register in
      the feeder controls 40. Thus, lines 57, 61, and 65 are connected to the
      inputs of a four-input and gate 67 the output of which will be at the
      logic 1 level only when all of its inputs are at the logic 1 level. To
      prevent double reading of data, the line 66, which carries the disc
      transfer enabling signal Q, is also connected to the gate 67.
PAR  In system A, each feeder control 40 contains two 26-bit shift registers 72.
      Shift register 72X provides knitting data to activate the actuators
      (A0-A12) during even-numbered bytes, while shift register 72Y is being
      loaded with the next byte of data from the disc. During odd-numbered
      bytes, shift register 72Y provides knitting data to activate the actuators
      while shift register 72X is loaded with the next byte of data from the
      disc. To provide a gating control signal indicative of whether an even or
      odd numbered byte is presently being knitted, the least significant binary
      digit of the byte offset number is connected by way of a line 69 to an
      inverter 70. When the byte offset number is even, line 69 is at logic zero
      level. When the byte offset number is odd, line 69 is at the logic 1
      level. The output line of inverter 70, indicated at 71, will be at the
      inverse logic level of line 69.
PAR  Two and gates 75X and 75Y and an or gate 76 gate the output stages of shift
      registers 72X and 72Y to the steering inputs of steered flip flops
      FF0-FF12. And gate 75X is enabled during even numbered bytes by the signal
      on line 71 and and gate 75Y is enabled during odd numbered bytes by the
      signal on line 69. Thus, during even numbered bytes and gate 75X is
      enabled so that the output stage of shift register 72X is connected via
      and gate 75X and or gate 76 to the steering inputs of flip flop FF0-FF12.
      During odd numbered bytes and gate 75Y is enabled and the output stage of
      shift register 72Y is connected via and gate 75Y and or gate 76 to the
      steering inputs of flip flops FF0-FF12.
PAR  One of the registers 72X or 72Y is enabled for loading with pattern data
      from the disc 36 (transmitted over one of the leads T0-T8 of FIG. 7) while
      the other register is providing pattern data signals to effect activation
      of the actuators A0-A12. Therefore, a circuit arrangement is provided to
      enable the register 72X to be loaded with pattern data and to prevent the
      loading of pattern data into the register 72Y during odd numbered bytes.
      Similarly, the circuit arrangement enables the register 72Y to be loaded
      with pattern data and prevents the loading of pattern data into the
      register 72X during even numbered bytes.
PAR  Accordingly, two pairs of and gates 78, 81, and two or gates 83, 85,
      alternately connect the disc (T9 of FIG. 7) bit clock and needle clock
      (from the multivibrator circuit 34a of FIG. 7) to the shift inputs of
      shift registers 72. And gates 78x and 81y have one input connected to line
      69 which enables those gates during odd numbered bytes. And gates 78y and
      81x each have one input connected to line 71 which enables those gates
      during even numbered bytes. Gates 78 each have a second input connected to
      line 68 which enables those gates when the zone, sector and byte numbers
      and disc addresses are identical. The third inputs of and gates 78 are
      connected to the disc bit clock while the second inputs of gates 81 are
      connected to the needle clock.
PAR  From the foregoing description, it should be understood that during an odd
      numbered byte the gate 78x enables the register 72x to receive data from
      the disc 36 over an associated one of the leads T0-T8 of FIG. 7. During
      the next following even numbered byte the gate 81x enables the register
      72x to transmit the data received during the previous odd numbered byte.
      Similarly, during an even numbered byte the gate 78y enables the register
      72y to receive data from the disc 36 over the associated one of the leads
      T0-T8. During the next following odd numbered byte the gate 81y enables
      the register 72y to transmit the data received during the previous even
      numbered byte.
PAR  During operation of the knitting machine 31, the actuators A0-A12 are
      sequentially enabled in a timed relationship with rotational movement of
      the needle cylinder and in accordance with data from register 72x or 72y.
      Since the actuators A0-A12 are enabled in a timed relationship with
      rotational movement of the needle cylinder, data is transmitted from the
      register 72 in timed relationship with rotational movement of the needle
      cylinder. To provide these two timed relationships, the needle sync and
      needle clock signals are produced by monostable multivibrator circuitry
      34a (FIG. 7) which is triggered by signals from photocell reading the
      finest code track of encoder 33. The needle sync signal comprises a series
      of short pulses, one pulse occurring for each advance of the knitting
      machine cylinder by one needle position. The needle sync signal is used to
      load the actuator flip flop F0-F12 (FIG. 8) with the bits in the output
      stage of shift registers 72. The needle clock signal comprises a series of
      short pulses, one pulse occurring immediately after each needle sync
      pulse. The needle clock pulses are used to shift shift registers 72 to
      make the next data bit available in the output stages. The operation of
      the encoder 33 in producing the needle sync and needle clock signals is
      more fully set forth in application Ser. No. 192,984 Filed Oct. 27, 1971
      by Ralph H. Schuman now U.S. Pat. No. 3,831,402 and entitled Knitting
      Machine Encoder.
PAR  From FIG. 8 it is apparent that during even bytes the needle clock will be
      connected via and gate 81x and or gate 83 to shift register 72x and that
      during odd bytes the needle clock will be connected via and gate 81Y and
      or gate 85 to shift register 72Y. Also, during even bytes the disc bit
      clock output will be connected via and gate 78Y and or gate 85 to shift
      register 72Y and during odd bytes the disc bit clock will be connected via
      and gate 78X and or gate 83 to shift register 72X; provided that the disc
      zone, sector and byte addresses are identical, respectively, to the zone,
      revolution count, and byte offset numbers of the feeder in question, and
      disc transfer enable signal Q is at logic one. It will be seen, therefore,
      that the next byte of data required will be clocked from the disc to one
      of the shift registers 72 by the disc bit clock. While this is occurring,
      data is being clocked out of the other shift register 72 to the actuators
      A0-A12 in timed relationship with rotational movement of the needle
      cylinder by the needle clock. In this manner, the output of or gate 76
      provides a continuous stream of knitting data via line 87 to the steering
      inputs of steered flip flops FF0-FF12.
PAR  The actuators A0-A12 are sequentially enabled to respond to pattern data in
      timed relationship with rotation of the needle cylinder. Accordingly, a
      plurality of and gates 90 each has one input connected to receive one of
      the actuator enabling signals E0-E12 from the translator 34 (FIG. 7). The
      other input of each and gate 90 (FIG. 8) is connected to receive the
      needle sync signal from the circuitry 34a of FIG. 7. Also, each and gate
      90 has its output connected to the strobe input of one of the flip flops
      FF0-FF12. Thus, flip flop FF0 will be strobed during the time that the
      first bit of a byte is in the output stage of the register 72, determining
      the logic level of line 87 and will be set accordingly. Likewise, flip
      flop FF1 will be set according to the second bit of the byte, flip flop
      FF2 will be set according to the third bit of the byte, etc., with flip
      flop FF12 being set according to the thirteenth bit of the byte. At this
      point the actuator enabling signal sequence repeats and flip flop FF0 will
      be set according to the fourteenth bit of the byte. In this manner, the
      knitting data is sequentially delivered to the flip flops FF0-FF12, the
      outputs of which energize the electromagnetic actuators A0-A12 via power
      amplifiers 92.
PAR  The knitting machine controls of FIGS. 7 and 8 facilitate the knitting of
      many different types of patterns with a minimum of difficulty. This is
      because address signals provided by the translator 34 can be utilized with
      many different patterns by merely adjusting the selector S to a setting
      corresponding to the number of needle cylinder revolutions in which the
      pattern is to be repeated. Of course, the pattern data on the disc 36 or
      other data storage medium must be varied to provide the desired pattern.
      Thus, for a three-color plain pattern having 216 stitch rows, the selector
      S is set for a revolution count of 0-17 so that the address signals from
      the translator 34 are repeated each time the needle cylinder rotates
      through 18 revolutions to thereby effect a repeated knitting of the
      pattern in accordance with the data stored on the disc 36. When a
      four-color plain pattern having 216 stitch rows is to be knitted, it is
      merely necessary to change the pattern data on the disc 36 by means of the
      data source 36A and to set the selector S to a needle cylinder revolution
      count of 0-23. Of course, the pattern and the address signals from the
      translator 34 will then be repeated each time the needle cylinder rotates
      through 24 revolutions.
PAC  SYSTEM B
PAR  On the second embodiment of the invention, which will be referred to as
      data transfer system B, and which is diagramatically illustrated in FIGS.
      9 and 10, data is transferred from the pattern memory disc 36 via reading
      heads, one for each data track, and a single track amplifier 137 in serial
      groups of 208 bits. Due to the timing arrangement of data transfers from
      the disc in system B, all nine data tracks T0-T8 may share a single track
      amplifier. Data transfer from the disc, as in system A, is clocked by
      pulses from the disc bit clock track T9, which drives current disc address
      counters 138. The first of these is the bit counter 138a, which
      repetitively counts from zero -- 207 (208 counts). Each time bit counter
      138a rolls over, it supplies a pulse to sector counter 138c, which
      repetitively counts from 0-23 (24 counts), and at any given instant
      indicates the sector address of data under the reading heads. Each time
      the sector counter 138c rolls over, it supplies a pulse to zone counter
      138d which counts repetitively from 0-4 (5 counts), and at any given
      instant indicates the zone address of data under the reading heads. As in
      system A, the disc origin track T10 supplies one pulse per revolution of
      the disc which is used to reset all of the counters 138 to zero so that
      the counters are reliably synchronized with the actual disc position every
      revolution of the disc.
PAR  Translator circuitry 134 provides three outputs; the actuator or needle
      count number, the feeder count number, and the revolution count number. As
      in system A, the revolution count number is selectable to repetitively
      count 6, 12, 18, or 24 counts. Again, one sector on a disc data track
      contains the knitting data for one feeder for a full revolution of the
      knitting machine. Therefore, the revolution count numbers from translator
      circuitry 134 may be used to derive the disc sector address of the next
      data required by each feeder. Unlike system A, however, system B does not
      require a previous revolution number nor does it require a byte number.
      Instead of a 26-bit data transfer to one of the shift registers for each
      feeder every 26 needle times, system B uses a 208 bit data transfer to a
      single shift register at each feeder once every revolution of the knitting
      machine. Because there is only one shift register for each feeder,
      transfer of data into it must occur very rapidly after the last bit of
      data in it has been used and before it must supply another bit of data to
      an actuator. In other words, this data transfer must take place in less
      than one needle time of the knitting machine. Because a disc search or
      scan to find the required pattern data may require up to 16-2/3
      milliseconds, data cannot be directly transferred from the disc to the
      feeder shift registers. Therefore, a buffer shift register 148 is used as
      a time interface between the disc 36 and the individual feeder shift
      registers in feeder controls 140.
PAR  Referring now to FIG. 9, there is shown a logic block diagram of the
      circuitry for controlling buffer shift register 148. The feeder count
      number from translator circuitry 134 is used to select both the data track
      and the zone address of the next data to be transferred from the disc. The
      two least significant digits of the binary feeder count number directly
      indicate the required zone address and provide one input to a comparator
      163, the other input of which is supplied by current address zone counter
      138d. The four most significant digits of the feeder count number provide
      the control inputs for a gating matrix 164 that connects the proper data
      track reading head to track amplifier 137. The sector address of the next
      required data is provided, as in system A, by the revolution count number.
      The revolution count number provides one input to a comparator 165, the
      other input of which is provided by current address sector counter 138c. A
      zero detector 166 receives its inputs from the stages of bit counter 138a
      and produces a logic 1 output only when all inputs are zero.
PAR  The various modes or states of operation of the circuitry of FIG. 9 are
      under the control of a state register 170. State register 170 has a
      stepping input 171, a reset input 172, and four state outputs 173, 174,
      175, and 176. The four states of state register 170 will be identified as
      state 0, state 1, state 2, and state 3. In state 0, the next data that
      will be required by a feeder control 140 is being held in register 148. In
      state 0, output 173 is at logic 1 while the other outputs are at logic
      zero. In state 1 data is transferred from the register 148 to a register
      in feeder controls 140. When the register 170 is in state 1, output 174 is
      at logic 1 while the other outputs are at logic zero. In state 2, the
      address of the data currently under the reading heads of disc 36 is
      compared with the address of the next data required by controls 140. When
      these two addresses agree and the register 170 is in state 2, loading of
      the storage register 148 is initiated and carried out. When the register
      170 is in state 2, output 175 is at logic 1, while the other outputs are
      at logic zero. In state 3, the transfer of data from the register 148 is
      completed. When the register 170 is in stage 3, output 176 is at logic 1
      while the other three outputs are at logic zero.
PAR  Transfer signal generator 146 generates from the feeder count number an
      individual transfer signal T0-T35 for each feeder control 140 and also
      generates a composite transfer signal T that initiates the data transfer.
      The transfer signals T0-T35 go from logic zero to logic 1 at the same
      locations of the change point as do the offset signals X0-X35 of System A.
      However, unlike signals X0-X35, transfer signals T0-T35 each remain at the
      logic 1 level for only 52 needle times and then reset to the logic zero
      level. Thus, transfer signal T5 will go from logic zero to logic 1 when
      the change point reaches 31 needle positions before feeder F5 and return
      to logic zero when the change point reaches 31 needle positions before
      feeder F6. The data transfer from buffer shift register 148 to the shift
      registers in feeder controls 140 is clocked by a transfer clock 180 that
      produces an asymmetrical output at approximately 1 MHz. The output of
      transfer clock 180 is connected to an inverter 182 and to one input of an
      and gate 184. The output of inverter 182, signal T from transfer signal
      generator 146, and state 0 output 173 provide the inputs to a three-input
      and gate 186. The output of and gate 186 is connected via an or gate 188
      to the stepping input 171 of state register 170. When signal T changes
      from logic zero to logic 1, calling for a data transfer, and state
      register 170 is in the zero state, and the output of inverter 182 is at
      logic 1, then and gate 186 will produce a logic 1 output which will be
      gated by or gate 188 to the step input of state register 170 to step the
      register from state 0 to state 1. Output 174 provides one input of a two
      input and gate 189 and provides the other input to and gate 184. Thus,
      when state register 170 steps from state 0 to state 1, and gate 186 is
      disabled and gate 184 is enabled. When and gate 184 is enabled, it passes
      clock pulses from transfer clock 180 via an or gate 190 and an and gate
      191 to a binary counter 192, to the shift input of buffer shift register
      148, and to each of the feeder controls 140. A 208 count detector 193
      receives its input from the states of binary counter 192 and provides an
      output at 194 which provides an input to an inverter 195 and the second
      input to and gate 191. Output 194 remains at a logic 1 level until binary
      counter 192 reaches a count of 208, at which time output 194 changes to
      logic zero. this disables and gate 191 and terminates the flow of transfer
      clock pulses to binary counter 192, shift register 148, and feeder
      controls 140. Thus, the 208 bits of data in shift register 148 will have
      been transfered to one of the feeder controls 140.
PAR  When output 194 goes from logic 1 to logic zero, the output of inverter 195
      goes from logic zero to logic 1. This output is connected to the reset
      terminal of binary counter 192, to the second input of and gate 189, and
      to one input of an and gate 196. Upon changing from logic zero to logic 1,
      the output of inverter 195 resets binary counter 192 to zero and, with
      state register 170 in state 1 causes a logic 1 output from and gate 189 to
      pass thru or gate 188 and advance state register 170 to state 2.
PAR  Output 175 of state register 170 provides one input to an and gate 198, the
      other input of which is provided by the output of an and gate 199. The
      three inputs to and gate 199 are provided by the outputs of comparators
      163, 165, and 166. Thus, when state register 170 is in state 2, and gate
      198 is enabled to pass the brief pulse from and gate 199 that occurs when
      the outputs of all three comparators are at logic 1. When state register
      170 is in state 2, this pulse is passed via and gate 198 and an or gate
      200 to one input of an and gate 201, the other input of which is provided
      by disc bit clock T9. The pulse from and gate 198 is also passed via or
      gate 188 to the stepping input 171 of state register 170 to advance state
      register 170 to state 3. This changes output 176 from logic zero to logic
      1 which is passed by or gate 200 to and gate 201. Connecting both the
      output of and gate 198 and output 176 via or gate 200 to and gate 201
      insures that and gate 201 will be enabled soon enough to pass the first
      required pulse from disc bit clock track T9 to counter 192 and shift
      register 148, which may occur before state register 170 changes from state
      2 to state 3. Of course, when the change of state does occur, and gate 198
      is disabled and output 176 will be at logic 1, maintaining and gate 201
      enabled.
PAR  Binary counter 192 counts the pulses from disc bit clock T9 in the same
      manner that it counted pulses from transfer clock 180. Thus, when the
      count reaches 208, output 194 of count detector 193 goes from logic 1 to
      logic zero disabling and gate 191 and via inverter 195 resets binary
      counter 192. The output of inverter 195 also passes through and gate 196
      which has been enabled by output 176 to reset state register 170 to state
      0. When state register 170 is reset to zero, output 176 goes to logic
      zero, disabling and gate 201 and thereby preventing any further data
      transfer from the disc, even though on the next disc revolution the zone
      and sector addresses reappear. During states 2 and 3 when binary counter
      192 and shift register 148 are receiving clock pulses from disc bit clock
      T9, shift register 148 is being loaded with the next required data from
      disc 36, the proper data track having been connected to its steering input
      by gating matrix 164 and the transfer having been initiated at the proper
      time by comparators 163, 165, and 166. Thus, shift register 148 is again
      holding the next data that will be required by the next feeder control
      140.
PAR  FIG. 10 is a block diagram of the circuitry required for each feeder
      control 140 of system B. The proper transfer signal (T0-T35) from the
      signal generator 146 (FIG. 9) for the particular feeder control 140 is
      connected at 204 and provides one input to each of two 2-input and gates
      205 and 206. The other input to and gate 205 is provided by transfer clock
      pulses from and gate 191. Therefore, when the transfer signal at 204 is at
      logic 1, and gate 205 is enabled and passes the transfer clock pulses via
      or gate 207 to shift register 208. Simultaneously, the transfer signal
      enables and gate 206 to pass knitting data from buffer shift register 148
      via or gate 209 to the steering input of shift register 208. Thus, during
      the time that the transfer signal at 204 is at logic 1, transfer clock
      pulses are gated to the shift input and data from the buffer shift
      register is gated to the steering input of shift register 208 whereby the
      contents of shift register 148 are transfered to shift register 208.
      Because transfer clock 180 operates at approximately 1 MHz, this transfer
      requires approximately 0.2 milliseconds.
PAR  The transfer signal at 204 also provides the input for an inverter 211, the
      output of which provides one input to each of two and gates 213 and 214.
      The other input of and gate 213 is provided by the needle clock, which
      provides one pulse for each needle advance of the knitting machine
      cylinder. At all times when the transfer signal at 204 is at logic zero,
      and gate 213 is enabled and passes needle clock pulses via or gate 207 to
      the shift input of shift register 208. Simultaneously, and gate 214 is
      enabled to connect the output stage of shift register 208 via or gate 209
      to the steering input of shift register 208. Thus, when the transfer
      signal at 204 is a logic zero, shift register 208 is stepped by the needle
      clock, and because its output stage is connected via and gate 214 and or
      gate 209 to its steering input, the data is repeatedly circulated through
      shift register 208.
PAR  The output of and gate 214 is also connected via line 87 to the steering
      inputs of steered flip flops FF0-FF12. It should be noted that the right
      hand portion of FIG. 10 is identical to and operates in the same manner as
      the right hand portion of FIG. 8 which has been described in connection
      with system A. Therefore, no further explanation of the right hand portion
      of FIG. 10 is required.
PAR  In the operation of system B, the encoder 33 leads the actual knitting
      process by 52 needles or one feeder count, plus a few needle positions,
      say five to allow for operating time of the actuators. In this manner, the
      disc address of the next data required is available to gating matrix 164
      and comparators 163 and 165 as soon as the data in shift register 148 has
      been transferred to a feeder and state register 170 is stepped to state 0.
      By way of example, assume that the change point is five needles in front
      of feeder F35. At this time, buffer shift register 148 is holding the next
      data that will be required by feeder F35. Immediately after flip flop FF12
      of feeder F35 has been steered by the 208th bit in shift register 208 for
      the ninth time, transfer signal T35 goes from logic zero to logic 1.
      Simultaneously, transfer pulse T initiates a data transfer from buffer
      shift register 148 to shift register 208 of feeder F35. At 30 revolutions
      per minute, one needle time on the illustrative knitting machine is
      approximately 1 millisecond. The data transfer from shift register 148 to
      shift register 208 requires only approximately 0.2 milliseconds.
      Therefore, the new data is loaded in shift register 208 and is available
      for use well in advance of the time it is needed.
PAR  As soon as the transfer from shift register 148 to shift register 208 of
      feeder F35 is complete, state register 170 is stepped to state 0 in
      readiness to effect the transfer of the next required data from disc 36.
      Signals T35 and T were generated by transfer signal generator 146 when the
      feeder count number changed from 35 to 0. Therefore, gating matrix 164 and
      comparators 163 and 165 are now presented with the disc address for the
      next data required by feeder F0. Feeder F0 at this time is operating on
      data in its shift register 208 for the ninth time. At 30 revolutions per
      minute, it will be over 50 milliseconds after shift register 208 of feeder
      35 has been updated before shift register 208 of feeder F0 must be
      updated. This is far more time than the maximum required (16-2/3
      milliseconds) to locate the data on disc 36 and transfer it to shift
      register 148.
PAR  It should be noted that it is not necessary for the pattern to be knitted
      an integral number of times around the cylinder. For example, assume the
      sectors were 256 bits long and shift registers 148 and 208 had 256 stages.
      This arrangement would provide for a pattern 256 stitches wide. Between
      times that each feeder shift register was updated, which is once every
      knitting machine revolution, the feeder would use the entire contents of
      the shift register seven times and would also use 80 of the 256 bits an
      eighth time. This shift register would then be updated, and the feeder
      would use the next data the same number of times. In fact, all feeders
      would be doing the same, which would result in the 256 stitch wide pattern
      being knitted 7 80/256 times around the finished tube.
PAR  In addition, it should be understood that although the invention has been
      described in conjunction with circular knitting machine in which the
      needle cylinder rotates relative to stationary feeders, it is contemplated
      that a known circular knitting machine in which the needle cylinder is
      stationary and the feeders rotate could be utilized. Also, it should be
      understood that although a rotatable memory disc 36 has been described in
      connection with the present invention, other memory devices could also be
      utilized.
PAR  Other variations and modifications of the knitting machine control of the
      present invention will become apparent upon reading and studying this
      specification and drawings, wherein the inventor has endeavored to
      describe this invention in such a full, clear, concise and exact terms as
      to enable any person skilled in the art to make and use the same, and has
      set forth the best mode presently contemplated of carrying out the
      invention.
CLMS
STM  Having described specific preferred embodiments of the invention, the
      following is claimed:
NUM  1.
PAR  1. A machine for knitting any one of a plurality of different patterns,
      said machine including a rotatable needle cylinder holding a plurality of
      knitting needles, a plurality of feeders disposed about said needle
      cylinder for feeding strands of material to the needles during rotation of
      said needle cylinder, said feeders being disposed in feeder groups
      comprised of a number of feeders which is variable to correspond to a
      selected pattern, drive means for effecting relative rotation between said
      needle cylinder and feeders, actuator means in each of said feeders for
      effecting operation of said needles to knit the strands of material into
      stitch rows of a selected pattern on each revolution of relative rotation,
      data storage means for storing data corresponding to a selected one of a
      plurality of patterns, means for enabling the data in said data storage
      means to be changed from a first pattern which requires that each of the
      feeder groups include a first number of feeders and that a first number of
      revolutions of relative rotation occur between said needle cylinder and
      feeders to knit the first pattern to a second pattern which requires that
      each of the feeder groups include a second number of feeders which is
      different from said first number of feeders and that a second number of
      revolutions of relative rotation occur between said needle cylinder and
      feeders to knit the second pattern, reader means for reading data stored
      in said data storage means and for providing pattern signals which vary as
      a function of data stored in said data storage means, position indicator
      means operatively connected with said needle cylinder and feeders for
      providing position signals which vary upon relative rotation between said
      needle cylinder and feeders by said drive means and for providing a
      pattern repeat signal in response to a predetermined number of revolutions
      of relative rotation between said needle cylinder and feeders
      corresponding to the number of revolutions of relative rotation required
      to knit the selected one of the plurality of patterns, selector means for
      varying the predetermined number of revolutions of relative rotation which
      must occur between the needle cylinder and feeders before said position
      control means provides a pattern repeat signal, and pattern control means
      interconnecting said position indicator means, said reader means, and said
      actuator means for effecting operation of said actuator means in
      accordance with position signals and pattern repeat signals from said
      position indicator means and pattern signals from said reader means, said
      pattern control means including means for effecting a repeated reading of
      data in said data storage means and knitting of a pattern corresponding to
      this data upon relative rotation between said needle cylinder and feeders,
      register means for receiving pattern signals from said reader means, and
      means for effecting operation of said actuator means in a timed
      relationship with relative rotation between said needle cylinder and
      feeders and in accordance with pattern signals received by said register
      means from said reader means, said register means including first and
      second registers, said means for effecting operation of said actuator
      means includes gating means for effecting the transmission of pattern
      signals from said first register to said actuator means in response to one
      of said position signals from said position indicator means, and wherein
      said pattern control means further includes means for effecting the
      transmission of pattern signals from said reader means to said second
      register contemporaneously with the transmission of pattern signals from
      said first register to said actuator means.
NUM  2.
PAR  2. A machine as set forth in claim 1 wherein said data storage means
      includes means for defining a plurality of data storage locations at which
      data for one of said patterns is stored, said pattern control means
      including means for associating each of said feeders with data storage
      locations during the knitting of any one of said plurality of patterns to
      enable operation of any one of said feeders to be varied from one pattern
      to another by varying the pattern data at the data storage locations
      associated with the feeder.
NUM  3.
PAR  3. A machine as set forth in claim 1 wherein said gating means includes
      means for effecting the transmission of pattern signals from said second
      register to said actuator means in response to one of said position
      signals from said position indicator means, and wherein said pattern
      control means further includes means for effecting the transmission of
      pattern signals from said reader means to said first register
      contemporaneously with the transmission of pattern signals from said
      second register to said actuator means.
NUM  4.
PAR  4. A machine as set forth in claim 1 wherein said pattern control means
      further includes means for effecting the transmission of pattern signals
      from said second register to said first register.
NUM  5.
PAR  5. A machine as set forth in claim 1 wherein said reader means includes
      means for reading the data stored in said data storage means at a rate
      which is substantially greater than the rate at which said knitting
      machine is operable to knit a pattern corresponding to the data in said
      data storage means.
NUM  6.
PAR  6. A knitting machine as set forth in claim 1 wherein said position
      indicator means includes encoder means connected with said needle cylinder
      for providing digital position signals which vary with variations in the
      rotational position of said needle cylinder, said pattern control means
      including translator means connected with said encoder means for receiving
      digital position signals from said encoder means and providing output
      signals which vary with variations in the digital position signals.
NUM  7.
PAR  7. A knitting machine as set forth in claim 1 further including drive means
      for effecting relative rotation between said needle cylinder and feeders,
      and wherein said memory means includes means for enabling the digital
      pattern data at the memory locations to be changed from data corresponding
      to a first pattern which is knitted during a first number of revolutions
      of relative rotation between said needle cylinder and feeders to data
      corresponding to a second pattern which is knitted during a second number
      of revolutions of relative rotation between said needle cylinder and
      feeders and which is different from said first number of revolutions, and
      wherein said means for generating data address signals includes means for
      sequentially repeating a first series of data address signals each time
      the first number of revolutions of relative rotation occurs between said
      needle cylinder and feeders during a knitting of the first pattern and for
      sequentially repeating a second series of data address signals each time
      the second number of revolutions of relative rotation occurs between said
      needle cylinder and feeders during a knitting of the second pattern.
NUM  8.
PAR  8. Knitting machine control apparatus for use in a knitting machine having
      a plurality of actuators for effecting operation of needles disposed on a
      needle cylinder to knit a predetermined pattern, said knitting machine
      control apparatus comprising data storage means for storing a plurality of
      groups of pattern data each of which relates to a portion of the
      predetermined pattern and has a unique address, reader means for reading
      said groups of data, first indicator means for indicating the address of
      data currently being read by said reader means, second indicator means
      operatively connected with the knitting machine for indicating the address
      of a group of pattern data required for knitting a portion of the pattern,
      and control means for detecting when the address of a group of data to be
      read by said reader means corresponds to the address of the group of
      pattern data indicated by said second indicator means as being required
      for knitting a portion of the pattern and for effecting activation of at
      least some of said actuators in accordance with the data contained in this
      group of data, said control means including comparator means for comparing
      the address of a group of data to be read by said reader means with the
      address of the group of data indicated by said second indicator means as
      being required for knitting a portion of the pattern, register means for
      receiving data signals from said reader means when said comparator means
      detects that the address of a group data being read by said reader means
      matches the address of the group of data indicated by said second
      indicator means as being required for knitting a portion of the pattern,
      and means for effecting sequential operation of a plurality of said
      actuators in a timed relationship with rotation of the needle cylinder and
      in accordance with data signals received from said register means, said
      register means includes first and second registers each of which is
      capable of storing one of the groups of pattern data, and gating means for
      effecting the transmission of a group data from reader means to one of
      said registers and for contemporaneously therewith effecting the
      transmission of a group of data from the other of said registers to said
      means for effecting sequential operation of a plurality of said actuators.
NUM  9.
PAR  9. Knitting machine control apparatus as set forth in claim 8 further
      including a plurality of feeders for feeding strands of material to the
      needles and drive means for effecting relative rotation between said
      needle cylinder and feeders, said control means including pulse generator
      means for generating a control pulse each time relative movement occurs
      between the needle cylinder and feeders for a distance corresponding to
      one needle position, said means for effecting sequential operation of said
      actuators including second gating means connected with said pulse
      generator means for transmitting a pattern signal to each of said
      plurality of actuators in turn upon receipt of a control pulse from said
      pulse generator means.
NUM  10.
PAR  10. Knitting machine controls as set forth in claim 8 further including a
      plurality of feeders and drive means for effecting relative rotation
      between said feeders and needle cylinder, and wherein an address indicated
      by said second indicator means includes a component which varies as a
      function of the number of revolutions of relative rotation between said
      needle cylinder and feeders from an initial position during the knitting
      of a pattern and wherein said control means includes means for effecting
      an activation of some of said actuators in accordance with a group of data
      having an address corresponding to the revolution indicated by an address
      provided by said second indicator means and for effecting activation of
      some of said actuators in accordance with a group of data having an
      address corresponding to a revolution other than the revolution indicated
      by the address corresponding to a revolution other than the revolution
      indicated by the address provided by said second indicator means.
NUM  11.
PAR  11. A knitting machine as set forth in claim 8 wherein said second
      indicator means includes means for providing data address signals each of
      which has a component which varies as a function of the number of stitch
      rows which are knitted during the knitting of a pattern and wherein said
      groups of pattern data in said data storage means have addresses which
      include a component which is determined by the stitch row during which the
      data in the groups of data is to be utilized.
NUM  12.
PAR  12. A knitting machine as set forth in claim 8 further including drive
      means for effecting rotation of said needle cylinder, and wherein said
      data storage means includes means for enabling the pattern data in said
      groups of pattern data to be changed from data corresponding to a first
      pattern which is knitted during a first number of revolutions of said
      needle cylinder to data corresponding to a second pattern which is knitted
      during a second number of revolutions of said needle cylinder and which is
      different from said first number of revolutions, and wherein said second
      indicator means includes means for sequentially repeating a first series
      of data address signals each time the first number of revolutions of
      needle cylinder rotation occurs during a knitting of the first pattern and
      for sequentially repeating a second series of data address signals each
      time the second number of revolutions of needle cylinder rotation occurs
      during a knitting of the second pattern.
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ABST
PAL  Apparatus for detecting an abnormality such as a discontinuity in a
      predetermined region of a material by directing an elastic mechanical
      wave, such as an ultrasonic or other acoustic wave, in a series of pulses
      to portions of the region and providing response to the wave pulses
      reflected therefrom. The amplitudes of pulses reflected from a normal
      portion of the region may approximate the amplitudes of pulses reflected
      from a portion where an abnormality is present and thus make it difficult
      to distinguish between such portions.
PAL  The directed wave is varied, as by rotating a transducer having an
      irregular cross-sectional radiation pattern, to provide randomlike
      variations in the shapes of successive pulses where reflected from a
      normal portion, differing detectably from any variations caused in the
      pulses where reflected from an abnormal portion.
PAL  Means responsive to a plurality of successive reflected pulses are provided
      for effectively superimposing them, either electrically or in an overlaid
      visual display, the types of wave shapes of the superimposed pulses being
      indicative selectively of a normal or an abnormal portion of the region.
BSUM
PAC  BACKGROUND
PAR  Existing ultrasonic pulse-echo techniques rely principally on a comparison
      of the amplitudes of the signal and noise responses, commonly called the
      signal to noise ratio, for the proper identification of a flaw.
      Reliability of defect detection, therefore, requires this signal-to-noise
      ratio to be substantially greater than unity. The present invention
      provides additional distinguishing characteristics of flaw and noise
      responses, namely, motion, which permits defect identification under
      conditions of unfavorable signal-to-noise ratios. In a typical embodiment
      the transducer is continuously rotated about its longitudinal axis as it
      scans the surface of the material being inspected. The result is a dynamic
      display on the face of the cathode ray tube of the pulser/receiver where
      the apparent motion of the noise responses differ from that of a flaw.
PAR  One of the most vexing limitations to the ultrasonic pulse-echo inspection
      method is imposed by spurious signals that accompany the response from a
      true material flaw. In order to identify a flaw against this background,
      it is necessary that the amplitude of the flaw signal be substantially
      greater than those of the spurious signals, commonly called noise. That
      is, the signal-to-noise ratio must be favorable by exceeding unity an
      amount dependent on the skill and experience of the particular operator. A
      highly skilled operator may sometimes be able to use other characteristics
      than amplitude for flaw identification. The flaw of interest may have a
      particular shaped response or the duration of its response, as the surface
      is scanned, may be longer than the accompanying noise responses. These
      situations, however, are too rare and subjective to be considered a
      practical solution to the unfavorable signal-to-noise ratio problem.
PAR  Noise may be considered to be of two types which for our purpose can be
      called electronic and acoustic. Electronic noise can originate internally
      from the inspection equipment or from some external radiating source. It
      is characterized by being random or time independent and by having a high
      frequency content. Improved circuitry design, instrument construction,
      proper shielding, the use of solid-state components, and selective
      filtering have virtually eliminated electronic noise as a problem. Only
      under inspection conditions requiring very high gain, when it appears as
      "grass" along the base line, does it become a factor of any significance.
      Signal processing involving signal averaging and selective filtering can
      be used to improve the reliability in the above case.
PAR  Acoustic noise, however, has the same characteristics as the response from
      an actual flaw. Because it is composed of true reflections, it is time
      dependent and has the same frequency content as the flaw response. Time
      dependence means that if the transducer remains stationary, the displayed
      noise responses will not change position, shape or amplitude. They are
      also repeatable each time the transducer is returned to the same location.
      Because of the above characteristics, the techniques used to reduce
      electronic noise are not applicable. (Rothman, Eugene, "Electronic Signal
      Processing Techniques", Phase I and II, ARPA Order No. 1246, Contract No.
      DAAA25-69-C-0206  (July, 1969, and May, 1970).)
PAR  Each noise response is composed of numerous reflections from small
      discontinuities randomly scattered throughtout and/or on the surface of
      the material under inspection. These reflections return by different paths
      and those arriving the same time at the transducer are summed by the
      instrument and displayed as a single response. Each noise response
      therefore is the result of a particular group of small reflectors. These
      reflectors are caused by material features such as grain boundaries,
      precipitates, surface roughness, or any other points of abrupt change in
      acoustic impedance. Although the characteristics of the noise and flaw
      responses are the same. there is a difference in the nature of their
      source. Whereas the noise response is from a group of randomly scattered
      reflectors, the source of the flaw response, practically speaking, is a
      definite intercepted area and a fixed location in the part.
PAR  Investigations have been conducted by others where signal processing
      methods were used to increase an unfavorable signal-to-noise ratio to a
      value where the flaw response can be identified. One method consisted of
      adding the amplitudes of the response signals coming from a plane a fixed
      distance below the top surface of the material, for a discrete time
      interval, as the transducer moved along at a constant linear speed. Since
      during this time interval as the amplitude of a flaw response was more
      stable than any noise response, the resulting summation of the flaw
      response was substantially greater than any noise response. In effect, the
      signal-to-noise ratio was increased. (Ermolov, I. N. and Pilin, B. P.,
      Possible Ways of Improving the Sensitivity of Ultrasonic Inspection of
      Parts with a Large-Grain Structure, Soviet Journal of Nondestructive
      Testing (Jan-Feb, 1969) Vol 1, pp46-49.)
PAR  Another method consisted of linearly scanning a plane a fixed distance
      below the surface of the material with an array of transducers positioned
      at different incident angles. The responses of the transducers were
      multiplied by each other. Since the amplitude of the flaw responses were
      more stable than any noise responses, the product of the former was
      substantially greater than the latter. Again, the result was an increase
      in the signal-to-noise ratio. (Kennedy, J. C. and Woodmansee, W. E.,
      "Electronic Signal Processing Techniques,"  Phase III, ARPA Order No.
      1246, Contract DAAA 25-69-C-0206 (Jan, 1972).)
PAR  A current investigation is being conducted with the objective of enhancing
      the flaw response by signal averaging a number of wave form responses as
      the transducer oscillates horizontally while scanning the material.
      (Regalbuto. J. A., "Nondestructive Testing of Diffusion-Bonded Titanium
      Alloys for Engine and Airframe Components,"  First Semiannual Interim
      Technical Report, Air Force Materials Laboratory Contract F33615-72-C-1705
      Project 7351 (June, 1972).)
PAC  SUMMARY OF THE INVENTION
PAR  Typical apparatus according to the present invention for detecting a
      selected type of abnormality in a predetermined region by directing an
      elastic mechanical wave in a series of pulses to portions of the region
      and providing response to the wave pulses reflected therefrom, wherein the
      amplitudes of pulses reflected from a portion of the region where such
      type of abnormality is absent (a normal portion) may approximate the
      amplitudes of pulses reflected from a portion where such type of
      abnormality is present (an abnormal portion) and thus make it difficult to
      distinguish between normal and abnormal portions, includes the improvement
      comprising means for varying the directed wave in such manner as to
      provide randomlike variations in the shapes of successive pulses where
      reflected from a normal portion of the region differing detectably from
      any such variations caused in successive pulses where reflected from an
      abnormal portion, and means responsive to a plurality of successive
      reflected pulses for effectively superimposing them, the types of wave
      shapes of the superimposed pulses being indicative selectively of a normal
      or an abnormal portion of the region. The type of abnormality to be
      detected typically comprises a discontinuity in a material, and the
      mechanical wave typically is an acoustic wave, such as an ultrasonic wave.
      The response to the reflected wave pulses typically includes converting
      them to electrical pulses.
PAR  Typically the mechanical wave is generated by means having an irregular
      cross-sectional radiation pattern and the varying means includes means for
      providing rapid relative lateral motion between the wave-generating means
      and the predetermined region, as by continuously rotating the
      wave-generating means. Typical wave-generating means comprises a
      transducer that converts a first electrical pulse to a mechanical pulse,
      then receives the reflected mechanical pulse and converts it to an
      electrical pulse, then converts a second electrical pulse, and so on,
      alternately transmitting and receiving, whereby the motion-providing means
      varies not only the directed wave but also the receiving conversion
      characteristics and thus provides randomlike variations also in the
      reception of the reflected pulses.
PAR  In some typical embodiments of the invention the superimposing means
      comprises means for providing an overlaid visual display of the shapes of
      the successive reflected pulses. Such a display typically is provided as a
      graph of amplitude as a function of depth in a portion of the region, and
      the randomlike variations cause apparent motion in the graph that is
      discriminably different for normal and abnormal portions of the region.
      Typically the apparent motion for a normal portion of the region is
      substantial and erratic in both the amplitude direction and the depth
      direction, and the apparent motion for an abnormal portion is substantial
      but cyclic in the amplitude direction, providing the maximum obtainable
      amplitude, and is insubstantial in the depth direction.
PAR  In other typical embodiments of the invention the superimposing means
      comprises means for combining the converted successive reflected pulses
      electrically, and means responsive to the electrically combined pulses for
      indicating the location of an abnormal portion of the region. The
      indicating means typically comprises analog to digital conversion means
      and digital data processing means responsive thereto. The randomlike
      variations typically cause substantial and erratic variations in both the
      amplitude and the time of the peaks of the combined pulses for a normal
      portion of the region, and cause substantial but cyclic variations in the
      amplitude, providing the maximum obtainable amplitude, and only
      insubstantial variations in the time of the peaks of the combined pulses
      for an abnormal region; and means responsive to the amplitude and the time
      of the peaks of the combined pulses may be provided for indicating the
      location of an abnormal portion of the region.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic front view illustrating typical embodiments of the
      present invention.
PAR  FIG. 2 is a diagrammatic presentation of a typical display obtained with
      abnormality detecting apparatus of the prior art for a portion of a region
      as in FIG. 1.
PAR  FIG. 3 is a diagrammatic presentation of a typical display obtained with
      abnormality detecting apparatus according to the present invention for the
      same portion as in the display of FIG. 2.
PAR  FIG. 4 is a block diagram of typical signal processing apparatus that may
      be used in the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 schematically illustrates typical apparatus 10 according to the
      present invention for detecting a selected type of abnormality 11 in a
      predetermined region 12 by directing an elastic mechanical wave 13 in a
      series of pulses to portions of the region 12 and providing response to
      the wave pulses reflected therefrom (as indicated typically at 14),
      wherein the amplitudes of pulses 16' reflected from a portion of the
      region where such type of abnormality is absent (a normal portion of the
      region 12) may approximate the amplitudes of pulses 17' reflected from a
      portion where such type of abnormality is present (an abnormal portion 11)
      and thus make it difficult to distinguish between normal and abnormal
      portions, as illustrated in FIG. 2.
PAR  An important feature of the apparatus 10 is the improvement comprising
      means 15 for varying the directed wave 13 in such manner as to provide
      randomlike variations in the shapes of successive pulses where reflected
      from a normal portion of the region, as at 16 in FIG. 3, differing
      detectably from any such variations caused in successive pulses where
      reflected from an abnormal portion 11, as at 17 in FIG. 3, and means 18,
      as in FIG. 4, responsive to a plurality of successive reflected pulses for
      effectively superimposing them, as in FIG. 3, the types of wave shapes of
      the superimposed pulses being indicative selectively of a normal or an
      abnormal portion of the region 12.
PAR  The type of abnormality to be detected typically comprises a discontinuity
      11 in a material 19, and the mechanical wave 13 typically is an acoustic
      wave, such as an ultrasonic wave. The response to the reflected wave
      pulses 14 typically includes converting them to electrical pulses.
PAR  Typically the mechanical wave 13 is generated by means such as a transducer
      20 having an irregular cross-sectional radiation pattern and the varying
      mean includes means (such as a motor 15, as diagrammatically illustrated
      in FIG. 1) for providing rapid relative lateral motion between the
      wave-generating means 20 and the predetermined region 12, as by
      continuously rotating the wave-generating means 20, as indicated at 21.
PAR  The wave generating means typically comprises a transducer 20 that converts
      a first electrical pulse to a mechanical pulse 13, then receives the
      reflected mechanical pulse 14 and converts it to an electrical pulse, then
      converts a second electrical pulse 13, and so on, alternately transmitting
      and receiving, whereby the motion-providing means (at 21) varies not only
      the directed wave 13 but also the receiving conversion characteristics and
      thus provides randomlike variations also in the reception of the reflected
      pulses 14.
PAR  Where the superimposing means 18 comprises means for providing an overlaid
      visual display of the shapes of the successive reflected pulses, as
      illustrated in FIG. 3, the display typically is provided as a graph 22 of
      amplitude as a function of depth in a portion of the region 12, and the
      randomlike variations cause apparent motion in the graph, as at 16, 17,
      and 23, that is discriminably different for normal and abnormal portions
      of the region. Typically the apparent motion for a normal portion of the
      region 12 is substantial and erratic in both the amplitude direction
      (vertical) and the depth direction (horizontal), as at 16 and 23; and the
      apparent motion for an abnormal portion is substantial but cyclic in the
      amplitude direction (vertical), providing the maximum obtainable
      amplitude, and is substantial in the depth direction (horizontal), as at
      17.
PAR  Where the superimposing means 18 comprises means for combining the
      converted successive reflected pulses electrically, and means responsive
      to the electrically combined pulses for indicating the location of an
      abnormal portion 11 of the region 12, the indicating means typically
      comprises analog to digital conversion means and digital data processing
      means responsive thereto. Such means are well known and the choice of
      suitable conversion and processing means for use in specific embodiments
      of the invention is within the skill of the art. The randomlike variations
      typically cause substantial and erratic variations in both the amplitude
      and the time of the peaks of the combined pulses for a normal portion of
      the region, and cause substantial but cyclic variations in the amplitude,
      providing the maximum obtainable amplitude, and only insubstantial
      variations in the time of the peaks of the combined pulses for an abnormal
      region. This is apparent from FIG. 3, depth being proportional to time.
      Thus appropriate means responsive to the amplitude and the time of the
      peaks of the combined pulses may be provided for indicating the location
      of an abnormal portion 11 of the region 12.
PAR  FIG. 4 illustrates the principal functions and operation of a typical
      signal processing system 18. The pulser/receiver 30 activates the
      transducer 20 in the normal manner for pulse-echo inspection. The response
      signal 31 is fed into the display/timer 32 where it is displayed as a
      video trace 22 on the face of the cathode ray tube (CRT) 33. The response
      signal 31 also goes to the gating circuits 34.
PAR  The sampling circuit 35 generates a continuous series of equally spaced
      pulses 36 each one of which is fed to the gating circuits 34. The receipt
      of a pulse from the sampling circuit 35 activates a circuit in the gating
      circuit group which sets that group in the operating mode. Since there are
      a definite number of pulses per revolution of the transducer, each pulse
      occurs when the transducer is at a definite angular position within any
      one revolution. By adjusting the interval between pulses the number of
      these positions per revolution can be increased or decreased.
PAR  The gating circuit 34 processes the first response signal 31 that arrives
      from the pulser/receiver 30 after the pulse 36 from the sampling circuit.
      Only one response signal per transducer position is processed. The
      operation of the gating circuits consists of opening and then closing each
      one of a series of a number of gates, in sequence. The time from the
      opening of the first to the closing of the last determines the range
      within the material to be inspected. Each gate is open for the same length
      of time, and by adjusting this time, the inspection range can be increased
      or decreased. Thus, that part of the signal corresponding to the responses
      from the inspection range is divided into discrete time intervals. The
      start of gate operation is delayed for a preset time after the arrival of
      the top surface response of the sample signal to be processed. By
      adjusting the preset time, the location of the inspection range within the
      part can be varied. The closing of the last gate resets the gate
      activating circuit and counter to be ready to process the succeeding
      sample signal.
PAR  The portion of the sample signal 37 that occurs during the open time of
      each gate is fed to the pulse height discriminating circuit 38. An
      amplitude level is preset in that circuit so that only those portions of
      the signal within each gate that exceed that level are counted.
PAR  The gating circuits 34 also activate the gate generators 39 which feed into
      the display timer 32 a series of pulses 40 the interval between which
      correspond to the time that the gates are open. These pulses 40 appear as
      equally spaced pips 41 on the marker trace of the CRT 33. They visually
      represent the location of the inspection range within the material and the
      portion within the range that each discrete time interval covers.
PAR  There is one counter 42 for each gate. Each time the portion of the signal
      37 within a particular gate exceeds the predetermined amplitude during one
      revolution of the transducer 20 a pulse 43 is transmitted to the counter
      42 for that particular gate. Each counter 42 sums the number of times the
      portion of the signal 37 within its gate exceeds the predetermined
      amplitude level during one revolution of the transducer 20. At the
      completion of each revolution the sum of the counts in each gate is fed,
      as indicated at 44, to the flaw discriminator 45.
PAR  Preset in the flaw discriminator 45 is a count level that must be exceeded
      by the count from any gate in order to be classified as a flaw at the
      location in the inspection range covered by the particular gate.
PAR  When such a condition occurs, the flaw discriminator 45 transmits a pulse
      46 to the flaw indicator 47, which generates a pulse 48, to the
      display/timer 32. This pulse 48 appears as a taller pip 49 on the marker
      trace of the CRT 33 within the space representing the inspection range
      location of that particular gate.
PAR  In a typical embodiment as in FIG. 1, the apparatus 10 automatically
      provides apparent motion to the noise and flaw responses of an A-scan
      display as in FIG. 3 by continuously rotating the transducer 20.
      Characteristic differences between the apparent motion of the two
      responses permit the operator to identify a flaw response even though its
      amplitude may not exceed the noise level.
PAR  The inspection procedure may be the same as in the standard pulse-echo
      method, except that the transducer 20 is continuously rotating. The effect
      of the rotation is to change the A-scan display from one that is static,
      as in FIG. 2, or at best slowly changing while linearly scanning, to one
      that is highly dynamic as in FIG. 3. This dynamic display is caused by the
      apparent motion of the noise and flaw responses. The apparent motion is
      due to the fact that successive traces, corresponding to different angular
      positions of the transducer 20, are not identical and when superimposed
      give the same effect as that of a motion picture.
PAR  There are four characteristics of the dynamic display as in FIG. 3 which
      singularly or in various combinations assist the operator in
      distinguishing a flaw response from the accompanying noise. (1) The
      amplitude of the flaw response 17 is the maximum obtainable for the
      particular inspection conditions at one or more times during each
      revolution. (2) The flaw response 17 remains at a fixed horizontal
      location while the noise responses 16, 23 move back and forth
      horizontally. (3) The amplitude of the flaw response 17 rises and falls in
      a smooth cyclic manner while the noise responses 16, 23 do so more
      erratically. (4) The basic shape of the flaw response 17 changes less than
      do those of the noise responses 16, 23. For the purpose of clarity, the
      display in FIG. 3 shows only four successive pulses 13. Ordinarily many
      more are displayed and the contrast between the responses at 17 an at 16,
      23 is still greater than it is in FIG. 3.
PAR  A liquid-filled chamber (not shown) may be provided around the transducer
      20 for contact testing. The lower end of the chamber may be fitted with a
      flexible membrane cover to serve as the acoustic window through which the
      ultrasound may enter the material 19. For longitudinal wave inspection,
      the window should be perpendicular to the axis 24 of the apparatus 10. For
      shear wave inspection, it may be at any desired angle to the axis 24.
PAR  To detect flaws over the entire region 12, the apparatus 10 may be moved
      laterally, as indicated at 26 and 27, to scan the region 12 in any
      convenient manner. The scanning movements 26, 27 typically are much slower
      than the speed of rotation 21, and are not related to the improvements
      achieved with the present invention. The apparatus 10 operates in the same
      way whether positioned over a particular portion (as 16, 17, or 23) or
      scanning (26, 27) over the region 12.
PAR  With the perfect transducer, intensity and travel direction are symmetrical
      about the central axis. Thus, rotating the transducer about its
      longitudinal axis, the effect on both the noise or the defect responses
      would be the same. Practically speaking, asymetry will be present in all
      transducers. This is the result of imperfections in the transducer itself
      caused by unavoidable things such as: (1) Inhomogeneity of the
      piezoelectric, damping, facing, conductive coating, and bonding materials.
      (2) Dimensional variations in piezoelectric, damping, and facing
      components. (3) Variations in surface conditions of and thickness of bond
      lines between components. (4) Variations in the housing geometry and the
      mounting of transducer components. The same effects due to transducer
      imperfections may be obtained by such artificial means as offsetting the
      transducer from the axis of rotation, roughening the face of the
      transducer, polishing the transducer at a slight angle to the axis of
      rotation, and attaching a flat wedge-shaped lens to the face of the
      transducer.
PAR  The asymetry due in whole or in part to differences in direction of beam
      travel at the various cross-sectional locations in the field, results in
      the noise responses originating from different groups of small randomly
      scattered reflectors as the transducer assumes various angular positions.
      Simply expressed, the transducer "looks" at the material structure in
      different ways as it rotates through one revolution. This causes the
      arrival time of the noise reflections at the transducer to vary so there
      is a horizontal shift in the noise responses from one angular position to
      another. However, since the flaw response is the reflection from a fixed
      location in the material, it remains time dependent throughout the
      revolution.
PAR  The asymetry due to both localized differences in intensity and/or
      direction in beam travel causes the amplitudes of both the noise and flaw
      responses to vary. The area of the flaw being substantially constant, the
      amplitude of its response is chiefly affected by the characteristics of
      the cross-sectional pattern of the beam and appears to rise and fall in a
      smooth cyclic motion as the areas of different intensity and/or beam
      travel sweep across it. The amplitude of the noise signals also appears to
      rise and fall, but at a different rate and with a distinctly less
      rhythmical motion.
PAR  Tests show that the present invention is useful for inspecting under
      conditions where flaws cannot be distinguished from background noise by
      amplitude only. In a test conducted on CF8 cast stainless steel standard,
      for example, the response from a 1/32-inch-diameter flat-bottom hole was
      identified, although its amplitude did not exceed the accompanying noise
      level.
PAR  While the forms of the invention herein disclosed consititute presently
      preferred embodiments, many others are possible. It is not intended herein
      to mention all of the possible equivalent forms or ramifications of the
      invention. It is to be understood that the terms used herein are merely
      descriptive rather than limiting, and that various changes may be made
      without departing from the spirit or scope of the invention.
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STM  I claim:
NUM  1.
PAR  1. In apparatus for detecting a selected type of abnormality in a
      predetermined region comprising transmitter means for directing an elastic
      mechanical wave in a series of pulses to portions of the region and
      receiver means for providing response to the wave pulses reflected
      therefrom, wherein the amplitudes of pulses reflected from a portion of
      the region where such type of abnormality is absent (a normal portion) may
      approximate the amplitudes of pulses reflected from a portion where such
      type of abnormality is present (an abnormal portion) and thus make it
      difficult to distinguish between normal and abnormal portions, the
      improvement comprising
PA1  in the transmitter means, mechanical wave radiating means providing an
      irregular cross-sectional radiation pattern,
PA1  means for providing relative transverse repetitive motion between the
      radiating means and a given portion of the region while a series of pulses
      are directed to the same portion of the region, superimposed on any
      scanning movement from portion to portion of the region, to provide
      randomlike variations in the shapes of successive pulses where reflected
      from a normal portion of the region differing detectably from any
      variations caused in successive pulses where reflected from an abnormal
      portion, and
PA1  means responsive to a plurality of successive reflected pulses for
      effectively superimposing them, the types of wave shapes of the
      superimposed pulses being indicative selectively of a normal or an
      abnormal portion of the region.
NUM  2.
PAR  2. Apparatus as in claim 1, wherein the radiating means comprises means for
      radiating an acoustic wave to the region.
NUM  3.
PAR  3. Apparatus as in claim 1, wherein the receiver means includes means for
      converting the reflected wave pulses to electrical pulses.
NUM  4.
PAR  4. Apparatus as in claim 1, wherein the motion-providing means comprises
      means for rotating the radiating means.
NUM  5.
PAR  5. Apparatus as in claim 1, wherein the radiating means comprises a
      transducer that converts a first electrical pulse to a mechanical pulse,
      then receives the reflected mechanical pulse and converts it to an
      electrical pulse, then converts a second electrical pulse, and so on,
      alternatively transmitting and receiving, whereby the motion-providing
      means varies not only the directed wave but also the receiving conversion
      characteristics and thus provides randomlike variations also in the
      reception of the reflected pulses.
NUM  6.
PAR  6. Apparatus as in claim 1, wherein the effectively superimposing means
      comprises means for providing an overlaid visual display of the shapes of
      the successive reflected pulses.
NUM  7.
PAR  7. Apparatus as in claim 6, wherein the display means comprises means for
      providing a graph of amplitude as a function of depth in a portion of the
      region, so that the randomlike variations cause apparent motion in the
      graph that is discriminably different for normal and abnormal portions of
      the region; the apparent motion for a normal portion of the region being
      substantial and erratic in both the amplitude direction and the depth
      direction; and the apparent motion for an abnormal portion being
      substantial but cyclic in the amplitude direction, providing the maximum
      obtainable amplitude, and insubstantial in the depth direction.
NUM  8.
PAR  8. Apparatus as in claim 3, wherein the effectively superimposing means
      comprises means for combining the converted successive reflected pulses
      electrically.
NUM  9.
PAR  9. Apparatus as in claim 8, wherein the effectively superimposing means
      comprises also means responsive to the electrically combined pulses for
      indicating the location of an abnormal portion of the region.
NUM  10.
PAR  10. Apparatus as in claim 8, wherein the combining means comprises means
      responsive to the randomlike variations to cause substantial and erratic
      variations in both the amplitude and the time of the peaks of the combined
      pulses for a normal portion of the region, and to cause substantial but
      cyclic variations in the amplitude, providing the maximum obtainable
      amplitude, and only insubstantial variations in the time of the peaks of
      the combined pulses for an abnormal region.
NUM  11.
PAR  11. Apparatus as in claim 10, wherein the effectively superimposing means
      comprises also means responsive to the amplitude and the time of the peaks
      of the combined pulses for indicating the location of an abnormal portion
      of the region.
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PAL  A plurality of knitting machines are controlled from a central control
      device and a common patterning memory. Each knitting machine is provided
      with its own needle and course counters in which the needle position is
      determined. The single control device provides separate clock signals to
      the counters of each machine so that they may be individually switched to
      the patterning memory. Simutlaneously, the control device provides means
      by which the output from the memory is switched to the electromagnet
      controlling needle operation in synchronism with the needle counter.
BSUM
PAC  RELATED APPLICATION
PAR  The present invention is related to applicant's copending application Ser.
      No. 486,322 filed on even date hereof.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a system including a method and apparatus
      for centrally controlling a group of knitting machines, and particularly
      to a method and apparatus for providing a plurality of small diameter
      circular knitting machines with a system for operating all of the machines
      mutually independently of each other.
PAR  In the known circular knitting machines it is necessary, upon changing the
      kind of knitwork, to readjust the patterning means of each machine
      separately, either mechanically, or in newer types of machines, by
      changing the electronic patterning program. Even when certain machine
      types are arranged for group operation they have a common drive and a
      governing device for a plurality of knitting units and they operate
      synchronously. This is being obtained by a common mechanical drive.
PAR  The disadvantage of this arrangement consists in that the failure in one
      knitting machine causes stoppage of all others. Even in those
      arrangements, when only the faulty machine is adapted to stop, it cannot
      readily be placed back in action after repair, so long as the other
      machines are not at the start of a new knitwork. Thereby, down time losses
      are caused and arrangement of such machines are uneconomical in their
      operation.
PAR  This disadvantage applies also for the group of electronically controlled
      knitting machines. The machines must operate substantially synchronously,
      even when a fault occurs in one machine, due to the very difficult
      synchronous operation. The influence of this fault is removed by providing
      the buffer memories for each machine, which permit operation of the
      remaining machines without undue influence. An independent operation of
      the machines, however, is not possible due to the relatively small
      capacity of the memories.
PAR  It is an object of the present invention to provide a method and apparatus
      for controlling the operation of a plurality of knitting machines to avoid
      the problems and disadvantages of the prior art.
PAR  It is a further object of the present invention to provide a method and
      apparatus for individually and independently controlling a plurality of
      knitting machines from a central control device and a common patterning
      memory.
PAR  It is an object of the present invention which is more economical, simpler,
      easier to use than heretofore known.
PAR  These and other objects will be seen in the following disclosure of the
      present invention.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention each of a plurality of electronically
      patterned knitting machines of conventional form are provided with their
      own means for determining the position of the needles in their courses.
      Such means include needle and course counters, decoders and accumulators
      capable of reading the patterning memory. A single common patterning
      memory and a single central control device is provided. Through
      appropriate signals from the control device clock signals are provided
      sequentially so that the needle and course counters of each knitting unit
      will read the pattern, and further signals provided so that the output of
      the patterning memory may be synchronously fed to the appurtenant
      electromagnet actuator for the proper needle selection of the knitting
      machine.
PAR  The system of the present invention provides for the output of the common
      patterning memory to be switched by the control device to the appurtenant
      means (an accumulator) for control of the electromagnet at such a speed
      that the output valve for such control is triggered by a signal from the
      needle counters, in synchronism with the passing needles.
DRWD
PAR  Full details of the present invention are given in the following
      specification and will be seen in the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a circuit diagram of the wiring of the control system for
      operating a group of knitting machines, according to the present
      invention,
PAR  FIG. 2 is a diagram of a needle counter with keyed outputs used in the
      system of FIG. 1,
PAR  FIG. 3, is a diagram of a course counter with keyed outputs used in the
      system of FIG. 1,
PAR  FIG. 4 is a diagram of an information accumulator for one feed of a
      circular knitting machine used in the system of FIG. 1,
PAR  FIG. 5 is a diagram of a control unit of knitting machines used in the
      system of FIG. 1,
PAR  FIG. 6 is the wave form diagram and time course of the signals in the
      control unit circuit of FIG. 5, and
PAR  FIG. 7 is the wave form diagram of the signals in the circuits for
      controlling a group of knitting machines used in the system of FIG. 1.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  A plurality of circular knitting machines 1a to 1d are illustrated in FIG.
      1 arranged for independent control by a common control system. The
      knitting units are of the type which are conventional and well known in
      structure, and for illustration may be described here as having only one
      feed. Each knitting machine comprises at least one cylinder in whose
      longitudinal groove are mounted needleselectors, jacks and the like which
      are actuated, so as to select given needles for operation, by an
      electromagnet. The electromagnet being operable in response to a signal
      given from a prerecorded patterning program. The present invention may,
      for example, be applied to a circular knitting machine of conventional
      construction having 160 needles in its cylinder and one provided with
      memory system of a structure described in Czechosloval Pat. No. 135,196 or
      in the following:
PA1  Electronics in Knitting, Charles Reichman, ed. Am. Soc. of Knitting
      Technologists and The National Knitted Outerwear Assoc. 1972,
PA2  Ser. No. 342,941, filed Mar. 20, 1973
PA2  Ser. No. 246,623, filed Apr. 24, 1972
PA2  Ser. No. 246,792, filed Apr. 24, 1972
PA2  Ser. No. 246,791, filed Apr. 24, 1972
PA2  Ser. No. 246,699, filed Apr. 24, 1972.
PAR  Each knitting machine is provided with a disc (not illustrated) mounted to
      rotate jointly in conjunction with the the rotation of the needle
      cylinder. The disc is provided with a plurality of holes uniformly spaced
      about its circumference corresponding to the number of needles mounted in
      the cylinder. In addition, a single hole is provided radially offset
      inwardly from the plural circle of holes. Mounted in conjunction with one
      side of the disc is a light source and in conjunction with the other side
      two photoelectric cells, photo-transistor or similar pick-up. The first
      photo-electric cell of each machine (indicated in FIG. 3 by the numeral
      2'a) is arranged to pick up the light pulses passing through the plurality
      of circumferential holes corresponding to the needles. The second photo
      cell of each machine (indicated in FIG. 2 by the numeral 2a) is arranged
      to sense the light pulse passing through the one additional hole, and thus
      indicates a full revolution of the disc and consequently the passage of
      the needle cylinder through a single course. This arrangement is more
      fully described in Czechoslovak Pat. No. 135,196.
PAR  As seen in FIGS. 2 and 3, the photo-cells 2a and 2'a from each machine are
      connected to a bistable trigger circuit comprising gates 3 and 4 (as for
      example, one half of the circuit type SN 7 400) and resistors 5 and 6 in
      which the signal from the photo-cell 1 is shaped to a square or
      rectangular wave pulse. The resistor 5 is connected to the positive pole
      of a suitable source of voltage. The bistable trigger circuits are
      connected to digital to binary counters respectively, one counter 8 for
      needle passage, one counter 12 for course passage by which the pulse
      signals from the photocell are counted to indicate the passage of the
      needles.
PAR  For convenience, in the following, the pulses from photo-cell 2a are called
      course pulses and the pulses from photo-cell 2'a are called the needle
      pulses. The photo-cell 2'a from each of the individual machine is
      connected by lines 7a to 7d (FIG. 1) to needle counters 8a to 8d, from
      which it is connected by lines 9a to 9d to information accumulators 10a to
      10d. The photo-cells 2a are each connected by lines 11a to 11d to course
      counters 12a to 12d and thence are interconnected by lines 13a to 13 d to
      needle counters 8a to 8d respectively.
PAR  The course counters 12a to 12d and the needle counters 8a to 8d are
      identical binary counters in integrated form. The course counters 12a to
      12d consist of two binary counting circuits 14, 15 (FIG. 2) of the SN 7493
      type, which are able to record 16 .times.  16 decimal or 4 .times.  4
      binary digits. Microswitches (not illustrated) are connected to the
      circuits 14 and 15 of each of course pulse counters 12 by lines 11'a to
      11'd (FIG. 1, represented only for the first machine). The microswitches
      are closed upon starting the knitting operation for the purpose of zeroing
      each of the course counter 12a to 12d to a given initiating or starting
      position.
PAR  The needle counters are two similar circuits 14 and 15 of the SN 7493 type,
      and may be used with needle cylinders having less than 256 needles, by
      selectively grounding certain of their outputs to the common zeroing
      input.
PAR  Each of the circuits 14 and 15 of both the course and needle counters have
      plural (eight operand) outputs which are connected respectively to one of
      the inputs of the several nand gates. Each set of gates 16 and 17 are part
      of an opened collector of the SN 7403 type. The second inputs of gates 16
      are connected by a common bus line 18a to 18d while the second inputs of
      gates 17 by a bus line 19a to 19d.  The outputs of all gates 16 are
      connected by line 20, in common to a course pulse decoder 21, as seen in
      FIG. 1 and the outputs of all gates 17 are connected to needle pulse
      decoder 23 of needle pulses, this being shown as line 22, in FIG. 1.
PAR  The decoders 21 and 23 are formed, for example, of permanent memories of
      the PROM type, which are made of semiconductors in integrated form, and of
      which the operation is specified Ser. No. 486,322. These memories can be
      programmed as disclosed in the aformentioned application to contain a
      fixed or variable patterning program for the knitwork. The decoder 21 is
      connected by line 24 to the course line of patterning memory 25 and
      decoder 23 by line 26 to the wale line of patterning memory 25. A more
      detailed specification of the patterning memory is comprised in the
      Czechoslovak Pat. No. 135,196. A detailed explanation of a type of
      arrangement of trigger circuit, counter, decoder and memory for an
      individual machine is also set forth in the copending related application
      of even date.
PAR  An output signal is fed from the patterning memory 25 through line 27 to
      each of a plurality of information accumulators 10a to 10d associated with
      each pair of counters 8 and 12 to thereby informing the separate machines
      of the pattern program read by decoders 21 and 23. An input of the
      accumulators 10a to 10d are connected by lines 28a to 28d to a common
      control unit 29. Lines 28a to 28d from the control device 29 are further
      divided into lines 28'a to 28'd leading to the common bus lines 19a to 19d
      of gates 17 of the counters 8a to 18d, and to the common bus lines 18a to
      18d of the gates 16 of 12a to 12d.
PAR  As seen in FIG. 4, the accumulators 10a to 10d each consist of two bistable
      trigger circuits 30, 31 of the "D" type, where D denotes the input, Q the
      output and T the input for a clock pulse supplied via an inverter. The
      input D of each of the second circuits 31 is connected to the output Q of
      the associated circuit 30. A clock pulse is supplied synchronously to the
      input T of each of the circuits 31, over lines 9a to 9d, via an inverter
      from each of the associated needle pulse counters 8a to 8d. The output Q
      from each of circuits 31 are connected by lines 32a to 32d to power
      amplifiers 33a to 33d, which control the operation of the conventional
      electromagnets, actuating the needle selectors.
PAR  The control unit 28 seen in FIG. 5 consists of a pulse generator 34,
      comprising a capacitor, a resistor and three gates, in which clock pulse T
      is generated (FIG. 6). Bistable trigger circuits 35, 36 are connected to
      the generator 34 being provided again with D and T inputs but with
      Q.sub.1, -Q.sub.1, Q.sub.2, -Q.sub.2 outputs, which are connected to nand
      gates 37, 38, 39, 40 each having two inputs. The gates are given a zero
      signal, when signal 1 is on both inputs thereof. Following the separate
      gates, inverters 41a to 41d are arranged to which the lines 28a to 28d are
      connected.
PAR  The device operates as follows:
PAR  All machines, i.e. their respective knitting cylinders (1a to 1d) are
      caused to rotate in the normal manner. The disc also rotates synchronously
      with the cylinder. By the passage of the openings in the disc, pulses are
      generated in the photo-electric pickups 2a and 2'a, which are shaped in
      the shaping circuits to rectangular (square) pulses. The course pulses are
      fed by lines 11a to 11d to course counters 12a to 12d, and by lines 13a to
      13d to needle counters 8a to 8d, which are always adjusted to the initial
      position upon the sensing of a course pulse. The needle pulses are
      transmitted through lines 7a to 7d into the needle counters 8a to 8d and
      thence through lines 9a to 9d into information accumulators 10a to 10d.
PAR  Simultaneously, clock pulse T is generated in the pulse generator 34 of the
      common control unit 29 which are fed to the clock input of the bistable
      trigger circuit 35. Output pulses as shown in FIG. 6 are thus generated at
      outputs Q.sub.1 and -Q.sub.1. The output pulse -Q.sub.1 is fed as an input
      clock pulse to the input T of the bistable trigger circuit 36. At the
      outputs Q.sub.2 and -Q.sub.2 pulses which are shown again in FIG. 6 are
      generated. These pulses arrive at gate 37 from outputs -Q.sub.1 and
      -Q.sub.2, and when the value of both pulses is the same (1), then the
      outputs of gate 37 generates a pulse of 0 value for such a time interval,
      equal or congruent to the value of the outputs -Q.sub.1 and -Q.sub.2.
      Thus, an output signal or pulse is generated as seen in FIG. 6 marked 42a.
      In the same manner output signals are generated on gates 38, 39, 40 marked
      42b', 42c', 42d'. The inverters 41a to 41d change the course of pulses to
      the shape as shown in FIG. 7 and being denoted 42a to 42d, and cause them
      to pass through lines 28a to 28d.
PAR  For the correct operation, or control, individually, of a group of
      machines, it is necessary that the time interval for which the unit of the
      fastest machine is rotated for one needle angle, (in FIG. 7, this is
      indicated time Ta for the cylinder unit 1a marked on the curve of the
      signal 43a passing through line 9a), should be longer than time T.sub.1,
      that is the total signal arriving at all the machines from control unit
      29. The clock signal T.sub.1 is composed of time sections T.sub.1a to
      T.sub.1d.sub.'  seen marked on the curves of signals 42a to 42d in FIG. 7.
      The time T.sub.a is determined by the number of needles of the machine
      which is to achieve highest speed of operation.
PAR  The signals 42a to 42d pass through lines 28a to 28d as individual clock
      pulses to the inputs T of the bistable trigger circuits 30 of the separate
      accumulators 10a to 10d in time sections 44a to 44d and simultaneously
      through lines 18a to 18d and 19a to 19d into counters 8a to 8d and 12a to
      12d. This causes the gate 17 of counter 8a to open an associated gate 17
      and provide, via line 22, an output signal from circuits 14 and 15 into
      decoder 23, recording the information that the needle of cylinder unit 1a
      is at the selection point. In the same manner, the appurtenant gate 16 of
      counter 12a is opened and the information about the number of knitted
      courses made by unit 1a is fed by line 20 into decoder 21. Further, the
      same procedure is performed successively at the corresponding moments
      responsive to the clock signal in counters 8b to 8 d and 12b to 12d in
      each of the other machines. Simultaneously from each of the decoders 21
      and 23 there is emitted pulses into the patterning memory 25. A signal 44
      (FIG. 7) is generated in known manner, at the output line 27 (FIG. 1)
      according to the predetermined values of the record in memory 25.
PAR  The signal 44 from the patterning memory 25 is transmitted to inputs D of
      the bistable trigger circuits 30 of each of the accumulators 10a to 10d
      (FIG. 4). At the outputs Q of each of the circuits 30 there is generated
      pulses 45a to 45d, shown in FIG. 7. The bistable trigger of the D type is
      characterized by the feature that with a change in clock pulse from level
      low to level high the level of voltage on the input D is transferred on
      the output Q. At another period the output is not affected. In FIG. 4 the
      invertors are provided on the inputs of the clock pulses of T circuit, so
      the change of the state of circuits 30 and 31 occurs if the signal is
      changed from "high level to low level" in lines 28a and 4a. The courses of
      pulses 45a . . . 45d precisely correspond to that on the Q output. Thus,
      if in the time interval 44a the signal 44 has a value 0 or when the signal
      has changed from value 1 to value 0, respectively, then the course of
      pulses 45a is changed from value 1 to value 0. This is caused by circuit
      30. This applies also for signals 42b to 42d during time intervals 44b to
      44d. The resultant signals 45a to 45d are fed to the inputs D of the
      associated circuits 31 while simultaneously the clock pulses 43a to 43d
      arrive at inputs T of the same circuits 31. This causes during the time
      intervals 46a to 46d a change of the value of output signal 47a to 47d on
      lines 32a to 32d. If however, the signal 45a had a value 0, then the
      signal 47a is changed to 0 and vice versa. This applies also to all
      remaining accumulators 10b to 10d. Signals 47a to 47d are fed to the
      separate power amplifiers 33a to 33d, and are accordingly amplified and
      transmitted into the electromagnets for performing needle selection. As
      the speed of control unit 29 is higher than the speed of the individual
      knitting machines, the input circuit of each electromagnet is always in
      the correct condition for recording the position during the time intervals
      46a to 46d.
PAR  Briefly in summary, it will be seen that each of the plurality knitting
      units is provided with means of its own (needle and course counters,
      decoders and accumulators) by which the position of each needle in any
      course can be determined for reading the pattern. However, only a single
      patterning memory and control device are necessary for synchronous, but
      independent operation. By means of the single control unit providing
      operating clock signals the individual needle and course counters may be
      switched sequentially to the control memory, while simultaneously the
      output from the central memory to the appurtenant accumulators for control
      of the electromagnets selecting the needles is switched by the same
      control unit at such speed, that the output values of the information for
      operation of the needle control power amplifiers are taken from the
      accumulators of each of the knitting machines by means of a signal from
      the needle counter synchronously with the passing needles.
PAR  In the foregoing manner it will be seen that the central control 29
      furnishes time clock pulses, and the counting, decoding etc., occurs,
      separately and independently for each machine, notwithstanding the use of
      a common patterning memory.
PAR  The advantage of the present invention consists in that the separate
      knitting machines may then operate independently of each other, i.e. their
      speed of knitting need not be the same, and that the machines having
      failures might be switched off without influencing the operation of the
      other machines; this shortens idle time and waste of material. The control
      of the whole group of machines from central patterning and control devices
      makes possible to control the manufacture in knitting mills more
      economical.
PAR  In the foregoing description reference has been made to various circuits
      and components. Circuits SN 7400, 7403, 7493 and PROM 1 and 2 are products
      of the Texas Instruments Comp., Houston, Tex., Similar circuits are also
      manufactured by Fairchild Semiconductor Comp., 464 Ellis St., Mountain
      View, Calif., 94040. In the catalogue of the Fairchild Semiconductor Co.
      of June 1972 there is a comparison between the circuits of Texas
      Instrument and Fairchild. Circuit 7400 is equivalent to Fairchild Circuit
      9N00, SN 7403 to 9N03 and 7493 to 9393. PROM is indicated in the catalogue
      by 93406 and all circuits are fully described in the said catalogues.
      Details of these circuits can be found in, and reference is made to the
      above publications which are incorporated herein, as if more fully set
      forth.
PAR  Various changes, modifications and embodiments have been suggested in the
      foregoing description, others will be obvious to those skilled in the art.
      It is intended therefore that the present disclosure be taken as
      illustrative only and not as limiting of the present invention.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. Apparatus for individually controlling a plurality of knitting machines,
      each of which has needle selectors, means for actuating said needle
      selectors and means for counting both needles and courses for determining
      the needle position of each of said machines comprising a common
      patterning memory adapted to be read by a pulse from each of said needle
      and course counters and to provide a signal for operating each of said
      needle selector actuating means, a central control device, said central
      control device having means for providing pulses for the successive
      switching of said needle and course counters in each machine to said
      common patterning memory and for simultaneously switching the output of
      the common patterning memory to the associated needle selector actuating
      means of each selector at a speed synchronous with a signal from the
      needle counter corresponding to the passage of the needles in the
      associated machine.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein each of said needle selector
      actuating means includes a power amplifier and an accumulator, said
      control device including means for switching output from the common
      patterning memory to the appurtenant accumulators at such speed, that the
      output values of the information for the power amplifiers are taken from
      the accumulators of the separate machines by imposition of a signal from
      the needle counter synchronously with the passing needles.
NUM  3.
PAR  3. The apparatus according to claim 1, wherein the control device emits a
      pulse cycle for all of the machines in the group in a shorter time
      interval than the length of the time interval of the pulse provided by the
      needle counter of the fastest machine.
NUM  4.
PAR  4. The apparatus according to claim 2, including a photo pickup sensing the
      passage of the needles and providing a pulse thereof, a decoding device
      interposed between said needle and course counters and said patterning
      memory and wherein the separate accumulators are connected to outputs from
      the control device and to a further output from the common patterning
      memory and the outputs from the pickups of needle pulses.
NUM  5.
PAR  5. The apparatus according to claim 4, wherein each accumulator consists of
      two bistable trigger circuits, and having an output and two inputs, the
      first input of the first bistable trigger circuit being connected to the
      output from the common patterning memory, the second input being connected
      to a clock pulse output from said control device, the output of the first
      bistable trigger circuit being connected to the first input of the second
      bistable trigger circuit, the second input of which is connected to a
      clock pulse from the photo pickup of needle pulses, the output of said
      second bistable trigger circuit being connected to said power amplifier.
NUM  6.
PAR  6. The apparatus according to claim 5, wherein the outputs from the control
      unit are connected to the inputs of a gate system the other inputs of
      which are connected to needle counters and to the inputs of a second gate
      system of which the other inputs are connected to course counters, the
      outputs of said gate systems being connected to a decoding device.
NUM  7.
PAR  7. A method for individually controlling a plurality of knitting machines,
      each of which has needle selectors, means for actuating said needle
      selectors and needle and course counters for determining the needle
      position of said machine, comprising furnishing a common patterning memory
      adapted to be read by pulses from each of said needle and course counters
      and to provide a signal for operating each of said needle selector
      activating means and a central control device providing pulse signals for
      the successive switching of each of said needle and course counters to
      said common memory and simultaneously switching the output of the
      patterning memory to associated needle selector actuating means at a speed
      synchronous with a pulse signal from the needle counter corresponding to
      the passage of the needles.
NUM  8.
PAR  8. The method according to claim 7 wherein each of said needle selector
      means includes a power amplifier and an accumulator and said control
      device switches the output from the central memory to the appurtenant
      accumulator at such speed, that the output values of the information for
      the power amplifiers are taken from the accumulators of the separate
      machines by imposition of a signal from the needle counters synchronously
      with the passing needles.
NUM  9.
PAR  9. The method according to claim 7 including the step of causing the
      control unit to emit a pulse cycle for all of the machines in a shorter
      time interval than the length of time interval caused to provide a needle
      pulse in the needle counter of the fastest machine.
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ABST
PAL  An electrical supervisory circuit arrangement, as for detecting faults such
      as yarn breakage in a circular knitting machine, comprises a number of
      channels each responsive to a particular type of fault signal in the
      machine. Each channel comprises a bistable transistor circuit which is
      switched in response to the particular fault condition to be detected and,
      when so switched, energises a warning light. In addition, all the bistable
      circuits are connected in common to an output transistor which is thus
      switched when any of the bistable circuits detects a fault. The output
      transistor controls two relays, one of which disconnects the
      forward-current supply to the machine and the other of which temporarily
      provides a reverse-current supply for braking the motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to electrical supervisory circuit arrangements and
      more particularly to such circuit arrangements for monitoring the
      operation of a circular knitting machine (such as for knitting stockings)
      so as to stop the machine in the event of yarn breakage or other fault.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  According to the invention, there is provided an electrical supervisory
      circuit arrangement for monitoring fault conditions in a motor driven
      machine, comprising a plurality of bistable electronic circuits each
      responsive to a respective one of the fault signals so as to be switched
      thereby from a RESET to a SET state, means associated with each memory
      circuit to provide a respective visual indication when that memory circuit
      assumes its SET state, output means connected in common to all the memory
      circuits so as to be activated when any one or more of them assumes the
      SET state, means responsive to activation of the output means to interrupt
      the forward-current supply for the motor of the machine, means operative
      for a predetermined time interval and in response to activation of the
      output means to provide a temporary reverse-current electrical supply for
      the motor to arrest it rapidly, and means for resetting the memory
      circuits.
PAR  According to the invention, there is also provided an electrical
      supervisory circuit arrangement for automatically stopping the operation
      of a motor-driven circular stocking machine in the event of a fault which
      fault generates an electrical voltage pulse as by making an electrical
      short circuit to the structure of the machine, comprising a plurality of
      electronic memory circuits each responsive to a particular one of the
      fault signals and each comprising two transistors mutually connected to
      provide a bistable circuit which is switched from a RESET to a SET state
      in response to the fault signal, each memory circuit including a control
      transistor connected to energise a light emitting diode to signal
      switching of the memory circuit into the SET state, an output transistor
      connected to all the memory circuits to be switched in response to any of
      them switching into the SET state, a first relay connected to the output
      transistor to interrupt the forward-current supply to the motor of the
      machine in response to switching of the output transistor, and a second
      relay also connected to the output transistor and arranged to be
      temporarily supplied from a capacitor in response to switching of the
      output transistor whereby to temporarily provide a reverse-current supply
      for the motor to brake the latter, and means for short-circuiting an
      energising supply to the memory circuits for resetting them after
      correcting the electrical short circuit produced by the fault.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  An electrical supervisory circuit arrangement embodying the invention, and
      for detecting faults in a circular stocking machine, will now be
      described, by way of example only, with reference to the accompanying
      schematic circuit diagram of part of the circuit arrangement.
DETD
PAC  PREFERRED EMBODIMENTS
PAR  In the circuit arrangement to be described, there are six modules or
      channels, channels A, B, C, D, E, and F. In the circuit diagram, only the
      inputs of the channels B to F are shown, while channel A is illustrated in
      more detail. The actual circuitry of channels B to F can be the same as
      channel A.
PAR  The circuit arrangement to be described is able to detect and respond to
      faults such as, for example, yarn breakage with consequent radial
      orientation of the needle latches, breakage of a needle, error in the
      stocking size programming unit, chain breakdown, failure of forced air
      supply, or reserve channel, or other faults. Each of the faults to be
      detected is arranged to generate an electrical voltage pulse. These
      electrical voltage pulses may be generated by detecting switches, such as
      microswitches or switches operating by the needle latch. Occurrence of a
      fault may be arranged to cause a switch member to make contact with the
      mass of the machine which is held at a positive potential +Vcc and in this
      way there is generated a positive electrical voltage pulse. The electrical
      voltage pulses developed in response to faults may have a very short
      duration, for example down to about 0.1 milliseconds. As will be
      described, the circuit arrangement is arranged to stop the machine
      rapidly, in particular the needle cylinder, in response to the faults.
PAR  In the circuit diagram, the switches or other means generating the
      electrical fault signals are illustrated by the references S.sub.A,
      S.sub.B. . . S.sub.F, each of the switches feeding a respective one of the
      channels A to F. The circuitry within the line L.sub.A relates to channel
      A alone, while the remainder of the circuitry illustrated is common to all
      the channels. Each of the channels includes its own circuitry
      corresponding to that shown within the block L.sub.A.
PAR  The circuitry within the block L.sub.A includes a bistable circuit
      comprising transistors Q1 and Q2. The transistors Q1 and Q2 have their
      emitter and collector paths connected between a positive volt line
      carrying a voltage of +Vcc and a grounded line. When an electrical fault
      signal occurs at the input of channel A, caused by closure of the switch
      S.sub.A, the base of transistor Q1, which is biased through a resistor R2,
      is driven positive through resistors R1 and R3, and the transistor
      conducts. Because of its load resistor R4, the potential at the collector
      of transistor Q1 falls substantially to zero and transistor Q2 is cut off
      because its base is driven towards zero via a resistor R5. A load resistor
      R7 of transistor Q2 causes the voltage at the collector of the transistor
      Q2 to rise substantially to +Vcc, and this potential is fed back through a
      resistor R6 to the base of transistor Q1 and holds that transistor
      conducting. The bistable circuit thus acts as a memory to record receipt
      of the electrical fault signal.
PAR  The bistable circuit is slightly asymmetric, that is, the value of resistor
      R6 is greater than that of resistor R5, and the value of resistor R7 is
      greater than that of resistor R4. This tends to bias the circuit into the
      RESET state in which transistor Q2 is conductive, and transistor Q1 is cut
      off, and this is the state which is initially assumed by the bistable
      circuit when the power supply is first switched on.
PAR  A capacitor C1 at the input of the bistable circuit suppresses spurious or
      parasitic signals which might falsely switch the bistable circuit, while a
      diode D1 protects against spurious pulses of negative polarity which could
      damage the base-emitter junction of the transistor Q1.
PAR  At the output of the bistable circuit, there is provided a control
      transistor Q3 whose base is driven from the collector of transistor Q2
      through a resistor R8. The collector of the transistor Q3 drives a light
      emitting diode LEDA through a resistor R17A. When transistor Q2 is cut off
      in response to receipt of a fault signal, as described, transistor Q3 is
      rendered conductive and energises the light emitting diode LEDA. This
      signals that the supervisory circuit arrangement has operated, and the
      fact that it is the diode LEDA which is illuminated identifies the fault
      as being the fault monitored by channel A.
PAR  The light emitting diodes may be of the gallium arsenide type. Such diodes
      have a number of advantages over more usual lamps, especially long life
      and insensitivity to impacts and vibrations.
PAR  It will be appreciated that the transistors Q3 of each of other channels
      drives its own respective light emitting diode LEDB . . . LEDF via a
      respective resistor R17B . . . R17F.
PAR  The circuit arrangement also includes an output transistor Q4 whose
      emitter-collector path is connected between the +Vcc line and ground
      through a relay coil RL1, and which has a bias resistor R13. The base of
      transistor Q4 is connected via a resistor R12 and a diode D2A to the
      collector of the transistor Q2 in the channel A. In parallel with this,
      the base of transistor Q4 is also connected through the resistor R12 and
      respective diodes D2B . . . D2F to the transistors Q2 (not shown) of the
      other channels. Therefore, when any of the transistors Q2 is cut off, in
      response to a fault, transistor Q4 is rendered conductive and energises
      relay coil RL1. The consequent closure of the latter's contacts energises
      a separately fed a.c. switch TL1, and the latter interrupts the
      forward-current supply to the machine motor (not shown).
PAR  In addition, the circuitry includes a resistor RL2 which is connected at
      one side to the collector of transistor Q4 and at the other side to a
      capacitor C3 which is charged from a +Vcc line and is in circuit with a
      resistor R16. Therefore, when transistor Q4 conducts, relay coil RL2 is
      momentarily energised from the capacitor C3. The relay contacts (not shown
      in detail) of relay coil RL2 are arranged to reverse the phase connections
      of the machine motor and supply it with a reverse current supply to
      quickly arrest the motor. A resistor R11 and a potentiometer R10 shunt the
      relay coil RL2 and enable the on-time of the relay to be adjusted to the
      order of some tenths of a second.
PAR  A power supply for the circuit arrangement is generated by a rectifier
      circuit. Terminals P and M are energized from a mains supply through a
      transformer. A diode D3 which is connected to the terminal P through a
      limiting resistor R15, peak-charges an electrolytic capacitor C2 to
      produce the voltage +Vcc. The positive terminal of the capacitor C2 is
      connected (by a suitable connection not shown) to the metallic machine
      structure while its negative terminal provides electrical ground for the
      circuit arrangement.
PAR  For resetting the memory circuits into their quiescent or RESET states
      after the machine has been stopped and the appropriate fault switch
      S.sub.A , S.sub.B. . . S.sub.F has been opened after correction of the
      fault, a push-button P1 is provided. When the push-button is pressed,
      termainal M is disconnected from capacitor C2, and the latter is
      short-circuited through a resistor R14 in such a manner as to reduce the
      +Vcc line to zero volts. When the push-button P1 is released, the supply
      voltage is restored, and the memory circuits in the channels A to F
      re-assume their RESET states.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An electrical supervisory circuit arrangement for monitoring fault
      signals produced by fault conditions in a motor-driven machine, comprising
      a plurality of bistable electronic memory circuits each responsive to a
      respective one of the fault signals so as to be switched thereby from a
      RESET to a SET state, means in each memory circuit for rendering it
      asymmetric whereby it tends to assume said RESET state in the absence of a
      fault signal,
PA1  means connected to each memory circuit to provide a respective visual
      indication when that memory circuit assumes its SET state,
PA1  output means connected in common to all the memory circuits so as to be
      activated when any one of them assumes the SET state,
PA1  first control means connected to the output means and to the power supply
      for the motor of the machine and responsive to activation of the output
      means to interrupt the forward-current supply for the motor of the
      machine,
PA1  second control means connected to the output means and to the power supply
      for the machine and operative for a predetermined time interval in
      response to activation of the output means to connect a temporary
      reverse-current electrical supply for the motor to arrest it rapidly, and
PA1  means connected to the memory circuits for resetting them.
NUM  2.
PAR  2. A circuit arrangement according to claim 1, in which the means for
      resetting the memory circuits comprises means for temporarily
      de-energising them.
NUM  3.
PAR  3. A circuit arrangement according to claim 1, in which said second control
      means includes
PA1  a relay having an operating coil,
PA1  a capacitor arranged to be connected to said coil in response to activation
      of the said output means, and
PA1  a circuit connected to the capacitor to pre-charge the capacitor.
NUM  4.
PAR  4. In a motor-driven circular knitting machine connected to a power supply
      and arranged to generate an electrical voltage pulse fault signal in the
      event of occurrence of a fault in the machine, an electrical supervisory
      circuit arrangement comprising
PA1  a plurality of electronic memory circuits each connected to respond to a
      particular one of the fault signals and each comprising two transistors
      mutually connected to provide a bistable circuit which is switched from a
      RESET to a SET state in response to the fault signal, a plurality of
      control transistors each connected to a respective one of the bistable
      circuits to be switched thereby in response to switching of the memory
      circuit into the SET state, and a plurality of light emitting diodes each
      connected to a respective one of the control transistors to be energised
      thereby when the latter is switched as aforesaid,
PA1  an output transistor connected to all the memory circuits to be switched in
      response to any of them switching into the SET state,
PA1  a first relay connected to the output transistor and to the machine power
      supply to interrupt forward-current supply to the motor in response to
      said switching of the output transistor,
PA1  a second relay connected to the machine power supply to reverse the supply
      when energised,
PA1  a capacitor having a pre-charging circuit,
PA1  means connecting the second relay and the capacitor in circuit with each
      other to the output transistor whereby the second relay is temporarily
      energised by the capacitor in response to switching of the output
      transistor to temporarily provide a reverse-current supply for braking the
      motor, and
PA1  means for de-energising the memory circuits to reset them.
NUM  5.
PAR  5. In a circular knitting machine according to claim 4, a circuit
      arrangement including an adjustable resistance circuit connected to said
      second relay for adjusting its operating time.
NUM  6.
PAR  6. In a circular knitting machine according to claim 4, a circuit
      arrangement in which each light emitting diode is a gallium arsenide
      diode.
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ABST
PAL  A yarn extraction and washing apparatus in which a particular arrangement
      of the yarn passage through the apparatus and fluid conduits connected to
      the yarn passage for washing and stripping liquid from the yarn and its
      method of use permits the stripped yarn to travel at a very low tension
      level.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved wet spinning process for fibers and
      more particularly to the extraction of liquid from the fibers.
PAR  In the manufacture of certain solution spun synthetic polymeric yarn, an
      important process step concerns extraction of the liquor material from the
      yarn. This is usually accomplished by either passage of the yarn bundle
      over rotary rolls and under water sprays or through a plurality of
      immersion tanks filled with water or neutralizing agents. By the latter
      method, it is not uncommon to utilize at least four to six tanks for
      maximum liquor extraction. Although the technique is highly effective, it
      is inherently speed limited. The yarn material must be processed through
      the immersion tanks at relatively slow speeds due to excessive frictional
      drag that tends to build up between the liquid and the bundle fibers. In
      addition, relatively long immersion residence time is required in order
      for the water or neutralizer to thoroughly wash the yarn bundle. Thus,
      washing low denier yarn at speeds above 500 yards per minute tends to
      become impractical. Finally, at the higher speeds percent liquor carry
      over increases steeply further reducing washing efficiency. Numerous
      attempts have been made to improve textile yarn washing efficiency and
      treatment speed but these have been limited to relatively slow process
      speeds since high relative velocities tend to produce frictional drag
      which eventually damages the product.
PAR  Accordingly, it is an object of this invention to provide a compact, highly
      efficient yarn wash device capable of treatment of solvent-laden yarn at
      high throughput rates.
PAR  Another object of the present invention is to provide a multistage solvent
      extraction which subjects the yarn material to substantially no tension
      buildup.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides for high speed, high efficiency wash
      treatment of solvent-laden yarn moving through a process such as described
      by Blades in U.S. Pat. No. 3,767,756 and involves a yarn washing and
      extraction apparatus that has a body with a straight passage therethrough
      and throuugh which yarn passes for treatment. The passage includes a pair
      of extraction chambers connected by passage lengths of different
      cross-sectional areas. Conduits are angularly disposed into the passage
      for stripping liquid from the yarn before washing and final stripping by
      similarly disposed conduits.
PAR  More particularly, the extraction and washing apparatus includes a body
      having a passage extending along a straight axis therethrough and through
      which yarn travels for treatment, said passage including successively a
      first extraction chamber having means for draining the chamber, a first
      cylindrical length, a second cylindrical length having a greater
      cross-sectional area than said first length, a second extraction chamber
      having means for draining the chamber, said chamber being followed by a
      third cylindrical length equal in cross-sectional area to said first
      length; a first pair of conduits angularly disposed into the passage at
      the junction of the first extraction chamber and said first length to
      provide flow paths into the chamber counter-current with the yarn travel;
      a second pair of conduits angularly disposed into the passage at the
      junction between said first and second lengths to provide flow paths into
      the passage co-current with yarn travel; liquid supply means connected to
      said second pair of conduits; a third pair of conduits angularly disposed
      into the passage at the junction of the second extraction chamber and said
      third length to provide flow paths into the chamber counter-current with
      yarn travel; and gas supply means connected to the first and third pairs
      of conduits.
PAR  The invention also includes an improved method of washing and extracting
      liquid from a solution spun yarn between the quenching step and packaging
      step comprising: passing the yarn through an enclosed passage immediately
      following quenching step; while successively impinging opposed streams of
      gas against the yarn counter-current to its travel to remove quench liquid
      from the yarn; draining the removed quench liquid from the passage, said
      yarn carrying gas along said passage; impinging opposed streams of liquid
      against the yarn co-current to its travel, to turbulently mix said gas and
      said liquid to diffuse liquid into said yarn and reduce frictional drag on
      the yarn impinging opposed streams of gas against the yarn counter-current
      to its travel to remove diffused liquid from the yarn; and draining the
      removed diffused liquid from the passage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic elevation of the invention used with a wet spinning
      process.
PAR  FIG. 2 is a schematic illustration of the wash extraction apparatus of FIG.
      1.
PAR  FIG. 3 is a schematic illustration of a pair of conduits angularly disposed
      into the yarn passage for extraction.
PAR  FIG. 4 is a schematic illustration of a pair of conduits angularly disposed
      into the yarn passage for stripping.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The wet spinning apparatus chosen for purposes of illustration is that used
      in the spinning process of Blades U.S. Pat. No. 3,767,756 and includes as
      general components thereof a transfer line 10 through which is pumped
      spinning dope to a spinning block 12 located above the vessel 14
      containing a liquid coagulating bath 16 supplied from pipe 17. A spin tube
      20 is immersed in the bath 16, extends through vessel 14 and connects to
      the extraction and washing apparatus generally designated as 30. Extruded
      filaments 13 are forwarded through coagulating liquid 16 that is flowing
      from vessel 14 through tube 20 into extraction washing apparatus 30 from
      which it is removed via drain pipe 31 with the assistance of air supplied
      through pipe 32. Water for washing the filaments is supplied through pipe
      35 and removed via drain pipe 33 with the assistance of air supplied
      through pipe 34. The filaments are withdrawn from extraction wash
      apparatus 30 by driven roll 36 and its associated separator roll 38 and
      conducted under guide 37 for winding on rotating bobbin 39.
PAR  As shown in FIG. 2, the extraction-wash apparatus is composed of a body 30
      and a detachable cover 42 which is secured to the body by a conventional
      fastener (not shown). The body has a passage extending along a straight
      axis through which the filaments 13 travel for treatment. The passage
      includes a first extraction chamber 41 with outlets 43 connected to pipe
      31 for draining the chamber and continues with a first passage length 44
      joined to a second passage length 46 somewhat larger in cross section than
      passage length 44. A second extraction chamber 48 with outlets 47
      connected to pipe 33 for draining the chamber is connected between second
      passage length 46 and a third passage length 49. A first pair of conduits
      50 are angularly disposed into the passage at the junction of extraction
      chamber 41 and cylindrical length 44 to provide flow paths into chamber 41
      for air supplied from pipe 32 counter-current to the filament travel. A
      second pair of conduits 52 are angularly disposed into the passage at the
      junction between the first length 44 and the second length 46 of the
      passage to provide flow paths into the length 46 for water supplied from
      pipe 35 co-current with the filament travel. Finally, a third pair of
      conduits 54 are angularly disposed into the passage at the junction of the
      second extraction chamber 48 and the length 49 to provide flow paths into
      chamber 48 for air supplied from pipe 34 counter-current to filament
      travel.
PAR  Referring now to FIGS. 3 and 4, orifices 52 intercept the passage at an
      angle A of about 15.degree. while orifices 50 intercept the passage at an
      angle B of about 45.degree..
PAR  A useful embodiment employs rectangular slots 0.030 inch (0.764 mm.) wide
      and 0.281 inch (0.716 mm.) deep for conduits 50, 52 and 54, a 4-inch (10.0
      cm.) long cylindrical section of 0.281 inch (0.716 mm.) I.D. for length 44
      and a cylindrical section of 0.34 inch (0.890 mm.) I.D. for length 46.
PAR  In operation, high velocity streams of air from orifices 50 impinge against
      the moving filaments 13 and generate a highly turbulent action in
      extraction chamber 41 which removes solvent rapidly from the filaments to
      a receiver (not shown) via drains 43 and drain line 31. The filaments pass
      through a liquid free length of passage 44 carrying air along with them
      before engagement with water streams from orifices 52. The velocity of the
      dual water streams is adjusted to coincide closely with yarn speed. Below
      the orifices 52 the yarn passage is slightly enlarged, i.e., length 46 has
      a somewhat greater cross-sectional area than length 44 and provides a
      highly turbulent mixing action of air and water which reduces drag on the
      filament and assures maximum diffusion of the water into the filament
      bundle. At the end of length 46, the passage enlarges and blends into
      extraction chamber 48 where high velocity streams of air from orifices 54
      impinge against the moving filament bundle in chamber 48 and generate a
      highly turbulent mixture of water solvent and air which is rapidly removed
      to a holding task (not shown) via drains 47 and pipe 33 leaving the
      filament bundle then to pass through liquid free passage length 49 and on
      to further processing or to a package windup. The function of the
      extraction chambers in combination with their respective jet orifices is
      critical to the operation of the system because by removing essentially
      all the liquid from the passage at these locations permits the filaments
      to pass through lengths 44, 49 with virtually no frictional drag and
      consequently no tension build up is encountered when passing through the
      successive stages. This tends to open the filament bundle and reduce
      resistance for removal of interstitial solvent. The filaments emerging
      from the extraction-wash apparatus are virtually free from excess liquid
      which obviates the need for cumbersome friction producing sealing devices.
PAR  The apparatus is not limited to a single set of impingement orifices but
      may also include a plurality of dual impingement orifices 52 arranged in
      series along the length 46. Each set of orifices would require an
      extraction chamber which would be interposed between successive sets of
      orifices along with a liquid free length of passage such as 49.
PAR  Although this invention has been disclosed in terms of using water as the
      washing liquid, it will be appreciated that other liquids can be used. For
      example, when the filaments contain sulfuric acid, a dilute (ca 1% aqueous
      solution of NaOH may be used to neutralize the acid and also remove
      Na.sub.2 SO.sub.4 formed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A yarn extraction and washing apparatus comprising: a body having a
      passage extending along a straight axis therethrough and through which
      yarn travels for treatment, said passage including successively a first
      extraction chamber having means for draining the chamber, a first passage
      length, a second passage length having a greater cross-sectional area than
      said first length, a second extraction chamber having means for draining
      the chamber, said second extraction chamber being followed by a third
      passage length being equal in cross-sectional area to said first length; a
      first pair of conduits angularly disposed into the passage at the junction
      of the first extraction chamber and said first length to provide flow
      paths into the chamber counter-current with the yarn travel; a second pair
      of conduits angularly disposed into the passage at the junction between
      said first and second lengths to provide flow paths into the passage
      co-current with yarn travel; liquid supply means connected to said second
      pair of conduits; a third pair of conduits angularly disposed into the
      passage at the junction of the second extraction chamber and said third
      length to provide flow paths into the chamber counter-current with yarn
      travel; and gas supply means connected to the first and third pairs of
      conduits.
NUM  2.
PAR  2. The apparatus defined in claim 1, said passage lengths being cylindrical
      and said conduits being rectangular in cross section.
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ABST
PAL  A door lock including a first base element adapted to be mounted to a door
      frame and a second base element adapted to be mounted to a door. A first
      arm is pivotally mounted to the first base element and the second arm is
      pivotally mounted to the second base element. The arms are constructed so
      as to receive a fastener so that when the fastener is positioned in
      locking engagement therewith with the first base element mounted on a door
      frame and the second base element mounted on a door, the door will be
      locked to the frame with limited pivotal movement of the arms being
      permitted as well as the door with respect to the frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are many different types of door locks being employed to prevent and
      deter breaking and entering into an enclosure such as a residence. Certain
      locks employed are sometimes used as security locks for a door and permit
      limited opening of the door for observation purposes. Such locks would
      generally employ chains with some play to permit limited opening of the
      door. The chain is mounted at one end to the door frame and at the other
      end to the door. Unfastening of the chain is accomplished by means of a
      mechanical structure such as a sliding bolt and keyway arrangement. It has
      been found on occasion that this type of locking device can be relatively
      easily opened by extending a tool or hand through the limited opening in
      the door and unfastening the lock from the exterior of the door or by
      cutting the chain.
PAR  It would therefore be of value to have a lock of the type which can be used
      as a secondary lock to permit limited opening of the door for observation
      purposes while employing a locking arrangement which makes unfastening or
      breaking of the lock extremely difficult.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, with the above background in mind, it is among the primary objectives
      of the present invention to provide a door lock which is adapted to be
      mounted on the inside of the door in a manner which permits limited
      opening of the door and which utilizes a positive locking element to deter
      against breaking of the lock.
PAR  Additionally, the lock includes high strength members which are difficult
      to break or sever and, furthermore, guard means is provided to deter
      anyone from easily unfastening the lock from the door frame. It is the
      object of the present invention to prevent or deter an intruder from
      breaking the integrity of the lock and entering while retaining the
      ability to opening the door a limited amount.
PAR  In summary, the door lock includes a first base element with means thereon
      for mounting the first element to a door frame and a second base element
      with means thereon for mounting the second element to a door. A first arm
      is pivotally mounted to the first base element and a second arm is
      pivotally mounted to the second base element. Fastener receiving means is
      on each arm and is adapted for reception of a fastener element in locking
      engagement therewith to lock the arms together when the first base element
      is mounted to a door frame and the second base element is mounted on the
      door and the arms are pivotted until the fastener receiving means on the
      arms are aligned. In this fashion, the door is locked to the frame with
      limited pivotal movement of the arms and door being permitted with respect
      to the frame.
PAR  With the above objectives in mind, reference is had to the attached
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side elevation view of the door lock mounted to a door and door
      frame and fastened together in locked condition;
PAR  FIG. 2 is a fragmentary sectional view thereof taken along the plane of
      line 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary sectional elevation view thereof taken along the
      plane of line 3--3 of FIG. 1;
PAR  FIG. 4 is a top sectional view thereof taken along the plane of line 4--4
      of FIG. 1; and
PAR  FIG. 5 is a top sectional view thereof with arrows showing the sequence of
      opening the door to the limited amount, removing the fastener, and
      disconnecting the lock to permit complete opening of the door.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Door lock 20 includes a first base plate 22 to be mounted to a door frame
      24 and a second base plate 26 to be mounted to a door 28. A first pivot
      arm 30 extends from base plate 22 and a second pivot arm 32 extends from
      base plate 26. A lock of a conventional type such as a padlock 34 can be
      used to lock arms 30 and 32 together to achieve the desired locking
      action.
PAR  Base plate 22 is rectangular and L-shaped in configuration with the longer
      leg 36 having apertures therein to receive screws for mounting the plate
      to the inside of door frame 24. The shorter leg then extends laterally and
      horizontally inwardly from door frame 24 and contains a pivot orifice 38
      adjacent its free end.
PAR  A guard or cover plate 40 is provided with a slot 42 intermediate its ends.
      The slot 42 is large enough to receive shorter leg 44 of element 22
      therethrough. In this manner, the plate can be brought adjacent to longer
      leg 36 so as to cover the apertures through which fasteners are employed
      to mount the plate to frame 24. Guard plate 40 is somewhat U-shaped in
      configuration so as to engage with the wall of door frame 24 with the free
      ends of the U-shaped plate and the plate covers the apertures and
      fasteners in longer leg 36. Fasteners such as screws 46 can be employed to
      pass through the apertures in base plate 22 to lock the fastener plate to
      the door frame 24 and similarly, screws 48 can be passed through
      appropriate apertures in guard plate 40 so as to mount the guard plate in
      position covering the base plate. The provision of the guard plate on top
      of the base plate fastened to the door frame makes it extremely difficult
      for an intruder to remove the lock from the door frame. It would be a very
      time-consuming procedure and would deter an intruder from breaking into a
      residence.
PAR  The second base plate 26 is composed of two legs with the first longer leg
      50 being substantially rectangular in configuration and the second shorter
      leg 52 extending laterally therefrom so that when the longer leg 50 is
      mounted to door 28 the shorter leg 52 will extend substantially
      horizontally into the room or enclosure being protected. The longer leg 50
      contains appropriate apertures for receipt of fastener element such as
      screws 54 to mount the base element 26 in fixed position on the inside of
      door 28. Adjacent to the free end of shorter leg 52 is an aperture 56.
      Base element 26 as well as base element 22 is constructed of a high
      strength rigid material such as steel.
PAR  The arms 30 and 32 are pivotally mounted to the base elements with arm 30
      having an appropriate aperture to be placed in alignment with aperture 38
      of base element 22 so as to receive a pivot pin or rivet 58 therethrough
      to pivotally mount the arm 32 to base element 22 at the point where the
      aperture in the arm 30 is aligned with aperture 38 in base element 22.
PAR  With arm 30 being pinned at one end by rivet 58 it retains only freedom of
      angular movement. Arm 32 is fastened in a similar manner to shorter leg 52
      of base plate 26. An appropriate aperture is adjacent one end of arm 32
      for alignment with aperture 56 in shorter leg 52 so that a pivot pin or
      rivet 60 can be passed through the aligned apertures and fastened the arm
      to the base element 26. Similar to the freedom of arm 30, arm 32 can
      angularly pivot with respect to the base element while other movement of
      the arm is restricted.
PAR  Arms 30 and 32 are of sufficient length so that they will overlap at their
      free ends. Arm 32 has an opening 62 adjacent its free end and arm 30 has a
      similar opening 64 adjacent its free end. Therefore, when arms 30 and 32
      are overlapped, apertures 62 and 64 can be aligned to permit passage of a
      fastener therethrough to lock the arms together. As shown, the locking arm
      of padlock 34 is passed through openings 62 and 64 in FIGS. 1-4 to show
      the lock 20 in locked condition. In the locked condition, arms 30 and 32
      retain pivotal movements to a limit degree about their respective pivot
      pins 58 and 60 so as to permit a limited opening of the door. The amount
      which the door may be opened is dependent upon a number of parameters such
      as the length of arms 30 and 32. Arms 30 and 32 are constructed of a high
      strength material such as steel and are of sufficient cross-section to
      prevent ease of rupture of the arms and consequent entry by an intruder.
      It should be kept in mind that while steel is described as an acceptable
      material for the components of lock 20, it can be readily envisioned that
      a number of other conventional well known high strength materials can be
      used as a substitute for steel.
PAR  In operation, installation of the lock is accomplished by mounting base
      plate 22 to the door frame 24 and thereafter mounting the second base
      plate 26 to the inside of door 28. The mounting operations include
      fastening longer leg 36 to the frame by means of screws 46 and then
      positioning guard plate 40 over the longer leg and fastening the guard
      plate in position by means of screws 48. Similarly, the longer leg 50 of
      base plate 26 is positioned on the rear surface of door 28 in proper
      alignment with base plate 22 and is fastened in position by means of
      screws 54. Thereafter, arms 30 and 32 are pivoted into overlapping
      position with apertures 62 and 64 in alignment. Padlock 34 is then passed
      through the apertures and locked thereby preventing access to the interior
      of the room.
PAR  The steps required for opening of the lock and the door is depicted in FIG.
      5. Initially, door 28 is open the permitted amount to permit the proper
      party to reach within and unlock padlock 34. Arms 30 and 32 are then free
      to be pivoted away from each other permitting full opening of the door.
PAR  Thus the several aforenoted objects and advantages are moste effectively
      attained. Although several somewhat preferred embodiments have been
      disclosed and described in detail herein, it should be understood that
      this invention is in no sense limited thereby and its scope is to be
      determined by that of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A door lock comprising:
PA1  a first base element of high strength, rigid, unitary material and being of
      thick cross section;
PA1  the first base element being L-shaped in configuration with one leg being
      adapted for fastening the element to the inside of a door frame and the
      other leg of the first base element extending substantially perpendicular
      therefrom and having a pivot orifice therethrough;
PA1  a second base element of high strength, rigid, unitary material and being
      of thick cross section;
PA1  the second base element being L-shaped in configuration with one leg
      adapted to be fastened to the inside surface of a door adjacent the door
      frame;
PA1  the other leg of the second base element extending substantially
      perpendicular to the first leg thereof and having a pivot orifice
      therethrough;
PA1  a first arm of high strength, rigid, unitary material and being of thick
      cross section and having a pivot orifice adjacent one end thereof adapted
      to be aligned with the pivot orifice in the other leg of the first base
      element so as to receive a pivot pin inserted through the aligned openings
      whereby the first arm is free to pivot with respect to the rigidly mounted
      first base element;
PA1  a second arm of high strength, rigid, unitary material and being of thick
      cross section and having a pivot orifice adjacent one end thereof adapted
      to be aligned with the pivot orifice in the other leg of the second base
      element so as to receive a pivot pin through the aligned orifices thereby
      pivotally attaching the second arm to the second base element;
PA1  fastener receiving surfaces in the end of each arm distal from the pivot
      orifice therein and the arms being of predetermined rigid length and being
      of sufficient thickness to resist breaking and the fastener receiving
      surfaces adapted to be aligned with one another for receipt of a fastener
      element and locking thereof; and
PA1  a fastener element adapted to be removably fastened to the fastener
      receiving surfaces on the arms so as to rigidly interconnect the arms and
      lock the door to the door frame while permitting limited movement of the
      door with respect to the door frame upon pivotal movement of the
      interconnected arms so that the door can be partially opened and a person
      from outside of the enclosure can reach the fastener and unlock the
      fastener and permit the arms to be displaced from one another and the door
      to be opened and the high strength, rigid, unitary material of thick cross
      section of the arms and base elements substantially hindering a person
      from breaking or cutting the lock.
NUM  2.
PAR  2. The invention in accordance with claim 1 wherein the fastener receiving
      means are a fastener orifice in the end of each arm distal from the end
      containing the pivot orifice and the fastener element being a padlock
      adapted to be passed through the orifices of the two adjacent arms when
      the fastener orifices therein are aligned.
NUM  3.
PAR  3. The invention in accordance with claim 1 wherein the first base element
      includes guard means mounted thereon to facilitate prevention of access to
      the means mounting the first element to the door frame, the guard means
      including a U-shaped plate having a slot therein to receive the other leg
      of the L-shaped first base element therethrough and to be brought into
      position covering the leg of the base element containing the means for
      interconnecting the leg of the base element with the door frame, and means
      on the guard plate for removably mounting the plate in guard position
      after the first base element has been mounted to the door frame thereby
      preventing ready access to the means holding the first base element to the
      door frame.
NUM  4.
PAR  4. The invention in accordance with claim 1 wherein the door lock is of
      steel material.
NUM  5.
PAR  5. The invention in accordance with claim 1 wherein the arms are
      rectangular in cross section with the longer dimensioned side being
      substantially horizontal when the lock is mounted to the door and door
      frame thereby increasing the difficulty to sever the arms.
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ABST
PAL  A bar lock assembly secured to opposing door members for constraining the
      door members each to the other. The bar lock assemblies include a pair of
      strike plates utilizing the tooth in groove mating concept which have lug
      members interfacing with each other. A locking mechanism is inserted
      through bores formed in each of the lug members to secure the strike
      plates to each other. In one bar lock assembly modification each strike
      plate includes a tooth member insertable into one of a set of rectangular
      channels formed in a portion of the periphery of an opposing strike plate
      lug member. The channels are formed within three surfaces of each lug
      member to permit the strike plates to be mated in a substantially
      co-planar manner or perpendicular to each other.
PARN
PAC  CROSS-REFERENCES TO RELATED PATENT APPLICATIONS
PAR  This patent application is a continuation-in-part of my co-pending
      application Ser. No. 277,565, filed Aug. 3, 1972, now U.S. Pat. No.
      3,827,266.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to the field of locking systems. In particular,
      this invention relates to the field bar lock assemblies utilizing tooth in
      groove between mating strike plate and lug members.
PAR  2. Prior Art
PAR  In my copending patent application above referenced, there is disclosed bar
      lock assemblies utilizing tooth in groove interface between mating strike
      plates and lug members. Bar lock assemblies of this nature have been found
      to provide increased structural integrity against external attack and thus
      shown significant advantages over prior art bar lock assemblies. However,
      I have now developed additional improvements in the basic tooth in groove
      bar lock assembly concept to further diminish the possibility of
      successful external attack. For particular applications, the contour of
      the strike plates provides for flush contact between the bar lock assembly
      and the door members to which it is secured. This removes an area within
      which a prying tool may be inserted between the door members and the lock
      assembly thus resulting in a reduced possibility of successful external
      attack. In other positions, the tooth member interface area with the
      groove sidewalls has been increased.
PAR  For other applications, it is desirable to specially reduce the cost of
      fabrication while maintaining as far as possible the structural integrity
      and security.
PAC  SUMMARY OF THE INVENTION
PAR  A locking bar assembly comprising a pair of strike plates having respective
      lug members formed on each of the strike plates. A bar lock mechanism is
      insertable through bores formed within each of the lug members when the
      bores are aligned in a predetermined direction. Each of the lug members
      has an upper and lower surface passing in a plane substantially normal to
      an axis direction of the bores. Additionally, each lug member includes an
      outer side surface having at least one larger dimension section and at
      least one smaller dimension section. At least one first mating element is
      formed by at least one of the strike plates and at least one second mating
      element is formed on and is shorter than the outer side surface of each
      lug member. The first mating element of one of the strike plates and the
      second mating element of the lug member of the other strike plate are
      received in the other when the bores are aligned in the predetermined
      direction. The first and second mating elements are formed to define at
      least one angular substantially fixed position between the strike plates.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one bar lock assembly modification secured
      to a pair of door members;
PAR  FIG. 2 is an elevation view of the bar lock assembly shown in FIG. 1;
PAR  FIG. 3 is a sectional view of the bar lock assembly, partially cut-away,
      taken along the section line 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view of the bar lock assembly, partially cut-away and
      taken along the section line 4--4 of FIG. 3;
PAR  FIG. 5 is a perspective exploded view in partial cut-away of the bar lock
      mechanism insertable in one of the lug members of the strike plates of the
      bar lock assembly;
PAR  FIG. 6 is a perspective view of the bar lock mechanism taken along a
      different view line than that shown in FIG. 5;
PAR  FIG. 7 is a plane view of the bar lock assembly mounted to respective door
      members in an inside mount position; FIG. 8 is a plane view of the bar
      lock assembly mounted to respective door members in an outside mount
      position;
PAR  FIG. 9 is a perspective view of an embodiment of the bar lock assembly
      secured to a pair of door members;
PAR  FIG. 10 is an elevation view of the bar lock assembly shown in FIG. 9;
PAR  FIG. 11 is a sectional view of the bar lock assembly embodiment, partially
      cut-away and taken along the section line 11--11 of FIG. 10;
PAR  FIG. 12 is a sectional view of the bar lock assembly embodiment partially
      cut-away and taken along the section line 12--12; and,
PAR  FIG. 13 is a perspective exploded view partially cut-away of the bar lock
      mechanism insertable in one of the lug members of the strike plates of the
      bar lock assembly embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1-8, there is shown improved bar lock assebmly or
      locking system 10 for constraining opposing movable section elements or
      door members 12, 14. The bar lock modifications as herein detailed include
      improvements to the basic tongue in groove concept for bar lock assemblies
      developed in my copending patent application Ser. No. 277,565, filed Aug.
      3, 1972. Each of strike plates 16, 18 of assembly 10 are securely mounted
      to respective section elements 12, 14 in a manner such that upon interface
      of opposing strike plates 16, 18 in angularly predetermined fixed
      positions, bar lock mechanism 20 may be inserted through lug or lug
      members 28, 30 of each strike plate 16, 18. In this manner, door members
      12, 14 are constrained each to the other along door member interface 24.
      Bar lock mechanism 20 is similar to the lock mechanism shown and described
      in my copending patent application Ser. No. 403,460, filed Oct. 4, 1973.
PAR  Bar lock assembly 10 may be mounted to door members 12, 14 in three
      separate and distinct configurations. Lock assembly 10 may be mounted in a
      door member coplanar contour as shown in FIG. 1 where elements 12 and 14
      form a substantially coplanar arrangement. Additionally, system 10 may be
      secured in an inside mount, or outside mount as shown in FIGS. 7 and 8
      respectively where door members 12 and 14 describe planes which are
      substantially perpendicular to each other. The fixed interface or mating
      positions of strike plates 16, 18 is dictated by the fact that interface
      is predicated by the insertion of first mating elements 38 or 40 on one
      strike plate 16 or 18. The rectangularly contoured channels 65, 66 and 68
      are formed in three surfaces of lug members 28, 30 as is shown in FIG. 3.
      When elements 38, 40 are inserted in channel 65, a flush or coplanar mount
      is provided as shown in FIG. 1. When first mating elements 38, 40 are
      insertable in upper rectangular channel 65, an inside mount is formed as
      is shown in FIG. 7 and when they are inserted in lower channel 68, an
      outside mount is formed as is shown in FIG. 8.
PAR  Each of strike plates 16, 18 forms a substantially triangular contour in a
      plane normal to directional arrow 22. A substantially linear base surface
      of plates 16, 18 lies flush with members 12, 14 as is shown in FIGS. 1 and
      3.
PAR  Thus, as a result of the construction of assembly 10, there is provided a
      substantially mating, flush contact between strike plates 16 and 18 and
      movable door members 12, 14 throughout interface plane 31 and 33 shown in
      FIG. 3. This substantially continuous contacting surface interface reduces
      the possibility of insertion of a chisel or other torqueing device behind
      assembly 10 to pry strike plates 16 and 18 from door elements 12 and 14
      when they are mounted each to the other. Additionally, assembly 10
      provides for low clearance dimensions along the interface between opposing
      mating elements of strike plates 16, 18 when they are positionally located
      in secured engagement. This prevents insertion of prying tools between
      strike plates 16 and 18 and reduces the possibility of strike plates 16
      and 18 being pried one from the other. Further, it will be shown that
      where a torqueing tool is inserted at interface 26 between lug members 28
      and 30, the force applied is transferred not only to bar lock mechanism 20
      but is further resisted by strike plates 16, 18 in themselves, which has
      the resulting effect of increasing the load factor which system 10 can
      accommodate when being externally attacked. Additionally, when mounted as
      shown in FIGS. 7 and 8, an interlock condition is promoted at section 23
      where opposing strike plates 16 and 18 interleave with themselves to
      prevent insertion of a prying tool.
PAR  In general, improved locking system 10 includes strike plates 16, 18 having
      lugs 28, 30 formed thereon. Each of strike plates 16, 18 is secured to a
      respective door member 12, 14 in a manner such that lugs 28, 30 may be
      aligned in substantially a direction defined by directional arrow 22 as
      well as being mounted each to the other in predetermined angularly fixed
      positions as is illustrated in FIGS. 1, 7, and 8. Bar lock mechanism 20 is
      insertable through aligned lug members 28, 30 in order to maintain
      constrainment between section elements 12 and 14.
PAR  Strike plates 16, 18 are substantially formed in an "L" shaped
      configuration having respective lug members 28, 30 formed thereon. Lug
      members 28, 30 form the base portion of the "L" shape configuration and
      are mated to each other in an inverted manner. Each of strike plates 16,
      18 are mounted to respective movable section elements 12, 14 through a
      plurality of bolts, screws, or some like securement means being passed
      through openings 32. In this manner, strike plates, 16, 18 are securely
      mounted to respective elements 12 and 14. Plates 16, 18 are interfaced
      each with respect to the other or mated such that lugs 28 and 30 are
      aligned in a predetermined direction substantially defined by the
      orientation of directional arrow 22. Additionally, plates 16, 18 are
      interfaced each with respect to the other in one of the angular positional
      relations defined in FIGS. 1, 7 or 8. Each of lugs 28, 30 describes a base
      element of plates 16, 18 and are formed in one piece constructions with
      vertically directed frame sections 35a, 35b of the respective strike
      plates 16 or 18.
PAR  Each of strike plates 16, 18 are releasably secured to each other through a
      combination of the insertion of mechanism 20 and interaction of first
      mating elements 38, 40 formed on strike plates 16, 18 with second mating
      elements 42, 44 formed within lug members 28 and 30. As can be clearly
      seen in the figures, this combined element interaction serves to transfer
      load stresses incurred at interface 26, or other strike plate interface
      areas to the structural components of strike plates 16, 18 instead of the
      load being directly transmitted to bar lock mechanism 20. Thus where a
      tool is inserted at interface 26 or within other plate interfaces,
      elements 38, 40 bear against second mating elements 42, 44 to absorb some
      of the stress load applied to lock mechanism 20.
PAR  First mating element 38 or 40 forms a tooth member which is constructed
      integral with a side surface of vertical frame plate 35 of each of strike
      plates 16, 18. As is seen, first mating or tooth elements 38 and 40 extend
      in substantially a normal direction with respect to orientation direction
      22 and each is insertable within respective second mating elements or
      channel elements 42, 44. Each of lug members 28 and 30 include upper and
      lower surfaces 46, 48 and 50, 52 respectively which pass in a plane
      substantially normal or perpendicular to the axis direction of bores 34,
      36 shown in FIGS. 4 and 5. Lug members 28 and 30 include an outer side
      surface having a pair of larger dimension sections 54, 56 and 58, 60 with
      at least one smaller dimension section 62 and 64. Looking at lug member
      30, it is seen that second mating element 42 is thus formed by larger
      dimension sections 54, 56 in conjunction with smaller dimension section 62
      to provide a substantially planar rectangular area where first mating
      element 38 may be inserted.
PAR  As is seen in FIG. 4, smaller dimension section 62 passes around each of
      lug members 28 and 30 throughout a portion of its periphery. Thus, there
      is formed on each of lug members 28 and 30, channels 65, 66 and 68 within
      which first mating element 38 or 40 may be inserted when strike plates 16,
      18 are mated each to the other in a predetermined angular position as is
      defined by FIGS. 1, 7 and 8. As is shown in FIG. 1, strike plates 16, 18
      may be mounted or mated each to the other in a coincident planar manner
      where first mating element 38 is insertable within channel 66. Further, as
      is shown in FIG. 7, inside mounting may be accomplished where first mating
      element 38 is insertable within rectangular channel 64 or a third position
      for interfacing strike plates 16, 18 may be provided as is shown in FIG.
      8, where strike plates 16 and 18 are mounted in a manner that first mating
      element 38 is insertable within rectangular channel section 68.
PAR  As is seen in FIG. 3, base surfaces 72, 74 and 76 of corresponding channels
      or grooves 65, 66 and 68 extend in a substantially linear direction around
      the periphery of reduced dimension sections 62 and 64. However, each base
      surface may have very slight curvature to provide allowance for small
      angular perturbations of respective strike plates 16, 18 when such are
      mated each to the other. Further, first elements 38 and 40 formed in a
      side surface of frame elements 35a-b, extend in a substantially linear
      direction but also may include a partially or slightly curved surface 78
      to permit slight angular perturbations between strike plates 16 and 18
      when such are interfaced each with respect to the other. This may be of
      importance when door members 12 and 14 are slightly misaligned with
      respect to each other and/or strike plates 16 and 18 are not exactly in a
      preferred alignment position.
PAR  Channels 65, 66 and 68 having respective base surfaces 72, 74 and 76 extend
      throughout a portion of each lug 28, 30 peripheral boundary as is shown in
      FIG. 3. Second mating elements 42 and 44 include opposing sidewalls 80a-b
      and 82a-b to provide respective channel depths substantially equal to but
      slightly greater than the depth of respective tooth elements 38 and 40.
      Due to the substantially linear extension of teeth 38 and 40 as well as
      the coacting substantially linear contour of the channel sections of
      second mating elements 42 and 44, it is clearly seen that interfacing or
      mating of strike plates 16, 18 each with respect to the other prevent
      substantial rotation of plate 16 and 18 about directional arrow 22.
PAR  Additionally, the interfaces between tooth elements 38 and 40 and the
      opposing channel elements 42 and 44 are formed to provide approximately
      3/64 of an inch clearance at interface planes. The clearance between lugs
      28 and 30 and opposing vertical frame members 35a, 35b is also in the
      clearance range of 3/64 of an inch. This small clearance reduces the
      possibility of insertion of a prying tool for removal of one strike plate
      from the other.
PAR  Where external attack forces are applied at interface 26 through a lever or
      chisel, there is usually applied a torqueing force which tends to displace
      lugs 28 and 30 away from each other in a direction coincident with
      directional arrow 22. In such an instance, first and second mating
      elements 38, 42 and 40, 44 provide reaction forces when sidewalls 80a, 80b
      and 82a, 82b contact tooth elements 38 and 40. Thus, the external attack
      force is transmitted to strike plate 16, 18 as well as associated lug
      members 28, 30 and substantially alleviates or disperses any force stress
      directly applied on bar lock mechanism 20. Additionally, second mating
      element sidewalls 80a-b and 82a-b may be inclined to interface with first
      element inclined sidewalls 40a-b and 38a-b to provide increased shear area
      to accommodate larger torqueing forces.
PAR  In this manner, reaction forces responsive to external attack torqueing
      forces, are substantially taken up by structural integrity for the
      improved locking system 10. Further, when locking system 10 is applied to
      door members 12, 14 in positional arrangement defining an inside or an
      outside mount as shown in FIGS. 7 and 8, sawing action to remove one
      strike plate from another must pass along sawing lines 92 or 94 which
      provides an increased cutting area thereby causing difficulty in
      permitting structural dismemberment. The inside mounting position, shown
      in FIG. 7 provides for additional structural advantages where it is seen
      that interface 26 shown in FIG. 1, diminishes considerably in its extended
      length. This has the effect of reducing the lock assembly areas where a
      prying tool may be inserted.
PAR  Bar lock mechanisms 20 and 20' shown in FIGS. 5, 6 and 13 respectively
      include locking pin 59 extending through a wall of tube 67 and moveably
      actuated in tube channel 61 by rotation of key 63 in a standard cylinder
      lock. Locking tube 67 is maintained in rotative constrainment within lugs
      30 or 100 by flattened sidewall 87 which interfaces with a similar flat
      sidewall of the lug within which tube 67 is inserted. Locking is
      accomplished by rotating pin 59 into either first or second extension
      grooves 89, 91 respectively. When pin 59 is rotated into alignment with
      vertical groove 93, bar lock mechanism 20 or 20' may be moved in direction
      22 to provide release of mating strike plate.
PAR  In the embodiment shown in FIGS. 9-13, there is shown another modified
      improved locking bar assembly 10' which includes a pair of strike plates
      16', 18' secured rigidly to removable section elements or door members
      12', 14' aligned with respect to each other along door interface area 24'.
      Strike plates 16', 18' are secured to members 12' and 14' by screws, bolts
      or some like device, through openings 32' as is shown in FIG. 9. Each of
      strike plates 16' and 18' include respective lug members 100 and 102
      rigidly secured thereto. Lugs 100 and 102 are secured to strike plates 16'
      and 18' through screws, bolts or some like device. In actual practice,
      lugs 100, 102 have been successfully secured to strike plates 16', 18' by
      a plurality of "Drivlok" pins 140 which are hardened and driven through
      lugs 100, 102 and associated portions of plates 16', 18' to provide
      secured relation therebetween as shown in FIGS. 9 and 11. Bar lock
      mechanism 20' similar to lock mechanism 20 previously described, is
      insertable through bore openings 34' and 36' formed within each of lug
      members 100, 102 when they are aligned in a direction defined by
      directional arrow 22. In operation plates 16', 18' are mated each to the
      other in the inverted "L" shape contour common to lock assemblies of this
      nature. Lugs 100, 102 form the base section of the overall "L" shaped
      strike plates 16', 18' whereas frame sections 35a, 35b form the extended
      vertical section of the contour.
PAR  Each of lug members 100, 102 includes upper and lower surfaces 104, 106 and
      108, 110 which are formed transverse of an axis direction of bores 34',
      36'. Additionally, each of lug members 100 and 102 include associated
      outer surfaces 112 and 114 having at least one larger diameter section
      116, 118 and smaller diameter sections 120a-b and 122a-b.
PAR  Strike plates 16' and 18' include first mating elements 124 and 126 which
      interface with extended diameter sections 116 and 118 as is shown in FIGS.
      9 and 12. First mating elements 124, 126 may be formed as part of
      vertically extending strike plate wall members 121 and 123 which are
      formed in integral manner with a base plane surface of each of respective
      strike plates 16' and 18'. In each of first mating elements 124, 126,
      there is provided channel sections 128, 130 of substantially constant
      depth which extend throughout the normal extension of each of elements 124
      and 126 from the base surfaces of plates 16' and 18'. Channels 128, 130
      provide a depth substantially equal to the difference between the larger
      diameter sections 116 and 118 and associated smaller diameter sections
      122a-b and 120a-b of lug members 30' and 28'. Thus, channels 128, 130 of
      first mating elements 124 and 126 receive the larger diameter sections
      116, 118 of second mating elements formed by sections 120a-b, 116 and 118,
      122a-b.
PAR  Larger diameter sections or tooth members 116, 118 have a substantially
      constant diameter throughout a portion of each lug 28', 30' peripheral
      boundary. Each of sections 116 and 118 include opposing sidewalls 130a-b,
      132a-b which provide tooth depths substantially equal to but slightly less
      than the depth of channels 128, 130. Each of sections 116, 118 further
      form a substantially constant diameter throughout a peripheral portion of
      the outer surface boundary when taken with respect to axes of associated
      bores 34', 36'. This constant diameter extends through a portion of each
      of respective lugs 28' or 30' until channel demarcation lines 134a-b are
      reached. At this point, sections 116 and 118 are formed into a sidewall of
      respective lugs 100, 102. In this manner, it is seen that either of strike
      plates 16' or 18' are free to rotate with respect to each other through a
      portion of the total lug circumference when bores 34', 36' are aligned.
      This freedom of rotation extends to interface formation lines 134a-b where
      channel elements 124, 126 contact the sidewalls of each of lug members
      100, 102. However, as is now clearly seen, although strike plates 16', 18'
      are free to rotate, they are constrained in the direction defined by
      directional arrow 22' as well as in partial constrainment in a rotative
      direction with respect to each other.
PAR  Assembly 10' is structurally the inverse to the basic tongue in groove
      concept developed in my copending patent application to be issued as U.S.
      Pat. No. 3,827,266. However, in this concept, lug members 100 and 102 are
      formed in separate construction with respect to strike plates 16' and 18'
      and secured thereto through pin members 140 as previously described.
      Additionally, the tongue or tooth elements 116, 118 are now formed on
      associated lug members 100, 102 and channel sections 128, 130 are formed
      on portions of strike plates 16', 18'.
PAR  This modified concept of the basic tongue in groove locking bar assembly
      has lowered fabrication cost by relieving problems in undercut sections
      which have become apparent in prior concepts. In general, structural
      integrity of assembly 10' is increased by fabricating bar lock mechanism
      20' and strike plates 16' in wrought stainless steel. Further, members
      100, 102 have been successfully formed of steel through investment casting
      or powdered metal techniques to provide low cost, structurally secure
      assemblies 10'.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A locking bar assembly comprising:
PA1  a. a pair of strike plates, each of said strike plates having a respective
      lug member formed thereon;
PA1  b. bar lock means insertable through bores formed within each of said lug
      members when said bores are aligned in a predetermined direction;
PA1  c. each of said lug members having an upper and lower surface passing in a
      plane substantially normal to an axis direction of said bores, and an
      outer side surface having at least one larger dimension section and at
      least one smaller dimension section;
PA1  d. at least one first mating means formed by at least one of said strike
      plates; and,
PA1  e. at least one second mating means formed on and shorter than said outer
      side surface, said first mating means of one of said strike plates and
      said second mating means of said lug member of the other of said strike
      plates being received one in the other when said bores are aligned in said
      predetermined direction, said first and second mating means being formed
      to define at least one angular substantially fixed position between said
      strike plates.
NUM  2.
PAR  2. The locking bar assembly as recited in claim 1 where said first and
      second mating means are received each within the other in said angularly
      fixed position when said strike plates are aligned each to the other in
      linear planar relation.
NUM  3.
PAR  3. The locking bar assembly as recited in claim 1 where said first and
      second mating means form a tooth and accommodating channel received one
      within the other in said angularly fixed position when said strike plates
      are aligned each to the other in substantially perpendicular directions.
NUM  4.
PAR  4. The locking bar assembly as recited in claim 1 where said larger
      dimension section and said smaller dimension section form a channel
      section extending throughout a portion of the periphery of a lug member.
NUM  5.
PAR  5. The locking bar assembly as recited in claim 4 where said first mating
      means includes a tooth member having a substantially linear extended
      length for being received in said channel section of said lug member.
NUM  6.
PAR  6. The locking bar assembly as recited in claim 5 where said channel
      section includes a base surface of substantially linear extension for
      interfacing with said tooth member.
NUM  7.
PAR  7. The locking bar assembly in claim 5 in which said channel section is
      rectangularly contoured to form a substantially continuous contacting
      surface interface with respect to said tooth member thereby to reduce the
      possibility of insertion of a prying tool.
NUM  8.
PAR  8. The locking bar assembly as recited in claim 7 in which said channel
      section is formed in at least three portions for receiving said tooth
      member in at least three of said angularly fixed positions.
NUM  9.
PAR  9. The locking bar assembly as recited in claim 4 where said channel
      section is continuously formed within at least two sidewalls of said lug
      members, said sidewalls being substantially normal to each other.
NUM  10.
PAR  10. The locking bar assembly as recited in claim 1 where said strike plates
      include planar rear surfaces, said first and second mating means being
      received each within the other for mounting said strike plates to moveable
      elements to be secured each to the other in a manner where said rear
      surfaces of said strike plates are continuously in contact with each of
      said moveable members.
NUM  11.
PAR  11. A locking bar assembly comprising:
PA1  a. a pair of strike plates, each of said strike plates having a respective
      lug member;
PA1  b. bar lock means insertable through bores formed within each of said lug
      members when said bores are aligned in a predetermined direction;
PA1  c. each of said lug members having an upper and lower surface and an outer
      side surface, said upper and lower surfaces formed transverse of said bore
      within said lug member, said outer side surface having at least one larger
      diameter section and at least one smaller diameter section;
PA1  d. at least one first mating means forming a channel section in at least
      one of said strike plates; and,
PA1  e. at least one second mating means formed on and shorter than said outer
      side surface of at least one of said lug members, said channel section of
      said first mating means receiving said larger diameter section of said
      second mating means of said lug member when said bores are aligned in said
      predetermined direction.
NUM  12.
PAR  12. The locking bar assembly as recited in claim 11 where said second
      mating means includes a tooth member insertable within a corresponding one
      of said first mating means for restraining motion of said strike plates in
      said predetermined direction.
NUM  13.
PAR  13. The locking bar assembly as recited in claim 12 where said first mating
      means includes means for permitting rotation of one of said strike plates
      with respect to the other of said strike plates when said second mating
      means is inserted in said first mating means.
NUM  14.
PAR  14. The locking bar assembly as recited in claim 12 where said tooth member
      is of substantially constant diameter throughout a predetermined portion
      of the periphery of each of said lug members.
NUM  15.
PAR  15. The locking bar assembly as recited in claim 14 where each of said
      tooth elements and said channels include inclined sidewalls for increasing
      load bearing contact areas.
PATN
WKU  039409589
SRC  5
APN  5341744
APT  1
ART  351
APD  19741219
TTL  Steering lock for vehicles
ISD  19760302
NCL  3
ECL  1
EXP  Craig, Jr.; Albert G.
NDR  2
NFG  6
INVT
NAM  Kuroki; Shigenori
CTY  Miyazaki
CNT  JA
ASSG
NAM  Kabushiki Kaisha Honda Lock
CNT  JA
COD  03
PRIR
CNT  JA
APD  19731226
APN  49-4810
CLAS
OCL   70186
XCL   70252
EDF  2
ICL  B60R 2502
FSC   70
FSS  184;185;186;252;380
UREF
PNO  3794796
ISD  19740200
NAM  Dwan
OCL  200 44
LREP
FRM  Polster and Polster
ABST
PAL  A steering lock for vehicles such as motor cars, motorcycles, etc. of a
      construction, wherein a circular cam is fitted on an operating shaft which
      is integrally formed with an inner barrel of a cylinder lock in a manner
      to be rotatable with the operating shaft, a sliding member is provided so
      as to be engaged and held on the peripheral surface of the circular cam, a
      locking pin is fitted onto this sliding member, whereby, when the
      operating shaft is turned to a locking direction, the sliding member is
      pushed in the direction perpendicular to the operating shaft by means of
      an eccentric pin provided on the circular cam, while releasing the sliding
      member from its engaged relationship with the circular cam by means of a
      notch formed in the circular cam, and the locking pin is thus engaged with
      the locking hole provided in a shaft of a steering wheel.
BSUM
PAR  This invention is concerned with a safety lock, and, more particularly, it
      relates to a steering lock device adapted in various automotive vehicles
      such as motor cars, motorcycles, and so forth.
PAR  It is a primary object of the present invention to provide a safety lock
      device for a steering wheel in various automotive vehicles.
PAR  It is another object of the present invention to provide a safety steering
      lock device for automotive vehicles, wherein an electrical switch for
      engine actuation, and a locking mechanism for a steering wheel are
      integrally built so as to be operated by one and same key without any
      apprehension whatsoever of mistaken operation due to vibrations, etc.
      caused in the vehicle during its running.
PAR  Briefly speaking, according to the present invention, there is provided a
      steering lock device for vehicles, which comprises in combination a casing
      for the lock device defining a cavity therein, a cylinder type lock
      provided in contiguity to the casing, and having an outer barrel and an
      inner barrel, both being arranged concentrically, an operating shaft
      integrally and concentrically formed with the inner barrel of the cylinder
      lock in a manner rotatable together, the operating shaft extending into
      the casing, a circular cam slidably supported on and integrally rotatable
      with the operating shaft, the cam having therein a notched portion, and
      accommodated in the casing, an eccentric pin provided on one surface part
      of the circular cam, a sliding member which is engaged with and held on
      the peripheral surface of the circular cam, and is movable in the
      direction perpendicular to the axial direction of the operating shaft
      along a through-hole provided therein in that direction, and a locking
      member fitted on one part of the sliding member, the sliding member being
      pushed in the direction perpendicular to the operating shaft by means of
      the eccentric pin, when the operating shaft is turned to a locking
      direction, while releasing the sliding member from its engaged
      relationship with the circular cam by means of the notched portion in the
      circular cam, whereby the locking means becomes engaged with a steering
      wheel shaft at a locking portion thereof.
PAR  The foregoing objects and other objects of the present invention as well as
      detailed construction and operations thereof will become more
      understandable from the following detailed description thereof, when read
      in conjunction with the accompanying drawing.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a longitudinal cross-section showing in detail the main part of a
      steering lock device according to the present invention;
PAR  FIG. 2 is a front view of a cylinder type lock for use in the present
      invention;
PAR  FIG. 3 is a perspective view of the main part of the steering lock device
      shown in FIG. 1;
PAR  FIG. 4 is also a perspective view showing a part of an inner barrel of the
      cylinder lock according to the present invention;
PAR  FIGS. 5(1), 5(2), 5(3), and 5(4) respectively indicate the operational
      position of the steering lock mechanism according to the present
      invention; and
PAR  FIG. 6 is a cross-sectional view of the cylinder type lock taken along the
      line VI--VI in FIG. 1.
DETD
PAR  Referring now to FIG. 1, the steering lock device according to the present
      invention consists principally of a main body or casing 1, a cover 1.sub.1
      to close an opening formed in one part of the casing 1 to accommodate
      mechanical assembly in the casing, a cylinder type lock 2, a locking
      mechanism 3, and a switch body 4. Incidentally, FIG. 1 shows the steering
      lock mechanism in its released state, and the switch in its "OFF" state.
      When a key K is inserted into a key hole 5 formed in the inner barrel 6 of
      the cylinder lock 2 to release engagement of the blade tumblers 6.sub.1 to
      6.sub.n with the engaging grooves 2.sub.1 and 2.sub.2, and then the inner
      barrel 6 is turned in the clockwise direction C, the arcuate groove 7
      formed in the inner barrel 2 rotates by approximately 90.degree. along a
      control pin 8 provided on the outer barrel which is integrally formed with
      the main body 1 for the cylinder lock 2 upto the position of "RUN-PARKING"
      as shown in FIG. 2, whereupon the switch operating shaft 9 integrally
      formed with the inner barrel 6 causes a movable contact holder provided in
      the switch body 4 to rotate, thereby closing the switch.
PAR  In the state shown in FIG. 1, since the control pin 8 contacts the side
      surface (as indicated with diagonal hatch lines) of a control groove 10
      formed in one part of the inner barrel 6, it is not possible to turn the
      key K in the locking direction "U". Then, when the key K is further pushed
      forward, the inner barrel 6 is also pushed forward by way of the blade
      tumblers 6.sub.1 through 6.sub.n inclusive engaged therewith for a length
      of the control groove 10 communicated to the arcuate groove 7 against
      force of a coil spring 27, whereby the control pin 8 is brought to a
      position at one end of a groove 11 inclined with respect to the axis of
      the inner barrel 6. At this position, if the inner barrel 6 is rotated by
      approximately 90.degree. in the anticlockwise direction "U", the locking
      pin 12 interlinked with the operating shaft 9 is pushed out as shown in
      FIG. 1, where indicated with a chain line, to project from a hole 30
      formed in a column 29 covering a steering wheel shaft 28 and to be engaged
      with a locking hole 31 of the steering wheel shaft 28, thereby locking the
      steering wheel.
PAR  At the time of the locking, the inner barrel 6 retreats to its initial
      position by the actions of the inclined groove 11 and the spring 27,
      whereby the control pin 8 is located at a shallow arcuate groove 7.sub.1
      formed on the extension of the arcuate groove 7. Also, at the time of the
      locking, the operating shaft 9 and the movable contact holder in the
      switch body 4 are not engaged mutually, whereby the switch 14 is
      maintained at an "OFF" state.
PAR  When the key K is rotated in the clockwise direction without the inner
      barrel 6 being moved by pushing, the arcuate groove 7.sub.1 shifts along
      the control pin 8 to return to the "OFF" position.
PAR  In this consequence, the steering wheel cannot be successfully locked
      without carrying out the two-stage operation of pushing and turning the
      key in this "OFF" position of the electric switch, hence there is no
      possibility of mistaken operation.
PAR  When the arcuate groove 7, the control groove 10, and the inclined groove
      11 provided in the inner barrel 6 of the cylinder lock 2 as shown in FIG.
      4 are disposed in an opposite position in their front-and-back
      relationship with respect to the control pin 8, it becomes possible that
      the locking device is designed in a "pull-type", wherein the key K and the
      cylinder lock inner barrel 6 is pulled for the length of the control
      groove 10 at the "OFF" position thereof and then turned to the
      anticlockwise direction "U" for locking.
PAR  In the steering lock device of a construction as described in the
      foregoing, there has heretofore been employed as the interlocking means
      for the operating shaft 9 formed integrally with the cylinder lock inner
      barrel 6 and the locking pin 12, the up-and-down movement of a locking pin
      holding member 14 by an eccentric pin 17 provided on a circular cam 13 at
      the lcoking side of the operating shaft 9. On account of this, when the
      lock is set at a position of "RUN" just at the upper right hand as shown
      in FIG. 2, for example, the eccentric pin 17 spontaneously rotates due to
      vibrations, impact, etc. caused in the vehicle during its running, thereby
      turning the switch 4 to a "PARKING" position to possibly and
      apprehensively perform erroneous operation. Also, depending on the angular
      and directional positions of the eccentric pin 17, the locking operation
      becomes unfavorably irregular with respect to each of the key positions of
      "OFF-RUN" and "RUN-PARKING", for example.
PAR  Moreover, there might take place such a trouble that water, sand, dust, and
      so on creep in the tumbler engagement and disengagement parts between the
      inner and outer barrels to make it difficult to maintain smooth locking
      function. The present invention is directed to removal of such problems,
      for the purpose of which improvements have also been made in the
      interlocking mechanism for the cylinder lock inner barrel and the locking
      pin, and a cover cap for the end surface of the cylinder lock.
PAR  The locking mechanism according to the present invention comprises a
      circular cam 13 mounted on the operating shaft 9 in a manner slidably
      engageable therewith in its axial direction, an eccentric pin 17 provided
      on one part of the circular cam 13, a sliding member 14 which is
      engageable with the abovementioned cam 13 and moves up-and-down in the
      direction perpendicular to the axial direction of the operating shaft 9,
      the locking pin 12 is fitted to this sliding member 14, and other known
      means such as a slide key, and others.
PAR  There are further provided in this sliding member 14 a hole 15 having a
      vertically extended cross-section to permit the operating shaft 9 to pass
      therethrough, an upper engagement part 16 to be engaged with the
      peripheral surface of the circular cam 13, lower left and right engagement
      parts 22 and 22, and engaging groove 18 to allow the eccentric pin 17 of
      the circular cam 13 to enter therein, and an escapement groove 18.sub.1
      for the eccentric pin 17 associated with the engaging groove 18. Also, an
      escapement notch 19 with respect to the engagement part 16 is formed in
      the circular cam 13. The locking pin 12 should preferably be inserted at
      its head part 12.sub.1 into a notch 20 of the sliding member 14 and
      pressed by a spring 21 for stopping play. The engagement parts 16 and 22
      protrude from the surface of the sliding member 14 to be engaged with the
      peripheral surface of the circular cam 13, while the engagement groove 18
      and the escapement groove 18.sub.1 for the abovementioned eccentric pin 17
      are formed in a recession from the abovementioned surface of the sliding
      member 14.
PAR  In the state of the switch being "OFF" and the steering lock being released
      as in FIG. 1, the sliding member 14 is pushed upward by the circular cam
      13 and the locking pin 12 is off the hole 30 of the steering wheel column
      29 as shown in FIG. 5(1).
PAR  When the cylinder lock inner barrel 6 and the operating shaft 9 are turned
      by approximately 90 degrees in the anticlockwise direction as described
      above, the circular cam 13 also rotates integrally, and, following the
      downward rotation of the eccentric pin 17, the sliding member 14 and the
      locking pin 12 are pushed downward through the engagement groove 18 as
      shown in FIG. 5(2) to be engaged with the locking hole 31, thereby
      completing the steering lock. At this time, the notch 19 of the circular
      cam 13 is at the position of the engagement part 16, and the sliding
      member 14 goes down along the shape of the hole 15 without any difficulty
      and hindrance.
PAR  When the operating shaft 9 is turned by approximately 90 degrees in the
      clockwise direction C from the position in FIG. 5(2), the sliding member
      14 is pushed upward by the eccentric pin 17 to return to the original
      "OFF" position. Further, when the operating shaft 9 is to be turned to the
      respective positions of "RUN" and "PARKING" as indicated in FIGS. 5(3) and
      5(4), the sliding member 14 is held at the peripheral surface of the
      circular cam 13, and the eccentric pin 17 is moved along the escapement
      groove 18.sub.1 until it strikes the stopper 23, thereby maintaining the
      lock release state.
PAR  As stated in the foregoing, the sliding member 14 is maintained in the lock
      release position through the engagement parts 16, 22 at the peripheral
      surface of the circular cam 13 during the running of the vehicle, in which
      the steering wheel is free from locking and the sliding member 14 and the
      circular cam 13 are in a relationship of integral combination each other,
      so that there takes place no awkward situation such that the position of
      the lock spontaneously shifts from "RUN" to "PARKING" due to vibrations,
      impacts, and any other external influences caused in the vehicle body,
      hence the device according to the present invention is highly safe.
      Moreover, as the circular cam 13 is employed, the turning of the key for
      the required lock and release operations can be performed very smoothly
      without any irregularity and inconsistency.
PAR  Moreover, in the afore-described construction of the steering lock for
      vehicles according to the present invention, a coil spring 27 is
      interposed between the circular cam 13 and the notched part 6a of the
      cylinder lock inner barrel 6 to press-contact the circular cam 13 to the
      sliding member 14 so as to secure tight engagement between the sliding
      member and the peripheral surface of the circular cam. Also, the retreat
      of the inner barrel 6 by the force of the coil spring 27 is stopped by
      setting the outer peripheral end surface of the cap 25 fitted at the outer
      end surface of the inner barrel in close contact with the inner surface of
      the opening of the body cap 26. Accordingly, any liability to damage in
      the thin control pin 8 takes place by a pushing force exerted at the time
      of the retreat of the inner barrel 6. Furthermore, as the caps 25 and 26
      are always in close contact each other to block the engagement and
      disengagement between the inner barrel 6 and the outer barrel, except for
      their "OFF" to "LOCK" operations as described in the foregoing,
      undesirable invasion of water, sand, dust, etc. into the mechanical casing
      can be sufficiently prevented, and the operation of the lock can always be
      maintained in a smooth conditions.
PAR  Although the present invention has been described in the foregoing with
      particular reference to a preferred embodiment, it should be understood
      that this is merely illustrative and not restrictive, and any change and
      modification may be effected within the spirit and scope of the present
      invention as recited in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety lock for steering device in automobile vehicle, which comprises
      in combination:
PA1  a. a casing for said lock device defining a cavity therein;
PA1  b. a cylinder type lock provided in contiguity to said casing and having an
      outer barrel and an inner barrel, both being arranged concentrically;
PA1  c. an operating shaft integrally and concentrically formed with said inner
      barrel of said cylinder lock in a manner rotatable together, said
      operating shaft extending into said casing;
PA1  d. a circular cam slidably supported on and integrally rotatable with said
      operating shaft and accommodated in said casing, said cam having therein a
      notched portion;
PA1  e. an eccentric pin provided on one surface part of said circular cam;
PA1  f. a sliding member provided with an engagement groove, an escapement
      groove, and a plurality of engagement members, said sliding member being
      engaged with and held on the peripheral surface of said circular cam, and
      being movable in the direction perpendicular to the axial direction of
      said operating shaft, along a through-hole formed therein in said
      direction, according as said eccentric pin on said circular cam is allowed
      to pass along said escapement groove thereof to be engaged with said
      groove, when said operating shaft is turned to a locking direction, while
      releasing said sliding member from its engaged relationship with said
      circular cam by means of said notched portion in said circular cam; and
PA1  g. a locking means fitted on one part of said sliding member in a manner to
      be engageable with a steering shaft at a locking position thereof by the
      engagement action of said sliding member.
NUM  2.
PAR  2. The steering lock for vehicles as claimed in claim 1, further comprising
      a spring means interposed between said circular cam means and said inner
      barrel of said cylinder lock to cause said circular cam means to maintain
      tight contact with said sliding member and permit tight closure of the
      outer peripehral end part of said cylinder lock.
NUM  3.
PAR  3. In a safety lock for steering shaft in an automotive vehicle having a
      casing for said lock device defining a cavity therein, a cylinder type
      lock provided in contiguity to said casing and having an outer barrel and
      an inner barrel, both being arranged concentrically, an operating shaft
      extending into said casing and integrally and concentrically formed with
      said inner barrel of said cylinder lock in a manner rotatable together, a
      circular cam having therein a notched portion and slidably supported on
      and integrally rotatable with said operating shaft and accommodated in
      said casing, an eccentric pin provided on one surface part of said
      circular cam, a sliding member which is engaged with and held on the
      peripheral surface of said circular cam through said engagement members,
      and is movable in the direction perpendicular to the axial direction of
      said operating shaft along a through-hole provided therein in said
      direction, and a locking means fitted on one part of said sliding member,
      the improvement comprising said sliding member including a hole formed in
      a vertically extending cross-section to permit said operating shaft to
      pass therethrough, an upper engagement member to be engaged with the
      peripheral surface of said circular cam, lower left and right engagement
      members, an engagement groove to allow said eccentric pin on said circular
      cam to enter therein, and an escapement groove for said eccentric pin
      associated with said engagement groove, said engagement members protruding
      from the surface of said sliding member to be engaged with the peripheral
      surface of said circular cam through said engagement members, and being
      movable in the direction perpendicular to the axial direction of said
      operating shaft along a through-hole formed therein in said direction
      according as said eccentric pin on said circular cam is allowed to pass
      along said escapement groove of said sliding member and engaged with said
      engagement groove, when said operating shaft is turned to a locking
      direction, while releasing said sliding member from its engaged
      relationship with said circular cam by means of said notched portion in
      said circular cam, and said engagement groove and said escapement groove
      for said eccentric pin being formed in a recess from the surface of said
      sliding member, whereby said locking means becomes engaged with the
      steering shaft at its locking position.
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ABST
PAL  A locking device for spare tires which includes a specially formed mounting
      post for the tire, a base plate for the post, a locking disk engaging the
      tire and a lock fitted on the post to hold the disc and tire securely.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Because of the prevalence of thefts of vehicle spare tires from exposed
      locations on trucks, it has become increasingly important to lock them
      securely in place. The existing locking means, before this invention,
      were, generally, too easily breached. Thus, the need arose to develop a
      relatively inexpensive, but very secure method and apparatus for locking
      exposed spare tires. This purpose was accomplished by the invention
      hereinafter described.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, this spare tire lock includes a base plate which is welded to the
      spare tire carrier on a vehicle such as a heavy truck. The base plate
      carries a mounting post which extends outwardly perpendicular to the base
      plate and is formed with a groove and an adjacent notch to fit a padlock
      near its free end. The spare tire is centered on this mounting post, and
      slid down against the base plate. Then a mounting plate with a hole to fit
      the mounting post is slid down on top of the spare tire and a padlock is
      fitted around the mating groove and notch of the mounting post to secure
      the spare tire in place.
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of a spare tire mounted on its carrier in place
      with the special lock securing it thereon in accordance with this
      invention.
PAR  FIG. 2 is a fragmented top plan view showing the central hub portion of a
      wheel and mounted tire locked on the mounting post of this invention as in
      FIG. 1.
PAR  FIG. 3 is a fragmented cross-sectional view taken through 3--3 in FIG. 2
      showing the mounting post with padlock recessed therein and a disc-type
      mounting plate positioned on the hub of the spare tire.
PAR  FIG. 4 is an enlarged, fragmented top sectional view taken through 4--4 in
      FIG. 3, showing the padlock and relative relationship of the mounting post
      recess when secured therein.
PAR  FIG. 5 is a fragmented sectional view taken through 5--5 in FIG. 4.
PAR  FIG. 6 is an isometric view of a modified form of this invention wherein
      the mounting plate is formed as a structure with a pair of gull-shaped
      wings adapted to abut against the outer opposite peripheral portions of
      the tire when lodged in place.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As shown in FIG. 1 a spare tire 10 and its wheel hub 12 are carried by a
      spare tire carrier within its spaced upright arms 14, 16 and 18, normally
      secured to a vehicle, such as a truck (not shown). The spare tire 10 is
      inverted from its normal position so that the side of the wheel hub 12
      closest to the outside edge is placed down adjacent to the base of the
      spare tire carrier.
PAR  Centered within the spare tire carrier and extending upright therefrom is a
      cylindrical mounting post 20 with a diameter slightly smaller than the
      inside axially positioned center hole 11 in hub 12. Post 20 is secured
      upright on the carrier at its bottom by attachment to base plate 22.
      Carved into the free outer end 24 of the post 20 is a notch 26 which is an
      enlarged portion of a circumferential groove 28 adapted to matingly
      receive and hold, respectively, a locked padlock 39 and its shackle 32. As
      best viewed in FIG. 5, the depth of the groove 26 is sufficiently greater
      than the thickness of the shackle 32, so that shackle 32 is recessed
      completely within it. The curvature of the shackle 32 and the groove 26
      are substantially the same. The width of the groove 26 is just slightly
      wider than the diameter of the shackle 32, and the notch 28 is shaped to
      matingly receive the portion of the padlock 30 from which the shackle 32
      extends. Thus, when padlock 30 is locked in place within notch 28, it is
      held tightly therein and shackle 32 is completely recessed below the
      surface of post 20. The length of the post 20 from its base plate 22 to
      its groove 26 is only slightly greater than the width of the hub 12
      mounted thereon, so that there is not space enough left to get in normal
      mechanical cutting tools.
PAR  A holding plate adapted to the size of the particular spare tire being
      carried has a center hole mating with and slightly larger than the post
      20. The holding plate takes the form of a disc 40 with center hole 42 in
      FIGS. 1 through 5.
PAR  In FIG. 6, the holding plate is modified to a somewhat gull-shape having
      the center hole 44 cut in a flat center section 46 with upright connecting
      sections 48 and 50 bent upward at each end. From these connecting sections
      48 and 50 extending wing sections 52 and 54, respectively, protrude
      roughly parallel to the center section 46. The connecting sections 48 and
      50 rise just enough relative to the center section 46 that the wing
      sections 52 and 54 lodge against the outer periphery of a spare tire 10'
      when mounted in place. That is, the height of the connecting sections 52
      and 54 is slightly greater than the distance from the inside of the wheel
      hub 12' to the outer remote periphery of the tire 10'. The connecting
      sections 48 and 50 are spaced to rise within the hub 12' and the wing
      sections 52 and 54 extend far enough to overlap onto the spare tire 10'.
PAR  In use, a spare tire 10 which is to be mounted on a vehicle carrier, is
      inverted with its hub center hole 11 aligned with post 20 and slid thereon
      within the carrier arms 14, 16 and 18. Then a mounting plate, such as disc
      40, is slid onto the hub 12 with post 10 protruding up through its center
      hole 42. This is secured in place by lodging shackle 32 in groove 26 and
      closing padlock 30 so that it fits securely in notch 28. The modified form
      of FIG. 6 is secured in place in a like manner.
PAR  The invention elements are all made of extremely hard, tough material, such
      as steel, so that breaking or cutting is extremely difficult. The
      recessing of the lock shackle in the post groove prevents easy cutting at
      this point. The close spacing between the holding plate and padlock
      prevents entry of mechanical cutting or breaking tools in this area. Thus,
      a very secure device for stopping spare tire theft is provided which is
      inexpensive and easy to use.
PAR  Though concentration has been made herein on the description of a preferred
      embodiment of this invention (with one modification), it is understood
      that all forms of this invention which are within the spirit of the
      following appended claims are intended to be covered within limitation to
      the specific structures shown.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combination spare tire, wheel and lock including: a padlock with a
      shackle; a mounting post for receiving a spare tire, said post having a
      base end for securing it and a free end having an adjacent circumferential
      groove adapted to receive and enclose said padlock shackle; and a mounting
      plate having a hole smaller than said padlock, but large enough to receive
      said mounting post; wherein a spare tire on a wheel hub secured by said
      lock is axially mounted on said post inverted from a conventional mounting
      so that its most exterior hub portion is adjacent the base end of said
      post, said mounting plate is on said post adjacent to said spare tire and
      said padlock with its shackle are locked into said post groove over said
      mounting plate close enough together that no entry of cutting tools is
      possible between the aforementioned elements.
NUM  2.
PAR  2. A spare tire lock as defined in claim 1 wherein said circumferential
      groove on said mounting post is deeper than the diameter of said shackle,
      curved substantially the same as said shackle and provided with a notch
      positioned and shaped to mate with and receive the locking portion of said
      padlock when secured therein.
NUM  3.
PAR  3. A spare tire lock as defined in claim 2 wherein the mounting plate is a
      disc fitting within the hub of a wheel to be secured thereby.
NUM  4.
PAR  4. A spare tire lock as defined in claim 2 wherein the mounting plate is
      formed with a pair of raised extending wing portions adapted to bear
      against the outside of a mounted tire.
NUM  5.
PAR  5. A spare tire lock as defined in claim 5 wherein said wing sections are
      attached by raised connecting sections on opposite ends of a center
      section.
NUM  6.
PAR  6. A spare tire lock as defined in claim 5 wherein said wing sections
      extend out into about the same plane and are substantially parallel with
      said center section.
NUM  7.
PAR  7. A spare tire lock as defined in claim 1 in combination with a vehicle
      wherein the base of said mounting post is secured to said vehicle so that
      said post extends out generally perpendicular thereto.
NUM  8.
PAR  8. A spare tire lock as defined in claim 7 wherein a base plate is secured
      to the base portion of said mounting post.
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ABST
PAL  In a tandem rolling mill consisting of at least a first rolling stand and a
      second rolling stand, the interstand tension is controlled by the steps of
      detecting the rolling force P.sub.10 and rolling torque G.sub.10 at the
      first rolling stand after a workpiece is fed into the nip between the
      rolls of the first rolling stand but before the workpiece is fed into the
      nip between the rolls of the second rolling stand, storing in a memory the
      ratio G.sub.10 /P.sub.10 representative of the reference torque arm value
      for the first rolling stand in a tension-free state, detecting the rolling
      forces P.sub.1B, P.sub.2B and rolling torques G.sub.1B, G.sub.2B at the
      respective rolling stands immediately after the workpiece is fed into the
      nip between the rolls of the second rolling stand, computing the reference
      torque arm value G.sub.20 /P.sub.20 for the second rolling stand in a
      tension-free state on the basis of these detected values, and controlling
      the rolling speed of the first or second rolling stand so that (G.sub.10
      /P.sub.10) - (G.sub.1 /P.sub.1) representing the deviation of the torque
      arm value detected at the first rolling stand in rolling operation from
      the reference torque arm value G.sub.10 /P.sub.10 stored in the memory is
      equal to (G.sub.20 /P.sub.20) - (G.sub.2 /P.sub.2) representing the
      deviation of the torque arm value detected at the second rolling stand in
      rolling operation from the reference torque arm value G.sub.20 /P.sub.20,
      whereby the workpiece can be rolled tension-free.
BSUM
PAR  This invention relates to a method and apparatus for controlling the
      interstand tension imparted to a workpiece being rolled by rolling stands
      of tandem rolling mills.
PAR  In tandem rolling mills, various rolling conditions must be maintained
      constant throughout the rolling operation in order that a workpiece can be
      rolled to have a uniform thickness and the same size and shape between the
      leading and trailing end portions thereof.
PAR  The leading and trailing end portions of a workpiece can be usually rolled
      in a tension-free state in a tandem rolling mill. However, in the portion
      intermediate between the leading and trailing end portions of the
      workpiece in the longitudinal direction thereof, the tension (including
      the compressive force) imparted to such portion being rolled by the
      rolling stands tends to vary due to an abrupt variation in the thickness
      of the workpiece. Such interstand tension variation tends to occur also
      due to the presence of thermal rundown and skid marks in the longitudinal
      direction of the workpiece when the workpiece is subject to hot rolling.
      Impartation of such varying tension to the workpiece results not only in
      an undesirable difference between the thickness, size and shape of the end
      portions and those of the intermediate portion of the workpiece, but also
      in undesirable variations in the thickness, size and shape of various
      parts of the intermediate portion of the workpiece. Especially, when a
      workpiece is rolled into an angle bar, a round bar, a square bar, a wire
      or the like, more difficulty is encountered in adjusting the screw-down
      ratio to compensate for this variation of the interstand tension than when
      such workpiece is rolled into a strip form, and it is generally necessary
      to roll the workpiece in a tension-free state or in a state in which a
      constant tension is imparted thereto.
PAR  A known publication, for example, Japanese Patent Publication No.
      37904/1973 discloses a method of rolling a workpiece in a tension-free
      state by a tandem rolling mill consisting of at least a first rolling
      stand and a second rolling stand. According to this method, the rolling
      force P.sub.10 and rolling torque G.sub.10 at the first rolling stand are
      detected after the workpiece is fed into the nip between the rolls of the
      first rolling stand but before the workpiece is fed into the nip between
      the rolls of the second rolling stand, and the value of the ratio G.sub.10
      /P.sub.10 between the rolling torque G.sub.10 and the rolling force
      P.sub.10 (this ratio representing the torque arm at the first rolling
      stand) is stored in a memory as the reference torque arm value for the
      first rolling stand operating in a tension-free state. Then, the rolling
      force P.sub.1 and rolling torque G.sub.1 at the first rolling stand are
      detected when the workpiece is being rolled by the first and second
      rolling stands after it is fed into the nip between the rolls of the
      second rolling stand, and the ratio G.sub.1 /P.sub.1 between the rolling
      torque G.sub.1 and the rolling force P.sub.1 is computed. Thereafter, the
      speed of the first or second rolling stand is controlled in such a manner
      that the actually detected torque arm value G.sub.1 /P.sub.1 is always
      equal to the reference torque arm value G.sub.10 /P.sub.10 so that the
      workpiece can be rolled in a tension-free state.
PAR  In this prior art method, no tension is imparted to the workpiece
      immediately after it is fed into the nip between the rolls of the first
      rolling stand and immediately before it is fed into the nip between the
      rolls of the second rolling stand. Thus, the torque arm value G.sub.10
      /P.sub.10 obtained on the basis of the rolling force P.sub.10 and rolling
      torque G.sub.10 detected at the first rolling stand in such a tension-free
      state can be used as the reference torque arm value for the first rolling
      stand in the tension-free rolling operation after the workpiece is fed
      into the nip between the rolls of the second rolling stand.
PAR  According to this prior art method, however, this reference torque arm
      value is maintained constant even when a tension appears due to
      disturbance which provides substantial adverse effects in the course of
      the rolling operation, such as, abrupt variations of the thickness of the
      workpiece being rolled, and thermal rundown and skid marks present in the
      workpiece being rolled. Such disturbance makes impossible to roll the
      workpiece in the desired tension-free state or in the desired constant
      tension state.
PAR  Further, application of this prior art method to a tandem rolling mill
      including three or more rolling stands tends to give rise to a problem as
      pointed out below. When a workpiece is fed progressively into the nip
      between the rolls of an Nth, an (N+1)th and an (N+2)th rolling stand
      arranged in tandem, the workpiece may possibly be fed into the nip between
      the rolls of the (N+2)th rolling stand before the tension imparted to the
      workpiece portion moving between the Nth rolling stand and the (N+1)th
      rolling stand can be compensated. In such a case, the reference torque arm
      value for the (N+2)th rolling stand obtained by computation is no more
      suitable as the proper reference torque arm value for that rolling stand
      in the desired tension-free state. Further, after the workpiece is fed
      into the nip between the rolls of the (N+1)th rolling stand, a tension
      tends to be imparted by the so-called impact drop effect to the workpiece
      portion moving between the Nth rolling stand and the (N+1)th rolling
      stand. The rotating speed of the rolls of the (N+1)th rolling stand may be
      varied to compensate for this tension, but this may result in impartation
      of a tension to the workpiece portion moving between the (N+1)th rolling
      stand and the (N+2)th rolling stand.
PAR  It is therefore an object of the present invention to provide, in a tandem
      rolling mill, a novel and improved interstand tension control method and
      apparatus which can control the interstand tension with high precision.
PAR  Another object of the present invention is to provide an interstand tension
      control method and apparatus for a tandem rolling mill which can roll a
      workpiece with high precision.
PAR  Still another object of the present invention is to provide an interstand
      tension control method and apparatus for a tandem rolling mill which can
      roll a workpiece at a high rolling speed.
PAR  Yet another object of the present invention is to provide an interstand
      tension control method and apparatus for a tandem rolling mill which is
      suitable for rolling of a workpiece into an angle bar, a round bar, a
      square bar, a wire or the like.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will be apparent from the following detailed description taken
      in conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a block diagram of a control circuit showing an application of a
      tension-free control method according to the present invention to a tandem
      rolling mill consisting of two rolling stands;
PAR  FIG. 2 shows the detailed structure of the control circuit of the present
      invention shown in the block diagram in FIG. 1;
PAR  FIG. 3 is a block diagram of a control circuit showing another application
      of the tension-free control method of the present invention to a tandem
      rolling mill consisting of three rolling stands;
PAR  FIG. 4 is a block diagram of another form of the control circuit shown in
      FIG. 3; and
PAR  FIG. 5 is a block diagram of a modification of the control circuit of FIG.
      1, showing an application of a constant tension control method according
      to the present invention to a tandem rolling mill consisting of two
      rolling stands.
DETD
PAR  The basic principle of the present invention will be first described.
PAR  Suppose that a workpiece is being rolled by a first rolling stand and a
      second rolling stand arranged in tandem in a state in which a tension T is
      imparted thereto. Then, the following relations hold at the individual
      rolling stands:
      ##EQU1##
      where G, P, l and R are the rolling torque, rolling force, torque arm and
      roll radius respectively, and the suffixes 1 and 2 are added to represent
      those of the first and second rolling stands respectively. The suffix 0 is
      further added to each of these values to represent the state in which the
      workpiece is being rolled tension-free. Then, the following equations are
      obtained from the equations (1) and (2):
      ##EQU2##
      From the equations (1), (2), (3) and (4), the tension T is given by
      ##EQU3##
PAR  In the equation (5), the third {(l.sub.10 - l.sub.1) - (l.sub.20 -
      l.sub.2)} in the numerator represents the time-dependent variation of the
      torque arm difference in the first and second rolling stands and is
      negligibly small compared with the difference between the first and second
      terms of the numerator. Since G/P = l when the workpiece is being rolled
      tension free as indicated in equations (3) and (4), hereinafter the term
      generally given by G/P will be called torque arm. Further, the torque arms
      (G.sub.1 /P.sub.1) and (G.sub.2 /P.sub.2) can be computed on the basis of
      the rolling torques G.sub.1, G.sub.2 and rolling forces P.sub.1, P.sub.2
      actually measured at the first and second rolling stands rolling the
      workpiece, and the torque arm (G.sub.10 /P.sub.10) can be computed on the
      basis of the rolling torque G.sub.10 and rolling force P.sub.10 detected
      immediately after the workpiece is fed into the nip between the rolls of
      the first rolling stand but before the workpiece is fed into the nip
      between the rolls of the second rolling stand.
PAR  The suffix B is added to G and P to represent the values of the rolling
      torque and rolling force detected immediately after the workpiece is fed
      into the nip between the rolls of the second rolling stand. Then, the
      ratio (G.sub.20 /P.sub.20) is given by
      ##EQU4##
      In the equation (6), it is assumed that l.sub.20 .apprxeq. l .sub.2B and
      l.sub.10 .apprxeq. l.sub.1B. Therefore, the value of the ratio (G.sub.20
      /P.sub.20) can be computed on the basis of the rolling torque G.sub.1B and
      rolling force P.sub.1B actually measured at the first rolling stand and on
      the basis of the rolling torque G.sub.2B and rolling force P.sub.2B
      actuall measured at the second rolling stand immediately after the
      workpiece is fed into the nip between the rolls of the second rolling
      stand. Thus, from the equation (5), the tension T imparted to the
      workpiece between the first and second rolling stands is expressed as
      ##EQU5##
      and the value of the tension T can be maintained to be constant by
      controlling in such a manner that the right-hand member of the equation
      (7) has a constant value.
PAR  Preferred embodiments of the present invention will now be described in
      detail with reference to the drawing in which like reference numerals are
      used to denote like parts.
PAR  FIG. 1 is a block diagram of an interstand tension control apparatus of the
      present invention which is applied to a tandem rolling mill consisting of
      two rolling stands so that a workpiece moving between the rolling stands
      can be rolled in a tension-free state.
PAR  Referring to FIG. 1, a workpiece 10 is fed progressively into the nip
      between the upper and lower rolls 11 of a first and a second rolling stand
      to be rolled into a predetermined shape. The rolls 11 are driven by a
      motor 20 provided for each of the first and second rolling stands. The
      rolling force and rolling torque at each of the first and second rolling
      stands are detected by a load cell 30 and a torque detector 40
      respectively.
PAR  The output G.sub.1 of the torque detector 40 and the output P.sub.1 of the
      load cell 30 associated with the first rolling stand are applied to a
      tension controller 70. The output G.sub.1 of the torque detector 40 and
      the output P.sub.2 of the load cell 30 associated with the second rolling
      stand are also applied to the tension controller 70. In response to the
      application of the signals representative of the rolling forces and
      torques detected at the pair of the rolling stands disposed in tandem, the
      tension controller 70 carries out necessary computation on the basis of
      the equations (7) and (6) and applies a speed change instruction signal
      (.DELTA.N/N).sub.1 to a speed regulator 50 associated with the first
      rolling stand so that the tension imparted to the portion of the workpiece
      10 moving between the first and second rolling stands can be reduced to
      zero.
PAR  In response to the application of this speed change instruction signal, the
      speed regulator 50 controls the firing angle of a thyristor chopper 60 for
      the motor 20 driving the rolls 11 of the first rolling stand, so that the
      workpiece 10 can be rolled in a state in which the interstand tension is
      always zero.
PAR  FIG. 2 shows details of the block diagram shown in FIG. 1. The detailed
      structure of the interstand tension control apparatus according to the
      present invention will be described with reference to FIG. 2.
PAR  The torque detector 40 provided for each rolling stand in FIG. 1 has a
      practical structure as described below. A speed detector 401 detects the
      rotating speed of the motor 20. A current detector 402 detects the current
      in the main circuit of the motor 20. Another current detector 403 detects
      the field current of the motor 20. The output of the current detector 403
      is applied to a function generator 404 which delivers an output
      representative of the field strength .phi.. A multiplier 405 computes the
      product of the output .phi. of the function generator 404 and the output
      of the current detector 402. A differentiator 406 differentiates the
      output of the speed detector 401 with respect to time and delivers an
      output representative of the acceleration. The output of the
      differentiator 406 is applied to a gain adjuster 407 to be converted into
      an accelerating torque. The difference between this accelerating torque
      and the output of the multiplier 405 represents the rolling torque G at
      each rolling stand. (The suffixes 1 and 2 are added to indicate that
      G.sub.1 and G.sub.2 represent the torque values at the respective rolling
      stands.)
PAR  The operation of the tension controller 70 will be described in the
      sequential order with which the interstand tension is controlled according
      to the present invention.
PAR  In the present description, the term "first rolling stand" is used to
      designate the rolling stand to which a workpiece is initially directed.
      The rolling torque G.sub.10 and rolling force P.sub.10 at the first
      rolling stand are detected after the workpiece 10 is fed into the nip
      between the rolls 11 of the first rolling stand but before it is fed into
      the nip between the rolls 11 of the second rolling stand, that is, when
      the workpiece 10 is being rolled in a tension-free state. The detected
      values of the rolling torque G.sub.10 and rolling force P.sub.10 are
      applied to a divider 701 which computes the ratio G.sub.10 /P.sub.10
      between G.sub.10 and P.sub.10, and the value of this ratio G.sub.10
      /P.sub.10 (representing the reference torque arm value for the first
      rolling stand in the tension-free state) is applied to a memory 703 to be
      stored therein. A one-shot relay 704 is deenergized immediately before the
      workpiece 10 is fed into the nip between the rolls 11 of the second
      rolling stand.
PAR  As soon as the workpiece 10 is fed into the nip between the rolls 11 of the
      second rolling stand, contacts 707, 708 and 709 of a one-shot relay 706
      are closed momentarily, and the reference torque arm value G.sub.20
      /P.sub.20 for the second rolling stand in the tensionfree state is
      computed. More precisely, the rolling torques G.sub.1B, G.sub.2B and
      rolling forces P.sub.1B, P.sub.2B at the first and second rolling stands
      are detected immediately after the workpiece 10 is fed into the nip
      between the rolls 11 of the second rolling stand, and dividers 701, 702
      and 705 compute the values of the ratios G.sub.1B /P.sub.1B, G.sub.2B
      /P.sub.2B and P.sub.1B /P.sub.2B respectively on the basis of the detected
      values. The output G.sub.1B /P.sub.1B of the divider 701 is applied via
      the relay contact 707 to be subtracted from the value G.sub.10 /P.sub.10
      stored previously in the memory 703, and the result (G.sub.10 /P.sub.10) -
      (G.sub.1B /P.sub.1B) is applied to a multiplier 711.
PAR  The output P.sub.1B /P.sub.2B of the divider 705 is applied via the relay
      contact 708 to a gain converter 710 which computes the value of the
      product (R.sub.2 /R.sub.1) .times. (P.sub.1B /P.sub.2B), and such output
      is also applied to the multiplier 711.
PAR  The output G.sub.2B /P.sub.2B of the divider 702 represents the torque arm
      value detected at the second rolling stand immediately after the workpiece
      10 is fed into the nip between the rolls 11 of the second rolling stand.
      This output G.sub.2B /P.sub.2B of the divider 702 is applied via the relay
      contact 709 so as to subtract from the same the ouptput (R.sub.2 /R.sub.1)
      (P.sub.1B /P.sub.2B) .times. {(G.sub.10 /P.sub.10) - (G.sub.1B /P.sub.1B)}
      of the multiplier 711. The result of subtraction is representative of the
      reference torque arm value for the second rolling stand, and the value
      given by (G.sub.20 P.sub.20) = (G.sub.2B /P.sub.2B) - (R.sub.2 /R.sub.1)
      (P.sub.1B /P.sub.2B) .times. {(G.sub.10 /P.sub.10) - (G.sub.1B /P.sub.1B)
      } is applied to a memory 712 to be stored therein.
PAR  The workpiece 10 which has been fed into the nip between the rolls 11 of
      the second rolling stand, is now being rolled by both the first and second
      rolling stands. The deviation of the torque arm value (G.sub.1 /P.sub.1)
      detected at the first rolling stand from the reference torque arm value
      (G.sub.10 /P.sub.10) for the first rolling stand in the above rolling
      condition, and the deviation of the torque arm value (G.sub.2 /P.sub.2)
      detected at the second rolling stand from the reference torque arm value
      (G.sub.20 /P.sub.20) for the second rolling stand in the above rolling
      condition, are obtained on the basis of the output (G.sub.1 /P.sub.1) of
      the divider 701, the output (G.sub.2 /P.sub.2) of the divider 702, the
      output (G.sub.10 /P.sub.10) of the memory 703, and the output (G.sub.20
      /P.sub.20) of the memory 712. Then, the difference between the deviation
      {(G.sub.10 /P.sub.10) - (G.sub.1 /P.sub.1) } and the deviation {(G.sub.20
      /P.sub.20) - (G.sub.2 /P.sub.2) } is sought according to the equation (7),
      and a speed change instruction signal is applied to the speed regulator 50
      associated with the first rolling stand so that the difference {(G.sub.10
      /P.sub.10) - (G.sub.1 /P.sub.1) } - {(G.sub.20 /P.sub.20) - (G.sub.2
      /P.sub.2)} can be reduced to zero. A gain converter 713 acts to convert
      the above difference into the speed change instruction signal, and an
      integrator 714 is connected to the gain converter 713.
PAR  FIG. 3 shows an application of the present invention to a tandem rolling
      mill consisting of three rolling stands.
PAR  Referring to FIG. 3, the rolling torque G.sub.2 and rolling force P.sub.2
      at the second rolling stand and the rolling torque G.sub.3 and rolling
      force P.sub.3 at the third rolling stand are detected, and the signals
      representative of these detected values are applied to a tension
      controller 71. In response to the application of these signals, the
      tension controller 71 applies a speed change instruction signal
      (.DELTA.N/N).sub.3 to a speed regulator 50 associated with the third
      rolling stand for regulating the rolling speed of the third rolling stand
      so that a workpiece portion moving between the second and third rolling
      stands can be rolled in a tension-free state.
PAR  It will be understood that, according to the present invention, the
      difference between the torque arm value actually detected during rolling
      and the reference torque arm value obtained by computation is sought at
      each of a pair of rolling stands arranged in tandem, and the rolling speed
      of one of the rolling stands is changed so that the difference at one of
      the rolling stands is equal to the difference at the other rolling stand.
      Thus, a workpiece can be rolled in a state in which zero interstand
      tension is maintained throughout the rolling operation. While the above
      description has referred to an application of the present invention to a
      tandem rolling mill consisting of two or three rolling stands, it is
      readily apparent to those skilled in the art that the present invention is
      also similarly effectively applicable to a tandem rolling mill consisting
      of four or more rolling stands.
PAR  In the arrangement shown in FIG. 3, the rolling speed of the first rolling
      stand is changed to maintain zero interstand tension for the workpiece
      portion moving between the first and second rolling stands as described
      with reference to FIG. 1, and the rolling speed of the third rolling stand
      is changed to maintain zero interstand tension for the workpiece portion
      moving between the second and third rolling stands. According to this
      method, however, regulation or elimination of the tension imparted to the
      workpiece portion moving between one pair of the rolling stands may
      possibly give rise to impartation of a tension to the workpiece portion
      moving between the other pair of the rolling stands.
PAR  FIG. 4 shows another embodiment of the present invention which eliminates
      such a possibility and can further improve the quality of control.
PAR  Referring to FIG. 4, the rolling torque G.sub.1 and rolling force P.sub.1
      at a first rolling stand and the rolling torque G.sub.2 and rolling force
      P.sub.2 at a second rolling stand are detected, and the signals
      representative of these detected values are applied to a tension
      controller 70. In response to the application of these signals, the
      tension controller 70 applies a speed change instruction signal to
      respective speed regulators 50 associated with the second and third
      rolling stands for regulating the rolling speed of the second and third
      rolling stands so that a workpiece portion moving between the second and
      third rolling stands can be rolled in a tension-free state. The signals
      representative of the rolling torque G.sub.3 and rolling force P.sub.3
      detected at the third rolling stand are applied to a tension controller 71
      together with the signals representative of the rolling torque G.sub.2 and
      rolling force P.sub.2 at the second rolling stand. In response to the
      application of these signals, the tension controller 71 applies a speed
      change instruction signal to the speed regulator 50 associated with the
      third rolling stand.
PAR  It will thus be seen that, in a tandem rolling mill consisting of at least
      three rolling stands, all the interstand tensions are preferably
      controlled in a successive fashion so that regulation of the rolling speed
      of one rolling stand pair may not result in impartation of a tension to a
      workpiece portion moving between another rolling stand pair.
PAR  In the embodiment shown in FIG. 4, the first rolling stand is selected to
      be the key rolling stand, and the successive interstand tension control is
      carried out between the first and second rolling stands and between the
      second and third rolling stands. However, the second rolling stand may be
      the key rolling stand, and the successive interstand tension control may
      be carried out between the first and second rolling stands and between the
      second and third rolling stands to attain the same effect as that above
      described. In a tandem rolling mill consisting of four or more rolling
      stands, the successive interstand tension control may be carried out
      between the adjacent rolling stand pairs to attain the same effect as that
      above described.
PAR  The above embodiments have been described with reference to the case in
      which the interstand tension imparted to a workpiece is controlled to be
      maintained at zero for rolling the workpiece in a tension-free state.
PAR  A method and apparatus will now be described in which a controlled tension
      is imparted to a workpiece portion moving between a pair of rolling stands
      so as to roll the workpiece in a state in which a constant tension is
      imparted thereto.
PAR  Suppose that a workpiece is rolled by a tandem rolling mill consisting of
      two rolling stands while being imparted with a predetermined tension T,
      and the tension is varied by .DELTA.T due to disturbance. Then, the
      following equation is obtained from the equation (7):
      ##EQU6##
      It will therefore be seen that the workpiece portion moving between the
      first and second rolling stands can be rolled while being imparted with
      the predetermined constant tension T when the rolling speed of the first
      or second rolling stand is controlled in such a manner that the variation
      .DELTA.T in the tension imparted to the workpiece due to the disturbance
      is reduced to zero always.
PAR  FIG. 5 is a block diagram of an interstand tension control apparatus
      according to the present invention in which the method of rolling a
      workpiece while imparting a predetermined tension T thereto is applied to
      a tandem rolling mill consisting of two rolling stands. In FIG. 5, torque
      detectors 40, load cells 30, speed regulators 50 and a tension controller
      70 are the same as those shown in FIG. 1, and any detailed description of
      their construction is unnecessary.
PAR  Referring to FIG. 5, a gain converter 81 is provided for multiplying the
      output P.sub.1 of the load cell 30 associated with the first rolling stand
      by the reciprocal of the radius R.sub.1 of the rolls 11 of the first
      rolling stand. Another gain converter 82 is provided for multiplying the
      output P.sub.2 of the load cell 30 associated with the second rolling
      stand by the reciprocal of the radius R.sub.2 of the rolls 11 of the
      second rolling stand. The sum (P.sub.1 /R.sub.1 + P.sub.2 /R.sub.2) of the
      outputs of the gain converters 81 and 82 is multiplied by the
      predetermined tension setting T in a multiplier 83, and the output T
      (P.sub.1 /R.sub.1 + P.sub.2 /R.sub.2) of the multiplier 83 is applied to
      another gain converter 84. This gain converter 84 converts the output of
      the multiplier 83 into a corresponding speed change instruction signal
      which is representative of the value .beta. T(P.sub.1 /R.sub.1 + P.sub.2
      /R.sub.2) where .beta.  is the gain of the gain converter 84. The
      difference between this speed instruction signal representative of the
      value .beta.T(P.sub.1 /R.sub.1 + P.sub.2 /R.sub.2) and the output of the
      tension controller 70 is applied to the speed regulator 50 associated with
      the first rolling stand. Therefore, the rotating speed of the motor 20
      which drives the rolls 11 of the first rolling stand is controlled so that
      the tension imparted to the workpiece between the first and second rolling
      stands is equal to the predetermined tension setting T.
PAR  It will thus be understood that, according to this method of the present
      invention, a workpiece portion moving between the rolling stands can be
      rolled in a state in which a predetermined tension (including zero
      tension) is imparted thereto.
PAR  The present invention is also applicable to a tandem rolling mill of the
      kind in which an edger mill is disposed between a pair of adjacent rolling
      stands for rolling the side faces of a workpiece or controlling the
      transverse width of a workpiece being rolled. In such an application, the
      manner of interstand tension control described with reference to FIGS. 1
      to 5 may be applied for controlling the interstand tension, and the
      rolling speed of the edger mill may be controlled so that the rolling
      torque at the edger mill disposed between these rolling stands may be
      maintained constant.
PAR  Preferred embodiments of the present invention have been described with
      reference to a tandem rolling mill adapted for rolling a workpiece into a
      strip. However, the present invention is most suitable for an application
      to a tandem rolling mill adapted for rolling a workpiece into an angle
      bar, a round bar, a square bar, a wire or the like in which the tension
      appearing in the rolling operation exerts a great influence upon the
      quality of products and the tension imparted to the workpiece cannot be
      directly measured by contact with the workpiece.
PAR  In some forms of the present invention described hereinbefore, the
      apparatus has been arranged in such a manner that the rolling speed of the
      rolling stands is controlled in response to the impartation of a tension
      to the workpiece portion between the rolling stands so as to reduce the
      tension to zero. However, the screw-down ratio of one of or all of the
      rolling stands may be controlled in response to the impartation of a
      tension to the workpiece portion between the rolling stands so as to
      reduce the tension to zero.
PAR  The advantages of the present invention  will be summarized.
PAR  In the prior art as above-mentioned, the rolling speed of any stand is
      controlled on the basis of a reference torque arm on that stand, which is
      measured as an average of values of torque arms exerted during the moment
      just after the leading end of a workpiece passes through that stand to the
      moment just before the leading end of the workpiece reaches the next
      stand, so that the torque arm on that stand during the rolling operation
      is equal to the reference torque arm. On the other hand, in the present
      invention, the rolling speed of any stand is controlled on the basis of a
      reference torque arm, which is calculated from a torque arm on that stand
      at a moment when the leading end of a workpiece has just passed through
      that stand, the actual torque arm of a stand adjacent to that stand and
      the reference torque arm on the adjacent stand, so that the difference
      between the actual torque arm and the reference torque arm on that stand
      is equal to the difference between those values on the adjacent stand.
      Therefore, it is possible to determine the reference torque arm on any
      stand as soon as the leading end of a workpiece has passed through that
      stand and to control the rolling speed of that stand on the basis of the
      value of reference torque arm thus determined, whereby the detected values
      of torque arms are substantially free from errors due to impact drop at
      the moment when the leading end of a workpiece comes into the nip between
      the rolls of the respective stand and the interstand tension can be
      controlled with high precision regardless of the presence of skid marks,
      thermal rundown and abrupt variations in the thickness of the workpiece
      being rolled.
PAR  Further, according to the present invention, the interstand tension control
      for the workpiece between, for example, the first and second rolling
      stands has been completed before the workpiece moving past one rolling
      stand toward the succeeding rolling stand is fed into the nip between the
      rolls of the succeeding rolling stand. Therefore, the workpiece can be
      rolled satisfactorily at a high speed not only at the normal running, but
      also at acceleration and deceleration.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a tandem rolling mill consisting of at least a first rolling stand
      and a second rolling stand, an interstand tension control method for
      controlling the interstand tension imparted to a workpiece being rolled by
      said first and second rolling stands, comprising
PA1  the first step of computing the reference torque arm for said first rolling
      stand and storing the same in a memory after the workpiece is fed into the
      nip between the rolls of said first rolling stand but before the workpiece
      is fed into the nip between the rolls of said second rolling stand,
PA1  the second step of detecting the respective torque arms at said first and
      second rolling stands immediately after the workpiece is fed into the nip
      between the rolls of said second rolling stand and computing the reference
      torque arm for said second rolling stand on the basis of the torque arm
      values detected at said first and second rolling stands and the stored
      reference torque arm value for said first rolling stand for storing the
      reference torque arm value for said second rolling stand in a memory, and
PAR  the third step of detecting the respective torque arms at said first and
      second rolling stands while the workpiece is being rolled by both said
      first and second rolling stands and computing the difference between the
      deviation of the detected torque arm value at said first rolling stand
      from the stored reference torque arm value for said first rolling stand
      and the deviation of the detected torque arm value at said second rolling
      stand from the stored reference torque arm value for said second rolling
      stand, and controlling the interstand tension imparted to the workpiece
      moving between said first and second rolling stands to be constant in
      response to the value of the difference thus computed.
NUM  2.
PAR  2. In a tandem rolling mill consisting of at least a first rolling stand
      and a second rolling stand, an interstand tension control method for
      controlling the interstand tension imparted to a workpiece being rolled by
      said first and second rolling stands, comprising
PA1  the first step of detecting the rolling torque and rolling force at said
      first rolling stand after the workpiece is fed into the nip between the
      rolls of said first rolling stand but before the workpiece is fed into the
      nip between the rolls of said second rolling stand and computing the
      rolling torque to rolling force ratio representative of the reference
      torque arm for said first rolling stand for storing such reference torque
      arm value in a memory,
PA1  the second step of detecting the respective rolling torques and rolling
      forces at said first and second rolling stands immediately after the
      workpiece is fed into the nip between the rolls of said second rolling
      stand and computing the reference torque arm for said second rolling stand
      on the basis of these detected values and the stored reference torque arm
      value for said first rolling stand for storing the reference torque arm
      value for said second rolling stand in a memory, and
PA1  the third step of detecting the respective rolling torques and rolling
      forces at said first and second rolling stands while the workpiece is
      being rolled by both said first and second rolling stands for computing
      the respective rolling torque to rolling force ratios at said first and
      second rolling stands to obtain the respective torque arms at said first
      and second rolling stands and then computing the difference between the
      deviation of the detected torque arm value at said first rolling stand
      from the stored reference torque arm value for said first rolling stand
      and the derivation of the detected torque arm valves at said second
      rolling stand from the stored reference to torque arm value for said
      second rolling stand, and controlling the interstand tension imparted to
      the workpiece portion moving between said first and second rolling stands
      to be constant in response to the value of the difference thus computed.
NUM  3.
PAR  3. An interstand tension control method as claimed in claim 2, wherein said
      third step comprises controlling the rolling speed of said first rolling
      stand relative to that of said second rolling stand so that said
      difference is equal to the product of the roll radius to detected rolling
      force ratio at each said rolling stand and the desired value of the
      interstand tension to be imparted to the workpiece.
NUM  4.
PAR  4. An interstand tension control method as claimed in claim 2, wherein the
      interstand tension imparted to the workpiece moving between said first and
      second rolling stands is reduced to zero by controlling the rolling speed
      of said first rolling stand relative to that of said second rolling stand
      in such a manner that said difference is reduced to zero, that is, the
      torque arm deviation at said first rolling stand is equal to that at said
      second rolling stand.
NUM  5.
PAR  5. An interstand tension control method as claimed in claim 4, wherein the
      rolling speed of said first rolling stand is controlled so that said
      difference can be reduced to zero, That is, the torque arm deviation at
      said first rolling stand is equal to that at said second rolling stand.
NUM  6.
PAR  6. An interstand tension control method as claimed in claim 4, wherein the
      rolling speed of said second rolling stand is controlled so that said
      difference can be reduced to zero, that is, the torque arm deviation at
      said first rolling stand is equal to that at said second rolling stand.
NUM  7.
PAR  7. In a tandem rolling mill consisting of at least a first rolling stand, a
      second rolling stand and a third rolling stand, an interstand tension
      control method for controlling the interstand tension imparted to a
      workpiece being rolled by said first, second and third rolling stands,
      comprising
PA1  the first step of detecting the rolling torque and rolling force at said
      first rolling stand after the workpiece is fed into the nip between the
      rolls of said first rolling stand but before the workpiece is fed into the
      nip between the rolls of said second rolling stand and computing the
      rolling torque to rolling force ratio representative of the reference
      torque arm for said first rolling stand for storing such reference torque
      arm value in a memory,
PA1  the second step of detecting the respective rolling torques and rolling
      forces at said first and second rolling stands immediately after the
      workpiece is fed into the nip between the rolls of said second rolling
      stand and computing the reference torque arm for said second rolling stand
      on the basis of these detected values and the stored reference torque arm
      value for said first rolling stand for storing the reference torque arm
      value for said second rolling stand in a memory, and
PA1  the third step of detecting the respective rolling torques and rolling
      forces at said first and second rolling stands while the workpiece is
      being rolling by both said first and second rolling stands for computing
      the respective rolling torque to rolling force ratios at said first and
      second rolling stands to obtain the respective torque arms at said first
      and second rolling stands and then computing the difference between the
      deviation of the detected torque arm value at said second rolling stand
      from the stored reference torque arm value for said first rolling stand
      and the deviation of the detected torque arm value at said second rolling
      stand from the stored reference torque arm value for said second rolling
      stand so as to reduce said difference to zero by controlling the rolling
      speed of any one of said first and second rolling stands,
PA1  the fourth step of detecting the respective rolling torques and rolling
      forces at said second and third rolling stands immediately after the
      workpiece is fed into the nip between the rolls of said third rolling
      stand and computing the reference torque arm for said third rolling stand
      on the basis of these detected values and the stored reference torque arm
      value for said second rolling stand for storing the reference torque arm
      value for said third rolling stand in a memory, and
PA1  the fifth step of detecting the respective rolling torques and rolling
      forces at said first, second and third rolling stands while the workpiece
      is being rolled by at least said first, second and third rolling stands
      for computing the respective rolling torque to rolling force ratios at
      said first, second and third rolling stands to obtain the respective
      torque arms at said first, second and third rolling stands and controlling
      the rolling speed of said second rolling stand so as to reduce to zero the
      difference between the deviation of the detected torque arm value at said
      first rolling stand from the stored reference torque arm value for said
      first rolling stand and the deviation of the detected torque arm value at
      said second rolling stand from the stored reference torque arm value for
      said second rolling stand while, at the same time, controlling the rolling
      speed of said third rolling stand so as to reduce to zero the difference
      between the deviation of the detected torque arm value at said second
      rolling stand from the stored reference torque arm value for said second
      rolling stand and the deviation of the detected torque arm value at said
      third rolling stand from the stored reference torque arm value for said
      third rolling stand.
NUM  8.
PAR  8. An interstand tension control method as claimed in claim 7, wherein said
      fifth step comprises controlling the rolling speed of said second and
      third rolling stands so that the difference between said torque arm
      deviation at said first rolling stand and that at said second rolling
      stand can be reduced to zero, and controlling the rolling speed of said
      third rolling stand so that the difference between said torque arm
      deviation at said second rolling stand and that at said third rolling
      stand can be reduced to zero.
NUM  9.
PAR  9. An interstand tension control method as claimed in claim 7, wherein said
      fifth step comprises controlling the rolling speed of said first and third
      rolling stands so that the difference between said torque arm deviation at
      said first rolling stand and that at said second rolling stand can be
      reduced to zero, and controlling the rolling speed of said third rolling
      stand so that the difference between said torque arm deviation at said
      second rolling stand and that at said third rolling stand can be reduced
      to zero.
NUM  10.
PAR  10. In a tandem rolling mill consisting of at least a first rolling stand
      and a second rolling stand, an interstand tension control apparatus for
      controlling the interstand tension imparted to a workpiece being rolled by
      said first and second rolling stands, comprising
PA1  first rolling force detecting means for detecting the rolling force at said
      first rolling stand,
PA1  first rolling torque detecting means for detecting the rolling torque at
      said first rolling stand,
PA1  first computing means for computing the torque arm at said first rolling
      stand determined by the ratio of the output of said first rolling torque
      detecting means to the output of said first rolling force detecting means,
PA1  first memory means for storing the output of said first computing means
      appearing immediately after the workpiece is fed into the nip between the
      rolls of said first rolling stand, said output of said first computing
      means being representative of the reference torque arm value for said
      first rolling stand,
PA1  second rolling force detecting means for detecting the rolling force at
      said second rolling stand,
PA1  second rolling torque detecting means for detecting the rolling torque at
      said second rolling stand,
PA1  second computing means for computing the torque arm at said second rolling
      stand determined by the ratio of the output of said second rolling torque
      detecting means to the output of said second rolling force detecting
      means,
PA1  second memory means for storing the output of said second computing means
      appearing immediately after the workpiece is fed into the nip between the
      rolls of said second rolling stand,
PA1  third computing means for computing the reference torque arm value for said
      second rolling stand on the basis of the output of said first memory
      means, the output of said first computing means appearing immediately
      after the workpiece is fed into the nip between the rolls of said second
      rolling stand and the output of said second memory means,
PA1  fourth computing means for computing the difference between the value
      representing the difference between the output of said first memory means
      and the output of said third computing means and the value representing
      the difference between the output of said first computing means and the
      output of said second computing means while the workpiece is being rolled
      by said first and second rolling stands, and
PA1  control means for controlling the relative rolling speed between said first
      and second rolling stands in response to the difference computed by said
      fourth computing means.
NUM  11.
PAR  11. An interstand tension control apparatus as claimed in claim 10, wherein
      said control means controls the relative rolling speed of said first and
      second rolling stands so that the difference computed by said fourth
      computing means is equal to the product of (R.sub.1 /P.sub.1 + R.sub.2
      /P.sub.2) and T in which R.sub.1 /P.sub.1 is the product of the roll
      radius R.sub.1 of said first rolling stand and the reciprocal of the
      output  P.sub.1 of said first rolling force detecting means, R.sub.2
      /P.sub.2 is the product of the roll radius R.sub.2 of said second rolling
      stand and the reciprocal of the output P.sub.2 of said second rolling
      force detecting means, and T represents a predetermined interstand tension
      to be imparted to the workpiece moving between said first and second
      rolling stands.
NUM  12.
PAR  12. In a tandem rolling mill consisting of at least a first rolling stand,
      a second rolling stand and a third rolling stand, an interstand tension
      control apparatus for controlling the interstand tension imparted to a
      workpiece being rolled by said first, second and third rolling stands,
      comprising
PA1  first rolling force detecting means for detecting the rolling force at said
      first rolling stand,
PA1  first rolling torque detecting means for detecting the rolling torque at
      said first rolling stand,
PA1  first computing means for computing the torque arm at said first rolling
      stand determined by the ratio of the output of said first rolling torque
      detecting means to the output of said first rolling force detecting means,
PA1  first memory means for storing the output of said first computing means
      appearing immediately after the workpiece is fed into the nip between the
      rolls of said first rolling stand, said output of said first computing
      means being representative of the reference torque arm value for said
      first rolling stand,
PA1  second rolling force detecting means for detecting the rolling force at
      said second rolling stand,
PA1  second rolling torque detecting means for detecting the rolling torque at
      said second rolling stand,
PA1  second computing means for computing the torque arm at said second rolling
      stand determined by the ratio of the output of said second rolling torque
      detecting means to the output of said second rolling force detecting
      means,
PA1  second memory means for storing the output of said second computing means
      appearing immediately after the workpiece is fed into the nip between the
      rolls of said second rolling stand,
PA1  third rolling force detecting means for detecting the rolling force at said
      third rolling stand,
PA1  third rolling torque detecting means for detecting the rolling torque at
      said third rolling stand,
PA1  third computing means for computing the torque arm at said third rolling
      stand determined by the ratio of the output of said third rolling torque
      detecting means to the output of said third rolling force detecting means,
PA1  third memory means for storing the output of said third computing means
      appearing immediately after the workpiece is fed into the nip between the
      rolls of said third rolling stand,
PA1  fourth computing means for computing the reference torque arm value for
      second rolling stand on the basis of the output of said first memory
      means, the output of said first computing means appearing immediately
      after the workpiece is fed into the nip between the rolls of said second
      rolling stand and the output of said second memory means,
PA1  fifth computing means for computing the difference between the value
      representing the difference between the output of said first memory means
      and the output of said fourth computing means and the value representing
      the difference between the output of said first computing means and the
      output of said second computing means while the workpiece is being rolled
      by said first and second rolling stands,
PA1  first control means for controlling the relative rolling speed between said
      first and second rolling stands in response to the difference computed by
      said fifth computing means,
PA1  sixth computing means for computing the reference torque arm value for said
      third rolling stand on the basis of the output of said second memory
      means, the output of said second computing means appearing immediately
      after the workpiece is fed into the nip between the rolls of said third
      rolling stand and the output of said third memory means,
PA1  seventh computing means for computing the difference between the value
      representing the difference between the output of said forth computing
      means and the output of said sixth computing means and the value
      representing the difference between the output of said second computing
      means and the output of said third computing means while the workpiece is
      being rolled by said first, second and third rolling stands, and
PA1  second control means for controlling the relative rolling speed between
      said second and third rolling stands in response to the difference
      computed by said seventh computing means.
NUM  13.
PAR  13. An interstand tension control apparatus as claimed in claim 12, wherein
      said first control means controls the relative rolling speed of said first
      and second rolling stands so that the difference computed by said fifth
      computing means is equal to the product of (R.sub.1 /P.sub.1 + R.sub.2
      /P.sub.2) and T in which R.sub.1 /P.sub.1 is the product of the roll
      radius R.sub.1 of said first rolling stand and the reciprocal of the
      output P.sub.1 of said first rolling force detecting means, R.sub.2
      /P.sub.2 is the product of the roll radius R.sub.2 of said second rolling
      stand and the reciprocal of the output of said second rolling force
      detecting means, and T is a predetermined interstand tension to be
      imparted to the workpiece portion moving between said first and second
      rolling stands, and said second control means controls the relative
      rolling speed of said second and third rolling stands so that the
      difference computed by said seventh computing means is equal to the
      product of (R.sub.2 /P.sub.2 + R.sub.3 /P.sub.3) and T in which R.sub.2
      /P.sub.2 is the product of the roll radius R.sub.2 of said second rolling
      stand and the reciprocal of the output P.sub.2 of said second rolling
      force detecting means, R.sub.3 /P.sub.3 is the product of the roll radius
      R.sub.3 of said third rolling stand and the reciprocal of the output
      P.sub.3 of said third rolling force detecting means and T is the
      predetermined interstand tension to be imparted to the workpiece portion
      moving between said second and third rolling stands.
NUM  14.
PAR  14. An interstand tension control apparatus as claimed in claim 12, wherein
      the relative rolling speed between said second and third rolling stands is
      controlled in response to the difference computed by said fifth computing
      means, and the rolling speed of said third rolling stand is controlled in
      response to the difference computed by said seventh computing means.
NUM  15.
PAR  15. An interstand tension control apparatus as claimed in claim 12, wherein
      the rolling speed of said first rolling stand relative to that of said
      third rolling stand is controlled in response to the difference computed
      by said fifth computing means, and the rolling speed of said third rolling
      stand is controlled in response to the difference computed by said seventh
      computing means.
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PAL  Apparatus is provided for uniformly cooling hot rolled rod over a
      continuous range of cooling rates from less than 0.5.degree. C/sec. to
      about 20.degree. C/sec. together with a mechanism for removing scale
      accumulated therein in a confined and safe manner. The context is that of
      cooling hot rolled steel rod directly after the steel leaves the rod mill
      wherein the rod may either be cooled rapidly by forced air convection or
      cooled very slowly under conditions in which a heated fluid or radiant
      heating must actually be employed in order to retard the cooling rate. The
      apparatus includes a group of cooling chambers, each of which has a blower
      which can be used to force cool air from the atmosphere onto the rod. Some
      of the cooling chambers are also equipped with means for supplying heat to
      the rod as may be necessary to retard the cooling rate. When this is done
      in air, scale formation on the steel is more extensive due to the
      prolongation of time at high temperature, and as the scale builds up, it
      also tends to break away from the rod and fall to the bottom of the
      cooling chamber. The air streams, which are otherwise used to control the
      cooling of the steel by forced air convection, can then be redirected and
      used to entrain and dispose of the scale from the cooling chambers. This
      is done by an arrangement of ducts and dampers whereby the blowing is
      adapted to draw air either from the atmosphere for cooling or from the
      cooling chamber where the scale accumulates, for scale disposal. Thus,
      when the apparatus has been used in the retarded cooling mode, and it
      becomes desirable to change to the rapid cooling mode, the dampers are set
      so that the blowers withdraw scale from the cooling chambers and transmit
      it to the scale disposal facility. Then the dampers are reset so that the
      blowers can transmit air into the cooling chambers to cool by forced air
      convection. When the means for supplying heat to some other cooling
      chambers are used, in order to retard the cooling rate, the remaining
      cooling chambers may be used to cool either by natural or forced
      convection. Those chambers being used for cooling by natural convection
      may be alternately adapted for the removal of scale accumulation by the
      use of a blower. The cooling chambers are equipped with an arrangement of
      nozzles adapted to apply a greater proportion of the cooling medium to the
      sides of the rings than to the centers. This helps to overcome the
      mass-effect of the overlapped rings at the side of the conveyor so as to
      cool more uniformly in the rapid cooling mode. The same nozzles may also
      be employed in the slow cooling mode when a heated gas is applied to the
      rod.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for cooling hot rolled steel
      rod in direct sequence with a rod mill and, more particularly, to an
      apparatus which cools steel either by forced convection or by actually
      supplying heat to produce a retarded cooling rate during transformation of
      the steel. Cooling while supplying heat is defined as exposing the steel
      to radiant heat or to a fluid medium which is substantially above room
      temperature. The medium can even be at the same temperature as the rod, or
      slightly higher to offset the loss of heat of the rod by radiation.
PAR  A process is known from U.S. Pat. No. 3,231,432 which cools hot rolled
      steel rod by forced air convection as the rod leaves the last stand of a
      rod mill. In the cited process, the rod is first formed into flat
      overlapping non-concentric rings. The rings are then conveyed into a
      cooling chamber. In the cooling chamber forced air contacts the rings and
      uniformly cools them. The cited process imparts good properties of tensile
      strength and ductility to most medium to high plain carbon steels. For a
      majority of finished products, such rod need not be heat treated
      subsequently. Additionally, in the cited process, scale loss is minimized.
PAR  However, when low carbon steels and certain steel alloys are cooled by the
      cited process, in some cases they may have inadequate ductility. This
      results from the fact that the cooling rate during transformation of the
      steel is too high. In fact, it is often difficult to keep the cooling rate
      low enough for such steels because the loss of heat by radiation is a
      major factor in the 500.degree.C to 700.degree.C (transformation) range.
      Although cooling in the open by natural convention alone is slower than
      forced (cold) air convection, it is much too fast for the necessary slow
      cooling for certain steels. Even an insulated box can absorb the radiated
      heat at a faster rate than may be tolerated by some steels. Accordingly,
      it is necessary in such cases to apply radiant heat or a heating cooling
      medium to the rod and to the chamber surrounding the rod so as to reduce
      the radiation heat loss rate.
PAR  During retarded cooling in air, however, the formation of scale is
      increased and thereafter, when the apparatus is again used for accelerated
      cooling, the residue of scale which cracks off and falls into the cooling
      chamber becomes a serious problem. If this accumulated scale is not
      removed, it will subsequently be blown into the atmosphere by the cooling
      blowers after a shift to normal high speed cooling, and scale blown around
      a mill may be a hazard to personnel as well as cause damage to equipment
      through contamination of lubricants.
PAR  There are several previously known methods for the general prevention or
      removal of scale. For instance, the use of a non-oxidizing or reducing
      atmosphere to prevent scale formation has been employed in furnaces. Using
      a reducing atmosphere, however, becomes complicated and difficult when the
      apparatus or a part of it is to be used for cooling by forced convection.
      In addition, after scale has already formed on the steel, there are
      conventional ways to remove it either by chemical or mechanical action.
      However, none of such conventional approaches deals with the problem of
      removing an accumulation of scale in apparatus which is adapted both for
      rapid cooling by forced air convection and for slow cooling under
      conditions where heat is added. The provision of equipment for so doing is
      one of the objectives of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided an apparatus for
      cooling hot rolled steel rod by either forced air convection or by
      retarded cooling in which heat is actually supplied, wherein the scale
      which accumulates in the apparatus during the retarded cooling mode may be
      removed from the apparatus and transmitted to a collection facility. More
      particularly, the apparatus includes a group of cooling chambers equipped
      with means for receiving, conveying and cooling the steel. Blowers are
      provided to supply cooling air to one or more of the chambers. Also, one
      or more of the chambers may be provided with means for adding heat so as
      to retard the cooling rate of the steel passing therethrough. Control
      devices are provided to regulate the action of the blowers so as to cool
      by forced air convection or, alternatively, to withdraw scale from the
      apparatus and transmit it to a collection facility. One advantage of the
      invention is that scale accumulation formed during operation of the slow
      cooling mode may be removed in a safe manner prior to operation of the
      rapid cooling mode. Thus, the atmosphere of the steel mill need not be
      contaminated, and safety hazards from particles entrained in the
      atmosphere are reduced. Furthermore, the collecting of scale in a
      designated facility makes it possible to recover the economic value of the
      scale itself. As an additional advantage, the same blowers employed for
      forced air convection are also employed for removing the scale
      accumulation.
PAR  In a preferred form of the invention, each of the cooling chambers includes
      a series of rollers arranged and driven so as to convey the steel through
      the chamber, and dividing the chamber into an upper portion housing the
      rod rings and a lower portion defining a plenum. When heat is supplied for
      retarded cooling, scale forms on the rod rings, breaks off, and falls
      between the rollers into the lower plenum. Dampers are employed both
      upstream and downstream of the blower alternatively to blow cooling air
      into the plenum, or to draw air (and scale) from the plenum and direct it
      to a scale collection facility.
PAR  Another feature of the present invention resides in an arrangement of
      nozzles which is compatible with very slow cooling but which also provides
      for uniformly cooling the steel by forced air convection. The steel is
      conveyed through the cooling chamber in the form of overlapping,
      non-concentric rings in such a manner that more metal is concentrated at
      the sides. The chamber is provided with apron plates between the conveyor
      rollers and the nozzles are formed in the plates. The forced air (hot or
      cold) is projected onto the rings through the nozzles, which are
      dimensioned and arranged so that a greater quantity of cooling medium is
      applied to sides of the rings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic illustration of a side view of an embodiment of
      the apparatus for cooling hot rolled steel rod according to this
      invention, depicting a plurality of cooling chambers;
PAR  FIG. 2 is a front elevation view of a single cooling chamber employed in
      the apparatus of FIG. 1;
PAR  FIG. 3 is a diagrammatic view in side elevation of a conveyor for moving
      the steel in the cooling chamber of FIG. 2;
PAR  FIG. 4 is a perspective view of a cooling chamber and scale removal
      apparatus according to the present invention;
PAR  FIG. 5 is a plan view of the interior of the cooling chamber showing the
      conveyor rollers, apron plates and nozzles therein for uniformly cooling
      the steel during the forced air convection and retarded cooling modes;
PAR  FIG. 6 is a sectional view of the inner portions of the cooling chamber
      taken along line 6--6 of FIG. 5.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In an exemplary embodiment of the present invention, FIG. 1 depicts a
      continuous, cooling apparatus, represented generally by the reference
      numeral 10, for cooling hot rolled steel rod in direct sequence with a rod
      mill. The rolled rod issuing from the rod mill at a temperature of about
      950.degree.C to 1050.degree.C is directed through a cooling and guide pipe
      12 to a laying reel or cone, represented at 14. Water is introduced into
      the cooling pipe 12 to preliminarily cool the rod. The exact temperature
      to which the preliminary cooling is carried, depends on the end product
      requirements but is usually greater than 676.degree.C. Laying cone 14
      deposits the rod rings onto a moving conveyor 16 in the form of flat
      overlapping non-concentric rings (as shown in FIG. 4). U.S. Pat. No.
      3,231,432 describes one of several devices which may be used for the
      laying cone 14.
PAR  The rod is then conveyed into a plurality of cooling chambers 18, 20, 22,
      24, 26 and 28 where the rod is cooled at a controlled rate to impart the
      desired tensile strength and ductility to the rod. In the preferred
      embodiment of FIG. 1, each of the cooling chambers has a blower assembly
      29 for cooling the rod by relatively cold forced air convection. The use
      of relatively cold forced air convection comprises the rapid cooling mode
      of operation of the apparatus, and this mode is used primarily for cooling
      medium to high carbon steel. In the slow cooling operational mode, which
      is primarily for low carbon steels and certain steel alloys, various ways
      are available. For example, chambers 18, 20, 22, and 24 may be used for
      natural air convection alone, with chambers 26 and 28 completing the
      cooling by forced air convection. In another arrangement, the blower
      assemblies 29 of the chambers 18, 20, 22 and 24 may be disengaged, and
      instead heat may be actually supplied to the chambers 18, 20 and 22 by
      introducing hot gas or otherwise to retard the cooling rate of the steel.
      Additionally, in accordance with the present invention, the blower
      assemblies of the cooling chambers may be employed to remove scale
      assumulation following operation in the slow cooling mode.
PAR  The scale is withdrawn from the chambers and is transmitted to a scale
      collection facility, represented generally at 31. The details of the
      arrangement of ducts associated with each blower assembly and of the
      control devices within these ducts which together permit the blower
      assembly to remove the scale are shown in FIG. 4. While in FIG. 1, the
      scale collection facility is shown being connected only to the chamber 22,
      it is to be understood that each of the chambers 18, 20, 22, 24, 26 and 28
      may be connected to a common scale collection facility which may be remote
      from the cooling apparatus. The scale collection facility may have a gas
      cleaning device. While the details of such a device are not shown, those
      skilled in the art are familiar with various electrostatic precipitators,
      bag filters, vortical or centrifugal separators (wet or dry) and various
      combinations thereof which may be suitable.
PAR  At the entrance of chamber 24, the conveyor 16 terminates, and transfers
      the rod to a conveyor 32 which carries the rod through the remaining
      chambers to a ring collecting device 34. The details of the collecting
      device are not shown but there are several known suitable devices,
      including that described in U.S. Pat. No. 3,231,432. Drive chains for the
      conveyors 16 and 32 extend into mutually overlapping relationship.
PAR  In the present invention, a single apparatus is employed to cool different
      types of steel at their respective optimum cooling rates. Most medium to
      high carbon steels are uniformly cooled fairly rapidly (7.degree.C/sec. up
      to about 20.degree.C/sec.) by forced air convection throughout the length
      of the apparatus. At such cooling rates the steel is given optimum tensile
      strength and ductility properties. However, if low carbon steels and
      certain steel alloys are cooled at rates as high as that, the tensile
      strength may be too high and/or the ductility too low. By retarding the
      cooling rate, as for instance in chambers 18, 20 and 22 by supplying
      heated gas thereto, the cooling rate through transformation of the steel
      can be decreased, to the range of 0.3.degree.C/sec. to 6.degree.C/sec. so
      as to arrive at an appropriate tensile strength and/or ductility.
      Preferably such steels are thereafter cooled at a higher rate by forced or
      natural air convection in chamber 24 and by rapid forced air convection in
      chambers 26 and 28 to reduce the temperature sufficiently for convenient
      handling.
PAR  In a suitable installation, the operating characteristics may be as
      follows. Each of the six chambers is 30 feet long and, therefore, the
      entire apparatus is 180 feet long. For cooling low carbon steels and
      certain steel alloys, the cooling rate is 0.3.degree.C/sec. to
      6.degree.C/sec in the chambers 18, 20 and 22, 7.degree.C to
      10.degree.C/sec. in the chamber 24, and 7.degree.C to 20.degree.C/sec. in
      the chambers 26 and 28.
PAR  Several variables control the cooling rate of the particular steel; these
      include the rate at which the rod is fed to the conveyor, the temperature
      at which the rod is fed to the conveyor, the conveyor speed, the stacking
      thickness of the rings and the temperature of the cooling zones. These
      variables may be appropriately controlled to produce the desired cooling
      rate.
PAR  Referring now to FIG. 2, there are depicted details of the chambers 18, 20
      and 22 employed in cooling the rod either by supplying heated gas or by
      cool forced air. Each of these chambers has a pair of heat insulated side
      walls 36 and 38 and a heat insulated top plate 40. The top plate 40 is
      pivotally hinged at 42 so that the top plate may be opened or closed. When
      these chambers are employed to cool by either natural or forced air
      convection, the top may be left open to enhance the air convection; the
      tops of the chambers 24, 26 and 28 shown in FIG. 1 are usually left open
      permanently because these chambers normally are used only for rapid
      cooling. When the chambers 18, 20 and 22 are used in the slow cooling
      mode, the top of the chamber is closed so as to contain the heat within
      the chamber. Any suitable power drive system, or an overhead crane, may be
      used for placing or removing the top plate 40.
PAR  A series of rotating rollers carry the rod rings through the chambers 18,
      20 and 22. Each of the rollers, shown at 44, is mounted on the side walls
      36 and 38 to rotate in bearing assemblies 46 and 48, respectively. All of
      the rollers 44 within the chambers 18, 20 and 22 are driven by a drive
      chain 50. This drive chain 50 is driven by a suitable drive motor (not
      shown). The drive chain 50 passes over a series of drive sprockets 52 and
      idler sprockets 54. The bearing assemblies 46 and 48 are preferably water
      cooled to remove heat which may be conducted to them from the rollers 44.
      Each sprocket wheel 52 is mounted on the end of the center shaft of each
      roller 44. The drive chain 50 is placed outside of the chambers 18, 20 and
      22 in order to minimize the loss of lubrication which would otherwise
      occur if the chain were inside the chamber during the heating phase of the
      slow cooling mode. However, the conveyor 32 and its sprockets and chains
      may normally be disposed within chambers 24, 26 and 28 as in the manner
      shown in U.S. Pat. No. 3,231,432 because those chambers are not normally
      heated.
PAR  The preferred technique for retarded cooling, wherein heat is supplied, is
      performed by introducing heated gas from a suitable heat source, such as a
      gas burner (not shown), through a duct 89 into a plenum chamber indicated
      at 90 in FIGS. 3 and 4.
PAR  The copending application of Norman A. Wilson, Ser. No. 516,767, filed Oct.
      21, 1974, discloses a type of gas burner arrangement which might be used
      to introduce the heated gas into the present apparatus.
PAR  The heated gas passes through the plenum 90 and upwardly through nozzles
      120, 130 and 132 shown in FIG. 5. Several means may be used for supplying
      the heat needed to retard the cooling rate of steel. FIG. 2 shows an
      alternative method wherein hot gases, supplied from a suitable source of
      hot gases, such as a gas burner (not shown), are introduced into the upper
      part of the cooling chamber through conduits 56 and 58 which are mounted
      on the side walls 36 and 38, respectively.
PAR  Hot gases are initially introduced at high volume, to bring chambers 18, 20
      and 22 up to suitable temperature. As processing continues, heat
      contributed by the material itself allows the hot gases to be throttled
      back so as to achieve a heat balance at the proper chamber temperature.
PAR  Referring now to FIG. 3, there is shown a detailed diagram of a portion of
      the conveyor 16 for the chambers 18, 20 and 22. A series of apron plates
      60 and 62 are disposed respectively between the rollers 44. The idler
      sprockets 54 maintain the drive chain 50 in contact with the drive
      sprockets 52, thereby ensuring that the rollers 44 uniformly rotate and
      move the rod rings through the chambers 18, 20 and 22. The apron plates,
      described in more detail subsequently, prevent the rod from getting caught
      between the rollers and serve as the means for distributing the air or hot
      gas which is applied to the rod when the chambers employed to cool by
      forced air convection or by retarded cooling, respectively. A series of
      semi-circular plates 80 extend below each roller 44; these plates 80
      collect the scale which falls between the rollers 44 and the plates 60 and
      62. Each plate 80 has a bottom opening to permit the scale to fall into
      the plenum 90.
PAR  Turning now to the problem of removing the scale which settles in the
      plenum 90, scale is, of course, the oxidized surface of steel which forms
      when the steel is at elevated temperatures. The oxides which form normally
      include FeO, Fe.sub.2 O.sub.3, and Fe.sub.3 O.sub.4. The amount of scale
      formation and the proportions of each ingredient depend upon the
      temperature, the time and the amount of oxygen available. While some scale
      may form on steel which is cooled rapidly after rolling by forced air
      convection, the amount is small and it does not present a significant
      hazard in the mill. However, the steels, which are cooled more slowly
      through transformation, have a correspondingly greater scale formation
      because they are maintained at a higher temperature for a longer time. As
      those steels pass over the rollers in the chambers 18, 20 and 22, some
      scale breaks off and accumulates within the chamber 24 when cooling in
      this chamber is by natural air convection. If such accumulated scale is
      not removed, it will be carried into the atmosphere when these chambers
      are thereafter used in the rapid cooling mode and air is blown through
      them.
PAR  Referring now to FIG. 4, there is shown in detail a blower assembly which
      may be employed both for removal of scale accumulation and for cooling
      rapidly by forced air convection. A blower 100 produces an air stream
      which flows from through a blower input duct 102 through the blower to a
      blower output duct 104. A drive means, such as a motor 105, operates the
      blower 100. An input damper 106 controls the input to the blower 100. When
      the damper 106 is normal to the axis of duct 102, the input to the blower
      comes from a duct 108 which leads from the plenum 90. When the input
      damper 106 moved to its other position at which it is parallel to duct 102
      and normal to duct 108, the blower input is air from the atmosphere.
PAR  An output damper 110 controls the gas flow out of the blower 100. When the
      damper 110 is in the position shown in FIG. 4, the gas flows through a
      duct 30 which leads to the scale collection facility 31 (shown in FIG. 1).
      When the output damper 110 is positioned as shown in dotted lines, the
      blower output enters the plenum 90.
PAR  In operation, the blowers for the chambers 18, 20 and 22 are not turned on
      when low carbon steels or certain steel alloys are being cooled. At such a
      time, heat may be applied to the rod in those chambers so as to slow the
      cooling rate. Also, the blower for chamber 24 may be inoperative because
      chamber 24 is normally employed to cool the rod only by natural air
      convection. Thereafter, when shifting from the slow cooling mode to the
      rapid cooling mode, the dampers 106 and 110 are first placed in the
      positions shown in FIG. 4 and the blower is activated. In this position
      the scale which may have accumulated in the plenum 90 is withdrawn by the
      airstream through ducts 108, 102, 104 and 30, and is accumulated in the
      scale collection facility 31. The dotted arrows in FIG. 4 trace the motion
      of the scale. Thereafter, the dampers 106 and 108 are positioned as shown
      in dotted lines in FIG. 4 and the equipment is ready for processing steel
      by the rapid cooling mode wherein the blowers are activated and the
      dampers set so that air passes through the ducts 102 and 104, into the
      plenum 90 and through the nozzles 120, 130 and 132 to the rod.
PAR  FIGS. 5 and 6 show the arrangement of the rollers 44 and spacers 60 and 62
      within each of the chambers 18, 20 and 22. The rollers 44 have apron
      plates 60 and 62 disposed therebetween. The apron plate 60 has a
      lengthwise open slot 120 which forms a nozzle through which air from the
      blower or heat from the plenum chamber 90 passes upwardly to cool the
      steel. A region 122 may be filled with a material such as a castable
      refractory. Between the rollers 44 and the apron plates 60 and 62 are
      openings 124 through which the scale falls. The scale then accumulates in
      the plenum 90 by passing through an opening 126 in the semi-circular
      plates 80. The apron plate 62 has a pair of end slots 130 and 132 which
      also form nozzles for injecting cool air or heated gas onto the rod rings.
      A region 134 is provided with a castable refractory surface material.
      Identical pairs of apron plates 60 and 62 are disposed between the
      remaining rollers 44 within each of the chambers 18, 20 and 22. Thus, over
      the length of these chambers there is a greater quantity of air or heat
      applied to the rod rings at the sides of the conveyor than at the center.
      The result of having greater cooling at the edges of the conveyor than at
      the center is that in the rapid cooling (forced air convection) mode, the
      steel is cooled more uniformly than would be the case if the cooling
      medium were applied to the rod evenly across the width of the zone. The
      non-uniform nozzle pattern compensates for the greater mass of steel
      present at the side edges of the zone than at the center due to the steel
      being forced into flat overlapping, non-concentric rings. During the slow
      cooling mode convection is much less important and the heat supplied
      primarily serves to prevent rapid heat loss by the rod by radiation. Thus,
      even though more gas may be applied to the sides of the conveyor the
      result is not to cause any major non-uniform cooling.
PAR  Among the advantages of the present invention is the fact that scale which
      accumulates during slow cooling may be removed and that the apparatus can
      be employed either for rapid cooling or slow cooling alternately without
      creating a hazard from scale being blasted into the mill atmosphere. Also,
      the scale may be collected and its economic value may be recaptured.
PAR  In its broadest aspect the apparatus of my invention relates to the removal
      of scale from any apparatus in which any metal is being continuously
      treated at oxide formation temperature. Thus in this aspect it is not
      limited to the treatment of steel rod rings. In any such treatment
      apparatus the scale which breaks off during treatment will accumulate at
      the bottom of the treatment chamber. My invention can be used in such
      treatment apparatus by the provision of blowers and ducts essentially as I
      show them arranged at the bottom of any treatment chamber to project a
      current of air through the area where the scale collects and force it into
      a disposal duct. In addition, such a treatment chamber and the ducts
      leading to it can be provided with controllable dampers so that the same
      blower can be used alternately for blowing cooling air onto the metal, or
      withdrawing scale from the chamber as above described for cooling steel
      rod rings.
PAR  Other modifications may be made to the preferred embodiment without
      departing from the scope of the invention. When the apparatus is used for
      slow cooling, heat may be supplied to the chamber 24 and it may be
      operated either in a forced air or in a natural air convection mode.
      Preferably, natural air convection will be used in chamber 24 because it
      provides a less abrupt change in the cooling rate between the chambers
      where cooling is performed by supplying heat (chambers 18, 20 and 22) and
      the chambers where rapid cooling by forced air convection takes place
      (chambers 26 and 28). Also, when desirable, chambers 26 and 28 may be
      adapted to cool by natural air convection. Also, the invention is not
      intended to be limited by the details of the blower and duct structure,
      the invention being intended to include any arrangement in which scale is
      removed from the chambers; preferably, the scale is removed pneumatically.
      Thus, duct control devices other than dampers may be used. Also, a
      reversible direction blower may be used; in this case only the damper 106
      is needed and the duct 108 would lead from the duct 102 to the scale
      collection facility. Also, separate blowers may be used, one for forced
      air convection, the other for scale removal. Additionally, it may be
      desirable to place a damper in the duct 108 at its connection to the lower
      portion 90 of the chamber; this damper closes the duct 108 when the
      cooling mode is employed, thereby preventing heat from being diverted into
      duct 108.
PAR  Another possible modification relates to the technique for removing the
      scale accumulation from chamber 24 following the three heating chambers
      18, 20 and 22. Instead of the arrangement previously disclosed (such as
      the dampers and the duct 108) in relation to this chamber, a much more
      simplified apparatus is possible. Here a single scale take-off duct
      connects the upper portion of the chamber (above the rollers) to the scale
      output duct 30. Also, in this situation the chamber has a cover thereby
      forming an enclosed chamber. Thus when it is desired to remove the scale
      from this chamber, the blower forces air into the chamber in the same
      manner as it does for forced air convection. Since the zone is enclosed,
      the scale is forced out the scale take-off duct and into the scale
      collection facility. In this alternation, it may be desirable to add an
      exhaust fan in the scale take-off duct to help promote reliable air flow.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for the disposal of scale which breaks away from hot metal
      while said metal is being cooled slowly under oxidizing conditions,
      comprising:
PA1  a. a conveyor for transporting said metal while it is cooling,
PA1  b. a plenum chamber under said conveyor;
PA1  c. guide means comprising a passage for guiding scale which breaks away
      from said metal on said conveyor into said plenum chamber,
PA1  d. means for removing said scale from said plenum chamber, and
PA1  e. scale collection means associated with said plenum chamber for receiving
      said scale removed from said plenum chamber.
NUM  2.
PAR  2. The apparatus of claim 1 in which said means for removing scale from
      said plenum chamber comprising means for causing a stream of air to flow
      through said plenum chamber to said scale collection means.
NUM  3.
PAR  3. The apparatus of claim 1 together with means for retarding the cooling
      rate of the metal including a chamber surrounding a portion of said
      conveyor and means for elevating the temperature within said chamber.
NUM  4.
PAR  4. The apparatus of claim 3 together with means for cooling the metal
      rapidly including means for causing a stream of cooling air to flow past
      said metal and then through said guide means into said plenum chamber.
NUM  5.
PAR  5. The apparatus of claim 4 wherein the conveyor is a roller conveyor, and
      the means for guiding the scale are elements positioned between the
      rollers.
NUM  6.
PAR  6. Apparatus for treating metal rod in direct sequence with hot rolling
      comprising:
PA1  a. means for forming the rod into rings after it issues from a rolling
      mill;
PA1  b. means for conveying the rings in spaced, offset relation, away from said
      forming means;
PA1  c. a chamber surrounding said conveyor divided into an upper cooling
      portion above said conveyor and a lower plenum below said conveyor, said
      chamber being provided with passages from said upper portion to said lower
      plenum;
PA1  d. scale collection means associated with said plenum;
PA1  e. means for producing an air stream;
PA1  f. air flow guiding means having a first and a second position of
      adjustment;
PA1  g. said guiding means in said first position being adapted to guide said
      air stream into said plenum and then through said passages onto said
      rings, to cool said rings rapidly;
PA1  h. said guiding means in said second position being adapted to guide said
      air stream into said upper cooling portion and then through said passages
      into said plenum and thence to said scale collection means to convey said
      scale of said plenum into said scale collection means; and
PA1  i. means for introducing heat into said upper chamber when said guiding
      means is in said first position of adjustment.
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ABST
PAL  A machine and method for making spiral pipe from a continuous strip of
      sheet metal including a corrugating mill which forms corrugations in the
      strip and drives it through a three-roll bending mill which bends the
      strip into helical convolutions and guides adjacent edges thereof into an
      interlocking relationship and a pair of lock up rolls for crimping the
      interlocked edges of the convolutions into a continuous seam, which rolls
      are manually or automatically adjustable radially relative to the pipe
      axis whereby its diameter may be accurately controlled. Adjustment of said
      rolls radially inwardly effects a diameter increase whereas adjustment
      outwardly decreases the diameter of the pipe.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in a machine for making spiral pipe
      from a strip of sheet metal. More particularly it concerns means and
      methods for accurately controlling the diameter of such pipe. As used
      herein the terms "tubing", "pipe", and "conduit" are used interchangeably
      and include all diameters and wall thicknesses or gauges, both corrugated
      and non-corrugated and lock seam or welded seam.
PAR  2. Description of the Prior Art
PAR  The improvement of this invention pertains to a machine of the type
      described in U.S. Pat. No. 3,247,692. In such a machine an elongated strip
      of sheet metal is driven at an oblique angle through three rolls, a guide
      roll, an anvil roll and a pressure roll, offset from each other to bend
      the strip, using the anvil roll as a fulcrum, into convolutions which,
      because of the entry angle of the strip, are helical. The resulting
      helical convolutions are joined at adjacent edges in a continuous seam by
      various means, such as a pair of lock up rolls positioned on opposite
      sides of the strip in line with the anvil roll which crimp preformed
      flanges on opposed longitudinal edges of the strip together in an
      interlocking relationship.
PAR  Three basic factors affect the diameter of the tubing made by such a
      three-roll machine: the width of the strip, the angle of entry of the
      strip through the rolls and the position of the pressure roll relative to
      the other two rolls. In operation, these three factors are held constant
      in an attempt to maintain the diameter of the tubing constant. However,
      due to various discrepancies resulting from the forces exerted on the
      three-roll structure by the weight, gauge (thickness) and diameter of the
      pipe and inherent variations in the strip camber, gauge, temper and the
      like, the strip may not be bent uniformly and the diameter of the finished
      pipe may "wander". Obviously, where uniform diameter is important, such as
      in the manufacture of pipe sections which are to be joined to other
      sections at their point of use or in the manufacture of conduit for
      heating ducts to be extended through preformed wall apertures, significant
      variation in the tubing diameter cannot be tolerated. Accordingly,
      inasmuch as the machine operator has no control over the strip width,
      adjustments of either or both of the entry angle and relative position of
      the pressure roll were required in order to control the diameter within
      specifications. Normally, such adjustments could only be made by
      temporarily shutting down the machine.
PAR  It has also been suggested that diameter control might be accomplished by
      varying the "lap" (depth of interlocking) of the flanges on the strip
      edges before crimping them together into a lock seam. In both welded-seam
      pipe and lock-seam pipe the relationship of the edges of the strip at the
      point of joining is exceedingly important. In order to form a proper
      welded seam the edges should abut with predetermined pressure and a
      properly formed lock seam is "full" in that the flanges are completely
      overlapped. Varying the lap of the edges by moving one or both of the lock
      up rolls axially relative to the tubing axis results in a nonuniform seam
      whose strength varies along its length depending upon the degree of lap
      effected. In bendable conduit, especially, such nonuniformity is
      undesirable and may result in buckling or seam separation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a method and apparatus for controlling the
      diameter of spiral tubing made with a three-roll mill which involves
      displacing the joined edges of the helical convolutions radially relative
      to the longitudinal axis of the tubing to correct for diameter deviations
      caused by the aforementioned discrepancies. In a lock-seam mill, such
      apparatus includes means for adjusting one or both of the lock up rolls
      radially inwardly or outwardly relative to the tubing axis, with outward
      adjustment causing the diameter to decrease and inward adjustment causing
      the diameter to increase. Such adjustments may be made easily without
      shutting the machine down and do not affect the uniformity of the seam
      formed by crimping the flanges on the strip edges between the lock up
      rolls.
PAR  The means to move one or both of these lock up rolls radially relative in
      the axis of the tubing may be designed for manual or automatic operation.
      For manual operation the rolls are fitted with screws which bear on the
      mountings therefor. By simply tightening or backing off said screws by
      hand the rolls are moved radially inwardly or outwardly. Monitoring the
      diameter of the tubing to ensure it is maintained within specifications
      may be made manually or automatically. For instance an operator may
      periodically measure the diameter with a ruler or tape measure. A possible
      automatic monitoring device is a flexible strip or belt which is placed
      around the girth of the tubing exiting from the bending mill which is
      associated with a gauge that senses and records fluctuations in the
      contraction or expansion of the belt. Such an automatic monitoring device
      may be further coupled to a servomechanism which effects an adjustment of
      the lock up rolls in accordance with this invention, thereby making the
      entire diameter control operation automatic.
PAR  Accordingly, the basic object of this invention is to provide an apparatus
      and method which is useful with existing machines and methods for making
      spiral tubing and which enables accurate control of the tubing diameter.
PAR  Another object of this invention is to provide such apparatus and method
      which may be operated and carried out without shutting down the tube
      making machine.
PAR  Yet another object is to provide an apparatus and method for controlling
      the diameter of the tubing which does not involve any variation in the
      structure of the seam which joins the convolutions of the tubing together.
PAR  A further object of this invention is to provide a method and apparatus for
      controlling the diameter of the tubing which are readily adaptable to
      complete automation.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings illustrate an embodiment of the invention which may be used to
      make relatively light gauge, corrugated, bendable conduit. FIGS. 1 and 3
      show the overall machine. FIGS. 2, 6, 7, 8 and 9 illustrate the
      configuration of the strip and conduit at various stages of the
      corrugating and bending operations. FIG. 4 depicts the drive mechanism for
      the machine. FIG. 5 shows the details of the corrugating mill. FIGS. 10
      through 12 show details of the bending and seam forming portion of the
      machine. And, FIGS. 13 and 14 are detailed illustrations of the lock up
      roll construction.
PAR  More specifically,
PAR  FIG. 1 is a perspective view of said embodiment;
PAR  FIG. 2 is a perspective view of a portion of strip being formed into
      tubing;
PAR  FIG. 3 is a top plan view of the embodiment of FIG. 1;
PAR  FIG. 4 is a partial sectional view taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is an enlarged sectional view taken along line 5--5 of FIG. 3;
PAR  FIG. 6 is an enlarged sectional view taken along line 6--6 of FIG. 3;
PAR  FIG. 7 is an enlarged sectional view taken along line 7--7 of FIG. 2;
PAR  FIG. 8 is an enlarged, partial sectional view taken along line 8--8 of FIG.
      2;
PAR  FIG. 9 is an enlarged, partial sectional view taken along line 9--9 of FIG.
      2;
PAR  FIG. 10 is an enlarged sectional view taken along line 10--10 of FIG. 1;
PAR  FIG. 11 is an end elevational view of the apparatus shown in FIG. 10;
PAR  FIG. 12 is a sectional view taken along line 12--12 of FIG. 11;
PAR  FIG. 13 is an enlarged sectional view taken along line 13--13 of FIG. 12;
      and
PAR  FIG. 14 is an enlarged sectional view taken along line 14--14 of FIG. 13.
DETD
PAR  Although the principle of this invention is applicable to mills for making
      pipe of various sizes and gauges, the specific machine depicted in the
      drawings is one which makes corrugated, bendable conduit of approximately
      1 to 36 in. diameter from relatively light gauge sheet metal. Such conduit
      is conventionally used in building construction for heating ducts and the
      like. It should be understood that certain details of the depicted machine
      are applicable specifically to making such conduit and may or may not be
      required in embodiments of the invention intended for use in making other
      sizes, types and gauges of tubing.
PAR  In general the machine shown in the drawings (FIGS. 1 and 3) is arranged in
      three basic stations at which the components of the machine perform the
      sequence of steps-- corrugating, forming, i.e. spiraling and seaming, and
      discharging--required to form finished corrugated, bendable conduit 1 from
      an elongated strip of sheet metal 2. The corrugating station or component
      of the machine, generally designated 3, receives the strip 2, forms
      longitudinal ridges 4 and valleys 5 (FIGS. 7-9) therein and advances it to
      the forming component of the machine, generally designated 6. At the
      forming station the sheet is bent into helical convolutions 7 (FIG. 2) and
      the adjacent edges thereof are joined to form a continuous seam. The
      conduit then proceeds to a discharge station, generally designated 8,
      where it is cut into lengths and received on a run out table for further
      processing and handling.
PAR  Corrugating station 3 (FIGS. 1, 3) comprises a carriage 9 which is an
      elongated frame which carries on its upper side a plurality of corrugating
      rolls 10. Corrugating rolls 10 are arranged in a plurality of stands or
      matched pairs (FIG. 5) each having an upper roll and a lower roll. The
      stands of rolls 10 are generally horizontally aligned so that the strip 2
      will pass between the upper and lower rolls of each stand and be deformed
      thereby as the strip passes from the input end 14 of carriage 9 to the
      output end 15 thereof.
PAR  As shown in FIG. 5 each of rolls 10 comprises a generally cylindrical wheel
      or drum 16 with annular corrugations 17 on its longitudinal surface. Each
      wheel 16 is secured to a spindle 18 which is journalled at one end in
      bearings 19 in side wall 20 of carriage 9 and at the other end in bearings
      23 in side wall 24 of gear box 25 (FIGS. 3-5). The upper roll of each
      stand is vertically adjustable by means of screws 26 which are received
      through a tie bar 27 and bear on the top surface of an upper slide block
      28 of the bearing assembly therefor. The upper and lower rolls of each
      stand, as well as adjacent stands, are interconnected by the gearing in
      box 25 so that all rolls 10 are driven at the same speed. As shown in
      FIGS. 1 and 3-5, the rolls 10 are driven by an electric motor 29 which is
      coupled to a worm gear/cone drive mechanism, generally designated 30 (FIG.
      5). The drive shaft 34 of mechanism 30 is coupled to spindle 18 of the
      lower roll 10 of the first stand in the series. Shaft 34 has a drive gear
      35 mounted on it which meshes with and drives a spindle gear 36 mounted on
      the gear box end of spindle 18 of the top roll of the stand. Drive gear 35
      also meshes with and drives an idler gear 37 which in turn meshes with the
      spindle gear of the lower roll of the next adjacent stand (FIG. 4) and so
      forth.
PAR  In the embodiment shown in the drawings there are eleven stands of
      corrugating rolls with sufficient corrugations 17 therein to form eleven
      corrugations across the width of strip 2. The corrugations on the lower
      roll are, of course, out of phase with respect to the corrugations on the
      upper roll so that the ridges of the former bisect the valleys of the
      latter and vice versa. It will be understood that the number of stands of
      rolls, the number of annular corrugations on a roll and the dimensions,
      i.e. depth and pitch, of said corrugations may be varied as desired
      depending on the specific size, type and gauge tubing which is being made.
      As seen in FIGS. 7-9 the depth-pitch ratio of the corrugations of the
      bendable conduit disclosed is relatively large compared to that used for
      other kinds of tubing such as large culvert pipe.
PAR  At the gear box side of the ends of the rolls 10 at output end 15 is
      mounted grooved edge roller 41 (FIG. 2) for forming a flange 38 (FIG. 7)
      on edge 54 of strip 2 in a manner similar to that disclosed in U.S. Pat.
      No. 3,247,692.
PAR  FIG. 7 illustrates a cross section of the sheet 2 as it emerges from the
      stands of corrugating rolls 10. As shown, edge 54 of the corrugated sheet
      terminates in an upwardly and slightly inwardly directed flange or locking
      lip 38. The opposite edge 55 terminates in downwardly directed flange
      (FIGS. 8, 9) or locking lip 39 formed by the action of rolls 10. These
      flanges 38, 39 are preferably formed generally centrally of oppositely
      inclined portions of the corrugations at the longitudinal edges of the
      strip. In this manner the seam formed by interlocking and crimping these
      flanges will lie in an inclined plane of a strip corrugation (preferably
      the mid-point thereof) rather than at the crest of a ridge or bottom of a
      valley thereof. As described hereinafter these flanges are subsequently
      engaged, interlocked and crimped into a continuous seam.
PAR  As the corrugated strip issues from the last stand of rolls 10 it passes
      between a pair of guide plates 40 (FIGS. 1, 2 and 6). Each guide plate 40
      has a lining 44 of a low coefficient of friction material such as Teflon,
      which facilitates the sliding of the strip therebetween. Guide plates 40
      merely serve to support the strip and keep it from being deformed in the
      space between corrugating station 3 and forming station 6.
PAR  Forming station 6 of the machine is of the three-roll type described in
      U.S. Pat. No. 3,247,692. It comprises a main frame 45 supporting a three
      roll strip spiraling mechanism (FIGS. 10-12) including a pressure roll 46,
      a central anvil roll 47 and a guide roll 48, intercepting the feed path of
      strip 2 from between guide plates 40. Anvil roll 47 and guide roll 48 are
      mounted at generally the same horizontal level, respectively, as the upper
      and lower rolls 10 of the corrugating stands so that opposite sides of the
      strip are engaged thereby. Pressure roll 46 is mounted on the opposite
      side of anvil roll 47 from guide roll 48 on an inclined ramp or way 49 so
      that its proximity to said anvil roll and its vertical and horizontal
      position relative to the feed path of strip 2 between rolls 47, 48 may be
      adjusted. As illustrated in FIG. 11 pressure roll 46 is positioned
      vertically above said feed path so that it engages the same side (bottom)
      of the strip as roll 48 and curls or spirals strip 2 upwardly into an arc
      using anvil roll 47 as a fulcrum as the strip is moved therethrough by the
      driving mechanism associated with corrugating station 3.
PAR  Supporting rolls 46, 47 and 48 with their axes at an oblique angle to the
      feed path of strip 2 causes the strip to be curled thereby into helical
      convolutions, the pitch angle of which is essentially the same as said
      oblique angle. As indicted above, that oblique angle is one of the three
      basic parameters which groosly determine the diameter of the finished
      conduit. In order to conveniently provide for variation of that oblique
      angle an arm 51 pivotally interconnects corrugating carriage 3 and frame
      45 so that the former may be pivotally slid on support bars 50 (FIGS. 1
      and 3). Said oblique angle is adjusted in relation to the width of strip 2
      and the position of roll 46 so that the edge 55 of strip 2 when curled
      through a 360.degree. convolution is adjacent the opposite edge 54 (FIG.
      2) thereof. In this manner strip 2 is spiraled into closed convolutions
      which are joined at adjacent edges (as described hereinafter) to form
      finished conduit 1.
PAR  For curling corrugated strip it is preferable that rolls 46, 47 and 48 each
      comprise a plurality of individual rollers 56 (FIG. 10). The rollers 56 of
      each roll have peripheries conforming in size and shape to the
      corrugations 4, 5 in strip 2 so as to engage the same as the strip passes
      therebetween. Each roller is supported on its own shaft 57 mounted in a
      yoke 58 (FIG. 14). Each yoke 58 is mounted on a rectangular baseplate 59
      and each baseplate 59 is slidably received within grooves 64, 66, 69 in an
      associated mounting member. Said grooves are similar in construction and
      are provided with inwardly extending lips 60 (FIG. 13) extending over the
      ends of baseplates 59 for retaining the same within said grooves.
PAR  Specifically, the baseplate for roll 46 is received within groove 64 of a
      block 65 which rides on ramp or way 49 (FIGS. 10, 11). The position of
      block 65 on the inclined surface of ramp 49 may be adjusted by means of
      screws 63. In this manner pressure roll 46 may be moved closer to or
      farther away from anvil roll 47 so as to curl sheet 2 in an arc of lesser
      or greater radius, respectively. The baseplate associated with roll 47 is
      received within groove 66 in the underside of a semi-cylindrical mandrel
      67 which is secured to the top of a vertical column 68 which is bolted to
      the top side of frame 45. As seen in FIGS. 1, 10 and 12 mandrel 67 extends
      inwardly over the sheet and into the convolution thereof being formed by
      the rolls 46, 47, 48. The baseplate of guide roll 48 is received in groove
      69 in mounting block 70 affixed to the top side of frame 45. The axial
      position of roll 48 relative to the other two rolls may be adjusted by
      means of an adjust screw 71 which is received through the bottom of column
      68 and approximately affixed to a flange 72 protruding from the sides of
      block 70.
PAR  As seen in FIGS. 10-12 a flange completing roller, generally designated 74,
      is mounted on the outer side of block 65 for completing the forming of
      flange 39 on edge 55 of strip 2, i.e., for bending flange 39 back on strip
      2 to a form similar to flange 38. Roller 74 includes a beveled wheel 75
      mounted on a pin 76 journalled in a yoke 77 attached to an arm 78 which is
      attached to block 65 by a screw 79. As mentioned previously the thus
      formed flange 39 is ultimately interlocked with flange 38 on the opposite
      edge 54 of sheet 2 and crimped together tightly to form a continuous seam.
      This curling, flange forming and flange interlocking procedure is
      illustrated in FIGS. 2, 8 and 10.
PAR  As strip 2 is driven through rolls 46, 47 and 48 edge 55 is curled upwardly
      by the bending action of roll 46 and has the flange 39 formed in it by
      roller 74. Edge 55 travels in a helical path (shown in solid lines in FIG.
      2 and in dot-dash lines in FIG. 10) from anvil roll 47 through
      approximately 360.degree. to engage the opposite edge 54. Engagement of
      the flanges 38, 39 (FIG. 8) is facilitated not only by the particular
      shape of the flanges but also by the strip path. Edge 55 approaches edge
      54 from above the latter (this is accentuated slightly by positioning
      anvil roll 47 such that it deforms or bows the strip downward slightly
      (FIG. 11) in a horizontally converging path. In other words, the
      downwardly directed flange 39 in edge 55 is inserted into engagement with
      the upwardly directed flange 38 on edge 54 along a path extending
      downwardly and inclined slightly in the direction of movement of the
      conduit discharging along the axis of the finished conduit. The
      inclination of such path of interengagement is preferably approximately
      the same as the inclination to which the flanges 38, 39 have been formed
      relative to the plane of strip 2. In this manner the flanges readily and
      fully engage each other at the point of intersection of the convolution
      with the incoming strip by following their respective natural paths. It is
      unnecessary to force the same into proper engagement and full overlap.
PAR  At or just after said point of intersection the interlocked flanges 38, 39
      are passed between a pair of crimping or lock-up rolls, generally
      designated 80, 84 (FIGS. 12-14). It is in the radial positioning of these
      rolls relative to the conduit axis that the diameter of the finished
      conduit is controlled according to this invention. The upper lock-up roll
      80 is mounted on the inner end of mandrel 67. It comprises a beveled wheel
      85 mounted on a pin 86 journalled in a yoke 87. Yoke 87 has a cylindrical
      head 88 which is received within a support body 89 fitted within a bore in
      the inner end of mandrel 67. Support body 89 has a keyway 90 for receiving
      a key 91 for preventing rotation of head 88 within it. The top of body 89
      is internally and externally threaded. The external threads receive a lock
      nut 94 which secures body 89 within the bore in mandrel 67. Said inner
      threads receive an adjust screw 95, the bottom of which bears on the top
      of head 88 of yoke 87. The lower end of head 88 has an annular flange 96
      on it which sits within an enlarged counterbore 97 in mandrel 67 at the
      lower end of body 89. A pair of gibs 98 are attached to the bottom of
      mandrel 67 on either side of yoke 87 by means of cap screws 99 having
      spring washers 100 and extend inwardly over the edges of annular flanges
      96.
PAR  Lock-up roll 80 is adjusted downwardly by tightening adjust screw 95 with
      allen wrench 104, thereby forcing head 88 downwardly against spring-backed
      gibs 98--and upwardly by backing off screw 95, whereby spring-backed gibs
      98 will force head 88 upwardly.
PAR  Lower lock-up roll 84 is mounted on the top side of frame 45. Its
      construction is very similar to upper lock-up roll 80. It comprises
      beveled wheel 105 mounted on a pin 106 journalled in a yoke 107. Yoke 107
      had a cylindrical head 108 which is received within a support body 109
      having a keyway 110 for receiving a key 114 for preventing the rotation of
      head 108 within it. Support body 109 is in turn held within a housing 115
      having a flange 116 which slidably fits within a way 117 in frame 45. Body
      109 is secured within housing 115 by means of a set screw 118. Body 109
      has a threaded bore in its lower end which receives an adjustment screw
      119, the top of which bears on the top of head 108. Lower lock-up roll 84
      is adjusted upwardly by tightening screw 119 with a wrench 120 and
      downwardly by simply backing off on screw 119. Both adjustment screws 95,
      119 are accessible so they may be operated and the tubing diameter thus
      controlled during the tubing-making operation.
PAR  As illustrated in phantom in FIG. 9 the interlocked flanges 38, 39 pass
      between the wheels 85, 105 of lock-up rolls 80, 84, respectively, and are
      pinched tightly together thereby forming a continuous seam which holds the
      convolutions 7 together in the form of a continuous conduit 1. As wheels
      85, 105 pinch flanges 38, 39 together, the interengaging knurling 124
      (FIGS. 13, 14) on the beveled surfaces of wheels 85, 105 between which
      flanges 38, 39 are being pinched forms a continuous series of spaced
      crimps or indentations in said continuous seam. These crimps prevent
      circumferental slippage between lips 38, 39, strengthen the seam and keep
      it held firmly together under the stresses applied to the conduit when it
      is bent.
PAR  The pressure applied to the seam by lock-up rolls 80, 84 may be adjusted by
      hand-wheel screw 71 (FIGS. 10-12) threaded through column 68 and attached
      to block 82. The bottom of block 82 is attached to flange 116 of yoke
      housing 115 for roll 84 so that it is translated toward and away from roll
      80 by turning screw 81.
PAR  Pursuant this invention the diameter of conduit 1 may be controlled
      accurately by simultaneously raising or lowering lock-up rolls 80, 84 in
      the manner described above. As illustrated in FIG. 2 when these rolls are
      raised, i.e. they are moved radially inwardly relative to the axis of the
      conduit, the diameter of conduit 2 will increase. Correlatively, when they
      are lowered, i.e. moved radially outwardly relative to the conduit axis,
      the diameter decreases. It should be understood that the diameter changes
      effected by such movement are minor and occur gradually. For instance, in
      a machine for making 1 to 36 inch diameter conduit, such adjustments may
      be used to effect diameter changes of approximately .+-. one-fourth inch.
      Major diameter changes should be made by varying said oblique angle and
      the position of pressure roll 46, usually in setting up the mill for a
      different diameter.
PAR  Such radial movement of the lock-up rolls affects the diameter by
      effectively increasing or decreasing the length of the first helix (the
      distance from the point on edge 55 of strip 2 at which the convolution
      begins to the point thereon where it is pinched together with edge 54 by
      the lock-up rolls). When a discrepancy occurs in the pipe-making process
      or material that causes the diameter to wander or deviate from that for
      which the machine is set, it means the length of the first helix (which is
      what determines the diameter) has changed. The diameter control of this
      invention, therefore, effects a correction of the diameter change by
      displacing the opposing edges of the strip in the first helix back to
      their proper radial location while at the same time maintaining them in
      proper lapping position for forming into a lock seam or abutting position
      for joining in a welded seam.
PAR  In the embodiment shown in the drawings rolls 80, 84 are adjusted
      individually and manually by means of adjusting screws 95, 119. It is also
      feasible to have only one of the rolls adjustable manually and have the
      other react with respect to such adjustment. For instance the reacting
      roll might be spring backed so that it moves upwardly or downwardly in
      accordance with the upward or downward movement of the positively adjusted
      roll. It also is feasible to make the entire adjustment automatic. For
      instance, means for monitoring the diameter may be included in the machine
      (e.g. a belt or loop detector) which, when it sensed a given diameter
      deviation would activate a servomechanism which in turn lowered or raised
      the lock-up rolls to correct the deviation.
PAR  There are various mechanical means by which the diameter control of this
      invention may be effected. For example, in a large mill for making pipe
      from 6 to 120 inches in diameter from 18 to 8 gauge sheet metal the upper
      lock seam roll may be supported on a wedge-shaped control element, lateral
      movement of which effects vertical adjustment of said upper roll pinching
      the lock seam against the lower lock seam roll which is spring-urged
      upwardly.
PAR  In the case of smooth-wall welded-seam pipe the simplest form of
      edge-displacement diameter control means is a pair of plain, cylindrical
      rollers on opposite sides of and straddling the abutting edges. Other
      forms of such control means may be readily devised within the scope of
      this invention to accommodate to the exigencies of the particular pipe and
      seam design.
PAR  As the tubing emerges from forming station 6 it is received by discharge
      station 8 (FIGS. 1 and 3). Discharge station 8 includes a run off table
      125 made from a plurality of frame numbers and a plurality of tubing
      support rollers of conventional construction. Station 8 may also include a
      saw, generally designated 130, or other cut-off means which is used to cut
      the finished tubing into sections of predetermined length. Examples of the
      same are described in U.S. Pat. Nos. 3,198,043 and 3,369,432.
PAR  Modifications of the above described embodiments and portions thereof which
      are obvious to those of skill in the mechanical arts, and particularly the
      tubing making art, are intended to be within the scope and spirit of the
      following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a machine for making spiral pipe from an elongated strip of ductile
      sheet material including apparatus for continuously bending said strip
      into helical convolutions and guiding the opposed edges of said strip into
      adjoining relationship and means for joining said edges into a continuous
      seam, the improvement comprising:
PA1  a. opposed rollers engaging opposite sides of said strip at said joined
      edges and simultaneously radially movable from controlling the diameter of
      the pipe by radially displacing the position at which said edges are
      joined without relatively axially displacing said edges.
NUM  2.
PAR  2. The improvement of claim 1, in which:
PA1  b. said opposed rollers being operated in response to discrepancies in
      bending said sheet material that cause the diameter of said pipe to
      deviate from the desired diameter.
NUM  3.
PAR  3. The improvement of claim 1, including:
PA1  b. adjustable means supporting said rollers to effect such displacement.
NUM  4.
PAR  4. The improvement of claim 3, including:
PA1  c. means operable during operation of said machine for adjusting said
      adjustable means.
NUM  5.
PAR  5. In a machine for making spiral, lock seam tubing from an elongated strip
      of sheet metal including apparatus for forming flanges on the opposed
      longitudinal edge of said strip, a mill for continuously bending said
      strip into helical convolutions and guiding said flanges into interlocking
      relationship, and opposed rollers engaging opposite sides of said flanges
      for crimping the same into a continuous seam, the improvement comprising:
PA1  a. means for simultaneously radially adjusting the position of said opposed
      rollers relative to the longitudinal axis of said tubing for maintaining
      the desired diameter of tubing.
NUM  6.
PAR  6. In a method of making spiral pipe from an elongated strip of ductile
      sheet material including continuously bending said strip into helical
      convolutions and joining adjacent edge of said convolutions together to
      form pipe, the improvement comprising:
PA1  a. embracing opposite sides of said edges by rollingly engaging the same at
      the point at which said joining occurs, and
PA1  b. simultaneously radially displacing said edges at said point in response
      to deviations of the diameter of said pipe from that desired while at the
      same time maintaining the relative axial relationship of said edges.
NUM  7.
PAR  7. In a method of making spiral, lock seam tubing from an elongated strip
      of sheet metal including forming flanges in opposite edges of said strip,
      bending said strip into helical convolutions, guiding said flanges into
      interlocking relationship and rollingly crimping said interlocked flanges
      into a continuous seam, the improvement comprising:
PA1  a. controlling the diameter of the tubing by simultaneously adjusting the
      point at which said crimping occurs radially in relation to the axis of
      said tubing while at the same time maintaining the relative axial
      relationship of said flanges.
NUM  8.
PAR  8. The improvement according to claim 7 wherein:
PA1  b. adjustment of said point inwardly effects an increase in said diameter
      and adjustment of said point outwardly effects a decrease in said
      diameter.
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ABST
PAL  The specification discloses a self-compensating die in which a plurality of
      roller sets mounted in a rotating rotor rotate about a wire passing
      through the rotor and compressively engage the wire to thereby reduce its
      diameter. A sleeve rotatable with the rotor but axially slidable with
      respect thereto includes cams which control the roller sets in response to
      adjusting signals from a control system to thereby automatically
      compensate the roller pressure applied in response to roller wear and
      other errors, and to thereby provide a means for adjusting the die for
      production of different sized wires from a wire of a given starting
      diameter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to dies for reducing wire diameter.
      Typically, such dies comprises an opening cut in a very hard compound
      through which wire is drawn. Tungsten carbide dies are commonly used in
      the industry. Usually, a plurality of such dies are arranged in a series
      such that a slight amount of reduction is effected at each different die.
      One cannot effect too great a reduction in any one die or the material
      will break.
PAR  The drawback to such dies and die systems include the fact that the dies
      eventually wear. As they do, error creeps in. When the error becomes too
      great, the operation must be shut down and the dies must be replaced with
      new dies.
PAR  Similarly, when different sized wire is to be produced, the operation must
      be shut down and the dies must be replaced or otherwise rearranged so that
      a different diameter will result when the operation is resumed.
      Accordingly, a plurality of dies of differing diameter apertures must be
      stocked by the manufacturer.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a self-compensating die having rollers
      which compressively engage a wire passing therebetween and which rotate
      about the wire as the wire travels therebetween. Control means are
      provided to automatically change the pressure applied by the rollers in
      response to either a desire to change the diameter of wire produced or in
      response to error resulting from roller wear or other sources.
PAR  These and other objects, features, and advantages of the invention will be
      more fully appreciated by reference to the written specification and
      appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 comprises a perspective view of the self-compensating die 5 and its
      wire drive capstan 6;
PAR  FIG. 2 is a partially cut-away perspective view of the self-compensating
      die;
PAR  FIG. 3 is a cross-sectional view of the differential control system 570 for
      the self-compensating die;
PAR  FIG. 4 is a cross-sectional view taken along plane IV--IV of FIG. 3;
PAR  FIG. 5 is a schematic representation of the manner in which the rollers
      operate to decrease the diameter of wire W;
PAR  FIG. 6 is a schematic diagram illustrating the calculation of the angle
      .theta. which the rollers must make relative to the longitudinal axis of
      the wire passing through the self-conpensating die;
PAR  FIG. 7 is a perspective illustration of what the wire W would look like
      after passing through the self-compensating die if the self-compensating
      die included only one set of oppositely facing rollers;
PAR  FIG. 8 is a schematic representation of the coordination between the wire
      drive capstan and the drive shaft for rotating the self-compensating die;
PAR  FIG. 9 is a generally perspective view of a cam used to control a group of
      rollers, taken from a point looking into the cam;
PAR  FIG. 10 is a plan view of a section of the cam;
PAR  FIG. 11 is a cross-sectional view taken along the plane XI--XI of FIG. 9;
      FIG. 12 is a perspective view of the wire gauging means employed in the
      apparatus of the present invention;
PAR  FIG. 13 is a partially cross-sectional view of an electro-hydraulic stepper
      motor used to drive wire drive capstan 6; and
PAR  FIG. 14 is a logic diagram for control of the self-compensating die.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The self-compensating die 5 of the present invention includes a plurality
      of pairs of roller assemblies 510 carried in a rotating rotor 520
      rotatably driven at one end through a rotor drive gear 530, which is
      itself ultimately driven by the drive capstan 6 (FIGS. 1-4). The angle of
      orientation of the roller assemblies and with respect to the wire passing
      therebetween (through the center of rotor 520) and the amount of pressure
      which the roller assemblies exert on that wire are controlled by cams 540
      which are bolted to the inside of a sleeve 550 which surrounds rotor 520
      and which is keyed for simultaneous rotation therewith by a key 551
      slidably received in a keyway 524 in rotor 520. Sleeve 550 is slidable
      axially relative to rotor 520 and when so moved, cams 540 operate on
      roller assemblies 510 to change their angular orientation and their radial
      locations within rotor 520.
PAR  This axial adjustment is achieved by an adjusting gear 560 which is
      threadably received on rotor 520 at one end thereof and which is
      threadably received in sleeve 550 at one end thereof. Adjusting gear 560
      is normally driven at the same rate of rotation as rotor drive gear 530.
      However, the pitch of the threads on rotor 520 and the pitch of the
      threads in sleeve 550 are different so that when a differential rotation
      is introduced through a drive and differential control assembly 570 (FIG.
      3), adjusting gear 560 is rotated relative to rotor 520 and sleeve 550,
      thereby threadably moving on both and causing an axial shift of sleeve
      550, and the cams 540 bolted thereto, with respect to rotor 520. This
      adjustment effected through differential assembly 570 is acheived as a
      result of a signal which compares the actual wire diameter d.sub.1a at
      electronic wire gauge 5a (FIGS. 2, 12, and 14) with the desired wire
      diameter d.sub.1 which is originally programmed into the system.
PAR  The roller assemblies 510 are arranged in opposing pairs such that one
      pushes against one side of the wire and the other pushes against the other
      side (FIG. 2). Each roller assembly 510 includes a roller wheel 511,
      preferably made of a very hard steel material, a roller mounting cylinder
      512, to the bottom of which each roller 511 is rotatably mounted, and a
      cam follower 513, for engaging cam 540, positioned atop cylinder 512. The
      top of cam follower 513 is gently crowned to prevent its brinelling cam
      track 541 of cam 540. Each cylinder 512 is both rotatable and movable
      radially (with respect to rotor 520) within rotor 520. This allows for
      adjustment of the angle of each roller 511 with respect to the lateral
      cross section of wire passing through the self-compensating die and it
      allows for adjustment of the radial position of each opposing pair of
      rollers 511 within rotor 520, relative to the center line axis of rotation
      of rotor 520.
PAR  As one proceeds along the length of self-compensating die 5 from the front
      to the rear thereof, the different opposing roller sets 510 are positioned
      progressively more closely together. The effect is that of creating a
      cone, although not strictly speaking necessarily a true cone, through
      which the wire W must pass. This cone effect is illustrated schematically
      in FIG. 5. In actual practice, the "cone" will be of disproportionately
      larger effective cone angle at the front of self-compensating die 5 than
      at the back, since the softer starting material can be reduced more
      rapidly than after it has already been reduced by earlier roller
      assemblies 510. The various roller pairs are illustrated by small arrows
      labeled with the number 510. The number of roller pairs indicated is not
      critical, although these should be at least about twelve pairs and there
      may be as many as thirty-two different pairs of opposing roller sets 510
      in self-compensating die 5. The wire W enters the cone at an initial
      diameter d.sub.o indicated by the arrow at the left-hand side of FIG. 5.
      It is eventually engaged by opposing roller sets 510 and narrowed
      downwardly until it comes out of the opposite end of the cone at a
      diameter d.sub.1. As the wire W is travelling in the direction of the
      arrows d.sub.o and d.sub.1, the rollers 510 are rotating around the wire
      in the clockwise direction as is illustrated by the arrow A. The rotor 520
      and the sleeve 550 rotate in such a way that the rollers 511 of roller
      assemblies 510 rotate into the wire as it proceeds towards them and at an
      angle with respect to the wire.
PAR  By shifting sleeve 540, the relative "height" of the roller assembly 510,
      or in other words the distance of the rollers 511 from the center line of
      the wire W, is varied. The effect is that of either expanding or
      contracting the cone as illustrated by the arrows B in FIG. 5. If the wire
      were to be reduced by the maximum amount of which self-compensating die 5
      is capable, the cone of FIG. 5 would be contracted inwardly until all of
      the rollers 511 of all of the roller assemblies 510 engage the wire W. For
      smaller reductions, the cone is expanded outwardly and in some
      circumstances, many of the rollers 511 towards the front of
      self-compensating die 5 will never contact the wire W passing
      therethrough.
PAR  The rollers 511 rotate into wire W as it travels towards them, only they do
      so at an angle by reason of the rotation of rotor 520. If there were only
      one pair of opposed rollers 511, they would create a helical path h on the
      surface of wire W as shown in FIG. 7. At any point, the cross section of
      wire W would be somewhat like a television screen. Successive roller pairs
      are oriented at different angles with respect to preceding pairs to
      eventually roll out these high points so that the wire finally leaving die
      5 is round in cross section. The roller pairs 510 shown in FIGS. 2 and 5
      are oriented successively at right angles, but other angles could
      conceivably be operable.
PAR  The angle .theta. at which each roller 511 must be oriented with respect to
      the lateral cross section of the wire in order that it travels in a
      helical path rather than scraping is calculated basically in the manner
      illustrated in FIG. 6. In order for the roller 511 to roll smoothly across
      the surface of the wire as the wire travels through the apparatus, it is
      apparent that the path of the roller on the wire surface must be linear.
      Given a roller 511 with a lead angle .theta. as shown in FIG. 6, as the
      roller 511 makes one revolution around the wire, i.e., through the
      circumferential distance .pi.d, where d is the diameter of the wire, the
      wire must move forward in the direction of arrow W a distance equal to l.
      In this manner, the actual path followed by roller 511 will be the
      hypotenuse of the triangle having a base .pi.d and an opposite side l. The
      distance l equals the velocity at which the wire must travel times the
      time .DELTA. T with which it takes for the rotor 520 to make one
      revolution. Since .DELTA. T equals 60/N, where N is the rpm of rotor 520,
      the distance l equals the velocity of the wire times 60 divided by N. If
      we know the diameter of the wire, the velocity at which it is travelling
      and the number of revolutions which the rotor 520 is making per minute,
      the angle .theta. which rollers 511 should be oriented with respect to the
      lateral cross-section of the wire W can be calculated in accordance with
      the formula: .theta. = arc tan
      ##EQU1##
PAR  If the velocity of the wire W and the diameter of the wire were constant
      along its entire length, the angle .theta. for all of the rollers 511
      would be the same. However, the wire diameter is being continually reduced
      as the wire travels through self-compensating die 5. Obviously, this
      varies the diameter factor d of the above formula. It also varies the
      velocity factor since as the wire is reduced in diameter, its velocity
      increases. This results from the fact that the volume of wire passing one
      point, say at the front of self-compensating die 5, in a particular
      interval of time, must be equal to the volume of wire passing another
      point, say at the end of self-compensating die 5, in the same interval of
      time. Assuming the diameter of the wire going into self-compensating die 5
      is d.sub.o and the diameter of the wire coming out of self-compensating
      die 5 is d.sub.1, it is apparent that V.sub.o, the velocity of the wire at
      the beginning of self-compensating die 5 must differ from V.sub.1, the
      velocity of the wire at the end of self-compensating die 5, since the
      following equation must hold:
      ##EQU2##
PAR  Thus, (V.sub.o /V.sub.1) = (d.sub.1.sup.2 /d.sub.o.sup.2). It is clear,
      then, that for each point along the length of self-compensating die 5,
      means must be provided for creating a different angle .theta. for each
      roller 511.
PAR  The velocity V.sub.1 of the wire at the end of the self-compensating die 5
      can be readily calculated as a function of a rate of rotation of the drive
      reel on drive capstan 6.
PA1  V.sub.1 =  RK/60, where R = the reel rotation in revolutions per minute and
      K = the circumference of the reel in feet.
PAL  The velocity of the wire at any other point in self-compensating die 5 can
      be determined based on the relative diameters of the wires at the point
      being determined and at the end of self-compensating die 5 and based on
      the velocity of the wire at the end of self-compensating die 5 as
      determined by the above formula. Selecting the velocity V.sub.o at the
      beginning of the self-compensating die 5, V.sub.o is determined by the
      following formula:
EQU  V.sub.o = (d.sub.1.sup.2 RK/d.sub.o.sup.2 60)
PAL  Given V.sub.o and d.sub.o, we can then calculate the required value of
      .theta. for the rollers at the front end of self-compensating die 5 as
      follows:
EQU  .theta..sub.o = arc tan (d.sub.1.sup.2 RK/.pi.d.sub.o.sup.3 N)
PAL  by maintaining the ratio R/N, i.e., the ratio of rate of rotation of drive
      capstan 6 to the rate of rotation of rotor 520, a constant, one can
      readily determine the required .theta. for any opposing pair of rollers at
      any point along the length of self-compensating die 5 by putting into the
      above formula the distance between those rollers and the distance between
      the last pair of rollers in the self-compensating die 5.
PAR  The importance of maintaining a constant ratio between R and N is thus
      apparent. As a result, the primary drive shaft 571 is driven through
      conventional transmission means directly off of the drive capstan motor
      for drive capstan 6. This relationship is illustrated in block form in
      FIG. 8. The transmission utilized can be a direct mechanical or hydraulic
      linkage. In the alternative, some type of electronic linkage operating
      digitally controlled motors could be utilized to effect the transmission
      between capstan drive motor for capstan 6 and the primary drive shaft 571.
PAR  Based on the above discussion of lead angle .theta., it will be appreciated
      that each of the cams 540 must be constructed in accordance with the
      above-discussed calculations. Referring to FIG. 9, it will be seen that
      each cam 540 includes a plurality of cam tracks 541 therein. The cam
      follower 513 on a given roller assembly 510 is received within each cam
      track 541 generally in the manner illustrated in FIG. 10. As can be seen
      by reference to FIG. 10, each cam track 541 defines a particular path
      which the cam follower 513 will follow as cam 540 is moved axially. The
      lead angle .theta. of the roller assembly 510 will be controlled in this
      manner. The distance of each roller 511 of each roller assembly 510 from
      the center line of the wire passing through self-compensating die 5 is
      also determined by its particular cam tract 541. Referring to FIG. 11, it
      will be seen that each cam track 541 defines an inclined surface so that
      as cam 540 is moved axially, the relative height of the roller assembly
      510 will increase or decrease. Beginning at the left end of
      self-compensating die 5 as viewed in FIG. 1, each succeeding cam track 541
      as one proceeds towards the rear of self-compensating die 5 will be
      progressively shallower overall so that the cone-like effect illustrated
      in FIG. 5 will be achieved. The depth for cam tracks 541 are determined
      based on the shape which the engineer wants to give to the cone
      illustrated in FIG. 5. To some extent, this shape is limited by the extent
      to which the wire can be practically reduced by a given pair of opposing
      rollers acting on it with acceptable compressing pressure.
PAR  Given these track depths, the path defined by each cam track 541 across the
      surface of cam 540 (FIG. 10) must be calculated and defined so as to give
      its roller 511 the particular lead angle .theta. which is required by the
      roller at that particular track depth as determined by the above .theta.
      formulas. Naturally, the shape given to the cams 513 will also effect this
      determination of the specific shape to be given the path defined by each
      cam track 541.
PAR  The rotor 520 in which the rollers 510 are carried is forged or machined
      out of a generally solid cylindrical member (possibly several connected
      endwise) having a passageway 527 running throughout its length (FIG. 2).
      Passageway 527 allows the wire W to pass through rotor 520. The rollers
      511 extend downwardly into passageway 527 for a distance which is a
      function of the relative axial position of sleeve 550 and its cams 540
      with respect to rotor 520.
PAR  The roller assemblies 510 are received in cylindrical-shaped apertures 521
      in rotor 520. The roller assemblies 510 are free to move vertically up or
      down and are free to rotate within their receiving apertures 521.
PAR  Rotor 520 includes a bearing cone 522 projecting from each end thereof and
      being received in a hydrostatic bearing 523 mounted to the base of the
      apparatus. The passageway 527 extends through each bearing cone 522 as
      well.
PAR  An axial keyway 524 in the exterior surface of rotor 520 receives the key
      551 which locks sleeve 550 to simultaneous rotation with rotor 520. Keyway
      524 is sufficiently long that axial shifting of sleeve 550 with respect to
      rotor 520 can be effected.
PAR  Rotor 520 includes a threaded end 526 upon which adjustment gear 560 is
      threadably received (FIGS. 2 and 3). Finally, rotor 520 is keyed by key
      525 to rotation with its rotor drive gear 530 (FIG. 2). The two rotate
      simultaneously and are locked against axial displacement with respect to
      one another.
PAR  Sleeve 550 is cylindrical in configuration and includes a key 551 extending
      downwardly into keyway 524 of rotor 520 (FIG. 2). The rear end of sleeve
      550 is threaded on the inside surface thereof at threads 552 (FIG. 3). The
      pitch of the threads 552 differs from the pitch of the threads 526 such
      that when adjusting gear 560 is rotated relative to rotor 520 and sleeve
      550, sleeve 550 and rotor 520 are axially displaced relative to one
      another.
PAR  Adjusting gear 560 includes a set of inner threads 561 threaded on threads
      526 of rotor 520 (FIG. 3). It also includes an extension cylinder 562
      threaded on its exterior with outer threads 563 which are threadably
      engaged with the threads 552 on sleeve 550.
PAR  Differential assembly 570 inlcudes a primary drive shaft 571 which is
      driven by a transmission from the drive for capstan wire drive 6. As noted
      above, it is important that the rate of rotation of rotor 520 and sleeve
      550 be proportional to the rate at which wire is pulled therethrough since
      the angle .theta. of the roller assemblies 510 to the lateral cross
      section of the wire is a function of the diameter of the wire, the speed
      with which the wire is moved, and the rate at which the rotor 520 and
      sleeve 550 are rotating. By locking the wire drive and the rotor drive
      with respect to one another, this angle .theta. for each of the different
      pairs of rollers 510 remains constant for a given position of the rotor
      with respect to its particular cam 540.
PAR  Primary drive shaft 571 drives rotor drive gear 530 through a primary drive
      gear 572, which in turn drives idler gear or reversing gear 573, which in
      turn drives a secondary drive gear 574 on a secondary drive shaft 575 and
      through a third drive gear 576 mounted on the end of secondary drive shaft
      575. Third gear 576 then directly drives rotor drive gear 530. Primary
      drive gear 572, idler drive gear 573, and secondary drive gear 574 are
      also shown in FIG. 4.
PAR  Primary drive shaft 571 is also connected directly to the input pinion 580
      of a differential gear unit. Input pinion 580 drives carrier or spider
      gears 518 which in turn drive an output pinion 582. An output shaft 583
      extends from output pinion 582 and drives an output drive gear 590 which
      in turn drives adjusting gear 560.
PAR  The carrier gears 581 are rotatably mounted on the carrier 584 which is in
      turn rotatably mounted on a bearing 585 for primary drive shaft 571.
      Carrier 584 includes a circumferential worm track 586 which is engaged by
      a worm 587. Worm 587 is driven by a stepper motor 588 in accordance with a
      control signal indicating that cams 540 and thereby the relative radial
      positions and angles .theta. of roller assemblies 510 should be changed.
PAR  FIG. 12 discloses an electronic wire gauge 5a which is mounted at the rear
      end of self-compensating die 5 to gauge the diameter of wire W as it
      leaves self-compensating die 5 (see also FIG. 2). It is a conventional
      device operating on a photoelectric principle by passing light in a plane
      across the path which the wire follows. Basically, the wire W passes
      between a light-generating cell 1010 and a light-receiving cell 1011.
      Conventional wire measuring devices of this type are available from
      companies such as The Electron Machine Corporation.
PAR  FIG. 13 discloses an electro-hydraulic stepper motor 20 which can be
      conveniently used to drive capstan 6. The advantage of such a motor is
      that it provides a high torque output by way of its hydraulic motor and
      provides a convenient means of control by reason of its electro-stepper
      motor. Motor 20 comprises an electrical stepper motor 30, a servo valve
      control 40, and hydraulic motor 50. Such electro-hydraulic stepper motors
      are conventional and are available from companies such as Washington
      Scientific Instruments, Inc. Servo valve 40 includes a spool 41 which is
      coupled to the drive shaft 51 of hydraulic motor 50 such that it rotates
      therewith, but such that it is capable of sliding axially with respect
      thereto. At its other end, spool 41 is threadably received in a
      "rotary-linear translator" 31 mounted on the output shaft of stepper motor
      30. Any difference in the rate of rotation of hydraulic motor 50 and
      stepper 30 will cause spool valve 41 to shift either to the left or to the
      right opening of either channel 42 or 43 to oil inlet port 44. The oil
      then flows either through passageway 45 or 46, through hydraulic motor 50
      and then out through the other of passageway 45 or 46 and through either
      return passageway 47 or 48. Assuming the flow through passageway 45 drives
      hydraulic motor 50 in a clockwise direction, and assuming that stepper
      motor 30 experiences an acceleration in the receipt of electrical pulses
      and thereby begins stepping at a faster rate in a clockwise direction,
      spool 41 will thread to the left in translator 31, causing more oil to
      flow into channel 42 and from thence into passageway 45, thereby causing
      hydraulic motor 50 to speed up accordingly. The reverse possibility will
      also be appreciated by those skilled in the art.
PAC  SELF-COMPENSATING DIE CONTROL
PAR  A logic circuit for controlling self-compensating die 5 is disclosed in
      FIG. 14. The desired final wire diameter d.sub.1 and the velocity V.sub.1
      at which wire is to be processed over drive capstan 6 are entered into the
      data entry circuit at the top of FIG. 14. Information as to the velocity
      V.sub.1 is fed into a logic circuit for determining the ratio of the rate
      of revolution N.sub.1A of drive capstan 6 relative to the rate of N.sub.c
      of emission of the pulses from an electronic clock. The resulting ratio
      N.sub.1A /N.sub.c is fed into a logic circuit which also receives the
      pulse signal N.sub.c from the electronic clock. The circuit is a
      multiplier circuit which multiplies N.sub.1A /N.sub.c by N.sub.c to
      thereby yield a pulse signal N.sub.1A. This pulse signal N.sub.1A is used
      to drive an electro-hydraulic stepper motor 20 for drive capstan 6.
PAR  Stepper motor 588 for effecting control of differential assembly 570 is
      driven as a function of the error between the actual wire diameter
      d.sub.1a of wire leaving self-compensating die 5 as determined by gauge 5a
      and the desired wire diameter d.sub.1 at that point.
PAR  The error E beween the actual wire diameter d.sub.1a and the desired wire
      diameter d.sub.1 at electronic gauge 5a, as established by a comparator
      circuit, is fed to the base of a gate and a signal indicating the polarity
      or sign on the error is fed to a reversing circuit capable of generating a
      clockwise or a counterclockwise motion in stepper motor 588. If there is
      an error, the gate will be opened and a correcting signal N.sub.B1
      generated from a rate of correction control logic circuit will be
      transmitted through the gate and through the polarity control circuit CW
      or CCW to thereby generate a clockwise or counterclockwise signal for
      driving stepper motor 588. The rate of correction control signal N.sub.B1
      is generated as a function of the load on self-compensating die 5.
      Self-compensating die 5 includes a stress gauge or "load sensor" located
      therein to sense the load which is being imposed thereon as a result of
      the action of the roller assemblies 510 on the wire passing therethrough.
      This load signal L is fed to a logic circuit for generating a signal
      representing the ratio of N.sub.B1 to the pulses N.sub.c being generated
      by the electric clock referred to in FIG. 14. The pulses representing the
      ratio of N.sub.B1 to N.sub.c are then fed to a multiplier circuit along
      with the signals from the electric clock N.sub.c and the resulting
      N.sub.B1 signal is fed to the gate. The larger the load on the load sensor
      for self-compensating die 5, the smaller will be N.sub.B1. The smaller the
      load, the larger N.sub.B1. Thus, when the self-compensating die 5 is just
      starting up, the load will be zero, electric gauge 5a will naturally
      measure an error between d.sub.1a and the desired diameter d.sub.1, and a
      signal of a large magnitude will be fed to stepper motor 588. As stepper
      motor 588 rotates worm 587, thereby effecting an adjustment of the rollers
      510 inwardly, the pressure or load on self-compensating die 5 will buildup
      and the pulse rate N.sub.B1 will accordingly begin to slow down. As one
      approaches the point where there is no error E between d.sub.1a and
      d.sub.1, magnitude of the signal N.sub.B1 will be quite small because of
      the increased pressure being sensed by the load sensor. When there is no
      error E between d.sub.1a and d.sub.1, the gate will, of course, close and
      no signal N.sub.B1 will be transmitted to motor 588 regardless of the then
      magnitude of signal N.sub.B1.
PAC  OPERATION
PAR  In operation, a wire W is first threaded through the passageway 527 in
      self-compensating die 5. The operator enters data as to the desired
      velocity V.sub.1 with which the wire is to be pulled over capstan 6 and
      the desired wire diameter d.sub.1 which the wire is to have after it
      leaves self-compensating die 5. The wire velocity V.sub.1 selected will be
      based upon the desired rate of production, within the limits of the
      operability of the self-compensating die 5. With the wire thus threaded
      and the starting information thus entered, the operator will start the
      apparatus.
PAR  The apparatus will immediately sense an error in the wire diameter as it
      passes through gauge 5a. At the outset, gauge 5a will sense the initial
      starting diameter d.sub.o of the wire. There will thus be an error between
      d.sub.1a, the diameter as actually measured, and the desired wire diameter
      d.sub.1. This will allow a rate of correction control signal N.sub.B1 to
      be fed to electronic stepper motor 588 for driving worm 587 and thereby
      rotating carrier 584 (FIG. 3). As a result, sleeve 550 will shift axially
      with respect to rotating rotor 520 and the cam 540 connected to sleeve 550
      will cause the roller assemblies 510 to move inwardly into compressively
      engaging relationship with the wire W. This initial movement will be
      relatively rapid since initially, there will be no substantial loads
      sensed by the load sensor of self-compensating die 5. As the various
      rollers 511 engage the wire, however, pressures will build up and the
      rates of pulses N.sub.B1 will begin to slow down. Eventually, when the
      actual wire diameter d.sub.1a sensed by electric gauge 5a corresponds to
      the desired wire diameter d.sub.1, the gate allowing the correction
      control N.sub.B1 circuit to motor 588 will close. At this time, signals
      N.sub.B1 will not be transmitted in motor 588 and sleeve 550 will,
      therefore, cease to shift axially. Sleeve 550 and rotor 520 on the one
      hand adjusting gear 560 on the other will then continue to rotate at the
      same speed and in the same direction until an error is again sensed by the
      system.
PAR  Naturally, variations occurring in the actual wire diamter d.sub.1a will be
      detected and the apparatus will be controlled in the above manner in
      accordance with any errors sensed. In this manner, the wire diameter
      d.sub.1a is closely controlled so that self-compensating die 5 produces a
      reduced diameter wire from a particular starting wire or green stock
      within closely controlled tolerances.
PAR  Further, these results are achieved using simple right cylindrical rollers.
      No specifically profiled surface need be ground onto the rollers. This
      also makes the die operable over a large range of possible reductions.
PAR  Of course, it will be understood that the above is merely a preferred
      embodiment of the invention and that various changes and alterations can
      be made without departing from the spirit and broader aspects of the
      invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Apparatus for reducing the cross section of rod, wire or like material
      comprising: rotor means having a longitudinally axial passageway
      therethrough through which material can pass and about which said rotor
      means is rotatably mounted; a plurality of sets of separate roller
      assemblies, each set including at least two of said roller assemblies,
      each of said roller assemblies including a roller mouting means and a
      roller rotatably mounted on said roller mounting means; each said roller
      mounting means being generally radially movably mounted in said rotor
      means whereby its roller can be moved towards or away from the
      longitudinal axis of said axial passageway; said roller mounting means
      also being rotatably mounted in said rotor means whereby the angle of
      orientation of said roller with respect to said axial passageway can be
      adjusted by rotating said roller mounting means through a particular angle
      of adjustment; said sets of roller assemblies being mounted in spaced
      relationship along the length of said rotor means said rollers located
      contiguous with said axial passageway for engaging material passing
      therethrough and with said rollers in said sets of roller assemblies being
      located closer to the longitudinal axis of said axial passageway as one
      proceeds along the length of said rotor means from the front thereof to
      the rear; and drive means for rotating said rotor and accordingly said
      rollers about the material as the material passes through said axial
      passageway; radial position control means operably connected to said
      plurality of roller assemblies for controlling the position of said
      rollers radially with respect to said axial passageway; angular control
      means operably connected to said plurality of roller assemblies for
      controlling the angular position of said rollers with respect to the
      longitudinal axis of said axial passageway whereby the angle which said
      rollers make with respect to wire passing through said axial passageway
      can be adjustably controlled.
NUM  2.
PAR  2. The apparatus of claim 1 in which said radial position control means and
      said angular position control means are operably interconnected at least
      for each said roller assembly such that the angle of orientation of each
      said roller is established as a function of its radial position.
NUM  3.
PAR  3. The apparatus of claim 2 in which said radial position control means and
      said angular position control means comprise means for adjusting all of
      said roller assemblies simultaneously.
NUM  4.
PAR  4. The apparatus of claim 1 which includes: sleeve means axially movably
      mounted about said rotor means and keyed to said rotor means for
      rotational movement therewith; said radial position control means and said
      angular control means both including cam means positioned within said
      sleeve and operably engaging said plurality of roller means, said cam
      means defining a cam track for each said roller means, the slope of said
      track providing radial position control and the path of said track
      providing angular adjustment control; each said roller means including a
      cam follower engaging said cam track; adjustment means for axially
      shifting said sleeve means with respect to said roller means to thereby
      move said cams with respect to said roller means and thereby effect
      adjustment of said roller means in response to movement of said cam means.
NUM  5.
PAR  5. The apparatus of claim 1 including wire drive means for pulling wires
      through said axial passageway of said rotor, said wire drive means being
      operably connected to said rotor drive means for rotating said rotor at a
      rate of rotation which is directly proportional to the rate at which wire
      is being pulled through said rotor.
NUM  6.
PAR  6. Apparatus for reducing the cross section of rod, wire or like material
      comprising: rotor means having an axial passageway therethrough through
      which material can pass and about which said rotor means is rotatably
      mounted; a plurality of roller means, each including at least one roller,
      mounted in said rotor means with said rollers located contiguous with said
      axial passageway for engaging material passing therethrough; and drive
      means for rotating said rotor and accordingly said rollers about the
      material as the material passes through said axial passageway; each of
      said roller means being generally radially movably mounted in said rotor
      means whereby its roller can be moved towards or away from the center line
      of said axial passageway, said apparatus including radial position control
      means operably connected to said plurality of roller means for controlling
      the position of said rollers radially with respect to said axial
      passageway; each of said roller means being rotatably mounted within said
      rotor means such that the angle of the roller of the roller means with
      respect to the longitudinal axis of the axial passageway can be adjusted;
      angular control means operably connected to said plurality of roller means
      for controlling the angular position of said rollers with respect to the
      longitudinal axis of said axial passageway whereby the angle which said
      rollers make with respect to wire passing through said axial passageway
      can be adjustably controlled; sleeve means axially movably mounted about
      said rotor means and keyed to said rotor means for rotational movement
      therewith; said radial position control means and said angular control
      means both including cam means positioned within said sleeve and operably
      engaging said plurality of roller means, said cam means defining a cam
      track for each said roller means, the slope of said track providing radial
      position control and the path of said track providing angular adjustment
      control; each said roller means including a cam follower engaging said cam
      track; adjustment means for axially shifting said sleeve means with
      respect to said roller means to thereby move said cams with respect to
      said roller means and thereby effect adjustment of said roller means in
      response to movement of said cam means.
NUM  7.
PAR  7. The apparatus of claim 6 in which both said radial position control
      means and angular adjustment control means include: sensing means
      positioned downstream of said axial passageway with respect to the
      direction of travel of wire through said axial passageway for sensing the
      actual diameter of the wire as it leaves said axial passageway and said
      rotor; first logic control means operably connected to said sensing means
      and to said adjustment means for comparing the actual material cross
      section as determined by said sensing means with a predetermined desired
      material cross section and for effecting operation of said adjustment
      means in response to any differences therebetween to thereby shift said
      sleeve and said cams relative to said rotor means to effect an adjustment
      of said rollers.
NUM  8.
PAR  8. The apparatus of claim 7 in which said adjustment means is threadably
      mounted on said rotor means and threadably mounted to said sleeve means,
      the thread pitch of said threadable mounting to said rotor means being
      different from the thread pitch of said threadable mounting to said sleeve
      means; said adjustment means being rotatably driven by said drive means
      for normally rotating said adjusting means at the same rate as said rotor
      means; differential input means operably connected to said adjustment
      means for varying the rate of rotation of said adjustment means with
      respect to the rate of rotation of said rotor means whereby said sleeve
      will move axially with respect to said rotor means when said adjustment
      means is differentially rotated with respect thereto; said differential
      input means being operably connected to said first logic means for
      operation upon receipt of a signal indicating a difference between the
      actual wire diameter and the desired wire diameter.
NUM  9.
PAR  9. The apparatus of claim 8 including adjustment rate-control means for
      controlling the rate at which said differential input means operates to
      thereby control the rate of change in the relative position of said
      rollers within said rotor; load sensing means operably connected to said
      roller means for sensing the load being imposed by said rollers of said
      roller means on material passing through said rollers, said load sensing
      means being operably connected to said adjustment rate control means; said
      adjustment rate control means including second logic means operably
      connected to said differential input means for operating said differential
      input means at a rate inversely proportional to the load sensed by said
      load sensing means whereby when the load sensed is slight, the rate of
      adjustment of said adjustment means will be greater and when said load
      sensed is greater, said rate of adjustment will be lesser.
NUM  10.
PAR  10. The apparatus of claim 9 in which said drive means is operably
      connected to a primary drive input shaft; said primary drive input shaft
      being operably connected to said rotor means for effecting rotation of
      said rotor means and its associated sleeve means; said differential input
      means comprising a mechanical differential operably connected to and
      driven by said primary drive input shaft, said mechanical differential
      including a pinion output shaft operably connected to said adjusting means
      for rotatably driving said adjusting means at the same rate of rotation as
      said rotor means; said differential including a carrier operably connected
      to said primary drive input shaft and to said pinion output shaft, said
      carrier having a circumferential worm gear track operably engaged by a
      worm driven by a differential input motor, said differential input motor
      being operably connected to said first and second logic means.
NUM  11.
PAR  11. The apparatus of claim 10 in which said second logic means is operably
      connected to said differential input motor through a gate circuit which is
      operably connected to said first logic means for opening in response to a
      signal from said first logic means indicating an error in material
      thickness.
NUM  12.
PAR  12. The apparatus of claim 10 including wire drive means for pulling wire
      through said axial passageway of said roller means; said wire drive means
      being operably connected to and driven by said drive means.
NUM  13.
PAR  13. The apparatus of claim 12 in which said roller means are arranged in
      opposing pairs; said cam means being so constructed that the distance
      between the rollers in each roller pair decreases as one proceeds down the
      length of said rotor means from the upstream end thereof to the downstream
      end thereof; said cam means also having a configuration which enables the
      operator to simultaneously change the distance between all of the pairs of
      rollers upon movement of said cam means with respect to said roller means
      whereby the number of rollers engaging a wire passing through said axial
      passageway and the radial position of the rollers can be varied.
NUM  14.
PAR  14. The apparatus of claim 13 in which said cam means are so configured as
      to give the rollers in each roller pair a different angle with respect to
      the longitudinal axis of said axial passageway for each different distance
      between opposing rollers in a roller pair, said angle in each case being a
      function of the distance between the rollers in each roller pair.
NUM  15.
PAR  15. The apparatus of claim 6 in which said adjustment means is threadably
      mounted on said rotor means and threadably mounted to said sleeve means,
      the thread pitch of said threadable mounting to said rotor means being
      different from the thread pitch of said threadable mounting to said sleeve
      means; said adjustment means being rotatably driven by said drive means
      for normally rotating said adjusting means at the same rate as said rotor
      means; differential input means operably connected to said adjustment
      means for varying the rate of rotation of said adjustment means with
      respect to the rate of rotation of said rotor means whereby said sleeve
      will move axially with respect to said rotor means when said adjustment
      means is differentially rotated with respect thereto.
NUM  16.
PAR  16. The apparatus of claim 15 in which said drive means is operably
      connected to a primary drive input shaft; said primary drive input shaft
      being operably connected to said rotor means for effecting rotation of
      said rotor means and its associated sleeve means; said differential input
      means comprising a mechanical differential operably connected to and
      driven by said primary drive input shaft, said mechanical differential
      including a pinion output shaft operably connected to said adjusting means
      for rotatably driving said adjusting means at the same rate of rotation as
      said rotor means; said differential including a carrier operably connected
      to said primary drive input shaft and to said pinion output shaft, said
      carrier having a circumferential worm gear track operably engaged by a
      worm driven by a differential input motor.
NUM  17.
PAR  17. Apparatus for reducing the cross section of rod, wire or like material
      comprising: rotor means having an axial passageway therethrough through
      which material can pass and about which said rotor means is rotatably
      mounted; a plurality of roller means, each including at least one roller,
      mounted in said rotor means with said rollers located contiguous with said
      axial passageway for engaging material passing therethrough; and drive
      means for rotating said rotor and accordingly said rollers about the
      material as the material passes through said axial passageway; wire drive
      means for pulling wire through said axial passageway of said roller means;
      said wire drive means being operably connected to and driven by said drive
      means; said roller means being arranged in opposing pairs with the
      distance between the rollers in each roller pair decreasing as one
      proceeds down the length of said rotor means from the upstream end thereof
      to the downstream end thereof; control means for enabling the operator to
      simultaneously change the distance between all of the pairs of rollers
      whereby the number of rollers engaging a wire passing through said axial
      passageway and the radial position of the rollers can be varied.
NUM  18.
PAR  18. The apparatus of claim 17 in which each of said rollers is a right
      cylindrical roller.
NUM  19.
PAR  19. Apparatus for reducing the cross section of rod, wire or like material
      comprising: rotor means having an axial passageway therethrough through
      which material can pass and about which said rotor means is rotatably
      mounted; a plurality of roller means, each including at least one roller,
      mounted in said rotor means with said rollers located contiguous with said
      axial passageway for engaging material passing therethrough; and drive
      means for rotating said rotor and accordingly said rollers about the
      material as the material passes through said axial passageway; each of
      said rollers being a right cylindrical roller.
NUM  20.
PAR  20. Apparatus for reducing the cross section of rod, wire or like material
      comprising: rotor means having an axial passageway therethrough through
      which material can pass and about which said rotor means is rotatably
      mounted; a plurality of roller means, each including at least one roller,
      mounted in said rotor means with said rollers located contiguous with said
      axial passageway for engaging material passing therethrough; and drive
      means for rotating said rotor and accordingly said rollers about the
      material as the material passes through said axial pasageway; said roller
      means being movably positioned in said rotor means for adjustment therein;
      sleeve means axially movably mounted about said rotor means and keyed to
      said rotor means for rotational movement therewith, said sleeve means
      including cam means operably engaging said roller means to control the
      position of said roller means in said rotor means; adjustment means for
      axially shifting said sleeve means with respect to said roller means to
      thereby move said cam means with respect to said roller means and thereby
      effect adjustment of the relative position of said roller means in said
      rotor means.
NUM  21.
PAR  21. The apparatus of claim 20 including adjustment means operably connected
      to said sleeve means for effecting adjustment of the axial position of
      said sleeve means with respect to said rotor means.
NUM  22.
PAR  22. The apparatus of claim 21 including: adjustment rate control means for
      controlling the rate at which said adjustment means is operated to adjust
      the axial position of said sleeve means; load sensing means operably
      connected to said roller means for sensing the load being imposed by said
      rollers of said roller means on a material passing through said rollers,
      said load sensing means being operably connected to said adjustment rate
      control means; said adjustment rate control means including logic means
      operably connected to said adjustment means for operating said adjustment
      means at a rate inversely proportional to the load sensed by said load
      sensing means whereby when the load sensed is slight, the rate of
      adjustment of said adjustment means will be greater and when said load
      sensed is greater, said rate of adjustment will be lesser.
NUM  23.
PAR  23. The apparatus of claim 22 in which said adjustment means is threadably
      mounted on said rotor means and threadably mounted to said sleeve means,
      the thread pitch of said threadable mounting to said rotor means being
      different from said pitch of said threadable mounting to said sleeve
      means; said adjustment means being rotatably driven by said drive means
      for normally rotating said adjusting means at the same rate as said rotor
      means; differential input means operably connected to said adjustment
      means for varying the rate of rotation of said adjustment means with
      respect to the rate of rotation of said rotor means whereby said sleeve
      will move axially with respect to said rotor means when said adjustment
      means is differentially rotated with respect thereto; said logic means of
      said adjustment rate control means being operably connected to said
      differential input means to thereby effect said operable connection
      between said logic means and said adjustment means.
NUM  24.
PAR  24. The apparatus of claim 23 in which a material cross-section sensing
      means is positioned at the downstream end of said apparatus to sense the
      cross-section of material after it has passed through said apparatus;
      cross-section logic control means operably connected to said sensing means
      for comparing the actual material cross-section as determined by sensing
      means with a predetermined desired material cross-section; said material
      cross-section logic control means being operably connected to a gate
      means; said logic means of said adjustment rate control means being
      operably connected to said adjustment means through said gate means
      whereby adjustment in accordance with said adjustment rate control means
      is effected only upon receipt of a signal from said cross-section control
      logic means indicating the existence of a difference between the actual
      material cross-section and the desired material cross-section.
NUM  25.
PAR  25. The apparatus of claim 22 in which a material cross-section sensing
      means is positioned at the downstream end of said apparatus to sense the
      cross-section of material after it has passed through said apparatus;
      cross-section logic control means operably connected to said sensing means
      for comparing the actual material cross-section as determined by sensing
      means with a predetermined desired material cross-section; said material
      cross-section logic control means being operably connected to a gate
      means; said logic means of said adjustment rate control means being
      operably connected to said adjustment means through said gate means
      whereby adjustment in accordance with said adjustment rate control means
      is effected only upon receipt of a signal from said cross-section control
      logic means indicating the existence of a difference between the actual
      material cross-section and the desired material cross-section.
NUM  26.
PAR  26. The apparatus of claim 20 comprising: said cam means having a
      configuration which positions said rollers radially closer to the axis of
      rotation of said rotor means as one proceeds along the length of said
      rotor means from the front thereof to the rear.
NUM  27.
PAR  27. The apparatus of claim 26 in which said roller means are arranged in
      pairs diametrically opposing one another on opposite sides of said axial
      passageway.
NUM  28.
PAR  28. The apparatus of claim 27 in which adjacent ones of said roller pairs
      are positioned in said rotor at different radial angles with respect to
      one another.
NUM  29.
PAR  29. The apparatus of claim 28 in which said different radial angles are
      90.degree. apart.
NUM  30.
PAR  30. Apparatus for for reducing the cross section of rod, wire or like
      material comprising: rotor means having an axial passageway therethrough
      through which material can pass and about which said rotor means is
      rotatably mounted; a plurality of roller means, each including at least
      one roller, mounted in said rotor means with said rollers located
      contiguous with said axial passageway for engaging material passing
      therethrough; and drive means for rotating said rotor and accordingly said
      rollers about the material as the material passes through said axial
      passageway; said roller means being arranged in pairs diametrically
      opposing one another on opposite sides of said axial passageway; adjacent
      ones of said roller pairs being positioned in said rotor at different
      radial angles with respect to one another.
NUM  31.
PAR  31. The apparatus of claim 30 in which said different radial angles are
      90.degree. apart.
NUM  32.
PAR  32. The apparatus of claim 30 in which said roller means are positioned
      radially closer to the axis of rotation of said rotor means as one
      proceeds along the length of said rotor means from the front thereof to
      the rear.
NUM  33.
PAR  33. An apparatus for reducing the cross-section of a material passing
      therethrough comprising: a plurality of compressive rollers for applying a
      compressive force to a material passing through the apparatus; sensing
      means for sensing the cross-section of a material after it passes said
      compressive rollers and has been reduced thereby; roller positioning means
      for adjusting the relative positions of said compressive rollers to
      increase or decrease the position of the rollers relative to the material
      passing therethrough and to thereby change the extent to which said
      material is reduced in cross-section by said compressive rollers; roller
      position control means operably connected to said roller positioning means
      and to said sensing means for comparing the actual cross-section of the
      material as sensed by said sensing means with a predetermined desired
      cross-section and for controlling said roller positioning means in
      response to the difference between said actual cross-section and said
      predetermined desired cross-section; rate control means operably connected
      to said roller positioning means for controlling the rate at which said
      roller positioning means are adjusted in response to signals from said
      positioning control means, said rate control means including: load sensing
      means for sensing the pressure being applied by said compressive rollers
      to the material passing thereby and a first logic means for generating a
      rate control signal for controlling the rate of adjustment of said
      positioning control means as an inverse function of the pressure sensed by
      said load sensing means whereby when the pressure sensed is small, said
      positioning control means will operate at a relatively rapid rate to
      adjust said rollers and when the pressure is great, said positioning
      control means will operate at a relatively slower rate.
NUM  34.
PAR  34. The apparatus of claim 33 which includes: gate means; said rate control
      means being operably connected to said roller positioning means through
      said gate means; said roller position control means being operably
      connected to said gate means for opening said gate means in response to a
      determination that the actual material cross-section differs from the
      predetermined desired cross-section and for closing said gate means in
      response to a determination that said actual material cross-section equals
      said desired material cross-section.
NUM  35.
PAR  35. A method for reducing the cross-section of rod, wire or like material
      comprising: rolling a plurality of rollers around the material such that
      each define a generally helical path on the surface of the material while
      simultaneously moving the material with respect to the rollers in a
      direction opposite to that in which the generally helical paths are being
      generated; positioning the rollers at a particular radial position with
      respect to the center line of the material passing therethrough and at a
      particular angle with respect to the lateral cross-section of the material
      passing therethrough which position is, for each roller, a function of the
      desired cross-sectional reduction in the material which is sought for the
      material at the location of each said roller.
NUM  36.
PAR  36. The method of claim 35 which includes the step of arranging said
      rollers in oppositely facing pairs.
NUM  37.
PAR  37. The method of claim 36 which includes the step of arranging said pairs
      of rollers such that at least adjacent pairs are at different angles with
      respect to one another as viewed from the plane of the lateral
      cross-section of the material passing between the rollers.
NUM  38.
PAR  38. The method of claim 37 in which said roller pairs are arranged to be
      spaced at different distances apart, and at distances which decrease as
      one proceeds in the direction which the material passes between said
      roller sets.
NUM  39.
PAR  39. The method of claim 38 performed on wire.
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ABST
PAL  A clad wire for an electric contact is made by sofening a clad tape, which
      consists of at least a base metal and a surface layer of noble metal, by
      annealing, forming the softened clad tape into a cross sectional form of a
      circular arc, and cold-drawing the formed clad tape through a die having a
      desired cross sectional shape so as to provide a clad wire.
BSUM
PAR  This invention relates to a method for making a clad wire suitable for use
      as an electric contact, and more particularly to a method for making a
      clad wire which is made of clad tape comprising a noble metal as a surface
      layer.
PAR  Electric contact parts can be often made economically from clad materials
      consisting of a base metal and a surface layer of noble metal firmly
      bonded to the base metal. The form which is most commonly used is a narrow
      sheet or a tape for ease of fabrication. Although this form of a wire is
      serviceable, such wire is not used usually because of difficulty of
      fabrication and of getting a partially clad wire.
PAR  Clad wires are usually made by an electro-deposition method or a piping
      method. The electrodeposition method comprises the steps of
      electrodepositing a noble metal on a core wire of base metal and drawing
      the electrodeposited core wire. This method has a defect that it is
      difficult to provide a thick layer of noble metal which gives higher
      resistance against chemical corrosion such as sulfurization. The piping
      method comprises the steps of inserting a base metal rod into a noble
      metal pipe, heating the rod and the pipe to a high temperature and drawing
      the wire. In this method, because the length and thickness of the pipe are
      limited, it is difficult to get a clad wire having a long length and a
      thin noble metal coating layer. Furthermore, hollowing a noble metal rod
      to form a pipe causes a loss of materials. Besides, both the methods need
      a well-equipped arrangement to make clad wire in a practical way, and
      moreover it is difficult to provide a clad wire with three or more surface
      or coating layers.
PAR  Therefore, an object of the present invention is to provide a novel method
      for making a clad wire, which overcomes the problems of the conventional
      methods.
PAR  Another object of this invention is to provide a novel and improved method
      for making a clad wire, which is made from a clad tape, at a low cost.
PAR  A further object of this invention is to provide a method for making a clad
      wire in which the surface layers are bonded firmly to each other and
      thickness of each layer is variable.
PAR  These objects are achieved by a method for making a clad wire for electric
      contacts according to the present invention which comprises broadly the
      following two steps:
PA1  1. the step of softening a clad tape, which consists of a base metal and a
      surface layer of noble metal, by annealing and forming the clad tape into
      the cross sectional shape of a circular arc perpendicular to longitudinal
      direction of the tape with the noble metal surface layer on the outside
      thereof; and
PA1  2. the second of cold-drawing the formed clad tape through a die with a
      standard section so as to provide a clad wire is partially clad with noble
      metal as a surface layer, and intermediate annealing if necessary.
PAR  The method according to this invention as described briefly above has the
      following features:
PA1  1. Because the noble metal layer is stretched in the transverse direction
      during forming in the first step, the succeeding cold-drawing process
      provides a clad wire having the noble metal layer stretched around the
      wire laterally more than the half of the periphery of the clad wire. If
      the forming process of the first step is not carried out, the noble metal
      layer of the resultant clad strip is compressed in the direction of its
      width during the cold-drawing process and the layer becomes narrower on
      the clad wire. The clad wire having such a narrow noble metal layer has
      poor electric contact characteristics.
PA1  2. Because the clad sheet or tape is commonly made easily and cheaply
      compared to the conventional method of making the clad wire described
      hereinbefore, the clad wire according to this invention can be made easily
      and cheaply.
PA1  3. Failures of the bonding of the sheets to each other so as to make a clad
      sheet are less than in bonding the rod and pipe so as to make a clad wire,
      and so the bonding of each layer of the clad wire to the other layers
      provided by the method according to this invention is firm and rigid.
PA1  4. Two or more layers can be easily provided on the clad wire because a
      clad strip with multiple surface layers can easily be made compared to the
      conventional electrodeposition method or the piping method.
PA1  5. Because the thickness ratio of the surface layer of the clad tape can be
      controlled over a wide range during bonding to the original sheets, the
      thickness ratio of the surface layers of the clad wire can be varied
      widely.
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PAR  These and other objects of this invention will be apparent upon
      consideration of the following detailed description taken together with
      accompanying drawings wherein:
PAR  FIGS. 1a-1d are schematic cross-sectional views of the steps of one
      embodiment of the method according to the present invention.
PAR  FIGS. 2a-2e are similar views of another embodiment of the method for
      making the clad wire according to the present invention.
PAR  FIGS. 3 and 4 are cross sectional photographs of the clad wire made by the
      method of the invention.
PAR  Now, referring to FIGS. 1a-1d, the method of making the clad wire according
      to the present invention will described in the following.
PAR  FIGS. 1a-1d show the change of the cross-section; of the clad material at
      each step during the fabrication. The starting material is a clad tape 10
      which consists of a surface layer 11 of noble metal, an intermediate layer
      12 and a base metal layer 13. This original clad tape 10 is provided by
      slitting a wide clad sheet (not shown in FIG. 1) made by a conventional
      fabrication process.
PAR  The clad tape 10 is annealed at a tempertaure above the recrystallization
      temperature of the constituent elements in a nonoxidizing atomosphere.
      After being annealed for a given time which depends upon the size of the
      clad tape, the clad tape 10 is cold-drawn through a forming die 2 so as to
      provide a formed clad tape 20 with the noble metal layer 11 on the outside
      peripheral surface thereof, as shown in FIG. 1b. The shape of the
      cross-section of the forming die 2 is that of a circular arc with a
      thickness equal to the thickness of the clad tape and with a circular arc
      length equal to the width of the clad tape. Thus, the flat clad tape 10 is
      formed by bending into the formed clad tape 20 which has a transverse
      cross sectional shape of a circular arc.
PAR  After being formed, the formed clad tape 20 is cold-drawn through a die 3
      having a semi-circular section, and the bend of the formed clad tape 20 is
      increased. Then, there is provided a further formed clap tape 30 bent
      transversely to form a longitudinal groove 14 surrounded by the base metal
      13, as shown in FIG. 1c. With successive drawings through dies having
      smaller semi-round sections, the area of the further formed clad tape 30
      is reduced step by step and the size of the groove 14 is reduced. Then
      after the last straw there is provided a clad wire 40 according to the
      invention, as shown in (d).
PAR  FIGS. 2a-2c another embodiment of the present invention. The method shown
      in FIG. 2 for making a clad wire is substantially the same as the method
      described in connection with the parts of FIG. 1, except that the initial
      clap strip 50 is in two layers, the noble metal surface layer 11 and the
      base metal layer 13, forming is carried out by a forming roll pair 60
      which comprises a concave profile roller 5 and a convex profile roller 4
      opposite to the concave profile roller 5, and that the cross-section of
      the die 6 for normal cold-drawing is perfectly round.
PAR  With regard to the constitutions of the clad tape, and accordingly the clad
      wire, the operable noble metals for the surface layer 11 include silver,
      silver alloys, gold, gold alloys, palladium, palladium alloys, platinum
      and platinum alloys for obtaining good electric contact characteristics.
      The operable materials to be used for the intermediate layer 12 include
      silver, silver alloys, nickel and nickel alloys for obtaining good
      conductive characteristics or diffusion barrier characteristics. The
      operable materials for the base metal layer 13 include copper, copper
      alloy, nickel and nickel alloy for obtaining good mechanical properties.
PAR  In order to get sufficent width of the noble metal surface layer of the
      clad wire, it is preferable to arrange the ratio of the thickness to the
      width of the clad tape so as to range from 1/3 to 1/5. A thick clad tape
      having such a ratio higher than 1/3 is undesirable because of the
      difficulty of forming the clad tape in the first step. A wide clad tape
      having such a ratio smaller than 1/5 is also undesirable because it will
      produce a deep groove 14 and cause degradation of the mechanical
      properties of the clad wire.
PAR  In order to bend the clad tape sufficiently during the step of forming, it
      is preferable to divide the forming step into two or three processes so as
      to increase the bend of the clad tape gradually and finally to the desired
      cross-sectional shape before normal drawing.
PAR  Annealing for softening the clad tape is performed in an nonoxidizing
      atmosphere as the occasion may demand such as nitrogen gas, argon gas or
      vacuum so as to prevent oxidization of the material.
PAR  Reduction of the cross-sectional area of the clad material in normal
      cold-drawing varies from 15% to 30% per pass. Various lubricants such as
      mineral oil, fatty oil or soap are applied to the die so as to reduce the
      power required for drawing and for improving the surface finish of the
      clad material as well as for increasing the life of the die. The speed of
      drawing the clad tape varies from 5 to 50 m/min and it is determined by
      the cross-sectional area of the clad material and by the temperature
      developed during drawing which affects the properties of the lubricant,
      the structure of the metal being drawn and the life of the die.
PAR  Although the cross sections of the finished clad wire shown in FIGS. 1 and
      2 are semiround and completely round, respectively, other shapes of the
      cross section of the clad wire, such as triangles, squares, trapezoids and
      other special shapes, may be utilized by employing dies having a such a
      cross-sectional shape.
PAR  Tables 1a and 1b give shows examples of fabrication conditions and some
      properties of the resultant various clad wires according to this
      invention, in which the symbols used have the following meanings:
PA1  D: degree of reduction of the area after final annealing,
PA1  .phi.: diameter
PA1  R: radius,
PA1   .sigma.: ultimate strength in tension,
PA1  .delta.: elongation
PA1  Hv: Vickers hardness of the surface layer at a measuring load of 25g. (This
      hardness is effected by hardness of the under layer when the thickness of
      the top layer becomes thin.)
PAR  FIGS. 3 and 4 are photographs of the cross section of the clad wires which
      are made by the methods of FIGS. 1 and 2, respectively. It is easily
      understood that there are provided clad wires of semi-round and round
      cross section which have a thin surface layer of a noble metal, as shown
      in the white color in those photographs, respectively.
TBL                                    Table 1-(a)                             
     __________________________________________________________________________
                    metal of each layer                                        
     Example                                                                   
          Width                                                                
              thickness                                                        
                    surface layer                                              
                             intermediate                                      
                                      base layer                               
          (mm)                                                                 
              (mm)  (wt%)    layer (wt%)                                       
                                       (wt%)                                   
     __________________________________________________________________________
     1    2.8 0.6   Ag       --       phosphor bronze                          
     2    2.8 0.6   Au       66Ni-34Cu                                         
                                      phosphor bronze                          
     3    2.5 0.5   Pt       --          Ni                                    
     4    7   2     60Ag-40Pd                                                  
                             Ni       phosphrous bronze                        
     5    4.5 1     30Ag-40Pd-30Cu                                             
                             Ni       copper-beryllium                         
     6    4.5 1     30Ag-40Pd-30Cu                                             
                             Ni       phosphrous bronze                        
     7    7   2     70Au-27Ag-3Ni                                              
                             Ni       phosphrous bronze                        
     8    2.8 0.6   70Au-27Ag-3Ni                                              
                             95Ag-5Cu phosphrous bronze                        
     9    7   2     85Pd-12Ag-3Ni                                              
                             85Ag-13Cu-2Ni                                     
                                        66Ni-34Cu                              
     __________________________________________________________________________
TBL                                    Table 1-(b)                             
     __________________________________________________________________________
     condition of fabrication                                                  
                           finished clad wire                                  
                                            thickness (.mu.)                   
               Annealing                                                       
                        D  Shape of                                            
                                   size of cross- intermediate                 
                                                         .sigma.               
                                                              .delta.          
     Example                                                                   
          Forming                                                              
               temperature                                                     
                        (%)                                                    
                           cross-section                                       
                                   section (mm)                                
                                            top layer                          
                                                  layer  (kg/mm.sup.2)         
                                                              (%)              
                                                                 Hv            
               (.degree.C)                                                     
     __________________________________________________________________________
     1    die  500      70 round    =0.7    10    --     102  &lt;5 120           
     2    die  650      60 semi-round                                          
                                   R=0.3    3     12     98   &lt;5 240           
     3    die  650      20 triangle                                            
                                   a side 0.3                                  
                                            2     --     75   28 130           
     4    roll 650      55 semi-round                                          
                                   R=0.5    4     7.5    92   &lt;5 241           
     5    die  700      40 semi-round                                          
                                   R=0.3    10    10     110  &lt;5 390           
     6    die  (aging 350.degree.C)                                            
                        40 semi-round                                          
                                   R=0.5    20     5     60    8 390           
     7    roll 650      55 tropezoid                                           
                                   tope side 0.5                               
                                            4     7.5    92   &lt;5 225           
                                   height  0.5                                 
     8    die  500      70 semi-round                                          
                                   R=0.3    4     38     98   &lt;5 160           
     9    roll 650      55 semi-round                                          
                                   R=0.5    3     12     82   &lt;5 170           
     __________________________________________________________________________
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STM  We claim:
NUM  1.
PAR  1. A method for making a clad wire for an electric contact comprising the
      steps of softening a clad tape by annealing, said clad tape comprising a
      base metal and at least one surface layer of noble metal firmly bonded to
      said base metal, forming said softened clad tape into a cross sectional
      shape of a circular arc perpendicular to the longitudinal direction of
      said clad tape with said noble metal surface layer on the outside
      peripheral surface thereof, and normally cold-drawing said formed clad
      tape through a wire forming die having a standard section with the noble
      metal surface layer on the outer surface of the drawn clad tape, whereby
      there is provided a clad wire which is partially clad with said noble
      metal as a surface layer.
NUM  2.
PAR  2. A method for making a clad wire for an electric contact as claimed in
      claim 1, wherein said clad tape has a ratio of thickness to width ranging
      from 1/3 to 1/5.
NUM  3.
PAR  3. A method for making a clad wire for an electric contact as claimed in
      claim 1, wherein said clad tape is formed into said formed clad tape by
      being drawn through a forming die having the cross section of the circular
      arc.
NUM  4.
PAR  4. A method for making a clad wire for an electric contact as claimed in
      claim 1, wherein said clad tape is formed into said formed clad tape by
      being rolled through a forming roll pair comprising a concave profile
      roller and a convex profile roller opposite to said concave profile
      roller.
NUM  5.
PAR  5. A method for making a clad wire for an electric contact as claimed in
      claim 1, wherein said formed clad wire is drawn through a wire forming die
      having a cross section shape taken from the group of round, semiround,
      triangle, square and trapezoidal.
NUM  6.
PAR  6. A method of making a clad wire for an electric contact as claimed in
      claim 1, wherein said noble metal surface layer of said clad wire is
      stretched around more than a half of the periphery of the cross section of
      said clad wire.
NUM  7.
PAR  7. A method for making a clad wire for an electric contact as claimed in
      claim 1, wherein said clad wire is in two layers of a surface layer and a
      base metal layer, the material of said surface layer being selected from
      the group consisting of silver, silver alloys, gold, gold alloys,
      palladium alloys, platinum or platinum alloys, and the material of said
      base metal layer being selected from the group consisting of copper,
      copper alloys, nickel and nickel alloys.
NUM  8.
PAR  8. A method for making a clad wire for an electric contact as claimed in
      claim 1, wherein said clad wire has two surface layers, a top surface
      layer and an intermediate surface layer, and a base metal layer, the
      material of said top surface layer being a metal selected from the group
      consisting of silver, silver alloys, gold, gold alloys, palladium,
      palladium alloys, platinum and platinum alloys, the material of said
      intermediate surface layer being a metal selected from the group
      consisting of silver, silver alloys, nickel and nickel alloys, and the
      material of said base metal layer being a metal selected from the group
      consisting of copper, copper alloys, nickel and nickel alloys.
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PAL  A corrugated pipe forming apparatus and method in which flat sheet metal is
      passed through a plurality of first and second opposite roller pairs and
      deformed into a corrugated sheet. Lateral lips are formed parallel to the
      edges of the sheet and extend generally perpendicular to the sheet over
      the full length thereof. A pipe rolling machine helically deforms the
      corrugated sheet and folds the lip into a mechanical lock seam defining
      Pittsburgh lock of predetermined dimensions and tolerances. To maintain
      such dimensions and tolerances the width of the lips is adjusted by
      simultaneously moving one roll of each set in identical increments towards
      and away from the other roll of each set to thereby correspondingly change
      the depth of the corrugations and the width of the lips. The sheet can be
      moved laterally to maintain the lips of equal width. Corrugating stations
      of the device are defined by opposed corrugating rollers with the upper
      rollers held on a first frame and the lower rollers held on a second
      frame. Each frame includes opposite and rigid sides interconnected by
      fixed rigid axles. Opposed upper and lower rollers are journaled at their
      respective ends about each of the respective axles.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part application of the co-pending
      patent application, Ser. No. 478,561, filed June 12, 1974 for CORRUGATING
      MILL, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to roller mills and more particularly to a
      corrugated pipe forming machine having a corrugating roller mill of the
      type having upper and lower opposed corrugating rollers for manufacturing
      the pipe from flat sheet metal.
PAR  Corrugating pipe is presently in wide use because of its relatively high
      strength and low cost. Since such pipe is normally buried its appearance
      is of secondary consideration and most tolerances of the pipe are loose
      which further contributes to the economy of such pipe.
PAR  A stringent requirement of such pipe, however, is that it be structurally
      sound. Since the pipe is almost always formed by helically winding a
      continuous length of corrugated sheet structural soundness usually hinges
      upon the formation of a high strength seam as the sheet is helically
      wound. Seams can be formed by welding the edges of the metal or by forming
      a mechanical interlock, also called a Pittsburgh lock. The mechanical lock
      is formed by first rolling a longitudinally extending edge lip on the
      corrugated sheet which extends generally perpendicular to the remainder of
      the sheet. As the sheet is helically wound, the edge lips are overlapped
      and folded over to form the lock. Tight tolerances in the dimensioning of
      the lip must be maintained. The width of the lips must be within plus or
      minus one thirty-second of an inch and both lips must be of equal width.
      Since the lips are formed by laterally disposed edge forming rolls the
      sheet must therefore be precisely centered relative to such rolls.
      Moreover, the overall width of the sheet must be closely controlled to
      maintain the desired lip dimensions and tolerances.
PAR  Given this requirement and the need for multiple corrugating rolls, in
      which each corrugating station is defined by a pair of opposed rollers
      which progressively form the corrugations from the center towards the
      sheet edges, the prior art has developed so-called line formers in which
      the corrugating stations are separate and independent so that each station
      must be adjusted individually. Such individual adjustment enables one to
      precisely align the corrugations in the sheet with the edges and to
      generally produce a high quality corrugated sheet. This is of great
      importance when the corrugated sheet is used for covering roofs,
      sidewalls, etc. It is relatively insignificant when the corrugated sheet
      is subsequently deformed, as on a helical corrugated pipe rolling machine
      since misalignments of individual sheet corrugations relative to each
      other or relative to the sheet edges become undetectable due to the
      general stretching and deformation of the sheet when it is wound. The
      overall sheet width and/or the absolute and relative dimensions of the
      edge lips, however are of the utmost importance and must fall within
      specified dimensions and tolerances.
PAR  Prior art corrugated pipe forming machines apparently never recognized this
      distinction, or gave no importance to it, and employed line formers
      constructed of a plurality of independent corrugating stations. Since the
      effective width of the sheet, and therewith the effective dimensions and
      tolerances of the edge lips is a function of and can be varied with
      variations in the depth of the corrugations, any adjustment required an
      adjustment of all corrugating stations. This was time-consuming and
      required highly skilled, and therefore, expensive labor. Moreover, since
      the independent corrugating stations are spaced relatively far apart, a
      substantial length of sheet material must be run through the corrugator
      before the final dimension can be taken and before it can be determined
      whether or not the adjustments were sufficient or accurate. If not, the
      length of sheet metal just run through the corrugator is wasted and must
      be discarded. In prior art pipe rolling machines present in extensive use,
      wastage could amount to as much as 24 feet for each dimension check.
PAR  Thus, it may be summarized that prior art corrugated pipe forming machines
      employed sheet metal corrugators which yielded high accuracy in an area
      where accuracy is of little importance, namely, the alignment of the
      corrugations relative to each other and relative to the sheet edges.
      However, such corrugators made it difficult, time-consuming, and
      therefore, expensive to attain and maintain accuracy where it counts,
      namely, in the dimensioning and the tolerances of the edge lips which
      subsequently form the continuous pipe seam.
PAR  The corrugators employed with prior art pipe rolling machines have included
      at least three additional specific disadvantages.
PAR  A first disadvantage of the prior art is that each of the opposed rollers
      has heretofore been mounted on journals, which journals are individually
      adjustable. It is known that corrugation requires precise and equal
      adjustment between sequential corrugating rollers. The individually
      adjustable rollers of the prior art make such adjustment difficult, at
      best, and only capable of achievement by mechanics of relatively high
      skill.
PAR  Moreover, this problem is often compounded by the sheet metal or skelp
      being processed. Varying thickness of skelp found either from roll to roll
      or even in different segments of the same roll requires different
      adjustments. Where individual adjustment of individual rollers is
      required, loss of time and loss of unsatisfactory corrugated skelp
      results.
PAR  Second, the drive of the sequential rollers has presented a problem. The
      fact that opposed rollers must be adjustable towards and away from one
      another has compounded this problem. Specifically, either chain drives or
      idler gear drives between adjacent rollers have been used.
PAR  Where chain drives have been used, the chain is commonly wound so as to
      drive each and every roller. The result is that the chain of the drive
      must be of a thickness to transmit the power to drive all rollers. Extreme
      chain bulk and cost results. Moreover, increased sprocket size is
      frequently required to reduce chain thickness to tolerable limits. The
      sprockets which, of necessity, must be in line, are further spaced apart.
      The individually powered rollers must be further apart resulting in a
      longer mill. Increased machine length results in increased difficulty of
      adjustment and increased scrap loss where insufficiently corrugated skelp
      is produced -- especially during machine adjustment.
PAR  Moreover, idler gear drives have extreme disadvantages. Primarily, idler
      gears are expensive mechanisms which complicate machinery in which they
      are used as to numbers of moving parts and maintenance. Additionally, and
      more seriously, the number of rollers which can be driven from an
      individual power source through an idler gear drive chain is limited.
      Where more than four rollers are all driven off of the same torsional
      power input through idler gears, gear bulk -- either in length or diameter
      -- must be increased dramatically.
PAR  Finally, such roller mills have, in the past, included corrugated rollers
      which comprise short and discrete cylindrical sleeves which are placed as
      segments over underlying rigid and rotating shafts. The corrugating
      rollers at the sleeve segments provide no part of the considerable
      rigidity required for corrugation by opposing rollers. As a result, the
      rotating and underlying shafts and journals have to be of a relatively
      large diameter. Correspondingly, the discrete roller segments for
      corrugation have to be of even a larger diameter. As a consequence, at
      least the thickness and the length of such machines must be of relatively
      large dimension with corresponding increased cost of machine fabrication
      and operation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention generally provides an improved corrugator especially
      adapted for use in connection with corrugated pipe forming machines which
      helically wind a flat corrugated sheet into cylindrical pipe. One of the
      broader aspects of the present invention contemplates to form a mechanical
      interlock to seam the helically wound corrugated sheet and to provide a
      corrugator which can be readily and quickly adjusted without generating
      large amounts of waste to maintain the edge lip dimensions and tolerances
      within stated limits. A continuous, trouble-free operation of the pipe
      rolling mechanism and a high quality finished corrugated pipe having
      maximum strength is thus assured.
PAR  Generally, this is achieved by intermittently changing the width of the
      corrugated sheet and, thereby, the width of the edge lips to compensate
      for deviations caused by irregularities or dimensional changes in the flat
      sheet. This is done by simultaneously and identically moving one roller of
      each set of opposing corrugating rollers towards and away from the other
      roller to thereby correspondingly change the depth of the corrugation, the
      effective overall width of the sheet, and most importantly, the width of
      the edge lips. Moreover, the present invention contemplates to laterally
      move the flat sheet upstream of the corrugating stations to maintain the
      widths of the lips equal.
PAR  Generally, a corrugator constructed in accordance with the invention
      comprises a plurality of cooperating sets of first and second corrugator
      rollers through which the sheet passes and first and second roller
      mounting means for immovably interconnecting all first rollers of the sets
      and all second rollers of the sets. The mounting means permit the rollers
      to rotate about their axis. Means is provided for moving the first and
      second mounting means towards and away from each other to thereby move the
      roller pairs of each set toward and away from each other for adjusting the
      depth of corrugations formed in the sheet. The roller mounting means
      preferably comprise frames which can be moved towards and away from each
      other by operating a single actuator which is operatively connected with
      multiple spaced apart points of the frame.
PAR  Thus, with a single adjustment all rollers are simultaneously and
      identically moved towards and away from each other to adjust the final
      width of the corrugated sheet and therewith the width of the edge lips.
      Such adjustment is simple, requires little skill and time and is,
      therefore, substantially less expensive than the necessary adjustments on
      prior art line formers having multiple independent corrugating stations.
PAR  Although the arrangement of the present invention does not permit an
      individual adjustment of the corrugating stations, that is one station
      cannot be raised or lowered a greater or lesser amount than another
      station which, at times may result in slight irregularities in the
      positioning or alignment of the corrugations with respect to each other
      and/or with respect to its edges, such irregularities are of no particular
      concern when the corrugated sheet is thereafter helically deformed into a
      corrugated pipe. The irregularities are not visible to the eye and they do
      not interfere with either the pipe forming operation or the utility of the
      finished pipe as long as the sheet width and edge lip dimensions and
      tolerances are maintained. Thus the corrugator of the present invention is
      economical and simple.
PAR  Thus, when the corrugator of the present invention is combined with helical
      pipe forming machinery it represents a great improvement over the prior
      art and will result in substantial cost savings in manufacturing
      corrugated pipe.
PAR  To fully accomplish the above-stated objectives of the present invention,
      it is also highly desirable to maintain the widths of the edge lip equal.
      Slight irregularities or changes in its chemical or metallurgical
      structure may from time to time cause misalignments of the sheet relative
      to the edge lip forming rollers. To counteract such misalignments and to
      maintain the edge lip widths equal, lateral adjustment rollers are
      positioned upstream of the corrugators. The adjustment rollers can be
      actuated to center the sheet by moving it in a lateral direction. The
      adjustment rollers can be actuated via suitable controls operatively
      coupled to a monitoring device which continuously senses both the absolute
      width of the edge lips and their relative width. In one embodiment of the
      invention the monitoring device may further be operatively coupled with
      automatic means for operating the actuator which raises or lowers the
      corrugating rolls to maintain the desired overall sheet width and,
      therewith, the lip width and tolerance.
PAR  More specifically, the corrugator of the present invention contemplates the
      use of upper corrugating rollers which are held on a first frame; and
      lower corrugating rollers which are held on a second frame. Each frame
      includes opposite and rigid sides interconnected by fixed rigid axles or
      rungs. Opposed upper and lower rollers are journaled about each of the
      respective axles, at their respective ends. The rollers, of solid and
      continuous cylindric sidewall construction to their full length, have an
      improved bending strength and a correspondingly reduced dimension. An
      improved drive of adjacent pairs of lower rollers is provided through
      shafts journaled between the lower rigid frame sides. These shafts,
      through gearing, drive on either side lower corrugating rollers through
      gearing. The upper opposed rollers are in turn driven by their lower
      opposed rollers. These upper rollers are driven directly by low tolerance,
      high backlash gears between the upper and lower rollers that enable
      towards and away adjustment of the upper and lower rollers while meshing
      and driving contact of the gears is maintained. The interstitial distance
      between the upper and lower rollers is produced by four interlinked screw
      adjustments to provide precisely identical upper and lower roller
      corrugating adjustments with a minimum of operator or mechanic attention.
      Rollers for providing a lock seam at the end of the machine are provided
      with individual adjustability.
PAC  OTHER OBJECTS AND ADVANTAGES OF THE INVENTION
PAR  An object of this invention is to include an improved frame support for
      opposed upper and lower roller stations. According to this aspect of the
      invention, the improved rollers of this invention are each journaled about
      rigid and solid shafts. The rigid and solid shafts are securely fastened
      to side frames. The result is that the upper rollers are rigidly held, and
      the lower rollers are separately rigidly held.
PAR  An advantage of this aspect of the invention is that by precise adjustment
      of the upper and lower roller holding frames towards and away from each
      other, corresponding precise and equal adjustment of all opposing upper
      and lower rollers of the mill may occur. Moreover, adjustment can occur
      during machine operation.
PAR  Yet another object of this invention is to provide for precise and
      simultaneous adjustment of all rollers in a given mill. According to this
      aspect of the invention, threaded adjustment screws are provided at four
      symmetric locations between the upper and lower frames. Typically, two
      spaced threaded adjustments are provided at the forward end of the frame,
      and two spaced threaded adjustments are provided at the after end of the
      frame. By the expedient of gearing all of the threaded adjustments
      together, precise and equal adjustment of all roller stations along the
      entire length of the two opposing frames can occur.
PAR  An advantage of this aspect of the invention is that laborious and skilled
      individual adjustment of each roller station on its own bearings is not
      required.
PAR  A further advantage of this roller adjustment aspect of the invention is
      that minor variations in skelp dimension can be swiftly and easily
      accommodated. Loss of time and wastage of skelp is reduced, if not
      eliminated.
PAR  Yet another object of this invention is to disclose an improved roller
      drive between individual upper and lower opposed rollers. According to
      this aspect of the invention, high backlash low tolerance gears are used
      to provide a direct gear drive between upper and lower gears while at the
      same time permitting individual adjustment of the gears towards and away
      from one another.
PAR  An advantage of the direct gear drive between the upper and lower rollers
      is that chain drives interlinking all rollers or more complex idler gear
      drives are avoided. Simplicity of the drive results.
PAR  A further object of this invention is to disclose a drive for sequential
      opposed rollers -- typically exceeding four in number. According to this
      aspect of the invention, adjacent lower roller pairs are driven by a
      single power input shaft placed in the interstitial area between paired
      lower rollers. The single power input shaft can in turn be driven by an
      enlarged sprocket or gear overlapping the elevational and horizontal
      spatial interval occupied by at least two adjacent roller stations. The
      sprocket or gear can in turn be linked directly to the power source.
PAR  An advantage of the improved drive is that power inputs to the sequential
      rollers can occur at any number of stations along the mill. Gear bulk or
      chain bulk is reduced and mechanical advantage is increased in a mill of
      short length.
PAR  A further object of this invention is to disclose an improved apparatus for
      placing a lock seam in corrugated skelp. According to this aspect of the
      invention, opposed rollers for forming a lock seam are made individually
      adjustable off of the opposed individually adjustable rigid frames of the
      corrugating mill.
PAR  An advantage of this aspect of the invention is that the precision
      adjustment required for forming a Pittsburgh lock is independent of
      adjustments to the corrugating mill. As a result, the Pittsburgh lock --
      crucial in forming corrugated pipe -- can be adjusted independently and
      with precision.
PAR  Yet another object of this invention is to disclose a corrugating roller
      machine wherein the rollers are of minimal dimension. According to this
      aspect of the invention, each roller is cylindrically shaped and contoured
      to provide the desired corrugation. The rollers are given a minimal
      sidewall thickness and diametric dimension to fully resist bending. By the
      expedient of independently journaling each of the cylindric rollers at
      their respective ends to a concentric rigid shaft, minimal roller diameter
      is required.
PAR  An advantage of this aspect of the invention is that sequential rollers can
      be spaced in close side-by-side relation. The result is a machine of
      minimal length.
PAR  Yet another aspect of the roller dimension of this invention is that the
      corresponding upper and lower opposing halves of the roller mill are all
      provided with minimal thickness. Consequently, minimum thickness of the
      roller mill results.
PAR  An advantage of the minimum length and thickness is a line mill for
      corrugation which is small enough to be readily portable.
PAR  A further advantage of the rollers here disclosed is that the gear for
      driving the rollers can be formed integrally with the rollers. Further
      reduction in overall machine construction and maintenance cost can result.
PAR  A further advantage of the cylindrical rollers of this invention is that
      large bearings may be used to journal the rollers. Likewise, special
      housings for mounting bearings are not required.
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PAR  Other objects, features and advantages of this invention will become more
      apparent after referring to the following specification and attached
      drawings in which:
PAR  FIG. 1 is a perspective view of the improved rolling mill of this
      invention;
PAR  FIG. 2 is a side elevation of the rolling mill of this invention used as a
      reference point for FIGS. 5, 6 and 7 as well as a schematic representation
      of the improved drive of this invention;
PAR  FIG. 3 is an end elevation of the motor and sprocket drive illustrating the
      individual power inputs to opposed roller pairs of this invention;
PAR  FIG. 4 is a schematic illustrating specifically the drive of paired opposed
      roller stations on opposite sides of a single power input;
PAR  FIG. 5 is a cross section taken along lines 5--5 of FIG. 2 illustrating the
      cylindric roller construction of this invention wherein the forming
      rollers are provided with a cylindrical diameter over their entire length
      to reduce roller dimension and provide improved bending strength;
PAR  FIG. 6 is a section taken along lines 6--6 of FIG. 2 illustrating two of
      the tensioning members between the upper and lower rigid frames for
      providing simultaneous adjustment to all of the corrugating rollers of
      this invention through a single manipulation;
PAR  FIG. 7 is a side elevation taken along lines 7--7 of FIG. 2 illustrating
      the individual adjustment of the rollers providing the lock seam;
PAR  FIGS. 8A-8F are partial cross sections of the rollers of this invention at
      the point where they are contiguous to illustrate their respective shapes
      for sequentially corrugating and forming skelp with a lock seam therein.
PAR  FIG. 9 is a schematic plan view of a pipe forming machine constructed in
      accordance with the present invention.
PAR  FIG. 10 is a fragmentary, schematic cross-sectional view of a lateral end
      of a finish formed corrugated sheet just prior to its helical deformation
      into pipe; and
PAR  FIG. 11 is a fragmentary, schematic cross-sectional view of a finish formed
      seam of a corrugated pipe formed by helically winding the corrugated strip
      illustrated in FIG. 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 9, a pipe forming machine, generally comprises a
      corrugator 1 for longitudinally corrugating a flat sheet 3, and a pipe
      rolling station 4 where the corrugated sheet 3a is helically wound about
      an axis 5 into a corrugated pipe 6. The corrugator has an upper roller
      frame A and a lower roller frame B are shown individually adjustable
      towards and away from one another by four adjustment screws C all geared
      together. Referring briefly to FIGS. 2 and 4, a single motor D drives
      individual sprockets E.sub.1 -E.sub.3 to power opposed rollers F.sub.1
      -F.sub.6. Individual adjustment G of roller F.sub.6 is provided for the
      roller station forming the Pittsburgh lock in the corrugated skelp.
PAR  In operation and as specifically illustrated in the sequential illustration
      of FIGS. 8A-8F and in FIGS. 10 and 11, uncorrugated sheet or skelp 3 is
      introduced sequentially to pass from opposed rollers F.sub.1 to opposed
      rollers F.sub.6. Corrugation starting from the center and working
      outwardly towards and sides along a parallel corrugation occurs at rollers
      F.sub.1 through F.sub.4. The finish corrugated sheet 3a is defined by a
      plurality of alternating peaks and valleys 7 and 8, respectively, and by
      longitudinally running edge lips or sections 9 which extend generally
      perpendicular to the sheet. Upon winding of the corrugated sheet at roller
      station 4, the adjacent sections are overlapped and pressed together to
      form a mechanical or Pittsburgh lock 10 which defines the continuous,
      corrugated pipe seam. The Pittsburgh lock is formed by rollers F.sub.5,
      F.sub.6 and by vertical axis rollers H.
PAR  The formation of the pipe seam is critical. The overlap of edge lips 9 must
      be within close tolerances. For commonly used corrugated pipes of 12
      inches in diameter and larger the overlap is frequently specified as being
      five-sixteenths inch. If the tolerance is exceeded, the bulk of the lips
      cannot be accommodated. This leads to an incompletely formed seam which
      opens when subjected to a load. On the other hand, if the lower end of the
      tolerance is exceeded there is an insufficient overlap so that the seam
      might open due to relatively small longitudinal movements of the helically
      wound corrugated pipe strips during transportation, installation or in
      use. In either event the pipe must be rejected.
PAR  To assure a dimensionally accurate seam, say the abovereferenced
      five-sixteenths inch seam, the edge lips must have a length of
      nine-sixteenths inch, plus or minus one thirty-second inch as indicated in
      FIG. 10. Since the last step in the corrugating process is the step of
      turning the lip upwardly, as seen in FIG. 10, the overall width of the
      corrugated sheet, measured from sheet edge 11 to sheet edge 11 must be
      closely controlled, normally within plus or minus one thirty-second inch.
      Commercially available flat stock, however, has a width tolerance well in
      excess of one thirty-second of an inch. Depending on the quality of the
      stock, the tolerance may be as much as plus or minus one-fourth inch or
      more. To compensate for such tolerances, therefore, the effective lateral
      sheet width must be closely controlled. This can be done by increasing or
      decreasing the depth of the corrugations.
PAR  Referring to FIGS. 1 and 9 through 11, the present invention employs
      corrugator 2 for effecting the control of the overall sheet width. To
      efficiently vary the depth of the corrugations all upper corrugating
      rollers are rigidly interconnected, that is, their relative position is
      fixed and they are not individually adjustable in either a vertical or
      horizontal direction. Similarly, the lower rollers of each pair are
      rigidly interconnected and fixed with respect to each other. Consequently,
      the corrugation depth is readily controlled and varied by simply moving
      one or the other of the fixedly interconnected rollers towards or away
      from the opposing rollers. The construction of upper and lower frame A and
      B can be readily understood. Referring to frame A, it includes paired
      rigid sides 14, 16. These rigid sides are connected at their respective
      ends by bars 18, 20. Additionally, each upper roller is journaled on a
      shaft 22. Rigid shafts 22 extend from side to side of the machine and
      rigidly spaced apart sides 14, 16.
PAR  The construction of the lower frame B is analogous. Sides 24, 26 are held
      in spaced apart relation by bars 28, 30. A series of rigid shafts 32 on
      which each of the lower rollers is journaled additionally interconnects
      sides 24, 26 (see FIG. 5). It is thus seen that the frames A, B between
      their respective sides 14, 16 for frame A, and sides 24, 26 for frame B,
      through their respective interconnection by rigid shafts 22 for frame A,
      and 32 for frame B, are precisely analogous to ladders.
PAR  Thus, the shafts 22 and 32 of the upper and lower frames A, B, and
      therewith rollers F.sub.1 to F.sub.5 are rigidly interconnected and cannot
      be individually moved or adjusted. However, these sections defined by the
      respective frames and the associated shafts are movable towards and away
      from one another to simultaneously and identically adjust all opposed
      rollers F.sub.1 -F.sub.6 for reasons fully set forth below roller pair
      F.sub.6 is additionally independently adjustable.
PAR  Regarding this simultaneous adjustment and referring to FIGS. 1, 2 and 6,
      the adjustment may be readily understood. It will be seen that between
      rollers F.sub.1 and F.sub.2, and rollers F.sub.5 and F.sub.6 frame A is
      transpierced by apertures 37-40. Apertures 37-40 are unthreaded.
PAR  At corresponding locations, frame B is tapped at threaded apertures 41-44
      (tapped aperture 44 not being visible in the views here shown).
PAR  Adjustment of the frame members A, B towards and away from one another is
      provided by shafts 47-50. Each of these shafts is provided with a bevel
      gear assembly 52 at the upper end, and with threads 54 at the lower end.
      As can be seen by quick reference to FIGS. 1 and 6, simultaneous and
      identical turning of shafts 47-50 will cause the threads 54 to move
      inwardly and outwardly of the respective tapped apertures 41-44 and cause
      frame A to move towards and away from frame B by capture of frame A
      between each bevel gear assembly 52 and frame B.
PAR  Again referring to FIGS. 1 and 6, the simultaneously and identical rotation
      of shafts 47-50 can be easily understood. An adjustment bolt 60 with an
      attached scale 62 rotates shaft 64. Shaft 64, through bevel gears 66, 68,
      imparts rotation to shafts 47, 48, the rotation here shown being identical
      because of identical bevel bear ratios. Bevel gear 52, attached to shaft
      47, in turn rotates a longitudinal shaft 70 which, through suitable bevel
      gear arrangements, rotates bevel gear 52 of shaft 49 to produce similar
      identical rotation. By a shaft arrangement 74, analogous to shaft 64,
      bevel gear 52 of shaft 50 likewise imparts to identical rotation shafts
      49, 50. The result is that by adjusting a single nut 60, frames A and B at
      four symmetrical spaced points can be simultaneously and identically
      adjusted towards and away one from another.
PAR  To produce the machine here shown, it has only been necessary to provide
      four shafts for towards and away adjustment of the respective frame
      members. Where the frame members are longer, more shafts with identical
      gearing can be provided. It should also be noted that bevel gears 52 are
      enlarged and that the corresponding bevel gears attached to the shafts 64,
      70 and 74 are small. This permits drive of the bevel gears 52 from the
      shafts to occur while preventing the intermeshing of the bevel gears
      between the respective shafts 64, 70, 74.
PAR  Having set forth the adjustment of member C, the drive of the rollers F
      from motor D through sprockets E.sub.1 -E.sub.3 can now be set forth.
      Referring to FIG. 4, a chain 82 receiving power from motor D powers
      sprocket E.sub.1. Sprocket E.sub.1 is journaled to a shaft 84
      transpiercing lower frame B at aperture 85. The shaft, rotatably mounted
      between frame sides 24, 26 drives a gear 86 in a clockwise direction.
PAR  Gear 86 drives in a counterclockwise direction gears 88, 89 of the lower
      rollers of rollers F.sub.1, F.sub.2. Lower roller of rollers F.sub.1
      through gear 88 having an enlarged pitch diameter, in order to increase
      gear backlash, drives a similar overlying roller 90 in the opposite
      clockwise direction. A similar gear 89 on lower roller F.sub.2 drives an
      overlying gear 91 on upper roller F.sub.2 in an identical gear arrangement
      and fashion. It can thus be seen that rollers F.sub.1 are arranged to
      compress skelp therebetween and pass them to opposed rollers F.sub.2.
PAR  The gearing arrangements of rollers F.sub.3, F.sub.4 and rollers F.sub.5,
      F.sub.6 are identical. They will not be repeated herein.
PAR  Referring to FIGS. 2 and 3, it will be seen that the output of motor D is
      provided with three small diameter sprockets 95, 96 and 97. These
      sprockets drive chains linked directly to sprocket E.sub.1, E.sub.2 and
      E.sub.3 for driving roller pairs F.sub.1 F.sub.2 ; F.sub.3, F.sub.4 ; and
      F.sub.5, F.sub.6, respectively. It will be noted that the individual chain
      drives between motors D and the respective sprockets E.sub.1 -E.sub.3 are
      offset in a vertical plane one from another. Thus, the discrete power
      inputs at paired opposed roller stations is provided by the configuration
      of this invention.
PAR  It has been previously emphasized that the roller construction of this
      invention enables rollers of reduced diameter to be used. This can best be
      illustrated with reference to FIG. 5.
PAR  Referring to FIG. 5, it will be noted that upper opposed roller 100 and
      lower opposed roller 102 is illustrated. Each of the rollers 100, 102 is
      cylindric in its dimension from end to end. The rollers are journaled at
      their respective ends to the shafts 22 in the case of roller 100, and 32
      in the case of roller 102. This occurs at roller bearings 103, 104 for
      roller 100, and at roller bearings 105, 106 for roller 102. The
      cylindrical shapes of the rollers 100, 102 imparts to the forming rollers
      themselves the ability to provide the entire bending resistance necessary
      to corrugate skelp passing between the rollers. The concentric shafts 22
      for roller 100, and 32 for roller 102 do not supply the bending resistance
      required to provide for the desired corrugation.
PAR  The result of this cylindric roller construction is that the diameter of
      the corrugating rollers is kept to a minimum. Consequently, the thickness
      of the corrugating mill 2--illustrated as the height of the section of
      FIG. 5 -- is reduced. Moreover, and as can be seen in the adjacent FIG. 2,
      the overall length of the corrugating mill can be kept to a minimum.
      Compactness of the machine and the working of a correspondingly smaller
      segment of skelp from end to end of the machine results. Consequently,
      poor machine adjustment resulting in increased skelp wastage is reduced by
      the reduced end to end length of the roller mill here disclosed.
PAR  It has been previously described that rollers F.sub.6, which are placed for
      the purpose of forming a precision lock seam, here shown as a Pittsburgh
      lock, need be independently adjustable with respect to the remainder of
      the rollers F.sub.1 -F.sub.5. According to this aspect of the invention,
      two adjustment bolts G are provided. Bolts G penetrate and thread at their
      lower end into apertures 110 in side 14, and 112 in side 16. Shaft 114 on
      which the upper roller 116 of paired upper and lower rollers F.sub.6 rides
      is mounted in elongate apertures 118 in side 14, and 120 in side 16. The
      respective bolts G penetrate into and out of non-threaded apertures 112,
      124 on either end of shaft 114. As can be seen by rotation of bolts G, and
      by reference to the scales 127, 129, attached thereto, individual
      adjustment of the opposed upper and lower rollers F.sub.6 towards and away
      from each other can be achieved.
PAR  Thus, the precision of the lock seam, here shown as a Pittsburgh lock, can
      be adjusted exactly and precisely.
PAR  Operation of the apparatus of this invention can now be reviewed.
      Commencing at the right hand portion of FIG. 1, skelp is fed into the
      roller mills between opposed rollers F.sub.1, F.sub.2. The skelp is
      registered by rollers 130, 132 in side to side adjustment. Rollers 130,
      132 are rigidly attached to upper frame A and in slidable vertical
      engagement with lower frame B. Their mounting does not interfere with the
      towards and away movement of the respective frame sections A, B.
PAR  Referring to FIGS. 1, 2 and 7 and 9, it was previously stated that roller
      pair F.sub.6 is individually adjustable on frame A. Roller pair F.sub.6
      cooperates with vertical rollers H to finish form the edge lips of the
      corrugated sheet. To prevent lateral sheet movements the last roller pair
      securely holds the sheet in a vise-like fashion, that is the spacing
      between the opposed surfaces of the roller is substantially equal to the
      actual thickness of the sheet being corrugated. No such vise-like grip is
      necessary between the other roller pairs F.sub.1 to F.sub.5 where the
      spacing between the opposing rollers is sufficiently large to permit
      expected vertical roller adjustments to maintain the overall sheet width
      within the desired tolerance. This requires that the spacing between such
      rollers is greater than the actual sheet thickness.
PAR  To effect the adjustment of rollers F.sub.6, two adjustment bolts G are
      provided. Bolts G penetrate and thread at their lower end into apertures
      110 in side 14, and 112 in side 16. Shaft 114 on which the upper roller
      116 of paired upper and lower rollers F.sub.6 rides is mounted in elongate
      apertures 118 in side 14, and 120 in side 16. The respective bolts G
      penetrate into and out of non-threaded apertures 122, 124 on either end of
      shaft 114. As can be seen by rotation of bolts G, and by reference to the
      scales 127, 129, attached thereto, individual adjustment of the opposed
      upper and lower rollers F.sub.6 towards and away from each other can be
      achieved. Thus, the vise-like grip of rollers F.sub.6 on the sheet can be
      maintained at all times by riasing or lowering the upper roller by an
      amount equal to the amount by which frame A may have been lowered or
      raised.
PAR  Turning now to the operation of the device of the present invention and
      referring to FIGS. 1, 2 and 9, flat sheet 3 is fed in a downstream
      direction and is registered by fixed rollers, 130, 132, (FIG. 1) which are
      rigidly attached to upper frame A and in slidable vertical engagement with
      lower frame B; or by a lateral sheet adjustment mechanism 150 (FIG. 9)
      which enables movement of the sheet in lateral directions to adjust its
      alignment with the rollers as is more fully described hereinafter.
PAR  Referring to the section of the opposed rollers F.sub.1 at their contiguous
      juncture and proceeding through opposed rollers F.sub.4, it can be seen
      that corrugations are formed from a position medially and longitudinally
      of the skelp strip outwardly. Rollers F.sub.1 form a first corrugation.
      Rollers F.sub.2 form two additional corrugations on either side of the
      first corrugation. Rollers F.sub.3 form five corrugations, two new
      corrugations being added to either side. Rollers F.sub.4 similarly form
      seven corrugations two additional corrugations being formed on either
      side.
PAR  It will be noted that roller F.sub.5 appears to form eighth and ninth
      corrugations on either side of the seven corrugations from rollers
      F.sub.4. However, the corrugations formed at the remote ends of the skelp
      are the beginning of the desired edge lip configuration which is later
      formed into a Pittsburgh lock. They are, therefore, formed with a slightly
      differing configuration.
PAR  Independently adjustable rollers F.sub.6 cause the lateral sides of the
      skelp to be bent to a 90.degree. angle and firmly grip the sheet in
      preparation of the final deformation of the sheet edges by vertical
      rollers 4. Side 140 is bent downwardly at 90.degree.; end 142 is bent
      similarly at 90.degree..
PAR  Immediately before the corrugated skelp is formed into the helical
      configuration which ultimately results in corrugated pipe, it is required
      that the sides of the skelp be bent past center to form edge lips 9. This
      is accomplished by vertical axis rollers H immediately after opposed
      rollers F.sub.6, it being noted that the vertical axis rollers H and their
      respective bevels, typically of 45.degree., are adjustable inwardly and
      outwardly towards the skelp with precision adjustments as is standard in
      the art.
PAR  After the corrugated sheet 3a leaves vertical rollers H in its finished
      form it travels downstream to pipe rolling station 4, where it is
      helically deformed into corrugated pipe 6. U.S. Pat. 3,750,439 describes
      in detail the construction of a pipe rolling station and the associated
      mechanisms. If the operator observes that the length of one or both of the
      edge lips 11 exceeds the stated tolerance, he can quickly take corrective
      action by simply turning adjustment nut 60 to raise or lower frame A
      relative to frame B to thereby decrease or increase, respectively, the
      depth of the corrugations and to thereby increase or decrease,
      respectively, the effective width of the sheet. Without further adjustment
      to vertical rollers H the length of edge lips 11 is thereby adjusted and
      controlled. An adjustment of the spacing between frames A, B necessitates
      a corresponding adjustment of vise-grip roller pair F.sub.6 to maintain a
      constant spacing between the rollers and a firm grip on the sheet.
PAR  The task of monitoring the edge lip width and adjusting the spacing of
      frames A, B can be simplified and mechanized by providing a pair of edge
      lip monitors 152 positioned downstream of rollers H. The monitors
      continuously measure the width of the edge lip and if the tolerance is
      exceeded suitable control circuitry 154 activates a power-drive 156 which
      turns shaft 64 directly or via nut 60 until the measured dimension of the
      edge lip is within the tolerance.
PAR  For a variety of reasons such a slippage between the rollers and the sheet
      being corrugated, variations in the material thickness or an unevenness of
      non-linearity of sheet edges 11, the sheet may from time to time during
      the operation of the machine move off center relative to the rollers
      F.sub.1 to F.sub.6 and H. Such lateral sheet movement results in an
      increase of the edge lip width on one side of the sheet and a
      corresponding decrease in the lip width on the other side. It is apparent
      that even relatively small movements of the sheet may cause edge lip width
      variations beyond the permissible tolerance. The off center movement of
      the sheet cannot be corrected by simply lowering or raising frame A
      relative to frame B. A lateral sheet adjustment mechanism 150 is provided
      to compensate for lateral sheet movements and it maintains the sheets
      aligned with respect to the corrugating rollers to thereby maintain the
      width of edge lips 11 equal.
PAR  The lateral sheet adjustment mechanism generally comprises to pairs of
      longitudinally spaced edge rollers 158 which have a circumferential groove
      (not shown) which engages sheet edges 11. The rollers idle on vertical
      shafts 160 mounted in an upright position to sleds (not separately shown
      in FIG. 9). The sleds are movable perpendicular to the sheet edges on a
      support structure 162 and they are engaged by spindles 164 which extend
      perpendicular to the sheet and which are operated by a power drive 166. If
      a power drive is utilized it is actuated by control circuitry 154 in
      response to deviations in the equality of the lip edge widths.
PAR  From the above description of the construction and operation of this device
      it will now be clear that the present invention greatly facilitates the
      manufacture of corrugated, helically wound pipe from flat sheet stock by
      simplifying the adjustment mechanisms and operations as compared to prior
      art machines. In particular, a single member, namely frame A, is all that
      requires vertical adjustment to maintain the desired effective sheet
      width. The corrugating rollers can be simply and effectively mounted on
      fixed shafts. The heretofore necessary adjustment mechanisms for each
      roller, as a substitute for the adjustability of the frame and/or to
      provide an additional individual adjustability of the rollers which was
      heretofore thought necessary, has been eliminated. This greatly simplifies
      the construction of the device. Moreover, the lateral sheet adjustment
      mechanism futher simplifies the task of keeping the sheet centered
      relative to the rollers forming the edge lip which ultimately forms the
      mechanical lock seam of the finished pipe.
PAR  It will appreciated that the invention herein disclosed will admit of
      modification. For example, the number of rollers used can be varied.
      Moreover, the number of points used between the frames to provide towards
      and away adjustment can also be varied. Likewise, where chains and
      sprockets are illustrated, various types of gearing could also be
      substitited. Similarly, other modifications may be made to this invention
      without departing from the spirit and scope thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a line mill having a plurality of opposed overlying and underlying
      working rollers for corrugating a skelp strip passing therebetween, means
      for forming a longitudinal edge lip extending over the length of the
      corrugated strip, a power source for driving the rollers to corrugate the
      skelp, and adjustment means for varying the working dimension between the
      upper and lower opposed rollers to conform to various dimensions,
      thicknesses and deformabilities of skelp, the improvement comprising:
      means for maintaining the width of the lip substantially constant, the
      last mentioned means including a first frame for supporting all of the
      overlying rollers; first shaft means fixedly carried by the first frame
      and mounting the overlying rollers for rotation about an axis of the first
      shaft means; a second frame for supporting all of the underlying rollers;
      second shaft means fixedly carried by the second frame and mounting the
      underlying rollers for rotation about an axis of the second shaft means;
      adjustment means for urging the first and second frame members with the
      respective attached overlying and underlying rollers towards one another;
      and means for simultaneously and identically operating the adjustment
      means to move the respective frame sections towards and away from one
      another to produce simultaneous and identical adjustment between all of
      the overlying and underlying rollers whereby the activation of the
      operating means moves the frame sections towards or away from each other
      to compensate for skelp strip width variations and to thereby maintain the
      lip width constant irrespective of such variations in the skelp width.
NUM  2.
PAR  2. A mill according to claim 1 including an additional pair of rollers
      rotatably mounted to the first and second frames at a downstream end
      thereof, and means for moving at least one of the additional rollers
      relative to the associated frame towards and away from the opposing
      roller.
NUM  3.
PAR  3. Apparatus for longitudinally corrugating flat sheet and for forming a
      longitudinal edge portion extending parallel to longitudinal edges of the
      sheet and having a predetermined width comprising a plurality of
      cooperating sets of first and second corrugating rollers for passing the
      sheet therebetween and corrugating it; first roller mounting means for
      immovably interconnecting all first rollers of the sets and for permitting
      the rollers to rotate about their axes; second roller mounting means for
      immovably interconnecting all second rollers of the sets and for
      permitting rotational movements of the second rollers about their axes;
      means for maintaining the predetermined width of the portions irrespective
      of variations in the actual width of the sheet, the maintaining means
      including means for moving the first and second interconnecting means
      towards and away from each other to thereby move the roller pairs of each
      set towards and away from each other for adjusting the depth of
      corrugations formed in the sheet to thereby adjust the distance between
      edges of the finished corrugated sheet so that the width of the portions
      remains constant; and means for driving the rollers to pass the sheet
      therebetween.
NUM  4.
PAR  4. Apparatus according to claim 3 including pipe forming means downstream
      of the rollers for engaging the corrugated sheet, helically winding the
      sheet about a longitudinal axis to form cylindrical, corrugated pipe, and
      means for joining the edge portions to form a continuous pipe seam.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein the edge portions of the finish
      corrugated sheet define longitudinal end sections protruding transversely
      from a remainder of the sheet, and including means for monitoring the
      width of the end sections, and means cooperating with the monitoring means
      for moving the sheet relative to the rollers in a lateral direction to
      thereby equalize the width of the end sections.
NUM  6.
PAR  6. In apparatus for forming corrugated pipe from a flat sheet, the
      apparatus including means for storing a roll of flat sheet; means for
      longitudinally corrugating the flat sheet; means for helically winding the
      corrugating sheet into a cylindrical form; and means for joining edges of
      the helically wound sheet to form an endless, helical pipe seam, the
      improvement to the sheet corrugating means comprising: a plurality of
      corrugating stations, each station being defined by first and second
      opposite, cooperating rollers; means for forming an edge lip extending
      over the length of the corrugated sheet contiguous to an edge of the
      sheet; first and second rigid roller support means for all first rollers
      and second rollers, respectively, each roller support means including
      means for rigidly positioning each roller relative to its support means
      and means permitting rotational movement of the roller about its axis;
      means for maintaining the width of the lip within a predetermined range
      irrespective of variations in the width of the flat sheet, the maintaining
      means including means for moving the roller support means towards and away
      from each other for adjusting the depth of the corrugations formed in the
      sheet; whereby the overall width of the finished corrugated sheet can be
      varied to maintain the lip width within the range by simultaneously and
      identically moving all first rollers towards or away from all second
      rollers without requiring individual roller adjustment; and means for
      driving the rollers to pass the sheet therebetween.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein the lip forming means forms a lip
      along each longitudinal edge of the sheet; wherein the seam forming means
      overlaps and mechanically interlocks edges of the corrugated sheet; and
      means for laterally adjusting the position of the sheet relative to the
      rollers for equalizing the widths of the lips.
NUM  8.
PAR  8. Apparatus according to 7 wherein the lateral adjustment means comprises
      at least one adjustment roller disposed on each side of the sheet upstream
      of the corrugating roller sets and having an axis of rotation
      perpendicular to the sheet, the adjustment rollers engaging sides of the
      sheet, and means for moving the adjustment rollers perpendicular to the
      direction of movement of the sheet through the corrugating stations to
      thereby adjust the lateral position of the sheet and equalize the edge lip
      widths.
NUM  9.
PAR  9. Apparatus according to claim 8 including means for monitoring the lip
      width, and means operatively coupled to the monitoring means for causing
      an automatic adjustment of the relative position of the adjustment rollers
      to thereby maintain an equal edge lip width on both sides of the sheet.
NUM  10.
PAR  10. A corrugated pipe forming apparatus comprising: a plurality of first
      rolls and a like plurality of opposite second rolls for longitudinally
      passing flat sheet metal therebetween and for deforming the flat sheet
      into a longitudinally corrugated sheet;
PA1  means for forming lateral edge lips parallel to edges of the flat sheet
      metal, the lips extending over the full length of the sheet and generally
      transversely to a remainder of the sheet;
PA1  a pipe rolling machine including means for helically winding the corrugated
      sheet and means for continuously folding the lips over each other to form
      a mechanical lock seam securing the edges of the helically wound strip and
      thereby forming a continuous pipe seam defining a Pittsburg lock of
      predetermined dimensions and tolerances;
PA1  means for adjusting the width of the lips comprising means for
      simultaneously moving the rolls of each set in identical increments
      towards or away from each other to correspondingly change the depth of the
      corrugations formed in the flat sheet and to thereby correspondingly
      change the width of the lips, and actuating means for effecting the
      simultaneous and identical movement of the rolls;
PA1  whereby the widths of the lips can be continuously monitored and changed in
      response to variations in the sheet width or thickness to maintain the
      Pittsburgh lock within said dimensions and tolerances.
NUM  11.
PAR  11. A pipe forming mill according to claim 10 including means for
      equalizing the widths of the lips.
NUM  12.
PAR  12. A pipe forming mill according to claim 11 wherein the equalizing means
      includes means for moving the flat sheet upstream of the corrugating means
      in a lateral direction relative to the direction of sheet travel.
NUM  13.
PAR  13. A pipe forming mill according to claim 12 including means for
      monitoring the widths of the lips, and control means operatively connected
      with the monitoring means and the flat sheet moving means for laterally
      moving the sheet in response and as a function of differences in the
      widths of the lips.
NUM  14.
PAR  14. A pipe forming mill according to claim 10 including means for
      monitoring the width of the lips, means for operating the actuating means,
      and means operatively connected to the monitoring means and the operating
      means for moving the rollers towards or away from each other in response
      to changes of the lip width in excess of an admissible maximum tolerance.
NUM  15.
PAR  15. A method for forming corrugated pipe from flat sheet metal by helically
      winding corrugated sheet metal and forming an interlocking seam along
      edges of the helically wound sheet metal, the method comprising the steps
      of: passing the flat sheet metal through a plurality of sets of
      corrugating rollers; helically deforming the corrugated sheet and
      cylindrically winding it about an axis which is angularly inclined
      relative to the direction of movement of the sheet through the corrugating
      rollers, the angle being a function of the pipe diameter and the
      corrugated sheet width; continuously interconnecting the edges of the
      helically wound sheet to form a continuous pipe seam; monitoring the
      formation of the pipe seam, and intermittently changing the width of the
      corrugated sheet to compensate for deviations in the width due to
      irregularities or dimensional changes in the flat sheet by identically
      moving one of the rollers of each set towards or away from the other
      roller of each set to thereby correspondingly change the depth of the
      corrugation and the overall width of the sheet.
NUM  16.
PAR  16. A method according to claim 15 wherein the step of simultaneously and
      identically moving the rollers comprises the step of operating a single
      adjustment member, and transmitting the movement of the adjustment member
      to all affected rollers.
NUM  17.
PAR  17. A method according to claim 15 wherein the step of forming a seam along
      the edges of the helically wound corrugated sheet comprises the step of
      forming a continuous lip along each side of the sheet, overlapping the
      lips after the sheet has been helically wound, and mechanically
      interlocking the lips to form a mechanical lock seam; and wherein the step
      of changing the width of the sheet comprises the step of maintain the
      width of each lip constant and at a predetermined magnitude irrespective
      of changes or variations in the width or thickness of the sheet by
      simultaneously and identically moving a roller of each roller set towards
      or away from the other roller of the set to correspondingly change the
      depth of the corrugations in the sheet.
NUM  18.
PAR  18. A method according to claim 17 including the step of equalizing the
      width of both lips by moving the sheet upstream of the corrugating rollers
      in a direction perpendicular to the direction of movement of the sheet
      through the rollers until equality of the lip widths is attained.
NUM  19.
PAR  19. A method according to claim 18 including the step of continuously
      monitoring the widths of the lips, and including the steps of moving the
      sheet in a lateral direction and moving the rolls towards or away from
      each other ot maintain the lip widths within said tolerance and equal to
      each other.
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ABST
PAL  Apparatus for shaping sheet material such as metal foil includes
      co-operating rollers with teeth, between which the sheet material is fed.
      The teeth shape the sheet to form corrugations, and projections on the
      flanks of the teeth form patterns on the corrugations. In order to free
      the shaped sheet from the teeth, resilient material projects from the
      flanks of the teeth and urges the sheet away from the flanks after a
      shaping operation.
PAL  The invention is intended for use in forming the secondary heat exchange
      surfaces in aluminium radiators.
BSUM
PAR  This invention relates to apparatus for shaping sheet material in the form,
      for example, of aluminium foil.
PAR  It is often necessary to shape flexible sheet material such as foil, and
      form a pattern on parts of the shaped surface. For example, in the
      construction of light alloy radiators, light alloy sheet material is
      corrugated and the fin areas of the corrugations are formed with louvres
      to assist in heat transfer when fitted to the assembled radiator.
      Preferably the sheet material is corrugated and provided with louvres in a
      single operation by passing the sheet material between a pair of
      co-operating toothed rollers, the flanks of the teeth being so shaped as
      to form the louvres in the sheet during rotation of the rollers.
PAR  A problem which has been encountered with the shaping apparatus discussed
      above is that the foil tends to adhere to the teeth after the shaping
      operation.
PAR  According to the invention there is provided apparatus for shaping sheet
      material, comprising two co-operating rollers each having profiled
      surfaces, the rollers being arranged to receive sheet material between the
      profiled surfaces during rotation of the rollers for forming the material
      into a shape dictated by the shape of the profiled surfaces, the profiled
      surfaces being shaped to include teeth and each tooth having flanks, the
      flanks being shaped to include raised portions to impart a corresponding
      pattern on the material, and resilient means being provided along portions
      of the flanks of the teeth for urging the sheet material away from the
      teeth after a shaping operation.
PAR  Preferably the raised portions of the flanks of the teeth are in the form
      of louvre cutters for cutting louvres in sheet material.
PAR  The rollers may be independently rotatable in opposite senses and the
      profiled surfaces of the rollers are spaced apart sufficiently to admit
      the sheet material.
PAR  Conveniently the teeth each include a tip and flanks, the tip extending
      generally circumferentially or tangentially of the axis of rotation of the
      respective roller and the flanks lying obliquely to a notional radial line
      from the axis of rotation of the respective roller.
PAR  Preferably the rollers are formed of laminae spaced along the axis of
      rotation of the rollers, some of said laminae including said louvre
      cutters and others including said resilient means.
PAR  The resilient means may comprise a replaceable rubber insert, a rubber,
      latex or foam coating, a moulded insert for example of a polyurethane foam
      or alternatively, a sheet of resilient laminar material.
DRWD
PAR  Further features of the invention will appear from the following
      description of embodiments of the invention given by way of example and
      with reference to the accompanying drawings in which:
PAR  FIG. 1 is a side elevation of rollers according to the invention embodying
      one form of resilient means,
PAR  FIG. 2 is a side view of a tooth formed on one of the laminae embodied in
      the rollers of FIG. 1,
PAR  FIG. 3 is a perspective view of apparatus of the invention embodying a
      second form of resilient means,
PAR  FIG. 4 is a cross section along line 4--4 in FIG. 3,
PAR  FIG. 5 is a cross section showing a third form of resilient means,
PAR  FIG. 6 is a cross section showing a fourth form of resilient means, and
PAR  FIG. 7 is a cross section of a tooth showing a fifth form of resilient
      means.
DETD
PAR  Referring to FIGS. 1 and 2 toothed rollers 10 having profiled surfaces in
      the form of teeth 11 are arranged to rotate in opposite directions about
      their axes 13. The teeth 11 (only some of which are shown) are
      equally-spaced about the rollers 10 and the teeth 11 on one roller are
      arranged to co-operate with the teeth 11 formed on the other roller. The
      rollers are independently driven and are arranged so that the teeth 11 do
      not contact one another but provide a space in which a sheet 20 of
      flexible material, for example aluminium foil, can be located. During
      passage between the rollers the sheet 20 is shaped and in passing from the
      rollers the sheet has adopted the corrugated form shown at 24 in FIG. 1.
PAR  The teeth 11 each comprise a flattened tip 11a extending circumferentially
      or tangentially to the axis of rotation 13 of the respective roller 10,
      and flanks 11b extending obliquely to notional radii from the axis of
      rotation 13 of the respective roller, at each side of the tip 11a. Roots
      11c are formed between the teeth for receiving the tips 11a of the teeth
      of the co-operating roller.
PAR  The rollers are each built up from a plurality of laminae extending normal
      to the axis of rotation 13 and spaced along said axis, as will be more
      fully explained with reference to FIGS. 3 and 4. Some of the laminae are
      provided with resilient means in the form of resilient rubber inserts 22
      which are located in the flanks 11b of the teeth. When in a relaxed
      condition the inserts 22 extend slightly beyond the surface of the flanks.
      Others of the laminae include louvre cutters as described below with
      reference to FIGS. 3 and 4.
PAR  Referring now to FIGS. 3 and 4 each roller includes laminae having louvre
      cutters 12 and at each side of the louvre cutters are laminae having
      resilient means 16. In this case the resilient means 16 is in the form of
      a resilient coating on both flanks 11b of each tool, the coating 16
      projecting above the level of the flanks in the relaxed condition, as
      shown. The resilient coating is formed of rubber, but latex, foam or other
      resilient material capable of being applied as a coating may be used. If
      desired, an intermediate bonding layer such as a copper sulphide
      composition may be applied to the steel plate constituting the laminae to
      facilitate adherence of the resilient material. As can be seen in FIG. 4
      the louvre cutters 12 comprise projections which co-operate with similar
      projections formed on louvre cutting teeth 12' on the flanks of the teeth
      of the co-operating roller 10 and the action of the teeth is to form a
      series of parallel louvres in the flanks or fins of the corrugated sheet
      material 24. Apart from the form of resilient material used, the
      embodiment of FIGS. 1 and 2 is the same as the embodiment of FIGS. 3 and
      4.
PAR  It will be appreciated that as the sheet material 20 passes between the
      toothed surfaces of the rollers 10 the resilient material, whether in the
      form of coatings 16 or of inserts 22, becomes compressed and lies at or
      below the surface of the louvre cutters 12, but as the foil starts to
      leave the rollers the resilient material expands from its compressed state
      into its relaxed state hence exerting a force substantially normal to the
      surface of the flanks 11b to release the foil from the louvre cutters 12.
      In this way the tendency for the foil to adhere to the louvre cutters is
      considerably reduced.
PAR  When employing the resilient inserts 22 it is preferred that a releasable
      or peelable adhesive is used to secure the inserts so as to enable the
      inserts to be removed from the respective laminae when replacement is
      necessary.
PAR  If the resilient material 16 of the embodiment of FIG. 3 wears during use,
      it is only necessary to recoat the flanks 11b to maintain the
      effectiveness of the material 16.
PAR  Referring now to FIG. 5 the resilient material may be constituted by
      laminae 15 formed wholly of resilient material the outer edge of which
      projects beyond the surface of the flanks 11b of the teeth 11. Bolts 17
      serve to secure the laminae making up the roller and where the bolts 17
      pass through the laminae 15 a spacer sleeve 19 is provided to prevent the
      resilient material being compressed by the bolts 17.
PAR  In the embodiment of FIG. 6 laminae carrying the louvre cutters 12 are
      arranged in sets which are rigidly bolted together and, between the end of
      a set and a clamping plate 21 at the end of the roller, a resilient lamina
      23 is located. Bolts 25 are used to secure the sets together and a central
      bolt 26 secures the clamping plates 21 to the sets of laminae 12. To
      prevent relative rotation between the clamping plates 21 and the sets of
      laminae 12 dowls 27 are inserted through the clamping plates 21 and the
      resilient laminae 23 into the laminae 12.
PAR  Referring now to FIG. 7 each lamina to which resilient means is applied has
      galleries 28 and 29 formed in each tooth 11, the gallery 28 extending
      generally radially from the tip 11a of the tooth and intersecting the
      gallery 29 extending circumferentially of the tooth. The gallery 29 leads
      to cavities 30 formed in the flanks 11b of the tooth. An injection
      moulding machine, including a cup-like nozzle, is located over each tooth
      tip 11a in turn and a resilient material 31 such as rubber, latex or a
      polyurethane foam is then injected along the gallery 28 into the gallery
      29 and from thence into the cavities 30 until the material projects from
      the flanks 11b of the teeth 11. With this embodiment, when the surface of
      the resilient material becomes worn, the resilient material may be etched
      out leaving the galleries and cavities free for receiving a further
      injection of resilient material.
PAR  With each of these described embodiments of resilient means it is necessary
      that the outer surface of the resilient means projects above the level of
      the flanks 11b of the teeth 11. The extent to which the resilient material
      projects is dependant on the thickness of the sheet material, the
      stiffness of the resilient material and other factors. Typically with
      sheet material having a thickness of 0.007 inches the resilient material
      should project between 0.010 to 0.030 inches.
PAR  The profile of the resilient material extending above the surface of the
      flanks of the teeth may be parallel to the flanks or alternatively may be
      convex. The land of the resilient insert may be scored or otherwise
      roughened to discourage the foil from adhering thereto.
PAR  It has been proposed in British Patent Specification No. 1,359,993 to
      provide apparatus for shaping sheet material in which toothed tools have
      been provided with resilient means in the roots or tips of the tooth form
      to co-operate with the non-resilient tips or roots of the co-operating
      teeth in order to improve the formation of the corrugations in the shaped
      sheet material.
PAR  Apparatus to which the present invention can readily be applied is
      described fully in our application Ser. No. 353,510 now U.S. Pat. No.
      3,830,088 issued Aug. 20, 1974.
PAR  It will be appreciated that the invention may find application in apparatus
      for shaping sheet material which does not take the same form as that
      described. For example the teeth need not have flat tips but the tips may
      be rounded. Similarly the flanks of the teeth may not have louvre cutters
      but may include other projections for forming corresponding patterns on
      the flanks or fins of the corrugated sheet. In each case it may be found
      desirable to incorporate the resilient means to assist in freeing the
      shaped sheet from the forming tools.
PAR  Moreover it may be found appropriate to use the apparatus of the invention
      in shaping other materials than aluminium foil, for example the sheet
      material may be of copper or brass.
CLMS
STM  What I claim and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. Apparatus for shaping sheet material, comprising two co-operating
      rollers each having profiled surfaces, the rollers being arranged to
      receive sheet material between the profiled surfaces during rotation of
      the rollers for forming the material into a shape dictated by the shape of
      the profiled surfaces, the profiled surfaces being shaped to include teeth
      and each tooth having flanks, the flanks being shaped to include raised
      portions to impart a corresponding pattern on the material, and resilient
      means being provided along portions of the flanks of the teeth for urging
      the sheet material away from the teeth after a shaping operation.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the raised portions of the flanks
      of the teeth are in the form of louvre cutters for cutting louvres in the
      sheet material.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein the rollers are independently
      rotatable in opposite senses and the profiled surfaces of the rollers are
      spaced apart sufficiently to admit the sheet material.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein the teeth each include a tip and
      flanks, the tip extending generally circumferentially or tangentially of
      the axis of rotation of the respective roller, and the flanks lying
      obliquely to a notional radial line from the axis of rotation of the
      respective roller.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein the rollers are each formed of
      laminae spaced along the axis of rotation of the rollers, some of said
      laminae including louvre cutters and others including said resilient
      means.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein one or more of said laminae is
      formed of resilient material constituting said resilient means.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein the resilient means is in the
      form of inserts set into recesses in the flanks of the teeth.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein the resilient means is in the
      form of a coating of resilient material on the flanks of the teeth.
NUM  9.
PAR  9. Apparatus according to claim 1 wherein the resilient means is formed of
      resilient material which has been injected into a cavity in the flanks
      through channels in the teeth.
NUM  10.
PAR  10. Apparatus according to claim 1 wherein the resilient means is parallel
      to or convex with respect to the surface of the flanks of the teeth.
NUM  11.
PAR  11. Apparatus according to claim 1 wherein the resilient means projects
      from the flanks of the teeth and is compressed during cooperation of the
      raised portions of the flanks, so that the resilient means in returning to
      its relaxed state urges the sheet material away from the flanks of the
      teeth and said raised portions.
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ABST
PAL  Apparatus for conveying an elongated hot-rolled steel rod in overlapping
      off-set ring form over a controlled cooling conveyor. The conveyor is
      provided with a plurality of nozzles through which cooling air is supplied
      to the edges of the rings and with a lesser number of nozzles through
      which cooling air is supplied to the centers of the rings. The center and
      edge nozzles are supplied through independent air plenums each of which is
      supplied with air from independently controlled air blowers. The blowers
      are independently adjustable to adjust the quantity of cooling air to the
      center and edges of the rings. The nozzles are configured to direct high
      velocity streams of air along non-intersecting paths through the rings.
      The apparatus provides means for carrying out a process in which, by
      properly controlling the independently adjustable blowers, the rings may
      be made to cool along a predetermined time cooling curve with all parts of
      the rings cooling at the same rate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The method of controlled cooling hot rolled steel rod by forced air
      cooling, known as the "Stelmor Process" is in successful extensive use
      throughout the world. It is described generally in the McLean et al U.S.
      Pat. No. 3,231,432  and involves direct coiling of hot rolled steel rod
      onto an open conveyor in spread-out rings and, as it is moved along the
      conveyor, rapidly cooling it by high velocity air streams delivered
      through nozzles from a plenum supplied with air from a high powered
      blower. It has been recognized that the quality of the rod produced by the
      Stelmor Process could, in some cases, be improved if one aspect of the
      process could be improved. This aspect which, despite much effort has
      eluded an adequate solution, arises from the tendency of the centers of
      the rings to cool at a rate which is approximately 25% faster than that of
      the edges of the rings. This effect is due, at least partly, to the heat
      shielding effect which the more closely spaced ring edges produce on each
      other.
PAR  One attempt at solving the problem has been to increase the relative areas
      of the edge and center nozzles so as to force a greater amount of air
      against the edges of the rings than against their centers. This method
      still exhibits a difference in the rod cooling rates between the edges and
      the centers. Another attempt has been to blow high velocity air across the
      rings from both sides as well as to flow air up through the centers of the
      rings. In this case, also, the desired degree of predetermined uniform
      cooling could not be reached.
PAC  THE INVENTION
PAR  This invention arises from the discovery that the prior attempts at a
      solution of the problem did not recognize an important principle upon
      which the present invention is based. This invention teaches that, in
      order to achieve the desired uniformity of cooling, at the rate at which
      the desired metallurgical properties of the rod are achieved, the streams
      of air delivered to the centers and the sides of the rings must be under
      independent control and must not affect or interfere with each other until
      the streams have passed beyond the areas in which their cooling effects
      are exerted. Thus, for example, increasing the areas of the edge nozzles
      with respect to the center nozzles produced such a reaction within the air
      plenum that the dynamic air pressure into the edge nozzles decreased,
      while the dynamic air pressure into the center nozzles increased.
      Therefore the necessary change in the relative cooling of the edges and
      center was not achieved. In the case of the separate streams of air coming
      in from the sides, such streams collided and interfered with each other
      directly in the area of the rings, which made it impossible to achieve the
      desired uniform cooling.
PAR  The present invention achieves the desired independence of air cooling by
      feeding the nozzles directed against the ring centers from a plenum which
      is independent of the plenum which feeds the edge nozzles. Each plenum is
      supplied with air from a separate air blower, each of which is separately
      controlled. The nozzles and the velocity of the air are so designed that
      the air streams are highly directional throughout their passages across
      and beyond the rings and furthermore are carefully oriented so that the
      directions of flow of the streams do not intersect at any location where
      such intersection could disturb the independence of the cooling air
      streams.
PAR  This invention will be more completely understood from the more detailed
      explanation below of the novel method and the novel apparatus for carrying
      out such method, both of which form the subject matter of this invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic illustration of a side view of an apparatus for
      cooling hot-rolled steel rod according to this invention;
PAR  FIG. 2 is a top view of FIG. 1;
PAR  FIG. 3 is a side view, to a larger scale, of one of the cooling zones of
      FIG. 1;
PAR  FIG. 4 is a top view of FIG. 3;
PAR  FIG. 5 is a top view, to a still larger scale, of one of the deck plate
      assemblies of the cooling zone illustrated in FIG. 4;
PAR  FIG. 6 is a cross section along line 6--6 of FIG. 5;
PAR  FIG. 7 is a cross section along line 7--7 of FIG. 5;
PAR  FIG. 8 is a cross section along line 8--8 of FIG. 3;
PAR  FIG. 9 is a cross section along line 9--9 of FIG. 3;
PAR  FIG. 10 is a diagrammatic showing of a portion of the rod rings being
      processed;
PAR  FIG. 10e is a cross section along line e--e of FIG. 10;
PAR  FIG. 10c is a cross section along line c--c of FIG. 10;
PAR  FIG. 11 is a cooling graph showing temperature of the rod rings along the
      apparatus; and
PAR  FIG. 12 is a graph showing the relation between velocity of cooling air and
      cooling rate of the rod rings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the present invention as illustrated in the
      drawings, FIGS. 1 and 2 show a continuous cooling apparatus for cooling
      hot rolled steel rod directly as it issues from the rod mill. The rolled
      rod issuing from the rod mill at the rolling temperature, for example
      about 1,850.degree.F, is directed through a cooling and guide pipe 10 to a
      laying reel or cone 12. Water may be introduced into cooling pipe 10 to
      cool the rod to a suitable initial temperature from which it is cooled in
      the cooling apparatus. The magnitude of such initial temperature depends
      on the end product requirements, but is usually greater than
      1,250.degree.F. Laying cone 12 deposits the rod on a moving conveyor 14 in
      the form of a spread-out flat ring member 16 consisting of flat
      overlapping non-concentric rings. U.S. Pat. No. 3,231,432 describes one of
      several devices which may be used for the laying cone 12.
PAR  The apparatus moves the rod rings along a cooling conveyor divided into a
      plurality of cooling zones 18, 20, 22, 24 each of which is supplied with
      cooling air from a plurality of air plenums 26, 28. Cooling air from
      plenums 26 and 28 is directed against ring member 16, in a manner as will
      be described in detail below, so as to cool all portions of ring member 16
      at the same predetermined rate to impart the desired properties to the
      finished rod. Each plenum 26 is supplied with air from a blower 30 driven
      by a motor 32 and each plenum 28 is supplied with air from another blower
      34 driven by a motor 36.
PAR  After the rings 16 have moved through each of the cooling zones they pass
      into a ring collecting device 38. The details of this device are not shown
      since there are several suitable devices for this purpose, for example,
      such as that described in U.S. Pat. No. 3,231,432.
PAR  Some of the details of a cooling zone, (e.g. zone 18) are shown more
      clearly in FIGS. 3 and 4. In these FIGS., the deck upon which the rings 16
      move is designated generally at 40. That portion of the deck, shown at 41,
      leading from the layer cone to the first cooling zone, is shown in dotted
      lines in FIG. 4 so as to show the underlying air plenum structure. Mounted
      on deck 40 are a pair of edge skid rails 42 and 44 along which the edge
      portions of the rings 16 ride and a center skid rail 46 along which the
      central portions of the rings 16 ride. The rings 16 are conveyed along the
      cooling zone by a pair of chain drives 48 and 50. The deck 40 of each
      cooling zone is comprised of a plurality of cast iron deck plates 40a-40i,
      typically nine in number.
PAR  FIGS. 5, 6, and 7 show the details of a typical deck plate 40a and its
      associated structures. Deck plate 40a is made of two halves 52 and 54.
      Member 52 is provided with a plurality of edge air nozzles 56, typically
      three in number, and with a single center air nozzle 58. Similarly member
      54 is provided with edge air nozzles 60 and a single center air nozzle 62.
      The edge skid rail 42 is mounted above the edge air nozzles 56, the
      opposite edge skid rail 44 is mounted above the edge air nozzles 60, and
      the center skid rail 46 is mounted along the center line between the two
      members 52 and 54. The member 52 is provided with a groove 64 along which
      the chain drive 48 travels while member 54 is provided with a groove 66
      along which chain drive 50 travels. The links of the chain drives 48 and
      50 are provided with sprocket members 68 which engage the rings 16 and
      drive them along the conveyor 14. Only a few links of chain drives 48 and
      50 are illustrated, it being understood that these chain drives extend
      throughout the length of the apparatus and are actuated by suitable
      driving mechanisms, not shown, in order to impart the desired speed of
      travel of the rings 16 through the apparatus.
PAR  As indicated diagrammatically in FIG. 4, the edge portions of the rings 16
      overlie the edge nozzles 56 and 60, while the central portions of the
      rings 16 overlie the center nozzles 58 and 62. As shown in FIGS. 5, 6, and
      7, the edge nozzles 56 and 60 are supplied with cooling air from air
      plenums 28a and 28b, which are branches of the plenum 28 as will be
      explained below. The center nozzles 58 and 62 are supplied with cooling
      air from the plenum 26. Each of the nozzles 56, 58, 60 and 62 is
      configured so as to produce a highly directional stream of air (indicated
      by the arrows in FIGS. 5-7) which is inclined by a suitable angle (e.g.
      30.degree. above the horizontal) along the direction of travel of the
      rings 16. Furthermore the axes of the jets are so oriented that none of
      them intersect any other, and none of the streams of air are intercepted
      by any other stream until they have passed well outside of the space in
      which the rings 16 are located. Such paths for the air streams will be
      referred to as non-intersecting paths.
PAR  As shown in FIG. 6, the first deck plate 40a abuts the succeeding deck
      plate 40b to form the continuous deck 40. It is to be understood that the
      successive deck plates are likewise arranged to complete the deck 40 as
      shown in FIG. 4.
PAR  The arrangement whereby the air plenums are supplied with air is shown
      diagrammatically in FIGS. 8 and 9. Blower 30 feeds directly into the
      center air plenum 26. Blower 34 feeds into the plenum 28 which divides
      into two branches 28a and 28b which comprise the edge plenums for feeding
      the edge nozzles.
PAR  Each of the motors 32 and 36 may be supplied with a speed control device 70
      and 71 respectively (shown diagrammatically in FIGS. 8 and 9) while the
      quantity of air supplied by each blower 30 and 34 is under the control of
      the operator by means of controllable louver mechanisms 72 and 73
      respectively, shown diagrammatically in FIG. 3. Since the details of such
      controllable louvres are well known, the details of such mechanisms are
      not shown.
PAR  The phenomena involved in the cooling of rings 16 may be better understood
      with reference to FIGS. 10, 10e, and 10c. FIG. 10 is a diagrammatic
      showing of a few of the rings of ring member 16. As will be seen, the
      edges of the rings do not lie in regular order upon each other, but are
      dispersed with a varying degree of lateral dispersion. Thus, when an edge
      section is taken along line e--e the result is shown in FIG. 10e. For
      example, in the case of .218 inch diameter rod arranged in 40 inch
      diameter rings spread out about 2 inches, the cross section 10c would be
      about 1 inch high and 2 to 3 inches wide, containing about five to seven
      rod cross sections. The average spacing d.sub.c between the ring edges
      would be about one-fourth inch. The center cross section 10c would show
      the ring centers with an average spacing d.sub.c of about 2 inches. The
      tendency of the ring edges to cool more slowly than the centers is due, at
      least in part, to the mutual heat shielding which the ring edges, as shown
      in FIG. 10c, exert upon each other as compared with the lack of such heat
      shielding of the centers, as shown in FIG. 10c. In addition the edge ring
      pattern presents a higher impedance to the flow of cooling air around each
      rod cross section than such impedance at the ring centers. As already
      stated, previous attempts at equalizing the cooling of the ring edges and
      centers by directing a greater amount of cooling air at the edges than at
      the centers have not been able to achieve the desired results.
PAR  The desired results of the cooling process are, not only to cause the
      centers and edges of the rings to cool at the same rate in order to
      achieve uniformity in the properties of the rod, but also the profile of
      the rate of cooling along the cooling conveyor must be maintained along a
      predetermined curve so that the desired properties of the rod are
      obtained. This may be more clearly understood with reference to FIG. 11 in
      which the temperature of the rod is plotted along the vertical axis and
      the position of the rod along the cooling conveyor is plotted along the
      horizontal axis. Rod entering the cooling conveyor at an initial
      temperature i may cool along a desired solid curve e. At a critical
      temperature T.sub.t the crystal grains of the steel undergo
      transformation. This is exothermic so that the cooling curve e will
      exhibit a slight rise r at such point. Beyond r, the curve e continues
      with a lower slope than before point r. The curve e might represent a
      cooling curve for the edges of the coils 16. However, the tendency of the
      centers of the rings to cool faster than the edges might cause the
      temperature of the centers to follow the dotted curve c. In that case the
      properties of the rod at the centers of the rings would be different from
      the properties of the rings at their edges, particularly since the
      transition temperature T.sub.t would occur at a different time as
      indicated by the rise r' on curve c.
PAR  The problem of causing curve c to coincide with curve e without changing
      curve e itself, is one which heretofore has eluded a satisfactory
      solution. Part of the difficulty in arriving at such a solution has been
      due to the fact that when an attempt is made to change the quantity of air
      per unit time supplied to a hot rolled rod from any given nozzle, the
      change in cooling rate does not follow the change in such quantity. In
      FIG. 12, the rate at which a hot rod cools is plotted along the vertical
      axis in degrees per second and the velocity of cooling air supplied to the
      rod is plotted along the horizontal axis in feet per minute. As will be
      seen the resultant curve s initially rises rapidly and flattens out until
      at point p, further increase in air velocity does not produce any
      substantial increase in the cooling rate.
PAR  In the present invention, due to the complete independence of the flow of
      air to the edges from the flow of air to the center of the rings, the
      desired objective is readily attained. A typical operation of the
      apparatus would be as follows. The initial temperature at which the rod is
      deposited on the conveyor is predetermined at the cooling and guide pipe
      10 as described. The desired cooling rate curve, as shown in FIG. 11, is
      computed to impart the desired properties to the particular rod being
      processed. The point along the conveyor at which the discontinuity r
      should occur is determined from the cooling rate curve. Each motor 36 and
      blower 34 is adjusted by its controls to supply cooling air through edge
      nozzles 56 and 60 at a rate which, from experience, is expected to cool
      the edges of the rings along the desired cooling curve. Likewise each
      motor 32 and blower 30 is adjusted to run at approximately the expected
      rate. In recognition of the limitation on the effective velocity of
      cooling air as illustrated by FIG. 12, the edge nozzles are designed to be
      sufficiently large in number and nozzle area to supply an adequate
      quantity of cooling air to the edges within such limitation. In order to
      cool the rod at the maximum desired cooling rate, the velocity of the
      cooling air comprising on the ring edges is usually selected close to the
      maximum useful velocity. As will be pointed out, the quantity of air to be
      supplied to the centers of the rings will be substantially less than that
      supplied to the edges. Therefore, in the embodiment illustrated, the total
      nozzle area for the edge nozzles in each deck plate is designed to be
      about five times the total nozzle area of the center nozzles.
PAR  In practice hot rolled rod is run through the apparatus and temperature
      measurements are taken along the conveyor. These measurements may be made
      by any suitable type of temperature measuring device, such as a radiation
      pyrometer, although a skilled operator could qualitatively determine the
      temperatures visually from the redness of the rings along the conveyor.
      Each adjustable louvre 73 on the edge blower 34 has been positioned to
      obtain the appropriate quantity of air to achieve the desired cooling rate
      profile along the conveyor. The temperature measurements and observations
      along the conveyor at the edges and centers of the rings are taken
      simultaneously. Inevitably there will be some difference in the cooling
      rates, usually with the centers cooling faster than the edges. Thereupon
      the operator resets the adjustable louvre 72 on each blower 30, usually by
      decreasing the quantity of air being delivered to the center of the
      conveyor by the blower 30, until the desired cooling rate coincidence is
      achieved.
PAR  In actual practice the time needed to achieve the desired coincidence is
      quite short. Thereafter the entire length of rod to be processed is run
      through the apparatus under the monitoring control of the operator who may
      make minor adjustments in the amount of air, usually to the center
      nozzles, to maintain the desired cooling rate coincidence. If desired such
      monitoring could be made automatic by using automatic temperature
      measuring devices for the centers and edges of the rings. The outputs of
      such devices would be compared and any difference would be used to actuate
      an automatic control on the controllable louvres 72 to maintain the proper
      cooling rate coincidence. Since automatic control systems of such kind are
      readily available to persons skilled in this art, the details of such a
      system are not given herein. In actual operation a minimum of such
      continuing monitoring will be required.
PAR  It is to be understood that modifications in the method steps as well as in
      the apparatus may be made within the scope of the invention as defined in
      the claims. For example instead of first fixing the cooling rate of the
      ring edges, the cooling at the center of the rings might be set and then
      the edge cooling adjusted to coincidence. Also the complete independence
      of the air supplies for the center and edge nozzles permits other
      conditions of the air to be used. For example, the air in the center and
      edge plenum might be at different temperatures by the preheating or
      precooling of the air in one of the plenums as compared with the air in
      the other of said plenums. While air is the usual cooling medium used,
      other suitable mediums such as steam, inert gases, or chemically active
      gases selected purposely to beneficially affect or alter the oxide scale
      present on the rod by means of a reduction or oxidation reaction, or other
      chemical reaction could be used. Therefore, the given term "gas" will be
      used to include air and all other suitable gaseous cooling mediums. Other
      fluid mediums might also be employed. The important aspect is that the
      cooling of the rod rings at the edges and centers of the conveyor can be
      independently adjustable and non-interfering with one another.
PAR  Various other modifications will suggest themselves to those skilled in the
      art.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for treating hot steel rod comprising:
PA1  a. an elongated cooling conveyor;
PA1  b. a conveyor adapted to receive hot steel rod in the form of spread-out
      rings and for moving said rings along said cooling conveyor;
PA1  c. said cooling conveyor being provided with a plurality of edge nozzles
      disposed adjacent the path traversed by the edges of said rings, and with
      a plurality of center nozzles disposed adjacent the path traversed by the
      centers of said rings;
PA1  d. first blowing means for supplying cooling gas to said edge nozzles for
      producing ring edge cooling gas streams, and second blowing means for
      supplying cooling air to said center nozzles for producing ring center
      cooling gas streams, said first and second blowing means being independent
      of each other;
PA1  e. said nozzles being oriented to produce gas streams along nonintersecting
      paths.
NUM  2.
PAR  2. Apparatus as in claim 1 in which said first blowing and second blowing
      means are adjustable independent of each other to adjust the quantity of
      gas supplied to said center and edge nozzles.
NUM  3.
PAR  3. Apparatus as in claim 1 in which said first blowing means is connected
      to said edge nozzle through a first gas plenum, and said second blowing
      means is connected to said center nozzles through a second gas plenum, the
      interiors of said first and second plenums being isolated from each other.
NUM  4.
PAR  4. Apparatus as in claim 1 in which the aggregate cross-sectional area of
      the gas passages of said edge nozzles is substantially greater than the
      aggregate cross-sectional area of the gas passages of said center nozzles.
NUM  5.
PAR  5. Apparatus as in claim 1 in which said aggregate cross-sectional area of
      said edge nozzles is on the order of five times said aggregate
      cross-section area of said center nozzles.
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PAL  A device for making hollow bodies open at one end, by punching, drawing
      and/or ironing, in which the annular shaping tools which form the hollow
      body are arranged on a holding plate which is pivotable about an axis
      transverse to the axis of movement of the drawing mandrel and in spaced
      relationship to the latter.
BSUM
PAR  The present invention relates to a device for making hollow bodies which
      are open at one side and which device is equipped with a cutting tool for
      cutting out blanks from a sheet metal strip and/or is equipped with a
      broach or drawing mandrel, drawing die or at least one drawing ring for
      deep drawing or ironing of hollow bodies from blanks or cups. Containers
      which are open at one side and have been made by deep drawing as for
      instance the hull of cans, fire extinguishing containers or hydraulic
      cylinders are characterized by a high volume precision and good surface
      quality, have very favorable factors of taking full advantage of the
      material with regard to its strength while no seams are provided. In
      particular, when making cans for beverages, the low sheet metal
      consumption and the possibility of providing the can around its
      circumference with writing or printing is of importance.
PAR  Devices of the above mentioned kind for making containers of the above
      mentioned type are known and more specifically devices for making large
      containers such as fire extinguishers as well as devices for the
      manufacturing of cans. Heretofore known devices of the general type set
      forth above generally operate satisfactorily. However, operational
      disorders may occur when materials are employed which have local faults.
      The sheet metal strip can, for instance, not always cut very clean. It may
      also be pierced by the drawing mandrel or broach when the sheet metal band
      forms a plane cut, or the drawn part may tear. Furthermore, when the
      container is trimmed in the same device with regard to its length, waste
      strips may remain in the tool. In such instances, it is frequently
      difficult and time consuming to remove the metal from the tool arrangement
      in order to overcome the disorder.
PAR  It is therefore, an object of the present invention to improve the
      accessibility to the tool arrangement in order more easily to remove waste
      material which in view of disorders remained in the tool. It is another
      object of this invention to provide a device as set forth in the preceding
      paragraph which will permit an axial exchange of tool elements for
      instance for post grinding purposes.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is an isometric view of a portion of the device according to the
      present invention.
PAR  FIG. 2 shows the principle layout of the hydraulic locking device.
DETD
PAR  The problem underlying the present invention has been solved by the fact
      that the annular tool parts (matrices) are combined to a structural unit
      which is pivotable about an axis extending transverse to the axis of
      movement of the broach or drawing mandrel, and extends in spaced
      relationship to said axis of movement of said broach or drawing mandrel.
PAR  In order to be able easily to handle this structural unit even if it should
      have greater dimensions, it is suggested to pivot the same by means of an
      auxiliary drive. At any rate, however, it must be possible to lock this
      structural unit relative to the frame when the structural unit is in its
      condition of operation. It is necessary that the drive for the device can
      be started only after the structural unit has been locked in position.
PAR  Referring now to the drawing in detail, a sheet metal strip 1 is in the
      direction indicated by the arrow A moved stepwise by the device and is
      thus conveyed to a non-illustrated cutting tool located behind the plate
      2. The cutting tool is adapted to punch circular plane cuts out of said
      strip 1. The thus occurring holes in the strip are designated with the
      reference numeral 3. For purposes of making better use of the strip, it is
      possible to punch out the workpiece from the strip in a plurality of rows.
      To this end the strip is moved either in a zigzag shaped manner through
      the tool, or the device comprises a plurality of tool sets which are
      arranged in an offset manner with regard to each other. This, however,
      does not form a part of the present invention. A reciprocatory drawing
      mandrel 4 which extends along the horizontal tool axis D-E will then grasp
      the cut and during its movement through a drawing ring and at least one
      stretching ring all arranged in a housing 5 connected to plate 2 will form
      said cut successively to a deep drawn cup and to a hollow body with
      reduced wall thickness and correspondingly increased mantle length.
PAR  For forming a separate bottom profile, the hollow body is by the drawing
      mandrel 4 eventually pressed against a countertool which is arranged in a
      mounting 6 and which by means of a spring element 7 is axially yieldably
      connected to plate 8. This plate 8 is by means of two pull screws 19 and
      pressure sleeves 10 connected to the plate 2.
PAR  The finish shaped hollow body 11 is outside the housing 5 by means of a
      stripper ring 12 likewise arranged in housing 5 stripped off by the
      drawing mandrel 4 during the return movement of the latter and eventually
      drops downwardly and out due to its force of gravity.
PAR  With the described manufacturing process, disorders may be encountered, for
      instance when the strip has not been cut properly, when the material of
      the cutting tears during the drawing operation, or when in case the hollow
      body is also seamed in the drawing tool as to its length, the waste strip
      remains in the tool. Under these circumstances it will then only under
      relatively considerable effort be possible to eliminate the cause of the
      disturbance in the tool within the housing 5.
PAR  With the device according to the present invention it is therefore provided
      that the plate 2 will with the entire tool (the drawing mandrel 4
      excepted) be arranged for pivoting about the axis X-Y, said axis extending
      transverse and at a distance a with regard to the axis of movement D-E of
      the drawing mandrel 4.
PAR  Plate 2 is firmly connected to a shaft 13 having an axis X-Y and through
      the intervention of said shaft is journalled in two brackets 15 which are
      connected to the frame 14 of the device. The pivoting movement of plate 2
      and of the tool arrangement connected thereto is effected by means of a
      hydraulic cylinder piston system 16 mounted on frame 14. This cylinder
      piston system 16 by means of its connecting rod 17 eccentrically engages
      the shaft 13 at a point which is eccentrically located with regard to the
      axis X-Y and spaced therefrom by the distance e.
PAR  In normal operation, plate 2 is blocked relative to the frame 14 by two
      hydraulic cylinder piston systems 18. More specifically, the connecting
      rods 19 by means of hammer shaft end pieces 20 extending through recesses
      21 on the rim of plate 2 press in moved-in position (upper portion of the
      drawing) against abutments 22 firmly connected to the frame 14 so that the
      plate 2 will be fixed in a defined position. The locking is so arranged
      that it cannot be unlocked as long as the drawing mandrel 4 is located
      within the region of plate 2. If also the drawing mandrel 4 is driven
      hydraulically, the pressure for the hydraulic fluid for cylinder piston
      system 18 may be generated by the same pump 35 which conveys the fluid for
      the drive. If then the locking system is disengaged due to the fact that
      the fluid pressure drops, the drive will automatically stop.
PAR  Design and operation of the locking device are shown in FIG. 2 of the
      drawing. As shown the drawing mandrel 4 is joined with the piston rod 26
      of a further hydraulic cylinder 27 which, like the two hydraulic cylinders
      18 and the hydraulic cylinder 16, is supplied with a fluid pumped out of a
      fluid tank through the pressure conduit 34 by a pump 35. By associated
      solenoid valves 32, 33 and 38 the fluid operating the hydraulic cylinders
      18, 16, 27, respectively can be reversed or, in case of the hydraulic
      cylinder 27, the fluid can also be blocked by the solenoid valve 38 in its
      shown mid-position b.
PAR  Adjacent plate 2 a light beam barrier 28, 29 is arranged in such a way that
      a beam of light 30 emitted from the lamp 28 to the photo-electric cell 29
      crosses the path of the drawing mandrel 4, i.e., the beam of light 30 is
      interrupted as soon and as long as the drawing mandrel 4 is within the
      region of the plate 2. The interruption of the beam of light 30 causes the
      solenoid valve 32 to be moved into or kept in the shown position a, at
      which via the conduit 36 the hydraulic cylinders 18 are supplied with
      pressure so that the piston rods 19 of the hydraulic cylinders 18 (and
      because of their hammer shaped end pieces 20 also the plate 2) are locked
      in the shown limit position. As in case of a drop in pressure this locking
      would become ineffective a pressure switch 37 is connected to the conduit
      36 which in the said case of drop in pressure causes the solenoid valve 38
      associated with the hydraulic cylinder 27 to be switched in the shown
      mid-position b at which the drive for the drawing mandrel 4 is cut out.
PAR  Finally there is a limit switch 39 connected to one of the abutments 22
      which in non-operating position, i.e., when the plate 2 is swung out, also
      causes the solenoid valve 38 associated with the hydraulic cylinder 27 to
      be switched in the shown mid-position b at which the drive for the drawing
      mandrel 4 is prevented from being started.
PAR  With the illustrated locking mechanism, the stroke of the connecting rods
      19 must be so long that when plate 2 is pivoted outwardly, outer edge 23
      can on its path of movement 24 about the pivot axis X-Y pass by the inner
      edges 25 of the hammer shaped end pieces 20 of connecting rods 19 (see
      lower portion of the drawing with moved-out connecting rod 19).
PAR  As will be evident from the above, in case of need, all annular tools will
      be easily accessible in a simple manner. Due to the fact that the
      structural unit to which the tool elements have been combined can be
      pivoted off from the frame as an entirety. The thus obtainable advantages
      consist in a considerable reduction of idling times in case of disorders
      having to be eliminated with which for instance due to a fault in the
      material waste material is to be removed from the tool or a tool which
      became dull has to be exchanged. In this way, the production failures and
      the labor costs for necessary operations will be held to a minimum.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawing but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for making hollow bodies open at one end, especially by
      punching and deep drawing, which includes in combination: frame means
      provided with extension means, plate means for receiving and supporting
      annular tools for manufacutring the desired hollow body, connecting means
      connected to said plate means and pivotally journalled in said extension
      means, and actuating means operatively connected to said connecting means
      for pivoting said plate means with the annular tools thereon selectively
      from a first position in which the tools occupy their position of use to a
      second position for exchanging and repairing any one of the tools, and
      vice versa, said actuating means including a fluid operable
      cylinder-piston system for pivoting thereof and locking means for
      automatically locking said plate means in said first position, said
      locking means including pressure fluid operable cylinder-piston means for
      actuation thereof.
NUM  2.
PAR  2. A device in combination according to claim 1, which includes driving
      means for driving the tools on said plate means, and means operatively
      connected to said locking means and permitting disengagement of said
      locking means only when said driving means is necessarily in turned off
      position.
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ABST
PAL  An elongated rod is heated and then inserted into a series of axially
      spaced die sets each consisting of a pair of mating gripping dies defining
      a plurality of axially spaced cavities. The rod is gripped by the die sets
      at axially spaced intervals, and the die sets are then forced axially
      together by actuation of a press to expand portions of the rod into the
      cavities and thereby form a plurality of axially spaced enlarged bosses on
      the rod. The rod is bent to form a set of crank arms integrally connected
      by an axle portion which has two of the axially spaced bosses. Cylindrical
      surfaces are forged on the two bosses, and one of the bosses is forged
      into an outwardly projecting sprocket retaining stud.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the production of a forged bicycle crank of the general type disclosed
      in U.S. Pat. No. 624,635, commonly an elongated steel rod is heated in a
      furnace and then manually and progressively transferred to a series of
      cavities formed with a forging die set. The die cavities provide for
      bending the rod to form a set of crank arms integrally connected by an
      axle portion. The axle portion is forged to form a cylindrical seat for a
      chain drive sprocket and to form a pair of enlarged cylindrical collars or
      bosses which are subsequently machined to retain the inner races of a set
      of anti-friction crank support bearings. The rod from which the crank is
      forged commonly has an original diameter slightly smaller than the
      diameter of the enlarged bosses but greater than the diameter of the rod
      portion between the bosses and the rod end portions which form the crank
      arms. As a result of the reduction in diameter of the rod to form the
      crank arms and the axle, the forged crank has a final overall length
      greater than that of the original steel rod.
PAR  It is also common in the forging of a bicycle crank to form a projecting
      sprocket engaging pin or stud on one of the crank arms as shown in the
      above patent to prevent rotation of the sprocket relative to the crank.
      U.S. Pat. No. 3,608,184 discloses another method for making a bicycle
      crank. In this patent, threads are rolled on the enlarged collars or
      bosses prior to bending the rod to form the crank arms, and a sprocket
      engaging pin or stud is then welded to one of the crank arms. However,
      this method presents a problem of possibly damaging the rolled threads
      during the bending and/or welding operation.
PAR  It has also been proposed to cold forge a bicycle crank by first reducing
      the diameter of one end portion of a metal rod and then forming one of the
      cylindrical bearing surfaces and the sprocket seat by a compression upset
      forming operation. The rod is then turned end-for-end, and the opposite
      end portion of the rod is reduced in diameter by a forging operation after
      which the second cylindrical bearing surface is formed by a compression
      upset forging operation. The rod is then bent to form the pedal crank
      arms, and a sprocket engaging stud is welded to one of the crank arms.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an improved method and apparatus for
      forging a one-piece bicycle crank having an integral sprocket engaging
      stud, and which provides for significantly reducing the time and labor for
      producing each crank. The method is also desirable in that it
      significantly reduces the number of forging steps or operations to produce
      a crank and thereby significantly increases the efficiency of producing
      cranks in substantial volume.
PAR  In accordance with one embodiment of the invention, an elongated metal rod
      is heated to a red hot condition and is then inserted axially into a set
      of axially spaced forging die sets which define a plurality of enlarged
      cavities. The die sets are closed for rigidly gripping the metal rod at
      axially spaced intervals, and then the die sets are forced axially
      together causing the rod to expand outwardly into the cavities and thereby
      form a corresponding plurality of axially spaced enlarged bosses on the
      rod.
PAR  Immediately after the rod with the enlarged bosses is released from the die
      sets, the rod is bent to form a set of crank arms integrally connected by
      an axle portion. The axle portion is provided with two of the axially
      spaced enlarged bosses, and one of the crank arms includes an enlarged
      boss. The enlarged bosses on the axle portion are forged into the sprocket
      and bearing seats, and the enlarged boss on the crank arm is forged into
      the integral sprocket engaging stud. In addition, enlarged end portions
      are simultaneously formed on the crank arms. After a thin flash is trimmed
      from the forged crank, the bearing and sprocket seats are machined to form
      precise cylindrical surfaces, and the enlarged end portions of the crank
      arms are machined to form threaded holes or eyes for receiving the pedal
      axles.
PAR  Other features and advantages of the invention will be apparent from the
      following description, the accompanying drawings and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 - 5 illustrate a series of forging operations performed in
      accordance with the invention for producing a bicycle crank;
PAR  FIG. 6 is a plan view of a forging machine constructed in accordance with
      the invention and which performs the forging operation illustrated in FIG.
      2;
PAR  FIG. 7 is a fragmentary section taken generally on the line 7--7 of FIG. 6;
PAR  FIG. 8 is an elevational view, in part section, and taken generally on the
      line 8--8 of FIG. 6; and
PAR  FIG. 9 is an enlarged fragmentary plan view of the die sets forming part of
      the machine shown in FIG. 6 and as taken generally on the line 9--9 of
      FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 - 5 which illustrate the successive forging steps or
      operations for producing a bicycle crank in accordance with the invention,
      an elongated cylindrical steel rod 15 is heated to a red hot condition,
      preferably in an induction furnace, and is inserted or fed axially into a
      series of axially spaced die sets which will be described later. The die
      sets grip the rod 15 at longitudinally spaced intervals and are forced or
      pressed together so that a set of generally cylindrical enlarged bosses
      18, 19 and 22 are formed on the rod in axially spaced relation.
PAR  Immediately after the enlarged bosses are formed, the rod is inserted
      between a set of forging dies (not shown) which bend the rod to form an
      axle portion 25 (FIG. 3) and a set of integrally connected crank arms 26
      and 28. The enlarged boss 18 forms a part of the crank arm 26, and the
      enlarged bosses 20 and 22 form part of the axle portion 25. The bent rod,
      with the enlarged bosses 18, 20 and 22, is then transferred and placed
      between a set of forging dies and is forged into the configuration of a
      bicycle crank 30 as shown in FIG. 4. In this forging operation, the
      enlarged boss 18 is formed into an outwardly projecting sprocket retaining
      stud 32, and the enlarged boss 20 is formed into a circular flange 34, a
      cylindrical sprocket support seat 36 and a cylindrical bearing support
      seat or surface 38. The forging operation also forms the enlarged boss 22
      into a second substantially cylindrical bearing support seat or surface
      42.
PAR  As illustrated in FIG. 4, the forging operation produces a thin metal flash
      45 which results from the excess metal flowing outwardly between the dies
      of the forging die set. The forging dies also produce slightly enlarged
      end portions 48 on the crank arms 26. These end portions 48 are
      subsequently drilled and tapped to form threaded holes or "eyes" for
      receiving the threaded axles of the bicycle pedals (not shown). The metal
      flash 45 shown in FIG. 4 is removed or sheared from the forged crank 30 by
      a trimming die set (not shown) so that the resulting forged crank 30 has
      the configuration shown in FIG. 5 before it receives the conventional
      machining and plating operations.
PAR  Referring to FIGS. 6 - 9 which show the forging machine for forming the
      axially spaced enlarged bosses 18, 20 and 22 on the rod 15, a series of
      die sets 56, 58, 62 and 64 are arranged in axially spaced relation. The
      die set 56 includes a set of mating forging dies 57, and the die sets 58,
      62 and 64 each consists of corresponding mating dies 59, 63 and 66,
      respectively. Each pair of mating dies are formed with opposing
      semi-cylindrical surfaces 68 having a diameter substantially the same as
      the diameter of the rod 15. In addition, the dies 59, 63 and 66 have
      enlarged substantially cylindrical cavities 72, 74 and 76, respectively.
      The leading ends of the dies 57 are provided with corresponding tapered
      surfaces 78 which provide a lead surface for guiding the rod 15 axially
      into the forging machine and between the die sets when the die sets are in
      their open positions shown in FIG. 6.
PAR  Preferably, elongated steel rods 15 are successively fed into the die sets
      after the rods are heated to a red hot condition within an induction
      furnace (not shown). Each rod is moved axially from the furnace and into
      the die sets by a carriage member which depends from a set of tracks (not
      shown) extending from the furnace into the forging machine above the die
      sets. As each rod 15 is moved axially into the die sets, the leading end
      of the rod engages an L-shaped stop plate or member 82 (FIG. 9) which is
      secured to one of the dies 66 of the die set 64 and is adapted to project
      into a slot 83 formed within the other die 66.
PAR  As shown in FIG. 6, the dies 57 of the die set 56 are supported by a
      corresponding set of brackets 86 which are rigidly secured and keyed to
      corresponding ends of a pair of guide rails 88 arranged in parallel spaced
      relation. One of the guide rails 88 is rigidly secured to a stationary
      platen 90, and the other guide rail 88 is secured to a movable platen 92
      positioned parallel to the platen 90. The die sets 58, 62 and 64 are
      supported by corresponding pairs of support brackets 94, 96 and 98,
      respectively, which are supported for relative sliding movement by the set
      of guide rails 88.
PAR  Referring to FIGS. 6 and 8, the movable platen 92 is supported by a set of
      four guide rods 104 which extend in parallel spaced relation from the
      stationary platen 50 to another parallel spaced stationary platen 105. The
      stationary platens 90 and 105 are also rigidly connected by a set of four
      tie rods 107 (FIG. 6) which extend through corresponding elongated spacer
      tubes 108 and receive corresponding nuts 109 to form a rigid connected
      between the platens 90 and 105. When the movable platen 92 is in its
      retracted position (FIGS. 6 and 8), the platen 92 engages a pair of
      laterally spaced horizontal stop members 112 which project from the
      stationary platen 105 and support resilient cushion members 113.
PAR  The die sets 56, 58, 62 and 64 are moved between their open positions (FIG.
      6) and their closed positions (FIG. 9) by actuation of a hydraulic
      cylinder 115 positioned between the stop members 112. The cylinder is
      rigidly secured to the stationary platen 105 and includes a piston 116
      connected to the movable platen 92. After a heated rod 15 is fed or
      inserted axially between the forging die sets, the cylinder 15 is actuated
      so that the dies supported by the platen 92 move towards the corresponding
      mating dies supported by the platen 90, and the rod is firmly gripped at
      longitudinally spaced intervals by the die sets.
PAR  As shown in FIGS. 6 and 7, another hydraulic cylinder 120 is rigidly
      supported by a block or spacer member 121 which is secured to a projecting
      end portion of the stationary platen 90. The cylinder 120 includes a
      piston rod 123 which is rigidly secured to a slide block 126 (FIG. 7)
      having a pair of elongated grooves 127 extending parallel to the slide
      rods 104. A C-shaped slide member 123 is secured to each of the brackets
      98 which support the die set 64, and are slidably received within the
      grooves 127 to permit movement of the die sets between their open position
      (FIG. 6) and the closed positions (FIG. 9) while the die sets remain
      connected to the piston 123 of the hydraulic cylinder 120.
PAR  A pair of vertically spaced parallel connecting rods 135 (FIGS. 8 and 9)
      extend through the support brackets 86, 94, 96 and 98 adjacent the
      corresponding guide rails 88, and a set of lock nuts 136 are secured to
      the opposite end portions of each rod 135. The rods 135 are free to slide
      within each of the support brackets with the exception that each of the
      support brackets 94 is secured to the corresponding upper rod 135 by a set
      of retaining rings 138, and each of the support brackets 96 is secured to
      the lower corresponding rod 135 by another set of retaining rings 139. The
      retaining rings 138 and 139 are positioned on opposite sides or ends of
      the corresponding support brackets 94 and 96, respectively, so that axial
      movement of the die sets 58 produces axial movement of the upper rod 135,
      and axial movement of the die set 62 produces corresponding movement of
      the lower rod 135.
PAR  In operation of the forging machine shown in FIGS. 6 - 9, after a heated
      rod is inserted into the machine between the die sets 56, 58, 62 and 64,
      the cylinder 115 is actuated so that the die sets grip the rod 15 at
      axially spaced intervals, as mentioned above. After the rod is rigidly
      gripped, the hydraulic cylinder 120 is actuated to extend the
      corresponding rod 123, causing the die sets to be moved axially together
      until the adjacent die sets contact the corresponding wear plates 142
      which are recessed within the dies of each of the dies 57, 59 and 63. As
      the closed die sets are moved axially together, portions of the rod 15 are
      compressed axially so that the metal moves outwardly into the cavity 72,
      74 and 76, thereby forming the corresponding enlarged bosses 18, 20 and 22
      on the rod 15.
PAR  As illustrated in FIG. 2, the axial compression of the rod 15 to form the
      enlarged bosses, results in shortening the overall length of the rod, for
      example, by approximately 23/4 inches. As soon as the die set 58 contacts
      the die set 56, and the die set 62 contacts the die set 58, and the die
      set 64 contacts the die set 62 forming the enlarged bosses 18, 20 and 22,
      the hydraulic cylinder 115 is actuated to retract the platen 92 and the
      corresponding dies which are supported by the guide rail 88 mounted on the
      platen 92. The axially compressed rod 15 is thereby released, after which
      the hydraulic cylinder 120 is actuated to retract the piston rod 123.
PAR  The retraction or outward movement of the support brackets 98 and the
      corresponding die set 64, is effective to return the die sets 58 and 62 to
      their original or normal axially spaced positions (FIG. 6) as a result of
      the movement of the tie rods 135 within the corresponding support brackets
      98. That is, the upper rod 135 retracts the die set 58 to its original
      position shown in FIG. 6, and the lower rod 135 retracts the die set 62 to
      its original position shown in FIG. 6. When the die sets are moved to
      their open positions (FIG. 6) in response to actuation of the cylinder
      115, the forged rod 15, including the axially spaced enlarged bosses 18,
      20 and 22, drops from the die sets and rolls onto a guide chute or ramp
      145 which directs the forged rod into the path of a carriage (not shown)
      which quickly transfers the rod shown in FIG. 2 into the forging die set
      where the forging operations shown in FIGS. 3 - 5 are performed.
PAR  From the drawings in the above description, it is apparent that the method
      and apparatus for a bicycle crank in accordance with present invention,
      provide desirable features and advantages. As mentioned above, the forging
      operation performed with the apparatus shown in FIGS. 6 - 9 to form the
      enlarged bosses, and the forging of one of the bosses into the stud 32,
      significantly reduces the number of forging steps required to produce a
      bicycle crank and thereby significantly reduces the time and labor
      involved in the manufacturing of bicycle cranks in high volume. In
      addition, the forging machine is adapted to be automatically operated so
      that the enlarged bosses are formed on the metal rod without requiring any
      manual handling of the rod. Furthermore, the method and apparatus of the
      invention provide for using rod stock of smaller diameter diameter and
      also result in reducing the scrap metal produced in the forging of each
      crank.
PAR  While the method and form of forging apparatus herein described constitute
      a preferred embodiment of the invention, it is to be understood that the
      invention is not limited to the precise method and form of apparatus
      described, and that changes may be made therein without departing from the
      scope and spirit of the invention as defined in the appended claims.
CLMS
STM  The invention having thus been described, the following is claimed:
NUM  1.
PAR  1. An improved method for producing a forged bicycle crank including
      generally parallel crank arms projecting in opposite directions from an
      integrally connecting center axle portion, comprising the steps of heating
      an elongated metal rod, inserting the metal rod into a set of axially
      spaced dies defining a plurality of enlarged cavities disposed axially
      inwardly from opposite elongated end portions of the rod, gripping the rod
      with said dies, moving said dies axially together to forge a corresponding
      plurality of intermediate portions of the rod outwardly into said cavities
      and to form a plurality of outwardly projecting and axially spaced
      enlarged intermediate bosses on the rod between the opposite elongated end
      portions of the rod, bending the rod adjacent two of said enlarged
      intermediate bosses to form a first crank arm from one of said end
      portions of the rod and a second crank arm from the other said end portion
      of the rod and with said crank arms integrally connected by a center axle
      portion having two of said enlarged intermediate bosses, and forming
      bearing support surfaces on said enlarged intermediate bosses of said
      center axle portion.
NUM  2.
PAR  2. An improved method for producing a forged bicycle crank including
      generally parallel crank arms projecting in opposite directions from an
      integrally connecting center axle portion, comprising the steps of heating
      an elongated metal rod, inserting the metal rod into a set of axially
      spaced dies defining a plurality of enlarged cavities disposed axially
      inwardly from opposite elongated end portions of the rod, gripping the rod
      with said dies, moving said dies axially together to forge a corresponding
      plurality of intermediate portions of the rod outwardly into said cavities
      and to form a plurality of outwardly projecting and axially spaced
      enlarged intermediate bosses on the rod between the opposite elongated end
      portions of the rod, bending the rod adjacent two of said enlarged
      intermediate bosses to form a first crank arm from one of said end
      portions of the rod and a second crank arm from the other said end portion
      of the rod and with said crank arms integrally connected by a center axle
      portion, the bending providing said first crank arm with one of said
      enlarged intermediate bosses and said axle portion with two of said
      enlarged intermediate bosses, forging said one enlarged intermediate boss
      on said first crank arm into an outwardly projecting sprocket retaining
      stud, and forming bearing support surfaces on said enlarged bosses of said
      center axle portion.
NUM  3.
PAR  3. An improved method for producing a forged bicycle crank including
      generally parallel crank arms projecting in opposite directions from an
      integrally connecting center axle portion, comprising the steps of heating
      an elongated metal rod, inserting the metal rod into a set of axially
      spaced dies defining three axially spaced enlarged cavities disposed
      axially inwardly from opposite elongated end portions of the rod, gripping
      the rod with said dies, moving said dies axially together to forge three
      axially spaced intermediate portions of the rod outwardly into said
      cavities and to form three outwardly projecting and axially spaced
      enlarged intermediate bosses on the rod between the opposite elongated end
      portions of the rod, bending the end portions of the rod adjacent two of
      said enlarged intermediate bosses to form a first crank arm from one of
      said end portions of the rod and a second crank arm from the other said
      end portion of the rod and with said crank arms integrally connected by a
      center axle portion, the bending providing said first crank arm with one
      of said enlarged intermediate bosses and said axle portion with two of
      said enlarged intermediate bosses, forging said one enlarged intermediate
      boss on said first crank arm into an outwardly projecting sprocket
      retaining stud, and forming bearing support surfaces on said enlarged
      bosses of said center axle portion.
NUM  4.
PAR  4. Apparatus adapted for use in forging a bicycle crank, comprising a rigid
      frame including first and second stationary platens disposed in parallel
      spaced relation, means rigidly connecting said stationary platens, a
      plurality of parallel spaced guide rods extending between said stationary
      platens, a movable platen mounted on said guide rods for movement between
      said stationary platens, a series of die sets each including a pair of
      opposing mating dies, said die sets being spaced along an axis and
      defining a plurality of axially spaced enlarged cavities, said die sets
      adapted to receive an elongated metal rod extending on said axis, first
      track means mounted on said first stationary platen and supporting
      corresponding said dies of said die sets for relative axial movement,
      second track means mounted on said movable platen and supporting the
      opposing corresponding said dies of said die sets for relative axial
      movement, a first fluid cylinder disposed between said movable platen and
      said second stationary platen and connected to move said movable platen
      and the corresponding said dies for gripping and releasing the rod with
      said die sets, a second fluid cylinder mounted on said frame and including
      a piston, third track means connecting said piston to the adjacent said
      die set and providing for relative movement of the corresponding said
      dies, and said second fluid cylinder being effective to move said die sets
      axially together after the rod is gripped for reducing the length of the
      rod and to form within said cavities a plurality of axially spaced
      enlarged bosses on the rod intermediate its end portions.
NUM  5.
PAR  5. Apparatus as defined in claim 4 including a plurality of parallel spaced
      elongated tie rods supported for axial movement, and means for connecting
      adjacent said die sets to different said tie rods.
NUM  6.
PAR  6. Apparatus adapted for forging a bicycle crank, comprising a rigid frame
      including first and second horizontally spaced substantially vertical
      stationary platens, means rigidly connecting said stationary platens, a
      plurality of generally horizontal parallel spaced guide rods extending
      between said stationary platens, a substantially vertical movable platen
      mounted on said guide rods for generally horizontal movement between said
      stationary platens, a series of die sets each including a pair of
      horizontally spaced opposing mating dies, said die sets being spaced along
      a horizontal axis and defining a plurality of axially spaced enlarged
      cavities, said die sets adapted to receive an elongated metal rod
      extending on said axis, generally horizontally extending first track means
      mounted on said first stationary platen and supporting corresponding said
      dies of said die sets for generally horizontal relative movement,
      generally horizontal second track means mounted on said movable platen and
      supporting the opposing corresponding said dies of said die sets for
      horizontal relative movement, a first fluid cylinder disposed between said
      movable platen and said second stationary platen and connected to move
      said movable platen and the corresponding said dies for gripping and
      releasing of the rod within said die sets, a second fluid cylinder mounted
      on said frame and including a generally horizontally movable piston,
      generally horizontally third track means connecting said piston to the
      adjacent said die set, and said second fluid cylinder being effective to
      move said die sets axially together after the rod is gripped for reducing
      the length of the rod and to form within said cavities a plurality of
      axially spaced enlarged bosses on the rod intermediate its end portions.
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ABST
PAL  A conventional drill press is provided with an eyeletting attachment to
       ele connector-type eyelets to be mounted in an electronic circuit board.
      The eyeletting attachment includes a pair of readily attachable tool
      holders; a movable upper holder attachable to the drill press quill, and a
      fixed lower tool holder attachable to the drill press stand, between which
      the workpiece is positioned and worked.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to metal working tools, designed primarily for ready
      attachment to a conventional drill press, but it is to be understood that
      it can be used for any purposes for which it is found applicable.
PAR  In the manufacture of electrical circuit boards, it is a standard practice
      to attach connectors, i.e., eyelets, through the board that provide the
      means for electrically connecting the components mounted on one or both
      sides of the board.
PAR  Apparatus for attaching the eyelets to the circuit boards is available, in
      the form of arbor presses, but such machines are of special design, large,
      and relatively costly, and being a special purpose tool, can be used only
      for this specific purpose.
PAR  Accordingly, such machines are not suitable or practical for use at
      advanced military bases, on board naval repair ships, or at simple repair
      facilities not having an extensive use for such machines.
PAC  SUMMARY OF THE INVENTION
PAR  A simple, inexpensive attachment is provided for a conventional drill press
      to enable the attaching of eyelets to electrical circuit boards. The novel
      eyeletting attachment comprises complementary tool holders attachable to
      regular components of the conventional drill press. An upper tool holder
      is detachably clamped to the vertically movable drill quill, and a lower
      tool holder is bolted or otherwise attached to the drill press base. The
      circuit board is positioned between the tools, and with the blank eyelet
      in position, the quill is manually lowered to accomplish the peening task.
      The tool holders are electrically connected to a power source to provide
      an eyeletting fusing capability, if desired.
PAC  STATEMENT OF THE OBJECTS OF THE INVENTION
PAR  A principal object of this invention is to provide an eyeletting attachment
      that readily can be detachably mounted to a conventional drill press, so
      that the drill press, in addition to its normal drilling operations, also
      may be utilized for securing connector-type eyelets to an electronic
      circuit board.
PAR  A corollary object is to provide such an attachment that requires
      practically no structural modification to the drill press so that the
      drill press can be interchangeably used for eyeletting attachments or for
      its conventional drilling uses.
PAR  Still another important object is to provide such an attachment that will
      enable the drill press to accomplish both cold set eyeletting and hot set
      eyeletting.
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a conventional bench-type drill press on
      which is detachably mounted the novel eyeletting attachment of this
      invention.
PAR  FIGS. 2 and 3 are exploded, side elevation views partially in section of
      the upper and lower tool holder assemblies, respectively.
PAR  FIG. 4 is an enlarged cross-sectional view of a typical electrical circuit
      board showing a connector-type eyelet inserted therein before and after
      the novel drill press attachment has been utilized to secure the eyelet
      therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing where like reference numerals refer to similar
      parts throughout the figures, there is shown in FIG. 1 a conventional
      drill press 10 having detachably mounted thereon the novel eyeletting
      attachment 12 of this invention. Drill press 10 may be a miniature,
      high-speed precision bench model, manufactured by the Servo Corporation.
PAR  Eyeletting attachment 12 consists of a complementary pair of tool holder
      assemblies, an upper movable tool holder assembly 14, and a lower fixed
      tool holder assembly 15 for securing an eyelet in an electrical circuit
      board, as illustrated in FIG. 4.
PAR  Upper tool assembly 14 is detachably mounted to drill press quill 16
      vertically movable in drill press head 18 by means of a quill handle 20.
      Upper tool assembly 14, shown exploded in FIG. 2, comprises a sleeve 22
      having at the upper flanged end an integral clamp 24 for securing the
      sleeve to the lower end of quill 16. Sleeve bore 26 provides a housing to
      accommodate the conventional drill press chuck 28, shown in broken lines
      in FIG. 2, avoiding the necessity for removing the chuck in order to
      utilize the drill press for the eyeletting operation.
PAR  A metal tool support 30, having a longitudinally drilled opening 31, is
      bolted at 32 to the lower end of sleeve 22 through an electrical
      insulating washer 33. A rod-shaped tool 34 is mounted to support 30
      through an adjustable collet 36 threaded on a nipple 37 screwed in opening
      31, the collet being tightened by clamp 38. The free end of tool 34
      terminates in a small nipple 39 for alignment and engaging the eyelet. An
      electrical conductor 40, for a purpose later to be described, is
      detachably connected to tool support 30 by a thumb screw 42 transversely
      threaded therein.
PAR  Lower tool assembly 15 has a mounting plate 44 made of insulation material,
      i.e., phenolic plastic, and by means of a pair of bolts 46, is detachably
      secured to the drill press bed 48 in a position directly aligned under
      upper tool assembly 14. A tool support 50, similar to 30, is seated at one
      end in a recess 52 in plate 44 and is secured therein by a bolt 54
      threaded in the lower end of a longitudinally drilled hole 56 extending
      entirely through the support. A rod-shaped tool 58, being a couterpart of
      tool 34, is also secured to tool support 50 at a predetermined selected
      position by a collet 60 and a collet clamp 62. A nipple 61 is also
      provided on the free end of tool 58. Knurled bolt 64 is threadedly mounted
      into the side of tool support 50 for providing electrical contact for
      conductor 66.
PAR  Conductors 40 and 66 electrically connect the respective tool holders 34
      and 58, respectively, to an electrical power source 68 through a foot
      operated switch 70. This circuit enables the application of heat to tools
      34 and 58 should it be desired to fuse the eyelets on the board.
PAR  There is shown in FIG. 4 a cross-section of a typical electrical circuit
      board 72 in which is to be mounted an eyelet-type connector 74 inserted
      into an opening 76 therein. The condition of the lower end of eyelet 74
      before the peening operation is shown in broken lines at 77. Pads 78 are
      provided under the eyelet for connection to a conductor run 80.
PAR  In operation, eyelet connector 74 is inserted into opening 76 in the board
      and with pads 78 in position, the assembly is positioned on the lower tool
      assembly 15 with the eyelet centered on tool 58 and its nipple 61. With
      the eyelet 74 thus aligned, the quill handle is actuated to lower the
      upper tool assembly 14, with tool 34 and its nipple 39 engaging the upper
      end of the eyelet and peening over the lower end of the eyelet from its
      original position 77 to the solid line position snugly engaging the lower
      pad 78 to complete the eyeletting operation.
PAR  The eyeletting attachment of this invention provides a means whereby a
      conventional drill press can also be used to attach eyelets to a circuit
      board in a simple and expedient manner, eliminating the need for the
      purchase of special equipment and the space necessary to stow an
      additional piece of equipment.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An eyeletting attachment for a conventional drill press having a
      horizontal base, a column, a vertically adjustable head supported on said
      column, and a manually actuated, vertically movable quill mounted in said
      head, the attachment comprising:
PA1  upper and lower tool holder assemblies;
PA1  said upper tool holder assembly having means for detachably securing to the
      lower end of said quill;
PA1  means on said upper tool holder assembly for vertically supporting one of a
      pair of ram eyeletting tools;
PA1  said lower tool holder assembly comprising a base member having means for
      anchoring to the base of said drill press in a vertically aligned position
      with the upper tool holder assembly;
PA1  means mounted on said base member for vertically supporting the other ram
      eyeletting tool of said pair of tools;
PA1  whereby the quill of the drill press may be manually lowered to peen an
      eyelet to its supporting plate between the ends of the eyeletting ram
      tools.
NUM  2.
PAR  2. The eyeletting attachment of claim 1 wherein said tools are provided
      with nipples on their free ends to align the respective tools with the
      eyelet.
NUM  3.
PAR  3. The eyeletting attachment of claim 1 wherein said ram tools are
      detachably secured to their respective tool holder assembly to permit
      replacement.
NUM  4.
PAR  4. The eyeletting attachment of claim 1 wherein said ram tools are
      electrically connected to a power source for hot setting the eyelet during
      the peening operation.
NUM  5.
PAR  5. The eyeletting attachment of claim 4 wherein a foot pedal switch is
      electrically connected between the tools and the power source.
NUM  6.
PAR  6. The eyeletting attachment of claim 1 wherein said means for securing the
      upper tool assembly includes a hollow sleeve capable of housing a drill
      press chuck that may be suspended from the quill.
NUM  7.
PAR  7. The eyeletting attachment of claim 6 wherein one end of said sleeve has
      an internal shoulder to receive the end of the quill, and clamping means
      are provided for securing the sleeve to the end of the quill.
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PAL  Liquid is supplied to a meter test stand at a uniform pressure, and the
      flow through the meters on the stand automatically is directed to each of
      three receptacles in sequence at three different flow rates during each
      test cycle. Level sensors in each receptacle actuate cycling controls and
      actuate sensing and recording components. The latter components monitor
      the rate of flow registration of the meters on test and provide an
      accurate comparison by percent of the measured flow rate to the actual
      flow rate. A high degree of accuracy is achieved through the use of a
      phase locked loop and digital control system which responds to the level
      sensing and cycling controls to provide a print-out of the comparison as a
      measure of accuracy of the meter at each such flow rate.
BSUM
PAR  This invention pertains to the testing of flow meters and particularly to a
      system and method for automatically and accurately determining the
      accuracy of the flow measuring operation of liquid meters at a plurality
      of preselected flow rates.
PAR  A standard procedure for production testing of flow meters, and
      particularly water meters, is to perform a volumetric test at three
      different flow rates, i.e., at the maximum, intermediate and minimum flow
      rates of the normal operating range of the meter, to determine the meter's
      overall efficiency or accuracy of flow measuring response. The accuracy of
      the test results depends upon the test system used. Common testing
      practices have relied upon an operator manipulating controls and observing
      the level of liquid in tanks and observing meter register readings for
      determining the meter accuracy. Such systems are dependent upon the
      operator's alertness and accuracy of visual observations and the
      operator's visual and physical coordination. These factors introduce
      significant probable testing errors. Typically, attempts are made to
      reduce the probable testing errors by using large total volumes of flow
      for each test and concomitant long testing times. However, such practices
      result in slow, relatively cumbersome and rigid test procedures.
PAR  Various devices and procedures have been proposed for facilitating
      volumetric liquid meter testing operations. Plumbing systems with valve
      controls for different predetermined flow rates have been proposed in
      manual systems, such as shown and described in Kidder U.S. Pat. No.
      1,103,882. Test stands have been provided for simultaneously connecting
      and testing a plurality of meters, either in completely manual systems or
      with automatic means for shutting off test flow, see e.g., Ford et al.
      U.S. Pat. No. 2,631,451 Ford U.S. Pat. No. 2,635,454 and Smith et al. U.S.
      Pat. No. 3,631,709. Systems also have been proposed in which recording
      instruments are actuated and de-actuated in response to the liquid level
      in a receptacle for providing a predetermined volume of test flow during
      steady flow conditions, such as suggested in Bennett U.S. Pat. No.
      2,510,327 and Charbonnier U.S. Pat. No. 3,324,707.
PAR  However, systems of the prior art have exhibited shortcomings or problems
      which it is an object of this invention to overcome. The earlier systems
      relied essentially upon manual operation and observation, with the
      interrelated problems of accuracy, volume and time as noted above. Later
      systems which suggest greater degrees of automation and sophistication of
      measurement, such as in the Charbonnier U.S. Pat. No. 3,324,707 and the
      Smith et al. U.S. Pat. No. 3,631,709, still did not provide fully
      automated dynamic testing over the usual plurality of test rates.
      Moreover, the measuring and comparing apparatus of the latter patents
      essentially rely on counting of the cycles of operation of each meter,
      which results in certain inherent problems of accuracy of results, as
      outlined at least in part in the Charbonnier patent, e.g., beginning at
      column 3, line 71.
PAR  It is an object of this invention to provide improved apparatus and methods
      for testing flow meters.
PAR  It is a further object of this invention to provide improved dynamic
      testing systems for testing flow meters.
PAR  It is another object of this invention to provide an improved flow meter
      testing system which provides automatic control of the test cycle and of
      measurements in a manner which avoids operator errors of reading and
      interpretation.
PAR  It is a more specific object of this invention to provide a liquid flow
      meter testing system which provides accurate volumetric test results with
      small quantities of liquid relative to the flow rate at which the tests
      are conducted.
PAR  It is a further object of this invention to provide a flow meter test
      system which automatically provides accurate test results in the form of a
      printed record.
PAR  Further and additional objects and advantages will appear from the
      description, accompanying drawings and appended claims.
PAR  In carrying out this invention in one illustrative form an automatic system
      and method are provided for testing magnetic-drive liquid flow meters
      under a plurality of different dynamic flow conditions and for providing a
      printout of the results of the test under each flow condition. Liquid is
      supplied to a series of meters on a test stand. From the test stand, the
      fluid is permitted to flow, in sequence, to each of a plurality of
      receptacles at different flow rates. Liquid level sensors associated with
      the receptacles actuate controls for valves which automatically control
      the test cycle and sequence and actuate sensing and print out components
      during each test. A magnetic field sensor is positioned adjacent each
      meter magnetic drive for sensing the flow measuring operation of that
      meter during the periods of flow of predetermined volumes of liquid as
      determined by the liquid level sensors of each receptacle. An oscillator,
      phase locked and synchronized to the meter sensor signal, provides a pulse
      train at a frequency which is proportional to but at least an order of
      magnitude in excess of the frequency of the sensor signal. Measured
      against known standards for a given rate and volume of fluid flow, these
      pulses provide an accurate comparison of meter operation to the ideal. The
      comparison values are printed on appropriate forms to provide a record of
      the performance accuracy of each meter at each tested flow rate.
DRWD
PAR  For a more complete understanding of this invention, reference should now
      be had to the embodiment illustrated in greater detail in the accompanying
      drawings and described below by way of an example of the invention. In the
      drawings,
PAR  FIG. 1 is a schematic plumbing diagram of a liquid flow meter testing
      system employing teachings of this invention;
PAR  FIG. 2 is a schematic diagram of a sensing and control system for use with
      the plumbing system of FIG. 1 and employing teachings of this invention;
PAR  FIG. 3 is a partial elevation view taken generally on the line 3--3 of FIG.
      1 and schematically illustrating the arrangement for mounting and moving a
      set of sensors;
PAR  FIG. 4 is a schematic diagram of a primary flow control circuit of a system
      as in FIG. 1; and
PAR  FIG. 5 is a schematic diagram, including some electrical circuitry, of one
      channel of an accuracy determining and control system employing teachings
      of this invention.
DETD
PAR  Referring first to FIG. 1, the illustrated plumbing system 10 is designed
      for testing water meters and includes a storage tank 12, a pump 14, a
      pressure tank 16, a pair of meter test stands 18 and 20 connected in
      parallel in the system, and measuring or prover tanks 22, 24, 26, 28, 30
      and 32. The tanks 22 and 24 sometimes will be referred to hereinafter as
      the "low volume" or "low rate" tanks or receptacles. The tanks 26 and 28
      similarly may be referred as the "intermediate volume" or "intermediate
      rate" tanks or receptacles, and the tanks 30 and 32 may be referred to as
      the "high volume" or "high rate" tanks or receptacles.
PAR  A water supply conduit 34 leads from a suitable source of water to the tank
      or reservoir 12. The line 34 is provided with a fill valve 36 controlled
      by an electrical solenoid in response to the level of water in the tank
      12, as determined by a float control indicated at 38. A drain conduit 40
      is provided with a thermally controlled solenoid valve 42 to maintain the
      water below a predetermined temperature e.g., 68.degree.F., under
      prolonged testing operations by draining off water from the tank 12 and
      thereby admitting cooler make-up water through line 34.
PAR  The pump 14 is provided in a feed conduit 44 leading from the tank 12 to
      the pressurized supply tank 16. A bypass or recirculating line 46 includes
      a manually operated valve 48 and is connected between the downstream side
      of the pump and the tank 12. An air supply conduit 50 includes a manually
      operated supply valve 52 and is connected with the tank 16. The pressure
      tank 16 is of a large capacity, e.g. 500 gallons, relative to the volume
      of water utilized in each test cycle, and supplies water to the test
      stands at a substantially constant pressure throughout each test. To this
      end, the tank 16 may be charged with a predetermined volume of air under
      pressure through line 50 and with adequate water from pump 14 to compress
      the contained air to a desired supply pressure and volume, with a
      concomitant water level being established in the supply tank. Thereafter,
      the pump 14 is suitably controlled in accordance with water usage demand
      by known automatic controls to maintain a substantially constant supply
      pressure, which may be checked visually as through a sight glass column or
      pressure gauge.
PAR  A supply conduit 54, which includes a manually operated valve 56, leads
      from the tank 16 to a pair of input conduits 58a and 58b connected with
      the inlets of two test stands 18 and 20. Each line 58a and 58b includes a
      solenoid controlled primary main valve 60 and a manually-operated valve
      62. Secondary main conduits 64a and 64b bypass the respective primary main
      valves 60, and each is provided with a solenoid operated secondary main
      valve 66.
PAR  Each test stand 18 and 20 may be of a generally known construction, e.g.,
      so-called "Ford" test stands. Such stands include provision for inserting
      a meter M between each adjacent pair of a series of connectors, then
      clamping the combination of meters and connectors as well as inlet and
      discharge conduits together longitudinally to connect all of the meters M
      in series with one another and with the inlet and discharge conduits. The
      clamping and release movement and sealing force may be provided by any
      appropriate means, such as a hydraulic piston (not shown) normally
      included as a part of such a stand. In the subject system, a solenoid
      control preferably is provided for the clamping and release piston for
      operation from a main control panel, as will be noted below with respect
      to FIG. 4.
PAR  The discharge sides of the stands 18 and 20 are connected to discharge main
      conduits 68a and 68b, respectively, each of which includes a solenoid
      controlled post main valve 70. Intervening drain lines 72a and 72b are
      provided with solenoid controlled pressure relief valves 74 for purging
      the meters of air and contaminants prior to the operating test and for
      relieving hydraulic pressure within meters on a stand after a test cycle
      and prior to opening of the connector system for removal of the tested
      meters. The discharge conduits 68a and 68b communicate with a main conduit
      76 which in turn is connected with a series of branch conduits 78, 80 and
      82 leading to the receptacles 22-32, as shown. Solenoid controlled valves
      84, 86 and 88 sometimes referred to hereinafter as "low fill",
      "intermediate fill" and "high fill" valves, respectively, are provided in
      the lines 78, 80 and 82.
PAR  Each branch conduit is connected to two of the receptacles or tanks,
      conduit 78 being connected with tanks 22 and 24, conduit 80 being
      connected with tanks 26 and 28, and conduit 82 being connected with tanks
      30 and 32. A manually adjustable valve, 84a -84f, and a fixed manual
      valve, 85a -85f, are interposed between each of these tanks and the
      respective conduit as shown. During each test cycle, liquid is passed
      through the meters M on the stand 18 or 20 being used and, in sequence, to
      one of the high volume tanks, to one of the intermediate volume tanks, and
      to one of the low volume tanks, as will be described further below. In
      each instance, the tank of each pair to which the flow is directed is
      determined by the prior opening and closing of the appropriate valves 85a
      -85f, and the rates of flow are determined by the prior adjustment
      settings of the respective adjustable orifice valves 84a -84f.
PAR  Drain lines 86a -86f are connected between the tanks 22-32 and drain lines
      89, 90 and 91 which extend to the storage tank 12. Solenoid controlled
      drain valves 87a -87f are included in the lines 86a -86f.
PAR  Each of the solenoid controlled valves may be of any appropriate type to be
      actuated by a remote signal. By way of one specific example, each of these
      valves may be pneumatically operated with the solenoid control actuating
      an air valve between an operating air line and the respective pneumatic
      operating mechanism in a known manner.
PAR  The illustrated system is designed for use with meters M of the type which
      include a magnet or magnets that are rotated by the volumetric measuring
      components, for example as disclosed in Kullman U.S. Pat. No. 3,248,583.
      When such a meter is in operation, rotation of the magnet and the
      attendant movement of successive north and south poles past a given point
      adjacent the magnet rotating path is a direct indication of the flow
      measuring operation of the meter. In the subject system, such movement of
      the magnet, and thus the measuring operation of each meter, is sensed by a
      magnetic field sensor probe 92 positioned adjacent each meter. Referring
      to FIG. 3, as well as to FIG. 1, each sensor 92 is positioned near the
      inner drive magnet 94 of the respective meter M, generally in the plane of
      the interface between the drive magnet 94 and the driven magnet 95 of a
      test register R on the meter, to sense and respond to the rotation of the
      drive magnet 94 as the direct indication of the operation of the flow
      measuring components of each meter. Each of the sensors 92 includes a
      sensing component for sensing the magnetic flux changes at the probe
      location as the respective meter magnet rotates. By way of one example, a
      sensing component or "chip" which is activated by the Hall effect to
      generate an electrical signal through appropriate circuitry may be mounted
      in the outer end of each sensor 92, and be connected with an associated
      electronic comparison and read-out system as will be described further
      below. One such sensing component is a magnetic field change-to-voltage
      transducer sold by American Aerospace Controls, Inc. under the designation
      Model HI-5 Hall Generator and which provides a voltage output signal
      correlated to the sensed rate of change of flux.
PAR  The sensors 92 are mounted as a gang on a common support or rack 96 for
      movement between an operating position adjacent the meters as shown at
      stand 18 in FIGS. 1 and 3, and a retracted position as shown at stand 20
      in FIG. 1 for convenient access in removing and replacing the meters on
      the stands. A pneumatically-operated piston and cylinder unit 98 is
      provided to afford such advancement and retraction positioning movement of
      each gang of sensors with a solenoid valve control unit 100.
PAR  Each of the tanks 22-32 is provided with a pair of sensors, comprising a
      lower level sensor 102 and an upper level sensor 104, for providing
      electrical output signals when the liquid level in the respective tank is
      at predetermined levels. One such probe presently available commercially
      and which is capable of measuring liquid levels to an accuracy of about
      0.002 inches is an ultrasonic sensor Model No. 300 sold by National Sonics
      Corporation of Farmingdale, N.Y., under the name Sensall. The tanks
      preferably are of appropriate horizontal cross-sectional configurations to
      facilitate accurate volume measurement by sensing the liquid levels, e.g.,
      by providing appropriate cross-sectional area to volume relationships and
      by avoiding turbulence and other adverse effects which might detract from
      accurate volume measurements. Each tank, and particularly the positions of
      the two sensors in each tank, is accurately calibrated such that the
      volume represented by the difference between the liquid levels sensed by
      each pair of upper and lower sensors is an accurately fixed predetermined
      volume.
PAR  The overall cycle control and meter accuracy determining system is
      illustrated schematically in FIG. 2. The control and comparison inputs of
      the system, in addition to the known volume of each test tank and the
      related preset flow rates, are the signals from the several liquid level
      sensors 102 and 104, and the meter operation signals from sensors 92. With
      continuing reference to FIG. 2, the twelve liquid level sensors 102 and
      104 are connected to six amplifiers and related signal shaping circuits at
      110. The amplified signals are tramsmitted from the amplifiers to sensor
      output controls at 112 which may comprise the tank select gates 152 and
      related controls which are discussed further below with reference to FIG.
      5. The controls 112 are suitably programmed to provide sequencing control
      signals to the electronic control section 114 of the accuracy determining
      system 116 and to a cycle control section 118 in accordance with the
      signals received from the individual level sensors 102 and 104. A
      particular preferred and advantageous accuracy determining and control
      system is discussed in considerable detail below. However, for present
      purposes it is adequate to note that the system 116 monitors the actual
      measuring operation of each meter, as indicated by the signals from
      sensors 92, during the flow of the known test volume of the respective
      tank used during each test flow rate operation and provides a printed
      output of a comparison of the measured flow with the actual flow. This
      output shows the accuracy of each meter at each test flow rate, and is in
      terms which conform to traditional meter accuracy reporting in that it
      represents measured flow volume as a percentage of actual flow volume for
      each meter at each test flow rate.
PAR  The control section 118 includes conventional sequencing components, such
      as solenoid operators and shift registers, for automatically carrying out
      the hereindescribed operations. This section 118 receives control signal
      inputs from the sensor controls 112, from the control section 114, from
      operator cycle controls at 120 and 122, and from a test stand control 124
      which is set by the operator in accordance with the test stand 18 or 20 to
      be used in a particular test cycle. The control section 118 in turn
      controls the aforenoted test stand closure piston and main flow valves 60,
      66, 70 and 74, indicated collectively at 126, the solenoid operators of
      the fill valves 84, 86 and 88, indicated collectively at 128, and solenoid
      controls for the drain valves 87a- 87f, indicated collectively at 130. All
      of these flow, fill and drain valve controls are set for the valves to be
      normally closed, except for the pressure relief valves 74 which are
      normally open.
PAR  Prior to test operations, the adjustable valves 84a-84f are set to provide
      various predetermined flow rates desired for testing meters within given
      flow measuring ranges. The system then is set for testing meters of a
      specific capacity range by setting the fixed manual valves 85a- 85f to
      admit flow through the appropriate three flow rate valves 84a- 84f  and to
      the respective receiving tanks as desired for the low, intermediate and
      high rate tests of those particular meters, and to close the lines to the
      other receiving tanks. Reference parameters corresponding to the low,
      intermediate and high flow rates selected and to the volumes of the prover
      tanks being used also are set into the comparison system 118, as will be
      noted further below. By way of example only, the following table
      illustrates a matrix of settings for five different test cycles of three
      different flow rates each, using six prover receptacles and related rate
      valves. In each instance, the valves 85 leading to the prover tanks not
      listed are closed.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     METER                                                                     
          TEST                                                                 
              VALVE/                                                           
                   FLOW PROVER                                                 
                              FLOW TOTAL                                       
     SIZE     TANK RATE,                                                       
                        VOLUME,                                                
                              TEST FLOW                                        
                   GPM  CU. FT.                                                
                              TIME,                                            
                                   TIME,                                       
                              MIN. MIN.                                        
     __________________________________________________________________________
          Low 84a/22                                                           
                   0.125                                                       
                        0.05  2.992                                            
     15 gpm                                                                    
          Inter.                                                               
              84c/26                                                           
                   0.75 0.1   0.997                                            
                                   4.986                                       
          High                                                                 
              84e/30                                                           
                   15.0 2.0   0.997                                            
          Low 84b/24                                                           
                   0.25 0.1   2.992                                            
     5/8" Inter.                                                               
              84d/28                                                           
                   2.5  0.5   1.496                                            
                                   5.236                                       
          High                                                                 
              84e/30                                                           
                   20.0 2.0   0.748                                            
          Low 84b/24                                                           
                   0.25 0.1   2.992                                            
     25 gpm                                                                    
          Inter.                                                               
              84c/26                                                           
                   1.0  0.1   0.748                                            
                                   5.236                                       
          High                                                                 
              84f/32                                                           
                   25.0 5.0   1.496                                            
          Low 84b/24                                                           
                   0.5  0.1   1.496                                            
     3/4" Inter.                                                               
              84d/28                                                           
                   2.5  0.5   1.496                                            
                                   4.236                                       
          High                                                                 
              84f/32                                                           
                   30.0 5.0   1.244                                            
          Low 84b/24                                                           
                   0.5  0.1   1.496                                            
     40 gpm                                                                    
          Inter.                                                               
              84d/28                                                           
                   2.5  0.5   1.496                                            
                                   3.927                                       
          High                                                                 
              84f/32                                                           
                   40.0 5.0   0.935                                            
     __________________________________________________________________________
PAR  Referring to FIG. 4 for a particular example of an appropriate switching
      circuit for the primary flow controls, control 122 closes a relay switch
      128, from a power source 129, which activates the stand closing piston
      control 130 and lights an indicator 132 as well as closing a relay switch
      134. As the test stand reaches the closed position, a limit switch 136 is
      closed which completes the circuit to the control for opening the
      secondary main valve 66 for purging the meters on the stand. Operation of
      the "start" control 120 then provides a logic output which closes switch
      140 which actuates the valve 100 for advancing the respective sensor rack
      96. As this rack reaches its forward position it closes a limit switch 142
      which activates the solenoids to open the main flow valves 60 and 70 and
      to close the respective relief valve 74.
PAR  In a testing operation, a series of meters M are loaded on one of the test
      stands, with the sensors 92 retracted, as at stand 20 in FIG. 1. Registers
      may be positioned on the meters if desired to provide a check of the
      register drive capability of the meters during the test. Control 122 is
      manipulated which closes the respective stand for clamping the meters and
      related conduits together and opens the secondary main valve 66 to purge
      the meters to the respective drain line 72a or 72b. Control 124 is set in
      accordance with the test stand being used for the particular test. It will
      be assumed here that stand 20 is being used for the test, with the system
      set to use rate valves 84a, 84c and 84e and the respective prover tanks
      22, 26 and 30. Tickets or tags to receive the printout of the accuracy
      tests on each meter are inserted in the printer 214 of the system 116. The
      rack of sensors is advanced to the sensing position and the liquid flow
      test then is initiated by manipulating control 120. The respective relief
      valve 74 closes, and the primary and post main valves 60 and 70 of the
      stand are opened. The high rate tank fill valve 88 and the drain valve 87c
      of the medium rate tank also are opened. At the same time, the drain valve
      87e of high volume tank 30 is closed. Pump 14 is operated automatically in
      accordance with the demand to maintain the supply in pressure tank 16.
PAR  As the water flows into the tank 30 and the level reaches the lower sensor
      102 therein, the system 116 is actuated to initiate the high flow rate
      test comparison. When the liquid level reaches the upper sensor 104 of
      tank 30, that sensor provides a signal which activates the controls to
      terminate the high flow rate test comparison, and at the same time to
      close drain valve 87c of the intermediate tank 26 and close high rate fill
      valve 88. The intermediate rate fill valve 86 and the low rate tank drain
      valve 87a are opened simultaneously. When the liquid level in tank 26
      reaches the lower level sensor 102 the measuring comparison system 116 is
      actuated for the intermediate flow rate accuracy determination. When the
      liquid level reaches the upper sensor 104 of the tank 26, the intermediate
      flow rate accuracy comparison test is terminated, the intermediate fill
      valve 86 and the drain valve 87a of the low volume tank 22 are closed, and
      the low rate fill valve 84 is opened. The drain valve 87e of the large
      volume tank is opened simultaneously. As the low volume tank fills, the
      sensors 102 and 104 of the tank are triggered in sequence to initiate and
      terminate the comparison operation of the system 116 during the flow
      required to fill tank 22 between these two sensors. When the liquid level
      reaches sensor 104 of the low rate tank, the low fill valve 84, primary
      main valve 60, secondary main valve 66, and post main valve 70 all are
      closed, and the pressure relief valve 74 of the stand on test is opened.
      The test then is complete, and the controls are automatically actuated to
      retract the sensors and to open the test stand.
PAR  The results of each flow rate accuracy test of each meter are printed on a
      ticket or tag inserted in the respective section of the printer. When the
      test is completed, a separate record thus is obtained of the high,
      intermediate and low flow rate test results for each meter.
PAR  Turning now to FIG. 5, there is shown in diagrammatic form one of the eight
      electronic accuracy determining systems referred to above and illustrated
      at 116 of FIG. 2 for simultaneously and separately determining the
      accuracy of each of eight meters connected in series on a test stand 18 or
      20. As stated above, a given test cycle is preceded by the selection of
      high, intermediate and low flow rates and corresponding fluid receptacles,
      such as the tanks 22, 26 and 30 of the foregoing example, as shown in FIG.
      5. The receipt of a predetermined volume of liquid in each of the tanks is
      defined by the generation of a pair of signals from the low and high level
      sensors 102 and 104 provided for each tank. After appropriate
      amplification in the shaping and amplification circuits 110, the level
      sensing signals from each tank are selectively coupled to the S and R
      inputs of a control flip-flop 150 via tank select gates 152 controlled in
      accordance with the selected flow rate in a manner hereinafter set forth.
PAR  For the purpose of producing a first rate signal at a frequency
      corresponding to the actual rate of measurement by a tested meter, a
      magnetic sensor 92 is positionable adjacent each meter housing, e.g., as
      in FIGS. 1 and 3, to utilize the concentration of magnetic flux available
      at the respective meter magnet 94. A pair of the magnetic sensors 92 are
      shown in FIG. 5, along with appropriate signal shaping and amplification
      circuits 158 to illustrate the fact that identical tests at the high,
      intermediate and low flow ranges are performed on a meter on each of the
      stands 18 and 20 by each comparison and print out system. A separate
      sensor 92 and amplification circuit 158 is associated with each meter on
      each stand. A conventional switching device, represented at 160 may be
      manually or automatically actuated to switch each testing system from one
      stand to the other. It will be appreciated that all of the systems are
      switched simultaneously by control 124 in accordance with the stand in use
      for a given test operation.
PAR  Various known meter testing systems count the pulses received from a
      magnetic sensor such as that shown at 92 to provide an indication of
      actual meter performance, as noted above. However, even with meter magnets
      having four poles, the number of pulses received during a desirably short
      measuring interval is small, and hence the resolution available in the
      resulting measurements is quite poor.
PAR  Therefore, as an important feature of the present invention, there is
      provided in each measuring channel a controlled oscillator means
      responsive to the pulse train or rate signal received from the sensor
      amplification circuit 158 for producing a second pulse train or rate
      signal having a frequency proportional to but at least an order of
      magnitude in excess of the frequency of the sensor signal. More
      specifically, the present invention incorporates a voltage controlled
      oscillator 162 providing an output signal which is phase locked in
      synchronism with the rate signal provided by the magnetic sensor 92 but
      which provides, during a given timed interval, at least ten times, and
      typically a hundred or a thousand times, as many pulses as occur at the
      sensor 92.
PAR  The oscillator 162 is part of a phase lock loop which includes a phase
      detector 164, an integrator 166, and a frequency divider circuit 168. The
      detector 164, of conventional design, compares the phase of the meter
      magnetic rate signal occurring at its input 170 to the phase of the loop
      reference signal occurring at an input 172 and provides at an output 174 a
      train of pulses increasing or decreasing in pulse width, and therefore DC
      content, depending upon whether the sensor rate signal leads or lags
      respectively the fedback reference signal. The loop integrator 166, which
      typically will include one or more low pass filter sections, receives the
      phase detector output signal and effectively extracts the DC content
      thereof for controlling the frequency of the voltage controlled oscillator
      162 about a quiescent or center frequency f.sub.o through an input at 176.
PAR  The output signal from the oscillator 162 appears on a line 180 from which
      it is fed back into an input 184 to the divider 168. The divider 168 is
      programmable (capable of being set to various division ratios) for reasons
      hereinafter set forth in detail, but has as its general purpose the
      reduction of the frequency from the oscillator 162 to approximately the
      frequency of the sensor rate signal at the input 170 of the phase detector
      164. For reasons to be explained, the quiescent or center frequence
      f.sub.o of the output signal from the oscillator 162 will nominally be at
      or around 500 Hz. If the sensor rate signal occurring at the detector
      input 170 occurs at a frequency of 1.0 Hz, a multiplication factor of 500
      must effectively occur in advance of the output from the oscillator 162.
      This desired result is accomplished merely by programming a divider factor
      of 500 in the divider 168 of the phase lock feedback loop.
PAR  The oscillator output signal occurring on line 180 is selectively coupled
      via a gate 186 to the input 188 of a series of programmable digital
      multiplication and division circuits represented diagrammatically at 190.
      As will become apparent, the digital frequency multipliers and dividers
      190 reduce the frequency or divide the number of pulses from the
      oscillator 162 by integer division factors and also apply to the quotient
      of the division function a scaler or multiplication factor such as 0.8866
      or the like. Programmable division and multiplication devices have become
      well known in the art. Hence the gating and counting circuits used for
      this purpose are not shown in detail. Suffice it to say that the division
      function of the circuits 168 and 190 are provided by commercially
      available devices such as device CD4018AE of the COS/MOS series devices
      sold by Radio Corporation of America. Each of these devices used
      individually provides a selected division factor of from 0 to 9, and
      connected in tandem three of these devices provide a selected division
      factor of from 0 to 999. The devices are "programmed" by the provision of
      an appropriate digital code at a series of control inputs available for
      each device. The "scaling" or multiplication function is similarly
      accomplished through the use of commercially available devices such as
      scaler units SD522OD available from Solid State Scientific Corporation.
      Each of these units effectively multiplies the frequency of its input
      signal by a selected factor (programmable) of from 0 to 0.9. Connected in
      tandem, four of these units effectively provide multiplication by a four
      digit number which may vary from 0.0000 to 0.9999, depending upon the
      combination of ones and zeroes available in the digital code at the
      control inputs to these devices. For example, programming a series of four
      scalers of the type described for a factor of 0.4875 results in 4,875
      output pulses being produced for every 10,000 input pulses received.
PAR  From the above description and, as more fully expanded upon in the
      manufacturer's specification sheets for the programmable dividers and
      scalers, which specification sheets are incorporated by reference herein,
      it will be apparent that the programming of the dividers 168 and scaler
      circuits 190 is a straight-forward switching and gating problem within the
      skill of the art. Therefore, the gates and switches performing this
      function are diagrammatically illustrated as a program switching circuit
      192, having a plurality of outputs 194 connected to the control inputs 196
      of the dividers 168. Similarly, the program switching circuit 192 has a
      second set of outputs 198 connected to the control inputs 199 of the
      scaler multipliers and dividers in the circuit 190.
PAR  The binary code of the programmed outputs 194 and 198, and therefore the
      divider and scaler factors of the circuits 168 and 190, are capable of
      assuming three possible states corresponding to the high, intermediate and
      low flow rates at which a given meter is tested. To this end, there is
      shown in FIG. 5 three control lines 200, 201 and 202 respectively
      energized during the high, intermediate and low flow rate testing periods.
      Signals received on the control lines 200-202 drive the program switching
      circuit 192 to the three possible states referred to above.
PAR  As stated previously, an accurate measurement of meter performance is
      achieved by counting the number of pulses emanating from the oscillator
      162 during a measuring interval defined by the receipt of a measured
      volume of fluid in a predetermined one of the tanks 22, 26 or 30 as
      defined by the activation of the sensors 102 and 104 associated with that
      tank. To this end, a plurality of decade counters 204-207 are provided for
      receiving the oscillator output pulses, scaled in frequency, from the
      output 191 of the scaler circuit 190. The decade counters 204-207 are
      connected in tandem and provide, in binary coded decimal (BCD) form, a
      digital representation of the units, tens, hundreds and thousands digits
      of the number N of pulses received from the scaler circuit 190. Each of
      the decade counters 204-207 has a four terminal output, designated 208-211
      respectively, providing a BCD representation of a decimal digit registered
      by that counter. Each of the counters 204-207 additionally has a reset
      input R driven in parallel with the reset input R of control flip-flop 150
      from the output 151 of the gates 152. As such, the counters are returned
      to the zero state upon the occurrence of a pulse at the output 151 from
      the gates 152. For gating and interfacing the BCD outputs 208-211 from the
      counters 204-207 to a card printer 214, there is provided a series of BCD
      buffers 216-219 respectively. Buffers 216-219 are activated upon receipt
      of a level change at a gate input 220 to provide for the printer 214 a
      proper logic level of the BCD coded signals at the counter outputs
      208-211.
PAR  The decade counter units 204-207 and the buffer-gate units 216-219 are
      commercially available in compatible form from various manufacturers and
      are well known to those skilled in the art. Examples of such devices are
      CD4029AE and CD4009AE of the COS/MOS series sold by Radio Corporation of
      America.
PAR  The printer unit 214 provides an output indication of the number of counts
      registered in the counters 204-207 and is responsive directly to the BCD
      outputs of the buffers 216-219 to produce a four digit decimal indication.
      It will be appreciated by one skilled in the art that any number of
      different output indicators could be provided to perform a similar
      function, i.e., indicating a number. However, it has been found that a
      card printer model 85DP sold by Electro General Corporation is
      particularly appropriate for this application in that it will print a card
      of a size and format well suited for attachment to each tested meter after
      the testing is completed. In the embodiment shown a print control circuit
      224 is represented as providing an output 225 to actuate the printer in
      response to a print start pulse at an input 226. The start pulse at the
      input 226 is provided from the output Q from the flip-flop 150 at the same
      time that a pulse is provided to the gate input 220 of the BCD buffer
      circuits 216-219.
PAR  At the completion of printing the print control circuit 224 produces a
      signal at an output 228 to initiate the next step in the testing cycle.
PAR  For controlling the timing of the meter measuring operation as a whole,
      there is provided a three-state cycling shift register 230 having first,
      second and third outputs 231, 232, and 233 respectively activated during
      the high, intermediate, and low flow rate tests. Switching apparatus
      represented as a test start device 120 provides an output pulse on a line
      236 at the beginning of a test cycle. This pulse effectively establishes
      the initial condition for the testing cycle by setting the first stage of
      the register 230 to the active condition via an input S thereto and
      resetting the second and third stages to the inactive condition via inputs
      R thereto. Thereafter, and until the completion of the testing cycle, the
      clock pulses for the terminal C are produced by the print control circuit
      224 at the end of each printing cycle and delivered to the register 230
      via a clock control line 238. As a result, a measuring system, and more
      specifically the shift register 230 responds to the successively occurring
      completions of the printing operation to step the system from the high, to
      the intermediate, and finally to the low, flow rate testing stages of the
      testing cycle.
PAR  Finally, for the purposes of controlling the primary flow through the stand
      and the selection of the successive flow rates and corresponding
      receptacle tanks, there is provided in a typical system a plurality of
      solenoid controlled valves and other fluid control apparatus indicated
      generally at 244 as having a functional connection 246 with the tanks 22,
      26 and 30. These controls 244 correspond to the combined controls
      indicated at 126, 128 and 130 in FIG. 2. The selection of appropriate flow
      rates and tanks is controlled in response to the activation of the high,
      intermediate and low flow rate lines 200, 201 and 202 from the register
      230.
PAR  Before proceeding to a description of the operation of the electronic
      apparatus shown in FIG. 5, it is noted that the operation to be described
      is for an embodiment in which the scaler circuit 190 is comprised of a
      first programmable divider capable of assuming a divisor N1 of from 0 to
      9, a series of programmable scaler units for multiplication by a selected
      factor M1 of from 0.0000 to 0.9999 and a second fixed divider at the
      output of the scaler units providing division by a factor of ten. The
      divider unit 168 in the example to be described actually comprises two
      programmable dividers, a first being the first divider of the scaler unit
      190 providing a division factor N1 and a second divider providing a
      selected division factor N2 of from 0 to 999. The concept of using a
      plurality of dividers and multipliers as described is shown in FIG. 2
      wherein the factors M1, N1 and N2 are supplied by devices 250, 251 and 252
      respectively in response to a plurality of coded input signals on lines
      254, 255 and 256.
PAR  Also, it will again be observed that the operating frequency for the
      voltage controlled oscillator 162 ideally remains constant, namely at 500
      Hz, for each of the three flow rates at which the meter is tested.
      Similarly, the output reading from the printer 214 for each of the three
      flow rates is approximately the same and, for an ideal meter, will be
      100.0. Any variation in the output frequency from the oscillator 162 due
      to an inaccuracy in the meter being tested, at any test flow rate, results
      in a deviation of the final output count from the number 100.0 during that
      test flow so as to present to the operator an indication of meter accuracy
      by percent for that meter at that test flow rate.
PAR  Since the flow rates from high to low vary by approximately an order of
      magnitude, however, the divider and multiplier programming, tank
      selection, and valve control functions are coordinated to maintain the
      relationships defined by the previous paragraph, namely, that an ideal
      meter will, at each range, produce an output frequency from the oscillator
      162 at approximately 500 Hz and a printer readout of 100.0.
PAR  The following table sets forth the divider and multiplier factors N1, N2
      and M1 for the circuits 168 and 190 for the high, intermediate and low
      flow rate of a typical test setup for the 25 gpm meter referred to in
      Table I. Other pertinent data for the test setup, including sensor
      frequency, actual flow rate and measured volumes is also included.
TBL                                    TABLE II                                
     __________________________________________________________________________
            Rate Measured                                                      
                      Measured                                                 
                           Sensor N1 N2  M1  Oscillator                        
            GPM  Volume                                                        
                      Time f(Hz)             Center Frequency                  
                 Ft. 3                                                         
                      (Min)                                                    
                           (Idealized)       f.sub.o                           
     __________________________________________________________________________
     High   25.0 5.0  1.496                                                    
                           41.316 4   3  .898                                  
                                             495.8                             
     Intermediate                                                              
            1.0  0.1  0.748                                                    
                           1.652  2  151 .892                                  
                                             499.1                             
     Low    0.25 0.1  2.992                                                    
                           0.413  8  151 .892                                  
                                             499.1                             
     __________________________________________________________________________
PAR  Although a more comprehensive description of the operation of this system
      appears elsewhere herein, for the examples set forth in the table above
      the following operational sequence takes place. At the initiation of the
      test sequence, the cycling register 230 is inactive, the flip-flop 150 is
      in the set condition (Q = 1 and Q = 0), and the gate 186 is closed. Flow
      meters M to be tested are in place on the stand 20, the stand is closed,
      the meters are purged, the probes 92 are positioned adjacent the meters on
      the stand, and the switches 160 are set to the appropriate sensors 92 and
      related circuitry 158 by controls 122 and 124. Flow through the meters is
      established at the high flow rate as the test start switch 120 is
      activated.
PAR  The first stage of the shift register 230 is activated to the 1 condition
      as a result of the pulse supplied to its inputs from the line 236 upon
      activation of the test start switch 120. The program switching device 192
      reacts to the resulting activation of the high rate input lead 200 to
      provide control voltages to the dividers 168 and 190 such that the
      division and scaler factors N1, N2 and M1 assume the values set forth in
      the above Table II for the high flow rate test. The signal from the
      respective magnetic sensor 92 is amplified by the circuit 158 and fed
      through the switch 160 to the phase detector 164. The phase lock loop
      rapidly synchronizes the output of the oscillator 162 with the magnetic
      sensor signal at the input 170 to the phase detector 164. However, the
      gate 186 leading to the counter remains closed until the water level in
      the high flow rate receptacle tank 30 reaches the first sensor 102.
PAR  Upon the achievement of the level of the first sensor 102 by the water
      level in the tank 30, a signal is fed through the gates 152 to the R input
      to the flip-flop 150, changing the state of the flip-flop such that Q = 0
      and Q = 1. Resetting the flip-flop 150 opens the gate 186 as the count in
      the decade counters 204-207 returns to zero for the initiation of the
      counting sequence. Pulses are fed from the oscillator 162 at a high
      frequency through the gate 186 of the scaler unit 190.
PAR  After appropriate frequency scaling in the circuit 190, the pulse train
      from the gate 186 is fed into the counter units 204-207, which begin to
      accumulate a decimal number representative of the number of pulses
      received. The BCD buffer and gate units 216-219 remain closed during
      accumulation of the count.
PAR  As the volume of water within the selected tank 30 increases to the level
      of the second or high level sensor 104 for that tank, a signal is produced
      by that sensor which is coupled through the appropriate tank select gates
      152 to the input S for the flip-flop 150. The flip-flop is thereby toggled
      to the set condition in which Q = 1 and Q = 0. In this state, the
      flip-flop 150 causes the gate 186 to close, terminating further
      accumulation of pulses in the counter units 204-207. Simultaneously, the Q
      output from the flip-flop 150 actuates the gate input 220 of the buffer
      units 216-219 and the print control circuit 224 for the printer 214.
      Through means not shown the printer 214 responds to the BCD inputs from
      the buffers 216-219 to print out on a card or tag the number of counts in
      the counter units 204-207 in decimal form. Completion of the printing
      process is signaled by the production of a pulse at the PRINT COMPLETE
      output 228 from the print control circuit 224. This pulse passes to the
      clock input C of the shift register 230 and advances the register to its
      second state in which the output 232 containing the intermediate flow rate
      signal, is activated.
PAR  Initiation of the intermediate flow rate testing condition by the cycling
      register 230 causes the flow valve control unit 244 to mechanically
      activate the necessary valves as described to allow fluid to enter the
      second tank 26 at the intermediate flow rate set forth in Table II above.
      As stated previously, the volume of fluid collected in the second tank 26
      as in tanks 22 and 30 is predetermined so that during the timed interval
      defined by the sensor signals developed at the tank sensors 102 and 104 a
      measured number of pulses will be accumulated in the counter units
      204-207, which number of pulses, for an ideal meter, is 1,000.
PAR  Activation of the intermediate flow rate control line 201 also operates on
      the program switching device 192 to change the code at the inputs 196 and
      199 to the divider and scaler units 168, 190 respectively. Each of the
      division factors set forth in the above table for the intermediate flow
      rate test is immediately established. The controlled oscillator 162,
      through the action of the phase locked loop in which it is incorporated,
      assumes a frequency and phase in synchronism with the sensor rate signal
      from the respective magnetic detector 92. Again it is emphasized that a
      change in the actual flow rate from 25 gpm to 1.0 gpm does not
      significantly effect the output frequency from the oscillator 162 due to
      the fact that the divider ratio of the unit 168, and hence the
      multiplication factor of the phase locked loop, vary in inverse proportion
      to that change. As the volume of fluid within the tank 26 increases to the
      level of the lower sensor 102, a signal is produced from the sensor which
      is fed through the gates 152 to line 151, causing resetting of the decade
      counters 204-207. The pulse on line 151 simultaneously is applied to the
      input R of the flip-flop 150, changing its state to the reset condition,
      thereby closing the gated buffer units 216-219 and opening the gate 186 to
      allow signals to flow from the oscillator 162 through the scaler unit 190
      and thereafter to the counters 204-207. The counting cycle begins again.
      As the fluid in the tank 26 reaches the upper sensor 104, a signal is
      produced which changes the state of the flip-flop 150 to the set state,
      closing the gate 186 and actuating the printer 214 to reproduce in decimal
      form on the testing card the number registered in the counter units
      204-207.
PAR  At the conclusion of printing, the cycling register 230 steps to its third
      state, in which the low flow rate control line 202 is activated to begin
      the third stage of the testing cycle. The flow valve control system 244
      allows fluid to begin flowing into the low flow rate test tank 22. The
      program switching device 192 changes the code of the inputs 196 and 199 of
      the divider and scaler units 168 and 190 respectively to correspond to the
      necessary conditions for N1, N2 and M1 set forth in Table II for the low
      flow rate testing stage. Measurement of pulses from the oscillator 162
      during a measuring interval defined by the receipt of pulses from the
      lower and upper sensors 102 and 104 of the tank 22 occurs in a manner
      similar to that already described for the high and intermediate flow rate
      measurements, and a third number is printed on the data card by the
      printer 214, this number corresponding to the accuracy factor by percent
      of the meter operating at the low fluid flow rate. At the conclusion of
      printing, a pulse from the print control circuit 224 steps the cycling
      register to an inactive condition and the entire testing apparatus is
      placed in readiness for the next test cycle to be initiated by operation
      of the test START device 120 and other cycle controls as referred to
      above.
PAR  A single channel of the meter monitoring and accuracy determining apparatus
      and its operation from the monitoring sensor to the printout have been
      described, with respect to the operation of one meter. However, as is
      indicated in part in FIG. 2, this apparatus is duplicated as necessary for
      the number of meters being tested simultaneously, e.g., eight meters as
      shown in FIG. 1. Moreover, the operations of the monitoring, comparing,
      computing and printout mechanisms for the several meters occur
      simultaneously, such that the operational metering accuracy of each meter
      on a test stand is separately determined simultaneously with the accuracy
      determination of each other meter on the stand, and a separate printed
      record is generated of the accuracy determination for each meter. Of
      course, the number of channels may be varied as desired in accordance with
      the number of meters to be tested simultaneously.
PAR  Various other modifications of the specific embodiment shown and described
      may be made without departing from the spirit and scope of this invention.
      By way of example only, and without limitation, the meter operation
      sensors may be mounted in other ways, various test stands may be used, a
      single prover tank may be used for more than one flow rate test by
      appropriate positioning and switching of the volume sensors, more than one
      flow rate control may be imposed in a given conduit and hence plural flow
      rate tests may be effected through a single line by selection of the
      various controls, other measured volume sensors may be utilized, and other
      specfic sequencing, computing and recording components may be utilized.
PAR  It will be seen that improved apparatus and methods have been provided
      which meet the aforestated objects.
PAR  While a particular embodiment of this invention is shown and described
      herein, it will be understood, of course, that the invention is not to be
      limited thereto since many modifications may be made, particularly in
      light of the foregoing teachings. It is contemplated, therefore, by the
      appended claims to cover any such modifications as fall within the true
      spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for testing a flow meter comprising: means for establishing a
      flow of fluid through the meter being tested at a predetermined rate; a
      receptacle for said fluid; quantitative sensing means associated with said
      receptacle for generating a pair of signals respectively at the beginning
      and end of receipt of a predetermined volume of fluid, said signals
      defining a measuring interval; transducer means positionable adjacent the
      tested meter for producing a first rate signal corresponding to the actual
      rate of registration of the tested meter; controlled oscillator means
      responsive to said first rate signal for producing a second rate signal
      which varies at a frequency proportional to but at least an order of
      magnitude in excess of said registration rate, said controlled oscillator
      means including a voltage controlled oscillator having a nominal output
      frequency at least an order of magnitude in excess of the frequency of
      registration of said meter, frequency division means coupled to said
      oscillator for dividing said second rate signal in frequency to produce a
      phase reference signal having a frequency approximating the desired
      frequency for said first rate signal, a phase detector for receiving said
      first rate signal and said phase reference signal and for providing an
      output signal varying with the difference in phase between said first rate
      signal and said phase reference signal, and means responsive to said phase
      detector output signal to provide an oscillator control signal the voltage
      of which varies with said phase difference to increase or decrease,
      respectively, said oscillator output frequency as the frequency of said
      first rate signal becomes greater or less than the frequency of said
      reference signal; counting means controlled by said quantitative sensing
      means for counting the cycles of said second rate signal occurring during
      said measuring interval; and an output device for indicating the count in
      said counting means at the end of said measuring interval.
NUM  2.
PAR  2. The flow meter testing apparatus according to claim 1 wherein said phase
      detector provides an output signal in the form of a pulse train which
      varies in pulse width in accordance with said phase difference and wherein
      said signal conversion means is an integrator responsive to said pulse
      train for producing a DC signal varying in sense and magnitude with said
      pulse width.
NUM  3.
PAR  3. Apparatus for testing a flow meter comprising: programmable means for
      selectively establishing fluid flow through the meter being tested at a
      plurality of predetermined rates, receptacle means for receiving fluid
      passing through said meter, quantitative sensing means associated with
      said receptacle means for generating a pair of signals respectively at the
      beginning and end of receipt of a preselected volume of fluid, said
      signals defining a preselected measuring interval, transducer means
      positionable adjacent the tested meter for producing a first rate signal
      corresponding to the actual rate of registration of the tested meter,
      controlled oscillator means responsive to said first rate signal for
      producing a second rate signal which varies at a frequency proportional to
      but at least an order of magnitude in excess of said registration rate,
      counting means controlled by said quantitative sensing means for counting
      the cycles of said second rate signal occurring during said preselected
      measuring interval, and an output device for indicating the count in said
      counting means at the end of said preselected measuring interval.
NUM  4.
PAR  4. Flow meter testing apparatus according to claim 3 wherein said
      controlled oscillator means includes a voltage controlled oscillator
      having a nominal output frequency at least an order of magnitude in excess
      of the frequency of registration of said meter, frequency division means
      coupled to said oscillator for dividing said second rate signal in
      frequency to produce a phase reference signal having a frequency
      approximating the desired frequency for said first rate signal, a phase
      detector for receiving said first rate signal and said phase reference
      signal and for providing an output signal varying with the difference in
      phase between said first rate signal and said phase reference signal, and
      means responsive to said phase detector output signal to provide an
      oscillator control signal the voltage of which varies with said phase
      difference to increase or decrease, respectively, said oscillatory
      frequency as the frequency of said first rate signal becomes greater or
      less than the frequency of said reference signal.
NUM  5.
PAR  5. Flow meter testing apparatus according to claim 2 wherein said flow
      establishing means is programmable to provide flow rates in a plurality of
      ranges and wherein said frequency division means is programmable to a
      plurality of division factors, said apparatus further including program
      sequencing means jointly operative on said flow establishing means and
      said frequency division means for sequentially adjusting the division
      factor of said divider means in inverse relation to the changes in the
      selected flow rate such that said oscillator output frequency for an ideal
      meter remains essentially constant for testing at varying flow rates in
      the testing cycle.
NUM  6.
PAR  6. Flow meter testing apparatus according to claim 3 further including
      frequency scaling means operatively associated with said quantitative
      sensing means and coupled between said oscillator means and said counting
      means for effectively multiplying the frequency of said second rate signal
      by a factor which, for an ideal meter, results in a thousand pulses being
      registered by said counting means during each selected measuring interval
      such that a variation in meter performance from the ideal results in pulse
      counts ocrrespondingly varying from a thousand by a percentage
      representing the actual meter performance error.
NUM  7.
PAR  7. Apparatus for testing flow meters in accordance with claim 3 further
      including control means responsive to said quantitative sensing means and
      operatively associated with said programmable means for sequentially
      changing the rate of fluid flow through said meter to a successive one of
      said predetermined rates at the end of each of said measuring intervals.
NUM  8.
PAR  8. Apparatus for testing flow meters in accordance with claim 7 wherein
      said control means is operatively associated with said counting means and
      resets said counting means to the zero count in advance of each of said
      measuring intervals.
NUM  9.
PAR  9. Apparatus for testing a flow meter comprising:
PA2  means for establishing a flow of fluid through the meter being tested at a
      predetermined rate, a receptacle for said fluid, quantitative sensing
      means associated with said receptacle for generating a pair of signals
      respectively at the beginning and end of receipt of a predetermined volume
      of fluid, said signals defining a measuring interval, transducer means
      positionable adjacent the tested meter for producing a first rate signal
      corresponding to the actual rate of registration of the tested meter,
      controlled oscillator means responsive to said first rate signal for
      producing a second rate signal which varies at a frequency proportional to
      but at least an order of magnitude in excess of said registration rate,
      counting means controlled by said quantitative sensing means for counting
      the cycles of said second rate signal occurring during said measuring
      interval, frequency scaling means operatively associated with said
      quantitative sensing means and coupled between said oscillator means and
      said counting means for effectively multiplying the frequency of said
      second rate signal by a factor which, for an ideal meter, results in a
      thousand pulses being registered by said counting means during a measuring
      interval such that a variation in meter performance from the ideal results
      in pulse counts correspondingly varying from a thousand by a percentage
      representing the actual meter performance error, and an output device for
      indicating the count in said counting means at the end of said measuring
      interval.
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ABST
PAL  A mixture of olefins is separated and analyzed by means of a
      chromatographic column which contains silver trifluoromethanesulfonate.
BSUM
PAR  Chromatographic analyzers have been developed extensively in recent years
      to analyze various types of fluid mixtures. However, it has been difficult
      to separate certain mixtures of olefins, particularly those containing
      both cis and trans isomers. In accordance with this invention, a new
      column for use in separating mixtures of olefins is provided by employing
      silver trifluoromethanesulfonate as the column packing. The sulfonate is
      advantageously deposited on an inert support, and it is preferred that a
      relatively high boiling solvent also be employed.
DRWD
PAR  In the accompanying drawing,
PAR  FIG. 1 is a schematic representation of a chromatographic analyzer which
      can include the separation column of this invention.
PAR  FIG. 2 illustrates a typical chromatogram obtained by use of the
      chromatographic column of this invention.
DETD
PAR  Referring now to the drawing in detail and to FIG. 1 in particular, there
      is shown a schematic representation of a chromatographic analyzer. The
      analyzer includes a column 10 which contains a suitable packing material.
      A carrier fluid, such as helium, nitrogen or other inert gas, is
      introduced through a conduit 11 which communicates with a sample valve 12.
      A sample of material to be analyzed is introduced into valve 12 through a
      conduit 13. Valve 12 can be a conventional rotary or diaphragm-operated
      sample valve which serves to introduce a predetermined volume of sample
      fluid into the carrier fluid when the valve is actuated. As an
      alternative, a predetermined volume of sample can be introduced into the
      column by a syringe. Sample valve 12 is connected to the inlet of column
      10 by a conduit 14. The effluent from column 10 is directed through a
      conduit 15 to a detector 16.
PAR  In the normal operation of the chromatographic analyzer, the carrier fluid
      flows through column 10 initially to purge any sample residue remaining
      from a prior analysis. Valve 12 is then actuated to introduce a
      predetermined volume of the sample mixture into the column. The carrier
      fluid then continues to flow through the column to elute the constituents
      of the sample in sequence. The column effluent is passed to a detector
      which is an instrument capable of detecting changes in composition of the
      column effluent. Suitable detectors include thermistor and flame
      ionization detectors, for example, as well known to those skilled in the
      art.
PAR  In accordance with an embodiment of this invention, column 10 is filled
      with a packing material which comprises silver trifluoromethanesulfonate
      deposited on an inert adsorbent. This material is effective to separate
      mixtures of monoolefins containing 2 to about 12 carbon atoms. Diolefins
      having up to about 12 carbon atoms can also be separated. The term
      "olefins" as used herein thus includes both monoolefins and diolefins.
      These olefins are separated from alkanes that may be present in the
      mixture. The solid inert support can include calcined diatomaceous earth,
      crushed firebrick, and other inert adsorbents which are known for use as
      column packings. These materials are substantially inert under the
      analysis conditions and possess a porosity sufficient to adsorb a
      substantial quantity of liquid. The particle size of the support material
      can vary broadly from about 20 to about 200 mesh, with the particle size
      of about 40 to about 100 mesh being preferred.
PAR  It is preferred to employ a solvent (liquid phase) for the silver
      trifluoromethanesulfonate in addition to the silver
      trifluoromethanesulfonate. This liquid phase should be formed by a
      relatively high boiling material such as ethylene glycol, benzyl cyanide,
      polyethylene glycols, silicone oils, dimethyl sulfolane and the like. It
      is preferred that the material employed as the liquid phase have a
      relatively high boiling point in order to increase the useful operating
      temperature range.
PAR  Column packings containing ethylene glycol or benzyl cyanide as the liquid
      phase component can be used over the temperature range -20.degree. C. to
      +50.degree. C., but such packings are preferably used over the range of
      15.degree. C. to 30.degree. C. Column packings containing polyethylene
      glycols of varying molecular weights can be used over the temperature
      range 0.degree. to 185.degree. C., but such packings are preferably used
      over the range of 25.degree. C. to 125.degree. C.
PAR  One method of preparing the packing material of this invention comprises
      dissolving the silver trifluoromethanesulfonate in a volatile diluent such
      as acetone, water, benzene, methanol, ethanol, diethyl ether, methyl ethyl
      ketone, acrylonitrile or the like. The resulting solution and the solvent
      are placed in contact with the support material to permit the sulfonate
      and solvent to become adsorbed. The volatile diluent is then removed to
      leave the column packing as a relatively dry free-flowing residue
      comprising silver trifluoromethanesulfonate, solvent and support. The
      amount of solvent employed generally comprises up to about 30 weight
      percent of the total packing material, preferably from about 2 to about 20
      weight percent. The amount of silver trifluoromethanesulfonate can range
      from about 0.1 to about 20, preferably from about 1 to about 10 weight
      percent, based on the weight of the total packing material.
PAR  As previously mentioned, the packing material can be prepared without the
      high boiling solvent. However, such packings are generally not as
      effective as those which employ the solvent.
PAR  The following examples demonstrate this invention.
PAC  EXAMPLE I
PAR  Silver trifluoromethanesulfonate was prepared by slowly adding silver
      carbonate (13.42 g, 0.052 mol) and small amounts of water (total amount of
      water was 30 ml) to 14.60 grams (0.097 mol) trifluoromethanesulfonic acid
      dissolved in 100 ml of 1,1,2-trichloro-1,2,2-trifluoroethane contained in
      a flask. The solution was filtered to remove residual solids, and the
      two-phase filtrate was separated into organic and aqueous phases. The
      aqueous phase was evaporated to dryness to give 15.46 grams of silver
      salt. The salt was dissolved in 50 ml water; the solution was filtered;
      and the filtrate was evaporated to dryness. The residual silver
      trifluoromethanesulfonate was dried at 140.degree. C. in a vacuum oven for
      four hours. The silver trifluoromethanesulfonate melted at 336.degree.-
      338.degree. C. and gave the following elemental analysis: % Ag, 44.24; %
      C, 4.79; % S, 12.5. Infrared spectral analysis showed major absorption
      peaks at 8.1, 8.6, 9.8 and 13.05 .mu., which are consistent with the
      indicated structure.
PAR  A mixture of 2.0 g of the silver trifluoromethanesulfonate, 5.0 g ethylene
      glycol solvent and 100 ml acetone diluent was contacted with 50.0 g of
      60-80 mesh acid-washed Chromosorb P (60-80 mesh). Chromosorb refers to a
      class of chromatographic support materials prepared by calcining
      diatomaceous earth obtained from a marine deposit in Lompoc, California.
      An additional 50 ml of acetone diluent was added and the slurry was
      stirred and then allowed to stand overnight at room temperature. Residual
      acetone diluent was removed on a rotary evaporator, and the remaining
      silver trifluoromethanesulfonate ethylene glycol-Chromosorb P column
      packing sample weighed 54.50 g. Assuming mechanical losses amounting to
      approximately 2.5 g, the column packing thus contained about 3.7 weight
      percent silver trifluoromethanesulfonate and about 9.2 weight percent
      ethylene glycol. This packing material is designated A in the following
      table. A second batch of packing material, designated B, was prepared in
      the same manner except that a total of 200 milliliters of acetone diluent
      was employed. Packing material B contained about 4.0 weight percent silver
      trifluoromethanesulfonate and about 9.0 weight percent ethylene glycol.
PAR  Packing materials A and B were employed in chromatographic columns of
      various dimensions as set forth in the following table. In each run,
      helium was employed as the carrier gas at the flow rates set forth.
      Samples of mixtures of olefins of components set forth in the table were
      introduced into the column as samples in volumes of about 2 microliters. A
      thermistor detector was employed as detector 16. All of the runs were
      conducted at about 24.degree. C. except Run No. 3, which was conducted at
      about 30.degree. C. The following results were obtained.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Run             He Flow                                                   
     No.                                                                       
        Packing                                                                
             Column Size                                                       
                     cc/min.                                                   
                           Olefin Mixture Components (RTM).sup.(a)             
     __________________________________________________________________________
     1  B    1/4" .times. 6'                                                   
                     80    trans-pentene-2 (4.1) and cis-pentene-2 (13.1)      
     2  B    3/16" .times. 10'                                                 
                     50    trans-pentene-2 (7.3) and cis-pentene-2 (23.2)      
     3  A     1/4" .times. 10'                                                 
                     100   trans-pentene-2 (4.5) and cis-pentene-2 (13.5)      
     4  B    1/4" .times. 6'                                                   
                     80    trans-butene-2 (1.7), isobutylene (3.0),            
                           cis-butene-2 (4.6)                                  
                             and butene-1 (5.3)                                
     5  B    3/16" .times. 10'                                                 
                     50    trans-butene-2 (3.2), isobutylene (6.0),            
                           cis-butene-2 (10.2)                                 
                             and butene-1 (12.0)                               
     6  A    1/4" .times. 6'                                                   
                     80    2-methylbutene-2 (1.8), 2-methylbutene-1 (5.4) and  
                             neohexane (8.6)                                   
     7  B    1/4" .times. 6'                                                   
                     80    trans-hexene-3 (5.4), 2-ethylbutene-1 (12.7) and    
                           -      cis-hexene-3 (16.7)                          
     8  A    1/4" .times. 6'                                                   
                     80    trans-hexene-2 (4.9) and cis-hexene-2 (15.3)        
     9  A    1/4" .times. 6'                                                   
                     80    trans-pentene-2 (2.8) and cis-pentene-2             
     __________________________________________________________________________
                           (8.9)                                               
      .sup.(a) RTM represents the approximate retention time in the column (in 
      minutes) of the designated component.                                    
PAR  It can be seen from the foregoing table that the packing material of this
      invention is effective in separating various mixtures of olefins. This is
      evident from the differences in retention times of the constituents of the
      mixtures tested, which permit accurate identification of the constituents.
      For example, FIG. 2 illustrates the chromatogram obtained in Run No. 4.
      The constituents trans-butene-2, isobutylene, cis-butene-2, and butene-1
      were eluted at respective times of 1.7, 3.0, 4.6 and 5.3 minutes,
      respectively, following sample injection into the column.
PAC  EXAMPLE II
PAR  Additional runs were carried out in accordance with the procedure of
      Example I wherein packed columns containing packing B were aged under an
      atmosphere of helium for different lengths of time to determine if the
      packing material retained its separating powers. In all of these runs,
      helium was employed as the carrier fluid and was introduced into the
      column at a rate of 50 cubic centimeters per minute. The following results
      were obtained.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Run                                 Column Aging                          
     No.                                                                       
        Column Size                                                            
                Olefin Mixture Components (RTM)                                
                                         Period (months)                       
     __________________________________________________________________________
     10 3/16" .times. 10'                                                      
                trans-butene-2 (4.6), isobutylene (7.3),                       
                                         1                                     
                  cis-butene-2 (11.3) and butene-1 (12.8)                      
     11 3/16" .times. 10'                                                      
                trans-butene-2 (4.5), isobutylene (7.3),                       
                                         1                                     
                  cis-butene-2 (11.0) and butene-1 (12.8)                      
     12 3/16" .times. 10'                                                      
                trans-pentene-2 (7.3) and cis-pentene-2 (23.2)                 
                                         2                                     
     13 3/16" .times. 10'                                                      
                trans-pentene-2 (7.2) and cis-pentene-2 (20.9)                 
                                         3                                     
     14 3/16" .times. 10'                                                      
                trans-pentene-2 (7.3) and cis-pentene-2 (22.0)                 
                                         7                                     
     __________________________________________________________________________
PAR  It can be seen from the foregoing table that the packing material of this
      invention is capable of separating mixtures of olefins after having been
      stored for prolonged periods of time.
PAC  EXAMPLE III
PAR  Several runs were carried out wherein silver trifluoromethanesulfonate was
      employed in conjunction with benzyl cyanide as the solvent in place of
      ethylene glycol. A mixture of 2.0 g silver trifluoromethanesulfonate, 5.0
      g benzyl cyanide solvent and 100 ml acetone diluent was contacted with 50
      g of 60-80 mesh acid-washed Chromosorb P and allowed to stand at room
      temperature for two hours. Acetone was removed on a rotary evaporator to
      leave the silver trifluoromethanesulfonate-benzyl cyanide-Chromosorb P
      packing as a relatively dry free-flowing solid. The following results were
      obtained.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Run        He Flow                                                        
     No.                                                                       
        Column Size                                                            
                cc/min.                                                        
                      Olefin Mixture Components (RTM)                          
     __________________________________________________________________________
     15 1/4" .times. 6'                                                        
                80    trans-pentene-2 (2.3) and cis-pentene-2 (3.9)            
     16 1/4" .times. 6'                                                        
                80    trans-hexene-2 (4.3) and cis-hexene-2 (7.6)              
     17  1/4" .times. 16'                                                      
                50    trans-pentene-2 (9.7) and cis-pentene-2 (16.6)           
     18  1/4" .times. 16'                                                      
                50    trans-butene-2 (5.3), isobutylene (5.9), butene-1        
                        (7.0) and cis-butene-2 (8.1)                           
     19  1/4" .times. 16'                                                      
                100   2-methylbutene-2, 2-methylbutene-1 and neohexene         
                        (not resolved)                                         
     20 1/4" .times. 6'                                                        
                80    2-methylbutene-2, 2-methylbutene-1 and neohexene         
                        (not resolved)                                         
     __________________________________________________________________________
PAR  It can be seen from the data set forth in Table III that this packing
      material is also effective in separating mixtures of olefins. However, it
      was not possible to make a separation between the specific materials of
      Runs 19 and 20 under the conditions tested.
PAC  EXAMPLE IV
PAR  Several runs were conducted wherein silver trifluoromethanesulfonate was
      employed on Chromosorb packing without the use of a high boiling solvent.
      A mixture of 2.0 g silver trifluoromethanesulfonate and 100 ml acetone
      diluent was contacted and stirred with 19.32 g Chromosorb P (60-80 mesh)
      for a period of two hours. The acetone was removed at reduced pressure to
      give 21.62 g of column packing (10.5 wt. % AgO.sub.3 SCF.sub.3 based on
      total weight of packing). This packing was used in a column (1/4 inches x
      8 feet) for the separation of trans and cis isomers of pentene-2.
      Initially the column gave a good separation of trans-pentene-2 (2.2 min)
      and cis-pentene-2 (8.4 min) at an operating temperature of about
      30.degree. C.; but after a week of constant helium flow over the
      temperature range of 25-100.degree. C., the resolution was reduced
      (trans-pentene-2 eluted in 1.1 minutes and cis-pentene-2 eluted in 2.8
      minutes) and tailing of the cis-pentene-2 isomer peak occurred.
PAC  EXAMPLE V
PAR  A run was conducted wherein silver trifluoromethanesulfonate was employed
      with squalane (2,6,10,15,19,23-hexamethyltetracosane) on Chromosorb
      packing. This packing was made by soaking for 2 hours 50 g of a commercial
      material comprising 20% squalane on Chromosorb P AW (60/80 mesh) in 200 cc
      acetone solution containing 4.0 g silver trifluoromethanesulfonate. The
      acetone was removed at reduced pressure to give a packing containing 8.3
      wt. % AgO.sub.3 SCF.sub.3 and 18.4 wt. % squalane. The packing was placed
      in a column (1/4 inch .times. 10 feet) for separation of a mixture of cis-
      and trans-butene-2 and isobutylene. The trans-butene-2 and isobutylene
      eluted at 5.0 minutes and the cis-butene-2 eluted at 7.3 minutes using
      helium as the carrier gas at a flow rate 50 cc/min. and an operating
      temperature of about 24.degree. /C.
PAC  EXAMPLE VI
PAR  Several runs were carried out to demonstrate the separations obtained by
      use of a column containing silver nitrate as the packing material. The
      columns contained 3% silver nitrate, 7% ethylene glycol and 90% Chromosorb
      p. The following results were obtained:
TBL                                    TABLE IV                                
     __________________________________________________________________________
     Run        He Flow                                                        
     No.                                                                       
        Column Size                                                            
                cc/min.                                                        
                      Temperature                                              
                             Olefin Mixture Components (RTM)                   
     __________________________________________________________________________
     21 1/4" .times. 10'                                                       
                100   30.degree. C.                                            
                             trans-pentene-2 (4.0) and cis-pentene-2 (6.0)     
     22 1/4" .times. 10'.sup.(b)                                               
                50    24.degree. C.                                            
                             trans-butene-2 (1.9), isobutylene (2.3),          
                             cis-butene-                                       
                             2 (2.9) and butene-1 (3.1)                        
     23 1/4" .times. 10'.sup.(b)                                               
                50    24.degree. C.                                            
                             trans-pentne-2 (2.4) and cis-pentene-2 (4.3)      
     24 1/4" .times. 10'.sup.(c)                                               
                50    24.degree. C.                                            
                             trans-pentene-2 (2.3) and cis-pentene-2 (2.7)     
     25 1/4" .times. 10'.sup.(c)                                               
                50    24.degree. C.                                            
                             trans-pentene-2 (2.8) and cis-pentene-2           
     __________________________________________________________________________
                             (2.9)                                             
      .sup.(b) Column stored under He at room temperature for 2 weeks.         
      .sup.(c) Column stored under He at room temperature for 31/2 months.     
PAR  These runs demonstrate that silver nitrate is not nearly as effective in
      separating olefins as is the compound of this invention.
PAC  EXAMPLE VII
PAR  A mixture of normal pentane, trans-pentene-2 and cis-pentene-2 was
      separated in a column 1/4 inch .times. 10 feet containing packing material
      B. The respective retention times of these three constituents were 1.8,
      5.1 and 14.3 minutes, respectively, thus showing that normal pentane is
      separated from the olefins. In a column of the same material, butadiene
      had a retention time of 7.8 minutes.
PAR  In view of the foregoing description and examples, it can be seen that an
      improved method of analyzing olefins is provided in accordance with this
      invention. In addition, the method can be employed to separate olefins by
      collecting the column effluent separately at the different elution times.
      The carrier gas can be separated from the olefins to provide pure olefins.
PAR  While the invention has been described in conjunction with presently
      preferred embodiments, it obviously is not limited thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of analyzing a mixture containing olefins which comprises
      introducing a sample of the mixture to be analyzed into a chromatographic
      column containing silver trifluoromethanesulfonate, passing a carrier
      fluid through the column to elute sequentially the olefin constituents of
      the sample, and measuring a property of the column effluent which is
      representative of changes in composition thereof.
NUM  2.
PAR  2. The method of claim 1 wherein the sample is introduced into a column
      containing (1) silver trifluormethanesulfonate supported on an inert solid
      particulate material and (2) a solvent forming a liquid phase.
NUM  3.
PAR  3. The method of claim 2 wherein the silver trifluoromethanesulfonate
      comprises about 0.1 to about 20 weight percent of the total of the
      particulate material, solvent and silver trifluoromethanesulfonate.
NUM  4.
PAR  4. The method of claim 2 wherein the solvent comprises ethylene glycol,
      benzyl cyanide or squalane.
NUM  5.
PAR  5. The method of claim 4 wherein the particulate material is diatomaceous
      earth.
NUM  6.
PAR  6. The method of claim 1 wherein the carrier fluid is helium.
NUM  7.
PAR  7. The method of claim 1 wherein the sample is introduced into a column
      containing silver trifluoromethanesulfonate supported on an inert solid
      particulate material.
NUM  8.
PAR  8. The method of separating a mixture containing olefins which comprises
      introducing a volume of the mixture into a zone containing silver
      trifluoromethanesulfonate, and passing a carrier fluid through the zone to
      elute sequentially the olefin constituents of the mixture.
NUM  9.
PAR  9. The method of claim 8 wherein the sample is introduced into a zone
      containing (1) silver trifluoromethanesulfonate supported on an inert
      solid particulate material and (2) a solvent forming a liquid phase.
NUM  10.
PAR  10. A chromatographic column comprising a conduit having disposed therein
      (1) a mass of an inert solid particulate material having deposited thereon
      silver trifluoromethanesulfonate and (2) a solvent forming a liquid phase.
NUM  11.
PAR  11. The column of claim 10 wherein the solvent comprises ethylene glycol,
      benzyl cyanide or squalane.
NUM  12.
PAR  12. The column of claim 11 wherein the particulate material is diatomaceous
      earth.
NUM  13.
PAR  13. A composition adapted for use as packing in a chromatographic column
      comprising inert solid particulate material having deposited thereon
      silver trifluoromethanesulfonate and also having a liquid deposited
      thereon to form a liquid phase when the composition is used as packing in
      a chromatographic column.
NUM  14.
PAR  14. The method of analyzing a mixture containing monoolefins which
      comprises introducing a sample of the mixture to be analyzed into a
      chromatographic column containing silver trifluoromethanesulfonate,
      passing a carrier fluid through the column to elute sequentially the
      monoolefin constituents of the sample, and measuring a property of the
      column effluent which is representative of changes in composition thereof.
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ABST
PAL  A method of determining the shrinkage effect to be intentionally produced
       the manufacturing process in the fabrication of high-pressure cylindrical
      vessels wherein test samples are cut from the cylindrical body and
      transducers are mounted upon the inner face thereof. The body is subjected
      to fluid pressure and a strain (.epsilon..sub.p) is determined on two test
      samples cut from the body while the strain intensity (.epsilon..sub.pa) at
      the apparent proportionality limit is determined via the transducers, by
      detecting the hoop strain (.epsilon..sub.ipa) at the apparent
      proportionality limit (.epsilon..sub.pa = .alpha..epsilon..sub.ipa where
      .alpha. is a proportionality factor depending upon the vessel shape). The
      shrinkage effect is related to the difference of .epsilon..sub.p and
      .epsilon..sub.pa.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a method for the quantitative
      determination of the shrinkage effect produced by manufacturing in
      high-pressure cylindrical vessels.
PAC  BACKGROUND OF THE INVENTION
PAR  In the fabrication of high-pressure cylindrical vessels for use as storage
      tanks, reactors and the like, care is taken to provide shrinkage designed
      to produce an internal strain or pressure adapted to take up at least some
      of the pressure developed by a fluid within the vessel. The thickness of
      the vessel is dimensioned to bring about the desired strain or internal
      prestress so that, when the vessel is loaded, the outward forces are
      balanced by the prestress.
PAR  In determining the thickness of the vessel, the degree of prestress brought
      about by the manufacturing process must be established for various
      thicknesses and it has been the practice heretofore to evaluate the
      shrinkage effect by forming test samples and applying destructive or
      distortive testing techniques to determine the yielding and rupture
      characteristics of the samples. Models of the vessel may also be required
      for these conventional processes.
PAR  The prior-art techniques thus have the disadvantage that considerable time
      may be required for fabricating the test samples and providing the
      knowledge gained by testing them in the fabrication of full-scale vessels
      to be subjected to high pressures.
PAC  OBJECT OF THE INVENTION
PAR  It is the principal object of the present invention to provide a method of
      determining the shrinkage effect in highpressure cylindrical vessels
      whereby the aforementioned disadvantages are obviated and a highly
      accurate measure of the shrinkage effect can be obtained with minimum time
      and material loss.
PAC  SUMMARY OF THE INVENTION
PAR  This object and others which will become apparent hereinafter is attained,
      in accordance with the present invention, by my discovery that there is a
      relationship between parameters which may be measured directly upon the
      vessel by nondestructive techniques and parameters which may be obtained
      by measurements carried out on samples cut from the actual vessel itself
      which can yield a quantitative value representing the shrinkage effect.
PAR  The method according to the invention thus avoids the disadvantages
      discussed previously by enabling the correct dimensions of a vessel which
      has been manufactured with shrinkage to be established by determining the
      hoop or circumferential strain resulting from the shrinkage effect as the
      difference between the intensity of the strain at the apparent
      proportionality limit (pa) and established by transducers on the inner
      face of the vessel which is filled with a pressurizing fluid, e.g. oil,
      and the strain .epsilon..sub.p at the proportionality limit and determined
      separately by measuring transducers. The intensity of the strain at the
      apparent proportionality limit is determined from the hoop strain at the
      apparent proportionality limit corrected by an .alpha. coefficient which
      is a function of the vessel shape.
PAR  According to a feature of the invention, strain-measuring transducers, e.g.
      conventional strain gauges, are mounted on the inner face of the vessel
      and the pressure therewithin is raised by applying a pressure p to liquid
      in the vessel and filling the latter until the strain .epsilon..sub.ipa at
      the apparent proportionality limit is met.
PAR  The critical relationship is:
      ##EQU1##
PAR  The strain .epsilon..sub.p at the proportionality limit of the material is
      determined separately on at least two test samples severed from the
      cylindrical body of the vessel and hence subjected to the same heat
      treatment and mechanical working characteristics of the vessel. These
      samples are tested on a machine capable of determining tensile strength
      and using conventional processes.
PAR  The strain-measuring transducers for the tensile-strength test are placed
      on each of the standard test samples at diametrical opposite location,
      i.e., are angularly offset by 180.degree. and tensile stress f is applied
      until the relationship:
      ##EQU2##
      is met.
PAR  Since, during the hydraulic test, the vessel is subjected to
      three-dimensional stress while the strain measurement only provides the
      hoop strain .epsilon..sub.ipa at the apparent proportionality limit, it is
      necessary to provide a correction amounting for the strain intensity under
      three-dimensional stress. The equation for such correction is:
EQU  .epsilon..sub.pa = .alpha..epsilon..sub.ipa                ( 3)
PAL  In this relationship, .epsilon..sub.pa represents the three-dimensional
      strain intensity while .alpha. is a shape coefficient determined by the
      relationship:
      ##EQU3##
      where C is a constant characteristic of the material, .mu. is POISSON'S
      ratio, .nu..sub.n is the outer radius of the cylindrical body and
      .gamma..sub.o is the internal radius thereof.
PAR  The hoop strain .epsilon..sub.if resulting from the shrinkage effect is the
      difference between the strain intensity .epsilon..sub.pa at the apparent
      proportionality limit, determined as above, and the strain .epsilon..sub.p
      of the material as determined on the test samples.
PAL  Thus:
EQU  .alpha..sub.if = .epsilon..sub.pa - .epsilon..sub.p        ( 5)
EQU  .alpha..sub.if = .alpha..epsilon..sub.ipa -.epsilon..sub.p ( 6)
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent from the following
      description, reference being made to the accompanying drawing in which:
PAR  FIG. 1 is a cross-section through the material of the vessel showing the
      various strain relationships;
PAR  FIG. 2A is an elevational view of a test sample;
PAR  FIG. 2B is a section through a test sample provided with strain gauges for
      tensile stressing along line IIB -- IIB of FIG. 2A; and
PAR  FIG. 3 is a diagram illustrating the principles of the present invention.
DETD
PAC  SPECIFIC DESCRIPTION AND EXAMPLE
PAR  From FIG. 3 it will be apparent that a cylindrical vessel 10 is formed by
      any conventional technique (multilayer, multiwall, coil layer, wicked
      tape, etc.) wherein a shrinkage of the body gives rise to a
      circumferential internal stress or shrinkage effect for the cylindrical
      structure 12 from which at least two standard test samples 13 and 14 are
      severed. The test samples are subjected to tensile testing at 15 to
      establish the value of the strain .epsilon..sub.p at the proportionality
      limit.
PAR  As shown in FIGS. 2A and 2B, this is accomplished by applying a pair of
      strain gauges T to the sample V at diametrically opposite locations and
      generating the tensile force f until the ratio of the strain gauge output
      and the force reaches a constant as noted in relationship (2).
PAR  The body 12 is formed into a vessel 16 by applying the domes 17 and 18 and
      is pressurized with oil by a hydraulic pump 19, the pressure p within the
      vessel being read upon a gauge 20. Strain gauges 21 are connected to the
      usual output circuitry 22 so that the hoop strain .epsilon..sub.ipa at the
      apparent proportionality limit is determined using relationship (1), C
      being a constant.
PAR  From FIG. 1 it may now be noted that I represents' the hoop stress caused
      by the liquid head, R the radial stress produced by the liquid head and L
      the axial stress produced by the liquid head. X is the shrinkage stress
      while I is the hoop stress resulting from shrinkage and R is the radial
      stress resulting from shrinkage. Since the shrinkage effect in the
      circumferential direction can be represented by the relationship
      (referring to FIG. 1):
      ##EQU4##
      it is possible to write:
      ##EQU5##
      and the average tensil stress of shrinkage is:
      ##EQU6##
PAR  In the foregoing E is the modulus of elasticity and I.sub.o is the hoop
      stress under shrinkage.
PAR  Since all of the values on the right-hand side of the last relationship are
      known or have been determined as described above, it is possible to
      establish the thickness of the vessel for a given shrinkage stress for a
      given vessel and thereby establish its pressurizing capacity or to
      determine the shrinkage stress for a given thickness of the vessel wall.
PAR  In FIG. 3, block 23 functions as a calculator automatically producing the
      value .epsilon..sub.if from the difference between .epsilon..sub.pa and
      .epsilon..sub.p in accordance with the algorithm represented by
      relationships (8) and (9).
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of determining the shrinkage effect for a high-pressure
      cylindrical vessel in the body of which a shrinkage effect
      .epsilon..sub.if is induced, comprising subjecting a plurality of standard
      test samples from said body to tensile stress to determine the strain
      .epsilon..sub.p at the proportionality limit; applying strain gauges to
      said body and pressurizing the same with a fluid to determine the hoop
      strain .epsilon..sub.ipa at the apparent proportionality limit; deriving
      the strain intensity .epsilon..sub.pa at the apparent proportionality from
      the hoop strain .epsilon..sub.ipa corrected by a coefficient determined by
      the vessel shape, and determining the hoop strain .epsilon..sub.if as the
      difference between .epsilon..sub.pa and .epsilon..sub.p.
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ABST
PAL  A sensing device that may be employed as a thermal or stress sensor
      includes in one embodiment a pair of poled electret layers as sensing
      mediums for detecting variations in the ambient temperature of the sensor.
      The electret layers of such embodiment have pyroelectric and piezoelectric
      properties, but only pyroelectrically produced electrical signals are used
      for sensing and piezoelectrically produced signals due to bending are
      effectively negated. In another embodiment, the electret layers are used
      as stress sensors whereby piezoelectrically produced electrical signals
      are sensed and pyroelectric signals are operatively canceled.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to the broad area of sensing
      devices and more specifically to a sensing device that includes a
      plurality of layers of electret material as sensing elements.
PAR  2. Description of the Prior Art
PAR  One common definition of an electret is a dielectric material permanently
      polarized by heating the material and placing it in a strong electric
      field during cooling. Electrets are commonly classified on the basis of
      pyroelectric or piezoelectric properties, both of which produce an
      electrical signal due to a change in dipoled moment. Although pyroelectric
      and piezoelectric materials are often thought of as two distinct classes
      of electrets, actually piezoelectric materials are a generic class in
      which pyroelectric materials are included as a species. Thus, a large
      number of materials have been pyroelectric and piezoelectric
      characteristics.
PAR  Use of electrets having both pyroelectric and piezoelectric properties has
      been made in forming various types of sensing devices as evidenced by U.S.
      Pat. No. 3,769,096 to Ashkin et al., which discloses a device for
      pyroelectric sensing of incident radiation, and U.S. Pat. No. 3,768,059 to
      Ayers et al., which teaches a strain sensor employing piezoelectric
      principles. The type of electrets described in the above patents have both
      pyroelectric and piezoelectric properties. Thus, the Ashkin et al. sensor
      is susceptible to producing an erroneous sensing operation as a result of
      spurious piezoelectrically produced electrical signals and similarly, the
      sensor in the Ayers et al patent has the same susceptibility because of
      pyroelectrically produced signals.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a precise and accurate sensing device that
      employs a pair of layers of electret material as sensing mediums. The
      electret layers are separated by an inner conductive layer that is in
      electrical contact with one surface of each of the electret layers. The
      other surface of each layer is coated by an outer conductive layer. An
      electronic sensing circuit is connected to at least two of the conductive
      layers for detecting electrical signals thereon.
PAR  In a first preferred embodiment, the present invention is utilized as a
      thermal sensor having an operation dependent upon the sensing of
      pyroelectrically produced electrical signals and canceling of spurious
      piezoelectrically produced signals due to bending. Accordingly, precise
      and accurate sensing is achieved. The two electret layers of this
      embodiment are poled in opposite directions, and the sensing circuitry is
      connected across the inner conductive plate and the outer conductive
      plates, which outer plates are electrically grounded together. By thus
      using two electret layers as sensing mediums the sensing signal is double
      that of a sensor using only one electret layer for a given change in
      temperature, and by grounding the outer conductive layers the sensor is
      shielded from sensing spurious electrostatic charges.
PAR  In another preferred embodiment, the present invention is utilized as a
      stress sensor to sense electrical signals that are piezoelectrically
      produced by bending, with provisions made to operatively cancel all
      spurious pyroelectrically produced signals. Therefore, this embodiment
      also provides accurate and precise sensing.
PAR  The foregoing and other advantages of the present invention will appear
      from the following description. In the description reference is made to
      the accompanying drawings, which form a part hereof, and in which there is
      shown by way of illustration, and not of limitation, specific forms in
      which the invention may be embodied. Such embodiments do not represent the
      full scope of the invention, but rather the invention may be employed in a
      variety of embodiments, and reference is made to the claims herein for
      interpreting the breadth of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a first embodiment of the present
      invention that is utilized as a thermal sensing device;
PAR  FIG. 2 is a sensor of FIG. 1 with electrostatic charges indicated thereon
      as are produced when the sensor is temperature varied;
PAR  FIG. 3 is the sensor of FIG. 1 with electrostatic charges indicated thereon
      as are produced by bending of the sensor;
PAR  FIG. 4 is a schematic diagram of a second embodiment of the present
      invention that is utilized as a thermal sensing device, and with
      electrostatic charges indicated thereon as are produced when the sensor is
      temperature varied;
PAR  FIG. 5 is a third embodiment of the present invention that is utilized as a
      stress sensing device, and with electrostatic charges indicated thereon as
      are produced by uniformly temperature varying the sensor;
PAR  FIG. 6 is a view of the sensor of FIG. 5 with electrostatic charges
      indicated thereon as are produced by bending the sensor; and
PAR  FIG. 7 is a schematic diagram of a fourth embodiment of the present
      invention and is utilized as a stress sensing device and with
      electrostatic charges indicated thereon as are produced by the uniform
      temperature variation of the sensor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention relates to thermal sensing devices that employ
      sensing mediums formed of a polymer electret material that has both
      pyroelectric and piezoelectric properties. The former property produces an
      electrical signal due to changes in ambient temperature of the sensing
      medium whereas the latter property produces an electrical signal as a
      result of axial stress changes in the sensing medium. The present
      invention provides various forms of sensors which produce sensing
      operations through the detecting of electrical signals produced in a
      sensing medium because of one of the above properties, with provisions
      made for canceling electrical signals produced by the other property to
      provide accurate and precise sensing.
PAR  Referring now to FIG. 1, a first preferred embodiment of the present
      invention is shown in the form of a thermal sensor 1 which provides for
      the sensing of pyroelectrically produced electrical signals, and is
      compensated to substantially cancel piezoelectric charges caused by
      bending. The sensor 1 preferably includes two similar nonconductive
      electret layers 2 and 3 that may be formed from polyvinylidene fluoride,
      polyvinyl fluoride, lanthanum modified lead zirconate-titanate or some
      other such noncrystalline material having both pyroelectric and
      piezoelectric properties.
PAR  The electret layers 2 and 3 serve as sensing mediums in the sensor 1 and
      are joined together in electrical contact by a conductive layer 4 that is
      in surface-to-surface electrical contact with an inner surface of each of
      the layers 2 and 3. The outer surfaces of the layers 2 and 3 are also in
      surface-to-surface electrical contact with equally sized conductive layers
      7 and 8, respectively, which may be coated on the outer surfaces of the
      electret layers 2 and 3. Layers 7 and 8 are electrically connected
      together to ground by a conductor 9. A sensing circuit 10, such as a
      voltmeter, ammeter or other suitable sensing circuitry, is electrically
      connected between the conductive layer 4 and ground. For purposes of
      clarity, the thickness of the layers 2, 3, 4, 7 and 8 are shown
      exaggerated. Sensors have been made with the layers 2 and 3 normally about
      50 microns each and the layers 4, 7 and 8 normally about 20 microns each.
      However, the layers 2 and 3 may be as thin as 6 microns and the layers 4,
      7 and 8 may be as thin as 1 micron.
PAR  The electret layers 2 and 3 are preferably uniformly poled with respect to
      magnitude, but are poled in opposite directions, as indicated by the
      arrows 11 and 12 in the layers 2 and 3 respectively. Poling of the
      electret layers 2 and 3 arranges the dipoles of the layers 2 and 3 normal
      to the planar surfaces thereof when the layers are heated above a
      particular temperature commonly referred to as the poling temperature. At
      the poling temperature, the dipoles of the electret layers 2 and 3 orient
      themselves in accordance with an applied electric field. The degree of
      dipole orientation is a function of the temperature to which the layers 2
      and 3 are heated, the applied field strength and length of time the field
      is applied. For example, substantial poling begins in polyvinylidene
      fluoride when it is heated to a temperature greater than 90.degree. C with
      an electric field of at least 4,000 volts per millimeter of thickness
      applied for approximately 15 minutes. Increasing the temperature and/or
      the applied electric field will progressively increase the degree of
      poling achieved up to a maximum of saturation.
PAR  Once the electret layers 2 and 3 are poled and then cooled below their
      poling temperature, the applied field may be removed and the dipoles of
      the layers 2 and 3 remain as oriented by the applied field. Care should be
      taken though to insure that the layers 2 and 3 are not heated above their
      poling temperature for extended periods in order that their dipoles are
      not permitted to return to a random orientation. After poling is
      completed, the layers 2 and 3 will thereafter produce opposite
      electrostatic charges on their planar surfaces when varied from an ambient
      temperature because of their pyroelectric properties. In addition, axial
      stress on the layers 2 and 3 will also produce electrostatic charges of
      opposite polarity on the surfaces of the layers 2 and 3 due to the
      piezoelectric properties of the layers 2 and 3.
PAR  It is preferable that the conductive layers 7 and 8 be equal in size to one
      another as well as the electret layers 2 and 3, and that the layers 2 and
      3 have equal magnitudes of poling so that when the layers 2 and 3 are
      heated or stressed, equal levels of electrostatic charges will appear on
      the conductive layers 7 and 8. However, such conditions are not essential
      to the present invention because the layers 2 and 3 or 7 and 8 may differ
      in size, but equal charges may still be accumulated on the conductive
      layers 7 and 8 by using layers 2 and 3 which have been poled to a
      different degree.
PAR  To more fully describe the present invention, the operation of the sensor 1
      will now be described. Upon varying the temperature of the sensor 1 in a
      uniform fashion so that the electret layers 2 and 3 are equally
      temperature varied, a uniform distribution of pyroelectrically derived
      electrostatic charges of opposite polarities will accumulate on the
      surfaces of the layers 2 and 3, as indicated in FIG. 2, in a direct
      proportion to the magnitude of poling of the layers 2 and 3 and their
      surface area. Because of the difference in the direction of poling of the
      layers 2 and 3, only electrostatic charges of one polarity appear on the
      outer surface of each of the layers 2 and 3 and only electrostatic charges
      of the opposite polarity appear on the inner surfaces of the layers 2 and
      3. Thus, a perceptible voltage potential exists between the outer and
      inner surfaces of the layers 2 and 3. Because the layers 2 and 3 are
      substantially nonconductive, the electrically connected outer conductive
      layers 7 and 8 and the inner conductive layer 4 serve as means for
      conducting the charges from the surfaces of the layers 2 and 3 to the
      sensing circuit 10.
PAR  Thus, the sensor 1 serves to provide an electrical sensing signal when
      subjected to a temperature variation. Because of this characteristic, the
      sensor 1 has a wide variety of applications. However, many of the possible
      applications may result in intentional or unintentional bending of the
      sensor 1. But without piezoelectric compensation, the sensor 1 would not
      be entirely desirable to use in bending applications because the
      piezoelectric properties of the layers 2 and 3 produce spurious
      electrostatic charges when the layers 2 and 3 are subjected to a bending
      moment, and such charges may result in inaccurate sensing unless the
      sensor 1 provides compensation for such spurious charges. The construction
      of the sensor 1 is adapted to provide inherent piezoelectric compensation
      for bending to insure precise and accurate operation.
PAR  When the sensor 1 is subjected to stress as a result of bending,
      electrostatic charges form on the surfaces of the layers 2 and 3 with a
      magnitude directly proportional to the amount of tensile or compressive
      stress of the layers 2 and 3. The polarity of the electrostatic charges is
      dependent upon the direction of poling of the layers 2 and 3, and whether
      the stress is tensile or compressive. Taking these two factors into
      consideration, the sensor 1 is adapted so that bending of the sensor 1
      will produce electrostatic charges that cancel one another whereas
      temperature variation of the layers 2 and 3 results in a perceptible
      sensing voltage. Such charge cancellation is achieved by making the
      stiffness of the inner conductive layer 4 greater than the stiffness of
      the layers 2 and 3 combined with their respective conductive coatings 7
      and 8. Accordingly, when the sensor 1 is bent, the conductive layer 4
      serves as a point of zero compression or tension and, as indicated in the
      exaggerated view of FIG. 3, the layer 3 is extended while the layer 2 is
      compressed. However, it should be understood that bending of the sensor 1
      in the direction opposite to that shown will produce compression of the
      layer 3 and extension of the layer 2.
PAR  Due to the extension of the layer 3 positive and negative charges are
      respectively produced on the outer and inner surfaces thereof, whereas
      compression of the layer 2 produces negative and positive charges on its
      outer and inner surfaces. Because of the conductive layer 4 connecting the
      oppositely charged inner surfaces of the layers 2 and 3 together and the
      conductor 9 interconnecting the conductive layers 7 and 8 that
      electrically contact the oppositely charged outer surfaces of the layers 2
      and 3, the piezoelectric produced charges of the sensor 1 result in a
      substantially zero net charge across the sensing circuit 10.
PAR  In addition to providing the advantage of compensating for
      piezoelectrically produced charges for a given temperature change, the
      sensor 1 also provides the advantage of increased sensitivity since the
      pyroelectrically produced sensing charge furnished by the two electret
      layer configuration is double the sensing charge that would be produced by
      a sensor employing a single layer of electret 2 or 3. Furthermore, the
      grounded conductive outer layers shield the sensor 1 from reacting to
      spurious electrostatic charges that could also produce inaccurate
      operation of the sensor 1.
PAR  Referring now to FIG. 4, a second embodiment of the present invention is
      represented by a thermal sensor 18. Similar to the sensor 1, the sensor 18
      has two electret layers 19 and 20 connected at their inner surfaces with a
      conductive layer 21 and coated respectively with conductive layers 22 and
      23 on their outer surfaces. The sensor 18 differs from the sensor 1 by
      having both electret layers 19 and 20 poled in the same direction as
      indicated by the arrows 24 and 25, and a sensing circuit 26 is
      electrically connected across the outer conductive layers 22 and 23. In
      this arrangement of the present invention, uniform temperature variation
      of the layers 19 and 20 produces a sensing potential of electrostatic
      charges of opposite polarities on the surfaces of the electret layers 19
      and 20, as shown in FIG. 4. However, in accordance with the previous
      description of the operation of the sensor 1, bending of the sensor 18
      will produce only charges of one polarity on the outer surfaces of the
      electret layers 19 and 20 and charges of the opposite polarity on the
      inner surfaces thereof. The sensing circuit 26 is then presented to a
      substantially net zero charge.
PAR  Thus, as evidenced by the above described embodiments the present invention
      provides a simplistic means for achieving compensation of piezoelectric
      produced voltage potentials produced by bending in a thermal sensor.
      However, the present invention is not limited to such use because it may
      also be employed for compensating for pyroelectric produced voltage
      potentials in sensors that depend on the sensing of piezoelectric produced
      voltage potentials.
PAR  Referring now to FIG. 5, a sensor 28 is shown that is adapted to compensate
      for pyroelectric produced voltage potentials. The sensor 28 includes two
      electret layers 29 and 30 connected at their inner surfaces by a
      conductive layer 31 that is relatively stiff with respect to the electret
      layers 29 and 30. The outer surfaces of the layers 29 and 30 are
      respectively coated with conductive layers 32 and 33 and are electrically
      grounded by a conductor 34. Connected across the conductive layer 31 and
      the conductor 34 is a sensing circuit 36 for detecting a voltage potential
      difference between the inner conductive layer 31 and the outer conductive
      layers 32 and 33.
PAR  The arrangement of the components forming the sensor 28 is identical to
      that of the sensor 1, but the two sensors differ from one another in that
      the electret layers 29 and 30 of the sensor 28 are poled in the same
      direction, as indicated by the arrows 37 and 38, whereas the electret
      layers of the sensor 1 are both poled in opposite directions. Because the
      layers 29 and 30 are poled in the same direction, a uniform temperature
      change will produce a distribution of electrostatic charges on the
      surfaces of the layers 29 and 30, as shown in FIG. 5, which charges cancel
      one another and produce a zero net potential to the sensing circuit 36.
PAR  In contrast to the cancellation of electrostatic charges that are produced
      as a result of temperature variations of the sensor 28, bending of the
      sensor 28 produces a sensing potential across the circuit 36. The
      relatively stiff conductive layer 31 causes the sensor 28 to react to a
      bending force, as illuststrated in FIG. 6, by bending about the layer 31
      such that the electret layer 29 is compressed and the layer 30 is
      extended. Accordingly, electrostatic charge accumulations result on the
      surfaces of the layers 29 and 30 to produce a sensing potential
      proportional to the degree of bending of the sensor 28.
PAR  A fourth embodiment of the present invention is shown in FIG. 7 as a sensor
      39 that includes electret layers 40 and 41, an inner conductive layer 42,
      and outer conductive layers 43 and 44. The sensor 39 differs from the
      sensor 28 of FIG. 5 by having a sensing circuit 45 connected across the
      outer conductive layers 43 and 44, and the electret layers are poled in
      opposite directions indicated by the arrows 46 and 47. Similar to the
      sensor 28, uniform temperature variation of the sensor 39 has no effect on
      the net voltage potential across the circuit 45, as indicated in FIG. 7,
      but bending of the sensor 39 results in a sensing potential in accordance
      with the previous description of the sensor 28.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electret sensing device that is subjected to both temperature and
      stress variations and is employed for sensing one of said variations and
      ignoring the other of said variations, which device comprises:
PA1  a first electret layer of poled material that has both piezoelectric and
      pyroelectric properties and develops electrostatic charges of opposite
      polarities on its surfaces in correspondence to variations in temperature
      and variations in stress of said first electret layer;
PA1  a first conductive layer in surface-to-surface contact with one side of
      said first electret layer;
PA1  a second electret layer of poled material that has both piezoelectric and
      pyroelectric properties and develops electrostatic charges of opposite
      polarities on the surfaces in correspondence to variations in temperature
      and variations in stress of said second electret layer, which second layer
      is positioned substantially parallel to said first electret layer;
PA1  a second conductive layer in surface-to-surface contact with one side of
      said second electret layer;
PA1  a third conductive layer interposed between the other sides of said first
      and second electret layers and in electrical surface-to-surface contact
      therewith; and
PA1  electronic sensing circuitry connected to at least two of said conductive
      layers such that when the electret layers of said device are subjected to
      substantially uniform temperature variations and oppositely directed
      stress variations, said circuitry detects electrostatic charges thereon
      due to one of said variations in temperature and stress and ignores
      electrostatic charges thereon due to the other of said variations of
      temperature and stress.
NUM  2.
PAR  2. In a sensing device as recited in claim 1 wherein said device is a
      thermal sensor, said electret layers are positioned with their poling
      directed in opposite directions, and said sensing circuitry is
      electrically connected between said third conductive layer and said first
      and second conductive layers whereby pyroelectrically produced electrical
      signals due to temperature variation are detected by said sensor and
      piezoelectrically produced signals due to bending are canceled.
NUM  3.
PAR  3. In a sensing device as recited in claim 1 wherein said device is a
      thermal sensor, said electret layers are positioned with their poling
      directed in the same direction, and said sensing circuitry is electrically
      connected between said first and second conductive layers whereby
      pyroelectrically produced electrical signals are detected by said sensor
      and piezoelectrically produced signals due to bending are canceled.
NUM  4.
PAR  4. In a sensing device as recited in claim 1 wherein said device is a
      stress sensor, said electret layers are positioned with their poling in
      the same direction and said sensing circuitry is electrically connected
      between said third conductive layer and said first and second conductive
      layers whereby piezoelectrically produced electrical signals are detected
      by said sensor and pyroelectrically produced signals are canceled.
NUM  5.
PAR  5. In a sensing device as recited in claim 1 wherein said device is a
      stress sensor, said electret layers are positioned with their poling in
      opposite directions, and said sensing circuitry is electrically connected
      between said first conductive layer and said second conductive layer
      whereby piezoelectrically produced electrical signals are detected by said
      sensor and pyroelectrically produced signals are canceled.
NUM  6.
PAR  6. In a sensing device as recited in claim 3 wherein said third conductive
      layer is less flexible than the other layers of said device in order that
      said third conductive layer serves as a plane of zero compression and
      tension when the sensing device is bent.
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ABST
PAL  A support for use with diametral and other types of extensometers to
      support the weight of the extensometer and also permit the extensometer to
      move with the specimen in its translational axes without substantial
      restraint, that is, up, down and in all directions sideways. At the same
      time the support provides restraint or stiffness in all three axes of
      rotation of the extensometer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to supports for mounting extensometers used
      on test specimens.
PAR  2. Prior Art
PAR  Flexible supports for acceleration devices are shown in U.S. Pat. No.
      3,394,381, and such supports are used for isolating or preventing
      movements in more than one axes. However, the use of a support
      specifically with an extensometer to permit movement of the extensometer
      with the specimen tested in three linear axes is not shown in this patent.
      Additional patents which illustrate the state of the art relating to
      support members include U.S. Pat. No. 2,724,265; 2,845,794; 3,465,997;
      3,714,831; 3,726,986 and 3,735,952.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an extensometer support for use with
      diametral or other types of extensometers, such as circumferential
      extensometers, that will provide support for the extensometer to relieve
      the weight of the extensometer on the specimen and will also permit the
      extensometer to move with the specimen in linear directions, but will
      provide stiffness to resist undesirable rotation of the extensometer.
PAR  The support comprises a mounting flexure strip that is highly flexible, and
      which has one end mounted onto a support, such as the test machine frame
      or some other rigid point fixed in relation to the test machine frame. The
      other end of the thin flexure strip is attached to a block that adjustably
      mounts a support arm of substantial length, generally at least twice the
      length of the flexure strip, and the support arm in turn is used for
      mounting the extensometer itself. The flexure strip provides a spring
      force tending to maintain the outer end of the arm on which the
      extensometer is mounted in a preselected position, but will permit the
      extensometer to move in a plane perpendicular to the plane of the strip,
      twist about the longitudinal axis of the strip, and bend or flex about an
      axis transverse to the flexure strip without any substantial restraint.
      The extension of the flexure strip can either be upwardly or downwardly
      from the support arm, and a constant radius prebend may be formed into the
      flexure strip to provide a resilient force tending to support the weight
      of the extensometer when the flexure strip bends against the curve until
      it is substantially planar.
PAR  The support arm is adjustable in effective length to provide for adjustment
      of the effective balancing force of the flexure strip.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an extensometer support made in
      accordance with the present invention and supporting an extensometer in
      position on a specimen;
PAR  FIG. 2 is a view taken as on line 2--2 in FIG. 1;
PAR  FIG. 3 is an end elevational view of the device of FIG. 1 taken as on line
      3--3 in FIG. 1;
PAR  FIG. 4 is a part schematic side view of the device of FIG. 1 showing a
      typical movement of the extensometer permitted in up and down direction of
      the specimen;
PAR  FIG. 5 is a part schematic side view of the device of FIG. 4 showing
      typical movement in axial direction of the support arm; and
PAR  FIG. 6 is a top view of the device of FIG. 1 showing typical sideways
      movement of the extensometer permitted with the support of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, an extensometer indicated generally at 10 is mounted onto a
      specimen 11, that is held in a suitable manner with respect to a test
      machine shown fragmentarily at 12A. The test machine 12A has test grips 12
      that hold the specimen, and stress the specimen in axial direction. The
      extensometer 10 can be of any usual or preferred design, and as shown is a
      diametral extensometer. The construction of the extensometer per se does
      not form as part of the invention, and such extensometers are well known
      in the art in general configuration. For example, extensometers built and
      sold by the MTS Sytems Corporation, Eden Prairie, Minn. are usable.
      Generally, an extensometer includes two arms such as those shown in 13 and
      14, that mount specimen engaging members 15 and 16, which contact the
      specimen. The arms 13 and 14 are pivotally mounted together in a suitable
      manner (for example see U.S. Pat. No. 3,789,508), and sensing equipment
      such as strain gages or the like are used to determine when the arms move
      indicating that the diameter (or other dimension) of the specimen is
      changing to indicate that yielding is occurring during the test being
      conducted.
PAR  Supporting extensometers on the specimen, particularly diameter and
      circumference sensing extensometers has long been a problem in that the
      extensometer should be free to move with the specimen during the test
      operation without causing any unwanted stresses, which might cause the
      extensometer to slip, or which may affect the test being conducted on the
      specimen itself. Generally speaking, when a specimen is stressed along its
      longitudinal axis as shown in FIG. 1, it will tend to move in its
      direction along its axes, and in the orthogonal directions perpendicular
      to its longitudinal axes. Thus, the extensometer should be free to move in
      up and down directions, and in the orthogonal directions of the horizontal
      plane. In addition, if the support balances the weight of the
      extensometer, the tendency of the extensometer to slip on the specimen is
      greatly reduced in that the members 15 and 16 do not have to support any
      substantial weight.
PAR  As shown, the extensometer 10 has a mounting block 20 mounted thereon, and
      this block 20 in turn has a split type clamp portion 21 that fits over a
      lightweight aluminum tube 22 forming a support arm. The arm 22 in turn
      extends generally at right angles to the longitudinal axis of the specimen
      11, and is attached at its opposite end to a split clamp portion 23 of a
      mounting block 24. The block 24 also clamps a thin, spring steel flexure
      strip 25. The flexure stip 25, as shown, extends upwardly from the arm 22
      and is mounted in a clamp or block 26 at its upper end. The clamp or block
      26 is in turn fixed to a portion of test machine 12A or a support fixed
      with relation to the test machine frame.
PAR  The flexure strip 25, as previously stated is a thin, flexible spring steel
      member. To achieve the desired position of the arm 22 when the weight of
      the arm and extensometer are supported by the resilient force from the
      flexure strip, the flexure strip can be formed into a constant radius
      prebend as shown in dotted lines in FIG. 1. The dotted line representation
      is when the flexure strip is unsupported with respect to the arm. The
      prebend is usually formed with a fixture that has a fixed radius, and the
      strip is held on this fixture during heat treatment so that when the
      spring steel strip is completed it will have retained the proper radius.
      The use of a constant radius is important so that when the extensometer
      arm is at a horizontal position the strip 25 will be substantially planar
      as shown in solid lines. The effective lever arm of the support arm 22 can
      be changed by adjusting the position of this tube or arm in the split
      clamp 23 to provide for a balancing of the extensometer weight when the
      arm is held in its horizontal position at right angles to the axis of the
      specimen 11. The clamp 21 also can be used for adjustment.
PAR  Referring to FIG. 4, which is a view showing how the flexure strip 25
      permits movement in up and down or axial direction of the specimen 11
      during testing. The arm 22 can move up and down and the flexure strip 25
      will bend generally to the configuration shown in dotted lines in FIG. 4
      to permit this bending. It can be seen that there will be a slight
      shifting of the arm, and consequently there will be some tendency to tend
      to rotate the extensometer in pitch about its central axis 30 as indicated
      by the arrow in FIG. 4. The axis 30 is perpendicular to the longitudinal
      central axis of tube 22. The small amount of this rotation however can be
      accommodated by the extensometer support while rigidity against any
      substantial rotational movement is provided.
PAR  In FIG. 5, the ability of the arm 22 to move along its longitudinal axis is
      illustrated. This direction comprises a first orthogonal direction in a
      plane perpendicular to the longitudinal axis of the specimen 11. Movement
      in either direction as indicated by the double arrow 31 will result in
      bending of the flexure strip across its narrow or transverse dimension
      near the mounting bracket 26, also shown in dotted lines in FIG. 5. There
      will also be a slight tendency of the arm to raise to tend to rotate the
      extensometer slightly about a pitch axis, but again, the amount is very
      small.
PAR  In FIG. 6, a top view of the extensometer is shown, and the ability of the
      arm 22 to permit the extensometer to move in a second orthogonal direction
      in a plane perpendicular to the axis of the specimen 11 is shown. Such
      movement, which would be generally at right angles to the movement shown
      in FIG. 5, will cause the flexure strip 25 to twist about its longitudinal
      axis, and because the flexure strip is thin, and relatively long it can
      twist without exerting any substantial force on the specimen or the
      extensometer.
PAR  It should also be noted that when the extensometer tends to move as shown
      in FIG. 6, there will be some tendency of the extensometer to rotate in
      yaw about its axis 32 also shown in FIG. 6. Axis 32 is the effective pivot
      axis between the arms 13 and 14 of the extensometer. This tendency to
      rotate in yaw is very minute and can be accommodated.
PAR  The overall assembly of the arm 22 and the flexure strip 25 provides
      substantial resistance to rotation of the extensometer in yaw, pitch, or
      in roll, which would be generally along an axis parallel to the axis of
      the tube 22. It can be seen that if the tube 22 tends to twist, this will
      be resisted by the flexure strip across its full width, and if the
      extensometer itself tends to rotate in yaw about its axis 32, as shown in
      FIG. 6, the force from the flexure strip will act through the entire
      length of the tube 22 to provide a substantial resisting force to this
      yaw. Likewise, if the extensometer tends to rotate in pitch as shown in
      FIGS. 4 or 5, the flexure strip 25 resists such movement as a column (such
      loads would cause it to buckle if the strip were to give), and the
      resistance force also acts through the length of the tube 22 to provide
      substantial rigidity to resist rotation of the extensometer itself in
      pitch about the extensometer axis 30. Thus the mounting assembly permits
      movement in directions where it is necessary, namely the linear directions
      of the movement of the specimen, or any combintion of these linear
      directions, and resists the movements that are undesirable such as the
      roll, pitch and yaw of the extensometer itself.
PAR  In a typical application, the flexure strip may comprise high strength
      spring steel approximately 0.010 inch thick, in a stip 1/2 inch wide and
      approximately 31/2 inches long. Such a flexure strip is used to support an
      MTS Systems Corporation diametral extensometer model 632.18 or 632.20. The
      support arm 22 is preferably approximately twice the length of the flexure
      strip 25.
PAR  It should be pointed out that if the constant radius prebend is eliminated,
      a suitable separate spring can be used in combination with a planar
      flexure strip for holding the weight of the specimen, or a counterweight
      could be added to the opposite end of the arm 22 from the extensometer to
      counterbalance the specimen weight. However, this counterweight increases
      the inertia of the overall system and thus is undesirable.
PAR  The support mechanism is lightweight, low cost, and permits the desired
      movement to insure proper sensing of changes in diameter of the specimen
      during tests.
PAR  The adjustability of the effective length of the arm 22 permits adjustment
      of the support force to achieve the desired balance of the extensometer
      weight and correct for slightly different weights and resiliency of the
      flexure strip.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A support assembly for an extensometer used for determining changes in a
      dimension of a test specimen held in a test frame comprising an elongated
      flexible resilient strip having a first end adapted to be supported with
      respect to a test frame independently of a specimen with which the support
      assembly is to be used and having a second end, said flexible strip having
      a longitudinal axis extending generally in the same direction as the
      direction of extension of a specimen with which the support assembly is to
      be used, an elongated support arm, means to physically attach said support
      arm to said second end of said flexible strip in position extending
      generally normal to the flexible strip, and means to mount an extensometer
      independently of a specimen with which the support assembly is to be used
      at a portion of said support arm spaced from said flexible strip.
NUM  2.
PAR  2. The support of claim 1 wherein the means to attach the support arm to
      said flexible strip comprises adjustable means permitting lengthwise
      adjustable movement of said support arm with respect to said flexible
      strip.
NUM  3.
PAR  3. The support of claim 2 wherein said support arm is substantially twice
      as long as said flexible strip.
NUM  4.
PAR  4. The support of claim 1 wherein said flexible strip comprises a thin
      metal strip having a longitudinal length, said strip being formed into a
      curve from said first end to said second end when at rest, and formed to
      provide a resilient force tending to counterbalance weight of an
      extensometer to be mounted at the outer end of said support arm when said
      strip bends opposite the curve and becomes substantially planar.
NUM  5.
PAR  5. A support for an extensometer used for determining changes in a
      dimension of a test specimen held in a test frame comprising an elongated
      flexible strip having a first end adapted to be supported with respect to
      a test frame and a second end, said flexible strip having a longitudinal
      axis extending generally in the same direction as the direction of
      extension of a specimen with which the support is to be used, an elongated
      support arm, means to attach said arm to said second end of said flexible
      strip in position extending generally normal to the strip, and means to
      mount an extensometer at a portion of said arm spaced from said flexible
      strip, said flexible strip being of sufficient size to provide a force to
      counterbalance the weight of an extensometer to be mounted at an outer end
      of said support arm, and said flexible strip permitting substantially
      unrestricted movement of said extensometer in a direction axially along
      said elongated support arm, and in directions generally perpendicular to
      the longitudinal axis of said support arm.
NUM  6.
PAR  6. An assembly for supporting an extensometer for sensing dimensional
      changes of a specimen mounted in a test frame comprising a flexible
      resilient strip having a longitudinal length, a width transverse to its
      length, and a thickness, means adapted to mount said strip with respect to
      a test frame used for applying force to a specimen, an elongated support
      arm having a longitudinal axis, means to connect said support arm to said
      flexible strip in position spaced from the means adapted to mount, and
      separate means at the outer end of said support arm to mount an
      extensometer thereon, at least one of the two last mentioned means
      comprising a releasable adjustable member for permitting adjustment in
      direction along the longitudinal axis of said support arm, said means
      adapted to mount said strip orienting said strip so that the length of
      said strip extends generally in the same direction as the direction of
      force applied to a specimen with which the assembly is to be used and the
      width of said strip is substantially normal to the longitudinal axis of
      said support arm.
NUM  7.
PAR  7. The combination of claim 6 wherein the thickness of said strip is
      selected to permit bending of said flexible strip transverse to its
      longitudinal axis and twisting about its longitudinal axis without
      substantially changing the force exerted by said strip at the outer end of
      said support arm.
NUM  8.
PAR  8. The combination of claim 7 wherein said flexible strip provides
      substantial resistance to rotation of said support arm about the
      longitudinal axis of said support arm.
NUM  9.
PAR  9. A method of supporting an extensometer with respect to a test frame
      applying force to a specimen with which an extensometer is to be used
      comprising supporting an extensometer on a support arm extending generally
      at right angle to the direction of force applied to a specimen with which
      the extensometer is to be used, and supporting said support arm at a
      location spaced from an extensometer supported on the support arm with a
      flexible resilient elongated member configured to provide a resilient
      force on the support arm substantially balancing the weight of the
      extensometer to support the extensometer independently of the specimen
      with which the extensometer is being used.
NUM  10.
PAR  10. The method of claim 9 including the further step of orienting said
      flexible elongated member to permit said extensometer to move generally in
      a direction parallel to the direction of force applied to a specimen with
      which the extensometer is to be used without substantial restraint but to
      resist the tendency of the extensometer to rotate about an axis
      perpendicular to the direction of force applied to a specimen with which
      the extensometer is used.
NUM  11.
PAR  11. The method of claim 9 including the step of initially forming said
      elongated member in a curved shape selected so the member is substantially
      straight when the weight of an extensometer is balanced.
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PAL  A method of determining the suitability of continuously cast slabs of Al-
      or Al-Si-killed soft steel for producing cold rolled sheets to be tinned,
      wherein from the cast strand a transverse sample of a length of 50 to 150
      mm, preferably 100 mm, is taken by making parallel cuts perpendicular to
      the thickness of the strand, and a slanting cut is made from the one end
      of the sample starting from the surface thereof, which at the other end of
      the sample is 30 mm deep, whereupon a Baumann print is made of this cut
      area, which shows inclusion clouds as brown spots; upon this the whole
      area of the inclusion clouds is planimetered and the planimetered area in
      mm.sup.2 is put in relationship to the slanting cut area in dm.sup.2 ; a
      use of such steels having a characteristic value thus determined of
      maximally 5 mm.sup.2 /dm.sup.2.
BSUM
PAR  In slabs produced by the continuous casting process of Al- or Al-Si-killed
      soft steel, which have a width of 600 to 2500 mm, the molten steel is cast
      from a casting ladle into a tundish and from there into the continuous
      casting mould via immersion tubes. The level of the molten metal in the
      mould is covered with casting slag or casting powder. The strand is
      extracted from the mould while the sump is still liquid and in the
      secondary cooling zone it is cooled until it has solidified throughout.
PAR  There are extremely high demands on cold rolled sheets, especially tin
      plates intended for tinning, as regards the surface quality of the slabs;
      this is so because each surface fault, after tinning, is not lessened, but
      appears even more clearly. In soft Al- or Al-Si-killed steels line-like
      surface patterns occur which are caused by cloud-like accumulations of
      microscopic Al-oxide- or -Al-Si-oxide inclusions. Sheets having such
      surface patterns cannot be used for tinning, but have to be used for
      lesser purposes.
PAR  It is very difficult to produce tin sheets that are free from the above
      mentioned surface faults, since the thickness of the sheets, which amounts
      to about 0.2 mm, is very low. During the rolling process the
      inclusion-clouds come to the surface of the rolling stock, depending on
      the thickness of the cast-or sheet product, because the inclusions are not
      deformed during rolling. The thinner the sheet becomes, the larger the
      inclusions become relative to the sheet thickness. Finally, the inclusions
      cut through the surface and become apparent. In tin sheets the surface
      quality is impaired by inclusion-clouds which lie in the slabs up to 30 mm
      deep.
PAR  The invention has as its object to find a characteristic value for the
      oxidic inclusions which allows for a simple determination of the
      suitability of cast steel slabs for the production of sheets to be tinned.
PAR  The method of the invention by which this object is achieved consists in
      that, from the cast strand, a transverse sample of a length of 50 to 150
      mm, preferably 100 mm, is taken by making parallel cuts, perpendicular to
      the thickness of the strand, and that from one end of the sample, a
      slanting cut, starting from the surface thereof, is made which at the
      other end of the sample is 30 mm deep, whereupon a Baumann print is made
      of this cut area which shows inclusion clouds present as brown spots, and
      then the whole area of the inclusion clouds is planimetered and the
      planimetered area in mm.sup.2 is put in relation to the slanting cut area
      in dm.sup.2.
PAR  Slanting cuts on the surface have proved especially useful for determining
      the degree of purity. In this way a large region of the critical rim zone
      is covered. Samples of a length of 100 mm -- viewed in the direction of
      casting -- are considered to be the best ones. Samples that are shorter
      than 50 mm are not as telling. Samples that are longer than 150 mm are
      disadvantageous because of the wear of material.
PAR  If in this determination a value is obtained in which the characteristic
      value is not more than 5 mm.sup.2 /dm.sup.2, then such slabs are suited
      for the production of tinned sheets.
PAR  Continuously cast steel slabs whose purity in the surface zone has
      characteristic values not exceeding 5mm.sup.2 /dm.sup.2 can be produced by
      subjecting the molten steel in the tundish to a special cleaning and by
      controlling the casting conditions in the mould, as has been known per se.
      It has already been recommended in proposals partly not yet belonging to
      the prior art, to flush the steel when it flows through the tundish,
      preferably over the whole cross-section, continuously with inert gas; to
      furthermore upwardly deflect, at an angle of 5.degree. to 45.degree., the
      steel in the mould by two opposite casting tube outlets directed toward
      the narrow side of the mould and also to control the outflow speed of the
      steel from the casting tube outlets so that a turbulent current is created
      which prevents or reduces deposits in the area of the strand skin up to a
      thickness of 30 mm. Such turbulent currents can be obtained for instance
      when the casting tube outlets are 40 to 80 cm away from the side walls of
      the mould with outflow speeds of 60 to 120 cm/sec. The gas flushing in the
      tundish can take place in a known manner, for instance by means of porous
      bricks arranged in the bottom of the tundish. Due to this gas flushing,
      most of the impurities present are brought to the surface and accommodated
      by a slag layer. This is a pre-cleaning. Also during a deflection in the
      mould slag particles still present are brought to the surface and
      accommodated by a layer of casting powder.
PAR  The method of the invention shall now be described in greater detail by way
      of an example.
PAR  Steel of the following chemical composition was cast for the production of
      tin sheet in a slab strand casting plant:
TBL  C          0.06%       P        0.015%                                    
     Si         0.06%       S        0.017%                                    
     Mn         0.30%       Al       0.022%                                    
PAL  The mould was adjusted to a size of 1000 .times.  225 mm. The withdrawal
      speed was 0.8 m/min. In the tundish the steel was continuously flushed.
      Therein the use of N.sub.2 as flush gas was 50 Ncm.sup.3 /kg steel. The
      immersion tube had two outlets of equal size. They were upwardly inclined
      by less than 20.degree. -- relative to the horizontal -- and had a
      circle-cross-section with a diameter of 45 mm. This resulted in an outflow
      speed out of the casting tube openings of 95 cm/sec. The turbulence
      occurring at the front of solidification under the above described
      conditions ensures a very pure rim zone. A determination of the inclusion
      characteristic value according to the method of the invention gave 4
      mm.sup.2 /dm.sup.2 and thus it is within the range of the inclusion
      content permissible for tin sheets. No surface faults could be found on
      the tinned sheets.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of determining the suitability of continuously cast slabs of
      Al- or Al-Si-killed soft steel for producing cold rolled sheets to be
      tinned, comprising taking a transverse sample of a length of between 50
      and 150 mm by making parallel cuts perpendicular to the thickness of the
      strand and making a slanting cut in the sample, which cut starts from one
      end of the sample from the surface thereof and is 30 mm deep at the other
      end of the sample, thus creating a slanting cut area, subsequently making
      a Baumann print of the slanting cut area showing inclusion clouds present
      as brown spots, thereupon planimetering the whole inclusion-clouds-area
      and putting the planimetered area in mm.sup.2 in relationship to the
      slanting cut area in dm.sup.2.
NUM  2.
PAR  2. A method as set forth in claim 1, wherein the transverse sample is 100
      mm long.
NUM  3.
PAR  3. Sheet to be tinned produced from a continuously cast slab of Al- or
      Al-Si-killed soft steel, which slab, when subjected to the method of claim
      1, exhibits a relationship of planimetered area to slanting cut area of a
      maximum of 5 mm.sup.2 /dm.sup.2.
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PAL  The disclosure describes apparatus for disabling selected cylinders of an
      internal combustion engine operated by periodic cycles of ignition
      signals. The apparatus prevents one or more predetermined ignition signals
      in each cycle from energizing engine components, such as spark plugs,
      which normally receive the ignition signals. In order to achieve this
      purpose, a clock pulse generator generates a uniform pulse in response to
      the receipt of each ignition signal from the engine. Three bistable
      flipflop circuits are used to produce output signals having states
      representative of the number of clock pulses received from the clock pulse
      generator. Gating circuitry returns the output signals to an initial state
      after receipt of a predetermined number of clock pulses, such as the
      number of cylinders in the engine being diagnosed. As the apparatus
      commences operation, removable setting means set the output signals to
      their initial state by means of a setting pulse generated by one of the
      ignition signals. The repetition rate of the setting pulse is divided
      before being applied to the flipflop circuits in order to improve the
      diagnostic usefulness of the system. The transmission of the setting pulse
      also is delayed so that the output signals normally are returned to their
      initial state by the gating circuitry and clock pulses prior to the time
      the setting pulse is received by the flipflop circuits. A selecting
      circuit generates a disabling pulse in response to a predetermined state
      of the output signals. The disabling pulse switches a disabling device,
      such as a triac, to a conductive state to prevent a predetermined ignition
      signal from firing a selected spark plug, thereby aiding the diagnosis of
      the engine.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to engine diagnostic apparatus and more particularly
      relates to apparatus for diagnosing an engine by disabling a predetermined
      component or cylinder thereof.
PAR  Automobile owners frequently complain that the engines of their automobiles
      run roughly or appear to "miss" on one or more cylinders. In order to
      diagnose the engine when such operating conditions are encountered,
      automobile mechanics have tried to discover the cylinder which is missing.
      In order to perform the disgnosis, many mechanics have found it useful to
      disable the cylinders of the engine one-at-a-time and to observe the
      resulting engine performance. If a properly operating cylinder is
      disabled, the engine runs more roughly, whereas if a defective cylinder is
      disabled, little or no change in the engine operation is observed. By
      systematically disabling the cylinders of the engine one-at-a-time, the
      mechanic may quickly locate the defective cylinder.
PAR  A variety of devices for performing the abovedescribed engine diagnosis
      have been described in the past. One such device is shown in U.S. Pat. No.
      3,788,129 (Trussell -- Jan. 29, 1974). Another such device is shown in
      U.S. Pat. No. 3,573,608 (Marino -- Apr. 6, 1971) and U.S. Pat. No.
      3,572,103 (Marino -- Mar. 23, 1971).
PAR  Each of these devices has exhibited deficiencies which have limited their
      overall usefulness. For example, the Trussell apparatus employs a counter
      in which different counting states represent different engine cylinders
      depending on whether four, six 6 or eight cylinder engines are being
      diagnosed. This arrangement complicates the decoding circuitry connected
      to the output of the counter and generally requires the use of mechanical
      switches in such circuitry. The Marino apparatus employs a ring counter
      which must be reset during each engine cycle by a signal from a reference
      spark plug. This complicates the circuitry required when the reference
      spark plug is the device being disabled during the engine diagnosis.
PAR  The applicants have invented an improved cylinder disabling system in which
      a bistable device is used to produce binary output signals having states
      representative of the cylinders of an engine. The bistable device and
      associated gating circuitry are arranged so that a particular output
      signal state always represents the same engine cylinder irrespective of
      whether a four, six or eight cylinder engine is being diagnosed. This
      feature enables the system to employ an all electronic decoding network of
      a simple and inexpensive design.
PAR  In addition, the applicants' apparatus uses a setting pulse from a
      reference spark plug to set the output signals to an initial state only
      during the initial start up of operation. Thereafter, the output signals
      automatically are returned to the initial state without the use of the
      setting pulse. This feature enables the bistable device to automatically
      disable the cylinder employing the reference spark plug without the
      necessity for additional complicating circuitry.
PAR  In addition to the foregoing features, the applicants' invention divides
      the repetition rate of the setting pulses before applying them to the
      bistable device. This feature provides additional diagnostic flexibility
      which is lacking in a device which depends upon a setting pulse to reset a
      counter during every engine cycle.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other advantages and features of the present invention will
      hereafter appear in connection with the accompanying drawings in which
      like numbers refer to like parts throughout and in which:
PAR  FIG. 1 is a block diagram, schematic drawing of a preferred embodiment of
      the present invention shown in connection with an exemplary engine to be
      diagnosed;
PAR  FIG. 2 is an electrical schematic diagram of the signal conditioning, delay
      and divide-by-two circuits shown in FIG. 1;
PAR  FIG. 3 is an electrical schematic diagram of the variable modulus
      multi-state device and engine selector shown in FIG. 1;
PAR  FIG. 4 is an electrical schematic diagram of the multiplexer, cylinder
      disable push button selector and cylinder shorting devices shown in FIG.
      1;
PAR  FIG. 5 is an electrical schematic diagram illustrating in detail a
      preferred form of the multiplexer shown in FIG. 1;
PAR  FIG. 6 is a timing diagram illustrating the voltage waveforms at the
      like-lettered points in the variable modulus multi-state device for the
      four cylinder mode of operation;
PAR  FIG. 7 is a timing diagram illustrating the voltage waveforms at the
      like-lettered points in the variable modulus multi-state device for the
      six cylinder mode of operation; and
PAR  FIG. 8 is a timing diagram illustrating the voltage waveforms at the
      like-lettered points in the variable modulus multi-state device for the
      eight cylinder mode of operation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the embodiment of the invention shown herein may be
      used for the diagnosis of an engine, such as exemplary internal combustion
      engine 10. Engine 10 comprises 8 cylinders into which are fitted spark
      plugs 1-8. The spark plugs are energized by wires 21-28, respectively,
      which originate in a conventional spark distributor 30.
PAR  The distributor includes a set of contact points 32, 33 which are opened
      and closed in synchronism with the engine by a cam 35. Distributor 30 is
      connected to the primary circuit of a coil 42 through a conductor 44. In a
      well-known manner, the distributor creates re-occuring cycles of 8
      ignition signals (one ignition signal for each spark plug of the engine)
      which are conducted through conductor 44 to the primary of coil 42. By
      means of contact points 32, 33, a condensor (not shown) and the primary
      circuit, ignition signals P (FIG. 6) are generated. These signals induce
      high voltages in the coil secondary which are conducted through conductor
      46 to a rotor (not shown) of the distributor. The rotor then distributes
      the high voltage ignition signals through wires 21-28 to the spark plugs.
PAR  Referring to FIG. 1, a preferred form of engine diagnostic apparatus made
      in accordance with the present invention basically comprises an input
      signal conditioning circuit 52, a variable modulus multi-state device 80,
      an engine selector 124, a signal conditioning circuit 150, a delay circuit
      188, a divide-by-two circuit 200, a selecting multiplexer circuit 210 and
      a cylinder disable selector 240 which produce a disabling pulse, and a
      shorting circuit 320 which disables points 32, 33 in response to the
      disabling pulse.
PAR  Referring to FIG. 2, signal conditioning circuit 52 comprises a transistor
      54 which conditions the coil primary signal transmitted over conductor 50
      in cooperation with resistors 56-59, capacitors 62-64 and a diode 66. The
      circuit also includes NAND gates 69, 70 which generate T and T signals
      that serve as clock pulses for multi-state device 80.
PAR  Additional conditioning circuitry appropriate for use in connection with
      multi-state device 80 is described in U.S. Pat. No. 3,788,129 (Trussell --
      Jan. 29, 1974) in connection with generating circuit 70.
PAR  Referring to FIG. 3, multi-state device 80 includes a bistable circuit
      comprising J-K flipflop 82 having an output 82Q, a J-K flipflop 84 having
      complementary outputs 84Q and 84Q, and J-K flipflop 86 having
      complementary outputs 86Q and 86Q. The bistable circuit is controlled by a
      gating circuit including a mode signal producing J-K flipflop 88 having
      complementary outputs 88Q and 88Q. Each of the foregoing flipflops has a J
      input, a K input, a clock input CP, a Q output, a Q output, an S or set
      input and an R or reset input as shown. The flipflops are controlled by
      resistors 90, 91 and a capacitor 93.
PAR  Additional portions of the gating circuit used to control flipflops 82, 84
      and 86 comprise an AND gate 96 which includes diodes 98, 99 and a resistor
      100. NAND gates 102 and 103 are used to control the operation of the
      flipflops when a six cylinder engine is being diagnosed. An OR gate 105
      comprising a diode 106 and a resistor 107 controls the pulses transmitted
      to the R input of flipflop 88. Diodes 110, 111, and resistors 113, 114 are
      also included in multi-state device 80. The binary output signals A, B and
      C generated by the flipflops are transmitted to multiplexer 210 over
      conductors 116-118.
PAR  Another portion of the gating circuit used to control flipflops 82, 84 and
      86 is engine selector 124. The selector includes an 8 cylinder switch 126
      having a switch arm 127 that moves between terminals 128-130; a 6 cylinder
      switch 132 including a switch arm 133 that moves between terminals
      134-136; and a 4 cylinder switch 138 having a switch arm 139 that moves
      between terminals 140-142. Switch arms 127 and 139 are shown in the "out"
      or off position and switch arm 133 is shown in the "in" or on position.
      Selector 124 communicates with multi-state device 80 over conductors 144
      and 145 which are connected as shown.
PAR  Referring to FIGS. 1 and 2, signal conditioning circuit 150 receives input
      signals from an inductive pick-up 152 which is clamped around spark plug
      lead 21. Pick up 152 transmits the signals over a conductor 154 to the
      circuitry controlling a transistor 156 which includes resistors 158-160,
      capacitors 162-165, an inductor 166 and a diode 167.
PAR  The output from transistor 156 is conducted through a resistor 168 to a one
      shot multivibrator 170 that produces a 3 millisecond pulse utilized as a
      noise-blanking signal. The duration of the noiseblanking signal is
      controlled by the values of capacitors 173, 174 and resistor 172. The
      output of multivibrator 170 is conducted to another one shot multivibrator
      176 which produces a 0.5 millisecond setting pulse on conductor 183. The
      duration of this setting pulse is determined by the values of capacitors
      179, 180 and a resistor 178. Multivibrator 176 is also controlled by a
      capacitor 181.
PAR  The setting pulse is transmitted over conductor 183 to delay circuit 188
      which comprises a transistor 190, resistors 192-195, and a capacitor 196,
      all connected as shown. The delayed setting pulse is transmitted over a
      conductor 198 to divide-by-two circuit 200, and the Q output of
      multivibrator 176 is transmitted over a conductor 199 to circuit 200.
PAR  Circuit 200 comprises a J-K flipflop 202 having a Q output which is gated
      through NAND gates 204, 205 and is controlled by a resistor 207. The NAND
      gates transmit a SYNCH pulse to multi-state device 80 over a conductor
      208. Flipflop 202 has a J input, a K input, a clock input CP, a set input
      S and a reset input R, as well as outputs Q and Q, all connected as shown.
PAR  Referring to FIG. 5, multiplexer circuit 210 comprises inverters 212-219,
      AND gates 220-227, a NOR gate 228, and NAND gate 230, another NAND gate
      231, a grounded input conductor 238 and an output conductor 239.
PAR  Referring to FIG. 4, cylinder disable selector 240 comprises switches
      241-248 including switch arms 251-258, respectively. These switch arms
      move between upper terminals 261-268, middle terminals 271-278 and lower
      terminals 281-288, respectively. Switch arms 251-258 are operated by push
      buttons 291-298, respectively (FIG. 1). The outputs of switches 241-248
      are connected through conductors 301-308 to multiplexer 210 by a cable
      309. The switches are biased by a resistor 311 and a capacitor 312. Switch
      arms 251-258 are shown in their out or off positions in which each of
      input conductors 301-308 is grounded. If one of the switch arms is moved
      to the in or on position, the corresponding one of input conductors
      301-308 is connected to +15 volts through resistor 311.
PAR  Cylinder shorting circuit 320 comprises a NAND gate 322 that is biased by a
      resistor 330, diodes 324, 325 and a transistor 327 that is controlled by
      resistors 331-334 and a capacitor 336. The circuit also includes a triac
      338 having a gate input 338g which is controlled by a resistor 340 and
      capacitors 342-345. A resistor 347 is connected in series with the triac
      so that a voltage is developed between conductor 50 and ground when a
      spark plug is shorted. Diodes 349-354 are also connected in series with
      triac 338.
PAR  DC electrical power is supplied to the circuitry by a power supply, (not
      shown) which supplies +15 volts DC to the terminals marked +15V. in the
      drawings.
PAR  In order to connect the system to an internal combustion engine, the
      apparatus is set up as shown in FIG. 1. More specifically, conductor 50 is
      connected to the distributor coil primary input so that triac 338,
      resistor 347 and diodes 349-354 are connected across distributor breaker
      points 32, 33. Pickup 152 is clamped around lead 21 in the manner shown.
PAR  The engine is then started and operated at any desired speed. As the number
      1 spark plug fires, setting pulses are generated and delayed by the delay
      circuit 188. The repetition rate of the setting pulses is divided by two
      in flipflop 202 in order to generate synch pulses. As soon as the first
      synch pulse is transmitted to multistate device 80, flipflops 82, 84, 86
      and 88 are reset so that their Q outputs are switched to a logical 0
      state. Thereafter, the flipflops are returned to their 0 state by the
      gating circuitry before a synch pulse is received. This feature simplifies
      the circuitry needed to disable the number 1 spark plug.
PAR  When the engine is operated, primary coil signals of the type shown by
      waaveform P, FIG. 8, are transmitted over conductor 50 to circuit 52. The
      P signals are used to form clock pulses T and T which operate multistate
      device 80.
PAR  If the engine being diagnosed has eight cylinders, eight cylinder switch
      126 is pushed to the in position causing six and four cylinder switches
      132 and 138 to be actuated to their out positions by mechanical linkage
      (not shown). As shown in FIG. 8, in the eight cylinder mode of operation,
      flipflops 82, 84 and 86 operate as frequency dividers in which the
      repetition of rate of the clock pulses is divided by two by each
      successive flipflop. In other words, the repetition rate of the pulses
      appearing on output A is twice the repetition rate of the pulses appearing
      on output B and is 4 times and repetition rate of the pulses appearing on
      output C. The pulses appearing on conductors A, B and C are decoded by the
      multiplexer depending on the switch arms of selector 240 that are moved to
      the in position. If switch arm 251 is moved in to disable spark plug 1, a
      desable pulse D1 is generated to conductor 239 each time spark 1 would
      normally fire. Pulse D1 switches triac 338 to its conductive state so that
      the coil primary and secondary signals are reduced to a low voltage
      insufficient to fire spark plug 1. As shown in FIG. 8, the mode CD signal
      generated at the Q output of flipflop 88 remains in a 0 state because the
      reset input R to flipflop 88 is held to ground potential by 6 cylinder
      switch 132.
PAR  If the engine being diagnosed has four cylinders, the six and eight
      cylinder switches 132 and 126 are moved to their out positions, and the
      four cylinder switch 138 is moved to the in position so that the C output
      from flipflop 86 is held at ground potential. As shown in FIG. 6,
      flipflops 82 and 84 operate as a frequency divider in which the repetition
      rate of the signal appearing on output A is double the repetition rate of
      the signal appearing on output B. Aside from the continued 0 state of
      output C, and A and B outputs operate identically in the four cylinder and
      eight cylinder modes. Multiplexer 210 decodes the signals on outputs A, B
      and C in the same manner as in the 8 cylinder mode. This result can be
      seen by comparing FIGS. 6 and 8.
PAR  If the engine being diagnosed has six cylinders, the eight cylinder and
      four cylinder switches 126 and 138 are moved to their out positions, and
      six cylinder switch 132 is moved to the "in" position. In this mode of
      operation, the R input to flipflop 88 receives a positive enable signal
      through resistor 107 which enables the CD output state to change. As shown
      in FIG. 7, the 6 cylinder mode operates in the same manner as the 8
      cylinder mode until spark plug 5 is fired. At this point in time, the T
      input to flipflop 88 causes the mode CD signal to change to the same state
      as output 86Q of flipflop 86 (i.e., the 0 state). As a result, AND gate 96
      prevents the positive-going
PAR  A signal (pulse P6) from being transmitted to flipflop 84. Instead, pulse
      P6 is routed through NAND gates 102 and 103 to the input of flipflop 86,
      so that output 86Q is switched to its 0 state on the trailing edge of
      pulse P6. After output 86Q has reverted to its 0 state, the next T pulse
      transmitted to flipflop 88 causes output 88Q to return to its 0 state so
      that signal CD also returns to its 0 state. At this point in time, the
      flipflops are returned to their initial states for the commencement of
      another engine cycle. Multiplexer 210 continues to decode output signals
      A, B and C during the six cylinder mode in the same manner as the signals
      are decoded in the four and eight cylinder modes. This feature enables the
      use of a reliable and economical all-electronic multiplexer with no
      mechanical switch components.
PAR  Divide-by-two circuit 200 can be used to advantage for engine diagnosis in
      the four, six and eight cylinder modes of operation. The applicants have
      discovered that multi-state device 80 will occasionally "slip" an output
      signal state and disable an unselected spark plug in response to a
      spurious ignition signal generated by a spark plug having a gap that is
      too wide. The slippage is corrected by the next synch pulse. By using
      delay circuit 188 and divide-by-two circuit 200, the slippage is
      maintained long enough to be detected by a trained mechanic. The
      reoccuring slippages and corrections result in engine oscillations which
      can be detected by ear and used for diagnostic purposes.
PAR  Those skilled in the art will recognize that the preferred embodiment shown
      herein may be alternated and modified without departing from the true
      spirit and scope of the invention as defined in the accompanying claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system for diagnosing an engine including a source of periodic
      cycles of ignition signals, improved apparatus for preventing one or more
      predetermined ignition signals in each cycle from energizing engine
      components which are normally energized by said predetermined ignition
      signals comprising in combination:
PA1  input means for receiving said periodic cycles of ignition signals from
      said source;
PA1  generating means for generating a clock pulse in response to the receipt of
      each ignition signal by the input means;
PA1  bistable means for generating first, second and third binary output signals
      each having an initial state and for changing the state of at least one of
      the said binary output signals in a predetermined sequence in response to
      each clock pulse so that said first, second and third binary output
      signals can represent eight different binary numbers, said bistable means
      comprising first flipflop means including a first clock input for
      receiving the clock pulses and including a first output for producing the
      first binary output signal, second flipflop means including a second clock
      input for receiving the first binary output signal and including a second
      output for producing the second binary output signal, and third flipflop
      means including a third clock input for receiving the second binary output
      signal and including a third output for producing the third binary output
      signal;
PA1  setting means for initially setting the binary output signals to said
      initial states by use of a setting pulse generated in response to the
      operation of a predetermined one of said engine components;
PA1  gating means responsive to predetermined states of the first, second and
      third binary output signals and the clock pulses for returning said binary
      output signals to their initial states prior to the receipt of said
      setting pulse, said gating means comprising first gate means for normally
      transmitting the first binary output signal to the second clock input and
      for blocking the transmission of the first binary output signal to the
      second clock input in response to a mode signal, second gate means for
      normally transmitting the second binary output signal to the third clock
      input and for transmitting the first binary output signal to the third
      clock input in response to the mode signal, means for producing the mode
      signal in response to an enable signal and the third binary output signal
      and for terminating the mode signal in response to the termination of the
      third binary output signal or the termination of the enable signal, and
      means for normally inhibiting the enable signal and for producing the
      enable signal when the source generates six ignition signals per cycle;
PA1  adjustable selecting means for producing a disabling pulse in response to
      predetermined states of the first, second and third output signals; and
PA1  disabling means responsive to the disabling pulse for preventing any
      simultaneously occurring ignition signal from energizing an engine
      component, whereby the first, second and third output signals are in the
      same state each time a predetermined one of the engine components is
      prevented from being energized.
NUM  2.
PAR  2. Apparatus, as claimed in claim 1, wherein the means for producing the
      mode signal comprises:
PA1  fourth flipflop means including a fourth input connected to the third
      output, a fourth output for producing the mode signal, a fifth output for
      producing a complement mode signal which is the complement of the mode
      signal, and a fourth clock input; and
PA1  means for transmitting inverted clock pulses to the fourth clock input.
NUM  3.
PAR  3. Apparatus, as claimed in claim 2, wherein the third flipflop means
      comprises a complementary third output for producing a complement third
      output signal which is the complement of the third binary output signal,
      and wherein the fourth flipflop means comprises a fifth input connected to
      the complementary third output.
NUM  4.
PAR  4. Apparatus, as claimed in claim 3, wherein the first gate means comprises
      an AND gate.
NUM  5.
PAR  5. Apparatus, as claimed in claim 4, wherein the second gate means
      comprises a pair of NAND gates.
NUM  6.
PAR  6. Apparatus, as claimed in claim 1, wherein the adjustable selecting means
      comprises a multiplexer including a first terminal operatively connected
      to the first output, a second terminal operatively connected to the second
      output and a third terminal operatively connected to the third output,
      said multiplexer comprising all-electronic gate means for producing the
      disabling pulse.
NUM  7.
PAR  7. Apparatus, as claimed in claim 1, and further comprising delay means for
      delaying the transmission of the setting pulse so that the first, second
      and third flipflop means are advanced to their initial states by a clock
      pulse and the gating means before the setting pulse is applied to the
      first, second and third flipflop means.
NUM  8.
PAR  8. Apparatus, as claimed in claim 1, and further comprising divider means
      for dividing the repetition rate of the setting pulses before the pulses
      are trasmitted to the bistable means.
NUM  9.
PAR  9. In a system for diagnosing an engine including a source of periodic
      cycles of ignition signals in which one signal in each cycle is
      occasionally missed, improved apparatus for preventing one or more
      predetermined ignition signals in each cycle from energizing engine
      components which are normally energized by said predetermined ignition
      signals comprising in combination:
PA1  input means for receiving said periodic cycles of ignition signals from
      said source;
PA1  generating means for generating a clock pulse in response to the receipt of
      each ignition signal by the input means;
PA1  multi-state means for producing periodic cycles of binary output signals in
      which the state of the output signals change in response to the receipt of
      each clock pulse and in which the output signals normally return to an
      initial state after the receipt of a predetermined number of clock pulses;
PA1  adjustable selecting means for producing a disabling pulse in response to a
      predetermined state of the output signals;
PA1  disabling means responsive to the disabling pulse for preventing any
      simultaneously-occurring ignition signal from energizing an engine
      component;
PA1  removable setting means for generating a series of setting pulses, each
      setting pulse being generated in response to the operation of a
      predetermined one of the engine components by an ignition signal;
PA1  divider means for producing a synch pulse in response to the receipt of
      each group of two or more setting pulses; and
PA1  means for returning the output signals to the initial state in response to
      the next synch pulse following one of said missed ignition signals,
      whereby the time delay between the receipt of the missed ignition signal
      and the receipt of the next subsequent synch pulse by the multistate means
      can be used to diagnose the engine.
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ABST
PAL  Dynamometer apparatus for measuring the performance of a wheeled vehicle
      comprising: a support assembly on which the vehicle may be supported;
      power absorption apparatus mounted on the support assembly for engagement
      with at least one wheel of the vehicle; a pump connected to the power
      absorption apparatus for producing a fluid pressure in response to the
      torque produced by the vehicle wheel; speed measuring apparatus mounted on
      the support for engagement with the vehicle wheel to indicate the surface
      speed thereof; and indicator apparatus connected to the pump and the speed
      measuring apparatus for correlating fluid pressure and surface speed with
      the performance of the vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to dynamometers or dynamic testing apparatus
      for measuring the performance of a vehicle. In particular, the present
      invention concerns a dynamometer particularly suitable for measuring the
      power characteristics of a motorcycle.
PAR  2. Description of the Prior Art
PAR  Ever since the development of the engine and the motor, man has sought
      means to accurately measure the power characteristics thereof. Since the
      horsepower delivered by a rotating shaft is defined as 2.pi.nT/33,000,
      where n equals rpm and T equals torque in footpounds, output horsepower
      can be determined by measuring the speed and the torque of the output
      shaft. The speed can be measured directly by means of a tachometer.
      Mechanical power measuring devices called dynamometers have been developed
      to measure the torque.
PAR  There are basically two types of dynamometers: (1) those absorbing the
      power and dissipating it as heat and (2) those transmitting the measured
      power. In the transmission dynamometer, the torque is measured by means of
      strain guage elements bonded to the transmission shaft. There are several
      kinds of absorption dynamometers, one of which is the Prony Brake which
      applies a friction load to the output shaft by means of wood blocks,
      flexible bands or other friction surfaces. The fan brake and water brake
      are other types of dynamometers which are known.
PAR  Many types of dynamometers have been specially developed for measuring the
      power characteristics of automobiles. Some recent examples of automobile
      dynamometers may be seen in U.S. Pat. Nos. 3,277,702; 3,491,587; and
      3,651,690. Although some of the principles involved may be similar,
      dynamometers developed for automobiles are not necessarily desirable for
      use on motorcycles.
PAR  In the past, there has been little concern, other than by manufacturing
      companies, for measuring the power characteristics of motorcycles.
      However, with the greatly increased interest in and use of motorcycles,
      there is an increasing demand for devices which accurately measure the
      performance of these motorcycles. An example of a motorcycle dynamometer
      may be seen in recently issued U.S. Pat. No. 3,733,894. Other motorcycle
      dynamometers are commercially available.
PAR  Since cyclists are quite mobile and may be found in many different
      locations, it is desirable that motorcycle dynamometers be as portable as
      possible. It is also desirable that such dynamometers be self-sufficient,
      relying as little as possible on outside power sources and auxiliary
      apparatus such as plumbing for cooling water, etc.
PAR  Most of the commercially available motorcycle dynamometers leave a great
      deal to be desired in accuracy. The apparatus for measuring either one or
      both of the torque and speed of a motorcycle may not be totally reliable.
      Furthermore, most of the motorcycle dynamometers available do not provide
      the road wind normally encountered by a motorcycle under normal operating
      conditions. Those that do, do so inadequately or by means of a relatively
      small fan or blower which requires auxiliary power sources.
PAR  In addition, most motorcycle dynamometers of the prior art utilize some
      form of load or torque arm for measurement of torque. Such devices are
      relatively expensive and sometimes difficult to calibrate. Furthermore,
      some of the motorcycle dynamometers of the prior art are hazardous to the
      operator, cycle and bystanders.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  In the present application, a new and improved motorcycle dynamometer is
      disclosed with features not present in the prior art. The disadvantages
      present in much of the prior art are eliminated.
PAR  The dynamometer of the present invention comprises a support assembly or
      frame on which a motorcycle may be supported; a power absorption roller
      mounted on the support frame for engagement with at least one wheel of the
      motorcycle and including a pump for producing a fluid pressure in response
      to the torque produced by the wheel; a fluid reservoir connected to the
      inlet of the pump by a first conduit; and to the outlet of the pump by a
      second conduit; and pressure indicator means connected to the outlet side
      of the pump for indicating the discharge pressure thereof. A unique speed
      measuring and indicating apparatus is also provided whereby the speed and
      fluid pressure, indicated by the pressure indicator, may be correlated
      with the performance of the motorcycle. A blower for simulating road wind
      may also be provided and in the present invention is uniquely connected to
      the discharge of the power absorption pump for driving the blower. In
      addition to simulating road wind, the blower serves to absorb much of the
      energy of the high-pressure fluid, eliminating the need for cooling of the
      fluid by any means other than normal convective cooling of the air
      surrounding the machine.
PAR  The power absorption unit uniquely utilizes a pump of the rotary positive
      displacement type and along with the accurately measuring speed indicator
      provides power measuring accuracy not heretofore available in portable
      motorcycle dynamometers. The simulated road wind provided by the blower
      also contributes to a much more accurate measurement of power
      characteristics since the entire power system is operating under very
      realistic temperature conditions.
PAR  The motorcycle dynamometer of the present invention is totally portable and
      completely self-contained. No auxiliary power sources or other auxiliary
      apparatus is required for its operation. Thus, the dynamometer can be used
      at almost any location.
PAR  In addition to being portable, self-contained and more accurate, the
      dynamometer of the present invention eliminates the hazards present in
      dynamometers of the prior art. The unique wheel engaging rollers and
      safety tie-down reduce the possibility of the motorcycle leaving the
      support frame. In addition, other safety features such as a ramp which
      doubles as a safety shield for the power wheel is provided. Many other
      objects and advantages of the invention will be apparent from a reading of
      the specification which follows in conjunction with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective representation of a dynamometer, according to a
      preferred embodiment of the invention;
PAR  FIG. 2 is a schematic representation of the dynamometer of FIG. 1
      illustrating a motorcycle placed thereon for measuring the power
      characteristics thereof;
PAR  FIG. 3 is a plan view of an instrument panel which may be utilized with the
      present invention; and
PAR  FIG. 4 represents an evaluation chart which may be used to convert
      horsepower and speed data into rpm and torque (footpounds) for a
      particular motorcycle engine.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, the dynamometer of the present invention may
      generally comprise a support assembly or frame 1, power absorption
      apparatus 2, fluid reservoir 3, indicating apparatus 4, blower apparatus
      5, and speed indicating apparatus 6. These components are uniquely
      arranged in a completely portable and self-contained unit.
PAR  The support assembly 1 includes a platform 7 on which the motorcycle, to be
      tested, will be supported, e.g., as in FIG. 2. The platform may be
      provided with an axle 8 and rear wheels 9 by which the entire unit may be
      moved from place to place. Front support legs 10 may also be provided with
      platform 7. Hingedly attached at 11 to the forward part of platform 7 is a
      front support or apron 12 on which the front wheel of the motorcycle would
      be supported. Rails 13, between which the front wheel would be positioned,
      and a chain 14 may be provided to assure that the motorcycle does not
      leave the support assembly 1.
PAR  A ramp 15 is hingedly connected at 16 to the rear of the platform 7 and
      serves as a means by which the motorcycle may be moved from the ground to
      its position on the support assembly 1. The ramp 15 may be elevated to a
      substantially upright position, as in FIG. 2, to provide a safety shield
      during testing of the motorcycle. Both ramp 15 and apron 12 may be pivoted
      to substantially upright positions for movement of the entire unit from
      one place to another. During such periods, the blower 5 would be placed on
      the platform 7 for movement therewith. The unit is light enough that it
      can be carried in a pickup truck or on most motorcycle trailers. A hand
      truck may be provided for moving the unit.
PAR  The platform 7 may be provided with a slot or well 17 in which rollers of
      the power absorption apparatus 2 and speed indicating apparatus 6 may be
      mounted. The roller 18 of the power absorption unit is preferably of the
      drum type and is mounted on a shaft 19 (see FIG. 2) supported by the
      platform 7 for frictional engagement with the rear or driving wheel 20 of
      the motorcycle 21 which is being tested.
PAR  As best seen in FIG. 2, the power absorption unit also includes a pump 22
      which is directly connected to the shaft 19 for rotation thereby in
      response to the torque developed by the motorcycle wheel 20. The pump 22
      is preferably of the rotary positive displacement type sometimes referred
      to as a "gear pump." The inlet of the pump 22 is connected by a first
      conduit 24 to an oil, or other hydraulic fluid, reservoir 3. The outlet 25
      of the pump 22 is connected, eventually, by a second conduit 26 to the
      reservoir. Thus the pump 22 receives fluid from the reservoir 3 and
      discharges it at a substantially higher pressure at 25 for return to the
      reservoir 3 through conduit 26. The pressure produced by the pump 22 is
      dependent on the torque developed by motorcycle wheel 20.
PAR  A throttling valve 27 may be connected in the conduit 50 by which loading
      of the power absorption apparatus can be controlled by controlling an
      appropriate amount of fluid directed back to the reservoir 3. A pressure
      gauge 28 is connected to the conduit 26 to measure the discharge pressure
      of pump 22. A conduit 51 is connected to the downstream of the pump but
      upstream of the control throttle valve. This line 51 returns the fluid to
      the reservoir 3 through the relief valve 52. If the pressure exceeds a
      safe level at the pump outlet, the relief valve automatically opens to
      dump the fluid directly back to the reservoir 3.
PAR  The blower apparatus 5 is for the purpose of producing an air stream 29
      (see FIG. 2) which simulates the road air or wind which would be
      encountered by the motorcycle 21 under normal road operating conditions.
      Such an air stream 29 will effectively cool the power system of motorcycle
      21 in a manner similar to road wind. Although many types of blowers may be
      used, a squirrel cage type 30 has been found to be especially desirable.
      The blower 30 is preferably driven by a fluid motor or drive unit 31, the
      power fluid of which is supplied through conduit 26 from the discharge of
      pump 22. After the fluid circulates through the fluid drive 31, it returns
      to reservoir 3 through the last portion of conduit 26. It should be noted
      that part of the energy present in the fluid on the discharge side of pump
      22 is thus utilized to drive the blower 30. This is a particularly unique
      feature of the present invention since those dynamometers of the prior art
      which are provided with fans or blowers require auxiliary power sources
      such as an electric motor.
PAR  In addition to simulating road wind and utilizing much of the energy
      present within the system to do so, the blower apparatus 5 serves an
      additional function. By absorbing the energy within the fluid and
      consequently reducing its pressure, it is not necessary to throttle all of
      the fluid before returning to the reservoir 3. In systems which require
      throttling all the fluid before returning it to a reservoir, excessive
      heat is generated which must be dissipated by some type of a cooling
      device. This requires a heat exchanger connected to a source of water or
      other cooling medium. This additional equipment and auxiliary apparatus is
      thus eliminated with the dynamometer of the present invention. The heat
      that is generated by the throttling part of the oil is rejected from the
      surfaces of the reservoir and other parts without installing special
      equipment for this purpose.
PAR  The speed indicating apparatus 6 of the present invention includes a roller
      32 which is mounted in the platform well 17 for engagement with the wheel
      20 of motorcycle 21. The distance between rollers 18 and 32 (which may be
      adjustable) is designed to receive the wheel 20 so that the angle between
      radial lines projecting from the axis of wheel 20 to the axes of rollers
      18 and 32 is preferably between 60.degree. and 120.degree.. In fact,
      90.degree. has been found to give particularly good traction while
      avoiding excessive tire wear.
PAR  The speed measuring apparatus also includes a speedometer 34, the cable 33
      of which is directly connected to the roller 32. SInce, unlike motorcycle
      dynamometers of the prior art, speed is measured by an independent roller
      32, the measurement thereof is not affected by the slippage which is
      inherent in the torque-transmitting roller 18. It will be noted that the
      speedometer 34 may be mounted, along with pressure gauge 28 and valve 27,
      on an instrument panel 35.
PAR  As best seen in FIG. 3, the instrument panel 35 may also be provided with a
      chart 36 having horizontal lines representing pressure, vertical lines
      representing speed and inclined lines representing horsepower for a
      particular pressure and speed. The load on the motorcycle being tested may
      be controlled by adjustment of the control or throttling valve 27 so that
      several test points may be plotted on the chart 36 for the pressure and
      speed developed for each setting of the control valve 27. These test
      points may be plotted to produce a curve 37 from which the horsepower
      developed at any speed may be determined.
PAR  If a more complete analysis of engine operation is desired, a
      "speed-torque" chart 38, such as shown in FIG. 4, may be utilized. The
      lower portion of the chart 38 is a plot of speed versus engine revolutions
      in some distance of movement, e.g., 50 feet. The upper portion of the
      chart is plotted for revolutions per minute of the engine, horsepower and
      torque thereof. To determine the engine revolutions in 50 feet, all that
      is required is the gear ratio of the motorcycle and the wheel diameter. In
      the alternative, the number of engine revolutions may be counted as the
      motorcycle is rolled 50 feet.
PAC  STATEMENT OF OPERATION
PAR  In operation, a motorcycle 21 may be rolled up the ramp 15 and placed with
      the rear wheel 20 supported between and engaging the rollers 18 and 32.
      The forward roller 32 shall have been previously adjusted to provide
      between 60.degree. and 120.degree. between radial lines from the center of
      wheel 20 through the axes of rollers 18 and 32. In fact, 90.degree. has
      been found to give particularly good traction while avoiding excessive
      tire loading. The front wheel rests on apron 12 and is restrained by
      safety chain 14. The rear ramp may be elevated by the operator who sits on
      the motorcycle in conventional riding position.
PAR  The motorcycle power is then applied through the roller 18. The speed of
      the motorcycle engine is controlled by the throttle valve 27 and measured
      by the front roller 32. The torque which is produced by the motorcycle is
      proportional to the pressure generated in the pump. Minor torque is
      produced by friction drag in the pump and is not reflected in the pressure
      output, but this is normally less than 1% and is negligible error. Thus,
      knowing the displacement of the hydraulic pump, a relatively precise
      torque value can be determined by measuring the output pressure.
PAR  Since the speed is measured accurately by the free running roller 32, the
      horsepower being applied to the test stand by the rear wheel of the
      motorcycle can be accurately calculated. The chart shown in FIG. 3 is an
      example. For each pressure and speed there is a unique horsepower which
      can be cross-plotted as shown in this figure. The shape of the curve is
      proportional to the torque speed curve for the motorcycle and the
      horsepower level at each speed can be read. This is normally all that is
      required in motorcycle evaluation. However, if actual engine speed and
      torque is desired, a second chart shown in FIG. 4 can be used.
PAR  Knowing the tire size and gear ratio, or the engine revolutions in a given
      distance (50 feet or so) the speed can be related to the engine RPM as
      shown in FIG. 4. Then, knowing the horsepower output (from FIG. 3), the
      engine torque can be determined as illustrated. To utilize the chart 38
      for any speed in miles per hour, a line 39 may be projected to a point 40
      representing the engine revolutions in 50 feet. From this point, a line 41
      is projected vertically to a point 42 representing the horsepower read
      from horsepower curve 37 (FIG. 3) which was previously plotted from the
      test. A line 43 is then projected horizontally for a reading of engine
      torque in footpounds at point 44. It will also be noted that the engine
      RPM can be read where the vertical line 41 crosses into the upper portion
      of the chart 38. Thus, the acutal engine performance can be evaluated.
PAR  As the pressure is being generated by the motorcycle torque, most of the
      pressurized fluid goes through the hydraulic motor to operate the blower.
      As the motorcycle produces more torque, more pressure is produced which
      forces more fluid through the blower drive and makes the blower produce
      more air. Thus, as the motorcycle works harder, the blower blows harder
      simulating realistic road air conditions. This is important since the
      temperature of the entire system -- carburetor, engine, exhaust,
      transmission, tires, etc., -- all affect power output. Meanwhile, the
      pressure (and the load on the motorcycle engine) is controlled by valve 27
      to produce the desired test speed by short circuiting or bypassing a
      portion of the oil directly back to the reservoir. The displacement of the
      pump and the fluid drive are carefully selected to give the best
      compromise between cooling and controllability.
PAR  The relief valve 52 is inactive unless excessive torque is applied,
      overpressuring the unit. The relief valve is set to flow adequately in the
      event of overpressure to protect the gauge and other pressure sensitive
      elements in the system. While a portion of the oil is throttled back to
      the reservoir causing heating in the oil, the resulting heat is not
      excessive to the point that special cooling elements are required. Steady
      operations at 50 to 75 horsepower will cause temperatures no greater than
      160.degree.F in the installation described herein when operated properly.
PAR  Proper operation requires selection of the proper gear for the motorcycle.
      Typically, the test should be made in a gear that will produce enough
      pressure to operate the blower vigorously. Low gear produces the highest
      pressure (high torque) and high gear produces a low pressure (low torque).
      Thus, normally, a middle gear gives best results, the lower the better
      until the relief valve is actuated, making it impossible to further
      control the load on the motorcycle. Operation at a fairly high pressure
      forces the majority of the oil through the blower drive, resulting in
      minimum heating. The valve 27 is operated nearly closed, resulting in
      minimum throttling of the fluid thus minimum heat generation in the oil.
PAR  Normally, during operation, the data is recorded (pressure and speed) for
      plotting on the graph and evaluation at a later time. As best seen in FIG.
      3, the instrument panel 35 may also be provided with a chart 36 having
      horizontal lines representing pressure, vertical lines representing speed
      and inclined lines representing horsepower for a particular pressure and
      speed.
PAC  CONCLUSION
PAR  From the foregoing description and statement of operation, it can be seen
      that the motorcycle dynamometer of the present invention offers many
      features and advantages not provided in the prior art. The dynamometer is
      put together in a highly portable, completely self-contained unit,
      requiring no auxiliary power sources or other auxiliary apparatus.
PAR  A unique blower arrangement is provided for simulating the road wind and
      cooling the motorcycle power train which also serves another function. The
      blower is driven by a fluid motor powered by fluid routed from the power
      absorption apparatus so that much of the energy of the high pressure fluid
      produced therein can be utilized. This also prevents having to throttle
      all the fluid, which would result in excessive heating up the oil
      reservoir. Thus, energy is conserved and the necessity of an oil cooler is
      eliminated.
PAR  Speed is taken from an independent roller not affected by the slippage
      inherent in torque transmission apparatus, resulting in accuracy of speed
      measurement. Measurement of torque is also accurate due to the design of
      the power absorption unit.
PAR  Although the dynamometer of the present invention has been primarily
      designed for testing motorcycles, it is not so limited. It could be
      adapted for testing the performance of any wheeled vehicle. Furthermore,
      many variations of the invention can be made by those skilled in the art
      without departing from the spirit of the invention. It is therefore
      intended that the scope of the invention be limited only by the claims
      which follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. Dynamometer apparatus for measuring the performance of a wheeled vehicle
      comprising:
PA1  support means on which said vehicle may be supported;
PA1  power absorption means mounted on said support means and including first
      roller means for frictional engagement with at least one wheel of said
      vehicle;
PA1  pressure means included with said power absorption means for producing a
      fluid pressure in response and proportional to the torque produced at said
      vehicle wheel;
PA1  speed means mounted on said support means and including second roller means
      for engagement with said vehicle wheel, independently of said first roller
      means for indicating the surface speed thereof; and
PA1  indicator means connected to said pressure means and said speed means for
      measuring said fluid pressure and said surface speed and including chart
      means on which horsepower curves are plotted for various speeds and
      pressure so that the horsepower of said motorcycle can be determined by
      entering the pressure and speed measured by said indicator means.
NUM  2.
PAR  2. Dynamometer apparatus as set forth in claim 1 in which said pressure
      means comprises pump means connected to and driven by said first roller
      means and having its inlet in fluid communication with a fluid reservoir
      and said indicator means includes a pressure indicator connected to the
      outlet of said pump means for indicating the discharge pressure thereof.
NUM  3.
PAR  3. Dynamometer apparatus as set forth in claim 2 in which a return conduit
      is connected to said pump means outlet and said reservoir for returning
      fluid from said pump means to said reservoir, control means being
      connected in said return conduit to control the discharge of said pump
      means.
NUM  4.
PAR  4. Dynamometer apparatus as set forth in claim 3 comprising blower means
      positioned to direct an air stream against said vehicle, said blower means
      being driven by fluid drive means to which fluid is supplied from said
      return conduit.
NUM  5.
PAR  5. Dynamometer apparatus as set forth in claim 2 in which said first roller
      means is engageable by said vehicle wheel rearwardly of the axis of said
      wheel for driving said pump in response to rotation of said first roller
      means.
NUM  6.
PAR  6. Dynamometer apparatus as set forth in claim 5 in which said second
      roller means is engageable by said vehicle wheel forwardly of said axis
      and in which said indicator means comprises a speedometer connected to
      said second roller means for indicating said surface speed of said vehicle
      wheel.
NUM  7.
PAR  7. Dynamometer apparatus as set forth in claim 1 in which said support
      means comprises an elevated platform on which said vehicle is to be
      supported and an inclined ramp by which said vehicle may be transported to
      said platform, said inclined ramp being hingedly attached to said platform
      whereby said ramp may be pivoted to a substantially upright position,
      after placement of said vehicle on said platform, to provide a safety
      shield therefor, the forward portion of said platform also being hingedly
      attached to the rearward portion of said platform so that both said
      forward platform portion and said ramp may be pivoted to a substantially
      upright position for storage and transport.
NUM  8.
PAR  8. Dynamometer apparatus for measuring the performance of a wheeled vehicle
      comprising:
PA1  support means on which said vehicle may be supported;
PA1  power absorption means mounted on said support means for engagement with at
      least one wheel of said vehicle;
PA1  pump means included with said power absorption means for producing a fluid
      pressure in response and proportional to the torque produced by said
      vehicle wheel;
PA1  fluid reservoir means;
PA1  first conduit means providing fluid communication between said reservoir
      means and the inlet of said pump means;
PA1  second conduit means providing fluid communication between said reservoir
      means and the outlet of said pump means;
PA1  pressure indicator means connected to the outlet side of said pump means
      for indicating the discharge pressure thereof; and
PA1  blower means for directing an air stream across said vehicle on said
      support means, said blower means being driven by fluid power means
      connected to said second conduit for operation by fluid from the outlet of
      said pump means.
NUM  9.
PAR  9. Dynamometer apparatus as set forth in claim 8 in which said pump means
      comprises a pump of the rotary positive displacement type.
NUM  10.
PAR  10. Dynamometer apparatus as set forth in claim 8 comprising control valve
      means connected to said first conduit means for controlling the discharge
      pressure of said pump means and loading said power absorption means.
NUM  11.
PAR  11. Dynamometer apparatus as set forth in claim 8 comprising speed
      indicator means engageable with said vehicle wheel for indicating the
      surface speed thereof.
NUM  12.
PAR  12. Dynamometer apparatus as set forth in claim 11 in which said power
      absorption means comprises first roller means, engageable by said vehicle
      wheel and connected to said pump means for driving thereof, and in which
      said speed indicator means comprises second roller means engageable by
      said vehicle wheel independently of said first roller means and connected
      to a speedometer for indicating said surface speed.
NUM  13.
PAR  13. Dynamometer apparatus as set forth in claim 12 in which said first and
      second roller means are mounted on said support means to receive and
      support said vehicle wheel therebetween, said first and second roller
      means being rearwardly and forwardly, respectively, of the axis of said
      vehicle wheel.
NUM  14.
PAR  14. Dynamometer apparatus as set forth in claim 13 in which the radial
      lines between the axis of said vehicle and the axis of each of said roller
      means form an angle of between 60.degree. and 120.degree..
NUM  15.
PAR  15. A method of determining horsepower developed by a motorcycle comprising
      the steps of:
PA1  placing the driven wheel of the motorcycle between a pair of independently
      mounted roller members for engagement therewith, one of said roller
      members being attached to a positive displacement pump;
PA1  applying the power of the motorcycle to said one roller to operate said
      pump;
PA1  sensing the discharge pressure of said pump;
PA1  sensing the speed of said other roller member;
PA1  correlating said pump discharge pressure with said speed of said other
      roller member to calculate the horsepower developed by said motorcycle at
      said speed.
NUM  16.
PAR  16. A method of determining horsepower as set forth in claim 15 in which
      the discharge of said pump is throttled to load said motorcycle for
      measuring said horsepower under different conditions.
NUM  17.
PAR  17. A method of determining horsepower as set forth in claim 15 in which
      air is blown across said motorcycle at a rate substantially proportional
      to the torque developed thereby to cool said motorcycle and simulate road
      wind.
NUM  18.
PAR  18. A method of determining horsepower as set forth in claim 17 in which
      said air is supplied by a blower driven by the discharge of said pump.
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PAL  An optical torquemeter adapted to provide torque readings as accurate as
      1-to-2 foot pounds over a torque range of the order of 1 to 2 thousand
      foot pounds. It converts a binary-type optical message to an electric
      signal in the form of variable-width pulses. The width of the electric
      pulses indicates both the magnitude and the direction of torque and the
      pulses are processed to provide an output representing torque.
BSUM
PAR  The present invention relates to optical-type torquemeters and, more
      particularly, to highly accurate torquemeters.
PAR  Attention is called to U.s. Pat. Nos. 2,586,540 (Holden); 3,495,452
      (Johnson, Jr. et al); 2,136,223 (Thomas); 2,323,923 (Chubb); 2,947,168
      (Yang); 3,130,581 (Schulman); 2,402,719 (Allison); 2,938,378 (Canada et
      al); 3,111,028 (Lebow).
PAR  In applications for Ser. No. 141,486, filed May 10, 1971, Ser. No. 264,120,
      filed June 19, 1972 and Ser. No. 264,121, filed June 19, 1972 (Pratt, Jr.,
      et al), there are described a number of embodiments of an optical
      torquemeter of which the instant invention presents novel modifications
      thereof. The torquemeter there described is discussed with regard, among
      other things, to use in connection with automobile control functions.
      Among the functions controllable is that of shifting automatic
      transmissions. To perform that function the torquemeter must sense torque
      differences of the order of 5 foot pounds or less over a torque range as
      much as 0 to 2,000 ft-pounds. It will be appreciated that the torquemeter
      embodiments described in said applications and hereinafter have other uses
      than described; however, any torquemeter to be useful must have an
      accuracy at least of the order of 2 percent of the range of torques over
      which the instrument is intended to read.
PAR  Accordingly, an object of this invention is to provide novel modification
      of and improvement upon the optical torquemeter disclosed in said
      applications.
PAR  A further object is to provide an optical torquemeter capable of reading to
      within 2 percent of the maximum range of the instrument and, if required,
      to an accuracy of the order of 0.1 to 0.2 percent of such range, and on a
      consistent basis.
PAR  These and further objects are brought out in the description that follows
      and are particularly pointed out in connection with the appended claims.
PAR  The objects of the invention are attained by torquemeter apparatus which
      measures torque as a function of twist of a torque-bearing, mechanical
      coupling member. In the embodiment hereinafter described in greatest
      detail, the member is a shaft to which there is attached at axially spaced
      regions two slotted discs. The shaft twists in either direction as a
      function of torque. One of the discs is mounted on or is part of a sleeve
      that extends axially from the region of attachment toward the other disc
      in order to bring the two in close-spaced relationship to one another. A
      radiation source is positioned to shine light through the slots of both
      discs and a detector is positioned to receive the radiation after it has
      passed through the slots in both discs. The detector senses the passage of
      each edge or boundary between the slots and the teeth of each disc. To
      provide the necessary accuracy, the cross dimension of the effective area
      of the detector must be very small (typically the order of 5 mils) and
      this can be accomplished by providing narrow slits immediately in front of
      the detector and immediately in front of the radiation source. The
      detector converts binary-type light signals to variable-width electric
      pulses whose duty cycle is related to the torque transmitted by the shaft
      in either direction of twist and determines both the direction and the
      magnitude of such twist to provide an indication of torque. To permit
      sensing of both clockwise and counterclockwise twist, the boundaries on
      one disc are aligned with the slots of the other disc and preferably are
      approximately centered. The radiation source and the detector are rigidly
      interconnected to minimize unwanted signals and a plurality of both is
      used further to minimize such noise.
DRWD
PAR  The invention is hereinafter discussed with reference to the accompanying
      drawing in which:
PAR  FIG. 1 is a side view, partially cutaway, showing a shaft to which is
      attached, in close axial disposition, two slotted flanges or discs and
      including a plurality of radiation sources and radiation detectors in
      associated pairs, each source-detector pair being held in rigid mechanical
      relationship by a unitary mechanical element;
PAR  FIG. 2 is a view taken upon the line 2--2 in FIG. 1, looking in the
      direction of the arrows and shows three of the unitary mechanical elements
      spaced 120.degree. around the discs;
PAR  FIG. 3 is a side-section view of the top unitary mechanical element in FIG.
      2, which has a radiation source and radiation detector, as do the other
      two, but has a further detector to monitor the radiation level of the
      radiation source in the top unitary element;
PAR  FIG. 4 is a view taken upon the line 4--4 in FIG. 3 looking in the
      direction of the arrows;
PAR  FIG. 5 is a schematic circuit diagram, partly in block-diagram form, of an
      analog intregrator and filter;
PAR  FIG. 6 is an isometric view of the apparatus in FIG. 1, but is more
      diagrammatic in form and contains electrical circuitry in block diagram
      form;
PAR  FIG. 7 is a partial view taken upon the line 7--7 in FIG. 6 looking in the
      direction of the arrows, and shows clearly the deliberate misalignment of
      the slots and teeth of the slotted discs of FIG. 8;
PAR  FIG. 8 is a diagrammatic top partial view showing the positioning of one
      source-detector pair relative to the slotted discs of FIG. 6 and it shows
      also a slit in front of both the source and the detector;
PAR  FIG. 9 shows a pulse-width modulated electric pulse which is formed at an
      intermediate part of the electrical circuitry; and
PAR  FIG. 10 shows circuitry adapted to maintain relatively constant output
      intensity from the radiation sources.
DETD
PAR  In what follows, there is first a general discussion of the optical
      torquemeter apparatus shown at 101 in FIG. 6 and this is followed by more
      specific comment. The torquemeter 101 is adapted to measure torque
      transmitted by the shaft labeled 1 as the shaft rotates and this is done
      by measuring the twist upon the shaft 1 (in either direction of twist) due
      to torque between a first axial region 2 (in FIG. 1) of the shaft and a
      second region 3 axially spaced along the shaft from the first region. The
      apparatus 101 comprises closely axially-spaced, coaxial discs 4 and 5
      secured to the shaft to rotate therewith. The disc 4 is secured to the
      shaft at the first region 2 and the disc 5, as shown and as noted in
      greater detail hereinafter, is mounted on a sleeve 6 which is secured to
      the shaft 1 at the second region 3; the sleeve 6 extends axially toward
      the first region to place the discs in very close proximity to one another
      (.about. 1 millimeter or less). Each of the discs 4 and 5 has a series of
      contiguous areas 7, 8 and 7A, 8A, respectively, of different optical
      characteristics extending circumferentially around the disc. In the
      embodiment herein disclosed, as best shown in FIGS. 6 and 7, the areas 7
      and 7A are slots and the areas 8 and 8A are teeth so that the adjacent
      areas are alternately radiation transmitting and radiation opaque. The
      areas 7 etc. extend circumferentially to form an annular pattern on each
      disc, the major radii of the annuluses being substantially equal so that
      radiation from three radiation sources 10A, 10B and 10C can pass through
      the slots 7 and 7A, to the associated radiation detectors 11A, 11B and
      11C, respectively, positioned to receive the radiation from the associated
      source after it has passed through the slots of both discs. Each radiation
      detector is operable to provide a series of primary electric pulses, like
      the pulses shown at 31 in FIG. 5, as a pulse train 31A.
PAR  The pulses 31 form a train of electric pulses that are pulse-width
      modulated as a function of the torque (clockwise or counterclockwise)
      transmitted by the shaft 1. An electronic signal processor labeled 20 in
      FIG. 6 receives the pulse trains 31A . . . from the radiation detectors
      and processes the plurality of pulse trains, in the manner later
      described. In the course of such processing there is formed a train 36 of
      rectangular-wave pulses 36' from each of the pulses of the trains 31A . .
      . . The pulses 36' vary in width as a function of torque transmitted by
      the shaft 1, the torque being reflected in the duty cycle of the combined
      average for the three detectors where
      ##EQU1##
      In the apparatus herein described the duty cycle used to provide an output
      from the circuitry 20 is the averaged duty cycle for the plurality of
      pulse trains 36 over a period of one or more revolutions of the shaft, or
      at least a portion of a revolution.
PAR  In order to place some perspective in this explanation, the torquemeter 101
      described in detail later, can be used to control certain automobile
      functions. The shaft 1 in this apparatus is one and one half inches in
      diameter. It is necessary that the torquemeter operate over a torque range
      of from 0 to more than 2000 foot pounds, in -40.degree.C to +125.degree.C
      temperatures under conditions of mechanical vibration (rotational as well
      as translational), and yet provide torque readings to a resolution of 1
      foot pound on a consistent basis. In this situation and when the regions 2
      and 3 are separated 12 inches, a torque of 1 foot pound represents a twist
      of about 27 microradians; this is a linear displacement of about 40
      micro-inches between areas on the discs 4 and 5 if the discs are 3 inches
      in diameter and the slots and teeth are at the periphery thereof.
PAR  It should be apparent on the basis of the explanation herein that in order
      to obtain the necessary accuracy, torque resolution and consistency, a
      number of important measures must be taken to provide an acceptable
      torquemeter. Thus, for example, to prevent any movement under conditions
      of vibration and the like, between the radiation sources 10A . . . and
      associated radiation detectors 11A . . . , the associated pairs 10A-11A,
      10B-11B and 10C-11C are secured within unitary mechanical elements 13A,
      13B and 13C, respectively, to hold the sources and the detector in rigid
      relationship to one another. Each of the elements 13A, 13B and 13C has
      slits such as, for example, the slits shown at 14A and 14B in FIG. 8 of
      the element 13A. Radiation from the source 10A passes through the slit 14A
      to narrow the beam, through the slots 7 and 7A and through the slit 14B to
      strike the detector 11A. To supply the necessary accuracy contemplated by
      this apparatus, it is essential that the pulses 31 have flat rise and fall
      times (i.e. fast pulse transition times). This requires, among other
      things, that the slit 14A and the slit 14B be narrow compared to the
      length labeled X in FIG. 8 of the slots 7-7A and teeth 8-8A so that the
      effective portion or zone of the detector 11A, that receives radiation is
      small in cross dimension. Said another way, in order to have the required
      fast rise and fall times of the pulses 31 from the detector 11A (as well
      as the other detectors) it is necessary that the dimension of the
      effective portion or zone of the detector in the direction of travel (the
      direction indicated by the arrow shown at R) of the contiguous areas 7-8
      and 7A-8A therepast be small compared to the length X of the areas 7 etc.
      in such direction. It is also necessary that the detector
      light-to-electrical energy time response constants be fast compared to the
      time of passage of the areas past the detector. That is, the response time
      constants are sufficiently fast that the rise and fall times of each
      primary electric pulse are much less than the time duration of the primary
      electric pulse. In the particular apparatus discussed, the slits 14A etc
      and 14B etc. are the order of 5-6 mils across and the slots 7, 7A and
      teeth 8, 8A the order of 0.062 inches in circumferential length X.
PAR  A short further explanation of some points in the previous paragraph is in
      order. The width of any of the optical pulses and resulting electrical
      pulses is a function of tooth overlap and the variable of interest is the
      ratio of such overlap to slot-to-slot transit time. This makes the
      necessary measurements basically independent of angular speed of the shaft
      1 -- subject to the ability of the electronics to deliver an accurate
      proportional d.c. voltage output at 41, as later discussed, over a wide
      range of slot-to-slot transit times. Also, it should be noted, the
      relative effect of a given shaft twist (which is quite small for most
      torque encountered and reasonable separation between the regions 2 and 3)
      is inversely proportional to the circumferential length X of the slots and
      is, thus, proportional to the number of slots. The number of slots should
      therefore be large as possible commensurate with the largest shaft twist
      expected, the width of the detecting apertures or slits 14B . . . (i.e.,
      the effective cross dimension of the detectors 11A . . . in the
      circumferential direction R in FIG. 8), and any time constants in the
      electronics that affect the leading and trailing slopes of the electric
      pulses 31 over the special range of interest.
PAR  A number of mechanical facets of the apparatus 101 contribute in a vital
      way in the achievement of the necessary accuracy noted. Thus, the
      mechanical elements 13A . . . are mounted at equally spaced intervals on a
      stationary and rigid mounting ring 50 that is secured to a housing labeled
      51 of the apparatus 101. In this way, the radiation sources 10A . . . and
      associated radiation detectors are disposed at circumferential positions
      around the discs 4 and 5 and held rigidly in relative angular disposition
      to one another. The three equally spaced (i.e. 120.degree.) source
      detector pairs 10A- 11A etc. act to filter mechanical noise due, for
      example, to differences in the slot and teeth dimensions, to radial shifts
      in the shaft through wear and the like, shaft distortion for any reason,
      etc., and the three detection points together with the electrical
      circuitry also remove electrical noise. The sleeve 6 is clamped by a clamp
      61 to the region 3, but is free to twist angularly relative to the shaft 1
      at the region 2, ball bearing 52 being provided to minimize radial
      movement at the latter region. The discs 4 and 5 are respectively clamped
      to the shaft 1 and the sleeve 6 by clamps 60 and 60'.
PAR  The mechanical element shown in FIGS. 3 and 4 is the element 13A which
      differs slightly from the elements 13B and 13C in that the former
      contains, in addition to a source like 10B and 10C and a detector like 11B
      and 11C, a reference radiation detector 42 that serves to monitor the
      level of intensity of radiation from the lamp 10A for purposes mentioned
      in the next paragraph. The detector 42 is accessible to the source 10A
      through an internal aperture 42A in the element 13A.
PAR  The apparatus 101 is insensitive to moderate changes in the intensity of
      the radiation sources 10A, 10B and 10C. However, beyond some point the
      radiation level does affect the output reading. The circuitry in FIG. 10
      acts to maintain the radiation level as constant as possible. It will be
      noted that the radiation sources 10A . . . are connected in series and are
      energized by a transistor Q.sub.10 which acts to provide constant
      radiation output from the lamps which act as the radiation sources. The
      photo transistor 42 in the mechanical element 13A senses the radiation
      level of the source 10A held within the same element. The output of the
      photo transistor 42 is fed to an amplifier 43 and then acted upon by the
      further circuitry in FIG. 10 to provide, through the lamps 10A . . . , a
      current which will maintain constant illumination from the lamps. The
      circuitry comprising transistors Q.sub.8 and Q.sub.9 and resistances
      R.sub.10, R.sub.11 and R.sub.12, constitutes a protection circuit that
      permits maximum current flow through the series-connected lamps 10A, 10B
      and 10C, but prevents over-current. The function here is to control the
      maximum and minimum levels of a pulse train 32. This can be done also by
      feeding information from the peak and valley detectors later discussed to
      control either the gain of the associated amplifier (15A . . . ) or the
      radiation level of the radiation sources.
PAR  The electronic signal processor 20 is shown in detail in FIG. 5 wherein
      optical pulses, such as, for example, the pulse shown at 30, of variable
      width are introduced at A, B and C to the detectors 11A, 11B and 11C,
      respectively, the outputs of the detectors being electric pulses like the
      pulses 31, similar in shape to the pulse 30. The outputs of the detectors
      11A, 11B and 11C are connected to pulse shaper circuitry which is the
      portion of the processor 20 described in the next paragraph. Of course,
      the pulses 30 are in the form of an optical pulse train similar to the
      pulse train 31A. The electric pulse train 31A from each radiation detector
      is operated upon in an identical fashion; it is sufficient, then, for
      present purposes to describe one channel, but numbering in FIG. 5 reflects
      the identity.
PAR  The electric pulse train 31A is fed to the amplifier 15A whose output is
      connected to a peak detector 16A (which locates the maximum voltage level
      shown at 33 of the amplified electric pulse train designated 32 in FIG.
      5), to a valley detector 17A (which locates the minimum voltage level
      shown at 34) and to one input of a threshold detector 19A. The outputs of
      the peak detector and the valley detector are connected across a voltage
      divider 18A whose output, in turn, is connected as the second input to
      threshold detector 19A. In the circuitry of FIG. 5, the output of the
      divider 18A is the midpoint thereof and the divider acts to locate
      triggering points along the dotted line 35 which is halfway between the
      maxima 33 and the minima 34, but some other intermediate point can be
      used. The threshold detector 19A (and 19B and 19C) is, therefore always
      triggered at the midpoint or, more precisely, at the weighted average of
      the midpoints of the electric signal (or at some other consistent
      intermediate levels thereof) of the electric signal 32. The variable-width
      rectangular-wave output 36 of the threshold detector 19A is connected to
      an amplifier 20A and the threshold detectors 19B and 19C are similarly
      connected to amplifiers 20B and 20C, respectively. At this juncture, the
      trains of variable-width pulses 36' can be combined and/or otherwise
      processed to provide an output representative of torque being transmitted
      by the shaft 1, but because of the stringent requirements here the output
      signal of the pulse shaper is further refined as explained in the next few
      paragraphs which relate to actual apparatus.
PAR  The circuitry at the upper portion of FIG. 5 accepts the three amplified
      logic-level duty cycle signals 36 . . . from the amplifiers 20A, 20B and
      20C and produces both filtered and unfiltered d.c. output voltages
      proportional to torque. The reference voltage for these output signals is
      a voltage supply (5 volts in the actual apparatus) connected to the
      terminal marked 22, and the output voltage is greater or less than the
      reference voltage as torque is positive or negative, i.e., as the discs 4
      and 5 change in angular displacement from a zero-torque position.
PAR  One of the problems in designing a circuit capable of integrating three
      pulse-width-modulated signals to produce a d.c. level with an accuracy and
      resolution of one part in two thousand is that the amplitudes of the
      pulse-width modulated (PWM) signals must be much more carefully controlled
      than the normal output levels of logic gates. Thus, the first step in the
      pulse averaging circuit is to use the three duty cycle signals 36 from the
      threshold detectors 19A . . . , which are logic levels, to switch a
      high-accuracy d.c. voltage reference to produce the actual signal that is
      averaged. (In actual fact the signals 36 are first amplified by amplifiers
      20A, 20B and 20C.) As shown in FIG. 5, a voltage reference circuit 27
      establishes a voltage E that is 2.44 volts lower than the +5-volt supply,
      and each duty cycle signal effectively operates a switch (i.e., the
      switches labeled 24A, 24B and 24C) that switches between E', corresponding
      to light transmission, and +5 volts, corresponding to no light
      transmission. The voltage E' is a fraction of (5-2.44) and is derived from
      a potentiometer 23. Varying E' changes the scale factor (slope) of the
      torque output signal.
PAR  The outputs of the switches 24A . . . are resistively summed in a summing
      network 25 to provide one input to a differential amplifier 26; the other
      input is a voltage E", which again is a fraction of the voltage (+5-2.44),
      determined by a potentiometer 27'. Thus the whole averaging system floats
      with the +5 volt supply, and the amplitude of the integrated pulses is
      established by a very stable 2.44 volt zener diode reference 27. The
      switches 24A . . . referred to above could conceptually be any kind of
      switch including reed switches but are, in fact, implemented with six
      field effect devices, two for each duty cycle signal. The output of the
      differential amplifier 26 is the unfiltered torque output and can be
      brought out for some control purposes.
PAR  The circuitry shown at 21, comprising resistors R.sub.0, R.sub.0 ', R.sub.0
      ", R.sub.1, R.sub.2 and R.sub.3, capacitors C1, C2 and C3 and switches
      28A, 28B, and 28C, is a variable filter. The strategy of the filter is to
      duty-ratio switch the series resistor in each R-C section so as to create
      an effective resistance
      ##EQU2##
      This switching is performed by the three field effect devices 28A, 28B and
      28C driven by a signal derived from the duty cycle signal output of one of
      the threshold detectors, 19C for example as shown in FIG. 5. Because
      switching at the actual duty cycle rate would cause ripple in the output
      at low speeds, the duty cycle signal output is first increased in
      frequency by a rate multiplier 29 (the rate multiplication in the
      experimental apparatus is by a factor of seven; other ratios can be used)
      whose output drives a one-shot multivibrator 37. It is the one-shot signal
      that drives the FET switches 28A . . . . The one-shot 37 also trips error
      circuitry including a rate circuit 38 when its rate falls below a preset
      value, providing the fourth input to a NAND gate 38, the other three
      inputs to which come from the error detectors labeled 49A, 49B and 49C.
      The error detectors 49A and 49B receive inputs from voltage dividers 18A
      and 18B, respectively. Error detector 49C, associated with threshold
      detector 19C receives inputs directly from the peak and valley detectors
      16C and 17C because of the signal output already applied to the error
      circuitry from the voltage divider 18C by the threshold detector 19C.
PAR  The output of the filter 21 is connected to an amplifier 40 whose output 41
      is the d.c. output signal from the torquemeter, and represents the torque
      transmitted by the shaft. The filtered output can be connected to
      appropriate external instrumentation and also in the apparatus made is fed
      back as an FET switch bias for the last two filter stages. A separate bias
      control for the first-stage FET switch is provided by a follower amplifier
      incorporated into the network.
PAR  The filter time constants in the apparatus built were chosen so as to
      provide a factor of 10 attenuation at the cyclic rate of the shaft, i.e.,
      to reduce once-per-cycle components by a factor of 10. This produces a
      filter time constant approximately equal to one-half a shaft rotation
      period. For example, at 10 MPH, shaft speed is 32 rpm. or about 0.5
      revolutions per second; thus the time constant is about 1 second. This
      decreases linearly with speed.
PAR  Despite considerable effort to have the slotted discs made as accurately as
      possible, it is difficult in practice to maintain tooth-to-tooth accuracy
      commensurate with the torque measurement resolution desired. The filter 21
      acts as a time averager which averages out and removes noise due to
      variations in tooth width over one revolution or a portion thereof. The
      output at 41 is a d.c. voltage whose magnitude represents torque; d.c.
      voltage output at 41 for zero transmitted torque is determined and values
      above and below the zero-torque reading represent transmitted torque in
      the clockwise or counterclockwise direction, as the case may be.
PAR  Some further points not previously mentioned are contained in this and the
      next few paragraphs. In order to measure torque and changes in torque in
      either direction, that is, whether the twist of the shaft is clockwise or
      counterclockwise, the teeth and slots 7 and 8 of the disc 4, as best shown
      in FIGS. 7 and 8, are deliberately misaligned relative to the slots and
      teeth 7A and 8A of the disc 5. Ideally an edge 50 between a slot and a
      tooth of the disc 4, at zero transmitted torque, is displaced an angular
      distance of X/2 from an edge of the disc 5. The width of the pulses of the
      pulse train 36 are a function of the relative displacement of the edges 50
      and 51 from one another; and the d.c. voltage output at 41 is, therefore,
      also a function of that relative displacement.
PAR  A torquemeter based on edge detection has a basic problem that there is no
      signal when the shaft is stopped, or moving so slowly that no output is
      possible. Thus, the circuitry in FIG. 5 contains the rate circuit 38
      connected as one input to the NAND gate 89 that has an output only in the
      circumference wherein four inputs are present. If for any reason (e.g.
      failure of sources 10A . . . or pick-ups 11A . . . ) one of the inputs to
      the gate 39 from the rate circuit 38 or error detectors 49A, 49B and 49C
      drops below a certain level, there will be no output from the gate 39.
PAR  As mentioned, the output 41 is a d.c. voltage whose level represents
      torque. Work done by another here at Massachusetts Institute of Technology
      and discussed in an accompanying application, entitled "Digital
      Torquemeter and the Like" (Spinella), Ser. No. 405,573, filed Oct. 11,
      1973 shows that the output can be digital.
PAR  A number of mechanical elements in FIG. 1 are required because of the
      particular use for which the torquemeter thereshown in intended, but are
      not required for more general torquemeter requirements; and these
      particular elements are not discussed herein.
PAR  The invention is described herein mostly with reference to a system wherein
      radiation is directed upon both discs which chop the same to provide
      variable-width optical pulses. It is to be appreciated, however, that the
      elements 4 and 5 could also be the bands disclosed in the Pratt et al
      applications, in which case the optical signals are sensed to form primary
      electric pulses which are combined to form the rectangular-wave pulses
      whose width is a function of torque.
PAR  Modifications of the invention herein described will occur to person
      skilled in the art and all such are deemed to be within the spirit and
      scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for measuring torque transmitted by a rotating shaft, that
      comprises: a pair of closely, axially spaced regions along the shaft at
      each of which is located a disc containing at the same radial distance
      from the axis of the shaft a series of contiguous areas of different
      radiation-transmitting characteristics with a sharply defined edge between
      adjacent areas; means for sensing the relative angular displacement
      between the areas of the disc at one region from the areas of the disc at
      the other region and operable to produce at least three primary electric
      signals, each primary electric signal being a series of pulses whose width
      is related to said angular displacement, the angular displacement from a
      zero-torque position being a function of the torque transmitted by the
      shaft, said means for sensing comprising at least three sources of
      radiation positioned to direct radiation through the
      radiation-transmitting areas of one disc and then through the
      radiation-transmitting areas of the other disc, at least three radiation
      detectors, one associated with each source of radiation, positioned to
      receive the radiation from the associated source of radiation after it has
      passed through radiation-transmitting areas of both discs, each detector
      being operable to provide said series of electric pulses as a pulse train,
      a unitary mechanical element that holds each radiation source and
      associated radiation detector in rigid mechanical relationship to one
      another, the at least three sources of radiation and associated detectors
      being positioned substantially symmetrically about the disc; and means for
      combining the pulse trains from the three detectors to provide an averaged
      output signal representative of torque.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 in which the discs are slotted at or
      near the periphery to provide said areas in the form of slots and teeth of
      the thusly slotted discs, the radiation as it passes through the discs
      being chopped to form optical pulses whose widths are a function of the
      torque transmitted by the shaft.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 in which one of said discs is secured
      coaxially to the shaft at the first region and the second of said discs is
      mounted on or is part of a sleeve which is secured to the shaft at the
      second region, the sleeve extending axially toward the first region to
      bring the discs to 1 millimeter or less of one another.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 that includes pulse shaper circuitry
      associated with each source of radiation and radiation detector connected
      to receive the primary electric signal from each radiation detector and to
      process the same in order precisely to determine the duty cycle.
NUM  5.
PAR  5. Apparatus as claimed in claim 4 in which the pulse-shaper circuitry
      associated with each source of radiation and radiation detector comprises:
      an amplifier connected to receive the primary electric signal and to
      amplify the same, means for detecting the maximum and minimum signal
      levels of pulses from the amplifier output, and a threshold circuit
      connected to receive as one input thereto a weighted average of the two
      levels as a threshold and as another input thereto the amplified primary
      electric signal, the two inputs to the threshold circuit combining to
      trigger the same to provide an output train of rectangular pulses whose
      individual pulse width is consistently measured at the level of said
      weighted average and whose width is a function of said angular
      displacement.
NUM  6.
PAR  6. Apparatus as claimed in claim 5 that further includes means to control
      the signal level of the amplifier output.
NUM  7.
PAR  7. Apparatus as claimed in claim 6 in which the means to control the signal
      level of the amplifier output includes a reference radiation detector, not
      affected by the discs, which provides a signal that is used to adjust the
      intensity of the radiation sources.
NUM  8.
PAR  8. Apparatus as claimed in claim 1 that includes pulse-shaper circuitry
      associated with each source of radiation and each radiation detector,
      connected to receive a primary electric signal and operable to provide a
      train of rectangular-wave electric pulses whose individual pulse width is
      a function of said transmitted torque.
NUM  9.
PAR  9. Apparatus as claimed in claim 8 that includes means connected to receive
      the trains of rectangular-wave pulses and to provide an output pulse train
      made up of pulses whose width is related to the width of the
      rectangular-wave pulses and whose height is a predetermined and constant
      magnitude voltage.
NUM  10.
PAR  10. Apparatus as claimed in claim 9 that further includes circuitry for
      averaging the output pulse train to produce a d.c. signal representative
      of the torque transmitted by the shaft.
NUM  11.
PAR  11. Apparatus for measuring torque transmitted by a rotating shaft, that
      comprises: a pair of closely, axially spaced regions along the shaft at
      each of which is located a disc containing at the same radial distance
      from the axis of the shaft a series of contiguous areas of different
      radiation-transmitting characteristics with a sharply defined edge between
      adjacent areas; means for sensing the relative angular displacement
      between the areas of the disc at one region from the areas of the disc at
      the other region and operable to produce a primary electric signal as a
      series of electric pulses whose width is related to said angular
      displacement, the angular displacement from a zero-torque position being a
      function of the torque transmitted by the shaft, said means for sensing
      comprising a source of radiation positioned to direct radiation through
      the radiation-transmitting areas of the one disc and then through the
      radiation-transmitting areas of the other disc; a radiation detector
      positoned to receive the radiation after it has passed through
      radiation-transmitting areas of both discs and operable to provide said
      series of electric pulses as a pulse train, and a unitary mechanical
      element that holds the radiation source and the radiation detector in
      rigid mechanical relationship to one another; pulse-shaper circuitry
      connected to receive the primary electric signal and operable to provide a
      train of rectangular-wave electric pulses whose width is a function of
      said transmitted torque; means connected to receive the train of
      rectangular-wave pulses and to provide an output pulse train made up of
      pulses whose width is related to the average width of the rectangular-wave
      pulses and whose height is a predetermined and constant magnitude voltage;
      circuitry for averaging the output pulse train to produce a d.c. signal
      representative of the torque transmitted by the shaft; and an output
      filter connected to receive said d.c. signal, the characteristics of said
      output filter being varied as a function of the repetition rate of the
      rectangular-wave pulses so as to produce an output approximately equal to
      the time average of the input when averaged over approximately that time
      required for the discs to make one revolution.
NUM  12.
PAR  12. Apparatus for measuring torque transmitted by a rotating shaft, that
      comprises: a pair of closely, axially spaced regions along the shaft at
      each of which is located a disc containing at the same radial distance
      from the axis of the shaft a series of contiguous areas of different
      radiation-transmitting characteristics with a sharply defined edge between
      adjacent areas; means for sensing the relative angular displacement
      between the areas of the disc at one region from the areas of the disc at
      the other region and operable to produce a primary electric signal as a
      series of pulses whose width is related to said angular displacement, the
      angular displacement from a zero-torque position being a function of the
      torque transmitted by the shaft, said means for sensing comprising a
      plurality of radiation sources and associated radiation detectors disposed
      at circumferential positions around the discs and held rigidly in relative
      angular disposition to one another, the radiation detectors producing a
      plurality of pulse trains; pulse shaper circuitry connected to receive the
      electric signals from the plurality of detectors and to process the same
      in order precisely to determine the duty cycles, said pulse shaper
      circuitry comprising an amplifier connected to receive the pulse train
      from each detector, means for detecting the maximum and minimum signal
      levels of pulses from each amplifier output, a plurality of threshold
      circuits one connected to receive the output of each amplifier and to use
      a weighted average of the two levels as a threshold to provide an output
      train of rectangular pulses whose width is a function of said angular
      displacement; means connected to receive the rectangular-wave pulses from
      the threshold circuit associated with each amplifier and to provide output
      pulse trains made up of pulses whose widths are related to the widths of
      pulses from the threshold circuits and whose heights are a predetermined
      and constant magnitude; circuitry for time averaging the weighted sum of
      the plurality of output pulse trains to produce a d.c. signal
      representative of the torque transmitted by the shaft; and an output
      filter connected to receive said d.c. signal, the characteristics of said
      output filter being varied as a function of the repetition rate of pulses
      in the pulse train output of the threshold circuit so as to produce an
      output approximately equal to the time average of the input when averaged
      over approximately that time required for the discs to make one
      revolution.
NUM  13.
PAR  13. Apparatus as claimed in claim 12 that further includes means to control
      the signal levels applied to the threshold circuits.
NUM  14.
PAR  14. Apparatus as claimed in claim 13 in which the means to control the
      signal levels includes a reference radiation detector, not affected by the
      discs, and further circuitry that act to adjust the intensity of the
      radiation sources.
NUM  15.
PAR  15. Apparatus for measuring torque transmitted by a rotating shaft, that
      comprises: a pair of closely, axially spaced regions along the shaft at
      each of which is located a disc containing at the same radial distance
      from the axis of the shaft a series of contiguous areas of different
      radiation-transmitting characteristics with a sharply defined edge between
      adjacent areas; and means for sensing the relative angular displacement
      between the areas of the disc at one region from the areas of the disc at
      the other region and operable to produce a primary electric signal as a
      series of electric pulses whose width is related to said angular
      displacement, the angular displacement from a zero-torque position being a
      function of the torque transmitted by the shaft, said means for sensing
      comprising a source of radiation positioned to direct radiation through
      the radiation-transmitting areas of one disc and then through the
      radiation-transmitting areas of the other disc, a radiation detector
      positioned to receive the radiation after it has passed through
      radiation-transmitting areas of both discs and operable to provide said
      series of electric pulses as a pulse train, and a unitary mechanical
      element that holds the radiation source and the radiation detector in
      rigid mechanical relationship to one another, said unitary mechanical
      element having two narrow slits between the source of radiation and the
      radiation detector so that radiation passes from the source, through a
      first slit, through the radiation transmitting regions of both discs, and
      through a second slit to the radiation detector, the slits being small
      enough to provide an effective zone of the detector whose cross dimension
      in the direction of travel of the areas relative to the radiation detector
      is small compared to the circumferential length of such areas in such
      direction and in which the detector response time constants are
      sufficiently fast that the rise and fall times of each electric pulse are
      much less than the time duration of the pulse.
NUM  16.
PAR  16. Apparatus for measuring torque transmitted by a rotating shaft, that
      comprises: a pair of very closely, axially spaced coaxial discs secured to
      rotate when the shaft rotates, the discs being mechanically coupled so as
      to allow angular displacement of one disc relative to the other, each disc
      containing, at substantially the same radial distance from the axis of the
      disc, contiguous areas of different optical characteristics extending
      circumferentially around the disc and having a sharply defined edge
      between adjacent areas, said angular displacement being a function of the
      torque being transmitted by the rotating shaft, radiation source means
      that comprises a plurality of radiation sources angularly spaced from one
      another circumferentially around the discs, each being adapted to direct
      radiation through the radiation-transmitting areas of both discs, the
      radiation being chopped by the discs as the shaft rotates to form a series
      of optical pulses, the pulse width of the individual optical pulses being
      a function of said angular displacement; radiation pick-up means that
      comprises a plurality of detectors, each detector being associated with a
      radiation source and being positioned to pick up the optical pulses of the
      associated source and form a series of electric pulses, the pulse width of
      the individual electric pulses being a function of said angular
      displacement, and means for processing the series of electric pulses from
      each radiation detector to determine with great precision the average
      width of the pulses of each series and to combine the plurality of series
      to provide an average value thereof, said average value being
      representative of said torque, said means for processing including means
      for determining the maximum level of the individual electric pulses of
      each series and the minimum level of the individual electric pulses of
      each series and to establish on a consistent basis an intermediate level
      as to the pulses of each series, the remaining processing elements of the
      means for processing being adapted to use said consistent intermediate
      level in establishing torque.
NUM  17.
PAR  17. Apparatus as claimed in claim 16 in which one of the discs is secured
      to the shaft and coaxial therewith at a first axial region of the shaft
      and the other disc is mounted on a sleeve which is secured to the shaft at
      a second region, the sleeve extending axially toward the first region to
      place the discs in very close proximity to one another.
NUM  18.
PAR  18. Apparatus as claimed in claim 17 in which the discs are the order of
      0.020 inches thick and the axial spacing of the discs is no greater than
      the order of 0.010 inches in order that the non-adjacent major surfaces of
      the discs be no greater than the order of 3/64 inches apart, thereby to
      minimize error signals in the apparatus due to any misalignment of the
      associated radiation sources and detectors.
NUM  19.
PAR  19. Apparatus as claimed in claim 16 that further includes means for
      maintaining the level of radiation of each radiation source within
      predetermined levels of radiation.
NUM  20.
PAR  20. Apparatus for measuring torque transmitted by a rotating shaft, that
      comprises: a pair of very closely, axially spaced coaxial discs secured to
      rotate when the shaft rotates, the discs being mechanically resiliently
      coupled so as to allow angular displacement due to torque of one disc
      relative to the other, in either direction, each disc containing, at
      substantially the same radial distance from the axis of the disc, a series
      of contiguous areas of different optical characteristics extending
      circumferentially around the disc and having a sharply defined edge
      between adjacent areas, radiation source means adapted to direct radiation
      through the radiation-transmitting areas of both discs, the radiation
      being chopped by the discs as the shaft rotates to form a series of
      optical pulses, the pulse width of the individual optical pulses being a
      function of said angular displacement; radiation pick-up means positioned
      to pick up the optical pulses and operable to form a series of primary
      electric pulses, the pulse width of the individual primary electric pulses
      being a function of said angular displacement; and means for processing
      the primary electric pulses to determine with great precision the average
      width of the pulses, said average width being representative of said
      torque, said means for processing including means for detecting the
      maximum level and the minimum level of the individual electric pulses and
      for establishing on a consistent basis an intermediate level signal, the
      remaining processing elements of the means for processing being adapted to
      use the consistent intermediate level as a basis for determining said
      torque.
NUM  21.
PAR  21. Apparatus as claimed in claim 20 that includes threshold detector means
      connected to receive as one input the primary electric pulses and as
      another input the intermediate level signal and to use the intermediate
      level signal as a threshold to form a train of rectangular-wave pulses
      whose width varies as a function of torque transmitted by the shaft.
NUM  22.
PAR  22. Apparatus as claimed in claim 21 in which one of the discs is secured
      to the shaft and is coaxial therewith at a first axial region of the shaft
      and the other disc is attached to or is part of a sleeve which is secured
      to the shaft at a second region, the sleeve extending axially toward the
      first region to place the discs in very close proximity to one another,
      the shaft thereby providing the resilient mechanical coupling between the
      discs.
NUM  23.
PAR  23. Apparatus as claimed in claim 22 in which the discs are no thicker than
      the order of a millimeter and the axial spacing of the discs is much less
      than a millimeter in order that the non-adjacent major surfaces of the
      discs be no greater than 2 millimeters apart, thereby to minimize error
      signals in the apparatus due to any misalignment of the associated
      radiation sources and detectors.
NUM  24.
PAR  24. Apparatus as claimed in claim 20 that further includes means for
      maintaining the level of radiation of the radiation source means within
      the predetermined levels of radiation.
NUM  25.
PAR  25. Apparatus for measuring torque transmitted by a rotating shaft, that
      comprises: a first element disposed around and secured to the shaft at a
      first region of the shaft, a second element disposed around said shaft and
      secured to the shaft at a second region axially displaced along the shaft
      from the first region, each element being composed of successive areas of
      different optical characteristics having a sharply defined boundary
      between adjacent areas, the elements being capable of relative angular
      displacement to one another as a function of the torque being transmitted
      by the rotating shaft, radiation source means adapted to direct radiation
      upon each of the elements whereby the radiation is chopped by each element
      as the shaft rotates to form optical pulses; radiation pick-up means
      positioned to pick up the optical pulses and form primary electric pulses;
      and means for detecting the maximum and minimum signal levels of the
      primary electric pulses and to establish a weighted average of said
      levels.
NUM  26.
PAR  26. Apparatus as claimed in claim 25 in which the radiation source means
      comprises two radiation sources, one associated with each element and
      positioned to direct radiation upon the areas of the associated element
      which chops the same and in which the radiation pick-up means comprises
      two radiation detectors, each positioned to receive optical pulses from
      the associated source and to generate a series of primary electric pulses.
NUM  27.
PAR  27. Apparatus as claimed in claim 26 that further includes pulse-shaper
      circuitry connected to receive the series of primary electric pulses from
      each radiation detector and operable to provide a train of
      rectangular-wave electric pulses whose width is a function of the torque
      transmitted by the rotating shaft.
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ABST
PAL  An oil well fluid depth or pressure sensing system for sensing pressures
      adjacent the bottom of the oil well and providing signals on the surface
      indicative of the pressure range in the well. The sensor comprises a
      pressure sensitive switch utilizing a nestable welded bellows. Information
      is transmitted to the surface through a single wire, with grounded shield
      return. A phase sensitive detector circuit is located at the surface for
      providing signals indicative of normal pressures, over pressures and under
      pressures, as well as any malfunction in the system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the field of oil production via artificial
      lift methods, and more particularly, to systems for sensing the pressure
      adjacent the intake of the artificial lift mechanism.
PAR  2. Prior Art
PAR  A typical artificial lift oil well will have a pump located at a suitable
      depth in the well, often adjacent the bottom thereof, to deliver oil
      through pipe within the well casing to the surface. These pumps are
      designed to operate beneath the oil level in the well and will be subject
      to rapid deterioration and premature failure if allowed to operate with
      too low a fluid level or pressure at the pump intake. Accordingly, for a
      given pump there is a minimum oil level above the intake which will
      minimize wear or damage and prolong operation thereof; one important class
      of these pumps, known as submersibles being subject to cavitation and
      quick burn out of its submerged driving motor if the fluid level falls
      below such minimum.
PAR  In typical oil wells production is achieved by the seepage of oil from an
      oil-bearing geological formation or reservoir to the unbalance between the
      pressure existing in the reservoir and that due to fluid level in the well
      itself. Accordingly, the well production decreases with increasing oil
      level in the well. Thus, the oil level should be maintained within
      predetermined limits, a higher level unnecessarily reducing the well
      production and a lower level increasing the frequency of pump failure and
      thereby increasing costs because of the time and expense incurred in
      repairing a pump. These costs and down time are substantial, since the
      pump must be brought to the surface for repairs or replacement and
      relowered before the well may be started up again.
PAR  For a properly designed pump, rapid deterioration and failure may be
      prevented with a relatively low intake pressure, which by way of example,
      may represent less than 5 percent of the static level (e.g. the
      non-pumping equilibrium level) of the well. Also, typically production
      rates begin diminishing immediately with an increase in oil level in the
      well so that it is desirable to maintain the oil level within a few per
      cent of the minimum allowed level. On the other hand, there will be a few
      times when the pump will not be producing, such as during pump failure,
      removal and replacement, etc. At this time, the oil level in the well will
      reach or at least approach its maximum or static level which typically may
      be on the order of 20 times the normal level. Accordingly, any sensing
      system for sensing oil levels within the normal (desired) range must be
      capable of very substantial over pressures without altering the
      performance thereof.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  An oil well pressure sensing system for sensing pressures adjacent the
      bottom of the oil well and providing signals on the surface indicative of
      the pressure range in the well. The sensor comprises an evacuated pressure
      sensitive switch ulitizing a nestable bellows as the pressure responsive
      element to provide first and second switching signals. The nestable
      bellows provides a high over pressure capability, with the bellows being
      isolated from contaminants in the well by an intermediate fluid retained
      by a diaphragm member. The two switching elements are each in series with
      a diode device, the two diode devices being connected with reverse
      polarities, and the two series combinations of switches and diode devices
      being grounded at their switch ends to the sensor case and being connected
      at their diode ends to the sensor output terminal. The latter connection
      may be direct or via a series resistor. The diode devices may each consist
      of a single diode element or of two diode elements connected in
      series-aiding polarity. Information is transmitted to the surface through
      a single wire with a phrase sensitive detector circuit located at the
      surface for providing signals indicative of normal pressures, over
      pressures and under pressures as well as malfunctions in the system, such
      as shorts and opens.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view of a typical oil well installation.
PAR  FIG. 2 is a view of the electronics package 40 as it connects through cable
      50 to the sensor 154.
PAR  FIG. 3 is a circuit diagram for one embodiment of the electronics package
      of the present invention.
PAR  FIG. 4 is a curve illustrating the variation in production with oil well
      pressure.
PAR  FIG. 5 is a partial cross-section illustrating the attachment of the sensor
      154 to the pipe 28.
PAR  FIG. 6 is a cross-section taken along lines 6--6 of FIG. 5.
PAR  FIG. 7 is a cross-section of the sensor taken along lines 7--7 of FIG. 5.
PAR  FIG. 8 is a cross-section taken along lines 8--8 of FIG. 7.
PAR  FIG. 9 is a cross-section taken along lines 9--9 of FIG. 7.
PAR  FIG. 10 is a view illustrating the pipe coupling and the manner of
      protecting the cable at the coupling.
PAR  FIG. 11 is a cross-section taken along lines 11--11 of FIG. 10.
PAR  FIG. 12 is a cross-section taken along lines 12--12 of FIG. 10.
PAR  FIG. 13 is a cross-section taken along lines 13--13 of FIG. 12.
PAR  FIGS. 14 through 18 are figures illustrating the component parts and the
      use thereof in splicing the cable.
PAR  FIGS. 19a through 19e are typical wave forms illustrating the wave forms
      achieved for normal pressures, high pressures, low pressures, shorts and
      opens.
PAR  FIG. 20 is a circuit diagram for an alternate form of electronics package
      for use with the present invention.
PAR  FIG. 21 is a circuit diagram for an automatic pump control circuit for use
      with the present invention.
PAR  FIG. 22 is a partial cross section of a section of an alternate embodiment
      of the pressure sensor.
PAR  FIG. 23 is a partial cross section similalr to FIG. 22 illustrating the
      embodiment of FIG. 22 when subjected to a low pressure condition.
PAR  FIG. 24 is a partial cross section of the embodiment of FIG. 22 when
      subjected to a high pressure condition.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  First referring to FIG. 1, a side view of a typical working oil well
      incorporating the present invention may be seen. At the surface is a pump
      drive mechanism, generally indicated by the numeral 20, driving by pump
      rods 22 a pump 24 located adjacent the oil bearing formation 21 near the
      lower end of the well casing 26 and connected to delivery pipe 28 for
      delivering oil at the top of the well through connection 30. The present
      invention sensor 32 is located adjacent the lower end of the pump 24 and
      is coupled to cable 50 attached to pipe 28 at a plurality of points by
      clamps 36. The output of sensor 32 is provided through cable 50 to an
      electronics package 40, which as shall subsequently be seen may be
      utilized to provide visual indications of the oil level in the well and/or
      control signals for the automatic control of the pump drive 20 to maintain
      the oil level within the desired limits.
PAR  Now referring to FIG. 4, a graphical illustration of the requirements for a
      suitable pressure sensing system in accordance with the present invention
      may be seen. In the left hand portion of this illustration, a section of
      the oil well is shown schematically, that section including casing 26 and
      pipe 28 with the pump 24 located adjacent an oil-bearing formation 21 near
      the bottom of the well. If the pump is not operating, the reservoir
      pressure existing in the oil bearing formation 21 will cause oil to seep
      into the well and rise within casing 26. The pressure produced by the
      weight of the rising oil column in casing 26 will increasingly oppose the
      reservoir pressure and retard the oil inflow until static level 42 is
      reached. At this point the two opposing pressures are just balanced so
      that the net seepage of oil into the well is zero. Accordingly, the well
      is not producing under this condition. For purposes of the curve to the
      right of FIG. 4 this indicates an oil column pressure equal to 100 percent
      of reservoir pressure would be a substantial percentage of well depth.
PAR  When, by pumping, the oil level in the well is reduced below the static
      level, and there is a new flow of oil into the well generally indicated by
      the curve 44. Because of the shape of curve 44, it is quite advantageous
      to maximize the inflow by minimizing the oil column pressure in the wel.
      It will be noted that the inflow reaches maximum when the oil level at the
      pump intake is zero. Although this represents the point of maximum oil
      production from the well it subjects the pump, of whatever type, to rapid
      deterioration and premature failure. In particular, rod driven pumps are
      subject to pounding which results in pump damage or rod breakage or both
      unless the minimum oil column pressure at the pump intake is maintained at
      a value which depends on pump size, well depth, etc. When pumping from
      loose sand formations rapid wear occurs in the pump itself. For
      electrically driven centrifugal pumps much higher intake pressures are
      required because these pumps, capable of very high production rates, will
      otherwise cavitate and quickly burn out.
PAR  Such a minimum level is generally indicated by the numeral 46. While some
      increase in pressure above this level can be tolerated, any increase
      represents some decrease in production rates, and therefore it is
      economically advisable to operate the pump so that the oil level is
      generally between the minimum level 46 and some predetermined slightly
      higher maximum level such as level 48. Accordingly, a minimum and a
      maximum level such as levels 46 and 48 may be predetermined to provide an
      acceptable compromise between pumping rate and pump life for the best
      overall economic operation of the well. These then would represent upper
      and lower pressure limits for the present invention, which though they may
      be variable for different wells, they are more apt to be constant for a
      particular type of pump, and typically represent a low percentage of the
      maximum pressure to which the sensor may from time to time be exposed such
      as during pump failure, removal and replacement. Accordingly, it is
      required that the pressure sensor in any system be capable of withstanding
      an over pressure on the order of 20 times the desired sensing range
      without causing a deviation in sensitivity or offset of the sensor output.
PAR  In the preferred embodiment of the present invention system, a sensor of
      FIG. 7 is utilized to achieve the desired result. This sensor is an
      extremely simple and rugged device providing the desired signal output to
      a single wire cable, generally indicated by the numeral 50. The sensor is
      comprised of three major sections, that is, an upper section, generally
      indicated by the numeral 54 within which the switching devices and other
      mechanism is located, and a lower section 56 enclosing the sensing bellows
      and providing fluid isolation between the sensing bellows and the oil.
PAR  The central section 54 has an outer case member 56 to which the case member
      58 of the upper section 52 is attached by pin 60. A hermetic feedthrough
      62 is mounted on the top of member 56 having an upward protruding terminal
      comprised of metal section 64 and a top pin 66, generally physically
      duplicating the conductor wire of cable 50. Other elements for connecting
      the sensor assembly to the cable 50 will be described later as they are
      similar to design and function as the equivalent parts for splicing the
      cable at various points along its line.
PAR  Integral with member 66 and projecting downward into the central chamber is
      a terminal 68 electrically coupled through diode devices 70 and 72 to
      terminals 74 and 76 respectively. These terminals are the upper terminals
      of feedthrough type devices 78 and 80, respectively, supported on an inner
      support member 82 with downward projecting rods 84 and 86 being
      electrically integral with terminals 74 and 76. These rods are supported
      at the base thereof on a metal member 88, but are electrically isolated
      therefrom by a lower insulating pad 90 and a cylindrical insulator 92. A
      nestable bellows 96 is welded to the lower portion of member 88 and in
      turn has a lower end cap 98, which together with the bellows member 88
      portion 94 of member 82, member 56 and terminal 62 provide hermetic
      enclosure for the central section 54. This enclosure in the preferred
      embodiment is evacuated via tube 29 and sealed so that changes in
      temperature will not result in a change in pressure of the gas therein to
      affect the balance of forces on nestable bellows assembly 96.
PAR  The bellows assembly 96, referred to herein as a nestable bellows is of a
      type known in the bellows art as a welded diaphragm bellows and is of a
      class thereof which employs diaphragm contours of a type known as nesting
      ripple. Welded diaphragm bellows comprise pairs of washer-like diaphragms,
      each pair being joined by welding at the inside diameter to form a
      convolution. A series of convolutions is then stacked and welded at the
      outside diameters to form a capsule. In the preferred form of the capsule
      for the present invention a slight separation is established, during heat
      treatment, between outside diameters (and inside diameters) of adjacent
      convolutions. Accordingly, such bellows exhibit an elastic range which
      results in an increase and decrease of this separation with a generally
      linear elastic characteristic. However, when compression forces exceed a
      certain predetermined limit the convolutions nest, that is, the gaps or
      separation between adjacent washer-like members opposite the welds are
      reduced substantially to zero so that further loads result only in face to
      face pressures of the washer like members. Accordingly, the bellows are no
      longer free to further compress, and exceptionally high stress loads may
      be withstood without substantially increasing strain on the bellows, and
      particularly strain on the normal elastic portion so as to result in any
      permanent offset or destruction of the bellows. Thus, such nestable
      bellows may take relatively high compressive loans (pressures) way beyond
      the elastic region of the bellows without exceeding the elastic limit
      thereof. It may be seen that a high fluid pressure in the chamber 100
      around bellows 96 will "bottom out" the nested bellows, ending the travel
      thereof without causing a permanent offset.
PAR  Electrically and mechanically attached to lower cap member 98 is a central
      post 102 slidably extending upward through a mating opening in member 88
      and projecting past wipers 104 and 106 attached to post 84 and 86
      respectively. Post 102 has a central insulated portion 108, and is further
      provided with upper and lower uninsulated sections 110 and 112
      respectively. Accordingly, with central post member 102 in the position
      shown, both wiper members 104 and 106 slidably engage the uninsulated
      portions 110 and 112, respectively, of the central post, thereby
      connecting terminals 74 and 76 to ground through the wipers, central post,
      and bellows 96 to the sensor case.
PAR  If the pressure in region 100 is reduced, bellows 96 will be further
      extended, withdrawing central post 102 to a lower position, allowing wiper
      104 to engage the insulated portion 108 so as to open the circuit
      therebetween. Similarly, when pressure in region 100 is increased, bellows
      96 will compress, causing central post 102 to move upward, and wiper
      member 106 will engage the insulated portion 108 of the central post to
      open the circuit therebetween. Accordingly, in the condition illustrated
      in FIG. 7 representing the normal pressure condition, terminals 74 and 76
      are shorted to ground, whereas in low pressure condition only terminal 76
      will be shorted to ground, and in high pressure condition only terminal 74
      will be shorted to ground.
PAR  Rather than expose the nestable bellows 96 directly to the oil in the oil
      well which may contain particles large enough to interfere with nesting of
      the bellows, it is preferable to fill cavity 100 with a fluid having a low
      freeze point and a high boiling point to isolate that region from the oil
      in the well by means of a yieldable diaphragm member 114. This diaphragm
      member has an outer annular section similar to an O-ring, which is engaged
      between the lower portions of members 118 and the upper portion of member
      120. Member 118, together with member 88, bellows 96, cap member 98 and
      the diaphragm member 114 provide a hermetically sealed enclosure for
      region 100 to retain the fluid therein. Member 120, fastened to member 118
      by pins 122, is provided with a screen-like member 124 (also visible in
      FIG. 8) to prevent the contact of relatively large foreign objects with
      the lower surface of diaphragm member 114.
PAR  The provision of splicing the cable in the present invention is illustrated
      in FIGS. 14 through 18. On one cable the shield 120a and insulator 124a
      are cut back to predetermined locations with respect to the conductor wire
      122a. A similar provision is made for conductor 122b with respect to the
      insulator 124b and shield 120b, the shield 120b being slidable with
      respect to the insulator 124b and being slid to a position further removed
      from the end of the conductor than for the other section of wire. The next
      step in the splicing is to place an assembly, generally indicated by the
      numeral 180, over the insulator 124b. Assembly 180 is shown in cross
      section in FIG. 17 and is comprised of an outer metal cylindrical member
      182 having its ends slightly rolled over to confine a tubular plastic
      insulating member 184 therein. Member 184 is slidable upon tubular member
      124b, so that it may be readily disposed in the position shown in FIG. 15.
      The next step is to place a small tubular conductor member 186 over ends
      122a and 122b of the conductors and to slide the conductors approximately
      into abutment at the center of member 186. (Only partial assembly being
      shown in FIG. 15.) Member 186 is then crimped in locations 188 and 190 by
      a predetermined amount so as to provide firm mechanical and electrical
      connections between member 186 and conductors 122a and 122b respectively.
      In the preferred embodiment a six sided crimp is used, which approaches a
      perfect shrinkage of member 186 at the desired location rather than a mere
      flattening thereof.
PAR  After the crimping described with respect to FIG. 16, the assembly 180 is
      slid to the left (reference FIG. 16) so that the left end thereof
      generally engages the end of the shield 120a. Thereafter shield 120b is
      slid to the left with respect to insulator 124b to about the right hand
      end of assembly 180. At this stage, member 180 is crimped at locations 189
      and 191, utilizing the preferred six sided crimp, to provide firm
      mechanical engagement between the plastic insulator 184 and insulators
      124a and 124b. Finally, member 194, previously placed over either shield
      and slid out of the way, is disposed generally symmetrically with respect
      to member 182 and crimped in locations 196 to mechanically couple the two
      shields 120a and 120b together. Accordingly, mechanical integrity of the
      connections is assured by the mechanical grip and the mechanical integrity
      of member 194 to the adjacent cable shield. Electrical integrity is
      provided by the firm crimping of member 186 by the two adjacent ends of
      the conductor wire. Finally, the connections provide the desired hermetic
      seal by the firm crimping of member 182 to provide firm continuous
      engagement by member 184 to insulators 124a and 124b at each side of the
      electrical connection provided by member 126.
PAR  Having now described the details of splicing the cable, the matter of
      securing the cable 50 to the sensor will now be described with reference
      to FIG. 7. Member 58 and cable shield 120 are initially slid to an upper
      position so as to expose members 64 and 66 so that the wire 122, having
      teflon insulator 124, may be attached thereto. The insulator 124 is
      removed from a predetermined length of conductor 122. A small tubular
      member 186 is placed over pin 66 and receives conductor 122 through the
      other end thereof. As in the case of cable splicing, member 186 is then
      crimped in regions 128 and 130 to crimp against conductor 122 and pin 66
      respectively. Member 132 (analogous to member 186 of FIG. 15) with an
      inner insulating member 134 concentric therewith and initially disposed in
      an upper position concentric to insulator 124, is then slid downward over
      member 126 and itself is crimped in regions 136 and 138 to mechanically
      clamp and couple insulator 124 to glass insulator section 64 and to
      insulator 124. Thus, it may be seen that insulator 124 is mechanically
      secured and wire 122 is both mechanically and electrically secured to the
      assembly. Thereafter member 58 is slid into the position shown and
      fastened thereat by pins 60 and shield 120 is slid downward into the
      position shown. Finally, the upper portion 140 of member 58 is crimped to
      mechanically lock the shield in that position, thereby completing the
      assembly. Hermetic sealing of the wire connection is achieved, not by
      member 58, but instead by the sealing action of the plastic insulator 134
      as clamped by member 132.
PAR  Now referring to FIG. 5, a preferred means of attachment of the sensor of
      the present invention to the pipe 28 may be seen. A mounting bracket 150
      having openings 152 near the lower end thereof is securely welded or
      banded by bands 103 to pipe 28 or to the pump as may be required. The
      sensor itself, generally indicated by the numeral 154, is received within
      member 150 and secured by a retaining cap 156 threadedly engaging member
      150. This assembly, located within the well casing 26, may be seen in FIG.
      6. As shown, it is desirable to provide slot 158 in cap member 156 so that
      the cable may pass therethrough to allow easy installation or removal of
      the sensor.
PAR  Now referring to FIGS. 10 through 13, the methods of attaching the cable to
      the pipe 28 will be described. It is desirable that the cable 50 be
      supported by periodic attachment to pipe 28 particularly in the case of
      deep installations where the length of pipe 28 may be several thousands of
      feet. In addition to providing vertical support for the cable such
      attachment minimizes the possibility of entanglement of the cable while
      the pump is being lowered into place or while it is being pulled out for
      repairs.
PAR  Two cases are to be distinguished. Referring to the figures in the first of
      these cases there may be seen cable 50 of the present invention and
      additionally a much larger cable 300 which conducts power to an electric
      motor driven pump of the class known as submergible. The power cable 300
      is attached periodically to pipe 28 as may be seen at 28a and 28b by
      strapping bands 156 and 170 respectively. Referring now to FIG. 11, the
      strapping band 156 is applied in the same manner as conventional steel
      bands commonly utilized for the banding or shipping crates and the like,
      wherein, after tensioning, the band is locked by crimping the sealing clip
      160. In like manner band 156 maintains cable 300 in compressive contact
      with pipe 28 and provides restraint against both horizontal and vertical
      motion of the cable.
PAR  It is desirable that, as seen in FIGS. 10 and 11, cable 50 be located
      adjacent cable 300 in the space enclosed by band 156, thereby insuring the
      protection afforded by presence of the larger cable 300. The arrangement
      shown does not, however, provide vertical support for cable 50. Therefore
      at alternate or other suitable banding points of cable 300, such as at 28b
      and in FIG. 12, a dual-cable band 170 is provided, which not only secures
      power cable 300, but also grips cable 50 to provide vertical support
      thereof. These dual-cable bands, as seen in FIG. 13, have a reverse bend
      302 adjacent sealing clip 160 followed by a U-shaped bend 304 proportioned
      to receive cable 50. When the band is placed as in FIG. 12 and tensioned,
      the U-shaped section tends to close firmly around cable 50. To assure that
      the cable will not slide vertically within U-shaped bend 304, the inner
      portion thereof has a pair of dimples 176 appropriately disposed to engage
      the outer contour of cable 50 to provide mechanical retention against
      vertical motion of the cable.
PAR  In the second case to be distinguished, there is no power cable present.
      This condition is typical of mechanical pumps driven from the surface by
      reciprocating a series of connected rods within pipe 28 and employing a
      rocker arm mechanism such as illustrated in FIG. 1. In this case cable 50
      is secured periodically to pipe 28 by means of conventional bands 156 as
      described in connection with FIG. 11. The compressive force between cable
      50 and pipe 28 resulting from the tensioning and locking of band 156
      provides restraint against both horizontal and vertical motion of the
      cable.
PAR  Now referring to FIGS. 2 and 3, a schematic representation of the
      electronics package 40 together with sensor 154 and cable 50, and a
      circuit diagram for the electronics package respectively may be seen. The
      electronics package 40 in this embodiment utilizes an on-off switch 200 to
      couple input power to the circuit itself, a yellow signal light 202, a
      green signal light 204 and a red signal light 206, and three push to test
      buttons 208, 210, and 212. Green light 204 is for the purposes of
      indicating that the oil level is within the predetermined desired range,
      whereas yellow light 202 is for the purposes of indicating that the oil
      level has risen above the normal or predetermined desireable range,
      thereby reducing the well production rate but not otherwise jeopardizing
      the equipment. Red light 206 indicates that the oil level is below the
      predetermined minimum desirable, which is expected to result in cavitation
      and undesirable mechanical effects if the pump continues to operate in
      this condition. As will be subsequently seen, switch 208 provides a test
      for lights 202, 204, and 206, switch 210 provides a test for short
      circuits in the cable 50 and switch 212 provides a test for a break or
      open circuit in the cable. The two electrical connections between the
      electronics package 40 and cable 50 is a first connection to the conductor
      122 of the cable and a second connection to the shield 120 of the cable.
PAR  Now referring specifically to FIG. 3, the operation of the circuit of this
      embodiment will now be described. Input power is applied at terminals 220,
      which in this embodiment is assumed to be 115 volt 60 cycle AC power. When
      switch 200 is turned on, transformer TF1 is excited. This transformer has
      a secondary winding with a grounded center tap, so that the combination of
      diodes D1 and D2 provide a full wave rectifier to provide a DC unfiltered
      power output on line 222. This DC signal is coupled through diode D3 to
      two voltage regulator circuits, one comprised of resistor R2, filter
      capacitor C1, resistor R3 and zener diode Z1, and the other comprised of
      resistor R4, filter capacitor C2, resistor R5 and zener diode Z2. These
      regulators, among other purposes, provide the required DC power to the
      integrated circuit devices indicated by the dashed line enclosures.
      Specifically, device 224 is a hex inverter (four of which are utilized)
      manufactured by RCA as their part number CD 4009AE, device 226 is a quad
      OR gate (three of which are used) manufactured by Signetics as their part
      number SN7402N and devices 228, also manufactured by Signetics as their
      part number SN75453P.
PAR  With power turned on and switches 104 and 106 being in the position shown
      in FIG. 3, the oil well is within the predetermined limits. Accordingly,
      wipers 104 and 106 of FIG. 7 contact uninsulated portions 110 and 112,
      respectively, and lines 120 and 122 are essentially connected together via
      diode devices 70 and 72. Accordingly, the AC voltage appearing across one
      half of the secondary of transformer TF1 appears across resistor R6,
      except for voltage drops across diode devices 70 and 72, so that the
      voltage on line 230 is essentially as shown in FIG. 19a. In this condition
      the conduction in diode D4 can, at most, charge capacitor C3 to the
      potential of one diode drop. Consequently, the input to inverter I1 is low
      and the output on line 232 is high. This output is applied as one input to
      NOR gates N1 and N2. At the same time current flows from one of the
      regulators through line 234 and resistor R8 through zener diode Z3 and
      diode D5 to line 230. Though diode D5 maintains capacitor C4 basically
      discharged, the voltage on line 230 includes the zener drop of zener diode
      Z3, which is chosen to approximately represent a high-low state voltage
      differential. Accordingly, the high state voltage is applied to inverter
      I2, with the low state output thereof on line 238 being applied as the
      second input to NOR gates N1 and N2, as well as being applied to the input
      of inverter I3 and one input of NOR gate N3. Thus, one input to NOR gate
      N1 is low and one is high at this condition, providing a low state output
      and maintaining transistor T1 off. However, since the state of line 232 is
      inverted by inverter I4 and applied as a second input to NOR gate N3, both
      inputs to NOR gate N3 will be in the low state, thereby providing a high
      state output for NOR gate N3,. turning transistor T2 on and coupling the
      return wire of bulb 204 to ground so as to turn that bulb on. This
      represents the normal state indicating lamp, indicating that the oil
      pressure is within the desired limit.
PAR  When the reservoir pressure (oil level) rises to the level indicated by the
      numeral 48 in FIG. 4, post 102 in FIG. 7 moves to the upper position so
      that the insulated portion 108 comes in contact with wiper 104 to open the
      circuit at that point, thereby leaving diode device 70 in the circuit but
      opening the circuit of diode device 72. Accordingly, when line 122 is
      positive with respect to line 120, diode device 70 is back biased so that
      the voltage between line 122 and shield 120 is determined by transformer
      TF1. On the negative half of the wave, however, diode device 70 is forward
      biased thereby clipping the negative half of the wave. Thus the wave form
      is shown in FIG. 19b. The negative half of the wave is the same as that of
      the normal pressure situation so that the signal on line 238 remains low.
      However, diode D4 and capacitor C3 provide a peak detector (with a time
      constant dependent upon resistor R7) so that the input to inverter I1 is
      high and the signal on line 232 is changed to the low state. Accordingly,
      both inputs to NOR gate n1 are now low and the output of the NOR gate N1
      is high, thereby turning on transistor T1 and coupling the return line for
      the above maximum indicating light 202 to ground to turn on that light. At
      the same time the output of inverter I4, coupled as one input to the NOR
      gate N3, is in the high state, thereby providing a low state output for
      the NOR gate and turning off transistor T2 to turn off bulb 204.
PAR  It will be noted that in both of the foregoing examples the output on line
      238 is low. Consequently, the output of inverter I3 on line 252 is high,
      giving a low state output for NOR gate N5 and maintaining transistor T3
      off. If, however, the pressure level decreases below minimum, wiper 104
      will make contact with the conductive portion 110 of post 102, whereas
      wiper 106 will contact the insulated portion 108. Accordingly, diode
      device 70 is effectively out of the circuit, whereas diode device 72 is
      operative. Diode device 72 clips the positive portion of the wave, giving
      a voltage wave form on line 122 as shown in FIG. 19c. The input to the
      converter I1 is low and the output on line 232 is high. However, the
      negative half of the cycle provides a low state output on line 236, and a
      high state on line 238. This provides a low state output for NOR gates N1
      and N3. Since line 238 and line 232 are both in the high state the output
      of inverters I3 and I4 respectively are in the low state, thereby
      providing the high state output of NOR gate N5, turning on transistor T3
      and illuminating bulb 206 by connecting its return line to ground.
      Accordingly, it can readily be seen that the above three described
      conditions result in the illumination of one and only one of bulbs 202,
      204, and 206 at one time responsive to high, normal and low pressure
      levels. It may also be seen that the inputs to NOR gates N1, N3 and N5 are
      coupled to NOR gates N2, N7 and N4 respectively, so as to provide
      identical signals on lines 246, 248 and 250 respectively for connection
      for such purposes as remote indication and/or pump control.
PAR  Switch 208 is provided as a bulb test switch. It may be seen that
      depression of switch 208 ties the return for all three bulbs to ground
      through diodes D6, D7 and D8 to turn on all three bulbs.
PAR  Switch 210 provides a short circuit test as follows. The combination of
      resistors R10 and R11, capacitor C5, transistor T5 and diode D10 provide a
      rectifier to provide a DC voltage on line 260 responsive to the voltage on
      line 122. Thus, when the voltage on line 122 is positive, transistor T5 is
      turned on, capacitor C5 is discharged, transistor T6 is turned off through
      diode D11 and transistor T7 is turned on through resistors R12 and R13.
      Consequently, the voltage of point 260 is low and diode D12 is
      non-conductive, either by being back biased or by having essentially no
      bias thereon. Even if the pressure is in the normal range so that both
      diodes 70 and 72 in the sensor are operative, the positive half cycle will
      produce a voltage greater than the base threshold voltage of T5 since
      diode device 72 is actually two diodes in series thus producing a peak
      level of approximately 1-2 volts which is sufficient to provide the
      signals described. If, however, there is a short between line 122 and
      shield 120, the voltage applied to resistor R10 will be below the
      threshold voltage of transistor T5. Accordingly, transistor T5 will be
      clamped off, capacitor C5 will charge through resistor R11 turning on
      transistor T6, in turn turning off transistor T7 and applying a high state
      voltage through resistor R14 and diode D12 to line 270. This signal is
      isolated from the output of inverter I4 by resistor R15, and providing
      high state input to NOR gate N3, causes the output thereof to turn off
      transistor T2, thereby turning off lamp 204.
PAR  Accordingly, all lamps will be off, indicating either a short or a lamp
      failure, which may be tested for either by depression of switch 208 or by
      depression of switch 210, which will couple the low state voltage on the
      collector of transistor T6 to the return line of lamp 202 to light that
      lamp indicating the short. (The short wave form being generally as shown
      in FIG. 19d).
PAR  In the event of an open circuit, the wave form on line 122 would be as
      shown in FIG. 19e. In this case the signal on line 236 will be in the low
      state and the signal applied to the input of inverter I1 will be in the
      high state. Accordingly, at least one input of the NOR gates will be in
      the high state except for NOR gate N6, which will have both inputs in the
      low state. Thus, the output of NOR gate N6 will be in the high state,
      transistor T4 will be turned on, and by depression of switch 212 lamp 204
      will light indicating the open condition. Thus, the lighting of the lamp
      202 upon depression of switch 210 indicates a short condition, lighting of
      light 204 upon depression of switch 212 indicates an open condition, and
      failure of one or more of the lights to light upon depression of switch
      208 indicates a lamp failure. (Switches 210 and 212 may be combined into a
      single double pole, double throw switch).
PAR  In summary, it may be seen that through the system of the present invention
      utilizing a single insulated conductor extending from the sensor at the
      bottom of the well to the electronics package at the top thereof, signals
      are derived indicating normal operation, high pressure operation, low
      pressure operation, failure due to a short circuit and failure due to an
      open circuit, as well as failure of the lamps themselves with the net
      result of extremely accurate, rugged and reliable pressure sensing as
      required for maximum economic production of the oil well.
PAR  Now referring to FIG. 20, an alternative embodiment for the sensor
      circuitry, and particularly the electronics package circuitry may be seen.
      In this embodiment of the sensor the two diode devices 70 and 72 are
      coupled respectively in series with switches 104 and 106 and the two
      series combinations are coupled in parallel as before. However, resistor
      R20 is now coupled between their diode ends and line 122. The circuitry is
      driven by an AC input voltage applied at terminal 300 with an initial
      dropping resistor R22 in series therewith. Thus, when both switches are
      closed as shown in the figure, the voltage on line 122 (neglecting diode
      voltage drops) is equal to VINR20/(R20 and R22). On the other hand, for
      any half cycle for which one of the diodes 70 and 72 is back biased and
      the switch for the other diode is open, the voltage on line 122 will be
      equal to VIN. Similarly, in the event there is an open in line 122, line
      302 within the electronics package (which is in effect a continuation of
      line 122 running down into the well) will have voltage equal to VIN for
      both half cycles of the wave. Finally, if there is a short in line 122,
      the voltage on line 302 will be substantially zero, with the full input
      voltage appearing across resistor R22. Thus, polarity sensitive level
      detectors may be used to detect voltages on line 302 during the positive
      half cycle and the negative half cycle to detect normal pressure, high
      pressure, low pressure, shorts and opens as hereafter described.
PAR  Four voltage comparators VC1 through VC4 each have one input terminal
      coupled to a voltage divider VD1 through VD4, respectively. These voltage
      dividers are driven by a DC voltage, such as by way of example 5 volts DC,
      and are utilized to apply a predetermined reference voltage to an
      appropriate input terminal (positive and negative input terminals as
      indicated) of the respective comparator. The opposite terminal of each
      comparator is connected to line 302 through a rectifying circuit, which in
      this embodiment acts as a peak detector so as to provide a signal
      responsive to the peak negative or the peak positive voltage appearing on
      line 302. In particular, voltage comparators VC1 and VC3 are utilized to
      sense the peak positive voltage through diodes D21 and D23 respectively,
      with capacitors C21 and C23 providing the required storage (filtering)
      between cycles, and with resistors R21 and R23 acting as coupling
      resistors (conventional integrated circuit operational amplifiers or
      voltage comparators may be used with the manufacturer's suggested
      compensation networks, not shown, and occasionally utilizing a high value
      feedback resistor to provide high gain operation so as to operate
      substantially as a trigger or threshhold detecting device). Voltage
      comparators VC2 and VC4 are utilized to detect the peak negative voltage
      through diodes D22 and D24, with capacitors C22 and C24 providing the
      required time constant for the peak detectors. The networks comprised of
      resistors R31, R32, R34 and R35 are coupled to a +5 volt DC power supply
      to provide a voltage to a positive value for comparison with the positive
      value applied to the opposite terminal of the comparator. (Resistors R60
      are pullup resistors, resistors R62 provide controlled histerisis,
      resistors R64 provide voltage dividers for the fixed input terminal, and
      diodes D30 limit the differential input of the respective comparitors.)
      For convenience, the outputs of the comparators VC1 through VC4 have been
      identified as +n, -N, HP and LP respectively. There is also provided an
      inverter (I11 through I14) to invert the output of each of comparators VC1
      through VC4 to provide the logical inverse signals +N, -N, HP and LP.
PAR  In normal operation at normal pressure both switches within the sensor (104
      and 106) are closed so that the voltage on line 302 as previously
      mentioned, is equal to VinR20/(R20 and R22). This provides a DC signal on
      the positive input terminal of comparator VC3 which is less than the bias
      of the negative input terminal so that the output, HP, of the comparator
      is in the low state. (HP high) Similarly, the peak negative signal sensed
      by comparator VC4 is not sufficient to bring the input to the negative
      terminal below the positive input on the positive terminal, so that the
      output, LP, of that comparator is also in the low state. (LP high)
PAR  When the pressure goes above the predetermined limit, switch 106 in the
      sensor opens. Accordingly, the positive half cycle of the voltage on line
      302 increases the input to the positive terminal of comparator VC3 to
      cause the output HP to change to the high state. The output of comparator
      VC4 does not change. However, had the pressure gone below the
      predetermined normal pressure, switch 104 would have opened causing the
      input to the negative terminal of comparator VC4 to drop, and the output
      LP to change to the high state.
PAR  Voltage comparators VC1 and VC2 are for detecting shorts. As with the other
      comparators, by proper selection of the resistors determining the
      switching points, the output of these comparators (+N and -N) may be
      maintained in the high state provided the voltage on line 302 does not
      fall below VinR20/(R20 and R22). Accordingly, in normal operation the
      output of these comparators is in the high state. However, if a short
      occurs, the output of these comparators will change to the low state (the
      signals HP and LP for a short will be in the low state). Finally, if there
      is an open in line 122, the voltage on line 302 will equal Vin for both
      the positive and the negative half cycle causing the signals HP and LP to
      both be in the high state. Accordingly, the table of logic states and
      positive logic equations to provide the desired information is presented
      below:
TBL                TABLE 1                                                     
     ______________________________________                                    
     +N        -N      HP      LP    Equation                                  
     ______________________________________                                    
     normal                                                                    
           1       1       0     0     +N .times. -N .times. HP .times. LP     
     high  1       1       1     0     HP .times. LP                           
     low   1       1       0     1     HP .times. LP                           
     short 0       0       0     0     +N .times. -N                           
     open  1       1       1     1     HP .times. LP                           
     ______________________________________                                    
PAR  NAND gates NA1 through NA5 together with NAND gates NA6 through NA10
      provide the logic functions of AND gates. It may be seen that the input to
      the NAND gates NA1 through NA5 is in accordance with the logic table
      presented herein. By way of example, for a normal pressure situation, both
      HP and LP are low, and without a short +N and -N are high. Accordingly, HP
      and LP in the low state provides the normal pressure signal with +N and -N
      in the low state providing an enabling signal, so that if a short occurs
      the normal pressure lamp will go out. The over pressure condition is
      indicated by LP and HP, whereas the low pressure situation is indicated by
      HP and LP. It is to be noted that neither of these conditions are achieved
      with either a short or an open conditions so that no additional enabling
      signal is required, and when a short or open appears, all three lamps will
      be off. On the other hand, a short condition is indicated by both +N or -N
      being in the low state, whereas an open condition is indicated by both HP
      and LP being in the high state.
PAR  Since, as above described, the outputs of comparators VC1 through VC4 are
      inverted by inverters I11 through I14, respectively, to provide the four
      signals which are the logical inverse of the comparator outputs, it may be
      seen that all signals required in accordance with the previous table are
      provided, and it may also be seen that the inputs to NAND gates NA1
      through NA5 are coupled to these signals in accordance with the table. The
      NAND gates NA1 through NA5 in conjunction with their respective inverting
      gates NA6 through NA10 provide the logical equivalent of an AND gate, as
      previously mentioned. Accordingly, the signals appearing on lines 400,
      402, 404, 406 and 408 are the positive logic signals representing a short
      circuit, normal pressure, high pressure, low pressure and an open circuit
      respectively. With switch 210 in the position shown, gates will be enabled
      to cause lamp 204 to indicate normal pressure, lamp 202 to indicate high
      pressure and lamp 206 to indicate low pressure. By depression of switch
      210, lamp 202 will indicate a short circuit whereas lamp 206 will indicate
      an open circuit. Obviously, the specific lamps utilized to indicate short
      circuits and open circuits may be different from that shown in FIG. 20,
      and in fact there may readily be additional warning lamps for other
      warning devices operative without the use of switches such as switch 210.
PAR  The idea of the downhole information is to automtically control the pump of
      the oil well. The pump should be turned on when the fluid level (downhole
      pressure) rises to the predetermined maximum and turned off when the fluid
      level is pumped off to the predetermined minimum. Accordingly, the latch
      shown in FIG. 21 formed by NAND gates 800 and 802 are controlled by the
      high pressure (HP) and low pressure (LP) signals. When HP goes low (high
      pressure condition) the latch will be set which in turn energizes the
      optical isolator 804 to supply gate current to triac 806. The triac
      energizes relay 808 which controls the pump motor or pump contactor.
      Switch 810 is used to provide means of either automatically manually
      controlling the pump. When the LP signal goes low (low pressure condition)
      the latch resets which de-energizes the optical isolator, triac, relay,
      and pump. An open or short condition in the cable can also be used to
      reset the latch and thus stop the pump, if desired.
PAR  Now referring to FIG. 22, a partial cross section of an alternate
      embodiment of the sensor, as shown in FIG. 7, may be seen. This embodiment
      is functionally equivalent to the previous embodiment, though it features
      the same functional results utilizing commercially available high
      temperature micro switches 104A and 106A. In this embodiment the post 102A
      passes through a first cylindrical member 904 and a second cylindrical
      member 906, both supported by member 54A, and also passes through a pair
      of switch actuating members 908 and 910 urged into separation by
      compression spring 912. Adjustable nut like members 914 and 916 engage the
      shaft 102A. These nut like members are adjustable in vertical disposition
      and may be locked in the desired position by jam nuts 918 and 920. When
      the coil pressure is in the normal range, the relative disposition of the
      parts is as shown in FIG. 22, with switch actuating members 908 and 910
      engagin micro switches 104A and 106A respectively with sufficient force of
      coil spring 912 to maintain both switches in the actuated position. When
      the pressure decreases, the shaft member 102A will move to a lower
      position, thereby opening switch 104A by the engagement of the nut like
      member 914 with switch actuating member 908 and the encouragement thereof
      away from switch 104A. Of course at this same time switch 106A remains
      actuated by the continued engagement of switch actuating member 910 with
      the switch, allowed by the compression of coil spring 912. The high
      pressure situation is illustrated in FIG. 24, where switch 106A is allowed
      to open by the lifting of switch actuating member 910 off switch 106A,
      with switch 104A remaining in the actuated position. Accordingly, the
      switching logic is identical to the logic hereinbefore explained with
      respect to FIG. 7, and this embodiment is operative with the circuits
      hereinbefore described. The advantage of this embodiment, however, is that
      commercially available microswitches may be used which have proven
      reliability, life and temperature characteristics, thereby avoiding
      substantial development and testing to prove an equivalent capability in
      newly designed equivalent components.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pressure sensor comprising;
PA1  a case means defining a first enclosure,
PA1  a differential pressure responsive means forming a part of the wall of said
      case,
PA1  means for responding to the differential pressure across said differential
      pressure responsive means,
PA1  first and second switch means coupled to said differential pressure
      responsive means and operative to provide first and second switching
      signals at first and second differential pressures,
PA1  first and second diodes each coupled in series with said first and second
      switch means respectively, said first diode and said first switch means
      being coupled in parallel with said second diode and said second switch
      means to form a network forming first and second circuit means
      respectively, said network being coupled to first and second electrical
      connections, said network having predeterminedly different electrical
      characteristics when measured between said first and second electrical
      connections with the respective switch means closed; and
PA1  means for coupling said first electrical connection to a cable conductor.
NUM  2.
PAR  2. The pressure sensor of claim 1 wherein said first and second diodes
      being coupled in parallel with reverse polarities.
NUM  3.
PAR  3. The pressure sensor of claim 1 further comprised of a third circuit
      means coupled in series with said network between said first and second
      electrical connections.
NUM  4.
PAR  4. The pressure sensor of claim 3 wherein said third circuit means is a
      resistor.
NUM  5.
PAR  5. The pressure sensor of claim 1 wherein said second electrical connection
      comprises the case of said pressure sensor, said pressure sensor case
      having a means for electrically and mechanically coupling to a shield of a
      cable containing said cable conductor.
NUM  6.
PAR  6. A pressure sensor comprising;
PA1  a first enclosure,
PA1  a nestable bellows means defining a part of the wall of said first
      enclosure and responsive to the difference in pressure external to and
      internal to said first enclosure, said nested bellows means nesting to
      resist said difference in pressure above a predetermined value within said
      first enclosure,
PA1  first and second switch means within said first enclosure and coupled to
      said bellows and operative to provide first and second switching signals
      at first and second differential pressures respectively,
PA1  first and second diodes each coupled in series with said first and second
      switch means respectively, said first diode and said first switch means
      being coupled in parallel with said second diode and said second switch
      means to form a network forming first and second circuit means
      respectively, said network being coupled to first and second electrical
      connections, said network having predeterminedly different electrical
      characteristics when measured between said first and second electrical
      connections with the respective switch means closed; and,
PA1  means for coupling said first electrical connection to a cable conductor.
NUM  7.
PAR  7. The pressure sensor of claim 6 further comprised of a second enclosure
      adjacent said first enclosure with said nested bellows forming a common
      wall therebetween, said first enclosure being substantially evacuated,
      said second enclosure being filled with a liquid and being defined in part
      by a flexible member for communicating the pressure external to send first
      and second enclosures to said liquid.
NUM  8.
PAR  8. The pressure sensor of claim 7 further comprised of a protective member
      extending over said flexible member, said protective member having opening
      of a predetermined size to allow fluid communication therethrough but to
      protect said flexible member from solid objects of a substantial size.
NUM  9.
PAR  9. The pressure sensor of claim 6 wherein said first and second switch
      means comprise first and second single pole switch means within said first
      enclosure with a moving member responsive to the motion of said nested
      bellows, said second electrical connection comprising the case of said
      pressure sensor, said second diode being coupled in series with said
      second switch means with the opposite polarity than said first diode
      coupled in series with said first switch means.
NUM  10.
PAR  10. The pressure sensor of claim 9 further comprised of at least one
      resistor coupled in circuit to provide a predetermined resistance between
      said first and second electrical connections when at least one of said
      switch means is closed and the respective one of said diodes is forward
      biased.
NUM  11.
PAR  11. A system for sensing pressures comprising:
PA1  a cable comprised of a single insulated conductor and a conductor shield,
PA1  a pressure sensor having a means responsive to fluid pressure surrounding
      said pressure sensor, and first and second switch means responsive to
      motion of said means responsive to fluid pressure to provide first and
      second switching signals, said first and second switch means each being
      coupled in series with first and second diodes respectively, between said
      conductor and said conductor shield, said first and second diodes forming
      first and second circuit means respectively having a predeterminedly
      different electrical characteristic when measured between said conductor
      and said conductor shield with the respective said switch means closed,
      and
PA1  an electronic circuit having a third circuit means coupled in series with
      said conductor and a means for applying an AC signal between said third
      circuit means and said cable shield, said electronic circuit having means
      coupled to said conductor for detecting the state of said first and second
      switch means by detecting voltages characteristic of the series
      combination of said first and third circuit means, and said third circuit
      means in series with the parallel combination of said first and second
      circuit means.
NUM  12.
PAR  12. The system of claim 11 further comprised of a fourth circuit means in
      said pressure sensor and in series with said conductor, and a means in
      said electronic circuit for detecting voltages on said conductor which are
      less than those voltages produced by the series combination of said third
      and fourth circuit means and one of said first and second circuit means.
NUM  13.
PAR  13. The system of claim 12 wherein said third and fourth circuit means are
      resistors.
PATN
WKU  039409813
SRC  5
APN  4129903
APT  1
ART  244
APD  19731105
TTL  Projectile recovery system with quick opening valves
ISD  19760302
NCL  5
ECL  1
EXA  Rasco; Marcus S.
EXP  Woodiel; Donald O.
NDR  2
NFG  4
INVT
NAM  Covey; William B.
CTY  Long Beach
STA  CA
INVT
NAM  Mastandrea; John R.
CTY  Los Angeles
STA  CA
INVT
NAM  Teng; Robert N.
CTY  Inglewood
STA  CA
ASSG
NAM  McDonnell Douglas Corporation
CTY  Long Beach
STA  CA
COD  02
CLAS
OCL   73167
XCL  13762418
EDF  2
ICL  G01L  514
FSC   73
FSS  167;12;35
FSC  137
FSS  624.18
FSC  188
FSS  269;266
FSC  251
FSS  63.5;326
UREF
PNO  3476358
ISD  19691100
NAM  Westerlund et al.
OCL  251326
UREF
PNO  3718041
ISD  19730200
NAM  Jones et al.
OCL   73167
UREF
PNO  3741245
ISD  19730600
NAM  West
OCL  251 63.5
UREF
PNO  R26279
ISD  19671000
NAM  Boynton
OCL   73 12
FREF
PNO  1,216,701
ISD  19701200
CNT  UK
OCL  251 63.5
LREP
FR2  Scholl; John P.
FR2  Jason; Walter J.
FR2  Royer; Donald L.
ABST
PAL  A projectile recovery system where projectile speed is progressively
      reduced as the projectile passes through decelerator tubes. These tubes
      are precharged to high pressure in front of the projectile to minimize the
      decelerating distance. Quick opening valves, which separate the
      deceleration tubes and which seal them for pressurization, are opened as
      the projectile approaches so they will not be struck by the projectile
      with resulting damage.
GOVT
PAR  The Government has rights to this invention pursuant to Contract No.
      F40600-72-C-0010 awarded by Department of the Air Force, Arnold Air Force
      Station, Tennessee 37389.
BSUM
PAC  RELATED INVENTIONS
PAR  U.S. Pat. No. 3,678,745 issued July 25, 1972 to Robert N. Teng for a
      Ballistic Compression Decelerator. It teaches the use of rupturable
      diaphragms between decelerator tubes. These diaphragms break under
      pressure buildup in front of the advancing projectile to let the
      projectile pass to the next deceleration tube. Ultimately the projectile
      stops undamaged and it may then be analyzed and tested as desired.
PAC  BACKGROUND OF THE PRESENT INVENTION
PAR  The Ballistic Compression Decelerator of the Teng patent just mentioned
      involves a projectile with an integral test specimen to be subjected to
      rain or dust erosion or other environment under consideration during its
      "flight" downrange. By capturing the specimen without damage through
      deceleration techniques, it could be examined to determine the effect of
      the environment upon it.
PAR  After the specimen and projectile has been fired and has passed its test
      environment, it passes through a recovery tube having a series of
      pressurized compartments. These compartments are sealed with diaphragms
      which rupture due to the shock wave preceding the projectile. In this
      manner the projectile does not pierce and break the diaphragm and thus
      cause damage to the specimen on the nose of the projectile.
PAR  In practice, because of the delicate balance of relating projectile speed,
      shock wave force, frangibility of the diaphragms, and pressure in the
      compartments, sometimes the projectile would pierce the diaphragm, or
      strike a piece of the ruptured diaphragm, causing damage to the specimen
      and thus ruining the test. Because of the expense of the tests and also
      because of the need for the test information, a more reliable and
      consistently satisfactory replacement of the diaphragms is needed.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  In accordance with the present invention, a projectile with an integral
      test specimen is launched downrange. The launch gases are relieved when
      the projectile passes vents for this purpose and the projectile assumes
      constant free-flight velocity. The projectile continues through a test
      environment chamber where the test specimen is subjected to the affects of
      the environment such as erosion by dust, for example. The projectile then
      enters the shock deceleration tube, a shock precedes the advancing
      projectile and compresses the air or other gas in the shock deceleration
      tubes, thereby absorbing kinetic energy and causing the projectile to slow
      down. A second stage shock decelerator is precharged to a higher pressure
      than the low pressure shock decelerator and minimizes the decelerating
      distance. To minimize the recovery tube length, a moderate pressure is
      maintained in the tube.
PAR  The frangible diaphragms formerly used are replaced in the present
      invention with quick opening valves. The valve actuators are precharged
      with helium at about 300 psi with the pressure being equal across the
      piston due to a controlled leak through the piston. At the command signal
      the electromechanical pilot valve opens and helium rushes out of the
      actuator through the pilot valve. The unbalanced pressure in the actuator
      causes the piston to accelerate away from the closed valve position,
      opening the quick opening valve in front of the approaching test specimen.
      The pilot valve opens 4 .+-. 0.1 milliseconds after the command signal and
      the quick opening valve opens 15 .+-. 1 milliseconds after the command
      signal. The opening time of the quick opening valve is 5 .+-. 0.5
      milliseconds from the first motion of the quick opening valve gate to the
      fully opened position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration showing the overall test system;
PAR  FIG. 2 is an enlarged schematic showing the quick opening valve;
PAR  FIG. 3 is a sectional view of the valve and valve actuating system; and
PAR  FIG. 4 is a sectional view of the valve taken along the line 4--4 in FIG. 3
     .
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENT
PAR  Referring now to the schematic illustration in FIG. 1, there is shown the
      muzzle 10 of a light-gas gun used to fire and accelerate an integral
      projectile 12 and test specimen 14. The driving gases expend through vents
      16 of tube 18 as the projectile passes it. These vents 16 relieve the
      launch gases and the test specimen assumes a near constant free-flight
      velocity as it enters the test environment tube 20. This tube also has
      vents 22 through which dust, moisture or other test particles pass from
      chambers 23. One such test chamber for generating dust is described in
      pending application Ser. No. 246,546, now U.S. Pat. No. 3,817,096 filed
      Apr. 21, 1972 for Ballistic Range Dust Erosion Apparatus by Irving B.
      Osofsky to which reference may be had for further information.
PAR  After the specimen 14 has passed environmental chamber 23 it enters shock
      decelerator and recovery tubes 24, 26, 28 and 30. These tubes are
      connected together and are separated by quick opening valves 32, 34 and
      36. Tube 24 is a transition tube which starts the slowing down of the
      projectile as the shock wave builds up compressed air in front of it. Tube
      26 is the first or low pressure tube where additional compressed air in
      the tube adds to the pressure in front of the projectile. Tube 28 is
      precharged to a higher pressure and minimizes the decelerating distance.
      Tube 30 is the last stage decelerator which may be filled with gases or
      solids to act as a reservoir. A diaphragm 38 over the outer end of tube 30
      is acceptable to seal it since the projectile is spent before reaching it.
PAR  Valves 32, 34 and 36 across the path of the projectile make tubes 26, 28
      and 30 fluid-tight and permit them to be pre-pressurized. By opening these
      valves just before they are reached by the projectile, the pressurization
      is there to cause the projectile to slow down. These valves are quick
      opening valves with a very fast response time. Valve actuators 40, 42 and
      44 include electromechanical pilot valves which actuate the valve openings
      in accordance with command signals. These signals in turn may be
      pre-programmed or may be generated while the projectile is in flight.
PAR  In FIG. 2 there is shown an enlarged schematic of a quick opening valve 32
      and valve actuator 40. Valve 32 is a gate between tubes 24 and 26 which,
      when closed, seals tube 26. This gate is connected to a piston rod 46
      through a shear pin 48 and is moved laterally out of the path of the
      projectile, represented by arrow 50, by actuation of the piston rod 46.
      Valve actuator 40 has a chamber 52 precharged with helium at 300 psi with
      the pressure equalized across piston 54 due to a controlled leak through
      orifice 56 in the piston. The helium is pumped by helium regulator 58 into
      charge line 60 connected to the chamber 52 between chamber end 62 and
      piston 54. An exhaust line 64 connects to chamber 52 near its opposite end
      66. On command an electromechanical pilot valve 68 in exhaust line 64
      opens and helium in that portion of chamber 52 between piston 54 and end
      66 rushes out through the valve 68. This unbalance in pressure, thus
      created, causes piston 54 to move toward end 66, moving gate 32 from the
      projectile path 50.
PAR  End 66 is a Mylar pressure seal that opens on piston impact to permit the
      piston to fly into a cushion material without damage to the piston.
PAR  Pilot valve 68 opens 4 .+-. 0.1 milliseconds after the command signal and
      the quick opening valve 34 opens 15 .+-. 1 milliseconds after the command
      signal has been given. The opening time of the quick opening valve is 5
      .+-. 0.5 milliseconds from the first motion of the gate to its fullyopen
      position.
PAR  It should be understood that any number of tubes with quick opening valves
      may be used as desired, depending upon the projectile velocity, specimen
      material, environmental test, and pressurization of the tubes.
PAR  Referring now to FIG. 3 there is shown an illustrative embodiment of quick
      opening valve 32 and valve actuator 40. Actuator 40 has a body portion 70
      having a central bore 72 along which piston head 54 is adapted to move. As
      shown in FIG. 3, this bore has radial openings 74 at its inner end 62 to
      permit fluid passage from charge line opening 60 for pressurization
      purposes. The outer end 76 of body portion 70 has a Mylar diaphragm over
      the bore opening. Sealing is provided with an O-ring 78 on the underside
      and a retainer ring 80 held with fasteners 82 on the topside. Bore 72 has
      an opening 84 communicating with exhaust line 64, the end of which is
      closure-actuated by an electromechanical pilot valve 68. Inner end 62 has
      an opening 86 with a bushing 88 therein adapted to receive piston rod 46
      in sliding engagement. Seal 90 in bushing 86 prevents escape of
      pressurization fluids or gases. Bushing 86 has an inner collar 92 which
      bears against the inside of chamber end 62 with an O-ring seal 94 in
      between. The outer end 96 of bushing 86 is threaded and nut 98 secures it
      in place.
PAR  Piston head 54 is attached to piston rod 46 and, when there is a pressure
      differential with the cylinder bore 72 such as when electromagnetic valve
      68 opens to vent pressure from the upper end, moves the rod 46 outwardly
      or to the left in FIG. 3. The outer end of piston rod 46 is connected to
      the quick opening valve gate 32 which is adapted to cover projectile path
      50 between tubes 24 and 26.
PAR  As shown in FIG. 3 and FIG. 4 each tube 24, 26 has flanges 100, 102 having
      apertures 104 for fastening them together. An upstream plate 106 and
      downstream plate 108 fit in between and have a slot 110 to receive quick
      opening valve gate 32. When the gate is in the slot, as shown, the tubes
      may be pressurized prior to the projectile firing. As previously
      mentioned, movement of piston rod 46 to the left, as shown by arrow 110,
      moves the gate 32 out of the way of the advancing projectile.
PAR  Having thus described an illustrative embodiment of the present invention,
      it is to be understood that modifications thereof will become apparent to
      those skilled in the art and that these deviations are to be construed as
      part of the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A projectile recovery system with quick opening valves comprising:
PA1  a plurality of tubes connected together to form a path through which a
      fired projectile passes,
PA1  quick opening valve gates having a first position across said path to close
      the tubes for pressurization, and a second position out of said path to
      permit passage of said projectile into pressurized tubes without striking
      said gates, and
PA1  valve actuator means responsive to controlled signals applied thereto for
      sequentially moving therefor, said valve gates from their first position
      to their second position.
NUM  2.
PAR  2. A projectile recovery system with quick opening valves as set forth in
      claim 1 wherein said tubes have a transverse slit adapted to receive one
      of said valve gates in its first position and to permit its withdrawal to
      its second position.
NUM  3.
PAR  3. A projectile recovery system with quick opening valves as set forth in
      claim 1 wherein said valve actuator means comprises a fluid actuated
      cylinder having a bore with a fluid inlet charge line at one end and a
      fluid outlet exhaust line at its other end, a piston head in said bore
      having an orifice therein to equalize pressure on both sides of said head,
      and a pilot valve in said fluid outlet exhaust line operable to release
      pressure therein.
NUM  4.
PAR  4. A projectile recovery system with quick opening valves as set forth in
      claim 3 wherein said pilot valve is actuated by electromechanical means
      responsive to control signals applied thereto.
NUM  5.
PAR  5. A projectile recovery system with quick opening valves as set forth in
      claim 3 wherein the outer end of said bore is covered with a rupturable
      diaphragm sealing said bore for pressurization until said pilot valve
      releases said pressure, said rupturable diaphragm absorbing forces from
      said piston head without damage to said head.
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ABST
PAL  A subbottom rock mapping probe for measuring the thickness of a sediment
       er located on the bottom of a body of water comprising an automatic,
      downwardly extending, telescoping probe that is gimbally connected to a
      support member. Water is forced through the probe to disperse the sediment
      impeding the probe's downward extension. Recording equipment and related
      measuring devices measure and record the depth of penetration of the probe
      into the sediment layer from an initial or reference position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to underwater mapping apparatus and
      method and more particularly to a subbottom rock mapping probe for
      measuring the thickness of a sediment layer located on the bottom of a
      body of water.
PAR  2. Description of the Prior Art
PAR  Presently, in deeper waters sonic subbottom profiling methods are utilized
      to obtain an indication of the location of the bedrock surface. In an
      attempt to verify and correlate the information collected by these
      methods, core samplings are made. However, core sampling operations
      experience limitations in penetration and sample losses which result all
      too often in inadequate or inaccurate information. In addition, the
      resolution of data collected from sonic subbottom profiling methods is
      such that an accurate value for the depth to the bedrock is not
      obtainable.
PAR  In shallower waters, such as the surf zone, the effect of the entrained air
      in the water on the accuracy of the data obtained from sonic subbottom
      profiling methods is not known. Also, the presence of sand in this region
      makes it difficult for sonic signals to penetrate to the seafloor and
      provide accurate data on the rock surface. In addition, sonic equipment is
      difficult to use in this zone.
PAC  SUMMARY OF THE INVENTION
PAR  The general purpose of this invention is to provide a subbottom rock
      mapping probe that provides easier operation and greater accuracy of
      measurement than prior art subbottom rock mapping devices. To attain this,
      the present invention provides an automatic, downwardly extending,
      telescoping probe that is gimbally connected to a support member. Water is
      forced through the probe to disperse the sediment impeding the probe's
      downward entension. The probe is lowered to the surface of a sediment
      layer by a line from the water surface. Upon striking the sediment layer
      surface, a switch on the support member is thrown, thereby actuating the
      telescoping probe and water-forcing mechanism. The force of gravity causes
      the probe to extend downward. Recording equipment and related measuring
      devices measure and record the depth of penetration of the probe into the
      sedmiment layer from an initial or reference position.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, one object of the present invention is to provide greater
      accuracy of measurement data.
PAR  Another object is to provide simpler operation.
PAR  Another object is to provide operation at greater water depths.
PAR  Another object is to eliminate the undesirable qualities and attendant
      errors present in sonic subbottom profiling methods.
PAR  Other objects and a more complete appreciation of the present invention and
      its many attendant advantages will develop as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings in which like
      reference numerals designate like parts throughout the figures thereof and
      wherein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a specific embodiment of the present invention.
PAR  FIG. 2 illustrates some of the component parts of the specific embodiment
      of FIG. 1.
PAR  FIG. 3 illustrates the brake mechanism for the winch of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning to FIG. 1, probe 10 comprises a series of telescoping sections 12,
      14, 16 and 18. Of course, while in FIG. 1 only four telescoping sections
      are illustrated, additional telescoping sections may be utilized. Probe 10
      is gimbally connected to support member 20 by gimbal mechanism 22. Gimbal
      mechanism 22 allows probe 10 to maintain a vertical position. Tube 12 is
      the outermost telescoping section.
PAR  The smallest or innermost telescoping section 18 has a hose connection 24
      on one end and a nozzle 26 on the other end. A hose 28 connects to hose
      connection 24 and extends upwards through telescoping sections 12, 14 and
      16. Hose 28 winds up on winch 30. Water enters hose 28 from pump 32 via
      water pipe 34 and water swivel joint 36. The water from pump 32 is forced
      out nozzle 26 to disperse the bottom sediment impeding the downward
      movement of probe 10.
PAR  Also attached to support member 20 are battery 38, recording equipment 40,
      pinger 42, depth sensor 44 and switch 46. Battery 38 powers pump 32, winch
      30, and recording equipment 40 via lines 48, 50 and 52, respectively. Also
      contained in battery 38 is a switching system communicating with switch 46
      and 54 via lines 56 and 58, respectively. The switching system also
      communicates with the operator on the water's surface via line 60.
PAR  Depth sensor 44 communicates with recording equipment 40 via line 62.
      Pinger 42 communicates with recording equipment 40 via line 64. A sling 66
      is utilized to position support member 20. Line 60 also is attached to
      sling 66.
PAR  To ensure proper operation of the telescoping sections 12, 14, 16 and 18,
      telescoping section 12 has stops 68 and 70 attached thereto. Telescoping
      section 14 has stops 72 and 74 attached thereto. Telescoping section 16
      has stops 76 annd 78 attached thereto. Telescoping section 18 has stop 80
      attached thereto. As an example, when probe 10 is extending downwardly,
      stop 72 encounters stop 70, thereby preventing further downward relative
      movement between telescoping sections 12 and 14. On the other hand, when
      probe 10 is being drawn upwards, stop 72 encounters stop 68, thereby
      preventing further upward relative movement between sections 12 and 14.
      The remaining stops on the remaining telescoping sections operate in the
      same manner.
PAR  Now turning to FIG. 2, pump 32 is shown with water pipe 34 connected to
      water swivel joint 36. This allows pump 32 to force water through hose 28
      and out nozzle 26.
PAR  In order to measure the depth that nozzle 26 penetrates into the sediment
      layer from its initial positions, a plurality of projections 90 are
      attached to winch 30. A limit switch 92 is attached to winch support 94
      such that arm 96 strikes projections 90 as winch 30 revolves. Of course,
      the closer together projections 90 are, the more accurate the penetration
      measurements are. Limit switch 92 communicates with recorder 40 via line
      98. Also, a potentiometer may be utilized to measure the penetration
      depth. The potentiometer may be hooked up through gears to monitor the
      winch revolutions and interpret this signal in terms of penetration by
      proper calibration procedures.
PAR  FIG. 3 illustrates brake mechanism 102 attached to winch support 94. Brake
      mechanism 102 communicates with battery 38 of FIG. 1 via line 104.
PAR  The operation of the present invention is as follows. Support member 20 is
      lowered from a vessel or other float to the ocean bottom. Initially probe
      10 is completely drawn up with telescoping sections 14, 16 and 18 inside
      telescoping section 12. In this position, nozzle 26 lies in a plane formed
      by foot 200, foot 202 and nozzle 26. This is the reference or initial
      position of probe 10. When support member 20 strikes the surface of the
      sediment layer, switch 46 is actuated, thereby causing battery 38 to
      energize pump 32, brake 102, and recorder 40. Pump 32 forces water through
      nozzle 26 and brake 102 releases winch 30 so that probe 10 can freely move
      downward under the force of gravity. It is noted that probe 10 has enough
      mass to freely extend downward such that the only significant impeding
      force is the sediment layer. As probe 10 moves downward, projections 90 on
      winch 30 strike limit switch 92, thereby recording the depth of
      penetration of probe 10 into the sediment layer from the initial or
      reference position. In addition, each time a projection 90 strikes limit
      switch 92, pinger 42 emits a sonar signal which is received by sonar
      receiving equipment aboard the floating vessel on the water's surface.
PAR  Upon being energized, recorder 40 records the depth of nozzle 26 in its
      initial position from depth sensor 44. Also, each time a projection 90
      strikes arm 96, recorder 40 records the event, thereby recording the depth
      of penetration of nozzle 26.
PAR  Once probe 10 is fully extended or strikes rock, pinger 42 no longer emits
      sonar signals, thus an operator on the water's surface is informed that
      support member 20 is ready to be moved to a new location. The operator
      then signals to battery 38 via line 60. Battery 38 energizes winch 30,
      thereby causing probe 10 to be withdrawn from the sediment layer. When
      stop 72 of telescoping section 14 strikes stop 68, it closes switch 54.
      This causes battery 38 to energize brake 102, thereby securing probe 10 in
      its initial or reference position. Also, when battery 38 is signaled via
      line 60, pump 32 is turned off as well as recorder 40. However, until
      probe 10 is completely withdrawn such that nozzle 26 of probe 10 is in its
      initial position, pinger 42 continues to emit sonar signals such time
      projections 90 strikes arm 96. The pinger enables an observer located on
      the surface to ascertain when probe 10 has returned to its initial
      position and thereby when to signal battery 38 via line 60.
PAR  When the sonar signals terminate or when the number of sonar signals
      received before the signal on line 60 equals that number received while
      probe 10 was penetrating the sediment layer, the operator is informed that
      probe 10 is completely withdrawn from the sediment layer. The operator
      then moves support member 20 to a new location on the ocean bottom and the
      process starts anew.
PAR  Recorder 40 can be a chart recorder whereby a needle is displaced a
      specific distance from a reference point proportional to the depth of
      depth sensor 44. In addition, the needle is displaced a small amount each
      time limit switch 92 is closed by projections 90. Of course, when probe 10
      is being withdrawn, recorder 40 is not recording.
PAR  It will be appreciated by those having ordinary skill in the art that
      necessary and sufficient water-proofing means are employed in the present
      invention.
PAR  Other alternative embodiments include supplying the present invention with
      power from the surface through an electromechanical cable. Also, locating
      the recording equipment on the surface or disposing switch 46 and depth
      sensor 44 on probe 10 and providing vertical orientation of probe 10 by
      utilizing a wire rope from a surface vessel.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A subbottom rock mapping probe for measuring the thickness of a sediment
      layer located on the bottom of a body of water as well as the depth of the
      surface of the bottom sediment layer below the water surface comprising:
PA1  a. support means;
PA1  b. a telescoping probe comprising an elongate outer tube gimbally attached
      to said support means at a first end, an elongate inner tube having first
      and second opposite ends, a plurality of successively smaller diameter
      elongate tubes between said inner tube and said outer tube, said plurality
      of tubes being nested together in such manner that they will automatically
      extend downward in telescoping fashion when the force of gravity is
      applied thereto, said inner tube having the smallest diameter and being
      the last tube in said telescoping configuration, said telescoping probe
      being capable of automatically extending downward from an initial position
      along the vertical as a result of the force of gravity being exerted
      thereon;
PA1  c. a nozzle connected to said elongate inner tube at said second end;
PA1  d. means for forcing water through said elongate inner tube and said nozzle
      whereby the sediment impeding the automatic downward movement of said
      telescoping probe is dispersed; and
PA1  e. means for controlling the movement of said telescoping probe.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said control means includes:
PA1  a. means for initiating said automatic downward extension of said
      telescoping probe from said initial position; and
PA1  b. means for returning said downwardly extended telescoping probe back to
      said initial position when said telescoping probe is fully extended or
      when said second end on said inner elongated tube encounters rock or other
      hard surface before said telescoping probe is fully extended.
NUM  3.
PAR  3. The apparatus of claim 1 further comprising:
PA1  a. recording means connected to said support means; and
PA1  b. means communicating with said recording means for measuring the distance
      said nozzle extends vertically downward from the initial position of said
      telescoping probe.
NUM  4.
PAR  4. The apparatus of claim 1 further including:
PA1  a depth sensor attached to said support means and communicating with said
      recording means, said depth sensor being at equal depth with said
      telescoping nozzle when said probe means is in said initial position.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said water forcing means includes:
PA1  a. a pump mounted on said support means;
PA1  b. power means mounted on said support means for supplying power to said
      pump; and
PA1  c. a hose connected at one end to a hose coupling attachment disposed on
      said first end of said elongate inner tube and extending upwards through
      said tubes to communicate with said pump.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said returning means includes:
PA1  a. a winch mounted on said support means upon which said hose winds;
PA1  b. brake means for preventing said winch from turning;
PA1  c. power means mounted on said support means for supplying power to said
      winch and said brake means, said winch winding said hose up when power is
      supplied thereto, said brake means allowing said winch to turn freely when
      power is supplied thereto;
PA1  d. means connected to the inside of each of said plurality of successively
      smaller diameter tubes and said outer tube for preventing relative motion
      between any two adjacent tubes when the smaller diameter tube of the two
      adjacent tubes is completely drawn into the large diameter tube of the two
      tubes when said telescoping probe is being returned to its initial
      position, said means not impeding movement of said hose with respect to
      any of said plurality of tubes or said outer tube whereby when said winch
      winds said hose up, said telescoping probe is withdrawn to said initial
      position; and
PA1  e. means located adjacent said outer tube for terminating movement of said
      winch and thereby said telescoping probe when said telescoping probe
      reaches said initial position when said telescoping probe is being
      returned to its initial position.
NUM  7.
PAR  7. A method for measuring the thickness of a sediment layer located on the
      bottom of a body of water comprising the steps of:
PA1  a. gimbally mounting a telescoping probe on a support member, said
      telescoping probe having a nozzle on the end of its smallest diameter
      section;
PA1  b. securing said telescoping probe in an initial position, said initial
      position being a fully withdrawn position;
PA1  c. lowering said probe and support member to the ocean bottom at the point
      the measurement is to be taken;
PA1  d. releasing said telescoping probe from said initial position so that said
      telescoping probe can freely move downwardly under the force of gravity;
PA1  e. forcing water through said telescoping probe's nozzle so that the
      sediment layer is dispersed in the vicinity of said nozzle, thereby
      removing the sediment layer as an impeding force to said probe's downward
      movement;
PA1  f. measuring and recording the depth of penetration of said probe into the
      sediment layer when said probe is fully extended or when said probe
      encounters rock or other hard surface before said probe is fully extended;
PA1  g. terminating the forcing of water through said telescoping probe and the
      measuring and recording of the depth of penetration of said probe;
PA1  h. returning said probe from said sediment layer back to said probe's
      initial position;
PA1  i. repeating steps labeled (b) through (h) above for each point to be
      measured on the ocean bottom.
NUM  8.
PAR  8. The method of claim 7 further including, after the step of measuring and
      recording and before the step of terminating, the step of signaling to the
      surface of the water an indication of the termination of the probe's
      downward movement.
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ABST
PAL  A pair of concentric electrodes are mounted at one end of a housing fixedly
      supported on a body and positioned in a fluid, the flow of which is to be
      measured relative to the body. A permanent magnet is rotatably mounted in
      the housing proximate to the electrodes and is rotatably driven. Reference
      signal generating means is also mounted in the housing to generate a pair
      of pulsating reference signals having a predetermined phase relationship
      with each other and with the rotation of the magnet. Alternating current
      signals are generated between the electrodes, these signals having a
      magnitude and phase in accordance with the speed and direction of fluid
      flow relative to the electrodes. These signals are fed from the electrodes
      through leads, which are positioned coaxial with the magnet rotation axis,
      to detector circuits which in conjunction with the reference signals
      generate signals in accordance with the speed, acceleration and direction
      of fluid flow, these signals being utilized to drive appropriate
      indicators.
BSUM
PAR  This invention relates to a Faraday effect fluid flow indicator and more
      particularly to such a device which generates an electrical signal in
      accordance with the speed, acceleration and direction of fluid flow
      relative to a body in which the device is fixedly mounted.
PAR  Fluid flow detecting and indicating devices are useful for a number of
      purposes, such as the determination of the motion of a boat through the
      water, the measurement of the flow of the water in a river, flood control
      channel or sewer, and the monitoring of fluid flow in industrial
      processes. Faraday effect sensors have been developed in the prior art for
      this purpose, such as for example described in U.S. Pat. No. 3,777,561,
      issued Dec. 11, 1973, to John R. Lewis and assigned to Safe Flight
      Instrument Corporation, the assignee of the present application. This type
      of device provides an advantage over prior art devices using propellers
      and paddle wheels, in that it avoids the tendency of such prior art
      devices of becoming fouled and of changing calibration due to slime
      buildup. This type of device also avoids the shortcomings of certain prior
      art devices that utilize rods which protrude from the mounting body and
      are subject to being broken off or fouled. The device of the
      aforementioned prior art patent, however, has the following shortcomings.
      First, it provides a reading only of the speed of the water flow relative
      to the body on which the instrument is mounted and no signal indicative of
      the direction of such flow or of flow acceleration. Further, in this prior
      art device, stray extraneous signals are not eliminated to the extent to
      be desired.
PAR  The device of the present invention overcomes the shortcomings of the prior
      art in providing a Faraday effect flow detecting and indicating device
      which provides an output display indicative of the speed, acceleration and
      direction of the fluid flow relative to a body on which the device is
      mounted. Further, by symmetrically arranging the electrodes in coaxial
      relationship, by positioning the leads of these electrodes along an axis
      coaxial with the rotation axis of the magnet, and by providing an
      isolation transformer between the leads and the electronic processing
      circuitry, the pickup of stray signals is minimized.
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PAR  Referring to the figures:
PAR  FIG. 1 is a side elevational view showing the outside structure of a
      preferred embodiment of the invention mounted in an operative environment;
PAR  FIG. 2 is a bottom plan view of the embodiment of FIG. 1;
PAR  FIG. 3 is a cross sectional view taken along the plane indicated by 3--3 in
      FIG. 1;
PAR  FIG. 4 is a perspective view illustrating means for generating the
      reference signals which may be used in the preferred embodiment;
PAR  FIG. 5 is a schematic drawing illustrating circuitry which may be used in
      implementing the operation of the detectors of FIG. 4;
PAR  FIG. 6 is a series of wave forms illustrating the operation of the device
      of the invention;
PAR  FIG. 7 is an exploded perspective view illustrating the structure of the
      electrodes and the magnet of the preferred embodiment;
PAR  FIG. 8 is a schematic drawing illustrating circuitry utilized to process
      the signal output of the electrodes;
PAR  FIG. 9 is a schematic drawing illustrating the operation of the detector of
      the invention;
PAR  FIGS. 10A, 10B, 10C and 10D are pictorial drawings illustrating indicators
      which may be utilized with the preferred embodiment; and
PAR  FIG. 11 is a schematic drawing indicating an alternative indicator system
      that may be utilized with the preferred embodiment.
DETD
PAR  It is to be noted that the device of the invention can be utilized in a
      variety of applications where an indication of the flow of a conductive
      fluid relative to a body is required. Such applications include a speed
      indicator for a boat, a device for measuring the flow of a body of water
      such as a river or the water in a flood control channel or sewer, and
      fluid flow measurements in industrial processes, among others.
PAR  Briefly described, the invention is as follows: Mounted at one end of an
      appropriate support structure which may comprise the housing for the
      device, are a pair of coaxially arranged electrodes, the support structure
      being mounted on a body along the surface of which there is a flow of
      fluid which is to be measured. The electrodes are positioned in the fluid.
      In close proximity to the electrodes, a permanent magnet is rotatably
      mounted, this magnet being rotatably driven at a predetermined speed by
      drive means such as a motor about an axis coaxial with the electrodes.
      Leads are provided to conduct current from the electrodes to electronic
      processing circuitry, these leads being arranged coaxially with the
      rotation axis of the magnet and being fed to such circuitry through an
      isolation transformer so as to minimize stray pickup. Means for generating
      a pair of pulsating reference signals is driven synchronously with the
      rotation of the magnet and provides a pair of reference signals which have
      a predetermined phase relationship with each other and with the magnet
      rotation.
PAR  An electric potential is generated between the electrodes in accordance
      with the velocity (magnitude and direction) of the fluid flow relative to
      the electrodes, this by virtue of the cutting of the magnetic flux lines
      by the conductive fluid. This potential is presented in the form of an AC
      signal in view of the rotation of the magnet, this signal being at a
      frequency in accordance with the speed of such rotation. The electronic
      processing circuitry receives the signals from the electrodes and the
      reference signals which are preferably in quadrature phase relationship
      with each other, and generates a first signal in accordance with the
      component of fluid flow along one axis (e.g., the longitudinal axis of the
      body or boat), and a second output signal which represents the component
      of fluid flow normal to the first mentioned axis (e.g., flow lateral to
      the longitudinal axis of the body or boat). These signals may be
      appropriately processed to provide output signals indicative of the speed,
      acceleration and direction of fluid flow, or water speed, boat
      acceleration and direction in the case of a boat.
PAR  Referring now to FIGS. 1-4, the structural features of a preferred
      embodiment of the invention are illustrated. Housing 11 which houses all
      of the components of the device and provides a support structure therefor
      is fixedly mounted on body 12, which may comprise the hull of a boat or
      other support structure relative to which the flow of fluid 14 is to be
      measured. The lower portion 11a of the housing is mounted with an end face
      11b thereof substantially flush with the surface of body 12. End face 11b
      is directly exposed to the fluid 14. An electrical connector 15 is
      provided to feed electrical power to the instrument and to provide signal
      outputs to indicators which may be positioned at remote locations.
PAR  Referring now more particularly to FIGS. 2 and 3, fixedly mounted in lower
      housing portion 11a and forming the bottom face portion 11b thereof are
      outer electrode 16 and inner electrode 18. Electrodes 16 and 18 are
      fabricated of an electrically conductive non-magnetic material such as
      copper and are in coaxial relationship with each other and the rotation
      axis of magnet 35, inner electrode 18 being at the center of the housing
      11. Inner electrode 18 is preferably circular in shape, while outer
      electrode 16 may be formed as shown with an outer ring portion 16a and an
      inner disc-shaped portion 16b. Electrode 18 is fixedly supported on
      disc-shaped insulator 20, as for example by cementing thereto. A
      disc-shaped insulating sheet 21 is used to cover insulator 20 and to fill
      the space between the electrodes, this insulator being of a material which
      has anti-foul characteristics.
PAR  Fixedly supported on the inner portion 16b of electrode 16 is a hollow
      cylindrical conduit 22 of highly conductive material, which serves to
      carry signals from the electrode to the processing circuitry housed in
      casing 30 which is located in the upper part of the housing. Electrode 18
      is connected to the circuitry in casing 30 by means of lead line 24.
      Electrodes 16 and 18 and their respective leads 22 and 24 are electrically
      insulated from each other as well as shaft 37 and other proximate
      conductive structure. It is to be noted that conduit 22 and lead line 24
      are coaxial with the rotation axis of magnet 35, thus minimizing the
      pickup of stray signals generated by the magnet.
PAR  Electric motor 32 is fixedly supported on the bottom of shelf 33 of housing
      11. Fixedly attached to the end of motor drive shaft 37 and rotatably
      driven thereby is two-pole permanent magnet 35, this magnet being
      positioned in close proximity to electrodes 16 and 18. Also fixedly
      attached to motor drive shaft 37 and rotatably driven thereby is timing
      shutter assembly 40, the structure of this assembly being best shown in
      FIG. 4. Shutter assembly 40 may be clamped to shaft 37 by means of
      clamping sleeve 41 which is integrally formed with the assembly. A pair of
      photoelectric transducers 42 and 43 which are spaced 90.degree. from each
      other about the rotation axis of shaft 37 are fixedly mounted in housing
      11 so as to provide pulsing reference signals with the rotation of shutter
      assembly 40, as to be described more fully in connection with FIGS. 4 and
      5. All of the electronic processing circuitry is contained within casing
      30 mounted on shelf 33. As already noted, signals in accordance with fluid
      flow are fed to the electronic processing circuitry by means of lead
      members 22 and 24. Signals from the photoelectric transducers 42 and 43
      are fed to the processing circuitry by means of leads 48.
PAR  Referring now additionally to FIGS. 7 and 9, the structure and operation of
      the magnet and electrode assemblies are illustrated. Permanent magnet 35
      is rotated at a speed (e.g. 1,500 rpm) which is preferably not a harmonic
      of half the power line frequency in use in the area in which the equipment
      is to be used (usually 60 Hertz). Referring now to FIG. 9, the generation
      of signals in the device of the invention is schematically illustrated. It
      is to be noted that electrodes 16 and 18 are fabricated of a highly
      conductive but non-magnetic material, so that the electrodes do not
      provide a magnetic shield for the flux generated by magnet 35. Magnetic
      flux lines are provided in conductive fluid 14 between the north and south
      poles of magnet 35 as indicated by dashed lines 50 in FIG. 9.
PAR  Let us first assume that the magnet is stationary and there is relative
      movement between fluid 14 and body 12. This will result in a cutting of
      flux lines 50 by the conductive fluid, which can be likened to conductive
      wires extending between electrodes 16 and 18. This produces a DC current
      flow between electrodes 16 and 18, as indicated by arrows 52. The rotation
      of the magnet effectively converts this DC signal to an AC signal having a
      magnitude in accordance with the relative speed of flow between the body
      and the fluid, the phase of this AC signal being in accordance with the
      direction of flow relative to a predetermined reference direction. It is
      to be noted that with magnet 35 rotating, in the absence of any fluid flow
      relative to body 12, no current flow occurs between the electrodes in view
      of the lack of movement between these electrodes and the "conductors"
      formed by the liquid. The conversion of the signals to AC has a number of
      advantages, among these being facilitation of amplification, the
      elimination of errors due to extraneous DC signals developed in the fluid,
      and the elimination of electrolysis which would corrode the electrodes.
PAR  Referring now to FIGS. 4 and 5, a mechanism which may be utilized in the
      preferred embodiment for generating reference signals is illustrated. It
      is to be noted that while the mechanization shown for the preferred
      embodiment involves utilization of a particular photoelectric technique,
      that appropriate reference signals can be generated for performing the
      desired functions in other manners well known in the art, such as, for
      example, by magnetic techniques or other types of optical arrangements.
      Timing shutter assembly 40 is fixedly attached to motor drive shaft 37 by
      means of clamping sleeve 41. The timing shutter assembly includes a platen
      60 which has a light fence 61 formed along one half of its circumference.
      Fixedly mounted in housing 11 and spaced from each other by 90.degree.
      about the rotational axis of shaft 37 are a pair of photoelectric
      transducers 42 and 43. Photoelectric transducers 42 and 43 are similar to
      each other and each includes a light emitting diode 65 positioned on one
      side of fence 61 and a phototransistor 66 positioned on the other side
      thereof as shown in FIG. 5. Holes 68 are provided in platen 60 to balance
      the assembly for rotation. The output of phototransistor 66 is amplified
      by transistor 67. Biasing and operating voltages are provided for the LED
      and the transistors by means of power sources 70-72. Each of photoelectric
      assemblies 42 and 43 generates a square wave signal of one cycle for each
      revolution of shaft 37, these signals being fed to transistors 70 and 71
      as reference signals (see FIG. 8). These reference signals are in
      quadrature relationship as shown in FIG. 6 (waveforms "B" and "C").
PAR  Referring now to FIG. 8, electronic processing circuitry for handling the
      signals is schematically illustrated. The signals generated between
      electrodes 16 and 18 are fed to the primary winding of isolation
      transformer 55. The signals are fed from the secondary of this transformer
      to preamplifier 57, from where they are coupled through capacitor 90 to
      the inputs of amplifiers 92 and 93. Amplifiers 92 and 93 utilize filter
      capacitors 95 and 96 respectively in their feedback circuits to filter out
      high frequency extraneous signals. The outputs of amplifiers 92 and 93 are
      typically in the general form of a sine wave, as indicated by the waveform
      labeled "A" in FIG. 6. Transistors 70 and 71 operate as phase detectors
      and are switched on and off in response to the signals "B" and "C" (shown
      in FIG. 6) respectively. Thus, as illustratively shown in FIG. 6, there
      will be a maximum amplitude pulsating DC output of one polarity at point
      "D" when the input signal "A" and the reference signal "B" are in phase.
      It also should be apparent that where the input signal and the reference
      signal are 180.degree. out of phase, the output signal will also have a
      maximum amplitude but of an opposite polarity. Where the input signal "A"
      and the reference signal "C" are in quadrature phase relationship, the
      output "E" (see FIG. 6) will be a pulsating signal having equal opposite
      polarity components resulting in a zero DC output.
PAR  It should be immediately apparent that if photoelectric assembly 42 is
      aligned to provide a reference signal representing a predetermined
      "longitudinal" flow direction and photoelectric assembly 43 is aligned to
      provide a reference signal representing a predetermined lateral flow
      direction, outputs will be provided at points "D" and "E" (FIG. 8)
      representing the "longitudinal" flow and the "lateral" flow respectively.
PAR  The outputs appearing at points "D" and "E" (FIG. 8) are amplified by means
      of amplifiers 100 and 101 respectively, these amplified outputs being fed
      to the longitudinal flow velocity coil 103a of indicator 103 and the coil
      of lateral flow velocity indicator 104 respectively. Indicators 103 and
      104 may comprise DC milliameters which are appropriately calibrated to
      indicate the flow. Capacitors 106 and 107 are placed in the feedback
      circuits of amplifiers 100 and 101 respectively and are large enough to
      effectively integrate the pulsating DC so as to provide steady DC for the
      milliameters.
PAR  The output of amplifier 100 is also fed through capacitor 111 and resistor
      112 to amplifier 114. These components form a differentiating circuit
      which generates an output in accordance with the acceleration of fluid
      flow (i.e., the rate of change of fluid velocity). This "acceleration"
      signal is fed through resistor 119 to coil 103b of indicator 103 which
      drives an indicator needle indicating fluid acceleration.
PAR  Referring now to FIGS. 10A and 10B, typical indicator dials which may be
      utilized for indicators 103 and 104 of FIG. 8, are respectively shown.
      These particular indicators are designed for use in an implementation of
      the device of the invention for indicating the speed of a boat. As shown
      in FIG. 10A, the longitudinal water speed, i.e., along the longitudinal
      axis of the boat, is indicated on dial 115, while as indicated in FIG.
      10B, the lateral speed or "drift" of the boat is indicated on dial 116.
      FIG. 10C provides an indication of acceleration of fluid flow on dial 117a
      in addition to the velocity display on dial 117. Where flow rate of fluid
      is being measured from a fixed position, such as in measuring flow in a
      conduit, an indicator such as shown in FIG. 10D may be utilized whereon
      flow rate in feet/seconds is displayed on an indicator dial 118.
PAR  Referring now to FIG. 11, a further type of display is illustrated wherein
      vector flow direction is displayed on one dial and flow velocity and
      accleration on another. In implementing this type of display, the output
      signals from amplifiers 100 and 101 are fed to vector resolver and adder
      plus differentiator 120. Vector resolver and adder processes the
      orthogonal flow signals so as to provide an output in accordance with
      their vector sum to indicator 121 and in accordance with the direction of
      this vector (flow direction) to indicator 123. A rate signal in accordance
      with fluid acceleration is also provided to indicator 121. It should be
      immediately apparent that the orthogonally related signals can also be
      used to provide other types of indications representing direction, speed
      and acceleration of fluid flow.
PAR  The present invention thus provides reliable and accurate means for
      furnishing a reading as to the speed, acceleration and direction of fluid
      flow relative to a body.
PAR  While the invention has been described and illustrated in detail, it is to
      be clearly understood that this is intended by way of illustration and
      example only and is not to be taken by way of limitation, the spirit and
      scope of this invention being limited only by the terms of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A Faraday effect device for providing indications as to the speed and
      direction of the flow of a fluid relative to a body on which the device is
      mounted, comprising:
PA1  a support structure mounted on said body,
PA1  a pair of electrodes mounted on said support structure and positioned in
      said fluid,
PA1  a permanent magnet rotatably mounted on said support structure in proximity
      to said electrodes,
PA1  means for rotatably driving said magnet so as to generate a rotating
      magnetic field in said fluid, whereby an alternating current is developed
      between said electrodes having a magnitude and phase in accordance with
      the speed and direction respectively of fluid flow relative to said body,
PA1  reference signal generating means for generating first and second
      electrical reference signals having the same frequency as said rotating
      magnetic field and predetermined phase relationships relative to each
      other and to the rotating magnetic field,
PA1  first and second phase detectors,
PA1  means for feeding the output of said electrodes as an input signal to both
      of said detectors,
PA1  means for feeding said first and second reference signals as reference
      signals to said first and second detectors respectively, and
PA1  indicator means responsive to the outputs of said detectors for providing
      an indication of the speed and direction of the fluid flow.
NUM  2.
PAR  2. The device of claim 1 wherein said reference signal generating means
      comprises means for generating said first and second reference signals in
      quadrature phase relationship with each other.
NUM  3.
PAR  3. The device of claim 2 wherein said reference signal generating means
      comprises a circular shutter assembly rotatably driven by said magnet
      drive means, having light transmitting and light blocking portions
      therearound, said last mentioned portions each encompassing one half the
      circumference of said assembly, and first and second photoelectric
      transducers spaced 90.degree. from each other about said shutter assembly
      for generating said reference signals.
NUM  4.
PAR  4. The device of claim 1 and additionally including means for
      differentiating the output of at least one of said phase detectors to
      generate a signal in accordance with the acceleration of the fluid flow,
      said indicator means comprising means responsive to the acceleration
      signal for providing an indication of the acceleration of the fluid flow.
NUM  5.
PAR  5. The device of claim 1 wherein said electrodes are in concentric
      relationship with each other and with the rotation axis of said magnet.
NUM  6.
PAR  6. The device of claim 1 wherein said means for feeding the output of said
      electrodes to said detectors comprises a pair of conductors mounted in
      said housing coaxial with the rotation axis of said magnet so as to
      minimize stray pickup therefrom.
NUM  7.
PAR  7. The device of claim 1 wherein said means for feeding the output of said
      electrodes to said detectors includes an isolation transformer interposed
      between said conductors and said detectors.
NUM  8.
PAR  8. The device of claim 1 wherein said body is a boat hull, said electrodes
      being mounted flush with the surface of said hull.
NUM  9.
PAR  9. A Faraday effect device for providing indications of the speed and
      direction of the flow of a fluid relative to a body on which said device
      is supported comprising:
PA1  a housing fixedly mounted on said body with one end thereof in contact with
      said fluid,
PA1  a pair of electrodes mounted on said one end of said housing, said
      electrodes being in contact with said fluid, one of said electrodes being
      in external concentricity with the other of said electrodes,
PA1  a permanent magnet rotatably mounted in said housing in proximity to said
      electrodes for rotation about an axis coaxial with said electrodes,
PA1  motor means for rotatably driving said magnet,
PA1  means for generating first and second quadrature related reference signals
      rotatably driven by said motor means, said reference signals having a
      predetermined fixed phase relationship with the rotational position of
      said magnet,
PA1  first and second phase detectors,
PA1  means for feeding the first and second quadrature related signals to said
      first and second phase detectors respectively as reference signals
      therefor,
PA1  means for feeding the output of said electrodes to said detectors, said
      first and second detector outputs having magnitudes in accordance with the
      component speed of the fluid flow in a first direction and a direction
      normal to said first direction respectively, and
PA1  indicator means responsive to the outputs of said detectors for indicating
      the speed and direction of the fluid flow.
NUM  10.
PAR  10. The device of claim 9 wherein said means for generating said reference
      signals comprises a circular shutter assembly having an optical fence
      encompassing one half the circumference thereof, driven by said motor
      means and a pair of photoelectric transducers positioned along said
      assembly at positions 90 rotational degrees apart.
NUM  11.
PAR  11. The device of claim 9 wherein said means for feeding the output of said
      electrodes to said detectors comprises a pair of conductors mounted in
      said housing coaxial with the rotation axis of the magnet to minimize
      stray pickup therefrom.
NUM  12.
PAR  12. The device of claim 11 wherein said means for feeding the output of
      said electrodes to said detectors additionally includes an isolation
      transformer interposed between the conductors and the detectors.
NUM  13.
PAR  13. The device of claim 10 wherein said optical fence is in the form of a
      half cylinder, the transducers comprising a light source and a
      photoelectric detector between which said fence passes with rotation of
      the shutter assembly.
NUM  14.
PAR  14. The device of claim 9 wherein said body is a boat hull, said electrodes
      being positioned flush with the surface of said hull.
NUM  15.
PAR  15. The device of claim 9 and additionally including means for
      differentiating the output of at least one of said phase detectors to
      generate a signal in accordance with the acceleration of the fluid flow,
      said indicator means comprising means responsive to the acceleration
      signal for providing an indication of the acceleration of the fluid flow.
PATN
WKU  039409848
SRC  5
APN  4156447
APT  1
ART  244
APD  19731114
TTL  Means for controlling the displacement of a universally pivoted member
ISD  19760302
NCL  6
ECL  1
EXA  Appleman; John S.
EXP  Queisser; Richard C.
NDR  4
NFG  6
INVT
NAM  Oram; John Anderson
CTY  Leighton Buzzard
CNT  EN
ASSG
NAM  Ferraris Development and Engineering Company Limited
CTY  London
CNT  EN
COD  03
RLAP
COD  71
APN  192102
APD  19711026
PSC  03
CLAS
OCL   73189
EDF  2
ICL  G01W  104
ICL  G01P  504
FSC   73
FSS  189;228
UREF
PNO  2098099
ISD  19371100
NAM  Kahn
OCL   73189
UREF
PNO  2125365
ISD  19380800
NAM  Waller
OCL   73189
UREF
PNO  2665583
ISD  19540100
NAM  Anjanos
OCL   73189
UREF
PNO  2780937
ISD  19570200
NAM  Haynes et al.
OCL   73189
UREF
PNO  3277706
ISD  19661000
NAM  Godet
OCL   73189
FREF
PNO  1,194,187
ISD  19700600
CNT  UK
OCL   73189
FREF
PNO  1,003,006
ISD  19650900
CNT  UK
OCL   73189
LREP
FR2  Greigg; Edwin E.
ABST
PAL  The invention provides means for controlling the displacement of a
      universally pivoted member which is subject to a force, such as the force
      of the wind tending to move the member about its universal pivot, so that
      a predetermined law of displacement in relation to the applied force is
      maintained.
PARN
PAR  This is a continuation of application Ser. No. 192,102, filed Oct. 26, 1971
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to means for controlling the displacement of a
      universally pivoted member which is subjected to a force tending to move
      the member about its pivot, so that a predetermined law of displacement in
      relation to the applied force is maintained.
PAR  For example, the invention may be applied to apparatus for providing an
      indication of the direction and/or speed of the wind consisting of a
      measuring unit comprising a universally pivoted member exposed to the wind
      so as to be displaced about its pivot by the force thereof and means for
      transmitting forces created by its displacement to a second universally
      pivoted member serving as an index or a display unit.
PAR  It has been proposed to provide apparatus for providing an indication of
      one or both of two parameters of wind flow, namely wind direction and wind
      speed, in which the measuring unit comprises a member to be exposed to the
      wind for offering a resistance to the force exxerted on it by the wind,
      which resistance acts at all times in a direction opposed to the direction
      of the wind. The member is mounted for universal pivotal movement, and its
      angular displacement about the universal pivot actuates sensing elements
      capable of producing signals in accordance with the direction and
      magnitude of the angular displacement. At least one display unit is
      provided, operated by the signals produced by the sensing element, to show
      the value of at least one of the parameters. Such apparatus will be
      hereinafter called "wind indicating apparatus of the kind referred to."
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is the main object of the present invention to provide means for
      controlling the displacement of a pivoted member such as is used to
      provide the wind-exposed member or the index of such apparatus, or for
      other similar purposes.
PAR  This, and well as other objects, are accomplished according to the present
      invention, wherein is provided means for creating a restoring force
      opposing angular displacement of a universally pivoted member in all
      directions about its universal pivot from a central position, wherein the
      universally pivoted member is elongated and extends in opposite directions
      from the universal pivot, and wherein a tension member has a first end
      thereof coupled to one end of the universally pivoted member so as to be
      constrained to move about the universal pivot with angular displacement of
      the universally pivoted member, and extending from the one end away from
      the universal pivot to a position at which a second end thereof is held
      against angular movement about the universal pivot. The tension member
      includes or is acted on by resilient means, the arrangement being such
      that the universal pivot and the first and second ends of the tension
      member are in a straight line when the universally pivoted member is in
      its central position so that displacement of the universally pivoted
      member in any direction from its central position stresses the resilient
      means to provide at least a part of the restoring force on the universally
      pivoted member.
PAR  The universal pivot for the universally pivoted member is preferably
      provided by an annular bushing or diaphragm of flexible and resilient
      material the outer periphery of which is located with respect to a fixed
      mounting whilst the inner periphery thereof is engaged by the universally
      pivoted member, so that angular movement of the universally pivoted member
      distorts the bushing or diaphragm and thereby creates at least a part of
      the restoring force on the pivoted member.
PAR  The tension member may be mounted between the universally pivoted member
      and a fixed anchorage point. The arrangement is such that the pivot of the
      universally pivoted member and the fixed anchorage are on opposite sides
      of the connection of the tension member to the universally pivoted member,
      and are in line with one another and with the connection when the
      universally pivoted member is in the central position.
PAR  Further, according to the invention, a device for indicating wind speed,
      wind direction, or both wind speed and wind direction comprises a
      measuring unit and a display unit each comprising an assembly according to
      one of the last three preceding paragraphs, the universally pivoted member
      of the measuring unit including a member exposed to the wind and the
      universally pivoted member of the display unit constituting an index
      co-operating with a scale of wind speed, a scale of wind direction, or
      scales of both wind speed and wind direction, and means being provided for
      effecting displacements of the index determined in magnitude and direction
      by the displacements of the universally pivoted member of the measuring
      unit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described with reference to the accompanying
      drawings which show, by way of example, two embodiments of the invention
      applied respectively to a measuring unit and to a display unit of an
      apparatus for providing an indication of the direction and speed of the
      wind.
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of both the measuring unit and the display
      unit of such an apparatus, part of the casing of the measuring unit being
      broken away;
PAR  FIG. 2 is a sectional elevation; on a larger scale, of the measuring unit;
PAR  FIG. 3 is a section on the line 3--3 of FIG. 2;
PAR  FIG. 4 is a section on the line 4--4 of FIG. 2;
PAR  FIG. 5 is a plan view of the display unit; and
PAR  FIG. 6 is a sectional elevation of the display unit shown in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 of the drawings, the apparatus consists of a measuring
      unit 10 adapted for mounting, for example by means of a bracket 11, in a
      position exposed to the wind, and a display unit 12 adapted to be mounted
      in a position remote from the measuring unit 10 and connected thereto as
      will be hereinafter described.
PAR  The measuring unit comprises an elongated hollow casing 13, conveniently
      formed of metal and circular in cross-section, the casing 13, as shown,
      being mounted with its axis vertical. At its upper end the casing 13 has a
      circular opening in which is mounted a flexible support 14 for a rod 15
      the upper end of which has fixed on it a member to be exposed to the wind,
      the force and direction of which are to be measured. The member may, as
      shown in the drawings, be a hollow cylindrical member 17 carried by a
      sleeve 16 fixed on the rod 15. The flexible support 14 comprises a bushing
      14A (FIG. 2) of elastomeric material bonded at its inner periphery to a
      metal sleeve 14b which fits closely on the rod 15 and is clamped at its
      outer edge between the two metal plates 14c by means of which it is
      secured to the casing 13. The rod 15 carries, inside the casing 13, a
      counterweight 18 and is connected at its lower end by a tension member in
      the form of a coiled tension spring 19 to an anchorage 21 fixed in the
      casing, the anchorage being in such a position that it lies on the axis of
      the rod 15 when the latter is in a central position.
PAR  The rod 15, sleeve member 16, hollow cylindrical member 17 and
      counterwieght 18 together constitute a universally pivoted member.
PAR  The display unit 12 comprises a base plate 22, a cylindrical wall 23, and a
      domed upper transparent wall 24. The cylindrical wall 23 is clamped
      between the base plate 22 and the edge of the domed upper wall 24, for
      example by rods 25 having screw-threaded ends passing through holes in the
      base plate and the upper wall, and nuts screwed on to the rods.
PAR  A pointer 26, mounted for universal pivotal movement about a point on the
      vertical axis of the cylindrical wall 23, co-operates with markings on the
      domed upper transparent wall 24. Such markings include concentric circles
      27 to provide a scale of wind speed and radial lines 28 to provide a scale
      of wind direction. The pointer 26 is supported by a pointed bearing member
      29 (FIG. 6) engaging in a locating cavity in a rod 30 carried by a bracket
      31 fixed to the main base plate 22.
PAR  Displacement of the rod 15 from its central position by wind pressure
      acting on the hollow cylindrical member 17 is detected by sensing elements
      in the casing 13 which transmit signals to corresponding slave elements in
      the display unit 12 to move the pointer 26. Any combination of sensing and
      slave elements capable of deflecting the pointer 26 in a direction bearing
      always the same relation to the direction of displacement of the member 17
      and to an extent which depends on the angle of displacement of the member
      17 may be used. As an example of a suitable arrangement, there are
      provided in the measuring unit 10 three flexible bellows 32 (FIGS. 1,2 and
      3) with their axes radiating at equal angular intervals from the rod 15,
      the outer ends of the bellows 32 being held in fixed positions in the
      casing 13, for example as shown in FIGS. 2 and 3; and their inner ends
      being coupled to the rod 15. Similar bellows 33 are mounted in the display
      unit 12, as shown in FIGS. 1 and 6, with their axes inclined to the plane
      of the base plate 22 between arms forming parts of the bracket 31 and arms
      34 radiating from a collar 35 fixed to the pointer 26.
PAR  Each bellows 32 is connected by a flexible tube 40 to one of the bellows
      33. The bellows and tubes are filled with air so that any change in volume
      of a bellows 32 due to displacement of the rod 15 results in a related
      change in volume of the bellows 33 connected thereto.
PAR  As shown in FIG. 6, the pointer 26 includes, at its end adjacent its pivot
      a component 37 having a limb 38 which lies in a plane perpendicular to the
      pointer axis at the opposite side of the pivot to the domed casing wall
      24. A tension link 39, shaped as shown in FIG. 6 has pointed ends engaging
      respectively in locating pits in the limb 38 and in a blade spring 43
      fixed to the bracket 31 so as to extend radially of the base plate 22. The
      blade spring 43 exerts a downward force on the tension link 39 which
      increases as the pointer 26 is deflected from its central position, thus
      providing a restoring force acting on the pointer. Adjustment of the
      tension exerted by the spring 43 is provided by a set-screw 44 mounted in
      the bracket 31 and bearing on the spring.
PAR  It is well known that a force exerted on a rigid body, such as the hollow
      cylindrical member 17, by a fluid moving relative to the body, is
      substantially proportional to the square of the speed of the fluid, so
      that if the angular displacement of the member 17 had a linear
      relationship with the force exerted, and the pointer 26 moved to the same
      extent as the member 17, the movement of the pointer 26 for equal
      increments of wind speed when the wind speed was low and when the wind
      speed was high would be considerably different, and the circular lines 27
      on the transparent upper wall 24 would be cramped together at the center
      of the wall and unduly widely spaced towards the edge of the upper wall.
PAR  It is thus desirable to modify the relation between the wind force acting
      on the hollow cylindrical member 17 and movement of the pointer 26, so
      that movement of the latter for a given change in wind force decreases as
      the hollow cylindrical member 17 is displaced from its central position.
PAR  The provision of a tension member which is itself resilient or which acts
      on resilient means to apply an increasing load thereto as the rod 15 or
      pointer 26 moves from a central position introduces resistance to angular
      displacement of the rod 15 or the pointer 26, which resistance can be made
      to vary with the angular displacement in any desired manner.
PAR  The use of an elastomeric bushing or diaphragm, which is distorted by
      angular movement of the rod 15 also introduces a resistance to angular
      displacement which can be made to vary with the displacement in any
      desired manner.
PAR  Thus, because of the action of the tension member 19 and the bushing 14,
      the displacement of the hollow cylindrical member 17 increases with wind
      speed at a rate less than the square of the wind speed and, because of the
      action of the means for providing a restoring force on the pointer 26,
      that pointer, for a given signal from the measuring unit, moves through an
      angle relative to the angular movement of the cylindrical member 17 which
      decreases as the angle of movement of the member 17 increases. The
      movement of the pointer 26 can therefore be brought into a relationship to
      the actual wind speed which approaches a linear relationship, so that the
      wind speed scale markings on the wall 24 can have a spacing which does not
      vary greatly from one end of the scale to the other.
PAR  To enable the initial loading of the tension spring 19 to be adjusted, the
      anchorage member 21 may be in the form of a screw-threaded rod mounted in
      a screw-threaded tube 49 suitably fixed in position in the casing 13. The
      tension member, instead of being in the form of a coiled spring or other
      resilient member, may comprise a substantially non-extensible thread, wire
      or filament. Angular displacement of the hollow tubular member 17, and
      resulting angular displacement of the tension member, create tension in
      the tension member. If the tension member is itself resilient, a restoring
      force is produced both by the stretching of the member and by the axial
      distortion of the elastomeric bushing due to the increased tension applied
      thereto, but if the tension member is substantially inextensible the
      restoring force is produced wholly by axial distortion of the elastomeric
      bushing 14. The restoring force in both cases varies with the angular
      displacement.
PAR  It will be appreciated that, when the apparatus is erected, the hollow
      cylindrical member 17 and the pointer 26 must be so relatively positioned
      that when the member 17 is in its central position the pointer 26 is also
      in its central position. Since it is convenient to connect the bellows 32
      to the bellows 33 after the measuring unit has been erected and is exposed
      to any wind which may be blowing, means are preferably provided for
      holding the hollow cylindrical member in its central position whilst the
      connections between the bellows are made by coupling up the tubes 40.
PAR  As shown in FIGS. 2 and 4 of the drawings, these holding means comprise two
      jaw members 52 pivoted on the tube 49 and having arcuate portions 53 each
      comprising two limbs defining between them a substantially V-shaped notch
      54, the jaw members being acted on by springs 55 which hold them normally
      in spaced-apart positions as shown in FIGS. 2 and 4 and means being
      provided to pivot them towards each other so that the arcuate portions 53
      overlap one another and the lower end of the rod 15 is led into the apices
      of both notches 54. When the rod 15 lies in the apices of the two notches,
      the limbs of the arcuate portions 53 engage at their outer end with the
      internal surface of the casing 13, thus centering the rod 15 and the
      hollow tubular member 17. The jaw members 52 may be urged towards each
      other by forcing air into inflatable bags 56 placed each between one jaw
      member 52 and the wall of the casing 13, pipes 57 leading into the bags 56
      being connected to a squeezable bulb or other means of forcing air through
      the pipes 57, which bulb or other means may be located adjacent the
      display unit 12.
PAR  The sensing elements (bellows 32) of the measuring unit 10, and the slave
      elements (bellows 33) of the display unit 12 are of course, affected by
      ambient pressure and temperature, changes in which will cause changes in
      the air pressure in the bellows. In the arrangement described above,
      provided that the ambient conditions affecting the three bellows 32 are
      the same, the ambient conditions affecting the three bellows 33 are the
      same and the ambient conditions affecting the three connecting tubes are
      the same, even if the ambient conditions affecting these three sections of
      the system are different, the system as a whole is self-compensating.
      Usually the ambient conditions affecting each section of the system will
      be at least substantially uniform, but, to reduce the risk of any lack of
      uniformity, the casings 13 and 22, 23, 24 may be sealed and connected by a
      tube so that the internal pressures therein are equalised. As a further
      precaution the connecting tubes 40 may pass through a sealed conduit, the
      ends of which are shown at 58 in FIG. 1, such conduit conveniently serving
      as the connecting tube between the two casings.
PAR  The pointer 26 may be replaced by a light beam, the diaphragm previously
      referred to as supporting the pointer carrying a light source or a mirror
      reflecting light from a fixed source.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for indicating at least one of two wind characteristics,
      namely, wind speed and wind direction and comprising: a measuring unit
      having an elongated universally pivoted member comprising a rod, a
      counterweight supported by a first end of the rod and an elongate member
      supported by a second end of the rod, the elongate member being adapted to
      be exposed to the wind; a display unit having an elongated universally
      pivoted member which serves as an index, and a scale of at least one of
      wind direction and wind speed; a plurality of transmitting bellows coupled
      to said universally pivoted member of the measuring unit in different
      angular positions, an equal number of slave bellows coupled to said index
      at similar angular positions and pipe means connecting each transmitting
      bellows to a slave bellows so that distortion of said transmitting bellows
      caused by angular movement of the universally pivoted member of said
      measuring unit when the elongate member thereof is acted upon by a wind
      load causes distortion of said slave bellows to effect displacement of the
      index relative to the scale; and wherein at least one of said units
      further includes an annular member of flexible and resilient material
      having an outer periphery and an inner periphery and constituting a
      universal pivot for said universally pivoted member, with said first and
      second ends of said universally pivoted member being on opposite sides of
      said pivot; a tension member; means coupling a first end of said tension
      member to the first end of said universally pivoted member; an anchorage
      means for the second end of said tension member holding said second end of
      said tension member against movement about said universal pivot, said
      second end of said tension member being more remote from said universal
      pivot member than the first end thereof, resilient means exerting a
      tension force on said tension member; adjustment means connected to said
      anchorage means for adjusting the force exerted by said tension member on
      said universally pivoted member; means for temporarily holding said
      universally pivoted member of said measuring unit in a central position; a
      fixed mounting for said annular member; and means locating the outer
      periphery of said annular member with respect to said fixed mounting, with
      said inner periphery of said annular member engaging said universally
      pivoted member; the arrangement being such that the universal pivot and
      the first and second ends of said tension member are in a straight line
      when the universally pivoted member is in a central position and angular
      movement of said universally pivoted member in any direction from said
      central position due to a wind load upon said elongate member of the
      universally pivoted member of the measuring unit stresses said resilient
      member to provide a first restoring force and distorts said annular member
      to thereby create a second restoring force which together with said first
      restoring force acts on said universally pivoted member to tend to restore
      it to its central position.
NUM  2.
PAR  2. A device according to claim 1, wherein said transmitting bellows are
      enclosed in a sealed casing and said slave bellows are also enclosed in a
      sealed casing, the two casings being connected by a tube.
NUM  3.
PAR  3. A device according to claim 1, wherein said transmitting bellows are
      enclosed in a sealed casing and said slave bellows are also enclosed in a
      sealed casing, the two casings being connected by a tube, said tube being
      a sealed conduit enclosing said pipe means connecting the respective
      transmitting bellows to said slave bellows.
NUM  4.
PAR  4. A device for indicating at least one of two wind characteristics,
      namely, wind speed and wind direction and comprising: a measuring unit
      having an elongated universally pivoted member comprising a rod, a
      counterweight supported by a first end of the rod and an elongate member
      supported by a second end of the rod, the elongate member being adapted to
      be exposed to the wind; a display unit having an elongated universally
      pivoted member which serves as an index, and a scale of at least one of
      wind direction and wind speed; a plurality of transmitting bellows coupled
      to said universally pivoted member of the measuring unit in different
      angular positions, an equal number of slave bellows coupled to said index
      at similar angular positions and pipe means connecting each transmitting
      bellows to a slave bellows so that distortion of said transmitting bellows
      caused by angular movement of the universally pivoted member of said
      measuring unit when the elongate member thereof is acted upon by a wind
      load causes distortion of said slave bellows to effect displacement of the
      index relative to the scale; and wherein each of said measuring unit and
      said display unit includes an annular member of flexible and resilient
      material having an outer periphery and an inner periphery and constituting
      a universal pivot for said universally pivoted member, with said first and
      second ends of said universally pivoted member being on opposite sides of
      said pivot; a tension member; means coupling a first end of said tension
      member to the first end of said universally pivoted member; an anchorage
      means for the second end of said tension member holding said second end of
      said tension member against movement about said universal pivot, said
      second end of said tension member being more remote from said universal
      pivot member than the first end thereof, resilient means exerting a
      tension force on said tension member; adjustment means connected to said
      anchorage means for adjusting the force exerted by said tension member on
      said universally pivoted member; means for temporarily holding said
      universally pivoted member of said measuring unit in a central position; a
      fixed mounting for said annular member; and means locating the outer
      periphery of said annular member with respect to said fixed mounting, with
      said inner periphery of said annular member engaging said universally
      pivoted member; the arrangement being such that the universal pivot and
      the first and second ends of said tension member are in a straight line
      when the universally pivoted member is in a central position and angular
      movement of said universally pivoted member in any direction from said
      central position due to a wind load upon said elongate member of the
      universally pivoted member of the measuring unit stresses said resilient
      member to provide a first restoring force and distorts said annular member
      to thereby create a second restoring force which together with said first
      restoring force acts on said universally pivoted member to tend to restore
      it to its central position.
NUM  5.
PAR  5. A device according to claim 4, wherein said transmitting bellows are
      enclosed in a sealed casing and said slave bellows are also enclosed in a
      sealed casing, the two casings being connected by a tube.
NUM  6.
PAR  6. A device according to claim 4, wherein said transmitting bellows are
      enclosed in a sealed casing and said slave bellows are also enclosed in a
      sealed casing, the two casings being connected by a tube, said tube being
      a sealed conduit enclosing said pipe means connecting the respective
      transmitting bellows to said slave bellows.
PATN
WKU  039409856
SRC  5
APN  5696305
APT  1
ART  244
APD  19750418
TTL  Fluid flow measurement system for pipes
ISD  19760302
NCL  5
ECL  1
EXP  Ruehl Charles A.
NDR  3
NFG  8
INVT
NAM  Wyler; John S.
CTY  W. Chester
STA  PA
ASSG
NAM  Westinghouse Electric Corporation
CTY  Pittsburgh
STA  PA
COD  02
CLAS
OCL   73194A
EDF  2
ICL  G01F  166
FSC   73
FSS  194 A
UREF
PNO  3546935
ISD  19701200
NAM  Bruha
OCL   73194A
UREF
PNO  3564912
ISD  19710200
NAM  Malone et al.
OCL   73194A
LREP
FR2  Schron; D.
ABST
PAL  A plurality of transducers are positioned in the walls of a pipe conveying
      a fluid, the volumetric flow rate of which is to be measured. Opposed
      upstream and downstream transducers project acoustic energy toward one
      another through the fluid, along a plurality of parallel paths. Electronic
      circuitry coupled to the transducers provides an indication of the fluid
      velocity component along these paths and the values are modified by
      predetermined weighting factors. The transducers are placed in the pipe
      such that the acoustic paths are positioned at certain distances with
      respect to a reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The invention in general relates to fluid flow measurements and
      particularly to a system for measuring volumetric flow rates in a pipe.
PAR  2. Description of the Prior Art:
PAR  Various systems exist for measuring volumetric flow rate in a fluid
      carrying conveyance. For many uses of such systems accuracy is of prime
      consideration in that an error, for example, of one percent in fluid flow
      measurement can represent many thousands of dollars. Accurate knowledge of
      volumetric flow rate is required for situations such as metering water to
      communities, measuring efficiency of various hydroelectric equipment,
      sewage treatment plants, and oil pipeline monitoring to name a few.
PAR  A highly accurate flow meter system is described in U.S. Pat. No.
      3,564,912. That system utilizes pairs of transducers installed at the
      boundary of a fluid conveyance so as to form parallel acoustic paths, and
      measurements taken in these several acoustic paths indicative average
      fluid velocity times path length are combined according to a numerical
      integration technique to compute volumetric flow.
PAR  The present invention describes an alternate arrangement for use
      specifically with circular pipes with an integration scheme based on
      direct measurement of path velocity.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a measurement of volumetric flow rate of a
      fluid in a circular pipe of radius R and includes means for obtaining
      measurements indicative of average fluid velocity along a plurality of
      paths in the pipe. Preferably these measurements are obtained with opposed
      upstream and downstream transducers projecting acoustic energy toward one
      another along the paths. Circuit means are provided for modifying these
      measurements, the modifications including the application of a certain
      weighting factor W.sub.i. These modified measurements are summed, the
      resultant being volumetric flow rate, Q. The opposed upstream and
      downstream transducers are positioned in the boundary of the pipe such
      that each acoustic path is positioned at a respective distance x.sub.i
      from the center of the pipe, where i is a particular path number,
      ##EQU1##
      AND
      ##EQU2##
      .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 represents a section of circular pipe illustrating certain
      transducer positioning;
PAR  FIGS. 2 and 2A are views along the x axis and z axis respectively of a
      pipe, and serve to define certain terms;
PAR  FIG. 3 is a view along the z axis of FIG. 1 illustrating the positioning of
      certain paths;
PAR  FIG. 4 illustrates a typical installation of the present invention;
PAR  FIG. 4A illustrates a portion of FIG. 4 in greater detail;
PAR  FIG. 5 is a block diagram illustrating circuitry which may be used to
      perform certain calculations; and
PAR  FIG. 6 is a curve illustrating error present as a function of Reynolds
      number.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 cylinder 10 represents a circular fluid conveying pipe oriented
      with respect to an xyz coordinate system and wherein resultant fluid flow
      is along the z axis as indicated by the arrow. A first reference plane 12
      terminates in the boundaries of the cylinder 10 and lies in the xy plane,
      and for the orientation illustrated in FIG. 1, is vertical. A second
      reference plane 13 terminates in the boundaries of the cylinder 10 and
      lies in the xz plane, which is horizontal, and perpendicular to the first
      reference plane 12.
PAR  In the present system, fluid velocity indicative measurements are obtained
      by well known acoustic methods and accordingly the arrangement includes a
      plurality of upstream and downstream transducers disposed at the surface
      of cylinder 10. By way of illustration four transducer pairs are shown,
      with the upstream transducers being designated T1 to T4, and the
      corresponding downstream transducers being designated T1' to T4'. The
      transducer pairs are arranged to project acoustic energy toward one
      another at a certain angle .theta. with respect to fluid flow along an
      acoustic path designated respectively L1, L2, L3, and L4 for the four
      transducer pairs illustrated.
PAR  FIG. 2 shows the cylinder 10 looking in along the x axis and illustrates
      the general case of opposed upstream and downstream transducers designated
      Tu and Td respectively and separated by an acoustic path length,
      designated L. The acoustic path lies in a plane P which would be parallel
      to the yz plane, and the path is at an angle .theta. with respect to
      average fluid velocity v(x) in plane P. The projection of the acoustic
      path onto the first reference plane 12 would be the same as the line
      designated L Sin .theta..
PAR  FIG. 2A is a view of FIG. 2 looking in along the z axis. In order to derive
      the mathematical relationships which follow, the cylinder 10 is assumed to
      have a unit radius (R=1). In FIG. 2A the vertical line between transducers
      Tu and T.sub.D is the plane P of FIG. 2 and is also the line L Sin
      .theta.. With the plane P being at a distance x from the center O, the
      upper half of the line would be, by geometry,
      ##EQU3##
      The lower half of the line would also have the same value
      ##EQU4##
PAR  The volumetric flow rate Q can be defined by the area integral:
      ##EQU5##
      Since
      ##EQU6##
      for a circle of unit radius,
EQU  A = .pi.,
PAL  so that:
      ##EQU7##
PAR  Integration of the term in brackets between limits of y = -.sqroot.1 -
      x.sup.2 to
PAR  y = +.sqroot.1 - x.sup.2 :
      ##EQU8##
      where v(x) is the average velocity over the path from y = -.sqroot.1 -
      x.sup.2 to y = + .sqroot.1 - x.sup.2 at some value, x.
PAR  The value of the integral is the average of the integrand v(x) times the
      path length 2.sqroot. 1-x.sup.2.
PAR  Substituting back into eq. (1)
      ##EQU9##
      for a circle of unit radius the limits on x are x = -1 to x = +1:
      ##EQU10##
      Eq. (2) is in the form of:
      ##EQU11##
      To a good approximation the integration of Eq. (2) may be performed
      numerically by choosing discrete values for x. That is:
      ##EQU12##
      where n = the total number of paths
PA1  i = a particular path number
      ##EQU13##
      Eq. (3) is a well known mathematical relationship which may be found for
      example in the Handbook of Mathematical Functions of the National Bureau
      of Standards - Applied Mathematical Series 55 at page 889. For the
      treatment here, a remainder given in Eq. (25.4.40) of that text is
      negligible and may be neglected.
PAR  Equating f(x) with v(x):
      ##EQU14##
      for a four path system as illustrated in FIG. 1, n = 4 and
TBL  for i =  1      x.sub.1 = 0.8090                                          
     for i =  2      x.sub.2 = 0.3090                                          
     for i =  3      x.sub.3 =-0.3090                                          
     for i = 4       x.sub.4 =-0.8090                                          
PAL  These relative distances are illustrated in FIG. 3 wherein the vertical
      lines are the projections of the acoustic paths onto the reference plane
      12.
PAR  For a circular pipe of radius R these values of x.sub.i would be multiplied
      by R to obtain actual values for proper transducer placement according to
      the present invention.
PAR  The transducer placements in a pipe need not be such that the projections
      of the acoustic paths are vertical, as in FIG. 3. By way of example, FIG.
      4 illustrates a plurality of fluid conveying pipe sections 20, 21 and 22
      with the straight pipe section 21 being the section utilized for
      volumetric flow measurement, and being illustrated in somewhat more detail
      in FIG. 4A. The upstream and downstream transducers would be located in
      the walls of the pipe 21, as is common practice, and several of these
      transducers are illustrated. For the arrangement of FIG. 4A, the acoustic
      paths between respective upstream and downstream transducer pairs are
      horizontal and are spaced from the center of the pipe in accordance with
      the x.sub.i values previously discussed.
PAR  The average velocity v(x) over a particular path can be determined from
      time difference measurements. That is if t.sub.1 is the time it takes an
      acoustic pulse to travel from the upstream to downstream transducer, (with
      the fluid flow) then
      ##EQU15##
      where L is the acoustic path length
PA1  C is the speed of sound in the fluid
PA1  v.sub.p is the fluid velocity component along the path L.
PAR  Similarly, if t.sub.2 is the time it takes the acoustic pulse to travel
      from the downstream to the upstream transducer (against the fluid flow)
      then
      ##EQU16##
PAR  Rearranging:
      ##EQU17##
      subtracting these two equations and solving for v.sub.p :
      ##EQU18##
      from geometry:
EQU  v.sub.p = v(x) Cos .theta..
PAR  The expression (t.sub.2 - t.sub.1) is the difference in transit time of
      acoustic energy propagated from the downstream to the upstream transducer
      and vice versa, and is represented by the quantity .DELTA.t. Since t.sub.2
      = t.sub.1 + .DELTA. t:
      ##EQU19##
      Substituting equation 7 into equation 6:
      ##EQU20##
      volumetric flow rate for a pipe of radius R is then:
      ##EQU21##
PAR  Apparatus for obtaining the flow rate Q in accordance with the relationship
      of Equation 8, is illustrated by way of example in FIG. 5. A section of
      pipe, for example, the pipe 21, illustrated in FIG. 4B is shown and
      includes opposed upstream and downstream transducers T.sub.1 to T.sub.4
      and T.sub.1 ' to T.sub.4 ' respectively. In one well known type of
      apparatus the upstream and downstream transducers of a pair are energized
      simultaneously such that an acoustic pulse is simultaneously transmitted
      from each transducer to the opposing transducer along the path. The
      difference .DELTA.t in arrival or transit time of the projected acoustic
      pulses is obtained, as well as an indication of the upstream to downstream
      transit time, t.sub.1. The transmit/receive circuitry for performing this
      function is designated 30.sub.1 for path 1, 30.sub.2 for path 2, 30.sub.3
      for path 3, and 30.sub.4 for path 4. These circuits are all under control
      of a master timing circuit 32.
PAR  Each transmit/receive circuit therefore provides an output signal
      indicative of .DELTA.t and t.sub.1 for a particular path. Having these
      values, the mathematical manipulation may be carried out in a variety of
      ways. For example, in the embodiment of FIG. 5, electronic circuitry
      35.sub.1 to 35.sub.4 is provided for operating on the two received values
      .DELTA.t and t.sub.1 to provide an indication of
      ##EQU22##
      These values are then multiplied in respective electronic circuits
      40.sub.1 to 40.sub.4 by the value
      ##EQU23##
PAR  In accordance with the present invention, and as indicated by equation 8,
      the thus obtained values are multiplied by a certain weighting factor in
      electronic circuit sections 45.sub.1 to 45.sub.4. For a four path system,
      n = 4 and
TBL  for      i = 1      w.sub.1 = 0.2171                                      
              i = 2      w.sub.2 = 0.5683                                      
              i = 3      w.sub.3 = 0.5683                                      
              i = 4      w.sub.4 = 0.2171                                      
PAR  The individual values obtained for each path are then summed together and
      the summation for a predetermined number of repetitive acoustic pulse
      transmissions are averaged in electronic circuit section 50 to provide an
      output signal to a display 52 or other utilization device.
PAR  Variations in the signal processing order are apparent to those skilled in
      the art, and in order to reduce the circuitry required, a substantial
      portion of two of the four signal processing channels may be eliminated
      since the path 1 parameters are nominally identical with the path 4
      parameter, as are path 2 and 3 parameters.
PAR  The present arrangement of particularly placed velocity measurement paths
      in a circular pipe, together with predetermined weighting factors, results
      in a very highly accurate flow measurement system. The error is relatively
      low over a particular range of use such as illustrated in FIG. 6. In the
      field of fluid flow, Reynolds number is a function of the density of the
      fluid, the average velocity in, and the diameter of, the pipe, and the
      dynamic viscosity of the fluid. An indication of Reynolds number is the
      ratio of the average velocity to the maximum velocity and this ratio is
      plotted on the horizontal axis of FIG. 6, and relative error is plotted on
      the vertical axis. The curve which illustrates the error, may be used as a
      correction curve which, it is seen, approaches zero at a Reynolds number
      of infinity
      ##EQU24##
PAR  Although only four paths have been illustrated by way of example, fewer or
      a greater number of paths may be utilized with the larger number of paths
      resulting in a more accurate system. For example in accordance with the
      present invention for a five path system (n = 5) the following values of
      x.sub.i and w.sub.i would be used.
TBL  ______________________________________                                    
     for  i = 1      x.sub.1 = 0.8660                                          
                                    w.sub.1 0.1309                             
          i = 2      x.sub.2 = 0.5000                                          
                                    w.sub.2 0.3927                             
          i = 3      x.sub.3 = 0    w.sub.3 0.5236                             
          i = 4      x.sub.4 =-0.5000                                          
                                    w.sub.4 0.3927                             
          i = 5      x.sub.5 =-0.8660                                          
                                    w.sub.5 0.1309                             
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. Flowmeter apparatus for measuring volumetric flow rate in a pipe of
      radius R, comprising:
PA1  a. means for obtaining measurements indicative of average fluid velocity
      along n paths in said pipe;
PA1  b. means for modifying said measurements including the application of
      weighting factors w.sub.i ;
PA1  c. means for summing said modified measurements;
PA1  d. each said path being positioned such that the projection of the path
      onto a reference plane perpendicular to fluid flow in said pipe is located
      at a distance of Rx.sub.i from the center of said pipe;
PA1  e. where:
PA2  i is a particular path number,
      ##EQU25##
NUM  2.
PAR  2. Apparatus according to claim 1 wherein:
PA1  a. said means for obtaining measurements includes a plurality of pairs of
      transducers operable to project and receive acoustic energy through the
      fluid in said pipe;
PA1  b. each said pair constituting a respective upstream and downstream
      transducer with the acoustic path between them constituting one of said n
      paths.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein:
PA1  a. said paths are parallel to one another.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein:
PA1  a. said paths are all at the same angle .theta. with respect to resultant
      fluid flow direction.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein:
PA1  a. said modification includes multiplication by a trigonometric function of
      .theta..
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ABST
PAL  A flow metering apparatus of the type having a vortex generating element
      with a generally elongate cylindrical shape placed in a stream of flowing
      fluid in a pipe so as to produce Karman's vortices at a rate proportional
      to the velocity of the flowing fluid, with ultrasonic means for detecting
      the rate of production of vortices to give a linearly related measure of
      fluid velocity. To improve the sensitivity of detection, especially at low
      velocities, the element is formed with a passageway transverse to the
      stream to produce therein an alternating fluid flow corresponding to the
      alternating shedding of vortices, and an ultrasonic generator and an
      ultrasonic receiver are positioned on opposite sides of the element so
      that the ultrasonic signal generated will be propagated through the
      passageway in the element and will be modulated by the alternating fluid
      flow therein. Further improvement of detection sensitivity is attained by
      mounting the cases housing the ultrasonic generator and receiver to the
      pipe carrying the flowing fluid with elastic O-rings, and with a mounting
      means positioned at the vibratory nodes of the cases, to reduce
      transmission of sounds to and from the pipe. Flow deflecting projections
      on the inner wall of the pipe are positioned downstream from the vortex
      generating element to control vortex generating conditions and improve
      detection.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to flow-velocity measuring apparatus of the type
      wherein a cylindrical object in a stream of flowing fluid produces a wake
      including a distinct pattern of vortices known as the Karman vortex
      street, and wherein the rate of production of vortices is detected
      ultrasonically. The vortices are shed alternately from opposite sides of
      the object in a periodic manner. There is a definite relationship between
      the frequency f of shedding of the vortices, the velocity v of the stream,
      and the height h of the object in the direction transverse to the
      direction of the stream of flowing fluid, expressed by:
EQU  f = Kv/h
PAL  Where K is a constant for flow within a range of velocities. Within this
      range, it is possible to determine the flow velocity v by measuring the
      frequency f of the generation of vortices.
PAR  More particularly, this invention relates to ultrasonically detecting the
      generation of vortices by making use of the vortex property of oppositely
      directed velocity components to frequency-or pulse-modulate an ultrasonic
      signal propagated across the flowing fluid in which the vortices are
      generated.
PAR  2. Description of the Prior Art
PAR  Various arrangements have been proposed for ultrasonically detecting the
      rate of production of Karman's vortices. In one such arrangement,
      disclosed in U.S. Pat. No. 3,680,375 to Robert D. Joy and in U.S. Pat.
      Nos. 3,693,438 and 3,756,078 to Hiroo Yamasaki, et al, an ultransonic
      generator and receiver are positioned downstream from a vortex generating
      element to propagate an ultrasonic signal transversely through the vortex
      street trailing from the element. The ultrasonic signal is frequently
      modulated by the passage of Karman's vortices. This signal is demodulated
      to yield a signal varying with the rate of production of Karman's
      vortices.
PAR  In another prior art arrangement, disclosed in Japanese Patent Office
      Prepublication no. 48-30961, an ultrasonic signal is propagated along a
      stream in front of a vortex generation element and is modulated by fluid
      flow developed in front of the vortex generation element in correspondence
      with the production of vortices downstream therefrom.
PAR  Such prior art apparatus of the general type referred to above has not been
      fully satisfactory under certain conditions of flow. For example, at low
      flow velocities, noise components of flow begin to approach in
      significance the signal components of alternating flow caused by vortex
      production, and accurate measurement becomes difficult because the
      ultrasonic signal is modulated by the turbulence and noise in the flowing
      fluid. Accordingly, insufficient flow measurement sensitivity is available
      over a wide range of flow velocities.
PAC  SUMMARY OF THE INVENTION
PAR  A principal object of the present invention is to provide a flow velocity
      measuring device with improved sensitivity of detection of vortex
      production. It is a specific object of the invention to provide a flow
      velocity measuring device relatively unaffected by turbulence in the
      flowing fluid being measured and capable of maintaining a linear
      relationship between flow velocity and the frequency of vortex generation
      over a wide range of flow velocities. Still another object of the
      invention is to provide a flow velocity measuring device capable of
      measuring flow velocities through ultrasonic signals transmitted and
      received with high efficiency.
PAR  In a preferred embodiment of the invention to be described hereinbelow in
      detail, the vortex generation element is formed with transverse passageway
      means to produce therein a stable alternating fluid flow corresponding to
      the alternating shedding of vortices. An ultrasonic generator and an
      ultrasonic receiver are mounted on opposite sides of the element and
      passageway means so that the ultrasonic signal is propagated through the
      passageway means to be modulated by the stable alternating fluid flow
      therein. This arrangement is less susceptible to interference from noise,
      and provides improved sensitivity.
PAR  In further aspects of the invention, the cases housing the ultrasonic
      generator and receiver are mounted to the pipe carrying the flowing fluid
      at the vibratory nodes of the cases to reduce the transmission of
      vibration. Transmission of vibration is also reduced in an arrangement
      mounting the cases to the pipe through O-rings made of an elastic
      material. In a further aspect of the invention, projections mounted in the
      pipe downstream from the vortex generation element control flow and
      improve sensitivity.
PAR  Other objects, aspects and advantages of the invention will be pointed out
      in, or be apparent from, the detailed description hereinbelow, considered
      together with the following drawings.
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PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1A is a longitudinal cross-sectional view of flow metering apparatus
      according to the present invention with electrical portions shown in block
      form;
PAR  FIG. 1B is a cross-sectional view through line IB--IB in FIG. 1A,
PAR  FIG. 1C is a cross-sectional view through line IC--IC in FIG. 1B,
PAR  FIG. 2A is a longitudinal sectional view showing another embodiment of the
      invention,
PAR  FIG. 2B is a cross-sectional view through line IIB--IIB in FIG. 2A,
PAR  FIG. 3A is a longitudinal sectional view showing still another embodiment
      of the invention,
PAR  FIG. 3B is a cross-sectional view through line IIIB--IIIB in FIG. 3A,
PAR  FIG. 4 is a longitudinal sectional view showing an additional embodiment of
      the invention,
PAR  FIG. 5 is a detailed sectional view showing means for mounting the
      ultrasonic generator and the ultrasonic receiver to a pipe,
PAR  FIGS. 6A and 6B are diagrams showing waveforms useful for illustrating the
      operation and effects of the arrangement shown in FIG. 5,
PAR  FIG. 7 is a detailed sectional view showing another means for mounting the
      ultrasonic generator and the ultrasonic receiver to a pipe,
PAR  FIGS. 8 and 9 are block diagrams showing oscillators used to drive the
      ultrasonic generator, and
PAR  FIG. 10 is a circuit diagram showing a specific example of the oscillator
      of FIG. 9.
DETD
PAR  FIGS. 1A through 1C illustrate a flow metering apparatus A1 which is
      constructed in accordance with the invention and is arranged to measure
      the velocity of fluid flowing in a pipe 10 by means of a vortex generation
      element 11 inserted in the stream of flowing fluid to produce Karman's
      vortices at a rate proportional to the velocity of the flowing fluid.
      Vortex generation element 11 has a rectangular cross-section whose depth d
      in the direction of flow and height h in the direction transverse to the
      flow have a d/h ratio of 0.67 (or 2/3). At this ratio the vortices
      generated are best reinforced, as disclosed in the copending application
      of Yoshio Kurita, et al, Ser. No. 500,451, filed Aug. 26, 1974.
PAR  A passageway 12 extends transversely to the stream of fluid through the
      vortex generation element 11 to allow the measuring fluid to pass
      therethrough with an alternating fluid flow corresponding to the
      alternating shedding of vortices. As disclosed in the above-mentioned
      Kurita application, the ratio of the area A of the passageway opening (A =
      1 .times. e as shown in FIG. 1C) to the area Ao of the rectangular side
      including the opening (Ao = d .times. D.sub.1 as shown in FIG. 1C)
      preferably has a value ranging from 0.3 to 1.0.
PAR  In accordance with the present invention, an ultrasonic generator 21 and an
      ultrasonic receiver 22 are housed in cases 23 mounted to the wall of the
      pipe 10 on opposite sides of element 11 and passageway 12 so that an
      ultrasonic signal transmitted from the ultrasonic generator 21 to the
      receiver 22 propagates through the passageway 12 of the vortex generation
      element 11 where it becomes modulated by the alternating flow therein. As
      oscillator circuit 30 drives the ultrasonic generator, an electronic
      circuit 40 amplifies the signal from the ultrasonic receiver 22, a
      demodulator 50 demodulates the modulated signal, and a counter 60 counts
      the variations in the demodulated signal caused by the alternating flow in
      passageway 12.
PAR  Operating the flow metering apparatus A1 is as follows: The ultrasonic
      generator 21 generates consecutive ultrasonic signals for propagation
      through the fluid being measured. These signals are directed nearly
      perpendicular to the stream of the measuring fluid, passed through the
      passageway 12, in alignment with the alternating flow therein, and
      consecutively received by the ultrasonic receiver 22.
PAR  When Karman's vortices are produced by the vortex generation element 11,
      the pressure on opposite sides of the vortex generation element changes
      and displaces the fluid in the passageway 12. The frequency of
      displacement accurately corresponds to the number of vortices generated.
      Assume that the velocity of the fluid displaced inthe passageway in the
      arrow-marked direction `a` with the generation of vortices is +u and the
      velocity thereof in the opposite direction `b` is -u. Then the time .tau.o
      required to propagate the ultrasonic signal across the pipe diameter
      separating the generator 21 and receiver 22 may be expressed as
      ##EQU1##
      where D = diameter of the pipe
PA1  c = sound velocity in the fluid
PA1  h = height of the vortex generation element
PAR  The ultrasonic signal ER received by the ultrasonic receiver 22 is
      expressed by Eq. (2); and its phase lag .DELTA. .phi. by Eq. (3); as
      follows.
      ##EQU2##
      Equations (2) and (3) signify that the signal ER received by the
      ultrasonic receiver 22 is phase-modulated or frequency-modulated by the
      displacement of the fluid in the passageway 12. Accordingly, by using
      demodulator 50 and counter 60 to count how often the signal ER is phase-
      or frequency-modulated, the number of vortices generated can be detected
      and thus the flow velocity or flow rate of the fluid can be measured.
PAR  FIG. 2 illustrates another flow metering apparatus A2 constructed according
      to the invention and having a vortex generation element 11 with a
      circulator cross-section. An ultrasonic generator 21 and an ultrasonic
      receiver 22 are mounted directly upon the wall of the pipe 10 carrying the
      fluid being measured. Projections 71 and 72 are installed on the inner
      wall of the pipe 10 downstream from the vortex generation element 11 at
      positions distant from the center of the vortex generation element by 0.1D
      to 5D, where D is the internal diameter of the pipe. In this example, the
      projections 71 and 72 are 0.1D high (FIG. 2A).
PAR  The projections 71 and 72 are parallel to the vortex generation element
      (FIG. 2B), contribute to reinforcing and stabilizing the vortices produced
      thereby, and consequently improve the signal-to-noise ratio of the signal
      generated. More specifically, the streams shed from the vortex generation
      element 11 are interrupted by the projections 71 and 72 and thereafter are
      considerably restricted to flow along paths indicated by the solid lines
      a.sub.2 and b.sub.2 instead of the paths of dotted lines a.sub.1 and
      b.sub.1, which are the paths the streams would take without the
      projections 71 and 72. With these projections, therefore, the distance m
      between opposed vortices is reduced, causing the vortex generation
      frequency f to be increased and thus enabling the device to offer a
      greater signal-to-noise ratio.
PAR  FIG. 3 shows another flow metering apparatus A3 according to the invention
      wherein the vortex generation element 11 has a rectangular cross-section,
      an ultrasonic generator 21 is mounted on the top of the vortex generation
      element at one end thereof, and an ultrasonic receiver 22 is mounted on
      the bottom of the vortex generation element at the opposite end thereof.
      The ultrasonic signal generated is propagated through the passageway 12
      along a diagonal path indicated by the dotted line in FIG. 3B. The device
      of this embodiment is advantageous in that the vortex generation element,
      the ultrasonic generator, and the ultrasonic receiver can concurrently be
      mounted on the pipe or dismounted therefrom.
PAR  FIG. 4 shows another flow metering apparatus A4 according to the invention
      wherein the vortex generation element 11 has a triangular cross-section,
      and the ultrasonic generator 21 and ultrasonic receiver 22 are housed
      internally of the pipe inner wall in cases 23, mounted on the pipe 10 by
      means of a flange, to permit the length of the ultrasonic signal
      transmission path to be reduced. The surface of the case 23 is coated with
      a layer 24 in the area in contact with the fluid to be measured.
PAR  FIG. 5 shows an arrangement for mounting the cases 23 of the ultrasonic
      generator and ultrasonic receiver to the pipe 10 for increased sensitivity
      of detection. The case 23 is mounted to the pipe at a position
      corresponding to a node of vibration of the case. At this nodal position
      (as indicated by point P in FIGS. 6A and 6B), the case is formed with a
      mounting flange 230 by means of which the case 23 is mounted to the pipe
      and secured therein with a screw 232 and seal packing 231. In this
      construction, the vibration displacement of the case 23 becomes zero in
      the vicinity of its nodal point P, as apparent from FIGS. 6A and 6B and
      the vibration of the ultrasonic generator is not transmitted to the pipe
      10 by its mount. The ultrasonic generator thus can be more efficiently
      operated. Furthermore, this arrangement makes it unlikely for the
      ultrasonic receiver to pick up any noise signal from the pipe.
PAR  FIG. 7 shows another arrangement for the cases 23 of the ultrasonic
      generator and ultrasonic receiver to the pipe. In this arrangement, the
      pipe 10 is fitted with a tubular support member 101, and the case 23 is
      cylindrical and is received within the tubular support member 101 and
      supported herein with O-rings 235 made of an elastic material such as
      rubber. A cap 233 joining with tubular support 101 fastens the case in
      position. In this construction, because the case 23 is supported by way of
      elastic O-rings, the case 23 is in contact with the support member in very
      small areas, with the result that the vibration of the case is not
      transmitted to the pipe, and a highly desirable acoustic shielding
      characteristic is attained.
PAR  FIGS. 8 and 9 show examples of the square wave oscillator 30 depicted in
      FIG. 1A in block form and used to drive the ultrasonic generator 21. As
      shown in FIG. 8, the ultrasonic generator 21 is connected to the output
      terminal of an amplifier 31, and a voltage generated across the ultrasonic
      generator 21 is positively fed back to the input side of the amplifier 31
      to form a self-oscillation circuit.
PAR  In the example shown in FIG. 9, an element 32 such as a resistance is
      connected in series with the ultrasonic generator 21. The current flowing
      through the ultrasonic generator 21 is detected by the element 32 and
      positively fed back to the input side of the amplifier 31 to form a
      self-oscillation circuit. In this circuit, the current flowing through the
      ultrasonic generator 21 increases in the vicinity of resonant frequency.
      This resonance point is securely detected even if the resonant frequency
      of the ultrasonic generator varies due to external causes such as
      temperature variations. Hence the circuit can be allowed to self-oscillate
      at a frequency equal to the resonant frequency, to drive the ultrasonic
      generator with high efficiency. As further shown in FIG. 9, a frequency
      selection circuit or filter 33 capable of passing the frequency range of
      the vibration mode of the ultrasonic generator may be inserted in the
      feedback circuit.
PAR  FIG. 10 illustrates a detailed circuit arrangement corresponding to the
      arrangement shown in block form in FIG. 9. In FIG. 10, the ultrasonic
      generator 21 is connected to an emitter circuit of transistors Q.sub.3 and
      Q.sub.4 in a single-ended push-pull circuit in which these transistors
      alternately turn on and off to make it possible to reduce their collector
      losses. Hence these transistors may be of small capacity with good
      high-frequency characteristics, thus permitting the circuit to offer a
      large output. A resistance element Rf is used to detect the current
      flowing through the ultrasonic generator. The voltage produced across this
      resistance element Rf is positively fed back to the input side of a
      grounded-base transistor Q.sub.1 through the frequency selection or filter
      circuit 33.
PAR  As has been described above, the flow measuring device of the present
      invention utilizes the phenomenon that the ultrasonic signal transmitted
      from the ultrasonic generator is phase-or frequency-modulated by a fluid
      displacement which takes place in the passageway disposed in the vortex
      generation element. This flow velocity measuring device has numerous
      advantages:
PAR  1. the detection sensitivity is increased because the displacement of the
      fluid in the passageway (a) is free of turbulence and fluctuation in the
      stream due to other than vortices and (b) is coincident, i.e., aligned,
      with the path of ultrasonic signals transmitted for greater modulation;
PAR  2. the construction of the device is simple and sturdy owing to the absence
      of moving parts used;
PAR  3. measurements are unaffected by deposits of dust and mist contained in
      the fluid being measured;
PAR  4. the device easily can be constructed so as not to allow the ultrasonic
      generator and ultrasonic receiver to come in direct contact with the fluid
      being measured;
PAR  5. the electronic circuit used in the device is immune to noise and may be
      simple in construction because this electronic circuit is to simply count
      how often the signal received by the ultrasonic receiver is phase- or
      frequency-modulated.
PAR  Although specific embodiments of the invention have been disclosed herein
      in detail, it is to be understood that this is for the purpose of
      illustrating the invention, and should not be construed as necessarily
      limiting the scope of the invention, since it is apparent that many
      changes can be made to the disclosed structures by those skilled in the
      art to suit particular applications.
CLMS
STM  We claim:
NUM  1.
PAR  1. Flow metering apparatus of the type having a vortex generation element
      with a generally elongate cylindrical shape placed transversely in a
      stream of fluid to produce on opposite sides of the element vortices which
      are shed in alternating fashion, and having means for measuring the
      frequency of vortex production to determine the velocity of the fluid
      stream, the flow metering apparatus being characterized in that:
PA1  the vortex generation element is formed with openings at said opposite
      sides which are connected together by passageway means through the
      interior of the element to produce therein an alternating fluid flow
      corresponding to the alternating shedding of vortices; and
PA1  the vortex generating frequency measuring means includes an ultrasonic
      generator and an ultrasonic receiver mounted on opposite sides of the
      element to propagate an ultrasonic signal from the generator through the
      passageway means to the receiver to be modulated by the alternating fluid
      flow in the passageway means corresponding to the alternating shedding of
      vortices.
NUM  2.
PAR  2. Flow metering apparatus as claimed in claim 1 wherein the vortex
      generation element is mounted transversely in a pipe carrying the stream
      of fluid, and wherein the ultrasonic generator and receiver are mounted on
      the pipe on opposite sides of the element.
NUM  3.
PAR  3. Flow metering apparatus as claimed in claim 2 wherein the ultrasonic
      generator and receiver are mounted on the pipe so that the direction of
      ultrasonic signal propagation therebetween is aligned with the direction
      of alternating fluid flow in the passageway means.
NUM  4.
PAR  4. Flow metering apparatus as claimed in claim 2 further comprising cases
      for housing the ultrasonic generator and receiver, and means for mounting
      the cases on the pipe.
NUM  5.
PAR  5. Flow metering apparatus as claimed in claim 4 wherein said mounting
      means attaches to the cases in locations corresponding to the vibratory
      nodes of said cases, thereby reducing the transmission of vibrations
      between the pipe and said cases.
NUM  6.
PAR  6. Flow metering apparatus as claimed in claim 5 wherein said mounting
      means comprises mounting flanges secured to said cases.
NUM  7.
PAR  7. Flow metering apparatus as claimed in claim 4 wherein the mounting means
      comprises O-rings made of an elastic material supporting said cases.
NUM  8.
PAR  8. Flow metering apparatus as claimed in claim 7 wherein said cases are
      cylindrical, and the mounting means further includes a cylindrical fitting
      attached to the pipe and arranged to receive the cylindrical cases with
      the O-rings therebetween.
NUM  9.
PAR  9. Flow metering apparatus as claimed in claim 2 further comprising
      flow-deflecting projections mounted on the inner wall of said pipe
      downstream from the vortex generation element.
NUM  10.
PAR  10. Flow metering apparatus as claimed in claim 9 wherein said projections
      are positioned parallel with the flow generation element to constrict flow
      through the pipe.
NUM  11.
PAR  11. Flow metering apparatus as claimed in claim 9 wherein the pipe has an
      internal diameter D and the projections are positioned downstream from the
      center of the vortex generation element a distance of 0.1D to 5D.
NUM  12.
PAR  12. Flow metering apparatus as claimed in claim 9 wherein the pipe has an
      internal diameter D and said projections extend inwardly from the pipe
      inner wall a distance of approximately 0.1D.
NUM  13.
PAR  13. Flow metering apparatus as claimed in claim 1 wherein the vortex
      generation element is formed with a rectangular cross section, and the
      passageway means forms an opening of area A in the element surface which
      is related to the area Ao of the element rectangle side containing the
      opening with a ratio A/Ao of between about 0.3 and 1.0.
NUM  14.
PAR  14. Flow metering apparatus as claimed in claim 1 wherein said vortex
      generation element is formed with a rectangular cross section having a
      depth d along the direction of fluid flow and a height h across the
      direction of fluid flow which are in a ratio d/h lying between about 0.5
      and 0.9.
NUM  15.
PAR  15. Flow metering apparatus as claimed in claim 1 wherein said vortex
      generation element is formed with a circular cross section.
NUM  16.
PAR  16. Flow metering apparatus as claimed in claim 1 wherein the vortex
      generation element is formed with a triangular cross section.
NUM  17.
PAR  17. Flow metering apparatus as claimed in claim 1 wherein the vortex
      frequency measuring means comprises a square wave oscillator for driving
      the ultrasonic generator, the oscillator having means for detecting the
      current flowing through the ultrasonic generator and for positively
      feeding back the detected signal to provide self-oscillation.
NUM  18.
PAR  18. Flow metering apparatus as claimed in claim 17 further comprising a
      frequency selection circuit for controlling the frequency of the signal
      positively fed back and thereby controlling the oscillator frequency.
NUM  19.
PAR  19. Flow metering apparatus as claimed in claim 1 wherein the ultrasonic
      generator and receiver are each mounted on the vortex generation element.
NUM  20.
PAR  20. Flow metering apparatus as claimed in claim 19 wherein the ultrasonic
      generator and ultrasonic receiver are mounted at opposite sides and
      opposite ends of the vortex generation element to propagate an ultrasonic
      signal diagonally through said passageway means.
NUM  21.
PAR  21. A flow velocity measuring device comprising:
PA1  a vortex generation element inserted in a pipe carrying a fluid to be
      measured and having a rectangular cross-section, the vortex generation
      element comprising passageway means communicating between opposite sides
      of the element to allow the fluid to pass therethrough, and the ratio of
      the area A of the passageway opening to the area Ao of the side of the
      vortex generation means including said opening being equal to or larger
      than 0.3 but smaller than 1.0;
PA1  an ultrasonic generator and an ultrasonic receiver housed in cases which
      are mounted to said pipe by means of O-rings made of an elastic material
      and positioned so that the ultrasonic signal from said ultrasonic
      generator propagates through said passageway to said ultrasonic receiver;
PA1  an oscillator for driving said ultrasonic generator; and
PA1  a demodulation circuit for detecting how often the signal received by said
      ultrasonic receiver is phase-modulated by fluid flowing through the
      passageway means.
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ABST
PAL  Apparatus for measuring the temperature of the insulator tip of a spark
      plug being operated in an internal combustion engine. A thermocouple is
      embedded in the surface of the insulator tip adjacent the spark gap for
      sensing temperature. The output of the thermocouple is connected through
      an electro-optical ignition voltage isolation circuit to circuitry which
      maintains a substantially constant temperature signal during the time
      interval that ignition voltage is applied to fire the spark plug. The
      temperature signal may drive a temperature indicating display or devices
      such as chart or tape recorders to produce records which may be used in
      analyzing either operation of the spark plug or combustion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to temperature measuring and more particularly to
      improved apparatus for measuring the temperature of a spark plug while
      such spark plug is being operated in an internal combustion engine.
PAR  Designers of spark-ignited internal combustion engines and spark plug
      manfacturers often need to know the temperature of the insulator nose in a
      spark plug adjacent the spark gap while the spark plug is operating in an
      engine. The insulator nose temperature is of importance because it forms
      an indication of whether or not the heat range of the spark plug is
      properly matched to the engine. If the temperature of the insulator firing
      tip or nose is too cold, carbon deposits will accumulate and eventually
      foul the spark plug. If the insulator firing tip is too hot, the fuel
      charge will be ignited prior to normal spark ignition resulting in what is
      known as "preignition." The actual temperature of the spark plug insulator
      nose is controlled by various factors, a primary one being the length of
      the insulator firing tip from a heat conducting seat to the end of the
      insulator. The temperature will also vary as a function of the engine
      speed, with the temperature increasing as speed increases. Therefore, a
      spark plug must be matched to an engine such that at idle, or the lowest
      engine speed, the insulator firing tip does not operate in a cold fouling
      range and at the highest engine speed the insulator firing tip temperature
      does not cause preignition. A typical operating temperature range for an
      insulator firing tip falls between about 700.degree. to 1750.degree. F.
PAR  In the past, the operating temperature of a spark plug has been measured by
      embedding a thermocouple in the surface of the insulator firing tip
      adjacent the spark gap. Wires are then passed up a bore through the center
      of the insulator, along with the center electrode, and connected to
      terminals on the upper end of the insulator. The terminals are connected
      to a pyrometer which indicates the operating temperature of the spark
      plug.
PAR  Considerably difficulty has occurred in using thermocouple spark plugs in
      the past for measuring spark plug operating temperatures. The main source
      of the difficulty has been the high voltage ignition system connected to
      the center electrode of the spark plug. In a typical ignition system, a
      voltage on the order of 6,000 to 20,000 volts is applied to the center
      electrode of a spark plug for establishing a spark which ignites a
      fuel-air mixture. Since the thermocouple leads pass through the spark plug
      insulator bore along with the center electrode, the leads cannot be at
      ground potential, or arcing will occur. Therefore, it has been necessary
      to allow the thermocouple and the connected pyrometer to float above
      ground potential at the voltage level of the center electrode. Since the
      thermocouple and pyrometer were allowed to float at the ignition voltage
      level, other equipment such as tape or chart recorders could not be
      connected to the thermocouple output. This means that a driver or operator
      must be present for recording data such as engine speed and operating
      temperature visually observed on the pyrometer. However, manually
      recording data is not always convenient. For example, a motorcycle may
      reach speeds on the order of 100-130 miles per hour or more during races.
      Under such conditions, the driver cannot record temperature data relating
      to the operation of the spark plugs. However, such data may be important
      in evaluating the high speed operation of the spark plug. Therefore, it is
      desirable to have a means for automatically recording spark plug
      temperature while the spark plug is in operation.
PAR  Problems with prior art thermocouple spark plug circuitry for monitoring
      spark plug temperature have also occured with many modern engines which
      incorporate electronic fuel injection. One approach to minimizing air
      pollution from spark-ignited internal combustion engines has been to
      replace the conventional carburetor with a fuel injection system. In
      modern engines, such systems are commonly controlled by means of
      electronic circuitry. During ignition, considerable high-frequency
      radiation occurs from the pyrometer and wires connected to a thermocouple
      spark plug. This radiation may disturb normal operation of the electronic
      control circuitry for the fuel injection. Under such conditions, the
      engine will not run properly if it runs at all. The wires and pyrometer
      connected to the thermocouple spark plug may also adversely effect
      operation of the engine ignition system due to capacitive loading.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, improved apparatus is provided
      for measuring the temperature of a spark plug being operated in an
      internal combustion engine. The apparatus includes a thermocouple embedded
      in the surface of the spark plug insulator and an ignition voltage
      isolation circuit which permits the use of equipment such as tape or chart
      recorders without floating such equipment above electrical ground. The
      ignition voltage isolation circuit can be located adjacent the
      thermocouple spark plug to minimize electrical radiation. The low voltage
      DC output from the thermocouple is amplified in the isolation circuit and
      used to control a voltage controlled oscillator. The oscillator in turn
      excites a light source to emit light at a frequency dependent upon the
      temperature of the spark plug. Only this portion of the apparatus floats
      above electrical ground at the ignition voltage level. The pulsating light
      is then picked up by a photoelectric detector and used for driving a
      meter. The signal may also be recorded and used at a later date for
      driving a meter or other devices. Prior to driving the meter, the signal
      from the photoelectric detector is preferably passed through a phase
      locked loop which maintains a constant output frequency while the signal
      from the thermocouple is temporarily blanked while high voltage ignition
      pulses are applied to the spark plug center electrode.
PAR  Several advantages are provided by isolating the high voltages to circuitry
      located adjacent the spark plug. Voltage isolation permits the use of
      recorders which facilitate making temperature readings in, for example, a
      motorcycle or other equipment driven at high speeds. Secondly,
      high-frequency radiation from the high voltage circuitry is minimized to
      the extent that a temperature reading may be made in an engine equipped
      with electronically controlled fuel injection without disturbing the
      operation of the fuel injection circuitry. Also, undesirable capacitive
      loading of the ignition system is minimized. Still another advantage is
      that several thermocouple spark plugs may be simultaneously operated in an
      engine with each spark plug connected to a separate voltage isolation
      circuit. A low voltage switch may then be provided for selectively
      switching a meter or recorder or other equipment to the different spark
      plugs.
PAR  Accordingly, it is the preferred object of the invention to provide
      improved apparatus for measuring the temperature of a spark plug insulator
      firing tip adjacent a spark gap while such spark plug is in operation in
      an internal combustion engine.
PAR  A further object of the invention is to provide improved circuitry for use
      with a thermocouple spark plug which isolates high voltage ignition
      pulses.
PAR  Still another object of the invention is to provide temperature indicating
      circuitry for use with a thermocouple spark plug which provides a
      continuous output while the thermocouple voltage is temporarily blanked by
      the ignition voltage.
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description, with reference being made to the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram of a spark plug mounting a low voltage
      thermocouple which is connected to an ignition voltage isolation circuit;
PAR  FIG. 2 is a schematic block diagram of a meter circuit for selectively
      recording or indicating the temperature of a spark plug having a
      thermocouple mounted thereon; and
PAR  FIG. 3 is a block diagram of a phase locked loop for maintaining a
      temperature signal while the thermocouple output is temporarily blanked by
      a high voltage ignition pulse.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and particularly to FIG. 1, a block diagram
      is shown of a thermocouple spark plug 10 connected to an ignition voltage
      isolation circuit 11. The spark plug 10 may be of a conventional design,
      except that a thermocouple 12 is mounted thereon. The spark plug 10
      includes a metal shell 13 having a lower end 14 threaded for engaging the
      cylindrical head of an internal combustion engine. A ceramic insulator 15
      is mounted within the shell 13. A center electrode 16 extends through an
      internal bore (not shown) through the insulator 15 and projects from an
      insulator nose or firing tip 17 to define a spark gap with a ground
      electrode 18 mounted on the lower shell end 14. A connector 19 having a
      high voltage terminal 20 is mounted on an upper end 21 of the insulator
      15. The high voltage terminal 20, which is electrically connected to the
      center electrode 16 provides convenient means for connection to an
      ignition system (not shown) for the engine in which the spark plug 10 is
      operated.
PAR  The thermocouple 12 is embedded in the surface of the insulator firing tip
      17. The thermocouple 12 is of conventional design, consisting of a
      junction between two dissimilar metals or metal alloys. The dissimilar
      metals may, for example, consist of platinum for one side of the junction
      and an alloy of platinum and 10% rhodium for the other function. The two
      sides of the thermocouple junction are connected by means of insulated
      wires (not shown) to a pair of terminals 22 on the connector 19. The wires
      extend through the center electrode bore in the insulator 15 along with
      the center electrode 16. A thermocouple 12 constructed from the above
      exemplary metals will generate a DC voltage on the order of approximately
      0.6 millivolts when the junction is heated to 200.degree. F. and
      approximately 9.5 millivolts when the junction is heated to 1800.degree.
      F. This voltage, which appears across the pair of terminals 22, is applied
      to the ignition voltage isolation circuit 11. Within the ignition voltage
      isolation circuit 11, an operational amplifier 23 amplifies the
      thermocouple voltage to a level sufficient for driving a voltage
      controlled oscillator 24. The oscillator 24 will have an output frequency
      dependent upon the input voltage from the amplifier 23 and, hence,
      dependent upon the temperature to which the thermocouple 12 is heated.
PAR  To facilitate indicating the temperature sensed by the thermocouple 12, the
      voltage controlled oscillator 24 is preferably calibrated such that the
      output frequency is a direct indication of the sensed temperature. For
      example, if the temperature sensed by the thermocouple 12 ranges between
      300.degree. and 2200.degree. F. the oscillator may be designed to have an
      output frequency ranging from 300  to 2,200 Hz., or from 3,000  to 22,000
      Hz. By using the higher of the two frequency ranges, the accuracy of the
      system is increased. It will therefore be assumed in the discussion below
      that the oscillator 24 will have an output ranging from 3,000  to 22,000
      Hz. corresponding to a temperature variation of from 300.degree.  to
      2,200.degree. F., respectively. The output from the voltage controlled
      oscillator 24 is used to excite a light source, such as a light emitting
      diode (LED) 25 for producing a pulsating light. However, other light
      sources capable of following the output frequency of the oscillator 24 may
      also be used.
PAR  Light emitted by the LED 25 is transmitted over an optical path 26 to a
      photoelectric detector such as a phototransistor 27. The phototransistor
      27 generates an output 28 having the same frequency as the pulsating light
      output from the LED 25. High voltage isolation is provided by means of the
      light path 26. The amplifier 23, the oscillator 24 and the LED 25 are
      permitted to float above electrical ground to prevent arcing from the
      center electrode 16 in the spark plug 10 to the thermocouple leads passing
      through the center electrode bore in the insulator 15. A suitable light
      guide is used in the light path 26 to maintain an efficient coupling
      between the LED 25 and the phototransistor 27. The light guide may, for
      example, consist of either a single fiber optic light pipe or a bundle of
      fiber optic light pipes.
PAR  The ignition voltage isolation circuit 11 is preferably mounted close to
      the spark plug 10. By minimizing the length of the connections between the
      thermocouple terminals 22 on the connector 19 and the ignition voltage
      isolation circuit 11, capacitive loading on the engine ignition system is
      minimized and electrical radiation resulting from high voltage ignition
      pulses is also minimized. As a consequence, a thermocouple spark plug 10
      may be used in a vehicle having an electronically controlled fuel
      injection system without affecting the operation of the engine. Another
      benefit of using the ignition voltage isolation circuit 11 is that a
      multi-cylinder engine may be provided with several thermocouple spark
      plugs 10, each connected to a separate ignition voltage isolation circuit
      11. The outputs 28 from the different ignition voltage isolation circuits
      11 may then be selectively connected to a meter while the engine is
      operating.
PAR  Turning now to FIG. 2, a block diagram is shown of apparatus 30 for
      selectively monitoring the temperature of a plurality of spark plugs
      operating within an internal combustion engine. A switch 31 selectively
      connects the apparatus 30 to one of one or more ignition voltage isolation
      circuits 11' which are in turn connected to thermocouple spark plugs in an
      internal combustion engine. The output 28' from a connected one of the
      ignition voltage isolation circuits 11' is applied through an amplifier 32
      to a phase locked loop 33. The phase locked loop 33 generates an
      electrically clean output pulse train having the same frequency as the
      amplified pulse train from the connected isolation circuit 11'.
      Furthermore, the phase locked loop 33 fills gaps in the pulse train which
      occur while ignition voltage pulses are applied to the center electrode of
      the connected spark plug. As previously indicated, the frequency of the
      pulse train from the ignition voltage isolation circuit 11' and hence the
      output frequency from the phase locked loop 33 has been calibrated to 10
      times the temperature sensed by the thermocouple in the connected spark
      plug. Thus, if the thermocouple senses temperatures within a range of from
      300.degree. to 2,200.degree.F., the output frequency from the phase locked
      loop 33 will range from 3,000 to 22,000 Hz. The output from the phase
      locked loop 33 is applied through a frequency divider 34 which divides the
      frequency by a factor of 10 such that an output signal applied to a
      terminal 35 has a frequency ranging from 300 to 2,200 Hz. Since the
      frequency of the signal on the terminal 35 is identical to the temperature
      of the connected spark plug, a conventional digital frequency counter 36
      may be used for determining temperature. The digital frequency counter 36
      may generally comprise a pulse counter 37, a clock and counter control 38
      and an output register 39. The output terminal 35 from the frequency
      divider 34 is connected through a switch 40 to a clock pulse input to the
      counter 37. The clock and counter control 38 periodically clears and
      starts the pulse counter 37 to count pulses on the terminal 35. After
      pulses are counted for a measured time interval, one second in this
      instance, the contents of the counter 37 are stored in the output register
      39. This number corresponds to the frequency of the signal on the terminal
      35 and, hence, also corresponds to the temperature of the connected spark
      plug. The number stored in the register 39 is then applied to a digital
      display 41 which is of conventional design. The digital display 41 may,
      for example, consist of four seven-segment indicators capable of
      selectively indicating temperatures ranging from zero to 9999. However, as
      a practical matter, the digital display 41 is used only for indicating
      temperatures ranging from 300.degree. to 2,200.degree.F.
PAR  Below approximately 300.degree.F., the output from the thermocouple mounted
      in a connected spark plug will become non-linear. Furthermore, a spark
      plug actually operating in an internal combustion engine will always have
      an insulator firing tip temperature above 300.degree.F. due to the high
      temperature of combustion. Therefore, circuitry is provided to inhibit the
      digital display 41 from displaying an erroneous temperature when the
      thermocouple is below 300.degree.F. In addition to supplying a pulse
      signal from the terminal 35 to the pulse counter 37, the switch 40 also
      applies the same signal to a frequency-to-voltage converter 42. The
      frequency-to-voltage converter 42 will have a DC output level which is
      proportional to the frequency of the signal on the terminal 35 and hence
      proportional to the temperature sensed by a connected thermocouple. This
      DC voltage is applied to a threshold voltage detector 43. The threshold
      voltage detector 43 is calibrated such that it will sense a voltage level
      from the converter 42 corresponding to a temperature of 300.degree.F. When
      the threshold voltage detector 43 detects a voltage level corresponding to
      a temperature below 300.degree.F., a signal is applied on a terminal 44 to
      cause a low temperature out-of-limit indicator light 45 to become
      illuminated and also to inhibit the digital frequency counter 36, blanking
      the display 41. The low temperature out-of-limit indicator light 45 is
      extinguished and the digital frequency counter 36 becomes activated when
      the threshold voltage detector 43 senses a voltage corresponding to a
      temperature above 300.degree.F.
PAR  In some instances, it may be desirable to record spark plug temperature
      data. Therefore, provisions may be made for connecting a tape recorder 46
      directly to the output terminal 35 from the frequency divider 34. It will
      be apparent that since the signal on the terminal 35 has been designed to
      range from 300 to 2,200 Hz., it falls within the audio frequency range.
      Therefore, the signal may be recorded directly on magnetic tape for future
      use. In this case, only the ignition voltage isolation circuit 11, the
      amplifier 32, the phase locked loop 33 and the frequency divider 34 may be
      mounted on the engine or vehicle under test in addition to the tape
      recorder 46. At a later time, the recorded tape may be played and
      analyzed. At this time, the output of the tape recorder may be connected
      through the switch 40 to the digital frequency counter 36 and the digital
      display 41 for analysis. A microphone 47 may also be connected to the tape
      recorder 46 for supplying additional data which is recorded on a second
      channel on the tape. If, for example, the operation of a spark plug is
      being tested in a racing motorcycle, the microphone 47 may be mounted in
      the driver's helmet. The driver can then supply additional data which is
      recorded on magnetic tape by the recorder 46. For example, the driver may
      indicate his speed at periodic intervals. He may also indicate changes in
      load conditions on the motorcycle such as the occurrence of hills. When
      the recorded tape is subsequently played back, this information may be
      used for analyzing the performance of the spark plugs or analyzing
      combustion in the engine. Of course, the terminal 35 may be connected to
      other equipment such as a chart recorder or meter through a
      frequency-to-voltage converter (not shown) similar to the converter 42.
      Or, the terminal 35 may be connected to a data collection system for
      automatic reporting and plotting of road load or speed versus temperature
      curves.
PAR  Turning now to FIG. 3, a block diagram is shown for the phase locked loop
      33. A frequency comparator 50 compares the frequency of the amplified
      signal from the ignition voltage isolation circuit 11 with the frequency
      of the output from the phase locked loop 33. The output of the frequency
      comparator 50 is applied through a low pass filter 51 to charge a
      capacitor 52. A constant charge will be maintained on the capacitor 52 if
      the incoming frequency to the comparator 50 corresponds with the output
      frequency from the phase locked loop 33 and the charge on the capacitor 52
      will be increased or decreased at a rate and direction controlled by the
      degree and direction of deviation between the frequencies of the compared
      signals. The voltage across the capacitor 52 is applied to control the
      output frequency of a voltage-to-frequency converter 53. The converter 53
      generates an output signal which is applied both to the frequency
      comparator 50 and to the frequency divider 34 in FIG. 2. The low pass
      filter 51 limits the charging or discharging rate of the capacitor 52.
      Thus, when the amplified input signal from a connected ignition voltage
      isolation circuit 11 is temporarily blanked during the application of a
      high voltage ignition pulse to a spark plug, the charge on the capacitor
      52 will remain substantially constant to maintain a substantially constant
      output frequency.
PAR  It will be appreciated that various modifications and changes may be made
      in the above-described apparatus for measuring the temperature of a spark
      plug insulator nose while the spark plug is operated in an internal
      combustion engine. For example, the operating frequencies and the type of
      meter for indicating the temperature sensed by a thermocouple may be
      readily modified as will be apparent to those skilled in the art. In
      addition, the light emitting diode 25 and the phototransistor 27 may be
      formed from other equivalent circuit elements. Various other modifications
      and changes may also be made without departing from the spirit and the
      scope of the following claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Apparatus for measuring the temperature of a spark plug while such spark
      plug is operated in a running internal combustion engine which includes an
      ignition system for periodically applying a high voltage ignition pulse to
      fire the spark plug, said apparatus comprising, in combination, a
      thermocouple mounted for measuring the temperature of the spark plug, said
      thermocouple generating a DC voltage which varies as a function of the
      spark plug temperature, voltage controlled oscillator means for generating
      a first signal having a frequency controlled in response to the DC
      thermocouple voltage, means responsive to such first signal for emitting
      pulsating light at the controlled frequency, photoelectric detecting means
      responsive to the emitted light for generating a second signal having the
      controlled frequency, said detecting means being electrically insulated
      from said oscillator means and said light emitting means, and means
      responsive to such second signal for indicating the temperature measured
      by said thermocouple.
NUM  2.
PAR  2. Temperature measuring apparatus, as set forth in claim 1, wherein the
      first signal is temporarily blanked by a higher magnitude capacitively
      coupled signal from the ignition system each time a high voltage ignition
      pulse is applied to fire the spark plug, and including means for
      maintaining the second signal uninterrupted while the first signal is
      temporarily blanked out by such capacitively coupled signal.
NUM  3.
PAR  3. Temperature measuring apparatus, as set forth in claim 2, wherein said
      second signal maintaining means comprises a phase locked loop.
NUM  4.
PAR  4. Temperature measuring apparatus, as set forth in claim 1, wherein said
      light emitting means comprises a light emitting diode.
NUM  5.
PAR  5. Temperature measuring apparatus, as set forth in claim 1, wherein said
      temperature indicating means includes means for counting pulses in the
      second signal for a predetermined time interval, such pulse count
      corresponding to a digital representation of the measured temperature,
      means for storing such pulse count, and a digital indicator connected to
      said storage means, said indicator indicating the measured spark plug
      temperature.
NUM  6.
PAR  6. Temperature measuring apparatus, as set forth in claim 1, wherein said
      indicating means comprises a digital frequency counter and a digital
      indicator connected to said frequency counter for indicating the frequency
      of said second signal, said indicated frequency corresponding to the
      measured spark plug temperature.
NUM  7.
PAR  7. Temperature measuring apparatus, as set forth in claim 6, wherein the
      first signal is temporarily blanked by a higher magnitude capacitively
      coupled signal from the ignition system each time a high voltage ignition
      pulse is applied to fire the spark plug, said apparatus further including
      means for maintaining the second signal uninterrupted while the first
      signal is temporarily blanked out by such capacitively coupled signal.
NUM  8.
PAR  8. Apparatus for measuring the temperature of a spark plug while such spark
      plug is operated in a running internal combustion engine which includes an
      ignition system for periodically applying a high voltage ignition pulse to
      fire the spark plug, said apparatus comprising, in combination, a
      thermocouple mounted for measuring the temperature of the spark plug, said
      thermocouple generating a DC voltage which varies as a function of the
      spark plug temperature, such DC voltage being temporarily blanked by a
      higher magnitude capacitively coupled signal from the ignition system each
      time a high voltage ignition pulse is applied to fire the spark plug,
      means responsive to such thermocoupled voltage for generating a
      temperature signal which is continuous while the DC thermocouple voltage
      is temporarily blanked by such capacitively coupled signal, and means for
      utilizing such continuous temperature signal.
NUM  9.
PAR  9. Temperature measuring apparatus, as set forth in claim 8, wherein said
      continuous temperature signal generating means includes a phase locked
      loop.
NUM  10.
PAR  10. Temperature measuring apparatus, as set forth in claim 8, and further
      including high voltage isolation means connected between said thermocouple
      and said continuous temperature signal generating means whereby said
      thermocouple is electrically isolated from ground.
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ABST
PAL  An apparatus comprising a thin-walled cylindrical metal conduit inserted
      into the path of the flowing hot gas with a thermal sensor positioned in
      the conduit along its axis. There are one or more smaller diameter
      thin-walled tubes positioned inside of the larger conduit over a portion
      of its length. The smaller tubes are concentric with each other and with
      the larger conduit and surround the sensor, so that there can be gas flow
      through the annular spaces between each of the tubes and between the
      sensor and the inner tube. Means are provided for causing a flow of hot
      gas through these annular spaces so as to bring at least the central small
      tube up to the temperature of the flowing gas and with it the temperature
      of the sensor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention lies in the field of the temperature measurement of flowing
      hot gases. Still more particularly, it is concerned with an improved
      sensor system to provide a more accurate measurement of the temperature of
      the flowing gases.
PAR  In the art of gas temperature measurement by thermocouple, or other sensor,
      where the thermal sensor is either bare and directly inserted into the gas
      flow or encased in a thermo well, which is projected into the flow of hot
      gas, there is danger that the temperature indicated by the sensor will be
      significantly lower than the true gas temperature because of heat loss
      from either the thermal sensor or from the thermo well. In general, the
      heat loss is typically by radiation, and can be of the magnitude of
      hundreds of degrees fahrenheit.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide a simple and
      inexpensive means of protecting a thermal sensor from heat radiation so
      that it can be inserted into a flowing gas stream to precisely measure the
      temperature of the gas stream.
PAR  This and other objects are realized and the limitations of the prior art
      are overcome by providing a thin-walled cylindrical conduit which projects
      through a duct wall into a flowing stream of hot gas. A thermal sensor is
      inserted axially into and is sealed to the conduit so that the conduit is
      closed off at its end outside of the duct. One or more shorter lengths of
      cylindrical thin-walled tubing are mounted coaxially inside of the conduit
      and surrounding the sensor. Means are provided for causing the hot gases
      to flow, at least for a portion of its length, axially along the conduit
      and through the annular spaces between the sensor and the innermost small
      tube and through the annular spaces between the small tubes and the large
      conduit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages of this invention and a better
      understanding of the principles and details of the invention will be
      evident from the following description taken in conjunction with the
      appended drawings in which:
PAR  FIG. 1 shows in vertical cross section one embodiment of this invention in
      which the sensor is perpendicular to the direction of gas flow;
PAR  FIG. 2 is a view taken along the plane 2--2 of FIG. 1;
PAR  FIG. 3 is a view taken along the plane 3--3 of FIG. 1;
PAR  FIG. 4 is a cross section perpendicular to the axis of the sensor of FIG.
      1;
PAR  FIG. 5 is a view taken along the plane 5--5 of FIG. 1; and
PAR  FIG. 6 illustrates an embodiment in which the sensor is parallel to the
      direction of gas flow.
DETD
PAR  Referring now to the drawings, there is shown in FIG. 1, in cross section,
      a view of a duct or stack, etc. 12 with a welded threaded connection 20
      attached to the wall of the duct 12 with its axis perpendicular to the
      axis of the duct. This threaded mounting support 20 is attached as by
      welding 22 or other means to the duct. There is a circular opening 14 in
      the duct wall along the axis of the mounting 20 through which is inserted
      a long thin-walled tubular conduit 16 which is attached to a plug 18 which
      is attached, as by threads, to the mounting means 20, so that the
      cylindrical conduit 16 extends into the duct 12 and is substantially
      perpendicular to the direction of gas flow indicated by the arrow 42. A
      thermal sensor, which can be a thermometer, a thermocouple or a
      thermistor, is positioned along the axis of the conduit 16 and is held in
      position by plug means and packing (not shown) fastened by threads 24 to
      the plug 18. Thus, the outboard end of the conduit 16 is closed off by the
      plug 18, and the packing and plug which are inserted into the threaded
      opening 24.
PAR  The inboard end of the conduit 16 is closed off by a circular disc 30 and
      there is an opening 32 cut across the face of the conduit 16, as shown in
      FIGS. 1 and 3. The conduit 16 is positioned in the duct so that the
      opening 32 faces directly in the direction from which the hot gases are
      flowing, that is, in the direction opposite to arrow 42. There are one or
      more openings 38, 40 in the back side of the conduit 16 at a position
      approaching the wall of the duct 12, so that due to the kinetic energy of
      the flowing gases in the direction 42, there will be flow of gases into
      the opening 32 and axially along the conduit 16, as shown by arrows 44 and
      46. These will flow along the axis of the conduit 16, and because of the
      end closure of the conduit 16, will flow out of the openings 38 and 40 in
      the direction of arrows 48, 49 and 50. Thus, there will be a continuous
      flow of hot gases into the conduit 16, through the opening 32 and out of
      the openings 38 and 40, when there is gas flow in the direction of the
      arrow 42.
PAR  The thermal sensor 26 is positioned so that its area of sensitivity is
      positioned intermediate the opening 32 and the openings 38, 40 so that
      there will be a continuous flow of hot gases over the thermal element,
      when temperature indication is required for flowing gases.
PAR  There are one or more cylindrical thin-walled tubes 34 of lesser diameter
      than and inside of the conduit 16. The tube or tubes 34 are held in
      position by radial spacers 36 or other means. In the preferred arrangement
      the sensor 16, tubes 34 and conduit 16 are coaxial providing annular
      spaces through which the hot gases flow in accordance with the arrows
      indicated. The inner tube 34 is clearly shown in the cross section of FIG.
      4. FIG. 5 indicates a view looking down on the plug 18, with the thermal
      sensor 26 in place inside the opening 19 but without the plug and packing,
      or other seal which will close the threaded opening 24 to hold the thermal
      sensor in position, and to prevent passage of hot gases out through the
      opening 19.
PAR  To measure the gas temperature by means of a thermal sensor such as 26 it
      is necessary to pass the hot gases in intimate contact with the sensing
      surface 28 of the thermal sensor 26. It is also important to prevent
      thermal radiation, or other heat loss, from the thermal sensor, itself,
      which occurs when the surfaces surrounding the sensor are at a lower
      temperature. This loss by radiation is prevented by placing the thermal
      sensor inside of the tube or tubes 34 which are bathed in the flow of hot
      gas over inner and outer surfaces. Conduit 16 may not necessarily be at
      the temperature of the gases, since it is subject to radiation outward to
      cooler adjacent areas. Therefore, it is important to have at least one
      inner tube, such as 34, which is protected from radiation outwardly to the
      cooler areas by being surrounded by the conduit 16. Although the conduit
      16 may not be at the precise temperature of the gas, it is closer to the
      true temperature of the gas than is an outside wall such as duct 12. Thus,
      the inner tube 34, being bathed in the flow of hot gases on its inner and
      outer surface, and protected from radiation by the almost equally high
      temperature surface of the conduit 16 provides a means of reducing the
      radiation from the thermal unit 28 which will reach and remain at a
      temperature closely corresponding to that of the hot gases flowing over
      its surface. To further minimize the error in temperature of the sensor
      due to the lesser temperature of adjacent areas additional tubes may be
      inserted, preferably concentric but not limited thereto, surrounding the
      tube 34.
PAR  It is important in such a device as indicated in FIG. 1 to control the
      velocity of flow of the gas through the spaced conduits to a value
      somewhere in the range of from 10 to 50 feet per seond, and preferably,
      within the range of 10 to 20 feet per second. With too low a flow velocity
      there is no assurance that the surfaces of the conduits will reach the
      true temperature of the gas. On the other hand, if the physical velocity
      of flow is too high, then the effective molecular velocity will be higher
      than the true molecular velocity corresponding to the thermal temperature
      of the gas, so that the thermal unit 28 will read a value higher than the
      true temperature of the gas. It has been determined however that when the
      velocity of gas flow is ideally about 20 feet per second through the
      conduit 16, the temperature of the gas flowing in stacks and ducts can be
      determined with a maximum degree of accuracy.
PAR  While the system shown utilizes the kinetic energy of the gas to cause it
      to flow through the constricted annular spaces, it is part of this
      invention to provide other means of causing a flow of the hot gases
      through the annular spaces, such as by using an ejector, pump, or other
      well known means.
PAR  Since the flow velocity is important, such velocity through the conduit 16
      will be dependent upon the velocity of gases in the duct 12. It is
      possible to vary the flow of gas through the conduit 16, either or both by
      adjusting the diameter of the openings 38 and 40, or by rotating the
      conduit 16 so that only a portion of the opening 32 is exposed to the flow
      of gas.
PAR  Although a plurality, e.g., two openings 38 and 40 are shown, a single
      opening or appropriate area can, of course, be used.
PAR  In FIG. 6 is shown another embodiment of the invention in which the sensor
      is inserted into the duct or pipe parallel to or generally in the
      direction of flow of gases. The duct or pipe is shown at 60 with an
      upstream portion 62 entering a bend 64 for a right angle turn. As in FIG.
      1 there is a welded threaded mounting connection 20A at about the center
      of the bend, with the axis of the mounting preferably along the axis of
      the leading pipe 62. The threaded mounting support 20A is attached to the
      pipe 62 by means such as the weld, 22, or other means. There is a circular
      opening 14 concentric with the mounting 20A through which the sensor
      assembly 10A can be inserted and supported by the mounting 20A by means of
      the threaded plug 18. The cylindrical conduit 16 is attached to the plug
      18 and is inserted through the opening 14 and extends into the pipe 62
      with its open end directed upstream against the gas flow 66.
PAR  The gas flow indicated by arrows 66 flowing up the pipe 62 will pass into
      the inner tube 34 of the assembly 10A which surrounds the sensor surface
      28 of the sensor 26. The sensor 26 is held in position in the plug 18 by
      means of a seal and plug (not shown) held by the threaded portion 24, as
      is well known in the art. There is an opening, or a plurality of openings
      80 in the conduit 16 so that the gases 66 flowing into the conduit in
      accordance with arrows 72, 74, 76, and 78 will pass through the annular
      spaces surrounding the sensor and out through the opening 80. Dependent
      upon the velocity of flow of the gases 66, the size of the opening or
      openings 80 is chosen to provide an optimum velocity of gas flow past the
      sensor 28 and tubes 34.
PAR  If there is insufficient velocity in the gases 66 to provide an optimum
      rate of flow through the annular spaces, aspirator means, or other means,
      can be provided to draw gases through these spaces and past the sensor at
      a optimum velocity.
PAR  While the axis of the conduit 16 is preferably along the axis of the pipe
      62, it need not be coaxial, or even precisely parallel to the axis of the
      pipe or conduit 62. However, there should be enough of the end opening of
      the conduit 16 exposed to the oncoming flow of gas 66 to generate enough
      pressure to cause the velocity of flow of gas past the sensor to be in the
      optimum range.
PAR  While the invention has been described with a certain degree of
      particularity it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific embodiments set forth
      herein by way of exemplifying the invention, but the invention is to be
      limited only by the scope of the attached claims or claim, including the
      full range of equivalency to which each element or step thereof is
      entitled.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. An improved sensor for measuring the temperature of a flowing stream of
      hot gas in a closed pipe comprising:
PA1  a. a first thin-walled tubular metal conduit removably secured at one end
      from the exterior of said pipe and projecting transversly across the path
      of said gas flow, said first conduit essentially closed at the other end,
      a not more than 180.degree. lower opening on the upstream side of said
      first conduit adjacent said other end, an upper opening on the downstream
      side of said first conduit adjacent said one end whereby a portion of said
      flowing stream of hot gas is transversly diverted in flow into said lower
      opening upwardly through said first conduit, thence outward back into said
      flowing stream through said upper opening;
PA1  b. temperature sensitive means axially positioned inside said conduit
      between said upper and lower openings and removably secured from the
      exterior of said pipe; and
PA1  c. at least one thin-walled metal cylindrical open end tube of lesser
      diameter than said conduit, positioned co-axially in said first conduit
      between said lower and upper openings and surrounding said temperature
      sensitive means, with annular spaces for gas flow between said tube and
      said conduit.
NUM  2.
PAR  2. The system as in claim 1 including a plurality of tubes coaxially nested
      within each other, positioned inside said conduit with annular gas flow
      space between them and surrounding said temperature sensitive means.
NUM  3.
PAR  3. The system as in claim 1 in which said temperature sensitive means
      comprises thermistor means.
NUM  4.
PAR  4. The system as in claim 1 in which said temperature sensitive means
      comprises thermocouple means.
NUM  5.
PAR  5. The system as in claim 1 in which said temperature sensitive means
      comprises thermometer means.
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ABST
PAL  A device for controlling the braking power in a brake equipment of a
      bicycle exerciser is capable of keeping the brake power of this equipment
      constant or giving it a programmed variation. The device comprises a
      non-electronic comparing means, which compares the existing power of the
      equipment (represented by a first r.p.m.), with the desired power of the
      equipment (represented by a second r.p.m.). If there is a difference
      between these two r.p.m., the comparing means delivers an output signal in
      the form of a third r.p.m., which signal is utilized to control a brake
      setting means for the brake equipment, such that the first and the second
      r.p.m. are brought into accordance.
BSUM
PAR  This invention relates to a brake power controlling device used for load
      tests, for instance, for motors or preferably in brake equipments for
      appliances for physical training and/or for condition training, e.g.
      appliances in the form of bicycle exercisers and/or ergometers.
PAR  The present invention has for its object to control the brake equipment in
      any of these kinds of apparatuses in such a way that the power is
      maintained constant or so that it is given a programmed variation. Here an
      object is to obtain independently of the speed or number of revolutions of
      the energy source supplying the power to the brake equipment.
PAR  It is thus possible for an individual pedaling a bicycle exerciser,
      provided with the inventive control device, to deliver during the whole
      training period a constant, preselected power, independently of how he
      varies the pedal speed. If the pedal speed is increased, the control
      device will decrease the brake power of the brake equipment in such a way
      that the mechanical power will be the desired one. Inversely if the pedal
      speed is decreased the control device will increase the brake power, so
      that the magnitude of the mechanical power is maintained. It is possible
      to maintain the power constant or to vary this power according to a
      special program. For instance, the training may be of the type "oxygen
      uptake training" or of the type "lactic-acid training". Such variation can
      be achieved automatically through inserting in the control device the
      desired program in the form of a suitable program carrier, e.g. a cam.
PAR  Known devices maintain the mechanical power constant and/or for obtain a
      programmed variation of the mechanical power, independent of the
      rotational speed. These devices are used for brake equipments in bicycle
      exercisers, but they are all based on electrical or electronic control
      systems and are relatively expensive. The high price makes it impossible
      to sell them elsewhere than to certain research institutions and public
      institutions. Notwithstanding such price. They ought to be used in every
      case, where a programmed and well controlled training is necessary, as for
      instance for hard training sportsmen and for heart disease patients.
      Mechanical devices for maintaining a constant power of brake equipments
      have been designed. However the control effect of these devices has not
      been based on the difference between the existing and the desired powers,
      but, for instance, on an increase or a decrease of the speed or the
      revolution of the brake equipment as a control technical error signal, a
      method which means certain difficulties when the error signal are to be
      evaluated. Mechanical brake power control devices, which enable a
      programmed variation of the power, have not been known heretofore.
PAR  The basic idea of the invention is that a first r.p.m., which is
      proportional to or is in another way suitable is functionally related to
      the power absorbed at a certain moment by a brake equipment. This first
      r.p.m. is compared in a mechanical way with a second r.p.m., which is
      proportional to or is in another way suitably related to the desired
      power. At the actual moment when it is desired to have energy absorbed by
      the brake equipment, a third r.p.m. is caused by this comparison. The
      third r.p.m. is a distinct measure of the eventual difference between the
      first and the second r.p.m. Through a mechanical arrangement, the third
      r.p.m. accomplishes such an increase or a decrease of the brake power
      existing in the brake equipment that the existing and the desired powers
      are brought into accordance. The r.p.m., which corresponds to the desired
      power, can be maintained constant or be varied, e.g. automatically
      according to a prescribed program, and thus control the existing power in
      an intended manner. In order to prevent the brake power from being
      unfavourably large at low speeds or revolutions of the brake equipment,
      for instance when starting the apparatus or bringing it to a standstill, a
      special device can be provided, which at these occasions enables a
      limitation of the brake power.
DRWD
PAR  Reference may be made to the following specification and accompanying
      drawings describing and showing preferred embodiments of the invention,
      wherein:
PAR  FIG. 1 is a block diagram of one embodiment of the control system;
PAR  FIG. 2 is a side view of one embodiment according to the invention;
PAR  FIG. 3 is a plan view of the same embodiment;
PAR  FIG. 4 is a plan view of another embodiment according to the invention; and
PAR  FIG. 5 is a plan view of a device to compensate for required driving power.
DETD
PAR  In the embodiment of the control system, which is shown in the block
      diagram according to FIG. 1, the existing and the desired powers are each
      represented by an r.p.m. The r.p.m. which represents the desired power is
      obtained from an r.p.m. delivering device 1. This device comprises a
      rotating device 1a, e.g. a centrifugal governor or an electric motor, and
      a setting device 1b, which may be a variable gear transforming the output
      r.p.m. from the rotating device, this r.p.m. being presumed to be
      constant. Otherwise this setting device may consist of an adjusting member
      for actuating the r.p.m. of the rotating device. This adjusting member is
      for instance, a rheostat which may be used when the rotating device is an
      electric motor or a tensioning device for adjusting a spring counteracting
      upon a centrifugal force when the rotating device is a centrifugal
      governor. The control of the output r.p.m. from the r.p.m. delivering
      device 1 may be accomplished by means of either a manual actuation by an
      adjusting member 2 or an automatic regulation from a programstoring device
      3. If this device uses cams or similar program carriers moved at constant
      speed, the operation may be achieved by a suitable connection of the
      program-storing device with the rotating device 1a, mentioned before,
      provided that this latter one is intended to rotate at constant speed.
PAR  The r.p.m. representing the existing power is obtained from a mechanical,
      analogue integrator 4, for instance of the Kelvin-type, for integrating
      the brake power existing in the brake equipment with the speed of a braked
      element of said equipment.
PAR  The r.p.m. representing the existing power and the r.p.m. representing the
      desired power are supplied to a mechanical comparing device, in the
      following called differential gear 5. This differential gear delivers to
      its output shaft an r.p.m. which is proportional to, or eventually is
      suitable in another form, and functional connection with, the difference
      between the existing and the desired powers. This proportional r.p.m. is
      fed to a mechanism 6, which controls the brake power applied to the braked
      element 7 of the brake equipment.
PAR  In the embodiment of the invention which is shown in FIGS. 2 and 3 a
      constant r.p.m. is provided by means of a centrifugal governor haivng two
      pendulum arms 9, each with one fly weight 8, two link arms 10, one draw
      spring 11 and one shaft 12. The link arms 10 are each attached to the
      shaft 12 in a joint 13, so that they can be turned to form different
      angles with the shaft but cannot rotate about it. In the same way, the
      pendulum arms 9 are attached to the hub of a friction disc 15, each via a
      joint 14. This friction disc is mounted around a square formed portion 16
      of the shaft 12 in such a way that it can be axially displaced along said
      shaft, but cannot rotate around it. The pendulum arms 9 are further
      connected to the link arms 10 by means of joints 17. Through a cooperation
      with the pendulum arms 9, the link arms 10, the shaft 12 and the joints
      13, 14 and 17, the draw spring 11 tends to displace the friction disc 15
      axially towards a pulley 18, which is rotating freely about the shaft 12,
      but is not axially displaceable. When rotating, the centrifugal force of
      the shaft 12 forces fly weights 8 away from this shaft and tend, through
      cooperation with the pendulum arms 9, the link arms 10, the shaft 12 and
      the joints 13, 14 and 17, to displace the friction disc 15 axially in the
      direction away from the pulley 18.
PAR  The pulley 18 is driven at a constant r.p.m. or a varying r.p.m., which is
      higher than the constant r.p.m., except when starting the apparatus or
      bringing it to a standstill. The constant r.p.m. is the speed wanted to
      take out from the shaft 12. If the control device is used in a bicycle
      exerciser, for example, the operation of the pulley 18 can be made by
      means of a belt 20 extending from a pulley 19 connected to the flywheel of
      the exerciser. When the pulley 18 begins to rotate, the friction disc 15
      is pressed through the force of the spring 11 is pressed against this
      pulley 18, and the whole centrifugal governor is forced to rotate. The
      higher the rotational speed, the larger is the centrifugal force acting
      upon the fly weights 8 and the less effective is the engagement between
      the friction disc 15 and the pulley 16, which means that there will be a
      slipping action between these two elements enabling the centrifugal
      governor to maintain the desired r.p.m. as soon as this r.p.m. is exceeded
      by the pulley 18. If the r.p.m. of the centrifugal governor tends to be
      lowered below the desired value, the centrifugal force is decreased and
      thus the engagement between the friction disc 15 and the pulley 18 will be
      more effective, so that the slipping action between these two elements is
      decreased, and the r.p.m. of the centrifugal governor again reaches its
      intended value. If, on the other hand, the r.p.m. of the centrifugal
      governor tends to be too high, an increase of the slipping action is
      obtained in a similar way, which means that it will be a lowering of the
      r.p.m. to the desired, constant value.
PAR  The centrifugal governor is driven, via gear wheels 21 and 22, by an
      infinitely variable gear, consisting of an input shaft 23, a friction disc
      24 fixedly connected thereto, an output shaft 25, a friction cylinder 26
      fixedly connected thereto, a ball 27 being in contact with both the
      friction disc 24 and the friction cylinder 26, and further a lever 28. At
      its upper end, lever 28 is pivotedly mounted around a stationary point 29
      such that is is turnable parallel to the plane of the friction disc 24. At
      its lower, lever 28 has a fork shaped end with a proper play which clasps
      the ball 27. This ball transfers to the friction cylinder 26 the
      tangential speed of the friction disc 24, which disc speed exists in the
      point where this disc is in contact with the ball 27. When the ball 27 is
      moved by means of the lever 28 parallel to the rotational symmetry axis of
      the friction cylinder 26, the r.p.m. ratio between the input shaft 23 and
      the output shaft 25 will be infinitely varied. Thereby these shafts 23 and
      25, the friction disc 24, the friction cylinder 26, the ball 27 and the
      lever 28 constitute together an infinitely variable gear. This gear
      together with the centrifugal governor described above constitute the
      r.p.m. delivering device 1 in FIG. 1. The r.p.m. of the output shaft 25
      according to FIGS. 2 and 3 has a magnitude representing the desired brake
      power.
PAR  The setting of the desired r.p.m. of the output shaft 25 is made by means
      of a pull rod 30, which in its one end is pivotedly mounted in a joint 31
      on the lever 28, so that this lever can be brought to a proper angle
      position. The other end of the pull rod 30 is provided with a slot
      surrounds a control lever 33, 32 having closed ends, which slot with a
      suitable play in transverse direction. This control lever 33 is, at its
      lower end, provided with a thread 34 engaging the inside threads of a tube
      35, which is supported by a double joint enabling the tilting of the
      control lever in two cross directions, so that it can be moved into and
      along each of three slots 37, 38 and 39 of a plate 40. When the control
      lever 33 is moved to the slot 37, which is the lowest one of the slots in
      FIG. 3, a roller 41 on the pull rod 30 is brought into engagement with a
      lever 42, as the pull rod 30 together with the lever 28 of the infinite
      variable gear is moved by a draw spring 43 to the left according to FIGS.
      2 and 3. As also the control lever 33 is moved in the same direction by a
      draw spring 44. This lever cannot unfavourably affect the pull rod 30
      through any contact with the right end of the slot 32 of this rod 30. The
      lever 42, which at its lower end is pivotedly mounted about a stationary
      shaft 45, is forced against the outer periphery of a cam 46 by means of
      the traction represented by the actuation of the spring 43 on the pull rod
      30. The contact with the cam 46 takes place through mediation of a roller
      47 pivotedly mounted on the lever 42. Through cooperation between the
      lever 42 and the pull rod 30, the cam 46 will regulate the angle position
      of the lever 28 of the infinite variable gear. Thus the r.p.m. of the
      output shaft 25 of this gear is also regulated. The cam is driven, via
      gear wheels 48, 49, 50 and 51, at a constant speed from the shaft 12 of
      the centrifugal governor and will therefore during its rotation
      continuously vary the r.p.m. of the infinite variable gear according to
      the program, which is materialized through the shape of the cam.
PAR  If it is desired to have the r.p.m. of the output shaft 25 of the infinite
      variable gear maintained constant and not varied in the time, the control
      lever 33 is moved to the middle slot 38. When the control lever 33 shall
      be moved from one slot to another, it must be moved so far to the right
      according to FIGS. 2 and 3 that it leaves the right end of the slot just
      occupied. When the control lever is in this right position it has, through
      engagement with the right end of the slot 32 of the pull rod 30, moved
      this rod to the right, so that its roller 41 is moved from engagement with
      and is free from the lever 42. By the gravity, the lever 42 has been
      tilted to the right and rests on a stationary support 52, thus leaving the
      contact with the cam 46, so that this can be replaced by another cam, if
      so is desired.
PAR  When the control lever 33 is moved from its right position and into the
      middle slot 38 as far as to the left limit position of this slot, the
      roller 41 of the pull rod 30, through the traction of the draw spring 43,
      will arrive into engagement with a stationary oblique stop member 53. The
      pull rod 30 is then kept in one and the same position, which means that
      also the lever 28 of the infinite variable gear will be maintained in one
      and the same position resulting in a constant r.p.m. of the output shaft
      of said gear. If it is so desired a lower, constant r.p.m. can be set by
      lowering the right end of the pull rod 30, so that the roller 41 is moved
      downwards along the oblique stop member 53, and due to the obliqueness of
      this member, is displaced to the left. This displacement to the left will,
      via the pull rod 30, actuate the lever 28 of the infinite variable gear,
      so that the ball 27 will be moved to a position nearer to the middle of
      the friction disc 24, the r.p.m. of the output shaft 25 being thereby
      lower. If, on the other hand, an increase of the r.p.m. of the output
      shaft 25 is desired, the right end of the pull rod must be raised. The
      lowering and the raise, respectively, of the right end of the pull rod 30
      is achieved by means of the control lever 33, which for this purpose is
      provided with two disc shaped elements 54 and 55 located on each side of
      the slot 32 of the pull rod 30. Therefore, elements 54, 55 force the right
      end of the pull rod 30 to accompany the control lever, when it is moved
      downwards and upwards responsive to a rotation of the handle 56 of the
      control lever 33, which means that also this lever is rotated and screwed
      downwards and upwards in the threaded tube 35.
PAR  If the roller 41 of the pull rod 30 is in contact with the lever 42,
      following the contour of the cam 46, it is possible, by moving the right
      end of the pull rod upwards or downwards in the above described manner to
      move the roller 41 of the pull rod farther from or nearer to the shaft 45.
      This roller movement achieves a change of the r.p.m. of the output shaft
      of the infinite variable gear, which is caused by a certain change of the
      radius of the cam 46. The characteristics of this regulation of the r.p.m.
      variation is defined inter alia by the position of the shaft 45.
PAR  The r.p.m. representing the desired power and given to the output shaft 25
      of the infinite variable gear is supplied to the sun wheel 57 of a
      planetary gear. To the outer wheel 58 of the same planetary gear is
      supplied, by means of a belt 59, the r.p.m. from a mechanical integrator
      (not shown). This r.p.m. represents the existing power and gives to the
      outer wheel 58 an inverse rotational direction in relation to that of the
      sun wheel 57.
PAR  When there is an accordance between the existing and the desired powers,
      the relationship between the r.p.m. of the sun wheel 57 and the outer
      wheel 58 is such that the planet carrier 60 of the planetary gear
      standstill. This carrier carries a planet wheel in engagement with the sun
      wheel 57 and the outer wheel 58. This means that the planet carrier shaft
      does not rotate. The output shaft 61 of the planetary gear serves the
      purpose of the differential gear 5 according to FIG. 1.
PAR  If the existing power is lower than the desired one, the r.p.m. of the
      outer wheel 58 will be lower than the value required for causing a
      standstill of the planet carrier 60. This means that the planet carrier
      rotates in the same direction as the sun wheel 57 and at an r.p.m.
      corresponding to how much the existing power is below the desired one. The
      rotation given to the output shaft 61 will operate, via a friction clutch
      62 and a gear 63, a brake power setting device 64 corresponding to the
      control mechanism 6 according to FIG. 1. Brake setting is such a way that
      the brake power and thus the mechanical power is increased. If the
      existing power is higher than the desired one, the planet carrier 60 will
      rotate in the same direction as the outer wheel 58, i.e., in an opposite
      direction as compared with the preceding case. The brake power setting
      device 64 will thereby be affected to lower the brake power.
PAR  In order to prevent an unfavourably large brake power at slow speeds of the
      rotating element of the brake equipment, as when starting the apparatus or
      bringing it to a standstill, it is possible, to move the control lever as
      far as possible to the right. This movement is transferred to the pull rod
      30 and the lever 28 of the infinite variable gear, to move the ball 27
      outwards from the center of the friction disc 24. This operation prevents
      the r.p.m. of the output shaft 25 from being too low, which should cause
      too high desired power and thus high brake power.
PAR  If it is desired to disengage the automatic power control, the control
      lever 33 is moved into the upper slot 39 according to FIG. 3. The right
      end of the pull rod is thereby displaced laterally, so that a projection
      65 on the pull rod will arrive into contact with the right part of a
      disengagement lever 66. This lever rotates about its stationary shaft 67.
      This rotation of the disengagement lever 66 causes a disengagement of the
      friction clutch 62 and therethrough of the connection between the output
      shaft 61 of the planetary gear and the gear 63, driving the brake power
      setting device 64. The disengagement lever 66 also, by means of a branch
      68, disengages the friction disc 15 of the centrifugal governor from the
      pulley 18. The centrifugal governor thereby loses its driving force and
      comes to a standstill. When the control lever 33 is moved to the left end
      of the slot 39 according to FIG. 3, a friction disc 69 on the control
      lever 33 is brought into contact with a friction cylinder 70, which
      through a flexible shaft 71 is capable of driving the gear 63, which in
      turn operates the brake power setting device 64. When the control lever 33
      is in the position described, it is possible, through rotating the handle
      56 of this lever, to manually adjust the brake power.
PAR  In connection with FIG. 4, another more compact embodiment of the invention
      will now be described. This embodiment comprises a centrifugal governor
      72, which is operated by a friction disc 73. Under a suitable degree of
      slipping, disc 73 is rotated by means of a pulley 74, which in turn is
      driven by a belt 75, receiving its driving force from, for instance, a
      rotating element in the brake equipment. The centrifugal governor 72
      functions in the same way as is described in connection with the
      embodiment according to FIGS. 2 and 3, except that the driving system for
      the centrifugal governor has been modified suc that the output r.p.m. from
      said governor can be adjusted to the instantaneously desired value instead
      of, as in the preceding embodiment being preset once and for all. This
      modification is accomplished because the pulley 74, driving the
      centrifugal governor, is made axially displaceable. The nearer the pulley
      74 is brought to the centrifugal governor 72, the farther the fly weights
      72a of the governor must be forced out from the governor shaft 72b by
      means of the centrifugal force in counteraction to a force represented by
      a draw spring 72c. This means that the governor speed must be higher to
      start the slippage between the friction disc 73 and the pulley 74, and
      thereby the beginning of the constant speed of the governor.
PAR  The adjustment of the axial position of the pulley 74 and thus the control
      of the r.p.m. of the centrifugal governor is made by means of a lever 76.
      The upper end of this lever is provided with a roller 77. In the middle,
      the lever is branched to form a loop 78, which contains two bearings 79,
      in which a ring 80 is mounted. This ring engages a flange 81 of the pulley
      74 and keeps this pulley in an axial position, which depends of the
      position of the lever 76. The lower end of the lever 76 passes through a
      slot 82 in a plate, which for the rest is not shown. When the lower end of
      the lever 76 is moved to the left end of the slot 82, the upper end of the
      lever 76 engages block 83 by means of the roller 77. A set screw 84 is
      displaceable in the axial direction thereof to control the position of
      lever 76. When the block 83 is vertically displaced, the lever 76 is
      rotated about a point, where the lever is engaging the one edge of the
      slot 82. The ring 80 engages the flange 81 and displaces the pulley 74
      axially, the r.p.m. of the centrifugal governor is thereby changed. If the
      lever 76 is moved to the dashed-line position 76' and thereby located with
      its lower end in the right end of the slot 82, the position of the upper
      end of the lever will be controlled by a cam 85. Therefore, in analogy
      with what is described before, cam 85 controls the r.p.m. of the
      centrifugal governor 72. For each power program a special cam is required.
      The operation of the cam is achieved by means of a synchronous motor, a
      clock work or a centrifugal governor.
PAR  The comparison between the r.p.m. representing the desired power in the
      brake equipment and the r.p.m. representing its existing power is made by
      means of a differential gear 86. The desired r.p.m. is obtained from the
      centrifugal governor 72 and is supplied into the upper wheel 86a of the
      differential gear 86. The brake requirement r.p.m. is obtained from the
      integrator (not shown in FIG. 4) measuring the existing power in the brake
      equipment and corresponding to the integrator 4 according to FIG. 1. The
      integrator acts via a friction clutch 87 and a shaft 88 and is supplied
      into the lower wheel 86b of the differential gear 86. The rotational
      direction of the centrifugal governor 72 is so chosen, that the wheels 86a
      and 86b have opposite rotations in relation to each other. When the
      desired and the existing powers are the same, these wheels 86a and 86b are
      rotating at the same speed. This means that the intermediate wheel 86c of
      the differential gear will rotate, having its rotational symmetry axis in
      a fix direction. If the desired power is higher than the existing power,
      the intermediate wheel 86c will be forced by the upper wheel 86a to rotate
      about the axis of the latter. The r.p.m. of the wheel 86c, about this
      axis, depends on the difference between the r.p.m. of the upper wheel 86a
      and the lower wheel 86b. In the rotation of the intermediate wheel 86c
      about the axis of the upper wheel 86a, the housing 86d of the differential
      gear must also participate. This housing, through a bearing 86e, carries
      the intermediate wheel. The rotation of the housing 86d is transferred to
      a gear wheel 89, which through a gear wheel 90 and a shaft 91 is driving a
      brake power control device (not shown) such that the brake power of the
      brake equipment is increased. If the desired power is lower than the
      existing power, a process similar to that just described will take place,
      but resulting in such a rotational direction of the output shaft 91, that
      the brake power is decreased.
PAR  Disengagement of the brake power controlling device is accomplished in such
      a way that a lever 93 provided with a cam 92 is moved in such a direction
      that a U-shaped rod 94 is displaced. This rod moves a flange 95 axially
      and disengages the friction disc 73, driving the centrifugal governor,
      from the pulley. The rod 94 further disengages the friction clutch 87
      connecting the governor with the power integrator of the brake equipment.
      When such a disengagement has been made, the desired brake power can be
      adjusted by means of a knob 96, which is connected through a shaft 97 and
      the three gear wheels 98, 89 and 90 to the shaft 91 driving the brake
      power controlling device.
PAR  For the two embodiments of the invention described above, the driving power
      to the control device is taken entirely or substantially from the rotating
      element of the brake equipment. If this power is not small in relation to
      the power braked by the brake equipment, it may be necessary to have the
      integrator (4 according to FIG. 1), which measures the existing power of
      the brake equpment, also to include the average driving power of the
      control device or, at higher requirements on accuracy, its instantaneous
      driving power. The latter procedure can be achieved by having a
      differential gear which measures how large the driving power is that is
      utilized by the control device at every moment and corrects the
      instantaneous value of the integrand in the above integrator in relation
      to the driving power. A device which can be used for this purpose is
      described in connection with FIG. 5.
PAR  In the device according to FIG. 5, the rotating element 99 of the brake
      equipment is connected to a gear wheel 100 of a differential gear. In the
      housing 101 of this gear is pivotedly mounted an intermediate wheel 102,
      which is in engagement with this gear wheel 100 and with a third gear
      wheel 103 of the differential gear. This latter gear wheel is provided
      with a pulley 104 driving a belt 20 (according to FIGS. 2 and 3) or a belt
      75 (according to FIG. 4), which in turn drives the power control device.
      The housing 101 of the differential gear is rotatable about the same
      geometrical axis as are the two opposite gear wheels 100 and 103 and is
      provided with a pulley 105, from which the rotation of the housing can be
      taken. When the power control device is driven, the pulley 104 for this
      drive and also the gear wheel 103 connected thereto are loaded by the
      required moment of driving. The intermediate wheel 102 is actuated by a
      periphery power at the location of the engagement with this wheel 103. In
      order to bring about an equilibrium of moments around the rotational
      symmetry axis of the intermediate wheel, the periphery power acting on the
      intermediate wheel at the location of engagement with the remaining gear
      wheel 100 must have the same direction and magnitude as the periphery
      power mentioned before. The result will be a moment acting on the housing
      101 and thus on its pulley 105, which moment is twice the moment of
      driving acting on the other pulley 104. The moment on the pulley 105 of
      the housing 101 is applied through a suitable device transformed such that
      is can be added directly to the brake power (or the moment of braking)
      acting on the rotating element of the brake equipment. Thereafter, this
      sum is used to indicate the magnitude of the integrand of the power
      integrator.
PAR  When necessary the power control device can be provided with especial
      devices to indicate, for instance optically, a certain power or change of
      power.
PAR  The invention has here been shown and described in connection with some
      special embodiments. Of course these and other devices described here
      above can be modified in several ways within the scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Brake equipment for controlling a braking power applied to a power
      source, said brake equipment having brake power setting means comprising
      means for selectively maintaining either a constant braking power or a
      programmed variable braking power for said brake equipment, non-electronic
      means for comparing two r.p.m., first means for producing a first one of
      said r.p.m. with a definite and functional relationship with the power
      from said source actually existing in said brake equipment, and second
      means for producing the second of said r.p.m. with a definite and
      functional relationship with the desired power of said brake equipment,
      said comparing means comprising means for delivering an output signal in
      the form of a third r.p.m. constituting a distinct measurement of the
      difference between said first and said second r.p.m., and means responsive
      to the output signal from said comparing means for controlling said brake
      power setting means to adjust the braking power of said brake equipment
      such that the desired and the existing powers are brought into accordance.
NUM  2.
PAR  2. The brake equipment as claimed in claim 1, wherein said non-electronic
      means is a mechanical device.
NUM  3.
PAR  3. The brake equipment as claimed in claim 2, wherein said non-electronic
      means is a mechanical gear.
NUM  4.
PAR  4. The brake equipment as claimed in claim 1, wherein said second means
      comprises an adjustable centrifugal governor means.
NUM  5.
PAR  5. The brake equipment as claimed in claim 4, wherein said second means
      comprises an infinitely variable speed output means operated responsive to
      the centrifugal governor.
NUM  6.
PAR  6. The brake equipment as claimed in claim 5 wherein said second means
      further comprises means for driving said centrifugal governor responsive
      to the movement of a rotating element of said power source.
NUM  7.
PAR  7. The brake equipment as claimed in claim 6, wherein said first means
      includes integrator means responsive to an average of the instantaneous
      driving power from said power source, which is also applied to said
      centrifugal governor, and said comparing means includes means responsive
      to said integrator means for adjusting the braking power and therefore the
      magnitude of a driving moment of the power source.
NUM  8.
PAR  8. The brake equipment as claimed in claim 1 wherein said second means
      includes an automatic adjusting means including a programming cam for
      controlling said second r.p.m.
NUM  9.
PAR  9. The brake equipment as claimed in claim 8, wherein the second means
      includes means responsive to the position of said cam for increasing or
      decreasing the second r.p.m.
NUM  10.
PAR  10. The brake equipment as claimed in claim 9, wherein the means responsive
      to said cam position includes a lever having means for taking out a
      variable rotational speed as said second r.p.m.
NUM  11.
PAR  11. The brake equipment as claimed in claim 8, and wherein said second
      means comprises means for positioning said cam responsive to the output of
      a power source which delivers a non-variable r.p.m.
NUM  12.
PAR  12. The brake equipment as claimed in claim 1 wherein said second means
      comprises a cam operated at a rotational speed controlled by a centrifugal
      governor.
NUM  13.
PAR  13. The brake equipment as claimed in claim 1 and means to disengage the
      second means, and means for manually adjusting the braking power of said
      brake equipment after said disengagement.
NUM  14.
PAR  14. The brake equipment as claimed in claim 13 and means whereby all manual
      adjustment of the brake equipment and all manual adjustment of the braking
      power of said brake equipment are made by means of a single adjusting
      member.
NUM  15.
PAR  15. The brake equipment as claimed in claim 1 and means for preventing an
      unfavourably large braking power when starting the power source or
      bringing it to a standstill, said last named means comprising a device
      which causes the second r.p.m. to be maintained within a preselected value
      range corresponding to a low desired power.
NUM  16.
PAR  16. The brake equipment of claim 1 and means whereby an electrical motor
      having an adjustable r.p.m. provides said second r.p.m.
NUM  17.
PAR  17. The brake equipment of claim 1 and means whereby a spring driven motor
      having an adjustable r.p.m. provides said second r.p.m.
NUM  18.
PAR  18. The brake equipment of claim 1 and manual means for controlling said
      second r.p.m.
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ABST
PAL  Aircraft altitude is visually displayed at a front panel of a flight
      instrument in analog form by a rotating pointer and in digital form by
      means of a rotary drum digital indicator. Barometric pressure is converted
      into rectilinear motion to drive a mechanical-to-electrical transducer
      providing a signal to a servo amplifier having an output coupled to a
      servomotor. The servomotor drives both the rotating pointer and the rotary
      drum digital indicator. Also coupled to the mechanical-to-electrical
      transducer is a manually adjustable set input signal to correct for
      atmospheric pressure along a given flight path with respect to sea level.
      Temperature and altitude error corrections are also coupled to the
      transducer to correct the servomotor drive signal to give a true indicated
      altitude display. Also driven by the servomotor is a pressure altitude
      encoder for providing absolute altitude digital signals for transmission
      to a ground station. As a further extension, the servomotor drives a
      velocity generator that functions integrally with an altitude selector to
      provide vertical velocity control signals to the aircraft autopilot
      system.
BSUM
PAR  This invention relates to a flight instrument and more particularly to a
      flight instrument for displaying aircraft altitude.
PAR  Heretofore, flight instruments for indicating the altitude of an aircraft
      in flight employed synchronized rotating pointers for displaying an analog
      indication of the altitude of an aircraft. As with any analog type pointer
      instrument, some interpretation of needle position is required by the
      operator. Under adverse conditions, or in an emergency situation, when the
      aircraft altitude must be quickly and accurately determined, the
      interpretation of needle position may unfortunately result in an error
      with resulting undesirable consequences. Even under normal flying
      conditions, an aircraft operator has numerous duties to perform in
      piloting an aircraft and the setting of selected altitude adjustments must
      be completed rapidly and accurately.
PAR  Another problem often encountered with present day altitude indicator
      systems is that compensation for barometric correction is accomplished by
      mechanical means. These mechanical devices usually comprise bell cranks
      and other linkages and the correction is accurate only at one of two
      points over the linkage travel. Mechanically driven altitude indicators
      also present significant errors in reading due to a lack of accurate
      temperature and altitude correction. Again, the temperature and altitude
      error correction devices are usually accurate at only one or two points of
      the indicated display.
PAR  A feature of the present invention is to provide a flight instrument with
      an altitude indicator having both an analog and digital display. The
      analog display indicates continuous changes of altitude while the digital
      display indicates altitude readings in fixed increments. Another feature
      of the invention is to provide a flight instrument with an altitude
      indicator corrected for atmospheric pressure at a given elevation. Still
      another feature of the present invention is to provide an aircraft
      instrument having a barometric pressure responsive transducer for
      generating barometric change signals, and wherein the barometric level set
      point correction is adjusted by a control knob coupled to a barometric
      pressure set point digital readout at the meter front. Yet another feature
      of the present invention is to provide a flight instrument having a
      digital altitude indicator corrected for temperature and altitude errors.
PAR  In accordance with the present invention, a flight instrument for an
      aircraft includes an altitude indicator having a digital display and an
      analog display each driven by a servomotor in accordance with an altitude
      signal corrected for atmospheric pressure. The flight instrument further
      includes at the meter front an altitude selector adjustment coupled to a
      generator having a signal output of a selected altitude. A digital
      indicator is coupled to the altitude selector adjustment for displaying
      the selected altitude.
PAR  Also in accordance with this invention, the above flight instrument further
      includes a transducer responsive to changes in atmospheric pressure for
      converting pressure change into an aircraft altitude signal. This
      atmospheric pressure responsive transducer is coupled to a set point
      adjustment for establishing a particular barometric level about which
      changes are reflected in the output of the transducer. The transducer
      further receives temperature and altitude error correction signals for
      corrector networks.
PAR  A more complete understanding of the invention and its advantages will be
      apparent from the specification and claims and from the accompanying
      drawings illustrative of the invention.
DRWD
PAR  Referring to the drawings:
PAR  FIG. 1 is a pictorial view of an altimeter flight instrument having digital
      readout altitude information;
PAR  FIG. 2 is a front view of the altimeter flight instrument of FIG. 1 showing
      an analog and digital altitude indicator, a digital altitude select
      indicator and a digital barometric level set point indicator;
PAR  FIG. 3 is a pictorial view of the power train for driving the analog and
      digital altitude displays;
PAR  FIG. 4 is a top view of the flight instrument of FIG. 1;
PAR  FIG. 5 is a bottom view of the flight instrument of FIG. 1;
PAR  FIG. 6 is a right hand side view of the flight instrument of FIG. 1;
PAR  FIG. 7 is a pictorial view of the altitude select drive train and the
      digital altitude select indicator;
PAR  FIG. 8 is a left hand side view of the flight instrument of FIG. 1 showing
      the atmospheric pressure responsive transducer and the set point
      adjustment therefor;
PAR  FIG. 9 is a pictorial view of the drive train for the barometric level set
      point for the barometric pressure responsive tranducer and the digital
      display coupled to the set point adjustment;
PAR  FIG. 10 is a block diagram of the altitude indicator system of FIGS. 1-9;
PAR  FIG. 11 is a schematic of a control system for electrically coupling the
      indicators and adjustments illustrated in FIGS. 1-9; and
PAR  FIG. 12 is a schematic of the differential to single ended converter of
      FIG. 11 responsive to the difference in varying capacitance between two
      capacitor pick-offs.
DETD
PAR  Referring to the FIGURES, the aircraft altimeter flight instrument includes
      a supporting frame 10 having a front plate 12 etched or otherwise marked
      with increments of altitude on a scale 14, typically in increments of 100
      feet between major index points. Covering the front plate is a transparent
      display window 16 for viewing the various displays related to aircraft
      altitude.
PAR  Displayed on the front plate 12 by means of a pointer 18 is an analog
      representation of aircraft altitude that also provides to a pilot a visual
      altitude rate of change. Cooperating with the pointer 18, also to indicate
      aircraft altitude, is a digital display 20 giving a numerical indication
      of altitude in increments of 10 feet at the right hand digit. The use of
      an analog pointer 18 for indicating continuous changes of aircraft
      altitude along with the digital display 20 simplifies for a pilot the
      control of aircraft altitude.
PAR  At the base of the front plate 12 there is displayed by a digital rotary
      drum indicator 24 a desired selected altitude to be maintained on a given
      portion of a flight. The selected altitude digital rotary drum indicator
      24 is coupled through appropriate gear trains, to be described, to
      adjusting knobs 26 and 28 at the lower right hand corner of the instrument
      front. Adjustment knob 26 couples directly to the second and third place
      digits of the indicator 24 while the adjustment knob 28 couples to the
      farthermost digit to the right, through a gear train and flexible drive.
      With the dual knob arrangement, the coarse adjustment of a selected
      altitude is made by operation of the adjustment knob 26 and the fine
      adjustment for a selected altitude is made by operation of the adjusting
      knob 28.
PAR  One additional display appears at the front plate 12; this is the digital
      readout utilizing a digital rotary drum indicator 30. The indicator 30 is
      a visual display of a selected barometric pressure set point in inches of
      mercury or as alternative in millibars. A pilot sets the barometric level
      set point at the value for the local area over which he is flying. This
      setting is made by the pilot by means of an adjusting knob 32 coupled by a
      gear train, to be described, to the digital indicator 30.
PAR  Referring specifically to FIGS. 3 through 6, the analog altitude indication
      as given by the pointer 18 is rotatably mounted on a shaft 34 through the
      center of the digital indicator 20. A spur gear 36 at the inboard end of
      the shaft 34 drives the pointer 18 through a power train that includes a
      spur gear 38 mounted to a shaft 40 also supporting a drive gear 42 at the
      opposite end thereof and the wiper arm of a potentiometer 116. The drive
      gear 42 is in engagement with a spur gear 44 mounted on a shaft 46 with a
      drive gear 48. The drive gear 48 engages an output spur gear 50 of a
      servomotor 52 coupled to an altitude control system, to be described with
      reference to FIG. 10.
PAR  Also coupled to the shaft 46 at the front plate end of the instrument is a
      bevel gear 56 in engagement with a bevel gear 58. The bevel gear 58 is
      mounted on a shaft 60 carrying four rotary drum type digital indicators
      62-65. These rotary drum digital indicators are of a conventional design
      such that each subsequent drum rotates one position for each complete turn
      of the previous drum. Drums 63, 64 and 65 display aircraft altitude in
      increments of 100, 1,000, and 10,000 feet, respectively. Drum 62 is
      essentially an analog readout of an aircraft altitude, and indicates less
      that 100 foot increments of the drum 63. As such, each of the display
      drums 62-65, beginning at drum 62, displays the next larger increment of
      altitude than the preceding drum; the drum 62 rotates continuously with
      the indicator 18 that also displays altitude in less than 100 foot
      increments.
PAR  Energization of the altitude servomotor 52 by a signal from a control
      system causes the pointer 18 and the display 20 to indicate aircraft
      altitude. The analog point 18 indicates aircraft altitude and a complete
      revolution thereof typically requires 1,000 feet of altitude change. One
      turn of the pointer 18 around the scale 14 is provided by appropriate gear
      ratios between the gears 36 and 38, the gears 42 and 44 and the gears 48
      and 50.
PAR  The counter drive shaft 60, through the one-to-one gear ratio of the bevel
      gears 56 and 58 and the ratio of the gears 48 and 50, rotates once for
      each 100 feet of altitude change. Thus, for each 100 feet of altitude
      change the display drum 62 completes one revolution. Each revolution of
      the drum 62 advances the drum 63 one position in accordance with
      conventional rotary drum display indicators. For a pilot to determine his
      aircraft altitude from a digital display 20, he observes the digits
      appearing on the drums 62, 63, 64 and 65. The result gives aircraft
      altitude to the nearest 10 feet. This is a considerably simplified
      technique over altitude indicators employing concentrically mounted
      pointers for indicating altitude. By mounting the pointer shaft 34 through
      the digital display 20, a further improvement in readability is achieved.
      A pilot quickly associates the digital altitude indication at the
      indicator display 20 with the pointer 18. The digital readouts to the left
      of the pointer shaft 34 indicate altitude increments higher than those
      indicated by the pointer 18. The pointer 18 and the drums to the right of
      pointer shaft 34 are presenting the same information; i.e. increments of
      1,000 feet or less.
PAR  In addition to the gear train from the servometer 52 to the analog and
      digital altitude indicators, a gear train is also provided from the
      servomotor to an altitude responsive pressure transducer 66. The pressure
      transducer 66 may be of aneroid type having a capacitance pick-off
      described in a copending application of James R. Younkin, filed Mar. 25,
      1974, Ser. No. 454,365.
PAR  The servomotor 52 is coupled to the feedback positioning shaft 68 of the
      transducer 66 through a drive gear 70. The drive gear 70 engages a spur
      gear (not shown) rotating with the drive gear 42 on the shaft 40.
      Basically, in operation of the barometric pressure transducer 66, a change
      in altitude is signified by the output signal from a pick-off. This output
      signal is coupled to a control system which generates the energizing
      voltages for the servomotor 52. Rotation of the feedback shaft 68, by
      means of the gear train including gears 70, 42, 44, 48 and 50, repositions
      the pick-off of the tranducer 66 to return the output signal therefrom to
      zero.
PAR  Also driven by the servomotor 52 is an altitude potentiometer 72 having an
      output shaft supporting a spur gear 74. The spur gear 74 engages a spur
      gear rotating with the drive gear 42 on the shaft 40. In a manner to be
      described, the potentiometer 72 is coupled to an altitude control system
      for controlling the operation of the servomotor 52.
PAR  With emphasis now on FIGS. 5, 6 and 7, a pilot may select a desired
      altitude by positioning the adjustment knobs 26 and 28. As explained
      previously, the adjustment knob 26 establishes the coarse altitude
      selected (e.g., 1,000 foot increments) and the knob 28 generates a fine
      altitude selection (e.g., 100 foot increments) signal. Referring first to
      the coarse adjustment mechanism, the adjustment knob 26 is mounted to a
      drive shaft 76 having a bevel gear 78 attached thereto. The bevel gear 78
      engages a bevel gear 80 mounted on a shaft 82. Coupled to the shaft 82 is
      a rotary drum indicator 84 that rotates once for each rotation of the
      adjustment knob 26. Each complete rotation of the drum indicator 84
      reflects a 10,000 foot increment in altitude selection. Each 36.degree.
      (one-tenth of a revolution) movement of the knob 26 gives an incremental
      change of 1,000 feet in selected altitude, as shown by the drum 84
      advancing one increment. Conventionally arranged with the drum indicator
      84 is a rotary drum indicator 86 for indicating by a complete revolution
      thereof 100,000 feet of altitude selection. Thus, by adjusting the knob 26
      a pilot, by means of the digital drum indicators 84 and 86, has presented
      to him a digital indication of a selected altitude in 1,000 foot
      increments by means of the indicators 84 and 86.
PAR  To convert a movement of the knob 26 into a coarse adjustment altitude
      selector signal, the shaft 76 carries a drive gear 88 that engages a spur
      gear 90 on a potentiometer shaft 92. The potentiometer shaft 92 carries
      the wiper arm of a potentiometer 94 having a housing 96 containing a
      potentiometer element. The housing 96 of the potentiometer 94 is held in
      place by the engagement of a gear 98 as part of the fine adjustment drive
      train.
PAR  With the arrangement shown, a movement of the adjusting knob 26 positions
      the wiper arm of the potentiometer 94 with respect to the potentiometer
      element by means of the gears 88 and 90. This causes a coarse altitude
      selector signal to be generated to an autopilot. The autopilot may provide
      the conventional aircraft control signals to the control surfaces of an
      aircraft for appropriate aircraft maneuvering.
PAR  To positively position the coarse adjustment power train, a ball detent 118
      engages an indexing wheel 120 mounted to the shaft 76. Each indexing
      position of the wheel 120 represents one digit on the digital display
      indicator 84. The ball detent 118 is maintained in engagement with the
      indexing wheel 120 by means of a positioning spring 122.
PAR  For a fine (less than 1,000 foot change) altitude selection, the shaft 76
      is mounted concentric with a shaft 100, with the latter having attached
      thereto the adjustment knob 28. At the inboard end of the shaft 100 there
      is mounted a gear 102 and a drum 106. Attached to the surface of the drum
      106 is a flexible belt 104 that is guided around an idler pulley 108 to an
      indicator pulley 110. The pulley 110 is affixed to rotate with a rotary
      drum indicator 112 as part of the display 24. The drum 112 freely rotates
      on the shaft 82 and displays the least significant increment of altitude
      selection to a pilot. Although arranged on a common shaft 82 with the
      digital drum indicators 84 and 86, the drum indicator 112 operates
      independently of the two higher increment displays. A complete revolution
      of the drum indicator 112 equals 1,000 feet of selected altitude.
PAR  To generate the fine adjustment altitude select signal (i.e., increments of
      100 feet) the adjustment knob 28 is rotated to drive the gear 102 through
      the shaft 110. In engagement with the gear 102 is a gear 114 that is
      rigidly attached to the housing of a potentiometer 116 as part of the fine
      adjustment altitude select loop. Integral with the gear 114 is a spur gear
      99 both freely rotating on the shaft 40. The spur gear 99 is in engagement
      with a gear 98 that is rigidly attached to the housing of the
      potentiometer 94.
PAR  Secured to the shaft 40 is the wiper arm of the potentiometer 116; the
      shaft 40 is shown in FIG. 3 to be part of the drive train for the analog
      pointer 18. Thus, an electrical output of the potentiometer 116 is
      directly related to the position of the analog pointer 18 and the
      adjustment of the knob 28.
PAR  In operation of the altitude fine adjustment altitude select loop, rotation
      of the adjustment knob 28 produces a relative movement between the wiper
      arm and element of the potentiometer 94 through the gear train including
      gears 102, 114, 99 and 98. Rotation of the knob 28 also causes relative
      movement between the wiper arm and potentiometer element of the
      potentiometer 116 in the fine select loop. By proper selection of the
      gears 99 and 98, a movement of the knob 28 causes the wiper arm of the
      potentiometer 94 to move relative to the housing 96 by an amount equal to
      the movement of the housing of the potentiomter 116 relative to the wiper
      arm. That is, equal in electrical result. For one complete turn of the
      shaft 100, which represents a 1,000 foot change, the wiper arm of the
      potentiometer 94 moves relative to the housing 96 by 90.degree., assuming
      that the potentiometer 94 has a 10 turn configuration such 90.degree.
      represents one-fourth of the total travel of the wiper arm relative to the
      housing 96. By this arrangement, an altitude select signal is continuous
      even though the ball detent 118 and the indexing wheel 120 provide fixed
      increment steps of altitude change through the adjustment knob 26. That
      is, the altitude adjust signal not only changes in digitized amounts by
      means of the detent 118, but also there is continuous movement between the
      1,000 foot fixed values controlled by the detent 118 as provided by the
      adjustment knob 28 and relative movement between the potentiometers 94 and
      116.
PAR  As an aircraft covers a given course the barometric pressure at ground
      level changes due to local atmospheric conditions. To reference the
      barometric pressure responsive transducer 66 to a particular ground
      barometric level set point, the adjusting knob 31 couples to a drive shaft
      136 extending through the front plate 12 and toward the rear of the frame
      10. At the forward end of the drive shaft 136 there is mounted a bevel
      gear 138 that engages a bevel gear 140 mounted on a vertical shaft. Also
      mounted on this vertical shaft is a drive gear 142 that engages a spur
      gear 144 coupled to an indicator shaft 146. Mounted on the indicator shaft
      146 are four digital rotary drum indicators 148-151 with the first drum
      148 coupled to rotate with the spur gear 144. Each of the remaining drum
      indicators 149-151 rotates in the conventional manner through a coupling
      to the preceding drum indicator. Displayed on the drum indicators 148-151
      is a barometric level set point as given by the display 30 of FIG. 2. This
      readout display is in inches of mercury or millibars. Concentrically
      mounted to rotate about the shaft 136 there is a shaft 137 having attached
      thereto a spur gear 117 that engages with a spur gear 119 on a shaft 139
      driving the wiper arm of the potentiometer 123. The shaft 137 extends
      through the front plate 12 and is rotated by means of the knob 32.
      Potentiometer 123 is connected to other circuits which allow the position
      of the wiper of potentiometer 123 to limit the vertical rate of
      displacement of an aircraft in either a climbing or descending attitude
      when coupled to an autopilot.
PAR  Also coupled to the drive shaft 136 is a spur gear 152 engaging a drive
      gear 154 mounted on a shaft 156. A spur gear 158 is also mounted to a
      shaft 156 and engages a drive gear 160 coupled to the housing of the
      altitude responsive pressure transducer 66. The housing is rotatably
      mounted on the shaft 68 and is positioned by means of the adjustment knob
      31. The indicated altitude set point of the pressure transducer 66 may be
      adjusted by rotating the transducer housing. This establishes a
      predetermined relationship between a pick-off and an aneroid
      (schematically shown in FIG. 11) of the transducer 66. Also rotating with
      the housing of the transducer 66 is a spur gear 161 coupled to the wiper
      arm of the potentiometer 208 as part of a compensation circuit for the
      transducer 66, also to be explained.
PAR  Adjustment of the knob 31 positions the housing of the transducer 66
      through the drive shaft 136 and the gear train including gears 152, 154,
      and 158 engaging the drive gear 160. This establishes a set point output
      signal from the transducer 66. Any variation of an aircraft in altitude
      with reference to this barometric set point causes a change in the output
      signal from the transducer pick-off. This, as explained previously, causes
      an energization of the altitude servomotor 52 and a repositioning of the
      transducer pick-off through the gears 42 and 70. Repositioning the
      transducer pick-off returns the output signal thereof to a desired level
      and the system is at rest.
PAR  Referring to FIG. 10, there is shown a block diagram of the altimeter
      flight instrument of FIGS. 1-9. The source of information for controlling
      the analog readout 18 and the digital readout 20 is the pressure
      responsive transducer 66 as represented by blocks 171, 203 and 205 and the
      summing junction 209. A pressure tranducer 203 translates atmospheric
      pressure into a rectilinear motion to the summing junction 209.
      Preferably, the pressure transducer is an aneroid as described in the
      copending application, filed Mar. 25, 1974, Ser. No. 454,365, although
      other devices may be utilized, such as a spring biased bellows or any
      device that will convert atmospheric pressure as a function of altitude
      into rectilinear motion. The output of the pressure transducer 203, a
      rectilinear motion signal, is applied to the summing junction 209 and an
      error signal is subsequently applied to a rectilinear motion plus
      electrical signal converter 171 that provides an electrical output signal
      to a summing junction 196.
PAR  As an explanation of the symbols used in FIG. 10, the double walled arrows
      with single cross hatching represent rectilinear motion and this motion is
      an input or the output of the summing junction 209. Double walled arrows
      with double crossed hatching represent rotary mechanical motion as
      produced by the servomotor 52. Single line arrows of FIG. 10 represent
      electrical signal channels.
PAR  An electrical error signal output from a summing junction 196 is applied to
      the input of a servo amplifier 194 having an output for driving the
      servomotor 52. Coupled to the output shaft of the servomotor 52 is a
      velocity signal generator 54 providing an electrical feedback signal to
      the summing junction 196. An output signal from the generator 54 as fed
      back to the servo amplifier 194 serves to dampen the dynamics of the servo
      loop. Its prime function is to stabilize the system. In addition, however,
      the output of the generator 54 provides a vertical speed signal to the
      aircraft autopilot.
PAR  In addition to driving the generator 54, the servomotor 52 also drives the
      analog display 18 and the digital display 20 through a gear train
      including the shafts 40 and 46 as detailed in FIG. 3. Thus, the output of
      the servomotor 52 through the gear train of FIG. 3 provides to a pilot
      indicated altitude in both analog and digital format. The servomotor 52
      thus provides all system torque required to display indicated altitude in
      both analog and digital formats. That is to say, the aneroid or other
      pressure transducer does not provide any force into the system.
PAR  The servomotor 52 also drives a mechanical feedback loop. This mechanical
      feedback loop is illustrated in FIG. 3, as described previously. This
      gearing mechanism is not further illustrated in FIG. 10. The rotary motion
      of the servomotor 52 is combined at a summing junction 201 with the output
      of a barometric correction network 237, to be explained. An error signal
      output from the summing junction 201 is a rotary motion applied to a
      rotary-to-rectilinear motion transducer 205 for producing rectilinear
      motion as a second input to the summing junction 209.
PAR  To reference the system of FIG. 10 to the previously described FIGURES, the
      summing junction 201 generally is illustrated by the gear 70 as coupled to
      the shaft 68 and the gear 160 as coupled to the housing of the transducer
      66. The rotary-to-rectilinear motion transducer 205 corresponds to
      internal mechanism of the transducer 66 as coupled to an aneroid pressure
      transducer.
PAR  Functionally, the summing junction 201 combines an indicated altitude
      rotary motion signal from the servomotor 52 with a barometric correction
      pressure altitude rotary motion signal from the network 237. Thus,
      everything to the right of the summing junction 201 is indicated altitude,
      whereas to the left of the summing junction a mechanical signal becomes
      pressure or absolute altitude due to the combining with the barometric
      correction signal at the summing junction.
PAR  Up to this point, what has been described with reference to FIG. 10 is an
      inner feedback loop of an altimeter flight instrument. What is summed at
      the junction 209 is a rectilinear displacement generated by the pressure
      transducer and an equal rectilinear displacement generated by the feedback
      loop of the altimeter, the magnitude of which uniquely describes a
      particular pressure altitude. The servomotor 52 functions as an integrator
      and the inner loop comprises a servo system that operates with zero error
      signals until intentionally displaced.
PAR  Returning to the summing junction 201, the output thereof provides one
      output of the instrument and is an absolute pressure signal applied to a
      pressure altitude encoder 239. The altitude encoder 239 responds to the
      rotary mechanical motion from the summing junction 201 and also to an
      absolute pressure electrical signal on a line 241. The altitude encoder
      239 is described in the copending application of James R. Younkin and John
      M. Nixon, filed Mar. 25, 1974, Ser. No. 454,306.
PAR  Also coupled to the output shaft of the servomotor 52 is the potentiometer
      72 that converts the indicated altitude rotary motion into an electrical
      signal applied to a summing junction 206. The gear train coupling the
      output of the servomotor 52 to the potentiometer 72 has been previously
      described with reference to FIG. 3. Thus, the output of the potentiometer
      72 is an electrical signal of indicated altitude.
PAR  Also coupled to the summing junction 206 is an electrical signal from the
      network 237. With reference to FIG. 9, the electrical signal applied to
      the summing junction 206 is provided at the output of the potentiometer
      208 as adjusted by the knob 31. An electrical barometric correction signal
      is provided in the system in addition to the mechanical barometric
      correction signal applied to the summing junction 201. Thus, the output of
      the summing junction 206 is an electrical signal varying with indicated
      altitude as corrected by barometric pressure. The output of the summing
      junction 206 is a pressure related signal or a signal related to pressure
      altitude. This pressure related electrical signal is applied over the line
      241 to the encoder 239.
PAR  To provide an accurate altimeter three sources of possible error must be
      compensated for or corrected. These three possible sources of error
      include the aneroid transducer 203 that provides a nonlinear output, that
      is, the curve of displacement versus altitude generated by an aneroid is
      not linear with altitude. A second source is also in the aneroid in that
      such devices have a variation between units of total deflection, that is,
      there is no certainty that two different aneroids will respond to a given
      pressure to produce the same mechanical motion. A third source of error is
      the temperature sensitivity of an aneroid and the related mechanical
      structure.
PAR  To compensate for a particular aneroid sensitivity and the nonlinear
      response of aneroids, the electrical signal from the summing junction 206
      is applied to an altitude error corrector 207 comprising a nonlinear
      network. The nonlinear network generates a nonlinear signal varying as a
      function of pressure altitude as represented by the output of the summing
      junction 206. By means of the nonlinear network of the corrector 207, an
      electrical signal can be shaped to the appropriate waveform to compensate
      for aneroid operation. This electrical signal from the corrector 207 is
      applied to a summing junction 228 having an output coupled to the
      rectilinear motion plus electrical converter 171.
PAR  As will be understood, a flight altimeter must function over a broad range
      of temperatures. It is inherent with mechanical structures to drift with
      temperature and the aneroid of the pressure transducer 203 will have a
      temperature characteristic that will cause the indicated altitude
      displayed to drift with temperature. A temperature corrector 235 is thus
      connected to the summing junction 228 to provide an electrical correction
      signal to the rectilinear motion plus electrical converter 171. The
      corrector 235 generates an electrical output signal as a function of
      temperature, but due to the characteristics of some aneroids this output
      can be a nonlinear function of temperature. It is a signal that will go
      through a null and be polarized in one direction as the temperature falls
      below a standard temperature set point. As the ambient temperature crosses
      below the standard set point the output of the corrector 235 will be
      polarized in one direction and have a magnitude controlled by adjustments
      of the corrector network. As the temperature increases above the standard
      set point, the output of the corrector 235 will be polarized in an
      opposite direction and have a magnitude selected to have gradients as a
      function of temperature.
PAR  The output of the corrector 235 is summed with the output of the corrector
      207 to provide a composite correction signal to the converter 171. The
      correction signal derived from the summing junction 228 is temperature
      plus altitude correction. The temperature correction is a signal
      correcting the aneroid characteristics plus anything else within the
      system that would produce a temperature error in the indicated altitude
      signal. An important feature of the present invention is that an altimeter
      flight instrument is temperature and altitude corrected by an electrical
      subsystem.
PAR  Referring to FIG. 11, there is shown a block diagram of a system for
      responding to the output of the pressure transducer 66 and for
      electrically compensating an aneroid 162 of the pressure transducer 203.
      The aneroid 162 has a mechanical connection to a capacitance pick-off 170
      as part of the transducer for converting the rectilinear motion of the
      aneroid 162 into an electrical signal. Basically, the capacitance pick-off
      170 comprises two capacitors including a plate 170a and plates 170b and
      170c. The plate 170a is connected across an LC network (inductor 174 and
      capacitor 176) that is driven by a voltage source 172 producing a square
      wave output, typically at 20,000 Hertz. Because the LC network is resonant
      at its excitation frequency, the plate 170a is excited by a high voltage
      sine wave. The capacitor 176 is coupled to ground through a current
      sampling resistor 178.
PAR  A change in pressure on the aneroid 162 displaces a vane 180 between the
      plates 170a, 170b and 170c to produce a differential voltage signal on
      lines 182 and 184 applied to inputs of a differential to single ended
      converter 186. An output of the converter 186 is a voltage varying with
      the difference between the signals on the lines 182 and 184. Note, that
      the line 184 is connected between a summing junction 188 and the input to
      a converter 186.
PAR  The output of a converter 186 is amplified in an AC amplifier 190 and the
      signal is detected in a phase detector 192. An output voltage from the
      phase detector 192 varies with the position of the vane 180 and is thus
      related to the pressure change exerted on the aneroid 162. With reference
      to FIG. 10, the amplifier 190, the phase detector 192, the capacitor 170,
      the summing junction 188 and the converter 186 comprise the rectilinear
      motion plus electrical signal converter 171.
PAR  The outut of the detector 192 is coupled to the input of a servo amplifier
      194 through a summing junction 196. The servo amplifier 194 has an output
      that drives the servomotor 52 that is mechanically connected to a velocity
      generator 54. The output signal generated by the velocity generator 54
      provides a feedback voltage to the summing junction 196 to complete the
      servo loop for the motor 52. A second output from the generator 54 is a
      vertical speed signal coupled into the autopilot of an aircraft.
PAR  Mechanically coupled to the output shaft of the motor 52 by means of
      linkage 200 is the digital altitude indicator 20 and the analog pointer 18
      in addition to rotary-to-rectilinear converter 202 as part of the
      transducer 66 for positioning the aneroid 162 through a lead screw 204.
      Also mechanically coupled to the output shaft of the altitude servomotor
      52 is the wiper arm of the potentiometer 72.
PAR  By means of the mechanical connection between the servomotor 52 and the
      converter 205, a displacement of the vane 180 by means of a pressure
      change on the aneroid 162 causes the converter 202 to reposition the
      aneroid 162 to return the vane to a null position. Aneroids, as discussed
      previously, provide a nonlinear displacement with altitude and must be
      compensated to provide energization of the servomotor 52 to give an
      accurate reading at the altitude indicator 20 and the analog pointer 18.
      This compensation is provided by means of an electronic compensation
      circuit.
PAR  The output of the converter 186 is a voltage that varies with indicated
      altitude to drive the motor 52 to reposition the aneroid 162. To
      compensate for the nonlinearity of the aneroid 162, a compensating voltage
      is generated that also varies with atmospheric pressure, temperature and
      altitude.
PAR  A voltage at the wiper arm of the potentiometer 72 varies with indicated
      altitude and this signal is coupled to the summing junction 206. A
      barometric set point varying voltage is generated at the wiper arm of the
      potentiometer 208 as part of the network 237 and is also coupled to the
      summing junction 206. The output of the summing junction 206 is thus a
      voltage varying proportionally with pressure altitude and this signal is
      coupled to the input of a dual ramp generator 210 as part of the corrector
      207.
PAR  The dual ramp generator 210 utilizes the output of the summing junction 206
      to drive two ramp generators. One of these ramp generators produces a
      voltage varying with altitude starting at -1,000 feet and increasing to a
      limit, for example, 17,000 feet. The output of the second ramp generator
      is constrained below this limit altitude and the output thereof remains at
      a reference level. At the limit level, the first ramp generator saturates
      and the output of the second ramp generator increases with altitude
      starting at the cutoff of the first generator and increases to an upper
      limit of the system.
PAR  These two voltages are combined and coupled to a multisegment nonlinear
      curve generator 212 having a number of independent ramp generators varying
      with the number of segments desired to correct for nonlinearity of the
      aneroid 162. Typically, the output of the ramp generator 210 is coupled to
      four ramp generators in the curve generator 212. The first of these ramp
      generators produces a voltage increasing with altitude starting at -1,000
      feet and increasing to a first level. The second ramp generator produces a
      voltage output varying with altitude starting at the first cutoff and
      increasing to a second cutoff altitude. The third ramp generator produces
      an output voltage varying with altitude starting at the second cutoff
      level and increasing to a third cutoff level, and the fourth ramp
      generator produces an output voltage varying with altitude starting at the
      third cutoff level and increasing to the system's limits. For example,
      considering that the system upper limit is 35,000 feet MSL, then the first
      cutoff is set at 8,000 feet, the second cutoff is 7,000 feet and the third
      cutoff is 6,000 feet. These voltages are combined to produce an output
      voltage varying with altitude wherein the plot of voltage versus altitude
      represents a piecewise linear curve, the mirror image of the nonlinear
      output curve produced by the aneroid 162.
PAR  The output voltage from the curve generator 212 is coupled to a voltage
      control differential pulse width generator 214 producing a square wave
      output having an established period with the width of the positive and
      negative pulses of each period varying with the output voltage of the
      generator 212. These varying width output pulses from the generator 214
      are coupled to a modulator 216 as the modulating wave for two input
      signals generated on lines 218 and 220.
PAR  Connected to the junction of the capacitor 176 and the resistor 178 is a
      summing junction 222 for combining a signal varying as the output of the
      source 172 with a DC voltage from a source 224. The combined voltage from
      the junction 222 is connected to an input of a single ended to
      differential converter 226 having one output varying in phase with the
      output of the source 172 and a second output having a 180.degree. phase
      displacement from the first output. These two output voltages from the
      converter 226 appear on the lines 218 and 220 as inputs to the modulator
      216. Thus, the modulator 216 has as two inputs one voltage that varies in
      phase with the output of the source 172 and a second input that varies
      180.degree. phase displaced therefrom. These voltages are modulated by the
      output of the generator 214 to produce a pulse width modulated signal as
      one input to a summing junction 228. This voltage constitutes an altitude
      correction signal for the aneroid 162 and has a phase relationship
      compatible with the voltage on line 182.
PAR  The output of a summing junction 228 is coupled to the summing junction
      188, as part of the rectilinear motion plus electrical converter 171, to
      be added to the voltage at the capacitor plate 170c to produce a
      differential voltage on line 184 with respect to the voltage on line 182
      as inputs to the converter 186. The injection of an AC signal of proper
      frequency and phase into junction 188 causes the mechanical center or null
      point of the capacitive pick-off to move in a controllable manner. Thus,
      the altitude correction signal from the modulator 216 modifies the output
      of the amplifier 186 to effect the energization of the servomotor 52 and
      thereby the repositioning of the vane 180 through the converter 202. The
      effect produced by summing the outut of the modulator 216 with the voltage
      from the capacitor plate 170c is to correct for the nonlinearity of the
      aneroid 162.
PAR  In addition to altitude correction, that is, the nonlinear movement of the
      aneroid 162 with altitude, temperature correction is also necessary for
      accurate altitude indication. The differential output of the converter 226
      is applied to a temperature bridge 230 (as part of the temperature
      corrector 235) that includes a temperature sensitive element for producing
      an output voltage on a line 232 that varies with temperature. This output
      voltage is coupled to a voltage controlled attenuator 234 having an output
      connected to the summing junction 228 to be combined with the correction
      voltage from the modulator 216. Thus, the output of the junction 228 as
      summed with the capacitor plate voltage varies both with altitude and
      temperature to provide correction of the aneroid 162.
PAR  There is also shown in FIG. 11 a basic control system for operation with
      the flight instrument of FIGS. 1-9. A selected altitude is chosen by
      positioning the knobs 26 and 28 which, respectively, positions the wiper
      arm with respect to the potentiometer winding of potentiometers 94 and
      116. Although not shown, it will be understood that each of the windings
      for the potentiometers 72, 94 and 116 are coupled to suitable sources of
      energizing voltages. A voltage at the wiper arm of the potentiometer 72
      and at the wiper arm of the potentiometer 94 are summed at a junction 163
      with the summed results connected to one input of a function generator
      164. The output of the function generator 164 and the voltage at the wiper
      arm of the potentiometer 116 are summed at the junction 166 with the
      resulting signal available as an autopilot input signal and/or the input
      signal for an altitude alerting system. This interconnection of
      potentiometers 72, 94 and 116 establishes a selected altitude signal and a
      deviation therefrom.
PAR  Referring to FIG. 12, there is shown schematically a circuit for responding
      to the difference in capacitance between pairs of the individual plates
      170b and 170c to produce a single ended voltage signal. The oscillator 172
      provides an alternating current signal to the plate 170a. As mentioned,
      the plate 170a forms one element of an array of variable capacitors with
      individual plates 170b and 170c forming the second element of two
      differentially variable capacitors each coupled to the oscillator 172. The
      value of the capacitances varies with the position of the vane 180
      extending between the plates.
PAR  The plate 170b is connected to the inverting input terminal of a
      differential amplifier 236 having a noninverting input terminal tied to
      ground. At the output terminal of the amplifier 236 there is connected a
      feedback resistor 238 also connected to the inverting input terminal. In
      addition, a resistor 240 is connected between the output terminal of the
      amplifier 236 and the inverting input terminal of an amplifier 242. The
      inverting input terminal of the differential amplifier 242 is also
      connected to the plate 170c as part of the capacitor array as illustrated
      in FIG. 11. The noninverting input terminal of the amplifier 242 is tied
      to ground. At the output terminal of the amplifier 242 there is connected
      a feedback resistor 244 also tied to the inverting input terminal.
PAR  If the voltage at the plate 170b is identified as E.sub.1, then the output
      of the amplifier 236 is equal to KE.sub.1 and this voltage is summed with
      the voltage E.sub.2 at the plate 170c at the inverting input terminal of
      the amplifier 242. This produces an output voltabe E.sub.o at the terminal
      246 that varies in accordance with the expression E.sub.o = KE.sub.2 -
      KE.sub.1, where K.sub.1 and K.sub.2 are gain factors determined by the
      value of the feedback resistors. Thus, the capacitance differential
      between the plates 170b and 170c generates a single ended voltage at the
      terminal 246 connected to the amplifier 190.
PAR  While only one embodiment of the invention, together with modifications
      thereof, has been described in detail herein and shown in the accompanying
      drawings, it will be evident that various further modifications are
      possible without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a flight control system for an aircraft having an altitude responsive
      pressure transducer coupled to a voltage source and generating an altitude
      signal for a change in aircraft altitude from an established set point,
      the combination comprising:
PA1  first circuit means for generating an indicated altitude signal,
PA1  means for adjusting the set point of the pressure transducer and including
      means for generating a selected atmospheric pressure signal,
PA1  second circuit means responsive to the indicated altitude signal and the
      pressure signal for generating a pressure altitude signal,
PA1  an altitude error correcting circuit responsive to the pressure altitude
      signal for generating an electrical signal having a wave shape to correct
      for errors resulting from operation of the pressure transducer,
PA1  third circuit means responsive to the electrical signal and connected to
      the voltage source for generating an altitude correction signal, and
PA1  control means responsive to the altitude correction signal and coupled to
      an indicated altitude display to present a visual reading of aircraft
      altitude.
NUM  2.
PAR  2. In a flight control system as set forth in claim 1 including ambient
      temperature responsive means at the pressure transducer to generate a
      temperature correction signal, and wherein said third circuit means
      includes means for for summing the altitude correction signal with the
      temperature correction signal to further modify the altitude correction
      signal.
NUM  3.
PAR  3. In a flight control system as set forth in claim 1 where the third
      circuit means includes:
PA1  means for generating an output wave having an established period with the
      width of the positive and negative pulses of each period varying with the
      electrical signal, and
PA1  a modulator having an input signal from the voltage source and responsive
      to the output wave as a modulation input and generating the altitude
      correction signal.
NUM  4.
PAR  4. In a flight control system as set forth in claim 3 wherein said third
      circuit means further includes means for generating first and second
      outputs where the second output has a 180.degree. phase displacement from
      the first output, and the first and second outputs are connected as the
      input signal to said modulator.
NUM  5.
PAR  5. In a flight control system as set forth in claim 3 wherein the altitude
      responsive pressure transducer includes an aneroid generating a nonlinear
      altitude signal for a change in aircraft altitude, and
PA1  said altitude error correcting circuit includes a curve generator
      responsive to the nonlinear altitude signal for generating the electrical
      signal varying with altitude where a plot of voltage versus altitude
      represents the mirror image of the nonlinear output produced by the
      aneroid with the electrical signal of said curve generator being applied
      to said means for generating.
NUM  6.
PAR  6. In a flight control system as set forth in claim 5 where said curve
      generator includes means responsive to the nonlinear altitude signal for
      generating a voltage that varies with altitude.
NUM  7.
PAR  7. In a flight control system for an aircraft having an altitude responsive
      pressure transducer generating an altitude signal for a change in aircraft
      altitude from an established set point, the combination comprising:
PA1  first circuit means for generating an indicated altitude signal,
PA1  means for adjusting the set point of the pressure transducer and including
      means for generating a selected atmospheric pressure signal,
PA1  second circuit means responsive to the indicated altitude signal and the
      pressure signal to generator a pressure altitude output signal,
PA1  third circuit means responsive to the pressure altitude output signal for
      generating an altitude correction signal,
PA1  means for generating two signals displaced 180 electrical degrees,
PA1  a bridge circuit responsive to the ambient temperature of the pressure
      transducer and connected to the two signals to generate a temperature
      correction signal,
PA1  means for summing the output of the third circuit means with the
      temperature correction signal to further modify the altitude correction
      signal, and
PA1  control means responsive to the modified altitude varying signal and
      coupled to said means for adjusting to return the altitude varying signal
      to a set point level.
NUM  8.
PAR  8. In a flight control system for an aircraft having an aneroid pressure
      transducer generating an altitude varying signal for a change in aircraft
      altitude from an established set point, the combination comprising:
PA1  means for adjusting the set point of the aneroid of the pressure
      transducer,
PA1  first circuit means responsive to the ambient temperature at the pressure
      transducer to generate a temperature correction signal,
PA1  means for supplying an energizing voltage to the pressure transducer,
PA1  second circuit means responsive to the energizing voltage for generating
      two signals displaced 180 electrical degrees,
PA1  a bridge circuit including a temperature responsive element connected to
      the two signals for generating a temperature correction signal,
PA1  means for connecting the temperature correction signal to the pressure
      transducer to modify the altitude varying signal, and
PA1  control means responsive to the modified altitude varying signal and
      coupled to said means for adjusting to return the altitude varying signal
      to the set point level.
NUM  9.
PAR  9. In a flight control system as set forth in claim 8 wherein said means
      for adjusting includes means for generating a selected atmospheric
      pressure signal, and further including:
PA1  third circuit means for generating an indicated altitude signal, and
PA1  fourth circuit means responsive to the indicated altitude signal and the
      pressure signal for generating a pressure altitude signal, and
PA1  said means for connecting includes means for summing the temperature
      correction signal with the pressure altitude signal to modify the altitude
      varying signal.
NUM  10.
PAR  10. In a flight control system as set forth in claim 9 including fifth
      circuit means responsive to the pressure altitude signal for generating an
      altitude correction signal to said means for summing.
NUM  11.
PAR  11. In a flight control system as set forth in claim 10 wherein the fourth
      circuit means includes:
PA1  means for generating an output wave having an established period with the
      width of the positive and negative pulses of each period varying with the
      pressure altitude signal, and
PA1  a modulator connected to the two signals displaced 180 electrical degrees
      and responsive to the output wave as a modulating input and generating the
      altitude correction signal to said summing means.
NUM  12.
PAR  12. In a flight control system for an aircraft havng an aneroid pressure
      transducer generating an altitude varying signal for a change in aircraft
      altitude from an established set point, the combination comprising:
PA1  means for supplying an energizing voltage to the pressure transducer,
PA1  circuit means responsive to the energizing voltage for generating two
      signals displaced 180 electrical degrees,
PA1  a bridge circuit including a temperature responsive element connected to
      the two signals and generating a temperature correction signal,
PA1  means for connecting the temperature correction signal to the pressure
      transducer to modify the altitude varying signal, and
PA1  control means responsive to the modified altitude varying signal and
      coupled to an indicated altitude display to present a visual reading of
      aircraft altitude.
NUM  13.
PAR  13. In a flight control system for an aircraft having an altitude
      responsive pressure transducer generating an altitude signal for a change
      in aircraft altitude from an established set point, the combination
      comprising:
PA1  first circuit means for generating an indicated altitude signal,
PA1  means for adjusting the set point of the pressure transducer and for
      generating a selected atmospheric pressure signal,
PA1  second circuit means responsive to the indicated altitude signal and the
      pressure signal to generate a pressure altitude signal,
PA1  third circuit means responsive to the pressure altitude output signal for
      generating an altitude correction signal,
PA1  fourth circuit means for generating two signals displaced 180 electrical
      degrees,
PA1  a bridge circuit including a temperature responsive element connected to
      the two signals and generating a temperature correction signal,
PA1  means for summing the altitude correction signal and the temperature
      correction signal into a temperature/altitude correction signal applied to
      the pressure transducer to modify the altitude varying signal, and
PA1  control means responsive to the modified altitude varying signal and
      coupled to an indicated altitude display to present a visual reading of
      aircraft altitude.
NUM  14.
PAR  14. In a flight control system as set forth in claim 13 wherein said
      control means further includes means for coupling the modified altitude
      varying signal to said means for adjusting to return the altitude varying
      signal to the set point level.
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ABST
PAL  The invention relates to a gas pressure measuring apparatus having a
      gas-filled tank whose tank gas pressure acts from one side via an aperture
      in the tank wall on a movable part, more particularly a drop or column of
      liquid in a capillary, tube or the like, or a diaphragm closing the tank
      aperture or an aperture in an adjoining chamber having an indicating
      device, while the other side of the movable part or diaphragm can be acted
      upon by the gas to be measured with the lines of the gas tank provided
      with members having different rates of expansion upon temperature changes
      to provide compensation therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  More particularly the invention relates to air barometers and variometers.
PAR  Due to the change in volume of the gas enclosed in the tank in dependence
      on temperature, the indication of gas pressure measuring apparatuses of
      the kind to which the invention relates is heavily dependent on
      temperature (about 2.6 mm mercury column per .degree.C change in
      temperature, if the pressure of the enclosed gas is 760 mm Hg at
      20.degree.C). For this reason the field of application of gas pressure
      measuring apparatuses of this kind has hitherto been extremely limited,
      although they are cheap instruments of simple construction and high
      indicating sensitivity (it is easy to provide for an air barometer a scale
      division of 10 mm per mm of mercury for change in air pressure with only
      10 cm.sup.3 enclosed gas volume).
PAR  Suggestings and attempts are known for automatically compensating the
      temperature dependence of the indication of gas pressure measuring
      apparatuses. They are based on the idea of compensating the differences in
      pressure, caused by changes in temperature, of the gas enclosed in the
      tank by the temperature-dependent level of a column of liquid which is
      either disposed as a pressure indicating element inside a capillary or
      tube system connected to the inside of the tank, or is layered above or
      below an indicating column of that kind and connected directly or
      indirectly via other columns of liquid to the gas in the tank. The level
      of the column of compensating liquid, in dependence on temperature, is
      made such, having regard to the coefficient of thermal expansion of the
      particular liquid, that the forces tending to produce displacement and
      caused only by a change in temperature cancel one another out.
PAR  The compensating devices on air barometers constructed on this principle
      take up a lot of space, are complicated and unstable in tilting, and more
      particularly the correct compensation depends on the correct position of
      the instrument and the compensating range is limited by the length of the
      columns of the liquid required for compensation. Moreover, this principle
      of compensation cannot be applied to variometers.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a device which does not take up
      much space, is technically uncomplicated and stable in changes in
      position, for gas-pressure measuring apparatus of the kind specified, by
      means of which the influence of temperature on the pressure indication can
      be so far compensated as to be negligible in practical use, thereby
      opening up a wide field of application for air barometers, variometers and
      similar gas pressure measuring apparatuses, whether they are constructed
      in the form of indicating instruments or use a liquid thread as the
      indicating elements.
PAR  According to the invention, in a gas-pressure measuring apparatus of the
      kind specified the wall of the gas tank is at least partially made of a
      material with a higher coefficient of thermal expansion, due to whose
      change in volume per unit of temperature the capacity of the tank alters
      in the same direction and to the same extent as the volume of the gas
      enclosed in the tank, so that the pressure of the gas remains constant.
PAR  In one embodiment of the gas pressure measuring apparatus according to the
      invention the gas tank comprises an inner member, having a lower
      coefficient of thermal expansion, acting as the gas-displacing element,
      and an outer element which encloses the inner element at preferably a
      small distance and has a high coefficient of thermal expansion, the gap
      between the inner and outer elements taking the form of a gas-absorbing
      chamber closed gas-tight by a preferably resilient seal. The inner member
      can take the form of a tube or rod and the outer member can comprise a
      tube, hose or beaker enclosing the inner member at a distance, and the
      seal can be a resilient circular ring disposed between the outer wall of
      the inner member and the inner wall of the outer member and can be formed
      with apertures for a gas shut-off cock and a connecting line extending to
      the pressure indicator.
PAR  In a variant embodiment the gas tank comprises a bottom and cover plate
      with a low coefficient of thermal expansion and a side wall which has a
      high coefficient of thermal expansion and interconnects such walls,
      determining their distance from one another. That side wall can also
      comprise a self-contained hose.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further features and advantages of the invention can be gathered from the
      following description of various embodiments applied to an air barometer
      according to the invention, with reference to the drawings. These
      embodiments are merely examples of embodiments of the idea of the
      invention, which is not limited thereto. Many variants of these
      embodiments can be adopted without exceeding the scope of the invention.
PAR  FIG. 1 shows diagrammatically by way of example an embodiment of a
      temperature-compensated aneroid barometer according to the invention;
PAR  FIG. 2 illustrates a variant embodiment of the barometer;
PAR  FIG. 3 is a diagrammatic detail of a further variant, and
PAR  FIGS. 4-6 illustrate diagrammatically various embodiments of gas pressure
      measuring apparatuses acting as indicators.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 illustrates an embodiment of the invention of very simple
      construction. In the barometer illustrated a tube or rod 1 of low
      coefficient of thermal expansion is disposed as a gas-displacing inner
      member in a beaker-like outer member 2 made of a material having a high
      coefficient of thermal expansion. The gap 3 between inner member 1 and
      outer member 2 acts as a gas-filled tank and is sealed by an annular
      resilient seal 4 having apertures for an inlet cock 5 and a connecting
      line 6 extending to an indicator comprising a capillary 7 with liquid drop
      8.
PAR  When changes in temperature take place, the capacity of the outer member 2
      changes to a greater extent than that of the inner member 1, resulting in
      a change in volume .DELTA.V of the gap 3 which is proportional to the
      change in temperature. Suitable dimensions of the inner and outer members
      1, 2 ensure that the particular change in volume .DELTA.V of the gap 3
      corresponds to the change in volume of the quantity of gas in the gap 3,
      at which its pressure remains constant.
PAR  The conditions under which this compensation takes place can be determined
      by calculation in accordance with the known laws of physics.
PAR  The essential aspect of the embodiment illustrated in FIG. 1 is that the
      inner member 1 "displaces" the majority of the volume of the inner space
      of the outer member 2, so that only a relatively small volume is to be
      subjected to temperature compensation. This "displacement" can also be
      performed at other substances, for instance completely or partially by
      liquids having as low a coefficient of expansion as possible and a low
      vapour pressure, or by solid pulverulent substances with low coefficient
      of expansion or by combination of such substances.
PAR  To reduce the length of the apparatus, a number of tubes can be connected
      in parallel.
PAR  In the other embodiment of a barometer according to the invention, as
      illustrated in FIG. 2, the gas tank mainly comprises a baseplate 10, a
      coverplate 11 and a self-contained hose 13 which interconnects the plates
      10, 11 and is made of a material (e.g. PVC or polythene, with a linear
      coefficient of expansion of 200.10.sup..sup.-6) having as high a
      coefficient of thermal expansion as possible, whereas the coefficient of
      thermal expansion of the baseplate 10 is as low as possible. A connecting
      line 14 connects the inner space 15 of the tank through an aperture formed
      in plate 10 to a pressure indicator which can comprise a capillary 16
      which is closed by a liquid drop 17 and whose open end can be connected
      directly to the gas pressure to be determined, the capillary 16 and drop
      17 together forming a movable indicating means. A shut-off cock 18 admits
      gas to the tank or discharges it therefrom.
PAR  If the temperature changes, due to the high coefficient of thermal
      expansion of the hose 13, the coverplate 11 rises or falls, increasing its
      distance from the baseplate 10. As a result the volume of the inner space
      15 of the tank alters correspondingly, due to the dimensions of the
      members 10, 11, 13 and the respective coefficients of thermal expansion,
      to an extent such that this change in volume corresponds to the change of
      volume of the gas enclosed in the inner space 15 for the particular change
      in temperature, the pressure being maintained constant, so that the gas
      pressure inside the tank remains unaffected by the temperature. The
      dimensions to be used for this purpose can be determined experimentally
      without the need for detailed calculations.
PAR  To enable the gas volume to be kept as high as possible for optimum
      sensitivity of indication, the hose 13 can be filled with a liquid having
      as high a temperature dependent coefficient of expansion as possible. The
      hose 13 can also be connected to at least one rigid vessel which has a low
      coefficient of thermal expansion, which is completely filled with the
      liquid and closed on all sides. Conveniently, the liquid vessels are
      disposed as closely connected in space as possible to the inner space 15
      of the container -- i.e., on the bottom or coverplate -- to make the
      temperature compensation as uniform as possible.
PAR  FIG. 3 illustrates a variant of the embodiment illustrated in FIG. 2, in
      which the hose 13 is replaced by a rigid vessel 19 filled with a liquid
      and closed by a resilient diaphragm 20. Due to the change in volume of the
      liquid in dependence on temperature, the distance between the coverplate
      11 and baseplate changes, the consequent change in volume of the inner
      space 15 of the tank being such that the pressure of the gas in the inner
      space 15 remains substantially constant.
PAR  The indicator used need not be a capillary with a liquid drop, but, for
      instance, the device illustrated in FIG. 4, comprising a capillary 21 bent
      in U-shape which is connected, for instance, to the connecting line 14 of
      the device illustrated in FIG. 2 and has an open liquid tank 22 at its end
      and in which a column of liquid acts as an indicating element thus forming
      another type of movable indicating means. No matter how large the volumes
      of gas may be, the sensitivity of indication is limited by the specific
      weight of the indicating column. A conventional method of preventing this
      is to overlayer the column of liquid in the right-hand part of the
      capillary with a second liquid which is not miscible therewith and has
      almost identical specific weight.
PAR  A simpler method is illustrated in FIG. 5. In this case the movable
      indicator means comprises a substantially spirally bent capillary 23 with
      branches 23a-23c extending in a straight line. The branches 23a and 23c
      have the same cross-section, whereas the cross-section of the branch 23b
      is unimportant to operation. The capillary 23 is filled with liquid both
      surfaces of which always move in the same direction and by the same amount
      in the branches 23a and 23c, so that only the differential pressure of the
      column of level h.sub.1, h.sub.2 is left, this corresponding to the effect
      of a drop having a length h.sub.1 -h.sub.2. If we take h.sub.1 =h.sub.2,
      the liquid in the capillary 23 exerts no pressure whatever on the gas
      enclosed in the inner space 15 of the tank. Moreover, the indication is
      only slightly influenced by rotations or oscillations of the instrument,
      and all the less in proportion as there is a smaller distance between the
      liquid surfaces.
PAR  Pressure fluctuations due to temperature-dependent expansion of the liquid
      in the capillary 23 can be compensated by increasing the quotient
      .DELTA.V/.DELTA.T. Otherwise, a device of suitable size as illustrated in
      FIGS. 1, 2 or 3 can be connected to the capillary branch 23b by a
      connection corresponding to the line 14 (FIG. 2) and with the device
      completely filled with liquid. For compensation and to reduce the
      influence of temperature, the capillaries can also be made from a material
      with a high coefficient of expansion.
PAR  The capillary branches 23a and 23c can also be filled with different
      liquids which are immiscible with one another and whose boundary layer
      lies in the branch 23b with suitable dimensioning of the capillary
      branches. To prevent the liquid from running out of the capillary 23a, the
      latter branch can be filled with a liquid which does not wet the capillary
      wall.
PAR  Just like that of a capillary with a liquid drop, the sensitivity of
      indication of a device such as that illustrated in FIG. 5 also amounts to
      V/q.1/p mm scale graduations per mm Hg change in pressure, where V is the
      enclosed gas volume in mm.sup.3, q is the cross sectional surface of the
      indicating capillary mm.sup.2, and p is the pressure of the enclosed gas
      in mm Hg. Since even with constant temperature the quotient V/p is not
      constant (with an increase in air pressure p increases and V is reduced),
      the indicating scale is only approximately linear. It can be varied, more
      particularly made linear, by varying the cross-section q of the indicating
      capillary with the level, in which case with the arrangement illustrated
      in FIG. 5, the cross-section of the capillary branch 23a must also be
      varied in the same manner.
PAR  Just like other embodiments of the invention, the barometer construction
      illustrated in FIGS. 1-3 can also take the form of indicating instruments.
      To this end, for instance, the barometer illustrated in FIG. 2 is
      connected by the line 14 to a chamber 24 (FIG. 6) which is closed by a
      resilient diaphragm 26 and whose movements can be transmitted by a pointer
      transmission 25 to a pointer. The diaphragm 26 can however also be
      disposed directly on the bottom plate 10 of the apparatus illustrated in
      FIGS. 2 or 3, as also shown in FIG. 6.
PAR  In the barometers according to the invention a correction of level can be
      performed in known manner by altering the enclosed amount of gas, applying
      the barometric level formula.
PAR  A very simple embodiment of a temperature-compensated variometer can be
      obtained, for instance, by substituting a flow resistance (very narrow
      capillary) for the cock 18 in the embodiment illustrated in FIG. 4. As a
      rule a variometer can be temperature-compensated by
      temperature-compensating the enclosed volume of air, on the principle
      described in relation to FIGS. 1-3.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gas pressure measuring apparatus comprising a tank filled with a
      pre-set quantity of a gaseous sensory medium, the volume of which is
      utilized for the measurement of a gas pressure, said tank having at least
      one aperture formed in a wall thereof, movable indicating means having a
      first end portion and a second end portion, said first end portion being
      received by said aperture so that said movable indicating means cooperates
      with said gaseous sensory medium, and said second end portion open to and
      cooperating with the ambient gas outside of said tank, the pressure of
      which is to be measured, and said tank comprises a first portion having a
      low coefficient of thermal expansion, and a second portion having a high
      coefficient of thermal expansion, said first and second portions each
      forming at least a portion of one of the walls of said tank, whereby the
      volume of said tank filled with said pre-set quantity of gaseous sensory
      medium can be varied in correspondence to any change of ambient
      temperature of said sensory gaseous medium so as to keep the pressure
      thereof constant.
NUM  2.
PAR  2. A gas measuring apparatus according to claim 1, wherein said movable
      indicating means comprises tube means having said first end portion
      connected to said aperture and having means for indicating pressure
      therein.
NUM  3.
PAR  3. A gas pressure measuring apparatus according to claim 2, wherein said
      means for indicating comprises a liquid drop.
NUM  4.
PAR  4. A gas pressure measuring apparatus according to claim 2, wherein said
      means for indicating comprises a liquid confined in said tube means.
NUM  5.
PAR  5. A gas pressure measuring apparatus according to claim 2, wherein said
      tube means comprises a spiral-shaped tube having three straight, parallel
      branches.
NUM  6.
PAR  6. A gas pressure measuring apparatus according to claim 1, wherein said
      first portion of said tank comprises at least one inner member acting as a
      gas-displacing element, and said second portion of said tank comprises an
      outer member surrounding said inner member.
NUM  7.
PAR  7. A gas pressure measuring apparatus according to claim 6, wherein said
      gas tank further comprises a resilient seal, said aperture being formed in
      said seal, and said seal closes off said gas-filled tank.
NUM  8.
PAR  8. A gas pressure measuring apparatus according to claim 6, wherein said
      outer member comprises a beaker-like member.
NUM  9.
PAR  9. A gas pressure measuring apparatus according to claim 1, wherein said
      second portion of said tank comprises a hose forming the sides of said
      tank.
NUM  10.
PAR  10. A gas pressure measuring apparatus according to claim 9, wherein said
      hose has a liquid filled therein having a high coefficient of thermal
      expansion.
NUM  11.
PAR  11. A gas measuring apparatus according to claim 9, wherein said first
      portion of said tank comprises a cover plate, a base plate, and said hose
      connects said cover plate with said base plate.
NUM  12.
PAR  12. A gas pressure measuring apparatus according to claim 11, wherein said
      aperture is formed in said base plate.
NUM  13.
PAR  13. A gas measuring apparatus according to claim 1, wherein said second
      portion of said tank comprises a rigid vessel forming the side walls of
      said tank, a liquid enclosed by said vessel, and a diaphragm closing the
      liquid in said vessel and connected to a top part of said gas tank so that
      with change in temperature the liquid moves said diaphragm and, therefore,
      changes the volume of said tank.
NUM  14.
PAR  14. A gas measuring apparatus according to claim 13, wherein said first
      portion of said tank comprises a top cover plate and a bottom plate, said
      second portion of said tank connecting said top plate with said bottom
      plate.
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ABST
PAL  A magnetostrictive pressure transducer is disclosed wherein pressure in the
      range of 0 to 1000 psi can be accurately measured. The pressure transducer
      apparatus includes a diaphragm causing the pressure to be applied
      unidirectionally on sensor material having the property of undergoing
      changes in magnetic induction when a pressure is applied thereto, the
      change in magnetic induction being related to the applied pressure. The
      change in magnetic induction is measured and thus provides a measurement
      of the applied pressure. Several embodiments are also disclosed for
      measuring vacuum. In these embodiments force is also applied
      unidirectionally on the sensor material.
BSUM
PAR  The disclosure herein includes subject matter disclosed in patent
      application Ser. No. 428,485, filed Dec. 26, 1973.
PAR  This invention relates to a magnetostrictive pressure transducer and, more
      specifically, to a device for measuring relatively low pressures, wherein
      the force from the pressure being sensed is directed along one axis of an
      element having the property of changing magnetic induction proportionally
      to the force applied thereto and means for measuring the changes in the
      magnetic induction as a quantitative indication of the force and hence the
      applied pressure.
PAR  It is well known that the magnetic properties of many ferromagnetic
      materials undergo changes with stress. For example, the magnetic induction
      of nickel-iron alloys and iron-cobalt alloys increases and that of nickel
      decreases with tension stress. Conversely, if these metals are subjected
      to magnetic fields, their volume will increase in the case of nickel-iron
      and iron-cobalt alloys or contract in the case of nickel. This expansion
      may be as large as 70 .times. 10.sup.-.sup.6 in/in for 60 cobalt-iron
      (H-450 amp-turn/M) alloy. Some attempts have been made to utilize the
      above described magnetostrictive principle for pressure sensing purposes.
      U.S. Pat. No. 2,370,845 is an example of prior art which uses
      magnetostrictive sensors to measure stresses in the 1000 psi+ region.
PAR  The prior art as well as initial logical attempts to provide a transducer
      for measuring low pressure is not satisfactory for relatively low
      pressures in that at hydrostatic pressure levels below 200 psi the output
      voltage obtained is low and zero levels are erratic. Such systems have a
      low output/noise ratio. In accordance with the present invention, there is
      provided a pressure transducer which overcomes the above noted problems.
      Briefly, the above is accomplished by providing a diaphragm for applying
      pressure to be measured along an axis of a magnetostrictive element and
      providing circuitry for sensing the changes in magnetic induction of the
      magnetostrictive element.
PAR  It is therefore an object of this invention to provide a magnetostrictive
      pressure transducer capable of measuring relatively low pressure levels
      accurately.
PAR  It is a further object of this invention to provide a magnetostrictive
      pressure transducer which is a small size relative to prior art
      transducers.
PAR  It is a yet further object of this invention to provide a magnetostrictive
      pressure transducer which is substantially insensitive to ambient
      temperature.
PAR  It is a yet further object of this invention to provide a magnetostrictive
      pressure sensing device wherein pressure is directed along one axis of the
      magnetostrictive device.
DRWD
PAR  The above objects and still further objects of the invention will become
      apparent from the following description of preferred embodiments of the
      invention which are provided by way of example and not by way of
      limitation, wherein:
PAR  FIG. 1 is a cross section of a pressure sensing member or cartridge in
      accordance with the present invention;
PAR  FIG. 2 is a cross section of a transducer assembly mounting two pressure
      sensing members of FIG. 1 in accordance with the present invention;
PAR  FIG. 3 is an excitation circuit for use with the assembly of FIG. 2;
PAR  FIGS. 4-6 are circuit embodiments employing pressure sensing members of
      FIG. 1;
PAR  FIG. 7 is a cross section of a transducer assembly mounting a pressure
      sensing member particularly suitable for measuring vacuum;
PAR  FIG. 8 is a perspective of a portion of a sensing member useful in the FIG.
      7 assembly; and
PAR  FIG. 9 is a view similar to FIG. 8 showing the sensing member in a
      retaining means.
DETD
PAR  Referring first to FIG. 1, there is shown a pressure sensing cartridge for
      sensing of applied pressure in accordance with the present invention. The
      cartridge includes a magnetostrictive stud 10 made of material having
      magnetic properties. The stud is preferably composed of iron-cobalt
      alloys, nickel-iron alloys or ferrites. In particular alloys of
      iron-cobalt have been found to be effective since such alloys have a level
      of permeability which optimizes the output to noise ratio of the system
      and also since such alloys have magnetic properties which are less
      temperature dependent than other known magnetic materials. To minimize the
      volume required for the electronics (required for energizing the cartridge
      and detecting the output signal) and to optimize the frequency response of
      the pressure transducer, relatively high excitation frequencies are
      required. At higher frequencies the reactive components of the electronics
      decrease in volume. However the depth of penetration (skin depth) of the
      magnetic field decreases with frequency so that smaller cross-sectional
      areas of the magnetostrictive stud are active in influencing the
      electrical circuit. The skin depth depends on the electrical resistivity
      and the magnetic permeability of the material. For instance, for a
      frequency of 1000 Hz and average magnetic material, the skin depth is less
      than 10 mils. Thus in the preferred embodiment the sensor element is made
      in a tubular configuration as by rolling one end of a sheet toward a
      second end but spaced therefrom. The spacing may be maintained by placing
      a non-magnetic core of plaster if desired. The sheet may also be rolled
      upon itself in the form of a scroll to increase the active surface area
      without a significant increase in volume. The tube or scroll is configured
      by taking a thin sheet, for instance between 0.0005 and 0.01 inches in
      thickness, of iron-cobalt alloy, coating opposite sides with a thin layer
      of insulating material such as for example a polyimide synthetic resin,
      such as sold by E. I. DuPont DeNemours and Company under the trademark
      "KAPTON". This sheet is then rolled into a tube or on itself into a
      relatively tight scroll.
PAR  A sensor made in accordance with the invention may be constructed by taking
      a sheet of iron-cobalt alloy, (PERMENDUR a trademark of Allegheny Ludlum
      Steel Corp. for cobalt-iron alloys of very high magnetic saturation) 0.002
      inches thick annealing it in an inert atmosphere such as argon at a
      temperature range from 840.degree. to 860.degree.C, preferably at
      850.degree.C, for 1 to 2 hours and then quenching it in brine. The sheet
      is cut and coated with 0.2 .times. 10.sup.-.sup.3 inches thick layer of
      polymide on opposite faces of the sheet. The polyimide is composed of
      pyromelletic dianhydride, polyamide acid and M-pyrol (vehicle) and is
      precured at 150.degree.C for 20 minutes to remove the vehicle, and rolled
      into a tube or a scroll if desired with an outer diameter of approximately
      0.125 inches. Retaining rings may be placed about the scrolls to keep them
      tightly wound while the tubes or scrolls are heat treated first to react
      the pyromelletic dianhydride and the polyamide acid at 220.degree. to
      260.degree.C for 1 hour to obtain the polyimide and then to develop the
      magnetic properties of the alloy material. This heat treatment consists of
      baking the tubes or scrolls from 1 to 60 hours at 250.degree. to
      350.degree.C, preferably for 50 hours at 300.degree.C. This configuration
      not only gives good mechanical stability but it also results in a sensor
      which has excellent sensitivity in the desired pressure range of 0-100 psi
      through use of a diaphragm exerting 2-5 Kg/mm.sup.2 on the sensor with
      essentially a straight line output versus force relationship. The ends of
      the scrolls may have a conical shape which can conveniently be produced by
      cutting the sheet into a trapezoidal shape prior to rolling. The conical
      shape produces a uniform stress per area of material and prevents the
      possibility of excessive eddy currents through short circuits. Pressure to
      be sensed is applied along the longitudinal axis of the magnetostrictive
      stud 10 and is coupled to it through end pieces 4 and diaphragm 26. The
      diaphragm may be dome shaped formed of material 0.004 inches thick and
      having a spring rate less than 0.5 lb./0.001 inches. This low spring rate
      can be achieved by forming two concentric corrugations (not shown) in the
      diaphragm which also compensates for difference in temperature expansion
      between the sensing stud and the mount for the sensing stud. It should be
      noted that other axially directed force transmitting means could be used
      in place of the diaphragm it desired, such as other membranes, a piston or
      the like. The end pieces are of bronze or brass and are attached by means
      of a hydrostatic pressure transfer medium such as potting compounds having
      high strength, good chemical resistance and good performance at high
      temperatures such as an epoxy novolac resin. A coil 13 is centrally
      located about stud 10. The free portions of stud 10 between the end pieces
      and coil 13 are inserted in respective slots 16 of U-shaped yoke 12 formed
      of ferrite material. Slots 16 may be formed so that stud 10 fits closely
      therein with little or no air gap. For convenience of manufacture a slight
      space between the stud and the yoke can be provided and then filled with
      ferrite powder 18 suspended in a binder such as paste or vacuum grease or
      some thermoplastic or elastic epoxy such as "FLEXANT" 95 a trademark of
      Devcon Corporation, Danvers, Massachusetts for a non sagging urethane
      putty. Alternatively yoke 12 of magnetic material could be molded so that
      the legs of the yoke are molded about spaced portions of the stud.
PAR  A pair of sensors of the type in FIG. 1 may be utilized in an electronic
      transducer circuit (to be explained later). The pair of transducers, as
      shown in FIG. 2, is positioned in a case 24; the transducers comprising a
      sensing transducer 20 and a reference transducer 22. The sensing
      transducer 20 is mounted so that an end cap 14 contacts a membrane 26. A
      calibration device 28 is provided in the form of a mount screw so that
      adjustment of the screw will determine the initial force of the stud 10 in
      cartridge 20. Electronic circuitry may be positioned within or without
      case 24.
PAR  An excitation voltage is applied to the sensor by an excitation oscillator
      circuit 30 such as that shown in FIG. 3 which can for example provide up
      to 3 volts peak to peak at 1 kilohertz. The excitation circuit includes a
      voltage regulated power supply comprising NPN transistor Q1, zener diode
      D1, capacitor C1 and resistor R1 and an oscillator comprising twin T
      filter T limited by back to back zener diodes D5, D6 connected between the
      negative input and the output of an operational amplifier. Positive
      feedback to the amplifier is provided through a voltage divider comprising
      resistors R4, R5 and R6. Resistor R5 is a variable resistor to permit
      adjustment of the amount of feedback. An auxiliary circuit for providing
      the proper voltage level for the operational amplifier comprises a voltage
      divider including resistors R2 and R3. A buffer and amplifier portion
      comprises a temperature compensated voltage divider to provide pre bias
      for output transistors including resistor R7, diode D2 for NPN transistor
      Q2 and resistor R8, diode D3 for PNP transistor Q3 with capacitor C2 to
      provide DC isolation. The above circuit is well known in the art and hence
      operation of it will not be described in detail.
PAR  Referring now to FIG. 4 the excitation output (line L1) is applied across a
      voltage divider comprising resistor R9 and coil L5 providing an output
      voltage at junction A. Coil L5 corresponds to transducer 20 of FIG. 2 with
      the axial force to be measured indicated by arrow F. Resistor R9 can be
      temperature sensitive to provide ambient compensation to offset any
      temperature sensitivity of transducer 20. For instance temperature
      sensitive material such as nickel or nickel-silicon alloy wire or negative
      temperature coefficient (NTC) thermistors can be used for the resistor.
      Alternatively, temperature compensation can be obtained by constructing
      the magnetic coil itself with temperature sensitive wire. Thus a change in
      force F causes a change in the inductance of coil L5 and a corresponding
      change in the output voltage at junction A. This output voltage is fed to
      a signal recovery circuit or detector, well known in the art. It is
      desirable that the detector provide a high impedance load on the sensor
      such that changes in voltage be detected with high impedance amplifier to
      minimize error. As shown in FIG. 4 an asymmetrical detector 40 is
      employed. Any suitable indicating means (not shown) can then be connected
      to detector 40.
PAR  In FIG. 5 an extra coil L6' is provided on stud 10 to recover the output.
      This embodiment is particularly useful if electrical isolation between the
      excitation circuit and sensor and the detector is desired. This embodiment
      is also useful for obtaining a symmetrical output and hence useful with
      differential amplifier 50 shown in the Figure. It will be noted the FIG. 4
      embodiment changes in inductance only are detected while in the FIG. 5
      embodiment changes in magnetic coupling due to stress between the primary
      and secondary coils are detected along with changes in inductance.
PAR  FIG. 6 shows yet another embodiment similar to FIGS. 4 and 5. In the
      embodiment a sensing bridge is employed comprising coil L4 (corresponding
      to transducer 22 of FIG. 2) and resistor R10 in one leg of the bridge and
      coil L5 (corresponding to transducer 20 of FIG. 2) and resistor R11 in the
      other leg of the bridge. Resistors R10 and R11 may be temperature
      dependent for the same reason as mentioned above relative to resistor R9
      in FIGS. 4 and 5. Variable resistor R12 can be used to provide correction
      for zero output. The detector circuit comprises differential amplifier 60
      with symmetrical or asymmetrical output as desired. Thus any output from
      the sensing bridge due to bridge imbalance is amplified to provide an
      output voltage which is proportional to the force applied to the
      transducer 20 (coil L5).
PAR  Now referring to FIG. 7 there is shown an assembly 40 particularly useful
      in measuring vacuum. Assembly 40 includes a first casing half 42 having an
      evacuation tube 44 and a diaphragm 26 as shown in the FIG. 2 embodiment,
      however, in this case formed of magnetic material. A second casing half 46
      mates with casing half 42 and is provided with a suction tube 48 and
      header 50. Lines L1 and L2 and tube 52 pass through header 50 and are
      maintained in spaced apart relation by glass 54. Lines L1, L2 are
      connected to coil 56 mounted within casing half 46. A sensor wire 60
      formed of magnetic material such as iron-cobalt alloys is attached to
      diaphragm 26 as by welding and extends through tube 52. Casing half 46 is
      composed of magnetic material to serve as a yoke which along with magnetic
      linkage completes a magnetic circuit with wire 60 and diaphragm 26.
PAR  Casing halfs 42 and 46 and diaphragm 26 are hermetically attached to one
      another. Casing half 42 is evacuated through tube 44 and the tube sealed
      to form a reference chamber. Tension is applied to sensor wire 60 to
      calibrate the assembly and then tube 52 is sealed. Suction tube 48 is
      attached to the medium to be measured. Excitation and detection can be
      accomplished by employing the circuit of FIGS. 3-6 supra.
PAR  Sensor wire 60 may comprise a single strand of magnetic material or a
      bundle of wires as indicated at 60a  in FIG. 8. The separate strands of
      the bundle are insulated from one another as by embedding a suitable
      potting compound such as an epoxy resin, silicone or other plastics. If
      desired a retaining sleeve 70 made out of a non-magnetic material, FIG. 9,
      may be used to maintain the strands of the bundle in position.
PAR  Although the invention has been described with respect to specific
      preferred embodiments any variations and modifications will immediately
      become apparent to those skilled in the art. It is therefore the intention
      that the appended claims be interpreted as broadly as possible in view of
      the prior art to include all such variations and modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressure sensor comprising:
PA1  a member having a longitudinal axis composed of magnetic material, the
      member having first and second ends,
PA1  an electrical coil disposed about the member intermediate the ends thereof,
PA1  a generally U-shaped yoke having first and second legs connected by a bight
      portion, the legs having free distal end portions in magnetic
      communication with the member, slots are provided in the free distal ends
      of the first and second legs of the yoke and the member is received in the
      slots, and
PA1  means to provide an axial force along the longitudinal axis of the member.
NUM  2.
PAR  2. A sensor according to claim 1 further including magnetic material
      disposed between the tubular member and the first and second legs in which
      the magnetic material is a binder material loaded with ferrite powder.
NUM  3.
PAR  3. A sensor according to claim 2 in which the binder material is paste
      like.
NUM  4.
PAR  4. A sensor according to claim 1 in which the member is generally tubular
      in shape.
NUM  5.
PAR  5. A sensor according to claim 4 in which the member is formed of a sheet
      of alloy having a layer of electrical insulation on opposite faces
      thereof.
NUM  6.
PAR  6. A sensor according to claim 1 in which the member is formed of material
      selected from the group consisting of iron-cobalt alloys, nickel-iron
      alloys and ferrites.
NUM  7.
PAR  7. A sensor according to claim 1 in which the member is in the form of
      scroll.
NUM  8.
PAR  8. A sensor according to claim 7 in which the scroll is formed of an
      iron-cobalt alloy.
NUM  9.
PAR  9. A sensor according to claim 7 in which the member is formed of a sheet
      of alloy having a layer of electrical insulation on opposite faces
      thereof.
NUM  10.
PAR  10. A sensor according to claim 9 in which the sheet of alloy is
      approximately 2 mils in thickness.
NUM  11.
PAR  11. A sensor according to claim 1 further including end caps placed on the
      first and second ends of the member.
NUM  12.
PAR  12. A sensor according to claim 11 in which the end pieces are attached by
      an hydrostatic pressure transfer medium.
NUM  13.
PAR  13. A pressure sensor comprising:
PA1  a member having a longitudinal axis composed of magnetic material, the
      member configured as a scroll having first and second ends,
PA1  an electrical coil disposed about the member intermediate the ends thereof,
PA1  means defining a magnetic path in magnetic communication with the member,
      and
PA1  means to provide an axial force along the longitudinal axis of the member.
NUM  14.
PAR  14. A sensor according to claim 13 in which the scroll is formed of an
      iron-cobalt alloy.
NUM  15.
PAR  15. A sensor according to claim 13 in which the member is formed of a sheet
      of alloy having a layer of electrical insulation on opposite faces
      thereof.
NUM  16.
PAR  16. A sensor according to claim 15 in which the sheet of alloy is
      approximately 2 mils in thickness.
NUM  17.
PAR  17. A sensor according to claim 13 further including end caps placed on the
      first and second ends of the member.
PATN
WKU  039409937
SRC  5
APN  5343771
APT  1
ART  244
APD  19741219
TTL  Proportional fluid sampling device
ISD  19760302
NCL  4
ECL  1
EXA  Rasco; Marcus S.
EXP  Queisser; Richard C.
NDR  1
NFG  1
INVT
NAM  Lapidot; Heine
CTY  Latham
STA  NY
ASSG
NAM  General Electric Company
CTY  Waterford
STA  NY
COD  02
CLAS
OCL   73421B
XCL   73422R
EDF  2
ICL  G01N  114
FSC   73
FSS  421 B;422 R
UREF
PNO  3727464
ISD  19730400
NAM  Rutkowski et al.
OCL   73421B
UREF
PNO  3811324
ISD  19740500
NAM  Doncer et al.
OCL   73421B
LREP
FR2  Young; John L.
FR2  Koltos; E. Philip
FR2  Hedman; Edward A.
ABST
PAL  An apparatus is disclosed for obtaining from a fluid stream, a sample
      having a volume that is proportional to the flow rate of the fluid stream.
      The apparatus comprises intake means for withdrawing fluid material from a
      stream; a sampling reservoir having a conduit inlet at the top and an
      outlet at the bottom; an equalizer chamber in communication with said
      sampling reservoir, said equalizer chamber being operated in conjunction
      with a gas bubbling system to maintain the level of liquid in said
      sampling reservoir so that the volume of said liquid is proportional to
      the flow rate in said fluid stream.
BSUM
PAR  This invention provides a novel apparatus for obtaining a sample from a
      fluid stream that is proportional to the flow rate of the fluid stream.
      The elements of the apparatus comprise intake means for withdrawing fluid
      material from a stream; a sampling reservoir having a conduit inlet at the
      top and an outlet at the bottom; an equalizer chamber in communication
      with said sampling reservoir, said equalizer chamber being operated in
      conjunction with a gas bubbling system to maintain the level of liquid in
      said sampling reservoir so that the volume of said liquid is proportional
      to the flow rate in said fluid stream.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic which illustrates the apparatus of the invention
     .
DETD
PAC  BACKGROUND OF THE INVENTION
PAR  A fundamental operation in essentially all water pollution abatement
      programs is the monitoring of the pollution loads that are imposed on the
      sewer network. This is especially important in the case of the control of
      pollution that is caused by the effluent from industrial plants. The
      pollution load is obtained by measuring over a period of time, typically
      24 hours, two parameters, namely the concentration of the pollutant and
      the flow rate of the stream. The concentration of the pollutant is
      measured by analysis of a sample drawn from the stream during the timed
      interval. However, in order to obtain a representative sample of a fluid
      stream, the sample must be withdrawn at a rate that is proportional to the
      flow rate of the stream. The prior art sampling devices draw either a
      constant rate sample thus producing a less representative sample because
      of lack of proportionality to the stream flow rate, or provide a
      proportional sample by combining flow metering and timing devices with the
      basic sampling device. These devices are rather complex and expensive.
      Also, operational difficulties are encountered when corrosive or sticky
      fluids are being monitored.
PAR  The present invention provides an apparatus that elminates the need to know
      the flow rate, but provides a sample volume proportional to the flow rate.
PAR  Accordingly, it is a primary object of this invention to provide an
      apparatus for obtaining from a fluid stream a sample that is proportional
      to the flow rate of that stream. In addition, an added advantage of the
      apparatus is that the total volume of sample collected over a period of
      time is proportional to the total amount of water that went past the
      sampling point in the sewer; the apparatus may be adapted to act as a
      totalizer.
PAC  DESCRIPTION OF THE INVENTION
PAR  The apparatus of the invention which is intended to be used in obtaining
      from a flowing stream of fluid material, a sample of said fluid material
      having a volume that is proportional to the flow rate comprises:
PAR  A. INTAKE MEANS FOR WITHDRAWING FLUID MATERIAL FROM A STREAM OF FLUID
      MATERIAL AND PASSING SAID FLUID TO A SAMPLING RESERVOIR;
PAR  B. A SAMPLING RESERVOIR COMPRISING A CHAMBER;
PAR  C. AN UPPER CONDUIT INLET AT THE TOP OF SAID SAMPLING RESERVOIR AND A LOWER
      CONDUIT OUTLET AT THE BOTTOM OF SAID SAMPLING RESERVOIR;
PAR  D. A DRAIN CONDUIT CONNECTED TO SAID LOWER CONDUIT OUTLET OF SAID SAMPLING
      RESERVOIR, SAID CONDUIT BEING EXTENDED IN A FIRST DOWNWARD DIRECTION AND
      IN A SECOND UPWARD DIRECTION TO FORM A FIRST HYDRAULIC SEAL MEANS, SAID
      LOWER CONDUIT HAVING OUTLET MEANS FOR WITHDRAWAL OF FLUID FROM SAID
      SAMPLING RESERVOIR;
PAR  E. AN EQUALIZER CHAMBER IN OPEN COMMUNICATION WITH SAID HYDRAULIC SEAL
      MEANS AT THE SAME LEVEL AS SAID CONDUIT OUTLET;
PAR  F. A GAS BUBBLING SYSTEM IN OPEN COMMUNICATION WITH A CONDUIT MEANS AT THE
      TOP OF SAID EQUALIZER CHAMBER AND BUBBLING GAS AT THE OPEN END OF ANOTHER
      CONDUIT THAT IS SUBMERGED IN SAID STREAM FOR MEASURING THE VARIATIONS IN
      THE DEPTH OF FLUID IN SAID STREAM; AND
PAR  G. AN OUTLET MEANS AT THE BOTTOM OF SAID EQUALIZER CHAMBER BELOW THE LEVEL
      AT WHICH SAID FIRST HYDRAULIC SEAL MEANS IS IN OPEN COMMUNICATION WITH
      SAID EQUALIZER CHAMBER, SAID OUTLET MEANS BEING CONNECTED TO AN EQUALIZER
      CHAMBER DRAIN THAT EXTENDS IN A FIRST DOWNWARD DIRECTION AND IN A SECOND
      UPWARD DIRECTION TO FORM A SECOND HYDRAULIC SEAL MEANS THAT IS CONNECTED
      TO A DISCHARGE LINE.
PAR  The intake means for withdrawing fluid material from the stream of fluid
      material may comprise a pump having an intake conduit in communication
      with the fluid stream from which the sample is to be withdrawn. The output
      of the pump is connected to a pump discharge conduit that is connected to
      the upper conduit inlet. The pump discharge conduit is preferably provided
      with a valve which may be closed to cut off the intake of fluid into the
      sampling reservoir. The drain conduit at the bottom of said sampling
      reservoir is in communication with a valved sample withdrawal conduit for
      withdrawal of fluid from said sampling reservoir. The above-mentioned
      valves may be operated manually or by remote control. The preferred method
      is to have a remote control means that will cause the valve in the pump
      discharge conduit to close at the same time the valve in sample withdrawal
      conduit is opened. The valves may be operated by any convenient method
      such as by air, electric motors or by solenoids. The remote control means
      may include timing means that may be set to withdraw samples at
      predetermined intervals.
PAR  The equalizer chamber may be constructed in any desired configuration
      provided that the inlet from the first hydraulic seal is above the outlet
      means at the bottom of said equalizer chamber and at the same level as the
      lower conduit outlet of the sampling reservoir. Also, the conduit from the
      gas bubbling system must be connected to the equalizer chamber above the
      inlet from the first hydraulic seal. The connection with the gas bubbling
      system provides a static gas pressure which will change to reflect changes
      in the flow of fluid in the stream. This change in the static gas pressure
      will act through the equalizer chamber to cause the volume of liquid in
      the sampling reservoir to reflect the flow rate of the fluid stream that
      is being monitored. The equalilzer chamber may be constructed in almost
      any configuration such as cylindrical, spherical or cubical. The essential
      requirement for the equalizer chamber is the location of the conduit which
      must be placed so that the equalizer chamber can effectively exert
      pressure changes to vary the level of fluid in the sampling reservoir. The
      gas bubbling system operates by passing air or another gas through a
      conduit submerged in the flowing stream. That conduit is also connected to
      the equalizer chamber with an outlet conduit so that a backpressure is
      exerted which varies with the flow rate as shown by variations in the
      level of fluid. Control means are provided to vary the gas flow rate. A
      rotameter may be used in a gas bubbling system by passing a gas through
      the rotameter and then through a rotameter outlet conduit which has its
      end submerged in the fluid stream which is to be monitored. The higher the
      level of the fluid, the greater will be the backpressure or resistance to
      the air which is passed through the rotameter. The rotameter outlet
      conduit is in open communication with the equalizer chamber where the
      backpressure acts on the fluid to cause the level of fluid in the sample
      reservoir to vary directly with the level of liquid in the sewer which is
      a function of the flow rate of liquid in the sewer.
PAR  The sampling reservoir may be constructed of opaque or translucent
      materials in almost any configuration. If desired, the sampling reservoir
      may be constructed with translucent materials in a configuration which
      duplicates the configuration of a sewer pipe. This may be calibrated to
      permit the taking of visual readings of the flow rate. Since the flow rate
      in sewers is a function of the depth of fluid in the pipe, by constructing
      a sample reservoir in a specific shape, any mathematical function of depth
      can be closely approximated. The volume of sample collected in such a
      reservoir follows the same function of depth as the sewer flow rate,
      therefore, making the sample volume proportional to the flow rate.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a schematic outline to illustrate a preferred apparatus
      according to the present invention. The intake conduit 2 is shown
      submerged in the flowing stream of effluent 4. The placement of the intake
      conduit 2 is not critical and it may be remote from the location where the
      sampling reservoir is maintained. The intake conduit 2 is connected with
      pump 6 which passes fluid material to the pump discharge conduit 8. The
      fluid material is then passed through a solenoid operated valve 10 to the
      upper conduit inlet 12 of sample reservoir 14 which is open to the
      atmosphere at venting point 1. At the bottom of sample reservoir 14 is the
      lower conduit outlet 16 to which is connected drain conduit 18. The drain
      conduit 18 is formed into first hydraulic seal 20 which is in open
      communication with equalizer chamber 22 at inlet 24. The drain conduit 18
      is in open communication with valved sample withdrawal conduit 26 which
      has a solenoid operated valve 28.
PAR  Inlet 24 to equalizer chamber 22 is at the same level as conduit outlet 16.
      Rotameter 30 has an air inlet line 32 and is in open communication with
      equalizer chamber 22 through the conduit 34 that is connected to the top
      of the equalizer chamber. The rotameter is also in open communication with
      the fluid flowing in the stream 4 through conduit 36. Conduit 36 ends in
      an open end that is submerged in the stream and is as close as possible to
      the bottom of the sewer pipe. The air or gas bubbles freely out of this
      open end. Optionally, a direct reading gauge 38 may be employed to provide
      a visual means of reflecting the actual level of the fluid in stream 4.
      The equalizer chamber 22 is provided with outlet means 40 that is
      connected to equalizer drain 42 which is formed into hydraulic seal 44.
      The second hydraulic seal 44 is provided with air vent 46 to prevent the
      formation of a vacuum and is connected to discharge line 48 which is a
      return line to the sewer for excess liquid.
PAR  The connection to discharge line 48 is located a vertical distance h.sub.2
      below outlet means 40 of equalizer chamber 22. Typically, h.sub.2 is
      generally 3 to 5 inches but can be any distance below outlet means 40.
PAR  Both hydraulic seals, 20 and 44, have a length l and l.sub.2 at least equal
      to the diameter of the sewer pipe to ensure that the hydraulic seal is
      maintained through the entire range of operation.
PAR  Optionally, automatic timer 50 may be connected to valves 10 and 28 to
      close valve 10 and open valve 28 for 20-30 seconds at intervals of 5-15
      minutes to provide a proportional sample of the fluid material. Also, the
      timer may optionally be used to shut off pump 6 when a sample is taken.
PAR  Obviously, other modifications and variations of the present invention are
      possible in the light of the above teachings. It is, therefore, to be
      understood that changes may be made in the particular embodiments of the
      invention described which are within the full intended scope of the
      invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for obtaining from a flowing stream of fluid material, a
      sample of said fluid material having a volume that is proportional to the
      flow rate, said apparatus comprising:
PA1  a. intake means for withdrawing fluid material from a stream of fluid
      material and passing said fluid to a sampling reservoir;
PA1  b. a sampling reservoir comprising a chamber;
PA1  c. an upper conduit inlet at the top of said sampling reservoir and a lower
      conduit outlet at the bottom of said sampling reservoir;
PA1  d. a drain conduit connected to the said lower conduit outlet of said
      sampling reservoir, said conduit being extended in a first downward
      direction and in a second upward direction to form a first hydraulic seal
      means said lower conduit having outlet means for withdrawal of fluid from
      said sampling reservoir;
PA1  e. an equalizer chamber in open communication with said first hydraulic
      seal means at the same level as said conduit outlet;
PA1  f. a gas bubbling system in open communication with a conduit means at the
      top of said equalizer chamber and bubbling gas at the open end of another
      conduit that is submerged in said stream for measuring the variation in
      the depth in said stream; and
PA1  g. an outlet means at the bottom of said equalizer chamber below the level
      at which said first hydraulic seal means is in open communication with
      said equalizer chamber, said outlet means being connected to an equalizer
      chamber drain that extends in a first downward direction and in a second
      upward direction to form a second hydraulic seal means that is connected
      to a discharge line.
NUM  2.
PAR  2. An apparatus as defined in claim 1 wherein said intake means for
      withdrawing fluid material and passing said fluid to a sampling reservoir
      comprises a pump and an intake and a discharge conduit.
NUM  3.
PAR  3. An apparatus as defined in claim 1 wherein said conduit outlet at the
      bottom of said sampling reservoir is in communication with a valve
      controlled conduit for withdrawal of a fluid sample from said sampling
      reservoir.
NUM  4.
PAR  4. An apparatus as defined in claim 2 wherein said discharge conduit
      includes valve means.
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PAL  A high pressure sample injector for liquid chromatographs is disclosed. The
      apparatus includes structure defining a cylindrical dispensing chamber for
      receiving the sample to be injected into the flow path of a high pressure
      stream of carrier fluid in a liquid chromatograph. Control structure is
      interposed between the dispensing chamber and the flow path of the carrier
      stream for preventing liquid flow from the carrier stream to the
      dispensing chamber, and for enabling flow in the opposite direction only
      when the pressure in the dispensing chamber at least equals the carrier
      stream pressure. A pressurizing apparatus is connected to the dispensing
      chamber to raise its pressure, when desired, to a value at least equal to
      that of the carrier stream, in order that the sample may be injected into
      the carrier without reducing the carrier stream pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  This invention relates to method and apparatus for injecting samples of
      material into a high pressure environment. More particularly, the
      invention pertains to sample injection apparatus for use in liquid
      chromatography.
PAR  2. Description of the Prior Art.
PAR  Liquid chromatography pertains to a particular variety of equipment and
      techniques for analyzing the components of an unknown sample of liquid
      material, qualitatively and/or quantitatively. According to
      chromatographic techniques, a column is provided which is packed with a
      finely divided material. The packing material provided is chosen in
      accordance with its affinity for attracting certain elements to adsorb or
      cling to it. The sample is forced in a stream of carrier liquid through
      the column, and each of the components passes through the column in a time
      pattern which is a function of the degree of tendency of that particular
      component to be adsorbed by the packing material. By detecting variations
      in properties of the liquid emerging from the column, and plotting these
      variations against time, certain information can be derived as to the
      nature and amount of the components of the unknown sample. For example,
      the presence of a given component of the sample may be known to effect a
      change in a particular property of the liquid emerging from the column
      such that a maximum value of that property will occur at a predetermined
      time after the sample is introduced into the column. By observing where
      such peaks occur, the nature of various components of the sample may be
      determined with a significant degree of certitude and repeatability.
PAR  It has been found that if the sample is driven through the column in a
      carrier stream at very high pressure, a consequent reduction in the time
      for analysis of each sample is observed, due to the more rapid passage of
      the sample through the column. Such high pressure techniques have certain
      disadvantages, however.
PAR  There is difficulty and great expense in procuring and manufacturing seals
      which are sufficient to handle the extreme pressure drops which often
      occur between the sample injectors and the stream into which the sample is
      to be forced. Often, these pressure drops result in leakage and consequent
      inaccuracy of analysis.
PAR  In the past some effort has been made to obviate this problem by stopping
      the flow of carrier liquid in the high pressure line to the column during
      injection. This is time consuming and requires frequent starting and
      stopping of the high pressure pumps for driving liquid through the column,
      which increases wear on such components and their control elements.
PAR  Even when high pressure injection has been possible, it often results in a
      momentary drop in the carrier line pressure which adversely affects
      resolution of the system.
PAR  It is therefore an object of this invention to provide a method and
      apparatus for introducing a sample of material into a very high pressure
      line of flowing carrier liquid, without interrupting the flow of liquid in
      the line or reducing the line pressure.
PAC  SUMMARY OF THE INVENTION
PAR  The injector of the present invention is preferably employed in connection
      with a liquid chromatograph having a pump for delivering a carrier liquid
      along a high pressure line to an analysis column. The effluent from the
      column is analyzed by a detector for qualitatively and/or quantitatively
      analyzing the contents of the effluent. The sample to be tested is
      delivered by the injector of this invention into the high pressure carrier
      stream line upstream of the column.
PAR  The injector includes structure which defines a dispensing chamber for
      holding the sample, from which chamber the sample is injected over a path
      into the carrier stream. A control structure is interposed between the
      dispensing chamber and the carrier stream which substantially prevents any
      liquid flow from the carrier stream into the dispensing chamber, and which
      enables liquid flow from the dispensing chamber to the carrier stream only
      in response to pressure of the dispensing chamber becoming equal to or
      greater than that of the carrier stream. The injector also includes
      pressurizing apparatus for controlling the pressure of the dispensing
      chamber as desired in order to govern injection of the sample.
PAR  The control structure preferably includes a one-way check valve interposed
      between the dispensing chamber and the carrier stream. The check valve has
      structure defining a valve chamber with a ball seat having an orifice
      interposed in the path communicating between the dispensing chamber and
      the carrier stream and a checking element in the valve chamber. The
      checking element is most typically a spherical ball but could be of any
      other suitable geometrical configuration depending upon seat design; for
      example, in certain applications a conically shaped checking element might
      be preferred. Pressure from the carrier stream forces the ball to seat
      whenever the dispensing chamber pressure is lower than that of the carrier
      stream, thereby sealing off the dispensing chamber. When the dispensing
      chamber pressure reaches that of the carrier stream, the ball separates
      from the seat so that the liquid in the dispensing chamber may flow
      outwardly into the carrier stream.
PAR  Preferably, the dispensing chamber has the form of a hollow cylinder, and
      the pressurizing apparatus includes a dispensing piston which is slidably
      positioned in the dispensing chamber. The pressurizing apparatus further
      includes an actuating structure connected to move the piston in either
      direction, such that the pressure in the dispensing chamber may be raised
      or lowered as desired.
PAR  The actuating structure includes an actuating cylinder with an actuating
      piston therein and pneumatic means for applying force to the actuating
      piston. The actuating piston is perferably connected to the dispensing
      piston by mechanical linkage so that motion of the actuating piston will
      also move the dispensing piston.
PAR  Preferably, the actuating piston has a cross-sectional area substantially
      greater than that of the dispensing piston, so that a relatively low
      pressure applied to the actuating piston is capable of producing a higher
      pressure in the dispensing chamber.
PAR  The injector of this invention also optimally includes a resiliant
      structure for biasing the actuating piston to move the dispensing piston
      so as to reduce the pressure in the dispensing chamber in the absence of
      pneumatic force being applied to the actuating piston.
PAR  The preferred embodiment of the injector of this invention also includes a
      sample reservoir for holding the sample and which communicates with the
      dispensing chamber by way of an injection septum. When the dispensing
      piston is moved to reduce the pressure in the dispensing chamber, a
      measured quantity of the sample liquid is drawn from the reservoir into
      the dispensing chamber. By control of the amount of dispensing piston
      movement, the amount of sample liquid drawn into the dispensing chamber
      can be quite accurately regulated.
PAR  The injector of this invention preferably includes a feature whereby the
      check valve interposed between the dispensing chamber and the carrier
      stream is capable of withstanding the carrier stream pressures in excess
      of 10,000 pounds per square inch gage.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram illustrative of a liquid chromatograph in which
      the invention of this application is suitably employed;
PAR  FIG. 2 is an elevational view of the injector of this invention, showing
      portions thereof in cross-section;
PAR  FIG. 3 is a diagrammatic view of a portion of the injector of this
      invention; and
PAR  FIG. 4 is another diagrammatic view of a portion of the injector of this
      invention, illustrating the injector in an operative configuration
      different from that of FIG. 3.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a system 10 comprising a liquid chromatograph in which
      the injector of this application is employed. The system includes a
      carrier source or reservoir 12 connected to a pump 14 for delivering a
      high pressure stream of carrier liquid to an analysis column 16. In actual
      tests, a pump which delivers a high pressure stream in excess of 10,000
      lbs. per square inch gage has been used for the pump 14. The injector 18
      adds the sample to be analyzed to the carrier stream intermediate the pump
      and the column.
PAR  A detector 20 monitors variations in one or more properties of the effluent
      from the column 16 in order to derive information relating to the
      quantitative and/or qualitative analysis of the effluent from the column
      and consequently of the sample input to the carrier stream by the injector
      18. Optionally, a display apparatus 22, such as a strip chart recorder,
      can be connected to the detector for rendering a permanent record of the
      variations in the detected properties of the effluent.
PAR  The injector 18 of this invention injects a predetermined quantity of
      sample into the high pressure carrier stream without necessitating the
      stopping of the flow of carrier liquid from the pump to the column, and
      without producing a drop in pressure in the carrier stream during the
      injection step.
PAR  The injector 18 in accordance with this invention is shown in FIG. 2. FIG.
      2 shows a structure 30 for defining a cylindrical dispensing chamber 32.
      The structure 30 may be made of any suitable rigid material, such as
      stainless steel. Sample material which is to be injected is placed in the
      dispensing chamber 32 from which it is ejected into the carrier stream by
      way of a conduit defined by a fitting 34, which communicates with the
      carrier stream and with the dispensing chamber 32.
PAR  A control structure 36 is interposed between the dispensing chamber 32 and
      the carrier stream. The control structure 36 substantially prevents liquid
      flow in a direction from the carrier stream to the dispensing chamber 32.
      The control structure 36 enables liquid flow from the dispensing chamber
      32 into the carrier stream only in response to the pressure in the
      dispensing chamber 32 becoming at least equal to that of the carrier
      stream.
PAR  The control structure 36 is shown in diagrammatic form in FIGS. 3 and 4 as
      a ball check valve. The check valve 36 includes a structure 39 for
      defining a valve chamber 41. The carrier stream flows through the valve
      chamber by way of an inlet port 50 in a fitting 60, and through a fitting
      34 having a conduit. The check valve also includes a structure 42 for
      defining a ball seat which is interposed with an orifice 41a in the path
      of liquid flow from the dispensing chamber to the valve chamber. Inside
      the valve chamber is located a ball 44 which is configured to seat firmly
      in the ball seat 42 when the pressure in the valve chamber exceeds that of
      the dispensing chamber.
PAR  The pressure of the carrier stream is transmitted to the valve chamber.
      When the carrier stream pressure is greater than that of the dispensing
      chamber, the ball 44 is forced firmly into the seat 42 and substantially
      prevents any liquid flow from the valve chamber into the dispensing
      chamber. The carrier stream flows through the port 50, and thence through
      the valve chamber 41, into the column 16.
PAR  When the pressure in the dispensing chamber becomes at least equal to that
      of the carrier stream, the ball 44 separates from the seat 42 and permits
      fluid to flow from the dispensing chamber through the fitting 34 to the
      column 16; the stream of carrier liquid passes through the port 50 into
      the valve chamber 41, where it picks up the sample liquid, and moves
      outwardly toward the column 16. This operation is shown in FIGS. 3 and 4,
      the sample being indicated by the dots 53. The continuous flow of carrier
      liquid through the valve chamber purges the valve chamber of sample when
      the injection step is completed.
PAR  Pressurizing apparatus for controlling the pressure in the dispensing
      chamber is shown in FIG. 2. The pressurizing apparatus includes a
      dispensing piston 61 which is positioned to slidably move within the
      dispensing chamber 32. The dispensing piston is connected by a rod 62 to
      an actuating piston 64. The actuating piston 64 is slidably mounted within
      an actuating cylinder defined by the structure indicated at 66. An O-ring
      68 surrounds the actuating piston 64 in order to provide an effective seal
      between the actuating piston and the actuating cylinder walls. Movement of
      the actuating piston 64 induces corresponding movement of the dispensing
      piston 61 such that the material in the dispensing chamber is compressed
      and the pressure within that chamber rises.
PAR  Power for causing the motion of the actuating piston is provided by an air
      compressor (not shown) which is connected to deliver controlled high
      pressure air through a fitting 70 and a conduit 72 communicating with the
      actuating cylinder.
PAR  A spring 74 is interposed within the actuating cylinder to bias the
      actuating piston in a direction such that the bias movement of the
      actuating piston will cause the dispensing piston 61 to move to the right
      as shown in FIG. 2, thus reducing the pressure in the dispensing cylinder.
      The check valve seals off the dispensing chamber from the carrier stream
      when this takes place.
PAR  Preferably, the cross-sectional area of the actuating piston and cylinder
      is significantly greater than that of the dispensing piston and cylinder.
      The reason for this is to enable the generation of very high pressures in
      the dispensing chamber by application of a relatively lower pressure on
      the actuating piston, enabling the powering of the actuating piston by a
      compressed air source and supply system dealing with only moderate
      pressures.
PAR  Structure is provided for causing the ingress of sample material into the
      dispensing chamber in response to motion of the dispensing piston. As
      shown best in FIG. 2, a septum 80 extends through the walls of the
      structure 30 by way of an orifice 81 into the dispensing chamber. When the
      actuating piston is biased to the right, as indicated in FIG. 2, the
      dispensing piston also moves to the right to a point which is beyond the
      septum orifice 81 in the dispensing chamber with respect to the control
      structure 36. When the dispensing piston moves to the right, the control
      structure prevents transmission of the pressure from the carrier stream
      into the dispensing chamber, such that this motion of the dispensing
      piston reduces the pressure in the dispensing chamber. This reduction of
      pressure draws in through the septum orifice 81 a quantity of sample
      material, the amount being dependent on the structure of the steptum and
      the distance the piston 61 moves to the right of the septum orifice 81.
PAR  By adjustment of the relative positions of the actuating and dispensing
      pistons and/or adjustment of the constraints of motion of the actuating
      piston, the distance which the dispensing piston moves to the right of the
      septum orifice can be precisely governed and consequently the amount of
      sample material drawn into the dispensing chamber by the biased movement
      of the actuating piston to the right can be similarly governed.
PAR  A supply of sample material may be maintained in a sample reservoir 82
      which communicates with the dispensing chamber 32 through the septum 81
      for multiple injections. Communication from the sample reservoir 82
      through the septum orifice 81 into the dispensing chamber 32 may be
      accomplished by suitable tubing. Alternatively, a pre-measured amount of
      sample can be placed in the dispensing chamber 32 by manual syringe
      injection through the septum 80.
PAR  It can be seen from the foregoing that the sample injector disclosed herein
      accomplishes the objects of this invention in that it provides a sample
      injector for a liquid chromatograph capable of on-stream sample injection
      into a very high pressure carrier stream without the need for stopping the
      carrier flow to accomplish the injection and without causing a reduction
      of pressure in the carrier stream.
PAR  The preferred embodiment disclosed here is intended to be illustrative of
      the invention rather than exhaustive. It is recognized that persons of
      ordinary skill in the relevant art may be able to make certain
      modifications, adaptions or new uses of the embodiment disclosed herein
      without departing from the spirit and scope of this disclosure and the
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An injector for a liquid chromatograph for injecting a sample liquid
      into a high-pressure stream of carrier liquid, said injector comprising:
PA1  a. structure defining a reservoir for the sample liquid,
PA1  b. structure defining a dispensing chamber for receiving a measured volume
      of the sample liquid from said reservoir,
PA1  c. structure defining a flow path for the high-pressure stream of carrier
      liquid,
PA1  d. control structure means interposed between said dispensing chamber and
      said flow path for substantially preventing liquid flow from said flow
      path to said dispensing chamber, and for enabling liquid flow from said
      dispensing chamber to said flow path only when the pressure of said
      measured volume of sample liquid in said dispensing chamber is at least
      equal to the pressure of said high pressure stream of carrier liquid, and
PA1  e. displacement means for limiting the volume of sample liquid receivable
      in said dispensing chamber and for imparting to the sample liquid in said
      dispensing chamber a pressure at least equal to the pressure of said
      high-pressure stream of carrier liquid.
NUM  2.
PAR  2. The injector of claim 1 wherein said control structure means comprises:
PA1  a check valve.
NUM  3.
PAR  3. The injector of claim 2 wherein said check valve comprises:
PA1  a. structure defining a valve chamber having a ball seat, said ball seat
      being apertured to enable liquid flow therethrough from said dispensing
      chamber to said flow path for said high-pressure stream of carrier liquid,
      and
PA1  b. a ball element disposed in said valve chamber, said ball element being
      configured to seat firmly in said ball seat when the pressure of the
      carrier liquid in said valve chamber exceeds the pressure of the sample
      liquid in said dispensing chamber.
NUM  4.
PAR  4. The injector of claim 3 wherein:
PA1  said valve chamber is configured so as to be continuously flushed by said
      high-pressure stream of carrier liquid.
NUM  5.
PAR  5. The injector of claim 1 wherein:
PA1  a. said dispensing chamber is of cylindrical configuration, and
PA1  b. said displacement means comprises a dispensing piston positioned
      coaxially within said cylindrical dispensing chamber.
NUM  6.
PAR  6. The injector of claim 5 wherein:
PA1  said dispensing piston is connected to an actuating piston whereby said
      dispensing piston is slidably movable within said dispensing chamber in
      response to force applied to said actuating piston.
NUM  7.
PAR  7. The injector of claim 6 further comprising:
PA1  resilient means for biasing said actuating piston for moving said
      dispensing piston within said dispensing chamber so as to reduce the
      pressure of said sample liquid within said dispensing chamber.
NUM  8.
PAR  8. The injector of claim 6 wherein:
PA1  said actuating piston has a greater cross-sectional area than does said
      dispensing piston.
NUM  9.
PAR  9. The injector of claim 1 wherein:
PA1  said control structure means is constructed to withstand a carrier stream
      pressure up to and in excess of 10,000 pounds per square inch gage.
NUM  10.
PAR  10. A method for injecting a sample liquid into a high-pressure stream of
      carrier liquid in a liquid chromatograph, said method comprising the steps
      of:
PA1  a. placing a measured volume of said sample liquid in a dispensing chamber,
PA1  b. substantially preventing liquid flow from the stream of carrier liquid
      to the dispensing chamber, and enabling liquid flow from the dispensing
      chamber to the stream of carrier liquid only when the pressure of said
      measured volume of sample liquid in the dispensing chamber is at least
      equal to the pressure of the stream of carrier liquid, and
PA1  c. raising the pressure of said measured volume of sample liquid in the
      dispensing chamber to a value at least equal to the pressure of the stream
      of carrier liquid.
NUM  11.
PAR  11. The method of claim 10 wherein said step of placing said measured
      volume of sample liquid in said dispensing chamber comprises:
PA1  a. preliminarily placing a quantity of said sample liquid in a sample
      reservoir communicable with said dispensing chamber, and
PA1  b. transferring said measured volume of the sample liquid from said
      reservoir into said dispensing chamber by displacement means.
NUM  12.
PAR  12. The method of claim 10 wherein said step of raising the pressure of
      said measured volume of sample liquid in said dispensing chamber comprises
      moving a piston within said dispensing chamber after said measured volume
      of sample liquid has been transferred thereto.
NUM  13.
PAR  13. The method of claim 11 wherein said step of transferring said measured
      volume of said sample liquid from said reservoir to said dispensing
      chamber comprises:
PA1  reducing the pressure in said dispensing chamber to draw said sample liquid
      from said reservoir.
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ABST
PAL  Am improved automatic fluid injector, or syringe, for accurately measuring
      and injecting quantities of fluid specimens, or samples, into various
      media, e.g., a receptacle or inlet of a modern analytical instrument,
      which includes the general combination of (a) an injector, or syringe
      assembly, inclusive of a needle syringe per se, (b) an injector feed
      assembly for automatically continuously purging, cleaning and filling the
      said syringe, and (c) a magazine, or feed tray, for transporting fluid
      specimen containing vials to the injector feed assembly for pick-up of the
      fluid specimen, and delivery to the syringe of the syringe assembly. Means
      are provided for movement of the syringe along a straight path for
      insertion and withdrawal of the needle from the inlet of the analytical
      instrument, and a reciprocable hollow probe, associated with the injector
      feed assembly picks up a fluid specimen from a fluid-containing vial
      delivered by the magazine or feed tray, and conveys the fluid to the
      syringe of the syringe assembly. The forward end of the barrel of the
      syringe is provided with a valved line through which an initial portion of
      the fluid specimen is passed to remove contaminants from previous
      specimens. An accurately measured portion of the fluid specimen is taken
      into the syringe by withdrawal of the plunger to a predetermined position,
      with the valved line in open or closed position; but the valve is closed
      prior to injection. The syringe is carried forward to insert the needle
      portion thereof through the inlet of the analytical instrument, the sample
      is then injected, and the needle then withdrawn. The several
      sub-assemblies are properly housed, and automatic controls provide for
      cyclically cleaning, purging, filling and injecting fluid specimens.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of related U.S. Application Ser.
      No. 365,552, filed May 31, 1973, which in turn is a continuation-in-part
      of Application Ser. No. 223,663, filed Feb. 4, 1972 now U.S. Pat. No.
      3,754,443, the disclosures of which are herewith referred to and fully
      incorporated by reference.
BSUM
PAR  The present invention relates generally to automatic fluid injectors, or
      apparatus, for automatically measuring and injecting accurately measured
      quantities of fluids. More particularly, it relates to apparatus,
      especially fluid injection devices or syringes, for continuous automatic
      measurement and injection of very small, accurately measured quantities of
      gas and liquid specimens into various media, e.g., modern analytical
      instruments.
PAR  Fluid injection devices, particularly needle syringes, have gained wide
      acceptance by the industry, and by the scientific community, generally,
      for use in dispensing infinitesimally small, accurately measured fluid
      specimens, e.g., to modern analytical instruments such as mass
      spectrometers and gas chromatographs. Such syringes embody apparatus
      comprising a tubular body or barrel, on the forward end of which is fitted
      a hollow or tubular needle and, at the opposite end, a slidable plunger
      which travels within the bore of the barrel. Syringes of such character,
      and related devices, are capable of dispensing very small fluid specimens,
      accurately measured, on the order of a few microliters, or very small
      fractions of a microliter, e.g., from about 0.01 to about 5 microliters,
      or fractional parts thereof.
PAR  In recent years, due to the obvious advantages offered by the combination
      of automatic fluid injection instruments, and modern data gathering
      techniques, which greatly reduce operating manpower without decrease in
      accuracy, there is considerable demand for improved automated devices of
      these types.
PAR  It is, accordingly, a primary object of the present invention to provide
      new and novel fluid injectors readily adaptable to automatically perform
      the basic cyclic functions of purging and cleaning, filling, and
      injecting.
PAR  A particular object is to provide apparatus capable of continuously
      cyclically serially withdrawing precisely measured, infinitesimally small
      quantities of gas or liquid specimens from prefilled vials or containers,
      injecting the specimens in seriatim in reproducible quantities, and
      cleaning prior to subsequent withdrawal and injection of a subsequent
      specimen.
PAR  A further object is to provide apparatus of simple and relatively
      inexpensive construction, particularly apparatus which can be readily
      serviced and operated, which apparatus readily lends itself to rapid mass
      production techniques.
PAR  These objects and others are achieved in accordance with the present
      invention which embodies improvements in automatic fluid injector systems.
      A preferred type of automatic fluid injector is comprised generally of (a)
      an injector, or syringe assembly, inclusive of a needle syringe per se,
      (b) an injector feed assembly, or unit, for automatically purging,
      cleaning and filling the said syringe, and (c) a magazine, or feed tray,
      for transporting fluid specimen containing vials and positioning same in
      relation to the injector feed assembly for pick-up of the fluid specimen,
      and delivery to the syringe of the syringe assembly. The automatic fluid
      injector is provided with automation or control means for repetitively and
      automatically carrying out the functions of cleaning, purging and filling
      the syringe with predetermined quantities of fluid specimens, in timed
      sequence, and the several sub-assemblies of the automatic fluid injector
      are generally contained within a housing, or housings. The sub-assemblies
      constituting (a) the injector, or syringe assembly, inclusive of syringe,
      and (b) the injector feed assembly are preferably contained within a
      single housing below which is mounted (c) the magazine, or feed tray.
PAR  A reciprocable hollow probe, constituting a part of the injector feed
      assembly, serves as a conduit for pick-up of a fluid specimen from a vial
      delivered by the magazine or feed tray and transport thereof to the
      injector, or syringe assembly. Means are provided which pressurize the
      fluid contents of the vial after entry of the probe into the vial, and
      fluid contents therefrom are conveyed via a conduit portion of the probe
      to the injector, or syringe assembly.
PAR  The syringe of the injector, or syringe assembly, is provided with a valved
      side opening at the forward end of the barrel thereof at the location of
      "zero fill," or point forward, or flush with that reached by the forward
      face of the plunger on movement to its maximum forward position within the
      syringe barrel, as during an ejection stroke. The valved side opening, or
      line, is preferably located at the site of and enters into an annulus
      located about the base of the needle of the syringe slightly forward of
      the point of zero fill. On delivery of a fluid specimen from a vial,
      positioned for pick-up by the magazine or feed tray, the valved line is
      initially opened to allow the first portion of pressurized fluid specimen
      to pass through and clean the needle bore, said annulus and forward face
      of the plunger, such that contaminants, e.g., from a previous fluid
      specimen, can be discharged via the open valved line. With the valve in
      either open or closed position, the plunger is then withdrawn from the
      point of zero fill (or zero) to a desired preselected, or pre-determined
      location to permit ingress of an accurately measured quantitiy of the
      fluid specimen into the barrel of the syringe. The valve, if not
      previously closed, is now closed. The loaded syringe is then carried
      forward to insert the needle portion thereof through the inlet of an
      analytical instrument, the accurately measured quantity of the fluid
      specimen is then injected by forward movement of the plunger, and the
      needle is then withdrawn from the inlet.
PAR  The zero fill valved side opening, which constitutes a key and novel
      feature of the present invention, in the present combination, provides a
      number of advantages over the automatic fluid injectors disclosed and
      claimed in related Applications Ser. Nos. 365,552 and 223,663, supra. For
      example, the location of the side outlet opening at the point of zero fill
      considerably lessens the amount of contamination, e.g., as resultant from
      contamination by previous fluid specimens. Moreover, any contamination is
      far easier to remove, and less of the fluid specimen need be withdrawn
      from a vial for use in effecting the cleaning and purging step. Certain
      structural aspects of the automatic fluid injector itself are considerably
      simplified as contrasted with previous injectors, this lessening the costs
      of manufacture and maintenance. In fact, the actual number of steps
      requiring manipulation and movement of the plunger in the introduction of
      the fluid specimen into the analytical instrument is lessened.
PAR  The characteristics of preferred automatic fluid injectors, or syringes,
      and the principle of their operation, will be more fully understood by
      reference to the following detailed description of preferred embodiments,
      and to the attached drawings to which reference is made in the detailed
      description. Similar numbers are used to represent similar parts or
      components in different figures. A capital letter is used to designate a
      sub-assembly of the over-all combination.
DRWD
PAR  In the drawings:
PAR  FIGS. 1 and 8 are section views of preferred automatic fluid injectors,
      including an automated syringe, mounted on a plate, or housing, useful for
      positioning said syringe, in relation to an inlet, or medium, wherein an
      accurately measured fluid specimen is to be injected, the automatic fluid
      injector including, in combination, (a) an injector, syringe or syringe
      assembly, A, (b) an injector feed assembly, or assembly for supplying a
      fluid specimen to the syringe of the syringe assembly, B, and (c) a
      magazine or feed tray, C.
PAR  FIGS. 1 through 7 taken together describe a complete cycle of operation,
      i.e., they depict the complete sequence of sampling, trapping, measuring
      and injecting an accurately measured volume of a fluid specimen into a
      medium, e.g., an inlet to an analytical instrument. For clarity of
      illustration, FIGS. 2 through 7, many of which are fragmentary views of
      the over-all combination, are presented schematically.
DETD
PAR  Referring to FIG. 1, there is shown the principle components or
      sub-assemblies of an automatic fluid injector, according to a preferred
      form of the invention, this including the combination of (a) an injector,
      or syringe assembly A, (b) an injector feed assembly B, and (c) a
      magazine, or feed tray, C. These several units of the automatic fluid
      injector A,B,C are generally contained within a housing, or housings, and
      responsive to automatic control means such as described, e.g., by
      reference to Application Ser. No. 223,663, now U.S. Pat. No. 3,754,443. In
      brief compass, the principle features and over-all function of these
      several units are generally as follows:
PAR  a. The injector, or syringe assembly A, is comprised generally of a needle
      syringe 10, which includes the usual barrel 11, cannula or needle 12
      mounted on the front end thereof, and plunger 13 mounted within several
      barrel 11. The plunger 13 is itself actuated by a double-acting cylinder
      piston unit 20, adjacent to and forming an integral part of needle syringe
      assembly A. The syringe assembly A, inclusive of the double-acting
      cylinder piston unit 20, is mounted and carried on the forward end of a
      piston 31 of a double-acting cylinder piston unit 30, also a part of the
      overall syringe assembly A, and reciprocable therewith for movement of the
      syringe 10 along a straight path in alignment with, e.g., a septum inlet
      90;
PAR  b. the injector feed assembly B, the function of which is to provide a
      fluid specimen for the syringe 10, is comprised generally of a
      double-acting cylinder piston unit 50, the piston 51 thereof being a
      reciprocable hollow probe associated with means which enable said probe to
      be projected into a source of a fluid specimen to act as a conduit for
      receipt and transfer of the fluid specimen which is supplied thereto under
      a slight pressure, which acts as a driving force, to fill the syringe 10;
      and
PAR  c. a magazine, or feed tray C, for transporting vials which contain fluid
      specimens to a location for pick-up by the probe 51 for delivery to the
      syringe 10. A preferred type of feed tray C is described by reference to
      U.S. Pat. No. 3,754,443. These several sub-assemblies A,B,C, and their
      function, are explicitly described in the following paragraphs.
PAR  The syringe 10 of the overall needle syringe assembly A consists generally
      of a pair of contiguous tubular members comprising a relatively large
      diameter rearward section 21, which constitutes the barrel portion of
      double-acting cylinder piston unit 20, and a smaller diameter forward
      section 11, constituting the barrel of the syringe. The barrel 11,
      generally constituted of clear plastic or glass with indicia marks scribed
      thereon, is located within a large outer tubular member 14 and a tubular
      member 15 of intermediate diameter, the members 11,14,15 being
      concentrically mounted one as regards the other. The barrel 11 is provided
      with a valved side opening or vent line 16 through which the forward end
      of the barrel 11 can be opened or closed. It will thus be observed that an
      annulus 17 at the base of the needle 12 is directly communicated to an end
      of the tubular segment 16.sub.1 which is fitted through a tubular seal
      16.sub.2 located within an opening through the side wall of barrel 11. The
      needle 12 is provided with an easily changeable forward portion 12.sub.2
      and a base portion 12.sub.1, segments 12.sub.1,12.sub.2 being abutted
      together and the bores thereof being communicated one segment with the
      other at a location inside a tightly fitting tubular seal 18. The seal 18
      and the syringe 10 are held in place within the intermediate tubular
      member 15 by a gland 19 which is secured in place via a screw 9.sub.1, or
      easily removed for changing out the seal 18 and syringe 10. The tubular
      member 15 is retained in place by means of screw 9.sub.2.
PAR  The intermediate tubular element, or sleeve 15, can also be removed from
      the larger outer tubular element 14, if desired, by first removing the
      valved vent line 16. In place, however, the outer tubular element 14 is
      fitted snugly upon the forward end of the smaller diameter tubular element
      21, which constitutes a portion of the double acting cylinder piston unit
      20, these members being hermetically insulated one from the other via
      O-ring seal 8. The plunger 13, it will be observed, is provided with a
      cylindrical shaped grooved head 7, the grooved portion of which contains
      an O-ring seal 6. The forward end of plunger 13 is also provided with a
      seal 5, constructed of resilient material, preferably Teflon, formed,
      e.g., as described in U.S. Pat. No. 3,577,850 herewith incorporated by
      reference. The stem portion thereof is also fitted through a tubular seal
      4 held in fixed position rearward of the barrel 11 by an externally
      threaded tubular member or retaining ring 3.
PAR  The rearward section of the syringe, constituting the double acting
      cylinder-piston unit 20, is provided with an air inlet-outlet 22 leading
      into the forward end of the chamber and an air inlet-outlet 23 leading
      into the rearward end of the chamber, each being provided with flexible
      hose connections as is the vent line 16. The piston 13 can thus be
      reciprocated within the barrel 11 via alternate injection of air or other
      fluid into inlet-outlets 22,23, the enlarged piston head 7 being
      hermetically sealed and isolated from barrel 11.
PAR  In a preferred embodiment, a plunger stop assembly 25, of adjustable
      character, is located at the rearward end of the chamber of cylinder
      piston unit 20 and within the path of travel of the piston 13. The
      function of the plunger stop assembly 25 is to permit piston 13 to
      traverse a predetermined, or pre-set, length of the chamber of
      double-acting cylinder piston unit 20. It can be constructed in similar
      manner to those described by reference to any of Applications Ser. No.
      365,552 or Ser. No. 223,663 (now U.S. Pat. No. 3,754,443), supra, or
      Application Ser. No. 333,120, also incorporated by reference.
PAR  A preferred type of plunger stop assembly 25 is constituted of an open end
      tubular member 24 which forms a portion of, or is integrated with, the
      cylindrical shaped end wall 26 forming the rearward portion of the chamber
      of the double-acting cylinder piston unit 20. The inside diameter of
      tubular member 24 is threaded for receipt and threadable engagement with
      an externally threaded tubular member or gland 27 which tightens down and
      secures the tubular packing 28 in place at the forward end of tubular
      member 24, and within its seating within the rearward face of end wall 26.
      A shaft 29, provided with an externally threaded enlarged head 29.sub.1,
      is projected through the gland 29 and tubular packing 28, is threadably
      engaged with the internal threads of tubular member 24, and is axially
      movable within the tubular member 24. It will be particularly observed
      that the forward end 29.sub.2 of shaft 29 is moved forwardly or rearwardly
      within the chamber formed within wall 11 of the cylinder-piston unit 20 by
      adjustment of shaft 29 which is rotatably mounted within the tubular
      member 24. The shaft 29, preferably provided with a notched head 29.sub.1
      for ease of adjustment, is movable along the axis of the tube 24 on
      rotation of the shaft 29 such that the distance which the shaft 29 is free
      to traverse can be adjusted or preselected. It will thus be observed that
      the distance between the rearward face of piston head 7 and the forward
      end 29.sub.2 of shaft 29, as well as the thickness of piston head 7 of
      piston 11, determine the distance of travel of plunger 13 within the
      chamber of the smaller diameter forward section 11 of the syringe 10, and
      that such distance can be readily set by rotation of shaft 29 which
      lengthens or shortens the distance between the forward face of head 7 and
      the rearward end of shaft 29.sub.1. It will be observed that the plunger
      13 is reciprocated within the pre-set limits by injection of air via
      inlet-outlet line 22 into the forward side of the cylinder piston unit 20
      to drive the piston 13 rearward, and by injection of air via inlet-outlet
      line 23 into the rearward side of the cylinder-piston unit 20 to move
      piston 13 forwardly.
PAR  The smaller diameter tubular forward section 11 of the syringe 10 is
      generally constructed of transparent plastic or glass, and optionally
      scribed ith indicia representative of the internal volume. The volume of
      the chamber formed within the tubular barrel 11 is exaggerated in the
      drawings for clarity and, of course, can be varied in size depending upon
      the volume of specimen to be accurately measured and delivered, e.g., as
      where the specimen is a liquid or gas. One method of varying the volume of
      the chamber within barrel 11 is by adjustment of the length of stroke of
      the plunger, as suggested via adjustment of the plunger stop assembly 25.
      A cannula or needle 12 is fixed within the forward wall or upon the
      forward end of the barrel 11 by various means well known to the art. The
      needle 12 can thus be snugly fitted into the forward end of the barrel or
      smaller diameter tubular forward section 11 through an opening made in the
      forward wall, and an air-tight seal provided about the annulus between the
      outer wall of the needle 12 and the wall of the barrel 11. The needle 12,
      provided with a forward opening 2, is extendable through horizontal
      opening 53 of the housing 60, and is communicable, in proper position,
      with the vertical opening 54 via their intersection (or communicating
      channel).
PAR  The syringe assembly A is, in its entirety, affixed via a mounting bracket
      32 on the forward end of piston 31 of the double-acting cylinder-piston
      unit 30, which can be secured via mounting brackets (not shown) upon the
      wall of a housing (not shown). The double-acting cylinder piston unit 30
      thus includes the usual hollow air-tight casing (or enclosing wall) 36,
      with enclosing end walls 37,38, and air inlet-outlet openings 33,35. The
      syringe assembly A, inclusive of syringe 10, is reciprocably movable along
      a fixed horizontal path via reciprocation of plunger 31. Forward movement
      of the piston 31 is accomplished by injection of fluid (e.g., air) into
      the rearward end of the cylinder-piston unit 30 via inlet 35, the fluid
      impinging upon the rearward face of piston head 34 of piston 31 causing
      the entire syringe assembly A, inclusive of syringe 10, to be thrust
      forward, this causing passage of the needle 12 through the opening 53 of
      housing 60, this producing insertion of the dispersing end of the needle
      12 through a septum or other type of inlet as for sample injection in a
      modern analytical instrument. Rearward movement of the piston 31 by
      injection of fluid (e.g., air) into the forward end of the unit via inlet
      33 impinges upon the forward face of piston head 34 to move the syringe 10
      in the opposite direction, this causing withdrawal of the needle 12 from
      the sample inlet 90.
PAR  The injector feed assembly B comprises a double-acting cylinder-piston unit
      50, inclusive of a piston or probe 51, the forward portion of which is
      mounted and reciprocable within a tubular shaped housing 60. The probe 51
      is hollow or tubular, at least in part, to serve as a conduit for receipt
      and transfer of a fluid specimen, supplied thereto by pressurizing means
      described hereafter, to fill the syringe 10. In the embodiment described
      by reference to FIG. 1, and associated figures, the injector feed assembly
      B is vertically oriented, as contrasted with the orientation of the
      syringe assembly A which can be horizontally or vertically oriented. The
      double-acting cylinder-piston unit 50 and tubular housing 60 are
      contiguous and can be fabricated as a unitized assembly, and mounted
      within a main housing (not shown) via appropriate fastening means. It will
      be observed, in general, that the probe 51 is reciprocable and can be
      moved or projected downwardly through the complete length of the axial
      opening 54 of tubular housing 60, through the opening 55 of a mounting
      plate 56 of a housing (not shown), for penetration of the septum 81 of a
      specimen filled vial 82. The probe 51 is provided with openings 64,65 to
      enhance its utility to serve as a conduit for pick-up and transfer of
      fluid, and means are provided for pressurizing the fluid contents of the
      vial 82 so that fluid from a vial 82 can be picked up by the probe 51 and
      conveyed upwardly for delivery to the syringe 10.
PAR  The double-acting cylinder-piston unit 50, like double-acting
      cylinder-piston unit 30, also includes an enclosing side wall 52, an
      enclosing upper end wall 57, and an enclosing lower end wall 66 formed by
      the upper face of tubular housing 60. An O-ring 58 is provided to more
      effectively seal the lower end of the unit 50 and air inlet-outlet
      openings 61,62 are provided for reciprocation of probe 51, via alternate
      impingement of air on the opposite faces of piston head 59.
PAR  The double-acting cylinder-piston unit 50, like double-acting
      cylinder-piston units 20,30, is generally pneumatic, air being used as the
      driving medium. Virtually any source of pressurized fluid, e.g., hydraulic
      fluid or pneumatic pressure, however, can be used to actuate this or any
      other of the cylinder-piston units. Or, on the other hand, the
      cylinder-piston units can be spring actuated, or actuated by various other
      means known in the art. The probe 51 of cylinder-piston unit 50 can thus
      be moved upwardly via pressurized fluid injected via gas inlet-outlet port
      62, and downwardly by injection of pressurized fluid injected via gas
      inlet-outlet port 61. When the piston 51 is thrust to its extreme downward
      position, by fluid pressure acting against the upper face of piston head
      59, the lower terminal end of the probe 51 is projected through the
      opening 55 in the wall 56 of the lower housing, through a centrally
      located opening through a septum cap 81 of a vial 82 for pick-up of a
      fluid specimen, delivered into position by action of a feed tray or
      magazine 80.
PAR  In the several embodiments of this invention, a magazine or feed tray 80 is
      provided for conveying fluid specimen-containing vials 82 in seriatim to a
      location beneath the opening 55 or housing 56 for pick-up by the probe 51.
      The vials 82 are suitably of open screw top type, sealed with an elastomer
      septum 81 to prevent leakage or contamination and to permit
      pressurization. As the vials 82 are moved into position beneath the
      opening 55, the probe 51 can be moved downwardly and projected through the
      opening 55 at the bottom of housing 56 to pass through the open caps and
      penetrate the septum of the vials 82 for pick-up of the fluid specimen.
PAR  An operating cycle is described by reference to FIG. 1 and by reference to
      the several schematic FIGS. 2 through 7, these figures depicting a series
      of views describing the filling, injecting, cleaning and purging of
      syringe 10. The time sequence can be repeated ad infinitum, as follows:
PAR  a. Referring first to FIG. 2, probe 51 is pushed downwardly from an upward
      starting position (FIG. 1) by pressurized air which enters into the
      chamber of the cylinder-piston unit 50 via the inlet-outlet port 61 to
      impinge on piston head 59. Simultaneously, air is exhausted via air
      inlet-outlet port 62. The forward portion of probe 51 is hollow and
      openings 64,65 are communicated one with the other by the axial opening
      through the probe. The septum 81 of the air-tight vial 82 (located as
      shown in FIG. 1 between a threaded cap 83 and the upper shoulder of the
      glass vial 82) is penetrated by the sharp, or pointed, end of the probe
      51. As the upper side vent opening 64 passes the pressure gas inlet 71,
      gas enters into side vent opening 64 and flows downwardly through the
      axial opening through hollow probe 51 to exit via the lower opening 65 and
      into the vial 82, pressurizing the latter.
PAR  b. Referring now to FIG. 3, prior to the time that probe 51 has reached its
      most downward position, the gas inlet 71 no longer remains open to the
      upper side vent opening 64 of the probe 51. However, the pressure remains
      within the vial 82, and the upper side vent opening 64 of the probe 51, at
      the maximum downward position of piston 51, is now open to the axial
      opening at the dispensing end of needle 12. At this point in time,
      pressurized fluid specimen from vial 82 flows through the opening 65 and
      into the axial opening through probe 51 and into the needle 12. The fluid
      specimen, the initial charge of which acts as a purge to eliminate
      contamination from previous specimens, then passes through the bore of
      needle 12, enters the annular opening 17 at the base of the needle,
      forward of the tip 5 of plunger 13, and exists via line 16 and valve
      16.sub.4, now in open position. On termination of the downward movement of
      probe 51, it will be noted that inlet-outlet port 62 is in fully vented
      position.
PAR  c. Reference is now made to FIG. 4 of the drawings. Valve 16.sub.4 is now
      closed, liquid no longer being allowed egress via line 16. Air is injected
      via inlet-outlet line 22 into the forward side of cylinder-piston unit 20,
      the air impinging upon piston head 7 of plunger 13, moving plunger 13
      rearwardly. Fluid specimen is withdrawn through the dispensing end 2 of
      needle 12, entering and filling the chamber formed by wall 11, or barrel
      of the syringe, as the tip 5 of plunger 13 retreats rearwardly. The volume
      of fluid specimen trapped within the barrel of the syringe is
      predetermined by the preselected distance of rearward movement of plunger
      13, the rearward movement of which ceases as the rearward face of piston
      head 7 impinges upon the forward terminal end 29.sub.2 of adjustable shaft
      29.
PAR  d. Referring to FIG. 5, the probe 51 is next moved away from its position
      blocking horizontal opening 53, to permit passage of needle 12 (i.e., in
      embodiments wherein probe 51 and needle 12 are aligned in the same plane).
      Probe 51 is thus lifted clear of opening 53 by injection of air into
      inlet-outlet opening 62 61 is vented, air impinging upon the under face of
      plunger head 59 moving probe 51 upwardly. The injector feed assembly B of
      the automatic fluid injector is thus now repositioned as shown by
      reference to FIG. 1, the syringe 10 now having been purged of contaminants
      and filled with a fresh fluid specimen which is to be injected into inlet
      90.
PAR  e. In order to effect the desired injection of the fluid specimen into
      septum inlet 90, the entire syringe 10, as shown by reference to FIG. 6,
      is now moved forward by air injected via inlet-outlet line 35 into
      cylinder-piston unit 30, while inlet-outlet line 33 is in vented position,
      the air impinging upon the piston head 34, causing the piston 31 to be
      thrust forwardly thereby causing the needle 12 to be inserted into inlet
      90 of an analytical instrument, e.g., a gas chromatograph.
PAR  f. Referring to FIG. 7, the manner of actual injection of the fluid
      specimen is shown. Air to inlet-outlet port 23 thus impinges against the
      rearward face of piston head 7 to drive plunger 13 to its extreme forward
      position, the forward end 5 thereof transversing the pre-set length of the
      chamber to inject the fluid specimen into the inlet 90. Carrier gas is
      admitted via line 91 to aid in the injection of the fluid specimen into
      inlet 90.
PAR  g. The entire syringe assembly A is next repositioned by injection of air
      into inlet-outlet port 33, of cylinder-piston unit 30, while inlet-outlet
      port 35 is vented. The entire syringe assembly A is thus repositioned as
      shown by reference to FIG. 1.
PAR  Referring to FIG. 8, there is shown a preferred production model of the
      instrument heretofore described. This model, like that described in FIG.
      1, includes the same sub-assemblies A,B,C which do not differ in
      principle, function or operation from that already described, but does
      contain features which provide more effective and efficient operation, as
      well as easier maintenance and construction.
PAR  The syringe assembly A of the preferred production model, like the syringe
      assembly A described by reference to FIG. 1, includes generally also a
      needle syringe 120 mounted upon a double-acting cylinder-piston unit 130.
      The syringe per se, like that previously described, is characterized by
      the usual barrel 111, forward mounted needle 12, and rearwardly located
      plunger 113 mounted within the barrel 111. The plunger 113 thereof is
      actuated by a double-acting cylinder piston unit adjacent to and forming
      an integral part of the overall syringe assembly. Syringe assembly 120 is
      carried on the forward end of piston 131 of cylinder piston unit 130, an
      integral portion of sub-assembly A, the syringe assembly 120 being
      reciprocable therewith for movement of the syringe along a straight path
      in alignment with, e.g., septum inlet 190.
PAR  The syringe per se of sub-assembly A comprises contiguous tubular members
      inclusive of barrel 111 concentrically mounted within tubular members
      104,114 adjoined to the rearward tubular member 121. The barrel 111 is
      thus hermetically sealed inside intermediate tubular 104 which, in turn,
      is contained within outer tubular member 114; and tubular member 121 is,
      in turn, concentrically mounted and hermetically sealed via O-ring seal
      108 within the rearward side of tubular member 114. Plunger 113, the
      forward end of which is reciprocable within barrel 111 and the rearward
      end of which is reciprocable within tubular member 121, is mounted within
      a seal 103 which hermetically isolates the barrel 111 from the chamber
      within the confines of tubular member 121. The barrel 111 and plunger 113,
      inclusive of plunger tip 105, are essentially as characterized with
      reference to the instrument described in FIG. 1. The head 107 of plunger
      113 is tubular shaped to provide better stability, the end of shaft 129
      being fitted within the axial opening therethrough to guide the plunger
      113 as it is reciprocated.
PAR  The rearward portion of syringe assembly 120 also comprises a double-acting
      cylinder piston unit and plunger stop assembly. The double-acting cylinder
      piston unit is this instance includes only a single pneumatic drive means,
      the plunger in its movement compressing a helical shaped compressible
      spring which returns it to its original position at the desired point in
      time. The rearward section of the enclosing wall 121 is thus closed by
      means of an internally threaded tubular element 126, provided with an
      exhaust port 123, within which is mounted the internally and externally
      threaded tubular member 125 which in turn contains externally threaded
      shaft 129. The tubular member 125, which is threadably engaged to the
      member 126 provides a forward tubular section within which a helical
      spring 128 is seated. The member 126 is hermetically sealed upon the end
      of tubular member 121, and the member 125 is in turn retained in place
      adjacent to member 126 via a locking nut 125.sub.1. The shaft 129,
      conveniently provided with a knobbed end 129.sub.1 retained in place via a
      set screw 129.sub.2, is axially movable backward or forward within the
      chamber formed within the confines of tubular member 121 by rotation of
      shaft 129. The rearward section of the syringe, constituting the double
      acting cylinder-piston unit, is provided with an air inlet-outlet 122
      leading into the forward end of the chamber within the confines of tubular
      member 121, and with a flexible hose connection through which a fluid,
      e.g., air, can be injected to drive the plunger 113 rearwardly against
      helical spring 128 seated within the tubular member 127. The plunger 113
      can thus be reciprocated within the barrel 111 via injection of air or
      other fluid into inlet-outlet 122, the plunger head 107 being hermetically
      sealed and isolated from barrel 111. In the rearward movement of the
      plunger, ambient air egresses via exhaust port 123.
PAR  The shaft 129 of the plunger stop assembly is located at the rearward end
      of the chamber of cylinder piston unit and within the path of travel of
      the plunger 113. The function of the plunger stop assembly is to permit
      plunger 113 to traverse a predetermined, or pre-set, length of the chamber
      of the double-acting cylinder piston unit, which function has been
      described by reference to FIGS. 1 through 7.
PAR  Whereas valves, or valve means, of various known types can be used for
      opening and closing the outlet located at the forward end of the barrel of
      the syringe in response to automated signals, in properly timed sequence,
      a preferred type of pneumatically actuated valve 116 of the
      cylinder-piston type is described by continued reference to FIG. 8. Valve
      116 is, in effect, a compartmented tubular member. A first compartment of
      valve 116 is constituted by enclosing side and end walls 116.sub.8,
      116.sub.9, 116.sub.10. The latter, or rearward wall 116.sub.10 is
      hermetically sealed within the tubular side wall 116.sub.8 and provided
      with a gas, or fluid inlet 116.sub.1. A tubular guide 116.sub.7 is mounted
      on the forward wall 116.sub.9 and a helical spring 116.sub.2 of somewhat
      larger diameter is fitted thereover and seated between the external face
      of said guide member 116.sub.7 and the inside face of side wall 116.sub.8.
      An opening is provided within the forward wall 116.sub.9 and a piston or
      stem 116.sub.11, having an enlarged rearward cylindrical shaped head
      116.sub. 12, is fitted therethrough. The forward portion of the piston
      116.sub.11 is is circumferentially grooved, slotted or perforated, e.g.,
      by a continuous circumferential slot 116.sub.6, and this portion of the
      piston is fitted through a tubular packing 116.sub.13 contained within the
      second compartment, or compartment located between forward wall 116.sub.9
      of the cylinder piston unit and wall 116.sub.14.
PAR  The axial opening through the tubular packing 116.sub.13, at one side, is
      communicated via line 116.sub.5 with the inside of syringe barrel 111 and,
      on the other side, is communicated with a sump (not shown) via line
      116.sub.4. It will be observed that, in the position shown, fluid specimen
      can be transferred from the annular opening 117 at the base of needle 112
      through the slotted opening 116.sub.6 and line 116.sub.4. Egress of the
      fluid specimen from the annulus 117, on the one hand, can be interrupted
      and valve 116 closed by pressurized fluid transmitted via inlet 116.sub.1,
      the fluid impinging on head 116.sub.12 of the piston 116.sub.11 displacing
      it forwardly to misalign the slot 116.sub.6 of the piston 116.sub.11 with
      the axial opening through the tubular packing 116.sub.13. On release of
      the pressure, on the other hand, the piston 116.sub.11 is returned to the
      position shown in the figure by re-extension of the previously compressed
      spring 116.sub.2.
PAR  The syringe assembly, like that described by reference to FIG. 1, is
      affixed on a mounting bracket 132 on the forward end of piston 131 of the
      double-acting cylinder-piston unit 130, which can be secured via mounting
      brackets (not shown) upon the wall of a housing (not shown). The
      double-acting cylinder piston unit 130 includes the usual hollow air-tight
      casing (or enclosing wall) 136, with enclosing end walls 137,138, and air
      inlet-outlet openings 133,135. The syringe assembly is reciprocably
      movable along a fixed horizontal path via reciprocation of plunger 131,
      forward movement of which is accomplished by injection of fluid (e.g.,
      air) into the rearward end of the cylinder-piston unit 130 via
      inlet-outlet 135, the fluid impinging upon the rearward face of piston
      head 134 of piston 131 causing the entire syringe assembly to be thrust
      forward, this causing passage of the needle 112 through the opening 153 of
      lower housing 200, this producing inserting of the dispersing end of the
      needle 112 through the septum of septum inlet 190. Rearward movement of
      the piston 131 by injection of fluid (e.g., air) into the forward end of
      the unit via inlet 133 impinges upon the forward face of piston head 134
      to move the syringe in the opposite direction, this causing withdrawal of
      the needle 112 from the sample inlet 190. Unlike the device described by
      reference to FIG. 1, however, the piston 131 is sealed within the cylinder
      formed by enclosing side wall 136, rear wall 138 and forward wall 137 via
      a tubular packing 137.sub.2 retained in place by an externally threaded
      tubular member 137.sub.1, the forward end of the piston 131 being extended
      through said members 137, 137.sub.1 ,137.sub.2 for retention thereon of
      mounted bracket 132 held via a set screw 132.sub.1.
PAR  The injector feed assembly B of the improved production model comprises a
      double-acting cylinder-piston unit 150, inclusive of a piston or probe
      151, the forward portion of which is mounted and reciprocable within an
      upper tubular housing 160 and a continguously mounted lower tubular shaped
      housing 200. The probe 151 is hollow or tubular, at least on its lower
      end, to serve as a conduit for receipt and transfer of a fluid specimen,
      supplied thereto for filling the barrel 111 of the syringe. The
      double-acting cylinder-piston unit 150 and contiguous tubular housings
      160,200 can be fabricated as a unitized assembly, and mounted within a
      main housing (not shown) via appropriate fastening means. The probe 151 is
      reciprocable and can be moved or projected downwardly through the complete
      length of the axial openings through tubular housings 160,200, and through
      the opening 155 of a mounting plate 156 of a housing (not shown), for
      penetration of the septum of a specimen filled vial 182. The probe 151 is
      provided with openings 164,165 to enhance its utility to serve as a
      conduit for pick-up and transfer of fluid, and can provide means for
      aiding in pressurizing the fluid contents of the vial 182 so that fluid
      from vial 182 can be picked up by the probe 151 and conveyed upwardly for
      delivery to the syringe.
PAR  Double-acting cylinder-piston unit 150, in brief compass, is formed by an
      enclosing side wall 152, an enclosing upper end wall 157, and an enclosing
      lower end wall 166 formed by the upper face of upper tubular housing 160.
      An O-ring 158 hermetically seals the lower end of the unit 150 and air
      inlet-outlet openings 161,162 are provided for reciprocation of probe 151,
      via alternate injection of air on the opposite faces of piston head 159. A
      buffer assembly, comprised of a helical spring 184 mounted within a
      tubular guide member 184.sub.1, is located within the bottom of cylinder
      piston unit 150 to slow the descent and for suppression of any shock which
      might otherwise be caused by descent of the probe 151 and its impingement
      against the bottom of cylinder 152.
PAR  The upper housing 160 is of tubular design and contains, besides
      inlet-outlet 162, a gas inlet 171 through which gas can be injected to
      pressurize vial 182. The tubular housing 160 is thus comprised of outer
      and inner concentrically mounted cylindrical members 160.sub.1,1602, the
      inner member 160.sub.2 containing an enlarged axial opening along its
      lower extremity into which air or other gas can be injected via gas inlet
      171 to pressurize the vial 182. The inner tubular member 160.sub.2, which
      is hermetically sealed with the outer tubular member 160.sub.1 via O-ring
      seal 202, is retained in place via a ring gland member 203. The tubular
      housing 160 is thus comprised of outer and inner concentrically mounted
      cylindrical members 160.sub.1,160.sub. 2, the inner member 160.sub.2
      containing an enlarged axial opening along its lower extremity into which
      air or other gas can be injected via gas inlet 171 to pressurize the vial
      182. The inner tubular member 160.sub.2, which is hermetically sealed with
      the outer tubular member 160.sub.1 via O-ring seal 202, is retained in
      place via a ring gland member 203. The tubular housing 160 is tightly
      fitted against the lower tubular housing 200 which rests upon the wall
      156, the axial openings of the housings 160,200 being aligned with opening
      155 within wall 156. In an operating cycle, the probe 151 can be raised,
      elevated, or moved upwardly via pressurized fluid injected via gas
      inlet-outlet port 162, or pushed downwardly by pressurized fluid injected
      via gas inlet-outlet port 161. When the piston 151 is thrust downwardly,
      the vial 182 can be pressurized by injection of air into inlet 171, the
      air entering the chamber of housing 160, port 164 on passage, and exiting
      via port 165 into the vial 182 as occurs after the lower terminal end of
      the probe 151 has been projected through the opening 155, through wall 156
      of the lower housing 200, and through a centrally located opening of a
      septum cap 183 of vial 182. And thereafter, as when the probe 151 has
      reached its extreme downward postion as shown by reference to the figure,
      pressurized fluid specimen can be delivered via the axial opening of the
      probe 151 through the needle 122, initially for cleaning the annulus 117
      as when valve 116 is opened to permit egress of contaminated fluid and
      subsequently, upon closure of valve 116 and withdrawal of plunger 113, for
      filling the syringe with an accurately measured quantity of the fluid
      specimen for delivery to septum 190. An operating sequence for this device
      is substantially as described by reference to FIGS. 1 through 7.
PAR  It is apparent that various modifications and changes can be made without
      departing the spirit and scope of the present invention. The apparatus is
      constructed of materials substantially inert or nonreactive to the
      chemical or corrosive action of the fluid specimens to be measured and
      dispensed. The barrel of the syringe is normally constructed of glass, but
      can be constructed of a plastic or plastic-like material. The seals used
      in the instrument are normally constructed of plastic, and the rest of the
      syringe of various metals.
PAR  The seals are preferably formed of a rigid or semi-rigid, resilient form of
      plastic or plastic-like material. The self-lubricated plastics are
      especially preferred in this capacity, and can also be applied as a
      laminate or protective film. The polyfluorinated ethylene polymers,
      notable among which is polytetrafluoroethylene (Teflon), are particularly
      outstanding. Conventional resilient or elastic-like materials, such as
      natural or synthetic rubbers, can also be employed.
PAR  The plunger adjustment assembly, the needle of the syringe, the
      cylinder-piston units, and the like, are preferably constructed of metals,
      e.g., ferrous metals such as iron, iron alloys, steel, stainless steels,
      and the like; or such metals as aluminum, magnesium, brass, copper,
      bronze, chrome, alloys of these and other metals, and the like.
PAR  It is apparent that various changes, such as in the absolute or relative
      dimensions of the parts, materials used, and the like, as well as the
      suggested mode of withdrawing or delivering fluids, can be made without
      departing the spirit and scope of the invention, as will be apparent to
      those skilled in this art.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. In apparatus for repetitively accurately measuring and injecting
      preselected quantities of fluid specimens into a media such as an inlet to
      an analytical instrument, the combination comprising
PA1  a housing, which can be mounted adjacent an inlet leading into the
      analytical instrument,
PA1  a tubular member mounted within the housing, said tubular member including
      a pair of communicated openings therethrough, a first axial opening of the
      pair extending through the tubular member and housing, and a second
      opening adjacent to and communicated with said first axial opening which
      can be aligned upon the inlet leading into the analytical instrument,
PA1  a needle syringe mounted upon the piston of a piston reciprocating unit,
      the needle of which is aligned upon said second opening through the
      tubular member within and through which the needle can be reciprocated by
      movement of the piston, said syringe including a barrel within which is
      mounted a plunger, said plunger constituting an integral portion of the
      piston reciprocating unit by virtue of which said plunger can be
      reciprocated within the chamber of said barrel,
PA1  an injector feed assembly including a hollow probe provided with
      communicating upper and lower openings mounted on the piston of a piston
      reciprocating unit, said probe being aligned upon the said first axial
      opening through the tubular member within and through which the probe can
      be reciprocated by movement of the piston, and extended through the said
      first axial opening,
PA1  means for transporting a fluid specimen contained in a vial, with a
      resilient, puncturable closure, below the said first axial opening and
      into the path of the hollow probe for penetration of said closure by the
      probe,
PA1  means for pressurizing the fluid contents of the vial so that the fluid
      specimen contained within the vial can be transferred via the lower and
      upper side openings of the probe into the opening of the needle and into
      the barrel of the syringe,
PA1  the improvement comprising
PA1  a valved side inlet located within the barrel of the syringe forward of the
      point reached by the forward face of the plunger on movement to its
      maximum forward position within the syringe barrel, the valved side inlet
      providing, when the valve is in open position, a channel for flow of fluid
      from the dispensing end of the needle through the forward portion of the
      barrel, and rearward movement of the plunger to fill the barrel with a
      fluid specimen in predetermined quantity, and on subsequent forward thrust
      of the needle of the syringe into the inlet of the analytical instrument,
      with the valve in closed position the fluid specimen can be readily
      injected through the dispensing end of the needle by forward movement of
      the plunger.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the tubular member mounted within the
      housing and containing the pair of communicated openings is provided with
      means for pressurizing the fluid contents of the vial, this constituting
      fluid inlet means located above said second axial opening through the
      tubular member such that an upper opening within the hollow probe, which
      is fitted and traversable within the said first axial opening of the
      tubular member, and a lower probe opening are in communication via the
      opening through the hollow probe, and at such time the upper probe opening
      is located within said chamber opposite said fluid inlet means a
      pressurized fluid can be transmitted through the hollow probe to a vial to
      pressurize the fluid specimen contained therein for transfer via the probe
      to the needle opening and into the barrel of the syringe.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the piston reciprocating unit of the
      injector feed unit is a double-acting cylinder-piston unit comprising a
      barrel within which pressurized fluid can be admitted or expelled via
      inlet-outlet ports located on opposite sides of the area of traverse of an
      enlarged head affixed upon an end of the piston of the cylinder-piston
      unit, and the probe constitutes the piston of the piston reciprocating
      unit comprising a double-acting cylinder-piston unit that is directly
      affixed via one of its terminal ends to an enlarged head and reciprocable
      therewith when acted upon by ingress and egress of pressurized fluid
      admitted or expelled via inlet-outlet ports.
NUM  4.
PAR  4. The apparatus of claim 1 wherein rearward of the barrel of said needle
      syringe there is provided an adjacent piston reciprocating unit inclusive
      of a piston which is the reciprocable element and also the plunger of the
      syringe.
NUM  5.
PAR  5. The apparatus of claim 4 wherein the rearwardly located piston
      reciprocating unit is a double-acting cylinder piston unit, and the
      double-acting cylinder piston unit includes forward and rearward end walls
      which enclose an inner tubular wall forming a chamber within which the
      head portion of the plunger is contained, and forward and rearward
      inlet-outlet ports through which pressurized fluid can be admitted into
      the chamber to reciprocate the plunger.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the rearwardly located double-acting
      cylinder-piston unit includes an adjacent plunger adjustment assembly
      which limits the effective distance the plunger can travel within the
      barrel of the syringe.
NUM  7.
PAR  7. The apparatus of claim 6 wherein the plunger adjustment assembly is
      comprised of a shaft adjustably extensible through the rearward wall of
      the chamber.
NUM  8.
PAR  8. The apparatus of claim 5 wherein the rearwardly located double-acting
      cylinder-piston unit includes a plunger adjustment assembly comprising an
      internally threaded open end tubular member located within the rearward
      wall of the cylinder-piston unit, a shaft with an externally threaded head
      threadably engagable with the internal threads of said tubular member, an
      end of which shaft is extensible through an opening within the rearward
      wall of the chamber such that rotatable movement of the shaft in one
      direction extends the shaft into the chamber and rotatable movement in the
      other direction withdraws the shaft from the chamber, permitting
      presitting, thereby limiting and adjusting the effective distance the
      plunger can travel within the barrel of the syringe.
NUM  9.
PAR  9. The apparatus of claim 8 wherein the shaft is fitted through a seal, and
      tubular retaining plug located within the rear wall of the chamber, the
      diameter of the externally threaded head of the shaft is larger than the
      diameter of the shaft, and the outer rearward face of the head is provided
      with a groove so that it can be easily rotated to facilitate presetting
      the effective distance that the plunger is free to travel within the
      barrel of the syringe.
NUM  10.
PAR  10. The apparatus of claim 1 wherein the valved side inlet comprises a
      compartmented tubular member, a first compartment of which comprises a
      double acting cylinder piston unit, the reciprocable piston of which is
      slotted and the slotted portion thereof is extensible into a second
      compartment and within a lateral opening intersecting the axial opening
      through a tubular member mounted therein, said valved side inlet being
      adjoined and in communication with said axial opening of said tubular
      member, such that reciprocation of said double acting cylinder piston unit
      can align and misalign the axial opening and slotted end of said piston to
      open and close the valve.
NUM  11.
PAR  11. The apparatus of claim 10 wherein the double-acting cylinder piston
      unit is spring biased such that the valve is in open position, the piston
      in said unit is provided with an enlarged head which mates with the inside
      wall of the tubular member constituting said first compartment, and said
      piston is actuatable by gas injected via gas inlet means into said
      compartment.
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ABST
PAL  An exchangeable measuring head is secured to a flexible or rigid
      manipulating tube and is slidingly directed in a guide tube to a measuring
      location. The measuring head contains three induction coils for measuring
      bubble content, for instantaneously detecting temperature increases, and
      for measuring flow velocity.
PARN
PAR  This is a continuation, of application Ser. No. 246,532, filed Apr. 24,
      1972, now abandoned.
BSUM
PAR  The invention relates to a method of remotely monitoring electrically
      conductive liquids, especially liquid sodium in nuclear power plants
      wherein, at the measuring location, at least three induction coils are
      provided. The invention relates as well to an interchangeable device,
      referred to hereinafter as a measuring head, for carrying out the
      aforementioned method.
PAR  A method of measuring the flow velocity of electrically conductive liquid
      by disposing parallel to the flow direction of the liquids at least three
      induction coils which are located on a common magnetic axis, the first and
      the third of these coils being excited by applying an alternating-current
      voltage thereto so that magnetic influence thereof upon the second coil
      mutually cancels when the flow is static or at a standstill, is known from
      U.S. Pat. No. 2,435,043. In this heretofore known method, the flow of the
      electrically conductive liquid past the coils causes a distortion of the
      magnetic fields of the first and the third coils, so that a voltage which
      is directly proportional to the velocity of the flow, is induced in the
      second coil. Applications of this known method to the measurement of the
      flow velocity of liquid sodium in nuclear power plants are known from
      BNES: London Conference on Fast Breeder Reactors, May 4 to 19, 1966,
      Chapter 18 and from ANL 7340, Argonne National Laboratory: "Summary Review
      of Flowmeters Suitable for Measuring Sodium Flow at Temperatures up to
      1,200.degree.F in the Fast Flux Test Facility".
PAR  From German PUblished Application 19 47 320 a device is known by means of
      which thermocouple elements are guided through tubes to measuring
      locations that are situated in the interior of a nuclear reactor.
PAR  An object of the invention of the instant application is to provide a
      method of remotely monitoring electrically conductive liquids, preferably
      liquid sodium, as well as a device for carrying out this method which, due
      to its construction and relatively small dimensions is suitable for use at
      locations that are poorly accessible, especially in the interior of a
      nuclear reactor and, more particularly for the installation thereof
      directly above the fuel elements.
PAR  An additional object of the invention is to provide such device which
      continuously measures the temperature and flow velocity as well as the
      bubble content, if desired, and with minimum delay, a suddenly occurring
      temperature increase of the liquid to be monitored. Monitoring of these
      factors or variables is required for proper and safe operation of the most
      varied installations, the measurement of the bubble content and sudden
      temperature increases in nuclear reactors being of particular significance
      since the formation of bubbles or a sudden temperature increase is almost
      always the result of operating troubles which can be caused, for example,
      by the rupturing of a fuel rod and the consequent escape of fission gas.
PAR  With the foregoing and other objects in view, we provide, in accordance
      with our invention, method of remotely monitoring electrically conductive
      liquid which includes placing at least three induction coils adjacent one
      another, at a location at which the electrically conductive liquid is to
      be monitored, exciting at least one of the coils, which serves as a
      primary coil, with alternating currents of different frequencies, and
      evaluating the voltages induced thereby in the adjacent coils, which serve
      as secondary coils, as a measure of at least one of the following factors:
      bubble content in the liquid, instantaneously detected temperature
      increases in the liquid, and flow velocity of the liquid.
PAR  In accordance with a further feature of the invention, the flow velocity of
      the liquid to be monitored is measured by exciting the primary coil with
      alternating current so as to generate secondary voltages in the secondary
      coils adjacent thereto, the secondary voltages being influenced by the
      flow past the secondary coils of the liquid to be monitored, correlating
      the influenced secondary voltages in differential connection through a
      conventional comparator circuit, with the temperature of the liquid
      measured at a different location therein by conventional circuit means,
      and indicating the measured values. The correlation of the secondary
      voltages with the temperature serves for compensating or equalizing
      differences in electrical conductivity at different temperatures which, in
      the case of the sodium, for example, may be rather considerable. An
      increase or decrease of the signal voltage obtained from the secondary
      coils when the temperature of the liquid is constant, therefor indicates
      higher or lower flow velocity, respectively. It has been found to be
      advantageous, in accordance with the invention, to use as excitation
      current an alternating current of relatively low frequency, for example
      100 Hz because at higher frequencies a reduced depth of penetration into
      the liquid as well as higher attenuation and deviation from symmetry must
      be expected.
PAR  In accordance with a further feature of the invention, a modified method is
      provided which includes exciting the primary coil with an additional
      alternating current of relatively high frequency, for example 1000 Hz,
      measuring with a conventional pulse height analyzer the amplitude
      modulation of the voltages induced in the secondary coils and applying the
      measured amplitude modulation as a measure for the bubble content of the
      liquid being monitored. Bubbles in the liquid increase the ohmic
      resistance or resistivity of the liquid to a considerable extent, in fact,
      in proportion to the bubble content which, for the selected high
      frequency, results in heavy modulation of the amplitude of the secondary
      voltage. An analysis of the amplitude modulation, with respect to the
      height or magnitude thereof, is indicated or displayed by means of a
      conventional circuit, and provides a measure of the bubble content of the
      liquid. Because of the low depth of penetration of the field lines into
      the liquid at the relatively high frequency, it is desirable to guide the
      bubbles entrained by the liquid flow, by means of guide surfaces disposed
      in the flow, so that they flow past the coils a short distance therefrom.
PAR  In accordance with yet another feature of the invention, so as to detect
      instantaneously rapid temperature increases of the liquid to be monitored,
      the primary coil is excited with an alternating current, and the sum of
      the voltages induced in the secondary coils is applied as a measure of the
      temperature of the liquid to be monitored, wherein the variation in the
      electrical conductivity of the liquid, which occurs with an increase in
      temperature, is measured. This has the advantage that the measurement
      according to the invention, in contrast to a measurement with thermocouple
      elements, is effected virtually without any delay and that it covers,
      according to the depth of penetration of the field lines, a greater part
      of the liquid flow than merely that layer of lamina of the liquid flow
      which is in immediate contact with the measuring coil equipment. To this
      end, the high-frequency alternating voltages of the two secondary coils
      are added in a conventional circuit and converted into a signal
      proportional to the mean temperature of the liquid. In contrast to each
      individual secondary voltage, the sum of the two secondary voltages is, to
      a large extent, independent of the flow velocity of the liquid.
PAR  Further in accordance with the invention, there is provided a device for
      carrying out the foregoing method, which comprises an exchangeable
      measuring head that is secured to a manipulating tube in which measuring
      leads are received, the measuring head being slidingly disposed in a guide
      tube so as to be directed to a measuring location of the electrically
      conductive liquid.
PAR  According to other features of the invention, the measuring head contains
      at least three induction coils formed of metal-clad insulated wires that
      are wound on a common, hollow core of pure iron which is longitudinally
      slotted and is provided at the ends thereof and between the coils with
      circular ribs or cross-pieces which are interrupted by the slot. The coils
      are disposed coaxially behind one another, the middle one thereof being
      the primary or excitation coil, while the other two coils are the
      secondary coils. The use of metal-clad wire permits the device of the
      invention to be serviceable also at relatively high temperatures. It has
      been found that the proximity of the metal cladding of the wires to one
      another has no detrimental effect on the quality and intensity of the
      measuring signal in spite of the short-circuit currents produced thereby
      in the coils.
PAR  The coil core of pure iron which has a Curie point of 750.degree.C, effects
      about a 30-fold increase in the signal voltage with respect to coils
      without cores that have been employed heretofore in corresponding devices,
      while the magnetic reluctance thereof, as compared for example to sodium,
      is so low that even any change produced in the permeability thereof due to
      radiation effects would have no effect on the accuracy of the measurement.
      The longitudinal slot formed in the core serves to damp or attenuate the
      eddy currents produced in the core and also facilitates the insertion of
      the wires therein. The core is further provided with circular ribs or
      cross-pieces of the same material as that of the core proper, which are
      located between the coils and at the outer ends thereof and cause the
      magnetic field lines of the coils to be deflected to a greater extent
      perpendicularly to the axis of the core and thereby to be more strongly
      distorted by the liquid flow, thereby intensifying the measured signal.
PAR  In accordance with an additional feature of the invention, it is proposed
      that the induction coils and their core be disposed in a closed protective
      tube. In addition to preventing mechanical damage to the coil, the
      protective tube also prevents any possibly nonuniform wetting as well as
      the deposition of impurities which might lead to faulty measurements and
      could also cause additional attenuation.
PAR  As a further feature of the invention when metalclad wires are used, the
      leads of the induction coils, which are received in the manipulating tube,
      form an integral unit with the wires of the respective induction coils. By
      dispensing with junctions of any kind, the operational reliability of the
      device is increased.
PAR  According to an added feature of the invention, the leads to the induction
      coils are tightly soldered in a passageway located at the end of the
      protective tube so that the measuring head forms a closed unit, and the
      leads are protected against damage by abrasion at the passageway.
PAR  In accordance with a further feature of the invention, at least one
      thermocouple element is provided in the measuring head. Consequently, the
      afore-mentioned temperature measurement required for determing the flow
      velocity is made at the same location of the installation or the liquid
      flow at which the velocity also is measured.
PAR  In accordance with a concomitant feature of the invention, the measuring
      head is connected with a flexible manipulating tube formed of a
      closely-wound wire spiral and at least one wire-netting tube braided
      thereover. This permits stressing of the tube both in tension as well as
      in compression in order to withdraw the device from the guide tube or to
      slide it into the same. The foregoing construction affords the capability
      of measuring these forces without damage to the tube, in that even
      considerable resistance, for example, due to jamming of the device in the
      guide tube can be overcome as each of both types of stress is absorbed by
      a separate member particularly suited therefor, both members being braced
      against one another. Further advantages of this construction is the
      possibility of guiding the measuring wires within the free interior space
      of the tube and the possibility of using the tube at high ambient
      temperatures. with this type of construction relatively small tube
      diameters of, for example, 12 mm, and small bending radii, of for example,
      5m are furthermore attainable.
PAR  In accordance with yet another feature of the invention, the manipulating
      tube is provided in the interior thereof with a bifilar wound electric
      heater for melting any possibly solidified residue of the liquid, for
      example, solid sodium, which would otherwise interfere with handling or
      manipulation of the tube. It is also advantageous to make the measuring
      windings heatable, so that the measuring head can also be warmed.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described herein as method and
      device for remotely monitoring electrically conductive liquids, it is
      nevertheless not intended to be limited to the details shown, since
      various modifications may be made therein without departing from the
      spirit of the invention and within the scope and range of equivalents of
      the claims.
DRWD
PAR  The invention, however, together with additional objects and advantages
      thereof will be best understood from the following description when read
      in connection with the accompanying drawing, in which:
PAR  FIG. 1 is a diagrammatic longitudinal sectional view in axial plane of the
      measuring head of the invention in the instant application;
PAR  FIG. 2 is a cross-sectional view of FIG. 1 taken along the line II--II in
      the direction of the arrows;
PAR  FIG. 3 is a partly broken away longitudinal sectional view, in axial plane,
      of a flexible manipulating tube according to the invention.
DETD
PAR  Referring now to the drawings and first, particularly to FIG. 1 thereof,
      there is shown therein a primary coil 2 and secondary coils 1 and 3,
      formed entirely of metal-clad insulated wire wound on a hollow cylindrical
      iron core 4 which is formed along the entire length thereof with a slot 5,
      and with cross-pieces or ribs 6 at the periphery thereof. The coils are
      disposed in a protective tube 7 which is provided with a base 8 and a tip
      9. A passageway member or bushing 10, in which wires 11 are soldered, is
      secured to the base 8. The wires 11 lead to and from the coils 1 to 3,
      only one pair of the wires 11 being shown in FIG. 1 for the sake of
      clarity. The bushing 10 is provided with a peripheral bead 12 which guides
      the measuring head in the guide tube 19. Also soldered into the bushing 10
      are wires 13 which are passed through the hollow iron core 4 up to the tip
      9 and form a thermocouple element.
PAR  In FIG. 3 there is shown a manipulating tube according to the invention,
      which is formed of a closely-wound wire spiral 14 over which a wire
      netting tube 15 is braided. At each end of the tube 15 connector tubes 16
      and 17 are, respectively, secured. In the interior of the manipulating
      tube of the invention there is provided a bifilar-wound electric heater 18
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. Device for carrying out a method of remotely monitoring electrically
      conductive liquid comprising an interchangeable measuring head, a
      manipulating tube wherein measuring leads are received, said measuring
      head being secured to said manipulating tube, a guide tube wherein said
      manipulating tube is slideably guidable to a given measuring location, at
      least three induction coils formed of metal-clad insulated wires wound on
      a common hollow core of pure iron that is provided with a longitudinal
      slot being received in said measuring head, and said core being formed
      with peripheral ribs at the ends thereof and between said coils, said
      peripheral ribs being interrupted by said slot.
NUM  2.
PAR  2. Device according to claim 1, wherein said induction coils and said core
      thereof are disposed in a closed protective tube.
NUM  3.
PAR  3. Device according to claim 1, wherein said measuring leads of said
      induction coils form an integral unit with the wires of the respective
      induction coils.
NUM  4.
PAR  4. Device according to claim 3, wherein said induction coils and said core
      thereof are disposed in a closed protective tube, a passageway member
      secured to an end of said protective tube, said measuring leads of said
      induction coils being connected directly by soldering in said passageway
      member.
NUM  5.
PAR  5. Device according to claim 1, including a thermocouple element disposed
      in said measuring head.
NUM  6.
PAR  6. Device according to claim 1, wherein said manipulating tube is flexible
      and formed of a tightly wound wire spiral and at least one wire netting
      tube braided thereon, said measuring head being connected to said
      manipulating tube.
NUM  7.
PAR  7. Device according to claim 6, including a bifilar wound electric heater
      disposed in said manipulating tube.
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ABST
PAL  There is disclosed a device and method for measuring the angle of repose of
      a granular material. The device is composed of a rectangular body having
      an open ended partition dividing the body into two cells. A sample of
      granular material is placed in one cell and allowed to flow from one cell
      into the other cell under the influence of gravity. Both the static and
      dynamic angle of repose can be determined.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a device for measuring a flow property of
      granular materials and more particularly relates to a device for measuring
      the angle of repose of granular material in both the static and dynamic
      modes.
PAR  The flow properties of dry particulate or granular materials have long been
      of interest to many different fields of science. Such diverse fields of
      endeavor as the food industry, as well as the fuel and mining industry are
      interested in the flow properties of dry granular material. In additon the
      science of xerography is concerned with the flow of dry particulate
      material as such materials are employed as the writing or marking
      materials employed in the modern science of "dry writing". One of the well
      known measurements employed to provide an indication of the flow
      characteristics of granular material is called the angle of repose which
      is determined by allowing the granular material to fall into a pile on a
      horizontal surface from a predetermined and known distance. The shape of
      the pile is determined by measuring the angle formed by the outer surface
      of the pile with the horizontal surface upon which the material rests.
      This measurement is commonly termed the "dynamic" angle of repose. The
      device normally employed for such measurements is simply a funnel held a
      certain distance above a horizontal surface.
PAR  The "static" angle of repose is also measured by such simple devices as a
      rectangular container having an orifice in its center to permit the escape
      of the granular material from the bottom center of the container leaving a
      cavity in the volume of material remaining in the container. The slope of
      this angle with the horizontal is termed the static angle of repose. While
      the several devices of the prior art are simple in construction their use
      is not without difficulty because of experimental error easily produced.
      In addition, the material being measured is employed repeatedly in
      successive tests in order to provide an average figure reducing the
      effects of experimental error. Accordingly, a more accurate and convenient
      means is needed for the measurement of flow properties of granular
      material particularly as indicated by its angle of repose.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a novel device for
      measuring the angle of repose of granular material.
PAR  Another object of this invention is to provide a device for measuring more
      accurately the angle of repose of granular material.
PAR  Another object of this invention is to provide a more convenient device
      which eliminates the excessive handling of test material in making the
      determination of its flow properties.
PAR  Another object of this invention is to provide a novel method for measuring
      the angle of repose of granular material.
PAR  These and other objects of this invention will become apparent to those
      skilled in the art from the following description of the invention.
PAR  In accordance with this invention there is provided a rectangular body
      having within it an open-ended partition dividing the structure into two
      cells but providing a passage for granular material from one cell to the
      other. In one embodiment a symmetrical structure is provided. By also
      providing a suitable closure for the top and bottom of the structure
      repeated measurements can be obtained without the need for handling the
      material outside of the device at any time during the course of a series
      of measurements.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The advantages of this novel apparatus will become apparent upon
      consideration of the detailed disclosure especially when taken in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of the measuring device of this invention.
PAR  FIG. 2 is a side-sectional view of the device of FIG. 1.
PAR  FIG. 3 is a perspective view of another embodiment of the measuring device
      of this invention.
PAR  FIG. 4 is a perspective view of the device of FIG. 1 containing a sample of
      granular material at the beginning of the operation of the test in
      accordance with this invention.
PAR  FIG. 5 is a perspective view of the measuring device of FIG. 1 at the
      conclusion of the method of measuring the angle of repose of the granular
      material in accordance with the method of this invention.
PAR  FIG. 6 is a graph showing typical measurements of the angle of repose in
      accordance with the process of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now to FIG. 1, there is shown a rectangular body member 1 having
      vertical sides A, B, C and D. Preferably at least one of these sides is
      transparent so as to permit visual observation of the sample contained
      therein. At a convenient point within body 1 there is provided an
      openended partition 3 which divides body 1 into two cells 4 and 6.
      Partition 3 is sealed to sides A, B, and C but does not extend to side D
      thus providing a passage means between the two cells. In a preferred
      embodiment the cells have at least one removable cover 7 or 7' such that
      when a sample is placed in either cell it is conveniently retained
      therein. Both covers are preferably fixed to body 1 so as to seal the
      sample material in the cells by some means such as by clamps 8 shown in
      FIG. 1.
PAR  As mentioned above at least one of the sides of body 1 is transparent. In
      addition one can also provide on the transparent side indicator marks 11
      to aid the measuring angles having a vertex at the open edge of partition
      3. Also, slidably mounted indicator marker 12 can be employed to readily
      indicate an angle of repose formed in cell 4 as will be more fully
      explained below.
PAR  FIG. 2 is a side-sectional view of the device of FIG. 1. There is more
      clearly seen the relationship of partition 3 to body 1. Note that
      partition 3, covers 7 and 7', and the ends of sides A and C are all
      parallel with each other. Partition 3 extends from side A to a point which
      is convenient taking into account the particle size of the material to be
      measured and the desired sample size. Thus the passage means 5 between the
      cells formed by partition 3 is determined by the particle size of the
      granular material to be measured by the device and other obvious
      variables. Obviously the larger the particle size the larger the
      passageway as is the case with the entire device. Covers 7 and 7' are
      shown in place in FIG. 2 to more clearly indicate the cells formed within
      body 1. Also, in the preferred embodiment, sides A, and C extend slightly
      beyond the other two sides as shown. The extension of sides A and C
      provides the hand size device with convenient legs upon which to stand as
      will be more apparent from the description below.
PAR  There is shown in FIG. 3 an alternative embodiment of the apparatus of this
      invention. In this embodiment the sides of body 1 are all equal in length
      and hinged cover 9 is optional. If included however, seal means 11 is
      preferably employed to prevent the escape of sample from the cell during
      operation of the device. Preferably seal means 11 is a resilient material
      such as felt, rubber or soft thermo-plastic material. The cover 9 is held
      secure to body 1 by latch 14. For some materials partition 3 is preferably
      tapered at its open end as shown in FIG. 3. In this embodiment a sample is
      placed in one of the cells and the same procedure for determining the
      angle of repose of the sample is followed as with the apparatus of FIG. 1
      with the exception that a horizontal level surface such as a table or
      counter top be employed under the device upon which the sample falls
      through passageway 5. Of course, upon completion of the test a portion of
      the sample test must be handled outside the measuring apparatus of this
      invention as it will be resting upon a surface not part of the apparatus.
PAR  In operation, a sample is placed in one of the cells by laying the device
      on one of its sides as shown in FIG. 4. In this embodiment body 1 is shown
      residing on its side with transparent side A facing the viewer. There is
      placed in one of the cells a sample, 15, of granular material. Sample 15
      is carefully placed therein so as to retain all of the sample in one cell
      prior to the test. After placing the sample in the cell covers 7 and 7'
      are placed on the cells so as to seal the sample therein. The sample is
      then leveled in the sealed cell so that the top surface of the sample is
      parallel to the bottom side of body 1 which, in FIG. 3, is side B. Once
      the sample is leveled the angle of repose can then be determined by simply
      placing body 1 in its upright position as indicated in FIG. 5. As body 1
      is raised to its upright position carefully and without abrupt change in
      motion, material 15 falls through passge 5 into the opposite cell of body
      1 leaving a configuration in the original cell in accordance with its flow
      properties. The top surface of material 15 in the upper cell as shown in
      FIG. 5 forms an angle, r, with partition 3 having a vertex at the open
      edge of the partition. This angle is measured and is termed the static
      angle of repose for the material. The dynamic angle of repose is found by
      measuring the angle formed by the top surface of material 15 in the lower
      cell as shown in FIG. 5. The vertex of the angle r' is formed by the upper
      surface of material 15 and cover 7. Both of these angles are conveniently
      measured through the transparent side without moving or otherwise
      disturbing the device or material 15 therein. Properly calibrated
      indicator marks 12 aid in reading the results of the tests.
PAR  At the conclusion of the measurement, material 15 is recombined in one
      cell. This is conveniently accomplished by simply allowing the material to
      be recombined through passageway 5 whereupon the method of measurement as
      indicated above can be repeated as many times as is believed sufficient to
      provide reliable results.
PAR  Any suitable materials can be employed for the construction of the
      measuring device of this invention. However, when the material to be
      measured in the device is electrically insulating it is preferred to
      employ conductive materials for those parts which come in contact with the
      granular sample being measured in order to reduce the effect of
      electrostatic charges which may build up in the device and the particles
      of the sample. Suitable materials include most metals such as brass,
      aluminum, copper, steel, etc. Alternatively, the interior of the device
      can be coated with a conductive material. For the transparent side or
      sides a preferred embodiment is a glass having a transparent conductive
      coating on its surface. The conductive coating faces the sample material
      being measured yet is so thin it is transparent and permits viewing of the
      sample contained in the cells of the device. A particularly preferred
      material for such use is NESA glass manufactured by the Pittsburgh Plate
      Glass Company, Pittsburg, Pa. which has one conductive surface by virtue
      of having a transparent coating of tin oxide.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples further define, describe and compare exemplary
      methods of employing the apparatus of this invention. The examples are
      also intended to illustrate the various preferred embodiments of the
      present invention and are not intended to limit in any way the scope of
      this invention.
PAC  EXAMPLE I
PAR  An apparatus of this invention similar to that shown in FIG. 1 is
      constructed by sealing together as opposite sides two NESA glass plates
      having a dimension of 2 inches .times. 5 inches with two other opposite
      sides of brass having a dimension of 2 inches .times. 4 inches. On one of
      the brass sides there is attached a partition which seals against the side
      where mounted and against the two transparent sides. The partition extends
      across the thus formed body leaving an opening of about 1/4 inch for a
      passageway. The extra length of the NESA glass sides is equally divided at
      each end of the brass sides providing a pair of legs at each end of the
      frame. A series of tests are conducted employing a granular toner material
      commercially available from the Surface Processes Corporation, Dallas, Pa.
      under the trade name A-49. Varyng amounts of flow control or anti-caking
      additive is added to each sample tested. A 75 cc. sample is placed in one
      cell of the above described device in order to measure the static and
      dynamic angle of repose. The effects of the additive are seen by the
      change in flow properties of the toner material as indicated by the
      variation in the measured angle of repose. The procedure described above
      with reference to FIGS. 4 and 5 is followed to provide 8 individual
      measurements which are averaged to provide a single plot on the graph
      shown in FIG. 6. As shown in FIG. 6, both the static and dynamic angle of
      repose increased slightly with the addition of .027% by weight of the flow
      control additive. The additive is a hydrophobic fused silicon dioxide
      available commercially under the trade name of Cabosil M-5 available from
      the Cabot Chemical Company. As indicated in FIG. 6, the flow properties of
      the granular toner material are significantly modified by the addition of
      various amounts of the flow control agents. The angle of repose is given
      in degrees while the per cent concentration of the additive is provided in
      weight per cent of the granular toner material.
PAR  While the above description of the device is in terms of specific
      embodiments such description is not intended to limit the invention in any
      way. Many variations in structure can be made by one skilled in the art
      keeping within the spirit of the scope of this invention. For example, the
      partition dividing the body into two cells can be made of a straight sheet
      of metal or can take the form of a wedge shaped solid plug tapering on one
      side from the open end of the partition to the supporting wall which
      allows space above and below the plugs for sample material. Also, the edge
      of the partition in some instances may be suitably tapered so as to
      provide a razor edge. In addition, the flow properties of many different
      kinds of materials can be investigated through the use of the device of
      this invention. Thus such large granular materials as coal, food
      materials, mineral ores as well as fine granular material as exemplified
      above can be employed. The size of the device is constructed with a view
      toward the kind of material to be placed therein. Thus for large particle
      size materials a very large container is constructed having a sufficiently
      wide passageway between the cells. Also, the volume of the sample employed
      in the device is selected to be suitable for the volume of the device such
      that suitable angles are formed between the surface of the sample and the
      frame.
PAR  Also, means for measuring the angles are known in the prior art. As
      suggested above indicator marks on the sides of the frame of the device
      can be employed or, more simply, a protractor can be held to the
      transparent side of the device with its vertex at the vertex of the angle
      in either instance. Other means for measuring the angles will occur to
      those skilled in the art. While the above described device is indicated as
      being box-like in construction the essential feature is that there be
      provided suitable planar surfaces upon which angles can be produced and
      measured. Accordingly, form or shape is widely variable and is a matter of
      engineering preference so long as suitable planar surfaces for measuring
      angles are provided. The preferred embodiment is described above and other
      forms such as semi-circular can easily be envisioned by one of ordinary
      skill in the art.
PAR  Other modifications and ramifications of the present invention will occur
      to those skilled in the art upon a reading of the present disclosure.
      These are intended to be included within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for measuring the angle of repose of granular material
      comprising a right-angle parallelepiped body, at least one side of said
      body being visually transparent, said body divided into two cells by an
      open ended interior partition sealed on three sides of said body, said
      open end providing a passageway between said cells for the passage of
      granular material from one cell to the other, said partition situated in a
      plane normal to said body, a measuring means on said transparent side to
      measure said angle of repose of said granular material and at least one
      cover on one end of said body.
NUM  2.
PAR  2. The apparatus of claim 1 wherein two sides of said body are visually
      transparent.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said transparent sides are extended
      beyond said body to form legs for said apparatus on at least one end.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said extended sides form legs at both
      ends of said apparatus.
NUM  5.
PAR  5. The apparatus of claim 1 wherein the interior surface of said body is
      electrically conductive.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said partition is electrically
      conductive.
NUM  7.
PAR  7. The apparatus of claim 2 wherein the open end of said partition is
      tapered.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said covers are removable.
NUM  9.
PAR  9. The apparatus of claim 1 further including seal means to seal said
      covers to said body to prevent escape of said granular material.
NUM  10.
PAR  10. The apparatus of claim 1 further including clamping means to secure
      said covers to said body.
NUM  11.
PAR  11. An apparatus for measuring the angle of repose of granular material
      comprising a body, said body divided into two cells by an open ended
      interior partition, said open ended partition providing the sole
      passageway between said cells for the passage of said granular material
      therebetween, said partition being in a plane normal to said body, at
      least a portion of said body being visually transparent, said visually
      transparent portion containing a measuring means to measure the angle of
      repose of said granular material, and at least one cover on one end of
      said body.
NUM  12.
PAR  12. An apparatus for measuring the angle of repose of granular material
      comprising a right-angle parallelepiped body, at least one side of said
      body being visually transparent said body divided into two cells by an
      open ended interior partition sealed to three sides of said body, said
      open end providing a passageway between said cells for the passage of
      granular material from one cell to the other, said partition situated in a
      plane normal to said body, and at least one cover on one end of said body.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said cover is hinged to said body.
NUM  14.
PAR  14. A method to determine the angle of repose of granular material which
      comprises;
PA1  1. providing an apparatus comprising a right-angle parallelepiped body,
      said body divided into two cells by an open ended interior partition
      sealed to three sides of said body, said open end providing a passageway
      between said cells for the passage of granular material from one cell to
      the other, said partition situated in a plane normal to said body and at
      least one cover on one end of said body;
PA1  2. placing a sample of said material in one of said cells and leveling the
      top surface of said sample while said body is retained in a horizontal
      position;
PA1  3. slowly raising said body to a vertical position so as to cause a portion
      of said sample to pass through said passageway to said other cell; and,
PA1  4. while in said vertical position measuring the angle formed by the top
      surface of said sample which passed through said passage and its
      supporting surface.
NUM  15.
PAR  15. The method of claim 14 wherein said apparatus further includes covers
      for each said cells and said angle is measured between the surface of said
      sample and said cover.
NUM  16.
PAR  16. The method of claim 14 further including the step of measuring the
      angle between the top surface of said sample and said partition subsequent
      to step 3.
NUM  17.
PAR  17. A method to determine the angle of repose of granular material which
      comprises;
PA1  1. providing an apparatus comprising a right-angle parallelepiped body,
      said body divided into two cells by an open ended interior partition
      sealed to three sides of said body, said open end providing a passageway
      between said cells for the passage of granular material from one cell to
      the other cell, said partition situated in a plane normal to said body and
      further including covers for each said cells;
PA1  2. placing a sample of said material in one of said cells and leveling the
      top surface of said sample while said body is resting in a horizontal
      position;
PA1  3. slowly raising said body to a vertical position so as to cause a portion
      of said sample to pass through said passageway to said other cells, and;
PA1  4. while in said vertical position measuring the angle formed by the top
      surface of said sample which passed through said passageway and its
      supporting surface.
NUM  18.
PAR  18. The method of claim 17 further including the step of measuring the
      angle formed between the top surface of said material not passing through
      said passageway and said partition.
NUM  19.
PAR  19. The method of claim 17 further including the steps of:
PA1  5. returning all of said sample into one of the cells and repeating steps
      2, 3, and 4 at least once.
NUM  20.
PAR  20. The method of claim 19 further including the step of measuring in each
      repetition the angle formed by the surface of said material not passing
      through said passageway immediately subsequent to step (3).
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ABST
PAL  A method and means for optimizing value obtainable from hog carcasses by
      utilizing particular hog measurements and current market values to
      determine cutting parameters. Ham and loin primal cuts from each carcass
      half are optimally produced in accordance with measurements made on the
      individual carcass from which the cuts are obtained.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 509,374,
      filed Sept. 26, 1974 now abandoned.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to application Ser. No. 455,168, filed Mar. 27,
      1974, now abandoned, entitled "Method and Apparatus for Measuring
      Carcasses" and assigned to the same assignee as this application. Insofar
      as the cross-referenced application is necessary for an understanding of
      the instant application, it is incorporated herein by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  In an effort to maximize the value of hog slaughtering in a processing
      plant, it appears we should not only think of hogs in groups or categories
      by weights or quality grades, but consider also each hog as an individual.
      We should analyze the various yield potentials of each hog according to
      the relative value of the various cuts based upon current market values,
      giving due consideration to market value of the various weight ranges of
      each primal cut and to the fact that yield potential of most of the cuts
      can be varied by the point of demarcation and still stay within customary
      trade practice. Where a primal cut is going to be reduced to a boneless
      cut, it is frequently possible to deviate beyond normal trade practice and
      improve values without inviting criticism from customers or the ultimate
      consumer.
PAR  The value of hog cuts must be calculated daily using current market values
      for each cut. The mark value of each cut is based on the cut weight. All
      cuts within a given weight range have the same market value. The desired
      weight of each of the primal cuts to produce maximum return for the
      current market is determined by establishing the exact points of
      demarcation between each primal cut on the individual carcass.
PAR  As an industry, we have applied the above technique to all hogs for a given
      market situation for an entire day's cut and this is where we lose a
      profit potential. It will be much easier to narrow our discussion to two
      primal cuts and amplify to all cuts later than to try to encompass all
      cuts at this point. Therefore, we will only consider hams and loins.
PAR  According to the previous methods on a given day when hams were selling
      substantially above loins, a standard well-run plant would issue
      instructions to cut all hams at least three fingers beyond the aitch bone
      on all hogs for that day's operation. Some plants would carry this to the
      extreme and specify the point of demarcation should be four fingers
      (approximately three inches) beyond the aitch bone. This practice would
      produce many hams and loins yielding less than the maximum profit
      potential.
PAR  For example, by cutting both sides of a carcass at a point 2.5 inches
      beyond the aitch bone, we could expect to produce two 18.00 lb. hams and
      two 12.50 lb. loins from a dressed carcass weighing 180 lbs., 32 inches
      long and 1.5 inches average backfat thickness.
PAR  In the market shown below, the value of the loins and hams would be
      computed as follows:
TBL  2 loins weighing 12.50 lbs. each (14.5 & down) at $0.435/lb.              
                                     =$10.88                                   
     2 hams weighing 18.00 lbs. each (17.5 - 20.5) at $0.395/lb.               
                                     =$14.22                                   
                          Total       $25.10                                   
                        Market Value ($/lb.)                                   
     Ham and Loin Weight Class (Lbs.)                                          
                        Hams      Loins                                        
     __________________________________________________________________________
     Less than 14.5     0.4900    0.4350                                       
     14.5 - 17.5        0.4275    0.4100                                       
     17.5 - 20.5        0.3950    0.3550                                       
     __________________________________________________________________________
PAR  Although it may not be obvious, in this market this hog was not cut in a
      manner to produce the most revenue. From our development, we know that the
      cut on the hams should have been 1.7 inch beyond aitch bone instead of 2.5
      inch. We would produce the following cuts:
TBL  2 loins weighing 13.00 lbs. each (14.5 & down) at $.435/lb.               
                                     =$11.31                                   
     2 hams weighing 17.25 lbs. each (14.5 - 17.5) at $.4275/lb.               
                                     =$14.75                                   
                          Total       $26.06                                   
PAL  By cutting this one hog at 1.7 inches rather than 2.5 inches from the aitch
      bone, we increased our revenue from $25.10 to $26.06 or $0.96.
PAR  Accordingly, a technique has been developed for increasing the revenue
      obtained from hams and loins. This technique is based on the proposition
      that particular measurements made on individual hog carcasses can be
      utilized for predicting the cutting locations yielding meat and carcass
      parts having a maximum value. This technique is not restricted to
      maximizing only the value of the ham and loin cuts, since the concept
      applies to other cuts of fresh pork or other meat products, such as
      picnics, bellies, butts, etc.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a method and means for optimizing
      the value of carcass parts (picnics, hams, etc.) from a hog carcass
      utilizing particular carcass measurements.
PAR  Another object of the invention is to provide a relationship between
      particular carcass measurements and variable market values.
PAR  A further object is to determine the maximum possible value of ham and loin
      primal cuts which can be produced from a given carcass.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and features of the invention will best be
      understood if reference is made to the following description in connection
      with the drawings, in which:
PAR  FIG. 1 illustrates a typical half carcass and indicates how the ham and
      loin cuts can vary;
PAR  FIG. 2 illustrates a typical half carcass and some particular measurements
      to be made;
PAR  FIG. 3a shows graph evaluations of a ham and a loin cut from a given
      carcass for a given market;
PAR  FIG. 3b shows graph evaluations of the combined value of the ham and loin
      cuts from a given carcass for a given market; and
PAR  FIG. 4 shows a means for implementing the method of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Hog fabrication is the term applied to the process of cutting hog carcasses
      into parts that are sold at the wholesale level. The parts are cut from
      all hog carcasses in nearly an identical manner. The variation in the
      characteristics of individual hog characteristics is not normally taken
      into account prior to butchering; therefore, it is entirely possible to
      cut a hog carcass into parts yielding less than the maximum value.
PAR  In the novel method of the invention, hog parts having the maximum value
      can be produced if the variation in hog carcass characteristics was taken
      into account prior to butchering. In a given market situation, the value
      of a cut varies with its size, and a particular size cut is quite often
      more valuable than any other size being sold. The method provides that
      each hog carcass is cut in such a way to produce the parts having the
      greatest demand (or value) in the market place.
PAR  The value of the ham and loins depends on the market conditions. The
      structure of the market follows.
TBL                         Price/Lb.                                          
     Weight Class           Hams/Loins                                         
     ______________________________________                                    
     less than 14.5 lbs.    A.sub.1                                            
                                   A.sub.2                                     
     14.5 - 17.5 lbs.       B.sub.1                                            
                                   B.sub.2                                     
     17.5 - 20.5 lbs.       C.sub.1                                            
                                   C.sub.2                                     
     20.5 - 23.5 lbs.       D.sub.1                                            
                                   D.sub.2                                     
     23.5 lbs. +            E.sub.1                                            
                                   E.sub.2                                     
     ______________________________________                                    
PAR  Generally speaking, the smaller hams and loins command a higher price per
      pound. However, in any classification (wt), the hams may be worth less,
      the same, or greater than loins. The object is to cut the carcass in such
      a manner that both the hams and loins so produced fall into the
      classifications producing the maximum revenue. The potential combinations
      available depend on a given hog; therefore, an accurate assessment is
      required.
PAR  The amount of ham and loin that can be cut from a cacass side varies. The
      ham and loin weight may vary by as much as .+-. 15%, depending how the
      carcass side is cut.
PAR  Referring now to FIG. 1, a carcass side is shown given the following
      relationships:
PA1  Minimum Ham = A-B
PA1  Maximum Ham = A-C
PA1  Minimum Loin = C-D
PA1  Maximum Loin = B-D
PA1  Ham or Loin = B-C depending on where the carcass is cut.
PAR  In order to maximize the value of the ham and loin parts, the relevant
      variables for predicting the weight of hams and loins that could be cut
      from a carcass half must be identified, and based on the relevant
      variables and current market values, the exact cutting position on a
      carcass for producing hams and loins having the maximum value must be
      rapidly identified utilizing a mathematical model or algorithm.
PAR  The variables effecting the size and thus the value of the hams and loins
      were identified from measurements collected on about 120 hog carcasses.
      Multiple regression analysis was used for the identification of the most
      important variables that were evaluated.
PAR  The regression analysis revealed that several variables are required for
      predicting the amount of loin and ham in a carcass half, i.e. ham/loin
      weight = f (carcass weight, ham circumference, three backfat measurement,
      muscle quantity). Separate regression equations were generated for
      predicting the amount of ham and the amount of loin in each carcass half.
      The maximum of the ham and loin combination produced by cutting between B
      and C is determined by an algorithm based on the above functions. The
      functions (equations) are as follows:
EQU  X.sub.h (Ham weight) = K.sub.h + h.sub.1 X.sub.1 + h.sub.2 X.sub.2 +
      h.sub.3 X.sub.3 + h.sub.4 X.sub.4 + h.sub.5 X.sub.5 + h.sub. X.sub.6 +
      h.sub.7 X.sub.7 + h.sub.8 X.sub.8 + h.sub.88 (X.sub.8).sup.2 + h.sub.9
      X.sub.9 + h.sub.99 (X.sub.9).sup.2.
PA1  x.sub.l (loin weight) = K.sub.L + L.sub.1 X.sub.1 + l.sub.2 X.sub.2 +
      L.sub.3 X.sub.3 + L.sub.4 X.sub.4 + L.sub.5 X.sub.5 + L.sub.6 X.sub.6 +
      L.sub.7 X.sub.7 + L.sub.8 X.sub.8 + L.sub.88 (X.sub.8).sup.2 + L.sub.9
      X.sub.9 + L.sub.99 (X.sub.9).sup.2.
PAL  Typical equations for predicting the weight of hams and loins from
      individual carcasses are presented in Table I. In this Table, the measured
      variables required for predicting the weight of the ham and loin are shown
      in FIG. 2. The regression coefficients associated with each variable are
      listed in Table I. The ham and loin coefficients may change under varying
      operating conditions. This technique is not restricted to the coefficients
      listed below.
TBL                TABLE I                                                     
     ______________________________________                                    
                     Predicting Equations                                      
                       Ham        Loin                                         
                       (h.sub.n)  (L.sub.n)                                    
     Variables         Coefficients                                            
                                  Coefficients                                 
     ______________________________________                                    
     Carcass Side* X.sub.1 0.063      0.433                                    
     Whole Carcass Weight                                                      
                   X.sub.2 0.042      0.057                                    
     (lb.)                                                                     
     Carcass Length (in.)                                                      
                   X.sub.3 0.024      0.252                                    
     Backfat Thickness                                                         
     (in.)                                                                     
      At First Rib X.sub.4 -0.297     -0.339                                   
      At Last Rib  X.sub.5 -0.261     1.01                                     
      At Last Lumbar                                                           
                   X.sub.6 -0.888     -1.46                                    
     Muscle Quantity*                                                          
                   X.sub.7 -0.177     -0.050                                   
     Ham Circumference                                                         
     (in.)                                                                     
      Linear Term  X.sub.8 -0.612     0.373                                    
      Quadratic Term                                                           
                   X.sub.8.sup.2                                               
                           0.028      -0.004                                   
     Cutting Distance                                                          
     (in.)*                                                                    
      Linear Term  X.sub.9 1.43       -1.09                                    
      Quadratic Term                                                           
                   X.sub.9.sup.2                                               
                           -0.10      +0.102                                   
     Constant      K       6.395      -8.74                                    
     Ham or Loin Weight                                                        
                   X       --         --                                       
     ______________________________________                                    
      *Explanation of variables:                                               
TBL  Carcass Side:  right side = 1,                                            
                    left side = 0                                              
     Muscle Quantity:                                                          
                    based on a   1 = excellent                                 
                    6 point scale;                                             
                                 6 = poor                                      
     Cutting Distance:                                                         
                    linear measurement from aitch bone                         
     ______________________________________                                    
PAL  From Table I, the following observations should be made:
PAR  1. The sign of each linear regression coefficient. A negative sign means
      that increasing the magnitude of the variable will decrease the weight of
      the ham and loin, and conversely, a positive sign means that the weight of
      the ham and loin will increase as the magnitude of the variable increases.
      These coefficients show that the amount of ham or loin in a carcass
      decreases with backfat thickness and muscle quantity scores and increases
      with carcass weight and length (high muscle quantity scores are indicative
      of poor muscle quantity).
PAR  2. The cutting distance from the aitch bone, and the ham circumference
      terms are not linear. The non-linear terms show that the weight of the ham
      and loin cut from a carcass half is not linearly proportional to the
      magnitude of the measurement.
PAR  3. The length of the carcass and the identification of the left or right
      side are more important for predicting the loins than hams. The
      identification of the side for predicting loins is more important than for
      predicting hams because approximately 1/2 pound more loin was found on the
      right side. This difference may have been due to a cutting bias introduced
      by the main splitting the carcass in two. The difference between the left
      and right hams is on the average less than an eighth of a pound.
PAR  The complex structure of the ham and loin market can be represented, for
      example, as a discontinuous function as shown in graphs of FIGS. 3a and 3b
      which represent evaluations of a given hog for a given market and
      classification. There are several weight classifications, and the value of
      the cuts change abruptly from one classification to the next. Solutions to
      equations can be obtained rapidly by a computer or calculator tie-in as
      indicated in FIG. 4.
PAR  The model for maximizing the value of the ham and loin cut from each hog
      carcass is based on the two regression equations as discussed. Only these
      two equations are used for predicting the weight of the ham and loin. The
      size of any ham or loin is expressed as a function of the cutting distance
      from the aitch bone. All other measurements for a given carcass are fixed
      and cannot vary. As the cutting distance from the aitch bone varies, hams
      and loins of varying sizes can be predicted for any cutting location. The
      value of each ham and loin combination is computed from current market
      values. The maximum value of the function corresponds to the cutting
      location producing a ham and loin having the greater dollar value.
PAR  The model takes into account the trimming losses associated with the
      preparation of hams and loins. Less fat is removed from a ham than a loin,
      and as a result, the total weight of all possible ham and loin
      combinations available in a carcass is not constant. The total weight of
      the ham and loin combination varies with the cutting position from the
      aitch bone. A large ham and small loin will weigh approximately 3/4 of a
      pound more than a small ham and large loin cut from the same carcass. The
      trimming losses associated with the preparation of hams and loins were
      built into the relationships existing among the variables when generating
      the original data. At this time, the amount of trimming obtained at each
      cutting location was distributed between the ham and loin in a ratio
      normally found at a given cutting location.
PAR  To produce the optimum size ham and loin for each carcass, a rapid means is
      required for estimating first the potential ham and loin available in a
      particular carcass from the measured characteristics and then integrating
      this information with the current ham and loin market value. The decision
      regarding how a carcass should be cut must be made before the cut is made,
      otherwise ham and loins having the maximum value cannot be produced. Once
      the cut is made between the Section B-C of FIG. 1, i.e. a predetermined
      amount of inches from the aitch bone, The size of the ham and loin is
      determined.
PAR  Referring now to FIG. 4 which is related to normal processing in a packer
      plant, the carcasses, whole carcasses and/or carcass halves, are moved on
      a conveyor arrangement 40 by their hind legs in the direction of arrow 40a
      in a continuous manner and at an approximate rate of 400 to 500 carcasses
      an hour. In order to make a measurement on each carcass, it is necessary
      to have the means available for rapidly making the measurements of length,
      circumference, and thickness, and then recording these measurements. The
      solutions to the foregoing equations are easily obtained by a computer or
      calculator tie-in as indicated in FIG. 4.
PAR  As a whole carcass or carcass half is moved along the conveying line 40, a
      first limit switch 41 is tripped causing a start pulse to be generated by
      means 41a and to be coupled by means 41b to the input/output terminal 42
      for coupling to the computing system. As the carcass moves along to a
      second position, it engages a scale weight load cell 44 which through
      amplifier driver 45a, produces a proportional output voltage to a digital
      volt meter 44b which produces a BCD coded output which is coupled and
      stored in the buffer store 44c. The output from the buffer store is
      coupled by line 44d to the input/output terminal in accordance with a
      strobe or timing pulse 44e from the computing system. The output of the
      scale load cell is proportional to the weight in pounds of the carcass and
      the value stored in buffer store 44c represents the carcass weight in
      pounds, variable X.sub.2 in the ham and loin predicting equations.
PAR  The carcass coontinues along the conveying system 40 to means 45 where the
      ham and carcass length measurements are made utilizing a measuring tool in
      accordance with the cross-referenced application. The length measurements
      are coupled to a digital volt meter 45a whose BCD coded output is coupled
      to a buffer store 45b which retains the ham circumference measurement and
      the carcass length measurement. The measuring tools by line 46c cause the
      storing of the measurements as described in the cross-referenced
      application. The measurements are then fed by means 45d in response to a
      timing or strobe signal 45e to the input/output terminal device. The ham
      circumference measurement represents the variable X.sub.8 in the
      predicting equations and the carcass length measurement represents
      variable X.sub.3 in the predicting equations. The carcass continues along
      the conveying system to means 46 where fatback measurements are made.
      These measurements represents the fatback thickness at the first rib or
      variable X.sub.4, at the last rib or variable X.sub.5, and at the last
      lumbar or variable X.sub.6. The fatback measurements are made utilizing a
      tool as described in the cross-referenced application and the output of
      the tool for the three measurements is coupled to a digital volt meter 46a
      whose BCD output is coupled to the buffer store 46b, wherein each of the
      three signals is retained in a store in accordance with an indication 46c
      of the measuring tool. The three outputs from the store 46b are coupled by
      lines 46d to the input/output terminal in accordance with strobe pulse
      46e.
PAR  As the carcass continues along the conveying rail 40, an operator by
      keyboard means 47 containing at least a six decimal scale indicates the
      muscle quantity in accordance with variable X.sub.7 in the predicting
      equations, the decimal output being coupled to a decimal to BCD converter
      47a whose output is fed to store 47b. The muscle quantity output from the
      store 47b is coupled by line 47d to the input/output terminal 42 in
      accordance with strobe pulse 47e. As limit switch 48 is tripped, a signal
      pulse is generated in means 48a and coupled by line 48b to the
      input/output terminal. The computing system is then able to solve the
      equations utilizing the measurements by varying the linear term X.sub.9
      from 0.5 to 3 inches for a given market condition. The computer output is
      coupled to a right side scribe readout means 49a and a left side scribe
      readout means 49b over line 50 for the particular carcass passing the
      measuring station of FIG. 4. The cutting distance in inches is indicated
      in readout means 49a and 49b as measured from the aitch bone, i.e., the
      cutting distance as measured from B to C of FIG. 1. Once this scribe is
      marked on the carcass side, the size of the ham or loin weight for the
      carcass side is fixed. A simple means for scribing the distance for the
      cutter would be to use a tool similar to a compass in which the fixed
      point is placed on the aitch bone and a knife-edge scribe mark is made at
      the distance according to the inches shown on the display 49a and 49b.
PAR  It should also be also understood that the necessary power supply source is
      coupled in the system by means of the input/output terminals or directly
      to the elements described. It should further be understood that this is
      one means of implementing the method of ham and loin predicting according
      to the predicting equation utilizing predetermined cutting parameters
      which have been measured for each whole carcass and producing for each
      carcass half an output indicating the maximum return for ham and loin
      primal cuts for the particular carcass measured.
PAR  The following examples indicate a typical evaluation using the method and
      means of the invention.
PAC  EXAMPLE I
PAR  A whole carcass weighing 149 lbs., having a length of 30.5 inches backfat
      measurements of 1.14, 1.70, and 1.10 inches for the first rib, last rib
      and last lumbar, a ham (thigh) circumference of 25.15 inches, and a muscle
      quantity of 2 was divided into two sides. The left side was cut according
      to a standard method (cut of 1.57 inches beyond the aitch) and the right
      side was cut according to the method described according to the invention.
      The following results were obtained:
TBL             Standard Cut                                                   
                            Invention Method                                   
                (left side) Cut (right side)                                   
     ______________________________________                                    
     Cutting location                                                          
                   1.57          2.75                                          
     (inches from aitch)                                                       
     Ham:                                                                      
      Weight (lbs.)                                                            
                  15.57 at 0.655/lb.                                           
                                17.38 at 0.655/lb.                             
      Value ($)   10.20         11.38                                          
     Loin:                                                                     
      Weight (lbs.)                                                            
                  12.50 at 0.685 /lb.                                          
                                11.50 at 0.685/lb.                             
      Value ($)    8.56          7.87                                          
     Total Value ($)                                                           
                  18.76         19.25                                          
     ______________________________________                                    
     Increase: $0.49/side (19.25-18.76) or 0.98/hog.                           
PAC  EXAMPLE II
PAR  The accuracy of predicting the size of the ham and loin from the regression
      equations was assessed by measuring the carcass prior to butchering and
      weighing the parts after butchering, and then comparing the actual with
      the predicted ham and loin weights:
TBL  Carcass Variable Parameters:                                              
     ______________________________________                                    
     Weight            145 lbs.                                                
     Length            31.2 inches                                             
     Backfat thickness (inches)                                                
      First Rib        2.9                                                     
      Last Rib         1.9                                                     
      Last Lumbar      2.1                                                     
     Muscle quantity   5                                                       
     Ham circumference 26.1                                                    
     ______________________________________                                    
TBL  Weight of Parts (Lbs.)                                                    
     Parts    Predicted  Actual    Predicting Error                            
     ______________________________________                                    
     Ham      15.66      15.30     0.36                                        
     Loin     14.31      14.40     0.09                                        
     ______________________________________                                    
PAC  EXAMPLE III
PAR  The variation in the value of hams and loins when cut at several locations
      on one carcass side is presented in the following table. This table shows
      that the maximum revenue for this carcass is achieved by cutting the side
      at 2 inches beyond the aitch bone.
TBL  __________________________________________________________________________
     Cutting Location                                                          
                Weight    Value                                                
     (beyond aitch bone)                                                       
                Ham  Loin Ham  Loin TOTAL                                      
     __________________________________________________________________________
     0.50       15.59                                                          
                     14.58                                                     
                          10.29                                                
                               10.50                                           
                                    20.79                                      
     1.00       16.23                                                          
                     14.11                                                     
                          10.71                                                
                               10.44                                           
                                    21.15                                      
     1.50       16.82                                                          
                     13.70                                                     
                          11.10                                                
                               10.13                                           
                                    21.23                                      
     2.00       17.36                                                          
                     13.33                                                     
                          11.46                                                
                                9.86                                           
                                    21.32                                      
     2.50       17.85                                                          
                     13.10                                                     
                          11.33                                                
                                9.63                                           
                                    20.96                                      
     __________________________________________________________________________
TBL                     Price/Lb.                                              
     Weight Class       Ham         Loin                                       
     ______________________________________                                    
     Less than 14.5     .71         .74                                        
     14.5 - 17.5        .66         .72                                        
     17.5 - 20.5        .635        .68                                        
     20.5 +             .600        .59                                        
     ______________________________________                                    
PAR  A process for increasing the value of hams and loins cut from individual
      hog carcasses has been described. The process is based on the accuracy of
      predicting the carcass cutting position based on carcass measurements and
      current market values.
PAR  It should be understood that specific weight classifications and market
      values have been used; however, the weight classes and corresponding
      market values could be changed without affecting the validity of the
      method or the accuracy of its results. Identifying the critical parameters
      and making the individual measurements on each carcass is necessary in
      order to attain a maximized value of hams and loins. This invention should
      not be confined to using only those predicting parameters described
      herein.
PAR  While we have described above the principles of our invention in connection
      with specific apparatus, it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of our invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of hog carcass measurements for determining ham and loin cuts
      during processing, comprising the steps of:
PA1  weighing the carcass;
PA1  measuring the ham circumference and carcass length;
PA1  measuring the backfat thickness;
PA1  indicating the muscle quantity; and
PA1  utilizing the measurements to indicate the cutting point in relation to the
      aitch bone.
NUM  2.
PAR  2. The method of claim 1, including the steps of measuring the backfat
      thickness at the first rib, the last rib and at the last lumbar.
NUM  3.
PAR  3. The method of claim 2, including the steps of storing and coupling the
      measured values to a calculating means.
NUM  4.
PAR  4. The method of claim 3, including indicating the cutting point for the
      measured carcass for optimized ham/loin cuts.
NUM  5.
PAR  5. A method for hog processing for maximizing the value of ham and loin
      cuts for a given carcass and market condition, comprising:
PA1  weighing the hog carcass;
PA1  measuring the carcass length and ham circumference;
PA1  measuring the backfat thickness at three predetermined locations;
PA1  determining a muscle quantity for the carcass; and
PA1  utilizing the weight and measurement results to effect an optimization ham
      and loin cut to be made per hog side.
NUM  6.
PAR  6. The method of claim 5, including cutting the carcass side a
      predetermined distance from the aitch bone.
NUM  7.
PAR  7. The method of claim 6, wherein said predetermined distance is 0.5 to 3.0
      inches forward of the aitch bone.
NUM  8.
PAR  8. A process for maximizing the value of ham and loin cuts from a carcass
      by incorporating particular carcass measurements in the determination of
      the cuts, the process including:
PA1  storing a first signal representing the weight of the carcass to be cut;
PA1  storing a second signal representing the ham circumference;
PA1  storing a third signal representing the carcass length;
PA1  storing a fourth signal representing the backfat thickness at the first
      rib;
PA1  storing a fifth signal representing the backfat thickness at the last rib;
PA1  storing a sixth signal representing the backfat thickness of the last
      lumbar;
PA1  storing a seventh signal representing the muscle quantity; and
PA1  utilizing said first through seventh signals to determine the optimum ham
      and loin cuts in the carcass.
NUM  9.
PAR  9. The process of claim 8, including
PA1  indicating the cutting distance forward of the aitch bone.
NUM  10.
PAR  10. The process of claim 9, including indicating the cutting distance of
      ham and loin cuts in relation to the aitch bone for both the left and
      right carcass sides.
NUM  11.
PAR  11. The process of claim 10, including indicating the start of the carcass
      measurements, and indicating the end of the carcass measurements.
NUM  12.
PAR  12. The process of claim 10, including scribing a cut mark on the carcass
      side in accordance with the indicated distance.
NUM  13.
PAR  13. A method for maximizing the value obtainable from a hog carcass side as
      a function of particular carcass measurements and primal ham and loin cut
      market values, the hog fabrication being dependent on measuring the
      carcass and making an initial cut between the ham and the loin according
      to the procedure, comprising:
PA1  weighing a carcass;
PA1  measuring the carcass length from the aitch bone to the first rib;
PA1  measuring the ham circumference;
PA1  making backfat thickness measurements at the first rib, the last rib, and
      the last number;
PA1  evaluating the muscle quantity;
PA1  calculating from the measurements and evaluation the potential ham and loin
      cuts; and
PA1  indicating the cutting point between the ham and loin based on the distance
      from the aitch bone for the carcass side being processed.
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ABST
PAL  A liquid passageway is formed in a vessel and is filled with liquid, which
      flows in response to a shock or an acceleration applied to the vessel, and
      signal detection means produces an electrical signal in accordance with
      the velocity of the liquid flow. Threshold presetting means is disposed
      within the liquid passageway on one side of the signal detection means,
      and permits a passageway of the liquid therethrough only for a liquid
      pressure which exceeds a given value. A check valve is disposed within the
      liquid passageway on the opposite side of the signal detection means with
      respect to the threshold presetting means. The check valve permits a flow
      of the liquid toward the threshold presetting means, but blocks a movement
      of the liquid in the opposite direction. That amount of the liquid which
      has moved past the threshold presetting means is returned to the liquid
      passageway by passing it through a return path so as to flow through the
      check valve in a forward direction. A signal is produced by the signal
      detection means only when the vessel is subjected to a shock in excess of
      a given value.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a shock sensor utilizing liquid, in particular to
      a shock sensor which is responsive only to shocks of magnitude in excess
      of a given value.
PAR  A number of applications are found for a shock sensor. For example, it may
      be mounted on an automobile to detect a collision accident to expand an
      air bag for protection of the life of the occupants. Alternatively, it may
      be mounted on a glass window or door in order to issue an alarm when the
      window is destroyed by a thief, by detecting the shocks applied to the
      pane. A conventional shock sensor comprises a mass of metal which is
      resiliently biased and which closes an electrical circuit by contact with
      an oppositely disposed electrode when the mass has moved more than a given
      distance. This type of shock sensor which depends on the electrical
      contact is susceptible to the deterioration of contact, resulting in a
      poor reliability and a reduced useful life. In addition, a resonance may
      be caused by mechanical vibrations, giving rise to a malfunctioning.
      Another difficulty is experienced in increasing the sensitivity by
      reducing the resilience of the spring and increasing the weight of the
      metal mass, in that a massive metal body can not be properly retained by a
      spring having a reduced resilience.
PAR  Another type of shock sensor is known having a vessel in which a liquid
      passageway is formed for receiving a body of liquid so that when the
      vessel is subjected to a shock lengthwise of the passageway, the liquid
      moves relative to the passageway so as to permit a detection of the shock
      applied, using the velocity of the liquid flow as a variable. This has an
      advantage of increasing the detection velocity by detecting the velocity
      of flow rather than a displacement of a mass. Further advantages are
      obtained in that the reliability is increased by avoiding a mechanical
      contact and that unlike a mass-spring system, the resonance which results
      from vibrations can be shifted out of the frequency band used.
      Additionally, the magnitude of the shock applied can be determined.
PAR  Where a shock sensor is mounted on an automobile for detection of shocks,
      the air bag must not be expanded in response to shocks of small magnitude
      since otherwise the expanded bag will block the sight of the driver,
      causing an even greater accident. When driving on an uneven road, the
      automobile is subjected to small shocks perpetually, and in such instance,
      the detection of shocks is not required or preferably should be avoided.
      This is true also in a collision where the running velocity is not high
      enough to cause a loss of human life or a serious damage. In view of these
      facts, it is desirable that only shocks of magnitude in excess of a given
      value be detected. Similarly, in the application to the detection of a
      glass window or door being destroyed, it is desired that the shock sensor
      does not operate in response to shocks occurring when opening or closing
      the window or door or shocks of the wind, but responds only in response to
      shocks which are produced when the pane is being destroyed. In
      consideration of these and other factors, the present inventors has
      previously proposed the provision of threshold presetting means in a shock
      sensor utilizing a body of liquid, in which a motion of the liquid is only
      permitted in response to shocks of magnitude in excess of a given value.
PAR  The threshold presetting means may be disposed intermediate the ends of the
      liquid passageway and constructed such that the liquid can move past the
      threshold presetting means when the energy of the liquid tending to move
      in response to a shock exceeds a given value. However, when a shock sensor
      provided with such threshold presetting means is subjected to a shock in
      the opposite direction to cause a movement of the liquid in the opposite
      direction or away from the threshold presetting means and is subjected to
      a second shock immediately thereafter, there will occur a movement of the
      liquid unrestricted by the threshold presetting means, thereby resulting
      in a detection of the shock. Such an event will be experienced on an
      automobile having its shock sensor arranged so as to detect a collision
      with a forwardly located object, when a shock of relatively small
      magnitude is applied to the automobile immediately after it has been
      bumped from behind to a slight degree. Vibrations experienced on an uneven
      road may cause a movement of the liquid in a direction away from the
      threshold presetting means, which may prevent a proper functioning of the
      latter. In addition, where a continual vibration of the shock sensor
      occurs when driving on an uneven road, for example, accompanying a
      corresponding oscillation of the internal liquid, a resonance may be
      caused, whereby the shock sensor may operate improperly to detect it as a
      large shock. Where it is desired to provide a uniform detection of shocks
      from an angular range or from all directions, the liquid passageway is
      constructed in the form of a plurality of radially extending branch paths
      which cover the angular extent or all the directions, with their branch
      points communicating with a common path. A proper detection can be
      obtained in this instance if the movement of the liquid which occurred in
      one of the branch paths is transmitted in its entirety to the common path,
      but the shock to be detected may not be detected if a part of the liquid
      flow is diverted to another or other branch paths. The above discussions
      also apply in the application of the shock sensor to the detection of
      destruction of a glass window or door wherein the application of a shock
      of a relatively small magnitude applied after the liquid has moved away
      from the threshold presetting means without passing therethrough may
      result in a false detection of the destruction of the pane. In addition, a
      resonance may be caused in the pane in response to vibrations which are
      caused by the wind.
PAR  Therefore, it is an object of the invention to provide a shock sensor
      utilizing liquid which does not respond to shocks of magnitude less than a
      given value.
PAR  It is another object of the invention to provide a shock sensor of the type
      described in which a movement of the liquid is prevented for shocks from
      any direction which are of magnitude less than a given value.
PAR  It is a further object of the invention to provide a shock sensor which
      blocks an ingress of air into the liquid passageway when permitting a
      movement of the liquid during a return flow of the liquid after its
      movement has occurred.
PAR  It is an additional object of the invention to provide a shock sensor which
      prevents air from remaining in the liquid passageway when the vessel
      assumes a proper position subsequent to its positional adjustment.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a liquid passageway is formed in a
      vessel, and is filled with liquid. Signal detection means is provided for
      producing a signal in accordance with the velocity of the liquid flow.
      Threshold presetting means is disposed within the liquid passageway on one
      side of the signal detection means, and permits a passage of the liquid
      therethrough when the energy of the liquid tending to move exceeds a given
      value. A return path is provided to form a loop with the liquid
      passageway, and that amount of the liquid which has moved past the
      threshold presetting means is returned to the liquid passageway through
      the return path. A check valve is disposed within the liquid passageway on
      the opposite side of the signal detection means from the threshold
      presetting means for blocking a movement of the liquid in a direction from
      the threshold presetting means toward the signal detection means. The
      check valve does not substantially block a flow of the liquid in a
      direction from the signal detection means toward the threshold presetting
      means. The liquid within that portion of the liquid passageway which
      contains the signal detection means is constrained in its movement by
      means of the threshold presetting means and the check valve. As a result,
      only in response to a shock of magnitude in excess of a given value which
      causes the liquid to move in a direction from the signal detection means
      toward the threshold presetting means, the liquid is allowed to pass
      through the threshold presetting means, and the velocity of such liquid
      flow is detected by the signal detection means. A movement of the liquid
      is blocked by the check valve when the vessel is subjected to a shock
      which tends to cause a liquid flow in a direction from the signal
      detection means toward the check valve. In this manner, the liquid is
      maintained in contact with the threshold presetting means, so that the
      latter remains effective.
PAR  The threshold presetting means may comprise a blocking member disposed
      within the liquid passageway and having small apertures or slits formed
      therein which permit the liquid to pass therethrough only when the liquid
      pressure exceeds a given value. Alternatively, the threshold presetting
      means may comprise a valve disposed within the liquid passageway, with the
      valve being biased by a spring so that the valve may be opened when the
      pressure applied against the valve exceeds a given value. The check valve
      suitable for use in the invention may be any one of conventional ones. For
      example, the liquid passageway may comprise a substantially horizontally
      extending portion and a vertical portion which connects with one end of
      the horizontal portion, and a restriction may be formed in the vertical
      portion with a valve body disposed therein below the restriction so that
      the buoyancy of the liquid acting on the valve body causes it to abut
      against the restriction, thus blocking the restriction. A float may be
      disposed below the valve body in order to increase the buoyancy. The
      signal detection means may be any one of known various means. Where the
      liquid is electrically conductive, the signal detection means may be
      constructed by establishing a magnetic field across the liquid passageway
      in a direction substantially perpendicular thereto and by disposing a pair
      of electrodes spaced apart in a direction perpendicular to both the
      magnetic field and the liquid passageway, thus enabling a voltage to be
      developed across the pair of electrodes in proportion to the velocity of a
      liquid flow in the liquid passageway. Alternatively, flow meters of
      Karman's vortex street type, ultrasonic type or hot-wire type may be used.
      A liquid reservoir is formed in communication with the liquid passageway,
      and may be utilized during shipment or storage when the position of the
      vessel is changed, or inverted, for example, in order to contain the air
      within the vessel therein, thus leaving the liquid passageway free from
      air. In this manner, an oxidation of the electrodes used with an
      electrically conductive liquid which may result from its contact with air
      can be avoided. In the region of the check valve, flutes may be formed in
      the liquid passageway so as to extend both upwardly and downwardly from
      the valve, and is constructed to prevent a penetration of the liquid
      therein. When the liquid which is returned through the return path passes
      through the check valve, the air contained therein is vented through the
      flutes, thus preventing the air from reaching that portion of the liquid
      passageway which is adjacent to the signal detection means. Where it is
      desired to detect shocks from an angular range or from all directions, a
      plurality of liquid passageways may be formed substantially in a single
      plane with their one end collected together, while their other end is each
      bent in an upward direction to form a vertical extension within which a
      check valve is provided. A common vertical path is provided in
      communication with said one end of the passageways so as to extend
      upwardly therefrom, and the threshold detection means and the threshold
      presetting means may be disposed within this common vertical path. A pair
      of vertical paths may be formed at the opposite ends of a single
      horizontal path and contain the threshold presetting means and check valve
      for detection of shocks from the opposite directions.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic perspective view of one embodiment of the shock
      sensor according to the invention;
PAR  FIG. 2 is a cross section of another embodiment of the shock sensor
      according to the invention, taken along the line A--A shown in FIG. 5;
PAR  FIG. 3 is a rear view of FIG. 2;
PAR  FIG. 4 is a plan view of FIG. 2, with lid being removed;
PAR  FIG. 5 is a cross section taken along the line D--D shown in FIG. 2;
PAR  FIG. 6 is a perspective view of a first block of the shock sensor shown in
      FIG. 2;
PAR  FIG. 7 is a perspective view of the first block with a magnetic yoke
      mounted thereon, as viewed in the opposite direction from FIG. 6;
PAR  FIG. 8 is a perspective view of a second block;
PAR  FIG. 9 is a left-hand side elevation of the second block;
PAR  FIG. 10 is an enlarged perspective view of threshold presetting means;
PAR  FIG. 11 is a perspective view of an electrode holder;
PAR  FIG. 12 is a perspective view of a third block;
PAR  FIG. 13 is a perspective view of a cylindrical body;
PAR  FIG. 14A is a graph showing typical shocks;
PAR  FIG. 14B graphically shows the output of the shock sensor;
PAR  FIG. 15 is a schematic perspective view of the bidirectional shock sensor
      according to the invention;
PAR  FIG. 16 is a cross section of one embodiment of the all-directional shock
      sensor of the invention, taken along the line B--B shown in FIG. 17;
PAR  FIG. 17 is a cross section taken along the line C--C shown in FIG. 18;
PAR  FIG. 18 is a cross section of the shock sensor according to the invention
      which is capable of detecting shocks applied in the vertical direction;
PAR  FIGS. 19 and 20 are cross sections illustrating other embodiments of the
      shock sensor according to the invention;
PAR  FIG. 21 is a cross section taken along the line E--E shown in FIG. 20; and
PAR  FIGS. 22 to 24 are cross sections showing further embodiments of the shock
      sensor according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a vessel 1 is in the form of a block molded from
      synthetic resin material, for example, in which a liquid passageway 2 is
      formed. In the example shown, the shock sensor is arranged so as to be
      capable of uniformly detecting shocks from an angular range of
      .+-.30.degree. with respect to a centerline 3. The passageway includes a
      pair of branch paths 2a, 2b which extend at an angle of .+-.20.degree.
      with respect to the centerline 3 near the bottom of the vessel 1. The
      branch point of the branch paths 2a, 2b communicates with one end of a
      common path 2c extending along the centerline 3. The branch paths 2a, 2b
      and the common path 2c constitute together a horizontal path. The
      passageway 2 is filled with liquid 4, which is mercury in the present
      example. Means 5 for producing a signal in accordance with the velocity of
      flow of the liquid 4 is provided. At this end, a pair of spaced permanent
      magnets 6, 7 are disposed on opposite sides of the common path 2c so as to
      be level with the upper and lower surfaces thereof, the magnets 6, 7
      having their poles of different polarities facing the path 2c, thus
      establishing a magnetic field in a direction substantially perpendicular
      to the length of the passageway 2. In the region of the magnetic field, a
      pair of electrodes 8, 9 are disposed in the side walls of the path 2c and
      project therefrom into the path so as to be opposite to each other. While
      not shown, the electrodes 8, 9 are electrically connected with lead wires
      which extend to the exterior of the vessel 1.
PAR  Threshold presetting means 10 is disposed in one end of the passageway 2.
      At this end, the end of the common path 2c which is remote from the branch
      paths 2a, 2b extends in an upward direction to form a vertical path 2d,
      which is filled with a bundle of hollow fibres 10 extending lengthwise.
      The lower end of the threshold presetting means 10 which is nearer the
      common path 2c is normally maintained in contact with the mercury 4, but
      the mercury is prevented from entering the bundle of fibres by virtue of
      surface tension. The inner diameter of the fibres in the bundle 10 is
      determined by the minimum value of shocks to be detected.
PAR  A check valve 11 is disposed in the other end of the passageway 2. In the
      example shown, the branch paths 2a, 2b are extended vertically at their
      end remote from the common path 2c, thus forming vertical paths 2e, 2f. A
      pair of restrictions 12a, 12b are formed in the upper end of the
      respective vertical paths 2e, 2f, and a pair of spherical valve bodies
      13a, 13b of a diameter greater than that of the restrictions are disposed
      within the vertical paths 2e, 2f, respectively, below the restrictions
      12a, 12b. The valve bodies 13a, 13b are formed of a material having a
      specific gravity which is less than that of the liquid 4, for example
      balls of stainless steel where the liquid is mercury, thus allowing the
      buoyancy of the liquid 4 to cause the valve bodies 13a, 13b to block the
      restrictions 12a, 12b from below. Thus, a liquid flow in an upward
      direction through the respective vertical paths 2e, 2f is prevented, but a
      liquid flow in the downward direction is permitted, thus forming the check
      valve 11.
PAR  The top end of the vertical path 2d communicates with one end of a return
      path 14 formed along the upper surface of the vessel 1 so that the liquid
      4 which has moved past the threshold presetting means 10 may be returned
      to the liquid passageway 2 through the check valve 11. The other end of
      the return path 14 is expanded crosswise generally in T-shape, with the
      opposite ends of the expanded regions communicating with the upper end of
      the restrictions 12a, 12b, respectively. In order to achieve a greater
      velocity of flow in the common path 2c, the upper surface of the branch
      paths 2a, 2b is inclined so as to be closer to the upper surface of the
      vessel 1 as the vertical paths 2e, 2f are approached, and the
      cross-sectional area of the branch paths 2a, 2b is reduced as the common
      path 2c is approached. To prevent bubbles from remaining within the
      passageway 2, the upper surface of the common path 2c is inclined upwardly
      in its region adjacent to the vertical path 2d in the same manner as the
      branch paths 2a, 2b are inclined. In order to assure a return flow of the
      liquid 4 which has moved past the threshold presetting means 10 toward the
      check 11, the bottom surface of the return path 14 is downwardly inclined
      toward its end nearer the check valve 11. The amount of the liquid 4
      filling the liquid passageway 2 is chosen so that the check valve 11 is
      closed, and the check valve 11 is located to be at a level higher than the
      liquid level at the interface between the threshold presetting means 10
      and the body of liquid 4, thus causing the gravity to urge the liquid 4
      into contact with the threshold presetting means 10.
PAR  In operation, when a shock indicated by an arrow 16 is applied to the
      vessel 1 along the common path 2c from the side nearer the vertical path
      2d, the vessel 1 tends to move the mercury 4 tends to remain in position,
      thus resulting in a tendency of the liquid 4 to move toward the threshold
      presetting means 10 within the passageway 2. However, when the magnitude
      of the shock applied is less than a given value, the presence of the
      threshold presetting means 10 prevents a flow of mercury 4. On the other
      hand, a shock exceeding the given value permits the mercury 4 to pass
      through the threshold presetting means 10. As a consequence, a voltage is
      developed across the pair of electrodes 8, 9 in proportion to the velocity
      of flow of the mercury 4, thus detecting the application of a shock which
      exceeds the given value.
PAR  With the present shock sensor, shocks can be detected in the manner which
      achieves the previously mentioned objects of the invention. When the
      vessel is subjected to a shock in the opposite direction from that
      indicated by the arrow 16, the mercury 4 tends to move toward the vertical
      paths 2e, 2f, but a reverse flow of the mercury 4 can not occur since the
      restrictions 12a, 12b are blocked by the valve bodies 13a, 13b. Thus, a
      movement of the mercury 4 away from the threshold presetting means to
      thereby lose the function of the threshold presetting means is prevented
      from occurring in response to a small shock applied in the opposite
      direction, thus maintaining the body of the mercury 4 in contact with the
      threshold presetting means 10 so as to enable the threshold presetting
      means to determine a threshold value. The presence of the branch paths 2a,
      2b permits a uniform detection of shocks 16 from directions which lie
      within an angle of .+-.30.degree. with respect to the centerline 3. It
      should be noted that such uniformity can not be achieved without the check
      valve 11 since then a portion of the mercury flowing from one of the
      branch paths toward the common path 2c will also flow to the other branch
      path. However, in the embodiment described, the presence of the check
      valve 11 prevents the possibility of the mercury flowing from one branch
      path to the other, and in a practical apparatus constructed in accordance
      with this embodiment, a uniform detection has been achieved over an
      angular range as designed. In response to a shock, the mercury 4 enters
      the bundle of hollow fibres 10 and rapidly leaves it while preventing the
      oscillation of the mercury 4 within the passageway 2 by the combined
      action of the bundle 10 and the check valve 11, thus rapidly restoring its
      initial condition. Where the shock sensor is utilized to expand an air
      bag, a shock which causes a movement of the mercury but which is not
      strong enough to cause an expansion of the air bag results in a rapid
      restoration to the initial condition, so that there is obtained a proper
      detection of shocks which occur in close succession. Since a proper
      functioning of the threshold presetting means 10 is assured, a proper
      detection can be obtained if shocks to be detected is set at a level which
      is relatively close to that of shocks which need not be detected.
PAR  In a performance test, it has been recognized that after passage through
      the threshold presetting means 10, the mercury 4 flows through the return
      path 14 and the restrictions 12a, 12b to the branch paths 2a, 2b,
      rendering the shock sensor to be reusable. The provision of the return
      path 14 and the check valve 11 assures the operability of the sensor when
      oriented in its correct position if the position of the sensor is changed
      during shipment.
PAR  FIGS. 2 to 13 show a second embodiment of the shock sensor according to the
      invention. Specifically, the vessel 1 comprises a first block 20 including
      a detector 5 and threshold presetting 10, a second block 21 including
      check valve 11, a third block 22 which is fitted into the second block 21
      to form the pair of branch paths 2a, 2b, and a lid 23 which forms the
      return path 14 together with the first and second blocks 20, 21. As shown
      in FIGS. 2, 6 and 7, a bore which forms the vertical path 2d is formed in
      the first block 20 and extends toward the bottom thereof from its top
      surface, and threshold presetting means 10 is formed in the upper one-half
      of the bore. In the arrangement shown, the threshold presetting means 10
      comprises a bundle of hollow fibres such as polyamide, polyester
      regenerated cellulose or glass fibres, for example, disposed within the
      vertical path 2d, these fibres having an inner diameter which prevents an
      ingress of the liquid at a liquid pressure below a given value. In one
      example, the inner diameter of the fibres may be on the order of 30 to 70
      microns. These fibres can be fabricated with any desired inner diameter
      uniformly by impregnating the bundle of fibres with a diluted solution in
      a solvent of a thermosetting resin such as epoxy or phenol resin, for
      example, and heating them under compression. If the axis of the hollow
      fibres is arranged parallel to the vertical path 2d, a portion thereof may
      become removed from the vertical path during a shock test or in response
      to an external force. To avoid this, the hollow fibres 24 as bundled may
      be twisted and bonded together by an adhesive 25, as shown in FIG. 10. The
      bonded bundle may be cut to size, and fitted into the upper one-half of
      the vertical path 2d which has an increased diameter as shown in FIG. 2,
      thus forming a shoulder 26. The threshold presetting means 10 comprising
      an assembly of the hollow fibres has its lower edge disposed in abutting
      relationship with the shoulder 26, the interface of the threshold
      presetting means with the liquid 4 being at an angle with the horizontal
      so as to permit an easy removal of air when charging the liquid 4. Where
      the liquid 4 comprises mercury, the surface tension is effective to
      present a resistance to the penetration of mercury into the hollow fibres,
      but other liquid can also be used by making these hollow fibres from a
      material which exhibits a suitable repelling property to the liquid.
PAR  A transverse bore which forms the common path 2c  is formed in the first
      block 20 so as to extend substantially perpendicularly to and in
      communication with the lower one-half of the vertical path 2d intermediate
      its ends, the common path 2c opening through its surface which is located
      opposite to the second block 21. Thus, the vertical path 2d extends to a
      position below the common path 2c, thereby forming a liquid reservoir 27.
      In the forward portion of the first block 20 nearer the second block 21, a
      bore 28 is formed so as to extend parallel to the vertical path 2d from
      its top surface toward the common path 2c, and receives a cylindrical
      permanent magnet 6. In a similar manner, a bore 29 is formed in the bottom
      of the first block 20 so as to extend close to the common path 2c in
      opposing relationship with the bore 28, and receives a permanent magnet 7.
      The top surface of the first block 20 is stepped so as to be lower over
      the magnet 6 than over the threshold presetting means 10. A U-shaped
      magnetic yoke 30 is engaged with the upper surface of the magnet 6 and the
      lower surface of the magnet 7. At this end, a pair of recesses 31, 32 are
      formed in the top and bottom portions of the first block 20 for receiving
      the yoke 30. For connection with the second block 21, the lateral sides of
      the first block in its forward portion in which the detector 5 is arranged
      are recessed, and a pair of guide grooves 33, 34 extend through the bottom
      of these recessed portions in a direction parallel to the common path 2c.
      At its end face facing the second block 21, the first block 20 is formed
      with a circular groove 35 which surrounds the opening of the common path
      2c. A U-shaped groove 36 is formed in the top surface of the rear portion
      of the first block 20 which is located above the threshold presetting
      means 10 so as to surround the opening of the vertical path 2d, and
      communicates with a channel-shaped groove 37 formed in the step between
      the forward and rearward portions of the first block 20. A sidewall of the
      vertical path 2d which is located nearer the detector 5 is notched in its
      top so as to form a part of the return path 14.
PAR  As shown in FIG. 5, the pair of electrodes 8, 9 are received in a pair of
      electrode holders 38, 39 which are of an identical construction.
      Specifically, referring to FIG. 11, the holder 38 comprises a body 38a
      having an extension 38b which extends in a direction perpendicular to the
      plane of the body 38a. A central bore 40 is formed through the extension
      38b, and a narrow groove 41 is formed in the surface of the body 38a which
      is opposite from the extension 38b so as to extend lengthwise thereof, the
      groove 41 communicating with the bore 40. The electrode 8 is initially
      inserted into the central bore 40 and then bent at right angles so as to
      be fitted into the groove 41, and subsequently is bent again in a
      direction which is substantially perpendicular to both the extension 38b
      and the groove 41. Referring to FIGS. 5 to 7 and 11, a notch 42 is formed
      centrally in the outer wall which defines the groove 33, and an electrode
      insertion opening 43 is formed in the inner wall of the groove 33 in
      alignment with the notch 42, the opening 43 being reduced in diameter at a
      position adjacent to the common path 2c. When mounting the holder 38, the
      electrode 8 is engaged with the holder 38, which is then inserted through
      the notch 42 while maintaining it in a vertical position, as indicated in
      phantom lines in FIG. 11. Subsequently, the extension 38b is inserted into
      the opening 43 so that the tip of the electrode 8 extending through the
      extension 38b projects into the common path 2c through the reduced
      diameter portion of the opening 43. Finally, the body 38a is turned toward
      the vertical path 2d to be fitted within the guide groove 33. Thereupon,
      the other end of the electrode 8 extends to the exterior of the vessel 1
      through a groove 44 cut into the first block 20 in communication with the
      end of the groove 33. It is to be noted that when inserting the extension
      38b into the opening 43, an O-ring 45 is fitted on the electrode 8 to
      prevent a leakage of the liquid 4. In a similar manner, the electrode 9 is
      received in the holder 39, which is fitted into the groove 34. A notch 42'
      corresponding to the notch 42 is formed in the inner sidewall which
      defines the groove 34. Also a groove 44' corresponding to the groove 44 is
      formed in communication with the groove 34 for extending the electrode 9
      therethrough.
PAR  As indicated in FIGS. 2 and 8, the second block 21 is generally in an
      inverted L-shape including a vertical leg 21a in which a pair of
      longitudinal bores are formed extending from the top surface toward the
      bottom surface, thereby providing the vertical paths 2e, 2f. The second
      block 21 also includes a horizontal leg 21b which defines the return path
      14 by a groove formed in its upper surface extending from its end face
      adjacent to the first block 20 and communicating with the vertical path
      2e, 2f. A U-shaped rib 46 is formed on this end face of the horizontal leg
      21b for fitting engagement with the groove 37 formed in the first block
      20. These blocks 20, 21 are connected together by an ultrasonic welding. A
      pair of tabs 47, 48 extend from the vertical leg 21a toward the first
      block 20 at its opposite sides so as to extend below the horizontal leg
      21b, and mate with the opposite lateral sides of the forward portion of
      the first block 20 in which the detector 5 is received. At this time, a
      circular rib 49 formed in the face of the vertical leg 21a facing the
      first block engages the circular groove 35 formed in the first block,
      these parts being connected together by an ultrasonic welding. A slot 57
      is formed intermediate the tab 48 and the horizontal leg 21b so as to
      receive the magnetic yoke 30. Part of the common path 2c is formed in the
      second block 21 and is located centrally inside the circular rib 49 so as
      to communicate with that portion of the common path 2c which is formed in
      the first block 20 when the both blocks are connected together. The
      vertical paths 2e, 2f extend to a position below the common path 2c,
      forming a pair of liquid reservoirs 50, 51 (51 being not shown). In order
      to provide the check valve 11 within the vertical paths 2e, 2f, the upper
      one-half of each vertical path 2e, 2f has an increased diameter and
      receives a cylindrical body 52. A restriction 12a is formed on the inner
      wall of the cylindrical body 52 disposed within the vertical path 2e, and
      a ball 13a is disposed below the restriction. As indicated in FIG. 13, in
      the region of the cylindrical body 52 which projects into the return path
      14, it is partially notched along one-half circumference thereof which is
      located nearer the first block 20. A flute 53 is formed in the inner wall
      of the cylindrical body 52 across its length, and another flute 54 is
      formed in the bottom portion of the vertical path 2e in communication with
      the first mentioned flute 53. These flutes 53, 54 are constructed so that
      the liquid can not reach the bottom of these flutes. It will be
      appreciated that the vertical path 2f is similarly associated with
      cylindrical body 52, flutes 53, 54, restriction 12b and ball 13b.
PAR  As indicated in FIGS. 2, 5 and 9, a slot 55 is formed in the sidewall of
      the second block 21 which is remote from the first block 20 and
      communicates with the vertical paths 2e, 2f. The third block 22 shown in
      FIG. 12 is fitted into the slot 55. On its inner surface, the third block
      22 is integrally formed with a triangular projection 56 which has its tip
      disposed in opposing relationship with and extending into the common path
      2c within the second block 21, thus defining the pair of branch paths 2a,
      2b. An annular rib and an annular groove are formed in the flange portion
      of the third block 22 and the second block 21, respectively, for fitting
      engagement and for integral connection by way of an ultrasonic welding. A
      lid 23 is placed on top of the first and second blocks 20, 21. In its
      inner surface, the lid 23 is peripherally provided with ribs 60 which
      engage the groove 36 in the top face of the first block 20 and a groove 61
      formed in the top face of the second block 21 for connecting these parts
      together by way of an ultrasonic welding. The lid 23 and the first and
      second blocks 20, 21 define the return path 14. The first to third blocks
      20, 21, 22 and the lid 23 can be molded from a thermosetting resin such as
      polyacetal or polycarbonate resin.
PAR  The described arrangement operates in the similar manner as mentioned in
      connection with FIG. 1 in that the liquid 4 can not move through the
      threshold presetting means 10 for a shock of magnitude which is less than
      a given value, thus preventing a detection of the shock, but allowing a
      flow of the liquid 4 through the threshold presetting means 10 in response
      to a shock of magnitude exceeding the given value to thereby generate a
      voltage in accordance with the velocity of such flow. When the liquid has
      moved past the threshold presetting means and returned to the vertical
      paths 2e, 2f through the return path 14, the air trapped between the
      vertical paths 2e, 2f is vented upwardly through the flutes 53, 54,
      thereby preventing the air from entering the common path 2c. In this
      manner, the presence of the air adjacent to the bottom of the threshold
      presetting means 10 is prevented, maintaining the latter in contact with
      the liquid 4 for proper functioning. If the liquid 4 tended to move from
      the common path 2c toward the vertical paths 2e,  2f, such movement of the
      liquid is prevented by the check valve 11 because of the failure of the
      liquid 4 to pass through the flutes 53, 54. If the vessel 1 is inverted
      during shipment or storage, with the return path 14 located downside, the
      liquid reservoirs 27, 50, 51 which are located upside at this time serve
      trapping the air within the vessel 1, again preventing a penetration of
      the air into the common path 2c. Thus, a rusting of the electrodes 8, 9
      which might result from their contact with the air within the vessel to
      cause a poor electrical contact with the liquid is prevented. If it is
      desired to avoid the contact of the air with the electrodes 8, 9 when the
      vessel 1 falls sideways, the liquid reservoirs 27, 50, 51 may be extended
      laterally. It has been mentioned previously that a flow of the liquid
      through the flutes cannot occur in response to shocks. However it should
      be understood that such flow can occur forcibly in response to shocks of
      greater magnitude. If it is desired to prevent a flow of the liquid in a
      direction from the detector 5 toward the check valve 11 in response to a
      shock which causes such movement, the flutes in the check valve 11 are
      eliminated so that the restrictions 12 can be completely blocked by the
      balls 13.
PAR  In an experiment conducted with a shock sensor constructed in accordance
      with the second embodiment, when a shock measuring about 11G as shown in
      FIG. 14A is applied, the shock sensor produced an output as indicated by a
      curve 68 in FIG. 14B. As shown, the output rises with a slight delay with
      respect to the shock, and its trailing end is followed by an overshoot in
      a negative direction which lasted for a short period on the order of 25
      milliseconds. When the check valve 11 is not provided, the response is
      indicated by a curve 69 having a long period of negative excursion
      followed by an damped oscillation in both positive and negative
      directions. A comparison of the both curves 68, 69 will clearly show that
      the shock sensor according to the invention has a very rapid recovery
      time. In the application of the shock sensor for detection of a collision
      of automobile, it is generally desired that it detects shocks of magnitude
      ranging from 10 to 1000 G and frequencies from 20 Hz to 1 KHz depending on
      the location where it is mounted, but does not respond to shocks of noisy
      nature less than 4 G. By contrast, in the application to a glass window or
      door for detection of destruction of the pane, it is desired that shocks
      of magnitude from 10 to 100 G and frequencies from 10 to 500 Hz be
      detected, without any response to shocks of noisy nature measuring 1 to 2
      G. The shock sensor according to the invention is adapted to satisfy any
      of these requirements. For detection of destruction of the pane, the
      branch paths 2a, 2b may be combined into a single rectilinear extension of
      the common path 2c. It will be noted that the voltage developed across the
      electrodes 8, 9 is supplied to an electrical circuit, not shown. By
      electrically connecting the magnetic yoke 30 with a common potential point
      or ground of the electrical circuit, the apparatus can be made
      insusceptible to noises.
PAR  The shock sensors described above are only adapted to detect shocks applied
      from one side of the common path 2c, that is, from the side adjacent to
      the threshold presetting means 10 thereof, and is unable to detect shocks
      applied from the side of the check valve 11. FIG. 15 shows a further
      embodiment capable of detecting shocks applied from either direction along
      the common path 2c. In this arrangement, the opposite ends of the
      horizontal path 2c are disposed in communication with the vertical paths
      2d, 2e intermediate their length, and disposed in the upper portion of the
      respective vertical paths 2d, 2e are threshold presetting means 10a, 10b,
      each of which comprises a plurality of parallel and vertically extending
      slits having a width of 100 microns, for example. A pair of auxiliary
      vertical paths 2g, 2h are formed in parallel relationship with the
      respective vertical paths 2d, 2e and communicate with the bottom portion
      thereof. A pair of check valves 11a, 11b are disposed within the
      respective auxiliary vertical paths 2g, 2h. The top surface of the
      threshold presetting means 10a, 10b are inclined downwardly so as to be
      level with the top surface of the auxiliary vertical paths 2g, 2h at their
      end adjacent thereto. When a shock of magnitude in excess of a given value
      is applied in a direction from the vertical path 2d to 2e, the liquid 4
      flows through the horizontal path 2c and through the threshold presetting
      means 10a and enters the auxiliary vertical path 2g. Such liquid flow
      through the horizontal path 2c permits the shock to be detected.
      Subsequent to the removal of the shock, the liquid 4 tends to flow toward
      the vertical path 2e, but such movement is prevented by the presence of
      the threshold presetting means 10b and the check valve 11b, whereby it
      resumes a steady-state liquid level only gradually. When a shock of
      magnitude in excess of the given value is applied in the opposite
      direction, the liquid 4 passes through the threshold presetting means 10b
      and enters the auxiliary vertical path 2h. This shock is detected by an
      output which is produced in accordance with the velocity of flow through
      the horizontal path 2c.
PAR  FIGS. 16 and 17 show another arrangement which permits a detection of
      shocks applied from any direction. FIG. 16 shows a cross section taken
      along the line B--B shown in FIG. 17 while FIG. 17 is a cross section
      taken along the line C--C shown in FIG. 16. As shown, a plurality of
      radially extending horizontal paths 2a to 2n are provided, and a common
      vertical path 2m communicates with the respective horizontal paths at
      their inner end. The other ends of the horizontal paths 2a to 2n are bent
      upwardly to form respective vertical paths, the top end of which is
      connected with the common return path 14 as is the top end of the common
      vertical path 2m. The detector 5 is disposed along the lower portion of
      the common vertical path 2m, while the threshold presetting means 10 is
      disposed in the upper portion thereof. Check valves 11 are disposed within
      the other respective vertical paths, and the liquid 4 is charged so as to
      fill the portion of the liquid passageway which is defined between the
      check valves 11 and the threshold presetting means 10. It will be readily
      appreciated that such an arrangement permits a detection of shocks applied
      from any direction in the plane which includes the horizontal paths 2a to
      2n.
PAR  With the shock sensor of the invention as described above, the constraint
      imposed on the liquid 4 by the threshold presetting means 10 and the check
      valve 11 enables a detection of shocks applied in a direction
      perpendicular to the erath 100, by using an arrangement as shown in FIG.
      18. Thus, the pair of vertical paths 2d, 2e are disposed on the opposite
      sides of the detector 5, the threshold presetting means 10 being disposed
      in the vertical path 2d and the check valve 11 being disposed in the
      vertical path 2e. The check valve 11 is substantially spaced vertically
      from the interface between the threshold presetting means 10 and the
      liquid 4 in a direction away from the erath 100 so that when the vessel 1
      falls onto the erath 100, the liquid 4 flows through the threshold
      presetting means 10 for detection by the detector 5 if the energy of that
      portion of the liquid which is located between the check valve and the
      interface exceeds a given value. Such shock sensor may be mounted on an
      elevator, for example, for detecting a fall thereof, or may be mounted on
      a pile or hammer of a pile driver for detecting the intensity of shocks
      applied.
PAR  It will be appreciated that the signal detection means 5, the threshold
      presetting means 10 and the check valve 11 may have any desired
      configuration. Several examples will be described below, and it is to be
      understood that they can be used in a suitable combination. In FIG. 19,
      the threshold presetting means 10 comprises a valve seat 86 formed in the
      vertical path 2d, with a valve 87 being urged against the valve seat by
      means of a coiled spring 88. The signal detection means 5 comprises an
      upright post 90 which extends across the common path 2c in a direction
      perpendicular to the direction of flow so as to form Karman's vortex
      street downstream of the post 90 in response to a flow of the liquid 4.
      The vortex street is detected by a transducer 91 in the form of pulses,
      which are in turn counted to provide a determination of the velocity of
      flow. It will be understood that this is based on the principle of
      Karman's vortex flowmeter. In this instance, the liquid 4 need not be
      electrically conductive, and may be electrically nonconductive liquid such
      as kerosene, polyhydric alcohols such as mixtures of ethylene glycol and
      water (50%), propylene and water (50%). The check valve 11 comprises a
      plate-shaped valve 13 which is pivotally mounted at its one end and is
      normally urged against restriction 12 by virtue of the buoyancy of the
      liquid 4, but which moves angularly to permit a downward flow of the
      liquid in response to a flow of the liquid 4 in a direction from the
      common path 2c toward the vertical path 2d.
PAR  In FIGS. 20 and 21, the detector 5 is adapted to determine the dynamic
      pressure of the liquid 4. It comprises a plate-shaped body 92 disposed at
      right angles to the flow of the liquid 4 within the vertical path 2d, and
      the dynamic pressure against the body 92 applied by the flow is determined
      by a strain gauge, for example, which provides an output proportional to
      the square of the velocity of flow. In order to reduce the influence of
      the static pressure prevailing before a flow of the liquid occurs, it is
      preferred that the body 92 be disposed closer to the check valve 11. The
      threshold presetting means 10 comprises a valve seat 86 formed in the
      vertical path 2d and a valve 87 disposed therein, both of which are made
      of a magnetic material. At least one of these members is formed by a
      permanent magnet so as to establish a threshold value in terms of a
      magnetic attraction. A guide 87a depends downwardly from the valve 87 so
      as to project beyond the valve seat 86, and a stop 93 is formed on the
      inner surface of the lid 23 to prevent the valve 87 from remaining
      disengaged from the valve seat. To assist in providing the buoyancy to the
      ball 13, of the check valve 11, it is associated with a float 58 which is
      disposed below it.
PAR  FIG. 22 illustrates an acoustic detector 5 which comprises two pairs of
      ultrasonic transmitters and receivers 93S, 93R and 94S, 94R which are
      disposed along the common path 2c and offset from each other lengthwise
      thereof and diametrically. The respective transmitters transmit ultrasonic
      pulses into the liquid in opposite directions, and upon receiving these
      pulses, the respective receivers again drive the respective transmitters
      in accordance with the received output, thus forming a pair of Sing Around
      systems. A difference in the pulse frequency of the two systems is
      proportional to the velocity of flow.
PAR  FIG. 23 shows the use of a turbine 95 disposed in the common path 2c for
      developing a voltage, by rotating in response to the velocity of flow. In
      this Figure, the threshold presetting means 10 utilizes the buoyancy in
      that the common path 2c is folded at right angles and extended into that
      portion of the vertical path 2d which is below the common path 2c, with
      the lower end of the extension being blocked by a float valve 97. When the
      pressure of the liquid 4 within the common path 2c exceeds a given value,
      the float valve 97 is depressed to permit a flow of liquid.
PAR  FIG. 24 shows the use of a hot-wire flowmeter which comprises a pair of
      sensors 98a and 98b disposed in the common path 2c. The resistance of the
      sensor 98a varies immediately in response to the velocity of a flow as a
      result of a temperature change while the resistance of the sensor 98b
      varies with a time delay. A variation in these resistances permits the
      velocity of the liquid flow to be determined.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. A shock sensor comprising a liquid passageway formed in a vessel and
      containing a body of liquid, signal detection means responsive to the
      velocity of liquid flow for providing a signal, threshold presetting means
      disposed in the liquid passageway on one side of the signal detection
      means for permitting the liquid to pass therethrough only when the energy
      of the liquid tending to move exceeds a given value, a check valve
      disposed in the liquid passageway on the opposite side of the signal
      detection means from threshold presetting means for permitting a movement
      of the liquid in a direction from the signal detection means toward the
      threshold presetting means while substantially completely preventing a
      movement thereof in the opposite direction, and a return path for allowing
      that portion of the liquid which has moved past the threshold presetting
      means to pass through the check valve in a forward direction.
NUM  2.
PAR  2. A shock sensor according to claim 1 in which the liquid passageway
      comprises a horizontal path, and at least one vertical path communicating
      with at least one end of the horizontal path and extending upwardly
      therefrom, the check valve being disposed within the vertical path.
NUM  3.
PAR  3. A shock sensor according to claim 2 wherein there are provided a
      plurality of horizontal paths extending in different directions
      substantially in a single horizontal plane and communicating with each
      other at a single point where they communicate with a common vertical path
      extending upwardly therefrom, the signal detection means and the threshold
      presetting means being disposed in the common vertical path, the other end
      of the respective horizontal paths each communicating with an upwardly
      extending vertical path, each of the vertical paths being provided with
      the check valve, the top end of the vertical paths and the top end of the
      common vertical path being maintained in communication by a common or
      separate return paths.
NUM  4.
PAR  4. A shock sensor according to claim 2 in which the check valve comprises a
      restriction formed in the vertical path, and a valve body urged against
      the restriction from below by the buoyancy of the liquid for blocking the
      restriction.
NUM  5.
PAR  5. A shock sensor according to claim 4, further including a float disposed
      below the valve body for increasing the buoyancy.
NUM  6.
PAR  6. A shock sensor according to claim 2, further including a flute formed
      lengthwise in the vertical path and adapted to prevent an ingress of the
      liquid thereinto.
NUM  7.
PAR  7. A shock sensor according to claim 2 in which the opposite ends of the
      horizontal path communicate with vertical paths in each of which the
      threshold presetting means and the check valve are disposed in
      juxtaposition.
NUM  8.
PAR  8. A shock sensor according to claim 1 in which the liquid is electrically
      conductive.
NUM  9.
PAR  9. A shock sensor according to claim 8 in which the conductive liquid is
      mercury.
NUM  10.
PAR  10. A shock sensor according to claim 8, further including a liquid
      reservoir in communication with the liquid passageway for containing air
      within the vessel therein when the vessel assumes a position different
      from that assumed by the vessel for normal operation.
NUM  11.
PAR  11. A shock sensor according to claim 8 in which the signal detection means
      comprises means for producing a magnetic field across the liquid
      passageway in a direction substantially perpendicular to the length of the
      passageway, and a pair of electrodes disposed within the liquid passageway
      and spaced apart in a direction substantially perpendicular to both the
      magnetic field and the length of the liquid passageway.
NUM  12.
PAR  12. A shock sensor according to claim 1 in which the threshold presetting
      means comprises a number of small apertures for preventing a passage of
      the liquid therethrough at a liquid pressure which is below a given value.
NUM  13.
PAR  13. A shock sensor according to claim 1 in which the threshold presetting
      means comprises a magnet valve which closes the liquid passageway by
      magnetic attraction, but which is opened when the energy of the liquid
      tending to move exceeds the given value.
NUM  14.
PAR  14. A shock sensor according to claim 2 in which the distance between the
      check valve and the interface between the threshold presetting means and
      the liquid as measured in the lengthwise direction of the vertical path is
      chosen large enough to permit a response to a shock applied in the
      lengthwise direction of the vertical path.
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ABST
PAL  An expanded scale timer has means adapted to be driven for indicating the
      operating time of the timer, and a pair of means are conjointly and
      relatively movable for respectively driving the indicating means at
      different predetermined speeds. Means is provided for effecting actuation
      of the driving means conjointly to drive the indicating means through one
      of the driving means at one of the speeds and for effecting actuation of
      the other of the driving means relative to the one driving means to also
      drive the indicating means at another speed with the one driving means
      being overridden by the indicating means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to electrically driven timers and in
      particular to an expanded scale timer and a method of operating such.
PAR  In the past, various and sundry types of expanded scale or dual speed
      timers have been utilized in laboratories, factories, and homes for
      controlling the operating time or cycle of devices requiring rather
      accurate time measurements for relatively short periods of time but also
      having timing cycles which may extend over relatively longer periods of
      time. For instance, one of the more prevalent uses for expanded scale
      timers is in conjunction with various home appliances, such as an oven or
      the like. Many of the modern day foods may require only a short period of
      time for cooking, e.g. about five or ten minutes; therefore, it is
      necessary to accurately time the cooking period for such foods in order to
      obviate over-cooking or perhaps burning them. Further, at least some of
      the modern day ovens, such as an induction type cooking unit or mechanical
      vibration type cooking unit as well known in the art, are operable to
      prepare or cook foods in a relatively short period of time as compared
      with a conventional oven; therefore, it is necessary to accurately time
      the cooking or operating cycle of such modern day ovens over such
      relatively short period of time in order to prevent over-cooking or
      perhaps burning of some foods. Quite obviously, it is also desirable to
      provide a longer cooking cycle or operating time period for both the
      conventional type oven and the modern day induction and mechanical
      vibration type ovens. In order to achieve such accurate regulation or
      timing during relatively short time periods, the timing scale for the past
      timers has been elongated or expanded for the relatively short time
      periods, i.e., from zero to five or ten minutes, so that the desired time
      setting for any particular operating or timing cycle may be more
      accurately achieved within the elongated or expanded setting ranges for
      the shorter periods of time. For instance, in a dial having angularly
      spaced dial settings from 0.degree. to 360.degree., the expanded time
      settings for the relatively short time period of five minutes may occupy
      the first 165.degree. to 180.degree. of the 360.degree. dial settings, and
      the successive relatively long time period, i.e., from about thirty
      minutes to several hours, may occupy the following 165.degree. to
      180.degree. of the 360.degree. dial settings. Of course, in order to
      compensate for the above-discussed expanded time scale for the relatively
      short period of time, the past timers were operated at a relatively high
      speed during the short time period in the elongate scale and at a lower
      speed during the long time period.
PAR  In some of the past expanded scale timers in order to attain the high and
      low speed or dual speed operation thereof, separate motive force applying
      or motor pinions were driven by separate electric motors, and these motor
      pinions were clutched together by a cam operated shift arm engaging or
      disengaging between the motor pinions in overriding relation to effect the
      dual speed operation. Of course, it is believed that a disadvantageous or
      undesirable feature of this particular type of past expanded scale timer
      was not only the expense of providing separate motors for operating it but
      also the complexity of regulating or clutching them to attain the dual
      speed operation.
PAR  In some other types of past expanded scale timers, two sector-shaped gears
      of different diameters were conjointly driven and had their respective
      teeth portions off-set with respect to each other thereby to engage
      successively with two mating pinion gears also of different diameters in
      order to effect dual speed operation of such past expanded scale timer.
      One of the disadvantageous features of this type of past expanded scale
      timer is believed to be the problem of angularly positioning the
      sector-shaped gears, i.e., accurately spacing the sector-shaped gears from
      each other in order to achieve successive and uninterrupted meshing of
      their respective teeth portions with the associated pinion gearing. In an
      attempt to overcome this disadvantageous feature, the adjacent ends of the
      sector-shaped gears were overlapped; however, it is believed that in
      itself created another disadvantageous feature in that each time the timer
      translated from the low speed to the high speed operation thereof, the
      gearing could be mismeshed or be in interferring engagement. Even though
      it may be possible to overcome or properly design around this gearing
      interferring engagement or disadvantageous feature, it may require the
      development of special gearing which in itself may disadvantageously add
      to the complexity as well as the cost of this type of expanded scale
      timer.
PAR  In still another type of past expanded scale timer, a low speed pinion and
      a high speed pinion were driven by an electric motor, and a time interval
      gear mounted on the time set shaft was axially movable both manually and
      automatically into and out of engagement with the low and high speed
      pinions thereby to effect the low and high speed modes of operation. A
      latch cam was operative to axially move the set shaft so that the time
      interval gear was automatically axially moved therewith toward engagement
      with the high speed pinion. It is believed that at least one of the
      disadvantageous or undesirable features of this type of past expanded
      scale timer involved the improbability of properly meshing the teeth of
      the pinion gears with that of the time interval gear as it was axially
      moved toward the pinion gears, and of course, it is believed that this
      attempt at moving the gearing axially to effect meshing thereof may also
      be accompanied by a back-lash problem which also may have a
      disadvantageous effect on the gearing as well as the shafts to which such
      gearing is mounted.
PAR  In yet another of the past expanded scale timers, a segmented time interval
      gear was rotatable in driven relation between a low speed pinion and a
      high speed pinion to effect the dual operating modes of the timer. While
      this type of past expanded scale timer may have been desirable as compared
      with others of the past timers, it is believed that there was present the
      problem of a driving gap between the disengagement of the time interval
      gear from the low speed pinion and the engagement of the time interval
      gear with the high speed pinion which may be viewed in some respects as a
      disadvantageous or undesirable feature. Further, it is believed that the
      transition between the low and high speed modes of operation may also have
      resulted in a back-lash problem which, of course, may also be
      disadvantageous.
PAR  Many other types of past expanded scale timers too numerous to discuss in
      detail utilized driving pawls, ratchet arrangements, stop pins, cam
      drivers as well as many other arrangements to effect dual speed operation
      but each is believed to be accompanied by various disadvantageous or
      undesirable features attendent to such arrangements.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of the present invention may be noted the
      provisions of a novel expanded scale timer and a novel method of operating
      such which overcome the disadvantageous or undesirable features discussed
      hereinabove, as well as others, with respect to the prior art; the
      provision of such expanded scale timer and such operating method wherein a
      relatively smooth and uninterrupted transition is effected between the low
      speed and high speed operating modes of such timer; the provision of such
      expanded scale timer and such operating methods having a clutching
      arrangement for effecting a generally uninterrupted drive of such timer
      during the translation from the low speed operating mode to the high speed
      operating mode thereof; the provision of such expanded scale timer and
      such operating method wherein a force of the driving engagement between
      components of such timer in the low speed operating mode thereof is
      utilized for effecting an overriding relation between the components of
      such timer for the high speed operating mode thereof; the provision of
      such expanded scale timer and such operating method in which means is
      provided to compensate for displacement of at least the components for
      effecting the low speed operating modes of the timer in the event any
      interferring driving engagement therebetween; and the provision of such
      expanded scale timer which is simplistic in design, economical to
      manufacture, and easily assembled. Other objects and advantageous features
      of the present invention will be in part apparent and in part pointed out
      hereinafter.
PAR  In general, an expanded scale timer in one form of the invention has means
      adapted to be driven for indicating the operating time of the timer, and a
      pair of means are conjointly and relatively movable for respectively
      driving the indicating means at different predetermined speeds. Means is
      provided for effecting actuation of the driving means conjointly to drive
      the indicating means through one of the driving means at one of the speeds
      and for effecting actuation of the other of the driving means relative to
      the one driving means to also drive the indicating means at another speed
      with the one driving means being overridden by the indicating means.
PAR  Also in general and in one form of the invention, an expanded scale timer
      has means adapted to be driven from an operator selected time set position
      toward an at-rest position for indicating the remaining operating time of
      the timer. A pair of means is provided for respectively driving the time
      indicating means at different predetermined speeds during different
      predetermined periods of time to return the time indicating means from its
      selected time set position to its at-rest position. Means is also provided
      for urging the driving means into clutching engagement, and the urging
      means is operable generally to slip one of the driving means engaged with
      the indicating means when the other of the driving means is drivingly
      engaged with the indicating means to drive it at one speed during one time
      period and also to effect the clutching engagement of the driving means
      upon disengagement of the other driving means from the indicating means to
      drive it through the one driving means at another speed during another of
      the predetermined time periods.
PAR  Further in general, an expanded scale timer in one form of the invention
      has an electric motor, and a low speed pinion and a high speed pinion is
      adapted to be displaced toward respective time setting positions. Means is
      operably displaced generally from an at-rest position in response to an
      operator applied force thereon for selecting a desired operating time for
      the timer, and the operating time selecting means includes a cluster gear
      conjointly displacable therewith. The cluster gear has a continuous gear
      portion meshed with the high speed pinion and a segment gear portion for
      meshing engagement with the low speed pinion. Means, such as a clutch
      spring or the like, is provided for urging the low speed and the high
      speed pinion into clutching engagement. This clutching engagement
      initially effects conjoint displacement of the low speed pinion with the
      high speed pinion through the meshing of the high speed pinion with the
      continuous gear portion of the cluster gear in response to the operator
      applied force. The spring or urging means thereafter acts to slip the high
      speed pinion upon the driving engagement of the segmented gear portion
      with the low speed pinion to permit further relative displacement of the
      low speed pinion toward its time setting position. A drive train is
      interposed between the motor and the low speed pinion, and means, such as
      an electric switch, is operable generally in response to the displacement
      of the operating time selecting means for controlling energization of the
      motor. The motor is energized by the electric switch or controlling means
      upon the displacement of the operating time selecting means from its
      at-rest position thereby to actuate the drive train for returning the low
      speed pinion from its time setting position and for conjointly driving the
      segmented gear portion therewith until it disengages the low speed pinion
      while the spring acts to slip the high speed pinion in its meshing
      engagement with the continuous gear portion of the cluster gear. The
      spring also acts to effect the clutching engagement of the high speed
      pinion to the low speed pinion for conjoint return displacement therewith
      generally at the time of the disengagement of the segmented gear portion
      of the cluster gear from the low speed pinion. The cluster gear is
      thereafter driven through the meshing engagement of its continuous gear
      portion and the high speed pinion to return the operating time selecting
      means to its at-rest position and thereby de-actuate the controlling means
      to de-energize the motor.
PAR  Also in general and in one form of the invention, a method is provided for
      operating an expanded scale timer having means operable generally for
      indicating the remaining operating time of an operator selected time
      period and a pair of means for driving engagement with the indicating
      means during the selected time period. In this operating method, one of
      the driving means is overridden in its engagement with the indicating
      means, and the other of the driving means is actuated in its driving
      engagement with the indicating means for a period of time in excess of a
      predetermined time period which generally constitutes the selected time
      period. The other driving means is disassociated from its driving
      engagement with the indicating means at the end of the excess time period,
      and generally simultaneously therewith, the driving means are conjointly
      actuated for effecting the driving engagement of the indicating means by
      the one driving means through the predetermined time period. Still in
      general, a method in one form of the invention is provided for operating
      an expanded scale timer having means adapted to be driven for indicating
      the remaining operating time of the timer and also having a pair of means
      for driving the time indicating means. This operating method includes the
      steps of: slipping one of the driving means in overridden relation with
      the time indicating means; and, actuating the driving means conjointly for
      effecting the driving of the time indicating means through the one driving
      means and generally at the same time interrupting the driving association
      between the other driving means and the time indicating means.
PAR  Further in general and in one form of the invention, another method is
      provided for operating an expanded scale timer having means adapted to be
      driven for indicating time and also having a pair of means for driving
      relation with the time indicating means. In this operating method, the
      following steps are included: overriding one of the driving means in its
      driving relation with the time indicating means and moving the other of
      the driving means into driving relation with the time indicating means to
      effect the driving thereof; and, disassociating the other driving means
      from its driving relation with the time indicating means and generally
      simultaneously clutching the driving means together for effecting the
      driving relation of the time indicating means by the one driving means.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an expanded scale timer in one form of
      the invention;
PAR  FIG. 2 is a rear elevational view of the time of FIG. 1;
PAR  FIG. 3 is a schematic representation of an expanded or elongate time
      setting scale or dial for the timer of FIG. 1;
PAR  FIG. 4 is a greatly enlarged side elevational view of the timer of FIG. 1
      showing the operating mechanism thereof in detail and illustrating
      principles of a method in one form of the invention of operating the
      timer;
PAR  FIG. 5 is a sectional view taken generally along line 5--5 of FIG. 4;
PAR  FIGS. 6 and 7 are fragmentary sectional views taken generally along lines
      6--6 and 7--7 of FIG. 4, respectively; and
PAR  FIGS. 8 and 9 are fragmentary views respectively illustrating alternative
      clutching arrangements for the timer of FIG. 1.
DETD
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
PAR  The exemplifications of the invention set out herein illustrate preferred
      embodiments of the invention in one form thereof, and such
      exemplifications are not to be construed as limiting in any manner.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in general, there is shown in one form of the
      invention at 11 an expanded scale or dual speed timer (FIGS. 1-7) having
      means, such as at least a segmented cluster gear 13 or the like, adapted
      to be driven for indicating the operating time of the timer (FIGS. 4-6). A
      pair of means, such as a low speed pinion 15 and a high speed pinion 17,
      are conjointly and relatively movable for respectively driving indicating
      means or cluster gear 13 at different predetermined speeds. Means, such as
      a clutching device indicated generally at 19, is provided for effecting
      acutation of the driving means or low and high speed pinions 15, 17
      conjointly to drive cluster 13 through one of the driving means, such as
      high speed pinion 17, at one of the speeds and for effecting actuation of
      the other of the driving means, such as low speed pinion 15, relative to
      the high speed pinion to also drive the cluster gear at another speed with
      the high speed pinion being overridden by the cluster gear.
PAR  More particularly and with specific reference to FIGS. 1 and 2, timer 11 is
      provided with a pair of opposite face or mounting plates 21, 23 spaced
      apart and retained against displacement by a plurality of posts 25 fixedly
      connected therebetween by suitable means (not shown). Means, such as a
      small synchronous electric driving motor 27, for applying a motive force
      to low speed pinion 15 is attached to back mounting plate 23 by suitable
      means, such as a plurality of screws 29 or the like, and the motor
      includes a gear reduction housing 30 coupled therewith, as is well known
      in the art. It is contemplated that motor 29 and its gear reduction
      housing 30 could, if desired, be enclosed within a unitary housing, as is
      also well known in the art, within the scope of the invention. Means, such
      as an electrical switch 31, for controlling the energization and
      de-energization of the electric motor is also attached by suitable means
      (not shown) to front mounting plate 21. Means, such as a bell 33 or the
      like, for sounding an alarm or warning at the termination of the selected
      operating time period for timer 11, as discussed hereinafter, is mounted
      to switch 31. While bell 33 is shown for purposes of disclosure, it is
      contemplated that other alarm or warning devices well known to the art,
      such as for instance a warning light or buzzer or the like, may be
      utilized in timer 11 within the scope of the invention. It is also
      contemplated that means other than motor 27, which is shown for purposes
      of disclosure, may be utilized to drive timer 11 within the scope of the
      invention.
PAR  Referring now to FIGS. 4-7, a reduction gear train, indicated generally at
      35, is interposed between electric motor 27 and low speed pinion 15 for
      reducing the speed of the motor applied to the low speed pinion. Gear
      train 35 includes a motor pinion 37 driven by an output shaft (not shown)
      of motor 27, and the motor pinion is meshed with a first reduction gear 39
      mounted for conjoint rotation to a shaft 41 which is journaled or
      rotatably retained by suitable means (not shown) between front and rear
      mounting plates 21, 23 of timer 11. A first reduction pinion 43 is also
      carried by shaft 41 and is drivingly engaged or meshed with a second
      reduction gear 45 mounted for conjoint rotation to another shaft 47 which
      is also journaled or rotatably retained by suitable means (not shown)
      between front and rear mounting plates 21, 23.
PAR  Low speed pinion 15 is also mounted to shaft 47 for conjoint rotation
      therewith being disposed immediately above second reduction gear 45, and
      high speed pinion 17 is rotatably mounted on the shaft above the low speed
      pinion so as to be rotatable or movable relative to the low speed pinion
      as well as conjointly therewith, as discussed in greater detail
      hereinafter. Low and high speed pinions 15, 17 are respectively provided
      with adjacent, opposed, and generally planar faces or surfaces 49, 51 for
      frictional engagement, and means, such as a washer 53, is also mounted on
      shaft 47 between the adjacent opposite faces of the low and high speed
      pinions for predetermining the extent of the frictional engagement
      therebetween. Washer 53 is preferably formed from a polyester material,
      but it is contemplated that washers of other material having a desired
      coefficient of friction may be utilized within the scope of the invention.
      It is contemplated that as an alternative construction adjacent opposed
      faces 49, 51 of low and high speed pinions 15, 17 could be disposed in
      direct frictional engagement with each other within the scope of the
      invention so as to be generally commensurate with the object thereof.
PAR  Means, such as a clutch spring 55, for urging high speed pinion 17 toward
      engagement with washer 53 is mounted on shaft 47, and the clutch spring is
      interposed between a shoulder 57 on the shaft and another generally planar
      face or surface 59 on high speed pinion 17 opposite face 51 thereof.
      Clutch spring 55 is preferably a generally annular wafer type spring, and
      a pair of radially opposite resilient portions 61, 63 adjacent the
      periphery of the clutch spring are waved or raised so as to be displaced
      generally from the generally planar configuration of the clutch spring. In
      this manner, resilient portions 61, 63 of clutch spring 55 are urged into
      slipping and gripping or clutching engagement with face 59 of high speed
      pinion 17 for urging opposite face 51 thereof toward frictional engagement
      with washer 53; therefore, the clutch spring generally constitutes
      clutching mechanism 19, as discussed hereinabove. While clutch spring 55
      is shown for the purpose of disclosure, it is contemplated that other
      types of clutch springs having various shapes and component parts, as well
      known in the art, may also be utilized as a clutching device or mechanism
      within the scope of the invention.
PAR  A main or time setting shaft 65 is journaled or rotatably retained against
      displacement between front and rear mounting plates 21, 23 by suitable
      means well known in the art (not shown), and an integral extension 67, as
      also shown in FIGS. 1 and 3, is provided on the time setting shaft
      projecting through the front mounting plate exteriorly of timer 11.
      Cluster gear 13 is mounted to shaft 65 for conjoint rotation therewith,
      and the cluster gear includes a continuous gear or gear portion 69 having
      uninterrupted or successive gear teeth 71 about the periphery thereof
      which mesh with high speed pinion 17. Also included on cluster gear 13 is
      a segment gear or gear portion 73 having interrupted or segmental gear
      teeth 75 extending generally about a predetermined portion or segment of
      the periphery of the segment gear for meshing engagement with low speed
      pinion 15.
PAR  Means, such as a spring 77 shown in FIGS. 2 and 4, is adapted for yielding
      to compensate for any displacement of low speed pinion 15 relative to
      cluster gear 13 in the event of any interference therebetween upon the
      driving or meshing engagement of the low speed pinion with segment gear
      73. An elongate aperture 79 is provided in front mounting plate 21 in
      which an end of shaft 47 is received, and tabs 81, 83 are bent from the
      front mounting plate to mount spring 77 thereon against displacement and
      adjacent the elongate aperture for biasing engagement with the shaft.
      Spring 77 normally urges the end of shaft 47 toward its operating position
      engaged with front mounting plate 21 at one end of elongate aperture 79;
      however, in the event of any interferring engagement between low speed
      pinion 15 on shaft 47 and segment gear 73 upon the meshing engagement
      thereof, the spring will yield thereby to permit displacement of the shaft
      in the elongate aperture. This displacement is effective to alleviate any
      interference which may occur upon the meshing of low speed pinion 15 with
      segment gear 73 thereby to obviate damage to the respective teeth of the
      low speed gear and the segment gear. Of course, when proper meshing of low
      speed pinion 15 and segment gear 73 is re-established, the compressive
      force of spring 77 acts to return shaft 47 to its normal operating
      position within elongate aperture 79.
PAR  A cam 85, as shown in FIGS. 1, 5 and 7, is rotatably disposed on timer
      setting shaft 65 adjacent the interior end thereof, and a cam surface 87
      having a fall or depression 89 therein is provided on the periphery of the
      cam. A generally D-shaped aperture 91 is provided through cam 85 adjacent
      the periphery thereof and generally radially opposite fall 89 in cam
      surface 87. A cam driver 93 is fixedly received on time setting shaft 65
      for conjoint rotation therewith and is disposed immediately below cam 85.
      Cam driver 93 includes a finger or up-turned flange 95 which extends
      through aperture 91 in cam 85 for lost motion driving engagement
      therewith, and in this manner, a predetermined amount of angular or
      rotatable cam freedom is effected, as further discussed hereinafter. A cam
      follower 97 having a detent 98 thereon is pivoted between front and rear
      mounting plates 21, 23, and the detent is urged by a spring 99 acting on
      the cam follower toward following engagement with cam surface 87 of cam
      85. Detent 98 is normally disposed in an at-rest position within fall 89
      in cam surface 87. When cam follower 97 is displaced against the
      compressive force of its spring 99 upon actuation of cam 85, the cam
      follower actuates a pushbutton or lever 101 of electrical switch 31
      thereby to effect energization of electric motor 27, as discussed
      hereinafter. Switch 31 is also effective to control an appliance (not
      shown) with which timer 11 is associated. A clapper 103, FIG. 1, is
      attached to cam follower 97 for ringing bell 33 at the termination of the
      operating cycle of timer 11, as previously mentioned.
PAR  In FIG. 3, there is shown schematically an expanded scale dial 105 which
      may be mounted to a mechanism or appliance (not shown) with which timer 11
      may be utilized, and extension 67 of time setting shaft 65 protrudes
      through the expanded scale dial generally centrally thereof. The initial
      or predetermined time period of expanded scale dial 105 is illustrated as
      five minutes, and this five minute predetermined time period extends
      angularly from 0.degree. to 165.degree.. The next successive 30 minutes on
      dial 105 also occupies only 165.degree. thereof extending from 165.degree.
      to 330.degree., and the last 30.degree.  of the dial is not utilized for
      timing purposes. While there is shown for purposes of disclosure a
      predetermined or short time period of five minutes and a longer
      predetermined time period of thirty minutes on dial 105, it is apparent
      that other periods or lengths of time may be utilized within the scope of
      the invention if desired. An operator operable time indicator, such as a
      setting knob or pointer 107, may be attached to the exterior end of shaft
      extension 67 by suitable means well known to the art (not shown) for
      operator actuation to turn the pointer to a desired or selected operating
      time for timer 11. To conclude the description of timer 11 and its
      component parts, it may be noted that the aforementioned indicating means
      may be constituted not only by cluster gear 13 but may also include time
      setting shaft 65 and pointer 107.
PAR  Referring now again to the drawings in general, there is illustrated in one
      form of the invention a method for operating expanded scale timer 11
      having means, such as cluster gear 13, time setting shaft 65 and pointer
      107, operable generally for indicating the remaining time of an operator
      selected time period. Timer 11 also has a pair of means, such as low and
      high speed pinions 15, 17, for driving engagement with cluster gear 13
      during the selected time period. In this operating system, one of the
      driving means, such as high speed pinion 17, is overridden in its
      engagement with continuous gear 69 of cluster gear 13, and the other of
      the driving means, such as low speed pinion 15, is actuated in its driving
      engagement with segment gear 73 of cluster gear 13 for a period of time in
      excess of a predetermined time period which generally constitutes the
      operator selected time period. Low speed pinion 15 is then disassociated
      from its driven engagement with segment gear 73 at the end of the excess
      time period, and generally simultaneously therewith, low and high speed
      pinions 15, 17 are conjointly actuated for effecting the driving
      engagement of continuous gear 69 of cluster gear 13 by the high speed
      pinion through the predetermined time period. Other features and
      advantages of the aforementioned operating system for timer 11 will become
      apparent or be pointed out in the description of the operating of the
      timer which follows.
PAC  OPERATION
PAR  With the component parts of timer 11 in their respective at-rest positions
      as described above and as shown in the drawings, the timing operation of
      the timer may be initiated by an operator applying a force on pointer 107
      to move it clockwise with respect to expanded scale dial 105 of FIG. 3.
      Assuming that an operating time is desired or selected in excess of the
      predetermined time period of five minutes, the operator applied force
      movement of pointer 107 will move it from its at-rest position at
      0.degree. on dial 105 through the predetermined time period, i.e., from
      0.degree. to 165.degree. on the dial, to an operator selected time set
      position within the longer predetermined time period in the last
      165.degree. of the dial.
PAR  Time setting shaft 65 and cluster gear 13 are conjointly rotated with
      pointer 107 in response to the operator applied force thereon, and high
      speed pinion 17 is driven by continuous gear 69 on the cluster gear upon
      the rotation thereof through the predetermined time period between
      0.degree. and 165.degree. on dial 105. The force of the driving or meshing
      engagement between high speed pinion 17 and continuous gear 69 is
      sufficient to overcome or override the gripping or frictional engagement
      between the high speed pinion and washer 53 effected by the compressive
      force of clutch spring 55. In this manner, clutch spring 55 slips high
      speed pinion 17 as it is driven by continuous gear 69 to effect rotation
      of the high speed pinion independently of or relative to low speed pinion
      15 which, of course, remains stationary at this time.
PAR  When pointer 107 is rotated by the operator to the end of the predetermined
      time period, i.e., to the five minute mark on dial 105, the conjoint
      rotation of cluster gear 13 therewith moves segment gear 73 into meshing
      engagement with low speed pinion 15. Further conjoint rotation of cluster
      gear 13 with pointer 107 to the operator selected operating time therefor
      within the longer predetermined time period, i.e., between 165.degree. and
      330.degree. on dial 105, also effects concerted rotation of low speed
      pinion 15 through its meshing engagement with segment gear 73. Of course,
      gear train 35 is also conjointly driven with low speed pinion 15 through
      to motor 27. The force of the driving or meshing engagement between low
      speed pinion 15 and segment gear 73 is, of course, greater than that
      between high speed pinion 17 and continuous gear 69 and therefore
      predominates to override the force between the high speed pinion and the
      continuous gear. As a result of this overriding force established by the
      meshing engagement of low speed pinion 15 with segment gear 73, clutch
      spring 55 again acts to slip high speed pinion 17 so that it may be
      overridden or idly driven by continuous gear 69 of cluster gear 13 when
      the segment gear thereof is meshed with the low speed pinion.
PAR  As pointer 107 is manually moved from its at-rest position by the operator
      applied force thereon, time set shaft 65 is conjointly movable or
      rotatable therewith, as previously mentioned, to effect the concerted
      rotation of cam driver 93. Rotation of cam driver 93 may initially move
      its flange 95 through the aforementioned lost motion into driving
      engagement with cam 85 within aperture 91 thereof, and the cam is
      thereafter conjointly rotatable with time setting shaft 65. As cam 85 is
      so rotated, cam follower 97 is pivotally driven against the compressive
      force of its spring 99 and thereby displaced so as to move detent 98 from
      its at-rest position within cam fall 89 into following engagement with
      camming surface 87 of the cam, and of course, bell clapper 103 is
      concertedly movable with the cam follower. This displacement movement of
      cam follower 97 drivingly engages the cam follower with push button 101 of
      electrical switch 31 thereby to conjointly move the push button
      rightwardly (as seen in FIG. 5) to a position effecting actuation of the
      electrical switch. Of course, the actuation of switch 31 effects
      energization of electric motor 29, as previously mentioned, for drivingly
      returning the component parts of timer 11 from their selected operating
      time positions into which they were moved by the operator to initiate the
      timing function of the timer, as previously described. In some circuits
      for appliances (not shown), a latching relay may be provided which may be
      energized by a push-to-start button for initiating the timing cycle, as is
      well known to the art, and it is contemplated that such a latching relay
      scheme may be utilized with timer 11 within the scope of this invention.
PAR  Upon the energization of motor 27, its output shaft (not shown) drives
      motor pinion 37 and thereby also drive train 35 to initiate the return
      drive of low speed pinion 15. As previously mentioned, the force of the
      meshing engagement between low speed pinion 15 and segment gear 73 of
      cluster gear 13 is greater than that between high speed pinion 17 and
      continuous gear 69 thereby to override it. As a result, clutch spring 55
      acts to slip high speed pinion 17 on washer 53, as previously described,
      so that the high speed pinion is overridden by continuous gear 69 of
      cluster gear 13 while low speed pinion 15 is drivingly engaged with
      segment gear 73. It may be noted that the slipping of high speed pinion 17
      by clutch spring 55 permits the overriding or driving rotation or movement
      of low speed pinion 15 generally independently of or relative to the high
      speed pinion. When pointer 107 is driven or returned from its selected
      operating time position to the five minute mark on dial 105 in response to
      the driving engagement of low speed pinion 15 with segment gear 73 of
      cluster gear 13, teeth 75 of segment gear disengage those of the low speed
      pinion. At this time, it may be noted that segment gear 73 is
      disassociated from low speed pinion 15 thereby to eliminate the
      aforementioned overriding force of the driving engagement therebetween.
PAR  Upon the elimination of the overriding force, high speed pinion 17 then
      begins its driving engagement with continuous gear 69 of cluster gear 13
      since the aforementioned force of the meshing or driving engagement
      therebetween again predominates. It may be noted that the driving
      engagement of high speed pinion 17 with continuous gear 69 is initiated
      generally simultaneously with the elimination of the overriding force of
      the driving engagement between low speed pinion 15 and segment gear 73.
      Due to the shifting or clutching action of clutch spring 55, it may also
      be noted that the transition of the driving force from low speed pinion 15
      to high speed pinion 17 is not only generally simultaneous or
      instantaneous but also generally smooth. Clutch spring 55 is operative in
      response to the force of the driving engagement of high speed pinion 17
      with continuous gear 69 for urging face 51 of the high speed pinion toward
      frictional engagement with face 49 of low speed pinion 15 with friction
      washer 53 interposed therebetween in frictional or gripping engagement
      with both faces 49, 51. In this manner, low and high speed pinions 15, 17
      are shifted or clutched together for conjoint rotation wherein the motive
      force of motor 29 is transmitted through drive train 35 and the low speed
      pinion directly to the high speed pinion. Of course, high speed pinion 17
      is responsive to its conjoint or clutch spring actuation with low speed
      pinion 15 to drive continuous gear 69 at a rate of speed predeterminately
      greater than that effected during the driving engagement of the low speed
      pinion with segment gear 73. As a result of being rotated at this higher
      speed rate, pointer 107 is driven by cluster gear 13 and time setting
      shaft 65 through the predetermined time period, i.e., returned from the
      five minute mark to zero on dial 105 of FIG. 3 at such higher speed rate
      which, of course, compensates for the expanded scale of the dial between
      the five minute and zero time marks.
PAR  As previously noted, cam 85 is conjointly driven by time setting shaft 65
      through cam driver 93. Therefore, as pointer 107 is driven back or
      returned toward its at-rest position by the driving engagement between
      high speed pinion 17 and continuous gear 69 of cluster gear 13, fall 89 in
      cam surface 87 of cam 85 is also returning toward its at-rest position
      beneath detent 98 of cam follower 97. When pointer 107 attains its at-rest
      position, i.e., 0.degree. on dial 105, cam 85 will be rotated a few
      degrees in the counterclockwise direction by the engagement of detent 98
      with cam surface 87 generally at cam fall 89 in response to the
      compressive force of cam follower spring 99, and the amount of such
      counterclockwise rotation is determined by the lost motion between cam
      driver flange 95 and cam 85 in aperture 91 thereof, as previously
      mentioned. As a result of the aforementioned counterclockwise rotation of
      cam 85, the compressive force of cam follower spring 99 urges cam follower
      97 with snap-action back into its at-rest position so as to dispose the
      detent within cam fall 89. Since clapper 103 is conjointly movable with
      cam follower 97, the snap-action return movement thereof causes the
      clapper to strike bell 39 sounding an alarm to indicate that the operator
      selected operating time period has terminated. At the same time, push
      button 101 of electrical switch 31 is also released or disengaged by the
      return movement of cam follower 97 thereby to deactuate the switch. Of
      course, this deactuation of switch 31 effects the de-energization of
      electric motor 29 thereby to terminate the motive or drive force thereof.
      In this manner, the return of the component parts of timer 11 from their
      respective operator selected operating time positions to their at-rest
      position, as described above, effects the de-energization of motor 29, and
      the component parts of the timer are again poised for a subsequent timing
      cycle upon the initiation thereof by the operator.
PAR  Referring now to FIGS. 8 and 9, an alternative clutching device or
      arrangement, indicated generally at 111, is shown for low and high speed
      pinions 15, 17. In clutching devices 111, a clutch spring 113 generally of
      the wafer type is disposed on shaft 47 and retained between face 59 of
      high speed pinion 17 and shoulder 57 of the shaft. A plurality of
      star-like points 115 are integrally provided on clutch spring 113 adjacent
      the periphery thereof, and these star-like points are bent or displaced
      away from the generally planar body of the clutch spring so that such
      star-like points may be biased into slipping and gripping or resilient
      clutching engagement with front mounting plate 21. A generally annular
      bevel-shaped or cup-shaped clutch spring 117 is also carried on shaft 47
      and is resiliently engaged or biased between washer 53 and face 51 of high
      speed pinion 17. The clutching or shifting of low and high speed pinions
      15, 17 for effecting the generally conjoint and relative movements or
      rotations thereof in the operation of timer 11, as previously described,
      is effected or performed by clutch springs 113, 117.
PAR  In view of the foregoing, it is now apparent that a novel expanded scale
      timer 11 and a novel method of operating an expanded scale timer are
      provided by way of illustration meeting all of the objects and
      advantageous features set forth hereinabove, as well as others, and that
      changes in the particular arrangement, shapes and details of the
      components of the timer, as well as variances in practicing the steps of
      the operating method, may be made by those having ordinary skill in the
      art without departing from the spirit of the invention or the scope
      thereof as set out in the claims which follow.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. An expanded scale timer comprising means adapted to be driven for
      indicating the operating time of the timer, a pair of means conjointly and
      relatively movable for respectively driving the indicating means at
      different predetermined speeds, and means for effecting actuation of the
      driving means conjointly to drive the indicating means through one of the
      driving means at one of the speeds and for effecting actuation of the
      other of the driving means relative to the one driving means to also drive
      the indicating means at another speed with the one driving means being
      overridden by the indicating means.
NUM  2.
PAR  2. An expanded scale timer as set forth in claim 1, wherein the actuation
      effecting means comprises means for slipping the one driving means so that
      it may be overridden by the indicating means when the other driving means
      is driving the indicating means.
NUM  3.
PAR  3. An expanded scale timer as set forth in claim 1, wherein the actuation
      effecting means comprises means for clutching the driving means together
      to effect the conjoint movement thereof when the one driving means is
      driving the indicating means.
NUM  4.
PAR  4. An expanded scale timer as set forth in claim 1, wherein the driving of
      the indicating means by the other driving means establishes a force
      therebetween in excess of that between the one driving means and the
      indicating means thereby to effect the overriding relation of the one
      driving means with the indicating means.
NUM  5.
PAR  5. An expanded scale timer as set forth in claim 1, further comprising
      means for urging the driving means toward frictional engagement to effect
      the conjoint movement thereof, the frictional engagement being overcome
      when the other driving means is driving the indicating means.
NUM  6.
PAR  6. An expanded scale timer as set forth in claim 5, wherein the urging
      means is a spring.
NUM  7.
PAR  7. An expanded scale timer as set forth in claim 5, wherein the driving
      means respectively include adjacent opposite faces, the urging means
      acting on one of the one and other driving means to urge the faces toward
      the frictional engagement.
NUM  8.
PAR  8. An expanded scale timer as set forth in claim 5, further comprising
      means interposed between the driving means to predetermine the extent of
      the frictional engagement therebetween.
NUM  9.
PAR  9. An expanded scale timer as set forth in claim 1, wherein the indicating
      means comprises a cluster gear having a continuous gear portion and a
      segment gear portion for respective engagement with the one driving means
      and the other driving means.
NUM  10.
PAR  10. An expanded scale timer as set forth in claim 9, wherein the engagement
      of the segment gear portion with the other driving means establishes a
      force therebetween great enough to effect the over riding relation between
      the continuous gear portion and the one driving means.
NUM  11.
PAR  11. An expanded scale timer as set forth in claim 9, wherein the driving
      relation of the one driving means with the indicating means defines a
      predetermined portion of the operating time and the driving relation of
      the other driving means with the indicating means defines another portion
      of the operating time in excess of the predetermined portion thereof.
NUM  12.
PAR  12. An expanded scale timer as set forth in claim 11, wherein the other
      portion of the operating time in its entirety is predeterminately greater
      than the predetermined portion thereof.
NUM  13.
PAR  13. An expanded scale timer as set forth in claim 1, wherein the one speed
      is predeterminately greater than the other speed.
NUM  14.
PAR  14. An expanded scale timer as set forth in claim 1, further comprising
      means adapted to yield in the event of any interference between the other
      driving means and the indicating means thereby to ensure the driving
      actuation thereof.
NUM  15.
PAR  15. An expanded scale timer comprising means adapted to be driven from an
      operator selected time set position toward an at-rest position for
      indicating the remaining operating time of the timer, a pair of means for
      respectively driving the time indicating means at different predetermined
      speeds during different predetermined periods of time to return the time
      indicating means from its selected time set position to its at-rest
      position, and means for urging the driving means into clutching
      engagement, the urging means being operable generally to slip one of the
      driving means engaged with the indicating means when the other of the
      driving means is drivingly engaged with the indicating means to drive it
      at one speed during one time period and also to effect the clutching
      engagement of the driving means upon disengagement of the other driving
      means from the indicating means to drive it through the one driving means
      at another speed during another of the predetermined time periods.
NUM  16.
PAR  16. An expanded scale timer as set forth in claim 15, further comprising an
      electric motor connected with the other driving means for effecting the
      drive thereof.
NUM  17.
PAR  17. An expanded scale timer as set forth in claim 16, further comprising a
      reduction gear train operably interposed between the electric motor and
      the other driving means.
NUM  18.
PAR  18. An expanded scale timer as set forth in claim 16, further comprising
      means for controlling energization and deenergization of the electric
      motor, the controlling means being operable generally to effect the
      energization of the electric motor in response to operator movement of the
      indicating means toward the selected time position thereof and to
      de-energize the electric motor upon the driven return of the indicating
      means to its at-rest position by the driving means.
NUM  19.
PAR  19. An expanded scale timer as set forth in claim 15, wherein the urging
      means comprises a clutch spring engaged with the one driving means for
      biasing it toward the clutching engagement with the other driving means.
NUM  20.
PAR  20. An expanded scale timer as set forth in claim 15, wherein the
      indicating means comprises a cluster gear having a continuous gear portion
      connected for conjoint movement with a segmented gear portion, the one
      driving means being continuously engaged with the continuous gear portion
      and slipped with respect to the other driving means upon the driving
      engagement thereof with the segmented gear portion.
NUM  21.
PAR  21. An expanded scale timer as set forth in claim 15, further comprising
      means for yielding to compensate for displacement of the other driving
      means relative to the indicating means in the event of any interference
      therebetween upon the driving engagement of the other driving means with
      the indicating means.
NUM  22.
PAR  22. An expanded scale timer as set forth in claim 15, further comprising
      means for sounding an alarm, and means for displacing the alarm sounding
      means and effecting snap-action return thereof to sound the alarm in
      response to the operator movement of the indicating means toward the
      selected time position thereof and the driven return of the indicating
      means to its at-rest position by the driving means, respectively.
NUM  23.
PAR  23. An expanded scale timer comprising an electric motor, a low speed
      pinion and a high speed pinion adapted to be displaced toward respective
      time setting positions, means operably displaced generally from an at-rest
      position in response to an operator applied force thereon for selecting a
      desired operating time for the timer, the operating time selecting means
      including a cluster gear conjointly displacable therewith, the cluster
      gear having a continuous gear portion meshed with the high speed pinion
      and a segment gear portion for meshing engagement with the low speed
      pinion, means for urging the low speed pinion and the high speed pinion
      into clutching engagement, the clutching engagement initially effecting
      conjoint displacement of the low speed pinion with the high speed pinion
      through the meshing of the high speed pinion with the continuous gear
      portion of the cluster gear in response to the operator applied force and
      the urging means thereafter acting to slip the high speed pinion upon the
      driving engagement of the segmented gear portion with the low speed pinion
      to permit further relative displacement of the low speed pinion toward its
      time setting position, a drive train between the motor and the low speed
      pinion, means operable generally in response to the displacement of the
      operating time selecting means for controlling energization of the motor,
      the motor being energized by its controlling means upon the displacement
      of the operating time selecting means from its at-rest position thereby to
      actuate the drive train for returning the low speed pinion from its time
      setting position and conjointly driving the segmented gear portion
      therewith until it disengages the low speed pinion while the urging means
      acts to slip the high speed pinion in its meshing engagement with the
      continuous gear portion of the cluster gear, and the urging means acting
      to effect the clutching engagement of the high speed pinion to the low
      speed pinion for conjoint return displacement therewith generally at the
      time of the disengagement of the segmented gear portion from the low speed
      pinion wherein the cluster gear is thereafter driven through the meshing
      engagement of its continuous gear portion and the high speed pinion to
      return the operating time selecting means to its at-rest position and
      thereby de-actuate the controlling means to de-energize the motor.
NUM  24.
PAR  24. A method of operating an expanded scale timer having means operable
      generally for indicating the remaining operating time of an operator
      selected time period, and a pair of means for driving engagement with the
      indicating means during the selected time period comprising the steps of:
PA1  a. overriding one of the driving means in its engagement with the
      indicating means and actuating the other of the driving means in its
      driving engagement with the indicating means for a period of time in
      excess of a predetermined time period which generally constitutes the
      selected time period; and
PA1  b. disassociating the other driving means from its driving engagement with
      the indicating means at the end of the excess time period and generally
      simultaneously therewith actuating the driving means conjointly for
      effecting the driving engagement of the indicating means by the one
      driving means through the predetermined time period.
NUM  25.
PAR  25. The method as set forth in claim 24, comprising the preliminary step of
      moving the indicating means manually from a generally at-rest position to
      the selected operating time and generally simultaneously therewith
      actuating the one driving means and the other driving means toward their
      respective overriding and driving engagements with the indicating means of
      the overriding and actuating step.
NUM  26.
PAR  26. The method as set forth in claim 24, wherein the overriding and
      actuating step comprises slipping the one driving means relative to the
      other driving means upon the driving engagement thereof with the
      indicating means and applying a motive force only to the other driving
      means for driving the indicating means through the excess time period.
NUM  27.
PAR  27. The method as set forth in claim 24, wherein the indicating means
      includes a portion for interrupting the driving engagement between the
      other driving and the indicating means, and wherein the disassociating and
      actuating step comprises terminating the driving engagement of the other
      driving means with the indicating means generally at the interrupting
      portion thereof thereby ending the excess time period and clutching the
      driving means together to effect the driving engagement of the one driving
      means with the indicating means through the predetermined time period.
NUM  28.
PAR  28. The method as set forth in claim 25, comprising the generally
      simultaneous step of energizing means for applying a motive force to the
      other driving means in response to the manual movement of the indicating
      means from its at-rest position to its selected operating time.
NUM  29.
PAR  29. The method as set forth in claim 24, comprising the preliminary step of
      associating with the other driving means means for yielding to compensate
      for displacement of the other driving means which may occur in the event
      of any interferring driving engagement of the other driving means with the
      indicating means.
NUM  30.
PAR  30. A method of operating an expanded scale timer having means adapted to
      be driven for indicating the remaining operating time of the timer, and a
      pair of means for driving the time indicating means comprising the steps
      of:
PA1  a. slipping one of the driving means in overridden relation with the time
      indicating means and actuating the other of the driving means for driving
      the time indicating means; and
PA1  b. actuating the driving means conjointly for effecting the driving of the
      time indicating means through the one driving means and generally at the
      same time interrupting the driving association between the other driving
      means and the time indicating means.
NUM  31.
PAR  31. A method of operating an expanded scale timer having means adapted to
      be driven for indicating time, and a pair of means for driving relation
      with the time indicating means comprising the steps of:
PA1  a. overriding one of the driving means in its driving relation with the
      time indicating means and moving the other of the driving means into
      driving relation with the time indicating means to effect the driving
      thereof; and
PA1  b. disassociating the other driving means from its driving relation with
      the time indicating means and generally simultaneously clutching the
      driving means together for effecting the driving relation of the time
      indicating means by the one driving means.
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ABST
PAL  A control mechanism to dampen gimbal tumbling and to orient the axes of
      rotation of the rotor and the gimbals of a gyroscope when in an
      inoperative state. The control mechanism serves as an overriding stop to
      gimbal lock, dampens the gimbal rotation leading to tumbling and restores
      the gimbals to a given orientation upon the cessation of gimbal rotation.
      The overriding stop and dampening force in one embodiment are the
      plurality of cams and cam followers rotatably mounted and operatively
      connecting the inner and outer gimbals with the gyroscope frame, and in
      another embodiment a cam and cam follower arrangement rotatably mounted
      and operatively connecting the inner and outer gimbal in combination with
      a bearing surface operatively connecting the inner and outer gimbal with
      the gyroscope frame.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  In essence, the invention provides a force to resist gimbal rotation
      leading to gimbal lock and to dampen gimbal tumbling and also a force to
      restore the gimbals to a given orientation with respect to one another and
      with the rotor spin axis upon the deterioration of the torque inducing
      rotor rotation.
PAR  The gimbal control mechanism for vertical gyroscope consists of one cam and
      cam follower arrangement between the inner and outer gimbals and another
      between the outer gimbal and gyroscope frame. The cams being so contoured
      as to engage the cam follower when the angular displacement of the
      respective gimbals exceeds a predetermined angular relationship.
PAR  The resisting force is induced on the engaged cam follower by the
      respective cam rise which force continues to increase until the peak or
      apex of the cam is reached (i.e., a 180.degree. displacement from the
      normal operating reference point on the cam). The restoring force is
      induced in the engaged cam follower by the respective cam fall which force
      continues to decrease until the return of the cam to the predetermined
      angular relationship which force continues to decrease until the return of
      the cam to the normal angular displacement. The cam mounted in a fixed
      angular relationship to the inner gimbal and the cam mounted in a fixed
      angular relationship to the outer gimbal both operate with their
      respective cam followers as aforementioned, and also operate in a
      generally orthogonal space relationship to one another.
PAR  The gimbal control mechanism for the directional gyroscope consists of a
      cam and cam follower arrangement between the inner and outer gimbals and a
      braking arrangement consisting of a bearing surface mounted on the
      gyroscope frame for abutment by the stem end of the cam follower means
      mounted in the outer gimbal. The braking arrangement allows the outer
      gimbal a 360.degree. rotation and is only effective when the inner and
      outer gimbal approach gimbal lock relationship and together seek to rotate
      about the major axis.
PAR  It is the object of the invention to dampen random gimbal rotation and
      thereby protect the gimbals during power-off rotor coast-down.
PAR  Another object of the invention is to provide a gyroscope with means to
      restrain gimbal rotation and tumbling induced by violent and accelerated
      external forces acting upon the gyroscope.
PAR  Still another object of the invention is to provide a means to allow the
      gimbals of the gyroscope to pass through the gimbal lock position and
      thereafter seek to orient the gimbals to a given spin axis orientation
      after the gyro rotor has coasted to a quiescent state.
PAR  Other objects and advantages of the invention will become apparent from the
      following specification taken in connection with the accompanying drawings
      wherein:
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a gimbal control mechanism to resist gimbal
      rotation about the major axis when the gyroscope approaches gimbal lock
      position and thereafter orients the gimbals and the spin axis of the
      gyroscope preparatory to the erecting or leveling as a condition precedent
      to reapplying power to the gyroscope rotor.
PAR  Gyroscopes are used to indicate angular rotation about the three principal
      control axes and are referred to as vertical gyroscopes and directional
      gyroscopes. Vertical gyroscope, whose starting sequence first requires
      erecting the gyro rotor spin axis, indicates pitch and roll, while the
      directional gyroscope, whose starting sequence first requires leveling the
      gyro rotor spin axis, indicates aximuth or yaw. The gyroscopes are
      completely free to rotate in the gimbal supports. Such gyroscopes have,
      however, a distinct disadvantage i.e., gimbal lock. Gimbal lock being
      defined as that condition which exists when the inner gimbal of the
      gyroscope rotates through such an angle about the inner gimbal axis that
      the spin axis of the rotor and the outer gimbal axis mounted in the frame
      supports are aligned. To avoid gimbal lock, a fixed stop means, situated
      to operate between the inner and the outer gimbal, was developed.
      Consequently, as the fixed stop means is engaged during a maneuver tending
      to swing the gyroscope to or through the gimbal lock position, torques are
      developed which quickly rotate the outer gimbal around, thereby
      circumventing gimbal lock and leaving the gyroscope free to rotate
      relative to the inner gimbal without further interference from the stop
      means. However, violent or rapid movements of the frame of the gyroscope
      cause accelerated angular deviations between the inner gimbal, and outer
      gimbal, so that the inner gimbal strikes the fixed stop with a highly
      intensive force. When this occurs, a very large torque is developed,
      causing the outer gimbal to tumble or upset.
PAR  The phenomenon of violent and rapid movement of the frame is particularly
      apparent when the gyro is of the type used for torpedoes, and the torpedo
      after its run and, with all power off, is coasting to the surface during
      the recovery cycle. As the result of power off, the steering vanes of the
      torpedo are skewed in a particular manner, causing the torpedo to pitch up
      and rotate with a high angular velocity.
PAR  The gyro, if equipped with a fixed stop means to prevent gimbal lock and
      gimbal tumbling, will, as a consequence, undergo accelerated precessional
      effects. These precessional effects will become particularly more rapid
      and cause breakage and damage to the gyro gimbals and bearings as the gyro
      rotor loses angular momentum during coast-down time.
PAR  The gyro resistance to external forces is dependent upon the angular
      momentum of the gyro rotor and this resistance is known as rigidity or
      stability. As the result of loss of rigidity or stability along with the
      aforementioned combination of external force, the gyro will undergo a
      sequence of violent and damaging rotations and tumbling, with resulting
      breakage of gyro gimbals and destruction of gimbal bearings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. I illustrates the Directional Gyroscope with the gimbal brake and the
      gimbal overriding stop arrangements in a co-acting relationship.
PAR  FIG. II illustrates a Direction Gyroscope of FIG. I, provided with the
      combination gimbal overriding stop operatively connecting the inner and
      outer gimbals, and a gimbal brake operatively connecting the outer gimbal
      and gyro frame.
PAR  FIG. III illustrates the Vertical Gyroscope with the plurality of gimbal
      overriding stops in a co-acting relationship.
PAR  FIG. IV illustrates a Vertical Gyroscope of FIG. III, provided with a
      plurality of gimbal overriding stops operatively connecting the inner and
      outer gimbals and the gyro frame.
DETD
PAR  Referring first to the Directional Gyroscope shown in FIGS. I and II, The
      rotor 11 is mounted in the inner gimbal 12 for rotation about the spin
      axis A.sub.1 -A.sub.2. The rotor 11 is driven by any suitable electric or
      pneumatic motor means not shown. The inner gimbal 12 is supported by
      trunnions 13 rotatably journaled in the outer gimbal 14 so that the inner
      gimbal 12 is free to pivot or rotate about the minor axis B.sub.1
      -B.sub.2. The outer gimbal 14 is supported by trunnions 15 rotatably
      journaled in the frame 16 so that the outer gimbal 14 is free to rotate
      about the major axis C.sub.1 -C.sub.2.
PAR  Due to the gyroscopic property of rigidity or stability, the spin axis
      A.sub.1 -A.sub.2 of the gyroscope, when operative, tends to stay in a
      horizontal orientation, with the outer gimbal 14 stabilized with reference
      to the rotative movements of the frame 16.
PAR  An embodiment of gimbal control mechanism is the combination of gimbal
      overriding stop and gimbal brake shown in both FIGS. I and II. The gimbal
      overriding stop consists of a cam means 21 mounted in a fixed angular
      relationship with the inner gimbal 12 to rotate therewith about the minor
      axis B.sub.1 -B.sub.2 and a cam follower means 20 loaded at one end by
      spring means 19. The gimbal brake means consists of circular bearing
      surface 17, fixedly mounted in the frame 16, and a spring insert 18
      adapted for abutment with the spring means 19 upon the instance of the cam
      follower 20 being raised with a force exceeding the force of the spring
      means 19.
PAR  The operation of the gimbal control mechanism adapted to the horizontal
      gyroscope can be best understood by referring to FIG. II. The contour of
      the cam means 21 is designed to engage the roller of the cam follower 20
      whenever the angular displacement of the spin axis A.sub.1 -A.sub.2
      exceeds the vehicle pitch angle maneuver capability. (In the torpedo
      application, the pitch angle maneuverability during normal operation is
      limited to .+-.65.) As the cam rotates through the arc beyond the
      predetermined area of angular displacement, and to the apex or peak of the
      cam, the cam contour will raise the cam follower 20 against its spring
      means 19. The spring means, in turn, will induce an increasing downward
      force tending to oppose the rotation of the cam. As the cam rotates
      through the arc beyond the cam apex or peak, the cam contour will drop the
      cam follower 20 from under the spring means 19. The spring means thereby
      induces a decreasing downward force tending to assist the rotation of the
      cam.
PAR  In the event the force induced by the torque of rotation exceeds the spring
      induced force, then the stem end of cam follower 20, through spring insert
      18, will abut against the circular bearing surface 17 to create a braking
      force against further rotation of the cam.
PAR  If the sum of the net braking force and spring force exceed the force
      induced by the torque, then the cam rotation will be opposed and,
      depending upon differential of forces, the cam eventually will be
      reoriented to return to within the predetermined range of angular
      displacement.
PAR  However, if the net sum of braking and spring force is insufficient, then
      the cam will override that combination of forces and continue to rotate
      with the respective gimbal through gimbal lock condition, which is
      represented by the apex or peak of the cam contour. However, after
      overriding the apex or peak of the cam, the cam contour will permit the
      cam follower to be lowered, and combination of force will act to assist
      rotation of the cam to the return within the predetermined range of
      angular displacement of the attached gimbal.
PAR  During the coast-down time of the gyro rotor, and prior to the dormant
      state, as well as during the time prior to the torpedo becoming buoyant
      and floating on the surface, the foregoing gimbal movements will be
      oscillating to and through gimbal lock and to and through the
      predetermined angular displacement. This oscillation will become less
      frequent as the dormant state of the gyro rotor and the rest state of the
      torpedo is approached, until finally the gimbals by reason of the cam
      contour, will be oriented in a generally orthogonal relationship, one to
      the other.
PAR  Referring to the Vertical Gyroscope shown in FIGS. III and IV, the rotor 31
      is mounted in the inner gimbal 32 for rotation about the spin axis A.sub.1
      -A.sub.2. The inner gimbal 32 is supported by trunnions 33 rotatably
      journaled in the outer gimbal 34 so that the inner gimbal 32 is free to
      pivot or rotate about the minor axis B.sub.1 -B.sub.2. The outer gimbal 34
      is supported by trunnions 35 mounted on frame 36 so that the roll gimbal
      is free to rotate about the major axis C.sub.1 -C.sub.2. The gyroscope,
      when operative, tends to maintain the orientation of its spin axis A.sub.1
      -A.sub.2 in the vertical direction. Pitch movements are indicated by
      rotation of the trunnions 33 relative to the outer gimbal 34, and roll
      movements by rotation of trunnions 35 relative to the frame 36.
PAR  An embodiment gimbal control mechanism is shown in FIGS. III and IV, and
      consists of cams 41 and 51 mounted on the minor axis B.sub.1 -B.sub.2 and
      the major roll axis C.sub.1 -C.sub.2 respectively, in fixed angular
      relationship with the inner or outer gimbal, with cam followers 39 & 49
      respectively, mounted for reciprocal movement on either the outer gimbal
      or the frame, and loaded by the respective springs 38 and 48.
PAR  The operation of the gimbal control mechanism adapted to the horizontal
      gyroscope can best be understood by referring to FIG. IV.
PAR  The initial relationship of the gimbals, one to another, shown in FIG. IV
      is generally orthogonal. This relationship deviates from the orthogonal
      within the range of the predetermined angular displacement
      (.+-.65.degree.). Consequently, a torque tending to rotate one gimbal will
      have a component tending to rotate the other gimbal whenever the angular
      displacement of the respective cam is such as to engage the respective cam
      follower. Consequently, through the cam and cam follower, an operative
      connection is established between the gimbal and with the frame whenever
      any one of the gimbals is outside of their predetermined angular
      displacement or pitch angle capability.
PAR  The cam and cam follower will interact in the fashion similar, as discussed
      above. However, by reason of the plurality of cams and cam follower, the
      torque inducing rotation will be opposed or assisted by the combined force
      of the said cams. Again, as the gyro rotor coasts to a dormant condition
      and the torpedo becomes buoyant and floats, the respective gimbal and
      frame will, by reason of the interaction of cam and cam follower, reorient
      in a generally orthogonal relationship one to another.
PAR  While a preferred form of the invention has been described, it should be
      understood that the same may be altered in detail and in relative
      arrangement of parts within the scope of the appended claim.
CLMS
STM  What is claimed as new and desired to be secure by Letters Patent is:
NUM  1.
PAR  1. A gimbal control mechanism for a gyroscopic system having a horizontal
      spin axis for indicating deviations in asimuth or yaw
PA1  said gyroscopic system comprising in combination
PA1  a rotor mounted in an inner gimbal for rotation about the spin axis,
PA1  an outer gimbal containing said inner gimbal mounted therein for rotation
      about the minor axis, and
PA1  a frame member containing said outer gimbal mounted therein for rotation
      about the major axis,
PA1  the said minor axis being substantially at right angles to both the spin
      and major axes with the said major axis substantially at right angles to
      the spin axis; and
PA1  said gimbal control mechanism comprising in combination
PA1  a cam means mounted in fixed angular relationship with the said inner
      gimbal for rotation about the minor axis,
PA1  a cam follower means having a roller end and a protruding stem end mounted
      in the said outer gimbal for reciprocal movement parallel to the major
      axis and situated to engage the cam means by the said roller end, and
PA1  a bearing surface mounted within the said frame member and aligned for
      abutment by the protruding stem end of the said cam follower means
      throughout the rotation of the said outer gimbal about the major axis,
PA1  whereby the interaction of the said cam means, said follower means and said
      bearing surface generates a force to oppose rotor tumbling and gimbal
      lock, with the intensity of the generated force varying sinusoidally as
      determined by the contour of the said cam means from a minimum when the
      spin axis and major axis are perpendicular to each other and to a maximum
      when the said axes coincide.
NUM  2.
PAR  2. A gimbal control mechanism as recited in claim 1 wherein the braking
      action between the said outer gimbal and frame member is effected by the
      raised protruding stem of the said cam follower means abutting on the said
      bearing surface through the spring insert means.
NUM  3.
PAR  3. A gimbal control mechanism as recited in claim 1 wherein the said cam
      follower means is positioned and held in place by the force developed in a
      spring means.
NUM  4.
PAR  4. A gimbal control mechanism recited in claim 1 wherein the said cam means
      is heart-shaped and the contour limits engagement by the roller of the
      said cam follower means through the arc representing angular displacement
      in excess of the predetermined angular range.
NUM  5.
PAR  5. A gimbal control mechanism recited in claim 1 wherein the resisting
      force arrangement comprises an overriding stop means mounted on the inner
      gimbal and means on the outer gimbal for engagement of said overriding
      stop means through the arc representing angular displacement in excess of
      a predetermined range.
NUM  6.
PAR  6. A gimbal control mechanism for a gyroscopic system having a vertical
      spin axis for indicating deviations in pitch and roll
PA1  said gyroscopic system comprising in combination
PA1  a rotor mounted in an inner gimbal for rotation about the spin axis,
PA1  an outer gimbal containing said inner gimbal mounted therein for rotation
      about the minor axis, and
PA1  a frame member containing said outer gimbal mounted therein for rotation
      about the major axis,
PA1  the said minor axis being substantially at right angles to both the spin
      and major axes with the said major axis substantially at right angles to
      the spin axis; and
PA1  said gimbal control mechanism comprising in combination
PA1  a first cam means mounted in fixed angular relationship with the said inner
      gimbal and rotatable therewith about the minor axis,
PA1  a first cam follower means mounted for reciprocal movement in the said
      outer gimbal and situated to be engaged by the said first cam means,
PA1  a second cam means mounted in fixed angular relationship with the said
      outer gimbal and rotatable therewith about the major axis,
PA1  a second cam follower means mounted for reciprocal movement in the frame
      member and situated to be engaged by the said second cam means;
PA1  whereby during gyro rotor coast down with attendant loss of gyro stability,
      external torques inducing precessional effects are opposed by the coaction
      of the plurality of cam and follower means with the first cam and first
      follower means tending to return and retain the said inner gimbal in a
      given angular relationship with respect to the said outer gimbal and the
      second cam and second follower means tending to return and retain the said
      outer gimbal in a given angular relationship with respect to said frame
      member so that upon completion of gyro rotor coast down the substantial
      right angle relationship of the minor axis with both the spin axis and
      major axis and the substantial right angle relationship of the major axis
      with the spin axis is reestablished.
NUM  7.
PAR  7. A gimbal control mechanism as recited in claim 6 wherein the said first
      and second cam follower means are positioned and held in place by a force
      developed by a spring means.
NUM  8.
PAR  8. A gimbal control mechanism as recited in claim 6 wherein the said first
      and second cam means are heart-shaped and the contour limits engagement
      with the rollers of the first and second cam follower means through the
      arc representing angular displacement in excess of the predetermined
      angular range.
NUM  9.
PAR  9. A gimbal control mechanism recited in claim 6 wherein the resisting
      force arrangement comprises an overriding stop means mounted on both of
      the said inner and outer gimbals and means on the said outer gimbal and
      said gyroscope frame for engagement with said overriding stop means
      through the arc representing angular displacement in excess of the
      predetermined range.
NUM  10.
PAR  10. A gimbal control mechanism recited in claim 6 the first and second
      combination of cam means and cam follower means is responsive to abnormal
      deviations between the inner and outer gimbals and the gyro frame for
      damping the torque tending to tumble the inner and outer gimbal when
      aligned in the same plane.
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ABST
PAL  A power tool bench for operating a variety of power and manual shop tools;
      the power tool bench comprising:
PA0  A. a bench;
PA0  B. a motor mounted on the bench;
PA0  C. slots positioned on the bench to slideably receive a tab positioned on
      one end of a tool to be mounted on the bench and an electromagnet
      positioned on the bench to maintain the other end of the tool in a desired
      position; and,
PA0  D. a torque transmitter operatively engaging the motor and the tool.
BSUM
PAR  This invention is related to power and manual tools.
PAR  More particularly, this invention is related to electrically powered tools.
PAR  This invention is further related to a power bench which is suitable for
      the operation of a variety of interchangeably mountable electrical shop
      tools.
PAR  Heretofore, it has been desirable in home shops and the like to have
      various powered tools which are mounted on a work bench. Unfortunately,
      space limitations restrict the use of such bench mounted power tools in
      small shops such as home work shops and the like. Numerous methods for
      mounting such power tools are known; however, such methods require
      considerable space and a mounting area for each tool. As a result, it has
      been difficult to utilize a wide variety of bench mounted power tools in
      the limited space available in small shops, home work shops and the like.
PAR  Accordingly, much time and effort has been devoted to the problem of
      providing bench-mounted power tools which may be used in a confined space
      to perform a variety of functions.
PAR  It is an object of the present invention to provide a power bench which is
      useful with a variety of power and manual tools.
PAR  It is a further objection of the present invention to provide a power bench
      useful with a variety of interchangeably mounted power and manual tools
      which are quickly and easily exchanged for other tools.
PAR  It has now been found that the objectives of the present invention are
      achieved by the use of a power bench for operating a variety of power and
      manual shop tools, the power bench comprising: a bench means; a motor
      means mounted on the bench means; means for positioning a tool on the
      bench means comprising slot means positioned on the bench means to
      slideably receive tab means positioned on a first end of the tool and
      restraining means positioned on the bench means to maintain the second end
      of the tool in a desired position; and a means for transmitting torque
      from the motor means to the power tools.
DRWD
PAR  FIG. 1 is a side view of the power bench of the present invention.
PAR  FIG. 2 is a top view of the power bench of the present invention showing a
      tool base in position.
PAR  FIG. 3 shows the slot means and tab means more particularly.
DETD
PAR  The same numbers are used to refer to the same or similar elements
      throughout the description of the drawings.
PAR  In FIG. 1 the power bench 10 of the present invention is shown. Power bench
      10 comprises a bench means 12 having a plurality of bench legs 14. The
      number of bench legs 14 is preferably three or four and in a desirable
      embodiment of the present invention a wheel means 18 is positioned on legs
      14 at one end of power bench 10 so that upon lifting the other end of
      power bench 10 it is readily rolled about.
PAR  A motor means 24 is positioned on a first end 20 of power bench 10. Motor
      24 is slideable mounted on a a slideable mount 28 and includes a motor
      pulley 26. A power tool 30 shown in FIG. 1 as a power saw is mounted on
      bench 10 by positioning tabs 38 in slot 32. Slots 32 as more particularly
      shown in FIG. 2 comprise a slot base 34 and a tab retainer 36. Tab 38 is
      slideable into slot 32 to retain power tool 30 in a desired position. An
      electromagnet means 40 is positioned at a second end 22 of power bench 10
      immediately beneath a metal plate 42 which is positioned on a tool base
      44. Mechanical restraining means are also suitable for use at second end
      22 of power bench 10 either alone or in addition to electromagnetic means
      40. Tool 30 is equipped with a pulley 46 and torque is transmitted from
      motor 24 to tool 30 by a belt 48. Electrical wiring 50 is provided to
      activate motor 24 and electromagnet 40. A switch 52 is provided and in a
      desired embodiment motor 24 and electromagnet 40 are activated
      simultaneously. In this embodiment, power tool 30 is retained in position
      by tab 38 and the force applied to metal plate 42 by electromagnet 40.
PAR  FIG. 3 is a top view of power bench 10 showing a tool base 44 in place with
      no tool attached. It is readily apparent to those skilled in the art that
      a wide variety of power or manual tools can be mounted on such a power
      tool base. More particularly, in FIG. 3 motor means 24 is shown as
      slideably mounted on a motor base 58 which rests on slideable mounts 28.
      Motor 24 is connected to springs 56 which resiliently urge motor 24 toward
      first end 20 of power bench 10. It is readily seen that when motor 24 is
      engaged by belt 48 as shown in FIG. 1, with power tool 30 that springs 56
      urge motor 24 toward first end 20 of power bench 10 and maintain an
      adequate tension on belt 48 to secure an effective transmission of torque
      to power tool 30. Motor 24 also desirably has two pulleys 26 positioned
      one at either end in order to provide a more versatile means for the
      transmission of torque to various types of tools. Pulleys 26 desirably
      include at least one and preferably a plurality of effective pitch
      diameters which may be coded by color or other suitable means to
      conveniently indicate the correct pitch to properly drive a selected power
      tool. In FIG. 2 electromagnet 40 is shown as a plurality of
      electromagnets. It is well recognized by those skilled in the art that an
      arrangement of multiple electromagnets, one larger electromagnet and the
      like are suitable. It is equally obvious to those skilled in the art that
      metal plate 42 must be of a metal such as iron, cobalt and the like which
      is magnetic. It will further be noted as shown in FIG. 3 that various
      support members 54 and the like are desirably positioned on bench top 16.
PAR  In FIG. 3 slots 32 are shown to be two in number and positioned on opposite
      sides of bench top 16. It will be obvious to those skilled in the art that
      slots 32 may take the form of a single slot extending the entire width of
      power bench top 16 and the like. The configuration of slot 32 and tab 38
      is optional so long as a slideable connection which retains power tool
      base 44 in a desired position is achieved. Likewise, variations in the
      configuration of metal plate 42 and electromagnets 40 are possible within
      the scope of the present invention.
PAR  As is obvious to those skilled in the art many types of tools can be
      mounted on the power bench described above such as but not limited to
      planes, jigsaws, drills, power saws, sanders, lathes, grinders, metal
      saws, punches, arbor presses, shears, and the like. Such tools may be
      power or manual tools. No particular novelty is claimed in the particular
      tools used in conjunction with the power bench of the present invention
      aside from the use of such tools in conjunction with the powered bench as
      mounted and driven thereon.
PAR  Power bench 10 is constructed of suitable materials for the construction of
      shop equipment such as metal, wood, plastics and the like. It is
      anticipated that many variations and modifications in the nature of the
      construction materials will be considered obvious or desirable to those
      skilled in the art. It is necessary that power bench 10 be constructed of
      sturdy materials in order to provide durable shop equipment, and many of
      the components will need to be constructed of materials such as steel,
      stainless steel, cast aluminum, magnesium, reinforced plastic and the
      like. Such variations in the materials are well known to those skilled in
      the art and need not be discussed further.
PAR  Slideably mounted motor 24 may be positioned by merely sliding it into
      position and fastening it in position to maintain a desired tension on
      belt 48 or motor 24 may be mounted as shown in FIG. 3 wherein spring means
      56 are positioned to urge motor 24 toward first end 20 of power bench 10
      to maintain a desired tension on belt 48. Such mounting of motor 24 has a
      double advantage in that first a reliable resiliant tension is maintained
      and secondly, the motor may be manually moved to remove belt 48 if
      desired. Such is one method by which motor 24 may be disengaged from power
      tool 30.
PAR  In the use of power bench 10 of the present invention, tools 30 may be
      quickly and easily changed by merely disengaging electromagnet 40, lifting
      the end of power tool 30 having metal plate 42 positioned thereon,
      removing belt 48 and sliding tabs 38 out of slots 32 to remove the power
      tool 30. A second power tool 30 may be mounted on power bench 10 in a
      similar manner and in a desired embodiment as shown above electromagnet 40
      is activated by the same switch which activates electric motor 24. In such
      an embodiment electromagnet 40 holds power tool 30 in a desired position
      during operation of motor 24. Of course, electromagnet 40 and motor 24 may
      be connected to different electrical connections and may have separate
      power sources. Interlocks may be conveniently placed in the electric
      circuit to permit operation of motor means 24 only when a power operated
      tool 30 is in proper position while permitting activation of electromagnet
      40 to retain a manually operated tool in a desired position. Such
      variations are obvious to those skilled in the art and need not be
      discussed further.
PAR  Having thus described the invention, it is pointed out that many variations
      and modifications are possible within the scope of the present invention
      and it is anticipated that many such variations and modifications may
      appear obvious or desirable to those skilled in the art upon a review of
      the foregoing description of preferred embodiments.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. A power bench for operating a variety of power and manual shop tools
      comprising:
PA1  a. a bench means having a first and a second end;
PA1  b. a motor means mounted on said bench means;
PA1  c. means for positioning a tool on said bench means, said means comprising
      slot means positioned on said bench means to slideably receive tab means
      positioned on a first end of said tool and restraining means positioned on
      said bench means to maintain a second end of said power tool in a desired
      position said restraining means comprising an electromagnet means
      positioned on said bench means to magnetically engage a metal plate means
      positioned on said second end of said power tool; and
PA1  d. means for transmitting torque from said motor means to said power tool.
NUM  2.
PAR  2. The power bench of claim 1 wherein said motor means is slideably mounted
      on said bench means and is equipped with at least one pulley means having
      at least one effective pitch diameter, said power tool is equipped with at
      least one pulley means and said means for transmitting torque comprises a
      belt means joining said pulley means on said motor means and said pulley
      means on said power tool.
NUM  3.
PAR  3. The power bench of claim 2 wherein means are provided for resiliantly
      urging said slideably mounted motor means toward said first end of said
      bench means, thereby maintaining a desired tension on said belt means.
NUM  4.
PAR  4. The power bench of claim 3 wherein said power tool includes a base means
      said base means including said tab means and said metal plate means.
NUM  5.
PAR  5. The power bench of claim 3 wherein said slot means are positioned
      between said first end of said bench means and said second end of said
      bench means and wherein said electromagnetic means is positioned near said
      second end of said bench means.
NUM  6.
PAR  6. The power bench of claim 5 wherein said motor means and said
      electromagnetic means are activated by a common switch so that said power
      tool is retained in a desired position during operation, but readily
      removed when deactivated.
NUM  7.
PAR  7. The power bench of claim 5 wherein said slot means comprises two slots
      positioned on opposite sides of said bench means.
NUM  8.
PAR  8. The power bench of claim 5 wherein said slot means comprises a single
      slot extending substantially across the width of said bench means.
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ABST
PAL  A sickle drive has a sway bar that is coupled with the sickle to
      reciprocate the latter during oscillation of the sway bar. The latter is
      operably coupled with a crank drive through a special linkage employing a
      pair of oppositely extending, short pitman links that compensate for one
      another adjacent opposite ends of the sickle stroke to vary the velocity
      of the sickle substantially sinusoidally. The oppositely directed inertia
      forces of the sickle adjacent opposite ends of its stroke, made equal by
      the special linkage, are balanced out by a pair of superimposed,
      oppositely rotating weights driven in timed relationship to reciprocation
      of the sickle, thereby presenting a substantially vibration-free drive.
BSUM
PAR  This invention relates to the reduction of mechanically destructive and
      physically jarring vibrational forces which are normally induced in
      mechanisms that translate rotary motion from a drive shaft into reciprocal
      motion of a heavy member such as, for example, the sickle of the implement
      header.
PAR  The problem of reducing vibrations caused by abrupt changes in direction of
      a rapidly reciprocating, heavy member at opposite ends of its stroke has
      existed for a long time. It is known, for example, from U.S. Pat. No.
      2,428,924, issued to V. N. Albertson on Oct. 14, 1947, to utilize a pair
      of superimposed, oppositely rotating counterweights which are driven to
      timed relationship to reciprocation of a sickle in such a manner that the
      weights counterbalance the inertia forces at opposite ends of the sickle
      stroke. The weights are so arranged that when the sickle reaches one end
      of its stroke with its inertia forces headed in one direction, the inertia
      forces of the rotating weights are headed in the opposite direction so
      that a balancing of forces occurs. Hence, vibrations are materially
      reduced.
PAR  However, the mechanism of the aforesaid Patent, as well as many other
      sickle drive mechanisms of which we are aware, utilizes a single,
      relatively short, pitman rod to translate rotary motion from the drive
      shaft of the mechanism into reciprocal motion of the sickle, and, as is
      well known, a short pitman rod cannot reciprocate a driven member so that
      its velocity varies sinusoidally over the full stroke. Instead, the member
      driven by a short pitman rod must stop and start more abruptly at one end
      of its stroke than at the opposite end, and this results in the inertia
      loading being different at opposite ends of the stroke. Accordingly, the
      member cannot be readily counterbalanced because the weights utilized must
      be based upon an average of the two different inertia loadings, not the
      exact amount of either loading.
PAR  The problem of the single short pitman could be solved by merely extending
      the pitman to such a length that the angle through which it moved during
      operation would be very small. Then the variance in velocity over the full
      stroke would approach sinusoidal and the inertia loadings at opposite ends
      of the stroke would approximately equal one another.
PAR  However, as a practical measure, such an arrangement is not possible on an
      implement header, for example, because the long pitman, disposed at one
      end of the sickle, might extend well beyond the lateral extremes of the
      header itself, presenting a dangerous, unwieldy, and easily damaged
      appendage to the header.
PAR  Accordingly, one important object of the present invention is to eliminate
      unequal inertia loading at opposite ends of the stroke of a
      pitman-reciprocated member whereby such loading can be readily
      counterbalanced by appropriately driven weights in order to provide
      smooth, substantially vibration-free operation.
PAR  Another important object of this invention is to provide such a remedy
      without producing a cumbersome apparatus subject to frequent mechanical
      breakdown and hazardous to personal safety.
PAR  Pursuant to the foregoing, an additional important object of the present
      invention is to provide a pair of short pitmans extending oppositely from
      an eccentrically driven component and connected to a common member to be
      reciprocated so that the two pitmans counteract the negative effects of
      one another while maintaining their positive effects in order to closely
      approach reciprocation of their common driven member sinusoidally.
PAC  OTHER RELATED ART
PAR  Elements of Mechanism by Doughti and James, 1954, Library of Congress
      catalogue card number 54-7373, page 149.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a fragmentary, side elevational view of a sickle drive on an
      implement header employing the principles of the present invention;
PAR  FIG. 2 is a cross-sectional view through the drive taken along irregular
      line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged, front, vertical cross-sectional view through the
      gearbox of the drive showing the counterbalance weights thereof in
      position to counteract the sickle when it is at the left end of its stroke
      as viewed from the front of the header, the linkage below the
      counterweights being rotated 90.degree. out of position to illustrate
      details of construction;
PAR  FIG. 4 is a horizontal cross-sectional view through the apparatus of FIG. 3
      looking downwardly from just above the counterweights when the latter are
      rotated into diametrically opposed relationship;
PAR  FIG. 5 is a horizontal cross-sectional view through the apparatus of FIG. 3
      looking upwardly toward the bottom of the counterweights from a point just
      above the linkage and with the weights rotated into the positions
      illustrated in FIG. 4;
PAR  FIGS. 6 - 9 are schematic and diagrammatic views of the drive illustrating
      the motions of the various components involved with their positions
      relative to the counterweights at corresponding points in the operating
      cycle; and
PAR  FIGS. 10 and 11 are diagrammatic views of the special drive linkage of the
      present invention illustrating the relationship of the pitman links to one
      another at opposite ends of the sickle stroke and showing in dashed lines
      the respective paths of travel of the links during each operating cycle.
DETD
PAR  The principles of the present invention, while applicable to any situation
      wherein a member is to be driven reciprocably, have been illustrated in
      conjunction with the sickle assembly of an implement header 10. A shaft 12
      (FIG. 2) extending across the rear of header 10, is coupled at one end
      with a prime mover (not shown) and has a large sheave 14 attached to its
      other end. The sheave 14 carries an endless belt 16 that extends fore and
      aft along one side of header 10 and is looped about a generally
      cone-shaped sheave 18 for driving the latter in the same direction as
      shaft 12. An idler 20 along the lower stretch of belt 16 tensions the
      latter.
PAR  As shown best in FIG. 3, the sheave 18 has a driven shaft 22 that extends
      into a gearbox 24 wherein a first bevel gear 26 on shaft 22 meshes with a
      pair of opposed second and third bevel gears 28 and 30 respectively that
      rotate about a common axis perpendicular to shaft 22. Gear 28 is keyed to
      a generally upright drive shaft 32 extending centrally through gearbox 24
      so that rotation of gear 28 in one direction by input shaft 22 is imparted
      to the upright drive shaft 32. On the other hand, the other bevel gear 30
      associated with drive shaft 32 is provided with bearings 34 around shaft
      32 that enable the gear 30 to rotate in the opposite direction and
      relative to shaft 32, such being caused by bevel gear 26 on input shaft
      22.
PAR  A sleeve 36 at the bottom of gearbox 24 surrounds drive shaft 32 and is
      fixed to the gear 30 for rotation therewith in a direction opposite to
      shaft 32. Bearings 38 between sleeve 36 and shaft 32 permit such relative
      rotation. The sleeve 36 has a generally semicircular weight 40 secured
      thereto by a series of screws 42 so that weight 40 rotates with sleeve 36
      during operation. A second, generally semicircular weight 44 is secured by
      a series of screws 46 to the enlarged, lowermost end of drive shaft 32 in
      underlying relationship to the upper weight 40 so that weight 44 rotates
      with drive shaft 32 during operation and in a direction opposite to weight
      40.
PAR  The weights 40 and 44 are so positioned on their respective mounting means
      that, during operation, they come into vertically aligned relationship
      with one another when they are in their rightmost positions viewing FIG.
      3, and also when they are in their leftmost positions viewing FIG. 3. On
      the other hand, they are spaced apart to the greatest extent when aligned
      fore-and-aft of header 10 as illustrated in FIG. 1.
PAR  Returning to FIGS. 1 and 2, a member 48, commonly known as a sway bar,
      extends generally fore-and-aft of header 10 along the side thereof and is
      swingably mounted at its rearmost end by a pivot 50 for reciprocal or
      oscillatory movement in a path extending generally transversely of the
      normal path of advancement of header 10. The member 48 extends forwardly
      from pivot 50 beneath gearbox 24 and has a ball-joint coupling 52 at its
      forwardmost end with a sickle 54 supported by header 10 for reciprocation
      transversely of the path of advancement of header 10.
PAR  The member 48 is provided with an elongated opening 56 adjacent its
      forwardmost end that provides clearance for the special linkage 58 which
      drivingly couples member 48 with gearbox 24. Linkage 58 includes a
      generally elliptical main component 60 that is carried within opening 56
      by a pair of spaced-apart, oppositely extending, identical pitman links
      62, each of which has a first pivot 64 with component 60 and a second
      pivot 66 with the member 48 on opposite sides of opening 56. Both links 62
      are of the same length and each consists of a pair of superimposed
      elements 68 separated by pivots 64 and 66 as illustrated in FIG. 3.
PAR  The center of component 60 pivotally carries a drive stud 70 that is, in
      turn, fixed to the lower weight 44 in eccentric relationship to the drive
      shaft 32, all as best illustrated in FIG. 3. In this manner, the component
      60 is drivingly coupled with shaft 32.
PAC  OPERATION
PAR  As the drive shaft 32 is rotated, the eccentrically disposed stud 70 pulls
      the component 60 in an orbital path about the axis of drive shaft 32
      counterclockwise as FIGS. 6 - 9 are viewed. However, the pitman links 62
      limit component 60 to a purely rectilinear reciprocal path of travel
      relative to member 48 within opening 56 and, therefore, a resultant force
      is created which swings the member 48 from side-to-side about pivot 50.
      This reciprocal swinging or oscillation of member 48 is in turn
      transmitted to the sickle 54 through coupling 52 to drive sickle 54 back
      and forth across the normal path of advancement of header 10 for severing
      a standing crop.
PAR  Turning to FIGS. 10 and 11, it may be seen that because the stud 70 moves
      in a circular path of travel 72 about the axis of shaft 32 during
      operation, the ends of the pitman links 62 at pivots 64 are caused to move
      in their own individual circular paths of travel 74. Taking the left
      pitman link 62 in FIGS. 10 and 11 as an example, and assuming for the
      moment that the right link 62 is not being utilized, it will be seen that
      the link 62 moves through two extreme conditions corresponding to the
      opposite ends of the sickle stroke, the linkage 58 being shown in FIG. 10
      with the sickle at one end of its stroke and in FIG. 11 with the sickle at
      the opposite end of its stroke.
PAR  More specifically, the left link 62 is shown in FIG. 10 extending
      completely across its path of travel 74, representing one extreme
      condition, while the left link 62 is illustrated in FIG. 11 as approaching
      its path 74 and disposed primarily outside of the latter, this being the
      other extreme of the link 62. Because pivot 66 of the left link 62 is the
      point at which force is transmitted from linkage 58 to member 48 and such
      point moves generally in a straight line toward and away from the side of
      header 10 as the component 60 orbits about the axis of shaft 32, the link
      62 swings back and forth through an angle (as shown in FIGS. 6 and 8)
      while its pivot 64 moves about path 74. Because of this geometry, the
      pivot 66 stops and starts more abruptly as left link 62 approaches and
      leaves the condition illustrated in FIG. 11 than when it approaches and
      leaves the condition illustrated in FIG. 10. Hence, the driving force
      imparted to the member 48 by the pivot 66 is different as the member 48
      approaches its opposite extremes, resulting in a tendency to make the
      inertia loading of sickle 54 different at the opposite ends of its stroke.
PAR  This behavior is inherent in drives where a short pitman is utilized to
      transmit rotary motion from a crank into reciprocal motion of another
      member. Because the short pitman must swing back and forth through a
      substantial angle during actuation by the rotary crank, the driving end of
      the pitman inherently has a "fast" extreme and a "slow" extreme, the pivot
      66 of left link 62 being in its "slow" extreme in FIG. 10 and in its
      "fast" extreme in FIG. 11.
PAR  The inherent deficiencies of a single short pitman, such as the left link
      62 of FIGS. 10 and 11, can be overcome by the addition of a second short
      pitman link which is so arranged that its driving end is moved through its
      fast extreme while the driving end of the first link is moving through its
      slow extreme, and vice versa. Thus, the right link 62 of FIGS. 10 and 11,
      while seemingly at the same point in its path 74 as the left link 62 is on
      its path 74, is actually disposed to move its pivot 66 through the fast
      portion of its cycle while the left link 62 moves its pivot 66 through its
      slow portion. Therefore, when pivot 66 of the left link 62, for example,
      begins to slow down, the "slack" is picked up by the pivot 66 of the right
      link 62, which is just beginning to speed up, the result being that the
      member 48, and hence the sickle 54, has the same rate of acceleration and
      deceleration through both halves of its stroke. This means that the
      velocity of sickle 54 will vary substantially sinusoidally, causing the
      inertia loading at one end of the sickle stroke to be equal to that at the
      opposite end. Hence, the inertia loading can then be readily
      counterbalanced through the weights 40 and 44, whose sequence of operation
      relative to the linkage 58 may be most easily understood by referring to
      FIGS. 6 - 9.
PAR  Beginning in FIG. 6, the weights 40 and 44 are disposed at opposite
      fore-and-aft extremes in order to cancel out one another when member 48 is
      in midstroke, such median position being illustrated by the broken line
      76. When the member 48 is shifted to its rightmost extreme, viewing the
      front of header 10, the weights 40 and 44 are disposed in superposition
      with one another at their leftmost extreme (viewing the front of the
      header 10) as illustrated in FIG. 7. Thus, the weights 40 and 44 supply a
      leftwardly directed inertia loading of their own that cancels out the
      rightwardly directed inertia loading of member 44 and sickle 54.
PAR  Then as the member 48 and sickle 54 are returned to midstroke as
      illustrated in FIG. 8, the weights 40 and 44 are again separated
      fore-and-aft of header 10 to balance out each other and not supply any
      resultant inertia loading.
PAR  Finally, when the member 48 and sickle 54 reach the opposite extreme of
      FIG. 9, wherein sickle 54 is in its leftmost extreme viewing the front of
      header 10, the weights 40 and 44 are brought into superposition in their
      rightmost extreme viewing the front of header 10 to supply a rightwardly
      directed inertia force which cancels out the leftwardly directed inertia
      force of member 48 and sickle 54.
PAR  Thus, the result of the special linkage 58 and weights 40 and 44 is a
      smoothly operating, well-balanced and substantially vibration-free sickle
      drive that materially reduces the likelihood of mechanical failure caused
      by induced vibrations. Moreover, the drive is relatively compact and
      allows higher operating speeds to be achieved than heretofore possible
      without the usual vibrations and shaking which normally accompany such
      higher speeds.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      be secured by Letters Patent is:
NUM  1.
PAR  1. In apparatus for translating rotary motion into reciprocal motion:
PA1  a rotary drive shaft;
PA1  a single component eccentrically coupled with said shaft for orbital
      movement about the axis of the shaft when the latter is rotated,
PA1  said component being pivotal about a second axis during said orbiting
      movement;
PA1  a reciprocable member; and
PA1  structure coupling said member with said component,
PA1  said structure being pivotally connected to said component at a pair of
      spaced points on opposite sides of said second axis for reciprocating the
      member during rotation of said shaft.
NUM  2.
PAR  2. In apparatus as claimed in claim 1, wherein said structure is disposed
      to limit said component to its own rectilinear path of reciprocation
      relative to said member during rotation of said shaft.
NUM  3.
PAR  3. In apparatus as claimed in claim 2, wherein said path of the component
      is transverse to the path of the member.
NUM  4.
PAR  4. In apparatus as claimed in claim 3, wherein said structure includes a
      pair of swingable connectors between said member and the component on
      opposite sides of said second axis.
NUM  5.
PAR  5. In apparatus as claimed in claim 4, wherein said connectors extend in
      opposite directions from said component.
NUM  6.
PAR  6. In apparatus as claimed in claim 5, wherein said member is provided with
      an opening, said connectors disposing said component for reciprocation
      within said opening.
NUM  7.
PAR  7. In apparatus for translating rotary motion into reciprocal motion:
PA1  a rotary drive shaft;
PA1  a reciprocable member;
PA1  a single component coupled with said member in a manner to limit movement
      of the component relative to the member to rectilinear reciprocation
      transversely of the path of travel of the member; and
PA1  means eccentrically and pivotally coupling said component with the shaft
      for orbital movement about the axis of the shaft when the latter is
      rotated, whereby to drive said member along said path.
NUM  8.
PAR  8. In apparatus as claimed in claim 7, wherein said member is coupled with
      said component on opposite sides of the pivotal axis of the component.
NUM  9.
PAR  9. In apparatus as claimed in claim 8, wherein said component is provided
      with a pair of oppositely extending, swingable connectors on opposite
      sides of its pivotal axis and joining the component with said member.
NUM  10.
PAR  10. In apparatus as claimed in claim 9, wherein said member is provided
      with a sickle for reciprocating the latter during reciprocation of the
      member.
NUM  11.
PAR  11. In apparatus as claimed in claim 10, wherein said member is swingable
      along said path about an axis spaced from said sickle.
NUM  12.
PAR  12. In apparatus as claimed in claim 11, wherein said shaft is provided
      with a pair of superimposed counterbalance elements, one of said elements
      being rotatable with the shaft in one direction and the other being
      rotatable relative to the shaft in the opposite direction, and means for
      driving the elements in their respective directions and in timed
      relationship to reciprocation of said sickle for counterbalancing inertia
      forces of the sickle at opposite ends of its stroke.
NUM  13.
PAR  13. In apparatus for translating rotary motion into reciprocal motion:
PA1  a single component;
PA1  means coupled with said component for driving the same in a circular path
      of travel;
PA1  a reciprocable member; and
PA1  a pair of spaced apart, substantially equal length pitman links extending
      in opposite directions from said component and coupling the latter with
      said member for reciprocating the member with substantially equal
      acceleration and deceleration adjacent opposite ends of its path of travel
      upon actuation of said driving means.
NUM  14.
PAR  14. In apparatus as claimed in claim 13, wherein said driving means
      includes a shaft, said component being eccentrically coupled with the
      shaft for orbiting movement about the axis of the shaft when the latter is
      actuated.
NUM  15.
PAR  15. In apparatus as claimed in claim 14, wherein said component is
      pivotally coupled with said shaft, said pitman links being disposed on
      opposite sides of the pivotal axis of said component.
NUM  16.
PAR  16. In apparatus as claimed in claim 15, wherein said member is provided
      with an opening receiving said component for reciprocation thereof
      transversely of the path of travel of said member.
NUM  17.
PAR  17. In apparatus as claimed in claim 13, wherein said driving means
      includes a shaft and said member is provided with a sickle for
      reciprocation by the member, said member being mounted for swinging
      movement about an axis spaced from said sickle.
NUM  18.
PAR  18. In apparatus as claimed in claim 17, wherein said sickle is disposed at
      one end of said member and said swinging axis of the member is disposed at
      the opposite end of the latter.
NUM  19.
PAR  19. An apparatus as claimed in claim 17, wherein said shaft is provided
      with a pair of superimposed counterbalance elements, one of which is
      rotatable with the shaft in one direction and the other of which is
      rotatable relative to the shaft in the opposite direction; and means for
      driving the elements in their respective directions and in timed
      relationship to reciprocation of said sickle for counterbalancing inertia
      forces of the latter adjacent opposite ends of its stroke.
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ABST
PAL  A traction roller transmission having traction rollers disposed in firm
      frictional engagement with a traction surface for the transmission of
      power between the traction rollers and the traction surface. Guide means
      which are in alignment with the traction surface and provided adjacent the
      side faces of the traction rollers such that lubricant present in the
      transmission is drawn between the roller side faces and the guide means
      and forms pressurized lubricant pads guiding the rollers into alignment
      with the traction surface.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part application of patent
      application Ser. No. 366,068, now abandoned, filed June 1, 1973 by Charles
      E. Kraus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to fixed-ratio traction roller transmissions.
PAR  In traction roller transmissions, large forces are required to engage the
      traction rollers with each other in order to facilitate transmission of
      large torques. The maximum tangential forces which are effective at the
      running surfaces of the traction rollers where they are in engagement with
      each other depend on the design and occur just before slipping. However,
      large forces are also effective in axial direction of the traction rollers
      if the axes of the rollers are not perfectly parallel to each other. In
      fact, the axial forces caused by incorrect parallel alignment of two
      rollers are always at the maximum value that is obtainable at the
      momentary forces effective to engage the rollers with each other even if
      the tangential forces are far from the value where slipping would occur.
PAR  As it is practically impossible to maintain the traction roller axes
      perfectly parallel, such axial forces equal to the maximum tangential
      forces are effective practically at all times. This causes not only a
      heavy load on the roller bearings and heavy wear of the running surfaces
      of the rollers but also reduces the torque that can be transmitted by the
      transmission.
PAR  Traction roller transmissions of the type to which the present invention is
      applicable are disclosed for example in U.S. Pats. Nos. 1,093,922;
      1,212,462; 3,380,312 and in the present applicant's U.S. Pat. No.
      3,776,051.
PAR  In the arrangement shown in U.S. Pat. No. 3,380,312 one set of rollers is
      provided with shoulders between which the respective other rollers are
      received. However, although the rollers are retained in their proper axial
      positions relative to each other, this arrangement cannot maintain the
      roller axes in perfectly parallel alignment.
PAC  SUMMARY OF THE INVENTION
PAR  In a traction roller transmission, at least two traction rollers have
      circular traction surfaces disposed in firm engagement with each other.
      One of the traction rollers has side faces, and guide means which are in
      radial alignment with the other traction roller are arranged adjacent the
      side faces of the one traction roller such that lubricant present in the
      transmission is drawn between the roller side faces and the guide means
      where it forms pressure pads for guiding the one roller into parallel
      alignment with the other roller.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows schematically the preferred arrangement of the invention
      wherein three traction rollers are disposed in the space between the sun
      roller and the traction ring, and
PAR  FIG. 2 is a cross-sectional view of the drive arrangement structure taken
      along line II--II of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows the arrangement of the invention in a transmission of the type
      as described in U.S. Pat. No. 1,093,922, wherein a traction ring 10
      surrounds three traction rollers 12, 14, 16 engaging therebetween a sun
      roller 18 for the transmission of power between the traction ring 10 and
      the sun roller 18. The sun roller 18 is connected to, or is, the end of an
      input shaft and the traction ring 10 is mounted on an output shaft if the
      transmission is used as a speed reducer. The axes of the sun roller 18 and
      the traction ring 10 are parallel to, but displaced from, each other by a
      distance a so that, between the traction ring 10 and the sun roller 18, an
      annular path of varying width is formed. The roller 12 is disposed in the
      widest path area and the rollers 14 and 16 are disposed in the narrowing
      path areas. Both rollers 14 and 16 are free to move into the narrowing
      path but their movement out of the narrowing path is restricted by
      abutments 20 and 22 as for example shown in U.S. Pat. No. 1,093,922 or as
      explained in this applicant's U.S. Pat. No. 3,776,051 issued Dec. 4, 1973.
      Such an arrangement forces all the traction rollers 12, 14, 16 into firm
      engagement with the sun roller 18 and the traction ring 10 for the
      transmission of motion between the sun roller 18 and the traction ring 10.
PAR  To guide the traction rollers 12, 14 and 16, the traction ring 10 is
      provided with guide rails 24, 26 as more clearly shown in FIG. 2. The
      guide rails 24, 26 are flanges which are connected at their radially outer
      ends to the ring 10 and which have, adjacent their radially inner ends,
      opposite annular guide surfaces 28 and 30 disposed closely adjacent the
      traction rollers 12, 14, 16 for guiding the traction rollers into parallel
      and radial alignment with the traction ring 10 during operation of the
      transmission. The guide surfaces 28 and 30 are preferably bevelled in,
      with respect to the axis of the traction ring, radial direction to form
      wedge areas 32 and 34 between the side walls of the traction rollers and
      the guide surfaces at their radially outer and inner ends. Lubricant which
      is present in the transmission adheres to the roller side faces and the
      guide surfaces and is drawn into the space between the side faces and the
      guide rails.
PAR  The side faces of the traction rollers are preferably formed on rins 36 and
      38 with the roller side faces and the guide surfaces being arranged in
      closely spaced parallel planes. The guide surfaces 28 and 30 are
      advantageously arranged inwardly from the ring 10 a certain distance such
      that the wedge areas 32, 34 between the roller rims 36 and 38 and the
      guide surfaces 28 and 30 are formed at a certain distance from a plane
      through the axes of the sun roller 18 and the particular traction roller
      12. The lubricant is introduced into the transmission and applied to the
      surfaces of the guide means and the side faces of the roller in any well
      known manner. It may be applied under pressure or by a splash system or by
      means of a lubricant sump into which the guide means or rollers submerge.
      The lubricant just has to be there during operation. The adhesion forces
      which cause drawing of lubricant between the guide means and the rollers
      are very strong near the surfaces of the guide means and the rollers. The
      lubricant drawn into the wedge areas 32, 34 forms a pressurized lubricant
      pad wherein the pressure increases or decreases greatly when the gaps
      between the guide surfaces 28 and 30 and the rims 36 and 38, respectively,
      increase or decrease. As the guide means and the rollers move relative to
      each other that is -- with respect to the lubricant pad -- in opposite
      directions, the guide means pulls the lubricant in one, the rotatable
      means pulls it in the opposite direction. The narrower the gap, the higher
      the adhesion forces and the larger the pressure in the respective
      lubricant pad. The wider the gap the smaller are the adhesion forces in
      the center of the gap and the smaller the pressure in the respective
      lubricant pad. This, of course, causes the rollers to remain in the center
      between the guide means. The greater the distance of the wedge areas 32,
      34 from the plane through the axes of the sun roller and the particular
      traction roller the larger a moment is created which corrects the rolling
      direction of the rollers and guides them into proper parallel and axial
      alignment with the ring 10 without engagement between the guide surfaces
      and the side faces of the rollers and, accordingly, without wear.
PAR  The pressures generated in the lubricant pads between the guide surfaces 28
      and 30 and the rims 36 and 38 of the traction rollers are actually so
      large that a sufficient correcting moment can be generated even if the
      gaps between guide surfaces and the rims are large enough to avoid
      noticeable drag. The rollers, of course, must be free to be guided by the
      guide rails, however, the corrections are normally of such a small value
      that no special bearings and no special support structure for the rollers
      need to be provided. A single ball bearing 40 for supporting a roller as
      shown in FIG. 2 provides normally sufficient freedom for corrections. For
      larger units, the rollers may be supported by a double row of loosely
      assembled ball bearings with outwardly diverging contact angles or even by
      a bearing using barrel rollers.
PAR  Traction rollers of small diameters may not offer sufficient space for the
      reception of a bearing inside the roller. Then it may be necessary to
      support the roller shaft in such a manner that tilting of the shaft is
      possible to permit the roller to be brought into proper position with
      respect to the ring 10.
PAR  The traction roller transmission as described may be part of an engine
      drive and disposed within the housing of a variable speed transmission,
      for example, or may be disposed in its own housing as shown in FIG. 2,
      where the traction ring 10 is shown supported by shaft 2 within a housing
      4 by a bearing 6 and the sun roller 18 extends through an opening 8 in the
      housing 4.
PAR  With the arrangement described, the rollers are maintained in proper
      alignment by hydraulic forces and, as a result, the wear of the roller and
      the ring surfaces is minimized.
PAR  However, the invention is not limited to the arrangement as described. It
      is also applicable to regular friction wheel transmissions with the guide
      rail associated with, and arranged radially outwardly of the outer surface
      of, one of the wheels. Also, the side faces of the rollers may be bevelled
      in radial direction in addition to, or instead of, the guide rail
      surfaces.
PAR  Furthermore, though the guide means have been shown in the drawings to be
      supported by the traction ring and rotatable therewith, they may be
      mounted on the transmission housing at opposite sides of the traction
      rollers. Then, that is if not rotatable with the traction ring but mounted
      on the housing, the guide means do not need to be of annular shape but may
      be formed by housing wall portions arranged adjacent the rollers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a transmission comprising at least two rotatable means having annular
      traction surfaces disposed in frictional engagement with each other, one
      of said rotatable means having annular side faces formed at its opposite
      ends; guide means provided with guide surfaces arranged adjacent said one,
      and in radial alignment with the other of said rotatable means, said guide
      surfaces being radially spaced from the traction surface of said other
      rotatable means such that, during operation of the transmission, said side
      faces are in motion relative to said guide surfaces, said guide surfaces
      and said side faces being arranged in closely spaced parallel planes
      thereby providing gaps between said guide surfaces and side faces so as to
      cause lubricant present in the transmission and adhering to said guide
      surfaces and annular side faces to be drawn into the gaps between the side
      faces and the guide surfaces and to form therein pressurized lubricant
      pads steering said one rotatable means into parallel and radial alignment
      with said other rotatable means.
NUM  2.
PAR  2. A transmission as recited in claim 1, and comprising input and output
      shafts, said other rotatable means being a ring supported for rotation
      with one of said shafts, a sun roller associated with the other shaft for
      rotation therewith and disposed within said ring in radially spaced
      relationship therefrom, said one rotatable means comprising traction
      rollers disposed in the space between, and in frictional engagement with,
      said sun roller and said ring.
NUM  3.
PAR  3. A transmission as recited in claim 2, wherein said guide means are
      flanges mounted on opposite sides of said ring and receiving therebetween
      said traction rollers.
NUM  4.
PAR  4. A transmission as recited in claim 1, wherein at least one of said
      rotatable means and said guide means has radially bevelled side faces or,
      respectively, guide surfaces to facilitate formation of said lubricant
      pads in the gap between the side faces and the guide surfaces.
NUM  5.
PAR  5. In a traction roller transmission having input and output shafts; a
      traction ring carried by one of said shafts for rotation therewith; a sun
      roller carried by the other of said shafts, said sun roller being arranged
      within said traction ring with its axis parallel to, but displaced from,
      the axis of said traction ring thereby to form an annular path of varying
      width between the sun roller and said traction ring; and a number of
      motion transmitting traction rollers disposed in said annular path in
      annularly spaced relationship, at least one of said rollers being free to
      be pulled into a narrowing section of said annular path to cause firm
      engagement of said traction rollers with said sun roller and said traction
      ring, the improvement comprising guide rails disposed at opposite sides of
      said annular path and having guide surfaces in radial alignment with said
      traction ring and receiving therebetween said traction rollers, said
      traction rollers having annular side faces at their opposite ends, said
      guide surfaces being radially spaced from the inner surface of said
      traction ring such that, during operation of the transmission, said
      annular side faces are in motion relative to said guide surfaces, said
      side faces and said guide surfaces being arranged in closely spaced
      parallel planes thereby providing gaps between side guide surfaces and
      side faces so as to cause lubricant present in the transmission and
      adhering to said guide surfaces and said annular side faces to be drawn
      into the gaps between the traction roller side faces and the guide
      surfaces and to form therein pressurized lubricant pads adapted to steer
      the traction rollers into parallel and radial alignment with said traction
      ring.
NUM  6.
PAR  6. A transmission as recited in claim 5, wherein at least one of said guide
      surfaces and side faces are bevelled in a radial direction to form
      wedge-type gaps between the roller side faces and the guide surfaces
      thereby to facilitate entering of lubricant into said gaps.
NUM  7.
PAR  7. A transmission as recited in claim 5, wherein said traction rollers have
      axially protruding rim portions on which said annular side faces are
      formed.
NUM  8.
PAR  8. An arrangement as recited in claim 5, wherein said traction rollers are
      supported by bearings permitting sufficient freedom of movement to permit
      guidance of the rollers by the guide rails.
NUM  9.
PAR  9. An arrangement as recited in claim 5, wherein said guide rails are
      flanges mounted on the opposite sides of said traction ring and having, at
      their radially inner ends, axial projections which form said guide
      surfaces.
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ABST
PAL  A center cord line V-belt having a longitudinally extending load-carrying
      tensile section of cord interpositioned between first and second layers
      with substantially the same fabrication construction which includes at
      least two plies of bias fabric disposed in an elastomeric matrix of the
      first and second layers near the inner and outer circumferential surfaces
      of the V-belt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to machine elements and mechanisms, but more
      particularly, the invention relates to gearing with a laminated, plural
      driving surface V-belt.
PAR  There are several constructions of endless power transmission belts or so
      called V-belts in current use. The belts are used in many applications
      where they operate around various size sheaves at high tensile loads. It
      is important that the belts have good transverse rigidity to support the
      cords of the tensile section without significantly impairing its
      flexibility for bending around various diameter sheaves. The majority of
      belts in use today support the load carrying tensile cord with a first
      elastomeric layer inwardly of the cord that is thicker than a second
      elastomeric layer that is positioned outwardly of the tensile cord. The
      inner elastomeric layer is subject to compression forces while the outer
      elastomeric layer is subjected to tension forces when the belt is operated
      around sheaves. The first or inward layer is oftentimes referred to as the
      "undercord" or "compression section" while the second or outward layer is
      referred to as the "overcord" or "tension section."
PAR  The undercord must have sufficient modulus to support the tensile section
      of cords so that the belt cross-section does not significantly deform as
      the opposing side edges of the belt are forced against the flanges of a
      sheave. In reality, the undercord does not perfectly support the tensile
      cords as the belt enters the sheaves. There is deformation of the belt
      which places a higher stress level on those cords at the edge of the belt.
      After the belt leaves the sheave in its endless path, the belt
      cross-section resumes its normal shape. consequently, the undercord must
      have sufficient rigidity to adequately support the tensile cords as they
      are continuously cycled between high and low stress levels upon entry and
      exit from a sheave. A V-belt bends or flexes about its neutral axis which
      is primarily, if not completely, defined by the cords of the tensile
      section. Consequently, the undercord of a belt is cycled to compression
      and the overcord of the belt is cycled to tension upon its entry into a
      rotating sheave.
PAR  Generally speaking, rubber has better flex fatigue characteristics when
      cycled in compression than it does when it is cycled in tension. This is
      but one of many reasons why present belts have an overcord that is
      substantially thinner than the undercord. For example, the undercord
      thickness may comprise 78 percent of the total belt thickness whereas the
      overcord would comprise only 22 percent of the total belt thickness. This
      allows the overcord to be stretched to a degree that is less than the
      degree to which the undercord is compressed. The difference in degree of
      stretch somewhat compensates for the lower fatigue life of the rubber in
      tension in the overcord.
PAR  Two processes are in general use today for making belts. The first process
      involves shaping the belt by skiving into its trapezoidal or "V-section"
      prior to curing or vulcanization. Materials skived from the edges may be
      economically reprocessed.
PAR  The belt making process of the second type involves curing a sleeve and
      then shaping individual belts to a V-profile. The skivings between belts
      cut from a sleeve are fully cured and therefore are not readily reusable.
PAR  One way to eliminate the waste of the cured skivings is to build a belt
      sleeve with a center cord line and then cut the belts in a manner as
      disclosed by Lejeune in U.S. Pat. No. 2,153,966. Every other belt cut from
      the sleeve is inverted for proper upright orientation. Inversion slightly
      pre-tensions the overcord and pre-compresses the undercord. Cutting the
      sleeve in such a manner is an expedient to avoid waste. However, a belt so
      produced has an overcord thickness that is substantially equal to the
      undercord thickness. As brought forth above, a thick overcord introduces
      fatigue problems while a thin undercord yields less material for
      transversely supporting the cords of the tensile section.
PAR  Some early individually molded belts such as disclosed by Delzell in U.S.
      Pat. No. 1,432,973 are made by spirally wrapping several layers of
      rubberized fabric together to form a sleeve. Uncured belts also are cut
      from the sleeve in a manner requiring every other belt to be inverted to
      an upright position. The belts are stretched prior to vulcanization to
      relieve compression of the inner peripheries. While such belts are
      homogeneous, they are not suited for more modern high power transmission
      applications because they lack a high modulus tensile section with
      transverse support means. Also, such belts flex about an undetermined axis
      whereas belts with a high modulus tensile section flex about the axis of
      the tensile section. Flexing about an undetermined axis introduces
      problems with undercord and overcord fatigue.
PAR  Thus, the problem associated with such belts is to have the undercord and
      overcord of a symmetrical construction so that an invertedly cured belt
      has substantially the same physical characteristics as an adjacently cut
      and cured upright belt. Summarily, prior art belts have problems primarily
      with premature overcord fatigue.
PAC  SUMMARY OF THE INVENTION
PAR  A center cord line V-belt is provided which has substantially the same
      construction in the first and second layers which establish a belt
      undercord and overcord. At least two plies of woven fabric are disposed on
      the bias in each layer. One ply of bias fabric is located at the inner and
      outer peripheral surfaces of each layer and the second ply of bias fabric
      is inwardly spaced from the ply. Spirally wound cord interpositioned
      between the layers defines the belt tensile section. Reinforcement means
      are disposed in both the undercord and overcord juxtaposed the cords to
      provide transverse support.
PAR  It is an object of the invention to provide a construction for V-belts to
      be cut from a sleeve with no skiving waste where the undercord and
      overcord exhibit substantially the same physical properties for both
      inverted and upright belts so cut.
PAR  Another object of the invention is to provide a substantially thick
      overcord construction which does not prematurely fatigue and which is
      inversely similar to the belt undercord.
PAR  Still another object of the invention is to provide a belt construction
      with a center line cord tensile section that is adequately transversely
      supported for transmitting power between sheaves.
PAR  The advantage of the invention is that skiving waste is eliminated and a
      belt construction is provided which permits simultaneous fabrication of
      upright and inverted belts from a single belt sleeve.
DRWD
PAR  These and other objects or advantages of the invention will be apparent
      after reviewing the drawings and description thereof wherein:
PAR  FIG. 1 is an isometrical cutaway view showing a V-belt of the invention;
PAR  FIG. 2 is a cross-sectional view in the direction 2--2 of a partial sleeve
      showing an upright belt and an inverted adjacent belt of the same
      construction;
PAR  FIG. 3 is a partial view taken along the line 3--3 of FIG. 1 showing the
      bias fabric reinforcement.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In accordance with the invention, an endless power transmission V-belt 10
      is made by laminating several plies of material together in a generally
      symmetrical manner to form a belt sleeve 12. The sleeve is cured in known
      manner and a plurality of belts are cut from the sleeve.
PAR  The sleeve is cut in a manner along the lines disclosed by Lejeune where
      every other belt cut is alternately upright 14 and inverted 16 as
      schematically shown in cross-section by FIG. 2. The cutting technique
      avoids waste by eliminating skivings between adjacent belts.
PAR  The generally symmetrical arrangement of the reinforcement materials
      permits every other belt to be inverted to an upright position so that the
      adjacently cut belts have substantially the same physical characteristics.
PAR  Each belt is constructed with a center line tensile section 18 of spirally
      wound cord interpositioned between two substantially symmetrical layers
      20, 22 of reinforced elastomeric material. When a belt is cut in the
      upright position 14 from the sleeve 12 the first layer 20 defines the belt
      undercord 24 and the second layer 22 defines the belt overcord 26. When
      the belt is in its inverted position 16, the second layer 22 defines the
      undercord 24 and the first layer 20 defines the overcord 26.
PAR  The tensile section 18 may be constructed in known manner using known
      materials. For example, the tensile section may be of one or more twisted
      cord bundles comprised of one or more strands. High modulus materials such
      as polyester, nylon, fiber glass, aramid, or the like are used to define
      the cord bundle. Belts turned inside out from the inverted cut position to
      the upright position, invert about the axis of the high modulus center
      line cords. Thus, a belt cut in the upright position has substantially the
      same circumferential length as a belt that is turned upright from the
      inverted cut position.
PAR  The layers 20, 22 comprising the undercords and overcords are made with any
      of the typical elastomers used in belt constructions. Materials may
      include the natural rubbers, synthetic rubbers, blends of natural or
      synthetic rubbers, polyester, polyurethane, or the like. The elastomeric
      material comprises the principal portion of the V-belt volume. The
      material is chosen for its flexibility and durability to resist bending
      cycles when the belt is operated around pulleys.
PAR  Means 28 for transversely supporting the cord of the tensile section 18 are
      disposed in the first and second layers at substantially equidistant from
      either side of the tensile section 18. Of course, the radially intermost
      means is circumferentially shorter than the radially outward transverse
      support means. The difference in circumference may lead to an
      insignificantly greater number of reinforcements than the radially
      outermost layer of the upright pre-cut belt when compared to an invertedly
      cut belt that has been turned to the upright position.
PAR  Although several types of reinforcement may be used as the transverse
      support means 28, a cross-cord arranged at substantially 90.degree. to the
      tensile cord is preferred. Other tensile section supporting means may be
      used such as that disclosed in U.S. Pat. No. 3,820,409 to Meadows in which
      bias cords are oppositely aligned on either side of the tensile section.
      Elastomeric stock with transversely aligned fibers may also be used.
PAR  At least two plies of fabric 30, 32 are disposed in the elastomeric matrix
      on the bias in both the first and second layers. The first ply 30 is
      disposed at each peripheral surface of the first and second layer, and the
      second ply 32 is disposed, inwardly equidistant 29 of the first ply in
      both the first and second layers. The two plies of fabric are effective in
      significantly reducing overcord cracking in the center cord line belt. The
      weft and warp threads in the first ply 30 of the fabric are disposed at an
      angle A that is greater than 95.degree. and less than 160.degree.. The
      second plies 32 may have an angle A that is substantially 90.degree. or
      have the same angle A as the first ply. Preferably, the angle A is
      122.degree..
PAR  The fabric is able to act as a reinforcement to substantially inhibit
      overcord cracking without materially affecting belt flexibility.
      Additional plies of fabric may be symmetrically disposed equidistant from
      the tensile section in the first and second layers. Additional plies in
      the undercord section further aid the transverse support means in
      supporting the tensile section. Overcord cracking is substantially
      inhibited when the angle A is greater than 90.degree. and preferably near
      122.degree..
PAR  The first plies of fabric have an angle A that may be equal to but not less
      than the second or additional plies. The angle A may progress from smaller
      to larger as the plies become a farther distance away from the tensile
      section. It has been determined that such a construction gives the
      overcord progressively more flexibility from the tensile section to the
      peripheral surface of the first ply.
PAR  The symmetrical construction of the layers relative to tensile section
      permits substantially identically performing belts to be manufactured from
      a sleeve where alternate belts are invertedly cut and turned to an upright
      position. The fabric disposed at the peripheral surface of the layers act
      to substantially preclude catastrophic cracking in the belt overcord. The
      angle A in the overcord becomes smaller as the belt is bent around a
      sheave; this aligns the threads of the fabric more to a longitudinal
      position which enhances flexibility. The angle A in the undercord becomes
      larger as the belt is bent around a sheave; this aligns the threads of the
      fabric more to a transverse position which enchances support of the
      tensile section. Thus, by altering the angle A of successive plies of bias
      fabric, the effective flexibility of the overcord and transverse support
      of the undercord may be altered to minimize overcord cracking and
      maintaining tensile section support. It should be noted that the concept
      of forming a fabric with weft and warp threads at an obtuse angle as set
      forth in U.S. Pat. No. 2,519,590 and utilized as disclosed in U.S. Pat.
      No. 3,478,613 in a V-belt, presents an entirely different unsymmetrical
      laminated construction where bias fabric is not disposed at the inner and
      outer peripheral surfaces primarily as a means of inhibiting cracking of a
      substantially thick overcord. The present invention, however, utilizes
      such a fabric in an entirely different manner, as part of a symmetrical
      structure, and thereby provides an entirely new combination. Primarily,
      the present invention provides a construction where belts cut upright and
      inverted from the same sleeve exhibit substantially the same performance
      characteristics.
PAR  Although the present description is limited to certain, specific
      embodiments, these are not intended to limit the scope of the invention
      which is to be determined from the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A V-belt comprising:
PA1  an endless tensile member;
PA1  at least two layers of which the first and second layers principally
      composed of elastomeric material and having substantially the same
      thickness, the first layer disposed inwardly and the second layer disposed
      outwardly of the tensile member;
PA1  means for transversely supporting the tensile member, the transverse
      support means disposed in the first and second layers substantially
      equidistant inwardly and outwardly from the tensile member;
PA1  a first ply of bias fabric disposed substantially at the outer peripheral
      surfaces of the first and second layers, the first ply disposed
      substantially equidistant from the tensile member and having an angle A
      between weft and warp threads between 95.degree. and 160.degree.; and
PA1  a second ply of bias fabric disposed substantially equidistant from the
      first ply of bias fabric in each of the first and second layers.
NUM  2.
PAR  2. A belt as set forth in claim 1 wherein the first and second layers are
      cut to form the oppositely facing side of the V-belt.
NUM  3.
PAR  3. A belt as set forth in claim 1 comprising additional plies of bias
      fabric disposed in each of the first and second layers substantially
      equidistant from the tensile member, the threads of the additional plies
      bias fabric having an included angle between weft and warp threads that is
      no greater than that angle between weft and warp of the first ply.
NUM  4.
PAR  4. A belt as set forth in claim 1 wherein each layer has the same number of
      plies of bias fabric.
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ABST
PAL  A belt tensioner comprising first and second rollers connected by a "Z"
      shaped member upon which the rollers are journaled for rotation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to belt tensioning devices and, more particularly,
      to belt tensioning devices which are simple to manufacture and easily
      installed on a belt.
PAR  In apparatus utilizing a belt to tranfer motion from a driving pulley to a
      driven pulley, some means must be provided for removal and/or installation
      of the belt around the pulleys. One way of accomplishing this is to have
      the distance between the two pulleys adjustable. When a belt is to be
      removed or installed, the pulleys are moved toward each other, the removal
      or installation of the belt is accomplished, and the pulleys are moved
      away from each other to tighten the belt. Another way of accomplishing the
      same result when the pulleys are not easily moved is to use a belt which
      loosely fits over the pulleys and then utilize a belt tensioner, or
      tightener, to apply pressure to the belt in order to increase the
      effective distance the belt must travel so that the belt is properly
      tensioned. A problem with prior art belt tensioning devices is that they
      are either fairly complex, with springs being utilized to apply pressure
      to the belt, or else they are so attached to the apparatus in which the
      belt and pulleys are utilized so as to make it difficult or inconvenient
      to remove or install a belt.
PAR  It is therefore an object of this invention to provide a belt tensioning
      device for use with fixed pulleys.
PAR  It is a further object of this invention to provide a belt tensioning
      device of simple construction.
PAR  It is yet a further object of this invention to provide a belt tensioning
      device which is easy to install and does not interfere with the convenient
      removal or installation of the belt.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the principles of this invention, a belt tensioner is
      provided which comprises a pair of rollers journaled for rotation on a "Z"
      shaped member.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The foregoing will become more readily apparent upon reading the following
      description in conjunction with the drawing in which
PAR  FIG. 1 is a side elevation showing an installation of one form of this
      invention,
PAR  FIG. 2 is a top plan view of the apparatus shown in FIG. 1,
PAR  FIG. 3 is a transverse vertical section taken on the line 3--3 of FIG. 1,
PAR  FIG. 4 is an alternate embodiment of this invention, and
PAR  FIG. 5 is a cross-sectional view of a portion of the embodiment of FIG. 4.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENT
PAR  Turning now to the drawing, and in particular FIGS. 1-3, depicted therein
      is a timing belt arrangement in which is incorporated apparatus utilizing
      the principles of this invention. Toothed belt 10 is wrapped around
      pulleys 15 and 20, which move in the direction shown by the arrows.
      Although a toothed belt and complementarily toothed pulleys are shown, it
      is to be understood that a flat or O-shaped belt, with the proper pulleys,
      may be utilized without departing from the spirit and scope of this
      invention. Pulleys 15 and 20 are mounted for rotation on shafts 25 and 30,
      respectively, these shafts being shown as extending into housing 35. One
      of the two pulleys is the driving pulley and the other of the two pulleys
      is the driven pulley. However, for purposes of describing this invention,
      it does not matter which of the pulleys is the driver and which is driven.
PAR  Belt tensioner 50 is comprised of rollers 51 and 52 connected by, and
      journaled for rotation on, Z-shaped member 53. Member 53 comprises a pair
      of parallel arms and a connecting arm. Rollers 51 and 52 must have a
      reasonable coefficient of friction with respect to belt 10 and may
      typically be manufactured of a material such as nylon or teflon. The
      distance between the flanges of rollers 51 and 52 should give sufficient
      clearance over the width of belt 10 to reduce slop. The height of the
      flanges of rollers 51 and 52 should be greater than the thickness of belt
      10, or at least great enough so there is no tendency for the belt to go
      over the flanges.
PAR  As shown in FIG. 3 rollers 51 and 52 are held onto member 53 by means of
      grip rings 54, but any other suitable holding device, such as cotter pins
      for example, may be utilized. For any given belt/pulley arrangement, the
      distance between rollers 51 and 52 is chosen to give the proper tension to
      belt 10. It is readily apparent from the drawing that if belt 10 may be
      loosely removed from or installed on pulleys 15 and 20, then tensioner 50
      may be easily manipulated by the fingers of an operator to slip through
      and over belt 10 to thereby tighten the belt around the pulleys.
PAR  It is seen from FIG. 1, that belt tensioning device 50 is slanted in the
      direction of movement of belt 10. If this belt movement is reversed, the
      slant will likewise reverse. The amount of slant depends upon the tension
      applied to belt 10 by tensioning device 50.
PAR  An alternate embodiment for Z-shaped member 53 is depicted in FIGS. 4 and
      5. It is seen from these FIGS. that rollers 51 and 52 are connected by
      members 53a and 53b and member 55. The ends of members 53a and 53b
      opposite the rollers 51 and 52 have exterior threads and member 55 has
      interior threads, as plainly shown in the FIG. 5 cross-sectional view. The
      direction of the threads of members 53a and 53b are opposite to each
      other, as are the respective threaded ends of member 55. Member 55 in
      combination with members 53 and 53b operates as a turnbuckle assembly so
      that the distance between rollers 51 and 52 is readily adjustable to
      accommodate different belt lengths, pulley sizes, and pulley separation
      distances.
PAR  A problem solved by the instant invention is that of belt 10 having a
      tendency to "walk" off pulleys 15 and 20. Looking at FIG. 3, it is seen
      that any tendency of belt 10 to move toward the right will cause belt
      tensioner 50 to rotate slightly in a clockwise direction. This slight
      rotation of belt tensioner 50 will tend to push the lower end of belt 10
      toward the left, thereby compensating for any tendency of the upper end of
      belt 10 to move toward the right. It has been experimentally determined
      that the "Z" shape of member 53 is preferred. A "C" shape for member 53
      has been tried but this does not prevent the above-described walking. This
      appears to be due to the fact that the C-shaped member does not have a
      balanced weight distribution and tends by itself, under the influence of
      gravity, to actually help the walking of the belt. The use of a Z-shaped
      member, on the other hand, gives a totally balanced system which prevents
      the walking of the belt.
PAR  An additional advantage of this invention over prior art belt tensioners is
      that no vibration is imparted from the belt to the apparatus through the
      tensioner. This is due to the free floating nature of the design.
      Vibration can sometimes cause a problem in apparatus utilizing sensitive
      devices, such as deflection galvanometers, where belts are driven by
      stepper motors.
PAR  Accordingly, there has been shown a belt tensioning device for use with
      fixed pulleys, the belt tensioning device being of simple construction and
      easy to install. This belt tensioning device functions to maintain belt
      tension to whatever specifications are desired and at the same time
      prevents the belt from walking off the side of a pulley. It is understood
      that the above-described arrangement is merely illustrative of the
      application of the principles of this invention. Numerous other
      arrangements may be devised by those skilled in the art without departing
      from the spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a pulley-driven belt, a belt tensioner for applying
      a desired tension to said belt; said belt tensioner comprising a pair of
      rollers and a Z-shaped member for connecting said rollers, each of said
      rollers being mounted for rotation on one of the parallel arms of said
      Z-shaped member.
NUM  2.
PAR  2. The combination of claim 1 wherein the connecting arm of said Z-shaped
      member has a length chosen in accordance with said desired tension.
NUM  3.
PAR  3. The combination of claim 2 wheren said Z-shaped member includes length
      adjusting means connecting said parallel arms.
NUM  4.
PAR  4. The combination of claim 3 wherein said length adjusting means comprises
      a turnbuckle assembly.
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ABST
PAL  Pneumatically operated devices respond to movement of a shift lever by
      decoupling change speed gears from both the input and output of a
      transmission and then brake the gears to a stop, shift gear engagements as
      necessary, release the brakes and re-engage the input and output clutches
      to re-establish drive at a newly selected drive ratio. A self-cycling
      control circuit is connected between the shift lever and pneumatic devices
      to actuate and deactuate such devices as necessary to accomplish a
      selected shift. The circuit includes means which enables re-engagement of
      the input and output clutches only after critical gear couplings and
      decouplings are established together with means which cycles the gears to
      facilitate engagements and disengagements if these have not occurred in a
      predetermined time. Means are also provided for preconditioning the system
      to respond quickly to a subsequent shift lever movement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to multi-speed drive transmissions for vehicles or
      the like and more particularly to fluid operated control systems for
      shifting transmissions between drive ratios in response to movement of an
      operator's shift lever or the like.
PAR  Prior U.S. Pat. No. 3,508,450 discloses a highly advantageous form of
      transmission in which a shift is effected by disconnecting the internal
      change speed gears from both the driving engine and the wheel drive line
      of the vehicle and then temporarily braking the gears to a stationary or
      near stationary condition so that disengagements and re-engagements are
      readily accomplished without requiring synchronizers or the like. After
      re-engagement of the gears to establish a newly selected drive ratio, the
      brakes are released and input and output clutches re-engage to
      re-establish drive through the transmission. Another prior U.S. Pat. No.
      3,570,636 describes a fluid circuit for automatically cycling the various
      pneumatic devices in a transmission of this kind to accomplish a selected
      shift.
PAR  Utilizing the control system of prior U.S. Pat. No. 3,570,636, the operator
      need only move the shift lever from one position to another to effect a
      shift. The necessary timed actuations and de-actuations of the several
      pneumatic devices including input and output clutches are then sequenced
      automatically by the control system. The structures of the
      above-identified prior U.S. patents combine the compactness, economy and
      basic efficiency of so-called standard or manual transmissions with the
      superior shifting performance and much of the ease of control of so-called
      automatic transmissions. In addition, the absence of synchronizers enables
      realization of a large number of drive ratios in a transmission having a
      small number of change speed gears.
PAR  Another prior U.S. Pat. No. 3,667,309 discloses an improved transmission of
      the general type discussed above in conjunction with an improved pneumatic
      control system. In the structure of prior U.S. Pat. No. 3,667,309, braking
      of the change speed gears at the start of the shift is accomplished with
      brakes that stop rotation of the input and output elements of the gearing
      section. At the conclusion of the shift, the input brake is released
      slightly in advance of release of the output brake so that any gear teeth
      which have failed to engage because of tooth abutment are enabled to
      engage while turning at low speed and under light loading. Other
      advantageous improvements to transmissions of this general type and to
      control systems therefor are described in prior U.S. Pat. Nos. 3,667,583;
      3,620,097; 3,570,541; 3,744,608; co-pending application Ser. No. 369,714
      of Kenneth R. Moline et al, filed June 13, 1973 now U.S. Pat. No.
      3,863,520; and co-pending application Ser. No. 372,331, of Philip S.
      Webber et al filed June 21, 1973, all assigned to the assignee of the
      present application.
PAR  In shifting a transmission of the general type discussed above, there is a
      possibility that change speed gears which are to be engaged may come to
      rest in a position at which gear teeth to be engaged are abutted and
      engagement is temporarily blocked. Certain of the above-identified patents
      teach means for resolving this problem by transmitting a limited torque to
      the gears, to bring teeth into the necessary relationship for engagement,
      prior to the re-establishment of drive through the transmission. While
      this is generally effective for the desired purpose, full torque is
      applied to the gears after a predetermined time and severe tooth wear from
      skating or grinding can then occur if the desired engagements have not
      been completed for some reason.
PAR  Considering still another characteristic of prior transmissions of this
      kind, the shift control system must undergo certain preliminary changes to
      be in condition for a shift cycle. For example, a lock which inhibits
      movement of the operator's shift lever between drive ratio positions must
      release. As heretofore constructed, this lock has not released the shift
      lever for movement to another drive ratio setting and certain other
      conditioning operations have not been initiated until the operator made a
      small sideward movement of the lever prior to movement to a new drive
      ratio setting. A period of time is required to release the lever and for
      the control system to condition itself for shift. During this period the
      operator cannot complete the control lever movement necessary for the
      initiating of the shift. While this delay is small, typically a fraction
      of a second, it is disturbing to the operator and has an appreciable
      effect on the operation of the transmission. Power is not delivered to the
      vehicle wheels during the shift period. Any prolongation of the shift
      period results in a loss of engine output which would otherwise be
      available to do useful work.
PAR  Considering still another characteristic of prior transmission of this
      general form, a high risk of component damage is present if gear couplings
      required to disengage in a directional shift, i.e., from forward drive to
      reverse drive or vice versa, should fail to disengage for some reason such
      as torque locking. At the conclusion of such a shift certain portions of
      the gearing system might then be attempting to transmit drive in a forward
      direction while others are attempting to transmit torque in a reverse
      direction. Prior transmissions and control systems have not included any
      fully reliable and positive means for guarding against such an occurrence.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a control system for shifting a transmission of the
      kind described above in response to a simple movement of an operator's
      control lever or the like wherein the change speed gears are isolated from
      high torque forces at the conclusion of a shift until necessary new gear
      engagements have been completed.
PAR  In a preferred form of the invention, the change speed gears are also held
      isolated from high torque forces in the event that gear couplings involved
      in a directional shift failed to disengage as required. If the
      re-establishment of drive through the transmission is delayed beyond a
      normal period for the foregoing reasons, the preferred system accelerates
      the gears while in the isolated condition to enable the necessary
      engagements and disengagements to take place. Also in a preferred form of
      the invention, the period required for a shift is reduced by means which
      precondition the control system for a subsequent shift in advance of any
      movement of the operator's control lever.
PAR  Accordingly, it is an object of this invention to reduce wear and the risk
      of damage to components of a transmission of the form wherein change speed
      gears are isolated and braked to a stationary or near stationary condition
      for the purpose of shifting gear engagements. It is a further object of
      this invention to reduce the time required for shifting a transmission of
      the form described above.
PAR  The invention, together with further objects and advantages thereof, will
      best be understood by reference to the following description of a
      preferred embodiment taken in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a schematic diagram of a typical transmission to which the
      invention may be applied and shows a control system of present invention
      connected therewith,
PAR  FIGS. 2A, 2B and 2C, which may be juxtaposed as illustrated in FIG. 2D,
      jointly constitute a fluid circuit diagram illustrating a preferred
      embodiment of the control system of the present invention,
PAR  FIG. 3 illustrates the construction of certain shift fork actuators
      operated by the control system,
PAR  FIG. 4 illustrates the construction of certain other shift fork actuators
      operated by the control system, and
PAR  FIG. 5 is a chart illustrating which predetermined ones of certain fluid
      signal lines in the control system are pressurized in order to realize
      each of the possible speed ratios provided by the transmission.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring initially to FIG. 1 of the drawings, there is shown a vehicle
      transmission 11 of the form to which the control system 12 of the present
      invention may advantageously be applied. The transmission 11 may be of
      known form such as is described in prior U.S. Pat. Nos. 3,570,636, and
      3,667,309 for example, and therefore will be herein described only briefly
      to the extent necessary to understand the co-action of the control circuit
      12 with the transmission.
PAR  A transmission 11 of this form has three principal sections including an
      input section 13, an output section 14 and a change speed gear section 16.
      Input section 13 includes a rotatable input member 15 which may be coupled
      to a driving engine and a rotatable intermediate shaft 17 which also
      extends into the change speed gear section 16. An input clutch 18 may be
      engaged to transmit power from the input member 15 to shaft 17 and is
      self-controlled for this purpose. In particular, a pressure tending to
      engage the input clutch 18 is generated by a volume of oil 19 which
      rotates with the input member 15 and therefore generates a centrifugal
      force within the oil volume which is proportional to input speed. The
      centrifugally generated force creates a fluid pressure acting on a movable
      plate 21 and through engagement springs 22 exerts a pressure tending to
      engage clutch 18. Disengagement springs 23 act between plate 21 and the
      input clutch 18 in a direction tending to disengage the clutch.
      Accordingly, the input clutch 18 undergoes a self-modulated engagement as
      input speed increases above engine idling speed and the rising centrifugal
      pressure within oil volume 19 acts to increase the force tending to engage
      the clutch. Clutch 18 automatically disengages when the input speed drops
      below a predetermined low value and disengagement springs 23 are able to
      overcome the forces tending to engage the clutch.
PAR  Input clutch 18 may be forcibly disengaged for the purpose of shifting
      speed ratios, without regard to the pressure exerted by rotating oil
      volume 19, by application of pressurized air from control system 12 to a
      piston 24 through a control conduit 26. Rotation of the intermediate shaft
      17 may then be stopped, to facilitate gear shifting by application of
      pressurized air to an input brake 27 through another control conduit 28.
PAR  Output section 14 in this example has a rotatable output member 29 which
      may be coupled to the wheel drive line of a vehicle and has a rotatable
      shaft 31 which extends into the change speed gear section 16 to receive
      power therefrom. An output clutch 32 may be engaged, to couple output
      member 29 to shaft 31, by application of pressurized air to a piston 33
      through a control conduit 34, a spring 36 being provided to disengage the
      clutch in the absence of air pressure behind the piston. With output
      clutch 32 disengaged, rotation of shaft 31 may be stopped by application
      of pressurized air to an output brake 37 through a control conduit 38.
      Thus the change speed gear section may be isolated from both the driving
      engine and the driven mechanism and rotating elements of the gear section
      may be forcibly stopped.
PAR  The change speed gear section 16 may be of the form disclosed in prior U.S.
      Pat. No. 3,667,309 and in still more detail in prior U.S. Pat. No.
      3,508,450. Such a gear section has a plurality of change speed or ratio
      gears 39 which may be coupled in different ways by shifting a series of
      clutch collars 41 to establish any selected one of a plurality of drive
      ratios between shaft 17 and shaft 31. In this particular gear section 16,
      any one of sixteen forward speeds, neutral or two reverse speeds may be
      established by shifting appropriate combinations of the five clutch
      collars 41a to 41e as described in prior U.S. Pat. No. 3,508,450. Each
      such clutch collar 41 is shiftable in an axial direction through an
      associated separate one of five shift forks 42a to 42e which are in turn
      operated by an associated individual one of five pneumatic actuators 43a
      to 43e respectively. Actuators 43 are operated by the fluid circuit of
      control system 12 as will hereinafter be described in more detail.
PAR  Accordingly, a shift in the transmission between speed ratios in response
      to movement of an operator's control lever 44, may be accomplished by
      applying pressurized air to input clutch piston 24 while releasing
      pressurized air from output clutch piston 33 to isolate the change speed
      gear section 16 from both the driving engine and the driven mechanism,
      then applying pressurized air to the input brake 27 and output brake 37 to
      stop rotation of the change speed gears 39 and shift collars 41, then
      applying pressurized air to appropriate ones of the shift fork actuators
      43 while exhausting pressurized air from others thereof, then releasing
      pressurized air from the input and output brakes 27 and 37 and exhausting
      pressurized air from behind input clutch piston 24 while transmitting
      pressurized air to output clutch piston 33 to re-connect the change speed
      gear section 16 into the power path between the driving engine and driven
      mechanism at the changed speed ratio. The shift control system 12
      generates and times pressurized air signals for this purpose.
PAR  The control system can best be understood by first considering the
      structure of the several shift fork actuators 43. Actuators 43a, 43d, and
      43e may all have a similar structure in this example of the invention as
      illustrated in FIG. 3 which depicts actuator 43a in particular.
PAR  Actuator 43a has a pair of opposed spaced apart co-axial cylinders 46a and
      47a. The associated shift fork 42a extends into the gap between the two
      cylinders 46a and 47a and is coupled to a piston 48a that extends into
      each of the two cylinders and is movable in an axial direction relative
      thereto. A port 49a in cylinder 47a provides for the admission of
      pressurized air to drive piston 48a towards a first position at which
      shift fork 42a is abutted against the end of the other cylinder 46a.
      Similarly, a port 51a provides for the admission of pressurized air to
      cylinder 46a to drive the piston 48a in an opposite direction to abut the
      shift fork 42a against the end of the other cylinder 47a. An important
      advantage of the present invention is that change speed gearing is not
      re-coupled to the driving engine and driven mechanism until all desired
      gear engagements have been completed. To provide a signal indicating that
      the shift fork 42a has substantially completed travel across the gap
      between the two cylinders 46a and 47a, indicating that the gear engagement
      performed by that movement has been completed, a sensing port 52a is
      situated in the wall of cylinder 47a at a position to be exposed to the
      pressurized air within the cylinder only after the piston 48a has
      substantially completed the travel resulting from such pressurizing of
      cylinder 47a. Similarly, a sensing port 53a is provided in a similar
      position in the wall of cylinder 46a to receive a pressure signal only
      when the piston 48a has substantially completed travel resulting from
      pressurization of the other cylinder 46a. A double check valve 54a
      provides for transmitting the sensing signal from either port 52a or 53a
      to a sensing signal line 56a while blocking any direct interchange of
      pressure between the two sensing ports.
PAR  Pressurized air for shifting the actuator 43a in either direction is
      received through an actuator supply line 57 which communicates with port
      51a through a two position pilot operated valve 58a and with port 49a
      through another two position pilot operated valve 59a. In the unpiloted
      condition, valve 58a communicates the actuator supply line 57 with port
      51a. While in the unpiloted condition, valve 59a vents port 49a. If both
      valves 58a and 59a are unpiloted, piston 48a is shifted to abut shift fork
      42a against cylinder 47a. To shift the piston 48a in the opposite
      direction, to the position depicted in FIG. 3, a pilot line 61a is
      momentarily pressurized. Pilot line 61a communicates with the pilots of
      both valves 58a and 59a through a double check valve 62a which also
      receives pressure from port 49a. If a brief pressure signal is received
      through pilot line 61a, both valves 58a and 59 a are piloted to the
      alternate positions. Upon being piloted, valve 58a vents port 51a while
      the piloting of valve 59a transmits pressure to port 49a thereby causing
      the piston 48a to shift to the position depicted in FIG. 3. Once valve 59a
      has been piloted in this manner to pressure port 49a, check valve 62a acts
      to continue transmitting pressure to the pilots of both valves 58a and 59a
      after the original pilot signal on line 61a is terminated. Accordingly,
      the actuator 43a is held at the shifted position until such time as the
      actuator supply line 57 may itself be vented. Thus, pressurization of
      supply line 57 without concurrent pressurization of pilot line 61a causes
      the actuator 43a to shift to the right as viewed in FIG. 3 while the
      actuator may be shifted in the opposite direction by pressurizing line 61a
      while the supply line 57 is pressurized. At the completion of a shift in
      either direction an engagement sensing pressure signal is transmitted to
      sensing line 56a.
PAR  Referring now to FIG. 4, actuators 43b and 43c have a differing
      configuration, as certain additional functions are performed by such
      actuators. Actuator 43b if shifted to either extreme position establishes
      forward drive and may also be shifted to an intermediate position at which
      no forward drive exists. Shifting of actuator 43c to one extreme position
      establishes reverse drive while shifting to the other extreme position
      disconnects reverse. To assure against possible damage which could result
      if both actuators should be shifted to a drive establishing position at
      the same time, an interlock action is provided to positively prevent such
      an occurrence. The interlock action provides for shifting of forward drive
      actuator 43b to the intermediate position when the reverse actuator 43c
      is shifted to establish reverse drive and also isolates either of such
      actuators from the pressurized air supply whenever the other of such
      actuators is shifted to effect a gear engagement.
PAR  For this purpose, actuator 43b has a pair of spaced apart co-axial
      cylinders 63b and 64b and a primary piston 66b extends into each of the
      cylinders and across the gap therebetween, the associated shift fork 42b
      being secured to the central portion of the piston. Cylinders 63b and 64b
      are of greater depth than is required to allow for the axial travel of
      piston 66b and each such cylinder has an auxiliary piston 67 disposed
      co-axially therein. Each auxiliary piston 67 is proportioned to abut an
      annular stop 68 within the associated cylinder when the auxiliary piston
      abuts the adjacent end of the primary piston 66b with the primary piston
      at the intermediate or centered position. Each cylinder 63b and 64b has a
      port 69 communicating with the interior of the cylinder between stop 68
      and the adjacent end of primary piston 66b, and each has an additional
      port 71 communicating with the interior of the cylinder at the end remote
      from primary piston 66b. If ports 71 are unpressurized, shift fork 42b may
      be moved to either extreme position by venting one of the ports 69 while
      pressurizing the other thereof. With both ports 69 vented, the shift fork
      42b may be moved to the centered or gear disengaging position and held
      thereat by pressurizing each of the ports 71. To provide a pressurized air
      signal on a sensing line 72 when the shift fork 42b has been shifted to
      either of the forward drive gear engaging positions, a double check valve
      73 connects line 72 with pressure sensing ports 74 in the walls of each of
      the cylinders 63b and 64b, the pressure sensing ports being positioned to
      be exposed to the pressure action on primary piston 66b, only after the
      primary piston has substantially completed travel towards one of the
      extreme positions of the piston.
PAR  The reverse actuator 43c has a differing configuration inasmuch as the
      associated shift fork 42c does not require a centered position, but need
      only be shifted between a reverse drive disengaged position as depicted in
      FIG. 4 and a reverse drive engaged position at the other limit of shift
      fork travel. Actuator 43c has a pair of opposed, spaced apart cylinders
      76c and 77c wherein cylinder 77c is of substantially greater diameter than
      cylinder 76c. A primary piston 78c has opposite ends of differing
      diameter, in order to extend into both cylinders 76c and 77c, and the
      associated shift fork 42c is secured to a central portion of the piston.
      Cylinder 77c has a port 79 through which pressurized air may be admitted
      to drive the piston 78c towards the position at which fork 42c abuts the
      other cylinder 76c and has a sensing signal port 81 positioned to receive
      pressurized air only after the piston has substantially completed such
      travel. The smaller diameter cylinder 76c is of greater depth than is
      required to accommodate the above described motion of the primary piston
      78c and contains an auxiliary piston 82. Piston 82 is proportioned to abut
      an annular stop 83 within the cylinder 76c and the piston 78c when the
      shift fork 42c is abutted against cylinder 77c. A spring 84 is disposed
      within cylinder 76c to urge auxiliary piston 82 towards the above
      described position. A port 86 in cylinder 76c is positioned to provide for
      admission of pressurized air into the region between stop 83 and primary
      piston 78c to urge the primary piston in the direction of cylinder 77c and
      a sensing port 87 is located in the wall of cylinder 76c to receive
      pressurized air only after the primary piston 78c has carried shift fork
      42c into abutment with cylinder 77c.
PAR  Port 86 is continually supplied with pressurized air to cause cylinder 76c
      to continually urge the primary piston 78c towards the reverse gear
      disengaged position depicted in FIG. 4. The function of auxiliary piston
      82 and spring 84 is to hold the shift fork 42c at this position when the
      system is shut down and air pressure is absent. The actuator 43c may be
      shifted to engage reverse gear by admission of high pressure air to port
      79 of cylinder 77c. As cylinder 77c has a greater diameter than cylinder
      76c, the pressure acting within 77c is sufficient to overcome the opposed
      pressure acting within cylinder 76c combined with the opposed force of
      spring 84. Further, when fork 42c is shifted to the reversed disengaged
      position, a pressurized air signal is delivered to a sensing line 89
      coupled to sensing port 87. Conversely, when the shift fork 42c is shifted
      to the reverse engaged position, a pressurized air signal is transmitted
      to another sensing line 88 communicated with sensing port 81.
PAR  Considering now the means for interlocking the actions of the two actuators
      43b and 43c, actuator 43b is energized to shift fork 42b to the right as
      viewed in FIG. 4 by a temporary pressure signal on a pilot line 91 which
      pilots a two position valve 92 through a double check valve 93. Valve 92
      is connected between actuator supply line 57 and port 69 and has an
      unpiloted position at which port 69 is vented, and a piloted position at
      which port 69 is communicated with the actuator supply line to shift fork
      42b to the right as viewed in FIG. 4. A fluid line 94 is connected between
      port 69 and double check valve 93 to establish a holding circuit whereby
      valve 92 remains piloted, although the original pilot signal on line 91
      may be terminated, until such time as the actuator supply line 57 is
      itself vented. Another two position pilot operated valve 96 is connected
      between actuator supply line 57 and port 69 of the other cylinder 64b and
      has an unpiloted position at which the actuator supply line is
      communicated with cylinder 64b to shift primary piston 66b and fork 42b
      leftwardly as viewed in FIG. 4. Valve 96 has a piloted position at which
      port 69 of cylinder 64b is vented to enable the shift fork 42b to be moved
      in the opposite direction as described above. A line 97 connects the pilot
      valve 96 with the pilot of valve 92 through a double check valve 98 to
      transmit a pilot signal to valve 96 whenever a pilot signal is present at
      valve 92. Accordingly, a fork 42b is shifted to abut cylinder 63b if
      actuator supply line 57 is pressurized in the absence of a pilot signal on
      pilot line 91. If a pilot signal is present on line 91 while actuator
      supply line 57 is pressurized, fork 42b is shifted to abut cylinder 64b
      unless such shifting of the fork is blocked by the interlock action.
PAR  As previously pointed out, reverse actuator 43c is normally shifted towards
      the reverse drive disengaged position of fork 42c by the constant
      pressurization of cylinder 76c and by the spring 84 therein. To
      selectively shift fork 42c to the reverse engaged position, an additional
      pair of two position pilot operated valves 99 and 101 are connected in
      series between actuator supply line 57 and port 79 of cylinder 77c. Valve
      99 has an unpiloted position at which supply line 57 is communicated with
      a line 102 to valve 101 while valve 101 has an unpiloted position at which
      line 102 is blocked and port 79 of cylinder 77c is vented. A reverse pilot
      signal line 103 provides pilot pressure to valve 101 for causing a shift
      of fork 42c to the reverse engaged position, through a double check valve
      104. To hold the valve 101 piloted after termination of such a pilot
      signal, a line 106 communicates the pilot of valve 101 with port 79 of
      cylinder 77c through double check valve 104. Thus, except under special
      conditions to be described, actuator 43c is held at the reverse disengaged
      position as actuator supply line 57 is pressurized unless a momentary
      pilot signal is present on line 103 at that time in which case the
      actuator 43c shifts to the reverse engaged position and is held at such
      position until such time as the supply line is de-pressurized.
PAR  Another double check valve 107 is connected between the pilot of valve 99
      and both ports 69 of actuator 43b. If actuator 43b is energized to shift
      fork 42b away from the centered position in either direction, valve 99 is
      piloted to vent line 102 and thereby vent port 79 of reverse actuator 43c
      if it is not already vented. This prevents establishment of reverse drive
      if a forward drive is also being established at the same time by actuator
      43b. Conversely, to lock actuator 43b in the centered or disengaged
      position if reverse drive has been initiated, a branched conduit 108
      connects port 79 of actuator 43c with both ports 71 of actuator 43b so
      that both ports 71 are pressurized concurrently with pressurizing of port
      79. Pressurizing of ports 71 causes the auxiliary pistons 67 of actuator
      43b to center the fork 42b as previously described. This also requires
      releasing the pressure which might otherwise be present at port 69 of
      cylinder 64b. For this purpose, another line 109 interconnects the pilots
      of valves 101 and 96 through double check valve 98. Accordingly, if valve
      101 is piloted to bring about reverse drive, valve 96 is also piloted to
      vent port 69 of cylinder 64b.
PAR  From the foregoing description of the actuators and actuator energizing
      circuits with reference to FIGS. 3 and 4, it may be seen that any selected
      shift of the change speed gears of the transmission may be realized by
      venting the actuator supply line 57 and then re-pressurizing the actuator
      supply line while transmitting temporary pilot pressure signals to
      predetermined ones of the pilot signal lines 61a, 61d and 61e, 91, 103 and
      139 to determine which actuators undergo a shift and which do not.
PAR  FIG. 5 is a chart indicating which particular pilot signal lines 61, 91,
      103 and 139 are pressurized to select each specific drive ratio in the
      particular transmission shown in FIG. 1.
PAR  Considering now fluid circuit means for generating the necessary
      pressurized air signals to accomplish a selected shift in response to
      movement of the operator's control, reference should be made to FIGS. 2A,
      2B and 2C in conjunction. The five actuators 43 and the above described
      actuator controlling circuit elements are again depicted together with the
      several pilot lines 61, 91 and 103 and actuator supply line 57. Again
      depicted in a more schematic form are the transmission input clutch 18,
      input brake 27, output clutch 32 and output brake 37 together with the
      control signal lines 26, 28, 34 and 38 respectively through which such
      elements are controlled by pressurized air. As has been previously
      described, shifting of the transmission in response to a movement of the
      operator's control lever 44 reduces to a matter of pressurizing and
      de-pressurizing predetermined ones of these fluid lines in a predetermined
      sequence.
PAR  A suitable detailed construction for the control lever assembly 111 is
      disclosed in prior U.S. Pat. No. 3,570,636 and another suitable
      construction is described in the hereinbefore identified co-pending U.S.
      application Ser. No. 372,331. Accordingly, elements of the control lever
      assembly 111 are shown only schematically in FIG. 2. The control lever 44
      may be pivoted to a support 112 for fore and aft movement along an arc 113
      to any of nineteen different positions, each of which corresponds to a
      different one of the sixteen possible forward speeds, neutral, or one of
      the two reverse speeds. Lever 44 also has an articulation 114 which
      enables the upper portion of the lever to be moved sidewardly from arc 113
      at any of the nineteen positions. Preferably, the upper portion of the
      lever 44 extends through a shift quadrant plate 116 having a slot 117
      defining arc 113 and having short notches 118 to accommodate to the short
      sideward movement of the lever away from the arc at any of the nineteen
      possible positions.
PAR  At each of the nineteen positions, control lever 44 mechanically pilots a
      different predetermined combination of six pilot valves 119a to 119f. A
      cam plate 121 is carried on the lower portion of the lever 44 below
      articulation 114 and has projections 122 positioned to pilot the
      predetermined ones of the valves 119 at each position of the lever through
      cam follower means 123.
PAR  To prevent movement of the lever 44 to initiate a shift, prior to
      completion of a previously initiated shift, locking means 124 are provided
      to block lever movement during the period that the control circuit 12 is
      completing a shift. Such means may consist of a cylinder 126 having a
      piston 127 slidable therein and urged away from cam plate 121 by a spring
      128. A locking pin 129 is coupled to the piston 127 and extends axially
      from the cylinder in position to enter any of a plurality of bores 131 in
      cam plate 121 upon being extended from the cylinder against the action of
      spring 128, one of the bores 131 being located to be in alignment with the
      pin at each of the nineteen positions of the control lever. A line 132
      connects the cylinder 126 with the pressurized air supply 133 to exert a
      continuous force on the piston tending to enter pin 129 into the adjacent
      one of the bores 131. Another line 134 communicates with the other end of
      the cylinder so that the control lever may be unlocked by admission of
      pressurized air to the other end of the cylinder to exert a retracting
      force on the piston 127 which, when combined with the force of spring 128,
      withdraws pin 129 from bores 131. Movement of the control lever 44 along
      the arc 113 to a newly selected position acts to condition pilot valves
      119 to ready the system for a newly selected speed ratio but does not by
      itself initiate the actual shift. Initiation of the shift cycle is
      commenced by a subsequent sideward movement of the control lever 44 into
      the adjacent one of the notches 118. To sense movement of the control
      lever into and out of the notches 118, the sideward movement of the
      control lever mechanically pilots a two-position shift initiating valve
      136. Shift initiating valve 136 in conjunction with other components to be
      described which respond to the piloting of valve 136 thus function as
      shift initiating means in this example of the invention.
PAR  Considering now actuator control means for shifting predetermined ones of
      the actuators 43 following disengagement of the input and output clutches,
      each of the pilot valves 119 is supplied with pressurized air from supply
      133 through a two-position valve 137 in the unpiloted condition. Piloting
      of valve 137 vents the supply line 138 to pilot valves 119. The previously
      described actuator pilot signal lines 61a, 61b, 61e, 91 and 103 connect
      with pilot valves 119a, 119d, 119e, 119b and 119c respectively. Each pilot
      valve 119 has an unpiloted position at which the associated one of the
      actuator pilot lines is vented and a piloted position at which pressurized
      air supply line 138 is communicated with the associated actuator pilot
      line. Thus, different ones of the actuator pilot signal lines 61a, 61b,
      61e, 91 and 103 are pressurized at different positions of the control
      lever 44 in accordance with FIG. 5.
PAR  Referring again to FIGS. 2A, 2B and 2C in conjunction, additional pilot
      valve 119f is piloted by cam plate 121 only at the neutral position of the
      control lever. At the piloted position, valve 119f connects a neutral
      signal line 139 with pressurized air line 138 while venting the neutral
      signal line 139 when in an unpiloted condition. Neutral is established in
      the present transmission by disengaging the output clutch 32. Neutral
      signal line 139 is communicated with the pilot of a two-position neutral
      valve 141 through a double check valve 142 and with a clutch disengage
      signal conduit 143 through the same check valve. Valve 141 has a piloted
      position at which pressurized air is also supplied to check valve 142 from
      actuator supply conduit 57 and has an unpiloted position at which the
      connection to check valve 142 is vented. Accordingly, valve 141 acts as
      holding circuit to maintain the clutch disengage signal conduit 143
      pressurized, once it has been initially pressurized by a temporary pilot
      signal from pilot valve 119f, until such time as the actuator supply line
      57 may be exhausted. Engagement and disengagement of the output clutch 32
      is controlled by a two-position valve 144 having an unpiloted position at
      which clutch control conduit 34 is vented and having a piloted position at
      which control conduit 34 is pressurized with air derived through a
      pressure regulator 145 as will hereinafter be described in more detail.
      Valve 144 is in turn controlled by another two-positioned valve 146. Valve
      146 has a piloted position at which the pilot of valve 144 is vented
      thereby venting output clutch control conduit 34 and disengaging the
      output clutch to establish neutral within the transmission. Valve 146 is
      itself piloted for this purpose by the pressure within clutch disengage
      signal line 143 as obtained through a double check valve 147. The pilot of
      valve 146 is also connected to input clutch control signal conduit 26
      through double check valve 147 and a line 148 so that the output clutch 32
      is also disengaged whenever the input clutch is disengaged.
PAR  During the periods when a previous shift has been completed and a new one
      has not yet been initiated, with the shift lever 44 in one of the notches
      118, actuator supply line 57 is held pressurized, while pilot valve supply
      line 138 is vented. Line 134 to locking means 124 is pressurized to
      release the control lever for the next shift. None of these conditions are
      changed by a subsequent movement of the control lever 44 out of a notch
      118 and then along arc 113 for the purpose of selecting a new speed ratio.
      These conditions change only when the control lever 44 is then again moved
      sidewardly from arc 113 into a newly selected notch 118. This last
      movement temporarily restores pressure to pilot valve supply line 138
      while momentarily depressurizing and then re-pressurizing the actuator
      supply line 57 to cause the actuators 43 to shift as necessary to realize
      the newly selected gear ratio in the manner hereinbefore described.
PAR  Cycling of the system to effect a shift is initiated by venting of a
      control line 149. During the periods between shifts, line 149 receives air
      from supply 133 through air conduit 132, a two-position pilot operated
      valve 152 and another two position pilot operated valve 153. At such
      times, valve 152 is held piloted by means to be hereinafter described to
      transmit air from conduit 132 to valve 153. Valve 153 is also held
      piloted, by pressure from actuator supply line 57, and transmits air to
      the control line 149. The shift lever locking means 124 is held retracted,
      in preparation for a subsequent shift, as line 134 to the locking means
      connects with control line 149. Valve 137 is also held piloted by the
      pressure in line 134 to vent the pilot valve supply line 138. The pressure
      within control line 149 also pilots another valve 154 through a double
      check valve 156 to supply pressurized air from conduit 132 to actuator
      supply line 57. In addition, line 149 pressure pilots another valve 158 to
      exhaust and reset a timer 159. Timer 159 functions as a timer means for
      restoring line 149 to the pressurized or first state a predetermined time
      after the change from the first state to the second or unpressurized
      state.
PAR  During the intervals between shifts, a pilot signal is applied to valve 152
      to maintain control line 149 pressurized. This pilot signal is provided by
      a holding circuit 161 which transmits pressurized air to the pilot of
      valve 152 through a pilot line 162. During the periods between shifts,
      pilot line 162 receives pressurized air through a valve 163, another valve
      164, and a double check valve 166. At such times, valve 163 is held
      piloted to transmit air from supply 133 to valve 164 since the output line
      167 from valve 164 is connected back to the pilot of valve 163 through a
      double check valve 168. Valve 163 was initially piloted to this position
      by air received from timer 159 through a line 169 which also connects with
      the pilot of valve 163 through check valve 168. The previously described
      shift-initiating valve 136, which is operated by sideward movement of the
      operator's control lever 44, applies pressure to a line 171 when the
      control lever is shifted out of a notch 118 and onto arc 113 while venting
      line 171 when the control lever is shifted away from the arc and back into
      a notch. Accordingly, receipt of a pressure signal from timer 159 at the
      conclusion of a shift as will hereinafter be described pilots valve 163 to
      apply pressure from supply 133 to line 162 through valve 164, line 167 and
      double check valve 166. Although the signal from the timer terminates as
      will hereinafter be described, valve 163 is subsequently held piloted by
      pressure transmitted through valve 164. Valve 164 and coacting elements
      thus function as a means for maintaining the control fluid line 149 in a
      first pressure state independently of timer means 159 while the drive
      ratio selector member is at a first path which is defined by arc 113 in
      this example of the invention. Line 171 connects with the pilot of valve
      164 and also with line 162 through check valve 166. Thus, line 162
      continues to be pressurized when the control lever 44 is subsequently
      moved onto arc 113, although valve 164 is thereby piloted to vent line
      167. In effect, control of the pressure in line 162 is taken over by the
      shift initiating valve 136 from the valves 163 and 164 once the operator's
      control lever has been moved onto arc 113. When the control lever is
      subsequently moved back into a notch 118, indicating that a new gear ratio
      has been selected, shift initiating valve vents line 171. Line 162 is
      thereby depressurized and cycle control valve 152 is unpiloted,
      depressurizing the control line 149 to begin a shift cycle. These
      elements, such as 171, 162 and 152 thus function in this example of the
      invention as components of a means for changing the pressure in fluid line
      149 from the first or pressurized state to the second or unpressurized
      state in response to movement of a drive ratio selector member away from a
      first path of travel.
PAR  To facilitate understanding of the cycling of components as initiated by
      the depressurization of control line 149, circuit elements which control
      the input and output of the transmission will first be described. A
      two-position pilot operated valve 172 is connected between air conduit 132
      and input clutch control conduit 26. Valve 172 has an unpiloted position
      at which pressurized air is supplied to the input clutch to disengage the
      clutch as previously described and has a piloted position at which the
      conduit 26 is vented and the clutch is therefore engaged. To supply pilot
      pressure to valve 172, another valve 173 is connected between the pilot of
      valve 172 and air conduit 132 through the previously described actuator
      supply line valve 154. Valve 173 has an unpiloted position which vents the
      pilot of valve 172 and has a piloted position at which valve 172 is
      piloted to engage the front clutch. Valve 173 is itself piloted by means
      to be hereinafter described.
PAR  Pressurizing of conduit 26 to disengage the input clutch 18 also pilots the
      valve 146 to vent the pilot of valve 144 which is then unpiloted to vent
      and disengage the output clutch. In the unpiloted condition, valve 146
      receives pressurized air for piloting valve 144 through the
      above-described valve 173.
PAR  Considering now means for applying the input brake 27 as the input and
      output clutches are disengaged, control two-position pilot actuated valve
      174 is piloted to transmit pressurized air from valve 172 to front brake
      control conduit 28 through a flow restriction 176. In the unpiloted
      condition, valve 174 vents conduit 28 to release the input brake. The
      pilot signal for valve 174 is obtained through valve 172 and through an
      additional two-position pilot operated valve 177 which is in an unpiloted
      condition at the time that the input brake is applied. Valve 177 is itself
      piloted, to vent the line 178 to the pilot of valve 174, by air received
      from actuator supply line 57 through a timer 179. Control conduit 38 is
      pressurized to apply the output brake 37 by air received through valve 172
      and a flow restriction 181, a two-position pilot operated valve 182 and
      another two-position pilot operated valve 183. Valve 182 is piloted to
      transmit such pressurized air to valve 183 by a pilot connection to line
      178 through a double check valve 184 and has an unpiloted position at
      which the output brake control conduit 38 may be vented. Valve 183 has a
      pilot connection to the pilot of valve 172 and also to the output of timer
      150 through a double check valve 186. Upon being piloted, valve 183 shifts
      to vent control conduit 38 and thereby releases the output brake 37.
PAR  Still another two-position pilot operated valve 187 is connected between
      air conduit 132 and the previously described valve 158 and has a piloted
      position at which air is applied to the pilot of actuator supply valve 154
      through valve 158 and check valve 156. In the unpiloted position, valve
      187 vents valve 158. Valve 187 is connected to receive pilot pressure from
      line 178 through a delay circuit 188 and a double check valve 189. Valve
      187 is held piloted after depressurization of line 178 as the line 191
      from valve 158 to check valve 156 is connected back to the pilot of valve
      187 through the double check valve 189.
PAR  Considering now the sequence of operations which is initiated as a result
      of the temporary depressurizing of the control line 149 by movement of the
      control lever 44 into a notch 118 as hereinbefore described, it has been
      pointed out that such action unpilots valve 137 to resupply pressure to
      the pilot valve actuator line 138 and operates the shift lever locking
      means 124 and also unpilots valve 154 to momentarily exhaust the actuator
      supply line 57. This venting of the actuator supply line removes pilot
      pressure from valve 172 which then shifts to disengage the input clutch 18
      by pressurizing control line 26. This in turn pilots valve 146 to unpilot
      valve 144 and thereby disengages the output clutch 32. This also applies
      engagement pressure to input brake 27 through valve 174 and flow
      restriction 176.
PAR  Timer 179 holds valve 177 piloted for a predetermined brief period of time
      after venting of actuator supply line 57 to delay application of the input
      and output brakes as disengagement of the input and output clutches
      commences. At the expiration of this delay, valve 177 is unpiloted and
      transmits pilot pressure to valve 174 which then shifts to transmit
      engagement pressure, modulated by flow restriction 176, to input brake 27.
      Unpiloting of valve 177 also transmits pilot pressure to valve 182 which
      then shifts to transmit engagement pressure, modulated by flow restriction
      181, to output brake 37 through valve 183. These actions results in a
      temporary stopping of rotation of the change speed gears within the
      transmission.
PAR  The unpiloting of valve 177 also pressureizes line 178 and this results in
      a delayed pilot pressure being applied to valve 187 through delay 188 and
      check valve 189. Upon being piloted, valve 187 reapplies pilot pressure to
      the actuator supply valve 154 which then repressurizes the actuator supply
      line 57.
PAR  Considering now the shift concluding means in this example of the
      invention, repressurization causes the actuators 43 to shift in the manner
      hereinbefore described to accomplish the newly selected gear engagements
      as determined by the presence or absence of pressure in pilot signal lines
      61, 91 and 103. Should any of these gear engagements not be completed
      because of the abutment of gear teeth or other causes, or if directional
      gears should not disengage as necessary to avoid contradictory drive
      directions, a special contingency sequence of operations is initiated as
      will hereinafter be described, but it will be assumed for the present that
      all necessary gears disengagements and re-engagements proceed without
      difficulty. Under that condition, the repressurization of the actutor
      supply line 57 reapplies pilot pressure to valve 172 through valve 173.
      This vents input clutch control signal conduit 26 conditioning the input
      clutch to re-engage in the presence of sufficient engine speed and also
      removes pilot pressure from valve 146 which then repressurizes pilot valve
      144 to repressurize and engage output clutch 32. Flow restrictions 192 at
      the input and output of the pressure regulator 146 assure that the output
      clutch engages slightly after the input clutch. Considering now means for
      releasing the input and output brakes 27 and 37 as the input and output
      clutches 18 and 32 are re-engaged, the repressurization of actuator supply
      line 57 also pilots valve 177, unpiloting valve 174 through line 178
      releasing the input brake 27 by venting control conduit 28 through valve
      174 and flow restriction 176. The output brake 37 is also released as the
      pilot signal which is transmitted to valve 172 is also transmitted to
      valve 183 through double-check valve 186 to vent output brake control
      conduit 38.
PAR  The re-application of pilot pressure to actuator supply valve 154 which
      initiated the sequence of events described immediately above also applied
      pressurized air to the input 196 of timer 159. After a predetermined
      period of time, a pressure signal at the output 197 of the timer pilots
      valve 163 of the holding circuit 161 through line 169 and is also
      transmitted to the pilot valve 183 through check valve 186 for purposes to
      be hereinafter described. The piloting of holding circuit valve 163
      repressurizes pilot signal line 162 through valves 164, line 167, and
      check valve 166. Valve 163 is then held in the piloted condition by the
      feedback of pressure from valve 164 to the pilot of valve 163 through
      check valve 168. This repressurization of pilot line 162 pilots valve 152
      to reapply pressure to valve 153. As valve 153 was itself repiloted by the
      repressurization of actuator supply line 57, this results in
      repressurization of the control signal line 149 thereby restoring the
      circuit to the condition which existed prior to the initiation of the
      shift.
PAR  In the above description of the cycling of the system to accomplish a
      shift, it was pointed out that valve 172 was unpiloted at the beginning of
      the shift to directly or indirectly initiate disengagement of the input
      and output clutches and engagement of the brakes. The subsequent
      repiloting of valve 172 to restore the clutches and brakes to the original
      conditions at the conclusion of the shift was conditional on valve 173
      being piloted as the pilot pressure for valve 172 is obtained through
      valve 173. Thus it is the piloting of valve 173 by pressurized air
      received through a sensing line 199 which determines the timing of the
      conclusion of the shift. Line 199 is pressurized for this purpose only
      when all gear engagements are completed and only in the absence of
      simultaneous engagement of both forward and reverse drive establishing
      gears.
PAR  Considering now the sensing means which pressurizes sensing line 199 for
      this purpose, it has been previously pointed out that actuators 43a, 43d
      and 43e have engagement signal lines 56a, 56d and 56e respectively which
      become pressurized only when the associated actuator is at one of the
      extreme positions indicating that a desired gear engagement has been
      realized. Each such signal line 56a, 56d, and 56e supplies pilot pressure
      to an individual one of three two-position valves 201, 202 and 203
      respectively. Sensing line 199 receives air through a double check valve
      204 and the valves 201, 202 and 203 are disposed between valve 204 and
      line 199 in a disposition where each of the three valves must be piloted
      in order for such air, which constitutes a first signal to be transmitted
      to the sensing line 199. Each of the valves 201, 202 and 203 has an
      unpiloted position at which sensing line 199 is vented. Accordingly, the
      sensing line 199 cannot be pressurized to permit conclusion of a shift
      unless each of the three actuators 43a,  43d and 43e has completed a gear
      engagement.
PAR  It has also been pointed out that the remaining two actuators 43b and 43c
      have a more complex sensing signal system wherein a line 72 is pressurized
      to produce a second fluid pressure signal when actuator 43b has shifted in
      either direction sufficient to engage forward drive gears while lines 70a
      and 70b are both pressurized to produce a third fluid pressure signal when
      the actuator has been shifted to the centered position at which forward
      drive through the transmission cannot be established. Similarly, the
      signal line 88 is pressurized to produce a fourth fluid pressure signal
      when actuator 43c has shifted to establish reverse drive while a line 89
      is pressurized to produce a fifth fluid pressure signal when actuator 43c
      is shifted to disengage the reverse drive gearing. These several
      engagement and disengagement signal lines determine whether or not air is
      supplied to double check valve 204 for transmission to sensing line 199
      through valves 201, 202 and 203 and function, in this example of the
      invention, as elements of means for suppressing the first signal if the
      forward drive and reverse drive actuators are both at gear coupling
      positions.
PAR  For this purpose, a two-position pilot operated valve 206 may receive air
      from signal line 89 and transmits such air to valve 204 when in the
      piloted condition, the valve 206 acting to vent the flow path 207 to valve
      204 when in the unpiloted condition. Signal line 72 is coupled to valve
      206 to supply pilot pressure thereto. Line 89 receives air through
      actuator 43c only when the actuator is shifted to disengage the reverse
      gears. Line 72 receives air through actuator 43b only if that actuator has
      shifted in either direction sufficiently to establish one of the forward
      drive gear couplings controlled thereby. Therefore, valve 206 supplies air
      to double check valve 204 only if a foward drive gear coupling has been
      accomplished and there is no reverse drive gear engagement present. If
      valves 201, 202 and 203 are each piloted at that time by sixth fluid
      pressure signals received through lines 56a, 56d and 56e as previously
      described indicating that actuators 43a, 43d and 43e have also completed
      gear engagements, then pressure is transmitted to sensing line 199 to
      permit the conclusion of a shift cycle.
PAR  To enable the system to conclude a shift when a forward to reverse drive
      shift is being made, another two-position pilot operated valve 205 has a
      piloted position at which signal line 88 is coupled to a line 208 to the
      other side of double check valve 204 when in the piloted condition. Valve
      205 vents line 208 when unpiloted. Valve 205 is piloted through another
      two-position valve 209 by air from signal line 70b, the valve 209 having
      an unpiloted position at which the pilot of valve 205 is vented. Pilot
      pressure for valve 209 is provided by signal line 70a. Analyzing these
      connections, it may be seen that double check valve 204 receives
      pressurized air through line 208 only if actuator 43b has been shifted to
      the centered position while actuator 43c has been shifted to the reverse
      gear engaged position. Under that condition and provided that valves 201,
      202 and 203 have also each been piloted, air is again supplied to sensing
      line 199 to enable completion of a shift.
PAR  Valve 173 and associated components function as a means connected between
      the sensing means and the shift concluding means for blocking operation of
      the shift concluding means in the absence of the first signal on sensing
      line 199. It may be seen that the valve 173 is piloted to permit
      completion of the shift cycle only after all actuators 43 have completed
      the required gear engagement and only if a reverse gear engagement has
      been accompanied by a disengagement of forward drive or vice versa. If
      these actions do not occur within a predetermined period determined by
      timers 159 and 179, the system automatically initiates actions to assist
      the actuators to overcome any tooth abutments, torque locking or the like
      which may be interfering with the desired engagement and disengagements.
      In particular, after a period normally sufficient to complete necessary
      gear disengagements, input brake 27 is released as the pilot pressure at
      valve 177 is reapplied through first timer means such as timer 179 and the
      unpiloting of valve 177 in turn unpilots valve 174. A nominally disengaged
      clutch such as the input clutch 18 transmits a small amount of torque if
      not braked. The release of the input brake allows this drag torque to
      lightly turn the change speed gears and with the output brake still
      engaged this results in relative rotation between any abutted gear teeth
      enabling necessary engagements to be completed. Should this not result in
      pressurization of the sensing line 199 to permit completion of the shift
      as described above, still another corrective step is automatically
      initiated. An output signal is produced by second timer means such as
      timer 159 which, through check valve 186, pilots valve 183 to release the
      output brake 37. With both brakes now released, the relatively small drag
      torque transmitted through both disengaged clutches 18 and 32 accelerates
      the change speed gear section, at both ends of the transmission. This
      action reduces the torque exerted across any adjacent gears that may be
      torque locked in partial engagement so that the associated actuator can
      disengage such gears. This also reduces the speed differential between any
      gears which have failed to engage to enable the associated actuators to
      complete the desired engagement. When the necessary engagements and
      disengagements have been completed, sensing line 199 is pressurized to
      pilot valve 173. The shift cycle then proceeds to completion as previously
      described.
PAR  While the invention has been described with respect to a single preferred
      embodiment, it will be apparent that many variations are possible and it
      is not intended to limit the invention except as defined in the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control system for a transmission which has an input clutch and an
      output clutch and a plurality of change speed gears to provide for a
      plurality of drive ratios therebetween, comprising:
PA1  a movable drive ratio selector member having a plurality of positions each
      corresponding to a separate one of said drive ratios,
PA1  a plurality of fluid pressure operated actuators each being shiftable
      between at least two predetermined positions to couple and decouple
      predetermined ones of said change speed gears,
PA1  shift initiating means for disengaging said input and output clutches in
      response to movement of said selector member to a newly selected one of
      said positions thereof,
PA1  actuator control means for shifting predetermined ones of said actuators
      between said positions thereof following said disengagement of said input
      and output clutches,
PA1  sensing means for producing a first signal when each of said plurality of
      actuators is at one of said predetermined positions thereof,
PA1  shift concluding means for re-engaging said input and output clutches
      following operation of said actuator control means, and
PA1  means connected between said sensing means and said shift concluding means
      for blocking operation of said shift concluding means to block
      re-engagement of both said input clutch and said output clutch in the
      absence of said first signal.
NUM  2.
PAR  2. The combination defined in claim 1 further comprising:
PA1  a first rotatable element for transmitting power from said input clutch to
      said change speed gears and a second rotatable element for transmitting
      power from said change speed gears to said output clutch,
PA1  input brake means for stopping rotation of said first rotatable element and
      output brake means for stopping rotation of said second rotatable element,
PA1  said shift initiating means having means for applying said brakes as said
      clutches are disengaged and said shift concluding means having means for
      releasing said brakes as said clutches are re-engaged,
PA1  first timer means for releasing one of said brakes independently of said
      shift concluding means after a first predetermined interval, and
PA1  second timer means for releasing the other of said brakes independently of
      said shift concluding means after a second predetermined interval which is
      longer than said first predetermined interval.
NUM  3.
PAR  3. The combination defined in claim 1 wherein said plurality of acutators
      include a forward drive actuator having at least one gear coupling
      position at which forward drive is established through said change speed
      gears and having a gear decoupling position at which said forward drive is
      interrupted, said plurality of actuators further including a reverse drive
      actuator having a gear coupling position at which reverse drive is
      established through said change speed gears and having a gear decoupling
      position at which said reverse drive is interrupted, and wherein said
      sensing means includes means for suppressing said first signal if said
      forward drive and said reverse drive actuators are both at said gear
      coupling positions thereof.
NUM  4.
PAR  4. The combination defined in claim 3 wherein said forward drive actuator
      has means for producing a second fluid pressure signal when at said gear
      coupling position and for producing a third fluid pressure signal when at
      said gear decoupling position thereof and wherein said reverse drive
      actuator has means for producing a fourth fluid pressure signal when at
      said gear coupling position thereof, and for producing a fifth fluid
      pressure signal when at said gear decoupling position thereof, and wherein
      said sensing means has means for generating said first signal if said
      second signal is concurrent with said fifth fluid pressure signal while
      said fourth signal is absent and also if said third signal and said fourth
      signal are concurrent while said second signal is absent.
NUM  5.
PAR  5. The combination defined in claim 4 wherein the remaining ones of said
      plurality of actuators each have means producing sixth fluid pressure
      signals when at either of said two predetermined positions thereof, and
      wherein said means connected between said sensing means and said shift
      concluding means comprises valve means for transmitting said first signal
      only in the presence of simultaneous sixth signals from each of said
      remaining ones of said actuators.
NUM  6.
PAR  6. The combination defined in claim 1 further comprising fluid pressure
      controlled means for locking said drive ratio selector member against
      movement between said positions thereof, and wherein said shift initiating
      means has means for engaging said locking means as said clutches are being
      disengaged, and wherein said shift concluding means has means for
      releasing said locking means.
NUM  7.
PAR  7. The combination defined in claim 1 wherein said shift initiating means
      has a fluid line in which fluid pressure is changed for a first state to a
      second state in response to movement of said drive ratio selector member
      to a newly selected one of said positions thereof and has means for
      disengaging said input and output clutches and for energizing said
      actuator control means in response to said change of said pressure in said
      fluid line from said first state to said second state, and has timer means
      for restoring said fluid line to said first state a predetermined time
      after said change of said fluid line from said first state to said second
      state whereby said control system is conditioned to respond to a
      subsequent movement of said drive ratio selector member in advance of said
      subsequent movement.
NUM  8.
PAR  8. The combination defined in claim 7 wherein said drive ratio selector
      member is movable along a first path of travel extending past each of said
      plurality of positions thereof and is also movable away from said path and
      towards said path at each of said plurality of positions thereof, said
      shift initiating means having means for changing said pressure in said
      fluid line from said first state to said second state in response to said
      movement of said member away from said first path thereof at any of said
      plurality of positions whereby shifting of said transmission is initiated
      by said movement of said member away from said first path thereof,
PA1  wherein said timer means for restoring said fluid line from said second
      state to said first state further comprises a fluid holding circuit
      supplying a predetermined pressure to said fluid line following a shift of
      said transmission while said drive ratio selector member remains away from
      said first path thereof, and means for disconnecting said holding circuit
      from said fluid line upon subsequent movement of said selector member onto
      said first path thereof while continuing to maintain said fluid line in
      said first state while said selector member remains at said first path
      thereof.
NUM  9.
PAR  9. The combination defined in claim 8 wherein said actuator control means
      comprises a plurality of pilot signal valves each being communicated with
      a separate one of said plurality of actuators for transmitting a pilot
      signal thereto to condition the associated one of said actuators to
      undergo a predetermined shift between positions thereof, means for
      operating a different combination of said pilot valves at each of said
      plurality of positions of said selector member, a source of pilot fluid
      pressure coupled to each of said pilot signal valves, a pilot fluid
      pressure valve connected between said source and each of said pilot signal
      valves, and means for closing said pilot fluid pressure valve while said
      fluid line is at said first pressure state thereof and for opening said
      pilot fluid pressure valve when said fluid line is changed from first to
      said second pressure state thereof.
NUM  10.
PAR  10. A control system for a transmission which has an input clutch and an
      output clutch and a plurality of change speed gears to provide for a
      plurality of drive ratios therebetween, comprising:
PA1  a drive ratio selector member movable between a plurality of positions each
      corresponding to a separate one of said drive ratios, a shift initiating
      valve coupled to said selector member to be operated thereby upon movement
      of said selector member into any of said positions thereof,
PA1  a plurality of fluid pressure operated actuators each being shiftable to
      couple and decouple predetermined ones of said change speed gears,
PA1  fluid circuit means for disengaging said input and output clutches in
      response to said operation of said shift initiating valve and for
      energizing predetermined ones of said actuators to shift between said
      positions thereof as determined by the position of said selector member
      and for subsequently re-engaging said clutches to re-establish drive
      through said transmission, said fluid circuit means having a control line
      which is shifted from a first pressure state to a second pressure state in
      response to said operation of said shift initiating valve wherein said
      change to said second pressure state initiates said operations of said
      fluid circuit means, and
PA1  means including a timer for rechanging said control fluid line from said
      second pressure state to said first pressure state a predetermined time
      after said control fluid line is changed from said first state to said
      second state whereby said system is readied to respond to a subsequent
      additional movement of said selector member prior to said subsequent
      additional movement thereof.
NUM  11.
PAR  11. The combination defined in claim 10 wherein said drive ratio selector
      member is movable along a first path extending past each of said positions
      thereof and is movable away from said path into any selected one of said
      positions and wherein said movement away from said path operates said
      shift initiating valve, further comprising means for maintaining said
      control fluid line in said first pressure state thereof independently of
      said timer means while said selector member is at said first path thereof.
NUM  12.
PAR  12. The combination defined in claim 11 further comprising a locking
      element for blocking movement of said selector member between said
      positions thereof, means for applying said locking element in response to
      change of said control fluid line from said first pressure state to said
      second pressure state thereof, and means for releasing said locking
      element in response to a subsequent change of said control fluid line from
      said second pressure state to said first pressure state thereof.
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ABST
PAL  An in-line shift mechanism for an automotive automatic transmission having
      the dual capability of permitting selective shifting directly into any one
      of plural drive positions, a neutral position, a reverse position or a
      park position, and also of only sequential shifting through the three
      drive positions in either direction while requiring momentary release of
      the shifting lever between adjacent drive positions. The shift lever is
      pivotally mounted for forward and rearward movement as well as
      perpendicular (usually generally vertical) movement relative to the pivot
      axis of the lever. A cam surface is provided on the mounting bracket for
      engagement with a pin carried by the shift lever to require vertical
      displacement of the shift lever to move from park position into reverse
      position and another vertical displacement to move from reverse position
      to any of the three drive positions or neutral. A pawl and detent plate
      are mounted respectively on the shift lever and the mounting bracket to
      require successive shifting through the three drive positions while the
      shift lever is in its lowermost vertical position.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to shifters for automatic transmissions and
      more particularly to a shifter for use with an automatic transmission to
      permit rapid, "slap-shifting" of the automatic transmission into
      increasing speed ranges while preventing inadvertent skipping of adjacent
      drive positions.
PAR  At present, shifters are available to prevent inadvertent overshifting or
      undershifting of the transmission into undesired speed ranges for example,
      during drag racing. Such inadvertent improper shifting is to be avoided
      because of the possibility of damaging the transmission and the
      probability of losing speed or power during a race. Although these
      shifters may operate satisfactorily, none are of such simple and rugged
      construction as to be capable of being manufactured at low cost while also
      permitting use in the customary manner for street driving.
PAR  It is the object of the present invention to provide a shifter for an
      automobile automatic transmission which is capable of shifting in the
      customary manner while also being capable of requiring sequential shifting
      to prevent inadvertent overshifting or undershifting.
PAR  The present invention generally comprises a shift lever mounted on a frame
      for pivotal movement between three forward drive positions, neutral,
      reverse and park positions, and for upward movement relative to the axis
      of said pivoting movement. The shift mechanism includes a shifter plate
      mounted on the frame for pivotal movement about the axis of said shift
      lever and which has a motion transmitting connection to the automatic
      transmission. Means is provided on the shift lever for pivoting the
      shifter plate and a self-centering pawl and detent means is actuated by
      the shift lever and is pivotable about the same axis. While the shift
      lever is in a lowermost vertical position the pawl and detent means is
      adapted to permit successive shifting of the shift lever between the three
      forward drive positions only after momentary release of the shift lever
      between adjacent drive positions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the shift mechanism of the present
      invention showing generally the elements exposed on one side of the
      mounting bracket;
PAR  FIG. 2 is another perspective view of the shift mechanism showing generally
      the exposed elements on the other side of the mounting bracket;
PAR  FIG. 3 is a fragmented elevational view looking at the side of the shifting
      mechanism shown in FIG. 1 and showing the shift lever in an unbiased
      position, in first gear;
PAR  FIG. 4 is an elevational view similar to FIG. 3 showing the shift lever
      being moved from first to second gear;
PAR  FIG. 5 is another elevational view similar to FIG. 3 showing the shift
      lever being moved from third gear into second gear;
PAR  FIG. 6 is a vertical section taken generally along the line 6--6 of FIG.
      10, generally through the axis of the shift lever;
PAR  FIG. 7 is an elevational view similar to FIG. 3 showing the spring biased,
      self-centering arms for the drive pin;
PAR  FIG. 8 is a fragmentary elevational view looking at the side of the
      shifting mechanism shown in FIG. 2;
PAR  FIG. 9 is an exploded, perspective view showing the components of the
      invention before assembly; and
PAR  FIG. 10 is an elevational view similar to FIG. 3 showing the shift lever in
      the upward position for disengagement of the stop means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, there is illustrated in FIGS. 1 and 2 the
      preferred embodiment of the in-line shift mechanism, generally designated
      10, for use with a conventional automatic transmission. The shift
      mechanism 10 includes a mounting bracket, generally designated 12, a shift
      lever, generally designated 14, a shifter plate 16 and pivotal stop means,
      generally designated 18 as best seen in FIGS. 3 to 5. The shift mechanism
      10 normally is located inside the passenger compartment of an automobile
      alongside or above the transmission housing, with the shift lever 14 in
      easy reach for the driver.
PAR  The bracket 12 includes two U-shaped channel members 22 and 24 which are
      fastened together in a spaced apart, back-to-back relationship as seen in
      FIGS. 1 and 2. The corresponding upper flanges 22a and 24a and lower
      flanges 22b and 24b may be used to mount the bracket as through holes 25
      provided in the lower flanges. A plurality of arcuate slots 22c, 24c, 22d
      and 24d in the channel members 22 and 24 provide clearance openings for
      the stop means 18 mounted between the two channels 22 and 24, as will be
      described hereinafter.
PAR  The shift lever includes a ball or handle 26 on an upper, tapered
      cylindrical end 28 of the shift lever 14. The lower end 30 of the shift
      lever is substantially flat and fits through a slot 32 in the upper flange
      24a of channel 24. The lower flanges 22b and 24b of the bracket 12 are
      provided with openings 33 to provide clearance for the lower end 30 of the
      shift lever. The shift lever 14 is pivotally mounted to the bracket 12 by
      means of a bolt 36 and nut 38. The bolt 36 is provided with a sleeve 42
      (FIG. 6) to prevent wearing of the threaded portion of the bolt against
      the shift lever 14. Two washers 44 and 46 also are provided on either end
      of the bolt 36. The shift lever 14 pivots about the horizontal axis
      provided for by the bolt and sleeve 36 and 42. As shown in FIG. 1, the
      shift lever 14 is illustrated in a position corresponding to the first
      gear of the transmission and pivotal movement of the shift lever in the
      direction of arrow A will shift the transmission through second gear,
      third gear, neutral position, reverse gear and into a park position.
PAR  Referring to FIG. 6, the shift lever 14 also is capable of generally
      vertical up and down movement. A slot 50 in the bottom end 30 of the shift
      lever and another slot 52 near the center portion of the shift lever allow
      the shift lever to be moved generally upwardly about the sleeve 42 and a
      drive pin 54. A pair of fastening plates 55 are secured by the bolt 36 and
      a spring washer 57 on the pin 54 to prevent the shift lever 14 from
      slipping in the horizontal plane. The drive pin 54 engages the stop means
      18 as will be described hereinafter.
PAR  A biasing pin 56 is secured to the shift lever 14 and is biased by a spring
      58 around the pin 56 and the bolt 36 to maintain the shift lever in its
      lowermost position as shown in FIGS. 1 and 6.
PAR  The shifter plate 16 is pivotally mounted on the left side of the mounting
      bracket 12 by the bolt 36. The shifter plate 16 includes a connection stud
      60 for transmitting the motion of the shifter plate through a cable (not
      shown) to the transmission. The shifter plate 16 is provided with a
      plurality of saw tooth detents 62 in engagement with a cam 64 which is
      constantly spring biased by a spring 66 into engagement with the detents
      62. The cam 64 is pivotally mounted on the bracket 12 by means of a pin 68
      and washer 70. A flange 72 also is provided in the bracket 12 to guide the
      upper end of the cam 64. The cam 64 and the detent 62 hold the shifter
      plate 16 in one position until a force large enough to overcome the
      tension of spring 66 is applied to the shifter plate.
PAR  The drive pin 54, mentioned above, transmits the movement of the shift
      lever 14 to the shifter plate 16. More particularly, referring to FIG. 3,
      the drive pin 54 is seen to include a downwardly extending tab 76. The tab
      76 and the pin 54 are fitted within an irregular slot 78 formed in the
      shifter plate 16. The drive pin 54, tab 76 and slot 78 provide a lost
      motion means for the shift mechanism as described below.
PAR  The irregular slot 78 is provided in the shifter plate to allow for the two
      types of shifting modes, a conventional shifting mode wherein the
      transmission can be moved directly to any desired position, and a racing
      or slap-shifting mode where the shift mechanism 10 requires intermittent
      and sequential shifting through the three forward drive positions. The
      customary shifting pattern will be described in detail later, with
      reference to FIGS. 8 and 10, and the racing or slap-shifting operation
      will be described below.
PAR  The irregular slot 78, discussed above, includes two convergent cam
      surfaces 80 and 82 at its upper end. The convergent cam surfaces 80 and 82
      terminate in a pair of pawl pivot cams 84 and 86. The pawl pivot cam
      surfaces 84 and 86 diverge slightly and again converge into two flat, slot
      surfaces 88 and 90 for use in the conventional shifting pattern. The
      bottom or end of the slot 78 is formed in a generally bell-shaped pattern
      92.
PAR  The drive pin 54 will engage one of the drive pin cam surfaces 80 or 82
      when the shift lever is pivoted about the sleeve 42. More particularly,
      referring to FIG. 4, as the shift lever is pivoted in the direction of
      arrow B, the drive pin 54 engages the cam surface 80 and causes the
      shifter plate to rotate in the direction of arrow C with the shift lever
      14. The stud 60 on the shifter plate 16 will then transmit the above
      motion through a cable to shift the transmission.
PAR  The stop means 18 operates simultaneously with the shifting of the shifter
      plate 16 to prevent overshifting or undershifting. More particularly,
      referring to FIG. 3, the stop means includes a detent plate 100 which is
      pivotally mounted on the sleeve 42 between the mounting bracket portions
      22 and 24. The detent plate is generally symmetrical about the axis of the
      bolt 36. The detent plate 100 has a first pair of detents 102F and 104F on
      the forward side of an axis constructed generally along the center line of
      the shift lever 14. A second pair of detents 102R and 104R is provided on
      the detent plate 100 rearwardly of the axis. An arcuate segment or hole
      106 is provided approximately in the center of the detent plate 100 to
      provide clearance for the biasing pin 56. Biasing means in the form of a
      spring 108 is provided in an arcuate slot 110 near the left-hand portion
      of the detent plate 100 as seen in FIGS. 3 through 5. The spring 108 is
      secured within the channel members 22 and 24 of the mounting bracket 12 by
      a pair of outwardly formed flanges 112 thereon. The spring 108 constantly
      urges the detent plate toward its center position as seen in FIG. 3.
PAR  Two stop surfaces 114 and 116 are provided on either end of the detent
      plate 100 for engagement with flanges 118 and 120 formed inwardly of the
      base portions of the channels 22 and 24. Thus, in FIG. 3, the detent plate
      100 can rotate in a counterclockwise direction until the stop surface 114
      engages the flange 118 as seen in FIG. 4 and similarly in a clockwise
      direction until the stop surface 116 engages the flange 120 as seen in
      FIG. 5.
PAR  A double-ended pawl member 126 is secured to the drive pin 54 directly
      above the detent plate 100, having a pawl 128 on the forward side of the
      pin and another pawl 130 on the rearward side of the pin. Sequential
      shifting is required through the first three forward drive positions when
      the shift lever is in its lowermost position as will be explained with
      reference to FIG. 4.
PAR  FIG. 4 shows the shift lever being moved in the direction of arrow B. As
      the shift lever rotates about the sleeve 42 (i.e., bolt 36), the tab 76 of
      the pin 54 will engage the pawl pivot cam surface 84 which causes the pawl
      128 to first rotate counterclockwise and engage the detent 102F and second
      to rotate the detent plate 100 against the force of the biasing spring 108
      simultaneously as the drive pin 54 rotates the shifter plate 16. As the
      stop surface 114 engages the flange 118 the detent plate 100 will stop
      rotating and also prevent the shift lever 14 from rotating by means of the
      pawl 128 in engagement with the detent plate 100. Thus, it is possible
      only to shift the transmission from a first gear to an intermediate,
      second gear since the stop means 18 prevents further rotation of the shift
      lever. The shift lever 14 must then be released to relieve the pressure
      which holds the pawl 128 in engagement with the detent 102F. Referring to
      FIG. 7, a pair of centering arms 132 and 134 are seen being pivotally
      mounted to the shifter plate 16 by a rivet 136. The centering arms are
      biased by a spring 140 toward one another, into engagement with a pair of
      smaller curved surfaces 142 and 144, respectively, provided on the end of
      the drive pin 54. The travel of the centering arms 132 and 134 toward one
      another is limited by engagement with a tab 146 formed on the shifter
      plate 16 above the slot 78. The centering arms 132 and 134 are engaged by
      a washer 147 which is secured to the biasing pin 56 by a cotter pin 148
      through a hole 149 therein to prevent the centering arms 132 and 134 from
      slipping off of the rivet 136. As the shift lever 14 is released, the
      centering arm 132, under the biasing force of the spring 140, will move
      the drive pin 54 and thus the shift lever 14 slightly rearwardly in a
      direction opposite that of arrow B and therefore recenter the pawls 128
      and 130 to the position as shown in FIG. 3. Now the transmission will be
      in the second or intermediate gear and the shifting mechanism will be
      properly oriented for shifting into third gear or for downshifting back
      into first gear.
PAR  The operation for shifting into third gear is substantially the same as
      above described except that the pawl 128 will engage the detent 104F and
      allow the shift plate 116 to continue to rotate in the same direction to
      shift the transmission into third gear.
PAR  FIG. 5 shows the transmission being downshifted by the shifting means 10
      from third gear to second gear. This operation is substantially the same
      as the upshifting pattern except that the detents 102R and 104R on the
      opposite side of the shifter plate 100 are used in conjunction with the
      pawl 130. In this operation the shift lever is pivoted in the direction of
      arrow D (FIG. 5) and the tab 76 of the drive pin 54 engages the pawl pivot
      cam surface 86 to rotate the pawl 130 into engagement with the detent
      102R. With continued rotation of the shift lever the drive pin 54 engages
      the cam surface 82 and causes the shifter plate to rotate in the direction
      of arrow E for downshifting of the transmission from third gear to second
      gear. As the detent plate 100 continues to rotate, the stop surface 116
      abuts the flange 120 and prevents further rotation of the detent plate 100
      and the shift lever 14 through the pawl 130. The shift lever cannot be
      rotated until it is released to allow the pawl 130 to disengage the detent
      102R. Again, referring to FIG. 7, when the shift lever 14 is released, the
      centering arm 134 engages the curved surface 144 of the drive pin, and,
      under the force of the centering spring 140, causes the shift lever to
      move slightly forward in a direction opposite that of arrow D and also
      causes recentering of the pawl member 126 to its position as shown in FIG.
      3.
PAR  The stop means 18 as described is operative only during upshifting to
      second gear and third gear and downshifting to second gear and first gear.
PAR  The remainder of the shifting pattern into neutral, reverse and park
      position as well as the conventional shifting method is controlled by a
      cam plate 150 which is mounted on the side of the support bracket as seen
      in FIG. 2 and the biasing pin 56. The cam plate 150 is riveted to the
      bracket 12 by a pair of rivets 152 in engagement with the spring flange
      support 112 near the front portion of the bracket 12 and another flange
      154 formed near the rear portion of the bracket 12. As described earlier,
      the pin 56 is securely fastened to the shift lever 14 and extends through
      the detent plate 100, the shifter plate 16 and the centering arms 132 and
      134 to engage the spring 58. A portion of the pin 56 is normally in
      engagement with the cam surface 158 of the cam plate 150.
PAR  Referring to FIG. 8, the pin 56 is shown in engagement with the lowermost
      portion of the cam surface 158 when the shift lever 14 is in first, second
      or third gear positions. The shift lever must then be moved upwardly in
      the direction of arrow F to an intermediate level 164 of the cam plate
      150. When the shift lever 14 is in a directly vertical position, the
      transmission will be in the neutral position as can be seen in FIG. 8. As
      the shift lever is moved slightly forward (one detent 62 in the shifter
      plate 16) in the direction of arrow G, the pin 56 will remain at the same
      level in the position corresponding to the reverse position of the
      transmission. The shift lever may then be moved forward again in the
      direction of arrow G to the park position provided by the notch 168. The
      shift lever, when the transmission is in the park position will be at the
      same vertical height as when in any of the drive positions.
PAR  Referring to FIG. 8, to avoid locking of the shift lever 14 during the
      drive positions, the cam 150 provides an upper cam surface 170 for
      engagement with the pin 56. As the shift lever 14 is lifted vertically in
      the direction of arrow F the pin 56 will engage the upper surface of the
      cam 170 and permit free movement through the drive positions and into
      neutral by disengaging the stop means 18. In particular, referring to FIG.
      10, as the shift lever 14 is moved upwardly in the direction of arrow F,
      the biasing pin is moved upwardly into engagement with the flat surfaces
      88 and 90 of the shifter plate. Then, when the shift lever is pivoted
      about the sleeve 42 the pin 56 will drive the shifter plate 16 into the
      appropriate position for the transmission associated with the shifter
      position. During movement of the shift lever while in this upward
      position, the pawl member 126 will not pivot and the pawls 128 and 130
      will not engage the detents 102F, 104F or 102R, 104R because the pin 56 is
      in engagement with the flat surfaces 88 90 of the shifter plate 16. Thus,
      to move directly into third gear from first gear, the driver simply lifts
      the shift lever 14 and moves it forward into the third position. The shift
      lever 14 will then be automatically biased downward again by the spring 58
      to require sequential shifting in the downward direction. This, however,
      may similarly be avoided by again lifting and shifting the shift lever 14.
PAR  Therefore, as described, the new shift mechanism disclosed, provides for
      sequential shifting through the first three drive positions as desired
      under drag racing or other racing situations and also provides for
      customary shifting when the same automobile is used for street driving.
PAR  It also is contemplated by this invention that the shifting order of the
      forward drive positions may be reversed. Instead of shifting through
      first, second and third gear while the shift lever is rotated in a
      counterclockwise direction as shown in FIG. 4, alterations of the
      transmission can make it possible so that the shift mechanism disclosed
      can shift sequentially through first, second and third gears while
      rotating the shift lever in a clockwise direction as shown in FIG. 4. No
      alterations of the shift mechanism are required for this type of
      conversion.
PAR  The foregoing detailed description has been given for clearness of
      understanding only and no unnecessary limitations should be understood
      therefrom as some modifications will be obvious to those skilled in the
      art.
CLMS
STM  I claim:
NUM  1.
PAR  1. An in-line shaft mechanism for a vehicle automatic transmission having
      at least three forward drive positions, comprising:
PA1  a support bracket;
PA1  a shift lever pivotally mounted on said support bracket;
PA1  a shifter plate pivotally mounted on the support bracket, with a motion
      transmitting connection means to said transmission; and
PA1  stop means associated with said shift lever to permit successive pivoting
      of said shift lever in progressive increments between at least some
      adjacent shift lever positions only after momentary release of said shift
      lever after each shifting movement.
NUM  2.
PAR  2. An inline shift mechanism for a vehicle automatic transmission having at
      least three forward drive positions, comprising:
PA1  a support bracket;
PA1  a shift lever pivotally mounted on said support bracket;
PA1  a shifter plate pivotally mounted on the support bracket, with a motion
      transmitting connection means to said transmission; and
PA1  stop means including a self-centering pawl secured to the shift lever and a
      detent plate mounted on the bracket for engagement with said pawl to
      permit successive pivoting of said shift lever in progressive increments
      between adjacent drive positions only after momentary release of said
      shift lever after each shifting movement.
NUM  3.
PAR  3. The shift mechanism of claim 2 wherein the detent plate is pivotally
      mounted on the bracket and is biased toward a centered position between
      two stop positions.
NUM  4.
PAR  4. The shift mechanism of claim 3 including lost motion means associated
      with the shift lever and adapted to engage said pawl with said detent
      plate to move said detent plate into one of said stop positions as the
      shifter plate is pivoted to an adjacent position by said shift lever.
NUM  5.
PAR  5. The shift mechanism of claim 3 including lost motion means between the
      shift lever and detent plate to permit the detent plate to recenter itself
      after release of said shift lever whereby said lever can be moved into an
      adjacent drive position.
NUM  6.
PAR  6. The shift mechanism of claim 5 wherein the lost motion means includes a
      pair of spring biased centering arms mounted on the shifter plate in
      engagement with means on said shift lever to constantly urge the pawl out
      of engagement with the detent plate.
NUM  7.
PAR  7. The shift mechanism of claim 6 wherein the shifter plate includes a
      generally vertical slot having two opposed cam surfaces near the upper end
      thereof, and said means on said shift lever is engageable with said cam
      surfaces to cause the pawl to pivot into engagement with said detent plate
      before said shift lever engages said shifter plate.
NUM  8.
PAR  8. A shift mechanism for an automotive automatic transmission, comprising:
PA1  a mounting bracket;
PA1  a shift lever mounted on the bracket for both forward and rearward pivotal
      movement between at least three forward drive positions, neutral, reverse
      and park positions and for generally transverse movement relative to the
      axis of said pivoting movement;
PA1  a shifter plate mounted on the bracket for pivotal movement about said
      axis, said shifter plate having a motion transmitting connection to an
      automatic transmission;
PA1  a drive pin on said shift lever for pivoting said shifter plate;
PA1  stop means comprising a self-centering pawl carried by the shift lever and
      a detent plate mounted on the bracket pivotable about said axis; and
PA1  said stop means being adapted to permit successive shifting of said shift
      lever in progressive increments between said three drive positions only
      after momentary relief of said lever after each shifting movement between
      adjacent drive positions.
NUM  9.
PAR  9. The shift mechanism of claim 8 including lost motion means associated
      with the drive pin adapted to engage said pawl with said detent plate to
      move said detent plate into one of said stop positions as the shifter
      plate is pivoted to an adjacent position by said drive pin.
NUM  10.
PAR  10. The shift mechanism of claim 8 including lost motion means between the
      drive pin and detent plate to permit the detent plate to recenter itself
      after release of said shifting lever whereby said lever can be moved into
      an adjacent drive position.
NUM  11.
PAR  11. The shift mechanism of claim 10 wherein the lost motion means includes
      a pair of spring biased centering arms mounted on the shifter plate in
      engagement with said drive pin to constantly urge the pawl out of
      engagement with the detent plate.
NUM  12.
PAR  12. The shift mechanism of claim 11 wherein the shifter plate includes a
      generally vertical slot having two opposed cam surfaces near the upper end
      thereof, and the drive pin includes a depending tab for engagement with
      said cam surfaces to cause the pawl to pivot into engagement with said
      detent plate before said drive pin engages said shifting plate.
NUM  13.
PAR  13. A shift mechanism for an automotive automatic transmission, comprising:
PA1  a vertically disposed mounting bracket;
PA1  a shift lever mounted on said mounting bracket with horizontally disposed
      pivot pin means for pivoting movement relative thereto and for generally
      vertical movement relative thereto;
PA1  means biasing said shift lever into a lowermost position;
PA1  a shifter plate pivotally mounted on said pivot pin means and having a
      motion transmitting connection to an automatic transmission;
PA1  a drive pin mounted on said shift lever and extending through a generally
      vertically disposed slot in said shifter plate;
PA1  a biasing pin secured to said shift lever, said pin being biased to hold
      the shift lever in a lowermost vertical position;
PA1  a generally arcuate cam slot associated with said mounting bracket within
      which said biasing pin is movable, said cam slot having a formation
      requiring upward movement of said shift lever in order to pivot the same
      from any one of three forward drive positions into neutral, reverse or
      park positions;
PA1  a detent plate pivotally mounted on said pivot pin means and biased into a
      centered position between two stop positions; and
PA1  pawl means carried by said shift lever and adapted, during shifting
      movement of said shift lever between any adjacent two of said drive
      positions, to pivot said detent plate into one of said stop positions as
      said shifter plate is pivoted to the next drive position by said drive
      pin, and to release said shift lever to permit said detent plate to
      recenter itself thereby permitting shifting of the shift lever into the
      next drive position.
NUM  14.
PAR  14. The shift mechanism of claim 13 wherein said pawl means comprises a
      portion of lost motion means which includes a pair of spring biased
      centering arms mounted on the shifter plate in engagement with said drive
      pin to constantly urge the pawl out of engagement with the detent plate.
NUM  15.
PAR  15. The shift mechanism of claim 14 wherein the vertical slot of the
      shifter plate includes two opposed cam surfaces near the upper end
      thereof, and the drive pin includes a depending cam for engagement with
      one of said cam surfaces to cause the pawl to pivot into engagement with
      said detent plate before said drive pin engages said shifting plate.
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ABST
PAL  A shift lever handle comprising a generally U-shaped member, one leg of
      which comprises an elongated handle grip, the other leg of which has means
      at the end thereof adjacent the end of said one leg for receiving thereon
      a shift range selector and having thereon as well means for mounting said
      handle on a shift lever.
BSUM
PAR  This invention relates to a shift lever handle and more particularly to a
      handle adapted to be attached to the shift lever of a transmission having
      multiple shift ranges which are pneumatically selected.
PAR  In multiple shift range transmissions of the type employed in large truck
      rigs, which may have as many as thirteen speeds, a pneumatic shift range
      selector is employed also as a shift lever handle. The shift range
      selector comprises a generally disc shaped member and has a range selector
      lever on the periphery thereof.
PAR  It is a principal object of the present invention to provide a more
      comfortable shift lever handle which conveniently locates the range
      selector lever in proximity thereto but in a position to avoid accidental
      actuation thereof. It is another object of this invention to provide a
      shift lever handle which is readily installed to replace and receive the
      shift range selector.
PAR  In general the invention features a shift lever handle comprising a
      U-shaped member. One leg of the U comprises an elongated handle grip. The
      other leg of the U selector mounting means on the end thereof adjacent the
      end of said one leg to receive the shift range selector and also has
      thereon shift mounting means for mounting the handle on a shift lever.
PAR  In preferred embodiments, the legs of the handle are spaced apart a
      distance approximately equal to the distance between mounting means on the
      shift range selector and the range selector lever thereof; the selector
      mounting means comprises a threaded shaft; the shift mounting means
      comprises an internally threaded member; the axis of the threaded portion
      of the threaded member intersects the said one leg; and a shift range
      selector is mounted on the selector mounting means with a range selector
      lever adjacent the end of the one leg.
DRWD
PAR  Other objects, features and advantages of the present invention will be
      apparent to those skilled in the art from the following detailed
      description of a preferred embodiment thereof taken together with the
      accompanying drawings in which:
PAR  FIG. 1 is a partial front view of a truck employing the invention;
PAR  FIG. 2 is a side elevation of a shift lever handle according to the present
      invention, mounted to a shift lever and having a shift range selector
      mounted thereon; and
PAR  FIG. 3 is an isometric view of the shift lever handle and shift range
      selector in use.
DETD
PAR  With reference now to the drawings, and particularly FIG. 2 thereof, the
      invention comprises a shift lever handle having a generally U-shaped
      configuration. The handle comprises a metal rod 10 which is bent to the
      U-shape. Rod 10 is threaded on each end thereof 12, 14. One leg 16 of the
      U includes a plastic hand grip 18 which is threadedly connected to one end
      12 of rod 10. A locknut 20 secures the hand grip 16 in position.
PAR  The other leg 22 of the handle extends at its end 14 to the same extent as
      the outer end 17 of handle grip 18. Leg 22 extends through a member 24
      mounted thereon. Member 24 is secured to leg 22 by set screw 25. Member 24
      has an internally threaded aperture 26 therein at right angles to legs 16,
      22 the axis of which intersects both legs.
PAR  As shown in FIG. 2, the threaded end 30 of a truck shift lever 28 is
      threadedly engaged in aperture 26 of member 24. Locknut 32 secures the
      shift lever and handle together.
PAR  A shift range selector 34 having threaded mounting means 36 is threadedly
      engaged to the end 14 of said other leg 22. Locknut 38 secures shift range
      selector 34 in position with range selector lever 40 thereof immediately
      adjacent hand grip 18, legs 16, 22 being spaced apart a distance
      approximately equal to the distance between mounting means 36 and lever
      40. Pneumatic lines, generally designated 42 are connected to the shift
      range selector.
PAR  The orientation of hand grip 18 may be adjusted by loosening locknuts 20
      and 32 and adjusting the position of hand grip 18 and the handle and then
      tightening the locknuts.
PAR  As shown in FIGS. 1 and 3, in use, a driver's hand is placed on hand grip
      18. The driver's thumb extending over the end 17 of grip 18 engages lever
      40 of shift range selector 34 whereby the shift range may be readily
      changed.
PAR  Other embodiments of this invention will occur to those skilled in the art
      which are within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shift lever handle comprising, in combination, a connector member for
      mounting to the top of a vertical gear shift lever and a generally
      U-shaped member, the legs thereof extending generally horizontally and
      lying substantially in the same vertical plane, the lower leg having a
      central portion secured to said connector member, the free end of said
      lower leg extending beyond said connector to define a mount for a range
      selector, said mount positioning said selector adjacent the end of the
      upper leg, said upper leg defining an elongated handle grip such that when
      the hand of an operator engages said handle grip in operative fashion, the
      selector is simultaneously operable by thumb movement of the same hand.
NUM  2.
PAR  2. The shift lever handle of claim 1 wherein said lower leg is a rod of
      constant dimension throughout its length, the central portion of said rod
      passing through a generally horizontal axis hole, and a lock means
      securing said rod in said hole.
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PAL  A safety handle is provided for manually rotating a motor shaft for a stone
      grinding mill. One end of the handle is curved to encompass a portion of
      the shaft periphery. A hook at the end of the curved portion fits into the
      keyway of the shaft. The handle arm extends radially from the shaft with a
      hand grip at the end opposite the curved portion. When torque is applied
      to the handle in the direction of normal motor rotation, the curved
      portion and hook grip the shaft by rotational leverage and transmit the
      torque to the shaft. If the motor is inadvertently started with the handle
      on the shaft, inertia and gravity will cause the handle to disengage and
      roll off from the shaft to prevent damage and injury. The hand grip is
      attached to the handle so as to allow only manual rotation of the shaft in
      the normal motor direction. Alternately, the handle is bent transverse to
      its longitudinal axis to extend outward from the motor and thus enable
      rotation only when mounted properly on the shaft.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates generally to handle apparatus and more particularly
      to a safety release handle for rotating a motor shaft on a stone grinding
      mill.
PAR  Small grinding mills for home use in grinding grains, rice and other kernel
      foods are becoming increasingly common. Some of the simpler mills are
      manually driven while other mills utilize an electric motor to drive the
      grinding stones. A motor is preferable because of the high rotational
      speeds needed for rapid grinding. However, motor driven mills are
      dependent upon an energy source and are useless in the event of a power
      failure.
PAR  In some instances, a handle has been provided to turn the shaft of a motor
      driven mill for manual operation. The handle must be mounted to grip the
      shaft tightly in order to impart torque to the shaft. If for some reason
      the handle is inadvertently left on the shaft when the motor is started,
      the handle is rapidly rotated with the shaft presenting a dangerous hazard
      for anyone nearby. In addition, the spinning handle may separate from the
      shaft causing damage to property and injury to the operator or bystanders.
PAR  The present invention is directed to a safety handle for manually turning
      the motor shaft of a stone grinding mill. One end of the handle connects
      to the shaft so as to grip the shaft tightly as torque is imparted in the
      direction of motor rotation. If the handle is rotated in the opposite
      direction, it automatically disengages from the shaft. Should the motor
      shaft begin to turn independent of handle operation, inertia and gravity
      will act upon the handle to effectively rotate the handle relative to the
      shaft opposite to the direction of normal motor rotation. Thus, the handle
      automatically disengages and falls from the shaft in the event of
      inadvertent motor start-up.
PAR  In accordance with one aspect of the invention, handle apparatus is
      provided for manually rotating a motor shaft in a predetermined direction.
      Grip means engage the shaft to apply rotational torque by a lever arm
      connected to the grip means. The grip means automatically releases the
      shaft when the shaft rotates independently in the predetermined direction.
      The lever is adapted to allow rotation with the shaft only when the grip
      means is engaged with the shaft for rotation in the predetermined
      direction.
PAR  In accordance with another aspect of the present invention, a handle
      apparatus is provided for manually rotating a motor shaft having an
      aperture therein. The handle includes a mechanism for gripping the shaft
      with a curved portion adapted to contact the periphery of the shaft and a
      projecting portion adapted for inserting into the aperture. The curved
      portion and the projecting portion engage the shaft when rotational torque
      is applied to the gripping mechanism in the first direction and disengage
      the shaft when rotational torque is applied to the gripping mechanism in a
      second direction. A lever integral with the gripping mechanism projects
      radially outward from the shaft for applying torque to the mechanism.
PAR  In accordance with yet another aspect of the present invention, an
      automatic release handle is provided for a grinding mill having an
      electric motor with a shaft projecting from the rear of the motor. A
      curved member engages a portion of the circumference of the shaft. A hook
      projects from one end of the curved member into a keyway in the shaft. A
      lever arm integral with the other end of the curved member extends
      radially from the shaft. The handle grips the shaft to impart torque to
      the shaft in the direction of normal motor rotation and disengages from
      the shaft upon independent rotation of the shaft in that direction.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention may be had by referring to
      the following detailed description when taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of the safety release handle apparatus of the
      present invention;
PAR  FIG. 1A is a partial perspective view of an alternate embodiment of the
      safety release handle apparatus of the present invention;
PAR  FIG. 1B is a partial side view of the safety release handle of FIG. 1A;
PAR  FIG. 2 is a front view of the handle apparatus of FIG. 1 mounted on a motor
      shaft;
PAR  FIG. 3 is a side view of the handle apparatus of FIG. 2;
PAR  FIG. 4 is a front view of the handle apparatus of FIG. 2 with the motor
      shaft in independent rotation; and
PAR  FIG. 5 is a side elevation view of an alternate embodiment of the handle
      apparatus of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, a safety handle 10 is shown for use in manually
      rotating a motor shaft. Handle 10 is comprised of a flat elongated metal
      lever arm 12 which has been twisted along its longitudinal axis to form a
      short portion 14 and a long portion 16. Long portion 16 is oriented at
      approximately a 90.degree. twist with respect to short portion 14. A
      gripping member 20 is provided integral with one end of short portion 14
      of lever arm 12. Gripping member 20 is formed by a bent portion 26
      extending at a right angle from short portion 14. A curved portion 22
      continues from the bent portion 26 to form an arc ending in a hooked
      portion 24 integral with curved portion 22 at the end remote from upper
      portion 14 of lever arm 12. Hooked portion 24 projects radially inward
      with respect to curved portion 22 in a plane parallel to the longitudinal
      axis of lever arm 12 and extends approximately one third of the distance
      toward bent portion 26.
PAR  A hand grip 30 is connected to the end of lever arm 12 remote from gripping
      member 20. Hand grip 30 is comprised of a cylindrical-shaped wooden piece
      31 having a hollow concentric shaft 32 extending longitudinally
      therethrough. A threaded bolt 34 is inserted into one end of bore 32 and
      extends from the other end through an aperture 36 in the end of lever arm
      12. Nuts 38 and 40 are screwed onto bolt 34 on either side of lever arm 12
      to secure hand grip 30 tightly in place.
PAR  Another preferred embodiment of the safety handle is shown in FIGS. 1A and
      1B. A hand grip 70 includes a truncated cone-shaped gripping piece 72
      connected to a lever arm 74 substantially identical to lever arm 12.
      Gripping piece 72 is preferably a molded phenolic or plastic composition
      handle. Gripping piece 72 includes a hollowed cylindrical well 76 in the
      larger end of piece 72 and a bore 78 through the center of the remaining
      portion of piece 72. A solid metal shank 80 is inserted through bore 78
      and attached to lever arm 74 at point 82 by swaging or welding. A washer
      84 is placed between gripping piece 72 and lever arm 74 to provide a
      bearing surface to facilitate rotation of handle 70.
PAR  With reference now to FIGS. 2 and 3, safety handle 10 is shown mounted on a
      shaft 42 extending from the rear of an electric motor 44. Motor 44 is of
      the type normally used in rotating a movable grinding stone against a
      stationary stone to grind grain, rice and other kernel foods. Shaft 42 is
      a "floating" shaft which extends through motor 44 and out the rear end for
      rotating by safety handle 10. A keyway slot 46 extends longitudinally
      along shaft 42 for the insertion of a key to lock shaft 42 into place.
PAR  As best seen in FIG. 2, safety handle 10 is mounted on shaft 42 for manual
      rotation of the shaft. Hooked portion 24 is less wide than keyway slot 46
      for insertion into the slot. Curved portion 22 has a radius of curvature
      slightly greater than the radius of shaft 42 so that it can fit around a
      portion of the periphery of the shaft. In the position shown in FIGS. 2
      and 3, the force of gravity on safety handle 10 and lever arm 12 acts
      through gripping member 20 to hold safety handle 10 in place on shaft 42.
      Specifically, hooked portion 24 cooperates with curved portion 22 and bend
      portion 26 to provide rotational leverage against shaft 42. Gripping
      member 20 is formed to cover about half the periphery of shaft 42 so that
      handle 10 will remain on the shaft in more than half of the rotational
      positions of the handle.
PAR  In operation, safety handle 10 is rotated clockwise in the direction of
      normal motor rotation. Gripping member 20 provides rotational leverage as
      previously mentioned to grasp shaft 42 tightly as the handle is turned. If
      safety handle 10 is rotated in a counterclockwise manner, as shown in FIG.
      4, the curved portion 22 of gripping member 20 will roll off of shaft 42
      and the hooked portion 24 disengages keyway slot 46. Handle 10 thus cannot
      be used to rotate shaft 42 in a counterclockwise direction since it
      becomes entirely disengaged from the shaft when torque in that direction
      is applied.
PAR  If motor 44 is started while safety handle 10 is still on shaft 42, the
      same action shown in FIG. 4 will result. Inertia and gravity acting upon
      handle 10 will tend to hold handle 10 back while shaft 42 begins to
      rotate. Thus, the action of handle 10 relative to shaft 42 is essentially
      the same as if handle 10 were rotated counterclockwise. As shaft 42 begins
      to spin, curved portion 22 rolls off of shaft 32 and safety handle 10
      disengages and falls away from the shaft. If motor 44 is started with
      handle 10 in the position shown in FIGS. 2 and 3, the handle will tend to
      follow the shaft because of gravity. However, inertia will slow the handle
      rotation and cause gripping member 20 to roll off shaft 42. In any
      position, handle 10 will not be accelerated by the rotating shaft but will
      simply fall to the ground.
PAR  Hand grip 30 is attached to lever arm 12 to project outward away from motor
      44 when gripping member 20 is mounted on shaft 42 for clockwise rotation.
      In the event that handle 10 is improperly mounted on shaft 42 for
      counterclockwise rotation, hand grip 30 projects inward to prevent manual
      rotation of handle 10. Thus, handle 10 would only be mounted on shaft 42
      for clockwise rotation of the shaft so that automatic release of the
      handle in the event of inadvertent motor start-up is assured.
PAR  An alternate embodiment of the present invention comprising a modified
      safety handle 50 is shown in FIG. 5. A lever arm 52 is provided similar to
      lever arm 12 having a short portion 54 and a long portion 56 twisted
      90.degree. relative to each other. In addition, lever arm 52 is bent
      outward to project the lower portion of the arm away from the motor. As
      shown in FIG. 5, long portion 56 includes a first bent portion 58
      projecting transverse to the longitudinal axis of lever arm 52 at
      approximately 45.degree.. A second bent portion 60 extends at about
      45.degree. relative to the first bent portion 58 in a plane parallel to
      short portion 54. A hand grip 62 essentially the same as hand grip 30,
      extends from the lower end of the second portion 60. Likewise, a gripping
      member 64, similar to gripping member 20, is integral with the upper end
      of short portion 54.
PAR  First and second bent portions 58 and 60 cause the lower portion of lever
      arm 52 to jut outward away from motor 44. This shape assures that safety
      handle 50 will not be improperly mounted on shaft 42 for counterclockwise
      direction, since the lever arm would normally be blocked by the table
      supporting motor 44. Moreover, modified lever arm 52 assures that hand
      grip 62 will be properly assembled on lever arm 54. If, for any reason,
      hand grip 62 is assembled on the wrong side of lever arm 52, manual
      rotation of the motor shaft would be prevented. Lever arm 52 would project
      inward against the table supporting motor 44 to prevent mounting gripping
      member 64 on the motor shaft or rotating handle 50.
PAR  From the foregoing discussion it is understood that the present invention
      includes new and useful features with regard to a safety release handle
      apparatus. The handle of the present invention provides a simple and easy
      way of removeably mounting a handle to a motor shaft for firmly gripping
      the shaft to impart torque. Moreover, the handle of the present invention
      may be mounted directly on a motor shaft utilizing the shaft keyway. The
      handle is mounted for continuous rotation by an operator behind the motor.
      The gripping mechanism allows the handle to be left on the shaft in a
      variety of positions for further manual rotation. If the motor is
      accidentally started, the handle will fall harmlessly beneath the motor
      shaft without causing damage or injury. The hand grip is connected so that
      the handle may be mounted on the motor shaft for rotation only in the
      direction of normal motor rotation. An alternate preferred embodiment of
      the present invention includes a bent lever arm to further insure safe use
      of the present invention.
PAR  Although particular embodiments of the invention have been illustrated in
      the accompanying drawings and described in the foregoing detailed
      description, it will be understood that the invention is not limited to
      the embodiments disclosed. For example, the handle of the present
      invention may be combined with a gear mechanism for increasing the
      rotational speed of the motor shaft. Other rearrangements, modifications
      and substitutions may be made without departing from the spirit of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Handle apparatus for manually rotating a motor shaft in a predetermined
      direction comprising:
PA1  grip means for engaging said shaft to apply rotational torque in said
      predetermined direction to said shaft and for releasing said shaft when
      said shaft rotates independently in said predetermined direction, and
PA1  lever means connected to said grip means for applying torque to said grip
      means in said predetermined direction, said lever means being adapted for
      rotation with said shaft only when said grip means engages said shaft for
      rotation in said predetermined direction,
PA1  said grip means comprising curved means for engaging a portion of the
      periphery of said shaft, and hook means associated with said curved means
      for engaging a keyway in said shaft, said curved means and said hook means
      cooperating to engage said shaft as torque is applied to said grip means
      in said predetermined direction and to disengage said shaft as said shaft
      independently rotates in said predetermined direction.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said lever means comprises handle means
      connected to the end of said lever means opposite said grip means for
      turning said lever means in said predetermined direction.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said lever means comprises a flat lever
      arm having an upper portion integral with said grip means and extending
      radially from said shaft, and a lower portion integral with the upper
      portion and twisted approximately 90.degree. with respect to the upper
      portion about the longitudinal axis of said lever arm.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said lever means further comprises a
      handle attached to the end of the lower portion of the lever arm remote
      from the upper portion, said handle extending normal to said lever arm
      away from said motor when said grip means engages said shaft for rotation
      in said predetermined direction thereby enabling manual rotation of said
      shaft.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said lever means comprises a lever arm
      integral with said grip means and extending radially from said shaft, said
      lever arm being bent transverse to its longitudinal axis to extend outward
      away from said motor when said grip means is engaged with said shaft for
      rotation in said predetermined direction.
NUM  6.
PAR  6. Handle apparatus for manually rotating a motor shaft having an aperture
      therein, comprising:
PA1  means for gripping said shaft including a curved portion adapted to
      encircle a portion of the periphery of said shaft and a projecting portion
      adapted for inserting into said aperture, said curved portion and said
      projecting portion engaging said shaft when rotational torque in a first
      direction is applied to said gripping means and disengaging said shaft
      when rotational torque in a second direction is applied to said gripping
      means, and
PA1  lever means attached to said gripping means projecting radially outward
      from said shaft for applying torque to said gripping means to rotate said
      shaft through multiple rotations in said first direction with said
      gripping means in continuous engagement with said shaft.
NUM  7.
PAR  7. The apparatus of claim 6 and further comprising a handle attached to one
      end of said lever means for rotating said lever means and said handle with
      said shaft, said handle extending normal to the longitudinal axis of said
      lever means whereby said handle may be manually rotated with said shaft
      only when said gripping means engages said shaft for rotation in the first
      direction.
NUM  8.
PAR  8. The apparatus of claim 6 wherein said lever means is adapted to allow
      engagement of said gripping means to said shaft only if said gripping
      means engages said shaft for rotation in said first direction.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said lever means comprises a lever arm
      extending radially from said shaft and a handle attached to said lever arm
      projecting normal from one side of said arm to allow manual rotation of
      said shaft only when said gripping means engages said shaft for rotation
      in said first direction.
NUM  10.
PAR  10. The apparatus of claim 8 wherein said lever means comprises a lever arm
      bent transverse to its longitudinal axis to extend outward away from said
      motor when said gripping means engages said shaft for rotation in said
      first direction and to extend inward toward said motor when said gripping
      means engages said shaft for rotation in said second direction, thereby
      preventing sustained manual rotation of said shaft in said second
      direction.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said lever arm is bent twice to form
      a first portion extending radially outward from said shaft, a second
      portion projecting at an angle away from said shaft and a third portion
      extending further from the shaft in a plane parallel with the plane of the
      first portion.
NUM  12.
PAR  12. The apparatus of claim 6 wherein said curved portion is adapted to
      encircle approximately half of the periphery of the shaft whereby said
      gripping means will maintain engagement with said shaft in substantially
      half of the possible shaft positions when said shaft is not rotating.
NUM  13.
PAR  13. In a stone grinding mill having an electric motor with a shaft
      projecting through the rear of said motor for manual rotation of said
      shaft in the direction of normal motor rotation, an automatic release
      handle comprising:
PA1  a curved member for engaging a portion of the circumference of the shaft,
PA1  a hook projecting from one end of the curved member into a keyway in said
      shaft, and
PA1  a lever arm integral with the other end of said curved member extending
      radially from said shaft,
PA1  whereby said handle will grip said shaft to impart torque to said shaft in
      said direction and will disengage from said shaft upon independent
      rotation of said shaft in said direction.
NUM  14.
PAR  14. The handle of claim 13 and further comprising an end member extending
      normal from said lever arm to allow manual rotation of said shaft by said
      handle only in said direction.
NUM  15.
PAR  15. The handle of claim 13 wherein said curved member has a radius of
      curvature slightly greater than the radius of curvature of said shaft.
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ABST
PAL  A bicycle handlebar shock absorber for use with conventional handlebar
      support brackets, comprising a curved strip of flexible material which is
      adapted at one end thereof to be fixedly mounted on the head of the
      support bracket and at the other end thereof to be fixedly attached to the
      handlebar itself on both sides of the bracket clamp supporting the
      handlebar. With the shock absorber mounted on a bicycle, the bracket clamp
      is adjusted to allow rotational, but not radial, movement of the
      handlebar, and the flexible strip of the shock absorber acts as a torsion
      spring to dampen rotational movement of the handlebar induced by travel of
      the bicycle over rough terrain.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to shock absorbers, and, more
      particularly, to shock absorbers for the handlebars of bicycles.
PAR  With the growing concern over pollution of the environment and conservation
      of energy resources, the bicycle is enjoying a resurgence in popularity as
      people discover the advantages and economies of this pollution-free means
      of transportation. Still others, seeking relief from an ever more hectic
      and crowded existence in modern society, have rediscovered the pleasures
      of bicycling as a form of recreation and healthful exercise.
PAR  However, as bicycle use has grown, many people, long accustomed to the soft
      ride provided by the modern automobile, have been rudely awakened to the
      much stiffer ride provided by the typical bicycle. At the same time,
      commuters, cross-country enthusiasts, and others who make more than
      occasional use of their bicycles have discovered both the wear and tear to
      cycle and rider, and particularly the safety hazards for the rider which
      are posed by negotiating shock-absorberless bicycles over pot-holed city
      streets, "rustic" bicycle paths, and rural back roads. Of special concern
      has been the fatique and difficulty of control caused by handlebars not
      equipped with some means for absorbing the vibrations and shocks of travel
      over rough terrain.
PAR  Shock absorbers for bicycle handlebars are known in the art, but they
      generally are either complex, bulky, or relatively fragile in design, or
      are difficult to mount on a bicycle, requiring many adjustments or
      specially-adapted handlebars and other parts for their use.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The above mentioned problems associated with the prior art are overcome by
      the shock absorber of the present invention, wherein a curved strip of
      flexible material is adapted at one end thereof for fixedly mounting the
      shock absorber on the head of conventional handlebar support brackets, and
      is adapted at the other end thereof for rigid attachment to the handlebar
      itself on both sides of the bracket clamp supporting the handlebar.
      Whereas the handlebar of a bicycle not equipped with the present invention
      is typically rigidly held by the clamp of the support bracket, when the
      shock absorber of the present invention is attached, the bracket clamp is
      loosened to allow rotational and lateral but not radial movement of the
      handlebar with the clamp. The flexible strip then operates as a torsional
      spring to dampen the rotational movement of the handlebar which is induced
      by travel of the bicycle over rough terrain, while the mounting means
      attaching the shock absorber to the handlebars prevents lateral movement
      of the handlebar within the support bracket clamp. Other features and
      advantages of the invention will be set forth in, or apparent from, the
      detailed description of the preferred embodiments found hereinbelow.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a preferred embodiment of the invention.
PAR  FIG. 2 is a side-elevational view of a bicycle, partially in section and
      partially broken away, with a preferred embodiment of the invention
      mounted on the handlebar support bracket.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, the shock absorber of the present invention comprises
      a single curved flexible strip generally denoted 10, which may
      advantageously be constructed from any flexible, spring-like material,
      such as metal or plastic. The central portion 12 of strip 10 forms a
      U-shaped curve, the curvature of which may be varied in different
      embodiments of the invention to accommodate different handlebar mounting
      configurations. At one end of portion 12 the curvature of strip 10
      abruptly changes to form planar portion 14, which is slightly inclined
      downwardly from the horizontal. Portion 14 contains an elongated slot 16
      oriented longitudinally for receiving the handlebar post bolt (not shown)
      and thus effectuating attachment of strip 10 to the bicycle frame. The
      elongated aspect of slot 16 facilitates attachment of strip 10 to a range
      of handlebar mounting configurations. Toward the other end of portion 12,
      and past its midpoint in the preferred embodiment, strip 10 becomes
      bifurcated, forming two identical branches, 18 and 20, respectively, which
      each recurve inwardly near their extremities to form arcuate, open-ended
      clamping loops 22 and 24. Near the free ends of loops 22 and 24, the
      degree of curvature changes relatively abruptly to allow loops 22 and 24
      to merge into planar portions 26 and 28, which are spaced from and
      relatively parallel to the opposing faces of branches 18 and 20,
      respectively. Each portion 26 and 28 has located therein hole 30 and each
      branch 18 and 20 has located therein hole 32 relatively opposite to the
      corresponding hole 30 so as to allow clamping loops 22 and 24 to be
      tightened about the handlebars of a bicycle by means of a bolt (not shown)
      inserted through the corresponding holes 30 and 32 associated with each
      loop 22 and 24.
PAR  Referring to FIG. 2, the invention is shown mounted on a typical bicycle
      front end. Handlebar support bracket 34 comprises head 35, from which
      hollow support post 36 extends downward for mounting in hollowing steering
      column 38 of fork stem 40. Steering column 38 is in turn rotatably mounted
      in tubular frame 41 of the bicycle. Independent vertical and rotational
      movement of post 36 with respect to steering column 38 is prevented once
      the handlebar (not shown) has been adjusted to the desired height and
      orientation by means of tapered nut 42 located within the hollow interior
      portion of post 36. Nut 42 is tightened so as to expand the lower portion
      of post 36 against the inner face of column 38 by means of threaded bolt
      44 mounted through bracket head 35. Support bracket 34 further comprises
      support stem 43 extending outward from head 35. The free end of stem 41
      forms mounting clamp 45, which receives the bicycle handlebar.
PAR  The present invention is mounted on a bicycle by attaching clamping loops
      22 and 24 to the bicycle handlebar such that clamp 45 is interposed
      between loops 22 and 24. Clamp 45, which is normally tightened to rigidly
      hold the handlebar, is loosened to allow rotational and lateral, but not
      radial, movement of the handlebar. In an alternative embodiment of the
      invention, that portion of the handlebar within clamp 45 may be wrapped
      with tape or other cushioning material before strip 10 is mounted on the
      bicycle. With bolt 44 removed from nut 42 and bracket 34, planar portion
      14 of strip 10 is oriented over head 35 of bracket 34 so that slot 16 is
      aligned to allow reinsertion of bolt 44 in bracket 34 through slot 16.
      With bolt 44 reinserted in bracket 34 of nut 42 reattached to bolt 44,
      bracket 34 is adjusted in steering column 38 for the desired height and
      orientation of the handlebar. As nut 42 is tightened, bolt 44 fixedly
      anchors strip 10 to bracket head 35. Clamping loops 22 and 24 are
      tightened by means of bolts 52 inserted through the corresponding pairs of
      holes 30 and 32 associated with each loop 22 and 24.
PAR  The operation of the present invention is extremely simple. Shocks
      transmitted through the wheels, frame, etc., are normally transmitted
      substantially undiminished to the handlebars by bracket 34 and clamp 45
      thereof in a bicycle not equipped with the present invention. In a bicycle
      equipped with the present invention, clamp 45 is loosened to allow
      shock-induced rotation in the handlebars. Lateral movement of the
      handlebar within clamp 45 is prevented by loops 22 and 24 straddling clamp
      45 and fixedly holding the handlebar, and the rotation of the handlebar is
      substantially dampened by the torsion spring action of flexible strip 10
      connected between bracket head 35 and the handlebars. Instead of a series
      of jarring shocks, the rider of a bicycle equipped with the present
      invention experiences only a gentle oscillation of the handlebars when
      rough terrain is encountered.
PAR  It will be appreciated by those skilled in the art that although the
      invention has been described relative to exemplary embodiments thereof,
      modifications and variations can be effected in these embodiments without
      departing from the scope and spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bicycle handlebar shock absorber for use with a support bracket for
      the handlebar of a bicycle, said support bracket comprising a head, a
      hollow support post extending downward from said head for attaching said
      support bracket to said bicycle, a support stem extending outward from
      said head, said support stem further comprising a mounting clamp extending
      from the free end thereof for receiving the handlebar of said bicycle in a
      manner which allows rotational and lateral, but substantially no radial
      movement of said handlebar, within said clamp, and said support bracket
      further comprising a bolt removably inserted through said head into the
      interior of said support post for fixedly attaching said support bracket
      to said bicycles, and said shock absorber for said bicycle handlebar
      comprising a curved flexible strip member producing torsional spring
      action, and having at one end a first mounting means for fixedly attaching
      said flexible strip member to said bracket head, and having at its other
      end a second mounting means for fixedly securing said other end of said
      flexible strip member to said handlebar at positions adjacent to either
      side of said mounting clamp such that the lateral movement of said
      handlebar allowed by said clamp is prevented by said second mounting means
      and the rotational movement allowed by said clamp is dampened by said
      spring action of said flexible strip member extending between said
      handlebar and said support bracket head.
NUM  2.
PAR  2. The shock absorber of claim 1 wherein said flexible strip member
      comprises a U-shaped portion oriented with respect to said mounting means
      such that said flexible strip member curves upward from said mounting
      means when said shock absorber is mounted on said bicycle support bracket.
NUM  3.
PAR  3. The shock absorber of claim 2 wherein said first mounting means for
      fixed attachment of said flexible strip member to said support bracket
      head is adjustable to facilitate attachment of said shock absorber to
      bicycles having different configurations of support bracket.
NUM  4.
PAR  4. The shock absorber of claim 3 wherein said adjustable first mounting
      means comprises a substantially planar strip member extending from the end
      of said flexible strip member for engagement with the top of said support
      bracket head, and an elongated slot for receiving said support bracket
      bolt in a manner such that said bolt fixedly secures said planar strip
      member to said bracket head when said bolt is tightened to fixedly attach
      said support bracket to said bicycle.
NUM  5.
PAR  5. The shock absorber of claim 4 wherein said second mounting means
      comprises a pair of spaced clamping loops extending from said flexible
      strip member, and means for tightening said loops fixedly about said
      handlebar.
NUM  6.
PAR  6. The shock absorber of claim 5 wherein said flexible strip member, said
      first mounting means, and said clamping loops of said second mounting
      means are constructed from a single unitary flexible strip and said
      flexible strip member bifurcates to form said clamping loops.
PATN
WKU  039410129
SRC  5
APN  5752892
APT  1
ART  345
APD  19750507
TTL  Dual drive mechanism
ISD  19760302
NCL  5
ECL  1
EXA  Lall; Parshotam S.
EXP  Scott; Samuel
NDR  2
NFG  3
INVT
NAM  Mayer; Donald K.
CTY  Bloomington
STA  MN
ASSG
NAM  Westinghouse Electric Corporation
CTY  Pittsburgh
STA  PA
COD  02
RLAP
COD  71
APN  441685
APD  19740211
PSC  03
CLAS
OCL   74661
XCL   60716
XCL   60718
XCL   62236
XCL  192103B
EDF  2
ICL  F16H 3706
ICL  F25B 2700
ICL  F16D 4306
ICL  F02B 7300
FSC   74
FSS  661
FSC   62
FSS  236
FSC   60
FSS  39.3;716;718
FSC  192
FSS  105 B;105 BB;103 B
UREF
PNO  2203406
ISD  19321200
NAM  Dempsey, Jr.
OCL   62236
UREF
PNO  2667761
ISD  19540200
NAM  Sellstrom
OCL   62236
UREF
PNO  2669098
ISD  19540200
NAM  Buell
XCL   60716
UREF
PNO  3367465
ISD  19680200
NAM  Newman
OCL  192105BA
UREF
PNO  3404529
ISD  19681000
NAM  Lagerstrom
XCL   60718
UREF
PNO  3461746
ISD  19670900
NAM  Schwerdhofer
XCL  192103B
UREF
PNO  3543518
ISD  19701200
NAM  Shibata
XCL   60718
UREF
PNO  3744180
ISD  19730700
NAM  Mabuchi
XCL  192105BB
FREF
PNO  553,740
ISD  19580300
CNT  CA
OCL   60716
FREF
PNO  593,791
ISD  19340300
CNT  DD
OCL   60716
FREF
PNO  457,674
ISD  19280300
CNT  DD
OCL   60716
LREP
FR2  Blake; F. E.
ABST
PAL  An electric motor and an in-line speed-responsive clutch are arranged so as
      to provide dual drive for selectively driving a refrigerant compressor by
      either an internal combustion engine or by the electric motor. The rotor
      of the electric motor is journalled for relative rotation on the output
      shaft of the engine, and the motor rotor can be driven through the clutch
      when the output speed of the engine output shaft exceeds a predetermined
      minimum. By having both power sources adapted to drive the compressor with
      the motor rotor journalled on the engine output shaft and by employing a
      single clutch, economy of parts, relative ease in assembly, and a more
      compact arrangement may be achieved.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This is a continuation of application Ser. No. 441,685 filed Feb. 11, 1974,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION AND PRIOR ART
PAR  A conventional method for providing either engine drive or electric motor
      drive for a refrigerant compressor, such as that which might be used with
      a self-contained transportable refrigeration unit to preserve a perishable
      cargo during transit, includes a prime mover, such as an internal
      combustion engine driving the compressor through a centrifugal clutch, or
      the compressor may be alternately belt driven by an electric motor.
PAR  One example of such a dual drive mechanism to be employed as part of a
      transportable refrigeration unit, where an internal combustion engine, an
      electric motor, a refrigerant compressor, and a clutch are all disposed in
      an in-line arrangement, is to be found in the patent to L. T. Sellstrom,
      U.S. Pat. No. 2,667,761, issued February, 1954. With the foregoing
      arrangement, each of the engine, the motor, and the compressor is provided
      with a respective shaft, with the engine shaft and the motor shaft being
      connected by a drive coupling and the motor shaft and the compressor shaft
      also being connected by a drive coupling. In addition to the plurality of
      drive shafts and drive couplings, the necessity of the number of bearings
      that would be required for this type arrangement can prove to be both
      uneconomical in terms of manufacture and compactness.
PAR  Another example of a prime mover-electric motor dual drive mechanism can be
      found in the patent to G. Lagerstrom, U.S. Pat. No. 3,404,529, issued
      October, 1968, wherein both power sources may drive a common drive shaft,
      and bearing means are provided whereby the rotor of the electric motor may
      rotate on the common drive shaft. However, by the nature of the foregoing
      arrangement, a dual clutch and bearing arrangement is required which
      consequently may also become uneconomical in terms of manufacture and
      compactness.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an in-line, dual drive mechanism for selectively
      driving, in the preferred embodiment, a refrigerant compressor by either
      an electric motor or alternately by an internal combustion engine. Bearing
      means are provided to journal the rotor of the electric motor for relative
      rotation on the output shaft of the internal combustion engine. A
      centrifugal clutch is connected to the engine flywheel output shaft for
      rotation therewith and to drive the rotor assembly when the rotational
      speed of the flywheel output shaft exceeds a predetermined minimum.
PAR  A clutch drum sleeve is included in the rotor assembly to connect the
      clutch to the rotor, while a spider drive sleeve connects the motor rotor
      to the compressor, so as to cause the compressor shaft to rotate as the
      rotor is rotated, either in response to the energization of the motor or
      in response to the rotation of the engine output shaft above the
      predetermined minimum speed. Both the spider drive sleeve and the clutch
      drum sleeve are provided with bearing races to permit the sleeves with the
      motor rotor assembly to be journalled upon the engine shaft for relative
      rotation therewith.
PAR  A portion of the frame of the compressor, a portion of the frame of the
      electric motor, and a portion of the engine crankcase wall serves to form
      an enclosure about the dual drive mechanism and provides the required
      alignment of the parts. The motor stator and rotor are, in accordance with
      the instant invention, supported within the dual drive mechanism enclosure
      to thereby eliminate the conventional motor frame or housing.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a block diagram of the apparatus comprising the dual drive
      assembly of the instant invention;
PAR  FIG. 2 is a fragmentary front elevation, partially in section, of the
      integral in-line motor-clutch assembly with the clutch being engaged for
      engine operation; and
PAR  FIG. 3 is a detailed view, partially in section, of the speed responsive
      clutch of the instant invention when disengaged for electric motor
      operation.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 of the drawings, a block diagram is shown of the
      apparatus comprising the in-line dual drive assembly of the instant
      invention. A driven member, such as a refrigerant compressor 1 which may
      be employed within a transportable refrigeration unit for truck transport
      refrigeration, may in accordance with the instant invention be selectively
      driven either by a first electric motor prime mover 2 or alternatively by
      a second prime mover. The second prime mover in the preferred embodiment
      is a self-contained internal combustion engine 4, but any other suitable
      source of mechanical power may be employed. The engine 4 can be
      automatically connected to the compressor shaft 48 through the rotor
      assembly of the electric motor 2 (described in greater detail in FIG. 2)
      by means of a speed responsive clutch, which may be a well known
      centrifugal clutch or the like. As illustrated in the instant embodiment,
      the electric motor 2 is to be located in the alignment with common drive
      line 10 between the compressor 1 and the engine 4, the overall advantages
      of which will become apparent hereinafter. When it becomes desirable to
      power a load, such as a belt driven fan 8, for example, and to drive the
      compressor 1 from the electric motor 2, such as where a refrigerated
      container were to remain stationary for extended periods of time and where
      an external electric power source is available, it will be possible to
      cease engine operation as the engine drops below the predetermined idle
      speed sufficient to automatically disengage the centrifugal clutch 6.
PAR  FIG. 2 is a partial sectional assembly to illustrate the components of the
      dual drive mechanism of the instant invention. With the clutch 6 engaged
      for engine drive, power is taken from the flywheel 12, by means of a
      carrier arm 14 of the engine output shaft 10. Carrier arm 14 may be
      secured to flywheel 12 by a pin 15 and a suitable bolt means 13, as shown.
      The carrier arm 14 provides support for a plurality of centrifugal clutch
      arms 16 which act as a retention means for clutch 6. During engine
      operation, the clutch drum 18 and the clutch 6 will be moved into
      engagement with each other as shown along line 20. The clutch drum 18 is
      formed as an extension of clutch drum sleeve 22. Fan blades may be added
      as an integral part of the clutch drum 18 to provide cooling air
      circulation.
PAR  The electric motor rotor 24, which may be an internally axially bored rotor
      from end to end, is provided at opposite ends with an input end 25 and an
      output end 26. The clutch drum sleeve 22 is inserted into the assembly
      from the input end 25 of rotor 24, and a spider drive sleeve 28 is
      inserted from the opposite output end 26 of rotor 24. Both the clutch drum
      sleeve 22 and the spider drive sleeve 28 are provided with bearing races
      30 to enable the motor rotor 24 to be journalled upon and rotated relative
      to the engine output shaft 14 by means of bearings 32. Seals 34 at each
      end of the rotor 24 prevent bearing contamination from the surrounding
      environment and retain the bearing lubricant. Key members 36 are fitted
      through respective slots 38 and into key ways positioned between the rotor
      24 and the sleeve members 22 and 28 so as to cause the electric motor
      rotor 24 and its associated components to rotate as the engine output
      shaft 10 is rotated. The clutch drum 18 and the centrifugal clutch 6,
      which can be connected to rotor 24 to form an integral part therewith
      through the clutch drum sleeve 22, is adapted to drive rotor 24 when the
      rotational speed of the motor output shaft 10 exceeds a predetermined
      minimum.
PAR  A plurality of coupling drive pins 42 are extended between respective
      resilient bushings 44, formed in a compressor coupling 46, and spider
      drive sleeve 28 so as to provide necessary driving torque for the
      compression shaft 48 from motor rotor 24, to cause the compressor shaft 48
      to rotate as the rotor 24 is rotated, either in response to the
      energization of the electric motor or in response to the rotation of the
      engine output shaft 10 above the predetermined speed.
PAR  An enclosure is formed around the dual drive mechanism of the instant
      invention to provide the required alignment of the parts. The enclosure
      consists of a portion of the compressor frame 50 forming one end of the
      enclosure and separated from the compressor shaft 48 by a bearing element
      51, a portion of the engine crankcase wall 52 forming the other end of the
      enclosure, and a portion of the electric motor frame 54 which may also be
      termed a flywheel housing and which supports the compressor frame 50 in
      relation to the engine crankcase wall 52 and serves as a suitable housing
      for the electric motor stator 40. With the enclosure as that described in
      the instant invention to support the rotor 24 and stator 40 in alignment
      upon output shaft 10, the conventional motor frame and housing may be
      eliminated, thereby achieving a cost and space reduction. Also, by virtue
      of the parts arrangement in the instant invention and with both power
      sources adapted to drive the compressor with the motor rotor 24 journalled
      by bearings 32 on the engine output shaft 10 for relative rotation
      therewith, the need for the conventional electric motor shaft and bearings
      is thereby eliminated, and by employing a single speed responsive clutch
      6, an economy of parts, a relative ease in manufacture and a more compact
      arrangement may be established as compared to the prior art dual drive
      assemblies.
PAR  During engine operation, when the motor rotor 24 is connected to the
      carrier arms 14, the same rotating velocity of the carrier arms 14 and
      rotor 24 results in no relative motion of bearings 32 and seals 34. During
      electric motor operation, the clutch 6 is disengaged and the carrier arms
      14 and flywheel 12 are motionless, and rotation of the motor rotor 24 due
      to the electric field action of the motor stator 40 results in rotation of
      bearings and seals.
PAR  Referring now to FIG. 3, the centrifugal clutch 6 of FIG. 2 is shown, but
      now is disengaged from the clutch drum 18 to form a gap or space 56
      therebetween, as illustrated, for electric motor operation. As previously
      disclosed, centrifugal clutch 6 will automatically disengage clutch drum
      18 and fall back upon retaining arm 16 when the speed of the engine is
      reduced below the predetermined level which would otherwise be sufficient
      to maintain the clutch 6 and drum 18 in engagement with one another, and
      thereupon, carrier arm 14 and flywheel 12 will subsequently become
      motionless. In place of the speed responsive centrifugal clutch as
      described, various other forms of clutches may be used as will be obvious
      to those skilled in the art.
PAR  Although a disclosed application of the dual drive apparatus of the instant
      invention is to drive a refrigerant compressor load by either an optional
      motor or engine power source, the apparatus may be suitably adapted for
      driving other types of rotating loads, including pumps, hoists,
      generators, and the like. The apparatus would also be suitable for
      employing various other power sources other than the disclosed internal
      combustion engine prime mover, such as another electric motor, a pneumatic
      motor, or a hydraulic motor, all with the same economy of parts and
      reduction of space as that achieved by the instant embodiment.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dual drive mechanism for selectively driving a driven member either by
      a first electric motor prime mover or alternatively by a second prime
      mover wherein said first prime mover is disposed between said driven
      member and second prime mover, said first prime mover having a housing
      consisting of a stator frame connected to a portion of the frame of the
      second prime mover and a portion of the frame of the driven member, an
      output shaft for said second prime mover protruding into said housing, an
      electric motor rotor assembly having means adapted to be driven by a speed
      responsive clutch, said rotor assembly journalled for rotation on said
      protruding portion of said second prime mover output shaft, said speed
      responsive clutch connected to said second prime mover output shaft and
      adapted to drive said rotor assembly when the rotational speed of said
      output shaft exceeds a predetermined minimum, and means to connect said
      rotor assembly to said driven member to cause said driven member to rotate
      when said rotor assembly is rotated either in response to the energization
      of said first electric motor prime mover or in response to the rotation of
      said second prime mover output shaft above the predetermined minimum
      speed.
NUM  2.
PAR  2. The invention of claim 1, wherein said speed responsive clutch is a
      centrifugal clutch.
NUM  3.
PAR  3. The invention of claim 1, wherein said second prime mover is an internal
      combustion engine.
NUM  4.
PAR  4. The invention of claim 1, wherein the means to connect said motor rotor
      to said driven member to rotate as said rotor is rotated is a spider drive
      sleeve.
NUM  5.
PAR  5. The invention of claim 1, wherein said driven member is a refrigerant
      compressor.
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ABST
PAL  A vehicle transmission comprises an epicyclic change-speed unit in series
      with a supplementary two-speed unit having a direct drive ratio and an
      indirect overdrive or reduction ratio, thereby doubling the number of
      ratios provided by the change-speed unit. A further ratio is provided by a
      compound connection between the change-speed and supplementary units.
BSUM
PAR  This invention relates to vehicle transmissions of the type in which an
      epicyclic change-speed gear unit is constructed to provide two or more
      reduction ratios between its input member and its output member by the
      application of braking means selectively to arrest the rotation of one or
      another of its reaction members and in which there is interposed in the
      drive-line between the prime mover and the said input member a
      supplementary two-speed unit which provides, in addition to a direct-drive
      or unit ratio, an indirect ratio which may be either an overdrive or an
      underdrive ratio; that is to say, the input member of the change-speed
      unit may selectively be driven either at the same speed as the prime mover
      or at a speed which is higher or lower than that of the prime mover,
      depending on whether the supplementary unit is constructed to operate as
      an overdrive or as an underdrive unit in its indirect ratio.
PAR  In transmissions of this type it is usual to design the units to provide
      ratios of such values that the selective combination of ratios effective
      simultaneously in the supplementary unit and in the changespeed unit
      provides a progressive series of overall transmission ratios in which the
      incremental step between successive ratios is equal to or substantially
      equal to the incremental step between the two ratios provided in the
      supplementary unit. In some examples of this type of transmission,
      however, the individual ratios are chosen so as to provide in combination
      a series of overall transmission ratios which progress in increments which
      correspond to the square root of the incremental ratio between the two
      ratios provided in the supplementary unit.
PAR  In a vehicle transmission of the type hereinbefore described in which one
      of the overall ratios is unity, i.e. direct drive, it is desirable that
      the ratio next above unity (if an overdrive ratio is provided) or the
      ratio immediately below unit (if no overdrive ratio is provided) should be
      closer to unity than the other ratios in the series are close to their
      successive ratios. This postulates the provision of an overall
      transmission ratio which is numerically smaller than the indirect ratio in
      the supplementary unit and preferably smaller than the square root of that
      ratio.
PAR  It is an object of the present invention to provide in a transmission of
      the type hereinbefore described an additional overall ratio intermediate
      between unit value and the value of the indirect ratio in the
      supplementary unit.
PAR  It is a further object of the invention to provide in the said transmission
      an overall ratio which has a numerical value less than the square root of
      the numerical value of the indirect ratio in the supplementary unit.
PAR  According to the invention, means are provided for selectively establishing
      a driving connection to one of the reaction members of the change-speed
      unit from the output of the supplementary two-speed unit operating in its
      indirect ratio, while at the same time establishing a driving connection
      between the input member of the change-speed gearing and the input member
      of the supplementary two-speed unit.
PAR  Thus if the supplementary unit is operating as an overdrive unit the chosen
      reaction member of the change-speed unit will be driven at a speed greater
      than that of the prime mover in the ratio of the indirect drive provided
      in the supplementary unit and if the latter unit is operating as an
      underdrive or reduction unit the said reaction member will be driven at a
      speed lower than that of the prime mover in the ratio of the indirect
      drive provided in the supplementary unit. In this way the change-speed
      unit, or part of it, acts as a differential gear delivering at its output
      a speed intermediate between that of the prime mover and that delivered
      from the output member of the supplementary two-speed unit operating in
      its indirect ratio.
DRWD
PAR  Embodiments of the invention will now be described by way of example with
      reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 shows one transmission in longitudinal section,
PAR  FIG. 2 shows a modification of a portion of FIG. 1,
PAR  FIG. 3 shows a modification of another portion of FIG. 1,
PAR  FIG. 4 shows another transmission in longitudinal section,
PAR  FIG. 4A is a cross-section on either of the lines A-A of FIG. 4, and
PAR  FIGS. 5 and 6 show two further transmissions in longitudinal section.
DETD
PAR  In the different Figures of the drawings, corresponding parts are indicated
      by the same reference numerals.
PAR  The transmission shown in FIG. 1 includes a change-speed unit G comprising
      first, second and third epicyclic gear trains 1, 2 and 3 respectively each
      having a 22-tooth sun pinion S, a 68-tooth internal ring gear R and a set
      of 23-tooth planet pinions P each meshing with both the sun pinion S and
      the ring gear R and mounted on bearings in a planet carrier M, the carrier
      M.sub.1 of the first train being secured to the output member O of the
      change-speed unit G, while a shaft X on which the three sun pinions
      S.sub.1, S.sub.2, S.sub.3 are secured is the input member of the
      change-speed unit G. The ring gear R.sub.1 of the first train is secured
      to and rotates with the planet carrier M.sub.2 of the second train 2,
      whose ring gear R.sub.2 is secured to and rotates with the planet carrier
      M.sub.3 of the third train. Braking means B.sub.1, B.sub.2, B.sub.3 are
      provided for selectively arresting the rotation of each of the ring gears
      R.sub.1, R.sub.2, R.sub.3 of the three trains, to establish speed
      reduction ratios of 4.09 : 1, 2.33 : 1 and 1.757 : 1 respectively between
      the input and output members X and O.
PAR  The transmission also includes a supplementary epicyclic two-speed
      overdrive unit D.sub.o comprising a 22-tooth sun pinion S.sub.o, a
      68-tooth internal ring gear R.sub.o and a set of 23-tooth planet pinions
      P.sub.o each meshing with both the sun pinion S.sub.o and the ring gear
      R.sub.o and mounted on bearings in a planet carrier M.sub.o. This
      supplementary unit D.sub.o is mounted coaxially with the change-speed unit
      G and at the end adjacent to the third train 3. Interposed between the two
      units are first, second and third friction clutches C.sub.1, C.sub.2,
      C.sub.3 which are independently and selectively operable by the
      application of fluid pressure to their operating pistons. The first clutch
      C.sub.1 is nearest to the change-speed unit G and its driven member is
      connected to the ring gear R.sub.3 of the third train. The second clutch
      C.sub.2 may be situated either within the first clutch C.sub.1 or
      intermediately between the first and third clutches C.sub.1 and C.sub.3
      and its driven member is connected to the input shaft X of the
      change-speed unit, as is also the driven member of the third clutch
      C.sub.3 whose driving member is attached to the input member I of the
      supplementary unit. The driving members of the first and second clutches
      are connected to the output member Q of the supplementary unit D.sub.o.
PAR  The supplementary unit D.sub.o is constructed to provide between its input
      and output members I and Q selectively a direct drive and an indirect
      drive ratio which in the transmission shown in FIG. 1 is overdrive ratio.
      As can be seen in FIG. 1, planet carrier M.sub.o of the supplementary unit
      is secured to the input member I and its ring gear R.sub.o is secured to
      its output member Q. In the modification shown in FIG. 2, the ring gear
      R.sub.u of the supplementary unit D.sub.u is secured to its input member I
      and its planet carrier M.sub.u is secured to its output member Q. This
      gives an indirect reduction ratio. In either case, the sun pinion S.sub.o
      or S.sub.u is provided with braking means B.sub.o or B.sub.u which, when
      applied, causes the supplementary unit D.sub.o or D.sub.u to operate in
      its indirect ratio. The sun pinion S.sub.o or S.sub.u is also connected to
      one member of a one-way clutch or free-wheel unit FW which, in the case of
      the overdrive unit D.sub.o, (FIG. 1) prevents the sun pinion S.sub.o from
      overrunning the planet carrier M.sub.o or the ring gear R.sub.0 and which,
      in the case of the reduction unit D.sub.u, (FIG. 2) prevents the sun
      pinion S.sub.u from rotating backwards, i.e. oppositely to the rotation of
      its input member I.
PAR  The input shaft I of the supplementary unit D.sub.o or D.sub.u is also the
      input member of the combined transmission and is coaxial with the input
      and output members X and O of the change-speed unit. The said input shaft
      I preferably extends through a hole in the centre of the sun pinion
      S.sub.o or S.sub.u of the supplementary unit and is connected to the input
      member of the supplementary unit D.sub.o or D.sub.u by the flange 4 which
      extends radially outward between it and the third clutch C.sub.3, whose
      driving member it is integral with or connected to. The sun pinion S.sub.o
      or S.sub.u of the supplementary unit is an annular member surrounding the
      input shaft I and it is extended axially in the direction remote from the
      change-speed unit G to engage with a flanged member 5 which extends
      radially outward to form one element of the braking means B.sub.o or
      B.sub.u therefor.
PAR  The connection between the output member Q of the supplementary unit
      D.sub.o or D.sub.u and the driving members of the first and second
      clutches C.sub.1 and C.sub.2 is in the form of a sleeve 6 which, in the
      case of the overdrive unit (Do, FIG. 1), may be integral with the ring
      gear R.sub.o and passes outwardly of the third cluth C.sub.3. In the case
      of the reduction unit (D.sub.u, FIG. 1) it is connected to a radial
      extension 7 of the planet carrier on the side remote from the clutches and
      extends outwardly of the ring gear R.sub.u and of the third clutch
      C.sub.3.
PAR  When the clutches are all disengaged there is no drive transmitted from the
      prime mover to the change-speed unit. When the third clutch C.sub.3 is
      engaged a direct drive is transmitted thereto. When the second clutch
      C.sub.2 only is engaged and the sun pinion S.sub.o or S.sub.u of the
      supplementary unit is arrested by its brake B.sub.o (FIG. 1), or by its
      free-wheel F in the case of the reduction unit D.sub.u (FIG. 2), then the
      drive from the prime mover will be transmitted to the change-speed unit G
      at the indirect ratio. When the first and second clutches C.sub.1 and
      C.sub.2 are engaged simultaneously the change-speed unit G rotates en bloc
      to give an overall transmission ratio equal to that effective in the
      supplementary unit D.sub.o or D.sub.u at the time. When the first and the
      third clutches C.sub.1 and C.sub.3 alone are engaged and the supplementary
      unit D.sub.o or D.sub.u is operating in its indirect ratio, an overall
      transmission ratio is provided whose numerical value is closer to unity
      than the said indirect ratio and is less than the square root thereof.
PAR  A transmission constructed according to the foregoing example can be shown
      to provide a progressive series of eight overall ratios set out in Table
      I.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Figure 2            Figure 1                                              
           Elements  Overall             Overall                               
                                               Elements                        
     Speed Engaged   Ratio   Step  Step  Ratio Engaged                         
     ______________________________________                                    
     1st   B.sub.u B.sub.1 C.sub.2 =                                           
                     5.4                 4.09  C.sub.2 C.sub.3 B.sub.1         
                             1.324 1.324                                       
     2nd   C.sub.3 B.sub.1 C.sub.2 =                                           
                     4.09                3.09  C.sub.2 B.sub.0 B.sub.1         
                             1.324 1.324                                       
     3rd   B.sub.u B.sub.2 C.sub.2 =                                           
                     3.09                2.33  C.sub.2 C.sub.3 B.sub.2         
                             1.324 1.326                                       
     4th   C.sub.3 B.sub.2 C.sub.2 =                                           
                     2.33                1.757 C.sub.2 C.sub.3 B.sub.3         
                             1.326 1.324                                       
     5th   C.sub.3 B.sub.3 C.sub.2 =                                           
                     1.757               1.326 C.sub.2 B.sub.o B.sub.3         
                             1.326 1.326                                       
     6th   B.sub.u C.sub.1 C.sub.2 =                                           
                     1.324               1.00  C.sub.1 C.sub.2 C.sub.3         
                             1.18  1.14                                        
     7th   B.sub.u C.sub.1 C.sub.3 =                                           
                     1.12                0.878 C.sub.1 B.sub.o C.sub.3         
                             1.12  1.16                                        
     8th   C.sub.1 C.sub.2 C.sub.3 =                                           
                     1.00                0.756 C.sub.1 B.sub.o                 
     ______________________________________                                    
                                               C.sub.2                         
PAR  Thus, in each case, the increments or steps between successive ratios from
      the first to the sixth ratio are substantially equal to the indirect ratio
      of the supplementary unit, namely, 1.324 : 1. It will be seen that when
      the latter unit is an overdrive type (FIG. 1) the sixth speed ratio is
      unity and that the increment from this ratio to seventh ratio is 1.14 : 1,
      which is less than the square root of 1.324. The eighth ratio is a further
      increment of 1.16 from seventh. When the supplementary unit is the
      reduction type (FIG. 2) the eighth ratio is unity and the seventh ratio is
      1,12 : 1. The sixth ratio is 1.324 : 1, so the increment from sixth to
      seventh ratio is approximately 1.18 and the final increment to eighth
      ratio is 1.12, which is less than the square root of 1.324.
PAR  The transmissions shown in FIGS. 1 and 2 may be modified in that the tooth
      numbers are varied to provide a main series of overall ratios which
      progress in increments substantially equal to the square root of the
      indirect ratio of the supplementary unit. In this case the latter unit has
      a ring gear, sun and planets of 76, 32 and 22 teeth respectively; the
      first and second trains of the change-speed unit each have ring gears, sun
      pinions and planets 67, 29 and 19 teeth respectively and the third train
      has corresponding members of 67, 17 and 25 teeth respectively. This
      arrangement can be shown to provide a progressive series of nine overall
      ratios, in which the increment between first and second is equal to the
      indirect ratio of the supplementary unit, namely, 1.42 : 1, and succeeding
      increments to sixth ratio are each approximately 1.19, which is
      substantially the square root of 1.42. The increment from sixth to seventh
      ratio of 1.15. If the supplementary unit is overdrive type the seventh
      ratio is unity and the eighth ratio is 1.16 higher i.e. an increment less
      than the square root of the indirect ratio of 1.42. The final increment to
      ninth ratio is 1.22. If the supplementary unit is the reduction type the
      ninth ratio is unity and the eighth is 1.13 lower, while the increment
      from seventh to eighth is approximately 1.25.
PAR  In order to achieve a suitable progression of overall ratios in any
      transmission of the type herein described it is necessary that the ratios
      provided in the change-speed unit shall progress in increments which bear
      a defined relationship to the increment between the two ratios of the
      supplementary unit. If the latter increment be designated X` it will be
      observed that, in the first example described herein, the ratios of the
      change-speed unit progressed according to the following pattern:
PA1  Increment from 1st to 2nd ratio = X.sup.2
PA1  Increment from 2nd to 3rd ratio = X
PA1  Increment from 3rd to unity = X.sup.2
PAL  In the modification described in the previous paragraph, the corresponding
      pattern was as follows:
PA1  Increment from 1st to 2nd ratio = X.sup.1.5
PA1  Increment from 2nd to 3rd ratio = X.sup.0.5
PA1  Increment from 3rd to unity = X.sup.1.5 (approx.)
PAL  In a further modification illustrated in FIG. 3 the corresponding pattern
      is as follows:
PA1  Increment from 1st to 2nd ratio = X.sup.2
PA1  Increment from 2nd to 3rd ratio = X.sup.2
PA1  Increment from 3rd to unity = X.sup.2
PAR  In FIG. 3 the arrangement of the transmissison is similar to that of FIGS.
      1 or 2 except that the third epicyclic gear train 3 of the change-speed
      unit G is differently interconnected with the other members of that unit
      and with the first clutch. Thus the ring gear R.sub.3 of the third train 3
      is secured to the planet carrier M.sub.2 of the second train and the
      planet carrier M.sub.3 of the third train is secured to the ring gear
      R.sub.2 of the second train by a sleeve 9 which surrounds the ring gear
      R.sub.3 of the third train. The sun pinion S.sub.3 of the third train,
      instead of the ring gear R.sub.3, is connected to the driven member of the
      first clutch C.sub.1 and is free from the shaft X which passes through its
      centre and to which the first and second sun pinions S.sub.1 and S.sub.2
      are secured. Braking means B.sub.3 applied in the foregoing examples to
      the ring gear of the third train is now instead applied to arrest the sun
      pinion S.sub.3 when it is required to establish the 3rd speed ratio in the
      change-speed unit G. The tooth numbers in the ring gear, sun pinion and
      planets, respectively are, in the first train 67, 23 and 22; in the second
      train 72, 18 and 27 and, in the third train, 68, 22 and 23. The
      corresponding tooth numbers in the train of the supplementary unit are 81,
      21 and 30. This makes the indirect ratio in the supplementary unit 1.26
      and the reduction ratios in the change-speed unit are 3.91, 2.47 and 1.58.
      It can be shown that this transmission provides a progressive series of
      nine overall ratios in which the increments between successive ratios from
      first to seventh are each substantially equal to 1.26. When the
      supplementary unit is the overdrive type the seventh ratio is unity and
      the eighth ratio is higher by an increment of 1.1 while the ninth ratio is
      higher by a further increment of 1.15. When the supplementary unit is the
      reduction type the seventh ratio is 1.26 and the eighth is 1.08 while the
      ninth is unity. Thus the increment from seventh to eighth is 1.16 and the
      final increment from eighth to ninth ratio is 1.08.
PAR  In the transmission shown in FIG. 4, the change-speed unit G comprises only
      two epicyclic gear trains 1 and 2. The first gear train 1 has its planet
      carrier M.sub.1 connected to the output shaft while its sun gear S.sub.1
      is secured to the shaft X and braking means B.sub.1 are provided for its
      ring gear R.sub.1. The planet carrier M.sub.1 is also secured to the ring
      gear R.sub.2 of the second train. The latter has intermeshing pinions P
      and P' (FIG. 4a), the pinions P meshing with the sun gear S.sub.2 while
      the pinions P' mesh with the ring gear R.sub.2. The planet carrier
      M.sub.2, which carries both the pinions P and the pinions P' is secured to
      the shaft X. The driven member of the clutch C.sub.3 and the brake B.sub.2
      are connected to the sun gear S.sub.2. The driven members of the clutches
      C.sub.1 and C.sub.2 are secured to the shaft X. The input I is secured to
      the driving element of the clutch C.sub.1, and to the planet carrier
      M.sub.L of the supplementary reduction gear train D.sub.L which comprises
      a single epicyclic gear train which is of the same construction as the
      second gear train 2 of the changespeed unit G. In each of these two
      trains, the ring gear has 72 teeth, each of the planet gears P and P' has
      19 teeth and the sun gear has 28 teeth. In the first gear train, the ring
      gear R.sub.1 has 80 teeth, the pinions P.sub.1 each have 27 teeth and the
      sun gear S.sub.1 has 25 teeth.
PAR  The input I is secured by means of a sleeve 11 to the planet carrier
      M.sub.L. The ring gear R.sub.L is connected by a further sleeve 12 passing
      within the sun gear S.sub.L and its free wheel FW to the driving portions
      of the clutches C.sub.2 and C.sub.3. Table II shows the ratios obtained.
TBL                TABLE II                                                    
     ______________________________________                                    
            Elements                                                           
     Speed  Engaged           Ratio       Step                                 
     ______________________________________                                    
     1st       B.sub.L                                                         
                      C.sub.2                                                  
                             B.sub.1                                           
                                    6.87                                       
                                              1.636                            
     2nd       C.sub.1       B.sub.1                                           
                                    4.2                                        
                                              1.57                             
     3rd       B.sub.L                                                         
                      C.sub.2                                                  
                             B.sub.2                                           
                                    2.68                                       
                                              1.636                            
     4th       C.sub.1       B.sub.L                                           
                                    1.636                                      
                                              1.386                            
     5th       C.sub.1                                                         
                      C.sub.3                                                  
                             B.sub.L                                           
                                    1.18                                       
                                              1.18                             
     6th       C.sub.1                                                         
                      C.sub.2                                                  
                             C.sub.3                                           
                                    1.0                                        
     Reverse   B.sub.L                                                         
                      C.sub.3                                                  
                             B.sub.1                                           
                                    6.6                                        
     ______________________________________                                    
PAR  The transmission shown in FIG. 1 differs from that shown in FIG. 4 in that
      the second gear train 2 of the change-speed unit G and the gear train of
      the supplementary overdrive unit D.sub.0 are both of the simple epicyclic
      type in which the planet pinions each mesh both with the sun gear and with
      the annulus. Moreover, the free wheel FW interconnects the sun wheel
      S.sub.0 and the driving element of the clutch C.sub.2 and provides a
      direct drive through the supplementary unit D.sub.0 under conditions of
      positive torque by preventing the sun gear S.sub.0 from over-running its
      ring gear R.sub.0. It assists gear-shifting in the forward ratios. The
      clutch C.sub.1 provides reaction for negative braking torque.
PAR  The ring gears R.sub.1, R.sub.2, R.sub.0 have respectively 80, 72 and 72
      teeth. The planets P.sub.1, R.sub.2, P.sub.0 have respectively 27, 24 and
      17 teeth. The sun gears S.sub.1, S.sub.2 and S.sub.0 have respectively 25,
      24 and 38 teeth. The ratios obtained are set out in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
            Elements                                                           
     Speed  Engaged           Ratio       Step                                 
     ______________________________________                                    
     1st       C.sub.1       B.sub.1                                           
                                    4.2                                        
                                              1.527                            
     2nd       B.sub.o                                                         
                      C.sub.2                                                  
                             B.sub.1                                           
                                    2.75                                       
                                              1.527                            
     3rd       C.sub.1       B.sub.2                                           
                                    1.8                                        
                                              1.527                            
     4th       B.sub.o                                                         
                      C.sub.2                                                  
                             B.sub.2                                           
                                    1.18                                       
                                              1.18                             
     5th       C.sub.1                                                         
                      C.sub.2                                                  
                             C.sub.3                                           
                                    1.0                                        
                                              1.235                            
     6th       C.sub.1                                                         
                      C.sub.3                                                  
                             B.sub.o                                           
                                    0.81                                       
                                              1.235                            
     7th       B.sub.o                                                         
                      C.sub.2                                                  
                             C.sub.3                                           
                                    0.655                                      
     Reverse   (FW)   C.sub.3                                                  
                             B.sub.1                                           
                                    3.0                                        
     ______________________________________                                    
PAR  The embodiment shown in FIG. 6 differs from that shown in FIG. 5 in that
      the change-speed unit is replaced by a change-speed unit similar to the
      unit G shown in FIG. 1.
PAR  Each of the ring gears R.sub.1, R.sub.2 and R.sub.3 in the FIG. 6
      construction has 80 teeth, each of the pinions P.sub.1, P.sub.2 and
      P.sub.3 has 27 teeth and each of the sun gears S.sub.1, S.sub.2 and
      S.sub.3 has 25 teeth. The ratios obtained are set out in Table IV. The
      ring gear R.sub.o has 72 teeth, the sun gear S.sub.o has 28 teeth and the
      planet gears P.sub.o have 22 teeth.
PAR  In the embodiments shown in FIGS. 4 to 6, Reverse is obtained as shown in
      the tables.
TBL                TABLE IV                                                    
     ______________________________________                                    
            Elements                                                           
     Speed  Engaged           Ratio       Step                                 
     ______________________________________                                    
     1st       C.sub.1       B.sub.1                                           
                                    4.2                                        
                                              1.389                            
     2nd       B.sub.o                                                         
                      C.sub.2                                                  
                             B.sub.1                                           
                                    3.03                                       
                                              1.27                             
     3rd       C.sub.1       B.sub.2                                           
                                    2.38                                       
                                              1.33                             
     4th       C.sub.1       B.sub.3                                           
                                    1.79                                       
                                              1.389                            
     5th       B.sub.o                                                         
                      C.sub.2                                                  
                             B.sub.3                                           
                                    1.29                                       
                                              1.29                             
     6th       C.sub.1                                                         
                      C.sub.2                                                  
                             C.sub.3                                           
                                    1.0                                        
                                              1.172                            
     7th       C.sub.1                                                         
                      C.sub.3                                                  
                             B.sub.o                                           
                                    0.854                                      
                                              1.185                            
     8th       B.sub.o                                                         
                      C.sub.2                                                  
                             C.sub.3                                           
                                    0.72                                       
     Reverse   (FW)   C.sub.3                                                  
                             B.sub.1                                           
                                    3.03                                       
     ______________________________________                                    
PAR  In the embodiments of FIGS. 1 to 3, a reverse drive is obtainable when the
      first clutch is engaged and the second and third clutches are disengaged
      and the braking means is applied to hold the ring gear of the first train
      against rotation.
PAR  It will be understood that the improvements effected by the application of
      the invention to transmission systems having gearing constructed as
      described herein are equally valid when the invention is applied to
      systems employing other forms of epicyclic or planetary gearing. It is
      also to be understood that any such transmission system may be further
      extended by the use of an additional change-speed unit connected in series
      with it in the drive-line in order to supplement the range and number of
      overall transmission ratios obtainable from such combination.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicle transmission comprising an epicyclic change-speed gear unit
      constructed to provide at least two reduction ratios between its input
      member and its output member by the application of braking means
      selectively to arrest the rotation of one or another of its reaction
      members, and a supplementary two-speed unit constructed to provide
      selectively a direct drive or unitary ratio and an indirect ratio
      differing from unity, the two units being connected so that the overall
      ratio is the product of the selected ratios of the two units, wherein
      connecting means are provided for selectively establishing (1) a first
      driving connection to one of the said reaction members of the change-speed
      unit from the output member of the supplementary two-speed unit operating
      in its indirect ratio and (2) a second driving connection between the
      input member of the change-speed gear unit and the input member of the
      supplementary two-speed unit.
NUM  2.
PAR  2. A transmission according to claim 1, wherein the indirect ratio of the
      supplementary unit is a reduction ratio.
NUM  3.
PAR  3. A transmission according to claim 1, wherein the supplementary unit is
      epicyclic.
NUM  4.
PAR  4. A transmission according to claim 3, wherein the two units are in line
      and coaxial and the supplementary unit is upstream of the changespeed
      unit.
NUM  5.
PAR  5. A transmission according to claim 4, wherein the transmission input
      shaft extends through the sun gear of a supplementary unit.
NUM  6.
PAR  6. A transmission according to claim 4, wherein the output member of the
      supplementary unit extends through a sun gear of the supplementary unit.
NUM  7.
PAR  7. A transmission according to claim 1, wherein the change-speed unit has
      three gear trains, a planet carrier of the first train being the output
      member of the change-speed unit, a ring gear of the first train being
      secured to a planet carrier of the second train, a ring gear of the second
      train being secured to a planet carrier of the third train, a ring gear of
      the third train forming the said one reaction member, and sun gears of the
      first, second and third trains being secured to the input member of the
      change-speed unit.
NUM  8.
PAR  8. A transmission according to claim 1, wherein the change-speed unit has
      two gear trains, a ring gear of the first train being secured to a planet
      carrier of the second gear train, a ring gear of the second gear train
      being secured to a planet carrier of the first train and to the output
      member of the change-speed unit, a sun gear of the first train being
      secured to the input member of the change-speed unit and a sun gear of the
      second gear train forming the said one reaction member.
NUM  9.
PAR  9. A transmission according to claim 1, wherein the change-speed unit has
      three gear trains, a ring gear of the first train being secured to a
      planet carrier of the second train and to a ring gear of the third train,
      a planet carrier of the third train being secured to a ring gear of the
      second train, a sun gear of the third train forming the said one reaction
      member, sun gears of the first and second trains being secured to the
      input member of the change-speed unit, and a planet carrier of the first
      train being secured to the output member of the change-speed unit.
NUM  10.
PAR  10. A transmission according to claim 1, wherein the first driving
      connection is established when the supplementary two-speed unit is in its
      unitary ratio so that the input member of the supplementary two-speed unit
      is directly connected to the input member of the change-speed geared unit,
      and said connecting means also selectively establishing a third driving
      connection to the input member of the change-speed gear unit from the
      output member of the supplementary two-speed unit operating in its
      indirect ratio.
NUM  11.
PAR  11. A transmission according to claim 10, wherein said first driving
      connection includes first releasable clutch means connected between said
      one reaction member and the output of said two-speed unit, wherein said
      driving connection includes second releasable clutch means connected
      between the input member of said two-speed unit and the input member of
      said change-speed unit, and the third driving connection including third
      releasable clutch means connected between the output member of said
      two-speed unit and the input member of said change-speed unit.
NUM  12.
PAR  12. A transmission according to claim 10, wherein the change-speed unit
      includes first and second planetary gear trains having portions thereof
      coupled together, each of said gear trains including sun gear means,
      planetary gear means and ring gear means, one of the gear means associated
      with one of said gear trains comprising said one reaction member and being
      connected to said first driving connection, and the input member of said
      change-speed unit being connected to another of said gear means associated
      with one of the gear trains, said another gear means being different from
      said one gear means.
NUM  13.
PAR  13. A transmission according to claim 12, including first, second and third
      releasable clutch means associated with said first, second and third
      driving connections, respectively.
NUM  14.
PAR  14. A transmission according to claim 12, wherein said one gear means and
      said another gear means are both part of the same gear train, and wherein
      the output member of said change-speed unit is secured to one of the gear
      means associated with the other gear train.
NUM  15.
PAR  15. A transmission according to claim 12, wherein said one gear means is
      part of the first gear train, wherein said another gear means in part of
      the second gear train, and wherein the output member for the change-speed
      unit is secured to a further one of the gear means associated with the
      second gear train.
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ABST
PAL  A precision heavy duty indexer characterized in that the indexing member is
      hydraulically actuated to a locking position whereat it is locked to the
      indexer housing in desired precise indexed position without
      circumferential or radial play and without transmission of torque load to
      the indexer drive means or without transmission of radial load to the
      indexing member-housing bearings; and is hydraulically actuated to
      unlocking position whereat it is released from said housing for indexing
      movement and whereat it is engaged by said drive means operative to index
      the indexing member to the next indexed position. The indexer herein is
      further characterized in that the indexer drive means comprises a
      hydraulic motor driven worm which meshes with a worm wheel having driving
      engagement with said indexing member, said worm having a sensor-counter
      thereon to de-energize said hydraulic motor when the indexing member has
      been indexed through a predetermined angle from one indexed position to
      the next.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In known indexers such as disclosed in the U.S. Pat. Nos. 2,600,960,
      2,754,700, 2,883,886, 3,035,461, and 3,439,458 an indexing member is
      rotatably supported in a housing and has thereon an index plate or ratchel
      wheel with which an index pin in the housing is engaged to lock the
      indexing member in selected indexed positions, torque and radial loads on
      the indexing member respectively being imposed on the index pin and on the
      housing-indexing member bearings. To relieve the index pin of torque load
      as aforesaid it has been proposed, as in U.S. Pat. Nos. 2,793,866 and
      3,113,474, to provide a two-part brake which is engaged around a
      cylindrical portion of the indexing member. To relieve both torque load on
      the index pin and radial load on the bearings between the housing and
      indexing member it has been proposed to employ a disc-type brake which is
      axially flexed and frictionally clamped between the housing and a
      hydraulically actuated ring as disclosed, for example, in the pending
      application of Milton L. Benjamin and David D. Walker, Ser. No. 484,767,
      filed July 1, 1974.
PAR  It is also known from U.S. Pat. No. 2,785,579, for example, to provide an
      indexer in which the indexing member is indexed through a worm drive
      between the index plate (or ratchet wheel) and the spindle of the indexing
      member, such worm drive being self-locking thus to obviate the necessity
      of providing an index pin of the character above indicated. However,
      torque load on the indexing member is transmitted to the teeth of the worm
      drive and radial load on the indexing member is transmitted to the
      housing-indexing member bearings.
PAC  SUMMARY OF THE INVENTION
PAR  In contradistinction to the foregoing, the present heavy duty precision
      indexer has an indexing member which is accurately and securely locked to
      the indexer housing by annular rows of axially interfitting radially
      extending teeth of form such as to eliminate axial, circumferential, and
      radial play in all indexed positions. Moreover, torque loads on the
      indexing member are not imposed on the indexing member drive means and
      radial loads on the indexing member are not imposed on the bearings
      between the housing and indexing member.
PAR  It is a principal object of this invention to provide an indexer of the
      character indicated in which the indexing member is axially shifted with
      respect to the housing to disengage the aforesaid teeth and to engage the
      indexing member spindle with a drive means operative to index the indexing
      member to the next selected position, whereupon, the indexing member is
      shifted axially to re-engage the interfitting teeth of the housing and
      indexing member to lock the indexing member in the next selected indexed
      position.
PAR  It is another object of this invention to provide an indexer of the
      character indicated in which the drive means for the indexing member
      comprises a hydraulic motor-driven worm which meshes with a worm wheel
      rotatable in the housing, said worm wheel having teeth which axially
      interfit with teeth of a drive member affixed to the indexing member
      spindle, and said teeth being in positive interengagement without
      circumferential play when the indexing member is shifted to indexing
      position. Said teeth are yet in interfitting relation with clearance,
      however, when the indexing member is shifted to locked position as
      previously mentioned.
PAR  Yet another object of this invention is to provide an indexer in which the
      housing thereof is provided with a sensor and counter to count the number
      of full or part revolutions of the aforesaid worm so as to index the
      indexing member through a selected angle from one position to the next,
      said sensor-counter being operative to discontinue the rotation of the
      worm when a desired number or revolutions or part revolutions has occurred
      whereupon valve means will be actuated to activate a piston connected to
      the indexing member to engage the housing and indexing member teeth to
      securely lock the indexing member in selected index position.
PAR  Other objects and advantages will appear from the ensuing description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevation view of a preferred form of the present
      invention;
PAR  FIG. 2 is a rear elevation view as viewed substantially along the line
      2--2, FIG. 1;
PAR  FIG. 3 is a cross-section view taken substantially along the line 3--3,
      FIG. 2; and
PAR  FIGS. 4, 5, 6, and 7 are fragmentary cross-section views on enlarged scale
      taken along the respective lines 4--4, 5--5 (FIG. 3), and 6--6, 7--7 (FIG.
      2).
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now in detail to the drawings, the indexer 1 herein comprises a
      housing assembly including a main housing part 2 and an inner tubular
      housing part 3 piloted in the central bore 4, said parts being bolted
      together as shown and defining an annular cylinder 5 in which the piston 6
      is actuated to the right or left as viewed in FIG. 3 by admitting fluid
      under pressure through the passage 7 or 8, said passages being connected
      to a four-way valve or the like not shown. Dowels 9 hold the piston 6
      against rotation. The main housing part 2 is adapted to be fixedly secured
      on a support therefor through the mounting slots 10.
PAR  The portion of the inner housing part 3 which extends in bore 4 rotatably
      supports a worm wheel 11 between thrust bearing 12 and retainer plate 14.
PAR  The indexing member 15 herein is shown as a plate-like member having
      radially extending T-slots in which suitable jaws (not shown) are engaged
      for mounting of a workpiece on the face of said indexing plate 15. Secured
      to said indexing plate 15 as by dowel pins and screws as shown is a
      spindle member 16, the indexing member 15 being rotatably supported in the
      housing assembly by roller bearings 17 engaged within a race 18 which is
      axially slidable in the central bore 19 of said inner housing part 3.
      There are also provided axial thrust bearings 20 between a shoulder of
      said spindle member 16 and the shoulder of a drive member 21 which is
      secured as by dowel pins and screws to the axially inner end of said
      spindle member 16.
PAR  The indexing plate 15 and main housing part 2 have coaxial rings 23 and 24
      secured thereto by screws as shown and are provided with annular rows of
      interfitting teeth which as best shown in FIG. 5 extend radially but have
      tapered sides and one set of teeth (on ring 24 for example) has convexly
      curved sides and the other set of teeth (on ring 23 for example) has
      concavely curved sides whereby when said teeth are in interengagement as
      by actuating the piston 6 toward the left as viewed in FIG. 3, the
      interengagement of the teeth will eliminate circumferential and radial
      play and will retain the face of the indexing plate 15 perpendicular to
      the indexing axis whereby the indexing plate 15 will be securely held in
      coaxial relation in all indexed positions with respect to the main housing
      part 2. Between the piston 6 and the index plate 15 is an axial thrust
      bearing 25 and when fluid pressure is admitted through the passage 7, the
      piston 6 will through the axial thrust bearing 25 move the index plate 15
      and spindle 16 to the right to the phantom line position shown in FIG. 3
      to disengage the teeth on the rings 23 and 24 so that the index plate 15
      and the workpiece held thereby may be indexed to the next position. By way
      of illustrative example, the rings 23 and 24 are provided with 72 teeth so
      that the indexing movement is precisely 5.degree. or any multiple thereof.
      A ring 22 has radially inner and outer flanges which respectively overlap
      the peripheral flange of piston 6 and counterbore in the ring 23 whereby
      when piston 6 is moved to the FIG. 3 position the plate 15 is actuated to
      locked position with the teeth of rings 23 and 24 in tight
      interengagement. The axial force of ring 22 on ring 23 is in line with the
      teeth of ring 23 so as to avoid deflection of the latter to dish-shaped
      form.
PAR  With reference to the index plate 15 drive, the drive member 21 has wide
      tapered teeth 26 which interfit with corresponding tapered teeth 27 in the
      worm wheel 11 arranged to be in interfitting relation with clearance, as
      shown in FIGS. 3 and 4, when the indexing member 15 is in its locked
      indexed position. When the piston 6 is actuated to the right as viewed in
      FIG. 3 to the phantom line position, the drive member 21 will have the
      tapered sides of its teeth 26 engaged with the tapered sides of the teeth
      27 in the worm wheel 11 to provide a positive drive without
      circumferential play. When the teeth 26 and 27 are thus engaged the worm
      wheel 11 is pressed against thrust bearing 12.
PAR  Engaged with the worm wheel 11 is a worm 28 which is rotatably supported in
      bearings 29 in a block 30 which is secured by screws as shown to the main
      housing part 2. Interposed between the bottom of said block 30 and a shelf
      31 in the main housing part 2 is a shim plate 32 of precise thickness so
      as to obtain proper engagement of the worm 28 with the worm wheel 11 while
      the worm 28 is yet freely rotatable in the bearings 29. One end of the
      worm 28 shaft is keyed in a jaw coupling 34 which in turn is secured to
      the drive shaft of a hydraulic motor 35 having conduits respectively
      leading to a reservoir and to a two-way control valve (not shown) in a
      fluid pressure supply line. The other end of the worm 28 shaft is keyed to
      a jaw coupling 36 which in turn is keyed to the shaft of a sensor-counter
      unit 37 which senses and counts the number of half revolutions of the worm
      28 to obtain desired degrees of indexing of the indexing member 15 as
      determined by suitable tape or other control means not shown. In the
      present example, the worm wheel 11 may be provided with 72 teeth whereby
      with a worm 28 as herein shown, the worm wheel 11 will be rotated
      5.degree. for each half revolution of the worm 28. The worm 28 is held in
      centered position as by the Belleville washers 33 and, hence, is capable
      of yielding to absorb large inertia loads as may be caused by starting and
      stopping of a heavy workpiece on the index plate 15.
PAR  To prevent entry of chips, dirt, or cutting fluid or other foreign matter
      from the annular rows of teeth on the rings 23 and 24, the main housing
      part 2 and index plate 15 have telescoped peripheral portions and an
      0-ring therebetween forms a sliding seal and of course other 0-rings as
      shown are effective to seal the piston 6 and cylinder 5 assembly and the
      bearing sleeve 18.
PAR  To persons skilled in the art it will be evident that suitable controls
      will be provided to achieve automatic operation of the indexer 1 herein in
      relation to the operation of the grinding machine or other machine tool
      with which the indexer 1 is associated to perform various machining
      operations on the workpiece which is indexed from one position to the
      next. To that end, switch actuating plungers 38 and 39 are provided in the
      main housing part respectively to actuate the switch 40 and 41 when the
      index plate 15 is in indexing position and in locked position. Similarly,
      the sensor-counter unit 37 will be operatively connected to a tape control
      device (not shown) and said tape control device will open a two-way valve
      or the like to operate the hydraulic motor 35 until the sensor unit 37
      detects the required number of half revolutions of the worm 28 whereupon
      the two-way valve will be closed to discontinue the indexing movement and
      a four-way valve will be actuated to cause the piston 6 to draw the index
      plate 15 to locked position.
PAR  One side of the main housing part 2 may have secured thereto an electrical
      connection box 42 which communicates with a passage 43 for the leads of
      the switches 40 and 41 and of the sensor-counter unit 37. The housing part
      2 has a wiring channel which covered by a rear cover plate 45 and a side
      cover plate 46 provides access to said switches 40 and 41 and the
      sensor-counter unit 37.
PAR  The present indexer is of very large size for handling large heavy
      workpieces and by way of illustrative example the diameter of the indexer
      plate 15 may be about 30 inches and hence it is necessary to isolate
      torque loads from the drive means 21-11-28 and radial loads from the
      spindle bearings 17 and to that end the annular rows of interfitting teeth
      on the rings 23 and 24 have convex and concave sides which eliminate
      circumferential and radial play and by reason of the large number of such
      teeth, namely 72, for example, the indexing member 15 may be indexed
      exactly 5.degree. or a multiple thereof without any change of parts,
      whereas in known indexers, a plurality of index plates or ratchet wheels
      may be needed and, in addition, where index pins are employed different
      cam plates are required for changes in indexing angles.
PAR  With an indexer such as herein disclosed the accuracy of the indexing angle
      can easily be held to within .+-.2 sec. Moreover, by reason of the worm 28
      and worm wheel 11 ratio, the worm 28 need not be stopped at exactly a half
      revolution or multiple thereof by reason of the taper of the interfitting
      teeth 26 and 27 of the drive member 21 and worm wheel 11 and the tapered
      sides of the interfitting locking teeth on rings 23 and 24. In the
      specific example herein disclosed, 180.degree. turning of the worm 28
      effects 5.degree. turning of the worm wheel 11 and of the index plate 15
      whereby 36.degree. rotation of the worm 28 effects only 1.degree. turning
      of the worm wheel. Accordingly, the stopping of the rotation of the worm
      28 within a degree or two of a half revolution or multiple thereof will
      result in only a turning of the index member 15 either 1/36 or 1/18 of a
      degree. In any event when the index member 15 is moved to locked position,
      the tapered teeth of the rings 23 and 24 will accurately position said
      index member 15 at its 5.degree. (or multiple thereof) position. Moreover,
      excessive loading of the worm 28 and worm wheel 11 teeth is precluded when
      starting or stopping the indexing movement of the indexing member 15 by
      yielding of the Belleville washers 33 and, of course, when the indexing
      member 15 and workpiece mounted theron comes to rest, the worm 28 is
      recentered by the Belleville springs 33.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An indexer comprising a fixed housing having a bore therethrough; an
      indexing member having a spindle portion journaled in said bore for rotary
      indexing movement about the axis of said bore; said housing and indexing
      member having annular rows of axially interfitting radial teeth which
      respectively have tapered convexly and concavely curved sides which when
      interengaged rigidly retain the indexing member in any of its indexed
      positions coaxially of said bore and against circumferential and radial
      play; actuating means in said housing for axially moving said indexing
      member in one direction to disengage said teeth thus to release said
      indexing member for indexing movement, and in the opposite direction to
      engage said teeth to lock said indexing member as aforesaid; drive means
      in said housing for imparting rotary indexing movement to said indexing
      member when said teeth are disengaged; said drive means including a rotary
      drive member coaxially around said bore; said drive member and said
      spindle portion having other axially interfitting tapered teeth which are
      interengaged when said indexing member is moved in such one direction and
      which yet interfit with clearance when said indexing member is moved in
      such opposite direction.
NUM  2.
PAR  2. The indexer of claim 1 wherein said actuating means comprises an annular
      cylinder in said housing coaxially around said bore, and a piston
      reciprocable in said cylinder, said piston being connected to said
      indexing member to impart axial movement to the latter in such opposite
      directions responsive to actuation of said piston in opposite directions
      in said cylinder.
NUM  3.
PAR  3. The indexer of claim 2 wherein axial thrust bearing means between said
      piston and said indexing member imparts movement to said indexing member
      in such one direction and facilitates rotary indexing of said indexing
      member by said drive means.
NUM  4.
PAR  4. The indexer of claim 3 wherein said housing has means to prevent
      rotation of said piston in said cylinder.
NUM  5.
PAR  5. The indexer of claim 2 wherein said annular rows of teeth are on rings
      respectively secured to said housing and said indexing member; and wherein
      a flanged ring on said indexing member has a radially outwardly extending
      flange overlapping said indexing member ring opposite the row of teeth
      thereon and has a radially inwardly extending flange overlapping a
      radially outwardly extending flange at the end of said piston through
      which said indexing member is moved in such opposite direction.
NUM  6.
PAR  6. The indexer of claim 5 wherein axial thrust bearing means between the
      flanged end of said piston and said indexing member transmits axial
      movement of said piston in such one direction to said indexing member and
      facilitates rotary indexing of the latter when the teeth of said rings are
      disengaged.
NUM  7.
PAR  7. The indexer of claim 1 wherein said drive member comprises a worm wheel
      having engagement with a motor driven worm; said worm wheel and said
      spindle portion having such other axially interfitting teeth to transmit
      rotation of said worm wheel into rotary indexing movement of said indexing
      member.
NUM  8.
PAR  8. The indexer of claim 7 wherein a sensor-counter unit in said housing is
      operatively connected to said worm to control the operation of said motor
      for indexing said indexing member through a predetermined angle equal to
      the pitch of said annular rows of teeth or a multiple thereof.
NUM  9.
PAR  9. The indexer of claim 7 wherein said worm wheel has engagement with axial
      thrust bearing means in said housing when said other axially interfitting
      tapered teeth are interengaged to maintain alignment of said worm wheel
      with said worm.
NUM  10.
PAR  10. The indexer of claim 1 wherein said drive member comprises a worm wheel
      having engagement with a worm provided with oppositely extending shaft
      portions journaled in axially spaced apart bearings in said housing; and
      Belleville spring washers yieldably retaining said worm in centered
      position between said bearings and permitting axial yielding movement of
      said worm due to inertia loads at the beginning and end of the indexing
      movement of said indexing member.
NUM  11.
PAR  11. An indexer comprising a housing having a bore therethrough; an indexing
      member having a spindle portion with bearings thereon and a surrounding
      sleeve which is axially slidable in said bore for axial movement and
      rotary indexing movement of said indexing member about the axis of said
      bore; said housing and indexing member having annular rows of axially
      interfitting tapered teeth which when interengaged rigidly retain the
      indexing member in any of its indexed positions coaxially of said bore and
      against circumferential and radial play; actuating means in said housing
      for axially moving said indexing member in one direction to disengage said
      teeth thus to release said indexing member for rotary indexing movement,
      and in the opposite direction to engage said teeth to lock said indexing
      member as aforesaid; drive means in said housing for imparting rotary
      indexing movement to said indexing member when said teeth are disengaged;
      said drive means including a rotary drive member coaxially around said
      bore; said drive member and said spindle portion having other axially
      interfitting tapered teeth which are interengaged when said indexing
      member is moved in such one direction and which yet interfit with
      clearance when said indexing member is moved in such opposite direction
      whereby, when said indexing member is in locked indexed position, torque
      and radial loads on said indexing member are not imposed on said drive
      means and said bearings.
NUM  12.
PAR  12. The indexer of claim 11 wherein said actuating means comprises an
      annular cylinder in said housing coaxially around said bore, and a piston
      reciprocable in said cylinder, said piston being connected to said
      indexing member to impart axial movement to the latter in such opposite
      directions responsive to actuation of said piston in opposite directions
      in said cylinder.
NUM  13.
PAR  13. The indexer of claim 12 wherein axial thrust bearing means between said
      piston and said indexing member imparts movement to said indexing members
      in such one direction and facilitates rotary indexing of said indexing
      member by said drive means.
NUM  14.
PAR  14. The indexer of claim 13 wherein said housing has means to prevent
      rotation of said piston in said cylinder.
NUM  15.
PAR  15. The indexer of claim 12 wherein said annular rows of teeth are on rings
      respectively secured to said housing and said indexing member; and wherein
      a flanged ring on said indexing member has a radially outwardly extending
      flange overlapping said indexing member ring opposite the row of teeth
      thereon and has a radially inwardly extending flange overlapping a
      radially outwardly extending flange at the end of said piston through
      which said indexing member is moved in such opposite direction.
NUM  16.
PAR  16. The indexer of claim 15 wherein axial thrust bearing means between the
      flanged end of said piston and said indexing member transmits axial
      movement of said piston is such one direction to said indexing member and
      facilitates rotary indexing of the latter when the teeth of said rings are
      disengaged.
NUM  17.
PAR  17. The indexer of claim 11 wherein said drive member comprises a worm
      wheel having engagement with a motor driven worm; said worm wheel and said
      spindle portion having such other axially interfitting teeth to transmit
      rotation of said worm wheel into rotary indexing movement of said indexing
      member.
NUM  18.
PAR  18. The indexer of claim 17 wherein a sensor-counter unit in said housing
      is operatively connected to said worm to control the operation of said
      motor for indexing said indexing member through a predetermined angle
      equal to the pitch of said annular rows of teeth or a multiple thereof.
NUM  19.
PAR  19. The indexer of claim 17 wherein said worm wheel has engagement with
      axial thrust bearing means in said housing when said other axially
      interfitting tapered teeth are interengaged to maintain alignment of said
      worm wheel with said worm.
NUM  20.
PAR  20. The indexer of claim 11 wherein said drive member comprises a worm
      wheel having engagement with a worm provided with oppositely extending
      shaft portions journalled in axially spaced-apart bearings in said
      housing; and Belleville spring washers yieldably retaining said worm in
      centered position between said bearings and permitting axial yielding
      movement of said worm due to inertia loads at the beginning and end of the
      indexing movement of said indexing member.
NUM  21.
PAR  21. An indexer comprising a housing having a main housing part and a
      tubular inner housing part secured together with said inner part piloted
      in a central bore in main part; said main part having an annular groove
      coaxially around said bore which in conjunction with a radial flange of
      said inner part forms an annular cylinder; a ring secured to said main
      part coaxially around said groove having an annular row of axially
      extending teeth; an indexing member comprising a platelike portion having
      a ring secured thereto with an annular row of teeth adapted to be engaged
      with and disengaged from the teeth of the ring on said main part upon
      axial movement of said indexing member, and a spindle portion journaled in
      a sleeve which is axially slidable in a central bore in said inner part; a
      piston reciprocable in said cylinder having an annular portion surrounding
      said flange and operatively connected to said platelike portion to impart
      axial movement to said indexing member to engage and disengage the teeth
      of said ring; drive means rotatable on said inner part engaged with said
      spindle portion to impart rotary indexing movement to said indexing member
      when said teeth are disengaged; said drive means and spindle portion
      having other axially interfitting teeth which are interengaged when said
      indexing member is moved to disengage the teeth of said rings and which
      axially interfit with clearance when said indexing member is moved to
      engage the teeth of said rings whereby in the lastmentioned position of
      said indexing member torque load on said indexing member is not imposed on
      said drive means.
NUM  22.
PAR  22. The indexer of claim 21 wherein said drive means is a worm wheel which
      is driven by a worm journaled in a bearing member secured to said main
      part.
NUM  23.
PAR  23. The indexer of claim 22 wherein said worm is supported in said bearing
      member for axial yielding movement due to inertia loads at the beginning
      and end of the indexing movement of said indexing member.
NUM  24.
PAR  24. The indexer of claim 22 wherein a hydraulic motor secured to said main
      part is operatively connected to said worm.
NUM  25.
PAR  25. The indexer of claim 24 wherein a sensor-counter unit secured to said
      main part is operatively connected to said worm to control the operation
      of said hydraulic motor for indexing said indexing member through a
      predetermined angle equal to the pitch of the teeth of said rings or a
      multiple thereof.
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ABST
PAL  A power train having a gas turbine engine with controlled power transfer
      between the load turbine drive train and the compressor turbine drive
      train and a power shift transmission is shown. The engine control system
      includes a fuel control responsive to input and output speeds and
      compressor discharge pressure and an output power characteristic, horse
      power and torque, program control responsive to compressor and auxiliary
      torque and speed controlling the power transfer clutch between the
      compressor and engine to maintain proper turbine inlet temperature at a
      proper constant high value in a wide range of operation for optimum
      efficiency. Overcontrols responsive to acceleration and the temperature of
      the power transfer clutch and ambient air are provided. The power shift
      transmission control pressure is controlled by compressor discharge
      pressure and engine output or transmission input speed to provide a shift
      actuating pressure proportional to the torque produced by the engine. The
      shift actuating pressure acts on ratio establishing devices to provide
      engagement with a speed and force having the same proportion to pressure
      and thus to torque for uniformly smooth shifting. The engine, during
      overrun, provides increased engine braking. The engine control provides an
      overrun signal for engine transfer clutch control and transmission
      pressure control for smooth shifting. The overrun signal cuts off the
      governor pressure reduction signal to increase transmission pressure or
      increase the bias force on the transmission regulator valve to increase
      transmission pressure on overrun.
PARN
PAR  This is a division of application Ser. No. 273,728, filed July 21, 1972,
      U.S. Pat. No. 3,851,463.
BSUM
PAR  This invention relates to a power train and particularly a gas turbine
      engine having programmed power and torque characteristics and a power
      shift transmission having related programmed shift characteristics.
PAR  In this invention, the gas turbine engine has operating controls to
      maintain the gas temperature at the turbine inlet at a proper consistent
      high value for maximum efficiency and provide programmed engine power and
      torque output characteristics. The operating controls include a manual
      fuel feed control regulated by compressor discharge pressure and
      compressor speed and a power transfer control regulating the transfer of
      power between the output load turbine drive train and the compressor
      turbine drive train in response to compressor and auxiliary torque,
      compressor speed and a calculated program to provide proper consistent
      high gas temperature at the inlet to the turbines for maximum efficiency.
      The compressor turbine drive train includes the compressor turbine, the
      compressor, the auxiliaries and connecting shafts, one being connected to
      one side of a power transfer clutch. The output load turbine drive shaft
      includes the output turbine, the connected output shaft, transfer gearing
      and a shaft connected to the other side of the power transfer clutch. The
      turbine engine control in providing consistent or constant gas temperature
      at the turbine inlet also provides programmed engine output power and
      torque. The torque output varies as a function of compressor speed and
      turbine speed as controlled by the manual fuel feed. The power shift
      transmission has a plurality of drive establishing devices selectively
      operated by manual or other means for shifting between a plurality of
      drives. Each drive establishing device provides drive establishment in
      response to pressure change and the shift characteristics, engagement
      force, rate of slip and rate of change of slip have the same relationship
      or vary with the same function of pressure change. Since the required
      shift characteristics vary as a function of the torque produced by the
      engine and thus transmitted by the transmission to the transmission
      output, a shift control pressure varying with engine torque will provide
      uniformly smooth shifts. A regulator valve having a base rate determined
      by a spring acting on the valve element, compressor discharge pressure
      acting in parallel with said spring on said valve element and an engine
      output or transmission input speed responsive pressure and the pressure
      regulated by this regulator valve acting on the valve element in
      opposition to the spring provide a shift control pressure varying
      substantially identically with the engine torque.
PAR  On overrun, the engine control provides an overrun signal pressure which is
      used to control the power transfer clutch to provide increased engine
      braking and to control the transmission pressure for smoother shifting at
      the increased braking torque. The overrun signal is used to cut off the
      governor signal, a transmission pressure reducing signal, to increase the
      transmission pressure during overrun or to increase a bias, the spring
      bias, on the transmission pressure regulator valve to increase
      transmission pressure on overrun.
PAR  The full nature of the invention, these and further advantages, will be
      fully apparent from the following description.
DRWD
PAR  Referring to the drawings,
PAR  FIG. 1 is a schematic diagram of a regenerative free turbine power plant
      with power transfer, a power shift transmission and interrelated controls.
PAR  FIG. 2 is a typical map of overall performance, horsepower and torque and
      transmission shift pressure of the power train in FIG. 1.
PAR  FIG. 3 is a plot showing governor pressure variation with speed.
PAR  FIG. 4 is a partial schemation of a modified regulator valve.
DETD
PAR  Referring to FIG. 1, the engine E is preferably, although not necessarily,
      a regenerative engine of the known type described in U.S. Pat. No.
      3,077,074 granted Feb. 12, 1963 to John S. Collman et al., U.S. Pat. No.
      3,116,605 granted Jan. 7, 1964 to Amann et al. and U.S. Pat. No. 3,237,404
      granted Mar. 1, 1966 to E. E. Flanigan et al.; all of common ownership
      with this application. These engines, developed by the assignee of this
      invention, have been reported upon extensively in the technical
      literature. For this reason, and also because the present invention may be
      included in engines of various detailed structure the engine is shown
      schematically in FIG. 1. The engine E includes centrifugal compressor 11,
      combustion apparatus 12, and a first or compressor turbine 13 coupled by a
      shaft 14 to the compressor. These structures are the basic elements of the
      gas generator. The compressed air is discharged from compressor 11 through
      a matrix 16 of a radial flow rotary regenerator into the combustion
      apparatus 12. The exhaust gas from the output load turbine 13 flows
      through a second, load, or power turbine 17 supported on a power output
      shaft 18. Turbine 17 exhausts through the matrix 16 to the rear of a
      bulkhead 19 which divides the matrix into air flow and gas flow zones.
      Shaft 18 is coupled to the load by a suitable powershift transmission 20
      and load or output shaft 25. The engine is enclosed in a case or housing,
      indicated generally at 21, to confine the motive fluid. The exhaust gas,
      after passing through the matrix 16, may be discharged to atmosphere
      through an exhaust passage 22. This schematic shows only a single
      regenerator, but two may be employed as shown in the first two
      above-mentioned patents.
PAR  The primary control of the engine is of fuel flow to the combustion
      apparatus. Any appropriate fuel control 23 supplied with fuel by a pump 24
      may be employed. Suitable fuel controls are well known, and including this
      invention in an engine does not require any additions to the fuel control.
PAR  Ordinarily, the vehicle operator controls the engine by a hand lever or
      foot pedal, such as a throttle lever 26 connected to the fuel control. The
      fuel supplied by the line 28 and pump 24 is delivered through line 27 to
      the fuel control, and the excess is returned to the pump inlet through
      line 28, the engine fuel requirement being delivered to the combustion
      apparatus through line 29. Such fuel controls ordinarily include one or
      more fuel regulating or metering valves, which are variable throttling
      valves, and a head regulating valve which controls the metering pressure
      differential. They may include relief valves and various limiters or
      safety valves. Fuel flow may be regulated to prevent overspeed,
      overtemperature, or lean blow-out but ordinarily is primarily responsive
      to some such suitable parameter as compressor discharge pressure. As
      indicated here, a line 31 pipes compressor discharge pressure into the
      fuel control. Such controls may include metering means responsive to
      engine speed and normally include governors to provide normal control or
      overspeed protection, or both. This matter will be referred to later.
PAR  As so far described, there is a power plant comprising any suitable free
      turbine engine and any convenient fuel supply and control means therefor.
      The pump 24 and other engine auxiliaries are ordinarily driven by the gas
      generator. A chain of gears for this purpose may include a driving gear 32
      on shaft 14, idler gear 33, coaxial united gears 34 and 35, and a gear 36
      on a main power transfer and accessory drive shaft 37. Shaft 37, through
      power take-off gearing 38 and the obvious shafting, drives pump 24, a gas
      generator speed transducer or responsive device 39, and miscellaneous
      engine or vehicle auxiliaries indicated by the block 40. An oil pump 41 is
      also driven by the power take-off shafting 37, gears 42 and shaft 43. The
      speed transducer or governor 39 may be of the type shown in the above
      patent 3,237,404 and may receive pressure fluid by branch line 60 of
      supply line 58.
PAR  With respect to the power transfer function, shaft 37 is connected by
      clutch 44 to shaft 45 and through a chain of transfer gears 46 to the
      power turbine output or transmission input shaft 18 and transmission 20. A
      speed transducer or governor 47 for indicating and control purposes is
      coupled to the power turbine by gears 46 to provide a governor signal in
      governor line 48 varying as a function of engine output or transmission
      input speed, as described below.
PAR  The power transfer clutch 44 is shown in detail in FIG. 2 of the above U.S.
      Pat. No. 3,237,404. It is preferably a multi-plate friction clutch in
      which the engaging force and, therefore, the torque capacity, is
      determined by a hydraulic piston. As will become apparent, such a clutch
      is merely representative of various controllable torque-transmitting
      mechanisms that may be employed to couple the shafts 14 and 18 at varying
      speed ratios. The clutch described is provided for both power transfer and
      braking. Clutch 44 has a housing for a multi-plate friction clutch
      assembly and rotatably supports the driving and driven elements thereof
      and shafts 37 and 45. Clutch plates are splined to shaft 45 and rotate
      with the output shaft and friction disks are splined to shaft 37 and
      rotate with the input shaft, and both are slidable axially of the shafts.
PAR  The clutch is engaged by a double hydraulic motor which has two effective
      pistons defined by a single annular stepped piston. This piston is
      slidable in a stepped cavity which defines an inner or power transfer
      cylinder connected to power signal line 49 and an outer or brake cylinder
      connected to brake signal line 50. While it is not necessary to have two
      cylinders, it is preferable to provide a larger cylinder area for braking
      the load than for power transfer, since the torque during braking may be
      five or more times the maximum power transfer torque. The piston engages
      the clutch plates and disks to transmit torque.
PAR  Oil under pressure is supplied to the power transfer cylinder by power
      signal line 49 and is supplied to the brake cylinder by braking signal
      line 50. Since the clutch is operated as a slipping clutch, a flow of
      cooling oil is provided. This oil is supplied through a line 56.
PAR  The torque transferred by the clutch will be closely proportional to the
      engaging force exerted by the piston which is proportional to the sum of
      the products of the pressures in power and brake cylinders by the
      respective effective piston areas minus the force of retraction springs.
      The brake cylinder is used only to provide a high degree of friction to
      transmit relatively large amounts of power from the power turbine to the
      compressor to brake the output shaft on overrun. The power cylinder is
      supplied fluid under controlled pressure to determine the amount of torque
      transmitted in normal operation of the turbine at part-load. It is also
      energized to assist in providing clutching force for overrun braking,
      along with the brake cylinder.
PAR  In FIG. 1, the oil which is supplied to clutch 44 is circulated under
      pressure by pump 41 driven by the gas generator. This oil is drawn from a
      source such as a sump 51 through a suction line 52 and the pressure is
      limited by a suitable relief valve 53. Pump 41 may supply oil for engine
      lubrication through restricted lubrication line 54 or it may be
      independent of the lubricating system. The clutch cooling oil is supplied
      through cooling line 56 to the clutch 44. Pump 42 also supplies oil for
      control and servo purposes, the pressure of which is held constant by a
      constant pressure regulating valve 57 which regulates control pressure in
      supply line 58.
PAR  One of the basic elements of control of power transfer in the system of
      FIG. 1 is a torque sensor 61, illustrated in detail in FIG. 3 of the above
      U.S. Pat. No. 3,237,404. The torque sensor responds to the torque
      transmitted through the intermediate gears 34, 35 between from the gas
      generator turbine and the several auxiliary and power transfer shafts.
PAR  Controlled pressure servo oil supplied by regulating valve 57 through line
      58 and branch passage 59 enters the torque sensor. This pressure provides
      the torque measure signal in line 62 input to means which supplies
      controlled pressure by power signal line 49 to the power cylinder to
      control the power transfer clutch 44 during normal drive. The brake or
      overrun torque measure signal line 63 during normal forward drive is
      connected to exhaust 64.
PAR  Under torque reversal the torque sensor 61 causes pressure in line 62 to
      drop to zero by connecting this line to exhaust 64. Thus, a no torque
      signal (zero pressure) is transmitted through line 62. This signal acts
      through the torque programmer 66 described in above U.S. Pat. No.
      3,237,404 to control the system to cause full oil pressure to be applied
      through line 49 to the power cylinder of clutch 44. The torque sensor then
      connects line 59 to brake signal line 63 which is connected to brake
      cylinder line 50 to apply full pressure to the brake cylinder of clutch
      44. The maximum piston area is thus available to engage or lock up the
      clutch so as to transmit a torque corresponding to a desired large
      fraction of engine power rating, such as about 60% thereof.
PAR  In normal running, the power transfer clutch 44 is controlled to transmit a
      desired value of torque by comparing the measured torque from the torque
      sensor 61 with a desired torque or power transfer signal from a torque
      programmer 66. The torque programmer is an automatic valve which controls
      the power transfer clutch piston in response to inputs of actual torque
      output of the gas generator and actual speed of the gas generator. It acts
      upon oil supplied by pump 41 and line 65 to clutch 44. The torque sensor
      pressure is transmitted through line 62 as explained above. The speed
      signal is a fluid pressure signal transmitted through line 67 from the
      speed transducer 39. Servo oil at controlled pressure is supplied through
      line 58 and branch 60.
PAR  The torque programmer valve 66, controlled by torque sensor pressure in
      line 62 and gasifier speed transducer pressure in line 67, supplies servo
      oil from supply line branch 65 to, or bleeds it from, torque programmer
      line 68 to sump for controlling the clutch 44, thus varying the torque.
      The amount of torque transferred is one factor which determines the
      operation of this valve. The clutch will therefore be controlled to
      maintain the transfer shaft torque output of the gas generator at a value
      which is a function of speed related to the characteristics of the
      particular engine so that turbine temperature is maintained substantially
      constant at varying power levels. The no torque signal upon torque
      reversal will always supply oil to line 68 regardless of engine speed.
PAR  The structure so far described, plus lines to conduct the actuating oil to
      the clutch, constitutes a complete operating system. However, certain
      additional devices preferably included in the system are illustrated and
      will now be described. First, acceleration valve 69, interposed in the
      line from the torque programmer to the clutch, which improves the
      acceleration of the engine. Since the effect of the torque programmer is
      to maintain a high turbine temperature at part loads, there is not much
      margin for addition of fuel to accelerate the gas generator, both with
      regard to turbine temperature limits and the compressor surge threshold.
      The compressor operates closer to the surge line during power transfer.
      This is desirable to increase running efficiency, but it impedes
      acceleration. If the engine is running at light load, the gas generator
      will be turning well below full speed. To assume full load or to
      accelerate the load rapidly, it is necessary to accelerate the gas
      generator to full speed. This can be facilitated by temporarily cutting
      out the power transfer so that all of the power of the gas generator is
      available to accelerate it. While various means might be adopted, the
      acceleration valve 69 as shown in the above U.S. Pat. No. 3,237,404, is
      very simple and suitable for this purpose. This valve responds to
      substantial power increasing movements of the power control or throttle
      lever 26, connected by rod 71 and lever 72, to release or unload the power
      transfer clutch. It is not affected by small or slow movements.
PAR  Communication is normally maintained between the torque programmer and
      through the acceleration valve which connects to a line 73 leading to the
      clutch over temperature valve 76 and line 49 to the power transfer
      cylinder of clutch 44. Slight movements of the throttle lever 26 will not
      shift the valve sufficiently to drain the clutch cylinder, but more
      substantial differences between the speed setting and actual speed will
      release fluid from the clutch, thus unloading the gas generator and
      improving its acceleration.
PAR  A further desirable element of the system is a clutch overtemperature valve
      76. The purpose of this valve is to release or relieve the clutching or
      braking effort in response to too great generation of heat in the clutch
      because of overload and excess slip. For this reason, an automatic valve
      responsive to the temperature of cooling oil leaving the clutch may be
      connected in circuit with the brake and clutch cylinder energizing lines.
      The cooling oil discharged from the clutch flows through an exhaust line
      77 to the clutch overtemperature valve 76 and is discharged from this
      valve to the sump. The power transfer clutch energizing line 73 enters the
      valve 76 and is connected through it to a line 49 leading to the power
      cylinder in the clutch. The brake energizing oil line 63 is connected
      through the overtemperature valve to line 50 which connects with the brake
      cylinder in the clutch.
PAR  The overtemperature valve 76 is a balanced spool valve responsive to
      cooling oil temperature and movable to cut off the two lines which carry
      servo oil to the clutch by an oil temperature responsive capsule exposed
      to cooling oil discharged from the clutch through line 77. Transfer clutch
      oil line 73 and the brake-engaging fluid line 63 are throttled and closed
      by the valve in response to overtemperature. The over-temperature valve is
      responsive to conditions indicative of possible clutch misuse, i.e.
      misoperation of the engine causing excessive clutch slippage.
PAR  Another element which may improve this system, under some conditions at
      least, is means for modifying the schedule of power transfer as a function
      of air temperature. The turbine inlet temperature of a gas turbine engine
      increases with increases in ambient air temperature. For constant turbine
      temperature, fuel and therefore power must be reduced as air temperature
      increases. The torque transfer schedule may vary as a function of ambient
      temperature, which is desirable to make the gas generator turbine inlet
      temperature insensitive to ambient temperature. The preferred mode of
      accomplishing this in the system of FIG. 1 lies in means for varying the
      value of torque transmitted from the torque sensor to the torque
      programmer by action of a temperature compensator. The temperature
      compensator 81 is connected so as to bleed oil from the line 62 through a
      branch line 82. In addition, if the temperature compensator is employed, a
      restriction 83 is provided in the line 62 upstream of the branch line 82.
      Restriction 83 allows a pressure drop to be created in line 62 as oil is
      bled from it by compensator 81. The compensator 81 includes a valve
      variably throttling the passage from inlet line 82 to an outlet or sump
      port 84 controlled by a known temperature responsive device exposed to
      ambient atmospheric or engine inlet temperature, to open the valve and
      thus reduce the torque sense by the additional drop through orifice 83 as
      air temperature decreases. By thus reducing the torque sense, the torque
      programmer 66 closes off the supply of pressure oil to the power transfer
      clutch at a higher value of torque as air temperature decreases. The
      result is that the level of power transfer varies reversely to inlet or
      ambient air temperature.
PAR  The governor 47 is preferably a linear governor, constructed, for example,
      in accordance with U.S. Pat. No. 2,941,539 granted June 21, 1960 to L. O.
      Hewko and providing a governor signal in line 48 that varies as a linear
      function of the engine output or transmission input speed, solid line
      curve 85, FIG. 3, since it is driven by gearing 46 or a member in the
      transmission rotating with or at a constant reduction ratio with the
      transmission input. A supply line branch 84 of supply line 58, 59 provides
      control fluid to this governor. Governor line 48 may be connected to fuel
      control 23 to provide output speed control as required by some engine fuel
      controls. Governor 47 may also be made like the speed transducer of the
      above U.S. Pat. No. 3,237,404 or the pitot governor of U.S. Pat. No.
      3,039,315 granted June 19, 1962 to R. M. Zeek and E. E. Flanigan which
      operates from lubricating oil and does not need supply branch 84. Both of
      these governors provide a governor signal that varies as an exponential
      function of speed as indicated by dot dash curve 86, FIG. 3.
PAR  The transmission control system requires a supply of control fluid during
      all phases of operation. When the transmission 20 does not have a fluid
      drive, a fluid coupling or a torque converter, the engine output shaft 18
      will stall when the transmission output or vehicle is stationary and the
      transmission is in a ratio drive. However, the first turbine 13 will
      continue to drive the compressor 11 and auxiliary drive so pump 41 is
      driven providing engine control pressure in line 58 regulated by regulator
      valve 57.
PAR  The transmission control system has a transmission input driven pump 90
      which pumps fluid from the transmission sump 91 and delivers the fluid
      under pressure to the main line 93. The pump 90 is located in the engine
      and driven by the auxiliary drive shaft 37, preferably through gearing 38
      and the drive shaft for auxiliaries 40. This auxiliary drive shaft has an
      extension shaft 88 suitably connected to shaft 89 of pump 90. The pump 90
      will provide transmission control fluid when the engine is idling or
      driving since it is driven by the compressor, for regulation by regulator
      valve 96.
PAR  The main line regulator valve 96 has a valve element 97 having lands a, b,
      c, d and e reciprocating in a stepped bore 98. The lands a, b and c have
      the same small equal diameter and are located in the small diameter bore
      portion 99. The land d has an intermediate diameter and is located in bore
      portion 101. The large diameter land e is located in large diameter bore
      portion 102. A piston 103 is reciprocally mounted in the largest bore
      portion 104. A spring 106 seated on an end wall 107 sealing the end of the
      bore portion 104 engages piston 103 to urge it into contact with the valve
      element to spring bias the valve element to regulating position. The bore
      portion 104 below piston 103 is continuously connected by line 108 to
      compressor discharge pressure line 31 to supply gas turbine engine
      compressor discharge pressure to bore 104 to act on piston 103 to bias the
      regulator valve element 97 to increase the bias as a function of
      compressor discharge pressure. The bore space between valve element 97 and
      piston 103 is vented by exhaust 109.
PAR  A neutral forward signal line 111 from the shift control valve 112 is
      connected to bore 98 at the step between bore portions 101-102 to act on
      the unbalanced area of land e and constantly reduce main line pressure in
      neutral and all forward drive positions so the main line pressure is
      increased on a shift to reverse drive.
PAR  The governor or speed sensor 47 may be of the pitot tube type and receive
      lubrication fluid and deliver a governor pressure proportional to
      transmission input speed to governor line 48 having a square type curve
      86, FIG. 3. The governor may be driven by gears 46 as shown, or located in
      the transmission and driven at input speed or a reduced speed varying as a
      function of input speed. The governor line 48 is connected when the engine
      is driving by overrun valve 146 and governor line 113 to bore 98 at the
      step between bore portions 99 and 101 and acts on the unbalanced area of
      land d to reduce main line pressure as a function of increasing governor
      pressure or input speed.
PAR  The main line 93 has a branch 116 connected to bore portion 99 and in fluid
      communication with the space between lands b and c in all regulating
      positions of the valve element. The space between lands b and c is
      connected by passage 117 to the end of valve element 97 to the closed end
      chamber 118 at the end of bore portion 99 so main line fluid is connected
      through passage 117 to chamber 118 to act on land a. Damping is provided
      by a restriction in passage 117 or other suitable damping means. The space
      between lands a and b is vented by exhaust 121. Excess pressure in the
      main line 93 acting in chamber 118 on land a moves the valve element 97 to
      connect main line branch 116 to exhaust 122 to lower the pressure.
PAR  The shift control valve 112 shown is a manual type having a conventional
      ball detent 123 and detent grooves 124 to releasably hold the valve in
      each position but other manual and automatic shift controls may be used.
      The shift valve 112 has a valve element 126 having equal diameter lands a,
      b, c and d reciprocal in a bore 127. The main line is connected to bore
      127 between lands a and b in all valve positions and through central
      passage 128 in the valve element 126 to the space between lands c and d.
      This valve in each drive position, reverse R, first 1, second 2 and third
      3, connects main line 93 to the reverse line 130, first line 131, second
      line 132 and third line 133. These lines are respectively connected to the
      fluid actuated drive engaging devices for engaging reverse 136, first 137,
      second 138 and third 139.
PAR  The overrun valve 146 cuts off governor pressure to the regulator valve 96
      during overrun to provide a higher main line or transmission pressure to
      properly operate the transmission to transmit the higher engine braking
      torque on the transmission. The overrun valve 146 has a valve element 147
      having equal diameter lands a and b in a bore 148. A spring 149 in the
      spring chamber end of bore 148 biases the valve element to the drive or
      open position shown connecting governor line 48 to governor line 113. The
      engine overrun or braking signal line 63 is connected to the closed
      chamber 151 at the other end of bore 148. Exhaust 152 is blocked by land
      147b. The spring chamber end of bore 148 is vented by exhaust 153. Exhaust
      154 prevents leakage across land a so governor signal pressure and overrun
      signal pressure do not affect each other. On overrun, the overrun pressure
      line 63 supplies this pressure to chamber 151 to move the valve against
      the spring to connect downstream governor line 113 to exhaust 152 and land
      147a blocks upstream governor line 48 to cut off governor pressure to land
      d of regulator valve 96. Since governor pressure increasingly reduces
      transmission pressure with increasing speed, this effects an increasing
      degree of transmission pressure increase with increasing transmission
      pressure in response to overrun. The torque sensor 61 has sufficient time
      delay in the mechanism or a time delay restriction 156 may be in overrun
      signal line 63 so an overrun signal is not provided on momentary torque
      reversals that may occur during power shifting.
PAR  A modified overrun transmission pressure increase control is shown in FIG.
      4. The FIG. 1 system may be modified by omitting overrun valve 146 and
      employing a modified transmission regulator valve 96', like valve 96,
      except that spring 106' is seated on a movable abutment 158 reciprocal in
      bore 104' and having a piston portion 159 reciprocal in a bore 161 of a
      sleeve member 162 fixed in an extended portion 163 of bore 104'. The
      closure 164 closes the end of bores 161 and 163 and fixes sleeve 162 in
      the bore 163. An exhaust 166 vents the step between bores 104' and 161.
      When overrun signal pressure from line 63' enters bore 161 and acts on
      piston 159 to raise spring abutment 158 to increase the spring bias and
      increase transmission pressure on overrun, such increase may be limited by
      overrun pressure value or snap ring 167' which limited movement of
      abutment 158. This arrangement provided an increased transmission pressure
      due to increased spring bias. Gasifier pressure from line 108' will also
      be high on overrun and this increases as a function of engine braking to
      further increase transmission pressure as a function of increasing braking
      torque for proper transmission operation at increased torque during
      overrun.
PAR  The operation, while basically described above in connection with the
      structural description is further explained with reference to the curves
      of FIGS. 2 and 3. The engine operates as described in the above U.S. Pat.
      No. 3,237,404. Assume that the engine is running normally, for example, at
      a minimum idling power level; the gas generator turbine 13 drives the
      auxiliaries including the speed transducer 39. Under these idling
      conditions, a little gas horsepower is available to the power turbine, and
      it may rotate idly or may be stationary, if the load is coupled to it. The
      power transfer clutch 44 will be open. To extract substantial power from
      the engine, the gas generator must be accelerated by increasing the fuel
      rate so as to provide more gas energy to the power turbine. Above a low
      idle speed, the control system begins through torque programmer 66 to
      provide variable slip engagement of the power transfer clutch.
PAR  Referring specifically to the system of FIG. 1, in the operation of the
      engine the power level is determined by the manual lever 26 which controls
      fuel supply. The power transfer clutch extracts some power from the gas
      generator turbine and assists the power turbine in driving the load
      through transmission 20. The speed of the gas generator is measured by the
      transducer 39 which may provide a speed signal to the fuel control and
      provides a speed signal to the torque programmer 66 and the acceleration
      valve 69. The torque sensor 61 provides a torque signal through line 62 to
      the torque programmer, which signal may be trimmed or compensated for air
      temperature by the temperature compensator valve 81, if it is provided.
      The torque programmer acts to control the pressure of fluid to the power
      transfer clutch, adjusting the pressure so that the torque extracted from
      the gas generator equals that programmed or scheduled by the torque
      programmer as a function of engine speed.
PAR  In many cases, it is also highly desirable to provide positive means to
      brake the load and also to provide a positive restraint on overspeed of
      the power turbine when there is no load or upon disengagement of the
      turbine from the load, for instance. This is accomplished through the same
      power transfer clutch by energizing it in response to overrunning of the
      gas generator by the power turbine, or power flow from the power turbine
      back to the gas generator, so that the compressor 11 can be driven by the
      shaft 18. The amount of reverse torque transmitted during braking
      ordinarily needs to be limited, out of regard to the strength of the
      transfer gear installation. Obviously, the ratio of speeds of the two
      turbines during braking may be any appropriate value, as the ratio of the
      gears coupling the turbine shafts to the clutch may be as desired.
PAR  As fully explained in the above U.S. Pat. No. 3,237,404 the engine control
      system employs input speed and torque to control the amount of power
      transferred by the power transfer clutch to maintain turbine inlet
      temperature at a proper high value and obtain very good values of specific
      fuel consumption or high efficiency.
PAR  The nature of the characteristic power and torque curves for a typical
      engine with such power transfer are shown in FIG. 2. It will be noted that
      the output shaft horsepower, shown by the family of horsepower curves 141,
      dotted lines, is relatively low below 70% gas generator speed but
      increases rapidly in the higher range of gas generator speed up to 100%,
      which is the normal maximum gas generator speed, 37,075 RPM. The power
      also increases with power turbine or output speed but levels off at the
      higher power turbine speeds. The line indicated as "power transfer clutch
      locked up" represents the condition under which the power turbine tends to
      overrun the gas generator turbine and the power transfer clutch is stongly
      engaged to brake the power turbine, and thus the load. To the left of this
      line, the power transfer clutch slips under controlled torque.
PAR  Such an engine and control system provides torque in accordance with the
      solid line family of torque curves 142, FIG. 2, which vary substantially
      as a linear function of output speed at each gasifier speed and vary as a
      function of gasifier speed as indicated by the curves at different
      gasifier speeds. The family of torque curves also terminate at the line
      indicated as "power transfer clutch locked-up". Since all transmission
      shifts during engine drive operation would be made in the range of
      operation illustrated by these curves, the curves in the further maximum
      speed range have not been illustrated. The torque will continue to drop
      with increasing speed and transmission pressure will decrease with
      increasing speed and increase with increasing gasifier discharge pressure,
      to provide a transmission pressure adequate to maintain ratio engagement.
      The drive establishing devices 136, 137, 138 and 139 each include a
      friction device, i.e. a clutch or a brake, and a fluid motor for operating
      the friction device with a force proportional to the fluid pressure
      supplied to the fluid motor. Each forward drive establishing device has
      its friction device, fluid motor and retraction springs designed so that
      the torque transmitted by each forward drive establishing device varies
      with a predetermined, normally substantially the same, relationship with
      the pressure supplied to it. Thus a single controlled pressure
      proportional to engine torque will establish each forward drive with the
      same degree of initial and engaging slip for consistently smooth shift
      feel and provide sufficient pressure, but not an excess, to maintain
      drive.
PAR  The regulator valve 96 regulates a transmission control pressure in main
      line 93 proportional to engine torque. The spring 106 establishes a base
      pressure which is increased as a function of increasing gasifier discharge
      pressure supplied by line 108, decreased as a function of increasing
      engine output or transmission input governor pressure supplied by line 48
      and decreased by neutral forward knockdown pressure as a function of
      increasing main line pressure. When the governor 47 is of the linear type
      disclosed above providing a governor pressure varying as a linear function
      of transmission input speed as shown by curve 85 the main line pressure
      will vary substantially as a function of engine torque and is illustrated
      by the same solid line curves representing engine torque in FIG. 2. When
      the governor 47 is of the exponential type, i.e. hyperbolic or square, as
      disclosed above providing an exponential governor pressure curve such as
      curve 86, the main line pressure will vary substantially with engine
      torque as shown by the family of pressure curves 143 (dot dash lines) in
      FIG. 2. Since each drive engaging operation during shifting is effected by
      a pressure providing an engaging speed and force varying as a function of
      the engaging pressure and the engaging pressure varies with torque uniform
      smooth shifting with the proper amount of slip of the friction devices is
      provided.
PAR  During overrun operation the engine can absorb more torque and thus the
      transmission pressure employed to engage the ratios is increased as a
      function of overrun operation torque to maintain the proper relationship
      between this torque which is transmitted by the transmission and the
      transmission operating pressure for smooth shifting. As shown in FIG. 1
      the overrun signal line 63 which controls the power transfer clutch 44 for
      the engine braking mode of operation of the engine also controls the
      overrun valve 146 to control governor line 48-113 to cut off the supply of
      the governor pressure to regulator valve 96. Governor pressure in engine
      drive operation increasingly reduces transmission operating pressure in
      main line 93 with increasing governor pressure and engine output or
      transmission input speed. Thus when the governor pressure is removed the
      overrun mode transmission pressure is increased relative to the drive mode
      transmission pressure with increasing speed. The overrun mode transmission
      operating pressure is thus varied as a function of the gasifier pressure
      which varies as a function of engine braking torque. Thus the overrun mode
      transmission operating pressure varies with overrun braking torque
      transmitted by the transmission and braked by the engine. The modification
      shown in FIG. 1 as modified by the showing in FIG. 4 uses the high
      pressure overrun signal in line 63' to increase overrun mode operating
      pressure. The other signals continue to control transmission pressure as
      during drive operation. The engine power transfer clutch and control in
      this arrangement has a torque capacity with the control pressure acting on
      both pistons during overrun braking for power transfer limited to a high
      torque value which occurs at a high speed and thereafter in a maximum
      speed range provides a constant high maximum torque transfer to similarly
      limit engine overrun braking torque to a high value in a maximum speed
      range. Since the overrun relay valve 146 is not used in this modification,
      the overrun mode transmission pressure is regulated in the same manner as
      in the engine drive mode and this pressure is further boosted by the
      overrun signal to provide a high transmission pressure to handle the
      maximum torque transmitted by the transmission and braked by the engine.
PAR  The foregoing description of a preferred embodiment of the invention will
      make its principles and advantages clear and many modifications of
      structure and organization within the principles thereof will be apparent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a power train; comprising in combination; a power shift transmission
      having input means, load output means and a plurality of fluid operated
      drive establishing friction devices having engagement slip characteristics
      related to the torque being transmitted for establishing a plurality of
      ratio drives between said input means and output means during normal drive
      when the input means drives and transmits normal drive torque to the
      output means and during overrun drive when the output means drives and
      transmits overrun drive torque to the input means; torque signal means
      operatively connected to said transmission providing a signal varying in
      response to increasing normal drive torque and increasing overrun drive
      torque; a source of fluid pressure; regulator valve means connected to
      said source and signal means providing a regulated normal drive pressure
      and a regulated overrun drive pressure increasing respectively as a
      function of increasing normal drive torque and increasing overrun drive
      torque and shift control means operatively connected to said regulator
      valve and transmission selectively connecting said regulated normal drive
      pressure during normal drive and said regulated overrun drive pressure
      during overrun drive to said drive establishing friction devices to
      provide engagement slip characteristics proportional to said regulated
      pressures.
NUM  2.
PAR  2. The invention defined in claim 1 and said torque signal means having gas
      turbine engine compressor pressure signal means providing a gas turbine
      engine compressor pressure signal during normal drive and overrun drive
      and said regulator valve means operatively connected to said compressor
      pressure signal means to increase regulated pressure with increasing
      compressor pressure during normal drive and overrun drive.
NUM  3.
PAR  3. The invention defined in claim 2 and governor means providing a governor
      signal varying with the speed of said transmission and said regulator
      valve means being operatively connected to said governor means to reduce
      the regulated pressure with increasing speed.
NUM  4.
PAR  4. The invention defined in claim 3 and overrun torque signal means
      operatively connected to said transmission providing an overrun signal in
      response to overrun drive torque and said regulator valve means including
      means operatively connected to said overrun torque signal means and
      disabling said reduction of regulated pressure by said governor means in
      response to said overrun drive torque signal.
NUM  5.
PAR  5. The invention defined in claim 3 and overrun torque signal means
      operatively connected to said transmission providing an overrun signal in
      response to overrun drive torque and said regulator valve means
      operatively connected to said overrun torque signal means and for changing
      the regulated pressure as a function of the pressure of said overrun
      signal.
NUM  6.
PAR  6. The invention defined in claim 1 and governor means providing a governor
      signal varying with the speed of said transmission; overrun torque signal
      means operatively connected to said transmission providing an overrun
      signal in response to overrun drive torque and said regulator valve means
      including means operatively connected to said governor means and said
      overrun torque signal means to reduce the regulated pressure with
      increasing speed during normal drive and to reduce the reduction of
      regulated pressure with increasing speed during overrun drive so the
      regulated pressure is higher during overrun drive.
NUM  7.
PAR  7. In a power train; comprising in combination; a power shift transmission
      having input means, load output means and a plurality of fluid operated
      drive establishing friction devices having engagement slip characteristics
      related to the torque being transmitted for establishing a plurality of
      ratio drives between said input means and ouput means during normal drive
      when the input means drives and transmits normal drive torque to the
      output means and during overrun drive when the output means drives and
      transmits overrun drive torque to the input means; overrun signal means
      operatively connected to said transmission providing an overrun signal in
      response to overrun drive; a source of fluid pressure; regulator valve
      means connected to said source and overrun signal means providing a
      regulated normal drive pressure and a regulated overrun drive pressure
      related respectively as a function of the normal drive torque and overrun
      drive torque and shift control means operatively connected to said
      regulator valve and transmission selectively connecting said regulated
      normal drive pressure during normal drive and said regulated overrun drive
      pressure during overrun drive to said drive establishing friction devices
      to provide engagement slip characteristics proportional to said regulated
      pressures; governor means providing a governor signal varying with the
      speed of said transmission; overrun torque signal means operatively
      connected to said transmission providing an overrun signal in response to
      overrun drive torque and said regulator valve means including means
      operatively connected to said governor means and said overrun torque
      signal means to reduce the regulated pressure with increasing speed during
      normal drive and to reduce the reduction of regulated pressure with
      increasing speed during overrun drive so the regulated pressure is higher
      during overrun drive.
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ABST
PAL  A pump, driven by the engine, supplies hydraulic pressure as a function of
      engine speed; the engine controller provides a displacement force, for
      example by a cam, acting on a main valve slider, or spool of the switching
      pressure controller. To additionally provide a speed signal to the main
      spool, the switching pressure line, connected to the pump, has a Venturi,
      diaphragm, bent tube, or other constriction therein from which a hydraulic
      signal representative of engine speed can be derived, which hydraulic
      signal is applied as a force additionally acting on the main valve slider
      or spool so that the spool position, and hence output switching pressure,
      will be representative both of engine controller position as well as of
      engine speed.
BSUM
PAR  Cross reference to related applications: U.S. Ser. No. 299,516, filed Oct.
      20, 1972, now U.S. Pat. No. 3,835,733, issued Sept. 17, 1974; U.S. Ser.
      No. 405,101, filed Oct. 10, 1973, now U.S. Pat. No. 3,851,285, issued Nov.
      26, 1974; U.S. Ser. No. 446,140, filed Feb. 27, 1974; and U.S. Ser. No.
      288,654, now U.S. Pat. No. 3,785,224 assigned to the assignee of the
      present invention.
PAR  The present invention relates to apparatus which provides a fluid pressure,
      preferably hydraulic pressure which depends on speed as well as loading in
      a mechanical-fluid (preferably hydraulic fluid) device, such as a vehicle
      transmission gearing.
PAR  A hydraulic pump driven by a variable speed engine provides a hydraulic
      pressure which is generally proportional to the speed of the pump, and
      hence to the speed of the engine. The switching pressure for a hydraulic
      transmission can be controlled by a pressure regulator, with pressure
      feedback. The valve is, for example, of the spool type, and a throttled
      pressure acts on the valve spool, which throttle pressure is determined by
      a throttle pressure control valve spool. The throttle pressure control
      valve spool, itself, has a force acting thereon which is representative of
      the switching pressure and of the throttle position of the main control
      throttle of the engine, for example as transferred to the spool by means
      of a cam.
PAR  Vehicle transmission gearings have been proposed in which the torque of the
      converter-turbine is simulated by the position of the throttle of the
      carburetor, and the speed of the engine. The throttle position is
      transferred by means of a flexible cable to a cam which changes the bias
      of a spring in a pilot controller and then so controls the valve spool or
      valve slider thereof that the throttled pressure of the hydraulic fluid is
      a function of the position of the engine throttle. The throttle position
      of the engine can also be transferred into a hydraulic control pressure by
      means of an electromagnetic pressure regulator. Engine speed, as a
      controlling parameter is measured by measuring fluid flow, in which the
      pump supplying the pressure fluid medium being driven directly from the
      engine. Such transmissions gear arrangements provide a throttled pressure
      which is proportional to engine throttle position. Complete gear change
      without jolts -- so desirable in automatic transmissions -- cannot be
      entirely obtained, however, by such systems or arrantements.
PAR  It is an object of the present invention to provide an improved automatic
      transmission system in which the switching pressure is better matched to
      the torque of the motor than heretofore.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION
PAR  Briefly, the switching pressure line has a device located therein which
      generates a switching pressure, acting on the main gear or changing slider
      valve, and which generates a switching pressure which is additional to the
      pressure representative of throttle position.
PAR  In a preferred form of the invention, a diaphragm, or controlled passage is
      located in one of the hydraulic lines providing fluid to the main control
      valve. If the engine speed commands the reset force, or feedback force
      acting on the spool, the diaphragm or, preferably controllable
      constriction is located in the hydraulic line in such a manner that the
      pressure difference of the pressure generated by the switching pressure
      line and the pressure representative of throttle position act on the main
      spool of the main control valve in such a manner that this differential
      pressure changes the position of the main spool valve. Preferably, a
      control slider is provided in the pressure regulator which has one control
      surface on which the control pressure is applied, this pressure acting
      counter the throttle pressure on the main slider spool, assisted by the
      force of a spring. In this preferred form of the invention, the speed of
      the engine can easily control the return or feedback force acting on the
      main slider.
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PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a highly schematic illustration of a hydraulic control system for
      gear shifting in which a Venturi tube is used;
PAR  FIG. 2 is a highly schematic illustration of a system of the present
      invention using a diaphragm-type control;
PAR  FIG. 3 is another embodiment of the invention using a three-dimensional
      cam; and
PAR  FIG. 4 is a schematic representation of another embodiment of the system of
      the present invention.
DETD
PAR  Embodiment of FIG. 1: A pressure regulator 10 has a valve cylinder 11, in
      which a main valve spool 12 is located. Spool 12 has a main piston element
      13 and a feedback or return piston 14. Spool 12, with its pistons 13, 14,
      is freely movable in axial direction. The main piston 13 has a control
      edge forming a control surface 15; the feedback piston 14 has a circular
      control surface 16. Cylinder 11 further includes a control slider or spool
      17, which is formed in several steps, and has a circular ring-shaped
      surface 18 at the end thereof and another surface 19 of greater diameter.
      The two sliders, or spools 12, 17 are spaced from each other by means of a
      spiral spring 20.
PAR  Valve 21 provides a pressure which is representative of throttle position,
      and may be referred to as the throttle pressure valve. Throttle pressure
      valve 21 has a cylinder 22 in which a throttle pressure slider 23 is
      freely movable in axial direction. Throttle pressure slider 23 is biassed
      away from a piston 24 by means of a spiral spring 25. The piston 24 can be
      shifted axially in cylinder 22 by a cam 28. Cam 28 is held in fixed
      position on a shaft 29, secured in suitable fixed bearings, and is shifted
      in position by means of a flexible cable 30 which is coupled to the
      throttle of the engine (not shown). Similar to the main spool 12, the
      throttle spool 23 is formed with two control edges or surfaces 31, and a
      return or feedback surface 32. The main pressure valve 10 as well as the
      throttle pressure valve 21 are connected by a ducting or hydraulic
      pressure line system, which is formed to include a switching pressure line
      33, 34, 35, a throttle pressure line 36, 37, and a control pressure line
      38. The pressure controller 10 and the throttle pressure valve 21 further
      are formed with drain openings 39 to remove pressure fluid to a sump, not
      shown, which may, for example, be the oil pan of the transmission. The
      pressure line 33 is connected to a hydraulic pump 40, for example by a
      removable flange. The pump 40 is driven from the engine, not shown.
      Hydraulic pressure is taken from the sump or transmission pan by suction
      from a line, not shown, and is supplied to the pressure supply system
      lines 33, 34, 35 under pressure. A Venturi tube 41 is interposed in line
      33. The control line 38 branches off at the throat of the Venturi.
PAR  Operation: Let it be assumed that the system has been operating for a
      sufficient period of time so that a pressure balance arises in the system.
      When the pressures are in balance, slider 12 and the control slider 17
      will have the position shown in the drawings in FIG. 1. In this balanced
      position, the control pressure in the control line 38 and the throttle
      pressure in the throttle line 37 will have a combined pressure which is
      less than the force exerted by the spring 20. In this condition,
      therefore, the forces applied from the pressure line 35 on the ring
      surface 16 of the return or feedback piston 14 will be in balance with the
      spring force. The command pressure -- actual pressure comparison -- is
      carried out by the return or feedback piston 14 of the main spool 12.
      Axial sliding of the spool 12, with its control edge 15 opens and closes
      the opening between the piston 15 and the ring-shaped entry gap 42 more or
      less. Hydraulic fluid can be drained into the sump 43 essentially without
      back pressure. Hence, the pressures within the cylinder 11 will reach the
      balanced state as above described and in the positions shown in FIG. 1.
PAR  Let it now be assumed that the engine increases in speed. This results in
      an increase in the speed of the pump 40 and/or to an increase in the
      throttle pressure of the throttle line 37. The forces acting on the main
      slider or spool 12 thus cause shifting of the spool position until a new
      balance position is reached. On the one hand, a pressure will be exerted
      on the spool 12 which corresponds to the product of the surface 16 and the
      increased switching pressure, while the control slider 17 will have the
      sum of those pressures acting thereon formed by the increased throttle
      pressure and the increased control pressure times the respective effective
      surfaces 18, 19. Control slider 17 will abut the main slider 12. When
      balance condition again is reached between command pressure and actual
      pressure, then, at the new, increased motor speed or the new, changed
      throttle position, a new corresponding switching pressure will result.
PAR  In accordance with the present invention, the Venturi 41 is included in the
      switching pressure line 33, and the control pressure line 38 is branched
      off the throat of the Venturi. A portion of the static pressure is
      converted in the throat of the Venturi to velocity, so that the control
      pressure is always less than the switching pressure. The differential
      pressure is roughly proportional to the square of the speed of the fluid
      or, respectively, to the speed of the quantity of fluid being supplied and
      hence likewise roughly proportional to the square of engine speed. If the
      switching pressure remains constant, and the engine speed and hence the
      pump speed increases, the control pressure decreases, which results in a
      smaller switching pressure. The switching pressure thus is controlled by
      the loading on the engine, that is, by throttle position as determined by
      the position of the cam 28, transferred from the throttle by means of
      flexible cable 30, as well as by engine speed as determined by the speed
      of the pump 40.
PAR  The system of FIG. 1 has been explained in detail since it shows the entire
      overall system, and includes the inventive concept of a controlled
      pressure change arrangement. In the embodiment of FIG. 1 the Venturi 41,
      which provides a control pressure in line 38, acts additionally to provide
      fluid at throttle pressure in line 37 from the throttle vale 21, to the
      main spool 12.
PAR  Embodiment of FIG. 2: Parts similar to those explained in connection with
      FIG. 1 have been given the same reference numerals and will not be
      explained again in detail. Cylinder 51 of the pressure controller 50 has
      the main slider 52 therein which, as before, has a control edge 15 and a
      control surface 16, being a ring-shaped piston surface. Cylinder 51
      further includes a control slider or spool 57, having a facing edge 58 on
      which a control pressure from line 53 is applied. The spring 60 between
      the two spools 52, 57 has the tendency to push the spools away from each
      other. The switching pressure line 33 has a diaphragm 61 included therein.
      Diaphragm 61, essentially, forms the difference between the embodiment of
      FIGS. 1 and 2.
PAR  Operation: Basically, the operation is similar to that of the system in
      accordance with FIG. 1. As the engine speed increases, however, the flow
      of fluid through the diaphragm 61, acting as a choke, or constriction,
      increases. A pressure difference then results, so that there will be a
      difference between control pressure and the smaller switching pressure,
      such that the switching pressure will likewise drop. The requisite minimum
      pressure which is necessary for lubrication and operation of the clutch of
      the gear transmission being connected is reached when the force of the
      spring 20 and of spring 60 plus the return or feedback force is in
      balance. The return or feedback force is obtained from the product of
      switching pressure times area of the ring surface 16. Locating the
      constriction in form of a diaphragm, or choke 61 converts change in speed
      into change in feedback pressure.
PAR  Embodiment of FIG. 3: A diaphragm, or constriction, or choke 61 is located
      in the switching pressure line 33. The pressure controller 70 is
      influenced, in addition to the switching pressure and the throttle
      pressure, by the switching pressure over a line 72 which is controlled by
      a manually operated slider when forward motion is desired. Line 71 leads
      to this manual controller or valve. Further, the cam is formed as a
      three-dimensional cam 78 and is shaped to be a body of rotation, that is,
      a body rotatable about an axis or a shaft having a circumferential surface
      75 forming a three-dimensional cam with three-dimensional curves. A cam
      follower 81 moves piston 24 counter the force of spring 25. The central
      shaft of the cam 78 includes two end pins 77 having respective facing
      surfaces 68, 79, which are guided in cylinders 67, 69 respectively. The
      cylinders 67, 69 are connected, respectively, with the switching pressure
      line 33 and the control pressure line 53 (corresponding to line 38, FIG.
      1). The surface 68 on which the switching pressure 33 acts is supported by
      means of a spring 80. Rotary motion, in the direction of arrow 74 is
      obtained by means of a flexible cable (not shown); the axial motion of the
      three-dimensional cam, in the direction of arrow 73 is determined by the
      pressure difference between switching pressure and control pressure in
      lines 33, 53, respectively.
PAR  Operation: Basically, the operation in accordance with FIG. 3 is similar to
      that in the previously disclosed examples, with this difference: Pressure
      difference is converted into a mechanical force which changes the position
      of the three-dimensional cam 78, in the direction of arrow 73. The cam
      follower 81, therefore, moves over a distance determined by the particular
      curve applied thereto, in space, which is proportional to the pressure
      difference. The throttle pressure in the throttle line 37, and thus the
      switching pressure in the switching line 33 is consequently controlled.
      This system provides a throttle pressure which has a value proportional to
      the turbine torque.
PAR  Embodiment of FIG. 4: This embodiment is similar to FIG. 1 with this
      difference: The throttle pressure valve 21 can be omitted, by so
      constructing the main valve that the cam 28 acts directly on the surface
      18 of the control slider or spool 17. The control pressure line 38 is so
      connected in the cylinder 11 that the control pressure acts on the ring
      surface 19. This is a simplified arrangement, without a separate throttle
      pressure valve 21; the force on the cam, that is, the overall operating
      force must, however, be greater than in the preceding examples. The
      Venturi tube can be replaced by a deflection tube 83, in which the control
      line 38 branches off from the inner side of the deflection tube, applying
      the smaller pressure (with respect to the pressure in the switching line
      33) to the control slider. If desired, a higher pressure can be taken off
      the outer side of the deflection tube 83, and the system connected
      similarly to the example described in connection with FIG. 2, or FIG. 3.
PAR  Various changes and modifications may be made within the scope of the
      inventive concept and features described in connection with any one of the
      embodiments may be used, within the scope of the invention, with any other
      of the embodiments.
PAR  The switching pressure, which in turn operates the gear changing mechanism
      is taken off the system at points A, indicated in the various Figures.
PAR  The invention, therefore, provides a means to supply a control pressure
      which acts in addition to the throttle pressure on the main slider; this
      means may be a diaphragm, a bent tube, or a Venturi. If the Venturi is
      selected, the control pressure and the throttle pressure act in the same
      direction on the spool of the main valve, so that the position of the main
      valve is changed in dependence on the sum of the control pressure and the
      throttle pressure. If a diaphragm is used, the control pressure and the
      throttle pressure are applied to the slider in opposition, so that the
      difference between the control pressure and the throttle pressure acts on
      the spool of the main valve to shift the position of the main valve spool.
      If a bent tube is used, either the sum, or the difference of the control
      pressure with respect to the throttle pressure can be used, depending upon
      whether the control pressure is taken off from the inside (FIG. 4) or the
      outside of the bent tube. The main slider, preferably, is formed in
      stepped arrangement so that the surfaces on which the various pressures
      act can be appropriately dimensioned with respect to the overall pressures
      applied thereto.
PAR  The turbine torque corresponding to the respective throttle positions in
      the upper speed ranges can readily be commanded by these systems. At low
      speed ranges, however, it is difficult to obtain such a torque and,
      therefore, the embodiment of FIG. 3 in which the cam is a
      three-dimensional cam, may be preferred. The cam, as known, is both
      axially movable as well as rotatable, the control pressure acting on one
      of the end surfaces of the cam and the switching pressure on the other.
      The difference between these two pressures then determines the particular
      instantaneous axial position of the three-dimensional cam element so that
      a switching pressure proportional to turbine torque is obtained.
PAR  The outlet A has fluid applied thereto which is controlled by suitable
      rings and grooves located on slider spool 12, to provide switching
      pressure, derived from the end of the line 33 in accordance with the
      position of the spool 12, with respect to drainage openings in the housing
      in which the spool is located.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus supplying a gear changing or switching pressure, for use in
      vehicle transmissions, comprising:
PA1  a pump (40) driven by the engine of the vehicle with a speed representative
      of engine speed, and a switching pressure line (33) connected to the pump
      and having arising therein a fluid switching pressure proportional to
      engine speed;
PA1  a pressure controller (10) having a main valve slider (12), and feedback
      means (35, 14, 16) connected thereto and controlling the switching
      pressure;
PA1  displaceable means (21, 28, 23, 37) changing position as a function of the
      change of position of the controller for the engine which controls engine
      speed and providing a force acting on the main valve slider (12) of the
      pressure controller, representative of engine controller position,
PAL  the improvement comprising:
PA1  a Venturi (41) located in the switching pressure line; and
PA1  a control pressure line (38) branched off the throat of the Venturi to
      provide a pressure signal representative of flow of pressure fluid at the
      control pressure through the constriction;
PA1  said control pressure line (38) and the displaceable means (21, 28, 23, 24,
      37) providing a force representative of engine controller position acting
      on the main valve slider (12) such that the force representative of the
      control pressure and the force representative of engine controller
      position are applied to the main valve slider (12) in additive relation to
      change the position of the main valve slider as a function of the sum of
      said forces.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein the pressure controller (10)
      comprises a control slider element (17) having two control surfaces (17,
      19), one of said surfaces (17) having fluid pressure representative of
      pressure in said control pressure line (38) applied thereto and the other
      (19) having a fluid pressure representative of engine controller position
      (30, 28; 24, 37) applied thereto.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said pressure controller (10)
      comprises a control slider element (17) having at least one control
      surface to which a fluid pressure representative of pressure in said
      control pressure line (38) is applied, and said displaceable means
      comprises a cam (28) acting mechanically on said control slider element
      (17).
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ABST
PAL  A plier-type ratchet wrench of simple, economical and robust construction
      employs a single rigid thrust rod or bar to operate the ratchet drive and
      a single extensible helical spring which both biases the operating handle
      to its normal position and keeps the thrust rod and a pawl engaged with
      the ratchet.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 567,750,
      filed Apr. 14, 1975 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are several types of hand-operated, plier-type ratchet wrenches,
      distinguished chiefly by the manner in which hand operation drives the
      ratchet. Basically, so far as known, these are the gear types, the
      hydraulic types, and the essentially link and thrust rod types. The
      hydraulic types, such as in U.S. Pat. Nos. 2,508,568; 2,708,383; and
      2,983,172, tend to be heavy and expensive which alone militates against
      them. Besides, they can leak and so become disabled. The gear types seem
      to break down pretty much into two classes, those using pinion or sector
      gears or both, as in U.S. Pat. Nos. 1,121,668; 1,970,721; 2,633,044;
      2,831,384; 3,286,560; and 3,557,644, and those using rack gears at the
      ends of push rods as in U.S. Pat. Nos. 2,817,257; 3,413,877; 3,616,714;
      3,682,088; and 3,726,161. There is even a combination of both in U.S. Pat.
      No. 919,260. But the gear types, whether pinion, sector or rack, are also
      expensive to fabricate and tend also to be relatively complex. In
      addition, the use of racks requires more space. On the other hand,
      however, the essentially link and thrust rod types as in U.S. Pat. Nos.
      1,204,095; 1,543,338; 2,471,194; 2,726,563; and 2,954,715, which ought to
      avoid the disadvantages set forth of the other types, unfortunately
      likewise tend to be more complex and thus expensive to manufacture than
      they need or should be, or otherwise suffer from design faults which
      impair their efficiency. It is thus the chief object of the present
      invention to provide a plier-type ratchet wrench of the link and thrust
      rod type which is efficient, but simple, economical of construction and
      robust.
PAC  SUMMARY OF THE INVENTION
PAR  A number of important features in the wrench of the present invention
      contribute to its object stated above. Perhaps the most important of these
      is centered around the use of a single extensible helical spring, always
      in tension, to perform essentially three functions. The first two are to
      bias both the operating handle and the thrust bar, which drives the
      ratchet, to their normal positions, while the third is to hold the pawl in
      engagement with the ratchet. No seat, recess or sleeve for the spring is
      therefore necessary since it is always in tension rather than compression;
      no special guides or guideways are needed for the thrust rod so
      fabricating time and costs are reduced; and last but not least, friction
      is held to a minimum so that operator fatigue is less.
PAR  Single helical springs are used in U.S. Pat. Nos. 3,286,560 and 3,726,161
      mentioned above, but they are of the compression type, requiring extra and
      relatively expensive manufactures to locate and steady them so that they
      can function. Furthermore, because of their need for seats or guides, they
      suffer more from sliding friction than do extensible springs. In U.S. Pat.
      No. 3,616,714 noted above a single extensible spring is used but no pawl,
      though there is no recognition in that patent of the foregoing advantages
      of extensible over compressible springs. But because there is no pawl in
      the wrench of that patent it must rely heavily for its operation upon
      internal friction. If the latter were not present and since there is no
      pawl, a loose nut, for instance, would turn both ways as the wrench were
      operated and thus would not be removed further. The friction involved
      exists between the cam faces of the movable handle and the rack bar and
      between the latter and its guide pin, all with the result that the wrench
      is very tiring to operate. Also, the rack bar during operation of the
      wrench extends significantly beyond the outline of the tool which may not
      only impede its operation in tight places but permit its abuse by pulling
      the rack bar out, stretching the spring beyond its elastic limit, and so
      permanently damaging the wrench.
PAR  In the present invention a separate pawl is used eliminating the need for
      internal friction in order for the wrench to function and hence making it
      less tiresome to use. The single extensible spring is simply anchored at
      its ends to the pawl and the thrust bar so that it not only biases the
      operating handle and thrust bar to their normal positions and the thrust
      bar against the ratchet, but also the pawl into engagement with the
      latter. Another feature is the pawl itself, in the shape of a
      parallelepiped block which can be simply cut from bar stock and so avoids
      the machining needed for pawls of more elaborate configurations. Other
      features include the use of a captive ball joint between the operating
      handle and one end of the thrust bar which is more economical than a
      pinned interconnection and much less frictional than sliding or cam face
      contact. The thrust bar itself is a slim, one-piece item with a single
      drive nose at its other end for actuating the ratchet and always remains
      within the outline of the tool. Other advantages of the present invention
      will appear from the drawings and the more detailed description which
      follows.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the wrench of the present invention shown in
      its normal position, certain portions being broken away to illustrate its
      inner structure.
PAR  FIG. 2 is similar to FIG. 1 but illustrates the wrench after it has been
      driven by squeezing its handles together, further portions being broken
      away to show additional features of its construction.
PAR  FIG. 3 is a detail sectional view taken along the line 3--3 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The wrench consists essentially of an elongated, integral member or body
      10. One end of the body 10 is machined to form a fixed, curved handle 11
      having an abutment 11a at its inner end between the roots of a pair of
      parallel, spaced leaves 12 and 13, radiused at their outer ends 14, formed
      from the remainder of the body 10 and between which are located and
      carried the remaining parts. The first of the latter includes a second
      curved handle 15 which is pivoted at its inner end between the leaves 12
      and 13 on a headed pin 16 therethrough adjacent the inner end of the
      handle 11 and retained by a snap ring. The outer leaf ends 14 are align
      bored through at 17 and receive therebetween a drive ratchet and shank
      assembly consisting of an annular ratchet 18 having integral bosses 19 on
      its opposite faces. The ratchet 18 is inserted between the leaves 12 and
      13 by springing the latter apart so that upon their release the bosses 19
      are journaled in the bores 17 about an axis parallel to that of the pin
      16. The bosses 19 are broached to receive an axially slidable, square
      drive shank 20 having a keyway 21 in one face thereof in which operates
      the inner end of a rollpin 22 radially inserted through the outer
      periphery of the ratchet 18 in order to retain the shank 20. Each end of
      the shank 20 is provided with a suitable bayonnet fitting 23 (only one
      being shown) in order to retain a socket for use with the wrench.
PAR  The ratchet 18 is driven by an elongated, integral thrust rod or bar 30.
      The inner end of the latter is provided with a transverse cylindrical seat
      31 in which is pivotally captured a transverse cylindrical boss 32
      integrally formed on the inner end of the handle 15 about an axis parallel
      to pin 16. That axis is also offset from that of the pin 16 so that
      squeezing the handles 11 and 15 together drives the bar 30 longitudinally
      of the leaves 12 and 13 toward their outer ends 14. The seat 31 and boss
      32 of the handle 15 and the bar 30 are first slidably assembled and then
      the latter two inserted between the leaves 12 and 13 before the pin 16 is
      inserted. When in place and the handle 15 is in its open or normal
      position, the end of the bar 30 adjacent the seat 31 engages the abutment
      11a. The bar 30 tapers towards its outer end which is formed to provide a
      slightly cranked, single drive nose 33 which operatively engages and
      drives the ratchet teeth 18a as the bar 30 moves longitudinally toward the
      leaf ends 14. At the same time, the bar 30 moves laterally toward the
      adjacent outer edges of the leaves 12 and 13 as the nose 33 drives around
      the ratchet 18 in the direction indicated by the arrow in FIG. 2. In order
      to prevent the ratchet 18 from turning in the opposite direction, a detent
      is provided in the form of a pawl 34 which is of parallelepiped shape and
      simply cut from suitable bar stock. Two of the pawl faces 35 and 36, which
      form an acute angle, provide a detent nose 37 engaging the ratchet teeth
      18a. The pawl 34 is pivoted on a second headed pin 38, also retained by a
      snap ring, through the body of the pawl 34 and the leaves 12 and 13
      parallel to the pin 16. In order to ensure that the pawl 34 moves freely,
      the latter includes a bushing 39, rotable about the pin 38, which is
      inserted into the pawl 34 and stands just proud of the pawl faces opposite
      the leaves 12 and 13.
PAR  The thrust bar 30 and pawl 34 are operatively biased by an extensible
      helical spring 40 disposed generally parallel to the bar 30 between the
      latter and the pawl face 36. One end of the spring 40 is hooked through a
      drilling 41 through the bar 30 adjacent its drive nose 33 while its other
      end is hooked into the outer end of a small tube 42, in the form of a
      rollpin, generally parallel to the bar 30 and spring 40 and socketed at
      its other end in the pawl face opposite its face 35. The pawl 34 with the
      bushing 39 and tube 42 are first assembled, and then, after the spring 40
      is hooked to the thrust bar 30 and the tube 42, are inserted between the
      leaves 12 and 13 and the pin 38 driven home. The length of the spring 40
      is such that it is in tension when the wrench is in its normal position
      illustrated in FIG. 1 with the thrust bar engaged with the abutment 11a
      and then even more so as it is further extended when the handles 11 and 15
      are squeezed together as shown in FIG. 2. In both instances, the always
      present tension of the spring 40, owing first to the abutment 11a limiting
      return movement of the thrust bar 30 and thereafter to the increasing
      tension of the spring 40, keeps both the thrust bar 30 and the pawl 34 in
      constant engagement with the ratchet 18 as well as the handle 15 and the
      thrust bar 30 in the normal position shown in FIG. 1. As previously
      pointed out, all this is accomplished without the need of any special
      seats or sleeves for the spring 40 or guideways for the thrust bar 30.
      Since internal friction is unnecessary for the wrench to operate, that can
      be kept low so as to tire the user as little as possible. Assembly of the
      parts, as will be apparent, is a relatively, simple straightforward
      operation. For the same reason, the wrench is also easily repairable.
      Simply by removing the two pins 16 and 38 and springing the two leaves 12
      and 13 apart, all the parts can be extracted for replacement or repair.
      This is an important feature, especially to the professional mechanic.
PAR  Though the present invention has been described in terms of a particular
      embodiment, being the best mode known of carrying out the invention, it is
      not limited to that embodiment alone. Instead, the following claims are to
      be read as encompassing all adaptations and modifications of the invention
      falling within its scope and spirit.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a tool of the type described including an elongated first member
      having opposite first and second end portions, the first end portion
      constituting a fixed handle; a second elongated member constituting a
      movable handle and pivoted adjacent one end to the first member about a
      first axis disposed intermediate the fixed handle and the second end
      portion of the first member for actuation by the hand of a user so that
      the fixed and movable handles can be squeezed from a maximum open position
      toward a close position relative to each other; a drive member disposed
      adjacent the second end portion of the first member for driving rotation
      about a second axis parallel to the first axis, the drive member including
      a drive ratchet about a peripheral surface thereof concentric with the
      second axis; and operating means carried by the first member disposed
      generally between the movable handle and the drive member and operatively
      associated with the movable handle and the drive ratchet for driving
      rotation of the drive member upon said actuation of the handles, the
      improvement wherein the operating means comprises: an elongated rigid
      thrust bar having opposite first and second ends disposed between the
      movable handle and the drive ratchet, the first end of the thrust bar
      being pivotally connected to the movable handle about a third axis
      parallel to the first axis, the second end of the thrust bar constituting
      a drive nose engaging the drive ratchet so that the thrust bar imports
      driving rotation in one direction to the drive member upon said actuation
      of the handles; a pawl pivoted to the first member about a fourth axis
      parallel to the first axis, the pawl being laterally spaced from the
      second end of the thrust bar and engaging the drive ratchet effective to
      prevent rotation thereof in the opposite direction; and a single
      extensible helical spring disposed in tension between the thrust bar and
      the pawl effective through the thrust bar to hold the movable handle in
      said open position and to hold each of the thrust bar drive nose and the
      pawl in engagement with the drive ratchet, squeezing of the handles toward
      their close position extending the spring against its tension.
NUM  2.
PAR  2. The tool of claim 1 wherein the pawl includes an extension thereof
      toward the first end of the thrust bar and laterally spaced therefrom, the
      spring being disposed in tension between the pawl extension and the thrust
      bar with its axis generally parallel to the latter, one end of the spring
      being secured to the outer end of the pawl extension and the other end to
      the thrust bar adjacent its drive nose.
NUM  3.
PAR  3. The tool of claim 2 wherein the pawl comprises a block of generally
      parallelepiped shape having a pair of its faces forming an acute angle and
      constituting a detent nose engaging the drive ratchet as aforesaid, the
      pawl extension comprising a length of tube anchored at one end in the
      block, its other end being open and receiving one end of the spring while
      the other end of the spring is received in a drilling in an adjacent face
      of the thrust bar in order to secure both spring ends as aforesaid.
NUM  4.
PAR  4. The tool of claim 2 wherein said connection between the first end of the
      thrust bar and the movable handle comprises a captive joint providing the
      third axis and integrally respectively formed in the thrust bar and the
      movable handle, the joint being laterally operatively offset from the
      first axis.
NUM  5.
PAR  5. The tool of claim 4 including an abutment integrally formed in the first
      member, the first end of the thrust bar engaging the abutment when the
      handles are in said open position and thereby retaining the spring in
      tension.
NUM  6.
PAR  6. The tool of claim 5 wherein the first member comprises the fixed handle
      and a pair of parallel spaced leaf members integrally formed therewith,
      the movable handle, drive member, thrust bar, pawl and spring being
      disposed between the leaf members, and said abutment being formed at the
      inner end of the fixed handle between the roots of the leaf members.
NUM  7.
PAR  7. The tool of claim 6 wherein the drive member includes a pair of bosses
      integrally formed therewith and disposed at its opposite axial ends
      concentric with and providing the second axis, the bosses being journaled
      in the leaf members to provide for said rotation of the drive member, the
      leaf members being springable apart for insertion and removal of the drive
      member.
NUM  8.
PAR  8. The tool of claim 7 wherein the movable handle and the pawl are pivoted
      about removable pins through the leaf members providing the first and
      fourth axes.
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ABST
PAL  A machine for cutting fiberglass board of the type having an impermeable
      barrier, such as foil, on one face thereof. As a board of fiberglass moves
      through the machine, the leading edge of the foil is bent down from it
      normal plane of travel so that a knife edge which is below this plane of
      travel will be inserted between the foil and remainder of the board.
PAL  The board is then maintained in its normal plane of travel and the knife
      edge being below the board forces the barrier to shear away from the board
      as the board passes through the machine. The knife edge cleans the
      loosened foil to remove most of the insulation material that might remain
      adhered thereto.
BSUM
PAR  This invention relates to insulation board cutting machines and more
      particularly to machines for cutting board of the type which has an
      impermeable barrier such as foil on one face thereof.
PAR  Insulation board made of matted fiberglass held together with a suitable
      binder and having a barrier on one face thereof such as of aluminum foil,
      is normally shipped from the point of manufacture to other points about
      the country for processing. During shipment and handling, it frequently
      ocurrs that the edges of the board are bent or damaged. In the past, it
      has been necessary when utilizing board cutting machines, to scrap the
      portion of a board damaged because the foil has tended to hang on the
      cutting knife and ball up against the knife instead of passing under the
      knife during the process of cutting the insulation material free from the
      foil. Board cutting machines such as that disclosed in Barr U.S. Pat. No.
      3,605,534, which is incorporated herein by reference, operates in a manner
      to move the foil between a knife edge and a support roller. Where the
      board has been bent at an edge and the foil is not smooth, the foil will
      tend to roll up in front of the knife and thus, such boards cannot be
      utilized fully and the damaged section has frequently been removed and
      scrapped.
PAR  It is an object of this invention to provide a board cutting machine and
      method which is capable of removing strips of insulating material from an
      insulating board without damage to the impermerable barrier on the face
      thereof, even though the ends or edges of the board may have been damaged
      prior to being run through the machine.
PAR  In complex cuts such as some of those shown in the Barr Patent, it is
      customary to use a pair of blades, one positioned behind the other. With
      the front blade immediately above a support roller, a cut can be made very
      close to the foils. However, the second blade has been spaced behind the
      roller and it has been found that this cut is not as close as that made by
      the front blade. It results that in some type of cuts the matted
      fiberglass is not entirely cleaned off of the foil and a thin layer may be
      left.
PAR  It is an object of this invention to provide a cutting machine and method
      in which blades may be arranged in tandem with one of the blades cutting
      above the support roller as in Barr, or both of the blades cutting between
      a pair of supports such as rollers in which substantially all of the
      matted fiberglass is cut free from the facing.
PAR  Another object is to provide a method of removing a strip of insulating
      material from an insulating board in which the barrier is bent so that it
      will go under the knife and thereafter the knife acts to shear the foil
      from the fiberglass which is held in its original unbent condition.
PAR  Other objects, features and advantages of this invention will be apparent
      from the drawings, specification and the claims.
DRWD
PAR  In the drawings wherein like numerals represent like parts and wherein an
      illustrative embodiment of this invention is shown:
PAR  FIG. 1 is a schematic view of a machine constructed in accordance with this
      invention;
PAR  FIG. 2 is a fragmentary view on an enlarged scale from the opposite side of
      the knife holder as viewed in FIG. 1 showing the front edge of the board
      being cut to be bent downwardly so that the foil will extend beneath the
      knife;
PAR  FIG. 3 is a fragmentary view similar to FIG. 1 on an enlarged scale
      illustrating the manner in which the barrier, such as foil, is removed
      from the strip of matted fiberglass thereabove;
PAR  FIG. 4 is a fragmentary front view of the knife carrier and knife
      illustrating the manner in which sleds on the bottom of the knife carrier
      hold the board down against the support means such as the rollers
      illustrated.
DETD
PAR  Reference is made to the above identified Barr Patent for a complete
      disclosure of a board cutting machine and the type of cuts which are made
      thereby. This invention is in the nature of an improvement in the Barr
      Patent and only so much of the machine as has been modified are shown in
      the drawings.
PAR  Four rollers 10, 11, 12 and 13 act as drive rollers to receive a board of
      insulating material therebetween and drive the board through the machine
      from left to right as viewed in FIG. 1. The board is slightly pinched
      between rollers 10 and 11 and between 12 and 13, to provide a good
      purchase of these rollers against the board.
PAR  A supporting means is provided to support the board while it is being cut.
      Preferably, this means is provided by a pair of support rollers 14 and 15
      which are arranged between the two pair of drive rollers and are spaced
      slightly from each other. Suitable guards such as guard 16 may be provided
      over the rollers to protect personnel. Also, a platform 17 may be provided
      at the front or feed end of the machine to support the board and guide it
      into the space between the feed rollers 10 and 11 as it is started into
      the machine.
PAR  As will be apparent from the Barr patent, a plurality of cutting means are
      provided for cutting each board and as these are ajustable for cuts at
      different lengths from the base end of the board, the cutting means is
      mounted on a structure which will permit it to be moved across the
      machine. In the illustrative embodiment, a pair of box beams 18 and 19
      extend across the machine between the top drive rollers 10 and 12 and
      provide a means for positioning the cutter blades at selective points
      across the board being cut. The manner of connecting the blade support
      indicated generally at 21 to the two box beams 18 and 19 as well as the
      particular configuration or construction of the blade support means 21
      form no part of this invention and their details are now shown. It
      suffices to say that the blade support 21 may be of any configuration and
      is held in a selected position between the box beams 18 and 19 by any
      desired clamping structure.
PAR  While the preferred form of machine positions the blade support and blade
      above the support rollers 15, it will be appreciated that the machine
      could be oriented in any desired manner. In any event, the blade carrier
      is positioned on the opposite side from the work support means such as
      rollers 14 and 15 from a plane which represents the work surface. Such a
      plane would be tangent to both rollers 14 and 15 and in the form of
      machine illustrated would be tangent to the crest of support rollers 14
      and 15.
PAR  It is preferred that some means be provided for snuglly holding the board
      being processed against the support rollers 14 and 15, in the vacinity of
      the cut. For this purpose, the blade support means 21 may be provided with
      a pair of spaced sleds 22 and 23 against which the board bears as it moves
      through the machine. It will be noted from FIG. 4 that the blade means
      indicated generally at 24 is positioned between the two sleds 22 and 23
      and, thus, the board is supported against the rollers on both sides of the
      blade means.
PAR  The blade means 24 which is supported from the blade support means 21 may
      take any desired configuration. As shown in the Barr patent, different
      configurations are utilized to make different cuts and sometimes two
      blades are utilized to make the desired cut.
PAR  In the blade illustrated in FIG. 4, an upstanding flange 25 is provided
      which may be secured to the sled 23 in any desired manner, such as by
      bolts. The upper horizontal run 26 of this blade is non-cutting and it
      will be noted that it is above the board being cut and functions as a
      support for the remainder of the blade.
PAR  For cutting purposes, the blade means has a first cutting edge 27 which
      extends downwardly from blade section 26 past said tangential plane and
      into the space between the support means provided by rollers 14 and 15.
      Thus, this first cutting edge extends from above the board being cut
      downwardly to a point below the board as it passes over support rollers 14
      and 15 and cuts through the entire section of insulating material, which
      is normally matted fiberglass with a suitable binder. As will be explained
      hereinbelow, this blade does not cut through the foil or other impervious
      membrane 28 which is adhered to the fiberglass material of the remainder
      of the board.
PAR  As best shown in FIG. 2, the first cutting edge 27 has a negative rake.
      That is, it extends at an acute angle to the tangential plane across the
      pair of support rollers on the feed side of the machine which in FIG. 2 is
      the right side of the drawing. As the front edge of the insulating board
      engages the first cutting edge 27, the negative angle of the blade results
      in a component of force acting downwardly on the insulating board. Some
      insulating boards have their leading edges compressed as shown in the
      drawings and others do not. In either case, it will be found that the
      blade 27 will result in a downward component of force on the leading edge
      of the board which will bend it downwardly. The blade height will be
      adjusted such that the lower extremity of blade 27, while below said
      tangential plane will be above the leading edge of foil 28 when the
      leading edge of the insulating board reaches the extreme lower end of the
      first cutting edge 27. The blade edge 27, while sharp enough to cut the
      fiberglass, is not sharp enough to cut the foil under the forces involved
      and even if the board is not bent down to the lower end of blade edge 27,
      the foil will ride down the blade edge and be separated from the remainder
      of the board so that it may pass below the knife means. This is
      particularly true when the edge of a board has been damaged.
PAR  The blade means has a second cutting edge 29 which extends in a plane
      substantially parallel to said tangential plane and, as viewed in the
      drawings, the blade 29 extends horizontally. This second cutting edge 29
      is positioned below a plane tangential to the crest of rollers 14 and 15.
      If the blade has a substantial length cutting edge, it should also have a
      negative rake. That is, it should extend rearwardly of the machine from
      its juncture with the first cutting edge 27 toward its free end 29A. This
      configuration will permit the foil to easily slip below the blade as the
      insulating board moves forward and engages progressive segments of the
      second cutting edge 29. Of course, if the horizontal extent of this blade
      is small, the foil will be below the blade as shown in FIG. 2 and the
      negative rake angle would not be needed. It is also, of course, apparent
      that if other means than the negative rake angle of the first cutting edge
      27 were utilized to temporarily bend the board downwardly at the beginning
      of the cut across the width of the knife, then no negative rake angle
      would be needed on any section of the blade.
PAR  FIG. 3 illustrates the action of the second cutting edge 29 of the blade in
      shearing the foil 28 free from the remainder of the insulating board. As
      illustrated, the board is held between the support rollers 14 and 15 and
      the sleds 22 and 23 as it passes through the machine. The support is such
      that the insulating material is not bent downwardly by the negative rake
      angle of the first blade section 27 and the second blade section 29 is
      thus positioned below the matted fiberglass portion of the insulating
      board. As the foil barrier 28 moves below the blade, there results a
      shearing action in which the foil is sheared from the remainder of the
      board as illustrated in FIG. 3.
PAR  Substantially all of the glass material which might remain adhered to the
      foil section 28 is scraped therefrom by the cutting edge of the second
      section 29 of the cutting blade.
PAR  In known prior forms of board cutting machines, such as the Barr Patent,
      the blade has acted to cut through the fiberglass immediately adjacent to
      the foil when it was desired to leave a clean piece of foil. So far as is
      known, this is the first instance in which a foil is literally peeled from
      the insulating board instead of being cut as in prior known machines.
PAR  In practicing the method of this invention, the insulating board to be cut
      is placed on the support table 17 and introduced between rollers 10 and
      11. The rollers are then activated to drive the insulating board through
      the machine. The board moves along a plane tangential to the crest of
      rollers 14 and 15 until it meets the negative rake of the first blade
      section 27. This blade section not only cuts the insulating material, but
      also acts as a means to bend the foil down and also, in many instances,
      bends the leading edge of the board downwardly, as viewed in the drawings,
      until the impermeable barrier is below the blade as shown in FIG. 2. As
      noted above, these means might be utilized to temporarily bend the leading
      edge of the board downwardly until the foil 28 is below the blade. As the
      insulating board moves on through the machine, it returns to its unbent
      condition and the second support rollers 15 insures that the board
      continues across the machine in the proper plane. Thus, while the
      beginning cut at the end of the board is more in the nature of cutting as
      in the past, as soon as the insulation board is forced to return to its
      unbent condition, as shown in FIG. 3, the remaining action of the second
      blade section 29 is a stripping one in which the foil is peeled from the
      insulating board.
PAR  It will be appreciated that while the cutting edges of the blade means have
      been sharpened, they are not sharpened to a fine edge so that the blade
      edge 27 is capable of bending the insulation board down, and if the foil
      28 happens to engage blade section 27, the foil will ride downwardly on
      the blade and be stripped from the fiberglass material. In other words,
      the blade 27 is not sharp enough to cut through the foil in the event the
      foil engages the blade if the blade is properly set. Also, the cutting
      edge section 29 is not sharp enough so that it will cut through the
      barrier 28 as it passes below the blade, but will act in a shoveling
      manner to scrape therefrom any insulating material remaining adhered to
      the foil.
PAR  The blade should preferably be provided with an adjustable mounting on the
      blade carrier (not shown). This will permit the machine to be used with
      insulating board of different densities and different compositions. While
      the blade cutting edge 29 will always be below a plane passing through the
      crest of the support rollers 14 and 15, the height of the blade section 29
      will need be adjusted vertically to accommodate boards manufactured by
      different companies.
PAR  In processing some boards, it may be found that there is slight, if any,
      downward bending of the fiberglass material due to the negative rake of
      the blade section 27. In such event, the foil 28 will be forced downwardly
      by the blade edge 27 so that it passes below the second blade edge 29. In
      this case, there would be no initial cutting action and the entire action
      of removing the foil from the insulating board would be a shearing action
      in which the foil is forced below the blade and stripped from the
      remainder of the insulating board.
PAR  The blade disclosed in the instant application is the blade utilized as a
      part of the system to remove the insulating material from an end edge of
      the board and provide a "stapling flap". In the illustration, the stapling
      flap cut is made at a side edge of the insulating board. If such cut is to
      be made other than at the extreme side edge of the board, then a second
      blade (not shown) would be utilized to follow the blade 24 and cut off the
      side edge of the entire insulation, including the impermeable barrier 28.
PAR  The foregoing disclosure and discription of the invention is illustrative
      and explanatory thereof and various changes in the size, shape, material
      and method, as well as in the details of the illustrated construction may
      be made within the scope of the appended claims without department from
      the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An insulating board cutting machine comprising,
PA1  means for driving a board through the machine,
PA1  spaced board guide means guiding a board to be cut along a plane touching
      each guide means,
PA1  blade support means on the side of said plane opposite the board guide
      means,
PA1  and blade means carried by said blade support means,
PA1  said blade means having a first cutting edge extending from the blade
      support means past said plane and into the space between said board guide
      means,
PA1  said first cutting edge extending at an acute angle to said plane on the
      feed side of the machine,
PA1  said blade means having a second cutting edge extending from the end of
      said first cutting edge in a plane substantially parallel to said first
      mentioned plane.
NUM  2.
PAR  2. The machine of claim 1 wherein means are provided for holding a board
      being cut against said board support means.
NUM  3.
PAR  3. The machine of claim 1 wherein the blade support means holds a board
      being cut against said board cutting means.
NUM  4.
PAR  4. An insulating board cutting machine comprising,
PA1  means for driving a board through the machine,
PA1  a pair of spaced rollers guiding a board to be cut along a plane tangent to
      both rollers,
PA1  blade support means on the side of said plane opposite said rollers,
PA1  blade means carried by said support means,
PA1  said blade means having a first cutting edge extending from the support
      means past said plane and into the space between said rollers,
PA1  said first cutting edge extending at an acute angle to said plane on the
      feed side of the machine,
PA1  said blade means having a second cutting edge extending from the end of
      said first cutting edge in a plane substantially parallel to said
      tangential plane.
NUM  5.
PAR  5. The machine of claim 4 wherein means are provided for holding a board
      being cut against said rollers.
NUM  6.
PAR  6. The machine of claim 4 wherein the blade support means holds a board
      being cut against said rollers.
PATN
WKU  039410196
SRC  5
APN  3588149
APT  1
ART  324
APD  19730509
TTL  Method and apparatus for cutting lumber and the like
ISD  19760302
NCL  22
ECL  1
EXP  Schran; Donald R.
NDR  5
NFG  10
INVT
NAM  Baldwin; Ralph B.
CTY  East Grand Rapids
STA  MI
INVT
NAM  Visser; James T.
CTY  Grand Rapids
STA  MI
ASSG
NAM  Oliver Machinery Company
CTY  Grand Rapids
STA  MI
COD  02
CLAS
OCL   83 71
XCL   83268
XCL   83468
XCL  144312
EDF  2
ICL  B26D  502
FSC   83
FSS  268;71;468
FSC  144
FSS  312
UREF
PNO  3186453
ISD  19650600
NAM  Green
OCL   83250
UREF
PNO  3329181
ISD  19670700
NAM  Buss et al.
OCL   83 34
UREF
PNO  3459246
ISD  19690800
NAM  Ottosson
OCL  144312R
UREF
PNO  3736968
ISD  19730600
NAM  Mason
OCL  144312R
UREF
PNO  3811353
ISD  19740500
NAM  Miles
OCL   83 71
LREP
FRM  Price, Heneveld, Huizenga & Cooper
ABST
PAL  An in-feed conveyor brings individual pieces of lumber to an examining
      area, where a carriage is movably mounted relative to the conveyor for
      movement along the piece of stock. A control on the carriage is triggered
      whenever the carriage is positioned in predetermined alignment with
      defects in the stock, including undesirable end portions as well as
      structural or quality defects intermediate the ends of the piece.
      Triggering such control sends an input to a computer, which controls the
      cutting of the stock by a saw located downstream from the examining
      station, by which the defects are cut out of the piece of stock. The
      computer completely controls the incremental movement of the piece of
      stock at the saw, automatically stopping the stock and causing the same to
      be cut, not only to remove defects, but also to produce an optimum yield
      of different pieces cut from the good stock between the defects. Such
      optimum yield is computed by the computer based on the stock defect
      information fed to the computer during examination of each piece of stock,
      as well as on the contents of a manifest or list of desired pieces entered
      into the computer as a preliminary step, and as a function of
      predetermined priorities, as for example the longest obtainable pieces.
      The computer has a variable waste allowability parameter, so that
      selection of different amounts of tolerable or allowable waste in cutting
      the stock can correspondingly vary the nature of the optimum yield
      computed by the computer. A clamping and feeding apparatus very securely
      holds the stock in position with respect to the saw, both during the
      actual cutting and also during the advancement of the stock with respect
      to the saw, so that the stock cannot inadvertantly move during either such
      operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to mechanized, or automated, stock-handling and
      cutting apparatus, particularly for cutting lumber to remove defects and
      to produce pieces of particular dimensions in accordance with a manifest.
      More particularly, the invention relates to a complete examination,
      transporting and cutting system in which a computer is fed data from an
      examination station relative to the location of defects along the length
      of a piece of lumber, and the computer then controls the complete sequence
      of advancing the lumber to a crosscut saw, stopping the stock for cutting
      at different places to ultimately produce the optimum yield and to remove
      the defects from each particular piece of stock, controlling the operation
      of the saw as well as that of a conveyor means which advances the stock
      relative to the saw.
PAR  The concept of automatic, machine-operated "defecting", or defect-removal,
      together with really precise and accurate optimum yield computation and
      cutting is one which has long been needed and in a general way long sought
      after in the lumbering and lumber-handling industries, as an indistinct
      ultimate goal. In partial satisfaction of such a goal, a number of devices
      have been proposed heretofore which were at least useful advances. For
      example, there have been systems proposed in which the stock was
      transported more or less automatically, by use of conveyors and the like,
      to an examining station and to a cutting station, where different
      individuals specialized in different tasks and were thus more efficient,
      one examining and marking the lumber where cutting was to take place, and
      the other sawing at the indicated marks. Subsequently, more inventive
      systems were advanced as for example systems in which the lumber is marked
      with machine-readable indicia at an examining station, and then
      transported through an automated sawing station which responds to such
      indicia automatically, sawing wherever each such indicia appears. A good
      example of a very effective type of such apparatus is disclosed in U.S.
      Pat. No. 3,780,777 assigned to Oliver Machinery Co. assignee herein.
PAR  Another type of system which has been proposed is illustrated in U.S. Pat.
      No. 3,329,181, in which the lumber itself is not actually marked, but
      instead, the "marking" or examining apparatus sends signals to a computer
      concerning the defects in a piece of stock, and the computer then
      indicates to a human sawer where cuts should be made. In this apparatus,
      however, all stock handling is done manually during the cutting operation,
      as is the actual operation of the saw.
PAC  SUMMARY OF THE INVENTION
PAR  From the foregoing background, it will readily be seen that there has
      indeed been a long-felt need in the art for a more complete and more
      automatic, as well as more accurate, apparatus for defecting lumber and
      for dividing the latter into optimum sizes on a more accurate and
      consistent, and more dependable basis, i.e., a system in which the lumber
      or stock is not subject to significant amounts of human handling, in which
      the lumber is machine-controlled the majority of the time and, very
      importantly, in which a relatively large number of different lengths of
      desired pieces can accurately be produced on an optimum yield basis,
      accurately and dependably, according to actual computations for each
      different piece of stock supplied, having its own particular set of
      defects. The present invention provides, as a major object, automated such
      apparatus which satisfies the requirements just stated, and provides the
      concomitant advantages.
PAR  Among the more particular objects and advantages of the invention are: to
      provide apparatus of the type just noted, and in which control of the
      stock after examination for defects and the like is completely automated
      and, furthermore, is very accurately controlled, for accurate cutting.
      Furthermore, in accordance with the invention, even the cutting is
      automatically performed.
PAR  A further object of great importance to the invention, is the use of a
      computer to determine the points where cutting should occur to produce an
      optimum yield of pieces in accordance with a desired manifest or listing,
      and furthermore, the computing of optimum yield by use of a variable
      selective "bias" or tolerance for otherwise good stock which is wasted in
      cutting the stock to produce the optimum yield.
PAR  Numerous other objects and advantages of the invention will become apparent
      upon consideration of the following specification and the drawings, a
      brief description of which is as follows:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified fragmentary, overall front elevation of apparatus
      embodying the invention, shown on a reduced scale;
PAR  FIG. 2 is an enlarged sectional end elevation, taken through the plane
      II--II of FIG. 1;
PAR  FIG. 3 is a fragmentary perspective view showing details of part of the
      lumber-handling apparatus;
PAR  FIG. 3a is a further enlarged, fragmentary, perspective view showing part
      of the apparatus of FIG. 3;
PAR  FIG. 4 is a fragmentary frontal perspective view showing portions of the
      stock-advancing apparatus at the cutting station;
PAR  FIG. 4a is a fragmentary, perspective view, showing a stock
      presence-detecting gate used at the cutting station;
PAR  FIG. 5 is a fragmentary overhead plan view further illustrating parts of
      the apparatus as shown in FIG. 4;
PAR  FIG. 6 is a fragmentary, side elevational view showing parts of the
      structure seen in FIGS. 4 and 5, taken along the plane VI-VI of the
      latter;
PAR  FIG. 6a is a fragmentary, enlarged elevational view, in central section,
      showing a part of the upper stockengaging and driving roller means; and
PAR  FIG. 7 is a fragmentary sectional elevation taken through the plane
      VII--VII of FIG. 5, showing details of certain of the stock-handling
      apparatus at the cutting station.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now in more detail to the drawings, FIG. 1 illustrates in a
      somewhat generalized pictorial manner, the overall nature of the apparatus
      and its different major parts. These include, basically, an examining
      station 10 which includes an intermittently-operated conveyor device 12
      and a movable carriage 14 mounted upon the conveyor (in a manner explained
      more fully hereinafter), and movable lengthwise along the same; also, the
      apparatus includes a stock-advancing in-feed conveyor 16 in longitudinal
      alignment with conveyor 12 but driven separately therefrom, as well as a
      cutting station 18 having a cabinetenclosed saw 20 as well as an array of
      roller means 22, to be described in more detail hereinafter, for forceably
      engaging, clamping and advancing stock incrementally past the cutting
      station. Further, the apparatus includes an outfeed conveyor 24 and, very
      importantly, an equipment cabinet or console 26 housing a digital computer
      illustrated pictorially at 28, which controls practically all phases of
      operation of the apparatus, as will be explained, and to which is
      connected the different parts of the apparatus, including for example, the
      conveyor 12 (by its independent drive 12a), the movable carriage 14 (as by
      a flexible cable harness 14a), the independent drive 16a for conveyor 16
      and, conjointly, roller means 22, the saw 20, etc. Computer 28 may
      advantageously be of the type manufactured and sold by Digital Equipment
      Co. and identified as model or series "pdp 8" or by General Automation,
      Inc. and identified as model "SPC-16", such commercially-available
      computers being entirely capable of the different routines necessary for
      complete and satisfactory operation of the system as disclosed herein. The
      computer 28 has a data input terminal, preferably a teletype unit 30,
      which is preferably made visible from outside cabinet 26 through a window
      32 therein. As will be recognized, such an input terminal is advantageous
      not only for providing a familiar typewriter-type keyboard input for
      entering data and commands into the computer, but also for providing a
      physical printout which may be utilized, for example, to list at any time
      the progress which the apparatus has then made toward fulfilling a desired
      manifest of pieces to be cut. As a final matter, the apparatus of FIG. 1
      embodies a barrier means or gate 30 and a physically similar but
      operationally different gate or stock-sensor 38.
PAR  The conveyor 12 located at the examining station 10 may be practically any
      desired type of lumber transport, but is very effectively implemented by
      means of a belt-type conveyor as illustrated in more detail in FIG. 2,
      wherein the endless belt member for such conveyor is designated by the
      numeral 40, the same preferably being of a known type having a thread or
      fabric core which is impregnated with and covered by a rubbery coating,
      preferably one with relatively high frictional characteristics, to prevent
      sliding of the stock thereon. The conveyor mechanism itself is of a
      conventional nature, having upright side plates 41, 42, which define the
      "bed" of the conveyor. Rollers 44 extend between the side plates and
      support the belt 40, the return portion 40a of which is supported on top
      of secondary rollers 46, or the like. Belt 40 is driven, as stated above,
      by an independent drive 12a (seen in FIG. 1) of a conventional nature,
      including and electric motor, an electrically-actuatable magnetic or like
      clutch, and a gear head, which is coupled as by a chain drive to a
      belt-engaging-and-driving end roller 13.
PAR  As indicated above, the movable carriage 14 is freely movable along
      conveyor 12 and a preferred mounting for this is shown in FIG. 2.
      Basically, the upright side plates 41 and 42, which are themselves
      supported upon upright legs as illustrated in FIG. 1, each have
      inwardly-directed supports, 41a, 42a, respectively, upon which are fixedly
      secured an elongate rigid, cylindrical mounting and guide bar, 41b, 42b,
      respectively. The latter two elements support and guide the movable
      carriage 14, which is mounted thereon by mounting blocks or bosses 48
      having cylindrical recesses therein, with "ball bushings" 50 disposed
      therebetween for providing effortless and essentially friction-free
      movement of the carriage along the conveyor bed.
PAR  The position of the carriage 14 relative to the conveyor 12 is readout by a
      rotary pulse generator 52 having output leads 53 which are ultimately
      connected back to computer 28, as by harness 14a. Pulse generator 52 is
      mounted by a suitable bracket upon the bottom portion of carriage 14 (FIG.
      2) and has a sprocket 54 mounted on its input shaft. Sprocket 54 engages
      the links of a roller chain 56 which is fixedly mounted along an elongated
      right-angle bracket 58 secured to the lower extremity of side plate 42.
      Thus, as carriage 14 is moved along the conveyor bed, sprocket 54 is
      turned by engaging successive links in roller chain 56. As a result, the
      pulse generator 52 produces a continuing series of pulses which, by simple
      addition or subtraction, will always accurately determine the position of
      the carriage with respect to a predetermined point of origin.
PAR  The movable carriage 14 also includes a pair of oppositely-disposed flood
      lamps, or like light sources 60, 61, which shine through narrow mutually
      aligned slits 62 in each side of the carriage to cast a narrow plane of
      light which transversely intersects the bed of conveyor 12 and falls as a
      narrow line across the belt 40 thereof, or across a piece of lumber
      resting thereon, for example in the position illustrated in phantom at 64.
      Further, the carriage 14 includes a series (for example, four) of
      actuatable push buttons or like switches 66, 67 whose function will be
      explained hereinafter, and which are, like the rotary pulse generator 52,
      coupled back to computer 28 as by wiring harness 14a, through which
      operating power is also preferably provided for lamps 60, 61, etc.
PAR  It may also be observed that the conveyor 12, in the area of the examining
      station 10, has a series of spaced upright stock supports 68 extending
      upwardly from, and attached to, the top of conveyor side plate 42. These
      upright supports are provided for the purpose of supporting a piece of
      stock in the position of that shown at 65, (FIG. 2) used to examine the
      rear surface of the piece of stock which would otherwise rest atop
      conveyor belt 40 and thus escape examination. It is particularly for this
      function that two oppositely-disposed light sources are used, since in
      this manner the thin strip of light provided thereby will fall on each of
      the opposite sides of the stock as well as across the top surface thereof.
      The operator at the examining station will be on the side of the carriage
      having the controls 66, 67, and thus would normally be unable to see the
      opposite side of the piece of stock 65, illuminated by lamp 61. For this
      purpose, a mirror 70 is provided, mounted on the carriage across from the
      position of the operator.
PAR  The barrier means or gate 34 mentioned previously is seen in more detail in
      FIGS. 3 and 3a. As there shown, the gate includes a flat plate-like
      portion 72 which is suspended from a pivotal support rod 74 supported in
      upright mounting blocks 76 attached to the side plates 41 and 42 of
      conveyor 12. One end of pivot rod 74 projects through one of the mounting
      blocks 76, and a counterweight arm 78 is securely fixed thereto, in a
      manner normally holding the plate portion 72 rotated at least somewhat
      from a vertical position, i.e., swung upstream with respect to movement of
      the belt 40. An upstream-facing rear edge 79 of counterweight arm 78
      provides a cam along whose surface moves a roller wheel 80 mounted on the
      upper end of a pivotal switch arm 82, the movement of which opens and
      closes the contacts (not shown) of an electrical switch unit 84.
      Ultimately, the switch 84 controls the drive 12a for conveyor 12, such
      that when the barrier plate 72 is moved to a vertical position, the drive
      12a is interrupted, such as by actuating a magnetic or clutch 12b (FIG. 3)
      which responds to electrical control signals. In other positions of the
      barrier, switch 84 allows for operation of conveyor 12, i.e., motion of
      belt 40.
PAR  The downstream-facing side of the counterweight arm 78 comes into direct
      abutting contact with the end of the piston or plunger 86 of compressed
      air or like power cylinder 88 at such time as the barrier plate 72 is
      moved into a vertical position, to act as a physical stop which prohibits
      further movement of the plate under such conditions. Power cylinder 88 is
      of the type which normally holds a fixed position or "throw" of its piston
      until actuated, whereupon the piston is immediately drawn into the housing
      of the cylinder. Thus, it may be seen that with conveyor 12 operating and
      its belt 40 moving in the normal manner, a piece of lumber or other stock
      placed upon the belt will be moved downstream thereby until the downstream
      end of the piece of stock comes into contact with the barrier plate 72,
      whereupon the latter will be pushed by the stock into a truly vertical
      position. At this time, the counterweight arm 78 will come into contact
      with the plunger 86 of the power cylinder, and this will prevent any
      further movement of the barrier plate. At the same instant, however, the
      roller 80 and switch arm 82 will have moved a sufficient extent to actuate
      switch 84, thereby interrupting the drive for conveyor belt 40, as by
      actuating clutch 12b. Consequently, the piece of stock will be in a rest
      position, with its downstream end tightly against the barrier plate 72,
      and the latter in a true vertical position.
PAR  Subsequently, the cylinder 88 may be actuated by remote signal to sharply
      retract its plunger 86, and the same control signal for such operation may
      be used to actuate clutch 12b, to commence movement of conveyor belt 40.
      Under such conditions, the conveyor will immediately commence operation,
      the piece of stock will push the lower end of barrier plate 72
      sufficiently downstream to allow movement of the piece of stock beneath
      the barrier plate (the conveyor force overcoming the counterweight) until
      the upstream end of that piece of stock has cleared the barrier, whereupon
      the counterweight will swing the barrier back to the upstream-inclined
      position shown in FIGS. 3 and 3a. In this position, a stop element 90
      (FIG. 3a) attached to the inner side of counterweight arm 78 will come
      into abutment with mounting block 76, thereby limiting the extent of
      allowable upstream-swinging motion of the barrier plate at this position.
      At the same time, such movement of the counterweight arm will bring roller
      80 and switch arm 82 into a position triggering switch 84, the output of
      which can be used to normalize the conveyor drive and, at the same time,
      to reactuate cylinder 88, such that the latter extends its piston 86 back
      to the position shown in these figures, blocking the barrier plate from
      being swung downstream past a vertical orientation.
PAR  As noted previously in connection with FIGS. 1 and 3, pieces of lumber
      leaving the examining station and conveyed onwardly by the operation of
      conveyor 12 pass onto the stock-advancing in-feed conveyor 16, which is
      also preferably a belt conveyor and which has its own separate drive means
      16a. At the downstream end of conveyor 16 is the stock position-detecting
      gate 36 mentioned previously, as well as the
      stock-advancing-and-controlling roller drive means 22 noted previously, as
      well as the power saw installation 20.
PAR  The stock position-detecting gate or barrier means 36 is shown in detail in
      FIG. 4a, and in a number of ways is structurally similar to the barrier
      means 34 discussed above. That is, this gate also includes a
      downwardly-depending plate portion 92 which is attached to a pivotally
      mounted rod or axle 94 so as to hang just above the surface of the belt 96
      of conveyor member 16. The pivotal rod or axle 94 is journaled in
      upstanding support elements 98 which are themselves bolted to the
      upstanding sides 141, 142, which correspond to and which are in alignment
      with side plates 41 and 42 of conveyor 12, mentioned above. One end of
      pivot rod 94 projects through its bracket 98, and carries a
      switch-operating cam 100, as well as an eccentric counter-weight 102,
      which is preferably set in a position to balance plate 92 away from a
      vertical position and angled at least somewhat in the upstream direction
      of conveyor 16. An electrical switch 104 mounted on side plate 142 has a
      projecting contact-actuating plunger 106 which carries a freely rotatable
      cam-follower wheel in its outer end, such wheel following the contour of
      cam 100 to make and break the contacts of switch 104. More particularly,
      switch actuation preferably occurs at the point when plate 92 is in a
      vertical position, being pushed there against the opposing force from
      counterweight 102 by each successive piece of stock traveling downstream
      on conveyor 16. In this manner, switch actuation will occur when the end
      of each succeeding piece of stock is at essentially the same point, i.e.,
      in the vertical plane beneath pivot rod 94. This will be true regardless
      of the height (or thickness) of any given piece of stock, which otherwise
      would introduce errors by triggering the switch at different points for
      the same amount of travel past the vertical plane of rod 94, inasmuch as
      the thickness of the stock would then vary the radial distance from rod 94
      at which the rotating force is applied to plate 92.
PAR  The actuation of switch 104, just described, provides a precise reference
      signal to the computer, signaling the instantaneous presence at a known
      reference point of the leading edge of each newly-arriving piece of stock
      as the same enters the area of the cutting station. As indicated above,
      the barrier means 36 is positioned directly upstream from the roller means
      22, which with other apparatus now to be described carefully and precisely
      controls the incremental movement of the stock past the cutting station.
PAR  More particularly, the stock-advancing means at the cutting station is
      shown in detail in FIGS. 4, 5 and 6, to which reference is now made. At
      the cutting station, the conveyor 16 terminates in front of the saw
      installation 20, with belt 96 passing around a typical end roller 97
      (FIGS. 1 and 7), journaled in bearing blocks 108 (FIG. 4) mounted in
      mutual alignment on both side plates 141 and 142, with belt 96 then
      returning back upstream, to the beginning of conveyor 16, immediately
      downstream from barrier means 34 (see FIGS. 1 and 3). At the downstream
      end of belt 96, stock passes over a support shelf or anvil 110 (FIGS. 4
      and 7), is contacted and pushed onward by a roller 112 mounted in bearing
      blocks 114, crosses a cutting plate 116 having a central slot 118 which is
      in registry with corresponding slots 118a in side plates 141 and 142, and
      thence crosses and is pushed onwardly by another roller 120 which is
      journaled in bearing blocks 122. From this point, the stock passes over
      another support shelf or anvil 124 and onto the curving upstream extremity
      of a conveyor belt 126, which forms the operative member of outfeed
      conveyor 24, mentioned above. Conveyor 126 passes over an end roller 127
      (FIG. 7) at this point, which is journaled in bearing blocks 128 (FIG. 4).
PAR  Movement of the stock in the above-described manner is not accomplished
      solely by the conveyor belts and rollers thus far named; on the contrary,
      another cooperating drive means is provided by the roller means 22, which
      is symetrically, oppositely disposed relative to, and spaced from, the
      conveyor belts and other stock-driving elements described above (i.e.,
      disposed to act on the stock in a balanced oppositely-reacting manner with
      respect to conveyor 16 and rollers 112 and 120). That is, the roller means
      22 includes three driven, position-shiftable, and stock-engaging rollers
      130, 132 and 134 (FIGS. 4, 5 and 6), all of which serve to forceably drive
      the stock in concert with conveyor belt 96, roller 112, and roller 120,
      engaging the stock in a balanced pattern from the opposite side, and in
      coacting alignment with, the elements just named.
PAR  Rollers 130 and 132 are part of the same basic assembly, being supported by
      and journaled between side plates 136 and 138, and 137, 139, respectively,
      such plates being themselves spaced apart by plate-like spacers 140 (FIGS.
      4 and 5). Each such plate assembly is pivotally mounted at one end upon a
      shaft supporting a driving roller 144, such shaft being mounted for
      rotation in upstanding support blocks 146, which are in turn bolted to
      side plates 141, 142 of conveyor 116. This arrangement is illustrated in
      FIG. 6a wherein the side of the mechanism closest to the saw 20 is
      illustrated in detail. As there seen, the extended axial mounted shaft of
      drive roller 144 is designated 144a, and the same will be seen to carry a
      drive sprocket 148, which is to be keyed or otherwise non-rotatably
      mounted thereon so as to drive roller 144 whenever sprocket 148 is
      rotated. As illustrated, a common bushing 150 may advantageously be used
      for mounting roller shaft 144a in its upright support 146 and also in the
      side plates 138, 139. In this manner, shaft 144a will rotate within
      bushing 150 when driven by sprocket 148, while side plates 138 and 139
      will pivot on the outside of this same bushing, for purposes related
      hereinafter.
PAR  Roller 134 is part of a separate structure like that of which rollers 130
      and 132 are a part as just described. Thus, roller 134 is journaled in
      side plates 177, 177a (FIGS. 4 and 5) which are spaced apart by a plate
      187. Side plates 177, 177a are pivotally supported upon a shaft which
      rotatably mounts a roller 176, by which roller 134 is drive, e.g., by
      belts or roller chain 186 connecting the two. Roller 134 may be shifted
      toward and away from the bed of conveyor 24 by arms 128 attached to side
      plates 177, 177a, and interconnected beneath conveyor 24 by an arm 179
      (FIG. 6), the latter being connected to power cylinder 180 for movement
      thereby.
PAR  In accordance with the structure of the roller means just described, it
      will be observed that the upright mounts 146 and 182 fixedly establish the
      position of drive rollers 144 and 176 with respect to conveyor belts 96
      and 126. The same is not true with respect to the driven,
      position-shifting rollers 130, and 132 and 134, inasmuch as their
      respective side plates are pivotal about the axis of rollers 144 and 176,
      such pivotal movement being controlled by upright arms 152 (for roller
      130), and 154 (for roller 132) and 178 (for roller 134). Such upright arms
      are attached to side plates 136, 138 in oppositely-aligned pairs, and
      interconnected beneath the bed of conveyor 16 by cross members 152a, 154a
      and 179 respectively, so as to form generally U-shaped structures.
PAR  Each of the U-shaped structures just described is controlled by a separate
      pneumatic power cylinder (FIGS. 4 and 6) 152b, 154b, or 180 respectively,
      such that downward movement of the corresponding power cylinder piston or
      plunger will pivot roller 130, 132 or 134 downwardly, to pinch the stock
      tightly against the structure aligned therebeneath. In the case of roller
      130, the structure aligned beneath is conveyor belt 96; in the case of
      roller 132, the aligned structure is roller 112, and in the case of roller
      134 the aligned structure is roller 120. As illustrated (FIG. 6) power
      cylinders 152b, and 154b and 180 may be mounted upon a lower support table
      structure 156 mounted on legs 158 which serve to support the conveyors by
      their side plates. Preferably, the power cylinders are pivotally mounted
      by pins 160, so that they may rock at least alightly to accommodate the
      consequent movement of arms 152, 154, or 178 which are themselves
      pivotally attached to the side plates of the roller means, as by pins 162.
PAR  The drive means 16a for conveyor 16 may also be mounted on the lower
      support table 156 (FIG. 6), and may include a motor 164 whose output shaft
      is coupled to a magnetic or other electrically-actuatable clutch device
      166 which, in turn, is coupled to a gear head 168, all such components
      being of a conventional and known nature. The output from gear head 168 is
      preferably coupled as a common drive to infeed conveyor 16, outfeed
      conveyor 24, intermediate rollers 112 and 120, and also to the upper
      roller means 22. This may advantageously be accomplished by use of a
      single continuous drive chain 170 (FIG. 6) which extends from gear head
      168 around a suitable drive gear 108a mounted on the shaft journaled in
      bearing block 108 actuating the drive roller for conveyor 16, thence
      around a gear 112a on the extended end of roller 112 journaled in a
      bearing block 114, thence around an idler 172, then upwardly around drive
      sprocket 148 for roller 144, downwardly around an idler 174, then upwardly
      around a drive sprocket 176a for driven roller 176, then around an idler
      188 and then around an appropriate drive gear 120a on the extended end of
      driven roller 120, journaled in bearing block 122, after which the chain
      is entrained about a gear 128a on the end of the driven shaft journaled in
      bearing block 128 (driving conveyor belt 126 from its upstream end),
      following which the chain is returned to gear head 168.
PAR  In accordance with the arrangement just described, it will be clear that
      every increment of movement of the drive chain 170, in response to
      corresponding drive movement of the output from gear head 168, will be
      transmitted equally and substantially simultaneously to all of the
      different components which comprise the stock-advancing means at the
      cutting station. Furthermore, because rollers 130 and 132 are coupled in
      drive relation with driven roller 144, as by the illustrated belts 190 or
      by other means such as drive chains (not illustrated), and roller 134 is
      coupled in like manner to driven roller 176, there will be complete
      uniformity of drive motion, with driven rotation of roller 130, for
      example, equaling the driving movement of conveyor belt 96, and with a
      like relationship between roller 132 and roller 112, as well as between
      roller 134 and roller 120, with all such driven movement coming from the
      same source, i.e., drive chain 170 and gear head 168.
PAR  This driven movement may thus be monitored at any point in the drive train,
      as for example at any point along chain 170. For example, the gear or
      roller 174, described above as an idler, may also serve as an actuator or
      drive gear directly analogous to that designated 54 in FIG. 2 and
      described in connection with rotary pulse generator 52 of that figure. In
      this manner, a direct and very reliable input may be obtained
      representative of the movement of stock past the cutting station and, in
      particular, past the slot 118, 118a, through which a powered saw blade 21
      (FIG. 4) moves upon forward and rearward reciprocation of a movable head
      23. Such a saw unit is a known type, preferably the type available from
      Oliver Machinery Co., Grand Rapids, Michigan, designated model 94.
PAR  The accuracy of an output taken from drive chain 170, as just described,
      will be completely reliable so long as there is no slippage between the
      stock and the driving elements, and the drive structure which has been
      described is particularly advantageous in this regard. That is, conveyor
      belt 96 is, as stated above, preferably of the type having a rubbery or
      rubber-like, resilient surface which has excellent frictional
      characteristics. The driven rollers 130 and 132 (as well as rollers 134,
      112, and 120) are all preferably of steel or the like, and thus are
      essentially rigid. Thus, there can be no diametrical compression of these
      rollers, as would change their effective drive circumference, even when
      the rollers are forced tightly against the lumber. Further, as indicated
      by the drawings, each of these rollers is longitudinally ridged with fine
      serrations or flutings, preferably of gear-like cross section. This
      surface configuration gives excellent frictional engagement with the
      stock, particularly when the stock is similarly engaged on its opposite
      side, or when the stock is resting on the somewhat resilient conveyor belt
      96. Thus, there will be no slippage when the different drive elements
      engage the stock and move it along. Furthermore, because of the absence of
      any diametrical distortion of the drive rollers the effective drive
      diameter thereof always remains the same, so that each increment of their
      rotation will be faithfully reflected in a corresponding increment of
      longitudinal movement of the stock.
PAR  In operation, the lengths of the different pieces in a desired manifest or
      list of lumber or the like are entered into the computer, by operation of
      the teletype or other such data input terminal 30, with the computer
      preferably being programmed to provide a printout of the manifest actually
      entered in the computer at any desired time, upon an appropriate command
      entered by actuation of the teletype. When the desired manifest has been
      completely entered, the appropriate bias should be selected, by entry of a
      command from the teletype unit. Also, the computer can readily be used to
      control the saw so as to automatically cut scrap into shorter lengths, if
      desired, and if such a program feature is included, a control should be
      provided so that the operator may select the maximum stock length which
      the computer is to allow without commanding a cut to be made. The bias
      factor just mentioned represents the allowable amount of wasted good
      lumber which will be willingly sacrificed upon every cutting sequence
      between defects, with the computer being programmed to compute for the
      optimum yield of pieces, based upon the allowable bias which has been
      selected, and considering each successive piece of raw lumber which is
      examined, at examining station 10, relative to the manifest which has been
      entered.
PAR  In computing the optimum yield, priority can be given to length only,
      quantity only, or a combination of both. If priority has been given to
      length only, as may typically be the case, the optimum yield will be that
      combination of cut pieces which produces the longest lengths with the
      minimum waste, within the bias which has been set. The selecting of a bias
      is an important part of the computer program, since it affects the logic
      function of the computer and will change the yield obtained from a given
      quantity of stock. Basically, upon receiving the defect or length in
      formation from the examining station, the computer will compute complete
      tables of possible cutting variations which could be made on the piece of
      stock, tabled according to length, with the longest lengths first. The
      table is then scanned and compared to the bias selected, and the first
      variation produces scrap which within the bias will be the one selected.
      That variation, thus, will produce the combination of pieces containing
      the longest possible lengths, within the selected bias. For purposes of
      illustration, if it be assumed that the manifest was composed of lumber
      with lengths of 30  inches, 24 inches, 20 inches, and 14 inches, and the
      particular piece of lumber under examination had a span of 54 inches
      between defects (herein defined as split, imperfectly cut, or otherwise
      imperfect end extremities, as well as any of the typical defects such as
      knots and the like between end extremities), the computer would be
      programmed to always select only the two longest pieces, i.e., one 30 inch
      and one 24 inch, at least until the total quantities of such lengths
      requested in the manifest had been filled, following which the combination
      of the next longest pieces would be chosen.
PAR  This example completely neglects the loss of lumber incurred at each saw
      kerf, however, and is of course highly simplified; thus, it is of only
      limited value for purposes of illustration. Considering the loss of saw
      kerf (which may be made a selectable input to the computer, to provide for
      use of different saws, etc.), with the facts of the foregoing example, if
      it be assumed that the saw kerf is 1/8 inch, the optimum yield would no
      longer be one piece 30 inches long and another piece 24 inches long, since
      this combination exceeds the available length when the kerf loss is
      considered. Instead, the optimum yield becomes one 24 inch piece and two
      14 inch pieces, since this wastes only 15/8 inches of stock. If, however,
      the bias for the computer had been set at four inches of allowable waste,
      the optimum yield would no longer be that just stated, but would instead
      be one 30 inch piece and one 20 inch piece, with a waste of 33/4 inches of
      stock, inasmuch as this combination produces longer pieces.
PAR  As stated above, priority can be given to factors other than length in
      programming the computation of optimum yield as for example, quantity of
      pieces. That is, if the manifest comprises a great number of pieces of the
      same dimension, together with far fewer pieces of different dimensions,
      the predominating length or lengths can be given priority so that the
      computer will choose that length (or lengths) in dis-regard of other
      factors such as longest length when the occasion arises, as when the other
      considerations are equal. Also, such priorities can be weighted, so as to
      take precedence in a given order, or in a given percentage of the cycles
      of operation or computation. For example, the length priority can be
      weighted to occur until a certain percentage of the manifest has been
      completed, or a certain percentage of the longer lengths obtained,
      following which the quantity priority may be given effect, whether for all
      of the remaining manifest or only a portion thereof. Thus, in accordance
      herewith the phrase "optimum yield" should be understood as meaning that
      yield which by computation produces the least waste within the programmed
      priorities.
PAR  The examination of lumber at examining station 10 thus proceeds on a
      piece-by-piece basis, with a supply of lumber being brought to the
      examining station in any desired manner, as for example, by conveyor. The
      examiner takes each piece individually and places it on conveyor 12,
      whereupon the piece is conveyed downstream until one end comes into
      abutment with barrier 34, pushing the plate 72 thereof (FIG. 3) into a
      vertical position, whereupon the barrier stops the progress of the stock
      by operation of power cylinder 88 and switches off the conveyor 12 by
      operation of switch 84, as explained above. Operation of barrier 34 in the
      manner just stated, with consequent stopping of the conveyor 12, signals
      the computer that a piece of stock is in position for examination, and the
      position of the gate or barrier establishes a zero reference point for
      length measurements. The operator then moves the carriage 14 along
      conveyor 12, typically (but not necessarily) starting at the forward end
      of the stock, sending a series of successive keying signals to the
      computer to identify the position of the zero point or origin, as well as
      the location of each defect. This is accomplished by moving the carriage
      14 until the thin line of light emanated through the slits 62 lies
      directly at the point to be signalled, as for example the leading or
      trailing edge of the defect, and at such point, triggering one of the
      controls 66, 67 (FIG. 2). In this regard, it may be pointed out that one
      such control may be dedicated for use only in signalling the zero point,
      and another only for signalling other points. Also, it is useful to have a
      light or other such indicator on the carriage by which the operator may be
      shown that each keying signal has been received by and entered into the
      memory of the computer, and the controls should also include one by which
      entered keying signals may be erased or deleted when desired.
PAR  It is expected that each end of each piece of stock will have some defect,
      and there will thus always be a defect marking near each end. Intermediate
      the ends, there can be any number of defects, each of which is "marked" in
      the foregoing manner. In this respect, it should be noted that the
      operator need not of necessity start at any particular point along the
      piece of stock, since with the computer signaled that a piece of stock is
      in position against barrier 34, and the zero reference point established,
      the rotary pulse generator 52 will send signals to the computer regardless
      of the particular direction of motion of the carriage 14, and such signals
      may easily be coded (as by polarity) in accordance with the direction of
      carriage travel so that the signals may readily be added and subtracted on
      an instantaneous basis. Therefore, the computer will alwyas "know" the
      position of the carriage 14 with complete accuracy, and every triggering
      of the appropriate control 66, 67 will merely cause a given
      length-representative pulse signal to be entered into the computer memory.
PAR  It should be pointed out that the operator merely examines each piece of
      stock for defects, and signals only this information to the computer,
      making no decision (or even having to think about) the position of desired
      cuts between defects. All of the latter is computed by the computer, in
      arriving at the optimum yield decisions mentioned above. All the operator
      need do is move the carriage 14 once over the entire length of each
      successive piece of stock, signaling the conveyor for the upstream and
      downstream boundaries of each defect. When each piece has been completely
      examined in this manner, the operator actuates a particular one of the
      controls on the carriage, whose function is to signal the computer that
      examination is complete for that piece of lumber and cause actuation of
      the gate means 34, whereupon power cylinder 88 retracts its plunger and
      conveyor 12 is switched on, moving the examined piece of stock downstream,
      tilting gate 34 out of the way. In this manner, the examined stock is
      moved onto conveyor 16.
PAR  Each successive piece of stock from the examining station will thus be
      conveyed downstream by conveyor 16, past the sensor gate 36 and on to the
      cutting station 18. During a brief instant of the interval required for
      this travel, the computer computes the optimum yield for cutting that
      particular piece of stock, based on the examining information just entered
      into the computer, so that incremental stock-advancing movement at the
      cutting station, together with the actual cutting, may ensue directly. As
      the stock contacts the gate 36, it will be remembered that switch 104
      signals this event to the computer at the instant the barrier plate 92
      (FIG. 4a) is in a true vertical position. Based on the known speed of
      conveyor belt 96, and the known position of the stock-sensing barrier 36,
      the moment can readily be determined when the stock passes under roller
      130 and, whether by a timed delay device or by signal from the computer,
      power cylinder 152b (FIGS. 4 and 6) is thus actuated at the proper time to
      pivot arms 136 and 138 downwardly and bring roller 130 tightly into
      contact against the top of the stock, clamping the same against conveyor
      belt 96 but, at the same time, cooperatively driving the stock onwardly
      with the conveyor belt, at the same speed as the latter. Following this,
      and making use of the position information obtained by monitoring movement
      of drive chain 170 after the signal from switch 104, the computer
      calculates when the downstream end extremity of the piece of stock passes
      beneath roller 132, and at the proper instant the computer triggers power
      cylinder 154b into operation, whereupon arms 154 are moved downwardly,
      pivoting side plates 137 and 139 downwardly and bringing roller 132
      downward into contact with the upper surface of this stock, in effect
      pinching the stock between roller 132 and roller 112, directly upstream of
      the slot 118, 118a, which the saw blade 21 moves in cutting the stock.
PAR  With the stock thus rigidly retained in position while at the same time
      being driven downstream in a controlled manner, the computer will cause
      the driven movement of the stock to stop at the proper place for cutting
      to eliminate the first defect, normally at the forward end extremity. As
      described above, this is accomplished by coupling the appropriate signal
      from the computer to the clutch 166, whereupon all drive of the stock
      ceases (although the characteristic inertia of the drive train should be
      taken into consideration). A very desirable refinement in this basic
      control routine is to implement the drive motor 164 by using a
      variable-speed, or at least two-speed, motor which has a normal drive
      speed and a slower speed, with a control which responds to particular
      control signals by selecting which such speed will be in effect. Using
      such an arrangement, the computer can readily be programmed to call for
      the slower speed a given distance before the stock has advanced to the
      actual position where a cut is to be made, i.e., where the stock is to be
      stopped. Thus, for example, as the lumber moves past the cutting slot,
      approximately six inches prior to the arrival of the actual location for a
      cut, the computer can call for a reduction of one-half in the normal speed
      (which may be on the order of one hundred feed per minute), to enhance
      accuracy in the immediately subsequent stopping of the drive by which the
      stock is to be accurately placed in position for cutting. In such an
      arrangement, if the next ensuing cut was scheduled for less than six
      inches away, the drive would merely continue at the slow speed after the
      first cut, until the stock was stopped again, for the second cut.
      Variations in this approach are also possible, as for example using a
      variablespeed motor and a gradual or continuing slowdown at a given rate
      prior to each cut. In any event, when the signal is given by the computer
      to stop movement of the stock, the computer also signals the operation of
      the saw 20, which then makes the first cut, with the stock accurately
      positioned over the cutting slot 118, and fixedly held in the desired
      position by the rollers 130 and 132, through operation of power cylinders
      152b and 154b.
PAR  In making the first cut, the third roller in the series thereof, that is,
      roller 134, may or may not be actuated downwardly by its controlling power
      cylinder 180, since the distance at which the first cut should be made
      relative to the end of the stock will vary from piece to piece, and may or
      may not be sufficient to position the end of the piece downstream from
      roller 134. The computer should be programmed to command the downward
      shifting of roller 134, through actuation of its power cylinder 180, as a
      function of the location of the first cut for a given piece of stock, such
      that roller 134 will stay up, in the position shown in FIG. 6, unless the
      downstream end of a given piece of stock is at least a predetermined
      minimum distance downstream from this roller when the stock has been
      properly stopped and positioned over slot 118 for the first cut.
PAR  The computer then continues commanding the incremental, step-by-step
      movement of the stock past the cutting slot 118, stopping the drive each
      time a point on the stock becomes positioned over the cutting slot
      (allowing for inertia) cutting in accordance with the previously-computed
      and stored schedule of the cuts for that particular piece which will
      produce the optimum yield. Once again, the relative position of the piece
      of stock is continuously monitored by reading out movement of the common
      drive chain 170, as by the use of a rotary pulse generator which may, for
      example, be driven by the shaft of idler 174, directly beneath the cutting
      slot 118, as indicated for purposes of illustration by the numeral 200
      (FIG. 6). Since the length of each piece of stock is also signaled to the
      computer at the examining station, the computer can readily control the
      different parts of the stock-advancing roller means as necessary in
      accordance with the approach and passing of the upstream end of each
      board. That is, when the upstream end of each piece closely approaches
      roller 130, the computer actuates power cylinder 152b to raise this
      roller. The same is true with respect to rollers 132 and 134, although
      these must be controlled in relation to the position of the final cut to
      be made, which requires the rollers to hold the stock firmly in position
      for cutting. Thus, rollers 132 and 134 are desirably positioned as close
      as possible to the cutting slot or channel 118, for the best possible
      control of stock in the making of cuts near the upstream end extremity
      thereof, where it may at times occur that roller 132 will have been lifted
      from the stock and the end extremity thereof moved beyond this point when
      the final cut is made. Under these circumstances, roller 134 will still
      forceably engage the stock and hold the same in position for the final
      cut, following which roller 134, and its driven counterpart roller 120,
      will operate to drive the stock away from the cutting station until the
      last possible moment, when the end of the stock begins to pass under
      roller 134, at which time the computer will command power cylinder 180 to
      raise roller 134. Any remaining small pieces of stock present at this
      point can readily be pushed onward by the downstream end extremities of
      the next succeeding piece of stock to pass through the cutting station.
PAR  It should be pointed out that, although not particularly illustrated in the
      drawings or otherwise described herein, it is distinctly a part of the
      invention to utilize the computer, including the input terminal, to
      control more than one cutting station and saw unit, each typically having
      its own examining station, complete with conveyor, etc. This is because
      the speed of the computer is so much greater than the examining and
      cutting operations that the computer may very readily be time-shared in a
      multiple installation having numerous examining and cutting stations, so
      long as the computer embodies sufficient memory capacity and is programmed
      to maintain the required individuality between systems.
PAR  It is entirely possible that after examining the foregoing disclosure,
      those making use of the invention may employ embodiments of the concepts
      involved which differ somewhat from the particular embodiments shown and
      described herein, or may make various changes in structural details to the
      illustrated and described embodiments. Consequently, all such changed
      embodiments or variations in structure which utilize the concepts of the
      invention and embody the spirit thereof are to be considered as within the
      scope of the claims appended herebelow, unless these claims by their
      language specifically state otherwise.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A computer-controlled stock-cutting system comprising in combination: an
      electronic computer means for producing optimum-yield cutting commands
      based on stock defect location information and at least one dimension of
      different required pieces; a stock examining station, including means for
      supplying stock defect location information to said computer upon
      examination of stock; a cutting station, including means for cutting the
      stock; and drive means controlled by said computer means and having
      portions for contacting said stock and controlling its movement and
      position, by moving while contacting the stock to transport stock past
      said means for cutting, by stopping to thereby stop the stock relative to
      the cutting means at positions determined by said computer means where
      cutting is to take place, and for holding the stock securely where so
      stopped by sustained stationary contact therewith, whereby the stock may
      be automatically moved and positioned, and cut, at places on the stock
      whose position is established by said cutting commands from said computer.
NUM  2.
PAR  2. The stock-cutting system defined in claim 1, wherein said means for
      cutting the stock is controlled by said computer means and is
      automatically actuated by certain of said cutting commands determined
      thereby to cut said stock upon said stopping and holding of the latter.
NUM  3.
PAR  3. The apparatus as defined in claim 1, wherein said means for transporting
      stock includes a conveyor having a switchable drive controlled by said
      computer means.
NUM  4.
PAR  4. The apparatus as defined in claim 3, wherein said conveyor drive
      includes at least a motor and a clutch, and said clutch is controlled by
      said computer means.
NUM  5.
PAR  5. The apparatus as defined in claim 3, wherein said means for transporting
      stock also includes at least one roller means disposed above said conveyor
      for contacting stock on a side thereof other than that in contact with the
      conveyor; and including means for driving said roller means at
      substantially the same stock-moving rate as that of said conveyor.
NUM  6.
PAR  6. The apparatus as defined in claim 5, including means controlled by said
      computer for stopping and starting stock-driving operation of said roller
      means.
NUM  7.
PAR  7. The apparatus as defined in claim 5, including means controlled by said
      computer for shifting said roller means into and out of stock-engaging
      position.
NUM  8.
PAR  8. The apparatus as defined in claim 5, wherein said means for driving said
      roller means and said conveyor drive have at least one common, shared
      drive train component.
NUM  9.
PAR  9. The apparatus as defined in claim 8, wherein said common component
      includes a clutch controlled by said computer means.
NUM  10.
PAR  10. The apparatus as defined in claim 3, wherein said conveyor includes a
      movable member whose extent of movement has a known relationship to the
      extent of movement of stock on said conveyor means, and a pickoff means
      for monitoring movement of said movable member and providing signals to
      said computer means which have a known relation to the extent of movement
      of said member.
NUM  11.
PAR  11. The apparatus as defined in claim 10, wherein said conveyor has an
      endless belt-type conveying element and includes means coupling said
      movable member to said conveying element for movement therewith.
NUM  12.
PAR  12. The apparatus as defined in claim 11, wherein said movable member
      comprises a drive chain coupled in driving engagement with said conveying
      element.
NUM  13.
PAR  13. A method of automatically cutting stock to remove defects and to divide
      the remaining stock into an optimum combination of different pieces,
      comprising the steps: examining the stock and producing data input signals
      representative of the amount of acceptable stock located between
      particular selected defects thereon; using an electronic computer to
      determine where said stock should be cut to to product the optimum yield
      of defect-free pieces of said stock corresponding in at least one
      dimension to at least some of those on a previously-established manifest,
      with minimum waste relative to a previously-established waste allowance
      standard and as a function of said data input signals and the known
      dimension requirements in said manifest and of said waste standard; using
      output signals from the computer representative of the stock-cutting
      determinations made thereby to effect control of stock-engaging remotely
      controllable drive means and thereby move the stock relative to a
      stock-cutting apparatus and automatically bring the stock into such
      positions of relative alignment with the cutting apparatus as are required
      for cutting of the stock in accordance with said computer determinations;
      using such computer output signals to control remotely-actuable mechanical
      means for holding the stock securely and non-movably in said positions of
      relative alignment during cutting of the stock; and controlling said
      cutting apparatus by use of said computer to cut said stock at said
      positions of relative alignment determined by said computer.
NUM  14.
PAR  14. The method defined in claim 13, wherein said computer is used to effect
      control of said stock movement by stopping and starting the operating
      movement of a conveying apparatus by which said stock is transported.
NUM  15.
PAR  15. The method as defined in claim 14, wherein said computer is also used
      to reduce the speed of operating movement of said conveying apparatus from
      a normal speed to a lower speed during a predetermined interval prior to
      stopping for cutting of said stock at said positions of alignment.
NUM  16.
PAR  16. The method as defined in claim 13, wherein said computer is operated by
      using a manually actuable input device, and including the step of varying
      the said stock-cutting determinations of said computer by operating said
      input device to change said previously-established waste allowance
      standard, of which such determinations are a function.
NUM  17.
PAR  17. The method as defined in claim 13, including the step of using said
      computer to control a peripheral print-out means and thereby produce a
      then-current listing of pieces which have at such time been cut in
      satisfaction of said manifest list.
NUM  18.
PAR  18. The method as defined in claim 13, wherein said step of using said
      computer includes using an input keyboard means to enter data into said
      computer relating to said manifest list.
NUM  19.
PAR  19. The method as defined in claim 18, including the step of using said
      computer to control a peripheral print-out means after entering said data,
      to thereby produce a print-out list of the pieces in the said manifest,
      for verification and the like.
NUM  20.
PAR  20. The method as defined in claim 18, including the step of using said
      computer to control said print-out means after entry of said manifest data
      and after examination and cutting of at least some stock, to produce a
      then-current print-out list of pieces which have then been cut in
      satisfaction of said manifest list.
NUM  21.
PAR  21. The method as defined in claim 18, wherein said steps of using an input
      keyboard means and of using said computer to control a print-out means
      comprise using a remotely controllable typewriter-like device both as an
      input device and as a printout device.
NUM  22.
PAR  22. A method of automatically cutting stock to remove defects and to divide
      the remaining stock into an optimum combination of different pieces,
      comprising the steps: examining the stock and manipulating control means
      to cause data signals representative of the position of defects on the
      stock to be inputed to an electronic computer; using a
      manually-controllable input device to operate said computer by
      conditioning it to use a particular one of several selectable waste
      allowance standards in computing optimum-yield stock-cutting
      determination; using said computer to determine where said stock should be
      cut to produce the optimum yield of defect-free pieces corresponding in at
      least one dimension to at least some of those on a previously-established
      stock manifest on the basis of minimum waste relative to said particular
      wasted allowance standard and as a function of said inputted data signals
      and the known dimension requirements in said stock manifest; using output
      signals from the computer representative of the stock-cutting
      determinations made thereby to effect control of stock movement relative
      to a stock-cutting apparatus and thereby bring the stock into such
      positions of relative alignment with the cutting apparatus as are required
      for cutting of the stock in accordance with said computer determinations;
      and controlling said cutting apparatus by use of said computer to cut said
      stock at said positions of relative alignment determined by said computer.
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ABST
PAL  Apparatus for easily and quickly cutting with mininum waste workpieces,
      such as components for making mitered corner picture frames, from an
      elongate strip of material of any predetermined width, in which each
      workpiece has opposing ends which are equally and oppositely angled with
      respect to each other and an inside edge of predetermined length, as
      follows. A guide device positions the elongate strip of material at
      desired positions along a longitudinally extending axis. A saw makes
      spaced, successive, angular, parallel cuts through the elongate strip to
      form workpieces with parallel angular cut ends and thereafter cuts off and
      removes a wastepiece from one end of each cut workpiece by making an
      oppositely angled cut. A device is associated with the guide device and
      the saw for (1) providing a stop for properly positioning the strip of
      material regardless of the width thereof before each cut for making the
      next workpiece and (2) measuring the ultimate desired inside edge length
      of each workpiece to be cut from the strip of material while
      compensatively adding the necessary additional inside edge length to the
      workpiece being cut to provide an initially cut workpiece of the proper
      combined inside edge length for the subsequent cutting off of only a
      minimum waste, triangular shaped wastepiece which removes the additional
      inside edge length.
BSUM
PAR  This invention relates to an apparatus for easily and quickly cutting with
      minimum waste workpieces, such as components for making mitered corner
      picture frames, from an elongate strip of material of any predetermined
      width, in which each workpiece has opposing ends which are equally and
      oppositely angled with respect to each other and an inside edge of
      predetermined desired length.
PAC  BACKGROUND OF THE INVENTION
PAR  In the manufacture and cutting of picture frame molding components or the
      like workpieces having opposing ends which are equally and oppositely
      angled with respect to each other and an inside edge of predetermined
      desired length from an elongate strip of material for purposes of building
      a mitered end picture frame or other frame device, various problems have
      been presented in these manufacturing and cutting operations to provide
      the desired inside edge length on the components or workpieces while
      reducing waste of the material being cut. These oppositely angled ends are
      normally of oppositely extending angles of 45.degree. for forming
      90.degree. mitered corners in the overall picture frame or other frame
      being produced; however, other oppositely angled cut ends may be desired
      for the building of picture frames or other frames having other than a
      90.degree. mitered corner.
PAR  In the manufacture and cutting of such picture frame molding components or
      the like workpieces from an elongate strip of material, it is the usual
      practice to make spaced, successive, parallel cuts through the elongate
      strip to form workpieces with parallel angular cut ends. A wastepiece is
      then cut off and removed from one end of each workpiece by making an
      oppositely angled cut. The main problem with this operation and the
      apparatus heretofore available therefor is in determining where to make
      the various cuts to allow for removal of a wastepiece for providing an
      ultimate inside edge on the workpiece of a predetermined desired length.
      Accordingly, this operation has necessarily required lengthy measuring and
      handling procedures. Also, this operation has often resulted in
      undesirably large wastepieces which render the cutting and manufacturing
      operation inefficient from a standpoint of maximum utilization of the
      strip of material being used. Clearly, the least waste would result from
      the cutting off and removal of only a triangular shaped wastepiece.
PAR  While the various miter box cutting devices for the cutting of picture
      frame molding components or the like workpieces having opposing ends which
      are equally and oppositely angled with respect to each other have been
      provided, none of these devices have included any provision or any
      mechanisms for easily and quickly measuring the ultimate desired inside
      edge length of each workpiece to be cut from the strip of material while
      compensating for the wastepiece to be removed from each workpiece.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the object of this invention to provide an apparatus for
      easily and quickly cutting with minimum waste workpieces, such as
      components for making mitered corner picture frames, from an elongate
      strip of material of any predetermined width, in which each workpiece has
      opposing ends which are equally and oppositely angled with respect to each
      other and an inside edge length of predetermined length and which
      overcomes the problems presented with previously proposed apparatus.
PAR  It is a further more specific object of this invention to provide the above
      apparatus with specific means for measuring the ultimate desired inside
      edge length of each workpiece to be cut from the strip of material while
      compensating for the necessary additional inside edge length for each
      initially cut workpiece for the subsequent cutting off and removal of only
      a minimum size wastepiece.
PAR  It has been found by this invention that the above objects may be
      accomplished broadly by providing such apparatus which includes the
      following: Guide means are provided for positioning an elongate strip of
      material at desired positions along a longitudinally extending axis. Saw
      means cooperate with the guide means for making spaced, successive,
      angular, parallel cuts through the elongate strip to form workpieces with
      parallel angular cut ends and for thereafter cutting off and removing a
      wastepiece from one end of each cut workpiece by making an oppositely
      angled cut. Means are operatively positioned and associated with the guide
      means and the saw means for (1) providing a stop for properly positioning
      the strip of material regardless of the width thereof before each cut for
      making the next workpiece, and (2) measuring the ultimate desired inside
      edge length of each workpiece to be cut from the strip of material while
      compensatively adding the necessary additional inside edge length to the
      workpiece being cut to provide an initially cut workpiece of the proper
      combined inside edge length for the subsequent cutting off of only a
      minimum waste, triangular shaped, wastepiece which removes the additional
      inside edge length.
PAR  Further details of the specific, preferred construction of the above
      described apparatus and the method of this invention will be described
      more specifically in the detailed description to follow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Some of the objects and advantages of this invention having been set forth,
      other objects and advantages will appear as the description proceeds when
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of an apparatus in accordance with this
      invention;
PAR  FIG. 2 is a top plan view of the apparatus of FIG. 1;
PAR  FIG. 3 is a perspective detail, broken away, of a portion of the apparatus
      of FIG. 1 and taken generally at the arrow 3 of FIG. 1;
PAR  FIG. 4 is a somewhat schematic, enlarged, partial, top plan view of a
      portion of the apparatus of FIGS. 1 and 2 and illustrating various width
      workpieces therein;
PAR  FIG. 5 is a top plan view of an elongate strip of material illustrating in
      cross hatched sections the wastepieces to be removed therefrom in cutting
      of the components;
PAR  FIG. 6 is a perspective view taken generally from the bottom inside of a
      picture frame molding component cut by the apparatus and method of this
      invention; and
PAR  FIG. 7 is a somewhat schematic, partial, top plan view of the strip of
      material as positioned in the cutting off of a component which would have
      an ultimately zero inside edge length.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings, an apparatus, broadly indicated at 10, is
      illustrated for cutting workpieces, such as picture frame molding
      components C (see FIG. 6) or the like, having opposing cut ends E1 and E2
      which are equally and oppositely angled and having in accordance with this
      invention stop and measuring means, broadly indicated at 30, in
      combination therewith. The pixture frame molding component cutting
      apparatus 10 illustrated in the drawings is specifically of the type set
      forth in copending U.S. Pat. application, Ser. No. 534,434, filed Dec. 19,
      1974.
PAR  It is to be understood that while this specific picture frame molding
      component cutting apparatus 10 illustrated in the drawings is the
      preferred form to be utilized in combination with the stop and measuring
      means 30, other specific picture frame molding component cutting apparatus
      may be utilized with the adjustable measuring and stop means 30. Also, the
      picture frame molding component cutting apparatus 10 is specifically
      constructed for the cutting of 45.degree., oppositely angled, cut ends on
      picture frame moldings for the formation of 90.degree. mitered corners in
      the picture frames constructed; however, the apparatus 10 could be varied
      somewhat for the cutting of other oppositely angled cut end components
      which may be picture frame molding components or other workpieces in which
      mitered corners of various angles are desired to be formed.
PAR  The component cutting apparatus 10 broadly includes a support frame
      structure 11 of any convenient construction and formed of any suitable
      materials. A table top 12 is suitably linearly movably mounted on the
      support frame structure 11 for linear movement of the table top 12 back
      and forth on the support frame structure 11 (as indicated by the arrow in
      FIG. 1). The table top 12 includes a longitudinally extending slot 13
      therein generally medially thereof. A rotating, circular saw 15 is mounted
      in fixed position on the support frame structure 11 and positioned within
      a portion of the slot 13 so that the table top 12 may be moved linearly
      back and forth with respect to the saw 15 for cutting operations.
PAR  A guide means in the form of a first longitudinally extending backstop
      means 17 is secured to the table top 12 and extends outwardly therefrom at
      a substantially 135.degree.  included angle with respect to the table top
      slot 13 and the saw 15 for receiving the inside edge of a strip of
      material M thereagainst and positioning the strip of material M along a
      longitudinally extending axis at the same angle with respect to the saw 15
      (as shown in FIGS. 1, 2 and 4) for movement of the table top 12 and the
      strip of material M linearly toward the saw 15 for making spaced,
      successive, parallel, 45.degree. cuts through the elongate strip of
      material M along the length thereof as the leading edge of the strip of
      material M is progressively moved outwardly along the longitudinal axis to
      form workpieces or components C with parallel 45.degree. cut ends
      (indicated schematically at E1 in FIG. 5).
PAR  The backstop means 17 may be suitably constructed with an outwardly,
      transversely and longitudinally extending flange 17a (as shown in FIG. 2)
      for aiding in positioning of certain configurations of picture frame
      material M having rabbeted inside edges I (as shown in FIG. 6) in which
      case the inside edge to be measured and considered with respect to the
      further features of this invention is the inside of the rabbeted edge.
      Accordingly, when further reference is made to the inside edge of the cut
      picture frame molding component C, this is intended to mean the inside of
      the rabbeted edge if a rabbeted edge is presented.
PAR  The component cutting apparatus 10 further includes a first releasable
      clamp device 20 mounted on the table top 12 for being selectively
      positioned in engagement with the outside edge of the strip of material M
      received by the first backstop means 17 for clamping the strip of material
      against the first backstop means 17 during each cutting operation by the
      saw 15.
PAR  There is further provided another guide means in the form of a second
      longitudinally extending backstop means 22 secured to the table top 12 and
      disposed at a substantially 135.degree. included angle with respect to the
      table top slot 13 and the saw 15 and at a substantially 90.degree.
      included angle with respect to the first backstop means 17 for receiving
      the inside edge of each of the cut components C having the parallel cut
      ends E1 thereon after having been cut from the strip of material M and
      positioning the component C at substantially the same 135.degree. included
      angle with respect to the saw 15 for movement of the table top 12 and the
      component C linearly toward the saw for making an oppositely angled
      45.degree. cut at one end of the component to cut off and remove a
      wastepiece W to form an oppositely angled outwardly extending 45.degree.
      cut end E2 at the one end of the component C, (as indicated schematically
      in FIG. 5).
PAR  A second releasable clamp device 23 (shown in FIG. 2 and removed in FIG. 1
      for clarity) is mounted on the table top 12 for being selectively
      positioned in engagement with the outside edge of the cut component C
      received by the second backstop means 22 for clamping the cut component C
      against the second backstop means 22 during the cutting operation thereof.
      A handle and lever mechanism 25 is provided for manual movement of the
      table tap 12 linearly back and forth with respect to the saw 15.
PAR  Further details of construction and operation of the picture frame molding
      component cutting apparatus 10, described broadly above, may be had by
      reference to the aforesaid copending patent application.
PAR  In accordance with the present invention, the above described picture frame
      molding component cutting apparatus 10 is provided with a stop and
      measuring means 30 carried by the table top 12 and operatively positioned
      and associated with the guide means of first backstop means 17 and the saw
      15 for (1) providing a stop for properly positioning the strip of material
      M regardless of the width thereof before each 45.degree. cut for making
      the next workpiece or component C, and (2) measuring the ultimate inside
      edge length (indicated schematically at L1 in FIG. 5) of each workpiece or
      component C to be cut from the strip of material M while compensatively
      adding the necessary additional inside edge length (indicated at L2 in
      FIG. 5) to the component C being cut to provide an initially cut component
      C of the proper combined inside edge length (L1 + L2) for the subsequent
      cutting off of only a minimum waste, isosceles right triangular shaped,
      wastepiece W which removes the additional inside edge length L2.
PAR  This stop and measuring means 30 comprises a first elongate leg member 32
      adjustably mounted along an outwardly longitudinally extending axis
      parallel with the axis along which the strip of material M is positioned
      by the guide means or first backstop means 17 and having an outer end 32a.
      As may be seen, this first leg member 32 is mounted on the table top 12 by
      an upstanding bracket 34 (see FIG. 3) which is secured to the table top 12
      and includes an inwardly extending arm 35 having a slot 36 therethrough
      for receipt of the leg member 32. A plate 37 is provided on the top of the
      arm 35 of the bracket 34 for extending over and clamping the leg member 32
      in its adjusted position by tightening of a threaded knob device 38. A
      similar stabilizing bracket 39 is also secured to the table top 12 for
      receiving and supporting the leg 32. Thus, the leg 32 may be adjusted
      outwardly and inwardly along its longitudinally extending axis, for
      purposes to be described below.
PAR  The stop and measuring means 30 further includes a second elongate leg
      member 42 connected with the first leg member 32 at the outer end 32a and
      is adjustably mounted along an inwardly longitudinally extending axis
      disposed at an included angle of approximately 18.degree. 26'  with the
      axis along which the first leg member 32 is positioned. The second leg
      member includes an inner end 42a which may include a bracket 43 secured
      thereto for receiving and acting as an abutment stop for the outer corner
      of the leading cut end of the strip of material M as it is progressively
      moved outwardly along its longitudinal axis for properly positioning the
      strip of material M for making the next parallel cut therethrough to
      separate a cut component C having parallel cut ends E1 from the strip of
      material M, as described above. The second leg member 42 is connected to
      the outer end 32a of the first leg member 32 by a collar 45 secured to the
      end 32a of the first leg member 32 and which telescopingly receives the
      second leg member 42 for inward and outward linear adjustment along the
      axis of the second leg member 42. A threaded adjustment knob device 46 is
      provided in the collar 45 for securing the second leg means 42 in its
      adjusted position.
PAR  With the above construction, when the first leg member 32 is adjustably
      positioned along its axis in relation to the desired inside length L1 of
      the component C being cut from the elongate strip of material M and the
      second leg member 42 is adjustably positioned along its axis in relation
      to the width of the strip of material M being cut for aligning with the
      outer corner of the leading cut end of the strip of material, the strip of
      material M will be properly positioned for making the next component C.
      Since the first leg member 32 is mounted along an axis parallel with the
      axis along which the strip of material M is positioned and is adjustably
      positioned at an outwardly extending position related to the desired
      inside edge length L1 of the component C and since the second leg member
      42 is mounted at an included angle of 18.degree. 26' with the first leg
      member and is adjustably positioned along its axis for abutting with the
      leading corner of the strip of material M, the strip of material M will be
      properly positioned for cutting so that the necessary additional inside
      edge length L2 is compensatively added to the inside edge length L1 to
      provide an initially cut component of the initial proper inside edge
      length of L1 + L2 for the subsequent cutting off and removing of only a
      minimum waste, isosceles right triangular, wastepiece W which removes the
      additional inside edge length of L2.
PAR  To provide a visual indication for adjustment of the first leg member 32 to
      the desired position along its axis in relation to the desired inside edge
      length L1 of the component C being cut, the leg member 32 is formed with a
      longitudinally extending, generally C-shape in cross-section, open sided
      slot on the upper surface thereof for receipt therein of an elongate scale
      50. Also, the bracket 34 may include a pointer 51 overlying the scale 50
      and secured to the outwardly extending portion 35 thereof.
PAR  As indicated schematically in FIG. 4, the first leg member 32 will be moved
      outwardly until a length L1 is indicated on the scale 50. The second leg
      member 42 is then adjusted inwardly or outwardly until it mates with the
      leading corner of the strip of material M regardless of the width thereof.
      For purposes of illustration, various width strips of material have been
      indicated schematically in FIG. 4 and labeled as W1, W2, W3 and W4. As may
      be seen in FIG. 4, when the leg member 42 is adjustably positioned to abut
      with the leading corner of the widest W4 strip of material M shown
      therein, the leg members 32 and 42 form a right triangle in which one side
      is of a length Y and the other side is of a length 3Y. The included angle
      .theta. of this triangle which would relate to the included angle between
      the leg members 32 and 42 may be mathematically determined by:
      ##EQU1##
EQU  .theta. = 18.degree. 26'
PAL  The above relationship of one side of the triangle equaling Y and the other
      side equaling 3Y will be true for any of the positions of the second leg
      member 42 shown schematically in FIG. 4 for the various width W1, W2, W3,
      W4 strips of material M. Thus, the included angle of 18.degree. 26'  for
      the first and second leg members 32, 42 will result in abutment of the
      inner end 42a of the leg member 24 with the leading corner of the strip of
      material M only at the desired position for compensatively adding the
      necessary additional length L2 to the inside edge I of the component C
      being cut to thereafter remove an isosceles right triangular wastepiece W
      from the cut component to form the oppositely, 45.degree., angular cut
      ends component C (shown in FIG. 6).
PAR  To further explain the above relationship, reference may be had to the
      schematic illustration of FIG. 7 in which the second leg member 42 is
      shown in position for acting as an abutment stop for the leading end of
      the strip of material M in which a component cut therefrom in that
      position would have 0 inside edge length L1. As may be clearly seen
      therein, an isosceles right triangular wastepiece W of an inside edge
      length L2 has been added to the portion of the strip of material M
      positioned outwardly along its longitudinally extending axis past the slot
      13 which represents the axis along which the saw will cut the strip of
      material M. This schematic illustration also illustrates a right triangle
      having one side thereof of a length Y corresponding to the width of the
      strip of material M and the other side thereof of a length 3Y and an
      included angle between the hypotenuse of the triangle and the long side of
      18.degree. 26'. This triangular relationship is necessary for
      compensatively adding the necessary additional inside edge length L2 to
      provide an initially cut component of the proper inside edge length L1 +
      L2 for the subsequent cutting off and removing of only a minimum waste,
      isosceles right triangular, wastepiece W which removes the inside edge
      length L2. In the position of the leg members 42, 32 for the relationship
      shown in FIG. 7, the scale 50 carried by the leg member 32 would be at 0
      point at the indicator 51 so that the leg member 32 may be moved outwardly
      a desired length L1 as read on the scale 50 to add the desired length L1
      for the inside edge of the component C being cut.
PAR  Thus, this invention has provided, in combination, an apparatus 10 for
      cutting workpieces, such as components C for making mitered corner picture
      frames, from an elongate strip of material M of any predetermined width,
      in which each workpiece has opposing ends E1, E2 which are equally and
      oppositely, preferably 45.degree., angled with respect to each other and
      an inside edge I of predetermined length and means 30 for (1) providing a
      stop for properly positioning the strip of material M regardless of the
      width thereof before each cut for making the next workpiece, and (2)
      measuring the ultimate desired inside edge length L1 of each workpiece to
      be cut from the strip of material M while compensatively adding the
      necessary additional inside edge length L2 to the workpiece being cut to
      provide an initially cut workpiece of the proper combined inside edge
      length L1 + L2 for the subsequent cutting off of only a minimum waste,
      preferably isosceles right triangular shaped, wastepiece W which removes
      the additional inside edge length L2 and provides a final cut component C
      of the desired inside edge length L1.
PAR  In the drawings and specification, there has been set forth a preferred
      embodiment of the invention, and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for easily and quickly cutting with minimum waste
      workpieces, such as components for making mitered corner picture frames,
      from an elongate strip of material of any predetermined width, in which
      each workpiece has opposing ends which are equally and oppositely angled
      with respect to each other and an inside edge of predetermined length;
      said apparatus comprising:
PA1  guide means for positioning the elongate strip of material at desired
      positions along a longitudinally extending axis;
PA1  saw means cooperating with said guide means for making spaced, successive,
      angular, parallel cuts through the elongate strip to form workpieces with
      parallel angular cut ends and for thereafter cutting off and removing a
      wastepiece from one end of each cut workpiece by making an oppositely
      angled cut; and
PA1  means operatively positioned and associated with said guide means and said
      saw means for (1) providing a stop for properly positioning the strip of
      material regardless of the width thereof before each cut for making the
      next workpiece, and (2) measuring the ultimate desired inside edge length
      of each workpiece to be cut from the strip of material while
      compensatively adding the necessary additional inside edge length to the
      workpiece being cut to provide an initially cut workpiece of the proper
      combined inside edge length for the subsequent cutting off of only a
      minimum waste, triangular shaped, wastepiece which removes the additional
      inside edge length.
NUM  2.
PAR  2. An apparatus, as set forth in claim 1, in which said stop and measuring
      means comprises
PA1  a first elongate leg means adjustably mounted along an outwardly
      longitudinally extending axis parallel with the axis along which the strip
      of material is positioned by said guide means and having an outer end; and
PA1  a second elongate leg means connected with said first leg means at said
      outer end thereof for movement therewith and being adjustably mounted
      along an inwardly longitudinally extending axis disposed at a
      predetermined included acute angle with the axis along which said first
      leg means is mounted and having an inner end for receiving and acting as
      an abutment stop for the outer corner of the leading cut end of the strip
      of material,
PAL  so that, when said first leg means is adjusted to a desired position along
      its axis in relation to the desired inside edge length of the workpiece
      being cut and said second leg means is adjusted to a desired position
      along its axis in relation to the width of the strip of material being cut
      for aligning with the outer corner of the leading cut end of the strip of
      material, the strip of material will be properly positioned for making the
      next workpiece.
NUM  3.
PAR  3. An apparatus, as set forth in claim 2, in which said first elongate leg
      means of said stop and measuring means includes a scale carried by said
      first leg means along at least a portion of the length thereof for
      providing a visual indication for adjustment of said first leg means to
      the desired position along its axis in relation to the desired inside edge
      length of the workpiece being cut.
NUM  4.
PAR  4. An apparatus for easily and quickly cutting with minimum waste
      workpieces, such as components for making mitered corner picture frames,
      from an elongate strip of material of any predetermined width, in which
      each workpiece has opposing ends which are 45.degree. and oppositely
      angled with respect to each other and an inside edge of predetermined
      desired length; said apparatus comprising:
PA1  guide means for positioning the elongate strip of material at desired
      positions along a longitudinally extending axis;
PA1  saw means cooperating with said guide means for making spaced, successive,
      parallel, 45.degree. cuts through the elongate strip to form workpieces
      with parallel 45.degree. cut ends and for thereafter cutting off and
      removing a wastepiece from one end of each cut workpiece by making an
      oppositely angled, 45.degree. cut; and
PA1  means operatively positioned and associated with said guide means and said
      saw means for (1) providing a stop for properly positioning the strip of
      material regardless of the width thereof before each 45.degree. cut for
      making the next workpiece, and (2) measuring the ultimate desired inside
      edge length of each workpiece to be cut from the strip of material while
      compensatively adding the necessary additional inside edge length to the
      workpiece being cut to provide an initially cut workpiece of the proper
      combined inside edge length for the subsequent cutting off of only a
      minimum waste, isosceles right triangular shaped, wastepiece which removes
      the additional inside edge length.
NUM  5.
PAR  5. An apparatus, as set forth in claim 4, in which said stop and measuring
      means comprises
PA1  a first elongate leg means adjustably mounted along an outwardly
      longitudinally extending axis parallel with the axis along which the strip
      of material is positioned by said guide means and having an outer end, and
PA1  a second elongate leg means connected with said first leg means at said
      outer end thereof for movement therewith and being adjustably mounted
      along an inwardly longitudinally extending axis disposed at an included
      angle of approximately 18.degree. 26' with the axis along which said first
      leg means is mounted and having an inner end for receiving and acting as
      an abutment stop for the outer corner of the leading cut end of the strip
      of material,
PAL  so that, when said first leg means is adjustably positioned to a desired
      position along its axis in relation to the desired inside length of the
      workpiece being cut and said second leg means is adjusted to a desired
      position along its axis in relation to the width of the strip of material
      being cut for aligning with the outer corner of the leading cut end of the
      strip of material, the strip of material will be properly positioned for
      making the next workpiece.
NUM  6.
PAR  6. An apparatus, as set forth in claim 5, in which said first elongate leg
      means of said stop and measuring means includes a scale carried by said
      first leg means along a portion of the length thereof for providing a
      visual indication for adjustment of said first leg means to the desired
      position along its axis in relation to the desired inside edge length of
      the workpiece being cut.
NUM  7.
PAR  7. An apparatus, as set forth in claim 5, in which said second leg means of
      said stop and measuring means includes a bracket member secured to the
      inner end thereof for receiving the outer corner of the leading cut end of
      the strip of material.
NUM  8.
PAR  8. An apparatus for easily and quickly cutting with minimum waste
      workpieces, such as components for making mitered corner picture frames,
      from an elongate strip of material of any predetermined width, in which
      each workpiece has opposing ends which are 45.degree. and oppositely
      angled with respect to each other and an inside edge of predetermined
      desired length; said apparatus comprising:
PA1  a stationary support frame structure;
PA1  a table top linearly movably mounted on said support frame and having a
      longitudinally extending slot generally medially thereof;
PA1  a rotating, circular saw mounted in fixed position on said support frame
      and positioned within a portion of said slot of said table top so that
      said table top may be moved linearly back and forth with respect thereto;
PA1  a longitudinally extending backstop means secured to said table top and
      disposed at a substantially 135.degree. included angle with respect to
      said table top slot and said saw for receiving the inside edge of the
      strip of material thereagainst and positioning the strip of material along
      a longitudinally extending axis at the substantially same angle with
      respect to said saw for movement of said table top and the strip of
      material linearly toward said saw for making spaced, successive, parallel,
      45.degree. cuts through the elongate strip to form workpieces with
      parallel 45.degree. cut ends in which each of the workpieces may
      thereafter have a wastepiece cut off and removed from one end thereof by
      making an oppositely angled 45.degree. cut through the workpiece;
PA1  releasable clamp means mounted on said table top for being selectively
      positioned in engagement with the outside edge of the strip of material
      received by said backstop means for clamping the strip of material against
      said backstop means during each cutting operation; and
PA1  means operatively positioned and associated with said backstop means and
      said saw means for (1) providing a stop for properly positioning the strip
      of material regardless of the width thereof before each 45.degree. cut for
      making the next workpiece, and (2) measuring the ultimate desired inside
      edge length of each workpiece to be cut from the strip of material while
      compensatively adding the necessary additional inside edge length to the
      workpiece being cut to provide an initially cut workpiece of the proper
      combined inside edge length for the subsequent cutting off of only a
      minimum waste, isosceles right triangular shaped, wastepiece which removes
      the additional inside edge length.
NUM  9.
PAR  9. An apparatus, as set forth in claim 8, in which said stop and measuring
      means comprises:
PA1  a first elongate leg means carried by said table top and mounted along an
      outwardly longitudinally extending axis parallel with and spaced from the
      axis along which the strip of material is positioned by said backstop
      means and having an outer end thereon, and
PA1  a second elongate leg means connected with said first leg means at said
      outer end thereof for movement therewith and being adjustably mounted
      along an inwardly longitudinally extending axis disposed at an included
      angle of approximately 18.degree. 26' with the axis along which said first
      leg means is mounted and having an inner end for receiving and acting as
      an abutment stop for the outer corner of the leading cut end of the strip
      of material,
PAL  so that, when said first leg means is adjustably positioned to a desired
      position along its axis in relation to the desired inside length of the
      workpiece being cut and said second leg means is adjusted to a desired
      position along its axis in relation to the width of the strip of material
      being cut for aligning with the outer corner of the leading cut end of the
      strip of material, the strip of material will be properly positioned for
      making the next workpiece.
NUM  10.
PAR  10. An apparatus, as set forth in claim 9, in which said first leg means of
      said stop and measuring means includes a scale carried by said first leg
      means along a portion of the length thereof for providing a visual
      indication for adjustment of said first leg means to the desired position
      along its axis in relation to the desired inside edge length of the
      workpiece being cut.
NUM  11.
PAR  11. An apparatus for easily and quickly cutting with minimum waste
      workpieces, such as components for making mitered corner picture frames,
      from an elongate strip of material of any predetermined width, in which
      each workpiece has opposing ends which are 45.degree. and oppositely
      angled with respect to each other and an inside edge of predetermined
      desired length; said apparatus comprising:
PA1  a stationary support frame structure;
PA1  a table top linearly movably mounted on said support frame and having a
      longitudinally extending slot generally medially thereof;
PA1  a rotating, circular saw mounted in fixed position on said support frame
      and positioned within a portion of said slot of said table top so that
      said table top may be moved linearly back and forth with respect thereto;
PA1  a first longitudinally extending backstop means secured to said table top
      and disposed at a substantially 135.degree. included angle with respect to
      said table top slot and said saw for receiving the inside edge of the
      strip of material thereagainst and positioning the strip of material along
      a longitudinally extending axis at the substantially same angle with
      respect to said saw for movement of said table top and the strip of
      material linearly toward said saw for making spaced, successive, parallel,
      45.degree. cuts through the elongate strip to form workpieces with
      parallel 45.degree. cut ends;
PA1  a second longitudinally extending backstop means secured to said table top
      and disposed at a substantially 135.degree. included angle with respect to
      said table top slot and said saw and at a substantially 90.degree.
      included angle with respect to said first backstop means for receiving the
      inside edge of each of the cut workpieces thereagainst and positioning the
      workpiece at the substantially same angle with respect to said saw for
      movement of said table top and the workpiece linearly toward said saw for
      making an oppositely angled, 45.degree. cut at one end of the component to
      cut off and remove a wastepiece; and
PA1  means operatively positioned and associated with said first backstop means
      and said saw for (1) providing a stop for properly positioning the strip
      of material regardless of the width thereof before each 45.degree. cut for
      making the next workpiece, and (2) measuring the ultimate inside edge
      length of each workpiece to be cut from the strip of material while
      compensatively adding the necessary additional inside edge length to the
      workpiece being cut to provide an initially cut workpiece of the proper
      combined inside edge length for the subsequent cutting off of only a
      minimum waste, isosceles right triangular shaped, wastepiece which removes
      the additional inside edge length.
NUM  12.
PAR  12. An apparatus, as set forth in claim 11, further including
PA1  a first releasable clamp means mounted on said table top for being
      selectively positioned in engagement with the outside edge of the strip of
      material received by said first backstop means for clamping the strip of
      material against said first backstop means during each cutting operation,
      and
PA1  second releasble clamp means mounted on said table top for being
      selectively positioned in engagement with the outside edge of the cut
      workpiece received by said second backstop means for clamping the
      workpiece against said second backstop means during the cutting operation.
NUM  13.
PAR  13. An apparatus, as set forth in claim 12, in which said stop and
      measuring means comprises:
PA1  a first elongate leg means carried by said table top and adjustably mounted
      along an outwardly longitudinally extending axis parallel with and spaced
      from the axis along which the strip of material is positioned by said
      first backstop means and having an outer end thereon, and
PA1  a second elongate leg means connected with said first leg means at said
      outer end thereof for movement therewith and adjustably positioned along
      an inwardly longitudinally extending axis disposed at an included angle of
      approximately 18.degree. 26' with the axis along which said first leg
      means is mounted and having an inner end for receiving and acting as an
      abutment stop for the outer corner of the leading cut end of the strip of
      material
PAL  so that, when said first leg means is adjustably positioned to a desired
      position along its axis in relation to the desired inside length of the
      workpiece being cut and said second leg means is adjusted to a desired
      position along its axis in relation to the width of the strip of material
      being cut for aligning with the outer corner of the leading cut end of the
      strip of material, the strip of material will be properly positioned for
      making the next workpiece.
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ABST
PAL  A shearing apparatus for cutting metal, sheets, plates, and the like
      includes a frame having a bed plate extending between opposite ends of the
      frame and an elongated shearing member having one end pivotally connected
      to the frame adjacent one end of the frame and the other end of the
      shearing member is movable between guide members extending upwardly from
      the bed plate and adjacent the other end of the frame in response to
      operation of an extensible member having one end thereof pivotally mounted
      on the one end of the shearing member and the other end thereof pivotally
      connected to a first pivot point of a crank arm which has a second pivot
      point having the other end of the shearing member pivotally connected
      thereto and a third pivot point having one end of a connecting link
      pivotally connected to the third pivot point and the connecting link has
      the other end thereof pivotally connected to the other end of the frame
      and adjacent the guide members.
BSUM
PAR  The present invention relates to improvements in metal working apparatus
      and more particularly to such metal working apparatus having an improved
      linkage for moving a metal cutting or forming member.
PAR  The principal objects of the present invention are: to provide a metal
      working apparatus having a novel linkage effecting an increased shearing
      force at the movable end of a shearing member; to provide such an
      apparatus having a shear blade swinging on an axis adjacent one end and a
      power means and crank arm operatively connected adjacent the other end
      with a shifting crank arm connected to a base to operate the shear blade;
      to provide such a shearing apparatus wherein the linkage includes a crank
      arm with a fulcrum thereof pivotally connected to a swingable link member;
      to provide such a shearing apparatus wherein the power means and linkage
      includes an extensible member having end portions pivotally connected to a
      frame and a crank arm respectively, the crank arm being pivotally
      connected to an end of the shearing member and pivotally connected to one
      end of a connecting link having the other end pivotally connected to the
      other end of a supporting frame; to provide such a shearing apparatus
      wherein the linkage for movement of the shearing member has a changing
      moment and is operative to increase shearing force during shearing
      movement of the blade; and to provide such a shearing apparatus wherein
      the linkage is operative to provide a smooth, positive, and shock free
      operation and which is durable in construction, positive in operation, and
      particularly well adapted for the proposed use.
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings wherein are set forth, by way of illustration and example,
      certain embodiments of this invention.
DRWD
PAR  The drawings constitute a part of the specification and include an
      exemplary embodiment of the present invention and illustrate various
      objects and features of the shearing apparatus.
PAR  FIG. 1 is a perspective view of a metal working apparatus embodying
      features of the present invention.
PAR  FIG. 2 is a rear elevational view of the metal working apparatus with
      portions broken away to show a linkage for moving a metal engaging member.
PAR  FIG. 3 is a rear elevational view showing the metal engaging member in a
      metal engaging position.
PAR  FIG. 4 is a fragmentary transverse sectional view taken on line 4--4, FIG.
      2 and particularly showing the linkage for moving the metal engaging
      member.
DETD
PAR  Referring more in detail to the drawings:
PAR  As required, detailed embodiments of the present invention are disclosed
      herein. However, it is to be understood that the disclosed embodiments are
      merely exemplary of the invention which may be embodied in various forms.
      Therefore, specific structural and functional details disclosed herein are
      not to be interpreted as limiting but merely as a basis for the claims and
      as a representative basis for teaching one skilled in the art to variously
      employ the present invention in virtually any appropriately detailed
      structure.
PAR  In the disclosed embodiment of the present invention, the reference numeral
      1 generally designates a metal working apparatus for working metal sheets,
      plates and the like. The metal working apparatus includes a frame 2 with a
      bed plate and shear edge cooperating with a swingable shear blade that has
      a pivot or bearing mounting adjacent one end and carried by the frame so
      swinging of the blade will cut material between said blade and shear edge.
      The shear blade is operated by a power member and crank arm mounted
      relative to the frame or shear blade to apply shearing force to the blade
      on downward swinging movement thereof. The crank arm has a pivotal
      connection to the shear blade adjacent the end remote from the pivot
      mounting thereof on the frame. The connection of the arm with the shear
      blade is spaced from a crank arm fulcrum that is shiftably carried by the
      frame to accommodate the arc of movement of the connection between the arm
      and the shear blade. The power means is connected to the arm in spaced
      relation to the fulcrum to provide a relatively long lever action and
      increased force to the shear blade.
PAR  In the form illustrated, the apparatus includes a frame 2 having a bed
      plate 3 extending between opposite ends of the frame 2 and an elongated
      metal engaging or shearing member 4 having one end 5 thereof pivotally
      connected to the frame 2 adjacent one end 6 thereof and the other end of
      the shearing or metal engaging member 4 is movable between guide members 7
      extending upwardly from the bed plate 3 adjacent the other end 8 of the
      frame 2 in response to operation of a power means shown as an extensible
      member 9. The member 9 has one end 10 thereof pivotally mounted on the one
      end 5 of the member 4 and the other end 11 pivotally connected to a first
      pivot point 12 of a crank arm 14 which has a second pivot point 15 having
      the other end 16 of the shearing member 4 pivotally connected thereto and
      a third pivot point 17 having one end 18 of a connecting link 19 pivotally
      connected thereto and the connecting link 19 has the other end 20 thereof
      pivotally connected to the other end 8 of the frame 2 adjacent the guide
      members 7.
PAR  The frame 2 may be any suitable structure adapted to support the bed plate
      3, the shearing member 4, the guide members 7, and the linkage for moving
      the shearing member 4. In the illustrated structure, the frame 2 has
      longitudinally spaced end walls 21 and 22 adjacent the ends 6 and 8
      respectively of the frame 2. The space between the end walls 21 and 22
      defines a workpiece receiving compartment, as later described. The frame 2
      includes lower front and rear walls 23 and 24 respectively extending
      longitudinally between the end walls 21 and 22.
PAR  The lower front and rear walls 23 and 24 have aligned upper edges adapted
      to support the bed plate 3 thereon and in a position such that the bed
      plate 3 has a substantially horizontal upper surface. The bed plate 3
      extends between the end walls 21 and 22. It may be desirable to provide
      additional support for the bed plate 3, therefore, the bed plate 3 is
      supported on a plurality of transverse support members 25 extending
      between and connected to the lower front and rear walls 23 and 24, as by
      welding.
PAR  The lower rear wall 24 has an extension 26 extending beyond the end wall 21
      at the one end 6 of the frame 2. A bracket 27 is mounted on the end wall
      21 in laterally spaced relation with the extension 26 of the lower rear
      wall 24. The extension 26 and the bracket 27 have aligned apertures
      therein with suitable bearings therein adapted to receive a pin 28 for
      pivotally mounting the one end 5 of the shearing member 4.
PAR  The lower rear wall 24 also has an extension 29 extending from the end wall
      22 at the other end 8 of the frame 2. The extension 29 has a suitable
      bearing mounted therein and adapted to receive a pin 30 pivotally mounting
      the other end 20 of the connecting link 19, as later described.
PAR  The guide members 7 are mounted on the end wall 22 at the other end of the
      frame 2. The illustrated guide members comprise a pair of spaced ribs or
      flanges extending from the end wall 22. The space between the ribs or
      flanges defines the desired path for movement of the shearing member 4.
PAR  In metal working apparatus, it is desirable to hold a workpiece in a fixed
      position while moving a metal engaging member into engagement therewith.
      In the illustrated structure, the frame 2 includes an upper front wall 31
      extending between the end walls 21 and 22. The upper front wall 31 is
      spaced above the bed plate 3 and has a bottom flange 32 positioned above
      and substantially parallel with the bed plate 3. The bottom flange 32 has
      a plurality of longitudinally spaced workpiece engaging members 33
      depending therefrom. The workpiece engaging members 33 have suitable
      extensible portions 34 positioned above the bed plate 3 and adapted to
      engage a workpiece and hold same in clamped engagement with the bed plate
      3.
PAR  The shearing member 4 is positioned adjacent the lower rear wall 24 and is
      movable by and cooperates with a shearing edge 35 of the bed plate member
      3 to cut a workpiece held in position on the bed plate 3. The illustrated
      shearing member 4 is a substantially rigid structural member in the form
      of a plate or box beam having an upper surface or edge 36 and a lower
      surface or edge 37 which has a suitable metal cutting blade 38 mounted
      thereon and adapted to cooperate with the shearing edge 35 of the bed
      plate 3 to cut a metal workpiece held on the bed plate 3.
PAR  The illustrated shearing member 4 has suitable wear plates 39 and 40
      mounted thereon and positioned intermediate the ends thereof. The wear
      plates 39 and 40 are positioned to be in sliding engagement with the guide
      members 7 whereby the shearing member 4 is retained in a selected path
      during raising and lowering thereof.
PAR  The power means may be carried by the frame 2 on the shearing member 4 and
      in the illustrated structure, the shearing member 4 has a pair of
      laterally spaced ears 41 and 42 extending upwardly from the upper surface
      or edge 36 thereof and the ears 41 and 42 are positioned adjacent the one
      end 5 of the shearing member 4. The ears 41 and 42 have aligned apertures
      with suitable bearings therein which are adapted to receive a pin 43
      extending between the ears 41 and 42. The pin 43 is adapted to pivotally
      mount the one end 10 of the extensible member 9 on the one end 5 of the
      shearing member 4.
PAR  A pair of laterally spaced ears 44 and 45 extend upwardly from the upper
      surface or edge 36 of the shearing member 4 and the ears 44 and 45 are
      positioned adjacent the other end 16 of the shearing member 4. The ears 44
      and 45 also have aligned apertures with suitable bearings therein which
      are adapted to receive a pin 46 defining the second pivot point 15 of the
      crank arm 14.
PAR  The extensible member 9 may be any suitable heavy duty hydraulic or
      pneumatic member adapted to exert sufficient force on a linkage for moving
      the shearing member 4. The illustrated extensible member 9 has the one end
      portion 10 thereof formed with a suitable aperture having a bearing
      therein which is adapted to receive therein the pin 43 mounted above the
      one end 5 of the shearing member 4. The extensible member 9 has a yoke
      portion at the other end 11 thereof with suitable aligned apertures each
      having bearings therein adapted to receive a pin 47 defining the first
      pivot point 12 of the crank arm 14.
PAR  The crank arm is a form of bell crank with the spacing between pivot points
      providing long and short lever arms with the long lever arm being
      connected to the power means. As illustrated, the crank arm is a planar
      member generally triangular in shape and having the pivot points 12, 15,
      and 17 in respective corners thereof. The crank arm 14 is positioned above
      the shearing member 4 and is substantially coplanar with the shearing
      member 4 and the extensible member 9. The crank arm 14 has a suitable
      bearing mounted in one corner thereof and adapted to receive the pin 47
      mounted in the other end 11 of the extensible member 9. The crank arm 14
      also has a suitable bearing mounted in a second corner thereof and adapted
      to receive the pin 46 extending between the ears 44 and 45 at the other
      end 16 of the shearing member 4. The third corner of the crank arm 14 has
      a bearing therein adpated to receive a pin 48 defining the third pivot
      point 17 or fulcrum and having the one end 18 of the connecting link 19
      pivotally connected thereto. The pin 48 defines a fulcrum for movement of
      the first and second pivot points 12 and 15 respectively about the third
      pivot point 17 while the third pivot point 17 or fulcrum is moving about
      the other end 20 of the connecting link 19.
PAR  The connecting link 19 is illustrated as a pair of spaced elongated
      generally planar members each pivotally mounted on and extending between
      the pin 48 at the one end 18 therof and the pin 30 at the other end 20
      thereof. The connecting link 19 has a longitudinal axis extending between
      the pins 48 and 30. The members defining the connecting link 19 are
      positioned on opposite sides of the shearing member 4 and the ends 18 and
      20 of the connecting link 19 have suitable bearings therein to receive the
      pins 48 and 30 respectively. The connecting link 19 is positioned between
      the pin 46 at the other end 16 of the shearing member 4 and the other end
      8 of the frame 2.
PAR  The position and orientation of the components of the linkage for moving
      the shearing member 4 is a feature of the invention and the relationship
      between the pivot points of the crank arm 14, the other end 16 of the
      shearing member 4, and the connecting link 19 cooperate to increase
      shearing force as the other end 16 of the shearing member 4 is moved
      toward the one edge 35 of the bed plate 3. The first pivot point 12 is
      spaced a greater distance from the third pivot point 17 or fulcrum than
      the spacing between the second pivot point 15 and the third pivot point 17
      or fulcrum. When the other end 16 of the shearing member 4 is in a raised
      position with the extensible member 9 in a fully retracted position, the
      first pivot point 12 is positioned on one side of the longitudinal axis of
      the connecting link 19 and the second pivot point 15 is positioned on the
      other side of the longitudinal axis of the connecting link 19. During
      extension of the extensible member 9, the first pivot point 12 is moved to
      and beyond a position in alignment with the longitudinal axis of the
      connecting link 19 whereby the first pivot point 12 and the second pivot
      point 15 are then on the same side of the longitudinal axis of the
      connecting link 19.
PAR  The second pivot point 15 of the crank arm 14 is laterally spaced from the
      longitudinal axis of the connecting link 19 when the other end 16 of the
      shearing member 4 is in a raised position and the extensible member 9 is
      in fully retracted position. The second pivot point 15 of the crank arm 14
      is positioned to be moved in an arc about the third pivot point 17 or
      fulcrum of the crank arm 14 and toward the longitudinal axis of the
      connecting link 19 when the other end 16 of the shearing member 4 is being
      moved toward the shearing edge 35 of the bed plate 3 thereby increasing
      the force applied to the pin 46 as the third pivot point 17 or fulcrum is
      moved in an arc about the other end 20 of the connecting link 19 and away
      from the one end 8 of the frame 2, whereby the third pivot point 17
      provides a movable fulcrum for the crank arm 14.
PAR  The pin 28 having the one end 5 of the shearing member 4 mounted thereon
      has a longitudinal axis positioned below an upper surface of the bed plate
      3 and the longitudinal axis of the pin 28 is substantially coplanar with
      the lower or cutting edge of the blade 38 mounted on the lower surface or
      edge 37 of the shearing member 4.
PAR  The illustrated and described arrangement of the components of the linkage
      for moving the shearing member 4 is such that the third pivot point 17 or
      fulcrum of the crank arm moves in an arc about the toher end 20 of the
      connecting link 19 while the other end 16 of the shearing member 4 moves
      in an arc about the one end 5 thereof. The first pivot point 12 and the
      second pivot point 14 each are moved in a arespective arc about the third
      pivot point 17 or fulcrum of the crank arm 14 during movement of the first
      pivot point 12 and the third pivot point 17 in respective arcs about the
      second pivot point 15.
PAR  It is to be understood that while I have illustrated and described one form
      of my invention, it is not to be limited to the specific form or
      arrangement of parts herein described and shown.
CLMS
STM  What I claim and desire to secure by letters patent is:
NUM  1.
PAR  1. A shearing apparatus comprising:
PA1  a. an elongated frame having opposite ends and a bed plate having a shear
      edge extending along a major portion of the distance between the opposite
      ends of said frame;
PA1  b. said bed plate of said frame has a substantially horizontal upper
      surface;
PA1  c. an elongated shearing member having opposite ends, one end of said
      shearing member being pivotally mounted on said frame adjacent one end of
      said frame;
PA1  d. said shearing member has an upper edge and a lower edge;
PA1  e. the pivotal mounting of the one end of said shearing member on said
      frame comprises a pin having a longitudinal axis positioned below the
      upper surface of said bed plate;
PA1  f. an extensible member having one end thereof pivotally supported adjacent
      said one end of said frame;
PA1  g. a crank arm having a fulcrum pivot and a long arm and a short arm, the
      other end of said extensible member being pivotally connected to said long
      crank arm, said short crank arm being pivotally connected to said shearing
      member adjacent the other end thereof;
PA1  h. the other end of said extensible member is pivotally connected to a
      first pivot point of said crank arm;
PA1  i. the other end of said shearing member is pivotally connected to a second
      pivot point of said crank arm;
PA1  j. the long arm of said crank arm is defined by the portion of the crank
      arm between said fulcrum pivot and said first pivot point;
PA1  k. the short arm of said crank arm is defined by the portion of the crank
      arm between said fulcrum pivot and said second pivot point;
PA1  l. said crank arm and said second pivot point thereof being positioned
      above the upper edge of said shearing member;
PA1  m. means on said frame movably supporting said crank fulcrum pivot to
      accommodate the arcs of the short lever arm and shearing member as the
      crank arm is actuated by the extensible member;
PA1  n. said means movably supporting said crank fulcrum pivot comprises an
      elongated connecting link having one end thereof pivotally connected to
      said fulcrum pivot of said crank arm and the other end thereof pivotally
      connected to the other end of said frame; and
PA1  o. guide means mounted on said frame adjacent the other end thereof to
      guide said shearing member during movement thereof in shearing cooperation
      with the bed plate shear edge of said frame in response to operation of
      said extensible member.
NUM  2.
PAR  2. A shearing apparatus as set forth in claim 1 wherein:
PA1  a. said extensible member is positioned above said shearing member;
PA1  b. said crank arm is positioned above said shearing member; and
PA1  c. said connecting link is positioned between said guide means and said
      other end of said shearing member whereby operation of said extensible
      member;
PA2  1. moves the other end of said shearing member in an arc about the one end
      thereof;
PA2  2. moves said fulcrum pivot of said crank arm in an arc about the other end
      of said connecting link; and
PA2  3. moves each of said first pivot point and said second pivot point in a
      respective arc about said fulcrum pivot point of said crank arm during
      movement of each of said first pivot point and said fulcrum pivot in a
      respective arc about second pivot point.
NUM  3.
PAR  3. A shearing apparatus as set forth in claim 1 wherein:
PA1  a. said fulcrum pivot of said crank arm is positioned to be moved in an arc
      about the other end of said connecting link in response to operation of
      said extensible member; and
PA1  b. said second pivot point of said crank arm is positioned to be moved in
      an arc about said fulcrum pivot during movement of said fulcrum pivot of
      said crank arm to thereby move the other end of said shearing member in an
      arc about the longitudinal axis of said pin.
NUM  4.
PAR  4. A shearing apparatus as set forth in claim 3 wherein said first pivot
      point of said crank arm is positioned to be moved in an arc about said
      second pivot point in response to operation of said extensible member and
      during movement of said second pivot point in an arc about said fulcrum
      pivot.
NUM  5.
PAR  5. A shearing apparatus as set forth in claim 4 wherein:
PA1  a. said first pivot point is spaced a greater distance from said fulcrum
      pivot than the spacing between said second pivot point and said fulcrum
      pivot;
PA1  b. said connecting link has a longitudinal axis;
PA1  c. said first pivot point is positioned to be on one side of the
      longitudinal axis of said connecting link and said second pivot point is
      positioned to be on the other side of the longitudinal axis of said
      connecting link when said extensible member is fully retracted and said
      shearing member is in a raised position; and
PA1  d. said first pivot point is positioned to be moved to and beyond a
      position in alignment with the longitudinal axis of said connecting link
      during extension of said extensible member whereby said first pivot point
      and said second pivot point are on the same side of the longitudinal axis
      of said connecting link.
NUM  6.
PAR  6. A shearing apparatus comprising:
PA1  a. an elongated frame having opposite ends and a bed plate having a shear
      edge extending along a major portion of the distance between the opposite
      ends of said frame;
PA1  b. an elongated shearing member having opposite ends, one end of said
      shearing member being pivotally mounted on said frame adjacent one end of
      said frame for swinging movement toward and away from said shear edge of
      the bed plate;
PA1  c. an extensible member having one end thereof pivotally supported adjacent
      said one end of said frame;
PA1  d. a crank arm above and adjacent the other end of the shearing member and
      having a fulcrum pivot and a long arm and a short arm;
PA1  e. means pivotally connecting the other end of the extensible member to a
      first pivot point of said crank arm, said long arm of said crank arm being
      defined by the portion of the crank arm between said fulcrum pivot and
      said first pivot point;
PA1  f. means pivotally connecting the other end of said shearing member to a
      second pivot point of said crank arm, the short arm of said crank arm
      being defined by the portion of the crank arm between said fulcrum pivot
      and said second pivot point;
PA1  g. a generally upright elongate link having a lower end pivotally mounted
      on the frame adjacent the other end thereof below said other end of the
      shearing member;
PA1  h. means pivotally connecting the upper end of said link to said crank arm
      at the fulcrum pivot thereof for swinging movement of said link to
      accommodate the arcs of the short lever arm and the shearing member as the
      crank arm is actuated by the extensible member; and
PA1  i. guide means mounted on said frame adjacent the other end thereof to
      guide said shearing member during movement thereof in shearing cooperation
      with the bed plate shear edge of said frame in response to operation of
      said extensible member.
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PAL  The present invention is directed to a construction of a horizontal band
      sawing machine which is particularly suited for the cutting of materials
      having at least one web portion and a flange portion, such as L-shaped
      steel sections.
PAL  In a horizontal band sawing machine including a housing which is pivotally
      connected at one end thereof, the construction achieves a structural
      advantage by involving a plurality of portions where the housing is
      pivotally connected while a stock vice mechanism is provided to the
      construction which is capable of holding such a steel material as L-shaped
      steel not only from the left and right sides thereof, but also from above
      and below.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  The present invention relates generally to a horizontal sawing machine
      which is particularly suited for the cutting of steel such as L-shaped
      steel sections.
PAR  B. Description of the Prior Art
PAR  A band sawing machine of horizontal type in conventional use including a
      housing which has one end thereof pivotally connected involves a drawback
      from the viewpoint of structure in that, when cutting a steel material
      having a web portion and a flange portion or flange portions such as
      L-shaped steel section, the machine has one end of the housing positioned
      lower than its vice bed at the completion of a cutting stroke. Moreover,
      pressure exerted by an ordinary stock vice onto the opposing flange
      portions from both sides tends to cause the web portion to flex
      vertically, thus preventing the steel material from being cut with
      accuracy.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention generally relates to a band sawing machine of
      horizontal type and, more particularly, to a band sawing machine of the
      type described which is suited particularly to the cutting of various
      steel sections such as H-shaped steel.
PAR  As viewed in FIG. 1, an H-shaped steel section generally designated 1
      includes a horizontally extending relatively long web portion 3 and a pair
      of flange portions 5 extending perpendicularly to the web portion 3 at
      opposite ends thereof. Where it is intended to cut such an H-shaped steel
      1 with use of a band sawing machine, the opposing flange portions 5 and 5
      should preferably be cut simultaneously from the viewpoint of efficiency
      while, as regards the web portion 3, the band saw blade should preferably
      be held in an angular position relative to the web portion so that
      resistance to cutting may be prevented from growing to an objectionable
      extent and to thereby enchance the efficiency.
PAR  One type of band sawing machine presently available for exclusive use in
      the cutting of H-shaped steel sections is designed to have its blade urged
      downwardly at a given inclination relative to the web portion of a steel
      section, which is fixedly retained by a stock vice. By virtue of the
      angular position of the blade, such a type of band sawing machine will
      substantially satisfy the two different conditions mentioned in the
      preceding paragraph for the enhancement of cutting efficiency. It is not
      fully acceptable, however, in view of the fact that the blade remains in
      the angular position even at the completion of a cutting stroke, that is,
      one end of the blade housing is lowered beyond the bed surface of the
      stock vice to consequently require an oil pan be positioned far lower than
      the vice bed surface to receive a cutting liquid or the like. Drawbacks
      resulting from the fact described above are that the cutting liquid or oil
      flows down from a relatively high position and thus scatters out of the
      oil pan, that a difficulty is experienced in the installation of
      mechanisms for operating feed rollers and the like which should be
      operated in the front of the machine, and that the entire size of the
      machine is enlarged with its center of gravity defined in a higher
      position. Moreover, where an H-shaped steel is retained by an ordinary
      stock vice mechanism at its flange portions, the web portion tends to
      cause flexure in the vertical direction which is perpendicular to the
      direction of the retaining force exerted by the stock vice.
PAR  An object of the present invention is therefore to overcome the drawbacks
      described above inherent in the prior art arrangement.
DRWD
PAR  Other object, advantages and features of the instant invention will be
      readily apparent from the following detailed description with reference to
      the appended claims and drawings, in which:
PAR  FIG. 1 is a perspective view showing an H-shaped steel section;
PAR  FIGS. 2 and 3 are views illustrative of general concepts of the operation
      of a band sawing machine;
PAR  FIG. 4 is a front end view illustrating a preferred embodiment of the band
      sawing machine according to the present invention;
PAR  FIG. 5 is an enlarged plan view of a stock vice mechanism; and
PAR  FIG. 6 is an enlarged section taken along line VI--VI of FIG. 4.
DETD
PAR  Let it now be assumed that the web portion 3 of the H-shaped steel 1 shown
      in FIG. 1 is intended to be cut and that reference character a denotes a
      minimum allowable inclination of a band saw blade preventing an
      excessively large resistance to cutting. In order that the blade may
      become parallel to the bed surface of a stock vice upon completion of the
      cutting motion from the angular position a, the blade may be caused to
      rotate about a point A. In this case, however, the blades initial or start
      position falls into an angular state designated a-1 with an undesirably
      large angle of inclination. Alternatively, the blade may be rotated about
      a point B from the angular position a with a view to making the
      inclination in the initial position of a cutting stroke as small as
      possible. This will provide a more desirable start position designated
      b-1, but at the completion of the cutting stroke will provide an angular
      position b-2 so that the blade is incapable of finishing the cutting
      motion in parallel relation to the vices bed surface.
PAR  Operational concept of the band sawing machine according to the invention
      is illustrated in FIG. 3. The minimum allowable inclination of the band
      saw blade is also designated by reference character a in FIG. 3. The
      blade's initial position in a cutting stroke is denoted by c-1 (with a
      smaller angle of inclination) which is defined by rotating the blade from
      the angular position a about a point C (relatively remote from the cutting
      position). Rotational motion of the blade proceeds about point C from
      position c-1 through position a to a position c-2 where the web 3 has been
      substantially cup up. At this instant, the center of rotation is shifted
      from point C to a point D so that the blade further rotates about the new
      center of rotation to complete the cutting stroke in a position parallel
      to the vice's bed surface.
PAR  Referring now to FIG. 4, numeral 7 designates a band saw blade which is
      passed over a drive wheel 11 and a driven wheel 13 respectively mounted in
      a housing 9, 15 a hinge pin provided to a support 19 which in turn is
      provided to a bed 17, 21 a link member pivotally mounted on the hinge pin
      15, 23 a hinge pin associating the housing 9 and the link member 21 with
      each other, 25 a stop disposed to the housing 9 in such a manner as to be
      engageable with the link member 21, 27 a stop disposed to the bed 17, and
      29 a hydraulically operated cylinder extending between the housing 9 and
      the bed 17.
PAR  Numeral 31 designates a movable vice member disposed in spaced face-to-face
      relation to a stationary vice member 35 (see FIG. 5) which is fixedly
      carried on a vice bed 33, and numerals 37 and 39 indicate a pair of spaced
      slidable plates each of which is disposed on the vice bed 33 in parallel
      to the other and formed with a series of openings 41 at a suitable
      distance. The plates 37 and 39 are caused to slidingly reciprocate on the
      vice bed 33 by a hydraulically operated cylinder 43, which is also mounted
      on the vice bed 33. Numerals 45 and 47 designate a pair of pins integrally
      associated through a connecting plate 49 while extending through the
      aforesaid movable vice 31, and lower ends of the pins 45 and 47 are
      engageable with the opening 41 of the corresponding slidable plates 37 and
      39. The pins 45 and 47 have their lower ends brought into and out of
      resister with selected openings 41 by an actuating level 51. With the
      actuating level 51, the movable vice member 31 is shifted to a suitable
      position according to the particular width of a steel section and the pins
      45 and 47 are engaged with selected openings 41, whereupon the slidable
      plates 37 and 39 are urged into sliding movement by hydraulic cylinder 43
      toward the stationary vice member 35. Thus, steel sections of various
      widths can be held between the stationary vice member 35 and the movable
      vice member 31.
PAR  Further disignated by numerals 53, 55 and 57 are hydraulically operated
      cylinders which are supported on a common shelf portion projecting from
      the lower front of the vice bed 33. Cylinder 53 is secured to the shelf
      portion 59 by fixing means 61 whereas cylinders 55 and 57 are slidable
      transversely on the shelf portion 59. Cylinders 55 and 57 are provided
      with piston rods 63 and 65, respectively, which are capable of projecting
      above the upper surface of the vice bed 33.
PAR  Fixed through pins 75 and 77 to a bracket 67 mounted on the side periphery
      of the movable vice 31 and the hydraulic cylinder 53, respectively, are
      opposite ends of a pantograph mechanism 73 which consists of a plurality
      of link members 69, 69 . . . and a plurarity of link members 71, 71 . . .
      pivotally connected with the first link members. Cylinders 55 and 57 are
      associated with the pantograph mechanism 73 through pins 79 and 81,
      respectively, at positions trisectioning the pantograph. In the standards
      of steel sections including H-shaped steel, there are involved those of
      such a small width that they cannot be properly held between the vice
      members even with the pantograph mechanism 73 fully contracted. To prepare
      for such a case, the bracket 67 is formed with an elongate slot 67a, in
      which the pin 75 is movable, so that the pin 75 can be untightened to
      render the pantograph mechanism 73 movable and, thereupon, the movable
      vice 31 is drawn to the right in FIG. 4. Cylinder 53 has the piston rod 83
      extended upwardly above the upper surface of the vice bed 33 at the side
      of stationary vice member 35. To the upper end of piston rod 83 is coupled
      a body 89 which is guided by a pair of parallel spaced guides 85 and 87
      mounted on the side periphery of the stationary vice member 35 so as to be
      slidable in the vertical direction. An arm 91 extends from the upper
      portion of the body 89 toward the movable vice member 31 while a pair of
      web retaining members 93 and 95 extend downwardly from the arm 91. Each of
      the web retaining members 93 and 95 has its upper portion shaped as shown
      in FIG. 6 and received in an elongate recess 97 formed with a T-shaped
      cross section in the lower portion of an enlarged portion 91a provided to
      the arm 91, thus being slidable longitudinally of the arm 91 in the recess
      97 when moved manually. Suitable members 99 made of such a resilient
      material as hard rubber for instance are attached to the lower periphery
      of the enlarged portion 91a, whereby the pair of web retaining members 93
      and 95 is allowed to ridigly downwardly hold the web portion 3 of the
      workpiece 1 despite an appreciable difference in height, if any.
PAR  Cylinders 55, 57 and 53 and movable vice member 31 may be operated by a
      fluid under pressure flowing through a common circuit, but the piping is
      designed to give the cylinders 55 and 57 and the cylinder 53 opposite
      directions of operation.
PAR  In use, pins 45 and 47 extending through movable vice 31 of the band sawing
      machine are first brought into register with openings 41 of selected
      positions according to the particular width of the H-shaped steel. The
      hydraulic cylinder 43 is then actuated to urge the movable vice 31 toward
      the stationary vice member 35 through slide plates 37 and 39 having formed
      the openings 41, thereby holding the steel section between the stationary
      and movable vice members at its flange positions.
PAR  In the meantime, the pantograph mechanism 73 having its one end associated
      through pin 75 with the bracket 67 integral with the movable vice 31 is
      contracted in conformity with the spacing between the movable member 31
      and the stationary member 35, viz., the width of the workpiece. Connected
      with the pantograph mechanism 73, cylinders 55 and 57 are automatically
      moved to positions dividing the spacing mentioned above or the web portion
      3 into three equal parts.
PAR  As the cylinders 53, 55 and 57 are hydraulically actuated, cylinder 53 has
      the piston rod 83 urged downwardly whereas piston rods 63 and 65 cylinders
      55 and 57 are urged upwardly. The downwardly movement of the piston rod 83
      causes the arm 91 to move downwardly through guide body 89 with the result
      that web retaining members 93 and 95, which have been preadjusted to
      positions trisecting the web portion of the intended steel section,
      presses downwardly the corresponding positions of the web portion 3.
      Thereafter, piston rods 63 and 65 of cylinders 55 and 57 press upwardly
      the positions on the web portion 3 trisecting the same, thus cooperating
      with the piston rod 83 to positively hold the web portion therebetween.
PAR  It should be noted that, although the cylinders 55 and 57 pressing the web
      portion 3 upwardly and the web retaining members 93 and 95 pressing the
      same downwardly have been shown and described as being provided in pairs
      respectively, the cylinders and the retaining members may respectively be
      provided more than two or one, if necessary.
PAR  Where the workpiece is retained in this manner and the housing 9 for
      cutting blade assumes the highest position with the piston rod (not
      numbered) of hydraulic cylinder 29 held in the fully projected state, the
      link member 21 remains in abutting engagement with the stop 25 fixedly
      mounted on housing 9. As the cylinder 29 has its piston rod progressively
      retracted from this position, the housing is moved pivotally downwardly
      about hinge pin 15 with the link 21 kept in engagement with the stop 25.
      Then, upon engagement of the link 21 with another stop 27, the housing 9
      further pivotally moves but about another hinge pin 23. It will thus be
      seen that the blade housing 9 is provided with two different hinge
      portions, viz., one 15 remote from the cutting position (corresponding to
      the center of rotation C indicated in FIG. 3) and the other 23 close to
      the cutting position (corresponding to the center of rotation D), such
      that it is caused to rotate about hinge portion 15 in the initial stage of
      its downward cutting stroke and then about the other hinge portion 23 to
      the completion of the downward stroke.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A band sawing machine of the horizontal type comprising a blade housing
      (9) pivotally connected to a bed (17) by means of a link member (21),
      means (29) for downwardly moving said blade housing (9) relative to said
      bed (17) in a cutting stroke through a cutting station (31), said link
      member (21) being pivotally connected at one end thereof to said bed (17)
      by means of a first hinge portion (15) disposed remote from said cutting
      station (31), said link member (21) being pivotally connected at the other
      end thereof to said blade housing (9) by means of a second hinge portion
      (23) disposed relatively closer to said cutting station (31) than said
      first hinge portion (15), first stop means (25) carried by said blade
      housing (9) and adapted to engage said link member (21) to limit relative
      rotation between said link member (21) and said blade housing (9) in one
      direction about said hinge portion (23), and second stop means (27)
      carried by said bed (17) and adapted to engage said link member (21) to
      limit relative rotation between said link member (21) and said bed (17) in
      one direction about said hinge portion (15) during downward movement of
      said blade housing (9) in a cutting stroke, whereby said blade housing (9)
      will rotate about said first hinge portion (15) during the initial stages
      of a cutting stroke while said link member (21) remains in engagement with
      said first stop means (25) thereby preventing relative rotation between
      said link member (21) and said blade housing (9), and said blade housing
      (9) will then rotate about said second hinge portion (23) during the
      completion stage of a cutting stroke as said link member (21) comes into
      engagement with said second stop means (27) thereby preventing relative
      rotation between said link member (21) and said bed (17).
NUM  2.
PAR  2. A band sawing machine as defined in claim 1 particularly suited for the
      cutting of H-shaped steel sections, further comprising a stock vice
      mechanism including a movable vice member (31) slidable in a first
      direction and a stationary vice member (35), at least one upwardly
      directed web retaining means disposed below the upper surface of a vice
      bed (33) so as to be slidable in the same direction as said movable vice
      member (31), a pantograph mechanism (73) having one end pivotally
      connected to said movable vice member (31) and its other end suitably
      fixed on said stationary vice member (35), said upwardly directed
      retaining means being connected to at least one suitable position of said
      pantograph mechanism (73), an arm (91) vertically movable and disposed
      above the upper surface of said bed (33), and at least one downwardly
      directed web retaining means connected to said arm (91) in such a manner
      as to be free to slidingly move or remain stationary in the direction in
      which said movable vice member (31) is slidable.
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ABST
PAL  A chord button assembly for use in electronical organs is formed as a
      unitary assembly. A plastic hinge strip extending the length of the chord
      selector button area is provided and a plurality of keys or arms extend
      from the strip and have selector buttons formed at or near terminating
      ends of the arms in a staggered pattern to extend through openings formed
      in the chord selector plate. The arms are provided with return spring and
      electrical contact element receiving recesses which are strategically
      located to allow selection of multiple chord operation by actuation of a
      single chord button.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to improvements in selector buttons for
      electronic musical instruments, and more particularly, to improvements in
      the chord selector button assembly for electronic organs, and the like.
      Heretofore, the production of keys and chord buttons for musical
      instruments, and especially those used in electronic organs, have provided
      a bar for receiving a separate key or arm mounted thereon for holding the
      chord button in its proper registry with a cover plate located in the
      chord button selection area of the electronic organ. Usually these arms
      are held in place by screws or the like with the entire assembly being
      mounted by means of mechanical hinge structures added thereto during the
      assembly operation. Each arm for the chord button has had to be mounted
      individually, and considerably manual labor and time is required to mount
      such prior art arrangments. Furthermore, the requirement for dexterity and
      skilled labor increases the cost for assembling such units.
PAR  In accordance with the invention disclosed and claimed in Howard M. Thomas
      et. al U.S. Pat. No. 3,797,357 ELECTRONIC MUSICAL INSTRUMENT MECHANICAL
      CONSTRUCTION, sub-assemblies of keys are provided in which a plurality of
      plastic keys is formed integral with a mounting strip with a flexible
      section between each key and the mounting strip. Furthermore, in
      accordance with U.S. Pat. No. 3,797,357, it is necessary to have three
      sub-assemblies for three different groups of keys, these corresponding to
      each of three different octaves associated with the black and white keys
      of the standard piano keyboard. In mounting this structure it is necessary
      to place three mounting strips one on top of the other on a supporting
      base. This construction is generally satisfactory for piano-type keys, but
      a certain amount of hand-labor is necessary for placing each of the
      sub-assemblies in their proper position and for securing them in place.
PAR  A variation on the structure shown in the Thomas et. al. U.S. Pat. No.
      3,797,357 is found in the R. A. Becwar U.S. Pat. No. 3,205,754 issued
      Sept. 4, 1965, which also relates to the construction of the piano-type
      black and white key arrangement. In this patent the octave group of white
      or natural keys is formed integral with the mounting strip, and there is
      an interconnecting flexural strip mounting each key to the mounting strip.
      Similarly, there is a separate group of sharp or black keys integrally
      molded with a single mounting strip with a flexural interconnecting strip
      between each key and the mounting strip. This structural arrangement still
      presents a problem in that two mounting strips must be secured to a
      support, one on top of the other.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved key structure, particularly useful for the chord button assembly,
      which is entirely of a single integral molded construction, and wherein
      each of the buttons is secured to a support arm which, in turn, is
      connected to the mounting strip by a flexural plastic section.
PAR  More specifically, a feature of this invention is a new and improved chord
      button assembly wherein a plurality of rows of chord buttons are formed on
      a single mounting strip and protrude through rows of apertures in a plate.
PAR  Briefly, the above objects are accomplished by the provision of a chord
      button assembly which utilizes a single mounting strip and a plurality of
      keys or button support arms extending therefrom. The keys or buttons are
      secured near the terminating ends of the support arms which, in turn, are
      hingedly secured to the mounting strip by a reduced-dimension portion of
      the molded plastic material. The return spring and contact springs
      associated with each of the chord buttons is carried within separate
      recesses formed in a tab at the bottom of the support arm. When the chord
      note associated with one button is also to be intermingled with a chord
      note associated with an immediately adjacent button the tabs at the bottom
      of the support arms are arranged so as to provide common registry of
      recesses therein for the contact springs associated with the two chord
      notes to be played from the single button. The entire structure provides
      means for making simple electrical and mechanical connections to the chord
      buttons thereby substantially reducing the assembly time and cost for such
      chord button assemblies.
PAR  Many other objects, features and advantages of this invention will be more
      fully realized and understood from the following detailed description when
      taken in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements or components.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of an electronic organ utilizing
      the chord button assembly constructed in accordance with the principles of
      this invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view similar to that of FIG. 2 but illustrating one
      of the chord buttons in an actuated position;
PAR  FIG. 4 is a fragmentary plan view with portions thereof broken away to
      illustrate the construction of the chord button assembly of this
      invention;
PAR  FIG. 5 is an exploded perspective view of the chord button assembly of FIG.
      4;
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 2;
PAR  FIG. 7 is a fragmentary plan view of a chord button assembly illustrating
      an alternative form of construction in accordance with the principles of
      this invention;
PAR  FIG. 8 illustrates a bottom view of the fragmentary portion of FIG. 7; and
PAR  FIG. 9 illustrates an end sectional view taken along line 9--9 of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Referring now to FIG. 1 there is seen an electronic organ which is
      designated generally by reference numeral 10 and wherein the chord button
      assembly of the present invention is utilized. Here the chord button
      assembly is designated generally by reference numeral 11 and is positioned
      immediately adjacent the lower manual of natural and sharp keys 12, as is
      customary in the art. An upper manual 13 has positioned adjacent thereto a
      plurality of selector switches designated generally by reference numeral
      14. When playing the electronic organ, combined chord notes of minor,
      major and seventh chords can be obtained by depressing selective ones of
      the plurality of chord buttons 15 associated with the chord button
      assembly 11.
PAR  Most advantageously, the chord button assembly of this invention provides a
      plurality of immediately adjacent keys or chord buttons 15 secured to a
      corresponding plurality of associated integrally formed arms 16 which are
      secured to a single elongated mounting strip 17 by means of a hinge
      portion 18 formed intermediate thereof. The hinge portion 18 is a reduced
      thickness of the molded plastic material which makes up the unitary
      structure of the chord buttons, arms and mounting strip, as best seen in
      FIG. 2.
PAR  The chord button assembly 11 includes a support plate 19 having a plurality
      of spaced-apart apertures 20 formed therein and arranged in staggered rows
      as seen in FIGS. 1 and 2.  The apertures 20 are illustrated as being
      rectangular in configuration to accept correspondingly shaped chord
      buttons. However, it will be understood that the apertures may be round or
      oval to accept round or oval buttons if desired. The support plate 19 has
      a plurality of spaced-apart mounting bosses 22 depending from the top
      surface thereof and receives an L-shaped plate or bracket 23 which is held
      in place by a corresponding plurality of screws 24. The L-shaped plate 23
      extends substantially the length of the plurality of arms and buttons 16
      and 15, respectively, and includes an insulating support bar 26 which
      supports a plurality of contact elements 27. The insulating support bar 26
      is secured to the downwardly-directed portion 23a of the L-bracket 23 by
      suitable fasteners here illustrated by reference numeral 28.
PAR  The contact elements 27 are connected to appropriate circuit points of the
      electronic organ for connection therewith by a movable electronic contact
      element 29 associated with each of the chord buttons 15. The movable
      electronic contact element 29 fits into a recess 31 formed in a tab member
      30, as best seen in the sectional view of FIG. 6.
PAR  The mounting strip 17 is secured to the support plate 19 and held in
      position by means of a terminal barrier strip or holding block 33 through
      which passes the plurality of electric contacts 29 and spring-biasing wire
      elements 34. The spring-biasing wire elements 34 urge the chord button 15,
      together with its associated arm 16, upwardly to a nonactuated position,
      as seen in the drawings of FIGS. 1 and 2. However, when any one of the
      chord buttons 15 is actuated, as best seen in FIG. 3, the associated
      electronic contact element 29 engages the contact element 27 and the
      electronic musical note is reproduced. To eliminate the possiblity of
      noise a foam rubber strip 36 is positioned immediately adjacent the end
      portion of the arms 16 and is held in place by a metal plate 37 formed as
      part of a printed circuit board 38. The printed circuit board 38 is
      electrically connected to the respective ones of the plurality of
      electrical contact elements 29 to energize appropriate oscillator circuits
      associated with the circuit board, as is well-known in the art. The
      circuit board 38 is illustrated herein as only a fragmentary portion and
      extends rearwardly of the mounting plate to be positioned beneath the
      selector keyboard 14, FIG. 1. The printed circuit board 38 and the
      terminal barrier strip 33 are held in place by suitable screws or rivets
      extending therethrough and into a mounting boss 40 formed on the underside
      of the support plate 19.
PAR  As best seen in FIGS. 2 and 3 the length of each of the tabs 30 of
      immediately adjacent keys of the three rows is different, as indicated by
      reference numerals 30, 30a and 30b, so that they engage the return spring
      wires 34 and electrical contact elements 29 equally along the sloping line
      as indicated in FIG. 2.
PAR  To dampen or substantially eliminate the noise of actuation of the chord
      buttons 15 a resilient pad member 41 is positioned immediately beneath the
      buttons and engages the underside of the arm portions supporting the
      buttons. Therefore rapid, vigorous manipulation of the chord buttons will
      produce virtually no additional outside and unwanted noise as a result.
PAR  To further dampen the noise of actuation of movement of the chord buttons
      resilient strips 42 and 43 are placed immediately adjacent the respective
      rows of apertures 20, as best seen in FIGS. 2 and 3, so that the upper
      surface of the arm members 16 will impinge upon the resilient strips
      rather than upon the hard surface of the support plate 19. All of the
      chord buttons 15 and their associated arms 16 are formed during a single
      molding operation, as for example either by injection or pour molding of
      plastic material. Therefore only a single mounting strip 17 is needed for
      mounting of all of the chord buttons.
PAR  As best seen in FIG. 4 the plurality of arms 16 is divided into three
      groups each group associated with a different row of the apertures 20. For
      example, every third arm is a different length and in the illustrated
      embodiment the shortest of the arms forms one group of chord buttons
      associated with major chords while the intermediate length of arms forms
      another group of chord buttons associated with the minor chords and the
      longest of the arms is still another group of chord buttons associated
      with the seventh chord notes. The chord button assembly 11, FIG. 4, is
      secured to the organ 10 by means of mounting bosses 44 located on opposite
      sides of the plate and a mounting boss 46 formed centrally along the front
      edge of the plate.
PAR  As best seen in FIG. 6 the plurality of groups of buttons 15 are staggered
      so that immediately adjacent arms 16 associated with the buttons 15 can be
      formed integrally with the elongated mounting strip 17 and still provide
      sufficient lateral space between the arms for free movement during
      actuation of the associated buttons. FIG. 6 also illustrates that each of
      the arms is substantially H-shaped in the crosssection having a web
      portion 50 intermediate a pair of rib portions 51 and 52. FIG. 6 further
      illustrates that each of the arms associated with a separate chord button
      has its own biassing spring 34 and its own electrical contact element 29.
      While the biasing spring 34 is illustrated as being of larger diameter
      than the electronic contact element 29 it will be understood that the
      reverse condition can exist by utilizing different materials.
PAR  FIG. 4 further illustrates the general configuration of the marginal
      portion extending about the pushbuttons 15 so that they more readily nest
      close to one another as they are mounted to the underside of the plate 19
      and inserted through the aperture 20. Here the shortest of the actuating
      arms 16 has an angularly disposed tab portion 53 while the intermediate
      length arm has an angularly disposed web portion 54 disposed immediately
      adjacent to the tab portions 53 and of complementary configuration. The
      longest of the arms 16 has an angularly disposed web portion 56 as
      illustrated.
PAR  FIG. 5 is a perspective exploded view of the chord button assembly 11 and
      illustrates the mounting plate 19 as having a pair of diametrically
      opposed circular recesses 70 and 71 into which may be inserted the heads
      of fasteners such as screws or bolts. This portion of the mounting plate
      19 is covered by the tab selector plate 14, seen in FIG. 1. However should
      the selector plate 14 not cover this portion of the support plate 19 a
      decorative cover plate may be utilized. It will be noted from FIG. 4 that
      the apertures 70 and 71 coincide with the mounting bosses 44 on the
      underside thereof. Therefore the entire chord button assembly 11 can be
      preassembled utilizing the plurality of integrally formed chord buttons,
      arms and mounting strip as illustated here and above.
PAR  FIGS. 7, 8 and 9 illustrate an alternate embodiment of a chord key button
      structure which is also constructed in accordance with the principles of
      this invention in that all of the immediately adjacent key or button and
      arms are formed integrally with a single elongated mounting strip. In this
      instance the keys are so arranged to make electrical contact of a
      multitude of different oscillators to provide a chord note of all the
      necessary frequencies by actuation of a single chord button. In this
      illustrated embodiment the chord buttons 60 are secured near the
      terminating ends of elongated arms 61 which are here illustrated as being
      divided into two groups 61a and 61b of short and long arms, respectively
      for two rows of buttons. Formed in each of the arms of group 61a is a
      notch 63 to receive a transverse extended portion 64 of a depending tab
      66. Similarly, the long arms of the group 61b has notches 67 to receive
      the elongated portions 68 of tabs 69. This configuration enables the
      immediately adjacent keys of the two groups to actuate similar electrical
      contact elements while isolating still other electrical contact elements
      from one another. For example, the tab portions 66 and 69 have a certain
      one of the recesses formed therein in longitudinal alignment to receive
      the electrical contact elements as best seen in FIG. 9. The aligned
      recesses are here designated by reference numeral 70a in the tab portion
      66 to receive electrical contact elements 71a therein. On the other hand,
      the tab portion 66 also receives an electrical contact element 72 which is
      not actuated by actuation of the immediately adjacent arm associated with
      the tab 69. Therefore during actuation of each of the chord buttons 60
      three electrical contact elements are actuated; two of these three
      electrical contact elements are also actuated when the next immediately
      adjacent chord button is actuated.
PAR  What has been described is a simple and efficient chord button assembly
      which has all of the chord buttons and associated arms formed immediately
      adjacent to one another and to a single elongated mounting strip, and
      which buttons, arm and mounting strip can be formed during a single
      molding operation of plastic material and the like. Accordingly,
      variations, modifications of this invention may be effected without
      departing from the spirit and scope of the novel concept disclosed and
      claimed herein.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A key assembly for use in a musical instrument the keyboard comprising;
      an elongated mounting strip for attachment to a support structure located
      within an electronic musical instrument, a plurality of immediately
      adjacent keys, and a plurality of flexural portions respectively
      integrally connecting said plurality of keys to said mounting strip for
      common connection to said support structure, each of said keys having a
      tab extending downwardly therefrom, each of said tabs having a first
      recess formed therein to receive a return spring and a second recess
      formed therein to receive an electric contact element.
NUM  2.
PAR  2. The key assembly as set forth in claim 1 wherein said keys have notches
      formed in one side thereof, said tab extends laterally from its associated
      key to extend into said notch formed in the immediately adjacent key,
      thereby providing actuation of common electric contact elements from
      selected ones of immediately adjacent keys.
NUM  3.
PAR  3. A chord button assembly for an electronic musical instrument,
      comprising; an elongated mounting strip for attachment to a support
      structure on the electronic musical instrument, a plurality of arms
      immediately adjacent to one another and integrally formed with said
      elongated mounting strip and hingedly connected thereto, said arms forming
      a plurality of groups of arms of different length, chord buttons formed
      integrally with said arms at the ends thereof for fitting into
      spaced-apart apertures in a plate structure of the electronic musical
      instrument, said chord buttons being arranged in rows and spaced-apart in
      said rows in accordance with the different lengths of the separate arms, a
      tab formed on the bottom of each of said arms, a first recess formed in
      each of said tabs to receive a return spring, and a second recess formed
      in each of said tabs to receive an electrical contact element for
      actuation of oscillator circuits associated with the electronic musical
      instrument when the corresponding chord button is actuated.
NUM  4.
PAR  4. The chord button assembly for an electronic musical instrument as set
      forth in claim 3 wherein said tabs extend laterally a distance greater
      than the width of said arms and said arms have notches formed in the side
      thereof to receive the lateral extent of said tabs, said tabs having
      aligned pairs of recesses to receive said electrical contact elements
      therein for actuation by chord buttons immediately adjacent thereto.
NUM  5.
PAR  5. The chord button assembly for an electronic musical instrument as set
      forth in claim 4 wherein said plurality of groups of buttons are two to
      provide two rows of chord buttons for the electronic musical instrument.
NUM  6.
PAR  6. The chord button assembly for an electronic musical instrument as set
      forth in claim 4 wherein said plurality of groups of buttons are three to
      provide three rows of chord buttons for the electronic musical instrument.
NUM  7.
PAR  7. A chord button assembly for an electronic musical instrument comprising:
      a mounting plate having a plurality of rows of apertures formed therein
      through which chord buttons extend, an elongated mounting strip secured to
      said mounting plate at one margin thereof, a plurality of arms integrally
      secured to said mounting strip and hingedly connected thereto and
      extending from said margin to said plurality of rows of apertures, chord
      buttons formed at the ends of said arms and arranged to fit through said
      apertures to form a plurality of rows of chord buttons, a tab formed at
      the bottom of each of said arms, a first recess formed in each of said
      tabs to receive a return spring, and a second recess formed in each of
      said tabs to receive an electronic contact element.
NUM  8.
PAR  8. The chord button assembly for an electronic musical instrument as set
      forth in claim 7 wherein said tabs extend laterally a distance greater
      than the width of said arms and said arms have notches formed in the side
      thereof to receive the lateral extent of said tabs, said tabs having
      aligned pairs of recesses to receive said electrical contact elements
      therein for actuation by immediately adjacent chord buttons.
NUM  9.
PAR  9. The chord button assembly for an electronic musical instrument as set
      forth in claim 8 wherein said plurality of groups of buttons are two to
      provide two rows of chord buttons for the electronic musical instrument.
NUM  10.
PAR  10. The chord button assembly for an electronic musical instrument as set
      forth in claim 8 wherein said plurality of groups of buttons are three to
      provide three rows of chord buttons for the electronic musical instrument.
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ABST
PAL  An electronic organ includes digital circuitry for automatically enabling
      in a sequential manner a plurality of gates to pass tone control signals
      to keyers which generate corresponding tone output signals. The digital
      circuitry includes a tone counter which sequentially enables a plurality
      of tone gates, and an octave counter which sequentially enables output
      gates having inputs from the tone gates. A clock generates clock pulses
      which are rapidly counted by the note counter to sequentially scan the
      note gates. When a tone control signal is passed, the output of a note
      detector causes a divider to be inserted between the clock and the note
      counter to maintain enabling of the note counter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an electrical musical instrument having improved
      digital circuitry for automatically producing a sequential series of
      related tones.
PAR  Electronic organs have included digital circuitry for producing a
      sequential series of related tones. Such special effects are generally
      provided on electronic organs having a lower or accompaniment keyboard
      manual and an upper or melody keyboard manual. In particular, the
      execution of the arpeggio, a glissando, or a strum musical effect either
      requires an accomplished organist, or automatic circuitry which allows an
      amateur to accomplish these special sequential musical effects.
PAR  Prior digital circuitry for automatically producing an arpeggio have
      included a plural stage counter stepped by clock pulses. When a particular
      tone is to be produced, the counter stage is converted from a monostable
      flip-flop to a bistable flip-flop in order to emit a lengthened pulse
      which gates a tone signal to a keyer. A variable speed clock controls the
      bistable flip-flops in order to produce a sequential series of tone
      signals. An example of such a digital circuit is shown in U.S. Pat. Nos.
      3,718,748 and 3,725,562.
PAR  Digital circuitry for automatic arpeggio playing by the use of standard
      digital logic, rather than specialized digital logic as above, is shown in
      the pending application of Roman A. Adams, Ser. No. 418,577, filed Nov.
      23, 1973, and assigned to the same assignee as the present application. In
      the Adams application, the digital circuitry includes an octave counter,
      and a tone counter stepped by a quadrature clock, to sequentially enable
      three input gates having a tone producing input, a note counter input, and
      an octave counter input. When one of these gates passes an output signal
      to a keyer, a note detector stops the quadrature clock to cause the count
      to be held for an adjustable tone interval, as controlled by a monostable
      multivibrator having a time adjustable unstable state.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an improved digital circuit is
      disclosed for automatic sequential tone generation. A note counter is
      stepped by clock pulses from a two-speed clock formed by a high frequency
      clock and a divider insertable in the clock path for effectively
      lengthening the clock pulses. Separate note gates are controlled by the
      note counter to pass note output signals to a plurality of octave gates
      which are enabled by an octave counter to cause the note output signals to
      be passed in a selected octave. The resulting circuit is of simple and
      straightforward design, and allows increased use of standard digital
      components.
PAR  One object of the present invention is the provision of an improved digital
      circuit for automatic sequential tone generation in an electrical musical
      instrument. The digital circuit includes a clock for stepping counters,
      and a divider insertable in the clock path for effectively lengthening of
      the clock pulses to maintain tone production. Both types of clock pulses
      are coupled to a note counter having outputs to note gates which pass
      signals to a plurality of octave gates controlled by an octave counter.
PAR  Other features and advantages of the invention will be apparent from the
      following description and from the drawings. While an illustrative
      embodiment of the invention is shown in the drawings and will be described
      in detail herein, the invention is susceptible of embodiment in many
      different forms and it should be understood that the present disclosure is
      to be considered as an exemplification of the principles of the invention
      and is not intended to limit the invention to the embodiment illustrated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of an electronic organ having improved digital
      circuitry for automatic sequential enabling of related tones; and
PAR  FIG. 2 is a schematic diagram of the improved digital circuitry shown in
      block form in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning to FIG. 1, an electronic organ or other keyboard electrical musical
      instrument includes playing selection controls 20 which may comprise the
      key switches of the lower keyboard. Individual note control signals can be
      generated over a plurality of note output lines 22 which are coupled to a
      corresponding plurality of scanning gates 24, one scanning gate being
      provided for each note. When one of the scanning gates 24 is enabled by
      the output of a cycle control 26, and that gate 24 also has a note control
      signal from the playing selection control 20, then a note output signal is
      passed to keyers 30 which also has inputs from tone generators 32 to pass
      corresponding tone signal to voicing circuitry 34 for processing before
      being coupled to a loudspeaker 36. For simplification, FIG. 1 shows only
      the sequential selection circuitry associated with one octave of the
      electronic organ.
PAR  Cycle control 26 sequentially enables each of the scanning gates 24 in
      order to produce a sequential musical effect such as an arpeggio. The
      cycle control 26 is responsive to a two-speed clock means to rapidly scan
      through the scanning gates 24 which do not have a note control signal
      coupled thereto, and to slowly scan through gates 24 which do have note
      control signals coupled thereto. In particular, a high frequency clock 40
      generates clock pulses which are coupled to a switch 42 and also to a
      divider 44 which divides by 256. The divided clock pulses, which are of
      substantially lower frequency and of substantially longer duration, are
      also coupled to the switch 42. The switch 42 normally couples the clock 40
      directly to the cycle control 26 to cause it to count and thus
      sequentially enable each scanning gate 24.
PAR  When a scanning gate 24 also has a note control signal at its other input,
      an output signal is passed to the keyers 30. The output signal is also
      detected by a note detector 46 to cause the switch 42 to insert the
      divider 44 in the path between the clock 40 and the cycle control 26. The
      clock pulse which had stepped the cycle control 26 to the now actuated
      scanning gate 24 is held or maintained until the divider 44 has counted
      256 further clock pulses. At this time, the count pulse terminates and
      thus disables or blocks the gate 24, thereby disabling the note detector
      46 so that the switch 42 returns to connecting the clock 40 directly to
      the cycle control 26. The cycle control 26 will now rapidly step and
      enable each gate 24 until another note control signal is passed by the
      particular scanning gate being enabled at that time.
PAR  The notes which are sounded follow each other without noticeable gaps
      between them due to the high speed of the clock 40. Thus, the clock 40 has
      a frequency selected so that all scanning gates 24 can be sequentially
      enabled within a short time period which cannot be noticed by a listener.
      The divider 44 is selected to have a sufficient number of stages so that
      the resulting clock pulse equals the desired note interval for sounding a
      tone during an arpeggio operation.
PAR  In FIG. 2, a schematic diagram is illustrated of the digital circuitry
      shown in block form in FIG. 1, including additional circuitry to provide a
      musical range of four octaves. The lowest frequency note is F, of the
      lowest octave which herein is labeled Octave 1 or 01. Playing controls 20
      comprise twelve note switches each coupled to all corresponding note
      keyswitches so that when any note keyswitch is actuated by the organist,
      such actuation closes the corresponding switch 20. For example, selection
      of note F in any octave will close the F switch 20, thereby passing a note
      control signal on line 22 to the note scanning gates 24. Additional
      conventional circuitry (not illustrated) provides individual actuation of
      the F keyer in the selected octave when the F note keyswitch is depressed,
      for conventional sounding of tones. Thus, the illustrated circuitry is
      only concerned with implementing of automatic sequential special effects,
      such as arpeggio.
PAR  The logic circuitry of FIG. 2 is implemented with NOR gates. The response
      of a NOR gate is a 1 bit output only when both inputs have 0 bits. For
      negation, single input NOR gates are utilized. It should be understood
      that different types of logic and components can be used, as desired.
PAR  Clock 40 consists of transistors 50 and 52 which form a free-running
      regenerative oscillator and an output transistor 54 which can be gated on
      or blocked by the signal level on an enabling or start line 56. The
      emitter of transistor 50 is coupled through a variable resistance 58 of a
      potentiometer and resistor 59 to a +24 volt DC source. The wiper 60 of the
      potentiometer is coupled through a capacitor 62 and a resistor 63 to a
      source of reference potential or ground 65. A pair of voltage divider
      resistors 67 and 68 provide positive voltage to the base of transistor 50.
      The collector of transistor 50 is coupled through a resistor 270 to ground
      65, and also is directly coupled to the base of transistor 52. The
      collector of transistor 52 is coupled through a resistor 265 to the base
      of transistor 54, which has its collector coupled through a load resistor
      267 to a positive DC source Vcc. The collector of transistor 54 also
      connects to the clock output line 70. The enabling input line 56 is
      coupled through a resistor 72 to the base of transistor 54.
PAR  In operation, transistor 50 and 52 are normally off due to base biasing and
      the capacitor 62 charges through the potentiometer. When the charge
      reaches a predetermined level, the voltage at the emitter of transistor 50
      is sufficient to forward bias the transistor, causing it to draw current.
      The current through the collector of transistor 50 forward biases
      transistor 52, causing it to conduct and thereby increases the current
      flow through resistor 59. The resulting increase in voltage drop across
      resistor 59 biases transistor 50 harder into conduction and by
      regenerative action both transistors 50 and 52 are driven into saturation.
PAR  Capacitor 62 is quickly discharged by the emitter current of transistor 50
      and by collector current of transistor 52 to a low voltage. When capacitor
      62 has discharged to a voltage that produces insufficient current through
      transistor 50 to maintain saturation bias on transistor 52, regenerative
      action quickly returns both transistors to a cutoff condition. One cycle
      of operation is now complete and the voltage again begins to build across
      capacitor 62. The fluctuating or oscillating voltage level at the
      collector of transistor 52 is coupled through resistor 65 to the output
      transistor 54 which amplifies the clock pulse and couples it to the output
      line 70. The output transistor 54 will couple the clock pulse to output
      line 70 as long as the enabling line 56 has a 0 bit thereon, representing
      ground voltage level.
PAR  The output clock pulse is coupled to the divider 44 and to the switch 42.
      The divider 44 may comprise an eight stage ripple counter so that a
      division ratio of 256 is accomplished. The divided clock pulse is then
      coupled over an output line 80 to the switch 42.
PAR  Switch 42 consists of NOR gates 82, 83 and 84, and NOT gates 85 and 86. The
      inputs of the NOT gates 85, 86 and one input of NOR gate 83 are coupled to
      an output line 90 from the note detector 46. The note detector 46
      comprises a plurality of semiconductor diodes 92 each having their
      respective anodes coupled to line 90 and their cathodes coupled to the
      note scanning output lines 200. When no tone keyswitch is actuated, all
      switches 20 are open and all lines 22 have 1 bits thereon by Vcc applied
      through resistors 210. All of the outputs from NOR gates 24 have 0 bits.
      All of the outputs from NOT gates 149 have 1 bits, lines 200 have 1 bits
      and line 90 carries a 1 bit. The 1 bit is inverted by NOT gate 85 to a 0
      bit to NOR gate 82. As the clock pulse goes low, the 0 bit on the other
      input of NOR gate 82 results in a 1 bit output which is coupled to NOR
      gate 84 to produce a 0 bit on the counting input 100 of a note counter
      102. The alternating high and low clock pulses on line 70 thereby create
      alternating 0 and 1 bits at input 100, in order to cause the cycle control
      26 to count.
PAR  Cycle control 26 includes note counter 102 which comprises a one in sixteen
      binary counter having four binary stages. Each stage is coupled to a
      binary-to-digital decoder 104 to produce a single 0 bit enabling signal on
      one of twelve output lines 106. The twelve output lines 106 are
      respectively individually coupled to the twelve NOR gates 24. When decoder
      104 detects a binary number representing a digital number greater than
      twelve, a 0 bit signal is coupled via line 154 to an octave counter 110
      which comprises a one in four binary counter having two binary stages. The
      first stage has opposite outputs a and a, and the second stage has
      opposite outputs b and b, forming output lines 112 which are coupled to a
      binary-to-digital decoder 114 which is illustrated in detail. When octave
      counter 110 is in a state corresponding to the digital number one, the
      Octave 1 (01) NOR gate 114 produces a 1 bit on an output line 116.
      Similarly, output lines 117, 118 or 119 have 1 bits thereon when the
      octave NOR gates 02, 03, and 04 detect the corresponding digital numbers
      two, three and four. Both counters 102 and 110 have reset inputs enabled
      by a 0 bit coupled over a reset line 122 from the start control 124.
PAR  Start control 124 has a 0 bit output from a NOR gate 126 when the start
      control is in its reset or rest state. The 0 bit resets counters 102 and
      110 to their digital zero representing count or state. Also, a NOT gate
      128 produces a disabling 1 bit which saturates gating transistor 54,
      preventing the clock pulses from being coupled to output line 70.
PAR  When the start control 124 produces a 1 bit output from NOR gate 126,
      transistor 54 is enabled and the first passed clock pulse causes the
      counter 102 to count to a digital one number. This enables the lowest
      frequency or tone NOR gate 24, which herein is the F note. If the F switch
      20 is not closed, then the output of the F NOR gate 24 remains a 0 bit.
      Thus, no switching signal is produced on line 90, and hence the second
      clock pulse is passed to counter 102, causing it to step to its next
      count. In this manner, the counter 102 will continue to count until it
      enables a NOR gate 24 which also has a 0 bit input from a closed switch
      20.
PAR  At such time, the NOR gate 24 will have two 0 bit inputs, producing a 1 bit
      which causes the corresponding NOT gate 149 and line 90 to have a 0 bit
      output. This disables NOR gate 82, enables NOR gate 83, and enables the
      divider 44 due to the 1 bit generated by NOT gate 86. The counter output
      line 80 has a 0 bit until divider 44 has completed counting the next 256
      clock pulses. Before the clock pulse which originally enabled the NOR gate
      24 is terminated, the 0 bit on line 80 along with the 0 bit on line 90
      causes NOR gate 83 to generate a 1 bit in order to maintain the 0 bit
      output of NOR gate 84. Thus, counter 102 is stopped or held in its present
      count until after 256 clock pulses have occurred. The 1 bit output of NOR
      gate 83 is also coupled through a resistor 140 to forward bias a
      transistor 142. The forward biased transistor 142 couples an output line
      144 to ground 65. The line 144 may be connected to a key bus control so
      that the key bus will be turned on and off following the output level
      changes in NOR gate 83.
PAR  While the counter 102 is being held, the 1 bit output from the NOR gate 24
      is also coupled through a NOT gate 149 to four NOR gates 150, each of
      which is associated with the same musical note, but in four different
      octaves. Each NOR gate 150 has a note input coupled to a corresponding NOR
      gate 24, and an octave input coupled to one of the output lines 116-119 of
      the octave counter/decoder. The outputs of NOR gates 150 are coupled to
      keyers 30 which produce tone signals corresponding to the note, and in the
      octave of, the actuated NOR gate 150.
PAR  Assuming that only the E switch 20 was depressed when the cycle control was
      started, then clock 40 and switch 42 would pass clock pulses to counter
      102 until the digital twelve count enabled the E NOR gate 24. The twelve
      count would now be held since switch 42 would insert the divider 44 in the
      clock path between the clock and the counter. The E note signal would now
      be coupled to all four E NOR gates 150. Since counter 110 is in its zero
      digital state, the 01 NOR gate 114 has a 1 bit output which is negated by
      a NOT gate to enable the E NOR gate 150 associated with the Octave 1
      group. After counting 256 pulses, the E output would terminate, and
      counter 102 would be stepped and generate an output on line 154 to enable
      the 02 NOR gate 114. Then the counter 102 would step to its last state,
      causing decoder 104 to generate a 0 on a line 156 coupled to the start
      control 124 (which has no effect at this time).
PAR  The next clock pulse causes the counter 102 to begin a new counting cycle,
      and further clock pulses again sequentially enable the NOR gates 24. Upon
      reaching the E NOR gate 24, corresponding to the still actuated E
      keyswitch 20 a negated one bit would be produced to actuate the E NOR gate
      150 associated with the Octave 2 group of gates. The keyers 30 would sound
      an E tone in the second octave of the electronic organ.
PAR  After all four octaves had been enabled, the last count line 156 would have
      a 0 bit while a NOR gate 160, which forms a part of the start control 124,
      also had a 0 bit on a last Octave line 161 from a NOT gate 159 coupled to
      the output of the 04 NOR gate 114. This will stop the clock pulses from
      being passed through transistor 54, and will clear the counters 102 and
      110 (although the counter reset operation has no effect at this time since
      the counters would next step to their zero state in any event).
PAR  In particular, the presence of two 0 bits at NOR gate 160 generates a 1 bit
      output which is negated by a NOT gate 162 to produce a 0 bit input to a
      NOR gate 164. Assuming that a start switch 170 is now on a stop terminal
      172, rather than on a start terminal 174, then the other input line 178 of
      NOR gate 164 also has a 0 bit, due to coupling to ground 65 through a
      resistor 176. The pair of 0 bits generate a 1 bit which causes NOR gate
      126 to have a 0 bit output, which clears the counters 102 and 110 and also
      decouples the clock from output line 70 by saturating transistor 54 due to
      the one bit output of NOT gate 128.
PAR  Start control 124 also includes a pair of NOR gates 180 and 182 which are
      cross-coupled to form a flip-flop. The output of NOR gate 180 is coupled
      through a capacitor 184 and a NOT gate 186 to the other input of NOR gate
      126. The junction between capacitor 184 and NOT gate 186 is coupled
      through a resistor 190 to a positive potential DC source. The stop
      terminal 172 is coupled to a lower input of NOR gate 182, and is also
      coupled through a resistor 192 to ground 65.
PAR  When a sequential tone generation cycle is again to be started, switch 170
      is momentarily thrown to terminal 174, producing a 1 bit on line 178 and
      at the input of NOR gate 180. The output of NOR gate 180 now goes low,
      which change in state is coupled by capacitor 184 to the input of NOT gate
      186. Since the NOT gate 186 produces a momentary 1 bit to the input of
      gate 126, even though the 1 bit on line 178 produces a 0 bit to the other
      input of NOR gate 126, its output remains a 0 bit (which still prevents
      the clock 40 from passing clock pulses). However, as the pulse through
      capacitor 184 disappears, the inputs to NOR gate 126 are two 0 bits,
      producing a 1 bit output which releases the clock 40 by allowing the clock
      pulses to pass through transistor 54.
PAR  Assuming that an arpeggio sequence has been initiated and that the counters
      102 and/or 110 are at some intermediate numbers, the arpeggio can be
      restarted by actuation of switch 170. The actuation produces a 1 bit to
      NOR gate 180, generating a momentary 1 bit to NOR gate 126 and causing
      line 122 to change to a 0 bit. This resets the counters 102 and 110 to
      their zero count, and disables the transistor 54. As soon as the 1 bit
      output of NOT gate 186 disappears, the output of NOR gate 126 will switch
      to a 1 bit and hence the clock 40 will pass clock pulses to the now reset
      counters. This causes the arpeggio operation to begin over, and continue
      until either all gates 150 has been scanned in sequence or until a new
      arpeggio operation is initiated by again depressing the start switch 170.
PAR  It should be understood that the above description of operation with only
      one of the playing selector controls 20 actuated is not the only method of
      use of the invention. Operation is essentially the same when any number of
      playing selector controls 20 are simultaneously actuated. In the preferred
      embodiment of this invention, the playing selector controls 20 are lower
      keyboard keys on a two manual electronic organ. In the common use of this
      preferred embodiment by a musician, keys producing a musical chord are
      actuated on the lower manual keyboard with the left hand and the start
      switch 170 is actuated by the right foot. If the keys actuated by the left
      hand produce a F major chord (Notes FAC) and the start switch is actuated,
      an evenly spaced F major arpeggio will be automatically sounded, i.e., the
      notes F A C will be sequentially sounded in every octave from the lowest
      to the highest.
PAR  It should also be understood that one skilled in the art can add additional
      logic circuitry to change this up only arpeggio system to an up and down
      system, or modify the system to also produce glissando, strum and other
      variations. It will also be obvious to those skilled in the art that the
      system could be driven by an electronic rhythm device so that the arpeggio
      or variation notes are sounded in a rhythmic instead of an evenly spaced
      manner.
CLMS
STM  Having described the invention, the embodiments of the invention in which
      an exclusive property or privilege is claimed are defined as follows:
NUM  1.
PAR  1. An electrical musical instrument comprising:
PA1  selection means for producing tone control signals representing musical
      tones which are to be produced;
PA1  a plurality of gates coupled to the selection means and each being
      individually enabled to pass a corresponding tone control signal if
      present when the gate is enabled;
PA1  keyer means coupled to the plurality of gates and responsive to the tone
      control signals passed by the gates for producing corresponding musical
      tones; and
PA1  cycle means coupled to the plurality of gates for enabling the gates in
      sequence, including a clock for producing clock signals which are capable
      of stepping the cycle means to sequentially enable the gates, a divider
      for dividing the clock signals to produce divided clock signals which are
      capable of stepping the cycle means and which have a substantially longer
      time duration, and logic means for selecting either the clock signals or
      the divider clock signals to step the cycle means.
NUM  2.
PAR  2. The electrical musical instrument of claim 1 wherein the logic means
      comprises a note detector responsive when an enabled gate passes a tone
      control signal for stepping the cycle means under control of the divided
      clock signals.
NUM  3.
PAR  3. The electrical musical instrument of claim 2 wherein the note detector
      has a plurality of inputs coupled to the plurality of outputs of the gates
      for actuation by a tone control signal passed through any of the gates.
NUM  4.
PAR  4. The electrical musical instrument of claim 1 wherein the cycle means
      includes a cycle input for stepping the cycle control in response to the
      clock signals, and the logic means includes a switch for inserting the
      divider between the clock and the cycle input.
NUM  5.
PAR  5. The electrical musical instrument of claim 4 wherein the cycle means
      includes note counter means having a note counter input corresponding to
      the cycle input and a plurality of individually actuable note output
      lines, the plurality of note output lines being respectively coupled to
      the plurality of gates for sequentially enabling each gate in sequence in
      response to the count of the note counter means.
NUM  6.
PAR  6. The electrical musical instrument of claim 5 wherein the cycle means
      includes an octave counter means having a plurality of octave input lines,
      and an octave counter input coupled to the note counter means for stepping
      the octave counter means once for each cycle of the note counter means,
      and a plurality of groups of gates coupled between the first-named
      plurality of gates and the keyer means, each group corresponding to a
      different octave, the octave output lines each being coupled to all gates
      within the same group and each count within the same group being coupled
      to different ones of the first-named plurality of gates.
NUM  7.
PAR  7. The electrical musical instrument of claim 1 including start means for
      initiating a new sequential enabling of notes including a control gate for
      effectively passing and blocking the clock signals from the clock and a
      reset circuit responsive for resetting the cycle means to an initial
      stepping state.
NUM  8.
PAR  8. The electrical musical instrument of claim 7 wherein the clock comprises
      a regenerative oscillator for continuously producing clock signals, the
      control gate being coupled between the regenerative oscillator and the
      logic means and actuable to couple the clock signals to the logic means.
NUM  9.
PAR  9. An electrical musical instrument comprising:
PA1  selection means having a plurality of control lines each of which may carry
      a note control signal thereon;
PA1  a plurality of note gates each having an output and a first input coupled
      to a corresponding one of the plurality of control lines and a second
      input;
PA1  note counter means having a plurality of note cycle lines each coupled to
      different ones of the second inputs of the note gates, the count of the
      note counter means enabling a corresponding note cycle line to enable a
      corresponding one of the note gates;
PA1  keyer means responsive to note control signals for producing corresponding
      musical tones;
PA1  a plurality of groups of output gates having outputs coupled to the keyer
      means with each output gate having a first input and a second input, each
      group corresponding to a different octave of tones which can be produced
      by the keyer means and all output gates in the same group having their
      first inputs respectively coupled to the outputs of corresponding
      different ones of the plurality of note gates;
PA1  octave counter means having a plurality of octave cycle lines with each
      octave cycle line being coupled to all second inputs of all output gates
      in different ones of the groups of output gates in order that the count of
      the octave counter means will simultaneously enable all output gates in
      the same group;
PA1  clock means for generating clock pulses to cause the note counter means to
      count; and
PAR  an octave cycle circuit for causing the octave counter means to count after
      each complete cycle of counting of the note counter means.
NUM  10.
PAR  10. The electrical musical instrument of claim 9 wherein the note counter
      means comprises a binary counter responsive to the clock pulses for
      producing binary output signals, and a binary-to-digital decoder
      responsive to the binary output signals for generating a single count
      representing signal on a corresponding single one of the note cycle lines.
NUM  11.
PAR  11. The electrical musical instrument of claim 10 wherein the octave cycle
      circuit is coupled to the binary-to-digital decoder and is responsive
      after all note cycle lines have been enabled for generating a cycle
      complete pulse which steps the octave counter means to its next count.
NUM  12.
PAR  12. The electrical musical instrument of claim 9 wherein the clock means
      includes an oscillator for producing clock pulses at a high frequency, a
      divider responsive to the clock pulses for producing divided clock pulses
      at a lower frequency, and logic means for coupling either the higher
      frequency clock pulses or the lower frequency divided clock pulses to the
      note counter means to cause it to count.
NUM  13.
PAR  13. The electrical musical instrument of claim 12 wherein the logic means
      comprises a note detector coupled to the outputs of the plurality of note
      gates for detecting the presence of a note control signal passed by an
      actuated note gate, the note detector being responsive to a detected note
      control signal for coupling the divided clock pulses to the note counter
      to substantially lengthen the note interval.
NUM  14.
PAR  14. The electrical musical instrument of claim 13 wherein the logic means
      includes a first control gate coupled between the clock means and the note
      counter means and a second control gate in series with the divider, the
      series combination of the divider and the second control gate being
      coupled between the clock means and the note counter means, and the note
      detector being coupled to enable either the first control gate of the
      second control gate depending on the detected absence or the detected
      presence of note control signals, respectively.
NUM  15.
PAR  15. The electrical musical instrument of claim 9 including a start control
      having a control gate forming a part of the clock means for effectively
      passing or blocking the clock pulses, and a reset means responsive to
      initiation of a new cycle of operation for clearing the counts of the note
      counter means and the octave counter means.
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ABST
PAL  Electronic expression device for producing a novel tremulant effect. The
      device has a frequency range separator separating an audio frequency
      signal into a plurality of sub-band signals at least one modulation system
      being connected to the frequency range separator in order to modulate the
      sub-band signals other than the lowest sub-band signal, and a coupling
      means for coupling the output signals of the modulation systems and the
      lowest sub-band signal. Each of the modulation systems has at least one
      modulator having a characteristic such that at least the modulation depth
      increases in accordance with an increase in the frequency of the input
      signal and the modulation depth exceeds .+-..pi./2 radian for phase
      modulation and 100 percent for amplitude modulation in a high frequency
      range.
PAL  The audio frequency signal applied to the input terminal is translated in
      such a manner that frequency spectra of the signal are fluctuating
      differently with respect to the frequency, phase and amplitude from each
      other in high frequency ranges corresponding to the sub-band signals
      except the lowest, but are not fluctuating in the lowest sub-band
      frequency range.
PARN
     This is a continuation, of application Ser. No. 266,348, filed June 26,
      1972, and now abandoned, which in turn is a continuation of Ser. No.
      22,569, filed Mar. 25, 1970, and now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an electronic expression device for
      achieving a tremulant effect and a chorus effect by processing an audio
      frequency signal, and more particularly relates to an electronic
      expression device which is capable of translating each of the spectra of
      the audio frequency signal so that they vary in frequency, phase and
      amplitude.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  A conventional tremulant effect in a pipe organ is achieved by fluctuating
      the pressure of the air and producing amplitude and frequency fluctuation.
      A conventional celeste effect or an ensemble effect in a pipe organ is
      achieved by providing the beats between pipes which are purposely detuned
      slightly with respect to one another. A conventional vibrato effect in an
      electronic organ is achieved by frequency modulation. A conventional
      tremolo effect in an electronic organ is achieved by amplitude modulation.
PAR  The above-mentioned effects are due to the fluctuation of the vectors, i.e.
      spectra, of the audio frequency signal. The vibrato effect is due to
      angular fluctuations of constant amplitude vectors. The tremolo effect is
      due to amplitude fluctuations of constant angle vectors. The tremulant
      effect of a pipe organ is similar to a beat effect and is due to amplitude
      fluctuations and angular fluctuations of the vectors. The celeste effect
      or the ensemble effect of a pipe organ is the beat effect which is
      explained by the fluctuations of the vectors having the ends moving on a
      circular locus.
PAR  The following description explains the reasons why the above-mentioned
      effects of the pipe organ are superior to the conventional vibrato and
      tremolo effects of the electronic organ.
PAR  The first reason is the tonal quality. The beat effect of a pipe organ has
      a better tonal quality with respect to both strength and clearness than
      the tone of an electronic organ produced by frequency or phase modulation
      corresponding to the angular fluctuation of the vector and amplitude
      modulation corresponding to a change of amplitude of the vector.
PAR  The second reason is the difference in the complexity of the effect. The
      fundamental beat frequencies between the tuned pipes and the slightly
      detuned pipes are respectively different from each other due to the
      different pitches of the tuned pipes. The beat frequencies between
      harmonics of the tuned pipes and the detuned pipes are also different from
      each other, respectively, according to the order of the harmonics. That
      is, when several pipes sound together, the beat frequencies of the pipes
      are numerous and their relation is very complex, so the chorus or the
      ensemble effect is completely achieved. Contrary to the celeste effect or
      the ensemble effect of a pipe organ, the vibrato effect and the tremolo
      effect of an electronic musical instrument are monotonous because usually
      only one vibrato frequency and tremolo frequency are used.
PAR  The third is in the spatial distribution, i.e. the spread effects of
      sounds. The pipe organ has many pipes arranged in the pipe room and the
      sounds of pipes are heard from different directions. A conventional
      technique to get a spread of the sounds in an electronic organ is to use a
      multi-modulator and reproducer system similar to the system described in
      U.S. Pat. No. 3,083,606.
PAR  Even if said multi-modulator and reproducer system is used, however, lack
      of the complex beat effect and the defect of the monotonous impression are
      not overcome.
PAR  Another conventional technique to improve the above-mentioned defects and
      to get a spread of sounds is to use a rotating loud speaker.
PAR  But the mechanical rotating speaker construction has many defects, for
      example, difficulty in starting and stopping instantly, difficulty in
      controlling the rotating speed, difficulty in changing the depth of
      modulation, necessity of maintenance and generation of rotating noises.
PAR  A further technique for improving an electronic organ to overcome the
      above-mentioned defects and to get a spread of sounds is described in my
      copending application Ser. No. 389,203, filed Aug. 17, 1973, and now
      abandoned, which is a continuation of application Ser. No. 245,803, filed
      Apr. 18, 1972, and now abandoned which is a continuation of application
      Ser. No. 826,190. filed May 20, 1969, and now abandoned.
PAR  Some modifications to said further technique have been found to improve the
      effect of processing music in the low frequency range.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide an electronic
      expression device for producing an improved vibrato and a tremolo effect
      used widely in music by complicating the motions of the frequency vectors
      of an audio frequency signal and by reducing the impression of a
      monotonous fluctuation.
PAR  Another object of the present invention is to provide an electronic
      expression device characterized by a tremulant effect in which the
      magnitude and the frequency of the fluctuation of the spectra of the audio
      frequency signal is small in the low frequency range and large in the high
      frequency range.
PAR  It is a further object of the present invention to provide an effective way
      to reduce and further eliminate uncomfortable trembling and shaking in the
      bass part of the music caused by the fluctuation of the low frequency
      spectra of the signal.
PAR  It is a further object of the invention to provide an electronic expression
      device characterized by a tremulant effect in which at least either the
      magnitude or the frequency of fluctuation of the vectors of the audio
      frequency signal increases with an increase in the frequency of the audio
      frequency signal so that simultaneous fluctuation decreases.
PAR  A further object of the present invention is to provide a method for adding
      a tremulant effect which gives only a slight impression of a simultaneous
      fluctuation to signals of an electronic and electric musical instrument, a
      conventional musical instrument, a recorded disc, a recorded tape, a human
      voice, and so on.
PAR  A further object of the present invention is to provide a method for
      producing a new fluctuation effect which is different from the
      conventional vibrato and tremolo effects by use of a system comprising a
      plurality of channels, at least one of which has modulation means as a
      part thereof.
PAR  A further object of the present invention is to provide a tremulant effect
      having a spatial distribution and a spread of sounds.
PAR  A further object of the present invention is to provide a beat-like
      fluctuation of a tone having more strength and clearness of tonal quality
      than the conventional vibrato and tremolo effects.
PAR  A further object of the present invention is to provide a tremulant effect
      which does not give the impression of a simultaneous fluctuation by using
      a delay line, a phase shifter or a phase splitter, the split phase of
      which increases in accordance with an increase in the frequency of the
      input signal.
PAR  A further object of the present invention is to provide an easy way to
      control the depth and speed of the fluctuations.
PAR  A further object of the present invention is to provide a novel tremulant
      effect by converting an audio frequency signal into a plurality of signals
      at least one of which is overmodulated, that is, the phase modulation
      depth is more than .+-..pi./4 radians, and preferably more than .+-.
      .pi./2 radians, or the amplitude modulation ratio exceeds 100 percent,
      especially in the high frequency range.
PAR  The objectives are achieved by employing an electronic expression device
      for producing a tremulant effect according to the present invention
      comprising a frequency range separator separating an audio frequency
      signal into a plurality of sub-band signals; at least one modulation
      system having a plurality of transmission channels coupled to said
      frequency range separator through one distributing means, at least one of
      said transmission channels being provided with modulation means for
      producing modulation signals which have a frequency in a sub-audio
      frequency range and at least one of which is different in phase from the
      remainder, whereby each of said sub-band signals other than the lowest is
      fed to said distributing means to form plural distributed signals which
      are converted into plural transmitted signals through said plural
      transmission channels; and coupling means for coupling all of said
      transmitted signals and said lowest sub-band signal with each other
      electrically and/or accoustically, said modulation means modulating said
      distributed signals in such a manner that the modulation depth and/or the
      modulation frequency increase with an increase in the frequency of said
      distributed signals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and particulars of the present invention will be
      made clear from the following detailed description of the invention
      considered together with the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic block diagram of an embodiment of an electronic
      expression device for producing a tremulant effect according to the
      present invention;
PAR  FIG. 1a is a schematic block diagram of an alternative coupling means which
      can be used in the device of FIG. 1;
PAR  FIG. 2 is a diagram of the modulation depth vs the input frequency
      characteristic of the modulation means;
PAR  FIG. 3 is a diagram of the modulation frequency vs the input frequency
      characteristic of the modulation means;
PAR  FIG. 4 is a schematic block diagram of the second embodiment of the device
      of the present invention;
PAR  FIG. 5 is a vector diagram explaining the operation of the device of FIG.
      4;
PAR  FIG. 6 is a schematic diagram of the third embodiment of the device of the
      present invention for producing a beat-like effect;
PAR  FIG. 7 is a vector diagram explaining the operation of the device of FIG.
      6;
PAR  FIG. 8 is a diagram of the phase vs frequency characteristic of another
      embodiment of the modulation means which is used in the device according
      to the present invention for processing music;
PAR  FIG. 9 is a diagram of the phase deviation vs frequency characteristic of
      the modulation means for which the phase vs frequency characteristic is
      shown in FIG. 8;
PAR  FIG. 10 is a diagram of the phase vs frequency characteristic of a further
      example of the modulation means which is applicable to the device of the
      present invention for processing music;
PAR  FIG. 11 is a diagram of the phase deviation vs frequency characteristic of
      the modulation means for which the phase vs frequency characteristic is
      shown in FIG. 10;
PAR  FIG. 12 is a circuit diagram of an example of a phase shifting circuit;
PAR  FIG. 13 is a diagram of the phase characteristic of the circuit shown in
      FIG. 12 and the phase characteristic of a further embodiment of the
      modulation means;
PAR  FIG. 14 is a circuit diagram of an example of a variable resistor;
PAR  FIG. 15 is a schematic block diagram of an embodiment of a modulation means
      comprising the phase shifting circuits shown in FIG. 12;
PAR  FIG. 16 is a diagram of an example of a preferred phase characteristic of
      an embodiment of the modulation means;
PAR  FIG. 17 is a diagram of an example of a preferred phase deviation
      characteristic of an embodiment of a modulation means;
PAR  FIG. 18 is a diagram of the phase characteristic of the phase shifting
      circuit shown in FIG. 12;
PAR  FIG. 19 is a diagram of the phase deviation characteristic of the phase
      shifting circuit shown in FIG. 12;
PAR  FIG. 20 is a diagram of an example of the phase deviation characteristic of
      a modulation means; and
PAR  FIG. 21 is a diagram of another example of the phase deviation
      characteristic of a modulation means.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, an audio frequency signal applied to an input terminal
      100 is led through a connecting means 99 to a frequency range separator 80
      and is separated by the frequency range separator 80 into a plurality of
      sub-band signals having different frequencies in the audio frequency
      range, for example three sub-band signals. The lowest frequency signal of
      the three sub-band signals is fed to a coupling means 170 through a lead
      81. The frequency range separator 80 is coupled to at least one modulation
      system, for example two modulation systems 92 and 93 through leads 82 and
      83, respectively.
PAR  The modulation system 92 has three transmission channels 111, 112 and 113
      connected through leads 101, 102, and 103, respectively, to a distributing
      means 120 which is connected to the lead 82. The modulation system 93 has
      two transmission channels 114 and 115 connected through leads 104 and 105,
      respectively, to a distributing means 121 which is connected to the lead
      83. Among those five transmission channels 111-115, at least one
      transmission channel, for example four transmission channels 112-115, have
      modulation means 122-125 therein, respectively. The modulation means
      122-125 produce modulation signals which have a frequency in a sub-audio
      frequency range. At least one of said modulation signals is different in
      phase from the remainder. Accordingly, at least one of the output signals
      from the four modulated transmission channels has a different modulation
      from the other output signals.
PAR  The sub-band signals other than the lowest are fed to the distributing
      means 120 and 121 through leads 82 and 83 where they are divided into five
      distributed signals which are converted into five transmitted signals
      through said five transmission channels 111-115. The five transmitted
      signals are fed to a coupling means 170.
PAR  Said five transmitted signals and the lowest sub-band signal fed through
      the lead 81 are coupled electrically and/or accoustically together by the
      coupling means 170.
PAR  Said modulation means 122-125 modulate, respectively, said four distributed
      signals in such a manner that the modulation depth and/or the modulation
      frequency increase with an increase in the frequency of said distributed
      signals.
PAR  Among three sub-band signals, the sub-band signal of the lead 81 is in the
      lowest frequency range; The sub-band signal of the lead 83 is in the
      highest frequency range; and the sub-band signal of the lead 82 is in a
      frequency range between the former two signals. When the two boundaries
      between each two sub-band signals are located, for example, at 250 Hz and
      1000 Hz, the lowest sub-band signal ranges between 20Hz and 250Hz, the
      middle sub-band signal ranges between 250 Hz and 1,000 Hz, and the highest
      sub-band signal ranges between 1,000 Hz and 20,000 Hz. The frequency range
      separator 80 can be formed from a low pass filter, a band pass filter, and
      a high pass filter.
PAR  The distributing means 120 and 121 can be simply formed of leads connecting
      the leads 82, 101, 102 and 103 and the leads 83, 104 and 105,
      respectively. The sub-band signals passing through the distributing means
      120 and 121 do not have the frequency spectrum changed and preferably have
      the phase changed.
PAR  The coupling means 170 has amplifiers 131-136 connected to electro-acoustic
      transducers 141-146, respectively. The lowest sub-band signal passing
      through the lead 81 enters the electro-acoustic transducer 141 through the
      amplifier 131. The transmitted signals from transmission channels 111-115
      enter the acoustic-transducers 142-146 through the amplifiers 132-136,
      respectively.
PAR  Instead of said six amplifiers 131-136 and said six electro-acoustic
      transducers 141-146, one can use, as shown in FIG. 1a, a coupling means
      170a which is a combination of one amplifier 137 and one electro-acoustic
      transducer 147 connected to the lead 81 and to the transmission channels
      111-115 through resistors 151-156, respectively.
PAR  At least one of the transmission channels 111, 112 and 113 in the
      modulation system 92 and the transmission channels 114 and 115 in the
      modulation system 93 have a modulation means, respectively, for example
      122, 123, 124 and 125. Referring to FIG. 1, the modulation system 92 has
      the transmission channel 111 which has no modulation means but consists
      only of a lead 111a.
PAR  The modulation means 122-125 produce modulation signals each of which has a
      frequency in a sub-audio frequency range, for example from 0.5 Hz to 10
      Hz. Among said modulation signals, at least one modulation signal is
      different in phase from the remainder.
PAR  The modulation means 122-125 preferably modulate the distributed signals of
      the leads 102-105 in such a manner that the modulation depth and/or the
      modulation frequency increase with an increase in the frequency of said
      distributed signals fed to the modulation means 122-125. It is more
      preferable to have the maximum modulation depth exceeding .+-. .pi./2
      radian for the phase modulation and the maximum modulation depth exceeding
      100 percent for the amplitude modulation.
PAR  Two examples of the modulation depth vs audio frequency characteristic are
      shown in FIG. 2. The dotted line (a) shows a continuous increase in the
      modulation depth with an increase in the frequency of the input audio
      frequency signal. The solid line (b) shows a stepwise increase in the
      modulation depth with an increase in the frequency of the input modulation
      frequency signal. FIG. 3 shows two examples of the modulation frequency vs
      audio frequency characteristic. The dotted line (c) shows a continuous
      increase and the solid line (d) shows a stepwise increase with an increase
      in the frequency of the signal.
PAR  According to the embodiment of the device shown in FIG. 1, the signal in
      the lowest sub-band of frequency containing the bass part of the music is
      led through the frequency range separator 80 and the lead 81 to the power
      amplifiers 131 or 137 and the electro-acoustic transducers 141 or 147
      without being modulated by any modulation means so that no uncomfortable
      trembling and shaking occur in the lowest sub-band which contains the bass
      part of the music. On the other hand, the sub-band signals of the leads 82
      and 83, which is higher in frequency than the lowest sub-band signal and
      contains the melody part of the music, are converted into plural
      transmitted signals by the modulation system 92 and 93 and are coupled
      together by the coupling means 170, and finally are changed into a signal
      with frequency spectra, each of which fluctuates in a different manner
      from each other.
PAR  Referring to FIG. 4, an audio frequency signal applied to an input terminal
      100 is led to a frequency range separator 80 through a connecting means 99
      and is separated into two sub-band signals of audio frequency. Said two
      sub-band signals appear in leads 81 and 82, respectively. The first
      sub-band signal of lead 81 is lower in frequency than the second sub-band
      signal of the lead 82.
PAR  The frequency range separator 80 can be formed of a low pass filter and a
      high pass filter, the cross over frequency of which is, for example, 250
      Hz. Although a suitable cross-over frequency usually ranges between 200 Hz
      and 400 Hz, it depends on the characteristic of the filters and the
      spectra of the audio frequency signal.
PAR  The lead 82 connects the frequency range separator 80 to a modulation
      system 94. The modulation system 94 is a modified system of the modulation
      system 92 shown in FIG. 1. The modulation system 94 has two modulation
      means 122 and 123, both of which are connected to the lead 82. The lower
      sub-band signal of lead 81 and the transmitted signal from the modulation
      means 122 and 123 are fed into a coupling means 171. The coupling means
      171 couples the lower sub-band signal of the lead 81 and the transmitted
      signal from the modulation means 122 electrically through an electrical
      coupling means comprising resistors 157 and 158 and transduces them into
      sound by an electro-acoustic transducer 148 through a power amplifier 138.
      The coupling means 171 also couples the lower sub-band signal of the lead
      81 and the transmitted signal from the modulation means 123 electrically
      through a coupling means comprising resistors 159 and 160 and transduces
      them into sound by a power amplifier 139 and an electro-acoustic
      transducer 149. The sounds radiated from the electro-acoustic transducers
      148 and 149 are coupled acoustically in the air.
PAR  The modulation means 122 and 123 produce modulation signals of sub-audio
      frequency, respectively. The modulation signals differ in phase from each
      other, for example by .pi. radians and have the same frequency. The
      modulation means 122 and 123 modulate the distributed signals, i.e. the
      input signals to said modulation means 122 and 123, so that they have a
      different modulation from each other in such a manner that the modulation
      depth and/or the modulation frequency increase with an increase in the
      frequency of said input signals. The modulation means 122 and 123
      preferably have a maximum modulation depth exceeding .+-. .pi./2 radian
      for phase modulation and a maximum modulation depth exceeding 100 percent
      for amplitude modulation.
PAR  Referring to FIG. 4, the lower sub-band signal of lead 81, which contains
      the bass part of the music, is not modulated by any modulation means and
      no unpleasant trembling or shaking occurs. On the other hand, the higher
      sub-band signal of the lead 82, which is higher in frequency than the
      lower signal and contains the melody part of the music is processed by the
      modulation system 94 and the coupling means 171 in order to be changed
      into signals with frequency spectra which fluctuate in a different manner
      from each other.
PAR  The basic effects of the modulation will be explained with reference to
      FIG. 5. An audio frequency signal such as music generally has many
      frequency spectra. Each spectrum can be represented by a frequency vector
      on a vector diagram.
PAR  FIG. 5 is a vector diagram of an output signal A of the modulation means
      122, an output signal B of the modulation means 123 and a signal C
      corresponding to the sound coupled in the air after being transduced by
      the resistors 158 and 160, the power amplifiers 138 and 139, and the
      electro-acoustic transducers 148 and 149. In FIG. 5, the signal at the
      lead 82 is shown by the vector OI. The modulation means 122 shifts the
      vector OI to vector A which is shifted in phase from vector OI by a
      maximum of .phi. radians, and the modulation means 123 shifts the vector
      OI to a vector B, which is shifted in phase from vector OI by a maximum of
      -.phi. radians. Thus, the vector A and the vector B are symmetrical with
      respect to the vector OI. The sum of the vectors A and B is a vector C.
PAR  When the maximum phase deviation produced by the modulation means 122 and
      123 is .phi. radians at an input frequency f of the signal, the vectors A
      and B move symmetrically to each other between angle -.phi. and +.phi.;
      the vector C, which is the sum of the vectors A and B, expands and
      contracts in length between OC.sub.1 and OC.sub.0. When said maximum phase
      deviation is between zero and .pi.1 2 radians, the length of the vector C
      changes between zero and OC.sub.0, and the frequency of the expansion and
      contraction is twice the modulation frequency of said modulation means 122
      and 123. When said maximum phase deviation is between .pi./2 and .pi.
      radians, the vectors A and B move symmetrically to each other between
      angle -.phi. and +.phi., where .phi. is between .pi./2 and .pi. radians.
      The vector C expands and contracts between C.sub.4 and C.sub.0 as well as
      between C.sub.0 and 0, and the vector C expands and contracts four times
      during a modulation period. In general, when said maximum phase deviation
      is between
      ##EQU1##
      where n is zero or a positive integer, the frequency of the expansion and
      contraction is 2(n+1) times as great as the modulation frequency. As said
      maximum phase deviation increases with an increase in the input frequency
      f, the modulation depth increases initially and then the frequency of
      modulation increases with an increase in the input frequency.
PAR  By the operation described above, the embodiment of the present invention
      shown in FIG. 4 converts the input audio frequency signal into a new
      signal having the characteristic that at least either the modulation depth
      or the modulation frequency increases with an increase in the frequency of
      the input audio signal.
PAR  When the position of a listener is equally distant from the
      electro-acoustic transducers 148 and 149, acoustic signals radiated from
      said transducers 148 and 149 are equally delayed in reaching the
      listener's position and then are coupled together. The amplitude of the
      coupled signal is a maximum at all the frequencies at the moment when the
      phase deviations of the modulation means 122 and 123 are zero radians;
      that is, when the acoustic signal has a plurality of vectors corresponding
      to the frequency spectra of said acoustic signal, all the vectors become
      maximum in amplitude at the same time.
PAR  But, when the listener's position is not equally distant from the
      electro-acoustic transducers 148 and 149, the acoustic signals travel from
      said transducers 148 and 149 to the listener's position in different
      lengths of time. Therefore, the phase difference between said acoustic
      signals at the listener's position increases in proportion to the
      frequency of the acoustic signals. Even when the phase deviation of the
      modulators 122 and 123 is zero radians, there is a phase difference
      increasing with an increase in the frequency of the acoustic signal and
      the amplitude of the coupled signal is not maximum in all the frequencies
      at the same time. Consequently, fluctuations of the vectors of the signal
      produced by the embodiment of FIG. 4 become very complex.
PAR  The modulated signals produced by the modulation means 122 and 123 do not
      need to have exactly opposite phases.
PAR  Referring to FIG. 6, an audio frequency signal applied to an input terminal
      100 is led through a connecting means 99 to a frequency range separator 80
      and is separated into two sub-band signals of audio frequency. For
      example, the lower sub-band signal contains frequency spectra from 20 Hz
      to 250 Hz and the higher sub-band signal contains from 250 Hz to 20,000
      Hz. The lower sub-band signal appears at the lead 81 and the higher
      sub-band signal appears at the lead 82. The lead 82 connects a modulation
      system 95 to the frequency range separator 80.
PAR  The modulation system 95 is a modified system similar to the modulation
      system 92 in FIG. 1. Referring to FIG. 1, if the leads 103, the
      transmission channel 113 and the modulation means 123 are eliminated and
      the distributing means 120 is a lead connecting the lead 82 to the leads
      101 and 102, then the modulation system 95 as shown in FIG. 6 is obtained.
      The lower sub-band signal from the lead 81 is put through a power
      amplifier 131 to an electro-acoustic transducer 141 and transduced into
      sound. The higher sub-band signal from the lead 121 and the output signal
      from the modulation means 122 are coupled together by an electrical
      coupling means comprising resistors 152 and 153, and transduced into sound
      by a power amplifier 137 and an electro-acoustic transducer 147. A
      coupling means 172 is comprised of the resistors 152 and 153, the power
      amplifiers 131 and 137, and the electro-acoustic transducers 141 and 147.
      The modulation means 122 modulates the distributed signal identical with
      the sub-band signal from the lead 82 in such a manner that the modulation
      depth and/or the modulation frequency increase with an increase in the
      frequency of the distributed signal of the lead 82. The signal B is
      modulated in the modulation means 122 and the signal A in the lead 121 is
      not modulated. Accordingly, each of the signals A and B is considered to
      have a different modulation. The modulation means 122 preferably has a
      maximum modulation depth exceeding .+-. .pi./2 radian for phase modulation
      and a maximum modulation depth exceeding 100 percent for amplitude
      modulation.
PAR  FIG. 7 shows a vector diagram of output signals A and B from the modulation
      system 95 and a signal C which corresponds to the combined signal coupled
      through the resistors 152 and 153. The signal of the lead 82 is
      essentially the same as the signal A. The modulation means 122 converts
      the vector A into the vector B which is shifted from the vector A by .phi.
      radian. A vector C, i.e. a sum of the vectors A and B, moves on a circular
      locus OCC.sub.0 in accordance with the rotation of the vector B on a
      circle with a center O and a radius OA. As the angle of vector B
      fluctuates between .phi. radian and -.phi. radian, the vector C moves
      between C and C'. As a result, the motion of the vector C resembles the
      beat, and the tonal quality of the sound represented by the vector C has a
      strength and clearness similar to the beat. Because the maximum phase
      deviation of the modulation means 122 increases with an increase in the
      input frequency, the vector B travels faster on the circle having the
      center O with an increase in the frequency of the input signal.. The
      fluctuation of the vector C also increases initially in depth and then in
      frequency with an increase in the input frequency.
PAR  When the coupling means 171 shown in FIG. 4 is used instead of the coupling
      means 172 shown in FIG. 6 the vector C does not become a maximum at the
      moment when the phase deviation is zero radians at a listener's position
      which is not equally distant from the electro-acoustic transducers 148 and
      149. Consequently, a more complex fluctuation of the audio frequency
      signal is produced.
PAR  The following is a description of modulation means which can be used in the
      device of the present application. The modulation depth of a conventional
      modulator has been limited to the range between 0 percent to 100 percent
      for amplitude modulation and between -.pi./4 radian to .pi./4 radian for
      phase modulation and the modulation depth has been constant, regardless of
      the frequency of the signal which is to be modulated.
PAR  When the amplitude modulation depth exceeds 100 percent, i.e.
      overmodulation, or when the phase modulation depth exceeds .+-. .pi./2
      radians, a more complex effect is produced, as mentioned above.
PAR  The first embodiment of a modulation means for the device according to the
      invention has a construction in which the phase shift characteristic or
      the delay time of a delay network fluctuates.
PAR  FIG. 8 shows a phase shift characteristic X of a delay network. The phase
      shift of FIG. 8 increases exponentially with a logrithmic increase of the
      frequency of the input signal. When the delay time of the delay network
      fluctuates, the phase shift characteristic fluctuates between X' and X",
      as shown in FIG. 8, and phase modulation occurs in such a manner that the
      maximum phase deviation +.DELTA..sub.max and -.DELTA..sub.max of said
      phase modulation increases with increasing frequency of the input signal
      as shown in FIG. 9.
PAR  The second embodiment of a modulation means for the device according to the
      invention is one in which the phase shift characteristic fluctuates. An
      example of a circuit diagram of such an embodiment will be shown
      hereinafter. The curved line Y in FIG. 10 shows a phase shift
      characteristic in which the rate of the increment of the phase shift .PHI.
      increases with an increase in the frequency of the input signal. If the
      curved line Y fluctuates in a direction parallel to the frequency axis
      between a curved line Y' and another curved line Y", a phase deviation
      from the curved line Y occurs between the maximum phase deviation
      +.DELTA..PHI..sub.max and -.DELTA..PHI..sub.max as shown in FIG. 11. The
      phase deviation characteristic .+-..DELTA..PHI..sub.max as shown in FIG.
      11 is also usable in a device according to the invention. Such a
      modulation means is shown in FIG. 12
PAR  The phase shifting circuit of FIG. 12 comprises a variable resistor R, a
      variable capacitor C and a phase splitter which is composed of a
      transistor Q, and resistors R.sub.E and R.sub.c (=R.sub.E). Said
      transistor Q splits the signal applied to an input terminal 230 into a
      pair of signals which are opposite in phase, and the pair of signals is
      coupled together through a coupling device comprising the resistor R and
      the capacitor C at the output terminal 330.
PAR  The transfer function G(s) of the phase shifting circuit shown in FIG. 12
      is:
      ##EQU2##
      where s is a complex angular frequency. The amplitude transfer
      characteristic of the equation (1), i.e. the gain of the phase shifting
      circuit, is constant regardless of the frequency, and the phase
      characteristic changes from zero to -.pi. radians as the frequency
      increases, as shown in the curved line z of FIG. 13.
PAR  The phase of the signal is shifted by -.pi./2 radians at a center frequency
      f.sub.o1/2=.pi.RC. The center frequency f.sub.o and the phase shifting
      characteristic changes with variations in the resistance of the resistor
      R, the capacitance of the capacitor C, or both the resistance of the
      resistor R and the capacitance of the capacitor c. By connecting a
      plurality of the phase shifting circuits in cascade and equalizing each
      center frequency of the phase shifting circuits, a total phase shifting
      characteristic in the shape of the curved line z' of FIG. 13 can be
      obtained. A phase shifting characteristic as shown in FIG. 10 and a phase
      deviation characteristic as shown in FIG. 11 can be obtained by setting
      the center frequency f.sub.o to a value near the highest frequency of the
      audio frequency range and causing the center frequency f.sub.o to
      fluctuate by changing the resistance of the resistor R, the capacitance of
      the capacitor C, or both the resistance of the resistor R and the
      capacitance of the capacitor C.
PAR  FIG. 14 shows an example of means for causing the resistance of the
      resistor R to fluctuate. The resistor R is, for example, a photo-sensitive
      resistor such as CdS or a CdSe element exposed to the light of a lamp L
      which is lighted not only by a D.C. power supply E for biasing the value
      of the resistor R to some central value, but also by an A.C. modulating
      signal e which causes the value of the resistor R to fluctuate around said
      central value.
PAR  The transistor Q can be replaced by a vacuum tube, a field effect
      transistor or a transformer. The resistor R can be replaced by any
      variable resistor such as a Hall effect element. The capacitor C can be
      replaced by any reactor such as an inductor.
PAR  FIG. 15 shows an example of a modulation means which comprises three phase
      shifting circuits 301, 302 and 303, each corresponding to the circuits of
      FIGS. 12 and 14, a biasing circuit 300 and an emitter follower circuit 304
      connected in cascade. An audio frequency signal applied to an input
      terminal 310 is fed through a coupling capacitor C.sub.o and a terminal
      311 to the base of the transistor Q.sub.1, which is biased by resistors
      R.sub.4 and R.sub.5, and appears at an output terminal 312. The signal at
      the terminal 312 is fed through a similar phase shifting circuit 302 to
      the terminal 313 and then through another similar phase shifting circuit
      303 to the terminal 314 of an emitter follower circuit 304 and finally
      appears at the low impedance output terminal 315.
PAR  The resistors R.sub.1, R.sub.2 and R.sub.3 of the phase shifting circuits
      301, 302 and 303, respectively, are photo senstive resistors such as a CdS
      or a CdSe element exposed to the light of the lamps L.sub.1, L.sub.2 and
      L.sub.3, respectively, which are lighted by D.C. power supplies E.sub.1,
      E.sub.2 and E.sub.3 for biasing each of the resistors R.sub.1, R.sub.2 and
      R.sub.3, respectively, at some central values and which are further
      lighted by A.c. modulated power supplies e.sub.1, e.sub.2 and e.sub.3 in
      order to cause the resistance of the resistors R.sub.1, R.sub.2 and
      R.sub.3 to fluctuate at frequencies F.sub.1, F.sub.2 and F.sub.3 and
      phases .alpha..sub.1, .alpha..sub.2, .alpha..sub.3, respectively, around
      the central values.
PAR  The phase shifting circuits 301, 302 and 303 have, for example, a phase
      shifting characteristic according to the curved line Z as shown in FIG.
      13, and have center frequencies
      ##EQU3##
      respectively.
PAR  If said three center frequencies are equal, that is,
EQU  f.sub.o = 1/(2.pi.R.sub.l C.sub.1) = 1/(2.pi.R.sub.2 C.sub.2) = 1/(
     2.pi.R.sub.3 C.sub.3),                                     2
PAL  the total phase shift characteristic vs frequency becomes a curved line Z'
      shown in FIG. 13. By setting the center frequency f.sub.o near the highest
      frequency of the audio frequency range and further setting the A.C.
      modulating power supplies e.sub.1, e.sub.2 and e.sub.3 at the same
      frequency and the same phase, the modulation means shown in FIG. 15 has a
      phase shifting characteristic and fluctuation characteristic as shown in
      FIG. 10, and the phase deviation characteristic as shown in FIG. 11. A
      number of shifting circuits greater than three, and preferably 10 in
      number, can be connected in cascade. Preferred examples of the phase
      shifting characteristic and the phase deviation characteristic are shown
      in FIG. 16 and FIG. 17, respectively, where the maximum phase deviation
      exceeds .+-..pi./2 radians and reaches .+-.2.pi.radians.
PAR  A third embodiment of a modulation means will now be described. The phase
      shifting circuit shown in FIG. 12, for example, has a phase shifting
      characteristic fluctuating in a direction parallel to the frequency axis
      in accordance with the fluctuation of the center frequency f.sub.o
      (=1/2.pi.RC), as shown in FIG. 18, and has a maximum phase deviation
      characteristic restricted in some frequency band as shown in FIG. 19. When
      1/(2.pi.R.sub.1 C.sub.1), 1/(2.pi.R.sub.2 C.sub.2), 1/(2.pi.R.sub.3
      C.sub.3), e.sub.1, e.sub.2, e.sub.3, F.sub.1, F.sub.2, F.sub.3,
      .alpha..sub.1, .alpha..sub.2 and .alpha..sub.3, of the phase shifting
      circuits 301, 302 and 303, shown in FIG. 15, are related to each other in
      the following manner:
EQU  1/(2.pi.R.sub.1 C.sub.1)&lt; 1/(2.pi.R.sub.2 C.sub.2) &lt; 1/(2.pi.R.sub.3
      C.sub.3)                                                  3
EQU  e.sub.1 &lt; e.sub.2 &lt;e.sub.3                                 (4)
EQU  F.sub.1 + F.sub.2 = F.sub.3                                (5)
EQU  .alpha..sub.1 = .alpha..sub.2 = .alpha..sub.3              (6)
PAL  the maximum phase deviation of the phase shifting circuits 301, 302 and 303
      are shown by the curved lines 401, 402 and 403, respectively, and the
      total maximum phase deviation is shown by dotted curves 404 in FIG. 20.
      Although the phase deviation achieved by one phase shifting circuit is not
      more than .+-. .pi./2 radians, a greater phase deviation can be achieved
      by cascading a plurality of phase shifting circuits which have the same
      characteristic as each other. Therefore, any phase deviation
      characteristic can be achieved by using more than three phase shifting
      circuits and by arranging the center frequencies and amounts of the phase
      deviation in a suitable relation as described above.
PAR  By keeping the frequencies F.sub.1, F.sub.2 and F.sub.3 at the same
      frequencies as in equation (5) and changing the phases .alpha..sub.1,
      .alpha..sub.2 and .alpha..sub.3 to
EQU  .alpha..sub.1 .noteq..alpha..sub.2 .noteq..alpha..sub.3, .alpha..sub.3
      .noteq..alpha..sub.1,                                     (7)
PAL  the maximum phase deviation decreases in the overlapping range between 402
      and 401 or 403 in FIG. 20. As a result, the undulations in the maximum
      phase deviation increase with an increase of the frequency of the input
      signal applied to the input terminal 310 as shown in FIG. 21.
PAR  When the modulation frequencies F.sub.1, F.sub.2 and F.sub.3 are in the
      relationship
EQU  F.sub.1 &lt; F.sub.2 &lt; F.sub.3,                               (8)
PAL  the modulation frequency of the modulation means shown in FIG. 15 increases
      with increasing frequency of the input signal applied to the input
      terminal 310.
PAR  In the relationship (8), the frequencies F.sub.1, F.sub.2 and F.sub.3 can
      be in a harmonic relationship, and further can have the same phase as each
      other.
PAR  In the relationship (8), the frequencies F.sub.1, F.sub.2 and F.sub.3 can
      also be in a non-harmonic relationship.
PAR  A number of phase shifting circuits greater than 3 can be used for more
      complex effects.
PAR  The device according to the invention can be made by using modulation means
      which are phase shifting circuits other than that of FIG. 12.
PAR  The same effects mentioned above can be obtained by mechanical methods to
      change the delay time, the resistance of the resistor or the reactance of
      the reactor.
PAR  The modulation means and the modulators mentioned above can be frequency
      modulators because frequency modulation is similar to phase modulation.
PAR  The present invention can be embodied in a device for producing a tremulant
      effect comprising a frequency range separator separating an audio
      frequency signal into a plurality of sub-band signals; at least one
      modulation system having plural transmission channels coupled to said
      frequency range separator through one distributing means, at least one of
      said transmission channels being provided with modulation means producing
      modulation signals which have a frequency in a sub-audio frequency range,
      and at least one of which is different in phase from the remainder,
      whereby each of said subband signals other than the lowest is fed to said
      distributing means to form plural distributed signals which are converted
      into plural transmitted signals through said plural transmission channels;
      and coupling means for coupling all of said transmitted signals and said
      lowest sub-band signal with each other electrically and/or accoustically,
      said modulation means modulating said distributed signals in such a manner
      that the modulation depth and/or the the modulation frequency increase
      with an increase in the frequency of said distributed signals.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic expression device for producing a novel tremulant effect,
      comprising:
PA1  an input terminal to which an audio frequency signal is applied;
PA1  a frequency range separator connected to said input terminal for separating
      an audio frequency signal into a plurality of sub-band signals;
PA1  at least one modulation system having a distributing means and a plurality
      of transmission channels, said distributing means being coupled to said
      frequency range separator for receiving the sub-band signal other than the
      lowest frequency sub-band signal therefrom, said plurality of transmission
      channels being coupled to said distributing means, and at least one of
      said transmission channels having a modulation means for modulating an
      input signal of said transmission channel by a modulation signal having a
      sub-audio frequency in such a manner that the input signal is modulated
      with a modulation depth increasing as the frequency of said audio
      frequency signal increases and exceeding .+-. .pi./2 radians when the
      modulation is phase modulation and exceeding 100% when the modulation is
      amplitude modulation in the high frequency range of said audio frequency
      signal so as to have a different modulation from the signals of at least
      one of the other transmission channels; and
PA1  a coupling means coupled to said transmission channels for receiving all of
      the output signals from said transmission channels and coupled to said
      frequency separator for receiving said lowest frequency sub-band signal
      from said frequency separator, said coupling means coupling all said
      signals with each other, whereby at least one of the plurality of
      transmission channels puts out an output signal which has a different
      modulation from the output signals of at least one of the other
      transmission channels of said plurality of transmission channels, and said
      coupling means couples the output signals from said plurality of
      transmission channels and the lowest frequency sub-band signal together in
      order to produce final output signals, at least one vector of which
      fluctuates differently from other vectors in a frequency range other than
      said lowest frequency sub-band.
NUM  2.
PAR  2. A device as claimed in claim 1 wherein there is a plurality of
      transmission channels, each having a modulation means therein, and at
      least one modulation means producing a sub-audio frequency modulation
      signal which has a different phase from the modulation signals produced by
      the other modulation means.
NUM  3.
PAR  3. A device as claimed in claim 2 wherein said modulation means comprises a
      plurality of phase shifting circuits connected in cascade, each of said
      phase shifting circuits having a constant amplitude gain and a phase shift
      which changes gradually from zero radians to -.pi. radians with an
      increase in the frequency of said audio signal, the total amount of phase
      shift of said phase shifting means fluctuating at said sub-audio
      modulation frequency so that the phase deviation of said phase shifting
      means increases with an increase in the frequency of said audio frequency
      signal.
NUM  4.
PAR  4. A device as claimed in claim 3 wherein said phase shifting circuit
      comprises a phase splitting means splitting an input signal of said phase
      splitting means into two signals having phases opposite to each other, and
      a coupling device which comprises a resistor and a reactor, and which
      combines said two signals into one output signal, whereby the product of
      the resistance of said resistor and the reactance of said reactor
      fluctuates at the frequency of said sub-audio frequency range.
NUM  5.
PAR  5. A device as claimed in claim 1 wherein said coupling means comprises at
      least one power amplifier connected to said transmission channels, a
      further power amplifier connected to said freqeuncy range separator for
      receiving the lowest frequency sub-band signal therefrom, and a plurality
      of electro-acoustic transducers connected to said power amplifiers,
      respectively, for transducing said plurality of transmitted signals and
      said lowest frequency sub-band signal into sounds, respectively, and
      combine said sounds.
NUM  6.
PAR  6. A device as claimed in claim 1 wherein said frequency range separator
      comprises means for separating said audio frequency signal into two
      sub-band signals, the distributing means being coupled to said frequency
      range separator for receiving the higher frequency sub-band signal
      therefrom, there being a single modulation system having two transmission
      channels each having a modulation means therein, and the modulation
      signals of said modulation means are different in phase from each other.
NUM  7.
PAR  7. A device as claimed in claim 6 wherein said coupling means comprises two
      electrical coupling means, one coupled to said frequency range separator
      for receiving the lowest frequency sub-band signal therefrom and also
      coupled to one of said transmission channels, and the other coupled to
      said frequency range separator for receiving the lowest frequency sub-band
      signal therefrom and also coupled to the other of said transmission
      channels, two power amplifiers connected to the respective electrical
      coupling means, and two electroacoustic transducers connected to the
      respective power amplifiers for acoustically combining the signals from
      the power amplifiers.
NUM  8.
PAR  8. A device as claimed in claim 1 wherein said frequency range separator
      comprises means for separating said audio frequency signal into two
      sub-band signals, the distributing means being coupled to said frequency
      range separator for receiving the higher frequency sub-band signal
      therefrom, there being a single modulation system having two transmission
      channels and only one channel having a modulating means therein and the
      other channel being a lead.
NUM  9.
PAR  9. An electronic expression device as claimed in claim 1 in which said
      coupling means are electrical coupling means coupling said signal
      electrically.
NUM  10.
PAR  10. An electronic expression device as claimed on claim 1 in which said
      coupling means are acoustic coupling means and couple said signal
      acoustically.
NUM  11.
PAR  11. An electronic expression device as claimed in claim 1 in which said
      coupling means is a combined electric and acoustic coupling means coupling
      said signals partially electrically and partially acoustically.
NUM  12.
PAR  12. A device as claimed in claim 1 wherein said coupling means comprises at
      least one electrical coupling means coupled to said transmission channels
      for receiving the signals therefrom and to said frequency range separator
      for receiving the lowest frequency sub-band signal therefrom, at least one
      power amplifier connected to said electrical coupling means, and at least
      one electro-acoustic transducer connected to said power amplifier.
NUM  13.
PAR  13. An electronic expression device for producing a novel tremulant effect,
      comprising:
PA1  an input terminal to which an audio frequency signal is applied;
PA1  a frequency range separator connected to said input terminal for separating
      an audio frequency signal into a plurality of sub-band signals;
PA1  at least one modulation system having a distributing means and a plurality
      of transmission channels, said distributing means being coupled to said
      frequency range separator for receiving the sub-band signal other than the
      lowest frequency sub-band signal therefrom, said plurality of transmission
      channels being coupled to said distributing means, and at least one of
      said transmission channels having a modulation means for modulating an
      input signal of said transmission channel by a modulation signal having a
      sub-audio frequency in such a manner that the input signal is modulated
      with a modulation depth increasing as the frequency of said audio
      frequency signal increases and exceeding 100 percent in amplitude
      modulation in the high frequency range of said audio frequency signal so
      as to have a different modulation from the signals of at least one of the
      other transmission channels; and
PA1  a coupling means coupled to said transmission channels for receiving all of
      the output signals from said transmission channels and coupled to said
      frequency separator for receiving said lowest frequency sub-band signal
      from said frequency separator, said coupling means coupling all said
      signals with each other, whereby at least one of the plurality of
      transmission channels puts out an output signal which has a different
      modulation from the output signals of at least one of the other
      transmission channels of said plurality of transmission channels, and said
      coupling means couples the output signals from said plurality of
      transmission channels and the lowest frequency sub-band signal together in
      order to produce final output signals, at least one vector of which
      fluctuates differently from other vectors in a frequency range other than
      said lowest frequency sub-band.
NUM  14.
PAR  14. An electronic expression device for producing a novel tremulant effect,
      comprising:
PA1  an input terminal to which an audio frequency signal is applied;
PA1  a frequency range separator connected to said input terminal for separating
      an audio frequency signal into a plurality of sub-band signals;
PA1  at least one modulation system having a distributing means and a plurality
      of transmission channels, said distributing means being coupled to said
      frequency range separator for receiving the sub-band signal other than the
      lowest frequency sub-band signal therefrom, said plurality of transmission
      channels being coupled to said distributing means, and at least one of
      said transmission channels having a modulation means for modulating an
      input signal of said transmission channel in amplitude and phase by a
      modulation signal having a sub-audio frequency in such a manner that the
      input signal is modulated with a modulation depth increasing as the
      frequency of said audio frequency signal increases and exceeding
      .+-..pi./2
PAL  radians in phase and exceeding 100 percent in amplitude in the high
      frequency range of said audio frequency signal so as to have a different
      modulation from the signals of at least one of the other transmission
      channels; and
PA1  a coupling means coupled to said transmission channels for receiving all of
      the output signals from said transmission channels and coupled to said
      frequency separator for receiving said lowest frequency sub-band signal
      from said frequency separator, said coupling means coupling all said
      signals with each other, whereby at least one of the plurality of
      transmission channels puts out an output signal which has a different
      modulation from the output signals of at least one of the other
      transmission channels of said plurality of transmission channels, and said
      coupling means couples the output signals from said plurality of
      transmission channels and the lowest frequency sub-band signal together in
      order to produce final output signals at least one vector of which
      fluctuates differently from other vectors in a frequency range other than
      said lowest frequency sub-band.
NUM  15.
PAR  15. An electronic expression device for producing a novel tremulant effect,
      comprising:
PA1  an input terminal to which an audio frequency signal is applied;
PA1  a frequency range separator connected to said input terminal for separating
      an audio frequency signal into a plurality of sub-band signals;
PA1  at least one modulation system having a distributing means and a plurality
      of transmission channels, said distributing means being coupled to said
      frequency range separator for receiving the sub-band signal other than the
      lowest frequency sub-band signal therefrom, said plurality of transmission
      channels being coupled to said distributing means, and at least one of
      said transmission channels having a modulation means for modulating an
      input signal of said transmission channel by a modulation signal having a
      sub-audio frequency in such a manner that the input signal is modulated
      with a modulation depth increasing as the frequency of said audio
      frequency signal increases and exceeding .+-..pi./2
PAL  radians when the modulation is phase modulation and exceeding 100 percent
      when the modulation is amplitude modulation in the high frequency range of
      said audio frequency signal so as to have a different modulation from the
      signals of at least one of the other transmission channels, said
      modulation means being composed at least of a delay network having a
      constant amplitude gain and a phase shift which increases in the rate of
      the increment with an increase in the frequency of said audio frequency
      signal and said phase shift fluctuates in said sub-audio frequency; and
PA1  a coupling means coupled to said transmission channels for receiving all of
      the output signals from said transmission channels and coupled to said
      frequency separator for receiving said lowest frequency sub-band signal
      form said frequency separator, said coupling means coupling all said
      signals with each other, whereby at least one of the plurality of
      transmission channels puts out an output signal which has a different
      modulation from the output signals of at least one of the other
      transmission channels of said plurality of transmission channels, and said
      coupling means couples the output signals from said plurality of
      transmission channels and the lowest frequency sub-band signal together in
      order to product final output signals, at least one vector of which
      fluctuates differently from other vectors in a frequency range other than
      said lowest frequency sub-band.
NUM  16.
PAR  16. An electronic expression device for producing a novel tremulant effect,
      comprising;
PA1  an input terminal to which an audio frequency signal is applied;
PA1  a frequency range separator connected to said input terminal for separating
      an audio frequency signal into a plurality of sub-band signals:
PA1  at least one modulation system having a distributing means and a plurality
      of transmission channels, said distributing means being coupled to said
      frequency range separator for receiving the sub-band signal other than the
      lowest frequency sub-band signal therefrom, said plurality of transmission
      channels being coupled to said distributing means, and at least one of
      said transmission channels having a modulation means for modulating an
      input signal of said transmission channel in such a manner that the input
      signal is modulated with a modulation depth increasing as the frequency of
      said audio frequency signal increases and exceeding .+-..pi./2
PAL  radians when the modulation is phase modulation and exceeding 100 percent
      when the modulation is amplitude modulation in the high frequency range of
      said audio frequency signal so as to have a different modulation from the
      signals of at least one of the other transmission channels, said
      modulation means being composed of a plurality of phase shifting circuits
      which have a constant amplitude gain and a phase shift increasing with an
      increase in the frequency, the amount of said phase shift fluctuating in
      accordance with a plurality of modulation signals of sub-audio frequency
      range so that said phase shifting circuits produce phase modulations in
      frequency bands, said plurality of phase shifting circuits being connected
      in cascade, and said plurality of modulation signals having at least one
      of a different phase and a different frequency; and
PA1  a coupling means coupled to said transmission channels for receiving all of
      the output signals from said transmission channels and coupled to said
      frequency separator for receiving said lowest frequency sub-band signal
      from said frequency separator, said coupling means coupling all said
      signals with each other, whereby at least one of the plurality of
      transmission channels puts out an output signal which has a different
      modulation from the output signals of at least one of the other
      transmission channels of said plurality of transmission channels, and said
      coupling means couples the output signals from said plurality of
      transmission channels and the lowest frequency sub-band signal together in
      order to produce final output signals, at least one vector of which
      fluctuates differently from other vectors in a frequency range other than
      said lowest frequency sub-band.
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ABST
PAL  A spring break mechanism is disclosed wherein a key is operatively
      connected to a key pad cup by means of a needle spring. The motion of the
      key is transmitted by the spring to the cup. The cup may be moved to open
      the associated tone hole, even with the key depressed, by means of another
      key mechanism acting on a lever integral with the cup by overcoming the
      tension of the spring.
BSUM
PAC  BACKGROUND
PAR  This invention is directed to a clarinet key mechanism to improve the
      facility of clarinet fingering.
PAR  The Boehm clarinet has been a traditional key system for clarinet usage. It
      is used on nearly all present-day clarinets in the United States and is
      the conventional system learned in the United States schools. The Boehm
      system has several drawbacks in particular keying situations. In that
      system, B-flat, keyed in the traditional way by means of the A key and the
      register key, is fuzzy and weak. It has been recognized that this note has
      needed improvement.
PAR  Rosario Mazzeo, in U.S. Pat. No. 2,867,146, defines a structure whereby he
      intends to improve the throat tone B-flat by employing the right-hand
      rings and left-hand second finger ring. Mazzeo opens a hole on the side at
      the correct acoustical position in conjunction with the opened A, A-flat
      holes to produce a good B-flat tone. In this Mazzeo patent, when slurring
      from any note involving the rings to the A key, an unwanted intermediate
      note is sometimes produced. This has been corrected by a later Mazzeo U.S.
      Pat. No. 3,204,512 with a result that the rings are harder to press. Thus,
      while the Mazzeo construction does produce a good B-flat tone, it is at
      the expense of facility of keying.
PAC  SUMMARY
PAR  In order to aid in the understanding of this invention, it can be stated in
      essentially summary form that it is directed to a clarinet key mechanism
      which maintains the G opening open by a mechanism attached to the A-flat
      key and actuated by depression of the A key to compensate for otherwise
      inadequate venting while the thumb remains covering the thumb hole to
      maintain the B-flat opening closed by mechanism from the thumb-ring key to
      eliminate inadvertent opening of the B-flat hole, as sometimes happens
      when transitioning from a note involving one or a plurality of the certain
      B-flat producing rings of a clarinet constructed on a principle whereby
      the combination of depression of the A key and one or a plurality of the
      certain rings used to produce a clear throat tone B-flat note to the A
      note.
PAR  Accordingly, it is an object of this invention to provide a clarinet key
      mechanism which eliminates unwanted grace notes caused by inadvertent
      opening of the B-flat opening. It is a further object to provide key
      interrelationships to aid in convenience and accuracy of trilling. It is a
      further object to provide a C-note by simultaneous operation of the
      register key and the B key.
PAR  Other objects and advantages of this invention will become apparent from a
      study of the following portion of this specification, the claims, and the
      attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a projected view of that portion of a clarinet key mechanism
      which incorporates the present invention and is associated with other
      conventional clarinet keys.
PAR  FIG. 2 is a detailed view of a portion of the structure shown in FIG. 1.
PAR  FIG. 3 is an exploded view of a portion of the structure in FIG. 2.
DETD
PAC  DESCRIPTION
PAR  The clarinet key mechanism of this invention is generally indicated at 10
      in FIG. 1. In FIG. 1, it is shown in a projected unwrapped relationship
      with respect to the clarinet for convenience in understanding and showing.
      In reality, it is wrapped around the cylindrical body of the clarinet in a
      conventional manner. The conventional right-hand rings are shown at 12
      and, when depressed, they cause rotation of shaft 14 about its axis to
      cause raising of lever 16. Lever 16 engages under lever 18 which, in turn,
      rotates shaft 20 on its axis. Rotation of shaft 20 lifts shoe 22 which is
      positioned under adjusting screw 24 on lever 26. Thus, counterclockwise
      rotation of shaft 14, as seen from the upper end of FIG. 1 which is the
      mouthpiece end of the clarinet, causes counterclockwise rotation of shaft
      20 which, in turn, causes counterclockwise rotation of shaft 28 to which
      lever 26 is fixed. On the uppermost end of shaft 28 is carried lever 30
      which engages over key 34.
PAR  B-flat pad cup 32 is mounted on B-flat key 34 which is pivoted on a
      transverse axis through pivot block 36. When the right-hand rings and
      left-hand number 2 finger ring 38 are released, lever 30 presses down
      under spring pressure to thrust down on B-flat key 34 and close the B-flat
      opening by pressing down the B-flat pad cup 32. The B-flat key 34 is
      lightly spring-loaded to open the B-flat opening so that, when any of the
      desired rings are pressed, the release of force from lever 30 onto key 34
      permits the spring to open the B-flat opening.
PAR  Additionally, F-sharp ring or left-hand number 1 finger ring 40 (see FIGS.
      1 and 2) is pivoted on the axis of shaft 42. Lever 44 on the outer end of
      left-hand number 1 finger ring 40 is raised upon depression of the finger
      ring 40. Lever 44 is positioned under the outer end of B-flat key 34 so
      that pressing ring 40 rotates B-flat key 34 to close the B-flat opening.
PAR  Furthermore, thumbhole ring 46 is mounted to pivot on the axis of shaft 48
      and carries lever 50 on the end thereof. Lever 50 engages under the outer
      end of lever 44, and lever 44 engages under the outer end of B-flat key 34
      so that, when the thumbhole ring 46 is depressed, the outer end of B-flat
      key 34 is raised to close the B-flat opening. Depressing either ring 40 or
      46 normally closes the F-sharp key proper 82 which is operatively
      connected to the left-hand first finger key by spring mechanism 45, shown
      most clearly in FIGS. 2 and 3.
PAR  Now considering the A key, spatula 52 is mounted on the lower end of the A
      lever 54 which is pivoted on tube 56. When the spatula is depressed, A pad
      cup 58 opens the A hole. At the same time, for vent purposes to give a
      clear A tone, A lever 54 engages under A-flat lever 60 to open the A-flat
      hole under A-flat pad cup 62, as on the conventional clarinet. The A-flat
      key in turn forces the F-sharp key open by means of levers 68 and 70
      connected to spatula 64 and F-sharp key 82, respectively, even though the
      tumb ring remains depressed, by overcoming the tension of spring 43 in
      spring break mechanism 45, which spring 43 lies between the F-sharp key 82
      and the left hand first finger ring key 40. Without the spring break
      mechanism 45, A cannot be played while depressing the thumb ring as, in
      doing so, the thumb would necessarily close the thumb hole and the G hole
      which underlies the F-sharp pad cup 74 and muffle the sound of A. By means
      of the spring break, the F-sharp key 82 is opened by the A-flat key, in
      turn by the A key, thereby compensating for the thumb hole being closed,
      allowing the A sound to be as clear and resonant as when fingered with
      only the A key.
PAR  By the previously described B-flat key mechanism, when changing from a note
      where one of the right-hand rings or ring 38 is depressed to the A note
      caused by depressing spatula 52, without the desired mechanism, the B-flat
      note would momentarily open. However, by holding down ring 46, the B-flat
      opening remains closed and the unwanted intermediate grace note is not
      created.
PAR  F-sharp key 82 has a tube 72 which fits over the shaft of ring key 40. Dog
      41 on key forms a limit stop against adjusting screw 71. Spring 43 is
      anchored in lever 44 and hooked on back end of F-sharp pad cup 74. The
      depressing of spatulas 76 or 64 opens F-sharp pad cup 74, overcoming the
      relatively heavy spring 43 between lever 44 and 82 while thumb ring key 46
      is depressed. This makes it possible to keep the thumb depressed on ring
      46, holding the B-flat key closed, when transitioning from any note
      involving the "B-flat producing rings" to A and holding the thumb ring key
      depressed while A is being sounded. However, in the use of the above, the
      clarinetist must form the habit of sustaining the thumb on its hole and
      ring while transitioning from notes (except the B-flat itself) involving
      the depression of the certain rings used in conjunction with the A key to
      produce the transition from the B-flat to the A note. There is also a
      relatively light spring anchored to a post hooked to the ring key 40 to
      restore ring key 40 and F-sharp key 82 to their normal open position.
PAR  As another aspect of the invention, it is seen in FIGS. 1 and 2 that A-flat
      key 64 can be depressed to rock around shaft 66 to raise A-flat pad cup 62
      to produce the desired note. However, in order to produce an accurately
      pitched note, a vent needs to be opened to compensate for the closed
      F-sharp caused by depression of thumb key (since the thumb key is also
      held down while the F-sharp side key is opened, in conventional fingering
      of F-sharp in the trill F-sharp to G-sharp (A-flat)). Lever 68 is mounted
      on A-flat key 64 and engages under lever 70 mounted to rotate on shaft 72.
      F-sharp pad cup 74 is thus raised off the G opening, even though the thumb
      key is depressed. Thus, the previously described spring break mechanism in
      combination with the A-flat connection makes it possible, when the A-flat
      key is pressed, to provide the necessary venting for the correctly pitched
      A-flat note. In trilling from F-sharp to A-flat, the F-sharp note is
      produced, as is conventional in Boehm fingering, with the thumbhole closed
      and with the F-sharp side trill key open. Under these circumstances, the
      shift to the A-flat in the trill would ordinarily leave F-sharp pad cup 74
      closed, when actually it is required to be open as a vent. The mechanism
      just described, including levers 68 and 70, opens the G vent when the
      A-flat key 64 is pressed for trilling, by overcoming the spring 43.
PAR  In trilling B-flat over A-flat (using any one or more of the several rings
      in conjunction with depression of the A key 52 for B-flat), it is
      necessary to open the A hole under A pad cup 58 when the B-flat opening
      under B-flat pad cup 32 is open, in order to obtain an accurately pitched
      B-flat. A-flat pad cup 62 is maintained open conveniently and with
      increased leverage by the use of an auxiliary spatula 76 secured to A-flat
      key 64. It is positioned so that the pad at the third finger joint of the
      left first finger can be employed to maintain the key opening. The A
      opening under A pad cup 58 is operated by rocker arm lever 78 which
      engages under the outer end of A lever 54 and is pivotable on a finger
      which extends from the central part of 78 and is poised at its own
      extremity over lever 82 of pad cup 74. The lower end of lever 78 is
      pivoted to shaft 80 which is mounted upon the side of pivot shaft 20.
      Thus, by operation of any of the lower rings, the lower end of lever 78 is
      moved toward the clarinet body. If the center of lever 82 is raised by
      operation of the A-flat key 64, as previously described, then this serves
      as a pivot point for rocker arm lever 78 so that the upper end of lever 78
      engaged under key 54 causes lifting of the A pad cup 58 off of the A
      opening. In this way, whenever the A-flat key 64 is pressed down, the
      simultaneous opening of the B-flat hole by use of the rings will cause
      opening of the A hole as a vent therefor. By this means, an accurate trill
      between B-flat and A-flat is accomplished. Because of this, the former
      "B-flat side trill key" as used on the conventional clarinets can be
      dispensed with. The position formerly occupied by that key may be utilized
      for a B key lever in the same manner as that of FIG. 1 of Mazzeo U.S. Pat.
      No. 3,035,473.
PAR  In trilling A flat to A engagement of the third finger joint over auxiliary
      spatula 76 permits maintaining the A-flat hole open, while reaching over
      with the tip of the first finger of the left hand to engage spatula 52 to
      trill the A note by repeated operation of that key.
PAR  As seen in FIG. 1, register key 84 is fixed on a central shaft so that,
      when it is depressed, it raises register pad cup 86 for the conventional
      register change. B key 88 spatula is connected through an adjustment
      mechanism 90 so that, when it is depressed, it raises the B pad cup 92.
      When B pad cup 92 is raised, the upper end of B-flat key 34 is raised to
      open the B-flat opening to provide vent for the B note and for accurate
      trilling of A to B-flat, using the B side lever. The two spatulas 84 and
      88 are provided side-by-side because, when they are both pressed, a C note
      is produced. Thus, merely by depressing keys 84 and 88, an accurate C note
      is achieved. A one-way connection may be incorporated between the two
      spatulas to insure both the B and register holes opening simultaneously
      for a crisp beginning of the C note. In this case, the spatula 88 would be
      used only for a C and could not be used for B. The B side lever would be
      used always, when trilling A to B or B-flat to B. The inter-relationship
      between the register opening and the B-flat opening to achieve the
      accurate C note may be present only in the soprano B-flat clarinet and
      thus this arrangement may be applicable only to that instrument. The
      clarinet in question is intended to be equipped with the side key lever
      conventionally used for B-flat, but on this clarinet is used for the B
      note. This lever engages under lever 94 so that, when the side key B is
      pressed, lever 94 rises to raise B pad cup 92 off of the B opening for
      trilling B-flat or A. When trilling A, the B pad cup 92 raises B-flat pad
      cup 32 by means of an adjustment screw on B-flat key 34, thereby insuring
      an accurately pitched B note.
PAR  This invention having been described in its preferred embodiment, it is
      clear that it is susceptible to numerous modifications and embodiments
      within the ability of those skilled in the art and without the exercise of
      the inventive faculty. Accordingly, the scope of this invention is defined
      by the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. On a clarinet, a spring-break clarinet key mechanism comprising:
PA1  a first pad for covering a first tonal opening in a clarinet body, said
      first pad being mounted on a first arm and said first arm being pivotable
      about a first axis for moving said first pad into and out of closed
      position with respect to said first tonal opening, a ring key pivotally
      mounted on said first axis, said first arm and said first axis being free
      to rotate relative to each other, a spring having one end connected to
      said ring key and the other end bearing against said first arm to urge
      said first pad into closed position when said ring key is depressed;
PA1  a second pad for moving out of and into closed position over a second tonal
      opening in the clarinet body, and interengaging means between said second
      pad and said first pad so that, when said second pad is in the open
      position, said first pad is urged into the open position against the
      tension of said spring if said ring key is depressed.
NUM  2.
PAR  2. The spring-break mechanism of claim 1 wherein said first pad is over a G
      opening and said second pad is over an A-flat opening.
NUM  3.
PAR  3. The spring-break mechanism of claim 1 wherein said second pad is an
      A-flat pad positioned over an A-flat tonal opening in the clarinet body
      and further including an A-flat spatula connected to raise said A-flat pad
      off of its opening upon depressing of said A-flat spatula, an A-flat lever
      connected to said A-flat spatula and a second arm connected to said first
      arm and inter-engaged with said A-flat lever so that, upon depression of
      said A-flat spatula and raising of said A-flat pad off of its tonal
      opening, said first pad is also raised off its tonal opening.
NUM  4.
PAR  4. The spring-break mechanism of claim 3 further including a stop between
      said ring key and said first arm to limit rotation of said ring key about
      said first axis with respect to said first arm in a direction opposite to
      the urging of said spring.
NUM  5.
PAR  5. The spring-break mechanism of claim 4 further including a B-flat tonal
      opening and a B-flat pad cup mounted on a B-flat pivoted lever so that
      said B-flat pad cup can be moved into and away from a position where it
      closes the B-flat tonal opening, inter-engaging means between said ring
      key and said B-flat lever so that, when said ring key is depressed, said
      B-flat key is held closed.
NUM  6.
PAR  6. The spring-break mechanism of claim 5 further including a second spatula
      on said A-flat key for engagement by the third finger joint of the first
      finger to permit the finger tip to reach the A key for A over A-flat
      trill.
NUM  7.
PAR  7. The spring-break mechanism of claim 6 further including a register key
      connected to open a register tonal hole and a B key connected to open a B
      tonal hole and connected to open a B-flat tonal hole, said register key
      and said B key spatulas being positioned to be simultaneously operable by
      a single finger to achieve a C note.
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PAL  An improved fastener system is derived for cold working the surfaces
      defining aligned fastener holes in structural members and installing
      fasteners therein. Essentially, an integral fastener and mandrel
      construction facilitates the insertion of a sleeve into the holes, an
      expansion of the sleeve thus disposed to thereby cold work the surfaces of
      the members defining the holes, and the pulling of the fastener into the
      holes thus prepared and sleeve-lined. A frangible neck is provided between
      the fastener element and the mandrel element which permits the breaking
      off and discarding of the latter after the former is installed. Retenion
      means is then installed, formed or otherwise provided on the fastener end
      in conventional manner. Thus, cold working and fastener installation is
      accomplished in only two steps due to the critical design and
      configuration of the combined fastener, break-off groove and mandrel.
BSUM
PAR  This invention relates generally to fastener systems and more particularly
      to the type of fastener system required to join structural members such as
      are employed in aircraft.
PAR  The dynamic loads imposed on structural members of aircraft tend to
      concentrate at the joints where they are transferred into and through the
      fasteners. Much effort has, therefore, been expended over the years not
      just in the design and construction of fasteners perse but also in the
      matching of the fasteners to the members to be joined thereby. Such
      fastener systems all recognize the importance of an immovable connection
      to produce, in effect, an integral structural assembly. Illustrative of
      this are the prior art concepts of the following United States patents
      which propose various ways of positively assuring that the aligned holes
      in the joined members are filled:
PA1  U.s. pat. No. 2,061,629 issued Nov. 24, 1936 to L. C. Huck
PA1  U.s. pat. No. 2,531,048 issued Nov. 21, 1950 to L. C. Huck
PA1  U.s. pat. No. 2,531,049 issued Nov. 21, 1950 to L. C. Huck
PA1  U.s. pat. No. 2,754,703 issued July 17, 1956 to L. C. Huck
PA1  U.s. pat. No. 2,974,558 issued Mar. 14, 1961 to F. G. Hodell
PA1  U.s. pat. No. 3,292,482 issued Dec. 20, 1966 to B. A. G. Fry et al
PA1  U.s. pat. No. 3,412,639 issued Nov. 26, 1968 to B. S. Sauter
PA1  U.s. pat. No. 3,693,247 issued Sept. 26, 1972 to C. K. Brown
PAR  Several prior art concepts propose an improved connection of the structural
      members through an interference fit whereby the fastener is designed to
      virtually expand the aligned holes. Illustrations of such means to carry
      out this concept are disclosed in the following patents:
PA1  U.s. pat. No. 3,578,367 issued May 11, 1971 to L. A. Harvill et al
PA1  U.s. pat. No. 3,820,297 issued June 28, 1974 to R. L. Hurd
PAR  In the process of accomplishing the same results, i.e., producing a
      structurally stronger connection of joined members, it has been recognized
      that the sizing of the aligned holes is extremely important. This assures
      that the loads being transferred through the members and across the
      fastener are uniformly applied to the entire fastener and not concentrated
      on localized areas thereof so as to act in an eccentric manner. The patent
      to La Bombard et al. U.S. Pat. No. 2,972,274 dated Feb. 21, 1961, for
      example, includes a series of cutting edges on the end of the fastener to
      shave the surfaces of the aligned holes in the members to be joined. The
      concentricity of the holes is thereby said to be assured and a perfect
      match of the fastener shank therewith is effected.
PAR  The King U.S. Pat. No. 3,835,688 dated Sept. 17, 1974 obtains accurate
      sizing of the aligned holes through the use of an intermediate sleeve.
      Thus, by tailoring the material of a seamless sleeve of selected
      properties relative to the material of the members to be joined, this
      sleeve when inserted in the aligned holes can be expanded uniformly to
      thereby define an accurate passage for the fastener shank when installed.
PAR  The present invention proposes to build upon the foregoing state of the art
      by extending the teachings thereof. To this end this invention appreciates
      the advantages of the King sleeve and further contemplates the additional
      use of such a sleeve for the purpose of cold working the material of the
      members defining the aligned holes. By "cold working" is meant the setting
      up of compressive stresses in the material adjacent the surfaces of the
      hole which are in excess of the plastic deformation zone. This is
      distinguished from heretofore practiced interference fit which sets up and
      secures such stresses which are below the plastic deformation zone. Thus,
      in contrast to cold working, an interference fit stresses the material
      only so long as the fastener is in place; when the fastener is removed,
      these stresses are relieved and the material approaches its original
      condition.
PAR  While cold working perse of metal parts, including structural members in
      the area thereof adjacent fastener openings, is not new, it has not been
      heretofore accomplished with any degree of success. Using prior
      techniques, the cold worked part produces a fastener hole of irregular,
      i.e., non-constant diameter and not uniformly and totally cold worked,
      requiring subsequent reaming in order to produce a true, cylindrical and
      accurate passage for proper interface with the fastener shank when
      installed. Through the use of a sleeve, as herein contemplated, the
      relatively large expansion of the holes necessary to produce cold working
      can be accurately accomplished in one operation and without damage to the
      material of the members adjacent the holes. Moreover, the metal of the
      structural members defining the holes when cold worked using the sleeve as
      herein proposed retains compressive stresses of a high magnitude at each
      hole surface and continuing radially outward from the hole in all
      directions while in the non-fastener supported state. The magnitude of
      these radial, compressive stresses decreases relatively slowly as the
      distance from the hole increases. These residual stresses are significant
      at more than a diameter distance from the associated hole and have been
      shown to contribute substantially to fatigue enhancement of mechanically
      fastened, structural joints.
PAR  At the same time cold working the metal of the structural members as herein
      proposed is in sharp contrast to the other prior art teachings as typified
      by the abovecited patents. These various broaching and hole filling
      techniques known to the art either smooth the surface of the hole, fill
      the hole or lap the surface. Those which permanently stress the metal of
      the structural members adjacent the aligned holes require subsequent
      operations and even then do not produce a hole defining surface that is
      uniformly and totally cold worked. This latter condition is most desirable
      in the more demanding applications, such as in aircraft, and is attainable
      for the first time through practice of the teaching herein.
PAR  In essence the present invention has in view as a unitary assembly a
      fastener element terminating at its tail end in a mandrel element
      separated therefrom by a breakoff neck. The mandrel element in turn is
      formed by a tapered inner portion and a constant diameter portion
      extending therefrom. The fastener element is limited only to the extent
      that it must be properly dimensioned to match the ultimate dimensions of
      the passage therefor in the structural members to be joined.
PAR  The constant diameter portion of the mandrel element is sized to correspond
      to the original internal diameter of the sleeve. The length of the
      constant diameter portion is at least equal to that of the sleeve and does
      not include a connecting length between the constant diameter and tapered
      portions of the mandrel element. This connecting length serves to provide
      a smooth transition between these mandrel portions.
PAR  The maximum diameter of the tapered portion is controlled by the amount of
      sleeve expansion required in order to accomplish the desired cold work and
      permanent stress set in the structural members. The length of the tapered
      portion of the mandrel element is such as not to cause tensile failure of
      the sleeve. This has been determined to be not less than the original
      sleeve length.
PAR  It is also essential to effect a balanced combination with respect to size
      and strength of the mandrel element, the break-off neck and the fastener
      element. The mandrel element is of such a strength and shape as to
      accommodate the sleeve on the constant diameter thereof, to apply
      sufficient radial force on the sleeve and structural members to cold work
      the surfaces thereof defining the holes, to move the fastener element into
      the hole with the desired fit, and to break off the mandrel from the
      fastener element without damage to the fastener, the hole defining surface
      or the sleeve.
DRWD
PAR  With the above and other objects in view as will become apparent, this
      invention consists in the construction, arrangement and combination of
      parts all as hereinafter more clearly described, claimed and illustrated
      in the accompanying drawings, wherein:
PAR  FIG. 1 is an isometric view of the components which comprise an assembly
      formed by an integral fastener element and mandrel element and a separate
      sleeve all designed and constructed in accordance with the teachings of
      the present invention illustrated in exploded position adjacent a pair of
      structural members to be interconnected thereby when installed in aligned
      holes in the members;
PAR  FIG. 2 is a similar view showing the constant diameter portion of the
      mandrel element inside the sleeve and the sleeve located within and
      passing through the aligned holes in the structural members, a force
      applying tool being shown connected to the tail end of the mandrel element
      to facilitate insertion of the sleeve and mandrel in the members;
PAR  FIG. 3 is a similar view showing the fastener element installed in the
      holes in the structural member, the mandrel element having been broken
      off; and retention means in the form of a nut adapted to be threaded on to
      the tail end of the fastener element;
PAR  FIG. 4 is a longitudinal section taken through the assembly and structural
      members disposed in the position shown in FIG. 1 with the critical,
      relative dimensions thereof indicated;
PAR  FIG. 5 is a view similar to FIG. 1 of slightly modified components of the
      assembly herein contemplated; and
PAR  FIG. 6 is a view similar to FIG. 3 showing the ultimate connection of the
      structural members after installation of the components of FIG. 5.
DETD
PAR  Referring more particularly to the drawings, 10 and 11 designate a pair of
      structural members each pierced with substantially identical openings 12
      and 13 respectively adapted to be aligned one with the other and through
      which the members 10 and 11 are to be interconnected. One end of the
      opening 12 may be countersunk, as at 14, (FIGS. 5 and 6) if desired, to
      receive and seat therein a complementary head 15 formed on one end of a
      tubular member or sleeve 16 adapted to be inserted therein. Alternatively,
      this end of the sleeve 16 may terminate in a flange 17, (FIGS. 1 through
      3) adapted to abut the face of the member 10 when the sleeve 16 is located
      in the openings 12 and 13. In this case the end of the opening 12
      associated with the flange 17 is not countersunk.
PAR  In either case, the sleeve 16 although not necessarily is preferably
      seamless and sized in length Y and external diameter Z to match the
      corresponding dimensions L and Z of the openings 12 and 13. Thus, little
      or no force is required in order to fully insert the sleeve 16 in the
      aligned openings 12 and 13. For purposes to become more apparent length Y
      is at least equal to length L, and is preferably greater than length L by
      but not greater than 20% of the ultimate diameter of the holes 12 and 13.
PAR  Internally the sleeve 16 is sized to a diameter X which is substantially
      the same as a constant diameter portion 18 of a mandrel element 19 which
      is insertable in the sleeve 16 whereby to facilitate the installation of
      the sleeve 16 in the openings 12 and 13 as described. The length of the
      portion 18 of mandrel element 19 is preferably about equal to the length Y
      of the sleeve 16 although it may be as short as the length L.
PAR  The head or leading end of the constant diameter portion 18 of the mandrel
      19 may terminate in a stem 20 of smaller transverse dimension than
      diameter X which facilitates its insertion into the sleeve 16 and is long
      enough to permit the application of a pulling force necessary to expand
      the sleeve 16 and thereby cold work the adjacent surfaces of the members
      10 and 11. For this purpose the stem 20 is provided with gripping elements
      such as threads 20' adapted to be engaged by a tool 21, for example. This
      tool 21 facilitates the mounting of the sleeve 16 on the constant diameter
      portion 18 of the mandrel 19 as well as the installation of the sleeve 16
      in the aligned openings 12 and 13.
PAR  At its other end the constant diameter portion 18 of the mandrel 19 extends
      into an outwardly tapered portion 22 having a maximum diameter A which is
      substantially equal to the diameter X plus from about 3.5% to 6.5% of
      diameter X. A junction J is provided between portions 18 and 22 of the
      mandrel 19 being formed by an intermediate portion or interconnection
      having a radius large enough to permit a smooth transition of the surfaces
      of these portions 18 and 22. The length of the tapered portion 22 is about
      equal to the length Y of the sleeve 16 in order to properly apply the
      radial and axial force on the sleeve 16.
PAR  The outer end of the tapered portion 22 is integrally connected as at 23
      to, so as to extend in axial alignment from, the extremity of a fastener
      element 24. The thickness of this connection 23 is substantially less than
      that of the adjacent ends of the fastener 24 and the mandrel 19 to thereby
      produce a neck 25 between these elements and constitute a frangible
      connection.
PAR  The fastener 24 may be of any conventional design but for present purposes
      is illustrated and described as a bolt terminating in a threaded end 24'
      adapted to receive a nut 26 which acts in opposition to a head, which may
      be either countersunk i.e. flush as at 27 or otherwise i.e. non-flush as
      at 28, in the ultimate connection of the members 10 and 11. The inner
      surface of the nut 26 may be counterbored as at 26' to accommodate the end
      of the sleeve 16 which as above stated is preferably slightly longer than
      the length L and protrudes beyond the adjacent surface of the member 11 to
      assure cold working of the entire surface of the openings 12 and 13. The
      critical aspects of this fastener or bolt 24 is that it has a constant
      diameter shank 24" of a length approximately equal to length L of the
      members 10 and 11 and corresponding in configuration to that established
      by the aligned openings 12 and 13. In addition, the fastener 24 is
      provided with a tail end adapted to form or receive a retainer element to
      act in opposition to its head.
PAR  Also, the diameter S of the fastener 24 is critical to the extent that it
      is predetermined to fit snugly in the sleeve 16 in the ultimate assembly
      of the members 10 and 11. To this end the diameter S is made to be equal
      to the internal diameter X of the sleeve 16 plus approximately from 2 to
      5% of diameter X depending upon the amount of cold work to be produced on
      the surfaces of the surfaces of the holes 12 and 13. If an interference
      fit is desired an additional length should be added to the shank diameter
      applying the usual practice to establish the amount of interference to be
      effected.
PAR  Referring more particularly to FIGS. 5 and 6, a slightly different mandrel
      19a is illustrated which in contrast to the stem 20, as described,
      terminates in a foreshortened, tapered stem 20a. In this form of the
      invention the mandrel 19a, sleeve 16 and fastener 24 assembly is adapted
      to be pushed, for example, by a tool 21a as shown in FIG. 6 instead of
      drawn or pulled into the ultimate position in the structural members 10
      and 11. In all other respects the parts of the assembly shown in FIGS. 5
      and 6 and the method of installation is the same as that for the assembly
      shown in FIGS. 1 through 4.
PAR  In view of the foregoing design and construction of the several parts, the
      operation involved in making the connection of the structural members 10
      and 11 will now be described. The stem 20 or 20a is inserted into the
      sleeve 16 which is located around the constant diameter portion 18 of the
      mandrel 19. The stem 20 or 20a is then placed into the aligned openings 12
      and 13 in members 10 and 11. The tool 21 is attached onto the stem 20, or
      in the case of stem 20a the tool 21a is placed against the fastener head
      27 or 28 as the case may be of the fastener element 24, and a force is
      applied thereto which initially moves the sleeve 16 completely into the
      openings 12 and 13 until the sleeve head 15 or 17 as the case may be abuts
      the adjacent surface of the member 10. At this time the end of the sleeve
      16 is at least flush with the outer surface of the member 11 and
      preferably extends beyond such surface. In no case, however, may this
      extension of the sleeve 16 beyond the member 11 exceed the point where it
      interferes with the particular retainer, such as the nut 26, to be
      employed on the end of the fastener 24. Thereafter, the force applied by
      the tool 21 or 21a moves the tapered portion 22 of the mandrel 19 through
      the sleeve 16 radially expanding it and the surfaces defining the openings
      12 and 13.
PAR  Finally, the continued application of force by the tool 21 or 21a moves the
      fastener 24 into the sleeve 16 until the fastener head 27 or 28 abuts the
      respective sleeve head 15 or 17. At this time the threaded tail end 24' of
      the fastener 24 extends beyond the surface of the member 11 and is
      separated from the mandrel 19 by breaking the connection 23. The nut 26 is
      then tightened on the threaded end of the fastener 24 to retain the
      assembly of the members 10 or 11 by the clamping action of the fastener
      head 27 or 28 and nut 26 in the conventional way.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fastener system adapted to secure abutting, structural members having
      aligned openings of substantially equal diameter passing therethrough
      comprising in combination:
PA1  a sleeve having an external diameter substantially equal to the diameter of
      said aligned structural member openings and a length not less than the
      aggregate length of said aligned openings of said abutting structural
      members; and
PA1  a fastener element and mandrel element integrally connected end to end in
      coaxial alignment by a neck of substantially less thickness to thereby
      constitute a frangible connection,
PA1  said mandrel element being formed by a constant diameter portion at the end
      thereof remote from said neck which conforms in diameter and shape to the
      interior of said sleeve and is at least as long as said aligned openings
      of said abutting structural members whereby said sleeve is adapted to be
      disposed on and around said constant diameter portion with substantially
      no applied force and a tapered diameter portion between said neck and said
      constant diameter portion with the maximum transverse dimention thereof
      located adjacent said neck and equal to the interior sleeve diameter plus
      about 3.5 percent to 6.5 percent of said interior sleeve diameter, and
PA1  said fastener element being formed by a shank having a length approximately
      equal to that of said aligned and contiguous structural member openings
      and a diameter substantially equal to that of said sleeve interior plus
      about from 2 percent to 5 percent of said sleeve interior diameter, a head
      on the end of said shank remote from said neck shaped and sized to conform
      with and abut the opening defining surface in the adjacent structural
      member and a tail end adjacent said neck including a retainer element
      adapted to act in opposition to said head.
NUM  2.
PAR  2. The fastener system of claim 1 wherein said sleeve has a length up to
      about 20% greater than the diameter of said fastener shank.
NUM  3.
PAR  3. The fastener system of claim 2 wherein said retainer element is a
      threaded extension adapted to receive a nut, the inner surface of said nut
      being counterbored to receive and accommodate the end of said sleeve
      extending beyond said abutting structural members.
NUM  4.
PAR  4. The fastener system of claim 1 wherein the length of said tapered
      diameter portion is about equal to the length of said sleeve and including
      an interconnection between said constant diameter portion and said tapered
      diameter portion having a radius large enough to permit a smooth
      transition of the surfaces of said constant diameter and said tapered
      diameter portions.
NUM  5.
PAR  5. The fastener system of claim 1 wherein said constant diameter portion of
      said mandrel element terminates in a stem of smaller transverse dimension
      than said constant diameter portion and facilitates its insertion into
      said sleeve.
NUM  6.
PAR  6. The fastener of claim 5 wherein said stem includes gripping elements
      adapted for engagement by a force applying tool.
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ABST
PAL  An expansion bolt assembly of the type used in supporting mine roofs
      including an expansible shell having a tapered plug movable axially
      therein to force the outer surface of the shell into engagement with the
      interior of a drilled opening in the mine roof. The plug is moved by
      rotation in a threaded opening thereof of an axially fixed bolt, the plug
      being rotationally fixed with respect to the shell. The invention resides
      in the structure maintaining the bolt, plug and shell in assembled
      relationship during insertion into the drilled opening which comprises a
      circular metal stamping having a central opening through which the bolt is
      threaded and means for frictionally engaging the sides of the shell.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to mine roof anchors and, more specifically,
      to novel means for retaining a shell, a tapered expansion plug, and a
      threaded bolt in assembled relationship prior to engagement within a hole
      in the mine roof.
PAR  Mine roofs are commonly supported by plates held in position by the head of
      a bolt extending into and fixedly retained in an opening drilled for such
      purpose in the mine roof. One of the most widely used means for retaining
      the bolt is a so-called expansion anchor, comprising an expansible shell
      and a tapered plug having an opening in which the bolt is threaded. Since
      the tapered plug and bolt, although threadedly connected to one another,
      are not otherwise connected to the shell, it is necessary to provide means
      for maintaining the elements in properly assembled relation prior to use
      and during insertion into the hole.
PAR  Several different means have been used for the purpose of holding the bolt,
      shell and plug in the desired relationship. One of the most familiar is a
      bail or strap attached in some manner to the shell and passing over the
      end of the plug. This maintains the shell and plug in assembled
      relationship prior to threading the bolt into the plug. As the assembly is
      inserted upwardly into the drilled hole, the shell is prevented from
      falling out of position by engagement therewith of the strap.
PAR  Another is the so-called "pal nut" which is threaded on the bolt below the
      shell, the plug being threaded on above the shell. This is usually a
      relatively thin or fragile nut which may be twisted or sheared off as the
      bolt is rotated to pull the plug into the shell and effect expansion
      thereof. The pal nut does not, of course, retain the plug in assembled
      relation with the shell, and is not itself attached in any way to the
      shell. Each item is provided separately and the bolt is threaded through
      the pal nut and into the plug, with the shell therebetween, at the time
      when the assembly is to be inserted in the drilled hole in the mine roof.
      The pal nut merely serves as a stop, preventing the shell from falling
      down the bolt when inserted upwardly into the hole. The opening in the pal
      nut is provided with a thread which may be cast, machined or stamped,
      depending on the type of nut, but in any case the nut has the usual
      hexagonal outer periphery and, as previously mentioned, is not attached or
      engaged in any manner with the shell.
PAR  The cost of anchor assemblies having straps or bails to maintain the plug
      and shell in assembled relation is increased by the added labor involved
      in assembling the shell, plug and bail prior to shipment. Although the
      cost is less when a pal nut is used instead of a bail, it is more
      difficult to assemble the separate elements on the bolt when ready for
      use, and there is a greater possibility of the pal nut being dropped or
      lost since it is not connected to the shell.
PAR  It is a principal object of the present invention to provide a mine roof
      expansion anchor having novel and improved means for retaining the
      elements in assembled relation.
PAR  A further object is to provide a retaining member for a mine roof expansion
      shell which is low in cost, yet is engaged with the shell prior to use.
PAR  Other objects will in part be obvious and will in part appear hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the foregoing objects, the invention includes a simple
      and inexpensive retaining element which is preferably formed entirely of
      sheet metal by a common stamping process. The element includes an annular
      portion having an outer diameter approximately equal to that of the
      expansion shell end over which it is placed. The central opening in the
      element is in the form of a stamped thread, i.e., the edge defines a
      spiral having a pitch equal to that of the bolt threads.
PAR  A pair of relatively narrow strips, formed integrally with the annular
      portion, extend from opposite sides thereof and are bent to extend in the
      same direction. Thus, the strips form a pair of ears, approximately
      parallel to one another and perpendicular to the plane of the annular
      portion. The ears are bent at an intermediate point to provide inwardly
      facing detents for engaging the outside surface of the shell and
      maintaining the element in engagement therewith.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a plan view of a metal stamping forming an element of the
      invention;
PAR  FIG. 2 is a plan view of the element of FIG. 1 in its finished form;
PAR  FIG. 3 is a front view in half section of the element of FIG. 2 in
      assembled relation with additional elements;
PAR  FIG. 4 is a bottom plan view of one of the elements of FIG. 3;
PAR  FIG. 5 is a fragmentary, front view, in half section, of a modified form of
      the element of FIGS. 1 and 2; and
PAR  FIG. 6 is a front view in half section of the assembly of FIG. 3 in
      position during use.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings, reference numeral 10 denotes a metal
      stamping formed, for example, of 0.020 to 0.024 inch thick spring steel.
      Stamping 10 includes substantially planar, annular portion 12 with
      relatively narrow strips 14 and 16 extending outwardly from opposite sides
      thereof. A central opening is formed as a stamped thread impression in
      conventional manner. That is, inner edge 18 defines a spiral path having a
      desired pitch. A small cut-out 20 is provided to allow for the offset, or
      pitch of inner edge 18.
PAR  After stamping 10 is formed as shown in FIG. 1, strips 14 and 16 are bent
      to extend approximately parallel to one another, as seen in FIG. 2.
      Preferably, the bending is carried out in two steps to lend added
      rigidity. That is, the strips are bent first in one direction to extend
      approximately perpendicularly from portion 12, and then bent back upon
      themselves, closely adjacent the first bend, thereby forming bends 22 and
      24 in strips 14 and 16, respectively, with the strips extending
      substantially parallel to one another in the opposite direction from
      portion 12 as bends 22 and 24. It will also be noted from FIG. 2 that
      strips 14 and 16 in their final form extend in the same direction from
      portion 12 as the thread impression formed by edge 18.
PAR  Strips 14 and 16 are additionally bent at an intermediate point, preferably
      near the free ends thereof, to provide inwardly facing detents 26 and 28.
      In its final form, stamping 10 provides a portion of a mine roof anchor
      assembly, and will hereinafter be referred to as retainer element 30.
PAR  Referring now to FIG. 3, retainer element 30 is shown in assembled relation
      with expansion shell 32 of the anchor assembly. Shell 32 may take any of a
      variety of conventional forms including, by way of example and not by
      limitation, those shown in U.S. Pat. No. 3,134,289, wherein the shell is
      in a plurality of separate segments initially retained together by some
      appropriate means, and in U.S. Pat. No. 3,315,557, wherein the shell
      includes a plurality of fingers extending integrally from a base ring. In
      any case, shell 32 forms a hollow expansion member having open ends. In
      the form shown herein, shell 32 is of the type having four individual
      expansion fingers, two of which are seen in the half sectional view of
      FIG. 3, denoted by reference numeral 34. Fingers 34 have several rows of
      teeth 36 on the outer surfaces thereof and are each formed integrally with
      an annular base ring 38.
PAR  Tapered plug 40, also entirely conventional in structure and function, has
      one end smaller and one larger than the open end of shell 32 formed by the
      free ends of fingers 34. Thus, plug 40 may be partially inserted, small
      end first, into the open end of shell 32 defined by fingers 34, but moving
      the plug axially further into the shell will force the fingers outwardly.
PAR  The three portions of the assembly, i.e., retainer element 30, shell 32 and
      plug 40, are shown in FIG. 3 as they would normally be packaged for
      shipment and up to the time of use. Element 30 is placed over the open end
      of shell 32 defined by annular ring 38, in generally covering relation to
      the ring opening. The space between detents 26 and 28 is less than the
      outside dimension of the end of shell 32 (shown in FIG. 4) upon which
      element 30 is engaged, whereby strips 14 and 16 are flexed slightly
      outward and the element is frictionally retained to the shell. Some shells
      may be formed with a slight lip on the outer surface, which aids in
      engagement of the detents. Also, in a slightly modified construction,
      shown in FIG. 5, rather than being bent at an intermediate position, free
      ends 42 and 44 may be bent inwardly and engaged over base ring 38 of the
      expansion shell in the spaces between fingers 32.
PAR  Referring again to FIG. 3, the size of package 45, e.g., a paper or
      cardboard container, is seen to be such that plug 40 will be retained in
      the open end of shell 32 until the package is opened. By opening the left
      end (as viewed in FIG. 3) of package 45, the assembly may be removed from
      the package and may easily be held with one hand grasping both plug 40 and
      shell 32. Since retainer 30 is engaged on shell 32 in the manner
      previously described, it need not be manually engaged in order to remain
      in position. Thus, the assembly may be removed from its package and held
      in one hand, as the bolt is threaded first through the stamped thread
      impression of element 30, and then through the central, threaded opening
      in plug 40.
PAR  The elements are shown in FIG. 6 as they would appear during use in a
      drilled hole in a mine roof. Bolt 46 has been threaded through element 30
      which thereby serves as a stop for shell 32 when the bolt is raised to a
      vertical position. Bolt head 48 engages washer 50 and holds plate 52
      against the mine roof to perform the desired retaining function. Using a
      wrench to turn bolt head 48 will draw plug 40, which is restrained against
      rotation by the fingers of shell 32, downwardly to expand the fingers and
      cause teeth 36 to engage the interior of the drilled hole.
PAR  Thus, it may be seen that the invention provides an expansion shell
      assembly which may be easily and quickly assembled with the bolt when
      ready for use without danger of the parts becoming separated and lost, as
      with assemblies employing "pal nuts". The assembly is also more economical
      to fabricate and assemble than prior assemblies using bails to retain the
      shell in position during insertion into the drilled hole.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mine roof anchor assembly comprising:
PA1  a. a threaded bolt:
PA1  b. a tapered plug having large and small ends and a central, threaded
      opening extending therethrough, into which said bolt is threaded;
PA1  c. a hollow expansion shell having a first open end having an inner
      transverse dimension larger than the small end and smaller than the large
      end of said plug, whereby axial movement of said plug into said first open
      end effects expansion of said shell, and a second open end having an inner
      transverse dimension larger than the diameter of said bolt and through
      which said bolt extends; and
PA1  d. a retaining element in generally covering relation to said second open
      end, said element having a substantially planar portion with a central
      opening through which said bolt is threaded, and an engagement portion
      comprising at least two strips formed integrally with and extending from
      opposite sides of said planar portion, substantially perpendicular
      thereto, to engage said shell and hold said retaining element in
      engagement therewith.
NUM  2.
PAR  2. The invention according to claim 1 wherein said planar portion has an
      outer periphery corresponding substantially in size and shape to the outer
      periphery of said second open end of said shell.
NUM  3.
PAR  3. The invention according to claim 1 wherein said retaining element is
      formed from a metal stamping.
NUM  4.
PAR  4. The invention according to claim 1 wherein said strips include inwardly
      facing detents engaging the outer surface of said shell.
NUM  5.
PAR  5. The invention according to claim 4 wherein said planar portion is
      annular.
NUM  6.
PAR  6. The invention according to claim 5 wherein said second open end is
      annular, the outer diameters of said planar portion and said second open
      end being substantially equal.
NUM  7.
PAR  7. The invention according to claim 6 wherein the inner diameter of said
      planar portion comprises a stamped thread impression.
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ABST
PAL  Gas pressure generated during firing of a blank cartridge expands down the
     ore of a weapon barrel having a pressure relief valve attached to the end
      thereof and into which the propellant gases are vented to provide barrel
      recoil and yet prevent residue buildup therein.
GOVT
PAR  This invention described herein may be manufactured, used and licensed by
      or for the Government for governmental purposes without the payment to me
      of any royalty thereon.
BSUM
PAR  This invention relates to weapons and more particularly concerns a pressure
      relief valve for attachment to barrels of blank firing weapons to provide
      recoil thereto.
PAR  Blank ammunition is used extensively in troop training manuevers. In the
      past, the barrel for firing blanks was often equipped at its muzzle end
      with a blank firing attachment which attached to a rigid barrel jacket.
      The blank firing attachment comprised a containing member having a small
      aperture facing the open end of the muzzle. Because the aperture easily
      became fouled or clogged, and because the containing member tended to trap
      unburnt propellant residues, this blank firing attachment proved generally
      unsatisfactory.
PAR  It is thus an object of this invention to provide a weapon barrel which
      will recoil and yet not readily foul, clog, or corrode upon repeated
      firings of blank ammunition therein because of my improved pressure relief
      valve for use therewith.
DRWD
PAR  These and other objects will be readily apparent from the following
      description which will be better understood by reference to the
      accompanying drawings wherein:
PAR  FIG. 1 is a cross-sectional view of a weapon barrel and an embodiment of my
      pressure relief valve attached thereto.
PAR  FIG. 2 is a blown-up cross-sectional view of my pressure relief valve shown
      in FIG. 1.
PAR  FIG. 3 is a sectional view of my pressure relief valve looking in the
      direction 3--3 of FIG. 2.
PAR  FIG. 4 is perspective view of the pressure relief valve of FIG. 1.
DETD
PAR  Referring now to the drawings and more particularly to FIGS. 1 and 2
      thereof, valve 10, preferably of Stellite, a high temperature cobalt-base
      alloy steel, although not limited thereto, includes a valve tip 12
      comprising forward and rearward portion 14 and 16 respectively, the valve
      tip sealing a gas assist chamber 18 having outer walls formed by a bearing
      support 20 slidably mounted to barrel 22, the gas assist chamber 18 having
      inner walls comprising an outer conically shaped portion 24 of valve 10. A
      suitable bearing support is that utilized in the M219 Machine Gun which
      further exemplifies all weapon parts that cooperate with my blank firing
      attachment. Immediately prior to the firing of a blank round, barrel 22
      will be fully extended to its forwardmost position due to a stop in
      receiver (not shown). Upon firing of the blank cartridge in the weapon,
      gas pressure from the ignited propellant expands down bore 30 of barrel 22
      through an axial orifice 32 of nozzle 34 of valve 10 and into slotted
      passage 36 (FIG. 3) and thence diverged laterally into gas assist chamber
      18 by wedge-shaped rearward portion 16 of valve tip 12 where the gas is
      initially blocked from exiting the barrel by valve tip 12. Simultaneously,
      the gas pressure also expands through slotted passage 36 rearwardly to
      exert a force against muzzle 38 of barrel 22. The cross-sectional area
      across face of muzzle 38 against which the gases exert a backward force is
      greater than the cross-sectional area at rearward portion 16 of valve tip
      12, where the gases exert a forward force, thus resulting in a backward
      net force on the barrel to provide recoil thereto. Pressure relief valve
      10, threadedly mounted at 40 to barrel 22, moves rearwardly therewith to
      vent the gases through the exhaust port 42. After recoil, driving spring
      (not shown) in the M219 Machine Gun will urge the barrel to its
      forwardmost position thereby completing the cycle of operation. Because
      the entire opening of exhaust port 42 is available to vent the propellant
      gases, residues from the burnt propellant gases do not build up in the
      barrel or exhaust port to cause fouling. When my pressure relief valve was
      used in an M219 Machine Gun, 20,000 rounds of blank ammunition were fired
      therein without the need of cleaning the barrel and on another occasion
      another 25,000 blank rounds were fired therein without any malfunctioning
      whatsoever of the pressure relief valve.
PAR  Typically, there is a large variation in the pressures produced by
      different production lots of blank cartridges of the same caliber due to
      their varying propellant energies. In previous blank firing attachments it
      was necessary to continually adjust the diameter of the exhaust port to
      accomodate these production lot variations. However, when employing my
      pressure relief valve, no such adjustments are necessary since regardless
      of the magnitude of the pressure created by the particular blank cartridge
      the recoil will take place only upon the attainment of a certain threshold
      pressure whether that pressure is obtained by a blank cartridge of high or
      low energy. When employing cartridges of comparatively high propellant
      energies, the recoil will quite obviously take place sooner than when
      employing blank cartridges of lower propellant energies.
PAR  I have discovered that a valve length of 1.775, inches, exclusive of the
      length of the nozzle 34, is optimal when used with the M219 Machine Gun.
      With lengths exceeding the above, I have found that the force of recoil
      becomes excessive due to the valve tip 12 remaining too long in the
      exhaust port. Conversely, if the length of the valve is below this value,
      the force of recoil tends to be feeble. The optimum valve length will vary
      depending upon the particular weapon used.
PAR  It is apparent from the foregoing description that my improved pressure
      relief valve provides both recoil to the blank firing barrel and most
      advantageous venting of propellant gases therein. The blank firing barrel
      may readily be provided with a modified cartridge chamber which tapers
      forwardly to thus prevent inadvertent firing of live ammunition therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a weapon barrel used for firing blank cartridges,
      said barrel having a bearing support slidably mounted thereto adjacent its
      muzzle end, the improvement therewith comprising a pressure relief valve
      having a nozzle threadedly mounted to the muzzle end of said barrel and
      interiorly said bearing support, said valve further comprising,
PA1  a conically shaped portion foward said nozzle,
PA1  a valve tip forward said conically shaped portion, said valve tip having a
      forward and rearward portion,
PA1  a slotted passage disposed within said conically shaped portion of said
      valve and between said rearward portion of said valve tip and said nozzle
      and communicating with said nozzle to permit flow of propellant gases from
      a central orifice in said nozzle to said valve tip,
PA1  a gas assist chamber surrounding said slotted passage and said conical
      portion of said valve, said gas assist chamber having an inner wall
      comprising said conically shaped portion of said valve and an outer wall
      comprising a conical surface disposed within said bearing support, said
      bearing support conical surface being similarly configured as the valve
      conical surface and spaced therefrom,
PA1  an exhaust port forward said valve tip, said gas assist chamber being
      sealed at a forward portion by said valve tip to prevent gases from
      escaping through said exhaust port, said gas assist chamber communicating
      with said muzzle and said valve tip, the cross-sectional area across face
      of said muzzle at which gas exerts a backward force when a blank round is
      fired being greater than the cross-sectional area of said rearward portion
      of said valve tip at which gas exerts a foward force to thus provide
      recoil to said barrel when propellant gases flow through said barrel bore
      and nozzle and into said pressure relief valve, said recoil providing
      unsealing of said valve tip from said gas assist chamber and thus allowing
      propellant gas venting through said exhaust port.
NUM  2.
PAR  2. A barrel for firing blanks according to claim 1, wherein said pressure
      relief valve is composed of Stellite.
NUM  3.
PAR  3. A barrel for firing blanks according to claim 1, wherein said rearward
      portion of said valve tip of said pressure relief valve is wedge-shaped.
NUM  4.
PAR  4. A barrel for firing blanks according to claim 1, wherein the length of
      said valve, exclusive of the length of said nozzle is about 1.775 when
      used with an M219 Machine Gun.
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ABST
PAL  The specification discloses a motor activated by a combination of fluid
      pressure, such as air, and gravity. The motor comprises a rotor, the shaft
      of which carries a cylindrical shell divided into an even number of
      sectors or cells. Each cell contains an envelope or bag of elastomeric
      material which communicates through a transverse passage in the shaft with
      the bag of a diametrically opposite cell. Each connected pair of bags
      contains a supply of high density liquid, such as Mercury, sufficient to
      fill one bag. A rotary valve carried on the shaft outboard of the shaft
      bearings controls admission and release of fluid pressure to and from the
      cells in the cylindrical shell via longitudinal passages in the shaft
      communicating therewith to sequentially supply fluid pressure to the cells
      to expel the liquid from bags in lower cells to bags in upper cells,
      thereby producing a torque on the rotor due to gravity acting on the
      Mercury in the upper cells.
BSUM
PAR  This invention relates to motors of the type utilizing fluid under
      pressure, such as compressed air, to produce an unbalance of weight in a
      rotor, such that gravity is utilized to produce a rotational torque on the
      rotor.
PAR  I am aware of prior art patents relating generally to motors of the
      eccentric vane type in which a fixed part of the motor serves as a valve
      to control admission and exhaust of the pressurized motor fluid; I am
      aware also of patents, such as U.S. Pat. No. 3,019,772, issued Feb. 6,
      1962, to R. P. Humphrey, in which elastic tubular cylinders
      circumferentially arranged around a rotor are serially pressurized to
      react on the rotor to produce a torque thereon.
PAR  It is an object of my invention to provide a motor having a rotor activated
      primarily by pressurized fluid, such as compressed air, but secondarily by
      the action of gravity induced by progressively unbalancing different
      sectors of the rotor.
PAR  More specifically, I provide a motor having a rotor with a series of
      circumferential cells or sectors, arranged in diametrically opposite
      pairs, and containing bags or envelopes of elastomeric material which
      communicate with each other via diametrical passages through the shaft of
      the rotor, each connected pair of bags containing a quantity of high
      density liquid, such as Mercury, sufficient to completely fill one bag,
      which is forced from the lower bag of a connected pair, to the upper one
      by pressurized fluid supplied to the cell having the filled bag, to
      progressively unbalance the rotor by the weight of the liquid supplied to
      the upper bag, thereby to cause a torque to be constantly exerted to
      continue rotation of the rotor.
PAR  I further provide in a motor of the type described in the foregoing
      paragraph, a rotary valve for controlling the supply and release of fluid
      under pressure to and from the cells, the rotor of the motor forming a
      part of or being rotated by the shaft of the motor rotor, and having a
      stationary portion which is rotarily shiftable through an angle to either
      side of a central or start position to respectively advance or retard the
      speed of the motor.
DRWD
PAR  Additional details of construction and operation will be described
      hereinafter in connection with the accompanying drawings wherein:
PAR  FIG. 1 is a longitudinal elevational view in section, of a preferred
      embodiment of a motor comprising the invention;
PAR  FIG. 2 is a transverse sectional view, taken on a plane represented by the
      line II--II of FIG. 1;
PAR  FIG. 3 is another transverse sectional view, taken on a plane represented
      by the line III--III of FIG. 1; and
PAR  FIG. 4 is a further transverse sectional view, taken on a plane represented
      by the line IV--IV of FIG. 1, showing further details of the rotary speed
      control valve associated with the shaft of the motor.
DETD
PAR  Referring to the drawings, the embodiment of motor 10 shown comprises an
      outer cylindrical stationary housing 11, preferably cast into opposite end
      sections 11a and 11b adapted to be joined together. The end sections are
      cast with stabilizing base portions 11c by which to attach or mount the
      motor. Rotatably mounted in central bearings 12 in the end sections 11a
      and 11b is a shaft 13, one end of which is splined for connection to an
      element to be driven and the other end of which extends through and forms
      the rotor part of a rotary control valve 14.
PAR  Suitably attached as by welding to the shaft 13, prior to assembly of the
      housing 11, is a cylindrical shell 15 formed in two severable cup-like
      parts 15a and 15b and adapted to be joined in sealed relation as by bolts
      16 through mating circumferential flanges 17a and 17b. The shell 15 is
      formed with a plurality of radially extending partitions 18 attached, as
      by welding, along the ends and the outer edges to the inner surface of the
      parts 15a and 15b and sealingly nested at the inner ends thereof in
      longitudinally extending grooves 19 in the shaft 13. An even number of
      partitions 18, illustratively shown as eight, is provided, thereby
      providing an equivalent number of cells or chambers 20, having a
      cross-sectional area in the form of a sector of a circle.
PAR  Each diametrically opposite pair of cells 20 is connected by a diametric
      bore or passage 21 through shaft 13, the bores 21 for the respective pairs
      of cells being in axially spaced relation, as seen in FIG. 1.
PAR  Each cell 20 contains a bag or envelope 22 (FIG. 2) of elastomeric material
      conforming in shape to that of the walls of the cell and having a nipple
      23 which fits snugly within and is preferably sealed within one end of the
      bore 21 connecting the corresponding cells to its diametrically opposite
      cell.
PAR  For clarity, only one pair of communicating bags 22 is illustrated in FIG.
      2, but it should be understood that there are three additional pairs of
      communicating bags 22 in the remaining pairs of diametrically opposite
      cells.
PAR  One of each communicating pair of bags 22 is filled with a high density
      liquid, such as Mercury, which flows out of the bag in one cell into the
      bag in the opposite cell responsively to the supply of fluid under
      pressure, such as compressed air, to the one cell, in the manner presently
      described. Upon pressurization of a cell 20 with compressed air, the bag
      22 therein is compressed or collapsed, thereby causing the Mercury to flow
      through the connecting bore 21 to the bag 22 in the diametrically opposite
      cell which expands to receive it.
PAR  Fluid pressure is supplied in timed sequence to the cells 20 under control
      of the rotary valve 14. Rotary valve 14 comprises a stator housing or
      casing 24 having a central bore 25 provided with a sleeve or bushing 26
      which seats on a shoulder 27 formed on the left-hand end of the shaft 13
      outboard of the bearing 12 in housing section 11a. The stator housing 24
      is retained in a fixed axial position on the shaft 13 by a washer and a
      nut 28 screwed on the outer threaded end of shaft 13.
PAR  Arranged in spaced angular relation in a circle about the longitudinal axis
      of shaft 13 are a plurality of axially extending passages 29 corresponding
      in number to the number of cells 20 in the shell 15. Passages 29 are open
      to the surface of the shaft 13 via corresponding radial ports 30 in the
      shoulder 27 (FIG. 4). Bushing 26 has two circumferentially extending slots
      31 and 32 which open respectively into an exhaust manifold or chamber 33
      and a supply manifold 34 in the stator housing 24. Supply manifold 34 is
      connected to a source of fluid under pressure, such as compressed air,
      through a port 35 to which a flexible supply hose 36 is connected as by a
      screw fitting 37. The exhaust manifold 33 is open to atmosphere via an
      exhaust port 38.
PAR  Housing 24 of rotary valve 14 has an arm 39 extending radially therefrom to
      which a control rod 40 is pivotally connected as by a clevis 41 straddling
      the arm 39 and a pin 42 extending through registering holes in the arm and
      clevis and secured against dislodgement, as by a cotter pin 43.
PAR  The ends of passages 29, inboard of the bearing 12, are similarly open to
      the surface of the shaft via corresponding radial ports 44. Each port 44
      is connected to a corresponding cell 20 in shell 15 by a section of tubing
      or pipe 45, provided with suitable screw type fittings 46 for connection
      to the ports 44 and to the ports 47 in the end wall of shell 15 opening
      into the cells 20.
PAR  In operation, let it first be assumed that the bags 22 of the cells 20
      within the rotary shell 15 below a horizontal diameter are filled with a
      heavy liquid, such as Mercury, and that the bags 22 within the
      diametrically opposite cells are correspondingly deflated or collapsed.
      With the control valve 14 in the "start" position, as shown in FIG. 4, let
      it now be assumed that fluid under pressure, such as compressed air, is
      supplied to hose 36 by opening a supply valve (not shown) controlling the
      connection of hose 36 to a charged reservoir.
PAR  With control valve 14 in its "start" position, fluid under pressure is thus
      supplied to supply manifold 34, with which several of ports 30 are in
      communication via slot 32 in bushing 26, and hence via the corresponding
      axial passages 29, and pipes 45 to the corresponding cells 20. The
      pressurization of the cells squeezes the bags in the cells and causes flow
      of Mercury out of the bags through bores 21 into the bags 22 of the
      opposite cells above the horizontal diameter of the shell 15.
      Concurrently, the cells of the bags 22 to which Mercury is being
      transferred, are opened to atmosphere via pipes 45, passages 29, exhaust
      manifold 33 and exhaust port 38 of the control valve 14, thereby allowing
      air to escape to atmosphere as the bags 22 expand with the supply of
      Mercury thereto. As viewed in FIG. 2, the weight mass in the shell 15 is
      thus unbalanced and produces a torque force which initiates rotation of
      the shell 15 in a counter-clockwise direction as indicated by the arrows.
      As viewed in FIG. 4, the shaft 13 correspondingly rotates in a clockwise
      direction, indicated by the circular arrow on the shaft.
PAR  It will be seen from FIG. 4 that with clockwise rotation of the shaft 13,
      the ports 30 are successively moved into registry with the pressure supply
      manifold 34, thereby establishing communication through which pressure
      fluid is supplied progressively to the corresponding cells 20 of the shell
      15. also, it will be seen from FIG. 4 that the port 30 for the cell 20
      diametrically opposite that to which supply of pressure fluid is
      initiated, will have already been connected to the exhaust manifold 33 and
      exhaust port 38, due to the fact that the slot 31 in bushing 26 is longer
      than the slot 32. Thus the collapsed bag 22 in the exhausted cell 20 is
      free to expand with the transfer of Mercury thereto from the bag 22 in the
      opposite or pressurized cell 20.
PAR  The effect of the weight transfer to successive cells of shell 15 above the
      horizontal diameter is similar to that of a waterwheel, namely a constant
      application of torque force to cause rotation of shell 15.
PAR  With the control valve arm 39 remaining in its "start" position, the rotor
      or shell 15 will attain a certain maximum rotational speed and then
      stabilize on that speed.
PAR  If it is desired to increase the rotational speed of the shell 15, the arm
      39 of valve 14 is shifted, as through the medium of control rod 40, in a
      counter-clockwise direction up to a certain maximum angle indicated in
      FIG. 4. This will advance the stator portion 24 of valve 14 with respect
      to the direction of shaft rotation, thus increasing the rapidity with
      which the full quantity of Mercury is transferred to the bag in a cell
      above the horizontal diameter, and thereby causing an increase in the
      speed of rotation of the shell 15.
PAR  Conversely, if it is desired to reduce the speed of the shell 15 from that
      at which it is stabilized in the "start" position of control valve 14,
      movement of the arm 39 in a clockwise direction through a "retard" zone
      (FIG. 4) will cause shifting of the stator 24 correspondingly to effect a
      delay in the transfer of Mercury to a bag in a cell above the horizontal
      diameter, resulting in a slowing down of the rotational speed of the
      shell.
PAR  While the embodiment above-described has been referred to as preferred, it
      will be apparent that variations and modifications therein are possible
      within the terms of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid pressure-gravity activated motor comprising a rotor having a
      shaft by which the rotor is mounted for rotation about the axis of said
      shaft and a series of rigid chambers circumferentially arranged about said
      shaft, a bag of flexible elastomeric material within each of said
      chambers, means providing communication between the bags in each pair of
      chambers on diametrically opposite sides of the shaft of said rotor, and a
      quantity of high density liquid contained in one bag of each pair of said
      bags, which liquid is shifted therefrom to the other bag of the pair in a
      diametrically opposite chamber due to compression of the said one bag by
      fluid under pressure acting directly on said one bag, and rotary valve
      means by which fluid under pressure is supplied in timed sequence to
      successive rigid chambers to effect compression of the bag therein.
NUM  2.
PAR  2. A fluid pressure-gravity activated motor comprising a cylindrical shell
      secured to a shaft mounted for rotation in a stationary housing, said
      shell having a plurality of circumferentially arranged rigid cells, a bag
      of elastomeric material in each of said cells communicating with the bag
      in a diametrically opposite cell, a given quantity of high density liquid
      in one of said bags being transferred to the bag in a diametrically
      opposite cell to effect a weight unbalance productive of a rotational
      torque on said shell, and rotary valve means having a rotor rotatable in
      synchronism with said shaft and selectively controlling the supply of
      fluid pressure to and its release from said cells to directly compress
      said bags with said fluid pressure or to relieve pressure thereon to cause
      flow of said liquid from the bag in one of said cells to the bag in a
      diametrically opposite cell.
NUM  3.
PAR  3. A fluid pressure-gravity activated motor according to claim 2, wherein
      said rotary valve comprises a stator having a fluid pressure supply
      manifold and a fluid pressure release manifold, and a rotor comprising an
      extension of said shaft and having a series of circumferentially arranged
      ports in angular relation adapted to register selectively with said
      manifolds, each of said ports communicating via corresponding axial
      passages in said shaft with corresponding cells in said shell.
NUM  4.
PAR  4. A fluid pressure-gravity activated motor according to claim 2, wherein
      said plurality of circumferentially arranged cells are formed by radially
      disposed angularly spaced partitions within said cylindrical shell, which
      partitions are in sealed contact with the said shaft, and wherein
      different diametrically opposite pairs of the cells communicate through
      corresponding different bores that extend diametrically through the shaft,
      said different bores being in axially spaced relation along said shaft.
NUM  5.
PAR  5. A fluid pressure-gravity activated motor according to claim 2 wherein
      said circumferentially arranged cells are disposed in diametrically
      opposite pairs, and wherein the bag of elastomeric material in one cell is
      in constant communication with the bag in the diametrically opposite cell,
      the high density liquid contained in a pair of bags being transferred from
      one bag to the other bag due to compression by fluid underpressure
      selectively supplied to the cell containing the liquid filled bag.
NUM  6.
PAR  6. A fluid pressure-gravity activated motor according to claim 2, wherein
      said circumferentially arranged cells are disposed in diametrically
      opposite pairs communicating via a diametrical bore through said shaft,
      wherein the bag of elastomeric material in each of said cells has a nipple
      sealed in one end of the communicating bore therebetween, and wherein the
      high density liquid contained by a communicating pair of bags is
      sufficient in quantity to fill only one bag of said communicating pair of
      bags.
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ABST
PAL  A controller for controlling the operation of an automatic machine which
      includes a number of pneumatically operated devices, for example a machine
      for blow moulding hollow glass articles, comprises a closed box containing
      a number of valves each of which is arranged to control one of the
      pneumatically operated devices of the machine. A first compressed air
      supply system is connected to the box for supplying compressed air to some
      only of the valves in the box, the remaining valves being shut-off from
      this system, and a second compressed air supply system is provided for
      supplying these remaining valves which are not supplied by the first
      system. Pressure relief means is also provided for de-pressurising one of
      the systems so that the valve supplied by this system and the devices
      which they control become inoperative while the other valves remain
      pressurised by the other system and accordingly the devices controlled by
      these other valves remain operative.
BSUM
PAR  This invention relates to controllers for controlling the operation of
      automatic machines which include a number of fluid actuated elements which
      may comprise pneumatically operated devices. The controller is
      particularly intended for controlling an automatic machine for making
      hollow glass articles in which both a parison mould and a blow mould are
      opened and closed and various other functions are controlled by pneumatic
      cylinders or other pneumatic devices. The controller can also be used,
      however, for controlling other automatic machines.
PAR  One well known type of machine for manufacturing hollow glass articles is
      known as an IS-type machine and these machines operate either on what is
      known as a blow-and-blow cycle or on what is known as a press-and-blow
      cycle. These machines are controlled by a valve unit comprising a box
      containing a series of valves which individually actuate the various
      pneumatically operated devices which cause the machine to function. The
      valves are actuated in timed sequence by means of a rotating drum which
      has a series of buttons mounted on it in such a way that the buttons can
      be adjusted in position circumferentially around the drum. The buttons
      operate the valves mechanically as the drum rotates. As the valves are
      opened and closed in sequence by the buttons, compressed air flows through
      the valves and thence to the devices which cause the machine to function.
      The time-control valves are correlated both in relation to different
      sections of the machine and also in relation to a feeder so that the
      machine and its feeder operate automatically as a whole assembly.
PAR  During maintenance work on the machine or when a mould die of the machine
      has to be changed, the operator carrying out the maintenance work or
      changing the mould die runs the risk of being burnt by a hot part of the
      machine or of having his hands crushed between moving parts of the machine
      if some of the pneumatically operated devices are inadvertently set in
      operation while the work on the machine is going on. To obviate this
      danger, in existing machines it is necessary for all the operating devices
      to be brought into an idle condition and it must be ensured that it is
      impossible for further molten glass to be fed to the machine.
PAR  Until now with the machines of the IS-type all of the various parts of the
      machine have had to be stopped in a safety position when the mould dies
      are changed or other maintenance work is carried out. Because of this, it
      is necessary to render idle a scoop of the machine immediately after the
      scoop has delivered a molten glass gob into a blank mould of the machine
      so that there is no further gob delivery into the machine after the blank
      mould has ceased to operate and in this way the operator is prevented from
      suffering burns. Next, after a baffle has settled on to the blank mould,
      this entire section of the machine is rendered idle. At this stage of the
      shutting down of the machine, the timing drum of each individual section
      of the machine is in such a position that no valve in the valve box can be
      actuated by its button and consequently all further movement of the
      machine parts is prevented. Furthermore, with the timing drum in this
      position both the blank mould and a blow mould of the machine are closed
      and blow heads and baffle arms rest on the mould blocks and plungers or
      thimbles are in a press or counter-blow position. In order to replace or
      service a mould die with the parts of the machine stopped in these
      positions, it is necessary to actuate some of the valves by hand in order
      to open the mould to give access to the requisite mould dies. Even when
      the drum is in the safety position therefore quite a number of accidents,
      which are sometimes severe, still occur owing to movement of the drum
      caused by failure of brake or for other reasons. Such a movement of the
      drum causes the buttons to actuate valves which cause parts of the machine
      to move and it is this that brings about injury.
PAR  If an accident does occur, for example if an operator's hand is squeezed
      between the parts of a mould, which may be heated to a temperature of up
      to about 964.degree.F, it is only possible to open the mould again in
      conventional machines if at least six of a total number of nineteen valves
      in the valve unit are actuated. Moreover, owing to the construction of the
      machine, it is impossible for the injured operator to free himself.
      Outside help from someone who is familiar with the operation of the
      machine is essential and this not only takes time, but also gives rise to
      other difficulties in so far as the victim of the injury is often caught
      in such a position that he makes it difficult for his rescuer to reach the
      timing drum and thus the rescue work is still further impeded.
PAR  A final point with conventional machines of the IS-type is that when mould
      die replacement takes place, the working temperature of those dies which
      remain in the machine are very much reduced owing to the complicated and
      lengthy operation necessary to set the drum in the safety position.
      Therefore when production from the machine starts again, these dies have
      to be reheated by the hot glass until the operating temperature is reached
      once again. A further considerable loss of production is incurred before
      the working temperature is re-established.
PAR  It is an object of this invention to provide a controller for controlling
      the operation of an automatic machine which includes a number of
      pneumatically operated devices, and in particular an automatic machine of
      the IS-type, which will permit the replacement of parts of the machine and
      other maintenance operations to be carried out more quickly than has
      previously been possible in order to reduce production losses and also to
      give greater safety to those carrying out the operations.
PAR  To this end, according to this invention, such a controller comprises a
      closed box containing a number of valves each of which is arranged to
      control one of the pneumatically operated devices of the machine, a first
      compressed air supply system connected to the box for supplying compressed
      air to some only of the valves in the box, a second compressed air supply
      system supplying those valves which are not supplied by the first system,
      and pressure relief means for de-pressurising one of the systems and thus
      the valves supplied by it, while the other valves remain pressurised by
      the other system.
PAR  With the aid of this controller, it is possible to disconnect some of the
      valves from the normal compressed air supply system so that the devices in
      the machine to which they are connected are de-pressurised and to feed
      other selected valves from the system which is not de-pressurised.
PAR  The valves which are disconnected and de-pressurised are in practice those
      valves which, when opened, deliver compressed air to devices which bring
      about functions which are dangerous for the operators during maintenance
      or replacement of parts of the machine. These valves are now completely
      relieved of pressure by the pressure relief means since they are no longer
      capable of operating the devices in any way. Thus even if further rotation
      of the timing drum takes place, in the case of a machine of the IS-type,
      thus causing buttons to actuate the valves, these valves no longer
      respond. In this way the risk of causing injury to the operators by moving
      parts of the machine is eliminated.
PAR  The valves which are supplied with compressed air by the first system are
      preferably shut-off from the box by means of shut-off sleeves which extend
      around the valves within the box.
PAR  The pressure relief means is preferably a change-over valve connected to a
      pressure relief opening and the change-over valve may be in the form of a
      four-way valve which is connected to an air supply line of one of the
      systems and also to connecting lines of a third ancillary compressed air
      system. The connecting lines are then arranged to be connected to selected
      devices of the machine. The selected devices are those which have to have
      air under pressure supplied to them to cause them to operate to bring the
      parts of the machine into the positions necessary to carry out maintenance
      work or to replace parts such as mould dies. In order to prevent air from
      flowing back along the connecting lines of the ancillary system when the
      machine is in normal operation and air is being supplied from the valves
      in the box, the connecting lines are preferably provided with non-return
      valves preventing back-flow towards the four-way valve.
PAR  The second compressed air system may have a supply line which is separate
      from, and does not communicate with a supply line of the first compressed
      air system or alternatively the second compressed air system may have a
      supply line which branches from a supply line of the first compressed air
      system upstream of the four-way valve.
PAR  In one example of the invention the box of the valve unit is divided by a
      partition into two chambers. One group of the valves in the box is then
      contained in one chamber and a second group of the valves in the box are
      contained in the other chamber. One compressed air system is then
      connected to one chamber and the second system is connected to the other
      chamber.
PAR  The valves in the two groups are then selected in such a way that one group
      causes the pneumatically operated devices of the machine to move the parts
      of the machine in a direction which cannot cause injury while the other
      group moves the parts of the machine in a dangerous direction, for example
      the valves in one group may be arranged to open the moulds of a machine of
      the IS-type and the other group then operates the devices which close the
      moulds.
PAR  When the box is divided in this way, the system which leads to the chamber
      containing the valves bringing about mould closure operations is provided
      with the four-way valve which is in a line which is branched off from a
      supply line which supplies the ancillary system leading to the connecting
      lines or which lead to the devices for opening the moulds in the case of a
      machine of the IS-type. During replacement or maintenance of the mould
      dies, the four-way valve is changed-over so that the chamber which
      contains the valves for bringing about the mould closure operations is
      de-pressurised. Once this has been done, should the timing drum for any
      reason continue to rotate thus causing the buttons on it to actuate the
      valves, nothing will happen because the valves are de-pressurised.
PAR  The four-way valve may be a solenoid valve and in a preferred arrangement,
      the four-way valve, whether a solenoid valve or not, is provided with two
      manual actuating members, one on each two opposite sides of the controller
      so that, in use, the actuating members are situated one at the front and
      the other at the rear of the machine to which the controller is connected.
      It is thus possible to effect a changeover of the four-way valve from the
      front and the back of the machine and this is a great advantage if, in
      spite of the provision of a controller in accordance with the invention an
      accident still occurs.
DRWD
PAR  Some examples of controllers which are constructed in accordance with the
      invention and are intended for controlling an automatic machine for making
      hollow glass articles, will now be described with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a diagramatical illustration of one example;
PAR  FIG. 2 is a diagramatical illustration of a second example;
PAR  FIG. 3 is a diagramatical illustration of a third example; and,
PAR  FIG. 4 is a cross sectional view of parts of the controller which are
      common to all three examples.
DETD
PAR  In all of the examples, the controller comprises valve control means such
      as a timing drum 1, which is rotated by a driving mechanism which is not
      shown. The timing drum 1 carries a series of operating buttons 2 which are
      mounted on the drum in such a way that they can be adjusted in position
      circumferentially. Each of the buttons 2 is arranged to actuate one of the
      valves of a plurality of fluid control valves of a valve unit 3. The valve
      unit 3 comprises a closed box 4 which is fed with compressed air through a
      supply line 6 of a first compressed air system. Arranged inside the box 4
      are valves 7, 8, 9, 11 to 19, and 21 to 27 which are divided into a first
      and second plurality of such valves, for reasons more fully explained
      hereinafter. These valves are connected by pressure lines which are
      schematically shown with various fluid actuated elements of the automatic
      machine such as schematically indicated pneumatic cylinders 100 of machine
      components and tools in order to operate these devices as necessary to
      control the machine.
PAR  In the first example shown in FIG. 1, the second plurality of the valves,
      namely 7, 8, 12, 14, 16, 18, 19, 22 and 26 are connected to each other and
      are connected through a line 28 to a compressed air supply line 29 of a
      second compressed air system. The air supply line 29 is provided with a
      built-in four-way valve 31, to which a relief line 32 and two connecting
      lines 33 and 34, of an ancillary compressed air system 35 are connected.
      In this example, the connecting lines 33 and 34 lead to the opening
      pneumatic cylinders of a parison mould and a blow mould of the automatic
      machine. These opening cylinders are not shown, but are normally
      controlled by the valves 15 and 23 by means of the connecting lines shown
      in dotted lines.
PAR  To prevent a back-flow of air from the opening cylinders of the blank mould
      and the blow mould during normal operation, non-return valves 36 and 37
      are provided in the connecting lines 33 and 34. The four-way valve 31 is
      arranged so that it normally permits the flow of compressed air from the
      supply line 29 to the collecting line 28 and thence to the valves 7, 8,
      12, 14, 16, 18, 19, 22 and 26. Each of these valves is shut-off from the
      interior of the box 4 by means of a shut-off sleeve which is shown in FIG.
      4 so that no compressed air can pass from one compressed air system to the
      other, that is from the system supplied through the line 6 into the system
      supplied by the line 29 or vice versa. Under normal operating conditions,
      the interior of the box 4 is supplied with compressed air through the line
      6 of the first compressed air system. All of the valves of the unit 3 can
      be actuated to a pre-set timing programme by means of the buttons 2 on the
      timing drum 1, each valve being actuated by the button each time the
      button reaches the valve as the drum 1 rotates. In this way the operating
      devices of the machine are controlled on a time basis.
PAR  When any of the operating devices have to be replaced or serviced it is
      necessary to prevent the possibility of an accident occuring owing to the
      continued operation of any of the valves in the unit 3 by their buttons 2
      as the drum 1 continues to rotate. For this purpose, the four-way valve 31
      is changed over. After the change-over the second plurality of valves 7,
      8, 12, 14, 16, 18, 19, 22 and 26 which had previously been connected to
      the supply line 29 are now connected to the pressure relief line 32 so
      that these valves and the pressure lines connected to them and leading to
      some of the operating devices of the machine 2 become de-pressurised.
      These de-pressurised valves are therefore no longer capable of causing any
      movement of the devices to which they are connected even if they should be
      actuated by their buttons 2.
PAR  The interconnected series of valves which can be de-pressurised in this way
      are in the particular example of an automatic machine for blowing hollow
      glass articles connected to devices which bring about various operations
      of the machine as follows:
PA1  Valve 7 - scoop out;
PA1  Valve 8 - blank mould closure;
PA1  Valve 12 - funnel off;
PA1  Valve 14 - baffle off;
PA1  Valve 16 - neckring inversion;
PA1  Valve 18 - neckring reversion;
PA1  Valve 19 - blowhead off;
PA1  Valve 22 - blow mould closure;
PA1  Valve 26 - take-out on.
PAR  Thus the devices for bringing about all these operations are de-pressurised
      when the four-way valve 31 is in its safety position and therefore none of
      the devices can be operated. The remaining valves of the valve unit 3
      which comprise the first plurality of fluid control valves of the system,
      although still supplied with compressed air from the line 6 of the first
      compressed air system, are only connected to those devices of the machine
      which cannot bring any occurrences which are dangerous for the operator of
      the machine even if the drum 1 continues to rotate. When the valve 31 is
      in its changed-over safety position, the connecting lines 33 and 34 are
      supplied with compressed air from the supply line 29 of the second
      compressed air system so that these cylinders are operated to enable the
      moulding dies in these two moulds to be replaced.
PAR  The example shown in FIG. 2 also comprises a timing drum 1 with buttons 2,
      a valve unit 3 having a closed box with a compressed air supply line 6 of
      a first compressed air system and a supply line 29 of a second compressed
      air system. The example also has a four-way valve 31 leading to a relief
      line 32 and connecting lines 33 and 34 with non-return valves 36 and 37.
      However, in this example, the compressed air supply line 29 branches from
      the supply line 6 upstream of the four-way valve 31 so that it by-passes
      this valve. The valve unit 3 has the same number of valves as in the
      example shown in FIG. 1 but the valves are connected to operating devices
      of the machine which perform different functions and for this reason those
      valves which are relevant to the description of this example have been
      given new reference numerals.
PAR  The compressed air supply line 29 leads to valves 38, 39 and 41 and these
      valves are connected to devices which perform the following functions:
PA1  Valve 38 - plunger down;
PA1  Valve 39 - plunger up;
PA1  Valve 41 - neckring open.
PA1  Valves 42 and 43 control pneumatic cylinders which open the blank mould and
      the blow mould respectively.
PAR  In normal operation, compressed air flows through the four-way valve 31 and
      through the supply line 6 into the interior of the box and within the box
      flows to the valves 42 and 43 and to the valves which have no reference
      numerals. The valves 38, 39 and 41 are shut-off from the interior of the
      box 4 by means of shut-off sleeves in the same way as were some of the
      valves in the first example. The valves which are shut-off are permanently
      supplied with compressed air from the supply line 29 of the second
      compressed air system. During normal operation, all of the valves are
      actuated on a time basis by the buttons 2 of the drum 1 so that compressed
      air is fed to the individual operating devices of the machine as necessary
      to cause the machine to operate.
PAR  When it is necessary to clean or replace the mould dies of the machine, the
      four-way valve 31 is again changed-over so that compressed air is no
      longer supplied through the supply line 6, but is fed to the supply lines
      33 and 34 in order to operate the opening cylinders of the blank mould and
      the blow mould of the machine as in the first example. At the same time
      the reversal of the four-way valve 31 causes the supply line 6 to be
      connected to the relief line 32 so that the interior of the box 4 is
      de-pressurised. The supply of compressed air to the valves 38, 39 and 41
      through the line 29 is maintained so that the devices to which these
      valves are connected are still fed with compressed air as may be necessary
      to enable the replacement or cleaning of the mould dies to take place.
      These operating devices are such that even if the rotation of the drum 1
      continues, the opening of their air supply valves cannot cause any danger
      to the operator of the machine. All the valves which actuate devices which
      might cause danger are depressurised so that no accident can occur.
PAR  In the third example shown in FIG. 3, the box 4 is divided by a
      longitudinal partition into tow separate chambers 44 and 45. The supply
      line 6 of the first compressed air system leads to the chamber 45 and the
      supply line 29 of the second compressed air system leads to the second
      chamber 44. In other respects the arrangement of the compressed air supply
      systems is similar to that described with reference to FIGS. 1 and 2. The
      connections of the individual valves to the operating devices of the
      machine are, however, different and the operations brought about by the
      various valves are therefore once again set out. The valves within the
      upper chamber 44 fulfill the following functions:
PA1  Valve 46 - scoop;
PA1  Valve 48 - blank mould closure;
PA1  Valve 51 - funnel down;
PA1  Valve 53 - baffle down;
PA1  Valve 55 - neckring inversion;
PA1  Valve 57 - neckring reversion;
PA1  Valve 59 - blowhead off;
PA1  Valve 62 - blow mould closure;
PA1  Valve 64 - tongs on;
PA1  Valve 66 - blow moulding.
PAR  The valves in the chamber 45 actuate the devices which bring about the
      following functions:-
PA1  Valve 47 - thimble;
PA1  Valve 49 - plunger;
PA1  Valve 52 - counter-blow;
PA1  Valve 54 - baffle opening;
PA1  Valve 56 - neckring opening;
PA1  Valve 58 - alternative;
PA1  Valve 61 - blow mould opening;
PA1  Valve 63 - alternative;
PA1  Valve 65 - take-out tongs.
PAR  Thus the chamber 45 accommodates those valves which, when actuated by the
      buttons 2 under normal operating conditions effect the opening of the
      blank mould, blow mould, neckring and take-out tongs, movement of the
      thimble and plunger and counter-blowing of the hollow glass article. These
      are valves having an affect on the operations which take place in opening
      of the moulds. On the other hand, the valves accommodated in the chamber
      44 effect the closing of the moulds, that is the extension of the scoop,
      closing of the blank mould and closing of the blow mould, inverting the
      parison held by the neckring from the blank mould to the blow mould,
      lowering the blow head on to the blow mould and blow moulding the parison
      to obtain a finished container or other hollow glass article as well as
      extending the take-out tongs which remove the blown article from the blow
      mould.
PAR  During maintenance or replacement of the moulding dies, the chamber 44 is
      de-pressurised after the four-way valve 31 has been changed over so that
      the valves in this chamber are also de-pressurised. Consequently, the
      devices which are operated by these valves cannot be supplied with
      compressed air so that no operations of the machine which are dangerous to
      the operator can come about. This precludes any risk of accident by
      unintentional closing or other dangerous movements of individual parts of
      the dies or of the machine. At the same time the supply of compressed air
      through the supply line 29 is stopped and compressed air is conveyed into
      the connecting lines 33 and 34 so that the opening cylinders of the blank
      mould and the blow mould of the machine are at once operated to open the
      moulds. In this way the downtime of the machine necessary for replacing or
      maintaining the mould dies is substantially reduced which in turn leads to
      a considerable increase in the output of the machine.
PAR  FIG. 4, which is an end view of the drum 1 and a section at right angles to
      the drum 1 through the valve unit 3, shows how a shut-off sleeve 67 is
      installed within the box 4. One of the valves in the unit which is shown
      in the section has a stem 69 arranged to be moved upwards against the
      action of a return spring 68 by means of a pivoted lever 72 which is in
      turn acted upon by one of the buttons 2. When the lever 72 is moved up by
      the button 2, it is held in position by a locking lever 71 which forms a
      catch and the locking lever is subsequently released when required by
      another button 2. A brake 73 is provided for stopping the timing drum 1
      when the controller is put out of operation.
PAR  Of course the connections between the various valves and the individual
      components and operating devices of the machine described are only by way
      of example and the valves can be connected in other ways.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an fluid controlled device for controlling a machine which includes a
      plurality of fluid actuated elements, a valve assembly having a first and
      a second plurality of fluid control valves, and means individually
      connecting each of said fluid control valves to one of said fluid actuated
      elements of said machine to enable actuation thereof through said control
      valves, the improvement comprising:
PA1  a first pressurized fluid supply system for supplying fluid under pressure
      to said first plurality of fluid control valves;
PA1  a second pressurized fluid supply system for supplying fluid under pressure
      to said second plurality of fluid control valves;
PA1  valve control means for individually operating each of said valves of said
      first and said second plurality of fluid control valves to enable selected
      actuation of said fluid actuated elements by supply thereto of pressurized
      fluid through said fluid controlled device;
PA1  venting valve means connected within said second pressurized fluid supply
      system to depressurize said second system thereby to prevent pressurized
      fluid from being supplied to said second plurality of fluid controlled
      valves normally supplied by said second system while enabling said first
      supply system to supply pressurized fluid to said first plurality of fluid
      control valves; said venting valve means including a four-way valve, said
      second pressurized fluid supply system connected to said four-way valve,
      means connecting said four-way valve to said second plurality of fluid
      control valves, vent means connecting said four-way valve to vent the
      pressure fluid supplied thereto in order to divert said fluid from said
      second plurality of fluid control valves, said four-way valve operating to
      switch said pressurized fluid supply between said second vent means and
      said second plurality of fluid control valves; and
PA1  an ancillary fluid supply system coupling said four-way valve with selected
      ones of said fluid actuated devices normally supplied with actuating fluid
      through said first plurality of fluid controlled valves to enable
      actuation of said selected fluid actuated devices directly from said
      second pressurized fluid supply system through said four-way valve when
      said four-way valve is switched to vent said pressure fluid supply to
      prevent said fluid from being supplied to said second plurality of fluid
      control valves.
NUM  2.
PAR  2. A device according to claim 1 wherein said valve assembly comprises a
      closed box having said first pressurized fluid supply system connected
      thereto fore supplying pressurized fluid to said first plurality of fluid
      control valves, and wherein said device further includes a plurality of
      shut-off sleeves, with one of said shut-off sleeves being provided to
      extend around each of the valves of said second plurality of fluid control
      valves in order to isolate said valves of said second plurality of
      pressure control valves from said closed box.
NUM  3.
PAR  3. A device according to claim 2 including partition means dividing said
      closed box into a first and a second chamber, said first plurality of
      fluid control valves being contained in said first chamber and said second
      plurality of fluid control valves being contained in said second chamber,
      and means connecting said first pressurized fluid supply to said first
      chamber and said second pressurized fluid supply system to said second
      chamber.
NUM  4.
PAR  4. A device according to claim 1 including connecting lines connecting said
      four-way valve to each of said selected ones of said fluid actuated
      devices, said device further comprising a non-return valve in each of said
      connecting lines, said nonreturn valves being arranged to prevent
      back-flow in said connecting lines from said selected fluid actuated
      devices toward said four-way valve.
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ABST
PAL  The invention provides a capsule for damping pressure pulses in the working
      fluid of piston pumps and motors, the capsule being formed with co-axial
      inner and outer pervious walls which serve to limit the contraction and
      expansion of a flexible gas-filled bag enclosed between them.
BSUM
PAR  This invention relates to improvements in piston pumps and motors, and in
      particular to ported rotary barrel axial piston pumps, which have an
      inherent volumetric (delivery or induction) variation in the working fluid
      due to the superimposition of the harmonic volumetric variation of
      consecutive pumping cylinders.
PAR  This combined volumetric variation is of little consequence in a hydraulic
      system which is highly elastic whether due to the compressibility of a
      volume of fluid which is large in relation to the harmonic pumping
      differential, or to `give` in the piping and other pressure containments,
      provided also that the frequency is low in relation to the pumping
      differential.
PAR  Where the circuit volume is small and/or where there is negligible `give`
      in the containments and/or where the frequency is high, this is widened by
      a variation of angular rotation (and therefore angular accelerations) of
      the pump or motor, and/or by a pulsating variation in the system pressure
      the magnitude of which is limited only by the modulus of elasticity of the
      fluid and containments, or be relieving a large part of the pumping
      differential.
PAR  It is well known to obtain some reduction in the magnitude of this pressure
      pulsation by introducing an artificial elasticity or `give` into the
      circuit in the form of an air pocket or a bladder type-hydropneumatic
      accumulator, but this is subject to a return lag at high frequencies,
      which causes choking of the communicating tract. A better alternative is
      an in-line annular accumulator surrounding one of the main delivery pipes
      which is perforated in the appropriate area, and this is effective at
      medium pressures and frequencies but only down-stream of the annular
      element as regards flow variation, which on the pump side is still subject
      to accelerative pulsations.
PAR  The object of the present invention is to provide a means by which the
      volumetric pumping differential is accommodated within the pump port or
      port gallery so that the flow external of the pump is smooth and subject
      only to a pressure variation which is negligible at critical high
      pressures and frequencies.
PAR  A further object of the present invention is that this means should also be
      effective in controlling intake pulsations which because they are at
      sub-atomospheric pressures are invariably neglected due to lack of
      recognition as a major cause of suction cavitations.
PAR  To this end what I propose is a rotary barrel axial, piston pump/motor
      incorporating an otherwise sealed chamber communicating directly with a
      port-gallery of a port face of the pump/motor by at least one opening so
      as to induce a change of fluid content in the chamber, the said chamber
      containing a capsule characterised by its having pervious high-tensile
      outer and inner physical containments for a lightweight gas-containing
      flexible bladder intermediate of the containments which serve as the
      limiting boundaries of expansion and contraction of the bladder,
      supporting it against pressure differentials which will occur when the
      bladder is at the limit of containment, whether due to exterior hydraulic
      pressure holding it against the inner containment or interior gas pressure
      holding it against the outer containment.
PAR  The capsule can be either free floating in the sealed chamber, a
      predetermined volume of gas having been injected and sealed into the
      bladder at assembly of the capsule, or the capsule may be formed as an
      inwards projection of a chamber sealing plug which carries a gas injection
      orifice fitted either with a non-return filling valve or a "permanent"
      seal.
PAR  The capsule is of such dimensions relative to the chamber that, for the
      high pressure applications at least, the clearance of the capsule outer
      containment within the chamber is less than the strain extension of the
      containment when there is an excess imbalance of pressure of the contained
      gas relative to the surrounding chamber fluid, the chamber inner surface
      having multiple grooves or interconnecting depressions cast, coined, or
      otherwise formed in bas-relief.
PAR  For low-pressure delivery applications the outer containment of the
      discrete capsule can be constituted by bas-relieved inner surface of the
      chamber the bas-relief grooves the grooves of which render its portions in
      the sense that external fluid pressure can communicate effectively with
      substantially all of the outer surface of the bladder.
PAR  In application, to fit conveniently within the pump head, the chamber and
      capsule may be restricted in volume, a representative figure being fifteen
      times the harmonic pumping differential volume or periodic variation of
      instantaneous delivery port flow. The volume enclosed by the inner
      perforate containment may conveniently be three-fifths of the effective or
      internal fluid flow of the volume.
DRWD
PAR  Exemplary forms of pulsation damping capsules and their containments are
      illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a central vertical section through a pump port face and port
      gallery of the intake side of an axial piston pump showing a containment
      chamber and one form of capsule;
PAR  FIG. 2 is a similar view of the containment and one form of capsule
      suitable for the delivery side of a pump and;
PAR  FIG. 3 is a similar view of that of FIG. 2 showing an alternative form of
      capsule.
DETD
PAR  In FIG. 1 A represents a pump port face gallery and B represents an inlet
      port therein divided into two passages 1 and 2.
PAR  A cylindrical chamber with a domed end 3 is formed to span the port B and
      contain a capsule C.
PAR  The capsule C comprises a light gauge outer porous wall 4, an intermediate
      flexible bag 5 filled with gas at predetermined pressure and an inner
      porous wall 6 of heavier gauge porous material.
PAR  The inner and outer walls and bag are clamped together by means of a
      compression sleeve 7, filler block 8 sealing plug 9 and circlip 10, as
      shown at the right hand side of the drawing, in conjunction with O-rings
      11 and 12.
PAR  Since the neck portions 13 of the walls 4 and 6 are porous and could
      provide a leak path, they are filled with a sealant setting compound.
PAR  The whole of the space 14 exterior of the bag 5 is filled with pump working
      fluid (normally vacuum-stripped oil) and the whole of the space 15 within
      the bag 5 and inner porous wall 6 is filled with gas, which is introduced
      initially through injection tube 16 which is subsequently sealed off.
PAR  As indicated in broken lines at the left hand side of the drawing it is
      possible to duplicate the sealing arrangement of the right hand side at
      this side of the chamber.
PAR  In this case the walls 4 and 6 and the bag 5 may be tubular rather than
      close-ended.
PAR  In FIG. 2 like references as in FIG. 1 are used where appropriate.
PAR  The pump port face gallery A in this drawing includes a delivery port D.
PAR  The outer wall 4 is of heavy gauge and duplexed by an inner skin 4a, while
      the inner wall 6 is of lighter gauge porous material.
PAR  The sealing plug 9 in this form of capsule includes a ball check valve 20,
      a charging connector 16 and a closure gap 17.
PAR  This type of capsule can have the bag 5 charged with gas to any desired
      pressure after filment in the pump.
PAR  The capsule of FIG. 3 has the same charging facility as that of FIG. 2, but
      construction and sealing problems are eased by the use of welds at
      junctions 21 to 26 where shown.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a multi-cylinder, reciprocating position type fluid pressure energy
      translating device in which there is relative movement between a cylinder
      block and a fluid handling section which defines internal, spaced, low and
      high pressure ducts, and in which such relative movement successively
      brings open ends of the piston chambers in the cylinder block into
      alternate open communication with the low and the high pressure ducts in
      the fluid handling section, and in which piston reciprocation and the
      relative movement between the cylinder block and said fluid handling
      section is timed so that each piston travels on at least a portion of its
      compression stroke between the time its chamber breaks communication with
      said low pressure duct and the time its chamber begins direct
      communication with said high pressure duct,
PA1  pressure regulating structure for leveling pulsations in the high pressure
      duct including a ripple control capsule disposed in a chamber in
      communication with and only in communication with the high pressure duct,
PA1  said capsule comprising a pair of spaced inner and outer porous wall
      members and a flexible, impermeable bag-like member disposed between said
      inner and outer wall members such that movement of said bag-like member is
      restricted by said inner and outer wall members, means for sealing the
      space within the bag-like member from the space outside of the bag-like
      member, and means for introducing fluid under pressure into said bag-like
      member,
PA1  and wherein said capsule is so disposed in communication with the high
      pressure duct that the pressure in the high pressure duct is in
      communication with the space outside of said bag-like member such that
      pulsations in the high pressure duct are reduced.
NUM  2.
PAR  2. A pressure regulating structure according to claim 1, wherein the said
      capsule is formed as an inward projection of a chamber sealing plug.
NUM  3.
PAR  3. A pressure regulating structure according to claim 1, wherein the said
      plug includes a non-return check valve for introduction of the
      pressurizing gas.
NUM  4.
PAR  4. A pressure regulating structure according to claim 1, wherein the said
      chamber has a volume about fifteen times that of the harmonic pumping
      differential volume of the said device.
NUM  5.
PAR  5. A pressure regulating structure according to claim 1, wherein the volume
      enclosed by the said inner wall member is about three-fifths of the total
      enclosed volume of the said chamber.
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PAL  The invention relates to a hydraulic steering apparatus comprising a
      continuously operating pump, an operating motor for controlling the parts
      to be steered, a control device which is adjustable by the steering wheel
      and which, in its neutral position, connects the pump to a tank through a
      short-circuiting path. The control device has two operating positions in
      which the pump is connected to one side or the other of the operating
      motor and connects the other side of the operating motor to the tank. The
      control device has a control element connected to a steering wheel and a
      following element connected to a metering motor and these elements are
      relatively displaceable to a limited extent. Apparatus is provided to
      prevent the steering parts moved by the operating motor from striking
      mechanical abutments. The end position of the travel of the operating
      motor is associated with a limit switch device and a short circuiting path
      between the primary side of the control device and the tank is established
      by a switching valve which is a part of the limit switch device.
BSUM
PAR  The invention relates to a hydraulic steering apparatus comprising a
      continuously operative pump, an operating motor for adjusting the parts to
      be steered, a control device which is adjustable by the steering wheel and
      which, in its neutral position, connects the pump to the tank through a
      short-circuiting path and, in its two operating positions, connects the
      pump to one side of the operating motor and connects the other side of the
      operating motor to the tank, and a tank, the control device comprising in
      particular a control element connected to a steering wheel and a following
      element connected to a metering motor which are relatively displaceable to
      a limited extent.
PAR  Such steering apparatuses are for example known from British Specification
      No. 897,768. The control device can comprise an inner rotary slide
      connected to the steering wheel and an outer rotary slide connected to the
      metering motor determining the quantity of pressure medium flowing to the
      operating motor. The two rotary slide sleeves together form a reversing
      valve held by springs in a neutral position in which control apertures in
      the slides open a short-circuiting path between the pressure side and
      relief side. Upon relative rotation in one or the other direction, this
      short-circuiting path is closed to provide communication to control
      orifices which allow the pressure medium to flow from the pump through the
      metering motor to the one side of the operating motor and from the other
      side thereof back to the tank, or conversely.
PAR  Further, it is known from German Specification No. 1,124,776 to provide
      limit switch devices for a hydraulic operating motor. These devices are
      intended to prevent machine pulse, tools or the like which are movable by
      the hydraulic motor from being pressed against a mechanical limiting
      abutment or subjected to other damage. The limit switch devices are
      provided with stop valves included in the two conduits connecting the
      motor to a reversing switch for controlling same.
PAR  In a hydraulic steering apparatus of the aforementioned kind, the object of
      the invention is to prevent the parts moved by the operating motor from
      striking mechanical abutments without giving rise to faults in the
      hydraulic circuit.
PAR  According to the invention, this object is fulfilled in that, in a manner
      known per se, the end position of the operating motor is associated with a
      limit switch device and that a short-circuiting path between the primary
      side of the control device and the tank is provided with a switching valve
      which opens on actuation of the limit switch device.
PAR  Although limit switch devices are used in this construction for stopping
      the operating motor, they are not in the form of stop valves but open a
      short-circuiting path between the pump and tank. The pressure at the motor
      will thereby generally not drop to zero but it is sufficiently small to
      prevent further movement of the operating motor and the parts to be
      steered or at least ensure that these parts come to lie gently against the
      limiting stop. As a result, the full pressure forces obtain in the
      hydraulic circuit only during actual movement of the operating motor
      whereas during standstill there is a much lower pressure either as a
      result of the short-circuiting path in the control device in the neutral
      position or as a result of the switching valve when reaching the end
      position. The pump output is correspondingly low. In contrast with the
      case where a limit switch device with stop valve is used, there is no
      danger that the pump will build up a pressure which has to be reduced with
      the aid of an over-pressure valve and would lead to undesirable heating of
      the pressure fluid. In addition, the maximum pump output will then be
      available for other uses.
PAR  A person steering a vehicle is used to moving parts striking a mechanical
      abutment at the end of the steering range. Such impact does not occur when
      using the limit switch device. Nevertheless, the driver still obtains the
      feeling of `impact`. When the end position is reached and the pressure
      fluid bypasses the operating motor through the short-circuiting path,
      pressure fluid will no longer flow through the metering motor. However, if
      the following element connected to the metering motor remains stationary,
      the control element connected to the steering wheel can also no longer
      turn.
PAR  In a preferred embodiment the switching valve is part of the limit switch
      device. This results in a very simple construction. The sensing element of
      the limit switch device can actuate the switching valve directly or via a
      coupling.
PAR  In a further embodiment of the invention, it is recommended that the open
      condition of the short-circuiting path is also controlled in dependence on
      the fact that pressure occurs on the first side of the operating motor
      serving for the supply upon movement towards the limit switch device. If
      this pressure, which may be very small, is relieved because the control
      device is moved in the sense of movement in the opposite direction of the
      operating motor, the short-circuiting path will close immediately, with
      the result that the operating motor will start to move without delay in
      the opposite direction. This ensures in a simple way that the
      short-circuiting path will not remain permanently open when the sensing
      element of the limit switch device has been moved by the operating motor
      or a part connected thereto.
PAR  A very simple construction is obtained if a pressure responsive additional
      valve of which the control connection is connected to the first side of
      the operating motor is provided in series with the switching valve. No
      special provisions need then be made in the limit switch device.
PAR  It is also favourable for the limit switch device to comprise a control
      valve disposed in a control conduit which leads from the first side of the
      operating motor to a control input of the switching valve. This control
      conduit is influenced by the limit switch device on the one hand and on
      the other hand by pressure on the first side of the operating motor.
      However, it is particularly advantageous that one can make do with a
      comparatively thin control conduit. In this way one saves tubing for the
      entire short-circuited quantity leading from the primary side of the
      control device through the limit switch device to the tank, which would be
      a very expensive conduit system if there is a large spacing between the
      control device and the operating motor. With such a construction, standard
      structural components may be used for the limit switch device and
      switching valve.
PAR  In hydraulic steering apparatus with an over-pressure valve between the
      pump output and tank, the over-pressure valve may have a further control
      input and simultaneously serve as switching valve. This over-pressure
      valve will then serve the usual function of limiting the maximum pressure
      of the pump and also the function of the switching valve.
PAR  It is particularly recommendable for the switching valve to be a pressure
      control valve controlled by a pilot valve and for the control input to be
      connectible to the tank by a pilot valve. In this case the connection of
      the pressure actuating element of the pilot valve can be connected to the
      tank through a throttle valve. This throttle valve is set by hand so that
      when the control valve is open a small leakage current will always flow
      from the limit switch device to the tank. In view of this leakage current,
      the steering wheel must slowly be turned further to maintain the end
      position of the operating motor. However, upon reversal of movement of the
      steering wheel, the pilot valve and thus the switching valve can close
      very rapidly so that pressure build-up on the second side of the operating
      motor takes place quickly.
PAR  In another embodiment of the invention, provision is made for the limit
      switch device to comprise an electric limit switch, a pressure controlled
      switch is connected to the first side of the operating motor, and both
      switches are in series with one another and with electromagnetic apparatus
      for actuating the switching valve. In this way the double dependence of
      actuation of the limit switch device and the pressure on the first side of
      the operating motor is likewise ensured. Preferably, the electromagnetic
      apparatus controls a pilot valve which, in turn, controls an over-pressure
      valve serving as a switching valve.
DRWD
PAR  The invention will now be described with reference to the examples of the
      drawings, wherein:
PAR  FIG. 1 is a hydraulic circuit diagram for a first embodiment of the
      invention;
PAR  FIG. 2 is a hydraulic circuit diagram for a second embodiment of the
      invention;
PAR  FIG. 3 is a hydraulic circuit diagram for a third embodiment of the
      invention, and
PAR  FIG. 4 is an electric circuit diagram for the FIG. 3 embodiment.
DETD
PAR  In the FIG. 1 embodiment, a pump 1 supplies pressure fluid from a tank 2
      through a pressure conduit 3 with relief valve 4 to a control device 5
      which can be set by a steering wheel 6. In the neutral position the
      pressure fluid returns to the tank 2 through a short-circuiting path 7 and
      an outflow conduit 8 having a filter 9.
PAR  Supply conduits 10 and 11 connect the control device 5 to an operating
      motor 12. If pressure fluid reaches the first side 13 of the operating
      morot, the piston 14 and the piston rod 15 will be pushed upwardly,
      whereby the second side 16 of the operating motor 12 becomes connected to
      the outflow conduit 8 through the conduit 11. Upon rotation of the
      steering wheel 6 in the opposite direction, the functions of the conduits
      10 and 11 are interchanged so that the operating motor will reverse its
      direction of movement.
PAR  A limit switch device 17 having a sensing element 18 is associated with a
      moved component of the operating motor 12 or parts connected thereto, in
      the present case the piston rod 15 which adjusts the parts of the vehicle
      to be steered, and the rod 15 makes contact with the sensing element 18.
      Such contact opens a switching valve 19 contained in the limit switch
      device 17. This switching valve lies in a short-circuiting path 20 which
      connects the pressure conduit 3 to the tank 2. A pressure responsive
      additional valve 21 is in series with the switching valve 19. Its control
      input 22 is connected to the first side 13 of the operating motor 12. The
      additional valve 21 will only open when there is pressure in the supply
      conduit 10, no matter how small this pressure might be.
PAR  Now, when the operating motor 12 reaches its end position and the switching
      valve 19 opens, the pressure conditions having already caused the
      additional valve 21 to open, all the pressure medium conveyed by the pump
      1 flows directly to the tank 2 through the short-circuiting path 20.
      Further displacement of the operating motor 12 with the aid of the power
      of the pump 1 is therefore impossible. When the steering wheel 6 is turned
      in the opposite direction and the pressure from the supply conduit 10 is
      thereby relieved, the short-circuiting path 20 is interrupted. The
      pressure occurring in the supply conduit 11 can then have its full value
      so that the operating motor 12 will commence to run immediately and move
      out of the end position.
PAR  A similar arrangement is provided for the opposite end position, for
      example analogous to the representation of FIG. 2. To avoid damage of the
      pump 1 in the case of overloading of the operating motor 12, an
      over-pressure valve 4 is provided between the pressure conduit 3 and the
      outflow conduit 8.
PAR  In the hydraulic circuit according to FIG. 2, the same reference numerals
      as in FIG. 1 are used for similar parts. Provision is made for two
      operating motors 12 and 12' movable in opposite directions. The parts
      belonging to the operating motor 12' are designated by an index stroke. In
      this embodiment, a short-circuiting path 23 is provided and it includes a
      switching valve 25. The switching valve is an over-pressure valve actuated
      against the force of a spring 26 by pressure supplied on the pump pressure
      side through the passage 27. It is also formed as a pressure control valve
      controlled by means of a pilot valve 28, for which a passage 30 is
      provided. The pilot valve 28 has a control input 31 leading to a pressure
      actuating element. Connected to this pressure input 31 there are control
      conduits 32 or 32' which are connected to the pressure sides 13 or 13' of
      the operating motors 12 or 12' and each contain a control valve 33 or 33'
      which forms part of the limit switch device 18 or 18'. Further, the
      control input 31 is connected to the tank 2 through a throttle valve 34.
PAR  In operation, pressure fluid flows through the short-circuiting path 7
      directly to the tank in the rest position. In one operating direction,
      pressure fluid flows through the supply conduit 10 to the first side 13 of
      the operating motor 12 and the second side 16' of the operating motor 12'.
      When the operating motor 12 reaches the end position and the piston rod 15
      displaces the sensing element 18, the control valve 33 will open. A
      quantity of leakage oil will therefore flow from the supply conduit 10
      through the throttle valve 34 into the tank. A pressure is set up at the
      control input 31 to open the pilot valve 28. The switching valve 25 will
      also open as a result and the predominant part of the pressure fluid
      delivered by the pump 1 will flow off through the short-circuiting path
      23. The operating motors 12 and 12' can now no longer be moved with the
      aid of the power from the pump 1. If the steering wheel is moved in the
      opposite direction, the pressure on the first side 13 of the operating
      motor 12 is relieved and therefore also at the control input 31 by the
      control device 5. The pilot valve 28 and the switching valve 25 will
      close. During subsequent movement of the operating motors in the opposite
      direction the entire pressure will now be immediately available. The
      operating movement in this direction is terminated when the piston rod 15'
      meets the sensing element 18' of the limit switch device 17'. The manner
      of operation in this end position is the same as before.
PAR  In the hydraulic switch according to FIG. 3, similar integers are
      designated by the same reference numerals as in FIG. 1. The limit switch
      device 17 is provided with an electric contact 35. The supply conduit 10
      is connected to a pressure responsive switch 36. The pilot valve 28
      carries an electromagnetic actuating apparatus 37. The two switches 35 and
      36 as well as the electromagnetic actuating apparatus 37 are, as shown in
      FIG. 4, placed in series between the two feed conduits 38 and 39 of an
      electric circuit.
PAR  If, upon actuation of the steering wheel 6, the piston rod 15 reaches the
      sensing element 18 of the limit switch device 17, whereby the supply
      conduit 10 will deliver pressure, the electric circuit to the actuating
      apparatus 37 is closed. The pilot valve 28 opens as in FIG. 2 and so will
      the switching valve 25.
CLMS
STM  I claim:
NUM  1.
PAR  1. Hydraulic steering apparatus comprising a sump and a continuously
      operative pump, an operating motor for controlling the parts to be
      steered, a steering wheel operated control device having alternately
      selectable output lines and having a neutral position connecting said pump
      to said sump through a short-circuiting path and having two operating
      positions selectively connecting said pump to one side of said operating
      motor and connecting the other side of said operating motor to said sump,
      short-circuiting conduit means extending from said pump to said sump,
      first and second valve means arranged in series in said short-circuiting
      conduit means, said first and second valve means being mechanically and
      pressure operated respectively, said first valve means being mechanically
      operated by said motor upon reaching a predetermined limiting position,
      and at least one of said output lines being connected to said second valve
      means for closing said second valve means when said one output line is
      depressurized.
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ABST
PAL  A filtering attachment for the air intake of an automobile passenger
      compartment. A large rectangular sheet of laminated foil, vinyl and paper
      has a central opening over which is mounted a filter unit. The filter unit
      comprises two layers of non-woven paper heat sealed together to form a
      plurality of adjacent pockets, each of which contains pieces of activated
      charcoal. A fine mesh screen is mounted in overlying relationship to the
      filter unit. The attachment is mounted in overlying relationship to the
      air intake of the automobile so that all air entering the passenger
      compartment passes through the filter unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to an attachment for filtering air entering the
      passenger compartment intake of an automobile.
PAR  2. Description of the Prior Art
PAR  At the present time, no effort is made to filter the air entering into the
      passenger compartment of an automobile. Since most automobiles are now air
      conditioned, the windows are kept closed. There is a single air intake
      located directly in front of the windshield beneath the hood in later
      models and between the hood and windshield in earlier models.
PAR  The automobile air conditioning unit customarily takes in 60 percent
      outside air and recirculates 40 percent inside air. If the automobile
      happens to be stopped directly behind a bus or truck or an automobile with
      a faulty exhaust system, substantial amounts of diesel or gasoline fumes
      will enter the passenger compartment through the air intake to be breathed
      by the occupants of the automobile. The contaminated air will also
      continue to be recirculated by the air conditioning system.
PAR  Other contaminants or pollutants which may be drawn into the passenger
      compartment of an automobile include road dust and dirt, pollen, smoke,
      smog, lint, rubber tire dust, and various other impurities carried by or
      in the air.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide an attachment
      which is adapted to be mounted in overlying relationship to the air intake
      of an automobile and which provides means for filtering exhaust fumes and
      other impurities and pollutants from the air before it enters the
      passenger compartment.
PAR  Another object of the invention is to provide such a device which is simple
      and economical to manufacture and install, so that it is capable of being
      sold at a relatively low price for widespread use.
PAR  A further object of the invention is to provide such a device which is
      universal in the sense that it can easily be installed on or adapted to
      substantially any make or model of automobile now in use.
PAR  It is another object of the invention to provide such an attachment which
      incorporates means for closing off all portions of the air intake which
      are not filtered, so that only filtered air enters the passenger
      compartment.
PAR  Still another object of the invention is to provide such a device which in
      most instances forms a cooperative relationship with the structure of the
      automobile to hold the attachment in place over the air intake.
PAR  The invention also comprises such other objects, advantages, and
      capabilities as will later more fully appear and which are inherently
      possessed by the invention.
PAR  While there is shown in the accompanying drawings a preferred embodiment of
      the invention, it should be understood that the same is susceptible of
      modification and change without departing from the spirit of the invention
     .
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a bottom plan view of the complete filter attachment;
PAR  FIG. 2 is a partial sectional view of the same taken on line 2--2 of FIG.
      1;
PAR  FIG. 3 is a perspective view showing the attachment installed beneath the
      open hood of an automobile;
PAR  FIG. 4 is a perspective view of another model of automobile having an
      outside air intake;
PAR  FIG. 5 is a perspective view showing the filter attachment in use on an
      automobile of the type shown in FIG. 4.
PAR  FIG. 6 is a fragmentary top plan view of a portion of the filter attachment
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A preferred embodiment which has been selected to illustrate the invention
      comprises a large rectangular sheet 10 which is preferably formed of a
      thin laminate which includes foil, vinyl and paper. The preferred material
      is a laminate described as vinyl foil paper foil vinyl. The length of the
      sheet 10 is preferably somewhat less than the width of the hood of a
      conventional automobile and the width is preferably somewhat greater than
      the distance between the windshield and the adjacent edge of the hood.
PAR  A rectangular opening 11 is cut in the center of the sheet 10 and is
      completely covered by a filter unit 12, which is complementary to and
      somewhat greater in size than the opening 11. The filter unit 12 comprises
      two layers 13 and 14 of non-woven paper comprising or containing vinyl.
      The layers 13 and 14 are preferably heat sealed to each other around their
      outer edges and along a plurality of spaced transverse lines 19 to form a
      plurality of separate rectangular pockets 17, each of which is filled with
      pieces of activated charcoal 15.
PAR  A fine mesh screen 16 which is preferably formed of or which contains vinyl
      is mounted in overlying relationship to one side of the filter unit 12.
      The screen 16 is preferably complementary to and slightly greater in size
      than the filter unit 12.
PAR  The entire peripheral edges of the filter unit 12 and screen 16 are secured
      to the sheet 10 around the edges of the opening 11 by electrical inductive
      type heat sealing. This is possible because all of the structural elements
      either comprise or contain thermoplastic material. This sealing is
      accomplished along a pair of parallel lines 18 which extend around the
      periphery of the opening 11.
PAR  Referring to FIGS. 3-5 of the drawings, the air filter attachment of the
      present invention can be mounted on most late model automobiles in a very
      quick and simple manner. Such automobiles customarily have their air
      intakes located beneath the hood, as shown in FIG. 3. All that is
      necessary is to raise the hood of the automobile and lay the filter
      attachment so that it extends transversely across the automobile with the
      filter unit 12 disposed directly over the center of the air intake opening
      of the automobile. The long edge of the sheet 10 which is remote from the
      windshield should be folded over the gasket 22 which the hood rests upon.
      Some automobiles of this type have vents in the hood above the air intake,
      as indicated by phantom lines in FIG. 3. In other models, such vents are
      omitted.
PAR  FIG. 4 shows another type of automobile in which the air intake 20 is
      located between the hood and the windshield. On such automobiles, the
      filter attachment is installed in the manner shown in FIG. 5 of the
      drawings. The attachment is first trimmed to fit the automobile. Strips of
      masking tape 21 are then applied around all three of the exposed edges of
      the attachment to prevent it from being displaced by wind, rain, car
      washing, etc. The fourth forward edge of the attachment is allowed to hang
      over into the engine compartment of the automobile, so that the hood
      gasket holds it in place when the hood is down.
CLMS
STM  We claim:
NUM  1.
PAR  1. The combination of a filter attachment and an automobile, said
      automobile having a passenger compartment, a hood and an air intake for
      said passenger compartment, said air intake being disposed beneath or
      adjacent to said hood, said attachment being positioned in overlying
      relationship to said air intake, said attachment having a filter unit,
      said filter unit comprising two layers of porous flexible non-woven paper,
      each layer containing thermoplastic material, said layers being heat
      sealed together to form a plurality of adjacent pockets extending
      continuously across the major portion of said air intake, each of said
      pockets containing a plurality of small pieces of activated charcoal, said
      attachment having a sheet surrounding said filter unit, said sheet closing
      off all of the portions of said air intake except those beneath said
      filter unit, whereby all air passing into said passenger compartment
      through said air intake passes through and is filtered by said filter
      unit.
NUM  2.
PAR  2. The structure described in claim 1, said sheet containing thermoplastic
      material, said filter unit being heat sealed around its periphery to said
      sheet.
NUM  3.
PAR  3. The structure described in claim 2, and a fine mesh screen disposed in
      overlying relationship to said filter unit, said screen containing
      thermoplastic material, said screen being heat sealed around its periphery
      to said sheet and filter unit.
NUM  4.
PAR  4. The structure described in claim 3, said filter unit comprising a
      plurality of adjacent rectanglar pockets extending across the entire area
      of said filter unit.
NUM  5.
PAR  5. The structure described in claim 4, said automobile having a windshield
      disposed adjacent to one edge of said hood and a hood gasket disposed
      beneath the edge of said hood adjacent to said windshield, said sheet
      having one edge thereof disposed between said hood gasket and the edge of
      said hood adjacent to said windshield.
NUM  6.
PAR  6. The structure described in claim 5, the other three edges of said sheet
      being secured on top of said hood by strips of adhesive carrying tape.
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ABST
PAL  A control unit which is particularly useful in controlling the output
      pressure of a turbocharger in response to the manifold pressure with
      compensation for pressure drop at the throttle characterized by a
      reference unit disposed in the housing for the manifold pressure to act on
      and at least one diaphragm extending across said housing to apply the
      pressure differential between the manifold pressure and the output
      pressure of the turbocharger. In one embodiment, the reference unit
      includes a bellows of a predetermined volume of gas which schedules the
      displacement of the reference unit in response to the temperatures of the
      gases of the manifold. Another embodiment includes an additional diaphragm
      and valve means for applying additional pressures to the reference means
      to compensate for the altitude for the system to prevent overspeeding of
      the turbocharger.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present application is a divisional application of my copending
      application entitled "Turbocharger Control", U.S. Ser. No. 874,496, filed
      on Nov. 6, 1969 which issued on Oct. 12, 1971 as U.S. Pat. No. 3,611,711.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to a control unit responsive to a fluid
      pressure and a method of providing control signals.
PAR  2. Prior Art
PAR  In the fluid handling art and in particular in systems such as a
      turbocharger system which supplies air at a pressure for an engine such as
      an airplane engine, the output of the turbocharger must be controlled in
      response to the required manifold pressure and preferably must be adjusted
      for the altitude of the aircraft and for the density of the gases being
      provided by the turbocharger. Present systems accomplish this by the pilot
      or airplane personnel manually making adjustments in response to
      indication sensed from various points in the turbocharger system to
      control the speed of the turbocharger. Automatic control systems have been
      proposed which include a series of sensing units measuring pressure at
      various points in the system against their respective reference unit with
      the output of each of the sensing units being interconnected to provide an
      ultimate summation of their signal to the control circuit. Such systems
      require extensive mechanical linkages between the various sensing units
      and extensive adjustments of the various reference units to obtain the
      desired control for the turbocharger systems.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the difficulties of prior proposed methods
      of controlling the speed of turbocharger by providing a single unit
      capable of the sensing pressures in a line in more than one place and
      providing a single output signal for use in controlling the source of
      power for the turbocharger. One embodiment includes means which makes
      adjustments for the altitude of the aircraft to prevent the turbocharger
      from being damaged by excessive speeds. In another embodiment, temperature
      sensing means are included in the unit to adjust the single output in
      response to the temperature of the fluids being measured.
PAR  Accordingly, it is an object of the present invention to provide a method
      of controlling and a simplified control unit providing a single output
      signal in response to pressure conditions taken from two points of a fluid
      passageway.
PAR  Another object of the present invention is to provide a method of
      controlling and a control unit providing a single output signal in
      response to measurements of pressures from two points in a system with the
      signal being adjusted for changes of temperature of the system.
PAR  A still further object of the present invention is to provide a method of
      controlling and a control unit capable of providing a control signal in
      response to the pressures from various points in a control system with
      compensation for the altitude of the aircraft using the system.
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of the preferred embodiments
      thereof taken in conjunction with the accompanying drawings although
      variations and modifications may be effected without deparing from the
      spirit and scope of the novel concept of this disclosure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration of a turbocharger control system
      utilizing a control device and method of the present invention;
PAR  FIG. 2 is a longitudinal cross-section with parts in elevation of the
      control device used in the present invention;
PAR  FIG. 3 is a partial cross-section with parts in elevation similar to FIG. 2
      of an embodiment of the control device of the present invention; and
PAR  FIG. 4 is a partial cross-section with parts in elevation of another
      embodiment of a control device of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Although the principles of the present invention are of utility in a
      control unit used in application where the pressures taken from at least
      two points of a fluid passageway are necessary for the proper control of
      the fluid therein, the principles are particularly useful when
      incorporated in a control unit for a turbocharger system which is
      diagrammatically illustrated in FIG. 1 and generally indicated at 10.
PAR  A turbocharger system 10 comprises a turbocharger 11 having a rotor 12, an
      intake 12' and an output 13 which supplies input pressure of air to a
      throttle 14 and as illustrated supplies air through a restriction 15 to a
      conduit leading to the cabin of an aircraft. The air passing through the
      throttle 14 enters a manifold 16 of an engine 17. To drive the
      turbocharger 11, a drive source or power supply is supplied by conduit 18
      to the turbocharger 11. As illustrated, the supply 18 is connected to the
      exhaust 19 of the engine 17. To vary the amount of the supply, a valve
      means such as a wastegate 30 which is illustrated to be a butterfly valve
      can be opened to by-pass a portion of the exhaust in the pipe 19 out an
      exhaust bypass pipe 21. To actuate the butterfly valve means 30, a
      hydraulic actuator 22 connected to a control means 23 by conduits 24, 25
      and an oil supply 26.
PAR  The hydraulic actuator 22 comprises a single acting piston 27 acting
      against a spring 28 and having a rod 29 connected to the valve member 30
      of the valve means 20. Fluid acting on the piston 27 forces the valve
      member 30 to a closed position. By controlling the amount of fluid bled
      from the piston chamber through the conduit 24, the control unit 23 can
      adjust the position of the piston 27 resulting in positioning the valve
      member 30 in any desired position to allow any amount of by-passing of the
      gases of the engine exhaust line 19 and then reduce the exhaust gases
      driving the rotor 12 of the turbocharger 11.
PAR  The pressure in the output 13 of the turbocharger 11 is dependent upon the
      speed of the rotor 12 of the turbocharger and on the pressure of the
      intake 12' of the turbocharger. Since the intake pressure 12' is not
      always constant for example in aircraft applications it varies with the
      altitude and the speed of the aircraft, the only effective means of
      varying or controlling the output pressure in the passageway 13 is by
      controlling the speed of the rotor 12 of the turbocharger 11. If the input
      pressure were constant, a decrease in the speed of the rotor 12 will
      decrease the pressure in the output passageway 13 and an increase in rotor
      speed will increase the output pressure. If a constant output pressure is
      desired, the speed of the rotor 12 must be varied to compensate for
      variations in the head of the intake 12' of the turbine.
PAR  Since the operation of the engine 17 is dependent upon the manifold
      pressure 16, the supply of fluid to the manifold must be controlled to
      maintain the pressure in the manifold 16 at the desired level. As
      illustrated in FIG. 1, the control unit 23 has a pressure responsive
      reference means generally indicated at 31. If the pressure in the output
      passageway 13 were directly applied by a conduit 32 to the reference means
      31, the pressure in the output 13 of the turbocharger would be sensed.
      However, the control unit 23 would not compensate for changes in the
      demands in the manifold pressure 16 in response to the settings of the
      throttle 14. One disadvantage with such a system would be the applying of
      a tremendous pressure on the throttle 14 which is not required.
PAR  Another possibility would be to sense the pressure of the manifold 16 by
      use of a conduit such as 33 which would directly apply the pressure
      against the reference means 31. Such a system would be ideal if the
      throttle 14 were completely open so that there would be no pressure drop
      or substantially little pressure drop thereacross. However, when there is
      a substantial pressure drop and when the reference means 31 is set to open
      the control circuit at a predetermined pressure, the turbocharger 11 is
      trying to create the desired pressure. By trying to increase the pressure
      in the manifold 16, the turbocharger 11 causes an undesirable back
      pressure on the engine 17 through the exhaust line 19. To overcome this
      disadvantage the first embodiment of the present invention which is best
      illustrated in FIG. 2 provides a control unit generally indicated at 34.
PAR  The control unit or device 34 comprises a housing made up of housing
      portion 35, an annular ring 36, and a cup-like portion 37 which are held
      together by fastening means such as the screws 38 with appropriate seals
      being provided. The housing portion 35 has a cavity 39 with an inlet port
      40 and an outlet port 41. The cavity 39, which is formed by a bore
      extending through the housing portion 35 has internal threads 42 at one
      end of the bore to threadedly receive an end cap 43, which closes one end
      of the bore to form the cavity. The bore forming the cavity 39 at the
      opposite end to the threads 42 is provided with a counter bore 44 and
      adjacent to the counterbore 44 with an annular groove 45 receiving a snap
      ring or retainer 46.
PAR  A valve assembly 47 is disposed in the cavity 39 and comprises a valve body
      48, which is biased towards an end surface 49 of the cap 43 by a spring 50
      acting between a surface 51 of the valve body 48 and a plate 52 which
      rests on a sealing plate 53 retained in the cavity 39 by the snap ring 46.
      The sealing plate 53 has appropriate sealing means to provide a fluid
      tight closure of the cavity 39 adjacent the snap ring 46.
PAR  The valve body 48 has an axial passageway 55 which is in communication with
      a radially extending passageway 56. Key means 57, comprising a pin and
      groove acting between the wall of the cavity 39 and the valve body 48,
      maintains the passageway 56 in alignment with the inlet port 40. The
      passageway 55 terminates with the lower surface 51 to form a valve seat
      for a valve member 58 which is carried on the valve shaft or stem 59 which
      extends out of the cavity through axial openings in the plates 52 and 53.
PAR  In order to minimize the effect of the fluid passing through the valve
      assembly 47, the valve stem 59 supports a piston 60 which is slidably
      received in the bore 55 and is axially spaced from the valve member 58.
      Thus fluid entering the bore 55 applies an upward force on the piston 60
      which counteracts the force tending to force the valve member 58 away from
      the valve seat.
PAR  The cap 43 contains an adjustment means generally indicated at 61 which
      supplies an adjusting force by varying the spring pressure of a spring 62
      acting on the pistons 60. The spring 62 biases the valve member 58 toward
      an open position. Each of the parts of the adjustment means 61 includes
      appropriate seals and a lock nut means to hold the adjustment unit 61 in
      the desired position. The valve assembly 47 is effectively a servo valve
      means or assembly which responds to movement of the valve stem 59 to
      control the flow of fluid through the inlet port 40 to the outlet port 41.
PAR  Referring to FIG. 1, the position of the valve member 58 will control the
      flow of fluid in the lines 24 back to the oil supply or the reservoir of
      the oil supply 26. Since the oil supply to the actuator 22 is supplied at
      a constant pressure, the bleeding off through the line or exhaust 24 will
      enable the piston 27 to assume a predetermined equilibrium position in the
      cylinder with the pressure acting on the piston balanced by the force of
      spring 28. By increasing the amount of flow through line or conduit 24,
      the spring 28 will force the piston towards the ports which causes the
      valve member 30 of the wastegate valve to move toward an open position. By
      reducing the flow through the valve assembly 47 by moving the valve member
      58 against its seat, the pressure acting on the piston will increase and
      cause it to be moved against the spring 28 to force the valve member 30
      towards the closed position.
PAR  The control unit 34 as illustrated in FIG. 2, includes a pressure sensing
      device which ultimately controls the position of the valve member 58 to
      control the amount of fluid passing through the servo valve assembly 47.
      To provide chambers for the various fluid pressures to act on the sensing
      means, the housing portion 37 has a cavity 65 in which a pressure
      responsive reference means indicated at 66 is disposed. The reference
      means 66, which is similar to reference 31, includes a bellows 67, a
      bellows plate 68 attached to the bellows and a bellows spring 69 acting on
      the plate 68 to bias the bellows to an extended position. Reference means
      66 which is mounted in the cavity 65 in a fixed position by suitable means
      such as a bolt or screw arrangement 70, also includes a spring base plate
      or ring 71 which can be of different sizes or can be shimmed to change the
      spring force of the spring 69.
PAR  An extension of the valve stem 58 which extends through the bores or the
      openings of the plates 52 and 53 is connected to a portion of the bellows
      plate 68 and acts as a linkage to transfer movement of the reference means
      66 to the valve member 58.
PAR  As mentioned above, it is desirable to apply the pressure of the manifold
      against the reference means 66 and to apply the pressure differential
      between the manifold pressure and the output pressure of the turbocharger
      against the reference means. This is accomplished by providing a diaphragm
      72 which is rigidly connected to the shaft or stem 59 or as illustrated is
      rigidly attached by an expanded rivet means 73 to a portion of the bellows
      plate 68. The diaphragm 72 seals the cavity 65 to form a first pressure
      chamber and coacts with the counterbore 44 of the portion 35 to form a
      second pressure chamber 74. Suitable port means are provided in the body
      portions for supplying a fluid pressure to each of the fluid pressure
      chambers 74 and 65.
PAR  In operation, the displacement of the reference means 66 positions the
      valve member 58 via the linkage of the stem 59 with respect to the valve
      seat of the servo valve assembly 47. The reference means 66 is displaced
      when the force developed by the fluid pressure exceeds a predetermined
      force value or set point which is dependent on the spring force of the
      bellow spring 69 minus the spring force of the spring 62 of the adjustment
      means. If both of the pressures in the chambers 65 and 74 are equal which
      would occur when the pressure drop across the throttle 14 is negligible,
      the force acting on the reference means 66 would be the pressure in the
      chamber 65 times the area that it is acting on which is the bellows area.
      When the pressure or force developed by the pressure in the chamber 65
      exceeds the predetermined value or set point, the reference means 66 will
      be displaced and move the valve member 58 from its seat. The amount of
      displacement of the reference means 66 and therefore the valve member 58
      will be proportional to the force developed by the pressure in the chamber
      65 exceeding the predetermined value.
PAR  Since the throttle 14 may be in the setting which causes a pressure drop
      thereacross, the pressure acting in the chamber 74 which is the pressure
      at the output 13 of the turbocharger 11 is greater than the manifold
      pressure 16 which is applied to the chamber 65. The result is that the
      diaphragm 72 will be flexed by the pressure differential of the two
      pressures acting on its sides, and the pressure differential will be
      applied against the reference means 66 along with the pressure in the
      chamber 65 being applied thereto. The force developed by the pressure
      differential applied to the diaphragm is dependent upon the area of the
      diaphragm which is larger than the bellows area and the amount of the
      pressure drop across the throttle 14. The application of the sum of the
      forces caused by the pressure differential and the pressure acting on the
      bellows cause displacement of the reference means at a lower manifold
      pressure and reduces the speed of the rotor 12 of the turbocharger 11.
PAR  Since the area of diaphragm 72 is larger than the bellows area, the sum of
      the forces acting on the reference means is greater than if the output
      pressure of passage 13 were directly applied to the bellows 67. Therefore,
      the control device 34 has effectively adjusted the set point for the
      reference means 66 in response to the change in the pressure drop across
      the throttle 14. Thus, the control device 34 is automatically scheduled
      for variation in the throttle setting, which scheduling is desirable.
PAR  As mentioned above, with the displacement of the reference means 66, the
      valve member 58 is moved off of the valve seat to allow fluid flow through
      the servo control 47 which flow varies the pressure applied to the piston
      27 to cause it to assume a new position in its cylinder with the result of
      positioning the valve member 30 of the wastegate valve to a new position
      causing a change in the exhaust pressures applied to the turbocharger 11.
      To prevent the hunting or overcorrection for the changes in the sum of the
      forces created by the pressures, characteristic lags can be engineered
      into the control system which tends to smooth the operation to prevent
      overcorrecting of the control circuit for a pressure change. Such lags are
      a question of design which are within the ordinary skill of the design
      engineer.
PAR  In the discussion, the bellows 67 was considered to be an evacuated member
      with only a dampening fluid applied therein. Thus the heating or
      temperature of the bellows 67 does not substantially effect the amount of
      force necessary to cause displacement of the reference means 66. In
      certain applications such as an aircraft, the density of the fluid or
      gases being supplied to the manifold 14 is a critical requirement. For
      example, during a very hot day on a hot runway, the output of the
      turbocharger 11 can be at a maximum; however, the density of the gases due
      to their temperature is such that maximum power production for the engine
      17 is not occurring. To compensate for the density of the fluids such as
      the gases being provided by the turbocharger, it is desirable to provide
      means in the control system which will compensate for the density of the
      gases.
PAR  Since the density of the air is related to its temperature, a provision of
      a bellows 67 charged with a predetermined volume of gas at a predetermined
      pressure and temperature can be utilized. By providing the bellows 67
      which has the predetermined mass of gas, the bellows is sensitive to the
      temperature of the air in the chamber 65. For example, with a high
      temperature in the air in chamber 65, the pressure in the bellows due to
      the increase of temperature will increase and effectively vary the
      predetermined value or set point in response to changes in the
      temperature. With the bellows filled with the gas charge at a known
      temperature and pressure, the reference means 66 will include means
      sensitive to the temperature, which means will adjust the predetermined
      value for displacement in response to increases and decreases of the
      temperature. Thus, when the aircraft using such a system is operating in a
      hot ambient temperature, the control system will compensate for the loss
      of density in the gases by providing a higher pressure than a system which
      does not have the temperature sensitive means.
PAR  The control unit 34 provides a single error signal for the servo valve unit
      47 by considering the pressure in the manifold 16, the output pressure of
      the turbocharger 11, and the density of the gases being supplied by the
      turbocharger. However, in an aircraft application at higher altitudes, the
      lower density of the air due to the altitude requires higher speed for the
      turbocharger to maintain the predetermined pressures. Such speed can have
      the detrimental effect upon the turbocharger 11 in an attempt of the
      turbocharger's rotor 12 to effectively run away. A second problem is due
      to the rarification of the air at a high altitude resulting in a reduction
      of cooling of the units causing the engine to overheat. In order to
      compensate for these problems, means must be provided to prevent the rotor
      12 from exceeding a maximum speed. To prevent the speed of the rotor from
      exceeding a certain limit, the control device should include means to
      schedule the device for the altitude of operation by reducing the set
      point of the reference means 66. A control unit generally indicated at 80
      in FIG. 3 is an embodiment of the control unit provided with means to
      compensate for altitude changes.
PAR  The control unit 80 having a servo valve assembly 47 which is the same as
      that of the previously described embodiment of FIG. 2, has an additional
      body portion or ring 81 disposed between the annular ring 36 and the body
      portion 35. The diaphragm 72 is disposed between the annular rings 81 and
      36 and a second diaphragm 82, which is operably coupled to stem 59, is
      disposed between annular rings 81 and housing portion 35. With the
      positioning of the diaphragms 72 and 82, three pressure chambers 65, 83
      and 84 are formed. As in the previously described embodiment the pressure
      chamber 65 is substantially the same and is formed by the cavity 65 and
      the diaphragm 72. The pressure chambers 84 and 83 are in communication
      with each other by a restricted orifice 85 in the diaphragm 82 which
      orifice enables the pressure of chamber 84 to leak into chamber 83. Ports
      (not illustrated) are provided for applying a fluid under pressure to the
      chambers 65 and 84 while the chamber 83 has a port 87 in the annular ring
      81 which port terminates in a check or relief valve means generally
      indicated at 88. The orifice 85 balances the pressure acting on diaphragm
      82 except when there is flow through the orifice due to the opening of
      relief valve 88.
PAR  The check valve means 88 includes a housing portion 89 having a chamber 90
      which contains a resilient means such as a spring 91 and a stem support
      means 92. A valve member 93 rests on a seat 94 and is normally biased to
      the closed position by the spring 91 and atmospheric pressure acting on
      the valve member 93. The relief valve means 88 opens to vent the chamber
      83 as the pressure therein applies a force to the valve member 93 which
      exceeds the force of the spring 91 and the atmospheric pressure on the
      valve member 93. Thus, the chamber 83 is vented at a set point where the
      pressure differential between the pressure in the chamber and atmospheric
      pressure exceeds the spring force. By selection of the characteristic of
      the spring 91, the valve means 88 will open at a predetermined atmospheric
      pressure or altitude. If the valve means 88 were not provided, the unit
      would schedule the set point downward for an increased altitude starting
      at sea level.
PAR  In operation, at low altitudes the manifold pressure is applied via the
      ports to the chamber 65 to act on the reference means 66, the output
      pressure of the turbocharger 11 is applied via ports to the chamber 84 to
      act on the diaphragm 82. Assuming a constant pressure setup, pressure in
      the chamber 83 will be substantially similar to that in chamber 84 so that
      the diaphragm 72 will respond as the diaphragm 72 in the previously
      explained embodiment to apply the pressure differential between the
      manifold pressure and the output pressure to the pressure responsive means
      66. One advantage of the two-diaphragm setup is that the orifice 85 and
      the diaphragm 82 offers a resistance to any quick or substantial pressure
      changes in the output pressure of the turbocharger 11 causing a lag which
      smooths out the control function and is desirable.
PAR  When the airplane utilizing the system reaches a predetermined altitude,
      the pressure in the chamber 83 exceeds the force of the spring 91 and the
      atmospheric force acting on the valve member 93 causing the relief valve
      means 88 to open to vent the chamber 83. At that time, the pressure
      differential acting on the diaphragm 72 will equal the differential
      between the pressure in chamber 65 and the pressure in the chamber 83
      which will be equal to that pressure necessary to open the relief valve
      88. Since the chamber 83 has been vented, there will be a pressure
      differential between the pressure chamber 83 and the chamber 84 acting on
      the diaphragm 82.
PAR  As illustrated, the diaphragm 82 is of a larger diameter than the diaphragm
      72 so that it will apply an additional force greater than the force
      applied by the diaphragm 72 to the reference means 66 to cause
      displacement of the reference means. As the altitude continues to
      increase, the pressure in the chamber 83 necessary to cause the relief
      valve to vent the chamber to the atmosphere will decrease so that the
      pressure in the chamber 83 will be the atmospheric pressure plus the
      spring pressure created by the spring 91. The net result is that the force
      caused by the pressure in the chamber 84 acting on the diaphragm 82 will
      increase as the altitude of the airplane increases to cause an increase in
      the additional force applied to the reference means 66 and therefore, the
      unit 80 is scheduled for an altitude above a predetermined altitude. The
      amount of reduction in the set point to reduce the speed of the rotor 12
      is dependent on the ratio between the area of the diaphragm 82 and 72.
      Since the ratio must be larger to provide proper control at higher
      altitudes practical limitation on the size of diaphragm 82 limits the
      maximum altitude for which the unit 80 provides the proper control
      function.
PAR  In order to provide a control system which provides a proper control
      characteristic for the turbocharger at greater altitudes than that of the
      embodiment illustrated in FIG. 3, another embodiment generally indicated
      at 100 (FIG. 4) incorporating the servo control valve means 47 is
      provided. As in the previously described embodiments, the control means or
      unit 100 has a housing made up of housing portions 35, ring 36 and housing
      portion 37 and utilizes the diaphragm 72. Additional housing portions 101
      and 102 are placed between the annular ring portion 36 and the portions
      35, and a diaphragm 103 which has a restricted orifice 104 and is coupled
      to stem 59, is disposed between the body portions 101 and 102.
PAR  Body portion 101 has a bore which coacts with a diaphragm 103 to form a
      chamber 105. The body portion 102 has a cavity which coacts with the
      diaphragm 103 to form a chamber 106 which is vented by a passageway 107 to
      the atmosphere. The housing portion 35 is provided with an inlet port 108
      for receiving the gas from the outlet passageway 13 of the turbocharger
      11. Portions 101 and 102 respectively are provided with passageways 109
      and 110 respectively for conducting the pressure from the port 108 to a
      chamber 111 acting on one side of the diaphragm 72. Thus the diaphragm 72
      functions as it functioned in the embodiment of FIG. 2.
PAR  The body portion 101 supports a valve means 113 including a valve member
      114 cooperating with a valve seat 115. The valve means 113 provides a
      controlled communication between the passageway 109 and the chamber 105
      and the valve means is actuated by the valve member 113 being connected to
      an actuating means including a bellows means 116 mounted on the outside of
      the ring portion 101.
PAR  The bellows means 116 senses the atmospheric pressures and at a
      predetermined atmospheric pressure begin to lift the valve member 114 from
      the valve seat 115. With the movement of valve member 114 from the valve
      seat 115, pressure in the passageway 109 enters the chamber 105 to act on
      one surface of the diaphragm 103 to add an additional force acting on the
      reference means 66 to cause the valve member 58 to be lifted from its seat
      in the servo valve means 47. Since the chamber 106 is vented to the
      atmosphere, the pressure in the chamber 105 is substantially unopposed and
      even a small diaphragm 103 can exert the necessary additional pressure to
      the reference means 66 to compensate for the increased altitude.
PAR  The valve member 114 is contoured with respect to the seat 115 so that as
      the displacement from the seat 115 increases the size of the opening
      increases. With the increase of the size of the opening of the valve means
      113, more fluid bleeds into the chamber 105 to increase the pressure
      therein. Thus, as the altitude increases above the predetermined altitude,
      the pressure in the chamber 105 increases to increase the pressure
      differential acting on diaphragm 103 to increase the additional force
      being applied to the reference means 66. Since the pressure in the chamber
      105 will increase with the increasing of the altitude due to the increased
      movement of the valve member 114 by the sensing means 116, the control
      unit 100 will provide the proper control function to prevent overspeeding
      of the rotor 12 of the turbocharger 11 for the ambient atmospheric
      conditions.
PAR  The bellows means 116 as illustrated includes a sealed evacuated double
      bellows which expands as the atmospheric pressure decreases. Other proper
      preloaded bellows arrangements which function in equivalent manner can be
      readily utilized.
PAR  In operation below the predetermined altitude, the valve means 113 is
      closed and the pressure in chambers 105 and 106 are substantially equal.
      Thus the control unit 100 will function in a manner similar to the unit
      34. As the altitude set point is reached, the bellows means 116 moves the
      valve member 114 from the seat 115 to open the valve means 113 to enable
      fluid pressure in passage 109 to bleed into the chamber 105. Even though a
      portion of the fluid will bleed through the orifice 104, a pressure
      differential will be applied to the diaphragm 103 to exert the additional
      force on the reference means 66 to compensate for the atmospheric
      conditions. As the altitude increases the valve means 113 is opened
      further to increase the amount of fluid bled into chamber 105 to increase
      the pressure therein and increase the pressure differential on the
      diaphragm 103. Thus the reduction in the set point increases with an
      increase in the altitude.
PAR  Assuming operation above the predetermined altitude by an aircraft using
      the control unit 100, the pressure in the chamber 105 has applied a force
      acting on the reference means 66. With a decrease in the altitude, the
      valve means 113 reduces the amount of fluid flowing into the chamber 105;
      however, the orifice 104 will continue to bleed pressure from the chamber
      105 to cause the pressure therein to be reduced. As the altitude is
      decreased below the predetermined level or point, the valve means 113 is
      closed and the chamber 105 will lose its pressure through the orifice 104
      until the pressure acting on the diaphragm 103 is balanced.
PAR  The control unit 100 provides the proper control function to maintain the
      desired control of the turbocharger 11. Due to the arrangement of the
      pressure chamber and diaphragm, the control unit 100 can provide proper
      control function for higher altitudes than the control unit 80 which has a
      practical altitude limit due to the ratio of the size of its diaphragms.
PAR  The reference means 66 utilizes either an evacuated bellows which would not
      be responsive to temperature changes in the fluid or gases in the chamber
      65 or it can utilize a gas charged bellows which is temperature
      responsive. By using a temperature responsive bellows in the reference
      means 66, the control units 80 and 100 can include a scheduling function
      for the density of the gases in the manifold 16.
PAR  As illustrated in FIG. 1, the output of the turbocharger 11 also provides
      pressure for the cabin of the aircraft. Thus it is essential that the
      pressure in the output passageway 13 is not greater than necessary at low
      throttle or part throttle operations since the excess pressure of the
      output of the turbocharger 11 would cause an unbearable condition upon the
      occupants of the cabin. As illustrated, the outlet 15 going to the cabin
      includes a restriction which helps reduce the pressure being applied to
      the cabin and by properly selecting the size of the restriction and the
      size of the conduit 32, the necessary pressure in the cabin will always be
      maintained without being adversely affected by the engine operation and
      the operation of the control unit such as 34.
PAR  Each embodiment of the control unit of the system prevents overspeeding of
      the rotor 12 of a turbocharger 11 and prevents the decompression of the
      cabin at part throttle operations or during changes in the throttle
      setting. Each control unit also prevents inefficient back pressure on the
      engine exhaust at partially closed throttle setting. All of the
      controlling features are accomplished by a single unit using a single
      reference and therefore eliminate the problems of the prior art
      controllers such as a system using multiple units which requires
      mechanical linkages between the units.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A device for generating a signal in response to a pressure of a fluid
      taken from at least two different points of a fluid passageway comprising:
      reference means displaceable in response to force applied thereto; means
      for applying a fluid pressure from a first point of the passageway to said
      reference means to create a first force acting thereon; means for
      obtaining a pressure differential between the fluid pressures taken from
      said first point and a second point of the passageway and applying said
      pressure differential to said reference means to create a differential
      force acting on said reference simultanuously with said first force; means
      coupled to said reference means for transmitting the amount of
      displacement of the reference means in proportion to the sum of the first
      force and differential force; and means responsive to an atmospheric
      pressure drop below a predetermined value, said atmospheric responsive
      means including means for applying an additional force to said reference
      means when the atmospheric pressure decreases below the predetermined
      value to adjust the amount of displacement of the reference means once the
      atmospheric pressure has decreased below the predetermined value.
NUM  2.
PAR  2. A control device responsive to fluid pressure taken from at least two
      points of a fluid passageway comprising: a housing having a cavity; a
      diaphragm extending across said cavity to provide a pair of separate
      cavity portions, a reference means disposed in one of said cavity
      portions, said reference means including a sealed bellows means and a
      resilient means of a predetermined force and being displaceable by a fluid
      pressure applied thereto; linkage means connected to said reference means
      extending out of said housing for movement in response to any displacement
      of the reference means; means applying a fluid pressure from a first point
      of the passageway into said one cavity portion to act on one side of said
      diaphragm and to create a pressure force acting on said reference means;
      means for applying a fluid pressure obtained from a second point on the
      passageway to the other of said pair of cavity portions to act on the
      other side of the diaphragm to create a differential force on said
      diaphragm; and means transferring the differential force applied to said
      diaphragm to said reference means whereby displacement of said reference
      means is caused by the pressure force and differential force applied to
      the diaphragm and said reference means is displaced when the sum of the
      forces applied thereagainst exceeds a predetermined value.
NUM  3.
PAR  3. A device according to claim 2, wherein said bellows means contains a
      predetermined mass of gas at a predetermined volume and pressure for a
      fixed temperature so that variations in the temperature of the fluid
      applied to said cavity causes a variation in the pressure of the gas of
      said bellows means to vary the predetermined value of the reference means.
NUM  4.
PAR  4. A device according to claim 2, which further includes a second diaphragm
      extending across said other portion of the cavity adjacent the other side
      of the first mentioned diaphragm, said second diaphragm being rigidly
      connected to said first diaphragm and having an orifice extending
      therethrough, said pair of diaphragms forming a chamber therebetween, said
      chamber being connected to a pressure relief valve means which is set to
      open at a predetermined pressure differential between said chamber and the
      pressure of the atmosphere, said pressure of the fluid taken from the
      second point being applied against one side of said second diaphragm
      whereby it bleeds through said orifice into said chamber so that when the
      pressure in said chamber exceeds the pressure differential of said relief
      valve means, said pressure of said chamber is vented to the atmosphere to
      increase the amount of force being applied to said reference means to
      cause a displacement of the reference means at a reduction of the amount
      of the pressure in said portions of the cavity with the reduction being
      proportionate to the decrease in the atmospheric pressure below a
      predetermined amount.
NUM  5.
PAR  5. A control device according to claim 2, including a second cavity in said
      housing, said second cavity containing a diaphragm disposed thereacross
      with one side of said diaphragm being in communication with the exterior
      of said passageway. and the other side being in communication through a
      pressure responsive valve means with the means applying the fluid pressure
      from said second point to said first mentioned diaphragm, said second
      mentioned diaphragm having an orifice therethrough enabling an
      equilization of the pressures on both sides thereof, said pressure
      responsive valve being set to apply fluid pressure from said second point
      as the atmospheric pressure reaches a predetermined limit whereby said
      second diaphragm applies an additional force to said reference means to
      cause the displacement thereof at lower predetermined pressures for the
      first and second points of the fluid passageway.
NUM  6.
PAR  6. A method of generating a control signal in response to a pressure of a
      fluid taken from at least two different points in a fluid passageway, said
      method comprising the steps of applying the fluid pressure from one point
      in the passageway against a pressure responsive reference, obtaining a
      pressure differential between the pressure applied against the pressure
      responsive reference and a pressure from a second point of the passageway
      and applying said pressure differential against said reference, sensing
      the atmospheric pressure and applying additional pressure to the pressure
      responsive reference as the atmospheric pressure drops below a
      predetermined set value, generating and transmitting a single error signal
      as the sum of the fluid pressure and the pressure differential exceeds a
      predetermined value of the reference, said error signal being proportional
      to the amount of excess of said sum over the predetermined value, and said
      additional pressure and the sum of the fluid pressure and the pressure
      differential providing said error signal with compensation for the
      atmospheric conditions.
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ABST
PAL  A filler for a continuous cigarette filter rod is formed by feeding a wide
      band of filaments of filter material on to a slower moving surface, to
      which suction is applied so that the band is axially shrunk and the
      filaments crimped. The band is then narrowed to the desired width of the
      filler whilst retaining the crimp in the filaments, preferably by the use
      of a plasticiser.
PARN
PAR  This application is a continuation-in-part of our co-pending application
      Ser. No. 319615 filed Dec. 29, 1972 and now abandoned.
BSUM
PAR  This invention relates to continuous cigarette filter rod making machines.
PAR  In such machines filter material in the form of a band or tow consisting of
      a bundle of crimped filaments of material, such as cellulose acetate, is
      fed on to a continuous wrapper which is carried through a garniture by
      means of a garniture tape. In the garniture the wrapper is folded around
      the filter material and has its edges overlapped and sealed together to
      form a continuous filter rod which is severed into lengths of filter rod
      of multiples of the length of a filter to be combined with a cigarette to
      form a filter cigarette. Before being carried into the folding mechanism
      the tow passes through a tongue where it is laterally compressed.
PAR  One of the difficulties with the making of a continuous filter rod is to
      have the filter rod tightly enough packed with the tow material i.e. in
      relation to a given cross-sectional area of rod to have the mass per unit
      length as high as is desirable.
PAR  According to the present invention there is provided a method of forming a
      filler for a continuous cigarette filter rod comprising the steps of
      feeding a wide band of filaments of filter material on to a moving surface
      to which suction is applied, the suction surface moving in the direction
      of movement of the band but at a lower speed than the speed at which the
      band is fed so that the band is axially shrunk to crimp the filaments and
      the axially shrunken band is held to the suction surface, and then
      narrowing the band to form a filler whilst retaining the crimp in the
      filaments produced by the axial shrinking.
PAR  The crimps in the filament may be set by applying thereto a plasticiser to
      soften the filaments, and then heating the plasticised band to set the
      filaments in a crimped condition.
PAR  Further according to the invention there is provided apparatus for forming
      a filler for a continuous cigarette filter rod comprising a first movable
      surface having means for applying suction thereof, means for feeding a
      wide band of filaments of filter material on to the surface at a speed
      greater than the speed of movement of the surface so that the band is
      axially shrunk to crimp the filaments, and means to narrow the band to the
      desired width of the filler whilst retaining the crimp in the filaments
      produced by the axial shrinking.
PAR  The apparatus may further comprise a second surface closely spaced from the
      first surface to produce therebetween a wide shallow gap into which the
      band is fed.
PAR  The two surfaces are preferably first and second drums rotatable in
      opposite senses so that their adjacent surfaces move in the same direction
      at a peripheral speed less than the speed at which the band is fed to the
      gap between the drums, the first drum having a blanking member to cut off
      suction so that after passing through the gap the band is transferred to
      the second drum.
PAR  By a wide band is meant that the width of the band is appreciably greater
      than the thickness of the band. For example, the width of the band and the
      gap may be 250 mm and the thickness of the band and the corresponding
      dimension of the gap may be 2 mm.
DRWD
PAR  Three embodiments of the invention will now be described, by way of
      example, with reference to the accompanying diagrammatic drawings of
      which:
PAR  FIG. 1 is a plan view of a first embodiment of the invention,
PAR  FIG. 2 is a section on the line II--II of FIG. 1,
PAR  FIG. 3 is a plan view of a second embodiment of the invention,
PAR  FIG. 4 is a section on the line IV--IV of FIG. 3,
PAR  FIG. 5 is a side sectional elevation of a third embodiment of the
      invention,
PAR  FIG. 6 is a modification of the third embodiment,
PAR  FIG. 7 is a view in the direction of arrow VII of a part of FIG. 6, and
PAR  FIG. 8 is a section on the line VIII--VIII of FIG. 6, but drawn to a larger
      scale.
DETD
PAR  In FIGS. 1 and 2 the upper run of a perforated conveyor 110 is shown,
      suction being applied to the underside of the conveyor, which travels in
      the direction shown by the arrow in FIG. 1, by a suction chamber having
      walls 16 and 17. A wide band 11 of filaments of filter material such as
      cellulose acetate is fed on to the left hand end of the conveyor 110 in
      the direction shown by the arrow, and at a faster speed than the conveyor,
      so that the individual filaments or fibres become crimped and are held to
      the conveyor 110 in this crimped condition. A cover plate 12 fits closely
      against the conveyor, and at its upstream edge is turned over to produce a
      part-conical deflector or tunnel 13 in which the filler is to be formed.
      As the crimped filaments meet the wall 14 of the tunnel 13 they move
      clockwise as shown in FIG. 2 around the tunnel. The filaments proceed
      along the line of the wall 14 from its smaller end at the top of FIG. 1
      and left hand side of FIG. 2 to its larger end, turning clockwise all the
      time. As they proceed along the tunnel 14 they are progressively enveloped
      by further layers of the crimped filaments meeting the wall 14. As shown
      in FIG. 2, the suction chamber ends at the wall 16 at the edge of the
      tunnel 13, and to assist in the rolling action to form the filler a duct
      15 tangential to the tunnel 13 is formed in the wall 16 so as to strip the
      crimped filaments from the suction conveyor 110 and turn them in the
      clockwise direction. At the larger diameter end of the tunnel 13 the
      complete filler is formed and then is held to the suction conveyor 110 and
      led away axially to be fed into the tongue of the rod forming machine.
PAR  In the embodiment of FIGS. 3 and 4 the wide band of filaments of filter
      material is again fed to a similar suction conveyor 110 at a faster speed
      so that the filaments are crimped, and the filler is again formed by
      collecting the filaments diagonally across the suction conveyor 110. In
      this embodiment a second endless suction conveyor, which has a lower run
      120A and a return run 120B, is carried in a member 121 substantially in
      the shape of an inverted V which is oscillated transversely about a
      spindle 122. The lower run 120A travels in the direction of the arrow F in
      FIG. 3. Above the lower run 120A of the conveyor is provided a suction
      chamber 123 which communicates with a source of suction in a manner not
      shown. Below the conveyor 110 a suction chamber 114 which applies suction
      to the conveyor terminates at an end wall 115 which is in line with the
      member 121. A vertical air duct is formed between the wall 115 and a
      further wall 116 to receive a flow of air which it directs vertically
      through the conveyor 110. As the member 121 oscillates about a spindle 122
      between the position shown in full lines in FIG. 4 to that shown chain
      dotted, and the lower run 120A of the conveyor travels from the top left
      of FIG. 3 to the bottom right, the crimped filaments on the conveyor 110
      are transferred by the air flow through the duct 116 on to the underside
      of the run 120A.
PAR  In the third embodiment of the invention which is shown in FIG. 5, there
      are provided two suction drums 210 and 213. The drum 210 comprises a
      perforated cylindrical periphery 211 which travels in the direction shown
      by the arrow about a blanking member 212. The blanking member terminates
      at a surface 212A so that at this point suction is applied to the
      periphery 211 of the drum. The drum 213 is closely spaced from the drum
      210 and consists of a perforated cylindrical periphery 214 which travels
      in the direction shown by the arrow about a blanking member 215. Suction
      is applied through the centre of the drum to a generally radial passage
      216 in the blanking member 215 so that suction is applied to the periphery
      214 of the drum over the circumferential extent of this passage. The two
      drums rotate at the same peripheral speed so that the adjacent surfaces of
      their peripheries 211 and 214 move in the same direction.
PAR  A filter tow in the form of a wide band 11 of filaments is fed to the gap
      between the two drums through a passageway having smooth upper and lower
      walls 218 and 219 respectively closed by side walls (not shown). The width
      of the drums, and thus of the band 11, is approximately 250 mm, and the
      gap between the two drums, and thus the thickness of the band 11, is
      approximately 2 mm.  The band 11 is already crimped as it advances towards
      the gap, and the effect of suction from the drums 210 and 213 is to draw
      the band through the passageway at a greater speed than the peripheral
      speed of the drums, so that in the gap between the drums the band 11 is
      axially shrunk or concertinaed to increase the crimping. As the band
      leaves the gap it is retained in this more highly crimped form against the
      periphery 211 of the suction drum 210 due to the suction being cut off
      from the periphery 214 of the drum 213. In the blanking member 215 there
      is a cut out portion 215A to enable air to be drawn out through the
      periphery 214 through the crimped band 11 and into the drum 210, in order
      to prevent any filaments remaining attached to the periphery 214.
PAR  The crimped band is held to the periphery 211 of the drum 210 for aboug
      three-quarters of its circumferential extent until suction is cut off by
      the wall 212B of the blanking member 212. Between the walls 212A and 212B
      the crimped band is held tightly against the drum 210 and plasticising
      liquid is applied to the band to soften the filaments, by means not shown;
      a suitably fast acting plasticising liquid for this purpose is TEGMEE
      (triethylene glycol methyl ethyl ether). The plasticised band is then
      heated to evaporate the plasticiser so that when the crimped band is
      approaching the wall 212B the crimps are substantially set. At the wall
      212B the band is transferred to a further suction drum 220 which is
      narrower than the drum 210 and which contains a blanking member 220A. Just
      before, during and after the transfer the band is conveyed between a pair
      of baffles 221 which converge in the direction of travel of the band, so
      that the wide band with its crimps set therein is converted to
      substantially the shape of the final filler to be fed into the garniture
      tongue of the rod forming machine.
PAR  The apparatus shown in FIG. 6 is similar to that of FIG. 5, except that it
      is inverted and shows additional parts of the apparatus. Similar parts are
      therefore designated by the corresponding references of FIG. 5 increased
      by 100 (with the exception of the band of filter filaments for which the
      same reference numeral 11 is retained).
PAR  The wide band 11 is again drawn by suction through the walls 318 and 319 of
      the passageway, as described above, but in this case a plasticiser, for
      example TEGDA (triethylene glycol diacetate), is applied to the band in
      the filter tow unit (not shown) upstream of the passageway.
PAR  When the crimped band is released from the periphery 314 of the drum 313 it
      is subjected to streams of hot air from the nozzles of a manifold 350
      disposed about the perforated periphery 311 of the drum 310, which cause
      the crimps in the plasticised band to be set.
PAR  The band 11 now enters a fixed convergent baffle 351, and at the same time
      suction is cut off from the drum 310 by a wall 312C of the blanking member
      312.
PAR  Referring now also to FIG. 7, which shows the baffle 351 as viewed in the
      direction of arrow VII with the drum 310 removed, it will seem that the
      side walls 352 of the baffle are sharply convergent in the direction of
      movement of the band. The side walls 352 are connected by an outer wall
      353 which changes from an initially rectangular section to a semi-circular
      section at the throat 354 of the baffle. The outer wall 353 constrains the
      band 11 radially, (since it is not now held to the drum 310 by suction)
      but allows its thickness to increase to approximately 8 mm at the throat.
PAR  The band is then transferred to the narrow drum 320, which has a
      semi-circular groove 355 in its periphery, as can be seen in FIG. 8. The
      trailing edge of the outer wall 353 at the throat 354 extends partly into
      the groove 355, to which suction is applied through bores 356 to hold the
      band in the groove.
PAR  Mounted stationary at each side of the groove around the periphery thereof
      are side guides 357 enclosed by an outer guide 358. The guide 358 is
      shaped internally to change the section of the upper part of the band
      coming off the periphery 311 of the drum 310 from rectangular to
      semi-circular section, so that before reaching an opening 358A in the
      guide 358 the whole band 11 becomes approximately circular in section, as
      shown in FIG. 8. At the opening 358A a nozzle 359 directs a stream of
      acetone (or other detone solvent, or acetate or ester solvent) into the
      band 11 to reactivate the plasticiser and allow the springy filaments of
      the band to reset in their new compacted circular section.
PAR  The band 11 continues to be held in the groove and constrained by the
      guides 357 and 358 until it reaches the garniture tape 360, by which time
      the solvent has evaporated sufficiently to reset the band. A paper wrapper
      (not shown) on the tape 360 is then folded around the band, in the
      conventional manner, to form a continuous filter rod.
PAR  Instead of directing a stream of solvent into the band of circular section,
      the plasticiser therein may be reactivated by reheating the band around
      the narrow drum 320. Alternatively, further plasticiser may be applied to
      the band at the opening 358A, instead of solvent.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of forming a filler for a continuous cigarette filter rod
      comprising the steps of feeding a wide band of filaments of filter
      material into a wide shallow gap formed by two spaced moving surfaces to
      each of which suction is applied, the suction surfaces moving at a lower
      speed than the speed at which the band is fed so that the band is axially
      shrunk to crimp the filaments and the axially shrunken band is held to the
      suction surfaces, releasing the shrunken band from one of the surfaces and
      then narrowing the band to form a filler while retaining the crimp in the
      filaments produced by the axial shrinking.
NUM  2.
PAR  2. A method as claimed in claim 1 further comprising the step of setting
      the crimps in the filament before narrowing the band so that suction can
      be released from the band without losing the crimping.
NUM  3.
PAR  3. A method as claimed in claim 2 wherein the setting of crimps in the
      filaments is carried out by applying to the band a plasticiser to soften
      the filaments, and heating the plasticised shrunken band to set the
      filaments in a crimped condition.
NUM  4.
PAR  4. A method according to claim 3 further comprising the step of
      reactivating the plasticised band after being narrowed, by the application
      of a solvent thereto.
NUM  5.
PAR  5. A method of forming a filler for a continuous cigarette filter rod
      comprising the steps of feeding a wide band of filaments of filter
      material on to a moving surface to which suction is applied, the suction
      surface moving in the direction of movement of the band but at a lower
      speed than the speed at which the band is fed so that the band is axially
      shrunk to crimp the filaments and the axially shrunken band is held to the
      suction surface, and then narrowing the band to form a filler while
      retaining the crimp in the filaments produced by the axial shrinking, the
      band being narrowed by collecting it on a conveyor disposed diagonally
      across, and travelling generally in the direction of, the suction surface
      and also having suction applied thereto, and oscillating the conveyor
      transversely to its direction of travel so that the band is laid
      alternatively from one side to the other of the conveyor.
NUM  6.
PAR  6. A method as claimed in claim 5 further comprising the step of supplying
      air through the suction surface along the line of transfer of the band and
      in the opposite direction to the suction flow to assist in transferring
      the band onto the conveyor.
NUM  7.
PAR  7. A method of forming a filler for a continuous cigarette filter rod
      comprising the steps of feeding a wide band of filaments of filter
      material onto a moving surface to which suction is applied, the suction
      surface moving at a lower speed than the speed at which the band is fed so
      that the band is axially shrunk to crimp the filaments and the axially
      shrunken band is held to the suction surface, and then narrowing the band
      to form a filler while retaining the crimp in the filaments produced by
      the axial shrinking by directing it against a deflector disposed
      diagonally across the suction surface to roll the band and form a
      progressively advancing helical filler, and feeding the filler along the
      deflector.
NUM  8.
PAR  8. A method as claimed in claim 7 further comprising the step of supplying
      air beneath the deflector through the suction surface in the opposite
      direction to the suction flow so as to assist in rolling the band to form
      the filler.
NUM  9.
PAR  9. Apparatus for forming a filler for a continuous cigarette filter rod
      comprising a first movable surface having means for applying suction
      thereto, a second movable surface having means for applying suction
      thereto, the second surface being closely spaced from the first surface to
      produce therebetween a wide shallow gap, means for feeding a wide band of
      filaments of filter material into said gap at a speed greater than the
      speed of movement of the surfaces, so that the band is axially shrunk to
      crimp the filaments, and means to narrow the band to the desired width of
      the filler while retaining the crimp in the filaments produced by the
      axial shrinking.
NUM  10.
PAR  10. Apparatus as claimed in claim 9 wherein the two surfaces are first and
      second drums rotatable in opposite senses so that their adjacent surfaces
      move in the same direction at a peripheral speed less than the speed at
      which the band is fed to the gap between the drums, the first drum having
      a blanking member to cut off suction so that after passing through the gap
      the band is transferred to the second drum.
NUM  11.
PAR  11. Apparatus as claimed in claim 10 wherein the means to narrow the band
      whilst retaining the crimping comprises a third rotatable drum to receive
      the band from the second drum, a convergent baffle positioned between the
      second and third drums, and means upstream of the baffle to apply
      plasticiser to the band to set the crimps.
NUM  12.
PAR  12. Apparatus as claimed in claim 10 wherein the means for feeding a wide
      band of filaments of filter material comprises a passageway extending to
      the gap through which the band passes, suction being applied to the
      downstream end thereof from the suction drums to draw and axially shrink
      the band in the passageway.
NUM  13.
PAR  13. Apparatus as claimed in claim 10 wherein the means to narrow the band
      whilst retaining the crimping comprises successively means to apply
      plasticiser to the band, heater means downstream of the gap to heat the
      plasticised band to retain the crimping, and a convergent baffle disposed
      about a part of the periphery of the second drum to narrow the band.
NUM  14.
PAR  14. Apparatus as claimed in claim 13 further comprising a third drum having
      a groove in its periphery to receive the narrowed band from the second
      drum, stationary guides extending around the groove to restrain the band,
      and means for reactivating the plasticiser to set the narrowed band.
NUM  15.
PAR  15. Apparatus as claimed in claim 14 wherein the means to reactivate the
      plasticiser comprises a ketone solvent.
NUM  16.
PAR  16. Apparatus for forming a filler for a continuous cigarette filter rod
      comprising a first movable surface in the form of a conveyor, means for
      applying suction to said conveyor, means for feeding a wide band of
      filaments of filter material onto the surface of said conveyor at a speed
      greater than the speed of movement of the surface, so that the band is
      axially shrunk to crimp the filaments, a deflector disposed diagonally
      across the width of the conveyor close to the surface thereof to intercept
      the band and roll it to form a progressively advancing helical filler, and
      means to narrow the band to the desired width of the filler while
      retaining the crimp in the filaments produced by the axial shrinking.
NUM  17.
PAR  17. Apparatus as claimed in claim 16 further comprising means for blanking
      off the portion of the conveyor beneath the deflector, and means for
      supplying air thereto in the opposite direction to the suction flow so as
      to assist in rolling the band to form the filler.
NUM  18.
PAR  18. Apparatus for forming a filler for a continuous cigarette filter rod,
      comprising a first conveyor having means for applying suction thereto,
      means for feeding a wide band of filaments of filter material on to the
      first conveyor at a speed greater than the speed of movement of the first
      conveyor so that the band is axially shrunk to crimp the filaments, and
      means to narrow the band to the desired width of the filler while
      retaining the crimp in the filaments produced by the axial shrinking, said
      means to narrow the band including a second conveyor disposed diagonally
      across the first conveyor to collect and narrow the band, the second
      conveyor travelling generally in the direction of the first conveyor and
      also having means for applying suction thereto, and means for oscillating
      the second conveyor transversely to it direction of travel so that the
      band is laid alternatively from one side to the other of the second
      conveyor.
NUM  19.
PAR  19. Apparatus as claimed in claim 18 further comprising means for blanking
      off a portion of the first conveyor beneath said second conveyor and means
      for supplying air thereto in the opposite direction to the suction flow so
      as to assist in transferring the band on to the second conveyor.
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ABST
PAL  A packaging process and machine for performing the process is disclosed by
      which flat case blanks are stripped from a stack of blanks at a case
      storage and stripping station and then formed into open cases at a case
      forming station. The open cases are then transferred from the case forming
      station to a product stacking and packing station where products are
      grouped into layers, the layers stacked one upon the other, and the stack
      packed into the open case. The packed cases are then moved to a case
      sealing station and there sealed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to packaging processes and machines, and
      particularly to processes and machines for packaging stacks of
      multi-layered groups of products in cases.
PAR  It is a general object of the invention to provide an improved process and
      machine for packaging multi-layered groups of products.
PAR  More specifically, it is an object of the invention to provide a packaging
      process by which cases may be formed from case blanks, products grouped
      and stacked, the formed cases packed with the stacks of products, and the
      packed cases sealed all by one continuous and repetitive series of process
      steps.
PAR  Another object of the invention is to provide a packaging process of the
      type just described which may be conducted in an efficient, expeditious
      and reliable manner.
PAR  Another object of the invention is to provide a packaging machine in which
      products may be sequentially fed, grouped together into distinct layers,
      arranged into multi-layered stacks and packed into a case.
PAR  Another object of the invention is to just provide a packaging machine of
      the type just described in which case blanks may be formed into open
      cases, packed with goods and sealed.
PAR  Yet another object of the invention is to provide a packaging machine of
      the type just described which may operate in an efficient, expeditious and
      reliable manner.
PAC  SUMMARY OF THE INVENTION
PAR  In one form of the invention a packaging process is provided by which flat
      case blanks are stripped from a stack of blanks at a case storage and
      stripping station, formed into open cases at a case forming station, and
      transferred to a product stacking and packing station. Products are
      grouped at the product stacking and packing station into layers which are
      then stacked one upon the other to form stacks of products. The stacks of
      products are then packed in the open cases which thereafter are moved to a
      case sealing station and there sealed.
PAR  In another form of the invention a packaging machine is provided comprising
      means for stripping flat case blanks from a stack of blanks at a case
      storage and stripping station, means for forming the stripped flat case
      blanks into open cases, at a case forming station and means for
      transferring the formed open cases from the case forming station to a
      product stacking and packing station. The machine further comprises means
      for grouping products at the product stacking and packing station into
      layers and for stacking the layers one upon the other to form stacks of
      products, means for packing the stacks of products into the open cases,
      and means for moving the packed cases to a case sealing station and there
      sealing the cases.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic plan view of a packaging machine embodying principles
      of the invention in preferred forms, which machine may be employed in
      performing packaging processes conducted in accordance with other
      principles of the invention.
PAR  FIG. 2 is a schematic view in perspective of goods and container cases
      therefor undergoing a series of packaging process steps performable by the
      machine of FIG. 1.
PAR  FIG. 3 is a perspective view of the case storage and stripping station of
      the packaging machine shown in Figure 1.
PAR  FIG. 4 is a perspective view of the case forming station of the machine
      shown in FIG. 1.
PAR  FIG. 5 is another view of the case forming station shown from a different
      perspective from that of FIG. 4 together with a case transferring station
      of the machine with case transferring apparatus therein shown in a case
      receiving position.
PAR  FIG. 6 is another perspective view of the case transferring station shown
      in FIG. 5 with the case transferring apparatus shown in case delivering
      postion.
PAR  FIG. 7 is a perspective view of the product stacking and packing station of
      the machine shown in FIG. 1.
PAR  FIG. 8 is an end on view in elevation of the elevator component of the
      product stacking and packing station shown in FIG. 7.
PAR  FIG. 9 is a perspective view of the case sealing station of the machine
      shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  I. GENERAL DESCRIPTION
PAR  Referring now in more detail to the drawing, there is schematically
      illustrated in FIG. 1 a packaging machine 1 providing a case storage and
      stripping station 10 in which case blanks are removed one at a time from a
      stack of blanks, a case forming station 12 where case blanks are opened
      and their bottoms sealed, and a case transferring station 14. The machine
      also includes a product stacking and packing station 16 and a case sealing
      station 18. The product stacking and packing station is seen to include a
      limit valve 24 plus a series of three conveyor belts 20, 21 and 22 driven
      at mutually diverse velocities in order to group products for packing as
      hereinfafter explained.
PAR  The principle packaging process steps performed by the just described
      machine on cases and products is schematically illustrated in FIG. 2.
      Here, cardboard case blanks 25 are seen to be composed of a set of planar
      panels unitarily hinged together to provide a case top panel 28 and a top
      tab 28', a bottom panel 29, a front panel 30, a rear panel 31, four end
      flaps 32 and four end sides 33. The case blanks are first striped from a
      position at the end of a stack of vertically juxtaposed blanks to a
      position closely adjacent the stack end at the case storage and stripping
      station 10. From here each individually stripped blank is moved laterally
      from the stack to the case forming station 12 where strips of adhesive 38
      are coated on the pair of end flaps 32 hinged to bottom panel 29. Here,
      the front and rear panels 30 and 31 are folded into a parallel relation,
      the four end sides 33 folded, and the end flaps 32 hinged to the bottom
      panel folded over portions of the end sides and secured thereto by the
      adhesive. With all walls of the case now formed except for that provided
      by the top panel the case is moved at a case transferring station 14 into
      position for receipt of goods at the product stacking and packing station
      16.
PAR  At the product stacking and packing station individual goods or packs of
      goods 35 are placed upon conveyor belt 20 which is driven continuously at
      a relatively slow velocity. To insure spacial separation between the
      individual packs the goods are delivered by belt 20 onto a second conveyor
      belt 21 which is driven at a higher velocity than belt 20. This belt is
      also driven continuously until such time as limit valve 24 should sense
      the continued presence of a pack for a selected period of time in which
      event belt 21 is halted. From conveyor belt 21 the packs of goods are
      delivered to the third belt 22 which is independently driven at a faster
      speed than belt 21 which further increases the spacings between the
      individual packs. Conveyor belt 22 is driven whenever less than a
      predetermined number of packs, such as the illustrated group of three, are
      present at a receiving dock adjacent the end of the belt. At all other
      times the belt is halted. From the receiving dock individual groups of
      packs are stacked verticially by elevator means and then inserted into the
      awaiting case. Finally, the packed cases are moved to the case sealing
      station 18 where the case top panel 28 is folded and the top tab 28 and
      two other end flaps 32 coated with adhesive and sealed to front panel 30
      and to end sides 33, respectively.
PAR  II. CASE STORAGE AND STRIPPING STATION
PAR  With reference next to FIG. 3, the case storage and stripping station 10 of
      the packaging machine 1 is seen to include a pair of parallel feed screws
      or augers 116 supported upon a frame 112 and adapted to be driven in the
      opposite rotary directions indicated by arrows 113. This drive is
      accomplished by means of a gear head motor 130 having a motor drive
      sprocket 126 in mesh with a drive chain 122 that is routed over a pair of
      idler sprockets 124 and into mesh with sprockets 120 of air clutches 118.
      Two pairs of guide rails 114 extend above the feed screws to the other
      side of frame 112 where a pair of limit valves 119 are located which serve
      to control operation of the feed screws through control of the air
      clutches. Another limit valve 132 is provided here to sense a depleted
      condition of the case blanks stored vertically upon the screws.
PAR  In addition to the positive, intermittent drive provided by feed screws to
      the bottom of the case blanks their upper portion is also biased to the
      left, as viewed in this FIG. 3, by means of a pressure plate 141 suspended
      from a dolly 140 moveably mounted to a dolly guide rail 144 by means of
      dolly rollers 142. The dolly is provided with a latching lug 152 by which
      the pressure plate may be held to the right by cooperating latch 154
      during blank replenishments. When not so latched the dolly and pressure
      plate are biased to the left by means of a recoil reel 148 from which a
      cable 150 extends to the dolly.
PAR  For individually stripping end case members from the stack a vertically
      oriented stripping blade 163 is mounted to one edge of a Teflon stripping
      plate 162 having a set of suction apertures 164 formed therein which
      communicate through a manifold to an unshown vacuum pump. The stripping
      plate and suction manifold assembly is mounted to a hydraulic cylinder 168
      in sliding engagement with a slide bar 166 rigidly secured to frame 112.
      Pairs of aligned case feed rollers 190 are secured to a pair of feed
      roller drive shafts 180 which are coupled with a gear head motor 172 by
      means of a drive chain 176 in mesh with a motor drive sprocket 174 and a
      coupling chain 186 in mesh with coupling sprockets 182. A backing roller
      192 is spring biased into rotatable engagement with each case feeding
      roller 190. Finally, a pair of tucking fingers 214 (only one of which is
      shown in FIG. 3) are provided for urging the case blanks completely out of
      the feed and backing rollers with each tucking finger being secured to a
      drive shaft 212. This drive shaft is rotatably driven by a cylinder 202
      having a cylinder piston rod 204 pivoted to a lever 206 mounted to the
      drive shaft. A limit spring 208 is provided to inhibit excess force from
      being applied to a case blank by the tucking fingers.
PAR  III. CASE FORMING STATION
PAR  The case forming station is seen in FIG. 4 to include a frame 201 above
      which is rigidly mounted a case forming head support frame 218. A case
      forming head or mandrel 216 is mounted to the end of a slide bar 222 that
      is slidably disposed between a set of rollers 220 rotatably mounted to the
      support frame. A pair of stay bars 247 are secured to one side of the
      slide bar. An hydraulic cylinder 232 is secured atop frame 201 aside frame
      218 with its piston rod 234 mounted to a case forming head 216. A limit
      valve 226 is mounted to frame 218 to sense the position of the forming
      head 216 through contact with a limit valve actuating cam 224 mounted to
      the end of slide bar 222.
PAR  With continued reference to FIG. 4 the case forming station is seen further
      to include a case receiving chamber 270 partially bounded by a bed of
      fixed rollers 271 mounted to a case compression platform 273 for rotation
      about parallel horizontal axes, and two parallel sets of rollers 272
      mounted for rotation about vertical axes to each side of the bed of fixed
      rollers. All of the vertical rollers to the left of the bed, as viewed in
      this figure, are journalled in a fixed roller compartment 276 while half
      of the rollers to the right side of the bed are journalled in another
      fixed roller compartment 276 with the remaining half being rotatably
      mounted in a pivotable roller compartment 274. At the end of the bed is
      located a case gripping and indexing mechanism comprising a suction plate
      282 having a suction aperture 238 mounted to an indexing arm 280 in which
      a suction manifold is located in fluid communication with aperture 283. A
      pair of case gripping fingers 286 are hinged to the indexing arm behind
      the suction plate. The gripping fingers are spring biased inwardly towards
      one another by the tension springs 287 shown in Figure 5.
PAR  Aside the entrance of the case receiving chamber are mounted four journals
      242 in which two cam bars 240 are pivotally disposed one above the other.
      To a central portion of each cam bar is rigidly secured a hold down plate
      248 straddled by another pair of L-shaped folding fingers 246. A fixed
      pair of folding cams 260 are also rididly mounted aside the case receiving
      chamber entrance between a pair of pressure rollers 262 spring biased
      towards one another. A pair of stay bars 247 are secured to one side of
      slide bar 222 for engagement with the hold down plates 248 mounted to
      pivotable cam bar 240. A shock absorber is also mounted atop the frame
      201.
PAR  IV. CASE TRANSFERRING STATION
PAR  With references next to FIGS. 5 and 6, the case transferring station is
      seen to include the indexing arm 280 having the just described case
      gripping mechanism secured to one end thereof. In FIG. 5 the indexing arm
      is shown in position to retrieve a case from the case receiving chamber
      270 while in FIG. 6 the arm is shown pivoted some 90.degree. to deliver
      the case to the product stacking and packing station 16. Pivoting of the
      indexing arm is accomplished by means of an hydraulic cylinder 306 having
      a piston rod 304 coupled to a crank arm 302 which is rigidly secured to a
      shaft 290 journalled in bearing mount 298. The indexing arm is also
      rigidly secured to shaft 290 by means of two split mounting blocks 292
      with the upper block having a limit valve actuating tab 294 secured
      thereto. A flexible suction hose 296 extends from the bottom of the
      indexing arm to an unshown suction pump.
PAR  In order for the indexing arm to pivot counterclockwise from its position
      shown in FIG. 5 without jamming a case against the compression rollers
      bounding chamber 270 a mechanism is provided for pivoting roller
      compartment 274. This mechanism includes an hydraulic cylinder 281 secured
      to a pivotable mounting bracket 283 with its piston rod 279 coupled with a
      crank 277 rigidly mounted atop a drive shaft 275 secured to the pivotable
      roller compartment. A limit valve 285 is mounted atop this compartment to
      sense its position.
PAR  In FIG. 6 means are shown for urging a gripped case out of the indexing arm
      gripping means and into the product stacking and packing station. This
      means comprises an hydraulic cylinder 314 mounted within a cylinder
      housing 319 rigidly secured to a frame member 313. To one end of the
      cylinder piston rod is mounted a case push off plate 312 while the other
      end of the piston rod extends out of the opposite end of the cylinder
      within housing 319 for movement into and out of tripping engagement with a
      pair of limit valves 324 and 325. A guide rod 318 is also disposed within
      housing 319 journalled through a pair of collars 320 with a lug 322
      mounted to the end of the rod distal the push off plate. Finally, a limit
      valve 295 is mounted to frame 313 in alignment with actuating tab 294.
PAR  V. PRODUCT STACKING AND INSERTING STATION
PAR  Referring next to FIG. 7 and 8, the packaging machine product stacking and
      packing station is seen to include a case receiving dock 501 at the end of
      conveyor belt 22 adjacent a belt drive roller 502 rotatably journalled to
      product guide rails 504. A limit valve 506 is mounted to a stop plate 508
      at the end of the dock to detect a fully loaded dock condition. A push
      plate 510 is shown movably disposed and aside dock 501 from one side of
      which plate a product stop plate 511 extends. The push and stop plate
      assembly is mounted to the end of a slide bar 513 slidably mounted between
      four rollers 515 journalled to a pivotable slide bar frame 518. An
      hydraulic cylinder 520 is mounted to frame 518 with the end of its piston
      rod 521 rigidly mounted to stop plate 510. Another hydraulic cylinder 524
      is provided having its piston rod pivoted to one end of an arm 525 which
      has its opposite end mounted to a shaft 527 journalled to a fixed frame
      member 529. To the middle arm 525 is mounted an extension rod 530 which is
      coupled to the bottom of the pivotable slide bar frame 518. With this
      arrangement hydraulic cylinder 524 may serve to pivot the slide bar frame
      518 mounted atop pivotable platform 531, which in turn is pivoted to fixed
      frame member 529, while cylinder 520 may serve to reciprocally push plate
      510 on the pivotable slide bar frame.
PAR  To the end of dock 501 distal the push plate is secured a guide rail 540. A
      pair of endless chains 542 are mounted in mesh with drive sprockets 543
      within two docks channels 545 which parallel the guide rail 540. A cradle
      548 is pivotably mounted to a pair of transverse bars 549 which extend
      between a pair of fixed frame members 550. Pivotable movement is provided
      by a cylinder 553 which here is shown orienting the cradle in its down
      position. Extension of the cylinder piston rod 555 causes cradle 548 to
      swing in an upward arc about the parallel bars 549. The cradle itself
      supports cylinder 596 that has its piston rod 597 secured to a product
      push off plate 564 held pendant from the cradle by a slide collar 566.
      With this arrangement of hydraulic cylinders push off plate 564 may be
      advanced horizontally through elevators 570, returned horizontally through
      the elevator and then lowered back to its starting position during each
      product stacking operation.
PAR  The elevators 570 themselves are seen to include two sets of angle iron
      shelves 571 mounted to endless chains 572 in mesh with a pair of upper and
      a pair of lower sprockets rotatably mounted inside of elevator housing
      575. The angle irons shelves are driven by a cylinder 595 which
      reciprocates a base plate 556 to which a pair of push arms 558 are
      pivoted. Each push arm has a pair of fingers 559 positioned to straddle a
      lug 560 projecting from a drive wheel 561 overlaying the lower sprockets.
      A pair of fixed cams 569 are also mounted to base plate 556 to engage lugs
      560 upon cylinder extension to continue the advancement of the drive
      wheels slightly beyond that imparted by arms 558 during each stroke of
      piston 595. A tension spring 561 biases the arms 558 apart towards the
      fixed cams. A limit valve 563 is disposed between the upper pair of
      sprockets 574 to sense a fully stacked elevator condition and thereby
      initiate insertion of the stacked products into accumulator chamber 580 by
      the action of push off plate 564 secured to cradle 548.
PAR  Above the product accumulator chamber 580 are mounted a pair of product
      hold down brushes 582. A push off plate 584 is mounted to a piston rod 586
      of a hydraulic cylinder 587 mounted adjacent the right side of the
      accumulator chamber as viewed in the figure. This device provides means
      for inserting the accumulated stack of products into the case positioned
      at the open end of a funnel 590 disposed to the left side of the
      accumulator chamber.
PAR  VI. CASE SEALING STATION
PAR  With reference now to FIG. 9 the case sealing station is seen to include a
      walking beam conveyor 630 comprising a pair of rails 632 mounted astride a
      set of three mutually spaced channels irons 634. Three pairs of walking
      beams 636 are serially mounted to three unshown endless chains rotatably
      disposed beneath channels 634. A limit valve 638 is mounted to a bracket
      639 in alignment with funnel 590 to sense the arrival of a case at the
      funnel mouth.
PAR  Down the walking beam conveyor 630 from funnel 590 is located a case stall
      position 650 and past this a hot melt glue head 662 to which glue is
      supplied via a conduit 664 which communicates with an unshown glue
      reservoir. This glue head is programmed to apply strips of glue to case
      end flaps 32 and top tab 28' by a sequential series of timer controls 666
      mounted to a rail 632. Past the glue head is located a pair of case top
      folding cams 676 which are reciprocally raised and lowered by unshown
      hydraulic cylinder means mounted beneath the walking beams conveyor.
      Another walking beam 674 is provided for movement within a set of channels
      672 in urging packed cases perpendicularly from the path of walking beam
      conveyor 630 into a case compression chamber 670. Two camming posts 678
      are vertically positioned astride this chamber entrance for tucking back
      the case end flaps 32 while two roof cams 679 are located atop the chamber
      entrance to tuck back the case top tab. Finally, parallel sets of
      compression rollers 680 form the chamber sides while a bank of
      independently suspended spring urged rollers 681 are mounted atop the
      chamber exit.
PAR  VII. MACHINE OPERATION
PAR  The just described machine may be used in practicing the packaging process
      by energizing the hydraulic cylinders and controlling them through the
      limit valves. Products now introduced onto conveyor belt 20 will become
      spaced by belts 21 and 22 and then delivered onto the product receiving
      dock 501. Once a group of three packages of products are placed on the
      dock as shown in phantom lines in FIG. 7 limit switch 506 activates
      cylinder 520 which pushes the group over the surface of the dock into
      alignment with the entrance of elevator housing 575 beneath the leading
      edge of stop 540. When this is completed piston 524 pivots slide bar frame
      578 which lifts push plate 510. With the push plate so raised cylinder 520
      retracts the plate and then cylinder 524 pivots the slide bar frame back
      to its initial position bringing push plate 510 down to its initial
      position to complete a cycle of operation. That the push plate is raised
      above the dock during its return enables products to be received on the
      dock during this portion of the cycle thereby enhancing the speed of
      machine operations.
PAR  Once the group of products are set for entry into the elevator housing an
      unshown electric motor is energized driving chains 542 causing push bar
      541 secured thereto to urge the group onto a pair of shelves provided by
      angle irons 571. Once each aligned pair of shelves is loaded, cylinder 555
      raises that shelf readying the next successive pair of shelves for receipt
      of the next group of products. When five layers of products are so loaded
      as shown in phantom lines in FIG. 8, acutation limit valve 563 causes
      cylinder 560 to urge push plate 564 through the elevator housing thereby
      pushing the stacked products into accumulator chamber 580. During the
      return cycle cradle 548 pivots upwardly thereby raising push plate 564 to
      insure that it does not strike any products on dock 501 awaiting elevator
      entry. This action further enhances the speed of machine operations. Once
      the stacked products are held in the accumulator chamber and a case is
      sensed by limit valve 638 to be in position at the end of funnel 590,
      cylinder 587 is actuated causing push plate 584 to urge the stack of
      products out of the accumulator chamber, through the funnel, and into the
      case.
PAR  To provide an open case for product packing case blanks 25 are stripped one
      at a time from the stack disposed upon drive screws 116 within the case
      storage and stripping station. This is done by the stripper plate or blade
      and blank indexing manifold assembly reciprocally driven by cylinder 168.
      As each blank is stripped from the stack of blanks glue is applied to two
      end flaps 32 by glue head 194. Once positioned in the case forming station
      12 the forming head is driven against the case bottom panel 29. As the
      blank is so driven towards case receiving chamber 270 hold down plates 248
      on pivotal cam bar 240 fold the front and rear case panels while the
      L-shaped folding fingers 246 fold back the four end sides. During this
      operation both fingers 246 and plates 248 pivot as the cam bars to which
      they are mounted pivot. Continued movement of the forming head forces the
      case within the receiving chamber 270 where rollers 272 compresses the end
      flaps and the folded end sides for a period of time against the forming
      head sufficient to insure permanent adherence.
PAR  Following the just described assembly of a case blank into an open case
      configuration indexing arm 280 retrieves the case from receiving chamber
      270 and swings it over onto the end of walking beam 630. In performing
      this operation the hinged roller compartment 274 swings open as previously
      described. Once positioned on the walking beam conveyor push off plate 312
      releases the case from the indexing mechanism and walking beams 636
      delivers it in front of funnel 590 where the stacked products are
      inserted. From here the packed case is stepped down the walking beam
      conveyor, through the case stall position, and then under glue head 662
      which applies strips of glue to the open pair of end flaps and to the top
      tab. Folding cams 676 then fold up the case top panel and walking beams
      674 moves the case into compression chamber 670 through caming posts 678
      and roof cams 679 which bring the end flaps into abutment atop end sides
      33 and tab 28' into abutment atop front panel 30. After a pause in the
      compression chamber of sufficient duration to allow the glue to bond, the
      packed case is exited from the machine.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a packaging machine having means for forming a flat case blank into
      an open case at a case forming station including a forming head mounted
      for movement along a linear path terminating between parallel sets of
      compression rollers and means for transferring the formed open cases from
      the case forming station to a product stacking and packing station the
      improvement comprising means for moving selected member rollers of one of
      said sets between a position relatively remote from and a position
      relatively close to said path and wherein said transferring means includes
      case gripping means and means for moving said case gripping means along a
      path passing closely adjacent said rollers remote position.
NUM  2.
PAR  2. The packaging machine of claim 1 wherein said forming means includes a
      pair of spaced pivotable bars and said case forming head being movable
      along a path passing between said pivotable bars.
NUM  3.
PAR  3. The packaging machine of claim 2 wherein said forming means further
      includes a set of case panel folding fingers rigidly secured to and
      projecting from each of said pivotable bars towards said path.
NUM  4.
PAR  4. The packaging machine of claim 3 wherein portions of at least some of
      said folding fingers project from said bars closely along side said path.
NUM  5.
PAR  5. The packaging machine of claim 2 wherein said forming means further
      includes a pair of compression rollers mounted astride said path for
      rotation about parallel axes.
NUM  6.
PAR  6. The packaging machine of claim 1 wherein said case gripping means is
      mounted for reciprocal movement between a position adjacent said case
      forming station and a position adjacent said case stacking and packing
      station.
NUM  7.
PAR  7. The packaging machine of claim 6 wherein said case gripping means
      includes a suction manifold having an aperture disposed between a pair of
      spring biased case gripping fingers.
NUM  8.
PAR  8. The packaging machine of claim 6 wherein said transferring means
      includes an index arm to an end of which said case gripping means is
      secured, and hydraulic cylinder means for pivoting said index arm.
NUM  9.
PAR  9. The packaging machine of claim 6 wherein said transferring means further
      includes a push plate mounted at said position adjacent said case stacking
      and packing station for reciprocal movement along a linear path.
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ABST
PAL  The invention provides a forme construction for a die cutting apparatus in
      which cutting rule is supported in slots in a relatively massive support
      plate by using sinuous resilient elements lying between walls of slots in
      the support plate and the sides of the rule.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to formes for die-cutting (and like operations) on
      card and like materials.
PAR  One known forme construction comprises a sheet of plywood which is saw-cut
      to create grooves into which cutting rule is jammed, edge-on, and this
      construction has been used for both flat and curved formes -- that is for
      both flat-bed and rotary die-cutting. However the dimensional accuracy is
      low, not only because of the nature of plywood, but also because it is
      necessary to interrupt the cuts lest the plywood become severed into
      separate pieces, and to notch the rule so as to span the gap between
      successive saw-cuts, and the rule is weak and relatively unsupported in
      these areas: alternatively the several pieces of plywood have to be joined
      together by separate means and the security of hold of the rule is then at
      risk. Different thicknesses of rule are used for different purposes i.e.
      cutting soft corrugated board, thin card, or thick cardboard, and if the
      plywood is sawn for one rule, and then it is found necessary to use
      another, the sawn plywood may be scrapped because its saw cut is too
      narrow or too wide to afford the necessary grip to the rule, especially
      with rotary die-cutting.
PAR  An alternative forme construction uses sheet metal as the support, and
      studs welded to the sheet, the rule being secured to the studs. This has
      advantages in that the rule abuts the sheet metal to provide a firm base,
      and if notched the notches are smaller in length being merely to span a
      stud, but the length of rule between each two studs is only supported
      laterally by the stiffness of the rule, and increasing the number of studs
      to provide better lateral support brings problems especially where the
      total area of the pattern to be cut and like by the rule is small and
      intricate.
PAC  Summary of the Invention
PAR  The object of the present invention is to provide an improved forme
      construction.
PAR  In accordance with a first aspect of the present invention, a forme
      comprises a support provided with a pattern of slots each of a width
      greater than that of the rule which is arranged in the said pattern and
      with each length of rule between successive notches located in the slots,
      said rule being held in the slots by individual sinuous blade-like and
      resilient elements each arranged between one lateral side of the rule and
      the adjacent side of the slot.
PAR  Hence, in this broadest aspect of the invention the problem of holding the
      rule securely is overcome since the resilient elements can be designed to
      provide a required force to hold the rule securely in place. Moreover, and
      according to a first preferred feature of the invention, the opposite side
      of the rule abuts a shim which serves to locate the rule laterally of the
      slot and then in the event that a rule of different thickness is employed,
      a correspondingly thinner or thicker shim may be employed to hold each
      rule accurately in a fixed position, so as to enable the line of cut made
      by both rules to be in exactly the same position; e.g. the rule is
      centralised in the slot by the shim.
PAR  Alternatively, the shim is omitted or replaced by a second resilient
      element as shown in FIG. 4.
PAR  It is preferred to employ a support sheet of substantial thickness, by
      which is meant say 1/4 inch or 1/8 inch rather than sheet metal of a mere
      few hundredths of an inch thickness so as to provide a substantial area
      for contact by the shim packing (if used) and by the resilient element in
      order to hold the rule securely in a fixed position and thus avoid risk of
      the rule tilting laterally. Both the shims and the resilient elements may
      project above the face of the sheet, to provide support for the rule. The
      support sheet could be made of many materials, e.g. plywood, a plastics
      material, or a metal such as a semi-hard aluminium. A material with a high
      tensile strength -- e.g. aluminum -- as compared to some plywoods -- is
      preferred as this enables any gaps between adjacent ends of slots to be
      small without excessively weakening the forme, and so that the rule may be
      notched to bridge these gaps without either excessively weakening the rule
      or providing long lengths of poorly supported rule.
PAR  However, the slots may be continuous to avoid notching the rule at all, by
      using a block-die construction, in which blocks are attached to a backing
      sheet to create the slots between adjacent edges of the blocks.
PAR  A preferred form for the resilient elements is a springy sheet metal strip
      formed into a zig-zag shape; the width of the strip (the length of each
      rib or channel formed by the sinuousity) corresponding at least to the
      thickness of the support plate or like, and the formed length transversely
      of the ribs or channels being slightly less than the length of each slot.
      When pressed into the gap between the rule and the slot side, so that the
      ribs extend transversely of the rule, the latter is contacted at a
      plurality of parallel lines, and the slot side likewise. Any slight
      flattening of the element caused by compression of the ribs in this action
      may be accompanied by slight lengthening of the element. Suitable
      corrugated elements are available commercially as used for joining two
      pieces of wood which lie side-by side.
PAR  Where a thick metal plate is used for the forme support, the slots may be
      milled, and conveniently a punched tape controlled milling machine is
      employed: such machines exist both for machining in areas defined by X and
      Y axes at right angles to one another, and also for machining in areas
      defined by an X axis and a rotational axis, i.e. both along and about an
      axis, and these will be suitable for flat plates and rotary type formes
      respectively. In the latter case the generation of the tap for milling
      slots either parallel to the X axis or arcuately in a plane normal to the
      axis is straightforward, but the cutting of slots in position to locate
      the rule so as to cut circles or ellipses (for example) when the forme is
      in use, is more complex, but readily capable of creation by computer
      programming.
PAR  In general, the forme provided by the invention (in the case of a rotary
      die cutter) may be laid directly on a hardened roll so that the rules will
      seat on the roll surface, for cutting with a high degree of accuracy. If
      an unhardened roll is in use, the support sheet will normally be
      permanently backed by a sheet metal layer e.g. of stainless steel.
      According to a feature of the invention, the sheet is made of a laminar
      material including at least one layer of metal and at least one layer of
      non-metal. The support sheet may be of a sandwich material for example
      comprising a plywood having a metal bonded to one or both faces.
      Alternatively, the laminar material may comprise a cardboard, millboard or
      the like with a metal facing on one or both faces, or plastics laminates
      especially thermosetting plastics such as those sold under the Registered
      Trade Mark BAKELITE, FORMICA, and the like.
PAR  If the laminar material does include metal, and this is on one face only,
      it is preferred that this should be the face which is uppermost, that is
      located towards the cutting edge of the rule, and more remote from the
      plain edge of the rule, as shown in FIG. 4, since the resilient elements
      will normally be inserted into the slots in the support from above.
DRWD
PAC  Brief Description of the Drawings
PAR  FIG. 1 is a perspective view of a forme;
PAR  FIG. 2 is a fragmentary plan view of the same;
PAR  FIG. 3 is a section taken on the line 3--3 of FIG. 2 and
PAR  FIG. 4 is a section taken on the line 4--4 of FIG. 3, but showing the
      assembly partly completed, as will be more particularly explained
      hereinafter.
DETD
PAC  Description of the Preferred Embodiments
PAR  The drawings are somewhat diagrammatic, and do not show details such as any
      ties, clamps or the like for attaching the forme to the roll in a
      die-cutting machine. The forme comprises a support sheet 10, of
      substantial thickness, and made of any of the materials, or composite
      materials as explained hereinbefore. The support sheet is apertured to
      provide series of slots 12, which extend generally along the line to be
      followed by the cutting rule. The rule, as best seen in FIG. 3, is notched
      so that portions 14 located on the margins opposite to the cutting edge 16
      lie within the respective slots and so that the free edge 18 opposite the
      cutting edge is co-planar with the undersurface of the support sheet 10.
PAR  The rule is aligned transversely with respect to the slots by packing shims
      20, selected to be of a suitable width, and capable of being interchanged
      for others of different width if it is required to adjust the lateral
      position of the rule at any point.
PAR  On the side of the rule opposite to the shims are located a series of
      resilient elements 24, also as more particularly hereinbefore described.
      FIG. 4 shows one such element 24 partly inserted into the space between
      the rule and the adjacent edge of the slot, and the element may be driven
      home so as to secure the rule in position. The resilient elements
      preferably have the lower edge, which is inserted first into the slot,
      tapered to facilitate insertion, but with the taper extending only over a
      short distance so as to give maximum support to the rule over the
      non-tapered area.
PAR  It will be appreciated that many variations are possible within the scope
      of the invention as defined by the accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A forme in which a rule is held securely and accurately in position,
      comprising a plate-like support provided with a pattern of slots, each
      slot being wider than the thickness of the rule, the rule being mounted in
      the slots, at least two slots being aligned, with an intervening gap, and
      the rule having a notch to accommodate said gap, and a retaining element
      having a press fit beside the rule in each slot, said element consisting
      of a corrugated strip of sheet metal, the corrugations being rectilinear
      and parallel to one another, running transversely of the rule, and having
      linear contact with the rule and with the side of the slot, and the force
      exerted against the rule and the side of the slot by the corrugated strip
      being great enough to hold the rule securely and accurately in position
      and to prevent tilting of the rule.
NUM  2.
PAR  2. A forme according to claim 1 wherein each slot accommodates two of the
      aforesaid retaining elements, one located on each side of the rule.
NUM  3.
PAR  3. A forme according to claim 1 wherein each slot is of a width exceeding
      the combined thicknesses of the rule and the retaining element inserted
      into the slot on one side of the rule, and wherein the excess width of the
      slot is taken up by a shim removably located on the opposite lateral side
      of the rule.
NUM  4.
PAR  4. A forme according to claim 1 in which the width of each corrugated
      retaining element exceeds the depth of the associated slot, and a portion
      of each element is in contact with the rule where it projects beyond the
      slot.
NUM  5.
PAR  5. A forme according to claim 4 in which said slots each extend through the
      entire thickness of the support, and the corrugated elements are beveled
      along that edge which is introduced into the associated slot.
NUM  6.
PAR  6. A forme according to claim 1 in which said slots each extend through the
      entire thickness of the support.
NUM  7.
PAR  7. A forme according to claim 1 in which the corrugated elements are
      beveled along that edge which is introduced into the associated slot.
NUM  8.
PAR  8. A forme according to claim 1 in which the support is in the form of a
      metal sheet.
NUM  9.
PAR  9. A forme according to claim 1 in which the support comprises a laminar
      material including at least one layer of metal and at least one layer of
      non-metal, there being a metal layer at the surface of the support from
      which the rule extends.
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ABST
PAL  An exhaust hood over a cooking appliance has sides that extend down
      substantially closer to the cooking surface than does the front of the
      exhaust hood. A wall slants forwardly and upwardly from the rear of those
      sides to the top of the hood adjacent the front thereof. This wall has an
      opening through which the fumes are drawn to an exhaust duct, and a grease
      extractor positioned across that opening. At the front of the hood a
      baffle extends between the sides and rearwardly from the front of the hood
      in a horizontal direction.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Commercial establishments use large exhaust hoods over cooking surfaces,
      e.g. a fry plate, to remove the cooking fumes. For effective fume removal,
      it is necessary that large volumes of air be exhausted through these ducts
      and that a corresponding amount of fresh, exterior air enter the building
      at other locations. For example, with a canopy type hood, the National
      Fire Protection Association Code (No. 96, Appendix A) specifies that the
      exhaust air in cubic feet per minute should be between 100 and 150 times
      the entrance area (front, sides, etc.) of the hood in square feet. Since
      this same amount of air must necessarily be drawn in from the outside, the
      result is that there is a correspondingly increased load on the heating
      and/or air conditioning system of the building. Of course, this requires
      additional energy and is a corresponding expense to the operator of the
      business.
PAR  In an effort to alleviate this expense, various forms of "direct make-up
      air hoods" have been devised. These hoods have provision for drawing in
      air directly into the hood from the outside, and thus that air is not
      acted upon by the heating/air conditioning system of the building. This
      direct make-up air is then directed in streams within the hood in a manner
      intended to entrain the cooking fumes for removal through the hood.
      However, the codes applicable to exhaust hoods invariably require that a
      direct make-up air hood exhaust a greater quantity of air than would
      otherwise be the case. Thus, to a significant extent, the use of a direct
      air make-up hood is self-defeating because larger exhaust fans are then
      required, the larger exhaust fan being more expensive and using more
      energy. Direct make-up air hoods have the further disadvantage that,
      because of the larger volumes of air being handled, higher air velocities
      generally result. In general, high velocities usually cause turbulence in
      the capture and entrainment air streams, thus greatly reducing the
      efficiency of the hood for capture and removal of cooking fumes.
PAR  The present invention is directed to a method and apparatus for exhausting
      cooking fumes through a hood, without utilizing direct make-up air as
      discussed in the preceding paragraph, but more effectively entraining the
      cooking fumes in the air being exhausted from the building so that the
      quantity of air being exhausted can be reduced. Obviously, there is an
      enerby saving and thus a monetary saving to the extent that the heated or
      air conditioned air removed from the building is diminished. In the
      present invention, the sheet metal of the hood is so arranged that the air
      being drawn into the exhaust hood is directed so as to sweep through the
      space above the cooking surface and thereby more effectively entrain the
      cooking fumes for removal by that air.
PAR  Further objects and advantages will become apparent from the following
      description and drawing.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front elevational view of a cooking appliance having above it
      an exhaust hood embodying the present invention;
PAR  FIG. 2 is a section as seen at line 2--2 of FIG. 1; and
PAR  FIG. 3 is a view similar to that of FIG. 2 but illustrating an alternative
      embodiment of the invention.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The following disclosure is offered for public dissemination in return for
      the grant of a patent. Although it is detailed to ensure adequacy and aid
      understanding, this is not intended to prejudice that purpose of a patent
      which is to cover each new inventive concept therein no matter how others
      may later disguise it by variations in form or additions or further
      improvements.
PAR  FIGS. 1 and 2 illustrate a cooking appliance, generally 10, which, by way
      of example, has a heated frying surface 11. For removal of the fumes
      emanating from the food being fried on surface 11, an exhaust hood,
      generally 12, is positioned above the appliance. Necessarily, this hood
      must be open at the front for a substantial distance above the cooking
      surface to permit access of the cooks to the cooking operation. Thus, it
      is likely that the bottom edge or terminus 13 of the front of the hood
      will be 61/2 or 7 feet or more above the floor, the cooking surface 11
      being only about 30 inches or so above the floor. Codes relating to
      exhaust hoods are likely to require that the hood extend at least 6 inches
      outside of the planes extending vertically upward from the front and sides
      of the cooking surface to the appliance. An exhaust duct 14 communicates
      with the interior of the hood. As indicated by dashed line 15 an exhaust
      fan 16 withdraws air from duct 14 (thereby producing an air pressure
      within the hood that is lower than ambient) and discharges that air
      externally of the building 17 in which the appliance is used. As thus far
      described, the arrangement is representative of numerous conventional
      exhaust systems for cooking appliances.
PAR  In the present invention, sides 20 extend vertically downward from the
      sides of the exhaust hood 12. The bottom edge or terminus 21 of sides 20
      are substantially below the bottom edge 13 of the front of the hood, but
      above the level of the cooking surface 11, thus leaving a space 22 between
      the bottom of the sides and the top of the cooking surface. Bottom edge 21
      is horizontal with the result that space 22 is generally rectangular in
      shape. With a cooking surface 11 which has a front to back dimension of
      about forty inches or so, the front of the hood (as for example at the
      edge 13) would be about 47 inches or so from the wall against which the
      appliance 10 is positioned. In such an arrangement, the bottom edge 21
      would extend about 36 inches out from the wall.
PAR  The side walls 20 should occupy about 50 percent to about 85 percent of the
      area between the level of the cooking surface 11 and the level of the
      bottom of the usual hood (i.e. the level of edge 13) or, to put it another
      way, the opening 22 should be between about 35 percent and about 50
      percent of this latter space. The use of side openings 22 of this size
      results in a significant air flow inwardly from the sides of the cooking
      surface, as illustrated by the arrows in FIG. 1. This air flow sweeps
      across the space above the cooking surface 11 in an inwardly direction,
      entraining the cooking fumes for removal through the hood.
PAR  A wall 25 extends between sides 20 and slants upwardly toward the front of
      the hood. Thus, the wall has a bottom edge or terminus 26 at the level of
      the bottom edge 21 of the sides. This slanting wall is solid (i.e.,
      imperforate) and free of discontinuities up to the level of the draft
      opening 28. Above opening 28 is an upper piece 27 of wall having its top
      edge 27' secured to the upper inner face of the hood 10. Positioned across
      opening 28 is a grease extractor 29. The grease extractor and the upper
      piece 27 of wall divide the space within the upper part of the hood 12
      into a front portion 30 and a rear portion 31. Thus, to reach the exhaust
      duct 14, the cooking fumes must pass from the forwardly space 30 through
      the grease extractor 29 to the rearwardly space 31. The structure of this
      grease extractor (or the related sheet metal) is such that the air
      pressure (vacuum) is relatively uniform throughout its length, and is not
      concentrated at the location of duct 14 and lower at locations remote from
      the duct.
PAR  The inclination of slanting wall 25 should be between about 45.degree. and
      about 60.degree. from the horizontal. Thus, the building air entering the
      front access opening which exists between the cooking surface and edge 13
      of the hood (as well as the air entering side openings 22) first sweeps
      rearwardly above the cooking surface and then moves along the front face
      of wall 25 forwardly and upwardly toward the front hood space 30. This is
      illustrated by the arrows at the right side of FIG. 2. At best, the air
      entering above a cooking surface and below a conventional hood only moves
      back and upwardly; however, with the slanting wall 25, the movement of the
      air in two directions in the space above the cooking surface is more
      effective in the entrainment of the cooking fumes. Furthermore, because of
      the fact that the slanting wall 25 serves to decrease the volume of the
      space above the cooking surface at the higher elevations above that
      surface, there is increased velocity of air movement the closer the air
      gets to discharge opening 28, i.e., in the higher elevations above cooking
      surface 11. This results in more effective fume removal than is the case
      with the conventional type hood.
PAR  Extending inwardly from the lower edge 13 of the front of the hood is a
      baffle 32. This baffle extends the full width of the hood. From front to
      back, the baffle extends between about 15 percent and about 20 percent of
      the front to back dimension of the hood, i.e., from front edge 13 to the
      adjacent wall of building 17. In the described embodiment, having the
      dimensions previously discussed, the baffle 32 has a front to back
      dimension (left to right in FIG. 2) of 8 inches.
PAR  With conventional hoods, there will occasionally be an outpouring of smoke
      along the front edge (corresponding to edge 13) of the hood. This often is
      due to a combination of factors such as unusually large volume of smoke
      arising from the cooking surface 11, excessive turbulence in the space
      immediately behind the front of the hood, a rapid change in the ambient
      air movement (e.g. gusts), etc. The presence of a baffle, such as that
      described in connection with baffle 32, greatly ameliorates this problem
      for two reasons: (1) air turbulence in the top front of the hood (i.e.
      above the baffle) is contained by the baffle and air flowing away from
      that space necessarily must flow horizontally to the rear rather than
      downward along the front of the hood; and (2) there will be an air flow
      across the bottom of the baffle in the front to rear direction (left to
      right in FIG. 2) which air flow will tend to force the smoke trapped in
      the hood and the smoke or cooking fumes reaching opening 28 at the top of
      slanting wall 25 into moving directly toward the escape opening 28.
PAR  FIG. 3 illustrates one of the alternative procedures that may be followed
      for providing openings of at least 35 percent in the side walls between
      the bottom of the hood and the cooking surface 11. In this embodiment, the
      side walls 35 extend down so that their bottom edge 36 is about at the
      level of the cooking surface 11. However, these side walls still remain
      set out sideways from the cooking surface a distance of 6 inches or so, so
      that there is an opening between the side walls 35 and the cooking surface
      11 at the level of the cooking surface. In addition to this opening, the
      side walls have a plurality of openings 37 through the wall. Through all
      of these various openings, there will be an inward flow of air from the
      sides which sweeps across the cooking surface 11 in the general direction
      of the center to capture the cooking fumes and move them toward the outlet
      28. The total area of the openings in relation to the area between the
      bottom of the hood (e.g. the level of edge 13) and the level of the
      cooking surface should be within the range previously discussed to provide
      the best inward air movement for capture of the cooking fumes.
PAR  The openings 37 should individually be relatively large in size. The
      smaller the openings, the more that must be required with the result that
      there tends to be greater turbulence immediately inside the side walls in
      the area of the openings. Such turbulence reduces the effectiveness of the
      inward air streams to moving the cooking fumes in the pattern illustrated
      in FIG. 1. In this respect, the optimum is a single large opening at each
      side, which optimum is represented by the embodiment illustrated in FIGS.
      1 and 2.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an exhaust hood used above a cooking appliance having a top with
      front, sides and a rear at approximately a first level, which hood has a
      front with a bottom terminus spaced at a second level above the top of the
      appliance, sides and a back, said hood having an exhaust duct at the top
      which is adapted to be connected to means for withdrawing air from within
      the hood so that an air pressure below ambient exists within the hood, the
      improvement comprising:
PA1  side wall means at each side extending downwardly from the hood at said
      second level, said side wall means defining openings between said levels
      which openings are between 35 and 50 percent of the area between said
      levels in a generally vertical plane, whereby at said sides said air
      pressure below ambient causes streams of air to flow inwardly above the
      cooking surface generally toward the center of the cooking surface; and
PA1  a wall slanting upwardly from rear to front, said slanting wall extending
      approximately from one side wall means to the other side wall means,
      having a bottom between said levels and having a top not substantially
      lower than said second level.
NUM  2.
PAR  2. In an exhaust hood as set forth in claim 1, wherein said side wall means
      have bottom terminuses above said first level and said openings exist
      between said bottoms and said first level.
NUM  3.
PAR  3. In an exhaust hood as set forth in claim 1, wherein said openings are
      generally rectangular.
NUM  4.
PAR  4. In an exhaust hood as set forth in claim 1, wherein said slanting wall
      is inclined at an angle of between about 45 and about 60.degree. from the
      horizontal and the rear of the slanting wall is vertically above the rear
      of the appliance.
NUM  5.
PAR  5. In an exhaust hood as set forth in claim 4, including an approximately
      horizontal baffle extending rearwardly from said bottom edge a distance
      equal to about 15 to 20 percent of the distance from said edge
      horizontally to a point vertically above the rear of said appliance.
NUM  6.
PAR  6. In an exhaust hood used for removing cooking fumes above a cooking
      appliance having a top with front, sides and a rear at approximately a
      first level, which hood has a front with a bottom edge spaced at a second
      level above the top of the appliance, a top, sides and a back, said hood
      having an exhaust duct at the top thereof which is adapted to be connected
      to means for withdrawing air from within the hood so that an air pressure
      below ambient exists within the hood, the improvement comprising:
PA1  a wall slanting upwardly from rear to front, said slanting wall having a
      bottom between said levels and having a top not substantially lower than
      said second level, said slanting wall being solid, means above the top of
      said wall defining a space through which air can flow to reach said duct.
NUM  7.
PAR  7. In an exhaust hood as set forth in claim 6, wherein said wall is
      substantially free of discontinuities between said bottom and said top
      thereof.
NUM  8.
PAR  8. In an exhaust hood as set forth in claim 7, wherein said slanting wall
      is inclined at an angle of between about 45 and about 60.degree. from the
      horizontal and the rear of the slanting wall is vertically above the rear
      of the appliance.
NUM  9.
PAR  9. In an exhaust hood as set forth in claim 6, and wherein the hood, top,
      sides and back define a space open in the downward direction for receiving
      the cooking fumes, the further improvement comprising:
PA1  an upper wall above said second level and means between said two walls and
      defining an opening between the two walls, said means and said upper wall
      dividing said space into front and rear portions, said duct communicating
      with said rear portion.
NUM  10.
PAR  10. In an exhaust hood as set forth in claim 9, including baffle means
      between said sides contiguous with said bottom edge for causing the air
      flowing inwardly below the front of the hood to be directed transverse to
      the cooking fumes arriving at the top of the slanting wall.
NUM  11.
PAR  11. In an exhaust hood as set forth in claim 10, wherein said baffle means
      comprises an approximately horizontal baffle extending rearwardly from
      said bottom edge a distance equal to about 15 to 20 percent of the
      distance from said edge horizontally to a point vertically above the rear
      of said appliance.
NUM  12.
PAR  12. The method of improving the removal of cooking fumes from above a
      cooking appliance having an exhaust hood thereabove through which an
      exhaust draft is drawn, said method comprising the steps of
PA1  obstructing between about fifty and about eighty-five percent of the area
      between the sides of the appliance and the sides of the hood whereby an
      inward flow of air of higher velocity is produced through the remaining
      open area at said sides,
PA1  blocking the flow of fumes from the rear part of the cooking appliance from
      proceeding vertically upward into the hood and directing the flow of the
      blocked fumes into the hood at the forwardly part thereof.
NUM  13.
PAR  13. The method as set forth in claim 12, including the additional step of
      directing a flow inwardly just below the front of the hood to impinge on
      said rising and forwardly moving fumes to overcome, at least in part, the
      forward movement of said fumes.
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ABST
PAL  A fume hood includes a polygonal-shaped work top providing three or more
      equally-spaced work areas. A tubular column with a lower apertured portion
      is located at the center of the work top for exhausting heavier-than-air
      gases. A plenum located above the work top and supported by the tubular
      column is provided with slots located above the work openings for
      collecting and exhausting lighter-than-air gases. Transparent viewing
      screens permit inspection of all work locations from a single vantage
      point. A central pedestal is used to support the hood and to route
      plumbing and electrical conduits from the floor. The system is easily
      convertible between up-draft and down-draft exhaust without the need for
      special baffles.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  The present invention relates to fume hoods of the type which are used in
      science labs for schools. Fume hoods of this type, of course, are
      well-known and have been used in science laboratories for many years. Most
      of the prior fume hoods have been adapted to be mounted or placed against
      a vertical wall so that access or use of the hood was gained primarily
      through one side of the hood. Further, an instructor, in the case of a
      hood mounted flush against the wall, normally was constrained to a
      location behind the student, and could not readily view a student's work
      within the hood.
PAR  Another problem with fume hoods of the type with which the present
      invention is concerned is that of adapting the hood system to different
      types of exhaust. Typically, a fume hood is exhausted through a ceiling
      (called an updraft exhaust), and in the past, most systems have been
      designed for this primary type of exhaust. However, there are
      circumstances in which it is desired to exhaust the fume hood through a
      floor or downwardly (called a down-draft exhaust). In the past, special
      baffling and re-routing of exhaust conduits were required in order to
      convert an up-draft exhaust system to one having a down-draft exhaust.
PAR  Briefly, the fume hood of the present invention includes a base having a
      work top of polygonal shape, preferably octagonal. The sides of the
      hexagonal shape are alternately relatively long and relatively short, the
      longer sides providing the work areas. A plenum having the same horizontal
      cross section as the base is located above the base and provides the top
      of the fume hood. The plenum is supported by a tubular column which
      extends between the centers of the base and plenum.
PAR  Transparent viewing screens extend between the shorter sides respectively
      between the lower base and upper plenum to separate the work areas while
      permitting an instructor to view the entire interior of the fume hood from
      a single location. Eye-screens, including a movable baffle are located
      above the work areas, the baffle being provided to adjust the velocity of
      intake air, if desired.
PAR  The lower portion of the tubular column is apertured for drawing in
      heavier-than-air gases within the hood, and the lower side of the plenum
      includes slots located above the respective work areas for drawing in
      lighter-than-air gases. In an up-draft exhaust hood, the gases entering at
      the lower portion of the tubular column are drawn upwardly and combined
      with the gases in the plenum for exhaust through an upper discharge
      conduit. In a downdraft exhaust hood, the plenum gases are routed
      downwardly through the central tubular column where they are combined with
      the lighter-than-air gases, and both are exhausted through a lower
      discharge conduit extending through a central pedestal upon which the fume
      hood is mounted.
PAR  Plumbing and electrical conduits are also routed from the floor through the
      central pedestal to the base of the hood so that they are hidden from
      view. Overhead lights may also be mounted in the plenum for providing
      interior light, with the conduits being routed from the base to the plenum
      through the tubular column.
PAR  With the present invention, it has been found that the face velocity of
      room air through the work openings is quite uniform throughout the entire
      work opening, whether the fume hood is used with an up-draft exhaust or a
      downdraft exhaust, and without the need for special baffling or
      complicated exhaust conduits. Further, the uniform face velocity of room
      air is achieved whether the movable eyescreens at each work opening are in
      a raised or a lowered position.
PAR  Thus, the present invention provides a laboratory fume hood wherein a
      number of students may use the hood simultaneously, each having his own
      work area, but also having convenient access to chemicals or supplies
      within the hood. At the same time, an instructor may view all that is
      transpiring in the hood from a single viewing position.
PAR  Other features and advantages of the present invention will be apparent to
      persons skilled in the art from the following detailed description of a
      preferred embodiment, accompanied by the attached drawing, wherein
      identical reference numerals will refer to like parts in the various
      views.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a perspective view of a fume hood incorporating the present
      invention, and adapted for updraft exhaust;
PAR  FIG. 2 is a side view of the fume hood of FIG. 1 looking directly into a
      work opening;
PAR  FIG. 3 is a horizontal view taken along the sight line 3--3 of FIG. 2, with
      portions of the work surface cut away to show the interior of the base;
PAR  FIG. 4 is a vertical view of the fume hood of FIG. 1 with portions shown in
      cross section and without the viewing screens;
PAR  FIG. 5 is a vertical view similar to FIG. 4 but with the fume hood rotated
      60.degree. ;
PAR  FIG. 6 is a bottom view of the plenum of the fume hood; and
PAR  FIG. 7 is a fragmentary vertical view, partially broken away, of a fume
      hood incorporating the present invention and adapted for down-draft
      exhaust.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring first to FIGS. 1 and 2, a fume hood includes a supporting
      pedestal generally designated 10, on the top of which is mounted a hollow
      base 11. To the top of the base 11 there is secured a work surface or top
      12. Extending upwardly from the central portion of the work surface 12 is
      a tubular column 13 of circular cross section and serving a number of
      functions. One of the functions of the centrally located tubular column 13
      is to conduct fumes from within the hood. Another function of the element
      13 is to serve as a means for routing electrical conduit and wiring to
      overhead lights, as will be discussed. Still another function of the
      tubular element 13 is to serve as a structural column to support an
      overhead plenum, generally designated by reference numeral 14. As will be
      more fully explained below, when the fume hood is set up for down-draft,
      the exhaust gases flow downwardly in the tubular column 13; and when the
      system is set up for up-draft, the exhaust gases flow upwardly in the
      column 13. In the case of an up-draft system, an upper exhaust conduit 15
      serves as a discharge conduit for gases within the fume hood collected
      both from within the plenum 14 and the column 13. The lower portion of the
      column 13 is perforated as at 13A to draw the gas into it.
PAR  Referring now to FIGS. 3 and 6, in horizontal section, the base 11 (and the
      associated work top 12) and the plenum 14 have a corresponding hexagonal
      shape, characterized by three relatively long sides, designated 16 in FIG.
      3 and three relatively short sides 17, extending between adjacent of the
      longer sides 16. This general type of shape, in a table, has been
      disclosed in U.S. Pat. No. 3,741,852 of Keener, issued June 26, 1973, for
      "Segmental Multi-Unit Study Table".
PAR  Referring again to FIGS. 1 and 2, relatively narrow transparent viewing
      screens 20 extend between the respective narrow sides of the base 11 and
      plenum 14 to partially enclose the hood. The upper portion of each of the
      larger spaces or "work openings" (defined by the corresponding larger
      sides 16 of the base 11 and plenum 14) are provided with upper viewing
      screens 21 which extend to partially cover the work opening, as
      illustrated.
PAR  At the lower end of each of the viewing screens 21 to which a movable
      baffle or eye-screen 23 is mounted by means of hinge 22. The eye-screen is
      seen in the raised position in FIG. 1 and in the lowered position in FIG.
      2. The eye-screen 23 serves a dual function. That is, it provides for an
      adjustment for the air velocity through the three work openings,
      designated 25; and, in the lowered position seen in FIG. 2, it provides
      protection for the eyes of the student at a work opening. The material
      which is preferably used for the viewing screens 20, 21 and the eye-screen
      23 is a shatterproof polycarbonate plastic which has a smoke tint,
      although the latter is primarily for aesthetic purposes. This material is
      characterized as being non-combustible, non-breakable and as giving off a
      non-toxic smoke when burned. The work top 12 may be any material suitable
      for use in laboratory tables, preferably having a substantial resistance
      to acid and flame.
PAR  The structure just described thus provides for three work spaces provided
      at equal angular spacing about the hood so that all students have equal
      access to work materials, gas and water within the hood. Further, an
      instructor has a clear view of all that is going on within the hood; i.e.,
      at all work stations. This concept could easily be extended to provide
      more work stations, if desired.
PAR  Turning now to FIG. 3, it will be observed that the pedestal 10 has a
      square cross section, although this is not necessary for the practice of
      the invention. However, the pedestal 12 serves to route electrical
      conduits such as those designated 30 to outlets 31 or switches 32 for
      overhead lights or other electrical appliances, including an exhaust fan.
      Further, the drain of a sink 35 mounted to the work surface 12 is also
      routed through the pedestal 10, as are hot and cold water conduits 36,
      feeding a fixture, the base of which is seen at 36A in FIG. 5.
PAR  Referring now to FIG. 4, it will be observed that the base 11 is in the
      form of a shell, thereby providing a hollow interior for the conduits,
      switches, etc. Portions of the shell 11, such as that designated 37 are
      formed into horizontal lands which are provided with reinforcement plates
      38. In vertical register with the reinforcement plates 38 and attached to
      the lower surface of the work top 12 is a receptacle 39 for a hook member
      40 which extends downwardly through the reinforcing plates 38 and is
      secured by means of an internally threaded ferrule 41.
PAR  The lower portion 13A of the tubular column 13 is apertured to admit air
      from the space defined by the viewing screens into the conduit 13 for
      exhaust, as mentioned. Further, it will be observed from FIG. 4 that the
      plenum 14 is hollow and admits air from the upper portion of the space
      defined by the viewing screens either into the exhaust conduit 15 (in the
      case of an up-draft exhaust) or to the tubular column 13 (in the case of a
      down-draft exhaust).
PAR  Still referring to FIG. 4, an overhead light 50 is mounted to the
      undersurface 55 of the plenum 14, the electricity being routed through a
      conduit 51 extending through the tubular column 13, base 12 and pedestal
      10.
PAR  Three such lights may be provided at equally spaced increments about the
      plenum 14 to light the interior of the hood.
PAR  Referring now to FIG. 6, the bottom 55 of the plenum 14 is provided by a
      plate which extends beneath an inverted shell 56 of the same horizontal
      section as the base 11. However, the plate 55 is dimensioned so that its
      edges corresponding to the longer edges of the octagon are spaced inwardly
      of the corresponding edge of the shell 56 to define elongated slots 59. A
      tab 57, which is a part of the plate 55, extends into the center of the
      slots 59, dividing it into two sections for each of the work openings.
      These slots communicate lighter-than-air gases from the top of the
      interior of the fume hood into the plenum 14, and cooperate with the
      perforated lower portion 13A of the tubular column 13 to equalize the air
      flow distribution through the work openings and to cause the air velocity
      (sometimes referred to as face velocity) of incoming room air to be
      substantially uniform throughout the length and breadth of the associated
      work opening for both positions of the eye-screen 23.
PAR  As seen in FIG. 5, the viewing screens 20 are provided with inwardly turned
      upper and lower flanges 20A and 20B for securing the screen respectively
      to the plenum 14 and the work top 12. This prevents tilting of the top of
      the hood, and insures that only axial hoods are borne by the central
      tubular column 13, thereby simplifying the mounting of the column.
PAR  The tubular column 13, in the case of an up-draft exhaust, as seen in FIG.
      4, rests on the work top 12, held in place by an annular member 60 secured
      to the top 12. If it is desired to use the fume hood in a system having a
      down-draft exhaust, a suitable opening 62 is cut in the center of the work
      top 12 beneath the tubular element 13 as seen in FIG. 7; and an extension
      conduit 61 is provided to couple the gas through the pedestal 10 to an
      exhaust outlet. In this case, the upper discharge conduit 15 need not be
      used, the corresponding plenum opening may be closed.
PAR  As seen in FIG. 5, the plenum 14 is mounted to the upper portion of the
      tubular column 13 by means of a mounting ring 63 having an
      outwardly-extending mounting flange 65.
PAR  In operation, when providing an up-draft exhaust, heavier-than-air gases
      within the fume hood are communicated through the perforations or
      apertures 13A at the base of the tubular column 13; and they are routed
      upwardly through the column 13 and plenum 14 into the discharge conduit
      15. The lighter-than-air gases in the upper portion of the hood are drawn
      in through the slots 59, and flow through the plenum 14 and into the
      discharge conduit 15.
PAR  In the case of a down-draft exhaust, the lighter-than-air gases are again
      communicated through the slots 59 and into the plenum 14, but thence
      downwardly through the tubular column 13. In this case, the
      heavier-than-air gases within the hood are communicated through the
      apertures 13A and thence downwardly to conduit 61 for exhaust. In either
      case, and this is considered an important feature of the invention,
      whether the fume hood is operated as an up-draft or a down-draft exhaust,
      there is no substantial change in the input air flow pattern or in the
      face velocity of the incoming air passing through the work openings.
PAR  Tests have shown that for the case of a down-draft hood exhausting
      approximately 1,500 cubic feet per minute, with the eye-screens 23 in the
      down or closed position, the face velocity varied between 80 and 90 feet
      per minute. Similarly, in an up-draft hood, exhausting 1,650 cubic feet
      per minute, the face velocity (with the eye-screen down) varied only
      between 90 and 100 feet per minute. With the eye-screens up and exhausting
      1,650 cubic feet per minute, using the hood as an up-draft hood, the
      variation in face velocity for the incoming air over the entire work
      opening varied between 60 and 80 feet per minute, although in the lower
      corners of the work opening the air velocity was reduced to 40 feet per
      minute.
PAR  To achieve the uniform results just mentioned, the cooperation between the
      intake of gas through the base of the column 13 as well and the upper
      slots 59 located in the bottom of the plenum immediately above the work
      openings is important.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fume hood comprising: a base having a polygonal horizontal cross
      section including edges which are alternately relatively long and
      relatively short, the longer edges defining work areas; a work top on said
      base; a central hollow pedestal adapted for mounting on a floor and
      carrying said base; a central tubular column extending upwardly of said
      base and defining a lower apertured region for intake of gases; a plenum
      above said base and defining the top of said fume hood, said plenum
      providing intake apertures above said work areas; transparent viewing
      screens extending between the relatively shorter edges of said base and
      said plenum to separate said work areas; and exhaust conduit means for
      exhausting gases collected from within said hood by said tubular column
      and by said plenum.
NUM  2.
PAR  2. The system of claim 1 wherein said exhaust conduit means is connected to
      the top of said plenum and extends above the same for exhausting gases
      collected in said plenum and routed upwardly through said tubular column
      in an up-draft exhaust.
NUM  3.
PAR  3. The system of claim 1 wherein said exhaust conduit means is located
      within said pedestal and communicates with the lower portion of said
      tubular element for exhausting gases collected within said tubular element
      and gases collecting within said plenum and routed downwardly through said
      tubular column in a down-draft exhaust.
NUM  4.
PAR  4. The system of claim 1 wherein the horizontal cross sectional shape of
      said base is hexagonal and wherein said plenum has a corresponding cross
      sectional shape with corresponding sides of said base and said plenum
      being located in vertical register.
NUM  5.
PAR  5. The system of claim 1 further comprising transparent eye-screens above
      each of said work stations and extending between adjacent viewing screens;
      and a transparent eye-protection baffle pivotally secured to the lower
      edge of each of said eye screens for movement between a raised and a
      lowered position for adjusting the face velocity of room air entering said
      hood at each of said work stations.
NUM  6.
PAR  6. The system of claim 1 further comprising electrical and plumbing
      conduits extending through said pedestal into said base for coupling to
      respective outlets, whereby said conduits are hidden from view.
NUM  7.
PAR  7. The system of claim 6 further comprising light fixture means mounted
      within said plenum for providing down-lighting, and electrical conduit
      means coupling electricity from within said base through said tubular
      column and to said light means.
NUM  8.
PAR  8. A fume hood comprising: a hollow pedestal adapted to be located on a
      floor; a base shell mounted to said pedestal and having an upper
      horizontal hexagonal cross section with alternate relatively long and
      relatively short sides, said relatively long sides providing work areas; a
      top mounted to said base and conforming to the shape thereof; a central
      tubular column extending upwardly from said top and defining lower
      apertures for collecting heavier-than-air gases within said hood; a plenum
      mounted to the top of said tubular column and carried thereby, said plenum
      defining input apertures located above said work areas for collecting
      lighter-than-air gases within said hood, said plenum having the same cross
      sectional shape as the top of said base and in register therewith; a
      transparent viewing screen extending between each of the shorter sides of
      said base and said plenum; transparent eye-screens above each of said work
      areas and including a baffle movable between a lowered position and a
      raised position; and exhaust conduit means for exhausting gases collected
      in said plenum and said tubular column.
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ABST
PAL  An exhaust stack engageable with engine exhausts, having an upper outlet
      section extending through a building wall, with means to prevent rain from
      descending in the stack; having also an intermediate section with a
      vertical pipe telescoped into the upper section and a horizontal extension
      thereon; and having further a lower, inlet section having a horizontal
      section telescoped into the horizontal extension of the intermediate
      section, the lower end of the inlet section having centering means so that
      it can be lowered over an engine exhaust pipe to center it and provide an
      annular space around the exhaust pipe. The intermediate and lower sections
      are supported for vertical adjustment by a hoist that is tracked around
      the upper section for angular adjustment. The lower section is
      horizontally adjusted into the intermediate section and transport means
      are provided for the adjustment. A temperature senser is provided near the
      inlet. The piping can all be rigid, heavy metal throughout.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore the principal types of exhaust ducting or stacking used in
      repair shops for motor vehicles and especially for diesel engines have
      been formed of relatively light sheet metal or other such material with
      flexible tubular elbows or other sections to permit the inlet end of the
      stacking to be moved onto the exhaust pipe of the engine. Some degree of
      movability is required of the inlet of such stacking because of the
      varying positions of the engine when vehicles are driven into the work
      positions. A principal deficiency of the former stacking is that the
      intense heat of the engine exhausts very soon destroys the stacking,
      particularly in the elbows or curved parts, which are subjected to the
      inertia of the gases at very high temperatures, in order the deflect them,
      and which are inherently weakened by being required to flex.
PAR  Where heretofore there have been telescopic stacking, it has usually been
      of very limited movability.
PAC  Advantages of the Present Invention
PAR  The present invention in the first place is designed so that it can achieve
      extensive mobility and adjustability of the inlet end and yet can be made
      of heavy steel piping. It is designed so that the inlet can be moved
      horizontally, vertically and angularly despite being made of rigid piping.
PAR  Furthermore, the vertical movement and the horizontal movements are made by
      members with mechanical advantage so that an operator can easily perform
      their adjustments. The angular adjustment is relatively friction-free,
      comprising circular tracks and rollers that operate on the tracks to give
      a full 360.degree. rotation.
PAR  Other features include the means to provide automatic centering of the
      inlet pipe over the exhaust pipe of the engine in a manner to provide an
      annular space all around the exhaust pipe within the inlet so that cooling
      gases can be entrained from the room around the exhaust pipe and into the
      stacking system, and also to enable the mechanic to see the emitting
      gases. Immediately above the exhaust pipe is disposed a special small tube
      containing a temperature-sensing device so that the temperature of the
      exhaust gases can be obtained at the time they leave the engine.
PAR  Another feature of the invention is that the stacking may extend through
      the roof of a building and vertically thereabove to conduct the gases high
      enough in the air to avoid pollution near the earth. Means are provided to
      prevent rain from descending through the stacking where it could enter the
      building or even enter the exhaust pipes of the engine.
PAR  Other advantages will appear from the description to follow.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is an elevation of the stacking extending through the roof of a
      building and down to an engine exhaust pipe;
PAR  FIG. 2 is an enlarged vertical section through the upper outlet parts of
      the stacking;
PAR  FIG. 3 is a broken vertical section on the line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged vertical section through the inlet part of the
      stacking at the bottom of FIG. 1;
PAR  FIG. 5 is an enlarged horizontal section showing the inlet at the bottom of
      FIG. 1;
PAR  FIG. 6 is a fractional elevation viewed from the right at the middle of
      FIG. 1 and showing the hoist mechanism;
PAR  FIG. 7 is an enlarged horizontal section looking downward on the top of the
      hoist support, taken on the line 7--7 about the middle of FIG. 1;
PAR  FIG. 8 is a similar section taken lower on the hoist support along the line
      8--8 of FIG. 1;
PAR  FIG. 9 is a vertical section approximately on the line 9--9 of FIG. 7,
      showing details of the hoist support;
PAR  FIG. 10 is an enlarged vertical section through the intermediate piping
      taken on the line 10--10 toward the lower part of FIG. 1;
PAR  FIG. 11 is an enlarged vertical section on the line 11--11 of FIG. 1, to
      the right of the section of FIG. 10 showing the transport means;
PAR  FIG. 12 is a vertical section through the horizontal piping taken on the
      line 12--12 of FIG. 11;
PAR  FIG. 13 is a vertical section taken on the line 13--13 to the lower right
      of FIG. 1; and
PAR  FIG. 14 is a sketch showing the use of a supplemental horizontal elbow for
      engagement with horizontal exhaust pipes.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, the overall elevational view of the present updraft exhaust
      system, a roof 14 of a building has an opening therethrough in which a
      first or upper section 15 of the present duct system passes, and is
      secured in place by conventional means, not shown. This upper section 15
      is usually vertical, but may pass through a wall rather than a roof and
      may be non-vertical. It includes a vertical pipe 16 having in its outlet
      upper end first and second elbows 17 and 18. At the bottom of this
      vertical pipe 16 a right angular intermediate section 22 has its vertical
      position 23 telescoped slidably within the vertical pipe 16 of the upper
      section 14. This vertical pipe 23 is connected by an elbow 24 to a
      horizontal portion 25. The lowest section 26 of the system comprises a
      horizontal pipe 27 telescoped into the horizontal pipe 25 of the
      intermediate section 22, an elbow 28, and a vertical portion 29 adapted to
      fit over the exhaust pipe of an engine. If desired, a further elbow
      section 30 may be provided to permit the device to be installed over
      horizontal exhaust pipes.
PAR  The exhaust gases are directed vertically upwardly by the system through
      the upper section 15, toward the sky. This opens the top of the system to
      the ingress of rain. Provision of the two elbows prevents rain from
      falling directly down into the parts of the stack assembly inside the
      building. The rain is received by the inner walls of the elbow 18, and
      runs down them toward their lowest side. A welded ridge 32 is provided
      around the interior of the elbow 18, at the lower portion thereof, so that
      water running down the walls is deflected to the lowest side of the elbow
      18. There a low dam 33 extends upwardly a sufficient distance to collect
      all the rainwater that may descent in the pipe section 31. A drain tube 34
      is provided adjacent the dam on its outlet side to carry this water out of
      the system and permit it to fall onto the roof or to another place where
      it may be conducted to the ground.
PAR  The various components of each of the piping sections are secured together
      as by welding or other means that will make tight connections. This piping
      is preferably made of steel, and is desirably of large diameter. Typical
      sizes for the upper section are 14 in. o.d. with 1/4 in. thick walls; for
      the intermediate section are 13 in. o.d. with 3/16 in. thick walls; for
      the lower section are 12 in. o.d., with 3/16 in. thick walls. It is
      important to have piping that can withstand high exhaust gas temperatures
      without significant deformation or loss of strength.
PAR  Means are provided for vertically supporting the intermediate section 22,
      for raising and lowering it, and for permitting it along with the lower
      section to be swung around the axis of the top section 15 into which it is
      telescoped. This comprises a hoist that may be electrically operated,
      manually operated, or both, mounted on the vertical pipe 16 on the top
      section 15, for rotation about that pipe section.
PAR  The hoist arrangement comprises an arm or beam 40 which has a wide vertical
      web section lying along the pipe 16. It is provided with a ring portion 41
      (FIGS. 1, 7) that surrounds the pipe 35 with sufficient clearance to
      permit its free movement about the pipe. The ring portion may be made in
      two sections with an outer section 42 in the shape of a half ring bolted
      at 43 to the portion 41 integral with the beam itself. This arrangement
      permits the device to be assembled on an existing vertical stack pipe
      readily, as otherwise it would have to be inserted over the end of the
      pipe which may not be accessible. The outer portion of the ring 41, which
      may be the section 42, supports two flanged rollers 45 that are adapted to
      ride on a track 46 formed by welding round stock around the pipe section
      16.
PAR  The lower end of the web of the arm 40 has a laterally extending arcuate
      portion 50 (FIGS. 1, 8) that supports two flanged rollers 51 that ride
      upon another track 52 also comprising round stock welded around the pipe
      section 16. Since these components are quite heavy, the flanged rollers 45
      and 51 give vertical support to the arm and the elements attached to it.
      Also, they support the cantilever forces on the arm 40 that act to pull
      the upper part of the arm 40 away from the pipe and to compress the lower
      end of the web against the pipe. These rollers ride on thin tracks to
      enable the beam 40 to be revolved around the pipe 16.
PAR  The outer end of the beam 40 receives a loop 55 (FIGS. 1, 6) through which
      the arm 40 extends. This loop supports a manual, electrical or combination
      chain-lift or hoist 56. This chain lift is shown in FIG. 6 as
      incorporating a reversible electric motor. It has a chain or cable 57 that
      has a hook at its end supporting a loop hanger 58 that surrounds and
      supports the horizontal pipe 24 of the intermediate section 22. A chain 59
      may be provided for manually operating the chain lift. Also the lift has a
      cable 60 connected to a manual switch 61 operating the lift to raise or
      lower the cable 57. The loop brackets 55 and 58 can be adjusted inwardly
      or outwardly from the axis of the vertical pipe 16 so that there is a
      maximum degree of balance in supporting the intermediate section 22 and
      the lower section 26. The hoist is not reversible by the weight it
      supports, and it may be provided with brakes and a counterweight as
      desired.
PAR  The lower section 26 has its horizontal pipe 27 telescopically slidable
      within the horizontal pipe 25 at the bottom of the intermediate section
      22. The extreme end of the pipe 27 is provided with a roller 65 (FIGS. 1,
      10-12) that can engage against the inner surface of the horizontal pipe 25
      at its top side. It will be observed that the weight load of the lowermost
      section 26 would tend to warp this inner end of the pipe upwardly, so that
      this wheel acts as an anti-frction member.
PAR  The pipe 27 is supported at the open end of the pipe 25 by a transporting
      means (FIGS. 1, 11) that can move the inner pipe 27 in or out of the pipe
      25. This transporting means consists of a pair of bevelled gears 66 that
      are mounted on a shaft 67 supported at the lower part of the pipe 25. The
      shaft 67 in turn can be rotated by a chain-driven pulley 68 with a chain
      69. The function of the teeth on the bevelled gear 66 is to give a
      gripping action on the inner pipe 27 to insure that rotation of these
      bevelled gears will move the pipe 27 in or out of the pipe 25.
PAR  An adjustable limiting means is provided to keep the pipe 27 from being
      completely moved out of the pipe 25. This consists of a rod 70 supported
      on a bracket 71 mounted on the outside of the pipe 25 and fitting through
      another bracket 72 mounted on the pipe 27 (FIGS. 1, 11-13). An adjustable
      stop member 73 is threaded onto the rod 70 and is positioned to be abutted
      by the bracket 72 at the maximum outward position of the bottom pipe 27.
PAR  The pipe 27 is provided with the elbow 28 and the vertical portion 29. This
      portion 29 is given handles 75 by means of which it may be held and moved
      onto an exhaust pipe 80, that is part of a diesel engine being worked
      upon. The lower open end of the pipe 29 has upwardly sloping cross bars 81
      that are attached at their lower ends to the inner surface of the pipe 29
      (FIGS. 4, 5) and converged upwardly to a common apex 82. They therefore
      properly center the pipe 29 onto the pipe 80, when the pipe 29 is lowered
      onto that pipe. A tube 85 extends angularly into the pipe 29 and
      terminates at the axis thereof. It is designed to hold a themocouple 86
      which is thereby subjected to the exhaust gases from the exhaust pipe 80.
      The pipe 85 has a port 87 in its side so that there can be a flow of gases
      over the thermocouple.
PAR  When the additional horizontal extension 30 is used, it should be fitted
      snugly over the lower end of the pipe 29 because tiss permits it to be
      used without removing the tapered or conical centering members 81. Similar
      centering members 90 can be provided in it.
PAC  Use and Operation
PAR  The installation of this equipment includes mounting the upper pipe 16
      through the roof 14 as a permanent installation. The beam 40 is installed
      on the pipe 16. If the ring 41 of the beam 40 is made in one piece, it
      must be inserted over the pipe 16 before that pipe is secured into the
      roof 14, or must be warped into position from below. If the ring is made
      in two pieces as illustrated, it is bolted around the pipe in such fashion
      that the rollers 45 and 51 ride on the two tracks 46 and 52. The hoist 56
      is located in place, and can be lowered so that its hook is engaged in the
      eye on the loop or hanger 58 through which the horizontal portion 25 of
      the intermediate pipe section 22 is inserted. The hoist is caused to lift
      the pipe intermediate section 22 and the lower section 26 with it, the
      vertical pipe 23 being inserted telescopically within the lower portion of
      the upper pipe 16. The hoist 56 is operated to raise the sub-assembly
      until the lowest pipe 29 is slightly higher than the upstanding end 80 of
      the engine exhaust pipe.
PAR  The chain 69 of the tracking means 68 is then operated to cause the
      internal horizontal pipe 27 of the lower section 26 to be telescoped into
      or out of the horizontal pipe 25 of the intermediate section 22, to bring
      the vertical pipe 29 a proper radial distance from the axis of the
      vertical pipe 16 to correspond to the radial distance of the exhaust pipe
      80 therefrom. Simultaneously the whole intermediate and lower sections are
      swung around by rotation of the beam 40 on its rollers 45 and 51 on the
      tracks 46 and 52 until the pipe 29 has its axis as nearly as possible
      directly above the exhaust pipe 80. Thereupon the hoist 56 is lowered to
      bring the end of the pipe 29 down onto the exhaust pipe 80. As it
      descends, the angular centering members 81 engage over the upper rim of
      the exhaust pipe 80, causing a true centering of the pipe 29 on the
      exhaust pipe 80 with a reasonably uniform annular opening around the
      exhaust pipe.
PAR  In the event the exhaust pipe 80 happens to be horizontal, the alignment is
      made as indicated in FIG. 14 and it will be understood that the same
      movements of the mechanism occur except that the chain 59 of the transport
      means 68 is used to bring the pipe 29 onto the exhaust pipe 80.
PAR  With this arrangement, the engine exhaust is directed up the stack
      assembly. As shown by FIG. 4, the exhaust discharges directly into the
      lower end of the small pipe or tube 85 where it flows through that tube
      around the thermocouple, and rejoins the stack gas stream through the hole
      87. It thus causes the thermocouple 86 to register the temperature of the
      exhaust gas. The exhaust being directed up the stack entrains air from the
      room through the annular space around the exhaust pipe 80 within the pipe
      27. This has the advantage of keeping the whole piping stack cooler, as
      well as providing exhaust of air from the room.
PAR  This stack, being counterbalanced or operated mechanically both in
      horizontal, vertical and rotary movements, can be made of heavy steel
      rather than light sheet material. It can withstand a very high temperature
      of exhaust gases without deformation of a serious nature, and without
      being soon destroyed by the excessive heat. This advantage is especially
      notable in the elbows, which heretofore have had to be made of thin,
      flexible material, much better than previously-used stacks. This
      durability is enhanced by the foregoing entrainment of cooling air with
      the exhaust.
PAR  Fire hazard is reduced by this stack, since the stack, especially the
      elbows, are unlikely to become red hot and therefore cannot ignite
      material coming in contact with them. The fire hazard is also reduced in
      the present mechanism because it does not require flimsy flexible
      connections to make it engage over the engine exhaust pipe.
PAR  The present stack also operates without requiring fans or blowers to keep
      it cool. It can be made, as noted, of heavy material so that it can
      withstand harder service, and no mechanical strains are put upon the
      elbows or other such parts of it in order to locate the inlet on the
      engine exhaust pipe. The stack is made of much larger diameter piping that
      does not tend to clog up with deposits or soot, and it if does, it can
      easily be cleaned. Normally it is self-cleaning.
PAR  Heretofore, it has been a practice in many cases to use flexible piping
      that can be brought to the engine exhaust from fixed piping attached
      through the wall of the building, regardless of variations in the position
      of the engine. The present invention accommodates such variations without
      requiring such flexible extensions because it provides universal
      horizontal, vertical and angular adjustments to position the inlet pipe
      89.
PAR  The present invention can have a low noise level. The noise and fumes are
      discharged high into the atmosphere. A muffler can be used if desired.
      Rainwater, as noted, is not permitted to come down into the building, but
      is drained off at the top section.
PAR  In addition to providing for the entrainment of gases, the large lower
      entry portion of the pipe 29 permits the mechanic visually to observe the
      condition of the exhaust emitting from the exhaust pipe while he is
      adjusting and testing the engine. At the same tme he can measure the
      temperature of the exhaust by the pyrometer 86, it being noted that the
      pyrometer is located at the point to be observed while the visual
      condition of the exhaust also is seen.
PAR  There are other structural advantages to the present device. It is made of
      simple sections that can be easily obtained and fabricated by ordinary
      shop tools such as welders, cutting torches, electric drills and the like.
      It has few moving parts to wear out. The telescoping portions that are
      horizontal can be provided with anti-friction rollers as noted. The
      rollers are readily available for servicing and the system requires very
      little space and lends itself to being mounted through the roof or wall
      adjacent the side of a room so that when not in use, it can be stored by
      having the intermediate and lower parts 22 and 26 swung near the wall, the
      remaining parts being elevated out of the way. It can be used in multiples
      in the column line of buildings that employ overhead travelling bridge
      cranes, because it can be mounted through the roof to one side of the
      bridge crane tracking. Usually it can be located to work in the same area
      as post or jib-type hoists, which is an advantage of the central support
      and 360.degree. rotation features.
PAR  Various changes and modifications may be made within this invention as will
      be readily apparent to those skilled in the art. Such changes and
      modifications are within the scope and teaching of this invention as
      defined by the claims appended hereto.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a stack assembly for use in conducting noxious gases from an
      enclosure: piping having an outlet portion adapted to be fixed to a wall
      of the enclosure to discharge therethrough, the piping having an inlet for
      disposition over the end of an exhaust or like pipe as of a vehicle engine
      having variable positions; the piping having rigid but movably
      interfitting portions providing means for horizontal, vertical, and
      angular movements of the inlet, relatively to the outlet portion, the
      last-named including vertically telescoped pipe portions, one rotatable in
      the other, and means for holding them against separation while permitting
      them relative rotation about their common vertical axis, and incorporating
      suspension means for suspending the rest of the piping from the outlet
      portion.
NUM  2.
PAR  2. In the stack assembly of claim 1: the means for angular movements
      including the aforesaid vertical piping portion between the outlet portion
      and the inlet, adapted to be held against vertical movements, and the
      intermediate piping section having a vertical part telescoped into the
      vertical piping portion, an elbow connected to the vertical part and a
      horizontal part extending from the elbow; and the suspension means
      including a crane mounted on the vertical piping portion, having support
      mechanism to enable the crane to swing about the vertical portion, a hoist
      on the crane extending to the horizontal part of the intermediate piping
      section whereby the intermediate piping section can be supported by the
      crane for the angular movement about the vertical piping.
NUM  3.
PAR  3. In the stack assembly of claim 2: an inner piping section telescoped
      into the horizontal part of the intermediate piping section for horizontal
      displacement, the inlet being a part of the inner piping section.
NUM  4.
PAR  4. In the stack assembly of claim 3: means for limiting the horizontal
      movement of the inner pipe section to prevent its coming out of the
      intermediate section.
NUM  5.
PAR  5. The stack assembly of claim 3 plus means for producing the telescopic
      movement of the inner pipe section.
NUM  6.
PAR  6. In the stack assembly of claim 5: the means producing telescopic
      movement comprising rollers on the intermediate section engaging under and
      supporting the inner piping section, at the top thereof engageable with
      the inner surface of the intermediate pipe section.
NUM  7.
PAR  7. In the stack assembly of claim 1: the piping including an upper vertical
      portion and a lower horizontal portion, the hoisting mechanism comprising
      a crane, means mounted on the upper portion for supporting the crane, and
      the crane overhanging and being attached to the lower portion to support
      it from the upper portion and to enable it to rotate.
NUM  8.
PAR  8. In the assembly of claim 7: the crane means comprising a beam extending
      outwardly from the upper portion, an upper track and a lower track around
      that portion, means on the beam extending around to the opposite side of
      the upper portion, having rollers engaging the upper track; means on the
      beam having rollers on the same side of the upper portion engaging the
      lower track; at least one of the said rollers having flanges engaging
      above the upper side of the track; the beam being rotatable about the
      upper portion by engagement of the rollers on the tracks.
NUM  9.
PAR  9. In the stack assembly of claim 1: the outlet portion of the assembly
      having means to conduct water from inside the outlet through a wall
      thereof to outside the assembly.
NUM  10.
PAR  10. In the stack assembly of claim 9: the outlet portion having a vertical
      part opening upwardly, the said part being offset from the rest of the
      outlet portion and having a bottom wall below the opening, to prevent
      direct falling of rain down the assembly, and means in the bottom wall of
      the outlet to collect water and conduct it through a wall thereof to
      outside the assembly.
NUM  11.
PAR  11. In the stack assembly of claim 1: the inlet having upwardly converging
      inner elements within its walls that can removably engage the vehicle
      exhaust pipe and by contact center the inlet over the same, the elements
      providing flow passage past them.
NUM  12.
PAR  12. In the stack assembly of claim 11: the inlet having a
      temperature-measuring device receptacle therein supported from the wall
      thereof, whereby to receive a sensor to enable the temperature of the
      exhaust gases to be sensed adjacent the outlet of the engine exhaust pipe,
      the receptacle comprising a conduit extending toward the center of the
      pipe and having an opening near the center, and another opening within the
      inlet but outward from the center, whereby to cause exhaust gases to
      traverse the conduit, so as to influence a sensor therein.
NUM  13.
PAR  13. In the stack assembly of claim 12: the receptacle being tubular,
      extending inwardly and downwardly from the wall of the inlet to the middle
      part thereof, having an opening at its inner end and another opening
      adjacent the wall, so that it may receive exhaust gases at the middle part
      of the inlet, conduct them along itself, and discharge them adjacent the
      wall.
NUM  14.
PAR  14. In the stack assembly of claim 11: the inlet being relatively large in
      diameter, and the converging elements being shaped removably to engage a
      vehicle exhaust pipe of lesser diameter, so that air may be entrained
      around its inner surface when it is engaged over an exhaust pipe.
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ABST
PAL  An automatic coffee brewing system for brewing coffee in a chamber and
      dispensing the brewed coffee into a container. The chamber is
      automatically flushed upon completion of the brewing cycle. A
      predetermined amount of coffee grinds is automatically inserted into the
      coffee brewing chamber through an open lid. The brewing chamber is then
      rotated until the lid is closed. Hot brewing water is then inserted into
      the chamber, while the lid is automatically locked to prevent leakage of
      the brewed coffee. The brewed coffee then is removed from the chamber. The
      chamber is then rotated to enable the coffee grounds to be flushed from
      the chamber. The chamber is then rotated into position for brewing another
      container of coffee. A conical-shaped filter in the chamber enables brewed
      coffee to pass through to an outlet and simultaneously, retains the
      grounds in the chamber. During the flush cycle, water is forced into the
      chamber and the coffee grounds are cleared from the filter. A sprayhead is
      positioned at the apex of the conical-shaped filter for directing water
      flow during the brewing and flushing cycles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The field of art to which the invention pertains includes the field of
      automatic coffee brewing systems, particularly with respect to a system
      for automatically providing a measured amount of coffee and hot water into
      a brewing chamber and flushing the chamber upon completion of the brewing
      cycle.
PAR  2. Description of the prior art
PAR  In U.S. patent application Ser. No. 326,783 filed Jan. 26, 1973, there is
      described a conventional coffee brewing system for providing a
      predetermined amount of heated water which is discharged into a
      conventional brewing vessel. The brewing vessel is manually loaded with
      coffee grinds. Water filters through the brewing vessel and produces a
      container of coffee. Such a system requires that the brewing vessel be
      cleaned by the operator, and reloaded with coffee grinds each time a pot
      of coffee is brewed.
PAR  Automatic coffee brewing systems have been designed which eliminate the
      need for the operator to load the coffee into the brewing vessel. One
      drawback to prior art systems is that during the brewing cycle, leakage
      occurs from the brewing chamber. Additionally, after the coffee has been
      brewed, the brewing chamber must be flushed and the grounds removed.
PAR  The present invention provides an automatic coffee brewing system which
      brews a pot of coffee and automatically flushes the brewing chamber. A
      brewing container locking mechanism prevents leakage of the brewed coffee
      during the brewing cycle by sealing the chamber lid. The brewing chamber
      is rapidly and easily cleaned at the end of the brewing cycle.
PAC  SUMMARY OF THE INVENTION
PAR  An automatic coffee brewing system for brewing a pot of coffee and flushing
      the brewing chamber upon completion of the cycle. Initially, a
      predetermined amount of roast-ground coffee is automatically loaded into
      the brewing chamber. The brewing chamber contains a mechanism for
      automatically locking a chamber lid during the brewing cycle. When the
      brewing cycle has been completed, the lid is opened and the coffee grounds
      flushed from the chamber. The coffee brewing chamber contains a conical
      filter having a sprayhead at the filter apex. The sprayhead in the chamber
      directs the flow of hot water during the brewing cycle and flush water
      during the cleaning cycle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the automatic coffee brewing system made in
      accordance with the invention;
PAR  FIG. 2 is a partial front elevational view with a panel removed, of the
      automatic coffee brewing apparatus contained in the housing of FIG. 1;
PAR  FIGS. 3a through 3f illustrate the various positions of the coffee brewing
      chamber during the operational cycles of the automatic brewing system of
      FIGS. 1 and 2;
PAR  FIG. 4 is a top plan view, partially broken away, illustrating the drive
      mechanism used to rotate the coffee brewing chamber in the positions
      illustrated in FIGS. 3a through 3f;
PAR  FIG. 5 is a cross-sectional view of the coffee brewing chamber of FIG. 4
      taken along the line 4--4 thereof;
PAR  FIG. 6 is a bottom view illustrating the sprayhead used in the chamber of
      FIG. 5 taken along the line 6--6 thereof; and
PAR  FIG. 7 is a schematic block diagram of the coffee brewing system of FIGS.
      1-6 used to explain the operation of the system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 there is shown an automatic coffee brewing system
      12 constructed in accordance with principles of the invention. The brewing
      system 12 comprises a stand 14 which normally rests on legs 16. A
      plurality of burner pans 18 are illustrated, although only one burner pan
      is required for warming brewed coffee stored in a container 22. Coffee
      from the automatic brewing system is dispensed through a first spigot 24
      into the container 22.
PAR  A second spigot 26 is provided for enabling a user to obtain small amounts
      of hot water for making tea or hot soup from a hot water reservoir as is
      conventional. In the top section 28 of the brewing system, a plurality of
      indicator lights and buttons, illustrated generally as 32, enables the
      user to start the system as well as to provide an indication as to the
      system status. Typical lights could be used to provide an indication that
      the system is inoperable, or that the water is not heated to the desired
      temperature, or that other system conditions exist. Buttons could be
      provided to start or stop the system or to dispense hot water through the
      second spigot 26.
PAR  Referring now to FIG. 2, there is illustrated the mechanism for feeding a
      predetermined amount of coffee grinds into a coffee brewing chamber 42.
      Coffee grinds 44 are stored in a reservoir 46 which is connected by a
      tapered funnel 48 to a feed chamber 52. The feed chamber 52 is mounted on
      a stand 54 in the housing. An auger 56 is connected to one side of the
      feed chamber 52. The auger is used to transport coffee grinds from the
      feed chamber into the brewing chamber 42. The auger 56 is housed in an
      elongate cylinder 58. The drive (not shown) for the auger 56 is mounted in
      the stand 54.
PAR  The brewing chamber 42 is of generally cylindrical configuration. The
      interior of the brewing chamber is accessible at its end 62 when a lid 64
      is opened about its pivot point (not shown). When the lid 64 is in an open
      position and the chamber 42 is rotated to the position shown in FIG. 2,
      coffee grinds from the feed chamber 52 can be fed into the end 62 by means
      of the auger 56. The brewing chamber 42 is rotatable about a central axis
      66 which is perpendicular to the axis of the cylindrical chamber 42. An
      external manifold 68 (whose purpose will be explained hereinafter) is
      secured to the outer surface of the brewing chamber. An outlet feed line
      72 is connected to the brewing chamber 42. The feed line 72 enables brewed
      coffee in the brewing chamber 42 to be coupled to the first spigot 24. A
      shield 74 provides an anti-splash device when the chamber 42 is rotated to
      deposit the spent coffee grounds into the lower portion 70 of the housing.
PAR  FIG. 3a illustrates the position of the brewing chamber 42 in its initial
      start or rest position prior to commencement of the coffee brewing cycle.
      The open end 62 of the chamber is in a relatively downward position
      causing the lid 64 to pivot away from the chamber by gravitational force.
      On commencement of the brewing cycle, the brewing chamber 42 rotates
      approximately 90.degree. in a counter clockwise direction as shown by the
      arrow in FIG. 3a. FIG. 3b illustrates the position illustrated in FIG. 2,
      where coffee grinds are inserted into the brewing chamber 42. It should be
      noted that in the position of FIG. 3b, the lid 64 remains open.
PAR  The lid closing mechanism which is mounted adjacent the brewing chamber 42
      comprises a cover guide 82 which typically is formed of a thin curved
      strip member one end of which is secured to a mounting plate 84 and the
      other end of which is positioned adjacent a freely rotatable wheel 86
      having a rubber outer perimeter 88. The wheel 86 is rotatable about a
      spindle 92. The spindle 92 in turn is secured to one end of a rod 94, and
      the other end of the rod 94 is secured to a portion of the housing (not
      shown).
PAR  When the chamber has been rotated to the position shown in FIG. 3b, coffee
      grinds 44 are fed from the reservoir 46 into the chamber 42. When the
      predetermined amount of coffee grinds have been fed into the brewing
      chamber 42, the chamber is again rotated in a counter-closkwise direction
      to the position shown in FIG. 3c. As the chamber 42 rotates the lid 64
      moves toward the chamber end 62 by means of the cover guide 82. When the
      lid approaches the freely rotatable wheel 86, and has been moved by the
      cover guide 82 to a closed position, a mounting guide 96 on the top of the
      lid is juxtaposed with the rubber outer perimeter 88 of the freely
      rotatable wheel 86. The compression of the rubber outer perimeter 88
      against the mounting guide 96 is sufficient to form a seal between the lid
      64 and the end 62 of the chamber 42.
PAR  Normally, an O-ring or other gasket material is also positioned between the
      lid 64 and the opening 62 in the chamber. When the seal has been attained
      between the lid 64 and the chamber 42, heated water enters the chamber and
      the brew cycle commences. The brewed coffee then exits the outlet feed 72
      and is dispensed through the first spigot 24 into the container 22 as will
      be explained in greater detail hereinafter.
PAR  After the brewing cycle is completed, the brewing chamber 42 rotates in a
      counter-clockwise direction to the position illustrated in FIG. 3d, and
      the lid 64 is no longer in contact with the wheel perimeter 88. The lid 64
      then automatically opens due to gravitational force and the inverted
      position of the container. At this time the system commences the flush
      cycle. Water enters the chamber, as will be explained in greater detail
      hereinafter, and the coffee grounds together with the flushed water start
      to empty into the lower portion 76 of the housing. When the chamber then
      rotates to the position shown in FIG. 3e, the end 62 of the chamber 42 is
      positioned so that the grounds and flush water completely empty into the
      lower portion 76 of the housing. The chamber then rotates to a position
      shown in FIG. 3f, and is again in a position for the brew cycle to be
      repeated.
PAR  Referring now to FIG. 4, there is shown a top plan view of the drive system
      used to rotate the brewing chamber 42 to the various positions illustrated
      in FIGS. 3(a-f). A conventional electric motor 102 is connected through a
      gearbox 104 to a driveshaft 106. The driveshaft 106 rotates a wheel 107
      having a first set of teeth 108 around its periphery. A cam member 112
      also secured to the driveshaft 106 and rotatable therewith, contains an
      outer cam surface 114 which is curved and abruptly changes shape at a
      riser or, a shoulder 116 on the cam surface.
PAR  Typically, the motor 102, gearbox 104, and drive shaft 106 are mounted on a
      housing plate 118 of the system in a conventional manner. A support plate
      122 is used to mount a plurality of microswitches, illustrated as four
      microswitches 124, 126, 128, and 132 spaced around the cam surface 114.
      The microswitch 124 contains an armature 134 which extends from the
      microswitch housing 135 and terminates at a terminal 136. The terminal 136
      normally rides on the outer cam surface 114 of the cam member 112, Each of
      the microswitches 126, 128, and 132 are identical to the microswtich 124
      and will not be described in detail. As the cam member 112 rotates, and
      the terminal member 136 of the respective microswitches abruptly drop at
      the shoulder 116 of the cam member, the microswitch contact moves from a
      open position to a closed position, actuating an electrical circuit as
      will be explained hereinafter.
PAR  A second set of gear teeth 142, similar to the first set of gear teeth 108
      is connected so as to rotate with the brewing chamber 42. A continuous
      gear chain 144 interconnects the first and second set of gear teeth 108
      and 142. Rotation of the gear teeth 108 cause the gear teeth 142 and hence
      the brewing chamber 42 to rotate in the various positions as illustrated
      in FIGS. 3 (a-f).
PAR  Referring now to FIG. 5, the brewing chamber interconnection with the
      external manifold 68 is illustrated in greater detail. The brewing chamber
      42 is formed of a cylindrical side wall 152 and an integrally formed
      bottom wall 154. One end of an inlet pipe 158 is secured in a centrally
      formed threaded opening 156 in the bottom wall 154. The inlet pipe 158
      extends axially through the brewing chamber 42. The pipe 158 adjacent to
      the bottom wall 154 communicates with an inlet passageway 162 of the
      manifold 68. The manifold 68 is formed of an inlet passageway 160 having a
      first port 161 and a second port 162 at opposite ends of the passageway.
      The second port 162 communicates with the inlet pipe 158 at the chamber
      bottom wall 154. The manifold 68 further contains an outlet passageway 164
      having a first port 165 and a second port 166 at opposite ends thereof.
      The outlet passageway first port 165 communicates with an offset aperture
      168 in the bottom wall 154 of the chamber.
PAR  A filter 172 of generally conical configuration, has a base which abuts the
      interior junction of the cylindrical side wall 152 and the bottom wall
      154. The filter 172 tapers toward a truncated apex 174. An end 178 of the
      inlet pipe 158 extends through an opening 176 in the truncated apex 174 of
      the filter 172. A sprayhead 182 is mounted on the end 178 of the pipe by
      means of a lip 184 which is threaded or otherwise secured thereto. The
      sprayhead contains a generally triangularly shaped top surface 186 which
      forms one end of a cavity 188 defined by the sprayhead. A bottom wall 192
      of the cavity 188 is formed in a plane perpendicular to the axis of the
      brew chamber 42. The bottom wall 192 contains a plurality of orifices 194
      shown in greater detail in FIG. 6. The orifices 194 enable water, which
      enters the inlet pipe 158, to pass into the sprayhead cavity 188 and be
      directed downwardly toward the outer surface of the filter 172. Referring
      again to FIG. 5, a housing flange 202 contains an opening 204. A water
      inlet sleeve 206 is secured in the opening 204. The inlet passageway 160
      of the manifold 68 contains a water inlet opening section 208 which is
      coaxial with the axis of the housing flange opening 204. The water inlet
      opening section 208 contains an interiorly threaded sleeve 212. A water
      inlet housing 214 is secured to the housing flange 202 by means of a
      plurality of screws 216 which are threadably inserted into an abuting
      water inlet housing flange 218 and the housing flange 202. The free end
      222 of the water inlet opening section 208 is spaced from the end of the
      water inlet housing 214 by means of a seal 224. The seal contains an
      opening 226 which is aligned with an opening in the internally interiorly
      threaded sleeve 212 of the water inlet opening section 208.
PAR  The water inlet sleeve 206 contains a reduced diameter front bore portion
      228 which is aligned with the interiorly threaded sleeve 212. A cavity 232
      is formed behind the reduced diameter front bore portion 228 into which
      water is fed to the brewing chamber during the flushing or coffee brewing
      cycles. An inwardly extending flange 234 defines the other end of the
      cavity 232.
PAR  Communication to the cavity 232 may either be through a flush water inlet
      236 or through a brew water inlet 238 positioned at right angles to the
      flush water inlet 236 and shown more clearly in FIG. 4. A rotatable
      fitting 242 is threaded into the interiorly threaded sleeve 212 by means
      of threads formed on its front outer surface 244. The fitting 242 extends
      through the water inlet sleeve 206 and contains a first annular groove 246
      formed adjacent the bore portion 228 of the fitting 206 and a second
      annular groove 248 formed adjacent the inwardly extending flange 234. A
      first O-ring seal 252 and a second O-ring seal 254 are positioned in the
      first annular groove 246 and the second annular groove 248, respectively,
      to form water tight seals between the rotatable fitting 242 and the water
      inlet sleeve 206. Water from the flush water inlet 236 or the brew water
      inlet 238 is fed into the cavity 232 and through passageway 256 of the
      rotatable fitting to the first port 161 of the manifold inlet passageway.
      As described in conjunction with FIG. 4, the secocnd set of gear teeth 142
      is mounted on the end 258 of the rotatable fitting 242. An end plate 262
      is fastened by means of a bolt 264 to the rotatable fitting 242. The end
      plate 262 and bolt 264 enable the gear teeth 142 to drive the rotatable
      fitting 242.
PAR  The brewed coffee outlet feed line 72 is coupled to a fixed cylinder 272
      having a rotatable sleeve 274 positioned therein. The rotatable sleeve 274
      has an inlet 276 which couples the second port 166 of the second
      passageway 164 to the outlet feed line 72, through a cavity 278 formed
      between the fixed cylinder 272 and the rotatable sleeve 274. A spring clip
      282 is fastened to the rotatable sleeve 274 at a point where it extends
      beyond the fixed sleeve 272 enabling the rotatable sleeve to rotate with
      the brew chamber 42. A third annular groove 284 and a fourth annular
      groove 286 are respectively formed on the outer surface of the rotatable
      sleeve 274 on opposite sides of the cavity 278. O-ring seals 288 and 292
      in the third annular groove 284 and fourth annular groove 286,
      respectively, are provided to prevent leakage from the cavity 278.
PAR  Referring now to FIG. 7, there is schematically illustrated a simplified
      block diagram of portions of the brewing system of FIGS. 1-6. Prior to
      commencement of a brewing cycle, the brewing chamber 42 is in the position
      shown in FIG. 3a When a container of coffee is desired, a main switch 300
      is closed, actuating a system power relay 302. The relay 302 in turn
      actuates the chain motor 102 causing the continuous gear chain 144 to
      rotate the brewing chamber 42.
PAR  The chain motor 102 simultaneously rotates the cam member 112. When the
      brewing chamber has been rotated to the position shown in FIG. 3b, the
      first microswitch 124 is simultaneously closed. Closure of the first
      microswitch 124 operates a first timer network 304 which temporarily
      disconnects power to the chain 102 and actuates an auger motor 306. The
      auger motor 306 then drives the auger 56 an interval of time sufficient to
      fill a predetermined amount of coffee into the brewing chamber 42. The
      first timer network 304 then deactivates the auger motor 306 and the chain
      motor 102 rotates the brewing chamber 42 to the position shown in FIG. 3c.
PAR  When the brewing chamber reaches the position shown in FIG. 3c the chamber
      lid 64 is closed as previously explained. Simultaneously, the second
      microswitch 126 is actuated, deactivating the chain motor 102 and stopping
      rotation of the brewing chamber 42. The second microswitch 126 actuation
      operates a second timer network 314 which in turn opens a hot water valve
      316. Hot water from a hot water reservoir 318 is fed through the inlet
      passageway 160 into the brewing chamber 42. The hot water passes through
      the orifices 194 and sprays onto the coffee grinds on the outer surface of
      the conical filter 172. Hot water passes through the filter 172, and into
      brewed coffee, flows through the outlet passageway 164 to the outlet feed
      72 and into the container 22. It should be noted that a thermostatic or
      similar control normally delays the flow of hot water from the hot water
      reservoir until the water reaches a predetermined temperature.
PAR  After a predetermined interval of time, the second timer control 314 closes
      the hot water valve 316 and reactivates the chain motor 102. The chain 144
      rotates the brewing chamber 42 to the position shown in FIG. 3d, and
      actuates the third microswitch 128. The third microswitch 128 closure
      operates a third timer network 322.
PAR  The third timer network 322 actuates a flush water valve 324 which feeds
      water from a source (not shown) into the flush water inlet 236 of FIG. 5.
      The flush water passes into the external manifold 68 inlet passageway 160
      at a greater flow rate than the hot brewing water. Flush water at this
      high flow rate flows through the orifice 194 and strikes the filter 172
      and causes the coffee grounds thereon to be loosened. As can be seen in
      FIG. 3d, the brewing chamber 42 is at an angled position and the flush
      water and grounds flow toward the open lid 64. At a predetermined interval
      the timer network 322 closes the flush water valve 324. The flush water
      and grounds are emptied as the container 42 continues to rotate. The timer
      network 322 and its function could also be performed by redesigning the
      cam surface 114. The operation of the flush water valve 324 would then be
      controlled by opening and closing the third microswitch 128.
PAR  When the chain motor 102 rotates the canister to the position shown in FIG.
      3f, which is also the initial rest position, the fourth microswitch 132 is
      closed. The fourth microswitch 132 disengages the system power 302, and
      disconnects power to the chain motor 102.
PAR  In addition, a back pressure switch 344 is connected between the brew water
      sleeve 238 and a inlet hot water tap 346 as shown in FIG. 5. Should the
      pressure in the inlet of the system rise due to clogging of the filter
      172, the system power relay 302 is deenergized and the chain motor 102 is
      turned off. Then the filter cone 172 must be cleaned and the system
      reactivated.
PAR  Typically, the filter is made of Nylon or similar material although
      stainless steel could be used as well.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic coffee brewing system comprising:
PA1  a chamber for brewing coffee therein, said chamber being of generally
      cylindrical configuration and having a filter therein;
PA1  said filter having a water inlet expanding from a first end of said filter
      and extending through said chamber and exiting a second end of said
      filter, a sprayhead coupled to said water inlet of said filter for
      directing water from said sprayhead to the outer surface of said filter;
      and
PA1  means providing an outlet path for water passing through said filter to an
      outlet spigot.
NUM  2.
PAR  2. An automatic coffee brewing system in accordance with claim 1 wherein
      said chamber is rotatable to a first position for enabling water to flow
      from said sprayhead through said filter when coffee is brewed in said
      chamber, and rotatable to a second position for enabling water to flow
      from said sprayhead toward said filter and flush coffee grounds from said
      filter surface.
NUM  3.
PAR  3. An automatic coffee brewing system in accordance with claim 1 wherein
      said sprayhead has a cavity formed therein and a plurality of orifices for
      directing said water toward said filter outer surface.
NUM  4.
PAR  4. An automatic coffee brewing system comprising:
PA1  a coffee brewing chamber having a movable lid to provide access and seal
      said chamber;
PA1  loading means for placing a predetermined amount of coffee in said chamber
      when said lid is moved to provide access to said chamber;
PA1  locking means for sealing said lid to said chamber when said coffee is
      brewed in said chamber, said locking means including a cover guide which
      moves said lid toward a sealed position and said lid outer surface
      includes a guide, a freely rotatable wheel having a rubber outer
      perimeter, said guide on said cover being moved into a juxtaposed position
      with said rubber outer perimeter of said freely rotatable wheel to form a
      tight seal between the lid and the end of the brewing chamber;
PA1  means for flushing said chamber after coffee has been brewed therein; and
PA1  rotating means for rotating said coffee brewing chamber to a first position
      wherein coffee grinds are inserted into said brewing chamber by said
      loading means with said lid in a chamber access position, rotating said
      chamber to a second position wherein said chamber lid is secured to said
      chamber by said locking means and heated water is inserted in said chamber
      and coffee brewed therein, and rotating said chamber to a third position
      wherein said coffee grounds are flushed from said chamber by said means
      for flushing.
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ABST
PAL  Disclosed is a cooking range in which an air intake plenum and a deep fat
      fryer cavity are formed side-by-side in a housing. The cavity accommodates
      a relatively deep receptacle having an electrical outlet on its sidewall
      and adapted to be filled with frying oil to a level below the electrical
      outlet. A heating element, having a terminal plug removably inserted in
      the electrical outlet, extends adjacent the base of the receptacle for
      heating the frying oil. Removal of the heating element permits other
      cooking units, having differing cooking functions, to be inserted in the
      cavity in spaced overlying relation to the pool of frying oil in the
      receptacle. The other cooking units may, thus, be alternately operated
      without necessitating removal of the frying oil from the receptacle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A cooking range having removable cooking units, each adapted to perform a
      specialized cooking function and alternately insertable into the range, is
      disclosed in U.S. Pat. No. 3,797,375, assigned to the assignee of the
      present invention.
PAR  The present invention provides an improved selectively interchangeable
      cooking apparatus in that it can accommodate a deep fat fryer unit as one
      of the cooking units and permits use of alternate types of cooking units
      in the well or cavity of the fryer without first removing the frying oil
      from the fryer receptacle. The flexibility of the range in utilizing
      lift-out cooking units of differing, specialized cooking function is
      maintained, even though one of the alternate cooking units is a relatively
      large deepfat fryer. The arrangement is such as to further maintain the
      self-ventilating feature of the range. The placement of the ventilating
      air intake plenum directly adjoining the cavity which accommodates the
      deep-fat frying receptacle, with the plenum intake along one side margin
      of the receptacle, results in a grease droplet and odor entraining flow of
      ventilating air across the open top of the fryer receptacle. An optional
      grease shield plate may be utilized to horizontally overlie the pool of
      frying oil while other cooking units are in use. When extended vertically,
      the plate shields the adjacent wall area and may be provided with a hanger
      from which the conventional frying basket can be suspended in draining
      position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary, schematic, sectional view of the structure of the
      present invention.
PAR  FIG. 2 is a fragmentary, exploded, perspective view of structure shown in
      FIG. 1.
PAR  FIG. 3 is an enlarged, side sectional view of the deep-fat fryer component
      with the heating element in place.
PAR  FIG. 4 is a view similar to FIG. 3 but with an alternate form of cooking
      unit in place over the fryer receptacle from which the heating element has
      been removed.
PAR  FIG. 5 is a view similar to FIG. 4 but showing a modified form of the
      apparatus.
PAR  FIG. 6 is a fragmentary, perspective view of the structure shown in FIG. 5
      but with the grease shield plate in lowered position.
PAR  FIG. 7 is an exploded, perspective view of the electrical terminal plug
      utilized on the deep-fat fryer heating element.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring initially to FIG. 1, a drop-in type cooking range is shown, the
      range being generally flush with the countertop 10. The range includes a
      housing which provides in side-by-side relation an air intake plenum 11
      and a deep-fat fryer cavity formed by burner box 12. A centrifugal blower
      wheel 13, rotated by an electric motor 14 functions to maintain the
      interior of the plenum below atmospheric pressure. This results in
      ventilating air being drawn across the open top of deep-fat frying
      receptacle 13 which is disposed in the cavity formed by the burner box 12.
      The air moves as indicated by arrows in FIG. 1 through the plenum intake
      aperture 11a and, where opening 11b is provided in the plenum, through the
      space adjacent the receptacle 13. The plenum chamber may be provided with
      a filter (not shown) across the blower wheel inlet.
PAR  The receptacle 13 has an internal shoulder 16 and a manual valve controlled
      drain fitting 17 which extends through a registering opening in the box
      12. As may be seen in FIGS. 2 and 3, a framing member 18 encloses the
      cavity formed by box 12 and its depending lip 18a extends below, and
      encloses, the upper margin of receptacle 13.
PAR  Above the shoulder 16 and adjacent its upper margin, the receptacle 13
      carries an electrical terminal plug 21 which receives the contact spades
      22 and ground prong 23 (FIG. 7) of the electrical terminal plug 24 which
      is shown in detail in FIG. 7. As may be seen in FIG. 7, the plug 24
      includes a metal plate 31 of generally L-shaped cross-section and having
      an angularly depending lip 32 along the side margin of the plate leg
      portion 31a. The plate portion 31a is provided with spaced apertures to
      which the outer metal sheath of the adjacent ends 32a of a conventional,
      metal sheathedtype electrical resistance heating element 32 are rigidly
      connected in an electrically conductive junction. The extending, internal
      resistance wire ends 33 are electrically connected to the contact spades
      22. A ceramic block 34 accommodated within the bight of the L-shaped plate
      31 has parallel apertures 34a through which the contact spades 22 extend,
      and the ground pin 23 extends through an aperture 34b in the block and a
      registering aperture 31b in the plate 31 and receives a retainer 36 to
      clamp the block to the plate, the ground pin having electrical connection
      to the plate 31. The heating unit 32 extends from the plug assembly in a
      closed loop and is shaped to provide a sinuous portion 32b lying
      substantially in single horizontal plane offset or spaced downwardly from
      the plug 24 as may best be seen in FIG. 2.
PAR  A removable, fryer basket 38, conventionally formed and having an integral
      handle portion 38a, is accommodated within the receptacle 13 and rests
      upon the lower portion 32b of the heating element. The receptacle is
      adapted to be filled with frying oil or grease to a level below the
      shoulder 1b.
PAR  As will be evident from a comparison of FIGS. 3 and 4, with basket 38 and
      heating element 32 removed from receptacle 13, an optional grease shield
      plate 41 may be placed in the receptacle overlying the area just below the
      shoulder 16 on which the plate may rest. A cooking top, cartridge type
      unit, such as the glasscovered cartridge type assembly 42 may then be
      placed in the upper portion of the receptacle and plugged into the outlet
      member 21. The cartridge assembly 42 may be of the type disclosed in U.S.
      Pat. No. 3,797,375 and, it will be understood, other types of cooking
      units could be inserted in place of unit 42, such as an exposed heating
      element cartridge or a grill or a rotisserie, all disclosed in the
      aforementioned U.S. Pat. No. 3,797,375. Cooking units such as shown in
      FIG. 4 may be utilized without requiring the frying oil first be drained
      from receptacle 13.
PAR  In FIGS. 5 and 6 a modified form of the assembly is shown which differs
      from that previously described primarily in that a grease-shield plate 51
      is provided which is pivotally attached at 52 to the receptacle. The plate
      51 is provided with a handgrip depression 53 and is shown in raised or
      upright position in FIG. 5 and in lowered or closed position in FIG. 6. As
      will be evident from FIG. 5, the underface of plate 51 is provided with a
      hanger element 54 which is adapted to support fryer basket 38 in draining
      position over the receptacle 13 when draining of the basket is desired.
PAR  The structure described provides a deep fat fryer apparatus which does not
      extend appreciably above the countertop level. The well utilized to
      accommodate the frying oil can be drained after use, or, by using the
      overlying grease-shield plate, and with the frying oil heater removed,
      other cooking operations, using alternate cooking units, can be carried on
      without draining the fryer well or receptacle.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cooking range adapted to alternately accommodate differing electrical
      cooking units at its countertop cooking surface comprising a housing
      providing in side-by-side relation an air intake plenum and a deep-fat
      fryer cavity, said intake plenum opening along one side margin of said
      cavity and adapted to draw in cooking fumes from said fryer cavity when
      the plenum pressure is below atmospheric, said fryer cavity being formed
      by an opened-topped relatively deep receptacle extending downwardly from
      the cooking surface into the fryer cavity formed by the housing, the base
      of said receptacle being provided with a drain aperture and an electrical
      outlet on the receptacle side wall adjacent its upper margin, a heating
      element having an offset terminal plug and a sinuous portion formed in a
      plane spaced from the electrical terminal plug, said terminal plug being
      adapted to be inserted in said electrical outlet and the said sinuous
      portion of the heating element being thereby disposed closely adjacent to
      the base of said receptacle, and a removable fryer basket received within
      said receptacle, whereby with frying oil filling said receptacle to a
      level below said electrical outlet, deep fat fry cooking may be
      accomplished, and with said heating element removed from the receptacle,
      other cooking units having differing cooking functions may be installed to
      overlie said receptacle without necessitating removal of the frying oil
      therefrom.
NUM  2.
PAR  2. A cooking range as claimed in claim 1 in which said receptacle is
      provided with abutments extending inwardly from its side walls and
      adjacent to its upper margin but below said electrical outlet carried by
      the receptacle, and a grease-shielding plate adapted to rest on said
      abutments after removal of said heating element to thereby separate the
      pool of frying oil in said receptacle from the underside of said other
      cooking units installed in overlying relation to said receptacle.
NUM  3.
PAR  3. A cooking range as claimed in claim 2 in which said abutments take the
      form of an internal shoulder extending around the receptacle side walls
      and disposed just below said electrical outlet.
NUM  4.
PAR  4. A cooking range as claimed in claim 2 in which said plate is pivotally
      attached along one of its margins to said receptacle, and thereby adapted
      to be pivotally moved to an upright position when said heating element is
      in place during deep fat fry cooking operation of the range.
NUM  5.
PAR  5. A cooking range as claimed in claim 4 in which said plate is provided
      with a hanger on its underface adapted to support said fryer basket in a
      draining position above said receptacle when said shield plate is in
      upright position.
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ABST
PAL  A convenience food package includes a radiation transparent plastic
      envelope defining sealed compartments with different food components in
      the respective compartments. The package configuration enables it to be
      used with a specially designed electrical appliance having a carrier
      receptive to the package. The appliance includes radiation emitting
      elements on opposite sides of the carriage. The carriage includes shields
      opaque to the radiation, the shield being provided with selectively formed
      radiation transparent apertures which control the degree of exposure of
      the individual food components in the food package to the radiation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates convenience foods, packages therefor, and a method
      and apparatus for preparing such foods. More particularly, it relates to
      the "toastable" type of convenience food which is heated in a toaster or
      toaster-like electrical appliance. The types of convenience foods prepared
      in this manner have been extremely limited and, for example, have included
      primarily foods such as waffles, french toast and pastries. This technique
      of convenience food preparation is limited still further in that the
      electrical appliances and manner in which the foods are packaged do not
      enable a number of different types of foods to be heated properly
      simultaneously. Thus, the toaster-type of convenience food has not been
      extended to foods such as hamburgers, sandwiches or other foods made from
      different food components which require different degrees of heating. It
      is among the primary objects of the invention to provide an electrical
      appliance and a convenience food package for use therewith which avoids
      the foregoing difficulties and which expands substantially the types of
      foods which may be prepared.
PAR  The invention permits a variety of precooked and frozen or refrigerated
      food products to be easily prepared. In this regard, such foods may be
      slightly undercooked before freezing so that when heated to the proper
      serving temperature, the added heat may complete the cooking process.
      Because the step of heating the prefrozen dinner both heats the food to
      serving temperature and also may partially cook the food, depending on the
      type of food, the application of heat to the food will be referred to
      herein as "heat conditioning."
PAC  SUMMARY OF THE INVENTION
PAR  The food package includes a heat resistant plastic envelope transparent to
      infrared radiation or other suitable radiation employed in the heating
      appliance. The envelope may contain a plurality of component foods in
      separate, isolated compartments which may be defined by a heat sealed seam
      bonding opposite faces of the envelope. The electrical appliance may be of
      the "pop-up" toaster type and is provided with a carriage to receive the
      food package and to carry the food package into the appliance and into
      proper alignment with radiation heating elements mounted in the appliance
      on opposite sides of the carriage. The degree to which each of the
      component foods in the package is heated is controlled by shields carried
      by the carriage which embrace the opposite sides of the food package and
      which present a radiation opaque surface to the heating elements. Each of
      the shields is provided with one or more radiation transparent apertures
      which are in general alignment with the component food in the food package
      when the package is in the carriage. The relative size and configuration
      of the radiation transparent openings determine the degree of exposure of
      the foods to the radiation and, therefore, the extent to which the
      individual component foods are heated. The package configuration and the
      appliance include means cooperative to insure that the food package is
      properly placed in the carriage with its component foods properly oriented
      with respect to the radiation transparent apertures of the carriage.
      Supplemental means also may be included in the electrical appliance to
      vary the size of the radiation transparent windows should this be desired.
PAR  It is among the objects of the invention to provide an improved type of
      convenience food package and an electrical appliance therefor.
PAR  A further object of the invention is to provide a convenience food package
      and electrical appliance therefor which substantially expand the types of
      food which may be prepared.
PAR  A further object of the invention is to provide a convenience food package
      and an electrical appliance which enable a plurality of component foods to
      be heated simultaneously and in a manner which enables the degree of
      heating of the component foods to be individually controlled.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and advantages of the invention will be
      understood more fully from the following further description thereof, with
      reference to the accompanying drawings wherein:
PAR  FIG. 1 is an illustration of the heating appliance with food package in
      alignment with the receptive opening in the appliance;
PAR  FIG. 2 is a sectional side elevation of the appliance with the food package
      disposed therein:
PAR  FIG. 3 is a longitudinal section of the appliance as seen along the line
      3--3 of FIG. 2;
PAR  FIG. 4 is a plan view of the appliance, partly in section and partly broken
      away.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the drawings the food package, indicated generally by the
      reference character 10, is of generally flat, elongate configuration. The
      package is formed to define a sealed envelope and is made from an
      appropriate sheet plastic which is transparent to the radiation employed
      by the electrical appliance for heating and is capable of withstanding
      temperatures at which the appliance operates. In the preferred embodiment
      the radiation is infrared and a polyester base plastic can be employed for
      the envelope. The opposite faces 12, 14 of the envelope may be heat sealed
      about their peripheries and also to define a seam 16 which separates the
      envelope into a plurality of compartments. In the illustrative embodiment,
      there are two such compartments, one containing, for example, a hamburger
      patty 18 and the other compartment containing the two halves of a
      hamburger roll 20.
PAR  The electrical appliance for heat conditioning foods in the package
      resembles somewhat in outside appearance a "pop-up" toaster. Radiation
      heating elements such as quartz tubes 22 for emitting infrared radiation
      are supported within the housing 24 of the appliance and extend generally
      parallel to each other and longitudinally of the appliance. Reflectors 26
      preferably are supported within the housing 24 to reflect the infrared
      radiation toward the center of a housing. The appliance includes a
      vertically movable carriage 28 located between the infrared heating
      element 22 and movable between an upper, package-receiving position and a
      lower, heating position shown in FIGS. 2 and 3. A slot 30 is provided to
      enable the food package 10 to be inserted into the open, upper, receptive
      end of the carriage 28.
PAR  The carriage includes an elongate bottom member 32 which is supported at
      its ends, for vertical movement toward and away from the top of the
      appliance. The bottom member 32 is guided in its movement by a pair of
      vertical rods 34 supported within the housing 24 at opposite ends thereof.
      The rods 34 are received in holes formed at the opposite ends of the
      bottom member 32. A bracket 36 is secured to each end of the bottom member
      32 and has a hole formed in its upper end thereof which slidably engages
      the upper end of its associated vertical rod 34 to rigidify and guide the
      bottom member 32 in its vertical movement. The bottom member 32 and its
      integral brackets 36 are biased upwardly by a torsion spring 38 secured
      within the housing and having free ends connected to the brackets 36. The
      extent of upward movement of the carriage may be limited by engagement of
      the upper end of the brackets 36 with the upper interior surface 40 of the
      housing.
PAR  The carriage 28 includes and supports a pair of generally parallel, spaced
      side-walls 42 which serve to shield the food package 10 from the infrared
      radiation. Each of the shielding side-walls 42 preferably has a polished
      surface facing its respective infrared element 22 and reflector 26. Each
      of the shielding side-walls 42 includes one or more regions defining
      radiation transparent windows or apertures 44 formed to permit the
      infrared radiation to be directed through the radiation transparent
      envelope 10 and to the food to be heated. The degree of heating of each of
      the food components can be controlled by suitable selection of the
      configuration and size of the radiation transparent apertures. In the
      illustrative embodiment in which the convenience component foods comprise
      a hamburger patty 18 in one compartment and the halves of a hamburger roll
      20 in the other compartment, the radiation transparent aperture 44, in the
      shielding side-wall which is aligned with the properly placed compartment
      carrying the hamburger patty, defines an area substantially larger than
      the plurality of smaller radiation transparent windows 46 formed in the
      shielding side-walls 42 and in alignment with the package compartment
      carrying the halves of the hamburger roll 20. In the illustrative
      embodiment, the hamburger patty 18 is exposed fully to the infrared
      radiation whereas the halves of the hamburger roll 20 are exposed only to
      a portion of the radiation. In the case of the halves of the hamburger
      roll, the multiplicity of apertures may define an area which is of the
      order of seventy percent of area defined by the surface of each half of
      the roll.
PAR  The portion of the carriage 28 defining the side-walls 42 may be
      constructed in a variety of ways. One such structure is shown in the
      illustrative embodiment and includes an inverted U-shaped member including
      the walls 42 and an intermediate connecting member 48. The U-shaped
      assembly 42, 48, 42 is received for vertical sliding movement through an
      elongate slot 50 formed in the upper surface of the housing 24. The
      intermediate portion 48 of the U-shaped member is formed to define the
      slot 30 which receives the food package 10. The lower edge on each of the
      sidewalls 42 may be received in longitudinal slots 52 formed in the bottom
      member 32. In this illustrative embodiment, the walls 42 move vertically
      in unison with the bottom carriage member 32. The food package 10 is
      designed so that when inserted through the slot 30 and into the carriage
      28 it will rest in a position in proper alignment with the radiation
      transparent apertures in the walls 42.
PAR  Means also are provided to insure that the food package 10 is properly
      inserted into the appliance so that its component foods will be properly
      aligned with the corresponding radiation transparent apertures. This may
      be accomplished in any number of ways and in the illustrative embodiment
      the package is dimensioned asymmetrically as seen from its longitudinal
      edge with the hamburger patty 18 compartment being thinner than the
      compartment containing the halves of the hamburger roll 20. The slot 30
      which receives the food package 10 similarly is of varying width having a
      narrow end 52 and a wider end 54 which will only permit insertion of the
      food package 10 into the appliance in the proper attitude in relation to
      the shielding walls of the carriage.
PAR  While the aperture configuration of any given pair of shielding walls may
      be sufficient to control the heating of a variety of different types of
      packaged foods, it may be desirable to enable the shields to be changed to
      other aperture configurations for use with other food package
      configurations having different component food combinations. The foregoing
      carriage construction lends itself to different package configurations
      which may have different thickness food components which may also require
      different relative degrees of heating. The inverted U-shaped member 42,
      48, 42 may be withdrawn outwardly through the opening 50 and replaced by a
      different U-shaped member having a different array of apertures more
      suited for the particular food components.
PAR  The carriage is arranged in the appliance so that when in its lowered,
      operative position, its apertured regions are in central alignment with
      the radiant tubes 22. Similarly, the food package 10 is arranged so that
      its apertured regions are in central alignment with the radiant tubes 22.
      Similarly, the food package 10 is arranged so that its component foods are
      aligned centrally along the longitudinal axis of the food package so that
      when inserted into the appliance the component food, apertures and radiant
      tubes will be properly oriented and in alignment with respect to each
      other for even heat distribution.
PAR  A further aspect of the invention relates to a supplemental shielding
      arrangement which can be controlled by the user to further control the
      extent to which the component foods are heated. To this end a movable
      shielding plate 54 may be mounted adjacent each carriage wall 42. Each of
      the shielding plates may be provided with an identical array of apertures
      as in at least one of the apertured regions of the shielding walls 42.
      Each of the shielding plates 54 is movable, parallel to its associated
      shielding wall 42 so that the apertures 46' in the shielding plates are
      shown, in the drawings, as being associated only with the apertures 46 for
      controlling the heating of the hamburger roll, a similar configuration
      could be employed in conjunction with the apertures 44 which are
      associated with the hamburger patty. By selectively positioning the
      handles 58, the total effective area of the apertures 46 can be
      selectively controlled. In this regard it may be noted that some types of
      component foods may have special heating requirements in which one surface
      of the component food requires more heat than another side. For example,
      an "english muffin" half tends to absorb more heat at its rough, cut
      surface than at its hardened crust surface which absorbs heat at a lesser
      rate. By controlling the size and configuration of the apertures on the
      opposite sides of the carriage the heating requirements for such food
      components may be controlled carefully. Cheeseburgers also may fall into
      this category of component food where the cheese slice side requires less
      heat than the opposite side of the meat patty.
PAR  In use, the food package 10 is inserted into the upwardly exposed carriage
      through the slot 30. With the food package 10 properly inserted, the
      carriage then is moved downwardly as, for example, by depressing a handle
      60, which may be secured to the bracket 36 by a member 62. The carriage
      may be locked in place in its lowered position by any number of means,
      such as by the freely depending U-shaped swing latch 64. The latch 64 is
      freely and pivotally suspended at its bight by the pivot pin 66 which is
      secured to the housing 24. One of the legs of the latch 64 can simply
      swing over an extending end 68 of the bottom carriage member 32 when the
      member 32 has been advanced downwardly beyond the lower end of that leg of
      the swing latch member 64. Downward movement of the carriage to its
      heating position, shown in FIGS. 2 and 3, also actuates the heating
      elements 22 by means of a switch 70 which is controlled by movement of
      element 72 in response to engagement of the bottom member 32 in the
      carriage. The switch 70 and thermostatic element 72 also are constructed
      so that after a predetermined time and/or after the interior of the
      electrical appliance has reached a predetermined temperature, the switch
      70 is operated to control a solenoid 74 (see FIG. 4) which attracts the
      other leg of the latch 64 to swing the latch member out of engagement with
      the member 32 thus releasing the carriage and enabling it to return to its
      upper position under the influence of the torsion spring 38. The food
      package then can be removed as its upper edge is exposed slightly through
      the slot 30. It should be noted, however, that the foregoing description
      of the control for operation of the appliance is intended merely as an
      illustration of one type of control. Numerous other types of latching and
      release controls commonly found in conventional toasters may be employed.
PAR  The electrical appliance also may be used as a conventional toaster. In
      this event it may be desirable to remove the U-shaped member 42, 48, 42
      and replace it with a U-shaped member which is substantially free of any
      significant shielding, such as a thin wire grid arrangement.
PAR  While the invention has been described as being employed primarily with a
      radiant heat type of heating element, it also may be modified for use in
      special instances to include microwave heating elements. In this event,
      the apertures 46 in the shielding walls 42 should be formed so that the
      apertures in these walls are in alignment with each other. By aligning the
      apertures in the facing shielding walls 42, reflection of stray microwave
      energy between the walls 42 is minimized which provides for more effective
      control over the extent of heat conditioning.
PAR  Thus, I have described my improved convenience food package and electrical
      appliance for use therewith by which the types of "convenience" foods
      preparable in pop-types of heating appliances can be expanded and varied
      greatly. It should be understood, however, that the foregoing description
      of the invention is intended merely to be illustrative thereof and that
      other modifications and embodiments may be apparent to those skilled in
      the art without departing from its spirit.
CLMS
STM  Having thus described the invention what I desire to claim and secure by
      Letters Patent is:
NUM  1.
PAR  1. An electrical appliance comprising:
PA1  a housing having an elongate opening therein;
PA1  a carriage including a pair of spaced side walls formed from a material
      which is opaque to radiation having selected characteristics, each of said
      side walls having at least two regions which present different degrees of
      transparency to said radiation;
PA1  means mounting said carriage for movement between an idle position in which
      said carriage is disposed in alignment with said elongate opening and in
      proximity to said opening to enable a plurality of items to be heated to
      be inserted together through said opening and into said carriage between
      said side walls thereof and a working position remote from said opening;
      and means for generating said radiation having said selected
      characteristics and being mounted within said housing on opposite sides of
      said carriage, said radiation generating means being located with respect
      to said carriage so that when said carriage is in its working position,
      said radiation transparent regions of said carriage side walls will be in
      alignment with said radiation generating means.
NUM  2.
PAR  2. An appliance as defined in claim 1 wherein said sidewalls of said
      carriage are constructed and arranged to be detachably mounted from the
      remainder of said carriage thereby to enable side-walls having radiation
      transparent regions of other configurations to be substituted therefor.
NUM  3.
PAR  3. An electrical appliance comprising:
PA1  a housing having an opening formed therein;
PA1  a carriage including a pair of spaced side-walls formed from a material
      which is opaque to radiation having selected characteristics, each of said
      side-walls having at least one region which is transparent to said
      radiation;
PA1  means mounting said carriage for movement between an idle position in which
      said carriage is disposed in alignment with said opening and in proximity
      to said opening to enable an item to be heated to be inserted through said
      opening and into said carriage between said side-walls thereof and a
      working position remote from said opening;
PA1  said radiation transparent regions of said side-walls being of a
      predetermined configuration;
PA1  radiation means having said selected characteristics being mounted within
      said housing on opposite sides of said carriage, said radiation means
      being located with respect to said carriage so that when said carriage is
      in its working position, said radiation transparent regions of said
      carriage side-walls will be in alignment with said radiation means;
PA1  supplemental shielding means including a shielding plate supported within
      said housing and being formed from a material which is opaque to said
      radiation, said shielding plate including at least one radiation
      transparent aperture therein; and
PA1  means mounting said shielding plate for movement between a first position
      in which the apertures in said shielding plate are in alignment with the
      radiation transparent apertures on said carriage side-walls and a second
      position in which the apertures on said shielding plate and said
      side-walls are out of registry thereby to enable the magnitude of
      radiation passing through said carriage wall and shielding means to be
      controlled, depending on the extent of misregistry of said apertures of
      said shielding plate and carriage wall.
NUM  4.
PAR  4. An electrical appliance comprising:
PA1  a housing having an opening therein;
PA1  a carriage including a pair of spaced side-walls formed from material which
      is opaque to radiation having selected characteristics, each of said
      side-walls having at least one region which is transparent to said
      radiation;
PA1  means mounting said carriage for movement between an idle position in which
      said carriage is disposed in alignment with said elongate opening and in
      proximity to said opening to enable an item to be heated to be inserted
      through said opening and into said carriage between said side-walls
      thereof and a working position remote from said opening;
PA1  radiation means having said selected characteristics and being mounted
      within said housing on opposite sides of said carriage, said radiation
      means being located with respect to said carriage so that when said
      carriage is in its working position, said radiation transparent regions of
      said carriage side-walls will be in alignment with said radiation means;
PA1  said radiation transparent regions of said side-walls being of a
      predetermined configuration;
PA1  supplemental shielding means including a shielding plate supported within
      said housing and being formed from a material which is opaque to said
      radiation, said shielding plate including at least one radiation
      transparent aperture therein; and
PA1  means mounting said shielding plate for movement between a first position
      in which the apertures in said shielding plate are in alignment with the
      radiation transparent apertures on said carriage side-walls and a second
      position in which the apertures on said shielding plate and said
      side-walls are out of registry thereby to enable the magnitude of
      radiation passing through said carriage wall and shielding means to be
      controlled, depending on the extent of misregistry of said apertures of
      said shielding plate and carriage wall.
NUM  5.
PAR  5. A device for heat-conditioning foods comprising:
PA1  a housing having an elongate opening formed therein;
PA1  a carriage mounted in the housing for movement toward and away from said
      opening, said carriage having a pair of spaced side-walls formed from a
      material which is opaque to radiation having selected characteristics,
      said carriage being movable between a receiving position in which an item
      may be inserted through said opening into said carriage between the side
      walls and a working position in which the carriage is remote from said
      receiving position, each of said spaced side-walls having at least two
      regions which present different degrees of transparency to said radiation;
PA1  radiation means having said selected characteristics mounted in said
      housing on opposite sides of said carriage and in relation thereto so that
      when said carriage is moved to its working position said at least two
      regions will be in general registry with said radiation means;
PA1  a generally flat, elongate envelope formed from a plastic sheet material
      which is transparent to said radiation, said envelope being formed to
      define a plurality of distinct, sealed compartments;
PA1  a component food product located in each of said compartments, at least
      some of said component food products being different from other of said
      component food products and requiring different quantities of said
      radiation to heat condition said components;
PA1  at least a portion of said carriage and said envelope being of a
      configuration and being dimensioned with respect to each other so that
      said envelope may be inserted into said carriage through said elongate
      opening and between said side walls of the carriage only in a
      predetermined attitude in which the radiation transparent regions of said
      carriage side-walls are in alignment with selected of said compartments
      whereby said envelope compartments may be exposed to said radiation to an
      extent determined by the size and configuration of said radiation
      transparent and radiation opaque regions.
NUM  6.
PAR  6. A device as defined in claim 5 further comprising:
PA1  said carriage having means defining an irregularly shaped slot at its
      envelope-receiving end;
PA1  said envelope being of a configuration and being dimensioned to be
      receivable through said irregularly shaped slot only in a predetermined
      attitude.
NUM  7.
PAR  7. A device as defined in claim 5 further comprising:
PA1  supplemental shielding means disposed within the housing for varying the
      size of at least one of said radiation transparent regions.
NUM  8.
PAR  8. An electrical appliance as defined in claim 1 further comprising:
PA1  means for varying the extent of transparency to said radiation at at least
      one of said regions.
NUM  9.
PAR  9. An appliance as defined in claim 1 further comprising:
PA1  said side-walls of said carriage being defined by a generally U-shaped
      member, the legs of which form said side-walls, said U-shaped member
      including an intermediate connective portion having a slot formed therein
      to enable said item to be received through:
PA1  said U-shaped member being mounted in an inverted attitude within the
      housing to expose its intermediate connective portion through the elongate
      slot in the housing.
NUM  10.
PAR  10. An appliance as defined in claim 9 further comprising:
PA1  said U-shaped member being dimensioned with respect to the elongate opening
      in the housing to enable the U-shaped member to be replaceably removed
      from the housing through said elongate opening.
NUM  11.
PAR  11. An appliance as defined in claim 9 further comprising:
PA1  said slot in the intermediate connective portion of said U-shaped member
      being of irregular configuration.
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PAL  Apparatus for pulping, slicing and/or destoning fruit and the like
      comprising introducing the fruit into a rotating container provided with a
      plurality of radially extending tubular arms such that the fruit will be
      thrown outwardly along the arms to strike pulping blades extending across
      the arm, the pulped flesh of the fruit being thrown outwardly from the
      tubular arm while the stones are projected tangentally forwards by the
      blades which are disposed at an angle to the longitudinal axis of the arm
      within which they are mounted.
BSUM
PAR  The present invention relates to an apparatus for pulping or slicing fruit
      or vegetables; which apparatus may be adapted to destone stone fruit.
PAR  Conventional mechanical fruit and vegetable slicers comprise a plurality of
      spaced apart blades which are moved through the articles to be sliced
      either while the article is stationary or while the article is moving
      along a conveyor band. such slicing equipment suffers from the
      disadvantages of low throughput and an inability to handle stone fruit
      such as cherries, apricots, peaches, nectarines and plums due to the fact
      that the stones in the fruit impede passage of the blades through fruit.
PAR  The present invention consists in apparatus for pulping or slicing fruit,
      vegetables, and like articles comprising a receptacle, having a base and
      at least one side wall, which is rotatable about its longitudinal axis,
      the upper end of the receptacle being open or having an opening therein,
      and at least one substantially tubular body opening into a, or the, side
      wall of the receptacle and extending radially of the axis of rotation of
      the receptacle, a plurality of spaced apart blades mounted within and
      extending across the tubular body, or each of the tubular bodies at, or
      adjacent, the radially outer end thereof, means being provided to rotate
      the receptacle.
PAR  In a preferred embodiment of the invention the blades are disposed at an
      angle to the longitudinal axis of the tubular body and an aperture is
      provided in the leading side of the wall of the tubular body adjacent, and
      radially inwardly of, the radially outer ends of the blades to allow
      egress from the tubular body of the stones of stone fruit being pulped or
      sliced and destoned.
PAR  It is preferred that the apparatus according to this invention be
      manufactured from stainless steel or some other relatively inert material
      in order that the sliced or pulped articles will not become contaminated
      through contact with the apparatus.
PAR  The blades may be parallel to one another or, if desired, a meshed
      arrangement of overlapped blades may be provided to ensure a higher degree
      of pulping. It is possible for the blades to comprise laminar knives or
      alternatively the blades could be comprised of wires, provided that the
      wires are sufficiently strong to resist to impact of the articles to be
      pulped or sliced.
PAR  It is believed that the very complete separation of the flesh of stone
      fruit from the stones achieved in the present invention is due to the fact
      that the Coriolis acceleration of the fruit as it moves down the tubular
      body forces it against the trailing side of the tubular body. As the fruit
      strikes the blade the centrifugal force applied to the flesh of the fruit
      strips it from the stone while the Coriolis acceleration forces it against
      the trailing side of the tubular body and away from the lateral opening in
      the leading side of the wall of the tubular body. The stone is forced
      radially outwardly and towards the leading side of the tubular body,
      against the Coriolis forces applied to it by the centrifugal forces acting
      on the stone coacting with the blades, the blades being inclined towards
      the opening in the forward side of the wall of the tubular body.
PAR  The separated flesh and stones are preferably separately collected, as by
      positioning a pair of concentric containers beneath the rotating tubular
      body such that stones ejected through the aperture in the leading side of
      the tubular body wall are guided into the inner container. The flesh of
      the fruit, which leaves the tubular body through its end aperture is
      guided into the outer container through the space between the inner and
      outer containers.
PAR  Rotation of the tubular member can be achieved by any suitable means of
      known type. Two such methods are (1) to mount the receptacle bearing the
      tubular body or bodies on the upper end of a spindle driven directly or
      indirectly from a motor, or (2) to mount the lower end of the receptacle
      in a bearing and to rotate it through a belt, gear or chain drive from a
      motor mounted laterally of the receptacle.
PAR  The articles to be pulped, sliced and/or destoned are preferably fed into
      the receptacle through a hopper. The articles may be fed in manually or
      mechanical conveyor means may be used to feed the articles into the
      receptacle.
PAR  The dimensions of the apparatus and the speed of rotation of the tubular
      bodies are selected in accordance with the type of article to be pulped,
      sliced and or stoned. For the destoning and pulping of fruit, particularly
      small fruit such as cherries a rotational speed of between 1000 and 2000
      R.P.M. has been found suitable.
PAR  The blades are preferably closely spaced apart to achieve a high degree of
      pulping of the fruit; a spacing of 1/8 inch has been found suitable for
      the destoning and pulping of cherries. The spacing of the blades can be
      varied in accordance with the nature of the articles being sliced and the
      degree of pulping required.
DRWD
PAR  Hereinafter given by way of example only is a preferred embodiment of the
      invention described with reference to the accompany drawings in which:
PAR  FIG. 1 is a sectional view along I-I of FIG. 2 of apparatus according to
      the present invention which is particularly adapted for the pulping and
      stoning of cherries.
PAR  FIG. 2 is a sectional view along II-II of FIG. 1 and,
PAR  FIG. 3 is a detailed view from above of a tubular arm of the type included
      in the apparatus shown in FIGS. 1 and 2.
DETD
PAR  The apparatus 10 is mounted on a frame 11 and includes a hopper 12, inner
      and outer containers 13 and 14 respectively, and destoning unit 15.
PAR  The destoning unit 15 comprises a cylindrical container 16 mounted on a
      spindle 17 which is in turn, mounted in a bearing 18 which is supported by
      bars 20 of frame 11. The upper end of the container 16 is open and is
      surrounded by pulley 19. The container 16 is rotated about its
      longitudinal axis by motor 21 mounted on frame 11. The drive of motor 21
      is transmitted to the pulley 19 on the container through a drive belt 23 a
      and pulley 22 which is mounted on the motor spindle. Four radially
      directed tubular arms 23 extend from the side wall 24 of the receptacle 16
      adjacent the base thereof. Each arm 23 is approximately 10 inch long and
      extends horizontally, each arm terminates between the edges of the inner
      and outer containers 13 and 14. The open end of each arm 23 is shielded by
      guide member 25 adapted to direct pulped material ejected from the end of
      the tube 23 into the outer container 14. Radially inwardly of its end the
      tubular arm is traversed by a plurality of parallel spaced apart blades
      26. Each blade 26 comprise a sheet of 16 guage stainless steel, the blades
      are spaced apart by 1/8 inch.
PAR  The blades 26 are angled towards the leading side of the tubular arm 23; an
      aperture 27 is provided in the said leading side of the tubular arm
      adjacent the radially outer end of the blade. The aperture 27 is shielded
      by guide member 28 which directs stones ejected through the aperture 27
      into the inner container.
PAR  A lid 29 is provided to surround the container 16 and extend radially
      outwardly to a position beyond the edges of the outer container 14. The
      inner container 13 is provided with outlet spout 31 while the outer
      container 14 is provided with outlets 32. Buckets 33 are provided below
      spout 31 and outlets 32.
PAR  In operation stone fruit, say cherries, are fed from the hopper 12 into the
      receptacle 16. The rotation of the receptacle 16 will fling the cherries
      into one or other of the tubular arms 23. As the cherries pass along the
      arms 23 they will be forced against the trailing side of the arm by
      Coriolis forces due to the increased tangential velocity of the tube at
      increasing distances from the axis of rotation. When the cherries strike
      the blades 26 the flesh of the fruit is torn from the stone by the
      centrifugal forces applied to the fruit. The flesh will be pulped by the
      cutting action of the blades 26 as well as by the force of the impact of
      the fruit against the blades. The pulped fruit leaves the tubes 23 through
      the open end thereof and are deflected into the outer container by guide
      members 25. The stones of the cherries are directed by the blades 26 under
      the impetus of centrifugal forces, and against the weaker Coriolis forces,
      out of the aperture 27 and, guided by guide member 28, into the inner
      container 13.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for slicing and destoning stone fruit comprising:
PA1  a receptacle for receiving the fruit having a base, at least one side wall
      and an opening in the top thereof, said receptacle being rotatable about a
      vertically extending axis,
PA1  a tubular body opening into the side wall of said receptacle and extending
      radially of the axis of rotation of said receptacle, said tubular body
      being rotatable with said receptacle such that said tubular body has a
      leading and a trailing edge,
PA1  a plurality of spaced apart blades mounted within and extending across said
      tubular body intermediate the ends thereof, the longitudinal axis of said
      blades being angled relative to the longitudinal axis of said tubular body
      outwardly towards the leading edge of the tubular body, there terminating
      in a leading edge of said blades
PA1  structure defining an aperture in the leading edge of said tubular body
      adjacent, and radially inwardly of, the leading edge of said blades, and
PA1  means for rotating said receptacle and tubular body whereby said fruit
      moves from said receptacle into said tubular body where the fruit is
      sliced by said blades and projected from the end of said tubular body and
      the fruit stones are projected from the aperture in said tubular body.
NUM  2.
PAR  2. The apparatus of claim 1 and further comprising:
PA1  a plurality of tubular bodies opening into the side wall of the said
      receptacle and extending radially of the axis of rotation of said
      receptacle, each said tubular body comprising spaced apart blades mounted
      within and extending across said tubular body intermediate the ends
      thereof, the longitudinal axis of the blades being angled, relative to the
      longitudinal axis of said tubular body, outwardly toward the leading edge
      of said tubular body and an aperture in the leading edge of said tubular
      body adjacent, and radially inwardly of, the leading edge of the blades.
NUM  3.
PAR  3. The apparatus of claim 2 and further comprising:
PA1  a first container disposed beneath the path of the aperture in said tubular
      member as said tubular member rotates with said receptacle whereby the
      fruit stones projected through said aperture are collected, and
PA1  a second container disposed beneath the path of the outer opening in said
      tubular body as said tubular body rotates for receiving the sliced fruit
      projected from the radially outer end of said tubular body.
NUM  4.
PAR  4. The apparatus of claim 3 and further comprising guide means attached to
      said tubular member adjacent the aperture in the leading edge of said
      tubular member for guiding stones projected from the aperture into said
      first container.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said rotation means rotates said
      receptacle and tubular body at a rate of from 1,000 to 2,000 RPM.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said knife blades are spaced parallel
      extending across the opening of said tubular body.
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ABST
PAL  A vertically extending framework having a hydraulic ram subassembly mounted
      in the framework for pivotation about a horizontal axis, and spaced from
      the lower end of the framework to accommodate a refuse receptacle within
      the framework under the ram. A disinfectant injection pump is mounted in
      the hydraulic ram for automatically discharging a disinfectant into refuse
      compressed by the ram. The ram is double acting, and valve means is
      provided for automatically retracting the ram when a predetermined force
      opposes the outward extension of the piston of the ram.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to devices for compressing refuse within a
      container, and more particularly, to hydraulically operated rams, or
      piston and cylinder assemblies, which can be actuated to compress refuse
      into a relatively small space within a container.
PAR  2. Brief Description of the Prior Art
PAR  Recently, several types of hydraulically operated refuse compacting devices
      have been provided and marketed, and some of these devices are susceptible
      to operation by household water pressure. Some of these devices are double
      acting hydraulic piston and cylinder assemblies and function quite well,
      provided there is sufficient strength in the container into which the
      garbage or refuse is compressed to prevent splitting or damage. Among the
      prior patents which have issued on these types of devices may be cited
      U.S. Pat. No. 3,800,694 to Miller et al; U.S. Pat. No. 3,752,066 to
      Charles; U.S. Pat. No. 3,763,773 to Clay; U.S. Pat. No. 3,691,967 to
      Mettatal; and U.S. Pat. No. 3,654,855 to Longo.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention is an improved garbage or refuse compacting apparatus
      which includes a vertically extending framework having a hydraulic ram
      subassembly mounted in the framework for pivotation about a horizontal
      axis. Space is provided within the framework below the ram to accommodate
      a garbage can or other trash receptacle so that the piston of the ram may
      be extended downwardly into such container to compress the refuse
      contained therein. A disinfectant injection pump is mounted in the
      hydraulic ram for automatically discharging a disinfectant into the refuse
      compressed by the ram is being actuated. The ram is double acting, and
      valve means is provided for automatically retracting the piston of the ram
      when a predetermined force opposes the continued extension of the piston
      against the compressed refuse.
PAR  An important feature of a preferred embodiment of the present invention is
      the method of mounting the disinfectant injection pump in the ram so that,
      during the retraction stroke of the ram, disinfectant is automatically
      jetted through the central portion of a disc carried on one end of a
      piston which extends out of the cylinder of the ram, which disc is used to
      compress the refuse. The disinfectant injection pump is automatically
      synchronized in its operation with the operation of the ram so that
      disinfectant is drawn into the pump from a reservoir located over the
      internal piston of the ram at a time when the ram is extended, and then is
      discharged through a jet or orifice located at the end of the injection
      pump cylinder at a time when the ram undergoes its retraction stroke.
PAR  An important object of the present invention is the provision of a refuse
      compacting apparatus which can be operated from a source of water
      available in city households operating on normal city pressure.
PAR  Another object of the invention is to provide a refuse compactor which is
      double acting and automatically undergoes a retraction stroke after the
      completion of a compression stroke by means of which refuse is compacted
      to a degree such that a predetermined back pressure is offered to further
      extension of the ram forming a part of the apparatus.
PAR  An additional object of the present invention is to provide a sturdily
      built refuse compactor which can be operated from a normal household water
      supply, and which is characterized in having a long and trouble-free
      operating life.
PAR  Another important object of the invention is to provide a refuse compactor
      which can be used for compressing and compacting ordinary household
      refuse, and which automatically injects a disinfectant or pesticide into
      the compacted refuse.
DRWD
PAR  Additional objects and advantages of the invention will become apparent as
      the following detailed description of the invention is read in conjunction
      with the accompanying drawings which illustrate the invention.
PAC  GENERAL DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation view of the refuse compacting apparatus of the
      invention.
PAR  FIG. 2 is a side elevation view of the refuse compacting apparatus of the
      invention.
PAR  FIG. 3 is a vertical sectional view through the center of the hydraulic ram
      forming a portion of the refuse compacting apparatus of the invention.
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 3.
PAR  FIG. 5 is a sectional view through an air accumulator dome forming a
      portion of the valving subassembly of the invention.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring initially to FIG. 1 of the drawings, shown therein as a part of
      the refuse compacting apparatus of the invention, is an upstanding or
      vertically extending framework 10. The framework 10 includes a disc shaped
      base plate 12 having spacer blocks 14 secured to its lower side. The
      framework further includes a pair of vertically extending stanchions 16
      which project upwardly from opposite sides of the base plate 12. The upper
      ends of the stanchions 16 receive stub shafts 18 projecting from the
      opposite ends of a pair of pivot rods 20. The pivot rods 20 project into
      journals carried on the opposite sides of the cylinder of a hydraulic ram
      subassembly designated generally by reference numeral 22, and hereinafter
      described in detail. A pair of triangular brace plates 24 are connected
      between the sleeves 20 and the vertical stanchions 16.
PAR  Pivotally mounted intermediate the ends of the vertical stanchions 16 is a
      generally U-shaped crank rod 26. The opposite ends of the crank rod 26 are
      projected through suitable journals in the stanchions 16. One end of the
      crank rod is connected to a pivot arm 28 which projects horizontally when
      the hydraulic ram subassembly 22 is in the position shown in full lines in
      FIGS. 1 and 2. The stanchion 16 which receives that end of the crank rod
      26 carrying the pivot arm 28 also carries an arresting bracket 30 which
      can be used for engagement of the pivot arm 28 when the pivot arm is
      pivoted to the position shown in dashed lines in FIG. 2 for a purpose
      hereinafter described.
PAR  Mounted on the upper end of one of the stanchions 16 is a valve subassembly
      designated generally by reference numeral 34. The valve subassembly 34 is
      adapted for connection to a source of hydraulic pressure fluid, such as
      water (not shown).
PAR  Positioned on the base plate 12 in the lower portion of the framework 10 is
      a generally cylindrically shaped refuse receptacle 36. The refuse
      receptacle 36 is positioned directly below the hydraulic ram subassembly
      22, and the ease with which the receptacle 36 may be placed in position
      beneath the ram or removed therefrom for emptying or the like is
      facilitated by pivoting the hydraulic ram assembly to the out of the way,
      non-obstructing position depicted in dashed lines in FIG. 2, using the
      pivot arm 28 and crank rod 26 for this purpose.
PAR  The construction of the hydraulic ram assembly 22 and a disinfectant
      injection pump located therein is best illustrated in FIGS. 3 and 4 of the
      drawings. As shown in FIG. 3, the ram subassembly includes an outer
      cylindrical housing 38 which includes a fixed, centrally apertured end
      plate 40 disposed near the lower end of the cylindrical housing 38, and
      retained in position by means of an annular retainer ring 42 secured to
      the lower end of the housing 38. The end plate 40 carries a plurality of
      sealing rings 44 which sealingly engage the outer surface of a hollow
      cylindrical position rod 46. The upper end of the cylindrical piston rod
      46 is secured to an annular internal piston plate 48 which is slidably
      mounted for reciprocation in the cylindrical housing 38.
PAR  At its lower end, the cylindrical piston rod 46 is secured to a compacting
      external piston plate 50. The piston plate 50 is centrally apertured to
      accommodate a spring check valve 52 which communicates with the interior
      of an elongated injection pump sleeve 54. The lower end of the injection
      pump sleeve 54 is secured around the spring check valve 52 and to the
      upper side of the compacting plate 50. The upper end of the injection punp
      sleeve 54 is pressed into a central opening in the piston plate 48 and
      secured to the piston plate for movement therewith.
PAR  Spaced vertically above the piston plate 48 in the cylindrical housing 38
      is a stationary partition plate 56. The partition plate 56 is retained in
      the illustrated location within the cylindrical housing 38 by a pair of
      annular spacer rings 58 and 60 secured to the inner wall of the
      cylindrical housing 38. The spacer ring 58 functions, in addition to
      locating the partition plate 56, as a stop limiting the upward movement of
      the piston plate 48 within the cylindrical housing 38. A ball check valve
      62 is pressed into a receiving opening in the center of the partition
      plate 56 and is secured to the upper end of an elongated tube 64 forming a
      portion of the injection pump which includes the injection pump sleeve.
PAR  Secured within the outer cylindrical housing 38 above the annular spacing
      ring 60 by any suitable means, such as by screws or bolts (not shown), in
      a way which permits detachment and removal, is a cover plate 66. The cover
      plate 66 is provided with a threaded opening to receive a threaded filler
      cap 68 so that a disinfectant liquid reservoir 70 defined between the
      stationary partition plate 56 and the cover plate 66 can be filled with a
      disinfectant liquid which is dispensed by the disinfectant injection pump
      in a manner hereinafter described. The cover plate 66 also has mounted in
      the center thereof, a pressure relief regulator valve subassembly
      designated generally by reference numeral 72. The regulator valve
      subassembly 72 includes a T-shaped tubular body 74 which is closed at its
      lower end and has a projecting portion connected to a short tubular
      conduit 76. The upper end of the T-shaped tubular body 74 is connected to
      a valve body 78 which contains a pressure relief check valve seat (not
      shown). A spring loaded check valve member (not shown) is operatively
      connected to the lower end of a threaded stem 80 and can be adjusted in
      the pressure at which it is seated upon the valve seat by means of an
      operator handle 84 so as to selectively adjust the pressure relief setting
      of the valve and cause it to open only when a predetermined pressure is
      exerted by hydraulic power fluid in the short tubular conduit 76.
PAR  The main valve subassembly 34 includes a four way valve 90 having a
      cylindrical body 92 which contains a movable, double acting piston 94. The
      body of the piston 94 carries a pair of spaced, annular sealing elements
      95 around the outer periphery thereof. A pair of hydraulic fluid discharge
      return ports 96 and 98 project from the cylindrical valve body 92, and a
      charging or inlet port 100 is also provided on the valve body, and affords
      communication with the interior thereof. A pair of hydraulic fluid
      delivery ports 102 and 104 also project from the valve body 92 and the
      arrangement of the ports 96-104 is such that hydraulic fluid charged to
      the four way valve 90 from the charging port 100 can be alternately
      delivered to the hydraulic ram subassembly via either of the delivery
      ports 102 or 104, with the alternate port not in use for delivery being
      used to return hydraulic fluid to the four way valve followed by discharge
      through one or the other of the ports 96 or 98. The piston 94 is
      reciprocably mounted in the valve body 92 to afford alternating
      communication between the delivery ports 102 and 104 and the discharge
      ports 96 and 98 as hereinafter described.
PAR  Positioned at the upper end of the piston 94 adjacent the top of the valve
      body 92 is a sealing disc 106 which carries around the outer periphery
      thereof, an annular sealing ring 108 which is in sliding, sealing contact
      with the internal wall of the valve body 92. Secured to the upper end of
      the valve body 92 is an air accumulator housing 110. The air accumulator
      housing 110 is an elongated tubular member having a securement flange 112
      around the lower end thereof, which securement flange allows the
      accumulator to be secured to the upper end of the valve body 92 of the
      valve subassembly 34 by means of suitable bolts or screws 114.
PAR  The hollow interior of the air accumulator housing 110 communicates with a
      port or opening 116 formed through the upper end of the valve body 92 of
      the four way valve 90. A radially outwardly projecting threaded port 118
      facilitates connection of the air accumulator housing 110 with the tubular
      conduit 86. A hydraulic fluid draining petcock 119 is provided in the
      conduit 86 adjacent the air accumulator housing 110. A threaded cap 120 is
      secured over the open upper end of the air accumulator 10. An operator
      handle 122 is provided outside the lower end of the valve body 92, and is
      connected through a shaft 124 carrying an eccentric cam thereon to an
      operating stem 126 projecting from the lower end of the piston 94.
PAR  For the purpose of introducing hydraulic fluid to the double acting
      hydraulic ram subassembly, a tubular conduit 130 is connected to the
      threaded port 102 on the valve body 92 and extends through a suitable seal
      132 in the cover plate 66 and is threaded into a fitting 134 provided in
      the stationary partition plate 56, and affording communication
      therethrough. Hydraulic fluid can thus be delivered to and from the four
      way valve 90 via the tubular conduit 130 to and from the space provided
      between the stationary partition plate 56 and the movable annular piston
      plate 48. It will be noted that the short tubular conduit 76 has one of
      its ends connected through a T-fitting 138 to the conduit 130. A tubular
      conduit 140 is connected between the threaded delivery port 104 of the
      four way valve subassembly 34 and extends through the cylindrical housing
      to a fitting 142 provided in the centrally apertured end plate 40, and
      providing communication therethrough.
PAC  OPERATION
PAR  In the operation of the refuse compactor apparatus of the invention, the
      hydraulic ram subassembly 22 can be swung outwardly to the dashed line
      position shown in FIG. 2 to permit a refuse receptacle 36 to be placed
      therebeneath preparatory to the compaction of refuse in the receptacle. In
      the usage of the apparatus, an empty receptacle 36 may be placed in
      position on the base plate 12 of the framework 10, and the hydraulic ram
      subassembly 22 permitted to remain in its displaced, out of the way
      position as trash and refuse is deposited in the receptacle over a period
      of time. Alternately, a refuse receptacle which is substantially full of
      refuse ready to be compacted may be placed in position on the base plate
      12 of the framework 10, and the ram subassembly then permitted to swing
      back into position over the refuse receptacle preparatory to compaction.
PAR  At the time that the receptacle 36 is substantially full of refuse, and the
      hydraulic ram subassembly 22 is swung into position over the receptacle,
      the hydraulic system is actuated for the purpose of activating the ram
      subassembly. For this purpose, the operator handle 122 is pivoted
      downwardly to the position shown in FIG. 5, which action causes the double
      acting piston 94 to be reciprocated upwardly to the position shown in the
      same figure. In this status of the four way valve 90, hydraulic power
      fluid charged to the inlet port 100 passes through the valve and out of
      the fluid delivery port 102. From this port, the hydraulic power fluid
      flows through the tubular conduit 130 to the space between the stationary
      partition plate 56 and the annular piston plate 48.
PAR  At this location, the hydraulic power fluid exerts downward pressure on the
      piston plate 48 causing this piston and the hollow cylindrical piston rod
      46 to undergo reciprocation downwardly inside the outer cylindrical
      housing 38. This movement also is accompanied by the downward movement of
      the injection pump sleeve 54 around the elongated tube 64 which remains
      stationary by reason of its securement at its upper end to the ball check
      valve 62 which is secured in the stationary partition plate 56. As the
      injection pump sleeve 54 moves downwardly on the elongated tube 64, a
      disinfectant of pesticidal liquid which is stored in the space between the
      stationary partition plate 56 and the cover plate 66 is drawn through the
      ball check valve 62 and fills the space within the injection pump sleeve
      54 not occupied by the elongated tube 64.
PAR  Downward movement of the hollow cylindrical piston rod 46 also, of course,
      causes the downward movement of the compacting piston plate 50. This plate
      bears against the body of refuse within the receptacle 36, and compresses
      and compacts the refuse as it moves downwardly.
PAR  The delivery of hydraulic power fluid to the conduit 130 also results in
      delivery of hydraulic power fluid via the short tubular conduit 76, the
      T-shaped tubular body 74 and the tubular conduit 86 to the air accumulator
      110. It will be seen in referring to the air accumulator 110 that
      hydraulic power fluid delivered thereto from the conduit 86 causes
      compression of the body of air in the upper portion of the air accumulator
      110. It should be further pointed out that in passing through the valve
      body 78, the pressure drop through this throttle valve subassembly can be
      controlled by the setting of the operator handle 84. Thus, the amount of
      pressure exerted at any time on the body of air in the upper end of the
      tubular portion of the air accumulator 110 by the hydraulic fluid
      delivered thereto via the conduit 86 can be controlled by the preselected
      setting of the throttle valve subassembly 72, utilizing the operator
      handle 84. The importance of this control feature of the invention will be
      shortly explained in greater detail.
PAR  As the annular piston plate 48 moves downwardly within the outer
      cylindrical housing 38, hydraulic power fluid is expressed from the space
      between the piston plate 48 and the end plate 40 into the tubular conduit
      140. The hydraulic power fluid is thus caused to pass from the interior of
      the outer cylindrical housing 38 of the hydraulic ram subassembly to the
      four way valve 90. Upon entering the four way valve 90, hydraulic power
      fluid from the conduit 140 passes through the port 104, through the lower
      end of the cylindrical valve body 92 and out of the discharge return port
      96. From this point, the discharging hydraulic power fluid can be returned
      to a fluid reservoir or other suitable disposal made (such as discharge to
      a drain in the case of connection of the apparatus to a household water
      supply).
PAR  As the back pressure on the compacting piston plate 50 builds up due to
      compression of the refuse below this plate as it moves downwardly, the
      pressure on the hydraulic power fluid in the space between the stationary
      partition plate 56 and the annular piston plate 48 is also increased, as
      in the pressure of hydraulic power fluid in the conduit 130 and the
      conduit 76. When this pressure exceeds the pre-adjusted force seating the
      pressure relief check valve in the valve body 78, this valve opens,
      permitting hydraulic power fluid to flow into the lower portion of the air
      accumulator 110. The body of pressurized air at this location then
      continuously exerts a downwardly acting force through the column of
      hydraulic power fluid to the sealing disc 106 carried at the upper end of
      the double acting piston 94.
PAR  The pressure in the air accumulator 110 then substantially instantaneously
      builds to a point where the force exerted on the sealing disc 106 is
      sufficient to cause the double acting piston 94 to reciprocate downwardly
      in the cylindrical body 92. This shifting of the piston 94 causes the
      communication between the porting of the cylindrical body 92 to be
      changed, and hydraulic power fluid entering the body through the charging
      or inlet port 100 commences to be delivered to the tubular conduit 140 via
      the fluid delivery port 104. At the same time, and in this status, the
      hydraulic power fluid between the annular piston plate 48 and the
      stationary partition plate 56 begins to flow through the conduit 130 to
      the port 102, and from the port 102 through the cylindrical body 92 to the
      discharge return port 98. This reversal of fluid flow in the conduits 130
      and 140 entails, of course, a reversal in the direction of movement of the
      annular piston plate 48, and the retraction stroke of the hydraulic ram
      subassembly is thus commenced. Concurrently, the operator handle 122 is
      automatically shifted, as a result of the downward movement of the double
      acting piston 94, to the upwardly extending position. At the time that the
      annular piston plate 48 reaches its upper limit of travel in which it is
      contact with the lower end of the annular spacer ring 58, flow of fluid
      through the conduit 140 is terminated, and the system is then in an
      at-rest, inoperative status, and awaits the next actuation of the four way
      valve 90 by downward movement of the operator handle 122 when the time
      arrives to compact a new body of refuse which has been accumulated in a
      new refuse receptacle 36 placed beneath the hydraulic ram subassembly.
PAR  Although a preferred embodiment of the present invention has been
      hereinbefore described in order to illustrate and typify the operating and
      basic principles underlying the invention, it will be perceived that
      various changes of structure can be effected without departure from the
      basic principles which underlie the invention. Innovations and changes of
      this type are therefore deemed to be circumscribed by the spirit and scope
      of the invention except as the same may be necessarily limited by the
      appended claims or reasonable equivalents thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A refuse compacting apparatus comprising:
PA1  a fluid powered ram including a cylindrical housing and piston means
      extensible from the housing;
PA1  means for supporting the ram in a vertically elevated position to
      facilitate compaction of refuse positioned therebelow;
PA1  an injection pump including:
PA2  an injection pump sleeve connected to said piston means and movable
      therewith relative to said cylindrical housing; and
PA2  an elongated tube projecting concentrically into said sleeve and connected
      to said cylindrical housing for retention in a fixed position as said
      sleeve moves relative to said housing; and
PA1  a body of sanitizing additive liquid retained in said housing and
      communicating with the interior of said elongated tube.
NUM  2.
PAR  2. A refuse compacting apparatus as defined in claim 1 and further
      characterized as including means connected to said ram for automatically
      retracting said piston means into said housing after said piston means is
      extended against a force increasingly opposing extension up to a
      predetermined force magnitude.
NUM  3.
PAR  3. A refuse compacting apparatus as defined in claim 1, wherein said
      supporting means comprises:
PA1  a vertically extending framework pivotally supporting said ram for
      pivotation about a horizontal axis; and
PA1  crank means pivotally mounted in said framework and bearing against said
      ram to facilitate manual pivotation of said ram to a displaced position
      enabling refuse to be placed in position for compacting.
NUM  4.
PAR  4. A refuse compacting apparatus comprising:
PA1  supporting means;
PA1  a fluid powered ram supported on said supporting means in a vertically
      elevated position to facilitate compaction of refuse positioned
      therebelow, said fluid powered ram including:
PA2  a cylindrical housing pivotally mounted on said supporting means for
      pivotation about a horizontal axis;
PA2  a stationary partition plate in said cylindrical housing and partitioning
      said housing by extension thereacross;
PA2  a centrally apertured end plate positioned in said housing and extending
      parallel to, and spaced from, said stationary partition plate;
PA2  an internal piston plate reciprocably mounted in said cylindrical housing
      and positioned between said partition plate and end plate;
PA2  a piston rod connected to, and movable with, said piston plate and
      projecting through the central aperture in the end plate and from said
      cylindrical housing; and
PA2  a compacting piston plate secured to the end of said piston rod outside
      said housing; and
PA1  means connected to the ram for automatically injecting a sanitizing
      additive liquid into the refuse below the ram as the ram is actuated in
      compressing the refuse.
NUM  5.
PAR  5. A refuse compacting apparatus as defined in claim 4 wherein said piston
      rod is hollow and said additive injection means is mounted in said hollow
      piston rod for dispensing additive liquid through said compacting piston
      plate.
NUM  6.
PAR  6. A refuse compacting apparatus as defined in claim 4 and further
      characterized as including:
PA1  means for introducing a powering fluid to a first space between said
      stationary partition plate and said internal piston plate;
PA1  means for introducing a powering fluid to a second space between said end
      plate and said internal piston plate; and
PA1  means for automatically reversing the flow of powering fluid to and from
      said first and second spaces to reverse the direction of movement of said
      piston means relative to said housing.
NUM  7.
PAR  7. A refuse compacting apparatus as defined in claim 6 wherein said
      automatic reversing means comprises:
PA1  valve means including:
PA2  a fluid inlet port;
PA2  a pair of fluid discharge return ports;
PA2  a pair of fluid delivery ports, one of said delivery ports being connected
      to said means for introducing powering fluid to said first space, and the
      other delivery port being connected to said means for introducing powering
      fluid to said second space; and
PA2  shiftable piston means movable to alternately communicate each of the
      delivery ports with either the fluid inlet port or one of the fluid
      discharge ports; and
PA1  air accumulator means connected to said valve means for automatically
      shifting said shiftable piston means when air in said accumulator means is
      compressed to a preselected extent by powering fluid delivered from one of
      said fluid delivery ports.
NUM  8.
PAR  8. A refuse compacting apparatus as defined in claim 2 wherein said
      injection means comprises:
PA1  an injection pump sleeve secured to said internal piston plate and movable
      therewith, said sleeve projecting into said piston rod and connected to
      said compacting piston plate to deliver liquid through said compacting
      piston plate; and
PA1  an elongated tube projecting concentrically into said sleeve and projecting
      through said stationary partition plate.
NUM  9.
PAR  9. A refuse compacting apparatus as defined in claim 4 wherein said piston
      rod is a hollow cylinder;
PA1  and wherein said injecting means comprises an elongated tube projecting
      through said stationary partition plate and concentrically into the
      interior of said hollow cylindrical piston rod.
NUM  10.
PAR  10. A refuse compacting apparatus as defined in claim 9 wherein said
      supporting means comprises:
PA1  a vertically extending framework pivotally supporting said ram for
      pivotation about a horizontal axis; and
PA1  crank means pivotally mounted in said framework and bearing against said
      ram to facilitate manual pivotation of said ram to a displaced position
      enabling refuse to be placed in position for compacting.
NUM  11.
PAR  11. A refuse compacting apparatus as defined in claim 10 and further
      characterized as including:
PA1  a first check valve positioned in one end of said elongated tube where said
      elongated tube projects through said stationary partition plate; and
PA1  a second check valve positioned in said compacting piston plate and
      communicating with the interior of said hollow cylindrical piston rod.
NUM  12.
PAR  12. A refuse compacting apparatus as defined in claim 10 and further
      characterized as including a cover plate positioned in, and extending
      across, said cylindrical housing on the opposite side of said stationary
      partition plate from said internal piston plate, said cover plate defining
      with said stationary partition plate, a reservoir for containing said
      sanitizing additive liquid.
NUM  13.
PAR  13. A refuse compacting apparatus comprising:
PA1  a double acting hydraulic ram including an internal piston;
PA1  frame means for supporting the ram in a vertically elevated position to
      facilitate compaction of refuse positioned therebelow;
PA1  valve means for alternately charging a hydraulic fluid to opposite sides of
      said internal piston to actuate said ram and reverse the stroke of said
      internal piston, said valve means including shiftable piston means;
PA1  an air accumulator connected to said valve means and defining a space
      adjacent the piston means of said valve means in one position of said
      valve means; and
PA1  conduit means for receiving hydraulic fluid from said valve means when said
      valve means is in said one position and for delivering hydraulic fluid to
      said space to compress air in said space.
NUM  14.
PAR  14. A refuse compacting apparatus as defined in claim 13 wherein said
      supporting means comprises:
PA1  a vertically extending framework pivotally supporting said ram for
      pivotation about a horizontal axis; and
PA1  crank means pivotally mounted in said framework and bearing against said
      ram to facilitate manual pivotation of said ram to a displaced position
      enabling refuse to be placed in position for compacting.
NUM  15.
PAR  15. A refuse compacting apparatus comprising:
PA1  a double acting hydraulic ram including:
PA1  an internal piston;
PA1  a hollow piston rod having one of its ends connected to said internal
      piston; and
PA1  a compacting plate secured to the other end of said hollow piston rod;
PA2  frame means for supporting the ram in a vertically elevated position to
      facilitate compaction of refuse positioned therebelow;
PA2  means for automatically reversing the stroke of the double acting hydraulic
      ram after compression of the refuse; and
PA2  means in said hollow piston rod for injecting a disinfectant material
      through said compacting plate.
NUM  16.
PAR  16. A refuse compacting apparatus comprising:
PA1  a fluid powered ram including:
PA2  a cylindrical housing;
PA2  an internal piston movably mounted in said cylindrical housing;
PA2  a hollow piston rod having an end connected to said internal piston and
      projecting out of said housing; and
PA2  a compacting plate connected to the other end of said hollow piston rod and
      positioned outside said housing;
PA1  means for supporting said fluid powered ram in a vertically elevated
      position to facilitate compaction of refuse positioned therebelow; and
PA1  means in said hollow piston rod for injecting a disinfectant material
      through said compacting plate.
NUM  17.
PAR  17. A refuse compacting apparatus comprising:
PA1  a fluid powered ram including:
PA2  a cylindrical housing;
PA2  a stationary partition plate in said cylindrical housing and partitioning
      said housing by extension thereacross;
PA2  a centrally apertured end plate positioned in said housing on one side of
      said stationary partition plate and extending substantially parallel to,
      and spaced from said stationary partition plate;
PA2  a cover plate positioned in, and extending across, said cylindrical housing
      on the opposite side of said stationary partition plate from said
      centrally apertured end plate, said cover plate defining with such
      stationary partition plate, a reservoir for containing a sanitizing
      additive liquid;
PA2  an internal piston plate reciprocably mounted in said cylindrical housing
      and positioned between said partition plate and said end plate;
PA2  a piston rod connected to, and movable with, said piston plate and
      projecting through the central aperture in said end plate and from said
      cylindrical housing; and
PA2  a compacting piston plate secured to the end of said piston rod outside
      said housing;
PA1  means for supporting the ram in a vertically elevated position to
      facilitate compaction of refuse positioned therebelow; and
PA1  means connected to the ram for automatically injecting a santizing additive
      liquid into the refuse below the ram as the ram is actuated in compressing
      the refuse.
NUM  18.
PAR  18. A refuse compacting apparatus comprising:
PA1  a double acting ram including an internal piston;
PA1  means for supporting the ram in a vertically elevated position to
      facilitate compaction of refuse positioned therebelow;
PA1  valve means for alternatively charging a hydraulic fluid to opposite sides
      of said internal piston to actuate said ram and reverse the stroke thereof
      as said valve means is shifted, said valve means including reciprocable,
      shiftable piston means;
PA1  an air accumulator connected to said valve means and defining a space at
      one end of said accumulator connected to said valve means at one end of
      the shiftable piston means of said valve means for placing said space of
      the air accumulator in communication with said valve means;
PA1  conduit means for receiving hydraulic fluid from said valve means when said
      valve means is in one position, and for delivering hydraulic fluid to said
      space to compress air in said space;
PA1  means mounted in said double acting hydraulic ram for dispensing a
      sanitizing additive liquid into the refuse immediately below the ram upon
      stroke reversal of the ram.
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ABST
PAL  The cotton module builder comprises a mobile, open-bottomed rectangular
      frame structure into which field cotton can be deposited. A compacting
      mechanism is mounted at the open top of the frame structure in order to
      compress the cotton therein into a compact, self-supporting stack (or
      module) which can be left in the field when the module builder is moved to
      a new location. The stack can then be picked up later and transported to a
      cotton gin.
PAL  An improved side frame structure for the module builder increases the
      structural rigidity thereof and includes a continuous side wall beam of
      triangular cross sectional configuration interconnecting the side wall
      struts. This beam provides high torsional resistance and minimizes the
      horizontal deflections at the base of the vehicle, especially when the
      rear door of the module builder is open as when the stack or module of
      cotton is being deposited in the field. Each side frame structure also
      includes a "walking beam suspension" support for the wheels which allows
      transport of the module builder over rough or hilly terrain.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to load-carrying, movable structures, and
      more particularly it pertains to apparatus for stacking or ricking cotton
      or the like.
PAR  2. Description of the Prior Art
PAR  Until rather recently, cotton was usually picked by a mechanical harvester,
      loaded in wagons, and transported to the gin for subsequent processing.
      This resulted in a glut of activity at the gin during or shortly after
      harvesting time and a dearth of gin activity during the remainder of the
      year. The cotton module builder, as disclosed in U.S. Pat. No. 3,749,003
      to Wilkes et al., was developed in part to allow the formation of large
      modules of cotton (sometimes twenty thousand pounds or more) in the cotton
      fields, which modules are of uniformly high density and may be temporarily
      stored where they lie until it is convenient to transport them to the gin.
      This allows inter alia a spacing out of the gin activities, with a
      consequent savings in cost resulting from the extension of the ginning
      season.
PAR  The cotton module builder generally comprises a rectangular frame structure
      which is open at the top and bottom and which is provided with collapsible
      wheels so that it can be transported to and from the fields where the
      cotton is harvested. At a suitable location the frame structure is lowered
      relative to the wheels so that it can be brought into engagement with the
      ground in closely spaced surrounding relationship to a flat pallet which
      rests upon the ground surface. The cotton which is harvested is dumped
      into the open body of the module builder upon the underlying pallet. A
      carriage containing a vertically reciprocable tamper is mounted upon the
      top of the frame structure so that the cotton can be continuously
      compressed into a firm, self-supporting stack or module, within the
      confines of the frame structure. When the cotton module is completed, the
      rear gate of the apparatus is opened and the wheels are extended to allow
      the module builder to be pulled forwardly to a new location leaving the
      compressed cotton on the pallet for temporary field storage.
PAR  In the module builder as conventionally constructed, the rear gate of the
      machine is a critical element in maintaining the structural integrity of
      the machine. When the tail gate pins (normally in shear, when the module
      builder is loaded with cotton) are removed and the rear gate is opened,
      the machine becomes essentially a three-sided open structure as it has no
      elements connecting the side frame members on the bottom thereof (in
      contact with the ground). One result of this is low torsional resistance
      in the module builder structure when the rear gate is opened, which
      circumstance is aggravated by the presence of a full load of tamped cotton
      within the builder. This also gives rise to substantial horizontal
      deflections at the base of the machine with the load of tamped cotton in
      place. The high torsional forces generated by the compressed cotton
      occasionally result in buckling or cracking of the structure at the
      corners thereof. Further, the opening and closing of the rear door with a
      tamped cotton load in place is often difficult as the rear door tends to
      "bind" due to various bending stresses. Finally, even with the rear door
      closed, changes in lateral wheelbase (center-to-center distance of
      parallel tires on the machine) can occur, thus presenting a safety hazard
      at even a 20 mile per hour towing speed.
PAR  One further problem, related to the transport of the module builder, occurs
      when the unit is moved over uneven or undulatory ground. The main frame,
      if attached rigidly to the wheel structure, will tend to rock back and
      forth and to "bottom" or bump along the ground as it moves, due to the
      uneven terrain.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to improvements in the construction of the cotton
      module builder frame and carriage means particularly as shown in the
      aforementioned U.S. Pat. No. 3,749,003 to Wilkes et al. One object of this
      invention is to provide a module builder frame with increased structural
      integrity having high torsional resistance even with the rear door open.
PAR  A second object of this invention is to provide a module builder structure
      that will reduce or eliminate the large horizontal deflections at the base
      of the frame structure which may particularly occur when the rear door is
      open.
PAR  A third object of this invention is to provide a module builder structure
      wherein the rear door may be opened and closed easily with a tamped cotton
      load in place.
PAR  A fourth object of this invention is to reduce or eliminate the danger of
      lateral wheelbase changes in a cotton module builder while the machine is
      being towed on the road.
PAR  A fifth object is to provide a vertical differential apparatus for raising
      and lowering the module builder wheels which allows the wheels on either
      side to move vertically relative to one another, for ease of movement in
      rough or hilly terrain.
PAR  The first four recited objects are accomplished by use of triangular box
      beams which form the upper portion of the front wall, rear wall and each
      side wall on the builder. These beams are rigidly attached to one another
      and to web beams in the lower portion of the side walls. Such an
      arrangement results in increased torsional resistance and increased
      bending moment resistance of the structure.
PAR  The fifth recited object is accomplished, as part of the preferred
      embodiment, by a walking suspension beam construction, wherein the two
      wheels on each side of the module builder are rotatably connected by
      vertical bars to a rotatable, generally horizontal beam which is, in turn,
      connected by a pivotable connection to a hydraulic jack or other powered
      lift means attached to each side of the frame. The vertical bars connected
      to the wheels are constrained to move only vertically, so that the two
      wheels on either side may move independently of one another in a vertical
      direction (only). This allows the wheels to "walk" over obstructions or
      abrupt changes in elevation such as might be encountered in a furrowed
      field or other rough or hilly terrain.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view of the module builder of the present
      invention showing the frame in raised position with the wheels down;
PAR  FIG. 2 is an enlarged section taken on line 2--2 of FIG. 1 illustrating the
      structure of one of the web beams which brace the sides of the module
      builder;
PAR  FIG. 3 is a partial rear perspective view of the module builder of FIG. 1
      showing the apparatus being pulled away to leave a completed cotton module
      on the underlying pallet;
PAR  FIG. 4 is an enlarged transverse section taken on line 4--4 of FIG. 1
      looking rearwardly along the longitudinal axis of the module builder;
PAR  FIG. 5 is a perspective view of the rear portion of the module builder
      illustrating the rear door in its closed (full line) and open (phantom
      line) conditions;
PAR  FIG. 6 is a perspective of a rear interior corner of the module builder,
      indicating the connection at one of the side and rear triangular box
      beams;
PAR  FIG. 7 is an enlarged section taken on line 7--7 of FIG. 6;
PAR  FIG. 8 is an enlarged detail view, partially in section, of one of the
      upper pivotal mountings for the rear door of the module builder as shown
      in FIG. 5;
PAR  FIG. 9 is an isometric view of the compacting apparatus located atop the
      module builder with the supporting structure therefor being shown in
      phantom lines;
PAR  FIG. 10 is an enlarged view of the chain drive means for the compacting
      apparatus located at the front corner of the module builder with portions
      of the cover structure being broken away for the purpose of clarity;
PAR  FIG. 11 is a side elevation of one of the wheel suspension means for
      raising and lowering the module builder; and
PAR  FIG. 12 is a side elevation of one of the wheel suspension means similar to
      FIG. 11 but showing the wheels in a "walking" position as when the module
      builder is traversing an incline.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the module builder 11 of the present invention will be
      seen to comprise a generally rectangular open-topped frame structure. As
      shown in FIG. 3, the module builder is arranged to work cooperatively with
      a pallet 13 to produce a compressed module of cotton 15 on the pallet.
      FIGS. 1 and 3 show the module builder with its wheels 17 lowered, so that
      the apparatus may be pulled by a tractor or other vehicle (not shown)
      attached to a hitch 27 at the front of the builder. The major portion of
      each side frame comprises a wall 19 which walls slope toward one another
      at the top, so that the walls are further apart at the bottom of the frame
      than at the top, as indicated in FIG. 4. The side walls are interconnected
      at the rearward end of the module builder by a door 36, mounted for upward
      pivotable movement at its upper edge, and by a closed triangular box beam
      44 acting as a header plate (FIG. 6) above the door. The inside surfaces
      of these opposed walls 19 are preferably smooth so as not to catch and
      snag the cotton. The walls should be constructed of a material, such as
      sheet metal, with elastic stiffness sufficient to resist the lateral
      forces exerted upon the side walls by the tamped cotton.
PAR  Each side frame structure also contains solid web beams 23 extending
      outwardly of and laterally of the side walls and having inner and outer
      flanges 23a and 23b respectively (FIG. 2) for further lateral
      strengthening of the side walls. As indicated in FIGS. 2 and 6, the side
      frame walls 19 are provided by a plurality of separate panels, and two
      consecutive panels 19a and 19b (FIG. 2) are tied together by a web beam 23
      which is welded by its inner flange 23a onto each of the adjacent panels
      19a and 19b so as to leave only a small gap 21 (approximately one-half
      inch) between the contiguous edges of the panels. Longitudinal runners 25
      (FIGS. 1 and 4) of rectangular box beam cross section are located at the
      bottom of each of the side frame structures and are welded to the lower
      edges of the side walls 19 and web beams 23 to further tie the web beams
      and side walls together; these longitudinal runners make contact with the
      ground when the wheels 17 are raised (in a manner to be described in
      greater detail hereinafter).
PAR  Attached to the upper portion of each of the side walls 19 is a closed
      triangular box beam 29 that is comprised of three interconnected walls
      29a, 29b, and 29c running the length of the module builder. The upper
      portion of the inner side wall 29c of the triangular box beam 29 is sloped
      inwardly as shown in FIG. 4 to act, in effect, as a funnel in directing
      the cotton, deposited from above, into the bin or compacting area of the
      module builder. The web beam 23 is welded to the underside of the bottom
      wall 29b of the triangular box beam 29 to further tie web beam, upper
      triangular box beam 29 and lower side wall 19 together. The presence of
      the closed triangular beam 29 acts to increase the torsional resistance of
      the entire side wall structure, and also to stiffen the module builder
      structure when the door 36 (FIG. 3) is in its opened position, so as to
      prevent binding of the door.
PAR  The torsional resistance of the frame provided by the box beams 29 is
      proportional to the total enclosed cross sectional area of these beams.
      The torsional and bending loads are transmitted from side wall beams 29 to
      end wall beam 44 through the use of an efficient corner design, and
      cracking or buckling of the structure at the corners of the side wall
      beams 29 (FIG. 4) is prevented.
PAR  The continuously formed triangular box beams 29 and 44 may be viewed as
      thin-walled tubes of wall thickness t. In the theory of mechanical
      deformation of elastic solids (see, for example, S. Crandall and N. Dahl,
      eds., An Introduction to the Mechanics of Solids, McGraw -- Hill, 1959,
      pp. 267-70), it is found that the circumferential shear stress
      T.sub..theta..sub.z developed in such a tube due to application of a
      twisting moment M (torsion) applied to the tube is given to a good
      approximation by
EQU  2AtT.sub..theta..sub.z =  M,
PAL  where
PA1  t = tube thickness, and
PA1  A = area enclosed by tube cross-section
PAR  For a given magnitude T.sub..theta..sub.z (for example, the limit shear
      stress, beyond which non-elastic yield occurs), the allowable moment or
      torsional resistance is proportional to the area enclosed and also
      proportional to the wall thickness of the beam or tube. An increase in
      tube wall thickness t thus allows a proportional increase in torsional
      resistance of the structure; however, this carries with it a proportional
      weight penalty. Further, if the triangular beam is made sufficiently
      thick, the weight of this beam, if used as contemplated in the cotton
      module builder, will result in significant bending moments. This is due to
      the cantilever effect of the beam, if hung as shown in FIG. 4, relative to
      the central part of the cotton module builder structure.
PAR  These disadvantages are avoided or minimized if the enclosed
      cross-sectional area A, rather than the beam wall thickness t, is
      increased. The weight penalty is modest, the bending moments remain low,
      and there is a marked gain in torsional stiffness of the structure.
PAR  It is important to note that this use contemplates a closed beam structure
      with no gaps or cuts. The torsional resistance of a cylinder with a
      longitudinally extending cut or slit is reduced to 2.8% (i.e. by a factor
      of 36) of the torsional resistance of a similar closed tube (see R. J.
      Roark, Formulas for Stress and Strain, McGraw-Hill, 4th Ed., 1965, pp.
      193-200). The response of a triangular beam (a "tube") with a cut or gap
      in the sidewall is analogous--the torsional resistance is reduced by
      nearly two orders of magnitude. Thus, for example, an open beam comprised
      of merely two sides of a triangle would offer little improvement in
      torsional resistance over a structure in which this type of beam is
      absent.
PAR  The pallet 13 (FIG. 3), if used, should have a width slightly less than the
      distance between the two parallel runners 25. The pallet may have any
      convenient length, but it should be at least as long as the bed of the
      module builder. An alternative approach allows the pallet to be dispensed
      with so that the compressed cotton module can be built, or ricked,
      directly upon the ground.
PAR  Referring to FIG. 5, the rear door of the module builder comprises a
      vertical panel 37 bounded by and welded to a lateral runner 39 and a
      torsion tube 43 at the bottom and top, respectively, and welded to spaced
      vertical braces 41 for additional stiffness and structural integrity. In
      the preferred embodiment, the tube 43 is a thick-walled cylindrical tube
      which functions as a pivot for the door and as a torsion tube to support a
      portion of the door and minimize door "sag" when the door is in the open
      position. A hydraulic jack 53 includes a piston rod 52 which is attached
      to a rotatable connection 51 at one of the upper side edges of the door
      (FIG. 5), the jack being mounted upon a brace 55 attached to the adjacent
      side wall 19. The jack serves to raise and lower the rear door of the
      builder for the purpose of depositing the completed module and movement of
      the builder to another location, as suggested in FIG. 3. Owing to use of
      the torsion tube 43 which can apply a torsional force to support half of
      the door, only one such hydraulic jack 53 need be used, rather than one on
      each side of the door. This results in a simplification of the door
      opening and closing operations, as it does not require the coordinated
      operation of two such jacks. In its closed position, the rear door is
      secured by a leverage bar 48 which is attached to a rod 47 that extends
      across the width of the door and is provided at its ends with a pair of
      latches 49. The rod 47 is mounted for rotation, as shown in FIG. 5, and
      the latches 49 are arranged to engage pins on the adjacent side wall
      structures.
PAR  FIG. 8 is an end view of one of the pivotal mountings 56 for the rear door
      36. The pivotal mounting 56, as shown in FIG. 8, comprises a compensating
      bushing 52 hung in a frame 54 from the underside of the bottom wall 29b of
      the overlying triangular box beam 29. The bushing 52 rotatably mounts a
      short shaft 50 which is rigidly secured within the torsion tube 43. The
      pivotal mounting device for rotatably mounting the other end of the tube
      43 is identically constructed.
PAR  Above the rear door 36, the rear frame is capped by the closed triangular
      box beam 44 (FIG. 6) as mentioned hereinbefore. This beam generally serves
      the same functions as the triangular box beams 29 on the side frame
      structures. The upper inclined wall 44c of the triangular box beam 44
      serves as the upper portion of the interior rear wall, and the rear wall
      44a to the box beam 44 serves as a header plate over the door 36. The
      bottom wall 44b of the box beam 44 lies in a generally horizontal plane.
PAR  FIG. 7 is a sectional view near the left rear corner of the module builder,
      looking rearward along a triangular box beam 29. The bottom wall 29b of
      the triangular box beam 29 is slightly inclined (approximately 5.degree.)
      to the horizontal, so that the inner corner of beam 29 rests upon (FIG. 7)
      and is welded to the bottom wall 44b of the triangular box beam 44 at the
      rear of the module builder. The weld line at this junction extends
      inwardly across the width of the bottom wall 44b of beam 44 which, in the
      preferred embodiment of the invention, is approximately 16-20 inches. The
      side walls 29a and 44a of the triangular box beams are welded together on
      their (approximately vertical) line of intersection. The triangular box
      beams 44 and 29 are thus tied together and also tied to the remainder of
      the side frame structure so as to increase torsional resistance of the
      module builder when the rear door 36 is open.
PAR  The tamper mechanism 57, shown schematically in FIGS. 4 and 9, is fairly
      conventional. The compacting face is provided by a platen 58 formed of two
      solid bars 59 which are held in parallel alignment and capped at each end
      by plates 65 and 67. The width of the entire end plates 65 and 67 might be
      14 to 18 inches and the width of individual bars 59 is chosen to produce
      the desired tamping pressure (expressed in pounds per unit area) for the
      available tamping force. The tamping platen 58 is supported for vertical
      travel by means of a rectangular frame 71 which is guided by roller
      bearings within an A-frame structure 61 that is mounted atop the module
      builder.
PAR  The tamping platen 58 is raised and lowered by hydraulic means acting
      through a vertical rod 60 attached to a piston within a vertically
      positioned hydraulic cylinder 69 that is mounted for relative sliding
      movement within the frame 71 (FIG. 9) and that has a length corresponding
      to the vertical distance of travel (approximately 6 feet) of the platen.
      The lower end of the cylinder 69 is provided with a housing 70 for inflow
      and outflow of the hydraulic fluid, and the housing 70 is provided with
      laterally extending ears 70a (one only shown in FIG. 9) for releasable
      clamping engagement with structure fixed to the A-frame structure 61 (not
      shown, and not critical to an understanding of the present invention). The
      upper end of the cylinder 69 is provided with a vertically extending
      fitting 72 (FIG. 1) so that the hydraulic line connection will not be
      forced into the frame 71 when the platen is raised to its full elevated
      position (FIG. 4). However, when the module builder is being transported
      on the road, the ears 70a of the cylinder 69 may be released from
      engagement with the A-frame 61 and the cylinder lowered with the platen
      within the side walls 19 to allow the builder to pass under overpasses and
      other low-lying obstructions.
PAR  The supporting A-frame structure 61 is provided with four wheels 62 which
      move longitudinally along two rails 63 (two wheels on each rail) mounted
      at the top outer edge of the side box beams 29 of the frame structure
      (FIG. 4). The wheels 62 may have an outer bevel 64 as shown in FIG. 4, of
      increased radius to encourage the wheels to stay on the rails. The wheels
      themselves may be metal, as is conventional, or they may be solid rubber
      to reduce vibration and noise when the tamping mechanism is in use or when
      the module builder is being transported.
PAR  An endless chain 75 is attached to brackets 73 (FIGS. 1 and 4) at each side
      of the A-frame structure 61. Each chain 75 has an upper run (to which the
      A-frame is attached) for moving the tamping mechanism longitudinally along
      the open top of the module builder and a lower run carried by a fixed
      track 76 (shown in FIG. 10). Each chain is powered by a reversible motor
      (not shown) positioned behind a control panel 109 (FIG. 1) at the forward
      end of the module builder. The drive motor provides power for a drive
      sprocket 77 (FIG. 10) at the front end of each chain 75 by means of a
      laterally extending drive shaft 79. As the drive shaft 79 rotates, the
      sprockets 77 are turned to drive the chains 75 and move the tamping
      mechanism 57 forward or backward along the rails 63. The wheels 62 which
      support the tamping mechanism are prevented from continuing beyond the
      ends of the rails 63 by bumpers 80 mounted at each end of each rail (FIG.
      1). At the rear end of the module builder, each chain 75 is mounted by
      means of an idler sprocket 74 (FIG. 7).
PAR  FIGS. 11 and 12 illustrate the means for and the method of raising and
      lowering each set of wheels 17, such means comprising a walking suspension
      beam. A hydraulic jack 81 is provided at each side of the module builder
      and is attached to the adjacent frame side wall 19 at its upper end. Each
      jack includes a downwardly extending piston rod 85 which is rotatably
      attached by a clevis 87 at its distal end to the central portion of a
      generally horizontal beam 89. This beam 89 is, in turn, rotatably
      connected at its two ends by pins 91 to two parallel blocks 93, each of
      which is constrained for vertical sliding movement only by a pair of
      parallel tracks 99 which are hung from a horizontal bar 86 suspended
      between the two consecutive web beams 23 at the longitudinal center of the
      side frame structure. The blocks 93 are constrained to move vertically in
      the sets of tracks 99 so as to allow the two wheels 17 on either side to
      move vertically relative to the frame structure with the wheels being
      rotatably mounted by stub shafts 95 at the lower end of the blocks. By
      raising or lowering the piston rod 85 within the hydraulic jack 81, the
      wheels are raised or lowered a corresponding amount.
PAR  As shown in FIGS. 11 and 12, one of the connections of each of the beams 89
      with a vertically oriented block 93 comprises an elongated slot 92 which
      allows the connecting pin 91 to slide during relative pivotal movement
      between beam 89 and block 93 so as to prevent binding. Freed from their
      horizontal constraint, the wheels 17 of each set move vertically relative
      to one another (as shown in FIG. 12) so as to permit the module builder to
      traverse hilly or rough terrain.
PAR  The vertical orientation of the piston rod 85 is fixed relative to the
      frame of the module builder, so that each wheel unit effectively pivots
      about the connecting pin in the clevis 87 at the end of the piston rod.
      The wheel units on each side of the module builder move independently of
      one another as the units are independently suspended. Referring to FIG. 4,
      it will be seen that the longitudinal center line of each hydraulic jack
      81 generally coincides with the vertical plane 18 through the center of
      each of the connected wheels 17. This arrangement minimizes bending
      stresses in the side wall frame structures by transmitting the vertical
      force of the module builder weight from the hydraulic jacks 81 directly
      through the wheels 17 to the ground.
PAR  The side frame structure directly over the wheel 17 is specially reinforced
      with gussets 100 (FIG. 4), each of which serve to mount the upper end of
      the underlying hydraulic jack 81 by means of an anchor plate 83 which is
      rotatably secured to the end of the jack. Each gusset will be seen to
      comprise a vertically extending outer wall 100a, a laterally extending
      short wall 100b, and an inclined inner wall 100c with the anchor plate 83
      being welded to the underside of the lower wall 100b. The upper edges of
      gusset walls 100a and 100c are welded to the lower wall 29b of the
      overlying triangular box beam 29. The gussets 100 span the distance
      between the web beam 23 at the center of the side frame structures. A
      reinforcing plate 98 (FIG. 4) is enclosed within the walls of each of the
      gussets in the plane of the associated jack 81 to strengthen the gusset at
      its point of highest stress. Additionally, two separate and spaced plates
      96 are enclosed within and welded to the interior walls of the triangular
      box beams 29 forming the upper side wall structures of the module builder.
      The plates 96 are vertically oriented and are located just above the two
      web beams at the center of each side of the side wall structure in order
      to strengthen the frame structure at these high stress points. Additional
      reinforcing plates 96 may be enclosed within the box beams 29 at other
      points along the length of the module builder where extra strengthening is
      desirable.
PAR  The upper portion of the front end of the module builder is also provided
      with a closed triangular box beam 102 (FIG. 1) which is structurally
      similar to the rear box beam 44 and is rigidly connected to the side box
      beams 29 in the same manner the beam 44 is joined to the side box beams
      29. The outer wall 102a of the box beam 102 mounts the control panel 109
      for the module builder as shown in FIG. 1. The major portion of the front
      wall is formed by a panel 104 which is hung from and supported by the
      overlying beam 102.
PAR  As shown in FIG. 1, the front end of the module builder includes a
      superstructure which allows the operator to control the operation of the
      module builder through the control panel 109. The operator may mount
      either of a pair of ladders 103 to reach a raised platform 105 upon which
      is provided a chair 107 for the convenience of the operator in
      manipulating the module builder controls. From the platform 105, the
      operator is afforded a view of the entire bin into which the cotton is
      deposited for compression into a module. From the control panel 109, the
      operator can control the operation of the tamping mechanism 57, the door
      raising cylinder 53 at the rear of the module builder, the hydraulic jacks
      81 for operation of the wheel suspension means, and the reversible motor
      (not shown) which controls the longitudinal movement of the tamping
      mechanism. A connection 106 to the tractor drive shaft may provide the
      power for the various hydraulic mechanism and for the reversible motor.
PAR  An important advantage of the aforedescribed apparatus, unrealized before
      the module builder was constructed and tested, is that the structure as
      shown will permit up to 30,000 pounds of cotton to be compressed into a
      module upon a pallet no longer than the length of the bed of the module
      builder. The maximum weight achievable by previous module builders of
      similar size was of the order of 20,000 pounds of cotton as previously
      noted. The higher compression achieved by the apparatus of the present
      invention thereby allows the apparatus to be used in another mode where
      the underlying pallet is eliminated and the cotton module is "ricked"
      directly upon the ground. Among its other advantages, this mode of
      practice allows one to avoid the expense of purchasing and maintaining the
      pallets.
PAR  Although the best mode contemplated for carrying out the present invention
      has been herein shown and described, it will be apparent that modification
      and variation may be made without departing from what is regarded to be
      the subject matter of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a cotton handling machine comprised of frame means including side
      walls, and a front wall and a rear wall interconnecting said side walls,
      said frame means being open at the top and at the bottom thereof. and
      compactor means mounted on the upper portion of said frame means, said
      compactor means including a platen movable vertically in opposition to the
      ground so as to compress cotton or the like within said frame means,
PA1  the improvement comprising a closed triangular frame beam secured to and
      forming the upper portion of each of said side walls, and closed
      triangular frame beams secured to and forming the upper portions of said
      front wall and said rear wall and interconnecting said side wall
      triangular frame beams whereby the torsional resistance of said frame
      means is increased.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said frame means includes as part of
      the rear wall a door extending across substantially the entire distance
      between said side walls, said closed triangular frame beam forming the
      upper portion of the rear wall above said door and interconnecting said
      upper portion of said side walls.
NUM  3.
PAR  3. The apparatus of claim 2, including power means for opening and closing
      said door.
NUM  4.
PAR  4. The apparatus of claim 1 including a plurality of spaced web members
      extending outwardly from each of said side walls, each of said web members
      being rigidly attached at the upper end thereof to one of the sides of one
      of said closed triangular frame beams.
NUM  5.
PAR  5. The apparatus of claim 4 including a carriage for supporting said
      platen, two rails extending longitudinally along the outer sides of the
      triangular frame beams forming the upper portion of said side walls, said
      carriage including wheels for engaging the rails whereby the carriage is
      arranged to roll along the rails.
NUM  6.
PAR  6. The apparatus of claim 5, including power means for moving said carriage
      and said compactor means longitudinally relative to said frame means along
      said rails.
NUM  7.
PAR  7. The apparatus of claim 1, including pallet means of width no greater
      than the distance between said side walls, said pallet means being
      arranged to rest upon the ground within said frame means whereby the
      cotton can be compressed and stacked upon the pallet means.
NUM  8.
PAR  8. In a cotton handling machine comprised of a generally rectangular frame
      structure including a pair of side walls interconnected by a front wall
      and a rear wall, said frame structure being open at the top and the bottom
      thereof and said side walls being inclined inwardly toward each other at
      the top edges thereof, a plurality of web members extending outwardly from
      each of said side walls in spaced vertical planes in order to strengthen
      said side walls, and compactor means mounted for longitudinal movement
      along the upper portion of said frame structure and including a platen
      movable vertically in opposition to the ground to compress cotton or the
      like within said frame structure; the improvement wherein said frame
      structure includes a plurality of rigidly interconnected beams attached to
      and forming an upper extension of the upper ends of said side walls and
      said front and rear walls, each of said beams comprising a closed tubular
      structure triangular in cross section, said web members being connected to
      said triangular beams to transfer torsional loads from said side walls to
      the associated triangular beams.
NUM  9.
PAR  9. In a cotton handling machine according to claim 8 wherein said
      triangular beams secured above said side walls have three longitudinally
      extending sides with one side thereof being positioned in a generally
      horizontal plane and being secure to the upper edges of the associated
      side wall and outwardly extending web members and with a second side
      thereof extending in a generally vertical direction adjacent to the outer
      edge of each of said web members.
NUM  10.
PAR  10. In a cotton handling machine according to claim 9 wherein each of said
      web members is tapered from the top to the bottom thereof, said frame
      structure including box beams secured to the lower edges of said side
      walls and associated web members.
NUM  11.
PAR  11. In a cotton handling machine comprised of frame means having opposite
      side walls, and a front wall and a rear wall interconnecting said side
      walls, said frame means being open at the top and bottom thereof, and
      compactor means mounted on the upper portion of said frame means, said
      compactor means including a platen movable vertically in opposition to the
      ground so as to compress cotton or the like within said frame means,
PA1  the improvement comprising independently suspended carriage means mounted
      to each of the side walls of the frame means, each carriage means
      comprising at least two wheels, each wheel being connected to an opposite
      end of a rotatable generally horizontal bar, means for rotatably mounting
      the central portion of the bar so that the wheels can move vertically
      relative to one another as the bar assumes a non-horizontal position, and
      powered lift means connected between said means for rotatably mounting
      said means for rotatably mounting said horizontal bar and the associated
      side wall whereby the carriage means may be raised or lowered relative to
      said side wall.
NUM  12.
PAR  12. The apparatus of claim 11, wherein said connections of said wheels to
      said generally horizontal bar comprise a pair of vertical bars each of
      which is rotatably connected at its upper end to said rotatable, generally
      horizontal bar and is connected at its lower end to one of said two
      wheels.
NUM  13.
PAR  13. The apparatus of claim 12 including means constraining said second and
      third vertical bars to move only vertically relative to said frame means.
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ABST
PAL  This invention relates to an apparatus for loading goods on a pallet.
PAL  Said apparatus comprises a frame, a packed commodity dropping opening
      formed in said frame, a number of carriage rollers mounted for movement on
      said packed commodity dropping opening between the front and rear edges of
      said opening to close and open the opening, a fixed stopper disposed
      forwardly of said packed commodity dropping opening, a movable stopper
      disposed rearwardly of said packed commodity dropping opening, an
      elevational platform elevationally mounted beneath said packed commodity
      dropping opening and adapted to move upwardly and downwardly while
      supporting a pallet thereon, and a presser mounted above said packed
      commodity dropping opening and supported for vertical movement by a
      cylinder to press against bags holding commodities therein and supported
      by said carriage rollers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for loading goods on a pallet, and more
      particularly it is concerned with an apparatus for loading cements,
      fertilizers, feed stuff and like commodities which are adapted to be
      packed in bags on a pallet.
PAR  In one type of apparatus known in the art for loading commodities held in
      bags on a pallet, bags holding commodities therein are successively placed
      on a number of carriage rollers arranged in side-by-side relationship and
      supported at opposite ends by a pair of chains adapted to move along
      opposite sides of a machine frame, the carriage rollers move as the chains
      move while the bags are each held in place by a stopper, and the bags
      resting on the carriage rollers are successively dropped onto a pallet
      positioned below. In this type of apparatus, the contents of the bags tend
      to shift or flow in the direction in which the carriage rollers move and
      the bags become unevenly balanced. Thus, when a number of lopsided bags
      are placed on the pallet in vertically stacked relationship, the pile of
      bags tends to lean to one side. This tendency is particularly marked when
      the commodities held in the bags are powdery or particulate materials, and
      the pile of bags can easily crumble.
PAC  SUMMARY OF THE INVENTION
PAR  This invention obviates the aforementioned disadvantage of the prior art.
      The invention has as its object the provision of an apparatus for loading
      bags holding commodities therein on a pallet in which bags holding
      commodities therein and placed successively on the carriage rollers are
      forced against the rollers by a presser, and the bags holding commodities
      therein and dropped from the carriage rolles onto the pallet are also
      forced against the pallet by the presser so as to compress the bags and
      preclude the shifting or flowing of the contents of the bags in the
      direction of movement of the carriage rollers whereby the leaning to one
      side of the pile of bags holding commodities therein and placed on the
      pallet can be prevented.
DRWD
PAR  Additional and other objects and features of the invention will become
      evident from the description set forth hereinafter when considered in
      conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the apparatus for loading goods on a pallet
      according to the invention;
PAR  FIG. 2 is a front view of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a side view as seen from the right of the apparatus shown in FIG.
      1, with certain parts being cut out;
PAR  FIG. 4, FIG. 5, FIG. 6 and FIG. 7 are fragmentary side views of the
      apparatus shown in FIG. 1, showing the operation of the apparatus;
PAR  FIG. 8 is a perspective view of essential portions of the apparatus shown
      in FIG. 1, with certain parts being cut out; and
PAR  FIG. 9 and FIG. 10 are perspective views of bags holding commodities
      therein piled on the pallet in vertically stacked relationship.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  1 is a frame which is formed in its upper portion with a packed commodity
      dropping opening 2. As shown in FIG. 3, sprocket wheels 3, 4, 5 and 6 are
      rotatably supported at opposite sides of the frame 1, and an endless chain
      7 is trained over each set of sprocket wheels 3, 4, 5 and 6 so that the
      chain 7 is substantially in the form of a letter L. A number of carriage
      rollers 8 disposed in side-by-side relationship and adapted to open and
      close the packed commodity dropping opening 2 are supported at opposite
      ends by a portion of the endless chains 7 disposed at the opposite sides
      of the frame 1.
PAR  A reversible electric motor 9 is mounted at a front end of the frame 1 and
      connected through a chain or other transmission means 10 to the pair of
      sprocket wheels 3 disposed at the opposite ends of the front portion of
      the frame 1. When the electric motor 9 is rotated in the normal and
      reverse directions, its rotation is transmitted through the transmission
      means 10 to the sprocket wheels 3 at the opposite sides of the frame 1.
      Thus, rotation of the sprocket wheels 3 initiates rotation of other
      sprocket wheels 4, 5 and 6, so that the chains 7 can be moved back and
      forth. This moves the carriage rollers 8 forwardly and rearwardly of the
      frame 1, thereby closing and opening the packed commodity dropping opening
      2.
PAR  A fixed stopper 12 supported by support bars 11 is mounted on the top of a
      front end portion of the frame 1 and disposed in a position which
      corresponds to the position of the front edge of the packed commodity
      dropping opening 2.
PAR  Movable stopper means 21 is mounted on the top of a rear end portion of the
      frame 1 and disposed in a position which corresponds to the position of
      the rear edge of the packed commodity dropping opening 2. The movable
      stopper means 21 is constructed as follows. A rotary shaft 22 is mounted
      at opposite ends on opposite sides of the frame 1 and disposed above and
      across the frame 1. A pair of substantially L-shaped arms 23 are attached
      at one end to the rotary shaft 22 and support at the other end a movable
      stopper 24 which is disposed parallel to the rotary shaft 22.
PAR  An air cylinder 26 for actuating the movable stopper 24 is supported at its
      base by a support 25 mounted on the top of one side of the frame 1 and
      receives therein a piston rod 27 which is connected at its front end
      portion to one end of a connecting rod 28 which is secured at the other
      end to one end portion of the rotary shaft 22. Upon actuation of the
      cylinder 26, the piston rod 27 moves into and out of the cylinder 26 to
      angularly rotate the rotary shaft 22 through the connecting rod 28. This
      moves the arms 23, so that the movable stopper 24 moves between its upper
      and lower positions.
PAR  As shown in FIG. 1 and FIG. 8, a fixed guide 32 supported by a support
      member 31 is disposed on the top of the other side of the frame 1 and
      positioned at one edge of the packed commodity dropping opening 2. Movable
      guide means 41 is disposed on the top of the one side of the frame 1 and
      positioned at the other edge of the packed commodity dropping opening 2.
      The movable guide means 41 is constructed as follows. A plurality of air
      cylinders 42, 42 for the movable guide means 41 disposed parallel to each
      other are mounted on the frame 1 and each receive therein a piston rod 43
      which supports a movable guide 44 at its front end. Upon actuation of the
      cylinders 42, the piston rods 43 move back and forth, thereby moving the
      movable guide 44 toward or away from the fixed guide 32 so as to thereby
      adjust the spacing between the two guides 32 and 44.
PAR  In FIG. 2 and FIG. 3, elevational means 51 is mounted beneath the packed
      commodity dropping opening 2. The elevational means 51 is constructed as
      follows. Vertically disposed guides 52 are provided in the frame 1 for
      guiding an elevational platform 53 in its vertical movement. A hydraulic
      cylinder 54 for operating the elevational platform 53 is provided in the
      frame 1 and disposed vertically. A piston rod 55 received in the hydraulic
      cylinder 54 and extending upwardly therefrom supports through a shaft a
      pair of sprockt wheels 56. A chain 57 fixed at one end to the bottom of
      the frame 1 and connected at the other end to the elevational platform 53
      is trained over each of the sprocket wheels 56. Upon actuation of the
      hydraulic cylinder 54, the piston rod 55 moves into and out of the
      cylinder 54. This moves the sprocket wheels 56 upwardly and downwardly, so
      that the elevational platform 53 can be moved upwardly and downwardly
      along the guides 52 through the chains 57.
PAR  As can be best seen in FIG. 3, presser means 61 is disposed above the
      packed commodity dropping opening 2. The presser means 61 is constructed
      as follows. A rail 62 is mounted on the top of each side of the frame 1 so
      that the two rails 62, 62 are parallel to each other. Movably supported on
      the two rails 62, 62 is a movable platform 63 which mounts on its central
      portion an air cylinder 64 receiving therein a piston rod 65 extending
      downwardly from the cylinder 64 and supporting at its lower end a presser
      66 which consists of pipes arranged to provide a lattice framework. Limit
      switches 68, 69 (See FIG. 3) are provided in upper and lower positions at
      which the limit switches are positioned against an actuating rod 67
      extending upwardly from the piston rod 65. Upon actuation of the cylinder
      64, the piston rod 65 moves into and out of the cylinder 64, thereby
      moving the presser 66 upwardly and downwardly. The limit switches 68 and
      69 are actuated when the movement of the actuating rod 67 reaches its
      upper limit and lower limit respectively so as to thereby control the
      operation of the cylinder 64 and set the upper and lower limits of the
      movement of the presser 66. The movable platform 63 can be moved back and
      forth on the rails 62 to adjust the position of the presser 66.
PAR  71 is a delivery conveyor which may be a drive roller conveyor or the like.
      A stopper 72 is provided in a delivery end portion of the delivery
      conveyor 71. A feed conveyor 73 which may be a drive belt conveyor is
      elevationally mounted such that it extends from the delivery conveyor 71
      to the package dropping opening 2.
PAR  A pallet conveyor 74 which may be a drive belt conveyor is provided beneath
      the packed commodity dropping opening 2. A pallet feed device 75 is
      mounted at one end portion of the pallet conveyor 74. A discharge conveyor
      76 which may be a drive roller conveyor is located adjacent the pallet
      conveyor 74.
PAR  In operation, an empty pallet P is fed from the pallet food device 75 and
      delivered by the pallet conveyor 74 to a position which is disposed
      beneath the packed commodity dropping opening 2. The elevational means 51
      is then actuated to move the elevational platform 53 upwardly. This lifts
      the pallet P away from the pallet conveyor 74 into a position in which the
      pallet P is disposed immediately beneath the packed commodity dropping
      opening 2.
PAR  At the same time, the related parts are brought to their positions shown in
      FIG. 3. More specifically, in the figure, the carriage rollers 8 are in a
      position in which they are disposed above the packed commodity dropping
      opening 2 to close the same; the elevational platform 53 is disposed in
      its uppermost position, so that the pallet P supported thereon is disposed
      immediately below the carriage rollers 8 closing the opening 2, the
      movable stopper 24 is at its upper position and the movable guide 44 is
      disposed outwardly of the packed commodity dropping opening 2; and the
      presser 66 is disposed in its uppermost position.
PAR  When the related parts are disposed in the aforementioned positions, bags B
      holding commodities therein are successively moved rightwardly in FIG. 1
      by the delivery conveyor 71. Being stopped by the stopper 72, one bag
      after another changes its direction of movement and is fed by the feed
      conveyor 73 to the carriage rollers 8. The bags B holding commodities
      therein are successively stopped by the fixed stopper 12 and arranged in a
      predetermined pattern on the carriage rollers 8.
PAR  When the number of bags B holding commodities therein and arranged on the
      carriage rollers 8 reaches the predetermined number of bags B holding
      commodities therein for one layer of the predetermined pile of bags B
      holding commodities therein and stacked on the pallet P, the cylinder 26
      for the stopper means 21 is actuated to move the movable stopper 24 to its
      lower position as shown in FIG. 4, so as to correctly position the bags B
      holding commodities therein longitudinally of the apparatus between the
      fixed stopper 12 and the movable stopper 24. At the same time, the movable
      stopper 24 engages the bags B holding commodities therein and disposed at
      the delivery end. Then, the cylinders 42 for the movable guide means 41
      shown in FIG. 8 are actuated to move the movable guide 44 inwardly toward
      the packed commodity dropping opening 2, so as to thereby correctly
      position the bags B holding commodities therein transversely of the
      apparatus between the movable guide 44 and the fixed guide 32.
PAR  Thereafter, the cylinder 64 for the presser means 61 is actuated to move
      the presser 66 downwardly to press against the bags B holding commodities
      therein and disposed on the carriage rollers 8.
PAR  When the presser 64 is brought to a position in which pressure is brought
      to bear on the bags B holding commodities therein and disposed on the
      carriage rollers 8, the electric motor 9 shown in FIG. 5 is actuated to
      move the chains 7, 7 on the opposite sides of the frame 1. This moves the
      carriage rollers 8 from the position in which they close the packed
      commodity dropping opening 2 to a position in which they leave the opening
      2 open, so that the layer of bags B holding commodities therein and
      disposed on the carriage rollers 8 move downwardly onto the upper surface
      of the pallet P. While the bags B holding commodities therein are moving
      downwardly, pressure is continuously applied thereto from above by the
      presser 66. This precludes shifting or flowing of the contents of the bags
      B which would otherwise be caused to occur by the moving carriage rollers
      8, and permits the bags B holding commodities therein to move straight
      downwardly.
PAR  After this, the movable stopper 24 is brought to its upper position and the
      movable guide 44 is moved outwardly away from the packed commodity
      dropping opening 2.
PAR  Then, the hydraulic cylinder 54 for the elevational means 51 is actuated as
      shown in FIG. 6 and FIG. 7 so as to move downwardly the elevational
      platform 53 a distance corresponding to the thickness of one layer of the
      bags B holding commodities therein. Upon the presser 66 reaching a
      position in which it is disposed below those carriage rollers 8 which are
      still disposed on the top of the frame 1, the downward movement of the
      elevational platform 53 is interrupted. At this time, the bags B holding
      commodities therein are transferred to the upper surface of the pallet P,
      and at the same time the presser 66 moves downwardly to apply pressure to
      the bags B holding commodities therein and disposed on the pallet P. When
      the pallet P moves downwardly as the elevational platform 53 moves
      downwardly, the presser 66 also moves downwardly so as to apply pressure
      to the bags B holding commodities therein all the way through the downward
      movement thereof. This achieves the benefit of flattening the layer of
      bags B holding commodities therein and disposed on the pallet P.
PAR  The presser 66 is then moved back to its upper position, and the chains 7
      are moved in the opposite direction to move the carriage rollers 8 to a
      position in which they close the packed commodity dropping opening 2.
PAR  The aforementioned cycle of operation is repeated each time the bags B
      holding commodities therein and forming one layer of the predetermined
      pile of the bags on the pallet P are placed on the pallet P. In this way,
      a plurality of layers of the bags B holding commodities therein are
      superposed one on another in vertically stacked relationship on the pallet
      P. When the number of layers has reached the predetermined number, the
      elevational platform 53 is moved downwardly to its lowermost position, and
      the pallet P is transferred to the pallet conveyor 74 from which it is
      transferred to the discharge conveyor 76 and discharged from the
      apparatus.
PAR  In the apparatus according to the invention, the bags holding commodities
      therein and arranged in side-by-side relationship on the carriage rollers
      8 are compressed by the presser 66, and they are continuously compressed
      by the presser 66 in moving downwardly from the carriage rollers 8 onto
      the upper surface of the pallet P. The invention offers the advantage of
      preventing shifting or flowing of the contents of the bags in the
      direction of movement of the carriage rollers 8 when the bags holding
      commodities therein are transferred from the carriage rollers 8 to the
      pallet P. Thus, the bags holding commodities therein and piled in
      vertically stacked relationship on the pallet are prevented from leaning
      to one side because no bags are unevenly balanced, and the pallet can be
      loaded beautifully with bags holding commodities therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for loading goods on a pallet comprising a frame, a packed
      commodity dropping opening formed in said frame, said opening having front
      and rear edges, a pair of guides disposed on opposite sides of said packed
      commodity dropping opening, at least one of said pair of guides being a
      movable guide, a number of carriage rollers mounted for movement on said
      packed commodity dropping opening between the front and rear edges of said
      opening to close and open the opening and for receiving bags holding
      commodities thereon, said guides aligning said bags received on said
      carriage rollers, a fixed stopper disposed forwardly of said packed
      commodity dropping opening, a vertically movable stopper disposed
      rearwardly of said packed commodity dropping opening, means for forcing
      said movable stopper into engagement with said goods to position said
      goods, an elevational platform elevationally mounted beneath said packed
      commodity dropping opening and adapted to move upwardly and downwardly
      while supporting a pallet thereon, and a presser mounted above said packed
      commodity dropping opening and supported for vertical movement by a
      cylinder to press against bags holding commodities therein received on
      said carriage rollers, said bags holding commodities being dropped through
      said packed commodity dropping opening onto the pallet supported on said
      elevational platform while being pressed by said presser as said carriage
      rollers move from a position in which they close the packed commodity
      dropping opening to a position in which they leave the packed commodity
      dropping opening open, said presser and said guides maintaining the
      position of said bags as they are dropped onto said pallet, said cylinder
      including means for moving said presser downwardly together with the bags
      holding commodities therein so as to continuously press against the bags
      transferred to the pallet and to force the bags against the pallet.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 wherein said presser is in the form
      of a lattice framework.
NUM  3.
PAR  3. An apparatus as claimed in claim 1 wherein said carriage rollers are
      driven by a pair of chains mounted on opposite sides of said packed
      commodity dropping opening.
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PAL  This disclosure pertains to a device for crushing containers within a
      housing by compressive forces created by an end plate on said housing and
      by a presser plate attached to a pivotable cover. Ratchet means are
      provided to create substantial forces of compression. The cover is locked
      in a slidable position by a disengageable tongue mounted on the cover
      slidably engaging a cam fastened to the housing. The cover is fully
      retractable and when in the retracted position can pivot open to permit
      easy insertion of the container into the housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. The Field of the Invention
PAR  This invention relates to a device which can crush containers, and more
      particularly metal cans used for foodstuffs and the like.
PAR  2. Description of the Prior Art
PAR  The prior art is complete with means to crush cans operated by foot and
      hand forces. The U.S. Pat. No. 3,043,212 to Hasselquist, July 10, 1962 and
      U.S. Pat. No. 3,776,129 to Carlson, Dec. 4, 1973 and the U.S. Pat. No.
      3,780,647 to Reimers, Dec. 25, 1973 disclose varied devices utilizing hand
      forces to crush or flatten containers. None of the aforementioned patents
      employ a ratchet mechanism to supply compressive forces to the container
      to be crushed. U.S. Pat. No. 3,299,802 to Black, Jan. 24, 1967 discloses a
      container crusher operated by foot pressure or by hand pressure but
      achieve compression of the container between two hinged flat plates. U.S.
      Pat. No. 3,580,167 to Simshauser, May 25, 1971 discloses a container and
      waste compression device which obtains compressive forces by the rotation
      of a screw engaging a split nut, wherein said screw is preferably motor
      driven.
PAC  SUMMARY OF THE INVENTION
PAR  The container crusher disclosed herein obtains compressive forces by the
      use of a ratchet stepwise engaging a rod equipped with notches.
      Substantial forces are thus obtained without need for a cumbersome
      mechanism. Loading and ejectment means are provided for the container's
      simple insertion and removal from the housing of the crusher.
PAR  A primary object of the instant invention is to provide a portable
      inexpensive device for crushing containers.
PAR  Another object is to provide a means to load and unload said crusher
      easily.
PAR  Still another object is to provide a crusher which will not fatigue the
      user on repeated use thereof.
PAR  A further object is to provide a crusher which will produce a crushed
      container in sensibly collapsed position such that each end of the
      container is parallel to the other, thereby producing the smallest
      possible shape for a crushed container.
PAR  Another object is to provide a crusher which substantially totally encloses
      the container while the container is being crushed limiting thereby
      exposed sharp edges which have not been subjected to compressive forces.
DRWD
PAR  These objects, as well as other objects, of this invention will become
      readily apparent after reading the following description of the
      accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of the crusher depicting the cover in both
      closed and opened positions.
PAR  FIG. 2 is a fragmentary enlarged side elevation view of the crusher
      illustrating the ratchet and rod means.
PAR  FIG. 3 is a fragmentary enlarged perspective view of the locking cam and
      tongue means of the cover.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The structure and method of fabrication of the present invention is
      applicable to container crushers where the compressive forces are obtained
      by use of a ratchet operating on a notched rod. Incremental urging of the
      ratchet through use of a mechanical linkage provides substantial
      mechanical advantage and produces a compressive force of great magnitude.
PAR  Now referring to the Figures, and more particularly to the embodiment
      illustrated in FIG. 1 showing the housing 7 as a hollow right angle
      cylinder with a portion of its surface removed. End plate 4 constitutes a
      heavy thick cap fastened to the cylinder for engagement with the container
      to be crushed (not shown). The cover illustrated in the closed position,
      is provided with a presser plate 3 which engages the container end during
      the crushing operation. The cover 1 is adapted with two tongues. Figure 1
      shows one tongue 6 in a plane substantially parallel to the central
      longitudinal axis of the housing 7. Tongue 6 can engage cam 18 which has a
      slot 5 substantially parallel to the tongue 6, as depicted, when the cover
      1 is in the closed position. Handles 8 and 9 comprise a mechanism for
      propelling the presser plate 3 towards the end plate 4 upon alternate
      squeezing and releasing of handles 8 and 9. Handle 8 is rigidly fastened
      to a mounting plate 19 which is parallel to end plate 4 located on the
      opposite end of the housing. Rod 10 passes through an opening 19' in plate
      19. Rod 10 has a plurality of notches in its surface and is terminated in
      its free end with a handle 11, which is utilized to retract or withdraw
      the cover from its forwardmost urged position to the rearmost position of
      the cover which corresponds to the loading position of the device.
PAR  Figure 2 shows the ratchet member 12 in engagement with a notch 16 of the
      rod 10. A spring 15 biases the ratchet dog into engaged position with a
      notch of the rod 10. When the rod is retracted towards the loading
      position, biasing spring 15 is overcome and the ratchet angularly rotates
      about a ratchet pivot pin 13. Stop pin 14 prevents unlimited
      counterclockwise rotation of ratchet 12 about its pivot point 13, said
      rotation created by the collapsing tendency of spring 15. Handle 9 is used
      to force the ratchet into the notch 16 and urges rod 10 towards end plate
      4, by the motion imparted to hadle 9 when handles 8 and 9 are squeezed
      together at the free ends. When handles 8 and 9 are released the ratchet
      is free to engage another notch and in stepwise fashion cause the cover 1
      to move substantially along the entire length of the housing. Spring 20
      biases the free end of handles 8 and 9 open with moderate force easily
      overcome by the application of normal finger gripping forces upon handles
      8 and 9. Pivot 17 permits the handles 8 and 9 to move in angular
      relationship to each other and to provide a fulcrum point needed to obtain
      substantial mechanical advantage between the squeezing forces of the
      fingers and the higher forward urging forces on the ratchet 12 acting upon
      the rod 10.
PAR  FIG. 3 shows the cam 18 with a slot 5 cut into the inner surface of the
      cam. Cam 18 is rigidly fastened to end plate 4 and is adapted to receive
      tongue 6 of cover 1 when the cover is moved along the longitudinal axis of
      the housing. Tongue 6 is free of cam engagement when the cover is fully
      withdrawn towards the mounting plate 19, shown in FIGS. 1 and 2.
      Relatively few squeezing motions on handles 8 and 9 bring the cover to the
      position where tongue 6 can engage cam 18 by insertion into slot 5. The
      tongue remains in the slot throughout the compressing cycle comprised of
      further alternate squeezing and releasing motions of the handles 8 and 9.
PAR  When the container is crushed to a sufficient degree, the handle 11, shown
      on FIG. 1 is grasped and a force exerted thereupon in the direction away
      from the housing 7. No rotation of the rod 10 or the handle 11 is
      required. as illustrated, since the ratchet can stepwise disengage from
      the notches as the rod is pulled away from the housing. If pivot 2 is
      capable of rotational pivotability as well as angularly pivoting of the
      cover to the rod, then the rod may be withdrawn away from the housing
      without causing the ratchet to oscillate about its pivot point 13, by a
      simple 180.degree. axial rotation of the rod from the position shown. The
      ratchet will then be in contact with a smooth surface of the rod and the
      rod, when returned to the position where the notches again engage the
      ratchet, and again is placed in the operable position, ready for the next
      use of the crusher.
PAR  One of the advantages of the novel container crusher disclosed herein is
      that only minimal forces must be employed by the user.
PAR  Another advantage lies in the ability to quickly load and unload the
      container into the crusher.
PAR  A further advantage is that the instant disclosure provides for the
      economical construction and simple use of a container crusher.
PAR  Still another advantage is obtained by almost totally enclosing the
      container, thereby minimizing the hazard of exposed sharp edges on the
      crushed container when it is made in the form of a metal can.
PAR  Another advantage is that the crushed container is reduced to its smallest
      possible crushed state where the ends of the container are parallel to
      each other separated only by the crushed side walls.
PAR  Thus, here is disclosed in the above description and in the drawings,
      embodiments of the invention which fully and effectively accomplish the
      objects thereof. However, it will be apparent, to those skilled in the
      art, how to make variations and modifications to the instant invention.
      Therefore, this invention is to be limited not by the specific disclosure
      herein, but only by the appending claims.
CLMS
STM  The embodiments of the invention in which an exclusive privilege or
      property is claimed are defined as follows:
NUM  1.
PAR  1. A device for crushing containers comprising, a stationary housing
      adapted with an end plate, said end plate supporting a cam on the surface
      thereof, a pivotable cover when in closed position partially covers said
      housing, means to slide said cover along the longitudinal axis of said
      housing, said cam including locking means to maintain locked said cover in
      the closed position when said cover slides along a fixed portion of the
      length of said housing, means to pivot said cover to an angular
      relationship with said housing when said locking means are not engaged,
      ratchet means to forcibly slide said cover, said cover adapted with a
      presser plate substantially parallel to said end plate when the cover is
      in a closed or locked position, said pivot means pivotly connecting said
      ratchet means to the cover, a mounting plate mounted to said housing on an
      end opposed to said end plate, a portion of said ratchet means passing
      through said mounting plate and being connected to said presser plate.
NUM  2.
PAR  2. The container crusher as claimed in claim 1 wherein tongue means extends
      parallel to the longitudinal axis of said cover, and the cam of said
      locking means comprises a stationary element providing selective locking
      engagement with said tongue means.
NUM  3.
PAR  3. The container crusher as claimed in claim 1 wherein said portion of said
      ratchet meeans further comprises an elongated notched rod a ratchet dog,
      said dog adapted to stepwise engage said notches in said rod, said rod
      terminated on a free end with a handle, said pressure plate connected by
      said pivot means to said rod.
NUM  4.
PAR  4. The container crusher as claimed in claim 3 wherein said ratchet dog
      disengages said notches in said rod upon applying a moderate force upon
      said handle along the longitudinal axis of said cover in the opposite
      direction of said housing.
NUM  5.
PAR  5. The container crusher as claimed in claim 3 further comprising biasing
      means operable upon said ratchet to engage said ratchet into the said
      notches of the said rod.
NUM  6.
PAR  6. The container crusher as claimed in claim 3 wherein said ratchet means
      further comprises fixed handle means, said fixed handle means fastened to
      the said mounting plate and supporting a pivot engaging a movable handle,
      said movable handle provided with a pivot supporting said ratchet dog
      whereby alternate angular rotations between said fixed and movable handles
      causes said ratchet dog to stepwise engage sequentially the notches in
      said rod, urging said rod and presser plate longitudinally towards the end
      plate to crush a container therebetween.
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ABST
PAL  An apparatus for cold branding of vulcanized tires wherein an endless
      conveyor is suspended from a support frame having a plurality of stations
      located along the closed path of the conveyor. A plurality of branding
      machines are mounted on the conveyor for movement therewith along the
      endless path of the conveyor. The conveyor means and branding machines are
      moved intermittently along the closed path stopping at the stations for a
      predetermined time interval to provide unloading and loading of tires
      therefrom with the cold branding being done during the movement of the
      tires between the stations. Heating is provided to the branding machines
      for heating the branding heads for branding the sidewalls of a tire
      carried by the branding machines.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the branding of tires and more particularly to a
      cold-branding apparatus wherein a name or mark is branded onto the
      sidewalls of a cured tire.
PAR  In the manufacture of tires, it is customary during the vulcanization
      process to provide on the mold, a recess to receive a branding plate which
      has raised indicia thereon, so that during the vulcanization process, the
      company name or mark is imprinted thereon. In certain instances it is
      desirable to delete the brand name from the mold and cure the tire in
      otherwise the conventional way. Thereafter such unbranded tires are stored
      and thereafter branded as needed. The manufacture and storage of such
      unbranded tires facilitates the continuous uninterrupted manufacturing
      process. Such after branding is referred to as cold-branding.
PAR  Cold-branding involves the use of a branding plate which has either raised
      indicia thereon or recesses engraved indicia therein to facilitate the
      flow of rubber therein to form the indicia. The plate containing the
      indicia is heated to a temperature below that which will burn rubber, and
      by pressing such heated plate or platen against the sidewall of a tire
      will imprint a mark on the tire and giving the appearance as if such mark
      was part of the initial vulcanization process. The branding times vary in
      accordance with the temperature and pressure applied. In order to
      facilitate the cold or after branding process, a cold-branding machine has
      been developed which receives a tire, has a pair of plates, one being
      heated to permit the cold-branding process to be applied to the desired
      area of a tire. In order to achieve greater efficiency, an apparatus has
      been developed which reduces the handling time for processing these tires
      and effecting greater overall efficiencies.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates an apparatus for the cold-branding of
      tires that are fully vulcanized with a mark or indicia while moving from a
      first station to a second station. Such stations are loading areas as well
      as discharge areas wherein an endless conveyor means has a plurality of
      branding apparatus moveable therewith. Each branding apparatus has
      facilities for supporting a tire with means for supporting the sidewall in
      cooperation with a moveable heated platen which vulcanizes the mark or
      indicia onto the sidewall of a tire. Each branding apparatus passes
      specified stations in seratim order, wherein each station facilitates the
      unloading and loading of a tire. The conveyor moves in a step by step
      action wherein the branding process is accomplished while the conveying
      means carries a tire as supported by the branding apparatus while in
      motion. Such apparatus increases the efficiency of the cold-branding
      process while improving the quality of the mark.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the invention without the fluid and
      electrical supply means.
PAR  FIG. 2 is a side elevational view of the fluid power actuating means and
      the electrical power means.
PAR  FIG. 3 is a plan view of the invention shown in FIG. 1 with the electrical
      and fluid supply means.
PAR  FIG. 4 is a side elevational view of the branding apparatus.
PAR  FIG. 5 is a fragmentary side elevational view of a portion of the branding
      apparatus showing the control levers and the apparatus shown in FIG. 4.
PAR  FIG. 6 is a front elevational view of the branding apparatus shown in FIG.
      4.
PAR  FIG. 7 is a front elevational view of the branding head.
PAR  FIG. 8 is a side elevational view of the branding head.
PAR  FIG. 9 is a diagrammatic plan view of a modified form of the invention
      showing an indexable table and two branding apparatus.
PAR  FIG. 10 is the schematic electrical circuit for the branding apparatus.
PAR  FIG. 11 is the schematic electrical circuit for the control of the conveyor
     .
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings wherein like reference characters designate like
      or corresponding elements throughout the several views, there is shown in
      FIGS. 1 and 3 an endless conveyor means 10 supported by a support frame
      means. Such support frame means has a plurality of vertically extending
      posts 11 and horizontally disposed braces 12 which support an elliptically
      shaped track 13. Track 13 is U-shaped in cross section, as disclosed in
      FIG. 4, and journals for movement therein a sprocket chain 14 which has
      connected thereto pairs of depending brackets 15 which in turn has
      connected thereto a carrier mounting plate 16 which supports the branding
      apparatus or branding machine 20 to be described. The track 13 discloses
      four branding apparatuses 20; however, the number may be increased in
      accordance with the time cycle chosen and the length of the endless
      conveyor 10. Mounted between a pair of braces 12 is a brace 21 supporting
      a motor 22 whose output is connected to a transmission means 19 which has
      an output gear 18 which drives the sprocket chain 14. Such motor 22 and
      transmission 19 operate as a drive means for the conveyor means through a
      clutch means. Such clutch means is cooperative with a brake means which
      dynamically brakes the conveyor means in a manner old and well known in
      the art. Such clutch means and brake means are designated as clutch brake
      means 135 (FIG. 3).
PAR  Branding apparatus 20, supported by plate 16, has a pair of spaced brackets
      23 and 24 depending therefrom. Located between brackets 23 and 24 at the
      lowermost end portion thereof is a U-shaped bracket 25 that is secured
      thereto by cylindrical pins 26 and 27. One end portion of the bracket 25
      has a stationary platen 30 that is adjustably secured thereto as by bolt
      means 31. The other end portion of bracket 25 pivotally supports an
      adjustable support member 32 as at 33. Suitably secured closely adjacent
      to such other end portion of bracket 25 is a hydraulic cylinder or
      actuating means 35 having its piston rod 36 pivotally connected to a boss
      37. Boss 37 is secured to the intermediate portion of support member 32.
      Pressurization of the rod end of cylinder 35 pivots support member 32 in a
      countercockwise direction about pivot means 33, whereas pressurization of
      the head end of cylinder 35 pivots support member 32 in a clockwise
      direction about pivot means 33 to adjust the position of the support
      member 32. The pressurization of the head end or the rod end is
      accompanied by the connecting of the rod end or head end of cylinder 35 to
      exhaust in a manner well known in the art.
PAR  The conduits to the head end and rod end of cylinder 35 are not shown in
      the drawings to facilitate a clearer view of the operating elements of the
      invention. Mounted on the one end of support member 32 is a vertically
      extending bracket 40 to which is secured one end of a hydraulic cylinder
      41. Cylinder 41 is also secured to the rear portion of support member 32.
      Bracket 40 has a bore centrally located therein through which the piston
      rod 42 of cylinder 41 extends for connection to a bracket 43. Bracket 43
      has a pair of guide rods 44 secured thereto and extending rearwardly
      therefrom through suitable bores in a bracket 40 to guide the bracket 43
      in its linear reciprocal movement upon actuation of a hydraulic cylinder
      41 for a purpose to be described. Bracket 43 has a piston 45 secured
      thereto, which platen is composed of a pair of plates, front plate 46 and
      rear plate 47. Platen 45 has a pair of spaced bores 48 and 49 (FIG. 8)
      extending longitudinally therethrough in vertical alignment such that upon
      separation of the plates 46 and 47, the respective cylindrical portions
      thereof facilitate the removal of heating elements 50 which are received
      by such bores 48 and 49, as depicted by FIG. 5. The splitting of the
      platen provides an easy access to the heating elements 50. This feature is
      important, as the heating and cooling of the heating elements 50 in the
      platen 45 often causes a welding of the heating element to the platen and
      a corresponding difficulty in the removal therefrom. The split feature of
      the bore also provides for a superior means for clamping the cylindrical
      heating elements which provides a positive surface contact throughout to
      insure a better heat distribution throughout. The front portion of front
      plate 46 has a pair of horizontally disposed bores 51 and 52 (FIG. 7) for
      receiving the rearwardly extending pins 53 of a branding head 54 which has
      either engraved indicia thereon or raised indicia. Plate 46 has a pair of
      spaced bores 56 and 57 extending from the lower planar surface and
      intersecting bores 51 and 52 respectively. A spring loaded plate 60 is
      suitably journaled on the lower portion of plate 46, having a pair of
      spaced rods 61 and 62 guided in bores 56 and 57 respectively and adapted
      to frictionally engage pins 53 of branding head 54. The upper portion of
      front plate 46 has a pair of spaced bores 63 and 64 adapted to receive the
      pins 53 of a second branding head 65 that is positioned thereon for
      bringing such branding head 65 to a desired temperature in preparation for
      a change in the marking of a subsequent operation. Platen 45 and branding
      head 54 may be made of aluminum.
PAR  An elongated bracket 70 is suitably secured to the U-shaped bracket 25 and
      extends downwardly therefrom. Bracket 70 is slotted as at 71 and 72 (FIG.
      5) to provide a means for adjusting the position of bracket 70 in relation
      to the U-shaped bracket 25. A second bracket 73 (FIG. 6) is suitably
      secured to the lower portion of bracket 70. A hydraulic cylinder or
      actuating means 74 is suitably secured to the lower portion of bracket 73,
      having its piston rods 75 secured to a laterally extending moveable
      bracket 76, whose bracket 76 is slotted as at 77. Slot 77 rides on the
      edge of bracket 73, guiding the linear movement of bracket 76 as cylinder
      74 is actuated to adjust the position of bracket 76 relative to the
      bracket 73. Bracket 76 has a pair of rollers 78 and 79 journaled on the
      outer ends thereof to support the lower portion of a tire in cooperation
      with the platen 30 which supports the upper portion of the tire. Located
      on the intermediate portion of brackets 23 and 24 is a housing 80 which
      contains the control means for regulating the temperature of the heating
      elements 50. Such control means includes a rheostat, and means for
      visually indicating the temperature of the heating elements 50. As shown
      in FIG. 5, control means 82 and 83 are shown as mounted on the
      intermediate lower portion of bracket 25, which control the actuation of
      hydraulic cylinders 74 and 35 respectively to adjust the position of
      rollers 78, 79 and the angle of the platen 45. As shown in FIGS. 2 and 3,
      a swivel turntable 90 is suitably mounted on the foundation encompassed by
      the endless conveyor 10. A pair of reels 91 and 92 (FIG. 3) are journaled
      on the turntable 90 for feeding out and reeling in hydrauilc hoses 93 and
      94. The respective one ends of hoses 93 and 94 are connected to a housing
      95 which is mounted between depending brackets 23 and 24 of the branding
      machine, which housing 95 has a manifold therein for distributing the
      pressurized fluid to the respective cylinders 74, 35 and 41. The supply
      lines and exhaust lines to and from the cylinders 74, 35 and 41 with the
      respective housing 95 are not shown to simplify the drawings shown in
      FIGS. 1 and 3. The other end of hoses 93 and 94 are secured to the
      respective spindles of the reels 91 and 92 and via suitable conduits and
      rotary unions 96 are connected to a pump means 97. A suitable reservoir 98
      (FIG. 2) is provided on the turntable 90 for supplying fluid to the pump
      means 97. The manifolds of the housing 95 of each branding machine 20 are
      interconnected via flexible conduits 99 and 100 such that upon
      energization of motor 22, and an air clutch, sprocket 25 engages the
      sprocket chain 14 and moves the sprocket and branding machines 20 along
      with conduits 99 and 100 in its movement in the orbital path, with the
      turntable being rotated such that reels 91 and 92 rotate or pivot about
      the turntable axis as the conveyor 10 moves.
PAR  A suitable source of electrical power is supplied via a conduit 102 which,
      via connector means 103 which has the brushes and commutator rings
      therein, supplies power via cable 104 through reel 106 and cable 105 to
      housing 95 for use by the branding machine 20. A cable 107 (FIG. 3)
      distributes the power supply to the respective branding apparatuses 20.
      Such electrical power is used to heat the electrical element 50 and the
      respective platens 45 to a controlled temperature as preset by an operator
      at any of the stations to be enumerated herein. Each branding apparatus 20
      has control means on housing 80 to preset the temperatures to the desired
      levels in a manner old and well-known in the art.
PAR  A pair of discharge conveyors 110 and 115 are located on opposite sides of
      the endless conveyor 10. Pallets 116 with tires to be branded thereon are
      positioned adjacent to the discharge conveyors 110 and 115. An operator
      standing between pallet 116 and discharge conveyor 110, which position is
      designated as Station A, provides the operator for a convenient location
      for loading tires onto the branding machine and for discharging the tires
      T therefrom.
PAR  The circuit for the heaters 50 is disclosed in FIG. 10. A suitable source
      of current is supplied via conductors L-1 and L-2 to the primary winding
      of transformer 121. The secondary winding of transformer 121 is connected
      between the main conductors L-3 and L-4 to condition the circuit for
      operation. A number of branch conductors are connected across the main
      conductors for controlling certain of the functions of the heater.
      Depressing the main switch S-1 energizes relay R-1, which in turn closes
      contact CR-1 and conditions the circuit for the heaters via the
      temperature controller in housing 80. Such temperature controller, which
      can be manually preset to the desired temperature, will maintain the
      heating elements, or the CHROMALOX heaters 50, to the desired temperature
      level. A thermocouple 122 senses the temperature in the platen 45 and
      provides a feedback to the temperature controller 80. The temperature
      controller 80 has lines 86 and 87 connected to the heaters 50 to maintain
      a controlled flow of current to the heaters 50. When the desired
      temperature is achieved, switch S-2 is closed, which actuates hydraulic
      solenoid valve SV-1 which pressurizes the head end of hydraulic cylinder
      41 to move the platen 45 into engagement with the sidewall of a tire for
      the branding operation. Simulaneously with such action, timer 84 is
      actuated such that after a preset time interval, the circuit will be
      interrupted to solenoid-operated valve SV-1 which in turn pressurizes the
      rod end of hydraulic cylinder 41 and in turn pressurizes the rod end of
      hydraulic cylinder 41 and moves the platen 45 away from the sidewall of a
      tire.
PAR  The circuit for the conveyor is shown in FIG. 11 wherein a suitable source
      of current is supplied via conductors L-5 and L-6 to condition the circuit
      for operation. The depressing of switch S-3 energizes relay R-2 which
      closes contacts CR2-1 and CR2-2. Contact CR2-1 provides a holding circuit
      while contact CR2-2 energizes motor 22. The output of motor 22 to the
      chain 14 is conditioned upon actuation of clutch brake means 135;
      otherwise, motor 22 is disconnected from chain 14 and chain 14 is held
      stationary. In this context the brake is de-energized and the clutch
      energized to move the conveyor, and whenever the clutch is de-energized,
      the brake is energized to stop the movement of the conveyor. The operator
      can selectively choose between the manual or automatic operation. By
      setting switch S-4 to the manual operation, the footswitch S-5 controls
      the energization of relay R-3, which in turn controls the closing of
      contact CR3-1 which energizes solenoid-operated valve SV-2. Such
      energization actuates solenoid-operated valve SV-2 which in turn actuates
      clutch 135 to connect the output from motor 22 to sprocket 18 and moves
      conveyor 10. The conveyor will automatically stop when the limit switch
      LS-1 is contacted by one of the branding machines 20, which in turn
      deactuates the brake clutch means 135 to brake the conveyor, stopping the
      branding machines 20 at the respective operator's stations. This permits
      the operator to remove the branded tire from the machine and load an
      unbranded tire onto the machine.
PAR  In the setting of switch S-4 to the automatic cycling, switch 130 connected
      to switch S-4 conditions the operation of solenoid operated valve SV-3 in
      cooperation with a time delay relay 125. Time delay relay controls
      contacts CTD-1 and CTD-2. In the automatic cycling, the operation is
      initiated by foot switch S-5, which as in the manual operation closes
      contacts CR3-1, CR3-2, CR3-3 and CR3-4. This conditions the circuit for
      automatic cycling from station to station; however, as disclosed by this
      circuit, the operator must first depress switch S-5 to begin the
      operation. As shown, the conveyor movement is interrupted by limit switch
      LS-1 and the time delay relay 125 operates the opening and closing of
      contacts CTD-1 and CTD-2 for operating solenoid operated valve SV-3 which
      in turn controls clutch means 135. This provides sufficient time for
      loading and the unloading of a tire onto the branding machine 20.
PAR  In the operation of the apparatus described, assuming that the endless
      conveyor is stationary in the position shown in FIG. 3, the operator at
      Station A places a tire T from pallet 116 onto the branding machine 20
      with the inner portion of the sidewall in engagement with the stationary
      platen 30. The operator then adjusts the supporting rollers 76 and 77
      through the selective energization of the control cylinder 74 to assure
      the inner portion of the sidewall to be in engagement with the platen 30.
      The operator then energizes cylinder 35 to adjust the branding platen 45
      to the desired angular position to position the branding head 54 into
      alignment with the portion of the tire to be branded. With the platen and
      branding head 45 suitably adjusted and heated, the operator then depresses
      switch S-2 to energize hydraulic cylinder 41 which moves the branding head
      54 into engagement with the sidewall of the tire. The conveyor is then put
      in operating condition by depressing switch S-3 and S-4 which energizes
      motor 22 which moves the tire from position A to a second station
      designated Station B by the operation of limit switch LS-1. A second
      operator will remove the tire T from the branding apparatus 20 and place
      such tire T onto a discharge conveyor 115 and places a second tire T from
      pallet 116 onto the branding machine 20. Endless conveyor means 10 may be
      intermittently energized by a suitable timer circuit means as discussed
      above, whereby the movement of a tire between Stations A and B is
      automatic, which timer means is adjustable by the oeprator to provide the
      necessary time for vulcanizing a mark of the branding head onto the
      sidewall of a tire as the tire moves from Station A to Station B or from
      Station B to Station A. Such operation is a continuous intermittent
      operation which assures the continual flow of tires to and from the
      branding machines without the requirement that the operator move from the
      specific location. In lieu of pallets 116, suitable conveyor means may be
      provided similar to that of 110 and 115 to provide for a continuous supply
      of tires to Stations A and B. A modification of this system is shown in
      FIG. 9 wherein a turntable 90' is rotatably journaled on a shaft 120 with
      a pair of branding machines 20' located 180.degree. apart. The branding
      machines 20' are similar to those discussed and described above and are
      only shown schematically wherein the turntable 90' is indexed 180.degree.
      to provide for the continual supply and discharge of tires to and from the
      branding machines 20'. The operation is similar to that described above
      and, accordingly, the specific mechanism is not specifically described.
PAR  Various modifications are contemplated and may obviously be resorted to by
      those skilled in the art without departing from the described invention,
      as hereinafter defined by the appended claims, as only a preferred
      embodiment thereof has been disclosed.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for the branding of tires comprising support frame means;
      conveyor means mounted on said support frame means having a closed endless
      path; a plurality of stations located along said closed path of said
      conveyor means; a plurality of branding machines mounted on said conveyor
      means for movement therewith; drive means connected to said conveyor means
      for moving said conveyor means and said branding machines along said path;
      control means connected to said drive means for intermittently moving said
      branding machine along said path and to start and stop said branding
      machines at said stations; each of said branding machines having the tire
      support means; each branding machine having branding means operative to
      brand a tire sidewall; and heating means connected to said branding means
      for heating said branding means to preselected temperature for vulcanizing
      indicia onto tires held by said tire support means.
NUM  2.
PAR  2. An apparatus as set forth in claim 1 wherein said conveyor means is
      suspended from said support frame means; and said closed endless path is
      an orbital path.
NUM  3.
PAR  3. An apparatus as set forth in claim 2 wherein a turntable is mounted
      within said orbital path; power means mounted on said turntable for
      rotation therewith; conduit means extending from said power means to said
      branding machines; and said conduit means supported by conveyor means for
      movement therewith in an orbital path and rotating said turntable
      therewith.
NUM  4.
PAR  4. An apparatus as set forth in claim 3 wherein said branding means
      includes a stationary platen and a moveable piston cooperative therewith;
      said stationary platen mounted on one end of said tire support means; and
      a branding head mounted on said moveable platen for cooperation with the
      sidewall of a tire and said stationary platen supporting a portion of such
      sidewall to vulcanize indicia thereon.
NUM  5.
PAR  5. An apparatus as set forth in claim 4 wherein said stationary platen is
      adjustable; said moveable platen having first actuating means connected
      thereto for moving said branding head and said moveable platen toward and
      away from stationary platen; and second actuating means connected to said
      moveable platen for selectively adjusting the position of said moveable
      platen relative to said stationary platen.
NUM  6.
PAR  6. An apparatus as set forth in claim 5 wherein said moveable platen is
      composed of a front and rear plate abutting each other on their coplanar
      surfaces; said moveable platen having a first pair of bores extending
      longitudinally therethrough with their central axes lying along said
      juncture; heating elements located in said first pair of bores for heating
      said moveable platen; said front plate having a second pair of aligned
      bores extending therein from the forwardmost surface portion thereof; said
      branding head having a pair of projections extending into said second pair
      of bores; locking means mounted on said front plate for retaining said
      branding head on said front plate; and retaining means on said front plate
      for securing a second branding head thereto for preheating said second
      branding head to a preselected temperature.
NUM  7.
PAR  7. An apparatus for the branding of pneumatic tires comprising an endless
      conveyor means; a plurality of stations along the path of said conveyor
      means; a plurality of branding machines; said conveyor means supporting
      said branding machines in spaced relationship for movement intermittently
      from one station to another in a closed path; conveying means at each of
      said stations for supplying and taking away tires; each branding machine
      having means for supporting a tire thereon; a stationary platen on said
      tire support means for supporting an inner portion of a sidewall of a
      tire; a bracket mounted on said support means for supporting the lower
      portion of a tire; cylinder means connected to said bracket for adjusting
      the position of said bracket relative to said stationary platen; a
      moveable platen mounted on said branding machine for movement toward and
      away from said stationary platen; said moveable platen having a branding
      head thereon; first actuating means operatively connected to said moveable
      platen for selectively adjusting the angular position of said moveable
      platen relative to said stationary platen; second actuating means
      connected to said moveable platen for movement thereof toward said
      stationary platen to carry said branding head into engagement with the
      sidewall of a tire supported by said stationary platen, and held by said
      tire supporting means; and means for heating said moveable platen and
      branding head to vulcanize an indicia on the sidewall of a tire upon
      engagement of the sidewall of a tire by said heated branding head.
NUM  8.
PAR  8. An apparatus as set forth in claim 7 wherein said moveable platen is
      composed of a front and rear plate abutting each other; said moveable
      platen having a bore extending longitudinally therethrough and having its
      central axis extending along the juncture of said plates; and a heating
      element mounted in said bore for heating said moveable platen and said
      branding head.
NUM  9.
PAR  9. An apparatus as set forth in claim 8 wherein said branding head has a
      pair of projections; said front plate has a first pair of bores extending
      into a front face of said front plate to receive said projection from said
      branding head; a second pair of bores extending from the lower surface of
      said front plate to intersect said first pair of bores; said locking means
      mounted on said front plate having spring biased pin means moveable into
      said second pair of bores for projection into said first pair of bores to
      frictionally engage said projections of said branding head.
NUM  10.
PAR  10. An apparatus as set forth in claim 9 wherein said moveable platen has a
      third pair of bores extending vertically therein from the top surface
      thereof to receive said projection of said branding head to preheat said
      branding head.
NUM  11.
PAR  11. An apparatus as set forth in claim 10 wherein said moveable platen and
      said branding head is made of aluminum.
NUM  12.
PAR  12. An apparatus as set forth in claim 11 wherein a turntable is mounted
      within said orbital path; a pair of reeling devices are mounted on said
      turntable; conduit means moveable from and onto said reeling devices; said
      conduitu means supported by said conveyor means and connected to said
      branding machine for supplying power to said actuating means and said
      heating elements.
NUM  13.
PAR  13. An apparatus for the branding of tires comprising a platen having a
      front and rear plate member, said plate members having a planar surface
      for abutting each other; said platen having a pair of bores extending
      longitudinally therethrough with their central axis lying along the
      juncture of said planar surfaces; heating elements located in said first
      pair of bores; said front plate member having a pair of spaced bores
      extending horizontally therein; a third pair of bores extending from the
      lower portion of said front plate member intersecting said horizontally
      extending bores; a branding head having a pair of projections extending
      into said horizontally extending bores; locking means securing said
      branding head onto said front plate; said front plate having a pair of
      vertically extending bores extending from the upper surface portion
      downwardly therein, a second branding head received by said last mentioned
      bores for preheating thereof.
NUM  14.
PAR  14. An apparatus as set forth in claim 13 wherein said locking means
      comprises a rod member secured to the lower surface portion of said
      platen; a bracket slideably received by said rod member; said bracket
      having a pair of vertically extending pins received by said vertically
      extending bores; spring means mounted on said rod member for biasing said
      projections upwardly into said bore.
NUM  15.
PAR  15. An apparatus for the branding of tires comprising support frame means;
      a turntable mounted on said support frame for rotation between a pair of
      spaced stations; a plurality of branding machines mounted on said
      turntable for movement therewith; drive means connected to said turntable
      for indexing said turntable and said branding machines in a predetermined
      pattern of movement between stations in a predetermined time sequence;
      each of said branding machines having the tire support means; each
      branding machine having branding means operative to brand a tire sidewall;
      and heating means connected to said branding means for heating said
      branding means to a preselected temperature for vulcanizing indicia onto
      tires held by said tire support means.
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ABST
PAL  A dot matrix printer system utilizes a reciprocating shuttle having a
      plurality of hammer elements and externally energized hammer controls
      mounted with the hammers on the shuttle. Each hammer scans a number of dot
      printing positions within a dot matrix line, and is energized at a high
      repetition rate during movement to imprint serially the dot patterns in
      that line for several successive characters. The paper is then advanced
      and the next dot matrix line is printed in the reverse direction. The
      shuttle mechanism forms a part of a dynamically balanced system, being in
      one example driven in a trapezoidal motion from a cam system that also
      engages an oppositely moving counterweight system. A highly reliable fast
      acting hammer bank comprises an array of individual spring hammer elements
      and associated magnetic actuators, the hammer elements normally being
      magnetically biased to a retract position by a permanent magnet. The
      magnetic field is neutralized to permit hammer flight with controlled
      velocity for imprinting, with hammer return being automatically achieved
      by the magnetic bias. The system is amenable to generation of a wide
      variety of dot matrices and arbitrary printing patterns, and provides
      uniform and well defined characters through a substantial number of
      copies, but nevertheless operates reliably and at high speed with a low
      cost mechanism that does not require adjustment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to mechanical printers, and more specifically
      relates to character printing mechanisms of the dot matrix type.
PAR  Mechanical printing systems for the data processing industry, particularly
      those known as line printers, have generally employed formed character
      images on a member which is moved relative to the paper so as to present a
      desired type position for an impacting action between the character image
      and paper. In order to achieve higher speeds, line printers in the recent
      past have typically employed rotating drums which move vertically with
      respect to the paper, or a character belt or chain which has horizontal
      motion with respect to the paper. The character bearing member typically
      moved in front of the paper, while one or a number of hammers disposed
      behind the paper abruptly impact the paper against the character member at
      the proper time. Such printers are the most widely used computer and data
      system output printing devices, giving print rates of approximately 300
      lines per minute and greater. With the virtually constant reduction in the
      electronic part of system costs over a period of time, however, such
      printers have become disproportionate in cost, particularly for many lower
      cost main frame and minicomputer applications.
PAR  In addition, the moving character types of systems require extensive
      maintenance or precise and costly fabrication, to maintain accurate
      character registration and to minimize image smearing in the direction of
      character motion. Inherently, such systems cannot accommodate large
      character sets or variable type fonts, at least without extensive
      component replacement. They further impose certain limitations on print
      quality because it is not economically feasible to vary the hammer force,
      with the result that the intensity of the printed character tends to vary
      with the area of the raised surface.
PAR  More recently, wire matrix printers have been introduced for use with data
      processing systems, to operate at speeds typically in the range of 50 to
      100 lines per minute, and in some instances up to 200 lines per minute. In
      many of these wire matrix printers, a printer head is used that has a
      number of separately actuable print wires, one for each possible vertical
      position within the matrix. The printer matrix head is moved across the
      front of the paper on a carriage, forming successive characters in a line
      by impacting against a ribbon which bears against the paper in matrix
      configurations which define different characters. This technique has
      substantially reduced costs, particularly for lower speed applications,
      while permitting a substantial increase in the number of characters in a
      character set. However, such systems have performance and reliability
      limitations when operated at high rates for substantial periods of time
      because of the high rate of usage of the individual printing elements. In
      addition, such systems have speed limitations, and typically cannot
      operate at approximately 300 lines per minute or greater. Furthermore, the
      dot matrix pattern is predetermined by the print head that is used, so
      that the number and relative disposition of the vertical dot matrix
      positions cannot readily be changed.
PAR  In an attempt to overcome some of these limitations of the dot matrix
      printers, a movable hammer bank has been devised for a line printer as
      evidenced by U.S. Pat. No. 3,782,278. In this system, a flexible sheet of
      hammers, one for each character position, is disposed along a line, and
      then horizontally stepped across the width of one character with each
      hammer forming the dots for one character position on that horizontal
      pass. The paper is then incremented vertically one dot row or line to
      allow printing of the dots for the next horizontal pass, continuing until
      the entire character is printed. This system enables line printing with
      greater speed and without substantial increase in cost, but has a number
      of disadvantages. To actuate the hammers, stationary hammer actuating
      mechanisms are disposed adjacent the hammer elements, which are normally
      in a neutral position and must have adequate clearance. The hammer
      actuating mechanisms are magnetic, and the clearances needed between the
      pole pieces of the actuating mechanisms and the hammer introduce
      substantial air gaps in the flux path, and therefore substantially lower
      efficiency. The system has certain speed limitations, inasmuch as the
      movable hammer mechanisms must be incremented laterally to a new position,
      retracted from the neutral position, fired to imprint, then allowed to
      settle or dampen at the neutral position before recycling can begin. The
      incrementing motion of the hammer system relative to the fixed actuators
      both predetermines and limits the number of matrix patterns that may be
      imprinted.
PAR  There is therefore a general need for a dot matrix system of higher speed
      but lower cost than has heretofore been available, particularly for line
      printers. Such a system preferably should have capability for virtually
      arbitrary selection of dot matrix configurations, type fonts, character
      sets, and nature of the imprinted data, whether typewriter quality
      characters, Katakana (simplified Japanese), upper and lower case
      characters or graphical information are imprinted.
PAC  SUMMARY OF THE INVENTION
PAR  Dot matrix printers in accordance with the invention comprise a hammer bank
      and actuating system mounted on a reciprocating shuttle mechanism, the
      hammers being actuated concurrently to imprint on the fly during
      reciprocating motion. Each hammer serially generates the dot patterns for
      one dot line of a sequence of characters during each forward and reverse
      movement. The hammer elements are preferably magnetic elements forming
      part of a substantially closed magnetic path when the hammer is retracted.
      This arrangement has relatively few moving parts and provides line
      printing with high speed and reliability but at low cost.
PAR  In a specific example of a line printer in accordance with the invention,
      the high speed hammer bank system comprises common magnetic bias and
      magnetic return path elements mounted in magnetic circuit with a plurality
      of elongated magnetic spring hammer elements, each of which has a dot
      imprinting protrusion in facing relation to a printing line position. The
      hammer bank system is driven by a cam system providing, in this particular
      example, a trapezoidal type of reciprocating motion in which there is
      substantially constant velocity across a selected lateral distance in each
      of the forward and reverse directions, and a substantially constant change
      of velocity during motion reversals. A matching counterweight system is
      also coupled to be driven by the cam mechanism providing a dynamically
      balanced system. The hammer elements are mechanically secured in the
      hammer bank assembly at one end, and have a free end that is normally
      attracted to a facing pole tip by the magnetic field established by the
      permanent magnet, the hammer being the only movable element. The
      instantaneous position of the hammer bank is sensed at an encoder wheel
      coupled in the cam drive system, to provide positional references for
      firing the hammers such that the dots are imprinted on the paper at
      precise dot matrix positions. Each hammer spring element is normally
      retracted to a spring loaded position by the magnetic bias, and is set in
      flight by energization of a coil mounted in the pole tip region, which
      establishes a magnetic field opposing the field of the permanent magnet.
      The hammers fly at velocities determined by the virtually constant spring
      characteristics to imprint upon the paper, being quickly returned to the
      retract position. Cycle times for the hammers are so fast that a 300 line
      per minute rate is readily attained with a 9 .times. 7 dot matrix
      configuration, with freedom from smearing, nonuniformity and character
      distortion.
PAR  Hammer mechanisms in accordance with the invention have particular
      advantages for imprinting systems. In a particular example, the magnetic
      path shunting the hammers is in a generally C-shaped configuration, with
      the pole tip facing the free end of the hammer element being tapered at
      the air gap region, and the coil being disposed adjacent the pole tip,
      thus providing maximum field efficiency. A damping element is disposed
      between the base of the hammer and the facing portion of the hammer, in
      the region of initial curvature of the hammer from the fixed base region.
      The rebound action of the hammer is thereby damaged, further decreasing
      cycle time. The hammer impact point is the center of percussion, providing
      most efficient transfer of energy. The spring hammer is operated well
      within its elastic limit and therefore has long life.
PAR  Further in accordance with the invention, the magnetic path and the
      permanent magnet may comprise a single magnetic return member and a single
      permanent magnet, and the hammer bank may be fabricated on a unitary basis
      as a number of frets extending from a common base. Also, the base portion
      of the hammer bank and actuating system, in the region of the fixed end of
      the hammer elements, is precompassed by tie rods which not only unify the
      structure but give greatest strength to the permanent magnet. Thus the
      hammer bank is readily and simply fabricated and once fabricated is
      virtually free from the need for adjustment.
PAR  Another aspect of the invention relates to the shuttle drive and
      reciprocating motion mechanism. The shuttle mechanism is reciprocated at
      high speed under control of a relatively small constant speed motor,
      coupled to a flywheel and encoder which provides desired positional
      reference information. The shaft from the flywheel system rotates a double
      lobed cam configured to provide the desired reciprocating motion, such as
      the trapezoidal characteristic previously mentioned. The counterbalanced
      shuttle mechanism is substantially free of unwanted vibrations and system
      resonances. Relatively large increments of movement may be sensed at the
      encoder wheel to denote very small increments at the printing mechanism.
      Thus, combining the predictable and controlled motion of the shuttle
      mechanism and the precisely controlled flight time of the hammer
      mechanisms, timing signals derived from the positional encoder enable the
      generation of precise dot matrix patterns at the character positions. Only
      the dot timing signals and the line incrementing distances need be changed
      to change the dot matrix pattern, and therefore there is virtually
      arbitrary control over type fonts, character sizes and the types of
      characters and data that may be imprinted.
PAR  Another feature of systems in accordance with the invention provides a firm
      and uniform imprinting base upon which the dot printing elements may
      impact, irrespective of the number of copies being made and the lateral
      movement of the imprinters relative to the paper. On the opposite side of
      the printing line position from the hammer bank is disposed a platen whose
      surface is translatable in the direction toward and away from the hammer
      elements. In a specific example this platen comprises an eccentrically
      mounted cylinder providing a backing surface for the paper. A plurality of
      substantially flat finger elements disposed on the upstream side of the
      paper from the printing line position urges the paper against the platen,
      ironing out air bubbles, flattening the paper and holding it under
      tension, for clean and uniform imprinting by the flying dot printer
      elements.
PAR  In accordance with other aspects of the invention, the shuttle mechanism is
      linearly reciprocated along an offset axis in linear bearings mounted on
      the frame structure. The shuttle mechanism includes a front face cover
      that bears against the ink ribbon moving between the facing web and the
      print hammers, and incorporates apertures through which the dot imprinting
      elements extend only when printing. The shuttle mechanism may be pivoted
      about its mounting in a direction away from the paper, to facilitate paper
      loading through the system.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the invention may be had by reference to the
      following description, taken in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a perspective view, partially broken away, of the principal
      mechanical elements of a printer system in accordance with the invention;
PAR  FIG. 2 is a fragmentary perspective view, partially broken away, of a
      portion of the shuttle mechanism and cam drive mechanism utilized in the
      arrangement of FIG. 1;
PAR  FIG. 3 is a perspective view, partially broken away, of a portion of a
      hammer bank assembly employed in the arrangement of FIG. 2;
PAR  FIG. 4 is a side view of a portion of the shuttle mechanism and platen
      assembly;
PAR  FIG. 5 is an enlarged fragmentary view of a portion of the hammer and
      associated elements utilized in the arrangement of FIGS. 3 and 4;
PAR  FIG. 6 is a fragmentary perspective view of another part of the shuttle
      mechanism drive system;
PAR  FIG. 7 is a fragmentary perspective view of a portion of a paper thickness
      adjustment system in accordance with the invention;
PAR  FIG. 8 is a side view of the paper thickness adjustment mechanism of FIG.
      7; and
PAR  FIG. 9 is a simplified block diagram of an electronic control system that
      may be used in conjunction with systems in accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  An example of a printer in accordance with the invention comprises a 132
      column page printer for data processing systems, operating typically at
      about 300 lines per minute and printing an original and a substantial
      number (e.g. five) of clear carbon copies. The principal mechanical
      elements of the printer are shown in FIGS. 1 and 2, with other mechanical
      elements being depicted in more detail in FIGS. 3-8, and an exemplary
      electronic data transfer and processing system being shown in FIG. 9.
      Conventional details such as paper supply takeup mechanisms, an external
      housing, and similar features have been omitted or simplified for clarity
      and brevity. The printer may be mounted as a free-standing unit, as a desk
      supported unit, or may be otherwise configured.
PAR  Referring now specifically to FIGS. 1 and 2, the paper to be imprinted
      comprises one or a number (here six, by way of example) of webs 10 of
      conventional edge perforated, continuous or fan folded sheet fed upwardly
      through a base frame 12 and past a horizontal printing line position at
      which printing takes place. The original and carbon sheets are advanced
      together past the printing line by known tractor type drives 14, 16,
      engaging the edge sprocket perforations along the two margins of the
      paper. Just below the printing line, the webs 10 are held flat, under
      controlled tension and in registration, without entrapped air pockets,
      against the platen 66, by a paper thickness adjustment control 20
      described below in conjunction with FIGS. 4, 7 and 8. At the printing
      line, a shuttle mechanism 22 mounting a plurality of print hammers 24
      spaced apart along the printing line is horizontally reciprocated to span
      a desired number of character column positions. This example assumes that
      there are to be 132 character positions or columns across the paper 10,
      and a bank of 44 hammers 24 is employed, with the lateral travel thus
      being sufficiently wide (0.3 inches in this example) for each hammer to
      move across three different adjacent columns. Both 5 .times. 7 and 9
      .times. 7 dot matrices are now widely used to define characters in dot
      printing systems; the description of the present system is based upon a 9
      .times. 7 dot matrix but may use virtually any matrix, and may in fact
      interchange between different matrices. The hammers 24 are operated
      concurrently during the shuttle 22 motion to write selectively spaced dots
      within a horizontal dot matrix line in each of the three associated
      columns for each hammer. The paper 10 is then advanced by a stepping motor
      26 to the next horizontal dot matrix line position. Thus the system
      concurrently writes different character segments in serial dot row
      fashion, first in one direction and then in the other.
PAR  At the printing line position, a ribbon 28 is interposed between the hammer
      24 bank and the paper 10, the ribbon 28 being advanced by any suitable
      means, such as the supply and takeup reels 30, 31 shown, or a ribbon
      carriage supply and drive.
PAR  Details of the shuttling hammer bank mechanism are best seen in FIGS. 2-4.
      Vertical shuttle support elements 33 mounted on the base frame 12 include
      linear bearings 34 for receiving horizontal support shafts 35, 35'. The
      shafts 34, 35' are coupled by brackets 36 to a horizontal channel member
      defining a shuttle mechanism cover 37 extending along the printing line
      position. The cover, as best seen in FIGS. 3, 4 and 5, includes a front
      face 38 on the side opposing the ink ribbon 28 and the adjustable paper
      control 20. Thus the support shafts 35, 35' provide an off-axis
      reciprocable support for the shuttle mechanism 22.
PAR  To reciprocate the shuttle mechanism 22, a force-balanced cam drive 40 is
      mounted adjacent to one end of one support shaft 35. A rotatable cam
      follower 42, mounted as a terminus for the shaft 35, engages the periphery
      of a double lobed cam 44 which is rotated by a shaft 45 coupled to a
      flywheel and drive system described hereafter. On the opposite side of the
      cam 44 from the first cam follower 42, and in axial alignment therewith, a
      second rotatable cam follower 46 also engages the cam 44 periphery. The
      second cam follower 46 is mounted within a counterweight structure defined
      here by a pair of spaced apart counterweight blocks 48, 49 joined together
      by a spacer 52 and rotating about a shaft 54 coupled to the frame 12 and
      lying along an axis substantially parallel to the cam shaft 46 axis. A
      spring 56 coupling the counterweights 48, 49 to the frame 12 biases the
      second cam follower 46 into constant engagement with the cam 44. The
      shuttle mechanism 22 and the first cam follower 42 are similarly
      continuously biased against the cam 44 by a spring 58 coupling a depending
      bracket 59 to a fixed part of the frame 12, here the shuttle support 33.
      It will be evident to those skilled in the art that many other
      arrangements may be utilized, including compression spring as well as
      tension spring arrangements, or that a direct spring coupling may be used
      between the shuttle mechanism 22 and the counterweight system.
PAR  For ease of feeding the webs 10 past the printing line position, the
      shuttle mechanism 22 is pivotally rotatable about the off-axis support
      shafts 35, 35' at the brackets 36. However, the shuttle mechanism 22 is
      normally held at its printing position under the force exerted by a
      tension spring 61 coupling the depending bracket 59 on the shaft to the
      frame 12. A limit stop position for the bracket 59 is defined by
      engagement of a friction bearing element 60 against a linear surface
      defined by a reference member 62 mounted on the frame 12. The entire
      shuttle mechanism 22 can therefore be pivoted about the axis of the shafts
      35, 35' away from the printing line position so as to provide greater
      clearance between the hammer tips and the facing paper control mechanism
      20, for passage of the paper 10.
PAR  The arrangement of the hammers 24 in the hammer bank is best seen in FIGS.
      3, 4 and 5. The hammers 24 are elongated, resilient magnetic spring
      elements mounted at a lower fixed end in spaced apart relation along a
      horizontal axis, with each of the hammers being vertically disposed (in
      the orientation of this example) and terminating in a movable free end.
      The hammers 24 are of magnetic material of 0.032 inch thickness, and each
      lies approximately tangential to a platen 66 disposed on the opposite side
      of the paper 10 and providing a backing support for receiving the impact
      of the hammers. Each hammer 24 includes a dot matrix printing tip 68
      extending normal from the surface of the hammer 24 in the direction toward
      the ribbon 28 and paper 10. The tip 68 is suitably small for the chosen
      matrix, being of 0.016 inch diameter in this example. The tips 68 of the
      successive hammers 24 lie along a selected horizontal line substantially
      radial to the adjacent arc of the curved surface of the platen and
      defining the printing line position. When retracted, each tip 68 is
      disposed slightly behind the front face 38 of the shuttle cover 37, as
      best seen in FIG. 4. The dot matrix printing tip 68 is a wear resistant
      wire or hardened tool steel element which may be affixed by various means
      to the hammer 24. A convenient mounting is depicted in FIG. 5, in which
      the tip 68 is integral or secured to a base disk 69 having an outwardly
      directed flange portion relative to the tip, with the flange 70 being
      curved about the inner surface defining an aperture in the hammer 24, so
      as to rivet the base disk 69 and coupled hammer tip 68 to the hammer 24.
      Preferably, the tip 68 is mounted at that longitudinal position along the
      length of the hammer 24 that defines the center of percussion of the
      hammer 24. When impacting, as in the position of FIG. 5, the tip 68 alone
      extends through an aperture 71 in the cover face 38.
PAR  In the hammer bank, referring again to FIGS. 3 and 4, a planar common
      return member 75 is mounted in parallel, spaced apart relation to the
      hammers 24 on the opposite side from the hammer tips 68. Individual pole
      pieces 77 having tapered pole tips 79 extend outwardly from the common
      return member 75 into close juxtaposition to the different individual
      hammers 24. Each hammer 24 is in contact and in magnetic circuit with the
      adjacent magnetic pole piece 77 when in the retract position. Energizing
      coils 82 are individually wound about each of the pole pieces 77, adjacent
      the tapered pole tip 79, with leads from the coils conveniently being
      joined to terminals and printed circuit conductors (not shown in detail)
      on the common return member 75. External conductors to associated circuits
      are physically coupled together in a harness 86 extending outwardly from
      the shuttle mechanism 22 to the associated driving circuits. The harness
      86 reciprocates along its length with the motion of the shuttle mechanism
      22.
PAR  The magnetic circuit in the hammer bank also includes a common permanent
      magnet 88 of elongated bar form, disposed between the common return member
      75 and a magnetic insert 90 which abuts the fixed bottom end of each
      hammer 24. The magnetic insert has an offset upper portion in which is
      disposed a resilient damping element 92, such as butyl rubber, abutting
      the hammer surface immediately above the fixed region but not impeding the
      curvature in the retract position.
PAR  The hammer bank operates by individually releasing the spring hammers 24
      from a retract position in which the hammers 24 are held against the
      facing pole tip 79. A closed loop magnetic path is normally defined by the
      permanent magnet 88, common return member 75, individual pole piece 77,
      the hammer 24 itself, and the insert 90. When retracted, the hammer is
      held with the tip 68 out of engagement with the ribbon 28 and is slightly
      behind the cover front face 38 as previously described. The moving ink
      ribbon 28 therefore bears against the front face 38 and does not slide
      with any substantial frictional force against the paper 10. When a given
      coil 82 is energized, however, the magnetic field in the individual
      circuit is neutralized adjacent the free end of the hammer, and the hammer
      24 is released. The spring effect of the hammer 24 causes it to fly with a
      predetermined velocity and flight time to impact the tip 68 against the
      ribbon 28 and underlying paper 10. The motion and force are both
      predictable and controllable, inasmuch as they result only from the
      constant spring characteristic of the hammer 24 and the distance of its
      flight. Variations in printing intensity may be introduced by varying the
      time of termination of the energizing pulses, and thus the time of
      regeneration of the restoring force exerted by the permanent magnetic
      field. Usually, however, the field cancelling pulse is terminated in
      coincidence with the impact time. In the practical example being
      described, the complete cycle time is 1 millisecond, i.e., the hammer is
      ready to cycle again after 1 millisecond, having impacted the paper,
      returned to the retract position, and settled to a static condition.
PAR  This high speed motion of the individual hammers 24 within the hammer bank
      is effectively employed with the continuous reciprocating motion of the
      shuttle mechanism 22. As the cam drive 40 of FIG. 2 operates, the cam
      follower 42 generates, with the double lobed cam configuration shown, a
      trapezoidal motion in the shuttle mechanism 22. That is, the shuttle
      mechanism operates at substantially constant speed (i.e., 14 ips) for a
      given duration in one direction, and changes velocity at a substantially
      constant rate until it is reciprocated in the opposite direction, again at
      a substantially constant speed, and so forth. In each of the substantially
      constant speed motions, successive dots for each of three characters are
      imprinted serially along the given dot printing positions for that
      horizontal line of a character. Constant speed motion is not required
      inasmuch as sinusoidal and other motions can be used, but facilitates
      timing of the dot column positions within each character dot matrix.
PAR  The paper drive system is best seen in FIG. 1, and comprises the paper
      drive stepping motor 26, receiving individual incrementing pulses from the
      associated control system, described hereafter in conjunction with FIG. 9,
      and a drive mechanism including a belt 98 and driven pulley 99 together
      with a splined drive shaft 101 for the tractor drives 14, 16. Further
      details of this otherwise conventional drive mechanism need not be
      elucidated. The drive system for the shuttle mechanism 22, seen in FIGS. 1
      and 6, comprises an AC drive motor 103 coupled by a drive belt 104 and
      pulley 106 to drive a flywheel 110 to which is coupled a toothed encoder
      wheel 112. A magnetic pickup head 114 is disposed in close association to
      the toothed periphery of the encoder wheel 112, to provide positional
      signals to the associated circuits. A special indicia, such as an extra
      gap, may be provided as a "home" or reference position.
PAR  The drive system and positional encoder mechanism provide substantially
      constant speed motion of the shuttle mechanism 22 in the forward and
      reverse directions, and the substantially constant change of velocity
      between directions minimizes the time required for reversal of direction.
      The flywheel 110 adds a substantial mass into the dynamic system,
      permitting usage of a smaller motor than would otherwise be needed, and
      minimizing the tendency of the system to introduce a slight velocity
      change in the constant velocity portions of the motion, due to the
      differential effect of operating against a rising or falling cam surface.
PAR  The presence of the counterweight mechanism in the shuttle drive maintains
      the entire system in dynamic balance, and virtually no vibration can be
      felt at the base frame 12. Consequently, system resonances and motions set
      up by other vibrations do not disturb the precise placement of the printed
      dots within the matrices. Adequate accuracy for dot position reference is
      obtained by the large encoder wheel 112 coupled into the drive system.
      Despite the fact that the dot registration pattern in the matrix is very
      small (e.g. 0.01 inch) and despite the fact that dot placement must be
      precise in order to avoid character distortion, a relatively large tooth
      encoder wheel, having approximately 200 teeth on a 20 inch circumference,
      is employed in this example. The large circumference of the encoder wheel
      112 is greatly multiplied with respect to the translation of the shuttle
      mechanism 22, and a given arc of movement of the drive system and encoder
      wheel 112 is reduced to a much smaller reciprocating movement of the
      shuttle mechanism through operation of the cam drive 40. Specifically, for
      each one-fourth rotation of the encoder wheel 112, there is only a 0.3
      inch traversal for the shuttle mechanism 22, so that the encoder wheel 112
      therefore has adequate resolution to define the successive dot matrix
      positions along a line.
PAR  The printer system as heretofore described can operate as a line printer
      for a data processing system with significant advantages in terms of cost,
      complexity, and print quality through a number of carbons. The printed
      copies are free from tendency to smear and variations in intensity of
      printed characters. The system does not require adjustments to compensate
      for wear or dissimilar operation of different hammers in the hammer bank.
      Because the magnetic actuating system for each of the hammers moves with
      the hammer bank, and because the hammer 24 is a part of the magnetic
      circuit itself, there are neither substantial variations in the magnetic
      circuit nor substantial losses. Because the hammers 24 operate on the
      stored energy principle, being released from the retracted position only
      when the energizing circuit is actuated, the flight time and impact force
      are determined solely by the invariant spring characteristic of the hammer
      itself. Consequently, only the simple and reliable hammer spring mechanism
      affects the resulting imprint, and the system requires virtually no
      individual adjustments.
PAR  This arrangement of a shuttling hammer bank has further attractive features
      for system users. A 9 .times. 7 dot matrix (9 horizontal and 7 vertical
      dots) affords a superior combination of print quality and speed. However,
      it will be evident to those skilled in the art that a simpler 5 .times. 7
      or a much more detailed matrix may be utilized alternatively, simply by
      adjusting the vertical incrementing distance and changing the horizontal
      dot matrix positions by utilizing a different resolution on the encoder
      wheel 112. The 9 .times. 7 matrix is readily achieved by using only 5
      horizontal timing divisions, and electronically inserting half steps
      between them through the use of delay circuit elements. This result is
      feasible because of the arbitrary writing capability of the hammers, which
      also permits writing of a solid line if desired. It will also be
      understood by those skilled in the art that a combination encoder wheel
      providing a number of incremental resolutions may be utilized, and that
      this may be an optical device or a magnetic device of the type shown. By
      utilizing a higher dot resolution in the printing matrix, it is of course
      feasible to generate typewriter quality print, upper and lower case
      characters and Katakana characters. Thus only simple changes of the
      incrementing distances and positional reference information need be
      utilized, in conjunction with appropriate changes of the control
      electronics, to provide different type fonts, different matrices and
      different formats.
PAR  Additional features of the hammers 24 and the hammer bank should also be
      appreciated. With reference to FIGS. 3 and 4, for example, the common
      return member 75, permanent magnet 88 and the insert 90 comprise unitary
      members for the entire hammer bank. The hammer bank itself is
      advantageously manufactured by reliable production techniques, as by being
      constructed as individual frets extending from a common base. The spring
      hammers are operated well within their elastic limit and therefore have
      unlimited life. The coils 82 that generate magnetic fields cancelling the
      permanent magnet fields at the pole tips, thus releasing the hammers, are
      most efficiently utilized because these coils are disposed adjacent the
      air gaps. In addition, the tapered pole tips 79 act to concentrate
      magnetic flux in the region of the hammer, and minimize flux leakage. On
      retraction of the hammer 24, it tends to curve against the butyl rubber
      damping element 92, which damps vibration tendencies in the hammer and
      minimizes cycle time. The damping element 92 may also be tapered or
      stepped, so as to permit particle matter to descend downwardly without
      becoming stuck between the damping element 92 and the hammer 24. Any part
      of this simple hammer bank mechanism may be replaced without requiring
      readjustment or realignment of the assembly.
PAR  Another feature of the shuttle mechanism relates to prestressing of the
      permanent magnet 88 structure. As best seen in FIG. 4, the base of the
      shuttle mechanism structure is coupled together by tie bars 120
      horizontally spaced along the length of the shuttle mechanism. Preferably,
      these tie bars 120 are inserted and initially tightened under high
      temperature, thus unifying and pre-compressing the structure and
      particularly the permanent magnet 88 when cooled to normal operating
      conditions. The permanent magnet 88, which is strong in compression but
      relatively weak under tension, has a greater structural strength as part
      of the shuttle mechanism. Aluminum tie bars 120 are preferably used for
      this purpose.
PAR  Reference is now made to FIGS. 4, 7 and 8, with respect to the paper
      thickness adjustment control 20 of FIG. 1. The platen 66 extending along
      the printing line position behind the paper webs 10 is a hardened
      cylindrical member mounted eccentrically with respect to a shaft 122
      journaled in the frame 12. An arm 124 terminating in a handle 126 is
      coupled to the shaft 122 so as to change the rotational position thereof,
      the arm 124 being positionable in detent notches 128 in a ring 130 coupled
      to the frame 12. The surface of the platen moves radially inwardly or
      outwardly depending upon the handle 126 position, providing a solid
      backing surface that varies in position relative to the printing plane of
      the paper, thus compensating for the total thickness of the paper. In
      addition, a plurality of spring fingers 132 extend upwardly from
      underneath the printing platen 66, into tangential engagement with the
      surface of the platen 66 just below the printing line position. Paper is
      fed up through the adjustable paper control 20 between the spring fingers
      132 (also seen in FIGS. 1 and 7), with the platen 66 in the open position,
      in which the arm 124 is approaching the vertical. The arm 124 is then
      moved down to a position depending upon the thickness of the paper webs
      10. During upward movement of the paper, thereafter, the paper is ironed
      smooth by the spring fingers, which not only hold the paper flat at the
      printing line position, but insure that no air bubbles exist under the
      paper as the shuttle mechanism 22 moves the impacting hammer tips back and
      forth. This firm positioning and support of the paper in the region of the
      printing line further insures uniform imprinting through a number of
      copies, freedom from smearing and from puncturing. These spring fingers
      132 also suppress the transmission of printing noise downward due to the
      vibration of the incoming paper web.
PAR  The electronic control system for generating the hammer actuating signals
      may comprise any of a number of known systems, and therefore is not set
      forth in detail. The system may comprise, for example, the type of control
      system used in the printer system described in U.S. Pat. No. 3,782,278,
      with the encoding wheel providing the positional signals for horizontal
      dot matrix imprinting. Additionally, dot matrix display techniques are
      widely used in cathode ray tube displays, and typically incorporate
      storage for single or multiple lines, with each line of dot patterns for
      the successive characters being written in sequence during the raster scan
      until the complete characters are defined. In like fashion, the present
      system can utilize the same conventional circuits, subdividing them into
      groups of three and demarcating the dot column positions within the dot
      matrix in accordance with the timing pulses representative of shuttle
      mechanism position.
PAR  In FIG. 9 there is represented, in block diagram form, the principal
      elements of an actual exemplification of a system for providing the
      principal control functions. In conventional data processing fashion, a
      line of input data, representing 132 characters maximum in this example,
      is coupled through input decoding circuits 140 into successive character
      positions in a 132 character buffer 142, which presents the characters to
      a read only memory system 144, which decodes the individual characters
      into corresponding dot patterns for each character. These dot patterns are
      generated serially in accordance with the dot line and dot column counts,
      as described below, but at any instant only a single actuating signal is
      provided (or not) to each associated hammer. The dot pattern signals are
      coupled to hammer driver amplifiers 146, each of which is coupled to a
      different hammer in the hammer bank. There is one hammer driver amplifier
      for each of the hammers, and the 132 character patterns that are generated
      from the read only memory 144 are successively cycled in 44 sets of three
      by conventional shift register circuits contained within the driver
      amplifier system 146. One driver amplifier could be used for each
      character position and switched to be activated for each different
      character but such an arrangement would be unnecessarily costly and
      cumbersome for most applications. A power supply 148 is coupled to
      energize the hammer driver amplifiers 146.
PAR  To control the read only memory 144, a column counter 150 and a line
      counter 152 are each operated by control logic 154 in response to the
      positional and cycle signals derived by the magnetic pickup 114. In
      conventional fashion, the encoder wheel 112 may include special indicia,
      such as a missing tooth, to denote complete cycle times, such as a quarter
      revolution, as well as the individual teeth or other indicia which provide
      positional indications for the shuttle mechanism. The special cycle
      indicia from the magnetic pickup activate the line counter 152, advancing
      the line counter at the completion of each pass of the shuttle mechanism
      in one direction or the other. The same cycle signal, appropriately shaped
      and strobed in the control logic, may be utilized to control the paper
      feed drive 154 which actuates the paper feed stepping motor 26 so as to
      advance the paper one dot matrix line. A typical paper sensing circuit 156
      may be coupled to the control logic 154 to deactivate the system in the
      event that the paper supply terminates. The timing signals from the
      magnetic pickup 114 are applied, after shaping and timing in the control
      logic 154, to the column counter, to divide the horizontal movement of the
      shuttle mechanism into accurately demarcated positional increments, the
      counter 150 being advanced with each timing pulse from the magnetic pickup
      in one direction and decremented one count for each timing pulse in the
      other. Thus, for each character position of the character generator read
      only memory 144, a dot printing impulse is or is not coupled to the hammer
      driver amplifier 146, depending upon the counts presented by the column
      and line counters 150, 152 respectively. The timing pulse may be converted
      to a strobe pulse in conventional fashion, introducing appropriate lead
      times for hammer flight in each direction of shuttle movement. The control
      logic 154 also operates the shuttle motor control 158 in on-off fashion
      dependent upon whether the system is on line to receive data.
PAR  While there have been described above and illustrated in the drawings a
      number of variations, modifications and alternative forms, it will be
      appreciated that the scope of the invention defined by the appended claims
      and includes all forms comprehended thereby.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mechanical dot matrix printer system comprising:
PA1  means for feeding paper incrementally past a printing line position;
PA1  a reciprocable hammer bank disposed along said printing line position, each
      of the hammers including a dot printing means for imprinting a dot when
      the hammer is impulsed toward the printing line position, said hammer bank
      being reciprocable along a selected length of printing line;
PA1  means coupled to reciprocate said hammer bank bidirectionally with
      substantially constant velocities in each direction;
PA1  a plurality of hammer actuating means disposed adjacent said hammer bank
      and reciprocating therewith, said hammer actuating means each being
      associated with a different one of the hammers;
PA1  means responsive to input data to be printed for independently actuating
      said hammers at selected times during motion thereof in each direction of
      movement; and
PA1  means coupled to said means for feeding for advancing said paper
      incrementally during motion reversals of said shuttle mechanism.
NUM  2.
PAR  2. The system as set forth in claim 1 above, wherein said hammer bank
      sweeps a selected number of character column positions along the printing
      line during constant velocity motion, and wherein said hammers are
      periodically spaced apart by the same number of character positions, such
      that each hammer imprints a selected number of character columns.
NUM  3.
PAR  3. The invention as set forth in claim 2 above, wherein each character is
      printed in a matrix having a selected number of horizontal and vertical
      dot positions, wherein said means for feeding advances said paper through
      successive vertical dot positions, and wherein the system further includes
      encoder means coupled to said reciprocating shuttle means for denoting the
      horizontal dot increments and providing timing signals to said means for
      actuating said hammers with appropriate lead times depending on hammer
      bank direction of movement.
NUM  4.
PAR  4. The invention as set forth in claim 3 above, wherein said encoder means
      is coupled to said means to reciprocate said hammer bank, but separate
      from said hammer bank, and has a motion that is substantially greater than
      the hammer bank motion, thus to provide a high degree of resolution of the
      hammer bank motion without increasing the reciprocating means.
NUM  5.
PAR  5. The system as set forth in claim 4 above, wherein said means for
      advancing said paper comprises stepping motor means for stepping the paper
      in the vertical direction by selected incremental distances to define
      successive vertical dot positions.
NUM  6.
PAR  6. The system as set forth in claim 5 above, wherein said means coupled to
      reciprocate said hammer bank operates in accordance with a trapezoidal
      characteristic, wherein said hammer bank sweeps a selected number of
      column positions with substantially constant velocity in each of the two
      directions, and has substantially linear change of velocity in reversing
      direction.
NUM  7.
PAR  7. The system as set forth in claim 6 above, wherein said means for
      reciprocating said hammer bank comprises frame means including spaced
      apart linear bearing members disposed substantially parallel to the
      printing line position, hammer bank support shaft means mounted to be
      linearly movable on said linear bearing members, rotating cam means
      disposed adjacent said hammer bank, roller cam follower means engaging
      said cam means and coupled to said hammer bank, and spring means coupled
      to said hammer bank and biasing said cam follower means toward said cam
      means such that rotation of said cam means reciprocates said hammer bank.
NUM  8.
PAR  8. The system as set forth in claim 7 above, wherein said cam means
      comprises a two lobed cam defining a trapezoidal reciprocating motion, and
      wherein said system further includes counterweight means disposed on the
      opposite side of said cam means from said shuttle mechanism, second cam
      follower means coupled to said counterweight means and engaging said cam
      means, and second spring means biasing said second cam follower means
      against said cam means.
NUM  9.
PAR  9. The system as set forth in claim 8 above, wherein said hammer bank is
      pivotable about said support shaft means to permit greater clearance for
      inspection and paper feeding and further including spring means coupling
      said hammer bank to a spaced apart point of said frame means to hold said
      hammer bank at a selected limiting pivot position.
NUM  10.
PAR  10. The system as set forth in claim 9 above, wherein said frame means
      comprises reference surface means disposed parallel and adjacent to the
      direction of motion of said hammer bank and said system further includes
      means coupled to said hammer bank, and engaging the reference surface for
      defining the limiting pivot position.
NUM  11.
PAR  11. The system as set forth in claim 7 above, wherein said means for
      reciprocating said hammer bank includes a drive motor coupled to said cam
      means, and flywheel means coupled to said drive motor, said encoder means
      being coupled to said flywheel means.
NUM  12.
PAR  12. A dot matrix printer for printing characters in character positions on
      a paper web comprising:
PA1  a hammer bank disposed adjacent and transverse to the paper web, the
      hammers each including dot printer elements and the hammer bank including
      means for actuating the hammers;
PA1  means coupled to said hammer bank for cyclically moving said hammer bank,
      including said means for actuating the hammers, across a selected number
      of character positions, said means for cyclically moving including
      counterweight means for dynamically counterbalancing the mass of said
      hammer bank and said means for actuating; and
PA1  means coupled to said actuating means and responsive to the position of
      said means for cyclically moving for actuating said hammers during
      movement of said hammer bank.
NUM  13.
PAR  13. The invention as set forth in claim 12 above, wherein said means for
      actuating operates said hammers in each direction of movement to define
      horizontally disposed dots in each line of the character positions, and
      wherein said printer further includes means engaging said paper web for
      advancing said paper web by at least one vertical dot position during
      reversals of said means for cyclically moving said hammer bank.
NUM  14.
PAR  14. In a printer for printing characters in separate column and row
      character positions each defined by a pattern of dots in dot matrix column
      and row positions on a web member, said printer including means for
      advancing said web members as characters are printed, the improvement
      comprising:
PA1  a shuttle mechanism movable in the row direction;
PA1  a plurality of hammers mounted on said shuttle mechanism, each adjacent
      said web member and each including a dot imprinting means;
PA1  a platen disposed on the opposite side of said web member and opposed to
      said dot imprinting means;
PA1  means coupled to said shuttle mechanism for cyclically moving said shuttle
      mechanism and said hammers bidirectionally along the row direction such
      that each hammer spans at least one character column position during its
      travel;
PA1  a plurality of magnetic means having a common magnetic member mounted on
      said shuttle mechanism and movable therewith and each coupled to control a
      different one of said hammers;
PA1  and means for energizing said magnetic means to cause independent
      imprinting movements of said hammers during travel of said shuttle
      mechanism in each direction of movement.
NUM  15.
PAR  15. The invention as set forth in claim 14 above, wherein said system
      further includes counterweight means coupled to said means for moving said
      shuttle mechanism for maintaining the system in dynamic balance.
NUM  16.
PAR  16. The invention as set forth in claim 15 above, wherein said plurality of
      hammers are periodically disposed along the column direction with
      center-to-center spacing equal to a selected number of characters greater
      than one, and wherein said dot imprinting means are in alignment along a
      printing line position.
NUM  17.
PAR  17. The invention as set forth in claim 16 above, wherein said means for
      advancing said web member comprises incremental advance means for moving
      said web member successively through dot matrix row positions, and wherein
      said system further includes position indicating means coupled to said
      means for cyclically moving said shuttle mechanism, said position
      indicating means providing timing signals to said means for energizing
      said magnetic means.
NUM  18.
PAR  18. A print hammer mechanism for a dot matrix printer comprising:
PA1  a magnetic resilient print hammer element comprising a single elongated
      strip having a fixed end and including a dot imprinting element extending
      in a first direction substantially at the center of percussion from the
      fixed end thereof;
PA1  magnetic circuit means including permanent magnet means coupled in magnetic
      circuit with said print hammer, said permanent magnet means establishing a
      magnetic field normally maintaining said print hammer in a spring-loaded
      retract position;
PA1  and means coupled to said magnetic circuit means for substantially
      cancelling the magnetic field in a portion of said magnetic circuit means
      adjacent said hammer element to release said hammer element for flight in
      said first direction with a selected velocity.
NUM  19.
PAR  19. The invention as set forth in claim 18 above, wherein said means for
      substantially cancelling the magnetic field comprises electromagnet means
      and means for applying a unidirectional pulse of selected duration
      thereto.
NUM  20.
PAR  20. The invention as set forth in claim 19 above, wherein said means for
      applying a unidirectional pulse terminates the pulse at impact such that
      impact absorbs substantially all kinetic energy of said hammer element.
NUM  21.
PAR  21. The invention as set forth in claim 20 above, wherein said magnetic
      circuit means includes damping means disposed adjacent the retract
      position of said hammer element to absorb rebound shock of said hammer
      element in returning to the retract position.
NUM  22.
PAR  22. The invention as set forth in claim 20 above, wherein said magnetic
      circuit means has a generally C-shaped configuration including a return
      path member and a pair of legs, wherein said print hammer element spans
      said legs and is fixedly coupled to a base leg thereof while the free end
      engages the other leg when in the retract position, and wherein said
      permanent magnet means is disposed as part of said base leg and said
      damping means is disposed adjacent said permanent magnet means and abuts
      the hammer element in the retract position.
NUM  23.
PAR  23. The invention as set forth in claim 22 above, wherein said
      electromagnet is disposed adjacent the hammer element and about the leg
      engaging the free end of the hammer element.
NUM  24.
PAR  24. A dot printing mechanism for a dot matrix printer comprising:
PA1  an elongated resilient strip of magnetic material disposed substantially
      tangential to a printing position adjacent a movable end thereof;
PA1  a dot printer head coupled to said resilient strip and extending toward the
      printing position;
PA1  magnetic path means coupled to the end of said strip spaced apart from the
      printing position and defining a magnetic path including a pole tip
      adjacent the movable end of the strip;
PA1  permanent magnet means disposed adjacent said strip in circuit with said
      magnetic path means and normally retracting said strip against said pole
      tip in curved, spring-loaded, position and with the dot printer head
      disposed in spaced apart position relative to the printing position; and
PA1  electromagnetic means coupled to said magnetic path means for abruptly
      removing the magnetic bias on said strip to impel said dot printer head
      under the spring force of said strip toward the printing position.
NUM  25.
PAR  25. The invention as set forth in claim 24 above, wherein said magnetic
      path means includes a generally C-shaped magnetic structure shunting said
      strip and having a return path member and a pair of extending legs, one of
      which is fixed to the end of said strip spaced apart from the printing
      position, and the other of which is adjacent the movable end of said
      strip, and includes a tapered pole tip to minimize flux leakage.
NUM  26.
PAR  26. The invention as set forth in claim 25 above, wherein said
      electromagnetic means is disposed adjacent the end of the leg at the
      movable end of said strip for maximum efficiency.
NUM  27.
PAR  27. The invention as set forth in claim 26 above, wherein said resilient
      strip contains substantially the entire flux of said magnetic path means.
NUM  28.
PAR  28. The invention as set forth in claim 27 above, wherein said mechanism
      includes a resilient damping element disposed adjacent the fixed end of
      said strip and having a face abutting the curved face of said strip in the
      retract position thereof to damp vibrations in the strip when returning to
      the retract position.
NUM  29.
PAR  29. The invention as set forth in claim 28 above, wherein said
      electromagnet means provides magnetic biasing in the printing direction
      sufficient to overcome the permanent magnet bias, and wherein said
      electromagnet means includes means for terminating the magnetic bias in
      the printing direction substantially at impact of said dot printing head,
      such that said resilient strip impacts the web with only the kinetic
      energy imparted by the spring force and is thereafter retracted by the
      permanent magnet bias.
NUM  30.
PAR  30. The invention as set forth in claim 29 above, wherein the means for
      terminating the magnetic bias is adjustable in time to control flight time
      and impact velocity.
NUM  31.
PAR  31. A multiple hammer bank for a dot printer comprising:
PA1  a plurality of elongated, flat, substantially parallel, magnetic, spring
      hammer elements disposed in serial fashion along a selected axis in a
      selected plane and having free ends adjacent a printing line, each hammer
      including a dot printing element;
PA1  magnetic circuit means, including a common magnetic return path member,
      forming a plurality of substantially complete magnetic paths with said
      different hammer elements, said magnetic circuit means including a
      plurality of magnetic pole pieces disposed substantially normal to said
      selected plane and each in facing relation to the free end of a different
      hammer element;
PA1  means coupled to said magnetic circuit means for magnetically biasing said
      hammer elements into engagement with its associated pole piece in the
      absence of a release impulse, to define a spring-loaded retract position;
PA1  and means coupled to each of said magnetic circuit means for selectively
      applying release impulses thereto to momentarily overcome the magnetic
      bias.
NUM  32.
PAR  32. The invention as set forth in claim 31 above, wherein said magnetic
      biasing means comprises permanent magnet means disposed adjacent said
      return path member, and wherein said release impulse applying means
      comprises a plurality of coil means, each magnetically coupled to a
      different one of said pole pieces.
NUM  33.
PAR  33. The invention as set forth in claim 32 above, wherein said pole pieces
      include tapered pole tips and wherein said coil means are disposed
      adjacent said pole tips.
NUM  34.
PAR  34. The invention as set forth in claim 32 above, wherein said magnetic
      circuit means comprises a generally C-shaped structure shunting the
      opposite ends of said hammer elements, the permanent magnet forming at
      least a part of a base leg of the structure, with the pole pieces forming
      the other leg and the hammer elements being fixedly coupled to the base
      leg.
NUM  35.
PAR  35. The invention as set forth in claim 34 above, wherein said hammer
      elements comprise a common base and plurality of individual spring
      elements extending therefrom, and wherein said common base is coupled to
      the base leg of said C-shaped structure.
NUM  36.
PAR  36. The invention as set forth in claim 35 above, wherein said base leg
      also includes magnetic insert means and damping interposed between said
      permanent magnet means and said hammer elements, said damping means
      abutting the surfaces of the hammer elements when in the retract position.
NUM  37.
PAR  37. The invention as set forth in claim 34 above, wherein said hammer bank
      includes means coupled to the base leg of said C-shaped structure for
      maintaining the permanent magnet under compression.
NUM  38.
PAR  38. The invention as set forth in claim 37 above, wherein said compression
      maintaining means comprises a plurality of tie rod means extending through
      said base leg.
NUM  39.
PAR  39. The invention as set forth in claim 32 above, wherein said dot printing
      elements comprise tips extending normal to said hammer elements at the
      printing line and said hammer bank further includes planar cover means
      interposed between said tips and media to be imprinted at the printing
      line, said cover means including apertures through which the tips extend
      when the hammers are released.
NUM  40.
PAR  40. A dot matrix printing system for printing on a web comprising the
      combination of:
PA1  a shuttle mechanism transversely reciprocally movable in a cyclic motion
      relative to said web;
PA1  rotatable cam drive means coupled to said shuttle mechanism to provide the
      reciprocating motion thereto;
PA1  counterweight means substantially equal in mass to said shuttle mechannism
      and including cam follower means engaging said cam drive means and coupled
      to move oppositely to said shuttle mechanism;
PA1  a plurality of print hammers including dot printing elements mounted on
      said shuttle mechanism;
PA1  means coupled to said print hammers for initiating high velocity movement
      of said hammers toward said web during transverse motion of said shuttle
      mechanism; and
PA1  means for advancing said web along its length in timed relation to the
      cyclic motion of said shuttle mechanism.
NUM  41.
PAR  41. The invention as set forth in claim 40 above, wherein said cam drive
      means provides a trapezoidal velocity characteristic, with substantially
      constant speed portions in each direction of motion, and wherein said
      means for initiating movement of said hammers operates during said
      substantially constant speed portions of movement.
NUM  42.
PAR  42. The invention as set forth in claim 41 above, wherein said means for
      initiating movement of said hammers comprises a plurality of magnetic
      circuit means, each adjacent a different one of said hammers on said
      shuttle mechanism and movable therewith.
NUM  43.
PAR  43. The invention as set forth in claim 42 above, wherein said means for
      initiating movement of said hammers includes means for normally
      maintaining said hammers in a retract position, wherein said dot printing
      elements extend from said hammers in a direction substantially normal to
      said web and lying along a printing line, and wherein said shuttle
      mechanism includes planar front cover means providing a bearing surface
      for associated webs and printing ribbons, the front cover means concealing
      the dot printing elements when in the retract position and including
      apertures through which the elements imprint.
NUM  44.
PAR  44. The invention as set forth in claim 43 above, wherein said system
      prints in successive character columns and rows on the web, each character
      position being defined by a dot matrix, and wherein the substantially
      constant speed portion of said shuttle mechanism movement spans a selected
      number of character columns, said system further comprising position
      encoder means coupled to said cam means for providing timing pulses
      denoting separate horizontal dot matrix positions during scanning of the
      columns.
NUM  45.
PAR  45. The invention as set forth in claim 44 above, wherein said shuttle
      mechanism includes an off-axis support shaft mounted for reciprocation of
      said shuttle mechanism, and is pivotally movable about the axis of said
      shaft to provide greater clearance relative to said web, and wherein said
      system includes in addition spring means coupled to said shuttle mechanism
      for normally biasing said shuttle mechanism to a limiting pivot position
      adjacent said web.
NUM  46.
PAR  46. A system for control of the disposition of an arbitrary number of paper
      webs at the printing line position of a multi-column dot matrix printer
      comprising:
PA1  means disposed below the printing line position for providing a desired
      number of webs for imprinting;
PA1  a cylindrical platen disposed behind the paper and parallel to the printing
      line position, said cylindrical platen being pivotably mounted at opposite
      ends adjacent the opposite sides of the paper and along an axis
      substantially parallel to the printing line position, and having radial
      eccentricity relative to its rotational axis, said platen being pivotable
      to a selectable position to define a platen surface for receiving the
      impact of dot imprinting elements that is substantially normal to the
      movement of the dot imprinting elements but at variable spacings therefrom
      dependent on the pivot position thereof;
PA1  a plurality of finger elements disposed on the opposite side of said webs
      from the cylindrical platen, said finger elements being fixedly mounted
      along a base substantially parallel to the printing line position and the
      free ends of the finger elements urging said paper webs toward and into
      engagement with said cylindrical platen;
PA1  and means for pivoting said cylindrical platen to thereby change the
      position of the platen surface relative to the printing line position and
      said finger elements to provide substantially constant tension independent
      of total web thickness.
NUM  47.
PAR  47. The invention as set forth in claim 46 above, wherein said means for
      pivoting comprises control handle means, and wherein said cylindrical
      element has an eccentricity of approximately 1/8 inch.
NUM  48.
PAR  48. The invention as set forth in claim 47 above, wherein said resilient
      finger elements comprise a plurality of flat strips having relatively
      small inter-strip spacings and disposed to substantially smooth the
      selected number of paper webs while substantially eliminating air
      separations between said webs.
PATN
WKU  039410528
SRC  5
APN  464851&
APT  1
ART  337
APD  19740429
TTL  Print hammer apparatus with angularly disposed mating hammer and pole
      faces to prevent contact bounce
ISD  19760302
NCL  14
ECL  1
EXA  Coven; Edward M.
EXP  Burr; Edgar S.
NDR  4
NFG  15
INVT
NAM  Dalziel; Warren L.
CTY  Monte Sereno
STA  CA
ASSG
NAM  Shugart Associates, Inc.
CTY  Sunnyvale
STA  CA
COD  02
CLAS
OCL  101 9348
XCL  101 9302
EDF  2
ICL  B41J  942
FSC  101
FSS  11;93.02;93.14;93.29-93.39;93.48
UREF
PNO  3335659
ISD  19670800
NAM  Schacht et al.
OCL  101 93.02
UREF
PNO  3416442
ISD  19681200
NAM  Brown et al.
OCL  101 93.14
UREF
PNO  3741110
ISD  19730600
NAM  Bossi
OCL  101 93.14
UREF
PNO  3749008
ISD  19730700
NAM  Carlson et al.
OCL  101 93.14
LREP
FRM  Schatzel & Hamrick
ABST
PAL  A print hammer apparatus is disclosed which comprises a resilient member
      having a fixed end and a movable end, the movable end being movable
      between a cocked position and a striking position, a hammer affixed to the
      movable end and carried thereby over an arcuate path between the cocked
      position and the striking position, the hammer including an impact head at
      one end and a flag member at the other end, the flag member being of
      magnetic material and having a flag face with a surface which is at all
      points angularly disposed at an angle other than normal to the path, a
      stator pole piece having a pole face which matingly corresponds to the
      flag face, a magnetic side pole disposed laterally of the path, a
      permanent magnet coupled to the pole piece and to the side pole and
      operative to develop a magnetic force for causing the hammer to move
      against the influence of the resilient member and into the cocked position
      with the flag face engaging the pole face, and a coil disposed on the pole
      piece for momentarily developing a magnetic flux in opposition to the flux
      developed by the permanent magnet, thereby reducing the magnetic force and
      allowing the hammer to move along the path into the striking position
      under the influence of the resilient member, the resilient member being
      operative to thereafter return the hammer along the path to the cocked
      position whereby the flag face impacts the pole face and whereby the
      interaction of the angularly engaging faces and the magnetic relationships
      between the pole piece, the flag member and the side pole cause the hammer
      to experience substantially no contact bounce.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a print hammer apparatus for use in printers
      which operate with a data processing system and, more particularly, to
      such hammer apparatus which includes a magnetic flag member which has a
      flag face that is angularly disposed to the path traversed by the hammer
      and a stator pole piece that has a pole face that matingly corresponds to
      the shape of the flag face such that contact bounce is eliminated when the
      flat face impacts the pole face.
PAR  2. Description of the Prior Art
PAR  In printers of the type used in data processing equipment, a movable belt
      supporting a plurality of type characters is moved continuously past a
      print line at a constant rate of speed. A print medium, such as a web of
      paper, is fed incrementally, step by step, past the print line, and an
      aligned array of print hammers is arranged for impact printing along the
      print line. Because of the relative movement between the type characters
      on the belt and the print medium during printing, it will be appreciated
      that the time of printing and, correspondingly, the time of flight taken
      by the respective print hammers in moving from a cocked position to a
      striking position and back again must be extremely short to achieve an
      adequate printing rate, most importantly, must be precisely the same
      during all strike cycles to assure predictable results. In order to
      decrease data processing costs, data processing installations are desirous
      of obtaining printers which exhibit good print quality, require low
      maintenance, and are lower in cost.
PAR  One technique of lowering printer cost is to decrease the cost of the print
      hammer assembly by reducing the number of individual print hammers, since
      the hammer assemblies comprise a substantial portion of the total printer
      cost. Thus, print hammer assemblies which span several type face positions
      have been fabricated. One example of such a hammer assembly is disclosed
      in U.S. Pat. No. 3,460,469, entitled "Print Hammer Actuator", and issued
      on Aug. 12, 1969, in the names of E. A. Brown, R. H. Darling and A. S.
      Chou. As disclosed therein, the print hammer actuator comprises a magnetic
      core structure comprising two off-set pole pieces which are formed to
      define a substantially closed path. A resilient actuator member is mounted
      with one end fixed relative to the magnetic core structure. A movable
      magnetic core member is attached to one side of the other end of the
      actuator member at a position so that the generation of a magnetic flux
      within the magnetic core structure attracts the movable member, and causes
      the actuator to be attracted to the pole piece and held thereat in a
      cocked position. A winding is provided for selective energization to
      release the movable magnetic member to enable a hammer positioned on the
      other side of the movable magnetic member to strike a type character.
      After striking the character the movable magnetic member rebounds off the
      type and is once again attracted to the pole piece. It will be appreciated
      that as the resilient member rebounds from the type and moves under the
      magnetic force of attraction to the pole piece, it acquires a substantial
      amount of kinetic energy. This kinetic energy causes the movable magnetic
      member to bounce off the pole piece as it returns to the cocked position.
PAR  It must be borne in mind that the hammer bounce problem seriously affects
      the recycling frequency of the hammer. After a bounce the hammer is
      positioned some distance from the pole face. Accordingly, before the
      hammer can be recycled and fired again, it must first be recaptured. It
      follows that the sum of the flight time and the recapture time determines
      the recycling frequency of print hammer actuation.
PAR  In order to decrease the recycle time, it is necessary to minimize, or
      eliminate, the time required to recapture the print hammer. Heretofore,
      attempts to minimize the recapture time have been unsuccessful. First, a
      visco-elastic damping technique was attempted in which a rubber bumper was
      secured so as to control the movable member. However, that technique
      merely increased the initial spring force but did not control recapture.
      In a second attempt, lubricating oil was applied to the contacting surface
      of the pole piece and the magnetic member with the hopes that the increase
      in the viscous forces therebetween would serve to prevent bounce. However,
      this attempt failed since the dynamic forces at the contacting surfaces
      was too high. An electrical damping technique was next attempted in which
      the current in the release winding was reversed at predetermined time.
      However, the complexity of controlling the required timing of the current
      reversals in view of the unstable and unpredictable nature of the bounce
      times, especially when a bank of print hammers was attempted to be
      controlled, caused this technique to be discarded.
PAR  Examples of prior art print hammer assemblies can be found in U.S. Pat. No.
      3,349,696, entitled "Hammer Module Assembly in High-speed Printers," which
      issued Oct. 31, 1967, in the name of John T. Potter; U.S. Pat. No.
      3,592,322, entitled "Wire Printing Head," which issued on July 13, 1971,
      in the names of A. S. Chou and E. A. Brown; and U.S. Pat. No. 3,656,425,
      entitled "Electromagnetic Actuating Means for Print Hammer," which issued
      Apr. 18, 1972, in the names of R. T. Albo and J. Pastroni.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a print
      hammer assembly which does not exhibit contact bounce.
PAR  Another object of the present invention is to provide a print hammer
      assembly which effectively recaptures a resilient spring member on its
      return to a cocked position without producing appreciable wear between the
      flag member and the magnetic core.
PAR  Still another object of the present invention is to provide a print hammer
      assembly that has a recycle firing period of less than 1.2 milliseconds
      with a given stroke.
PAR  Still another object of the present invention is to eliminate contact
      bounce in a print hammer apparatus by selectively shaping the flag face
      and the pole face.
PAR  Still another object of the present invention is to provide a novel
      adjustment mechanism for controlling the forward-flight time of the hammer
      assembly as it moves from the cocked position to the striking position.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a print hammer apparatus is
      provided which includes a resilient member having a fixed end and a
      movable end, the movable end being movable between a cocked position and a
      striking position, hammer means affixed to the movable end and carried
      thereby over an arcuate path between the cocked position and the striking
      position, the hammer means including an impact head at one end a flag
      member at the other end, the flag member being of magnetic material and
      having a flag face with a surface which is at all points angularly
      disposed at an angle other than normal to the path, the stator pole piece
      having the pole face, the pole face matingly corresponding to the flag
      face, side pole means disposed laterally of the path, magnetic flux
      generating means coupled to the pole piece and to the side pole means and
      operative to develop a magnetic force for causing the hammer means to move
      against the influence of the resilient member and into the cocked position
      with the flag face engaging the pole face, the flag member and the side
      pole means forming the magnetic flux circuit for the flux generated by the
      generating means, and electromagnetic means disposed along the circuit for
      momentarily developing magnetic flux in opposition to the flux developed
      in the circuit by the generating means, thereby reducing the magnetic
      force and allowing the hammer to move along the path into the striking
      position under the influence of the resilient member, the resilient member
      being operative to thereafter return the hammer means along the path to
      the cocked position whereby the flag face impacts the pole face and
      whereby the interaction of the angular engaging faces and the magnetic
      relationships between the pole piece, the flag member and the side pole
      means cause the hammer means to experience substantially no contact
      bounce. In the preferred embodiment, the flag face is planar and is
      disposed transversely to the path described by the hammer at an angle
      between 10.degree. and 40.degree.. Another feature of the print hammer
      apparatus is a novel clamping means for adjusting the neutral position of
      the resilient member such that the flight time of the hammer can be
      precisely controlled.
PAR  Among the advantages of the present invention is that no contact bounce is
      exhibited when the flag face strikes the pole face as the hammer
      transitions from its striking position to its cocked position.
PAR  Another advantage of the present invention is that recycle periods of about
      1.2 milliseconds are obtained.
PAR  Another advantage of the present invention is that flight times of the
      hammer apparatus are accurately controlled with a simple clamp and
      adjustable set screw configuration.
PAR  Other objects and advantages will be apparent to those skilled in the art
      after having read the following detailed disclosure which makes reference
      to the several figures of the drawings.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the print hammer apparatus in
      accordance with the present invention with portions shown in section for
      clarity.
PAR  FIG. 2 is a sectional view taken through the lines 2--2 of FIG. 1.
PAR  FIG. 3 is a side elevational view of a portion of the print hammer
      apparatus of FIG. 1 illustrating the resilient member and the clamp
      assembly for adjusting the flight time of the print hammer.
PAR  FIG. 4 is a side elevational sectional view of the resilient member and the
      clamp assembly with an adjusted position of the resilient member shown in
      phantom.
PAR  FIG. 5 is an elevational view of the hammer means and the stator pole piece
      illustrating the mating relationship between the flag face and the pole
      face.
PAR  FIG. 6 is a sectional view taken through the lines 6--6 of FIG. 5
      illustrating the position of the flag member prior to and at the time of
      recapture.
PAR  FIG. 7 is a graph of force versus displacement for the magnet and the
      resilient member which also illustrates the energy contributions by the
      several components of the print hammer apparatus of the present invention.
PAR  FIGS. 8A through 8E are timing diagrams illustrating the time variation of
      several important parameters and events over a cycle of operation of the
      present invention.
PAR  FIG. 9 is a graph illustrating the force versus displacement of the
      resilient spring member of the apparatus of the present invention
      depicting the flight time adjustment feature.
PAR  FIGS. 10 and 11 are views similar to that of FIG. 6 illlustrating several
      alternative embodiments of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and in particular to FIG. 1 thereof, the
      print hammer apparatus, generally designated by the numeral 10, is
      illustrated. The print hammer apparatus includes a base plate 12 made of a
      material having a very low magnetic permeability. Supported above the base
      plate 12 is an elongated permanent magnet 14 made of a strong magnetic
      material such as the ceramic, barium ferrite. Front and rear pole pieces
      16 and 18 are juxtaposed against opposite faces of the magnet 14 and
      secured thereagainst in an abutting relationship with the magnet 14 and
      the base plate 12 by screws 20 and 22. A stator pole piece 24 abuts the
      rear pole piece 18 and is secured thereto by a pair of adjusting screws 26
      in a position extending over the permanenet magnet 14 toward the front
      pole piece 16. A coil of wire 28 is wound around the stator pole piece 24
      near its pole face 30.
PAR  Referring to FIGS. 2 and 3, the front pole piece 16 includes a bifurcated
      upper portion which defines a pair of spaced-apart side poles 32 and 34.
      The poles 32 and 34 are separated by a slot 36 so as to form facing pole
      faces 38 and 40, respectively, which are parallel to and spaced apart a
      distance slightly less than that between the side faces of the stator pole
      piece 24.
PAR  A print hammer 50 is affixed to the front pole piece 16 in alignment with
      the slot 36 by a clamping plate 52 and screws 54 and 56. The print hammer
      50 includes a resilient member 60 having one end fixed by the clamping
      plate 52 and a movable end that is necked down and movable toward the pole
      face 30. The resilient member 60 is preferably a flat leaf spring. The
      neutral position of the spring 60 is adjustable by selectively turning a
      set screw 58 associated with the clamping plate 52. Affixed to the movable
      end of the resilient member 60 is a hammer means, generally designated by
      the numeral 64 which is carried by the resilient member in an arcuate path
      between a cocked position and a striking position. The hammer means 64
      includes an impact head 66, or anvil which is preferably integrally formed
      with the spring and includes an impact face 68 for striking type
      characters (not shown) as they move past the hammer apparatus. A support
      69 is secured to the resilient member 60 opposite the impact head and
      facing the pole piece 24, and a flag member 70 is affixed thereto. The
      flag member 70 is fabricated from a magnetic material which preferably has
      a high permeability. The outermost surface of the flag member 70 defines a
      flag face 72.
PAR  In accordance with the present invention the flag face 72 defines a surface
      which is at all points angularly disposed at an angle other than normal to
      the path traversed by the hammer means 62, and the pole face 30 defines a
      surface that matingly corresponds to that of the flag face. It has been
      found that with this relationship between the faces, contact bounce is
      eliminated. In the preferred embodiment, as illustrated in FIGS. 2, 5 and
      6, the flag face is planar and is disposed transverse to the path.
PAR  It will be realized by those skilled in the art that the permanent magnet
      14 provides a magnetic flux generating means which generates a continuous
      magnetic flux, .phi., of constant magnitude through a magnetic circuit
      comprising the rear pole piece 18, the stator pole piece 24, the flag
      member 70, the side pole pieces 32 and 34, and the front pole piece 16.
      The flux paths .phi. are best illustrated in FIG. 6 and are designated by
      the numerals 74 and 76. Two paths are shown since the magnetic circuit
      comprises parallel branches through the offset side pole pieces 32 and 34.
      The spacing between the flag face 72 and the pole face 30 is referred to
      as the gap 78. The gap 78 provides a region of high intensity magnetic
      fields which are in a direction normal to the angularly disposed flag face
      72, one component of which attracts the flag member 70 toward the stator
      pole piece 24. The magnetic forces of attraction accordingly causes the
      resilient member 60 to bend from its neutral position until the flag face
      72 engages the pole face 30. When the faces are so engaged the hammer is
      considered to be in the cocked position. The operation of the apparatus
      will hereafter be described with reference to FIGS. 6, 7 and 8. With
      reference to FIG. 7, a force versus displacement graph is illustrated. The
      curve 80 illustrates the magnetic force in the gap 78 due to the permanent
      magnet 14. The magnetic force is proportional to the inverse of the
      distance squared that the flag face is from the pole face. The curve 82
      illustrates the spring force and is shown to be directly proportional to
      the displacement of the flag member. It should be noted that at the
      neutral, or unbiased, position of the spring the force is zero and that
      when the spring is in the striking position the spring force is negative.
      In addition, the magnitude of the magnetic force is always greater than
      the spring force. Consequently, when the spring is in the cocked position
      the magnetic force of attraction is greater than the spring force tending
      to restore the spring to its neutral position.
PAR  An energy diagram is superimposed upon the force graph and the print energy
      is illustrated by the cross-hatched portion bounded by the spring force
      curve and the force and displacement axes. The return energy is
      proportional to the area enclosed above the spring force curve and under
      the permanent magnet force curve 80.
PAR  Referring to FIG. 8, at time T.sub.0, a release current is applied through
      the coil 28 which is of a magnitude and direction to cause a bucking
      magnetic flux to be generated. The release current is illustrated in FIG.
      8B and the bucking magnetic flux is illustrated in FIG. 8C. The bucking
      magnetic flux is produced in a direction in opposition to the flux
      developed by the permanent magnet. This opposition flux reduces the
      magnetic force of attraction between the pole face and the flag member,
      and allows the hammer to move into a striking position under the influence
      of the energy stored in the cocked resilient member. In the striking
      position, as illustrated in FIG. 8A, the print impact head 66 strikes the
      type character or platen (not shown) at time T.sub.2. Hammer displacement
      is shown in FIG. 8D and the impact force on the platen is illustrated in
      FIG. 8E. The impact head remains against the type character as shown at 89
      for a contact interval until the time T.sub.3. After the contact interval,
      at time T.sub.3, the impact head rebounds from the platen under the
      influence of the reactive forces caused by the striking and the return
      force caused by the magnet and returns along the arcuate path toward the
      cocked position. In FIG. 6, the dashed lines 86 illustrate the position of
      the flag member 70 as it rebounds from the platen. As illustrated the flag
      member 70 is substantially equally spaced from the pole faces 38 and 40.
      The flag member experiences a force normal to the flag face 72 and is
      deflected towards the side pole 32. The amount of deflection is determined
      by the stiffness of the support 69 and the spring 60. With the correct
      stiffness and spacing between the flag 70 and the side pole 32, the flag
      70 will contact the pole face 38 prior to reaching the cocked position.
      This position is represented by the solid lines of FIG. 6. As the flag 70
      is deflected toward the pole face 38, the flux increases on the contacting
      side of the flag. This increasing flux causes an additional force tending
      to bring the flag 70 and side face 38 into contact. As a consequence of
      these forces, the side surface of the flag member frictionally contacts
      and rubs against the pole face 38 thereby converting some of the kinetic
      energy of the moving hammer into heat which is easily dissipated. At time
      T.sub.4  the flag face 72 contacts the pole face 30. This impact causes a
      small amount of sliding between the inclined surfaces. This small motion
      occuring under the influence of the large impact forces, dissipates the
      remaining kinetic energy and hence the hammer assembly stops without
      leaving the stator pole face 30.
PAR  As illustrated by the dashed lines of FIG. 8D, because of the normal
      relationship between the flag face and the pole faces relative to the path
      of travel in prior art print hammers, substantial bounce occurred whereby
      the flag member was not recaptured against the pole face. In some high
      friction instances the flag member remained permanently spaced from the
      pole face and consequently was caused to refire against the platen from a
      different position.
PAR  In accordance with the present invention, the introduction of an angled
      flag face relative to the path of the hammer alters the return path of the
      flag such that the return kinetic energy associated with the hammer is
      less than the energy dissipated in the side poles due to sliding friction,
      the frictional energy dissipated in the pole piece 24 by sliding friction
      and the sundry energies associated with recapture, noise, local
      deformation and heat. With reference again to the time T.sub.4, the
      position of the hammer is illustrated by the dashed lines at 87 in FIG. 6,
      and in FIG. 8D as being adjacent the pole face 30. It has been observed
      with electronic instrumentation that at times just after contact, the flag
      face slides along the pole face 30 toward the side pole 34 but does not
      bounce away from the in-contact condition. Accordingly, the hammer has
      been effectively recaptured by the pole face and is ready to be refired
      from its cocked position.
PAR  An additional advantage of the angled flag face is that the gap is always
      less than a given stroke. Therefore, more magnetic force is developed at a
      given stroke. In some applications, this may allow the use of a smaller
      magnet or a reduction in the hammer mass.
PAR  It has been found that when the angle that the flag face makes with an axis
      that is normal to its path increases past a certain angle, the initial
      value of the permanent magnet force curve 80 decreases so as to have an
      initial value that is less than that of the spring, when the spring, as
      represented by curve 82, is in the cocked position. Experimentation has
      shown that angles between 10.degree. and 40.degree. can be used. It is
      believed that angles outside these limits may also be used.
PAR  Referring now to FIGS. 4 and 9, another feature of the present invention is
      shown. This feature includes novel means for effecting an adjustment of
      the flight time of the print hammer by adjusting the neutral position of
      the spring. It should be recognized that the greater the displacement of
      the resilient member or spring 60 from its neutral position when it is in
      the cocked position then the greater is the spring energy that is stored.
      The curve 90 in FIG. 9 illustrates the force versus displacement
      characteristic of a spring having a fixed neutral position. The slope of
      the curve is designated by the numeral K and is a constant associated with
      the geometry and materials of the spring. By experimentation, it has been
      found that it is very difficult to predict the effect that changes in the
      geometry will have on the spring constant K. In addition, it is very
      difficult to cock all springs exactly the same amount. Thus, in accordance
      with this invention, a set screw 58 is inserted between the screws 54 and
      56 so that it contacts the resilient member 60. As the screw 58 is turned
      in the spring deforms and is forced into another neutral position
      illustrated be the dashed lines in FIG. 4. For example, displacing the set
      screw 58 inwardly toward the pole piece 16 causes the neutral position of
      the spring to move closer toward the striking position, thereby causing
      the resilient member to store more potential energy when it is forced into
      the cocked position. Accordingly, the forward flight time will decrease.
      Curve 92 represents the force characteristic of this condition.
      Deformations of about 0.020 inches can be achieved with the set screw
      arrangement. To provide for the deformation, the front pole piece 16 which
      receives the clamp plate 52 is recessed as at 94. In addition, the surface
      53 of the clamp plate is machined so as to provide a fixed pivot point so
      that the effective length of the resilient member 60 remains fixed for all
      flight time adjustments.
PAR  Referring now to FIGS. 10 and 11, several alternative embodiments of the
      flag member and the pole face are illustrated. In FIG. 10 the flag face
      100 has a convex parabolic shape. Similarly, the pole face 102 is defined
      by a mating concave parabolic surface. In FIG. 11, the flag face 104 has a
      concave parabolic shape and the pole face 108 has a mating convex
      parabolic shape.
PAR  In a specific embodiment of the print hammer apparatus comprising the
      present invention, a character belt is moved at a rate of 85 inches per
      second past a bank of hammers, each hammer having a width of about 0.290
      inches. The flag face is planar, disposed at an angle of 20.degree. to
      normal, and mates with a pole face that is also disposed at an angle of
      20.degree.. The recycle time required for the print hammer to move from
      the cocked position to the striking position and back to the cocked
      position is 1.2 milliseconds. Dual side pole pieces 32 and 34 are used to
      double the area through which the magnetic flux flows, thereby increasing
      the magnetic field in the gap 72. The increased magnetic field
      advantageously allows a hammer of reduced mass to be used.
PAR  From the above, it will be seen that there has been provided an improved
      print hammer apparatus which fulfills all of the objects and advantages
      set forth above.
PAR  While there has been described what are at present considered to be the
      preferred embodiments of the invention, it will be understood that various
      modifications may be made therein, and it is intended to cover in the
      appended claims all such modifications as fall within the true spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Print hammer apparatus comprising:
PA1  a resilient member having a fixed end and a movable end, said movable end
      being movable between a cocked position and a striking position;
PA1  hammer means affixed to said movable end and carried thereby over an
      arcuate path between said cocked position and said striking position, said
      hammer means including an impact head and a flag member, said flag member
      being of magnetic material and having a flag face with a surface which is
      at all points angularly disposed at an angle other than normal to said
      path;
PA1  a stator pole piece disposed in alignment with said path and having an
      angularly disposed pole face for matingly engaging said flag face;
PA1  side pole means disposed laterally of said path between said pole piece and
      said striking position, said side pole means and said pole piece forming a
      magnetic flux circuit;
PA1  magnetic flux generating means coupled to said pole piece and to said side
      pole means for generating magnetic flux through said circuit and operative
      to develop a magnetic force for causing said hammer means to move against
      the influence of said resilient member and into said cocked position with
      said flag face engaging said pole face; and
PA1  electromagnetic means disposed along said circuit for momentarily
      developing magnetic flux in opposition to the flux developed in said
      circuit by said generating means thereby reducing said magnetic force and
      allowing said hammer to move along said path into said striking psoition
      under the influence of said resilient member, said resilient member and
      said generating means being operative to thereafter cause said hammer
      means to be returned along said path to said cocked position where said
      flag face impacts said pole face and whereby the interaction of said
      engaging faces and said side pole means and the magnetic relationships
      between said pole piece, said flag member and said side pole means causes
      said hammer means to experience substantially no contact bounce.
NUM  2.
PAR  2. Print hammer apparatus as recited in claim 1 wherein said surface of
      said flag face is planar.
NUM  3.
PAR  3. Print hammer apparatus as recited in claim 2 wherein said flag face lies
      in a plane which transversely intersects said path at an angle of between
      10.degree. and 40.degree..
NUM  4.
PAR  4. Print hammer apparatus comprising:
PA1  a resilient member having a fixed end and a movable end, said movable end
      being movable between a cocked position and a striking position;
PA1  hammer means affixed to said movable end and carried thereby over an
      arcuate path between said cocked position and a striking position;
PA1  hammer means affixed to said movable end and carried thereby over an
      arcuate path between said cocked position and said striking position, said
      hammer means including an impact head and a flag member, said flag member
      being of magnetic material and having a first and a second side surface
      and a flag face with a surface which is at all points angularly disposed
      at an angle other than normal to said path which is at an obtuse angle
      relative to said first side surface;
PA1  a stator pole piece disposed in alignment with said path and having a pole
      face with a surface for matingly engaging said flag face;
PA1  a pair of side poles disposed opposite one another on each side of said
      path and respectively facing said side surfaces, said side poles and said
      pole piece forming a magnetic flux circuit;
PA1  magnetic flux generating means coupled to said pole piece and to said side
      poles for generating magnetic flux through said circuit and operative to
      develop a magnetic force for causing said hammer means to move against the
      influence of said resilient member and into said cocked position with said
      flag face engaging said pole face; and
PA1  electromagnetic means disposed along said circuit for momentarily
      developing magnetic flux in opposition to the flux developed in said
      circuit by said generating means thereby reducing said magnetic force and
      allowing said hammer to move along said path into said striking position
      under the influence of said resilient member, said generating means being
      operative to thereafter cause said hammer means to be returned along said
      path to said cocked position, whereby said first side surface frictionally
      engages said first side pole as said hammer means returns and said flag
      face then impacts said pole face, the interaction of the angularly
      engaging faces and the magnetic relationships between said pole piece,
      said flag member and said side poles causing said hammer means to
      experience substantially no contact bounce.
NUM  5.
PAR  5. Print hammer apparatus as recited in claim 4 wherein said surface of
      said flag face is parabolically curved in the transverse horizontal
      direction.
NUM  6.
PAR  6. Print hammer apparatus as recited in claim 4 wherein said surface of
      said flag face is concave in the transverse horizontal direction.
NUM  7.
PAR  7. Print hammer apparatus as recited in claim 4 wherein said surface of
      said flag face is convex in the transverse horizontal direction.
NUM  8.
PAR  8. Print hammer apparatus as recited in claim 4 wherein said pair of side
      poles are separated by a distance slightly larger than the transverse
      width of said flag member, the transverse width of said stator pole piece
      being slightly larger than said distance.
NUM  9.
PAR  9. Print hammer apparatus as recited in claim 4 wherein said surface of
      said flag face is planar.
NUM  10.
PAR  10. Print hammer apparatus as recited in claim 9 wherein said flag face
      lies on a plane which transversely intersects such path at an angle of
      between 10.degree. and 40.degree..
NUM  11.
PAR  11. Print hammer apparatus as recited in claim 4 including means for
      selectively adjustiing the position of said resilient member so as to
      control the forward flight time required for said resilient member to move
      between said cocked position and said striking position.
NUM  12.
PAR  12. Print hammer apparatus as recited in claim 11 wherein said position
      adjusting means includes a clamping means having a pair of spaced apart
      clamping surfaces for clampingly engaging different places along the
      length of said resilient member, and deforming means for selectively
      bowing the length of said resilient member disposed between said clamping
      surfaces causing the unrestricted position of said movable end to be
      selectively positionable along said path.
NUM  13.
PAR  13. Print hammer apparatus as recited in claim 12 wherein said deforming
      means includes a threaded aperture in said clamping means and a set screw
      which when advanced through said aperture engages and deforms said
      resilient member.
NUM  14.
PAR  14. Print hammer apparatus as recited in claim 13 wherein said position
      adjusting means is secured to said first side pole, the surface of said
      first side pole being recessed opposite said set screw for accommodating
      deformation of said resilient member in response to movement of said set
      screw.
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ABST
PAL  A screen printing press employs a screen carriage securing a printing
      screen frame and screen therein and which reciprocates through print and
      return strokes over a reciprocally rotating print cylinder. Printing stock
      is advanced between the print cylinder and the screen during printing
      strokes. The screen carriage includes a disengageable drive which permits
      feeding print stock through the machine without effecting printing
      thereon. The screen carriage further includes adjustable screen frame
      holding means to which the screen frame is slidably mounted permitting
      partial or total removal of the screen frame from the screen carriage. A
      fully adjustable squeegee means and flow coater assembly is positioned
      above the screen and is provided for elevating and longitudinally shifting
      the flow coater and squeegee assembly away from the printing area for
      inspection and maintenance of the press. The screen carriage includes cam
      means for positively engaging squeegee support means for controllably
      lowering the squeegee to the screen during each printing stroke.
      Externally adjustable side registration means are provided to permit
      adjustment of the print stock registration during operation of the press.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in screen printing presses.
PAR  In screen printing presses of the type in which sheet stock is advanced
      through a printing station between a reciprocating print cylinder and
      printing screen, frequently it is necessary to make a variety of
      adjustments with respect to the registration of the paper, squeegee or
      other components when setting up the press for printing a run. Likewise,
      it is frequently necessary to clean or otherwise maintain or repair the
      printing press in the immediate printing area.
PAR  In existing screen printing presses, if adjustments or maintenance is
      necessary during a printing run or when initially setting up the press for
      a run, it is necessary to remove the printing screen frame from the screen
      frame cariage to obtain necessary access to the components requiring
      adjustment. Also with conventional presses, the squeegee and flow coater
      mechanism which is positioned immediately above the printing cylinder
      typically obstructs access to the print cylinder area where registration
      adjustments must be made or other maintenance or repairs performed.
PAR  Thus, with conventional screen presses, frequently the entire flow coater
      and squeegee mechanism and printing screen frame must be removed before or
      during a printing run to make relatively minor adjustments. This can
      greatly increase the down time of the printing press. Additionally, if an
      adjustment or repair is required in the middle of a printing run where ink
      has been applied to the squeegee, flow coater and printing screen; the
      task can become even more burdensome and time consuming since ink must be
      cleaned which frequently will drip onto various components of the press
      during removal of the parts for completion of the repairs or adjustments.
PAR  At least a partial solution to the various problems with conventional
      presses has been provided by the screen press described in U.S. Pat. No.
      3,120,180 issued on Feb. 4, 1964 to the present assignee. The press
      therein disclosed employs what has become known in the industry as a high
      lift squeegee and flow coater mechanism which provides structure for
      elevating the squeegee and flow coater assembly upwardly from the printing
      area such that access to the registration means for the print stock or
      other apparatus in the printing area can be had either before or during a
      printing run.
PAR  Although this press represents a tremendous improvement in the screen
      printing art, the printing press of the present invention incorporates
      structure permitting even greater access for adjustments or maintenance.
      The present press provides a greater degree of flexibility of operation
      and adjustments of the components required for registration of the
      printing stock, the squeegee and the positioning of the screen frame.
PAC  SUMMARY OF THE INVENTION
PAR  Apparatus embodying the present invention includes a screen printing press
      having a print cylinder and reciprocating screen frame carriage carrying a
      screen frame thereon for reciprocal motion during print and return strokes
      of each cycle of printing operation. Means are provided for feeding
      printing stock into the printing station between the printing cylinder and
      printing screen and for providing adjustable side registration while the
      press is in operation. A movable flow coater and squeegee assembly is
      positioned above the printing screen for forcing ink through the screen
      and onto the printing stock during a print stroke. According to one aspect
      of the present invention, means are provided for adjustably elevating
      and/or longitudinally moving the flow coater and squeegee assembly away
      from the printing area for adjustment or maintenance.
PAR  Means are provided for disengaging the screen carriage from the drive
      mechanism to permit printing stock to be advanced into the press without
      reciprocating the screen frame thereby permitting dry runs to be made
      verifying the accurancy of feed and registration of the printing stock.
PAR  According to still another aspect of the present invention, means are
      provided for adjustably and slidably mounting the screen frame within the
      reciprocating screen frame carriage. Another aspect of the present
      invention is the provision of means for positively raising and lowering
      the squeegee during return and print strokes respectively.
PAR  Accordingly, it is an object of the present invention to provide an
      improved screen printing press.
PAR  Another object of the present invention is to provide a screen printing
      press with improved squeegee adjustment means.
PAR  Another object of the present invention is to provide improved means for
      controllably lowering the squeegee onto the printing screen.
PAR  A further object of the present invention is to provide a screen frame
      carriage disengageable from drive means therefor.
PAR  An additional object of the present invention is to provide improved means
      for registering paper fed to the printing area.
PAR  Still a further object of the present invention is to provide improved
      means for moving the squeegee and flow coater subassemblies between
      operable and non-operable positions to permit ready access to the printing
      area of the press for service.
PAR  Yet another object of this invention is to provide an improved screen frame
      carriage facilitating mounting and adjustment of a printing screen frame
      therein.
PAR  These and other objects of the present invention will become apparent upon
      reading the following description thereof together with the accompanying
      drawings in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the left side of the printing press;
PAR  FIG. 2 is an elevated, enlarged fragmentary perspective view of the left
      front of the printing press;
PAR  FIG. 3 is an enlarged, fragmentary, perspective left front view of the
      press shown in FIG. 2 with the screen frame partially removed from the
      screen frame carriage;
PAR  FIG. 4 is a fragmentary, perspective left rear view of the press shown with
      the screen frame moved almost totally from the carriage permitting access
      to the components in the printing area of the press;
PAR  FIG. 5 is a fragmentary perspective view of the rear end of the printing
      press;
PAR  FIG. 6 is an enlarged, fragmentary side elevation of the outer side of the
      right front portion of the screen frame carriage;
PAR  FIG. 7 is a fragmentary cross-sectional view of a portion of the apparatus
      shown in FIG. 6 taken along the section lines VII--VII of FIG. 6;
PAR  FIG. 8 is a fragmentary, side elevational view of the outer side of the
      right rearward end of the screen frame carriage;
PAR  FIG. 9 is a fragmentary plan view of the structure shown in FIG. 8;
PAR  FIG. 10 is a fragmentary, left side elevational view of the structure shown
      in FIG. 8;
PAR  FIG. 11 is an enlarged, fragmentary view partly in cross section of the
      left front portion of the squeegee and flow coater adjustment mechanism
      shown in FIGS. 1-4;
PAR  FIG. 12 is a fragmentary, left side elevational view of the structure shown
      in FIG. 11;
PAR  FIG. 13 is an enlarged cross-sectional view of a portion of the apparatus
      shown in FIG. 11 taken along the section lines XIII--XIII of FIG. 11;
PAR  FIG. 14 is an enlarged, fragmentary end view of the right rear end of the
      squeegee and flow coater adjustment mechanism;
PAR  FIG. 15 is a partial plan view of the apparatus shown in FIG. 14;
PAR  FIG. 16 is an enlarged, fragmentary side elevational view partially in
      cross section of the adjustment mechanism on the left front corner of the
      screen frame;
PAR  FIG. 17 is an enlarged, fragmentary, rear end elevational view of the
      adjustment mechanism on the right rear of the screen frame as viewed from
      angle XVII in FIG. 4;
PAR  FIG. 18 is an enlarged, fragmentary side elevational view partly in cross
      section of a portion of the squeegee drive mechanism on the right side of
      the press;
PAR  FIG. 19 is a fragmentary right side elevation partly in cross section of
      the structure shown in FIG. 18;
PAR  FIG. 20 is a sectional view of a portion of the structure shown in FIG. 18
      and taken along section lines XX--XX of FIG. 18;
PAR  FIG. 21 is a side elevational view of the mechanism employed for raising
      and lowering the squeegee and flow coater assembly during return and print
      strokes respectively;
PAR  FIG. 22 is a fragmentary plan view of the left side of the printing area
      showing the left portion of one embodiment of the side registration means
      for the printing stock;
PAR  FIG. 23 is a fragmentary plan view of the right side of the printing
      station showing the opposite end of the side registration means thereon;
PAR  FIG. 24 is a fragmentary, plan view of the right side of an alternative
      embodiment of the side registration means;
PAR  FIG. 25 is a fragmentary, front end elevational view of the structure shown
      in FIG. 24;
PAR  FIG. 26 is a side elevational view partially in cross section showing the
      drive means for the registration means shown in FIGS. 22-25; and
PAR  FIG. 27 is a left side elevational view of the drive means shown in FIG. 26
     .
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  To aid in understanding the placement of the various components of the
      press embodying the present invention, the direction of motion of the
      printing stock advancing through the press during a print stroke is
      indicated by arrow A shown in the various figures. When the movement of
      printing stock is toward the viewer (out of the plane of the drawing), the
      arrow is shown as a circle with a center dot. When the motion of the paper
      is away from the viewer (into the plane of the drawing), the arrow is
      represented by a circle with cross hairs.
PAR  Referring now to FIG. 1, it is seen that the screen printing press 10
      includes a sheet feeding assembly 12 of conventional design and
      commercially available and operable to remove individual sheets of a stack
      13 of printing stock such as sheets 11 of paper. The sheets of printing
      stock are fed from assembly 12 to an infeed assembly 14 on the press
      which, as best seen in FIG. 2, includes a plurality of vacuum belts 15
      movable over a support surface 16 to grip a sheet of print stock and
      advance it into a printing area 18 at the center of the press 12. The
      particular infeed means employed is a commercially available design and is
      described in greater detail in U.S. Pat. No. 3,120,180 issued on Feb. 4,
      1964 and assigned to the present assignee. This patent is incorporated by
      reference herein. Basically, the infeed means functions to advance
      individual sheets of paper received from the feeding mechanism 12 into the
      printing area during each printing cycle.
PAR  The press includes a frame 20 having a front vertical wall 21 (FIG. 1) and
      a rear vertical wall 23 (FIG. 5) and fabricated from suitable support
      members and covered by plate metal to enclose the drive mechanism therein.
      Vertical support members 31 (FIG. 5) are positioned to provide support for
      the bed of the press and components mounted thereto. Extending between the
      vertical support members at a variety of locations to provide structural
      support therebetween are a plurality of cross beams 29 (FIG. 5).
PAR  As a more detailed description of the components of the press is presented,
      more specific structural elements of press frame 20 will be pointed out.
      Mounted to the front panel 21 of frame 20 is a control panel 22 including
      a plurality of switches, lights and other components for controlling the
      operation of the press.
PAR  On the side of the press opposite the infeed assembly 14 is the outfeed
      assembly 24 which includes, as best seen in FIG. 5, a planar support
      surface 25 including therein a stencil inspection light 26 mounted flush
      therein. As seen in FIG. 4, light 26 may be employed to inspect the
      printing pattern 39' on the stencil screen. A plurality of vacuum
      advancing belts 27 (FIG. 5) are spaced across the surface of platform 25
      for transporting stock received from the print cylinder 17 located in the
      printing area 18. The vacuum belts 27 are supported on opposite ends by
      drive rollers 28 for moving the belts to advance the printing stock in the
      direction of arrow A. The structure of the outfeed is well-known,
      commercially available, and described in greater detail in the above
      indentified patent. Spaced above the print cylinder 17, as best seen in
      FIG. 5, is the movable and adjustable flow coater and squeegee subassembly
      30 to be described in detail below.
PAR  Extending longitudinally along the right side of the press near the top is
      a first guide and support rail 32 which, as seen in FIGS. 2-5 and 10, is
      of circular cross section. As seen in FIGS. 2 and 5, guide rail 32 is
      supported at opposite ends by means of support mounts 33. Extending
      longitudinally along the press at the upper left side is a second guide
      and support rail 34 having a square cross section (FIG. 11) and supported
      on opposite ends by vertical support brackets 35 as seen in FIGS. 2 and 4.
PAR  A screen frame carriage 40, shown in FIGS. 1-5 and in detail in FIGS. 6-10,
      is slidably and guidably mounted between rails 32 and 34 for support
      thereon. Carriage 40 comprises front and rear cross members 42 and 41,
      respectively, and longitudinally extending upper left and right side
      members 43 and 44, respectively, joining the cross members to form a
      rectangular screen frame. Conventional angle brackets are employed to
      secure these frame members.
PAR  Extending outwardly from the right side member 44 at front and rear ends
      thereof is a collar 45 which spans the circular guide rail 32, as best
      seen in FIGS. 5 and 10, to provide sliding support for the right side of
      carriage 40 on rail 32. The left side frame member 43 likewise includes a
      generally rectangular guide member 46 (FIG. 11) supporting member 43.
      Member 46 is generally L-shaped and extends over two sides of the square
      guide 34 as best seen in FIG. 11. A bottom plate 48 bolted to the lower
      end of member 46 secures the screen carriage in slidable supporting
      relationship between rails 32 and 34 while permitting a very slight
      lateral movement of the screen carriage between the rails.
PAR  Screen carriage 40 is adapted to receive in aligned locking engagement
      therewith a printing screen frame 36 which is seen in FIG. 4 in a position
      partially removed from carriage 40. Frame 36 includes side members 37
      coupled to front and rear members 38, 38', respectively, to form a
      rectangular frame having fasteners 37' spaced around the periphery thereof
      for tightly securing a mesh printing screen 39 within the frame. Screen 39
      is of conventional silk, stainless steel or other construction and
      includes a printing pattern 39' formed thereon.
PAR  Frame 36 includes a rear locking plate 46' extending from the center of
      member 38 (FIG. 4) and including an aperture 47 therein which is adapted
      to be engaged by a vertically movable locking pin 48' (FIGS. 4-6) mounted
      to support member 41 of the screen carriage. Pin 48' is slidably movable
      in a vertical direction and is locked in position by a locking screw and
      knob 59 (FIGS. 4 and 5). As best seen in FIG. 6, pin 48' is mounted to a
      slide assembly 47' which permits fore and aft adjustment of pin 48' by
      rotation of adjustment knob 81. By adjusting the position of pin 48' along
      the direction of movement of printing stock through the press, screen 39
      can be adjustably locked in the screen frame carriage at a position to
      achieve proper registration by fixing the relative position of the
      printing screen to the printing stock during the printing stroke. Frame 36
      includes a front guide and holding member comprising a plate 49 extending
      from member 38' (FIG. 3) and including a reinforced open ended slot 50
      therein for engaging an upwardly extending pin 51 mounted to a bracket 52
      secured at the center of the front cross member 42 of the screen carriage
      40. Frame 36 is slidably and removably mounted to carriage 40 by the
      structure now described.
PAR  Extending along the upper surfaces of the opposite side members 37 of the
      screen frame, as best seen in FIGS. 14 and 17, is an outwardly extending
      flange 53. Screen frame 36 is slidably supported within the screen frame
      carriage by means of a pair of longitudinally extending guide rails 54
      adjustably coupled to the carriage frame and having elongated guide tracks
      55 formed therein and extending their length for receiving flanges 53 on
      opposite sides of the screen frame as illustrated in FIGS. 3, 14, 16 and
      17.
PAR  Guide members 54 are suspended from the front and rear screen carriage
      cross members 42 and 41, respectively, by means of front and rear screen
      frame adjustment subassemblies 56 and 58, respectively, as best seen in
      FIGS. 16 and 17 respectively. The front adjustment mechanisms 56 are
      spaced on opposite corners of the transverse member 42 as seen in FIG. 3.
PAR  Each front screen adjustment assembly is bolted to the cross member 42 and
      includes a collar 60 secured thereto which includes a graduated scale 61
      thereon. Bolt 62 includes an adjustment knob 63 threaded at the upper end
      and extends through collar 60 and is threadably secured to the end of a
      support plate 64. A spring 65 extends between the lower end of collar 60
      and the upper surface of plate 64 to hold collar 60 against the bottom
      shoulder of adjustment knob 63. A pointer 66 is coupled to plate 64 to
      indicate its relative vertical position with respect to the graduated
      scale 61. Plate 64 in turn is bolted to the longitudinal screen frame
      supporting member 54 such that as adjustment knob 63 is rotated, support
      rail 54 raises or lowers for adjusting the vertical position of the
      printing screen with respect to the print cylinder by elevating or
      lowering the screen frame.
PAR  The rear subassemblies 58 likewise each include a mounting boss or collar
      69 bolted to cross member 41 of the screen carriage and through which
      extends a threaded bolt 70 coupled at the lower end to the support rail
      54. An adjustment knob 71 is threaded over the top end of bolt 70 as
      shown. The rear support members 58 are positioned on opposite corners of
      the rear cross member 41 of the screen carriage as best seen in FIG. 3. A
      pointer needle 76 is secured to the guide 54 by means of plate 74 and
      points to a graduated scale etched on the outer surface of each of the
      collars 69 to indicate the relative position of the rail with respect to
      the rear frame member 41. A spring 75 extends between collar 69 and
      bracket 74 to hold the collars 69 against the shoulder 72 of knob 71.
PAR  Thus, the screen frame 36 is slidably mounted within the screen carriage 40
      and is shown in FIG. 4 in its almost totaly removed position and in FIG. 3
      in a partially removed position. In its partially removed position, screen
      frame 36 is supported by the guide channels 55 of the screen frame in a
      generally cantilevered fashion with the spaced horizontal internal
      surfaces of the channels contacting the opposite surfaces of the flanges
      53 of the screen frame. The channel is defined by tracks 54 spaced
      sufficiently apart, as seen in FIGS. 14 and 17, to provide easy sliding
      movement of the screen frame within the carriage and yet support the
      screen frame, as seen in FIGS. 3 and 4, when it is partially removed for
      maintenance. The screen is locked into a registered position within the
      frame by means of the interengaged notch 50 and pin 51 on the front ends
      of the screen frame and carriage, respectively, and the locking aperture
      47 and pin 48' on the rear of the screen frame and screen carriage
      respectively. This structure provides relatively easy access to the
      printing area of the press regardless of the position of the screen
      carriage since the screen frame can always be slidably moved, either
      partially or totally from the carriage thereby permitting access to the
      press from the top. Adjustments 56 and 58 permit vertical adjustment of
      screen 39 as desired for leveling or other purposes.
PAR  The drive mechanism for reciprocating the screen frame carriage 40 during
      print and return strokes can best be understood by referring to FIGS.
      6-10. In this regard, the screen carriage includes a unique decoupling
      means for decoupling the screen frame from the gear drive as now discussed
      with reference to these figures.
PAR  As described above, the screen carriage 40 comprises cross members 41, 42
      coupled together by upper longitudinal support members 43 and 44. The
      screen frame is slidably carried by the longitudinal guides 54 adjustably
      mounted to the end supports by the adjustment means previously described.
      The guides 54 are spaced inwardly somewhat from the side rails 43, 44 as
      best seen in FIG. 3. This permits the mounting of the disengageable drive
      means for the cariage below the side rails.
PAR  Referring to FIGS. 6-8, each side of carriage 40 includes a lower rail 80
      forming a rack having downwardly depending gear teeth 82 which engage a
      toothed drive gear 84 mounted on drive shaft 85. Members 80 extend
      longitudinally along the length of the carriage under upper side members
      43 and 44. Each of the rearward ends of racks 80 is pivotally coupled to a
      bracket 86 coupled to member 46 (FIG. 6). As best seen in FIGS. 6 and 7, a
      pivot pin 87 pivotally couples the end of member 80 between forks 88 of
      bracket 86.
PAR  The front end of each of the racks 80 is coupled to a cam follower holder
      90 which, as best seen in FIGS. 9 and 10, comprises a pair of spaced arms
      91 and 92 with a rotating cam follower wheel 93 rotatably mounted on an
      axle 94 extending therebetween. A cam 95 has a curvilinear outer surface
      96 which engages the lower portion of the roller cam follower 93 and, as
      seen in FIG. 8, has an increasing radius around the periphery therof. Cam
      95 is fixedly mounted to rotating shaft 100 in turn coupled to frame
      member 42 by mounting arm 103. Shaft 100 is rotatably supported on
      opposite ends by arm 103 to permit rotation therof achieved by a handle 97
      on arm 98 extending from a collar 99 fixedly attached to shaft 100. When
      the cam 95 is rotated clockwise in FIG. 8 by means of handle 97, the
      increased radius portion of the cam raises the front end of racks 80 which
      pivot at rear ends about pins 87 in a direction indicated by arrow B of
      FIG. 8. This raises the racks 80 off of the drive gears 84 on opposite
      sides of the press thereby disengaging the carriage from the drive means.
PAR  This raising and lowering mechanism 102, illustrated in FIGS. 7-11, is
      duplicated with an identical unit 102' on the opposite side of the press
      as best seen in FIG. 3. Suitable locking means can be provided to hold cam
      95 in the rack raising position (i.e., with the handle 98 pointed
      generally upwardly). Cam 95 also includes a notched aperture 95' which, as
      seen in FIG. 8, locks rack 80 in a downward position during printing
      operation.
PAR  With the carriage disengaged, paper can be supplied through the press by
      the infeed means and the sheet feed and registration of the printing stock
      can be checked without the reciprocating carriage interfering with the
      inspection or adjustments. When this feature is combined with the novel
      screen mounting feature which permits sliding of the screen either
      partially or totally out of the carriage, and with the unique squeegee and
      flow coating mounting mechanism described below, the entire printing area
      around print cylinder 17 may be easily opened for inspection, maintenance
      or repairs without disassembling the press.
PAR  When the carriage racks 80 are in a raised position, a notched plate 104
      mounted on each of the racks 80 (one shown in FIG. 8) will raise and if
      desired, the carriage can be locked in position by aligning a notch 105 in
      bracket 104 with a pin 106 positioned in the fixed guide rails 32 or 34.
      When it is desired to reengage the rack, cam 95 is rotated into the lower
      position as shown in FIG. 8. Plate 104 includes a downwardly depending,
      single tooth 107 adapted to engage a single notch 109 in a gear ring 108
      on the outer periphery of gear 84 to assure positive alignment between the
      drive gear 84 and the screen carriage 40 in the proper timing
      relationship. This structure provides indexing means between the drive
      means and screen carriage.
PAR  The drive shaft 85 which supports drive gears 84 on opposite ends of the
      shaft to engage the racks 80 on opposite sides of the frame, as best seen
      in FIGS. 3 and 4, is interconnected with the printing cylinder drive
      mechanism which is sustantially identical to that shown in the above
      identified patent and now breifly described.
PAR  Basically, the drive mechanism comprises an electrical motor having a pair
      of crank arms coupling the rotating shaft of the motor through a drive
      gear system for reciprocating shaft 85 to which the print cylinder 17 is
      mounted through print and return strokes in forward and reverse directions
      as indicated by arrow C in FIG. 8 and spanning an arc of approximately
      300.degree.. As the print cylinder advances to advance the sheet stock in
      contact therewith, the screen carriage and printing screen thereon
      simultaneously advance to form a print on the stock positioned between the
      printing screen and the cylinder in a conventional manner.
PAR  The print cylinder includes a notched opening 117, as best seen in FIG. 3,
      in which is located a plurality of gripping fingers 115 for receiving and
      holding printing stock from the infeed means 14 at the initiation of the
      printing stroke. As best seen also in FIG. 3, adjacent gripping fingers
      115 are a plurality of spaced stop members 113 which provide the positive
      longitudinal registration of the printing stock as it is fed into the
      printing area and subsequently gripped by fingers 115. The detailed
      description of the print cylinder construction together with the gripping
      finger actuation and stop positioning is set forth in the above identified
      patent and will not be repeated here other than to note that this
      arrangement provides accurate longitudinal registration of the printing
      stock at the initiation of each print stroke. As the print cylinder
      rotates through approximately 90.degree., the gripping fingers release the
      print stock and permit it to advance onto the outfeed table 24.
PAR  Having described the unique screen carriage and drive means therefor, a
      description of the improved squeegee and flow coater mechanism 30, as seen
      in FIGS. 1-4 and shown in greater detail in FIGS. 11-15, follows. The
      squeegee construction comprises a squeegee blade 120 mounted between a
      backing plate 122 and a frame 124 (FIG. 13). Plate 122 and frame 124 are
      bolted to a longitudinal support bracket 121 in turn pivoted to
      longitudinal arm 123 as seen in FIG. 13. Frame 124 includes a pair of
      notches 125 (FIGS. 2 and 3) which receive securing bolts having thumb
      wheel heads 126 for detachably mounting the squeegee subassembly to the
      bracket 121 as seen in FIGS. 3 and 13. As seen in FIGS. 11 and 14 which
      show the opposite ends of the squeegee subassembly and FIG. 13, cross
      member 123' is detachably secured to a forked bracket 140 (FIGS. 11-14) by
      a bolt 142. Bracket 140 in turn is secured to a slide assembly 150 for the
      squeegee subassembly and described in greater detail below.
PAR  The squeegee blade can be adjusted through an angle of approximately
      45.degree. by the pivot mechanism best seen in FIG. 13. As seen in this
      figure, the lower end of support bracket 121 to which the squeegee is
      mounted is pivotally mounted to longitudinal arm 123 by means of a pivot
      pin 128. Member 123 is notched at 127 to permit member 121 to pivot to the
      extreme position shown in FIG. 13. To adjust the squeegee at a desired
      angle, a pair of spaced threaded rods 130 are pivotally mounted to
      extensions 121' of member 121 by pivot pins 131. Rods 130 extend through
      apertures 132 in member 123 which is spanned by a threaded nut 134 on rod
      130 at the rear surface of member 123 and a knurled threaded knob 135 on
      rod 130 at the front surface of member 123.
PAR  By adjusting lock nut 134 and adjustment knob 135, a desired tilt (i.e.,
      angle) of squeegee blade 120 to the screen can be achieved. Additionally,
      the amount (i.e., length) of the flexible squeegee blade extending below
      backing plate 122 can be adjusted to provide stiffer or more flexible
      squeegee action by means of adjustment bolts 136 which, as seen in FIG.
      13, are threaded into plate 122 to clamp the blade between the lower
      portion 124' of frame 124 and plate 122.
PAR  Thus, by providing the adjustment means 135 and 136, both the angle and the
      extension of the squeegee blade can be controlled with the angle being
      adjustable as indicated by arrow D in FIG. 13. This permits the adjustment
      of the thickness of the actual printing on the print stock due to the
      amount of ink being forced through the printing screen by the squeegee.
      Additionally however, the squeegee is adjustable both vertically and
      longitudinally with respect to the crown of print cylinder 17. The
      mechanism for providing such adjustments is now described.
PAR  The squeegee cross arm 123' is detachably bolted at each end to a first or
      vertical slide assembly 145 by means of bolt 142 and flange 140 (FIGS. 11,
      14 and 15). Flange 140 is secured to a slide member 146 slidably fitted
      within a generally U-shaped guide channel 148 of guide bracket 150
      integrally coupled to an end of support arm 152. The left side support arm
      and structure is shown in FIG. 11 and is identical to the right side
      support arm and structure, as shown in FIGS. 14 and 15, except for the
      drive means associated with the left side and described below in
      conjunction with FIGS. 11 and 12. Slide 146 is held in channel 148 by a
      pair of keeper plates 149 and is adjustably vertically movable within the
      channel 148 in the direction indicated by arrow E in FIG. 14 to provide a
      fine vertical adjustment for the squeegee subassembly. Adjustment is
      accomplished by means of a threaded screw 154 which, as best seen in FIG.
      11, is threadably fitted within a vertically extending threaded aperture
      155 in slide 146. Screw 154 is vertically fixed and attached to bracket
      150 by a collar 156, as best seen in FIG. 11, attached to the shank of the
      screw and in contact with upper plate 157 on bracket 150 and through which
      the shank of the screw extends. As screw 154 is rotated by knob 158
      attached thereto, slide 146 moves vertically for adjusting the squeegee
      height. Lower plate 159 provides support for the lower end of screw 154.
PAR  In addition, guide bracket 150 includes a rearwardly extending arm 160, as
      best seen in FIG. 15, and extension 161 with a pair of spaced vertical
      posts 162 for releasably supporting therebetween a flow coater support bar
      180 with a flow coater blade 182 depending downwardly therefrom (FIGS. 1
      and 13).
PAR  To provide vertical motion to the squeegee and flow coater from a lowered
      operating position to an intermediate raised position and finally to a
      high rise position, as illustrated in FIGS. 1-5, as well as to provide
      longitudinal movement for adjustment and/or servicing, the press includes
      a second or horizontal slide assembly 165 (FIG. 11) associated with each
      end of the squeegee support mechanism and now described.
PAR  Assembly 165 comprises a pair of guide brackets 164 (FIGS. 11, 12 and 14)
      shaped to define an elongated U-shaped guide channel 166 into which are
      slidably fitted slide members 163 at the outer ends of arms 152. Slides
      163 are elongated, generally rectangular members, as seen in FIGS. 14 and
      15, which are retained in track or guide 166 by retainer bars 167.
      Extending between the slides 163, as best seen in FIGS. 5, 11 and 15, is a
      rotatable shaft 170 extending through a bearing block 172 mounted to the
      right side slide and coupled at the opposite end to a bearing block 174 on
      the left side slide. The left side guide bracket includes an elongated
      aperture 175 (FIG. 12) formed therethrough. Shaft 170 extends through
      aperture 175 and includes a gear 176 mounted thereon which is aligned with
      and engages a rack 178 mounted to the inside upper edge of a recess 173
      formed in the outer surface of left side bracket 164 as best seen in FIG.
      12. Gear 176 is securely attached to shaft 170 which extends further
      outwardly therefrom and includes a crank handle and arm mechanism 179 as
      best seen in FIGS. 11 and 12.
PAR  The right side guide member 164 of the press is identical to the left side
      guide, and shaft 170 includes a gear substantially identical to gear 176
      as well as a rack assembly mounted to the upper edge of an aperture in
      guide bracket 164 on the right side of the press. Thus, as the rotating
      interconnecting shaft 170 is rotated via crank arm 179, opposite sides of
      the squeegee horizontal slides 163 are moved longitudinally in a direction
      indicated by arrows H in FIG. 12 along rack guides 164 such that the
      squeegee 120 and flow coater 182 can be moved upstream and away from the
      printing area 18 when in the high rise position to permit inspection and
      servicing on the press. If the squeegee is in a normally lowered position,
      crank arm 179 can be used to adjust the squeegee blade longitudinally in
      relation to the crown of print cylinder 17. The length of the guide
      bracket 164 is sufficient to allow the squeegee and flow coater
      subassemblies to be moved completely out of the way of the printing area.
      Thus, the squeegee blade can be adjusted to a position either immediately
      above the crown or upstream or downstream of the crown as desired to
      effect the type of printing on the print stock that is required.
      Specifically, the positioning of the squeegee upstream of the cylinder
      crown causes a richer coat of ink, but of lesser quality, while
      positioning of the squeegee downstream of the crown causes a thinner ink
      coat, but of better detail quality. Squeegee positions between the two
      will result in varying compromise results.
PAR  It is seen, therefore, that the squeegee is fully adjustable in angular,
      vertical and longitudinal directions and is easily removable if necessary
      by removing bolts 142 holding the squeegee frame and angular adjustment
      assembly to the slide assembly 145. By providing this unique structure,
      therefore, adjustments to the squeegee positioning with respect to the
      print cylinder may be made very rapidly without losing significant down
      time of the press frequently required when conventional screen presses are
      employed. In addition however, the mechanism permits easy inspection and
      when combined with the unique carriage assembly and moved to its most
      forward position, as represented in FIG. 3, the squeegee and flow coater
      assemblies are out of the printing area and the printing screen likewise
      is removed from the carriage permitting access directly to the print
      cylinder and its asssociated mechanism as well as the registration means
      for the print stock.
PAR  Not only are the components moved out of the way, it is still possible with
      the components in this position to dry run paper into and out of the press
      checking the operation of the paper feed mechanism without actually
      printing on the paper. Additionally, by providing the longitudinal
      adjustment means for the squeegee and flow coater assemblies, the squeegee
      need not be removed from the press and any residual ink from previous
      printing will drip onto the screen since by prividing the longitudinal
      adjustment of the squeegee it will still be positioned over the screen
      when the screen is partially removed from the frame as seen in FIG. 3.
PAR  To provide movement of the squeegee and flow coater between a lowered,
      operating position and the high rise position illustrated, the slide
      guides 164 are mounted to vertically movable posts 184 extending upwardly
      from opposite sides of the press and movable, as indicated by arrows F in
      FIGS. 11 and 14, between a high rise position, illustrated in FIGS. 1-5,
      and a lowered, operative position for screen printing. Additionally, the
      posts 184 are driven an incremental vertical distance, indicated by arrows
      G in FIGS. 11 and 14, to raise and lower the squeegee during return and
      print strokes respectively. A discussion of the mechanism employed to
      accomplish this motion is now discussed with reference to FIGS. 18-21.
PAR  It is noted here that the drive means for posts 184 supporting the squeegee
      mechanism is similar to that described in the above identified patent and
      which is shown in FIG. 21 of the present application. Referring now to
      FIG. 21 showing one of the identical drive means employed on opposite
      sides of the press, it is seen that post 184 is slidably mounted within
      vertically spaced sleeves 204 and 206 suitably mounted on the frame of the
      press and includes a cam follower plate 185 at its lower end which engages
      a roller cam 191 at the end of a pivot arm 190. Each of the posts 184 is
      biased against the roller cam 191 by means of a bracket 208 extending from
      the posts and biased in a downward direction by means of a spring
      interconnecting bracket 208 to the lower spring bracket 211 mounted to
      member 210 as seen in FIG. 21.
PAR  Arm 190 in turn is rigidly coupled to a pivot shaft 192 driven by a crank
      arm 193 coupled to interconnecting link 194 coupling arm 193 to the end
      195 of cam follower arm 196. Arm 196 is pivotally mounted to the frame at
      end 197 and includes a roller follower 198 engaging a cam 200 mounted on
      rotating shaft 202 which is intercoupled with the cylinder drive shaft of
      the press by conventional gearing means as disclosed in the above
      identified patent.
PAR  As arm 190 reciprocates up and down during each print and return cycle,
      vertical posts 184 will be moved an incremental distance as indicated by
      arrow G in FIG. 14. The distance is sufficient to lift the squeegee off
      the printing screen during the return stroke and lower the squeegee into
      operative engagement with the printing screen during the successive print
      stroke to force ink through the screen onto the printing stock. Extending
      through a sleeve bushing 205 in bracket 208 is the end of a vertical drive
      arm 210 which is driven by a motor 212 via a gear reduction box 214 and
      rack and gear assembly 216 as shown in FIG. 21 and as described in greater
      detail in the above identified patent. Vertical arm 210 provides for
      automatic raising of posts 184 upon the actuation of motor 212 to achieve
      the high rise positioning of the squeegee and flow coater assembly as
      indicated by arrow F in FIG. 14 and shown in FIGS. 1-5. Spring 207 is
      selected to provide a suitable biasing force for the posts against the
      roller 191 on pivot arm 190. During printing, the lower end of spring 207
      is held in a fixed position by the worm gear coupling to arm 210 which
      resists movement of the arm.
PAR  Also coupled to pivot arm 190 is a flow coater drive arm 220 interconnected
      to arm 190 by means of a conventional linkage assembly 222 to permit a
      180.degree. phase displacement between the vertical motion of members 184
      and 220. Thus, as the squeegee support raises during the return stroke,
      the flow coater supports 220, also positioned at opposite sides of the
      press, will lower to lower flow coater 182 into operative position.
PAR  Coupled to the end of flow coater drive arms 220, as seen in FIG. 2, are a
      pair of flow coater support yokes 186 of conventional design and disclosed
      and described in greater detail in the above identified patent. Basically,
      the flow coater bar 180 rests within a notch 187 of member 186 such that
      as the shafts 220 raise and lower during press operation, the flow coater
      will similarly be raised and lowered. The vertical support posts and
      extension arms 162 and 161, respectively, extending from the squeegee
      guide 150 (FIG. 15) are positioned under and in alignment with the flow
      coater such that when the squeegee is raised to a high lift position by
      the upward vertical motion of posts 184, the flow coater will be lifted
      out of the mounting brackets 186 and carried along with the squeegee
      assembly to a high rise position and moved longitudinally with the
      squeegee when arm 179 is rotated.
PAR  In earlier presses, the squeegee was lowered just before the print stroke
      by a cam acting through interconnecting mechanism. With such structure, it
      was learned that the dropping squeegee tended to bounce or chatter,
      tending to damage the screen and/or force excessive ink onto the printing
      stock. Sometimes it caused smearing of the printed copy resulting
      therefrom. In order to provide for a smooth lowering of the squeegee in a
      controlled fashion to the printing screen at the initiation of the print
      stroke, therefore, a positive squeegee drop cam arrangement, as seen in
      FIGS. 18-20, has been provided and will now be described. In the figures,
      the mechanism for the left side of the press is shown, it being understood
      that the right side includes an assembly substantially identical.
PAR  The squeegee lowering mechanism comprises a tapered cam block 240
      positioned near the leading (rear) edge of each of the upper rails (43,
      44) of the carriage assembly. Block 240 includes and is mounted to the
      rear edge of the left upper support rail 43 of the carriage by means of a
      bracket 242. Cam 240 includes an inclined surface 241 on which rides a cam
      follower arm 250 having a roller follower 252 at one end and engaging
      inclined surface 241 and which is pivotally mounted at the opposite end to
      a mounting boss 254 by means of pivot pin 255. Boss 254 is mounted to the
      frame member 253 near the middle of the press.
PAR  A bias spring and supporting shaft 256 urges the pivot arm 250 upwardly and
      an adjustable stop 258 mounted on arm 250 engages the undersurface 259 of
      the squeegee support arm 152. With the screen carriage in the position
      shown in FIG. 18 which corresponds to the beginning of a printing stroke,
      stop 258 holds the squeegee in a slightly elevated position. As the print
      stroke is initiated by the carriage and print cylinder drive mechanism,
      the carriage frame moves in the direction of arrow A and the roller
      follower 252 rolls down inclined ramp 241 allowing spring 207 (FIG. 21)
      which counteracts the relatively light bias of spring 256, to lower the
      squeegee into engagement with the printing screen in a controlled and
      linear fashion preventing chatter or bouncing of the squeegee on the
      screen frame.
PAR  In addition of the screen carriage and squeegee related improvements
      described, the screen printing press of the present invention further
      includes adjustable side registration means for permitting adjustments of
      the side registry of the printing stock as it is fed into the press during
      a printing run without requiring shut down of the press. The novel
      structure employed to accomplish both coarse and fine adjustments for side
      registration of the print stock is shown in FIGS. 22-27 now described.
PAR  The adjustable side registration means is positioned in advance of the
      printing area 18 and is divided into left and right sections 290 and 325
      as seen in FIGS. 22 and 23 respectively. A sheet of printing stock 11 is
      shown in phantom form in FIGS. 22 and 23 to illustrate the positioning of
      the edges of the stock with respect to the side registration mechanism.
      The relative positioning of the registration means on the right side is
      shown in FIG. 2.
PAR  Referring now to FIG. 22, it is seen that the left side of the registration
      means comprises a pusher plate 291 movably positioned with respect to a
      mounting block 292 as indicated to provide a fine adjustment of the pusher
      mechanism as indicated by arrow H in FIG. 22. Adjustment of plate 291
      which contacts an edge of print stock 11 during side registration, as
      described below, is accomplished by means of an elongated gear 294 which
      is mounted between support arms 295 and 296 in a rotating fashion. The
      opposite ends of these arms are mounted to bar 301 spaced above a bed
      plate 300 of the press by means of bolts 301' .
PAR  Block 292 is in turn mounted to a sliding tubular sleeve 310 having a
      plurality of threaded apertures 312 therein by means of bolts 297
      extending through block 292 and into a pair of the equally spaced threaded
      apertures 312. Tubular member 310, as will be discussed below, is moved
      during a side registration step by drive means, disclosed below, for
      moving the member and plate 291 toward the right as indicated by arrow I
      in FIG. 22. To provide coarse adjustment of the positioning of plate 291
      with respect to printing stock, block 292 is shifted incrementally into
      the desired pair of apertures 312.
PAR  To provide fine adjustment of the pusher plate 291 for registration during
      running of the press, gear 294 is coupled to a mating, internally threaded
      gear 293 on the end of a threaded shaft 295' . Shaft 295'  extends through
      block 292 and is fixedly mounted to plate 291 with a bias spring 299 being
      positioned between plate 291 and block 292. The opposite end of plate 291
      is supported in slidable engagement with respect to block 292 by means of
      a shaft 302 which slidably extends through an aperture 303 in block 292. A
      drive gear 304 is coupled to an adjustment shaft 305 extending outwardly
      from the left side 21 of the press and terminating in a sprocket 306 to
      permit rotation of drive gear 304. A chain 380 couples sprocket 306 to a
      drive sprocket 382 mounted on a rotatable jack shaft 384 extending from
      the press and terminating in an external adjustment knob 386 (FIGS. 1 and
      22) on the operator's side of the press. Rotation of sprocket 306 in turn
      rotates elongated gear 294 subsequently rotatiang the gear 293 on threaded
      shaft 295'. This causes plate 291 to move relative to block 292 (arrow
      II).
PAR  Thus, the position of edge guide plate 291 can be adjusted in a coarse
      fashion by employing apertures 312 or in a fine fashion via the external
      adjustment. The movement of the side registration means, as indicated by
      arrow I, is a fixed distance so that the distance the print stock will be
      shifted to the right for side registration is determined in part by the
      coarse and fine adjustments to the position of plate 291 used as the
      reference edge. It is noted here that the coarse adjustment permits use of
      the press for a variety of sizes including the new sheet stock which is 32
      by 43 inches. Gear 294 is sufficiently long to permit the motion of block
      292 relative to gear 294 during the side registration step as well as
      provide continuous engagement with gear 293 as block 292 is moved for
      coarse adjustment.
PAR  The tubular member 310 with the plurality of apertures 312 is coupled to a
      source of vacuum by conventional means such that the left side
      registration, shown in FIGS. 2, 22, tends to grip the sheet of print stock
      13 from the underside through the use of orificed vacuum bar 310. As the
      vacuum bar shifts position together with the plate 291, the mechanism of
      FIG. 22 tends to pull and push the print stock to the right for side
      registration.
PAR  The right side registration apparatus 325 (FIG. 23) also includes a tubular
      vacuum bar 307 which has a plurality of threaded apertures 308. Vacuum
      bars 310 and 307 are interconnected and driven to the right by means of an
      interconnecting rod and spring returned by the mechanism shown in FIGS. 26
      and 27 used for both embodiments and described below.
PAR  To permit interchangeability of the registration means such that
      registration can be accomplished by movement of the print stock to the
      left or to the right, the right side registration apparatus includes a
      pair of hold down arms 354. Arms 354 are bolted at one end to bar 301 and
      rotatably support an elongated gear 348 extending between the opposite
      ends therof. A gear 349 meshes with the right end of gear 348 and is
      supported on shaft 351 extending to sprocket 352. Sprocket 352 is also
      coupled to a sprocket on the jack shaft 384 by a chain (not shown).
PAR  In the embodiment shown in FIGS. 22 and 23, plate 291 forms the reference
      for side registration and pushes the print stock a fixed distance, which
      is adjustable by adjusting plate 291, to achieve side registration. In
      this embodiment, vacuum bars 307 and 310 are not employed. Thus, a
      three-way valve 390 (FIG. 1), employed to selectivley couple the vacuum
      bars to a vacuum source, is moved to its off position.
PAR  In the alternative embodiment of the side registration means, the right
      side of which is shown in FIG. 24, pusher plate 291 and its associated
      adjustment mechanism on the left side is eliminated. Otherwise, the
      structure is identical to that shown in FIG. 22. Side registration is
      accomplished by pulling stock 11, via bar 307 (FIG. 24), against
      adjustable stop 342 (FIG. 24). Valve 390 is, in this embodiment, moved to
      position R to actuate bar 307.
PAR  The right side registration apparatus 320 of the alternative embodiment
      includes the tubular vacuum bar 307 which has a plurality of spaced
      threaded apertures 308 therein. Vacuum bars 307 and 310 are interconnected
      by means of an interconnecting rod 350 (FIG. 27) bolted to the underside
      of the left end of member 307 by bolt 331, as seen in FIG. 27, and
      similarly coupled to the underside of the right end of member 310. A
      vacuum connection 334 from valve 390 communicates with the chamber 335
      within member 307 which in turn communicates with each of the apertures
      332.
PAR  Member 307 also fitss within a slotted aperture 336 in plate 300 to permit
      lateral motion as indicated by arrow J in FIG. 24. To permit adjustment of
      the stop member 340 which includes a reference plate 342 mounted on a pair
      of spaced shafts 343 and 344, a mounting block 346 is provided which
      receives shafts 343 and 344 with internally threaded gear 347 providing
      adjustment of plate 342 in the same manner as achieved in block 292
      discussed above. Gear 347 at the end of shaft 344 engages the elongated
      gear 348 in turn engaging a drive gear 349 at the end of an extension
      shaft 351 extending from the right side of the press outwardly to sprocket
      352 as described above.
PAR  The elongated gear 348 is rotatably mounted between the hold down arms 354
      at opposite ends and which are mounted at ends remote from their
      interconnection with gear 348 to arm 301. Block 346 is securely bolted to
      a fixed position on plate 300 by means of bolts 341.
PAR  By rotating sprocket 352 with adjustment knob 386 (FIGS. 1 and 22), drive
      gear 349 rotates the elongated gear 348 which in turn rotates gear 347
      attached to the adjustment shaft 344 coupled to plate 342. Thus, plate
      342, against which the print stock abuts, can be adjusted as indicated by
      arrow K in FIG. 24. It is noted here that block 346 can be moved relative
      to plate 300 by means of the provision of a series of spaced threaded
      apertures 356, as seen in FIG. 24, for larger adjustments. Block 346 does
      not, however, move with the vacuum slide members 307 and 310.
PAR  In some installations, the registration may be made by moving the printing
      stock from right to left. In such installations, the adjustable pusher
      plate or reference stop plate installation is reversed from that shown in
      FIGS. 22-24. To provide left pull-over registration, valve 290 is switched
      to position L for actuating vacuum bar 310. In either installation where
      the vacuum pulling bars are utilized for registration, the gripping force
      of the bars to the print stock can be adjusted. To achieve this, the
      threaded apertures 308 of bar 307 can be selectively restricted by flat
      head screws 309 (FIG. 24). Likewise, the threaded apertures 312 of bar 310
      can be selectively restricted by screws 309 (FIG. 22).
PAR  The drive mechanism for simultaneously moving the vacuum slide members 307
      and 310 is shown in FIGS. 26 and 27. Coupled to the underside of tubular
      member 307 is a cam follower arm 360 having a roller cam follower 362
      depending downwardly and at an angle from the multiple section arm 360 to
      engage the edge of a cam 364. Cam 364 is mounted on a rotating shaft 366
      interconnected to the print cylinder drive mechanism by chain drive means
      (not shown). This provides timed side registry prior to the initiation of
      the print stroke, thereby assuring that the print stock is in position
      when the print stroke is initiated. Cam 364 includes a raised portion 365
      which, when it contacts roller follower 362, forces the tubular members
      307, 310 and plate 291 to the right against compression spring 370. Spring
      370 surrounds a guide shaft 372 extending from a mounting bracket 374
      attached to the right end of member 330 and extending through a sleeve 375
      at the right end. As the raised portion 365 of cam 364 rotates beyond
      roller 362, the vacuum applied to the tubular member is cut off by
      conventional timed valve means and spring 370 forces the members 307 and
      310 back to the left side of the press in preparation of the next cycle of
      operation. It is noted here that by the time the members move to the left,
      the cylinder grippers have gripped the sheet stock and the printing
      operation has begun so that its movement will not affect the registration
      of the print stock. The print stock is thus pulled by the vacuum pull-over
      bar 307 against stop 342 which forms the reference for proper stock
      registration in this embodiment. The adjustability of the system permits
      side registration of all standard sized print stock as well as
      non-standard print stock.
PAR  It will become apparent to those skilled in the art that various
      modifications to the printing press described in the preferred embodiment
      may be made. For example, the guide means for the screen frame may be
      modified to include, for example, rollers or the like in place of the
      slides shown. Additionally, other means may be provided for disengaging
      the screen carriage from the drive means therefor. Also, the crank arm and
      gear and rack arrangement for the crank back or longitudinal squeegee
      motion, as described in the preferred embodiment, may be replaced by
      hydraulic or pneumatic cylinders. These and other modifications will,
      however, fall within the scope and spirit of the present invention as
      defined by the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A stencil screen frame and a carriage for use in screen printing
      apparatus comprising:
PA1  a stencil screen frame including support flanges extending from opposite
      sides of said frame;
PA1  a carriage frame including guide means extending along opposite sides of
      said carriage frame, said guide means comprising a pair of guide channels
      defined by spaced elongated guide tracks, said channels coupled to and
      extending longitudinally and in substantially parallel relationship along
      opposite sides of said carriage frame to slidably receive and continuously
      support said support flanges of said stencil screen frame therebetween,
      said tracks spaced for providing support for opposite surfaces of said
      support flanges whereby said stencil screen frame can be partially removed
      from said carriage frame providing access for maintenance of said
      apparatus; and
PA1  means coupled to said carriage frame for locking said stencil screen frame
      in a predetermined position in said carriage frame.
NUM  2.
PAR  2. The apparatus as defined in claim 1 and further including adjustable
      means coupling said guide channels to said carriage frame permitting
      vertical adjustment between said carriage frame and said screen frame
      supported by said guide channels.
NUM  3.
PAR  3. The apparatus as defined in claim 2 wherein said carriage frame further
      includes means for engaging a carriage drive of the printing press; and
PA1  means for moving said engaging means relative to said carriage frame to
      selectively disengage said carriage frame from said carriage drive.
NUM  4.
PAR  4. In a screen printing press, an improved squeegee support mechanism for
      adjustably supporting a squeegee blade relative to the crown of a print
      cylinder of the printing press, said support mechanism comprising:
PA1  a frame for said press;
PA1  a squeegee assembly including a squeegee blade;
PA1  support means coupled between said frame and said squeegee assembly for
      supporting said squeegee blade generally above said printing cylinder,
      said support means including a pair of support posts positioned on
      opposite sides of said frame, said support means further including a slide
      assembly coupled between said squeegee blade assembly and said support
      post at each end of said squeegee blade assembly, each of said slide
      assemblies including guide means for movably receiving a slide therein and
      said guide means are coupled to said support posts;
PA1  a gear rack coupled to each of said guide means and a drive gear coupled to
      said each of said slides and engaging an associated gear rack; and
PA1  means for simultaneously rotating said drive gears to move said squeegee
      blade assembly by moving said slides relative to said guide means for
      moving said squeegee blade longitudinally along the direction of movement
      of printing stock in the press for adjusting the position of said squeegee
      blade with respect to the crown of said printing cylinder.
NUM  5.
PAR  5. The apparatus as defined in claim 4 wherein said guides are elongated to
      permit said squeegee blade assembly to be moved to an inoperative
      position.
NUM  6.
PAR  6. The apparatus as defined in claim 4 wherein said support means further
      includes a vertical slide assembly at opposite sides of said press for
      coupling opposite ends of said squeegee blade assembly to said support
      means for adjusting the relative vertical spacing between said squeegee
      blade assembly and said printing cylinder of said press.
NUM  7.
PAR  7. The apparatus as defined in claim 6 wherein said squeegee blade assembly
      includes a cross arm detachably coupled at each end to one of said
      vertical slide assemblies and means for adjustably coupling said squeegee
      blade to said cross arm to permit angular adjustment of said squeegee
      blade with respect to the print cylinder.
NUM  8.
PAR  8. In a screen printing press of the type including a reciprocating screen
      frame carriage for transporting a stencil screen through print and return
      strokes, improved drive means for said screen carriage comprising:
PA1  a frame for the printing press;
PA1  at least one drive gear mounted within said frame;
PA1  drive means for reciprocally rotating said drive gear through a
      predetermined arc during print and return strokes of printing operation;
      and
PA1  a screen carriage slidably supported on said press frame and including at
      least one gear rack and means for coupling said gear rack to said carriage
      for moving said gear rack between operative and inoperative positions with
      respect to said drive gear, said coupling means including means for
      selectively moving said gear rack away from said drive gear to selectively
      disengage said gear rack and said drive gear whereby said screen carriage
      can be disengaged from said drive means without moving a stencil screen
      from said screen carriage.
NUM  9.
PAR  9. The apparatus as defined in claim 8 wherein said carriage includes a
      rectangular carriage frame and said means for moving includes means for
      pivotally coupling one end of said gear rack to said carriage frame for
      pivoting said gear rack between engaging and disengaging positions with
      respect to said drive gear.
NUM  10.
PAR  10. The apparatus as defined in claim 9 wherein said moving means further
      comprises camming means coupled to said carriage frame and to an end of
      said gear rack remote from said pivot coupling means to pivot said gear
      rack between engaging and disengaging positions.
NUM  11.
PAR  11. The apparatus as defined in claim 10 wherein said camming means
      comprises a cam rotatably coupled to said carriage frame and having a
      camming surface, a cam follower coupled to said remote end of said gear
      rack to engage said camming surface of said cam, and means for rotating
      said cam between first and second positions to pivot said gear rack
      between engaging and nonengaging positions respectively.
NUM  12.
PAR  12. The apparatus as defined in claim 11 wherein said cam includes means
      engaging said follower for locking said cam in said first position.
NUM  13.
PAR  13. The apparatus as defined in claim 8 and including locking means
      extending between said screen carriage and said press frame for locking
      said carriage in a fixed position when said gear rack is disengaged from
      said drive gear.
NUM  14.
PAR  14. The apparatus as defined in claim 8 wherein said screen carriage and
      drive means includes indexing means extending therebetween for engaging
      said gear rack with said drive gear in predetermined relationship.
NUM  15.
PAR  15. In a screen printing press including a squeegee assembly having a
      squeegee blade movable between a lowered position during a print stroke of
      each cycle of operation to engage a printing screen and elevated out of
      contact with said printing screen during a return stroke of each cycle of
      operation, means for controllably lowering the squeegee onto the printing
      screen at an initial portion of each printing stroke comprising:
PA1  a frame for said printing press;
PA1  a screen frame carriage slidably mounted to said press frame, said carriage
      including means for receiving a stencil screen frame having a stencil
      screen mounted thereto;
PA1  drive means coupled to said carriage for reciprocating said carriage
      between print and return strokes;
PA1  a squeegee assembly including a squeegee blade;
PA1  support means coupling said squeegee assembly to said press frame for
      vertical movement therebetween, said support means including squeegee
      assembly drive means for moving said squeegee assembly toward the printing
      screen during at least a portion of each printing stroke; and
PA1  cam means extending between said squeegee support means and said carriage
      to intercept said squeegee assembly for controllably and gradually
      lowering said squeegee blade into contact with said screen as the screen
      carriage advances during the initial portion of each print stroke.
NUM  16.
PAR  16. The apparatus as defined in claim 15 wherein said cam means includes a
      block coupled to said carriage and having a configurated camming surface;
      and
PA1  movable cam follower means coupled to said press frame and including a
      follower member for engaging said configurated surface of said block
      during a portion of each cycle of press operation, said cam follower means
      positioned on said press frame to cooperate between said support means and
      said configurated surface to gradually lower said squeegee blade onto the
      printing screen at the initiation of each printing stroke of a cycle of
      operation.
NUM  17.
PAR  17. The apparatus as defined in claim 16 wherein said configurated surface
      is a surface inclined toward said carriage.
NUM  18.
PAR  18. The apparatus as defined in claim 17 wherein said cam follower means
      includes an adjustable stop positioned to engage said squeegee support
      means.
NUM  19.
PAR  19. The apparatus as defined in claim 18 wherein said squeegee assembly
      drive means is coupled to said support means for raising said support
      means during each return stroke and at the end thereof, rapidly lowering
      said support means and bias means coupled to said support means for urging
      said squeegee assembly toward said printing screen.
NUM  20.
PAR  20. In a screen printing press of the type feeding successive segments of
      printing stock into a print station and registering the stock with respect
      to a printing cylinder and screen, improved means providing side
      registration of said stock comprising:
PA1  a frame for said printing press;
PA1  a stock support surface coupled to said frame for receiving and supporting
      printing stock thereon;
PA1  means for supplying printing stock to said stock support surface;
PA1  a block movably positioned on said stock support surface and including a
      plate movably coupled thereto by means of a rotatable threaded member,
      said plate forming an abutment surface for printing stock;
PA1  adjustment means extending to an edge of the press and cooperating between
      said block and said plate to permit adjustment of said plate relative to
      said block wherein said adjustment means engages said threaded member to
      rotate said member providing relative motion between said plate and said
      block and comprises a first gear mounted to said threaded member; a pair
      of spaced support arms fixedly coupled to said stock support surface; an
      elongated gear rotatably coupled between ends of said arms to continuously
      engage said first gear as said block is moved; and means for rotating said
      elongated gear whereby said first gear rotates to adjust the position of
      said plate with respect to said block;
PA1  vacuum pull-over means movably mounted within said support surface for
      lateral motion with respect to said feed direction of said printing stock,
      said pull-over means including a plurality of spaced apertures opening
      toward said stock support surface for gripping printing stock when
      positioned thereon and when vacuum is applied to said pull-over means; and
PA1  drive means coupled to said pull-over means for moving said vacuum
      pull-over means to urge printing stock into a side registered position
      against said plate.
NUM  21.
PAR  21. In a screen printing press of the type feeding successive segments of
      printing stock into a print station and registering the stock with respect
      to a printing cylinder and screen, improved means providing side
      registration of said stock comprising:
PA1  a frame for said printing press;
PA1  a stock support surface coupled to said frame for receiving and supporting
      printing stock thereon;
PA1  means for supplying printing stock to said stock support surface;
PA1  pull-over means movably mounted within said support surface for lateral
      motion with respect to the feed direction of said printing stock, said
      pull-over means including a plurality of spaced threaded apertures;
PA1  a block bolted to selected apertures of said pull-over means and including
      a stock pusher plate movably coupled to said block by at least one
      rotatable threaded member, said plate engaging an edge of printing stock
      during side registration;
PA1  adjustment means extending to an edge of the press and engaging said
      threaded member to rotate said member to move said plate relative to said
      block wherein said adjustment means comprises a first gear mounted to said
      threaded member; a pair of spaced support arms fixedly coupled to said
      stock support surface; an elongated gear rotatably coupled between ends of
      said arms to continuously engage said first gear as said block is moved;
      and means for rotating said elongated gear whereby said first gear rotates
      to adjust the position of said pusher plate with respect to said block;
      and
PA1  drive means coupled to said pull-over means for moving said pull-over means
      and said block and pusher plate a predetermined distance to provide side
      registration of printing stock engaged by said pusher plate.
NUM  22.
PAR  22. The apparatus as defined in claim 21 wherein said drive means comprises
      a cam follower coupled to said pull-over means, a cam engaging said
      follower and configurated to shift said pull-over means during
      registration, and bias means urging said follower against said cam.
NUM  23.
PAR  23. In a screen printing press, an improved squeegee support mechanism for
      movably supporting a squeegee between an operative position relative to
      the crown of a print cylinder of the printing press and in inoperative
      position spaced longitudinally and away from said print cylinder, said
      support mechanism comprising:
PA1  a frame for said press;
PA1  a squeegee assembly including a squeegee blade;
PA1  slide means coupled to said squeegee assembly at opposite ends;
PA1  support means coupled between said frame and said slide means for
      supporting said squeegee blade generally above said printing cylinder,
      said support means including guide means for receiving said slide means
      and means for moving said slide means in said guide means for moving said
      squeegee blade longitudinally along the direction of movement of printing
      stock in the press for moving said squeegee blade with respect to the
      crown of said printing cylinder, said support means further including
      means for lifting said squeegee assembly away from said printing cylinder
      whereby said squeegee assembly can be lifted and longitudinally moved to a
      position remote from said printing cylinder to provide access to the press
      for maintenance when in the inoperative position.
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ABST
PAL  Duplicating machine having a drum rotatably mounted between a pair of side
      frames. Drum has a cylindrical wall having perforations communicating with
      an internal ink reservoir. An open mesh screen is stretched about the drum
      to provide an external cylindrical auxiliary reservoir immediately beneath
      an ink-distributing pad. Copy sheets are fed from a stack by adjustable
      pressure feed wheels and advanced along a path of movement to a first
      bight between a pair of forwarding rollers, and then to a second bight
      between an impression roll and the drum. Automatic apparatus is described
      for positively gripping a stencil sheet including provision for guiding
      the impression roll in non-interfering contact with the gripper assembly
      and for automatic alignment of the front edge of the stencil with the drum
      axis upon the positive clamping of the stencil sheet.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a division of my copending application Ser. No.
      186,956, filed Oct. 6, 1971 for DUPLICATING MACHINE now U.S. Pat. No.
      3,835,772.
BSUM
PAR  The field of the invention is generally that of ink-type duplicating
      machines in which ink is transferred from the interior of a drum, through
      an ink pad and a stencil carried by the drum, onto copy sheets.
PAR  In such machines the copy sheets are fed, one at a time, from a stack,
      through a bight between the drum and an impression roll which presses the
      sheet against the stencil as it is drawn through the bight. The impression
      roll must not be pressed against the ink-covered stencil or it will smear
      the stencil and transfer ink to the backs of succeeding sheets. Mechanism
      must therefore be provided for preventing contact between the impression
      roll and the stencil when no sheet is fed to the drum. Providing such
      mechanism is complicated because the presence of a relatively fragile copy
      sheet must be sensed to trigger the very substantial forces required for
      moving the impression roll to press the copy sheet against the stencil. A
      further complication is that modern duplicating machines must produce more
      than 100 copies per minute, so there is very little time for the
      impression roll to be moved after sensing the presence or absence of a
      sheet.
PAR  Machines of the type with which the present invention is concerned feed
      sheets in two separate movements with a definite stop or pause between
      them. There is an initial movement of the sheet from the stack, followed
      by a final movement across the drum. It is important that this initial
      movement be stopped at a definite point and at a definite time correlated
      with the rotation of the drum, to properly register the printing on the
      sheet. Prior machines have not precisely controlled such stopping and
      starting of the sheets resulting in a loss of precision in the printed
      copy.
PAR  A problem, sometimes called "dotting" develops in conventional duplicating
      machines at high speeds, resulting for all practical purposes in an upper
      speed limit which will not produce acceptable copy. Conventional
      duplicating machine drums have a cylindrical peripheral wall with
      perforations through which the ink flows to a pad, and thence to the
      stencil. At high speeds, ink flows more readily to the stencil portions
      over the perforations than to the portions between, giving an uneven or
      dotted pattern to the printing.
PAR  Stencils vary in their ability to transmit ink, so it is necessary to
      provide some mechanism for adjusting the pressure between the impression
      roll and drum during printing.
PAR  The duplicating machines are relatively complicated, having many parts
      which must be kept clean and in good operating order by regular
      maintenance procedures. For this purpose it is important that the drum be
      easily removable to provide access to parts beneath it.
PAR  Stencils commonly have a backing sheet which acts as a cushion during
      typing, and provides convenient means for handling as when assembling the
      stencil on a drum. After the stencil is so assembled, the backing sheet is
      removed. Some stencils have a perforated line near the head portion along
      which the backing sheet may be torn off. Others, such as certain
      electronic stencils, do not have such a perforated line and the operator
      has to tear the backing sheet along a ruler or other separate straight
      edge tool held against the drum. This is not completely satisfactory
      because the operator must hold the tool by one hand, aligned by eye, and
      the resulting torn edge is often crooked.
PAC  SUMMARY OF THE INVENTION
PAR  A principal object of the invention is to provide an ink-type duplicating
      machine which functions with precision at high speeds and can be
      manufactured in volume at a reasonable cost.
PAR  Another object is to provide a drum with a stencil clamp having a built-in
      knife edge for removing the backing sheets from certain types of stencils.
PAR  Another object is to provide a duplicating machine in which an ink pad and
      stencil can be replaced, and an entire drum can be exchanged, as for
      instance during multi-color printing, quickly and easily, without soiling
      the hands of the operator.
PAR  A specific object is to provide a pivotal main clamp or take on plate
      overlying an ink pad at the leading end of the cylindrical printing
      surface of the drum, with a series of external stencil-retaining members
      engaging apertures in the head end of a stencil; and a pivotal auxiliary
      clamp or stencil plate overlying such stencil-retaining members to hold
      the head end of the stencil in place and keep it ink-free for "clean
      hands" stencil replacement after a printing run.
PAR  Other objects and advantages will be apparent from the following
      description taken in connection with the drawings in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a machine illustrating the present
      invention, the figure showing side ornamental plates or covers which
      enclose certain operative parts of the mechanism;
PAR  FIG. 2 is a partial plan view of the machine shown in FIG. 1;
PAR  FIG. 3 is a partial vertical section taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlargement of a portion of FIG. 3;
PAR  FIG. 4A is an external fragmentary view of the drum as seen in the
      direction of arrows 4A--4A in FIG. 4;
PAR  FIG. 5 is a side elevation of the driving and timing mechanism viewed along
      line 5--5 of FIG. 2, but with the respective ornamental cover removed;
PAR  FIG. 6 is an enlargement of a portion of FIG. 5;
PAR  FIG. 7 is a perspective view of the printing drum and some associated parts
      removed from the machine;
PAR  FIG. 8 is an enlarged fragmentary cross-sectional view of FIG. 7 taken
      along the line 8--8;
PAR  FIG. 9 is an enlarged fragmentary longitudinal cross-sectional view taken
      along line 9--9 of FIG. 2 showing mechanism operated by a single shaft and
      knob for connecting and disconnecting the drum in the machine;
PAR  FIG. 10 is a sectional elevational view taken generally along line 10--10
      of FIG. 2, with certain parts removed showing the relationship of certain
      components as a copy sheet is fed forward to begin the printing cycle;
PAR  FIGS. 11-16 are schematic views similar to FIG. 10 but on a reduced scale
      showing subsequent operative positions of components as the copy sheet is
      advanced through the machine;
PAR  FIG. 17 is a perspective view of certain parts of the mechanism;
PAR  FIG. 18 is an enlarged fragmentary view of FIG. 17 along line 18-18;
PAR  FIG. 19 is a fragmentary view of FIG. 5 with the side frame removed to show
      one of the brackets which supports the impression roll and showing three
      adjusted positions of the spring biasing means;
PAR  FIG. 20 is an enlarged sectional view of FIG. 19 taken along line 20-20;
PAR  FIG. 21 is a view similar to FIG. 20 showing the impression roll partially
      disconnected;
PAR  FIG. 22 is a fragmentary view of FIG. 5 showing the mechanism for
      supporting and moving one of the forwarding rollers, with the bight
      between the rollers being shown in open condition;
PAR  FIG. 23 is a fragmentary view similar to FIG. 22 but showing the bight
      between the rollers closed;
PAR  FIG. 24 is a plan view partly in section of the mechanism shown in FIGS. 22
      and 23;
PAR  FIG. 25 is an enlarged view of a portion of FIG. 24;
PAR  FIG. 26 is a perspective view showing the drum connected to a removable
      carrying bail for transfer to a storage stand;
PAR  FIG. 27 is a view of the bail and drum supported on a storage stand remote
      from the duplicating machine;
PAR  FIG. 28 is a fragmentary perspective view of the drum supported on the
      storage stand; and
PAR  FIG. 29 is a fragmentary view of FIG. 28 showing the details of the
      shoulder and rib arrangement for supporting the drum.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The machine shown in the drawings comprises a housing 30 having a pair of
      side plates or frames 32 and 34; a feed table or tray 36 for supporting a
      stack 63 of copy sheets 64 in position to be advanced into the housing;
      feed means 38 for advancing sheets from the stack; a pair of relatively
      movable forwarding rollers 40 and 42 defining a first, variable bight 358
      therebetween, a rotatable drum 44; an impression roll 46 movable relative
      to the drum and defining with the drum a second, variable bight 360; and
      guide means including lower and upper guide plates 362 and 364 and
      strippers 375 for guiding copy sheets along a path of movement from the
      tray through the first and second bights. Paper stop means 54 and paper
      sensing means 56 are disposed along the path of movement between the first
      and second bights.
PAR  Referring now in more detail to the above mentioned components and their
      cooperation in the machine, the side plates 32 and 34 are held in fixed
      spaced relationship by a number of rigid cross members bolted or otherwise
      fastened therebetween. These include transverse struts 58 and 60, rod 62,
      and other elements forming part of the housing.
PAR  The feed table 36 is shown and described in detail in Springer U.S. Pat.
      No. 3,417,988 issued Dec. 24, 1968 on "Sheet Guiding Mechanism". Briefly,
      it supports a stack 63 of copy sheets 64 at the input end in position to
      be advanced one at a time into the housing. The operation is automatic,
      the rate of feed being one sheet per each rotational cycle of the drum. At
      the output end of the machine is a receiving tray 66 to collect the
      printed sheets.
PAR  Feed means 38 comprises a pair of rubberlike feed wheels 68 slidable to
      different spacings along a shaft 70 for sheets of different widths. The
      ends of the shaft 70 are rotatably journaled in a pair of arms 72 which
      are pivoted for up and down swinging movement outside the respective side
      plates 32 and 34, about the aligned axes of two separate shafts 74. The
      arms 72 have upwardly offset sections 76 held by bolts 78 to the ends of a
      spacer rod 80. An arcuate slot 81 in each side plate provides clearance
      for the shaft 70 and rod 80 during up and down movements of the feed
      wheels 68.
PAR  As shown in FIG. 5, the end of shaft 70 adjacent the side plate 32 is
      connected through an overrunning clutch 82 to an outer race 86 having
      external gear teeth 88. An inner race 84 is fixed to shaft 70, and sprags
      (not shown) between the inner and outer races drive shaft 70
      counterclockwise when the outer race rotates counterclockwise as seen in
      FIG. 5. The sprags overrun or free wheel when the outer race rotates
      clockwise.
PAR  The outer race 86 is rotatably driven by a train of gears 90 and 92 carried
      by the respective arm 72. Gear 90 is rotatable on shaft 94 which is
      mounted on arm 72 intermediate its ends. Gear 92 is rotatable on shaft 74.
      Both gears 90 and 92 are held in place by snap rings 96. Thus, it will be
      seen that the train of gears for driving feed wheels 68 swing vertically
      with pivotal movement of shaft 74, allowing the feed wheels to move down
      as the stack of sheets on the feed table is used up during operation of
      the machine.
PAR  The upper and lower forwarding rollers 40 and 42 have a series of rollers
      98 and 102 on shafts 100 and 104 respectively.
PAR  The ends of shaft 100 are rotatably journaled in side plates 32 and 34.
      Externally of side plate 32, as shown in FIG. 5, shaft 100 is connected to
      an inner race 106 of an overrunning clutch 108. The outer race 110 has
      external gear teeth meshed with both gear 92 and gear sector 112. Sprags
      (not shown) between the inner and outer races enable the shaft 100 to be
      rotated by the outer race only in a counterclockwise direction as seen in
      FIG. 5. Clutch 108 overruns when its outer race rotates clockwise.
PAR  At the other end of shaft 100, exteriorly of side plate 34, there is a
      friction brake generally designated 114 (FIGS. 17 and 18). This comprises
      a flexible friction strap 116 having a riveted loop 118 anchored to a stub
      shaft 120 on the exterior of side plate 34. Strap 116 has a bend 122
      tensioned about a flat cylindrical groove 124 at the end of shaft 100 by a
      spring 126 held by pin 128 on side plate 34. This holds the shaft 100
      braked against rotation unless the shaft is positively driven by a torque
      sufficient to override the friction of strap 116 against the brake groove
      124.
PAR  As best shown in FIGS. 22-25, the ends of lower forwarding roller shaft 104
      are loosely rotatably journaled in bearings 128 carried by levers 130. The
      levers 130, together with the shaft 104, comprise a flexible actuated
      frame for supporting the annular roller elements 102. The loose journal
      connection represented by the clearance between each bearing 128 and shaft
      extension 129 (FIG. 25) comprises in effect a limitedly swivelable
      connection enabling the ends of the shaft 104 to move up and down
      independently of one another, within limits, thereby enabling the ends of
      the lower forwarding roller assembly 42 to press uniformly against the
      upper forwarding roller assembly 40.
PAR  Each lever 130 has an integral boss 131 at its midsection pivoted for
      rocking movement about a reduced end portion 133 of an actuating shaft
      132. Each end portion of shaft 132 is rotatably journaled in a bushing 134
      in one of the side plates 32 and 34. The shaft 132 comprises part of a
      rigid actuating frame including actuating levers 136 which are held by
      screws 138 to T-handle 139 fast to the reduced diameter extension 133. A
      washer 141 is provided between members 131 and 139.
PAR  Each lever 136 has an inwardly extending transverse pin 140 engageable
      edgewise with the end portion of the corresponding lever 130 opposite the
      end portion carrying the shaft 104.
PAR  A tension spring 142 is connected between pin 140 and an anchor pin 44 on
      side plate 32. This biases the rigid actuating frame (shaft 132 and levers
      136) counterclockwise as viewed in FIGS. 22 and 23.
PAR  Two springs 146, both external of side plates 32 and 34, are connected
      between an anchor opening 148 in each lever 130 and an anchor pin 150 on
      side plate 32 or 34. Springs 146 exert a torque on the flexible actuating
      frame (shaft 104 and levers 130) urging the movable lower forwarding
      roller assembly 42 upward against the fixed upper forwarding roller
      assembly 40. Both the actuating and actuated frames referred to are thus
      biased counterclockwise (FIGS. 22 and 23) about the same shaft, namely
      shaft 132.
PAR  At the end of shaft 132 exteriorly of side plate 32 (FIG. 24) lever 136 has
      an opposite extension arm 152 with a follower roller 154 engageable with a
      cam for automatic operation to be described.
PAR  There is a lost motion relationship between levers 130 and 136 on both
      sides of the housing. This effectively enables the lower forwarding roller
      assembly 42 to be moved downward as a unit, but allows the ends of roller
      assembly 42 to seek their own positions when moved upwardly for the best,
      uniform engagement with roller assembly 40. This lost motion arrangement
      is best shown in FIG. 23. There, shaft 132 and lever 136 are rotated
      counterclockwise sufficiently to disengage pin 140 from the lower edge 156
      of actuated arm 130. This, of course, would be true on both sides of the
      machine. Because the shaft 104 and levers 130 comprise a limitedly
      flexible frame, each spring 146 moves each corresponding lever 130 in a
      direction to close the first bight 358, between the rollers 40 and 42, on
      each side of the machine as shown in FIGS. 3 and 23. When the integral
      actuator arm 152 and lever 136 are rocked clockwise about the axis of
      shaft 132, both pins 140 will engage the under edges 156 of arms 130,
      rotating the latter clockwise (FIGS. 22 and 23) about the shaft 132 and
      opening the bight between rollers 40 and 42. This opened bight is shown in
      FIG. 22.
PAR  Returning now to the description of the synchronized drive mechanism for
      the feed wheels 68 and forwarding rollers 40 and 42, the drum 44 is driven
      by a motor 158. As shown in FIGS. 7, 8 and 9, the drum, in turn, then
      drives the feed wheels and forwarding rollers.
PAR  The drum 44 comprises a pair of circular ends or heads 160 and a partially
      cylindrical peripheral wall 162 having apertures 164. An open mesh screen
      166 covers the wall portion 162 and, as will be described, provides an
      auxiliary, cylindrical ink reservoir immediately beneath an ink pad 168
      for instant access of ink thereto. Such auxiliary ink reservoir receives
      ink through the apertures 164 from a main ink reservoir 170 within the
      drum.
PAR  The apertured cylindrical wall section 162 shown in FIGS. 7 and 8 is the
      printing portion of the drum which supports the ink pad 168 and a stencil
      547. Between the leading edge 172 and the trailing edge 174 (FIG. 10) of
      the cylindrical printing segment 162, there is a recess 176 defined by an
      ink retaining wall 178 having a threaded cap 180 through which ink is put
      in the main reservoir 170. The recess 176 also contains ink pad clamp
      means 182 and stencil clamp means 184 both of which will be described in
      detail.
PAR  Each drum end or head 160 has a generally rectangular reinforcing plate 186
      (FIGS. 7, 8 and 9) affixed thereto as by soldering or brazing. Plates 186
      are parallel and each has an outer eccentric lug 188 and a pair of
      circumferentially spaced lugs 190 disposed closer to the rotational axis
      of the drum. As will be described, there is a lug 188 at each end of the
      drum. These provide convenient temporary anchor points for a carrying
      bail, to move the drum back and forth between the machine and a separate
      storage stand. The two pairs of lugs 190 at opposite ends of the drum 44
      provide means for transmitting torque between the drum 44 and supporting
      members 218 and 236, and they enable initial, positive alignment of the
      drum 44 and supporting members 218 and 236 along their common rotational
      axis before they are connected together, and thereby make it possible to
      rapidly connect and disconnect the drum within the machine. To avoid
      inadvertent reversal of the drum within the machine, the opposite pairs of
      lugs 190 may be located at different radial distances from the center.
PAR  Referring to FIG. 9, an axial sleeve or tube 192 is soldered or brazed
      between the ends 160 of the drum. Within the sleeve is an axially
      shiftable shaft 194 and an internally threaded bushing 196 which is fixed
      in position by soldering or brazing to the interior surface of sleeve or
      tube 192. The shaft has an inner extension 198 of sufficiently reduced
      diameter to clear the threaded bore of bushing 196. A guide washer 200 is
      supported on the extension 198 and is slidable within the bore of sleeve
      192. A coil spring 202 is compressed between an internal snap ring 204 in
      a groove at one end of the sleeve 192, and an external snap ring 206 in a
      groove on shaft 194. The spring biases the shaft 194 to the right (FIG.
      9), toward a position wholly contained between the ends of the sleeve 192.
PAR  The mechanism for supporting the drum 44 between the side plates 32 and 34
      will now be described.
PAR  A supporting and driving tube 208 is rotatably journaled within a sleeve
      bearing 210 in side wall 34. A drive pulley 212 is fastened to the
      supporting tube 208 in any suitable manner as for example by the set screw
      214. A flanged hub 216 is fastened to the end of supporting tube 208
      interiorly of the side plate 34, by solder or a press fit. A disc-like
      supporting member 218 is fastened to the hub 216. An alignment and driving
      member 220 is fastened as by rivets 222 to the inside surface of
      supporting member 218. As best shown in FIG. 7, the member 220 is
      T-shaped, having radially outwardly facing ledges or shoulders 226 for
      supporting the lugs 190 to axially align the drum sleeve 192 with the
      supporting tube 208. Lugs 190 are spaced sufficiently to straddle the rib
      or stem portion 224 of the T-shaped member 220 and thereby provide an
      effective rotatable driving connection between the supporting disc member
      218 and the drum.
PAR  A second supporting and driving tube 228 (comprising a substantial
      counterpart of supporting tube 208) is rotatably journaled within a sleeve
      bearing 230 fixed within side plate 32. A center shaft 232 is rotatably
      with supporting tube 228 and has an end bore 233 positioned to receive the
      outer end portion 264 of shaft 194 when extended as shown in FIG. 9.
PAR  A flanged hub 234 (similar to 216) is fastened to the inner end of center
      shaft 232 and is rotatable with that shaft and with supporting tube 228 in
      normal operation. A disc-like supporting member 236, which may be
      identical with member 218, is connected to the flanged hub 234 and
      rotatable therewith. A T-shaped locking member 220 and lugs 190, as
      described above for the other end of the drum, provide a releasable,
      rotatable driving connection between the supporting disc member 236 and
      the drum. A cam 238 is fastened to and rotatable with the sleeve 228. Cam
      238 moves the impression roll 46 relative to the drum by mechanism which
      will be described.
PAR  By a worm and pinion means not forming part of the present invention, and
      therefore not shown, the tube 228 and 232 are rotatably adjustable to vary
      the cam 238 relative to the drum. This raises or lowers the printing on
      the copy sheets in response to rotation of adjusting discs 239 on wheel
      241 (FIG. 1).
PAR  Externally of the side plate 32 a drive bushing 240 is fastened to the
      supporting tute 228 by a set screw 242. Fastened to the drive bushing 240
      and rotatable therewith is a drive gear 244 and cams 246 and 248. As will
      be described, cam 246 moves the paper stop means 54, and cam 248 (fastened
      to 246 by spacer rivets 250) moves forwarding roller 42.
PAR  As shown in FIG. 3, the power source for the machine is the motor 158. This
      is connected through a suitable speed reducing power transmission (not
      shown) to drive pulley 212 shown in FIG. 9. Optionally, for a more
      simplified, less automatic version of the machine, one of the tubes 208
      and 228 may be turned by a hand operable crank not shown.
PAR  Thus, rotation of tube 208 by the drive pulley 212 (or the optional crank)
      rotates supporting drive disc member 218. This rotates the drum and the
      other supporting drive disc member 236 through the two sets of T-shaped
      locking members 220 and lugs 190. Disc 236 drives tube 228 and the parts
      rotatable therewith including drive gear 244 and cams 246 and 248.
PAR  Having described the parts for supporting the drum, the means operated by a
      single handle for quickly connecting and disconnecting the drum between
      the sideframes will now be described.
PAR  Refer again to FIG. 9. A shaft 252 having a reduced diameter outer
      extension 254 is rotatable, and axially slidable, within supporting tube
      208. A knob or handle 256 is held by a set screw 258. A snap ring 260 in
      an internal groove in tube 208 retains the shaft 252.
PAR  At its extreme inner end, shaft 252 has an externally threaded reduced
      diameter extension 262, adapted to be screwed into bushing 196 as shown in
      solid lines in FIG. 9.
PAR  To disconnect the drum, the knob 256 need only be rotated sufficiently to
      disconnect threaded extension 262 from threaded bushing 196. Then, by
      drawing the handle 256 outwardly from the tube 208 until the outer
      shoulder of shaft 252 engages the snap ring 260, the threaded inner end
      portion 262 will be moved to the broken line position shown in FIG. 9,
      disconnecting the right end of the drum at hub 216. As the shaft end 262
      moves away from the extension 198 of shaft 194, the latter will shift
      automatically to the right (FIG. 9) until its outer end 264 is recessed
      within the end of the drum as shown in broken lines. This releases the
      left end of the drum at hub 234. Then, with the drum rotated so the
      locking members 220 are upward, the drum can be lifted straight upward,
      free of the machine.
PAR  Conversely, the drum 44 (or another drum with different colored ink) may be
      assembled quickly by lowering the drum into position for engagement of the
      lugs 190 with the locking members 220, followed by pressing the shaft 252
      inward and turning handle 256 to engage the screw threads in members 196
      and 262.
PAR  When the shaft 194 is completely retracted by the spring 202 into the drum,
      the reduced diameter inner end 198 is positioned slightly to the right of
      the threaded bushing 196. This is shown in broken lines in FIG. 9. This
      permits initial inward movement of the shaft 252 to engage the end 198 of
      shaft 194 and shift the opposite end 264 into bore 233 in shaft 232 before
      the threads in members 262 and 196 are engaged. The assembly can then be
      moved to the solid line locked position shown in FIG. 9 by only one or two
      subsequent turns of the knob 256.
PAR  By the foregoing, the drive from motor 158 to the drive gear 244 has been
      described. The driving connections from gear 244 to the sector 112 will
      now be described to complete the driving train for the machine.
PAR  Drive gear 244 rotates crank gear 266 about pin 268 fastened to side plate
      32. Crank pin 270 is connected by lever 272 to the midpoint of lever 274
      which rocks back and forth about pin 276 fastened to side plate 32. Lever
      274 is held to pin 276 by snap ring 278. At the free end of lever 274 a
      pin 280 is engaged with an arcuate slot 282 in sector 112. The sector is
      rockable about a pin 284 fastened to side plate 32 and a snap ring 286
      holds it in place.
PAR  The sector has an arcuate line of gear teeth 288 meshed with gear teeth 290
      on the outer race 110 of overrunning clutch 108 which has previously been
      described.
PAR  Cyclic rotation of feed wheels 68 and forwarding roller 40 may now be
      summarized as follows. Rotation of crank gear 266 causes crank lever 272
      to rock lever 274 back and forth. This alternately rocks gear sector teeth
      288 clockwise, and counterclockwise, about shaft 284. Because of the
      overrunning clutches 82 and 108, previously described, counterclockwise
      movement (FIG. 5) of sector 112 rotatably drives the feed wheels 68 in a
      counterclockwise direction to feed the top sheet 64 from the stack on the
      feed table 36; at this time, the clutch 108 is overrunning and therefore
      not driving the forwarding rollers. Next, when sector 112 rocks in a
      clockwise direction, overrunning clutch 108 drives the upper forwarding
      roller in a counterclockwise direction to further advance the sheet toward
      the drum. These separate advancing movements of the sheet by the feed
      wheels and forwarding rollers are synchronized with operation of the other
      parts of the mechanism as will be described.
PAR  As shown in FIGS. 17 and 19, the impression roll 46 is carried by a shaft
      292 having its opposite ends respectively journaled in brackets 294, 294
      which are independently pivotable about stub shafts 296 extending inwardly
      from side plates 32 and 34. The detailed construction of the mounting
      enabling the ends of the shaft 292 to be rotatably journaled in the
      brackets 294, yet sufficiently pivotal to enable the brackets to move up
      and down independently, is best shown in FIGS. 17, 19, 20 and 21 and will
      be described subsequently.
PAR  Each bracket 294 has an elongated body portion 320 and an out-turned
      flanged portion 322. The body portion has a pivot opening 324 engaging
      pivot shaft 296, and a catch pin 326 on the outer side of the bracket at
      the end remote from pivot shaft 296. Each bracket has interrupted
      elongated slot means consisting of a pair of horizontal, aligned slots 328
      and 330, the latter having three detent notches 332, 334 and 336 in the
      upper edge.
PAR  An adjustment member 338 is manually movable lengthwise along each bracket
      to vary the pressure of the impression roll against the drum. Each
      adjustment member includes an elongated body portion 340 and an inturned
      grip portion 342 and each has a pair of pins 344 and 346 engageable
      respectively within the slots 328 and 330. The pins have enlarged heads
      348 to keep them within the slots.
PAR  A tension spring 350 is connected between pin 344 and an anchor pin 352 on
      the adjacent side plate 32 or 34. Similarly a tension spring 354 is
      connected between pin 346 and an anchor pin 356 on each side plate. As
      shown in FIGS. 17 and 19, the lines of action of springs 350 and 354
      extend substantially parallel to the vertical planes of movement of the
      brackets 294. Further, the lines of action of these springs are transverse
      to the lines of adjustment movement of the adjustment members 338.
PAR  In the embodiment disclosed, the adjustment members 338 are movable to
      three different torque positions to select three degrees of pressure of
      the impression roll against the drum. When pins 346 are in notches 336,
      the lines of action of the springs 350 and 354 will be at a maximum
      distance from the pivot pin 296, and the combined upward pull of the
      springs to exert torque to the brackets and press the impression roll
      toward the drum will be at the maximum. When pins 346 are in middle
      notches 334, as shown in solid lines in FIG. 19, the lines of action of
      the springs will be somewhat closer to the pivot shaft 296, and the torque
      on the brackets and the upward pressure of the impression roll against the
      drum will be at an intermediate value. When pins 346 are in notches 332,
      the line of action of spring 354 will be on the opposite side of pivot
      shaft 296 (see FIG. 19) so that only springs 350 will exert any effective
      torque and upward pressure on the impression roll. Thus, each adjustment
      member 338 is movable between a maximum torque position where pin 346 is
      seated in notch 336, and a minimum torque position where pin 346 is seated
      in notch 332.
PAR  An important feature of the machine is the mechanism enabling the
      impression roll 46 to be connected quickly and easily into the machine, or
      to be disconnected therefrom. This is best shown in FIGS. 17, 19, 20 and
      21.
PAR  The impression roll comprises a resilient cylindrical cover 351
      concentrically mounted on shaft 292. The ends of shaft 292 have reduced
      diameter extension 353 and 355. A snap ring retainer or stop 357 is
      provided in a groove at the end of each extension. Sleeve bearing members
      359 and 361, which may be identical, and each having an external flange
      363, are slidably mounted on extensions 353 and 355, respectively. A coil
      spring 365 on extension 353 is seated between a shoulder 367 and the
      flange of bearing member 359, biasing the latter in an outward direction.
      At the other end of shaft 292, a rotatable washer 369 is interposed
      between shoulder 371 and the flange of bearing member 361.
PAR  In operating position, the impression roll 46 is asembled with bearings 359
      and 361 seated within openings 373 in the brackets 294 as shown in FIG.
      20.
PAR  To disconnect the impression roll 46 from the machine, the operator simply
      grasps the roll and presses it in a direction to compress spring 365
      thereby withdrawing bearing 361 from opening 373, as shown in FIG. 21. So
      released, the impression roll may simply be pivoted about its remaining
      engaged end and swung out of the machine. The snap ring retainers 357
      function as stops to limit outward movement or loss of the bearing members
      when the impression roll is removed from the machine.
PAR  As described, it is important that the brackets 294 be free to pivot
      independently, to the extent that opposite ends of the impression roll
      will be pressed uniformly against the drum. The ends of the shaft 292
      must, of course, rotate within the bearings 359 and 361 and the bearings
      must allow for limited pivotal movement of the ends of the shaft relative
      to the brackets. This is provided simply and practically in the present
      invention by making the clearances between the bearings and the shaft, and
      between the bearings and the brackets large enough to allow such combined
      rotational and pivotal movement.
PAR  As shown in FIG. 3, guide mechanism is provided for guiding copy sheets 64
      successively along a path of movement from the stack 63 on the feed table
      36 to the first bight 358 (between the forwarding rollers) and then to the
      second bight 360 (between the impression roll and the drum). This guide
      mechanism includes lower and upper supporting and guide plates 362 and
      364. The guide plates extend between the side plates 32 and 34 and have
      transverse flanges fastened thereto by bolts 366 and 368.
PAR  The lower supporting and guide plate 362 includes a vertical wall 370 with
      studs 372 for engaging the feed table 36, an upwardly inclined wall 374,
      and a lower horizontal wall 376 extending along and below the path of
      movement of the sheets. The upper supporting and guide plate 364 includes
      a downwardly inclined wall 378 and an upper horizontal wall 380 extending
      along and above the path of movement of the sheets. Horizontal wall
      portions 376 and 380 have openings 382 and 384 for the individual follower
      roller elements 102 and 98 respectively.
PAR  The paper stop means generally designated 54 comprises a transversely
      extending plate having an upwardly inclined portion 386 terminating in
      vertical fingers 388 which extend through openings in the lower horizontal
      guide wall 376 when in their fully raised position. (FIG. 10). The stop
      plate is fastened as by screws 390 to rock shaft 392 which is pivoted
      between the side plates 32 and 34.
PAR  As best shown in FIG. 5, a paper stop actuating lever 394 is connected to
      rock shaft 392 externally of the side plate 32. The upper end of lever 394
      has a follower roller 396 engageable with cam 246 already described in
      connection with FIG. 9. The lower end of lever 394 is connected by a
      spring 398 to an anchor pin 400 on side plate 32 and biases the lever 394
      in a clockwise direction to keep follower 396 engaged with the cam 246.
PAR  Another important part of the invention is spring-type paper stripper means
      functioning as an extension of the upper supporting and guide plate 364.
      This feature is best shown in FIGS. 2 and 3.
PAR  As shown in FIG. 2, the axial length of the drum 44 exceeds that of the
      impression roll 46. A pair of transversely spaced, flexible strips 375 of
      material such as spring steel are fastened by bolts 377 to the top of the
      inclined wall 378. The strips 375 extend in an outward direction over the
      end of the upper horizontal guide wall 380, tangent to the bottom of the
      drum as shown in FIG. 3, to anchor pins 370 on the side frames. Thus, the
      stripper strips 375 will positively guide a sheet to the drum and then
      positively strip it from the bottom of the drum as it passes beyond the
      second bight by reason of the fact that the strips 375 extend continuously
      from the end of horizontal guide wall 380 to a position well beyond the
      second bight 360.
PAR  Each axial end portion of the drum has a peripheral ring 381 providing a
      slightly raised circumferential surface engaging the strips 375 and
      keeping them out of wearing engagement with a stencil on the drum.
PAR  An important feature of the strips 375 is that because they are mounted on
      top of and substantially "upstream" of the edge of horizontal guide wall
      380, they continuously engage the edges of a copy sheet to, through, and
      beyond the second bight. This guides the sheet to the drum, and positively
      strips it from the drum after printing.
PAR  Mechanism will now be described for moving the impression roll 46 toward
      and away from the drum and for holding the impression roll out of contact
      with the drum when the machine operates without paper passing through it.
PAR  A rigid actuating frame, generally U-shaped and designated 399 (FIG. 17) is
      interposed between the single cam 238, (previously described in connection
      with FIG. 9) and the two independently movable brackets 294. The rigid
      actuating frame consists of a countershaft 401 pivotally journaled in side
      plates 32 and 34, and a pair of actuating arms 402 which extend toward the
      brackets 294. Each arm 402 has a lower roller 404 engageable with the top
      edge 406 of a corresponding bracket. One of the arms 402 has a follower
      roller 408 engageable with cam 238 previously described in connection with
      FIG. 9. A tension spring 410 (FIGS. 3 and 17) hold the rollers 404 engaged
      with bracket edges 406. This promotes quiet operation.
PAR  Because the actuating frame 399 is rigid, downward movement of either arm
      402 is accompanied by identical movement of the other arm. Thus, in spite
      of the fact that both brackets 294 are independently movable to promote
      uniform upward pressure of the impression roll against the drum, booth
      ends of the impression roll will be moved simultaneously downwardly from
      the drum when the high portion H of cam 238 engages follower roller 408.
PAR  The part of the mechanism which holds the impression roll 46 out of contact
      with the drum in the absence of a copy sheet will now be described. A
      latch shaft 412 is pivotally journaled between the side plates 32 and 34.
      A pair of identical catch levers 414 are mounted at the ends of the latch
      shaft. Paper sensing means 56 comprise radial fingers 416 carried by latch
      shaft 412 intermediate its ends.
PAR  The paper stop fingers 388 and the paper sensing fingers 416 are both along
      the path of movement of the copy sheets between the first and second
      bights as shown in FIG. 3.
PAR  The latch shaft 412 is pivotable between a latching position and an
      unlatching position. In the latching position shown in FIGS. 10 and 17,
      the catch levers are swung to a substantially vertical position with their
      notches 420 engaging bracket catch pins 326 to hold the brackets 294 in
      position to keep impression roll 46 out of contact with the drum. In the
      unlatching position, shown for example in FIGS. 14, 15 and 16, the catch
      levers 414 are swung free and enable the spring-urged brackets to move the
      impression roll upward and press a copy sheet against a stencil on the
      drum.
PAR  Ornamental covers 422 and 424 (FIG. 1) are provided to cover the mechanism
      above described which is on the external surfaces of the side plates 32
      and 34.
PAR  A hand wheel 241 is connected with supporting tube 228 (by means not shown)
      and adjusting wheel 239 may be rotated in one direction or the other and
      (by means not shown) may rotate shaft 232 relative to supporting tube 228
      to advance or retard the cam 238 relative to the supporting disc 236. This
      is no part of the present invention so will not be described in detail,
      but, briefly, this adjustment raises or lowers the location of printing on
      the copy sheet, as previously described.
PAR  An important part of the invention, facilitating the uniform distribution
      of ink over the copy sheet at high speeds is the open mesh screen 166
      (FIG. 8) which is stretched permanently about the apertured, cylindrical
      peripheral wall portion 162 and comprises an integral part of the drum.
      This communicates via apertures 164 with the main interior ink reservoir
      170 inside the drum. As the drum rotates ink is distributed over the
      inside of the wall 162 and passes through the apertures 164 into the
      interstices of the open mesh screen 166 which constitutes in effect a
      continuous cylindrical auxiliary reservoir externally of the wall 162.
PAR  The ink pad 168 will preferably have a flannel side fitted with the nap
      extending into the screen 166 and with an exterior fine weave surface of
      material such as nylon or silk. Thus, by capillary action of the nap
      fibers extending into the auxiliary reservoir, namely the screen 166, ink
      would be transferred rapidly and uniformly to the outer surface of the pad
      168. This greatly inhibits "dotting" which occurs at high speeds with
      conventional drums having the ink pad directly on the apertured peripheral
      wall 162. This "dotting" effect results where ink cannot flow to the pad
      areas between apertures 164 as readily as it flows through the areas
      directly over the apertures.
PAR  The ink pad 168 may be assembled quickly and easily on the screen 166
      utilizing the improvements of the present invention as follows.
PAR  Refer now to FIGS. 4 and 4A. The drum has an eye 430 fastened as by rivets
      434 to each of the heads 160 within the recess 176. Only one eye 430 is
      shown, this being on the head illustrated in FIG. 4 and at the top of FIG.
      4A. These are near the leading end 172 of the cylindrical printing area
      162. At the other end of the recess 176, adjacent the trailing end 174 of
      the cylindrical printing area 162 an angle member 436 is fastened, by a
      pair of bolts or rivets 438 attached to the floor plate 178. The base
      plate 440 of angle member 436 is supported above the floor plate 178 by
      washers 439 which are seated on the floor plate 178 and which encircle the
      bolts or rivets 438. A second angle member 442 is movable in the clearance
      between base plate 440 and floor plate 178. This movable second angle
      member 442 has a base plate 444 which is slidably retained in the
      above-mentioned clearance between plates 440 and 178. Grooves 443 in the
      base plate 444 engage the washers 439 and guide the base plate for right
      and left movement as seen in FIG. 4A. A leaft spring 446 is riveted to the
      center of movable base plate 444 and has upwardly inclined portion 448
      extending through central openings 452 and 453 in upstanding webs 441 and
      445, respectively. A small upstanding detent button 450 is movable with
      the angle member 442 between the solid line position of FIG. 4A and the
      broken line position indicated on that same figure. By grasping the two
      webs 442 and 445 between his thumb and finger, the operator can squeeze
      the two together, moving the angle member 442 to the dotted line position
      shown in FIG. 4A. In this position the detent button 450 snaps into the
      broken line position shown, behind web 441 holding the two parts together
      while the ink pad is connected or disconnected. Two springs 454 connect
      the ends of angle member 442 to ears 456 on the heads 160. These springs
      urge the angle member 442 to the right, that is to the solid line position
      shown in FIG. 4A, when the spring 446 is manually depressed by the
      operator. Each end of the angle member 442 has an ink pad hook 458, and
      serves as a releasable ink pad anchor.
PAR  Ink pads 168 are provided conventionally with loops 460 and 462. In FIGS. 4
      and 4A, these loops are shown respectively adjacent the leading and
      trailing edges of the drum printing area. To connect such a pad to the
      drum of the present invention a flat metal rod 464 is threaded through
      loop 460. The ends of the rod which protrude from the sides of the pad
      will be inserted within the openings 432 in eyes 430. The pad is then
      pulled taut about the cylindrical, peripheral wall 162 with its flannel or
      nap side against the screen 166, as above described. A second flat rod
      466, similar or identical to 464, will be threaded through the other loop
      462. Then, with the angle member 442 in its retracted position shown in
      broken lines, the ends of the rod 466 will be inserted into hooks 458.
      Then, the operator will press spring portion 448 to release detent button
      450 from web 441. Springs 454 will then pull the ink pad and maintain it
      taut.
PAR  Refer now to FIGS. 5 and 6 which show the feed tension control employed for
      varying the pressure of the feed wheels on the stack of copy sheets on
      feed table 36. Heavy paper requires a higher feed pressure than light
      paper.
PAR  As previously described, the feed wheels 68 and their supporting shaft 70
      are rotatably supported above the feed table by a frame including a pair
      of spaced arms 72. The frame is pivotably mounted on the housing about the
      axis of a pair of aligned stub shafts 74. The arm 72 on the side of the
      machine adjacent side plate 32 has a hub 468. The periphery 470 of the hub
      comprises a circumferential strand guide surface. This surface extends
      about and is, of course, spaced from the common axis of pivot shafts 74.
PAR  A flexible strand such as a small diameter steel or nylon cable 472 is
      wrapped one or more times about the guide surface 470 and is anchored to
      the arm 72 in an opening 474. The other end of the strand is fastened to a
      spring 476 which, in turn, is hooked to the lower end of an adjustment
      lever 478. Thus, the strand 472 is trained about the guide surface 470 in
      such a direction, that, when tensioned by the spring 476, it exerts a
      torque on the arm 72 which tends to lift the frame and reduce the weight
      of the feed wheels and frame on the stack. An intermediate portion of the
      adjustment lever 478 is pivoted about pin 480 on the side plate 32. An
      adjustment cam 482 is mounted on rock shaft 484 which is journaled on the
      housing and is pivotable by a manually operable lever 486. The cam 482 has
      a plurality (in this case three) of notches 488, 490 and 492 which are at
      different distances from the shaft 484 and are selectively engageable with
      a follower pin 494 at the upper end portion of the lever 478.
PAR  When the cam notch 488 engages pin 494 as shown in FIG. 6, lever 478 will
      be in the solid line position shown, applying minimum tension to strand
      472 through the spring 476. This places minimum torque on the arms 72,
      enabling substantially full weight of the frame and feed wheels to be
      applied to the top copy sheet 64 in the stack. When the adjustment cam 482
      is successively rotated to engage the pin 494 within notches 490 and 492,
      the lower end of lever 478 will assume the broken line positions shown
      respectively at 496 and 498. This progressively increases tension in
      spring 476 and strand 472 to apply increasing lifting forces on the feed
      wheel frame. The pressure of the feed wheels, on the top sheet is less at
      notch 490, and even less at notch 492.
PAR  A latch 500 is pivoted to the housing about the pin 480. It is biased in a
      counterclockwise direction against a stop 506 by a spring 502 connected
      between side plate 32 and a pin 504, which provides a pivotal connection
      between latch 500 and a link 514. When so biased against the stop 506, a
      lower outward flange 508 is engageable with a lower notch 510 on arm 72,
      and in this position can hold the feed wheels 68 up, out of engagement
      with the stack 63. This up-latched position is used when the machine is
      out of operation or the feed table is being loaded.
PAR  A manually operable release button 512 is guided on the housing for
      straight up and down, rectilinear motion. Link 514 is pivoted at pin 516
      on the button 512 and provides a flexible connection whereby rectilinear
      motion of the button 512 results in pivotal movement of the latch 500.
PAR  Upward movement of the feed wheel frame automatically moves the latch 500
      aside and the extension 508 will snap into supporting position into notch
      510 at the underside of arm 72. In dropping the feed wheels onto the
      stack, only light downward pressure on the button 512 is required to
      disengage flange 508 from the notch 510.
PAR  The stencil clamp means generally designated 184 will now be described. See
      FIGS. 4 and 4A.
PAR  This includes main and auxiliary clamps 518 and 520. The main clamp is a
      pivoted take on plate, receiving the first engagement of the impression
      roll 46; it has down-turned end portions 522, each of which is rotatable
      about a main pivot screw 524. This enables the clamp 518 to be pivoted
      outward to the open, broken line position shown in FIG. 4. The pivoted
      clamp or take on plate 518 has a knife edge 526 which functions as a tear
      guide for a stencil. A formed wire main spring 528 encircles a pin 530 and
      has opposite ends engaged respectively with the underside of clamp 518 and
      a pin 456. Pins 530 and 456 are fixed to the inner side of one or both of
      the heads 160. The underside of the clamp 518 is provided with a hook bar
      534, fastened by rivets 535 to the end portions 522. Four stencil engaging
      hooks 536 are fastened to the underside of the bar.
PAR  The auxiliary clamp or stencil plate 520 has a pair of inwardly extending
      arms 538 pivoted to the main clamp 518 by auxiliary pivot pins 540. One or
      more coil springs 542 are connected between the main and auxiliary clamp
      plates and urge the latter about the pivot pins 540 toward the position
      shown in FIG. 4 where it lies substantially flat-wise atop the main clamp.
      The auxiliary clamp 520 is grooved at four locations as indicated at 544
      to register with stencil head engaging studs 546.
PAR  In operation, the apertures at the head end of a stencil may be attached
      either to the hooks 536, or to the studs 546, as desired.
PAR  To attach a stencil 547 to the hooks 536, the main clamp 518 will be
      pivoted outward to its broken line position (FIG. 4) and then lowered with
      the knife edge 526 pressed firmly against the stencil cover sheet which
      may then be torn off across it. The stencil, with the cover sheet removed,
      will then be stretched tautly about the ink pad 168 on the drum and the
      tail end of the stencil will be retained beneath the formed wire clamp 548
      which is pivoted between brackets 550 at opposite ends of angle 436. A
      torsion spring 552 presses clamp 548 down into closed position on the
      stencil as shown in FIG. 4.
PAR  To attach a stencil sheet to the studs 546, the auxiliary clamp 520 will be
      pivoted outward about the pins 540, against the pull of springs 542,
      without moving the main clamp 518 from its solid line position shown in
      FIGS. 4 an 4A, until there is room to insert the head end portion of the
      stencil sheet in the space between the clamps. The holes in the stencil
      sheet which are standard, elongated, keyhole-shaped openings, engage the
      studs. The two arms 538 are at opposite ends of the drum and their leading
      edges 539 are spaced apart a distance narrower than the width of a
      standard stencil sheet. As shown in FIGS. 4 and 4A this enables the
      leading edges 539 of the arms 538 to intersect the plane of a stencil
      sheet overlying the outer surface of main clamp 520. These leading edges
      539 intersect the plane of a stencil sheet so positioned along a line x--x
      (FIG. 4A) which is parallel to the axis of the drum.
PAC  USE AND OPERATION
PAR  Use and operation of the machine will now be described in connection with
      FIGS. 10 to 16 which show various operating positions of the parts.
PAR  As shown in FIG. 10 the drum periphery has been arbitrarily marked in
      degrees at forty degree increments. The leading end 172 of the apertured
      cylindrical portion 162 of the drum is at approximately 258.degree. and
      the trailing end is at approximately 135.degree.. The high part of
      impression roll actuating cam 238 starts at approximately 160.degree. and
      ends at approximately 300.degree.; the highest part of the cam is between
      approximately 200.degree. and 260.degree.; the high point is at
      approximately 228.degree. and is marked H.
PAR  It will be appreciated that the parameters given are only by way of
      illustration and not by way of limitation. The mark M has no significance
      except that it is a convenient location to mark the position of the drum.
PAR  To prepare the machine for operation, ink is placed in the main reservoir
      170 through the screw cap 180. A stack 63 of copy sheets 64 will be placed
      on the feed table 36. The drum will have an ink pad 168 and a stencil 547
      fitted as above described. Motor switch handle 554 will be turned to "ON"
      position, energizing motor 158 and rotating drum 44 through the
      transmission including pulley 212. Lever 486 will be moved to select the
      desired pressure of the feed wheels 68 upon the stack. Button 512 will be
      pressed to drop the feed wheels onto the top sheet 64. When feed lever 556
      is moved to "ON" position, a clutch (not shown) will engage gears 90 and
      92 rotating feed wheels with each counterclockwise (FIG. 5) swing of
      sector 112, and rotating forwarding roller 40 with each clockwise swing of
      sector 112.
PAR  Operation of the machine during one complete rotation of the drum is as
      follows:
PAR  At 0.degree. (not illustrated), according to the drum markings shown in
      FIG. 20, the feed wheels 68 begin to rotate counterclockwise. Lower
      forwarding roller 42 is held down by cam 248, so the first bight 358 is
      open. The paper stop fingers 388 are down. And, assuming previous
      revolutions of the drum were without paper the brackets 294 are latched
      down by the catch levers 414 engaging catch pins 326, thereby holding the
      second bight 360 open.
PAR  At 15.degree. (not illustrated), cam 246 starts to move paper stop fingers
      388 upward and this is completed at 40.degree..
PAR  At 55.degree. (FIG. 10), the sheet 64 is stopped by fingers 388, and starts
      to buckle. Further rotation of the feed wheels 68 continue to buckle the
      sheet until it reaches the 95.degree. maximum buckle position which is
      shown in broken lines in FIG. 10.
PAR  Between 80.degree. and 100.degree. (not illustrated) forwarding roller 42
      is raised to close the first bight. Immediately thereafter, between
      100.degree. and 120.degree., the stop fingers 388 drop by a forward and
      downward movement below the bottom horizontal wall 376.
PAR  An important part of the invention is that while the stop fingers 388 are
      being moved out of the path of movement of the sheet, the forwarding
      rollers 40, 42 are pinched and held unrotatable by friction brake 114,
      positively maintaining during this interval the precise position of the
      leading edge portion of the sheet which had been obtained by abutting the
      copy sheet against the stop fingers 388. FIG. 11 shows the parts at
      120.degree.. The feed wheels 68 are non-driven; the forwarding rollers 40,
      42 are closed and just starting their driving condition as the sector 112
      starts to swing clockwise about pin 284; the brackets 294 are still
      latched in their down position by catch levers 414; and the copy sheet 64
      is beginning its advance toward the second bight.
PAR  At 130.degree. (FIG. 12) the forwarding rollers continue closed and
      continue to advance the sheet toward the drum; the high part of cam 238
      just begins to engage the follower 408 and to press both brackets down to
      free both catch levers 414 from frictional engagement with catch pins 326.
PAR  At 150.degree. (FIG. 13) the forwarding rollers 40, 42 continue closed and
      continue to advance the sheet toward the drum. Catch levers 414 and their
      rock shaft 412 remain released from the bracket catch pins 326 and are
      dead free to rotate under the relatively small pressure of a sheet 64
      moving against the paper sensing fingers 416. At this time the leading
      edge of the sheet 64 has just reached the approximate midpoint of the
      fingers 416 and are starting to swing the catch levers 414 in a
      counterclockwise direction as shown in FIG. 13. The second bight 360 is
      still held wide open because the high portion of the cam 238 presses the
      follower 408 downward. Although the trailing end portion of the sheet 64
      is still beneath the feed wheels 68, the shaft 70 overruns in clutch 82
      enabling the forwarding rollers 40, 42 to pull the sheet from the stack
      with little resistance.
PAR  At 160.degree. (FIG. 14) catch levers 414 are swung away, clear of the
      catch pins 326, by engagement of the leading end of sheet 64 with the
      paper sensing fingers 416. At that moment, brackets 294 are held down, and
      the second bight open, by substantially full engagement of the high part
      of cam 238 with the follower roller 408.
PAR  At 175.degree. (FIG. 15) the forwarding rollers remain closed and
      positively drive the copy sheet into the second bight which is still held
      open by the cam 238. At this time, the sheet leading edge reaches the
      still-open second bight.
PAR  At 180.degree. (not illustrated) the high point of the cam 238 passes the
      follower roller 408, and brackets 294 start moving up to close the second
      bight.
PAR  At 220.degree., as shown in FIG. 16, the cam 238 is nearly disengaged from
      the follower roller 408. The impression roll 46 has engaged the underside
      of the sheet 64, the leading end of which is now beyond the second bight.
      The leading end portion 172 of the printing drum has now just passed the
      second bight, so printing can begin throughout the entire length of the
      stencil to the trailing end 174 of the printing portion of the drum.
PAR  The above cycle will be repeated as long as a copy sheet 64 is advanced to
      the paper sensing fingers 416 and thence to and through the second bight
      360.
PAR  When the supply of copy sheets 64 runs out, or if for some other reason a
      sheet does not reach the paper sensing fingers 416 during the
      150.degree.-160.degree. range of the drum (see FIGS. 13 and 14), the cam
      238 will open the second bight wide (as shown in FIG. 15) and the catch
      levers 414 will swing into engagement with the catch pins 326 because
      there is no paper against fingers 416 to hold the catch levers open. This
      enables the machine to continue cycling, but without fouling the
      impression roll 46 by moving it up against the ink-covered stencil.
PAR  An important feature of the present invention is the ease with which a drum
      can be removed and stored close at hand and replaced by another having
      different colored ink, without the operator having to touch one of the
      ink-covered drums with his hands. This is best illustrated in FIGS. 7 and
      26-29.
PAR  A storage stand 558 is provided to support a drum 44 out of the machine.
      The stand comprises a base 560 and a pair of spaced, vertical support arms
      562 upstanding from the base. Each of the arms terminates at its upper end
      in a pair of upwardly facing, horizontal shoulders 564, and a rib 566
      extending upwardly therebetween. The width and spacing of shoulders 564
      are substantially the same as for shoulders 226 on the corresponding
      T-shaped members 220. Likewise, the width of rib 566 is substantially the
      same as that for rib 224 on the T-shaped members 220. The heights of the
      arms 562 may be made slightly different to compensate for any different
      placements of the lugs 190 on the ends of the drum. Thus, any drum which
      fits in the machine on shoulders 226 will be supported on their
      substantial counterparts, shoulders 564 on arms 562.
PAR  A bail 568 (FIG. 26) has a horizontal handle 570 with a pair of vertical
      arms 572, each with a horizontal slot 574 having an open side. The bail
      can be hooked onto the opposite two lugs 188 by horizontal movement in the
      direction of the arrow shown in FIG. 26, and can be released by horizontal
      movement in the opposite direction.
PAR  To remove a drum having one color ink, and store it on the stand 558, while
      using another drum with different colored ink, or when merely removing the
      drum temporarily to clean the machine, the drum is first rotated to the
      position where the T-members 220 are in their upper position as shown in
      FIGS. 7 and 9. The handle 256 is then rotated to release the threaded
      extension 262 from the bushing 196 and moved outward to place the shaft
      252 in its retracted position. Shaft 194 automatically retracts under the
      urgence of spring 202. This releases both ends of the drum from the disc
      supporting members 218 and 236. By hooking bail 568 onto the lugs 188,
      which are uppermost, the drum is lifted straight out of the machine (FIG.
      26) and is placed straight down into stand 558 as shown in FIGS. 27 and
      28. Another drum can then be placed in the machine if desired, merely by
      reversing the above described procedure.
PAR  While one form in which the present invention may be embodied has been
      shown and described, it will be understood that various modifications may
      be made within the spirit and scope of the invention which should be
      limited only by the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a duplicating machine having a rotatable printing drum comprising a
      cylindrical segment adapted to support a stencil, and a peripheral recess
      between the leading and trailing edges of the cylindrical segment and the
      ends of the drum, apparatus for gripping the apertured head end of a
      stencil sheet comprising:
PA1  a take on plate in said recess having an ascending outer surface which
      increases in distance from the drum axis toward and terminates adjacent
      the leading edge of said cylindrical segment, said surface having a first
      section adjacent said leading edge which is initially engageable with an
      impression roll to guide said impression roll over said leading edge onto
      said cylindrical segment, said surface having a second section remote from
      said leading edge with a series of stencil aperture engaging studs
      thereon, said studs being disposed within said recess closer to the drum
      axis than said first section enabling an impression roll to engage said
      first section while clearing said studs;
PA1  means for removably fastening the apertured head end portion of a stencil
      sheet to said studs in a position where it is protected against
      ink-staining and automatically alignable with the drum axis, said means
      including a stencil plate mounted on arms at opposite ends of the drum
      spaced apart a distance less than the width of a standard stencil sheet,
      said arms having leading edges abuttable, along a line parallel to the
      axis of said drum, edgewise with the head end edge of a stencil sheet
      engaged with said studs, said arms being pivotally supported within said
      recess about an offset axis located radially inwardly from said take on
      plate, whereby pivotal closing movement of said stencil plate about said
      offset axis is characterized by radially inward movement of said stencil
      plate to press the head end portion of the stencil sheet onto said take on
      plate and by simultaneous edgewise movement of said arms against the head
      end edge of the stencil sheet to automatically align said head end edge of
      the stencil sheet with the drum axis.
NUM  2.
PAR  2. In a duplicating machine, the combination of claim 1 in which said
      stencil plate is apertured to receive said studs.
NUM  3.
PAR  3. In a duplicating machine, the combination of claim 1 in which the inner
      surface of said stencil plate is simultaneously below the upper ends of
      said studs when said stencil plate arms engage the head end edge of the
      stencil sheet, whereby the stencil sheet is positively held on the studs
      while it is being aligned by said arms.
NUM  4.
PAR  4. In a duplicating machine, the combination of claim 1 in which the
      stencil plate when closed onto said take on plate is offset forwardly from
      the leading edge of the cylindrical segment to expose a portion of said
      take on plate for engagement with an impression roll independent of the
      stencil plate.
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ABST
PAL  A flexible printing plate carrier comprises a curved carrier plate at least
      one end of which has mounted thereon a rotatable tubular shaft having an
      axially extending projection about which a bent over end of the printing
      plate can be hooked. A pre-loaded torsion spring extends through the
      tubular shaft to urge the projection towards an edge of the carrier plate
      and to clamp the printing plate against said edge. Rotation of the shaft
      to the non-clamping position of the projection is effected by a hand tool
      insertable into a bearing for one end of the shaft.
PARN
PAR  This is a continuation of application Ser. No. 331,107, filed Feb. 9, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a carrier for a flexible printing plate and which
      comprises a curved carrier plate arranged to be attached to a cylinder,
      such as a forme cylinder or the like, and a clamping device disposed at at
      least one end of the carrier plate.
PAR  2. Description of the Prior Art
PAR  In a carrier of the above mentioned kind the clamping device usually has a
      plurality of clamping elements which have to be operated individually. It
      is, for example, known (German Utility Model No. 1,884,632) to provide, at
      at least one end of the carrier plate, a clamping bar on which an end of a
      flexible printing plate can be held and which is adapted to be moved away
      from the end of the carrier plate by means of a clamping device, the
      latter having a number of clamping elements, in the form of screws, which
      are spaced apart from one another along the clamping bar and which can be
      screwed through threaded holes formed in the clamping bar, their ends
      being supported on the end face of the carrier plate. When a carrier of
      this kind is used, clamping of a printing plate to the carrier takes up a
      relatively considerable period of time. Furthermore, it must always be
      ensured that the clamping bar is clamped exactly parallel to the axis of
      the carrier plate, so that the printing plate is not tilted.
PAR  There is thus a need for a clamping device which is of comparatively simple
      construction and can be operated rapidly, simply, and reliably.
PAC  SUMMARY
PAR  According to the invention there is provided a carrier for a flexible
      printing plate comprising a curved carrier plate arranged to be attached
      to a cylinder, and at at least one end of the carrier plate a clamping
      device carried by the carrier plate, said device being movable relative to
      the carrier plate into and out of a position of rest in which it is
      arranged to hold an end of a flexible printing plate clamped against the
      carrier plate, and spring means operable to urge the clamping device
      towards and to retain the device in said position of rest thereof. This
      clamping device preferably includes a projection which extends over the
      width of the carrier plate and extends lengthwise of a tubular shaft
      rotatably mounted on the carrier plate. The spring means preferably
      comprises a torsion spring which extends through the tubular shaft and has
      one end thereof non-rotatably fastened to a holder mounted in a fixed
      position on the carrier plate and the other end non-rotatably mounted on
      the tubular shaft.
PAR  In order to clamp a printing plate to a carrier according to the invention,
      it is sufficient to turn the tubular shaft in the release direction by
      means of a suitable turning device, against the force of the spring means,
      to hook a folded-over or bent-over end of the printing plate behind the
      clamping device, and then to release the turning device, whereupon the
      clamping device is automatically turned into the clamping position by the
      force of the spring means. The clamped position is so selected that the
      clamping device is located inside the imaginary cylinder formed by the
      outer curved surface of the carrier plate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic side view of one embodiment of clamping device
      according to the invention,
PAR  FIG. 2 is a similar view to FIG. 1 of a modified embodiment of the
      invention,
PAR  FIG. 3 is a partly sectional view of the embodiment shown in FIG. 1,
PAR  FIG. 3a is a partly sectional partial side view of the embodiment shown in
      FIG. 2,
PAR  FIG. 4 is a partly sectional view to an enlarged scale of one end of a
      clamping device of FIG. 3,
PAR  FIG. 5 is a view, similar to FIG. 4, of the other end of the clamping
      device,
PAR  FIGS. 6 to 11 are partial views, partly in section, illustrating details of
      construction and the mode of operation of the clamping device,
PAR  FIG. 12 is a diagrammatic side view, partly broken away, of a printing
      mechanism in which there is provided a cylinder on which are mounted
      carrier plates provided with clamping devices according to the invention,
PAR  FIGS. 13 and 14 are diagrammatic representations of a printing plate.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to the drawings FIG. 1 shows a curved carrier plate 1, which may
      be a printing block carrier or a printing plate carrier.
PAR  In the embodiment illustrated the plate 1 comprises a saddle plate which on
      its inner surface is provided with recesses for clamping on a cylinder, as
      is known per se.
PAR  At the right-hand end (in FIG. 1) the saddle plate is provided with an
      inclined surface 3 behind which the end of a flexible printing plate 2 is
      hooked, the said end being bent over at an acute angle, for example at an
      angle of 30.degree.. At the other end, that is to say at the left-hand end
      of the saddle plate 1 in FIG. 1, there is provided a clamping device by
      means of which the corresponding end of the flexible printing plate 2 is
      fastened on the saddle plate 1.
PAR  The embodiment illustrated in FIG. 2 differs from that shown in FIG. 1
      solely in that clamping devices are provided at both ends of the saddle
      plate 1, and that in the middle of the saddle plate there are formed
      register holes 23 into which register pins 24 can be inserted.
PAR  The clamping device according to the invention will now be explained with
      reference to the drawing. As illustrated, each clamping device includes a
      tubular shaft 4 which is mounted rotatably at the respective end of the
      carrier plate or saddle 1. For the rotatable mounting of the tubular shaft
      4, two or more individual bearings may be formed on the carrier plate 1. A
      preferred bearing is shown in the drawing, and it comprises a recess 5,
      FIGS. 7 and 9, which extends over the width of the carrier plate 1 and
      embraces the tubular shaft 4 over an arc of more than 180.degree., so that
      once the tubular shaft is located in its recess 5 it cannot be moved out
      of the recess. The recess 5 is formed by a surface formed in the end of
      the carrier plate 1 and by a surface provided in a bar 6 which is suitably
      fastened on the carrier plate 1, for example by means of screws 7,
      illustrated in FIG. 3, and which extends over the width of the carrier
      plate 1. The mutually opposite free edges of the carrier plate 1 and of
      the bar 6 are so shaped that an approximately segmental gap is formed
      between them in which a projection 8 formed on the tubular shaft 4 and
      extending over the length of the shaft 4 can move on the rotation of the
      tubular shaft 4. The bounding surfaces of the gap serve as limits for the
      movement of the projection 8 and consequently of the rotary movement of
      the tubular shaft 4. The boundary surface formed at the end of the carrier
      plate 1 extends obliquely inwards in such a manner that when the
      projection 8 lies against it, as shown in FIGS. 7 and 8, the projection 8
      lies within an imaginary cylinder described by the curved outer surface of
      the carrier plate 1. This position of the projection 8 is referred to as
      the position of rest.
PAR  The tubular shaft 4 is spring-loaded in the direction of the clamping
      position of the projection 8. In the embodiment illustrated a bar-like
      torsion spring 9 is provided in the tubular shaft 4. The torsion bar 9 is
      preferably a flat bar, as illustrated in the drawing. The arrangement of
      the torsion bar 9 can be seen particularly well in FIGS. 3 to 5. FIG. 3
      shows the general arrangement, while in FIGS. 4 and 5 the holders for the
      ends of the torsion bar 9 on the carrier plate 1 are shown. According to
      FIG. 4 a bearing element 10 is provided, which is fastened, for example by
      means of screws 10a, on the bar 6. The bearing element 10 is provided with
      a recess 11 which has a cross-section corresponding to that of the torsion
      bar 9, so that the respective end of the torsion bar 9 is received
      non-rotatably in the recess 11.
PAR  The opposite end of the torsion bar 9 is held in a bearing element 13, FIG.
      5, which has a recess 14 which likewise has a cross-section corresponding
      to that of the torsion bar 9, so that at this end also the torsion bar is
      fastened non-rotatably. The bearing element 13 is in turn secured to the
      neighbouring end of the tubular shaft 4, so that it rotates with the
      shaft. At the outer end of the bearing element 13 there is provided an
      aperture 12 for the insertion of a rotating tool 15 (see FIG. 3). With the
      aid of the rotating tool 15 it is possible, by using a single tool, to
      turn the tubular shaft 4 and consequently the projection 8 inside the
      segmental gap bounded by the corresponding surfaces of the carrier plate 1
      and bar 6.
PAR  The torsion bar 9 is held in such a manner that when the tubular shaft 4
      and consequently the projection 8 are in the installed position the
      desired initial stressing in the direction of the position of rest of the
      projection 8 is provided. This means that when the tubular shaft 4 is in
      the installed position and the projection 8 lies against the inclined
      surface at the end of the carrier plate, that is to say when the
      projection is in the position of rest, the recesses 11 and 14 holding two
      ends of the torsion bar 9 are angularly offset in relation to one another
      in such a manner that the torsion bar 9 is twisted so that the clamping
      projection 8 is pressed against the previously mentioned inclined surface
      on the end of the carrier plate by the spring force of the torsion bar 9.
      The extent to which the two recesses 11 and 14 are angularly offset in
      relation to one another depends on the construction of the torsion bar,
      the desired initial stressing and so on.
PAR  The torsion bar need not necessarily have the cross-sectional shape of a
      flat bar as illustrated in the drawing. It may for example be a simple bar
      of circular cross-section, which is simply so shaped at its ends that it
      can be held non-rotatably. The torsion bar may, however, instead be a
      polygonal bar or a tube, according as to whether circumstances require any
      particular shape to be preferred for the bar.
PAR  For the purpose of clamping a flexible printing plate 2, for example on a
      saddle plate 1 according to FIG. 1, the bent-over or folded-over end of
      the printing plate is hooked behind the inclined surface 3 on the
      right-hand end (in FIG. 1) of the carrier plate 1. By means of the turning
      tool 15 the tubular shaft 4 at the other end, that is to say at the
      left-hand end of the carrier plate 1 in FIG. 1, is thereupon turned in the
      clockwise direction until the clamping projection 8 assumes approximately
      the position shown in FIG. 9. In this position the neighbouring end of the
      printing plate 2, which is likewise folded over or bent over, can be
      hooked behind the clamping projection 8. On the release of the turning
      tool 15 the tubular shaft 4 together with the clamping projection 8 then
      turns in the counter-clockwise direction (in FIG. 1) through the action of
      the torsion spring 9, so that the clamping projection 8 reaches the
      position shown in FIGS. 1, 2, and 6.
PAR  It should be observed that because of the segmental gap formed between the
      bar 6 and the neighbouring end of the carrier plate, sufficient room is
      provided to enable the end of the printing plate, even when it is not
      hooked about the clamping projection 8, to assume a position in which it
      at least does not lie outside the periphery of the carrier plate 1 or of
      the cylinder described by the outer surface of the carrier plate 1. In
      this way it is made possible for the printing plates 2 on the carrier
      plates 1 to be conveniently changed without it being necessary for the
      carrier plate 1 to be detached from the appertaining plate cylinder for
      this purpose, because even the unclamped end of a printing plate 2 can
      still lie within the cylinder described by the outer surface of the curved
      carrier plate 1, as illustrated in FIGS. 7 and 12.
PAR  The mode of operation for clamping when the embodiment illustrated in FIG.
      2 is used is similar to that in the case of the embodiment shown in FIG.
      1, with the exception that register pins 24 are first inserted, whereupon
      each end of the printing plate is clamped in position in the manner
      previously described.
PAR  In the embodiment illustrated in FIG. 1 provision may be made for lateral
      fastening of the printing plate 2 on the carrier plate 1 at the right-hand
      end of the carrier plate 1 (referring to the Figure) and approximately in
      its centre a register aperture may be provided which can be made to
      coincide with a corresponding register aperture 26 (FIG. 13) in the end of
      the printing plate, whereupon a register pin 25 is inserted, as
      illustrated in FIG. 11.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for clamping flexible printing plates having a bent-over end on
      a curved saddle plate to be attached to a plate cylinder or the like,
      wherein clamping means is provided at at least one end of said saddle
      plate and is of a thickness less than that of said saddle plate, said
      clamping means comprising a clamping element adapted for engagement with
      the bent-over end of the printing plate and spring loaded in the clamping
      direction, said clamping element having a projection or nose extending
      over the entire width of the saddle plate, the bent-over end of the
      printing plate being adapted to be hooked behind said projection which is
      provided on torsion spring means attached to the saddle plate, said
      torsion spring means comprising a rotatable tubular shaft in which a
      torsion spring is disposed, said torsion spring having one end thereof
      non-rotatably fastened to a holder mounted in a fixed position on the
      saddle plate and the other end non-rotatably mounted on the tubular shaft
      and said torsion spring being installed under initial stressing in
      accordance with the spring loading to be imparted to the projection.
NUM  2.
PAR  2. The device according to claim 1, wherein the end of the torsion spring
      mounted on the shaft is held by a bearing element secured to the tubular
      shaft and the bearing element is provided with at least one hole for the
      insertion therein of a shaft-turning tool.
NUM  3.
PAR  3. The device according to claim 2, wherein a polygonal aperture extending
      axially of the tubular shaft is provided for the turning tool.
NUM  4.
PAR  4. The device according to claim 1, wherein the nose is so formed as to
      permit the hooking thereabout of an end of a flexible printing plate bent
      over at an acute angle of about 30.degree..
NUM  5.
PAR  5. The device according to claim 1, wherein the tubular shaft is mounted at
      two or more points on the saddle plate.
NUM  6.
PAR  6. The device according to claim 1, wherein the tubular shaft is mounted on
      the saddle plate over substantially the whole width of the carrier plate
      in a recess arranged to embrace the shaft peripherally to an extent of
      more than 180.degree., said recess being formed in part by an arcuate
      surface in the saddle plate and in part by a curved surface on a
      recess-forming bar which extends over the width of the saddle plate and is
      secured to the saddle plate.
NUM  7.
PAR  7. The device according to claim 1, in which the torsion spring is a
      non-circular bar.
NUM  8.
PAR  8. The device according to claim 1, in which the torsion spring is a flat
      bar.
NUM  9.
PAR  9. The device according to claim 1, in which the torsion spring is a bar of
      circular cross-section with non-circular ends.
NUM  10.
PAR  10. The device according to claim 1, in which the torsion spring is a tube
      which is non-rotatably clamped at its ends.
NUM  11.
PAR  11. The device according to claim 6, wherein the arcuate portions of the
      saddle plate and of the recess-forming bar form between them a gap
      permitting the movements of the projection and lying within a cylinder of
      which the outer curved surface of the saddle plate is a part.
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ABST
PAL  An adapter, for attachment to electric blasting circuit leads to an
      explosive charge, houses an electric blasting cap connected with the
      blasting circuit for severing the leads immediately after the blast is
      fired. The adapter comprises a tube which supports the cap and which has a
      slot cut into and through the tube wall adjacent the explosion end of the
      supported cap by which the tube is attached to the blasting circuit leads.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Blasting circuit wiring includes the firing or leading lines, any
      interconnecting wire and the legwires which are attached to the electric
      blasting caps. All may be properly connected to form an appropriate
      electric blasting circuit. To fire the blast an initiating current is
      introduced into the circuit from a firing source such as a capacitor
      discharge blasting device or any other approved source of electrical
      power.
PAR  The adapter of this invention is intended to act as a safety device for use
      when blasting near high voltage transmission lines.
PAR  The adapter may also be employed as a fast-acting circuit severer to
      interrupt electric current in configurations of electric blasting
      circuitry in which hazards to personnel could exist as the result of
      arcing malfunctions.
PAR  In commercial electric blasting near high voltage transmission lines the
      main hazard to personnel lies in the danger of suffering burns or
      electrocution if a blasting circuit wire is thrown into contact with an
      energized power line. One of the precautionary measures in use involves
      taping an explosive charge or detonating cord to the firing line to be
      severed. The explosive so taped is initiated by a millisecond delay
      electric blasting cap which is properly connected and electrically part of
      the electric blasting circuit. A typical millisecond delay electric
      blasting cap to be used in this application is the Atlas Rockmaster 1
      which will detonate in about 8 milliseconds after the electrical current
      from a blasting machine is supplied to the blasting circuit. The
      detonation of the blasting cap initiates the explosive charge which severs
      the electrical firing lines which lead back to the terminals of the
      blasting machine. This prompt severing of the firing lines at some safe
      distance from the overhead transmission lines will insure that the person
      operating the blasting machine will not be electrically connected to the
      high voltage lines in the event that a wire of the blasting circuit is
      flung into contact with the power lines by force of the blast.
PAR  With the adapters disclosed in this invention the need for an explosive
      charge, in addition to an appropriate millisecond delay blasting cap, is
      eliminated. Instead, the line-severing adapter is affixed to the lines to
      be separated and the appropriate millisecond delay blasting cap is
      inserted into the adapter. When the firing current is applied to the
      blasting circuit the millisecond delay cap will function after the short
      delay interval to sever the firing lines before any other circuit wiring
      could reach the overhead lines.
PAR  In shaft sinking and tunnel driving operations a blasting circuit of
      electric blasting caps connected in parallel or reverse parallel electric
      configuration is widely preferred. These circuits are most often energized
      by current switched to the circuit directly from a 220 or 440 volt power
      line. A wide range of delayed periods extending to 71/2 seconds, and
      beyond, are often used in the parallel circuit to achieve the desired
      sequence of rock-throwing in a given blast. If the power line firing
      switch is closed to energize the blasting circuit, the continued
      application of current to the circuit could result in electric arcing
      within the caps. This arcing, with the attendant generation of intense
      heat, can cause arcing malfunctioning, that is, rupture of the cap,
      blowout of the cap sealing plug, expansion of the cap body with flame
      bypassing the delay element or accelerated burning of the pyrotechnic
      delay mixture.
PAR  Any of these effects can result in seriously erratic delay timing. Some can
      cause an extinguishing of the burning delay mixtures. Others can produce a
      premature detonation of the explosive in which the cap is embedded. A most
      serious effect results when the cap fails to detonate and the intense arc
      ignites the explosive to cause a slow burning "hangfire." This latter
      effect has been known to result in blasts taking place up to a half hour
      after the main blast took place which of course presents a hazard to
      personnel reentering the area.
PAR  To prevent an arcing malfunction the firing line severing adapater of the
      present invention would be affixed to one of the two firing lines,
      preferably to one of the temporary firing lines near the blast site. An
      appropriate delay cap, such as an Atlas Rockmaster 2 would be inserted
      into the adapter to sever the firing line approximately 25 milliseconds
      after the current was applied to the blasting circuit. As a doubly safe
      measure, a line severing adapter could be affixed to each of the two
      firing lines, just ahead of the main blasting circuit at the blasting
      site.
PAR  Other lead severing arrangements are known which act to sever the blasting
      circuit leads through the explosive force emanating from a blast hole.
      Such devices are illustrated by the Parr U.S. Pat. No. 2,607,442 issued in
      1946. In addition, deflecting or catching devices are known which operate
      to prevent cap wires from flying into contact with high voltage
      transmission lines, personnel or other electrical operating equipment.
      Such a deflection device is illustrated by the Rodriquez U.S. Pat. No.
      3,339,486 issued in 1967.
PAR  Also it is known to use fast acting electrical circuit breakers between the
      firing switch and the blasting circuit firing line in the parallel or
      reverse parallel electrical configuration described above in shaft-sinking
      and tunnel-driving operations.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to an adapter which houses a millisecond delay
      blasting cap of a type well known to the blasting profession. The adapter
      is in the shape of a tube designed in a manner which directs the blast
      effect of the detonating portion of the cap to the wire or wires to be
      severed. A slot is formed in and through the tube wall adjacent the
      inserted end of the cap which supports the leading lines to the electric
      blasting caps in the main explosive charges. The explosive end of the cap
      seats on the lead lines laced through the slot to prevent the lines from
      sliding out of the slot.
PAR  For supporting heavier gauge circuit leads the wall of the tube below the
      slot can be split and the split portions flared outwardly. Here, the upper
      portion of the tube is then bent downwardly toward the flared portions to
      clamp the wires in place between the upper and lower tube portions.
DRWD
PAC  DETAILS OF THE INVENTION
PAR  FIGS. 1-4 of the drawing illustrate the form of adapter which can be used
      with the thinner gauge wires while FIGS. 5-10 illustrate an embodiment
      which is preferably used with wires of thicker gauge.
PAR  FIG. 1 is a perspective of the adapter with the circuit wires and blasting
      cap incorporated therewith.
PAR  FIG. 2 is a side elevation partially broken away of the adapter of FIG. 1.
PAR  FIG. 3 is an end view of the adapter of FIG. 2
PAR  FIG. 3A is a detail showing a modification of the adapter of FIGS. 1-3.
PAR  FIG. 3B is an end view of the modified adapter of FIG. 3A.
PAR  FIG. 4 is a detail of the tube of FIGS. 1-3 showing a modified slot for
      holding the blasting leads.
PAR  FIG. 5 is a perspective of an adapter used with thicker lead wires and
      shows the cap and wire in place.
PAR  FIG. 6 is a perspective of the adapter tube shown in FIG. 5 taken from a
      different angle.
PAR  FIG. 7 is an end view of the adapter tube of FIGS. 5 and 6 taken from the
      slotted end of the tube.
PAR  FIG. 8 is a side elevation of the adapter tube of FIGS. 5-7 prior to
      flaring or spreading the split ends of the tube adjacent the slotted end
      of the tube.
PAR  FIG. 9 is a side elevation of the adapter tube of FIG. 8 with the tube
      rotated 90.degree. to the right; and
PAR  FIG. 10 is an end view of the adapter tube shown in FIGS. 8 and 9.
DETD
PAR  The materials from which the adapter for the thinner lead wires as shown in
      FIGS. 1-4 can be made include a variety of metals and plastics. For
      instance, gilding metal is a satisfactory material from which the adapter
      can be fashioned, however, a thin steel tube is preferred both from the
      standpoint of ease of handling and machining and since it provides an
      extra measure of safety in achieving positive severing of the lead lines.
PAR  The adapter tube which is used with the heavier gauge wires as shown in
      FIGS. 5-10 has a thicker wall and is preferably made from wrought iron,
      seam welded tubing or other similar material.
PAR  As shown in FIGS. 1-3 of the drawings the metal tube 1 supports a blasting
      cap 2 inserted in one end thereof. Inwardly extending peen mark
      protrusions 3 in the cap insert end of the tube 1 hold the cap 2 in place
      within the adapter tube 1 so that it cannot slide out of the tube. Instead
      of the peen mark protrusions, a flat surface 3' can be indented in the
      tube wall as shown in FIGS. 3A and 3B.
PAR  The opposite end of the tube is machined to form a slot 4 through which are
      laced the blasting circuit leading lines 5. The explosive end of the cap
      2' seats upon the leads to hold them firmly within the slot.
PAR  The slot 4 of FIGS. 1-3 has an irregular curved outline as shown better in
      FIG. 2. An embodiment of the slot which can also be used with the adapter
      tube 1 is shown in FIG. 4. Here, the slot 6 is of a generally U-shaped
      outline.
PAR  A modification of the adapter tube which is used with heavier gauge
      blasting circuit leads is illustrated in FIGS. 5-10. Here the adapter tube
      8 supports the blasting cap 1 with the blasting lead lines 9 supported in
      a slot 10 wherein that portion of the tube beyond the slot 10 and
      extending away from the cap insert end of the tube has been split
      longitudinally at 11 as shown better in FIGS. 8-10 and the split portions
      have been spread or flared to form ears 12, 12 as shown in FIGS. 5-7.
PAR  The blasting circuit wires to be severed are wedged in place within the
      slot 10 by inserting the leads 9, 9 within the slot and then bending the
      portions of the tube 8 on either side of the slot toward each other which
      clamps the leads in place. This is done prior to insertion of the blasting
      cap.
PAR  With the arrangement shown in FIGS. 5-10 wherein no inwardly extending peen
      or flat surface arrangement is used in the tube wall in view of the
      thicker wall, the cap 2 can be held in place within the tube 8 by a strip
      of adhesive tape 13 extending along the longitudional axis of the tube as
      shown better in FIG. 5. The tape strip can also be applied
      circumferentially of the tube and cap. The inwardly extending peens or
      flat surfaces used with the thinner walled tubes as shown in FIGS. 1-4 can
      also be eliminated, if desired, and tape strips 13 can be used as
      described above to hold the cap in place within the tube. Any of the above
      means for securing the cap in the adapter cooperates with the seating
      action of the cap against the leads to grip the wires and hold them within
      the slot. This is true for both embodiments, however, the clamping action
      achieved with the heavier walled embodiments also serves to hold the leads
      in place.
PAR  The adapter shown in FIGS. 1-4 is preferably used for severing firing lines
      which are of 20 gauge or lighter and which are formed of insulation-coated
      copper, copper-clad aluminum, aluminum, copper-clad iron or iron wire. The
      embodiment shown in FIGS. 5-11 is used with the heavier gauge wires up to
      and including No. 14 AWG with insulation coating.
PAR  Another important benefit of the present invention derives from the fact
      that when the wires are severed they are thrown apart. This separation of
      the wires provides a gap between the severed ends to give a high degree of
      insurance against accidental recontacting of the severed ends.
PAR  With the above adapter a No. 6 strength blasting cap can be used for
      severing both the thinner and thicker gauge blasting circuit leads.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An assembly for attachment to the circuit leads for a primary explosive
      charge for severing the circuit leads immediately after the primary charge
      circuit has been energized comprising a tube, a millisecond delay blasting
      cap inserted in said tube, said cap having its own leg wires connected to
      the primary charge circuit, means cooperating with the tube wall and the
      cap for retaining the cap firmly in place within the tube, a slot
      extending through the tube wall transversely of the longitudinal axis of
      the tube, which slot receives the primary explosive charge circuit leads
      for attaching the assembly to said leads.
NUM  2.
PAR  2. The assembly of claim 1 wherein the slot in the tube wall is formed by a
      curved cutout portion of the tube wall.
NUM  3.
PAR  3. The assembly of claim 1 wherein the cap retaining means consists of
      indented areas in the tube wall.
NUM  4.
PAR  4. The assembly of claim 1 wherein the slot is located in that end of the
      tube wall opposite the end in which the cap is inserted at such a point
      that the inserted end of the cap will seat upon the primary charge circuit
      when threaded through the slot.
NUM  5.
PAR  5. The assembly of claim 1 wherein the portion of the tube on the side of
      the slot opposite the cap insert end of the tube is split longitudinally
      and the split portions are flared horizontally to form protruding ears.
NUM  6.
PAR  6. The assembly of claim 5 wherein the portions of the tube on both sides
      of the slot are bent toward one another to clamp the leads within the
      slot.
NUM  7.
PAR  7. The assembly of claim 1 wherein the cap retaining means consists of at
      least one strip of adhesive tape.
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PAL  The invention is an armor piercing incendiary spin stabilized projectile.
PARN
     This is a continuation-in-part of U.S. patent application Ser. No. 347,742,
      filed Apr. 4, 1973, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  An armor piercing projectile comprises a projectile body, a penetrator and
      a windshield. Subcaliber penetrators are used in armor piercing
      projectiles to obtain increased penetration performance compared to a
      penetrator round of full diameter. The conventional design of the
      subcaliber penetrator is a cylinder having a length-to-diameter ratio in
      the range of 6 to 8 with various nose shape configurations, including
      ogival, conical, and double conical. The reason that penetration
      performance is improved by the subcaliber penetrator is that more energy
      per unit area can be applied at the target. Maximum performance is
      achieved in conventional subcaliber penetrator designs by using the
      highest density materials for the penetrator which maximizes the energy
      per unit area.
PAR  In spin stabilized ammunition, a limit is reached on the allowable
      length-to-diameter ratio for the penetrator because of the increased spin
      required to stabilize the longer penetrators. Because the length for a
      given diameter is limited, the energy per unit area of the penetrator is
      also limited for a given penetrator material. The present invention
      provides a special design of the subcaliber penetrator which removes the
      performance limitation discussed above and allows the design of penetrator
      rounds within stability limitations that deliver higher energy per unit
      area at the target than do conventionally designed subcaliber rounds for
      the same stability restraints.
PAR  The gyroscopic stability factor of a projectile is directly proportional to
      the quotient of the axial moment of inertia squared divided by the
      transverse moment of inertia:
      ##EQU1##
      WHERE S.sub.G = stability factor (must be greater than one for gyroscopic
      stability)
PA1  K = proportionality constant (can be considered constant only if comparing
      projectiles of identical exterior shape and total weight)
PA1  I.sub.a = axial moment of inertia
PA1  I.sub.t = transverse moment of inertia
PAL  The difference between the invention and conventionally designed subcaliber
      penetrators can be shown by analysis of the above equation. For the
      conventional subcaliber penetrator the length-to-diameter ratio and,
      therefore, the energy per unit area at target impact is limited by the
      moment of inertia considerations. The smaller diameter of the conventional
      subcaliber penetrator reduces I.sub.a .sup.2 and the increased penetrator
      length increases I.sub.t ; both changes are cumulative and reduce S.sub.G.
      The penetrator of the instant invention has a maximum length-to-diameter
      ratio of 5:1 and has a shape whose envelope from tip to base is
      substantially defined by an exponential curve of revolution about its
      longitudinal axis. Said exponential curve of revolution is described by
      the formula:
EQU  Y = a + b x .sup.N
PA1  y = radial distance from longitudinal axis
PA1  a /b & b are constants
PA1  x = distance measured from the tip
PA1  N = exponent defining the curved shape
PAL  The exponent range for the invention must be greater than one and thus the
      surface is concave. Conventional subcaliber penetrators have the conical
      or ogival shape which could also be defined by the exponential curve of
      revolution, however, the exponent would be one or less and, therefore, the
      surface would be conical or convex rather than concave. It has been found
      that conventional designs having length-to-diameter ratios greater than 5
      tp 1 have undesirable stability characteristics. In the penetrator shape
      of the instant invention, the material toward the base that is at a larger
      diameter than the forward tip nose section acts to increase the axial
      moment, I.sub.a as compared to the condition where this material was added
      to the base at the same diameter (as in a conventional high L/D
      projectile). The position of this material also is closer to the center of
      gravity of the projectile. Thus the transverse moment of inertia (I.sub.t)
      is reduced. Both moment changes according to the above equation, increase
      the stability factor, S.sub.G, over the conventional high L/D projectile.
      The invention gives performance at the target of a high length-to-diameter
      ratio penetrator, however, the actual moment of inertia considerations do
      not degrade the stability of the projectile because of its special design.
PAC  OBJECT OF THE INVENTION
PAR  It is a primary object of the instant invention to provide a spin
      stabilized armor penetrating projectile with maximum penetration
      performance.
PAC  SUMMARY OF THE INVENTION
PAR  The purpose of this invention is to provide a configuration of a spin
      stabilized armor penetrating projectile with maximum penetration
      performance. To achieve this purpose the present invention provides a
      subcaliber penetrator, having a length-to-diameter ratio no greater than
      5:1 , the form of said penetrator being defined substantially by the
      envelope described by an exponential curve of revolution about its axis
      from tip to base, the exponent of said curve being greater than one, in
      combination with a steel windshield to provide a low drag contour, an
      aluminum support for the penetrator, and a steel body with a plastic
      rotating band.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The FIGURE shows an armor piercing incendiary projectile in half section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  This invention applies to armor piercing or armor piercing incendiary spin
      stablized projectile designs used typically by the military in calibers
      (diameter sizes) 20 mm. or larger. With continued reference to the drawing
      the figure depicts an armor piercing incendiary design where the special
      design of the penetrator 2 and the support 4 provides effective transfer
      of energy from the more massive body 12 to the base of the subcaliber
      penetrator 2. This energy transfer is made possible by the comparatively
      large contact area 3 between the base of the penetrator 2 and the support
      4. The design of the support 4 utilizes a ductile metal such as aluminum
      in order to apply forces to the penetrator base during the energy transfer
      at target impact. Under the shock of impact a ductile material at the base
      of the penetrator maintains pressure on the penetrator rather than
      breaking up and flowing radially. Mass remains concentrated at center for
      longer period of time during penetration.
PAR  The special design of the penetrator as seen in the FIGURE is due to its
      length-to-diameter ratio being no greater than 5:1 and its form being
      substantially defined by the envelope described by an exponential curve of
      revolution about its axis from tip to base. The exponential curve of
      revolution is described by the formula discussed previously and would have
      an exponent greater than one, i.e., the surface would be concave producing
      a shape having improved penetration performance. The tip of the penetrator
      may be pointed to a greater or lesser extent as long as the overall form
      of the penetrator is maintained as described previously.
PAR  The base of the penetrator 2 is counter-bored to provide a cavity for a
      metallic incendiary composition 6. Elimination of the incendiary
      composition does not significantly change penetration performance since
      the contact area or weight distribution is only minimally altered and the
      base of the penetrator is stronger structurally. The optimum shape of the
      penetrator 2 within the envelope previously described can be determined by
      appropriate analyses and tests with particular target, projectile, and
      typical impact conditions, including angle of impact and velocity at
      impact. The description above illustrates a design scheme rather than a
      specific detailed design configuration.
PAR  Assuming that a high percentage of total round kinetic energy is
      transferred to the subcaliber penetrator, the penetration performance of
      the armor piercing projectile of this invention is not significantly
      improved by more dense penetrator materials for a fixed total round
      weight. The use of light, strong composites offer the possibility of
      maximizing penetration performance within specified stability and round
      weight limits. Carbon fiber-carbon matrix or boron fiber-carbon matrix
      composite materials may be used for optimum penetration configuration. The
      use of tungsten alloy or depleted uranium as penetrator materials are
      likewise advantageous against spaced armor or targets at or greater.
      obliquities. A highly oblique target is considered to be a condition where
      the angle between the projectile trajectory and line normal to the target
      is 60.degree. greater.
PAR  The remaining components of the armor piercing projectile of this invention
      are a windshield 8 and a rotating band 10. The configuration illustrated
      depicts an ogival windshield 8 to provide a low drag profile. The rotating
      band 10 may also vary in design without significantly affecting
      penetration performance. The band design can be conventionally swaged,
      overlay welded or plastic since the function of the band is obturating and
      in transferring torque to the body for spin stabilization. A rotating band
      other than a swaged type would be preferable since providing grooves in
      the body for the swaged band would degrade structural integrity of the
      body as a pressure vessel and, thus, result in decreased penetration
      performance.
PAR  The resulting projectile provides an excellent transfer of energy from the
      body of the projectile through the ductile aluminum to the base of the
      steel penetrator. The support of the penetrator by a ductile material
      enhances performance on oblique targets. An oblique target is a target
      where impact is not directly normal to the projectile trajectory. This
      type of target tries to bend the penetrator during penetration and
      sometimes causes structural failure of the penetrator (commonly referred
      to as shatter). The aluminum support will become molten in the high stress
      during penetration and when a side force moves the penetrator during
      penetration, the energy transfer continues to be applied axially because
      of the fluid pressure. Because the penetrator support acts like a fluid,
      the force on the base of the penetrator is maintained for a longer period
      of time during penetration which results in increased depth of
      penetration. The instant design provides maximum performance with given
      projectile weight and stability constraints. The inventive design scheme
      offers savings in material weight and/or improved performance in other
      parts of the gun system because of the greater penetration performance
      potential of the invention. The increased depth of penetration offered by
      this design scheme is achieved primarily because of the shape of the
      penetrator and its support. The smaller forward diameter requires less
      energy for penetration than a conventional penetrator of the same weight
      that has the equivalent stability characteristics. Penetration performance
      can be improved by this invention in any gun system using spin stabilized
      ammunition.
PAR  Although the foregoing description has been directed to the preferred
      embodiments of the invention, it is noted that other variations and
      modifications may be made without departing from the spirit and scope of
      the invention as defined by the claims appended hereto.
CLMS
STM  What we claim and desire to protect by Letters Patent is:
NUM  1.
PAR  1. An armor piercing incendiary projectile comprising:
PA1  body means;
PA1  penetrator means contained within said body means, said penetrator means
      having a maximum length-to-diameter ratio of 5:1, said penetrator means
      having a tip and a base, the shape of said penetrator means being an
      envelope from tip to base substantially defined by an exponential curve of
      revolution about its longitudinal axis, the exponent of said curve being
      greater than one, said shape providing weight distribution that increases
      the mass on the outer periphery of the penetrator to maximize the polar
      moment of inertia to provide favorable stability characteristics;
PA1  support means interconnecting said body means and said penetrator means,
      said support means being made from a ductile metal;
PA1  wind cover means surrounding said penetrator means and connected to said
      body means to provide a low drag profile; and
PA1  band means circumferentially mounted over said body means to spin stabilize
      the projectile.
NUM  2.
PAR  2. A device as in claim 1 further including incendiary means positioned
      between said penetrator means and said support means, said incendiary
      means activated upon impact to further assist in penetration and target
      defeat by fire.
NUM  3.
PAR  3. A device as in claim 2 wherein said penetrator means contains a
      counter-bore and said support means contains a counterbore, said
      incendiary means inserted within said counter-bores.
NUM  4.
PAR  4. A device as in claim 3 wherein said penetrator is made of steel.
NUM  5.
PAR  5. A device as in claim 3 wherein said penetrator is made of tungsten
      alloy.
NUM  6.
PAR  6. A device as in claim 3 wherein said penetrator is made of depleted
      uranium.
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PAL  An electric fuze, especially for hand grenades, having a power source which
      is activatable by the effect of a force for supplying output power and a
      delay unit for delaying the ignition of a primer with respect to the time
      of activation of the power source. The delay unit has a variable time
      constant and includes an RC circuit formed of a plurality of series or
      parallel connected resistors and/or capacitors which are functionally
      connected with one another by electrical leads which leads are arranged to
      be open-circuited for the purpose of changing the delay time in a
      predetermined manner.
BSUM
PAR  The present invention relates to an electric fuze, especially for hand
      grenades, having an electric energy source which is activated upon
      application of a force, and having an electric delay unit for delaying the
      detonation of a primer element with respect to the activation of the
      energy source, the delay unit including an RC member providing a variable
      time constant.
PAR  In hand grenades, as well as in other explosive devices, it is improtant
      that the disintegration take place with a time delay as compared to the
      triggering, because the explosive body must first be propelled or fired
      out of the danger zone. In hand grenades, this delay is conventionally
      accomplished by mechanical delay primers operated by a spring or by
      pyrotechnical primers operating with burning lines, fusible elements, or
      the like. The mechanical delay units have the disadvantages that they are
      dependent on temperature and are susceptible to aging. Additionally,
      pyrotechnical delay and igniting devices occupy a relatively large amount
      of space, which is undesirable particularly in smaller explosive devices,
      such as hand grenades. Moreover, in case of pyrotechnical delay devices,
      there is the possibility that undetected flaws exist in the pyrotechnical
      burning line, produced by faulty compression of the deflagrating charge
      and resulting in rapid burn-through. This can cause considerable dangers
      and a safe functional control during the mass production of such delay
      devices cannot be accomplished at tolerable expense.
PAR  It is furthermore known, according to DOS [German Unexamined Laid-Open
      Application] 1,933,377, to provide electric fuzes with an electric delay
      member with an RC mamber, a trigger or threshold value switch, and a
      circuit breaker. The electric voltage built up at the RC member with a
      time delay after application of the ignition voltage ignites, after
      exceeding the switching threshold voltage of the trigger switch such that
      the thyristor used as the circuit breaker then connects the ignition
      voltage to the primer element. These electronic delay members have a very
      small structural size and can be reliably tested as to their flawless
      functioning.
PAR  It is furthermore known to change the time delay in electric delay members
      in order to adapt to the respective requirements in an individual case, by
      changing the time constant of the RC member. For this purpose, the
      resistor of the RC member can be constructed, for example, as a
      potentiometer, so that the magnitude of the resistance and thus also the
      delay period of the finished delay unit can be constantly changed.
      However, instead, it is also possible to provide several resistors which
      are added or disconnected by means of mechanical switches in
      correspondence with the delay time required in a certain case; this makes
      it possible to change the delay time stepwise. Apart from the fact that
      electric fuzes with these delay members with variable delay time again
      occupy a relatively large amount of space due to the mechanical switching
      elements, which is often unavailable in smaller explosive devices, these
      fuzes are also sensitive to environmental influences due to the electric
      contacts in the potentiometer and/or in the mechanical switches, so that
      the required functional safety cannot be ensured.
PAR  The present invention is based on the problem of avoiding the
      aforementioned disadvantages in an electric fuze, especially for hand
      grenades, wherein an electric energy source is activatable upon the
      application of force and having an electric delay unit with an RC member
      which delays the detonation of a primer element with respect to the
      activation of the energy source, the RC member having a variable time
      constant.
PAR  It is thus an object of the present invention to provide a fuze which
      overcomes the disadvantages of prior art arrangements.
PAR  It is another object of the present invention to construct the fuze so that
      it functions flawlessly even under unfavorable environmental conditions,
      and simultaneously has a maximally compact construction and can be
      manufactured with low expense.
PAR  In order to solve the problem, the invention provides a fuze wherein the RC
      member has several resistors and/or capacitors, arranged in a series
      and/or a parallel connection, which components are functionally connected
      with one another by electric lines. The electric lines, for the purpose of
      effecting predetermined variations of the delay time, are arranged to be
      open circuited or interrupted by severing of shearing of the lines. This
      avoids advantageously any contacts of contact points in the RC member, and
      the functional deviations due to changes of the contacts are eliminated.
      Depending on the arrangement of the electric lines, the severing or
      interruption thereof causes the resistors and/or capacitors to be
      connected into the circuit or to be eliminated from the circuit. Thus, in
      case the resistors or capacitors are connected in parallel, a more or less
      large number thereof can be cut out by interrupting the electric lines
      connecting same, in dependence on between which resistors or capacitors
      the severing is effected. In this context, a change in capacitance has a
      stronger effect than a corresponding change in resistance.
PAR  With a view toward a minimum manufacturing cost, an embodiment of the
      present invention provides that the RC member has a base resistor and at
      least one secondary or supplementary resistor connected in series
      therewith, wherein the at least one secondary resistor is inherently
      short-circuited by an electric line. Due to the interruption of the
      electric line bridging the at least one secondary resistor, the secondary
      resistor is electrically connected with the base resistor and the delay
      time is correspondingly lengthened. Further extensions of the delay time
      are possible by the insertion of a second, third, etc. secondary resistor.
      Of course, if this should be advantageous from a manufacturing viewpoint,
      the base resistor can also be inherently short-circuited by means of a
      corresponding electric line, which must then, however, be severed in any
      event prior to triggering the primer element, in order to obtain the basic
      delay before the corresponding short-circuiting lines of the individual
      secondary resistors are selectively interrupted. However, basically, it is
      also possible to connect in series additional capacitors which are
      short-circuited by means of the electric lines, if this should prove
      advisable in an individual case, instead of the resistors.
PAR  The severing of the electric lines can be accomplished, for example, with
      the aid of a cutting blade arranged in the primer housing, which is
      actuated directly from the outside and can be correspondingly displaced.
      However, in order to effect a rapid and secure setting of the respective
      delay period even under adverse conditions, e.g., under extreme cold, a
      feature of the present invention provides that the RC member is
      accommodated in a bipartite housing and the electric lines are severed by
      twisting and/or shifting the two parts of the housing with respect to each
      other. Accordingly to another feature of this invention, the provision is
      made furthermore that the two parts of the housing can be fixed, by means
      of resilient locking or detent elements, in predetermined mutual
      rotary-angle or displacement positions. This, on the one hand,
      considerably reduces the danger of an unintended shifting during the
      handling of the explosive device with the fuze installed therein, and, on
      the other hand, the intended setting can be effected also during darkness
      because the locking of the catch can be heard clearly.
PAR  According to another feature of the invention, the electric lines are
      provided with a loop-shaped section which can be sheared off by twisting
      and/or shifting one of the housing parts. As compared to the simple
      severing of a straight electric line, for example, the advantage is
      thereby attained that, after the shearing off of the loop-shaped section,
      the two ends of the electric line are clearly separated in space and thus
      also electrically. Consequently, no special auxiliary means are required
      to prevent the re-establishment of the electric contact between the ends
      of the interrupted electric line.
PAR  A particularly compact structure which is safe in handling and functioning
      is achieved for the fuze of this invention if, according to a further
      feature of the invention, the two parts of the housing are fashioned to be
      two connectible, mutually rotatable tubes, one of which tubes contains the
      energy source, the delay section, and the primer element and the other of
      which tubes has a dividing disk connected for rotation with the tube,
      which disk closes off the first tube at its end with the delay section and
      carries on its side facing this end a groove of the shape of a circular
      segment. The loop-shaped sections of the electric lines extend into this
      groove and can be sheared off on a shearing edge formed at one end of the
      groove.
PAR  In order to avoid, in a dividing disk made of an electrically conductive
      material, an electrically conductive connection between the two ends of
      the sheared-off electric line by way of the dividing disk, the dividing
      disk is provided, according to this invention, with another groove of the
      shape of a circular segment on the side facing the first tube. The ends of
      the originally loop-shaped sections, which extend freely into space after
      the shearing step, project into this groove without electric contact with
      the dividing disk and with each other. This additional groove can also be
      fashioned as a continuation of the first groove, for example in case there
      is no danger that the sheared-off, loop-shaped sections, which move to and
      fro uncontrollably within the first groove, establish a renewed electric
      contact of the two ends of the interrupted electric lines.
PAR  In many cases, there is the requirement that, in case of an unintended
      activation of the energy source and an ensuing detonation of the primer
      element, the transmission charge, i.e., the booster, connected thereafter
      must not be ignited. For this purpose, the present invention has the
      additional feature that the dividing disk is simultaneously designed as a
      mechanical detonator protection between an eccentrically arranged primer
      element and the booster, by providing the dividing disk with at least two
      eccentrically located bores associated with the primer element in the
      predetermined rotary-angle positions. Whether the bores are fashioned to
      be continuous or blind bores depends on the conditions of each individual
      case. In any event, the construction is chosen so that, in the saftey
      position of the fuze, no transmission of the detonation from the primer
      element to the booster is possible. This also holds true for the possible
      continuous construction of the circular-segment-shaped groove and/or
      grooves. In case of bores which are not continuous, these bores start
      preferably from the side of the dividing disk facing the primer element.
      If also the groove or grooves are fashioned to be noncontinuous, the side
      of the dividing disk facing the booster is completely closed, so that the
      booster charge can optionally be introduced by pressing it directly
      against the dividing disk into the primer housing.
DRWD
PAR  These and further objects, features and advantages of the present invention
      will become more obvious from the following description when taken in
      connection with the accompanying drawings which show, for purposes of
      illustration only, several embodiments in accordance with the present
      invention, and wherein:
PAR  FIG. 1 shows, in principle, the structural configuration of a hand grenade
      with the fuze inserted therein,
PAR  FIG. 2 shows the electric circuit diagram of the fuze of the present
      invention for utilization in a hand grenade according to FIG. 1,
PAR  FIG. 3 shows an equivalent circuit diagram of the threshold value switch
      utilized in the circuit of FIG. 2,
PAR  FIG. 4 shows an arrangement in accordance with the present invention for
      dividing the resistance of a delay circuit to obtain selectively settable
      delay periods,
PAR  FIG. 5 shows a longitudinal sectional view of the construction of a hand
      grenade primer, including a dividing disk,
PAR  FIG. 6 shows a top view of the dividing disk illustrated in FIG. 5, and
PAR  FIG. 6a shows a knife edge portion of the dividing disk.
DETD
PAR  Referring now to the drawings wherein like reference numerals are utilized
      to designate like parts, there is shown in FIG. 1, a piezoelectric hand
      grenade fuze 10 forming a separate component which is threadedly inserted
      in a hand grenade housing 11 containing a bursting charge. The fuze
      includes a safety lever 12, which after being triggered causes a striker
      14 pretensioned by a spring 13 to execute a rotation about its pivot axle
      15 and strike an anvil 16. A piezoelectric element 17 is disposed below
      the anvil 16 and is embedded in a counter holder 18 which piezoelectric
      element is elastically deformed by the percussion. The electric charge
      generated in the piezoelectric element 17 by this force effect is further
      transmitted to a primer 20 via the delay unit 19. In place of a
      piezoelectric element as the source of electric energy it is, however,
      possible to employ, for example, also an electric battery which applies an
      output to the delay unit 19, for example, only at the instant of
      activation by the safety lever 12 or the like. The primer element 20 is
      constructed, for example, in accordance with DOS 2,020,016 as a
      metal-coated primer which is inserted in a downwardly open bore 21 of the
      primer housing and effects, when triggered, the detonation of the bursting
      charge housed in the grenade shell 11. The anvil 16, the piezoelectric
      element 17, the counter holder 18, the delay unit 19, as well as the
      primer element 20 are arranged coaxially in series within the primer
      housing in close adjacency.
PAR  FIG. 2 shows the electric circuit for the fuze illustrated in FIG. 1. The
      piezoelectric element 17 is connected with a storage circuit, comprising
      for example a diode 22 and a storage capacitor 23. A Zener diode 24 is
      connected in parallel with the storage capacitor 23 for purposes of
      voltage stabilization. This has the effect that the delay circuit is
      operated at a defined voltage, independently of the force of the
      mechanical impulse effective on the piezoelectric element 17, so that the
      thus-produced delay is independent of the strength of the striker impulse,
      which is subject to fluctuations due to deviations in tolerances of the
      mass-produced springs 13. The charge of the storage capacitor 23 is
      transmitted to the RC member, consisting of a resistor 25 and a capacitor
      26 connected in series therewith. At the junction 27, the RC member is
      connected to the control input of a threshold value switch 28, the load
      line of which, also including the primer element 20, is likewise connected
      in parallel to the storage capacitor 23.
PAR  The mode of operation of the circuit is as follows: When the striker 14
      (FIG. 1) strikes the anvil 16, an electric output is generated at the
      piezoelectric element 17 and this output is stored via the diode 22 at the
      storage capacitor 23. The voltage at the capacitor 23 is stabilized to a
      constant value by means of the Zener diode 24. The stabilized voltage is
      applied to the RC member 25, 26. In accordance with the time constant
      thereof, a voltage is built up with a time delay at 27 and after the
      threshold value of the trigger 28 has been reached, the latter is
      connected into the circuit, so that the load line becomes low-ohmic and
      the line 30 is connected to the primer element 20. The primer element is
      thereby ignited and initiates the detonation of the grenade. The circuit
      illustrated in FIG. 2 can be tested with respect to its function and
      optionally adjusted accordingly. This circuit can be accommodated in a
      minimum amount of space in the primer housing and can optionally also
      consist of one or several pluggable modules which are inserted in the
      primer housing or plugged together.
PAR  FIG. 3 shows, for a more detailed explanation, the equivalent circuit
      diagram of a construction of the threshold value switch 28, which is
      normally fashioned as an integrated component.
PAR  The anode-cathode path (load line) 30, 31 is represented by a thyristor 32
      in series with a diode 33. A diode 34, operated in the blocking direction,
      is connected to the control electrode of the thyristor 32. When the
      natural breakdown voltage, lying between 6.8 and 7.1 volts, is exceeded,
      the diode 34 becomes conductive and actuates the thyristor 32. The diode
      33 serves to protect against the so-called overhead or undesired ignition
      which occurs when there are very steep voltage rise conditions between the
      anode and cathode.
PAR  In FIG. 4, an embodiment of the delay unit is illustrated, wherein the base
      resistor 25a and the three secondary or supplementary resistors 25b, 25c
      and 25d are connected in series. The secondary resistors are inherently
      short-circuited by means of electric lines 35 having loop-shaped sections
      36.
PAR  A fuze construction in accordance with the present invention is shown in
      FIGS. 5 and 6. For reasons of clarity, the safety lever, the striker, as
      well as the striker-tensioning spring have been omitted. The fuze has a
      bipartite housing 37. The lower housing portion 38 is a tube member
      provided with a flange 39 at the upper end and threadedly inserted in the
      hand grenade housing with an external thread 40 provided below the flange.
      From below, a dividing disk 41 is inserted in the tube 38 and fixedly
      joined with the latter by means of a radially extending pin 42. The
      dividing disk 41 will be described in greater detail below. The second,
      upper housing portion 43 is also a tube member which is inserted along
      part of its length in the tube 38 and is rotatable therein. The two tubes
      38, 43 are axially nondisplaceable with respect to each other. For this
      purpose, a clamping ring 44 is provided which engages in radial grooves
      45, superimposed in congruent relationship on both tubes 38, 43. The
      clamping ring 44 is disposed below the thread 40 and thus is, in the
      assembled condition, in the interior of the hand grenade housing.
PAR  Above the flange 39 of the lower tube 38, the upper tube 43 is widened in
      its diameter. The thereby formed annular flange has at least one bore 29
      extending in the axial direction which, in specific rotary-angular
      positions of the tubes 38, 43, confronts respectively one corresponding
      identation 46 on the topside of the flange 39. A compressible plug 47 of,
      for example, silicone rubber, as well as a ball 48 are inserted in the
      bore 29. In place of the plug, it would, of course, also be possible to
      insert a coil spring which, however, would be more expensive. Also, in
      place of the ball, a cylindrical pin with a correspondingly curved front
      surface could also be employed, for example. The ball 48 is pressed, by
      the elastically compressed plug 47, into the respective indentation 46, so
      that, when the at least one bore 29 is congruent with one of the
      indentations 46, a ball catch is obtained which defines specific
      rotary-angular positions. In order to mark the respective rotary-angular
      position, corresponding markings 49 are provided at both tubes 38, 43. In
      the zone of the abutting surfaces of the two annular flanges of tubes 38,
      43, a stop member is furthermore provided so that the two tubes 38, 43 can
      be turned, out of their initial position, only in one direction with
      respect to each other. Optionally, an additional mechanical stopping
      member can be included, so that the tubes 38, 43, for example, cannot be
      turned from the third rotary-angle position back into the second position,
      to avoid any errors in the actually set delay time.
PAR  The tube 43 is covered at its top portion by means of a screw cap 50. a
      metallic striker pin 51 is housed in an axial bore of the screw cap 50
      which striker pin is effective on a housing 52 disposed in the interior of
      the tube 43. The housing accommodates schematically illustrated electric
      energy source 53 having two contacts 54 leading downwardly into the bore
      55 of the tube 43, where the schematically illustrated electric delay unit
      19 and the primer element 20 are housed. The primer element 20 is
      constructed as a cylindrical part eccentrically mounted in the bore 55 and
      sliding over the dividing disk 41 fixedly joined to the tube 38 when the
      tube 43 is rotated.
PAR  The dividing disk 41 is shown in a top plan view in FIG. 6. The disk has
      eccentric bores 56 at two places which bores are disposed underneath the
      primer element 20 in predetermined rotary-angular positions of the tubes
      38, 43 and make it possible for the ignition to proceed from the primer
      element 20 to the booster charge 57 arranged underneath the dividing disk
      41. The disk is furthermore provided with a groove 58 having the shape of
      a circular segment, for receiving the loop-shaped sections 36 of the
      electric lines 35, as well as with the additional groove 59, also having
      the shape of a circular segment, to receive the ends of the lines 35 after
      they have been sheared off. The dividing disk 41 thus ensures, on the one
      hand, the mechanical safety against misfirings, by making it possible to
      detonate the bursting charge only in specific angular positions of the two
      tubes 38 and 43 and, on the other hand, contains a shearingoff mechanism
      for the electric lines 35 of the resistors 25 of the delay unit 19.
PAR  The electric lines 35 are laid within the delay unit 19 so that they extend
      with their loop-shaped sections 36 downwardly into the groove 58 of the
      dividing disk 41. The end 60 (FIGS. 6 and 6a) of the groove 58 is
      fashioned as a knife which has a radial shearing edge on the side of the
      dividing disk 41 facing the primer element 20. This knife shears off the
      wire loops 36 extending into the groove 58 in succession when the tube 43
      is rotated. The corresponding resistors 25b-25d are thus freed of their
      short-circuit lines or leads so that their values are added to those of
      the resistor 25a and the delay time is correspondingly lengthened. The
      electric lines 35 are preferably made in the form of a wire of an
      electrially conductive material, which can readily be cut off, such as
      brass, for example.
PAR  The markings 49 on the outside of the tubes 38, 43 indicate when one of the
      wire loops 36 is opened by shearing it off, and contain advantageously in
      writing the associated delay time. In this way, by turning the tube 43, a
      chronological staggering of the detonation delay can be achieved. The
      entire structure can be kept extremely compact with for example, a housing
      of the type shown in FIG. 5 having a length of 40 mm. and a maximum
      diameter of 20 mm.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings. It should therefore be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electric fuze, especially for hand grenades, comprising power source
      means responsive to a force effect for supplying power output, delay unit
      means responsive to the power output of said power source means for
      providing an output for igniting a primer at a time period delayed with
      respect to the time of supply of power output by said power source means,
      said delay unit means being an RC circuit means having a variable delay
      period and including at least a plurality of one of resistors and
      capacitors connected in one of a series and parallel connection, said
      plurality of one of resistors and capacitors being electrically connected
      together by electricl leads disposed to be open-circuited so as to
      interrupt the electrical connection therethrough for changing the delay
      period of said delay unit means in a predetermined manner, and means for
      severing at least one of said electrical leads so as to provide an open
      circuit thereof thereby changing the delay period.
NUM  2.
PAR  2. A fuze, according to claim 1, wherein said electrical leads are
      connected for short-circuiting a respective one of said plurality of one
      of resistors and capacitors.
NUM  3.
PAR  3. A fuze, according to claim 1, wherein said RC circuit means comprises a
      first resistor and at least one secondary resistor connected in series
      therewith, said at least one secondary resistor being inherently
      short-circuited by said electrical lead associated therewith.
NUM  4.
PAR  4. A fuze, according to claim 3, further comprising bipartite housing means
      for accommodating said RC circuit means therein, said housing means having
      two parts movable with respect to each other for open-circuiting said
      electrical leads associated with said at least one secondary resistor.
NUM  5.
PAR  5. A fuze, according to claim 4, wherein said bipartite housing means
      includes resilient locking means for mutually locking said two housing
      parts in predetermined displacement positions with respect to one another.
NUM  6.
PAR  6. A fuze, according to claim 5, wherein said resilient locking means
      mutually locks the two housing parts into displacement positions which are
      rotary-angular positions with respect to one another.
NUM  7.
PAR  7. A fuze, according to claim 6, wherein said electrical leads are provided
      with loop-shaped sections, said loop-shaped sections being arranged for
      severence from the other portion of said electrical leads by the
      displacement of the two housing parts with respect to one another.
NUM  8.
PAR  8. A fuze, according to claim 7, wherein said two housing parts are
      constructed as first and second mutually rotatable tubes, one of the first
      and second tubes being insertable within the other of the first and second
      tubes, said first tube having said power source means, said delay unit
      means and said primer contained therein, and said second tube having a
      dividing disk member connected for rotation therewith, said disk member
      closing off the end of said first tube at which the delay unit means is
      disposed and being provided on the side facing said first tube with a
      first groove in the shape of a circular segment, said loop-shaped sections
      of said electrical leads extending into said first groove, said dividing
      disk being provided with means for severing said loop-shaped sections.
NUM  9.
PAR  9. A fuze, according to claim 8, wherein said means for severing includes a
      shearing edge member provided at one end of said first groove.
NUM  10.
PAR  10. A fuze, according to claim 9, wherein said dividing disk member is
      provided with a second groove in the shape of a circular segment on the
      side thereof facing said first tube, said second groove being arranged for
      receiving the free ends of said electrical leads after severing of said
      loop-shaped sections from said electrical leads so that the free ends
      extend without electrical contact with said dividing disk member and with
      one another.
NUM  11.
PAR  11. A fuze, according to claim 8, wherein said dividing disk member
      separates said primer which is eccentrically disposed in said first tube
      on one side of said disk member and a booster charge disposed on the other
      side of said disk member, said dividing disk member being provided with at
      least two eccentrically arranged bores for providing communication between
      said primer and said booster charge in predetermined rotary-angular
      positons of said bipartite housing means whereby said dividing disk member
      serves as a detonation safety member.
NUM  12.
PAR  12. An electric fuze, especially for hand grenades, comprising power source
      means responsive to a force effect for supplying power output, delay unit
      means responsive to the power output of said power source means for
      providing an output for igniting a primer at a time period delayed with
      respect to the time of supply of power output by said power source means,
      said delay unit means being an RC circuit means having a variable delay
      period and including at least a plurality of one of resistors and
      capactiors connected in one of a series and parallal connection, said
      plurality of one of resistors and capacitors being elecrically connected
      together by electrical leads disposed to be open-circuited so as to
      interrupt the electrical connection therethrough for changing the delay
      period of said delay unit means in a predetermined manner, and bipartite
      housing means for accommodating said RC circuit means therein, said
      housing means having two parts movable with respect to each other for open
      circuiting electrical leads associated with respective ones of said
      plurality of one of resistors and capacitors.
NUM  13.
PAR  13. A fuze, according to claim 12, wherein said bipartite housing means
      includes resilient locking means for mutually locking said two housing
      parts in predetermined displacement positions with respect to one another.
NUM  14.
PAR  14. A fuze, according to claim 13, wherein said resilient locking means
      mutually locks the two housing parts into displacement positions which are
      rotary-angular positions with respect to one another.
NUM  15.
PAR  15. A fuze, according to claim 12, wherein said electrical leads are
      provided with loop-shaped sections, said loop-shaped sections being
      arranged for severence from the other portion of said electrical leads by
      the displacement of the two housing parts with respect to one another.
NUM  16.
PAR  16. A fuze, according to claim 15, wherein said two housing parts are
      constructed as first and second mutually rotatable tubes, one of the first
      and second tubes being insertable within the other of the first and second
      tubes, said first tube having said power source means, said delay unit
      means and said primer contained therein, and said second tube having a
      dividing disk member connected for rotation therewith, said disk member
      closing off the end of said first tube at which the delay unit means is
      disposed and being provided on the side facing said first tube with a
      first groove in the shape of a circular segment, said loop-shaped sections
      of said electrical leads extending into said first groove, said dividing
      disk being provided with means for severing said loop-shaped sections.
NUM  17.
PAR  17. A fuze, according to claim 16, wherein said means for severing includes
      a shearing edge member provided at one end of said first groove.
NUM  18.
PAR  18. A fuze, according to claim 17, wherein said dividing disk member is
      provided with a second groove in the shape of a circular segment on the
      side thereof facing said first tube, said second groove being arranged for
      receiving the free ends of said electrical leads after severing of said
      loop-shaped sections from said electrical leads so that the free ends
      extend without electrical contact with said dividing disk member and with
      one another.
NUM  19.
PAR  19. A fuze, according to claim 16, wherein said dividing disk member
      separates said primer which is eccentrically disposed in said first tube
      on one side of said disk member and a booster charge disposed on the other
      side of said disk member, said dividing disk member being provided with at
      least two eccentrically arranged bores for providing communication between
      said primer and said booster charge in predetermined rotary-angular
      positions of said bipartite housing means whereby said dividing disk
      member serves as a detonation safety member.
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ABST
PAL  This invention comprehends an improved flechette structure having means for
     urning back split forward portions thereof upon the striking of the target
      thereby to increase the wound capabilities of the flechette. The flechette
      structure includes a one-piece member defining both the penetrating nose
      portion and flight stabilizing fin portion of the flechette. The nose
      portion is split and a wedge element is disposed therein for effecting the
      turning back of the nose portion as a result of the striking of the
      target. The wedging element may further define at least a portion of the
      penetrating nose of the flechette.
BSUM
PAR  This invention relates to flechettes and in particular to flechettes
      adapted to inflict wounds on target personnel.
PAR  In one known form of flechette for inflicting a wound, the flechette
      defines an elongated member having a pointed nose end adapted to penetrate
      the target. Means are associated with the tail end of the elongated member
      for orienting the flechette with the nose end foremost in flight to effect
      the penetration of the target by the nose end. The present invention
      comprehends an improved flechette structure having a split front nose end
      arranged to bend outwardly upon impact with the target thereby to provide
      increased wound capabilities.
PAR  Thus, a principal feature of the present invention is the provision of a
      new and improved flechette.
PAR  Another feature of the invention is the provision of such a flechette
      having a split nose end and means for separating the portions of the nose
      end as an incident of the striking of the target thereby to increase the
      wound capabilities thereof.
PAR  A further feature of the invention is the provision of such a flechette
      having new and improved means for wedging apart the split portions of the
      nose end as an incident of the striking of the target.
PAR  A yet further feature of the invention is the provision of such a flechette
      having new and improved means associated with the split portions for
      weakening the connection of the portions to the remainder of the flechette
      whereby the portions may become separated therefrom to provide a plurality
      of target penetration channels.
PAR  A further feature of the invention is the provision of such a flechette
      having new and improved wedging means defining the forward tip of the nose
      end.
PAR  Still another feature of the invention is the provision of such a flechette
      wherein the wedging means comprises a body of material preselected to be
      injurious to the target.
PAR  Another feature of the invention is the provision of such a flechette
      wherein the nose end is provided with a diametric slot to define a
      bifurcated, deflectable prong structure.
DRWD
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a side elevation of a flechette embodying the invention;
PAR  FIG. 2 is a front end elevation thereof;
PAR  FIG. 3 is a top plan view thereof with a portion thereof shown in
      horizontal diametric section;
PAR  FIG. 4 is a transverse section thereof taken substantially along line 4--4
      of FIG. 3;
PAR  FIG. 5 is a top plan view of a modified form of flechette embodying the
      invention;
PAR  FIG. 6 is a front end view of the embodiment of FIG. 5;
PAR  FIG. 7 is a fragmentary top plan view of another modified form of
      flechette;
PAR  FIG. 8 is a front end view of the embodiment of FIG. 7;
PAR  FIG. 9 is a fragmentary top plan view of still another modified form of
      flechette embodying the invention;
PAR  FIG. 10 is a front end view of the embodiment of FIG. 9;
PAR  FIG. 11 is a fragmentary top plan view of yet another modified form of
      flechette embodying the invention;
PAR  FIG. 12 is a front end view of the embodiment of FIG. 11;
PAR  FIG. 13 is a rear end view illustrating the vaned tail end of the
      flechettes; and
PAR  FIG. 14 is a fragmentary enlarged side elevation illustrating the spreading
      apart and fracture of the bifurcated nose end portions of the flechette
      resulting from the striking of a target.
DETD
PAR  In the exemplary embodiment of the invention as disclosed in FIGS. 1
      through 4 of the drawing, a flechette generally designated 10 is shown to
      comprise an elongated member 11 having a nose end 12 and a tail end 13.
      The tail end, as shown in FIG. 13, may comprise a plurality of radially
      extending fins 14 for stabilizing the flight of the flechette and
      orienting the flechette with the nose end 12 in a forward direction in
      flight.
PAR  The present invention, as indicated briefly above, comprehends a novel
      construction of the nose end 12 whereby a plurality of target penetration
      channels are created as a result of the striking of the target by the
      flechette. More specifically, as best seen in FIG. 3, the nose end 12 of
      the flechette is bifurcated to define a pair of prongs 15 and 16 spaced by
      a diametric slot 17. The front end of the slot 17 defines a forwardly
      opening recess 18, and the rear end of the slot 17 terminates in a
      diametric bore 19. A wedging element generally designated 20 is disposed
      in the slot 17, and the recess 18 extends forwardly therefrom to define a
      sharp point 21 defining the forward tip of the flechette. The element 20
      defines a wedging surface 22 confronting the nose end 12 of the member 11
      in the recess 18. Thus, when the tip 21 strikes a target the surface 22 is
      urged rearwardly against the nose end 12 of the member 11 and causes the
      prong portions 15 and 16 to spread apart and thereby define a pair of
      diverging channels extending away from the longitudinal axis of the
      flechette defining the main channel of penetration.
PAR  The thickness of the portions 23 of the member 11 adjacent through bore 19
      is relatively small, and thus portions 23 define fracture zones whereat
      the prongs 15 and 16 may separate from the elongated member 11 as a result
      of the directing of the prongs in outwardly diverging channels through the
      target as initiated by the wedging element 20.
PAR  The wedging element 20 may be provided in different forms, as shown in the
      embodiment of FIGS. 5 through 12. Thus, in the flechette generally
      designated 110 shown in FIG. 5, a wedging element 120 is shown to comprise
      a body of material received in the slot 117, recess 118 and through bore
      119 which as the result of the striking of a target is compressed
      rearwardly in the slot 117 to initiate the spreading apart of the prongs
      115 and 116. The wedging element 120 may comprise a material preselected
      to be injurious to the target upon contact therewith such as lethal of
      paralyzing material where the flechette is adapted for striking target
      personnel.
PAR  In FIG. 7, a flechette generally designated 210 is shown to comprise a
      flechette similar to flechette 10, but wherein the wedging element is
      omitted. The recess 218 at the forward end of the slot 217 is adapted to
      wedge the prong portions 215 and 216 apart as an incident of a striking of
      the target by the nose end 212 defined by the recess 218.
PAR  In FIG. 9, a flechette generally designated 310 is shown to comprise a
      flechette similar to that of FIG. 7, but having a short element 320
      received in the recess 318. In FIG. 11, a flechette generally designated
      410 is shown to comprise a flechette similar to flechette 310, but wherein
      the wedge element 420 includes a forward tip portion 421.
PAR  Each of the different embodiments of FIGS. 5 through 12 are similar to the
      flechette 10 shown in FIGS. 1 through 4, and are identified by similar
      reference numerals except one hundred higher in the case of flechette 110
      of FIGS. 5 and 6, two hundred higher in the case of flechette 210 of FIGS.
      7 and 8, three hundred higher in the case of flechette 310 of FIGS. 9 and
      10, and four hundred higher in the case of flechette 410 of FIGS. 11 and
      12.
PAR  In each of the forms illustrated, the bifurcated nose end of the flechette
      is caused to spread apart whereby the prong portions thereof diverge from
      the longitudinal path of the elongated flechette member, thereby to define
      three separate wound channels in the target. The prong portions may be
      caused to separate from the main body of the flechette as a result of the
      diverging movement thereof whereby the flechette effectively defines a
      plurality of separate missile elements in the target. The wedging elements
      of flechettes 10, 110, 310 and 410 provide an aerodynamic nose portion for
      improved flight stability and provide sharp target penetrating means,
      while yet also providing means for effecting the spreading of the
      bifurcated nose end. The flechettes are extremely simple and economical of
      construction while yet providing the above described novel features.
PAR  While I have shown and described certain embodiments of my invention, it is
      to be understood that it is capable of many modifications. Changes,
      therefore, in the construction and arrangement may be made without
      departing from the spirit and scope of the invention as defined in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A flechette comprising: an elongated, one-piece member having a
      penetrating nose end and a tail portion defining means for orienting said
      member in flight to present said nose end forwardly; and means for causing
      a spreading formation of said nose end as an incident of striking
      engagement thereof with a target comprising means dividing said nose end
      into a plurality of deflectable integrally joined prongs and means at the
      rear end of said dividing means weakening said member thereat to
      facilitate spreading deformation of said prongs.
NUM  2.
PAR  2. The flechette of claim 1 wherein said nose end includes a forward sharp
      tip for promoting penetration of the target.
NUM  3.
PAR  3. The flechette of claim 1 including means carried by said nose end for
      wedging said prongs apart as an incident of said striking engagement of
      the nose end with the target.
NUM  4.
PAR  4. The flechette of claim 3 wherein said wedging means comprises a
      rearwardly narrowing, forwardly opening recess in the forward tip of said
      nose end.
NUM  5.
PAR  5. The flechette of claim 3 wherein said wedging means comprises a
      rearwardly narrowing, forwardly opening recess in the forward tip of said
      nose end, and a wedge element in said recess for rearward, prong-spreading
      movement as an incident of the striking engagement of the nose end with
      the target.
NUM  6.
PAR  6. The flechette of claim 4 including a body of filler material in said
      recess.
NUM  7.
PAR  7. The flechette of claim 1 wherein said weakening means comprises a cavity
      in said member.
NUM  8.
PAR  8. The flechette of claim 1 wherein said weakening means comprises a cavity
      in said member, and a body of filler material provided in said cavity.
NUM  9.
PAR  9. The flechette of claim 1 including means carried by said nose end for
      wedging said prongs apart as an incident of said striking engagement of
      the nose end with the target, said wedging means comprising a rearwardly
      narrowing, forwardly opening recess in the forward tip of said nose end,
      and a wedge element in said recess for rearward, prong-spreading movement
      as an incident of the striking engagement of the nose end with the target,
      and a body of filler material in said slot.
NUM  10.
PAR  10. The flechette of claim 1 including an element fixed to said nose end
      and defining a sharp forward tip extending forwardly from said member for
      promoting penetration of the target.
NUM  11.
PAR  11. The flechette of claim 1 wherein said weakening means comprises a
      radial through bore.
NUM  12.
PAR  12. The flechette of claim 1 wherein said weakening means is constructed to
      permit said prongs to separate from the elongated member upon a
      preselected penetration of the target thereby to provide a plurality of
      separate penetrations of the target.
NUM  13.
PAR  13. The flechette of claim 1 including a body of material preselected to be
      injurious to the target upon contact therewith.
NUM  14.
PAR  14. The flechette of claim 1 wherein said dividing means comprises a
      diametric slot in said nose end.
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ABST
PAL  A monorail system for roller coasters comprising suspended track-bound
      vehicles each of which comprises a pair of distanced roller gears for
      movement along the track and support arms with a passenger car attached
      thereon arranged so as to prevent pivoting of the roller gears on the
      track means but permitting limited or controlled lateral swinging of the
      car relative to the roller gears.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to conveying systems and more specifically to
      monorail systems or overhead operation, i.e. with suspended cars, cabins,
      or the like load receiving arrangements. The invention is particulary
      related to roller coaster type arrangements, i.e. where a car is caused to
      move along a rail-bound path arranged as a closed loop with more or less
      inclined portions and a series of curves, i.e. for amusement purposes in
      fairs, amusement parks and the like.
PAR  Monorail systems with suspended vehicles for moving persons or goods are
      known in the art. Normally, such systems are constructed so as to avoid
      steep passages, i.e. they lack substantial inclinations against the
      horizontal. To prevent lateral pivoting or swinging of the vehicles or
      cars one tends to avoid curves, notably narrow curves and lateral guide
      rails must be provided at the stops or loading stations so as to retain
      the cars from lateral movements, i.e. swinging.
PAR  For amusement purposes, such as in fairs or amusement parks, monorail
      systems with suspended cars or cabins have been suggested. Such systems
      have a rail type element arranged in a closed loop and in the manner of
      roller coasters, i.e. comprising portions with a steep inclination and/or
      with narrow curves.
PAR  German Pat. No. 80,980 teaches cabins having rollers rigidly mounted at the
      roof of the cabins. The rollers are suspended on a rail helically arranged
      around a tower so that the cabins will move downwardly around the tower.
      Accordingly, the cabins are free to swing in any plane, i.e. in planes
      substantially parallel to the rail, in planes substantially vertical to
      the rail and in any plane intermediate between the vertical and the
      parallel planes.
PAR  Another prior art rail-bound system of the type in question is disclosed in
      German Pat. No. 367,410 and comprises a rail having an inverted T-shaped
      cross-section. A roller gear is rigidly connected to each car and
      comprises two adjacent support rollers. One roller each is support by one
      side of the laterally extending component of the rail, i.e. one of the
      lateral arms of the inverted T-profile of the rail. This arrangement is
      intended to prevent lateral swinging movement or pivoting of the car while
      permitting longitudinal swinging, i.e. pivoting in the plane which is
      parallel to the direction of travel.
PAR  French Pat. No. 1,167,272 discloses a further conveying system for
      amusement purposes and includes cars in rigid connection with a roller
      gear. The roller gear comprises at least one support roller and lateral
      guide rollers to provide for a substantially rigid guidance of the moving
      car or vehicle, i.e. to prevent any swinging or pivoting at all.
PAR  When a body is moved through a curve, the centrifugal force will increase
      as the curve radius decreases and as the speed increases. In monorail
      systems with susppended cars or cabins the centrifugal forces will cause a
      freely suspended (i.e. not prevented to swing in any plane) vehicle or car
      to swing or pivot from its "normal position," i.e. where it is in a
      position substantially perpendicular below the rail, into an inclined or
      tilted position. Since the rails or a roller coaster type arrangement for
      amusement purposes will generally include intermediate straight path
      portions as well as curved path portions, the full centrifugal forces will
      act upon the vehicle or car as soon as it enters a curve. As a
      consequence, a car in such a curve will not only swing into a position
      corresponding to the resultant of gravitational and centrifugal forces but
      will first tend to overswing, i.e. swing beyond the position of said
      resultant, and swing back thereafter. Such pendulum type movement may be
      quite dangerous because it is slow if compared with the normal travel
      speed of the car and since, accordingly, it is guite possible that the car
      after overswinging in a first curve will continue to swing beyond its
      normal position when entering the next curve. This may cause rather
      extreme stresses in the car and its suspension and would require extremely
      strong and very expensive rail structures to prevent structural breakage
      and still endanger the passenger or passengers.
PAR  The lack of acceptance of monorail systems with suspended cars for roller
      coaster type installations for amusement parks, fairs or the like is
      probably due to these disadvantages. In theory, overswinging of the car
      due to centrifugal forces can be avoided if circular curves are replaced
      by so-called clothoidal curves (Cornu-curves). In practice, however, it is
      not feasible because it would require a very complicated rail or track
      structure. Also, it would require much more space than normally available
      for roller coaster installations.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the invention to provide for a monorail
      system with suspended load receiving devices such as cars which will not
      overswing when moved through a series of normal curves.
PAR  It is another object of the invention to provide for a roller coaster type
      monorail system with suspended cars, which systems does not require more
      space than well known roller coaster arrangements where cars run on rails.
PAR  Still another object of the invention is a roller coaster type monorail
      system with suspended cars where the passengers are not endangered by the
      effects of centrifugal forces encountered when such cars move along a
      series of curved path portions.
PAR  Yet another object of the invention is a roller coaster type monorail
      system with suspended cars which provides for increased safety and
      increased travelling pleasure without substantial increase of costs and
      the amount of structural material required for such an installation.
PAR  Further objects will become apparent as the specification proceeds.
PAR  I have found that the above and other objects can be achieved with a
      monorail system comprising track means and one or more vehicles suspended
      on said track means; each vehicle comprising a pair of roller gears in a
      sequential arrangement on said track means, car means, and at least one
      support arm connected with said car means; said roller gears and said
      track means being operably connected to permit movement of said roller
      gears along said track means and to substantially prevent pivoting of said
      roller gears on said track means; said roller gears being movably
      connected with said support arm of said vehicle to permit lateral swinging
      of said car means and said support arm relative to said roller gears; and
      means for limiting said lateral swinging of said car means and said
      support arm.
PAR  Expressed in other words, I generally achieve the above objects by
      pivotably connecting a pair of roller gears designed to move on a track in
      an essentially rigid, i.e. non-pivotable manner with the support arm or
      arms of the corresponding vehicle and by limiting and/or controlling
      lateral swinging of the support arm or arms and the car or cabin pendingly
      attached thereon.
PAR  The phrase "roller coaster type installation" is intended to refer to any
      rail-bound conveyance system for amusement purposes and comprising a path
      including both steep ascents and descents as well as a series of curves.
      Normally, the start will be rather near the end, e.g. to form a closed
      loop rail arrangement, and some sort of holding area for cars not in
      operation will be provided for, if required with switch points to
      introduce or remove cars from the system. Drive means can be provided,
      either on the cars with suitable power supply along the path or portions
      thereof but will generally be arranged near the rails to pick up the cars
      and move them to an elevation from which they descend or coast along the
      rail under the impact of gravitation. Brake means can be provided at
      portions of the rail (external) or/and within the cars. All such parts and
      means as well as their operation are well known in the art.
PAR  Also, as it is conventional for both roller coasters and prior art monorail
      systems, such installation will include supports for the rail or track
      such as to keep them in a predetermined pattern or path. Girder structures
      and the like supports with or without interconnecting means for permanent
      or temporary operation are well known in the art and will not be discussed
      hereinafter.
PAR  The roller gears and the cooperating elements will be explained more in
      detail below. It should be noted that while I use a pair of such gears in
      a sequential arrangement, this terminology is intended to encompass any
      arrangement where one such gear follows or precedes the other on the
      track. Trailing or coupling of the gears other than via the car and its
      arm or arms is possible but not required. The distance between the two
      roller gears of any vehicle will normally depend upon the length of the
      appended car and/or the expected load and should, in general, be
      sufficient to substantially prevent swinging of the car in a longitudinal
      direction, i.e. in a plane parallel to the rail. While at least one
      support arm of the vehicle will be connected with the pair of roller
      gears, it is possible and generally preferred to use two such support arms
      per vehicle and connect each arm with one roller gear of the pair. When
      using a single support arm, such structure would require a branched
      portion such as a Y-shaped arm, the lower end of which is secured on the
      car while one of its upper ends each is pivotably connected with one
      roller gear each.
PAR  Such pivotable connection can be achieved by means of a ball-and-socket
      joint. The ball of such joint may be part of the upper end of the support
      arm while the socket is provided within or on the roller gear, e.g. on a
      gear frame. Stop faces are provided in this embodiment as means for
      limiting lateral swinging. Such stop faces can be provided in or on the
      roller gears or on the socket of the joint.
PAR  Another preferred feature of the inventive monorail system is a damping
      installation for limiting or/and controlling laterally swinging or
      pivoting movements of the support arms and the car attached thereon. These
      and other means for limiting a pivoting along a given plane can be used
      simply or in combination.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings showing preferred embodiments of the inventive
      system and its components in a simplified or semi-diagrammatic manner.
PAR  In the drawings:
PAR  FIG. 1 is a fragmentary view of one embodiment of the track means for the
      monorail system according to the invention with a car suspended on the
      track means;
PAR  FIG. 2 is a vertical cross-section of a portion of the track means shown in
      FIG. 1 with a preferred embodiment of a roller gear in a partially
      sectioned view;
PAR  FIG. 3 is a cross-sectional view along B--B of FIG. 2 through the track
      means and the roller gear,
PAR  FIG. 4 is a cross-sectional view of another embodiment of the track means
      and roller gear cooperating therewith;
PAR  FIG. 5 is a side elevational view of the roller gear shown in FIG. 4;
PAR  FIG. 6 is a sectional view of a preferred embodiment of a damper
      installation, and
PAR  FIG. 7 is a diagrammatic fractional view showing the suspension of a car on
      the roller gear shown in FIG. 4 and the operation of the damper
      installation of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  With reference to FIG. 1, a portion of track means 10 as well as a vehicle
      16 are presented to show an example of the novel suspension according to
      the invention. Vehicle 16 comprises two roller gears 11 (the structure of
      which is not apparent from FIG. 1 but is shown in FIG. 2 and 3 as
      explained below) and is encompassed by track means or rail structure 10.
      Vehicle 16 further includes a pair of support arms 12 and a car 13. The
      track or rail structure 10 includes two U-shaped profiles 14 arranged at a
      distance with their open ends turned towards each other. For securing and
      connecting the pair of U-shaped profiles 14 to form track or rail
      structure 10, a plurality of clamps 15 is provided along the structure but
      only one such clamp 15 is shown in FIG. 1 for simplicity. Clamps 15 can
      also serve for connecting the track structure with supports (not shown)
      for keeping the track at the desired elevation above the ground. As stated
      above, suitable supporting structures are well known to the expert and do
      not require detailed explanation. Both support arms 12 are rigidly
      connected with car 13, the details of such connection being a matter of
      choice in view of the structural materials involved and the operating
      requirements but do not require detailed explanation. In general, however,
      car 13 should be secured in a manner such that the maximum load of car 13
      plus its own weight is securely supported by the support arms 12 under the
      conditions of operation. The pivotable connection of arms 12 with roller
      gears 11 will be explained in detail in connection with the following
      Figures.
PAR  The car body may be of any conventional structure and may include, for
      example, four pairs of seats arranged in four compartments each provided
      with a door at the side of the car opposite arms 12. Again, the details of
      the car are not critical and, while an open car or gondola is shown in
      FIG. 1, any other suitable type of car with one or more compartments and
      if desired with a preferably transparent roof or the like can be used
      depending upon the specific requirements, notably the location and climate
      of the site where the roller coaster is to be operated. Whenever track or
      rail 10 is to form a curved path, the U-shaped profiles 14 can be arranged
      in inclined positions such that their sides are in a substantially
      parallel arrangement in accordance with the direction of the expected
      forces at that particular portion of the track.
PAR  The structure of an embodiment of the roller gear is shown in FIG. 2 and 3.
      Two shafts 17 are provided in a roller gear frame 25, each shaft carrying
      two rollers 18. Each roller 18 is provided with a tread 18a, e.g. of
      natural or synthetic materials known for tread purposes, e.g.
      polyurethane. Roller bearings 18b are provided between rollers 18 and
      shafts 17. Viewed in the direction of movement, a ball socket 19 is
      provided between the two shafts 17 to movably support a ball 20 in the
      manner of a ball-and-socket joint. Ball 20 is secured to the upper end of
      support arm 12. The ball-and-socket joint provides for swinging motion of
      car 13 in a lateral direction, i.e. in a plane substantially vertical to
      the direction of forward movement. Both shafts 17 are arranged in frame 25
      which serves to transmit the entire load from the ball-and-socket joint
      19, 20 to the four rollers 18. Stop faces 22 are provided at the lower end
      of frame 25 to serve as the means for limiting pivoting or swinging
      movement of the upper end of support arm 12 so that such movement cannot
      exceed a predetermined value. The actual leaner of the vehicle at a given
      point of its path may, however, exceed the angle of movement limited by
      the stop faces when the rails, as mentioned previously, are, in a curve,
      arranged in an inclined position. The swinging or pivoting movement
      provided by ball 20 will then correspond to the deviation from the average
      inclination defined by the inclined arrangement of the rail.
PAR  The roller gear further includes two pairs of lateral guide or stabilizing
      rollers 26 serving to improve lateral guidance of the roller gears within
      the pair of U-shaped profiles which form the track or rail. Preferably,
      such lateral guide rollers 26 are supported by forks 27 and are capable of
      lateral movement (in relation to the transport direction). Normally, guide
      rollers 26 will be pressed towards the sides of the U-shaped profiles,
      e.g. by springs 28. Such guide rollers 26 are particularly suited to
      receive lateral forces when the car swings over its central position,
      while rollers 18 merely serve to receive forces acting in a direction
      vertical to their tread face.
PAR  Another embodiment of track means and cooperating roller gears is shown in
      FIG. 4 in a cross-sectional view. Here, the track or rail means include
      four tubes 90, 91, 92 and 93 or similar elongated structures such as bars,
      rods or other rail profiles arranged in a rectangular pattern, i.e. at the
      corners of a rectangle, the longer side of which is arranged in a
      horizontal direction. This arrangement provides for specific advantages
      because the bigger momentum of resistance of the total cross-section of
      the rail structure is in horizontal direction. This corresponds with the
      stronger forces acting in such direction. In the operation of a monorail
      system including suspended cars, e.g. in a roller coaster type arrangement
      in accordance with the invention, centrifugal forces may be generated in
      the order of multiples of the gravitational force, i.e. in the order of
      several g's.
PAR  As shown in FIG. 4, the four tubes forming the track or rail structure are
      interconnected by connecting struts 94, 95, 96 and 97, the vertical struts
      96 and 97 being offset towards the center of the framework such that space
      is provided between tubes 90, 92 and 91, 93, respectively, for passage of
      the rollers. Generally, further struts (not shown) will be provided for
      diagonal connections.
PAR  Preferably, each roller gear of the type shown in FIG. 4 and 5 includes
      twelve rollers. Support roller pairs 31 and 32 (only one roller of each
      pair being apparent in FIG. 4) are guided on tubes 92 and 93 and receive
      and support all vertically acting forces from frame 39. Two pairs of
      rollers 34, 35 are arranged below tubes 92, 93 to prevent lifting off of
      support rollers 31, 32 and their contact with upper tubes 90, 91 whenever
      forces appear which act in an upward direction. Such contact would lead to
      an undesirable braking action.
PAR  The cross-sectional pattern of the track-forming tubes should remain
      substantially constant at any part of the track or rail structure, i.e.
      connecting struts 94, 95 should always be in a substantially horizontal
      alignment. Because of the pivotably joined connection of the roller gears
      and the car, no inclination of the rail structure is required in curved
      portions of the path. This provides for a substantial simplification of
      the track or rail structure.
PAR  Two roller pairs 30, 33 are provided to laterally engage tubes 92 and 93.
      These rollers serve to receive only such forces which act in a horizontal
      direction, i.e. centrifugal forces. Accordingly, only one of the pair of
      rollers 30, 33 is capable of contactingly engaging the adjacent tube of
      the rail structure. Roller pairs 31, 32 on the other hand may
      simultaneously engage or rest upon the adjacent tube. All rollers are
      rotatably secured on frame 39 which in turn is connected with a joint
      structure or connection 19 for swingingly or pivotably holding the support
      arm of the car.
PAR  Shafts 37, 38 of rollers 30, 33 are rigidly connected with frame 39. Since
      only one of the pairs of roller 30, 33 will at any given moment be in
      contacting engagement, i.e. transmit forces, frame 39 will automatically
      be aligned or oriented such that either both rollers 30 or both rollers 33
      will contribute to lateral guidance at a given moment. Shafts 40 of the
      two rollers 31 are also connected rigidly with gear frame 39. The pair of
      rollers 31, however, is slidingly mounted on shafts 40 and is capable of
      displacement as indicated by arrow 44. As a consequence, rollers 31 will
      always run centrically, i.e. at the top of tube 92 even if the distance
      between tubes 92 and 93 may somewhat change over the length of the rail
      structure in view of allowable or necessary tolerances in production. Both
      rollers 32a, 32b are rotatably secured by means of shafts 47a, 47b on
      swivel arm 46. Swivel arm 46 in turn is rotatably connected with frame 39
      by means of shaft 49. It is apparent that both rollers 32 as well as both
      rollers 31 will uniformly support loads without regard to normal
      tolerances or deviations in the production or use of the rail structure.
PAR  Instead of ball socket 19 and the corresponding ball joint components (not
      shown), or in addition to such joint, universal couplings or gimbal
      bearings well known in the art are used in a preferred embodiment for the
      suspension of the support arm or arms on the roller gears. By the same
      token and for the same purposes, the support arm can be suspended by means
      of a ball-joint-socket which in turn is connected with the frame by means
      of a journal secured thereon.
PAR  A preferred embodiment of a damper element for controlling or limitingg
      lateral pivoting of the car is shown in FIG. 6. Such an element is most
      suitable to prevent overswing or pendulum-type movement of the car. Damper
      element 50 has the general outer shape of an hydraulic cylinder comprising
      a cylinder housing 60, piston 61, piston rod 63 and securing eyes 64 and
      65. Piston 61 may, for example, comprise jaws 66 provided with friction
      liners 66a capable of being pressed onto the inner wall of the cylinder
      housing by means of two tapered structures or cones 67, 68. Cone 67 is
      directly connected with piston rod 63 while cone 68 is connected with the
      piston rod via a pack of cup springs 69 in tube 74, nuts 70 and a thread
      72 on the piston rod. By means of nut 70 the force which presses such
      friction jaws onto the inner cylinder face can be adjusted in accordance
      with a predetermined value. With a suitable length of spring column 69,
      such force or friction contact will not change in continued use nor will
      it be affected by partial abrasion of friction liners 66a. Accordingly,
      nut 70 can be used to exactly pre-set the force required to longitudinally
      displace piston 61 within cylinder housing 60. Upon each movement of this
      type, kinetic energy will be transformed into heat. The damper element
      shown provides for transformation of kinetic energy into heat without a
      time lag. Accordingly, damper element 50 operates different from normal
      damper elements known in the art, such as shock absorbers.
PAR  One end of damper element 50 is connected with support arm 12, while its
      other end is pivotably connected with frame 39. Connecting point 81 of
      damper element 50 on frame 39 is situated below connecting point 19 of
      support arm 12. The distance between these two points is indicated as a.
      When the car swings in a lateral direction, securing point 80 of damper
      element 50 on support arm 12 will move along a circular path of radius
      R.sub.1 around securing point 19 and along a circular path of radius
      R.sub.2 around securing point 81 of damper element 50. Accordingly, the
      change of length of the damper element 50 between these two securing
      points is a function of angle .beta.. The change of length of the distance
      between points 80 and 81 is negligibly small during small swings around
      the normal position. However, when the car swings by an angle .beta. of
      for example 80.degree., the change of length is quite substantial. In
      other words, a small angle of swing relative to the normal or vertical
      position will have almost no effect, while a large angle of swing will
      cause a pronounced effect of the damper element. Accordingly, the damping
      effect on a swing will increase as angle .beta. increases. When entering a
      curve, the car will swing out fast and without delay. As the swing
      progresses, the damping effect becomes stronger and a pendulum-type
      movement around the stable equilibrium position will be attenuated
      quickly. Upon exit from a curve, the friction or braking effect will
      become effective again in the reverse movement of the swing so as to kill
      kinetic energy, i.e. transform it into heat. Accordingly, the car will
      soon return to a minimal swinging motion around the vertical or normal
      position. However, this residual swinging is no disadvantage and may in an
      installation for amusement purposes contribute to causing the passenger's
      impression of floating or free flight movement.
PAR  With each damping action, force will be transmitted from the damper element
      50 to point 81 and this force will act as a force of rotation on the
      roller gears. Rollers 34, 35 shown in FIG. 4 will receive this force and
      the pair of rollers 34 will be pressed onto tube 92 while the pair of
      rollers 35 will be pressed onto tube 93.
PAR  It is, of course, possible to combine several cars to a train. On the other
      hand, several distanced cars can be carried through the system
      individually as desired. For combining several cars such as to form a
      train, flexible connections between the cars are preferred. In this
      connection, it is preferred to provide rounded bumpers at each end of a
      car so as prevent that the cars are displaced due to non-uniform
      deceleration. The bumpers can be shaped and arranged such that a secure
      mutual contact between adjacent cars will be ascertained for a given shape
      or path of the systems, i.e. the track or rail structure.
PAR  The path of the track or rail structure can be adapted to conform with the
      requirements of a given transportation problem. For example, guidance and
      drive can be arranged in a manner well known in connection with prior art
      roller coasters, particularly those systems intended for repeated assembly
      and disassembly at various sites. Aside from the effects set forth above,
      novel amusement effects can be caused by a sinuidal or wave-like path of
      the track or rail because the cars will be caused to move through a series
      of lateral swinging motions. Such motions will be caused at each curve
      maximum of the path.
PAR  Various modifications of the invention will be apparent to the expert. The
      roller gears, for example, can be provided with internal drives and
      internal brakes. Alternatively, brakes can be arranged stationary outside
      of the vehicles. By the same token, stationary guide elements can be
      provided to externally act upon vehicles or parts thereof and to
      additionally prevent or limit certain deviations from the normal central
      or another predetermined or desired position.
PAR  While the invention has been explained mainly in connection with roller
      coaster type systems for amusemeent purposes, it is understood that the
      monorail system according to the invention can be used for any movement of
      suspended loads along a path. For example, the inventive system can be
      used as an overhead conveyer for commercial operation, notably for fast
      transportation of goods from one place to another in a strongly curved
      path.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A monorail system comprising track means and at least one vehicle
      suspended on said track means; said vehicle comprising roller gear means
      on said track means, said track means comprising a substantially rigid
      structure of four interconnected elongated elements selected from the
      group consisting of tubes, bars, rods and rails, said structures having a
      substantially rectangular cross-section with one of said elongated
      elements arranged at each corner of said rectangular cross-section, car
      means, and at least one support arm connected with said car means; said
      roller gear means and said track means being operably connected to permit
      movement of said roller gear means along said track means and to
      substantially prevent pivoting of said roller gear means about said track
      means in any direction with respect to said track means; said roller gear
      means including support roller means rotatably arranged on a first set of
      axes and guide roller means rotatably arranged on a second set of sxes,
      said first set of axes being substantially perpendicular to said second
      set of axes; said roller gear means being movably connected with said
      support arm of said vehicle to permit lateral swinging of said car means
      and said support arm relative to said roller gear means; and means for
      damping said lateral swinging or pivoting of said car means and said
      support arm.
NUM  2.
PAR  2. The monorail system of claim 1, wherein said support roller means are
      slidably supported for lateral movement along said first set of axes and
      said guide roller means prevent slidable movement thereof beyond a
      predetermined distance.
NUM  3.
PAR  3. A monorail system comprising track means and at least one vehicle
      suspended on said track means; said vehicle comprising roller gear means
      on said track means, car means, and at least one support arm connected
      with said car means; said roller gear means and said track means being
      operably connected to permit movement of said roller gear means along said
      track means and to substantially prevent pivoting of said roller gear
      means on said track means; said roller gear means being movably connected
      with said support arm of said vehicle to permit lateral swinging of said
      car means and said support arm relative to said roller gear means; and
      means for damping said lateral swinging or pivoting of said car means and
      said support arm, said means for damping comprising a pair of
      substantially coaxial elongated components for mutual displacement
      relative to each other in the direction of the common axis thereof, said
      axis being displaced from and substantially coplanar with said support arm
      in a plane perpendicular to direction of swing thereof when said support
      arm is disposed normal to the plane of said track means, said means for
      damping havig one end connected with said support arm and the other end
      thereof connected with said roller gear means, said mutual displacement of
      said elongated components having a continuous increase of the damping
      effect per angular unit with increasing angle of the car with respect to
      the free hanging normal position.
NUM  4.
PAR  4. The monorail system of claim 3, wherein said means for damping includes
      means for adjusting the damping effect thereof.
NUM  5.
PAR  5. A monorail system comprising track means and at least one vehicle
      suspended on said track means; said vehicle comprising roller gear means
      on said track means, said roller gear means engaging upper, lower, and
      side surfaces of said track means, car means, and at least one support arm
      connected with said car means; said roller gear means and said track means
      being operably connected to permit movement of said roller gear means
      along said track means and to substantially prevent pivoting of said
      roller gear means about said track means in any direction with respect to
      said track means; said roller gear means including support roller means
      rotatably arranged on a first set of axes and guide roller means rotatably
      arranged on a second set oof axes, said first set of axes being
      substantially perpendicular to said second set of axes; said roller gear
      means being movably connected with said support arm of said vehicle to
      permit lateral swinging of said car means and said support arm relative to
      said roller gear means; and means for damping said lateral swinging or
      pivoting of said car means and said support arm.
NUM  6.
PAR  6. A monorail system comprising track means and at least one vehicle
      suspended on said track means; said vehicle comprising roller gear means
      on said track means and car means, said car means having at least one
      support arm; said roller gear means and said track means being operably
      connected to permit movement of said roller gear means along said track
      means and to substantially prevent pivoting of said roller gear means on
      said track means; said roller gear means being movably connected with said
      support arm of said car means to permit lateral swinging of said car means
      about an axis substantially parallel with respect to said track means; and
      means for damping said lateral swinging or pivoting of said car means;
      said means for damping comprising a pair of elongated components for
      mutual displacement relative to each other, said movement transforming
      kinetic energy into heat, said means for damping having one end connected
      with said car means and the other end thereof with said roller gear means
      at a predetermined distance from said axis of swinging, said two ends of
      said damping means being substantially coplanar with said support arm in a
      normal position of said car means with respect to said track means, the
      mutual displacement of said two components of said damping means per
      angular unit of swinging of said car means increasing with the increasing
      angular distance of said car means from said normal position.
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ABST
PAL  A rail vehicle, especially a passenger train car for high-speed trains
      provided with air springs associated with each swivel truck in symmetry
      with the longitudinal central plane, their distance from center to center
      being so much smaller than the track gauge of the wheels that, if one air
      spring bellows fails, the weight of the car body will be distributed to
      the wheels in such a manner that the unloading of the wheels on the one
      side will not be such as to create the danger of derailment. To stabilize
      the car body the latter is joined to the swivel truck frame by a resilient
      linkage which permits vertical movements of the car body but opposes any
      lateral tilt of the car body by means of a resilient force. The resilient
      linkage is able to cause the car body to tilt towards the inside of curves
      when the car is negotiating curves. The swivel truck can be designed
      either as a driving or as a non-driving truck.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a rail vehicle with driving or non-driving swivel
      trucks, especially a passenger train car.
PAC  DISCUSSION OF BACKGROUND AND ATTENDANT PROBLEMS
PAR  In passenger train cars, especially cars for high-speed trains, the use of
      air springs, especially in the form of bellows springs, offers
      considerable advantages. These advantages consist mainly in the fact that
      air springing is a very soft springing which completely absorbs the shocks
      and vibrations of the trucks, so that they are not greatly perceptible in
      the car body, and that air springs are also capable of absorbing lateral
      displacements of the parts being biased by then, so that it is possible to
      locate air springs directly between the truck and the car body. These
      advantages are offset, however, by disadvantages. The soft springing
      causes poor sway stability. To improve the sway characteristics of the
      car, the air springs are located as far outwardly as possible, thereby
      creating the widest possible base, and the air springs are individually
      controlled by the compressed air system provided for level control, but
      the result is that the air spring valve responds to the swaying movements
      of the vehicle, especially on curves, in such a manner that more air is
      delivered through the valve into the one air spring while at the same time
      compressed air is escaping from the other. This results in a steady
      consumption of air which in the case of longer trains exceeds the capacity
      of the locomotive compressor.
PAR  Another very considerable disadvantage of air springs is that provision
      must be made for the possibility of an air spring bellows bursting en
      route. To this end it is arranged so that in this case the air springs
      symmetrically associated with the burst bellows will be deflated. It is
      nevertheless unavoidable that the one side of the truck will be completely
      unbiased momentarily, and this may allow the wheels to lift briefly away
      from the rails producing a derailment. The wider the distance between the
      air springs is, the greater will be the danger of derailment.
PAC  SUMMARY OF THE INVENTION
PAR  The disadvantages attendant the above discussed rail vehicles containing
      air springs are overcome by a rail vehicle with swivel trucks comprising
      at least two air springs disposed symmetrically with the longitudinal
      central plane of the rail vehicle between the car body and each swivel
      truck, the distance between the centers of the air springs being smaller
      than the track width of the wheels. The car body is suitably connected to
      the swivel truck by a resilient linkage consisting of a torsion bar
      disposed across the swivel truck cooperating with two horizontal levers,
      each of which is connected to the torsion bar via a substantially vertical
      connecting rod. Alternatively, the rail vehicle can be provided with an
      intermediate support which connects the car body and the swivel truck.
      This intermediate support can rest on friction pads on the swivel truck
      and can be provided with a linkage which impedes the turning of the
      intermediate support against the car body. The car body is connected to
      the intermediate support by a resilient linkage comprising a torsion bar,
      a pair of horizontal levers, each of which is connected to a substantially
      vertical connecting rod disposed between the horizontallevers and the
      truck frame and connecting the levers to the truck frame. Alternatively,
      the intermediate support can be connected to the swivel truck, as opposed
      to the car body, by a linkage impeding the turning of the intermediate
      support against the car. In such case, the car body would rest upon
      friction pads on the intermediate support and the intermediate support is
      connected to the swivel truck by a resilient linkage consisting of a
      torsion bar spring, two horizontal levers and two approximately vertical
      connecting rods.
PAR  At the heart of the present invention is the geometrical arrangement of the
      air springs. These air springs are desirably arranged so that the distance
      between them corresponds to a formula
      ##EQU1##
      where S represents the track gauge, v the permissible wheel unloading in
      percent of normal load, G.sub.1 is the weight of the swivel truck and
      G.sub.2 the portion of the weight of the car body that is supported by the
      swivel truck. Generally, the distance between the center of two air
      springs is so much smaller than the track width that the portion of the
      total load transferred through one air spring, in the event of failure of
      the other, to the truck wheels on the side of which the air spring has
      failed, will not be less than 40 percent of the normal load.
PAR  In the invention the above-discussed disadvantages of air springs are
      overcome by selecting the narrowest possible spacing between the air
      springs in that the distance a between the lines of action of the two air
      springs, which are symmetrical with the longitudinal central plans, will
      be substantially shorter than the track width S, and at the same time the
      car body is supported by resilient linkages on the truck, with the
      interposition of an intermediate support if desired. These resilient
      linkages connect the car body and the truck frames to one another such
      that vertical movements of the car body against the truck which are caused
      by the springing are not impeded, while a resilient force acts against any
      sidesway of the car body, as it will be further explained below. Owing to
      the fact that the distance between the air springs is diminished to a
      value that is smaller than the track width it is brought about that, if a
      spring bellows bursts, the full load of the car, which now bears on the
      other spring bellows, will be distributed to both sides of the truck in
      inverse proportion to the distances between the rims and the line of
      action of the air spring that is still in action. If it is assumed that a
      wheel unloading v can be permitted up to a certain percentage of the
      normal load without creating danger of derailment (the German Federal
      Railways consider an unloading of up to 60 percent of the normal load to
      be allowable), and if it is further considered that the wheel load is
      composed of a percentage of the weight G.sub.1 of the truck and a
      percentage G.sub.2 of the weight of the car body, it will appear that if
      an air spring bursts the wheel load will not fall below the minimum if
      ##EQU2##
      wherein v represents the allowable wheel unloading in percent of the
      normal load, G.sub.1 the weight of the truck and G.sub.2 the percentage of
      the weight of the car body that is carried by this truck. Not considered
      in this formula are differences in wheel loading due to resilient
      deformation in the truck due to torsion.
PAR  The narrow base of the air spring spacing would have an undesirable effect
      on the sway characteristics of the car. These undesirable effects are
      eliminated by resilient linkages. Resilient linkages are known in steel
      spring swivel trucks, but they have not hitherto been used in air spring
      trucks because it was feared that they would have an undesirable effect on
      the vertical springing. It has been found that these objections to the use
      of resilient linkages in the new swivel truck have been far outweighed by
      the gain in safety due to the elimination of the danger of derailment. The
      invention also offers the additional advantage that the air spring bellows
      no longer have to be individually controlled, and that, instead, the two
      symmetrically disposed air springs can be connected directly together, and
      the compressed-air control system is required only for automatic leveling,
      and any air consumption that is involved will be only that which is
      required by changes in the loading. In this manner air consumption is very
      appreciably reduced, and long trains may be made up of such cars without
      exceeding the output of the locomotive compressor. The compressed-air
      control system is thus by and large simplified and less subject to
      trouble.
PAR  If it should become necessary to run without compressed air in the air
      springs owing to damage or to inadequate supply, an emergency springing
      system will still be required. This emergency springing must be flexible
      enough so that the wheel unloading on one side or the other will not
      exceed the maximum allowable, even on the maximum allowable track warp.
      The narrow air spring base provided by the invention brings it about that
      the spring movement necessary for the emergency springing, which is added
      to the air spring movement, becomes smaller, so that the space that must
      remain free between the car and the truck is reduced, and this has a good
      effect on the floor height of the vehicle. If an air spring bursts, the
      car drops down onto the emergency springs. This releases potential energy,
      and the greater the amount by which the car drops is, the greater is the
      release of potential energy. The reductions in the total spring movement
      also has a desirable effect here.
PAR  If a resilient linkage is provided which consists of a torsion bar with
      levers and connecting rods at both ends thereof, the connecting rods can
      be arranged so that, with the car running straight, they form an angle
      with the vertical such that downward extensions of the connecting rods of
      different trucks of the same car would intersect. It is thus accomplished
      that, when the car is running on a curve, the connecting rods on the
      outside of the arc will assume a steeper angle and will thus lift the car
      slightly on the outside, while on the inside of the arc the angle of the
      connecting rods with the vertical will be increased, so that the inner
      side of the car will be slightly lowered.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  Embodiments of the subject matter of the invention are shown in FIGS. 1 to
      11. Referring to the drawings,
PAR  FIG. 1 is a cross sectional view through a rail vehicle with a swivel truck
      according to the invention, taken along line I--I of FIG. 2.
PAR  FIG. 2 is a top view of the swivel truck of the vehicle of FIG. 1 with the
      car body removed.
PAR  FIG. 3 is a side elevation view of the swivel truck of FIG. 1 and 2.
PAR  FIG. 4 shows another embodiment of the attachment of the resilient linkages
      and their intersecting axes.
PAR  FIG. 5 is a front elevational view of a rail vehicle with a traction swivel
      truck in accordance with the invention, the left half being a cross
      sectional view taken along line V of FIG. 6.
PAR  FIG. 6 is a top view of the swivel truck of FIG. 5 with the car body
      removed.
PAR  FIG. 7 is a longitudinal cross section through the swivel truck of FIGS. 5
      and 6, the air spring bellows not being drawn in cross section.
PAR  FIG. 8 is a front elevational view of a rail vehicle with an electrical
      traction truck in accordance with the invention.
PAR  FIG. 9 is a top view of the swivel truck of FIG. 8 with the car body
      removed.
PAR  FIG. 10 is a partially side elevational, partly cross sectional view of the
      swivel truck of FIGS. 8 and 9.
PAR  FIG. 11 is a diagrammatical representation of the air supply for the air
      springs of a rail vehicle in accordance with FIGS. 1 to 10.
DETD
PAC  DESCRIPTION OF EMBODIMENTS
PAR  In the embodiment shown in FIGS. 1 to 3, the car body 1 is supported by air
      springs 2 on the intermediate support 3 which in turn is supported by
      friction pads 4 on the truck frame 5, which is constructed as a flexible
      truck frame. The distance a between the lines of action (broken lines) of
      the two air springs 2 is, as shown in FIG. 1, shorter than the track width
      5, by the amount b on either side. Since the two air spring bellows are in
      communication with one another and are at the same pressure, the weight P
      of the car body is evenly distributed between both wheels, so that the
      wheel load on each side amounts to P/2. If it is assumed that one of the
      two air bellows bursts, a state momentarily occurs in which the entire
      load P of the car body lies on the other air spring bellows and is
      distributed between the wheels in the ratio b : (a + b). If the wheel load
      were determined solely by the weight of the car body, it would follow
      that, if the wheel pressure is not to drop below 0.4 .sup.. P/2, the
      distance a would have to be equal to or less than 0.6 .sup.. S. If one
      also considers the weight G.sub.1 of the swivel truck in relation to the
      share of the weight G.sub.2 of the car body which falls on this frame,
      this limit value also has to be multiplied by
      ##EQU3##
PAR  Since the relatively short distance a between the air springs would result
      in an undesirable sway characteristic in the car body 1, a resilient
      linkage is provided which consists of the torsion bar 6, the horizontal
      levers 7 and the connecting rods 8 whose lower ends 9 are articulated
      either to the intermediate support 3 or to the swivel truck frame, as
      indicated by broken lines in FIG. 3. In the arrangement shown in FIG. 3,
      the connecting rods are perpendicular, which means that the swiveling of
      the truck will have no effect on the car body, because the connecting rods
      8 will be deflected by the same amount on both sides of the car and
      therefore levers 7 will also be deflected downwardly at equal angles. A
      lateral tilting of the car body 1 against the truck, however, will be
      opposed by the resilient linkage, because in that case one of levers 7
      will be turned upwardly and the other downwardly, thereby twisting the
      torsion bar 6.
PAR  If the passenger train car is one designed for very high speed, an
      anti-wobble system may additionally be provided. For this purpose the
      intermediate support 3 is connected by the horizontal levers 10 and the
      short vertical levers 11 to the non torquable tube 12 which is rotatable
      in the bearings 13 mounted on the car body 1. In this manner the
      intermediate support 3 is connected to the car body in such a manner that
      the springing of the car body is in no wise impaired, but the intermediate
      support is unable to turn against the car body when the swivel truck
      turns. The intermediate support 3 lies unsprung on the truck frame 5
      through the friction pads 4, so that when the truck turns this friction
      must be overcome. Thus, the truck is able to negotiate curves, but the
      small movements produced by the sinusoidal wobbling of a swivel truck are
      impeded and thus sinusoidal wobble is greatly suppressed. The longitudinal
      traction of the swivel truck is provided in a conventional manner by a
      traction bar 14 whose one end is articulated to the truck and the other
      end to the car body.
PAR  The air springs 2 are provided with an emergency cushioning 15 which needs
      to have very little resilience, and due to the circumstance that the air
      springs are located inside of the track width an air tank 20 may be
      located directly beneath each air spring bellows to provide additional air
      volume.
PAR  FIG. 4 illustrates how the resilient linkage can provide car body control
      in such a manner that the car body will tilt inwardly on curves. In FIG. 4
      the horizontal lever 17 is mounted on the one end of a torsion bar
      corresponding to the torsion bar 6 in FIGS. 1 to 3, and a connecting rod
      18 is connected to this lever, this connecting rod being not perpendicular
      like the connecting rod 8 in FIGS. 1 to 3, but tilted at the angle
      .alpha.. On straight track, the connecting rods 18 are parallel to one
      another on both sides of the car, but their lower ends 19, by which they
      are articulated to the swivel truck, are located closer to the center of
      the car than the upper ends. In other words, the extensions 18a of the
      connecting rods of two trucks on the same car will intersect at A under
      the center of the car, but on the outside of a curve it moves away from
      the center of the car, so that the car body is lowered on the inside of
      the curve and lifted up on the outside thereof.
PAR  In the truck represented in FIGS. 5 to 7, traction is provided by a motor
      located in the car body and not shown in the drawings. As in the truck of
      FIGS. 1 to 3, the car body 21 is supported by means of air springs 22 on
      the intermediate support 23 which is supported on the friction pads 24 on
      the truck frame 25. As in the truck of FIGS. 1 to 3, the air springs 22
      are set inwardly so far that the distance between their centers is
      considerably smaller than the track width. Also, as in the embodiment
      shown in FIGS. 1 to 3, the car body 21 is joined to the intermediate
      support 23 by a resilient linkage composed of the torsion bar 26, the
      levers 27 and the connecting rods 28. For especially high speeds of travel
      an anti-wobble system may again be provided, consisting of the
      non-torquable tube 32 and the vertical levers mounted at both ends thereof
      and the horizontal levers 30 connecting the vertical levers to the
      intermediate support 23.
PAR  The traction motor, which is not shown, and which is located in the car
      body, is connected by a universal shaft to the drive flange 35. The wheel
      axle 36 is driven by the traction gear 37 carried by wheel axle 36 and
      connected to the frame of truck 25 by the torque arms 38. The second wheel
      axle 39 is driven through a traction gear 40 which is connected to
      traction gear 37 by a universal shaft 41. Traction gear 40 is also joined
      to the swivel truck frame by a torque arm 38. The intermediate support 23
      is centered on the car body by a center pin 42. The traction force is
      transmitted through a traction bar 43 whose other end, which is not shown,
      is articulated to the car body.
PAR  In the embodiment shown in FIGS. 8, 9 and 10, the car body 51 is supported
      directly through friction pads 54 on the intermediate support 53. The air
      springs 52 are located between the intermediate support 53 and the swivel
      truck 55. The intermediate support 53 is joined to the car body 51 by the
      swivel pin bearing 50. The intermediate support is attached to the truck
      frame 55 by the lug 60 which terminates in a pin, and the horizontal links
      61, so that accelerating and braking forces are transmitted through the
      links 61 to the intermediate support and by the latter through the swivel
      pin bearing 50 to the car body. The resilient linkage again consists on
      the torsion bar 56, the levers 57 and the connecting rods 58.
PAR  Traction power is here provided by two electric motors 62 and 63. Each of
      these electric motors is mounted by means of two bearings 64 on the
      corresponding wheel axle and is fastened by means of a third bearing 65 to
      the frame of the swivel truck 55. This mounting is a flexible mounting, so
      that the motor will retain its position in relation to the wheel axle in
      spite of any twisting of the truck frame. The torque is transmitted from
      the motor to the wheel axle by means of a traction gear 66.
PAR  The air supply system for the air springs is represented diagrammatically
      in FIG. 11. An air tank 70 is held at constant pressure by a compressor
      which is not illustrated. This compressor can be installed in the
      locomotive or in a rail motorcar so as to serve all of the cars in a
      train. The air springs 2 (the same applies to air springs 22 and 52) are
      connected directly together by an air line 71 in which there is no valve,
      so that the two air springs will always be at the same pressure. The air
      springs of each truck frame are supplied through a level regulating valve
      72, which in a conventional manner controls the air pressure in the air
      springs in accordance with the loading of the car body, such that, as the
      loading increases, the pressure in the air springs is increased. If one of
      the air spring bellows of a truck burst, both air spring bellows empty and
      this truck then runs on the emergency cushioning 15 instead of the air
      spring. During the short period from the bursting of the first air spring
      bellows to the emptying of the corresponding air spring bellows, the
      weight of the car body transfers itself through the air spring that is not
      yet emptied, to the swivel truck frame, and since this load is located
      between the wheels, the wheels on the side on which the air spring bellows
      has burst are not completely unloaded; instead, a portion of the car
      weight still falls on these wheels, and this prevents the wheels from
      rising away from the rails and thereby derailing the vehicle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rail vehicle with swivel trucks comprising at least two air springs
      connected directly with one another through a clear passage and disposed
      symmetrically with the longitudinal central plane of said rail vehicle
      between a car body and each swivel truck, the distance between the centers
      of said air springs being smaller than the track gauge of the wheels, said
      air springs having connected thereto means for instantaneous discharge of
      air should one of said air springs fail, said car body being connected to
      said swivel truck by a stabilizing resilient linkage comprising a torsion
      bar disposed across said car body, said torsion bar connected rigidly at
      each end to a horizontal lever which extends lengthwise of said truck,
      each of said horizontal levers flexibly connected to a connecting rod
      which runs generally vertical and is connected at its opposite end from
      said horizontal lever to an intermediate support on the swivel truck frame
      or to the swivel truck frame itself.
NUM  2.
PAR  2. A rail vehicle with swivel trucks according to claim 1, wherein said
      rail vehicle has an intermediate support disposed between said car body
      and said swivel truck, which intermediate support is connected to said car
      body by said linkage impeding the turning of the intermediate support
      against the car body and resting on friction pads on said swivel truck.
NUM  3.
PAR  3. A rail vehicle with swivel trucks according to claim 1, wherein said
      connecting rods form an angle with the vertical in straight travel.
NUM  4.
PAR  4. A rail vehicle with swivel trucks according to claim 1 wherein at least
      one swivel truck is a propulsion swivel truck, and comprises a traction
      motor connected to a first transmission on a first set of wheels, said
      transmission connected to a second set of wheels of said truck via a
      universal.
NUM  5.
PAR  5. A rail vehicle with swivel trucks according to claim 1 wherein at least
      one of said swivel trucks is a propulsion swivel truck in which each wheel
      axle is driven by an electric motor which rests by means of bearings on
      the driven wheel axle and is connected by an additional bearing to the
      frame of said swivel truck.
NUM  6.
PAR  6. A rail vehicle with swivel trucks according to claim 1 wherein at least
      one of said swivel trucks is a propulsion swivel truck in which each wheel
      axle is driven by an electric motor which rests by means of bearings on
      the driven wheel axle and is connected by an additional bearing to the
      frame of said swivel truck.
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ABST
PAL  A system for transversely aligning railway rolling stock on the rails
      including electromagnets arranged outside the wheel base of the rolling
      stock axles. The electromagnets are transversely aligned to the rails and
      separated from the rails by air-gaps. Movement of the rolling stock from
      off-centre produces a restoring force from the magnets.
BSUM
PAR  The present invention relates to electromagnetically guiding railway
      rolling elements of, for example, the bogie type.
PAR  The rolling element is provided with apparatus intended for transverse
      guiding of the element when running at high speed.
PAR  The high-speed travel of railway trains poses problems which are difficult
      to solve as regards the performance of rolling elements, for example,
      bogies. Above a certain speed, known as the critical speed, the bogie is
      subject to lateral movements known as nosing, of an amplitude limited by
      the play between wheel-flanges and rails, but introducing high stresses
      which for these reasons are a threat to safety. Factors which determine
      the critical speed are known.
PAR  One possible way of increasing the critical speed would be to modify the
      conicity of the tyres and the profile and slope of the rails, but these
      factors are difficult to influence. It is highly desirable to minimize
      wheel-wear and to retain a wheel-profile close to the initial profile, by
      avoiding contact between the flanges and the rails. Moreover pronounced
      wear of the flanges can have dangerous consequences in the case of angular
      application of the sharp edge of the flange to the rail at high speed.
      Flange-wear is in fact caused by transverse motion of the axles, caused by
      the nosing motion or by other causes: changes in the plane, profile or
      shape of the rail, curves and so on. It will be appreciated that it will
      have a favourable influence on the critical speed and on flange-wear if
      conttact between the flanges and the inside surfaces of the rails can be
      avoided.
PAR  Another possibility for increasing the critical speed is to increase the
      wheel-base of the bogie. Increasing the wheel-base of the bogie however
      has the effect of increasing its mass, which is not favourable to raising
      the critical speed. It also gives rise to problems during passage around
      curves. It will therefore be appreciated that it would be advantageous to
      increase the guiding-base without corresponndingly increasing the
      inter-axle wheel-base.
PAR  It has already been attempted to improve transverse guiding of the axles of
      a bogie with a guiding-base greater than the inter-axle wheel-base.
PAR  Thus French Patent No. 1 499 183 describes a system for guiding the bogie
      with jets of pressurized air directed against the inside surfaces of the
      rails. This apparatus has the disadvantage of consuming a large quantity
      of compressed air.
PAR  There exists another possibility for guiding the bogie transversely. A
      centering effect is in fact obtained on a railway bogie described in
      French Patent No. 1 526 883 which is equipped with a linear motor formed
      of a series of primary windings arranged in succession over the rails and
      out of contact with them, supplied by a polyphase current, the
      running-rails forming solid linear secondaries. The high magnetic
      attraction produced between the motor and the rail has an effect on
      centering and an anti-tipping effect on centering and an anti-tipping
      effect on curves. The linear motor is arranged between the axles and the
      return-torque is therefore relatively small. The centering effect is also
      obtained, during the intermittent braking periods, on a bogie equipped
      with a linear brake which is a modification of the linear motor obtained
      by continuously supplying primaries which form a series of alternate
      poles. This guiding is obviously obtained simultaneously with a braking
      drag due to eddy-currents.
PAR  Electromagnetic guiding systems have been developed for vehicles other than
      railway bogies, namely for wheel-less overhead runways. The apparatus
      described in French Patent No. 2 145 948 includes guiding electromagnets
      which are continuously electrically controlled, mounted longitudinally on
      a vehicle, under a rail forming an armature, the air-gap being variable as
      a function of the reciprocal attraction. These electromagnets are mounted
      offset to each side of the rail forming the armature. As this system must
      have as constant an air-gap as possible between electromagnets and rails,
      it has the disadvantage of requiring a powerful electric control with as
      small a time-constant as possible so as to both suspend and guide the
      vehicle relative to the rail. The arrangement of the electromagnets
      permits modification of the supporting force without modifying the
      centering, provided that the restoring torque is corrected by immediately
      energizing one or other of the arrays of electromagnets concerned.
PAR  According to the present invention there is provided an electromagnetically
      guided railway rolling element, comprising a plurality of electromagnets
      each arranged outside the inter-axle wheel-base of the element, each
      positioned such that, in use, it overlies a rail and is separated
      therefrom by an air-gap, and each including two poles aligned transversely
      of the rails; and means for connecting the electromagnets to the
      axle-boxes of the element in a manner to prevent transverse movement
      therebetween.
DRWD
PAR  The invention will be better understood from the following description of
      preferred embodiments thereof, given by way of example only, reference
      being had to the accompanying drawing wherein:
PAR  FIG. 1 is a side-elevation of an embodiment of rolling element in
      accordance with the invention;
PAR  FIG. 2 is an external side-elevation of a second embodiment of rolling
      element in accordance with the invention;
PAR  FIG. 3 is a section along the line I--I of FIG. 1 or FIG. 2;
PAR  FIG. 4 is a view of a detail of a rolling element, showing the axle
      off-centre in relation to the rails;
PAR  FIG. 5 is a section along I--I of FIG. 1 or FIG. 2 showing a second
      arrangement of guiding electromagnets;
PAR  FIG. 6 is a section along I--I showing a modification of the system for
      attaching the electromagnets to the rolling element.
DETD
PAR  The rolling element includes side brackets 1 fast with the axle-boxes 2 of
      the axle 3 shown in FIGS. 1 and 3, or mounted on the axles 3 of the bogie
      shown in FIGS. 2 and 3. In the case of a bogie, the axle boxes are
      connected by intermediate members 5 known as equalizing-bars which form a
      quadrangle with the axles 3. The equalizing-bars and the brackets 3 may be
      formed in one piece.
PAR  These brackets 1 form part of an underframe including also end members 6
      and side members 7, the said under-frame supporting the electro-magnets 10
      and 11 over the rails 8 and 9 respectively, for example by means of tubes
      13. The connections between the axle-boxes and the electromagnets is rigid
      in order to prevent transverse movement therebetween. The electromagnets
      10 and 11 are arranged on either side of the axle or axles, in such a way
      that the guiding-base e g is greater than the inter-axial wheel-base e r.
PAR  Each of the electromagnets 10 and 11 has a core 12 including arms directed
      and inclined towards the head of the rail and which carries at least one
      winding 14 having its axis at right angles to the axis of the rail. The
      opposed north and south poles, referenced 121 and 122 respectively, are
      aligned transversely of the rails. The north poles 121 and south poles
      122, are, on the other hand, aligned parallel to the rails and are
      symmetrical with respect to the median planes of the rails. The successive
      north or south poles are connected in pairs by a soft iron block to avoid
      interference. It may be noted that this pole arrangement avoids the
      generation of large eddy-currents which would produce a braking effect. An
      arrangement with the north-south poles aligned parallel to the rails, i.e.
      in accordance with the one described in the above-mentioned French Patent
      No. 1 526 883, would on the contrary give rise to a large braking force.
PAR  The forces produced between the two arms of each electromagnet 10 or 11 and
      the associated rail are inclined and resolve into vertical attraction
      forces and horizontal guiding forces T.sub.1 and T.sub.2. These forces
      become increasingly large as the arms of the cores 12 are more inclined.
      If the axles are perfectly centred on the track, the resultant of the
      guiding forces T.sub.1 and T.sub.2 applied to a same electromagnet is
      zero. If the axles are off-centre, as shown in FIG. 4, the guiding forces
      T.sub.1 are greater than the guiding forces T.sub.2 for the electromagnets
      11 and the guiding forces T.sub.2 are greater than the guiding forces
      T.sub.1 for the electromagnets 10. The resultants tend to recentre the
      axles.
PAR  In the embodiment shown in FIG. 5, the magnetic cores 12 are offset
      relative to each other, symmetrically about the median planes of the
      rails. The poles 121 and 122 are not exactly in line, but are offset
      symmetrically relative to the vertical median planes of the rails,
      alternately to the right and to the left. For the electromagnets 10 and 11
      offset inwardly of the rails, the guiding forces T.sub.2 are greater than
      the guiding forces T.sub.1 which are directed inwardly. For the
      electromagnets 10 and 11 offset outwardly of the rails, on the contrary,
      the guiding forces T.sub.1 are greater than the guiding forces T.sub.2. As
      the electromagnets 10 and 11 are equal in number the overall resultant is
      zero in the centred position of the rolling element.
PAR  In other modifications (not shown), the electromagnets 10 and 11 are all
      offset either inwardly of the rails or outwardly of the rails. This
      arrangement enables initial guiding forces to be obtained, acting towards
      the centred position.
PAR  FIG. 6 shows a particular apparatus for attachment of the electromagnets.
      The magnetic cores 12 are suspended in cages 14 themselves suspended from
      rods 13 by means of elastic bushes 15. The air-gap between the cores 12
      and the rails is determined in the normal position by the stops 16 which
      are applied to the cages 14 by the action of the springs 17. Upon
      accidental contact of one of the cores with the rail, the said core can
      lift so that only that core is then subjected to frictional stresses and
      vibrations. The connections between the electromagnets and the axle-boxes
      are obviously transversely rigid.
PAR  It will be appreciated that without departing from the scope of the
      invention modifications and improvements to detail may be devised and the
      use of equivalent means considered. Thus the forms and arrangement of the
      cores of the electromagnets may be different to obtain the required pole
      arrangements.
PAR  The above described embodiment of the invention provides an apparatus for
      electromagnetically guiding a rolling element, having a guiding-base
      greater than the inter-axle wheel-base, without too much increase in mass,
      which allows an increase in the critical speed. This guiding system by
      itself gives restoring torques with a relatively steep and substantially
      linear initial rise in the restoring force up to the limit at which the
      wheel-flanges engage the rails. This guiding apparatus leads to a decrease
      in the frequency and intensity of mechanical contact between the
      wheel-flanges and the rails. There is consequently a reduction in the
      wearing away of the profile. The risk of flanges which have become
      sharp-edged, which are dangerous at high speeds, is eliminated. The
      embodiment also provides an electromagnetic guiding apparatus which
      co-operates with the conicity of the wheel-tyres and the slope of the
      rails to centre the rolling element and which does not require continuous
      electric control. The rolling element enables as small as possible an
      air-gap to be maintained mechanically between the electromagnetic guiding
      apparatus and the rails, which condition is favourable to obtaining large
      guiding forces.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electromagnetically guided railway rolling element, comprising a
      plurality of electromagnets outside an interaxle wheelbase of the element,
      each of said magnets being positioned such that, in use, it overlies a
      rail and is separated from the rail by an air-gap, two poles for each of
      said magnets which are aligned transversely of the rails and are offset
      relative to a vertical medial plane of the rail; and means for connecting
      said electromagnets to axle-boxes of the element preventing transverse
      movement therebetween.
NUM  2.
PAR  2. A rolling element in accordance with claim 1, wherein said
      electromagnets are alternately offset to the right and the left relative
      to median planes of the rails.
NUM  3.
PAR  3. A rolling element in accordance with claim 1, including elastic bushes
      connecting said electromagnets to the axle-boxes.
NUM  4.
PAR  4. A rolling element in accordance with claim 1, including means for
      guiding said electromagnets for vertical movement; elastic means for
      biasing said electromagnets towards the rails; and stop means for limiting
      the movement of said electromagnets towards the rails to determine, in
      use, the size of the air-gap.
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ABST
PAL  A freight car truck side frame-bolster connection which provides
      self-squaring or self-tramming forces by resilient means incorporated in
      bearing shoes that cooperate with the bolster ends and the side frame
      window opening to produce the desired results. Also, the provision of the
      resilient squaring force is accomplished while maintaining the ability to
      shim at the bolster ends for adjustment of car height, and without the
      need for close tolerances.
BSUM
PAR  It has been well established by experience, theoretical studies and tests
      that a freight truck that is held square or in tram is much less affected
      by "hunting" than one that can go out-of-square when subjected to the
      normal external forces encountered in operation.
PAR  The forces that are involved in unsquaring or parallelogramming a truck are
      well defined to the extent that the required resistance to prevent it can
      be readily determined.
PAR  In prior art trucks positive squaring has been accomplished by means of
      "spring planks," integral bolsters, closely fitted side frame -- bolster
      connections or restraints such as radius rods. All of these methods are
      either prohibitively expensive, mechanically inadequate for the present
      day operating environment or undesirable from a required maintenance
      standpoint.
PAR  Also, the flanges of the bolster and the width of the tension member and
      columns of the side frames were toleranced for a working fit with the
      minimum practicable clearance in order to control the squareness of the
      assembly. The disadvantages are that tight tolerance control adds
      substantially to cost and the fit and squareness control is gradually lost
      through wear and maintenance is necessary to restore the controlling
      surfaces.
PAR  It is the object of the present invention to provide squaring forces in a
      freight truck sufficiently in excess of the creep forces tending to
      unsquare the truck to assure that the side frames will remain in tram
      during all normal operations and thereby reduce the adverse effects of
      "hunting."
PAR  It is a further object to utilize resilient means to produce the squaring
      forces so that the assembly of wheels and axles, side frames and bolsters
      will resiliently yield under abnormal unsquaring forces and bolsters will
      resiliently yield under abnormal unsquaring forces and be restored
      immediately the abnormal force is removed thus minimizing the stresses
      developed at the connections under such conditions.
PAR  A still further object is to provide adequate squaring forces at a side
      frame and bolster connection in a manner that will permit the use of shims
      at that location in order to adjust the height of the car as required by
      A.A.R. Interchange Rules.
PAR  An additional object is to provide positive squaring at the side frame --
      bolster connection without the need to manufacture the components to close
      tolerances and fits.
PAR  Another object is to provide the side frames with the ability to vertically
      articulate about the bolster end and thus equalize the wheel loading and
      negotiate vertical track deviations and spirals without unloading any of
      the wheels.
PAR  Still another object is the reduction of wear at the side frame -- bolster
      connection by the elimination of the metal-to-metal contact at the working
      interface.
DRWD
PAR  Other features of the invention will become apparent from the appended
      claim and as the ensuing detailed description and discussion proceeds in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a side elevation view partly in cross section of a freight car
      truck illustrating a side frame bolster connection according to the
      present invention;
PAR  FIG. 2 is a front elevation view partly in cross section of the freight car
      truck of FIG. 1; and,
PAR  FIG. 3 is a side elevation partly in cross section of a portion of a side
      frame illustrating another embodiment of the present invention.
DETD
PAR  In accordance with the present invention, there is provided a freight car
      truck having side frames and a bolster. The side frames contain a bolster
      window which is formed by an upper compression member, a lower tension
      member and a pair of vertical columns for receiving bolster ends. The
      bolster ends have a convex undersurface which is supported within the
      window by resilient pad means conforming to its surface. The pads also
      conform to a concave surface on the tension member. The combination of the
      concave surface and the resilient pad provide a bearing for the side frame
      ends.
PAR  Referring now to the drawings, a railroad freight car truck 1 of the
      instant invention consists of side frames 2, a bolster 3, bearing blocks 4
      with resilient pads 5 bonded thereon, journal boxes 6 and a multiplicity
      of supporting springs 7.
PAR  Each side frame 2 is of the conventional truss design and has pedestal jaws
      8 arranged for accepting the journal boxes 6 and springs 7 in the manner
      of a conventional primary spring suspension arrangement.
PAR  The journal boxes 6 in turn journal the ends of the axles 9 and so become
      part of the wheelsets 10. The side frame 2 pedestal ends 11 are joined
      through the upper compression member 12 of the truss and through the
      obliquely inclined tension member 13 interconnecting a lower tension
      member 14 which is parallel to and located directly below the upper
      compression member 12. The tension member 14 and the compression member 12
      are connected by a pair of columns 15 to form a bolster window 16 in the
      side frame 2.
PAR  The upper portion 17 of the window opening 16 is of greater width than the
      lower portion 18 to permit insertion of the bolster end 19 retaining lugs
      or flanges 26 and 27 which cooperate with the lower portion 18 of the
      window 16 when in the assembled position to provide an interlock against
      inadvertent separation.
PAR  Between the bolster end 19 and the side frame window lower portion 18 pairs
      of bearing blocks 4 are installed to provide a bearing for the bolster
      ends 19. The bearing blocks 4 are essentially triangular in section and of
      a length equal to the width of the tension member 14 with the lower
      surface 21 and vertical surface 22 flat and at right angles with one
      another and the third surface 23 cylindrically concave to conform to and
      provide bearing for the cylindrical lower surface 24 of the bolster end
      19.
PAR  The concave bearing surface 23 of the blocks 20 is provided with an
      elastomer pad 25 secured by bonding to provide a resilient seat which will
      conform to the as-cast shape of the bolster end lower surface 24, when
      supporting the load carried through the bolster 3 from the car body and
      lading (not shown).
PAR  The bolster 3 is of conventional integrally cast design in all respects
      with the exception of the ends 19 which are, as described above with a
      cylindrical lower surface 24 with flanges 26 and 27 outstanding from the
      side walls 28, respectively and bottom wall 29 which in assembled
      relationship overlap the lower portion of the columns 15 and the tension
      member 14, respectively.
PAR  In the assembled and working relationship, the bolster 3 distributes the
      car body and lading weight through the center plate 30 and the bolster
      ends 19 and the bearing blocks 4 to the side frame 1 and through the side
      frame to the axle journals and the wheels. The effect of the bolster end
      19 load on the elastomer pads 25 of the bearing blocks 4 is complex in
      that the elastomer 25 is strained in compression in the lower sector and
      in shear in the upper sector with a varying combination of both in
      between.
PAR  In addition, the elastomer which is essentially incompressible and somewhat
      hydraulic in nature is caused to flow from the lower sectors toward the
      upper sectors because of the load differential and thereby tends to
      equalize the unit pressure over the major portion of the contact area. In
      this manner the vertical load is utilized to provide lateral force to
      accomplish the squaring function. The resultant force on each bearing
      block is between 45.degree. and 60.degree. from the horizontal depending
      upon the elastomer used and radius of the bolster lower surface 24 and the
      bearing block surface 23.
PAR  In the lateral direction axial movement of the bolster 3 is controlled by
      the shear resistance of the elastomer pad 25 to the extent of the friction
      between the bearing blocks and the side frame and limited by the flanges
      26 and 27.
PAR  Further control of the lateral movement of the bolster 3 axially relative
      to the side frame 2 can be obtained by interlocking the bearing blocks 4
      to the side frame tension member 14 and/or the columns 15 to prevent
      relative lateral movement between these two components.
PAR  To assure that the truck remains assembled in mishaps, such as derailments,
      a block or stop 28 may be attached to the top wall 29 of the bolster end
      19 to prevent the flanges or lugs 26 and 27 from becoming disengaged with
      the side frame members 14 and 15.
PAR  During its service, a freight car sustains wear at various points and the
      coupler height from the rail is reduced to the extent that it must be
      adjusted upward in order to comply with A.A.R. requirements.
PAR  The accepted practice is to shim at the truck bolster usually below the
      springs in a secondary suspension truck.
PAR  Shimming below the springs in a primary suspension truck, however, would
      require sixteen shims per car and is in other ways not a practical method.
      Shimming below the bolster between the bolster end and the side frame is
      decidedly the preferred method.
PAR  The construction of the instant invention bolster end connection provides
      for the placement of simple rectangular shims 31 between the bearing
      blocks 4 and the top of the tension member 14 without changing the
      squaring function of the arrangement.
PAR  Referring to FIG. 3, an embodiment is shown wherein the concave surface 23
      is formed integrally with the tension member 14. The bolster end 19 lower
      surface 24 conforms to the contour of the resilient pad 5 and concave
      surface 23.
PAR  This arrangement provides positive squaring action while permitting
      relative rotary action. The design is such that the squaring action is
      provided with as-cast parts and with normal casting tolerances. The
      construction also allows good distribution of metal in the side frame
      tension member, especially at the corners.
PAR  A further advantage is the isolation of high frequency vibration
      transmission by the resilient pad which can be of a fairly low Durometer
      hardness because of its large area.
PAR  It is intended that the foregoing description and drawings be construed as
      illustrative and not in limitation of the invention.
CLMS
STM  Having thus described the invention in detail and with sufficient
      particularity as to enable those skilled in the art to practice it, what
      is desired to have protected by Letters Patent is set forth in the
      following claims.
NUM  1.
PAR  1. In a railroad freight car truck having side frames interfacing with a
      bolster, said side frames having a bolster window formed by an upper
      compression member, a lower tension member and a pair of vertical columns
      for receiving bolster ends, the improvement comprising the bolster ends
      having a convex undersurface supported within the window by resilient pad
      means conforming to its surface and a concave surface on the tension
      member to provide positive squaring at the side frame -- bolster
      interface.
NUM  2.
PAR  2. Railroad freight car truck of claim 1 in which the concave surface is an
      integral part of the tension member.
NUM  3.
PAR  3. Railroad freight car truck of claim 1 in which the concave surface is a
      non-integral part of the tension member.
NUM  4.
PAR  4. Railroad freight car truck of claim 3 in which the concave surface is
      formed by a pair of bearing blocks which securely fit on conforming
      surfaces of the tension member.
NUM  5.
PAR  5. Railroad freight car truck of claim 4 in which the bearing bolcks are
      essentially triangular in cross section and of a length substantially
      equal to the width of the tension member and having a flat lower surface
      and vertical surface at right angles to one another and a joining concave
      surface which conforms to the convex undersurface of the bolster ends and
      resilient pad means.
NUM  6.
PAR  6. Railroad freight car truck of claim 1 in which the resilient pad means
      is bonded to the concave surface.
NUM  7.
PAR  7. Railroad freight car truck of claim 4 in which the bearing blocks are
      interlocked with the side frame tension member.
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ABST
PAL  Apparatus for loading and securing a vehicle in a shipping container that
      includes a latch mechanism having a lock member pivotally connected to the
      container for restraining tie-down devices. The lock member is formed with
      an actuator lever that is movable between a first position wherein the
      lock member is in a locked position and a second position wherein the lock
      member is in an unlocked position. A pusher bar member is provided for
      loading the vehicle into the container and includes cam means for
      automatically moving the actuator lever between the locked and unlocked
      positions.
BSUM
PAR  One form of closed container that is commonly used for shipping vehicles
      includes a restraint system which consist of three parallel guide rails
      that cooperate with and slidably receive three tie-down devices attached
      to the frame of a vehicle. The outer guide rails incorporate latch
      mechanisms which, after the vehicle is loaded in the container, are
      manually operated and serve to trap the associated tie-down devices to
      prevent them and the connected vehicle from moving in a fore and aft,
      vertical, or longitudinal direction relative to the transporter. A
      restraint system of this type can be seen in U.S. Pat. No. 3,739,906 in
      the name of Cwycyshyn et al and assigned to the assignee of this
      invention.
PAR  The present invention, in general, concerns a restraint system of the
      above-described type and more particularly an apparatus for loading and
      automatically securing vehicles within a container that can be transported
      by railway or highway carriers. In the preferred form, the invention is
      combined with a vehicle shipping container having a floor portion which
      includes positioning and restraint means for securing a vehicle thereto.
      The positioning and restraint means includes two laterally spaced outer
      guide rails fixed to the floor portion and adapted to slidably receive a
      pair of tie-down devices attached to the vehicle adjacent the rear end
      thereof. Each of the guide rails has an outer end that initially receives
      the tie-down device and also an inner end that has a latch mechanism
      operatively associated therewith for restraining a tie-down device from
      movement in a vertical direction and also in a direction along the
      longitudinal axis of the associated guide rail. The latch mechanism
      consists of a lock member that is pivotally connected to the container and
      movable between a locked position for restraining the tie-down device from
      movement and an unlocked position wherein the tie-down device is free to
      move. An actuator lever has one end thereof pivotally connected to the
      lock member and the other end supported by the container for movement
      along a line adjacent to and parallel to the associated guide rail. The
      aforesaid other end of the actuator lever is normally located adjacent the
      outer end of the associate guide rail during which time the lock member is
      in a locked condition, and is movable towards the inner end of the guide
      rail so as to cause the lock member to be placed in an unlocked condition.
      A pair of power extendable pusher bar members are also provided that are
      adapted to register with and move into the guide rails. Each of the pusher
      bar members has an outer end for contacting one portion of a tie-down
      device for loading the vehicle into the container when the pusher bar is
      moved into the associate guide rail. In addition, a cam is fixed with each
      of the pusher bar members and serves to engage the aforementioned other
      end of the actuator lever and cause the latter to be automatically moved
      from the locked position to the unlocked position when the pusher bar
      members are inserted into the guide rails during the vehicle loading
      operation, and also serve to return the actuator lever from the unlocked
      position to the locked position when the pusher bar members are retracted
      from the guide rails.
PAR  The objects of the present invention are to provide a new and improved
      apparatus that serves to load and unload vehicles into and out of a
      shipping container and automatically causes a latch mechanism to lock the
      vehicle in place during the loading operation and unlock the latch
      mechanism during the unloading operation; to provide a new and improved
      latch mechanism for a vehicle tie-down device that is automatically
      operated by an extendable vehicle loader for initially placing the latch
      mechanism in an unlocked condition when the vehicle is being moved by the
      loader into the container and for subsequently placing the latch mechanism
      in a locked condition when the loader is retracted from the shipping
      container; and to provide an improved cam-operated latch mechanism for a
      shipping container that serves to automatically lock and unlock a vehicle
      tie-down device in position and that is operated by a pusher bar that
      moves in a rectilinear path for loading and unloading a vehicle into and
      out of a shipping container.
DRWD
PAR  Other objects and advantages of the present invention will be more apparent
      from the following detailed description when taken with the drawings in
      which:
PAR  FIG. 1 shows a vehicle shipping container of the type used with the present
      invention;
PAR  FIG. 2 shows a vehicle loader positioned adjacent an upper level of the
      shipping container of FIG. 1;
PAR  FIG. 3 is a plan view showing a pair of identical latch mechanisms
      incorporated with the outer guide rails mounted on the upper level of the
      shipping container shown in FIG. 2 with both latch mechanisms being in a
      locked condition;
PAR  FIG. 4 illustrates one of the latch mechanism of FIG. 3 preparatory to the
      actuator lever thereof being moved from the locked position to an unlocked
      position by the pusher bar member associated with the vehicle loader;
PAR  FIG. 5 shows the latch mechanism of FIG. 4 in the unlocked position with
      the pusher bar member fully inserted into the guide rail and the tie-down
      device being located in a position for locking by the lock member;
PAR  FIG. 6 shows the latch mechanism of FIG. 4 having the actuator lever
      thereof moved to the locked position by the pusher bar member as the
      latter is being retracted from the guide rail;
PAR  FIG. 7 shows the pusher bar member being inserted into the guide rail of
      FIG. 4 with the vehicle extraction hook positioned for engaging the
      tie-down device; and
PAR  FIG. 8 shows the vehicle extraction hook located within an opening in the
      tie-down device preparatory to withdrawing the latter from the guide rail.
DETD
PAR  Referring to the drawings and more particularly FIGS. 1 and 2 thereof, a
      portable shipping container 10 is shown having laterally spaced parallel
      side walls 12 and 14, a bottom vehicle supporting floor portion 16, a roof
      portion 18, and an end wall 20. Each side wall 12 and 14 is reinforced by
      a plurality of vertical and diagonal structural members 22 and 24,
      respectively, and has an upper inwardly inclined section 26 which connects
      with the roof portion 18. The shipping container 10 also includes upper
      floor portions or decks 28 and 30, each of which is also adapted to
      support a vehicle 31 in a manner as will be hereinafter described. The
      upper floor portions 28 and 30 are located in horizontal planes parallel
      to the bottom floor portion 16. Thus, a fully enclosed shipping container
      is provided with one end only open for receiving cargo which in this case
      is automotive vehicles. As shown, the shipping container 10 is capable of
      storing three vehicles, afterwhich the shipping container can be placed on
      a railway flat car and secured thereto for shipping purposes. Although not
      shown, the railway flat car would carry four shipping containers of the
      above-described type placed in longitudinal alignment with the open ends
      of each pair of shipping containers facing each other so as to completely
      close each shipping container and thereby fully protect the vehicles from
      damage of the type which frequently occurs to exposed vehicles.
PAR  Each floor portion 16, 28, and 30 is substantially identical in
      construction and includes a pair of parallel wheel guide tracks 32 and 33
      between which are located three elongated parallel guide rails 34, 35 and
      36. Each of the guide rails 34, 35 and 36 takes the form of a C-shaped
      channel and is parallel to the side walls 12 and 14. The center guide rail
      35 extends substantially the full length of the shipping container 10,
      while the outer guide rails 34 and 36 start at the open end of the
      shipping container and extend forwardly approximately one-third the
      longitudinal length of the container.
PAR  Each outer guide rail 34 and 36 carries a latch mechanism 38 at the inner
      end thereof which, as seen in FIG. 3, comprises a base 40 that serves as a
      stop and also a lock member 42 that includes an elongated rod 43 that
      extends towards the open end of the shipping container 10, an actuator
      lever 44, and an L-shaped keeper member 45. The rear portion of the rod 43
      adjacent the open end of the container is connected to the actuator lever
      44 by a pivotal connection 46 while the front portion of the rod is rigid
      with the keeper member 45. The free end of the actuator lever 44 is formed
      with an upstanding cylindrical pin 47 which is located in an elongated
      slot 48 formed in a plate 49 rigidly attached to the associated guide
      rail. The opposite ends of the slot 48 serve as stop means for the pin 47.
      Also, the length of the actuator lever 44 is such that when the pin 47 is
      located in the position shown in FIG. 3, an intermediate portion of the
      rod 43 contacts a stop 50 fixed to the floor portion and causes the rear
      portion of the rod at the open end of the container to be flexed away from
      the associated guide rail. This flexing action together with the location
      of the pivotal connection 46 on the rod 43 provides an over-center locking
      arrangement for the actuator 44 when the pin 47 is located in the slot 48
      as seen in FIG. 3.
PAR  The inner end of the lock member 42 is formed with the L-shaped keeper
      member 45 which is pivotally mounted to the base 40 by a pivotal
      connection 53 which permits the lock member 42 to be rotated about a
      vertical axis between the positions shown in FIGS. 4 and 5. The keeper
      member 45 is formed with longitudinally spaced stop sections 54 and 55
      defined by a U-shaped cutout in the keeper member 45 so when the latter is
      in the locked position of FIG. 3, it serves to lock a tie-down device in
      position and prevents it from moving in a fore and aft direction. A keeper
      member of this type can be seen in copending patent application Ser. No.
      414,334, filed on Nov. 9, 1973 and assigned to the assignee of this
      invention. Thus, the latch mechanism 38 of each guide rail serves to lock
      the tie-down device attached to the vehicle in place after the vehicle is
      loaded in the container 10.
PAR  In this regard, it will be noted that a frame 56 of the type associated
      with each of the vehicles 31 is shown in phantom lines in FIGS. 2, 3, 4,
      5, 6 and 8. Although only the rear portion of the vehicle frame 56 is
      shown, it will be understood that the vehicle frame is provided with three
      tie-down devices, two of which are identical and attached to the rear
      portion of the frame and constructed as shown in the drawings. The
      tie-down devices attached to the rear of the vehicle frame 56 can best be
      seen in FIGS. 2 and 3 and each is identified by the reference numeral 57.
      Each tie-down device 57 comprises a vertical body portion 58 the upper end
      of which has a rigid cylindrical mounting member 59 that is located along
      a horizontal axis and is adapted to be received within an aperture formed
      in the side of the vehicle frame 56. The lower end of the body portion 58
      supports a shoe member 60 having a pair of laterally spaced outwardly
      extending arms adapted to be received by the guide rail of the container.
      Tie-down devices of this type can be seen in U.S. Pat. No. 3,794,350 which
      is assigned to the assignee of this invention.
PAR  The center guide rail 35 is adapted to receive a tie-down device (not
      shown) which is normally attached to the front cross member of the vehicle
      frame at the center thereof. The lateral spacing of the three tie-down
      devices on the vehicle frame 56 corresponds with the lateral spacing of
      the three guide rails 34, 35 and 36 on each floor portion 16, 28, and 30.
      Accordingly, when a vehicle 31 is rolled into the shipping container 10
      with the tires in the tracks 32 and 33, initially the center tie-down
      device carried by the front cross member of the vehicle enters the center
      guide rail 35 and, after the vehicle has moved a sufficient distance into
      the container, the two rear tie-down devices 57 are received by the outer
      guide rails 34 and 36. The vehicle continues moving into the shipping
      container 10 until the rear tie-down devices 57 engage the stop (not
      shown) in the base 40 provided with each outer guide rail 34, 36. At such
      time, the vehicle 31 is prevented from moving forwardly and assumes the
      position shown in FIGS. 1 and 2. In this position, the vehicle 31 is
      restrained from vertical as well as lateral movement and when the lock
      member 42 of each latch mechanism 38 is moved to the locked positioned
      shown in FIG. 3, the rear tie-down devices 57 are restrained from
      longitudinal movement due to the trapping action of the keeper member 45.
      At such time, the vehicle 31 is completely restrained and the loaded
      shipping container can be placed on a railway car for shipment to its
      final destination.
PAR  In this instance, loading of the vehicle into each of the three levels of
      the container 10 is realized with a power loader mechanism 62 supported by
      four vertical posts two of which only are shown in FIG. 2. The loader
      mechanism 62 includes a base 64 which has its undersurface connected to a
      scissors type linkage 66 which through a suitable power-operated drive
      serves to raise the base 64 from a fully lowered position wherein the base
      64 is aligned with floor portion 16 to an intermediate position wherein
      the base 64 is aligned with floor portion 28, and finally to a fully
      raised position wherein the base 64 is horizontally aligned with the floor
      portion 30.
PAR  As seen in FIG. 2, the base 64 is in the fully raised position in
      horizontal alignment with floor portion 30. It will be noted that the base
      64 is formed with a pair of parallel wheel guide tracks 68 and 70 which
      register with the guide tracks 32 and 33 formed with each of the floor
      portions 16, 28 and 30. In addition, a pair of identical pusher bar
      members 72 and 74 are supported on the upper surface of the base 64
      between the guide tracks 68 and 70. Each of the pusher bar members 72 and
      74 includes an elongated bar 75. The bars 75 associated with the
      respective pusher bar members register with the outer guide rails 34 and
      36, and each of the bars 75 has the rear end 76 thereof movable through a
      power driven chain 78 into the aligned guide rail. A pivoted vehicle
      extraction hook 80 is mounted adjacent the front end 88 of each bar 75 and
      is adapted to be positioned through a spring biased rod 82 and a removable
      dowel 84 in a vehicle loading position shown in FIG. 4 and a vehicle
      unloading position shown in FIG. 7. It will be noted that, as seen in FIG.
      4, the hook 80 is mounted at the front end of the bar 75 in a manner so
      when the pusher bar member is inserted into the associated guide rail, the
      bar 75 moves into the center of the guide rail while the hook 80 is
      located above the guide rail. The bar 75, in each case, is also formed
      with a cam 86 which is normally located above the guide rail and extends
      laterally outwardly from the bar for purposes which will be hereinafter
      explained.
PAR  During the vehicle loading operation, the latch mechanism 38 will normally
      be in the locked position of FIG. 4 and initially both of the pusher bar
      members 72 and 74 have the rear end 76 of the bar 75 retracted and located
      adjacent the rear end of the base 64. A vehicle 31 is then driven along
      guide tracks 68 and 70 onto the base 64 at which time the center tie-down
      device may be attached to the cross frame member. The rear tie-down
      devices 57 are then connected to the rear portions of the vehicle frame 56
      so that the shoe portion 60 of the tie-down device is located just ahead
      of and in contact with the front end 88 of the bar 75. Both chains 78
      associated with the push bar members 72 and 74 are driven through a common
      drive and, accordingly, when the latter drive is actuated, the push bar
      members will drive the shoe member 60 of each tie-down device 57 forwardly
      and move the vehicle 31 into the container 10. As aforementioned, when the
      vehicle 31 moves forwardly into the container, the center tie-down device
      will enter the guide rail 35 initially and afterwards the rear tie-down
      devices 57 will enter the guide rails 34 and 36. The push bar members 72
      and 74 will continue to move the vehicle 31 into the container causing the
      bar 75 to be inserted into the associated guide rail with the hook 80
      located above the guide rail as seen in FIG. 4. As the bar 75 continues to
      move forwardly, the cam 86 will engage the pin 47 of the actuator lever 44
      and cause the latter to move within the guide slot 48 from the position
      shown in FIG. 4 to that shown in FIG. 5. This movement of the actuator
      lever 44 causes the rod 43 of the lock member 42 to move towards the
      associated guide rail and thereby pivot the keeper member 45 clockwise as
      seen in FIG. 4 to the position shown in FIG. 5. At such time, the latch
      mechanism 38 is in an unlocked condition. The bar 75 will then continue to
      move the tie-down device 57 and, accordingly, the vehicle 31 into the
      container 10 until the tie-down device 57 contacts the stop associated
      with the base 40. The vehicle 31 is then fully inserted into the container
      10, and movement of each of the pusher bar members 72 and 74 is then
      reversed in direction so as to cause them to be retracted from the guide
      rails. During the retracting movement of each push bar members 72 and 74,
      the cam 86 once again engages the pin 47 of the actuator lever 44 and
      causes the latter to rotate counter-clockwise about pivotal connection 46
      from the position shown in FIG. 5 to that shown in FIG. 6 so as to return
      the lock member 42 to its initial locked position. In this instance, this
      movement causes the keeper member 45 of each latch mechanism 38 to trap
      the tie-down device 57 and prevent it from moving in a longitudinal
      direction. Thus, the vehicle 31 is loaded into the container 10, the latch
      mechanism 38 is automatically unlocked, and afterwards automatically
      locked to restrain the vehicle from movement.
PAR  FIGS. 7 and 8 show the dowel 84 removed from the hook 80 so the latter is
      positioned for retracting the vehicle 31 from the container. Thus, with
      the base 64 of the power loader mechanism 62 located in horizontal
      alignment with one of the floor portions as seen in FIG. 2, the chain
      drive motor is actuated causing the pusher bar members 72 and 74 to move
      within the associated outer guide rails and, as during the loading
      operation, the cam 80 engages the pin 47 of the actuator lever 44 and
      moves it from the full line position to the phantom line position as shown
      in FIG. 7. Each push bar member 72 and 74 proceeds to move inwardly
      causing the tapered nose of the hook 80 to contact the tapered surface on
      the free end of the keeper member 45. This causes the hook 80 to be cammed
      clockwise against the bias of the springs associated with the rod 82 and
      then moved counter-clockwise by the latter mentioned springs into an
      aperture formed in the side of the tie-down device 57 as shown in FIG. 8.
      Afterwards, movement of the push bar members 72 and 74 is reversed in
      direction so as to withdraw the tie-down devices 57 and, accordingly, the
      vehicle 31 from the container 10 onto the loader mechanism 64.
PAR  Although not shown, it will be understood that a suitable guideway is
      provided on the base 64 for the bar 75 so as to assure that the front end
      88 of the bar will move into the aligned guide rail attached to the floor
      portion of the container 10.
PAR  Various changes and modifications can be made in this construction without
      departing from the spirit of the invention. Such changes and modifications
      are contemplated by the inventor and he does not wish to be limited except
      by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a container for shipping vehicles, said container
      having a floor portion including positioning and restraint means for
      securing a vehicle thereto, said positioning and restraint means including
      two laterally spaced guide rails fixed to said floor portion and adapted
      to slidably receive a pair of tie-down devices attached to said vehicle
      adjacent the rear end thereof, each of said guide rails having an outer
      end which initially receives the tie-down device and an inner end, a latch
      mechanism operatively associated with the inner end of each of said guide
      rails for restraining said pair of tie-down devices from movement in a
      vertical direction and along the longitudinal axis of said each of the
      guide rails, said latch mechanism comprising a lock member pivotally
      connected to said container for movement between a locked position for
      restraining the tie-down device and an unlocked position wherein said
      tie-down device is unrestrained, means for moving said lock member between
      the locked and unlocked positions, said latter mentioned means including
      an actuator lever having one end pivotally supported by the lock member
      and the other end supported by the container for movement along a line
      located adjacent to and parallel to the associated guide rail, said other
      end of the actuator lever being normally located adjacent the outer end of
      the associated guide rail in a first position wherein said lock member is
      located in the locked position and being movable towards the inner end of
      the guide rail to a second position wherein said lock member is located in
      the unlocked position, a vehicle loader mechanism having a base adapted to
      be located in horizontal alignment with said floor portion, a pair of
      power extendable elongated pusher bar members carried by said loader
      mechanism and adapted to register with and move into said pair of guide
      rails, each of said pusher bar members having an outer end for contacting
      one portion of a tie-down device for loading said vehicle into the
      container when the pusher bar is moved into the associated guide rail, and
      a cam fixed with each of said pusher bar members for engaging said other
      end of said actuator lever and moving the latter from the first position
      to the second position when the pusher bar members are inserted into the
      guide rails for loading the vehicle into the container and for engaging
      said other end of said actuator lever and returning the latter from the
      second position to the first position when the pusher bar members are
      retracted from the guide rails so as to automatically lock said tie-down
      devices to said container.
NUM  2.
PAR  2. In combination with a container for shipping vehicles, said container
      having a floor portion including positioning and restraint means for
      securing a vehicle thereto, said positioning and restraint means including
      two laterally spaced parallel guide rails fixed to said floor portion and
      adapted to slidably receive a pair of tie-down devices attached to said
      vehicle adjacent the rear end thereof, each of said guide rails having an
      inner end and an outer end, a latch mechanism operatively associated with
      the inner end of each of said guide rails for restraining said pair of
      tie-down devices from movement in a vertical direction and along the
      longitudinal axis of said each of the guide rails, said latch mechanism
      comprising a lock member pivotally connected to said container for
      movement between a locked position for restraining the tie-down device and
      an unlocked position wherein said tie-down device is unrestrained, means
      for moving said lock member between the locked and unlocked positions,
      said latter mentioned means including an actuator lever having one end
      pivotally supported by the lock member, a guide plate mounted to the
      container and having a guide slot for supporting the other end the
      actuator lever for movement along a line located adjacent to and parallel
      to the associated guide rail, said guide plate having first stop means for
      normally locating said other end of the actuator lever adjacent the outer
      end of the associated guide rail in a first position wherein said lock
      member is located in the locked position, second stop means formed with
      the guide plate for limiting movement of the other end of the actuator bar
      towards the inner end of the guide rail wherein the actuator lever is
      located in a second position and said lock member is located in the
      unlocked position, a vehicle loader mechanism having a base adapted to be
      located in horizontal alignment with said floor portion, a pair of power
      extendable elongated pusher bar members carried by said loader mechanism
      and adapted to register with and move into said pair of guide rails, each
      of said pusher bar members having an outer end for contacting one portion
      of a tie-down device for loading said vehicle into the container when the
      pusher bar member is moved into the associated guide rail, and a cam fixed
      with each of said pusher bar members and extending laterally outwardly
      therefrom for engaging said other end of said actuator lever and moving
      the latter from the first position to the second position when the pusher
      bar members are inserted into the guide rails for loading the vehicle into
      the container and for engaging said other end of said actuator lever and
      returning the latter from the second position to the first position when
      the pusher bar members are retracted from the guide rails so as to
      automatically lock said tie-down devices to said container.
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ABST
PAL  A fluidized bed furnace, particularly for burning partly dehydrated sludge,
      comprises a furnace housing which has a bottom for supporting a fluidized
      bed and it includes a plurality of nozzles directed to discharge upwardly
      through the bottom wall into the bed for supplying heating gases including
      combustion air. The furnace has side walls which extend upwardly from the
      bottom above the bed and define a combustion chamber above the bed. The
      combustion chamber is closed at its top by a substantially horizontal
      furnace roof. At least one sludge charging opening is provided in the
      furnace roof for charging the sludge downwardly into the combustion
      chamber. A post combustion chamber is connected downwardly through the
      roof to the combustion chamber and it is made of a cross-section which is
      substantially smaller than the combustion chamber. Means are provided for
      supplying secondary combustion air to the post combustion chamber. Burners
      are provided for part-time operation which discharge obliquely downwardly
      into the combustion chamber from the upper portion of the side walls or
      the furnace roof.
PARN
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  This invention relates in general to the construction of furnaces and, in
      particular, to a new and useful fluidized bed furnace for burning partly
      dehydrated sludge and to a method of burning such sludge in the furnace.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The present invention is particularly directed to a fluidized bed furnace
      for burning partly dehydrated sludge. With such a furnace, the fluidized
      bed includes a fill of refractory grains and means for supplying air from
      below for producing the fluidized bed and partly for supplying the
      necessary combustion air. It is known that particularly sewage sludge can
      be successfully burned in a fluidized bed furnace in which partly
      dehydrated sludge is employed so that the burning operation takes place
      without the necessity of supplying appreciable amounts of heat from the
      outside. The process is controlled so that the gases which are annoying by
      their odor are securely burned so that the odor of the resultant discharge
      is eliminated. This is ensured by maintaining a temperature of from
      800.degree. to 900.degree.C in the combustion zone. The ashes which are
      produced during the combustion of the sludge should not be melted down but
      they should be carried out by the flue gases to the greatest possible
      extent in order that the ashes may be subsequently separated from the flue
      gases. In such arrangements, the sludge to be burned is fed in either from
      a bin which is located above the fluidized bed furnace through a gravity
      tube extending centrally through the fluidized bed furnace down to the
      level of the combustion zone, or they are fed laterally directly into the
      fluidized bed by means of a feeding screw. With the first manner of
      feeding, it is assumed that the sludge may be supplied into the furnace
      from a level which corresponds to the fluidized bed level. However, this
      is not always possible since, for hydromechanical reasons, the sludge is
      mostly available at the ground level or even near the water surface level.
      Therefore, the sludge must first be transported into a bin located above
      the furnace for which purpose, in view of the nature of the sludge, only a
      very expensive device, such as a bucket elevator or the like, are suitable
      for such operation. With the second method of feeding directly into the
      fluidized bed, the pressure is very irregular so that the performance of
      the fluidized bed is correspondingly low. Also, in this case, the
      fluidized bed is intensely cooled down at the feed inlet and this may
      result in interruptions of the operation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a fluidized bed furnace which is designed
      such that the transportation costs for the sludge are minimized without
      causing an excessive throughput in the fluidized bed. This advantage, as
      well as others are obtained in accordance with the invention by providing
      a furnace roof above the combustion chamber which is substantially
      horizontal and which is provided with an opening for attaching a post
      combustion chamber thereabove which has a substantially smaller
      cross-section than the combustion chamber. A supply connection for
      secondary combustion air is connected into the post combustion chamber.
      The furnace roof is also provided with another opening for feeding the
      sludge downwardly into the combustion zone.
PAR  With the inventive arrangement of fluidized bed furnace, it is assumed that
      the sludge to be burned is transported only to the level of the furnace
      roof. From this level, the feeding is possible without the use of a
      gravity tube so that the expense for such a tube and its replacement
      during the operation are avoided. A particular advantage is that the
      distribution of the feed in sludge within the combustion chamber is such
      that the contact with the fluidized bed in which the supply sludge is
      dried, pulverized and partly burned and subsequently gasified and
      incinerated is approximately central and relatively uniform. The
      relatively voluminous combustion chamber of the inventive arrangement
      ensures an extensive burning out of the combustible gases escaping from
      the fluidized bed and air is supplied at the bottom to maintain the bed.
      The post combustion takes place in a relatively small post combustion
      chamber. Since the flow velocity is higher in the post combustion chamber
      because it has a substantially smaller cross-section than the main
      combustion chamber, the preponderant part of the ashes is entrained at
      such location. This can be advantageously utilized by designing the post
      combustion chamber as a radiation recuperator because the dust particles
      permit a great heat transfer by radiation. At the same time, the drop of
      the flue gas temperature entails an improvement of the conditions for the
      final dust separation.
PAR  In view of the reduction of sludge transportation costs with the invention,
      it is particularly advantageous to provide sludge treatment devices on the
      roof of the furnace so that only at this location is the sludge brought
      into a state more suitable for feeding. Consequently, the sludge can be
      easily pumped in a still relatively very fluid state to the roof level at
      which pumping may be easily carried out since the roof level is at a
      height which is not above the normal pumping height at atmospheric
      pressure. By appropriate further treatment in centrifuges, filter presses,
      or the like, the sludge can be dehydrated to the necessary extent and
      thereby made suitable for feeding directly at the furnace roof.
PAR  Since with the invention, the difficulties in the transportation of sludge
      which is feedable from above are largely eliminated, the post combustion
      chamber can be designed, as to its length, as a recuperator, so that a
      large part of the heat produced by the sludge combustion may be
      recuperated. This is of great importance particularly for sludge
      combustion because the water content allowable in the sludge to be burned
      can be higher the more the combustion air supplied into the fluidized bed
      and the combustion chamber is preheated. Thus, the novel fluidized bed
      furnace simultaneously provides conditions for an appreciable reduction of
      the sludge dehydration costs.
PAR  By making the cross-section of the combustion chamber substantially larger
      than the post combustion chamber, in accordance with the invention, and by
      also designing the chambers so that the combustion chamber has
      semi-cylindrical ends and intermediate rectangular portions, an optimal
      design is effected. With the invention, therefore, the usual circular
      cross-section of the fluidized bed may be abandoned. The central
      rectangular portion of the combustion chamber may be elongated or made
      relatively short and the inlet of the post combustion chamber is provided
      either in the zone of the end half-cylindrical portions or in the center
      of the rectangle. In the case where the post combustion chamber connects
      into the center of the central rectangular portion, a feed opening for the
      sludge may be provided in the zone of each of the two semi-cylindrical
      portions so that, even with an elongated fluidized bed, a uniform contact
      is ensured. In a variation of the invention, oval or even triangular
      cross-sections may be provided for the combustion chamber so that the
      conditions for a regular operation of the fluidized bed can be obtained
      also in larger furnace units.
PAR  Accordingly, it is an object of the invention to provide a fluidized bed
      furnace, particularly for burning partly dehydrated sludge, which includes
      a furnace housing which has a bottom for supporting a fluidized bed with
      means for directing heated gases, including combustion air, upwardly
      through the bed, and which includes side walls extending upwardly from the
      bottom above the bed and defining a combustion chamber above the bed with
      a substantially horizontal roof extending over the combustion chamber, and
      having at least one sludge charging opening therein for charging the
      sludge downwardly into the combustion chamber and a connection for a post
      combustion chamber which extends upwardly from the main combustion chamber
      and it is substantially smaller in cross-section than the main combustion
      chamber and which is provided with means for supplying secondary air
      thereto.
PAR  A further object of the invention is to provide a method of operating a
      fluidized bed furnace which comprises a bottom over which a fluidized bed
      is formed and a post combustion chamber connected into a main combustion
      chamber above the fluid bed, comprising directing heating gases, including
      combustion air, upwardly through the bottom to maintain a fluidized bed
      above the bottom and to maintain a combustion of gases above the fluidized
      bed, directing the gases which are formed through a relatively small
      diameter post combustion chamber, continuously maintaining post combustion
      in the post combustion chamber by adding additional combustion air thereto
      and charging the furnace with sludge from the roof thereof downwardly into
      the combustion chamber.
PAR  A further object of the invention is to provide a fluidized bed furnace
      which is simple in design, rugged in construction, and economical to
      manufacture.
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of typical embodiments thereof as illustrated
      in the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the Drawing:
PAR  FIG. 1 is a horizontal sectional view of a dehydrated sludge furnace
      constructed in accordance with the invention; and
PAR  FIG. 2 is a vertical sectional view of another embodiment of sludge furnace
      constructed in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawing in particular, the invention embodied therein in
      FIG. 1 comprises a fluid bed furnace which, as shown in plan view,
      includes two semi-circular end walls 1 and 2 which join respective ends of
      an intermediate rectangular portion 6. The termination of the ends of the
      rectangular central section 6 is indicated by dotted lines 3 and 4. In
      this construction of furnace, in accordance with the invention, there is
      provided a post combustion chamber 5 which connects downwardly into the
      top or roof 50 of the combustion chamber which is located below the roof
      50. The combustion chamber has the area of the entire roof 50, including
      the central rectangular section 6 and the two end cylindrical sections 6a
      and 6b. Air supply conduits 10 and 11 are connected tangentially into the
      post combustion chamber 5 for supplying sufficient after combustion air
      thereto. The sludge is advantageously charged through the roof 50 through
      an opening 7 provided for that purpose. A further opening 8 is provided
      for a burner which is directed downwardly through the roof 50 into the
      combustion chamber.
PAR  In the embodiment of the invention shown in FIG. 2, the fluidized bed
      furnace shown in vertical cross-section includes a bottom wall 52 over
      which a fluidized bed 12 is maintained. The fluidized bed includes
      refractory particles and it is maintained in a fluidized condition by
      directing heating gases upwardly through the bottom 52 through an inlet
      connection 54 leading to a plurality of upwardly directed nozzles 16. The
      heating gases are directed in the direction of the arrow 14 through the
      connection 54 and the nozzle 16 and they provide combustion air for the
      maintenance of combustion in the fluidized bed 12. In a preferred form,
      guide walls 56 immediately adjacent the bottom 52 flare upwardly and
      outwardly in order to increase the area of the fluidized bed immediately
      above the bottom 52.
PAR  In addition to the combustion which is maintained by the heated gases
      directed through the conduit 54, it is sometimes also necessary, usually
      periodically, to direct a combustible fuel into the furnace by means of
      burners 9 which are oriented at oblique sections 58 adjacent the top of
      the furnace side walls 60. Immediately above the fluidized bed 12, the
      furnace defines a combustion chamber 13 which is covered at the top by a
      substantially horizontal roof 50'.
PAR  After the gases are burned in the combustion space 13, they are passed
      upwardly through a post combustion chamber 19 which is of much smaller
      diameter or cross-section than the main combustion chamber 13.
      Advantageously, combustion air, which may be supplied through the conduit
      14, is first passed into association with the post combustion chamber 19
      which is designed as a recuperator, so that the air is preheated, before
      it is passed through the fluidized bed 12.
PAR  In accordance with a further feature of the invention, openings 7 are
      provided in furnace roof 50 for the direct feeding of the sludge which has
      been previously dehydrated. In the preferred form, the sludge is
      dehydrated preferably by centrifuge means 17 which are located directly
      above the openings 7.
PAR  The gases produced during the burning of the sludge in fluidized bed 12
      burn out in the combustion chamber under supply of combustion air
      introduced laterally into the combustion chamber through nozzles 18
      located on each side wall 60. Advantageously, this combustion air is also
      preheated in the recuperator so that a temperature of 800.degree. to
      900.degree.C is maintained in combustion chamber 13. Should it not be
      possible to obtain this temperature by the sludge combustion, the heating
      burners 9 are put into operation by means of control means (not shown)
      until the conditions for the maintenance of the temperature of the sludge
      combustion are re-established. The combustion gases which leave the
      combustion chamber 13 and pass into the post combustion chamber are not
      completely burned. For this reason, secondary air is directed tangentially
      into the post combustion chamber 19 through two diametrically oppositely
      arranged inlet nozzles 10' and 11'. The post combustion chamber 19 is
      designed as a recuperator so that it is possible to simultaneously
      recuperate heat for heating up the combustion air. Preferably, the device
      comprises a radiation recuperator so as to permit the heat transfer by
      radiation of the dust containing flue gases.
PAR  The furnace includes an outlet connection 20 so that useless material may
      be discharged from the lower end of the bed 12.
PAR  The combustion chamber is advantageously provided with the oblique walls 58
      at each side so that the burners 9 may be directed downwardly into the
      combustion chamber 13 and be in an orientation such that they will not be
      subject to the accumulation of dust and debris thereon and will be free
      from a risk of clogging. This is very important since the burners are not
      permanently in operation and frequently, they will be out of service for
      long periods. In addition to the fact that the oblique arrangement
      prevents the clogging of the burners, the position also ensures that the
      spacing between the burner walls and the refractory brickwork will not
      become clogged either due to their inclined disposition.
PAR  In order to ensure a satisfactory motion of the fluidized bed 12,
      particularly in the marginal zones at each end, the side walls 60 are
      enlarged outwardly and upwardly, preferably, by an angle .alpha. of from
      15.degree. to 20.degree.  relative to the vertical. The construction
      ensures that the entire surface of the fluidized bed can be kept in
      motion.
PAR  The post-combustion chamber advantageously has either a circular
      cross-section or an angular cross-section. an angular cross-section would
      be advantageous for the support of the post combustion chamber on the
      furnace roof because a formation of the post combustion chamber with two
      rectangular sides, for example, arranged opposite to each other, can be
      mounted directly on the upper edges of the longitudinal walls of the
      furnace roof 50', while the other two rectangular sides can project from
      the substantially plane furnace roof 50' vertically upwardly. In some
      instances, the furnace is constructed as a waste heat boiler, and in such
      instances, it is desirable to have the furnace of substantially
      rectangular cross-section. Post combustion chamber recuperator 19 would
      also advantageously be of rectangular cross-section which would
      continuously change with increasing height into a circular cross-section.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluidized bed furnace, particularly for burning partly dehydrated
      sludge, comprising a furnace housing having a bottom for supporting a
      fluidized bed, means for directing heated gases including combustion air
      upwardly from said bottom into the fluidized bed for maintaining said bed,
      said furnace having side walls extending upwardly from said bottom above
      said bed and defining a combustion chamber above said bed, a substantially
      horizontal furnace roof extending between said side walls defining a top
      of said combustion chamber and having at least one sludge charging opening
      therein for charging the sludge downwardly into said combustion chamber
      and also having a post combustion chamber opening, post combustion chamber
      wall means defining a post combustion chamber extending upwardly from said
      post combustion chamber opening and being substantially smaller in
      cross-section than the cross-section of said combustion chamber, and means
      for supplying secondary air into said post combustion chamber.
NUM  2.
PAR  2. A fluidized bed furnace, according to claim 1, including a conduit
      connected to said sludge charging opening having a sludge treatment
      device.
NUM  3.
PAR  3. A fluidized bed furnace, according to claim 1, wherein said combustion
      chamber is of a cross section which includes a central rectangular portion
      with an end portion on each side of the rectangular portion of a
      semi-circular configuration, said post combustion chamber opening being
      located adjacent at least one of the semi-circular portions.
NUM  4.
PAR  4. A fluidized bed furnace, according to claim 1, wherein the combustion
      chamber has a cross-section which includes a central elongated rectangular
      portion with a semi-circular portion at each end, said post combustion
      chamber being located centrally of said rectangular portion, said sludge
      opening being located adjacent an end semi-circular portion.
NUM  5.
PAR  5. A fluidized bed furnace, according to claim 1, wherein said side walls
      enlarge upwardly from said bottom at an angle of from 15.degree. to
      20.degree. relative to the vertical.
NUM  6.
PAR  6. A fluidized bed furnace, according to claim 1, wherein the upper portion
      of said side walls extends obliquely inwardly to said furnace roof, and a
      burner in each obliquely extending portion extending downwardly toward
      said combustion chamber.
NUM  7.
PAR  7. A fluidized bed furnace, according to claim 1, wherein said post
      combustion chamber comprises a radiation recuperator for heating the
      combustion air directed through the fluidized bed.
NUM  8.
PAR  8. A fluidized bed furnace, according to claim 1, wherein said means for
      supplying said secondary combustion air comprises a conduit connected
      tangentially into said post combustion chamber.
NUM  9.
PAR  9. A fluidized bed furnace, according to claim 1, wherein said post
      combustion chamber is of rectangular configuration.
NUM  10.
PAR  10. A fluidized bed furnace, according to claim 1, wherein said post
      combustion chamber includes two rectangular side portions opposite to each
      other which are mounted on said furnace roof.
NUM  11.
PAR  11. A fluidized bed furnace according to claim 1, wherein the interior of
      said furnace has a width at least as great as the height.
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ABST
PAL  Waste synthetic high polymer, especially those containing polyvinyl
      chloride and the like chlorine-containing synthetic resins are heated at
      200.degree.-500.degree.C to thereby form a hot molten bath of fusible
      materials contained in the waste resin mixture and the chlorine-containing
      resins are effectively decomposed in the molten bath kept at the
      temperature of 200.degree.-500.degree.C with the generation of hydrogen
      chloride gas which can be recovered as hydrochloric acid.
BSUM
PAC  DETAILED DISCLOSURE OF THE INVENTION
PAR  The present invention relates to a method for the disposal of waste
      synthetic high polymer (hereinafter occasionally referred to as waste
      synthetic resins or resin wastes). In more particular, it relates to a
      method for the disposal of chlorine-containing resin wastes in mixture
      with other fusible synthetic resin wastes.
PAR  Typical examples of such chlorine-containing resins are polyvinyl chloride,
      copolymers of vinylidene chloride and vinyl chloride such as Saran and
      Kurehalon, copolymers of vinyl chloride and vinyl acetate etc. Examples of
      other fusible synthetic high polymer are polypropylene, polyethylene,
      polystyrene, polyurethane etc.
PAR  Wastes of synthetic high polymer such as polyethylene and polypropylene
      have heretofore been disposed by simply burning them. However, there are
      various difficulties encountered in such a manner of disposal since these
      resin wastes have such a high calorific value and remarkably low
      combustion rate as solid resin that they usually generate a large quantity
      of soot upon burning and the apparatus for burning them is rather
      uneconomical owing to its reduced combustion load.
PAR  There arises another problem requiring special care during the disposing
      operation because such resin wastes usually melt and soften at the initial
      stage of burning when they are burnt as solid resins.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a process for the
      effective disposal of the waste mixtures of synthetic high polymer whereby
      the above-mentioned difficulties have been completely overcome and
      hazardous substance generated during the disposal, particularly hydrogen
      chloride, can be completely removed.
PAR  The method of the present invention is characterized by the operation
      comprising:
PA1  A. firstly heating the waste polyolefin mixture at a relatively low
      temperature within the range of 200.degree.-500.degree.C to thereby melt a
      relatively thermally stable synthetic high polymer such as polypropylene
      and polyethylene contained in the waste mixture thereby forming a hot bath
      consisting of the molten resins,
PA1  B. decomposing thermally unstable resins, such as, for example, polyvinyl
      chloride and the like chlorine-containing synthetic high polymers, in the
      hot molten bath kept at the temperature of 200.degree.-500.degree.C, to
      thereby generate hydrogen chloride gas together with a certain amount of
      hydrocarbon gas while separating them from residual material consisting
      essentially of carbon,
PA1  c. discharging the generated hydrogen chloride gas together with a small
      amount of hydrocarbon gas from the molten bath outside the system and
      simultaneously discharging the residual carbon out of the system.
PAR  Meanwhile, a portion of polypropylene, polyethylene and like waste
      synthetic high polymers comprising the hot molten bath are thermally
      decomposed into a C.sub.2 -C.sub.4 hydrocarbon gas by being heated at a
      temperature of 200.degree.-500.degree.C, but the major proportion thereof
      undergo degradation and remain in the system as a molten liquid of lower
      viscosity which exhibits a melting point as low as
      80.degree.-135.degree.C.
PAR  The C.sub.2 -C.sub.4 hydrocarbon gas so generated in this stage is
      withdrawn from the heating furnace together with the hydrogen chloride gas
      generated from polyvinyl chloride and with hexane, propylene and the like
      hydrocarbon gases.
PAR  According to the process of this invention, it has now become possible to
      carry out continuous disposal of waste synthetic high polymers by
      successively feeding them into a heating furnace thereby effecting the
      thermal decomposition of polyvinyl chloride and the like
      chlorine-containing synthetic resin wastes in the hot molten bath while
      dissociating hydrogen chloride gas and residual carbon free from remaining
      chlorine.
PAR  The present invention is characterized in that the mixture of waste
      synthetic high polymers form upon heating a hot molten thermal medium of
      fusible resins contained in the feed resin mixture while simultaneously
      effecting the thermal decomposition of the chlorine-containing synthetic
      resin wastes in the hot thermal medium accompanied by a
      dehydrochlorination reaction and the disposal of the thermally fusible
      synthetic high polymers such as polyethylene and polypropylene which have
      been efficiently used as the thermal medium.
PAR  The waste disposal process of this invention has the following advantages:
PA1  a. Since the process is carried out in a complete liquid state, the waste
      resin mixture can be easily handled and treated for instance, by conveying
      it with the use of a conventional pump, and it can be burnt off at a high
      combustion load, e.g., by means of spray-burning, in an efficient manner
      as readily as in the case of burning ordinary liquid fuels.
PA1  b. Since the disposal treatment is carried out in a liquid phase, the waste
      synthetic resins to be disposed of can be cast in a mold and formed into
      suitable shapes and sizes, and the molded resin may be re-used or
      discarded conveniently.
PA1  c. Since the thermal medium in the hot bath contains no chlorine any more,
      it can be burnt off without generating any hazardous gases such as
      hydrogen chloride. Moreover, since it contains no chlorine it may be
      discarded immediately or re-used as hydrocarbon resources.
PAR  In addition, it can be burnt off in mixture with town garbages.
PAR  The process of this invention may be adapted also to the disposal of the
      waste synthetic resin consisting wholly of chlorine-containing resins such
      as polyvinyl chloride, and also to the disposal of other waste synthetic
      high polymer containing no chlorine, such as those containing
      thermosetting synthetic resins.
PAR  Depending upon the composition of the synthetic resin wastes to be disposed
      of, it is also possible to admix hot bath-forming materials such as
      polyethylene and polypropylene so as to maintain the conditions, i.e.,
      temperature and viscosity, of the hot bath at constant values.
PAR  The present invention is explained in more detail by referring to the
      drawing illustrating a flowsheet of the process in which the numerals used
      indicate:
     1:     Heating furnace                                                    
     2:     Combustion chamber                                                 
     3:     Inlet line for charging waste synthetic resins                     
     6:     Exhaust line for waste flue gas                                    
     14:    Scrubber                                                           
     12:    Absorber                                                           
     8:     Residual carbon                                                    
     9:     Inlet line for hot bath medium and air                             
     10:    Feed line for hydrocarbon and air                                  
PAR  Synthetic resin waste to be disposed is charged into a bathtub type heating
      furnace 1 through inlet line 3, and heated therein at a temperature of
      200.degree.-500.degree.C, preferably at about 375.degree.C, forming a hot
      bath of molten fusible waste resins contained in the charge stock. The
      lower portion of the furnace is fabricated as a burner 2 into which the
      molten resin contained in the heating furnace is successively fed through
      inlet line 9 together with air and burnt as fuel to give heat for the
      process. Hydrogen chloride generated in the furnace by the thermal
      decomposition of chlorine-containing resins is withdrawn through line 18
      and passed to absorber 12 in which it is recovered as hydrochloric acid
      13. Unabsorbed gas taken out of the absorber 12 is then passed to a
      scrubber 14 where unabsorbed hydrogen chloride is further recovered by the
      spray of water from sprayer 15. The recovered hydrochloric acid is
      recycled to the absorber 12 through pump 16. Unabsorbed gaseous effluent
      leaving the scrubber 14, which contains hydrocarbons generated by the
      thermal degradation of the waste resins, is fed to the combustion chamber
      2 as fuel via lines 11 and 10 by means of a blower 17 together with air.
PAR  In the drawing, number 5 is a waste heat boiler, line 4 represents a
      combustion flue gas, 6 is a line for exhausting waste flue gas, line 7 is
      a stack, 8 is a residual carbon discarding line and 9 is an inlet line for
      the molten resin and air to the burner.
PAR  Hydrogen chloride-containing effluent gas issuing from the heating furnace
      can be used as fuel after recovery of hydrocarbons by the use of a
      condenser, and the hydrogen chloride obtained in the absorber can be
      recovered as hydrochloric acid which may be used as a chemical material or
      may be discarded after being neutralized with Ca(OH).sub.2, NaOH etc.
PAR  The residual carbon formed in the furnace can be used either as fuel or as
      carbon sources in other processes, or may be discarded if desired, after
      being compression-molded into suitable sizes. Since the molten thermal
      medium can be easily sprayed at a temperature above 150.degree.C, it is
      continuously spray-burnt as fuel for heating the furnace.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the disposal treatment of a waste synthetic high polymer at
      least part of which is fusible at temperatures below 500.degree.C which
      comprises:
PA1  a. heating said waste synthetic high polymer at a temperature of from
      200.degree. to 500.degree.C to thereby melt said fusible portion thereof,
PA1  b. decomposing the remainder of said waste synthetic high polymer in a hot
      molten bath formed of said melted fusible portion thereof at a temperature
      of from 200.degree. to 500.degree.C; and
PA1  c. disposing of said hot molten bath, wherein at least a part of said hot
      molten bath is burned as fuel for heating the waste synthetic high
      polymer.
NUM  2.
PAR  2. The method of claim 1, wherein the disposing of said hot molten bath
      containing said decomposed waste synthetic high polymer is by atomizing in
      a combustion chamber and burning.
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ABST
PAL  An improved automatic draft regulator having significantly fewer parts than
      previous such devices, and comprising a frame adapted to fit into the flue
      pipe of a furnace, a gate pivotally mounted in the frame, and adjustable
      weight means pivotally connected to the gate and extending through it.
BSUM
PAR  This invention relates to an automatic draft regulator particularly adapted
      for use in a flue pipe in a fuel burning appliance.
PAR  It is known in devices for regulating the draft in a fuel burning
      appliance, particularly a domestic furnace, to utilize a device which is
      controlled by adjustable weight and counterweight and which is located on
      the flue pipe often in a horizontal branch pipe provided for the purpose.
      Previously, such devices have had a number of shortcomings. Important
      among these, for example, is that the relatively large number of parts and
      the consequent difficulty of assembly resulted in increased production
      costs for both the individual parts and the regulator itself.
PAR  The basic components of a barometic draft regulator are a frame with an
      opening therein, a gate to close the opening, hinge means on which the
      gate swings and an adjustable weight and counterweight for control
      purposes. Various additional parts are required as fastening means support
      means, etc., to make the device operational.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention provides an automatic draft regulator having in the
      order of half as many parts as previous regulators and in having parts
      which are very easy to construct and assemble. The device comprises (a) a
      frame adapted to be mounted on the flue pipe of a fuel burning appliance,
      (b) an opening in the frame, (c) a gate pivotally mounted on hinges within
      the said opening, (d) an opening in the gate, and (e) weight means
      pivotally connected to the said gate and extending through the opening
      therein.
PAR  In one aspect of the present invention improved weight means are provided
      for control purposes. The counterweight, normally a part of such devices,
      is eliminated. The weight means, comprising a simple one-piece
      construction in a substantially planar configuration of uniform thickness,
      pivots through the slot in the gate in a plane perpendicular or inclined
      to the gate and with the pivot means offset from the plane of the gate.
      These factors all contribute markedly to ease of production and hence
      lower costs. In addition simpler and more efficient weight adjustment is
      provided. In one embodiment, the weight means has an embossment thereon to
      increase frictional engagement with the slot in order to facilitate
      selective variation of the centre of gravity of the weight about the gate.
      In addition in that case the pivot means may consist of a rivet and
      bearing means providing additional friction to ensure that a selected
      position of the weight is maintained. In a second embodiment the pivot
      means may consist of a nut and bolt, providing a locking mechanism for the
      weight. Furthermore, the weight means may be designed with an upward bend
      at the outer edge, said bend also serving as a simple handle for ease of
      adjustment. The weight means serves further as a stop against the frame to
      define the limit of swing of the gate in the "open" configuration.
PAR  The limits of adjustment of the weight means may be defined by stops
      against the edge of the slot, being in one direction the upward bend in
      the weight means and in the other direction, a deeper depression in the
      embossment means.
PAR  The weight means gains added planar stability through a strengthening of
      the slot edges by means of depressions or embossments at the edges.
PAR  To further facilitate efficient operations of the device, new hinge means
      are provided whereby the gate swings on point contacts, thus reducing
      friction to a minimum. In addition the hinges are designed to prevent
      lateral movement of the gate with consequent binding between gate and
      frame.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The device and its operation may be more precisely defined by reference to
      the drawings.
PAR  FIG. 1 is a perspective view.
PAR  FIG. 2 is a vertical half section.
PAR  FIG. 3 is a partial section showing the weight means and the hinge means.
DETD
PAC  DETAILED DESCRIPTION
PAR  The draft regulator consists of a frame 10 mounted in a horizontal branch
      pipe 12, an opening 22 in the frame 10, a gate 20 pivotally mounted in the
      opening 22, an opening in the gate 20, and weight means 44 pivotally
      connected to gate 20 and extending through the slot therein.
PAR  For the purpose of more detailed illustration of the device, with reference
      to the drawings, the frame 10 is shown mounted on a horizontal branch 12.
      The frame 10 consists of a circular collar 14 which fits into the interior
      of the branch 12. The collar is held in place by frictional engagement
      with the branch. The outer end of the collar 14 is curled outward forming
      a circular flange 16 which engages the end of the branch pipe 12 and
      ensures a proper installation of the frame in the pipe. The innermost end
      of the collar 14 is curved inwards at 90.degree. to form a vertical plane
      surface 18 having an opening 22. The gate is shaped to close the opening
      22. The edge 24 of the gate 20 follows the contour of the opening 22. On
      the gate 20 is embossed an S-shaped curve 26 that follows the edge 24 at a
      short distance from it. The embossment serves to give added strength to
      the gate. From the bottom part of the gate a square tongue 28 is lanced
      and bent over 180.degree. to stop the gate 20 against the surface 18 of
      the frame 10. A clearance is maintained between the gate 20 and the frame
      10 so the gate can swing freely through the opening 22 on the 2 horizontal
      hinges 30 located above the centre of the gate 20. This clearance is
      conveniently provided since contraction of the gate edges occurs when the
      S-embossment is formed.
PAR  Each hinge 30 consists of a fixed support 32, a bearing 34 and a pin 36.
      The fixed support 32 is formed of three semi-circular depressions 38
      pressed alternately in opposite sides of the vertical surface 18. The
      bearing 34 consists of two tapered curved depressions 40 formed in the
      gate between the edge 24 and the S embossment 26 and alternately on
      opposite sides of the gate 20. The pin 36 has both ends tapered in order
      to be driven through the depressions 38 of the fixed support 32 and to fit
      tightly through the friction. In addition, deformed semicircular
      depressions 39 prevent the pin 36 from sliding out of place. The diameter
      of the throat 42 of the bearing 34 is slightly larger than the pin
      diameter. The bearing is designed with a taper in order to achieve a point
      contact between the pin 36 and the bearing throat 34 reducing the friction
      between them to a minimum. The S embossment 26 provides a thrust bearing
      for the gate 20: the lateral motion of the gate is stopped as soon as the
      inner end of the pin 36 hits the S embossment 26.
PAR  The adjustable weight 44 is of a substantially planar configuration
      comprising a curved elongate area 46 having a segmental area 48 at one end
      and an upward bend 50 at the other end. This bend may serve as a
      convenient handle for ease of adjustment. A hole 52 is located in the
      segmental area 32 to allow attachment to the pivot means.
PAR  Above the centre line of the hinges 30 a tab 54 is lanced from the gate and
      bent back at 90.degree.. A hole 56 is punched in the tab 54.
PAR  Offset from said tab 54 and substantially parallel thereto an opening or
      slot 58 is punched in gate 20. The adjustable weight 44 pivots
      perpendicular to the gate 20 through the slot 58 about a means 60 that
      holds the weight 44 to the tab 54. A curved embossment 62 in the weight 44
      increases frictional engagement between the slot 58 and the weight 44. The
      S embossment 26 passes through the edges of slot 58, and together with a
      depression 64 in the gate 20 at the edge of the slot 58, adds lateral
      stability to the weight 44.
PAR  The adjustable weight 44 stops the gate 20 against the frame 10 when the
      gate 20 reaches the limit of opening, thereby preventing the gate from
      turning over.
PAR  The limits of adjustment of the weight may be defined in one direction by
      the upward bend 50 and in the other direction by a stop formed by
      increasing at a point 66 the depth of the embossment 62 in the weight 44.
PAR  It is to be noted that the drawings refer to only one configuration of the
      invention. Many features can be varied without departing from the
      inventive ideas. For example, the pivot axis of the gate, the opening in
      the gate, and the weight means might all be located below the centre of
      gravity of the gate. The weight means may be inclined to the plane of the
      gate. The opening in the gate may be inclined to or perpendicular to the
      pivot axis. It can thus be seen that various configurations of the basic
      components are possible.
CLMS
STM  What we claim as our invention is:
NUM  1.
PAR  1. An automatic draft regulator comprising (a) a frame adapted to be
      mounted on the flue pipe of a fuel burning applicance; (b) an opening in
      the frame; (c) a gate pivotally mounted on hinges within the opening; (d)
      an opening in the gate; and (e) a substantially planar plate member
      pivotally connected to the gate and extending through the opening therein,
      said plate member being of substantially uniform thickness and acting as a
      weight means for balancing said gate.
NUM  2.
PAR  2. The automatic draft regulator of claim 1 wherein the plane of the plate
      member is substantially perpendicular to the plane of the gate.
NUM  3.
PAR  3. The automatic draft regulator of claim 1 wherein both the pivotal axis
      of said gate and the opening in said gate are above or below the centre of
      gravity of the gate when in its useful position.
NUM  4.
PAR  4. The automatic draft regulator of claim 1 wherein said opening in the
      gate is substantially parallel to the pivotal axis of the gate.
NUM  5.
PAR  5. The automatic draft regulator of claim 1 wherein the plate member has an
      embossment thereon for increasing the frictional engagement between the
      weight means and said opening in the gate.
NUM  6.
PAR  6. The automatic draft regulator of claim 5 wherein said embossment has an
      increased depth at one point therealong which acts as a stop and said
      plate has an upward bend therein at another point therealong whereby the
      limits of rotation of the plate member through the gate are defined.
NUM  7.
PAR  7. The automatic draft regulator of claim 1 wherein the gate has embossed
      thereon embossment having an S-shaped cross-section that follows the edge
      of the gate at a short distance therefrom.
NUM  8.
PAR  8. The automatic draft regulator of claim 7 wherein a part of the opening
      in the gate extends through the embossment and said gate has a further
      embossment therein at the edge of the opening.
NUM  9.
PAR  9. The automatic draft regulator of claim 1 wherein a tab is pressed from
      the gate and a rivet pivotally connecting said plate member to said tab,
      said rivet providing a predetermined frictional force between the plate
      member and bearing means.
NUM  10.
PAR  10. The automatic draft regulator of claim 1 wherein the plate member abuts
      the frame and stops the gate.
NUM  11.
PAR  11. The automatic draft regulator of claim 1 wherein the gate has embossed
      thereon an S-shaped embossment which follows the edge of the gate at a
      short distance therefrom, and wherein each of said hinges includes a fixed
      support, a pin fixed in said support, a deformed semi-circular depression
      in the frame, and bearing means, said bearing means comprising two curved,
      tapered depressions in opposite sides of said gate whereby a point contact
      is provided.
NUM  12.
PAR  12. The automatic draft regulator of claim 11 wherein said pin abuts at one
      end against said S-embossment and at the other end against said deformed
      semi-circular depression.
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ABST
PAL  A thread control mechanism for an overedge sewing machine uses only the
      movable driven components of the needle, lower looper, and upper looper,
      in combination with stationary thread guides, for feeding and controlling
      the threads used by the machine to form a seam. The lower and upper looper
      threads, i.e., the threads which pass through the eye of the lower and
      upper loopers, respectively, are each engaged by movable thread guides
      carried on the looper carriers for both loopers so that the coordinated
      movement of the two loopers cooperate to control and feed both looper
      threads. A needle thread takeup cam mounted on and driven by the needle
      arm drive shaft cooperates with stationary thread guides to feed and
      control the needle thread.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to thread handling and feeding mechanisms for sewing
      machines and more particularly to an improved mechanism for feeding and
      controlling the threads employed in an overedge sewing machine of the type
      employed to form an overedge seam along the edge of a workpiece.
PAR  2. Description of the Prior Art
PAR  Overedge sewing machines of the type illustrated in copending U.S. Patent
      application Ser. No. 354,714, now U.S. Pat. No. 3,881,434, assigned to the
      assignee of the present invention, are commonly employed to form a seal
      with two or three threads. When two or three threads are employed for the
      seam, the problems of handling the threads, including controlling the
      feeding, tension, and timing of the takeup to draw the stitches tight, are
      greatly complicated as each thread must be controlled relative to the
      other threads in order to properly form a standard stitch seam.
PAR  Numerous threading arrangements have been developed in the past for
      controlling and feeding the threads of an overedge sewing machine, one
      example being illustrated in U.S. Pat. No. 2,949,901. However, these prior
      art thread control machines have generally not been readily adaptable to
      other machines. Further, many of them have not been easily threaded,
      requiring extensive down time for rethreading when a thread is broken, due
      to the relatively inaccessible location of portions of the thread control
      mechanism. Also, many of the prior art devices have been difficult to
      adjust to maintain proper control and tension in the threads.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is primarily concerned with a thread handling mechanism for
      use in forming a three-thread seam on an overedge sewing machine of the
      type disclosed in the above-mentioned copending application, although the
      principles involved may also be employed in the formation of the
      two-thread seam. In such a machine, the lower looper is carried by a
      looper carrier mounted on a rock shaft which is driven to impart
      oscillatory movement to the looper and looper carrier in a plane
      transverse to the direction of movement of a workpiece through the
      machine. The upper looper is mounted on a driven upper looper carrier
      which is simultaneously reciprocated along and oscillated about its
      longitudinal axis in a generally spiral path to move the upper looper from
      a retracted position substantially level with the machine's work support
      plate and an extended position projecting above the work support plate.
      The needle is mounted on a needle arm carried by a rock shaft which is
      driven to oscillate the needle in a vertical plane parallel to the
      direction of movement of the workpiece. The needle is oscillated from a
      raised position spaced above the machine's work plate and lowered position
      projecting below the work plate.
PAR  In operation of a machine of the type described, the respective threads
      must be interlooped through and around the edge of the fabric or workpiece
      being sewn, with the respective loops being drawn or taken up with the
      proper tension to form the individual stitches. This necessarily requires
      the manipulation of lengths of the respective threads, upon formation of
      each complete stitch, which are substantially greater than the length
      required for each stitch in the finished seam, and an important
      consideration in the design of the thread handling mechanism is the
      maximum utilization of existing moving components of the machine to affect
      the feeding and takeup of the respective threads. It is also an important
      consideration that neither the size nor weight of these existing moving
      components be materially increased by the thread handling mechanism and
      that the thread handling mechanism does not materially contribute to the
      noise output of these existing driven components. It is therefore the
      primary object of the present invention to provide an improved thread
      handling mechanism for an overedge sewing machine which utilizes only the
      driven support members of the stitch forming elements, in combination with
      stationary thread guide means, to perform the thread feeding and takeup
      operations.
PAR  Another object of the present invention is to provide such a thread
      handling apparatus for an overedge sewing machine wherein a thread carried
      by one of the machine loopers is also engaged by thread guides carried by
      each of the looper carriers to affect takeup of the thread.
PAR  Another object of the invention is to provide an improved thread handling
      mechanism for use in an overedge sewing machine to form a three-thread
      seam wherein each of the machine's loopers carries a looper thread and
      wherein each looper thread is engaged by movable thread guides carried by
      both of the looper carriers which movable thread guides cooperate with
      stationary thread guides to affect takeup of the thread during the sewing
      operation.
PAR  In the attainment of the foregoing and other objects and advantages, an
      important feature of the present invention resides in passing the upper
      looper thread from a suitable feed tension control device through a
      stationary thread guide mounted on the machine frame, then successively
      through an eye in a first movable thread guide mounted on the upper looper
      carrier and an eye in a second movable thread guide mounted on the lower
      looper carrier. From the second movable thread guide, the upper looper
      thread passes through a second fixed thread guide mounted on the frame,
      then through the eye of the upper looper. Passing the upper looper thread
      through movable thread guides carried by each of the looper carriers, the
      synchronized movement of the two loopers maintains the thread under more
      uniform tension during the entire stitch forming operation, including the
      feeding as well as takeup of the thread, thereby avoiding uneven jerking
      motions and maintaining continuous control of the thread.
PAR  The lower looper thread also passes through a feed tension control
      mechanism and suitable stationary thread guides mounted on the machine
      frame, then through a second eye in the second movable thread guide
      mounted on the lower looper. The lower looper thread, however, does not
      pass through the eye in the first movable thread guide on the upper looper
      but rather passes from the second movable thread guide through the eye of
      a stationary thread guide located so that the length of the thread
      extending therebetween passes closely adjacent the upper looper carrier in
      position for the first movable thread guide to engage the thread during a
      portion only of its movement to deflect and therefore takeup the lower
      looper thread only during that portion of the movement of the upper
      looper. Again, the coordinated movement of the upper and lower loopers
      maintains continuous control, avoiding unnecessary jerking movement of the
      threads during the feeding and takeup operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and advantages will become more apparent
      from the following detailed description, taken with the drawings, in
      which:
PAR  FIG. 1 is an end elevation view of an everedge sewing machine embodying the
      invention and illustrating the mechanism for feeding and taking up the
      needle thread;
PAR  FIG. 1A is a fragmentary elevation view showing a portion of the structure
      of FIG. 1 in an alternate position;
PAR  FIG. 2 is a front, or operator's position view, in elevation, of the
      machine shown in FIG. 1 and illustrating the thread handling mechanism for
      each of the three threads;
PAR  FIG. 3 is a view similar to FIG. 2 and showing certain of the elements in
      alternate positions; and,
PAR  FIG. 4 is a further view similar to FIGS. 2 and 3 and illustrating the
      components in further alternate positions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail, a sewing machine embodying the
      present invention is indicated generally by the reference numeral 10 and
      includes a housing consisting of a main frame 12 and top and bottom cover
      plates 14, 16, respectively. The main drive components of the machine are
      supported within the housing by the main frame 12 in the manner described
      in the above-mentioned copending application Ser. No. 354,714, the entire
      disclosure of which is incorporated herein by reference, and reference to
      which may be had for a more complete understanding of the operation of the
      specific elements of the machine structure.
PAR  The top cover plate 14 includes a support arm 18 which carries thereon a
      presser foot loading and release assembly including a spring loaded
      presser bar 20 for releasably urging the presser foot arm 22 in a
      direction to apply downward force to a workpiece passing through the
      machine. A portion of the presser foot arm 22 is shown in FIG. 1, with the
      remainder of the arm and the presser foot being broken away to more
      clearly show the thread handling components of the machine.
PAR  Materials to be sewn on the machine is fed over a work support plate 24
      (FIG. 1) and needle plate (FIGS. 2-4) by a pair of driven feed dogs 26 in
      intermittent increments equal to the length of the successive stitches
      formed therein. Feed dogs 26 are each mounted on a feed carrier 28 which
      is reciprocated in a fore-and-aft direction by a scotch yoke assembly 30
      and in a vertical direction by an eccentric on a feed raising shaft 32,
      the scotch yoke assembly and feed raising assembly cooperating to drive
      the feed dogs in a substantially elliptical path.
PAR  A curved sewing needle 34 is mounted, as by clamp 36, on the distal end of
      a needle carrier arm 38 which, in turn, is rigidly mounted on the end of a
      rock shaft 40 for movement therewith to oscillate the needle through a
      workpiece passing over the work support plate 24 and needle plate 42 and
      beneath the pressure foot, not shown, at the stitch forming station of the
      machine. The needle 34 has an opening, or eye 44, adjacent its end, and a
      needle thread 46 passes through the needle eye so that a loop of the
      thread is carried through a workpiece and beneath the needle plate 42 upon
      each down stroke of the needle as shown in FIG. 1A. During operation of
      the machine, the loop of needle thread is picked off the needle beneath
      the needle plate 42 by a lower looper 48 which is mounted, as by set screw
      50 on the upwardly directed free end of a lower looper carrier arm 52. The
      lower looper carrier 52 has a split-ring clamp integrally formed thereon
      and is rigidly mounted, as by bolt 54, on the end of a rock shaft 56
      projecting outwardly from the front wall of frame 12. The rock shaft 56
      extends parallel to the vertical plane containing the needle 34 and needle
      carrier arm 38 and perpendicular to the vertical plane containing the
      needle rock shaft 40. Thus, oscillation of the rock shaft 56 moves the
      looper 48 in an arcuate path adjacent to and across the path of the needle
      34 so that a lower looper thread 58 extending through an eye 60 in the
      free end of looper 48 will be carried through the loop of thread picked
      off from the needle beneath the needle plate. The open hook configuration
      of the lower looper, including the generally horizontal terminal arm
      portion 49 as best seen in FIG. 2, permits the arm 49 to project through
      the loop of needle thread so that a loop of the lower looper thread 58 is
      carried through the loop of needle thread.
PAR  An elongated upper looper 62 has one end mounted on the end of an upper
      looper carrier 64 as by a clamping nut 66. As best seen in FIGS. 2 and 3,
      upper looper 62 is curved so that its free end is offset axially from the
      end mounted in the upper looper carrier 64, and a thread eye 68 extends
      through the free end of the looper 62 to carry an upper looper thread 70.
      The upper looper carrier 64 is slidably mounted in an axial bore of an
      elongated bearing sleeve, not shown, mounted and extending through an
      opening in the wall of frame 12. The upper looper bearing sleeve supports
      upper looper carrier 64 in a vertical plane parallel to and spaced
      forwardly of the axis of the needle rock shaft 40 and perpendicular to
      lower looper shaft 56 with the looper carrier 64 being inclined with
      respect to the horizontal at an angle of approximately 30.degree.so that
      reciprocation through its bearing sleeve moves the free end of the upper
      looper 62 from a retracted position substantially level with and spaced to
      one side of the work support plate 42 as seen in FIG. 4 to an extending
      position projecting substantially above the work support plate as seen in
      FIGS. 1 and 2.
PAR  The upper looper carrier 64 has integrally formed thereon a laterally
      projecting finger-like thread guide 72 having an opening 74 extending
      therethrough for receiving the upper looper looper thread 70. The
      finger-like thread guide 72 projects in a generally upward and forward
      direction and is moved with the looper carrier both in its axial
      reciprocating and rotary oscillating movement as indicated in FIGS. 2-4.
PAR  The three threads employed by this machine, namely the needle thread 46,
      lower looper thread 58 and upper looper thread 70, are drawn from standard
      supply cones supported on a suitable thread stand, not shown. Three
      conventional thread tension devices 76, 78 and 80, respectively, are
      mounted on the machine housing for engaging and controlling the respective
      needle, lower looper and upper looper threads. The thread tension devices
      are identical and therefore only one will be described in detail. Thus,
      tension device 76 consists of an elongated, threaded stud 82 adapted to be
      threadably mounted in a suitable opening in the machine top cover 14. A
      nut 84 provides a shoulder on the stud 82 for engaging and supporting a
      pair of opposed, cooperating friction discs 86. A conical, compression
      spring 88 urges the pair of discs 86 together and against the shoulder
      provided by the nut 84, and a tension adjustment nut 90 is threadably
      mounted on the stud 82 to engage the top of the spring 88 to adjust the
      force applied to the spring to thereby control the tension of the thread
      which is passed between the opposing surfaces of the tension disc 86.
PAR  Referring now to FIGS. 1 and 1A, a needle thread takeup member 92 is
      mounted on rock shaft 40 for movement with the needle carrier 38. A pair
      of fixed thread guides 94, 96 are mounted in spaced relation to one
      another by a support arm 98, with the thread 46 passing from the tension
      device 76, through a fixed thread guide 100, then through openings in the
      respective thread guides 94, 96. The thread guides 94, 96 are spaced above
      and one to each side of the takeup member 92, with a cam surface 102 on
      the takeup member adapted to project upwardly between the respective
      thread guides to engage and deflect the length of thread 46 extending
      therebetween upon a portion of the oscillatory movement of the thread
      guide. From the thread guide 96, needle thread 46 passes through a further
      fixed thread guide 104 positioned in the vertical plane of the needle
      movement, then downwardly through an eye of the needle to the workpiece
      being sewn.
PAR  Referring to FIGS. 2-4, it is seen that the lower looper thread 58 passes
      through the tension device 78 downwardly through an opening in a thread
      guide 106 mounted on the front of the machine, on through a fixed thread
      guide 108, then through an opening 110 in a movable thread guide 112
      mounted on the free end of lower looper carrier 52 by set screw 114. From
      the opening 110, thread 58 passes upwardly and through another fixed
      thread guide 116, then successively through fixed thread guides 118, 120
      and 122, and finally through an opening in a guide tube 124 extending
      beneath the needle plate 42 to the opening 60 in the free end of lower
      looper 48. From the eye 60 in looper 48, the thread extends to the needle
      plate where the thread end in interlooped into the seam formed by the
      machine. As seen in FIGS. 2 and 3, the portion of lower looper thread 58
      extending between thread guides 106, 108, 112 and 116 forms a triangle,
      when viewed from the front of the machine, with the movable thread guide
      112 varying the size of the triangle as it oscillates with the lower
      looper 48 between its extended and retracted positions. However, when the
      lower looper is at or near its retracted position, the upper looper 62
      moves to its retracted position so that guide 72 engages and deflects
      dowardly the portion of the lower looper thread 58 which corresponds
      generally to the hypontenuse of the triangle of thread. Thus, when the
      lower looper is in its retracted position, the maximum amount of lower
      looper thread is stored with the system of fixed and movable thread
      guides.
PAR  The upper looper thread 70 passes from the tension devise 80 through a
      fixed thread guide 126 mounted on the arm 18, then down through a second
      opening in fixed thread guide 106. From the thread guide 106, thread 70
      passes through an opening in movable thread guide 72, then through a
      second opening 128 in movable thread guide 112 before passing through
      another fixed thread guide 130 and the eye 68 in the free end of upper
      looper 62.
PAR  In the formation of a three-thread seam with the machine according to the
      present invention, a shorter length of needle thread 46 is required than
      for either of the looper threads, it requiring only a length equal to a
      double loop of thread passing through the material increased by the length
      of the individual stitches along the length of the seam. Further, a
      relatively short length of needle thread is required for manipulation in
      the formation of each individual stitch so that relatively little takeup
      is required to properly draw up the stitch, with the final takeup being
      applied by the needle directly when in its fully retracted or raised
      position as shown in FIG. 1. Thus, the shape of the cam surface 102
      engaging the length of needle thread between thread guides 94, 96
      cooperates with the movement of the needle 34 to feed and control the
      needle thread throughout the formation of each of the successive stitches
      in the seam. When the needle is at the bottom of its stroke (slightly
      below the position shown in FIG. 1A) it has pulled off the largest amount
      of thread during the cycle, and the rear portion of the cam surface 102 is
      out of contact with the length of thread between thread guides 96, 96. In
      this position, the lower looper commences its movement from the retracted
      to the extended position, passing the point of the looper arm 19 through
      the loop of thread held by the needle to pick off the loop of needle
      thread. This excess needle thread must be taken up upon retraction of the
      looper arm 49 leaving only that amount of thread necessary to form the
      stitch. This is accomplished intitially by the cam surface 102 on takeup
      92 as the needle commences its upward stroke since the point of the needle
      passes essentially along the line of the thread during this portion of the
      needle movement. Thereafter, as the needle approaches the fully retracted
      position, the point of the needle draws the needle thread rearwardly in
      the manner illustrated in FIG. 1 and the cam surface 102 is again moved
      out of contact with the thread.
PAR  When lower looper 48 is in its fully retracted position as illustrated in
      FIG. 4, the maximum amount of lower looper thread 58 has withdrawn and is
      stored in the system between thread guides 108, 112, 72 and 116, this
      excess stored thread being required to provide an adequate loop to be
      passed through the loop of needle thread and interlooped with upper looper
      thread 70. As the lower looper moves from its fully retracted position,
      the loop of needle thread 46 projecting beneath the needle plate, and
      which has been picked off by the lower looper, slides along the generally
      horizontal upper arm portion 49 (see FIG. 2) so that a relatively long
      loop of lower looper thread 58 is carried laterally and upwardly in
      position to be penetrated and picked off by movement of the upper looper
      62.
PAR  Movement of lower looper 48 to its fully extended position shown in FIG. 2
      brings thread guides 166, 108 and 110 into their closest proximity,
      thereby reducing to the minimum the amount of thread stored in the
      triangle extending between these three thread guides. At the same time,
      upper looper 62 has projected forwardly sufficient to move thread guide 72
      out of contact with the lower looper thread 58, thereby permitting the
      thread to extend in a straight line between the opening 110 and thread
      guide 112 and guide 116.
PAR  In FIG. 2, the upper looper 62 is in its fully extended position,
      positioning a loop of upper looper thread 70 above needle plate 42 to be
      picked off by the needle 34 in its downward stroke. In this position of
      the upper looper, the maximum amount of looper thread 70 is withdrawn,
      with the excess consisting essentially of the loop of thread positioned
      above the needle plate. Also as this time, the thread guide 72 and the eye
      148 of thread guide 112 are relatively close to one another and spaced
      between thread guide 106 and thread guide 130 to require the minimum
      length of thread extending between these fixed thread guides. As the upper
      looper 62 is retracted, as seen in FIG. 3, the amount of thread in the
      loop picked off by the needle is stubstantially reduced, and this excess
      thread is taken up by movement of the looper carriers and the thread
      guides carried thereby relative to one another and relatively to the fixed
      thread guides 106 and 130. When the loopers 48 and 62 each reach their
      fully retracted position as shown in FIG. 4, all excess upper looper
      thread 70 is taken up in the tortuous path between the thread guides
      carried by the two looper carriers and the stationary thread guides 106
      and 130.
PAR  From the above, it is seen that the movable thread guides mounted on the
      lower looper carrier and the upper looper carrier cooperate to provide all
      of the take up required in each of the looper threads. However, the take
      up of the respective looper threads is independent so that the takeup
      mechanism is adaptable to the formation of either a two-thread seam or a
      three-thread seam.
PAR  While I have disclosed and described a preferred embodiment of my
      invention, I wish it understood that I do not intend to be restricted
      solely thereto, but that I do intend to include all embodiments thereof
      which would be apparent to one skilled in the art and which come within
      the spirit and scope of my invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an overedge sewing machine including a frame, a thread-carrying
      needle, a needle arm supporting said needle for oscillatory movement in a
      first vertical plane extending in the direction of movement of work
      through the machine, a thread-carrying lower looper, a lower looper
      carrier supporting said lower looper for oscillatory movement in a second
      vertical plane extending at right angles to said first vertical plane, an
      upper looper, an upper looper carrier supporting said upper looper for
      recripocal and oscillatory movement along a line disposed in a third
      vertical plane extending parallel to said second vertical plane, means
      driving said needle arm and said lower and upper looper carriers to move
      said needle and said loopers in synchronization with one another to
      interloop the threads carried thereby to form an overedge seam, and first
      thread takeup means for controlling the thread carried by said lower
      looper, said first thread takeup means comprising spring biased thread
      tension means mounted on said frame, a plurality of stationary thread
      guides mounted on said frame, a first movable thread guide mounted on said
      lower looper carrier for oscillatory movement therewith, a second movable
      thread guide mounted on said upper looper carrier for oscillatory and
      reciprocal movement therewith, said first movable thread guide including
      means adapted to engage the thread carried by said lower looper during its
      oscillatory movement, said second movable thread guide including means
      movable in a path to engage a length of thread extending between two of
      the other of said thread guides during at least a portion of said
      oscillatory and reciprocal movement, said first and second movable thread
      guides cooperating with said tension means, said stationary thread guides,
      and said lower looper to control takeup of the lower looper thread.
NUM  2.
PAR  2. In an overedge sewing machine as defined in claim 1, the further
      improvement wherein said first movable thread guide has an eye formed
      therein for receiving the lower looper thread therethrough.
NUM  3.
PAR  3. In an overedge sewing machine as defined in claim 2, wherein said second
      movable thread guide comprises an elongated finger projecting outwardly
      from said upper looper carrier in position to engage and deflect the lower
      looper thread extending between said eye in said first movable thread
      guide and one of said stationary thread guides during a portion only of
      said oscillatory and reciprocal movement of said upper looper.
NUM  4.
PAR  4. In an overedge sewing machine as defined in claim 1, wherein said upper
      looper is also a thread-carrying looper, said machine further comprising
      second thread takeup means for controlling takeup of the thread carried by
      said upper looper, said second takeup means including a second plurality
      of stationary thread guides mounted on said frame and said first and said
      second movable thread guides, said first and said second movable thread
      guides each having an eye extending therethrough for receiving and guiding
      the upper looper thread in its path between two of said stationary thread
      guides.
NUM  5.
PAR  5. The overedge sewing machine as defined in claim 4, wherein said first
      movable thread guide has a pair of openings formed therein, one receiving
      and guiding said lower looper thread and the other receiving and guiding
      the upper looper thread.
NUM  6.
PAR  6. The overedge sewing machine as defined in claim 5, wherein said second
      movable thread guide comprises an elongated finger projecting outwardly
      from said upper looper carrier in position to engage and deflect the lower
      looper thread extending between said first movable thread guide and one of
      said stationary thread guides during a portion only of said oscillatory
      and reciprocal movement of said upper looper.
NUM  7.
PAR  7. The overedge sewing machine as defined in claim 6, further comprising
      third thread takeup means for taking up said needle thread, said third
      takeup means comprising a pair of laterally spaced, fixed thread guides
      each having an eye formed therein for receiving a length of the needle
      thread, and movable cam means mounted for oscillatory movement with said
      needle arm for engaging said length of said needle thread between said two
      laterally spaced thread guides to engage and takeup said needle thread
      during at least a portion of said oscillatory movement of said needle.
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ABST
PAL  Method and apparatus for automatically carrying out a toe-closing operation
      for a plurality of seamless hose simultaneously by several successive
      operational steps. One cycle of the successive steps being carried out
      during one cycle of the travelling of said hose along an endless passage.
      The steps are: sucking the toe portion of the hose into a suction tube,
      holding the welt portion inside out on finger pieces, clamping the toe
      portion of the hose by the clamp of the sewing machine after the toe
      closing operation has been enlarged laterally and moved forwardly, and
      sucking the toe closed hose into the suction tube by the suction force in
      the suction tube.
BSUM
PAR  The present invention relates to an automatic method and apparatus for
      uniting seamless knitted hose so as to form the toe thereof and, more
      particularly, relates to an automatic method and apparatus for carrying
      out the toe-closing operation on a plurality of seamless knitted hose
      simultaneously by several successive operational steps which are carried
      out during one cycle of the travelling of said hose along an endless
      passage.
PAR  It is well known that several automatic apparatus for closing the material
      at the toe of seamless hose have been proposed for practical use in the
      hosiery industry. In some of these automatic apparatuses a suction pulse
      of short duration is applied in a pneumatic system whereby the hose is
      sucked into a suction tube, toe end first, while an operator holds the
      welt end portion of the hose. When the hose has been sucked into the tube,
      he draws the hose onto the tube whereby it is turned inside out. Then the
      operator pulls the toe end forward and slides a short toe end portion of
      the hose onto a pair of flat fingers and said short toe end portion is
      positioned at a predetermined position on the fingers. Next, the toe
      portion is transferred from the fingers to a clamping device of a sewing
      mechanism for the toe-closing operation. After completion of the
      toe-closing operation, the hose is sucked into the tube with the closed
      toe end portion first so that the hose is reversed to its normal
      condition, with its outside facing out, and carried away by a suction air
      current to a successive working station.
PAR  The conventional toe-closing operation must include a cycle of operations
      having three individual steps for each stocking comprising: preparation
      for transferring the toe end portion of a hose to the clamping device of
      the sewing mechanism; toe-closing by the sewing mechanism and; carrying
      the completed stocking to the successive working station by utilizing a
      pneumatic conveyor.
PAR  One example of the conventional apparatus is the device as disclosed in the
      U.K. Pat. No. 1,039,104. This apparatus comprises only one carrier in the
      form of an inspection leg member mounted on a frame and driven in a
      reciprocating movement by drive means in a housing, clamp means mounted on
      said frame and driven in a restricted rotary movement by drive means in a
      housing, and the toe-closing means in the form of cutting and sewing
      mechines. In this device, it is necessary for the operator to manually
      turn the hose inside out and then draw the hose over the leg. This means
      that some of the operational steps are assigned to the operator, since the
      apparatus is incapable of performing them. Furthermore, as there is
      provided only one carrier for this apparatus, only one hose can be
      toe-closed during one cycle of the operation of this apparatus. Hence,
      this apparatus is not a high production machine.
PAR  Another apparatus is disclosed in the U.S. Pat. No. 3,738,294. This
      apparatus comprises three smooth parallel tubes extending through a
      rotating disc, a pad of foam plastic which is engageable with the outer
      surface of any one of the tubes and is movable in the longitudinal
      direction of the tube, a transfer member and a sewing machine provided
      with a presser foot and a table surface. In this apparatus, the operator
      holds onto the welt end of the hose which is then sucked into the tube,
      and then he draws the hose onto the tube manually so that it is turned
      inside out. The operator also manually pulls the toe-end forward and
      slides a short toe end portion of the hose onto two flat fingers of the
      transfer member. The third step consists of sucking the hose into the
      tube, toe end first, and carrying the hose away by the suction air
      current, after the closed hose is slide backwards on the tube by means of
      the backward movement of the pag along the tube. Obviously, several manual
      operations are necessary within one cycle of this automatic toe-closing
      operation.
PAR  A further means is disclosed in U.S. Pat. No. 3,420,196. This means
      comprises a conveyor means and a plurality of turning forms which are
      carried by said conveyor means, so that each of said turning forms
      carrying the hose can move from the receiving station A to the removal
      station C via a toe-closing station B. In this means, there is no such
      concept that the toe portion of a hose is transferred from a carrying form
      to the clamping device of a sewing machine. Therefore this means that when
      the toe is closed with circular configuration it is convenient to hold the
      hose projected beyond the turning form as in the case of U.S. Pat. No.
      3,738,294, because such hose may be moved and twisted without any
      resistance during the toe-closing, although this feature is not present in
      the present invention.
PAR  The principal object of the present invention is to eliminate the
      above-mentioned manual operations, that is, to provide a method and
      apparatus for carrying out the automatic toe-closing operation with a
      minimum of labor.
PAR  To attain the above-mentioned object, in the method for carrying out the
      toe-closing operation according to the present invention, a conventional
      stationary automatic sewing machine is used, while a novel method is
      employed for transferring the toe end portion of each hose to the
      mechanism of said stationary sewing machine. Namely, in the apparatus of
      the present invention, all of the hose holding units, which are arranged
      parallel and horizontal, move along an oval endless passage. Said holding
      units travel along one section of said endless passage at a low speed, and
      then along the following section of said endless passage at a high speed,
      but when they reach the toe-closing position they remain stationary during
      the period of the toe-closing operation.
PAR  A definite advantage resides in the fact that the parallel and horizontal
      arrangement of the holding units is very suitable for the handling of the
      hose by operator during the arrangement of the seamless hose on the
      suction pipe and the turning of the welt portion of said hose inside out.
      The advantage of the parallel and horizontal arrangement of the holding
      units in the present invention, is that the operator need only move his
      left hand a short distance from his side and use his right hand only to
      pick up new hose to be toe-closed. This means the hand motions of the
      operator are very simple and that there is no necessity him to step away
      from his position. Therefore by utilizing the mechanism of the present
      invention, the toe-closing operation can be very satisfactorily carried
      out.
PAR  For the sake of better understanding, the one-cycle operation of the
      toe-closing according to the present invention is hereinafter briefly
      illustrated.
PAC  1. The first step
PAR  a. Sub-step A
PAR  An operator picks up a welt portion of a seamless knitted hose, which is
      used for making a stocking, and holds its toe end in front of a suction
      tube so as to let the toe end of the hose be sucked into the suction tube.
      Then the hose is sucked into the suction tube, toe end first, while the
      operator holds the welt end portion of the hose.
PAR  b. Sub-step B
PAR  When the hose has been sucked into the tube, the above-mentioned suction is
      stopped. The welt portion is then manually turned inside-out and drawn
      over the outside of the suction tube so as to cover the suction tube (this
      position is hereinafter referred to as a rest position), and next the hose
      is automatically further drawn onto the outside of the tube by mechanical
      drawing-on means, whereby the hose is turned inside-out. In this turn-out
      operation, the toe end portion of the hose is brought outside of but not
      onto the suction tube.
PAR  c. Sub-step C
PAR  A pair of finger pieces are provided which are capable of sliding along the
      suction tube in such a way that the finger pieces are retracted into a
      member rigidly supported by the suction tube when it is required, are
      capable of spreading laterally when required, and are also capable of
      projecting from said member along a path corresponding to an extension of
      the longitudinal axis of the suction tube. This latter action causes the
      toe end portion of the hose to be displaced toward a clamping member of a
      sewing mechanism while the toe end portion of the hose is gradually spread
      out laterally in accordance with the above-mentioned motions of the finger
      pieces.
PAC  2. The second step
PAR  a. Sub-step D
PAR  The toe end portion of the hose carried by the motion of the finger pieces
      is transferred to the clamping member of the sewing mechanism and is
      gripped by it without changing the above-mentioned laterally spread out
      condition thereof. During the above-mentioned operation, the welt portion
      of the hose is positioned at its rest position, and the toe portion is
      gripped by the clamping member of the sewing machine in a laterally spread
      out flat condition.
PAR  b. Sub-step E
PAR  The sewing machine is actuated so that the toe-closing operation is carried
      out.
PAC  3. The third step
PAR  a. Sub-step F
PAR  After completion of the toe-closing operation, the grip by the clamping
      member is released so that the toe end portion of the hose is released
      from the grip member. Next, the hose is automatically drawn onto the
      outside of suction tube by means of a drawing-on mechanism.
PAR  b. Sub-step G
PAR  The pneumatic system is actuated to apply a suction force to the suction
      tube so that the closed toe end portion is firstly sucked into the tube,
      while the hose drawn on the outside of the suction tube is positively
      withdrawn from there by means of a drawing off mechanism. According to
      this operation, the hose is completely drawn off from the outside of the
      suction tube and then, the hose is sucked into the suction tube and
      carried to the successive working station by the above-mentioned suction
      force.
PAR  The above-mentioned steps of the one-cycle operation are applied to each
      one of a plurality of hose which are simultaneously subjected to a
      toe-closing operation at a predetermined time interval.
PAR  To attain the above-mentioned stepwise toe-closing operation, in an
      automatic toe-closing machine according to the present invention, a
      plurality of holding units are provided to carry out the above-mentioned
      plurality of sub steps of the toe-closing operation. The holding unit
      comprises a holding member consisting of a suction tube with support
      members, and a pair of finger pieces capable of sliding along the
      longitudinal axis of the suction tube in such a way that the finger pieces
      are retracted into the support member when it is required or projected
      beyond a free forward end of the support member when it is necessary to
      carry a toe end portion of the hose toward the clamping member of the
      sewing mechanism. A supporting member consists of a pair of brackets
      holding the suction tube and a stay rod.
PAR  All of the holding units of the present invention are so arranged that they
      are parallel to each other and travel along the endless passage
      maintaining their horizontal relation. During the travels of one of said
      holding units said holding unit travels along one section of a half circle
      configuration of the endless passage at a low but constant speed, and
      along the following straight section at a high speed, which is double the
      lower speed. After reaching said toe-closing position, the holding member
      rests there, until the toe-closing operation is completely carried out.
      When this is accomplished, it travels at a higher speed until it reaches
      the position where step G above can be carried out.
DRWD
PAR  The various features and advantages of the present invention are contained
      in the preferred embodiment described in detail below and illustrated in
      the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of the general arrangement of the present
      invention;
PAR  FIG. 2 is a developed and explanatory view showing each step within one
      cycle of the toe-closing operation of the present invention;
PAR  FIG. 3 is a perspective view of a supporting part for a holding member;
PAR  FIG. 4 is a detailed side view of a pawl for low speed;
PAR  FIG. 5 is a sectional view of the arrangement of the loward frictional
      driving mechanisms for a holding unit;
PAR  FIG. 6 is a similar sectional view to that of FIG. 5 but showing a high
      speed driving mechanism;
PAR  FIG. 7 is a plane view of the mechanism of FIGS. 5 and 6;
PAR  FIG. 8 is a perspective view of a driving gearing;
PAR  FIG. 9 is a side view of the holding member;
PAR  FIG. 10 is a plane view of the holding member when a pair of finger pieces
      are located in their normal positions on a holding member;
PAR  FIG. 11 is a similar plane view to that of FIG. 10, except that the pair of
      finger pieces are spread out;
PAR  FIG. 12 is a front view of a support member;
PAR  FIG. 13 is a plane view showing the relationships between the finger pieces
      which are spread out and the clump member of the sewing machine;
PAR  FIG. 14 is a side view showing the relationships between the finger pieces
      and the clamp member of the sewing machine as shown in FIG. 13;
PAR  FIG. 15 is the front view of a synchronous angular traversing apparatus for
      the drawing-on roller of the present invention;
PAR  FIG. 16 is a side view of the drawing-on roller when it is in operation;
PAR  FIG. 17 is a view similar to that of FIG. 16, but when the drawing-on
      roller is not in operation;
PAR  FIG. 18 is a front view of a synchronous angular traversing apparatus for a
      suction pipe;
PAR  FIG. 19 is a side view of the apparatus shown in FIG. 18;
PAR  FIG. 20 is a plane view of the winding-on mechanism after the toe-closing
      operation;
PAR  FIG. 21 is a front view of the apparatus shown in FIG. 20;
PAR  FIG. 22 is a side view of the drawing-off mechanism after the toe-closing
      operation;
PAR  FIG. 23 is a plane view of the apparatus shown in FIG. 22;
PAR  FIG. 24 is a wiring diagram for controlling the operations of the
      toe-closer.
DETD
PAR  As shown in FIG. 1, the present toe-closer is provided with a pair of side
      frames 10. On each of said frames an endless guide groove 11 with an oval
      configuration is provided, and these guide grooves 11 are so arranged that
      they face each other. As shown in FIGS. 9 through 11, the holding member
      consists of a suction tube 30, a pair of finger pieces 31, 32 and also
      front and back brackets 44 (see FIG. 3) fixed on said suction tube. On the
      outer side of each of bracket 44, as shown in FIG. 3, two rollers 45 are
      rotatably mounted, and between the two brackets 44 a stay rod 46 is
      mounted. When the rollers on the bracket 44 are mounted in the endless
      guide grooves 11, the holding unit can be held by said grooves 11 on the
      frames 10 in such a manner that the axis of the tube 30 becomes
      perpendicular to the sides of the frames 10, so that a holding unit
      provided with a holding member can freely travel along the endless groove.
PAR  The detailed construction of the holding member is shown in FIGS. 3 and 9
      through 12. Referring to those figures, at the top of the suction tube 30,
      a support member 33 is fixedly mounted. The support member 33 is provided
      with two guide slits 34 arranged symmetrically as shown in FIG. 12. One of
      the bracket 44 is mounted at the back end and another at the middle of
      said suction tube, and between the two brackets 44 there is a back sliding
      member 37 mounted on the suction tube. In addition, between the two
      brackets 44 mounted at the middle of said suction tube and the support
      member 33 there is a front sliding member 36 mounted on the suction tube.
      A pair of finger pieces 31, 32 are pivotally mounted on both sides of the
      front sliding member 36, while the front part of said pieces are slidably
      engaged with the two guide slits 34 of the support member 33. At the back
      ends of each of said finger pieces 31 and 32, a stud 38 is mounted, and
      said studs 38 of both pieces are so arranged that they can be engaged in
      two curved grooves 42 provided on a circular plate 40, and also they can
      slide in horizontal guide grooves 39 provided on the back sliding member
      37. These grooves 39 are arranged symmetrically and are perpendicular to
      the axis of the suction tube 30, so that by their relative displacement
      the front part of said pieces 31 and 32 can be projected laterally from
      the forward end of the support member 33, or retracted into the support
      member 33. The width between the outermost edges of the two finger pieces
      31 and 32 is W' when they are projected from the support member, and W
      when they are retracted into the support member. Preferably, as shown in
      FIGS. 9 through 11, the finger pieces 31 and 32 are so designed that their
      front edges and the front edge of the support member 33 are almost even
      when the finger pieces 31 and 32 are in their retracted or normal
      position. Therefore, both finger pieces 31 and 32 can be positioned with
      respect to the suction tube 30 as shown in FIG. 10. The state of the
      holding member shown in FIG. 10 is hereinafter referred to as the ready
      condition, and the state of the holding member shown in FIG. 11 is
      hereinafter referred to as the working condition.
PAR  Referring to FIG. 1, position I of the holding unit is called the starting
      position, position II is called the intermediate position, position III is
      called the stationary position, and position IV is called the drawn off
      position. In the method of the present invention, the travelling speed of
      a holding unit is low and constant from the time the holding unit starts
      from the position IV until it reaches position II, but from position II to
      position III its speed is faster. Preferably, for example, the faster
      speed is selected twice the lower speed. At the position III, the holding
      unit is held stationary for the same length of time as was required for
      the unit to travel from positions I to II, for example three seconds. This
      stationary state is released by the movement of the following holding unit
      after side to side contact of the units. That is, the following holding
      unit exerts a pushing force upon contact. The pushed unit travels quickly
      along the endless passage by its own weight or assisted by some other
      positive driving means, so that it can reach position IV.
PAR  One embodiment to induce the above-mentioned movement of a holding unit is
      shown in FIG. 2. In FIG. 2 there is a low speed chain 13 and a high speed
      chain 14. Hooking member 248, 249 on a stay rod (not shown) are so
      arranged that one of them can engage the chain 13, and the other can
      engage the chain 14, but they are in such a relationship that when one of
      them is in action the other is idle. Between positions IV and II, the
      hooking member 248 is engaged with the chain 13, while the hooking member
      249 is out of engagement with the chain 14 and between the positions II
      and III the hooking member 249 is engaged with the chain 14, while the
      hooking member 248 is out of engagement with the chain 13. Thus the
      traveling speed of the holding unit is low between positions IV and II,
      and high between positions II and III. When said holding unit reaches
      position III, the hooking member 249 and chain 14 are engaged, and said
      holding unit remains stationary at that position until it is pushed by the
      following holding unit. When said holding unit is moved out of position
      III, it can travel freely along the remaining endless passage by its own
      weight, and reach position IV. When said holding unit reaches position IV
      the engagement between the hooking member 248 and the chain 13 takes
      place.
PAR  As improved embodiment for traversing the holding unit is shown in FIGS. 3
      through 8. As shown in FIG. 3, the supporting part of the holding unit for
      supporting a holding member, comprises a pair of brackets 44 with rollers
      45, a stop pin 70 and three stay rods 46, 47 and 146, whereas, as shown in
      FIG. 10, said holding member consists of a suction tube 30 with a support
      member 33, front and back sliding members 36 and 37, and a pair of finger
      pieces 31 and 32. Said stay rods 46 and 47 fixedly support a follower 49
      and a pawl unit, which consists of a pawl 48, a body of pawl 148 and the
      spring 148' as shown in FIG. 4. Said stay rod 146 acts as a guide rod for
      maintaining said holding member in a horizontal condition, by engaging
      with the sliding fork 137 of the back sliding member to said stay rod 146
      as shown in FIG. 15.
PAR  As shown in FIGS. 5 through 8, in the gearing arrangement of the improved
      embodiment, a driving disc 115 is used instead of the combination of the
      low speed chain 13 and chain wheel 17 in FIG. 2. The high speed chain 14
      is also provided in this improved embodiment, but two projections 114, as
      shown in FIG. 8, are mounted on said chain 14. As can be seen in FIG. 5, a
      stopper lever 71 is pivotally mounted on a stud 72 fixed on the side of
      the frames 10, so that said holding unit, possessing inertial motion
      caused by being previously pushed by the high speed chain 14, can be
      stopped correctly at position III after said lever 71 engages a stop pin
      70 provided on the bracket 44. In this embodiment, a friction drum 75 is
      employed, as shown in FIGS. 5, 7 and 8, the peripheral speed of said drum
      being three times the low traveling speed of said holding unit. Because of
      the frictional engagement of said drum 75 with the stop pin 70 on the
      bracket 44 between positions III and IV the holding unit can reliably and
      quickly travel to position IV.
PAR  As shown in FIG. 6, underneath the shaft 20 the braking roller 73, which
      has a free running clutch mechanism, is mounted on each side frame 10 so
      that it can brake the movement of the supporting unit by engagement
      between the outer surface of said roller 73 and the surface of the stop
      pin 70 on the bracket 44 (shown in FIG. 3). Because this roller 73 can
      turn only in the counterclockwise direction, as shown in FIG. 6, due to
      its free running clutch mechanism, rebound of the supporting unit out of
      position IV, which would cause said roller to turn in the clockwise
      direction in FIG. 6 is prevented.
PAR  The gearing arrangement for turning the driving disc 115, includes chain
      wheel 17 and 18, and friction drum 75, as shown in FIG. 8. A main shaft
      120 is turned by the motor MTR 1 via a gear train including a gear 19
      mounted on said main shaft 120. A driving disc 115 is turned by the main
      shaft 120 via a gear train including a pinion 22 mounted on said main
      shaft, a driving drum gear 15' on the shaft 20, onto which a driving disc
      115 is mounted, and an idle wheel. The chain wheel 18 is mounted on the
      main shaft 120, and the gearing ratio between the pinion 22 and the gear
      15' is so selected that, the traversing speed of the chain 14 driven by
      the chain wheel 18 is twice that of a holding unit whose movement induced
      by the driving disc 115 on the shaft 20. The friction drum gear 16 mounted
      on the friction drum shaft 76, on which a friction drum 75 is also
      mounted, and said drum shaft, on which engagements friction drum 75 is
      also mounted, is turned by the main shaft via a gear train including a
      gear 19 mounted on the main shaft 120, a gear 16 mounted on said friction
      drum shaft 76 and two idle wheels mounted on a common idle shaft. From the
      gearing arrangement as mentioned above, the gearing ratio between the gear
      16 and the gear 19 can be so selected that the traveling speed of the
      holding unit induced by the friction drum 75 is three times, the traveling
      speed of said holding unit induced by the driving disc 115. The
      arrangements of the holding unit with the driving disc 115 and with the
      projection 114 on the chain 14, are made by the pawl 48 and the follower
      49 respectively, both of which are fixedly mounted on the stay rods 46 and
      47 of the supporting part as shown in FIG. 3, but the engagement of the
      holding unit with the friction drum 75 is made by the stop pin 70 mounted
      on the bracket 44.
PAR  Referring to FIGS. 10 and 11, the front and back sliding members 36 and 37,
      on which a pair of finger pieces 31 and 32 are mounted, are slidably
      mounted on the suction tube 30, so that said sliding members can be
      displaced along the longitudinal axis of said suction tube. Mounted on the
      top surface of the circular plate 40 is a projection 43 having a
      configuration as shown in FIGS. 10 and 11. Above the upper surface of said
      projection 43 a top roller 41 is mounted so that its axis coincides with
      that of the plate 40.
PAR  Between the positions II and III, a forward cam plate 82 is provided on the
      side frame 10, as shown in FIGS. 13 through 15. Provided on the upstream
      edge of said plate 82 is a wider pin 80 which can contact one side of said
      projection 43 on the circular plate 40, while the cam surface of said
      plate 82 can contact the peripheral surface of the top roller 41. A return
      roller 81, which can contact the side of said projection 43 opposite to
      the side previously contacted by said wider pin 80, is mounted on said
      plate 82 at a midway point of the stroke of a piston rod. During the
      travel of the holding unit from the position II to the position III, if
      said wider pin 80 contacts the side of the projection 43 on the circular
      plate 40, the circular plate 40 is turned in the clockwise direction in
      FIG. 10, and moves to the orientation shown in FIG. 11. This means that
      the free ends of the pair of finger pieces 31 and 32 are spread laterally
      from the width of W to the width of W'.
PAR  If the top roller 41 is guided by the cam surface of the forward cam plate
      82, the front and back sliding members 36 and 37 together with a pair of
      finger pieces 31 and 32 are displaced longitudinally along the axis of the
      suction tube 30, as shown in FIG. 13. As shown in FIGS. 13 through 15 at
      the position III, there is provided an air cylinder 84 with a piston rod
      85, and on the top portion of said rod 85 a backward hook member 83 is
      mounted. Said hook member 83 is so constructed that it engages the outside
      of the top roller 41. When said piston rod 85 is retracted into the
      cylinder 84, the front and back sliding members 36 and 37 together with
      the finger pieces 31 and 32 are displaced along the suction tube 30 until
      the free end of the finger pieces comes into line with the outer surface
      of the support member 33.
PAR  The mechanism for inducing the angular movement of first drawing-on rollers
      50 from position D.sub.1 to position D.sub.2, which movement is
      synchronous to the angular movement of a holding unit, is the same as the
      mechanism which moves the suction pipe 65 from position C.sub.1 to
      position C.sub.2.
PAR  Angular displacing arms 53 and 67 as shown in FIGS. 15 and 18, are
      rotatably mounted on the shaft 20 outside of the frames 10. At the top
      portion of each of said arms 53 and 67, T-shaped hook lever 54 is
      pivotably mounted by means of a pin. One end of the horizontal part of
      each of said T-shaped hook lever 54 is formed into a hook 55, while the
      other end of said horizontal part is engaged by the spring 56. A rest pin
      57 is provided on each of said arms 53 and 67, so that the turning
      movement of said hook levers 54 by means of said spring 56 is stopped by
      these pins 57 when said pins 57 contact the side of the vertically
      extended portion of the arms 53 and 57. At the ready positions of said
      arms 53 and 67, which are in line with the position D.sub.1, and the
      position C.sub.1 in FIGS. 15 and 18, respectively, said arms are supported
      by the supporters 59. Preferably said position C.sub.1 is the position I
      of the holding unit, while the position C.sub.2 is somewhat higher than a
      horizontal plane passing through the center of shaft 20 in FIG. 18. The
      position D.sub.1 is on said horizontal plane, while the position D.sub.2
      is the position II of the holding unit in FIG. 15. As both ends of the
      stay rod 46 are projected outside the outside surfaces of the two
      brackets, when the holding unit passes through the position D.sub.1 at
      which the arm 53 (see FIG. 15) is stationary, said projected end of the
      stay rod 46 engages with the hook 55 of the hook lever 54, and after this
      engagement occurs the holding unit together with the arm 53 then moves
      angularly. Similarly, when the holding unit passes through the position
      C.sub.1 at which the arm 67 is stationary, said projected end of the stay
      rod 46 engages with the hook 55 of the hook lever 54, and after this
      engagement occurs the holding unit together with the arm 67 moves
      angularly.
PAR  A releasing pin 58 is provided on the outside surface of both side frames
      10, so that the engagement between the respective hooks 55 and the end of
      the stay rod 46 is released when the arm 53 arrives at the position
      D.sub.2 or the arm 67 arrives at the position C.sub.2. After this
      disengagement occurs, the arms 53 and 67 are moved downwardly by their own
      weight, or in some case by the assistance of a spring not shown, and
      finally stop at their ready positions of D.sub.1 and C.sub.1,
      respectively.
PAR  As shown in FIG. 2, there are three kinds of rollers for drawing-on or
      drawing-off hose 8 on the suction tube 30. One of these kinds of rollers,
      is a first drawing-on roller 50, as shown in detail in FIGS. 16 and 17.
      There are two of these rollers 50 and both are supported by the swing arm
      52 pivotally mounted on the body of the angular displacing arm 53. Both of
      these rollers 50 are arranged on one shaft 98 positioned directly below
      the finger pieces. 31 and 32. The shaft 98 is rotatably supported on the
      end of one arm of said swing arm 52, while on the other arm of said swing
      arm 52 a motor MTR 4 is mounted. The rotations of said first drawing-on
      roller 50 are transmitted from the motor MTR 4 by means of a motor pulley
      96 and a follower pulley 97 via a chain.
PAR  Onto the outer end of the extended boss of the angular displacing arm 53 a
      stepped portion 153 and a shaft 154 are provided. A sliding block 61 is
      slidably mounted on both the stepped portion 153 and the shaft 154. At the
      outer end of said shaft 154 a piston 155 is fixedly mounted. At one end of
      said sliding block 61 an inner cylinder surface, within which said piston
      155 moves, is provided so that a cavity 62 is defined by said surface and
      the piston 155, while at the opposite end of said sliding block 61 a
      cylindrical cavity 156, within which a spring 63 is housed, is formed. By
      the arrangement of the spring 63 between the outer end of said stepped
      portion 153 of the boss of the angular displacing arm 53 and the upper
      surface of said cylindrical cavity 156, the sliding block 61 is moved so
      that the sliding block 61 is separated from the root of said stepped
      portion 153. When compressed air is inserted into the cylinder area after
      passing through an inlet hole (not shown) provided on the piston 155, said
      compressed air acts to push back said sliding block 61 against the spring
      force of the spring 63, so that said sliding block 61 comes into contact
      with the root of the stepped portion 153 of the boss of the angular
      displacing arm 53, as shown in FIG. 16.
PAR  Referring to FIGS. 16 and 17, a rod 64 is arranged between the arm of the
      swing arm 52 and the projection of the sliding block 61, and the two ends
      of said rod 64 are pivotally mounted by pins on the swing arm 52 and the
      block 61. By this arrangement, when the sliding block 61 is pushed back by
      the compressed air the first drawing-on rollers 50 are moved downwardly in
      the drawing, so that the surfaces of said rollers 50 come into contact
      with the upper surfaces of the finger pieces 31 and 32 respectively. When
      the sliding block 61 is pushed by the spring 63, the first drawing-on
      rollers 50 are lifted so that the first drawing-on rollers 50 are freed
      from contact with the surface of the finger pieces 31 and 32. In some
      case, a photoelectric inspector PR1 mounted on said piston 155 is
      provided, so that it can detect the existence of hose 8 on the suction
      tube 30 and the finger pieces 31 and 32. The operation of the PRI is
      described later in this specification.
PAR  As shown in FIGS. 20 and 21, the second drawing-on roller 50' is arranged
      slightly downstream from position III, so that it can contact the surface
      of the suction tube 30 approximately midway between the front sliding
      member 36 and the support member 33. This roller 50' is driven directly by
      the motor MTR6, and the roller 50' and motor MTR6 are swingably supported
      by a supporting pin 100 fixed on the side frame 10. A helical torsion
      spring (not shown) arranged coaxial with said pin 100 causes the roller
      50' and motor MTR6 to turn on the pin 100 so that the roller 50' moves
      towards and comes into contact with the surface of the suction tube 30 and
      the finger pieces 31 and 32 which are covered by the welt portion of the
      already toe-closed hose 8. This contact relation is continued from the
      time the holding unit is moved by the following holding unit until the
      holding unit is moved at higher speed by the action of the friction drum.
PAR  The drawing-off roller 51 shown in FIGS. 22 and 23, is directly driven by
      the motor MTR7, and the construction and movement of the roller 51 and
      motor MTR7 are similar to those of the above-mentioned second drawing-on
      roller 50' and motor MTR6. However, the drawing-off roller 51 is arranged
      at the position where its surface can come into contact with the upper
      surface of the support member 33, and this contact relation is continued
      until the holding unit is moved by the driving disc 115 shown in FIG. 8.
      This occurs at position IV, where the suction tube 30 is then connected to
      the aperture of the pneumatic transferring duct 23, as shown in FIG. 1, so
      that the seamless hose 8 can be transported to the downstream working
      station by a suction air stream in the duct 23.
PAR  The toe-closing operation by means of the method of the present invention
      can be carried out by the following steps.
PAC  First Step
PAR  Referring to FIG. 2, when a holding unit passes position I, the operator
      picks up the welt portion of a seamless hose 8, and holds its toe end in
      front of the suction tube 30 of the holding unit. Then a suction force is
      applied into the suction tube 30 by actuating a pneumatic system whereby
      the seamless hose is sucked into the suction tube 30, toe end first, while
      the operator holds the welt end portion of the hose 8. This operation is
      carried out during the displacement of the holding unit from the position
      I, which is also C.sub.1 to position C.sub.2 shown in FIG. 18. During this
      operation, the suction tube 30 remains connected to the suction pipe 65,
      because said suction tube 30 moves synchronously with the displacement of
      the holding unit. Consequently, suction force is applied into the suction
      tube 30 when the suction system is actuated.
PAR  After the holding unit reaches the position C.sub.2, the suction tube 30 is
      disconnected from the suction pipe 65 and then said suction pipe 65 is
      returned to its position C.sub.1. The suction force in the suction tube 30
      is, of course, released when the suction tube 30 is disconnected from the
      suction pipe 65. Then the operator places the welt portion of the hose 8
      over the free end portion of the support member 33 of the holding unit in
      such a way that the welt portion partly covers the outer ends of the
      finger pieces 31 and 32, and the support member 33 of the suction tube 30.
      Just after completion of this manual operation, the first drawing-on
      rollers 50 are mechanically lifted so that they approach and contact the
      underside surface of the finger pieces 31 and 32, covered by the welt
      portion of the hose 8, and said hose is drawn out of the aperture of the
      suction tube 30 and onto the outside of said tube 30 and the finger pieces
      31 and 32 by the rotation of said rollers 50. According to the
      above-mentioned operation, the hose 8 is turned inside-out. While the hose
      8 is being drawn onto the suction tube 30 and the finger pieces 31 and 32,
      the rollers 50 are displaced from the position D.sub.1 to the position
      D.sub.2, shown in FIG. 15, synchronously with the displacement of the
      holding unit from the position I to the position II.
PAR  Just before completion of the above-mentioned drawing-on operation, said
      rollers 50 are freed from the finger pieces 31 and 32 and positioned as
      shown in FIG. 17. When the rollers 50 reach position D.sub.2, said roller
      50 are returned to the position D.sub.1.
PAC  Second Step
PAR  During the movement of the holding unit from the position II to a position
      midway between position II and position III, the projection 43 of the
      circular plate 40 of the holding unit is turned toward the clockwise
      direction in FIG. 11 by the operation of the wider pin 80. As a result,
      the free ends of the finger pieces 31 and 32 are spread laterally from the
      width of W to the width of W'. When the spreading out of the finger pieces
      is completed, the finger pieces 31 and 32 are projected beyond the free
      forward end of the support member 33. Such displacement of the finger
      pieces 31 and 32 along the longitudinal axis of the suction tube 30 takes
      place by the traversing movement of the holding unit due to the contacting
      of the top roller 41 of the back sliding member 37 with the cam surface of
      the forward cam plate 82. During the above-mentioned operation, the
      position of the toe portion of the hose 8 on the finger pieces 31 and 32
      can be maintained stably because of the lateral spreading out motion of
      the finger pieces 31 and 32. Consequently, the toe end portion of the hose
      8 remains in a flatly spread out condition, as shown in position III in
      FIG. 2.
PAR  During the movement of the holding unit from said position midway between
      the positions II and III to the position III, the holding unit is moved at
      twice the speed that it traveled before and the finger pieces 31 and 32
      are further displaced along the longitudinal axis of the suction tube 30
      until they reach the position shown in position III in the FIGS. 13 and
      14. In the region near the position III, the holding unit is moved only by
      the force of the push it previously received from the chain 14. Stopper
      levers 71 as shown in FIG. 5 are provided on both side frames 10, so that
      when the recess on the stopper lever 71 comes into engagement with the
      stop pin 70 on the bracket 44, the movement of the holding unit can stop,
      and said holding unit at the position III correctly.
PAC  Third Step
PAR  This step is similar to the conventional toe closer.
PAR  Referring to FIGS. 13 and 14, at the same time, or after a time delay of
      0.1 second, the traversing of the holding unit is stopped and the upper
      clamp 90 (or presser foot) of the sewing machine is lowered toward the
      lower clamp 91 (or table surface) by means of a rotary solenoid not shown
      in drawings. Consequently, the toe end portion of the hose 8 together with
      the free ends of the finger pieces 31 and 32, which are inserted between
      the upper and lower clamps 90 and 91, are gripped by said clamps. As soon
      as this gripping of the toe end portion of the hose 8 by means of said
      upper and lower clamps 90 and 91 takes place, an air cylinder 84 is
      actuated so as to retract the piston rod 85 whereby backward hook member
      83 on the piston rod 85 pulls the top roller 41 mounted on the back
      sliding member 37 toward the air cylinder 84. Consequently, the finger
      pieces 31 and 32 are retracted from the clamp of the upper and lower
      clamps 90 and 91, while the toe end of the hose 8 is held by said clamps.
      In this condition, the welt portion of the hose 8 is still held by said
      upper and lower clamps 90 and 91 as shown in position III in FIG. 2.
      During the pulling of the top roller 41 by the piston rod 85 the
      projection 43 on the circular plate 40 is turned toward the
      counterclockwise direction in FIG. 10 by the stationary return roller 81
      mounted on the forward cam plate 82 as shown in FIG. 13, so that the
      laterally spread out finger-pieces 31 and 32 return to their retracted
      condition as shown in FIG. 10.
PAC  Fourth Step
PAR  This step is also similar to the conventional toe closer.
PAR  Upon the return of the finger pieces 31 and 32 to their normal position on
      the suction tube 30, the clamp 90 is turned by means of a rotary solenoid
      not shown in drawings. At the same time, the toe end portion of the hose 8
      is stitched and closed with the sewing thread and cutting out the waste
      hose by the cutter on the sewing machine.
PAR  After completion of the above-mentioned sewing operation, the upper clamp
      90 is displaced upward by the solenoid and separated from the bottom clamp
      91, and the closed toe end portion of the hose 8 hangs from the forward
      free end of the support member 33 is relaxed condition. The holding unit
      remains stationary at the position III for a short time, for example three
      seconds.
PAC  Fifth Step
PAR  After the lapse of the above-mentioned short time from the moment the
      holding unit reaches position III, said holding unit is pushed out of
      position III by the traversing movement of the following holding unit. By
      the drawn-on action of the second drawing-on roller 50', which is
      approached and contact the lower surface of the suction tube 30 covered by
      the welt portion of the seamless hose 8, the hose 8 on the suction tube 30
      is further drawn-on the suction tube 30. This operation is continued as
      long as the holding unit passes over the second drawing-on roller 50'. By
      the rotation of the roller 50', the hanging portion of the hose 8 is drawn
      onto the outside of the suction tube 30 and the finger pieces 31 and 32.
      Just after the completion of this drawing-on operation by the roller 50',
      said holding unit is moved at a higher speed than before by the rotating
      friction of the friction drums 75, as shown in FIGS. 5 and 13, because the
      outer surfaces of said friction drums 75 come into frictional contact with
      the stop pins on the bracket.
PAC  Sixth Step
PAR  One way braking rollers 73 are mounted on both side frames 10 at the
      position IV, so that they act to brake and to stop the arriving holding
      unit at the position IV exactly. When the holding unit arrives at position
      IV, the suction tube 30 is connected to the aperture of the pneumatic
      transferring duct 23 immediately, and seamless hose 8 is turned
      outside-out by the suction force in the suction tube 30 and the rotation
      of the roller 50' on the surface of the support member 33. That is, as the
      hose 8 is sucked into the suction tube 30 it is turned outside out. After
      being sucked into the suction tube 30 in the outside-out condition by the
      actions of the roller 50' and the suction force, the hose 8 is transported
      to the downstream working station by a suction air stream in the duct 23.
PAR  When the pawl 48, as shown in FIG. 4, mounted on said holding unit comes
      into engagement with the notch 116 of the driving disc 115, shown in FIG.
      5, said holding unit begins to travel toward position I.
PAR  Referring to FIG. 24, a main motor MTR1 for driving the toe closer, a motor
      MTR2 for the sewing machine, and a motor MTR3 for a suction blower are
      connected in parallel to a three phase electrical source. A rectifier for
      a rotary solenoid circuit and a transformer for control circuit are
      connected in parallel to two of said three phases. From said rectifier,
      via a control circuit, the following are connected in parallel; a rotary
      solenoid RSO1 for closing a damper for the suction pipe 65 as shown in
      FIG. 19; a rotary solenoid RSO2, for lowering the clamp 90 of the sewing
      machine; a rotary solenoid RSO3, for turning said clamp 90 of the sewing
      machine and; a rotary solenoid RSO4, for the damper situated at the
      position of the hose to be drawn off, and controlled by a switch L7, which
      is actuated by the control drum. From the transformer, via a control
      circuit, the following are connected in parallel; a switch L2, for
      detecting the completion of the lifting movement of the clamp 90; a switch
      L3, which is arranged in series to the switch L8, for detecting when the
      finger pieces 31 and 32 are in their retracted condition; a switch L4, for
      initiating the lifting movement of the first drawing-on roller 50; a
      switch L5, for initiating the lowering movement of the clamp 90, and; a
      switch L6, for indicating the initiation of the retracting movement of the
      piston rod 85. All of the above switches and the switch L7 are actuated by
      the rotating control drum. In addition, a switch L8 for detecting the
      retracting length of the piston rod 85, and a switch L11 operated by the
      piston rod 85 for detecting the completion of the movement of the finger
      pieces 31 and 32 away from the clamp 90, are mounted on the forward cam
      plate 82 and are also connected in parallel through the control circuit to
      the transformer. Furthermore, a switch L9 for detecting a hose 8 being
      clamped by the clamp 90, and a switch L10 for detecting the completion of
      the toe-closing operation for a hose are arranged on the sewing machine,
      and are also connected in parallel through the control circuit to the
      transformer.
PAR  When the holding unit reaches the position C.sub.2 as shown in FIG. 18, the
      switch L4 is pushed by the control drum, and it acts to operate the rotary
      solenoid RSO1 so that air flow passing through the suction pipe 65 can be
      shut off. The winding-on rollers are then lifted toward and come into
      contact with the finger pieces, after compressed air is supplied into the
      cavity 62 as shown in FIG. 16, so that the hose can be turned inside out.
      By means of a timer not shown, after a lapse of about two seconds from the
      time the air is supplied into the cavity 62, the feeding of the compressed
      air is cut off from the cavity 62 and the first drawing-on rollers 50 are
      lowered by means of the spring 63 so that they are no longer in contact
      with the surface of the finger pieces 31 and 32. The use of the
      photoelectrical detecting apparatus PR1 as shown in FIGS. 16 and 17 is
      optional. This apparatus detects the existence of the hose 8 on the finger
      pieces 31 and 32 at any given moment. If no hose is there, then the
      apparatus PR1 acts to prevent the lifting movement of the first drawing-on
      rollers 50.
PAR  When the movement of the holding unit with hose 8 is stopped by the stopper
      lever 71, the upper clamp 90 immediately or after a time delay of 0.1
      second, starts to move downwardly due to the action of the rotary solenoid
      RSO2 via the switch L5 actuated by the control drum. After the clamp 90 is
      completely lowered the retracting movement of the piston rod 85 is
      initiated via the switch L6 actuated by the control drum. When the switch
      L11 on the cam plate 82 is actuated by the hook member 83 on the piston
      rod 85 due to the retracting movement of said piston rod, the toe-closing
      is started by the sewing machine according to the conventional toe-closing
      sequence. Only when the switch L8 on the cam plate 82 is actuated by
      retracting movement of the piston rod 85, is said switch allowed to
      continue the operation of machine. This safety circuit consists of a
      series arrangement of the switch L8 and the switch L3, which are actuated
      by the control drum, and therefore, if either of the above-mentioned
      switches are not actuated the machine is stopped immediately.
PAR  When the switch L10 is pushed by a cam of the sewing machine, not shown,
      which indicates that the toe-closing operation is over, the clamp 90 is
      lifted and returned to its original stand-by position by a spring, not
      shown, and when the action of the rotary solenoid RSO2 is released the
      motor MTR is stopped. The switch L2 for detecting the lifting of the clamp
      90 is provided for the sewing machine so that if such lifting is not
      enough the machine is stopped immediately.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for automatically closing the toe of seamless hose, by means of
      four or more pairs of holding units, each having a suction tube and finger
      pieces and arranged parallel and horizontally which firstly travel at a
      low speed along the endless passage, and then at a higher speed in the
      region near the toe-closing position, so that one cycle of the toe-closing
      is accomplished during one cycle of the traveling of said hose along said
      endless passage, said method comprising:
PA1  sucking the toe portion of the hose into a suction tube provided with the
      finger pieces;
PAR  spreading and holding the welt portion of the hose sucked into the suction
      tube in an inside-out manner over the finger pieces, so that the toe
      portion of the hose is projected beyond the forward end of the finger
      pieces;
PA1  laterally spreading the projecting toe portion into a flat shape and
      carrying forward the toe portion on the finger pieces;
PA1  clamping with a clamp of a sewing machine the flattened toe portion of the
      hose;
PA1  sewing the toe portion closed; and
PA1  sucking the toe-closed hose into the suction tube by the suction force in
      the suction tube, after releasing said toe-closed portion of the hose from
      the clamp of the sewing machine.
NUM  2.
PAR  2. An apparatus for carrying out the method as claimed in claim 1,
      comprising:
PA1  a pair of side frames each provided with endless guide grooves;
PA1  a plurality of holding members which consist of a suction tube, a pair of
      front and back sliding members and a pair of finger pieces;
PA1  a pair of supporting parts each consisting of a bracket provided with
      rollers which engage in the endless grooves of the side frames, stop pins,
      stay rods on which a pawl for low speed and a follower for high speed are
      mounted;
PA1  a driving disc with a plurality of notches for driving a plurality of
      holding units, which consist of a holding member and a supporting part, so
      that said units can be moved simultaneously at their low speed;
PA1  a high speed driving means for driving a holding unit at high speed;
PA1  a stopper for stopping said holding unit travelling at a high speed at a
      toe-closing position, which position is in line with the clamp of the
      stationary sewing machine;
PA1  first drawing-on rollers, which approach the surfaces of the pair of finger
      pieces and also which angularly displace synchronously with an angular
      movement of a holding unit;
PA1  a second drawing-on roller, which draws on hose already toe-closed onto a
      pair of finger pieces;
PA1  a drawing-off roller, which turns said hose inside-out, and;
PA1  a suction means for transporting said hose already toe-closed to successive
      working stations.
NUM  3.
PAR  3. An apparatus as claimed in claim 2, further comprising:
PA1  a friction drum for driving a holding unit, provided with toe-closed hose,
      from the toe-closing position to the draw-off position at a speed faster
      than its low and high travelling speeds.
NUM  4.
PAR  4. An apparatus as claimed in claim 3, further comprising,
PA1  a one way braking roller, which acts to prevent the rebound of a holding
      unit from a draw-off position at which position said hose is transported
      to the successive working station.
NUM  5.
PAR  5. An apparatus as claimed in claim 2, wherein said holding member
      comprises:
PA1  a suction tube provided with a support member at its outermost end;
PA1  a front sliding member, which slides along the longitudinal axis of said
      suction tube;
PA1  a back sliding member provided with a pair of guide grooves, on which
      member a turnable circular plate with curved guide grooves is mounted;
PA1  a pair of finger pieces, one end of each finger piece being provided with a
      stud which engages with any of the guide grooves of the back sliding
      member and also any of the curved guide grooves of the turnable circular
      plate, and the other end of each finger piece engaging with any of the
      guide slits of the support member so that said end slides outwardly or
      retracts into said guide slit, while the center of said finger piece is
      pivotally mounted on said front sliding member.
NUM  6.
PAR  6. An apparatus as claimed in claim 5, further comprising:
PA1  said turnable circular plate provided with a projection, and a top roller
      rotatably mounted at its center, and;
PA1  a forward cam plate mounted on the frame and also provided with a wider pin
      and a return roller which acts to turn the turnable circular plate.
NUM  7.
PAR  7. An apparatus as claimed in claim 2, further comprising:
PA1  a photoelectrical detecting apparatus which detects the existence of the
      hose on the holding unit, and which acts to stop the lifting of the first
      drawing-on roller when said hose is not on said holding unit.
NUM  8.
PAR  8. A method as set forth in claim 1 wherein said step of sewing a toe
      portion closed occurs with a holding unit in a stationary position and
      which further comprises the steps of moving a following holding unit into
      said stationary position to push a previous holding unit with a toe closed
      hose thereon from said stationary position through the remainder of said
      endless passage.
NUM  9.
PAR  9. A method of automatically closing the toe of seamless hose comprising
      the steps of
PA1  sucking a toe portion of a hose into a suction tube of a holding unit
      having finger pieces mounted adjacent the suction tube;
PA1  placing a welt portion of the hose over the suction tube and finger pieces;
PA1  thereafter moving the finger pieces laterally of the suction tube and
      outwardly of the suction tube to flatten the toe portion and carry the toe
      portion forward of the suction tube;
PA1  clamping the toe portion within a sewing machine and sewing the toe portion
      closed; and
PA1  thereafter sucking the closed toe portion into the suction tube to draw the
      hose into and through the suction tube.
NUM  10.
PAR  10. A method of automatically closing the toe of seamless hose comprising
      the steps of
PA1  sucking a toe portion of a hose into a suction tube of a holding unit
      having finger pieces mounted adjacent the suction tube;
PA1  spreading a welt portion of the hose over the suction tube and finger
      pieces while pulling the toe portion out of the suction tube and over the
      suction tube and finger pieces;
PA1  thereafter moving the finger pieces relative to the suction tube to flatten
      the toe portion while carrying the toe portion forward of the suction
      tube;
PA1  then clamping the toe portion within a sewing machine;
PA1  retracting the finger pieces from the clamped toe portion;
PA1  sewing the clamped toe portion closed; and
PA1  thereafter sucking the closed toe portion into the suction tube to draw the
      hose into and through the suction tube.
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ABST
PAL  Apparatus for transferring articles (such as two-piece cans) between work
      stations, at succeeding ones of which a dimension (such as a diameter) of
      the articles is reduced. The articles pass along a channel, and at each
      station means are provided to stop the articles in position to be operated
      upon. After the completion of an operation which reduces the dimension of
      the article, the article may pass the stop means, and be transported to
      the next station, where other stop means are provided to position the
      article for the next operation. The articles are conveyed along the
      channel by aerodynamic or other means. Each of the stop means is shaped to
      fit the article which is stopped by it, and vacuum means are associated
      with the stop means to insure accurate positioning of the articles at each
      station for the operation to be performed on them at that station.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Beer and beverage cans of the so-called two-piece type are currently being
      produced by the drawn and ironed method and are quickly replacing the
      conventional three-piece can which has soldered side seams. Since the
      emphasis now is placed on the creation of sanitary cans for use with food
      products, the two-piece can has less chance for leaks and is more
      appealing aesthetically. Furthermore, legislation is being planned, not
      only in this country but also in foreigh countries, to eliminate the lead
      from the solder used in the side seam and ultimately to prohibit the use
      of tin as well. These prohibitions of course would be for health reasons.
PAR  Two-piece sanitary cans are now in commmercial production and present
      systems rely on the use of a first operation cupping press, accummulators
      and unscramblers and a conveyor to feed the first operation cup into a
      multi-out redraw and trim press. The redraw and trim presses employ a
      transfer device called "finger bars." These finger bars are actuated by
      cams driven by the crank of the press and they move the cup from one
      station to the next and retract. They are oscillatory in nature. They are
      quite complicated and because of their mass the ultimate speed of the
      press is limited. For these reasons the presses are usually arranged as
      multi-out presses and operate at slow speeds in order to achieve the
      required production rates. If something breaks or otherwise fails in the
      transfer system, the tools close on the fingers resulting in damage not
      only to the fingers but to the tools.
PAR  Since two-piece cans are generally blanked and drawn from coil or strip
      stock and are subsequently redrawn one or more times in order to reduce
      the diameter while increasing the can height, the present invention relies
      upon the reduction in diameter to make possible the use of an aerodynamic
      transfer device.
PAR  Basically the part is first blanked from a strip and drawn downward through
      a draw die, thus creating a first operation cup which is relatively large
      in diameter and short in height. This cup is stripped from the tooling and
      is now disposed with its bottom on a pass line. The first operation cup is
      then moved to the first intermediate station by a flow of air. At the
      first intermediate station there are lateral stops of a size to prevent
      passage of the cup in its initial condition but to permit passage after it
      has been redrawn and its diameter reduced. Similar arrangements are
      provided at other intermediate stations. At the final station, the flange
      is trimmed and the completed can can then be discharged from the device.
      The stops at each of the stations are provided with vacuum openings so
      that the can is held firmly in position at these stations for the
      redrawing operation which there takes place. After the cup has been
      redrawn at any of the intermediate stations, a lifter is provided to lift
      it back up to a position where its bottom is on the aforesaid pass line so
      that it may be transferred to a succeeding station by air flow, or other
      suitable means.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic horizontal cross sectional view showing the
      aerodynamic transfer arrangement and the several stops.
PAR  FIG. 2 is a perspective view of the same.
PAR  FIG. 3 is a diagrammatic cross sectional view taken on the line 3--3 of
      FIG. 1.
PAR  FIG. 4 is a view similar to FIG. 2 but showing a two-out arrangement; and
PAR  FIG. 5 is a fragmentary perspective view showing a modification of the
      arrangement at the right-hand end of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  At the outset it should be remarked that details of the blanking dies and
      the several different drawing dies and redrawing dies and their respective
      plungers are not shown. These are conventional and well known and
      understood by those skilled in the art.
PAR  The invention is illustrated with an arrangement with four work stations.
      At the first station, a circular blank is punched out and this blank is
      drawn into a relatively wide and shallow cup. The circular blank is
      indicated in broken lines in FIG. 2 at 10 and the first operation cup is
      indicated at 11. The cup 11 after it has been drawn is stripped downwardly
      and ends up in a position shown in FIG. 3 with its bottom on a pass line
      indicated at 12. The die for forming cup 11 is indicated at 13 and the
      plunger at 14. The means for stripping the cup 11 have also not been shown
      because they are conventional. There is provided a channel 15 connecting
      the various stations and the channel is provided on its lateral sides with
      the air manifold 16. The manifold 16 communicates with the channel 15 by
      means of the acute angled passages 17. At the left-hand end of the channel
      there is an air connection 18. It will be seen that as soon as the cup 11
      has been stripped and moved downward to the pass line 12, air entering at
      18 moves the cup toward the right of the figures and it is then acted upon
      by air jets issuing through the openings 17 which continue to move it
      toward the right.
PAR  At 19 are provided stops and preferably these stops are curved to fit the
      contour of the cup 11 before it is acted upon by the redraw punch and die
      at the first intermediate station. Vacuum is drawn through the tubes 20 so
      that the cup 11 is held securely in proper position for a redraw
      operation.
PAR  As best seen in FIG. 3, in the redraw operation the cup is drawn to an
      elongated and reduced diameter condition indicated at 11a and as can be
      seen it is now positioned below the pass line 12. However, a lifting
      device which may be spring actuated or air actuated is provided at 21 to
      lift the redrawn cup 11a back to a position where its bottom is on the
      pass line 12. The cup is shown in this position in broken lines in FIG. 3.
      The smaller diameter is shown in FIG. 1 at 11a and it will now be seen
      that this smaller diameter is such that the cup can pass the stops 19 and
      continue to the next intermediate station where it is stopped by the stops
      22. The stops 22 are similar to those at 19 except that they are curved to
      fit the reduced circumference 11a rather than the circumference 11. Again,
      vacuum is drawn by means of the tube 23 to hold the redrawn cup 11a in
      position for the next redrawing operation. This operation is shown in FIG.
      3 and the cup is now in the condition indicated at 11b. This includes a
      bottom forming operation and again a lifter arrangement is provided at 24
      to return the cup 11b to a position where its bottom is on the pass line
      12. The raised position of the cup 11b is not shown in FIG. 3 but it is of
      course similar to the position of the cup 11a.
PAR  It will be observed that the reduced diameter 11b is such as to permit the
      cup now to pass on to the final station under the influence of air through
      the port 17. In the embodiment of FIGS. 1, 2, and 3, the cup 11b comes
      against a stop 25 and the cup is held in position by vacuum drawn through
      the tubes 26. At this station the cup is trimmed and may then be
      discharged downwardly by conventional means as indicated at 27.
PAR  The discharge of the completed redrawn cup may be as shown in FIG. 5 rather
      than downwardly as shown in FIG. 2. Thus, the stop 25 may be in two pieces
      25a, which may be hinged apart so that air through the ports 17 can blow
      the completed cup out in the direction of the arrow when the stops halves
      25a are opened as seen in FIG. 5.
PAR  FIG. 4 shows a two-out arrangement of two structures according to FIG. 1.
      The two structures may be identical except that the first stations are
      offset from each other. The punches and dies of the two structures
      indicated generally at A and B operate at the same time. If the first
      stations were not offset there would be a considerable waste in the strip
      S in the blanking operation. However, if the first stations are offset as
      seen in FIG. 4 and the strip S is fed into the apparatus, when the two
      punches cut out the circular blanks 10 at the same time the holes will be
      positioned as seen at 10a in FIG. 4 and these are staggered so that scrap
      is minimized. FIG. 4 also illustrates why the first operation cup 11 is
      stripped downwardly. This is so that there is no interference with the
      passage of the strip S when it is advanced for a succeeding blanking
      operation.
PAR  It will be clear that numerous modifications may be made without departing
      from the spirit of the invention and no limitation not specifically set
      forth is intended and none should be implied.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In an apparatus for manufacturing articles, such as two-piece can
      bodies, wherein a series of operations are performed on said articles at a
      first station, at least one intermediate station and a final station, a
      dimension of said article being reduced at said intermediate station; a
      channel connecting said stations, said channel at said intermediate
      station having fixed stop means of a dimension to prevent passage thereby
      of an article prior to the operation to be performed at such intermediate
      station, but to permit passage thereby after the operation at said
      intermediate station has been performed, and means for advancing the
      articles from station to station after each operation.
NUM  2.
PAR  2. A structure of claim 1, wherein said stop means is configured to fit
      snugly the portion of the article bearing against it prior to the
      operation to be performed at said station, and vacuum means are associated
      with said stop means to insure that the article is properly positioned and
      held in place for said operation.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein the sides of said channel
      between stations embody air manifolds, and wherein a plurality of ports
      extend from said manifolds into said channel at acute angles to the axis
      of said channel to provide for aerodynamic transfer of said articles from
      station to station.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein a circular blank is punched from
      a strip of metal at said first station and drawn into a cup, the bottom of
      said cup after drawing being disposed on a pass line, and said cup is
      redrawn to lengthen it and reduce its diameter at said intermediate
      station, means to return said redrawn cup to a position with its bottom on
      said pass line, and means to trim said redrawn cup at said final station.
NUM  5.
PAR  5. Apparatus according to claim 4, wherein means are provided to return
      said trimmed cup to a position with its bottom on said pass line, and
      means for discharging said trimmed cup axially of said channel.
NUM  6.
PAR  6. Apparatus according to claim 4, wherein means are provided to discharge
      said trimmed cup axially of said cup.
NUM  7.
PAR  7. A double apparatus according to claim 4, wherein the intermediate and
      final stations are respectively side by side, but the first stations are
      offset, whereby staggered blanks are punched from said strip and scrap is
      thereby minimized.
NUM  8.
PAR  8. In an apparatus for manufacturing two-piece can bodies and the like,
      wherein a circular blank is cut from a strip of metal and drawn into a cup
      at a first station, said cup is redrawn and its diameter reduced at a
      second station, and is then again redrawn and its diameter is further
      reduced at a third station, and is trimmed at a fourth station, said first
      station and intermediate stations each having a cooperating plunger and
      die, and means for positioning the cup on a pass line after the respective
      operation; a channel connecting said stations and having a floor at said
      pass line between said stations, said channel and said intermediate
      stations being attenuated such that the drawn or redrawn cup is stopped at
      an intermediate station in the position to be operated upon but can pass
      through to the next station after it has been operated upon and its
      diameter has been reduced, and means for advancing the drawn or redrawn
      cup from station to station.
NUM  9.
PAR  9. The structure of claim 8, wherein the attenuations at said intermediate
      stations are respectively configured to fit snugly the portions of the
      drawn or redrawn cup bearing against said attenuations prior to the
      operation to be performed at said station, and vacuum means associated
      with said configured attenuations to insure that said drawn or redrawn cup
      is properly positioned and held in place for said operation.
NUM  10.
PAR  10. The structure of claim 8, wherein the sides of said channel between
      stations embody air manifolds, and wherein a plurality of ports extend
      from said manifolds into said channel at acute angles to the axis of said
      channel to provide for aerodynamic transfer of said articles from station
      to station.
NUM  11.
PAR  11. The structure of claim 8, wherein the bottom of said cup after drawing
      at said first station being disposed on a pass line, and said cup after
      being redrawn at said second and third stations is returned to a position
      with its bottom on said pass line, and means to trim said redrawn cup at
      said final station.
NUM  12.
PAR  12. Apparatus according to claim 11, wherein means are provided to return
      said trimmed cup to a position with its bottom on said pass line, and
      means for discharging said trimmed cup axially of said channel.
NUM  13.
PAR  13. Apparatus according to claim 11, wherein means are provided to
      discharge said trimmed cup axially of the cup.
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ABST
PAL  A shifting tween deck structure for the holds of cargo vessels including a
      plurality of parallel beams movably supported between pairs of rails
      adjustably secured at the sides of the cargo hold. The beams span the hold
      and are individually movable on the rails to a central position below a
      cargo hatch to receive omnipallets of cargo which are supported in the
      hold between two adjacent beams. At least some of the omnipallets are
      movable on the beams, and the loaded pairs of beams are shiftable to the
      side of the hold. The unloaded beams are optionally shiftable to the sides
      of the cargo hold to convert the hold for dry bulk cargo or the beams can
      be removed and stowed on deck.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 280,554,
      filed Aug. 14, 1972 now abandoned.
BSUM
PAR  This invention relates to cargo vessels, and more particularly to cargo
      vessels having holds which are utilizable both for dry bulk cargoes and
      general cargoes.
PAR  The holds of cargo vessels have been designed to haul either bulk cargoes
      when the hold is free from obstructions, or for general cargoes in holds
      provided with tween decks to support multiple tiers of cargo, such as
      palletized cargo or containers of cargo. Also, some vessels have been
      adapted for mixed cargoes by providing a conventional tween decks in the
      upper portion of the hold with the lower portion being left unobstructed
      for the hauling of dry bulk cargo. However, need exists for a cargo vessel
      that can be rapidly converted from the handling of dry bulk cargo to the
      handling of general cargo by the use of mechanisms contained aboard the
      vessel. When converted for the hauling of dry bulk cargo, it is desirable
      that the hold be substantially free of structural supports and other
      obstructions. Also, it is desirable that the tween deck structure utilized
      for the storage of general cargo be adjustable so that the height between
      the tween deck structures can be changed to accommodate various types and
      sizes of cargo and cargo containers, and that this structure be able to
      accommodate pallets of the maximum size and weight that can be loaded
      outside of the vessel and then placed aboard so as to provide high cargo
      handling efficiency.
PAR  Accordingly, a principal object of this invention is to provide a cargo
      vessel having cargo holds optionally convertible for the handling of dry
      bulk cargo or general cargo.
PAR  Another object of this invention is to provide a cargo handling system for
      cargo vessels that provides high handling efficiency for general cargo and
      that can be readily converted to provide an unobstructed hold for the
      transport of dry bulk cargo.
PAR  Still another object of this invention is to provide a tween decks
      structure for a ship's hold that is adapted for the storage of general
      cargo of various types and sizes, and which is readily manipulated to
      convert the cargo hold for the transport of dry bulk cargo.
PAR  A further object of the invention is to provide a cargo handling system for
      a cargo vessel that permits efficient handling of general cargo on
      omnipallets of maximum size and weight, and that is readily converted for
      the transport of dry bulk cargo.
PAR  A yet further object of the invention is to provide a cargo handling
      mechanism for the efficient handling of general cargo on omnipallets of
      maximum size and weight and that can be readily converted to provide a
      substantially unobstructed hold for the transport of dry bulk cargo, and
      in which all of the component parts of the mechanism are contained aboard
      the vessel.
PAR  Other objects and advantages of the invention will be apparent from the
      following description.
PAR  Briefly, this invention contemplates a shifting tween deck structure for
      the hold of a cargo vessel that includes a plurality of parallel beams
      movably supported between pairs of rails adjustably secured at the sides
      of the cargo hold. The beams span the hold and are individually movable on
      the rails to a central position below a cargo hatch to receive omnipallets
      of cargo which are supported in the hold between adjacent beams. At least
      some of the omnipallets are movable on the beams, and the loaded pairs of
      beams are shiftable to the side of the hold. The unloaded beams are
      optionally shiftable to the sides of the cargo hold to convert the hold
      for dry bulk cargo, or the beams can be removed and stowed on deck.
PAR  The two rails comprising each pair of rails are located at the same
      vertical level at opposite sides of the hold. The rails can be located at
      the sides of the hold or at the transverse bulkheads.
PAR  New vessels can be designed with holds with a vertical framework (frames,
      web-frames and bulkhead stiffeners) to which the rails are attached to
      support or vertically slide the tween decks. Vessels already in service
      are provided with horizontal rails attached to the hold framework at
      either the sides or bulkheads. The system can be incorporated into ship's
      longitudinal framing, at convenient vertical spacing, or vertical slide
      rails, or supports fixed on each longitudinal frame can be provided to
      adjust the vertical spacing between the horizontal rails.
PAR  The tween decks are formed by beams or girders having wheels or rollers
      and, therefore, being ready to roll or slide on the horizontal rails.
      Preferably, the wheels operate between an upper and a lower rail which
      avoids the possibility of derailing in heavy seas, or on one rail with a
      device to prevent derailing.
PAR  Where the rails are located adjacent to the transverse bulkheads and extend
      transversely of the vessel, the beams extend longitudinally of the vessel
      and move from side to side, i.e., to port or starboard. Where the pairs of
      rails are placed longitudinally of the vessel, the beams extend across the
      beam of the vessel and are shifted in a direction lengthwise of the
      vessel.
PAR  The beams are vertically spaced to permit rows of boxes, bales, cars,
      pallets, containers, or goods between each two tween decks. These vertical
      spacings can be arranged to suit the cargo either by sliding and fixing
      the rails at the desired locations, or by bolting the rails at the desired
      locations.
PAR  The beams form an open rack tween deck structure which supports a plurality
      of large pallets called "omnipallets." Each of the omnipallets
      independently supports its own cargo load, which can consist of one or
      several small pallets, or one or several containers. Each omnipallet
      consists of a frame adapted to support the cargo, and is provided with at
      least four wheels or rollers, two being located on each side, and also
      with fittings for cleats to secure the cargo and with four lift rings
      which allow the omnipallet to be lifted by a crane or cargo winch. The
      size of the omnipallets is limited by the size of the hatch opening and
      the maximum weight the cargo handling machinery can lift. This makes the
      omnipallets stowable at high speed.
PAR  If the cargo is known, each tween deck is vertically spaced according to
      the height of the cargo.
PAR  The horizontal separation between two adjacent beams which support the
      omnipallets and form the tween deck structure is achieved by shifting the
      beams on the rails by means of any mechanical, hydraulic, or pneumatic
      mechanism, such as rod or link mechanisms or telescopic cylinders. These
      beams may also be placed in their cargo position with the separation being
      maintained by cables.
PAR  When the hold is to be converted for the transportation of bulk cargoes,
      then using any one of these mechanisms, the beams are moved to the sides
      of the ship, or the bulkheads, as the case may be, and stowed side by
      side. Optionally, the beams can also be hung under the upper deck, thus
      leaving the hold unobstructed. This latter system of stowage is used when
      the beams are vertically adjustable and can be raised to the top of the
      hold, or can be bolted at different heights.
PAR  The system operates at maximum efficiency when each lift has the maximum
      volume for the hatchway or the maximum weight for the cranes. The
      omnipallets are placed on the quay and loaded with boxes, bales, cars, or
      other cargo, which is duly lashed or cleated into place. A pair of the
      beams are provided with the proper separation and shifted under the hatch.
      The omnipallets are placed upon the beams and shifted to the proper
      location. When a pair of beams is loaded with the maximum number of
      omnipallets, the next pair of beams are shifted into place and loaded. The
      various tiers are loaded from the bottom up, unless an opening is left to
      move more omnipallets vertically in the hold.
PAR  The first cargo of omnipallets received is stowed on the bottom tank top,
      and cleated down. The lowest tween deck beams are then uncleated and
      rolled on the side tracks until they are adequately spaced to receive the
      omnipallets. The first pallets with their cargo are secured to them, and
      loading is carried out covering the space between an end beam and a
      central beam. The loaded beams are shifted into the storage position.
      Next, the same operation is carried out in the space formed by the other
      end beam and the second central beam. This second pair of loaded beams is
      then shifted into the storage position. Lastly, the space between the
      central beams is loaded with more omnipallets. As each omnipallet is
      placed on the tween deck, it should be fixed or cleated into position. The
      same process is followed to load the rest of the tween decks. Preferably
      sufficient omnipallets are loaded onto the beams to completely cover each
      tier.
PAR  The transport of mixed cargo is also possible. For instance, containers and
      general cargo can be transported in the lower part of the hold and cars on
      the higher tween decks. Also, dry bulk cargo can be transported in the
      lower part of the hold and general cargo in the upper tween decks.
PAR  When the hold is unloaded of a general cargo and is prepared for a bulk
      cargo, the tween deck beams are rolled to each side of the hold, or to the
      end bulkheads, or they may be removed for storage on the upper weather
      deck, so as to stow the beams in a location where they do not obstruct the
      hold. For instance, in the case of light grain cargoes, it is not
      necessary that the beams be stowed apart. However, the omnipallets are
      first removed from the hold and stowed on the upper weather deck.
PAR  It can be clearly appreciated that the main features of this loading system
      are: (1) the use of omnipallets for a maximum cargo lift taking into
      consideration the dimensions of the hatch opening; (2) that the tween
      decks are comprised of an open structure; (3) that the tween decks
      structure shifts sideways or endwise so as to leave the hold substantially
      unobstructed; (4) that at least some of the omnipallets can be shifted on
      the tween decks; and (5) that the omnipallets can be stowed on top of each
      other on the upper deck, in the same manner in which the pontoon-type
      hatch covers are stowed when the ship is in port.
DRWD
PAR  The tween deck structure of this invention and its method of operation will
      be more readily understood by reference to the following description and
      the accompanying drawings, wherein like numerals refer to like parts
      throughout, and in which:
PAR  FIG. 1 is a transverse cross-sectional view of the hold of a cargo vessel
      fitted with the shifting tween deck structure of this invention as viewed
      looking toward the stern of the vessel and showing the tween decks in a
      position for the transport of general cargo;
PAR  FIG. 2 is a transverse cross-sectional view of the hold of a cargo vessel
      fitted with the shifting tween decks structure of this invention as viewed
      looking toward the stern of the vessel and shown loaded with general
      cargo;
PAR  FIG. 3 is a transverse cross-sectional view of the hold of a cargo vessel
      fitted with the shifting tween deck structure of this invention as viewed
      looking toward the stern of the vessel and shown arranged for the
      transport of dry bulk cargo;
PAR  FIG. 4 is a horizontal cross-sectional view of the hold of a cargo vessel
      loaded with general cargo placed on omnipallets;
PAR  FIG. 5 is a plan view of the weatherdeck of a cargo vessel showing the
      stowing position of the omnipallets when the cargo hold is arranged for a
      dry bulk cargo;
PAR  FIG. 6 is a longitudinal cross-sectional view of the hold of a cargo vessel
      fitted with another embodiment of the shifting tween decks structure of
      this invention employing beams placed transversely of the vessel and shown
      loaded with general cargo;
PAR  FIG. 7 is a partial cross-sectional view of the tween decks structure
      showing the placement of the omnipallets between adjacent beams;
PAR  FIG. 8 is a plan view of the end portion of one of the beams showing the
      wheel carriage;
PAR  FIG. 9 is a cross-sectional view taken along the line 9--9 of FIG. 8
      showing the wheel carriage adapted to travel on the horizontal rail; and
PAR  FIG. 10 is a side view partially in cross-section showing the mechanism for
      adjustably supporting the rails.
DETD
PAR  Referring now to the drawings, the numeral 1 represents a ship's hull such
      as the hull of a cargo vessel, provided in conventional manner with a
      double bottom 2, a hatch opening 3 through which cargo is loaded and
      unloaded, upper ballast tanks 4, and watertight transverse corrugated
      bulkheads 14 dividing the hull into a plurality of cargo holds. In the
      embodiment illustrated in FIGS. 1 through 4, each tween deck is comprised
      of four movable beams or girders, including starboard movable beam 5,
      central movable beams 6 and 7, and port movable beam 8. The beams 5, 6, 7
      and 8 of each tween deck structure are movably supported on a pair of
      transverse rails 10 secured at the same vertical level at opposite ends of
      the cargo hold to form a track upon which the beams move. In the
      embodiment illustrated in FIGS. 1 through 4, rails 10 are adjacent to
      watertight corrugated bulkheads 14 and are oriented transverse to hull 1,
      i.e., the rails 10 extend across the beam of the vessel and the beams 5,
      6, 7 and 8 extend longitudinally of the vessel so as to span the hold. In
      the illustrated embodiment, each tween deck is comprised of four movable
      beams excepting for the top tier which is comprised of only two beams 11
      and 12. However, it is to be recognized that the tween decks can be formed
      of any number of beams as required to provide support for the desired
      number of rows of omnipallets.
PAR  FIG. 1 illustrates the position of the beams when arranged in the loaded
      position, i.e., the beams are in a position to support the omnipallets.
      FIG. 2 illustrates the tween decks structure supporting a cargo 9 such as
      a light cargo or a cargo of cars. In FIG. 3, the beams 5 and 6 of each
      tween decks are shifted to the starboard side of the hold and the beams 6
      and 7 are shifted to the port side illustrated by the positions 13. In
      this manner, the tween decks can be shifted to positions at the sides of
      the hold to convert the hold for bulk cargo storage, with the entire cargo
      hold being substantially unobstructed. With the hold thus converted for
      the transport of dry bulk cargoes, the omnipallets can be conveniently
      stored on the weatherdeck in positions 28 illustrated in FIG. 5.
PAR  In the embodiment of the invention illustrated in FIG. 6, each tween deck
      is comprised of four movable beams, including aft beam 30, central beams
      31 and 32, and forward beam 33, The beams 30, 31, 32 and 33 are movably
      supported on a pair of transverse rails 34 secured at the same vertical
      level at the opposite sides of the cargo hold to form a track upon which
      the beams move. In this embodiment, rails 34 are positioned adjacent to
      the sides of the hold and extend longitudinally of the hold. The beams 30,
      31, 32 and 33 are positioned across the beam of the vessel so as to span
      the hold. The beams are movable on the rails in a longitudinal direction,
      i.e., the beams are movable toward the bow and stern of the vessel. The
      omnipallets loaded with cargo 35 are placed between adjacent beams such as
      the pairs of beams 30 and 31, and 32 and 33. Omnipallets are also placed
      in the central section between beams 31 and 32.
PAR  The construction of the tween deck and the method of supporting the
      omnipallets between adjacent beams is illustrated in FIG. 7. The
      illustrated portion of the tween deck includes outside beam 40, provided
      with track 41 and interior beam 42 provided with a pair of tracks 43 and
      44. Omnipallet 45 is provided with a pair of wheels on each side, such as
      the wheels 46 and 47. Omnipallet 45 is movable along the beams and the
      beams 40 and 42 are movable in a direction normal to their length, limited
      only by the vertical member 48 which represents a vertical frame member
      either at the side of the hold or adjacent to the transverse bulkhead. The
      beams 40 and 42 can extend longitudinally of the vessel or transversely
      across the hold as hereinabove more particularly described. Each adjacent
      pair of movable beams, such as the beams 40 and 42, are provided with
      means to provide the spacing required to receive the omnipallet. In the
      embodiment illustrated in FIG. 7, spacing is provided by rods 60 and 61
      which are attached to beams 40 and 42, respectively, by hinged connectors
      62 and 63, and the abutting rods are connected at their abutting ends by
      hinged connector 64. The rods 60 and 61 fold in the horizontal plane so
      that the beams may be moved into a juxtapositioned relationship, but which
      limit the separation between the beams. Thus, the beams are individually
      movable up to the limit of travel provided by the spacing rods.
PAR  FIGS. 8 and 9 illustrate the mounting of the movable beams on the
      horizontal rails. Beam 50 represents any one of the movable beams forming
      the tween deck structure, and is provided with a wheel unit at each end,
      such as the wheel carriage 51 provided with a pair of wheels 52 and 53.
      Carriage 51 supporting beam 50 travels on horizontal rail 54 provided with
      track 55.
PAR  The horizontal rails which support the movable beams are preferably
      vertically adjustable so that the spacing between the various tween decks
      can be adjusted to efficiently accommodate cargoes of different heights,
      thereby permitting maximum utilization of the cargo space. Although
      various adjusting mechanisms can be employed, such as ratchet and pawl
      drives, hydraulic jacks, and the like, it is convenient in many
      installations to provide means for bolting the beams to the vertical
      support members at different vertically spaced positions. In FIG. 10,
      horizontal rail 54 is bolted to vertical support member 70, which can be a
      part of the ship's longitudinal framework or the transverse bulkhead
      frame. A pair of spacers 71 and 72 are welded or otherwise secured to
      member 70, and the beam is provided with a plate 74 which abutts spacer
      71. The beam is removably secured to spacer 71 by the bolts 75 and 76. It
      is apparent that the beams can be readily moved to any one of a plurality
      of the spacers to adjust the height of the tween decks.
PAR  To facilitate rapid loading of the vessel, the cargo, such as a mixed
      general cargo or cars, is loaded on omnipallets placed on the quay, then
      duly secured to the omnipallets and left until the vessel is ready for
      loading. To load the omnipallets onto the vessel, an outer beam and a
      central beam, such as the beams 5 and 6, are shifted toward the center of
      the vessel so as to be positioned below hatch 3 and spaced the proper
      distance apart to receive the omnipallets. With the cargo jib, aft
      starboard omnipallet 20 is placed inside the hold and positioned so that
      it is supported between beams 5 and 6. Omnipallet 20 is then moved toward
      the aft end of the beams adjacent to the aft bulkhead 14. Then fore
      starboard omnipallet 23 is placed in the hold on the beams 5 and 6 and
      moved toward the forward end of the beam adjacent to forward bulkhead 14.
      Central starboard omnipallets 21 and 22 are placed on the beams 5 and 6
      and the entire structure consisting of the beams 5 and 6 and omnipallets
      20, 21, 22 and 23 is shifted into the storage position at the starboard
      side of the hold.
PAR  The same procedure is carried out in loading aft port omnipallet 16, fore
      port omnipallet 19, and central port omnipallets 17 and 18 onto beams 7
      and 8. This entire assembly consisting of beams 7 and 8 and omnipallets
      16, 17, 18 and 19 is shifted into the storage position at the port side of
      the vessel. With the port and starboard assemblies in the storage
      position, central beams 6 and 7 are at the same distance from the
      longitudinal axis of the ship and ready to receive the central
      omnipallets.
PAR  Central aft omnipallet 24 is placed so as to be supported between beams 6
      and 7, and then moved toward the aft end of the beam adjacent to aft
      bulkhead 14. Next, central fore omnipallet 27 is placed onto beams 6 and
      7, and shifted toward the forward end of the beams adjacent to forward
      bulkhead 14. Central omnipallets 25 and 26 are then placed on beams 6 and
      7 to to complete the loading of the tween deck.
PAR  It is apparent that omnipallets 17, 18, 21, 22, 25 and 26 do not require
      wheels as it is not necessary to shift these omnipallets on the beams.
PAR  Loading of each successively higher tier of tween decks is completed in
      similar manner. Omnipallets are loaded into the trunk of hatch 3 supported
      beams 11 and 12. It is not necessary to shift these omnipallets on the
      supporting beams during the loading operation, and hence it is not
      necessary that these omnipallets be equipped with wheels.
PAR  A cargo hold provided with the tween deck structure of this invention and
      loaded with cargo on omnipallets is unloaded by reversing the above
      described procedure.
PAR  The loading of omnipallets of cargo into a hold equipped with the
      embodiment of tween decks illustrated in FIG. 6, and the subsequent
      unloading of such cargo, is carried out in accordance with the above
      described procedure excepting that the omnipallets are shifted on the
      beams transversely of the vessel toward the port or starboard side, and
      the beams are shifted longitudinally of the vessel toward the fore or aft
      bulkhead.
PAR  While various embodiments of the invention have been described, it will be
      obvious to those skilled in the art that it is not so limited, but is
      susceptible of various changes and modifications, which are considered
      within the spirit and scope of the invention as defined in the following
      claims.
CLMS
STM  Having now described our invention, we claim:
NUM  1.
PAR  1. A cargo vessel adapted to haul either bulk cargo or general cargo loaded
      on omnipallets, which comprises:
PA1  a cargo hold formed by the vessel's hull and by bulkheads placed
      transversely of said hull, said cargo hold having a hatch through which
      cargo is loaded and discharged:
PA1  a plurality of pairs of horizontal rails, the members of each pair of rails
      being secured at the same vertical level at opposite sides of said cargo
      hold and said pairs of rails being secured in vertically spaced
      relationship;
PA1  a plurality of parallel beams movably supported between said pairs of rails
      so as to span said cargo hold, means movably supporting said plurality of
      parallel beams for permitting said beams to be individually movable on
      said rails and movable into a position below said hatch to receive cargo
      loaded on omnipallets and then horizontally movable into a storage
      position, and said means further permitting said beams to be optionally
      movable to positions at the sides of said cargo hold to convert the hold
      for bulk storage; and
PA1  a plurality of omnipallets to carry said cargo, said omnipallets being
      positionable on a pair of said beams so as to be supported between said
      beams, at least some of said omnipallets being movable along said beams in
      a direction normal to the direction of movement of said beams.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein said pairs of rails are
      positioned longitudinally of said vessel and said beams are placed
      transversely of said vessel.
NUM  3.
PAR  3. The apparatus defined in claim 1 wherein said pairs of rails are
      positioned transversely of said vessel and said beams are placed
      longitudinally of said vessel.
NUM  4.
PAR  4. The apparatus defined in claim 1 including means to adjust the vertical
      spacing between adjacent pairs of rails.
NUM  5.
PAR  5. The apparatus defined in claim 1 wherein four of said beams are movably
      mounted on each pair of rails.
NUM  6.
PAR  6. The apparatus defined in claim 1 wherein wheel assemblies are mounted at
      each end of said beams to movably support said beams between said rails.
NUM  7.
PAR  7. The apparatus defined in claim 1 including at least two wheels mounted
      at each side of said movable omnipallets to movably support said
      omnipallets between said beams.
NUM  8.
PAR  8. A cargo vessel adapted to haul either bulk cargo or general cargo loaded
      on omnipallets, which comprises:
PA1  a cargo hold formed by the vessel's hull and by bulkheads placed
      transversely of said hull, said cargo hold having a hatch through which
      cargo is loaded and discharged;
PA1  a plurality of pairs of horizontal rails positioned longitudinally of said
      hull, the members of each pair being adjustably secured at the same
      vertical level at opposite sides of said cargo hold so that the vertical
      spacing between adjacent pairs of rails can be varied;
PA1  a plurality of parallel beams positioned transverse of said hull and
      supported between said pairs of rails so as to span said cargo hold, said
      beams having wheel assemblies mounted at each end of said beams to movably
      support said beams between said pairs of rails for permitting said beams
      to be individually movable on said rails in a direction longitudinal of
      said hull and movable into a position below said hatch to receive cargo
      loaded on omnipallets and then movable horizontally into a storage
      position, said beams thus being optionally movable to positions at the
      sides of said cargo hold adjacent to said bulkheads to convert the hold
      for bulk storage; and
PA1  a plurality of omnipallets to carry said cargo positionable on a pair of
      said beams so as to be supported between said beams, at least some of said
      omnipallets having at least two wheels mounted at each side thereof to
      movably support said omnipallets between said beams whereby said
      omnipallets are movable along said beams in a direction normal to the
      direction of movement of said beams.
NUM  9.
PAR  9. The apparatus defined in claim 8 wherein four of said beams are movably
      mounted on each pair of rails.
NUM  10.
PAR  10. A cargo vessel adapted to haul either bulk cargo or general cargo
      loaded on omnipallets, which comprises:
PA1  a cargo hold formed by the vessel's hull and by bulkheads placed
      transversely of said hull, said cargo hold having a hatch through which
      cargo is loaded and discharged;
PA1  a plurality of pairs of horizontal rails positioned transversely of said
      hull, the members of each pair being adjustably secured at the same
      vertical level at opposite sides of said cargo hold so that the vertical
      spacing between adjacent pairs of rails can be varied;
PA1  a plurality of parallel beams positioned longitudinally of said hull and
      supported between said pairs of rails so as to span said cargo hold, said
      beams having wheel assemblies mounted at each end of said beams to movably
      support said beams between said pairs of rails for permitting said beams
      to be individually movable on said rails in a direction transverse to said
      hull and movable into a position below said hatch to receive cargo loaded
      on omnipallets and then movable horizontally into a storage position, said
      beams thus being optionally movable to positions at the sides of said hull
      to convert the hull for bulk storage; and
PA1  a plurallity of omnipallets to carry said cargo positionable on a pair of
      said beams so as to be supported between said beams, at least some of said
      omnipallets having at least two wheels mounted at each side thereof to
      movably support said omnipallets between said beams whereby said
      omnipallets are movable along said beams in a direction normal to the
      direction of movement of said beams.
NUM  11.
PAR  11. The apparatus defined in claim 10 wherein four of said beams are
      movably mounted on each pair of rails.
NUM  12.
PAR  12. A method for loading cargo into a ship's hold which comprises:
PA1  1. placing an omnipallet of cargo on a pair of individually movable
      supporting beams in said ship's hold below a cargo hatch and thereafter
      shifting said omnipallet to one end of said beams;
PA1  2. placing a second omnipallet of cargo on said pair of supporting beams
      and shifting said omnipallet to the opposite end of said beams;
PA1  3. placing additional omnipallets of cargo in intermediate positions on
      said beam;
PA1  4. shifting said pair of beams supporting said omnipallets to one extreme
      side of said cargo hold;
PA1  5. repeating steps (1), (2), and (3) to place additional omnipallets on a
      second pair of beams positioned below said cargo hatch and shifting said
      second pair of individually movable beams suppporting said omnipallets of
      cargo to the opposite side of said hold.
PA1  6. placing an omnipallaet of cargo in a central position on the innermost
      beams of each of said first and second pairs of beams toward the central
      portion of said hold and shifting said omnipallet to one end of said
      beams;
PA1  7. placing a second omnipallet of cargo in a central position on said
      innermost beams and shifting said omnipallets to the opposite end of said
      beams; and
PA1  8. placing additional omnipallets of cargo in intermediate positions on
      said innermost beams.
NUM  13.
PAR  13. The method defined in claim 12 including repeating steps (1) to (8) to
      load a plurality of tiers of cargo.
NUM  14.
PAR  14. The method defined in claim 12 including the step of unloading said
      omnipallets of cargo, and thereafter shifting said beams to a position
      adjacent to the sides of said hold to convert said hold for the loading of
      a bulk cargo.
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ABST
PAL  A steering system that is easily attached to and removed from a canoe
      wherein the system includes a first frame section having adjustable brace
      members and a sling assembly for gripping the end edge of the canoe. A
      second frame section, pivotally secured to the first frame section,
      includes a pair of rudders and associated steering mechanism. A motor
      mount may also be provided on the second frame section for supporting an
      outboard motor such that when an obstacle is encountered beneath the
      surface of the water, the entire second frame section, including rudders,
      steering mechanism and motor, pivots from a downward operative position to
      an upward inoperative position, thereby bypassing the obstacle and
      preventing damage to the system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to steering systems for light
      weight boats or water craft. More particularly, the present invention is
      directed to a steering system which may be advantageously utilized in
      conjunction with any of the many different kinds of canoes presently known
      in the prior art. Such steering systems are generally characterized by the
      presence of at least one rudder which can be pivotally mounted so that it
      may flip up and by-pass any obstructions or obstacles encountered beneath
      the surface of the water, thereby preventing damage to the system. Such
      systems may also include only a pivotal motor mount for securing an
      outboard motor that provides both the steering and propulsion functions
      for the boat.
PAR  It is now well recognized that canoes and similar types of light weight
      water craft are particularly useful for travel over shallow waters which
      may contain rocks, submerged logs and other dangerous obstructions or
      obstacles beneath and close to the water's surface. In order for any
      steering system or motor propulsion means to be utilized with a canoe in
      such waters, it is necessary to provide for a suitable mounting system for
      such devices in order to prevent possible damage thereto due to the
      obstructions and obstacles inevitably encountered. It is further highly
      desirable that the combination of a steering unit and a propulsion unit be
      incorporated within a single system that can be easily attached to and
      removed from the canoe, while simultaneously providing protection to the
      system should obstacles be encountered in the water. Also, because of the
      rather varied structural configurations and shapes in known canoe designs,
      it is highly desirable that any steering or propulsion system be capable
      of sufficient adjustability in order to adapt it for use with any given
      type of known canoe structure.
PAR  2. Description of the Prior Art
PAR  The prior art teaches many examples of systems for securing either a
      steering unit or motor propulsion unit to a canoe. Typical of such systems
      for mounting the motor at the end of a canoe are exemplified by the Nourse
      U.S. Pat. No. 3,601,344, Bartosch et al U.S. Pat. No. 3,645,483 and Hafele
      U.S. Pat. No. 2,475,889. All of these patents basically teach a generally
      rectangular-shaped framework which overlies one end of the canoe and is
      provided with a plate or supporting member for securing an outboard motor
      thereto. The Jones U.S. Pat. No. 2,631,559 discloses a canoe steering
      mechanism which exemplifies those systems incorporating provisions whereby
      the rudder may flip up and by-pass any obstacle or obstructions
      encountered beneath the surface of the water.
PAR  However, these prior art systems and other known similar systems fail to
      recognize that a steering or motor mount system must be provided with a
      wide range of adjustability so that it can conform to the exact
      configuration of any given canoe while simultaneously being capable of
      safe and rigid attachment thereto for actual use. Further, the prior art
      systems fail to recognize the advantage of such an adjustable system which
      also includes provisions for both a steering unit and a motor mount unit,
      whereby the combined units are capable of simultaneously by-passing
      obstacles or obstructions encountered beneath the water.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention serves to overcome the undesirable and
      disadvantageous aspects of related prior art systems by providing for a
      steering system which includes a first frame section that is supported
      across one end of the canoe and carrying therewith a sling assembly which
      is pivotally adjustable for conforming to and gripping the canoe's end
      edge. A pair of longitudinally and pivotally adjustable brace members are
      secured to the first frame section for clamping engagement with the
      gunwales of the canoe. Another pair of longitudinally adjustable brace
      members connect the lower portion of the sling assembly to the first frame
      structure. A second frame structure carrying a steering mechanism in the
      form of two rudders and a motor mount member for supporting an outboard
      motor is pivotally secured to the first frame section for movement between
      a downward operative position and an upward inoperative position. The
      rudders are controlled by a pair of rudder shafts which may be rotated by
      any known conventional control means. The rudder shafts are supported
      within housings and are mounted for coordinated simultaneous rotation
      through a parallel linkage assembly. The lower portion of the sling
      assembly is connected to the second pair of adjustable brace members
      through a horizontal rod that also serves as a stop means for the second
      frame section in its downward operative position.
PAR  It is therefore an object of the present invention to provide for a
      steering system that can be adjusted to conform to the configuration of
      any canoe with which it is being utilized.
PAR  It is another object of the present invention to provide for a steering
      system for a canoe which system also includes a motor mount unit for
      supporting an outboard motor in combination with a steering unit.
PAR  It is a further object of the present invention to provide for a steering
      system for a canoe wherein the steering unit may pivot upwardly and
      by-pass any obstruction or obstacle encountered beneath the surface of the
      water, thereby preventing damage to the system.
PAR  It is a yet further object of the present invention to provide for a
      steering system for a canoe wherein the combination of a steering unit and
      an outboard motor unit utilized in conjunction therewith may automatically
      by-pass any obstruction or obstacle beneath the surface of the water.
PAR  It is yet still another object of the present invention to provide for a
      strong steering system which can be quickly attached to or removed from a
      canoe having any given configuration without altering the physical
      structure of the canoe.
PAR  These and other objects of the present invention will be apparent from the
      following description and appended claims, reference being made to the
      accompanying drawings forming a part of this specification wherein like
      reference characters designate corresponding parts in the several views.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary plan view of the steering system of the present
      invention as attached to a canoe, the brace members of the device being
      shown in phantom lines in an unassembled position;
PAR  FIG. 2 is a fragmentary side elevational view of the steering system of
      FIG. 1 with the steering unit and motor mount unit being shown in a
      somewhat raised position in phantom lines;
PAR  FIG. 3 is a fragmentary vertical sectional view taken along the line 3--3
      of FIG. 2;
PAR  FIG. 4 is a rear elevational view, partly broken away, of the devide shown
      in FIGS. 1 and 2;
PAR  FIG. 5 is a fragmentary horizontal sectional view taken along line 5--5 of
      FIG. 2; and
PAR  FIG. 6 is a fragmentary vertical sectional view taken along the line 6--6
      of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As seen in FIGS. 1 and 2, the steering system 1 of the present invention is
      shown attached to a canoe 3 of any given type or configuration. The system
      1 includes a first frame section 5 that is supported across the end of
      canoe 3 by means of a transverse member 7 which may take the form of a
      flat plate or strap. The rearward portion of frame section 5 is provided
      with a rod 9 journaled therethrough and secured in place by means of
      internally threaded bolts 11 or similar latching means permitting easy
      securing and removal of rod 9 from frame section 5. A sling assembly 13 is
      supported by rod 9 which is journaled within the upper end of assembly 13.
      A plurality of C-shaped brackets 15, 17 and 19 are provided on sling
      assembly 13 for gripping engagement with the edge portion 21 of canoe 3.
      As is apparent in FIG. 2, the uppermost bracket 15 is rigidly secured to
      member 7 by welding or the like. The brackets 17 and 19 may be pivotally
      attached to sling assembly 13 through bolts or similar mounting means 17a
      and 19a, respectively. As is noted in FIG. 2, sling assembly 13 comprises
      an upper portion 13a which is rigid and a lower portion 13b which is
      pivotally secured thereto by the pivot connection 17a of bracket 17. In
      this manner, the pivoting actions of brackets 17, 19 and lower portion 13b
      of sling assembly 13 permit the entire assembly to conform to the edge
      configuration of any given canoe.
PAR  Extending forwardly of the frame section 5 are a pair of longitudinal brace
      members 23 and 25 pivotally secured to frame section 5 for lateral
      movement by bolts 27 and 29. Brace members 23 and 25 may be in the form of
      telescopic channel-shaped members provided with a plurality of
      corresponding longitudinally spaced holes or apertures 24 and 26 which
      permit longitudinal adjustment by means of lock bolts 31 and 33. The ends
      of brace members 23 and 25 are provided with pressure plates 35 and 37
      pivotally secured thereto by bolts 39 and 41, respectively. As is shown in
      FIG. 1 in phantom lines, brace members 23 and 25 may be laterally pivoted
      and adjusted to conform to the width of any given canoe. Similarly,
      pressure plates 35 and 37 may also pivot to press against and assume the
      exact curvature or configuration of the canoe's gunwales 43 and 45.
PAR  As is shown in FIG. 3, a clamping means 47 including arms 49 and 51 is
      connected to brace members 23 and 25 through bolts 39 and 41. Arms 49 and
      51 are provided with downwardly depending flanges 53 and 55 which are
      joined by a threaded bolt 57 and nuts 59 and 61. A handle 63 is provided
      on the end of bolt 57 through which pressure may be applied to draw
      flanges 53 and 55 closer together, thereby forcing pressure plates 35 and
      37 firmly against the gunwales 43 and 45 of the canoe 3.
PAR  A second frame section 65 is pivotally secured to first frame section 5 by
      rod 9 which is journaled within holes 67 and 69 provided in frame section
      65. A pair of rudder shafts 71 and 73 are mounted within a pair of shaft
      housings 75 and 77 secured to second frame section 65 as an integral
      portion thereof. The lower end of rudder shafts 71 and 73 are provided
      with rudders 79 and 81. The upper ends of rudder shafts 71 and 73 are
      provided with rotatable steering arms 83 and 85 which, through any known
      conventional steering control means, serve to impart rotative motions to
      rudder shafts 71 and 73, thereby directing the position of rudders 79 and
      81. Examples of control means suitable for operating steering arms 83 and
      85 are disclosed by the Caton et al U.S. Pat. No. 3,844,243, which patent
      and its disclosure are herewith being incorporated by reference thereto.
PAR  As is more clearly shown in FIG. 5, steering arms 83 and 85 control the
      rotative movements of shafts 71 and 73 through a parallel linkage assembly
      that includes pivotal plates 87, 89 and 91. Plates 87 and 91 are rigidly
      secured to shafts 71 and 73. Plates 87 and 89 are joined by a linkage rod
      93 and plates 91 and 89 are joined by a linkage rod 95. As is therefore
      apparent, any rotative motion imparted to either of the steering arms 83
      or 85 will impart a similar and parallel rotative movement to the opposite
      steering arm through the parallel linkage comprising pivotal plates 87, 89
      and 91 and linkage rods 93 and 95. Pivotal plate 89, mounted midway
      between plates 87 and 91 is pivotally secured to the upper end of a
      vertical brace rod 97 which joins two horizontal channel braces 99 and
      101. As is evident in FIG. 4, braces 99 and 101 impart rigidity and
      strength to rudder shaft housings 75 and 77 to which they are secured.
PAR  Referring more particularly now to FIGS. 2, 4 and 6, the lowermost portion
      of sling assembly 13 is joined to first frame section 5 through a second
      pair of longitudinal brace members 103 and 105 which may assume the same
      structural characteristics for longitudinal adjustment as was previously
      described for brace members 23 and 15, i.e., adjustment bolts 104 and 106.
      A horizontal rod 107 is rotatably journaled through the bottom portion of
      sling assembly 13 and has its ends rotatably secured through the lower
      portions of brace members 103 and 105. Internally threaded bolts 109 or
      similar fastening may be utilized to secure rod 107 in place in the manner
      previously described for rod 9. The upper ends of brace members 103 and
      105 are pivotally secured to downwardly depending sections 113 and 115 of
      first frame section 5 by means of bolts 117 and 119, respectively. As is
      shown in FIG. 2 and more particularly in FIG. 6, shaft housings 75 and 77
      are provided with an additional cross brace 121. In its downward operative
      position, brace 121 of second frame section 65 makes abutting contact with
      rod 107 which acts as a stop means against which section 65 is abutted.
PAR  Referring now to FIGS. 4 and 5, a motor mount unit 123 may be secured to
      second frame section 65 by means of cross braces 125 and 127. The unit 123
      may include a flat plate of wood 129 provided with a peripheral metal
      flange 131 secured thereto by bolts 133 for added strength. As seen in
      FIG. 2, an outboard motor 135 of conventional design may be clamped onto
      motor mount unit 123 for use in conjunction with the entire steering
      system of the present invention.
PAR  The entire construction of the steering system of the present invention,
      including brace members, cross braces, shaft housings and the like may be
      wholly of metal or partly of metal and other suitable materials. The parts
      may be bolted, welded, glued or secured together by any well known and
      suitable connection method or means which will serve to impart strength
      and rigidity to the overall system for its intended use. Because of the
      aquatic environment in which the steering system of the present invention
      is to be utilized, it is advantageous that the construction thereof be
      based upon aluminum or similar non-oxidizing metal parts which will impart
      a high degree of overall strength and stability to the system without the
      disadvantage of rust and corrosion.
PAC  MODE OF OPERATION
PAR  The steering system of the present invention may be attached to any given
      canoe 3 by placing member 7 of first frame section 5 across the upper
      gunwales of an end of canoe 3. The sling assembly 13 is fitted and
      adjusted to conform to the end edge 21 of canoe 3 by pivoting lower
      portion 13b of sling assembly 13 at point 17a through longitudinal
      adjustments of brace members 103 and 105 such that C-shaped brackets 15,
      17 and 19 are brought into gripping engagement with end edge 21 of canoe
      3. Brace members 23 and 25 are then pivoted laterally about bolts 27 and
      29 such that pressure plates 35 and 37 come into fitting engagement with
      the side contours of gunwales 43 and 45. Arms 49 and 51 are then pivoted
      about bolts 39 and 41 into a position transverse of the canoe's
      longitudinal axis. Threaded bolt 57 may then be manually tightened through
      handle 63 so that downwardly depending flanges 53 and 55 are brought
      closer together, thereby exerting pressure against side portions of
      gunwales 43 and 45 through plates 35 and 37, respectively. An outboard
      motor 135 of conventional design may be clamped onto motor mount unit 123.
      The entire steering system of the present invention is now ready for use
      in travelling over water which may contain obstacles and obstructions.
PAR  Should the rudder shaft 71 and 73 encounter an obstacle in the water, the
      entire second frame section 65, including motor, rudders and steering
      mechanism, being pivotally journaled to rod 9 at 67 and 69, is raised to
      an upward inoperative position, thereby by-passing the obstacle in the
      water. When the obstacle has been cleared, the weight of the entire second
      frame section 65 causes it to pivot downwardly until channel 121 strikes
      rod 107, thereby placing the entire system in an operative position again.
      It is to be understood that the form of the invention herewith shown and
      described is to be taken as a preferred example of the same, and that
      various changes in the shape, size and arrangement of parts may be
      resorted to, without departing from the spirit of the invention or scope
      of the subjoined claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A steering system for a canoe comprising, in combination:
PA1  A. a first frame section for support across an end of the canoe,
PA1  B. a first pair of longitudinally adjustable brace members secured to the
      first frame section for engagement with the gunwales of the canoe,
PA1  C. a pivotally adjustable sling assembly secured at its upper portion to
      the first frame section for conforming engagement with the end edge of the
      canoe,
PA1  D. a second pair of longitudinally adjustable brace members connecting the
      lower portion of the sling assembly to the first frame section, and
PA1  E. a second frame section pivotally connected to the first frame section
      for movement between an upper inoperative position and a lower operative
      position.
NUM  2.
PAR  2. The system of claim 1 wherein the sling assembly includes:
PA1  A. a pivotal connection between its upper and lower portions, and
PA1  B. a plurality of C-shaped brackets for gripping the end edge of the canoe.
NUM  3.
PAR  3. The system of claim 1 wherein the second frame section includes:
PA1  A. a pair of rudder shafts,
PA1  B. a rudder secured at the lower end of each shaft,
PA1  C. a steering arm secured to the upper end of each shaft for imparting
      rotative motion thereto, and
PA1  D. a pair of housings supporting the shafts for rotational movement.
NUM  4.
PAR  4. The system of claim 1 wherein the second frame section further includes
      a motor mounting member.
NUM  5.
PAR  5. The system of claim 3 wherein the rudder shafts are joined for
      simultaneous rotational movement by means of a parallel linkage assembly.
NUM  6.
PAR  6. The system of claim 1 wherein the first pair of brace members are
      pivotally secured to the first frame section and include clamping means at
      the ends thereof for detachable connection with the gunwales of the canoe.
NUM  7.
PAR  7. The system of claim 6 wherein the clamping means includes:
PA1  A. a pair of pressure plates for engaging the gunwales, and
PA1  B. a threaded bolt and nut assembly for tightening the plates against the
      gunwales.
NUM  8.
PAR  8. A steering system for a canoe comprising, in combination:
PA1  A. a first frame section for support across an end of the canoe,
PA1  B. a first pair of longitudinally adjustable brace members secured to the
      first frame section for engagement with the gunwales of the canoe,
PA1  C. a sling assembly secured at its upper portion to the first frame section
      for engagement with the end edge of the canoe,
PA1  D. a second pair of longitudinally adjustable brace members connecting the
      lower portion of the sling assembly to the first frame section,
PA1  E. a second frame section pivotally connected to the first frame section
      for movement between an upper inoperative position and a lower operative
      position, and
PA1  F. a horizontal rod connecting the second pair of longitudinally adjustable
      brace members to the lower portion of the sling assembly, which horizontal
      rod also serves as an abutment means for the second frame section in its
      downward operative position.
NUM  9.
PAR  9. A steering system for a canoe comprising, in combination:
PA1  A. a first frame section for support across an end of the canoe,
PA1  B. a first pair of longitudinally adjustable brace members secured to the
      first frame section for engagement with the gunwales of the canoe, which
      first pair of brace members each include:
PAR  1. a pair of telescoping members provided with corresponding apertures, and
PA2  2. a locking bolt detachably secured within the corresponding apertures to
      maintain the telescoping members in their desired longitudinal adjustment,
PA1  C. a sling assembly secured at its upper portion to the first frame section
      for engagement with the end edge of the canoe,
PA1  D. a second pair of longitudinally adjustable brace members connecting the
      lower portion of the sling assembly to the first frame section, which
      second pair of brace members each include:
PA2  1. a pair of telescoping members provided with corresponding apertures,
PA2  2. a locking bolt detachably secured within the corresponding apertures to
      maintain the pair of telescoping members in their desired longitudinal
      adjustment, and
PA1  E. a second frame section pivotally connected to the first frame section
      for movement between an upper inoperative position and a lower operative
      position.
NUM  10.
PAR  10. A steering system for a canoe comprising, in combination:
PA1  A. a first frame section for support across an end of the canoe, which
      first frame section includes:
PA2  1. a pair of rudder shafts joined for simultaneous rotational movement by a
      parallel linkage assembly including a plurality of pivotal plates and a
      plurality of linkage rods joining the pivotal plates,
PA2  2. a rudder secured at the lower end of each shaft,
PAR  3. a steering arm secured to the upper end of each shaft for imparting
      rotational motion thereto, and
PA2  4. a pair of housings supporting the shafts for rotational movement,
PA1  B. a first pair of longitudinally adjustable brace members secured to the
      first frame section for engagement with the gunwales of the canoe,
PA1  C. a sling assembly secured at its upper portion to the first frame section
      for engagement with the end edge of the canoe,
PA1  D. a second pair of longitudinally adjustable brace members connecting the
      lower portion of the sling assembly to the first frame section, and
PA1  E. a second frame section pivotally connected to the first frame section
      for movement between an upper inoperative position and a lower operative
      position.
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ABST
PAL  The portable water bailing device of the present invention includes a
      housing having a plurality of openings therein adjacent the lower end
      thereof. Within the housing is a water pump connected to a tube for
      directing the water from the bottom of the boat outwardly over the edges
      thereof. The water pump is driven by a direct current motor which is
      connected in series with a battery. Also in series with the battery and
      motor is a limit switch which is actuated by a float within the housing.
      As the water rises within the housing, the float actuates the switch which
      in turn actuates the pump.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a portable water bailing device for boats.
PAR  Many water bailing devices have been provided for boats, but they are
      either manually operated or are extremely complicated and cumbersome in
      construction. Many of these prior devices include alternating current
      motors which must be connected to an outside source of electricity. These
      alternating current devices are not usually portable and must be connected
      to a wall plug or other outside source of electricity.
PAR  The present invention provides a simple portable device which may be placed
      in the bottom of the boat for removing the water therefrom. The device is
      automatic and is triggered by a rise of water in the bottom of the boat.
      The device is operated by direct current and therefore does not require a
      wall outlet as is the case with many presently known devices for bailing
      water out of boats.
PAR  Therefore, a primary object of the present invention is the provision of a
      portable water bailing device for a boat.
PAR  A further object of the present invention is the provision of a device
      which may be utilized in the boat when the boat is not readily accessible
      to a source of alternating current.
PAR  A further object of the present invention is the provision of a device
      which may be utilized in the boat when the motor is not operating and when
      the boat is away from shore.
PAR  A further object of the present invention is the provision of a device
      which may be easily to moved to various portions of the boat wherever it
      is needed.
PAR  A further object of the present invention is the provision of a device
      which is economical to manufacture, durable in use, and attractive in
      appearance.
DRWD
PAC  BRIEF DESCRIPTION OF THE VIEWS OF THE DRAWINGS
PAR  This invention consists in the construction, arrangements and combination
      of the various parts of the device, whereby the objects contemplated are
      attained as hereinafter more fully set forth, specifically pointed out in
      the claims, and illustrated in the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the device.
PAR  FIG. 2 is a sectional view of the device as used in the bottom of a boat.
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 1.
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, the water bailing device of the present
      invention is generally designated by the numeral 10. Device 10 includes a
      housing 12 having a plurality of vertical side walls 14, a top wall 16,
      and a bottom wall 18. Bottom wall 18 is spaced slightly upwardly from the
      lower edges of side walls 14. A plurality of side apertures 20 extend
      through the lower edges of side walls 14 so as to provide communication to
      the lower surface of bottom wall 18. Bottom wall 18 includes a plurality
      of apertures 22 therein for permitting water to enter into the interior of
      compartment 24 which is formed by housing 12. A pump inlet opening 26 is
      also provided in bottom wall 18.
PAR  Within compartment 24 is a pump 28 comprising a pump housing 30 having a
      cylindrical chamber 32 therein. Rotatably mounted within cylindrical
      chamber 32 is a rotor blade 34 which rotates about the cylindrical axis of
      chamber 32 and which is connected to a direct current motor 36.
PAR  Cylindrical chamber 32 of pump 28 includes an inlet opening 38 at opening
      which is in registered alignment with pump inlet opening 26 of bottom wall
      18. Chamber 32 also includes a tangentially extending outlet opening 40
      which is connected to a tube 42.
PAR  Also within compartment 24 is a limit switch 44 held in position by a
      bracket 46. Limit switch 44 includes a switch arm 48. Switch 44 is
      normally biased to an open position, but switch arm 48 may be moved
      upwardly to cause switch 44 to move to a closed position. Switch 44 and DC
      motor 36 are connected in series with a battery 50 (FIG. 2).
PAR  A float device 52 is also mounted within housing 12. Float device 52
      includes a vertically extending rod 54 which is slidably mounted to a pair
      of brackets 56 for vertical sliding movement. The lower end of rod 54
      includes a float 58, and the upper end of rod 54 extends outwardly through
      top wall 16 of housing 12. A flange 60 is positioned intermediate the ends
      of rod 54 adjacent switch arm 48. Rod 54 is movable from a lower position
      wherein switch 44 is in an open position to an upper position wherein
      flange 60 lifts switch arm 48 upwardly and moves switch 44 to its closed
      position.
PAR  In operation, device 10 is placed in the bottom of a boat 62 having a
      bottom wall 64, side walls 66, a transom 68 and gunwales 70. Device 10 is
      positioned so that the bottom edges of its walls are in communication with
      any water that may be in the bottom of the boat. The device is connected
      to a direct current power source such as battery 50 and tube 42 is
      positioned so that it extends upwardly over the transom or gunwales of the
      boat. Because switch 44 is normally in an open position, the device is not
      actuated unless the water within compartment 24 rises sufficiently high to
      lift float 58 to its upper position. When float 58 moves to its upper
      position, it causes switch 44 to move to its closed position, thereby
      actuating the motor 36 and pump 28. As pump 28 lowers the water within the
      boat, the water lowers correspondingly within compartment 24 thereby
      causing float 58 to lower and return switch 44 to its open position.
PAR  The device of the present invention may be moved anywhere in the boat where
      it is desirable to remove water. It is easily portable, and it has a
      minimum of weight. Furthermore, the device may be utilized anywhere that
      the boat may be, whether it be at a dock or whether it be out away from
      shore. The device operates automatically and does not require that the
      owner be present. Thus it may be placed in the boat when the owner is away
      from the boat, and it will automatically remove the water therefrom. Thus
      it can be seen that the device accomplishes at least all of its stated
      objectives.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable water bailing device for a boat having a bottom wall and
      gunwales above said bottom wall, said device comprising:
PA1  a housing having sidewalls, a top wall and a bottom wall forming a
      compartment, said bottom wall being spaced upwardly from the lower edges
      of said sidewalls, said lower edges of said sidewalls being provided with
      a plurality of apertures therein positioned below said bottom wall;
PA1  a water pump mounted within said housing, said water pump having a
      cylindrical chamber therein with an inlet opening and an outlet opening,
      said outlet opening extending tangentially outwardly from the cylindrical
      wall of said cylindrical chamber;
PA1  said housing having at least one opening at the lower end thereof for
      permitting water to enter said compartment;
PA1  a flat blade being rotatably mounted within said cylindrical chamber of
      said pump for rotation about the cylindrical axis of said chamber;
PA1  a direct current motor drivingly connected to said blade;
PA1  a limit switch within said compartment and movable between open and closed
      positions, said limit switch being normally biased toward to its open
      position;
PA1  said limit switch having a switch arm thereon which is movable upwadly to
      cause said switch to move to said closed position;
PA1  a direct current power source connected in series with said limit switch
      and said direct current motor;
PA1  float means movably mounted within said compartment for vertical movement
      from a lower position to an upper position;
PA1  said float means comprising a vertically extending rod having a float on
      the lower end thereof and a flange positioned intermediate the ends
      thereof, the upper end of said rod extending through said top wall of said
      housing for grasping;
PA1  said limit switch arm being in engagement with said flange of said rod
      whereby said flange will move said switch arm upwardly to close said
      switch whenever said float moves to said upper position; and
PA1  tube means connected to said outlet of said pump for directing water from
      said pump upwardly over said gunwales of said boat.
PATN
WKU  039410749
SRC  5
APN  4581148
APT  1
ART  315
APD  19740405
TTL  Amphibious bus
ISD  19760302
NCL  6
ECL  1
EXA  Basinger; Sherman D.
EXP  Halvosa; George E. A.
NDR  5
NFG  14
INVT
NAM  Millerbernd; Paul A.
CTY  Winsted
STA  MN
ZIP  55395
CLAS
OCL  115  1A
XCL  180 24
XCL  180 2411
XCL  180 44F
XCL  280 4323
EDF  2
ICL  B60F  300
FSC  115
FSS  1 R;1 A
FSC    9
FSS  1 R;1 T
FSC  180
FSS  119;44 F;24;24.11
FSC  280
FSS  43.23
UREF
PNO  1634932
ISD  19270700
NAM  Cook
OCL  115  1A
UREF
PNO  3161246
ISD  19641200
NAM  Meeker et al.
OCL  115  1R
UREF
PNO  3193851
ISD  19650700
NAM  Fiebelkorn
OCL    9  1T
UREF
PNO  3308782
ISD  19670300
NAM  Dahl
OCL  115  1R
ABST
PAL  A bus is provided which may be driven over highways and freeways in the
      usual manner. The bus is equipped with elongated wheel housings which are
      pivoted to opposite side walls to swing from a horizontal position to a
      vertical position. When in horizontal position the sides of the elongated
      wheel housing form decks extending along opposite sides of the bus, the
      low hung hull forming the bottom of the bus supporting the bus in the
      water. When the wheel housings are swung into vertical position, the
      wheels carried thereby extending vertically to support the amphibious bus
      on land.
BSUM
PAR  This invention relates to an improvement in Amphibious Buses and deals
      particularly with a vehicle capable of traveling over water and over land
      with equal ease.
PAC  BACKGROUND OF THE INVENTION
PAR  Much time and money has been spent in the development of a vehicle which
      will travel over the highways and over the water with equal ease. For
      example, U.S. Pat. No. 1,602,812 issued Oct. 12, 1926 to Cook discloses a
      land and water craft having pontoons at opposite sides of the body which
      may be pivoted between two extreme positions. When the pontoons are in
      lowered position, the draft of the vehicle is changed so as to raise and
      lower the position of the craft and the body. Wheels supported by the
      pontoons are swung into substantially vertical position so that the
      vehicle may be driven onto land by the wheels. When the pontoons are swung
      into the opposite extreme position, and the vehicle settles to a greater
      extent in the water for traveling over the surface of the water. Means are
      provided for propelling the vehicle over the surface of the water or
      driving the craft over the surface of the water.
PAR  U.S. Pat. No. 2,981,221 3,982,221 issued Apr. 25, 1961 to J. Gillois et al
      also shows a body which is mounted upon wheels and which is provided with
      pontoons on each side of the body. The pontoons are of the inflatable
      type, and when inflated, support the vehicle on the surface of the water.
      When deflated, the pontoons are collapsed so as to decrease the width of
      the vehicle when the vehicle is traveling on land. Numerous other such
      amphibious self propelled vehicles have been developed in more recent
      years.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention involves an amphibious vehicle having an elongated
      body including a hull integral with the body which acts to support the
      vehicle when on the surface of the water. Wheel housings are hingedly
      connected to opposite sides of the body and act to support a series of
      wheels designed to support the vehicle when traveling on land. The wheel
      housings, in one extreme position, are supported with the wheels
      projecting below the housings in position to support the vehicle for
      traveling over the land. When in the other extreme position, the wheel
      housings extend outwardly from the body of the vehicle in substantially
      horizontal position, so that the housings may form decks extending on
      opposite sides of the vehicle body. When in this position, the wheel
      housings communicate with a rear deck projecting rearwardly from the body
      of the vehicle.
PAR  A further feature of the present invention resides in the position of a
      front platform hinged to the front of the vehicle body and swingable from
      a position in substantially vertical relation in front of the bus body to
      an elevated position in which the platform is substantially horizontal,
      the platform forming a front deck substantially coplanar with the upper
      surfaces of the wheel housings.
PAR  A further feature of the present invention resides in the provision of
      corner forming platforms hingedly connected along opposite sides of the
      front platform. These corner forming platforms are foldable into a
      position between the front platform and the front of the vehicle when the
      front platform is in its vertical position. The corner forming platforms
      are also swingable in their other extreme positions so that the upper
      surfaces thereof are substantially coplanar with the upper surfaces of the
      front platform and the upper surface of the wheel housings to form a
      continuous deck along the front and sides of the body when the vehicle is
      in the water.
PAR  A further feature of the present invention resides in the provision of side
      railings which are hingedly connected to the wheel housings along
      longitudinal axes which extend along the outer edges of the wheel housings
      when these housings are in horizontal position. When the wheel housings
      are in the one extreme position employed when the bus in traveling over
      the surface of the land, these railings fold against the outer surfaces of
      the wheel housings and in substantially face contact therewith.
PAR  An added feature of the present invention resides in the provision of a
      front railing hingedly connected to the front platform and which is
      foldable between two extreme positions. When the front platform is in
      lowered positions, these front railings extend vertically along the front
      of the front platform and in substantial contact therewith. In the raised
      position of the front panel, the front railing is foldable upwardly from
      the forward edge of the front platform. When railings are provided along
      the front platform and the wheel housings, auxiliary corner railing
      portions may be provided to connect the sides of the front railing to the
      forward ends of the side railings to provide a continuous railing
      extending across the front platform, the corner forming platforms, and the
      wheel housings to form a protection for the substantially U-formed deck
      which is provided when the front platform and the wheel housings are in
      raised horizontal position.
PAR  Another feature of the present invention resides in the provision of means
      supporting the front wheels of the vehicle for pivotal movement about
      vertical axes, and means connected to these means for steering the front
      wheels in unison.
PAR  A feature of the preferred form of the invention lies in the provision of
      an engine which may drive the vehicle on land or over the water. In its
      preferred form, the engine develops hydraulic pressure connected to
      individual hydraulic motors in the wheels. In preferred form, the engine
      also drives a jet propulsion means at the stern of the vehicle to propel
      the vehicle over the water.
PAR  A feature of a modified form of construction lies in the provision of an
      engine within the body of the vehicle which is adapted to provide power
      for driving the vehicle over the surface of the water and for driving at
      least one pair of wheels for supporting the vehicle for movement over the
      land. Clutches are provided connected to this pair of wheels which connect
      the wheels of this pair to the engine when said wheel housings are in
      vertical position, and disconnect the wheels of this pair from the engine
      when the wheel housings are elevated into horizontal position.
PAR  These and other objects and novel features of the present invention will be
      more clearly and fully set forth in the specification and Claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of my amphibious bus in position for traveling
      over the water.
PAR  FIG. 2 is a front elevational view of my bus when in position on the water.
PAR  FIG. 3 is a rear elevational view of the amphibious bus in position for
      traveling over the water.
PAR  FIG. 4 is a perspective view of the amphibious bus in position for
      traveling over the land.
PAR  FIG. 5 is a side elevational view of the bus, a portion of one of the wheel
      housings being cut away to disclose the wheel supports.
PAR  FIG. 6 is a side elevational view through one of the wheel housings showing
      the manner in which the front wheels are supported.
PAR  FIG. 7 is a detailed view showing the manner in which the rear wheels are
      supported.
PAR  FIG. 8 is a diagrammatic view showing the steering apparatus.
PAR  FIG. 9 shows diagrammatically the hydraulic system of the vehicle.
PAR  FIG. 10 is a top plan view showing diagrammatically one of the rear wheel
      supports.
PAR  FIG. 11 is a diagrammatic view of one of the wheel motors.
PAR  FIG. 12 is a partial front elevational view of my bus showing the detail of
      one of the corner forming platforms in raised position.
PAR  FIG. 13 is a diagrammatic vertical view in section of an alternate means
      for driving the rear wheels of the vehicle.
PAR  FIG. 14 is a diagrammatic transverse sectional view through a portion of
      the wheel driving structure, the position of the section being indicated
      by line 15--15 of FIG. 14.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Many sheets of drawings would be required to illustrate all details of the
      present amphibious bus, and the Figures are, for the most part, shown
      diagrammatically in an effort to simplify the illustration. In general,
      the vehicle which is indicated in general by the letter A includes an
      elongated body having a central hull which extends throughout the length
      thereof intermediate its sides. The body is indicated in general by the
      numeral 10 and is provided with a front 11 equipped with a suitable
      headlight 12 and suitable window 13 extending transversely of the front
      and adjoining portions of the side walls 14 as indicated at 15. Additional
      windows such as 16 may be provided near the rear ends of the sides and on
      the back as indicated in FIG. 3. An access door 17 is provided in the rear
      wall 19. The elongated hull is indicated generally by the numeral 20. The
      bus body 10 is provided with a roof or top 21 indicated in FIGS. 1, 2 and
      4 of the drawings, and in the arrangement illustrated, upwardly and
      outwardly inclined railings 22 are provided as the junction of the top 21
      and the sides 14.
PAR  Wheel housings which are illustrated in general by the numeral 23 include
      upper walls or flanges 24 which are hingedly connected at 25 (see FIGS. 2
      and 3) to the under surface 26 of a horizontal offset between the upper
      portion of the body 10 and the hull 20. The wheel housings 23 are provided
      with outer panels 27 which form the outer walls of the wheel housings 23
      when the wheel housings 23 are in vertical positions as indicated in FIG.
      4 of the drawings. These outer panels 27 form the side decks of the
      vehicle when the wheel housings 23 are in their other extreme position or
      in horizontal position extending outwardly from the body sides 14 as
      indicated in FIGS. 1 and 2 of the drawings. A pair of front wheels 29 are
      supported in the wheel housings in a manner which will be described, and
      two pairs of rear wheels 30 and 31 are supported to project below or
      beyond the outer side plates 27 in a manner which is also diagrammatically
      illustrated.
PAR  As indicated in FIGS. 5 and 6 of the drawings, and also shown in FIG. 8 of
      the drawings, the front wheels 29 are supported by semi-yokes 32 having
      flanges 33 which extend vertically and right angular flanges 34 at the
      ends thereof which are uppermost when the wheels are in vertical land
      driving position. The flanges 34 of the semi-yokes 32 are pivotally
      connected to supporting arms 35 by shafts 36 which extend vertically
      through bearings (not illustrated) in the arms 35, the bearings and shafts
      extending substantially vertically in the vertical position of the wheel
      housings. The arms 35 are supported by horizontally extending pivots 38
      and are limited in their pivotal movement by brackets 37. Springs 39 are
      supported between the forward ends of the arms 35 and the top flanges 24
      of the wheel housings to cushion the movement of the arms 35 when the
      vehicle is resting upon the supporting wheels 29, 30 and 31. In other
      words, the springs 39 are shown to represent shock absorbers to lessen the
      shocks imposed upon the front wheels 29 as the vehicle travels on land.
PAR  The manner in which the rear wheels 30 and 31 are supported is also
      diagrammatically illustrated in FIGS. 5, 7 and 10 of the drawings. The
      foremost rear wheels 30, as shown in these Figures, are pivoted to one end
      40 of the arms 41 pivotally attached at 42 to each wheel housing 23. Each
      arm 41 extends through a fixed bracket 43 on the wheel housing to limit
      the pivotal movement of the arm 41. A compression spring 44 represents a
      shock absorber between the angularly turned end 45 and the arm 41.
PAR  As indicated in FIG. 5 of the drawings, a similar arm 46 is hinged to the
      wheel housing 23 at 47 and is hinged to the motor shaft 49 of the drive
      motor, which will be described, and a spring 50 is interposed between a
      horizontal end 51 of the pivot limiting bracket 52 mounted upon the wheel
      housing 23.
PAR  The springs 44 and 50 are shown merely to indicate that the swinging
      movement of the wheel supporting arms 41 and 46 is dampened by suitable
      means to cushion the movement of the vehicle body 10, and to indicate that
      each of the wheels is supported in a manner to cushion the ride.
PAR  A hydraulic steering motor 55 is secured in any suitable manner to the
      front 11 of the vehicle A, the motor 55 including opposed shafts 56, each
      connected to one end of a corresponding universal joint 57, the other end
      of each of which is connected to a different one of a pair of shafts 59.
      The shafts 59 are each in telescoping relation to one of a pair of a
      cooperable hollow shafts 60. The hollow shaft 60 on each side of the
      center of the bus body is connected to a bevel gear 61 which is in mesh
      with a cooperable bevel gear 62 mounted at the upper end of each pivot
      shaft 36. In the particular construction illustrated, the unit containing
      each set of bevel gears 61 and 62 is of a somewhat unusual type known to
      the trade as "Gray & Prior Hinged Gear Joint" produced by the Gray & Prior
      Machine Company of Hartford, Conn. In this construction the bracket
      connecting the bevel gears is hinged, and the bevel gears 61 and 62 are
      provided with intermeshing generally hook-shaped teeth which permit the
      bevel gears to interengage while the supporting shafts swing from a
      generally right angular relationship as shown in FIG. 8 of the drawings to
      substantial alignment as indicated in FIG. 2 of the drawings. In any
      event, the rotation of the shafts 56 and either direction will cause a
      corresponding rotation of the shafts 36 extending through the forward ends
      of the arms 35, swinging the semi-yokes 33 supporting the front wheels 29
      in a direction to turn the wheels 29 in unison.
PAR  The wheel housings 23 are swung from one extreme position in which the
      various supporting wheels are vertical and supported on substantially
      horizontal axes to another extreme position indicated in FIGS. 1 and 2
      where the various supporting wheels extend horizontally and the wheel axes
      are substantially vertical. This pivotal movement may be accomplished by
      cylinder and piston devices diagrammatically shown at 63 in FIG. 2 of the
      drawings. One end of the cylinder piston arrangement 63 is hingedly
      connected at 64 to the wall of the hull 20 while the other end is
      connected to a bracket 65 on each wheel housing.
PAR  As is best illustrated in FIG. 1 and 4 of the drawings, a front platform 66
      is pivotally connected along a hinge line 67 to the front of the bus. This
      platform has been omitted in FIG. 5 to simplify the showing thereof. The
      platform 66 is swingable from a generally vertical position indicated in
      FIG. 4 to a generally horizontal position as indicated in FIG. 1. When in
      the position indicated in FIG. 1, the upper surface of the platform 66 is
      substantially coplanar with the panels 27 of wheel housings 23 in raised
      position of these housings. To fill in the gaps between the forward ends
      of the raised wheel housings 23 and the sides of the platform 66, corner
      forming platforms 69 of generally triangular shape are foldably connected
      to the side edges 70 of the front platform 66, these corner forming
      platforms being indicated in FIG. 1 and FIG. 12 of the drawings. The
      hinges 68 connecting the front panel 66 and the corner forming panels 69
      are illustrated in FIG. 12 and the means of locking the corner forming
      panels in coplanar relation with the front platform 66 and the panel 27 of
      the wheel housings 23 is not shown, the manner in which the corner forming
      panels are connected to the forward ends of the wheel housing 33 being
      believed obvious to a person skilled in the art.
PAR  Side railings 71 are hingedly connected along longitudinally spaced pivot
      sleeves 72 to the outer side plates 27 of the wheel housings 23. The upper
      rail 73 on each railing 71 is supported by series of generally V-shaped
      supporting brackets 74. The brackets 74 are pivoted at 72 to the edge of
      each plate 27 which is lowermost in vertical positions of the wheel
      housings and which is outermost in raised positions of the wheel housings.
      In the lowered position of the wheel housings each railing 71 is pivoted
      into position lying in face to face engagement with the wheel housing
      panel 27 as indicated in FIG. 4 of the drawings. In the raised position of
      the wheel housings 23, as indicated in FIGS. 1 and 2 of the drawings, each
      railing 71 may be swung into vertical position.
PAR  A railing 75 is hinged to a bumper 79 attached to the front platform 66 at
      the forward edge thereof when the platform 66 is in elevated position. The
      railing 75 includes a top rail 76 which is supported in horizontal
      position by rail brackets 77. The brackets 77 are pivotally supported to
      the bumper 79 which in turn is connected to the forward edge of the
      platform 66. The bumper 79 serves the usual capacity of a vehicle bumper
      when the front platform 66 is lowered as indicated in FIG. 4 of the
      drawings.
PAR  The individual wheel motors are not illustrated in detail but are
      diagrammatically indicated by the numeral 80. These motors may be of the
      type distributed by Bird-Johnson Company having its office at 883 Main
      St., Walpole, Mass., 02081. Motors of that type advertised as "Hytorque
      Hydraulic Motors" and are advertised in a bulletin published by the
      manufacturer and designated CHM-1 (5M-3/73). The hydraulic motors may also
      be of a type produced by Pneumo Dynamics Corporation of Blair, Neb.
PAR  The direction of rotation of each motor 80 is changed by reversing the flow
      through the pressure and return ports. In order to place the motor in
      neutral a condition where the casing will rotate freely about the fixed
      shaft, the fluid under pressure is diverted to a different area of each
      motor. FIG. 11 is a round diagram of the motor showing the fixed shaft
      passages 81, 82 extending longitudinally through the shaft 83. The detail
      of the hydraulic motors is not shown it only being necessary to describe
      the fact that the motors 80 are hydraulic motors capable of rotating in
      either direction when hydraulic force is applied thereto.
PAR  Each motor is preferably provided with a wheel disc brake. The disc brakes
      are conventional and are operated in any suitable manner as by a foot
      pedal, not illustrated in the drawings. If desired, the brakes may be
      provided on the rear wheels only.
PAR  With reference now to FIG. 9 of the drawings, the hydraulic fluid system is
      diagrammatically illustrated. As shown in FIG. 9, the power source
      includes an internal combustion engine 84 which includes a driven shaft 85
      supplying power to a jet pump 86. While not shown in detail, the jet pump
      acts to circulate the water through a radiator 87 and the engine block,
      and also drives water through a water line 89 to a jet nozzle 90 extending
      through the rear of the hull 20. While not illustrated in detail, the jet
      may comprise a structure known as the Berkeley Jet-Drive illustrated in a
      bulletin published by the Berkeley Pump Company of Berkeley, Calif. and
      illustrated in Page 7 of the bulletin 203 published by this Company.
PAR  A shaft 91 extends forwardly from the engine and drives three pumps. One of
      these pumps 92 is connected directly to the shaft 91 and may direct fluid
      through a pressure line 93 to a four-way valve 94 which directs the fluid
      under pressure to three of the wheels as will be described. Fluid under
      pressure is also directed from the pump 92 through a pressure line 95 to a
      second four-way valve 96 which supplies fluid pressure in either direction
      to the remaining three wheels. A needle valve 97 is provided between the
      pressure lines 93 and 95 for the purpose of by-passing fluid when the
      vehicle is turning corners, or if the pump 92 includes pump elements
      delivering different volumes.
PAR  As is diagrammatically illustrated, control members 99 and 100 are
      connected to the valves 94 and 96 respectively for the purpose of manually
      moving these valves by the vehicle operator when it is so desired.
PAR  For the purpose of better describing the circuit, the individual wheels on
      one side of the bus are doubly identified by the letters C, D and E and
      those on the opposite side of the bus are doubly identified by letters F,
      G and H. The letters C and F identify the front wheels 29 on opposite
      sides of the vehicle, the letters D and G identify the opposed rear wheels
      30 and the rearmost rear wheels 31 are doubly identified by the letters E
      and H. The valve 94 directs fluid through a pressure line 101 to drive the
      wheels, D H and F in a forward direction, and through a pressure line 102
      to the motors in wheels D, H and F to drive the motors in a reverse
      direction. The four-way valve 96 directs fluid through pressure line 103
      to drive the motors connected to wheels C, E and G, and through the
      pressure line 104 to direct fluid to the hydraulic motors in the wheels C,
      E and G in a reverse direction. The purpose of this arrangement is to
      balance the pressure to wheels on opposite sides of the bus.
PAR  The pump 92, as well as the pumps which will later be described are
      provided with fluid, the fluid to the pump 92 being drawn through a supply
      line 105 connected to a fluid reservoir 106. Return flow lines are not
      illustrated in this schematic diagram.
PAR  A second pump 107 shown in the fluid diagram above the engine 84 is driven
      by a pump shaft 109 connected by a belt 110 to the engine shaft 91. The
      pump 107 draws fluid from a suction line 111 connected to the reservoir
      106 and may drive fluid through a pressure line 112 to a valve 113 capable
      of selectively directing fluid through a line 114 to the steering motor
      55. Rotation of the motor in one direction turns the front wheels 29 in
      one direction. Operation of the pump 107 may also direct fluid through a
      line 115 connected to the valve 113. When properly positioned, the valve
      113 may connect the fluid under pressure to a line 116 connected to the
      steering motor 55 to drive the steering motor in a manner to turn the
      front wheels 29 in an opposite direction. Alternatively, the valve 113 may
      supply fluid to a conventional fluid drive system to selectively turn the
      forward wheels to turn the vehicle or to hold the steering wheels in a
      selected position.
PAR  The third pump 117 is shown in the diagram beneath engine 84 and is driven
      by a shaft 119 connected to the engine drive shaft 91 by a belt 120. The
      pump 117 supplies fluid through pressure lines 121 and 122 to a valve 123
      which directs fluid either through the line 124 or the line 125 to the
      cylinder piston device 63 acting to raise and lower the wheel housing 23
      on one side of the bus. The pump 117 also is capable of directing fluid
      through the lines 121 and 126 to a four-way valve 127. Pressure
      connections 129 and 130 connect the valve 127 with the other cylinder,
      piston device 63 to raise and lower the wheel housing on the opposite side
      of the vehicle, the two cylinder, piston devices operating in unison.
PAR  Apparatus is diagrammatically shown for placing the motors in the pairs of
      wheels 31 or in the pairs of wheels 30 in neutral position. As has been
      described, fluid must be directed to the motors 80 and place the motor in
      neutral. The apparatus for accomplishing this result is indicated in
      dotted outline in order to differentiate from the other pressure lines
      connected to these wheels. The pump 117 may force fluid through a pressure
      line 131 connected to valves 132 and 133. When in one position of the
      valves 132 and 133, fluid under pressure is directed through the lines 134
      and 135 to direct fluid to the rearmost wheels 131 (the individual wheels
      E and H) while in the other position, fluid under pressure may be directed
      through passages 136 and 137 to the motors of the remaining rear wheels
      130, individual wheels D and G in the diagram. The arrangement is such
      that when the vehicle is started for movement, all of the wheels 29, 30
      and 31 are supplied with fluid under pressure to drive these wheels. As
      speed of the vehicle picks up, two of the rear wheels 31 are placed into
      neutral, directing added fluid to the remaining motors connected to the
      wheels 29 and 30. When the vehicle is traveling at still a greater speed,
      the motors on the wheels 30 are placed in neutral, thereby directing all
      of the fluid to the front wheels 29.
PAR  With this construction, the vehicle may be driven along a highway to a lake
      or other body of water, and driven down the shore into the water. When the
      bus is supported by the hull, the cylinder, piston means 63 may be
      actuated to raise the wheel housings into horizontal position. The front
      platform 66 may be swung into horizontal position either before or after
      the vehicle is in the water. The corner forming platforms 69 are raised
      into horizontal position. Means, not shown in the drawings, are provided
      for holding the front platform 66, corner forming platforms 69, and wheel
      housings in horizontal position. Means is also provided, not shown in the
      drawings, for locking the wheel housings in vertical position.
PAR  The railings are erected along the sides and front platform and corner
      railings 140 are linked to sockets 141 on the sides of the platform
      railing 75 and the forward ends of the side railings 71 to form a
      continuous railing about three sides of the bus. The floating vehicle may
      then be driven and steered by proper operation of the jet nozzles 90.
PAR  In FIGS. 13 and 14 I disclose a modified form of bus having a different
      type of drive mechanism. While the complete bus is not shown in these
      Figures, in general, the device is quite similar to that previously
      described and includes a housing 142 which is foldably connected by hinges
      143 to the bus body 144. The bus differs from the previously described
      construction in that it includes an internal combustion engine 145 which
      is capable of driving both the hull itself and also the various wheels.
PAR  The motor 145 is shown diagrammatically in dotted outline and acts to drive
      a propellor shaft or drive shaft 146 which in turn operates a pump 147
      through a universal joint 149. The pump 147 supplies water to the jet 150
      which forces water from the jet nozzle to drive the craft. Obviously,
      suitable clutch means, not illustrated in the drawings, is provided so
      that the pump 147 can operate intermittently as determined by the driver
      of the vehicle.
PAR  The motor 145 is also selectively operable to drive a transversely
      extending shaft 151 extending through the hull 152 of the bus. Bearings
      153 are supported by the hull wall 152 to support the shaft 151. A clutch
      154 includes a clutch section 155 which is rotatable with the shaft 151.
      THe clutch 154 also includes the second section 156 mounted upon the
      transverse shaft 157. The shaft 157 is supported by bearings 159 in the
      walls of the housing 142. Wheel supporting arms 160 and 161 are pivotally
      supported by the shaft 157. The arm 161 is provided with a hub 162
      supported on the shaft 157 by bearings 163. A portion of the arm 161 is
      reduced in width as indicated at 164 so as to provide a space for
      supporting the arm 160.
PAR  The arm 160 is provided with a hub 165 supported by a friction bearing 166
      mounted upon the hub 162. A first sprocket 167 is mounted upon the shaft
      157, and a second sprocket 169 is mounted upon the shaft 157 on opposite
      sides of the arms 160 and 161. The sprockets 167 and 169 are keyed to the
      shaft 157 as indicated at 170.
PAR  With reference now to FIG. 13 of the drawings, a chain or belt such as is
      used in a timing belt 171 connects the sprocket 167 to a sprocket 172 on a
      wheel shaft 173. A wheel 174 which is the forward wheel of the pair is
      supported by the shaft 173 and driven by the chain 171. A second chain 175
      is mounted upon the sprocket 169, and connects the sprockets 169 with a
      sprocket 179 on the axle 176. A wheel 177 is mounted upon the axle 176 and
      assists in supporting the housing 142. Both of the wheels 174 and 177 are
      accordingly driven by rotation of the shaft 157 on which each of the arms
      160 and 161 are pivotally supported.
PAR  The wheels supporting arm 160 is actually a bell crank lever which supports
      the wheel 174 at the corner between arm ends. The arm ends 180 is
      supported at its upper end by a transversely extending member 181 which
      forms a bearing for the arm support. A shock absorber 182 is connected
      between the transverse member 181 and a cross member 183 within the
      housing 142. In a similar manner, the arm 161 which also comprises a bell
      crank lever with the axle 176 midway between the ends thereof, has an arm
      at 184 which supports a transverse member 185. A shock absorber 186 is
      connected between the arm end 185 and a transverse supporting member 187
      extending across the housing 142. Springs 189 and 190 are interposed
      between the transverse members 181 and 185 and the transverse member 183
      and 187. Thus, the springs 189 and 190 bear the weight of the vehicle
      while the shock absorbers 182 and 186 resist movements of the wheel
      supporting arms in either direction.
PAR  From the foregoing description, it will be seen that when the supporting
      wheels 174 and 177 are resting upon the surface of the ground, rotation of
      the transverse shaft 151 acts through the clutch 154 to rotate the
      transverse shaft 157. Rotary motion of the shaft 157 acts through the
      sprockets 167 and 169 to operate the chains 171 and 175. Movement of the
      chains 171 and 175 rotates the sprockets 172 and 179 rotating the axles
      173 and 176 which drive the wheels 174 and 177. The supporting wheels are
      accordingly driven by the engine 145 to drive the vehicle.
PAR  With reference back to FIG. 14 of the drawings, it will be noted that
      rotary movement of the transverse shaft 151 can be transmitted to the
      shaft 157 only when the clutch 154 is engaged as indicated in FIG. 14.
      When the housings 142 are swung upwardly, the two sections 155 and 156 of
      the clutch separate and swing out of mesh. As the housing swings
      downwardly to the position indicated in FIG. 14, the clutch 154
      automatically connects the shaft 151 and 157 for rotation in unison. The
      clutch sections 155 and 156 swing into movement as the housings 142 swing
      downwardly, the clutch sections being so constructed as to cause relative
      rotation of one section or other as the clutch sections mesh together.
      Obviously, when the wheels 174 and 177 rest upon the ground, the wheels
      are positively driven by the chains 171 and 175. Movement of the vehicle
      is controlled by suitable clutch means which is not illustrated in the
      drawings so that the wheels may be rotated at the will of the driver of
      the vehicle. Usually, when the wheels 174 and 177 are rotated, the power
      to the pump 147 is disconnected. However, it need not cease movement if
      the driver so desires. In other words, the supporting wheels may be driven
      at the same time the pump is in operation. This is desirable when the
      vehicle is approaching the shore, as it may be necessary to use the
      supporting wheels to assist in driving the vehicle along the lake bottom,
      and it also may be desirable to use the jet nozzle 150 for assisting the
      movement of the vehicle, particularly when the body of water is muddy or
      sandy. As the vehicle moves along the ground, each of the supporting
      wheels 174 and 177 are individually mounted so that the vehicle may travel
      over rough terrain with a maximum of ease. The same type of means may be
      used to swing the housings from vertical position to horizontal position
      and vice versa may be similar to that previously described. In view of the
      fact that the wheel supporting arms 160 and 161 are supported on a common
      axis, both of the chains 171 and 175 may be driven from the common
      transverse shaft 151.
PAR  In accordance with the Patent Statutes, I have described the principles of
      construction and operation of my invention in AMPHIBIOUS BUS; and while I
      have endeavored to set forth the best embodiment thereof, I desire to have
      it understood that changes may be made within the scope of the following
      claims without departing from the spirit of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An amphibious bus including an elongated body having an elongated
      watertight hull forming the bottom thereof,
PA1  a pair of wheel housings hingedly connected to opposite sides of said body,
PA1  said wheel housings being hingedly supported for movement between two
      extreme positions, the sides of the housings extending in a substantially
      vertical position in one said extreme position and extending in a
      substantially horizontal position in the other extreme position,
PA1  wheels for supporting said body,
PA1  means supporting said wheels within said wheel housings between said sides
      thereof, said wheels from said wheel housings to extend downwardly
      therefrom when said sides thereof are vertical and extending outwardly
      therefrom when said housing sides are horizontal,
PA1  means connected between said elongated body and said housings to move said
      wheel housings from one extreme position to the other,
PA1  means connected to at least certain of said wheels for driving the same
      when said wheel housings are in said one extreme position, and
PA1  said elongated body having a forward end and a rear end,
PA1  yokes supporting the pair of foremost wheels which are nearest the forward
      end of said body,
PA1  shafts on said yokes,
PA1  means supporting said shafts to said wheel supports to extend substantially
      vertically in said one extreme position of said wheel housings and to
      extend substantially horizontally in said other extreme position of said
      wheel housings,
PA1  means connected to said shafts for rotating the same in unison when said
      shafts are in a substantially vertical position,
PA1  a front platform, hinge means along an edge of said platform connecting
      said platform on a generally horizontal axis to the forward end of said
      body, said hinge means supporting said platform for movement between a
      substantially vertical position and a substantially horizontal position
      extending forwardly from said body.
NUM  2.
PAR  2. The structure of claim 1 and in which said wheel housings include outer
      side panels which are substantially coplanar with the upper surface of
      said platform when said platform is in substantially horizontal position
      and said wheel housings are in said other extreme position.
NUM  3.
PAR  3. The structure of claim 2 and including corner forming members hingedly
      connected to the sides of said platforms along parallel axes, said corner
      forming platform members being folded inwardly and rearwardly of said
      platform and parallel thereto when said platform, is in said substantially
      vertical position, and substantially coplanar with the upper surface of
      said platform when said platform is in its substantially horizontal
      position.
NUM  4.
PAR  4. The structure of claim 3 and including a front bumper and front railing
      hingedly secured to the edge of said platform which is parallel and
      opposite to said hinged edge thereof, said front bumper and railing being
      pivotal between a position parallel to said platform and adjacent to the
      same to a position extending upwardly therefrom when said platform is in
      substantially horizontal position.
NUM  5.
PAR  5. The structure of claim 4 and including side railings hinged to said
      wheel housings along the edges of said outer side panels which are
      lowermost when said wheel housings are in said one extreme position, and
      uppermost when said wheel housings are in said other extreme positions.
NUM  6.
PAR  6. The structure of claim 5 and including corner railings detachably
      connected between the sides of said front railing and the forward ends of
      said side railings.
PATN
WKU  039410757
SRC  5
APN  5576407
APT  1
ART  315
APD  19750312
TTL  Pedal powered amphibian tricycle with blower-turbine coupling means
ISD  19760302
NCL  20
ECL  1
EXA  Basinger; Sherman D.
EXP  Blix; Trygve M.
NDR  4
NFG  16
INVT
NAM  Rupenian; Emanuel A.
STR  Lakeside Drive
CTY  Rockaway
STA  NJ
ZIP  07866
CLAS
OCL  115  2
XCL  115 25
XCL  180 66B
XCL  280215
XCL  280216
XCL  280237
EDF  2
ICL  B60F  300
FSC  115
FSS  1 R;1 A;2;25;26
FSC  180
FSS  1 P;66 B
FSC  280
FSS  212;214;215;216;237
FSC   74
FSS  197
UREF
PNO  657124
ISD  19000900
NAM  Libbey
OCL  180 66B
UREF
PNO  1374797
ISD  19210400
NAM  Zaborsky
OCL  280215
UREF
PNO  1394076
ISD  19211000
NAM  Gibbon
OCL  180  1P
UREF
PNO  1992913
ISD  19350200
NAM  Hayden
OCL  115  2
UREF
PNO  2983244
ISD  19610500
NAM  Young
OCL  115 25
LREP
FR2  Casella; Anthony J.
ABST
PAL  A three wheeled amphibian vehicle operated by pedal power and including an
      air blower coupled to a disk turbine. The turbine is a flat circular
      rotatable structure having blade cavities on both upper and lower faces.
      Twin nozzles, connected to the blower, direct air streams toward the
      blades and form a coupling means which can be controlled to provide a
      variable speed ratio between the pedals and the driving wheel, thereby
      acting as a gear box including Drive, Neutral and Reverse. A spring
      coupled by a clutch mechanism to the driving shaft may be used to store
      energy while coasting down hill and then deliver the stored energy to the
      shaft when climbing up hill. Retractable pontoons are provided for
      traveling on water.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Both two and three wheeled vehicles have been used for some time for human
      transportation. Some of these units have been equipped with small gasoline
      engines but most have been pedal powered. One of the major problems
      associated with these vehicles is the mechanical ratio between the pedal
      crank arms and the driver wheels. A high ratio is desirable while
      traveling on smooth level ground and a much lower ratio is desirable while
      going up a hill. Some recent bicycles have been furnished with complicated
      speed changing gears but first, these speeds are limited and second, they
      do not provide a smooth change of coupling from one speed ratio to
      another.
PAR  One of the features of the present invention is a coupling unit which
      includes a blower-turbine with a transversely movable set of nozzles for
      continuous speed ratio settings and also for providing reverse and
      neutral.
PAR  Another feature of the invention is a spring storage device whereby energy
      can be stored in the spring while coasting down hill and then used as
      supplemental source of energy to propel the vehicle up hill.
PAR  Still another feature of the invention is the use of pontoons which are
      attached to both sides of the vehicle for use in traveling over water.
PAC  SUMMARY
PAR  The invention comprises a pedal powered vehicle having a single front wheel
      and two rear wheels and includes the following improvements: A rotary air
      blower coupled to the pedal crank arms and driven by them, thereby
      creating a continuous pressurized air stream; and a flat turbine wheel
      provided with reaction blade cavities and rotatably mounted on the
      vehicle. The turbine wheel is mechanically coupled to the rear axle which
      is fastened to the sole driver wheel for moving the vehicle. The invention
      also includes two nozzles connected to the air blower by a flexible double
      conduit and secured to a movable mounting means adjacent to the turbine
      reaction blade cavities for directing a stream of air to the cavities to
      turn the turbine wheel. The movable mounting means includes a transversely
      mounted rod for guiding the nozzles along a radius of the turbine wheel to
      vary the speed ratio between the pedal crank arms and the driver wheel and
      also to provide reverse and neutral.
PAR  The invention also includes a spring storage device which may be coupled in
      one manner to the driver wheel to stretch the spring and store energy
      therein. The spring may be coupled to the driver wheel in another manner
      and drive the wheel, releasing the stored energy.
PAR  Pontoons are adjustably added to the vehicle to permit moving on water.
DRWD
PAR  Additional details of the invention will be disclosed in the following
      description, taken in connection with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a side view of the vehicle without pontoons, to show the driving
      devices.
PAR  FIG. 2 is a top view of the vehicle with part of the seats and the frame
      members broken away to show the details of the air blower and its
      coupling.
PAR  FIG. 3 is a cross sectional diagram, to an enlarged scale, of the turbine
      wheel and the twin nozzles, this section taken alone line 3--3 of FIG. 2.
PAR  FIG. 4 is a perspective view diagrammatically representing the clutch
      wheels and the rollers which alternately couple the storage spring to the
      driver wheel.
PAR  FIG. 5 is a diagrammatic arrangement showing the storage spring and its
      control elements.
PAR  FIG. 6 is a side view of the vehicle with the pontoons folded to an upright
      position.
PAR  FIG. 7 is a diagrammatic rear view of the vehicle shown in FIG. 6,
      illustrating the pontoon positions.
PAR  FIG. 8 is a top view of the vehicle with the pontoons in their lowered
      position and the blower nozzles immersed in water.
PAR  FIG. 9 is a detailed rear view of one pontoon in its raised position.
PAR  FIG. 10 is a view of the pontoon shown in FIG. 9 but in its lowered
      position.
PAR  FIG. 11 is a diagrammatic top view of a portion of the vehicle showing the
      relative positions of four pedal cranks in the version designed for four
      people, and also diagrammatically showing the location of conventional
      brakes, similar to a bicycle brake, on both versions (two as well as four
      people).
PAR  FIG. 12 is a side view of a portion of the vehicle showing how the front
      floats are secured.
PAR  FIG. 13 is a cross sectional view of the frame shown in FIG. 12 and is
      taken along line 13--13 of that figure.
PAR  FIG. 14 is a plan view (partly diagrammatic) of the turbine wheel, the top
      adjustable nozzle, and the manually operated control lever.
PAR  FIG. 15 is a perspective view of the supporting means for holding the
      nozzle which directs the flow of air to the turbine wheel.
PAR  FIG. 16 is a perspective view of the base portion of the nozzle support.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2, the vehicle includes a body of tubular
      members with base member 20, upper twin members 21, a front wheel 22, and
      two rear wheels; a driver wheel 25 fastened to the shaft 24 and a
      free-wheel 23.
PAR  The front wheel 22 is supported in a fork 26, rotatable within a bearing
      27, and connected to a pulley 28. The bearing 27 is secured to the ends of
      bent-up portions 20A of the base members 20. The rear wheel 25 is secured
      to a transverse shaft 24 connected to a drive sprocket wheel 30. Pulley 28
      is connected by a belt 31 to a similar pulley 32 secured to a steering
      column 33 terminated by a steering wheel 34. Two individual seats 35 are
      mounted one on each twin branches of upper members 21, by means of pivotal
      and movable joints 35A, 35B; joint 35B is fastened on members 21 by
      screws. The joints 35B permit the adjustment of the seats independently
      for each passenger either by its approach or by its retraction from the
      crank arms, while joints 35A, operated at the same time, permit the change
      of the incline of its back.
PAR  The vehicle is powered by two sets of pedals 36 secured to crank arms 37. A
      pulley 38 is fastened to crank arms 37 and drives a belt 40, a pulley 41,
      secured to shaft 44, another set of pulleys 42A and 42B and a centrifugal
      air blower 43. The shaft 44 is so coupled that it goes on turning even
      after the driver stops to pedal, in the same manner as the free-wheel of a
      bicycle. The blower 43 has its output port connected to a flexible double
      conduit 45 one portion of which is connected to an upper nozzle 46, the
      other portion being connected to a lower nozzle 47. The nozzles 46, 47 are
      mounted by the clamps 48 on sliding members 49 and 50 which partially
      enclose rods 51 (see FIG. 3) extending transversely across the vehicle and
      secured at their ends to members 21. The nozzles 46, 47 are controlled by
      wires 52 threaded around pulleys 53, and terminated at a control pulley 54
      (FIG. 2), which is provided with a circular scale 55 indicating the
      neutral, drive, and reverse zones and also the level of each speed of the
      turbine wheel (see FIG. 14). The control pulley 54 is manually operated by
      a lever 56 to move the nozzles along rods 51 towards the periphery or to
      the center of the turbine: thereby changing its speed ratio and therefore
      the speed of the vehicle. Passing from the zone D to the opposite side of
      shaft 57, the nozzles also change the direction of rotation of the turbine
      wheel, therefore providing reverse.
PAR  The flat turbine wheel 58 is mounted on a vertical shaft 57, rotatable
      between the nozzles 46, 47, and their mounting rods 51 (FIG. 2). The
      turbine wheel 58 contains a plurality of reaction blade cavities 60 (FIG.
      2) arranged in 25 circles around the shaft 57. Each cavity is identical to
      all other cavities and the number of cavities in any circle is
      proportional to the distance of the circle from the shaft. The nozzles 46,
      47 direct blasts of air into the cavities 60 and force the turbine 58 to
      turn. Shaft 57 also carries a bevel gear 61 meshing with another bevel
      gear 62 and driving a chain 63 which engages sprocket wheel 30 on shaft 24
      (FIG. 2).
PAR  Movement of the nozzles 46, 47 along a radius of the turbine wheel 58
      alters the speed ratio between the pedal crank arms and the driving wheel
      30. When the nozzles 46, 47 are close to shaft 57, the speed ratio of the
      turbine is the highest and the maximum speed of the driving wheel results.
      As the nozzles are moved toward the pheriphery of the turbine wheel 58 a
      greater number of cavities pass under the nozzles for each revolution of
      the turbine wheel and the speed is correspondingly reduced. The lowest
      speed ratio is obtained when the nozzles are over the peripheral cavities.
      When the nozzles are placed in any of the zones marked N.sub.1 or N.sub.2
      (FIG. 14), the turbine wheel remains at rest since the blasts of air
      overpass its periphery; this is the equivalent of neutral of a
      conventional gear box. The zones D are the equivalent of forward drive,
      and the zones R, the equivalent of reverse. When the nozzles are moved
      from the zone D into the Zone R, the turbine 58 turns in opposite
      direction and backs up the vehicle. In addition to its main function of a
      gear box including neutral and reverse, the arrangement of movable
      nozzles-turbine taken as a unity, acts also as an emergency brake; when
      the nozzles are removed from a zone to the opposite side, the turbine
      wheel, before going on turning opposite direction, first slows down,
      whence there results an automatic braking action. This situation does not
      exclude the need of conventional brakes, similar to a bicycle brakes (see
      FIG. 11, elements 22A, 23A and 25A) which still are needed to equip the
      vehicle. Due to its high speed, the turbine also acts similarly to a
      gyroscope working in a horizontal level, thereby improving the stability
      of the vehicle on sharp curves and reducing the danger of overturn.
PAR  FIGS. 1, 2 and 3 show the vehicle in its simplest form, arranged for land
      travel only and without showing the details of the storage means 64 which
      is shown as a box in FIGS. 1 and 2. FIG. 5 is a diagram showing a storage
      spring 65 coupled to the sprocket wheel 30A and driving shaft 24 by a
      reversible set of clutch wheels 66 so that the storage spring 65 can be
      extended when coasting down a hill and then used to supplement the pedal
      power when climbing a hill. The storage spring 65 is secured to a portion
      65A of the vehicle at one end while the other end is fastened to a notched
      bar 67 for holding the spring 65 in any one of a number of storage
      positions. The notches 67A in bar 67 are engaged by tongues 68 which are
      resiliently urged by springs 70 into notches 67A. The tongues 68 may be
      pulled from the notches 67A by wires 71 secured to end portions of the
      tongues. Wires 71, threaded through a number of pulleys 71A, are joined to
      wires 72 and connected to the lower portion of a control lever 73 in such
      a manner that the tongues 68 are withdrawn from notches 67A whenever the
      lever is moved out of its neutral position. Lever 73 is movable about a
      pin 74 and has a handle 75 for manual operation.
PAR  The other end of notched bar 67 is connected to a flexible cord 76 which
      can be wound on a take-up spool 77. The take-up spool 77 is fastened to a
      sprocket wheel 78, coupled by a chain 80 to another set of sprocket wheels
      81, 82 and 82B as speed reducing/amplifying gears, and finally to clutch
      roller 83. The clutch roller 83 is long enough to drive any one of clutch
      wheels 84, 85, and has a resilient surface provided by a covering of
      leather or fabric. The notched bar 67 is also coupled to a leger 86 by a
      pin and slot connecting means 86B, the upper end of the lever 86 being
      connected to a wire 86A. Wire 86A is threaded through a number of pulleys
      88 and terminated by an indicator 90 and a take-up spring 91. The
      indicator 90 and its scale 92 are mounted in front of the driver so that
      he can determine the condition of the spring 65.
PAR  Clutch roller 83 is matched by a similar roller 87 (FIG. 5) constructed in
      the same manner and coupled through a set of sprocket wheels 93, 93A, and
      93B, to sprocket wheel 30A and shaft 24 by chains 94 and 94A. Rollers 83,
      87 may be connected to each other by either one of two roller systems. In
      order to make the rollers 83, 87 turn in the same direction, a large
      clutche swheel 85 is lowered to make contact with both clutch rollers 83,
      87. The position of clutch wheel 85 is controlled by a vertical supporting
      member 95 secured to an operating wire 95A, the other end of which, after
      being threaded around pulley 95B, is connected to the bottom of lever 73.
      The member 95 is identically constructed as member 96 and has the same,
      but individual, auxiliary components: (see FIG. 4) a spring 97A, a latch
      98A, a leaf spring 100A; it is also lowered by its lower end, and is kept
      in a contact position with rollers 83, 87 by the same pawl 101, broad
      enough to catch alternately any of two latches 98, 98A. Since member 95
      and its auxiliary components including wire 95A are placed on the opposite
      side of member 96, in FIG. 5, member 95 is only diagrammatically
      represented. In order to make the roller 87 turn in opposite direction
      than roller 83, the large clutch wheel 85 is disengaged and two smaller
      clutch wheels 84, 86 are lowered to make contact with the clutch rollers
      as indicated in FIGS. 4 and 5. Rollers 84, 86 are held in frictional
      contact with each other by T-shaped linkage bar 102 which is coupled to a
      vertical control bar 96, resiliently holding clutch wheels 84, 86 out of
      contact with rollers 83, 87 by the spring 97, except when latched into
      contact position by a latch 98. Latch 98 is engaged by a pawl 101
      resiliently urged by spring 103 and connected by linkage 104 to a
      projection 105, formed as an integral part of the notched bar 67. Latch 98
      is rockably mounted on bar 96 and urged to remain in the position shown in
      FIG. 5 by a leaf spring 100. Latches 98, 98A are also coupled to an
      auxiliary lever 106 on control lever 73 by a wire 107.
PAR  The operation of the storage spring 65 of the auxiliary components and of
      its controlling means is as follows: Let it be assumed that both latches
      98, 98A are higher up than the pawl 101, and the springs 97, 97A are in
      their relaxed position, thereby the clutch wheels 84, 85 and 86 being out
      of contact with rollers 83, 87. If the vehicle now approaches a sharp
      decline, the driver can coast down and store energy in the spring by
      moving the lever 73 to the position A shown in dotted lines, but without
      operating the auxiliary lever 106. This action shifts wires 72, 71 to pull
      the tongues 68 from their notches and permit the free movement of the
      notched bar 67 and spring 65. Moving lever 73 to position A also releases
      wire 96A with no effect on rod 96 and wheels 84, 86, which are already out
      of contact with rollers 83, 87; At the same time, pulling control wire
      95A, lowers supporting member 95 to compress the spring 97A and put the
      large wheel 85 into engagement with rollers 83, 87 so that the motion of
      the rear wheel 25 is transmitted through sprocket wheels 82B, 82, 81 and
      78 to take-up spool 77 to turn and real in the flexible rope 76. This
      action, moving the notched bar to the right as shown in FIG. 5, expands
      the storage spring 65, storing energy in the spring.
PAR  When the supporting member 95 is lowered by the action of wire 95A, member
      95 is latched into its operating position by a latch 98A similar to latch
      98, a leaf spring 100A similar to spring 100 and by pawl 101, the latch
      and spring components lying on the other side of member 96 the hill is a
      short one and the storage spring was not fully extended, the operator must
      restore lever 72 to its original neutral position, thereby releasing by
      wires 72, 71 and springs 70, the tongues 68 into notches 67A and clamping
      the storage spring 65 in its partially extended position. When lever 73 is
      moved to its neutral position, the auxiliary lever 106 must also be
      operated. By this action the latch 98A is pulled out and the member 95,
      disengaged from pawl 101, is moved upwardly by the spring 97A so that the
      large clutch wheel 85 is disconnected from rollers 83, 87. At this moment
      the energy storing device is disconnected and the stored energy is kept in
      reserve. If the vehicle is moving down a long hill and the energy storing
      device has moved the storage spring to its maximum extended position,
      extension 105 on the notched bar 67 engages the upper end of lever 104,
      withdrawing pawl 101, disengaging latch 98A, and automatically permitting
      the moving of the clutch wheel 85 back to its disengaged position, by the
      resiliency of the spring 97A. At the same time the wire 95A pulls the
      lever 73 back to its neutral position thereby moving by wires 72, 71
      tongues 68 into notches 67A and clamping the storage spring in its fully
      extended position. Again the energy storing device is disconnected,
      automatically this time, and the stored energy is kept in reserve.
PAR  Now, if the vehicle starts up a hill and the operator desires to use the
      stored energy, the control lever 73 is moved to the position B shown in
      dotted lines, but without operating the auxiliary lever 106. This
      movement, by wire 96A lowers rod 96, engages the pair of clutch wheels 84,
      86 with rollers 83, 87 and also by wires 72, 71 removes the tongues 68
      from the notches 67A; at the same time it releases the wire 95A with no
      effect on rod 95 and clutch wheel 85 which is already out of contact with
      rollers 83, 87. The storage spring 65 now pulls the notched bar 67 to the
      left. Following this movement, the flexible rope 76 turns the take-up
      spool 77 and sprocket wheels 78, 81, 82 and 82B. The clutch wheels 84, 86
      are engaged with rollers 83, 87 and turn sprocket wheels 93, 93A, 93B,
      30A, and finally the driver wheel 25, the stored energy being used. It
      should be noted that this spring action is working at the same time the
      operator is applying force to the pedals, so that the spring action is
      only in the nature of an assist.
PAR  If the hill is a short one and the stored energy was only partially used,
      after climbing up, the driver must restore the lever 73 to its original
      neutral position permitting tongues 68 to move into notches 67A and
      clamping the storage spring 65 in its partially extended position. At the
      same time the driver must also operate the auxiliary lever 106 which
      removes latch 98 from pawl 101 and permits the resiliency of spring 97 to
      disengage the pair of clutch wheels 84, 86. If the vehicle is climbing a
      long hill and the spring 65 has released all of the stored energy,
      extension 105 on the notched bar 67 engages the upper end of lever 110 and
      by means of pulley 111 and wire 112, withdrawing pawl 101, permit the pair
      of clutch rollers 84, 86 to be moved back in their disengaged position by
      the resiliency of spring 97.
PAR  FIGS. 6 through 11 show another variation of the components which are used
      in the above described vehicle. Two principal pontoons 115 and 116 are
      permanently attached to the supporting tubular members 20 and 21, and can
      be lowered as shown (FIGS. 7, (dotted lines) 8 and 10), or secured in an
      elevated position (FIGS. 7, 9). The detailed type of float securing means
      is shown in FIGS. 9 and 10. Three slidable vertical rods 117 are mounted
      on each side of the vehicle and secured in hollow cylindrical fixtures 118
      and 120, bolted to supporting members 20 and 21 of the vehicle. A cap 121
      is provided for the upper end of each rod 117 so that the rods can never
      slip through their fixtures into the water. The caps 121 can be unscrewed
      from the rods 117, so that the entire floating components can be removed
      from the body of the vehicle, if so desired. At the bottom of rod 117 an
      angular fixture 122 is provided for supporting a hinged member 123 at a
      distance from the sides of the vehicle. A bracket 124 is rotatably secured
      to member 123 and is screwed or bolted to the floats 115 and 116. A
      reinforcing hinged member 125, attached by fixture 126 on members 117, is
      used to maintain the floats either in an upright position (FIG. 9) or in
      their operating position (FIG. 10). This type of hinge can be opened
      easily and, when properly secured by screw 127, can hold the floats in the
      desired position. All floats are kept in an upright position when
      traveling on land (FIG. 7). To prepare the vehicle for traveling on water,
      first, by loosening the screws 120A and 118A the rods 117 must be lowered
      (FIG. 10) until the cap 121 reaches the fixture 118, when the screws 120A
      and 118A must be tightened again. Then, by loosening the screws 127 and
      126A, the float 115 is laid in its operating position, whereupon the
      screws 127 and 126 are tightened again.
PAR  In addition to principal floats 115 and 116, two supplemental front floats
      130 and 131 are provided for side of the wheel 22 (see FIG. 8). Mounted on
      the fork 26 by means of slidable members 132 (see FIGS. 12 and 13), the
      floats 130 and 131, each provided at their bottom with a directional keel
      133, are used for two purposes. Directed by the steering wheel 34 through
      the rod 26 ensure, by their wings, the direction of the vehicle; while
      through their body, plunged in water gradually, ensure the horizontal
      plane of the vehicle adapting the buoyancy of the front end to the various
      weights of passengers. It should be noted that the center of buoyancy of
      the vehicle is, for technical reasons, situated behind the center of
      gravity; thereby a want of balance is created. The state of balance is
      ensured by the front floats.
PAR  FIG. 8 shows both branches of the double conduit 45 provided with long
      nozzles 134 and plunged directly into the water. In this position the
      conduits are secured on cross pieces 135 and 136 by means of clamps 137.
      When the air blower 36 operates, it sends a jet of pressurized air into
      the water, thereby moving the vehicle by reaction.
PAR  The diagram in FIG. 11 indicates how the vehicle may be designed to
      accommodate four sets of pedals 36 for four occupants. The pedals 36 are
      coupled together by flexible belts to turn shaft 44.
PAR  FIG. 12 is a side view of one of the supporting means 132 for the forward
      floats 130, 131, each with a directive keel 133. The supporting means 132
      (see FIG. 13) is a channel which fits around one side of the fork member
      26. It is held by metallic collars 141 and is secured in place by a hand
      screw 140, working in a threaded hole 140A.
PAR  FIG. 14 is a diagramic view of the blower system ending in nozzles 46 and
      47 (see also FIG. 3). When handle 56 is turned to either N.sub.1 or
      N.sub.2 the nozzles are beyond the periphery of the turbine wheel and
      cannot exert any force on it. This position corresponds to the neutral
      position in modern automotive vehicles. The turbine nozzle position at the
      circumference is designated 1D for "first speed forward." Other circular
      positions on the same radius are given other speed designations up to 25D
      the highest coupling speed obtainable. As the nozzles are moved beyond the
      axis 57 of the turbine wheel, there results a reverse coupling designated
      25R to 5R. The couplings 25R to 5R are assigned to be used as a
      progressive emergency brake during the motion forward of the vehicle,
      while the couplings 5R to 1R are assigned to be used as reverse coupling.
      All designations are printed on the control dial 55 for the convenience of
      the operator.
PAR  FIGS. 15 and 16 show the details of the supporting plates 49 and 50 which
      hold the nozzles in position. The clamps 48 are secured to a top plate 49
      having two holes 142 for bolts 143 (FIGS. 3 and 15). Plate 49 is mounted
      on plate 50 and secured thereto by the bolts 143 passing through curved
      slots 144 (see FIG. 16). This arrangement is necessary so that the
      direction of the nozzles may be adjusted to provide the most efficient
      operation directing the air stream strictly perpendicular to the radius of
      turbine wheel. Channel bars 50A are secured to the bottom of plate 50 for
      guidance on transverse rod 51.
PAR  The above described vehicle is not only an efficient means of
      transportation on both land and water; it is also comfortable, safe, and
      has provision for at least two passengers, offering the choice to be
      easily designed also for four passengers by the addition of two more seats
      and two more pedals.
PAR  Fit to go anywhere with youngsters as well as with older people it connects
      the pleasure to utility and to savings.
PAR  The operation of this fuel-saving vehicle is devoid of polution, creates a
      minimum of noise and induces and maintains a good health and good shape of
      operators.
CLMS
STM  The embodiments of the invention in which our exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. In a pedal powered amphibian vehicle equipped with conventional brakes
      and having a single front wheel and two rear wheels from among only one is
      a driving wheel; the improvement comprising: a rotary air blower coupled
      to pedal crank arms and driven by them for creating a continuous
      pressurized air stream; a flat turbine wheel provided with reaction blade
      cavities and coupled to the rear driver wheel for turning it and thereby
      moving the vehicle; two nozzles connected to said air blower by a flexible
      double conduit and secured to a movable mounting means adjacent to the
      turbine reaction blade cavities for directing a stream of air to the
      cavities to turn the turbine wheel; said movable mounting means including
      a transversely mounted rod for supporting the nozzles as they are moved
      along a radius of the turbine wheel to vary the speed ratio between the
      pedal crank arms and the driver wheel.
NUM  2.
PAR  2. A vehicle as claimed in claim 1 wherein said turbine wheel is provided
      with reaction cavities on both the upper and lower faces and wherein two
      nozzles are connected to the blower, one nozzle adjacent to the upper
      blade cavities and the other nozzle mounted adjacent to the lower blade
      cavities.
NUM  3.
PAR  3. A vehicle as claimed in claim 2 wherein a pair of wires are fastened to
      said nozzles and coupled to a manual control pulley for moving the nozzles
      along the transverse rod to vary the speed ratio between pedals and driver
      wheels, and to provide neutral and reverse; said control pulley having a
      circular scale indicating neutral, drive and reverse zones, and also the
      level of each blade cavities channel.
NUM  4.
PAR  4. A vehicle as claimed in claim 1 wherein two sets of pedals are mounted
      on the vehicle for use by two passengers, both of said pedal sets mounted
      on crank arms and coupled by an intermediary set of pulleys to a
      free-wheeled shaft which is connected to the air blower; said vehicle
      offering the choice to be easily designed also for four passengers by the
      addition of two more seats and two more pedals connected to the same
      shaft.
NUM  5.
PAR  5. A vehicle as claimed in claim 4 wherein two individual seats are mounted
      on the vehicle by means of movable pivotal joints, said joints permitting
      either the approach or retraction of each seat independently from the
      crank arms as well as the change of the incline of its back.
NUM  6.
PAR  6. A vehicle as claimed in claim 1 wherein a storage spring is mounted on
      the vehicle, one end of the spring secured to the vehicle, the other end
      of the spring secured to a notched rod for controlling the movements of
      the spring, and including a pair of tongues resiliently adapted to fit in
      notches of the rod for retaining the storage spring in a storage position;
      said tongues comprising a manually operable lever and control wires
      leading from the lever to the tongues.
NUM  7.
PAR  7. A vehicle as claimed in claim 6 wherein said notched rod is coupled to a
      reversible clutch for storing energy in the spring at one setting of the
      clutch, and for delivering the energy so stored at another setting of the
      clutch.
NUM  8.
PAR  8. A vehicle as claimed in claim 7 wherein a control means for operating
      said reversible clutch includes a manually operable lever and control
      wires leading from the lever to the clutch; said clutch comprising a first
      clutch roller coupled to a storage spring, and a second clutch roller
      mounted adjacent to the first and coupled to the driver wheel; a single
      clutch wheel for engaging the first and second clutch rollers to transmit
      power from the driver wheel to the storage spring to store energy therein;
      and a double set of clutch wheels also engaging the first and second
      clutch rollers to transmit power from the storage spring to the driver
      wheel; said clutch wheels including a resiliently adapted rod held in
      operating position by a coupling means comprising a leaf spring, a
      manually operable latch and a pawl.
NUM  9.
PAR  9. A vehicle as claimed in claim 7 wherein a control means for operating
      automatically said reversible clutch includes a latch kept in operable
      position by a pawl urged by a spring, and setting the clutch either to
      store or deliver energy; and a system of two linkages connected to said
      pawl and driven by a projection of said notched bar, automatically
      retracting the pawl and disconnecting said clutch when the storage spring
      is either fully extended or completely released.
NUM  10.
PAR  10. A vehicle as claimed in claim 7 wherein said reversible clutch is
      coupled to both the notched rod and to the driver wheel by identical
      sprocket wheel means which operate as speed amplifying and reducing gears.
NUM  11.
PAR  11. A vehicle as claimed in claim 6 wherein an indicating means, including
      a pointer and a dial, are mounted in front of the driver for indicating at
      any time the elongation of the storage spring.
NUM  12.
PAR  12. A vehicle as claimed in claim 1 wherein a pair of principal floates are
      attached to the sides of the vehicle by means of retractable pivotal rods,
      said floats being first lowered and then laid to a flotation position
      whenever the vehicle is used to travel on water; and further including a
      supplemental pair of floats, provided with directional wings, and attached
      to each side of the frontal wheel by means of retractable rods, which are
      lowered to a flotation position when traveling on water, in order to
      ensure both the direction of the vehicle and its horizontal plane.
NUM  13.
PAR  13. A vehicle as claimed in claim 12 wherein said flexible double conduit
      is retracted from said nozzles and is positioned beneath the surface of
      the water for jet propulsion.
NUM  14.
PAR  14. In a pedal powered amphibian vehicle equipped with conventional brakes
      and having a single front wheel and two rear wheels from among only one is
      a driving wheel; the improvement comprising: rotary air blower coupled to
      pedal crank arms and driven by them for creating continuous pressurized
      air stream; a flat turbine wheel provided with reaction blade cavities and
      coupled to the rear driver wheel for turning it and thereby moving the
      vehicle; two nozzles connected to said air blower by a flexible double
      conduit and secured to a movable mounting means adjacent to the turbine
      reaction blade cavities for directing a stream of air to the cavities to
      turn the turbine wheel; said movable mounting means including a
      transversely mounted rod for supporting the nozzles as they are moved
      along a radius of the turbine wheel to vary the speed ratio between the
      pedal crank arms and the driver wheel; said vehicle further including a
      storage spring means operatively associated with said driving wheel for
      storing energy to be subsequently imparted to said driving wheel when
      required.
NUM  15.
PAR  15. A vehicle as claimed in claim 14 further including retractable float
      means secured to said vehicle.
NUM  16.
PAR  16. A vehicle as claimed in claim 15 wherein said flexible double conduit
      is retracted from said nozzles and is positioned beneath the surface of
      the water for jet propulsion.
NUM  17.
PAR  17. A vehicle as claimed in claim 14 wherein said turbine wheel is provided
      with reaction cavities on both the upper and lower faces and wherein two
      nozzles are connected to the blower, one nozzle adjacent to the upper
      blade cavities and the other nozzles mounted adjacent to the lower blade
      cavities.
NUM  18.
PAR  18. A vehicle as claimed in claim 17 wherein a pair of wires are fastened
      to said nozzles and coupled to a manual control pulley for moving the
      nozzles along the transverse rod to vary the speed ratio between pedals
      and driver wheels, and to provide neutral and reverse; said control pulley
      having a circular scale indicating neutral, drive and reverse zones, and
      also the level of each blade cavities channel.
NUM  19.
PAR  19. A vehicle as claimed in claim 14 wherein two sets of pedals are mounted
      on the vehicle for use by two passengers, both of said pedal sets mounted
      on crank arms and coupled by an intermediary set of pulleys to a
      free-wheeled shaft which is connected to the air blower; said vehicle
      offering the choice to be easily designed also for four passengers by the
      addition of two more seats and two more pedals connected to the same
      shaft.
NUM  20.
PAR  20. A vehicle as claimed in claim 19 wherein two individual seats are
      mounted on the vehicle by means of movable pivotal joints, said joints
      permitting either the approach or retraction of each seat independently
      from the crank arms as well as the change of the incline of its back.
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ABST
PAL  A motor driven pump, located substantially at the center of mass of a boat
      and its fixed contents, is provided with a series of selectively
      effective, aligned openings for taking in water from a selected direction
      and discharging it in the same direction, so that the boat can be shifted
      at will forward, backward, sidewise or obliquely without substantially
      affecting the orientation of the keel of the boat. Provision is made for
      the utilization of the same pump (1) for pumping out and discharging bilge
      water; (2) for utilizing water from the body of water in which the boat
      floats to fight fires; and (3) for turning the boat through simultaneous
      utilization of disaligned intake and discharge passages. Provision is
      further made for the optional use of an auxiliary boat driving motor in
      the stern of the boat with slide member for smoothly covering and
      streamlining the auxiliary motor operating space when such motor is
      withdrawn therefrom.
BSUM
PAR  This invention relates to operating means for boats and is in the nature of
      an improvement upon the invention disclosed and claimed in my U.S. Pat.
      No. 3,835,806 of Sept. 17, 1974, for Power Propulsion Means for Boats.
PAR  As in said patent, a motor driven pump located substantially at the center
      of gravity of the boat and its fixed contents, is provided with a series
      of selectively effective, aligned openings for taking in water in a
      selected direction and discharging it in the same direction, whereby the
      boat can be shifted at will forward, backward, to either side or obliquely
      without substantially affecting the orientation of the keel of the boat.
PAR  In accordance with the present invention all the advantages of the patented
      construction are made available but significant advances are also
      realized.
PAR  It is a feature that the same pump normally utilized for the propulsion of
      the boat is also utilized for pumping out bilge water.
PAR  It is a further feature that the same pump is arranged to utilize
      disaligned intake and discharge openings for reorientation of the boat.
PAR  It is a still further feature that the same pump is utilized for
      withdrawing water from the body of water in which the boat floats and
      discharging it for fighting a fire either on the boat itself, on shore, or
      on a nearby boat.
PAR  It is also a feature that provision is made for the utilization of an
      auxiliary outboard motor unit in a space provided in the stern of the boat
      with means for covering and streamlining the auxiliary motor operating
      space when the auxiliary motor is withdrawn from its operative position.
PAR  Other objects and advantages will hereinafter appear.
DRWD
PAR  In the drawing forming part of this specification:
PAR  FIG. 1 is a view in side elevation, partly broken away from compactness of
      illustration and for exposing certain details, of a boat embodying
      features of the invention;
PAR  FIG. 2 is a plan view of the novel boat broken away similarly to FIG. 1 for
      compactness of illustration;
PAR  FIG. 3 is a fragmentary view in side elevation, partly broken away, showing
      the water pump, certain pump connections and the principal control means
      of said pump;
PAR  FIG. 4 is a fragmentary plan view of the principal pump and all of the
      immediate connections thereof;
PAR  FIG. 5 is a horizontal sectional view as seen from above of control means
      for the principal pump, the section being taken on the line 5--5 of FIG.
      3, looking in the direction of the arrows;
PAR  FIG. 6 is a fragmentary detail view in elevation, partly broken away,
      showing a typical hydraulically controlled valve;
PAR  FIG. 7 is a fragmentary view in side elevation, partly in section and
      partly broken away, of the outlet directly to the rear which serves also
      as the bilge discharge;
PAR  FIG. 8 is a fragmentary vertical sectional view showing particularly the
      bilge water intake;
PAR  FIG. 9 is a plan view, more or less diagrammatic, showing a typical valve
      control organization which is used, substantially as shown, for
      controlling pump inputs and outputs;
PAR  FIG. 10 is a fragmentary plan view showing the front, rear and side intake
      and discharge water openings for controlling movements of the boat with
      and without reorientation of the keel;
PAR  FIG. 11 is a fragmentary horizontal plan view showing the setting of the
      pump housing for fire-fighting purposes;
PAR  FIG. 12 is a view similar to FIG. 11 but showing the setting for bilge
      water pumping; and
PAR  FIG. 13 is a fragmentary, more or less diagrammatic plan view, showing a
      hydraulic control system for various intake and discharge passages.
DETD
PAR  As in the case of my patented boat, the present boat 10 has a hull 12 of
      generally conventional configuration. Oar locks and one or more seats may
      be provided but are not shown. At or near what is calculated to be the
      approximate center of gravity of the boat and the fixed contents thereof,
      a hollow cylindrical shell 14, open at the top, is rigidly affixed to the
      boat bottom. The shell 14 forms a seat for a hydraulic pump 16.
PAR  A pump casing 18 fits in the shell 14 and is supported snugly in the shell
      with freedom for unlimited rotative adjustment relative to the shell.
PAR  An internal combustion engine 20 is mounted in front of the pump and has a
      chain-driven output shaft 22 which extends vertically downward and is
      concentric with shell 14 and pump casing 18. Since the engine may be of
      conventional design, the structure of the engine and its controls are not
      shown in detail.
PAR  The output shaft 22 of the engine extends downward through the center of
      the pump and has affixed to it suitable impeller blades 24 which are
      properly sloped to drive water in the pump chamber upward. The blades may
      desirably be disposed in overlapping relation. The pump chamber is
      desirably placed so low in the boat that it is below water level for at
      least a substantial portion of its depth, so that water will normally
      stand in the chamber at least partway up the impeller blades when the pump
      is idle, and will flow by hydrostatic pressure into the pump chamber to
      replace expelled water when the pump is in action. This is desirable for
      keeping the pump primed. So long as the pump is primed, the rotating
      impeller blades will act to draw water from the boat sustaining body of
      water into the pump chamber.
PAR  For supplying water to the intake or lower end of the pump, and for
      carrying it away from the discharge or upper end, provision is made of a
      series of fixed radiating conduits or passages, generally similar to the
      arrangement of my issued patent but differing significantly therefrom.
PAR  In the patent, for every rotary setting of the casing corresponding to 18
      hereof which provided one or more active inlets, there was invariably
      provided for each active inlet an aligned active output. This arrangement
      is significantly modified in the present instance, as clearly revealed in
      FIGS. 11 and 12 hereof.
PAR  As in the patented structure, the shell 14 includes three fixed forward
      passages 26, 28 and 30 which are adapted to serve as inlets or outlets,
      and three rear passages 32, 34 and 36 which are adapted to serve as
      outlets or inlets, the passages 32, 34 and 36 being aligned, respectively,
      with passages 26, 28 and 30. As in the patent the shell 14 also provides a
      lateral passage 38 which is aligned with a lateral passage 40.
PAR  In the present instance, however, instead of making the pump casing have
      two opposed channel sectors of equal width and each wide enough to render
      26, 28 and 30, or 32, 34 and 36 simultaneously active, one sector passage
      42 of that width and an opposed narrow sector passage 44 centered on the
      same diametrical line as 42 are provided.
PAR  With this kind of arrangement the lateral passages 38 and 40 function as
      before, but the narrowing of 44 introduces the possibility of rendering 32
      active simultaneously with 26 and 28; and 34 which extends directly
      rearward from the pump active simultaneously with 26, 28 and 30; and 36
      active simultaneously with 28 and 30. The second of these combinations
      would drive the boat straight ahead. The first would reorient the boat in
      one direction, and the third would reorient it in the opposite direction.
      Similar results, but with the boat moving backward, would occur if 44 were
      turned into association with 26, 28 and 30.
PAR  In addition to the passages thus far referred to, intake pasage 42 may be
      aligned with a bilge water intake passage 46 at the same time that output
      passage 44 is aligned with a bilge water output passage 48. (See FIG. 12)
      The passage 48 discharges through a hose 50 or other suitable means into
      passage 34 for disposing of the bilge water, as best seen in FIG. 4. The
      setting for bilge pumping is illustrated in FIG. 12.
PAR  Provision is made for rendering bilge intake passage 46 normally inactive,
      as will be explained presently, so that the intake of bilge water need
      never interfere with the operation of the boat under normal circumstances.
      The passage 46 can, however, be rendered active at the will of the
      operator in conjunction with the setting of FIG. 12.
PAR  Provision is also made for storing a quantity of water in a portion of
      passage 46 and releasing it to the pump when bilge water pumping is
      initiated, in order to assure a bilge water prime for the pump.
PAR  Provision is also made for fighting fires by drawing water from the boat
      supporting body of water and for projecting it in a stream to a fire on
      the boat itself, on another boat, or on shore. The setting of 18 for this
      purpose is shown in FIG. 11. The intake passage 42 is set to receive water
      from passages 26 and 28 while discharge passage 44 is aligned with a fire
      discharge passage 52. The fire discharge 52, when active, delivers to a
      short length of flexible hose 52a so that the discharged stream may be
      directed toward the fire.
PAR  Again, provision is made of a valve 52d for normally choking off the
      delivery of water through 52 so long as there is no fire to fight as will
      be explained.
PAR  The various settings of the pump casing 18 are controlled by the pilot from
      a wheel 54 having an upstanding handle 56. The wheel 54 is fast on the
      upper end of a vertical shaft 58 (FIGS. 3 and 5). The shaft 58 has fast
      upon it a gear or sprocket 60 which drives and controls a chain 62. The
      chain 62 is trained, as best seen in FIG. 5, about the sprocket 60, about
      idler side sprockets 64 and about a sprocket or gear 66 fast on a sleeve
      68 which surrounds the drive shaft 22 of the pump 16 and is of the same
      diameter as gear 60.
PAR  It will be seen that operation of the wheel 54 can adjust the setting of
      the pump casing 18:
PAR  1. To drive the boat forward, backward, sidewise or diagonally without
      reorientation of the boat's keel;
PAR  2. To steer the boat by reorientation of the boat's keel;
PAR  3. To pump bilge water out of the boat; and
PAR  4. To fight fires.
PAR  Some of these capabilities are inconsistent or conflicting with others. It
      is important, therefore, that provision be made for avoiding objectionable
      conflicts. To this end, means are provided for optionally rendering
      certain intake and/or discharge passages normally inactive but active as
      specifically required.
PAR  For this purpose, a hydraulic system employing oil as the active liquid is
      utilized. This system includes an auxiliary pump 70, driven by the engine
      20, but arranged to shut off automatically whenever a predetermined
      maximum pressure is attained.
PAR  The pump 70, when active, draws oil from a reservoir 72 which is not under
      pressure. The pump 70 supplies oil under maximum pressure to a manifold
      line 74 from which several lines 76 and several lines 78 branch off.
PAR  As seen in FIG. 9, the controlled water valve, of which the illustrated
      valve 80 is typical, is projected into and withdrawn from a water passage
      on a conduit like 82. The valve 80 is desirably rectangular in form. The
      conduit 82 may be rectangular in cross-section, or it may contain parallel
      plates which have aligned openings adapted to be covered and uncovered by
      the valve without leakage. The stem 84 of valve 80 is provided with a
      fixed collar 86 which is constantly urged by a compression coil spring 88
      in a direction to close the valve. The spring 88 surrounds the valve stem
      84. The valve stem 84 has affixed to its upper end a piston 90 which fits
      the bore of a cylinder 92. The piston 90 divides the cylinder into upper
      end lower chambers of variable, complementary volumes. A conduit 94
      constantly communicates with the upper chamber of 92 while a conduit 96
      constantly communicates with the lower chamber of 92.
PAR  As shown, a cylindrical slide valve 98, operable in a fixed sleeve 100 and
      controlled in its setting by a lever 102 which is manually operable about
      a fixed pivot 104, connects the output side of the pump 70, through 76 and
      96, with the lower chamber of cylinder 92, so that the piston 90 is being
      driven upward.
PAR  The valve 98 is desirably a solid cylinder having four circumferential
      channels 106, 108, 110 and 112 formed in it.
PAR  As shown in FIG. 9, the valve 98 connects the upper chamber of cylinder 92
      through the conduit 94 and channel 112 with a comprehensive conduit 113
      which delivers to the reservoir or sump 72. The reservoir 72, in turn, is
      connected through conduit 116 with the intake side of pump 70.
PAR  When it is desired to close the valve 80, the operating instrumentalities
      of valve 80 are reversed by shifting the valve 98 to place 96 through
      channel 110 in communciation with reservoir 72 and the intake side of pump
      70, and to place 94, through channel 108, in communication with the output
      side of the pump 70.
PAR  It is not essential to keep the piston 90 at an end of the cylinder 92. The
      piston 90, and therefore the valve 80, may be maintained in any desired
      intermediate position by setting the valve 98 to render and maintain all
      of passages 106, 108, 110 and 112 simultaneously inactive.
PAR  As shown in FIG. 13, the several operating levers 102a, 102b, 102c, 102d,
      102e, 102f, and 102g are arranged to form a control console conveniently
      accessible to the pilot. In this figure conduits 94a and 96a, 94b and 96b,
      etc., are represented diagrammatically by single lines.
PAR  The reference characters employed in the description of FIG. 9 will be used
      with the subscript a added in connection with the front intake control,
      with b added in connection with a first bilge water intake valve, with c
      added in connection with a second bilge water intake valve, with d added
      in connection with a fire fighting valve, with e added in connection with
      a rear sliding door for closing the operating space of an optionally
      usable auxiliary outboard motor, and with f added in connection with the
      valve in rear center passage 34. Subscript g is added in connection with a
      spare console lever 102g. Not all of these reference characters appear on
      the drawing, but the structure and operation can be readily understood by
      referring to FIG. 9.
PAR  Some of the water valve operating means differ in minor details from FIG.
      9. These differences will be referred to as the description of each
      proceeds.
PAR  Before going further into fire-fighting or bilge water pumping an analysis
      of available settings for turning the boat and/or for driving the boat
      without turning is in order.
PAR  Speed is, of course, primarily responsive to throttle control of motor 20.
PAR  When 44 delivers into 34 the intake will be through 26, 28 and 30 and the
      boat will move directly forward.
PAR  When 44 delivers into 32 the intake will be through 26, 28 and 30 and the
      boat will turn clockwise while moving forward.
PAR  When 44 delivers into 36 the intake will be through 30 and the boat will
      move forward diagonally without turning.
PAR  When the fire-fighting setup of FIG. 11 is established the boat will tend
      to move backward while turning clockwise, but if the fire-fighting hose is
      pointed between 28 and 26 the boat will remain stationary. This would be
      desirable if the fire is on shore. If the fire is on another boat which is
      drifting downstream the pointing of the hose and the orientation of the
      boat can be adjusted to cause this boat to drift downstream also. If the
      boat is not aground or anchored, a reversible outboard motor unit 128 may
      be used to advantage for offsetting the tendency of fire-fighting water
      intake and discharge to move the boat.
PAR  If the bilge is being pumped, the bilge intake has no tendency to move the
      boat, but the discharge stream tends to drive the boat forward because the
      discharge is through the outlet 34, directly astern. This is a very
      desirable arrangement because the discharge of the bilge water through 34
      tends to drive the boat straight ahead and it may be important to get the
      boat safely docked or grounded.
PAR  The need for pumping bilge water may arise simply through slow seepage. In
      this case the boat may be anchored during pumping. If not anchored, its
      movement may be of small concern. If, however, the water is pouring into
      the hull of the boat because the hull has been damaged, the incidental
      driving of the boat toward shore or toward a dock may be imperative.
      Discharge of bilge water through 34 tends to drive the boat straight
      forward although the location of a substantial leak may have a modifying
      effect.
PAR  The effect produced by operation of the lever 102a will be to raise or
      lower a piston 90a which controls the front central intake 28. With front
      intake 28 shut off, front intake from the boat sustaining body of water
      can only be through 26 and 30, or through 26 or through 30. It is still
      possible to drive the boat directly forward or to turn it right or left.
      The reason for providing a water valve in the front, center passage 28 is
      primarily to set the valve 80a in a partially open position for
      controlling trawling speed without throttling the motor 20.
PAR  Two water valves are provided at the intake end of the bilge line as seen
      in FIG. 8. The purpose of this is to provide and maintain between the
      closed valves a body of water adequate to provide a prime when bilge water
      pumping is initiated.
PAR  The bilge intake line 46 extends horizontally throughout most of its
      length, but is turned downward at its rear extremity to clear the boat
      bottom by a slight amount.
PAR  The valve 80b is located in the downturned end of 46 and is disposed
      horizontally as is the operating mechanism for the valve. When fully
      closed the rear end of the valve 80b bears against a fixed, upstanding
      abutment or shoulder 120.
PAR  The valve 80c, on the other hand, is disposed vertically and when both 80b
      and 80c are fully closed the space between them is completely sealed off,
      and a substantial body of water can be stored in that space. This provides
      for a priming of the pump 16 relative to the bilge, if that is required,
      upon the initiation of bilge water pumping.
PAR  For pumping water into the bilge water intake line 46 the discharge passage
      44 is turned into alignment with 46, the valve 80b is held closed and the
      valve 80c is completely opened. This places the inlet passage 42 in
      communication with 48 and through hose 50 with 34 which is normally the
      rear center discharge line. The line 48 terminates below water level.
      Water is drawn in through 48 until 46 is completely filled. The valve 80c
      is then operated to its fully closed position, trapping the water between
      itself and the closed valve 80b.
PAR  Any intake through 26 or 30 with 18 in the position of FIG. 11 when there
      is no fire to be fought would cause a useless discharge of water through
      the fire outlet 52. The fire outlet is accordingly provided with a valve
      52d (FIG. 4) which is normally closed.
PAR  The lever 102e, through a valve 98e and lines 94e and 96e, controls not a
      water valve, but a slide 126 at the extreme rear end of the boat.
PAR  An auxiliary outboard motor 128 is pivotally mounted in a notched wall
      portion 130 at the tail of the boat, and has unitary with it a propeller
      132 which it supports and drives through conventional connecting means
      134. The motor is adapted to be swung to carry the propeller up to a
      raised position through an opening formed in an upwardly sloping bottom
      wall 136 at the extreme rear end of the boat when the motor is not in use
      and down through the opening to the position illustrated in FIG. 1 when
      the motor is in use. It is desirable that the opening be closed by a slide
      door 126 when the motor is in raised position, so that the entire
      undersurface of the boat will be streamlined.
PAR  A cylinder 92e is accordingly connected at its upper, rear end to 136 with
      sufficient clearance to permit the sliding door 126 to be slid upward and
      rearward beneath it. A long rod 84e extends forward and down from the
      piston 90e and is connected at its free end to upstanding ears 140 which
      are affixed to the forward margin of the door 126.
PAR  Suitable guides and hold-down strips 142 are provided for the sliding door.
PAR  The central rear passage 34 is utilized alternatively for the discharge of
      water when the boat is being driven straight ahead by water picked up from
      the boat sustaining body of water through passages 26, 28 and 30, and when
      bilge water transmitted through 46, 48 and 50 is delivered into it.
PAR  Ordinarily, it is advantageous to handle water in 34 from these diverse
      sources one at a time. That is to say, for example, if bilge water pumping
      is desired, it ought not to be necessary in order to arrive at that
      setting to go through a sequence of operations induced by the pumping of
      water through 26, 28 and 30. The passage or discharge line 34 is
      accordingly made to include a valve box 143 (FIG. 7) in which a flap valve
      144 is mounted for rocking movement about the axis of a pivot pin 146,
      which pin is made fast with the valve. The valve is shown in FIG. 7 in
      bearing relation with a downwardly facing horizontal seat 145, in which
      position it completely shuts off ingress of bilge water from the hose 50
      while freely admitting water taken in through 26, 28 and 30.
PAR  This valve is also indicated in broken lines in a lower position in which
      it bears against a downwardly sloping seat 148, freely admitting bilge
      water but shutting off water from 26, 28 and 30. The pivot pin 146
      desirably has integral with it a slotted operating crankarm outside the
      chamber in the box 143 through which the valve is operated by piston rod
      84f.
PAR  I have described what I believe to be the best embodiment of my invention.
      What I desire to cover by letters patent, however, is set forth in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The combination with a boat, of power driving means therefor comprising,
      in combination,
PA1  a. a single water pump having a pump chamber located, roughly, at least, in
      the vicinity of the center of mass of the boat and its fixed contents,
      said pump having a vanel impeller rotatable about a fixed vertical axis
      and having the vanes thereof slanted always to drive water upward whenever
      the pump is in operation, said pump having a single casing formed with
      opposed intake and discharge passages,
PA1  b. a shell in which the pump casing is mounted for rotation about a
      generally vertical axis, said shell having numerous divergent passages
      running toward the front and rear ends of the boat and adapted for
      selective alignment with the intake and discharge passages of the pump
      casing,
PA1  one passage of the pump casing being wide enough to communicate
      simultaneously with more than one passage of the shell, but the other
      passage of the pump casing being so narrow that it can communicate with
      only one passage of the shell at a time, and
PA1  c. control means for manually rotating the pump casing relative to the
      shell,
PA1  the construction and arrangement being such that the operator through
      operation of said pump, and control of the pump impelled water through
      manipulation of the casing, has the option of driving the boat directly
      forward, backward or sidewise without substantial turning of the keel, or
      of steering the boat by turning the boat to right or left.
NUM  2.
PAR  2. The combination of claim 1 in which there are a set of several
      divergent, associated front passages in the front portion of the shell and
      the same number of associated, divergent individually aligned, passages in
      the rear portion of the shell, and in which the intake passage of the pump
      casing is broad enough to communicate simultaneously with all passages of
      either set but the discharge passage of the pump casing is broad enough to
      communicate with only one of said passages at a time.
NUM  3.
PAR  3. The combination of claim 1 in which the shell is additionally formed
      with a bilge water inlet passage cooperative with a bilge water discharge
      passage and with the pump, the bilge water inlet passage being so located
      that the pumping out of bilge water may be effected exclusively whenever
      it is effected at all.
NUM  4.
PAR  4. The combination of claim 3 wherein the outlet passage of the pump may be
      aligned with the bilge water inlet passage when the inlet passage of the
      pump is aligned with at least one of the rear passages of the shell, so
      that water may be pumped from the body of water in which the boat is
      sustained into the bilge water intake passage of the shell, said bilge
      water intake passage including two spaced valves, each capabale of
      completely closing off the bilge water intake passage, the construction
      and arrangement being such that with the valve farther from the pump
      casing closed and the valve nearer the pump casing open, water may be
      pumped in to fill the intervening space and then trapped by closing the
      latter valve, whereby priming of the pump for the pumping of bilge water
      is assured when the pump casing has been appropriately set for bilge water
      pumping and the valves are simultaneously opened.
NUM  5.
PAR  5. The combination of claim 3 in which provision is made of means for
      delivering pumped bilge water below water level through a shell passage
      which extends directly rearward so that the discharge of bilge water from
      such passage will drive the boat directly forward.
NUM  6.
PAR  6. The combination of claim 5 in which the shell passage referred to as
      extending directly rearward from the pump is equipped with a valve having
      an upper position in which reception of bilge water from above is shut off
      and water from the boat sustaining body of water is admitted horizontally,
      and a lower position in which the situation is reversed, and remote valve
      control means is provided, operable by the pilot from his normal station
      for setting the valve as desired.
NUM  7.
PAR  7. The combination of claim 1 in which the pump casing includes a
      fire-fighting discharge passage together with hose means for discharging
      in a stream water taken in from the body of water in which the boat is
      floating.
NUM  8.
PAR  8. The combination of claim 1 in which provision is made at the rear of the
      boat of an outboard auxiliary motor swingable between a raised, idle
      position and a depressed active position, the rear end of the boat having
      an opening through which the unit can be swung, a sliding door for closing
      said opening when the auxiliary motor unit is in raised, inactive
      position, and for opening said door to permit location of the auxiliary
      motor in active position, and remote control means operable from a remote
      control station to open and close said door.
NUM  9.
PAR  9. The combination of claim 1 in which several of the shell passages are
      equipped with control valves, the pump casing control means is located at
      an operator's station, and a console is provided at the operator's station
      for selectively opening and closing said valves by remote control.
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ABST
PAL  Disclosed herein is a signal device for detecting the condition of a fluid
      line filter and automatically activating a signal indicating that the
      filter requires cleaning or replacement. The signal device may be built in
      or installed as an attachment in the fluid lines leading to and from a
      filter for removing moisture and/or contaminants from the line. The signal
      device comprises a piston housing containing a piston movable to
      signalling position in response to reduced fluid pressure adjacent one end
      of the piston resulting from reduced volume of fluid passing through the
      filter, locking means for retaining the piston in said signalling
      position, and signal actuating means activated by fluid pressure when the
      piston is in said signalling position. The signal may be visual or
      audible, actuated mechanically or electrically.
BSUM
PAR  This invention relates to a signal device for detecting the condition of a
      fluid line filter and automatically activating a signal indicating that
      the filter requires cleaning or replacement. It relates more particularly
      to a device easily attachable to the fluid line leading to and from a
      fluid line filter for the purpose of detecting the condition of the filter
      and automatically giving a signal, which may be audible or visual, in the
      event fluid flow through the filter is not normal, as is the case when the
      filter is clogged with contaminants.
PAR  Conventional pressurized fluid lines leading to fluid operated tools are
      provided with filters which remove moisture and contaminants. In order to
      avoid damage to the tools and devices being operated by the fluid line,
      and to insure maximum power and to avoid having to shut down fluid
      operated equipment at an inopportune time in the event the filter unit
      requires cleaning or replacement, it is desirable to provide a timely
      signal warning the operator of the filter condition.
PAR  The main object of this invention is to provide a signal which continues to
      function until the filter has been cleaned or replaced.
PAR  Another object is to provide a signal which becomes operative as soon as
      the filter becomes sufficiently clogged to hinder passage of pressurized
      fluid through the filter.
PAR  Another object is to provide a signal which may be audible or visual, and
      be mechanically or electrically activated.
PAR  Another object is to provide a signal device which detects filter condition
      in any pressurized fluid line, either water, air, oil or other fluid.
PAR  Another object is to provide a signal device piston which becomes activated
      by differential pressures transmitted to a piston housing by fluid lines
      connected, respectively, to the filter intake and the filter outlet lines.
      Adjustable means are provided for obtaining various differential pressures
      in a single signal device.
PAR  Another object is to provide locking means for retaining the signal device
      piston in its signalling position until the clogged condition of the
      filter has been corrected.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is an elevational view, partly in section, showing a fluid line
      filter equipped with a signal device embodying this invention for
      detecting the filter condition and sounding a signal if the filter is not
      functioning properly.
PAR  FIG. 2 is a transverse vertical sectional view of part of the signal
      device, in the plane of the line 2--2, looking in the direction indicated
      by the arrows.
PAR  FIG. 3 is a longitudinal vertical sectional view of the signal device, in
      the plane of the line 3--3 of FIG. 2, showing the position of the piston
      in the housing when the fluid flow through the filter is normal,
      indicating that the flow is not hindered by contaminants in the filter.
PAR  FIG. 4 is a view similar to FIG. 3, in the plane of the line 4--4 of FIG.
      2, showing the position of the piston in the housing when the fluid flow
      through the filter is hindered by an unclean condition of the filter which
      causes the fluid flow into opposite ends of the piston housing to become
      unbalanced.
PAR  FIG. 5 is a plan view of a modification of the piston locking means of
      FIGS. 1-4.
PAR  FIG. 6 is an elevational side view of the locking means of FIG. 5.
PAR  FIG. 7 is a side elevational view of another modification of the locking
      means.
PAR  FIG. 8 is a longitudinal vertical sectional view of the piston housing,
      similar to FIG. 3, showing modifications related to means for varying the
      pressures required in the opposite end chambers to actuate the piston,
      whereby differentials may be obtained in a single signal device.
PAR  FIG. 9 is a transverse vertical sectional view in the plane of the line
      9--9 of FIG. 8.
PAR  FIG. 10 is an enlarged sectional view showing the form of the annular
      groove in the piston.
DETD
PAR  In the embodiment of the invention shown in the drawings, a conventional
      filter bowl 10, equipped with a fluid line filter 11, is connected in a
      fluid line which supplies pressurized fluid to fluid operated tools or
      devices (not shown). The fluid supply line 12 is connected at 13 to the
      filter bowl 10 for passage through the filter 11. The line 14 is connected
      at 15 to the filter bowl for passage of filtered fluid to the fluid
      operated tool.
PAR  The signal apparatus for detecting the filter condition and activating the
      signal when the filter has become clogged so that passage of pressurized
      fluid is hindered to a predetermined degree, is designated 20 as a whole.
      The apparatus 20 comprises a pressurized fluid intake 21 connected at 22
      to the fluid supply line 12 and at 23 to a signal device housing 24, and
      fluid outlet 25 connected at 26 to the housing 24, and at 27 to the line
      14 that leads to a fluid operated tool or device.
PAR  Referring to FIG. 3, the signal housing 24 encloses a piston 30 designed to
      move longitudinally axially in the housing 24 under certain conditions.
      Normally the smaller diameter end 31 is spaced from the housing end 32 by
      a high pressure fluid chamber 33, and the larger diameter piston end 34 is
      spaced from the housing end 35 by a low pressure fluid chamber 36. When
      the filter 11 is clean, or sufficiently clean to permit free passage of
      pressurized fluid through the filter and through lines 14 and 25,
      sufficient pressure exists in the low pressure chamber 36 to maintain the
      piston 30 in its normal position between chambers 33 and 36 as shown in
      FIG. 3.
PAR  When the filter 11 becomes clogged to such an extent that the pressurized
      fluid from supply line 12 does not pass freely through the filter, the
      lines 14 and 25 cease to provide sufficient fluid to maintain
      predetermined pressure in the chamber 36 and consequently the piston 30 is
      forced to move from the FIG. 3 position to that shown in FIG. 4 where the
      larger piston end 34 is near the end wall 35 of the piston housing. In the
      position of the piston 30 shown in FIG. 4, pressurized fluid in chamber 33
      is free to pass out through duct 40 to activate a reed whistle 41 or other
      signal means fastened to the housing 24 by screw 42, as shown in FIGS. 2
      and 4. Thus a signal is given when the filter needs cleaning or
      replacement, and this signal continues to be activated until the condition
      is corrected.
PAR  It is to be understood that the signal may be the audible signal shown in
      FIGS. 1-4, or a visual signal (electrical or mechanical) actuated by
      pressure fluid through the duct 40.
PAR  To hold the piston in the signal-giving position shown in FIG. 4, there is
      provided locking means 45 shown in FIGS. 1-7. The means 45 comprises a
      spring plate 46 fastened at 47 to the housing 24, the plate having an
      aperture through which extends a headed screw 48 the inner end of which
      engages an annular groove 49 in the piston 30 when the piston has been
      forced into the FIG. 4 position by pressure in the chamber 33. The side
      walls of the groove 49 are shaped as best shown in FIG. 10 and the end of
      the screw 48 is retained therein until it is manually released by lifting
      the head of the screw after the filter 11 has been cleaned or replaced.
      Then the piston automatically returns to its FIG. 3 position by
      restoration of the balanced fluid pressure in chambers 33 and 36.
PAR  FIGS. 5 and 6 show modified locking means for retaining the piston 30 in
      its FIG. 4 position for activating the signal means when the filter is not
      functioning efficiently. Instead of using the locking means 45 including
      the spring plate 46 and screw 48, there may be substituted a spring metal
      plate 50 having a cut out downturned tongue 51, in which the tongue 51
      functions to cooperate with the annular groove 49 in the piston 30 to hold
      the piston in signal-giving position until the filter has been cleaned or
      replaced. The plate 50 is secured to the piston housing 24 by screw 52.
PAR  Another modification of the locking means is shown in FIG. 7, where a
      spring metal plate 55 has a downturned end 56 designed to engage the
      groove 49, and a spring 57 between the opposite end of the plate 55 and
      the housing 24. Between said ends the plate is mounted on a screw 58
      fastened to the housing 24 at its end 59. When it is desired to release
      the locking means, the spring 57 may be manually depressed, thereby
      raising the downturned end 56 from engagement with the groove 49 of the
      piston, permitting the piston to return to its FIG. 3 position as soon as
      the fluid flow through filter 11 is again normal and balanced pressure
      restored to the chambers 33 and 36.
PAR  Referring to the modification shown in FIGS. 8 and 9, the piston 30, with
      piston seals 31 and 34, is movable longitudinally in the housing 60 as
      heretofore described, but the housing 60 differs from the housing 24 of
      FIGS. 3 and 4 in certain respects. The fluid intake line 21' and the fluid
      outlet line 25' (FIG. 8) enter the housing 60 at the side of the housing
      instead of at the ends as in FIGS. 1-4. The fluid line 21' is connected to
      the housing 60 at 23' and the fluid line 25' is connected to said housing
      at 26' to communicate with the end chambers 33 and 36 previously
      described.
PAR  The ends 61 and 62 of the housing 60 are provided with a threaded aperture
      for reception of screw bolts 63, 64, which extend into the chambers 33 and
      36, respectively, the inner end of each screw bolt engaging a compression
      spring 65 which has a cap 66 on its outer end. The screw bolts extend
      through the caps 66 a short distance into the springs 65. The inner ends
      of the springs bear on the piston ends which are slightly indented at 30'
      for that purpose. The bolts 63, 64, have slotted outer ends for engagement
      by a screw driver for adjusting the spring compression. This construction
      provides a means for setting the signal device to respond to different
      degrees of clogging of the filter, as may be best suited for each
      particular installation.
PAR  The housing 60 includes another modification. When the piston 30 has been
      moved toward the end wall 62 by unbalanced fluid pressure in chambers 33
      and 36, it is necessary to provide means for preventing close contact
      between the piston end and the housing end 62 in order to avoid
      obstructing entry of fluid into the chamber 36 when it is desired to move
      the piston in the opposite direction. For this purpose the end wall 62 may
      be provided with an annular rib 67 on its inner surface which spaces the
      piston from the end wall. Obviously, the annular rib 67 could be formed on
      the piston end facing the end wall 62. To be effective, the rib 67 has
      transverse slots or apertures.
PAR  When the signal is installed in a fluid line which employs air, it is
      necessary to provide a port to atmosphere between the piston seals. When
      the signal is installed in a fluid line which employs liquid, the port 68
      serves to drain excess to a vessel (not shown).
PAR  FIG. 10 shows the contour of the groove 49 in the piston 30. The groove
      side surfaces preferably have converging inclined surfaces 70 extending
      downwardly to straight side surfaces 71 joined by a flat bottom surface
      72. This configuration assures holding of the lock pin 48 in the groove
      when it is desired to maintain the piston in signalling position as
      heretofore explained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A signal device for detecting the condition of a fluid line filter and
      for automatically giving a locked-in signal when the filter needs cleaning
      or replacement, comprising
PA1  a. a piston housing and a piston longitudinally movable in the housing, the
      piston normally being spaced from the inner surfaces of opposite ends of
      the housing, said piston having an annular groove between its ends,
PA1  b. a fluid line having a filter therein, and pressurized fluid intake and
      outlet lines communicating with the filter, said pressurized fluid passing
      through the filter,
PA1  c. a fluid line connecting the pressurized fluid intake line to one end of
      the piston housing and a fluid line connecting the pressurized fluid
      outlet line to the opposite end of the piston housing for permitting
      passage of fluid to opposite ends of the piston housing, and
PA1  d. signal means activated by fluid pressure in the piston housing when the
      piston has been moved toward one end of the housing by unbalanced pressure
      in the housing resulting from reduced volume of fluid passing through the
      filter, and
PA1  e. locking means for retaining the piston in the position in which the
      signal is activated, said locking means being responsive only to movement
      of the piston into signal giving position, said locking means comprising a
      spring metal plate fastened to the piston housing and a pin extending from
      the plate through the housing into contact with the groove in the piston
      preventing movement of the piston while in contact therewith.
NUM  2.
PAR  2. A signal device attachment for a fluid line provided with a filter for
      passage of pressurized fluid through the filter, said filter being
      connected to pressurized fluid intake and outlet lines, said signal device
      comprising
PA1  a. a piston housing and a piston longitudinally movable in the housing, the
      piston normally being spaced from the inner surfaces of opposite ends of
      the housing to provide a high pressure and a low pressure chamber,
      respectively, in the housing, said piston being provided with an annular
      groove,
PA1  b. a fluid line communicating with the high pressure chamber and having
      means for connection to the filter intake line, and a fluid line
      communicating with the low pressure chamber and having means for
      connection to the filter outlet line, and
PA1  c. signal means activated by fluid pressure in the high pressure chamber
      when the piston has been moved to the low pressure chamber by unbalanced
      pressure in the chambers resulting from reduced volume of fluid passing
      through the filter, and
PA1  d. locking means automatically actuated only by movement of the piston into
      piston engagement for retaining the piston in signal activating position,
      said locking means comprising a spring metal plate fastened to the piston
      housing and a pin extending from the plate through the housing into
      contact with the groove in the piston preventing movement of the piston
      while in contact therewith.
NUM  3.
PAR  3. A signal device for detecting the condition of a fluid line filter and
      for automatically giving a signal when the filter needs cleaning or
      replacement, comprising
PA1  a. a piston housing and a piston longitudinally movable in the housing, the
      piston normally being spaced from the inner surfaces of opposite ends of
      the housing,
PA1  b. a fluid line having a filter therein, and pressurized fluid intake and
      outlet lines communicating with the filter, said pressurized fluid passing
      through the filter,
PA1  c. a fluid line connecting the pressurized fluid intake line to one end of
      the piston housing and a fluid line connecting the pressurized fluid
      outlet line to the opposite end of the piston housing for permitting
      passage of fluid to opposite ends of the piston housing, and
PA1  d. signal means activated by fluid pressure in the piston housing when the
      piston has been moved toward one end of the housing by unbalanced pressure
      in the housing resulting from reduced volume of fluid passing through the
      filter,
PA1  e. said piston housing having a smaller internal diameter at one end
      portion and larger internal diameter at the opposite end portion, and the
      piston has opposite end portions which slidably contact said respective
      smaller diameter and larger diameter portions of the housing, the space
      between the smaller diameter end of the piston and the inner surface of
      the housing end wall providing a high pressure chamber, and the space
      between the larger diameter end of the piston and the inner surface of the
      opposite end wall of the housing providing a low pressure chamber when an
      unbalanced fluid flow into opposite end chambers exists, and
PA1  f. manually adjustable means for varying the pressures required in the
      opposite end chambers to actuate the piston.
NUM  4.
PAR  4. The signal device defined by claim 3, in which the adjustable means
      comprises a compression spring in each of said chambers bearing on the
      piston end and having a cap on its outer end, and a screw extending
      through the housing end and bearing on the cap for compressing the spring.
NUM  5.
PAR  5. a signal device attachment for a fluid line provided with a filter for
      passage of pressurized fluid through the filter, said filter being
      connected to pressurized fluid intake and outlet lines, said signal device
      comprising
PA1  a. a piston housing and a piston longitudinally movable in the housing, the
      piston normally being spaced from the inner surfaces of opposite ends of
      the housing to provide a high pressure and a low pressure chamber,
      respectively, in the housing,
PA1  b. a fluid line communicating with the high pressure chamber and having
      means for connection to the filter intake line, and a fluid line
      communicating with the low pressure chamber and having means for
      connection to the filter outlet line, and
PA1  c. signal means activated by fluid pressure in the high pressure chamber
      when the piston has been moved to the low pressure chamber by unbalanced
      pressure in the chambers resulting from reduced volume of fluid passing
      through the filter, and
PA1  d. manually adjustable means for varying the pressures required in the
      opposite end chambers to actuate the piston.
NUM  6.
PAR  6. The signal device attachment defined by claim 5, in which the adjustable
      means comprises a compression spring in each of said chambers bearing on
      the piston end and having a cap on its outer end, and a screw extending
      through the housing end and bearing on the cap for compressing the spring.
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ABST
PAL  An irrigation signal which has a cylindrical body to receive a cylindrical
      elongated float, the body having an upper portion and a lower portion, the
      lower portion being adapted to extend below the bottom of the irrigation
      ditch in which it is installed in order to form a well in which irrigation
      water may enter in order to raise said float a substantial distance above
      the top of the ditch to signal that irrigation water has been present or
      is present in said ditch. The irrigation signal has a removable plug at
      the lower end of the body so that when the plug is in place irrigation
      water will be retained in the body and keep the float in a signalling
      position, or in which, when the plug is removed, the water will drain from
      the lower end of the body so that the signalling float will be in
      signalling position only when there is water in the irrigation ditch.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to irrigation signalling means for use on farms or
      ranches, or wherever irrigation ditches are used and it is desired to know
      that irrigation water is being properly handled in the ditches. It is
      common practice to irrigate farms or orchards by digging long ditches.
      Water is introduced at one end of the ditch and flows throughout the
      entire length of the ditch in order to irrigate large areas. Farms and
      ranches may vary from a few acres to hundreds of acres. It is important to
      know that trees or plants or vines are being irrigated properly and the
      irrigator, therefore, must inspect the various irrigation ditches in order
      to be certain that water is or has been flowing through the ditches.
PAR  If an irrigator must visit each section of the property to determine the
      presence of irrigation water, considerable time would be required and also
      he might be required to climb through the plantings and destroy a portion
      of the crop being grown.
PAR  It has been the practice to provide a number of devices which will signal
      the presence of water in an irrigation ditch, these signals being
      positioned so that they can be observed from a road or other distant
      point. These devices for the most part include tripping devices and extend
      considerable distances above the ground and are subject to being knocked
      over or blown over, and those with which applicant is familiar are
      unsatisfactory.
PAR  Irrigation signals which applicant is familiar with are shown in the
      following prior art patents:
TBL  De Meyer           1,267,061                                              
     Schindler          1,451,056                                              
     Garrison           2,082,763                                              
     Cox                2,584,425                                              
     Due                2,594,885                                              
     Lubin              3,359,799                                              
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of my invention to provide an irrigation device which will
      signal the presence of water while water is flowing through the ditch, or
      which may be arranged to indicate that water has flowed through the ditch.
PAR  It is an object of my invention to provide an irrigation device in which
      there is a body which has a lower portion which projects downwardly a
      distance below the bottom of the ditch in order to form a well in which
      the signal float is positioned, and in which, when said well is filled
      with water from the irrigation water flowing through the ditch, the float
      will be raised a considerable distance to give an adequate visual signal.
PAR  It is an object of my invention to provide a structure which is of simple
      design, economical and foolproof, nothing to get out of order, and can be
      easily installed and removed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates my invention installed in an irrigation ditch with the
      parts in non-signalling position;
PAR  FIG. 2 is a similar view but showing irrigation water in the ditch and the
      signalling float in a raised position;
PAR  FIG. 3 is an enlarged vertical sectional view showing the irrigation signal
      of my invention;
PAR  FIG. 4 is an enlarged sectional view taken on line 4--4 of FIG. 3;
PAR  FIG. 5 is an enlarged fragmentary sectional view showing the manner in
      which the float is restrained from being extended from the body beyond a
      predetermined distance; and
PAR  FIG. 6 is a fragmentary sectional view of the upper end of the body showing
      a closure cap in place.
DETD
PAC  DESCRIPTION OF ONE FORM OF THE INVENTION
PAR  As shown in the drawings, the numeral 10 represents a cylindrical elongated
      body having a cylindrical float chamber 11 therein. Intermediate of the
      ends of the body are water entrance openings 12 arranged around the
      circumference of the body 10. Positioned around the body 10 are upper and
      lower shoulders 14 and 15 which protect a multi-layer screen 16 selected
      for preventing foreign matter from clogging the openings 12. At the upper
      end of the body 10 is an annular shoulder or stop 18 which acts as a stop
      for the signalling float 19, as will be explained during the course of
      this description.
PAR  The annular shoulder 18 is formed on a cylindrical flange 20 which fits in
      the end of the body 10 and forms the part of a fixture 21 which supports a
      cover or cap 22 by means of a flexible strip 23.
PAR  The fixture 21, as is shown in FIGS. 3 and 5, has a pair of cylindrical
      flanges, one of which is 20 and the other of which is 24, these flanges
      providing an intermediate space into which the upper end of the body 10
      extends.
PAR  At the lower end of the body 10 is a lower closure 26 which is of smaller
      diameter than the float chamber 11 and is in engagement with a lower
      radial flange 27, as shown at the bottom of FIG. 3.
PAR  The opening 28 formed by the flange 27 is of smaller diameter than the
      diameter of the chamber 11. The cylindrical wall 29 of the closure 26 is
      of the same diameter as the opening 28 and provides an annular space 30
      which surrounds the closure 26. The wall 29 of the closure 26 has an
      opening 32 which communicates with the annular space 30. This opening 32
      may be closed by a removal plug 33.
PAR  The signalling non-articulated float 19 is cylindrical and has an upper
      part 35 and a lower part 36, the lower part being of larger diameter than
      the part 35 in order to form an annular shoulder 37 which, when the float
      is raised, as shown in FIG. 5, will engage the shoulder 18 and thus
      prevent further movement of the float 19 in an upward direction.
PAR  When the signal is not in use the cap or cover 22 may be in a closed
      position, as shown in FIG. 6. When the signal is to be used and is
      installed in a ditch the cap may be in an open position as shown in FIGS.
      1, 2, 3 and 5.
PAR  The irrigation signal is installed as shown in FIG. 1. It may or may not be
      necessary to dig a pilot hole, depending upon the hardness of the earth.
      The irrigation signal is installed with the lower part 40 extending well
      below the bottom of the ditch 41. The lower flange 15 may act as a stop or
      a gauge for determining the distance that the lower part 40 extends below
      the ditch bottom. This lower portion 40 of the body 10 forms a well and
      when there has been or is no water in the ditch, the float will rest in a
      lowered position, as shown in FIG. 3, with a greater part of the float
      residing in the well.
PAR  It is preferable that the upper end of the body be above the water level in
      the ditch so as to protect the float 19 from the flow of water. Because of
      the well which enables the float to be made quite long, the float may be
      raised a considerable distance with respect to the depth of the ditch,
      thereby giving a readily observable signal.
PAR  When water flows in the ditch it will pass through the screen 16 and
      openings 12 into the body 10. The flow of water will be substantially
      greater than the flow of water which would flow from the bottom of the
      body if the opening 32 were open, because of the relative size of the
      opening 32 and openings 12. Therefore, water will accumulate and as the
      well is filled the float will move upward from non-signalling position, as
      shown in FIGS. 1 and 3, into signalling position, as shown in FIG. 2.
PAR  If the plug 33 is not in place when the flow of irrigation water is stopped
      and the level subsides, water will drain through the opening 32 into the
      ground and the signal will return to lowered position. When the plug 33 is
      thus removed, the signal will signal the presence of water only when water
      is flowing in the irrigation ditch and during that period of time
      requiring the water to drain from the lower end of the well.
PAR  The device may also be used with the plug 33 in place and this will retain
      the water in the well even after there is no irrigation water in the ditch
      and the signal will be retained in signalling position so that the
      irrigator, when observing the irrigation signal will know that even though
      water is not in the ditch at that time that previously thereto there has
      been water in the ditch and irrigation has been proper. When the invention
      is so used, of course, the plug must be removed and the water drained out
      in order that the signalling float may be returned to its retracted
      position.
CLMS
STM  I claim:
NUM  1.
PAR  1. An irrigation signalling device adapted to be installed in an irrigation
      ditch for signalling the presence of water therein, the combination of:
PA1  a. an elongated hollow body providing an elongated float chamber therein,
      said body being adapted to be installed in an irrigation ditch, and having
      a lower portion adapted to extend downwardly from the bottom of the ditch
      to form a well therebelow, and having an upwardly extending portion which
      extends upwardly from the lower part of said ditch;
PA1  b. entrance opening means provided in said body and located near the lower
      portion of said ditch when said body is installed in the ditch for
      permitting irrigation water to enter the well of said float chamber of
      said body and selectively excluding foreign matter; and
PA1  c. a non-articulated elongated float is said body having a lower portion
      normally positioned in said well and an upper portion normally positioned
      in the upper part of said body, said float being adapted to move upwardly
      as a single element, and its upper end to extend a predetermined distance
      from the upper end of said body when water enters said float chamber, the
      projecting upper end of said float signalling the presence of water in
      said irrigation ditch.
NUM  2.
PAR  2. A combination as defined in claim 1 in which there is stop means
      cooperating between said body and a bottom portion of the lower portion of
      said float to control the predetermined distance said float may project
      upwardly from said body and in which the lower end of said well is open so
      that when said irrigation ditch becomes empty water and any sediment
      therein may float downwardly and outwardly through the bottom opening of
      said well.
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ABST
PAL  A visual locating device for use as an aid in finding lost persons, wherein
      the device comprises a high-pressure cylinder having a lighter-than-air
      gas stored therein, and a valve means to control the flow of gas therefrom
      and into an inflatable balloon. Attached to the balloon is a second valve
      means wherein a portion of the gas cylinder is operably engaged therein to
      allow gas to flow into the balloon for inflation -- and, conversely,
      preventing gas once contained therein from flowing out of the balloon when
      released. A rotatable cylindrical reel is operably attached and supported
      by the gas cylinder, the reel forming a spool having a tether line
      disposed thereon and attached to the balloon, thus allowing the balloon to
      ascend to the predetermined length of the line, the balloon having a
      prominent color so as to be easily located. A radar reflective means is
      also secured to the tether line.
BSUM
PAC  BACKGROUND
PAR  1. Field of the Invention
PAR  This invention relates generally to an emergency locating device, and more
      particularly to a locating device that is carried by an individual for use
      if or when he becomes lost or injured.
PAR  2. Description of the Prior Art
PAR  As is well known in the art, various types of locating devices are
      presently available. However, these devices are not designed to be carried
      on the person. Most locating devices have been designed to locate lost
      ships and downed aircraft.
PAR  Thus, there is a need to provide a locating device that can be readily
      carried by such persons as hikers, campers, fishermen, hunters, skiers,
      boaters, cyclists, motorists, as well as those pilots whose aircraft are
      not equipped with a locating device.
PAR  In the past, the use of an individual locating device carried on the person
      could have saved many lives. A small compact device such as the present
      could have aided searchers and rescue teams in spotting a lost or injured
      hiker, pilot, etc.
PAR  The applicant is not aware of any device that will aid search and rescue
      teams, law enforcement agencies, air-search units, para-medics, and any
      other groups, to more accurately locate lost, injured, or otherwise
      distressed persons in remote areas such as in the mountains, forests, the
      desert, or at sea.
PAC  SUMMARY
PAR  This invention provides an emergency locating device which can not only be
      visually monitored but, in some cases, by the use of radar. This device is
      so designed that each individual who feels the need for such a device can
      carry the locating unit with the hiking gear, camping equipment, etc.
      Thus, the lost or injured person may be readily located and rescued
      without undue loss of time.
PAR  This ease in locating distressed persons is made possible by the present
      invention which comprises a pressurized vessel formed as a pressure
      cylinder having a gas stored and disposed therein, the gas preferably
      being helium. The cylinder is adapted with a valve means at its open end
      which includes an extending valve stem.
PAR  Attached to the gas cylinder is an inflatable ballon which is provided with
      a self-closing valve means. This self-closing valve means is adapted to
      receive the valve stem of the gas cylinder. When the valve stem is
      received in the valve of the balloon, the valve is forced to a position
      allowing free flow of gas to enter the balloon from the cylinder, causing
      the balloon to inflate. As the valve stem is removed therefrom, the
      balloon valve closes; thus, the balloon is ready to be released.
PAR  Rotatably secured about the gas cylinder body is a reel formed by a spool
      having wound around it, in a suitable manner, a tether line, one end of
      which is attached to the balloon.
PAR  Accordingly, as the balloon is ready to be released, the unit is held
      horizontally so that the inflated balloon can ascend, causing the reel to
      rotate about the cylinder body, unwinding the tether line from the reel,
      the line having a length of approximately 500 to 600 feet. Hence, the
      balloon can be seen very readily, particularly if the balloon material is
      provided with a bright color or colors.
PAR  In addition, however, there also can be included a radar-reflecting means,
      such as a small piece of metal foil, which can reflect radar signals as
      well as sunlight.
PAR  Accordingly, the unit is stored in a two-piece housing, wherein one member
      of the housing is provided with a carrying means such as a strap. Hence,
      it can be readily seen that various types of carrying means will be easily
      adaptable to the housing.
PAC  OBJECTS AND ADVANTAGES
PAR  The present invention has for an important object a provision for a visual
      emergency locating device that is capable of being carried by campers,
      hikers, boaters, and the like, without excessive hindrance or burden to
      the individual.
PAR  It is another object of the invention to provide a self-contained,
      emergency locating unit which is simple in construction and easy to
      operate.
PAR  It is still another object of the invention to provide an emergency
      locating device that is relatively inexpensive.
PAR  A further object of the invention is to provide a device of this character
      that allows an injured or lost person to be readily found by means of a
      helium-filled balloon capable of ascending to heights up to 600 feet or
      more, whereby the balloon can be seen by rescuers.
PAR  It is a further object of the invention to provide a visual emergency
      locating device wherein the device includes a radar-reflecting means.
PAR  A still further object of the invention is to provide a device of this
      character that is rugged in construction and capable of having a
      relatively long working life.
PAR  Still a further object of the present invention is to provide a device of
      this character that is easy to service and maintain for continuous re-use.
PAR  Other characteristics, advantages and objects of this invention can be more
      readily appreciated from the following description and appended claims.
      When taken in conjunction with the accompanying drawings, this description
      forms a part of the specification wherein like references and characters
      designate corresponding parts in several views.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Referring more particularly to the accompanying drawings, which are for
      illustrative purposes only:
PAR  FIG. 1 is a perspective view of the emergency locating device;
PAR  FIG. 2 is a cross-sectional view taken substantially along line 2--2 of
      FIG. 1, wherein portions thereof are illustrated in full lines;
PAR  FIG. 3 is a cross-sectional view taken substantially along line 3--3 of
      FIG. 2;
PAR  FIG. 4 is a cross-sectional view taken substantially along line 4--4 of
      FIG. 2;
PAR  FIG. 5 is an enlarged cross-sectional view of the valve means of the
      balloon in an open mode to receive the gas from the gas cylinder; and
PAR  FIG. 6 is an enlarged cross-sectional view showing the balloon valve in a
      closed mode of operation just prior to the balloon being disengaged
      therefrom.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings, there is shown an emergency
      locating device, generally indicated at 10. As illustrated in FIG. 1,
      there is provided a container, indicated generally at 12, having an upper
      housing 14 and a lower housing 16, the lower housing being adapted with a
      carrying means shown as a looped strap 18. For illustrative purposes, the
      housing is shown as being force-fitted, such as indicated at 20. However,
      it should be understood that various coupling methods can be adapted.
      Thus, a simplified form is shown. Hence, housing 16 slides over the
      reduced-diameter free end 22 of housing 14 which, in turn, is provided
      with an annular bead 24 to limit the movement of housing 16.
PAR  Received and disposed within the housing 14 is a pressurized vessel means
      formed as a high-pressure cylinder, generally indicated at 25. This type
      of high-pressure cylinder is well known and operates very efficiently. The
      cylinder generally includes an extended reduced-diameter neck 26 having an
      outlet port 27, said neck being longer than usual, wherein a flow control
      valve means, indicated generally at 28, is disposed therein. Said valve
      means 28 comprises a valve pin 30 provided with threads to be threadably
      received through the neck 26.
PAR  Referring to FIGS. 2 and 5, the valve pin 30 includes a transverse passage
      32 which is not aligned with cylinder axis A--A, as shown in FIG. 2.
      Hence, the valve is in an inoperative mode. As the valve is rotated
      inwardly, passage 32 is then aligned with passage 34 of the valve
      extension 35, at which time it is locked from further inward rotation by
      stop means 36, as seen in FIG. 5, thereby positioning the valve in an open
      mode of operation, which will be further described hereinafter.
PAR  Valve extension 35 is fixedly received within neck 26 and is provided with
      a free end having a transverse passage 37 communicating with the
      longitudinal passage 34 which, in turn, terminates within the gas chamber
      of the cylinder 25.
PAR  Accordingly, there is provided an inflatable buoyant means such as the
      balloon 38, which is seen in FIGS. 2 and 3 as being stored in housing 16.
      It should be noted that the balloon can be comprised of various non-porous
      materials such as rubber, plastic, or well known balloon fabrics.
PAR  Moreover, the above materials will be colored with a visually prominent
      color, such as the well known international orange.
PAR  The open end 40 of the balloon 38 is fixedly sealed with a self-closing
      valve means. Said valve means, as generally indicated at 42, comprises a
      main body 44, forming a chamber 45 (FIGS. 5 and 6) in which there is
      slidably received a valve piston 46. The valve piston extends through body
      44, whereby the valve can be positioned with respect to either an open or
      closed mode of operation. Provided in the valve piston is a central bore
      48 having the same diameter as that of the extension 35, in which said
      extension is received, said piston also including an outlet port 49. A
      detailed description will hereinafter be given.
PAR  Extending radially from the body 44 is a solid partition 50 which is that
      portion of the valve 42 that is secured to the balloon, as seen in FIG. 2.
      A tab 52 is integrally formed to the partition 50, to which the free end
      of a tether line 54 is attached.
PAR  Rotatably secured about the cylinder body 25 is a reel means, indicated
      generally at 55, comprising a spool 56 superposed over the cylinder 25;
      and disposed thereon is the tether line 54 which is also secured to the
      balloon 38. The spool is allowed to rotate about the cylinder body 25 but
      is held from longitudinal movement by mounting means represented by a
      plurality of outwardly-extending pins 58, these pins being fixedly secured
      to the cylinder. The spool 56 is provided with enlarged annular flanges 60
      and 62, said flange 62 having a slightly larger diameter than flange 60,
      whereby the entire unit can be snugly received within the housing 14,
      while the balloon 38 is stored in the housing 16.
PAR  Hence, when the unit is stored in the container 12, the balloon is attached
      to the valve extension 35, as shown in FIG. 2. The flow-control valve
      means 28 is closed at this time; thus, no gas is allowed to flow from the
      cylinder. However, the self-closing valve means 42 has been forced open by
      the insertion of extension 35 through the valve opening 65. Said extension
      is then received in bore 48 and seats therein, causing the valve piston 46
      to extend, as seen in FIG. 5.
PAR  Accordingly, when use of the device is required, the unit is removed from
      the container 12. The valve pin 30 is then rotated to the open position,
      as seen in FIG. 5. Passage 32 is aligned with passage 34 and the helium
      gas flows through the communicating transverse passage 37 which is aligned
      with outlet port 49 of the piston 46. Thus, the gas enters the balloon
      until it is full. At this time, the balloon is disengaged with extension
      35, causing piston 46 to be retracted into chamber 45 whereby port 49 is
      enclosed therein, thus closing the valve and capturing the gas within the
      balloon 38.
PAR  Before releasing the balloon, the cylinder is placed in a horizontal
      position; that is, the axis A--A thereof is parallel to the ground and the
      balloon is then released to rise and become fully airborne, reaching an
      approximate height of 500 to 600 feet. After the balloon reaches its
      maximum altitude, the unit is moored so that the balloon is held in place
      with respect to the rescue area.
PAR  It is also contemplated that, in addition to the visual citing of the
      balloon, there may be times when radar equipment will be used. Thus, there
      can be added to the tether line a radar-reflecting means, shown in FIG. 2
      as a metal foil 65.
PAR  The invention and its attendant advantages will be understood from the
      foregoing description; and it will be apparent that various changes may be
      made in the form, construction and arrangement of the parts of the
      invention without departing from the spirit and scope thereof, or
      sacrificing its material advantages, the arrangements hereinbefore
      described being merely by way of example; and I do not wish to be
      restricted to the specific forms shown or uses mentioned, except as
      defined in the accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An emergency locating device comprising:
PA1  a pressure cylinder including an extended neck member having an outlet port
      disposed therein;
PA1  a lighter-than-air gas stored within said pressure cylinder;
PA1  a flow-control valve attached to said neck member to control the flow of
      said gas stored in said cylinder, said flow-control valve comprises:
PA1  a valve pin having a transverse passage positioned therethrough;
PA1  a stop means mounted to said valve pin to effect an axial alignment between
      said transverse passage of said valve pin and said outlet port in said
      neck member;
PA1  a valve extension member secured within said outlet port of said neck
      member and extending outwardly therefrom, said extension having a
      longitudinal passage communicating with said neck member outlet port, said
      extension having a transverse passage communicating with said longitudinal
      passage;
PA1  an inflatable buoyant means arranged to receive said lighter-than-air gas
      therein;
PA1  a self-closing valve means affixed to said inflatable buoyant means,
      self-closing valve means being removably attachable to said valve
      extension member, said valve means comprising:
PA1  a main body;
PA1  a chamber defined by said body; and
PA1  a valve piston operably disposed in said chamber, and having a central bore
      to receive said valve extention therein, and an outlet port, whereby gas
      flowing through said valve extension is permitted to flow therefrom into
      said inflatable buoyant means;
PA1  a reel operably supported by said pressure cylinder for rotation therein
      wherein said reel includes a spool having opposite annular flanges, and
      wherein means for mounting said spool are included therein, said mounting
      means; comprising a plurality of outwardly-extending pins affixed to said
      cylinder adjacent said annular flanges thereof and wherein one of said
      flanges has a reduced diameter whereby said tether line can pass thereover
      when said buoyant means is released.
NUM  2.
PAR  2. An emergency locating device as recited in claim 1, wherein said
      inflatable buoyant means comprises a balloon.
NUM  3.
PAR  3. An emergency locating device as recited in claim 2, wherein said
      lighter-than-air gas is helium.
NUM  4.
PAR  4. An emergency locating device as recited in claim 3, wherein said balloon
      is colored prominently for visual sighting.
NUM  5.
PAR  5. An emergency locating device as recited in claim 2, wherein said device
      includes:
PA1  a storage container; and
PA1  a carrying means attached to said container.
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ABST
PAL  A device for monitoring the occupation of respective positions by team
      members in a game where each team member regularly changes position. It
      has a carrying element with a number of discrete spaces. At the spaces
      there can be individually provided information as to the position or team
      member. There is a movable element with the same number of spaces on the
      carrying element. The movable element carries the other of the two i.e.
      position or team member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a device for monitoring team game playing
      positions, particularly to such a device for monitoring such positions
      where various team members regularly change playing positions.
PAR  In a number of team games, including athletic games and otherwise, the
      respective members of the various teams regularly change positions at some
      predetermined or arbitrary point in the game, and it is important that the
      various team members play at a number of such positions in sequence or
      otherwise. It is, therefore, desirable to be able to keep track of, or
      monitor, the various players with respect to the different positions.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a device for monitoring the team members in
      a game with respect to the various playing positions occupied by them,
      where the team members regularly change such positions. The device
      generally comprises a carrying, or support, element comprising a number of
      first spaces that preferably are delineated by dividing marks, and a
      movable element rotatably mounted on the carrying element, the movable
      element comprising a corresponding number of second spaces that also are
      preferably so delineated and the first and second spaces being
      respectively providable with one or the other of the playing positions and
      indicia identifying the various players of the team.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a top view of one embodiment of the present invention.
PAR  FIG. 2 is an end view of the device in FIG. 1.
PAR  FIG. 3 is a top view of another embodiment of the present invention.
PAR  FIG. 4 is a top view of a further embodiment where the device has a curved
      configuration.
PAR  FIG. 5 is a sectional elevation view of the device of FIG. 4 along the axis
      5--5.
PAR  FIGS. 6 through 11 are sectional elevation views of various
      position-monitoring devices wherein one or both of the carrying, or
      support, elements and rotatable elements are nonplanar.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The position-monitoring device 10 of the present invention comprises a
      carrying member or element 12 that includes a number of spaces 14 adapted
      to receive the appropriate information, e.g., either the names of, uniform
      numbers of, or other indicia identifying the various playing members of
      the team or, as shown in FIG. 1, the positions (L.F., etc.) that are to be
      occupied in playing the game. The device 10 further comprises a rotatable
      element 16, shown as a wheel, that also has spaces 18 for receiving the
      appropriate information, e.g., the above-mentioned identifying indicia,
      shown as 20 in FIG. 1, or the playing positions. The rotatable element 16
      is mounted on the carrying, or support, element 12 such that the various
      spaces 18 of the rotatable element 16 can be substantially aligned with
      the various ones of the spaces 14 of the carrying element 12. The spaces
      14 and/or the spaces 18 can be delineated by markings 19, 21 respectively
      that are indelibly or eradicatably provided thereon. Also, the spaces 14
      and/or the spaces 18 can be provided with the appropriate information in
      indelible or eradicatable form, the latter situation providing a
      monitoring device where the rotatable element spaces 18 and/or the
      carrying element spaces 14 are blank and information can be written
      therein.
PAR  The rotatable element 16 is mounted on the carrying element 12 by suitable
      means, such as a rivet 22, for example; an eyelet; etc. and both the
      carrying and rotatable elements can be flat and relatively thin, as shown
      in FIGS. 1 and 2, or can be partially or completely curved or non-planar
      as shown in FIGS. 4 through 11, i.e., concave or convex. The rotatable
      element and/or the carrying element of the present invention can be made
      made from, for example, a flexible or inflexible plastic material,
      cardboard or other suitable material.
PAR  In a second embodiment, the device 30 of the present invention comprises a
      carrying element 31 (FIG. 3) having plural discrete sets of individual
      spaces 36 and 38, respectively, and plural rotatable elements 40, 42
      mounted on the carrying element 31. The rotatable elements 40, 42 also
      comprise respective spaces 44, 46 at which, as in the case of the spaces
      36, 38, the appropriate information can be provided eradicatably or
      indelibly. The spaces 36 and 38, 44 and 46 of the rotatable elements 40,
      42 can be delineated by marks, such as the lines 48, for example. In this
      embodiment, the sets of spaces on the carrying element 31 and their
      associated rotatable elements 40 and 42, respectively, can be used for
      different respective teams that are engaged in play.
PAR  The position-monitoring devices e.g., 10, 30 of the present invention can
      include apertures 45 that extend through the carrying elements 12 and 31,
      respectively, or hooks or other suitable elements, by means of which the
      devices can be held ready for use, as by being attached to the user's
      clothing or suspended, as by a cord, for example, from the user's body,
      e.g., from his arm or neck. The devices 10, 30 can also include, still
      further, spaces 49 (FIGS. 1 and 3) whereat there can be provided the name
      of the team or teams whose players' positions are being monitored.
PAR  In still further embodiments, one or both of the respective carrying
      elements 50, 60, 70 etc., (FIGS. 4 through 11) and rotatable elements 52,
      62, etc., of the position monitoring devices 54, 64, etc., can be
      non-planar, or curved, e.g., convex of concave. In FIGS. 4 and 5, both the
      carrying element 50 and rotatable element 52 of the device 54 are convex,
      while the device 64 (FIG. 6) has a concave carrying and rotatable elements
      (60, 62). A planar carrying element (70, 80 in FIGS. 7 and 8) can be used
      with a convex or concave rotatable element (72 and 82), whereas a planar
      rotatable element (92, 102 in FIGS. 9, 10) can be used with a non-planar
      carrying element (90, 100). Where it is desired the carrying element (110
      in FIG. 11) and rotatable element (112) can be non-planar in opposite
      orientation (i.e., concave and convex).
PAR  Where it is desired, the edge of the rotatable element can be serrated to
      ease its rotation, such a serrated edge 43 being shown for the rotatable
      element (or wheel) 42 in FIG. 3.
PAR  To illustrate using the present invention to monitor positions in, for
      example, a volleyball game, a monitoring-device, e.g., 10 in FIG. 1 and 30
      in FIG. 3 is provided with information identifying the various positions
      among which the players are to move, such player movement being well known
      in volleyball. In this case, the positions, indicated by the abbreviations
      LB (left back), LF (left front), etc., have been provided at the spaces 14
      of the carrying element 12 (although the invention can be practiced with
      the information provided at the respective spaces 18 of the rotatable
      element 16). The information 20 identifying the various players (i.e.,
      their uniform numbers as in FIG. 1 or their names as in FIG. 3) is, in
      this case, provided at the spaces 18 of the rotatable element 16. As can
      be seen from FIG. 1, player 16 is at left front, player 5 is at center
      front, and so forth. When it is time for the players to change positions,
      (i.e., rotate according to volleyball rules), player 16 will move to CF,
      player 5 to RF, and so forth, so that the rotatable element 16 should be
      rotated (clockwise) by 60.degree. such that the space bearing the player
      numeral 16 is opposite the space with CF. This carried out throughout the
      game as the players change positions.
PAR  In this way, the user, e.g., the umpire or other officiating person, can
      check the players' line-ups either after the player movement but before
      resumption of play or during play or both. As player substitutions are
      made, the identifying indicia of the player substituted for can be crossed
      out (or erased, if desired) and the indicia of the substituting player
      added (e.g. by pencil, chalk, etc.) at the same space, thereby providing
      an accurate check and record of substitutions and preventing improper
      substitutions.
PAR  Where it is desired, the monitoring-device of the present invention (e.g.,
      10 or 30 in FIGS. 1 and 3) can comprise an element for indicating, in a
      volleyball game, certain information about a team, e.g., whether the team
      last served or is next to serve the ball, etc. Such an indicating element
      is illustrated in FIG. 3 as pointer 120 that pivots about a pin 122 (as
      shown by arrows 124) to indicate which one of the teams has, for example,
      last served or is next to serve, although the indicating device can be
      used to making known other information relative to the teams that are
      playing.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for monitoring the occupation of respective positions by the
      players of a team participating in a game wherein the individual team
      members regularly change such positions, said device comprising:
PA1  a. a carrying element comprising a number of first discrete spaces
      individually at which there can be provided information comprising one of
      respective ones of said positions and respective indicia identifying
      various ones of said team members and
PA1  b. a movable element rotatably mounted on said carrying element, said
      movable element comprising an identical said number of second spaces
      individually disposable opposite respective ones of said first spaces,
      said second spaces being respectively providable with information
      comprising the other one of said respective ones of said positions and
      said identifying indicia.
NUM  2.
PAR  2. A device as recited in claim 1, wherein at least one of said first and
      second spaces is adapted such that said information can be eradicatably
      provided thereat.
NUM  3.
PAR  3. A device as recited in claim 1, wherein respective said positions are
      indelibly provided at one of said first and second spaces.
NUM  4.
PAR  4. A device as related in claim 3 wherein respective said positions are
      provided at said first spaces.
NUM  5.
PAR  5. A device as recited in claim 1, wherein said carrying element comprises
      a plurality of discrete sets individually comprising said number of
      delineated first spaces and said device further comprises a plurality of
      said movable elements cooperatively mounted with respective ones of said
      sets of first spaces.
NUM  6.
PAR  6. A device as recited in claim 5, further comprising a pointer element
      pivotably mounted on said carrying element and being movable from a first
      position at which it points to a first said movable element to a second
      position at which it points to a second said movable element.
NUM  7.
PAR  7. A device as recited in claim 1, further comprising means for suspending
      said device from a body part of the user thereof.
NUM  8.
PAR  8. A device as recited in claim 1, wherein said carrying element and said
      movable element are substantially flat.
NUM  9.
PAR  9. A device as recited in claim 1, wherein both said carrying element and
      said movable element have a configuration that is one of convex and
      concave.
NUM  10.
PAR  10. A device as recited in claim 1, comprising a third space removed from
      said first and second spaces and adapted to be provided with team
      identifying indicia.
NUM  11.
PAR  11. A device as recited in claim 1, wherein said movable element comprises
      a serrated edge, thereby facilitating rotation thereof.
NUM  12.
PAR  12. A device as recited in claim 1, wherein only one of said movable
      element and said carrying element is substantially planar and the other
      one there is non-planar.
NUM  13.
PAR  13. A device as recited in claim 1, wherein said non-planar element is one
      of concave and convex.
NUM  14.
PAR  14. A device as recited in claim 1, wherein said carrying element is one of
      concave and convex and said movable element is the other of concave and
      convex.
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ABST
PAL  An alarm used for a bicycle having a cover member formed with a number of
      apertures, the cover member being disposed on a trumpet-like cylinder of
      the alarm. The alarm comprises a trumpet-like cylindrical body, a mounting
      piece receptacle bed formed integral with the cylindrical body, a vocal
      member encased in the cylindrical body, a bellows-like air blower bag, a
      cover member, and a mounting piece disposed opposite the receptacle bed.
      The alarm is designed so that air vibrations may be imparted to the vocal
      member when the air blower bag is biased and when moved back to its
      initial state.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention generally relates to an alarm secured for use to a handle or
      the like of a bicycle and more particularly, to an improved alarm for a
      bicycle in which a cover member formed with a number of apertures is
      disposed on a trumpet-like cylindrical body of the alarm.
PAR  2. Description of the Prior Art
PAR  Prior art alarms for a bicycle are usually of the type in which the alarm
      has a cylindrical body which encases a vocal member or a sound making
      member at the base thereof, to which an air blower bag is connected, which
      air blower bag feeds air under pressure to cause vibration of the vocal
      member to thereby produce sounds. In such conventional alarms, however,
      the vibration may merely be imparted to the vocal member only when the air
      blower bag is biased. In addition, these alarms have been impossible to
      produce sounds high enough to achieve an alarming effect.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a novel alarm for a
      bicycle which is inexpensive and simple in operation, while overcoming and
      improving the structural disadvantages noted above with respect to prior
      art alarms.
PAR  It is a further object of this invention to provide an alarm for a bicycle
      which is capable of producing high sounds greater in the alarming effect.
PAR  It is another object of this invention to provide an alarm for a bicycle
      which is capable of producing sounds in either case, that is, as an air
      blower bag is biased and as it is moved back to its initial position.
PAR  These objects may be achieved by various parts which form the present
      invention, improvements thereof, combination, and operation. An embodiment
      of the present invention will be shown in the accompanying drawings and
      illustrated in the detail description hereinafter disclosed.
PAR  It will be noted that variations and modifications relating to the details
      of construction of the invention are to be included in the claim later
      described.
PAR  According to the present invention, there is provided an alarm for a
      bicycle wherein a vocal member is fixedly encased inwardly of a base
      portion in a trumpet-like alarm cylindrical body provided with a mounting
      piece to be secured to a handle or the like of the bicycle and a mounting
      piece receptacle bed for supporting said mounting piece and wherein a
      cover member of approximately inverted U-shaped in section, one end of
      which being closed and having a number of apertures formed in a pointed
      fashion, is adhered to a trumpet-like portion at the extremity of said
      cylindrical body which receives therein a bellows-like air blower bag
      through a guide cylinder.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side view showing a complete body of an alarm for a bicycle in
      accordance with the present invention;
PAR  FIG. 2 is a front view of FIG. 1;
PAR  FIG. 3 is a side view partly broken of a cover member; and
PAR  FIG. 4 is a longitudinal side view of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An alarm for a bicycle according to the present invention comprises a
      trumpet-like cylindrical body 1 made of a material such as plastic or the
      like, a mounting piece receptacle bed 2 formed integral with said
      trumpet-like cylindrical body, a vocal member 5 fixedly encased inwardly
      of a base portion in said cylindrical body, a bellows-like air blower bag
      6, a cover member 8, and a mounting piece 3 disposed opposite said
      mounting piece receptacle bed 2 and secured to a handle or the like of the
      bicycle through screws 4.
PAR  Projections are provided inwardly of the base portion of the trumpet-like
      cylindrical body 1 to fixedly encase the vocal member 5. Also, stepped
      portions are formed in the other end of the trumpet-like portion to
      receive and join the cover member.
PAR  The mounting piece receptacle bed 2 is formed integral with the
      trumpet-like cylindrical body and provides grooves which retain seat
      plates 4' fitted with the screws 4. It is designed so that the mounting
      piece receptacle bed 2 and mounting piece 3 are made in the form of a
      semi-circle, respectively to form a single circle thereby in such a manner
      that the mounting piece 3 may be secured to the handle or the like of the
      bicycle through screws 4.
PAR  The vocal member 5 is fixedly encased on the projections formed inwardly of
      the base portion of the trumpet-like cylindrical body 1. This vocal member
      5, which is composed of a thin sheet made of metal, is fixed on the
      projections formed inwardly of the base portion of said trumpet-like
      cylindrical body 1.
PAR  The bellows-like air blower bag 6, which is composed of a material such as
      relatively thin plastic, is received in one end of the trumpet-like
      cylindrical body 1 through a guide cylinder 7 and is firmly adhered by the
      adherent to maintain the air-tightness. Further, the open end of the
      bellows-like air blower bag 6 is close to and opposite the above-described
      vocal member 5.
PAR  The cover member 8 of approximately inverted U-shaped in section, which is
      designed transparent or translucent in a sense of beauty, is formed with
      identical stepped portions 11 in the open end so as to correspond to those
      stepped portions formed in the other end of the aforesaid trumpet-like
      cylindrical body 1 and has a flange 9 and formed with a number of
      apertures 10 in a pointed fashion at the closed end (as shown in FIG. 3).
PAR  It will therefore be appreciated in the present invention that since the
      cover member 8 formed with a number of apertures 10 is closely joined with
      the trumpet-like portion at the extremity of the trumpet-like cylindrical
      body 1 with said stepped portions applied with adherent or the like, the
      bellows-like air blower bag 6 may be compressed to left as viewed in FIG.
      4 when said bag 6 is exteriorly depressed by hands or the like, to impart
      vibrations to the vocal member 5 due to internal air pressure thereby
      producing sounds and simultaneously therewith to raise the sounds due to
      the provision of the apertures formed in a pointed fashion.
PAR  Next, the bellows-like air blower bag 6 exteriorly released from depression
      resulted by release of hands tends to return to its initial state. In this
      case, air still remains within the trumpet-like cylindrical body 1 because
      of the above-described cover member 8 to thereby advantageously help said
      bag return to its initial state, and in addition, when the bag 6 is
      further moved back to its initial state, the vibrations may be imparted to
      the vocal member 5 to produce sounds due to the provision of a number of
      apertures 10 formed in a pointed fashion.
PAR  The alarm for a bicycle constructed as above has its entirety composed of a
      material such as plastic, which results in a reduced cost of manufacture,
      a provision of simple construction as well as readiness of operation.
PAR  According to the alarm of the present invention, air vibrations may be
      imparted to the vocal member in either case, that is, as the bellows-like
      air blower bag is biased and as it is moved back to its initial state, and
      moreover the alarm of the invention is capable of producing high sounds
      greater in the alarming effect.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An alarm for a bicycle wherein a vocal member is fixedly encased
      inwardly of a base portion in a trumpet-like alarm cylindrical body
      integrally provided with a mounting piece to be secured to a handle or the
      like of the bicycle and a mounting piece receptacle bed for supporting
      said mounting piece through screws and wherein a cover member of
      approximately inverted U-shaped in section, one end of which being closed
      and having a number of apertures formed in a pointed fashion, is adhered
      to a trumpet-like portion at the extremity of said cylindrical body which
      receives therein a bellows-like air blower bag through a guide cylinder.
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ABST
PAL  A handbell including an improved clapper assembly that is adjustable with
      respect to the force required to cause it to swing into strike contact
      with the bell and is independently adjustable to vary the tonal quality of
      its strike, whereby a variety of affects, including raw and muted sounds,
      may be obtained from a given bell through manual adjustment of the clapper
      which is possible during the course of playing the bell. Additional
      improvements reside in the specific construction of the adjustments and
      the means for indexing the position of the bell handle with respect to the
      clapper assembly.
BSUM
PAR  This invention relates to handbells and is particularly concerned with
      handbells that are manually adjustable with respect to the tonal qualities
      thereof.
PAR  Handbells have been in general use for many years and have always been
      carefully fabricated and tuned so that different bells will produce
      different notes of the musical scale. A chorus of players using a
      plurality of tuned bells may render any given tune which falls within the
      range of notes offered by the specific bells. Handbell choruses are
      increasing in popularity and the control of the tonal quality of handbells
      is becoming of greater importance as the sophistication of the effort
      increases. To date, some degree of tonal control has been offered but it
      has always required a tooled adjustment of the bell ringing mechanism. In
      the present invention, I have provided an improved handbell of simple
      design which includes a clapper assembly that is adjustable with respect
      to (1) the force required to strike the bell, and (2) the tonal qualities
      emitted by the bell after it is struck. This last adjustment is capable of
      manual modification during the actual use of the bell and may be likened
      to the pedals on a piano whereby all or portions of a musical selection
      may be offered in muted, semi-muted or raw tones at will. This advance in
      handbell design enlarges tremendously the affect of any chorus and makes
      the rendition of the several selections professional in character and more
      pleasing to the ear.
PAR  It is, therefore, one of the objects of my invention to provide a handbell
      with a clapper adjustment means for controlling the swinging movements of
      its associated clapper whereby the force required to cause the clapper to
      strike the bell may be varied through simple adjustment of a polyurethane
      snubber assembly for changing its position relative to the swinging
      clapper.
PAR  Another object of the invention is to provide an improved clapper assembly
      wherein the tonal affects created upon striking the bell may be varied at
      will by the manual rotation of the clapper with respect to its shaft so as
      to expose different, opposed striking portions for contact with the bell
      and wherein several opposed pairs of striking surfaces are provided, each
      with a different degree of hardness.
PAR  In carrying out the above object, it is a further object of the invention
      to provide spring actuated detent means cooperating with the clapper and
      its supporting shaft for detachably holding the two in any desired,
      predetermined position.
PAR  Another object of the invention is to provide means for maintaining the
      handle of the bell and its clapper assembly in aligned relation with one
      another as a unit regardless of their position relative to the associated
      handbell, whereby the usual bell tang may be eliminated.
PAR  A still further object of the invention is to provide an identifying means,
      or strip, for the handle of the handbell that is easily associated
      therewith and may be incorporated within the handle through the use of a
      clear plastic covering which encloses and protects the identifying strip.
PAR  Further objects and advantages will be apparent from the following
      description, reference being had to the accompanying drawings wherein
      preferred embodiments of the present invention are clearly shown.
DRWD
PAR  In the drawings:
PAR  FIG. 1 shows a cross-sectional view of a preferred form of my invention.
PAR  FIG. 2 is a view of the handle assembly only taken at 90.degree. to the
      position shown in FIG. 1.
PAR  FIG. 3 is a plan view of one form of clapper with arrows indicating three
      striking positions each of which will create a different tonal affect.
PAR  FIG. 4 is a view in section taken on line 4--4 of FIG. 3 and shows the
      detailed construction of one form of the adjustable clapper.
PAR  FIG. 5 is a view of the clapper shaft adjustment and pivot assembly taken
      at 90.degree. to the position shown in FIG. 1.
PAR  FIG. 6 is a view in section taken on line 6--6 of FIG. 2 and showing the
      construction of the handle and indicia strip; and
PAR  FIG. 7 is a plan view of another form of adjustable clapper showing a
      plurality of opposed pairs of striking buttons.
PAR  Further objects and advantages of the present invention will be apparent,
      reference being had to the accompanying drawings and description wherein
      preferred forms are clearly shown and described.
DETD
PAR  Referring to the drawings and with particular attention to FIG. 1, 10 is a
      cast and machined handbell having a generally flared, open end terminating
      in a circumferential lip 12, together with an opposed closed end 14 which
      includes a centrally located circular aperture 16 therethrough. It will be
      seen that the bell 10 does not have the usual tang surrounding this
      aperture which streamlines the structure and simplifies casting and
      subsequent machining procedures. Such a prior art construction is shown
      and described in my U.S. Pat. No. 3,207,124. The elimination of this tang
      has been made possible by the improved structure to be described
      hereinafter.
PAR  The bell 10 includes a clapper assembly 18 therein which comprises a
      support member 20, a clapper member 22 pivotally mounted thereon, and a
      clapper 26 depended from the member 22. The support member 20 extends
      outwardly in both directions from an upwardly extending square shaft 28
      which passes through the aperture 16 in the bell 10. The aperture 16 is
      dimensioned so as to circumscribe the square shaft 28 for holding it in
      non-shifting relation with the centerline of the bell 10. The upper end of
      shaft 28 is slidably fitted in and guided by a longitudinally extending
      square cavity 30 in a handle base 32 and is held thereto by a screw 34. In
      this assembled relation, the handle base 32 and the depended clapper
      assembly 18 are integrated in non-rotatable relation to one another.
      Interposed between the closed end 14 of the bell and the handle base is a
      non-metallic hand shielding disc 36 provided to prevent accidental contact
      between the hand of the bell ringer and the bell. The handle base 32 is
      rectangular in cross section and a handle 38, to be described in more
      detail hereinafter, is riveted to the wider side of the handle base 32 or
      otherwise affixed. Thus, the handle 38 and its related clapper assembly 18
      are indexed as to relative position ard are always held in predetermined,
      non-rotatable relation to one another. This condition is maintained even
      though the bell 10 may be rotated relative to the handle 38. This is a
      useful expedient since it permits periodic turning of the bell 10 relative
      to the handle to present new "strike" surfaces, whereby fatigue of the
      bell metal is lessened as is the possibility of indenting the bell
      surfaces at the strike areas, a condition often found in prior art bells
      where such relative movement is not possible. The addition of a metal
      washer 39 interposed between the shielding disc 36 and the bell 10 will
      facilitate turning of the bell relative to its handle 38. Otherwise, it
      may be necessary to loosen the screw 34 to accomplish this adjustment.
PAR  Rotation of the bell 10 relative to the handle and clapper has another
      distinct advantage. In all bell castings, certain portions thereof have
      different "wow" or "beat" surfaces as is well known in the art. These
      surface portions often change in character due to relaxation of the
      stresses through normalization of the cast metal due to aging. Under these
      conditions, it is often desirable to rotate the bell relative to the
      clapper in order to lessen these undesirable affects which is easily
      accomplished with the present design.
PAR  The outward extension of the support member 20 comprises a horizontally
      positioned portion 42 having a rectangularly shaped groove 44 extending
      the entire length of its downwardly facing surface, as shown clearly in
      FIG. 5. A pair of resilient strips 46 are carried at opposite ends of the
      portion 42 each bridging the groove 44. The strips 46 are held in position
      by screws 48 which are threaded into the portion 42. Strips 46 are formed
      preferably from elastomeric type polyurethane material (such as
      "Cyanaprene," manufactured by American Cyanamid) having a durometer
      reading in the order of 60 to 70 Shore D so as to be sufficiently bendable
      to permit flexing for adjustment purposes as noted hereinafter. Of course
      variations are permissible according to the specific requirements.
      Polyurethane is particularly useful since it is tough, fatigue resistant
      and wears extremely well. The exact position of the strips 46 and their
      relation to the portion 42 of the support member 20 is clearly depicted in
      FIGS. 1 and 5. The strips 46 are individually adjustable through
      manipulation of the screws 48, which upon tightening, draws the center
      portions thereof into the groove 44 whereby the free ends of the strips 46
      are bent downwardly as shown in dotted lines in FIG. 5.
PAR  The support member 20 also includes a mounting portion 50 which is
      assembled with and fixedly positioned adjacent the center of the member
      20. Of course, it may be an integral part of member 20 if desired. In
      either instance, the portion 50 is cross drilled adjacent its center to
      provide a journal for pin 52. The pin 52 pivotally carries the clapper
      member 22. The upper end of the clapper member 22 comprises two pairs of
      opposed sloping surfaces 54 wherein each pair of surfaces is positioned so
      as to limit the swinging movement of the member 22 by engagement with the
      outer ends of the limiting strips 46. This interference and engagement
      will be clearly seen by referring to FIG. 5. Thus, as the strips 46 are
      adjusted through tightening of screws 48, the free ends thereof bend
      downwardly for increasingly, resiliently restraining the swinging movement
      of the member 22. The more the strips are bent, the greater the restraint
      and vice versa. In this manner, the effort required to cause the clapper
      26 to strike the bell may be varied in either or both directions through
      selective and/or differential manipulation of the adjustment screws 48.
PAR  The clapper 26 is carried on the free end of the clapper member 22 and is
      attached to a rod 56 which forms a part of the clapper member 22. The
      specific design of this clapper forms an important part of my invention.
      Referring to FIG. 4, one form of clapper 26 is shown wherein a central hub
      58 is attached to the free end of rod 56 by means of a screw 60. The
      clapper 26 comprises a grouping of bonded together concentric parts with
      an elastomeric bushing 61 being interposed between the hub 58 and a second
      metallic ring 62. This in turn carries and supports an outer ring 64 shown
      in plan view in FIG. 3. The ring 64 may be fabricated from a relatively
      hard molded polyolefin type elastomer such as polyethylene or
      polypropylene (one such material, manufactured by Eastman Plastics, is
      known by the trade name TENITE) with a durometer reading in the order of
      75-85 Rockwell R, which provides a striking surface 66 therearound. The
      striking surface of the ring 64 may offer different hardness strike
      surfaces 68 therearound for varying the tone. This is accomplished by
      drilling or molding relief portions 69 adjacent the surfaces. A third
      opposed pair of striking surfaces may also be provided wherein felt or
      some other relatively soft material is applied to opposed striking
      surfaces of the clapper 26. In this embodiment, the clapper will offer
      three opposed areas of strike, each with a different impact effect and
      available according to its position relative to the plane of swing of the
      clapper 26. Of course, more or less areas of differing impact effect may
      be made available and this is a matter of choice tempered by the diameter
      of the clapper 26.
PAR  In order to make these varying hardness portions available, I have provided
      an adjustable detent device 74 built into the clapper 26. This includes a
      spring metal disc or plate 76, non-rotatable with respect to the rod 56,
      with a plurality of spaced indentations 78 therearound. These are
      positioned so as to correspond with the areas of varying hardness of the
      clapper surface. A button or detent 80 is carried by the ring 62 is
      positioned so as to be resiliently held within any one of the depressions
      78 in the disc 76 according to its position. In this manner, the clapper
      26 may be grasped by a player during the rendition of a tune, turned
      relative to the rod 56 and against the resistance of the detent 74 to a
      second or third position with a minimum of time being consumed. When this
      is accomplished, the bell will have a different tonal quality according to
      the position selected for the clapper. In this connection, all strike
      surfaces around the clapper 26 fall within a circle with the clapper shaft
      56 as a center, whereby the distance required to cause a strike upon the
      bell 10 is always the same.
PAR  Another form of clapper is depicted in FIG. 7. It has all of the advantages
      of the one shown in FIG. 3 but varies in design, flexibility and
      simplicity. This embodiment includes the central hub and the same
      adjustment means but differs so far as the striking surfaces are
      concerned. Here, a plurality of applied surface buttons 82 and used spaced
      around the outer periphery of the clapper. Opposed pairs of buttons 82 are
      of the same hardness and each opposed pair is of different hardness to
      accomplish the same results as described in connection with the clapper
      shown in FIG. 3. It is apparent that other deviations may also be used
      without departing from the spirit of my invention which comprehends a
      manually adjustable clapper having a plurality of strike portions, in
      opposed relation and of different hardness, to selectively produce a
      variety of tonal effects.
PAR  Returning to the handle 38, and as mentioned heretofore, I prefer to make
      this of an extruded, flat tube 84 of plastic material, such as clear vinyl
      like VYRAM as manufactured by Monsanto. An indicia strip 86 with indicia
      printed or stencilled thereon may be slipped within this tube and will be
      clearly visible therethrough. The assembly may then be bent to form and
      riveted or otherwise affixed to the handle base 32. If desired, a metal
      backing strip 88 may be incorporated to back the indicia strip 86 which in
      this instance may be paper, etc. Either embodiment has proved to be fully
      satisfactory.
PAR  The handbell disclosed herein is a distinct advance in the art. The device
      offers adjustability not found heretofore and this flexibility in use
      enlarges the capabilities and life of the bell. Further, because of the
      manually adjustable features incorporated within the clapper, the bell is
      enlarged in its range of use over those of the prior art.
PAR  While the forms of embodiment of the present invention as herein disclosed,
      constitute preferred forms, it is to be understood that other forms might
      be adopted, all coming within the scope of the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A handbell comprising in combination: a bell having a generally closed
      end; a clapper assembly removably carried within said bell centrally of
      the closed end thereof, said clapper assembly comprising a transversely
      extending, fixedly mounted pivot block; a clapper shaft having one end
      pivotally associated centrally of said block and including opposed
      surfaces sloping downwardly and away from said central pivot point, said
      shaft being adapted for pivotal swinging movements in one plane only with
      respect to said pivot block; individually adjustable, non-metallic
      limiting means each consisting of a generally flexible strip of resilient,
      polyurethane material carried by and positioned adjacent opposite ends of
      said pivot block, the ends of said strip positioned by said means for
      selectively engaging said sloping surfaces for yieldably opposing extreme
      pivotal, swinging movement of said clapper shaft in either direction
      thereof; and a clapper member carried by the free end of said clapper
      shaft and adapted to strike said bell during said extreme pivotal,
      swinging movements of said clapper shaft as adjustably opposed by said
      engagement with said limiting means.
NUM  2.
PAR  2. A handbell comprising in combination: a bell having a generally closed
      end; a clapper assembly adapted to be removably carried within said bell
      and located centrally of the closed end thereof, said clapper assembly
      comprising a clapper shaft having one end pivotally associated centrally
      of the closed end of said bell and carrying a clapper member at its free
      extremity, said clapper member comprising a generally circular striker
      assembly positioned substantially normal to said clapper shaft and
      including at least three opposed pairs of surface portions wherein each of
      said pairs has a different degree of hardness and wherein said assembly is
      rotatable relative to said clapper shaft for selectively positioning
      desired surface portions in striking relation to said bell; detent means
      for said striker assembly; and indexing means on said handle and said
      clapper assembly cooperating with said detent means for releasably
      maintaining said striker assembly in any pre-selected position relative to
      said clapper shaft.
NUM  3.
PAR  3. A handbell comprising in combination: a bell having a generally closed
      end; a clapper assembly adapted to be removably carried within said bell
      and centrally of the closed end thereof, said assembly comprising a
      clapper shaft having one end pivotally associated centrally of the closed
      end of said bell and carrying a clapper member at its free extremity, said
      clapper member comprising a generally circular striker assembly rotatably
      positioned substantially normal to said clapper shaft and including a
      plurality of striking buttons positioned in opposed pairs around the outer
      periphery thereof and wherein each pair of buttons has a different degree
      of hardness; means on said clapper assembly coacting with said rotatable
      striker assembly for permitting rotation of said striker assembly relative
      to said clapper shaft for selectively positioning desired pairs of buttons
      in striking relation to said bell; and detent means cooperating with said
      rotatable striker for releasably holding said striker assembly in any
      preselected position.
NUM  4.
PAR  4. A handbell, comprising in combination: a bell having a generally closed
      end and including a centrally located aperture therethrough; a clapper
      assembly swingable in one plane only and adapted to be positioned within
      said bell; a generally strap-like directional handle external of said bell
      including a base portion connected with said clapper assembly through said
      aperture; means on said handle and said clapper assembly for positively
      indexing said handle in non-rotative position with respect to said clapper
      assembly so that the strap-like handle visually indicates the direction of
      swing of said clapper assembly; and clamping means associated with said
      handle and said clapper assembly for maintaining the two in substantially
      non-rotative relation with respect to said bell, whereby said handle and
      said clapper assembly may be rotated as a unit with respect to said bell,
      when desired, through disablement of said clamping means while maintaining
      the non-rotative relation between the handle and the clapper assembly.
NUM  5.
PAR  5. The handbell claimed in claim 4 wherein the handle includes a
      rectilinear longitudinally extending cavity adjacent its base and said
      clapper assembly includes a mating, rectilinear, longitudinally extending
      stud that fits slidably within said cavity and in non-rotative relation
      thereto; and means for locking said handle to said clapper assembly and
      simultaneously clamping said bell therebetween.
NUM  6.
PAR  6. The handbell claimed in claim 4 wherein said handle includes a square
      longitudinally extending cavity adjacent its base and said clapper
      assembly includes a mating, square, longitudinally extending stud that
      fits slidably within said cavity and in non-rotative relation thereto; and
      means for locking said handle to said clapper assembly and simultaneously
      clamping said bell therebetween.
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ABST
PAL  A flag pole that is balanced about pivot bearings of a stationary base so
      that the flag pole can be effortlessly tilted down into a horizontal
      position so that the flag can be removed or attached; the pole being made
      of interfitting sections, and the uppermost section loosely supporting a
      series of flag rings for selected ones to have the flat supported
      therefrom.
BSUM
PAR  This invention relates generally to flag poles.
PAR  A principle object of the present invention is to provide a flag pole which
      is supported in a balanced condition upon a transverse shaft of a
      stationary base so that the flag pole can be pivoted down to the ground so
      a person can thus reach the upper end of the post easily so to tie a flag
      thereto so remove the flag therefrom.
PAR  Another object is to provide a flag pole made up in sections that can be
      readily assembled together and secured together either permanently by
      welding or temporarily by screws.
PAR  Yet another object is to provide a balanced flag pole that can be made in
      various sizes and which can be installed upon grounds in front of a house
      or other suitable place.
PAR  Other objects are to provide a balanced flag pole which is simple in
      design, inexpensive to manufacture, rugged in construction, easy to use
      and efficient in operation
DRWD
PAR  These and other objects will be readily evident upon a study of the
      following specification and the accompanying drawing wherein:
PAR  FIG. 1 is a side view of the flag pole in vertically upstanding position.
PAR  FIG. 2 is a front view thereof with the pole pivoted down to horizontal
      position.
PAR  FIG. 3 is a side view thereof shown with an above ground base.
PAR  FIG. 4 is a view of a modified design of the invention in which a set of
      counterbalances on levers allow the flagpole to be maintained upright as
      shown.
PAR  FIG. 5 is a front view of the modified design of FIG. 4 shown with flag
      pole pivoted down in horizontal position, and wherein the lever and
      counterbalance arrangement brings the flag closer to the base so a person
      does not have to walk as far to the flag from the base after pivoting it
      down.
DETD
PAR  Referring now to the drawing in detail, and more particularly to FIGS. 1 to
      3 at this time, the reference numeral 11 represents a balanced flag pole
      according to the present invention wherein there is pole 12 comprised of a
      set of interfitting metal pipe sections 13 which as shown in FIG. 1, are
      secured together with screws 14. Alternately, they may be welded together.
      The uppermost section has a set of rings 15 loosely fitted therearound,
      and a flag 16 is attached to any of this rings. The loose rings allows the
      rings to rotate about the post so the flag flys to leeward straight
      therefrom.
PAR  The lowermost section of the pole is slide fitted into a counterweight
      socket 17 and is either welded thereto or secured by screws 18; the socket
      being integral with pivot pins 19 on diametrically opposite sides thereof.
PAR  In FIGS. 1 and 2, the flag pole 11 is supported upon a stationary base 20
      consisting of a pair of parallel, vertical, spaced apart bars 21 which at
      their lower ends are imbedded within a concrete block 22 within a ground;
      the upper surface of the block being level with the ground. The upper ends
      of the bars have a notch 24 in which the pivot pins 19 rest when the flag
      pole is positioned in a space 23 between the bars. It is to be noted that
      the relatively short length of the pole that forms the socket end is very
      bulky so that its weight is very slightly more than the long end of the
      pole so that the pole normally assumes a vertical position as shown in
      FIG. 1, and wherein with only slight physical effort by a person, the pole
      can then be tilted to the ground as shown in FIG. 2, so to remove a flag.
PAR  In FIG. 3, the same design flag pole 12 is mounted upon a stationary base
      25 that is above ground.
PAR  In FIGS. 4 and 5, a modified design of balanced flag pole 30 consists of
      any form of stationary base 31 and a flag pole assembly 32 that include a
      flag pole 33 having rings 15 and flag 16 at one end and an immense
      counterweight 34 at its other end so to approximately balance the pole
      about pivot pins 35 located relatively close to the counterweight. The
      pivot pins are each supported at one end of a pair of levers 36 having
      immense counterweights 37 at their other ends so to approximately balance
      the levers about pivot pins 38 located near the counterweights, and
      supported upon the base 31.
PAR  In this form of the invention, when the flag pole 33 is pivoted to the
      ground the flag is brown closer to the base so that a person needs not
      walk as far from the base to reach it. In this construction, the
      counterweight 37 approximately balances the entire remainder of the flag
      pole assembly so that the longer arms of the levers swing the lower end of
      the glag pole away from the base, thus bringing the flag closer to it.
PAR  Thus a modified design is presented.
PAR  While various changes may be made in the detail construction, it is
      understood that such changes will be within the spirit and scope of the
      present invention, as is defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flag pole assembly comprising a flag pole having an upper end with
      flag rings and a lower end with a counterweight, in combination with a
      pair of similar levers pivotally secured to each side of the pole by means
      of a pivot pin above said counterweight, each lever having a similar
      counter weight secured to the lower end thereof, including a pair of pivot
      pins each secured similarly to each of said levers, in further combination
      with a U-shaped base having a pair of spaced vertical flanges equi-spaced
      laterally from the first said counterweight, wherein said pair of spivot
      pins are aligned and mounted in said flanges and wherein the said second
      counterwights are equi-spaced from said flanges remote from the first said
      counterweight.
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ABST
PAL  An automatic toner supplying device applicable to an developing apparatus
      for use in an electrophotographic copying machine which is based on the
      physical property that the amount of toner powder consumed for developing
      is proportional to the potential variations of magnetic brush bristles
      which contact the photoreceptor surface during rotation of a photoreceptor
      drum and a developing roller with the potential variations utilized as a
      toner replenishing signal for applying a bias voltage corresponding to the
      toner replenishing signal, through an electrical control unit, to the
      brush bristles formed on a toner supply roller rotatably disposed in a
      toner supply tank.
BSUM
PAR  This invention relates to a toner supplying device, and more particularly
      to an automatic toner supplying device applicable to an electrostatic
      latent image developing apparatus for use in an electrophotographic
      copying machine.
PAR  Conventionally, in a dry copying process electrophotographic copying
      apparatus of xerographic or similar systems, subsequent to projection of
      light image of an original to be copied onto a charged photoreceptor
      surface to form an electrostatic latent image thereon, the latent image is
      developed at a developing apparatus disposed along the path of the
      photoreceptor by rubbing the latent image bearing portion of the
      photoreceptor with magnetic brush bristles of developing material
      comprising magnetizable carrier material and electroscopic toner powder to
      develop the latent image into a visible toner powder image for transfer
      onto a copy paper sheet.
PAR  Such conventional developing apparatus commonly includes a developing
      roller rotatably provided adjacent to and in spaced relation to the
      photoreceptor surface, which developing roller further comprises a
      rotatable outer cylinder and a plurality of stationary magnets fixedly
      disposed in the outer cylinder for the formation of the magnetic brush
      bristles of the developing material on the outer cylinder, with the toner
      powder for the developing material and consequently for the magnetic brush
      bristles being supplied from a toner supplying tank incorporated in a
      housing of the developing apparatus through stirring vanes or the like.
PAR  In such conventional developing apparatuses, there is no method for
      measuring the toner concentration in the magnetic brush bristles of the
      developing material, so that it has been a common practice to examine the
      copied images with naked eyes for maintaining the toner concentration in
      the developing material approximately constant by manually adjusting the
      amount of toner to be replenished, whcih procedure, however, tends to
      result in uneven supply of toner powder, and especially when the amount of
      toner to be replenished is kept constant, marked difference in the toner
      consumption may be caused, depending upon the ratio of white portion to
      black portion in the original to be copied, thus giving rise to irregular
      quality of the copied images.
PAR  In order to overcome such defects, various methods have been conventionally
      proposed, in which methods, a process for replenishing the magnetic brush
      bristles with toner powder by estimating the toner concentration on the
      basis of the dynamic or electrical properties of the developing material
      or a method for replenishing toner powder in accordance with the darkness
      of the copied images through optical measurements of such copied images is
      commonly known. However, such conventional methods have various
      disadvatages, i.e., in the former, not only the supplying device is
      complicated with consequent high cost, but the same tends to be affected
      by deterioration or fatigue of toner powder with time, while in the latter
      unnecessary amount of toner powder which does not correspond to the
      darkness of the copied images is liable to be supplied and consumed due to
      unstable corona discharge, by which shortcomings such conventional devices
      have hardly been put into practical use.
PAR  On the other hand, in one of such conventional devices, a method in which
      amount of charge of toner powder consumed or amount of electric current
      flowing according to the variations of the charge is measured, which
      detected amount of charge or current is fed back to control the quantity
      of toner powder to be replenished. However, the above described device has
      also such drawbacks as requiring a complicated system for the measurement
      of the charge and regulation of toner replenishment with consequent high
      cost.
PAR  Accordingly, an essential object of the present invention is to provide an
      automatic toner supplying device applicable to a developing apparatus
      which maintains the toner concentration in the developing material
      constant through replenishment of toner powder in proportion to the area
      of the latent image to be developed so as to offer copied image of uniform
      quality with substantial elimination of the disadvantages inherent in the
      conventional toner supplying devices.
PAR  Another important object of the present invention is to provide an
      automatic toner supplying device of the above described type which is
      accurate in functioning without requiring any servo mechanisms.
PAR  A further object of the present invention is to provide an automatic toner
      supplying device of the above described type which is simple in
      construction with consequent low cost.
PAR  According to a preferred embodiment of the present invention, the automatic
      toner supplying device comprises a developing roller rotatably disposed in
      a developer housing adjacent to a known photoreceptor surface of a
      photoreceptor drum driven by conventional means, thorugh an opening formed
      in the developer housing, a plurality of elongated magnetic members
      fixedly disposed in an annular array about a fixed core and enclosed in a
      rotatable outer cylinder of non-magnetic material of the developing roller
      for the formation of magnetic brush bristles of developing material
      consisting of carrier beads and toner particles on the developing roller,
      a toner supply roller of similar construction to the developing roller
      which is rotatably disposed at the lower portion of the toner supply tank
      incorporated in the developer housing and on which magnetic brush bristles
      are also formed, an offset drum of electrically conductive material
      rotatably disposed above and between the developing roller and the toner
      supply roller for transferring the toner powder on the brush bristles of
      the toner supplying roller onto the brush bristles of the developing
      roller, and an electrical control circuit electrically connected to the
      developing roller, toner supplying roller and the offset drum. The toner
      supplying device of the invention is based on the physical property that
      the amount of toner powder consumed for developing is proportional to the
      potential variations of the brush bristles which contact the photoreceptor
      surface during rotation of the photoreceptor drum and the developing
      roller, said potential variations being utilized as a toner replenishing
      signal for applying a bias voltage corresponding to the toner replenishing
      signal, through the control unit, to the brush bristles on the toner
      supply roller rotatably disposed in the toner supply tank. The brush
      bristles of the toner supply roller to which the toner replenishing signal
      is applied are advantageously adapted to supply, through the offset drum,
      the amount of toner powder approximately equal to the amount of the toner
      powder consumed for developing to the brush bristles of the developing
      roller rubbing against the photoreceptor surface.
DRWD
PAR  These and other objects and features of the present invention will become
      apparent from the following description taken in conjunction with the
      preferred embodiment thereof with reference to the accompanying drawings,
      in which;
PAR  FIG. 1 is a schematic cross sectional view of an automatic toner supplying
      device according to an embodiment of the invention,
PAR  FIG. 2 is an electrical circuit diagram illustrating various elements of
      the automatic toner supplying device of the invention,
PAR  FIG. 3 is a schematic cross sectional view, in partial section, explanatory
      of the principle of the surface finish of an outer cylinder for a toner
      supply roller or for a developing roller,
PAR  FIG. 4 is a schematic cross sectional view, in partial section, of a
      modification of the surface finish of an outer cylinder for toner supply
      roller or for a developing roller of FIG. 1,
PAR  FIG. 5 is a top plan view of a section of another modification of the
      surface finish of the outer cylinder for the toner supply roller or for a
      developing roller of FIG. 1,
PAR  FIG. 6 is a similar view to FIG. 5, but shows a third modification of the
      surface finish of the outer cylinder for the toner supply roller or for
      the developing roller of FIG. 1, and
PAR  FIG. 7 is a schematic cross sectional view, in partial section, of a
      modification of FIG. 5.
PAR  Before the description of the present invention proceeds, it is to be noted
      that like parts are designated by like numerals throughout the several
      views of the accompanying drawings.
DETD
PAR  Referring to FIGS. 1 and 2, there is shown an automatic toner supplying
      device D according to the present invention which is disposed adjacent to
      a known photoconductive photoreceptor drum 6 having a photoreceptor
      surface 6' on the outer periphery thereof and rotated in the direction of
      an arrow a by conventional means. The toner supplying device D for
      developing an electrostatic latent image formed on the photoreceptor
      surface 6' extends the width of the surface 6' and is substantially
      enclosed in a developer housing 5 except for an opening h1 adjacent to the
      photoreceptor surface 6' whereat the development of the latent image
      formed on the surface 6' is effected, and an opening h2 for a toner supply
      tank 7 which is covered with a releasable cover 7a except when it is
      necessary to replenish the tank 7 with fresh toner powder. A developing
      roller 1 is rotatably provided, at the left portion in the housing 5 in
      FIG. 1, adjacent to and in close spaced relationship relative to the
      photoreceptor surface 6' through the opening h1, which roller 1 comprises
      an outer cylinder 1a of a non-magnetic material nearly extending the width
      of the housing 5 and rotatably journaled in the side walls (not shown) of
      said housing 5 so as to be rotated by suitable driving means (not shown).
PAR  The outer periphery of the outer cylinder 1a should preferably be formed
      with many small concave portions for friction increasing finish so as to
      prevent slippage of magnetic brush bristles to be formed on the cylinder
      1a during developing.
PAR  In the outer cylinder 1a, five elongated magnetic members 8 are fixedly
      disposed in an annular array about and extending along a fixed core or bar
      8a with alternately different polar orientations, and consequently with
      two of the magnetic member 8 remote from the surface 6' having the same
      polar orientation. Accordingly, upon rotation of the outer cylinder 1a in
      the direction of an arrow b, magnetic brush bristles 13 of developing
      material are formed on the outer periphery of the cylinder 1a. The
      magnetic brush bristles 13 of the developing material comprise
      magnetizable carrier beads 0 having average diameters in the region from
      50.mu. to 500.mu., to which beads 0 a predetermined amount of toner
      particles t are adhered in the developer housing 5, so that the tips of
      the brush bristles 13 rub, as the cylinder 1a and the photoreceptor drum 6
      rotate, against the latent image formed portion on the photoreceptor
      surface 6' for developing the latent image into a visible toner powder
      image.
PAR  On the other hand, a toner supply roller 4 is rotatably provided at the
      left portion in the housing 5 of FIG. 1, in a position below the lower
      edge of the partition 7b fixedly provided between the housing 5 and the
      toner supply tank 7, whereat the housing 5 communicated with the tank 7.
      The toner supply roller 4 which is of similar construction to the
      developing roller 1 comprises a rotatable outer cylinder 4a extending the
      width of the photoreceptor 6' and enclosing therein four elongated
      magnetic members 9 fixedly mounted in an annular array on a bar 9a with
      alternately different polar orientations. Upon rotation of the cylinder 4a
      in the direction of an arrow c, magnetic brush bristles 13' of carrier
      material 0 are also formed on the outer periphery of the cylinder 4a, but
      since the roller 4 is disposed below the toner supply tank 7, the toner
      powder t adhering to the brush bristles 13' is of such high concentration
      that it can not be directly used for developing.
PAR  It should be noted here that, although the carrier beads 0 for the magnetic
      brush 13' may be of the same as those for the brush 13 of the developing
      roller 1, such inconveniences as slipping of carrier beads 0 relative to
      the outer periphery of the cylinder 4a tend to occur as the cylinder 4a
      rotates in the toner powder t, if the particle size of the carrier beads 0
      is too small, so that when carrier beads of extremely small diameters are
      employed for the carrier beads 0 for the magnetic brush 13', magnets
      having large magnetic force must be used for the magnetic members 9, or
      otherwise, some countermeasures for increasing friction on the outer
      periphery of the cylinder 4a, such as embedding magnetizable particles
      having average diameters from 10.mu. to 500.mu. in the outer periphery of
      the cylinder 4a etc., are required as described hereinbelow.
PAR  It should also be noted that such magnetizable carrier beads should
      preferably be embedded in the outer periphery of the outer cylinder 1a for
      the roller 1 also for preventing slippage of the brush bristles 13
      relative to the outer cylinder 1a due to friction between the bristles 13
      and the photoreceptor surface 6', although the description hereinbelow is
      mainly made on the cylinder 4a for the toner supply roller 4.
PAR  Referring now to FIGS. 4 to 6, there are shown modifications of the finish
      for increasing friction on the outer periphery of the cylinder 4a of FIG.
      1.
PAR  Before the description of the above modifications of the invention
      proceeds, it is to be noted that these modifications in FIGS. 4 to 6 are
      based on the fact described below.
PAR  In FIG. 3 the provision of the concave portions H on the outer periphery of
      the outer cylinder 4a for increasing friction between the carrier beads 0
      carrying toner particles t of the developing material and the surface of
      the cylinder 4a still allows the magnetic brush bristles 13' to slip off
      the surface of the cylinder 4a to a certain extent due to frictional force
      resulting from the contact of the brush 13' with the toner powder t in the
      tank 7 if the speed of rotation of the outer cylinder 4a is increased,
      even in which case, however, the brush bristles 13' still remain formed
      approximately along the magnetic lines of force .gamma. of the magnetic
      members 9. This is because each of the carrier beads 0 is magnetized by
      the magnetic force of the magnets 9 and is formed into a small magnet with
      the attraction between the carrier beads 0 being larger than the
      attraction between the carrier beads 0 and the outer cylinder 4a.
PAR  In FIG. 4, a mixture of magnetizable particles 0' of iron, iron oxide or
      various kinds of ferrite particles having diameter 10 to 500.mu. and a
      bonding material l of alkyd resin, acrylic resin, polyvinyl acetate, or
      thermosetting epoxy resin with the quantity rate of the latter being in
      the range of 1/5 to 1/10 of the former by weight is diluted by a resin
      solvent and applied onto the surface of the outer cylinder 4a to the
      thickness of approximately 0.05 to 0.5mm with subsequent drying so as to
      fix the magnetizable particles 0' closely scattered on the surface of the
      cylinder 4a.
PAR  By the above arrangement, since the fixed magnetizable particles 0' are
      magnetized by the stationary magnets 9 so as to form small magnets which
      locally disturb the magnetic field on the surface of the cylinder 4a and
      attract the carrier beads 0 of the magnetic brush bristles 13' as strongly
      as in the attraction between the carrier beads 0 in the brush bristles
      13', no slipping between the brush bristles 13' and the surface of the
      cylinder 4a is caused even when the brush bristels 13' contact the toner
      powder t in the tank 7.
PAR  Furthermore, in the above modification of the invention, as the brush
      bristles are positively formed at the positions of the fixed magnetizble
      particles 0' magnetized in advance, the density of the formed brush
      bristles is much higher than in conventional means so as to carry
      sufficient quantity of toner powder together with the effect of preventing
      slippage of the brush bristles.
PAR  In FIGS. 5 and 6, many concave portions or dints H' or spline H" are formed
      on the entire outer periphery of the cylinder 4a instead of the layer of
      the mixture of the magnetizable particles 0' and the bonding material l
      uniformly formed on the cylinder 4a in the modification in FIG. 4. The
      dints H' or the spline H" are filled with the mixture of magnetizable
      particles 0' and bonding material l as shown in FIG. 7 with the excessive
      mixture on the surface of the cylinder 4a wiped off thereafter, thus,
      fixing the particles 0' scattered in the dints H' or the spline H".
PAR  It should be noted here that the proper depth of each of the dints H' or
      the spline H" is in the region from 0.1 to 3mm, and that the dints H'
      should be formed evenly the entire surface of the cylinder 4a toward the
      direction of rotation of the cylinder 4a, for example, in a zigzag
      pattern.
PAR  In the above modifications in FIGS. 4 to 6, it is necessary to employ the
      magnetizable particles 0' with diameter equal to or slighly larger than
      the diameter of the carrier beads 0 for the brush bristles 13', and also
      to properly scatter the magnetizable particles 0' so as not to reduce the
      magnetic force of the stationary magnets 9 through the cylinder 4a by a
      shielding action of the fixed particles 0'. If the surfaces of the
      magnetizable particles 0' are adapted to be exposed on the surface of the
      cylinder 4a, the magnetic force of the particles 0' is strengthened with
      improved attraction toward the carrier beads 0 for magnetic brush
      formation.
PAR  As is clear from the above description, according to the modifications of
      the surface finish of the outer cylinder of the invention shown in FIGS. 4
      to 6, the slippage of the magnetic brush bristles formed on the rotating
      outer cylinder is advantageously prevented by simply scattering
      magnetizable carrier particles on the entire surface of the outer cylinder
      or in the concave portions formed on the outer periphery of the outer
      cylinder, which surface finish provides an outer cylinder particularly
      suitable for high speed development.
PAR  If the above modifications of FIGS. 4 to 6 are applied to the outer
      cylinder 1a for the developing roller 1, not only the slippage of the
      brush bristles 13 relative to the outer cylinder 1a due to friction
      between the bristles 13 and the photoreceptor surface 6' during rotation
      of the roller 1 and the drum 6 is minimized, but also the high density of
      the formed brush bristles provides sufficient quantity of developing
      material to the developing position, thus eliminating the possibility of
      producing copied image of excessively light shade.
PAR  It should also be noted that the magnet members 9 as described stationary
      within the outer cylinder 4a may be adapted to rotate together with the
      outer cylinder 4a, and that the number of the magnets 9 or 8 may be
      increased or decreased developing upon the purpose.
PAR  Referring back to FIGS. 1 and 2, a cylindrical offset drum 2 of
      electrically conductive material is rotatably provided between and
      slightly above the developing roller 1 and the toner supplying roller 4
      with a blade 11, for example, a doctor blade, disposed in sliding contact
      with the outer periphery of the drum 2 at the lower portion of the drum 2
      for scraping residual toner powder off the latter, and with a mesh grid 3
      fixedly disposed between the off set drum 2 and the roller 4.
PAR  A slit 12 is formed between the lower edge of the partition plate 7b and
      the outer periphery of the roller 4, while a partition plate 5a formed
      into an approximately triangular cross section fixedly disposed between
      the developing roller 1 and the toner supply roller 4.
PAR  During developing operation, the developing roller 1 rotates in the
      direction of the arrow b, the toner supplying roller 4 in the direction of
      the arrow c, and the offset drum 2 in the direction of an arrow d, while
      the photoreceptor drum 6 rotates in the direction of the arrow a, with
      biasing voltages V1, V2, V3, and V4 corresponding to resistors R1, R2, and
      R3 being applied to the roller 1, the roller 4, the drum 2 and the mesh
      grid 3 respectively through control unit R shown in FIG. 2, which is
      mentioned later.
PAR  Accordingly, on the supposition that the electrostatic latent image formed
      on the photoreceptor surface 6' is of negative charge, when the brush
      bristles 13 formed on the outer periphery of the developing roller 1 rub
      against the surface 6' as the roller 1 and the drum 6 rotate, the toner
      particles t attracting to the carrier beads 0 in the brush bristles 13
      adheres to the latent image formed portion on the photoreceptor surface 6'
      in proportion to the electric potential and area of the latent image, by
      which, part of the charge of the latent image moves through the carrier
      beads 0 of the brush bristles 13 with an electric current flowing through
      the carrier beads 0 of the bristles 13 due to movement of the charged
      toner particles t toward the latent image formed surface 6', while
      variation in potential is produced by the charge induced in the carrier
      beads 0 of the bristles 13 due to capacity between the latent image formed
      surface 6' and the brush bristles 13. Accordingly, the potential of the
      brush bristles 13 deviates to negative side, and the amount of deviation
      is proportional to the charge of the latent image with which the bristles
      13 contact, i.e., to the potential and the area of the latent image.
PAR  On the other hand, since the amount of the toner powder t adhering to the
      latent image formed portion of the photoreceptor surface 6' is also in
      proportion to the potential and the area of the latent image formed
      portion on the photoreceptor surface 6', the potential variation induced
      in the brush bristles 13 is consequently proportional to the amount of the
      toner powder t adhering to the bristles 13. It is one of the outstanding
      features of the present invention that, by applying to the brush bristles
      13' formed on the toner supply roller 4 which rotates in the toner powder
      t of the tank 7 a potential of opposite polarity which will cancel the
      potential variation in the brush bristles 13 on the developing roller 1,
      the toner powder t is adapted to be supplied onto the latent image formed
      portion of the photoreceptor surface 6' depending on the above potential
      difference.
PAR  Accordingly, each of the developing roller 1, the toner supplying roller 4,
      the offset drum 2 and the mesh grid 3 should suitably be supported by an
      insulating material in the housing 5.
PAR  Since charge induced in the magnetic brush bristles 13 on the developing
      roller 1 by the charge of the latent image is in the region between
      10.sup.-.sup.8 and 10.sup.-.sup.6 coulomb in the development employing
      commonly used copying apparatuses, biasing voltage for cancelling the
      potential variation in the brush bristles 13 on the developing roller 1
      can be applied to the brush bristles 13' on the toner supply cylinder 4
      through control means, for example, a control unit R as shown in FIG. 2,
      in which unit R, voltage proportional to the potential variation in the
      brush bristles 13 on the roller 1 is impressed on the brush bristles 13'
      on the roller 4 rotating in the toner powder t and the mesh grid 3, and
      also between the mesh grid 3 and the offset drum 2, and according to the
      resultant potential difference therefrom, the charged toner particles t
      carried by the brush bristles 13' on the rotating roller 4 are supplied
      onto the outer periphery of the offset drum 2 through the mesh grid 3. The
      toner particles t adhered to the outer periphery of the offset drum 2 are
      adapted to contact the carrier beads 0 of the bristles 13 on the
      developing roller 1 during rotation of the drum 2 and the roller 1 with
      most of the toner particles t on the drum 2 adhering to the bristles 13 on
      the roller 1. In other words, the biasing voltages V4, V3 and V2 vary
      directly with the variation of the potential variation of the bristles 13
      on the roller 1 for controlling the amount of the toner powder t to be
      supplied for the development of the latent image on the photoreceptor 6'.
PAR  Referring particularly to FIG. 2, the function of the control unit R for
      controlling the amount of toner powder t will be described hereinbelow.
PAR  The photoreceptor surface 6' of the photoreceptor drum 6 is electrically
      earthed, and simultaneously connected electrically to the developing
      roller 1 through contact thereof with the brush bristles 13 on the roller
      1 by an equivalent resistance R0. Electrostatic capacity C0 between the
      photoreceptor drum 6 and the devleoping roller 1, electrostatic capacity
      C1 between the roller 1 and the offset drum 2, electrostatic capacity C2
      between the offset drum 2 and the mesh grid 3 and electrostatic capacity
      C3 between the mesh grid 3 and the toner supplying roller 4 are shown in
      dotted lines respectively. The developing roller 1 with the brush bristles
      13 formed thereon is connected to a control grid G1 of a vacuum tube T
      through a resistor R4 and simultaneously to a plus terminal of a bias
      voltage source E2 through distributing resistances R1, R2 and R3 and also
      resistances R6 and R7. The distributing resistance R1 is for connecting
      the roller 1 and the offset drum 2, the distributing resistance R2 for
      connecting the offset drum 2 and the mesh grid 3, and the distributing
      resistance R3 for connecting the mesh grid 3 and the roller 4. The minus
      terminal of a biasing voltage source E1 is connected to a cathode C, and
      the third grid G3 of the vacuum tube T through a variable resistor r,
      while the plus terminal of the voltage source E1 is connected, through a
      resistance R5, to the second grid G2 of the tube T, and also to the minus
      terminal of the biasing voltage source E2 and is then earthed. The plate P
      of the vacuum tube T is connected to a lead between the resistances R6 and
      R7. In the embodiment of FIG. 2, wherein the photoreceptor surface 6' of
      the drum 6 is negatively charged, the biasing voltage E1 is -300V, the
      biasing voltage E2 is +200V, the resistance R4 is of 10M.OMEGA., the
      resistance R5 is of 1M.OMEGA., the resistance R6 is of 5M.OMEGA., and the
      resistance R7 is of 500K.OMEGA.. Moreover, the biasing voltages V1, V2, V3
      and V4 to be applied to the developing roller 1, the offset drum 2, the
      mesh grid 3 and the toner supply roller 4 can be adjusted by suitably
      selecting the values of the biasing voltages E1 and E2, and the
      resistances R1, R2 and R3.
PAR  The voltage for the biasing voltage source E1 is determined taking into
      account the residual potential and the residual toner on the photoreceptor
      surface 6' of the photoreceptor drum 6 on the basis of the potential of
      the bursh bristles 13 on the roller 1 in the state where a predetermined
      amount of toner powder t necessary for the development is contained in the
      brush bristles 13.
PAR  By this arrangement, when the brush bristles 13 of the developing roller 1
      rub against the charged latent image formed on the photoreceptor surface
      6' as the roller 1 and the drum 6 rotate with the toner powder t in the
      brush bristles 13 moving onto the photoreceptor surface 6', the potential
      of the brush bristles 13 on the roller 1 is raised up to a level higher
      than a set voltage of the biasing voltage source E1. Accordingly, the
      voltage of the biasing source E1 does not affect the brush bristles 13' of
      the toner supply roller 4, and only the voltage of the biasing voltage
      source E2 (opposite polarity to that of the voltage source E1) is applied
      to the magnetic brush bristles 13' of the roller 4 with the potential
      difference V4-V2 between the brush bristles 13' and the offset drum 2
      being increased. Consequently, the toner powder t adhering to the brush
      bristles 13' on the roller 4 moves onto the offset drum 2, so that
      approximately the same amount of toner powder as that consumed for
      developing is supplied to the brush bristles 13 on the developing roller
      1. Simultaneously, the biasing voltage E2 applied to the brush bristles
      13' on the roller 4 is also applied to the bristles 13 on the roller 1
      with the induced potential cancelled. On the other hand, in cases where
      the toner powder t does not move onto the photoreceptor surface 6', there
      is no potential variation of the bristles 13 of the roller 1 with
      potential thereof being less than the biasing voltage E1 and with the
      voltage of the biasing source E1 directly applied to the bristles 13' of
      the roller 4. Consequently, no potential difference is caused between the
      bristles 13' of the roller 4 and the offset drum 2 without any transfer of
      charged toner particles t from the bristles 13' of the roller 4 onto the
      offset drum 2. As is seen from the above description, the control unit R
      is adapted to stabilize the potential on the bristles 13 of the developing
      roller 1, forming a simple potential stabilizing circuit.
PAR  It should be noted here that the present invention is not limited to the
      above described embodiment, but that any construction will serve the
      purpose of the invention in which the biasing voltage applied to the
      magnetic brush bristles of the toner supply roller rotatably provided in
      the toner supply tank can be controlled by the potential variations of the
      magnetic brush bristles of the developing roller which rotates with the
      brush bristles thereof contacting the latent image bearing photoreceptor
      surface of the photoreceptor drum. For example, the mesh grid 3 described
      as employed in the embodiment of FIG. 1 may be dispensed with so that the
      toner particles t on the brush bristles 13' of the toner supply roller 4
      directly adhere to the outer periphery of the offset drum 2.
PAR  As is clear from the foregoing description, in the automatic toner
      supplying device of the invention, the potential variations of the
      magnetic brush bristles on the developing roller at the time when said
      brush bristles rub against the latent image bearing photoreceptor surface
      for adhering the toner powder to the latter as the developing roller and
      the photoreceptor drum rotate are advantageously utilized for the control
      of the amount of toner powder to be supplied without requiring any
      particular detector or the like, by which potential variations the biasing
      voltage applied to the magnetic brush bristles of the toner supply roller
      rotatably disposed in the toner supply tank is efficiently varied, so that
      the desired amount of toner powder is supplied onto the electrostatic
      latent image formed on the photoreceptor surface for optimum development
      of the latent image.
PAR  Furthermore, the magnetizable carrier particles embedded in the outer
      periphery of the toner supply roller or the developing roller described as
      employed in the modification of FIGS. 4 to 7 are particularly effective
      not only for increasing the adhesion of the developing material to the
      roller surface, but for preventing the slippage of the magnetic brush
      bristles relative to the roller surface, thus contributing much to
      offering clear and definite copied images and also to high speed copying.
PAR  Although the present invention has been fully described by way of example
      with reference to the attached drawings, it is to be noted that various
      changes and modifications are apparent to those skilled in the art.
      Therefore, unless otherwise such changes and modifications depart from the
      scope of the present invention, they should be construed as included
      therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic toner supplying device for use in an electrophotographic
      copying machine which comprises a developing roller rotatably disposed in
      a developer housing adjacent to a photoreceptor surface of a photoreceptor
      drum, through an opening formed in said developer housing, magnet means
      enclosed in a rotatable outer cylinder of said developing roller for
      formation of magnetic brush bristles of developing material consisting of
      carrier beads and toner particles on an outer periphery of said outer
      cylinder, said magnetic brush bristles being adapted to rub against a
      latent image formed portion on said photoreceptor surface for developing
      said latent image into a visible toner powder image, a toner supply roller
      with which carrier beads are adhered rotatably disposed at a lower portion
      of a toner supply tank incorporated in said developer housing and on which
      magnetic brush bristles are also formed through magnet means enclosed in
      said toner supply roller, an offset drum of electrically conductive
      material rotatably disposed between said developing roller and said toner
      supply roller for transferring toner particles on said brush bristles of
      said toner supply roller onto said brush bristles of said developing
      roller and an electrical control circuit connected to said developing
      roller, said toner supplying roller and said offset drum, said toner
      particles consumed for said development being proportional, in amount
      thereof, to potential variations of said brush bristles which contact said
      photoreceptor surface during rotation of said photoreceptor drum and said
      developing roller, said potential variations being utilized as a toner
      replenishing signal for applying a bias voltage corresponding to said
      toner replenishing signal, through said control circuit, to said brush
      bristles formed on said toner supply roller, which brush bristles are
      adapted to supply, through said offset drum, an amount of toner particles
      approximately equal to said amount of said toner particles consumed for
      said developing, to said brush bristles of said developing roller.
NUM  2.
PAR  2. An automatic toner supplying device as claimed in claim 1, wherein a
      mesh grid supported by insulating material is fixedly provided in a space
      between said outer peripheries of said toner supply roller and said offset
      drum.
NUM  3.
PAR  3. An automatic toner supply device as claimed in claim 1, wherein said
      magnet means enclosed in said developing roller and said toner supply
      roller each comprises an elongated single magnet member fixedly disposed
      on a core.
NUM  4.
PAR  4. An automatic toner supply device as claimed in claim 1, wherein said
      magnet means enclosed in each of said developing roller and said toner
      supply roller comprises a plurality of elongated magnet members.
NUM  5.
PAR  5. An automatic toner supply device as claimed in claim 1, wherein said
      outer peripheries of said developing roller and said toner supply roller
      are further treated with a mixture of magnetizable particles and a bonding
      material for fixing said magnetizable particles closely scattered on said
      outer peripheries of said developing roller and said supply roller.
NUM  6.
PAR  6. An automatic toner supply device as claimed in claim 1, wherein said
      developing roller, said offset drum and said toner supply roller are each
      supported by an insulating member.
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ABST
PAL  An apparatus in which release material is applied to a heated fuser member.
      A back up member is in communication with the fuser member and a sheet of
      support material having particles thereon passes therebetween. The
      particles on the sheet of support material contact the fuser member. The
      apparatus reciprocates a bar of release material into and out of contact
      with the fuser member.
PAL  The foregoing abstract is neither intended to define the invention
      disclosed in the specification, nor is it intended to be limiting as to
      the scope of the invention in any way.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a fusing apparatus employed in an
      electrostatographic printing machine, and more particularly concerns an
      apparatus for applying release material to a heated fuser member employed
      therein.
PAR  In the process of electrostatographic printing, a latent image is recorded
      on a surface and rendered visible with particles. These particles are
      transferred to a sheet of support material in image configuration.
      Thereafter, the particles are permanently affixed to the sheet of support
      material forming a copy of the original document thereon.
      Electrostatographic printing includes electrophotographic printing and
      electrographic printing. Electrophotographic printing employs a
      photoconductive member which is charged to substantially uniform level. A
      light image of an original document dissipates the charged photoconductive
      member recording a latent image of the original document thereon.
      Electrographic printing does not utilize a photoconductive member or a
      light image to create a latent image of the original document. However, in
      both of the foregoing processes, heat settable particles are generally
      employed to develop the latent image. After the particles are transferred
      to a sheet of support material, heat is applied thereto so as to
      permanently affix them to the sheet of support material.
PAR  Numerous techniques have been devised for applying heat to the particles
      transferred to the sheet of support material. One approach passes the
      sheet of support material, with the particles thereon, between a pair of
      opposed rollers. Frequently, the outer surface of the heated fuser roller
      is covered with polytetrafluoroethylene, commonly known as Teflon, to
      which a release agent such as silicone is applied. This Teflon layer may,
      preferably, have a thickness of several mils. The layer of oil applied
      thereto generally has a thickness of less than 1 micron. Silicone based
      oil possesses a relatively low surface energy and is particularly
      advantageous for use with Teflon. A thin layer of this oil is applied to
      the surface of the heated roller forming an interface between the roll
      surface and powder image on the sheet of support material. The low surface
      energy of this layer prevents the particles from transferring to the
      roller rather than remaining adhered to the sheet of support material.
      Thus, the particles are permanently affixed to the sheet of support
      material and do not smear or transfer to the roller.
PAR  Rather than employing a roller having a Teflon outer covering, a bare or
      heated metal roller may be utilized. When such a roller is employed, a low
      molecular weight polyethylene is applied thereto as a release agent. This
      release agent is generally a solid at room temperature. Prior techniques
      have maintained the release agent in its sump adjacent to the heated
      roller. As the fuser roller reaches the operating temperature, the release
      agent melts. However, it has been found that the life expectancy of
      polyethylene release material is greater in the solid state than in the
      liquid state. Thus, various techniques have been developed for
      articulating the release material as a solid bar so as to move it into and
      out of contact with the heated fuser roller. An example of such an
      approach is found in copending application Ser. No. 540,731 filed in 1975.
PAR  It is the primary object of the present invention to improve the apparatus
      employed to articulate a solid release material into and out of contact
      with a heated fuser member.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, and in accordance with the present invention, there is
      provided an apparatus for applying a release material to a heated fuser
      member in communication with a back up member. A sheet of support material
      having particles thereon passes between the fuser member and back up
      member. The sheet of support material is positioned such that the
      particles thereon contact the fuser member.
PAR  Pursuant to the features of the present invention, a bar of release
      material is mounted movably in the frame. Means resiliently urge the bar
      of release material to a first position spaced from the fuser member. A
      solenoid, operatively associated with the bar of release material, moves
      the bar of release material from the first position spaced from the fuser
      member to a second position in contact therewith. When the solenoid is
      de-energized, the bar of release material is resiliently urged to return
      to its first position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following detailed description and upon reference to the
      drawings, in which:
PAR  FIG. 1 is a schematic elevational view illustrating an electrophotographic
      printing machine having a fusing apparatus incorporating the features of
      the present invention therein; and
PAR  FIG. 2 is a schematic elevational view showing an apparatus for applying
      release material in the FIG. 1 printing machine fuser.
PAR  While the present invention will hereinafter be described in connection
      with various embodiments thereof, it will be understood that it will not
      be intended to limit the invention to those embodiments. On the contrary,
      it is intended to cover all alternatives, modifications and equivalents as
      may be included within the spirit and scope of the invention as defined by
      the appended claims.
DETD
PAC  DETAILED DESCRIPTION
PAR  An electrophotographic printing machine is shown in FIG. 1 having the
      features of the present invention therein. In the drawings, like reference
      numerals have been employed throughout to designate like elements. The
      apparatus of the present invention applies release material to a heated
      fuser roller employed in a fusing apparatus. Though this apparatus is
      particularly well adapted for use in a fusing apparatus, it should be
      evident from the following discussion that it is equally well suited for
      use in a wide variety of devices and is not necessarily limited in its
      application to the particular embodiment shown herein.
PAR  The art of electrophotographic printing is well known. As such, the various
      processing stations employed in the printing machine of FIG. 1 will be
      shown as blocks designated by the reference letters A through F,
      inclusive.
PAR  The electrophotographic printing machine of FIG. 1 employs a drum 10 having
      a photoconductive surface 12 entrained about and secured to the exterior
      circumferential surface thereof. As drum 10 rotates in the direction of
      arrow 14, it passes through the various processing stations disposed about
      the periphery thereof. One type of suitable photoconductive material is
      described in U.S. Pat. No. 2,970,906 issued to Bixby in 1961. As disclosed
      therein, photoconductive surface 12 may be made from a suitable selenium
      alloy.
PAR  Drum 10 initially rotates photoconductive surface 12 through charging
      station A. Charging station A has a corona generating device, indicated
      generally by the reference numeral 16, positioned closely adjacent to
      photoconductive surface 12. Corona generating device 16 charges
      photoconductive surface 12 to a relatively high substantially uniform
      potential. A suitable corona generating device is described in U.S. Pat.
      No. 2,836,725 issued to Vyverberg in 1958.
PAR  Thereafter, the charged portion of photoconductive surface 12 rotates
      through exposure station B. Exposure station B includes an exposure
      mechanism, indicated generally by the reference numeral 18, having a
      stationary housing for supporting an original document thereon. The
      housing comprises a transparent platen upon which the original document is
      positioned. Lamps illuminate the original document. Scanning of the
      original document is achieved by oscillating a mirror in a timed
      relationship with the movement of drum 10, or in lieu thereof, by moving
      the lamps and lens system so as to form a flowing light image. The light
      image of the original document is reflected through the lens onto a mirror
      which, in turn, transmits the light image through a slit onto the charged
      portion of photoconductive surface 12. Irradiation of photoconductive
      surface 12 selectively dissipates the charge thereon recording an
      electrostatic latent image corresponding to the original document.
PAR  The electrostatic latent image recorded on photoconductive surface 12 is
      next rotated to development station C. At development station C, a
      developer unit 20 having a housing with the supply of developer mix
      contained therein renders the electrostatic latent image visible. The
      developer mix generally comprises carrier granules having toner particles
      adhering thereto. These carrier granules are formed from a magnetic
      material while the toner particles are usually a heat settable plastic.
      Preferably, developer unit 20 is a magnetic brush development system. In
      such a system, the developer mix is brought through a directional flux
      field forming a brush thereof. The brush of developer mix contacts the
      electrostatic latent image recorded on photoconductive surface 12. The
      latent image attracts electrostatically the toner particles from the
      carrier granules so as to form a toner powder image on photoconductive
      surface 12.
PAR  Prior to continuing with the remaining processing stations, the sheet
      feeding path will be briefly described. With continued reference to FIG.
      1, a sheet of support material is advanced by sheet feeding apparatus 22
      to transfer station D. Sheet feeding apparatus 22 includes a feed roller
      24 contacting the upper most sheet of a stack of sheets of support
      material 26. Feed roller 24 rotates in the direction of arrow 28 advancing
      successive uppermost sheets from stack 26 into register roll 30. Register
      roll 30, rotating in the direction of arrow 32, aligns and forwards the
      advancing sheet of support material into chute 34. Chute 34 directs the
      advancing sheet of support material into contact with photoconductive
      surface 12, in registration with the toner powder image deposited thereon.
      In this manner, the sheet of support material is moved into contact with
      the toner powder image on photoconductive surface 12 at transfer station
      D.
PAR  Transfer station D includes a corona generating device 36. Corona
      generating device 36 applies a spray of ions onto the side of the sheet of
      support material opposed from photoconductive surface 12. The toner powder
      image adhering to photoconductive surface 12 is then attracted therefrom
      to the surface of the sheet of support material in contact therewith.
      After transferring the toner powder image to the sheet of support
      material, endless belt conveyor 38 advances the sheet of support material
      to fixing station E.
PAR  Fixing station E includes a fuser assembly, indicated generally by the
      reference numeral 40. Fuser assembly 40 heats the transferred toner powder
      image to permanently affixing it to the sheet of support material. Fuser
      assembly 40 includes a heated fuser member or roll, shown generally at 42,
      and a back up member or roll, indicated generally by the reference numeral
      44. The sheet of support material with the toner powder image thereon is
      interposed between fuser roll 42 and back up roll 44 with the toner powder
      image contacting fuser roll 42. Release material applicator 46
      periodically applies release material to fuser roll 42. Blade 48 adjusts
      the thickness of the release material layer coating fuser roll 42. The
      detailed structure of the fusing apparatus and release material applicator
      will be described hereinafter, in greater detail, with reference to FIG.
      2. After the toner powder image is permanently affixed to the sheet of
      support material, the sheet of support material is advanced by a series of
      rolls 50 to catch tray 52 for subsequent removal therefrom by the machine
      operator.
PAR  Invariably, residual toner particles adhere to photoconductive surface 12
      after the transfer of the powder image to the sheet of support material.
      These resiual toner particles are removed from photoconductive surface 12
      at cleaning station F. Cleaning station F includes a cleaning mechanism,
      generally designated by the reference numeral 54. Cleaning mechanism 54
      includes a corona generating device and a brush in contact with
      photoconductive surface 12. Initially, toner particles are brought under
      the influence of the corona generating device to neutralize the
      electrostatic charge remaining on photoconductive surface 12 and the
      residual toner particles. Thereafter, the neutralized toner particles are
      removed from photoconductive surface 12 by the rotatably mounted fibrous
      brush in contact therewith. Subsequent to cleaning a discharge lamp floods
      photoconductive surface 12 with light to dissipate any residual charge
      remaining thereon. In this manner, the charge on photoconductive surface
      12 is returned to the initial level prior to the recharging of
      photoconductive surface 12 of station A for the next successive imaging
      cycle.
PAR  It is believed that the foregoing description is sufficient for purposes of
      the present application to illustrate the general operation of an
      electrophotographic printing machine embodying the features of the present
      invention therein. Referring now to the specific subject matter of the
      present invention, FIG. 2 depicts the apparatus for applying release
      material to the heated fuser roller of the fusing apparatus.
PAR  Fuser assembly 40 includes a heated fuser roller, indicated generally by
      the reference numeral 42, and a back up roller, indicated generally by the
      reference numeral 44. Fuser roller 42 cooperates with back up roller 44 to
      define a nip through which the sheet of support material having the toner
      powder image thereon passes. The sheet of support material is orientated
      so that the toner powder image thereon contacts fuser roll 42. A channel
      shaped base (now shown) is provided for supporting fuser assembly 40 in
      the electrophotographic printing machine shown in FIG. 1. Back up roll 44
      is mounted rotatably on a pair of brackets secured to the channel shaped
      base by means of a right angle bracket. Back up roll 44 rotates in the
      direction of arrow 56. Preferably, back up roll 44 includes a rigid steel
      core or shaft 58 having a Viton elastomeric surface or layer 60 disposed
      thereover and affixed thereto. Shaft 58 is secured rotatably on brackets
      by a pair of bearings secured thereto by retaining rings. By way of
      example, back up roll 44 has an overall dimension of approximately 1.55
      inches with a 0.1 inch thick layer of Viton or other suitable high
      temperature elastomeric material. Other suitable materials are, for
      example, fluorosilicone or silicone rubber. Back up roll 44 is preferably
      15 1/2 inches long to accommodate various widths of support material.
PAR  A pair of brackets (not shown) having a generally E-shaped configuration
      are provided for mounting fuser roll 42 rotatably in fuser assembly 40. To
      this end, a pair of ball bearings one mounted in each of the support
      brackets provides a rotatable support. The bearings are retained in the
      brackets by means of retaining rings. A pair of end caps are secured to a
      hollow cylinder or core 62 forming a part of fuser roll 42. The end caps
      have reduced portions so as to be mounted in the bearings permitting fuser
      roll 42 to rotate in the direction of arrow 64. A heating element 66 is
      supported internally of cylinder 62 providing thermal energy to cylinder
      62 heating it to the operating temperatures thereof. Heating element 66
      develops sufficient heat to elevate the surface temperature of cylinder 62
      to the operational temperature thereof, i.e. 285.degree. to 295.degree.F.
      By way of example, heating element 66 may include a quartz envelope having
      a tungsten resistance heating element disposed therein. Preferably,
      cylinder 62 is fabricated from any suitable material capable of
      efficiently conducting heat to the external surface thereof. For example,
      suitable materials are aluminum and alloys thereof, steel, stainless
      steel, nickel and nickel alloys thereof, nickel plated copper, chromium
      plated copper, and alloys thereof. The resultant fuser roll 42 has a
      diameter of preferably about 1.5 inches with the length thereof being
      about equal to that of back up roll 44. Fuser roll 42 requires about 420
      watts peak power with the average power being about 320 watts, and about
      100 watts being required for standby operation. Heating element 66 is
      supported internally of cylinder 62 by a pair of spring supports mounted
      in an insulated block secured to support brackets. The free ends of the
      spring supporting the heating elements are provided with the locating ball
      while the opposite end of the spring contacts an electrical terminal to
      which electrical wires may be attached for applying electrical energy to
      heating element 66. The insulating blocks may be secured to support
      brackets in a suitable manner, as for example, by means of screws. The
      spring supports and terminals are, preferably, rivoted to the insulating
      block. The material from which cylinder 62 is fabricated generally has a
      relatively high surface energy. Toner material in contact therewith
      readily wets the surface thereof. Toner wetting the surface of cylinder 62
      is difficult to remove. Accordingly, there is provided apparatus 46 for
      applying release material thereto. The material is, preferably, a low
      molecular weight substance which is a solid at room temperature and has a
      relatively low viscosity at the operating temperature of cylinder 62. An
      example of such a material is polyethylene manufactured by Allied Chemical
      Company and having a designation AC-8 homopolymer. A bar of polyethylene
      is employed in the apparatus for applying release material to fuser roll
      42.
PAR  As shown in FIG. 2, a solid bar of polyethylene 68 is mounted in an open
      ended housing 70. Housing 70 reciprocates in frame 72 in the direction of
      arrow 74. More particularly, housing 70 is mounted slideably in frame 72.
      Solenoid 76 is coupled to housing 70 through the pivot arm 78.
      Energization of solenoid 76 moves arm 80 thereof in the direction of arrow
      82. This pivots arm 78 in the direction of arrow 84, moving housing 70 in
      a downwardly direction thereby compressing springs 86. Polyethylene bar 68
      moves in a downwardly direction thereby compressing spring 86. However, in
      the extreme downward position, polyethylene bar 68 contacts fuser roll 42
      applying release material thereto. After polyethylene bar 68 has been in
      contact with fuser roll 42 a suitable duration of time, solenoid 76 is
      de-energized and springs 86, which have previously been compressed, move
      housing 70 and polyethylene bar 68 in an upwardly direction until housing
      70 engages stop 88. Stop 88 is a bolt in threaded engagement with a
      portion of stationary frame 72. Rotation of stop 88 moves it in an
      upwardly or downwardly direction adjusting the location of the
      polyethylene bar in its spaced position from fuser roller 42. It should be
      noted that one portion of spring 86 is secured to stationary frame 72
      while the other portion thereof is secured to movable housing 70. It is
      evident that energization of solenoid 76 advances the polyethylene bar 68
      from a first position spaced from fuser roll 42 to a second position in
      contact therewith. De-energization of solenoid 76 permits springs 86 to
      resiliently urge the polyethylene bar 68 in an upwardly direction until
      housing 70 contacts stop 88. In this manner, polyethylene bar 68 is
      returned to its first position spaced from fuser roll 42. Polyethylene bar
      68 articulates in the direction of arrow 74 depending upon the
      energization cycle of solenoid 76. Machine logic controls the energization
      cycle of solenoid 76 and it may be energized as many times per machine
      cycle as is required. Energization of solenoid 76 is achieved by a timing
      disc mounted on the shaft of drum 10. By way of example, the timing disc
      may be an opaque disc having a plurality of slits in the periphery
      thereof. A light source is mounted on one side of the disc with a
      photosensor being located on the other side thereof. As the slits therein
      pass through the light beam, the light rays are detected by the
      photosensor and a signal therefrom is processed by the machine logic. In
      this way, a suitable timing signal may be developed which is utilized to
      energize solenoid 76. By way of example, polyethylene bar 68 may be
      articulated at about 2 revolutions per minute, thereby moving polyethylene
      bar 68 into and out of contact with fuser roll 42 2 times per minute.
PAR  Blade 46 adjusts the thickness of the release material layer coating fuser
      roll 42 so as to maintain a prescribed thickness thereof. The detailed
      structure of the configuration of blade 46 is described in copending
      application Ser. No. 540,732, the disclosure of which is hereby
      incorporated into the present application.
PAR  In recapitulation, it is apparent that pursuant to the features of the
      present invention, as heretofore described, the apparatus of the present
      invention applies release material to a fuser roll. A solid bar of
      polyethylene material is reciprocated into and out of contact with a
      heated fuser roll. The thickness of the release material layer is
      regulated by a blade in contact therewith. This type of system insures
      that a prescribed amount of release material is applied to the fuser roll.
      In addition, the release material remains in a solid state extending the
      life thereof.
PAR  It is, therefore, evident that there has been provided, in accordance with
      the present invention, an apparatus for applying periodically release
      material to a fuser roll employed in the fusing apparatus of an
      electrophotographic printing machine. The apparatus of the present
      invention fully satisfies the objects, aims and advantages hereinbefore
      set forth. While this invention has been described in conjunction with a
      specific embodiment thereof, it is evident that many alternatives,
      modifications and variations will be apparent to those skilled in the art.
      Accordingly, it is intended to embrace all such alternatives,
      modifications and variations as fall within the spirit and broad scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for applying release material to a heated fuser member in
      communication with a back-up member wherein a sheet of support material
      having particles thereon passes therebetween with the particles contacting
      the fuser member, including:
PA1  a frame;
PA1  a bar of release material mounted movably in said frame;
PA1  means for resiliently urging said bar to a first position spaced from the
      fuser member;
PA1  a solenoid operatively associated with said bar; and
PA1  means for periodically energizing said solenoid to move said bar from the
      first position spaced from the fuser member to a second position in
      contact with the fuser member, said resilient means returning said bar to
      the first position upon the energization of said solenoid.
NUM  2.
PAR  2. An apparatus as recited in claim 1, further including a blade member
      contacting the fuser member to regulate the thickness of the layer of
      release material applied thereto.
NUM  3.
PAR  3. An apparatus as recited in claim 2, wherein said resilient means
      includes a spring member arranged to be compressed as said bar member
      moves from the first position to the second position so as to exert a
      force on said bar which restores said bar to the first position with said
      solenoid being de-energized.
NUM  4.
PAR  4. An apparatus as recited in claim 3, further including an adjustable
      member arranged to regulate the space between said bar and the fuser
      member in the first position.
NUM  5.
PAR  5. An apparatus as recited in claim 4, wherein said bar of release material
      is a solid bar of polyethylene material.
NUM  6.
PAR  6. A fusing apparatus employed in an electrostatographic printing machine
      for permanently affixing toner particles to a sheet of support material,
      including:
PA1  a heated fuser roll;
PA1  a back-up roll in communication with said fuser roll such that the sheet of
      support material passes therebetween with the toner particles contacting
      said fuser roll;
PA1  a frame;
PA1  a bar of release material mounted movably in said frame;
PA1  means for resiliently urging said bar to a first position spaced from said
      fuser roll;
PA1  a solenoid operatively associated with said bar; and
PA1  means for periodically energizing said solenoid to move said bar from the
      first position spaced from said fuser roll to a second position in contact
      with said fuser roll, said resilient means returning said bar to the first
      position upon de-energization of said solenoid.
NUM  7.
PAR  7. An apparatus as recited in claim 6, further including a blade member
      contacting said fuser roll to regulate the thickness of the layer of
      release material applied thereto.
NUM  8.
PAR  8. An apparatus as recited in claim 7, wherein said resilient means
      includes a spring member arranged to be compressed as said bar moves from
      the first position to the second position so as to exert a force on said
      bar which restores said bar to the first position with said solenoid being
      de-energized.
NUM  9.
PAR  9. An apparatus as recited in claim 8, further including an adjustable
      member arranged to regulate the space between said bar and said fuser roll
      in the first position.
NUM  10.
PAR  10. An apparatus as recited in claim 9, wherein said bar or release
      material is a solid bar of polyethylene material.
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ABST
PAL  Opposed fluid doctor blades include each a slotted elongated nozzle
      including adjustable lip elements adaptable to vary the configuration of
      the fluid blade. Blade elements disposed within the nozzle are adjustable
      along the elongated extent of the slot whereby to adjust the effective
      length thereof.
PARN
PAR  This is a continuation, of application Ser. No. 386,813 filed Aug. 8, 1973,
      now abandoned, which is a continuation-in-part of application Ser. No.
      144,186, filed May 17, 1971, now U.S. Pat. No. 3,753,418.
BSUM
PAR  This invention relates to an improved fluid doctor blade.
PAR  More particularly, this invention relates to the aforesaid device for use
      in the variable linear control of the longitudinal opening of a linear
      manifold.
PAR  The invention disclosed in the parent application heretofore cited has for
      its object an improved device for use in the continuous control of the
      zinc coating on a steel sheet. The device, as described, is of the type
      comprising a pair of horizontal manifolds arranged, just above the surface
      of the molten zinc, on both sides of the coated metal strip as the latter
      comes vertically out of the zinc bath. Each of the manifolds is provided
      with an elongated nozzle of the slot-like variety formed by an upper and
      lower lip as described in such parent application. Each of the aforesaid
      devices is positioned to project a fluid blade against the surface of the
      steel strip in order to control the thickness of the zinc coating on the
      steel strip.
PAR  In accordance with the description of the parent application, one of the
      aforesaid lips is elastically strainable in order to provide, if desired,
      a variation in the longitudinal outlet port of the slot-like nozzle. This
      latter function may be accomplished along the entire length of the linear
      port or just a section thereof. The device, in operation, actually allows
      a good distribution of the zinc layer on the metal strip but there is one
      disadvantage. The device does not completely eliminate either the
      formation of a zinc overthickness on the edges of the coated strip or the
      formation of clots outside the edge of the coated strip.
PAR  It is therefore an object of this invention to provide means for use on a
      longitudinal manifold in order to control the linear port thereof,
      resulting in the elimination of the aforesaid disadvantages of the art.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      become apparent to one skilled in the art from a reading of the following
      detailed specification taken with the accompanying drawings, wherein:
PAR  FIG. 1 is a cross-sectional view of a coated product of the prior art
      exhibiting the thickness encountered on the edges thereof when an ordinary
      fluid doctor blade is utilized during processing;
PAR  FIG. 2 is a cross-sectional view of another coated product of the prior art
      exhibiting a second type of imperfection encountered when ordinary means
      are used to process the product;
PAR  FIG. 3 is a perspective view of a linear manifold having a longitudinal
      port provided with means for variable control of the length of such port;
PAR  FIG. 4 is a top plan view of the control means of FIG. 3 taken on line
      IV--IV of FIG. 5;
PAR  FIG. 5 is a cross sectional view of such means taken on line V--V of FIG.
      4;
PAR  FIG. 6 is a side view of a fluid blade arrangement according to this
      invention; and
PAR  FIG. 7 is a part cross sectional, part elevational view of a detail of the
      apparatus of FIG. 6.
DETD
PAR  The device of the subject invention is for use in the continuous control of
      the zinc coating on a metal sheet in the form of a strip coming out of a
      molten zinc bath at controlled temperature. The device is adapted for use
      with a pair of horizontal monifolds arranged above the bath surface on
      both sides of said metal strip, the manifolds each being provided with a
      slot-elongated nozzle. The port of the nozzle is formed by two lips
      positioned relative to each other for use in projecting a fluid blade
      against the surface of the coated strip. The device of this invention
      comprises two side linear shutters each of which is longitudinally
      slidable inside said nozzle for separable linear engagement of a section
      of the linear port. This allows a variation in the length of the fluid
      blade continuously during the plant operation.
PAR  The device of the subject invention is further characterized in that the
      shutters consist of elongated or linear bars having a cross section
      substantially equivalent to the inner cross section or inner profile of
      the port formed by the upper and lower lips. In this manner the shutters
      are able to slide against the inner surfaces of the lips which define the
      slot-like nozzle for effective and efficient use in the formation of the
      desired width of the fluid doctor blade. The device of this invention is
      further characterized in that the aforesaid shutters may be actuated by
      manual or automatic means of the conventional variety to to ensure that
      the nozzle width defined by their individual positions is substantially
      equal to the width of said metal strip. The present device is further
      characterized in that the actuating means may be maintained in position to
      keep the width of the slot-like nozzle in a centered position relative to
      the metal strip.
PAR  With particular reference to the drawings, as seen in FIG. 3, the manifold
      8 has an elongated form and is arranged horizontally. The pressure fluid
      is fed to one or both ends of the manifold through conduits (not shown).
      The manifold 8 is suitably supported so as to be in position to vary both
      its distance from the coated metal strip and its inclination with respect
      to a horizontal axis thereof as heretofore described in the cited parent
      application.
PAR  The manifold 8 is provided with a slot-like nozzle extending for the whole
      length of said manifold and directed towards the metal strip just coated
      with the layer of molten metal. The nozzle consists of two lips of which
      the lower one 24 is elastically strainable and the upper one 23 is stiff.
PAR  In accordance with the subject invention, the useful width of the slot-like
      nozzle is defined each time through two shutters 90 and 91 in spaced
      relationship one to the other. Also, the cross section of the device
      substantially fills the cross section or inner profile of the slot-like
      nozzle and is slidably positioned inside said nozzle against said two
      linear lips 23 and 24 by any conventional push or pull mechanism. Thus, by
      moving the two shutters 90 and 91 in linear fashion and in the direction
      of arrows 92 and 93, the width may be varied as desired.
PAR  As shown in FIG. 4, the shutters 90, 91 are made of metal but they may be
      made of any material which is substantially rigid or stiff so that they
      will slide along the inner profile of the nozzle lips.
PAR  Thus, according to this invention, it is possible to vary the useful width
      of the slot-like nozzle and to maintain it substantially equal to the
      width of the metal strip which is to be coated with a zinc layer.
      Therefore, it is possible to maintain the width of the air blade against
      the surface of said metal strip substantially equal to the width of said
      strip. This allows the edges of strip 1 to be substantially uniform
      without encountering the disadvantage shown in FIGS. 1 and 2. The latter
      are usually present on the edges of the strips obtained when the air blade
      has not the same width as the metal strip.
PAR  It is to be appreciated that there are variations in the width of the
      strips to be coated, such variaitons due to the usual factory limits of
      the metal strip and the possible side movements of said strip under
      treatment. However, these changes are also accompanied by a corresponding
      and timely displacement or change of shutters 90 and 91. Thus the width of
      the air blade at all times substantially equals the width of the metal
      strip and the coated strip and the air blade are always substantially
      centered with respect to each other. The displacements of shutters 90 and
      91 with respect to the metal strip may be obtained in a known way manually
      or automatically through guide rollers, photocells and the like.
PAR  The differences between the position of the end of shutters 90, 91 and the
      outer edge of the strip may vary in some cases from 10 to 30 mm.,
      according to the line speed and the coating weight desired.
PAR  FIGS. 6 and 7 of the drawings are those of the grandparent of the present
      application, i.e., of application Ser. No. 144,186 filed May 17, 1971 and
      issued as U.S. Pat. No. 3,753,418 on Aug. 21, 1973. Like parts of the
      apparatus in FIGS. 6 and 7 are identified by the same reference numerals
      as utilized in FIGS. 1 through 5, although the shutter or strip elements
      are not shown in FIGS. 6 and 7. Referring to FIGS. 6 and 7, the metal
      strip 1 is stretched between two guide rollers, which are not shown, and
      is drawn in the direction of arrow 2 from a molten zinc bath 3 which is
      maintained at a suitable temperature by any convenient means. A
      stabilizing roller 4 for positioning the plane of the metal strip,
      primarily with respect to the nozzles 5 and 6 generating the fluid blades
      is arranged just above surface 7 of the bath 3 at a distance which should
      be between about 150 and 500 mm. The minimum values of such a gap are
      easily attainable by the structure illustrated whereas in the prior art
      devices such maintenance of minimum values has not been facilitated.
PAR  The nozzles 5 and 6 are fed by headers 8 and 9 respectively which consist
      of two preferably circular conduits, the diameters of which are large in
      comparison to the thickness of the fluid blades. These headers are fed by
      only two conduits 10 and 11 which are pivotted about horizontal and
      transverse axes 12 and 13 by means of suitable sealing joints 14 and 15
      which are, of course, rotatable. The two joints are provided with two
      toothed sections 16 and 17 engaging each other so that turning of the
      conduit portion 10 is always accompanied by a contrary and equal turning
      of conduit 11 and vice-versa. The turning of conduits 10 and 11, which
      obviously accompanies the relative movement of nozzles 5 and 6 towards or
      away from each other and of course the metal strip 1 is effected by a pair
      of double acting jacks 18 arranged at the two ends of the headers 8 and 9
      or directly connected to the outer surfaces of conduits 10 and 11 which
      also serve to support the headers 8 and 9. Shown in chain line 8' is a
      laterally tilted position of the header 8. It is to be appreciated that
      besides shifting the nozzles 5 and 6 away from the metal strip 1 and into
      an inoperative position, the jack 18 also facilitates the variation of the
      distance of nozzles 5 and 6 from the metal strip and, of course, the
      variation of the angle between the fluid blades and said strip.
PAR  As will be apparent from a consideration of FIG. 6, the two fluid blades
      are arranged to be slightly staggered in their vertical position, i.e.,
      the inner nozzle 5 is at a slightly higher position than is the outer
      nozzle 6. It is to be understood that by "inner nozzle" one means the
      nozzle which projects its fluid blade onto that face of the metal strip 1
      which is not in contact with the adjusting roller 4.
PAR  While the inner nozzle is, in its lowest position, substantially
      perpendicular to the metal strip 1, the outer nozzle 6 is inclined towards
      the bottom by about 10.degree.. This difference in inclination between the
      two nozzles clearly remains when both nozzles are rotated outwards for
      adjusting their distance from the metal strip 1 since, of course, that
      degree of rotation of the headers is similar. In FIG. 7 only a single
      nozzle 6 is illustrated, since of course the nozzles are basically
      similar, and the nozzle comprises a cylindrical header 8 which at the
      outer and lower part has the flattened surface 20 substantially horizontal
      which is suitable to provide support for brackets 21 or means for
      controlling the opening of the nozzle along its entire length. About
      45.degree. below the horizontal and towards the nozzle, the header 8 has a
      large longitudinally extending port 22 on the edges of which are fastened
      an upper lip 23 and a lower lip 24 by means, in this embodiment, of screws
      25. The upper lip 23 is rigid and stationary and the lower lip 24 is made
      flexible by the formation of a longitudinally extending groove 26 close to
      the region where it is fastened to the header.
PAR  Suitably spaced pins 27 pass through and are secured to the lip 24 and the
      heads of those pins are disposed in counterbored regions of the openings
      of the lip through which the pins pass. The lower ends of the pins 27 may
      be drawn downwardly by distances which may be different from pin to pin so
      that the thickness of the fluid blade issuing from the nozzle 6 may be
      adjusted as desired across its entire length.
PAR  With this arrangement it is possible, regardless of the width of the
      metallic strip to be treated, to arrange that the thickness of the fluid
      blade across the length of the metallic strip may have desired values.
PAR  It is also important that the configuration of the nozzle slot may be
      varied even during operation of the device and of course this was not
      possible in the prior art arrangements. As parricularly shown in FIG. 2,
      the lower ends of pins 27 are supported in a turnable and axially slidable
      way in bushes mounted in brackets 21. The pins are threaded over a portion
      of their length and are received within correspondingly threaded rotatable
      but axially fixed wheels 30, the outer surface of which wheels are
      provided with gear teeth engaging a second wheel, not visible in the
      drawing, disposed at 90.degree. thereto and rotated by shaft 31 which may
      be remote controlled. It is, of course, to be appreciated that the
      adjustment of the individual pins may be achieved in any desired way.
PAR  Other characteristics and advantages of the particular arrangement of FIGS.
      6 and 7 are to be found in the aforementioned U.S. Pat. No. 3,753,418.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved device for the continuous adjustment of the zinc coating on
      a metal strip coming from a molten zinc bath at controlled temperature, of
      the type comprising a pair of horizontal manifolds arranged for
      positioning just above the bath surface on both sides of the metal strip,
      said manifolds each comprising an elongated nozzle, each of said manifolds
      being supported by a pair of pivotally mounted feed conduits which
      communicate with the ends of said each manifold, means to simultaneously
      adjust the pair of nozzles with respect to angular relationships and the
      distance therebetween, each said nozzle comprising a pair of elongated lip
      members defining therebetween slot means for directing a stream of gases
      from said elongated nozzle to impinge on the sides of the metal strips,
      wherein the lower lip, near its base, is fastened to said manifold and is
      provided on its lower face with a slot parallel to said elongated nozzle,
      characterized in that said lower lip comprises deformable means for
      varying the longitudinal profile of said slot means, a plurality of
      pulling and pushing means for deforming said deformable means arranged at
      selected distances under said lower face and parallel slot and a plurality
      of remote control means singularly acting on said pulling and pushing
      means, connecting means between said remote control means and said pulling
      and pushing means, and two substantially rigid elongated side shutters
      arranged in end to end spaced relationship inside said nozzle, means
      mounting said shutters against the inner surfaces of said lips for
      simultaneous sliding and sealing contact therewith while said manifolds
      are operative or inoperative for thus minimizing coating deformations
      along the edges of the strip.
NUM  2.
PAR  2. The device of claim 1 wherein said shutters are formed by linear,
      elongated bars having a cross section substantially equivalent to the
      inner cross sectional profile of said nozzle adjacent said slot and said
      shutters being slidable in a linear manner against the inner surfaces of
      the lips defining the slot-like nozzle.
NUM  3.
PAR  3. The device of claim 2 wherein means are provided for sliding said
      shutters against said inner surfaces for controlling the linear nozzle
      which is defined between adjacent ends of said shutters.
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ABST
PAL  A resin coated steel pipe is produced by forming the pipe from a band using
      forming rollers, welding the seam, inserting a paint sprayer which coats
      an anti-corrosive coating on the inside wall of the pipe, applying an
      adhesive on the outer surface of the pipe, and applying a layer of the
      synthetic resin over the adhesive layer. The paint sprayer includes a
      gun-pipe which protrudes through a stack of ferromagnetic cores, which
      cores are water-cooled and are used for welding the seam.
PARN
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This application is a continuation-in-part of U.S. Patent application Ser.
      No. 280,084, filed Aug. 14, 1972 and entitled "Resin Coated Steel Pipe And
      The Process And Equipment For Its Production", now abandoned.
BSUM
PAR  The invention relates to the process and equipment for manufacturing steel
      pipe protected by an outer covering of synthetic resin adhered to the pipe
      by an adhesive.
PAR  The principal object of the invention is to provide equipment to produce
      resin covered steel pipe, the pipe having an excellent mechanical
      characteristic and being free from cracks and peels of the coating layer
      of synthetic resin, even at a sudden change of outdoor temperature, shock
      or deformation.
PAR  A further object of the invention is to provide apparatus for rustproof
      treatment of the inner surface of the resin coated steel pipe.
PAR  For this purpose, the inner surface of the steel pipe is, according to the
      invention, coated with a rustproof paint in the stage of the manufacturing
      of the steel pipe out of steel band plate, and the outer coating synthetic
      resin and steel pipe are adhered tightly by means of adhesive coated on
      the outside of the pipe before the synthetic resin is applied.
PAR  The steel pipe on the surface of which synthetic resin is coated has an
      excellent mechanical strength, a smooth surface, a good appearance and is
      corrosion-free. For this reason it finds application for clothes poles for
      drying, in household use in general, and also for frame houses to be
      assembled, such as greenhouses, garages, store houses, etc.
PAR  It has been said hitherto that the resin covered pipes have the
      disadvantages of poor bending strength, poor impact stress, and are liable
      to fracture and peel when they are used as a construction material.
PAR  The principal reason for these disadvantages comes from the way of
      manufacturing them in the past. Generally resin covered pipes are made
      from thin band steel plate, called hoop stock, which is worked into pipes
      continuously and their joints welded electrically. Then synthetic resin of
      any kind is applied as a coating on the surface of the steel pipes, which
      is done in mass-production.
PAR  If the band steel plates are too thick, it makes it difficult to work them
      continuously by means of forming rollers and, since this forming is done
      in cold working, all the inner stresses produced in the course of forming
      of the steel pipes remain and these remaining stresses are liable to cause
      breaks, fatigue, deformation, and progressively attack the resin covered
      pipes.
PAR  It has been offered as means for strengthening these resin covered pipes a
      process of filling them with wood compositions into the inner hollow of
      the steel pipe, or filling them with cellular formed resin, or with a limb
      formed with polyester, etc. Some of these suggestions have been applied in
      practice. With all these proposals, to some extent some strengthening
      effect has been obtained. But in the first described way, the weight of
      the pipe increases enormously and in its application a number of
      inconveniences have been confirmed. It the latter way, it was found that
      the forming of the strengthening limb and the technique of thrusting the
      formed limb to achieve desired effect was not easy. There were many
      elements of the prior art proposals that looked impossible for application
      in industrial production, and in both ways the production cost was
      extremely high.
PAR  Examining the traditional resin covered pipe from another point of view, it
      is proved that the binding capacity, that is to say, the adhesion between
      the covering synthetic resin and steel pipe, is poor and that there is a
      considerable difference in the coefficient of thermal expansion of each
      material and in the elastic modulus too. So when the change of heat is
      repeated or when the pipe is exposed outdoors, or impact is changed, or if
      deformation moment is exercised repeatedly to the pipe, and if it goes
      beyond its limited tolerance, the layers of the synthetic resin become
      cracked and peel. Such cracking and peeling happen often in the known
      pipes. However, according to the invention, the concentration of the
      stresses arising from the difference of the coefficient of thermal
      expansion and elastic modulus of the steel pipe and the synthetic resin is
      distributed over the layer of the adhesive of the steel pipe and it does
      not cause the cracks and peels.
PAR  In the following it will be shown how effective the improvement in the
      mechanical characteristics of the resin coated pipe according to the
      invention is, in comparison to the products hitherto known.
PAC  1. Cut and peeling test on the adhesive surface of steel pipe and coating
      resin
PAR  As FIG. 8 shows an example of this test, a pipe B was thrusted 30 cm deep
      into another test piece pipe A. The pipe A is coated with the resin --
      object of the test -- over the outer surface. The both pipes were adhered
      by means of adhesive. Then a tensile load was given in the axial
      direction. The test material being:
TBL  Steel pipe            JIS SPC                                             
     Thickness of steel pipe                                                   
                           0.6 mm                                              
     Coating resin         ABS resin                                           
     Average thickness of resin coating                                        
                           ca 1 mm                                             
     Outer diameter of finished pipe                                           
                           ca 27 mm                                            
     Condition of the test:                                                    
     Area of adhesion of both pipes                                            
                           ca 25.8 cm.sup.2                                    
     Tensile speed         0.5 cm/min                                          
     Room temperature      20.degree.C                                         
     Relative humidity     55%                                                 
PAR  The result of the test proved that the capacity of the tensile strength at
      the moment when a break took place along the circumsphere at point C, and
      the slide or break of resin occurred, was at the product which was made
      with the resin and steel pipe adhered together at 657.9 Kg
      (25.5.Kg/cm.sup.2), that is to say, about six times of the value 110.95 Kg
      (4.3 Kg/cm.sup.2) of the product known hitherto.
PAR  Further, with the test material according to the invention, there occurred
      no slide between the boundary layers; instead the resin itself yielded to
      break.
PAC  2. Test in the acetic acid bath
PAR  The test was made with the same material as in the first case.
PAR  The condition of the test:
PAR  The test pieces were soaked in the acetic acid solution (16.degree.C) of
      33.3% in vol. avoiding the effect of the section of the both ends of the
      test pieces. And the time until the crack - perceptible with naked eyes -
      was checked.
PAR  The test shows that the crack was observed in about 2 minutes at the known
      product, while at the test pieces according to the invention, the cracks
      of the same kind took place after about 50 minutes.
PAC  3. Bending test
PAR  This test was carried out in accordance with the practical Bending Test
      Process as illustrated in FIG. 9, with the same material as in the first
      case.
PAR  The result of the test was as the following list:
PAR  The condition of the test was:
TBL  Apparatus used:                                                           
                    Tensile tester Shopper Type                                
     Tensile speed: 200 mm/min                                                 
     Distance between                                                          
     supporting points                                                         
                    2000 mm                                                    
     Test Temp.  :  25.degree.C                                                
     Time for adjusting                                                        
     the condition: 4 hours at 25.degree.C                                     
     DEFLECTION (mm)                                                           
     Bending                                                                   
            Pipes acc. invention                                               
                             Pipes without adhesive                            
     load Kg                                                                   
            No.1   No.2   No.3 average                                         
                                     No.1 No.2 No.3 average                    
     ______________________________________                                    
      5      7      8      8    8     7    8    8    8                         
     10     14     15     15   15    16   17   18   17                         
     15     21     22     22   22    24   26   28   26                         
     20     28     30     29   29    36   37   37   37                         
     25     40     40     43   41    48   50   52   50                         
     30     65     63     --   --    --   --   --   --                         
     Buckling                                                                  
     load Kg                                                                   
            31     31     30   31    26   27   28   27                         
     ______________________________________                                    
PAR  As it is learned from the list above, the resin coated pipe according to
      the invention shows a considerable difference in strength in comparison to
      the known products at which the resin layer and steel pipe are not
      adhered. Comparing the buckling load it was observed that there appeared
      differences of 4 to 5 kg that came from the application of adhesive.
PAR  Another effect of the adhesive for the resin layer and the steel pipe was
      that the coated resin does not easily crack and even if it gets cracks the
      outer surface does not peel off and keeps its good appearance.
PAR  A further object of the invention is to provide a process to produce resin
      coated pipe as described above in a continuous mass-production system.
PAR  It is a known technique to manufacture steel pipes, leading the band steel
      plate through a group of forming rollers, and after forming them into
      pipes, to weld the seaming points continuously. This method is called
      process of manufacturing pipes with electric knitting.
PAR  Although the above-mentioned electric knitting manufacturing process of
      steel pipe is applied in the present invention, that process is improved
      by using ferromagnetic induction cores which are water-cooled. The
      ferromagnetic cores concentrate an induced current produced by means of
      high-frequency induction coils located outside of the pipe and close to
      the seaming position. A gun-pipe coats the inner surface of the steel
      pipe, said gun-pipe being thrusted into the steel pipe along with the
      ferromagnetic induction cores. This has the purpose of raising the
      productivity and accomplishing the inner coating.
PAR  Hitherto it was usual to cut the pipe to a certain length and then into an
      anti-rotting liquid as a process for coating the inside of the pipes of
      this kind.
PAR  According to the invention, the inner coating is carried out at the same
      time as the production of the electric knitted (welded) pipes, contrary to
      the industrially not efficient method hitherto known. Furthermore, the
      remaining heat from the welding of the steel pipe is used to bake the
      coating on the inner surface of the pipe. The paint will dry at once after
      the spraying and it becomes a superior rust-resisting paint.
PAR  The manufacturing of pipe can be carried out in one single line of
      production, as the steel pipe is welded while applying the inner coating
      as described above, and subsequently the pipe passes through a device for
      spraying of the adhesive on its outer surface and then it goes through the
      die of an extruder to extrude the synthetic resin thereon.
DRWD
PAR  The invention will be explained with reference to the drawings:
PAR  FIG. 1 shows a schematic view of the production of resin adhered pipe.
PAR  FIG. 2A, FIG. 2B, FIG. 2C and FIG. 2D show cross-section views of the steel
      pipe.
PAR  FIG. 3 shows a concentration device thrust into a steel pipe.
PAR  FIG. 4 shows the forced concentration device.
PAR  FIGS. 5E to 5I illustrate the device for circulation of cold water.
PAR  FIG. 6 and FIG. 7 show the device for spraying and recovering of adhesive.
PAR  FIG. 8 shows an example of the art and peeling test on the adhesive surface
      of steel pipe.
PAR  FIG. 9 illustrates the bending test carried out in accordance with the
      practical Bending Test Process.
DETD
PAR  FIG. 1 shows a schematic explanation of the production of resin adhered
      pipe according to the invention. The band steel plate 2 coming out of the
      coil 1 obtains distortions etc. removed while passing through
      pinch-rollers 3 and 4, and then it is led through a group of forming
      rollers 5. The band steel plate 2 which passes through the group of
      forming rollers 5 turns into cylinder form as it goes forward, obtaining
      strong forming pressure. The line where both edges of the plate meet is
      welded continuously under strong forming pressure while also
      simultaneously being exposed to high frequency induction heating and it is
      worked into steel pipe 6. The cross-section surface is shown in FIG. 2A.
      In the drawing, 7 shows the spot of welding. The induction cores make up
      an enforced concentration device 10 in combination with the gun-pipe 9,
      for spraying rust-resisting paint on the inside surface of steel pipe 6.
      This concentration device 10, as shown in FIG. 3, is thrusted into the
      steel pipe that is being formed into a complete pipe by means of a forming
      roller group 5, through its still wide open split of joint line, and it is
      set at the determined position in the hollow within the pipe. At the end
      of the gun-pipe 9 an injection nozzle 11 is attached for spraying
      rust-resisting paint in the axial direction. The position of the nozzle 11
      is set about 20 to 30 cm forward from the point of seaming 20. The body
      part of the gun-pipe 9 is connected with the installation 12 for the
      spray-gun. The cross-section of the inside-coated steel pipe is shown in
      FIG. 2B, where 13 is the layer of rust-resisting paint. The inside coating
      of the steel pipe 6 is carried out at the distance of only about 20 to 30
      cm from the seam line 20, so the coating is made taking advantage of the
      remaining heat of the welding, therefore a bake-coating is obtained
      without additional heating. The resin paint, for instance, belonging to
      phthalic acid etc. seems best suitable as a rust-resisting paint.
PAR  As described above, the steel pipe 6, with its inside coating, after
      passing through the correction rollers 14, goes into the installation 15
      for the spraying of an adhesive thereon and also for recovery of the
      remainder of the adhesive, and thus the adhesive 16 as shown in FIG. 2C is
      applied on the surface of the steel pipe in a baking process. It is
      desired that the adhesive 16 be of thermosetting nature to obtain the best
      results in the process of coating resin material around the pipe. The
      result depends much upon the kind of resin to be employed. For instance,
      when the ABS resin is used for coating, an adhesive of the rubber family
      brings about a satisfactory result. In this way the steel pipe 6, to which
      adhesive 16 is to be applied on its surface, is led subsequently through
      the die 17 of the extruder for forming and is covered with a suitable
      synthetic resin, and thus the desired product, the resin coated and
      adhesive tight pipe 18, is obtained.
PAR  The cross-section of the resin coating with adhesive pipe 18 is shown in
      FIG. 2D, in which 19 represents the coating resin.
PAR  Now, the construction of the device for the forced concentration device 10
      will be explained in detail with reference to FIG. 4. In the center of the
      pipe, a gun-pipe 9 is thrusted and around this gun-pipe ferromagnetic
      cores 101 are set in a concentric position. The cores 101 act to raise the
      efficiency of the induction current used to weld the pipe. For the
      material of cores 101, in consideration of their function, ferrite (of
      ferromagnetic substance) is preferred.
PAR  The inner diameter of the cores 101 must be a little bigger than the outer
      diameter of the gun-pipe 9, but its outer diameter is limited by the inner
      diameter of the steel pipe 6. Therefore, it cannot be so big and is formed
      like a small cylinder. The cores 101 play the same function even whey they
      are made as once piece of a long hollow cylinder, but it is more
      convenient when the cores 101 are made in several cylinders, in case when
      the distance 1 (normally 1 is about 80 mm) between the work coil 8 and the
      seam point 20 is determined in a varied distance, because the use of a
      number of cores permits the adjustment of the length of the total cores by
      adding or reducing the number of coils. A ring-form coil can be made,
      practically, of a number of small sticks of ferrite bound together and
      arranged in a circular form, which provides the same effect as other
      forms.
PAR  On both ends of the cores, complying with the desired length, sleeves 102
      made of electrical insulated material, for example, of bakelite, with
      almost the same dimension as cores 101, are fixed and for both sleeves
      102, the pipe 103, made of electrically insulated material, bakelite
      likewise, are fitted by means of screws. A pipe holder 104 is fixed with
      screws to said pipe 103, at the left side in FIG. 4. The pipe holder 104
      is screwed with a high degree of water-tightness, into a casing pipe made
      of insulated and thermally stable material, for instance, of polyester
      Melamine resin (TM of Celanese Corp.) containing glass fiber and having an
      inner diameter a little bigger than the outer diameter of the cores 101.
PAR  A slide sleeve 106 is screwed to hold the pipe 103 on the left side as
      shown in FIG. 4, and a coil spring 108 providing pressure is fixed between
      the cap 107 that connects the casing pipe 105 at its other end, with the
      slide sleeve 106. Thus a regular formation is maintained under the push
      pressure in the axial direction of the row of finished cores.
PAR  It sometimes happens that the cores must be connected to each other by
      means of adhesive, depending upon the form of the cores and the length of
      the row. The length of the cores can be changed by the distance of sleeve
      106 and the cap 107 in accordance with the length 1 of the row of the
      cores.
PAR  It is necessary to cool the cores 101 well because the cores become heated
      by the loss of energy in induction and the cooling improves their magnetic
      permeability. The device for circulation of cold water is shown in FIGS.
      5E-5I and includes two ports 1041 and 1042 that penetrate in axial
      direction through the pipe holder 104 in the left side of FIG. 4. The port
      1041 has a connection with the closed space 1091 (referred to as outer
      space) between the casing pipe 105 and the cylindrical body composed of
      the pipe 103 within the casing, sleeve 102 and the row of cores 101.
PAR  Another closed space 1092 (referred to as inner space) that is composed
      between the cylinder, consisting of the pipe 103, sleeve 102 and the row
      of cores 101 and the gun-pipe thrusted into the middle of the cylinder,
      connects itself with the other port 1042. And these inner and outer spaces
      1091, 1092 are connected through a connection canal 1031, which is bored
      in the pipe 103 on the right side in FIG. 4, and this hold serves for the
      circulation of cold water. So, when the inlet and outlet pipes 21 and 22
      for water are connected with the ports 1041 and 1042 and the cooling water
      flows, the water goes in through the outer space 1091 and comes back
      through the inner space 1092, that is to say, its return way. So the cores
      are well cooled.
PAR  Further for preventing the leak of water which by all means has to be kept
      away from the thermosetting paint for bakecoating, linings 100 are put in
      all necessary split parts so that the whole system works in a water-tight
      condition.
PAR  The welding of the pipe occurs by means of induced heat, the induction
      coils 8 being high-frequency coils placed near the seaming position and
      connected to a source of high-frequency alternating current. The rollers,
      at the seaming position, have brought the ends of the steel together and
      the induced heat welds the seams. The ferromagnetic cores act to
      concentrate the induced current from the coils 8 and thereby aid in
      welding the pipe. A suitable frequency for the induced current from coils
      8 is found by the formula:
EQU  p = 5030 .sqroot..rho./.nu.f
PAL  where .rho. is the resistance, f the frequency in hertz, u(o) the magnetic
      permeability and p the depth it is required for the heat to penetrate.
PAR  The device 15 for spraying and recovering of adhesive will be explained
      with reference to FIG. 6 and FIG. 7 as follows:
PAR  The main part of the device consists of a closed spray tank 151, through
      which the steel pipe 6 passes in a horizontal direction, three sets of
      air-spray-guns 152, 152, 152, that are adjusted for spraying on the steel
      pipe that runs through the spray chamber, and of a high pressure pump 154,
      which makes high speed spraying, feeding the spray-gun with liquid
      adhesive. It goes without saying that, besides the elements mentioned
      above, some other parts are necessary for the good function of the device
      in spraying and recovering of adhesive, such as stirrer 155 that serves to
      prevent the degeneration of the adhesive 16 which dissolves with flux,
      stays in the container tank 153, and also a motor 156 that drives the
      stirrer, and further an auxiliary tank 157.
PAR  The compressed air, which is the generating source of the pump 154 is sent
      from the air-compressor, not indicated in the figures, through an
      accumulator continuously, so that the spraying is performed in good order.
PAR  In FIG. 6 158 is a distributor plate that works for preventing the spraying
      in lumps of the liquid adhesive on the steel pipe 6. As the layout
      according to the drawing shows, the container tank 153 of the adhesive
      liquid serves as a stand, and it is movable by means of caster. The spray
      tank 151 is made of solid steel. A heat-exchanger (coil) 159 is installed
      on the spray tank 151, for cooling the mixture gas that stays in the spray
      chamber and turns, when cooled, into liquid. This arrangement serves also
      for preventing the pollution of air, possibly caused by the gas mixture of
      adhesive in spray tank, in the surrounding, inclusive the workshop and
      further saving of the adhesive. The adhesive liquid which is prepared in
      the closed spray chamber, being thermosetting, is stabilized, by drying
      itself as soon as it touches the steel pipe 6, which is preheated to about
      200 C with the preheater coil 23. But the grains of the mixture of air and
      adhesive gas, that pass without reaching the steel pipe 6, float in the
      spray chamber and when they run against the wall of the chamber, they
      become liquid and flow down along the wall to drop into the tank 153.
PAR  The known process for the recovery of adhesive is carried out with the help
      of centrifuge, after sucking the mixture from the outlet pipe. However,
      this way of recovering the adhesive is exposed to the evaporation loss of
      the solution and the flow of the solution into the outer air cannot be
      checked, that is to say, the efficiency of recovering the adhesive stays
      low.
PAR  But, according to the process after the invention described above, that
      turns the gas mixture into liquid with the help of heat-exchanger 159 for
      cooling, the gas mixture of adhesive goes up and down in the spray chamber
      and gets cooled gradually and effectively, and turns itself into liquid
      condition, so that the adhesive and its solution could be easily
      recovered.
PAR  This arrangement provides a very effective recovery of adhesive, because
      the solution vapor becomes liquid in the closed chamber that checks the
      leak of solution vapor and further the exhaust equipment for gas mixture
      is no longer necessary, because the turning of vapor into liquid produces
      minus pressure of air within the chamber. Thus this process enables the
      recovery of almost 100% of the remaining adhesive.
PAR  As cooling medium for the heat-exchanger 159, water can be employed, and
      though cold water is preferable for this purpose, it is sufficient if the
      water, city water or industrial water, is as cold as about 15.degree. -
      20.degree.C. Instead of water, Freon gas can be used with a good result.
PAR  It is thus seen that in the apparatus of the present invention the welding,
      i.e., the seaming of the welded pipe, occurs just prior to the spraying of
      paint on its inner surface. For this purpose the high frequency coils 8
      produce Joule's heat at the joining line (seam point), which heat welds
      the seam. The rollers have forced the ends of the steel together so that
      inductive heat welds the closed ends. The ferromagnetic cores are used to
      concentrate the electromagnetic fields produced by the high frequency
      cores 8. Since the ferromagnetic core is heated a cooling fluid is
      provided to cool it by circulation of the fluid. The position of the
      gun-pipe and its nozzle enable the entire inner surface of the seamed pipe
      to be covered with paint after the seaming point. The welding, inner
      coating, application of exterior adhesive, and subsequent extrusion are
      thereby performed as a continuous processing.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for coating the inner surface of a welded seamed steel pipe
      during its manufacture, comprising
PA1  a gun-pipe (9) having an elongated pipe portion, a nozzle portion (11) at
      one end of said pipe portion and a tube at the opposite end of said pipe
      portion, said tube being adapted to be connected to a source of paint
      (12);
PA1  an elongated ferromagnetic member having a hollow bore (101), said hollow
      bore surrounding a portion of said pipe portion with an inner space
      therebetween to permit the flow of cooling fluid between said pipe portion
      and said ferromagnetic member;
PA1  a pipe holder (104) having an inflow port and an outflow port, an inlet
      pipe (21) connected to said inflow port to supply cooling fluid and
      connected to a source of cooling fluid, an outlet pipe (22) connected to
      said outflow port to remove the heated cooling fluid;
PA1  a ported pipe (103,1031) having a port (1031), a slide sleeve (106)
      connected to said ported pipe, said slide sleeve (106) being slidably
      movable on said gun-pipe pipe portion which protrudes therethrough, a cap
      member (10), an enclosing electrically insulative casing pipe (105) closed
      by said cap member (10) at one end and closed by said pipe holder (104) at
      the opposite end, said casing pipe (105) surrounding said ferromagnetic
      member (101) with an outer space therebetween for the flow of cooling
      fluid, and a spring (108) positioned between said cap member and said
      slide sleeve to exert pressure on said slide sleeve (106) and through said
      ported pipe on said ferromagnetic member,
PA1  a high frequency induction coil (8) for welding said seamed steel pipe,
      said coil being connected to a source of high frequency alternating
      current and positioned outside of and proximate to said electrically
      insulative casing pipe (105),
PA1  wherein said inflow port is in fluid communication with the outer space
      between said casing pipe and said pipe portion and said outflow port is in
      fluid communication with the inner space between said ferromagnetic member
      and said gun-pipe pipe portion and wherein the gun-pipe protrudes through
      said cap so that its nozzle portion is within that portion of said steel
      pipe which has been seamed.
NUM  2.
PAR  2. A device as in claim 1 wherein said ferromagnetic member (101) comprises
      a stack of ferromagnetic cores.
NUM  3.
PAR  3. A device as in claim 1 wherein said outlet and inlet water pipes are
      made long enough to be thrusted into the steel pipe being manufactured
      through its still open joint and the ferromagnetic member and the nozzle
      portion is situated forward near the position where seaming occurs of said
      seaming point.
NUM  4.
PAR  4. A device as in claim 1 and further including an electrically insulative
      bushing pipe (103) positioned between said pipe holder (104) and said
      ferromagnetic member (101).
NUM  5.
PAR  5. A device as in claim 4 and further including two electrically insulative
      sleeves (102) one at either end of said ferromagnetic member (101) to
      position said ferromagnetic member, one of said sleeves having a recess to
      receive said ported pipe (1031, 103) and the other of said sleeves having
      a recess to receive said insulative bushing pipe (103).
NUM  6.
PAR  6. A device as in claim 5 and further including waterproof packing
      positioned between said slide sleeve and said casing pipe and also between
      said slide sleeve and said gun-pipe pipe portion.
NUM  7.
PAR  7. A device as in claim 4 wherein said ferromagnetic member comprises a
      stack of hollow ferromagnetic rings.
NUM  8.
PAR  8. A device for welding and coating the inner surface of a welded seamed
      steel pipe during its manufacture, comprising
PA1  a casing pipe (105) which is electrically insulative;
PA1  a gun-pipe (9) having an elongated pipe portion, a nozzle portion (11) at
      one end of said pipe portion and a tube at the opposite end of said pipe
      portion, said tube being adapted to be connected to a source of paint
      (12);
PA1  an elongated ferromagnetic member having a hollow bore (101), said hollow
      bore surrounding a portion of said pipe portion with an inner space
      therebetween to permit the flow of cooling fluid between said pipe portion
      and said ferromagnetic member, said casing pipe (105) surrounding said
      ferromagnetic member (101) with an outer space therebetween for the flow
      of cooling fluid;
PA1  a high frequency induction coil (8) connected to a source of high frequency
      alternating current and positioned outside and proximate to said casing
      pipe;
PA1  a pipe holder (104) having an inflow port and an outflow port, an inlet
      pipe (21) connected to said inflow port to supply cooling fluid and
      connected to a source of cooling fluid, an outlet pipe (22) connected to
      said outflow port to remove the heated cooling fluid and leading to a
      cooling fluid egress;
PA1  wherein said inflow port is in fluid communication with the outer space
      between said casing pipe and said pipe portion, said induction coil is
      proximate the seaming location of said pipe and said nozzle portion is
      within the seamed pipe.
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ABST
PAL  Standing-wave metallizing apparatus for coating a substrate with a molten
      metal of a melting point lower than that of the material of the substrate,
      comprising a tank with a bath therein for the molten metal, a pump outside
      the tank for heating the metal and for circulating the same to and from
      the bath, the pump having a magnetic circuit with an air gap therein,
      thereby to produce laminar flow of the molten metal in the pump, which
      results in a standing-wave pattern, by the aid of which the substrate is
      coated with the molten metal.
PARN
PAR  This is a continuation-in-part application of the applicants' co-pending
      patent application Ser. No. 302,563, filed Oct. 31, 1972 for
      "Standing-Wave Metallising Device", now abandoned.
BSUM
PAR  The invention relates in general to standing-wave metallizing apparatus
      suitable for coating materials or substrates, predominantly material
      strips such as wires, plates, suspended individual metal objects, with a
      metal of a melting point lower than that of the basic material or
      substrate, for instance with tin, lead, zinc, and further for coating
      boards with solder that are provided with printed circuits and/or for
      their sealing in the assembled state. This type of apparatus is generally
      referred to as a standing-wave or wave-soldering device.
PAR  At present, devices of various operational systems and constructions are
      known. For metallizing materials or substrates, devices realizing the
      immersion or dipping process are used, in which a continuously advancing
      material is immersed in a metal melt or bath of high thermal capacity, and
      the immersion is carried out by means of mechanical baffle plates reaching
      under the surface of the metal melt.
PAR  The common drawback of all devices of this type consists in that provision
      must be made, at the ingress point into and egress point from the metal
      melt of the advancing material or substrate for the continuous removal of
      surface oxide and slag layers, and for the prevention of their formation
      by using intricate structural elements or agressive chemical agents.
PAR  In case of melting baths of more than 300.degree. to 350.degree.C working
      temperature the surface oxide and slag layer practically cannot be removed
      any more by means of chemical agents (fluxes) applied to the surface.
      under the same conditions non-metallic by-products (oxides and other slag
      materials) forming from some components of the metal melt, further vapors
      of some volatile metals, for instance cadmium, arise in very large
      quantities and pass into the atmosphere surrounding the working place. The
      low contamination concentrations permissible by health protection
      regulations can be achieved only by means of expensive and intricate
      additional technical solutions, for instance by means of intensive local
      ventilation. Such ventilation, on the other hand, disadvantageously
      influences the uniformity in space and in time of the temperature of the
      metal melt.
PAR  The metal leads formed on the insulating panel base of printed boards are
      usually provided with a solder coating in order to improve solderability.
      For this purpose, devices employing chemical, electrochemical and
      pyrometallurgical processes are known. The pyrometallurgical solder
      application is carried out by means of devices realizing two possible
      methods for the sealing of boards provided with printed wiring and
      equipped with components.
PAR  The method carrying out the just mentioned simple steps floats the printed
      boards which are treated with flux, supplied with components or without
      those, on the surface of a quiescent solder bath and slightly immerses
      them therein, and then removes them from the bath.
PAR  The other, more intricate but more reliable method, realizing more
      effective steps, passes the empty or the set-in printed boards above the
      solder melt where a standing-wave pattern is produced with a peak
      generatrix in such a manner that the wave peaks at least touch and
      uniformly wet the surfaces to be treated that are passed above it.
PAR  In solder applying and/or soldering devices which establish standing waves,
      a specially developed mechanical metal-melt or solder pump is arranged on
      the lower part of the electrically heated tank, driven by an electric
      motor, the pump having generally a rigid motor (centrifugal pump) or a
      gear pump. The melt delivered by the pump flows through a carefully formed
      channel to a horizontally arranged exit slit above which the standing-wave
      pattern with a horizontal peak generatrix or crest is formed due to the
      delivery pressure of the pump and the inertia of the flowing liquid.
PAR  The melt which flows back from the wave returns into the solder melt tank.
      The replacement of the solder quantities delivered to the workpieces, as
      well as reduced by the fluxing and spurting, is ensured by means of a
      separate mechanical or electro-mechanical solder feeder which senses the
      melt level and operates as a function thereof. The height of the solder
      melt wave is adjusted by varying with time the delivery volume of the
      pump, and generally by varying the pump revolution.
PAR  These devices have several technological and economic advantages as
      compared with the dip-process flotation treatment; however, they also have
      several disadvantageous characteristics. The special mechanical pump
      requires careful design and production since it must be operated in the
      solder melt of about 280.degree.C so that it should not cause any
      turbulence. Such pumps are highly sensitive to the presence of solid
      contaminants (slag, accidentally detached metal parts, components, etc.)
      getting into the solder melt, since they may cause jamming, or possibly
      even failure of the pump.
PAR  For hydrodynamical reasons the flow channel requires very careful design.
      To avoid turbulences caused by the mechanical pump, damping elements built
      into the channel are required. A separate holding circuit with a
      temperature sensing device must be provided to prevent the inadvertent
      switching on of the motor, which drives the mechanical pump through a
      mechanical gearing, in case the solder is in a solidified state. The
      maintenance and repair of the mechanical pump are rendered difficult by
      the fact that it is arranged within the metal melt.
PAR  The regulation of the liquid level requires an intricate construction,
      including a separate mechanical or electromechanical sensing element and a
      feeder. The temperature gradient in the melt is primarily caused in that
      the melt is in thermal contact with the electric heater only through
      thermal conduction. The rotor of the mechanical pump has the same
      temperature as the solder melt so that its bearing support and drive
      require trouble-free operation even at high temperatures and do not cause
      excessive heat dissipation.
PAR  It is one of the major objects of the present invention to overcome the
      disadvantages and drawbacks of the prior-art devices.
PAR  The device according to the invention aims at eliminating the drawbacks of
      known standing-wave soldering devices built with mechanical pumps, and is
      suitable for new fields of application in a broader temperature range.
PAR  The device according to the invention has a further object in ensuring the
      keeping in motion of the metal melt without any moving parts, by means of
      an electrodynamic or an induction heating pump providing for a laminar
      flow of melt in a channel, without directional change from an energy
      transfer point up to the resulting standing wave. At the same time it
      realizes continuous automatic level control and self-cleaning without
      separate feeders, within the utilization temperature range of metals and
      alloys used for coating and for soldering from a metal melt. The
      temperature range extends in practice up to about 600.degree.C.
PAR  On the surface of the arising metal melt wave, material vibrations can be
      produced without disturbing the flow pattern and being independent
      thereof. The vibration increases the degree of wetting at the contact
      points between the materials and the metal melt, and effectively promotes
      the elimination of surface contaminants inhibiting the wetting.
PAR  The temperature distribution in the metal melt is highly advantageous since
      its heating is carried out by induction and/or by the current flowing in
      the melt, and also because the employed electrodynamic or induction
      heating pump has no heat dissipating parts. The pump participates in the
      heating up of the metal and then in the maintaining its operating
      temperature. Its repair is possible both in the cold and the warm state of
      the metal since the structural parts necessitating repair are arranged
      outside of the metal melt.
PAR  The inside of the device according to the invention can be considerably
      smaller than that of conventional pump-type devices of the same capacity
      since the volume of the metal melt tanks is not increased unnecessarily by
      the space requirement of mechanical pumps.
PAR  Consequently, only a relatively small quantity of metal melt needs to be
      held in the device according to the invention, which results in energy
      saving in the heating up and in material costs, as compared with the
      compulsory periodic changes of the metal melts in the prior art,
      necessarily contaminated with foreign metals during the operation.
PAR  In the device according to the invention, the ratio of surface area (volume
      of the melt contacting the ambient air) is considerably reduced, which
      limits the amount of slag and oxide formation and renders possible an
      effective protection of the entire free surface, with only a small
      quantity of a protecting agent, for instance fluxing salt or oil.
PAR  The structure of the flow channel of the electrodynamic or induction
      heating pump affords a simple possibility for feeding the protecting agent
      and the flux below the metal melt level, used successfully with some known
      standing-wave soldering devices.
PAR  The channel of the heating pump delivers the metal melt exclusively from
      the lowest part of the tank to the exit slit, so that contaminants having
      a lower specific weight than that of the metal melt cannot enter into the
      channel. Solid metal particles that may possibly get into the channel do
      not cause failures, as against those experienced with mechanical pumps,
      and can be removed even during operation.
PAR  The pump delivers the metal melt from a given level, thus periodic level
      variations, unavoidable with mechanical or electromechanical solder
      feeders, do not occur since such variations are the consequence of a
      periodic metal supply.
PAR  The subject matter of the invention is a device for coating materials or
      substrates, particularly material strips, such as wires, plates, suspended
      individual metal objects, with a metal of a melting point lower than that
      of the basic material or substrate, for instance with tin, lead, zinc, and
      further for coating with solder of boards provided with printed circuits
      and/or for their sealing in the assembled state, comprising, according to
      the invention, an electrodynamic or an induction heating pump
      incorporating a working or main channel and an auxiliary channel.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawings, which show an exemplary, preferred embodiment of
      the coating or standing-wave metallizing apparatus according to the
      invention. In the drawings,
PAR  FIG. 1 shows a cut-open, exploded view of the standing-wave metallizing
      device according to the invention during its operation;
PAR  FIG. 2 is a transversal section taken on the line II -- II of FIG. 1;
PAR  FIG. 3 is a perpendicular sectional view taken on the line III -- III of
      FIG. 1; and
PAR  FIG. 4 is a top plan view of the apparatus.
DETD
PAR  In a casing 2 of the inventive standing-wave metallizing apparatus a metal
      melt tank 4 is arranged, made of non-magnetic steel and covered with heat
      insulation 4a. A laminated iron core 6 with a three-phase electric winding
      6a thereon constitutes an induction heating pump together with a
      ferromagnetic, solid cover constituted by plates to be described somewhat
      later. A schematically illustrated electric radiator 10 (FIGS. 1, 3)
      maintains the metal melt in the tank 4 at the desired temperature, which
      latter is controlled by a sensing element 12. A schematically shown
      control box 14 has electric current running to the three-phase winding 6a,
      radiator 10, temperature sensing element 12, and of course to the mains.
      In the control box 14 a temperature regulator and a unit controlling the
      pump delivery head are also arranged.
PAR  The ferromagnetic cover is made up of space-limiting plates 16a, 16c which
      form a working channel 16 (see FIG. 2), flanked in the transversal
      direction by elements 16b, 16d, as shown in FIG. 1, which have preferably
      bent-down top terminal portions. An auxiliary channel 18 is defined in the
      tank by further ferromagnetic cover elements 18a and 18b (see FIGS. 2 and
      4), the third side being constituted by the eariler-described plate 16c. A
      level controlling dam 20 determines and stabilizes the upper level of the
      metal melt in a working tank 26.
PAR  The inside of the device according to the invention can be considerably
      smaller than that of conventional wave-soldering devices of the same
      capacity, provided with mechanical pumps, since the volume of the
      metal-melt tanks is not increased unnecessarily by the space requirement
      of the pumps.
PAR  The metal melt discharged from the working channel 16 forms a wave W which
      is made to contact the workpiece P (printed circuits and the like) that is
      or are moved continuously above the metal wave W.
PAR  on the surface of the arising metal-melt wave (see in FIG. 2 at c, to be
      described hereunder), material vibrations can be produced without
      disturbing the flow pattern and being independent thereof, namely within a
      range of about 50 - 300 Hz. The vibration increases the degree of wetting
      at the contact points between the materials and the metal melt, and
      effectively promotes the elimination of surface contaminants inhibiting
      the wetting.
PAR  An air gap is arranged between the iron core 6 of the three-phase winding
      6a and the ferromagnetic cover-plate elements 16b, 18b. The part of the
      air gap which contains the metal tank 4 and also the heat insulation 4a
      forms the working channel 16 and the auxiliary channel 18, which are
      filled with the molten metal during the operation of the device.
PAR  It might be added at this point that the cover-plate elements perform a
      double role in that they also serve to flank or limit the just mentioned
      working and auxiliary channels 16, 18, besides constituting the plates
      which close the respective magnetic areas.
PAR  The induction heating pump lifts the metal melt up to the arrowhead-marked
      limit c (mentioned before) in the working channel 16, which limit is
      higher than the similarly marked constant upper level b of the channel 18
      and the tank 26. The melt leaving the working channel 16 forms a
      standing-wave pattern with a horizontal peak generatrix or crest at c and
      returns into the tank 26 (see FIG. 3). It should be noted that in FIG. 2
      the horizontal line just below the limit c denotes the actual upper edge
      of the cover plate 16b. The delivery head of the induction heating pump
      can be adjusted by conventional field regulation.
PAR  The induction heating pump delivers the metal melt to the working tank 26
      also through an opening 22 from an auxiliary tank 28 into the auxiliary
      channel 18, thus ensuring the replacement of the metal loss. In the
      auxiliary tank 18, the arrowhead-marked melt level is shown at a. The
      surplus metal melt pumped through the auxiliary channel 18, flowing over
      the dam 20, returns into the auxiliary tank 28, in which the melt level a
      continuously decreases, corresponding to the amount of the metal used up
      in operation. After a greater drop the auxiliary tank 28 is refilled.
PAR  Only a relatively small quantity of metal melt needs to be held in the
      device according to the invention, which results in energy saving in the
      heating up, and in savings in material costs as compared with the
      unavoidable periodic changes of the metal melts in the prior art, which
      necessarily become contaminated with foreign metals during the operation.
PAR  The channel of the heating pump delivers the metal melt from a given level,
      namely exclusively from the lowest part of the tank to the exit slit, so
      that contaminants having a lower specific weight than that of the metal
      melt cannot enter into the channel. Solid metal particles that may
      possibly get into the channel do not cause failures, as against those
      experienced with mechanical pumps, and can be removed even during
      operation. Periodic level variations, unavoidable with mechanical or
      electro-mechanical solder feeders, do not occur since such variations are
      the consequence of a periodic metal supply.
PAR  Most part of the contamination, such as slag, oxide layer, floating on the
      surface of the metal melt in the working tank 26, flows over the dam 20
      and reaches the auxiliary tank 28 wherefrom it cannot return to the
      originating point, namely tank 26. In this way the apparatus according to
      the invention is effectively self-cleaning. Discharge openings can of
      course be provided for slag, e.g. at the bottom of the tank 28.
PAR  In the device according to the invention, the ratio of surface area (volume
      of the metal contacting the ambient air) is considerably reduced, which
      limits the amount of slag and oxide formation and renders possible an
      effective protection of the entire free surface, with only a small amount
      of protecting agent, for instance fluxing salt or oil.
PAR  The structure of the flow channel of the pump affords simple means for
      feeding the protecting agent and the flux below the metal melt level, used
      successfully with known standing-wave soldering devices.
PAR  The induction heating pump of the described exemplary embodiment combines
      in itself the functions, without a single moving part, of a driving motor,
      gear transmission, mechanical metal melt pump, channel provided with
      damping elements, mechanical or electromechanical solder feeder, all
      needed in the known soldering devices.
PAR  The currents flowing in the solid cover-plate elements 16..., 18... of the
      induction heating pump, as well as in the working and auxiliary channels
      16, 18, provide the basic heating. On adjusting a pulsating-advancing
      magnetic field, vibration occurs on the surface of the metal wave at c,
      which breaks up any oxide layer that may form thereon. The automatic level
      control ensures simultaneously self-cleaning of the melt.
PAR  The inventive arrangement constitutes a magnetic circuit for the pump,
      including the explained air gap, thereby to accomplish the advantageous
      and novel features of the inventive apparatus.
PAR  The temperature distribution in the metal melt is most favorable because
      its heating is carried out by induction and/or by the current flowing in
      the melt, and also because the employed pump has no heat dissipating
      parts. The pump, switched on in the cold state, participates in the
      heating up of the metal and then in the maintaining its operating
      temperature. Its repair is possible both in the cold and the warm state of
      the metal since the strujtural parts necessitating repair are arranged
      outside of the metal melt.
PAR  The above-described and illustrated embodiment is exemplary of the
      inventive device. Within the scope of the invention several other
      embodiments are of course possible.
PAR  So, for instance, the described induction heating pump can be replaced by a
      pump operating on electrodynamic principles, in which a permanent
      transporting agent for the molten liquid metal can be maintained in
      consequence of the mutual effect of the current carried by electrodes into
      the melting liquid, on the one hand, and of a magnetic field through the
      melt, on the other.
PAR  The standing-wave metallizing device according to the invention ensures the
      keeping in motion of the metal melt without any moving parts, by means of
      the appropriate pump means, producing a laminar flow of the melt in the
      channel, without directional change from the energy transfer point up to
      the described standing wave. At the same time it realizes continuous
      automatic level control and self-cleaning without separate feeders, within
      the utilization temperature range of the metals and alloys used for
      coating and for soldering from a metal melt. This temperature range
      extends in practice up to about 600.degree.C.
PAR  It should be understood, of course, that the foregoing disclosure relates
      only to preferred embodiments of the invention and that it is intended to
      cover all changes and modifications of the examples described which do not
      constitute departures from the spirit and scope of the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A standing-wave metallizing apparatus for coating a substrate with a
      molten metal of a melting point lower than that of the material of the
      substrate, comprising; a tank, a bath for the molten metal; pump means
      outside said tank for heating the metal and for keeping it in circulatory
      motion to and from said bath; said pump means including a magnetic circuit
      and a laminated iron core also outside said tank, with an air gap in said
      core; and means in said tank including a working channel and an auxiliary
      channel for producing laminar flow of the molten metal in at least a
      portion of said pump means said channels being in part defined by
      ferromagnetic covers, said air gap including said covers, said working
      channel and in part said auxiliary channel, at least part of said channels
      and the laminar flow toward a top level of the molten metal, resulting in
      a standing-wave pattern above the top level, by the aid of which pattern
      the substrate is coated with the molten metal at the top level, without
      immersing the substrate in the molten metal.
NUM  2.
PAR  2. The metallizing apparatus as defined in claim 1, further comprising
      means for feeding a protecting agent and the like through a flow channel
      below the level of the molten metal.
NUM  3.
PAR  3. The metallizing apparatus as defined in claim 1, wherein said pump means
      is electrodynamically operated.
NUM  4.
PAR  4. The metallizing apparatus as defined in claim 1, wherein said pump means
      is inductively operated.
NUM  5.
PAR  5. The metallizing apparatus as defined in claim 1, further comprising
      partitions which define at least one of said channels.
NUM  6.
PAR  6. The metallizing apparatus as defined in claim 1, further comprising a
      level-controlling dam in said tank to define a predetermined upper level
      of the molten metal in at least one of said channels.
NUM  7.
PAR  7. The metallizing apparatus as defined in claim 1, further comprising
      means for delivering the molten metal from a lower portion of said
      auxiliary channel into said working channel to replace material losses.
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ABST
PAL  The proposed collector incorporates a chamber and an auxiliary compartment;
      located on the bottom of said chamber is a screen conveyer for images to
      lay eggs thereon, said conveyer being driven by drive shafts located in
      the auxiliary compartment; apart from said shafts the compartment
      accommodates also brushes adapted for removing eggs from the conveyer
      screens, containers for taken-off eggs, a bath with washing liquid for
      cleaning the screen conveyer, a heater fan for drying the conveyer upon
      its having been cleaned by washing, and tensioning means which are adapted
      for equalizing the tension of the conveyer screens.
PARN
PAR  This is a continuation of application Ser. No. 323,402, filed Jan. 15,
      1973, now abandoned.
BSUM
PAR  The present invention relates generally to the sphere of farming practice
      and more specifically to devices for artificial propagation of insects.
PAR  For propagation of useful insects a host insect is needed, for which
      purpose, say, grain moth is reproduced under artificial conditions.
PAR  A collector for imagos and the eggs thereof, comprising a chamber with an
      inlet tube for the imagos to enter from an outer insect-conveying duct and
      an endless conveyor which incorporates a screen and a supporter for the
      imagos to lay eggs thereon. The conveyor is driven by drive shafts located
      in an auxiliary compartment which is located beneath the chamber and also
      accommodates rotary brushes to take off the eggs from said conveyor, and
      containers to hold the picked eggs and dead imagos therein is known in the
      art.
PAR  (Cf. USSR Inventor's certificate No. 254,939).
PAR  Due to said known device it has been made possible to reproduce insects
      under optimum conditions therefor and, besides, to make this
      labour-consuming process mechanized.
PAR  However, said device suffers from a substantial disadvantage residing in
      that the screen conveyer whereon the moth images are to lay eggs, is
      liable to get dirty with time, the screen meshes become clogged, all this
      impairing the yield of eggs and resulting in deteriorated quality thereof.
PAR  It is an essential object of the present invention to provide a device
      capable of ensuring proper conditions for an increased amount of eggs
      obtained and a higher quality thereof.
PAR  Said object is accomplished due to the fact that the rotary brushes for
      picking the eggs are provided both in between and behind the drive shafts
      of the screen conveyor which shafts are arranged parallel to each other at
      different levels with respect to the chamber bottom, while the auxiliary
      compartment is additionally provided with a washing liquid bath for
      cleaning the conveyor having brushes therein between which the screens
      cleaned of eggs and dead imagos and the supporter pass, said screens being
      isolated from each other on the drive shafts of said conveyer, and a
      heater fan to dry said screens and the supporter each of which envelopes
      tension shafts adapted to equalize the degree of tension of the screens
      and the supporter that have been cleaned by washing.
PAR  The herein-disclosed collector makes it possible to improve the quality of
      the eggs obtained and increase the amount thereof which is attainable due
      to a continuous cleaning of the screen conveyer by the proposed system of
      the brush cleaners.
PAR  It is advisable that the bottom of the chamber be made at a radius of
      curvature not above 10 m.
PAR  Due to the fact that the bottom of the chamber is made at a definite radius
      of curvature, the screens adhere evenly to the supporter over the entire
      chamber bottom area.
DRWD
PAR  Other objects and advantages of the invention will now be disclosed in the
      following detatiled description of certain specific embodiments thereof
      having reference to the accompanying drawing, wherein a
      longitudinal-section view of a collector for imagos and the eggs thereof,
      according to the invention is represented.
DETD
PAR  The herein-proposed collector for imagos and the eggs thereof comprises an
      enclosure defining a chamber 1 and an auxiliary compartment 2 located
      thereunder.
PAR  The chamber 1 is made of organic glass. Located on a bottom 4 of the
      chamber 1 are two movable capron screens and a supporter 3, all of these
      being made as endless belts. The supporter is made of fiberglass fabric
      impregnated with polyethylene. The chamber bottom 4 is made of Duralumin
      and is convex at a radius of 10 m.
PAR  The supporter and the screens 3 envelope driven shafts 5 and drive shafts 6
      at the butt ends thereof, both shafts imparting motion to the supporter
      and the screens.
PAR  The drive shafts 6 receive motion from electric motors  located in the
      auxiliary compartment 2.
PAR  Said compartment 2 accommodates also guide shafts 7 and tension shafts 8
      for said screens and said supporter 3, rotary brushes 9 adapted for taking
      off the laid eggs from the screens and the supporter 3, a bath 10
      containing washing liquid and provided with stationary brushes 11, as well
      as a heater fan 12 to remove moisture from the screens and the supporter 3
      that have been cleaned by washing.
PAR  We have established that said rotary brushes 9 adapted for taking off the
      eggs from the strainers 3 is more advantageous to be made as cylinders
      having two diametrally opposite rows of bristle. Besides, the arrangement
      of said brushes in the auxiliary compartment 2 is so selected that, when
      the brushes are rotating, their bristle touches the supporter on one side
      and the screens on both sides. With due account for said features the
      stationary brushes 11 are mounted in the bath 10 containing washing
      liquid.
PAR  Further on, located under the rotary brushes 9 for taking off the eggs are
      containers 13 for the eggs and dead imagos.
PAR  At one of its butt ends the chamber 1 has two openings; via one of these
      imagos are fed from the outer insect-conveying duct by way of an inlet
      tube 14 into the chamber, while the other opening covered by a gauze
      communicates the chamber with the ventilation system via another tube.
PAR  A gap 15 is provided at the opposite butt end of the chamber 1 at the place
      where the supporter and screens come out of said chamber, said gap being
      overlapped by a comb 16 made of capron filaments and provided with a
      luminescent lamp 17 located outside the chamber.
PAR  The collector described in the present invention operates as follows.
PAR  The imagos of, say, grain moth are fed via the inlet tube 14
      interconnecting the insect-conveying duct with the chamber 1, into the
      latter wherein, upon copulation they lay eggs into the meshes of the two
      screens and onto the supporter 3 which are located on the convex bottom 4
      of the chamber 1.
PAR  The screens and the supporter 3 are periodically set in motion by the drive
      shafts 6 from the motor located in the auxiliary compartment 2. In the
      latter the eggs laid on the screens and the supporter 3 are removed by the
      three rotary brushes to get into the container 13. The brushes exert upon
      one side of the supporter and upon both sides of the two screens.
PAR  The grain moth imagos that have died in the chamber 1 upon completing the
      egg-laying process are carried away on the screens through the gap 15
      formed by the end wall of the chamber and the screens and, upon passing
      the capron-filament comb 16 that closes the gap, and the light source 17,
      roll down into the container 13 for dead imagos of grain moth.
PAR  The live, egg-laying imagos are retained in the chamber 1 by the
      capron-filament comb 16 and by the light emitted by the lamp 17 (negative
      phototaxis) provided oppositely to the gap 15 on the outside of the butt
      end of the chamber 1.
PAR  As eggs and dead imagos grow collected in the container 13 the dead imagos
      are removed from the drawable pans of the container. Upon getting rid of
      the eggs the screens and the supporter 3 come into the bath 10 with
      running water, provided with the guide shafts 17 and the stationary capron
      brushes 10, the latter cleaning the screens and the supporter 3 of dirt
      while these are moving.
PAR  The cleaned screens and the supporter 3 are passed over the guide shafts 7
      and the tension-equalizing shafts 8 and then passed by the heater fan 12.
PAR  All the components located inside the auxiliary compartment 2, as well as
      its lining are made of corrosion-resistant materials.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A collector for imagos and the eggs thereof comprising means defining a
      chamber and an auxiliary compartment located below said chamber; said
      chamber having a bottom and inlet means at one end for admitting imagos
      thereinto; a plurality of screens and a support for said screens adapted
      for the imagos to lay eggs thereon; said screens and supports being in the
      form of an endless conveyor adapted to move across said chamber bottom and
      through said auxiliary compartment by means of a drive shaft for each said
      screen and support located in said auxiliary compartment and at the end of
      said chamber opposite said one end, and a driven shaft for each said
      screen and support located in said auxiliary compartment and at said one
      end of said chamber; a plurality of rotary brushes located in said
      auxiliary compartment in proximity to said drive shafts for removing said
      eggs from said screens and support; a plurality of containers located
      below said brushes for catching said eggs; said drive shafts being
      arranged parallel to each other and at different levels with respect to
      said bottom and said brushes being located in between and behind said
      drive shafts; a washing bath located in said auxiliary compartment for
      cleaning said screens and support after said eggs are removed therefrom,
      said screens and support being arranged to pass through said bath after
      passing over said drive shafts and past said brushes; a plurality of
      brushes located in said bath to scrub said screens and support; a heater
      fan located in said auxiliary compartment for drying said screens and
      support after they emerge from said bath; tensioning means for equalizing
      the tension of said screens and support; and means for driving said drive
      shafts.
NUM  2.
PAR  2. A collector as claimed in claim 1, wherein said chamber bottom is convex
      and has a radius of curvature not over 10m.
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ABST
PAL  The invention provides a pelletted cedar-based composition comprising
      particles of cedar material and an alfalfa binder. Pellets comprising this
      composition are characterized by a pleasant odor, durability, and good
      adsorption, and odor neutralizing characteristics; such pellets, produced
      from material with known insect repellant characteristics, have particular
      utility as an animal litter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a cedar-based composition and a process for
      making this composition. In particular, this invention relates to a
      pelletized composition comprising cedar waste and an alfalfa binder, which
      has particular use as an animal litter.
PAR  Compositions including alfalfa or related forage crops are known for their
      utility as animal litters which effectively absorb animal waste materials
      and neutralize associated unpleasant odors. Such compositions are
      exemplified by those described in U.S. Pat. Nos. 3,286,691 to McFadden and
      3,425,397 to Schlielien, et al., issued respectively on Nov. 22, 1966 and
      on Feb. 4, 1969, comprising respectively a particulate dehydrated alfalfa
      product and an alfalfa-vermiculite composition. These known prior art
      compositions, however, have concommitant disadvantages attributable to the
      alfalfa component, particularly the characteristic objectionable alfalfa
      odor emanating from the product, and the typical physical instability of
      the finished product in the presence of liquid animal wastes, wherein the
      pellets tend to disintegrate and/or cling to the animal's feet.
PAR  While these disadvantages have been substantially overcome in the improved
      alfalfa-based composition described in U.S. Ser. No. 436,740 filed Jan.
      25, 1974 by Fry, et al and of common assignment herewith, the techniques
      employed in the process for the production of this composition, such as
      the deodorization step employed to render the product substantially
      odor-free, tend to increase the cost of the finished product.
      Additionally, none of these known prior art compositions are based upon
      substrates with inherent insect-repellent characteristics, which also is
      less desirable to their use as an animal litter.
PAR  Accordingly, it is of interest to provide a composition useful as an animal
      litter which is relatively inexpensive, pleasantly scented and durable,
      and which additionally is based upon a substrate with insect-repellant
      properties.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  The invention provides a cedar-based composition comprising particles of
      cedar material and an alfalfa binder. The alfalfa binder contributes
      absorbency and odor neutralizing characteristics to the composition, and
      unexpectedly functions as a highly effective binder to permit
      pelletization of the composition into durable pellets. The composition is
      particularly useful as an animal litter which is efficient and, owing to
      the inherent fragrance and insect repellent characteristics of the cedar
      material is pleasant to use.
PAR  Accordingly, it is an object of this invention to provide a pelletized
      cedar-based composition.
PAR  It is another object of this invention to provide a pelletized cedar-based
      composition which is particularly useful as an animal litter.
PAR  It is a further object of this invention to provide an animal litter which
      is durable, highly absorbent, and pleasantly scented, and which is
      characterized by odor-neutralizing properties and is based upon a material
      with known insect repellant characteristics.
PAR  It is an additional object of this invention to provide a process for the
      production of a pelletized cedar-based composition.
PAR  Other objects and advantages of the invention will be apparent from the
      following description and example.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Broadly, the invention provides a cedar-based pellet produced by admixing
      cedar-derived material such as finely ground cedar wood with dehydrated
      alfalfa, moisturizing this admixture, and pelletizing in a conventional
      manner. The aflalfa functions as a binder in the product pellet, and
      contributes odor-neutralizing and absorption characteristics to the
      pellet, while the cedar material provides a pleasant scent and
      insect-repelling properties.
PAR  The cedar material employed in the composition is conveniently any
      appropriate cedar wood material such as splinters, chips, sawdust, or
      other wood waste material. The wood material is prepared for mixing by
      grinding in a hammermill or other conventional means to reduce the wood
      particles to a relatively small size. A typical screen analysis of the
      ground material would show 100% passing thru a Tyler No. 14 screen and
      about 20% passing thru a Tyler No. 100 screen.
PAR  The resultant cedar particles are then combined with dehydrated alfalfa
      particles. These alfalfa particles may be conveniently derived from
      conventional dehydrated alfalfa pellets or dehydrated alfalfa meal. The
      alfalfa is ground in a conventional manner to a screen size that
      approximates the ground cedar, and admixed with the cedar waste particles
      to form a mash.
PAR  More specifically, a pellet having satisfactory durability, or stability in
      the presence of liquid animal wastes, is obtained by admixing the
      particulate cedar material with the deydrated alfalfa in proportions of
      from about 50% to about 85% cedar to from about 15% to about 50% alfalfa,
      by weight. The use of amounts of alfalfa at the high end of this range,
      however, result in a pellet having a pronounced alfalfa odor. It is
      therefore preferred to admix the cedar material with alfalfa in
      proportions of about 75% cedar to about 25% alfalfa by weight so that
      optimum durability and a pleasant cedar scent are present in the finished
      pellet. The use of cedar material in substantial excess of 80% by weight
      of the admixture is detrimental to the physical properties of the finished
      product; for example, an admixture containing cedar 90% by weight cannot
      be pelletized into a durable pellet.
PAR  The cedar alfalfa mixture is then moistened with water or steam to provide
      a mash with a moisture content sufficient to yield from about 10% to about
      19% by weight at the pellet extrusion point. The amount of moisture added
      to the mash to obtain this moisture content will vary according to factors
      including the moisture content of the wood waste and alfalfa source
      material. The ground wood waste typically has a moisture content of about
      8-18%. The ground wood waste typically has a moisture critical to the
      pelletization process; either too much or too little water in the wood
      waste will produce an unsatisfactory pellet.
PAR  The mash is heated and then pelleted in a conventional pellet mill under
      conditions that will produce the desired pellet characteristics. To obtain
      pellets for use as an animal litter, the mash is preferably processed
      through the mill to produce a pellet having a density of from about 29 to
      about 37 lbs/cu.ft., a moisture content of from about 6% to about 12% by
      weight and a size of about 1/8 inch diameter and from about 1/8 inch to
      about 1/4 inch in length.
DETD
PAR  The following example is provided as an illustration of typical embodiment
      of the process of this invention and the product thereof, and is not
      intended in any way to limit the scope of the invention to the specific
      constraints therein described.
PAC  EXAMPLE
PAR  Cedar waste comprising cedar-splinters having a bulk density of 16
      lbs/cu.ft. and a moisture content of about 17% by weight were ground in a
      hammermill under the following conditions:
TBL  Hammers          Clearance                                                
     R.P.M.  No.     Thck     H.Scrn H-Brk Scrn Perforation                    
     ______________________________________                                    
     3600    8.times.7                                                         
                     1/4      3/4-1/2 Min                                      
                                        1/32                                   
     Density           Ground                                                  
     No. Cu.ft.       Moisture Content (W+%)                                   
     in/out                                                                    
     15/17             16%                                                     
     ______________________________________                                    
PAL  The resultant cedar waste grist was admixed with alfala having a bulk
      density of 24 lbs/cu.ft., and finely ground to approximate size of the
      cedar grind, in the ratio of 75% cedar grist to 25% alfalfa, by weight.
      The resultant admixture was placed in a conventional horizontal batch
      mixer, and moisturized to produce a moisture content in the mixture of 15%
      by weight. The resultant mash was thoroughly admixed at an agitator speed
      of 42 RPM, and transferred to a conventional pellet mill having the
      following specifications;
EQU  50=D Pellet Mill
TBL  Motor:      60 hp at 1200 RPM                                             
     Drive:      V-belt (variable speed transmission)                          
     Feed:       6" screw                                                      
     Cover:      Cylindrical                                                   
     Rolls:      Indent                                                        
PAL  The mixture was pelletized to a diameter of 1/8 inch and a length of 1/4
      inch under the following conditions:
TBL                                 No.   Roll                                 
     Die     Serial Drawing RPM     Hrs.  Clearance                            
     ______________________________________                                    
     1/8 .times. 1                                                             
             71065 B3798-001-00                                                
                            300     600   Standard                             
     Power                                                                     
     Aug.    N-L     Net     No. net                                           
                                    Temp of                                    
                                           No. cu. ft.                         
                             hp.hr  in/out in/out                              
     ______________________________________                                    
     40.00   10.0    30.0    20     70/200 20/30                               
     ______________________________________                                    
PAL  The resultant pellets were found to have a bulk density of 33 to 37
      lbs/cu.ft. and a moisture content of 10 to 12% by weight. The pellets were
      found to have an absorption capacity of 220% by weight, with most
      absorption occurring on the periphery of the pellets.
PAR  It is apparent that the present invention provides a process for
      pelletizing particulate cedar material and a product having
      characteristics which renders it particularly useful as an animal litter.
      Although the invention has been described with respect to particular
      embodiments, it will be apparent that modifications to the described
      invention are possible within the purview of the invention, and no
      limitations are intended except by the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition comprising an adherent mass of cedar particles, an alfalfa
      binder, and water.
NUM  2.
PAR  2. The composition of claim 1, wherein said water comprises from about 6%
      to about 12% by weight of the adherent mass.
NUM  3.
PAR  3. The composition of claim 1, wherein said cedar particles comprise less
      than about 90% by weight of the composition.
NUM  4.
PAR  4. A pellet comprising cedar particles, an alfalfa binder, and water.
NUM  5.
PAR  5. The process for the production of pellets of cedar particles comprising
      admixing cedar grist and particles of dehydrated alfalfa, moisturizing the
      resulting admixture, and pelletizing said moistened admixture.
NUM  6.
PAR  6. A pellet comprising from about 50 to about 85% by weight cedar
      particles, from about 15 to about 50% by weight alfalfa as a binding
      material, and water as the remainder.
NUM  7.
PAR  7. A process for producing pellets of cedar grist, dehydrated alfalfa, and
      water comprising mixing up to about 90% by weight of cedar grist with up
      to about 10% by weight dehydrated alfalfa, moistening the cedar
      grist-alfalfa admixture with water to provide a moisture content of from
      about 10% to about 20% by weight of said mixture, and thereafter
      pelletizing said moistened admixture.
NUM  8.
PAR  8. An animal litter comprising pellets composed of cedar grist bound
      together with dehydrated alfalfa and water.
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ABST
PAL  An egg layer system for the production of poultry eggs which includes a
      plurality of tiered, open mesh wire cages arranged back-to-back and
      mounted in a plurality of rows extending the length of an elongated,
      rectangular building enclosure. The cage rows are arranged so as to form
      equally spaced aisles between facing cages. At the base of the cage rows
      is a parallel track assembly provided to permit a servicing carriage to be
      moved along the individual aisles. An open, transverse aisle is provided
      at each end of the cage rows which include guide means for directing the
      service carriage from one aisle into the next aisle for forming a
      continuous, closed-circuit path for the movement of the carriages along
      each of the cage rows of the entire system. No feed or water troughs are
      provided in the cages with the feed and water provisions included in the
      service carriages. The service carriages thus provide the feeding and
      watering function along with egg collection, manure scraping and
      collection arranged to make one complete circuit every two hours. The
      carriages can be connected in tandem to form a single moving unit if
      desired. The tiered cage row units can be stacked, one on top of the
      other, in a double deck arrangement with the cage supporting columns
      providing the building structural support. Sloping outer sidewalls also
      provide building structural support and improve air ventilation through
      the entire cage system. A continuous baffle can be provided under the cage
      structure having adjustable openings below each cage aisle to permit
      natural ventilation of air from openings in the sloped sidewalls through
      the space provided below the baffle, with the air passing upwardly through
      the cage area and outwardly through louvers provided in the uppermost
      portion of the building roof. Cooling and heating of the air is controlled
      automatically by units provided below the baffle area. The collected
      poultry manure is reused for feeding to the poultry by leaching and
      protein amplification processes which recover the carbohydrates, protein
      and vitamin components which can be mixed with poultry feed either wet or
      dry. A feed system is provided on the feed carriage for dispensing the
      feed automatically to the birds. A novel arrangement is also provided on a
      utility carriage for loading and unloading the birds automatically into
      the poultry cages.
PARN
PAR  This application is a continuation-in-part of my copending application,
      Ser. No. 396,292, filed Sept. 11, 1973, now U.S. Pat. No. 3,867,903, for
      an improved egg layer system.
BSUM
PAR  This invention is directed to an improved cage layer system having a novel
      cage construction and facilities for servicing the cages during operation.
      It is more specifically directed to a caged layer system wherein the cages
      are arranged in back-to-back fashion, facing aisles formed therebetween
      and providing carriage service facilities for the collection of eggs,
      scraping of manure, feeding and watering the birds and providing access to
      the individual cages. The cage construction provides complete, efficient
      use of the novel building arrangement.
PAR  In the past, it has been well known to provide egg layer systems which
      provide rows of cages usually built on the ground or elevated a few feet
      from the floor of the building. Aisles were provided between the cages so
      that an individual could walk between the cages manually collecting eggs
      or cleaning the cages as necessary. To increase the efficiency or
      utilization of the space within the building, it later developed that the
      cages could be stacked, one on top of the other, to increase the available
      cage space and number of birds accommodated. Next, it was found that the
      cages could be arranged in multiple tiers whereby the tiers of cages would
      be stacked in spaced relation above each other. In this arrangement, tiers
      of 2, 3 and 4 cages have been common.
PAR  With the advent of the tiered poultry cages, many problems were encountered
      which were not experienced prior to this time. One of these problems was
      the inability to manually collect the egg production that was increased by
      the multiple tier arrangement of the cages. In addition, the accessability
      of the cages was greatly diminished. Cleanliness of the cages became a
      major problem in that the droppings from the higher cages would fall upon
      the lower cages, greatly increasing sanitation problems with possible
      sickness and disease in the poultry flock necessitating the destruction of
      portions or the entire flock of birds. It is now well known in the prior
      art to provide continuous manure dropping board shields below each of the
      higher tiers of cages to maintain the cleanliness of the cages below. In
      addition, the collection of eggs has been mechanized to automate the
      handling of the eggs by such means as a conveyor belt to move the eggs
      from the individual cages to a processing area. It is common also to
      provide access from each cage to feed and water troughs and to provide
      complicated mechanisms for continuously replenishing the supply of feed
      and water in these troughs for continuous feeding of the birds.
PAR  To alleviate the problems associated with manure dropping boards and manure
      collection, various devices have been suggested in the prior art, such as
      a scraping bar pulled along the extent of the dropping boards by means of
      a cable or chain. Usually these devices are controlled by means of a
      timing device to automatically move the scrapers along the board at preset
      time intervals, which never take into account the actual condition or
      amount of manure present on the dropping boards prior to the initiation of
      the operation. In other devices, endless belt conveyors are provided below
      each tier or row of cages to collect the manure from the cages and move
      the manure to a cleaning area.
PAR  In another device in the prior art, as shown in U.S. Pat. 3,312,194, an
      individual double carriage arrangement is provided for each row of cages.
      The carriage is suspended on wheels positioned above the single row of
      tiered cages in a straddling fashion with legs extending down on both
      sides of the cage row. Inwardly extending arms having scrapers attached
      are provided for scraping the dropping boards. The carriages move along
      the entire row of cages by means of a cable which extends the length of
      the building. A hopper and feed chute is provided for filling the feed
      troughs extending along the front of the cages simultaneously with the
      cleaning operation. A single carriage is provided for each row of cages
      and no provision is made to shift the carriage from one row to another.
PAR  A circular cage layer system is also known in the prior art. The rows of
      double cages are arranged in a circular pattern and spaced radially from
      each other. The entire cage structure is arranged to rotate so that all of
      the cages pass by a radial aisle in which a carriage servicing arrangement
      for replenishing food and water in the individual cage troughs, egg
      collection and manure scraping is provided. The servicing carriage is
      arranged to be radially positioned so that each circle of cages may be
      rotated past the servicing carriage as desired. A major drawback in a
      system such as this is the extreme size, complexity and cost for the
      structure for rotating and guiding the cages so that they may be serviced
      as required.
PAR  Because of the problems and arrangements stated above as being present in
      the prior art, it is an object of the present invention to provide an egg
      layer system which will completely and efficiently utilize the entire
      volume available with an enclosing structure. This is to say that all of
      the available space within the building can be fully utilized to provide a
      maximum production of eggs for the original investment cost of the system.
PAR  Another object of the present invention is to provide an automated egg
      layer system wherein a minimum amount of manual labor is required for
      operation of the system. In this way, the cost of the egg production can
      be held to a very minimum.
PAR  A further object of the present invention is to provide an enclosed
      building structure wherein the cage support columns form an integral part
      of the overall building structure with ventilation compartments provided
      along the side portions of the structure and under the entire cage area
      for efficiently distributing conditioned air for improved cage
      ventilation.
PAR  A further object of the present invention is to provide an egg layer system
      wherein the cages are of shallow depth and are arranged back to back
      having a common curtain wall between the cages to maximize the use of the
      entire volume provided within the enclosing building and to minimize the
      cost of erecting the cages. The shallow depth of the cages reduces egg
      crackage and hen mortality.
PAR  A still further object of the present invention is to provide a caged layer
      system wherein carriages are provided to perform each of the necessary
      servicing functions for the entire system. The carriages are arranged to
      run on parallel rails provided at the base of the cage rows whereon the
      carriages can be moved down the aisles between the cages for servicing
      cages on both sides of the aisles simultaneously so as to feed and water
      the birds, collect eggs, scrape manure from the dropping boards and
      provide a work access platform for an attendant during the process of
      installing and removing birds from the cages.
PAR  It is a still further object of the present invention to provide a
      servicing carriage arrangement whereby the carriages can be turned at the
      end of each aisle so as to follow a closed circuit path so as to service
      each cage on a periodic cycling basis. The timing for the cycles is
      arranged to provide adequate feed and water to the birds to obtain optimum
      egg production.
PAR  Another object of the present invention is to provide a system whereby the
      poultry can be bathed in light periodically to simulate and accelerate the
      day-night cycle to increase the egg production process and kill disease
      bacteria by the use of germicidal light.
PAR  A further object of the present invention is to provide a carriage
      servicing arrangement whereby the birds can be loaded and unloaded
      automatically from holding cages.
PAR  It is a still further object of the present invention to provide a cage
      door latching device whereby the doors of the cages can be raised
      simultaneously in a group or individually as desired to accommodate the
      automatic loading and unloading of the cages.
PAR  A still further object of the present invention is to provide a feeding
      arrangement whereby the collected poultry manure can be processed to
      remove the harmful ingredients and increase its useful protein content so
      that it may be mixed with additional feed for reducing the overall feed
      costs and improve the efficiency of the feeding system.
PAR  It is another object of the present invention to provide a feeding system
      whereby the feed can be stored as a semi-fluid slurry and extruded
      continuously as needed for direct feeding to the birds.
PAR  The present invention is directed to an egg layer system wherein double
      cages are generally arranged in a back to back tier arragement extending
      in a plurality of longitudinal rows. The cage supporting columns provide
      the internal structure for the building with the height of the building
      increased to provide two complete egg layer systems within a single
      building providing a double deck arrangement. The cage rows and aisles are
      arranged one above the other to also facilitate the manure collection
      system.
PAR  The side walls of the building structure are arranged to slant outwardly so
      as to provide an air space between the outermost rows of cages and the
      building to provide a more constant temperature in these cages and also to
      provide additional space in the building at ground level for the
      installation of ventilation fans and air temperature conditioning devices.
      The earth below the cage ares is left exposed or covered with plastic
      sheet material with a ocntinuous baffle extending under the cage area
      providing a ventilation space or duct below the cages. Controllable
      openings are provided below each of the aisles for controlling the flow of
      conditioned air rising upwardly through the aisles and exhausting through
      ventilation louvers provided at the ridge of the building roof. The entire
      building can be positioned to take advantage of the prevailing winds so
      that the ventilation louvers and roof surface provide an airfoil effect to
      maximize the natural ventilation. Water spray nozzles can be provided in
      the lower ventilation duct to provide a cheap and simple evaporation
      cooling system for the entire building. A porous rock, such as crushed
      lava, or fiber mats, can be positioned in the duct to hold and distribute
      the water from the spray nozzles.
PAR  The individual cages have a common open mesh curtain wall forming the rear
      surface in the back to back arrangement. The depth of the individual cages
      which, for the purpose of this specification, is defined as the distance
      between the rear cage wall and the doors at the front of the cage, is
      extremely narrow. A depth of approximately 10 inches is contemplated to
      prevent canibalizing or damage to the eggs and to position the birds
      adjacent to the doors to permit access to the feeding carriage and prevent
      the birds from standing two deep in the cage.
PAR  The floor of the cage is tilted slightly downward toward the front with the
      doors spaced a sufficient distance above the floor to permit the layed
      eggs to roll outward from the cage. The outer edge of the floors is bent
      upwardly and flared outwardly to provide a collection trough for holding
      the eggs and facilitate the collection process. No feed troughs or
      watering troughs are provided in the cages of the present invention, with
      the feeding and watering provided on a cyclic basis by the servicing
      carriages. A feeding cycle of every 2 hours, with an exposure of the feed
      to each bird for a duration of approximately two and one-half minutes, is
      believed to be satisfactory. The exposure to water can be somewhat longer,
      if desired, with watering cups provided on several carriages. On this
      basis, a series of carriages connected in tandem would be arranged to move
      at approximately 5 or 6 feet per minute along each of the cage aisles.
      Each cycle would include a holding time period of 5 or 10 minutes for the
      refurbishing and resupply of the servicing carriages between each cycle.
      In the present invention, the lead carriage can be provided with an
      electric power drive motor with the electrical power fed to the carriage
      by means of one or more electrified bus rails either provided in
      conjunction with the support guide rails or provided at the top of the
      carriage center guide rail.
PAR  This cycling carriage arrangement also can provide a controlled day-night
      cycle which will increase the overall egg production. With the interior of
      the building held in relative darkness, daylight type lights can be
      mounted on the carriages whereby the poultry is exposed to a period of
      light during the feeding cycle with the area returned to darkness between
      the cycles. In this way, the feeding, roosting and laying cycles of the
      birds can be controlled to increase the egg production process. In
      addition, germicidal lights, such as ultra-violet, can be mounted on the
      carriages to bathe the poultry and cage area as it passes to kill any
      harmful bacteria which might be present.
PAR  The egg collecting carriages are similar to the previously described
      carriages in my copending application with the exception that each of the
      egg storage trays provided for each tier of cages includes a curved and
      outwardly angled arm riding over the outer edge of the cage floors to
      guide and move the eggs out of the floor trough and onto the egg
      collection tray. The egg collection arm is adapted to be raised when the
      individual tray has received its maximum quota of eggs to leave the
      remaining eggs for a later collection. The outer edge of the cage floors
      is led between a pair of rollers rotatably mounted at the rear of each
      side of the trays to elevationally position the floor trough with respect
      to the egg collection arm.
PAR  The manure scraping and collection carriage includes a vertical chase
      extending the height of the entire tiers of cages provided in each system.
      The pair of scraping arms which are individually provided for each tier of
      cages are arranged to include a mechanism for extending and retracting the
      arms as the carriage enters and leaves a cage aisle. The arms, when
      extended, are angled forwardly so as to scrape the individual dropping
      boards with the ends of the arms arranged to telescope to ride smoothly
      around the cage supporting columns and edge of the boards. An auxiliary
      drive motor can be provided on the manure scraping carriage to provide
      additional power necessary for the scraping operation.
PAR  The manure scraping and collection carriage includes an outwardly flared
      duct on each side of the carriage aligned with each tier of cages and the
      pair of scraping arms provided for each tier. The chase is divided into
      compartments arranged at each tier level with the floor of the compartment
      provided as a trap door whereby the manure scraped into each compartment
      is stored until the carriages arrive at the replenishing and servicing
      area. At this time, the doors of each of the compartments are opened
      simultaneously to drop the manure in the chase into a storage hopper
      provided below the floor area. In the double deck arrangement, the manure
      from the top manure carriage drops directly through the chase of the
      bottom carriage into the collection hopper.
PAR  A separate utility carriage which is capable of being independently moved
      to and along any of the cage aisles includes an elevatable platform to
      provide manual access to the individual cages and also can include a
      plurality of holding cages and mechanism for automatically loading and
      unloading poultry from the individual production cages. The utility
      carriage includes a pair of steerable wheels for driving the carriage
      along the transverse service areas and to align the carriage with the cage
      aisles.
PAR  The present invention also provides a unique arrangement for reutilizing
      the manure collected in the sysem. As is known, the manure includes a
      substantial amount of unused proteins and carbohydrates which are passed
      through and unused in the poultry digestive track. The collected manure
      can be suitably processed to remove any harmful and undesirable
      constituents. After this revitalization process, the manure residue is
      mixed in a predetermined ratio with new poultry feed to be stored for
      later use. In one method, only a portion of the water present is removed
      from the manure and the feed and manure mixture is stored as a semi-liquid
      slurry for direct feeding to the poultry.
PAR  The feed carriage of the present invention is designed to be utilized with
      dry feed or can be used with the semi-dry or slurry type feed when the
      reprocessed manure is mixed with new feed. It is to be understood that the
      feed carriage embodiments described herein can be used with any of the
      feed intended such as new feed or the feed and reprocessed manure mixture
      described herein.
PAR  The feed carriage includes a plurality of trays or hoppers arranged
      vertically on the carriage base. Usually, one hopper will be provided for
      each of the tiers of cages of the unit being serviced. Longitudinally
      extending open troughs are supported to extend laterally from each side of
      the hopper and arranged below so that feed placed in the hopper will
      naturally flow by gravity to the open troughs by interconnecting ducts or
      pipes.
PAR  In another embodiment, especially for the feeding of semi-dry feed
      mixtures, the trough is shaped in a curved cross-section configuration
      with an elongated cylindrical roller rotatably mounted in the trough and
      driven by a separate electrical motor or chain drive from a common power
      source. The rollers have longitudinal grooves or vanes along its outer
      surface to pick up the feed and slowly move it to an exposed position so
      that the poultry can feed. Unused feed is returned to the trough where it
      mixes with the new feed and returned again to the exposed position.
PAR  The feed carriage can also be arranged to include pressurized storage tanks
      at the level of each cage tier with a control system providing the flow of
      feed slurry to individual extruding nozzles arranged adjacent to each of
      the individual tiers of cages. A separate holding trough is positioned
      below the nozzles to receive the overflow of feed emitted and includes a
      control mechanism for reducing the flow of feed emitted when the rate of
      feeding becomes excessive.
DRWD
PAR  Other objects of this invention will appear in the following description
      and appended claims, reference being made to the accompanying drawings
      forming a part of the specification wherein like reference characters
      designate corresponding parts in the several views.
PAR  FIG. 1 is a top plan view of an egg layer system according to the present
      invention which shows the plurality of rows of double cages with a
      carriage device positioned in one aisle between the rows and a trolley
      device shown at one end of the cage rows;
PAR  FIG. 2 is a cross section of the cage layer system according to this
      invention, taken along the lines 2--2 of FIG. 1;
PAR  FIG. 3 is a cross sectional view of another embodiment of the present
      invention showing a building enclosure having slanted sides and two units
      of cages arranged in double-deck fashion, aligned one over the other;
PAR  FIG. 4 is a top plan view showing one of the egg layer units of FIG. 3
      including the continuous closed circuit path followed by the servicing
      carriages;
PAR  FIG. 5 is a top plan view showing another arrangement for the path for two
      servicing carriages wherein each half of the cage rows are serviced by one
      of the carriages before the carriages are replenished;
PAR  FIG. 6 is a partial side view of the cage arrangement shown in FIG. 3 and
      includes a manure collection carriage;
PAR  FIG. 7 shows a partial end view of the manure collection carriage with
      manure holding chase and scraping arms;
PAR  FIG. 8 is a partial top sectional view showing the manure scraping arms in
      the extended position from the manure chase;
PAR  FIG. 9 shows the scraping arms of FIG. 8 moving to the retracted position
      at the end of the cage row;
PAR  FIG. 10 is a partial side view of the carriage track which includes an
      actuation mechanism on the track for controlling the movement of the
      scraping arm mechanism;
PAR  FIG. 11 is a partial side view of the cage tiers with the egg collecting
      carriage shown in position;
PAR  FIG. 12 is a partial top view showing one egg collection tray with
      outwardly extending eegg retrieving arms;
PAR  FIG. 13 is a partial end view of the tray shown in FIG. 12, with the
      collection arms positioned adjacent to the floor of the cage tier;
PAR  FIG. 14 is a partial side view of the egg collection tray shown in FIG. 12
      showing the relative position of the tray and retrieving arm with respect
      to the floor of the cages;
PAR  FIG. 15 is a partial perspective view of the front portion of the cages
      according to the present invention showing a plurality of the doors
      capable of being raised simultaneously;
PAR  FIG. 16 is a partial perspective view showing the cage doors of FIG. 15
      with a single door being elevated;
PAR  FIG. 17 is a partial side sectional view through one of the cages showing
      the latch arrangement for the cage door;
PAR  FIG. 18 is a perspective view of the feed carriage according to the present
      invention showing the stacked feed troughs positioned to feed the poultry
      within the tiered cages;
PAR  FIG. 19 is a partial perspective view of one of the feed troughs modified
      to include a feed dispensing roller;
PAR  FIG. 20 is a partial cross-section of the feed trough and roller showing
      the feed grooves;
PAR  FIG. 21 is a partial cross-section showing another embodiment of feed
      roller having feed vanes;
PAR  FIG. 22 is an exploded perspective assembly view of the cage construction
      according to the present invention;
PAR  FIG. 23 is a partial sectional end view of the cage construction according
      to the present invention;
PAR  FIGS. 24a through 24d are pictorial presentations of the automatic loading
      mechanism utilized in transferring poultry from a holding cage to the
      production cages; and
PAR  FIGS. 25a - 25d are pictorial side views showing the reverse process of
      FIG. 24 with the mechanism used to remove the poultry from the production
      cages to the holding cages.
DETD
PAR  Turning now more specifically to the drawings, FIGS. 1 and 2 show the
      overall view of the egg layer system according to this invention. In FIG.
      1 is shown the enclosure building 10 having side walls 11 and 12 and end
      walls 13, 14. Within the building 10 are poultry cages 15 which are
      arranged in interior rows 16 and outer rows 17. The cage rows 16 are
      arranged parallel to the longitudinal axis of the building 10 and are of a
      double-cage type having a common rear wall. Along the inside surface of
      the side walls 11, 12 are arranged the single cage rows 17 supported on
      the side wall structure of the building. Aisles 18 having a consistently
      equal width are provided between the rows 16 and 17 of the cages 15.
      Transverse to the ends of the aisles 18 and along one end of the building
      10 is a trolley device 19 having guide channels or rails 20, 21. A
      servicing carriage 22, as shown in the partially cutaway section of FIG.
      1, is arranged to move along the entire length of the aisles 18. At the
      opposite end of the building 10 from the trolley device 19 is located
      water and feed conveyng devices 24 supplying feed and water to the troughs
      provided in the rows of cages. Adjacent to the feed hopper mechanism 24 is
      a walkway 25 arranged along the end wall 14. A bulk feed storage supply
      hopper 26 can be provided on the outside of the building to supply feed
      for the individual feed conveying devices.
PAR  The trolley device 19 is provided for shifting the carriage 22 into
      position or alignment with any of the aisles 18 for the purpose of
      servicing the cages facing the aisle. The carriage 22 is provided for
      performing the egg collecting functions from the individual cages and
      transporting the eggs to an egg conveying device 27 arranged along the end
      wall 13 of the building. Another function of a similar carriage 22 is to
      provide the scraping of the manure dropping boards provided below each of
      the cage tiers and the dumping of the manure into the pits below the
      aisles 18. An additional function is provided by a separate utility
      carriage 22 for the purpose of providing access to the individual cages by
      means of a height adjustable work platform which can be raised into
      position adjacent to any of the tiers of cages. This invention is also
      intended to include the provision of a single carriage which can combine
      all of the functions stated above into one unit which performs any of the
      functions desired at any time.
PAR  An access door 28 is provided in the side wall 12 of the building 10 for
      the extension of the trolley guide channels 20, 21 to other similar
      buildings and egg layer systems whereby the carriages 22 can be
      interchanged with other similar systems so that the carriages can be used
      in more than one system, if desired. It is to be understood that this
      feature also includes the possibility of both side walls of the building
      being opened by means of access doors 28 so that the carriage can be moved
      in either direction and possibly stored in a separate building until
      needed.
PAR  As shown in FIG. 2, suitable air ventilators 29 and circulation and
      ventilation fans 30 can be provided on the top and sides of the building,
      respectively, as desired. An air deflector 31 positioned directly under
      the roof ventilator can be provided to deflect the incoming or outgoing
      air and prevent drafts being directed onto the cages.
PAR  As shown in FIG. 2, an open manure collecting pit 32 can be provided for
      the collection of manure 32a scraped from the dropping boards of the
      poultry cages. This approach is commonly used in the poultry industry and
      it has been found that by positioning the fans 30 adjacent to the pit
      area, air can be drawn across the manure to maintain it in a dry state,
      where it can be stored for a considerable length of time, up to several
      years.
PAR  The plurality of cages provided in the present invention are supported in
      an elevated position by the structure 33. The structure 33 includes
      horizontal structural beams 34 which are supported transversely across the
      building by means of vertical columns 35. Longitudinal beams 36 are
      equi-spacedly positioned across the width of the building on the upper
      surface of the beams 34 and provide the support for the cage support
      columns 37. The top flange of the longitudinal cage support beams 36 is
      designed to have a width of approximately 10-15 inches which can be
      provided by extending the width of the top flange of the beam 36 or
      welding an additional continuous plate to the top of the beam to provide
      an outwardly extending shelf or guide rail support 23 for the servicing
      carriages 22. Along the inside surfaces of the side walls 11, 12 are
      mounted inverted wide-flanged structural angles 38 which are arranged at
      the same elevation as the upper flanges of the support beams 36 to provide
      the rails for movement of the carriage 22 along the outermost aisles. The
      cage support columns 37 are arranged longitudinally spaced on the center
      line of the support beams 36 to form the structure for the poultry cages
      15. The upper ends of the cage columns 37 are tied together in a rigid
      framework by means of cross beams 39. If desired, upper guide rails 40 can
      be centrally suspended in each of the aisles 18 to the underside of the
      cross or lateral beams 39 and extend continuously in a longitudinal
      direction the length of the aisle 18. The upper guide rails 40 laterally
      stabilize the carriage 22 to allow the carriages 22 to be moved along the
      aisle so as to maintain an equal distance between the cages facing the
      aisle 18.
PAR  In the novel cage construction provided in the present invention, a
      continuous, one-piece, open wire mesh screen for each of the cage rows is
      attached along one side of the vertical columns 37 and arranged to extend
      the entire length of the cage rows 16 and 17. The interior cage rows 17
      include cages arranged back to back with the cages extending outwardly on
      either side of the wire wall and the cage support columns 37. The cages in
      each row are arranged in multiple tiers. It is to be understood that the
      cages provided in the outer rows 17 include only half of the structure
      provided in the inner rows 16 so that a single cage is cantileveredly
      supported facing the interior of the building enclosure.
PAR  The roof of each cage tier is formed by a solid, continuous sheet material
      member which forms a dropping board 42 to shield or protect the lower
      cages from manure. The floor 43 of each tier of cages is formed from open
      mesh wire and tilted downwardly toward the aisle facing the cages. The
      tilt of the floor 43 is provided for allowing the eggs laid by the poultry
      to roll out of the cages to prevent cannibalism or damage to the eggs.
      Partitions 44 are provided to divide the cage rows into individual cages
      and doors 45 hingedly attached to the upper front edge of each cage are
      provided to complete the cage structure. The dropping boards 42, as can be
      seen in FIG. 2, are arranged parallel to the sloping floor 43 immediately
      above, thus providing an open space for insertion of a dropping board
      scraper.
PAR  One of the major problems that has been found in cage layer systems of the
      prior art is the accessibility and the servicing of the cages, especially
      in a multi-tier arrangement. In the present invention, servicing carriages
      22 are provided and arranged to pass along the aisles 18 between the cages
      for performing the various functions necessary. Multiple carriage
      arrangements are provided in this invention to perform the necessary
      functions.
PAR  FIGS. 3 and 4 show another embodiment of the invention wherein a
      double-deck type egg laying system is provided. In this embodiment, an
      arrangement is provided for increasing the number of cages and includes
      provision for increased utilization of the enclosing structure. In
      addition, the enclosure structure includes side bracing with novel
      arrangements for increased air ventilation and flow.
PAR  The building enclosure 50 of this embodiment includes side walls 51, 52 and
      end walls 53, 54. A roof 55 extends upwardly from the side walls 51, 52 to
      a louvered ridge area 56.
PAR  Interior vertical cage support columns 57 mounted on foundation caissons 58
      extend vertically the entire height of the building to support the roof
      surface 55. These columns 57 provide substantially the entire structural
      support for the roof and provide a dual purpose for the support of the
      individual cage rows. The side walls 51, 52 of the building 50 are
      arranged to slant outwardly so that the base of the walls is spaced from
      the outer rows of cage support columns 57. Cross bracing members 59
      extending between the outer columns 57 and the walls 51, 52 support the
      walls and brace the building structure against side movement, such as
      caused by wind loading. If desired, a catwalk 60 can be provided in the
      upper level, as well as the lower level, (not shown) of the side wall
      structure to facilitate movement of personnel from one end of the building
      to the other.
PAR  The building 50 as shown in FIG. 3 which has a considerably greater height,
      lends itself nicely to improved natural ventilation arrangements. The
      longitudinally arranged louvered ridge area 56 can include a plurality of
      longitudinally spaced fans 61. In addition, side louvers 62 which can also
      include fans can be mounted along the entire length of the side walls 51,
      52 to allow the inward flow of air into the building enclosure 50. A
      continuous baffle or membrane 63 extends inwardly from the side walls 51,
      52 and extends completely across the lower portion of the building below
      the cage structure to be described later. For the present, however, it is
      sufficient to say that the cages arranged in longitudinal rows extend
      substantially the full length of the building and provide aisles between
      the cage rows. Openings 64 are provided in the baffle 63 in alignment with
      the cage aisles. Slidable doors or covers (not shown) can be positioned to
      cover various portions of the openings 64 as desired to control the actual
      amount of air flow passing upwardly through the aisles to balance the air
      flow throughout the entire building. The air thus passes through the lower
      air duct 65 from the louvers 62 and then passes up through the aisles of
      the building through the fans 61 and upper louvers 56. Water spray nozzles
      66 can be provided in the air duct 65 to moisten the soil below the
      building so that the air pulled across the ground surface can be cooled,
      using the principle of evaporative cooling. As an alternative, it is
      possible to provide loosely packed fiber mats adjacent to the incoming
      louvers 62 and to moisten these mats to either provide the cooling or
      additional cooling, as desired. It is also possible to cover the ground
      surface with a continuous sheet of plastic or other membrane and to lay
      the fiber mats over the plastic sheet to absorb the water that is
      dispensed through the spray nozzle 66. It is also intended that space
      heaters (not shown) will be provided in the air duct 65 to heat the
      incoming air when necessary.
PAR  The overall interior building structure in the present embodiment shown in
      FIG. 3 is unique in that the plurality of cage support columns 57 mounted
      on the foundation caissons 58 extend completely to the ceiling portion of
      the building and support the roof surface 55. Lateral cross members 67
      arranged near the base of the columns and adjacent to the baffle 63
      laterally position the columns 57 with the upper cross members 68 provided
      near the roof surface 55. Depending upon the overall height of the
      building and the number of cage tiers desired, especially when the number
      of tiers is greater than seven or eight, intermediate cross members 69 can
      be positioned midway between the base and roof of the building to
      laterally support the columns 57. In this way, as shown in FIG. 3, two
      complete systems or units A and B can be provided which are essentially
      identical. Because these units are substantially the same, the following
      cage description will be directed to the lower unit A with the
      understanding that the structure in unit B is relatively the same.
PAR  The support columns 57 are arranged longitudinally and transversely in
      equally spaced arrangement along substantially the entire length of the
      building 50. The cages 70 are arranged in double, back to back arrangement
      along the inner rows 71 with a single cage arrangement provided on the
      outermost side rows 72. The space between the rows 71, 72 define aisles 73
      which have consistently equal width. The aisles 73, thus, extend the
      length of the cage rows 71, 72 and define a passageway for the movement of
      servicing carriages 74 provided as part of this invention. The servicing
      carriages as provided in this embodiment are similar to those which have
      been previously described in my copending application and include parallel
      guide rails provided at the lower portion of each of the aisles 73 and
      mounted to the sides of the support columns 57. These rails can have an
      outwardly extending flange surface of approximately 4 or 6 inches and can
      include spacers along the sides of the column to equally space their
      position along the aisle for properly centering the carriage. At the upper
      end of each aisle 73 can be suspended a center guide rail 76 for
      stabilizing the lateral movement of the upper portion of the carriage 74.
      In addition, it is possible to provide electrical bus bars in the center
      rail 76 for providing electrical power for movement of the carriages or
      the center rail itself can be electrically insulated to provide this
      function.
PAR  At each end of the cage rows 71, 72 is provided the supporting floor
      surfaces 77, 78 for permitting the turnaround and shifting of the
      carriages 74. These areas are arranged to have sufficient space to permit
      the complete turnaround or reversal of the carriages 74 so that they can
      be directed from one aisle and returned into the next adjacent aisle for
      continuous operation. The turnaround areas 77, 78 provide a flat, smooth
      surface and are arranged at a level which is slightly below the level of
      the guide rails 75. The carriages 74 include at least four castertype
      swivel wheels suspended below the platform of the carriage to support the
      carriage when moved onto the floor turning area 77, 78. Thus, as the
      carriage 74 moves out of the aisle 73, the carriage base is moved from the
      flanged wheels riding on the guide rails 75 to the swivel type wheels 81
      which extend below the level of the flanged wheels to support the carriage
      in the turnaround areas. By the use of the swivel type wheels, the
      carriage direction can be reversed in a minimum area to direct the
      carriage into the next adjacent row to continue the servicing process. A
      guide groove 79 is provided as a recessed slot in the surface of the
      turning area 77, 78 to direct the movement of the carriages in these
      areas. A follower 80 centrally mounted on the underportion of the carriage
      engages the guide groove 79 as it leaves the aisle so that the carriage
      follows the guide groove 79 to make its turn into the next aisle.
PAR  As can be easily seen in FIG. 4, the path followed by the servicing
      carriages 74 proceeds from a replenishing area 82 and follows a closed
      loop path along the guide groove 79 and down each aisle 73. Arrows are
      provided in FIG. 4 which show the direction and circuit followed by the
      carriages 74. Thus, as can be seen, the servicing carriages 74 follow the
      closed path to form a loop past each of the cages and return to the
      replenishing area 82 in each cycle. The carriages 74 are designed to move
      at a speed of approximately 4-6 feet per minute which is relatively slow
      so that a complete closed-loop circuit can be made in slightly less than 2
      hours, depending upon the length of the cage rows and the number of aisles
      provided. The timing of the cycle can be of any duration, with a 2 hour
      cycle found to be satisfactory. It is obvious that the number of aisles
      must be of an even number so that the carriages can follow a completely
      closed loop path.
PAR  The replenishing area 82 includes a feed and water replenishing hopper 83,
      an egg collecting and conveying device 84 for moving the eggs to a
      processing area and a manure collection hopper 85 provided below the
      surface of the floor 78 for collecting the manure and transporting it to a
      processing area. The feed hopper 83 can be replenished from a large feed
      storage and mixing bin 86 positioned on the outside of the building. It is
      also to be understood that the manure collected by the carriage can be
      dropped at other locations within the building along the closed loop path,
      if desired.
PAR  In FIG. 5 is shown a similar arrangement in which the length of the cage
      rows 71, 72 and the aisles 73 have been greatly increased to expand the
      capacity of the overall system. A modified closed-loop path for the
      servicing carriage 74 is provided so that each of the cages can be
      serviced within the required two hour feeding cycle. As shown in FIG. 5, a
      service carriage replenishing area 82 is provided in each of the floor
      surface areas 77 and 78. Two complete sets of servicing carriages 74 are
      positioned in the continuous closed-loop carriage path, one at each of the
      floor areas. Thus, each of the servicing carriages passes by one-half of
      the total number of cages during the 2 hour period and arrives at the
      opposite replenishing area 82 wherein the feed and water are resupplied
      with the manure disposed and the eggs transferred. Because of the
      variations in the number of aisles possible and the length of the cage
      rows, the actual speed of the carriages can be adjusted as necessary to
      maintain the approximate 2 hour feeding cycle.
PAR  In addition to the servicing functions of the carriages 74, this
      arrangement lends itself to an added beneficial feature. Daylight type
      floodlights 87 can be mounted on the carriages to illuminate the cages
      directly adjacent to the carriages as the carriages pass by. With the
      remainder of the building maintained in relative darkness, an artificial
      day-night cycle can be created for the poultry which is believed to
      increase the overall egg production by accelerating the egg laying process
      to which the poultry is accustomed. Thus, the present carriage arrangement
      can be used not only to provide feed and water to the birds, but can also
      be used to expedite the production of eggs.
PAR  The actual cage construction in the present embodiment is identical to the
      construction shown and described in FIGS. 1 and 2. Thus, the cages 70
      include the vertical one-piece wire wall 41, dropping boards 42 which form
      the roof of each tier of cages and wire mesh floor 43 arranged parallel to
      and spaced from the dropping boards below. Partitions 44 divide the cage
      tiers into individual cages 70 which are completed by hinge mounted doors
      arranged on the front of the individual cages so as to be pivoted
      outwardly and upwardly. One or more individual doors can be provided along
      the face of each cage. The bottom of the cage doors are spaced from the
      floor 43 of the cage to permit the eggs to roll outwardly into an egg
      collecting trough 46. The only difference in the cages disclosed in the
      embodiment of FIG. 3 is that the depth of the cage is considerably less
      than that shown for the previous cages. In this embodiment, the cage depth
      is intended to be approximately 10 inches from the rear wall 41 to the
      cage door 45. It is to be understood that the cage construction is
      identical throughout the entire system. Thus, the cages 70 of both the
      units A and B are identical.
PAR  A manure collecting carriage 88 which is provided in the lower unit A of
      the system includes a chase 89 extending upwardly from an opening in the
      base of the carriage to a point above the upper portion of the top tier of
      cages in the unit. A similar carriage 88a is provided when an upper deck
      or unit B is incorporated in the system. The carriage 88a incorporates a
      similar chase 89a which extends from the open portion of the carriage base
      to a point just below the dropping boards provided directly below the top
      tier of cages in this unit. Each of the chases 89 and 89a include
      outwardly flared side openings or chutes 92 corresponding to each tier of
      cages and running longitudinally along each side of the chase. The flared
      chutes 92 are positioned to extend under the edges of the dropping boards
      42 provided for each tier. Pairs of scraping arms 93 are mounted outwardly
      from each side of the chase 89, 89a and are angled forwardly in the
      direction of movement of the carriages. These arms 93 are tilted upwardly
      away from the chase so as to be parallel with the dropping boards of the
      respective cage tiers. The ends 93a of the scraping arms 93 can be
      arranged to telescope within the body of the arms 93 and include springs
      so that they are biased outwardly. The arms 93, thus, extend the full
      depth of the dropping boards 42 with the ends 93a riding against the back
      flange of the board and around the columns 57 by means of sheet metal
      collars 94. In this way, the entire area of the dropping board 42 is
      scraped. It is to be understood that the portion of the arms 93 in contact
      with the board 42 can be of any suitable configuration such as a straight
      metal edge, rubber scraper or stiff bristle brush.
PAR  Immediately below each of the scraping arms 93 and flared chute 92 are
      located a pair of doors 95 which are hingedly mounted on the longitudinal
      sides of the chase 89, 89a. Thus, individual closeable compartments 96,
      one for each tier of cages, are provided in each of the chases 89 and 89a.
      In this way, the manure is held in the individual compartments 96 until
      the carriages 88, 88a arrive at the servicing area 82. It is not necessary
      for the carriages 88, 88a to travel the closed path through the cage rows
      aligned one over the other. However, it is necessary that when manure is
      to be dumped the bottom carriage 88 is to be aligned over the manure
      receiving pit 85 prior to the opening of the compartment doors 95. Also,
      it can be seen that the carriage 88a in turn must be aligned over the
      carriage 88 after the doors 95 of the carriage 88 have been opened. In
      this way, when the compartment doors 95 of the upper carriage 88a are
      opened, the chase 89 of the lower carriage forms a closed passageway for
      the dropping of the manure from the upper carriage into the pit 85.
PAR  It is also to be understood that the upper scraping arms 93 can be mounted
      towards the forward end of the chase 89, 89a with the lower arms staggered
      to the rear so that the lowermost arms 93 will be nearest to the rear of
      the chase. In this way, the scraping forces created by the contact of the
      arms with the dropping boards and which are transferred to the carriage
      structure will increase progressively and slowly as the carriage enters
      the aisle. This will help to prevent stalling of the carriage movement and
      allow the use of a smaller carriage drive motor.
PAR  A suitable mechanism is provided for extending and retracting the scraping
      arms 93. The mechanism is used to extend the scraping arms 93 as the
      carriage moves into a new row and retract the arms as they reach the end
      of the row. In this arrangement, the scraping arms 93 are pivoted around a
      fulcrum 97 provided along the sides of the chase 89, 89a. A central
      control arm 98 attached to links 99 connected to the scraping arms 93 is
      used to extend and retract the arms. Control bars 100a positioned along
      the side of the carriage guide rails 75 at the beginning and end of the
      row engages a lever 100 mounted along the forward outer wall of the chase
      89, 89a. The lever 100 is suitably positioned to contact the first control
      bar 100a upon entering a new aisle so as to extend the scraping arms 93
      automatically. In like token, the second control bar 100a is positioned at
      the end of the row to again contact the lever 100 in such a way as to
      retract the arms 93 at the end of the row. (see FIG. 9) The dropping
      boards 42 include an upwardly extending shoulder 101 at the ends of the
      row which are curved so that the end of the scraping arms 93a will follow
      the contour of the shoulder 101 to scrape any residue into the chase upon
      the carriages leaving the cage row.
PAR  A separate egg collecting carriage 102 can be provided in this system.
      Identical carriages can be used in separate units for the double-deck
      arrangements shown in FIG. 3. The carriages include an outer framework 103
      which support individual egg collecting trays 104. A tray 104 is
      positioned in alignment with each tier of the poultry cage rows. The rear
      edge of the trays 104 is positioned adjacent to the edge of the floor 43
      of the cages and four alignment rollers 105 are provided to align the
      floors on each side of the aisle with the trays to prevent any
      misadjustment in the height which would cause the eggs to drop an abnormal
      distance which could cause breakage. The trays 104 include a padded
      surface 104a of sponge type material to cushion the movement of the eggs
      and prevent damage. The tilt of the tray is towards the forward end of the
      carriage and the degree of tilt is sufficient to cause the eggs to roll
      slowly forward without breakage. The floors 43 of the cages 70 include an
      egg collecting trough or depression 46. An egg collecting arm 106 is
      pivotally mounted to extend outwardly from each side of the tray 104 and
      to ride along the egg collecting trough 46 of the cages. A downwardly
      curved outer end 107 of the arms 106 rides slightly above the surface of
      the egg collecting trough 46. The arms 106 are angled forwardly in the
      direction of movement of the carriage 102. A lip and opening 108 extends
      outwardly from the rear portion of the side of the tray 104 and fits under
      the edge of the floor 43. Because the carriage 102 is moving slowly along
      the aisle of the poultry cages, the eggs are gently guided and rolled
      upwardly over the flared portion of the trough 46 and onto the tray 104.
      Thus, because of this slow movement, the handling of the eggs is extremely
      gentle so as to greatly reduce the possibility of damage or breakage. A
      control raising mechanism 109 is connected to both of the arms 106 and is
      attached to the forward end of tray 104 so that, as the weight of the eggs
      increases to a point which simulates the capacity of the tray 104, the
      raising mechanism 109 is tripped so that the arms 106 are pivotally raised
      so that the curved portion 107 is out of contact with the remaining eggs
      in the storage trough 46. In this way, the carriage 102 completes the
      circuit of the rows without collecting any further eggs with the remaining
      eggs left for pickup in the next cycle of the carriage.
PAR  If desired, a bumping wheel can be attached to the side or underportion of
      each of the egg collecting trays so that, as the carriage moves along the
      aisle, a pulsating bump or vibration will be applied to the trays in order
      to move the eggs to the lowest point.
PAR  The collecting arms 106 are fabricated from a frangible or breakaway
      material so that if the arm encounters a solid object it will separate
      easily to prevent damage to the tray or cages. At the same time, the
      pivotal mounting of the arm is intended to allow the arm to move freely
      upward to allow it to ride over the leg or wing of a dead bird which might
      be lying in the egg trough outside of the cage.
PAR  A novel feed and water carriage 113 is provided in the present system (See
      FIGS. 18-21). As stated previously, no feed troughs or watering devices
      are provided in the cages of the present embodiment of the invention and
      the entire feeding and watering is provided by the carriage arrangement
      described herein. Food is provided solely by the feed carriage 113, while
      water cups or troughs for each tier of cages can be provided on the feed
      carriage 113 or any of the other carriages, such as the egg collecting
      carriage or the manure scraping carriage. If watering devices are provided
      on each of the carriages, the poultry will be afforded additional watering
      time over and above that provided by the passage of the individual feed
      carriage 113.
PAR  The feed carriage 113 includes the base platform 114 having a plurality of
      flanged wheels 115 which are rotatably mounted along the sides of the
      carriage to ride along the guide support rails 75. A feed support
      framework 116 which is centrally positioned on the carriage base 114 is
      arranged to extend upwardly to support a plurality of individual feed
      assemblies 117.
PAR  The feed assemblies 117 include a hopper 118, troughs 119 and enclosed
      ducts 120. The troughs 119 are connected to the outer ends of the ducts
      120 which extend laterally outward and downward from each side of the
      hopper 118. The troughs 119, when providing dry feed to the poultry, are
      of the open type with the feed flowing by gravity from the hopper to the
      trough (See FIG. 18). The length of the troughs according to the present
      embodiment is approximately 8 feet. This length coupled with the slow
      movement of the carriage permits a feed exposure of about 21/2 minutes to
      each of the birds during each cycle of the carriage. The trough 119 are
      positioned so that they move longitudinally adjacent to the doors 45 of
      the cages 70 so that they are easily within the reach of the caged birds.
      The elevation of the troughs can also be adjusted by raising or lowering
      the hoppers 118 to accommodate birds of different age and size. It is to
      be understood that, since the speed of the carriage is determined
      primarily by the size of the system being serviced, two or more feed
      carriages may be connected in tandem to maintain at least the two and a
      half minute feed exposure stated above.
PAR  Another embodiment of the feed trough 119a is shown in FIG. 20 which is
      primarily intended for the feeding of a semi-wet mash or feed mixture. In
      this arrangement, an elongated feed roller 121 is rotatably mounted in the
      trough 119a and is driven by a motor 122 for rotating the feed roller 120
      slowly in the direction as shown by the arrows in FIG. 20. Longitudinal
      grooves or depressions 123 are provided around the circumference of the
      feed roller 121 with the bottom surface of the trough 119 curved to
      closely fit the outer diameter of the feed roller 121. An open feeding
      area 127 is provided in the upper portion of the trough 119a. In this way,
      feed 124 is picked up in each of the grooves 123 and moved into the
      exposed position in the opening 127 of the trough 119a to make it
      accessible to the poultry. The motor 122 includes a gear reduction device
      to control the rotating speed of the roller 121 to permit the birds to
      consume the exposed feed. In this arrangement, any feed which is not used
      is returned to the duct 120 by continuous rotation of the roller so that
      the unused feed will be re-mixed with new feed before being returned to
      the exposed feeding position. FIG. 26 shows another feed roller
      arrangement. The feed roller 121a includes slightly curved radial vanes
      125 along the length of the roller 121a for carrying the feed 124 into the
      exposed open portion 127. This configuration allows a greater capacity of
      feed to be moved with each revolution of the roller with better mixing of
      the unused feed due to the curvature of the vanes.
PAR  Where it is contemplated that a more fluid or slurry type of feed mixture
      is to be used such as in the reusable manure arrangement to be described
      later, it is also possible that enclosed pressurized tanks can be
      substituted for the open hoppers 118. The tanks have a plurality of
      outwardly directed extruding nozzles arranged from each side and
      positioned adjacent to the cage doors. In this arrangement, the feed is
      poured into the individual pressurized tanks with the feed extruded as
      pellets or as a stream resembling spaghetti to provide the feed for the
      poultry. Separate elongated open troughs can be positioned below each of
      the nozzle rows to catch the unused feed. These troughs can be connected
      to a control mechanism whereby as the weight of the unused feed increases,
      the control mechanism will close off the nozzle valves to reduce the
      actual amount of feed extruded. In this way, the birds can feed directly
      from the nozzles or from the trough if an excess of feed is produced. The
      feeding of a relatively wet mash to the birds can greatly increase the
      water consumption of the birds reducing the necessity for additional
      watering devices.
PAR  A drive motor 126 is mounted on the carriage base platform 114 and is
      drivingly connected to one or more of the flanged wheels 119 for moving
      the carriage along the guide rails 75n a continuous, single direction as
      shown in FIG. 4. A separate drive wheel (not shown) can be suitably
      mounted under the base 114 for moving the carriage in the floor turnaround
      and replenishing areas. The upper end of the carriage framework 116
      includes a centrally positioned guide bracket or rollers 127 which are
      arranged to contact the upper guide rail 76.
PAR  The drive motor 126 can be of any type suitable for propelling the feed
      carriage 113 such as an internal combustion engine or an electric motor.
      An electric motor is preferred since the problem of noise and exhaust
      fumes is eliminated which could have a detrimental effect on the poultry.
      The electrical power for the motor can be provided either by rechargeable
      batteries, charged during the replenishing operation, or electrified buss
      bars running parallel to the path of the carriage. Slidable contacts
      mounted on the carriage can be positioned for contacting the buss bars.
      The buss bars and slidable contacts can be positioned near the upper guide
      rail 76 to reduce the possibility of personnel accidentally coming in
      contact with the electrical circuit.
PAR  If a direct current source such as 28 VDC is utilized, one side of the
      circuit can be provided by electrically insulating the center guide rail
      76 and the carriage guide bracket or rollers 127. A complete circuit for
      the motor can be obtained by grounding the carriage frame through the
      wheels 115 and carriage guide pin 80.
PAR  It is to be understood that the feed carriage 113 with its drive motor 126
      can provide the entire motive force for all of the carriages including the
      egg and manure collecting carriages which can be connected in tandem with
      the feed carriage. In the alternative, each carriage can have its own
      separate drive motor. This may be especially desirable with respect to the
      manure collecting carriage which has a considerable drag due to the
      scraping action of the arms against the manure dropping boards. The
      utility carriage 110 can preferably be driven by rechargeable batteries
      since it is not intended to follow the closed-loop path of the other
      carriages and since it can remain parked for a longer period of time to
      fully charge the batteries.
PAR  The feed carriage feed to include a vertical duct or conduit 128 for
      supplying feedto each of the hoppers 118. The conduit 128 as shown in FIG.
      18 is continuous from the uppermost hopper 118a to the bottom hopper 118b.
      The bottom of the conduit 128 is closed and elongated, longitudinal slots
      are provided in each side of the conduit corrsponding with each of the
      hoppers 118. The top of the conduit 128 is left open with the upper edge
      129 spaced above the floor of the hopper 118a. As the feed is deposited
      into the upper hopper 118a, excess feed flows into the conduit 128 filling
      the remainder of the lower hoppers. Various other conduit configurations
      can be provided in the present invention. It is important that the feed be
      evenly distributed within the hoppers and that a sufficient amount of feed
      be provided to permit the carriage to make at least one closed loop cycle
      without exhausting the feed in any of the hoppers.
PAR  The actual cage construction of the present invention is similar to the
      arrangement shown in my previous co-pending patent application. As seen in
      FIG. 22 the cage support columns 57 are spaced longitudinally along each
      row of cages. A continuous open mesh wire sheet or wall 41 is stretched
      along and attached to one side of the columns 57 along the entire row. It
      is to be understood that a sheet 41 of solid material such as plastic or
      metal can be substituted for the open mesh wire configuration if it is
      desired to prevent cross-ventilation or separate portions of the system.
      Cage cross arms 47 are inserted through the wire mesh of the sheet 41 and
      are positioned horizontally and vertically spaced along each of the
      columns 57. It is required that a cross arm 47 be provided for each tier
      of cages within the row and the cross arms 47 for each respective tier are
      aligned horizontally. Hanger support bars 48 are connected between the
      ends of the corresponding cross arms 47. Dropping boards 42 with an
      upwardly turned central flange 42a are provided on each side of the wall
      41 and are arranged to lay on top of the cross arms 47 to form a
      continuous dropping board area which is arranged to extend the full length
      of the cage row. It is intended that the dropping boards will overlap in
      the direction of the carriage movement so that the scraping arms will ride
      smoothly over the joints without interference. Cage partitions 44 are
      evenly spaced along the cage row and are attached between the wire wall 41
      and the hanger support bars 48. They are attached along their bottom edge
      to the downwardly slanted cage floor 43 so as to support the floor which
      is attached along its back edge to the wire wall 41. Cage doors 45 are
      pivotally attached by rings or clips to the hanger support bar 48 and
      arranged to swing outwardly in order to provide access to the cages.
PAR  It should be noted that in the present cage construction there are no feed
      troughs or watering devices provided. Thus, the present cages used in
      combination with the servicing carriages are unique with respect to the
      prior art cages known in the industry. In addition the present cage
      construction is much more rigid in that the depth of the cages is
      approximately 10 inches. The birds can stand only one deep in the cage
      requiring each of the birds to align themselves adjacent to the cage
      doors. Without the extra weight of the feed troughs and due to the
      shortness of the cage overhang, the present structure is extremely rigid
      and sturdy which makes for a durable and economical cage system.
PAR  The cage door structure 45, provided herein, is arranged so that all of the
      doors in a group of three, four, or even five cages may be opened
      simultaneously. (See FIGS. 15 and 16). On the other hand, the individual
      door 45 in each cage 70 is divided into smaller sections 45b so that a
      single bird can be removed from a cage with the rest of the birds being
      held intact. The ability in the present design to simultaneously raise the
      doors in a group of cages lends itself to use with an automatic poultry
      loading and unloading mechanism which will be described hereinbelow.
PAR  An outwardly facing U-shaped spring clip 44a is attached to the front edge
      of each of the partitions 44. These clips are arranged in horizontal
      alignment and receive an elongated rod 49 which extends the length of a
      group of cages. In like fashion, each of the individual doors 45b have an
      inwardly facing U-shaped clip 45a which is aligned with the bar 49. Thus,
      the doors 45 are positioned on the outside of the bar 49 with the bar
      positioned between the doors 45 and the front edge of the partitions 44.
      In this way gripping the bar 49 and pulling outwardly releases the bar
      from the partition clips 44a allowing the entire group of doors to be
      raised. On the other hand, with the bar positioned in the partition clips
      44a the individual doors 45b can be separately raised by releasing the
      respective clip 45a from the bar 49.
PAR  A utility carriage 110, which is shown in the bottom right hand portion of
      FIG. 4, is provided in the present invention. The utility carriage 110 can
      be parked in a separate storage area 111 which is a part of the building
      50. The storage area 111 can include outer doors 112 so that the utility
      carriage 110 can be moved to other similar buildings or systems as
      desired. The utility carriage 110 not only has a set of flanged wheels for
      riding on the guide rails 75 as provided in the other carriages but
      includes a separate set of auxilliary wheels. The flanged and auxilliary
      wheels are driven by a self-contained power drive unit. The auxilliary
      wheels are of the steerable type so that the carriage can be moved
      independently along each of the floor areas 77 or 78 so as to move in and
      out of the aisles as desired.
PAR  The utility carriage 110 further includes an elevatable platform upon which
      an operator can stand so that any of the cages can be made accessible.
PAR  In addition, the elevatable platform is designed to support a plurality of
      holding cages 113 which can be used to transport poultry and includes a
      mechanism for automatically transferring the poultry to and from the
      holding cages and the production cages. Thus a novel arrangement is
      provided for automatically transferring the birds without human contact.
PAR  The holding cages 113 mounted on the utility carriage platform are of the
      same width and size as the production cages 70. These cages are grouped to
      form a horizontal row having the same number of cages as the group defined
      by the cage door raising bars 49. As the operator moves the utility
      carriage 110 along the aisle between cages, he aligns the holding cages
      113 with the corresponding production cages 70 to be filled. The floor 114
      of the holding cage 113 is positioned slightly above the egg trough 46 of
      the production cage floor 43.
PAR  The holding cages 113 are constructed primarily from open wire mesh
      material arranged in sections to form the various elements of the cages.
      Various sections of the cages double to form the transfer mechanism. The
      holding cages each include a floor 114, roof 116 and rear wall 115. Fixed
      sidewalls or partitions (not shown) form the individual cages within the
      group and positionally correspond with the partitions of the production
      cages 70.
PAR  The floor 114 which is fixed includes a pivoted end section 114a which
      swings upward to form the door or front of the holding cage. By pivoting
      the section 114a downward a ramp is formed between the holding and
      production cages. The rear wall 115 of the holding cage is vertically
      mounted and is capable of being moved toward the production cage. The
      various movable sections are interconnected by a linkage mechanism to move
      the sections in the proper order and sequence.
PAR  In operation, after properly aligning the utility carriage and holding
      cages, the operator actuates the transfer mechanism. The mechanism can be
      operated manually or powered by an electric motor as desired. The
      production cage door group 45 is raised by extending a rigid arm which
      pulls the doors in an upwardly direction until they are horizontal. The
      holding cage front section 114a lowers and the rear wall 115 moves forward
      to transfer the poultry to the production cages. Once the poultry is in
      the production cage the doors 45 are again lowered and latched in the
      partition clips 44a. The holding cages 113 can again be restocked by
      merely lifting the pivotal ceiling section 116a.
PAR  To remove poultry from the production cages 70, the above described
      operation is essentially reversed, the major differences being that the
      rear wall 115 remains stationary and the ceiling sections 116 and 116a
      move forward into the cage 70 with the forward end 116a pivoting downward
      to urge the poultry into the holding cage 113. The upwardly pivoting floor
      section 114a retains the birds in the cage as the ceiling section 116
      returns to its original position. It can be readily seen that a quick and
      automatic transfer operation is capable with the novel transfer mechanism
      provided in the present invention. An automatic transfer as described
      above is far less disturbing to the poultry than the manual capture and
      transfer methods presently in use.
PAR  This invention also provides a unique process for reusing the poultry
      manure collected by the manure carriage and deposited in the manure pit in
      the carriage replenishing area. The manure is transported from the pit to
      a separate processing area where it is subjected to a water percolation or
      leaching process whereby the undesirable or harmful ingredients in the
      manure can be removed so as to leave the palatable constituents in the
      form of a sludge. It is well known that the sludge or residue solid
      material of the poultry manure contains a substantial amount of unused
      carbohydrates and proteins present in the original feed which is not fully
      utilized in the poultry digestive system. In addition, certain vitamins
      generated by bacteria in the digestive tract have been found in the manure
      which can be of benefit to the poultry upon refeeding of the material.
PAR  It is intended that the reused manure sludge can be mixed with the feed in
      any proportion to obtain a desirable mixture. The residual water content
      of the sludge can be controlled, as desired, so that the manure-feed
      mixture can have any consistency required from a dry or wet mash to a
      semi-fluid slurry. Any of these feed types can be utilized in the
      appropriate feed trough arrangement described in the present system.
PAR  While an improved egg laying system has been shown and described in detail
      it is obvious that this invention is not to be considered to be limited to
      the exact form disclosed, and that changes in detail and construction may
      be made in the invention without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cage system for the production of poultry comprising:
PA1  a. an elongated, enclosed building having a roof, side walls and end walls,
PA1  b. a plurality of vertical support columns within said building to support
      the roof, said support columns being positioned equally spaced
      transversely and longitudinally within said building to form a plurality
      of longitudinal rows and aisles of equal width between said rows extending
      substantially the length of said building,
PA1  c. a plurality of longitudinal rows of tiered cages suspended from said
      columns so as to face each of said aisles,
PA1  d. a pair of parallel rails disposed longitudinally along the length of
      each of said aisles, the rails of each pair being arranged along the sides
      of said aisles and attached to said columns, the dimension between the
      rails of each pair being the same,
PA1  e. carriage means arranged to ride along said rails whereby said carriage
      means can be moved along the full length of each aisle to service the
      cages facing the aisles,
PA1  f. two open floor areas arranged at opposite ends of the building and
      adjacent to the ends of said aisles, said floor areas including guide
      means centrally located at the end of each aisle for receiving said
      carriage means and guiding the carriage means so as to direct it into
      another aisle whereby the carriage means will follow a continuous
      closed-loop path to service all of the rows of tiered cages,
PA1  g. power drive means mounted on said carriage means and arranged for moving
      the carriage means continuously in a single direction along each of said
      aisles to follow said closed-loop path, and
PA1  h. control means for controlling the movement of said carriage means
      whereby the cages can be serviced on a predetermined timed cycle so as to
      perform the necessary services such as feeding, egg collecting and
      cleaning of the cages.
NUM  2.
PAR  2. A cage system as defined in claim 1 wherein:
PA1  said support columns are interconnected near their midsection by a
      horizontal framework of structural members dividing the interior within
      the building into two or more separate sections, and
PA1  the cages mounted on said columns are divided so as to provide a separate
      cage system in each section, said cage systems being arranged in a
      symmetrical stacked configuration with each system containing a separate
      carriage means and floor areas to provide the closed-loop servicing path.
NUM  3.
PAR  3. A cage system as defined in claim 1 wherein:
PA1  said poultry cages are free of any feed troughs or water devices so as to
      reduce the necessary structural strength of the cages, and
PA1  the servicing carriage means provides the sole source of feed and water for
      the poultry as the carriage means are moved along the closed-loop path.
NUM  4.
PAR  4. A cage system as defined in claim 1 wherein:
PA1  the building enclosures means is substantially sealed to exclude outside
      light, and
PA1  said servicing carriage means includes lighting means for illuminating the
      area adjacent to the servicing carriage means so that a day-night
      situation is simulated for the poultry during each closed loop-cycle of
      the carriage means whereby egg production can be increased.
NUM  5.
PAR  5. A cage system as defined in claim 1 wherein:
PA1  a continuous sheet material wall means is attached along one side of each
      of the longitudinal rows of columns, and
PA1  said plurality of rows of poultry cages are suspended in cantilevered
      fashion from said wall means and columns.
NUM  6.
PAR  6. A cage system as defined in claim 1 wherein:
PA1  an upper guide rail means is longitudinally disposed along the center of
      each of the cage aisles and is arranged to extend between the aisles to
      correspond with the closed-loop path followed by the carriage means
      whereby the upper portion of the carriage means is guided during its
      movement along the cage aisles and between the aisles, and
PA1  said guide rail means is electrically insulated and connected to a source
      of electrical energy, said carriage means includes means connecting said
      electrical energy from said guide rails means to said power drive means
      for moving said carriage means along said closed-loop path.
NUM  7.
PAR  7. A cage system as defined in claim wherein:
PA1  said carriage means includes a plurality of servicing carriages, each
      arranged to perform an individual function, and said plurality of
      carriages being connected in tandem with the lead carriage including said
      power drive means for moving said plurality of carriages around said
      closed-loop path.
NUM  8.
PAR  8. A cage system as defined in claim 1 wherein:
PA1  the number of aisles formed by said cage rows in an even number whereby the
      carriage means passes along the aisles in the same direction each time
      while following said closed-loop path.
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ABST
PAL  A multipurpose portable animal care unit is disclosed which serves as a pet
      sanitizer. The unit comprises a container having a displaceable cover and
      having a rigid wall structure including a plurality of orifices which are
      selectively opened or closed by a corresponding plurality of displaceable
      closures. The unit is, in the alternative, usable to either bathe and
      scrub or to rinse or to fumigate an animal placed therein. Additionally,
      the unit may also serve as a convenient, practical means to transport the
      animal. Means are also provided to accommodate varying sized animals in
      the unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention generally relates to a portable apparatus for treating
      household pets and more particularly to such apparatus for alternatively
      bathing, rinsing or fumigating such household pets, or for transporting
      such pets.
PAR  2. Description of the Prior Art
PAR  A great many devices are known which provide means for treating animals
      placed therein, either for purposes of washing, grooming, or fumigation.
      These devices appear to be deficient in that none of them is adapted to
      treat a variety of animal sizes within a single unit which may be used to
      scrub and bathe, or rinse, or fumigate such animals. Additionally, no such
      prior devices show such a single unit which is also portable and rigid
      enough to serve as a means for firmly retaining and for transporting
      whatever animals may be placed therein.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a simple
      apparatus comprising a single unit which will serve to transport, bathe
      and scrub, rinse, and fumigate an animal placed therein.
PAR  It is a further object of this invention that such a unit be adaptable to
      conveniently handle various sized animals.
PAR  It is another object of this invention to provide such a unit which is
      sufficiently rigid to contain and restrain the animal being treated or
      transported.
PAR  Accordingly, the present invention overcomes the disadvantages of the prior
      art devices by providing a structurally simple unit comprising a container
      having a rigid, open-top structure for receiving animals for treatment.
      The opening in the container top provides access to the interior of the
      container for inserting and removing animals to be treated. A cover is
      mounted to the container for movement between a lowered position which
      closes the opening and a raised position which permits access to the
      opening. A pair of recesses are formed in the container and cover,
      respectively, which recesses, when the cover is in its lowered position,
      mate to form a passage for receiving the neck of any animal in the
      container allowing that animal's head to remain exterior of the container.
      A plurality of spaced orifices are disposed throughout the entire
      peripheral wall structure of the container and at least one orifice is
      disposed in the container cover. Means are also provided for selectively
      opening and closing those orifices. Finally, a drain is disposed in the
      container wall proximate the bottom of the container.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the pet sanitizer, an animal care unit
      incorporating the subject invention, with the cover in the raised
      position.
PAR  FIG. 2 is an end elevation view of the unit in FIG. 1 with the cover in the
      lowered position.
PAR  FIG. 3 is a perspective view similar to FIG. 1, but with the cover in the
      closed position and with an adaptor plate assembly mounted over the
      container passage.
PAR  FIG. 4 is an elevation view in section of the unit shown in FIG. 3, with an
      animal disposed therein and supported on a raised platform.
PAR  FIG. 5 is a front elevation view of a two-piece adaptor plate assembly for
      use in conjunction with the unit.
PAR  FIG. 6 is a perspective view of a raised platform used in conjunction with
      the unit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, FIG. 1 shows the pet sanitizer, an animal care
      unit embodying the subject invention. More particularly, the animal care
      unit 11 comprises a container 13 having a rigid peripheral wall structure
      and an open top 15 through which animals to be treated in the unit are
      inserted or removed. A cover 17 is mounted to the top of the container 13
      adjacent the opening 15. The container 13 and cover 17 may be made of an
      opaque or translucent polyethylene type material. Alternatively, a
      transparent material may be employed to facilitate treatment of the animal
      by enabling a user to view the animal through the unit's structure during
      treatment.
PAR  The cover is adapted to move between a raised position shown in FIG. 1,
      where the unit 11 is open and access can be had to the opening 15, and a
      lowered position (see FIG. 2), where the unit 11 is closed and no access
      can be had to the opening 15. A recess 19a is provided along the top of
      one end wall of the container 15. A corresponding recess 19b is provided
      in the corresponding end of the cover 17. When the cover 17 is in its
      lowered position, recesses 19a and 19b mate to form a passage 21 (see FIG.
      2) in the unit 11. When the body of an animal is inserted in the open
      container, the recess 19a receives the neck of the animal and the animal's
      head is permitted to extend to the exterior of the container. Thereafter,
      when the cover 17 is moved to its lowered position, the animal's neck is
      firmly retained within the passage 21 thus formed and the animal's
      movements are thus limited. With the animal so restrained, both treatment
      and transport of the animal within the unit 11 are facilitated.
PAR  To provide communication between the interior and exterior of the container
      for the various treating fluids used on the animal being treated therein,
      a plurality of spaced orifices 23 (only some of which are noted) are
      disposed throughout the entire container periphery defined by the rigid
      walls of the unit 11. A corresponding plurality of closures (25) are
      mounted to the container exterior proximate the orifices 23. The closures
      25 are adapted to be displaceable so that they may be moved into and out
      of a blocking relationship with the orifices 23 thereby to either prevent
      or permit the passage of treating fluids through those orifices. In a
      particular embodiment, the closures 25 may be disc-shaped members having a
      diameter greater than the diameter of the circular orifices 23. The discs
      may be pivotally mounted so that they pivot, about a fixed point, into and
      out of blocking relationship with the closures 23. The orifices 23 and
      closures 25 can be disposed both in the container 13 and in the cover 17.
PAR  As shown in FIG. 3, to accommodate various sized animals in a single sized
      animal care unit, a rigid adapter plate assembly 29 is utilized to reduce
      the diameter of the container passage 21. The assembly comprises a pair of
      adapter similar plate members 30, shown in detail in FIG. 5. Each plate
      member 30 has a similar recess disposed along one of its edges. The plate
      members are mounted, respectively, to the cover and to the container, at
      the end of the unit containing the passage 21. The plate members 30, so
      mounted, are oriented so that when the cover 17 is moved to its lowered
      position, the adapter plates will abut and their respective recesses will
      mate to form a circular or other shaped passage 31 which mates with, but
      which is dimensionally smaller than the passage 21. If desired, the mating
      passages 21 and 31 may be coaxially aligned. In any case, by using the
      rigid adapter plate assembly 29, smaller-necked animals can be readily and
      firmly retained in the animal care unit. Additionally, small-sized animals
      are supported in the unit, as shown in FIG. 4, by means of an elevated
      platform 33 (see FIG. 6) which is disposed in the bottom of the container
      13.
PAR  To facilitate portability of the unit, a handle 35 is provided which is
      supported on the cover 17. Additionally, any conventional locking means
      may be provided to interlock the cover to the container.
PAR  Finally, a drain 37 is provided in one end wall of the container proximate
      the container bottom to eliminate accumulated fluids which have been used
      in treating the animal in the container (see FIG. 4).
PAR  In the operation of this unit, initially the size of the animal is compared
      with the animal care unit. Assuming that the animal will fit within the
      animal care unit, if the animal is substantially smaller than the unit, an
      appropriate sized platform 33 is disposed in the bottom of the container
      13 to support the animal to be inserted therein. Cognizance is taken of
      the neck size of the animal and appropriately sized adapter plate members
      30 are then mounted to the container and cover end proximate the container
      passage 21. Subsequently, when it is desired to bathe and scrub the
      animal, all of the discs 25 are moved into blocking relationship with
      respect to the orifices 23. Water or other cleaning fluid is applied to
      the animal and it is scrubbed. The water or other cleaning fluid then
      accumulates in the container 15. During this procedure, the cover 17 is
      left in its upright position to permit free and total access to the
      animal.
PAR  When it is desired to rinse the animal off, the drain plug 37 is opened to
      drain the accumulated fluid from bathing and scrubbing. Subsequently, a
      rinsing spray is applied, either through the container opening 15, or, if
      the cover is closed to confine the animal's movement, through the orifices
      23 which have been opened by displacing the discs 25 from a blocking
      relationship. The drain plug 37 may be left open to allow the rinse water
      to pass through the container and then out.
PAR  After the animal has dried, it may be desirable to apply a fumigant. This
      is achieved by opening one or more of the orifices 23. Subsequently, the
      cover 17 is moved to its lower position so that the adapter plate assembly
      29 is closed about the neck of the animal. The cover can then be locked to
      the container. Now fumigant is applied to the animal by spraying it
      inwardly into the container through the open orifices 23. The fumigant
      will permeate the atmosphere of the container and delouse or otherwise
      treat the animal. Once the fumigant has been applied, all of the orifices
      may be blocked off to retain the fumigant within the unit and permit such
      fumigant to act on the animal in the unit. After the fumigation procedure
      is completed, the cover may be opened and the animal may be removed.
PAR  It is clearly evident from FIG. 4, that by having a plurality of orifices
      spaced throughout the container cover and periphery, only selected ones
      need to be opened at any given time to permit application of washing,
      rinsing, or other treating fluids through such open orifices and against
      the body portions of the animal directly adjacent such open orifices. By
      such direct application of such fluids, the directly adjacent body
      portions of the animal are effectively treated.
PAR  The animal care unit, by virtue of its rigidity and its handle, is
      convenient for transporting any animal supported therein. Because the unit
      can be adapted to comfortably fit an animal therein, the animal will be
      generally firmly restrained and not have unnecessary freedom of movement
      as the container unit is moved. Moreover, the rigidity of the container
      will provide additional support.
PAR  While having shown and described a particular embodiment of my invention,
      it will be understood that various changes and modifications may be made,
      thereto, without departing from the spirit and scope of my invention as
      defined in the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A multipurpose animal care unit for transporting bathing, rinsing, and
      fumigating an animal, comprising:
PA1  a. an open-top container including a rigid wall defining the container
      periphery, said container receiving the body of the animal;
PA1  b. a cover adapted for mounting on said container to open and close the
      open top of said container;
PA1  c. a pair of opposed recesses formed respectively in said container and
      said cover, whereby when said cover is in its closed position, said
      recesses mate to form a passage for receiving the neck of the animal and
      allowing its head to remain outside of said container;
PA1  d. said cover having at least one orifice and said container wall having a
      plurality of orifices disposed in spaced relationship throughout the
      entire container periphery so as to provide direct access to all body
      portions of the animal;
PA1  e. means for selectively opening and closing said orifices comprising a
      corresponding plurality of displaceable closures, respective ones of
      closures connected with the exterior wall of said container proximate said
      orifices; and
PA1  f. said container wall having a drain opening proximate the bottom of said
      container, whereby a fluid may be directed into said container through
      selective ones of said orifices to treat body portions of the animal
      adjacent said selective orifices.
NUM  2.
PAR  2. The animal care unit of claim 1 further comprising:
PA1  a. an adapter plate assembly having a passage therein smaller than said
      passage in said container, said assembly removably mounted to said
      container so that said assembly's passage communicates with said passage
      in said container, said assembly comprising a pair of similar plate
      members, each plate member having a recess along one of its edges, said
      plate members mounted respectively on said container and said cover, with
      said recesses in said plate members mating to form said passage in said
      assembly; and
PA1  b. a removable platform adapted to be placed on the floor of said container
      so as to elevate the level at which said animal is supported therewithin,
PA1  whereby the animal care unit facilitates the treatment of varying sized
      animals with a single basic unit.
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ABST
PAL  A farrowing bed for disposition within a hog house is provided and the bed
      comprises an elongated frame-like structure including a first pair of
      opposite side longitudinal members rigidly interconnected at corresponding
      opposite ends and adapted to rest upon the floor of a hog house. A second
      pair of opposite side longitudinal members generally paralleling and
      rigidly supported at their opposite ends from the first pair of
      longitudinal members at an elevation thereabove and with the second pair
      of members spaced slightly outwardly of remote sides of vertical planes
      containing the first pair of members are also included in the framework.
      Further, a third pair of longitudinal members supported at their opposite
      ends from the first pair of members in positions spaced outwardly of
      remote sides of the second pair of members are further included in the
      framework and may oppose, along their remote sides, the opposite inner
      surfaces of the side walls of a hog house in which the bed is disposed. By
      disposition of the farrowing bed within the hog house which is
      approximately five feet wide and six feet long a sow is maintained in the
      center of the hog house and the pigs are protected from the sow when they
      are disposed along the sides of the hog house outwardly of the
      aforementioned first and second pairs of longitudinal members. The third
      pair of members assist in maintaining the farrowing bed in centered
      position within the hog house although opposite ends of the frame-like
      frame defined by the farrowing bed may be anchored to front and rear wall
      portions of the hog house if desired. In addition, the aforementioned
      third pair of longitudinal members prevent a sow from gaining access to
      the opposite side areas of the interior of an associated hog house
      disposed outwardly of the second pair of longitudinal members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  When a plurality of five to ten sows are in a pasture with their pigs
      problems arise when the sows farrow in that several sows will attempt to
      farrow in two or three hog houses with the result that the hog houses are
      crowded and some of the pigs are forced into hog houses without sows.
      These pigs can become chilled without the body heat of a sow in the hog
      house. Further, pigs, during the time from farrowing to weaning time,
      often become injured as a result of movement of a heavy sow within a hog
      house into the areas of the hog house occupied by several pigs.
PAR  Although various types of structures have been heretofore designed to
      accommodate sows and to prevent sows from crushing pigs when farrowing
      these previously designed structures have, for the most part, proven
      ineffective in certain areas of operation.
PAR  Examples of previously patented structures of these types may be found in
      U.S. Pat. Nos. 2,602,419, 2,993,471, 2,966,883, 3,106,188 and 3,237,600.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The portable farrowing bed is designed for disposition within a hog house
      having a length of approximately six feet and a width of approximately
      five feet. The farrowing bed is provided to exclude the entrance of more
      than one hog into the hog house and to also prevent the hog from occupying
      opposite side portions of the hog house whereby these portions of the hog
      house comprise areas in which pigs within the house will be protected
      against injury by a sow.
PAR  The main object of this invention is to provide a portable farrowing bed
      that may be readily disposed within a hog house of conventional dimensions
      for the purpose of protecting pigs from farrowing time to weaning time.
PAR  Another object of this invention is to provide a farrowing bed for
      disposition within a hog house and which is constructed in a manner to
      preclude the entrance of more than one sow into the hog house at a time.
PAR  A still further object of this invention, in accordance with the
      immediately preceding object, is to provide a farrowing bed which will
      allow a sow within an associated hog house to turn around within the hog
      house.
PAR  Yet another object of this invention is to provide a farrowing bed which
      may be utilized in conjunction with substantially any standard size hog
      house.
PAR  A final object of this invention to be specifically enumerated herein is to
      provide a portable farrowing bed which will conform to conventional forms
      of manufacture, be of simple construction and easy to use so as to provide
      a device that will be economically feasible, long lasting and relatively
      trouble free in operation.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numereals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view of a conventional form of hog house with
      the farrowing bed of the instant invention disposed therein;
PAR  FIG. 2 is a perspective view of the frame-like farrowing bed of the instant
      invention;
PAR  FIG. 3 is a top plan view of the farrowing bed; and
PAR  FIG. 4 is a transverse vertical sectional view taken substantially upon the
      plane indicated by the section line 4-4 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now more specifically to the drawings, the numeral 10 generally
      designates a conventional form of hog house including upstanding upwardly
      convergent opposite side walls 12 and 14 interconnected along their upper
      marginal edge portions by means of a top wall 16 extending therebetween.
      The rear end of the hog house 10 is closed by means of a rear wall 18 and
      the front end of the hog house 10 includes upstanding opposite side
      framing members 20 and 22 interconnected at their upper ends by means of
      an upper transverse framing member 24 and at their lower ends by means of
      a lower transverse framing member 26 adapted, together with the lower
      marginal edge portions of the side walls 12 and 14 and the rear walls 18,
      to rest upon the ground.
PAR  The farrowing bed of the instant invention is referred to in general by the
      reference numeral 30 and includes a first pair of opposite side elongated
      longitudinal members 32 and 34 comprising upwardly and inwardly opening
      angle members and interconnected at corresponding front and rear ends by
      means of front and rear lower transverse members 36 and 38 which also
      comprise angle members, the angle members 36 and 38 opening upwardly and
      inwardly toward each other.
PAR  The lower ends of a pair of upstanding and slightly upwardly divergent
      angle members 40 and 42 are rigidly secured to the forward ends of the
      longitudinal members 32 and 34 and the corresponding opposite ends of the
      front transverse member 36. In addition, a corresponding pair of rear
      upstanding angle members 44 and 46 which are slightly upwardly divergent
      are rigidly secured to the rear ends of the longitudinal members 32 and 34
      and the corresponding opposite ends of the rear transverse member 38.
PAR  An upper rear transverse angle member 48 is rigidly connected between the
      upper end portions of the rear members 44 and 46 and a pair of second
      longitudinal members 50 and 52 comprising tubular pipe members are
      supported from and extend between the upper ends of the members 40 and 42
      and the opposite ends of the upper transverse member 48.
PAR  The front end of the bed 30 further includes a pair of outwardly projecting
      and slightly outwardly and upwardly inclined support members 54 and 56
      whose inner lower ends are rigidly attached to the upper ends of the angle
      members 40 and 42. Also, the rear end of the bed 30 includes a pair of
      similar outwardly projecting and slightly upwardly and outwardly inclined
      support members 58 and 60 whose inner lower ends are rigidly anchored to
      the upper ends of the members 44 and 46.
PAR  A third pair of longitudinal members slightly elevated in relation to the
      second longitudinal members 50 and 52 extend between the outer ends of the
      support members 54 and 56 and the support members 58 and 60, the third
      pair of longitudinal members being designated by the reference numerals 62
      and 64 and also comprising tubular pipe members.
PAR  Opposite ends of the forward lower transverse member 36 may be provided
      with forwardly projecting studs for securement through the lower frame
      member 26 of the hog house 10, if desired. However, the remote sides of
      the third pair of longitudinal members 62 and 64 oppose the inner surfaces
      of the side walls 12 and 14 of the hog house 10 and therefore serve to
      maintain the farrowing bed 30 in approximate centered position within the
      hog house 10.
PAR  The second pair of longitudinal members 50 and 52 are disposed on remote
      sides of vertical longitudinal planes containing the first pair of
      longitudinal members 32 and 34 and in this manner sufficient protection
      along the side walls 12 and 14 of the hog house is afforded for pigs
      within the hog house 10. However, the spacing between the second pair of
      longitudinal members 50 and 52 is such that a sow disposed therebetween
      may turn around within the hog house 10. Further, the third pair of
      longitudinal members 62 and 64 prevent a sow from gaining access behind
      the second pair of longitudinal members 50 and 52 and getting bedding from
      the pigs in the opposite side portions of the hog house 10. The latter is
      a very important feature of the instant invention in that there is a
      natural tendency for sows to rake straw or bedding into a pile and then
      lay on it. At times, when she is farrowing, she rakes bedding, pigs and
      anything else that may be within her reach into a pile and lays on it.
      Also, although the longitudinal members 50 and 52 are spaced apart
      sufficiently to enable a sow to turn around within the house 10, the
      longitudinal members 50 and 52 tend to make the sow lay down on her
      stomach instead of falling heavily on one side and possibly on some of her
      pigs. Of course, the interior side portions of the hog house 10 disposed
      outwardly of the first and second longitudinal members 32, 34, 50 and 52
      are those areas within the house 10 in which pigs are reasonably safe
      against injury by the sow.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A portable farrowing bed for disposition within a hog house, said bed
      being elongated and including a first pair of opposite side longitudinal
      members rigidly interconnected at corresponding opposite ends and adapted
      to rest upon the floor of a hog house, a second pair of opposite side
      longitudinal members generally paralleling and rigidly supported at their
      opposite ends from said first pair of longitudinal members at a first
      elevation thereabove and with said second pair of members spaced slightly
      outwardly of remote sides of vertical planes containing said first pair of
      members, and a third pair of longitudinal members supported at their
      opposite ends from said first pair of members in positions spaced
      outwardly of remote sides of said second pair of members, said third pair
      of members being adapted to abut, along their remote sides, the opposing
      inner surfaces of the side walls of a hog house in which said bed is
      disposed, a horizontal transverse member extending and secured between one
      pair of corresponding ends of said second longitudinal members.
NUM  2.
PAR  2. The combination of claim 1 wherein said third longitudinal members are
      spaced slightly above a generally horizontal plane containing said second
      pair of members.
NUM  3.
PAR  3. The combination of claim 1 wherein said second pair of longitudinal
      members comprise cylindrical members.
NUM  4.
PAR  4. The combination of claim 4 including a pair of horizontal transverse
      members extending and rigidly secured between said corresponding opposite
      ends of said first longitudinal members by which the latter are rigidly
      interconnected.
NUM  5.
PAR  5. A portable farrowing bed for disposition within a hog house, said bed
      being elongated and including a first pair of opposite side longitudinal
      members rigidly interconnected at corresponding opposite ends and adapted
      to rest upon the floor of a hog house, a second pair of opposite side
      longitudinal members generally paralleling and rigidly supported at their
      opposite ends from said first pair of longitudinal members at a first
      elevation thereabove and with said second pair of members spaced slightly
      outwardly of remote sides of vertical planes containing said first pair of
      members, and a third pair of longitudinal members supported at their
      opposite ends from said first pair of members in positions spaced
      outwardly of remote sides of said second pair of members, said third pair
      of members being adapted to abut, along their remote sides, the opposing
      inner surfaces of the side walls of a hog house in which said bed is
      disposed, a pair of opposite side upstanding and upwardly divergent
      upright members at each end of said bed, the lower ends of each pair of
      upright members being ridigly secured to the corresponding ends of said
      first pair of elongated members, the upper ends of each pair of upright
      members being rigidly secured to the corresponding ends of said second
      pair of elongated members.
NUM  6.
PAR  6. The combination of claim 5 wherein said third longitudinal members are
      spaced slightly above a generally horizontal plane containing said second
      pair of members.
NUM  7.
PAR  7. The combination of claim 6 including a horizontal transverse member
      extending and secured between one pair of corresponding ends of said
      second longitudinal members.
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PAL  An actuator-float for animal operation and automatically lifting and
      thereby closing the valve of a waterer cup, or the like, when filled to a
      predetermined level, and particularly adapted to animal waterer systems
      wherein water pressure is relied upon for maintaining the normally closed
      condition of said valves.
BSUM
PAC  BACKGROUND
PAR  The watering of fowl and other animals involves waterers of advanced design
      immediately responsive to demands of the animal without excessive release
      of water. Such systems are operated at low pressures and a typical system
      involves a multiplicity (hundreds--thousands) of individual waterer cups
      and each with its control valve. Valve controlled waterer cups of the type
      under consideration are self-cleaning by utilizing the animal habits to
      advantage in cooperation with the waterer structure; and in general such
      systems are highly satisfactory. However, the water pressure is relied
      upon for effecting the normal valve closures and in the event of total
      loss of pressure in the water supply, difficulties arise in reinstating
      system operation. That is, extensive waterer systems will not build up
      sufficient pressure in the relatively short length of time required before
      flooding will occur, and in some instances might never build up pressure
      because of the total open condition. Therefore, in the event of a
      catastrophe or power failure due to storms, etc. and beyond human control,
      extensive waterer systems of the type under consideration must be shut
      down and restarted, and all of which is time consuming and can occur when
      man power is not available. Therefore, it is an object of this invention
      to provide means by which each individual waterer is protected against
      flooding by providing a float control for the valve thereof.
PAC  FIELD OF INVENTION
PAR  From the foregoing and with the aformentioned idea of means as the solution
      thereof, it must be borne in mind that fowl and the like are rather small
      animals that are raised in multitudes and that the waterers therefore are
      correspondingly small and employed in great numbers. Therefore, the valves
      controlling the waterer cups are minute and the smallness of the cups
      cannot be encumbered in any way detrimental to feeding. In this respect
      the state of the art includes valve controlled waterer cups which include
      backflow preventors and discharge cleaners, and all of which is related to
      the cup configuration and normal water level therein coordinated with the
      animal feeding habits. In practice, each waterer cup and valve has an
      actuator especially adapted to be operated by the animal to open the valve
      and thereby supply water on demand. Consequently, a large float mechanism
      that would interfere with the said actuator cannot be tolerated and it is
      to this end that an object of this invention is to provide an
      actuator-float which is effectively small and located where it does not
      interfere with drinking.
PAR  Further, floats must be bouyant in order to be effective, and either solid
      or hollow floats are sinkable, there being the liklihood of water logging
      or leaking. Still further, there is an extensive use of plastics in
      fabricating such waterers, and a plastic float assembly indestructible by
      the fowl is a requirement. To these ends therefore, it is an object of
      this invention to provide a substantially indestructible non-sinkable
      actuator-float of plastic material for the purposes hereinabove set forth
      and which is readily adapted to waterer units as they are presently
      manufactured. With the present invention continued use of the waterer is
      not detrimental to the actuator-float hereinabove described, and in the
      event of subsiding water pressure and a depression of the water level the
      float, by virtue of its configuration, is emptied of water and its
      floatation capability renewed.
PAC  SUMMARY OF INVENTION
PAR  This invention relates to a valve actuator-float for animal waterers and
      the like and provides therefor a positive shut-off of the water supply
      thereto. The principles of floatation are employed and the invention
      resides in a unique actuator-float X that functions to admit water and to
      limit the water level within each waterer unit regardless of the pressure
      potential in the existing water supply. Normally, it is the said pressure
      potential which serves to maintain valve closure, with a valve actuator
      exposed to the animal for momentary operation through opening of said
      valve. Waterers in which the actuator-float X is combined are provided to
      be used in large numbers applied onto manifold pipes A. In practice, the
      manifold pipes A and waterer units B are associated with poultry pens,
      cages and yards wherein different levels are involved and there are
      variations in water pressures. The operative water pressures normally vary
      from 4 to 16 lbs. per square inch, and regardless of any pressure changes
      it is required that the waterers each maintain a constant normal level
      therein. Each waterer unit B is complete and operative in itself when
      applied to the manifold A to have its complete range of functions and at
      each waterer unit B there is a shut-off valve V operable by the natural
      habits and instinctive actions of the poultry, and there is a check valve
      filter F. In practice the manifold A is comprised of a pipe with like or
      identical and equally spaced upwardly faced openings 10 displaced in a
      common plane. The waterer units B are threaded into said openings and each
      is equipped with the actuator-float X which is effective to prevent
      flooding regardless of water pressure fluctuations.
DRWD
PAC  DRAWINGS
PAR  The various objects and features of this invention will be fully understood
      from the following detailed description of the typical preferred form and
      application thereof, throughout which description reference is made to the
      accompanying drawings, in which:
PAR  FIG. 1 is an elevational view showing waterers as they are installed upon a
      manifold.
PAR  FIG. 2 is an enlarged sectional view showing the actuator-float combined
      with the waterer and taken as indicated by line 2--2 on FIG. 1.
PAR  FIG. 3 is an enlarged section of the combined waterer valve and
      actuator-float, advantageously utilizing the prior art actuator.
PAR  FIG. 4 is a view showing the actuator and float combination of and taken as
      indicated by line 4--4 on FIG. 2.
PAR  FIG. 5 is a view similar to FIG. 3 illustrating a second embodiment of the
      combined actuator-float of the present invention.
DETD
PAC  PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the actuator-float X as best illustrated in
      FIG. 2, is an inverted chamber that opens downwardly so as to entrap a
      volume of air sufficient for floatation of the shut-off valve V and
      involves an actuator body that enables the animal to pivot the valve V for
      its actuation with consequent release of water on demand.
PAR  The cups at each waterer unit B are alike or identical and are provided to
      receive and to dispense water from the manifold A, and each is a
      vertically disposed vessel-shaped part open at its top 11 and provided
      with a ported bottom 12 concaved for engagement on and in communication
      with the manifold. The cup is a cone-shaped part with outwardly flared
      side walls 13 that terminate at the top 11, the top being in the form of a
      flat horizontally disposed peripheral flange. In practice, the top 11 is
      approximately three inches in diameter and tapers inwardly toward the
      bottom 12 approximately one inch in diameter. This particular
      configuration has been found to be successful in serving chickens, the cup
      being a molded plastic material or the like.
PAR  The shut-off valve V couples the cup of the waterer unit B to the manifold
      A and in controlled communication with the interior of said manifold. The
      valve V has a body 15 in the nature of a coupler having a shoulder 16 to
      clamp downwardly upon the top side of the bottom 12, and having a threaded
      depended cylindrical wall 17 threadedly engaged with the opening 10. Thus,
      the valve body 15 clamps the cup in working position on the top side of
      the manifold pipe, with sealed engagement by virtue of the plasticity in
      said body 15.
PAR  The body 15 of the valve V is fashioned to cooperatively carry the valve
      parts which control the supply of water to the cup. Functionally, it is
      desired that the cup be automatically and quick filled to 1/2 or 3/4 its
      height when fluid pressure is initially supplied to the system, and that
      only the fowl in drinking therefrom reduce that level before the cup is
      again refilled. And, these functions are automatic and inherent in the
      valve V which involves, generally, a valve seat 20, a valve pin 30, a
      valve seal 40, a baffle 50, and an actuator body 55. The assembly of parts
      which forms the valve V is characterized by the valve pin 30 extending
      loosely through the body 15 and thereby capturing the seal 40 and baffle
      50 in operating position relative to the body. The actuator body 55 is
      applied onto the valve pin 40 in a manner to hold the valve parts in the
      assembled condition.
PAR  The body 15, as hereinabove described, is a cylindrical part that is
      threaded into the manifold A to clamp the cup in operative position.
      Further, the body 15 functions as a duct for delivery of water from the
      manifold into the cup, and to this end has an opening therethrough. As
      shown, the opening through said body comprises an enlarged cylindrical
      chamber 18 of substantially greater cross-section than the valve part that
      operates therein, and so that said part is free to move laterally therein.
      In practice, the chamber 18 is established as by drilling on an axis
      concentric with the body 15. In accordance with the invention the valve
      seat 20 is formed as by the angular leading cutting edges of a drill,
      preferably disposed at a 30.degree. angle extending inwardly to a central
      discharge port 19 that opens at the top 21 of the body. Again, the port 19
      is of such diameter as to pass the valve part extending therethrough with
      substantial clearance, and the annular valve seat 20 immediately underlies
      the top 21 and adjoins said top at the relatively sharp corner or minimum
      radius, as shown. Also, the top 21 is a flat smooth surface disposed in a
      plane normal to the longitudinal axis of the body 15.
PAR  The valve pin 30 is a straight shaft-like part adapted to enter into the
      cylindrical chamber 18 from above the top 21, to be operated by the
      actuator body 55 and to operate the valve seal 40 relative to the valve
      seat 20. The valve seat 20 faces downwardly at the top of the chamber 18
      while the valve pin 30 depends into the chamber through the port 19, where
      it has an annular shoulder 29 that opposes the seat 20. That is, the outer
      diameter of the shoulder 29 is substantially greater than the inner
      diameter of the port 19. Thus, the valve pin 30 presents a straight and
      upstanding shaft-like part that normally extended along the axis of the
      body 15 projecting through the port 19 with clearance so as to permit a
      rocking movement to be described.
PAR  The valve seal 40 is an annular part that surrounds the valve pin 30 and is
      captured in working position between the valve seat 20 and shoulder 29. In
      accordance with the invention the valve seal 40 and valve pin 30 are
      biased against the valve seat 20 entirely by water pressure within the
      chamber 18, and in order to have sealing engagement the seal has a rim
      that has circular engagement with the said seat 20. In its preferred form
      the seal 40 is an O-ring that closely and/or frictionally surrounds the
      valve pin 30 to be carried with the pin in engagement with the shoulder
      29. Thus, the sealing rim is the outer and upper quarter peripheral face
      of said O-ring. In accordance with the invention, the outer diameter of
      the valve seal 40 is substantially smaller than the inner diameter of
      chamber 18 surrounding the valve seat 20, in order to establish a flow
      restricting passage of annular configuration. And, as a result of the
      valve seat and valve seal closeness hereinabove described there is a
      lifting and centering action as water expells upwardly through the annular
      oriface existing between the valve seat 20 and valve pin 30, as well as a
      centering action when the valve seal 40 engages on the cone-shaped valve
      seat 20. As a result, the valve pin 30 is biased and centered as and when
      water pressure is applied.
PAR  The baffle 50 is a plate-like part that slips over the valve pin 30 to
      overlie the top 21 of the body 15. In practice, the baffle 50 is a disc of
      plastic material adapted to seal with the top 21 when engaged therewith
      and to diffuse water discharged when valve V is opened. To this end the
      baffle 50 has a downwardly disposed peripheral lip 51 that engages the top
      21 along a line of contact circumscribing the port 19. In practice, the
      said slip fit permits the baffle 50 to drop freely onto the top 21, and
      alternately to lift off the top when flow of water occurs. Normally,
      however, the baffle drops by gravity and engages the top 21 so as to
      preclude the downward precipitation of particles to the port 19.
PAR  The actuator-float X is provided to pivot and/or to lift the valve pin 30
      and valve seal 40 carried thereby, the fulcrum of said pivotable movement
      being the peripheral engagement of seal 40 on the valve seat 20. The
      actuator-float X is coaxially affixed to the valve pin 30 and is adapted
      to cause axial and radial displacements of said valve pin, and involves a
      head 56 affixed to the upper end of the valve pin 30, an actuator flange
      62 to be pecked at and/or nudged laterally so as to cause momentary
      misalignment of the valve pin, and a float 55 carried by the valve pin 30
      to close the valve V when the waterer cup is filled (see FIG. 2). In the
      form of the invention shown in FIGS. 1-4, the head 56 is pressed onto the
      upper portion of the valve pin 30 and carries an extensive actuator flange
      57 that overlies and protects the entire valve V. The actuator flange 57
      is a disc that is normally disposed in a plane parallel to the top 21 and
      with its periphery terminating substantially short of and concentric with
      the wall 13 of the cup. As shown, the head 56 is provided with a blind
      bore 58 pressed onto the valve pin 30 so as to have a stopped location
      thereon, and the actuator flange 57 is a separate part snapped into a
      groove formed externally in the head 56.
PAR  In accordance with this invention I provide a float 55 which is combined
      with the actuator flange 57 to provide for the dual functions of valve
      operation by the fowl to admit water and float operation to stop water
      admission. The first mentioned operation by the fowl is permitted by
      substantial lateral clearances, while the second mentioned floatation
      operation is permitted by the substantial longitudinal clearances (see
      FIGS. 3 and 5). The latter floatation operation is automatic with the
      provision of the float 55 which is an inverted cup-shaped body, preferably
      of hemispherical domed configuration having inner and outer diameter walls
      60 and 61 terminating at a peripheral and radially extended flange 62 at
      its mediam plane. Thus, the float body is open at its lower median plane
      which is normally horizontal but tipped when the valve V is operated to
      open or when water pressure is relaxed. As shown, the float 55 is provided
      with an annular groove 63 to receive the periphery of the actuator flange
      57 which snaps therein by forcing the parts together and deflecting the
      float so as to stretch it over the flange. The actuator flange 57 is
      segmented into separated spokes for facilitating assembly, there being
      openings and therethrough into the domed float chamber. The external
      flange 62 is complementary to the perimeter of actuator flange 57 and is
      engageable by the fowl (pecked at) to be moved laterally and thereby open
      the valve.
PAR  Referring now to FIG. 5 of the drawings and to the second form of the
      invention, the actuator-float X' is essentially the same as the first form
      hereinabove described and involves a head 156 affixed to the upper end of
      the valve pin 30, and a float 155 carried by the valve pin 30 to close the
      valve V when the waterer cup is filled. In this preferred form of the
      invention the previously described actuator flange 57 is eliminated and
      the float 155 can be directly applied to the valve pin 30. In practice,
      however, the head 156 is employed with its blind bore 158 for location,
      and a thin-walled tubular extension 154 depends from the float 155 with a
      press fit onto the head 156. The float has an actuator flange 157 at its
      lower periphery and the entire bottom of the float chamber remains open.
PAR  The check valve filter F provides protective functions which enable the
      shut-off valve V to be reliable in its operation. The check valve filter F
      involves the body 15 and establishes a releasable closure for the
      cylindrical chamber 18 therein, in open communication within the pipe of
      manifold A. In accordance with the invention, the check valve filter F
      involves but two parts, a movable poppet 60 and a fixed retainer 70. The
      poppet 60 is reciprocably operative as a result of water flow through the
      chamber 18 and when seated upon the retainer 70 water is entrapped within
      the said chamber. It is the cylindrical chamber 18 in which the poppet 60
      is operable to be lifted by the dynamics of liquid flow and to be returned
      to a seated position by gravity when conditions are static.
PAR  From the foregoing it will be apparent that a very practical arrangement of
      few and simple parts characterizes the present invention. The waterer
      units B are automatically filled when sufficient water pressure is
      initially applied so as to close the valve V by the application of fluid
      flow. Each waterer unit is independently operable in establishing its own
      plentiful water level to automatically fill and to maintain the same
      approximate level. Normally, the shut-off valve V closes the upper end of
      chamber 18 and thereby stops the delivery of water therethrough and so
      that the poppet 60 drops onto the retainer seat 72. As a result, a body of
      water is entrapped within the chamber 18 and isolated from both the source
      within manifold A and from the supply delivered into the waterer cup. The
      reciprocal movement and misalignment of the filter rod 65 has its function
      of scrubbing away any collection of foreign materials, while its poppet
      valve action is operative with the shut-off valve V to create an entrapped
      body of water with the consequent isolation of the waterer cup unit B from
      the supply manifold A. Despite the normal operation of the waterer herein
      disclosed, there are circumstances which prevent closing of the shut-off
      valve V, and a best example is low or insufficient water pressure in
      manifold A. Thus, the actuator float X and X' has its decided advantages
      in assuring a shut-off of water when the level thereof reaches a
      predetermined point in each waterer. The actuator-float is of the
      simpliest presson and open construction in each embodiment and inherently
      establishes an air chamber or bubble as the water level rises regardless
      of the water pressure involved and rapidity of filling.
PAR  Having described only typical preferred forms and applications of my
      invention, I do not wish to be limited or restricted to the specific
      details herein set forth, but wish to reserve to myself any modifications
      or variations that may appear to those skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A waterer unit responsive to the level of water dispensed therein from a
      pressured supply thereof and comprising, an upwardly open vessel having a
      side wall of substantial vertical extent for the containment of a water
      level therein, a valve body with a chamber therethrough opening into the
      water supply and into the vessel, a downwardly faced valve seat in said
      chamber surrounding the opening thereof into the vessel, a shut-off valve
      with an axially and angularly displaceable pin projecting freely through
      said seat and said valve normally engaging the valve seat and operable
      therefrom by axial as well as by angular displacements so as to increase
      the water level in said vessel, and an actuator-float affixed to the said
      valve pin within the confines of the vessel side wall and comprising a
      hollowed downwardly open body adapted to entrap air and operable by
      floatation to lift and close the shut-off valve when the water level rises
      therein and with a tubular extension projecting centrally thereof and
      attached to and closed by a head carried by the valve pin forming a
      floatation chamber and with a flange at the perimeter of the hollowed body
      and operable through engagement by axial as well as by lateral-angular
      displacement to increase the water level therein.
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PAL  This invention relates to an animal handling machine, in which at least one
      animal may be held for operation or inspection in an operating station
      while another animal is trapped in a receiving station. On completion of
      an operation on the first-mentioned animal, the machine may be operated to
      simultaneously transfer the trapped animal in the receiving station to the
      operating station and transfer the first-mentioned animal from the
      operating station to a release station, thereby allowing for the operation
      or inspection of individual animals or a large number of such animals in a
      continuous manner.
BSUM
PAR  This invention relates to an animal handling machine and in particular a
      machine capable of handling at least two animals at a time.
PAR  Conventional animal handling machines may fall into two main categories,
      namely that required for immobilizing the animal in the field such as
      cattle crushes used for branding and other necessary and routine
      operations, and those more suitable for supporting the animal for
      specialist operations such as a veterinary's operating table which may be
      moved about two axes or more.
PAR  Further there is a requirement for animal handling aids which will assist
      operators and attendants in providing a quick and efficient means of
      attending to a large number of animals that are involved in a particular
      process or treatment. For smaller animals such as sheep the attendant is
      required to man-handle the sheep during the operation, and considering the
      large number of sheep that normally have to be handled, the operation
      becomes exceedingly arduous in nature and costly in manpower. For large
      animals such as cattle, it is a time consuming operation to place them in
      the conventional cattle crush or even to man-handle them during branding,
      foot inspections or the like.
PAR  The object of the invention is to provide a means for handling a large
      number of animals quickly and efficiently and generally alleviating the
      arduous nature of the operation as associated with conventional methods.
PAR  The invention in a general form is an animal handling apparatus having an
      animal receiving station, operation station and release station, said
      apparatus comprising means for trapping and means for holding an animal in
      the receiving station, means for transferring the animal from the
      receiving station to an operation station, means for inverting the animal,
      means for maintaining an animal in said operation station while another
      animal is trapped at the receiving station, means for transferring the
      first mentioned animal from the operation station to the release station
      following completion of an operation thereon, whereby at least one animal
      is continuously held in said apparatus.
DRWD
PAR  A preferred embodiment of the invention will now be described by way of
      example with reference to the accompanying drawings, wherein:
PAR  FIG. 1 is an end elevation in perspective of a sheep handling machine
      according to the present invention, suitable for crutching and foot
      inspection operations;
PAR  FIG. 2 is a similar perspective view of FIG. 1, but showing sheep held in
      both holding means of the machine;
PAR  FIG. 3 is a side elevation of the rotatable frame only of the machine;
PAR  FIG. 4 is an end elevation on the line 4--4 in FIG. 3; and
PAR  FIG. 5 is an end elevation of one side only of the machine illustrating the
      automatic release mechanism of the holding means.
DETD
PAR  The basic requirement of the sheep handling machine is to present the sheep
      supported on its back in a cradle with its head and eyes, crutch and belly
      exposed and feet extended to the shearer or operator. Further, as
      illustrated in FIGS. 1 and 2, the cradle may consist of the following
      major basic components or assemblies; a rotating frame 6, two cradle
      attachments 7 and 8 supported from the rotating frame; a base frame 9
      supporting the bearings in which the rotating frame may revolve; a foot
      operated latch and detent arrangement 10 whereby the rotating frame may be
      locked in a preselected position; and a trapping mechanism 11 and guide
      curtain or panel 12.
PAR  The rectangular base frame 9 of the cradle is fabricated from conventional
      steel tubing 13 of rectangular cross section and to which is secured a
      checker plate base plate 14. Mounted to the base frame are two upright
      bearing support posts 15 and 16 of similar overall heights. One post 15 is
      secured to one end member 17 and the other post 16 to a second end member
      18 of the base frame, both posts being displaced off-center with respect
      to their base frame end members by similar amounts. A further
      substantially upright post 20 is secured to the base frame member 18 at
      one corner thereof, the post 20 being provided with a horizontal tubular
      beam 21. In order to provide a container for the operator's miscellaneous
      tools, a horizontal steel plate 19 in a form of a tray is secured to the
      beam. The horizontal tubular beam and tray provide a means of support for
      leg holding devices 22, a trapping lever draw-rope pulley 23, a cradle
      release cam mechanism 24 and other miscellaneous equipment as required.
      Also a brace member 25 is attached to and between each upright post and
      its respective base frame member to give additional support to the upright
      posts.
PAR  Referring now to FIG. 3, the rotating frame 6 consists of a center tubular
      member 26 about which the frame revolves and at each end of which is
      provided a stub shaft 27 and 28 which in turn is supported in a bearing
      mounted at the top of each upright bearing support post 15 and 16
      respectively. A rectangular frame is secured and displaced to one side of
      the rotating center member 26, and the frame rotates about an axis through
      the center of its end-members 29 and 30. Two pairs of cradle pivot and
      support members 31 and 32 are attached to and between the side members 33
      and 34 of the rotating rectangular frame and the centre rotating member
      26, and are aligned perpendicular to the axis of rotation.
PAR  A cradle 7 supports the sheep by means of a controlled crushing action
      between two curved side walls 35 and 36 as illustrated in FIGS. 1, 2 and
      5, the side walls 35 and 36 being supported from two tubular members 37
      and 38 respectively. The side walls may be formed from open wire mesh
      attached to and between the tubular members 37 or 38. The side walls are
      curved to generally suit the profile of the handled sheep. The crushing
      action, as shown in FIG. 5, is achieved by means of two similar pairs of
      cradle crushing levers 32 and 39, the levers of each pair being spaced
      apart and parallel and pivotally joined at one end 40 to the levers of the
      other pair. Thus when one pair of lever members 39, known as the swinging
      members, is rotated relative to and towards the other pair of lever
      members 32, known as the fixed members, the action causes an item located
      between the levers to be held or crushed.
PAR  The tubular members 37 and 38 of the two curved side walls 35 and 36 of the
      cradle are attached to and between the two pairs of cradle crushing levers
      39 and 32 respectively. The fixed members 31 and 32 of each pair of cradle
      crushing levers are crank shaped, each provided with two straight sections
      41 and 42 attached at approximately right angles to each other, and
      forming the cradle pivot and support members 31 and 32 which are mounted
      on the revolving rectangular frame 6. The cranked straight section 41, to
      which is pivoted a swinging cradle crushing lever member 39, provides a
      means of spacing apart the two side walls 35 and 36 of a cradle, and
      adjustment to suit the size of sheep to be handled may be made by moving
      the pivot point 40 along the cranked section 41 as required.
PAR  Referring to FIGS. 1 and 2, the two cradle assemblies 7 and 8 are mounted
      to the revolving frame 6 such that when the revolving frame is in a
      vertical plane; one cradle 7, located on one side and at the bottom of the
      rotating frame, is presented open to a run of sheep; while the other
      cradle 8, located on the other side and at the top of the rotating frame,
      is presented to the operator with the cradle top and bottom sides inverted
      with respect to the cradle in the open position; hence, by trapping and
      supporting a sheep in a cradle open to the run and then revolving the
      rotating frame and assembly through approximately 180.degree. by means of
      handles 43 attached to the frame 6, the sheep may be lifted and rotated
      from its standing position to a new raised and inverted position with its
      feet extending upwards at a convenient working level to suit an operator,
      shearer or inspector. The other cradle 8 is now at the cradle open
      position ready to receive a second sheep. On completion of the operation
      on the first sheep, the frame 6 is rotated through a further 180.degree.
      to return the sheep to the cradle open position, and simultaneously the
      second sheep is presented in the operating position and so the cycle is
      repeated.
PAR  As a result of revolving the sheep to an inverted position, it is necessary
      to support its head by means of protruding members 45 which are extensions
      of the cradle tubular members 37 and 38. Attached to the protruding
      members 45 are a number of finger members 44 which interweave and over-lap
      behind the sheep's head when the cradle walls 35 and 36 are drawn together
      thus providing support for the head in the operating position.
PAR  Further in an operation such as removing the wool from around the eyes of
      the sheep, it is necessary to prevent the head from moving. As illustrated
      in FIGS. 1 and 2, removable extension walls 46 may be provided for
      attachment to the cradle side walls 35 and 36 to crush and support the
      head, however wire mesh is not used in the fabrication of the head
      crushing walls but thin metal sheet or plastic as the sheep's horns may
      become entangled.
PAR  Referring to FIG. 4, the rotating assembly may be locked in both the cradle
      open and operating positions by means of a disc 47 secured to and
      concentric with the rotating frame bearing shaft 26, and a spring latch
      48. The disc has two radial slots 49 at approximately 180.degree. to one
      another. The latch, which is pivotally supported at its center from one of
      the bearing support posts, engages in a slot to prevent the disc from
      rotating. The latch is held in engagement with the disc by means of a
      spring 50 attached to and between one end of the latch and a bearing
      support post. Release of the latch is achieved by means of a foot pedal 51
      and rod linkage 52 which may be activated by the operator and is mounted
      on the base frame (see FIGS. 1 and 2). One radial wall 53 of each slot is
      formed with a radius to blend with the disc circumference and assists
      rotation of the frame in a preferred direction on release of the latch.
PAR  It should be noted that in order to encourage sheep or any animal to enter
      a trap, enclosure, or the like under minimal coercion, it is essential for
      the animal to have an apparent avenue of escape ahead. It is desirable to
      provide a steady flow to the handling machine and therefore it is
      important that when the cradle opens to receive the next sheep, it should
      not cause the sheep to balk. If the cradle or trap appears to give the
      only clear outlet, the sheep will invariably attempt to run through,
      providing the opportunity to close the cradle, trapping the animal.
      Further, while the machine is in continuous cyclic operation and at an
      instant when a sheep is returned to its initial trapped position and then
      released, the said sheep will see an escape route ahead, rush out and this
      encourages the next sheep to follow, which in turn will be trapped.
PAR  FIGS. 1 and 5 illustrate the means which is used in this preferred
      embodiment of the invention to close the cradle at the appropriate instant
      to trap the sheep. The trapping means comprising a generally upright
      trapping lever 54 which is pivotally attached at one end to the base frame
      adjacent to the cradle 7 when in its open position. A laborer assisting
      the flow of sheep in the run may draw on a rope 55 or the like, which
      passes through a pulley 23 secured to the horizontal tubular beam 21 or
      steel plate 19 attached to post 20 mouunted on the base frame. Rope 55 may
      be tied to the other end of the trapping lever; pulling the rope causes
      the lever to bear on the outside of the swinging cradle support members
      39, causing the cradle to crush the sheep trapped within and hence
      withstraining and supporting the sheep. To prevent the sheep in the run
      from by-passing the cradle when the trapping lever is in its crushing
      position a canvas or steel sheet screen 12 may be provided and attached
      between two upright posts secured at the ends of the side members of the
      base frame. In the case of a flexible canvas screen, a center portion of
      the screen may be attached to the trapping lever as illustrated in FIG. 1,
      thereby preventing sheep from by-passing the machine. However, curved wire
      inserts are required in the screen to hold the screen away from the cradle
      in order to minimize any obstruction to the sheep while the machine is
      rotated.
PAR  Once the cradle walls 35 and 36 have been drawn together crushing and
      trapping the sheep, a locking means is provided to retain the cradle 7 in
      the crushing position on release of the trapping lever and while the
      cradle is rotated. This locking means comprises a tie-rod 56 (FIG. 5)
      pivotally connected at one end 57 to the rotating frame 6 and
      automatically and adjustably held at the other end by means attached to
      the end of the swinging cradle support and crushing member 39 remote from
      the pivoted end 40. The tie-rod holding means comprises a plate or disc 58
      which has a hole formed through it, such as a washer, in the preferred
      embodiment. The size of the hole is larger than the diameter of the
      tie-rod 56, thus allowing the rod to slide in the hole in the washer. The
      washer is pivotally attached adjacent its circumference to a bracket 59
      which is secured to the swinging cradle support and crushing member 39.
      When the washer is rocked about its pivot 60, a jamming or locking action
      is created between the tie-rod and the edges of the wall of the hole in
      the washer; thus the locking position may be fully adjustable along the
      length of the rod. Further, to provide automatic locking and release, a
      cam follower connecting rod 61 is attached at one end to the washer at its
      circumference diametrically opposite to the pivot point. The connecting
      rod 61 is permanently urged by means of a spring in such a direction so as
      to cause locking if not restrained. A cam plate 24 is supported from a
      member 62 attached to the horizontal tubular beam 21 or steel plate 19
      which is secured to post 20. The cam plate 24 is located and so shaped to
      displace the connecting rod 61 and release the tie-rod locking washer 58
      and hence the tie-rod 56 at a selected cradle release position. The cradle
      release position is a point in the handling machine's cycle of operation,
      at which the sheep is returned to the run after completion of the
      inspection, crutching or the like operations.
PAR  Those skilled in the art will note that the above preferred embodiment has
      been described in terms of a machine for a right-handed operator. A
      machine according to the invention may readily be adapted to suit a
      left-handed operator if required.
CLMS
STM  We claim:
NUM  1.
PAR  1. An animal handling apparatus having an animal receiving station,
      operating station, and release station comprising
PA1  means for trapping and holding an animal in the receiving station, and
PA1  means for inverting the animal and transferring it toward an operating
      station, maintaining it in the operating station while another animal is
      trapped and held in the receiving station, and transferring it toward the
      release station while the other animal is inverted and transferred toward
      the operating station including
PA2  a base frame having
PA3  means for providing a substantially horizontal axis,
PA2  rotatable frame means mounted on said axis,
PA3  a plurality of said trapping and holding means fixed to said rotatable
      frame means for movement therewith, and
PA3  means for locking said rotatable frame means so that each of said trapping
      and holding means may be temporatily fixed in the receiving station and
      the operating station comprising
PA4  disc means mounted for simultaneous rotation with said rotatable frame and
      having
PA4   detent means located about the periphery thereof, equal in number to the
      number of said trapping and holding means,
PA4  latch means pivotally mounted on said base frame adjacent the periphery of
      said disc means for selective engagement with said detent means, and
PA4   linkage means, actuatable by an operator of the apparatus, connected to
      said latch means for selective disengagement of said latch means from said
      disc means to allow rotation of said rotatable frame.
NUM  2.
PAR  2. An animal handling apparatus as claimed in claim 1 wherein said trapping
      and holding means is a crushing cradle having first and second side walls
      which are pivotally connected together adjacent one end thereof, whereby
      an animal placed therebetween is held when the two side walls are rotated
      towards and with respect to each other.
NUM  3.
PAR  3. An animal handling apparatus as claimed in claim 2 wherein said first
      crushing cradle side wall is secured to the rotating frame and said second
      side wall is pivotable with respect to the rotating frame.
NUM  4.
PAR  4. An animal handling apparatus as claimed in claim 3, wherein said animal
      trapping and holding means comprises, a trapping lever pivotally mounted
      at one end thereof to said base frame and adapted to bear against said
      second side wall to urge said second side wall towards said first side
      wall and said rotatable frame means, and means for restraining the two
      side walls in an animal holding position with respect to each other.
NUM  5.
PAR  5. An animal handling apparatus as claimed in claim 4, wherein said means
      for restraining the two side walls in an animal restraining position
      comprises a locking member having a hole formed therethrough, said locking
      member being pivotally attached to and adjacent one end of said second
      side wall, said one end being remote from the pivotal connection of said
      side walls, said hole being so sized and shaped as to receive a tie-rod, a
      tie rod having one end thereof pivotally connected to said rotating frame
      means, urging means causing said locking member, in the absence of any
      other restraint, to rotate and lock against said tie-rod, a cam secured to
      said base frame, cam follower means attached to said locking member and
      adapted to engage said cam for releasing said locking member when said
      crushing cradle is returned to the release station.
NUM  6.
PAR  6. An animal handling apparatus comprising
PA1  a base frame,
PA1  a rotatable frame supported on said base frame for rotation about a
      substantially horizontal axis and having
PA2  a plurality of animal holding cradles attached thereto, each said cradle
      including
PA3  a first and
PA3  a second sidewall, said sidewalls being pivotally interconnected for
      relative movement
PA1  lever means pivotally connected to said base frame and located so as to act
      against one of said first and second sidewalls to urge it toward the other
      of said sidewalls and trap an animal therebetween,
PA1  means for actuating said lever means when an operator observes that an
      animal is in position to be trapped between said side walls, and
PA1  means for releasably locking said side walls in positions relative to one
      another to hold an animal therebetweeen during rotation of said rotatable
      frame.
NUM  7.
PAR  7. The handling apparatus of claim 6 including
PA1  means for releasably fixing said rotatable frame in a number of positions
      equal to a predetermined number of animal holding stations.
NUM  8.
PAR  8. The handling apparatus of claim 7 wherein
PA1  said fixing means comprises
PA2  means for providing detents equal in number to the number of stations into
      which said holding cradles are to be located in each cycle of operation,
PA2  means for moving said detent providing means synchronously with said
      rotatable frame,
PA2  latch means mounted on said base frame for engagement with said detent
      means, and
PA2  linkage means actuatable by an operator to disengage said latch means from
      said detent means so that said rotatable frame means may be rotated.
NUM  9.
PAR  9. The apparatus of claim 6 wherein
PA1  said locking means comprises
PA2  a locking member having
PA3  an aperture therethrough,
PA2  means for pivotally attaching said locking member adjacent an end of one of
      said side walls distal from the pivotal interconnection thereof,
PA2  rod means pivotally mounted relative to said one of said side walls and
      extending through said aperture in said locking member in close
      relationship to the wall of said aperture,
PA2  means for urging said locking member toward a position in which the wall of
      said aperture grips said rod means to prohibit relative movement
      therebetween, and
PA2  means for forcing said locking member and said rod means into release
      positions to allow relative movement therebetween when said holding cradle
      is in a predetermined position relative to said base frame.
NUM  10.
PAR  10. The apparatus of claim 9 wherein
PA1  said forcing means comprises
PA2  cam means and
PA2  cam follower means, one of which is fixed relative to said base frame and
      the other of which is fixed for limited movement relative to said holding
      cradle.
NUM  11.
PAR  11. The apparatus of claim 6 including
PA1  means for providing the animal in each holding cradle with an apparent
      escape route when said holding cradle is opened, thereby encouraging a
      succeeding animal to enter said cradle when it sees the released animal
      escaping from said cradle.
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ABST
PAL  An insecticide applicator for applying insecticide material to at least the
      face, head, and neck area of livestock includes a hood supported at a
      selected position above a ground surface and covering a cage supporting a
      livestock attracting material, such as a mineral block, and surrounded by
      an insecticide material dispensing device. The cage supports a lower
      surface of the livestock attracting material at a position above a bottom
      portion of the insecticide dispensing device whereby livestock must
      activate the insecticide material dispensing device to reach and have
      access to the livestock attracting material in the cage.
PARN
PAR  This is a continuation-in-part of my application Ser. No. 452,422 filed
      Mar. 18, 1974 and now abandoned.
BSUM
PAR  The present invention relates to insecticide applicators for livestock and
      more particularly to such an insecticide applicator which has a hood
      supported at a selected position above a ground surface and covering a
      cage supporting a livestock attracting material and surrounded by an
      insecticide material dispensing device which will be activated by
      livestock reaching to have access to the livestock attracting material in
      the cage.
PAR  The principal objects of the present invention are: to provide an
      insecticide applicator for applying an insecticide material to at least
      the face, head, and neck area of livestock when the livestock is reaching
      for a livestock attracting material in a cage; to provide such an
      insecticide applicator which will cause livestock to reach upwardly to
      lick at a bottom of a material block, such as salt or the like, and while
      doing so the livestock is forced to come into full and wide contact about
      face, neck and head areas with an insecticide material applying means; to
      provide such an insecticide applicator including means to adjust spacing
      between a bottom of a mineral block and a bottom portion of an insecticide
      material dispensing device; and to provide such an insecticide applicator
      which is economical to manufacture, sturdy in use, durable in
      construction, positive in operation, and particularly well adapted for the
      purposed use.
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings wherein are set forth, by way of illustration and example,
      certain embodiments of this invention.
DRWD
PAR  The drawings constitute a part of the specification and include an
      exemplary embodiment of the present invention and illustrate various
      objects and features of the insecticide applicator.
PAR  FIG. 1 is a side elevational view of an insecticide applicator embodying
      features of the present invention and shown with portions broken away to
      better illustrate component parts thereof.
PAR  FIG. 2 is a top plan view of the insecticide applicator with portions
      broken away to better illustrate component parts thereof.
PAR  FIG. 3 is a side elevational view of an other form of insecticide
      applicator and with portions broken away to better show the component
      parts thereof.
PAR  FIG. 4 is a top plan view of the other form of insecticide applicator and
      with portions broken away to better show the component parts.
PAR  FIG. 5 is a side elevational view of an additional form of insecticide
      applicator and with portions broken away to better show the component
      parts.
PAR  FIG. 6 is a top plan view of the additional form of insecticide applicator
      and with portions broken away to better show the component parts.
PAR  FIG. 7 is a side elevational view of a modified form of insecticide
      applicator and feeder and with portions broken away to better show the
      component parts.
PAR  FIG. 8 is a top plan view of the modified form of insecticide applicator
      and feeder and with portions broken away to better show the component
      parts.
PAR  FIG. 9 is an end elevational view of a linear form of insecticide
      applicator and feeder and with portions broken away to better show the
      component parts.
PAR  FIG. 10 is a top plan view of the linear form of insecticide applicator and
      feeder and with portions broken away to better show the component parts.
DETD
PAR  Referring more in detail to the drawings:
PAR  As required, detailed embodiments of the present invention are disclosed
      herein, however, it is to be understood that the disclosed embodiments are
      merely exemplary of the invention which may be embodied in various forms.
      Therefore, specific structural and functional details disclosed herein are
      not to be interpreted as limiting but merely as a basis for the claims and
      as a representative basis for teaching one skilled in the art to variously
      employ the present invention in virtually any appropriately detailed
      structure.
PAR  In the disclosed embodiment of the present invention, the reference numeral
      1 generally designates an insecticide applicator for applying an
      insecticide material to at least the face, head, and neck area of
      livestock. The insecticide applicator 1 includes a hood 2 supported at a
      selected position above a ground or support surface 3 and covering a cage
      or basket 4 supporting a livestock attracting material, such as a mineral
      block or the like, and surrounded by insecticide material dispensing means
      5. The cage 4 supports a lower surface of the livestock attracting
      material at a position above a bottom portion 6 of the insecticide
      material dispensing means 5 whereby livestock must engage and activate the
      insecticide material dispensing means 5 to reach and have access to the
      livestock attracting material in the basket or cage 4.
PAR  In the illustrated structure, the hood 2 is mounted on a support structure
      which has a base 7 and an upright member 8 extending upwardly therefrom.
      The illustrated base is formed of a plurality of circumferentially spaced
      arms in engagement with the ground or support surface 3 and the upright
      member 5 extends upwardly from the center of the base 7. The base 7 may be
      secured or anchored to the ground or a support surface 3 in any desired
      manner.
PAR  The hood 2 and the upright member 8 have cooperating means thereon to
      support the hood 2 at a selected position above the support or ground
      surface 3. In the illustrated structure, a sleeve 9 is mounted on and
      movable longitudinally of the upright member 8 and the sleeve 9 has an
      upper end 10 and a lower end 11. A collar 12 is mounted on the upright
      member 8 and includes suitable means to secure the collar 12 in a selected
      position below the sleeve 9 whereby the collar 12 will be engaged by the
      lower end 11 of the sleeve 9 and thereby support the sleeve 9 on the
      collar 12. In the illustrated structure, one or more set screws 13 are
      mounted on the collar and adapted to engage the upright member 8 to secure
      the collar 12 at a selected position along the upright member 8.
PAR  A plurality of circumferentially spaced arms 14 extend upwardly and
      outwardly from the sleeve 9 and each of the arms 14 has a lower end
      thereof suitably secured to the sleeve 9 adjacent the upper end 10 of the
      sleeve 9, as by welding. The arms 14 extend in an arcuate path outwardly
      and upwardly from the sleeve 9 and terminate at an upper end 15. The arms
      14 are circumferentially spaced around the sleeve 9 and spaced at a
      distance sufficient to permit a head of livestock to extend therebetween.
      The arms 14 also each have an upper portion thereof positioned adjacent
      the insecticide dispensing means or container 5.
PAR  A wall member 16 is positioned above the arms 14 and is suitably secured to
      the upper ends 15 of the arms 14 to thereby define a substantially
      cylindrical space within the wall member 16. The wall member 16 provides
      support for a plurality of circumferentially spaced and radially extending
      support members 17 which each have one end suitably secured to the wall
      member 16, as by welding, and the support members 17 extend outwardly
      therefrom. The support members 17 each have an upper edge having a shape
      conforming to the shape of the lower surface of the hood 2 whereby the
      hood may be supported thereon.
PAR  Suitable means are secured to the wall member 16 and are engageable with
      the hood 2 for holding same in engagement with the wall member 16 and in
      engagement with the support members 17. In the illustrated structure, a
      plurality of studs 18 are secured to and extend upwardly from the wall
      member 16 and extend through suitable apertures in the hood 2. The upper
      end portion of each of the studs 18 are threaded and adapted to receive
      suitable fastening devices, such as wing nuts 19, which are adapted to
      hold the hood in clamped engagement with the wall member 16 and the
      support members 17. Suitable weatherproof washers or gaskets surround the
      studs 18 and are engaged by the wing nuts 19 thereby providing a weather
      seal.
PAR  The hood 2 may have any desired shape and is preferably higher at the
      center than at peripheral edge or edges 20 which are spaced outwardly from
      the upright member 8. The hood 2 is illustrated as being dome-shaped. The
      hood 2 is formed of any suitable waterproof material, such as metal,
      plastic, or the like, and is adapted to shed moisture including water,
      snow and the like from the insecticide applicator 1.
PAR  The insecticide dispensing means 5 depend from the hood 2 or from the
      support members 17 supporting same and the insecticide dispensing means 5
      surrounds the upright member 8 to thereby dispense insecticide material
      onto livestock in response to engagement of the bottom portion 6 of the
      insecticide material dispensing means 5 by the livestock. The insecticide
      material dispensing means 5 is positioned between the upright member 8 and
      the peripheral edge 20 of the hood 2. While a container formed of flexible
      and porous fabric is illustrated, it is to be understood that the
      insecticide dispensing means 5 may be any suitable device to dispense
      insecticide dust or liquid in response to activation, as by agitation
      thereof by livestock, such as engagement with a bottom portion of the
      respective device.
PAR  Particularly when salt is used as the livestock attracting material, it is
      desirable to provide sufficient space between the salt block and the
      insecticide dispensing means 5 thereby substantially avoiding contact
      between the porous fabric and the salt. The livestock, therefore, will not
      receive salt from the porous fabric of the container 5 and thereby will
      avoid contact with salt about the eyes and face thereof.
PAR  The side of the container 5 facing the salt block or livestock attracting
      material may be formed of a non-porous material or canvas to prevent salt
      from entering the container and thereby being applied to the face of the
      livestock. The non-porous material or canvas may depend from the bottom
      portion 6 of the container 5 to form a drip ring and shield the salt block
      from moisture in the form of rain, snow and the like.
PAR  It is desirable to provide weather protection for the insecticide
      dispensing means 5, therefore, a flexible weather shield 21 depends from
      the peripheral edge 20 of the hood 2 and the weather shield 21 surrounds
      the insecticide material dispensing means 5. The weather shield 21 has a
      lower edge portion 22 positioned below the bottom portion 6 of the
      insecticide material dispensing means or container 5. The lower edge
      portion 22 of the weather shield 21 is illustrated as having a hem with a
      suitable weight enclosed therein, such as a wire, which will be lifted by
      the livestock when moving toward the livestock attracting material in the
      cage or basket 4 whereby the livestock agitates the bottom portion 6 of
      the insecticide material dispensing means or container 5 thereby
      activating same to dispense the insecticide material therein.
PAR  Means are supported on the upright member 8 and positioned below the hood 2
      for supporting and retaining a livestock attracting material at a selected
      position having a lower surface of the livestock attracting material
      positioned above the bottom portion 6 of the insecticide material
      dispensing container or means 5 whereby livestock must engage and activate
      the insecticide material dispensing container 5 to reach and have access
      to the livestock attracting material. The insecticide material dispensing
      container surrounds the cage or basket 4 having the livestock attracting
      material therein.
PAR  In the illustrated structure, the basket or cage 4 is formed of a fabric
      net having an upper portion thereof supported on the wall member 16, as by
      a plurality of circumferentially spaced hooks 23 on an interior surface of
      the wall member 16 and adapted to receive and support a hem on the basket
      or cage 4. The hem is at the upper edge of the basket or cage 4 and has a
      suitable stiffening member therein, such as a rod or wire.
PAR  The hood 2 is removable by removing the wing nuts 19 thereby providing
      access to the cage or basket 4 for placing therein the mineral block or
      the like and for recharging the insecticide material dispensing means 5.
      When the insecticide applicator 1 is first mounted in an area or yard
      having livestock therein, it may be necessary to lower the cage or basket
      4 to a position where the livestock can see same. After the livestock has
      established the habit of partaking of the livestock attracting material
      within the cage or basket 4, the sleeve 9 is raised to a position
      supporting a bottom or lower surface of the mineral block or livestock
      attracting material at a position above the bottom portion 6 of the
      insecticide material dispensing container or means 5. The collar 12 is
      positioned in engagement with the lower end 11 of the sleeve 9 and the set
      screw or screws 13 are tightened to support the cage or basket 14 at the
      selected location.
PAR  FIGS. 3 and 4 illustrate an other form of an insecticide applicator 25
      which includes a support structure substantially similar to the support
      structure illustrated in FIGS. 12 and 2 and includes a base 7 and an
      upright member 8.
PAR  The insecticide applicator 25 includes a hood support structure adapted to
      support a suitable hood, insecticide dispensing means, and a weather
      shield and in the illustrated structure, the upright member 8 and the hood
      structure are adapted to support the hood at a selected position above the
      ground or support surface 3. A sleeve 26 is mounted on and movable
      longitudinally of the upright member 8 and the sleeve 26 has an upper end
      27 and a lower end 28. The sleeve is supported in a selected position on
      the upright member 8 by a collar 29 mounted on the upright member 8 and
      includes suitable means to secure the collar 29 in a selected position
      below the sleeve 26 to be engaged by the lower end 28 of the sleeve 26 and
      thereby support the sleeve 26 and the collar 29. One or more set screws 30
      are mounted on the collar 29 and adapted to engage the upright member 8 to
      secure the collar 29 at a selected position along the upright member 8.
PAR  The hood support structure includes a plurality of rafters or hood support
      members 31 circumferentially spaced around the sleeve 26 and each having
      an upper end thereof suitably secured to the sleeve 26, as by welding. The
      rafters or hood support members 31 each extend outwardly and downwardly
      from adjacent the upper end 27 of the sleeve 26 and each have their
      respective lower ends secured to a peripheral edge member 32 which
      surrounds the sleeve 26 and the upright member 8.
PAR  The hood support structure also includes an inner support member 33 which
      surrounds the sleeve 26 and the upright member 8 and is spaced inwardly
      from the peripheral edge member 32. A plurality of struts or spacing
      members 34 are circumferentially spaced around the lower end 28 of the
      sleeve 26 and extend radially outwardly therefrom between the sleeve 26,
      the inner support member 33, and the peripheral edge member 32 thereby
      providing a substantially rigid structure for supporting the hood or
      weather shield.
PAR  A weather cap 35 is suitably mounted on the sleeve 26 adjacent the upper
      end 27 thereof and is positioned above the upper ends of the rafters or
      hood support members 31. The weather cap 35 is formed of a suitable
      weatherproof material, such as rubber, plastic, or the like, and is
      suitably bonded to the sleeve 26, as by adhesive, glue or the like.
PAR  The hood may be formed of any weatherproof material and in the illustrated
      structure, the hood is formed of a flexible weatherproof material, such as
      canvas, plastic, rubber or the like and has an upper portion thereof
      adapted to be mounted over the rafters or hood support members 31 and
      having an upper end adapted to be mounted between the weather cap 35 and
      the upper ends of the rafters or hood support members 31, as by a suitable
      drawstring. The hood is also illustrated as including a weather shield
      portion 36 depending from the upper or hood portion and having a lower hem
      37 with a suitable weight, such as a wire or the like, therein to maintain
      the hem 37 in a lowered positioned and to retain same in a position
      surrounding the upright member 8.
PAR  The insecticide dispensing means may dispense insecticide dust or liquid
      and may be substantially the same device illustrated in FIGS. 1 and 2 and
      the insecticide dispensing means depend from the hood support structure
      and is illustrated as a container having one wall 38 depending from the
      peripheral edge member 32 and an other wall 39 depending from the inner
      support member 33. The one wall 38 is positioned adjacent the weather
      shield portion 36 and the illustrated container has a bottom portion 40
      positioned above the lower hem 37 of the weather shield portion 36.
PAR  The insecticide applicator 25 also includes means supported on the upright
      member 8 and positioned below the hood for supporting a livestock
      attracting material in a selected position having a lower surface of the
      livestock attracting material positioned above the bottom portion 40 of
      the insecticide dispensing container whereby livestock must engage and
      activate the insecticide dispensing container to reach and have access to
      the livestock attracting material. The means for supporting and retaining
      the livestock attracting material are illustrated as a cage 41 having an
      open top.
PAR  In the illustrated structure, a sleeve 42 is mounted on and movable
      longitudinally of the upright member 8 and is positioned below the collar
      29 and sleeve 26. An annular member 43 is mounted on the sleeve 42
      adjacent a lower end thereof and the annular member 43 has a peripheral
      edge portion extending outwardly from the sleeve 42.
PAR  The annular member 43 provides support for a plurality of circumferentially
      spaced cage defining members 44 each having one end thereof secured to the
      annular member 43. The cage defining members 44 each have a base portion
      45 extending radially outwardly from the annular member 43 and an upright
      portion 46 extending upwardly from the respective base portion 45. A top
      member 47 is secured to an upper end of each of the upright portions 46 of
      each of the cage defining members 44 thereby completing the upper edge of
      the cage 41 and defining an open top cage or receptacle 41.
PAR  The cage 41 is particularly adapted to support and retain a salt block. It
      is, therefore, desirable to provide sufficient space between the upright
      portions 46 and the adjacent or facing wall 39 of the insecticide
      container thereby substantially avoiding contact between the porous fabric
      and the salt. The livestock, therefore, will not receive salt from the
      porous fabric of the insecticide container and thereby will avoid contact
      with the salt about the face and eyes thereof.
PAR  An additional means to avoid contact between the salt and the eyes of the
      livestock is to form the wall 39 of the insecticide container of a
      non-porous material or canvas to thereby prevent salt from entering the
      insecticide container and thereby being applied to the face of the
      livestock. The non-porous material or canvas may depend from the bottom
      portion 40 of the insecticide container to form a drip ring and shield the
      salt block from moisture in the form of rain, snow, sleet and the like.
PAR  Means are mounted on the sleeve 26 and attached to the cage 41 for
      permitting adjustment of the vertical spacing between the bottom of the
      cage 41 and the bottom portion 40 of the insecticide material dispensing
      means. In the illustrated structure, spaced ears 48 are mounted on the
      sleeve 26 and extend outwardly therefrom and support a suitable pulley 49
      which is adapted to direct movement of at least a portion of a flexible
      member 50 longitudinally of the upright member 8.
PAR  The sleeve 42 of the cage supporting member has means thereon to permit
      removable attachment of the flexible member 50 thereto whereby movement of
      the flexible member 50 longitudinally of the upright member 8 effects
      movement of the sleeve 42 longitudinally of the upright member 8. A
      suitable anchor for one end of the flexible member 50 is suitably secured
      to the sleeve 42 and is preferably in the plane of the top member 47. A
      suitable arm or anchor 51 is mounted on one of the struts or spacing
      members 34 and in alignment with the pulley 49. The arm or anchor 51 is
      adapted to have the flexible member 50 attached thereto.
PAR  A collar 52 is mounted on the upright member 8 and includes suitable means
      to secure the collar 52 in a selected position below the sleeve 42 of the
      cage support. In the illustrated structure, one or more set screws 53 are
      mounted on the collar 52 and adapted to engage the upright member 8 to
      secure the collar 52 at a selected position along the upright member 8
      thereby supporting the sleeve 42 and the cage 41 and material therein.
PAR  Use of the insecticide applicator 25 illustrated in FIGS. 3 and 4 is
      substantially similar to use of the insecticide applicator 1 illustrated
      in FIGS. 1 and 2 except that the flexible weather shield may be raised to
      recharge the insecticide material dispensing means and to place mineral
      blocks, such as salt blocks, in the cage 41 all without removal of nuts,
      washers, and the like and without complete removal of the hood.
PAR  The insecticide applicator 1 illustrated in FIGS. 1 and 2 and the
      insecticide applicator 25 illustrated in FIGS. 3 and 4 each may include
      means to provide trace minerals and other material in the form of feed,
      medicine, and the like for the livestock. In the structure illustrated in
      FIGS. 3 and 4 a lower or second container 55 is sleeved on the upright
      member 8 and is maintained in a selected position relative to a ground
      surface and relative to the cage 41 by a collar 56 which is sleeved on the
      upright member 8 and is suitably secured in the selected position below
      the lower or second container 55 to thereby support same. One or more set
      screws are mounted on the collar 56 and adapted to engage the upright
      member 8 to secure the collar 56 at a selected position along the upright
      member 8.
PAR  FIGS. 5 and 6 illustrate an additional form of insecticide applicator and
      feeder 71 which includes a support structure substantially similar to the
      support structure illustrated in FIGS. 1 to 4 inclusive and includes a
      base 7 and an upright member 8.
PAR  The insecticide applicator and feeder 71 includes a structure such as a
      cage 72 for supporting and retaining a livestock attracting material, such
      as a plurality of salt blocks, protein blocks, mineral blocks, and the
      like with suitable spaces in the structure for access by the animal's
      tongue to the material in the structure 72. The cage 72 has an open top to
      permit replacement of the blocks supported therein as blocks are consumed
      by livestock and the structure is shaped for gravitation of the blocks to
      the lower portion which has the access openings of diminishing width to
      retain small pieces as the animals use same.
PAR  In the illustrated structure, a sleeve member 73 is mounted on and movable
      longitudinally along the upright member 8 and the sleeve member 73 has an
      upper end 74 and a lower end 75. The cage 72 is formed of a plurality of
      circumferentially spaced cage defining members 76 and each have one end
      thereof secured to a lower portion of the sleeve member 73.
PAR  The cage defining members 76 each have a base portion 77 extending radially
      outwardly and upwardly from the lower end portion of the sleeve member 73
      to define an inclined cage floor. The cage defining members 76 each have a
      side portion 78 extending upwardly from the respective base portion 77.
      The side portions 78 each have a length sufficient to permit a plurality
      of blocks to be vertically stacked in the cage 72. The cage defining
      members 76 each have a top portion 79 extending radially outwardly from
      the respective side portion 78. An annular edge or ring member 80 is
      secured to the free end of each top portion 79 of each of the cage
      defining members 76 thereby completing the cage structure 72 and forming a
      substantially rigid structure.
PAR  The cage 72 is an open top receptacle and is particularly adapted to
      support and retain therein a plurality of stacked salt blocks, mineral
      blocks, protein blocks, or the like to be consumed by livestock. It is,
      therefore, desirable to provide sufficient space between the side portion
      78 of the cage defining members 76 and an adjacent or facing wall 81 of an
      insecticide container 82 thereby substantially avoiding contact between
      the insecticide container 82 and the salt blocks, mineral blocks, protein
      blocks, or the like.
PAR  The insecticide container 82 is supported on the top portions 79 of the
      cage 72 and in the illustrated structure, each of the top portions 79 have
      a hook or annular member 83 depending from a lower side of each of the top
      protions 79 and the hook 83 is positioned intermediate the side portions
      78 and the annular edge member 80. The annular edge member 80 serves as an
      outer bumper for the insecticide container 82, as later described.
PAR  The cage 72 and the insecticide container 82 are covered by a hood 85 to
      provide weather protection for the animal attracting material within the
      cage 72 and the insecticide material within the container 82. The hood 85
      may be mounted on the upright member 8 in any suitable manner. In the
      illustrated structure, a bolt or shaft 86 is suitably secured to the
      sleeve member 73 and extends upwardly beyond the upper end 74 thereof. The
      bolt or shaft 86 has the upper end thereof threaded to receive a suitable
      fastening device, such as a wing nut 87, to hold the hood in position
      overlying the insecticide container 82 and the cage 72.
PAR  The cage 72 is supported in a selected position on the upright member 8 by
      a collar 88 mounted on the upright member 8 and movable longitudinally
      therealong. The collar 88 includes suitable means to secure the collar 88
      in a selected position below the sleeve member 73 of the cage 72 whereby
      the collar 88 will be engaged by the lower end 75 of the sleeve memver 73
      and thereby support the sleeve member 73 and cage 72 on the collar 88. In
      the illustrated structure, one or more set screws 89 are mounted on the
      collar 88 and adapted to engage the upright member 8 to secure the collar
      88 at a selected position along the upright member 8 whereby the collar 88
      supports the cage 72, hood 85, and the insecticide container 82.
PAR  The hood 85 may be any desired shape and it is preferably higher at the
      center than at a peripheral edge 90 thereof which is spaced outwardly from
      the upright member 8 and preferably extends beyond the annular ring or
      edge member 80 of the cage 72. The hood 85 is illustrated as being a
      portion of a cone and the hood 85 is formed of any suitable waterproof
      material, such as metal, plastic, or the like, and is adapted to shed
      moisture including water, snow, and the like, from the insecticide
      applicator and feeder 71.
PAR  The insecticide applicator and feeder 71 includes the insecticide container
      82 which is supported on the top portions 79 of the cage defining members
      76. The insecticide container 82 is adapted to dispense a suitable
      insecticide material onto livestock in response to engagement of a bottom
      portion thereof by the livestock. The lower portion of the insecticide
      container 82 is positioned below a lower surface of the livestock
      attracting material within the cage 72 whereby livestock must engage the
      insecticide container 82 to reach and have access to the livestock
      attracting material.
PAR  The illustrated insecticide container 82 depends from the top portions 79
      of the cage 72 and surrounds the upright member 8 and the cage 72 to
      thereby dispense the insecticide material onto livestock. While a
      container formed of flexible and porous fabric is illustrated, it is to be
      understood that any suitable means for dispensing insecticide material in
      the form of dust or liquid in response to activation, as by agitation
      thereof by livestock, may be employed in the insecticide applicator and
      feeder 71.
PAR  The wall 81 of the insecticide container 82 preferably has a lower portion
      91 formed of a porous material, such as burlap, through which insecticide
      dust will pass when the bottom portion of the insecticide container 82 is
      engaged by livestock partaking of the material within the cage 72. The
      wall 81 includes an upper portion 92 formed of a non-porous material or
      canvas which extends from the top portions 79 of the cage defining members
      76 to a position aligned with or below a lower surface of the material
      retained within the cage 72.
PAR  It is desirable to provide weather protection for the insecticide container
      82, therefore, a flexible weather shield 93 forms a second or outer wall
      of the insecticide container 82 and is positioned inwardly from the
      peripheral edge 90 of the hood 85. The weather shield 93 and the lower
      portion 91 of the wall 81 are joined together at their respective lower
      edges to form a hem with a suitable weight enclosed therein, such as a
      wire, which will be lifted by the livestock when moving toward the
      livestock attracting material within the cage 72 whereby the livestock
      agitate the bottom portion of the container 82 thereby activating same to
      dispense the insecticide material through the porous lower portion 91 of
      the wall 81.
PAR  The insecticide container 82 is supported on and depends from the top
      portions 79 of the cage defining members 76. The upper edge portion of the
      weather shield 93 has a loop or hem for a drawstring engageable with the
      outer bumper or annular edge member 80 on the top portions 79 of the cage
      defining members 76. The upper portion 92 of the wall 81 has a loop or hem
      adjacent the upper edge thereof for a drawstring engageable with the hook
      or annular member 83 depending from the top portions 79 of the cage
      defining members 76 whereby the insecticide container 82 depends from the
      top portions 79 and assumes a generally triangular shape with an open top
      to permit placing additional insecticide material therein.
PAR  The insecticide applicator and feeder 71 includes means mounted on the
      upright member 8 for supporting and retaining a second livestock
      attracting material, such as granular mineral and vitamin materials. In
      the illustrated structure, a container 94 is mounted on the upright member
      8 and is adapted to retain therein suitable granular material. The
      container 94 includes sleeve member 95 which is mounted on and movable
      longitudinally along the upright member 8. The sleeve member 95 has an
      upper end 96 and a lower end 97.
PAR  The illustrated container 94 includes a bottom wall 98 which is suitably
      secured to the sleeve member 95 at a position intermediate the ends
      thereof. The bottom wall 98 is illustrated as a solid member for retaining
      granular material, however, the bottom wall 98 may be formed of a
      reticulated or foraminous material permitting access thereto by small
      animals, such as calves and the like. The container 94 includes a side
      wall 99 extending upwardly from a peripheral edge of the bottom wall 98 to
      thereby define an open top container.
PAR  The container 94 may be positioned at any desired position along the
      upright member 8 and is suitably retained within a selected position above
      the support or ground surface 3. In the illustrated structure, a collar
      100 is mounted on the upright member 8 and is movably longitudinally
      therealong and is positioned below the container 94. The collar 100
      includes suitable means to secure the collar 100 in a selected position
      below the sleeve member 95 whereby the collar 100 will be engaged by the
      lower end 97 of the sleeve member 95 and thereby support the sleeve member
      95 and container 94 on the collar 100. In the illustrated structure, one
      or more set screws 101 are mounted on the collar 100 and adapted to engage
      the upright member 8 to secure the collar 100 at a selected position along
      the upright member 8.
PAR  It is desirable to cover the container 94 to prevent mixing of insecticide
      with the material therein, therefore, a shield 102 is mounted on the
      upright member 8 and is spaced from and above the container 94. The
      spacing between the shield 102 and the container 94 is preferably a
      distance sufficient to permit livestock to reach and have access to the
      livestock attracting material within the container 94 while protecting the
      contents of the container 94 from insecticide material dispensed during
      engagement of the insecticide container 82 by the livestock.
PAR  The shield may be any suitable structure adapted to cover the container 94
      and may be any desired shape and is also preferably higher at the center
      than at a peripheral edge 103 thereof which is preferably spaced outwardly
      of the side wall 99 of the container 94. The shield 102 is illustrated as
      being conical shaped and the shield 102 is preferably formed of any
      suitable impervious material, such as metal, plastic, or the like, which
      is adapted to shed moisture including water, snow, and the like from the
      container 94.
PAR  In the illustrated structure, an inner ring or sleeve 104 is mounted on the
      upright member 8 and positioned between the cage 72 and the container 94.
      The inner ring or sleeve 104 has an upper portion extending above the
      shield 102 and includes suitable means to secure the inner ring or sleeve
      104 in a selected position above the container 94 and thereby support the
      shield 102 in a selected position. In the illustrated structure, one or
      more set screws 105 are mounted on the upper portion of the inner ring or
      sleeve 104 and adapted to engage the upright member 8 to secure the shield
      102 at a selected position along the upright member 8 and above the
      container 94.
PAR  It is to be understood that the enticer and insecticide may include the
      insecticide applicator and only the enticer of the container 94 or the
      enticer of material in a cage 72 or may have the insecticide applicator
      with both enticers.
PAR  Use of the insecticide applicator and feeder 71 illustrated in FIGS. 5 and
      6 is substantially similar to the use of the insecticide applicator 1
      illustrated in FIGS. 1 and 2 and the insecticide applicator 25 illustrated
      in FIGS. 3 and 4 except that the hood 85 must be removed to recharge the
      insecticide material dispensing means and to place mineral blocks, such as
      salt blocks, protein blocks, and the like, in the cage 72.
PAR  Additional or alternate protection or shielding of the contents of the
      lower or second container 94 may be provided to prevent insecticide
      material or dust from entering the container 94 and contacting the
      contacts therein. A flexible shield 106 is secured to the upper portion 92
      of the wall 81 of the insecticide container 82.
PAR  The flexible shield 106 preferably has a plurality of vertically extending
      slits to form a plurality of depending strips each having a lower end
      thereof extending below the top of the container 94. The flexible shield
      106 is preferably formed of non-porous material and the depending strips
      thereof are easily moved aside by livestock seeking access to the material
      within the cage 72.
PAR  The material forming the weather shield 93 also has the porous lower
      portion 91 secured thereto, as best seen in FIG. 5, to form a reservoir
      for insecticide material that would prevent movement of insecticide
      material by wind and minimum contact with the insecticide container 82 by
      livestock to thereby prevent loss of material.
PAR  FIGS. 7 and 8 illustrate a modified form of insecticide applicator and
      feeder 110 which includes a support structure substantially similar to the
      support structure illustrated in FIGS. 1 to 6 inclusive and includes a
      base 7 and an upright member 8.
PAR  The support structure of the insecticide applicator and feeder 110 includes
      a structure, such as a cage 111, for supporting and retaining a container
      112 adapted to contain a livestock attracting material, such as granular,
      mineral, and vitamin material in any desired physical form. The cage 111
      and the container 112 are open top members to permit replacement of the
      material within the container 112.
PAR  In the illustrated structure, a cap member 113 is mounted on and engageable
      with the upper end of the upright member 8 to support the cage 111 and
      container 112. The cage 111 is formed of a plurality of circumferentially
      spaced cage defining members 114 with the spacing between the members 114
      being such to provide access by an animal's tongue to the material in the
      container 112, as later described. The cage defining members 114 each have
      a lower end portion thereof suitably secured to the cap member 113, as by
      welding.
PAR  The cage defining members 114 each have a base portion 115 extending
      radially outwardly from the cap member 113 to define a base or floor for
      supporting the container 112. The cage defining members 114 each have a
      side portion 116 extending upwardly and outwardly from the respective base
      portion 115. An annular edge or ring member 117 is secured to the upper or
      free end of each of the side portions 116 of each of the cage defining
      members 114 thereby completing the cage 113 and forming a substantially
      rigid support structure. A lower ring member 118 is secured to the side
      portions 116 intermediate the ends thereof. The annular ring member 117
      and the lower ring member 118 provide support for an insecticide container
      119 in a manner substantially similar to that illustrated in FIG. 5.
PAR  The container 112 has a base wall 120 adapted to be supported on the base
      portions 115 of the cage defining members 114. The container 112 has a
      side wall 121 extending upwardly and outwardly from the base wall 120 and
      in engagement with the side portions 116 of the cage defining members 114.
      The side wall 121 of the container 112 has a plurality of
      circumferentially spaced apertures 122 positioned to permit access by the
      animal's tongue to the material within the container 112. The apertures
      122 are preferably each positioned between an adjacent pair of the side
      portions 116 of the cage defining members 114.
PAR  It is particularly desirable to prevent mixing of insecticide material with
      the material within the container 112. Therefore, the container 112 is
      enclosed within a bag 123 which is adapted to be closed at the top thereof
      by a suitable tie 124 to provide a cover over the container 112. The bag
      123 is slotted to provide suitable flaps 125 adapted to be aligned with
      the apertures 122 in the side wall 121 of the container 112. The flaps 125
      permit access through the bag 123 to the materials within the container
      112.
PAR  The cage 111, container 112, and bag 123 are preferably positioned on the
      upright member 8 to provide a stable structure. Therefore, a threaded stud
      126 extends upwardly from the upper end of the upright member 8 and
      through the cap 113. A suitable washer 128 is sleeved on the stud 126 and
      the washer or retainer 127 is held in position by suitable nut 128.
PAR  The cage 111, container 112, insecticide container 119, and the bag 123 are
      covered by a hood 129 to provide weather protection for the animal
      attracting material within the container 112 and the insecticide material
      within the container 119. The hood 129 is removably mounted on the upper
      ring member 117 in any suitable manner. In the illustrated structure, a
      plurality of circumferentially spaced arms 130 extend radially from and
      are pivotally supported on a ring 131. The arms 130 each have an end
      portion 132 adapted to be moved into clamping engagement with the upper
      ring member 117 of the cage 111. A bolt or shaft 133 is suitably secured
      to the ring 131 and extends upwardly therefrom and through a suitable
      aperture in the hood 129. The shaft 133 has the upper end thereof threaded
      to receive a suitable fastening device, such as a wing nut 134, whereby
      tightening the wing nut 133 effects clamping engagement of the end portion
      132 of the arms 130 with the annular ring member 117.
PAR  The hood 129 may be any desired shape and is preferably higher at the
      center than at a peripheral edge 135 thereof which is spaced outwardly
      from the upright member 8 and preferably extends beyond the annular ring
      member 117 of the cage 111. The hood 129 is illustrated as being a dome
      and the hood 129 is formed of any suitable waterproof material, such as
      metal, plastic, or the like, and is adapted to shed moisture including
      water, snow, ice, and the like, from the insecticide applicator and feeder
      110.
PAR  The insecticide container 119 is substantially similar to the insecticide
      container 82 illustrated in FIGS. 5 and 6. A lower portion of the
      insecticide container 119 is positioned below the apertures 122 in the
      container 112 and the flaps 125 of the bag 123 whereby the livestock must
      engage the insecticide container 119 to reach and have access to the
      livestock attracting material within the container 112. An impervious
      shield is provided for the insecticide container 119 to protect the
      insecticide material from weather, as by a waterproof outer wall for the
      container 119.
PAR  While not illustrated, it is to be understood that the structure
      illustrated in FIGS. 7 and 8 may also include additional protection or
      shielding of the contents of the container 112 to prevent insecticide
      material or dust from entering the container 112 and contacting the
      contents therein. A flexible shield similar to the shield 106 may be
      secured to the insecticide container 119 in a manner similar to that
      illustrated in FIG. 5.
PAR  Use of the insecticide applicator and feeder 110 illustrated in FIGS. 7 and
      8, is substantially similar to the use of the insecticide applicator 1,
      illustrated in FIGS. 1 and 2, the insecticide applicator 26 illustrated in
      FIGS. 3 and 4, and the insecticide applicator and feeder 71 illustrated in
      FIGS. 5 and 6. As in the insecticide applicator and feeder 71, illustrated
      in FIGS. 5 and 6, the hood 129 must be removed to recharge the insecticide
      container 119 and to place additional material within the container 112.
PAR  FIGS. 9 and 10 illustrate a linear form of insecticide applicator and
      feeder 146 which is supported on a frame 147 and includes a linear support
      structure, such as a cage 148, for supporting and retaining a livestock
      attracting material, such as a plurality of salt blocks, protein blocks,
      mineral blocks, and the like, with suitable spaces in the structure for
      access by the animal's tongue to the material within the cage 148. The
      insecticide applicator and feeder 146 includes a linear insecticide
      container 149 positioned substantially parallel with and spaced from the
      cage 148.
PAR  The frame 147 may be any suitable structure adapted to support the cage 148
      and the insecticide container 149 and in the illustrated structure, the
      frame 147 includes a suitable base 150 and longitudinally spaced end
      frames 151 extending upwardly therefrom with the cage 148 and the
      insecticide container 149 extending between the end frames 151.
PAR  The end frames 151 are each formed of front and rear upright members 152
      and 153 with a top member 154 mounted on the top of the upright members
      152 and 153 and extending forwardly from the front upright member 152. The
      end frames 151 each preferably have suitable bracing members 155 extending
      between the upright members 152 and 153.
PAR  The frame 147 includes front and rear structural members 156 and 157
      extending between the end frames 151 and having opposite ends thereof
      suitably secured to the respective top members 154 to provide a
      substantially rigid structure.
PAR  The frame 147 includes laterally spaced cage support members 158 and 159
      extending between the top members 154 of the end frames 151. The frame 147
      includes support means for the insecticide container 149 in the form of
      laterally spaced front and rear hangers 160 and 161 suitably supported on
      and extending between the forwardly extending portion of the top members
      154. End hangers 162 extend between respective opposite ends of the front
      and rear hangers 160 and 161 adjacent the respective top members 154 of
      the end frames 151.
PAR  The cage 148 has an open top to permit replacement of the blocks supported
      therein as the blocks are consumed by livestock. In the illustrated
      structure, a plurality of longitudinally spaced cage defining members 163
      are mounted on and depend from the cage support members 158 and 159. The
      illustrated cage defining members 163 are generally U-shaped and have a
      base portion 164 adapted to support a bottom surface of the mineral blocks
      within the cage 148. The cage defining members 163 each have opposite side
      portions 165 and 166 extending upwardly from respective opposite ends of
      the base portion 164 and having the upper ends thereof secured to the
      respective cage support members 158 and 159 respectively, as by welding.
      The longitudinal spacing between the cage defining members 163 is such to
      retain and support the mineral blocks and permit access thereto by the
      animal's tongue.
PAR  The cage 148 and the insecticide container 149 are suitably covered by a
      lid 167 to provide weather protection for the animal attracting material
      within the cage 148 and the insecticide material within the container 149.
      The lid 167 may be mounted on the frame 147 in any suitable manner. In the
      illustrated structure, a plurality of longitudinally spaced hinge members
      168 have respective leaves thereof suitably secured to the lid 167 and to
      the rear structural member 157. The lid 167 has peripheral edge portions
      169 extending beyond the cage 148 and the insecticide container 149 to
      thereby cover same. The lid 167 may be formed of any suitable waterproof
      material, such as metal, plastic or the like, and is adapted to shed
      moisture including water, snow, and the like, from the insecticide
      applicator and feeder 146.
PAR  It is desirable to enclose opposite ends and the rear of the frame 147 to
      thereby limit entry to the insecticide applicator and feeder 146 from the
      front portion thereof. Suitable end walls 170 and a rear wall 171 are
      suitably secured to the frame 147 thereby enclosing same and providing
      additional weather protection for the material within the cage 148.
PAR  The insecticide container 149 is substantially similar to the insecticide
      container illustrated in FIGS. 5 and 6 and the insecticide container 119
      illustrated in FIGS. 7 and 8 except that the insecticide container 149
      illustrated in FIGS. 9 and 10 is linear and has opposite end walls 172.
      The end walls 172 and a front wall 173 of the insecticide container 149
      are preferably formed of a non-porous material or canvas which is
      substantially waterproof to provide an impervious shield for the container
      149 to protect the contents from weather.
PAR  While a flexible shield similar to the shield 106 and a second or lower
      container for mineral and vitamin materials have not been illustrated in
      FIGS. 9 and 10, it is to be understood that such elements may be included
      in the insecticide applicator and feeder 146. A single bay has been
      illustrated, however, the insecticide applicator and feeder 146 may be any
      length by providing additional bays, as desired.
PAR  Use of the insecticide applicator and feeder 146 illustrated in FIGS. 9 and
      10, is substantially similar to use of the insecticide applicators and
      feeders illustrated in FIGS. 1 to 8 inclusive, except that the livestock
      must enter the front portion of the insecticide applicator and feeder 146
      and the lid 167 must be raised to recharge the insecticide container 149
      and to replace mineral or salt blocks in the cage 148.
PAR  It is to be understood that while I have illustrated and described certain
      forms of my invention, it is not to be limited to these specific forms or
      arrangement of parts herein described and shown.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A combination insecticide applicator and feeder for livestock
      comprising:
PA1  a. a support structure having an upright member;
PA1  b. a hood;
PA1  c. means on said hood and on said upright member to support said hood at a
      selected position above a ground surface;
PA1  d. a container having insecticide material therein supported by said
      support structure adjacent to and below said hood, said container having a
      bottom portion thereof adopted to dispense insecticide material onto
      livestock in response to engagement of a bottom portion thereof by the
      livestock;
PA1  e. holding means supported on said upright member and positioned below said
      hood for supporting a livestock attracting material in spaced relation to
      said container;
PA1  f. means for retaining said holding means at a selected position having a
      lower surface of the livestock attracting material positioned above said
      bottom portion of said container whereby livestock must engage said bottom
      portion of said container to have access to the livestock attracting
      material; and
PA1  g. a shield depending from said hood and positioned to protect the bottom
      portion of said container from weather.
NUM  2.
PAR  2. A combination insecticide applicator and feeder as set forth in claim 1
      including a second shield depending from said container and positioned
      between said container and said holding means to prevent intermingling of
      the insecticide material and the livestock attracting material.
NUM  3.
PAR  3. A structure as set forth in claim 1 wherein:
PA1  a. said holding means for supporting the livestock attracting material
      comprises a cage having an open top;
PA1  b. the cage has a bottom formed of a plurality of circumferentially spaced
      members thereby permitting access to the livestock attracting material
      between the spaced members; and
PA1  c. means are mounted on said hood and attached to the cage for permitting
      adjustment of the vertical spacing between the bottom of said cage and the
      bottom portion of said insecticide material dispensing means.
NUM  4.
PAR  4. A structure as set forth in claim 1 wherein:
PA1  a. said hood includes a sleeve movable longitudinally of said upright
      member and having opposite ends;
PA1  b. said means to support said hood includes a collar mounted on said
      upright member and means to secure said collar in a selected position
      below said sleeve to be engaged by one end of said sleeve and thereby
      support said hood;
PA1  c. said holding means for supporting the livestock attracting material
      comprises a cage having an open top; and
PA1  d. means are mounted on said sleeve of said hood and attached to the cage
      for permitting adjustment of the vertical spacing between a bottom of the
      cage and the bottom portion of said insecticide material dispensing
      container.
NUM  5.
PAR  5. A structure as set forth in claim 1 wherein:
PA1  a. said hood includes a sleeve movable longitudinally of said upright
      member and having opposite ends;
PA1  b. said holding means for supporting a livestock attracting material
      includes a sleeve movable longitudinally of said upright member and
      positioned below the sleeve of said hood;
PA1  c. said means for retaining said holding means and a livestock attracting
      material therein at a selected position includes:
PA2  1. an elongated flexible member;
PA2  2. means mounted on said sleeve of said hood for directing movement of at
      least a portion of said flexible member longitudinally of said upright
      member; and
PA2  3. means mounted on said sleeve of said livestock attracting material
      holding means to permit removable attachment of said flexible member
      thereto whereby movement of said flexible member longitudinally of said
      upright member effects movement of said holding means supporting a
      livestock attracting material longitudinally of said upright member; and
PA1  d. said means for retaining said holding means and the livestock attracting
      material therein at a selected position includes a collar mounted on said
      upright member and means to secure said collar in a selected position
      below said sleeve of said holding means for supporting a livestock
      attracting material to be engaged by one end of said sleeve of said
      holding means.
NUM  6.
PAR  6. A structure as set forth in claim 1 wherein:
PA1  a. said holding means for supporting a livestock attracting material
      includes:
PA2  1. a sleeve movable longitudinally of said upright member and positioned
      below said hood;
PA2  2. an annular member mounted on said sleeve and having a peripheral edge
      portion extending outwardly from said sleeve;
PA2  3. a plurality of circumferentially spaced cage defining members each
      having one end secured to said annular member, said cage defining members
      each having a base portion extending radially outwardly from said annular
      member and an upright portion extending upwardly from said base portion;
      and
PA2  4. a top member secured to an upper end of the upright portion of each of
      said cage defining members;
PA1  b. said means for retaining said holding means and a livestock attracting
      material therein at a selected location includes:
PA2  1. an elongated flexible member;
PA2  2. means mounted on said hood for directing movement of at least a portion
      of said flexible member longitudinally of said upright member;
PA2  3. means mounted on said sleeve of said holding means for supporting a
      livestock attracting material to permit removable attachment of said
      flexible member thereto whereby movement of said flexible member
      longitudinally of said upright member effects movement of said sleeve of
      said holding means longitudinally of said upright member; and
PA2  4. a collar mounted on said upright member and means to secure said collar
      in a selected position below said sleeve of said holding means, said
      collar being engaged by one end of said sleeve to thereby support and
      position said cage.
NUM  7.
PAR  7. A structure as set forth in claim 1 wherein said means to support said
      hood at a selected position includes:
PA1  a. a sleeve movable longitudinally of said upright member;
PA1  b. a collar mounted on said upright member and means to secure said collar
      in a selected position below said sleeve to thereby support said sleeve
      thereon;
PA1  c. a plurality of circumferentially spaced arms extending upwardly and
      outwardly from said sleeve, each of said arms having an upper end, said
      arms being spaced apart a distance sufficient to permit a head of
      livestock to extend therebetween;
PA1  d. a wall member above said arms and secured to the upper ends thereof; and
PA1  e. means secured to said wall member and in engagement with said hood to
      hold said hood in engagement with said wall member.
NUM  8.
PAR  8. A structure as set forth in claim 7 wherein:
PA1  a. said holding means for supporting a livestock attracting material
      comprises a basket formed of a fabric net and having an upper portion
      thereof supported on said wall member; and
PA1  b. said basket depends from said wall member and has a portion thereof
      positioned within a space defined by said upwardly and outwardly extending
      arms.
NUM  9.
PAR  9. A livestock feeder as set forth in claim 1 wherein:
PA1  a. said support structure includes a cage having a plurality of
      circumferentially spaced cage defining members each having a base portion
      and an upright portion;
PA1  b. said holding means for supporting and retaining a livestock attracting
      material comprises an attracting material container positioned within said
      cage and having a base wall and a side wall in engagement with said base
      portions and said upright portions respectively of said cage defining
      members; and
PA1  c. said side wall of said attracting material container has a plurality of
      circumferentially spaced apertures therein positioned to provide access by
      an animal's tongue to material within said attracting material container.
NUM  10.
PAR  10. A livestock feeder as set forth in claim 9 including a bag positioned
      within said cage and enclosing said attracting material container and
      having an open top adapted to be closed to cover said attracting material
      container, said bag being slotted to provide a plurality of
      circumferentially spaced flaps each aligned with a respective one of said
      apertures in said side wall of said attracting material container to
      provide access through said bag by an animal's tongue to material within
      said attracting material container.
NUM  11.
PAR  11. A combination insecticide applicator and feeder for livestock
      comprising:
PA1  a. a support structure having a base and an upright member extending
      upwardly therefrom;
PA1  b. a hood having a peripheral edge spaced outwardly from said upright
      member;
PA1  c. means on said hood and on said upright member to support said hood at a
      selected position above a ground surface;
PA1  d. a container depending from said hood and surrounding said upright member
      and having insecticide material therein, said container having a bottom
      portion thereof adapted to dispense insecticide material onto livestock in
      response to engagement of the bottom portion of said insecticide material
      dispensing container by the livestock, said insecticide material
      dispensing container being positioned between said upright member and the
      peripheral edge of said hood;
PA1  e. a flexible weather shield depending from the peripheral edge of said
      hood and surrounding said insecticide material dispensing container and
      having a lower edge positioned below the bottom portion of said
      insecticide material dispensing container;
PA1  f. holding means supported on said upright member and positioned below said
      hood for supporting a livestock attracting material; and
PA1  g. means for retaining said holding means at a selected position having a
      lower surface of the livestock attracting material positioned above said
      insecticide material dispensing container whereby livestock must engage
      the insecticide material dispensing container to have access to the
      livestock attracting material, said livestock attracting material being
      surrounded by said insecticide material dispensing container.
NUM  12.
PAR  12. A structure as set forth in claim 11 wherein:
PA1  a. said means to support said hood at a selected position includes:
PA2  1. a sleeve movable longitudinally of said upright member, said sleeve
      having a lower end and an upper end;
PA2  2. a collar mounted on said upright member and means to secure said collar
      in a selected position below said sleeve to be engaged by the lower end
      thereof and thereby support said sleeve thereon;
PA2  3. a plurality of circumferentially spaced arms extending upwardly and
      outwardly from said sleeve, each of said arms having an upper end, said
      arms being spaced apart a distance sufficient to permit a head of
      livestock to extend therebetween, said arms each having an upper portion
      positioned adjacent said insecticide material dispensing container;
PA2  4. a wall member above said arms and secured to the upper end thereof;
PA2  5. a plurality of circumferentially spaced and radially extending support
      members each having one end secured to said wall member and extending
      outwardly therefrom; and
PA2  6. means secured to said wall member and in engagement with said hood to
      hold same in engagement with said wall member and in engagement with said
      support members;
PA1  b. said holding means for supporting livestock attracting material
      comprises a basket formed of a fabric net and having an upper portion
      thereof supported on said wall member; and
PA1  c. said basket depends from said wall member and has a lower portion
      thereof positioned within a space defined by said upwardly and outwardly
      extending arms.
NUM  13.
PAR  13. A structure as set forth in claim 11 wherein:
PA1  a. said holding means for supporting a livestock attracting material
      includes:
PA2  1. a sleeve movable longitudinally of said upright member and positioned
      below said hood, said sleeve having a lower end and an upper end;
PA2  2. an annular member mounted on said sleeve and having a peripheral edge
      portion extending outwardly from said sleeve;
PA2  3. a plurality of circumferentially spaced cage defining members each
      having one end secured to said annular member, said cage defining members
      each having a base portion extending radially outwardly from said annular
      member and an upright portion extending upwardly from said base portion;
      and
PA2  4. a top member secured to an upper end of the upright portion of each of
      said cage defining members; and
PA1  b. said means for retaining said holding means and a livestock attracting
      material therein at a selected location includes:
PA2  1. an elongated flexible member;
PA2  2. means mounted on said hood for directing movement of at least a portion
      of said flexible member longitudinally of said upright member;
PA2  3. means mounted on said sleeve of said livestock attracting material
      supporting holding means to permit removable attachment of said flexible
      member thereto whereby movement of said flexible member longitudinally of
      said upright member effects movement of said sleeve of said holding means
      longitudinally of said upright member; and
PAR  4. a collar mounted on said upright member and means to secure said collar
      in a selected position below said sleeve of said livestock attracting
      material holding means, said collar being engaged by one end of said
      sleeve to thereby support and position said cage relative to the bottom
      portion of said insecticide material dispensing container.
NUM  14.
PAR  14. A combination insecticide applicator and feeder for livestock
      comprising:
PA1  a. a support structure having an upright member;
PA1  b. a cage mounted on said upright member for supporting and retaining a
      livestock attracting material, said cage having a plurality of spaced
      members which converge downwardly and inwardly for gravitation of material
      as it is reduced in size and permit continued access thereto by animals;
PA1  c. a hood;
PA1  d. means for mounting said hood on said upright member and in a position
      above said cage for supporting and retaining a livestock attracting
      material and in a position overlying same;
PA1  e. a container supported on said cage for supporting and retaining a
      livestock attracting material, said container having a bottom portion
      thereof adapted to dispense insecticide material onto livestock in
      response to engagement of the bottom portion thereof by the livestock,
      said container for dispensing insecticide material onto livestock having
      the bottom portion thereof positioned below a lower surface of the
      livestock attracting material whereby livestock must engage said bottom
      portion of said container to have access to the livestock attracting
      material; and
PA1  f. a shield depending from said hood and positioned to protect the bottom
      portion of said container from weather.
NUM  15.
PAR  15. A structure as set forth in claim 14 wherein:
PA1  a. said cage includes a sleeve member having an upper end and being mounted
      on said upright member and having one end of each of said spaced members
      mounted thereon and extending therefrom;
PA1  b. said hood is removably supported on said upper end of said sleeve
      member;
PA1  c. said spaced members of said cage each have an outwardly extending
      portion each extending beyond said cage; and
PA1  d. said container for dispensing insecticide material onto livestock is
      removably supported on said outwardly extending portions and depends
      therefrom and surrounds said cage.
NUM  16.
PAR  16. A structure as set forth in claim 14 including:
PA1  a. holding means mounted on said upright member for supporting and
      retaining a second livestock attracting material, said holding means for
      supporting and retaining a second livestock attracting material being
      below said cage for supporting and retaining the first named livestock
      attracting material;
PA1  b. a second hood; and
PA1  c. means for mounting said second hood on said upright member and in a
      position spaced from and above said holding means for supporting and
      retaining a second livestock attracting material, the spacing between said
      second hood and said holding means for the second livestock attracting
      material being a distance to permit livestock to reach and have access to
      the second livestock attracting material while protecting same from
      insecticide material dispensed during engagement of said bottom portion of
      said container.
NUM  17.
PAR  17. A livestock feeder comprising:
PA1  a. a support structure;
PA1  b. means supported on said support structure for supporting and retaining a
      livestock attracting material;
PA1  c. an impervious shield mounted on said support structure and spaced from
      said means for supporting and retaining a livestock attracting material;
PA1  d. a hood;
PA1  e. means engaging said hood and said support structure for removably
      mounting said hood at a selected position above a ground surface and in
      covering relation with said means for supporting and retaining a livestock
      attracting material;
PA1  f. an insecticide container having insecticide material therein and
      supported on said support structure and spaced from said means for
      supporting and retaining a livestock attracting material, said insecticide
      container having a bottom portion adapted to dispense insecticide material
      onto livestock in response to engagement of the bottom portion thereof by
      the livestock, said insecticide container bottom portion being formed of
      porous material, said insecticide container having an outwardly facing
      wall portion; and
PA1  g. said impervious shield being positioned and adapted to protect the
      insecticide material from weather.
NUM  18.
PAR  18. A livestock feeder as set forth in claim 17 including a second shield
      depending from said insecticide container and positioned between said
      insecticide container and said cage to prevent intermingling of the
      insecticide material and the livestock attracting material.
NUM  19.
PAR  19. A livestock feeder comprising:
PA1  a. a support structure;
PA1  b. means supported on said support structure for supporting and retaining a
      livestock attracting material;
PA1  c. an impervious shield mounted on said support structure and spaced from
      said means for supporting and retaining a livestock attracting material;
PA1  d. a hood;
PA1  e. means engaging said hood and said support structure for removably
      mounting said hood at a selected position above a ground surface and in
      covering relation with said means for supporting and retaining a livestock
      attracting material;
PA1  f. an insecticide container having insecticide material therein mounted on
      said support structure below said hood and spaced from said means
      supporting and retaining a livestock attracting material, said insecticide
      container having a bottom portion thereof adapted to dispense insecticide
      material onto livestock in response to engagement of the bottom portion
      thereof by the livestock;
PA1  g. holding means mounted on said support structure for supporting and
      retaining a second livestock attracting material, said holding means being
      below said first named means for supporting and retaining the first named
      livestock attracting material;
PA1  h. a second hood; and
PA1  i. means for mounting said second hood on said support structure and in a
      position spaced from and above said holding means for supporting and
      retaining a second livestock attracting material, the spacing between said
      second hood and said holding means for the second livestock attracting
      material being a distance to permit livestock to reach and have access to
      the second livestock attracting material while protecting same from
      insecticide material dispensed during engagement of said bottom portion of
      said insecticide container.
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ABST
PAL  The improved ignition means for a rotary combustion engine of the type,
      having a rotor which planetates within a multi-lobed housing cavity which
      is partly defined by an inner peripheral wall surface, comprises a spark
      plug having an axis which extends substantially normal to the peripheral
      wall surface and has means forming a spark-gap disposed in an ante-chamber
      adjacent the inner peripheral wall surface. An ignition channel of small
      size in relation to the size of the ante-chamber extends from the
      ante-chamber through the peripheral wall surface and is disposed in offset
      substantially parallel relationship with the longitudinal axis of the
      spark plug.
BSUM
PAR  The invention relates to rotary internal combustion engines of the type
      having a multi-lobed housing cavity within which a rotor is supported for
      planetary rotation, such as of the Wankel type disclosed in the U.S. Pat.
      to Wankel et al., No. 2,988,065. More specifically the invention concerns
      an improved ignition apparatus for such rotary internal combustion
      engines.
PAC  BACKGROUND
PAR  In rotary internal combustion engines of the type such as exemplified in
      the aforesaid U.S. Patent to Wankel, various ignition devices and
      arrangements have been employed to ignite the fuel and air mixture within
      the working chambers of the engine. In these various devices the igniting
      device, such as a spark plug having a central electrode disposed in an
      insulator with one end portion projecting therefrom and forming one part
      of a spark-gap, is supported in the housing so that the end of the spark
      plug lies in close spaced relationship to the inner peripheral surface of
      the housing. To minimize gas leakage from the working chamber within which
      the fuel-air mixture is being compressed past the apex seals of the rotor,
      through the spark plug opening and into the next working chamber under
      lower pressure, the spark plug opening in the inner peripheral wall
      surface is closed and an ignition opening or channel is provided in the
      closure. As exemplified in the U.S. Patents, Weed, No. 2,020,089; Lamm,
      No. 3,719,174; Berkowitz, No. 3,722,480; Belzner, No. 3,512,907; and
      Shibagaki, No. 3,597,648, the ignition channel is of relatively small
      size, as compared with the size of the ante-chamber, and communicates the
      latter with the working chambers. In these ignition devices it has been
      found that auto-ignition occurs by reason of incandescence of deposits in
      the spark plug region. The extent of such deposits are dependent on two
      factors, namely, ash content of the oil employed for lubrication and the
      temperature of the residue carrier or surface, such as the spark plug and
      surfaces of the ignition channel and ante-chamber. The obvious solution to
      this problem is to employ ash-free oils and/or lower the operating
      temperature of the spark plug.
PAR  It has been proposed to effect a lower spark plug temperature, as shown in
      the U.S. Patent to Lamm, No. 3,719,174; and an East German Patent No.
      37,392, by providing two inclined ignition channels which serve to
      scavenge the ante-chamber with fresh fuel and air mixture and thus produce
      cooler spark plug temperatures. These ignition devices have not achieved
      an appreciable reduction in incandescence because of encrustation on the
      surfaces of the two ignition channels which is attributable to their
      relatively long length and inclination. Also the two ignition channels for
      achieving turbulence in the ante-chamber did not produce any noteworthy
      lowering of the spark plug temperature.
PAR  Another proposal for the solution to this problem is disclosed in the U.S.
      Patent to Braun et al, No. 3,738,331. This ignition device, having spark
      plugs extending through two housing elements and involving complex and
      expensive machining operations to fabricate, again shows an inclined
      ignition channel of relatively long length although it does disclose
      prevention of direct hot gas impingement and heat radiation on the
      insulator supporting the center electrode.
PAR  It is therefore an object of this invention to provide an improved ignition
      device for a rotary internal combustion engine which effectively lowers
      the operating temperature of the firing means and adjacent surfaces and
      thereby achieves a reduction in deposits and possibility of auto ignition.
PAC  SUMMARY
PAR  The present invention therefore contemplates an improved ignition device or
      means for an internal combustion engine of the type having a housing with
      an inner, trochoidal-shaped, peripheral wall surface, which defines a
      multi-lobe cavity and in which a rotor is eccentrically supported for
      planetary motion, the rotor periphery defining with the housing cavity a
      plurality of working chambers which successively expand and contract in
      volumetric size as the rotor rotates.
PAR  The improved ignition means comprises a spark plug of any suitable
      conventional construction such as the type having an insulator portion
      supporting an elongated electrode with one end portion thereof extending
      therefrom and forming part of a spark-gap. A support means is provided in
      the housing to receive and secure the spark plug so as to extend
      substantially normal to the adjacent area of the inner peripheral wall
      surface. The support means also supports the spark plug so that an
      ante-chamber is defined adjacent the spark-gap end of the spark plug,
      which ante-chamber is in relatively close spaced relationship to the
      inner, peripheral wall surface. A spark or ignition channel is provided to
      communicate the ante-chamber with the working chambers. In accordance with
      this invention, the ignition channel is small in size relative to the size
      of the ante-chamber and is disposed with its longitudinal axis offset and
      extending substantially parallel to the longitudinal axis of the spark
      plug.
PAR  It has been found that this improved ignition device has reduced spark plug
      temperature, under full engine load, by more than 100.degree. Centigrade
      which has been sufficient to prevent incandescence of residues which may
      adhere to the surfaces on the spark plug and adjacent regions.
      Particularly favorable results were obtained with the ignition channel
      offset in the peripheral direction counter to the direction of rotation of
      the rotor; that is, normal to the axis of rotation and in relation to the
      electrode, counter to the direction of rotor rotation. An offset of the
      ignition channel in a direction parallel to the axis of rotor rotation has
      also produced a lowering of spark plug temperature and hence incandescence
      of residue build-up. In an engine utilizing the improved ignition device
      of this invention, the ignition channel had a diameter of 5 mm and was
      offset from an imaginary extension of the longitudinal axis of the
      electrode a distance of 3.5 mm, the ante-chamber being of 18 mm in
      diameter.
PAR  The ante-chamber of this invention may have a flat surface or a
      substantially inverted conical surface.
PAR  The invention contemplates that the support means may be either a bore in
      the housing terminating in close spaced relation to the inner peripheral
      wall surface of the housing or a cylindrical sleeve having a closed end
      and inserted in a bore extending through the inner peripheral wall surface
      with the closed end adjacent the latter. Also, the support means may be a
      combination of the two alternatives where an insert, such as disclosed in
      the U.S. Patents to Berkowitz, No. 3,722,480 or Belzner, No. 3,512,907, is
      employed. The sleeve and insert may be fabricated of material having high
      heat conductivity, (e.g., copper) and may be secured in the housing bore
      by a shrink fit, press-fit, or cast in the bore.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention will be more fully understood from the following description
      when considered in connection with the accompanying drawings in which:
PAR  FIG. 1 is a semi-schematic cross-sectional view of a rotary internal
      combustion engine having an improved ignition device according to this
      invention;
PAR  FIG. 2 is a fragmentary view, in elevation, of the peripheral inner wall
      surface of the engine housing in the area of the improved ignition device
      shown in FIG. 1;
PAR  FIG. 3 is a fragmentary view of the ignition device shown in FIG. 1 and on
      a somewhat enlarged scale; and
PAR  FIG. 4 is a view, similar to FIG. 3, of a second embodiment of the present
      invention showing an alternative spark plug and sleeve which may be
      employed without departure from the scope and spirit of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Now referring to the drawings, and more particularly FIGS. 1 and 2, the
      reference number 10 generally designates a rotary internal combustion
      engine, such as of the Wankel type, and number 12 designates an ignition
      means or device in accordance with this invention. The engine 10 has a
      housing 14 which defines therein a cavity 16 within which a rotor 18 is
      eccentrically supported for planetary rotary motion. The housing 14 has an
      inner, peripheral wall surface 20 which may be of trochoidal
      configuration. As shown, cavity 16 has a two-lobe configuration and a
      rotor 18 has three peripheral flank portions 22 so that the rotor has a
      generally triangular profile. The invention, however, is not limited to an
      engine 10 having a two-lobe housing cavity and a triangular shaped rotor,
      but may, without departure from the scope and spirit of the invention,
      have one or more than two lobes and a rotor having two or more flank
      portions in accordance with the relationship of one more flank portion of
      the rotor than the number of lobes in the cavity. The rotor 18 is
      rotatively supported on an eccentric 24 of a mainshaft 26 which is
      suitably supported within housing 14 by conventional bearing means not
      shown. The rotor 18 defines with housing 14 a plurality of working
      chambers A, B and C within cavity 16 which chambers, as the rotor
      planetates within the cavity, volumetrically, successively expand and
      contract in size. To provide for the passage of a combustible mixture,
      from a suitable source thereof (not shown), into working chambers A, B and
      C, an inlet or intake port 28 is provided in housing 14. For the discharge
      of spent products of combustion from working chambers A, B and C, an
      outlet or exhaust port 30 is also provided in housing 14. The igniting or
      firing of the combustible mixture, such as gasoline and air, is provided
      by ignition device 12. During engine operation the working chambers A, B
      and C have a cycle of operation which includes the four phases of intake,
      compression, expansion and exhaust, these phases being similar to the
      strokes in a reciprocating-piston type internal combustion engine of the
      4-stroke cycle. To provide for improved engine operation and increased
      operative life of a spark-firing means and reduction in the possibility of
      engine auto-ignition, the improved ignition device 12 is provided.
PAR  As best shown in FIG. 3, ignition device 12 comprises, in part, a bore 32
      in housing 14 which extends from the exterior of the housing through
      peripheral wall surface 20 and substantially normal to wall surface 20. A
      cup-shaped insert or sleeve 34, having a bottom or closed end wall 36, is
      disposed in bore 32 with the wall 36 lying substantially flush with the
      peripheral wall surface 20. The sleeve 34 is secured in bore 32 by
      shrinking, press-fitting, being cast into the housing 14, or other
      suitable means. The sleeve 34 may be fabricated of material having high
      heat conductivity, such as copper. The sleeve 34 is internally threaded at
      38 to receive the threaded shank 40 of an igniter 42, such as a spark
      plug.
PAR  The spark plug 42 is of any conventional construction which may be of the
      type having an elongated central electrode 44 supported substantially
      coaxially of the longitudinal axis X of the spark plug in an electrical
      isolator or insulation portion 46 disposed in shank 40. The spark plug may
      also be provided with a grounded electrode 48 disposed in close spaced
      relation to the end portion 50 of electrode 44. The electrode 48 and end
      portion 50 coact to define therebetween a spark-gap across which an
      electrical spark is caused to intermittently bridge or jump. The spark
      plug shank 40 is dimensioned in relation to sleeve 34 so that the end
      portion of shank 40 is in close spaced relation to the inner surface of
      wall 36 and defines with sleeve 34 an ante-chamber 52.
PAR  In order for the spark plug 42 to ignite the combustible mixture in the
      working chambers A, B and C, an ignition opening or channel 54 is provided
      in wall 36 of sleeve 34. In accordance with this invention ignition
      channel 54 is of small size in relation to the size of ante-chamber 52 and
      is located in offset relation to the longitudinal axis X of spark plug 42
      and with its longitudinal axis Y extending substantially normal to the
      adjacent inner wall surface 20, or as shown in the drawings, ignition
      channel 54 is arranged with its longitudinal axis Y extending
      substantially parallel to axis X. Also as best shown in FIG. 2, ignition
      channel 54 is preferably offset relative to axis X of spark plug 42 in a
      direction counter to the direction of rotation of rotor 18 shown by the
      arrow D since the arrangement produces the best results. However, the
      offset of ignition channel 54 can be in the direction of rotor rotation
      relative to the axis X of the spark plug to achieve improved results over
      the conventional ignition devices. The ignition channel 54, although not
      shown in the drawing, may also be offset relative to spark plug axis X in
      a direction parallel to the axis of mainshaft 26 to again provide improved
      results over conventional ignition devices.
PAR  This offset and substantially parallel relation of ignition channel 54
      relative to the axis of spark plug 42, by actual engine tests, has
      achieved a lowering of the spark plug temperature under full load of about
      100.degree. Centigrade or more and that such reduction in temperature has
      obviated incandescence of residue deposits in the spark plug region and
      undesirable auto-ignition operation of the engine. This improvement is
      believed achieved by preventing the direct impingement of hot combustion
      gases on the spark plug insulator 46 of the spark plug and heat radiation
      as well as for the reason that the size of ante-chamber 52 and the length
      of ignition channel 54 are relatively small thereby minimizing the amount
      of surface upon which residues can adhere. In one test, the engine was
      provided with an ignition device having an offset amounting to 3.5 mm with
      an ignition channel 54 of a diameter of 5 mm while the ante-chamber 52
      diameter measured 18 mm.
PAR  In FIG. 4 is shown another embodiment of the present invention wherein
      ignition device 56 differs only in the type of spark plug employed and the
      configuration of the inner surface of the bottom wall of the sleeve or
      insert. The parts of ignition device 56 corresponding to like parts of
      ignition device 12 shall be designated by the same reference number but
      with the suffix A added thereto.
PAR  As shown in FIG. 4, a spark plug 58 is of the type wherein a spark-gap is
      defined between end portion 50A of electrode 44A and the shank portion 40A
      of the spark plug. Also, the inner surface of wall 60 of sleeve 34A has an
      inverted conical configuration instead of flat, planar shape as shown in
      ignition device 12 (see FIG. 3). In all other respects the ignition device
      56 is structurally the same as ignition device 12 and achieves the same
      improved results.
PAR  Although two embodiments of the invention have been illustrated and
      described in detail, it is to be expressly understood that the invention
      is not limited thereto. For example, the kind of spark plug used is not a
      critical element of invention, spark plugs having a plurality of grounded
      electrodes may be employed as well as the single grounded electrode type.
      Various other changes may be made in the arrangement of parts without
      departing from the spirit and scope of the invention, as the same will now
      be understood by those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rotary internal combustion engine of the type having a housing with
      a peripheral inner wall surface defining a multi-lobe cavity and in which
      a rotor is eccentrically supported for planetary rotation and wherein said
      rotor periphery defines with the housing a plurality of working chambers
      which expand and contract in volumetric size as the rotor rotates, an
      improved ignition device in said housing comprising:
PA1  a. a spark plug having an elongated electrode means disposed centrally
      thereof and forming at one end of the spark plug one part of a spark-gap;
PA1  b. support means in the housing for receiving and supporting said spark
      plug so that said spark-gap end portion defines with said support means an
      ante-chamber in close spaced relation to the inner peripheral wall of the
      housing; and
PA1  c. an ignition channel for communicating the ante-chamber with successive
      working chambers;
PA1  d. said channel being of small size relative to the size of the
      ante-chamber and disposed with its longitudinal axis in offset
      relationship with the electrode means in a direction counter to the
      direction of rotor rotation and extending substantially parallel to the
      longitudinal axis of the central elongated electrode means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said support means is a hollow insert,
      closed at one end, and secured in an opening in the housing extending from
      the exterior of the housing through the inner peripheral surface of the
      housing.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said insert has an internally threaded
      portion and said spark plug has a threaded shank portion threadably
      receivable in said insert threaded portion.
NUM  4.
PAR  4. The apparatus of claim 2 wherein said closed end portion of the insert
      is provided with said ignition channel.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said support means has a wall portion
      separating the working chambers from said ante-chamber and which partly
      defines said ante-chamber, the surface of the wall portion partly defining
      the ante-chamber being a substantially flat, planar surface.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said support means has a wall portion
      separating the working chambers from said ante-chamber and which partly
      defines said ante-chamber, the surface of the wall portion partly defining
      the ante-chamber being of substantially inverted conical configuration.
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PAL  A rotary combustion engine designed for operation as a stratified charge
      engine in which a relatively lean fuel-air mixture is supplied to each
      engine working chamber through the main air intake port and in which just
      prior to combustion in each engine working chamber, a relatively-rich,
      high-pressure, fuel-air mixture is supplied to each working chamber
      through individual passages in the rotor for each working chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to rotary internal combustion engines of the type
      disclosed in U.S. Pat. No. 2,988,065 and particularly to such an engine
      designed for operation as a stratified charge engine. Prior stratified
      charge rotary combustion engines are disclosed in U.S. Pat. Nos.
      3,246,636, 3,387,595, 3,344,778, 3,508,530 and 3,805,747.
PAR  The problem of pollution resulting from exhaust emission discharge by
      internal combustion engines is one of the major problems facing modern
      society. One of the proposed approaches for minimizing this problem is to
      design the engine for operation with a stratified charge. By stratified
      charge operation it is meant engine operation with the fuel-air mixture or
      charge being non-uniformly distributed in each working chamber so that the
      chamber has at least one region in which the fuel-air mixture is
      relatively rich at the time combustion is initiated in the chamber.
      Various types of stratified charge engine configurations have been
      proposed in the past. To be successful, the stratified charge engine
      configuration must be able to significantly reduce all three of the major
      harmful constituents in the engine exhaust; namely, the carbon monoxides,
      the hydrocarbons and the nitrogen oxide compounds. In addition, the
      exhaust emission reduction must be achieved without any serious adverse
      effects on engine performance or engine fuel consumption.
PAR  Aforementioned stratified charge U.S. Pat. Nos. 3,387,595, 3,508,530 and
      3,805,747 all disclose stratified charge rotary combustion engines in
      which the engine is provided with an auxiliary chamber in the engine
      housing and in which combustion is initiated. In such stratified charge
      rotary combustion engines the burning combustion gases are transferred
      from the auxiliary combustion chamber through a relatively small discharge
      passage into the main combustion chamber. The losses associated with this
      transfer of the burning combustion gases necessarily results in a
      reduction in engine performance and fuel consumption.
PAR  U.S. Pat. No. 3,246,636 discloses a stratified charge rotary combustion
      engine in which fuel is discharged directly into the engine working
      chambers at a point adjacent a spark plug for immediate ignition of the
      fuel by the plug. Although this stratified charge engine configuration
      shows considerable promise, difficulty has been experienced in providing
      satisfactory operation over the entire range of engine output and speed.
PAR  U.S. Pat. No. 3,344,778 shows a stratified charge rotary engine
      configuration in which an auxiliary combustion chamber in effect is formed
      in each working face of the rotor and into which fuel is discharged
      directly from the engine housing. With this latter configuration, all the
      engine fuel is supplied to each of the auxiliary chambers in the rotor
      faces and, therefore, it is difficult to achieve adequate mixture of air
      with this fuel in order to achieve complete combustion.
PAC  SUMMARY
PAR  An object of the invention resides in the provision of a novel and improved
      stratified charge rotary engine configuration which not only can produce a
      significant reduction in the various harmful constituents in the engine
      exhaust but also can accomplish this reduction without material adverse
      effects on engine performance and fuel consumption.
PAR  A further object of the invention resides in the provision of a stratified
      charge rotary engine configuration in which a relatively lean fuel-air
      mixture is supplied to each engine working chamber through the main intake
      port of the engine and in which a relatively rich fuel-air mixture is
      supplied to each working chamber through the rotor to a recess in the
      associated rotor working face so as to form a relatively rich fuel region
      in each working chamber at which combustion is initiated. More
      specifically, it is an object of the invention to provide a stratified
      charge rotary engine configuration in which a relatively lean fuel-air
      mixture is supplied to the engine working chambers through the main intake
      port of the engine and in which a relatively rich fuel-air mixture is
      supplied to the engine working chambers through a passage in the engine
      shaft and in the shaft eccentric portion which passage sequentially
      communicates with rotor passages each communicating with a recess in one
      of the rotor working faces. This relatively rich fuel-air mixture is
      supplied to each working chamber after the main charge therein has been
      substantially compressed whereby the fuel-air mixture in each working
      chamber is highly stratified at the time of ignition.
PAR  Rotary engine configurations are known in which fuel is supplied to the
      engine working chambers through the rotor. This broad feature is disclosed
      in aforementioned U.S. Pat. No. 2,988,065. In this patent, however, the
      fuel enters the working chambers through recesses in the engine side walls
      at the beginning and during each intake stroke of a working chamber.
      Accordingly, in this patent no attempt is made to stratify the fuel-air
      mixture in each working chamber. In connection with this feature in which
      fuel is supplied to the engine working chambers through the rotor,
      attention is also directed to U.S. Pat. No. 3,255,737. This latter patent
      discloses a rotary engine in which fuel is supplied to the engine shaft
      from a fuel injection pump, the fuel being transmitted through a passage
      in the engine shaft to a passage in the shaft eccentric portion which
      latter passage sequentially communicates with passages in the rotor, there
      being one rotor passage for each rotor working face. Unlike the present
      invention, however, in this latter prior patent, all the fuel is supplied
      to the engine working chambers through said shaft and rotor passages and
      this fuel is supplied to each working chamber during its intake phase.
      Accordingly, U.S. Pat. No. 3,255,737 also does not attempt to stratify the
      fuel charge in each working chamber.
PAR  Other objects of the invention will become apparent upon reading the
      following detailed description in connection with the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a transverse sectional view of a rotary engine embodying the
      invention and showing a portion of the engine shaft in perspective.
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a view similar to FIG. 1 but showing the engine shaft rotated
      slightly from its position of FIG. 1, and
PAR  FIG. 4 is another view similar to FIG. 1 but showing the shaft rotated
      180.degree. from its position of FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a rotating combustion engine is schematically
      indicated at 10. The engine 10 comprises an outer body or housing
      consisting of two axially spaced end housings 14 and an intermediate or
      rotor housing 16, the housings being secured together to form the engine
      housing cavity therebetween. An inner body or rotor 18 is journaled for
      rotation within said housing cavity on an eccentric portion 20 of a shaft
      22 which extends coaxially through and is supported by bearings in the
      housings 14. The axis of the shaft 22 is perpendicular to the inner walls
      of the end housings 14.
PAR  The peripheral inner surface 24 of the intermediate housing 16 is
      illustrated as having a two-lobe profile which preferably is basically an
      epitrochoid, said two lobes joining at junctions 23 and 25. The rotor 18
      has a generally triangular profile with apex portions 26 having sealing
      cooperation with the trochoidal surface 24 to form three engine working
      chambers 28 (separately identified by reference numbers 28a, 28b and 28c)
      between the rotor 18 and the housings 14 and 16. For this purpose, each of
      the rotor apex portions is provided with a seal 29 which extends across
      the rotor between the inner walls of the end housings 14 and the rotor
      also has suitable seals (not shown) on its end faces for sealing contact
      with the inner walls of the end housing 14.
PAR  The triangular rotor 18 has three working faces 30 (separately identified
      by reference numbers 30a, 30b and 30c) each extending between a pair of
      apex seals 29 with said faces 30a, 30b and 30c forming walls of working
      chambers 28a, 28b and 28c, respectively. The rotor working faces 30a, 30b
      and 30c are provided with a trough-like recess 34a, 34b and 34c,
      respectively.
PAR  An air intake passage 40 supplies air to an air intake port 42 formed in
      the intermediate housing 16 and disposed adjacent to and on one side of
      the lobe junction 23 of the two lobes of the trochoidal surface 24.
      Similarly, an exhaust port 44 is formed in the intermediate housing 16
      adjacent to butt on the opposite side of the lobe junction 23 from the
      intake port 42. The engine combustion is initiated in the engine working
      chambers in the vicinity of the other junction 25 of the two lobes of the
      trochoidal surface 24 and preferably by a spark plug 46.
PAR  The rotor 18 has an internal gear 50 secured thereto at one end face of the
      rotor, said gear being formed on a bushing 52 secured to and fitted within
      the rotor hub. The rotor gear 50 meshes with a fixed external gear 54
      secured to the adjacent housing end wall 14. The gears 50 and 54 thereby
      control the relative rotation of the engine rotor 18. As is conventional
      in such engines having a two lobed epitrochoid 24, the ratio of the pitch
      circles of the gears 50 and 54 is 3:2 whereby the rotative speed of the
      shaft 22 about its axis is equal to three times the rotative speed of the
      rotor about its axis.
PAR  The engine structure so far described is conventional and is generally
      similar to that disclosed in the aforementioned prior patents. Reference
      is made to said prior patents for further details of such an engine
      including, for example, details of the rotor seals. With such an engine,
      during engine operation and with the rotor rotating clockwise as viewed in
      FIG. 1, the volume of each working chamber 28a, 28b and 28c periodically
      increases from a minimum volume condition, when it is located adjacent to
      the lobe junction 23 and open to the intake port 42, to a maximum volume
      condition and closes to the intake port 42 and then said chamber decreases
      in volume to compress its intake charge until the chamber again reaches a
      minimum volume condition, but this time at the lobe junction 25.
      Thereafter, the volume of said chamber again increases to a maximum and
      then decreases to a minimum as the chamber opens to the exhaust port 44 at
      the lobe junction 23 to complete the cycle.
PAR  With the present invention the intake passage 40 is provided with a
      carburetor 60 for supplying fuel to the intake passage through a nozzle 62
      in accordance with the magnitude of the air flow through this passage. A
      throttle valve 64 is provided in the intake passage 40 for controlling the
      air flow through this passage into the engine working chambers. The
      carburetor 60 is set to provide a relatively lean fuel-air mixture of the
      charge supplied through the intake port 42 to each working chamber. That
      is, the carburetor is set so that the fuel-air mixture of the intake
      charge supplied through the intake port 44 not only contains less fuel
      than in a stoichiometric fuel-air mixture but is too lean for ready
      ignition by the spark plug 46.
PAR  In accordance with the present invention, additional fuel is supplied to
      each working chamber 28a, 28b and 28c by supplying a fuel-rich mixture
      through individual rotor passages 66, separately designated 66a, 66b and
      66c respectively. These three individual rotor passages 66a, 66b and 66c
      are uniformly spaced about the axis of the rotor and terminate at the
      bottom of the trough-like recesses 34a, 34b and 34c in the rotor working
      faces having circular depressions 68a, 68b and 68c respectively at which
      the rotor passages 66a, 66b and 66c respectively terminate. As
      illustrated, each of the rotor passages 66a, 66b and 66c terminate in the
      central portion of its associated rotor face. It may, however, be
      desirable for each said rotor passage to terminate closer to the leading
      or the trailing portion of its associated rotor face.
PAR  The fuel-rich mixture is supplied from a passage 70 under the control of a
      second carburetor 72 to which air under pressure is supplied by a
      supercharger or blower 74 preferably driven (by means not shown) from the
      engine shaft 22. Carburetor 72 includes a fuel nozzle 75 for supplying
      fuel to the passage 70 in accordance with the magnitude of the air flow
      through this passage. A throttle valve 76 is provided for controlling the
      air flow through the passage 70.
PAR  The fuel-rich supply passage 70 communicates once each revolution of the
      shaft 22 with a port or radial passage portion 78 at one end of a passage
      80 extending through the shaft 22. A suitable seal element 82 secured to
      the fixed housing portion 84 containing the supply passage 70, is disposed
      between said housing portion and the shaft 22 so as to seal the discharge
      end of the supply passage 70 against leakage between said housing portion
      84 and shaft 22. In this way the fuel-rich supply passage 70 is in
      communication with shaft passage 80 for a limited period once during each
      revolution of the shaft, the duration of said period being determined by
      the circumferential widths of the adjacent ends of the supply passage 70
      and shaft passage portion 78.
PAR  The other end of the shaft passage 80 has a radial portion 86 extending to
      the periphery of the shaft eccentric portion 20 for sequential
      communication with the aforementioned individual rotor passages 66a, 66b
      and 66c. Thus, in the position of the engine rotor and shaft shown in FIG.
      1, the shaft passage 86 is in communication with the rotor passage 66b. A
      suitable circular seal or gasket 88 is disposed around the discharge end
      of the shaft passage portion 86, said gasket 88 sealingly engaging the
      rotor 18 to seal the passage 86 against leakage between the shaft
      eccentric 20 and the rotor 18.
PAR  Before discussing the operation of the engine described, it must be borne
      in mind that the shaft 22 rotates about its axis at three times the speed
      of rotation of the rotor 18 about its axis.
PAR  With the engine described, each engine working chamber 28 is supplied with
      a lean combustion mixture or charge through the intake port 42. For
      example, with the engine 10 in the position of FIG. 1 a lean fuel-air
      charge is being drawn into the working chamber 28a. The individual rotor
      passage 66a for a fuel-rich charge is at this time closed at its end
      adjacent to the shaft eccentric 20. The corresponding lean fuel-air charge
      in the preceding working chamber 28b has already been substantially
      compressed by the engine operation so that the working chamber 28b is now
      positioned somewhat before its top dead center position. Also, as shown in
      FIG. 1, the individual rotor passage 66b is now aligned with the fuel-rich
      supply passage 86 and at the same time as seen in FIG. 2, the other end or
      portion 78 of the shaft passage is now aligned with the fixed supply
      passage 70 for the relatively rich fuel-air mixture. Accordingly a rich
      fuel-air mixture is at this time being supplied to the working chamber 28b
      through its individual rotor passage 66b to the rotor recess 34b for said
      working chamber particularly to its recessed depression 68b. Upon slight
      further rotation (clockwise) the shaft passage 86 moves beyond the rotor
      passage 66b (because of the three times faster shaft speed) to the
      position shown in FIG. 3. At this point the rotor passage 66b is now
      closed at the shaft eccentric 20 and the depression 68b is directly under
      the spark plug 46. The spark plug is now energized thereby igniting the
      fuel-rich mixture in the region directly under the spark plug particularly
      the fuel-rich mixture in the depression 68b. The burning of this fuel-rich
      mixture ignites the lean fuel-air mixture which had previously been
      supplied to and compressed in the working chamber 28b. Thus, the fuel-rich
      mixture supplied through the rotor passage 66b functions as a light-off
      charge to ignite the lean fuel-air mixture or main charge supplied to the
      working chamber 28b through the intake port 42, this main mixture being
      too lean for ready ignition by a spark plug.
PAR  A suitable check valve, for example of the reed type and schematically
      indicated at 90, may be provided in each of the passages 66a, 66b and 66c
      to prevent blow-back of the combustion gas pressures in the associated
      working chamber. When a check valve 90 is provided in each of said
      passages 66, the spark plug 46 can be energized to ignite the charge in a
      particular working chamber before the associated rotor passage 66 is
      completely closed to the shaft passage 86 at the shaft eccentric 20.
PAR  In FIG. 1 the working chamber 28c is exhausting through the exhaust port 44
      and as shown its rotor passage 66c is closed at the shaft eccentric. FIG.
      4 shows the position of the rotor 18 and shaft 22 after the shaft has
      turned 180.degree. clockwise from its position of FIG. 1. In the meantime,
      the rotor has turned only 60.degree.. As a result of this rotation, the
      individual rotor passage 66c is now aligned with the shaft passage portion
      86. However, the other end or port portion 78 of the shaft portion 80 is
      now also turned 180.degree. from its position of FIGS. 1 and 2 and
      therefore is now out of alignment with the fuel-rich mixture supply
      passage 70. Hence, in the position of FIG. 4, the fuel-rich mixture supply
      passage 70 is cut off from the shaft passage 80. Thus, no fuel-rich
      mixture is at this time supplied through the shaft passage 80 to the rotor
      passage 66c. When the shaft 22 has turned still another 180.degree. the
      rotor 18 and shaft 22 are again in their positions of FIG. 1 but working
      chamber 28a would now be in a position previously occupied by working
      chamber 28b in FIG. 1.
PAR  It is apparent that only when the shaft 22 and rotor 18 are in their
      positions of FIG. 1, is the relatively rich fuel mixture passage 70 in
      communication with one of the individual rotor passages 66. Because of the
      relative rotation between the shaft 22 and the fixed supply passage 70,
      the radial portion 78 of the shaft passage 80 functions as a valve so that
      the supply passage 70 is in communication with the shaft passage 80 only
      once in each revolution of each shaft. Likewise, because of the relative
      rotation between the shaft 22 and the rotor 18, the radial portion 82 of
      the shaft passage 80 communicates with the rotor passages 66 twice in each
      revolution of such shaft but only at one of these times (when the rotor
      and shaft are in the positions of FIG. 1) is the supply passage 70 also in
      communication with the shaft passage 80.
PAR  From the foregoing description it is clear that the rotary engine 10 of the
      present invention has essentially the same cycle of operation of prior art
      rotary engines. However, the engine 10 of the present invention is capable
      of operating with the charge in each working chamber having a
      substantially leaner overall fuel-air ratio than in prior art rotary
      engines. This is so because a relatively rich fuel-air mixture is
      delivered to each combustion chamber by the rotor passages 66 directly in
      the vicinity of the spark plug just prior to the initiation of combustion.
      The ignition of this relatively rich fuel-air mixture is effective to
      ignite the lean or main fuel-air mixture already compressed in the working
      chamber. Because the relatively rich fuel-air mixture or light-off charge
      is already mixed with air as it is introduced into a working chamber 28,
      because the light-off charge is introduced into each working chamber
      immediately adjacent to the spark plug 46, and because the spark plug 46
      is energized promptly after the light-off charge has been introduced into
      a working chamber (that is before the charge has had an opportunity to
      disperse) the light-off charge is readily ignited by the spark plug 46 and
      therefore ready ignition of the entire charge in each working chamber is
      assured even though the light-off charge is quite small and even though
      the overall fuel-air ratio of the entire mixture in each working chamber
      at the time of ignition is very lean.
PAR  The power output of the engine 10 is regulated by means of the throttle
      valve 64 for the main carburetor 60. As the power output of the engine is
      increased by opening adjustments of said throttle valve 64, the quantity
      of the relatively rich fuel-air mixture or charge supplied through the
      rotor shaft passage 80 to the individual working chambers 28 preferably is
      likewise increased by opening adjustments of the throttle valve 76 for the
      auxiliary carburetor 72.
PAR  It should be understood that this invention is not limited to the specific
      details of construction and arrangement thereof herein illustrated and
      that changes and modifications may occur to one skilled in the art without
      departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotary combustion engine comprising:
PA1  a. an outer body having an internal cavity, the peripheral surface of which
      has a multilobe profile and also having an air intake port and a
      combustion gas exhaust port,
PA1  b. a shaft coaxial with said cavity and having a cylindrical eccentric
      portion disposed within said cavity,
PA1  c. an inner body of generally polygonal profile and journaled on said
      eccentric portion for rotation within said outer body relative to said
      outer body and shaft, the apex portions of said inner body having sealing
      cooperation with said peripheral surface to define a plurality of working
      chambers which vary in volume in response to relative rotation of said
      inner and outer bodies with each peripheral surface portion of said inner
      body extending between adjacent apex portions forming a working face for
      the adjacent working chamber,
PA1  d. first passage means for supplying a relatively lean fuel-air mixture to
      said working chambers through said intake port,
PA1  e. second passage means for supplying a relatively fuel-rich charge to each
      working chamber after the lean mixture therein has been substantially
      compressed, said second passage means including individual passages in the
      inner body, one for each working chamber, with each of said individual
      passages having its downstream end terminating at the working face of its
      associated working chamber, and
PA1  f. ignition means for initiating combustion in each working chamber in the
      region of said chamber containing said relatively rich charge.
NUM  2.
PAR  2. A rotary combustion engine as claimed in claim 1 and in which said
      second passage means includes a passage through the shaft and its
      eccentric portion with the eccentric portion end of said shaft passage
      being disposed for sequential communication with said individual passages
      of the inner body as a result of relative rotation between said inner body
      and shaft.
NUM  3.
PAR  3. A rotary combustion engine as claimed in claim 2 and in which said
      second passage means also includes a fixed supply passage for the fuel
      rich charge with the downstream end of said supply passage being disposed
      for a limited period of communication with the other end of said shaft
      passage once during each revolution of the shaft.
NUM  4.
PAR  4. A rotary combustion engine as claimed in claim 3 in which said supply
      passage is in communication with an end of said shaft passage at the same
      time that the eccentric portion end of said shaft passage is in
      communication with one of said individual passages of the inner body and
      at the time the charge in working chamber associated with said individual
      passage has been substantially compressed.
NUM  5.
PAR  5. A rotary combustion engine as claimed in claim 4 including a blower for
      supplying compressed air to said supply passage and also includes means
      for supplying fuel to said supply passage to provide said relatively
      fuel-rich charge.
NUM  6.
PAR  6. A rotary combustion engine as claimed in claim 1 and in which each of
      said individual passages of the inner body terminates at the bottom of a
      recess in the working face of its associated working chamber.
NUM  7.
PAR  7. A rotary combustion engine as claimed in claim 1 and in which each
      recess in a working face of the inner body has a depressed portion of
      greater depth and with the associated individual passage terminating at
      the bottom of said depression.
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ABST
PAL  To reduce the temperature difference between a straight tube bundle and the
      housing surrounding the same in a steam generator assembly for pressurized
      water reactors, a preheater for feed water is provided, and part of the
      pressurized water, after it has flowed through the heat exchanger or steam
      generator proper, is used for heating the feedwater in the preheater.
BSUM
PAR  The invention relates to a steam generator assembly for pressurized water
      nuclear reactors having a straight tube bundle and a partial flow
      preheater traversible by pressurized water.
PAR  Generally, steam generators having a U-shaped tube bundle traversible by
      pressurized water and welded with inlet and outlet tubes into a common
      tube sheet are employed for pressurized water reactors. The inlet half of
      such a tube sheet has a temperature that is 30.degree. to 35.degree.C
      greater than that of the outlet half of the tube sheet, so that
      considerable stresses are produced which increase with increasing diameter
      of the tube sheet. The water that is to be vaporized flows outside the
      tube bundle in accordance with a natural circulatory system. Other
      heretofore known steam generators have straight or step-shaped tubes and
      pressurized water inlet and outlet chambers that are located at opposite
      ends of the steam generator so that no stresses occur within the tube
      sheet. The heating surfaces in such heretofore known steam generators are
      of such dimension that slightly superheated steam is produced and,
      consequently, water separators are not required.
PAR  In German Published Non-Prosecuted Patent Application DOS 2 122 837, a heat
      exchanger of the foregoing type is described wherein the tubes are bent
      into a stepped shape so as to avoid the occurrence of stresses between the
      housing and the tube bundle.
PAR  It is an object of the invention of the instant application to provide a
      steam generator assembly for pressurized water nuclear reactors with
      straight tubes wherein, not only during the continuous operation thereof
      but also at start-up of the operation, only slight differences in
      temperature occur between the tube bundle and the housing, so that special
      measures or structural features for equalizing different
      temperature-expansions can be largely dispensed with. More specifically,
      it is an object of the invention to provide such a steam generator
      assembly wherein the essential temperature differences are adjusted during
      start-up of the operation and are at their greatest in the lower region of
      the steam generator into which the undercooled feedwater is introduced.
PAR  With the foregoing and other objects in view, there is provided, in
      accordance with the invention, a steam generator assembly for pressurized
      water reactors having a housing surrounding a straight tube bundle
      traversible by pressurized water and having connected to a pressurized
      water inlet chamber and a pressurized water outlet chamber, respectively,
      at opposite ends thereof, the foregoing having an inlet and an outlet for
      feedwater flowing into and out of the housing over the tube bundle and
      being vaporized and slightly superheated in a single pass therethrough,
      comprising two pressurized water outlet lines of relatively smaller and
      larger diameter respectively, extending from the outlet chamber, a partial
      flow preheater for the feed water heatable by pressurized water connected
      to the outlet line of relatively smaller diameter, the partial flow
      preheater having a pressurized water outlet line, and a control valve
      connected in the pressurized water outlet line of the partial flow
      preheater for controlling the pressurized water flow through the partial
      flow preheater so as to effect maximal preheating of feedwater therein up
      to substantially vaporization temperature thereof.
PAR  Through the use of such a partial preheater separated from the steam
      generator proper, the problem of stresses produced in the steam generator
      proper for a pressurized water reactor is considerably reduced without
      requiring an increase in the dimensions of the partial flow preheater
      because it is traversed only by a small part of the pressurized water
      flowing through the steam generator proper.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described herein as steam
      generator assembly for pressurized water reactors with a straight tube
      bundle and a partial flow preheater traversible by pressurized water, it
      is nevertheless not intended to be limited to the details shown, since
      various modifications may be made therein without departing from the
      spirit of the invention and within the scope and range of equivalents of
      the claims.
DRWD
PAR  The invention, however, together with additional objects and advantages
      thereof will be best understood from the following description when read
      in connection with the single FIGURE of the drawing which is a schematic
      view, partly diagrammatic and partly in section, of the steam generator
      assembly of the invention.
DETD
PAR  Referring now to the drawing, there is shown a preferred embodiment of the
      steam generator assembly of the invention, which includes a steam
      generator per se or heat exchanger having a housing 1 from which a
      pressurized water inlet tube 2 extends, through which pressurized water
      heated in a non-illustrated nuclear reactor flows in direction of the
      arrow located at the top of the FIGURE of the drawing into a pressurized
      water inlet chamber 3. From the latter, the pressurized water flows into
      the interior of the tubes 4 of a tube bundle. The tubes 4 extend
      rectilinearly in the housing from the top to the bottom thereof, as shown
      in the FIGURE and terminate at the bottom end of the housing 1 in a
      pressurized water outlet chamber 5. The pressurized water outlet chamber 5
      is provided with connections for two pressurized water outlet lines 6 and
      7. The pressurized water outlet line 7 extends to and is connected with a
      partial flow preheater 8, which can have a construction similar to that of
      the steam generator per se or heat exchanger which has the housing 1, and
      is, in turn, provided with a housing 9 with straight or rectilinearly
      extending tube bundles 10 located therewithin. The partial flow preheater
      8 can also be constructed with a U-shaped tube bundle, because generally
      no undue thermal stresses would be produced in the tube sheet thereof due
      to the relatively small diameter of the preheater and of the tube bundle.
      After the pressurized water has flowed through the partial flow preheater
      8 from the pressurized water inlet line 7, it passes through a connecting
      line 11, in which a control valve 12 is connected, to an ejector 13 which
      is, in turn, connected in the pressurized water outlet line 6, and assures
      that an adequate partial flow of pressurized water will pass through the
      partial flow preheater 8, which can be controlled by the control partial
      flow preheater 8, which can be controlled by the control valve 12.
PAR  In accordance with the invention, the control valve 12 can be
      load-dependently regulated so that in the partial flow preheater 8, on the
      one hand, no vaporization or steam-formation of the feedwater occurs but,
      on the other hand, the temperature of the feedwater is increased
      substantially to vaporization temperature. The feedwater travels, after
      conventional regenerative preheating, through a feedwater inlet line 14,
      in which a feedwater valve 15 is connected, into the partial flow
      preheater 8, flows around the tube bundle 10 therein, and discharges from
      the partial flow preheater 8 through feedwater lines 16 and 17 which
      terminate in the housing 1 of the steam generator proper. In the space
      within the housing 1 surrounding the tube bundle 4, the feedwater entering
      through the lines 16 and 17 is vaporized and is discharged from the steam
      generator per se through outlet connectors 18 and 19 from which it is
      conducted to non-illustrated turbines of a nuclear power plant, for
      example. In the upper part of the tube bundle 4, as viewed in the FIGURE,
      guide plates 20 are mounted for improving heat transfer in the vapor or
      steam region of the steam generator proper. In the middle of the housing
      1, there is furthermore provided a separator 21 for salt-bearing water
      accumulating in the remainder vaporizing zone. The separator 21 is
      connected with an outlet tube 22 extending along the axis of the housing
      1, through which the salt-containing water can be discharged through
      control by a valve 23 connected thereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. Steam generator assembly for pressurized water reactors having a housing
      surrounding a straight tube bundle traversible by pressurized water and
      connected to a pressurized water inlet chamber and a pressurized water
      outlet chamber, respectively, at opposite ends thereof, the housing having
      an inlet and an outlet for feedwater flowing into and out of the housing
      over the tube bundle and being vaporized and slightly superheated in a
      single pass therethrough, comprising two pressurized water outlet lines of
      relatively smaller and larger diameter, respectively, extending from the
      outlet chamber, a partial flow preheater for the feedwater heatable by
      pressurized water connected to the outlet line of relatively smaller
      diameter, said partial flow preheater having a pressurized water outlet
      line, and a control valve connected in said pressurized water outlet line
      of said partial flow preheater for controlling the pressurized water flow
      through said partial flow preheater so as to effect maximal preheating of
      feedwater therein up to substantially vaporization temperature thereof.
NUM  2.
PAR  2. Steam generator assembly according to claim 1 including an ejector
      connected in said pressurized water outlet line of said preheater for
      increasing flow of pressurized water through said partial flow preheater.
NUM  3.
PAR  3. Steam generator assembly according to claim 1 including a housing
      wherein the straight tube bundle is substantially vertically disposed, a
      remainder vaporizing zone being located at an upper region of said
      housing, a separator for accumulating salt-containing water drops located
      at the substantially vertical axis of said housing in vicinity of said
      remainder vaporizing zone, said separator having an outlet tube
      coextensive with said substantially vertical axis of said housing.
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ABST
PAL  Apparatus for producing a signal representative of engine speed (RPM) for
      use in an electronically controlled fuel injection system. The apparatus
      includes means for producing a first train of pulses in which the pulse
      intervals are dependent upon engine speed, and a signal processor for
      receiving the first train of pulses and producing a second train of pulses
      in which the pulse intervals correspond, at least approximately, to the
      mean value of the pulse intervals in the first pulse train.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to electronic fuel injection
      systems and, more specifically, to an arrangement for producing a signal,
      for use in an electronic fuel injection system, which is representative of
      engine speed or RPM.
PAR  Various types of electronic fuel injection systems for internal combustion
      engines are known in the art. For example, reports in the "Motortechnische
      Zeitschrift" Vol. 34 (1973) No. 1 at page 7, and No. 4 at page 99,
      describe an electronic gasoline injection system that operates with an air
      volume flow meter. In this system a control device or system regulator is
      provided with signals which are derived from ignition pulses of the
      internal combustion engine and, thus, are a function of engine speed or
      RPM. On the other hand reports in the "Automobiltechnische Zeitschrift 73"
      (1971) No. 4, page 126; in "Bosch Technische Berichte 2", Vol. 3
      (November, 1967) page 107, as well as in "Bosch Technische Berichte 3"
      Vol. 1 (November, 1969) page 3, describe a fuel injection system wherein
      engine speed-dependent signals are obtained by the addition of separate
      switch contacts on the engine distributor. With a fuel injection system in
      accordance with the literature passages first cited, the system control or
      regulator forms the quotient of the air volume measurement and the
      speed-dependent signal to obtain a signal proportional to the injection
      time; in contrast, in the injection system described in the latter-cited
      articles, the engine speed is only a corrective quantity.
PAR  In some motor vehicles provided with fuel injection systems of the
      above-described types unexplainable oscillations in the vehicle forward
      movement may occur under certain conditions of operation, e.g., when the
      vehicle is decelerated or when it is operated under partial load. However,
      this instability or tendency to oscillate does not occur in all vehicles
      of the same type and even occurs in varying degrees with the vehicles of
      the same type.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a remedy for the condition
      of vehicle oscillation referred to above.
PAR  The achievement of this object is based on the discovery that variations or
      irregularities of short duration in the rotational speed of an internal
      combustion engine, both positive and negative -- due to various causes
      such as uneven roadways or stray electrical signals in the ignition system
      - may cause modifications in the injection time as a result of the
      speed-dependent feedback incorporated into the control device or regulator
      of the fuel injection system. Such modifications, in turn, may lead to
      fluctuations in the torque delivered by the engine. The extent to which
      these fluctuations in torque output are manifested as longitudinal
      oscillations of the vehicle proper depends, in part, upon the elasticity
      of the spring suspension system of the vehicle; that is, more
      specifically, upon the mechanical, natural frequency of the vehicle
      suspension system. The above discovery, which was confirmed by extensive
      studies and investigations in accordance with the invention, explains the
      difference in the magnitude of the oscillation phenomena on individual
      vehicles of one and the same type.
PAR  Based on the above discovery, the present invention therefore resides in an
      arrangement for producing a signal representative of the speed or RPM of a
      motor vehicle engine. This signal, which is preferably a pulseposition
      modulated pulse train, may then be applied as an input to an otherwise
      conventional controller or regulator of an electronic fuel injection
      system.
PAR  In accordance with the invention, the arrangement or apparatus for
      producing an engine-speed dependent signal includes (1) means for
      generating a train of pulses in which the pulse intervals are dependent
      upon RPM, and (2) a signal processor which reduces or eliminates any pulse
      interval changes of short duration in the train of pulses produced by the
      generating means.
PAR  The apparatus according to the present invention may be employed to
      advantage with any type of electronic fuel injection system having a
      controller or regulator which processes signals that are dependent upon
      the instantaneous speed of the engine. The present invention may be
      utilized whether the electronic fuel injection system is designed to vary
      the injection time or the injected fuel quantity per unit time (with a
      fixed injection time).
PAR  It is an essential characteristic of the invention to effectively block or
      prevent the passage, to the controller or regulator of a fuel injection
      system, of speed variations having short duration which, in a
      pulse-position modulated signal, are manifested by a sudden change in the
      interval between two successive pulses. On the other hand, the apparatus
      according to the invention must evidently permit any longer lasting and
      generally less rapid variations in speed to be passed to the controller or
      regulator so that the fuel injection system can operate in accordance with
      its specifications and the fuel quantity delivered to the engine will be
      suitably modified according to the commands of the driver. As mentioned
      above, the operation of the controller or regulator of the fuel injection
      system requires the feedback of engine RPM by means of the aforementioned
      engine speed-dependent signal which, in turn, contributes to the
      undesirable fluctations of the engine torque.
PAR  The apparatus in accordance with the present invention might be realized in
      such a way as to permit the passage, to the fuel injection system
      controller, of any variations in the time intervals between pulses only if
      a variation or change continues for a predetermined duration or number of
      pulses. This type of apparatus would introduce a delay, however, and would
      result in an undesirable sluggishness in the response of the fuel
      injection system.
PAR  To avoid such a time delay in the transfer of a signal variation from the
      input to the output of the signal processor according to the invention,
      the signal processor is preferably designed in such a way as to form, at
      least approximately, the mean value of the pulse intervals occurring
      within a given pulse sequence. With this operation, the signal processor
      effectively acts as a "time filter" between the pulse generating means, on
      one hand, and the input of the electronic fuel injection controller or
      regulator on the other. That is, the signal processor functions to average
      out any momentarily occurring speed changes represented by the signal --
      as may be caused, for example, by an uneven roadway -- but to transmit any
      longer lasting variations in speed which, in a pulse-position modulated
      pulse train, are represented by a change in the intervals between
      successive pulses.
PAR  In a preferred embodiment, therefore, the signal processor according to the
      invention may comprise a pulse frequency divider connected to receive
      input pulses from the pulse generating means; an integrator connected to
      receive the output of the pulse frequency divider; a pulse frequency
      multiplier connected to the integrator for regenerating the original pulse
      frequency and, finally, a trigger circuit or threshhold gate, connected to
      the pulse frequency multiplier, for producing an output signal whenever
      its input exceeds a prescribed value.
PAR  The pulse frequency divider may have a step down ratio of 2:1, in which
      case the pulse frequency multiplier must increase the pulse frequency by a
      ratio of 1:2. In principle, however, it is also possible to select other
      ratios. For example, the pulse repetition frequency may be stepped down to
      the point where all pulse intervals of short duration which occur within
      the period of one complete (approximately sinusoidal) longitudinal
      mechanical oscillation of the vehicle are suppressed. If ignition pulses
      are used to generate the pulse train representative of engine speed (RPM)
      it may be shown experimentally that about eight pulses fall within one
      period of the longitudinal mechanical oscillations of the vehicle. In this
      case, the pulse frequency divider may have a ratio of 8:1 while the pulse
      frequency multiplier has a ratio of 1:8. It may also be sufficient to
      suppress only those pulse interval variations which fall within half a
      period of the longitudinal oscillations of the vehicle. In this case, the
      pulse repetition frequency should be divided, and subsequently multiplied,
      by a factor of four. Finally, in many vehicles it will be sufficient that
      the two intervals between only three pulses in succession be combined and
      averaged so that the interval variations occurring within this pulse
      sequence are reduced in the manner described above, prior to input to the
      controller or regulator of the electronic fuel injection system. To
      accomplish this, the pulse frequency divider and pulse frequency
      multiplier should operate with a ratio of 2:1 and 1:2, respectively.
PAR  The use of an integrator in accordance with the invention (which may be
      realized with a capacitor) offers the advantage, due to the exponential
      behavior of its charge and discharge curves, that, notwithstanding the
      point at which the charge and discharge cycle for a particular pulse
      interval begins, the instants at which these curves pass through a defined
      potential have relatively little dependency upon the variations of the
      intervals between the original pulses. On the other hand, the dependency
      of these instants upon the pulse intervals is sufficient to reflect any
      gradual changes in the pulse intervals as may occur whenever the speed of
      the engine is intentionally varied by the vehicle operator.
PAR  In a particular preferred embodiment of the present invention, the pulse
      frequency multiplier includes at least one pulse frequency doubler
      consisting of two parallel rectifier branches, one of which includes a
      network for inverting the integrator voltage. In order to achieve
      different ratios for the pulse frequency divider and pulse frequency
      multiplier, several components for effecting a frequency division and
      multiplication by a factor of two may be connected in series. The
      inverting network in the pulse frequency multiplier shifts the negative
      portions of the output of the integrator to a positive value and, because
      the two rectifier branches are connected at their output, the fundamental
      frequency of the output signal of the integrator, representing the
      charging and discharging capacitor voltage, is doubled.
PAR  It is possible to realize the pulse frequency doubler in a simple manner
      with two operational amplifiers connected in parallel, only one of which
      is connected as an inverter. Another way to realize such a circuit is to
      provide two rectifier branches, only one of which contains a transistor
      connected as an inverting amplifier.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of an electronic circuit according to a preferred
      embodiment of the present invention.
PAR  FIG. 2 is a schematic diagram of a portion of the circuit shown in FIG. 1.
PAR  FIG. 3 is a signal diagram illustrating various signals which may appear in
      the circuit of FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiments of the present invention will now be described in
      connection with FIGS. 1-3. Identical elements and signals which are
      illustrated in these three figures are designated with the same reference
      numerals.
PAR  Turning first to FIG. 1, it will be assumed that the input terminal to the
      entire apparatus receives a signal a comprised of pulses that are either
      directly derived from the ignition pulses in a manner known in the art, or
      are generated by one or more separate contacts added to the distributor.
      An exemplary pulse train a is illustrated in the first signal diagram in
      FIG. 3.
PAR  The input pulse train a in the embodiment of FIG. 1 is applied to an
      ignition pulse shaper 1. The pulse shaper 1 produces output pulses b which
      correspond in duration to the input pulses a, as shown in FIG. 3. The
      pulse train b is then supplied to a signal processor 2, in accordance with
      the invention, which acts to reduce any short-duration changes in the
      interval or period between successive pulses in the pulse train b.
PAR  The signal processor 2 comprises, at its input side, a pulse frequency
      divider which, in this exemplary embodiment, reduces the pulse frequency
      by a ratio of 2:1. As illustrated in the third signal diagram in FIG. 3,
      the pulse frequency divider is designed in such a way that each individual
      pulse of the pulse train c is initiated by the leading edge of a
      corresponding pulse in the pulse train b and is terminated by the leading
      edge of the nextfollowing pulse in the pulse train b.
PAR  The pulse train c, with the reduced pulse frequency, is applied to an
      integrator 4 causing it to repeatedly charge and discharge, and thus
      produce an output signal d, as shown in FIG. 3. The signal d is passed to
      a frequency doubler 5 which inverts the portions of the integrator output
      signal d that are indicated in FIG. 3 by broken lines. The output of the
      frequency doubler 5 therefore follows a curve e, as indicated in FIG. 3,
      the fundamental frequency of which again corresponds to the pulse
      frequency of pulse trains a and b.
PAR  When the signal e exceeds a given trigger voltage U (see the fourth signal
      diagram in FIG. 3), a so-called trigger or threshold circuit 6 produces an
      output signal of prescribed voltage, thereby generating a pulse train f.
      The signal f is inverted by an electronic switch 7 to produce the output g
      of the signal processor 2. The pulse train g, which contains RPM-dependent
      control pulses, may then be applied to the regulator of an electronic fuel
      injection system.
PAR  Depending upon the sign and impedance required for the output signal g, it
      may be possible to omit the electronic switch 7 from the signal processor
      2.
PAR  Because of the shape of the charge and discharge curves d and e,
      short-duration interval variations, such as occur only between successive
      pulses of the pulse trains a and b, result in only negligible variations
      in the positions in time of the pulses of the output signals f or g.
      Therefore such interval variations cannot produce an undesirable
      controlling action in the electronic fuel injection regulator.
PAR  On the other hand, longer lasting variations in speed and, accordingly,
      variations in the intervals between pulses of the pulse trains a and b
      cause a modification of the general potential in the integrator 4
      resulting in a variation of the intervals between pulses g of the output
      signal as required to effect a controlling action.
PAR  FIG. 2 illustrates in detail certain circuits which may be used to realize
      the various elements in the embodiment of the invention shown in FIG. 1.
      Specific circuits for the pulse shaper 1 and the frequency divider 3 which
      are well known in the art have not been included; however, the remaining
      elements of FIG. 1 are indicated in dashed lines in FIG. 2.
PAR  Pulses arriving from the pulse frequency divider 3 are applied to a
      capacitor 8 of the integrator 4. The voltage across the capacitor 8 is
      supplied as an input via a capacitor 9 to an operational amplifier 10 of
      the frequency doubler 5. Two branches 11 and 12 of the frequency doubler,
      each containing a diode 13 and 14, respectively, are connected in parallel
      to the operational amplifier 10 which functions as an amplifier and an
      inverter. The branch 11 is provided with a transistor 15 that inverts the
      portions of the voltage signal d that are indicated by broken lines in
      FIG. 3. The branches 11 and 12 are coupled at the circuit point 16 to
      obtain the voltage signal e, indicated by solid lines in FIG. 3, having
      twice the pulse frequency of the voltage signal d.
PAR  The voltage or pulse signal e is applied to the trigger circuit 6, which in
      this case is constructed as a well-known Schmitt trigger. Output pulses f
      from the trigger circuit 6 are forwarded to the electronic switch 7 which
      functions as an inverting amplifier. The final output pulse train g of the
      signal processor 2 in accordance with the invention is applied as an input
      to an electronic fuel injection control device or regulator. The switching
      stage 7, which, as mentioned above, may be omitted if desired, serves
      primarily to match the output impedance of the signal processor to that of
      the input of the control device.
PAR  It will be understood that the present invention is susceptable to various
      changes, modifications and adaptations as will occur to those skilled in
      the art. For example, in the embodiment of the signal processor according
      to the invention illustrated in FIGS. 1-3 and described above, three
      pulses are combined to form a pulse sequence and the mean value of the two
      intervals between the three pulses is formed. It is also possible to
      combine a larger number of pulses to form this pulse sequence so that more
      intervals are averaged by the integrator. In such a case, several pulse
      frequency dividers and doublers of the types described may be connected in
      series. Clearly it is also possible to design the individual components of
      the circuit in a different manner; for example, the pulse frequency
      doubler may be formed by two operational amplifiers connected in parallel,
      with subsequent rectifiers, whereby only one of the amplifiers is
      connected as an inverter.
PAR  Accordingly, it is intended that the scope of the present invention be
      limited only by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electronically controlled fuel injection system comprising, in
      combination:
PA1  a. signal generating means for producing a first train of pulses in which
      the pulse intervals are dependent upon engine RPM;
PA1  b. signal processing means, connected to said signal generating means, for
      producing a second train of pulses in which the pulse intervals are
      dependent, at least approximately, upon the mean value of pulse intervals
      in said first pulse train within a given pulse sequence, thereby at least
      reducing pulse interval changes of short duration, said signal processing
      means including:
PAR  1. pulse frequency divider means connected to said signal generating means;
PA2  2. integrator means connected to said pulse frequency divider means;
PA2  3. pulse frequency multiplier means connected to said integrator means,
      said pulse frequency divider means and said pulse frequency multiplier
      means having the same factor of division and multiplication, respectively,
      so that the output of said pulse frequency multiplier means exhibits
      approximately the same pulse frequency as said first pulse train; and
PA2  4. trigger means, connected to said pulse frequency multiplier means, for
      producing an output signal whenever the input thereto reaches a prescribed
      value; and
PA1  c. fuel injection means, connected to said signal processing means, for
      injecting fuel into an internal combustion engine upon receipt of said
      pulses of said second pulse train.
NUM  2.
PAR  2. The apparatus defined in claim 1, wherein said pulse frequency
      multiplier means includes at least one pulse frequency doubler, connected
      to said integrator means, said pulse frequency doubler having two
      output-coupled rectifying branches, one of which contains means for
      inverting the integrated voltage output of said integrator means.
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PAL  An impact action mechanism of the type wherein the impact member is
      propelled by a combustible matter combusted in the combustion chamber of
      the mechanism. The impact action mechanism includes a hollow housing
      receiving therein a reciprocating impact member and a sleeve connected
      with the housing. The impact member has a tail portion receivable in the
      sleeve to define therewith, as the impact member moves into the sleeve, a
      closed combustion chamber. This combustion chamber communicates with the
      ambient atmosphere for exhaust of the combustion products and with a
      source of a combustible matter, respectively, through a pair of passages
      formed through the bottom of the sleeve. The impact action mechanism is
      small in size in the transverse section and offers a simple structure,
      which permits its utilization in the mining and construction industries,
      as well as for driving through holes in soil.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to impact action devices utilized in the
      mining and construction industries for breaking rock and other materials,
      for ramming and tamping purposes, for driving in pins and nails, for
      driving through holes in soil, etc. and, more particularly, it relates to
      an impact action device wherein the impact member is propelled by the
      combustion of a combustible matter in the combustion chamber of the
      device.
PAR  At present, an impact action device is known having a housing which
      receives therein a sleeve and an impact member mounted for reciprocation
      of the housing and having an enlarged front portion and a tail portion.
PAR  The enlarged front portion of the impact member defines with the housing a
      buffer chamber, while the tail portion of the impact member, when
      introduced into the sleeve, defines therewith a combustion chamber within
      the sleeve. This lastmentioned chamber periodically communicates with a
      source of combustible matter to propel the impact member through a working
      stroke, as well as with the ambient atmosphere to exhaust the products of
      combustion.
PAR  However, this known impact action device is of a relatively complicated
      structure and includes a relatively great number of components of
      different weights, movable relative to one another, which results in rapid
      wear of these components. Thus, the known device includes an ignition
      means mounted on the housing thereof and associated with a source of power
      supply to produce a spark for igniting the combustible mixture in the
      combustion chamber. The source of power supply circuit is periodically
      closed by one of the movable components mounted on the impact member.
PAR  The ignition device is expected to meet relatively strict requirements, as
      to reliability and accuracy. However, it is rather difficult to meet these
      requirements in a device operating in an impact mode. The natural wear of
      the movable components of the ignition means is aggravated by the wear
      brought about by great dynamic loads caused by this impact mode of
      operation. This leads to a short life for the ignition means, to delayed
      timing of production of a spark and to faulty operation of the impact
      device, as a whole.
PAR  To start the operation of the impact action device of known design, it is
      necessary to employ an auxiliary mechanism to effect an initial stroke of
      the impact member, sufficient for compression and ignition of the
      cobmustible matter in the combustion chamber. More often than not, such an
      auxiliary starting mechanism is mounted directly on the housing of the
      impact mechanism.
PAR  In the hitherto known impact action devices the exhaust opening for the
      products of combustion is situated either in the lateral surface of the
      mechanism, or else in the front face thereof.
PAR  Furthermore, the arrangement of the ignition and starting devices directly
      on the housing of the impact device results in a considerable increase in
      the transverse dimensions of the device, as a whole, while the arrangement
      of the exhaust opening in the lateral surface of the impact device and in
      the front face thereof prohibits the use of the device for driving through
      holes in soil.
PAR  At present, compressed pneumatic impact action devices for driving through
      holes in the soil, are also known which are, however, incapable of
      self-sustained operation, since they need an air compressor and means for
      carrying this air compressor to the site of operation.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an impact action device
      wherein the combustion chamber is so connected with a source of supply of
      combustible matter so that the device requires no auxiliary means mounted
      on the external surface thereof, with simultaneous reduction of the
      overall dimensions of the device, including the transverse dimension, the
      mechanism being capable of driving through holes in soil.
PAR  These and other objects are attained in an impact action device comprising
      a hollow housing receiving therein a sleeve and a reciprocating impact
      member having an enlarged front portion defining with the front portion of
      the housing a buffer chamber to effect a return stroke of the impact
      member. The impact member has a tail portion defining with the housing an
      annular gap and adapted to be received in the sleeve to define therewith a
      closed combustion chamber, as the impact member moves into the sleeve
      during operation of the device. This combustion chamber periodically
      communicates with a source of supply of combustible matter to propel the
      impact member through a working stroke by combustion of the combustible
      matter, the combustion chamber also periodically communicating with the
      ambient atmosphere to exhaust the products of combustion, in which impact
      device, in accordance with the present invention, the sleeve is coupled
      with the housing so that the bottom of the sleeve defines the end face of
      the housing and has two passages formed in the end face, one of these
      passages communicating with the source of supply of the combustible
      matter, while the other passage communicates with the ambient atmosphere,
      the passages communicate with the combustion chamber through grooves made
      in the lateral surface of the sleeve and merge with two respective ports
      which are periodically closed by the tail portion of the impact member
      during the return stroke thereof, to disconnect the passages from the
      combustion chamber.
PAR  With the sleeve and the housing being operatively associated in the herein
      disclosed manner and with the made passages made in the bottom of the
      sleeve and opening in the end face of the housing, the passages
      communicating with the combustion chamber, it is possible to effect the
      supply of the combustible matter and to exhaust the combustion gases at
      the rear end face of the mechanism and thus to have no additional means
      mounted on the housing of the apparatus and, consequently, to reduce the
      transverse dimensions of the impact action device.
PAR  Furthermore, the herein disclosed manner of communication of the combustion
      chamber with the ambient atmosphere and with the source of the combustible
      matter, i.e. of the combustion fuel, provides an extremely simple
      structure and has enabled the apparatus to be employed for driving through
      holes in the soil.
PAR  The invention is further characterized in that the port  pg,7 of the
      sleeve, communicating through the respective passage with the source of
      the fuel, is of a smaller size and is more remote from the bottom of the
      sleeve than the other port communicating through the other passage with
      the ambient atmosphere.
PAR  The two ports being of different sizes and the smaller of them
      communicating with the source of fuel supply, it is ensured that the
      exhaust gases are exhausted through the larger port before the fuel is
      introduced into the combustion chamber, which provides optimal conditions
      for normal operation of the impact action device of the invention.
PAR  The invention is still further characterized in that the sleeve has a
      longitudinal slot formed therein for establishing communication between
      the abovementioned annular gap and the source of fuel supply. The sleeve
      further having formed therein blind notches for communicating with the
      annular gap, the bottom of each notch being aligned with that one of the
      edges of the smaller port, which is the least remote from the bottom of
      the sleeve.
PAR  The provision of the blind notches in the sleeve, establishing
      communication between the annular gap and the combustion chamber, ensures
      that the fuel is additionally charged from the annular gap into the
      combustion chamber during a working stroke of the impact member, which
      improves the conditions of filling of the combustion chamber with the
      fuel.
PAR  The invention is still further characterized in that the a longitudinal
      groove housing has, defining an annular gap, in which the longitudinal
      groove is of a length which is greater than the length of the enlarged
      portion of the impact member for establishing periodical communication
      between the buffer chamber and the annular gap during a return stroke of
      the impact member.
PAR  Last-described feature restores the pressure within the buffer chamber,
      which yields a prolonged operational life of the impact action device of
      the invention.
PAR  Thus, the abovedisclosed novel features of the impact action device provide
      for its extreme simplicity of its structure, compact size, reliability of
      performance, as well as for adaptability for a variety of applications,
      e.g. for driving through holes in soil, for incorporation in either
      hand-held or suspension mechanisms for breaking rock and other materials,
      for driving pins, nails, etc.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further described in connection with an embodiment
      thereof in an impact action device utilized for driving through holes in
      the soil, with reference being had to the accompanying drawings, wherein:
PAR  FIG. 1 is a longitudinally sectional general view of an impact action
      mechanism embodying the invention;
PAR  FIG. 2 is a view taken along arrow "A" in FIG. 1;
PAR  FIG. 3 is a sectional view along line III--III in FIG. 1;
PAR  FIG. 4 is an enlarged perspective view of the sleeve of the mechanism, with
      the smaller port foremost.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now in particular to the appended drawings, the impact action
      device according to the invention for driving holes through the soil
      includes a hollow cylindrical housing 1 (FIG. 1) having a pointed front
      portion. The internal space of the housing accommodates an impact member 2
      mounted for reciprocation in the housing through working and return
      strokes, as well as a sleeve 3 connected with the rear portion of the
      housing 1. The front portion of the housing preferably has an opening made
      therethrough, accommodating therein a pointed striker pin 4 assisting in
      driving of a hole.
PAR  The rear portion of the housing 1 has a thread cut therein, adjoining the
      internal space of the housing, for connection of the housing 1 with the
      sleeve 3, the latter having a thread cut in the external surface 5
      thereof, matching the above mentioned thread in the housing, the thread
      being at the level of the bottom 6 of the sleeve 3. The latter has also
      projections 7 made on the external surface thereof, which limit screwing
      of the sleeve 3 into the housing 1. When the sleeve 3 is screwed into the
      housing 1, the external face 8 (FIG. 2) of the bottom 6 of the sleeve 3
      defines the end face of the housing 1, while the face 9 of the sleeve 3,
      opposite to the bottom 6 thereof, is accommodated within the housing, as
      can be seen in FIG. 1.
PAR  The impact member 2 has an enlarged front portion 10 and a tail portion 11
      the diameter of which is smaller than that of the enlarged portion 10. An
      annular gap 13 is thus formed between the tail portion 11 of the impact
      member 2 and the internal wall 12 of the housing, thus defining the
      internal space thereof.
PAR  The tail portion 11 has its end face 14 received in the internal space 15
      (FIG. 3) of the sleeve 3, the latter having its end 9 open. When the
      impact member 2 reciprocates during operation of the impact device, the
      tail portion 11 (FIG. 1) reciprocates within the internal space 15 of the
      sleeve. As the impact member 2 moves into the sleeve 3, a combustion
      chamber if formed in the internal space 15 for combustion of a combustible
      matter, i.e. of a fuel, to propel the impact member 2 through a working
      stroke. This combustion chamber is defined by the end face 14 of the tail
      portion 11, the internal face 16 of the bottom 6, facing the end 9, and
      the internal lateral surface 17 of the sleeve 3.
PAR  The enlarged portion 10 of the impact member 2 has an external diameter
      matching the diameter of the internal space of the housing 1, the front
      portion of the enlarged portion 10 including a tapered portion 18 defining
      with the complementary portion of the internal surface of the front part
      of the housing 1 a buffer chamber 19 wherein gases are compressed during a
      working stroke of the impact member 2, whereby a sufficient amount of
      energy is stored to effect a return stroke of the impact member.
PAR  The bottom 6 of the sleeve 3 is sufficiently thick and has a pair of
      passages 20 and 21, the passage 20 opening in the external side 8 of the
      bottom 6 of the sleeve 3, i.e. in the end face of the housing 1, to
      communicate with the ambient atmosphere and provide for exhaust of the
      products of combustion, while the passage 21 is adapted to be connected
      via a connection 22 to a source of fuel (not shown), this source being in
      the form of a compressed gas container or in any other suitable form. The
      connection 22 is secured in the sleeve 3 by means of a threaded connection
      23 including threads cut, respectively, in the external surface of the
      connection 22 and in the wall of the passage 21.
PAR  The passages 20 and 21 communicate with the combustion chamber,
      respectively, through grooves 24 and 25 (FIGS. 1 and 3) in the external
      lateral surface 5 of the sleeve 3, inclined passages 26 and 27 (FIG. 1) in
      the bottom 6 of the sleeve 3 and ports 28 and 29, respectively, provided
      in the sleeve, the respective grooves 24 and 25 merging with these ports.
      The grooves 24 and 25 define respective passages with the internal surface
      12 of the housing 1.
PAR  As the impact member 2 reciprocates in the sleeve 3, the ports 28 and 29
      are periodically closed off by the tail portion 11 of this impact member,
      whereby the passages 20 and 21 are disconnected from the combustion
      chamber during combustion of the fuel therein. The port 29 adapted for
      communication with the passage 21 and, consequently, with the fuel supply
      source is of a smaller size than the other port 28 and is more remote from
      the surface 16 of the bottom 6.
PAR  The external lateral surface 5 of the sleeve 3 has a slot 30 (FIG. 4)
      defining a passage with the internal surface 12 (FIG. 1) of the housing 1,
      and communicating with the port 29 and open in the end face 9 of the
      sleeve 3, to establish communication between the annular gap 13 and the
      fuel supply source or ambient atmosphere.
PAR  The same portion of the sleeve 3 has cut therein blind notches 31 (FIG. 4)
      open in the end face 9 of the sleeve, to establish communication between
      the annular gap 13 and the internal space 15 of the sleeve 3. The
      respective bottom 32 of each notch 31 is aligned with that edge 33 of the
      port 29, which is the least remote from the surface 16 of the bottom 6 of
      the sleeve 3. This last-mentioned edge 33 of the port 29 is rounded on the
      side adjacent to the internal surface 15 of the sleeve 3, to improve the
      conditions of access of the fuel into the space 15.
PAR  The surface 12 (FIG. 1) of the housing 1 is provided with a longitudinal
      groove 34 opening in the annular gap 13 and having a length in excess of
      the enlarged portion 10 of the impact member 2, to establish periodical
      communication between the buffer chamber 19 and the annular gap 13, during
      a return stroke of the impact member 2.
PAR  The herein disclosed impact action mechanism operates, as follows.
PAR  The impact member 2 is shown in FIG. 1 in its extreme forward position,
      i.e. in a position where it delivers an impact upon the pin 4 and then
      starts its return stroke. This return stroke of the impact member 2 is
      effected by the action of the gas compressed in the buffer chamber 19.
PAR  As the impact member 2 moves to the right, i.e. into the space 15 of the
      sleeve 3, the tail portion 11 closes off the ports 28 and 29, whereby a
      combustion chamber is formed in the space 15 by a portion of this space
      isolated from the ambient atmosphere. As the impact member 2 moves further
      to the right, the combustible mixture that has filled the combustion
      chamber is compressed, whereby it is heated up and finally ignites. The
      combustion greatly increases the volume of the gases in the combustion
      chamber, and the pressure of these gases is applied to the tail portion 11
      of the impact member 2, whereby the latter is propelled to the left, i.e.
      through a working stroke.
PAR  Since the ports 28 and 29 are of different size and offset relative to each
      other, during the working stroke of the impact member 2 the port 28 first
      becomes open and then the port 29. The products of combustion enter
      ambient atmosphere via the port 28, the groove 24, the inclined passage 26
      and the passage 20; while the fuel flows into the space 15 of the sleeve 3
      from the connection 22 via the passage 21, the inclined passage 27, the
      groove 25 and the port 29.
PAR  At the end of its working stroke the impact member 2 delivers an impact
      upon the pin 4, compresses the gas in the buffer chamber 19, whereafter,
      the above described operating cycle repeats itself. The buffer chamber 19
      either communicates with the ambient atmosphere via the longitudinal slot
      34, the annular gap 13, the slot 30, the groove 24, the inclined passage
      26 and the passage 20, or else it communicates via the groove 25, the
      inclined passage 27 and the passage 21 with the source of fuel supply,
      which is necessary to restore the pressure within this chamber 19.
PAR  Additional charging of the fuel into the internal space 15 of the sleeve 3
      is effected through the blind notches 31 in the sleeve 3 during the
      working stroke of the impact member 2. This increases the concentration of
      the fuel in the space 15 of the sleeve 3 and thus intensifies the
      operation of the impact action mechanism.
PAR  Starting of the operation of the herein disclosed impact action mechanism
      is effected, as follows.
PAR  The impact member is moved toward its extreme L.H. (forward) position,
      which is performed by mere raising of the right-hand end of the mechanism
      above the left-hand one. To speed up the motion of the impact member 2 to
      the left, it is sufficient to remove (i.e. to strike out) the pin 4 from
      the forward opening 4' in the housing, which establishes communication
      betwen the buffer chamber 19 and the ambient atmosphere through this
      last-mentioned opening. Then the space 15 of the sleeve 3 is flushed with
      the combustible matter, e.g. with the help of a charging device (not shown
      in the drawing), the combustible matter being directed into the space 15
      by the rounded edges 33 of the port 29 and by a bevel 35 cut in the end
      face 14 of the tail portion 11 of the impact member 2. Thereafter the
      impact member 2 is moved into its intermediate position, whereat, the
      ports 28 and 29 become closed, and a pressure approximating the
      atmospheric pressure is established at both sides of the impact member 2.
      Thereafter the pin 4 is reestablished in the corresponding opening of the
      housing 1.
PAR  By jerking the mechanism longitudinally, or else by striking the housing
      thereof correspondingly the impact member moves into its R.H. position to
      provide an amount of energy sufficient to compress and ignite the
      combustible matter in the combustion chamber.
PAR  Although the present invention has been described in connection with an
      embodiment thereof adapted for driving holes through soil, the herein
      disclosed mechanism may be successfully used for other purposes for which
      it is adapted by mere replacement of the pin 4 with a corresponding
      work-performing member.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An impact action device comprising: a hollow housing; a sleeve having an
      internally provided space open at one end and a thickened bottom portion,
      said sleeve having an external lateral surface and being accommodated in
      an internal space of said housing and operatively coupled to said housing
      so that the bottom portion of said sleeve defines the end face of said
      housing; an impact member reciprocably movable through working strokes and
      return strokes and having an enlarged front portion and a tail portion,
      mounted in the internal space of said housing so that said enlarged front
      portion thereof defines with the front part of said housing a buffer
      chamber for driving said impact member through said return strokes, while
      said tail portion of said impact member defines with said housing an
      annular gap and is receivable in the space of said sleeve; a closed
      combustion chamber defined in said sleeve by additional introduction of
      the tail portion of said impact member into the internal space of said
      sleeve; a first passageway formed in the bottom portion of said sleeve and
      communicating with said combustion chamber, said passageway being open in
      the end face of said housing for supply of a combustible matter into said
      combustion chamber to propel said impact member through the working
      strokes thereof by combustion of said combustible matter; a second
      passageway formed in the bottom portion of said sleeve and communicating
      with said combustion chamber, said second passageway being open in the end
      face of said housing for communication with ambient atmosphere, to provide
      for exhaust of the products of combustion from said combustion chamber; a
      plurality of ports provided in said sleeve and communicating with the
      internal space thereof, said ports being periodically closed off by said
      tail portion of said impact member during return strokes thereof; a
      plurality of grooves formed in the external lateral surface of said sleeve
      and registering with respective ones of said plurality of ports at one end
      of said grooves, said groves communicating at the respective opposite ends
      thereof with the respective ones of said first and second passageways, to
      establish communication of said first and second passageways with said
      combustion chamber, respectively, to supply said combustible matter
      thereinto and to exhaust said combustion products therefrom whereby the
      periodical closing off by said tail portion of said ports separates said
      combustion chamber from said first and second passageways, during
      combustion of said combustible matter therein to effect working strokes of
      said impact member and subsequent exhaust of said combustion products.
NUM  2.
PAR  2. An impact action mechanism, as claimed in claim 1, wherein that one of
      said ports in said sleeve, communicating with the source of supply of a
      combustible matter through a respective one of said passageways is of a
      smaller size and is more remote from the bottom of said sleeve than the
      other one of said ports communicating with the ambient atmosphere through
      the other respective one of said passageways.
NUM  3.
PAR  3. An impact action mechanism as claimed in claim 2, wherein said sleeve
      has a longitudinal slot establishing communication between an annular gap
      and the source of supply of a combustible matter, and blind notches
      communicating with said annular gap, the bottom of each said notch being
      aligned with that one of the edges of the smaller one of said ports, which
      is the least remote from the bottom of said sleeve.
NUM  4.
PAR  4. An impact action mechanism as claimed in claim 3, wherein the surface of
      said housing, defining said annular gap, has a longitudinal slot, the
      length of which is in excess of the length of the enlarged portion of said
      impact member, for establishing periodic communication between said buffer
      chamber and said annular gap during return strokes of said impact member.
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ABST
PAL  A poppet valve assembly for an internal combustion engine, in which a
      tappet foot is in screw thread engagement with the end of a valve stem; a
      retainer collar non-rotatably engages both the valve stem and the tapper
      foot; and a valve return spring acting on the retainer collar must be
      compressed in order to disengage the collar from the foot for adjustment
      of the valve operating clearance.
BSUM
PAR  This invention relates to a poppet valve assembly that includes an
      adjustable tappet, and more particularly to features of the tappet itself.
PAR  In an internal combustion engine with an overhead camshaft layout it is
      usual for a tappet to be interposed directly between the end of a poppet
      valve stem and the camshaft. Adjustment of the valve operating clearance
      is usually obtained either by grinding the tappet foot, or by means of
      shims. The shims can be inserted either between the end of the valve stem
      and the tappet, or between separate foot and body portions of the tappet.
PAR  None of the aforementioned methods of adjustment can be readily carried out
      as part of the routine servicing of an internal combustion engine.
      Grinding is a skilful operation and requires replacement of the tappet
      foot, and shims have a tendency to become thinned, or to break up, over a
      prolonged period of service. It is with facilitating the adjustment of
      poppet valve operating clearances and the avoidance of the last-mentioned
      problems that the invention is particularly concerned.
PAR  From one aspect the invention resides in a poppet valve assembly in which a
      tappet foot is in screw thread engagement with the end of a valve stem; a
      retainer collar non-rotatably engages both the valve stem and the tappet
      foot; and a valve return spring acting on the retainer collar must be
      compressed in order to disengage the collar from the foot for adjustment
      of the valve operating clearance.
PAR  More specifically, and from the same aspect, the invention resides in a
      poppet valve assembly in which a tappet foot is in screw thread engagement
      with the end of a valve stem and has locking formations; a retainer collar
      on the valve stem has locking formations which inter-engage the formations
      of the foot and which co-operatively afford a plurality of alternative
      angular settings for the foot; and the retainer collar non-rotatably
      engages a non-round section of the valve stem and is displaceable against
      a valve return spring in order to disengage it from the foot for
      adjustment of the valve operating clearance.
PAR  Adjustment of the valve operating clearance involves simply displacing the
      collar against the return spring so as to disengage it from the foot, and
      then turning one part (conveniently the foot) relative to the other
      portion through a predetermined angle corresponding to the required axial
      displacement of the foot on the screw thread of the valve stem. The two
      parts of the tappet, that is to say the collar and the foot, are then
      released to inter-engage in their new angular relationship under the
      action of the valve return spring.
PAR  From another aspect the invention resides in a tappet foot adapted to form
      part of the poppet valve assembly broadly defined above, having a screw
      thread for engaging the end of the poppet valve stem and further having
      locking formations for entering into non-rotatable engagement with the
      retainer collar as the collar and foot are brought co-axially together.
PAR  From yet another aspect the invention resides in a retainer collar adapted
      to form part of the poppet valve assembly broadly defined above, having a
      non-round central opening portion for non-rotatably engaging the valve
      stem and further having locking formations for entering into non-rotatable
      engagement with the tappet foot as the foot and collar are brought
      co-axially together.
PAR  The locking formations can comprise co-axial projections and recesses which
      inter-engage as the foot and collar are brought co-axially together by the
      action of the valve return spring. Such projections and recesses can,
      moreover, be tapered for wedging inter-engagement in order to avoid any
      play between them. Preferably, however, the retainer collar has a ring of
      radial locking formations concentrically inter-engaging a ring of radial
      locking formations of the tappet foot. The preferred arrangement has the
      advantage that the formations can be seen when adjusting the valve
      operating clearance.
PAR  In order to relieve the non-rotatably engagement between the retainer
      collar and valve stem of some of the stress in preventing rotation of the
      tappet on the stem, the friction in the screw thread engagement of the
      tappet spring is preferably increased by the action of the valve return
      spring. Conveniently, the tappet foot has an internally screw-threaded,
      tapered stem that nests within a complementary, tapered central-opening
      portion of the retainer collar, and the stem of the foot is split axially
      so that it can grip the thread of the valve stem radially. Alternatively,
      and to the same end, the tappet foot has an internally screw-threaded,
      cylindrical stem the end of which abuts an annular shoulder at the bottom
      of a cylindrical central-opening portion of the retainer collar, and the
      stem of the foot is slit circumferentially so that it can grip the thread
      of the valve stem axially.
PAR  Each of these two alternative embodiments utilizes the stresses imposed on
      the tappet foot by the valve return spring to take-up a tolerance in the
      screw thread engagement between the foot and valve stem. Such a tolerance
      is desirable in the first instance to facilitate the adjustment of the
      valve operating clearance.
DRWD
PAR  The two preferred embodiments of the invention broadly described above will
      now be more particularly described, by way of example, with reference to
      the accompanying drawings in which:
PAR  FIG. 1 is a diametric section of a first poppet valve assembly;
PAR  FIG. 2 is a further diametric section, orthogonal to that of FIG. 1;
PAR  FIG. 3 is an illustration corresponding to FIG. 1, of a second poppet valve
      assembly;
PAR  FIG. 4 is an illustration corresponding to FIG. 3, showing the tappet foot
      of the second poppet valve assembly axially displaced with respect to the
      retainer collar;
PAR  FIG. 5 is a plan view of a preferred tappet according to the invention,
      which can be either the tappet illustrated in FIGS. 1 and 2, or the tappet
      illustrated in FIGS. 3 and 4.
PAR  Those features which are broadly common to both embodiments will first be
      described, using the same reference numerals for each embodiment.
DETD
PAR  In each assembly a poppet valve 1 co-operates with a valve seat 2 in an
      internal combustion engine cylinder head 3 having an overhead camshaft 4
      which acts through a two part adjustable tappet 5 against a helical valve
      return spring 6.
PAR  More particularly, each tappet comprises a collar or bucket portion 10
      having an outer wall 11 integral, through an annular connecting portion
      12, with an inner wall 13 that defines a central opening. The outer wall
      11 and connecting portion 12 defines a recess in one end of the bucket
      portion 10, in which recess the wall 11 is formed with a ring of radially
      projecting teeth 14. The stem of a substantially mushroom-shaped foot or
      insert portion 15 of the tappet fits within the opening in the bucket
      portion 10, and has an internal axially developed screw-thread 16. The
      head 17 of the insert portion 15 defines a cam follower surface 18 and is
      formed around its periphery with a ring of teeth 19 which are
      complementary to those of the bucket portion 10. When the insert portion
      15 is received in the opening of the bucket portion 10, as shown in FIGS.
      1 and 2, and also in FIG. 3, the teeth 14, 19 inter-engage and prevent
      relative rotation between the two portions 10 and 15 of the tappet.
PAR  The foot or insert portion 15 of the tappet is shown in each Figure in
      co-axial screw-thread engagement with the valve stem 1 that has a threaded
      end portion 7 adjacent to which it is formed with two oppositely facing
      flats 8. The flats 8 co-operate with complementary chord portions in the
      opening of the bucket portion 10 so as to prevent relative rotation
      between the stem 1 and portion 10. The valve return spring 6 is shown
      acting in compression on the bucket portion 10, urging it to receive the
      insert portion 15.
PAR  In order to facilitate disengagement of the bucket portion 10 from the foot
      or insert portion 15 for adjustment of the valve operating clearance, the
      outer wall 11 of the bucket portion 10 is formed with four diametrically
      opposed slots 11a which interrupt the ring of teeth 14 and by way of which
      a screw driver or other tool can be inserted to raise the head 17 of the
      insert portion 15 out of the recess in the top of the bucket portion 10
      (see FIGS. 3 and 4). As shown in FIG. 5 the annulus of the bucket portion
      10 is marked with scale graduations corresponding to a given axial
      adjustment of the foot or insert portion 15 on the valve stem 1, and the
      head 17 of the insert portion is marked with a datum arrow.
PAR  Referring now in particular to FIGS. 1 and 2, the opening in the bucket
      portion 10 comprises a cylindrical bore 20 extending to a convergently
      tapered part 21. The stem of the insert portion 15 has a cylindrical neck
      portion 22 and a tapered tail portion 23, the latter being split by two
      diametrically opposite axially extending slits 24 which allow the
      reduction of the diameter of the screw thread 16 for the purpose
      previously menioned herein.
PAR  Referring now specifically to the second embodiment illustrated in FIGS. 3
      and 4, the opening in the bucket portion 10 comprises a plain cylindrical
      bore 30 formed with a shoulder 31 of reduced diameter at the bottom
      thereof. The stem of the insert portion 15 is cylindrical and has a tail
      portion 32 which is slit transversely to its axis, that is by slits 33
      each of which extends partly around the circumference of the stem. The
      slits 33 allow for axial compression of the stem against shoulder 31 and
      hence reduction in the pitch of the screw thread 16 for the purpose
      previously mentioned herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A poppet valve assembly for an internal combustion engine, having a
      poppet valve urged against a valve seat by a valve return spring and
      featuring:
PA1  a. a tappet foot in screw thread engagement with the end of the valve stem
      and having locking formations; and
PA1  b. a retainer collar non-rotatably engaged on a non-round section of the
      valve stem and having locking formations which inter-engage those of the
      tappet foot and which afford a plurality of alternative angular settings
      for the foot;
PAL  the retainer collar being displaceable against the valve return spring in
      order to disengage it from the foot for adjustment of the valve operating
      clearance.
NUM  2.
PAR  2. A poppet valve assembly according to claim 1, in which the retainer
      collar has a ring of radial locking formations concentrically
      inter-engaging a ring of radial locking formations of the tappet foot.
NUM  3.
PAR  3. A poppet valve assembly according to claim 2, in which the tappet foot
      has an internally screw-threaded, tapered stem that nests within a
      complementary, tapered central-opening portion of the retainer collar, and
      the stem of the foot is split axially so that it can grip the thread of
      the valve stem radially.
NUM  4.
PAR  4. A poppet valve assembly according to claim 2, in which the tappet foot
      has an internally screw-threaded, cylindrical stem the end of which abuts
      an annular shoulder at the bottom of a cylindrical central-opening portion
      of the retainer collar, and the stem of the foot is slit circumferentially
      so that it can grip the thread of the valve stem axially.
NUM  5.
PAR  5. A cylinder head for an internal combustion engine, having an overhead
      camshaft and including a poppet valve assembly according to claim 1
      arranged for actuation by the camshaft.
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ABST
PAL  The invention concerns a method and apparatus for controlling the angle of
      advance of an internal combustion engine, in proportion to at least one
      parameter e.g. intake manifold vacuum, of the internal combustion engine.
      The main shaft of the engine has an impulse generating wheel and pickup
      which generates a fixed number of pulses (main pulses) during a particular
      revolution, the pulses representing a crank movement angle .psi. greater
      than any spark advance angle required. A fixed advance time t is converted
      into impulses the number of which varies with engine speed, and is
      thereafter increased or decreased also in proportion to said engine
      parameter. This final number is substracted from the main pulses, and the
      remaining pulses (trigger pulses) counted out during the next revolution
      from the commencement .psi. 0 of the angle .psi.. At the end of this count
      a firing pulse is emitted to cause a spark.
BSUM
PAR  The present invention concerns a method for changing the spark advance of
      internal combustion engines, in which pulse sequences are generated, the
      pulses (main pulses) of which are synchronously produced by the rotation
      of the internal combustion engine, the number of main pulses occurring
      during a pre-determined time t being first ascertained (reference count).
      From this number, the advance angle .alpha. is calculated, dependent on
      the particular speed U of the internal combustion engine, by which the
      ignition of the internal combustion engine is to be advanced relatively to
      the top dead centre OT. This is deducted from a larger angle .psi.
      (reference angle) which extends from the top dead centre to an arbitrary
      phase position .psi. 0 advanced relatively thereto. The position .psi. is
      a predetermined number of pulse steps (independent of the engine speed)
      before the count (trigger count) of the main pulses appearing from the
      arbitrary phase position .psi. 0 begins. During this count, a pulse
      (ignition pulse) is generated when the number of pulses counted from the
      arbitrary phase position .psi. 0 corresponds to the differential angle
      (.psi. - .alpha.) so that the ignition pulse occurs advanced by the
      advance angle .alpha. relatively to the top dead centre OT. Thus the time
      at which the spark precedes top dead centre is constant, but the angle
      .alpha. varies with engine speed.
PAR  Conventional internal combustion engines are driven with a spark advance
      characteristic which allows only for the engine speed and load in the
      "warm" operating condition of the internal combustion engine.
PAR  According to the current knowledge and, in particular, in view of the
      necessity for detoxication of exhaust gases, it is desirable to take other
      parameters of the internal combustion engine into consideration. If it is
      possible to minimise the toxic exhaust gas delivery of the internal
      combustion engine both in "cold" and hot operating conditions, and when
      idling, a method of operation would be achieved involving much less
      environmental pollution.
PAR  In particular, it would be desirable to have available a method and a
      system by which, apart from the above advantages, much easier adaptation
      of the ignition system to the most varied types of internal combustion
      engines can be achieved, whilst optimalising the particular spark advance
      characteristic.
PAR  According to the present invention there is provided a method of changing
      the spark advance characteristic of internal combustion engines, in which
      pulse sequences are produced, the pulses (main pulses) of which are all of
      equal length and derived from a rotating part of the internal combustion
      engine, the number of such pulses occurring during a pre-determined time t
      being counted (reference count) and the angle of spark advance .alpha.
      relative to top dead centre, which is dependent on the speed U of the
      internal combustion engine, being derived therefrom, and deducted from a
      larger angle .psi. (reference angle) which extends between the top dead
      centre and an arbitrary phase position .psi. 0 in advance thereof, said
      phase position being determined by a number of pulses independent of the
      engine speed before the count (trigger count) of the main pulses appearing
      from the arbitrary phase position .psi. 0 begins; a pulse (ignition pulse)
      being generated during this count when a number of pulses has been counted
      from the arbitrary phase position .psi. 0 which correspond to the
      differential angle .psi. - .alpha. which is independent of the engine
      speed and the speed-dependent advance angle .alpha., so that the ignition
      pulse occurs advanced by the advance angle .alpha. relatively to the top
      dead centre, wherein the dependence of the advance angle .alpha. on the
      speed of rotation of the internal combustion engine changed in that the
      number of pulses (final number) corresponding to the effective advance
      angle is obtained from the number of pulses (starting number) which appear
      during the pre-determined time t and correspond to a particular angle of
      rotation (starting angle) of the internal combustion engine, amended by at
      least one calculating operation directly applied to the starting number
      and/or by at least one calculating operation controlled by the output
      number.
PAR  Apparatus for carrying out the method comprises a device for producing
      pulse sequences, the pulses (main pulses) of which are of equal length and
      derived from a rotating part of the internal combustion engine, and
      comprises an arrangement for determining the number (starting number) of
      the main pulses appearing during a pre-determined time t, a device for
      subtracting the advance angle .alpha. from the reference angle .psi. by a
      trigger count, and a control device for carrying out a calculating
      operation with or on the starting number and/or for controlling a counting
      operation with or on the predetermined time t dependent on the starting
      number.
PAR  The calculating operation applied to the starting number can either be a
      calculating operation applied directly with or on the starting number
      and/or a calculating operation for controlling a counting operation with
      or on the predetermined time t in dependence of the starting number.
PAR  The computing operation effected directly on the starting number or on the
      pre-determined time t on which the starting number depends, may be an
      addition, subtraction and/or a multiplication or division.
DRWD
PAR  Reference is now made to the accompanying drawings, in which:
PAR  FIG. 1 shows the various angles essential for understanding the present
      invention,
PAR  FIG. 2 shows a pulse generating device used in the present invention,
PAR  FIG. 3 shows a circuit used in the present invention,
PAR  FIG. 4 shows a first embodiment of the present invention,
PAR  FIG. 5 shows a change in the spark advance characteristic achieved with the
      present invention,
PAR  FIG. 6 shows a simplified form of the embodiment of FIG. 4,
PAR  FIG. 7 shows a second embodiment of the present invention,
PAR  FIG. 8 shows the change of the advance characteristic achieved by the
      embodiment of FIG. 7,
PAR  FIGS. 9 and 10 show third and fourth embodiments of the present invention,
PAR  FIG. 11 shows another change in the advance charateristic, achieved by the
      present invention; and
PAR  FIG. 12 shows a function generator which can be used with the present
      invention.
DETD
PAR  FIG. 1 shows the position of the top dead centre OT of an engine, on a disc
      coupled to the crank shaft, and the position Z where the mixture is
      ignited in the cylinder of the engine. The angle between Z and OT is the
      advance angle .alpha..
PAR  In addition, an arbitrary phase position .psi. 0 is shown, located ahead of
      the top dead centre OT and from which the actual counting processes are
      effected which lead to the triggering of an ignition pulse at Z. The angle
      .psi. extending from .psi. 0 to OT, is termed the reference angle.
PAR  A system of generating ignition pulses is shown in FIGS. 2 and 3.
PAR  The system shown in FIG. 2, comprises a first transmitter 1 and a second
      transmitter 2 which produce pulses from the movement of a disc 3, which
      has teeth and gaps and is rigidly connected to a moving part of an
      internal combustion engine, e.g. it is keyed on the crank shaft. This disc
      has two rows of teeth, an outer row 4 and an inner row 5. Whilst in row 4,
      with which the transmitter 2 co-operates, the teeth and gaps (of which
      only some are shown), are uniformly distributed over the periphery, in row
      5, with which the transmitter 1 co-operates, only a much smaller number of
      teeth and gaps are provided, one gap of which is shown in FIG. 2. Row 5
      serves to produce auxiliary pulses which in turn control the computation
      (i.e. the work of the counters) and thus define the phase position of the
      pulses (main pulses) produced by the teeth and gaps of row 4. In the
      simplest case, the inner row 5 has only one tooth or one gap.
PAR  The pulses from the transmitter 2 are fed to a counter 8 through a gate 6
      (FIG. 3) which is kept open by the function generator 7 for a
      predetermined time t. The counter 8 has a plurality of outputs
      corresponding to its number of binary stages, for example, four outputs 10
      - 13, which are shown in FIG. 3 by a single line, each of which forms an
      output of a binary stage. The output values of these binary stages are
      connected to the set inputs 14 - 17 of the counter 18. These counting
      conditions are taken over by the counter 18 (which, in the present example
      also has four stages,) only when an auxiliary pulse appears in the
      transmitter 1 and is fed to the set input 24 of the counter 18 as
      "Take-over command".
PAR  The counter 18 continuously receives pulses from the output lead 19 of
      transmitter 2. The auxiliary pulse from the transmitter 2 is in such a
      phase that the take-over of the numerical condition of the counter 8 by
      the counter 18 is just ahead of the arbitrary phase position .psi. 0 (FIG.
      1), so that the main pulses from the transmitter 2 are added to this
      numerical condition precisely from the phase position .psi. 0. The output
      of the counter 18 passes to a comparator 33 which is programed to a
      pre-determined numerical value corresponding to the number of pulses
      appearing from phase position .psi. 0 to the top dead centre OT. At this
      program value, the comparator 33 delivers a pulse at the output terminal
      35, said pulse representing the ignition pulse. If, therefore, the number
      of pulses fed through the counter 8 to the counter 18 corresponding to the
      speed-dependent advance angle .alpha. is then continuously counted in the
      counter 18 from the arbitrary phase position .psi. 0, the counter 18
      reaches the trigger value of the comparator 33 when the internal
      combustion engine (or the disc 3) has traversed the differental angle
      .psi. - .alpha.. The previous supply of the numerical value of the counter
      8, since it corresponds to the advance angle .alpha., produces a
      subtraction of the angle .alpha. from the angle .psi., even if pulses are
      being continuously fed into the counter 18.
PAR  When the ignition pulse appears at the output 35, it also reaches the set
      input 9 of the counter 8 through a pulse former 38, and the trigger input
      22 of the function generator 7. The counter 8 is reset through the reset
      input 9 to the numerical value "0".
PAR  The function generator 7 produces an output signal lasting for the time t
      which always begins when a pulse appears at the trigger input 22. The time
      t can be changed dependently on typical engine parameters, such for
      example as engine temperature, intake manifold vacuum, or temperature of
      the after-combustion reactor, by varying the input 40.
PAR  The pulse former 38 delivers a short rectangular pulse at its output.
      During this short rectangular pulse, the counter 8 is reset, whilst the
      triggering of the function generator 7 takes place only at the end of this
      pulse, so that the gate 6 is opened during the ensuing, pre-determined
      time t, as a result of a rectangular pulse of the length of this time,
      produced by the function generator 7, so that as many pulses are counted
      in the counter 8 as appear during the time t from the transmitter 2. The
      greater, therefore, the speed of rotation of the disc 3, the more pulses
      are counted in the counter 8, so that the speed-dependent advance angle
      .alpha., which is represented by this speed, is taken into consideration
      during the production of the next ignition pulse, which takes place in the
      manner already described above.
PAR  With reference to FIGS. 4 and 5, an embodiment of the present invention is
      described by which it is possible to change the adjusting angle .alpha.
      non-linearly with respect to the speed of rotation of the internal
      combustion engine (hereinafter termed U). Such a change of this angle may
      be desirable for various reasons. For example, a change in the advance
      characteristic of the ignition may be necessary to compensate for changes
      of temperature, load, or the like. It may be required if the advance angle
      increases more slowly at higher speeds of rotation, and finally becomes
      zero when the internal combustion engine is fully loaded, since here the
      danger of intensified knocking and thermal overloading may occur, for
      which reason a further increase in the angle .alpha. is no longer
      desirable with increasing speed of rotation.
PAR  FIG. 4 shows only a part of the system of FIG. 3, i.e. only the part in
      connection to which changes have been made.
PAR  The reference numeral 50 indicates a coding matrix which has a series of
      first inputs 51 and a series of second inputs 52, the individual inputs 51
      not being shown in detail, whilst the individual inputs 52 are indicated
      by 52a, 52b, 52c and so on, for purposes of description. According to the
      total logic condition of the individual inputs, one or more items of
      information which control the outgoing information appearing at the output
      of the function generator 7, are produced in dependence on the particular
      programing of the coding matrix 50, at the output 53 which may comprise a
      number of individual outputs.
PAR  The inputs 51 are shown as connected to the outputs 10, 11, 12 and 13 of
      the counter 8, although these inputs or additional inputs may communicate
      with other parts of the circuit arrangement of FIG. 3, in order to feed
      further information to the matrix 50. Whilst, therefore, internal
      information is fed to the matrix 50 through the inputs 51 of the circuit
      of FIG. 3, direct values of the internal combustion engine are fed through
      the inputs 52 to this matrix by corresponding scanners, feelers,
      converters or the like (these values may represent engine temperature,
      intake manifold vacuum, throttle valve position and so on).
PAR  If by using the circuit arrangement according to FIG. 4, it is intended
      that the advance characteristic of FIG. 5 should merge into a horizontal
      straight line at a specific angle .alpha. 0, the coding matrix 50 assumes
      a simple form, shown in FIG. 6, i.e. a quadruple NAND gate 59 having two
      inverting inputs, the non-inverting inputs, communicating with the outputs
      10 and 13 of the counter 8 and the two inverting inputs with the outputs
      11 and 12 of this counter. The coding matrix 50 comprises a NOR gate 60,
      the first input 61 of which communicates with the output of the NAND gate
      59. The other input 62 of the NOR gate, which corresponds to the input 52
      of the matrix 50, communicates with a transducer on the internal
      combustion engine which, in a certain condition of the engine, e.g. under
      full acceleration, gives a signal "0". In these circumstances, a positive
      pulse appears at the output 63 of the NOR gate 60 which corresponds to the
      output 53 of the matrix 50 when the counting condition "9", i.e. the
      binary combination "1001", appears in the counter 8.
PAR  Due to the circuit provided in the function generator 7, this positive
      output pulse modifies the time t, which would appear without this positive
      pulse, lengthening or shortening it. In the present embodiment, the
      function generator 7 is designed so that, due to a positive pulse entering
      through the output 63, the time t is stopped and therefore the counter 8
      receives no further pulses through the output of the function generator 7
      and the gate 6, and remains in the condition "9" of the counter. As a
      result of this, the advance characteristic becomes horizontal straight
      line during the last-mentioned condition of the counter 8, which
      represents a specific advance angle .alpha. 0. If, on the other hand, the
      full acceleration signal were missing from the input 62 of the NOR gate
      60, the counter 8 would count as far as its design permits, in the present
      case, as far as the condition "15", with the result that the advance
      characteristic is converted to a horizontal straight line (portion in
      broken lines in FIG. 5) only after the count of 15.
PAR  Although, in the present embodiment, mention is made of the transition of
      the advance characteristic into a horizontal straight line, it is also
      possible to affect the time basis of the function generator 7 by the
      positive pulse from the output of the matrix 50, so that the time
      remaining from the overall time t from the beginning of the positive
      signal, is lengthened or shortened by a pre-determined factor. By this
      means so-called "inflection positions" are achieved in the advance
      charateristic at these points, at which the rise of the advance
      characteristic assumes a different value from that in the preceding
      section. Several inflection positions may be obtained in the adjusting
      characteristic according to the design of the matrix 50 terminating with a
      transition into a horizontal straight line.
PAR  FIG. 7 shows an embodiment by which it is possible to produce inflections
      in the advance characteristic.
PAR  The circuit arrangement of FIG. 7 corresponds to the circuit arrangement of
      FIG. 4, but with the difference that the output 53 of the matrix 50 is no
      longer connected to an input of the function generator 7, but is used to
      influence the counter directly without changing the time t, whilst, if
      desired, as in the previous embodiment, a blocking logic circuit 55 may be
      provided between the output 53 and the correcting input 54 of the counter
      8. This blocking logic 55 acts so that a command appearing at the output
      53 can effect the correction of the counter 8 only n times, e.g. only once
      (per working cycle of the counter). This is important for corrections in a
      retard direction, such as, in a case when the signal from the output 53
      means "revert from condition 5 to condition 3 of the counter", since
      otherwise, if the correction were not limited to a single time per cycle
      of the counter 8, this correction would continually be effected with the
      result that the counter would never get beyond condition 5. With the
      above-mentioned order to correct, a jump in the advance characteristic is
      effected from a pre-determined angle .alpha. 1 to the angle .alpha. 2 as
      shown in FIG. 8, the angle .alpha. 1 corresponding to the condition "5"
      and the angle .alpha. 2 corresponding to the condition "3" of the counter.
PAR  If, on the other hand, a change upwards is to be made in the advance
      characteristic, the blocking logic 53 is unnecessary, since the value
      triggering the change occurs only once in the counting cycle of the
      counter 8.
PAR  With regard to the input 56 of the blocking logic 55, it may be observed
      that it serves to set the blocking logic into a condition of preparedness
      and, for this purpose, it is connected to the output of the pulse former
      38, the output pulse of which sets the blocking logic so that, in the next
      cycle of the counter, a single order can be transmitted thereby to the
      counter 8 again.
PAR  The above-mentioned upward change may be associated with idling speed.
      Since the engine runs faster with increasingly advanced ignition, the
      idling speed stabilises itself in this case at the position of the change
      located at the idling speed U.sub.L (see FIG. 8).
PAR  IN the description of FIG. 3, it was explained that it may be advisable not
      to return the counter 8 to the value "0000" before the beginning of this
      new cycle, but to a predetermined binary value which is dependent on
      certain operating conditions of the engine. This value may be produced in
      a digital convertor 150 as shown in FIG. 9;
PAR  The function of this digital convertor is generally known; it comprises a
      frequency generator 114 the frequency of which is adjustable by an input
      signal and a function generator 115 which transmits a pulse of the
      duration s.sub.1 to its output 116 when a trigger pulse appears at the
      trigger input 117; otherwise it corresponds in its design and mode of
      operation to the function generator 7 in FIG. 3. In this case also, the
      duration of the time s.sub.1 can be changed by a corresponding signal
      applied to the input 118. Furthermore, the digital convertor comprises a
      NAND gate 119 which serves to admit pulses from the frequency generator
      114 to the counter 120, which is also associated with the digital
      convertor, only for as long as the time signal s.sub.1 appears at the
      input 121. The numerical value which is established in the counter 120 due
      to the pulses counted by 114, appears as a binary value on the setting
      input 122 of the counter 8 (not shown in FIG. 3).
PAR  It should be observed that the trigger pulse for the input 117 of the
      function generator 115, as also the reset pulse for the input 122 of the
      counter 120, must be arranged so that the counting in the counter 120 is
      concluded when the set command appears at the input 9 of the counter 8.
PAR  In this manner, the advance characteristic is controllable by one or more
      engine parameters, the advance characteristic of the engine being
      controlled through the counter 8. Due to the output value of the counter
      120 appearing at the input 122 of the counter 8, the comparator can also
      be re-programed.
PAR  In FIG. 10, a circuit arrangement is shown based on the circuit arrangement
      of FIG. 9, in which, however, the counter 120 does not appear since its
      function is assumed by the counter 8. This is achieved in that the output
      pulse of the pulse former 38 is transmitted to the trigger input 22 of the
      function generator 7, not as in the case of FIG. 3, but by interposing the
      function generator 115 between the output of the pulse former 38 and the
      trigger input 22 of the function generator 115. Due to this arrangement,
      the counter 8 is reset by the output pulse of the pulse former 38 and the
      function generator 115 simultaneously triggered through the input 117 of
      the function generator 115, so that the output pulse of the function
      generator 115 begins with the time s.sub.1. This pulse opens the gate 119
      through the input 121 so that the pulses of the frequency generator 114
      reach the counter 8 through the counting input 125. The frequency of the
      generator 114 is controlled through the input 124 by any desired engine
      parameter.
PAR  In this arrangement it is possible to provide an additional connection
      (shown in broken lines) between the output 116 and a change-over input 126
      of the counter 8, so that the counting direction of the latter counter is
      reversed during the time pulse s.sub.1.
PAR  The counter 8 has a pre-determined (positive or negative) numerical value,
      which depends on the duration s.sub.1, the frequency of the generator 114
      and the direction of counting of the counter 8, at the end of the time
      pulse s.sub.1.
PAR  The switch-off flank of the time pulse s.sub.1 then triggers the function
      generator 7, so that the counting-in operation of the pulses of the
      transmitter 2 through the gate 6 into the counter 8 now takes place in the
      above described manner.
PAR  With reference to FIG. 3, it should be pointed out that it is possible to
      feed the control pulse which occurs at the output 20 of the transmitter 1,
      to the input 24, with a time and/or angle delay. This may be effected by
      connecting a counter upstream of the input 24, which is controlled by the
      pulse appearing in the transmitter 1, and counts pulses appearing at the
      output of the transmitter 2, and also is programed, so that, in a
      pre-determined state of the count, it transmits a control pulse to the
      associated input 24. An angular adjustment is thereby achieved.
PAR  The time lag, in addition to the angular retardation, and also by itself,
      may be achieved by using one or more time delay members.
PAR  An example of such a time delay is described in greater detail hereinafter
      with reference to FIG. 11 which illustrates the relationship between the
      crank shaft angle .alpha. and the engine speed U.
PAR  In this embodiment a time delay member is inserted between the output 20 of
      the pulse transmitter 1 and the input 24 of the time delay member; the
      value of the time delay of this member is controlled by engine
      characteristic values. In order to describe and illustrate the effect of
      this feature of the present invention more clearly, it is assumed,
      however, in the embodiment according to FIG. 11, that the time delay is
      constant.
PAR  The original advance characteristic, as apparent without the time delay
      member, is shown by the curve 127 and the associated angle .gamma. (FIG.
      1) which has been obtained in connection with features explained in the
      description of FIG. 5. If the time lag alone is concerned, a straight line
      128 (FIG. 11) would be obtained which produces a correcting angle .beta.
      dependent on the engine rate of rotation, this correcting angle
      representing a displacement of the output signal at the output 35 and,
      consequently, of the ignition point Z for a retarded ignition. The angle
      .beta. is shown in FIG. 1 for a certain speed of rotation.
PAR  The effective advance characteristic 129 is obtained from a superposition
      of the advance characteristic 127 and the straight line 128. The angle on
      which this advance characteristic 129 is based is the actual advance angle
      .alpha. and is also shown in FIG. 1.
PAR  By varying the time delay a characteristic "field" may be produced between
      the two characteristics 127 and 129.
PAR  It should be pointed out that the working counter 18 may also be
      simultaneously used as a measurement counter 8 in the embodiments.
PAR  FIG. 12 shows a preferred embodiment of the function generator 7 of the
      circuit arrangement according to FIG. 3.
PAR  The function generator 170 comprises a frequency generator 130, the output
      131 of which is connected to the NAND gate 132. The other input 133 of the
      NAND gate is connected to the output 134 of the RS flip-flop 135. On the
      arrival of a trigger command through the input 39, the condition "1"
      occurs at the output 134, so that the counter counts pulses from the
      frequency generator 130 through its counting input 137. When the counter
      136 has reached a pre-determined value, a pulse which is applied to the R
      input of the RS flip-flop 135, appears at its output 138. This pulse
      resets the RS flip-flop back into its resting condition so that the
      condition "0" appears at the output 134.
PAR  Due to this mode of operation, a time pulse t appears at the output 21 and
      the duration of this pulse is determined by the frequency of the generator
      130 plus the pre-determined condition of the counter 136. Both the latter
      values may be controlled jointly or separately through the input 40,
      whilst the frequency of the generator 130 may be controlled by way of a
      mechanical transducer.
PAR  If required, the generator 130 may be combined with the generator 114 shown
      in FIG. 10, particularly if both are to be controlled by the same output
      values.
PAR  Because of the digital mode of operation of the present invention, most of
      the apparatus may be produced by the integrated circuit technique.
PAR  Since the time t of the function generator and/or the time corresponding to
      the advance angle (according to the calculating operation) and the pulses
      controlling these times are closely related to the instantaneous operating
      condition of the internal combustion engine, they may also be used for
      other control operations of the internal combustion engine and/or the
      device driven thereby.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of changing the spark advance characteristic of internal
      combustion engines, in which pulse sequences are produced, the main pulses
      of which are all of equal length and derived from a rotating part of the
      internal combustion engine, including the steps of counting the number of
      such pulses occurring during a pre-determined time t (reference count)
      this representing a desired angle of spark advance .alpha. relative to
      engine top dead centre, and is dependent on the speed of the internal
      combustion engine, deducting said count from a larger angle .psi. count
      (reference angle) which extends between said top dead centre and an
      arbitrary phase position .psi. 0 in advance thereof, said angle .psi.
      being represented by a predetermined number of pulses which is independent
      of the engine speed, starting a pulse count (trigger count) from said
      position .phi. 0, and generating an ignition pulse during said trigger
      count when the number of pulses counted from the arbitrary phase position
      .psi. 0 corresponds to the differential angle .psi. - .alpha., so that the
      ignition pulse occurs advanced by the advance angle .alpha. relatively to
      the engine top dead centre, wherein the dependence of the advance angle
      .alpha. on the speed of rotation of the internal combustion engine changes
      in that the number of pulses (final number) corresponding to the effective
      advance angle is obtained from the number of pulses which appear during
      the pre-determined time t (starting number) amended by at least one
      calculating operation applied to said starting number, said calculating
      operation depending on a parameter of said engine operation.
NUM  2.
PAR  2. A method as recited in claim 1, wherein at least one calculating
      operation is carried out over all engine speeds.
NUM  3.
PAR  3. A method as recited in claim 1, wherein at least one calculating
      operation is carried out over a part of the range of engine speed.
NUM  4.
PAR  4. A method as recited in claim 1, wherein at least one calculating
      operation is carried out only at specific range(s) of engine speeds.
NUM  5.
PAR  5. A method as recited in claim 4, wherein the range(s) of engine speed in
      which said calculating operation is to be effected, is determined by
      operating values of said internal combustion engine.
NUM  6.
PAR  6. A method as recited in claim 4, wherein said calculating operation is
      effected by internal programing.
NUM  7.
PAR  7. A method as recited in claim 1, wherein said calculating operation
      involves a plain arithmetical process.
NUM  8.
PAR  8. A method as recited in claim 1, wherein said calculating operation is
      used only for a part of said starting numerical value.
NUM  9.
PAR  9. A method as recited in claim 1, wherein from a pre-determined engine
      speed said pre-determined time t is reduced to such a value that said
      advance angle .alpha. remains constant from said engine speed to higher
      engine speeds.
NUM  10.
PAR  10. A method as recited in claim 1, wherein at a pre-determined engine
      speed a pre-determined number is subtracted from or added to said starting
      number so that a jump is obtained in said advance characteristic.
NUM  11.
PAR  11. A method as recited in claim 1, wherein a number depending on an
      operating parameter of said internal combustion engine, is added to said
      starting number.
NUM  12.
PAR  12. A method as recited in claim 11, wherein said additional number is
      produced by means of a digital convertor controlled by operating
      characteristics of said internal combustion engine.
NUM  13.
PAR  13. A method according to claim 11, wherein the said number is added by
      means of a frequency generator controlled by pre-determined operating
      characteristics of said internal combustion engine.
NUM  14.
PAR  14. A method as recited in claim 1, wherein said starting number is
      multiplied by a factor which varies with said speed ranges, so that the
      advance characteristic curve has different slopes in various engine speed
      ranges.
NUM  15.
PAR  15. A method as recited in claim 1, wherein a smaller number than said
      starting number and proportional to said engine speed, is subtracted from
      said starting number, so that the angle .gamma. corresponding to said
      pre-determined time t is reduced by an angle .beta. proportional thereto.
NUM  16.
PAR  16. A method as recited in claim 15, wherein said smaller number is
      subtracted by beginning said trigger count later by a pre-determined time
      lag from said arbitrary phase position .psi. 0.
NUM  17.
PAR  17. Apparatus for changing the spark advance characteristics of internal
      combustion engines comprising an internal combustion engine, a device for
      producing pulse sequences, the pulses (main pulses) of which are of equal
      length and derived from a rotating part of said internal combustion
      engine, said pulses including a pulse representing an advance angle
      .alpha. and a reference angle .psi., an arrangement for determining the
      number (starting number) of main pulses appearing during a pre-determined
      time t, a device for subtracting said advance angle .alpha. from said
      reference angle .psi. by a trigger count, and a control device for
      carrying out a calculating operation on said starting number to amend said
      number proportionally to a parameter of an operation of said engine, said
      control device comprising a coding matrix coupled to the counting output
      of a measuring counter counting during said pre-determined time t, the
      output signal of said matrix being connected to a correcting input of said
      counter in such manner that the duration of said reference count is
      changed according to said output signal of said coding matrix.
NUM  18.
PAR  18. Apparatus as recited in claim 17, including means for limiting the
      duration of said reference count when that said advance angle remains
      constant over a pre-determined range of engine speed.
NUM  19.
PAR  19. Apparatus as recited in claim 17, wherein said coding matrix includes a
      multiple NAND gate which has an output and inverted and non-inverted
      inputs, means for coupling said inputs to counting outputs of said
      measuring or working counter, means for coupling said output to an input
      of a NOR gate which is coupled by at least one other input to a measuring
      value indicator (transducer) of said internal combustion engine, the
      output signal of said NOR gate being connected to said function generator
      in such manner that the duration of said reference count can be changed
      according to said output signal of said NOR gate.
NUM  20.
PAR  20. Apparatus as recited in claim 17, wherein the output of said coding
      matrix is connected via a blocking logic circuit to a correcting input of
      said measuring or working counter in such manner that a command signal
      appears at the output of said coding matrix and achieves a correction in
      said counter once per working cycle of said counter.
NUM  21.
PAR  21. Apparatus as recited in claim 17 wherein said control device comprises
      a digital converter.
NUM  22.
PAR  22. Apparatus as recited in claim 20, wherein said digital converter is
      operated in such manner that it increments said starting number in
      dependence on the value applied to the input of said converter.
NUM  23.
PAR  23. Apparatus as recited in claim 20, wherein said measuring or working
      counter obtaining said starting number also assumes the function of the
      counter of said digital converter.
NUM  24.
PAR  24. Appartus as recited in claim 23, wherein said measuring or working
      counter has an input controlling the count (forward or backward) through
      which said count is effected as a digital converter, compared with the
      counting direction in the mode of operation of said measuring or working
      counter.
NUM  25.
PAR  25. Apparatus as recited in claim 17, wherein said control device includes
      means for retarding the beginning of said trigger count in proportion to
      said engine speed.
NUM  26.
PAR  26. Apparatus as recited in claim 25, wherein said retarding means is a
      time delay member for the pulse (auxiliary pulse) controlling said trigger
      count.
NUM  27.
PAR  27. Apparatus as recited in claim 26, wherein said means controlling the
      duration of said reference count is a digital time base generator
      operating on the counting principle.
NUM  28.
PAR  28. Apparatus as recited in claim 27, including a frequency generator which
      serves both as a generator for a digital converter and for said digital
      time base generator and is controllable by the same input value by way of
      the frequency correcting input.
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ABST
PAL  A multiple turbosupercharger system for an internal combustion engine
      routes the air from ambient, or combustible gas mixture from downstream of
      the carburetor, serially through a low-pressure compressor, a
      high-pressure compressor, the engine's intake and exhaust manifolds, and
      thence through the high-pressure and low-pressure turbines, thereafter
      exhausting to ambient. The high-pressure turbine, being of the
      meridionally divided wall type, is coupled to the engine's exhaust
      manifold so as to efficiently utilize the blow-down pulse energy of the
      exhaust gas. The low-pressure turbine has a movable vane in its gas
      distributor for establishing exhaust gas flow rate control without
      substantial loss of total energy of the fluid. The vane is positioned by
      an actuator under the control of sensing means which senses a suitable
      system or engine parameters.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the field of supercharging internal combustion engines by means of
      turbochargers, in which the fluid admitted to the intake of an engine is
      compressed by a compressor driven by a turbine which extracts driving
      energy from the exhaust gas of the engine, there has arisen the need for
      multiple turbocharging systems for use with engines whose output speed
      varies over a working range from full rated speed down to a much lower
      speed which may be, for example, 50% rated speed or below. These systems
      require, for example, two series coupled turbochargers usually designated
      as low-pressure and high-pressure turbochargers. In such an arrangement,
      the compressor of the low-pressure turbocharger discharges into the intake
      of the compressor of the high-pressure turbocharger, and the exhaust gas
      discharge of the turbine of the high-pressure turbocharger is conducted to
      the inlet of the turbine of the low-pressure turbocharger.
PAR  It is obvious, of course, that the gaseous fluid flow rate increases as
      engine speed increases. Hence the availability of exhaust gas to drive the
      turbines varies with engine speed. It is desirable, however, to maintain a
      substantially constant level of charge pressure in the intake manifold of
      the engine.
PAR  In the case where there are no controls, it is known that as the
      through-flow of exhaust gas drops off with a decrease of engine speed
      and/or load, the high-pressure turbine dominates the energy extraction and
      thus the low-pressure turbine produces little power.
PAR  In order to increase the power output of turbines in series, it has been
      customary in the prior art to resort to somewhat sophisticated and
      expensive turbine structures, usually including complex nozzles with a
      plurality of variable vanes in the gas distributor and/or resorting to
      wasteful valve arrangements for throttling or dumping the exhaust gas flow
      at one or more locations in the exhaust gas flow path.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered that the operation of a system of multiple
      turbochargers for an internal combustion engine operated over a range of
      speed is considerably enhanced and the structural requirements simplified
      by providing the turbine of one of the turbochargers (preferably the
      low-pressure turbocharger) with a gas distributor of the single-passage
      type, within which passage is mounted a single movable vane arranged to
      control the exhaust gas flow to the turbine rotor. With the aforesaid
      movable vane structure in the gas distributor of the low-pressure turbine,
      it is desirable that the turbine of the high pressure turbocharger, which
      is coupled immediately and directly to the engine exhaust manifold system,
      be of the type which will extract maximum blow-down pulse energy from the
      pulsating exhaust gas flow from the engine. To this end, it is desirable
      that the pulse turbine be of a type having a gas distributor with two or
      more passages coupled with separate exhaust manifold branches of
      appropriate cylinder groups. Preferably, the exhaust gas distributor of
      the turbine is of the meridionally divided wall type which admits the
      pulsating gas from each manifold branch substantially around the whole
      circumference of the turbine rotor, whereby a maximum amount of blow-down
      energy is extracted from the exhaust gas pulsations.
PAR  Thus, as summarized above, the invention comprises a simplified structural
      design approach for the series operation of turbines which are supplied
      with pulsating exhaust gas from a multi-cylinder internal combustion
      engine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE of the drawing illustrates in schematic form the
      application of the invention to an internal combustion engine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, the complete turbocharging and engine system 10
      comprises the turbocharging sub-system 12 co-operatively disposed with
      respect to the reciprocating internal combustion engine 14 for
      supercharging the same by extraction of energy from the engine's exhaust
      gas, which is discharged from the engine's cylinders (not shown) into the
      exhaust manifold arrangement 16 which may comprise, as shown, a pair of
      exhaust manifolds 18 and 20.
PAR  The turbocharger system 12 comprises a high-pressure turbocharger 22 and a
      low-pressure turbocharger 24. The high-pressure turbocharger 22 includes a
      high-pressure compressor 26 driven by the high-pressure turbine 28, while
      the low-pressure turbocharger 24 includes a low-pressure compressor 30
      driven by the low-pressure turbine 32. It should be borne in mind that the
      terms "high pressure" and "low pressure," as used herein, are merely terms
      of relativity to atmospheric pressure of the gaseous fluids passing
      through the respective compressor and turbine structures. Thus, as shown,
      the low-pressure compressor 30 has its air intake from atmosphere and its
      discharge coupled to the intake of the high-pressure compressor 26 whose
      discharge communicates with the intake manifold 34 of the engine 14. As
      noted, the exhaust gas of the engine 14 is discharged into the exhaust
      manifold arrangement 16 which communicates with the gas distributor
      housing 36 of the turbine 28 whose discharge is coupled to the gas
      distributor housing 38 of the turbine 32, which thereafter discharges to
      atmosphere. If desired a heat exchanger 40 of the so-called aftercooler
      type may be disposed between the high-pressure discharge of the compressor
      26 and the intake manifold 34 so as to cool the charge air in heat
      exchange with any convenient source of coolant fluid, all as well-known in
      the prior art. It is obvious, of course, that a heat exchanger may be
      disposed between the compressor stages in lieu of the heat exchanger 40 or
      in addition thereto.
PAR  As thus far disclosed, it is apparent that a general system of multiple
      turbocharging for an engine of the fuel-injection type, e.g., a diesel
      engine, has been described. It is also apparent to those skilled in the
      art that whereas the turbocharging system has been illustrated and
      described in connection with a diesel type engine with supercharging of
      the atmospheric air, the same system could be employed with a carburetted
      or injection type engine having a fuel-to-air mixture produced upstream of
      the intake ports of the engine. The system of the present invention
      differs from the prior art systems, as generally described hereinabove, in
      the following particulars.
PAR  As is well-known, and as noted hereinabove, in systems of the prior art the
      low pressure turbine produces little power when engine speed and/or load
      is reduced. To the end of resolving this deficiency, the present invention
      utilizes a low-pressure turbine 32 in which the gas distributor 38 thereof
      is provided with a simple flow control for the exhaust gas which is
      arranged to control the fluid through-flow in the turbine with very little
      or no loss of total energy over the operating range of the turbine. More
      specifically the gas distributor 38 is preferably of the single passage or
      vaneless scroll type, and is provided with a movable vane means designated
      by the dashed line 39 which defines with the scroll a variable flow
      cross-sectional area for the gas at the upstream end of the vane means, at
      the downstream end, or at both ends of the vane means. Essentially, the
      cross-sectional areas control the flow and establish the angular momentum.
      Increasing the area or areas results in an increase of flow without
      increasing the angular momentum of the gas, and vice versa.
PAR  A flow control of the foregoing type is known in the art, one such type
      being disclosed in U.S. Pat. No. 3,313,518, issued Apr. 11, 1967, in the
      name of James H. Nancarrow for TURBINE CONTROL, showing a movable vane
      which exercises flow control of the fluid entering the turbine rotor,
      substantially as discussed hereinabove.
PAR  The flow control of the present invention may be actuated by any one of a
      number of means, one of which is disclosed as an actuator 42 under the
      control of a sensing means 44. The actuator 42 may be caused to perform
      its control function on the flow control vane (not shown) by pneumatic,
      hydraulic, electrical, or any other preferred means as will be well
      understood by those skilled in the art.
PAR  As stated, the sensing means 44 controls the actuator 42 and the sensing
      means 44 may sense any one or combination of system or engine parameters
      as desired, in order to effect operation of the actuator 42 on the flow
      control vane in the desired manner. For example, the sensing means 44 may
      exercise control in accordance with the density of the charge fluid at any
      point in the intake flow path system, the pressure ratio or pressure
      differential of the gaseous intake fluid across either or both of the
      compressors 26 and 30; or the sensing means may sense engine throttle
      position as by a follower against a cam, for example. The particular
      sensing means forms no part of the present invention, hence the
      representation of the coupling of the sensing means to extract the signal
      of the desired engine or system parameter is highly schematic in form and
      designated by the dashed line 46 only for convenience of reference. As
      will be understood, the line 46 also represents broadly means to provide
      the actuator 42 with the necessary pneumatic, hydraulic or electrical
      power from the overall system 10, or any of its component parts, according
      to well-known practice in the art.
PAR  It has been mentioned briefly that the exhaust manifold arrangement 16
      feeding the turbine 28 is split into two separate parts 18 and 20 with
      one-half the engine cylinders exhausting into the manifold 18 and the
      other half of the cylinders into the manifold 20. In the case of a
      six-cylinder engine such as that shown, it is customary to time the firing
      of the cylinders in the order 1-5-3-6-2-4, for example, and it will be
      seen from the firing order that the pulsations of exhaust gas will
      alternate in the manifolds 18 and 20.
PAR  By this means the blow-down energy of the exhaust gas pulsations is
      available to be utilized most effectively in a partial-admission turbine
      of the type in which the gas distributor of the turbine defines two
      separate passageways coupled to the separate pulsation sources and
      communicating the exhaust gas pulsations directly and separately to the
      turbine rotor for maximum efficiency. The turbine for the purpose may be
      one of two known types. It may be of the sector admission type such as the
      turbine structure shown and described in U.S. Pat. No. 2,635,849.
PAR  Preferably, however, the turbine structure for most efficient utilization
      of the blow-down exhaust gas pulsations will be of the type in which the
      gas distributor is provided with a meridional dividing wall such as that
      disclosed in U.S. Pat. No. 3,292,364, issued Dec. 20, 1966, in the name of
      John M. Cazier for GAS TURBINE WITH PULSATING GAS FLOWS.
PAR  In the case presented, the meridional dividing wall is designated by the
      dashed line 48, illustrating schematically a wall in the gas distributor
      36 and defining therewith a pair of separate passageways whose inlets, or
      upstream ends, communicate separately with the manifolds 18 and 20 by
      means of the conduits 50 and 52. As described in the aforementioned U.S.
      Pat. No. 3,292,364 the meridional wall 48 defines with the gas distributor
      36 a pair of side-by-side single-passage or vaneless passageways, each of
      which communicates with the rotor of the turbine 28 substantially
      throughout the full circumference of the turbine's rotor. By this means,
      the alternating exhaust gas pulsations from the manifolds 18 and 20 are
      communicated directly to the turbine's rotor.
PAR  By utilizing the most efficient turbine for the high-pressure turbocharger
      22, there is assured a larger percentage of remanent exhaust gas energy
      for utilization by the turbine of the low-pressure turbocharger 24 which
      is particularly beneficial when the through-flow of exhaust gas decreases
      with lowered engine speed and/or load. By providing the gas distributor of
      the turbine 32 of the low-pressure turbocharger 24 with a flow control
      vane as described hereinabove, the remanent energy is extracted from the
      exhaust gas with the greatest possible efficiency and the speed of the
      low-pressure turbocharger is maintained at its highest possible level
      consistent with the demand on the compressor.
PAR  While specific embodiments of the invention have been illustrated and
      described, it is to be understood that these embodiments are provided by
      way of example only and that the invention is not to be construed as being
      limited thereto, but only by the proper scope of the following claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Turbocharger apparatus comprising:
PA1  a. first and second turbochargers having respective first and second
      turbines drivingly coupled to respective first and second compressors,
PA2  said first and second turbines having respective first and second fluid
      distributors arranged to admit fluid to respective first and second rotors
      of said turbines,
PA2  said first distributor being characterized as a vaneless scroll housing
      enclosing said first rotor of said first turbine and having meridional
      wall means disposed therein extending from adjacent the entrance of said
      housing to substantially adjacent said first rotor,
PA2  said second distributor being characterized as a vaneless scroll housing
      enclosing said second rotor of said second turbine,
PA2  said second turbine including vane means adjustably disposed adjacent the
      fluid entrance of said vaneless scroll housing of said second fluid
      distributor and arranged to vary the fluid flow therein without
      substantial loss of total energy of the fluid over a predetermined
      operating range of said second turbine;
PA1  b. fluid conduit means coupling the exhaust of said first turbines to the
      inlet of said second turbine and the discharge of one of said compressors
      to the intake of the other of said compressors and
PA1  c. an internal combustion engine having intake and exhaust manifold means,
      with the discharge of said first compressor coupled to said intake
      manifold means,
PA2  said exhaust manifold means providing a coupling between one group of
      engine cylinders and one portion of said distributor defined by one
      surface of said meridional wall means, and providing a coupling between
      another group of engine cylinders and another portion of said first
      distributor defined by another surface of said meridional wall means.
NUM  2.
PAR  2. In combination:
PA1  a multi-cylinder internal combustion engine to receive a compressed charge
      fluid and produce useful power and heated exhaust gases;
PA1  a high pressure turbocharger having a high pressure turbine to receive and
      be driven by the heated exhaust gases from said internal combustion engine
      and a high pressure compressor on a common shaft with said high pressure
      turbine to compress a charge fluid and deliver the compressed charge fluid
      to said internal combustion engine;
PA1  said high pressure turbine including a housing disposed around a turbine
      rotor, said housing having a meridional wall extending substantially to
      said turbine rotor to define two separate exhaust gas passageways in said
      turbine housing to said turbine rotor;
PA1  means to deliver the exhaust gases of some of said internal combustion
      engine cylinders to one of said turbine housing passageways and means to
      deliver the exhaust gases of the other of said internal combustion engine
      cylinders to the other of said turbine housing passageways;
PA1  a low pressure turbocharger having a low pressure turbine to receive and be
      driven by the exhaust gases from said high pressure turbine and a low
      pressure compressor on a common shaft with said low pressure turbine to
      compress charge fluid and deliver the compressed charge fluid to said high
      pressure compressor;
PA1  said low pressure turbine including a turbine rotor, a housing disposed
      around said turbine rotor, and adjustable vane means disposed in said
      housing to vary the fluid flow therein without substantial loss of total
      energy of the fluid; and
PA1  means to adjust said adjustable vane means in said turbine housing, said
      vane adjusting means responsive to at least one parameter of this
      combination.
NUM  3.
PAR  3. Turbomachinery apparatus comprising:
PA1  a. first and second elastic fluid turbines having respective first and
      second fluid distributors arranged to admit fluid to respective first and
      second rotors of said turbines;
PA2  said second distributor being characterized as a vaneless scroll housing
      enclosing said second rotor of said second turbine;
PA1  b. fluid flow control means in said second distributor comprising vane
      means adjustably disposed adjacent the fluid entrance to said vaneless
      scroll housing and arranged to vary the fluid flow therein without
      substantial loss of total energy of the fluid over a predetermined
      operating range of said second turbine; and
PA1  c. fluid conduit means coupling the exhaust of one of said turbines to the
      inlet of the other of said turbines.
NUM  4.
PAR  4. The apparatus of claim 1 in which said fluid conduit means couples the
      exhaust of said first turbine to the inlet of said second turbine.
NUM  5.
PAR  5. The apparatus of claim 1 in which said first fluid distributor is
      characterized as a vaneless scroll housing enclosing said first rotor of
      said first turbine.
NUM  6.
PAR  6. Turbomachinery apparatus comprising:
PA1  a. first and second elastic fluid turbines having respective first and
      second fluid distributors arranged to admit fluid to respective first and
      second rotors of said turbines,
PA2  said distributors being characterized as vaneless scroll housings enclosing
      said turbine rotors, the housing of said first rotor of said first turbine
      having meridional wall means disposed therein extending from adjacent the
      entrance of said housing to substantially adjacent said first rotor;
PA1  b. vane means adjustably disposed adjacent the fluid entrance to one of
      said vaneless scroll housings and arranged to vary the fluid flow therein
      without substantial loss of total energy of the fluid over a predetermined
      operating range of the turbine of which said one of said vaneless scroll
      housings is comprised; and
PA1  c. fluid conduit means coupling the exhaust of said first turbine to the
      inlet of said second turbine.
NUM  7.
PAR  7. The apparatus of claim 4 in which said vane means is adjustably disposed
      in the vaneless scroll housing of said second turbine.
NUM  8.
PAR  8. Turbocharger apparatus comprising:
PA1  a. first and second turbochargers having respective first and second
      turbines drivingly coupled to respective first and second compressors,
PA2  said first and second turbines having respective first and second fluid
      distributors arranged to admit fluid to respective first and second rotors
      of said turbines,
PA2  said second distributor being characterized as a vaneless scroll housing
      enclosing said second rotor of said second turbine;
PA1  b. fluid flow control means in said second distributor comprising vane
      means adjustably disposed adjacent the fluid entrance to said vaneless
      scroll housing and arranged to vary the fluid flow therein without
      substantial loss of total energy of the fluid over a predetermined
      operating range of said second turbine; and
PA1  c. fluid conduit means coupling the discharge of one of said compressor to
      the intake of the other of said compressors and the exhaust of one of said
      turbines to the inlet of the other of said turbines.
NUM  9.
PAR  9. The apparatus of claim 8 in which the exhaust of said first turbine is
      coupled to the inlet of said second turbine.
NUM  10.
PAR  10. The apparatus of claim 9 in which the intake of said first compressor
      is coupled to the discharge of said second compressor.
NUM  11.
PAR  11. The apparatus of claim 10 arranged for coupling with an internal
      combustion engine with the discharge of said first compressor supplying
      combustion supporting fluid to intake manifold means of said engine, and
      exhaust manifold means of said engine exhausting combustion products to
      the inlet of said first turbine.
NUM  12.
PAR  12. The apparatus of claim 11 in which said first fluid distributor
      includes meridional wall means to define two throughflow spaces in said
      distributor and wherein appropriate groups of cylinders of said engine are
      adapted to be coupled to communicate exhaust combustion products to said
      spaces so as to utilize the blowdown energy of the exhaust combustion
      products.
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PAL  A three-valve stratified-charge internal combustion piston engine has an
      auxiliary combustion chamber connected to each main combustion chamber
      through a torch nozzle. A rich mixture is supplied to the auxiliary
      chamber and a lean mixture is supplied to the main chamber. A portion of
      the exhaust gases from the main chamber is recirculated through a control
      valve to mix with the rich mixture supplied to the auxiliary chamber. For
      loaded conditions of the engine, additional exhaust gases from the main
      chamber are recirculated through a control valve to mix with the lean
      mixture supplied to the main chamber. The control valves are automatically
      operated by means responsive to engine operating conditions.
BSUM
PAR  This invention relates to internal combustion piston engines of the
      spark-ignition type having a main combustion chamber and an auxiliary
      combustion chamber connected through a torch nozzle restriction. A rich
      mixture ignited in the auxiliary combustion chamber projects a flame
      through the torch nozzle restriction to ignite the lean mixture in the
      main combustion chamber. An engine of this type is shown in the copending
      application of Date et al. Ser. No. 353,786 filed Apr. 23, 1973, now U.S.
      Pat. No. 3,890,942 granted June 24, 1975.
PAR  More specifically, this invention relates to a method and apparatus for
      reducing the amount of NO.sub.x (nitrogen oxides) in the engine exhaust
      gases discharged to the atmosphere. This reduction of NO.sub.x is
      accomplished by lowering of the peak temperature reached during the
      combustion process in the engine, and this in turn is achieved by
      recycling exhaust gas through the auxiliary combustion chamber during
      certain engine operating conditions, and recycling exhaust gas through
      both the auxiliary combustion chamber and main combustion chamber during
      other engine operating conditions.
PAR  Conventional engines which do not utilize an auxiliary combustion chamber
      and a torch nozzle restriction commonly recirculate exhaust gas into the
      combustion chamber along with the air-fuel mixture, to reduce NO.sub.x
      emissions. However, in order to obtain any substantial reduction in
      NO.sub.x discharged into the atmosphere, a very large amount of
      recirculating exhaust gas is required. As a result thereof, such engines
      characteristically are penalized by lowered power output, greater fuel
      consumption, and an increase in the objectionable emissions of carbon
      monoxide (CO) and unburned hydrocarbons (HC).
PAR  In accordance with the present invention, NO.sub.x emissions are
      substantially decreased without any corresponding increase of CO and HC
      emissions in the exhaust gases, over a wide range of engine operations.
      This is accomplished by introducing only a small amount of exhaust gases
      from the main chamber to mix with the rich mixture supplied to the
      auxiliary combustion chamber. For much of the operating range of the
      engine, exhaust gas is recirculated only through the relatively small
      auxiliary combustion chamber. For other engine operating conditions,
      exhaust gas is recirculated into both the auxiliary combustion chamber and
      the main combustion chamber.
PAR  It is known that the formation of NO.sub.x is substantially affected by the
      air-fuel ratio immediately before ignition, the amount of inherent
      residual exhaust gases in the mixture, and the amount of exhaust gas from
      recirculation. Also, it has been found that, in an engine of the type
      described and operated with an overall mixture leaner than stoichiometric,
      NO.sub.x is formed in that part of the burning mixture which has an
      intermediate air-fuel ratio resulting from mixing the rich mixture and
      lean mixture in the stratified charge. In order to minimize NO.sub.x
      formation the percentage of exhaust gases contained in the rich mixture
      charged into the auxiliary chamber is controlled so that the percentage is
      always larger than that of exhaust gases in the main chamber mixture. It
      is an important feature of the present invention that the exhaust gas
      recirculation be made principally into the auxiliary combustion chamber,
      in order to reduce the formation of NO.sub.x.
PAR  When the engine is operating at low load and low temperature, the
      recirculation of exhaust gas is substantially cut off since the formation
      of NO.sub.x is small under these conditions. When the engine is operating
      under moderate load, the amount of exhaust gas recirculation is increased
      in accordance with the engine load. For higher engine loads, and
      particularly near full load, the amount of exhaust gas recirculation is
      decreased. During acceleration, exhaust gas recirculation is increased at
      a slow rate in order to maintain driveability. During deceleration,
      exhaust gas recirculation may be substantially cut off temporarily to
      prevent an increase of HC and CO in the exhaust gases discharged into the
      atmosphere.
PAR  Other and more detailed objects and advantages will appear hereinafter.
DRWD
PAR  In the drawings,
PAR  FIG. 1 is a sectional elevation showing a three-valve engine of the type
      described and illustrating mechanism for regulating exhaust gas
      recirculation to the auxiliary combustion chamber and to the main
      combustion chamber, together with apparatus for changing the amounts of
      such recirculations in accordance with engine driving conditions.
PAR  FIG. 2 is similar to FIG. 1, showing modified operating means for the valve
      which controls exhaust gas recirculation into the main combustion chamber.
DETD
PAR  Referring to the drawings, the automobile engine generally designated 10
      includes a stationary block 11 having one or more pistons 12 each mounted
      to reciprocate within a cylinder 13 provided in the block 11. Although
      only one piston and cylinder are shown in the drawings, it will be
      understood that a greater number may be employed in the engine. Each
      cylinder 11 cooperates with its piston 12 and with the engine head 14 to
      define a main combustion chamber 15 having an intake valve 16 and an
      exhaust valve 17. The intake valve 16 controls flow through the intake
      passage 18 and the exhaust valve 17 controls flow of exhaust gases from
      the main chamber 15 through the exhaust passage 19. A "third" valve 21
      controls flow through the auxiliary intake passage 22 to the auxiliary
      chamber 23 provided in the engine head 14. The auxiliary chamber 23 is
      connected by the torch nozzle restriction 24 to the main combustion
      chamber 15. A spark plug 25 is positioned to ignite a gaseous mixture in
      the auxiliary combustion chamber 23. All three valves 16, 17 and 21 are
      operated by conventional cam mechanism, not shown.
PAR  A first carburetor 27 has a throttle valve 28 regulating the flow of lean
      air-fuel mixture to the riser chamber 29 and to the main intake manifold
      30. Similarly, a second carburetor 32 has a throttle valve 33 regulating
      the flow of rich air-fuel mixture to the riser chamber 34 and to the
      auxiliary intake manifold 35. The action of the throttle valves 28 and 33
      is coordinated through suitable mechanism 37 and both throttle valves are
      operated by the throttle rod 38 which is connected to the accelerator
      pedal, not shown. Exhaust gases form the passage 19 enter the exhaust
      chamber 40, and the major portion of the exhaust gases pass through the
      exit opening 41 to an exhaust pipe and muffler assembly, not shown.
PAR  In accordance with this invention, hot exhaust gases are withdrawn from the
      exhaust chamber 40 through port 42 into inlet passageway 43 in the control
      valve assembly generally designated 44. This valve assembly has a
      stationary body formed of two parts 45 and 46 secured together by suitable
      fastenings, not shown. A movable valve stem 47 is guided for sliding axial
      movement within a bushing 48 carried on a sleeve 49. This sleeve 49 is
      fixed within the body portion 46 by means of the threaded nut 50 which
      engages the shoulder 51. A stationary valve seat 53 is clamped in place
      within the body portion 46 by the sleeve 49 and this seat is engaged by a
      valve head surface 54 to prevent flow through the seat 53. A coil
      compression spring 55 within the body part 45 acts on the valve stem 47 in
      a direction to close the valve face 54 against the stationary seat 53. A
      taper surface 57 on the valve stem 47 below the face 54 serves to regulate
      flow from the inlet passageway 43 through the stationary seat 53 and out
      through the discharge passageway 58. The passageway 58 is connected
      through passage 59 to the riser chamber 34 and to the auxiliary intake
      manifold 35 which carries the rich mixture to the auxiliary chamber 23.
      From this description it will be understood that, when the valve stem 47
      is lifted to permit flow through the stationary seat 53, exhaust gases
      from the exhaust chamber 40 are caused to flow in quantity into the
      auxiliary intake manifold 35 to mix with rich mixture supplied to the
      auxiliary chamber 23.
PAR  A by-pass orifice 60 is provided between the inlet passageway 43 and the
      discharge passageway 58 so that a very small quantity of exhaust gases may
      flow into the auxiliary chamber 23, even when the engine is idling, and
      the valve 53-54 is closed.
PAR  Hot exhaust gases may also be withdrawn from the exhaust chamber 40 through
      port 42 into inlet passageway 61 in the control valve assembly generally
      designated 62. This valve assembly 62 has a stationary body formed of two
      parts 63 and 64 secured together by suitable fastenings, not shown. The
      movable valve stem 65 is guided for sliding axial movement within a
      bushing 66 carried on a sleeve 67. This sleeve 67 is fixed within the body
      portion 64 by means of the threaded nut 68 which engages the shoulder 69.
      A stationary valve seat 71 is clamped in place within the body portion 64
      by the sleeve 67 and this seat is engaged by a valve head surface 72 to
      prevent flow through the seat 71. A coil compression spring 73 within the
      body part 63 acts on the valve stem 65 in a direction to close the valve
      face 72 against the stationary seat 71. A taper surface 80 on the valve
      stem 65 above the face 72 serves to regulate flow from the inlet
      passageway 61 through the stationary seat 71 and out through the discharge
      passageway 74. The passageway 74 is connected through port 75 to the riser
      chamber 29 and to the main intake manifold 30 which carries the lean
      mixture to the main combustion chamber 15.
PAR  If desired, the upper portion 76 of the valve stem 65 may be formed as a
      separate part, having its lower end 77 in contact with the upper end of
      the valve stem 65. The upper stem portion 76 is slidably guided for axial
      movement within the bore 78 in the upper body part 63, and the two parts
      65 and 76 are maintained in end-to-end contact by means of the springs 73
      and 79. The purpose of this two-part construction is to minimize problems
      of alignment between the bore of the bushing 66 and the bore 78. From this
      description it will be understood that, when the stem 65 is depressed to
      permit flow through the stationary seat 71, exhaust gases from the exhaust
      chamber 40 are caused to flow into the main intake manifold 30 to mix with
      the lean mixture supplied to the main combustion chamber 15.
PAR  Means are provided for operating the stem 47 of the control valve 44, and
      as shown in the drawings this means includes a lever arm 82 mounted to
      turn about a stationary pin 83 carried on a support arm 84 fixed to the
      upper body part 45. The arm 82 has an opening 85 which loosely receives
      the upper projecting end of the valve stem 47. A rounded portion 86 on the
      arm engages under a shoulder 87 formed on the collar 88, which is fixed to
      the valve stem 47. From this description it will be understood that, when
      the arm 82 turns in a counterclockwise direction about the pin 83, the
      valve stem 47 is moved upward against the action of the spring 55 to
      permit flow through the valve seat 53.
PAR  An arm 91 is formed integrally with the arm 82 and turns about the pin 83.
      This arm 91 is pivotally connected at 92 to the rod 93 extending from the
      vacuum operated device 94. The rod 93 is fixed to the central portion of a
      flexible diaphragm 95, and the peripheral edge of the diaphragm 95 is
      clamped between body parts 96 and 97. The rod 93 extends through an
      opening 98 in the body part 94 which opening places the chamber 99 in
      communication with the atmosphere. The vacuum chamber 101 defined between
      the flexible diaphragm 95 and the upper body part 96 is connected through
      fitting 102 to the vacuum line 103. When vacuum pressure is supplied
      through line 103 to vacuum chamber 101, the rod 93 is tensioned to cause
      the arm 82 to move in a clockwise direction to the limit of its angular
      travel, permitting the coil spring 55 to close the valve face 54 against
      the stationary seat 53, thereby preventing recirculation of exhaust gas to
      the auxiliary chamber 23.
PAR  An arm 105 is mounted to turn about the axis of the stationary pin 83. This
      arm 105 is pivotally connected at 106 to the throttle rod 38. A torsion
      spring 107 has one end 108 secured to the arm 105 and the other end 109
      secured to the arm 91. Accordingly, when the rod 93 is in the position
      shown in FIG. 1, movement of the throttle rod 38 toward the left causes
      the arm 105 to move in a counterclockwise direction against the action of
      the torsion spring 107, but the arm 82 does not move because it is held in
      position by the rod 93. When the intensity of the vacuum in the chamber
      101 is lessened, the rod 93 may be moved by force applied from the
      throttle rod 38 through the torsion spring 107 to cause the arm 82 to move
      in a counterclockwise direction, thereby lifting the valve stem 47 to open
      the valve and permit recycling of exhaust gas into the auxiliary manifold
      35 and into the auxiliary combustion chamber 23.
PAR  The rate of flow of recycle gas through the stationary seat 53 depends upon
      the shape of the surface 57 and the axial position of the valve stem 47.
PAR  It is desirable that vacuum pressure be supplied to the vacuum operator
      device 94 only when one or more of the following conditions exist: (a) the
      ground speed of the automobile is below about 20 kilometers per hour, (b)
      the lubricating oil temperature in the engine is below about 45.degree. C,
      and (c) the vacuum pressure in the manifold 30 is above about 400
      millimeters of mercury. Accordingly, the vacuum pressure line 111
      connected to port 112 communicating with the riser chamber 29 leads to the
      inlet 114 of the solenoid valve assembly 115.
PAR  Before electrical energy is applied to the solenoid valve assembly 115, the
      armature 116 is positioned by the spring 117 to close the vent 118 and to
      establish communication betweeen the inlet 114 and the outlet 119. The
      outlet 119 of the solenoid valve 115 is connected by line 121 to the inlet
      122 to the spring loaded check valve 123. Suction pressure moves the valve
      123 against the spring 124 and away from the stationary seat 125, and the
      suction pressure is supplied through passage 126 and line 103 and inlet
      102 to the suction chamber 101 of the operator 94.
PAR  Electrical energy is only supplied to the solenoid valve 115 in the event
      that the speed-sensing switch 128, the oil temperature switch 129 and the
      vacuum sensor switch 130 are all closed, in order in complete the circuit
      through electrical line 132 to the solenoid valve 115. The switches 128,
      129 and 130 are in series and are of conventional design and construction.
      Accordingly, under startup conditions, the solenoid valve 115 remains in
      the position shown in FIG. 1 until the lubricating oil temperature reaches
      about 45.degree. C, the automobile reaches a speed of at least 20
      kilometers per hour, and the manifold vacuum pressure does not exceed
      about 400 millimeters of mercury.
PAR  When the engine 10 is operating under sufficient load, the suction pressure
      in the intake manifold falls below about 400 millimeters of mercury, and
      when the switches 128 and 129 are closed, the solenoid valve assembly 115
      operates to shut off vacuum pressure in the line 121. A bleed orifice 140
      permits atmospheric air to pass through the filter 141 to enter the
      passage 126 and thereby gradually reduce the intensity of the vacuum
      pressure in the chamber 101. After a time delay, this balances the
      pressure on both sides of the flexible diaphragm 95.
PAR  During this time delay interval, the throttle rod 38 acting through the
      torsion spring 107, against any remaining tension force in the rod, may
      then cause arm 82 to lift the stem 47 to open the control valve parts
      53-54. The restricted orifice 140 thus provides a means of insuring slow
      opening movement of the control valve 44.
PAR  In the event that the throttle rod 38 should move suddenly in a direction
      to cause deceleration of the engine, the arm 91 moves the rod 93 in a
      direction to reduce the size of the vacuum chamber 101. Gas in the chamber
      101 is then vented through line 103, passage 126, spring loaded check
      valve 123, pipe 122, line 121, passage 119 and passage 118 to atmosphere.
      If the extent of movement of the throttle rod 38 corresponds to return of
      the throttle valves 28 and 33 near to idle position, creating high vacuum
      pressure in the intake manifold, then the solenoid armature 116 moves to
      the position shown in FIG. 1 and the vacuum chamber 101 is vented to the
      suction line 111. The control valve 44 thus closes promptly during
      deceleration, and this minimizes the production of unwanted CO and HC
      emissions in the exhaust gases of the engine.
PAR  The vacuum branch line 144 is also connected through check valve assembly
      146 to the inlet pipe 147 leading to the vacuum space 148 above the
      flexible diaphragm 149 connected to stem part 76 of the control valve 62.
      A restricted orifice 151 in the check valve part 152 permits gradual
      reduction of intensity of vacuum pressure in the diaphragm chamber 148 in
      order to prevent too rapid opening of the control valve under the action
      of the heavy spring 79.
PAR  In the modified form of the invention shown in FIG. 2, the engine 10,
      manifolds 30 and 35, carburetors 27 and 32, and exhaust chamber 40 and
      associated parts are all the same as that previously described. Moreover,
      the control valve 44 has the same construction and mode of operation as
      that described above. The valve operator mechanism 82, 84, and 91, as well
      as the operator 94 and its vacuum control mechanisms 115, 123, and 140 are
      also the same as previously  described. However, the control valve 62a and
      its operating mechanism are different from that shown in FIG. 1. The
      control valve 62a is a duplicate of the control valve 44, with the
      exception that the bypass orifice 60 is omitted, and also the shape of the
      valve surface 159 may not be the same as that of the surface 57. The stem
      76a is mechanically operated by a lever 160 carried on hub 161 mounted to
      turn on stationary pin 162. The pin is carried on the stationary support
      arm 163. An opening 164 in the arm 160 loosely receives the upper
      projecting end of the stem 76a, and the rounded portion 165 of the arm 160
      is engageable with the underside of the collar 166 attached to the stem
      76a. A second crank arm 167 is fixed to the hub 161 and carries a pin 168.
      This pin is received in a slot 169 provided at one end of the rod 171.
      This rod 171 is pivotally connected at 172 to an arm 173 formed integrally
      with the arms 82 and 91.
PAR  Accordingly, counterclockwise movement of the arm 82 about the support pin
      83 in a direction to open the control valve 44 first causes movement of
      the rod 171 with respect to the pin 168. When the movement of the rod 171
      is sufficient to take up the clearance in the slot 169, the pin 168 and
      arm 167 are also moved in a counterclockwise direction to open the control
      valve 62a. From this description it will be understood that when the
      intensity of vacuum pressure in the chamber 101 is diminished, and when
      the throttle rod 38 is moved to the left, as viewed in FIG. 2, the arm 82
      acts first to open the control valve 44 and the arm 160 later acts to open
      the control valve 62a.
PAR  Having fully described our invention, it is to be understood that we are
      not to be limited to the details herein set forth but that our invention
      is of the full scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an internal-combustion spark-ignition piston engine having a main
      combustion chamber and an auxiliary combustion chamber connected by a
      restricted torch nozzle, the combination of: means including an intake
      passage for supplying a lean mixture to the main combustion chamber, means
      including an intake passage for supplying a rich mixture to the auxiliary
      combustion chamber, a throttle valve in each of said intake passages, an
      exhaust passage leading from the main combustion chamber, means forming a
      conduit for conducting a portion of the exhaust gases to mix with rich
      mixture in the intake passage to the auxiliary combustion chamber, a
      control valve for controlling flow of exhaust gases through said conduit,
      means for operating said valve including a throttle member connected to
      operate said throttle valves, means including resilient means whereby said
      throttle member may act to open said control valve, and means responsive
      to vacuum pressure in one of said intake passages for modifying the
      operation of said control valve.
NUM  2.
PAR  2. In an internal-combustion spark-ignition piston engine having a main
      combustion chamber and an auxiliary combustion chamber connected by a
      restricted torch nozzle, the combination of: means including an intake
      passage for supplying a lean mixture to the main combustion chamber, means
      including an intake passage for supplying a rich mixture to the auxiliary
      combustion chamber, a throttle valve in each of said intake passages, an
      exhaust passage leading from the main combustion chamber, means forming a
      conduit for conducting a portion of the exhaust gases to mix with rich
      mixture in the intake passage to the auxiliary combustion chamber, a
      control valve for controlling flow of exhaust gases through said conduit,
      means for operating said valve including a throttle member connected to
      operate said throttle valves, means including resilient means whereby said
      throttle member may act to open said control valve, means responsive to
      vacuum pressure in one of said intake passages for modifying the operation
      of said control valve, and means for forming a restricted orifice
      bypassing said control valve.
NUM  3.
PAR  3. In an internal-combustion spark-ignition piston engine having a main
      combustion chamber and an auxiliary combustion chamber connected by a
      restricted torch nozzle, the combination of: means including a
      valve-controlled intake passage for supplying a lean mixture to the main
      combustion chamber, means including a valve-controlled intake passage for
      supplying a rich mixture to the auxiliary combustion chamber, a throttle
      valve in each of said intake passages, a valve-controlled exhaust passage
      leading from the main combustion chamber, means forming a conduit for
      conducting a portion of said exhaust gases to mix with rich mixture in the
      intake passage to the auxiliary combustion chamber, means for controlling
      flow of exhaust gases through said conduit, said means including a
      throttle member connected to operate said throttle valves, the flow
      control means comprising a valve, a second conduit for delivering exhaust
      gases to mix with the lean mixture in the intake passage for the main
      combustion chamber, and valve means for controlling flow of exhaust gases
      through said second conduit.
NUM  4.
PAR  4. In an internal-combustion spark-ignition piston engine having a main
      combustion chamber and an auxiliary combustion chamber connected by a
      restricted torch nozzle, the combination of: means including a
      valve-controlled intake passage for supplying a lean mixture to the main
      combustion chamber, means including a valve-controlled intake passage for
      supplying a rich mixture to the auxiliary combustion chamber, a throttle
      valve in each of said intake passages, a valve-controlled exhaust passage
      leading from the main combustion chamber, means forming a conduit for
      conducting a portion of said exhaust gases to mix with rich mixture in the
      intake passage to the auxiliary combustion chamber, means forming a
      conduit for conducting a portion of said exhaust gases to mix with lean
      mixture in the intake passage to the main combustion chamber, means for
      controlling flow of exhaust gases through said conduit, said means
      including a throttle member connected to operate said throttle valves, a
      separate control valve mounted in each of said conduits, means for holding
      both valves in closed position when the engine is idling, and means
      including a lost-motion connection for opening the control valve for the
      rich mixture intake passage before opening the control valve for the lean
      mixture intake passage, as the load on the engine increases.
NUM  5.
PAR  5. In an internal-combustion spark-ignition piston engine having a main
      combustion chamber and an auxiliary combustion chamber connected by a
      restricted torch nozzle, the combination of: means including a first
      valve-controlled intake passage for supplying a rich mixture to the
      auxiliary combustion chamber, means including a second valve-controlled
      intake passage for supplying a lean mixture to the main combustion
      chamber, a valve-controlled exhaust passage leading from the main
      combustion chamber, means forming a first conduit for conducting a portion
      of the exhaust gases to mix with the rich mixture in said first intake
      passage, means forming a second conduit for conducting a portion of the
      exhaust gases to mix with the lean mixture in said second intake passage,
      a first control valve in said first conduit, a second control valve in
      said second conduit, and coordinated means for separately operating each
      of said control valves.
NUM  6.
PAR  6. The combination set forth in claim 5 including means responsive to
      vacuum pressure in one of said intake passages for closing the control
      valve in said first conduit.
NUM  7.
PAR  7. The combination set forth in claim 6 in which means are provided for
      forming a restricted orifice bypassing the control valve in said first
      conduit.
NUM  8.
PAR  8. The combination set forth in claim 5 in which throttle valves are
      provided to control the delivery of separate air-fuel mixtures to said
      intake passages, a throttle member connected to operate said throttle
      valves, and means including resilient means whereby said throttle member
      may act to open said control valve in said first conduit.
NUM  9.
PAR  9. In an internal-combustion spark-ignition piston engine having a main
      combustion chamber and an auxiliary combustion chamber connected by a
      restricted torch nozzle, the combination of: means including a first
      valve-controlled intake passage for supplying a rich mixture to the
      auxiliary combustion chamber, means including a second valve-controlled
      intake passage for supplying a lean mixture to the main combustion
      chamber, a throttle valve in each of said intake passages, a
      valve-controlled exhaust passage leading from the main combustion chamber,
      means including a first conduit for conducting a portion of the exhaust
      gases to mix with the rich mixture in said first intake passage, means
      forming a second conduit for conducting a portion of the exhaust gases to
      mix with the lean mixture in said second intake passage, a first control
      valve in said first conduit, a second control valve in said second
      conduit, a throttle member connected to operate said throttle valves,
      means including resilient means whereby said throttle member may act to
      open said control valve in said first conduit, and means responsive to
      vacuum pressure in one of said intake passages for modifying the operation
      of the control valve in said first conduit.
NUM  10.
PAR  10. The combination set forth in claim 9 in which the vacuum responsive
      means acts to hold both control valves in closed position when the engine
      is idling.
NUM  11.
PAR  11. The combination set forth in claim 9 in which said second control valve
      is operated by vacuum pressure.
NUM  12.
PAR  12. The combination set forth in claim 9 in which said second control valve
      is operated mechanically through a lost-motion connection from said
      throttle member.
NUM  13.
PAR  13. The method of operating an internal-combustion spark-ignition piston
      engine having a main combustion chamber and an auxiliary combustion
      chamber connected by a restricted torch nozzle, comprising the steps of:
      supplying a lean mixture to the main combustion chamber, supplying a rich
      mixture to the auxiliary combustion chamber, compressing the mixtures in
      both chambers, spark-igniting the mixture in the auxiliary chamber to
      produce a flame extending through the torch nozzle to ignite and burn the
      mixture in the main chamber, recycling exhaust gases from the main chamber
      to mix with the rich mixture being supplied to the auxiliary chamber, and
      recycling a portion of the exhaust gases to mix with the lean mixture
      being supplied to the main combustion chamber.
NUM  14.
PAR  14. The method of operating an internal-combustion spark-ignition piston
      engine having a main combustion chamber and an auxiliary combustion
      chamber connected by a restricted torch nozzle, comprising the steps of:
      supplying a lean mixture to the main combustion chamber, supplying a rich
      mixture to the auxiliary combustion chamber, compressing the mixtures in
      both chambers, spark-igniting the mixture in the auxiliary chamber to
      produce a flame extending through the torch nozzle to ignite and burn the
      mixture in the main chamber, recycling exhaust gases from the main chamber
      to mix with the rich mixture being supplied to the auxiliary chamber,
      recycling a portion of the exhaust gases to mix with the lean mixture
      being supplied to the main combustion chamber, and employing the latter
      said recycling step only under certain load operating conditions of the
      engine.
NUM  15.
PAR  15. The combination set forth in claim 5 in which a throttle valve is
      provided to control the delivery of lean air-fuel mixture to said second
      intake passage, a throttle member connected to operate said throttle
      valve, and means including resilient means whereby said throttle member
      may act to open said control valve in said first conduit.
NUM  16.
PAR  16. In an internal-combustion spark-ignition piston engine having a main
      combustion chamber annd an auxiliary combustion chamber connected by a
      restricted torch nozzle, the combination: means including a first
      valve-controlled intake passage for supplying a rich mixture to the
      auxiliary combustion chamber, means including a second valve-controlled
      intake passage for supplying a lean mixture to the main combustion
      chamber, a throttle valve in the lean mixture intake passage, a
      valve-controlled exhaust passage leading from the main combustion chamber,
      means including a first conduit for conducting a portion of the exhaust
      gases to mix with the rich mixture in said first intake passage, means
      forming a second conduit for conducting a portion of the exhaust gases to
      mix with the lean mixture in said second intake passage, a first control
      valve in said first conduit, a second control valve in said second
      conduit, a throttle member connected to operate said throttle valve, means
      including resilient means whereby said throttle member may act to open
      said control valve in said first conduit, and means responsive to vacuum
      pressure in one of said intake passages for modifying the operation of the
      control valve in said first conduit.
NUM  17.
PAR  17. In an internal-combustion spark-ignition piston engine having a main
      combustion chamber and an auxiliary combustion chamber connected by a
      restricted torch nozzle, the combination of: means including a
      valve-controlled intake passage for supplying a lean mixture to the main
      combustion chamber, means including a valve controlled intake passage for
      supplying a rich mixture to the auxiliary combustion chamber, a throttle
      valve in the lean mixture intake passage, a valve-controlled exhaust
      passage leading from the main combustion chamber, means forming a conduit
      for conducting a portion of said exhaust gases to mix with rich mixture in
      the intake passage to the auxiliary combustion chamber, a control valve in
      the conduit for controlling flow of exhaust gases therethrough, means for
      operating said control valve including a throttle member connected to
      operate said throttle valve, means responsive to vacuum pressure in one of
      said intake passages for modifying the operation of said control valve,
      the latter said means also serving to prevent too rapid movement of the
      operating means in one direction in the absence of vacuum pressure.
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PAL  An arrangement is disclosed for heating the suction gases of an internal
      combustion engine in order to promote the vaporization of the fuel
      contained within the suction gases while the engine is still in a cool
      state. In the arrangement, the high temperature exhaust gases of the
      engine are routed, by the control of a rotatable control valve in the
      exhaust manifold, around fins formed on the exterior wall of the bottom
      floor of the intake manifold for receiving the heat of the exhaust gases,
      and a covering is provided for enclosing the fins in a closed chamber
      which is defined between the covering and the exterior wall of the intake
      manifold. The covering is provided with inlet and outlet ports so as to
      introduce the exhaust gases into the chamber and drain the exhaust gases
      from the chamber. The covering is further provided with a vertical wall
      extending therefrom into the exhaust manifold so that the control valve
      comes in close contact with said wall when the control valve is rotated to
      a position where the exhaust gases are routed in said closed chamber. The
      exhaust gases introduced in the chamber heat the entire surfaces of the
      fins so that the heat of the exhaust gases is transmitted to the fuel
      within the suction gases thereby promoting vaporization of the fuel within
      the suction gases.
BSUM
PAR  The present invention relates to an internal combustion engine with an
      arrangement for the heating of suction gases, in which the intake manifold
      is heated by the high temperature exhaust gases so that vaporization of
      the liquid fuel contained within the suction gases flowing in the intake
      manifold is promoted, and more particularly relates to an improved
      arrangement for heating the suction gases sucked into an internal
      combustion engine in order to promote vaporization of the liquid fuel
      within the suction gases before the engine warms up whereby harmful
      constituents remaining in the exhaust gases from the engine can be reduced
      and simultaneously, the power of the engine can be increased.
PAR  Generally, in the starting period of an internal combustion engine, and
      especially in the starting period of a completely cooled engine or of an
      engine in the cold season, not only the engine itself but also the suction
      system for the engine are cold. Therefore, the fuel cannot be completely
      vaporized, and as a result the engine is not supplied with an appropriate
      air fuel mixture. Also, such incomplete vaporization of the fuel causes
      unequal distribution of the air fuel mixture to each cylinder of the
      engine. Thus, in such engine, incomplete combustion or failure of
      combustion often takes place until the engine together with its suction
      system is warmed up and, accordingly, numerous harmful constituents remain
      in the exhaust gases from the engine.
PAR  In order to eliminate the foregoing drawbacks, it has already been proposed
      to heat the suction system of an engine so as to promote vaporization of
      the fuel within the suction gases, in the starting period or until the
      engine warms up. That is, two arrangements for heating the suction systems
      have been proposed. In the first arrangement, cooling water for the engine
      is routed adjacent to the intake manifold so that heat absorbed from the
      engine by the cooling water is employed for heating the intake manifold.
      In the second arrangement, the exhaust manifold is disposed adjacent to
      the intake manifold so that the exhaust gases having high temperature and
      flowing in the exhaust manifold are employed for heating the intake
      manifold thereby heating the fuel contained in the suction gases flowing
      in the intake manifold.
PAR  However, in the above-mentioned first arrangement, the highest temperature
      of the cooling water due to absorbing heat from the engine is never too
      far above 100.degree. centigrade if the engine is working properly, and
      also, the temperature rises at a very slow rate. From these facts, the
      first arrangement employing the cooling water lacks ability to immediately
      attain the heating of the fuel in the intake manifold. Consequently, the
      second arrangement employing the exhaust gases which have extremely high
      temperature as soon as the engine starts, is conventionally used. However,
      in an internal combustion engine with a conventionally used arrangement
      for the heating of the suction gases, a shortcoming is encountered, which
      will be explained later with reference to FIGS. 1 and 2.
PAR  Therefore, an object of the present invention is to obviate the shortcoming
      of the conventionally used arrangement for heating the suction gases of an
      internal combustion engine.
PAR  Another object of the present invention is to improve the conventionally
      used arrangement for heating the suction gases of an internal combustion
      engine so that the high temperature exhaust gases exhausted from the
      engine are prevented from reaching the intake manifold after the engine
      has warmed up, in order to prevent the engine apparatus including the
      intake manifold from being overheated.
PAR  Other objects and advantages of the present invention will become apparent
      from the ensuing description and the accompanying drawings which
      illustrate both a conventional arrangement for the heating of the suction
      gases of an internal combustion engine, and, by way of examples,
      embodiments of the arrangement for the heating of the suction gases of an
      internal combustion engine of the present invention.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a perspective and disassembled view in part, of intake and
      exhaust manifolds of an internal combustion engine, in which manifolds, a
      known arrangement for heating the suction gases is provided;
PAR  FIG. 2 is a cross sectional view taken along the line II--II of FIG. 1;
PAR  FIG. 3 is a similar cross sectional view to FIG. 2 with an embodiment of an
      arrangement for heating the suction gases of an internal combustion engine
      according to the present invention;
PAR  FIG. 4 is a perspective view of the fin covering used in the arrangement of
      FIG. 3;
PAR  FIGS. 5 through 7 are similar and partial cross sectional views taken on
      the same sectional line as FIG. 3, with respect to the other embodiments
      of the arrangements according to the present invention.
DETD
PAR  In FIG. 1, numerals 11 and 13 represent intake and exhaust manifolds,
      respectively. The upper end of the intake manifold 11 is connectable with
      a carburetor 15 and the branching pipes of the intake manifold 11 are
      connectable with each cylinder of an internal combustion engine. The
      suction gases for the internal combustion engine are sucked in the intake
      manifold 11 from the carburetor 15. The branching pipes of the exhaust
      manifold 13 are also connectable with the internal combustion engine so
      that the exhaust gases exhausted from the engine are collected into the
      exhaust manifold 13. The collected exhaust gases can be routed, by the
      control of a later described valve, around heat receivable fins 17 which
      are formed on the exterior wall of the intake manifold 11. Thus, the
      exhaust gases having extremely high temperature heat the fins 17 and, as a
      result, the heat is transmitted to the suction gases in the intake
      manifold thereby promoting the vaporization of the fuel within the suction
      gases. The numeral 19 designates a sealing gasket disposed between the
      intake manifold 11 and the exhaust manifold 13.
PAR  Referring to FIG. 2 which is a vertical cross sectional view taken along
      the line II--II of FIG. 1, a bottom floor part 11a of the intake manifold
      11, which is disposed underneath the carburetor 15, is provided with a
      number of plate-shaped fins 17 formed on the exterior bottom wall of the
      floor 11a. The intake manifold 11 is connected with the carburetor 15 via
      a gasket 12 for sealing the connection between the intake manifold 11 and
      the carburetor 15. In this carburetor, well known throttle valves 16 are
      provided. The intake manifold 11 is connected to cylinder head 18 of the
      engine by way of the branching pipes, as described in the foregoing. To
      the lower flange of the bottom floor part 11a of the intake manifold 11,
      the exhaust manifold 13 is connected via sealing gasket 19. In the
      interior of the exhaust manifold 13, a plate-shaped control valve 14 for
      controlling the direction of flow of the exhaust gases is provided so that
      it can be rotated by a suitable exterior mechanism so as to take the two
      positions shown by the solid and dotted lines. That is, before the engine
      and the intake manifold 11 wamp up, the control valve 14 takes the
      position shown by the solid line and controls the flow of the exhaust
      gases coming from the engine so that the exhaust gases having high
      temperature are routed along the shown line "A" so as to contact the fins
      17. As a result, the heat of the exhaust gases is transmitted to the fins
      17, which are formed so as to have large surfaces to receive the heat and
      subsequently, the fuel flowing in the intake manifold 11 is heated by the
      heat transmitted to the fins 17 so that vaporization of the liquid fuel is
      promoted. When the engine and the intake manifold 11 warm up, the control
      valve 14 is rotated to the position shown by the dotted line so that it
      prevents the flow of the high temperature exhaust gases exhausted by the
      engine from reaching the heat receivable fins 17. As a result, the intake
      manifold can be prevented from overheating which decreases the density of
      the air within the intake manifold 11 and consequently, the amount of the
      air sucked in the intake manifold 11 decreases thereby causing a poor
      combustion in the engine.
PAR  However, in this arrangement of FIG. 2, even if the control valve 14 is
      kept in the position shown by the solid line, the exhaust gases tend to
      stream along the line shown by the arrow "A" in FIG. 2 so as to contact
      only the central part of the fins 17. That is to say, at the opposite ends
      of each fin 17, direct contact of the fin 17 and the exhaust gases becomes
      very poor and, therefore, heat transmission efficiency is very poor. Thus,
      the plate-shaped fins 17 provided for the purpose of receiving the heat
      cannot efficiently attain their purpose. Therefore, in the end, a
      considerable amount of time is required for warming up the engine
      apparatus including the suction system. Further, in the arrangement of
      FIG. 2, when the control valve 14 is rotated to the position shown by the
      dotted line after the warming up of the engine and the intake manifold 11,
      part of the exhaust gases pass through a gap "P", which is left between
      the interior wall of the exhaust manifold 13 and the valve 14 in order to
      mitigate difficulties in the mechanical design of the arrangement, and the
      exhaust gases passing the gap "P" reach the fins 17. Consequently, the
      intake manifold 11 is overheated through the fins 17 and as a result, the
      aforementioned decrease of the suction air takes place. Thus, the
      reduction of the power of the engine as well as damage and decrease of
      life of the intake manifold 11 are encountered.
PAR  In accordance with the present invention, an improvement is attained in a
      manner such that before the warming up of the engine apparatus including
      the suction system, the flow of the high temperature exhaust gases is
      controlled so that the exhaust gases are directed equally over the entire
      surface of each fin of the intake manifold whereby the heat of the exhaust
      gases is sufficiently transmitted to the fuel streaming in the intake
      manifold in order to promote vaporization of the fuel and to shorten the
      time required for warming up the engine and the suction system.
PAR  Also, a further improvement is attained in a manner such that, after the
      warming up of the engine apparatus including the suction system, the high
      temperature exhaust gases are positively prevented from reaching the fins
      in order to avoid the overheating of the engine apparatus.
PAR  The present invention will now be explained with reference to FIG. 3
      through FIG. 7. It should be noted that the same parts or elements as
      those of the prior art of FIGS. 1 and 2 are designated by the same
      reference numerals and also, like elements are designated by like
      reference numerals.
PAR  FIG. 3 is a cross sectional view of an embodiment of an arrangement for
      heating the suction gases according to the present invention.
PAR  Referring to FIG. 3, it will be understood that the outline of the basic
      arrangement for heating the suction gases according to the present
      invention is the same as the prior art arrangement of FIG. 2. That is, in
      the arrangement of FIG. 3, the bottom floor part 11a of the intake
      manifold 11 is provided with a number of plate-shaped fins 17 formed as
      one part with the floor part 11a, and an exhaust manifold 13 in which a
      control valve 14 is mounted so as to be rotated by an appropriate
      operating mechanism (not shown), is connected to the intake manifold 11
      via sealing gaskets 19. It should be understood that the operating
      mechanism of the control valve 14 is actuated in response to a signal
      produced through detection of the temperature of e.g. the engine or the
      intake manifold, by which temperature it can be detected whether the
      engine apparatus warms up or not. However, in the arrangement of FIG. 4, a
      partition wall like horizontal covering 21 is arranged underneath the fins
      17 in a manner such that a closed chamber 31 is defined between the
      covering 21 and the bottom floor 11a of the intake manifold 11, and the
      fins 17 are enclosed in the chamber 31. The covering 21 is provided with
      an inlet port 23 positioned at the upstream end with respect to the
      flowing direction of the exhaust gases. This inlet port 23 allows the high
      temperature exhaust gases to pass therethrough and to enter into the
      chamber 31 along the shown line "B" so as to contact the fins 17 in the
      chamber 31, when the control valve 14 is rotated to the position shown by
      the solid line in FIG. 3. In order to drain the exhaust gases from the
      chamber 31, the covering 21 is also provided with an outlet port 25
      positioned at the downstream end with respect to the flowing direction of
      the exhaust gases. As described above, since the inlet port 23 and the
      outlet port 25 are disposed at the opposite ends of the covering 21 with
      respect to the general flowing direction of the exhaust gases, and at the
      bottom of the chamber 31, it should be appreciated that the high
      temperature exhaust gases coming from an engine via the branching pipes of
      the exhaust manifold 13 by-pass, by the control of the control valve 14,
      in the chamber 31, and the heat of the exhaust gases can be sufficiently
      transmitted to the entire surface of every fin 17 while the exhaust gases
      move in the chamber 31. The exhaust gases which have finished the
      transmission of the heat thereof to the fins 17, come out of the chamber
      31 through the outlet port 25. It should be understood that when the
      control valve 14 is brought into a closed position, as shown in FIG. 3 by
      a solid line, the exhaust gases coming from an engine are prevented from
      directly proceeding in the exhaust pipe positioned downstream of the
      exhaust manifold 13. In the embodiment of FIG. 3, the covering 21 is also
      provided with a projection 27 formed on the surface thereof which faces
      the exhaust manifold 13. Therefore, when the control valve 14 is rotated
      so as to lead the flow of the exhaust gases into the chamber 31 before the
      warming up of the engine apparatus, the control valve 14 closely contacts
      the projection 27. As a result, no gap through which the exhaust gases
      directly pass into the exhaust pipe, is left between the surface of the
      covering 21 and the top end of the control valve 14, as is understood from
      FIG. 3. That is, leakage of the exhaust gases is completely prevented.
      Thus, it will be understood that when the control valve 14 contacts the
      projection 27, the high temperature gases are introduced with certainty
      into the chamber 31, so that the heat transmission efficiency to the
      intake manifold 11 is definitely heightened, and the time required for
      warming up the engine apparatus is shortened.
PAR  Referring now to FIG. 4, which is a perspective view of the covering 21
      disposed between the intake and exhaust manifolds 11 and 13 of FIG. 3, it
      will be understood that the covering 21 is provided with the inlet port
      23, the outlet port 25, the projection 27 and mounting holes 29, through
      which screw bolts for mounting the covering 21 pass. In FIG. 3, when the
      engine apparatus including the suction system sufficiently warms up, the
      control valve 14 is rotated to an opened position shown by the dotted line
      as mentioned previously. Consequently, the high temperature exhaust gases
      are prevented from flowing into the chamber 31, and flow past the control
      valve 14 toward the exhaust pipe opening to the atmosphere. At this time,
      it should be noted that even if part of the exhaust gases introduce into
      the back of the control valve 14 through the shown gap "P", the covering
      21 can prevent their flowing into the chamber 31 and, as a result, the
      overheating of the intake manifold 11 can be avoided.
PAR  FIG. 5 shows another embodiment of the present invention. In this
      embodiment, the numeral 41 designates a covering modified from the
      covering 21 of FIGS. 3 and 4. That is, the covering 41 is provided with a
      vertical projection 47 together with an exhaust gas inlet port 43 and an
      exhaust gas outlet port 45. It should be appreciated that the vertical
      projection 47 has an enlarged surface for contacting the valve 14, as
      compared to the projection 27 of the covering 21. As a result, the close
      contact of the valve 14 and the projection 47 can provide a more perfect
      prevention of leakage of the high temperature exhaust gases before the
      warming up of the engine apparatus.
PAR  FIG. 6 shows a further embodiment of the present invention. In this
      embodiment, a covering 51 is provided with a step portion 57 together with
      inlet and outlet ports 53 and 55. From FIG. 6, it will be seen that the
      step portion 57 can contact the valve 14 so as to act as a sealing wall
      for the exhaust gases. Further, it should be noted that in this
      embodiment, the shape of each fin 17' is slightly modified from that of
      each fin 17 so as to fit the stepped shape of the covering 51. That is,
      the surface area of each fin 17' is increased above that of the fins 17 so
      as to increase the heat transmission efficiency.
PAR  FIG. 7 shows a still further embodiment of the present invention. In this
      embodiment, a covering 61 for enclosing fins 17 is formed as one part with
      an exhaust manifold 13'. The covering 61 is provided with inlet and outlet
      ports 63 and 65 for the exhaust gases along with a thick projection 67
      extending vertically in the exhaust manifold 13'. This thick projection 67
      can provide rigid physical strength compared with the previous projections
      27, 47 and 57. In the shown embodiments, each sealing gasket 19 is formed
      as a separate element. However, it is of course possible to form the
      gasket 19 as one part with each covering 21 in order to effect the easy
      assembling of the covering 21 when each arrangement according to each
      embodiment is constructed. Of course, it is also possible to form the
      covering as one part with the intake manifold 11 while forming a
      projection or a wall extending vertically in the exhaust manifold.
PAR  From the foregoing, it will be understood that according to the present
      invention, diverse advantages such as reduction of the harmful
      constituents in the exhaust gases, increase of the power of an internal
      combustion engine, and a guarantee of long life of an intake manifold are
      obtained. Further, it should be noted that the arrangement of the present
      invention can be provided without any large increase in the production
      cost, since many of the same elements as the conventionally used
      arrangement for heating the suction gases of an internal combustion
      engine, are employed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A heater for incoming fuel-air mixture to an internal combustion engine
      of the type that includes an intake manifold for said mixture having a
      bottom floor area; a plurality of heat conducting fins extending downward
      from the exterior wall of the intake manifold in the bottom floor area; an
      exhaust manifold disposed underneath the intake manifold adjacent to the
      finned area for conveying hot combustion products from the engine; a
      circumscribing wall surrounding the finned area and having a flanged lower
      face for mating engagement with a flanged opening through the wall of the
      exhaust manifold underneath the finned area; a partition clamped between
      the flanged faces of the circumscribing wall and the opening in the wall
      of the exhaust manifold for enclosing the fins in a chamber defined by the
      partition, the circumscribing wall, and the exterior wall of the intake
      manifold, the partition having an inlet port adjacent to one side of the
      circumscribing wall for introducing the combustion products into the
      chamber and an outlet port spaced from the inlet port adjacent to the
      opposite side of the circumscribing wall for exhausting the combustion
      products from the chamber; a projecting wall extending downward from the
      flanged opening into the exhaust manifold; and a butterfly type control
      valve mounted in the exhaust manifold in the way of the opening for
      rotation about a horizontal axis parallel to the wall between a first
      position and a second position, the valve when in the first position
      deflecting the flow of hot combustion gases through the inlet port to
      contact the fins for heating the intake gases and for returning the
      combustion products to the exhaust manifold through the outlet port, the
      valve when in the second position substantially blocking the opening
      through the wall of the exhaust manifold to prevent the combustion gases
      from contacting the fins, and the valve coming into close contact with the
      projecting wall when the valve is in one of said first and second
      positions for preventing leakage of the combustion products around the
      valve when the valve is in said position, wherein the improvement
      comprises:
PA1  said partition being a thin plate and the projecting wall being formed
      integrally with the partition on a central portion of the under surface of
      said plate.
NUM  2.
PAR  2. The heater of claim 1 wherein said projecting wall comprises a stepped
      portion of the plate between the inlet port and the outlet port.
NUM  3.
PAR  3. The heater of claim 2 wherein the portion of the thin plate surrounding
      the inlet port is offset vertically from the portion of the plate
      surrounding the outlet port to form said stepped portion between the inlet
      port and the outlet port.
NUM  4.
PAR  4. The heater of claim 1 wherein the projecting wall comprises an offset
      portion of the material of the thin plate between the inlet port and the
      outlet port, said offset portion having a triangular cross section.
NUM  5.
PAR  5. The heater of claim 1 wherein the projecting wall comprises an offset
      portion of the material of the thin plate between the inlet port and the
      outlet port, said offset portion having a rectangular cross section.
PATN
WKU  039411079
SRC  5
APN  5513804
APT  1
ART  342
APD  19750220
TTL  Ignition distributor rotor
ISD  19760302
NCL  4
ECL  1
EXA  Cranson, Jr.; James W.
EXP  Burns; Wendell E.
NDR  1
NFG  4
INVT
NAM  Rockwell; Lynn A.
CTY  Anderson
STA  IN
ASSG
NAM  General Motors Corporation
CTY  Detroit
STA  MI
COD  02
CLAS
OCL  1231465A
XCL  200 19DR
XCL  200 19R
EDF  2
ICL  F02P  100
FSC  123
FSS  146.5 A;146.5 R
FSC  200
FSS  19 A;19 R;19 DR
UREF
PNO  2227972
ISD  19410100
NAM  Hood et al.
OCL  200 19A
UREF
PNO  2286233
ISD  19420600
NAM  Scott
OCL  200 19WG
UREF
PNO  2593205
ISD  19520400
NAM  Short et al.
OCL  200 19DR
UREF
PNO  2694117
ISD  19541100
NAM  Bakke
OCL  200 19A
UREF
PNO  3591736
ISD  19710700
NAM  Morgan et al.
OCL  200 19DC
UREF
PNO  3795236
ISD  19740300
NAM  Jukesl et al.
OCL  123146.5
UREF
PNO  3799135
ISD  19740300
NAM  House
OCL  123146.5
UREF
PNO  3822686
ISD  19740700
NAM  Gallo
OCL  123146.5
LREP
FR2  Stahr; Richard G.
ABST
PAL  To reduce the potential magnitude necessary to break down the spark gap
      between the rectangular cross-section rotor electrode of an ignition
      distributor rotor having a body member of electrically nonconductive
      material and each of the output electrodes in the distributor cap,
      discrete electrically conductive material is placed in intimate electrical
      contact with a selected area along each opposite edge surface of the rotor
      electrode and the rotor body to provide electrical interconnection between
      the rotor electrode and the rotor body.
BSUM
PAR  The subject invention is directed to an ignition distributor rotor and,
      more specifically, to an ignition distributor rotor having the
      electrically conductive rotor electrode electrically connected to the
      electrically nonconductive rotor body.
PAR  It has been found that the use of the modern, high dielectric strength
      electrically nonconductive materials for the body member of distributor
      rotors substantially increases the magnitude of the potential required to
      ionize and, consequently, break down the spark gap between the rotor
      electrode supported by the body member and each of the output terminals of
      the distributor cap. It was also found that excessive radio frequency
      noise was produced when the potential required to break down each spark
      gap exceeded approximately 12 kilovolts. Therefore, an ignition
      distributor rotor having a body member made of a modern, high dielectric
      strength electrically nonconductive material electrically interconnected
      with the electrically conductive rotor electrode, an arrangement which
      reduces the potential magnitude required to break down each ignition
      distributor spark gap, is desirable.
PAR  It is, therefore, an object of this invention to provide an improved
      ignition distributor rotor.
PAR  It is another object of this invention to provide an improved ignition
      distributor rotor having a body member of a high dielectric strength
      electrically nonconductive material and an electrically conductive rotor
      electrode electrically interconnected therewith.
PAR  In accordance with this invention, an ignition distributor rotor is
      provided comprising a body member of electrically nonconductive material
      carrying a rotor electrode of an electrically conductive material having a
      tip portion which is passed in spark gap relationship with successive ones
      of the output terminals supported by the distributor cap as the rotor is
      rotated and discrete electrically conductive material in intimate
      electrical contact with both the rotor electrode and the nonconductive
      rotor body.
DRWD
PAR  For a better understanding of the present invention, together with
      additional objects, advantages and features thereof, reference is made to
      the following description and accompanying drawing in which:
PAR  FIG. 1 is a vertical section view of a portion of an ignition distributor
      showing the distributor rotor member of this invention mounted therein;
PAR  FIG. 2 is a top view of the distributor rotor of this invention showing, in
      addition, the relationship between the rotor tip and one of the
      distributor output terminals;
PAR  FIG. 3 is a section view of FIG. 2 taken along line 3--3 and looking in the
      direction of the arrows; and
PAR  FIG. 4 is a perspective view of a portion of the distributor rotor of this
      invention.
PAR  In the several FIGURES of the drawing, like elements have been assigned
      like numerals of reference.
DETD
PAR  As is well known in the automotive art, the ignition distributor rotor 10,
      FIG. 1, is rotated by a driving shaft 11, usually gear coupled to the
      camshaft of the associated internal combustion engine, within a
      distributor cap 12 having a center input terminal 13, to which is
      connected one end of the associated ignition coil secondary winding, and a
      plurality of output terminals, one of which is shown at 15,
      circumferentially arranged about the input terminal 13, to which the spark
      plugs are connected through respective spark plug leads in a manner well
      known in the automotive art. Although only one output terminal is shown in
      FIG. 1, in which the distributor cap 12 is illustrated in cross-section,
      it is to be specifically understood that an output terminal is provided
      for each of the engine spark plugs and that they are circumferentially
      arranged about the center input terminal in a manner well known in the
      automotive art.
PAR  The ignition distributor rotor of this invention comprises a body member 20
      of an electrically nonconductive material adapted to engage and be rotated
      by driving shaft 11, a rotor electrode 21 of an electrically conductive
      material such as copper supported by body member 20 and having a tip
      portion 21a which is passed in spark gap relationship with successive ones
      of the output terminals of distributor cap 12 as body member 20 is rotated
      by shaft 11. Without intention or inference of a limitation thereto, rotor
      electrode 21 may be of a rectangular cross-section and have opposite flat
      face surfaces 21b and 21c, FIG. 3, and opposite edge surfaces 21d and 21e,
      FIG. 4. Rotor electrode 21 may be placed in electrical circuit arrangement
      with center electrode 13 through a contact member 30 of an electrically
      conductive material such as copper or stainless steel in intimate
      electrical contact with rotor electrode 21 along adjacent surfaces of both
      under retaining member 31 and arranged to be electrically connected to
      center input terminal 13 of distributor cap 12. Alternatively, rotor
      electrode 21 may be of sufficient length to electrically contact center
      input terminal 13 without departing from the invention. In a practical
      application, the electrically nonconductive material of which body member
      20 was made was a 30% glass reinforced thermoplastic polyester molding
      material. Body member 20 may be secured to the distributor centrifugal
      weight base, not shown, by screws, one of which is illustrated in FIG. 1
      and referenced by the numeral 32. As the distributor weight base is
      rotated by shaft 11 in a manner well known in the art, rotor member 20 is
      rotated therewith. One example of an ignition distributor with which the
      distributor rotor of this invention may be used is described in copending
      U.S. patent application Ser. No. 435,863, R. W. Campbell et al., filed
      Jan. 23, 1974, and assigned to the same assignee as this application. It
      is to be specifically understood, however, that any other arrangement
      through which body member 20 is adapted to engage and be rotated by
      driving shaft 11 may be employed without departing from the spirit of this
      invention.
PAR  In the preferred embodiment illustrated in the drawing, contact member 30
      is shown to be an elongated contact member of an electrically conductive
      material such as copper or stainless steel in intimate electrical contact
      with rotor electrode 21 with one end thereof arranged to be electrically
      connected to center input terminal 13 of distributor cap 12. With this
      arrangement, the ignition spark potential produced by the secondary
      winding of the associated ignition coil may be delivered to successive
      ones of the distributor cap output terminals as rotor body member 20 is
      rotated by shaft 11 in timed relationship with the associated internal
      combustion engine, in a manner well known in the automotive art, through
      center input terminal 13, contact member 30, rotor electrode 21 and the
      distributor spark gap between spark gap electrode 21 and each of the
      distributor output terminals. A distributor spark gap is shown in FIGS. 1,
      2 and 3 of the drawing and is identified by the reference numeral 22.
PAR  To reduce the potential required to ionize the distributor spark gaps and
      thus reduce the radiated radio frequency interference, a discrete
      electrically conductive element or elements may be placed in intimate
      electrical contact with rotor electrode 21 and body member 20 for
      electrically interconnecting the rotor electrode 21 and body member 20.
      For example, the discrete electrical conductive elements may be in
      intimate electrical contact with a selected area along each of the
      opposite edge surfaces 21d and 21e of rotor electrode 21 and body member
      30. One example, and without intention or inference of a limitation
      thereto, of these electrical conductive elements 35 and 36, best
      illustrated in FIGS. 2 and 4, may be a silver filled paint of sufficient
      thickness to not only be electrically bonded to both rotor electrode 21
      and body member 20 but also to electrically bridge the space therebetween
      for electrically interconnecting rotor electrode 21 and body member 20.
      One example of a silver filled paint suitable for this purpose is marketed
      by Dynaloy, Inc. and is identified as "Dynaloy 340." It is to be
      specifically understood, however, that any other electrically conductive
      element or elements may be employed to provide at least one electrical
      connection between rotor electrode 21 and body member 20 without departing
      from the spirit of the invention.
PAR  It is believed that when a high dielectric strength electrically
      nonconductive material is employed as body member 20, the body member
      holds an electrostatic charge because of its extremely high resistance
      characteristics. It is believed that the larger positive ions are stored
      on the rotor in the vicinity of the spark gap electrode and are not
      discharged or bled away by the high dielectric strength material used as
      the body portion. Consequently, as the rotor voltage builds up for the
      next spark, the positive ions which approach the rotor tip are repelled by
      the positive ions stored on the high dielectric material of body member 20
      which causes the sparking potential to increase to a higher level to fire
      the gap. These stored positive ions are apparently dispersed by the
      electrical interconnection between the rotor body and the rotor electrode,
      a condition which reduces the required potential to ionize and break down
      the arc gap.
PAR  In a practical application of the rotor of this invention, the required
      breakdown potential was below 12 kilovolts which provided a significant
      reduction of radiated radio frequency interference.
PAR  While a preferred embodiment of the present invention has been shown and
      described, it will be obvious to those skilled in the art that various
      modifications and substitutions may be made without departing from the
      spirit of the invention which is to be limited only within the scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ignition distributor rotor of the type which is rotated by a driving
      shaft within a distributor cap having a center input terminal and a
      plurality of output terminals circumferentially arranged about the input
      terminal comprising: a body member of an electrically nonconductive
      material adapted to be rotated by said driving shaft, a rotor electrode of
      an electrically conductive material in electrical circuit arrangement with
      said center input terminal and supported by said body member, said rotor
      electrode having a tip portion which is passed in spark gap relationship
      with successive ones of said output terminals as said body member is
      rotated by said shaft; and discrete electrically conductive means in
      bonded electrical contact with a selected area along opposite sides of
      said rotor electrode and said body member for electrically interconnecting
      said rotor electrode and said body member.
NUM  2.
PAR  2. An ignition distributor rotor of the type which is rotated by a driving
      shaft within a distributor cap having a center input terminal and a
      plurality of output terminals circumferentially arranged about the input
      terminal comprising: a body member of an electrically nonconductive
      material adapted to be rotated by said driving shaft; a rotor electrode of
      an electrically conductive material, having opposite flat face surfaces
      and opposite edge surfaces, in electrical circuit arrangement with said
      center input terminal and supported by said body member, said rotor
      electrode having a tip portion which is passed in spark gap relationship
      with successive ones of said output terminals as said body member is
      rotated by said shaft; and discrete electrically conductive means in
      intimate electrical contact with a selected area along each of said
      opposite edge surfaces of said rotor electrode and said body member for
      electrically interconnected said rotor electrode and said body member.
NUM  3.
PAR  3. An ignition distributor rotor of the type which is rotated by a driving
      shaft within a distributor cap having a center input terminal and a
      plurality of output terminals circumferentially arranged about the input
      terminal comprising: a body member of an electrically nonconductive
      material adapted to be rotated by said driving shaft; a rotor electrode of
      an electrically conductive material, having opposite flat face surfaces
      and opposite edge surfaces, in electrical circuit arrangement with said
      center input terminal and supported by said body member, said rotor
      electrode having a tip portion which is passed in spark gap relationship
      with successive ones of said output terminals as said body member is
      rotated by said shaft; and electrically conductive paint in intimate
      electrical contact with a selected area along each of said opposite edge
      surfaces of said rotor electrode and said body member and of sufficient
      thickness to electrically bridge the space therebetween for electrically
      interconnecting said rotor electrode and said body member.
NUM  4.
PAR  4. An ignition distributor rotor of the type which is rotated by a driving
      shaft within a distributor cap having a center input terminal and a
      plurality of output terminals circumferentially arranged about the input
      terminal comprising: a body member of an electrically nonconductive
      material adapted to be rotated by said driving shaft; a rotor electrode of
      an electrically conductive material in electrical circuit arrangement with
      said center input terminal and supported by said body member, said rotor
      electrode having a tip portion which is passed in spark gap relationship
      with successive ones of said output terminals as said body member is
      rotated by said shaft; and discrete electrically conductive means in
      bonded electrical contact with a selected area along at least one side of
      said rotor electrode and said body member for electrically interconnecting
      said rotor electrode and said body member.
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ABST
PAL  Improved ignition systems for substantially increasing the gas mileage and
      boosting the voltage utilizing a standard magneto and isolated breaker
      points and an additional condenser. In one embodiment, the secondary of
      the magneto has been separated from the primary and a condenser has been
      added in the secondary winding. Another embodiment separates the secondary
      and primary windings and adds a condenser in the secondary.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to ignition systems and in particular to
      improved high voltage ignition systems.
PAR  2. Description of the Prior Art
PAR  Under the present fuel shortage conditions, it is desirable to obtain
      maximum gasoline mileage from the operation of vehicles. Gasoline mileage
      depends on the efficiency of the engine which in turn depends upon the
      ignition system and thus by improving the ignition system, the efficiency
      of the engine can be increased.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises modifications of standard magneto and
      battery ignition systems which substantially increases the gas mileage and
      boosts the voltage to the spark plugs. In one embodiment, a standard
      magneto is connected so that the breaker points are isolated and an
      additional condenser is added into the circuit. A modification comprises
      separating the secondary from the primary in a standard magneto and adding
      a condenser in the secondary winding. A further modification comprises
      separating the primary and secondary windings and adding a condenser in
      the secondary so as to increase the capacitance and also reduce the arcing
      at the breaker points.
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawing, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure, and in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates an ignition system according to the invention.
PAR  FIG. 2 illustrates a modification of the ignition system of the invention;
      and
PAR  FIG. 3 illustrates a further modification of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates an internal combustion engine 10 which has spark plugs
      26a-d which are connected to a distributor 11 having a rotor 13. A magneto
      18 has its rotor 19 driven with the distributor rotor 13. The secondary 21
      of the magneto has one end connected to the distributor rotor 13 and the
      other side connected to a condenser C.sub.1 which has its other side
      connected to ground. A primary winding 22 is connected to the points 31
      and 32 which are controlled by the cam 17 driven by the engine with the
      magneto rotor 19 and the distributor rotor 13. One end of the primary 22
      and point 31 is connected to one side of condenser C.sub.2 which has its
      other side connected to ground. The other end of the primary 22 is
      connected to the ungrounded side of capacitor C.sub.1. A switch S.sub.1 is
      connected across the primary 22. The circuit of FIG. 1 comprises a
      standard magneto wherein the breaker points have been isolated and a
      condenser has been added into the circuit. This increases the capacitance
      which is indicated by increased voltage at the spark plugs 26 thus giving
      more efficient ignition.
PAR  FIG. 2 is a modification of the invention illustrated in FIG. 1, wherein
      the secondary 21 of the magneto is connected to a condenser C.sub.3  which
      has its other side connected to ground but the primary 22 is not connected
      to the condenser C.sub.3 but has one side grounded and its other side
      connected to the condenser C.sub.2 and to point 31. The other point 32 is
      connected to ground. A switch S.sub.2 is connected between point 31 and
      ground. Lead 20 connects to the rotor 13 as in FIG. 1 and the other
      portions of the ignition system are similar to those illustrated in FIG. 1
      and are not shown.
PAR  In the circuit of FIG. 2 by separating the secondary from the primary and
      adding a condenser C.sub.3 in the secondary winding, a substantial
      increase in spark is obtained which increases the efficiency of operation
      of the engine.
PAR  FIG. 3 illustrates a modification of the invention where the distributor 12
      has a rotor 14 which is connected to the secondary 36 which has its other
      side connected to a condenser C.sub.4 which has its other side connected
      to ground. A battery El has its negative terminal connected to ground and
      its positive terminal connected to one end of the primary 37 and to one
      side of a condenser C.sub.5 which has its other side connected to ground.
      A condenser C.sub.6 is connected between ground and the other end of the
      primary 37. The breaker points 32 and 31 are actuated by cam 16 which is
      driven with the rotor 14 of the distributor. Point 32 is connected to
      ground and point 31 is connected to the junction point between capacitor
      C.sub.6 and primary 37.
PAR  In operation, the circuit of FIG. 3 has the secondary and primary windings
      separated and adds the condenser C.sub.4 so as to substantially increase
      the capacitance. I have found that this increases the capacitance as well
      as reduces the arc on the breaker points.
PAR  It has been discovered that the ignition systems of this invention greatly
      increase gas mileage and boosts the voltage to around 35,000 volts at the
      spark plugs.
PAR  Although the invention has been described with respect to preferred
      embodiments, it is not to be so limited as changes and modifications may
      be made which are within the full intended scope as defined by the
      appended claims.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. An ignition system for an engine comprising a magneto having a rotor and
      primary and secondary windings, a pair of breaker points connected across
      said primary winding and periodically opened and closed, a first capacitor
      connected between ground and one end of said primary winding, a
      distributor with a rotor to which one end of said secondary winding is
      connected, a second capacitor connected between the other end of said
      secondary winding and ground, and said distributory rotor, magneto rotor
      and said breaker points actuated by said engine.
NUM  2.
PAR  2. An ignition system according to claim 1 wherein the other end of said
      primary winding is connected to the other end of said secondary winding.
NUM  3.
PAR  3. An ignition system according to claim 1 including a switch connected
      across said primary winding.
NUM  4.
PAR  4. An ignition system according to claim 1 wherein the other end of said
      primary winding is connected to ground.
NUM  5.
PAR  5. An ignition system for an engine comprising, a distributor with a rotor,
      an ignition coil with primary and secondary windings, a first capacitor
      connected between one end of said secondary winding and ground, the other
      end of said secondary winding connected to said distributor rotor, a pair
      of breaker points actuated by said engine and connected between ground and
      one end of said primary winding, a voltage source connected between ground
      and the second end of said primary winding, a second capacitor connected
      between ground and said one end of said primary  winding, and a third
      capacitor connected between ground and said second end of said primary
      winding.
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ABST
PAL  An arrangement for mounting a fuel injection nozzle which is arranged in an
      aperture of the cylinder head of an internal combustion engine; the
      aperture is thereby provided with a recess, by means of which a
      form-locking connection is established with the cylinder head by the use
      of an elastic part of the fuel injection nozzle.
BSUM
PAR  The present invention relates to an arrangement for the mounting support of
      a fuel injection nozzle arranged in an opening of a cylinder head of an
      internal combustion engine.
PAR  It is known in the prior art (German Auslegesschrift  1,116,476) to connect
      fuel injection nozzles by threaded connections with the cylinder head of
      an internal combustion engine. The increased manufacturing costs resulting
      from the thread-cutting in the cylinder head and at the fuel injection
      nozzle have thereby proved disadvantageous. Also, the exchange of
      defective fuel injection nozzles was frequently possible only with
      considerable force application.
PAR  The object of the present invention resides in providing an arrangement for
      the mounting support of a fuel injection nozzle arranged in an opening of
      the cylinder head which does not entail the aforementioned disadvantages.
PAR  This is achieved according to the present invention in that the opening is
      provided with recess, by means of which the fuel injection nozzle provided
      with an elastic part is form-lockingly connected with the cylinder head.
      It is thereby possible that the recess is arranged in the cylinder head
      itself, or that the recess is arranged in a sleeve arranged in the
      cylinder head opening and rigidly connected with the cylinder head. The
      elastic part includes a collar which together with the recess forms the
      form-locking connection between the cylinder head and the fuel-injection
      nozzle. The elastic part is thereby advantageously made of rubber of
      similar material. It has proved as very favorable that the fuel injection
      nozzle is provided with a recess along the outer circumference thereof, by
      means of which together with a collar or annular bead of the rubber ring
      forming the elastic part, the injection nozzle is form-lockingly connected
      with the elastic part.
PAR  The advantages achieved with the present invention reside in particular in
      that the arrangement according to the present invention for the mounting
      support of a fuel injection nozzle arranged in an opening of the cylinder
      head of an internal combustion engine can be manufactured in a simple
      manner with low manufacturing costs and the fuel injection nozzle can be
      easily and rapidly exchanged.
DRWD
PAR  These and other objects, features, and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, two embodiments in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a partial cross-sectional view through a part of a cylinder head
      with a fuel injection nozzle whereby the recess is arranged in the
      cylinder head itself; and
PAR  FIG. 2 is a partial cross-sectional view through a part of a cylinder head
      with a fuel injection nozzle whereby the recess is arranged in a sleeve
      rigidly connected with the cylinder head and arranged in the cylinder head
      opening.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the two views to designate like parts, and more particularly to
      FIG. 1, reference numeral 1 generally designates in this figure a cylinder
      head while reference numeral 2 designates a fuel injection nozzle,
      reference numeral 3 a recess in the cylinder head 1 and reference numeral
      4 a rubber ring which includes a collar 5. The fuel injection nozzle 2 is
      arranged in an opening 6 of the cylinder head 1.
PAR  In FIG. 2 a sleeve 7 extends into the opening 6 whereby the sleeve 7 is
      rigidly connected with the cylinder head 1. The sleeve 7 is provided with
      a recess 8 and the fuel injection nozzle 2 with an annular recess  or
      indentation 9 into which projects an annular bead 10 of the rubber ring 4,
      whence the fuel injection nozzle 2 and the rubber ring 4 are
      form-lockingly connected with each other. It is advantageous if the
      opening 6 (FIG. 1) and the sleeve 7 (FIG. 2) are constructed conically in
      the upper area thereof in the manner illustrated in the drawing for the
      facilitated insertion of the collar 5 into the opening 6 or into the
      sleeve 7.
PAR  If the fuel injection nozzle 2 of the cylinder head 1 (FIG. 1) is to be
      exchanged, then the form-locking connection between the collar 5 of the
      rubber ring 4 and the recess 3 of the cylinder head 1 is disengaged by a
      simple pulling action and the fuel injection nozzle 2 is removed out of
      the cylinder head opening 6. The new fuel injection nozzle is then forced
      so far into the opening 6 until a form-locking connection between the fuel
      injection nozzle and the cylinder head is established by means of the
      recess 3 and the collar 5.
PAR  During the exchange of the fuel injection nozzle 2 of the cylinder head 1'
      (FIG. 2), one proceeds in an analogous manner, with only the difference
      that the form-locking connection is established between the recess 8 of
      the sleeve 7 and the collar 5 of the rubber ring 4.
PAR  While I have shown and described only two embodiments in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to those skilled in the art. Thus, for example, the construction of the
      recess 3 or 8 may be of any desired shape and the aperture 6 or 6' may be
      arranged directly in the cylinder head or in the suction pipes connected
      therewith. Hence, I do not wish to be limited to the details shown and
      described herein but intend to cover all such changes and modifications as
      are encompassed by the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In an internal combustion engine having a cylinder head and at least one
      fuel injection nozzle, an improved mounting arrangement for said fuel
      injection nozzle in said cylinder head, said improved mounting arrangement
      comprising:
PA1  aperture means provided with respect to said cylinder head for receiving
      the nozzle therein, said aperture means including a recess means disposed
      within said aperture means, and
PA1  elastic means coupled to said nozzle for form-lockingly engaging said
      recess means,
PA1  wherein the nozzle is retained in said aperture means in a threadless and
      readily removable manner by said elastic means.
NUM  2.
PAR  2. A mounting arrangement according to claim 1, wherein said aperture means
      includes one of a bore in said cylinder head and a sleeve rigidly secured
      to said cylinder head in said bore.
NUM  3.
PAR  3. A mounting arrangement according to claim 1, wherein said elastic means
      includes a ring structure mounted on said nozzle, said ring structure
      including a collar for matingly engaging said recess means.
NUM  4.
PAR  4. A mounting arrangement according to claim 3, wherein said recess means
      includes an annular groove.
NUM  5.
PAR  5. A mounting arrangement according to claim 3, wherein said nozzle
      includes an outer peripheral surface having an annular groove, and said
      ring structure includes an inner peripheral surface having an annular
      bead, said annular bead engaging said annular groove for form-lockingly
      connecting said ring structure to said nozzle.
NUM  6.
PAR  6. A mounting arrangement according to claim 3, wherein said recess means
      consists essentially of rubber-like material.
NUM  7.
PAR  7. A mounting arrangement according to claim 1, wherein said aperture means
      includes a bore in said cylinder head, said recess means being an annular
      groove provided in said cylinder head.
NUM  8.
PAR  8. A mounting arrangement according to claim 1, wherein said aperture means
      includes a sleeve rigidly secured in a bore in said cylinder head, said
      recess means being an annular groove provided in said sleeve.
NUM  9.
PAR  9. A mounting arrangement according to claim 1, wherein said aperture means
      includes an inlet end having a conical shape for facilitating entry of
      said elastic means into said aperture means.
NUM  10.
PAR  10. A mounting arrangement according to claim 1, wherein the nozzle is
      form-lockingly retained within the eastic means such that the nozzle and
      the elastic means are removable from the cylinder head as a unit.
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PAL  An ignition system for internal combustion engines which comprises a
      magneto electric generator having a generating coil for producing two
      output signals different in phase, a capacitor which will be charged and
      discharged to operate a high tension coil, a switching element for
      discharging the capacitor, and a control circuit for controlling the
      switching element, one of the two output signals charging the capacitor,
      the other output signal controlling the switching element through the
      control circuit with the results that the control voltage of the switching
      element is not affected by the ambient temperature and the ignition system
      is made smaller in size, is serviceable for preventing excessive rate of
      rotation of the combustion engine, and can be molded into one unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an ignition system of the capacitor discharge
      type for internal combustion engines.
PAR  In a conventional ignition system, two coils for generating electric
      current or voltage (hereinafter referred to as "generating coils") are
      provided in a magneto electric generator which rotates in synchronization
      with an internal combustion engine, and the capacitor is charged by a
      voltage induced in one of the two generating coil, and the capacitor thus
      charged is discharged through the primary winding of an ignition coil when
      a thyristor is made conductive by a signal voltage which is produced, in
      synchronization with the ignition timing, by the other generating coil.
PAR  However, this conventional ignition system involves the following problems
      because of the two generating coils. That is, troubles, such as
      disconnection or breaking of coils, originated from the coils are
      frequently caused, the dimensions of the generator is inevitably increased
      greater as much as the volume occupied by the two generator-coils, and the
      circuit of the ignition system is liable to become intricate.
PAR  In general, internal combustion engines whose load is extremely variable
      are accompanied by excessive rate of rotation whenever its load is
      removed. For instance, an internal combustion engine for chain saws will
      rotate at an excessive speed when it has completely sawed through a log
      because at that moment the internal combustion engine abruptly loses its
      load. This condition will be caused also in an internal combustion engine
      of an outboard motor when it jumps. This is undesirable for the operation
      of internal combustion engines, and several methods such as methods of
      controlling a throttle valve or ignition have been tried to prevent the
      trouble.
PAR  Furthermore, in small engines (in general, started manually) such as a
      small all-purpose engine which requires no battery, an ignition system
      cooperated with a magneto electric generator is employed and the ignition
      system is preferable to make contact-less by using a semiconductor switch
      in charging and discharging a capacitor because of its maintenance free.
      In this case, frequently, a timing detector, an electronic circuit,
      generating coil and a high tension coil of the ignition system are divided
      into a few units which are mutually connected by wires. Therefore, this
      contact-less ignition system is more complicated in handling than a
      conventional ignition system in which contacts are used for ignition.
PAR  In addition, in the conventional ignition system employing a thyristor as
      its switching element for discharging the capacitor, a voltage between the
      cathode and the control electrode of the thyristor which is necessary for
      rendering the thyristor conductive varies with its ambient temperature, as
      a result of which the ignition timing of the internal combustion engine
      provided with this ignition system is also varied. Since the ambient
      temperature is greatly changed during the start period of the engine, the
      voltage variation due to the variation of the ambient temperature is too
      great to be neglected.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, a first object of the invention is to provide an ignition
      system for internal combustion engines in which all of the above described
      disadvantages accompanied by the conventional ignition system are
      eliminated.
PAR  A second object of the invention is to provide an ignition system for
      internal combustion engines in which, on the basis that a single coil of a
      magneto electric generator generates positive and negative voltage
      outputs, one of the voltage outputs is utilized as a power source for
      ignition while the other voltage output is utilized as a power source for
      producing a control signal.
PAR  A third object of the invention is to provide a high tension coil for
      internal combustion engines which is simple in structure, high in
      reliability, small in size and low in cost.
PAR  A fourth object of the invention is to provide an ignition system for
      internal combustion engines which can quickly prevent excessive rate of
      rotation of the internal combustion engine.
PAR  A fifth object of the invention is to provide an ignition system which can
      be installed on small internal combustion engines such as those for chain
      saws.
PAR  A sixth object of the invention is to provide an ignition system in which a
      high tension coil is formed as a high frequency transformer.
PAR  A seventh object of the invention is to provide an ignition system for
      internal combustion engines which is molded into one unit thereby being
      convenient in handling and installing.
PAR  A further object of the invention is to provide an ignition system for
      internal combustion engines whose operation is not affected by its ambient
      temperature.
PAR  The foregoing objects and other objects of the invention will become more
      apparent from the following detailed description and the appended claims
      when read in conjunction with the accompanying drawings, in which like
      parts are designated by like reference symbols or numerals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a circuit diagram for one example of a conventional ignition
      system;
PAR  FIG. 2 is a schematic diagram illustrating one example of the electric
      generator employed in the ignition system shown in FIG. 1;
PAR  FIG. 3 is a circuit diagram for one example of an ignition system for
      internal combustion engine according to this invention;
PAR  FIG. 4 is a diagram illustrating waveforms of output signals produced by
      the generator shown in FIG. 2;
PAR  FIG. 5 is another example of the ignition system, according to the
      invention;
PAR  FIG. 6 is a diagram illustrating the relation between a waveform of a
      capacitor voltage and that of a thyristor trigger current in the period of
      normal rate of rotation of an internal combustion engine;
PAR  FIG. 7 is a diagram illustrating the relation between a waveform of a
      capacitor voltage and that of a thyristor trigger current in the period of
      excessive speed of rotation of an internal combustion engine;
PAR  FIGS. 8(a), 8(b) and 8(c) are diagrams illustrating various thyristor
      trigger currents; and
PAR  FIG. 9 is a schematic diagram illustrating a structure of an ignition
      system molded into one unit according to the invention.
DETD
PAR  As conducive to a full understanding of this invention, first one example
      of a conventional ignition system will be described.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Shown in FIG. 1 is one example of the ignition system popularly used for an
      internal combustion engine which comprises: a magneto electric generator
      having a coil G for generating electric current or voltage (hereinafter
      referred to as "a generating coil G"); diodes D.sub.0, D.sub.1, and
      D.sub.2 ; a capacitor C.sub.o which will be charged by rectified positive
      half waves of a voltage generated by the generating coil G; a thyristor
      SCR adapted to discharge the capacitor C.sub.o ; a gate circuit GC which,
      when the voltage of the generating coil GC is of negative half waves, will
      form a voltage signal with the aid of the action of the diode D.sub.2
      thereby to make the thyristor SCR conductive; a high tension coil IGC
      which will produce a high voltage in its secondary winding by discharge of
      the capacitor C.sub.o ; and an ignition plug IGP to which a secondary
      voltage of the ignition coil IGC is applied.
PAR  The magneto electric generator provided for the ignition system is shown in
      FIG. 2 which comprises: a rotor 1 which will rotate in synchronization
      with the internal combustion engine; and a stator positioned to have an
      air gap between the periopheral surface of the stator and a core 3 with
      the single generating coil G. The rotor 1 is made of magnetic material and
      has a U-shaped magnet 2 embedded therein in such a manner that its
      magnetic poles N and S form a part of the circumference of the rotor 1.
PAR  As the rotor 1 rotates, the core 3 will form a closed magnetic path with
      the magnet 2, the magnetic flux changes alternately with change of
      reluctance of the magnetic path.
PAR  In this conventional ignition system, a voltage between the cathode and the
      control electrode of the thyristor SCR which is necessary for rendering
      the thyristor SCR conductive varies with its ambient temperature, although
      the voltage is, in general, on the order of one (1) volt. As a result, the
      ignition timing of the internal combustion engine is also varied. This
      voltage variation is too great to be neglected in practical use.
PAR  One example of an ignition system for internal combustion engines according
      to this invention will now be described with reference to FIG. 3, which
      comprises a capacitor charging circuit which is formed by the ground, a
      diode D.sub.1, a terminal t.sub.2 of a generating coil G provided in a
      magneto electric generator, a terminal t.sub.1 of the same, a diode
      D.sub.o, a capacitor C.sub.o, a primary winding IGC.sub.1 of a high
      tension coil IGC and the ground; a switching element for discharging the
      capacitor C.sub.o that is a thyristor SCR in this example, having the
      anode connected to the connection point of the diode D.sub.o and the
      capacitor C.sub.o and the cathode grounded; and switching element
      controlling means which is a circuit 552 formed by a series circuit of
      resistors R.sub.11 and R.sub.12 connected in parallel to the diode
      D.sub.1, a capacitor C.sub.11 connected in parallel with the resistor
      R.sub.12, and a series circuit of a Zener diode ZD and a resistor R.sub.13
      connected in parallel to the capacitor C.sub.11, the anode of the Zener
      diode ZD being connected to the control electrode of the thyristor.
PAR  To the connection point of the terminal t.sub.1 of the generating coil G
      and the diode D.sub.o, a terminal of a stop switch SW and the cathode of a
      diode D.sub.2 are connected. The anode of the diode D.sub.2 is grounded.
      The low voltage side of the secondary winding IGC.sub.2 of the high
      tension coil IGC is connected to a primary winding IGC.sub.1 of the high
      tension coil IGC, while the high voltage side of the secondary winding
      IGC.sub.2 is connected to a high tension terminal 116 of an ignition plug
      IGP. The generating coil G is magnetically coupled through a gap to a
      magnet 2 of the rotor 1 which rotates in synchronization with the rotation
      of the engine, similarly as in FIG. 2.
PAR  The operation of the ignition system shown in FIG. 3 will be described in
      reference with FIG. 4.
PAR  The rotor 1 is rotated in synchronization with the rotation of the engine,
      as a result of which a voltage having a waveform as shown in FIG. 4 is
      produced.
PAR  That is, the magneto electric generator driven by the internal combustion
      engine will produce a voltage having a waveform as shown in FIG. 3. In the
      waveform, a part A is used as a power source for producing an output
      signal from the gate circuit for making the thyristor conductive
      (hereinafter referred to as "a timing signal power source"), and a part B
      is used as a power source for charging the capacitor C.sub.o to be ready
      for ignition (hereinafter referred as "a ignition signal power source").
PAR  Although this waveform depends on the designs of the magnet 2 of the rotor
      1, the core 3 and the gap between the magnet and the core, it is assumed
      that the waveform as shown in FIG. 4 is obtained, because the designs of
      these elements are not directly concerned to this invention. Since a
      voltage generated by the generating coil G is proportional to a rotational
      number of the rotor 1 and accordingly the rotational number when the
      waveform indicated by the broken line is obtained is greater than the
      rotational number when the waveform indicated by the solid line is
      obtained.
PAR  When the voltage is generated to be positive at the terminal t.sub.1 of the
      generating coil G (as indicated by reference character B in FIG. 4), the
      diodes D.sub.1 and D.sub.o are conductive. Accordingly, the capacitor
      C.sub.o is charged through the capacitor charging circuit described above
      with an electric current flowing as indicated by a broken arrow line. When
      the voltage thus generated becomes lower than the voltage of the capacitor
      C.sub.o thus charged, the diodes D.sub.1 and D.sub.o are non-conductive,
      and accordingly the voltage of the capacitor C.sub.o is maintained
      unchanged.
PAR  Now, when the voltage is generated to be positive at the terminal t.sub.2
      of the generating coil G (as indicated by reference character A in FIG.
      4), the diode D.sub.2 is conductive and the terminal t.sub.1 is at the
      ground potential, and the diode D.sub.1 is non-conductive. The voltage at
      the terminal t.sub.2 is subjected to voltage division by the resistors
      R.sub.11 and R.sub.12. The voltage thus treated is applied to the Zener
      diode ZD. When the voltage thus applied exceeds the Zener voltage of the
      Zener diode ZD, an electric current flows through the Zener diode ZD to
      the control gate of the thyristor SCR thereby to make the latter
      conductive. The position of the rotor when the current begins flowing to
      the control gate of the thyristor SCR is the ignition crank angle. This
      crank angle will be described with reference again to FIG. 4. It is
      assumed that when the voltage at the terminal t.sub.2 has a value v.sub.t,
      the thyristor SCR is rendered conductive. The ignition crank angle is a
      crank angle .theta..sub.1 in the waveform indicated by the solid line and
      a crank angle .theta..sub.2 in the waveform indicated by the broken line
      which is obtained in the case of increasing the rotational number of the
      engine. That is, the ignition crank angle advances with the rotational
      number of the engine. Thus, an automatic ignition crank angle advancing
      characteristic of the ignition system is obtained. From the above
      description, it will be apparent that the relationships between the
      ignition crank angle advancing quantity and the rotational number of the
      engine depend on the shape of the leading edge of the part A of the
      waveform. Accordingly, a desired ignition crank angle advancing
      characteristic can be obtained by designing the ignition system so that it
      will produce a proper waveform of this part.
PAR  The capacitor C.sub.11 is to adjust an ignition angle when the engine is
      rotated at high speed, and the resistor R.sub.13 is to stabilize the
      operation of the thyristor SCR.
PAR  As was described previously, with the conventional ignition systems, the
      ignition angle is varied with the variation of the ambient temperature.
      More specifically, the ignition angle is varied by the fact that the gate
      trigger voltage of the thyristor SCR is varied by the variation of its
      ambient temperature. However, since the Zener diode ZD is, according to
      this invention, employed in the control circuit 552, the variation of the
      ignition angle can be reduced to the extent that it can be disregarded in
      practical use. It goes without saying that the Zener diode ZD may be
      replaced by other elements which function in the same manner as the Zener
      diode.
PAR  The voltage provided at the terminal t.sub.2 is several hundreds of volts
      and is much greater than the gate trigger voltage of the thyristor SCR.
      Accordingly, the resistance of the resistor R.sub.11 can be considerably
      high. Owing to this high resistance, the voltage waveform is scarcely
      deformed by the current flowing through this resistor R.sub.11.
PAR  When the thyristor SCR is rendered conductive at the proper crank angle
      described above, the capacitor C.sub.o which has been charged is abruptly
      discharged through the thyristor SCR and the primary winding IGC.sub.1 as
      indicated by the solid arrow line. As a result, a high voltage pulse is
      generated in the secondary winding IGC.sub.2 of the high tension coil IGC
      and simultaneously a spark is caused in the ignition plug IGP, thereby to
      ignite the combustion gas in a cylinder of the engine. In this case, it is
      not necessary for the high tension coil IGC to store energy and in
      addition the discharge period of time is extremely short, that is, it is
      of the order of 100 microseconds. Accordingly, the high tension coil IGC
      can be made smaller in size and can be formed as a high frequency
      transformer which will be described in detail later.
PAR  If the stop switch connected to the terminal t.sub.1 is grounded, the
      capacitor C.sub.o is no longer charged, thereby to stop the engine.
PAR  In this ignition system, the capacitor is charged by positive half waves of
      the a.c. voltage induced in the generating coil G and the timing signal is
      produced at the proper position in the waveform of negative half waves of
      the a.c. voltage thereby to discharge the capacitor thus charged.
      Therefore, the ignition system according to the invention requires no
      timing detecting coil provided in the magneto electric generator. In
      addition, since the high tension coil 104 is adapted to apply to the
      ignition plug the voltage having a steep rise and a sufficient peak value
      in the waveform, it follows that all that is necessary for the high
      tension coil 104 is to form a high frequency voltage, and it is not
      necessary for the high tension coil 104 to have a low frequency or D.C.
      characteristic, as a result of which the windings and the core of the high
      tension coil 104 can be made smaller in size; that is, the external
      dimensions thereof can be made in the order of 1/5 to 1/6 in volume of
      those of the conventional high tension coil.
PAR  The unnecessariness of the timing detecting coil and the miniaturization of
      the high tension coil according to the invention lead to another advantage
      that the ignition system including the electronic circuit can be made into
      one unit.
PAR  If summarizing the advantages of the ignition system shown in FIG. 3;
PAR  a. only one generating coil G can be used in common as a capacitor charging
      power source and a gate signal producing power source;
PAR  b. the high tension coil can be made smaller in size;
PAR  c. the automatic ignition crank angle advancing characteristic and the
      stable temperature characteristic can be obtained by the provision of a
      relatively small number of components; and accordingly
PAR  d. the ignition system according to this invention can be made smaller in
      size, and is very convenient in handling and installing.
PAR  Thus, the ignition system according to this invention is most suitable for
      small internal combustion engines.
PAR  Another example of the ignition system according to this invention is shown
      in FIG. 5, which comprises the same capacitor charging circuit as in FIG.
      3; a switching element for discharging the capacitor C.sub.o, that is, a
      thyristor SCR in this example also, having the anode connected to the
      connection point of the diode D.sub.o and the capacitor C.sub.o ; and
      switching element controlling means 55 for providing a thyristor trigger
      current Ig which means includes in addition to the circuit 552 described
      with reference to FIG. 3, a mono-stable multi-vibrator 551 whose output,
      or trigger signal, is applied to the control electrode of the thyristor
      SCR, and a power circuit 553 for providing a rectified and smoothed output
      to the monostable multi-vibrator 551 from an output of the coil G.
PAR  The mono-stable multi-vibrator includes a C.R. circuit which extends the
      duration of the trigger signal to be applied to the thyristor SCR longer
      as much as defined by a time constant thereof.
PAR  FIG. 6 shows the relation between a waveform of a capacitor voltage V.sub.c
      and that of a thyristor trigger current I.sub.g in the period during which
      the generator rotates normally (hereinafter referred to as a normal
      rotation period), while FIG. 7 shows the relation between the waveforms of
      the capacitor voltage V.sub.c and the thyristor trigger current I.sub.g in
      the period during which the generator rotates excessively (hereinafter
      referred to as an excessive rotation period).
PAR  In the normal rotation period, the charge coil G of the a.c. generator
      periodically produces an a.c. voltage at long time intervals and the
      capacitor C.sub.o is charged through the diode D.sub.o. That is, as is
      shown in FIG. 6, the charge voltage V.sub.c of the capacitor C.sub.o will
      rise at the long time interval tCH.sub.1. The duration tg of thyristor
      trigger current I.sub.g is considerably shorter than the long time
      interval tCH.sub.1. Accordingly, charging of the capacitor C.sub.o begins
      after the thyristor SCR has turned off. In this case, the circuit 55 will
      have no special operation for the ignition system, and it follows
      therefore that the ignition plug periodically carry out ignition and the
      operation of the internal combustion engine is therefore continued at a
      normal rate of rotation.
PAR  In the excessive rotation rate, the charge coil G of the a.c. generator
      produces an a.c. voltage at short time intervals and the capacitor C.sub.o
      is also charged through the diode D.sub.o. In this case, if the short time
      intervals become shorter than the duration tg of the thyristor trigger
      current Ig as shown in FIG. 7, the thyristor SCR will remain in the
      conductive state till charging period, so that the charging current be
      short-circuted by the thyristor SCR and it continues conductive rate
      throughout the charging period, whereby the capacitor C.sub.o remains
      uncharged.
PAR  Since this discharge is effected when the short time interval becomes the
      time interval tCH.sub.2 which is shorter than the duration tg of the
      thyristor trigger current Ig due to the increasing rotation speed of the
      internal combustion engine, the normal discharge current is very small or
      does not flow. Consequently, a voltage induced in the secondary winding of
      the high tension coil IGC is too low or not induced to carry out ignition
      in the internal combustion engine.
PAR  If the thyristor SCR is turned on after the charged voltage of the
      capacitor has reached its maximum value, the ignition plug IGP will carry
      out ignition, as a result of which the internal combustion engine tends to
      maintain its excessive rotation. However, the speed of the internal
      combustion engine will not be increased so quickly as to maintain the
      excessive rotation, and therefore the internal combustion engine will not
      be operated at such an excessive rate or rotation as described.
PAR  If a voltage is slowly built up in the capacitor C.sub.o, the voltage
      charged in the capacitor C.sub.o can be discharged early even when the
      speed of the internal combustion engine is quickly increased therefore,
      the rising curve of the capacitor charge voltage V.sub.c should have a
      certain slope. This slope can be obtained by means of a time delay
      element. However, in practice, no particular means is required for
      obtaining the slope, because resistance of the generator coil and the
      diode characteristic can be utilized for this purpose.
PAR  Thus, whenever the rate of rotation of the internal combustion engine
      becomes excessive, the charging of the capacitor C.sub.o will not be
      carried out and therefore the ignition plug IGP will not cause sparks. As
      a result, the output of the internal combustion engine will be decreased
      and its revolution rate will also be decreased.
PAR  When the revolution rate of the internal combustion engine is decreased and
      the capacitor C.sub.o is charged, the ignition plug IGP will carry out
      ignition again and the internal combustion engine will operate at the
      normal rotation.
PAR  In the examples described above, the trigger current Ig is maintained
      durable for a certain period, that is, the period tg as shown in FIG.
      8(a). However, the trigger current Ig may be replaced by two current
      pulses occurring at the interval tg as shown in FIG. 8(b) or by many
      current pulses occurring within the interval tg  as shown in FIG. 8(c).
PAR  As is clear from the above description, according to the invention, the
      a.c. output of the a.c. generator is subjected to rectification, the
      output thus rectified is used to charge the capacitor, and a trigger
      signal is applied to the thyristor for a certain period so that the
      capacitor thus charged be discharged through the high tension coil, it
      follows therefore that, when the period for charging the capacitor becomes
      short due to the excessive rate of rotation of the internal combustion
      engine, the high tension coil will not carry out ignition and therefore
      the excessive rate of rotation of the internal combustion engine can be
      prevented.
PAR  In addition, since the component to be added to the conventional ignition
      system is only the circuit 55 for extending the duration of the trigger
      signal, it follows that the size of the ignition system will not be
      increased and the invention can be applied also to small internal
      combustion engines such as chain saws and internal combustion engines to
      be installed outboard motor. Furthermore, if in view of the above
      described operation for preventing the excessive rate of rotation of the
      engine, the above described ignition control is carried out, with a
      throttle valve being set for excessive rotation, the internal combustion
      engine can be controlled constant in rate of rotation.
PAR  It is apparent that the same effects obtained by the first example shown in
      FIG. 3 can also be obtained by the second example shown in FIG. 5.
PAR  Hereinafter, another aspect of the present invention will be described in
      which an ignition system for internal combustion engines is molded into
      one unit thereby being convenient in handling and installation.
PAR  Shown in FIG. 9 is one example of the ignition system which has been molded
      with resin into one unit. The example comprises a core 3 positioned in the
      vicinity of a rotor having the magnet, with a mounting member 111a, a
      generating coil G wound on the core 3, an electronic circuit 103 arranged
      above the core 3, a stopswitch line 115 for connecting the electronic
      circuit 103 to a stop switch (not shown), a high voltage output line 116
      for connecting a high tension coil IGC to an ignition plug (not shown), a
      resin 7 for molding the generating coil G, electronic circuit 103, and
      high tension coil IGC which are properly wired and positioned.
PAR  The elements to be molded are arranged in the proper mold, and resin 117 is
      then poured in it and hardened.
PAR  As is apparent from the above descriptions, since the timing signal is
      obtained from the generating coil and the high tension coil has only the
      high frequency characteristic, the timing detecting coil can be omitted
      from the ignition system and the high tension coil can be made smaller in
      size, with the result that the ignition system can be molded into one unit
      with resin. This leads to convenience in handling and installing the
      ignition system. Furthermore, the molding of the elements of the ignition
      system has improved the characteristic of the ignition system such as
      dust-proof, water-proof, moisture-proof and shock-proof, which results in
      improvement in the reliability thereof. In addition, the unification of
      the ignition system is convenient in repair of replacement when it is out
      of order.
CLMS
STM  I claim:
NUM  1.
PAR  1. An ignition system for internal combustion engines, which comprises:
PA1  an internal combustion engine;
PA1  a generating coil provided in an electric generator which is rotated in
      synchronization with the internal combustion engine;
PA1  a capacitor connected to said generating coil so as to be charged by an
      output of the generator which is developed over the generating coil;
PA1  a switching element connected in parallel with said coil and with said
      capacitor for controlling the charge and discharge of the capacitor;
PA1  a switching element controlling means for controlling the operation of the
      switching element, which means include a device for minimizing the
      variation of the operating voltage of the switching element and a diode
      connected to the generating coil so as to control the operation of said
      device; and
PA1  in which said switching element controlling means further comprises a
      monostable multi-vibrator whose output is applied as a trigger signal to
      the switching element thereby to render the latter conductive, said
      monostable multi-vibrator being controlled by the operation of said device
      for minimizing the variation of the operating voltage of the switching
      element.
NUM  2.
PAR  2. An ignition system for internal combustion engines, which comprises:
PA1  an internal combustion engine;
PA1  a generating coil provided in an electric generator which is rotated in
      synchronization with the internal combustion engine;
PA1  a capacitor connected to said generating coil so as to be charged by an
      output of the generator which is developed over the generating coil;
PA1  a switching element connected in parallel with said coil and with said
      capacitor for controlling the charge and discharge of the capacitor;
PA1  a switching element controlling means for controlling the operation of the
      switching element, which means include a device for minimizing the
      variation of the operating voltage of the switching element and a diode
      connected to the generating coil so as to control the operation of said
      device; and
PA1  in which said switching element is a thyristor and said device is a Zener
      diode operating in such a manner that when the output of said generator
      exceeds the Zener voltage of said diode, the output is applied as a
      trigger signal through the Zener diode to the control electrode of the
      thyristor thereby to render the latter conductive, said system being
      molded into one unit together with a high tension coil connect to said
      capacitor.
NUM  3.
PAR  3. An ignition system as claimed in claim 2 in which said high tension coil
      comprises a high frequency transformer.
NUM  4.
PAR  4. An ignition system as claimed in claim 1, in which said mono-stable
      multi-vibrator includes a C.R. circuit to extend the duration of the
      trigger signal to be applied to the switching element longer as much as
      defined by a time constant thereof.
NUM  5.
PAR  5. An ignition system for internal combustion engines, which comprises:
PA1  an internal combustion engine;
PA1  a single generating coil provided in an electric generator which is rotated
      in synchronization with said internal combustion engine and which provides
      an alternating current voltage output;
PA1  a capacitor connected to said generating coil, so as to be charged and
      discharged by an output of said generator which is developed over the
      generating coil;
PA1  a thyristor connected in parallel with said generating coil and with said
      capacitor for controlling the charge and discharge of the capacitor;
PA1  a switching element controlling means for controlling the operating of said
      thyristor, which means includes a Zener diode connected to the control
      electrode of said thyristor for minimizing the variation of the operating
      voltage of said thyristor and a diode connected to said generating coil so
      as to control the operation of said Zener diode; and
PA1  said connections being such that one half wave of said generator output
      voltage flows through said diode connected to said generating coil to
      charge said capacitor, with the succeeding half wave of said voltage not
      flowing through said diode but, when said voltage developed by said
      generating coil exceeds the Zener voltage of said Zener diode, flowing
      through said Zener diode as a trigger signal to the control grid of said
      thyristor to render said thyristor conductive to discharge said capacitor.
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ABST
PAL  In one embodiment, a capacitive discharge ignition system has a charge coil
      and an ignition coil including primary and secondary windings wound on a
      common stator structure. The charge coil is coupled to the primary winding
      of the ignition coil by an SCR and a main capacitor such that the
      capacitor is first charged by the charge coil and then discharged through
      the SCR into the primary winding of the ignition coil when the SCR fires.
      During discharge of the capacitor, the charge coil also supplies current
      to the primary winding of the ignition coil. The SCR may be fired by a
      triggering circuit which includes a capacitor network connecting the gate
      of the SCR to the charge winding and main capacitor or through a breakdown
      effect of the SCR absent the provision of a triggering circuit. The
      circuit arrangement obviates the need for the usual charging diode between
      the charging coil and the main capacitor. Several embodiments of
      triggering circuit for the SCR are disclosed.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates generally to ignition systems for internal
      combustion engines and in particular to improvements in ignition systems
      of the capacitor discharge type.
PAR  In order to reduce the complexity, the number of component parts, the
      package size, and the cost of capacitor discharge ignition circuits,
      various circuit arrangements have been tried in an attempt to improve such
      circuits without sacrificing desired operating performance and
      reliability. In accordance with such objectives, the prior art includes
      various circuit arrangements for charging the capacitor during a portion
      of the engine operating cycle and thereafter discharging the capacitor,
      through an SCR or the like, at a desired time in the engine cycle.
PAR  The present invention is directed to improvments in capacitor discharge
      ignition systems, and particularly, to a capacitor discharge ignition
      system having novel features which result in important advantages over
      prior art capacitor discharge ignition systems. One of these features is
      the utilization of a single winding for both charging the capacitor and
      for providing a trigger signal for the SCR whereby the cost and complexity
      of the system are reduced. Another of these is the provision of an
      ignition coil on the stator structure having the charge/trigger winding so
      that the primary winding of the ignition coil is energized, not only by
      the discharge of the capacitor, but also simultaneously by the magnetic
      field used to induce a charging current in the charge/trigger winding so
      as to increase the power supplied to the spark plug. Another feature is a
      provision in the circuit for resonant charging of the capacitor by which
      substantially maximum potential on the capacitor is attained at the time
      at which the capacitor is discharged so as to eliminate the necessity of
      the usual charging diode for the capacitor. And yet another feature is the
      connection of the charging coil in series with the discharge path for the
      capacitor so that the charge winding current augments the current from the
      discharging capacitor to further improve the potential supplied to the
      spark plug. Further novel features involve the construction and
      arrangement of the magnetic circuit structure via which the system is
      energized and various triggering circuits for the SCR through which the
      capacitor is discharged into the primary of the ignition coil. By virtue
      of the several embodiments of the invention disclosed herein, a capacitor
      discharge ignition system can provide excellent performance over a wide
      range of engine speeds without the complexity generally associated with
      prior capacitor discharge ignition systems. Thus, a system according to
      the present invention may be economically constructed and compactly
      packaged for use with many types of engines, for example, single cylinder
      gasoline engines such as are used in power lawn motors, etc. Further
      advantages and features of the invention will be seen in the ensuing
      description and claims which are to be taken in conjunction with the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings illustrate preferred embodiments of capacitor discharge
      ignition systems according to the present invention and in accordance with
      the best mode presently contemplated for carrying out the invention.
PAR  FIG. 1 is an electrical schematic diagram of a first embodiment of a
      capacitor discharge ignition system according to the present invention.
PAR  FIG. 2 is an electrical schematic diagram of a second embodiment of the
      invention.
PAR  FIG. 3 is an electrical schematic diagram of a third embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, a capacitor discharge ignition circuit 10 according to the
      present invention is employed with an internal combustion engine 11.
      Circuit 10 includes a stator assembly 12 mounted on the housing of engine
      11 adjacent the periphery of a rotating element such as the engine
      flywheel 16. A north magnetic pole 18 and a south magnetic pole 20 are
      arranged on flywheel 16 for rotation therewith past stator 12 as indicated
      by the arrow 21. As flywheel 16 rotates past the stator 12, the magnetic
      flux existing between poles 18 and 20 passes through stator 12 to produce
      a time varying magnetic flux waveform in stator 12 in accordance with
      principles well known in the art. However, as will be seen in greater
      detail hereinafter, the particular way in which poles 18 and 20 are
      arranged and constructed relative to stator assembly 12 and the specific
      construction of the stator constitute inventive features of the present
      disclosure resulting in improved performance of a capacitor discharge
      ignition system.
PAR  Stator assembly 12 comprises a U-shaped core 22 having legs 22a and 22b. An
      ignition coil 24 comprising a primary winding 24p and a secondary winding
      24s is wound on leg 22a while a charging and triggering coil 26 is wound
      on leg 22b. Winding 24p comprises terminals 24p' and 24p" and winding 24s,
       terminals 24s' and 24s". Coil 26 comprises terminals 26' and 26".
      Terminals 24p", 24s" and 26" are connected to ground G. A spark plug 28 is
      connected between ground and terminal 24s' and hence is across secondary
      winding 24s. (Although a single plug is illustrated, it will be
      appreciated that the invention may be practiced with multiple cylinder
      engines.) Preferably, coils 24 and 26 are wound on stator core 22 such
      that when a voltage is induced in coil 26 which makes terminal 26'
      positive, a voltage is induced in coil 24 which makes terminal 24p'
      negative.
PAR  Circuit 10 further includes the following elements: an SCR 30, a capacitor
      32, a resistor 34, a capacitor 36 and a capacitor 38. Capacitor 32
      comprises a terminal 32a which is connected via a lead 40 to terminal 26'
      and a terminal 32b which is connected by a lead 42 to ground G. Hence
      capacitor 32 is connected directly across coil 26. SCR 30 comprises an
      anode terminal 30a, a gate terminal 30g and a cathode terminal 30c. Lead
      40 connects terminal 30a with terminals 32a and 26'. In accordance with an
      important aspect of the present invention, the remaining circuit elements
      34, 36 and 38 constitute a triggering circuit for triggering SCR 30 from
      coil 26. Resistor 34 and capacitor 36 are connected in parallel with each
      other. Terminal 34a of resistor 34 and terminal 36a of capacitor 36 are
      connected via lead 40 with terminals 30a, 32a and 26'. Terminal 34b of
      resistor 34 and terminal 36a of capacitor 36 are connected via a lead 44
      with terminal 38a of capacitor 38 and gate terminal 30g of SCR 30.
      Terminal 30c of SCR 30 and terminal 38b of capacitor 38 are connected via
      a lead 46 to terminal 24p'.
PAR  Circuit 10 operates as follows. As flywheel 16 rotates, magnets 18 and 20
      create a time varying magnetic flux in stator core 22. This time varying
      flux induces a voltage in coil 26 whose waveform includes positive
      polarity output which appear at terminal 26'. Thus with one magnetic pole
      pair on flywheel 16 (as illustrated in the drawing) one such positive
      pulse is generated for each revolution of the flywheel and in this way,
      the output waveform at terminal 26' includes reptetitive pulses of
      positive polarity. Since capacitor 32 is coupled directly across coil 26,
      current flows from coil 26 in response to an initial portion of each
      positive pulse to charge capacitor 32. The aforementioned triggering
      circuit causes a triggering signal to be applied to gate terminal 30g in
      response to each positive pulse from coil 26. Capacitors 36 and 38
      constitute a voltage dividing network for dividing the voltage output of
      coil 26 (i.e. the voltage across capacitor 32) and supplying a selected
      fraction of this voltage to the gate 30g of SCR 30. Capacitors 36 and 38
      are selected such that when the desired voltage has been developed across
      capacitor 32, a sufficient voltage is applied by capacitor 38 across the
      gate-cathode of SCR 30 which causes the SCR to be triggered into
      conduction. Thus, capacitor 38 discharges across the gate-cathode junction
      of SCR 30 to trigger discharge of capacitor 32 into the ignition coil.
      Since the voltage applied to the gate of the SCR will be of similar
      waveform to the voltage waveform across capacitor 32, the requisite gate
      triggering voltage for turning on SCR 30 can be reached earlier in the
      waveform across capacitor 32 by increasing the capacitance of capacitor 36
      relative to the capacitance of capacitor 38. Similarly, SCR 30 will be
      triggered later relative to the output waveform across capacitor 32 by
      increasing the capacitance of capacitor 38 relative to that of capacitor
      36. In this way, the spark at plug 28 can be advanced or retarded relative
      to the operating position of the engine. The advantage of the capacitive
      voltage dividing network is that hard triggering of SCR 30 is afforded and
      response is improved over triggering circuits which have softer triggering
      characteristics. Although resistor 34 is preferred to lend a certain
      stability to the system, the basic triggering circuit is essentially
      determined by the characteristics of capacitors 36 and 38. It is
      contemplated, however, that slight modifications may be made such as
      adding additional resistance in the triggering circuit to tune the system
      in for optimum performance to match the characteristics of the specific
      charging and triggering coil of the ignition system.
PAR  When the triggering signal is applied to gate terminal 30g for rendering
      SCR 30 conductive, capacitor 32 and coil 26 are both immediately used to
      energize primary winding 24p. Thus, it is desirable for the gating signal
      for turning on SCR 30 to be generated while the voltage pulse at terminal
      26' still has an appreciable magnitude for supplying current from coil 26.
      With SCR 30 having been triggered into conduction, capacitor 32 discharges
      into primary winding 24 and current also flows from coil 26 into primary
      winding 24p. Also the voltage being presently induced in winding 24p by
      the changing magnetic flux in core 22 creates an additional component of
      current flow in primary winding 24p. Hence, it will be appreciated that a
      rapid change in magnetic flux in core 22 is created and this in turn
      generates a voltage in secondary winding 24s which causes spark plug 28 to
      fire.
PAR  The above enumerated advantages of the invention can now be fully
      understood. Since the same polarity pulse is used both to charge capacitor
      21 and to trigger discharge of the capacitor by firing SCR through the
      triggering circuit, coil 26 can be wound on stator 22 as a single
      continuous winding, being wound in the same sense throughout its length
      and without the need of intermediate tapping. Moreover, circuit 10
      requires a relatively small number of individual circuit components and
      this renders the invention suitable for compact packaging and economical
      manufacture. It will be noted in this regard also that the only solid
      state semiconductor which is required in the single SCr 30. It has also
      been found, contrary to expectations, that omssion of the usual charging
      diode provides improved circuit performance while at the same time
      reducing system cost. Heretofore, typical embodiments of capacitor
      discharge ignition systems had a charging diode interconnected between the
      charging coil and the capacitor. The charging diode prevented the
      accumulated charge on the capacitor from discharging back into the
      charging coil before the capacitor was discharged into the ignition coil.
      By omitting this diode, it has been found that a greater charge can be
      developed on the capacitor through what is believed to be a resonant
      effect. Although specific system construction will necessarily depend upon
      the particular system requirements, this resonant effect is developed
      primarily by the charging coil and capacitor constructions. Since specific
      construction values are difficult to mathematically derive in view of the
      harmonic content which typically characterizes the magneto output
      waveform, it is suggested that specific construction values for the
      charging coil and capacitor may be determining empirically. Desirably, the
      circuit is constructed so that the capacitor discharges into the ignition
      coil when the maximum charge is developed on the capacitor. A further
      benefit can be obtained by using a relatively high impedance primary
      winding 24p which tends to reduce the primary current. With the reduced
      primary current, a smaller, and hence less expensive, SCR can be used in
      the system. Moreover, the relatively high impedance of primary winding 24p
      benefits low speed operating performance by enhancing ringing in the
      circuit during firing of the plug.
PAR  In accordance with a modified form of the invention, it is possible to
      eliminate the triggering circuit for SCR 30 and to fire the SCR by means
      of breaking down the SCR with the potential applied to the anode terminal
      30a. In this form, resistor 34, capacitor 36 and capacitor 38 are
      eliminated. Preferably, SCR 30 is selected to break down slightly before
      or at the maximum value of each positive output pulse from coil 26. With
      this type of firing for SCR 30, the circuit complexity is even further
      reduced and the circuit becomes even more economical. It has also been
      discovered that another type of breakdown device such as a spark gap will
      function satisfactorily, hence eliminating the need for any solid state
      device.
PAR  A further inventive feature of circuit 10 involves the way in which poles
      18 and 20 are arranged and constructed relative to stator assembly 12. It
      will be observed in FIG. 1 that poles 18 and 20 are arranged and
      constructed in relation to stator 12 such that a first imaginary radial
      line circumferentially bisecting the radially outer face of pole 18 and a
      second imaginary radial line circumferentially bisecting the radially
      outer face of pole 20 have a smaller angular separation than do a third
      imaginary radial line circumferentially bisecting the radially inner face
      of leg 22b and a fourth imaginary radial line bisecting the radially inner
      face of leg 22a. In other words, the angular separation between the
      midpoints of legs 22a and 22b as measured circumferentially across the
      stator gap is greater than the angular separation between the midpoints of
      the two poles 18 and 20. It has been found that by increasing the
      circumferential separation of legs 22a and 22b relative to the
      circumferential separation of poles 18 and 20, as illustrated by way of
      example in FIG. 1, spark retard at higher engine rpms is avoided. Hence
      the particular construction of stator assembly 12 relative to poles 18 and
      20 has the advantage of stabilizing to some extent the timing of the
      ignition spark.
PAR  A further benefit is attained by constructing the rotor magnet of a
      relatively high flux level magnetic material such as smarium cobalt. The
      use of a smarium cobalt magnet has been found to provide very desirable
      operating performance. It is preferable to provide a magnetic circuit with
      a minimum of stray flux paths when smarium cobalt is used for the magnetic
      material.
PAR  FIG. 2 discloses another embodiment of the invention wherein like
      components from FIG. 1 are identified by like numerals. (Details of the
      structure of stator assembly 12 are not repeated in FIG. 2; hence coils 26
      and 24 are only schematically illustrated.) In the circuit of FIG. 2, it
      will be observed that resistor 34 and capacitor 36 are omitted, and hence,
      that energy for triggering of SCR 30 is derived from primary winding 24p.
      In order to provide suitable triggering for SCR 30, a resistor 48 connects
      in parallel with capacitor 38, and a resistor 50 connects from gate 30g to
      ground G. Thus resistor 50, capacitor 38 and resistor 48 are across
      primary winding 24p and develop a suitable triggering signal for SCR 30
      from the voltage induced in winding 24p by the revolving rotor. The effect
      of the various resistive and capacitive elements 38, 48 and 50 on the
      triggering of SCR 30 can best be summarized as follows. Assuming for the
      moment that capacitor 38, resistor 48 and resistor 50 are not electrically
      connected in circuit, SCR 30 will fire via a breakdown 350-for engine
      speeds as low as about 35014 400 rpm. When resistor 50 is added, SCR 30
      can fire at engine speeds as low as about 100 rpm. By further adding
      capacitor 38, the lowest engine speed at which SCR 30 will fire is even
      further reduced to approximately 50 rpm. The provision of resistor 48
      keeps the spark from retarding at very high engine rpm. Furthermore, it
      has been observed that the kilovolt output of spark plug 28 is
      substantially increased at these relatively low engine rpm, and it is
      believed that this may be due to a ringing effect provided by the
      capacitor. Thus it can be seen that with the appropriate selection of
      specific circuit component values, desired operational circuit performance
      for small gasoline engine ignition system applicable can be attained with
      a minimum of circuit complexity. As mentioned earlier, it is preferred to
      empirically determine specific component values for a given application.
PAR  In certain instances, it may be desirable to include a charging diode 52
      and a capacitor 54 (shown in phantom in FIG. 2) either singly or in
      combination in the circuit. As illustrated in the drawing, charging diode
      52 would be connected between charge coil 26 and capacitor 32, and
      capacitor 54 would be connected in shunt with resistor 50. While diode 52
      would now necessarily prevent capacitor 32 from discharging back through
      charge coil 26 were SCR 30 not triggered in accordance with the resonant
      charging aspect of the invention described above, it is not the purpose of
      diode 52 to prevent such discharge. Rather, diode 52 is included to
      alleviate the effects of spikes which may occur in the output waveform
      developed across coil 26. The reason for including diode 52 is because
      with certain stator and rotor constructions, it has been observed that the
      output waveform of the charging coil can contain multiple spikes which may
      not be desirable. It has been found that the number of excess spikes
      (i.e., spikes in excess of one for single cylinder engines) can be
      minimized or eliminated by incorporating diode 52 and/or by changing the
      resistance of resistor 50. It has been found that increasing the
      resistance of resistor 50 helps to minimize the number of excess spikes.
      However, the resistance of resistor 50 necessary to provide proper
      operation of the circuit at high engine rpm was found to be too small to
      eliminate these spikes. By including capacitor 54, the number of extra
      spikes is minimized since the value of resistor 50 can now be increased to
      reduce the number of excess spikes while providing properly timed
      triggering action. At lower engine rpm, capacitor 54 provides enhanced
      voltage to the gate of SCR 30. Thus both diode 52 and capacitor 54 can
      improve performance in some instances.
PAR  In FIG. 3, a further embodiment of the invention is disclosed. In this
      embodiment charging coil 26 is omitted and primary winding 24p alone is
      used both for charging capacitor 32 and for triggering SCR 30. In this
      circuit, capacitor 32 connects directly across primary winding 24p,
      capacitor 38 connects as above between the gate-cathode of SCR 30 and
      resistor 50 connects from gate 30g to ground G. The anode of SCR 30
      connects to ground. With this circuit, winding 24p energizes both
      capacitor 32 and capacitor 38. When capacitor 38 is sufficiently charged
      to trigger SCR 30, primary winding 24p, capacitor 32 and the series
      combination of resistor 50 and capacitor 38 are effectively
      short-circuited through the anode-cathode circuit of SCR 30. This creates
      a sudden large flux change in ignition coil 24 which fires spark plug 28.
      SCR 30 is turned off on the opposite polarity voltage of primary winding
      24p. With this particular circuit construction the values of the various
      circuit elements are selectable to provide desired circuit operation for
      use with a small internal combustion engine. Alternatively the anode of
      SCR 30 could be connected to the ungrounded side of winding 24p, and the
      cathode of SCR 30 connected to the ground. In this instance the capacitor
      38 will remain connected in the gate-cathode circuit of SCR 30 while
      resistor 50 would remain connected in the anode-gate circuit of SCR 30.
PAR  By way of example the following circuit values have been successfully
      employed in the circuit of FIGS. 2 and 3: capacitor 38, 0.05 microfarads;
      resistor 50, 15 kilohms when not using capacitor 54 and 22 kilohms when
      using capacitor 54; capacitor 32, 0.30 microfarads in FIG. 2 and 2.3
      microfarads in FIG. 3; capacitor 54, 0.0002 microfarads.
PAR  It is to be understood that the foregoing description is that of preferred
      embodiments of the invention. Various changes and modifications may be
      made without departing from the spirit and scope of the invention as
      defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a capacitor discharge ignition system the combination comprising a
      single charging and triggering coil, means for energizing said coil with a
      time-varying magnetic flux to thereby induce a time-varying voltage in
      said coil which voltage includes repetitive pulses of one polarity, an
      ignition coil comprising a primary winding and a secondary winding, a
      spark plug connected across said secondary winding, a capacitor, charging
      circuit means coupling said capacitor with said charging and triggering
      coil for causing said capacitor to be charged by said coil in response to
      an initial portion of each of said pulses, discharge circuit means
      operatively coupling said capacitor with said primary winding so that said
      capacitor can discharge into said primary winding to cause said spark plug
      to fire, said discharge circuit means including a solid state switch
      having first and second terminals via which terminals said capacitor
      discharges into said primary winding when said switch is actuated and a
      third terminal constituting a triggering terminal via which said switch is
      actuated in response to a triggering signal applied thereto, and
      triggering circuit means operatively coupled with said discharge means and
      with said single charging and triggering coil for causing said capacitor
      to discharge into said primary winding in response to a portion of each of
      said pulses occurring after said initial portion thereof, said triggering
      circuit means including a capacitor voltage dividing network connected to
      said coil with said third terminal connected to an intermediate point
      thereof, and a resistor connected in parallel with a portion of said
      capacitor voltage dividing network.
NUM  2.
PAR  2. The combination of claim 1 wherein said capacitor is electrically
      connected across said charging and triggering coil.
NUM  3.
PAR  3. The combination of claim 1 wherein said solid state switch comprises an
      SCR.
NUM  4.
PAR  4. The combination of claim 1 wherein said capacitive voltage dividing
      network comprises a pair of additional capacitors connected in series with
      each other and across said charging and triggering coil.
NUM  5.
PAR  5. The combination of claim 1 wherein said charging and triggering coil and
      said ignition coil are magnetically coupled and arranged such that the
      voltage induced in said primary coil tends to aid the voltage induced in
      said charging and triggering coil.
NUM  6.
PAR  6. The combination of claim 1 wherein said solid state switch comprises an
      SCR and said triggering terminal is the gate terminal of said SCR and said
      capacitor network comprises the series combination of two capacitors
      connected across said first-mentioned capacitor.
NUM  7.
PAR  7. The combination of claim 6 wherein said resistor is connected in shunt
      with one of said two capacitors.
NUM  8.
PAR  8. The combination of claim 7 wherein the anode terminal of the SCR is
      connected to the output of said charging and triggering coil.
NUM  9.
PAR  9. The combination of claim 1 wherein said triggering circuit means is
      arranged to initiate discharge of said capacitor before the magnitude of
      the output pulse begins to decline from its maximum value.
NUM  10.
PAR  10. A capacitor discharge ignition circuit comprising a stator coil, means
      for energizing said coil with varying magnetic flux to thereby induce a
      time-varying voltage in said coil which voltage includes repetitive pulses
      of one polarity, an ignition coil comprising a primary winding and a
      secondary winding, single magnetic core means magnetically coupling said
      primary winding and said stator coil, a spark plug connected across said
      secondary winding, a capacitor, means for charging said capacitor from
      said stator coil for an initial portion of each of said pulses, and means
      for cooperatively energizing said primary winding from both said capacitor
      and said stator coil for a subsequent portion of each pulse to energize
      said secondary winding thereby energizing said spark plug, said single
      magnetic core means and said energizing means being adapted to further
      energize said primary winding in cooperation with the energization of said
      primary winding by said capacitor and said stator coil to enhance the
      energization of said secondary winding and said spark plug.
NUM  11.
PAR  11. The circuit of claim 10 wherein said magnetic coupling of said primary
      winding with said stator coil induces a voltage in said primary winding
      which aids said voltage pulses of said stator coil.
NUM  12.
PAR  12. The combination of claim 10 wherein the initial portion of each pulse
      occurs before the peak amplitude of the pulse.
NUM  13.
PAR  13. In a capacitor discharge ignition circuit the combination comprising an
      ignition coil having a primary and a secondary winding coil, a stator core
      on which said primary and secondary windings are disposed, a magnetic
      structure including a north magnetic pole and a south magnetic pole for
      energizing said primary winding through said stator core with a
      time-varying magnetic flux such that said primary winding generates an
      output waveform which includes repetitive pulses of one polarity, a spark
      plug, a main capacitor, a charge coil also disposed on said stator core
      being energized by said time-varying magnetic flux provided by said north
      and south magnetic poles for energizing said main capacitor, a solid state
      switch means connecting said capacitor to said primary winding, said solid
      state switch means being arranged to conduct current from said capacitor
      to said primary winding in response to a trigger signal and triggering
      circuit means coupling said primary coil and said solid state switch means
      such that said solid state switch means is rendered conductive in response
      to a trigger signal derived from said pulses generated by said primary
      winding upon energization thereof by said time-varying magnetic flux
      provided by said north and south magnetic poles, which trigger signal
      occurs after said capacitor has been energized.
NUM  14.
PAR  14. The combination of claim 13 wherein said solid state switch means is an
      SCR having a gate and said trigger circuit means comprises a circuit
      connecting said primary winding to the gate of said SCR.
NUM  15.
PAR  15. The combination of claim 14 wherein said SCR is rendered conductive
      prior to the latter half of each pulse.
NUM  16.
PAR  16. In a capacitor discharge ignition circuit the combination comprising a
      stator coil, means for energizing said coil with a time-varying magnetic
      flux such that said coil generates an output waveform which includes
      repetitive pulses of one polarity, an ignition coil comprising a primary
      winding and a secondary winding, a spark plug connected across said
      secondary winding, a capacitor connected across said stator coil,
      breakdown means without a trigger connection for breakdown thereof
      connecting a junction of said capacitor and said stator coil to said
      primary winding, said breakdown means being arranged to conduct current
      from said capacitor and said stator coil to said primary winding, said
      breakdown means conducting by breakdown thereof, said breakdown being
      caused by the output pulse from said stator coil reaching a selected
      magnitude sufficient to break down said breakdown means, said capacitor
      discharging into said primary winding in response to breakdown of said
      breakdown means to cause said spark plug to fire.
NUM  17.
PAR  17. In a capacitor discharge ignition system the combination comprising: a
      secondary winding means and a spark plug means connected thereacross, a
      coil means; means for energizing said coil means with a time-varying
      magnetic flux to thereby develop a time-varying electrical output waveform
      across said coil means which waveform includes repetitive pulses of
      similar polarity; a capacitor means; a bi-directional current path means
      coupling said capacitor means with said coil means such that said
      capacitor is charged by said coil means with the voltage across said
      capacitor means tending to follow the output waveform developed across
      said coil means by said time-varying magnetic flux; discharge circuit
      means adapted to be triggered by said pulses from said coil means so as to
      cause discharge of said capacitor means; said coil means, said capacitor
      means and said discharge circuit means being arranged such that said
      capacitor means charges in response to an initial portion of each of said
      pulses, said discharge circuit means is triggered by said pulses from said
      coil means at the end of each of said initial portions of each pulse, said
      secondary winding means being energized in response to discharge of said
      capacitor means to cause said spark plug means to fire.
NUM  18.
PAR  18. The combination of claim 12 wherein said capacitor means is coupled
      directly across said coil means by said bi-directional current path means.
NUM  19.
PAR  19. The combination of claim 18 wherein said discharge circuit means
      includes an SCR.
NUM  20.
PAR  20. The combination of claim 19 wherein the anode-cathode circuit of said
      SCR is coupled in parallel with said capacitor means and with said coil
      means.
NUM  21.
PAR  21. The combination of claim 20 including triggering circuit means for
      triggering said discharge circuit means such that said capacitor means is
      discharged at the end of each initial portion of each pulse.
NUM  22.
PAR  22. The combination of claim 21 wherein said triggering circuit means
      comprises a resistor-capacitor network.
NUM  23.
PAR  23. The combination of claim 22 wherein said resistor-capacitor network
      comprises a resistor element and a capacitor element connected in series
      with each other and across said coil means, and the junction of said
      resistor element and said capacitor element being connected to the gate of
      said SCR.
NUM  24.
PAR  24. The combination of claim 23 including an additional capacitor element
      connected in shunt with said resistor element.
NUM  25.
PAR  25. The combination of claim 24 including an additional resistor element
      connected in shunt with said first-mentioned capacitor element.
NUM  26.
PAR  26. The combination of claim 25 including a charging diode connected
      between said coil means and said capacitor means adapted to suppress the
      effect on said system of spikes in the output waveform of said first coil
      element.
NUM  27.
PAR  27. The combination of claim 22 wherein said resistor-capacitor netowork
      comprises at least one circuit element connected between the gate and
      anode of said SCR and at least one second circuit element connected
      between the gate and cathode of said SCR.
NUM  28.
PAR  28. The combination of claim 27 wherein said at least one second circuit
      element comprises a capacitor element.
NUM  29.
PAR  29. The combination of claim 28 further including a resistor element
      connected in parallel with said capacitor element.
NUM  30.
PAR  30. The combination of claim 17 wherein said means for energizing said coil
      means comprises a smarium cobalt magnet.
NUM  31.
PAR  31. The combination of claim 17 wherein said means for energizing said coil
      means comprises a north magnetic pole and a south magnetic pole arranged
      to sweep past said coil means, said coil means being mounted on a stator
      core comprising a pair of circumferentially spaced legs and wherein the
      circumferential spacing between the midpoints of said north and south
      poles is less than the circumferential spacing between the midpoints of
      said stator core legs.
NUM  32.
PAR  32. In a capacitor discharge ignition system wherein the system operates to
      perform a first function of charging a capacitor; a second function of
      triggering discharge of the charged capacitor; and a third function of
      firing a spark plug in response to discharge of the capacitor; the
      combination with said capacitor of: a coil from which energy is derived to
      perform at least two of said three functions; means for energizing said
      coil with a time-varying magnetic flux to thereby develop a time-varying
      electrical output waveform across said coil which waveform includes
      repetitive pulses of similar polarity; discharge means adapted to be
      triggered in timed relation to each of said pulses for triggering
      discharge of said capacitor; a secondary winding across which the spark
      plug is connected; a bi-directional current path connecting said coil to
      said capacitor for charging said capacitor in response to an initial
      portion of each pulse, said discharge means being triggered at the
      termination of each initial portion of each pulse such that the capacitor
      suddenly discharges, discharge of said capacitor causing a sudden change
      in magnetic flux in said secondary winding to thereby fire the spark plug.
NUM  33.
PAR  33. The combination of claim 32 wherein said capacitor is connected
      directly across said coil.
NUM  34.
PAR  34. The combination of claim 33 wherein said discharge means comprises an
      SCR and including triggering circuit means connected between said coil and
      the gate of said SCR for triggering said SCR into conduction in timed
      relation to each of said pulses to thereby effect discharge of said
      capacitor.
NUM  35.
PAR  35. The combination of claim 34 wherein SCR is connected directly across
      said capacitor and said coil.
NUM  36.
PAR  36. The combination of claim 35 wherein said trigger circuit means
      comprises the combination of a resistor element and capacitor element in
      series with each other across said coil and the junction of said resistor
      and capacitor is connected to the gate of said SCR.
NUM  37.
PAR  37. The combination of claim 36 wherein said capacitor element is connected
      between the gate-cathode of said SCR and said resistor is connected
      between the anode-gate of said SCR.
NUM  38.
PAR  38. The combination of claim 37 including an additional capacitor element
      connected in shunt with said resistor element.
NUM  39.
PAR  39. The combination of claim 30 wherein said discharge means includes an
      SCR and including triggering circuit means coupling said coil to the gate
      of said SCR for triggering said SCR into conduction in timed relation to
      each of said pulses to thereby effect discharge of said capacitor.
NUM  40.
PAR  40. The combination of claim 37 wherein said triggering circuit means
      comprises a first resistor connected in series with the parallel
      combination of a second resistor and a capacitor element, said series
      combination being connected across said coil and the junction of said two
      resistors and said capacitor element being connected to the gate of said
      SCR.
NUM  41.
PAR  41. The combination of claim 39 wherein said triggering circuit means
      comprises a resistor element and a capacitor element connected in series
      across said coil and the junction of said resistor element and said
      capacitor element or is connected to the gate of said SCR.
NUM  42.
PAR  42. The combination of claim 41 wherein said capacitor element is connected
      between the gate-cathode of said SCR and said resistor element is
      connected between the anode-gate of said SCR.
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PAL  An ignition device for an internal combustion engine of the kind having an
      ignition coil comprising a primary winding and a secondary winding, a
      current limiting resistance connected in series with the primary winding
      and a contact breaker, wherein there is provided means which shunt said
      current limiting resistance for a predetermined time at each closure of
      the contacts of said contact breaker.
BSUM
PAR  The present invention relates to an ignition device for internal combustion
      engines, particularly for engines used in motor vehicles, in which the
      ignition circuit has an additional resistance in series with the primary
      winding of an ignition coil, the object of which resistance is to avoid
      over-heating of the coil by limiting the strength of the current which
      flows through it.
PAR  In certain known devices, this additional resistance is shunted when the
      internal combuston engine is started up, and in other known devices at a
      high rotation speed of the engine. Now, whatever may be this speed of
      rotation, such resistance is disadvantageous when the current is
      established in the primary winding of the coils, that is to say when the
      contact breaker is closed, since it substantially limits the current
      passing through the primary winding and considerably diminishes the energy
      of the spark at the spark plugs, and especially at a high speed of
      rotation of the engine.
PAR  The object of the present invention is to provide an ignition device which
      overcomes this disadvantage.
PAR  In accordance with the invention, there is provided an ignition device
      particularly for an internal combustion engine intended for use in motor
      vehicles, comprising an ignition coil, having, on the one hand, a low
      voltage primary winding which is supplied in use by a battery through a
      contact switch, and which is controlled by an ignition key and through an
      ignition contact breaker and, on the other hand, a high voltage secondary
      winding which in use is connected consecutively by means of a distributor
      to the engine spark plugs, a current limiting resistance in series with
      said primary winding of the coil, characterised in that there is provided
      means which shunt said current limiting resistance at each closure of the
      contacts of the ignition contact breaker for a predetermined time.
DRWD
PAR  The description which follows with reference to the accompanying drawings
      will make clear how the invention may be carried out.
PAR  FIG. 1 shows diagrammatically one example of an ignition device according
      to the invention;
PAR  FIG. 2 shows the curves of the variations in strength of the current in the
      primary winding of the coil as a function of time;
PAR  FIG. 3 shows an ignition coil to which is added an example of a timing and
      switching device in accordance with the invention, and
PAR  FIG. 4 is a variation of FIG. 3.
DETD
PAR  The device shown in FIG. 1 comprises, in known manner, a battey 1 which, by
      means of a contactor 18, supplies, on the one hand the starter 2 and, on
      the other hand, an ignition device including particularly the primary
      winding 4 of an ignition coil, an additional resistance 5 and a contact
      breaker 3. There is also provided a timing and switching device which is
      associated with the ignition device.
PAR  This device is constituted in the following manner: The collector of a
      transistor 7 of the NPN type, is connected to the highest potential of the
      resistance 5, and its emitter to the lowest potential of this same
      resistance. The base of this transistor 7 is connected to the collector of
      a transistor 9, of the PNP type. The emitter of this transistor 9 is also
      connected to the highest potential of the resistance 5, and its base is
      connected to the emitter of the transistor 11, of the PNP type, the
      collector of which is connected to the emitter of the transistor 7 by
      means of a resistance 17 in order to avoid earthing. The base of the
      transistor 11 is connected, on the one hand to a diode 12 which is also
      connected to the highest potential of the resistance, and which protects
      the emitter base junction of the transistor 11, and, on the other hand, to
      a resistance 13 also connected to the highest potential of the resistance
      5, and finally to an RC circuit comprising resistance 14 and capacitor 15,
      in series, connected between the primary winding 4 of the coil and the
      contact-breaker 3.
PAR  The base of the transistor 9 is associated with a resistance 10 in order to
      fix the potential of the base when the transistor 9 is blocked, and said
      resistance 10 is connected between the base of the transistor 9 and the
      highest potential of the resitance 5.
PAR  A resistance 16 connected between the base and the emitter of the
      transistor 7 fixes the potential of the base of this transistor when the
      remainder of the device is blocked.
PAR  A Zener diode 6, in parallel with the resistance 5, protects the mounting
      assembly by limiting overvoltages at the terminals of the resistance.
PAR  The operation of this device is then as follows: As soon as the contact
      breaker 3 closes, at time To (see FIG. 2), a current is established in the
      device while the condensor 15 charges, making the amlifying transistor 11
      conducting, which latter controls the switching transistor 9, which has
      itself also become conducting and which supplies the base of the
      amplifying transistor 7, making it conducting and which, thus, shunts the
      resistance 5, at the terminals of which there remains only a minimum
      residual voltage corresponding to the total of the junctions of the two
      transistors 9 and 7. The resistance does not then intervene in the
      ignition device and the current which flows through the primary winding 4
      varies according to the curve a (FIG. 2) until time T1, at which time the
      condensor 15 is charged, blocking the transistor 11 and consequently the
      transistors 9 and 7. Current is thus established in he resistance 5 and
      causes the current which flows through the primary winding 4 to vary
      according to the curve c (FIG. 2). This curve is superimposed on the curve
      b which shows the variations in the current flowing through the primary
      winding 4 when the ignition device does not have the resistance shunting
      device.
PAR  When the contact breaker 3 opens, that is to say at the time T3 (FIG. 2)
      for low speeds of rotation of the engine, and T2 for high speeds of
      rotation of the engine, the condensor 15 discharges and the cycle starts
      again at each closure of the contact breaker 3.
PAR  It will be noted that at high speeds of rotation of the engine, i.e. for
      values of T lower than T1, the resistance is always shunted, the condensor
      15 not having the time to become fully charged.
PAR  When starting, and particularly in the case where there is a large fall in
      the battery voltage, the resistance 5 uselessly decreases the already
      reduced performance of the coil; it is thus useful continually to shunt
      the resistance when starting up. To this end, the diode 8 connected
      between the positive pole of the starter, either 2a or 2b according to the
      starter used, and the base of the transistor 7, causes said transistor to
      become conducting throughout the starting operation, and the other
      elements of the device in this case play no part.
PAR  Another embodiment may be effected by replacing the transistor 11, the
      resistances 10 and 17 by a diode D (shown in broken lines in FIG. 1)
      connected, on the one hand, between the contact breaker 3 and the primary
      winding 4, and, on the other hand, to the negative pole of the condensor
      15, and by a resistance R (in broken lines in FIG. 1) in parallel with the
      RC circuit and the resistance 13, the base of the transistor 9 being
      connected between the diode 12 and the resistance 14. The diode D thus
      avoids the removal of the ignition overvoltage appearing at the primary
      winding of the coil. The operation of this device is similar to that
      described above.
PAR  It is the same for a device comprising only the switching transistor 9, the
      collector of which is connected instead and in place of the emitter of the
      transistor 7, and the base instead and in place of the base of the
      transistor 11. Such a device thus comprises the transistor 9, the Zener
      diode 6, the resistances 13 and R, the diode D and the
      resistance-condensor timing circuit 14, 15. The diode 8 is thus connected
      to the collector of the transistor 9.
PAR  A device which has the same operation consists in adding only one condensor
      in parallel with the resistance 5. This device is economic and although
      giving better results (curve d in FIG. 2) than when the coil and the
      resistance 5 are alone, these results are inferior to those of the devices
      described above.
PAR  An advantage of a timing and switching device as above-described lies in
      the fact that it is small, and that it can be inserted in a housing 19
      fixed on the ignition coil 20 (FIG. 3). Alternatively, said device can be
      mounted in the head of the coil 20.
PAR  In an alternative embodiment, FIG. 4 shows a coil specially designed for
      high speeds, and which more particularly is useful for cars which must
      very often run on motorways. This coil, has, in kown manner, in addition
      to the resistance 5, a resistance 21 (broken lines, FIG. 1) of variable
      resistance, which varies with the temperature and consequently with the
      strength of current which flows through the primary winding of the coil.
PAR  In such a coil, only the resistance 5 is shunted, with the device described
      above, which allows the resistance 21 to act at high speeds when the
      primary current does not have the time to reach its maximum. The
      temperature thus decreases and with it the resistance 21 and the strength
      of the current in the primary winding increases, increasing the energy of
      the ignition spark.
PAR  It is understood that numerous modifications may be made to the devices
      described above, without however exceeding the scope of the invention,
      such as, for examle, the transposition of the respective positions of the
      resistance 14 and of the condensor 15.
CLMS
STM  I claim:
NUM  1.
PAR  1. An ignition device for an internal combustion engine comprising: a
      contact breaker;
PA1  an ignition coil having a low voltage primary winding adapted to be
      connected to an electrical battery through said contact breaker; and
PA1  a high voltage secondary winding adapted to be connected consecutively to
      engine spark plugs through a distributor;
PA1  a current limiting resistance connected in series with said primary
      winding; and
PA1  electronic means connected in parallel with said resistance for shunting
      out said resistance for a specific predetermined time interval of the
      total time of closure of said contact breaker, independently of ambient
      temperature and engine speed.
NUM  2.
PAR  2. An ignition device as claimed in claim 1 wherein said electronic
      shunting means consists of a timing circuit and a switching mechanism and
      is adapted to shunt-out said current-limiting resistance for a
      predetermined period of time following closing of said contact breaker.
NUM  3.
PAR  3. An ignition device as claimed in claim 2 wherein said shunting means
      comprises a diode connected in parallel with said current-limiting
      resistor, and
PA1  a network also connected in parallel with said current-limiting resistor,
      said network consisting of at least one transistor and at least one
      resistor.
NUM  4.
PAR  4. An ignition device as claimed in claim 2 comprising a housing secured to
      a metallic fixing collar provided on said ignition coil for said
      electronic shunting means.
NUM  5.
PAR  5. An ignition device as claimed in claim 1 comprising a temperature
      responsive resistance in series with said current-limiting resistance.
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ABST
PAL  A heat engine comprises at least one recycling cylinder having a relatively
      high compression ratio, at least one motive cylinder having a relatively
      low compression ratio and means for passing exhaust gases from said at
      least one motive cylinder to said at least one recycling cylinder, said at
      least one recycling cylinder providing motive power only during starting
      operation of the engine.
BSUM
PAR  The present invention relates to multicylinder heat engines.
PAR  An object of the invention is to reduce pollution produced by multicylinder
      heat engines.
PAR  It is known that heat engines generate a substantial amount of pollution
      during starting operation because of misfiring caused by inadequate
      control of the enrichment and by unsatisfactory combustion of the heavy
      fraction of the fuel especially when the ambient temperature is low. Thus
      it is desirable that heat engines especially diesel engines should have a
      high compression ratio. However, a high compression ratio runs counter to
      the reduction in the combustion pressures and also does not serve to
      reduce emissions of nitrogen oxides.
PAR  It is known, on the one hand, that the generation of nitrogen oxides is
      reduced if a low compression ratio is adopted. However, a low compression
      ratio is disadvantageous in particular for starting a diesel engine, but
      the effects of a low compression ratio during starting operation may be
      overcome by an increase in the intake temperature. It is equally known
      that the recycling of 15 percent of the exhaust gases reduces the nitrogen
      oxides emitted by 50 percent, provided that the exhaust gases are fed in
      again whilst cold. A difficulty is encountered in recycling exhaust gases
      which difficulty consists in devising an external radiator circuit
      remaining efficient over long periods despite deposits of soot and other
      combustion products.
PAR  In accordance with the present invention a multicylinder heat engine
      comprises at least one recycling cylinder having a high compression ratio
      wherein the exhaust gases of the other cylinders are transferred in the
      opposed direction, the recycling cylinder generating a motive action
      during the starting operation only.
PAR  In operation of the engine of the invention, unburnt hydrocarbons are
      recovered from the exhaust gases thereby assisting starting operation, a
      fraction of the exhaust gases, after cooling, are recycled, and the
      production of nitrogen oxides is reduced because of the relatively low
      compression ratio of the motive cylinder or cylinders.
DRWD
PAR  The invention is further described below by way of example with reference
      to the accompanying drawings, wherein:
PAR  FIG. 1 is a diagrammatic plan view of a multicylinder diesel engine
      according to the invention;
PAR  FIG. 2 is a diagrammatic plan view of another engine according to the
      invention;
PAR  FIG. 3 is a diagrammatic plan view of another engine according to the
      invention;
PAR  FIG. 4 is a diagram illustrating graphs in respect of communication between
      the cylinders and the inlet and exhaust manifolds; and
PAR  FIG. 5 is a diagram illustrating graphs in respect of the charge of the
      cylinders as a function of the load.
DETD
PAR  Referring to FIG. 1, a diesel engine comprises six cylinders C.sub.1 to
      C.sub.6. The cylinder C.sub.6 is a recycling cylinder. The cylinders
      C.sub.1 to C.sub.5 are normally operating motive cylinders. The cylinders
      C.sub.1 to C.sub.6 are connected to a common exhaust manifold 2 and to a
      common inlet manifold 6. Exhaust gases 1 discharged from the cylinder
      C.sub.1 to C.sub.5 are ducted into the exhaust manifold 2 and recycled
      into the cylinder C.sub.6 in the opposite direction as shown by arrow 3.
PAR  The transfer in the opposite direction into the cylinder C.sub.6 is
      obtained by means of a different setting of the exhaust and inlet cams as
      compared to the other cylinders C.sub.1 to C.sub.5.
PAR  To exemplify the timing system, the stroke of the piston of the cylinder
      C.sub.6 is shown by the line D.sub.6 in FIG. 4, and the strokes of the
      pistons C.sub.1 to C.sub.5 are shown by the line D.sub.1-5. The continuous
      line E.sub.6 shows the intercommunication between the cylinder C.sub.6 and
      the exhaust manifold 2, and the broken line Ad.sub.6 shows the
      intercommunication of the cylinder C.sub.6 with the outlet of the inlet
      manifold. The continuous line E.sub.1-5 shows the intercommunication
      between the cylinders C.sub.1-5 and the exhaust manifold 2 and the broken
      line Ad.sub.1-5 the intercommunication between the cylinders C.sub.1-5 and
      the inlet manifold 6.
PAR  If the engine shown in FIG. 1 were a conventional diesel engine it would
      have a compression ratio X. However, the cylinder C.sub.6 has a
      compression ratio X.sub.6 &gt; X and the other cylinders C.sub.1-5 have a
      compression ratio X.sub.n &lt; X. For example, if X is 17, X.sub.6 may be 20
      and X.sub.n may be 15.
PAR  No fuel is supplied to the cylinder 6 apart from the unburnt fuel in the
      exhaust gases discharged from the cylinders C.sub.1-5 and supplied to the
      cylinder C.sub.6.
PAR  The engine shown in FIG. 1 will normally not comprise an injector device
      associated with the recycling cylinder C.sub.6. However, an injector 4 may
      be incorporated at the level of a recycling outflow passage 5 connected to
      the intake manifold 6 feeding the cylinders C.sub.1 to C.sub.5. This
      arrangement of the injector 4 renders it possible to perform the
      fumigation of the intake flow by injection, preferably in counterflow,
      into the flow of gas recycled at appropriate temperature.
PAR  The fumigation flow may easily be adjusted in the case of the in-line
      injection pump, by correctly establishing the geometrical features of the
      pump piston. As a modification the recycling cylinder C.sub.6 may retain
      its injector, like the motive cylinders C.sub.1 to C.sub.5.
PAR  FIG. 5 shows a graph in which the charge .theta. is plotted on the abscissa
      and the injected flow Q is plotted on the ordinate. The line A shows the
      flow injected into the cylinder C.sub.6 as a function of the charge. The
      curve B shows the flow injected into the cylinders C.sub.1 to C.sub.5.
PAR  As apparent, the flow of the cylinder C.sub.6 (line A) varies in inverse
      proportion to that of the motive cylinders C.sub.1 to C.sub.5 (line B) to
      establish the overcharge flow promoting the starting operation (area shown
      by hatching), and so that its flow is cancelled as soon as one-half charge
      is exceeded in the other cylinders C.sub.1 to C.sub.5, for example.
PAR  A heat balance is thus obtained by heating the charging induction flow,
      which restricts the surplus of air and prevents the discharge of unburnt
      hydrocarbons in the exhaust from the motive cylinders without altering the
      filling rate under high load, at which the absence of an injection into
      the recycling cylinder C.sub.6 gives rise to the fundamental cooling cycle
      affecting the oxidized gases recycled whilst being cold to reduce the
      generation of nitrogen peroxide.
PAR  In this case, the recycled fraction does not reduce the filling rate,
      because it forms the oxidized complement to the charge of motive fluid
      progressing into the cylinder in replacement of the normal surplus of air
      which lies at the root of the generation of nitrogen oxides by the
      presence of too much free oxygen.
PAR  A butterfly valve 7 is situated at the outlet from the exhaust manifold in
      accordance with the known system for increasing the engine-braking action.
PAR  Upstream of the points of supply to the normally operating cylinders
      C.sub.1 to C.sub.5, the inlet manifold 6 has a node 8 at which the mixing
      of fresh and of the recycled exhaust gas is performed, with or without
      fumigation. The engine may be supercharged by means of a compressor 9
      driven by a turbine 10 which is itself driven by means of the exhaust
      gases. The recycling system does not affect the external supercharging
      circuit, since it is internal to the engine.
PAR  In the case of the supercharged diesel engine, the elimination of one
      motive cylinder which provides a recycling cylinder C.sub.6, may be made
      up in respect of the rated performance figures of the engine by a higher
      degree of supercharge rendered acceptable by the lower volumetric
      compression ratio of the power cylinders C.sub.1 to C.sub.5, the ease of
      starting being safeguarded by the initial action of the recycling cylinder
      having a high compression ratio.
PAR  The exhaust throttle 7 is closed when starting, so that the cylinder
      C.sub.6 receives the exhaust from the cylinders C.sub.1-5. The initial
      misfires exhausted from the cylinders C.sub.1-5 are rich in light fuel
      fractions and form an excellent starting charge.
PAR  The ignition of this starting charge is assisted by the high compression
      ratio of the recycling cylinder and by its supercharge into the passage 5.
PAR  After the combustion of the initial charge, which represents the sole case
      of motive operation of the recycling cylinder C.sub.6, the starting speed
      is increased thanks to its impulsion. The combusted initial charge is
      exhausted into the inlet of the inlet manifold and heats the air intended
      for the five normal cylinders C.sub.1-5 thereby ensuring their ignition,
      that is to say the replacement of the unburnt mixture by burnt gases in
      the exhaust manifold from which the recycling cylinder continues to draw
      its supply.
PAR  In normal operation, the recycling cylinder C.sub.6 recycles, meters and
      cools a fraction of the exhaust of the 5 motive cylinders C.sub.1-5.
PAR  The quantity of exhaust gases recycled is inversely proportional to the
      temperature of the exhaust gases. In the case in question:
      ##EQU1##
      amounting say to 7 to 10 percent for an exhaust temperature T varying from
      600.degree. to 300.degree.C at full inlet opening. For a petrol engine,
      the quantity of the recycled fraction increases in inverse ratio to the
      induction pressure, and thus to the charge.
PAR  The compression ratio of the recycling cylinder C.sub.6 is sufficiently
      high to obtain a cooling cycle which renders it possible to re-transfer
      the heat contained in the exhaust gas drawn for recycling, to the water.
      Calculation shows that the pressure level and the heat level of the
      cooling cycle come close to those of the engine cycle. The heat balance of
      the engine and the thermal behavior of the recycling cylinder are accepted
      without further modifications, in this case.
PAR  The result thereof is that, upon emerging from the cylinder C.sub.6, the
      recycled flow has been cooled to a temperature close to the inlet
      temperature, and may be reduced even more if appropriate, by injecting
      fuel into the recycled flow from the injector 4.
PAR  In the case of the diesel engine, it is apparent that the low compression
      ratio of the motive cylinders which is rendered possible allows of an
      improvement in durability and in a reduction in the generation of nitrogen
      oxides. Moreover, the starting operation is assisted and the wastage of
      hydrocarbons is reduced. The cooled gases discharged from the cylinder
      C.sub.6, irrespective of the purity of the exhaust, serve as an
      automatically metered charge of inert gas which restricts the generation
      of nitrogen oxides without altering the filling rate of the motive
      cylinders C.sub.1-5.
PAR  The elimination of one motive cylinder in the case of the six cylinder
      engine may be made up by a high degree of supercharging, more easily
      acceptable by motive cylinders having a low compression ratio.
PAR  The recycling cylinder C.sub.6 cannot be taken into account in the
      calculation of the swept volume of the engine. The cylinder C.sub.6 may
      even be deducted by virtue of its reversed flow.
PAR  It should be noted that the mass fraction of recycled gas is approximately
      equal to:
      ##EQU2##
      in which n is the number of recycling cylinders, and N is the number of
      motive cylinders.
PAR  The following values are assumed for a diesel engine, with n/N = 1/5
EQU  at full charge .phi. = 8 percent (T.sub.exhst. = 600.degree.C
EQU  at 1/4 charge .phi. = 12 percent
PAR  It is the action of the decreasing exhaust temperature which increases the
      mass of recycled gas, which is the richer in oxygen, the smaller the
      charge. These findings are valid for both natural induction and
      turbo-super-charged engines.
PAR  For an "explosion" engine (premixing of petrol and controlled ignition)
      .phi. becomes:
EQU  at full opening .phi. .perspectiveto. 7 percent
EQU  0.5 atm. vacuum .phi. .perspectiveto. 15 percent
PAR  It is the action of the diminishing induction pressure which increases the
      mass recycled, consisting of oxidized gas containing little free oxygen,
      which results in an increase in the weight charge of gas in operation at
      each cycle, without lowering the CnHm/O.sub.2 richness, and a correlative
      drop of the exhaust temperature for the higher inlet manifold pressure.
      This may be a factor raising the efficiency at a fractional charge,
      notwithstanding the improvement in the combustion conditions and the
      possibilities of heating by mixing.
PAR  FIG. 2 shows an engine making use of controlled ignition and premixing by
      means of a carburettor 11.
PAR  In the engine shown in FIG. 2, the cylinder C.sub.6 has a higher
      compression ratio and the compression ratio of the other cylinders is
      unmodified. For example, the compression ratio X.sub.6 of the cylinder
      C.sub.6 is 10 and the compression ratio X.sub.n of the other cylinders is
      equal to X which is 7.
PAR  Each cylinder C.sub.1-6 has a respective similarly installed spark plug.
      The spark plug of the cylinder C.sub.6 is indicated by reference numeral
      12.
PAR  FIG. 3 shows an engine making use of indirect petrol injection. The engine
      comprises an injection assembly 13 like that of a similar, but
      conventional engine without a recycling cylinder and wherein may be
      retained the branch associated with the recycling cylinder C.sub.6.
PAR  An injector 14 is associated with the recycling cylinder C.sub.6. The
      injector 14 injects in counterflow at the side of the inlet duct into the
      emergent flow, which contributes to the infeed of atomized fuel the
      emergent flow bears and if possible preheats before it is mixed with the
      inducted air flow whereof the temperature is raised by being mixed with
      the recycled oxidized gases.
PAR  The compression ratio of the recycling cylinder C.sub.6 may be selected in
      such manner that the outflow temperature of the recycled gas undergoing
      the cooling cycle is such that a reheating action of adequate magnitude is
      obtained in the inlet manifold 6.
CLMS
STM  I claim:
NUM  1.
PAR  1. A heat engine comprising at least one recycling cylinder having a given
      compression ratio, at least one motive cylinder having a compression ratio
      less than that of said recycling cylinder and means for passing exhaust
      gases from said motive cylinder to said recycling cylinder, said recycling
      cylinder being operable to provide motive power only during starting
      operation of the engine.
NUM  2.
PAR  2. A heat engine according to claim 1, wherein the engine is a diesel
      engine and the compression ratio of said motive cylinder is optimum for
      operation when the engine is hot.
NUM  3.
PAR  3. An engine according to claim 1, wherein the number of motive cylinders
      is equal to 4 or 5 times the number of recycling cylinders.
NUM  4.
PAR  4. An engine according to claim 1, wherein an exhaust manifold is connected
      to said motive cylinder, a region of the exhaust manifold, which in
      operation of the engine is the coolest region of the exhaust manifold, is
      connected to said recycling cylinder, and the exhaust manifold is provided
      with a shut-off member for causing exhaust gas from said motive cylinder
      to be passed to said recycling cylinder during starting operation of the
      engine, the shut-off member acting as an exhaust brake during normal
      operation of the engine.
NUM  5.
PAR  5. A heat engine according to claim 1, comprising means for passing exhaust
      gas from said recycling cylinder to said motive cylinder.
NUM  6.
PAR  6. A heat engine according to claim 5, wherein said exhaust gas passing
      means comprises an exhaust duct connected to said recycling cylinder, an
      inlet manifold is connected to said motive cylinder and the exhaust duct
      opens into the exhaust manifold at its upstream end in such manner as to
      promote mixing of gas recycled from said recycling cylinder with fresh gas
      supplied to said inlet manifold.
NUM  7.
PAR  7. An engine according to claim 1, wherein a fumigation injector is
      situated in a recycling duct at the outlet of said recycling cylinder.
NUM  8.
PAR  8. An engine according to claim 7, wherein said fumigation injector has a
      jet directed towards the recycling cylinder.
PATN
WKU  039411141
SRC  5
APN  4193334
APT  1
ART  342
APD  19731127
TTL  Cylinder-crankcase structure of cast housing elements connected in series
ISD  19760302
NCL  14
ECL  1
EXA  Anderson; William C.
EXP  Myhre; Charles J.
NDR  3
NFG  6
INVT
NAM  Seifert; Richard
CTY  Friedrichshafen
CNT  DT
ASSG
NAM  Motoren-und Turbinen-Union Friedrichshafen GmbH
CNT  DT
COD  03
PRIR
CNT  DT
APD  19721208
APN  2260142
CLAS
OCL  123195R
XCL  123195H
XCL  123195S
EDF  2
ICL  F02F  100
FSC  123
FSS  195 R;195 S;195 H;52 R;55 R
FSC   92
FSS  146
UREF
PNO  2416045
ISD  19470200
NAM  Chapman
XCL  123195R
UREF
PNO  2740303
ISD  19560400
NAM  Hoffman
OCL  123195R
UREF
PNO  2838038
ISD  19580600
NAM  Seifert et al.
OCL  123195S
UREF
PNO  3768252
ISD  19731000
NAM  Kubisch et al.
OCL  123195H
UREF
PNO  3769953
ISD  19731100
NAM  Kuhn
OCL  123195R
LREP
FRM  Craig & Antonelli
ABST
PAL  A cylinder-crankcase for a multi-cylinder internal combustion engine with a
      V-arrangement of the cylinders, which consists of welded-together cast
      housing elements that are connected in series in a building-block-like
      manner; each of the housing elements includes a cross wall with a bearing
      socket-half for a crankshaft bearing and two cylinder shells for each
      cylinder row, whereby the two cylinder rows are mutually offset by the
      width of a connecting rod bearing and the separating planes of the housing
      elements do not pass through the cylinder centers; the cross wall thereby
      includes an upper boundary which is substantially rectilinear but inclined
      with respect to the center cross plane of the housing element, as viewed
      in plan view, while imaginary lines starting from this boundary and
      extending in the neutral center surface of the cross wall in the direction
      toward the area of the bearing socket are substantially straight lines.
BSUM
PAR  The present invention relates to a cylinder-crankcase for a multi-cylinder
      internal combustion engine with a V-arrangement of the cylinders, which is
      welded together of cast housing-elements connected in series one adjacent
      the other building-block-like, and each of the housingelements includes a
      cross wall with a bearing-socket-half for a crankshaft journal bearing and
      two cylinder shells for each cylinder row, whereby the two cylinder rows
      are mutually offset by the width of a connecting rod bearing and the
      separating planes of the housing-elements do not pass through the cylinder
      centers.
PAR  The cylinder-crankcase for internal combustion engines with a V-arrangement
      of the cylinders (so-called V-engines) have to be so reinforced by cross
      walls that the forces and stresses occurring in operation cannot cause any
      undue deformations of the housing. With V-engines whose cylinder rows are
      offset with respect to one another in order to be able to arrange the
      connecting rod bearings of oppositely disposed cylinders adjacent one
      another on the crankshaft, the vertical and right-angle arrangement of
      cross walls is not possible. The gaps between the cylinders into which the
      cross walls extend toward the outer walls, are no longer disposed opposite
      one another with this cylinder arrangement and the cylinder liners project
      into the crank space interfering with the formation of a plane wall
      configuration.
PAR  For this reason, the cross walls in the known cylinder-crankcase are more
      or less strongly angularly bent in their configuration in order to bridge
      the offset of the cylinder rows and to keep free the installation space
      for the cylinder liners. As a result of this non-uniform wall
      configuration, the forces engaging at the wall cause additional bending
      moments, whence relatively heavy wall thicknesses are required.
PAR  The present invention is therefore concerned with the task to provide a
      welded-together cylinder-crankcase whose housing-elements have each a
      cross wall reinforced in an optimum manner.
PAR  The underlying problems are solved according to the present invention in
      that the cross wall has an upper boundary which extends rectilinearly but
      at an inclination to the center cross plane of the housing-element, and
      that imaginary line starting from this boundary and extending in the
      neutral center surface of the cross wall in the direction toward the area
      of the bearing socket are straight lines.
PAR  In one embodiment according to the present invention, the imaginary
      straight lines starting from the upper boundary and extending in the
      neutral center surface of the cross wall, intersect in a point, namely the
      point of intersection of the median vertical perpendicular to the bearing
      axis.
PAR  In another embodiment according to the present invention, the imaginary
      straight lines starting from the upper boundary and extending in the
      neutral center surface of the cross wall, intersect the center cross plane
      of the housing-element along a circular arc about the bearing axis and the
      bearing axis itself.
PAR  In a further embodiment according to the present invention, the imaginary
      straight lines starting from the upper boundary which extend in the
      neutral surface of the cross wall parallel to one another, intersect the
      center cross plane of the housing-element along a horizontal straight line
      passing through the bearing axis.
PAR  According to a further feature of the present invention, the cross wall
      extends through the median vertical of the housing-element and passes in
      each case between the two adjacent cylinder shells of each cylinder row.
PAR  For the further reinforcement, ribs are arranged according to the present
      invention on the cross wall, which extend rectilinearly from
      reinforcements at the bearing socket for bearing bolts toward
      reinforcements for cylinder head bolts which are arranged between the
      adjacent cylinder shells of each row.
PAR  According to the present invention, a pair of ribs is arranged on each side
      of the cross wall for each cylinder shell and one rib each of a pair is
      coordinated to one of the two reinforcements at the bearing socket.
PAR  The advantages achieved by the present invention reside in particular in
      the fact that by reason of the rectilinear or nearly rectilinear
      configuration of the cross wall in the main force direction between the
      cylinder and crankshaft, an optimum reinforcement of the
      cylinder-crankcase is achieved, in that no bending moments can occur in
      the cross walls which result from the tensional stresses but only pure
      tensional forces can occur, which reduces the danger of uncontrolled
      housing deformations, and in that smaller wall thicknesses can be utilized
      as compared to the prior art construction, which results in a lower weight
      of the cylinder-crankcase and therewith in a lower specific weight of the
      internal combustion engine together with the known advantages resulting
      therefrom.
DRWD
PAR  These and further objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, several embodiments in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a vertical cross-sectional view through a housingelement in
      accordance with the present invention, taken along line I--I of FIG. 3;
PAR  FIG. 2 is a longitudinal cross-sectional view of the housing element
      through the cylinder area taken along line II--II of FIG. 1;
PAR  FIG. 3 is a horizontal cross-sectional view through the cylinder area of
      the housing element in accordance with the present invention, taken along
      line III--III of FIG. 1; and
PAR  FIGS. 4 to 6 are schematic perspective views of various embodiments of the
      cross wall which can be used with the present invention.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, a welded-together
      cylinder-crankcase, which is not illustrated in detail in the drawing, for
      a multi-cylinder internal combustion engine with a V-arrangement of the
      cylinders, consists of several cast housing-elements generally designated
      by reference numeral 11 which are series-connected in a
      building-block-like manner. Each of the housing-elements 11 includes a
      cross wall 12 with a bearing socket half 13 for a crankshaft journal
      bearing and two cylinder shells 14, 15 and 16, 17 for each cylinder row.
PAR  The cylinder rows are thereby offset with respect to one another by the
      width of a connecting rod bearing in order that the connecting rod
      bearings of oppositely disposed cylinders can be arranged adjacent one
      another on the crankshaft. For this reason, the separating planes 22 and
      23 (FIG. 2) of the housing-elements also do not extend through the
      cylinder centers 24, 25, 26, 27 (FIG. 3).
PAR  In order to attain a wall configuration which is as planar as possible and
      as uniform as possible, notwithstanding the fact that the connecting lines
      of the cross wall 12 at the longitudinal walls 29 and 30 (FIG. 1) are no
      longer disposed opposite one another, the cross wall 12 includes an upper
      boundary 19 (FIG. 1) which, as viewed in plan view, extends rectilinearly
      but at an inclination to the center cross plane 21 (FIG. 4) of the
      housing-element 11. Imaginary lines 31 which start from this boundary 19
      and extend in the neutral center surface of the cross wall in the
      direction toward the area of the bearing socket 13, are straight lines. In
      the various embodiments, this boundary 19 is represented as horizontal
      straight line. However, a curvature of the boundary 19 in the vertical
      direction, i.e., curved as viewed in side view is also within the scope
      and purview of this invention.
PAR  In one possible embodiment of the cross wall 12, the imaginary lines 31
      which start from the upper boundary 19 and extend in the neutral center
      surface of the cross wall 12, intersect in a point, and more particularly
      in the point of intersection of the vertical center line or median
      perpendicular 28 with the bearing axis 18 (FIG. 4).
PAR  In another embodiment of the cross wall 12, the imaginary straight lines 31
      which start from the upper boundary 19 and extend in the neutral center
      surface of the cross wall 12, intersect the center cross plane 21 of the
      housing-element 11 along a circular arc 32 extending about the bearing
      axis 18 as well as the bearing axis 18 itself (FIG. 5). This circular arc
      32 is realized with a radius which corresponds appropriately to
      approximately half the diameter of the bearing bore. It is achieved
      thereby that the cross wall 12 adjoins the bearing socket half 13 over the
      entire circumference thereof axially or concentrically and in the center
      with respect to the bearing socket width, that the force introduction
      takes place particularly uniformly and therewith the form-rigidity of the
      bearing socket half 13 is improved.
PAR  In a further embodiment of the cross wall 12, the imaginary lines 31 which
      start from the upper boundary 19 and extend parallelly in the neutral
      center surface of the cross wall 12, intersect the center cross plane 21
      of the housing-element 11 on a horizontal straight line 20 extending
      through the bearing axis 18 (FIG. 6).
PAR  The cross wall 12 extends through the vertical center line or median
      perpendicular 28 of the housing-element 11 (FIG. 1) and passes in each
      case between the two adjacent cylinder shells 14, 15 and 16, 17 of each
      cylinder row (FIG. 3), whereby the cooling water spaces of the individual
      cylinders are separated from one another.
PAR  It is advantageous with this arrangement of the cross wall 12 that by
      reason of the rectilinear configuration of the cross walls or nearly
      rectilinear configuration of the cross walls in the embodiment of FIG. 6,
      which are rectilinear or nearly rectilinear in the main force direction
      between the cylinder and the crankshaft, an optimum reinforcement of the
      cylindercrankcase is achieved. No bending moments occur any longer in the
      cross walls which result from the tensile stresses but only pure tensional
      forces can become effective, whence the danger of uncontrolled housing
      deformations is reduced. Consequently, it is possible as compared to prior
      art constructions to utilize smaller wall thicknesses in the present
      invention, which produces a smaller weight of the cylinder-crankcase and
      therewith a smaller specific weight of the internal combustion engine with
      the known advantages resulting therefrom.
PAR  For the purpose of further reinforcement, ribs 33, 34; 33', 34'; 35, 36;
      35', 36' (FIGS. 1 and 3) are arranged according to the present invention
      on the cross wall 12; these ribs 33, 34; 33', 34'; 35, 36; 35', 36';
      extend rectilinearly from reinforcements 37 and 38 (FIG. 1) at the bearing
      socket 13 for bearing bolts to reinforcements 39 and 40 for cylinder head
      bolts which are arranged between adjacent cylinder shells 14, 15 and 16,
      17 of each row. One pair of ribs 33, 34; 33', 34'; 35, 36; 35', 36' is
      thereby arranged on each side of the cross wall 12 for each cylinder shell
      14, 15, 16, 17 and one rib each of a pair is coordinated to one of the two
      reinforcements at the bearing socket 13.
PAR  While I have shown and described several embodiments in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A cylinder-crankcase structure for a multi-cylinder internal combustion
      engine with a V-arrangement of the cylinders which is welded together of
      cast housing-elements that are connected in series with each other in a
      building block manner, each of the housing-elements including a unitary
      cross wall means having a bearing socket half for a crankshaft bearing and
      two cylinder shell means for each cylinder row, the two cylinder rows
      being offset with respect to one another substantially by the width of a
      connecting rod bearing and the separating plane of the housing-elements
      being offset with respect to the cylinder centers, characterized in that
      the cross wall means includes an upper boundary which, at least in plan
      view, extends substantially rectilinearly and at an inclination to the
      center cross plane of a respective housing element, and in that imaginary
      lines starting from said upper boundary and extending substantially in a
      neutral center surface of the cross wall means in the direction toward the
      area of the bearing socket are straight lines.
NUM  2.
PAR  2. A cylinder-crankcase structure according to claim 1, characterized in
      that said imaginary lines intersect in a point.
NUM  3.
PAR  3. A cylinder-crankcase (structure) according to claim 2, characterized in
      that said point is the point of intersection of a vertical line
      intersecting and perpendicular to the bearing axis of the crankshaft
      bearing.
NUM  4.
PAR  4. A cylinder-crankcase structure according to claim 1, characterized in
      that said imaginary lines intersect the center cross plane of a housing
      element along a substantially circular arc about the bearing axis as well
      as said bearing axis.
NUM  5.
PAR  5. A cylinder-crankcase structure according to claim 1, characterized in
      that said imaginary lines extend substantially parallel in the neutral
      center surface of the cross wall means and intersect the center cross
      plane of a respective housing-element on a substantially horizontal
      straight line extending through the bearing axis.
NUM  6.
PAR  6. A cylinder-crankcase structure according to claim 1, characterized in
      that the cross wall means extends through the vertical center line of a
      respective housing-element and passes through between the two adjacent
      cylinder shell means of each cylinder row.
NUM  7.
PAR  7. A cylinder-crankcase structure according to claim 6, characterized in
      that rib means are provided on the cross wall means which extend
      substantially rectilinearly from reinforcements at the bearing socket
      means for bearing bolts to reinforcements for cylinder head bolts which
      are arranged between adjacent cylinder shell means of each row.
NUM  8.
PAR  8. A cylinder-crankcase structure according to claim 7, characterized in
      that one pair of rib means each is arranged for each cylinder shell means
      on each side of the cross wall means, one rib each of a respective pair
      being coordinated to one of the two reinforcements at the bearing socket
      means.
NUM  9.
PAR  9. A cylinder-crankcase structure according to claim 8, characterized in
      that said imaginary lines intersect in a point.
NUM  10.
PAR  10. A cylinder-crankcase structure according to claim 9, characterized in
      that said point is the point of intersection of a vertical line
      intersecting and perpendicular to the bearing axis of the crankshaft
      bearing.
NUM  11.
PAR  11. A cylinder-crankcase structure according to claim 8, characterized in
      that said imaginary lines intersect the center cross plane of a housing
      element along a substantially circular arc about the bearing axis as well
      as said bearing axis.
NUM  12.
PAR  12. A cylinder-crankcase structure according to claim 8, characterized in
      that said imaginary lines extend substantially parallel in the neutral
      center surface of the cross wall means and intersect the center cross
      plane of a respective housing-element on a substantially horizontal
      straight line extending through the bearing axis.
NUM  13.
PAR  13. A cylinder-crankcase structure according to claim 1, characterized in
      that rib means are provided on the cross wall means which extend
      substantially rectilinearly from reinforcements at the bearing socket
      means for bearing bolts to reinforcements for cylinder head bolts which
      are arranged between adjacent cylinder shell means of each row.
NUM  14.
PAR  14. A cylinder-crankcase structure according to claim 13, characterized in
      that one pair of rib means each is arranged for each cylinder shell means
      on each side of the cross wall means, one rib each of a respective pair
      being coordinated to one of the two reinforcements at the bearing socket
      means.
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ABST
PAL  An engine cover removably secured to the cylinder head of an internal
      combustion engine for housing suction and exhaust valves and a valve
      operating mechanism is provided with an arm which is pivotally connected
      to a stationary support located close to one side of the engine so that
      the cover can be rotated or shifted in the lateral direction.
PARN
PAR  This is a continuation, of application Ser. No. 354,742, filed Apr. 24,
      1973 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a large size internal combustion engine installed
      in a ship, more particularly an engine cover supporting apparatus of an
      internal combustion engine.
PAR  It is necessary to frequently disassemble an internal combustion engine for
      the purpose of inspecting and repairing its various component parts such
      as suction valves, exhaust valves, a fuel injection device, piston, etc.
PAR  To disassemble the engine, first the engine cover is removed and then valve
      operating levers. In a large size internal combustion engine, these
      relatively small component parts must also be handled with an overhead
      crane. Furthermore, such removed component parts must be placed near the
      engine. However, it is impossible to place a large number of the removed
      components parts near the engine in an engine room of a limited space. In
      other words, it is impossible to dismount a large number of component
      parts at a time.
PAR  Moreover, when transporting the dismounted component part to an inspection
      or repair shop, care should be taken not to cause the component parts to
      collide against near obstacles and not to drop oil from the component
      parts. Such transportation requires much labour and cost.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved engine cover which
      can be readily rotated or shifted in the lateral direction to prepare for
      the inspection or repair various component parts of the engine.
PAR  Another object of this invention is to provide an improved engine cover
      which is not required to be moved over a large vertical distance or moved
      to a remote station at the time of disassembling the engine.
PAR  Briefly stated, according to this invention there is provided an engine
      cover removably secured to the cylinder head of an internal combustion
      engine characterized in that an arm is secured to the cover and one end of
      the arm is pivotally connected to a stationary support located close to
      one side of the engine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 shows a diagrammatic side view, partly in section of an engine cover
      mounted in position on the top of a cylinder head;
PAR  FIG. 2 is a similar side view showing the cover held in a removed position;
      and
PAR  FIGS. 3 and 4 show views similar to FIGS. 1 and 2 respectively but
      illustrating another embodiment of this invention.
DETD
PAC   DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In an embodiment shown in FIGS. 1 and 2, a cylinder head 1 of a large size
      internal combustion engine is provided with a suction valve 2, an exhaust
      valve 2a and a fuel injection nozzle 3 on its upper surface. The suction
      and exhaust valves are operated by valve operating levers 7 and 7a. A
      cover consisting of a lower section 4 secured to the cylinder head 1 and
      an upper section 6 connected to the lower section 4 by means of bolts 5 is
      provided to contain the valves and the valve operating levers.
PAR  According to this invention, an arm 9 is connected to one side of the upper
      section 6 by means of bolts 8, for example. The outer end 9a of the arm 9
      is pivotally connected to a bracket 12 which is connected to a stationary
      support 10 by means of bolts 11, the support 10 being shaped to support
      and accommodate the upper section of the cover as shown in FIG. 2. An
      elongated slot 13 is formed at the lower end of bracket 12 to provide a
      lost motion connection with a pin 9b at the end 9a of arm 9. To remove the
      cover, a wire rope 14 hung on an overhead crane, not shown, is connected
      to a hook 15 secured to the upper section 6 of the cover and the upper
      section 6 is disconnected from the lower section 4 by removing the bolts
      5. Thereafter, the wire rope is raised to rotate the upper section 6 in
      the counter clockwise direction about pin 9b thereby supporting the upper
      section by stationary support 10 as shown in FIG. 2. In this embodiment,
      the valve operating levers 7 and 7a are pivotally supported by the upper
      section 6 of the cover so that these levers are also removed together with
      the upper section. In order to prevent damage to the suction and exhaust
      valves, the upper section 6 is raised slightly before rotation. The
      elongated slot 13 permits this.
PAR  Once the upper section of this cover has been rotated in this manner, the
      exposed suction and exhaust valves can be readily inspected. Further, the
      cylinder head 1 can also be removed readily.
PAR  FIGS. 3 and 4 show a modified embodiment for an application where an ample
      space 16 is available on one side of the engine for accommodating the
      covers. In this embodiment, a pin or the roller 9b at the end 9a of the
      arm 9 is placed between a pair of guide rails 12a to be slidable
      therealong. The disconnected upper section 6 is moved to the solid line
      position shown in FIG. 4 from the position shown in FIG. 3. When contained
      in the space 16, the right-hand end of the upper section 6 is supported by
      a shelf 20 thus preventing the upper section from falling down.
PAR  In this manner, according to this invention, it is possible to readily
      remove and rotate or shift the engine cover to a stationary support on one
      side of the engine. Accordingly, it is not necessary to lower the removed
      cover to the floor of the engine room or to transport it to a remote shop.
      Thus, it is not necessary to raise and lower the cover over a large
      distance, thus greatly simplifying the operation of the crane and saving
      the floor space. For this reason, the invention is suitable for use in
      ships or the like where the available space is limited although the
      invention has been shown and described in terms of some preferred
      embodiments thereof it should be understood that many changes and
      modifications will be obvious to one skilled in the art without departing
      from the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an engine, a two part cover secured to the cylinder head of a heavy
      internal combustion engine and adapted to be stored when removed, said
      cover comprising a lower section secured to the cylinder head of said
      engine to surround the suction and exhaust valves, and an upper section
      removably mounted on said lower section and adapted to be stored when
      removed; an operating mechanism of said suction and exhaust valves
      pivotally mounted in said upper section, an arm secured at one end to said
      upper section; means for pivotally securing the other end of said arm to a
      stationary support located close to one side of said engine; and retaining
      means for said upper section for holding said upper section in a stored
      position so as to expose said cylinder head and said valves with said
      retaining means operable for releasing said upper section from said stored
      position to return to its mounted position on said lower section.
NUM  2.
PAR  2. The engine cover according to claim 1 wherein said support comprises a
      bracket secured to a stationary structure.
NUM  3.
PAR  3. The engine cover according to claim 1 wherein said stationary support
      comprises a pair of parallel guide rails and roller means mounted on said
      other end of said arm received between said rails to be slidable
      therealong.
NUM  4.
PAR  4. The engine cover according to claim 1 wherein said bracket includes an
      elongated slot and said arm is connected to said bracket by means of a pin
      extending through said elongated slot.
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ABST
PAL  A gas fired infrared heat generator having certain special features is
      disclosed. The device includes a dead man control valve within the fuel
      line operable from the handle and so arranged that, in conjunction with
      spacer means across the front of the reflector, the gas valve will close
      if the tool is dropped or left unattended on a surface. Multiple couplings
      are provided on the combustion chamber of the device for connecting the
      handle and gas line assembly to either the back of the combustion chamber
      for use of the heater in an upward direction or to one side of the
      combustion chamber for use on other surfaces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to radiant heaters, and more particularly to an
      improved gas-fired infrared heat generator.
PAR  The type of tool to which this invention relates is disclosed in U.S. Pat.
      Nos. 3,040,805, 3,129,749, 3,198,240 and 3,814,573. Such a device
      generally burns a fuel such as propane from a pressurized source mixed
      with air in a combustion chamber which is defined by an inner mantle or
      gas diffuser and an outer grid across the face of the tool. The gas
      diffuser usually comprises a series of overload wire grids of various
      opening sizes which disperse the effluent gas streams so finely that the
      burning actually takes place on and adjacent to the surface of the wire
      grids. A red-hot glow is produced across the grids, and intense infrared
      radiation is emitted therefrom. Generally a reflector enshrouds the face
      of the gas diffuser to directionally intensify the radiant heat given off
      by the tool. The infrared heating tools are used for a variety of purposes
      including paint and wall paper removal and numerous heating, thawing and
      drying purposes.
PAR  Infrared heat generators generally include a manually operable rotatable
      screw-type valve for initiating and regulating the flow of gas into the
      combustion chamber. While this arrangement is very convenient, it can be
      extremely hazardous under certain circumstances. For example, if the
      operator either carelessly leaves the tool burning or suffers a disabling
      attack of some kind while he is operating the tool, the danger of starting
      a fire is very high. This is particularly true with a heavy duty type
      burner which is capable of applying a great deal of intense heat to
      closely positioned objects and structures.
PAR  Another difficulty and often potential hazard encountered with present
      infrared heat generators is that they generally have no provision
      establishing a minimum distance between the diffuser and the work surface,
      except for the limitation proposed by the reflector itself. Because such
      provision is lacking, severe scorches and fires on the work can easily be
      caused by an overzealous operator holding the tool too close to the work
      during, for example, paint stripping or wall paper removal. The sub-visual
      radiant nature of the heat produced often causes an operator to lose sight
      of the high intensity of the heat.
PAR  A less serious difficulty often encountered with many present radiant
      burners is the invasion of their fuel lines and fuel-air mixing chambers
      by insects. The air intake openings of the tool provide access for the
      insects, which typically nest inside the gas line and mixing chamber,
      clogging gas openings and reducing or nullifying the output of the tool.
      Spiders in particular cause a great deal of such trouble.
PAC  SUMMARY OF THE INVENTION
PAR  The improved infrared heat generator of the present invention eliminates
      most of the difficulties and hazards encountered with previous burners.
      Instead of a rotatable screw type fuel valve, the present burner employs a
      spring-loaded, on-off, normally closed "dead man" gas valve adjacent its
      handle so that an operator must apply pressure to the valve to sustain
      fuel flow to the combustion chamber.
PAR  The present infrared generator also includes spacer bars across and
      extending outward from its reflector to maintain a minimum distance
      between the diffuser and the work surface. As indicated above, the
      provision of this spacing means is a significant safety feature. However,
      not only does the spacing means prevent too close proximity of the hot
      mantle with the work, but it also cooperates with the spring-loaded valve
      lever on the handle to prevent depression of the lever and opening of the
      valve when the tool lies at rest on a surface. The protruding spacers and
      the lower end of the handle define the points of contact of the tool lying
      face down on a flat surface. Thus the gas valve handle cannot be engaged
      by such a surface and opened by the weight of the tool to admit fuel to
      the combustion chamber and therefore create a hazardous situation.
PAR  The infrared heater of this invention includes an insect screen
      peripherally disposed around the air intake holes, thereby preventing fuel
      flow difficulties due to the nesting of spiders and other insects.
PAR  Another improvement included in the present infrared generator is the
      provision of multiple couplings for connection of the gas line and handle
      assembly to the mixing chamber, mantle and reflector assembly so that the
      handle can be arranged either parallel or perpendicular to the planes of
      the mantle and reflector and the tool can therefore be used to radiate
      heat either in a lateral or downward direction or in an upward direction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view showing an infrared heat generator of the
      present invention being employed to remove paint from the exterior surface
      of a structure;
PAR  FIG. 2 is a perspective view of the heat generator;
PAR  FIG. 3 is a side view of the heat generator lying face downward on a
      surface; and
PAR  FIG. 4 is an elevational view of the heat generator adapted to direct heat
      upwardly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings, FIG. 1 shows an infrared heater 10 according to the
      invention in position for removing paint from the exterior of a house or
      other structure 11. The heater 10 includes a support bracket 12 for
      hanging the tool on a suuport such as a ladder 13 (shown in phantom)
      during interim periods when the tool is not being operated. Fuel tanks 14
      containing a pressurized fuel gas such as propane deliver the fuel through
      a flexible line 15 to the tool 10. A preset regulator valve 16 is provided
      to supply the correct volume of gas flow to the heater. The operator of
      the tool 10 controls the flow of gas by means of a simple on-off valve as
      described below.
PAR  As best indicated in FIG. 2, the heat generator 10 includes a fuel line 17
      passing through a handle 18, an air intake screen 19, a plenum or mixing
      chamber 21, wire combustion grids 22 and a peripheral reflector 23.
      Forming the lower extremity of the fuel line 17 is a quick-disconnect
      coupling 20 including a swivel joint 20a. The coupling 20 automatically
      shuts off gas flow through the line 15 upon its disconnection. On the
      handle 18 is a dead man valve assembly 24 including a valve plunger rod 26
      of linear throw transverse to the handle 18 and a valve lever 27
      positioned for engagement by the hand of the operator holding the handle
      18. The lever 27 is slotted at its lower end, received by a slide retainer
      27a which maintains alignment of the lever 27 and provides for its smooth
      operation. The valve assembly 24 is spring-loaded so that its normal
      position is closed, with the lever 27 and plunger rod 26 at their maximum
      outward positions. The purpose of the dead man control 24 is to cut off
      the flow of fuel to the mixing chamber 21 and combustion grids 22 when the
      tool is left unattended, thereby substantially reducing the risk of fire.
PAR  Also on the handle 18 is a guard plate 25 for helping protect the
      operator's hand from accidental burns. The plate 25 may additionally be
      used as a stabilizer for supporting the weight of the tool on the
      operator's hand.
PAR  Across the face of the reflector 23, as seen in FIGS. 1 through 4, are a
      pair of bowed metal spacer bars 28 which maintain a minimum distance
      between the hot combustion grids 22 and the surface of the work being
      heated. As FIG. 3 indicates, the lower of the bars 28 cooperates with the
      lower extremity of the handle 18 or the fuel line 17 to prevent the valve
      lever 27 from being depressed by the weight of the tool should the tool be
      positioned face down on a flat surface 29. When the tool 10 is connected
      to the flexible line 16, the valve lever 27 in its off position remains
      well above the surface 29 as the tool rests with its lowermost rigid
      extremity against the surface 29.
PAR  As shown in FIG. 3, the air intake screen 19 comprises a cylindrically
      positioned wire mesh retained by upper and lower flanged plates 20 about
      the fuel line 17, which includes air openings (not shown) therein.
PAR  Also indicated in FIG. 3 are a pair of couplings 31 and 32 for connection
      of the upper end of the fuel line 17 to the plenum or mixing chamber 21.
      In FIGS. 1, 2 and 3, the side coupling 31 is employed, putting the handle
      parallel to the plane of the reflector 23, the rear coupling 32 being
      plugged. FIG. 4, on the other hand, shows the line 17 connected to the
      rear coupling 32 on the mixing chamber 21, placing the handle 18
      perpendicular to the face of the reflector 23 and adapting the tool for
      upward use such as for stripping paint off ceilings. In this instance, the
      coupling 31 is plugged. As the dashed line 33 indicates, the tool 10
      arranged as in FIG. 4 cannot accidentally emit gases or remain burning
      when lying against a surface with its valve lever 27 downward.
PAR  Various other embodiments and alterations to this preferred embodiment will
      be apparent to those skilled in the art and may be made without departing
      from the spirit and scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a gas-fired infrared heat generator including a fuel line for
      connection to a fuel tank, an air intake within the line, a mixing chamber
      connected to the downstream end of the fuel line, a mantle defining a
      forward boundary of the mixing chamber, an outer grid disposed outwardly
      from the mantle, a reflector disposed peripherally about the mantle and
      grid, a handle extending along the fuel line generally parallel to the
      faces of the mantle and the reflector, and a lower extremity adjacent the
      bottom of the handle, the improvement comprising:
PA1  at least one spacer member mounted on the reflector and extending outwardly
      forward therefrom for maintaining the outer grid a predetermined distance
      from an adjacent surface; and
PA1  a spring-biased, normally closed gas valve operably connected into the fuel
      line for preventing the flow of fuel into the mixing chamber when the heat
      generator is unattended, said valve being of linear travel normal to the
      face of the reflector and including a plunger rod extending from a
      position below the reflector and a manually operable, squeezeresponsive
      lever operably connected to the plunger rod adjacent the handle, said
      lever having an outer valve closed position which lies inside a space
      whose outer boundary is defined by a line between the spacer member and
      the lower extremity of the generator adjacent the bottom of the handle,
      whereby said normally closed valve closes and remains closed when the heat
      generator rests face down and unattended against a surface.
NUM  2.
PAR  2. The heat generator of claim 1 wherein the mixing chamber is detachably
      connected to the fuel line and has on its rearward side an alternate
      connection for the fuel line, whereby the faces of the mantle, grid and
      reflector may be oriented perpendicularly to the fuel line and handle, and
      wherein the outer valve closed position of the handle, when the mantle,
      grid and reflector faces are so oriented, lies inside a space whose outer
      boundary is defined by a line between an edge of the reflector and the
      lower extremity of the generator adjacent the bottom of the handle.
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ABST
PAL  The invention disclosed is an improvement in a gas-fired range having a
      burner means supported in a well in the range structure below its top
      surface. An annular plate of a glass-ceramic including integral, plural,
      peripheral downturned legs is supported by the stove well in an overlying,
      spaced relation to the burner means. The glass-ceramic is formed of a
      crystallized glass having thermal coefficient of expansion in the range of
      -12 to +12 .times. 10.sup..sup.-7 /C.degree. over a temperature
      0.degree.-300.degree.C. In its preferred form, the plate is made of a
      glass-ceramic having a thermal coefficient in the -5 to +5 .times.
      10.sup..sup.-7 /C.degree. range over 0.degree.-300.degree.C.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a gas-fired range, a metal grate is conventionally employed to support
      the utensil being heated. The present invention replaces this metal grate
      in the conventional gas-fired range with a plural-legged, imperforate,
      solid plate made of glass-ceramic material having a negative to a zero
      coefficient of thermal expansion. The plate assumes a shape in plan view
      similar to the metal grate, in that it is preferably circular and larger
      in diameter than the gas burner annulus. Ventilation space between the
      range top surface and the glass-ceramic plate perimeter is provided for
      normal combustion; and the top surface of the plate is raised above the
      range top surface.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to glass-ceramic cooktops, and in particular
      to assemblies in a gas-fired range or the like.
PAR  The glass-ceramic cooktop has been adapted to use in the conventional
      electric range. The aesthetic and cleaning properties of such a cooktop
      element have been demonstrated commercially as a successful improvement to
      such a range.
PAR  The present invention has for one of its objects the cooktop of a
      glass-ceramic in a gas-fired range that will operate successfully and be
      easy to fabricate, operate and clean. Since the present invention provides
      such a cooktop of simplicity and aesthetic qualities, it does so without
      the need to alter the combustion system and arrangement of a conventional
      gas-fired range. The cooktop may be adapted to present day enamel top gas
      ranges.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated in a preferred embodiment illustrated on the
      drawings, on which:
PAR  FIG. 1 is a perspective view with parts broken away, of a gas-fired range
      top constructed with plural burner units embodying the invention;
PAR  FIG. 2 is a top plan view of the glass-ceramic plate of the invention to be
      assembled over a gas burner of the range top of FIG. 1;
PAR  FIG. 3 is a sectional elevational view of one of the burner assemblies of
      the invention taken along line 3--3 on FIG. 1; and
PAR  FIG. 4 is a graphic illustration showing a comparison of the heating effect
      of the present invention with other known range tops plotting temperature
      vs. time in a Boiling Water Test, described herein.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, a kitchen gas range top in accordance with the
      present invention is shown at 10. As is conventional, range 10 has four
      burner assemblies 11 thereon. The number of burner assemblies is not
      critical.
PAR  On the burner assemblies 11 there is shown a substantially flat and annular
      plate-like member 12 constructed of a glass-ceramic material having a
      substantially zero to a negative thermal coefficient of expansion. The
      glass-ceramic material is substantially transparent to infrared radiation.
      The member 12 is formed by pressing a quantity of "green" crystallizable
      glass in a mold, a typical glass composition therefore being given
      hereinafter. Member 12 has an annular, planar upper surface 12a that forms
      a plate on the order of 3/16 to 3/8 inch thick. Depending from the lower
      surface 12b of member 12 is a plurality of equally-spaced apart legs 12c
      which are in the form of downwardly dependent lugs. As shown on the
      drawing in dotted outline, FIG. 2, there are 4 such legs 12c at the
      quadrants of a circle. The lower end surface of legs 12c are cast to a
      contoured shape providing a concave segment 12d thereon. The legs should
      be substantial in dimension to support the load applied in use of the
      range for cooking and the like.
PAR  The stove top construction includes the range enamel top surface 13 and at
      the burner locations, a well 14 is formed in annular configuration
      somewhat larger than the plate members 12. The metal well 14 has concaved
      or dished perimeter pan area 15 to form a ring gutter for collecting
      spilled material. The pan 15 terminates in an interior annular lip 16 that
      is turned down in the vertical wall 17 forming an aperture 18 to receive a
      gas burner unit 19. The gas burner 19 is of usual construction, for
      example, it comprises a ring tube 20 with fuel ports 21 through the ring
      and a lower gas chamber 22 connected to the gas supply system providing
      burner controls and air intake. The gas supply terminates into the burner
      at pipe 23.
PAR  The stove burner ignites the gas and issues flame to the undersurface 12b
      of plate member 12. Legs 12c preferably support the plate in the pan 15 at
      the concave segments 12d resting on the annular lip 16 and, thusly, as is
      preferable, the top surface 12a of the glass-ceramic plate 12 is an
      elevation above the level of stove top 13. The raised plate 12 assures the
      placement of the cooking utensil over the best heat area, and provides
      best ventilation for the burner as well as cooling for the plate after
      use. The annular space over well 15 between the burner pan unit and
      perimeter of plate 12 provides adequate venting for the burner. The flame
      of the combustion in burner 19 directs heat onto the plate at lower
      surface 12c.
PAR  The plate member 12 is case from a cryatallizable glass, of which the
      following composition is an example:
TBL                TABLE I                                                     
     ______________________________________                                    
     EXAMPLES OF SUITABLE CRYSTALLIZABLE GLASS COMPOSITIONS                    
     Ingredient                                                                
               Weight Per Cent                                                 
             I       II        III       IV                                    
     ______________________________________                                    
     SiO.sub.2 73.0      75.8      70.6    68.6                                
     Al.sub.2 O.sub.3                                                          
               17.65     16.8      19.7    21.3                                
     Li.sub.2 O                                                                
               4.15      4.44      3.7     4.0                                 
     ZnO       1.7                 1.7                                         
     TiO.sub.2 1.4       1.84      1.7     2.0                                 
     ZrO.sub.2 1.6       1.17      1.5     1.6                                 
     Na.sub.2 O                                                                
               0.1       0.55      0.4     0.4                                 
     Cl.sub.2  0.1                 0.1                                         
     Sb.sub.2 O.sub.3                                                          
               0.3                 0.5     0.3                                 
     K.sub.2 O                     0.2     0.2                                 
     F.sub.2                       0.1                                         
     MgO                                   0.1                                 
     ______________________________________                                    
PAR  The annealing point of glass composition I is about 1320.degree.F.
PAR  The cast or molded part represented at 12 on the drawings is next heat
      treated in a kiln according to a heat treat schedule that follows:
TBL  Temperature          Time or rate                                         
     ______________________________________                                    
     Ambient to 900.degree.F                                                   
                          100.degree.F per hour                                
     Hold 900.degree.F    2 hours                                              
     900.degree.F to 1300.degree.F                                             
                          100.degree.F per hour                                
     1300.degree.F to 1375.degree.F                                            
                          10.degree.F per hour                                 
     Hold 1375.degree.F   24 hours                                             
     1375.degree.F to 1725.degree.F                                            
                          10.degree.F per hour                                 
     Hold 1725.degree.F   24 hours                                             
     1725.degree.F to 1800.degree.F                                            
                          5.degree.F per hour                                  
     Hold 1800.degree.F   6 hours                                              
     1800.degree.F to 1500.degree.F                                            
                          50.degree.F per hour                                 
     1500.degree.F to ambient                                                  
                          150.degree.F per hour                                
     ______________________________________                                    
PAR  A second heat treatment schedule is then provided, as follows:
TBL  Ambient to 1800.degree.F                                                  
                          100.degree.F per hour                                
     1800.degree.F to 2100.degree.F                                            
                          50.degree.F per hour                                 
     Hold 2100.degree.F   6 hours                                              
     2100.degree.F to 1700.degree.F                                            
                          50.degree.F per hour                                 
     1700.degree.F to ambient                                                  
                          300.degree.F per hour                                
PAR  The final crystallized glass product, the plate member 12, is comprised of
      a glass-ceramic which has thermal expansion properties on the order of -12
      to +12 .times. 10.sup.-.sup.7 per degree C over the temperature range
      0.degree.-300.degree.C. The preferred range of coefficient of thermal
      expansion properties is -5 to +5 .times. 10.sup.-.sup.7 per degree C over
      the temperature range 0.degree.-300.degree.C.
PAR  As seen on FIG. 4, the present invention is compared with other forms of
      range in a "boiling water" test. This test is carried out by comparing the
      rate of boiling one cup of water at ambient temperature, i.e. 73.degree.F,
      in a 43/4 inch diameter aluminum pot placed on the stove top burner that
      is undergoing test. The efficiency data in plotting time vs. temperature
      is shown in the graph of FIG. 4. The curves of the graph are labelled
      according to the unit under test, which includes the burner of the present
      invention.
PA1  A = open flame conventional gas burner
PA1  B = the invention using full flame
PA1  C = the invention using half flame
PA1  D = electric calrod 53/4 inch dia. burner
PA1  E = electric calrod 41/2 inch dia. burner
PA1  F = electric full glass-ceramic range top
PAR  The manner of supporting the cooktop in the present invention provides very
      favorable cooling of the surface once the gas burner has been shut down.
PAR  Having disclosed an illustrative embodiment of the invention, it is to be
      understood that the invention is not limited to that precise embodiment
      and that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of the
      invention, as set forth in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a gas-fired range, the combination of a gas burner means supported in
      said range and operable for combustion of a gaseous mixture, a range top
      surface, the burner means being spaced below said top surface, an annular
      semi-torroidal concave well support forming an intermediate ring gutter
      encircling said burner means and terminating at an innermost annular
      downturned rim flange portion defining an annular lip disposed above the
      gutter portion, a glass-ceramic plate member comprising an annular plate
      surface and plural, peripherally spaced, downwardly depending legs on the
      undersurface of said plate, said plate member and plurality of legs
      thereon are integral and formed together as a unit from a crystallizable
      glass material, the lower extremities of said legs each having a contoured
      lower end surface including a conforming concave notch matching said
      annular lip of the well support which cooperates with said lip for
      supporting said plate in stable flat position in an overlying spaced
      relation to said burner means, said legs maintaining the plate member
      elevated above and spaced from the range top surface and in overlying
      spaced relation to said burner means.
NUM  2.
PAR  2. The combination of claim 1, wherein said plate member has a circular,
      flat top surface and said plural legs comprise four legs equally spaced
      apart about the circumference of said plate and disposed radially inwardly
      along the underside of said plate a substantial extent of the radius of
      said circular plate.
NUM  3.
PAR  3. The combination of claim 1 wherein said glass-ceramic material possesses
      thermal coefficient of expansion in the range of -12 to +12 .times.
      10.sup.-.sup.7 per degree C over a temperature range of
      0.degree.-300.degree.C.
NUM  4.
PAR  4. The combination of claim 3, wherein the thermal coefficient of expansion
      of said glass-ceramic material is more particularly characterized in the
      range of -5 to +5 .times. 10.sup.-.sup.7 per degree C over said
      temperature range of 0.degree.-300.degree.C.
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ABST
PAL  A gas-heated hot water reservoir comprising a supply connection for fresh
      water and a discharge connection to an insulated distribution line for hot
      water leading towards a plurality of taps, said reservoir further
      comprising a gasburner and a pilot burner, the latter being positioned
      under a vertical passage through the reservoir with an annular space
      around it, bounded by an insulating wall secured to the bottom of the
      reservoir, an open-ended thin pipe accomodated within the distribution
      line between the annular space and a zone near the farthest tap.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  My invention relates to a hot water supply system comprising a gas-heated
      hot water reservoir consisting of a vessel with a connection for the
      supply of cold water and with an insulated distribution line for hot water
      to be fed to a plurality of taps. Such a system is known in various
      versions and is often used in houses and the like.
PAR  A loss of heat always occurs; this is substantially caused by the
      distribution line and consists of a direct loss, owing to heat transfer to
      the surroundings. A second loss of no less importance is that of water,
      which loss periodically happens when from a certain tap warm water is
      desired and one has to leave the tap running for removing the cooled off
      water first. The disadvantage of the cooled off distribution line will
      particularly be encountered for those taps which are far from the
      reservoir and where only small or intermittent quantities of warm water
      are tapped, like wash bassins in bedrooms and kitchen taps which are
      mostly farthest from the reservoir in the upper store of the house.
PAC  DISCUSSION OF THE PRIOR ART
PAR  One has tried to compensate for the first mentioned losses in the best
      possible way by insulating the distribution line, but a certain cooling
      cannot be avoided. For the losses mentioned in the second place no
      acceptable remedy has been found so far. It has been formerly suggested to
      have the water circulate in the distribution line by means of an electric
      circulating pump in order to compensate for thermal losses. This implies:
      installation costs, maintenance and energy consumption.
DRWD
PAC  SURVEY OF THE DRAWINGS
PAR  FIG. 1 shows a vertical section through a gas-heated hot water reservoir
      with a few parts of an insulated distribution line;
PAR  FIG. 2 is a section according to line II--II in FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The system as shown in FIG. 1 consists of a gas-heated hot water reservoir
      1 in conformity to Netherlands Pat. application No. 74.04175 comprising a
      vessel 2 with a connection 3 for the supply of cold water. A distribution
      line 4 with an insulation 5 is connected to the vessel via a stand pipe 6.
      Only some parts of the distribution line 4 with taps 7 connected thereto
      are shown. A gas burner 8 is mounted underneath vessel 2, which in FIG. 1
      is only partially represented. This burner 8 constitutes the principal
      burner for heating the contents of reservoir 2. In the usual manner a
      pilot burner 9 is arranged serving to safeguard the operation and for
      ignition of the principal burner 8. The combustion air is supplied via a
      feed zone 10 in the proximity of the upper end of the reservoir 1. So far,
      the device corresponds substantially to the device according to the
      aforementioned prior Patent Application.
PAR  The pilot burner 9 is positioned underneath a vertical channel 11 extending
      through vessel 2. In this vessel 2 and around said channel 11 an
      insulating jacket 13 is arranged in spaced relationship from said channel.
      This jacket bears sealingly on the bottom 14 of the vessel, but leaves at
      its upper end a passage 15 in open communication with the remaining
      portions of the vessel. A thin circulation pipe 16 is mounted within its
      distribution line 4. This pipe opens at its upper end into the
      intermediate space 12 and its communication with this space is therefore
      unhampered. The other open end 17 of the pipe 16 is lying in the vicinity
      of the farthest tap 7.
PAR  The effect of the system according to my invention is as follows:
PAR  Due to channel 11 over pilot burner 9, the water in space 12 is heated up
      to 100.degree. C, contrary to the other contents of the vessel 2 with a
      temperature not exceeding a value of 80.degree. C. This means that the
      water in the intermediate space 12 has less weight and causes a pressure
      difference within the height of column 12 of about 12,5 mm watercolumn/m
      height. Water with a temperature of 100.degree. C will therefore rise in
      the intermediate space 12 and consequently such water in circulation pipe
      16 and causing it to move. This results into a suction of water from the
      distribution line 4 to the open end 17 of pipe 16. As a consequence a slow
      flow will occur, beginning at stand pipe 6 and passing through
      distribution line 4, circulation pipe 16 and the intermediate space 12.
      The flow being very slow, an almost identical water temperature will
      prevail at any level within circulation pipe 16 and distribution line 4.
      Difference of weight in water, if any, in distribution line 4 and
      circulation pipe 16 are therefore cancelled at any level, causing negative
      circulation forces to get nearly neutralized.
PAR  The system according to my invention can be considered as a
      thermal-circulation pump in which only resistance of water flowing through
      the distribution line and the circulation pipe need be overcome. An
      important secondary advantage of the invention is that on tapping water at
      one of the taps 7 the circulation pipe 16 operates also as a feeder while
      hot water (100.degree. C) will stimulate a fast heating of the hot water
      distribution line, due to heat exchange.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hot water supply system comprising a gas-heated hot water reservoir
      consisting of a vessel with a connection for the supply of cold water and
      with an insulated distribution line for hot water, a plurality of taps
      spaced along the distribution line, a vertical channel extending through
      the vessel, further provided with at least one gas burner with a pilot
      burner, the latter burner being placed underneath said vertical channel,
      an insulating jacket being mounted in the vessel around the channel in
      spaced relationship therefrom, and forming an annular space therebetween
      this jacket bearing sealingly on the bottom of the vessel, but at the
      upper end leaving a passage leading to the remaining portions of the
      vessel, a thin circulation pipe being arranged within the distribution
      line, which pipe at its one end opens into the annular space whilst the
      other open end is situated near the farthest tap.
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ABST
PAL  Means for introducing and guiding objects such as liquids or instruments in
      cavities or blood vessels in the body of a patient, comprising a cannula
      for insertion in the body at the place where the object is to be
      introduced into the body, a gold chain for insertion into the cannula and
      penetration into the body under the effect of gravity, and a soft,
      flexible catheter of a dimension for passing through the cannula and over
      the flexible member when inserted and for permitting the flexible member
      to be drawn out after insertion of the catheter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to means for introducing and guiding objects in
      cavities or blood vessels in the body of a patient.
PAR  2. Prior Art
PAR  Many methods have been proposed in the past, for inserting catheters into
      the body of a patient. In this connection, there have been used, for
      example, previously primarily bent catheters made of a relatively rigid
      material, which can be straightened or bent at the point thereof with the
      aid of inserted guide means. Catheters have also been guided by
      magnetically influencing the direction in which their point is inserted.
      In connection with cerebral examinations, it is known to insert an object
      straight through the brain tissue and through the ventricles. This often
      results in damage, however.
PAR  Common to all methods known to me is that they do not fulfil all
      requirements associated with selective ventriculography and the study of
      the vascular system, for which much more conformable and guidable
      auxiliary devices are required.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides means for introducing and guiding objects in
      cavities or blood vessels in the body of a patient, a cannula for
      insertion in the body at the place where the object is to be introduced
      into the body, receives a flexible elongated member and penetration into
      the body beyond the cannula under the effect of gravity, and a soft,
      flexible catheter dimensioned for passing radially therebetween to enable
      the flexible member to be drawn out thereafter.
PAR  In use of the means according to the invention, the patient, or that
      portion of the body thereof to be examined, is arranged so as to be
      movable in all directions. A cannula is inserted at the place where the
      object is to be inserted into the body. A flexible chain is introduced
      into the cannula and one end of the chain is fed into the body
      gravitationally, by changing the position of the patient or of the
      examined portion of the body thereof, preferably while visibilizing the
      desired guide direction. Thereafter a soft, flexible catheter is passed
      over the infed chain to the desired length and the chain is withdrawn, out
      of the catheter.
PAR  To facilitate the introduction of the chain into the body, the insertion
      end of the chain may be provided with a soft, rounded weight, for example
      in the shape of an olive, having generally the same thickness as the chain
      but a not too great longitudinal extension. A thin filament of rigid
      material may be attached to the outer end of the chain, for the purpose of
      guiding the catheter as it is fitted over the chain. The insertion of the
      chain can be facilitated, by supplementing the movement of the chain in
      the body due to gravity, with magnetic forces, in which case the chain
      comprises wholly or partially magnetic material. It is also possible to
      use an extremely flexible chain of known type, which can be locked in an
      adopted straight or curved position by means capable of being actuated
      from without. An example of such a chain is one comprising links which
      abut each other, either directly or indirectly, via spherical slide
      surfaces and which are arranged on a central center string which, when
      tensioned with an axial force relative to the row of links, creates an
      increase in the friction between the links and a "locking" of the chain in
      the position adopted thereby. At one or more positions along its length,
      and at least at its insertion end, the chain may be provided with
      radio-opaque points, to facilitate control of the insertion of the
      catheter.
PAR  By the use of a chain to guide a highly flexible object, such as a
      catheter, for insertion into the body, by gravitationally falling into
      body cavities, an advantage is gained in which even sharp bends can be
      followed, without structures or walls being damaged. In the foregoing,
      flexible member object has been referred to as a "chain." Other objects
      which are extremely flexible and which have sufficient weight and
      mechanical strength may be used, for example a catheter which, in
      accordance with the above, has been provided with a weight at the
      insertion end. Such object, or a part thereof, should be made of a
      material having a high specific gravity, however, such as gold.
DRWD
PAC  IN THE DRAWING
PAR  The drawing shows examination of the fourth ventricle of the brain.
DETD
PAC  AS SHOWN ON THE DRAWINGS:
PAR  A cannula 3 is inserted in a hole 1 suitably located in a calvarium 2. By
      placing the patient in a universal inclinable and rotatable chair or the
      like, the skull can be made to assume different positions. The direction
      of the cannula is selected in accordance with that part of the brain to be
      examined, in the illustrated case, approximately in the center line of the
      brain towards the outer auditory duct. The direction of the cannula can be
      controlled by means of X-ray, preferably by means of X-ray television. An
      extremely flexible chain 4 is then inserted in the cannula and falls
      gravitationally against a lateral ventricle. The position of the end of
      the chain, which may be provided with an olive-shaped weight 5, is checked
      by means of X-ray television. Insertion of the chain is controlled by
      small movements of the patient's head, and by changing the position of the
      chair. In order to pass the chain through the foramen of Monro, the head
      is tilted slightly to one side, whereafter it is moved forwards and
      backwards. In order that the fourth ventricle 6 beneath the lesser brain
      can be reached, there is threaded onto the chain an extremely flexible
      catheter 7 provided at least at the insertion end with a radio-opaque
      point to facilitate control i.e. identification of location, by television
      apparatus, so that the catheter reaches to just below the Monro foramen.
      By suitable inclining of the head of the patient, the chain is then moved
      towards the fourth ventricle, whereafter the catheter is fed further along
      the chain. When the chain and the catheter have reached the point
      intended, the chain is withdrawn from the catheter and, for example, an
      injection may be made through the catheter. The introduction of the
      substance injected may be determined by X-ray television, for example the
      cerebro-spinal fluid must first be removed from the catheter.
PAR  Selective ventriculography is thus made possible in a simple manner. It is
      preferred that the catheter and the chain are advanced alternately, the
      latter being guided, thereby to facilitate the continued insertion. The
      chain must be able to move freely in the catheter with a minimum of
      friction, and the catheter must also be able to move freely in the
      cannula.
PAR  The invention may also be applied to advantage for the examination of the
      vascular system, in which the high degree of flexibility of the chain and
      the catheter used makes possible the penetration of said vascular system,
      with sharp curves and branches.
PAR  The invention makes possible the selective examination of particularly
      sensitive portions of the body. One important advantage is, because of the
      controllable insertion of the catheters, much less inserted contrast agent
      need be used than was previously the case, and said body portions can be
      studied without the disturbing influence of cavities of less diagnostic
      importance becoming filled with contrast medium. This provides less risk
      for the patient. Neither are the surroundings of the region which is of
      diagnostic interest shielded in a disturbing manner. Different contrast
      agents, for example liquid and gaseous, can be used simultaneously to fill
      different parts of the cavity being examined. This is particularly
      advantageous in the examination of the vessels of the brain and of the
      meninx when injecting contrast media or other substances.
PAR  The invention may also be applied to advantage for selective contrast
      examination or sampling in the system of body cavities comprising the
      trachea and air-pipes.
PAR  Further, with the aid of the invention, blood vessel examinations can be
      carried out by inserting catheters into the vascular system, for examining
      by injecting contrast medium in desired localities, or by local
      application of foreign systems for therapeutical or diagnostic purposes.
PAR  It is also possible to introduce specially manufactured instruments for
      biopsy of structures in a cavity or of the walls thereof.
PAR  Expecially manufactured instruments may also be used for
      electrophysiological registration from solid substances adjacent cavities,
      or for stimulating such sites chemically or electrically, or for injecting
      a desired substance.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. Means for introducing a catheter into a selected portion of a patient,
      for conducting an object to such portion via the catheter, comprising:
PA1  a. a cannula for insertion into an opening in the patient;
PA1  b. a catheter slidably received in and externally guided by said cannula,
      said catheter having an inner flexible portion projecting inwardly beyond
      said cannula; and
PA1  c. a freely flexible elongated member movable in response to gravity to
      such portion of a patient, and providing internal guidance for said inner
      flexible portion of said catheter, whereby said flexible member is moved
      by gravity through said cannula to the selected portion, then serves as a
      guide for insertion of said catheter to said selected portion, and is then
      removed from the catheter to enable the catheter to pass the object to
      said portion.
NUM  2.
PAR  2. Means according to claim 1, wherein the insertion end of the flexible
      member is provided with a weight which is no thicker than the thickness of
      the flexible member.
NUM  3.
PAR  3. Means according to claim 1, wherein the catheter is made of silicon
      rubber.
NUM  4.
PAR  4. Means according to claim 1, wherein the flexible member is provided at
      its other end with a filament of rigid material for guiding the catheter
      upon passing the same over the flexible member.
NUM  5.
PAR  5. Means according to claim 1, wherein the flexible member is made wholly
      or partially of a magnetic material, whereby the gravitational fall of the
      flexible member may be assisted by magnetic forces.
NUM  6.
PAR  6. Means according to claim 1, wherein the catheter is provided with a
      radio-opaque point, at least at its insertion end.
NUM  7.
PAR  7. Means according to claim 1, wherein the flexible member is in the form
      of a chain, such as of gold.
NUM  8.
PAR  8. Means according to claim 7, wherein the chain has a weight at its
      insertion end, such in the shape of an olive.
NUM  9.
PAR  9. Means according to claim 7, wherein the flexible chain is of a type
      known per se which can be locked in an adopted position by means
      actuatable from without.
NUM  10.
PAR  10. A method for conducting an object to a selected portion of a patient,
      comprising:
PA1  a. inserting a cannula into an opening in a patient;
PA1  b. inserting a flexible elongated member through the cannula in response to
      gravity to such portion of the patient beyond the cannula;
PA1  c. inserting a flexible catheter into the cannula in surrounding relation
      to the flexible elongated member by which elongated member the cannula is
      guided to such portion of the patient;
PA1  d. withdrawing the flexible elongated member; and
PA1  e. thereafter inserting the object into the catheter, to such portion of
      the patient.
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ABST
PAL  High pressure oxygen is released through a side of an open-ended
      ventilating bronchoscope or laryngoscope into its lumen in a direction
      toward a distal end. The oxygen draws air through the proximal end.
      Medical gasses and vapors are drawn through an entrainment arm at the side
      of a ventilating endoscope by oxygen which is released near the distal
      point of confluence of the entrainment arm and the scope lumen.
PARN
PAR  This is a continuation of application Ser. No. 249,665, filed May 2, 1972,
      and now abandoned.
PAR  An ideal situation for laryngoscopy or bronchoscopy under general
      anesthesia is to use the same laryngoscope or bronchoscope as a
      ventilating device which should provide an unobstructed view as well as
      means for instrumentation without hindrance.
PAR  One of the main problems during laryngoscopy and bronchoscopy under general
      anesthesia has been the competition between the anesthetist and the
      endoscopist, that is the laryngoscopist and the bronchoscopist, for the
      same anatomical area -- the larynx and the tracheobronchial tree -- as a
      situs for examination and surgery, and as an airway for augmented
      ventilation. One solution under such circumstances is to use the endoscope
      as a ventilating device and as means for delivering inhalation
      anesthetics. While the endoscopist uses the endoscope, that is the
      laryngoscopist uses the laryngoscope, or the bronchoscopist uses the
      bronchoscope, for brief or prolonged procedure, the anesthetist uses the
      same endoscope to ventilate the lung and to deliver anesthetics if
      desired. They would not interfere with each other's work. This technique
      should provide an unobstructed access and view of the desired anatomical
      area for instrumentation without hindrance. Augmented ventilation during
      laryngoscopic procedures can be accomplished with endotracheal tubes or
      cuirass respirators. However, this usually interferes with the procedure
      or obstructs a free and complete view of the larynx or is simply
      cumbersome and inefficient.
PAR  Several versions of ventilating bronchoscopes use the bronchoscope as an
      endotracheal tube. Ventilation and inhalation anesthesia are accomplished
      through a side arm and by means of glass or other covers to intermittently
      occlude the proximal end of the bronchoscope. This often obstructs the
      viewing and prevents intrumentation during bronchoscopy. It is now known
      to control ventilation during bronchoscopy by connecting an injector at
      the proximal end of a lumen of a bronchoscope. Intravenous anesthesia with
      muscle relaxant is usually used in such procedures. The injector is
      adaptable to different forms of bronchoscopes. However, it protrudes into
      the lumen of the bronchoscope. That obstructs viewing and hinders
      instrumentation during bronchoscopy. There is a lack of means for
      delivering inhalation anesthetics which are often desired or necessary.
PAC  SUMMARY OF THE INVENTION
PAR  Two versions of ventilating bronchoscopes and laryngoscopes using
      principles in fluid amplification are described, which provide means for
      augmented ventilation as well as means for delivering inhalation
      anesthetics during bronchoscopy and laryngoscopy, with scope and
      instrumentation without hindrance. For inhalation anesthesia and for other
      special purposes requiring medical gasses or vapors, an entrainment arm
      with reservoir bag is incorporated in one type of ventilating bronchoscope
      or laryngoscope for delivering predetermined gases or vapors. There is
      minimal attachment to the bronchoscope or laryngoscope -- only a driving
      gas line in a simpler type of ventilating lumenscope. Intravenous
      anesthesia as well as inhalation anesthesia can be employed. Bronchoscopic
      and laryngoscopic procedures have been carried out with these endoscopes.
      Clinical experience and laboratory data provide evidence of adequate
      ventilation and satisfactory anesthesia during the procedures. The present
      invention has particular value in routine bronchoscopic and laryngoscopic
      procedures as well as in delicate or prolonged endoscopic procedures,
      among others, larynogoscopy and bronchoscopy in pediatric patients,
      selective bronchoscopy and laryngoscopy, and bronchography.
PAR  Two versions of a ventilating bronchoscope provide means for augmented
      ventilation and means for delivering inhalation anesthetics by using the
      principle of fluid amplification and by incorporation of the entrainment
      effect into the open lumen of the bronchoscope.
PAR  A preferred embodiment of a bronchoscope is constructed for augmented
      ventilation and for delivering inhalation anesthetics. The scope has a
      driving gas inlet in a specially designed entraining gas inlet -- the
      entrainment arm -- which runs into a medial portion of the bronchoscope
      near the proximal end and which has the same internal diameter as the
      bronchoscope. This entrainment arm provides means for delivering
      predetermined gas or vapor which might be inhalation anesthetics, oxygen,
      etc. Thus, controlled ventilation can be carried out during intravenous
      and/or inhalation anesthesia. The entrainment arm is positioned in the
      smallest angle possible with the axis of the main lumen of the
      bronchoscope. The driving gas inlet is parallel to the lumen of the
      entrainment arm and is located at its most distal end closest to but not
      into the lumen of the bronchoscope.
PAR  During the anesthesia process a reservior bag is employed for the measured
      and vapors. A one-way valve may be inserted between the reservior bag and
      the entrainment arm to prevent rebreathing. The reservior bag deflates
      passively during inspiration and gas entrainment, and it refills during
      expiration.
PAR  During bronchoscopy with the present ventilating bronchoscopes, the
      controlled ventilation is accomplished with a conventional respirator such
      as a Bird Mark II Respirator or with Model 2 .times. 492 Speedair blowgun
      of the Inhalation Supply Co. of San Francisco, with a Regulator
      RO4-200-RGEA of the C. A. Norgren Co., or with any other device to
      interrupt the driving gas intermittently, such as a blowgun type device
      with a pressure regulator. The amplified gas mixture with its force and
      the resulting pressure are used to ventilate the lung.
PAR  A simpler form of bronchoscope is used solely for augmented ventilation
      during bronchoscopy with pressurized oxygen as the driving gas which
      entrains air. Intravenous anesthesia is used. The present ventilating
      bronchoscope differs from others in the location of the driving gas inlet.
      While another injector is inserted into the lumen of the bronchoscope,
      occupying some of the precious limited space during bronchoscopy, the
      present simpler type ventilating bronchoscope uses a metal needle soldered
      into the wall and a hole through the wall, near the proximal end of the
      bronchoscope as the driving gas inlet. The bronchoscope lumen is clear and
      free from obstruction. The driving gas inlet is built with the smallest
      angle possible preferably less than 10.degree. with an axis of the main
      lumen of the scope, which is both the entrainment duct and the diffuser.
      The inlet and the scope are almost parallel to each other, thus creating a
      maximal possible entrainment by a device which does not interfere with
      vision or instrumentation. There is no other extra attachment except the
      driving gas line.
PAR  The application of the Bernoulli's principle and the Venturi effect in
      fluid amplification and consequently in the construction of injectors and
      entrainment ducts is well known. The entrainment is the result not only of
      the subatmospheric pressure, hence suction effect, created by the driving
      gas in the region of constriction, but also of its propulsive effect on
      the resting gas surrounding the jet. The entrainment is greatest when the
      driving gas inlet is centered in axial alignment with its diffuser; the
      driving gas may entrain as much as twenty times its own volume.
PAR  With the ventilating bronchoscope of the present invention, the injector
      nozzle is on the perimeter of the diffuser, in the wall of the
      bronchoscope. Thus, the entrainment is considerably less than that of the
      suitably designed injector and diffuser in an ideal entrainment duct.
      However, the amplified flow of gas and its resulting pressure is more than
      adequate for clinical purposes. The ventilation under such conditions has
      been excellent.
PAR  Flow measurements have been carried out with calibrated Fleisch
      Pneumotachographs mounted at the distal end of both types of ventilating
      bronchoscopes and at the proximal ends of the entrainment arms in the
      preferred scope, using pressurized oxygen in flow at various pressures as
      the driving gas. Pressure measurements have been carried out with Statham
      P23 transducers mounted at the distal ends of the bronchoscopes. The
      measurements have been recorded with a Grass Model 7 Polygraph. The
      preferred type ventilating bronchoscope can be made so that approximately
      fifty per cent of the total gas volume flow at the distal end of the
      bronchoscope is entrained from the entrainment arm, while the remaining 50
      per cent consists of the driving gas and the entrained air from the
      proximal inlet of the scope. Thus, the concentration of the entrained
      agents from the entrainment arm is halved at the distal end of the
      bronchoscope and eventually goes into the lungs.
PAR  Many problems during laryngoscopy are common to those during bronchoscopy.
      Therefore, the same principles of fluid amplification have been extended
      to laryngoscopy. Two corresponding versions of ventilating laryngoscopes
      providing means for controlled ventilation as well as means for delivering
      inhalation anesthetics during laryngoscopy have been constructed and have
      been used clinically. The ventilation under such conditions has been
      excellent even with an open and unsealed connection between the
      laryngoscope and the larynx.
PAR  The universal or preferred form of ventilating bronchoscope is constructed
      for using inhalation anesthetics. The driving gas inlet is in a specially
      designed entraining gas inlet -- the entraining arm -- which runs into the
      wall of the scope near the proximal end of the laryngoscope. The
      entraining arm provides a means for delivering predetermined gas or vapor
      which might be inhalation anesthetics, anesthetic vapors, oxygen, etc.
      Thus, intravenous anesthesia and/or inhalation anesthesia can be produced.
      Controlled ventilation can be carried out. The special entraining arm with
      the driving gas inlet is parallel to the lumen of the special entrainment
      arm and is located at its most distal point closest to but not in the
      lumen of the laryngoscope.
PAR  During the anesthesia process a reservior bag is used for the measured
      gases and vapors, and a one-way valve is used between the reservoir bag
      and the special entrainment arm to prevent rebreathing. The reservoir bag
      deflates automatically and passively during inspiration and gas
      entrainment and refills during expiration.
PAR  These ventilating laryngoscopes permit prolonged or brief delicate
      procedures under general anesthesia and controlled ventilation with a
      respirator, or a blowgun type device with a pressure regulator, or any
      other device to interrupt the driving gas -- oxygen, intermittently.
      Adequate ventilation can be provided in intravenous as well as in
      inhalation anesthesia with muscle relaxation. There is minimal attachment
      to hinder the laryngoscopist using the ventilating laryngoscope. There is
      no endotracheal tube to obstruct the view of the entire larynx or to
      hinder the instrumentation. The lumen of the laryngoscope and the entire
      larynx is free of obstruction during the laryngoscopic procedure. The
      ventilation under such conditions has been excellent even with an open and
      unsealed connection between ventilating laryngoscope and larynx.
PAR  A simpler form is for ventilation during laryngoscopy with pressurized
      oxygen as the driving gas which entrains air. Intravenous anesthesia is
      used. A metal needle is soldered to a wall near the proximal end of the
      laryngoscope as an injector or driving gas inlet. This driving gas inlet
      is built with the smallest angle possible, preferably less than 10.degree.
      with an axis of the main lumen of the scope, which is the entrainment duct
      and the diffuser. The axis of the main lumen and the inlet opening are
      almost parallel to each other, thus creating a maximal possible
      entrainment. The injection device does not interfere with vision or
      instrumentation in the scope. There is no other extra attachment except
      the driving gas line. The amplified gas mixture with its force is used to
      ventilate the patient.
PAR  Flow measurements have been carried out in the laboratory with Wright's
      Ventilometers mounted at the distal end of both types of ventilating
      laryngoscopes and at the proximal end of the entrainment arm in the
      preferred type scope, using continuous oxygen inflow at 20, 30 and 40 psi
      as the driving gas. Both types of ventilating laryngoscopes desribed
      produce similar degrees of amplification. The driving gas flow is
      amplified approximately 7 to 6 times at 20 to 40 psi. With the preferred
      type ventilating laryngoscope it has been found at each instance that
      approximately 50 per cent of the total gas volume flow at the distal end
      of the laryngoscope is entrained from the special entrainment arm, which
      the driving gas and the entrained air from the proximal inlet of the scope
      make up the remaining 50 per cent. The concentration of the entrained gas,
      vapor, etc., from the entrainment arm, e.g. inhalation anesthetics, are
      halved at the distal end of the laryngoscope.
PAR  General anesthesia for laryngoscopic procedure is often required. An
      unobstructed view of the entire larynx is certainly desired. A completely
      anesthetized and even paralyzed patient is especially important in many
      delicate laryngoscopic procedures, for instance microlaryngoscopic
      procedures and/or endolaryngeal procedures or microsurgery. This has been
      accomplished with general anesthesia and muscle relaxation. Ventilation is
      augmented through an endotracheal tube, which has been cumbersome and has
      become one of the two major obstacles during delicate laryngeal
      procedures.
PAR  The entrainment is greatest when the driving gas injector is centered in
      axial alignment with the diffuser. With a suitably designed injector and
      diffuser, the driving gas may entrain as much as 20 times its own volume.
      With the ventilating laryngoscope the injector nozzle is on the perimeter
      of the diffuser, in the wall of the laryngoscope. Thus, the entrainment is
      considerably less than that of a suitably designed injector and diffuser
      in an ideal entrainment duct. However, it is more than adequate for
      clinical purposes.
PAR  Although the simple form of ventilating laryngoscope has been proven very
      satisfactory with intravenous anesthesia in most of the adult patients,
      inhalation anesthesia and means of providing higher concentration of
      oxygen are often required or necessary in other isutations Therefor, the
      universal ventilating laryngoscope with the entrainment arm provides means
      for augmented ventilation as well as for delivering inhalation anesthetics
      and other gases. The clinical use of the ventilating laryngoscopes has
      proven successful in routine laryngoscopic examination, mocrolaryngeal
      surgery and laryngoscopic procedure where a paralyzed patient or prolonged
      time is desired. Blood gases testing provides evidence of adequate
      ventilation during various laryngoscopic procedures.
PAR  The two versions of ventilating laryngoscopes using principles of fluid
      amplification provide means of augmented ventilation during laryngoscopic
      procedures under general anesthesia and muscle relaxation with
      unobstructed views of the entire larynx. There is only minimal attachment
      to the laryngoscopes. Only a driving gas line is connected to the simpler
      ventilating laryngoscope. For special purposes a side arm with reservoir
      bag is incorporated in the universal type ventilating laryngoscope.
      Intravenous anesthesia as well as inhalation anesthesia can be used for
      laryngoscopy. Clinical experiences provide evidence of adequate
      ventilation and satisfactory anesthesia during various laryngoscopic
      procedures.
PAR  The broad objectives of this invention are accomplished by providing an
      open ended endoscope with a side wall inlet opening into the lumen of the
      scope in the direction of the distal end of the scope at a small acute
      angle to an axis of the lumen. A source of fluid under pressure, for
      example oxygen at from 10 to 80 psi, is connected to the inlet means.
      Releasing the fluid into the lumen of the scope toward the distal end
      draws ambient fluid, for example air, through the open proximal end of the
      scope, and the pressurized fluid and ambient fluid pass through the distal
      end of the scope, usually into the lungs. A fluid controller is connected
      to the pressure supply so that the movement of pressurized fluid and
      ambient fluid through the lumen toward the distal end of the scope may be
      controlled. Often the control is intermittent so that flow will be toward
      the distal end while pressure is supplied and so that flow may return from
      the distal end toward the proximal end when pressure is cut off.
PAR  In the preferred or universal embodiment of the invention, the inlet means
      includes a large entrainment duct which is connected to the side wall of
      the scope and which opens into the lumen, usually in the direction of the
      proximal end at an acute angle to an axis of the lumen. Pressurized fluid,
      usually oxygen, is released near the juncture or confluence of the
      entrainment duct and the scope. The released fluid draws fluid through the
      entrainment duct into the lumen toward the distal end of the scope as well
      as into the lumen through the proximal end of the scope toward the distal
      end. The universal type scope with the entrainment duct may be used when
      it is desired to supply a greater amount of ambient fluid in relation to
      the pressurized fluid, simply by leaving the entrainment duct open at its
      end remote from the scope. Often the entrainment duct is connected to a
      source of medical gasses or vapors such as, for example, anesthetics. In
      one embodiment, the anesthetics may be stored in a collapsible chamber at
      atmospheric pressure. The supply of pressurized fluid to the scope draws
      fluid from the container, collapsing the container, providing a measured
      dosage of fluid from the container into the lumen of the scope and through
      its distal end.
PAR  One object of the invention is the provision of ventilating endoscopes
      having high pressure inlet lines opening into lumens of the scopes at
      small acute angles in the direction of distal ends of the scopes.
PAR  Another object of the invention is the provision of ventilating endoscopes
      having entrainment ducts joined to the scopes at sides thereof near the
      proximal ends and having pressurized fluid inlets near the downstream
      point of the confluence for directing pressurized fluid into the lumen
      toward the distal end at a small acute angle with respect to an axis of
      the lumen.
PAR  Another object is accomplished by providing bronchoscopes constructed
      according to the present invention.
PAR  Another object is the provision of laryngoscopes constructed according to
      the present invention.
PAR  These and other objects of the invention are apparent in the disclosure,
      which includes the foregoing and ongoing specification and the claims and
      the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a laryngoscope of the universal or
      preferred type of the present invention having a side entrainment arm and
      schematically showing the supplies connected thereto.
PAR  FIG. 2 is a schematic representation of a laryngoscope for use in
      ventilating during laryngoscopy under intravenous anesthesia.
PAR  FIG. 3 is a representation of a bronchoscope having an entrainment duct.
PAR  FIG. 4 is a representation of a bronchoscope for use in bronchoscopy under
      intravenous anesthesia.
PAR  FIG. 5 is a detail of ventilating endoscope apparatus with a distal end
      configured for connection to one of several attachment endoscopes.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Throughout the drawings where possible, like numbers represent similar
      elements.
PAR  Oxygen at 60 psi is supplied at input connection 1. An adjustable pressure
      regulator 2 contains the oxygen supply at the desired pressure.
      Interrupting apparatus 3 provides intermittent flow of the oxygen toward
      the inlet 4, which is connected to the endoscope so that air is drawn
      through the scope from the proximal end 5 toward the distal end. In
      modifications such as shown in FIGS. 2, 4 and 5, the inlet means comprises
      the high pressure oxygen inlet 4 which is connected in the entrainment
      duct 6.
PAR  Referring to FIG. 1, a tube 7 connects the entrainment duct 6 with a
      one-way valve 8 on the outlet of collapsible container 9. As pressure is
      supplied through inlet 4, fluid is drawn from container 9 through the
      one-way valve 8 and entrainment duct 6 into the scope. Anesthetic vapors
      are supplied to the collapsible reservoir bag 9 from vaporizer 10 which is
      in turn supplied with oxygen from flow meter 11 and oxygen tank 12.
PAR  As shown in FIG. 1, a universal or preferred type of laryngoscope is
      generally indicated by the numeral 20. Scope 20 comprises a cylindrical
      wall 22, which defines a lumen 24. Wall 22 has an opening 26 to which is
      connected the inlet means, which comprises entrainment arm 6 and high
      pressure inlet 4. As shown in the drawing, inlet 4 opens near a distal
      point 28 of the juncture or confluence of entrainment arm 6 and lumen 24.
      For releasing pressurized gas into the lumen in a direction of the distal
      end 30 of scope 20 at a small acute angle with an axis of the lumen the
      angle may be 10.degree. or less. In that manner, ambient fluid which is
      air is entrained through proximal end 5 and fluid is entrained from
      entrainment duct 6 into the scope and out through distal end 30.
PAR  As shown in FIG. 1, a respirator 32 has pressure regulating control 2 and
      intermittent feed control 3.
PAR  A laryngoscope generally indicated by the numeral 40 is shown in FIG. 2. A
      cylindrical wall 42 surrounds lumen 44. Pressurized gas inlet 4 is
      connected to wall 42 near proximal end 5 of the scope. The pressure inlet
      4 releases oxygen into lumen 44 through hole 46 in wall 42. Hole 46 opens
      into lumen 44 at a very small angle with the axis of the lumen in a
      direction of distal end 48. The angle may be 10.degree. or less,
      preferably less. Oxygen pressure is intermittently supplied by
      hand-controlled blowgun 3 from pressure regulator 2. A handle which is not
      part of the invention is shown in dashed lines.
PAR  A bronchoscope is generally referred to by the numeral 50 in FIG. 3. A
      cylindrical wall 52 encloses a lumen 54 in the open-ended bronchoscope. An
      inlet means generally indicated by the numeral 56 is connected to an
      opening in wall 52 near proximal end 5 of bronchoscope 50. The oulet end
      58 of pressurized gas inlet 4 is mounted near a distal point 60 of an
      intersection of entrainment duct 5 and lumen 54. Pressurized gas is
      released from end 58 of inlet 4, entraining air through proximal end 5 and
      air or medical gasses and vapors through entrainment duct 6 and forcing
      the mixed air and vapors or gasses out of distal end 62.
PAR  A simple handle 64 is provided at the proximal end 5 of scope 50.
PAR  As shown in FIG. 4, bronchoscope 70 has a cylindrical wall 52 which
      surrounds lumen 74. Pressure inlet 4 extends into a hole 76 in wall 72
      near proximal end 5. Preferably, the hole 76 forms an acute angle with an
      axis of lumen 74 at about 10.degree. or less. Pressurized gas, usually
      oxygen, released through hole 76, entrains air through proximal end 5,
      thereby forcing air and gas through distal end 78.
PAR  In FIG. 5 a ventillating endoscope apparatus is generally indicated by the
      numeral 80. Wall 82 surrounds lumen 84. An inlet means is generally
      indicated by the numeral 86. End 88 of pressure inlet 4 opens near distal
      portion 90 of an inner section of entrainment duct 6 with lumen 84.
      Pressurized gas released from opening 88 entrains fluid from duct 6 and
      from open proximal end 5. Distal end 92 of endoscope 80 is configured for
      attachment to proximal ends of scopes of varied lengths, sizes or shapes.
PAR  Although the invention has been described with specific reference to
      preferred embodiments, modifications and variations may be made without
      departing from the invention. The scope of the invention is defined in the
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Ventilating endoscope apparatus comprising an elongated endoscope having
      a length greater than a width, having a continuously open proximal end and
      a continuously open distal end, and an elongated wall means for laterally
      enclosing the scope between the open ends, thereby defining a lumen
      continuously open at opposite ends, fluid inlet means connected to and
      opening at a small angle along the wall means near the proximal end and
      fluid pressure means connected to the inlet means and the inlet means
      opening into the lumen in a direction toward the distal end for passing
      fluid from the inlet means into the lumen toward the distal end and
      entraining air through the proximal end into the lumen.
NUM  2.
PAR  2. The apparatus of claim 1 further comprising a source of fluid pressure
      connected to the inlet means for pushing fluid through the inlet means
      into the lumen toward the distal end.
NUM  3.
PAR  3. The apparatus of claim 2 wherein source comprises an intermittent
      pressure source.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the inlet means comprises a relatively
      fine hole through the wall means opening into the lumen at an acute angle
      to an elongated axis of the endoscope.
NUM  5.
PAR  5. The apparatus of claim 4 wherein the hole opens into the lumen at an
      angle less than ten degrees to the elongated axis.
NUM  6.
PAR  6. The apparatus of claim 1 wherein the inlet means comprises entrainment
      means connected to the wall means and opening into the lumen.
NUM  7.
PAR  7. The apparatus of claim 6 wherein the fluid pressure means opens in the
      entrainment means near a distal point of an intersection of the
      entrainment means and the lumen, wherein fluid is entrained into the lumen
      through the entrainment means and the proximal end of the endoscope.
NUM  8.
PAR  8. The apparatus of claim 1 wherein the endoscope is a bronchoscope.
NUM  9.
PAR  9. The apparatus of claim 1 wherein the endoscope is a laryngoscope.
NUM  10.
PAR  10. The apparatus of claim 1 wherein the endoscope is a proximal attachment
      for an elongated scope body.
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PAL  A needle endoscope includes a hollow needle of about 18-gauge, a lens
      system within the needle, an image transmitting bundle of flexible
      fiber-optic rods within the needle, a plurality of illumination
      transmitting fiber-optic rods within the needle, an operative channel
      within the needle, and apparatus to shift the image transmitting bundle
      with respect to the lens system and needle to provide focus adjustment for
      focusing the endoscope on objects at various distances from the end of the
      needle. The channel is adapted to receive an electrode having an end
      which, when extended beyond the needle, can be microscopically viewed and
      supervised through the needle during application of radiofrequency pulses
      to the spinal cord's nerve tracts or nerve cells, for example. Both
      medical and industrial uses are contemplated.
GOVT
PAR  This invention described herein was made in the course of work under a
      grant or award from the Department of Health, Education and Welfare.
BSUM
PAR  This invention relates to instruments for viewing and for treating objects
      in remote locations and particularly to a fiber-optic needle endoscope
      useful for observing, for studying and for treating internal body tissues
      and cells under both microscopic and telescopic conditions.
PAR  In treating patients having problems requiring inspection and treatment of
      the nervous system, such as for example, patients with intractable pain or
      spasticity, it is common to perform either open surgery cordotomy or to
      perform percutaneous methods for relieving the patient; such percutaneous
      methods including the destruction of certain spinal cord nerve cells or
      tracts by the insertion of instruments under essentially blind guidance
      techniques such as X-ray and the like. Such guidance techniques are not
      highly precise, and are difficult to perform with a high degree of
      efficiency when it is recognized that only a very few cells are to be
      treated.
PAR  In these percutaneous methods or in visualization techniques where the
      spinal cord is entered, or any other critically fragile and sensitive
      internal area of the body such as the eye, the brain or the heart is to be
      viewed or treated, smallness of the instrument used is of particular
      importance in order to avoid undesired damage or trauma, such as bleeding,
      to nerve cells or surrounding body tissues. When viewing the spinal cord,
      for example, bleeding could obscure the area to be viewed and must be
      avoided. Smallness is also critical to use of a viewing or treatment
      instrument in children where internal body areas and tissues are even
      smaller. From a practical safe usage standpoint, it has been found that
      while physicians may accept instruments of up to 14-gauge diameter, much
      smaller instruments of 18-gauge diameter, for example, are highly
      preferred, the larger instruments being considered less safe.
PAR  While it is thus desirable to maintain a minimum diameter in viewing or
      treatment instruments, this very smallness heretofore resulted in
      functional limitations. Some viewing instruments, for example, have been
      limited to viewing only objects contacted by the instrument or at set
      distances therefrom. Further, no treatment means is provided in any known
      viewing instrument of about 18-gauge or smaller.
PAR  As an example of prior instruments, viewing has been accomplished by
      optical viewing instruments such as that shown in U.S. Pat. No. 3,556,085.
      While some such instruments have been as small as 1.5 mm in diameter, they
      also have been relatively limited in functional capability due principally
      to their smallness. For example, the microscope described and shown in
      FIG. 1 of U.S. Pat. No. 3,556.085 is limited to the transmission of images
      of objects which the forward end of the microscope actually contacts. The
      microscope is apparently not functional to efficiently transmit images of
      objects spaced from the forward end of the microscope. Additionally, such
      microscope is limited to viewing only and provides no means for treating
      the tissues it inspects or for visually supervising such treatment.
PAR  For general viewing of spaced objects, the patent cited above provides an
      additional viewing instrument into which the microscope element is
      inserted. The additional instrument is substantially larger than the
      microscope, however, and may be too large for many applications. Further,
      the use of two optical viewing instruments is required.
PAR  In using an inspection instrument, it is desirable to view not only
      actually contacted objects but also to view, ahead of the instrument, the
      body tissues which are not contacted. With this capability, the user can
      properly orient the instrument and can view tissue or cells at a distance
      over a relatively wide field of view. In order to provide an endoscope
      which can be used both microscopically, in viewing objects under high
      magnification and resolution, and telescopically, in viewing objects
      further from the end of the instrument but at less magnification, it is
      necessary to provide an optical system which can be focused on images at
      varying distances from the end of the instrument.
PAR  In one attempt to provide adjustable focusing in a borescope instrument,
      U.S. Pat. No. 3,434,775 discloses a cable control extended within the
      borescope to a forward lens thereof. Rotation of the cable moves a forward
      lens with respect to the borescope and a fiber-optic bundle for focusing
      purposes. As is apparent from the patent, the diameter of the borescope
      must be sufficient to provide room, not only for illumination and image
      transmitting fibers, but for the control cable as well, no treatment means
      being provided. It thus appears from the art that if adjustable focusing
      is desired, the viewing instrument must be increased in size to
      accommodate the focusing control structure such as a control cable. Such
      size increases are undesirable, and endoscopes have heretofore been
      functionally limited as a result.
PAR  Thus, there is and has been for some time a need for a viewing and
      treatment instrument of very small diameter, on the order of 18-gauge,
      which can be used percutaneously with a precise degree of control without
      resort to essentially blind guidance techniques. While various attempts
      have been made at viewing internal body tissues, such as the spinal cord,
      none of these have produced an acceptably small instrument which provides
      an in-focus microscopic-telescopic inspection capability for a wide range
      of object-to-instrument distances, nor have any of these provided precise
      visual microscopic supervision of an operative member such as an electrode
      extended through the instrument.
PAR  Accordingly, it has been one objective of this invention to provide an
      acceptably smaller diameter needle endoscope which provides in-focus
      microscopic-telescopic viewing of objects spaced within a wide range of
      distances from the endoscope.
PAR  A further object of the invention has been to provide a versatile
      diagnostic or treatment needle endoscope which can be used to view and
      treat internal body tissues, is not limited to viewed object contact or to
      a single object-to-lens distance for image transmission, is capable of
      providing operative visual supervision of a treatment procedure performed
      through an operative channel of the needle and which is small enough to be
      universally acceptable for introduction into previously inviolate tissue
      area without resort to open surgery techniques or to essentially blind
      guidance techniques such as X-ray.
PAR  A further object of the invention has been to provide an acceptably small
      needle endoscope having means to focus the endoscope for in-focus viewing
      of objects at varying distances from the endoscope and including a
      treatment channel for instruments such as an electrode. for example, which
      can be visually and microscopically supervised during use.
PAR  To these ends, the invention contemplates in a preferred embodiment, a
      fiber-optic needle endoscope of acceptably small diameter, having imaging,
      illumination and operative channels, the capability of visual microscopic
      supervision of an instrument extended from the operative channel, and
      focusing means for focusing the endoscope with respect to objects at
      varying distances from the needle, the needle being small enough to fit
      within a 17-gauge thin-wall lumbar puncture needle. The needle comprises
      an 18-gauge hollow needle having an image transmitting bundle of fibers, a
      plurality of illumination transmitting fiber-optic rods, an operative
      channel or tube, a lens system at the forward end of the needle and in
      register with the forward end of the image transmitting bundle, and means
      for reciprocating or shifting the bundle with respect to the lens system
      to focus an image transmitted by the lens system to the forward end of the
      bundle.
PAR  The focusing means includes a ring mounted on a scope body to which the
      needle is connected, and a rod having one end engaging the ring and
      another end connected to a rearward end of the image transmitting bundle.
      When the ring is turned on the scope body, the rod is moved and the bundle
      is likewise moved to shift its forward end with respect to the lens system
      and thereby focus the lens transmitted image. Since the bundle is
      reciprocated, no additional focusing structure is necessary within the
      needle itself and its outer diameter can be held to that desired.
PAR  The invention is particularly useful for inspecting, studying and treating
      the nervous system and particularly the spinal cord, as, for example, in
      making radiofrequency lesions in nerve tracts, under direct visual
      supervision, in patients with intractable pain or spasticity. Now, for the
      first time, an electrode may be inserted percutaneously into the spinal
      pathways under direct visual control to make radiofrequency lesions in
      patients with intractable pain. Using known anterior, lateral and
      posterior cordotomy, tractotomy and commissurotomy techniques, this method
      is then comparable to an open surgical trast, other current percutaneous
      methods resort to guidance by X-ray studies and other complicated and
      essentially blind techniques of limited use, none of which compensate for
      anatomical variation, spinal cord displacement or the presence of pial
      vessels as does the endoscope of the invention which is inserted under
      direct visual control.
PAR  In use, a 17-gauge, thin-wall lumbar puncture needle and stylet are
      inserted into the area of the spinal column. The stylet is withdrawn and
      the needle of the preferred embodiment is inserted. The endoscope is
      initially adjusted to focus "telescopically" on objects spaced from the
      end of the needle. A relatively wide field is viewed (area-location
      viewing) and the user can properly orient the needle. As the needle end
      approaches the nerve cells or tract focus is adjusted to keep the viewed
      cells in focus at the increasing level of magnification. The needle can
      thus be precisely placed during constant actual visual control.
PAR  Once the needle is in proper position, an electrode is inserted through the
      operative channel to extend beyond the needle's end. The end of the
      electrode can then be viewed through the instrument and it too can be
      precisely placed under direct microscopic supervision. Radiofrequency
      pulses are then applied to the electrode to produce a radiofrequency
      lesion interrupting the nerve tract. Alternately, the operative channel
      can be used for the injection or aspiration of fluids, biopsy sampling,
      etc.
PAR  For diagnostic or other visualization, the scope body is provided with an
      objective for magnifying the image transmitted from the lens system and
      forward end of the image bundle to the rear end of the image bundle. This
      objective can also be adjusted to maintain the image in focus.
      Additionally, adapters can be utilized to attach the scope body to a
      microscope, a camera, or to other diagnostic or viewing equipment.
PAR  The needle endoscope with its electrode channel provides a unique
      opportunity: (1) to study the spinal pain pathways in the cord; (2) to
      study the existence of "accessory pathways" for the central projection of
      pain impulses; (3) to study the mechanism of conduction and experience of
      pain in man; (4) to study the electro-stimulation methods to inhibit
      central pain; (5) to explain loss of pain and retention of sharp or blunt
      sensation after commissurotomy; and (6) to explore the various theories of
      pain.
PAR  In addition to its structural features, the invention provides a method to
      relieve chronic intractable pain and which is non-addicting, non-surgical
      (not open), should not affect the personality of mind, and is only
      minimally destructive of neural tissue if at all.
PAR  In addition, the invention has a large and diverse applicability to a
      number of medical diagnostic and treatment fields since it opens the body
      to internal visual inspection without open surgery.
PAR  For example, by using the needle endoscope, diagnostic myeloscopy can now
      be extended safely beyond the lumbosacral area. Using known anterior
      percutaneous cordotomy methods, the needle endoscope can reach and
      visualize the anterior cervical canal and its contents. By inserting the
      endoscope through a guide needle passed through the alanto-occipital
      membrane into the cisterna magna or between C1 and C2 spinous processes
      and by using posterior percutaneous trigeminal tractotomy, myelotomy, and
      corodotomy methods, the floor of the fourth ventricle, the obex and the
      dorsal medullary area can be visualized. The posterior cervical and
      thoracic spinal cord might even be visualized with the endoscope by
      applying methods for diagnostic and therapeutic percutaneous needle
      punctures of syringomylelia cavities and intramedullary tumor cyst. The
      needle endoscope could also be used to visualize the high lateral and
      anterior cervico-medullary area by applying the lateral percutaneous
      cordotomy methods for intractable pain and now used for lateral cervical
      myelography.
PAR  Further, the needle endoscope with electrode channel should assist in
      understanding and treating the neurogenic bladder which remains a
      challenging problem in the care of paraplegic patients. It is contemplated
      that the endoscope might eventually permit needle electrode implantation
      or selective sacral rhizotomy without a laminectomy.
PAR  Many neurological disorders lead to exaggerated muscle tone which may
      result in violent, painful flexor spasms, deforming contractures,
      excoriation and ulceration. In certain paraplegic, quadraplegic or
      paraparetic patients, spasticity and spasm negate all efforts at
      rehibilitation. Treatment of severe spasticity of the legs is a difficult
      problem, as attested by the many surgical procedures and medical
      treatments tried over the years. For example, spasticity in man has been
      successfully treated through a longitudinal transverse myelotomy in
      patients with complete or partial paraplegia. The spasticity of
      decerebrate cats has been reduced by producing a radiofrequency lesion in
      the segmental motor neuron pool of the lumbosacral spinal cord. Persons
      performing such experimentation felt that a radiofrequency lesion which
      would selectively reduce the sensory inflow to the segmental and
      neighboring motor neuron pool might be even more effective in suppressing
      exaggerated reflex activity.
PAR  The minaturized needle endoscope with electrode channel provides the
      necessary access for reducing spasticity by interrupting pathways and
      centers in the cord without surgery; and obtains motor and bladder
      improvement with more regularity.
PAR  Still further, the endoscope of the invention provides a tool for use in
      diagnosing and treating spinal injuries. The need for new tools and
      methods in diagnosis, study and treatment of spinal cord injuries becomes
      urgent as evidence increases that the first few hours after injury are
      critical if progression of spinal cord degeneration is to be prevented.
      Already the course of paraplegia in animals and in a limited number of
      human beings has been modified to some extent by the use of hypothermia,
      corticosteroids, hyperbaric oxygen and the blocking of norepinephrine
      synthesis by alphamethyl tyrosine which help preserve the circulation and
      oxygenation of neurons in the first few hours after spinal cord injury.
      With the in vivo microscope-telescope provided by the invention and with
      the electrode channel, the needle endoscope lends itself to the early
      study of the neurophysiological, biochemical, circulatory, and
      pharmacological treatment of acute spinal cord injury in animals and in
      man.
PAR  Encephaloscopy is another area of use of the invention. It is recognized
      that the brain and its cavities are being successfully visualized by
      endephaloscopes of approximately 3 mm or more in diameter. Others are
      using the encephaloscope for the diagnosis and the treatment of cerebral
      hematoma, brain tumors and abscesses, to determine blockage of
      intraventricular shunts and the patency of the aqueduct of Sylvius. The
      encephaloscope is particularly useful in diagnosing third ventricle
      masses, since at the present time there are no reliable methods for
      determining (from clinical examination, cerebral angiography, or
      ventriculography) which tumor is malignant and which is benign. The needle
      endoscope of the invention, being three or four times smaller than the
      typical encephaloscope, should make encephaloscopy even safer. The
      microscope-telescope and electrode channel extend its other uses.
PAR  In 1964, Long et al. (Long, C. II, Brushenko, A., Pontarelli, D. A.: The
      fiber-optics hypodermic microscope. App. Opt. 1964, 3:1031-1032.)
      described a prototype hypodermic fiber-optic microscope for observing in
      vivo subcutaneous (fatty) tissues, muscle, and certain organs in the
      experimental animal and in man. Using special vital staining techniques,
      non-pigmented structures such as nuclei, cytoplasm and cell membranes were
      differentiated from each other. The investogators were able to inspect
      deep blood vessels and to observe the effect of disease and drugs on the
      exterior of these vessels. The needle endoscope will provide the same
      information with the additional advantage of an electrode channel for
      performing biopsy, stimulation and making chemical and drug studies while
      observing normal and diseased tissues.
PAR  The needle endoscope thus exposes the brain, spinal cord, nerve roots,
      peripheral nerves, muscles and other areas of the body to further safe in
      vivo study.
PAR  Further details of these diverse uses and of the background of the
      development of certain state of the art diagnostic methods of use are
      incorporated herein by reference to an article in Surgical Neurology, Vol.
      2, No. 3, May 19, 1974, entitled "Eighteen-Gauge Microscopic-Telescopic
      Needle Endoscope with Electrode Channel: Potential Clinical and Research
      Application" by Charles P. Olinger, M.D. and R. L. Ohlhaber.
PAR  Aside from the potential medical uses, the invention is further useful in
      many industrial areas, such as electronics, where inspection of closed or
      cramped areas is required.
PAR  The invention thus provides a unique, small needle endoscope which can be
      used microscopically or telescopically by means of novel focusing
      apparatus and which provides direct visual supervision of operative
      treatments performed through the needle.
DRWD
PAR  These and other objectives and advantages will become readily apparent from
      the following detailed written description and from the drawings in which:
PAR  FIG. 1 is a cross-sectional view of a needle endoscope according to the
      present invention;
PAR  FIG. 2 is a cross-sectional view taken along the lines 2--2 in FIG. 1;
PAR  FIG. 3 is an enlarged cross-sectional view of the forward end of the needle
      taken along the lines 3--3 of FIG. 1; and
PAR  FIG. 4 is an enlarged end view of the forward end of the needle of FIG. 1.
DETD
PAR  Turning now to the drawings, FIG. 1 depicts a cross-sectional view of an
      endoscope having a scope body 10 and an elongated hollow needle 11. The
      scope body 10 can be of non-piece construction or of two-piece
      construction as shown in FIG. 1. The two-piece construction as shown in
      FIG. 1 includes an upper body member 12 and a lower body member 13, both
      of which are of substantially cylindrical outside configurations. The
      upper body member 12 includes a tapered portion 14 having a lower end
      constructed to frictionally fit over a boss 15 of the lower body member
      13, the outside diameter of the boss 15 being slightly less than the
      inside diameter of the lower portion of the upper body member 12.
PAR  The internal surface of the upper body member 12 is threaded as at 16 to
      accommodate a threaded adapter member 17. In FIG. 1, adapter member 17 is
      particularly provided for supporting an optical objective 18 of, for
      example, ten power. Other adapters can be utilized for attaching the
      endoscope to microscopes, cameras or other recording or diagnostic
      instruments.
PAR  The needle 11 has a rearward or proximate end 20 which is secured to the
      scope body by means of a mounting member 21. The mounting member 21 is
      fitted to a lower portion of the lower body member 13 and may comprise
      luer lock means 22 for a guard needle (not shown). A forward or distal end
      23 of the needle 11 extends approximately 4 inches forwardly of the scope
      body.
PAR  The lower scope body member 13 is provided with an internal bore 25
      communicating with the proximate end 20 of the needle. Additionally, the
      lower scope body member 13 includes a second bore 26 in which a focus
      adjusting control rod 30 is disposed. Control rod 30 has a forward or
      lower end 31 and a rearward or upper end 32 which extends outwardly of the
      lower scope body member 13 and into a bore 33 within the upper scope body
      member 12. A spring and rod housing 35 extends upwardly from the lower
      scope body 13 and is disposed over the bore 26 so as to contain the upper
      end 32 of the rod 30. A spring 36 is disposed between the upper end 32 of
      the rod and the upper end 37 of the spring and rod housing. The spring is
      compressed so as to urge the rod forwardly or downwardly, as shown in FIG.
      1. The spring and rod housing 35 further includes a slot 38 for
      accommodating a lateral strut member 40 which is connected to the upper
      end of the rod 30.
PAR  The lower portion of the lower scope body member 13 is externally threaded
      as at 45 and a focus adjusting ring 46 is internally threaded and is
      screwed onto the threads 45 of the lower scope body member 13. The focus
      adjusting ring 46 includes an annular flange 47 which extends inwardly
      from the ring, and the lower end 31 of the control rod 30 rests on the
      flange 47. As the focus adjusting ring 46 is rotated about an axis through
      the scope body, the ring moves in a direction parallel to the axis of
      rotation by virtue of the threads 45 and 46. This movement of the ring
      causes a corresponding movement of the control rod 30 and of the strut 40
      by virtue of the fact that the control rod 30 is spring biased against the
      flange 47 by the spring 36.
PAR  Thus as the focus adjusting ring is screwed onto the scope body, the
      control rod 30 is moved rearwardly or upwardly as shown in FIG. 1,
      carrying with it the strut 40 and compressing the spring 36. As the focus
      adjusting ring 46 is unscrewed from the scope body, the flange 47 moves
      forwardly or downwardly, as shown in FIG. 1, and the spring 36 urges the
      control rod 30 and strut 40 downwardly, following the flange 47. In the
      preferred embodiment, the control rod, the needle and the aforementioned
      axis of rotation of the ring are all parallel.
PAR  Turning now to FIG. 3, the hollow needle 11 is approximately 18-gauge,
      having an outside diameter of about 0.051 inches. The needle is formed
      from any appropriate material and in the preferred embodiment is a type
      304 stainless steel tube, having an outside diameter of about 0.051
      inches, an inside diameter of about 0.047 inches, and a wall thickness of
      about 0.002 inches. Disposed within the needle 11 are first tube 50 and an
      operative channel means comprising second tube 51 defining a channel 51a.
      The first tube 50 is of any suitable material such as type 304 stainless
      steel, and has an outside diameter of about 0.027 inches, an inside
      diameter of about 0.023 inches, and a wall thickness of about 0.002
      inches. The second tube 51 is also made from any suitable material such as
      type 304 stainless steel and has an outside diameter of about 0.019
      inches, an inside diameter of about 0.016 inches and a wall thickness of
      about 0.0015 inches. This second tube extends outwardly of the end 20 of
      the needle to a coupling on the scope body as will later be described.
PAR  A lens system 52 is mounted at a forward end of the tube 50 and an image
      transmitting bundle 53 of flexible fiber-optic rods or fibers is disposed
      within the tube 50.
PAR  In order to provide a very high quality resolution for viewed objects, it
      is desired to use the smallest flexible fiber-optic fibers available in
      the making of the bundle 53. Such bundles are usually produced by a
      drawing technique where a bundle of fibers of substantial diameters are
      heated and are drawn at a specific drawing pressure and rate so that the
      bundle is elongated and the diameter of the fibers are discussed. In this
      particular embodiment, each of the individual fibers of the bundle 53 is
      approximately 6 microns in diameter. The preferred range of individual
      fiber rod diameter in this bundle is approximately 4 microns to about 10
      microns. Additionally, the fibers can be made from any suitable material,
      including glass. The bundle 53 is itself about 0.021 inches in diameter.
      For descriptive purposes in this application and in the claims, the term
      "rods" is used to define flexible optic fibers of the type referred to
      herein.
PAR  Further within the needle 11, and referring to FIG. 4, is disposed a
      plurality of illuminating transmitting fiber-optic rods or fibers 54, each
      having a diameter of about 0.003 inches. These rods 54 extend from a
      forward end 23 of the needle rearwardly and are disposed within the needle
      in the spaces left vacant by the tubes 50 and 51. Rods 54 exit from the
      needle end 20 into bore 25 and then exit from the scope body through an
      appropriate fitting 55. The proximate ends of the rods 54 are adapted for
      connection to a source of illumination (not shown) to effect the
      transmission and projection of cool light from the source to and beyond
      the distal end 23 of the needle.
PAR  The lens system 52, in a preferred embodiment, includes two lenses 60 and
      61. Each of these lenses is a plano-convex lens made from any suitable
      material, such as glass having a glass index of 1.62. The lenses 60 and 62
      are mounted within a lens mounting element or tube 62, which is
      press-fitted or otherwise secured, as by adhesives, to the forward end of
      the tube 50. The lower end of the lens mounting element is bent or rolled
      over as at 63 to provide a stop for the lens 61 and the lenses are further
      supported within the element 62 by way of adhesives, such as epoxy, or by
      other abutments provided within the mounting element. Also located within
      the lens mounting element 62 is a circular lens aperture 64 providing an
      opening of approximately 0.015 inches in diameter. The equivalent focal
      length (E.F.L.) of the lens system described is approximately 0,82
      millimeters and the "F" number of the system, or the ratio of the focal
      length to the aperture, is approximately 2.2.
PAR  The image transmitting bundle of the fiber-optic rods is mounted within the
      tube 50 so that it is slidable with respect thereto. The bundle has a
      forward or distal end 70 operatively located with respect to the lens
      system 52 so that the end of the bundle 70 is positioned to pick up and
      transmit a composite image transmitted to the end of the bundle by the
      lens system.
PAR  In order that the image transmitted by the lens system may be precisely
      focused on the end 70 of the bundle 53, the bundle can be reciprocated,
      within tube 50, in opposite directions as indicated by the arrow A in FIG.
      3 to compensate for objects viewed at varying distances d from the end 23
      of the needle 11. To this end, the image transmitting bundle 53 is
      approximately 6 inches long.
PAR  It extends from the position shown in FIG. 3, at the distal or forward end
      23 of the needle 11, upwardly or rearwardly and outwardly of the rear end
      20 of the needle within tube 50.
PAR  The image bundle extends further rearwardly through the bore 25 to a
      proximate end 71 within bore 33. While the fibers are individually
      flexible, in composition the fiber bundle is stiff enough for the
      reciprocation contemplated, without being so stiff as to be brittle and
      easily breakable. Flexibility of the bundle reduces fiber breakage due to
      needle bending and other stresses. The tube 50 also extends rearwardly of
      the end 20 of the needle but is not so long as the bundle 53, terminating
      at proximate end 72 near the upper portion of the lower body member 73
      which fits within the scope body member 13 so as to cover the bore 25.
PAR  The upper end of the bundle 53 is connected to the strut member 40 by any
      suitable means so that as the strut member 40 is reciprocated, by virtue
      of the turning of the ring 46, the bundle 53 is also reciprocated within
      the tube 50 and with respect to the scope body, the needle 11, and the
      lens system 52, all in order to focus the instrument as will be
      hereinafter discussed.
PAR  The preferred embodiment has provided resolution of high contrast images of
      over 64 line pairs per millimeter and has resolved objects at least as
      small as 16 microns in size. For this resolution, the needle end 23 to
      object "O" distance d was about one millimeter and the field diameter at
      the object was about 0.29 millimeters. The endoscope, by its focusing
      capability provides varying field of view from as small as about 0.15
      millimeters. The angular field for wider field viewing at greater
      distanced d can be as large as 41 degrees. Of course, the endoscope must
      be advanced toward the viewed object as the magnification increases.
PAR  In use, the preferred embodiment has a particular utility in the inspection
      and treatment of the nerve pathways within the spinal column. Using the
      following technique, radiofrequency lesions can be made in specific nerve
      cells or tracts in patients having intractable pain or spasticity.
      Particularly, a 17-gauge thin-wall lumbar puncture needle and stylet
      combination is introduced into the patient to provide a pathway for the
      needle to the spinal canal. More specifically, the puncture needle is
      inserted to the desired area for viewing and treatment and the stylet is
      removed from the puncture needle. The needle 11 of the endoscope is
      inserted gently through the puncture needle under direct visual control,
      and is introduced into the spinal canal forwardly of the puncture needle.
      While preparing to insert the endoscope, the operator places a finger over
      the hub of the puncture needle to prevent loss of cerebrospinal fluid. The
      areas just beyond the end 23 of the needle 11 can then be viewed visually
      by an observer looking through the objective 18, and the needle 11 is
      positioned to view the spinal cord. It will be appreciated that movement
      or placement of the needle is highly efficient despite anatomical
      variations. Insertion under visual control can avoid pial vessels.
PAR  The souruce of illumination (not shown) is activiated so that the
      illumination of the transmitting fibers 54 transmit light into the area.
      Light is reflected from the objects viewed and is transmitted to the lens
      system 52 toward the end 70 of the bundle 53. The image is carried from
      the bundle 53 to the proximate end 71 thereof and the eyepiece 18 is
      adjusted with respect to the scope body 10 so that it focuses on the image
      at end 71 of the image transmitting bundle.
PAR  The particular endoscope described above can be focused on any object such
      as that indicated at O in FIG. 1 which is spaced from about 0.5
      millimeters to infinity from the forward end 23 of the needle 11. The
      space between the forward end 23 and the object O is indicated
      diagrammatically by d in FIG. 1. Since the endoscope provides this
      adjustable focusing feature, the focus can be initially adjusted so as to
      view objects at a relatively long range from the end 23 of the needle,
      such as when the needle is first being inserted into the area to be
      inspected. Once the needle is in the precise area desired, it can be moved
      closer to the particular object to be viewed, such as the particular nerve
      cell or tract in the spinal column, and the focus can be adjusted (such as
      by turning the ring 46) in order to provide an in-focus view at higher
      magnification of the viewed object to be viewed.
PAR  A simple focus adjustment can be performed by holding ring 46 stationary
      and turning the scope body. If the threads 16 are properly selected (such
      as when the endoscope is attached to a microscope) no further adjustment
      of the optics rearward of end 71 of bundle 53 will be required. Once the
      needle end 23 is correctly positioned and the endoscope adjusted for
      in-focus viewing, an electrode is introduced through a coupling 80
      downwardly through the channel 51a to protrude several millimeters beyond
      the end of the needle. Preferably, a Portnoy stainless steel electrode
      about 15 centimeters long and 0.305 millimeters in diameter with a teflon
      coating 0.127 millimeters thick (except for the forward and rearward ends)
      is used. The electrode can have a straight or curved tip. Once the
      electrode protrudes beyond the end of the needle, it is illuminated and
      can be visualized through the lens system 52, the bundle 53 and the
      objective 18. The electrode can thus be precisely placed by subsequent
      movement of the needle and when precisely placed, apparatus connected to
      the electrode can be actuated to produce radiofrequency pulses in the
      electrode, thereby making radiofrequency lesions in the particular nerve
      cells in the area of the electrode. This cuts off the pain pathway under
      direct visual control and supervision.
PAR  In some uses of the endoscope, some slight hemorrhaging is unavoidable. To
      clear the area for better viewing in these cases, a syringe can be
      connected to a luer lock 81, associated with the coupling 80, and warm
      normal saline solution can be injected through the electrode channel.
      Further, and to prevent fogging, the distal end of the needle can be
      pre-warmed by a source of dried heat or by friction with a dry surgical
      sponge before insertion.
PAR  The endoscope described above has a substantial number of other uses. For
      example, the channel 51a can be utilized for fluid sampling as by
      aspirating the fluid through a catheter of 30-gauge stainless steel tubing
      connected to syringes and inserted through channel 51a. The channel 51a
      can be used for injection of fluids, biopsy, action-potential studies,
      laser transmission, or for the introduction of medicaments. Additionally,
      other uses have been pointed out above.
PAR  In many of these uses, it is very important to recognize the fact that the
      needle 11 is of a very small diameter, which is generally acceptable for
      introduction into sensitive, small body areas or tissues. Despite this
      small diameter, the needle includes an effective means for illumination,
      an effective image transmitting system which can be focused to provide an
      in-focus image for objects which are at very greatly varying distances
      from the end of the needle and in addition, an operative channel which can
      be utilized for the treatment of internal body tissues under direct visual
      supervision and control. The uniqueness of the reciprocating image
      transmitting bundle 53 eliminates the necessity for an additional control
      means or channel within the needle and thereby eliminates undesired
      increases in the needle's diameter; the smallest diameter possible being
      desired as critical to useful and safe insertion of a needle-like
      instrument into critical, sensitive area of the body such as in various
      organs like the brain, the spinal cord, the eye, and the like.
PAR  These and other advantages, uses, and modifications will become readily
      apparent to one of ordinary skill in the art without departing from the
      scope of the invention and applicants intend to be bound only by the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fiber-optic needle endoscope for viewing objects and comprising:
PA1  a hollow elongated needle,
PA1  an image transmitting lens system at a forward end of the needle,
PA1  an elongated image transmitting bundle of fiber-optic rods within the
      needle, said bundle having a distal end near the forward end of the needle
      in operative disposition with respect to said lens system, and the bundle
      extending rearwardly from said distal end to a proximate end thereof
      rearwardly of the needle,
PA1  a plurality of illumination transmitting fiber-optic rods within the needle
      and having distal ends at the forward end of the needle, said plurality of
      rods extending rearwardly and having proximate ends disposed for operative
      connection to a source of illumination,
PA1  a channel means within the needle for accommodating an electrode which can
      be extended forwardly of the distal end of the needle and visually
      supervised through the image transmitting bundle, and
PA1  means connected to the image transmitting bundle of fiber-optic rods
      rearwardly of the needle for reciprocating the image transmitting bundle
      of fiber-optic rods within the needle and with respect to the lens system
      in order to adjust the focus of the image transmitted to the distal end of
      the bundle by the lens system for a given distance between the forward end
      of the needle and the object to be viewed.
NUM  2.
PAR  2. An endoscope as in claim 1 including a scope body, said needle having a
      rearward end attached thereto and said needle extending forwardly thereof.
NUM  3.
PAR  3. An endoscope as in claim 2 wherein the proximate end of the image
      transmitting bundle of fiber-optic rods is disposed within the scope body.
NUM  4.
PAR  4. An endoscope as in claim 3 further including optical objective means for
      viewing an image at the proximate end of said image transmitting bundle of
      fiber-optic rods, said objective means being adjustable to maintain image
      focus when said bundle is reciprocated.
NUM  5.
PAR  5. An endoscope as in claim 2 wherein said means for reciprocating the
      image transmitting bundle of fiber-optic rods includes a control rod
      movably mounted in said scope body.
NUM  6.
PAR  6. An endoscope as in claim 5 and including a strut operably connecting a
      rearward end of said control rod to said bundle adjacent the bundle's
      proximate end in order to reciprocate said bundle when said rod is moved.
NUM  7.
PAR  7. An endoscope as in claim 6 further including a focus adjusting ring
      mounted on said scope body, said ring being rotatable about an axis with
      respect to said body and movable in a direction parallel to said needle
      and said axis, said ring including means for engaging a forward end of
      said control rod and for moving said control rod in order to move said
      bundle.
NUM  8.
PAR  8. An endoscope as in claim 7 including a spring operably connected to said
      control rod to spring bias said control rod in a forward direction
      parallel to said needle, said means for engaging and moving said rod being
      operable to hold and to move said rod against said spring bias.
NUM  9.
PAR  9. An endoscope as in claim 7 including a spring and rod housing means
      mounted within said scope body for containing said spring and a rearward
      end of said rod.
NUM  10.
PAR  10. An endoscope as in claim 1 further including a first tube within said
      needle, said lens system mounted at a forward end of said tube at the
      forward end of the needle and said bundle extending through said tube from
      a rearward end thereof toward said lens system, said bundle being slidable
      within said tube.
NUM  11.
PAR  11. An endoscope as in claim 10 wherein said channel means comprises a
      second hollow tube within said needle
NUM  12.
PAR  12. An endoscope as in claim 11 wherein said illumination transmitting
      fiber-optic rods are disposed within said needle but outside of said first
      and second tubes.
NUM  13.
PAR  13. An endoscope as in claim 12 wherein the outside diameter of the needle
      is approximately 0.051 inches.
NUM  14.
PAR  14. An endoscope as in claim 12 wherein said fiber-optic rods of said image
      transmitting bundle each have a diameter in the approximate range of about
      4 microns to about 10 microns.
NUM  15.
PAR  15. An endoscope as in claim 12 wherein said image transmitting bundle of
      fiber-optic rods is approximately 0.021 inches in diameter.
NUM  16.
PAR  16. An endoscope as in claim 12 wherein the inner diameter of said second
      tube is approximately 0.016 inches.
NUM  17.
PAR  17. An endoscope as in claim 12 wherein said lens system includes at least
      two lenses, a lens mounting tube in which said lenses are mounted, said
      lens mounting tube being mounted within a forward end of said first tube,
      and
PA1  aperture means mounted between said two lenses in said lens mounting tube.
NUM  18.
PAR  18. An endoscope as in claim 17 wherein said lens aperture is approximately
      0.015 inches.
NUM  19.
PAR  19. An endoscope as in claim 18 wherein the equivalent focal length of said
      lens system is about 0.82 millimeters.
NUM  20.
PAR  20. An endoscope as in claim 17 wherein the ratio of the focal length of
      the lens system to the aperture is approximately 2.2.
NUM  21.
PAR  21. An endoscope as in claim 12 wherein the focus can be adjusted to
      provide an in-focus image of objects spaced within an approximate range of
      from about .5 millimeters to infinity from the forward end of the needle.
NUM  22.
PAR  22. An endoscope as in claim 21 wherein the field of view is adjustable
      from about 0.15 millimeters in diameter to an angular field of about
      41.degree..
NUM  23.
PAR  23. An endoscope as in claim 12 wherein said illumination transmitting
      fiber-optic rods are each approximately .003 inches in diameter.
NUM  24.
PAR  24. An endoscope as in claim 12 wherein said needle is approximately 4
      inches long and wherein said bundle is about 6 inches long.
NUM  25.
PAR  25. An endoscope as in claim 2 including a first tube within said needle,
      and extending from the forward end of said needle rearwardly and outwardly
      thereof, said bundle extending into and through said tube from a rearward
      end thereof toward said lens system and being slidable within said tube.
NUM  26.
PAR  26. An endoscope as in claim 25 wherein said scope body includes a bore, a
      rearward end of said needle communicating with said bore and said first
      tube extending within said bore, and further including means closing an
      end of said bore and supporting a rearward end of said tube.
NUM  27.
PAR  27. An endoscope as in claim 26 wherein said bundle extends outwardly of
      the rearward end of said tube and wherein the means for reciprocating the
      bundle includes means attached to that portion of the bundle extending
      outwardly of the tube.
NUM  28.
PAR  28. An endoscope as in claim 2 wherein said scope body is adaptable for
      connection to a plurality of diagnostic instruments.
NUM  29.
PAR  29. A fiber-optic needle endoscope for viewing objects and comprising:
PA1  a scope body,
PA1  a hollow elongated needle having an outside diameter less than about 0.051
      inches and being small enough to pass through a 17-gauge thin-wall lumbar
      puncture needle, said elongated needle having a forward end and a rearward
      end attached to said scope body,
PA1  an image transmitting lens system at a forward end of the needle,
PA1  an elongated image transmitting bundle of fiber-optic rods within the
      needle, said bundle having a distal end operatively located near the lens
      system at the forward end of the needle and the bundle extending
      rearwardly from said distal end to a proximate end thereof rearwardly of
      the needle,
PA1  a plurality of illumination transmitting fiber-optic rods within the
      needle, and having distal ends at the forward end of the needle, said
      plurality of rods extending rearwardly and having proximate ends disposed
      for operative connection to a source of illumination,
PA1  a channel means within the needle for accommodating an electrode which can
      be extended forwardly of the distal end of the needle and visually
      supervised through the image transmitting bundle, and
PA1  means connected to the image transmitting bundle of fiber-optic rods
      rearwardly of the needle for reciprocating the image transmitting bundle
      of fiber-optic rods within the needle and with respect to the lens system
      in inorder to adjust the focus of the image transmitted to the distal end
      of the bundle by the lens system for a given distance between the forward
      end of the needle and the object to be viewed.
NUM  30.
PAR  30. An endoscope as in claim 29 including a first tube within said needle
      and extending from a forward end of the needle outwardly of the rearward
      end thereof into said scope body, said bundle being disposed within said
      first tube and a proximate end of said bundle extending outwardly of said
      first tube into said scope body.
NUM  31.
PAR  31. An endoscope as in claim 30 wherein said means to reciprocate said
      bundle includes a strut attached to that portion of said bundle extending
      outwardly of said first tube, said strut attached to means for moving said
      strut and said bundle.
NUM  32.
PAR  32. An endoscope as in claim 32 wherein said means for reciprocating said
      bundle includes a control rod slidably mounted within said scope body, a
      strut connecting said rod with that portion of said bundle extending
      outwardly of said first tube, and a focus adjusting ring on said body for
      rotation about an axis, said ring moving in a direction parallel to said
      axis upon rotation and having a flange engaging and moving said rod in
      order to move said bundle in said tube when said ring is rotated with
      respect to said body.
NUM  33.
PAR  33. An endoscope as in claim 32 wherein said control rod is spring biased
      against said flange.
NUM  34.
PAR  34. An endoscope as in claim 30 wherein said illumination transmitting
      fiber-optic rods and said channel means extend rearwardly of said needle
      into said body and thereafter through said scope body to respective
      terminal ends where they are adapted respectively for connection to a
      source of illumination and for accommodation of treatment means.
NUM  35.
PAR  35. A method for creating radiofrequency lesions in body tissues with a
      fiber-optic needle endoscope having a hollow elongated needle, an image
      transmitting lens system at a forward end of the needle, an elongated
      image transmitting bundle of fiber-optic rods within the needle, said
      bundle having a distal end near the forward end of the needle in operative
      disposition with respect to said lens system and the bundle extending
      rearwardly from said distal end to a proximate end thereof, a plurality of
      illumination transmitting fiber-optic rods within the needle and having
      distal ends at the forward end of the needle, said plurality of rods
      extending rearwardly and having proximate ends disposed for oprative
      connection to a source of illumination, a channel means within the needle
      for accommodating an electrode which can be extended forwardly of the
      distal end of the needle and visually supervised through the image
      transmitting bundle, means connected to the image transmitting bundle of
      fiber-optic rods rearwardly of the needle for reciprocating the image
      transmitting bundle of fiber-optic rods within the needle and with respect
      to the lens system in order to adjust the focus of the image transmitted
      to the distal end of the bundle by the lens system for a given distance
      between the forward end of the needle and the object to be viewed, and
      means for viewing the image at the proximate end of the bundle, said
      method comprising the steps of:
PA1  inserting a puncture needle and internal stylet into the body tissue,
PA1  removing the stylet,
PA1  inserting the elongated needle into the puncture needle and forwardly into
      the body tissue, while
PA1  viewing the image transmitted to the proximate end of the bundle, and while
PA1  adjusting the focus of the tissue object viewed by adjusting said means
      connected to the image transmitting bundle of fiber-optic rods and thereby
      reciprocating the image transmitting bundle of fiber-optic rods with
      respect to said elongated needle and said lens system,
PA1  inserting an electrode into said channel forwardly of the forward end of
      the elongated needle and placing the electrode in the body tissue in which
      lesions are to be created, by viewing such placement through the means for
      viewing the image at the proximate end of the bundle, and
PA1  generating radiofrequency impulses in said electrode to create lesions in
      said body tissue.
NUM  36.
PAR  36. A method of treating body tissues with a needle endoscope having
      viewing means including a bundle of image transmitting fiber-optic rods
      operatively disposed with respect to a lens system at a forward end of the
      needle, and said endoscope having illumination means, the method
      comprising the steps of:
PA1  inserting said needle into said tissues, said needle having a forward end
      and a rearward end,
PA1  inserting, through said needle, an electrode into said tissues while
      viewing an operative end of said electrode through said needle to
      correctly position said electrode and forwardly of said forward end of
      said needle and while
PA1  adjusting the focus of the endoscope to resolve viewed tissue as desired by
      reciprocating said bundle within said needle and with respect to said lens
      system in response to movement of a focus adjusting means connected in
      said viewing means rearwardly of the rearward end of said needle, and
      thereafter
PA1  generating radiofrequency pulses in said electrode to create lesions in
      said tissue.
NUM  37.
PAR  37. A method of treating body tissues comprising the steps of:
PA1  inserting a needle into a body near tissues to be treated, said needle
      having viewing means for viewing a small area of tissue microscopically
      under in-focus magnification and said needle being adjustable to view a
      larger area of tissue telescopically under lesser in-focus magnification
      by withdrawing said needle away from said tissue, said needle also having
      tissue illumination means therein and having an outside diameter of
      approximately 18-gauge;
PA1  focusing said viewing means to resolve the tissue viewed at a selected
      distance from said needle by reciprocating said viewing means with respect
      to said needle and in response to movement of a focus adjusting means
      connected to said viewing means rearwardly of a rearward end of said
      needle,
PA1  inserting, through said needle, an electrode into said body;
PA1  viewing an operative end of said electrode through said needle and within
      the range of magnification provided by said viewing means;
PA1  positioning said electrode in said tissues to be treated while said
      electrode is under microscopic supervision, and
PA1  generating radiofrequency pulses in said electrode to create lesions in
      said tissue.
NUM  38.
PAR  38. A fiber-optic needle endoscope for viewing objects and comprising:
PA1  a hollow elongated needle,
PA1  an image transmitting lens system at a forward end of the needle,
PA1  an elongated image transmitting bundle of fiber-optic rods within the
      needle, said bundle having a distal end near the forward end of the needle
      in operative disposition with respect to said lens system, and the bundle
      extending rearwardly from said distal end to a proximate end thereof,
PA1  a plurality of illumination transmitting fiber-optic rods within the needle
      and having distal ends at the forward end of the needle, said plurality of
      rods extending rearwardly and having proximate ends disposed for operative
      connection to a source of illumination, and
PA1  means connected to the image transmitting bundle of fiber-optic rods
      rearwardly of the needle for reciprocating the image transmitting bundle
      of fiber-optic rods within the needle and with respect to the lens system
      in order to adjust the focus of the image transmitted to the distal end of
      the bundle by the lens system for a given distance between the forward end
      of the needle and the object to be viewed.
NUM  39.
PAR  39. A fiber-optic needle endoscope for viewing objects and comprising:
PA1  a hollow elongated needle having a forward end and a rearward end,
PA1  an image transmitting lens system mounted at the forward end of the needle,
PA1  an elongated image transmitting bundle of fiber-optic rods within the
      needle, said bundle having a distal end near the forward end of the needle
      in operative disposition with respect to said lens system, and the bundle
      extending rearwardly from said distal end to a proximate end thereof
      rearwardly of said needle,
PA1  a plurality of illumination transmitting fiber-optic rods within the needle
      and having distal ends at the forward end of the needle, said plurality of
      rods extending rearwardly and having proximate ends disposed for operative
      connection to a source of illumination, and
PA1  focus adjusting means operatively connected between the rearward end of
      said needle and the image transmitting bundle of fiber-optic rods
      rearwardly of the needle for moving the image transmitting bundle of
      fiber-optic rods and the combined needle, and lens system with respect to
      each other in order to adjust the focus of the image transmitted to the
      distal end of the bundle by the lens system for a given distance between
      the forward end of the needle and the object to be viewed.
NUM  40.
PAR  40. An endoscope as in claim 39 wherein said elongated needle has an
      outside diameter of approximately 0.051 inches and further including
PA1  a channel means within the needle for accommodating an electrode which can
      be extended forwardly of the distal end of the needle and visually
      supervised through the image transmitting bundle.
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PAL  The present disclosure deals with ultrasonically selectively dissolving
      solid and semi-solid unwanted materials, such as vitreous gels, membranes,
      cataracts and similar materials in ophthalmic operation applications, for
      example, by radiating from a physically small source, high-frequency,
      preferably pulsed, acoustic waves, while positioning the material to be
      selectively locally dissolved by such waves at a selected region sometimes
      in contact with or near-contact or within a short distance from the source
      of the order of a millimeter or so, at which the propagated acoustic wave
      energy can effect such phenomena as, for example, localized cytolysis of
      the material at the selected region thereof substantially normal to the
      wavefront of the radiated acoustic wave region, and without substantial
      damage to the portions of the material external to said selected region,
      and with adjustment to obviate any substantial temperature rise at the
      material.
BSUM
PAR  The present invention relates to processes and apparatus for selectively
      ultrasonically dissolving and removing unwanted solid and semi-solid
      materials and the like, having an important, though by no means exclusive,
      application in procedures for the removal of vitreous gels, membranes,
      cataracts and the like in ophthalmic operations, as well as important use
      in other parts of the human and animal bodies including, but not limited
      to, kidney stones and the like, tissue, abscesses, tumors, arterial
      deposits and the like; and, indeed, in a wide variety of other unrelated
      applications, including industrial processes, wherein materials are
      desired to be selectively dissolved (liquified) in a very localized
      region.
PAR  In view of its importance, accordingly, the invention will hereinafter be
      primarily described for purposes of illustration in connection with its
      application to such ophthalmic and related procedures; but it is to be
      distinctly understood that this is by way of illustration only, and that
      the invention has obviously much broader and wider applications, as well,
      wherever the advantages thereof are sought, as more particularly
      delineated in the appended claims.
PAR  The art is replete, as hereinafter detailed, with prior proposals for uses
      of relatively low ultrasonic frequency energy for a wide variety of
      purposes ranging from communications to polishing, and including the
      particularizing of materials, even for ophthalmic and related
      applications. Particularly with regard to the latter applications,
      however, such uses have had disadvantages preventing them from being
      completely satisfactory. The novel relatively high frequency ultrasonic
      technique for dissolving and removing unwanted material of the present
      invention, on the other hand, is especially suitable for surgical
      procedures where the total disintegration of vitreous gel, vitreous
      membrane, lens, lens capsule and cataract, and like materials is desired
      without the disadvantage of prior art proposals that produce suspensions
      of particularized material that must be physically taken away from the
      surgical site. The technique makes use of a small, high frequency
      ultrasonic transducer driven at acoustical power levels rather critically
      selected, in conjunction with the operating frequencies, so that
      dissolving only occurs in close proximity to the face of the transducer.
      Adverse rises in temperature are prevented preferably by selecting a
      particular pulsed mode of operation (though in some particular instances
      continuous wave operation and/or cooling may be necessary), such that
      coagulation of tissue, including rendering the material in the eye opaque,
      causing at least temporary loss of vision, and other disadvantageous
      effects accompanying adverse temperature rises can be avoided. Whereas
      state-of-the-art techniques use relatively low frequency ultrasonic
      vibrating assemblies which are employed to break apart unwanted material
      by mechanical impact or cutting action, the present technique uses a
      radiated propagating pulse of relatively high frequency ultrasonic energy
      to convert or dissolve unwanted material into its cellular, subcellular
      and/or molecular components in a highly controlled and localized manner.
PAR  Vibratory assemblies for cutting material have been used for some time in a
      wide number of applications. One such apparatus employs a slurry of
      abrasive particles in conjunction with an ultrasonically vibrating tool,
      as described, for example, in U.S. Pat. No. 2,580,716. The vibratory
      energy imparted to the abrasive particles in the slurry hurls them with
      tremendous accelerations against the surface to be cut, thereby literally
      chipping away the material. This technique has been applied with great
      success particularly in the case of industrial machine tools. Such
      vibratory assemblies, however, are ineffective in cutting yielding
      materials and also require a fairly open site so that the interposition of
      the slurry between the vibrating tool tip and the work surface can be
      maintained.
PAR  Certain vibratory assemblies for particular use in the dental field do not
      necessarily require the use of an abrasive slurry to break down unwanted
      material. Such assemblies are described, for example, in U.S. Pat. Nos.
      3,075,288; 3,076,904; and 3,213,537. Since these instruments rely on the
      mechanical action of a vibrating tool to break down unwanted material,
      they do not operate on the principle of the present invention, or produce
      the novel results thereof. Since, moreover, these dental instruments
      generally break down material into relatively large particles and
      generally do not provide for the removal of unwanted material, they are
      inappropriate for use in inaccessible places.
PAR  U.S. Pat. No. 3,589,363, on the other hand, does describe a vibratory
      assembly for material removal from relatively inaccessible regions. This
      instrument uses a rapidly vibrating knife tip to break down unwanted
      material into small particles. As the vibrating tip is applied to the
      material, the region adjacent to the operative site is flooded with fluid.
      The unwanted material is dispersed into the fluid which, in turn, is
      removed by suction. Although the vibrating tip will, as a result of this
      motion, produce an acoustic wave which propagates into the unwanted
      material, it is clearly the cutting motion of the tip and not the
      propagation of radiated acoustic energy which produces the desired action
      and result. (See, for example, C. D. Kelman, "A Personal Interview Between
      the Editor and Dr. Charles D. Kelman," Boyd's Highlights of Ophthalmology,
      Volume XIII, No. 1, 1970-71 Series, p. 43.) Thus, such devices do not
      operate on the principle of the present invention. Such prior art devices
      also cannot attain the novel controlled results of this invention as more
      fully hereinafter explained.
PAR  The device described in U.S. Pat. No. 3,589,363 illustrates a prior
      proposal designed particularly for ophthalmic applications. One of its
      disadvantages is that suction is required as before-mentioned not only to
      remove unwanted material, but actually to hold the material while the
      vibrating tip chips away at or cuts it because of dependence on mechanical
      action as opposed to the dissolution of material by this invention without
      or with slight physical contact. Kelman, who invented and developed the
      device, and others have found that the instrument will not break down the
      lens capsule and that this material must be removed by conventional
      cutting and manipulation with forceps. (See C. D. Kelman,
      "Phakoemulsification and Aspiration, A New Technique for Cataract Removal:
      A Preliminary Report", Am. J. of Oph. 64 (1967), pp. 23-35; C. D. Kelman,
      "Phakoemulsification and Aspiration," Am. J. of Oph. 67 (1969), pp.
      464-477; and C. D. Kelman and D. L. Brooks, "Ultrasonic Emulsification and
      Aspiration of Trasematic Hyphema," Am. J. of Oph. 71, (1971), pp.
      1289-1291).
PAR  In the procedure used by Kelman the anterior lens capsule has to be first
      torn away with a very dull knife, and then the knife is removed from the
      eye. Next, a spatula is inserted to pro-lapse the lens cortex to the
      anterior chamber; that is, one must go in with a spatula and scrape out
      the lens material into the anterior chamber of the eye. The spatula is
      then removed; and finally the probe is placed inside the eye and used to
      break down and remove the lens material after which the probe is removed.
      If the back side of the lens or the posterior capsule is still rather
      opaque, one must insert a knife into the eye again to cut the posterior
      capsule. In accordance with the present invention, however, rather than
      going through four such rather complicated stages in which four different
      instruments must be inserted into the eye, this invention allows the
      surgical procedure to be performed, in many instances, with only one
      instrument.
PAR  Several workers have investigated the effects of certain ways of using
      ultrasonic energy directly, rather than through a vibrating assembly
      and/or an abrasive slurry, to break apart unwanted material. The
      exploration of ultrasonics as a therapeutic tool in ophthalmology was
      apparently begun by Zeiss, (E. Zeiss, "Uber Linsenueranderungen An Heraus
      Genommenen Rinderlinsen durch Ultra-schallein Wirkung," Arch. F. Ophth.
      139 (1938), pp. 301-322), who noted that 250 kHz acoustic energy
      deleterously produced reversible perinuclear cataracts and vitreous flow
      in excised beef eyes. Kawamoto, (I. Kawamoto, "Experimental Studies on the
      Effect of Ultrasonic Waves on the Eyeball", Nippon Gankwa Gakukwai Zasshi,
      51 (1947), pp. 12-16), obtained similar results working at 547 kHz.
      Lavine, (O. Lavine, K. H. Langenstrass, C. M. Bowyer, F. E. Fox, V.
      Griffing, and W. Thaler, "Effects of Ultrasonic Waves on the Refractive
      Media of the Eye," Arch. Ophth. 47 (1952), pp. 204-219), used frequencies
      ranging from 0.5 to 3.2 MHz and developed dense irreversible cataracts
      under experimental conditions. Baum, (G. Baum, "The Effect of Ultrasonic
      Radiation Upon the Eye and Ocular Adnexa," Am. J. of Oph., 42 (1956), pp.
      696-706), noted that 1 MHz energy applied to the rabbit eye caused
      significant iritis and ciliary body injury. Donn, (A. Donn, "Ultrasonic
      Wave Liquefaction of Vitreous in Living Rabbits," Arch. Oph., 53 (1955),
      pp. 215-223), broke up vitreous in the rabbit eye with focused ultrasound,
      but created retinal changes which were not visible ophthalmoscopically but
      which were quite apparent histologically. While Karlin, (D. B. Karlin,
      "Ultrasound in Retinal Detachment Surgery," Trans. Am. Acad. Oph. and
      Otolaryng. 73 (1969), pp. 1061-1076), found that ultrasound in the kHz
      frequency range could be used to produce particularization in
      blood-injected cattle vitreous, Letts and Rosen (N. F. Letts and A. Rosen,
      "The Destruction of Vitreous and Retina with a 40 kHz Ultrasonic Probe
      Introduced Into the Living Rabbit Eye," to be published in Trans. Am.
      Acad. Oph. and Otolaryng.), extended these experiments into living rabbit
      eyes and found that deleterous retinal and choroidal hole formation
      occurred at the energy levels required for vitreous liquefaction. Vitreous
      membranes, moreover, could not be destroyed by this method.
PAR  Apparently none of this myriad of prior investigators understood or
      discovered the phenomena underlying the present invention that, for the
      first time, enable the direct harnessing of radiated acoustic energy for
      therapeutic purposes in ophthalmology and other areas, and, through the
      entirely different and critical technique for developing, adjusting and
      using radiated acoustic energy underlying the invention, turning an
      unsuccesssful and even dangerous technology into a highly controllable,
      predictable, repeatable, localized, safe and simplified technique.
PAR  One of the novel features of this invention occurs on the fact that
      prior-art attempts in dissolving material, and in particular cytolysis or
      the like of unwanted tissue and the like, resulted in extremely low
      attenuation of various forms of energy, thereby preventing control and
      localization. The relatively low ultrasonic frequencies that were used
      traveled much farther before being substantially attenuated than the
      relatively high ultrasound frequency waves of this invention. The
      low-frequency ultrasound resulted, indeed, in energy conversion to heat,
      physical forces, and acoustic pressures over an undesirably large area, as
      opposed to confining the energy in the unwanted material or tissue.
      Furthermore, to compound the low attenuation problems encountered,
      previous investigators used continuous ultrasonic frequency waves under
      the theory that it was necessary to break down the material in as short a
      time period as possible.
PAR  In accordance with a preferred form of the present invention, by contrast,
      very short wave-length ultrasonic waves are employed which do not travel
      far because of the correspondingly high ultrasonic frequency associated
      therewith. It has been found that such high-frequency ultrasonic energy is
      highly attenuated over a short distance due to various energy transfer
      mechanisms at the molecular and macromolecular levels. It is believed that
      the reason for this high-energy absorption in the immediate region of the
      source and the ability of the technique to effectively break down
      materials is due to the fact that these high-frequency waves are extremely
      close to the average resonant frequency of cell structures and
      macromolecules whose dimensions are in the same range as the small
      wavelength associated with the high-frequency ultrasound underlying the
      inventive technique. Thus, e.g. cells and components thereof are put into
      a vibrational phase resulting in various types of shear and torsional
      stresses causing intracellular or molecular bonds to break apart. In
      essence, an important distinction over the prior art is that this
      invention transmits energy to unwanted material in a controllable,
      localized area in such a manner that both the unwanted material and the
      ultrasonic source become active elements in the vibratory dissolving
      process. This is significantly different from the prior art where only the
      ultrasonic source is active while the undesirable material remains a
      passive element to be broken up by physical contact and forces generated
      by the working surface of the ultrasonic probe. Since this invention,
      furthermore, does not depend upon physical contact force, it has been
      found, directly contrary to the prior art, that stimulating the
      undesirable material or tissue with pulsed ultrasound energy will actually
      reduce disintegration time because substantially higher energy amplitudes,
      hence energy densities, can now be applied intermittently to the
      undesirable material with the assurance that there will be in high
      attentuation due to energy absorption of the high-frequency vibratory mode
      of the undesirable material between the programmed relatively long time
      gaps of no energy stimulation.
PAR  Apart from the fact, shown above, that prior skilled investigators failed
      to discover the present invention and, indeed, by their different
      techniques obtained unsuccessful and useless results insofar as several of
      the purposes of the invention are concerned, the whole understanding (or
      what now proves to be lack of understanding) of the mechanisms involved
      and the resulting teachings in this art, clearly led investigators away
      from the discoveries underlying the invention. Thus, for example, Baum,
      supra, found that for continuous exposure times of less than six minutes,
      the acoustic power levels which will always produce permanent damage to
      the eye are only 4dB above the acoustic power levels which can always be
      considered safe. Using experimentally determined values for the
      attenuation of sound in the eye, Baum's study, (P. N. T. Wells, Physical
      Principles of Ultrasonic Diagnosis, Academic Press, 1969, pp. 19-27),
      implies that if the power applied to a 1 MHz transducer is increased until
      liquefaction is just observed at the transducer's face, then the acoustic
      energy which propagates into the eye will not be attenuated to a safe
      level until it has traveled a distance of 40 cm. The effects of
      attenuation are even more dramatic at lower frequencies. For example, if
      40 kHz acoustic energy (as distinguished from a mechanical knife moving at
      40 kHz) is used to break down material in the eye, the wave must propagate
      over 10 meters before the wave's intensity is attenuated to a level which
      can be considered absolutely safe. Thus, unless expensive and complicated
      apparatus is used to focus the acoustical energy down to a small region,
      it is impossible to use low frequency ultrasound (having a frequency below
      a few MHz) safely to liquefy material in the eye without damaging
      surrounding tissue.
PAR  An object of the invention, accordingly, is to provide a new and improved
      process and apparatus for employing high-frequency ultrasound acoustic
      wave energy at very high density, preferably intermittently, to dissolve
      materials, particularly semi-solid and solid materials, which process and
      apparatus shall not be subject to the above-recounted and other
      disadvantages and problems of prior techniques, but that, to the contrary,
      produce highly controllable, selective and localized tissue reduction
      results and without damage to surrounding material.
PAR  A further object is to provide such a novel process and apparatus that is
      particularly adapted and safe for ophthalmic procedures and for other
      procedures on the human or animal body and with the above novel results.
PAR  An additional object is to provide an improved selective ultrasonic
      dissolving and removing process and apparatus of wide and flexible
      application, generally applicable to unwanted or other solid and
      semi-solid materials and the like to be dissolved or removed.
PAR  Other and further objects will be explained hereinafter and are more
      particularly defined in the appended claims. In summary, however, from one
      of its broad aspects, the invention embraces a process for selectively
      dissolving solid and semi-solid materials, that comprises, producing
      preferably pulsed ultrasonic frequency energy; propagating such energy as
      a radiated acoustic wave from a predetermined, preferably highly
      localized, region; positioning the material-to-be-dissolved, of dimensions
      large compared with the wavelength of said ultrasonic frequency, at a
      juxtaposed region thereof, in contact, near-contact or slightly displaced
      therefrom, to subject the material to the propagated acoustic wave energy;
      adjusting the energy to effect localized dissolving of the material into
      cellular components at said juxtaposed region thereof substantially normal
      to the wavefront of the acoustic wave while rapidly attenuating the energy
      to prevent dissolving and other substantial damage to the portions of the
      material external to said juxtaposed region. Where pulsing of the energy
      is employed, such is adjusted to obviate any substantial temperature rise
      in the material, and said frequency is selected to produce the desired
      degree of localization and disintegration of the resulting dissolved
      material.
DRWD
PAR  The invention will now be described with reference to the accompanying
      drawing, the single FIGURE of which is a partly schematic and isometric
      drawing illustrating the invention as applied to an ophthalmic or similar
      instrument or tool for the purposes of the invention.
DETD
PAR  As before indicated, the present invention involves high ultrasound
      frequencies. For certain ophthalmic applications, frequencies of the order
      of 90 to 100 MHz and higher have been found particularly useful for
      reasons later apparent. The attenuation of ultrasound in the eye in such
      high MHz ranges has been determined to be approximately proportional to
      the 1.3 power of frequency. It follows that if a 100 MHz sound wave is
      just intense enough to dissolve material in the eye, the wave need
      propagate only 1 mm for the effects of attenuation to reduce the intensity
      of the wave to what can be considered to be a safe level. This analysis
      indicated that ultrasound having a frequency in the 100 MHz range could be
      used to dissolve unwanted material in a very localized region without
      deleteriously affecting the surrounding tissue. The physical mechanisms
      which describe the breakdown of material are found to be
      frequency-dependent. Thus, when the wavelength of sound is larger than or
      about the same size as the physical dimensions of the eye, cavitation
      and/or gross mechanical motion produce the break-up of unwanted material.
      Such a situation certainly exists if the frequency of the sound is around
      40 kHz or below, as in certain prior-art systems before-discussed. When,
      however, the wavelength of sound is very much smaller that the dimensions
      of the eye or its parts -- as it is at 100 MHz -- then the mechanical
      energy associated with the propagating sound wave will microscopically
      break down the unwanted material into cellular macromolecular, and/or
      molecular components. This process is best described as one of cytolysis
      since the sound energy breaks down the materials into a subcellular or
      cellular collection of particles. Because the attenuation is
      frequency-dependent, the selected region over which liquefaction occurs is
      also frequency-dependent. Thus, liquefaction can be localized to a region
      of arbitrary size; and since the degree of material breakdown is
      frequency-dependent, the unwanted material can be dissolved on a
      micromolecular level of arbitrarily desired dimensions. These unique
      features are not possible with those previous techniques which depend on a
      vibrating mechanical tool, an abrasive slurry, cavitation phenomena,
      and/or the focusing of acoustical energy.
PAR  The above has, indeed, been confirmed by a series of in vitro experiments
      in which 90 MHz pulsed ultrasound was applied successfully, for the
      purposes of the invention, to lens, cataract, vitreous, and vitreous
      membrane in excised human, cattle, baboon, and rabbit material. A
      generator was used to drive a resonant frequency PZT crystal at its first
      overtone of 90 MHz. The pulse length was about 1.mu. sec and the pulse
      repetition rate about 100 per second. The biological sample was held with
      forceps and subjected to the active surface of the transducer. The power
      was slowly increased until dissolving or cytolysis was observed at the
      face of the transducer. In all tests, dissolving or cytolysis appeared to
      be localized to a region normal or perpendicular to and within 1 mm of the
      transducer's face. Ultrasound was found to dissolve all materials tested
      including lens, cataract, vitreous, and vitreous membrane. A small
      thermocouple was placed at various positions within most of the samples
      tested. Only small variations in temperature were recorded during
      liquefaction. At a distance of about 2 mm from the transducer surface, the
      maximum rise in temperature was only 1.degree. C.
PAR  The accompanying drawing illustrates a practical device, incorporating the
      aforementioned principles of dissolution using high-frequency ultrasonic
      energy, this particular instrument lending itself to the performance of
      delicate surgical procedures in extremely limited regions. This device is
      capable of liquefying lens, cataract, vitreous and vitreous membrane with
      no significant temperature rise and with no damage to peripherally
      surrounding tissue; and, of course, may also be used for a host of other
      applications, as before suggested, including other operations upon the
      body or upon other kinds of solid and semi-solid materials and the like
      that are to be dissolved and removed.
PAR  In brief, the device shown in the drawing consists of a casing 1 in which
      is mounted a transducer 2, should as a piezoelectric disc mounted as a
      small tip-like source at the end of a probe construction 3 for converting
      electrical energy into ultrasonic energy, piezoelectrically, as before
      discussed. The ultrasonic energy propagates into the unwanted material
      4-4' and causes the unwanted material to dissolve more particularly
      indicated at 4. Although in many circumstances material will have been
      dissolved at 4 to a degree such that it need not be physically removed
      from the surgical site (an advantage lacking in the prior) art, there are
      applications wherein the removal of the unwanted material may be
      desirable. For this latter case, the casing 1 in which the transducer 2 is
      mounted can be modified, as shown in FIG. 1, to include a lateral
      longitudinal passage 5 in the probe 3 for carrying treatment fluid from a
      fluid supply 6 through outlet 10, disposed just peripherally rearward of
      the transducer 2, to the adjacent region where ultrasound is applied; and
      a similar longitudinal passage 7 for carrying unwanted dissolved material
      in the treatment fluid away from the first region, under suction. The
      apparatus also includes an oscillator or generator 8 for supplying
      electrical energy via conductors 80', shown centrally axially mounted, to
      the transducer 2; and, where desired, the fluid supply source 6 is used
      for providing treatment fluid, and suction pump means 9 is provided for
      withdrawing the fluid at 10', adjacent the transducer 2, when the fluid
      contains a suspension of unwanted material. As the operative tip 2 is
      applied to the material 4-4', the region adjacent to the operative side
      can thus be bathed with the treatment fluid. The unwanted material will
      then naturally run out of the incision, or suction at 10'-9 can enable
      withdrawing the material from the operative site.
PAR  In operation, pulsed high-frequency ultrasonic energy is applied from
      oscillator 8 to the transducer 2 so as to produce an ultrasonic impulse
      wave which propagates into the unwanted material 4-4'. The ultrasonic
      frequency and power level are selected, based on a knowledge of the
      acoustical properties of the material, so as to limit dissolving or
      cytolysis to a specified region; and the pulse length and pulse repetition
      rate are selected so as to minimize any changes in temperature produced by
      the ultrasonic wave, as before explained. For example, in many ophthalmic
      applications, it will be beneficial to use an ultrasonic oscillator
      frequency of about 100 MHz, a pulse length adjusted to about 1 .mu.sec
      (microsecond) or a few .mu.sec, and a pulse repetition rate adjusted to
      about 100 per second or a few hundred. These parameters will enable the
      dissolving or cytolysis process to be localized to the region 4 within
      about 1 mm of the surface of the transducer, with pulse power on the order
      of several watts/cm.sup.2 . The radiating tip 2 may have a cross-dimension
      on the order of about 10 to 100 times the wavelength. Unwanted material
      dissolving in the micron range is produced for example, with about 100 MHz
      frequencies.
PAR  In employing the instrument illustrated, the surgeon maniuplates the casing
      handpiece 1 to apply the radiating tip 2, extending beyond the
      hand-holding region, at the selected juxtaposed regions spaced very short
      distances from the tip, such as a millimeter or a few millimeters, where
      the pulses of radiated acoustic wave energy introduce no substantial
      temperature rise. The resulting attenuation is controlled for the
      localized cytolysis with the dissolved material 4 flushed away in the flow
      of the treating fluid. Beyond 4 at 4', the ultrasonic energy has
      attenuated to a degree such that no dissolving action takes place. This
      process continues until all of the unwanted tissue has been dissolved and,
      if necessary, removed from the operative site. As before stated, moreover,
      in accordance with the invention, dissolving or cytolysis is highly
      localized and controllable to prevent damage at peripheral regions of the
      material. It may also be desirable to aspirate the unwanted material out
      of the wound hole itself so that another passage in the probe to carry out
      the material may not be needed. The size of the wound hole would be large
      enough to provide adequate irrigation through a tube, not shown, affixed
      to the probe and large enough to provide adequate aspiration from the eye
      around the probe, but yet small enough to enable the surgeon to maintain
      appropriate pressure in the eye. Note the latter consideration (re
      maintenance of pressure) is an important factor in ophthalmic
      applications.
PAR  Where fluid treatment has been employed in the before-discussed prior-art
      chipping devices, the treatment fluid serves to cool the tip of the probe,
      to wash material out of the eye, and to remove such material. The eye is
      not inflated during all stages of the operating using such devices, even
      though surgeons prefer to have the eye inflated at all times. In
      accordance with the present invention, on the other hand, the treatment
      fluid, if employed, may be primarily used to keep the eye inflated, as by
      letting saline solution run into the eye by gravity, selecting the
      diameter of the irrigation tube and the wound size (used for aspiration)
      so that the specified pressure range is maintained. A very small
      pressure-sensitive monitor transducer P may also be employed, carried by
      the probe 3, if desired, directly to measure the pressure in the eye, as
      at 4, and then regulate the flow of fluid from 6 into the eye by
      well-known feedback control, schematically indicated by the arrows
      adjacent P and the supply 6.
PAR  Clearly this technique and type of apparatus may be used, also, for other
      applications, as previously discussed; also, with, for example,
      piston-type, spherical and cylindrical sources employing appropriate
      frequencies, as before explained; and further modifications will also
      occur to those skilled in this art--all such being considered as falling
      within the spirit and scope of the invention as defined in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for selectively dissolving solid and semi-solid materials,
      comprising producing ultrasonic-frequency energy of the order of at least
      90- 100 Mhz, propagating such energy as a radiated acoustic wave from a
      predetermined region and upon material-to-be dissolved at a juxtaposed
      region to subject the material to the radiated acoustic wave energy and
      thereby dissolve the material locally into cellular components at said
      juxtaposed region thereof substantially normal to the wavefront of the
      acoustic wave and rapidly attenuating the energy in the material at said
      juxtaposed region to prevent dissolving and other substantial damage to
      the portions of the material external to said juxtaposed region and to
      prevent any substantial temperature rise external to said juxtaposed
      region.
NUM  2.
PAR  2. A process as claimed in claim 1 and in which the said energy producing
      comprising producing pulses of ultrasonic-frequency energy.
NUM  3.
PAR  3. A process as claimed in claim 2 and in which said energy producing
      comprises producing pulses of the order of microseconds long and of
      repetition rate of the order hundreds per second.
NUM  4.
PAR  4. A process as claimed in claim 1 and in which said predetermined region
      is positioned so as to be located a short distance from said juxtaposed
      region.
NUM  5.
PAR  5. A process as claimed in claim 1 and in which said predetermined region
      is positioned so as to be located a distance of the order of millimeters
      from said predetermined region.
NUM  6.
PAR  6. A process as claimed in claim 1 and in which said propagating comprises
      propagating said energy upon at least a portion of a human or animal eye.
NUM  7.
PAR  7. A process as claimed in claim 6 and in which said energy producing
      comprises producing pulses of ultrasonic-frequency of the order of one to
      a few microseconds long and having a repetition rate of the order of one
      to a few hundred per second.
NUM  8.
PAR  8. A process as claimed in claim 7 and in which said predetermined region
      is positioned so as to be located a distance of the order of a millimeter
      from said juxtaposed region.
NUM  9.
PAR  9. A process as claimed in claim 8 further comprising injecting treating
      fluid into said juxtaposed region and withdrawing said fluid therefrom to
      carry off dissolved material.
NUM  10.
PAR  10. A process as claimed in claim 1 further comprising injecting treating
      fluid into said juxtaposed region and withdrawing said fluid therefrom to
      carry off dissolved material.
NUM  11.
PAR  11. A process as claimed in claim 10 further comprising measuring the
      pressure of the material at said juxtaposed region and controlling said
      injecting in accordance with said measuring.
NUM  12.
PAR  12. A process as claimed in claim 1 and in which said energy producing
      comprises producing ultrasonic-frequency energy of wavelength
      corresponding to the dimensions of said cellular components and small
      compared to the dimensions of said material.
NUM  13.
PAR  13. A process for dissolving solid and semi-solid materials, comprising the
      steps of producing ultrasonic-frequency energy of the order of at least
      90- 100 Mhz; and transmitting said energy through a predetermined volume
      of material to be liquefied and thereby directly converting said energy
      simultaneously with said transmitting step into stress on a macromolecular
      and cellular level in said volume of material and dissolving said volume
      of material into macromolecular size components.
NUM  14.
PAR  14. The process of claim 13, wherein said energy producing comprises
      generating pulses of said energy of duration, repetition rate, and
      frequency within predetermined ranges dependent upon the dimensions of
      said volume and type of said material.
NUM  15.
PAR  15. The process of claim 13, wherein said dissolving comprises permanently
      rupturing adjacent macromolecular component bonds.
NUM  16.
PAR  16. The process of claim 13, wherein said energy producing comprises
      producing ultrasonic-frequency acoustic energy of wavelength approximately
      the same as the dimensions of macromolecules and cellular components in
      said volume of material to be stressed and wherein said converting
      comprises vibrating said volume of material on a macromolecular level.
NUM  17.
PAR  17. Apparatus for selectively dissolving solid and semi-solid materials,
      having, in combination, means for generating ultrasonic-frequency energy
      of the order of at least 90- 100 Mhz; transducer means connected with the
      generating means and dimensioned to comprise a highly localized
      acoustic-wave radiating tip; casing means containing said radiating tip
      and shaped to enable manual manipulation thereof in order to enable
      application of said radiating tip to juxtaposed region of such materials
      to propagate therein the radiated acoustic waves for producing a localized
      dissolving of the materials substantially normal to the wavefront and
      immediately at said juxtaposed region and thereby to attenuate the waves
      rapidly in the materials at the juxtaposed region, to prevent dissolving
      and other substantial damage to the portions of the materials external to
      said juxtaposed region and to prevent substantial temperature rise of said
      materials external to said juxtaposed region; and means for setting said
      frequency to control the size of the resulting dissolved components of the
      material.
NUM  18.
PAR  18. Apparatus as claimed in claim 17 and in which means is further provided
      for introducing treating fluid to the said juxtaposed region and for
      withdrawing the same therefrom to carry off dissolved material.
NUM  19.
PAR  19. Apparatus as claimed in claim 18 and in which said generating means
      comprises means for producing pulses of the order of microseconds at
      repetition rate of the order of hundreds per second.
NUM  20.
PAR  20. Apparatus as claimed in claim 19 and in which said juxtaposed region is
      at a distance of the order of millimeters from said radiating tip.
NUM  21.
PAR  21. Apparatus as claimed in claim 17 adapted for opthalmic and similar
      operations and in which said radiating tip extends from its casing means
      to enable positioning of the tip very close to selected regions of the eye
      and the like.
NUM  22.
PAR  22. Apparatus as claimed in claim 21 and in which means is further provided
      for introducing treating fluid into said juxtaposed region and for
      withdrawing the same therefrom to carry off dissolved material.
NUM  23.
PAR  23. Apparatus as claimed in claim 22 and in which means is provided for
      measuring the pressure at said juxtaposed region and for correspondingly
      controlling the introduced fluid.
NUM  24.
PAR  24. Apparatus as claimed in claim 21 and in which said generating means
      comprises means for producing microsecond pulses of the order of one to a
      few hundred per second.
NUM  25.
PAR  25. Apparatus as claimed in claim 24 and in which said juxtaposed region is
      at a distance of the order of a millimeter from said radiating tip.
NUM  26.
PAR  26. Apparatus as claimed in claim 22 and in which said transducer means
      comprises a radiating surface disposed at the end of a cylindrical probe
      extension of said casing means, and said fluid introducing and withdrawing
      means comprise passages extending longitudinally along said probe and
      opening peripherally near said end.
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ABST
PAL  The proposed apparatus for joint movement restitution comprises two pairs
      of needles each of which is designed to be driven through one of the joint
      ends, one of the needles being aligned with the pivotal axis of the joint.
      Each pair of needles is secured in at least one brace so as to define with
      the brace a rigid system to be secured on the respective joint end. The
      two rigid systems are interconnected by distractors which are fixed to one
      of said systems and connected to the other system by way of ball joints
      whose fulcrums lie on the longitudinal axis of the needle aligned with the
      pivotal axis of the joint. The apparatus of the invention provides for
      joint movement after various angular deformation of the joint ends secured
      in the apparatus have been corrected.
BSUM
PAR  The present invention relates to medical equipment and, more particularly,
      to apparatus for joint movement restitution.
PAR  The apparatus of this invention may find application in orthopaedics and
      traumatology for restoring the functions of the elbow-, radio-carpal-,
      ankle- and interphalangeal joints in cases of contractures, ankyloses and
      dislocations.
PAR  It is known in the art to employ an apparatus for joint movement
      restitution which comprises two braces carrying plates on each end
      thereof, said plates being provided with means for tensioning and fixing
      needles, and a pair of needles is secured in each brace, the brace with
      the needles secured therein forming a rigid system to be secured on the
      respective joint end. One brace of the apparatus, which for the sake of
      convenience is known as an axial brace, serves to fix e.g. the distal end
      of the humerus by means of an axial needle which is passed through the
      pivotal axis of the joint and a locking needle which is passed through the
      joint end through which passes the pivotal axis of the joint. The second
      brace of the apparatus, termed a rotary brace, fixed the other joint end,
      e.g. the proximal end of the ulna, with the aid of two needles.
PAR  The two rigid systems of needles and braces are interconnected by two
      distractors each of which is fixed to the rotary brace at one end and
      connected at the other end to the axial brace by way of a cylindrical
      hinge whose axis is aligned with the longitudinal axis of the axial
      needle.
PAR  The foregoing known apparatus provides, by means of the needles thereof,
      the required degree of compression of the joint ends, simultaneously
      ensuring, by means of the articulated distractors thereof, the required
      degree of distraction which permits maintaining a gap of constant
      magnitude between the joint surfaces under both static and dynamic
      conditions.
PAR  The apparatus wherein one brace is capable of turning relative to the other
      makes it possible to dispense with immobilization while treating diseases
      and injuries of monocentric joints, permitting of therapeutic movements
      early in the post-operative period.
PAR  Employed in arthroplasty, the apparatus ensures spatial fixation of the
      joint ends, with the joint surfaces being kept in alignment.
PAR  However, the prior art apparatus fails to provide for a desired smoothness
      of movement in the cylindrical hinges of the apparatus, the reason for
      which should be sought in the elastic deformation of the apparatus
      components occurring as the apparatus axts on the joint ends while
      restituting joint movement, increasing friction in the cylindrical hinges
      of the apparatus and hampering its functioning. Another disadvantage of
      the prior art apparatus consists in that movement restitution of the joint
      fixed in the apparatus is impossible if the joint ends are disposed in
      angular relationship in the frontal plane of the body.
PAR  It is an object of the present invention to provide an apparatus for joint
      movement restitution which would ensure smooth motion in the articulated
      joints of the apparatus.
PAR  It is another object of the present invention to provide an apparatus for
      joint movement restitution which would assure active and passive mobility
      of the joint unloaded by the apparatus, with the joint surfaces being
      disposed in angular relationship in the frontal plane of the body.
PAR  The foregoing objects are attained by the provision of an apparatus for
      joint movement restitution, comprising two pairs of needles each of which
      is designed to be driven through one of the joint ends, one of the needles
      being aligned with the pivotal axis of the joint and each pair of needles
      being secured in at least one brace in such a way as to form therewith a
      rigid system to be secured on the respective joint end, and also
      comprising distractors interconnecting said rigid systems, which
      distractors are fixed to one of said rigid systems and connected to the
      other by way of articulated joints, wherein, in accordance with the
      invention, the articulated joints are formed as ball joints whereof the
      fulcrums lie on the axis of the needle aligned with the pivotal axis of
      the joint.
PAR  The apparatus of this invention makes for smooth motion in the articulated
      joints and permits of joint movement after the various angular
      deformations of the joint ends (e.g. outward bending, inward bending or
      rotary displacement) have been corrected, with the braces of the apparatus
      being disposed at a certain angle to each other.
DRWD
PAR  The invention will be further understood from the following description of
      an exemplary embodiment thereof taken in conjunction with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a schematic general view of an apparatus for movement restitution
      of the interphalangeal joints, in accordance with the invention;
PAR  FIG. 2 is a side elevation of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a plan view of the apparatus shown in FIG. 1;
PAR  FIG. 4 is a blown-up sectional view taken on the line IV--IV in FIG. 2.
DETD
PAR  As an exemplary embodiment of the invention, discussed hereinbelow is an
      apparatus for movement restitution of the interphalangeal joints.
PAR  Referring now to the drawings, the apparatus for movement restitution of
      the interphalangeal joints comprises three braces 1, 2 and 3 (FIG. 1), the
      braces 1 and 2 being rigidly interconnected by two irregularly shaped
      fixing bolts 4 (FIGS. 1 and 2).
PAR  An axial needle 6 is secured in the brace 2, a locking needle 5 is secured
      in the brace 1 (FIGS. 1 and 3), and two needles, 7 and 8, are secured in
      the brace 3.
PAR  The locking needle 5 passes through notches 9 in the fixing bolts 4 and is
      secured to the brace 1 with the aid of nuts 10. The axial needle 6 passes
      through centre holes 11 (FIG. 4) formed in ball joints 12 so fastened to
      the brace 2 that the fulcrum of the ball joint 12 lies on the longitudinal
      axis of the needle 6 and is locked by means of clamp screws 13. For fixing
      the needles 7 and 8 (FIG. 1), the brace 3 is provided with fixing bolts
      14, the needles 7 and 8 being passed through notches 15 of the fixing
      bolts 14. The needles 7 and 8 are pressed against washers 16 fitted over
      the fixing bolts 14 by means of nuts 17.
PAR  The braces 1 and 2 with the needles 5 and 6 form a single rigid system
      which must be firmly secured, by means of the needle 5 and 6, on the joint
      end through which passes the pivotal axis of the joint, e.g. for fixing
      the distal end of the proximal phalanx.
PAR  The brace 3 with the needles 7 and 8 forms a second rigid system which is
      to fix, with the aid of the needles 7 and 8, the other joint end, in this
      case for fixing the proximal phalanx.
PAR  The two rigid systems are interconnected by distractors 18 which are
      fastened to the brace 2 by means of the ball joint 12 and to the brace 3
      by means of two split nuts 19. The split nuts 19 make it possible to vary
      the length of the distractor 18 between the braces 2 and 3, thereby
      varying the distance between the fixed needles 5, 6, 7, 8 and the joint
      ends.
PAR  The apparatus is equipped with a detachable bending-unbending arrangement
      20 for correcting joint contracture and restituting movement therein. The
      bending-unbending arrangement 20 comprises two screws 21 and 22
      interconnected by articulated joints 23 and 24. One end of the
      bending-unbending arrangement 20 is secured to the top of the brace 2 by
      means of split nut 25, while the other end thereof is secured to the top
      of the brace 3 by means of split nuts 26.
PAR  The articulate structure of the distractors 18 of the proposed apparatus
      ensures that when the apparatus is applied to the interphalangeal joint it
      does not interfere with the free movements of the adjacent fingers.
PAR  The apparatus for joint movement restitution functions as follows.
PAR  The apparatus is always applied to the extensor-surface of the limb. This
      application procedure starts by driving the axial needle through the limb.
      If the joint surfaces of the elbow-, ankle-, radio-carpal- and
      interphalangeal joints is damaged, the needle must be aligned with the
      pivotal axis of the joint end of the bone normally to the main plane of
      joint rotation through the centre of the humeral pulley, through the
      centre of rotation of the wrist, and through the centre of the astragalus.
      The axial needle of the apparatus is passed at a distance from the joint
      gap equal to the radius of the joint surface: for the elbow joint, this
      distance is roughly equal to 1.2 cm (i.e., the radius of the capitate
      eminence pulley); for the ankle joint, 2 cm (astragalus radius); and for
      the radio-carpal joint, 1.2 cm (radius of wrist bones).
PAR  When applying the apparatus after the joint surfaces have been prepared,
      the axial needle must be aligned with the axis of the bone joint end
      formed as a semicylinder through which passes the pivotal axis of the
      joint.
PAR  Application of the apparatus illustrated in FIGS. 1, 2 and 3 to the
      interphalangeal joint begins by driving the axial needle 6 e.g. through
      the distal end of the proximal phalanx, the needle 6 being passed through
      the centre hole 11 (FIG. 4) of the ball joint 12 and fixed by means of the
      clamp bolts 13.
PAR  Thus, the centre of the ball joint 12 of the apparatus lies on the
      longitudinal axis of the axial needle 6.
PAR  After the axial needle 6 has been put in position, the locking needle 5
      (FIG. 1) is driven through the diaphysis of the bone in the frontal plane.
      Then the other two needles 7 and 8 are driven through the other joint end.
PAR  Rotating the split nuts 19 of the distractor 18, the gap between the joint
      ends is increased. To correct the inward or outward bending of the joint
      ends, the nuts 19 on the respective side are given a longer travel.
      Rotating the nuts 26 of the bending-unbending arrangement 20, the brace 3
      is turned relative to the braces 1 and 2, causing the joint ends to be
      flexed and extended.
PAR  Since the joint 12 has a ball shape, said turns of the braces are easily
      accomplished even if the braces 2 and 3 are in angular relationship, which
      is the case in the course of correction of the outward or inward bending
      of the joint ends secured in the apparatus.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for joint movement restitution, comprising two pairs of
      needles each of which is designed to be driven through one of the joint
      ends, one of said needles being aligned with the pivotal axis of the
      joint; at least two braces, the tips of said needles of one of said pairs
      of needles being secured in each of said braces so that said brace
      together with said needles defines a rigid system to be secured on the
      respective joint end; two ball joints disposed on both ends of said needle
      to be aligned with the pivotal axis of the joint, said ball joints being
      so arranged that the fulcrums thereof lie on the longitudinal axis of said
      needle; two distractors interconnecting said rigid systems, said
      distractors being fixed to one of said systems and connected to the other
      by way of said ball joints.
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ABST
PAL  A process for supplying the proper amount of oxygen in a breathing gas
      mixture of at least one inert gas for use at any pressure by passing the
      gas mixture through the liquid phase of a cryogenic liquid-vapor system
      containing oxygen and thereby saturating with oxygen the gas mixture at
      the system pressure. The saturation concentration of oxygen in the gas
      stream is controlled to the desired oxygen partial pressure substantially
      independent of the total pressure of gas mixture by controlling the
      temperature of the two-phase cryogenic system.
PAL  A device embodying the process includes oxygen in liquid-vapor form within
      a container to which are connected gas conduits, one for delivering the
      saturated breathing gas mixture to a user and the other for returning the
      exhaled gas to the container. A filter in the return conduit extracts
      carbon dioxide and water vapor. The return gas is cooled to the cryogenic
      temperature and the saturated gas is heated to breathing temperature by a
      heat exchanger thermally connecting the two conduits. The two-phase system
      is maintained at the proper constant temperature by submerging the
      container in a tank of liquid nitrogen and allowing the nitrogen to
      boil-off at a certain pressure. A supply of inert gas is stored under high
      pressure in the container. A regulator determines total pressure
      requirements for the user and releases sufficient inert gas through the
      liquid oxygen to maintain required total pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Recirculation breathing systems and more particularly a process and
      apparatus for supplying a variable and controlled composition of
      breathable gas mixture through cryogenic oxygen to a user and
      recirculating the exhaled gas through the cryogenic oxygen.
PAR  2. Background of the prior art
PAR  A large number of different types of equipment have been developed to
      maintain the oxygen content of a gaseous body that is being breathed by a
      human being. The types of equipment are commonly categorized according to
      the purpose to which the life support system is directed, including such
      categories for equipment as hard-hat deep-sea diving, skin diving, high
      altitude aerospace and submarine. Within each of these categories there
      has been developed different equipment to meet particular requirements of
      life-support, but each has the same design requirement to maximize the
      period during which a human being is supported while maintaining safety
      measures and economies.
PAR  Exposure to a gaseous body of pure oxygen is dangerous. There is danger of
      flash explosion or fire. The toxic effect of oxygen in high concentrations
      and pressures produces oxygen poisoning of the user. A deficiency of
      oxygen produces hypoxia which obviously can result in fatigue or death.
      Exposure to a gaseous mixture of oxygen and an inert gas or air poses
      little or no danger of flash explosion or fire, but the oxygen must be
      maintained at a certain concentration and pressure to avoid oxygen
      poisoning and hypoxia. Furthermore, the inert gas may have deleterious
      effects. Nitrogen at high pressures produces nitrogen narcosis and for
      that reason the most commonly used breathing mixture at high pressures is
      helium and oxygen.
PAR  Inert gases, particularly helium, are expensive. An open-circuit system in
      which the exhaled breathing mixture is vented requires large supplies of
      gas and heavy and expensive storage equipment which limits the support
      time, range, and manueverability of the user. The solution is a closed
      circuit recirculation system which reuses the uncomsumed gases. This
      self-contained system can be lighter and simpler, giving the user more
      range and manueverability. The exhaled gas must be treated to remove
      carbon dioxide and water vapor which if breathed in sufficient quantities
      are harmful. Also, for a given ambient pressure upon the user, the
      breathing gas mixture must have approximately an equal total pressure with
      the partial pressure of oxygen maintained at approximately 3 p.s.i.a., the
      optimum breathing partial pressure, for long periods of life-support. For
      a varying ambient pressure the composition of the breathing gas mixture
      must be varied correspondingly. In the present art composition variation
      requires complex and expensive equipment to analyze the gas composition
      and to remix the gas to the desired concentration.
PAR  The length of life-support time is limited by the amount of gas the
      self-contained apparatus can store. Cryogenic storage of the gas provides
      increased storage capacity for a limted volume and avoids the disadvantage
      of storage of the gas at high pressures.
PAR  In summary, the maximization of user manueverability and life-support time
      as well as safety and realization of economies can best be achieved by a
      recirculatory system employing a breathing gas mixture of an inert gas and
      oxygen in which the gas is cryogenically stored and the composition of the
      mixture is varied according to user requirements. Patented devices and
      processes employing some, but not all, of these characteristics include:
PA1  U.s. pat. No. 2,998,009 Breathing Apparatus
PA1  U.s. pat. No. 3,016,053 Underwater Breathing Apparatus
PA1  U.s. pat. No. 3,064,448 Air Conditioned Fuel Handling Suit
PA1  U.s. pat. No. 3,366,107 Apparatus for Supplying Breathable Gas from Oxygen
      in Liquid Form
PAR  The present invention employs all of the characteristics described above
      and in a unique process. The oxygen is replaced and maintained at
      approximately the optimum breathing partial pressure of 3 p.s.i.a. by
      passing the breathing gas mixture through the liquid phase of a cryogenic
      liquid-vapor system containing oxygen. The cryogenic fluid is maintained
      in a two-phase condition to insure a gas head and liquid storage and to
      produce the oxygen replacement in the gas stream at saturation
      concentration so that the 3 p.s.i.a. partial pressure of the oxygen in the
      resultant mixture remains substantially constant and independent of the
      total pressure of the breathing gas mixture. To maintain the cryogenic
      fluid in the proper liquid-vapor form the system is maintained at a
      certain temperature and pressure. As the total pressure of the breathing
      gas mixture in increased additional inert gas is deposited to constitute a
      larger percentage of the mixture. The concentration of oxygen will be
      automatically decreased to hold the oxygen partial pressure at 3 p.s.i.a.
      This automatically controlled composition of breathing gas mixture is
      particularly suited for human breathing under a wide range of
      environmental pressure conditions. The gas mixture is heated to breathing
      temperature and continuously delivered to the user. Upon recirculation of
      the exhaled gas, carbon dioxide and water vapor within the exhaled gas are
      frozen out upon contact with the cryogenic and the remaining gas again is
      bubbled through the liquid phase of the liquid-vapor cryogenic system.
      According to this invention no special gas analyzing equipment is required
      to obtain desired concentration of oxygen in a breathing gas mixture
      having at least one inert gas mixed with oxygen. The composition of the
      breathing gas can be varied continuously to supply the desired total
      pressure of gas and partial pressure of oxygen to a user experiencing a
      wide range of ambient pressure variations. The manueverability, life
      support time, and safety of the user are maintained in a simple, efficient
      and inexpensive device embodying the invention.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the invention relates to a process and apparatus for automatically
      and continuously varying the composition of a breathable gas mixture
      containing at least one inert gas in proportion to the variation in
      ambient pressure upon a user to whom the gas mixture is delivered.
      According to the invention a breathable gas mixture is supplied to the
      user. The exhaled gas of the user is withdrawn, carbon dioxide and water
      vapor filtered therefrom and the filtered gas mixture decreased in
      temperature to a cryogenic temperature substantially the vapor pressure
      temperature of liquid oxygen corresponding to a determined partial
      pressure of oxygen in the breathable gas mixture. Simultaneously with the
      decreasing of temperature of the gas mixture, certain components of the
      gas mixture are removed by freezing out those components. The resultant
      gas mixture is brought in contact with a cryogenic liquid-vapor system
      containing oxygen to saturate the gas mixture in order to produce the
      determined partial pressure of oxygen substantially independent of the
      total pressure of breathable gas mixture. The cryogenic contacted gas
      mixture is heated to substantially the temperature at which the gas in
      breathed and the heated gas mixture is resupplied to the user. During
      cycling of the gas mixture from the user through the cryogenic
      liquid-vapor system and back to the user the composition of the gas
      mixture is varied by varying the quantity of inert gas within the
      breathable gas mixture to produce a total pressure of breathing gas
      mixture substantially equal to ambient pressure upon the user. Finally,
      during said cycling of the gas mixture the cryogenic liquid-vapor system
      is maintained at a constant temperature.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1. Graphical representation of pressure-temperature relationships for
      oxygen, neon, hydrogen and helium.
PAR  FIG. 2. Three-dimensional graphical representation of
      pressure-temperature-composition relationships for oxygen and neon or
      oxygen and helium.
PAR  FIG. 3. Generalized graphical representation of pressure-temperature
      relationships for oxygen and one light gas selected from the group of
      helium, hydrogen and neon for a constant composition.
PAR  FIG. 4. Graphical representation of pressure-mole precentage of neon for a
      constant temperature.
PAR  FIG. 5. Graphical representation of partial pressure of liquid oxygen and
      partial pressure of liquid oxygen with neon and helium, respectively added
      at selected pressures.
PAR  FIG. 6. Illustration of one preferred embodiment of the invention.
PAR  FIG. 7. Illustration of a subcombination optionally included in the
      embodiment of FIG. 6 to form another preferred embodiment of the invention
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In order to understand the invention in more detail, it is necessary to
      discuss in general terms breathing gas mixture requirements in a
      life-support system for humans and phase behavior of breathing gas
      mixtures. As described above, for medical reasons the partial pressure of
      oxygen within the breathing gas mixture should be maintained constant at
      approximately 3 p.s.i.a. even though the total pressure of the mixture
      varies. The partial pressure of oxygen can be held constant by bubbling an
      inert gas carrier through the liquid phase of a cryogenic liquid-vapor
      system containing oxygen to saturate the gas mixture with oxygen at the
      system pressure.
PAR  A mixture comprises components or elements such as helium, neon, argon, and
      nitrogen. As illustrated in FIG. 1, each pure component typically has
      separate pressure and temperature ranges where the pure component exists
      as a liquid, a vapor, a gas, or a solid, which state is called a phase.
      Except for the gas phase, each of these phase regions is separated by a
      locus where the two phases coexist. The locus where liquid and vapor
      coexist is called the vapor-pressure curve. This curve ends at a point
      called the critical temperature, the highest temperature at which liquid
      phase can exist, and begins at a point A where liquid, vapor and solid
      coexist. For oxygen, the vapor-pressure curve 10 ranges from approximately
      150.degree. K and 750 p.s.i.a. to approximately 55.degree. K and 0.0221
      p.s.i.a. Therefore, for oxygen in liquid-vapor form, a given temperature
      will have one pressure of oxygen and a given pressure will have one
      temperature of oxygen. Oxygen in liquid-vapor form at a certain
      temperature will have a corresponding pressure, e.g. 3 p.s.i.a.
PAR  FIG. 1 illustrates as examples of inert gas characteristics the vapor
      pressure curves for helium, hydrogen and neon. The critical temperature of
      each component is reached at a temperature lower than the lowest
      temperature of the vapor pressure curve of oxygen. Inert gases having this
      characteristic of critical temperatures below temperatures on the vapor
      pressure curve of oxygen are good carriers because they remain in gas
      phase when passed through oxygen in liquid-vapor phase.
PAR  When two pure components are mixed, composition becomes a variable in
      addition to pressure and temperature variables. FIG. 2 diagrammatically
      illustrates the relationship of composition, temperature and pressure of
      oxygen/helium mixture and oxygen/neon mixture on an x, y, z three
      dimensional diagram. The phase behavior is characterized by lines and
      surfaces within the cube. The vapor pressure curve of oxygen illustrated
      in FIG. 1 is illustrated again in FIG. 2 on one face B of the cube and the
      vapor pressure curves of helium and neon illustrated in FIG. 1 are
      illustrated similarly in FIG. 2 on the face C of the cube opposite the
      oxygen curve. The scale between pure components on face B and face C
      represents a mixture of varying concentration. FIG. 3 illustrates a slice
      of the cube of FIG. 2 for a mixture having a certain composition. The
      vapor pressure curve which was a line for the pure component, opens up
      into an area D for the mixture. FIG. 4 illustrates a slice of the cube of
      FIG. 2 for a neon/oxygen mixture having constant temperature and variable
      pressure and composition. Following the curve E representing a temperature
      78.degree. K, it is apparent that the concentration of neon in a
      neon/oxygen mixture varies proportionally to the total pressure and it
      will become apparent that the concentration of oxygen will vary in inverse
      relation to the variation of neon concentration with the partial pressure
      of the oxygen remaining at approximately 3 p.s.i.a.
PAR  A slight shift of the partial pressure of oxygen occurs when the system
      total pressure is increased greatly. The curves of FIG. 5 illustrate the
      shift for helium and neon at total pressures of 100 p.s.i.a. and 500
      p.s.i.a. It will be observed that the helium curve shifts a lesser amount
      from the oxygen curve than does the neon curve. Thus, under conditions of
      high total pressure and required constant partial pressure of oxygen,
      helium should be selected as the inert gas carrier. To further compensate
      for the shift in order to maintain the partial pressure of oxygen at
      substantially 3 p.s.i.a., the temperature of the cryogenic fluid can be
      charged so that when a breathing gas mixture containing an inert gas or
      gases is passed through the fluid the inert gas or gases acquires oxygen
      at a partial pressure of approximately 3 p.s.i.a. FIG. 5 illustrates a
      vapor pressure curve for liquid oxygen below one atmosphere pressure. The
      desired partial pressure of oxygen of 3 p.s.i.a. corresponds to a
      temperature of approximately 77.5.degree. K on the oxygen curve of FIG. 5.
      Consequently, neon passed through oxygen in liquid-vapor form at a
      temperature of 77.5.degree. K will acquire oxygen of a partial pressure of
      3 p.s.i.a. and the oxygen partial pressure will not vary substantially as
      the system total pressure is varied over a wide range.
PAR  Referring to FIG. 6, one preferred embodiment of the invention is
      illustrated. Container 11 is a high pressure cryogenic tank having an
      inlet 12 for admitting the exhaled gas and an outlet 13 providing an exit
      for the oxygen-saturated breathing gas. A cryogenic fluid 14 within
      container 11 must exist in a liquid-vapor phase, the liquid being pure
      oxygen or a mixture of oxygen and inert gas or gases. To maintain fluid 14
      in liquid-vapor phase, the temperature of fluid 14 must be maintained in
      the range between 50.degree. K and 150.degree. K as illustrated in FIG. 1.
      Tank 15 and liquid coolant 16 contained therein provide a means for
      maintaining the fluid temperature within the stated range. Container 11 is
      simply submerged in coolant 16 and fixedly mounted within tank 15. Coolant
      16, for example liquid nitrogen, should have a boil-off temperature
      approximately equal to the desired temperature of fluid 14 and the ambient
      pressure at tank 15 should be maintained at a pressure designed to produce
      a desired boil-off temperature and, thereby, a desired cryogenic
      temperature. The means for maintaining the temperature of fluid 14 is not
      limited to the described method. Many known methods are available to
      maintain fluids at certain cryogenic temperatures and those methods are
      contemplated as equivalents in this invention. Inhale conduit 17 is
      connected at one end to outlet 13 and extends through heat exchanger 18
      and pump 19 to the other end which is adapted to be connected to the
      user's breathing apparatus 20 at 21. A leakproof passage is provided by
      conduit 17 for delivering oxygen-saturated breathing gas from container 11
      to apparatus 20. Where the economies of a heat exchanger are not required,
      any heating means may be substituted to raise the temperature of the
      breathable gas to substantially the temperature at which the gas is to be
      breathed. Pump 19 provides a means for circulating the breathable gas from
      container 11 to the user at apparatus 20. Occasionally a pump will not be
      required and may be omitted because the lung power of the user will
      provide sufficient circulation. Exhale conduit 22 is connected at one end
      to the inlet 12 and extends through heat exchanger 18 and exhale filter 23
      to the other end which is adapted to be connected to apparatus 20 at 24. A
      leakproof passage is provided by conduit 22 for withdrawing exhaled gas
      from apparatus 20 and depositing the gas into container 11. Gas within
      conduit 22 provides the heat within heat exchanger 18 which is transferred
      to conduit 17 and in turn conduit 22 is cooled by the refrigeration of the
      gas in conduit 17. As previously described, heat exchanger 18 may be
      omitted. Exhale filter 23 is any presently known device for removing
      components from the exhaled gas which are undesirable for breathing.
      Commonly, the components removed will be carbon dioxide and water vapor.
      Filter 23 provides filtering of carbon dioxide and water vapor additional
      to the filter process inherent in the proximity to the exhaled gas of the
      coolant 16 where those components are frozen out. In the event such
      additional filtering is not required, this invention contemplates omission
      of filter 23. Another optional feature is a portion of conduit 22 located
      within coolant 16 forming a coil 25. Coil 25 provides additional heat
      exchange with coolant 16 to insure gas entering inlet 12 is more nearly
      the temperature of fluid 14. Inert gas bottle 26 contains inert gas 27 and
      provides a source of gas supply for supplying replacement gas to the
      breathing gas mixture. Gas 27 may be a pure inert gas or a gaseous mixture
      and is stored in bottle 26 under high pressure. An outlet passage 30 from
      bottle 26 extends below the surface of fluid 14 and provides a means of
      gas release below the fluid surface to allow gas 27 to be released into
      fluid 14 and to bubble therethrough. A control valve 31 is interconnected
      in passage 30. Regulator 32 comprises any commonly known sensor 32a for
      sensing ambient pressure and means 32b for communication pressure data for
      opening and closing valve 31 in accordance with ambient pressure. The
      valve gate is opened wider for increasing ambient pressure and
      correspondingly closed for decreasing pressure. Valve 31 will remain open
      for a time period sufficient to adjust the pressure of the breathable gas
      mixture to be substantially equal to the ambient pressure and upon
      equalized pressure being reached valve 31 is closed. The total pressure is
      decreased by venting the gas from apparatus 20. To facilitate
      determination of ambient pressure, the sensor 32a should be located
      proximate to apparatus 20.
PAR  As illustrated in FIG. 7, this invention contemplates an alternative
      embodiment wherein a plurality of inert gas bottles 26a, 26b, 26c, each
      containing a selected inert gas or gaseous mixture under high pressure and
      each stored in container 11 within fluid 14 or under similar temperature
      conditions. Each gas bottle has a valve release device 31a, 31b, 31c
      identical to valve 31 as described for bottle 26. Valves 31a, 31b, 31c are
      each connected to sensor 31a by communication means 32b to be respectively
      and independently operated similar to the valve 31 and regulator 32.
      According to this embodiment, not only a variation of the ratio of a
      certain inert gas or gas mixture to oxygen is possible, but also a
      variation of the inert gases used within the breathable gas mixture. Also,
      this invention contemplates omission of regulator 32 where automatic
      control of the composition of the breathing gas mixture is not required,
      e.g. where the composition requirements are predetermined from known
      ambient pressure data.
PAR  According to the operation of the apparatus and process, breathable gas
      breathed by the user in the life support apparatus 20 is withdrawn as
      exhaled gas through exhale conduit 22. Undesirable components, e.g. carbon
      dioxide and/or water vapor, are removed from the exhaled gas at filter 23,
      or in the event filter 23 is omitted, upon contact with coolant 16. The
      exhaled gas is passed through heat exchanger 18 where the heat of the
      exhaled gas is transferred to the inhale conduit 17 and the breathable
      gas. The cooled exhaled gas passes through coil 25 submerged in coolant 16
      and is cooled to substantially the temperature of fluid 14. The
      temperature of the fluid 14 is maintained in the desired temperature range
      by boiling-off coolant 16 at a selected pressure. The cooled exhaled gas
      enters container 11 at inlet 12 and bubbles through fluid 14 saturating
      the gas with oxygen at a partial pressure suitable for breathing. The
      pressure of the breathing gas is varied by the operation of valve 31 which
      opens for sufficient time periods to deposit sufficient gas from bottle 26
      into fluid 14 to adjust the pressure of the breathing gas to substantially
      equal the ambient pressure of the breathing gas to substantially equal the
      ambient pressure upon the user at apparatus 20. Valve 31 is automatically
      adjusted to the pressure detected at the sensor 32a by communication means
      32b. The oxygen saturated breathable gas passes through outlet 13 into
      heat exchanger 18 where the gas is increased in temperature to
      substantially the safe breathing temperature. The breathable gas is
      circulated in the closed loop through pump 19 and delivered to the user at
      apparatus 20. Total pressure is decreased by venting the gas from
      apparatus 20.
PAR  As previously described, the novelty of this invention lies principally in
      the method of passing gas through a cryogenic fluid in liquid-vapor form
      to produce a breathable gas mixture having substantially constant partial
      pressure of oxygen for variable total pressures of breathing gas and
      delivering the breathable gas to a life-support system. To achieve this
      purpose certain embodiments of the invention have been described in detail
      herein and the accompanying drawings. It will be evident that various
      additional modifications are possible in the arrangement and construction
      of its components without departing from the scope of the invention. It
      will be appreciated that the applications of this invention are numerous
      including but not limited to life-support in deep-sea diving, skin diving,
      aerospace and orbital flights and mining.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for supplying a variable, controlled composition of a
      breathable gas mixture through oxygen in liquid-vapor form to a ventable
      breathing means at a variable ambient pressure, said apparatus comprising:
PA1  a container (for the oxygen in liquid-vapor form) having an inlet and an
      outlet and adapted to hold oxygen in liquid-vapor form, said inlet located
      below the normal surface level of the liquid oxygen and said outlet
      located above the normal surface level of the liquid oxygen;
PA1  an inhale conduit at one end connected to the container outlet and at the
      other end adapted to be connected to the breathing means;
PA1  an exhale conduit at one end connected to the container inlet and at the
      other end adapted to be connected to the breathing means thereby forming a
      loop wherein gas exhaled by a user at the breathing means passes through
      the exhale conduit to the container where poisonous components of the gas
      are frozen out and the remaining gas bubbles through the oxygen in
      liquid-vapor form to replace consumed oxygen and the resultant gas is
      supplied to the user through the inhale conduit; and
PA1  means for heating the gas in the inhale conduit to substantially the
      temperature at which the gas is breathed.
NUM  2.
PAR  2. Apparatus as recited in claim 1 and further comprising:
PA1  an exhale filter interconnected in flow communication in the exhale conduit
      for extracting components of the exhaled gas undesirable for breathing.
NUM  3.
PAR  3. Apparatus as recited in claim 2 and further comprising:
PA1  a pump in the inhale conduit for circulating the flow of resultant gas
      through the inhale conduit to the breathing means.
NUM  4.
PAR  4. Apparatus as recited in claim 3 and further comprising:
PA1  means for maintaining substantially constant the temperature of the oxygen
      within the container.
NUM  5.
PAR  5. Apparatus as recited in claim 1 and further comprising:
PA1  means for cooling the exhaled gas to substantially the temperature of the
      oxygen in liquid-vapor form.
NUM  6.
PAR  6. Apparatus as recited in claim 5 wherein:
PA1  the heating means and cooling means combine to form a heat exchanger
      thermally connecting the exhale conduit with the inhale conduit, said heat
      exchanger having a condensor for removal of carbon dioxide and water vapor
      from the exhaled gas.
NUM  7.
PAR  7. Apparatus as recited in claim 5 and further comprising:
PA1  an exhale filter interconnected in flow communication in the exhale conduit
      for extracting components of the exhaled gas undesirable for breathing.
NUM  8.
PAR  8. Apparatus as recited in claim 7 and further comprising:
PA1  a pump in the inhale conduit for circulating the flow of resultant gas
      through the inhale conduit to the breathing means.
NUM  9.
PAR  9. Apparatus as recited in claim 8 and further comprising:
PA1  means for maintaining substantially constant the temperature of the oxygen
      within the container.
NUM  10.
PAR  10. Apparatus as recited in claim 9 and further comprising:
PA1  a source of gas supply for supplying replacement to gas to the loop.
NUM  11.
PAR  11. Apparatus as recited in claim 10 and further comprising:
PA1  a regulator adapted to determine ambient pressure upon the user and to
      supply a quantity of gas from the gas supply source sufficient to adjust
      the total pressure of the breathable gas mixture to substantially the
      ambient pressure upon the user.
NUM  12.
PAR  12. Apparatus as recited in claim 11 wherein:
PA1  the exhale filter is adapted to extract carbon dioxide and water vapor.
NUM  13.
PAR  13. Apparatus as recited in claim 12 wherein the oxygen temperature
      maintenance means comprises:
PA1  a tank adapted to receive therein the container; and
PA1  liquid nitrogen within the tank and into which the container of oxygen in
      liquid-vapor form is submerged, the liquid nitrogen maintained at
      substantially constant pressure and allowed to boil off at a predetermined
      temperature.
NUM  14.
PAR  14. Apparatus as recited in claim 13 wherein the source of replacement gas
      contains inert gas.
NUM  15.
PAR  15. Apparatus as recited in claim 14 wherein the source of replacement gas
      comprises:
PA1  at least one inert gas bottle located within the container and maintained
      at the temperature of the oxygen in liquid-vapor form, said bottle adapted
      to supply replacement inert gas into the container so that the inert gas
      will bubble through the oxygen in liquid-vapor form.
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PAL  A cylindrical housing has a rod attached to one interior end thereof. A
      tube extends out of an open end of the cylindrical housing and is attached
      to the rod. A space is formed between the interior of the cylindrical
      housing and the rod such that large quantities of gauze may be received
      onto the rod within the housing. A flexible seal at the open end of the
      housing keeps the gauze within the housing clean and sterile but allows
      the gauze to be selectively pulled from the interior of the housing as
      needed. A gauze cutter is disposed around the open end of the housing. The
      cutter can remain stored in this position whether or not gauze is being
      removed. A cap is provided to cover the entire open end of the housing as
      well as the tube and the cutter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a tubular bandage applicator,
      and more particularly to a tubular bandage applicator of an improved
      design which allows for sterile storage of gauze as well as for more
      expeditious bandage forming.
PAR  A well known method of applying tubular bandages is shown in U.S. Pat. No.
      2,456,507 and 2,739,587 for example. Generally speaking, this method
      consists of placing some tubular gauze on a somewhat cylindrical device,
      placing a person's injured finger in the other end of the tubular gauze,
      twisting the device and thereby the gauze to draw the gauze together
      between the finger and the applicator and inserting the finger into the
      applicator such that the gauze around the applicator is folded back over
      the other gauze on the finger to form a completed bandage.
PAR  Heretofore this method has been employed by various types of cylindrically
      shaped bandage applicators such as generally shown in U.S. Pat. Nos.
      2,715,903, 3,358,682, and 3,542,021. The use of such bandage applicators
      have been used mostly by physicians or nurses in hospitals or in the
      office of an attending physician. One reason for this is that these
      applicators must be loaded with gauze for each use, generally, and those
      which do provide for some storage of the gauze on the applicator for more
      than one bandage, do not provide a means for insuring that the gauze is
      kept sterile and free from dust or other air contamination. When the
      applicators must be loaded for each bandage, this creates a problem for
      the person having an injured hand who desires to administer the bandage
      without the help of a nurse of physician. Consequently, there is a genuine
      need for a commercial applicator designed for use by an injured
      individual, whereby a large quantity of tubular gauze may be stored in a
      device and in association with a bandage applicator and be kept sterile
      and clean while being also readily accessible.
PAR  Another problem in the prior art is that while gauze cutting structures are
      disclosed, for example, such in U.S. Pat. Nos. 2,715,903, 3,358,652 and
      3,542,021, the cutters therefor are essentially separate from the
      applicator itself, and do not remain with the applicator when the gauze is
      being removed from the applicator. Consequently, there is always a chance
      that the cutter, once separated from the device, may not be immediately
      available when needed. There is therefore a definite need for a cutter
      which can remain in place on a tubular bandage applicator at all times.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a tubular bandage applicator which has a
      storage container associated therewith for holding tubular gauze for many
      bandages and for keeping such gauze in a sterile environment while also
      allowing the gauze to be readily accessible. The present invention also
      relates to a tubular bandage gauze cutter which remains on the applicator
      at all times. A cap is provided for covering the bandage applicator cutter
      and generally one end of the storage structure to keep it all sterile when
      not in use.
PAR  An object of the present invention is to provide a tubular bandage
      applicator having a sterile storage structure associated therewith.
PAR  Another object of the invention is to provide a sterile gauze storage
      structure for a bandage applicator whereby the gauze remains in a readily
      accessible position.
PAR  A further object of the invention is to provide a novel cutter for a
      tubular bandage applicator which can remain on the applicator at all times
     .
DRWD
PAR  Other objects, advantages, and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the present invention with the cap removed;
PAR  FIG. 2 is a cross-sectional view of the present invention taken along the
      lines 2--2 of FIG. 1 and showing the initial step for use of the
      applicator;
PAR  FIG. 3 is a partial perspective view of the present invention showing the
      cutting step for using the present invention;
PAR  FIG. 4 is a partial cross-sectional view of the present invention showing
      the final step for use of the disclosed applicator;
PAR  FIG. 5 is an enlarged cross-sectional view showing a cutting device and a
      seal in association with the applicator of the present invention; and
PAR  FIG. 6 shows a partial cross-sectional view of a modified form of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings wherein like reference numerals designate
      identical or corresponding parts throughout the several views, FIG. 1
      shows the applicator 10 of the present invention. A cylindrical housing 11
      has a bottom end 12 which is preferably threadedly attached to the
      remainder of the cylindrical housing 11. Threadedly engaged to this bottom
      end 12 is a rod 13. The upper end of the rod 13, as shown in FIG. 2, has a
      tapering structure 14 which provides a smooth transition surface between
      the rod 13 and a tube 16. A cap 15 is provided for the top of the housing
      11.
PAR  Preferably, the tube 16 and the rod structure 13 would be manufactured in a
      unitary fashion and the gauze 17 (FIG. 2) would be placed thereon as shown
      in FIG. 2. Once this is accomplished the entire unit including the rod 13,
      the tube 16 and the gauze 17 would be threadedly screwed into the bottom
      end 12 of the housing 11. A seal 18, preferably of a soft plastic
      material, would be connected to the top of the housing 11 in order to keep
      the interior of the housing 11 sterile and thereby the stored gauze 17
      from becoming contaminated by dust or other air contamination. The seal 18
      is flexible enough to exert continual pressure at the top end thereof
      against the gauze 17 as it passes over the tube 16, but this resistance is
      small enough to allow the gauze 17 to be easily removed from the interior
      of the housing 11 and along the tube 16.
PAR  A cutting mechanism 19 is then inserted over the tube 16 such that it rests
      upon a surface 21 on the top of the housing 11. The cutter 19 has a pair
      of arcuately shaped blades 22 which are bonded to or otherwise supported
      on an annular flexible member 23. This annular flexible member 23 has a
      pair of slots 24 disposed directly across from one another in the flexible
      member 23. A ring member 26 (FIG. 5) also operates in conjunction with the
      cutter 19 to allow for quick and efficient cutting of the gauze as
      desired. It is noted that the cutter 19 can be easily operated with one
      hand to thereby allow a person to change a finger bandage without help
      from others.
PAR  The FIG. 6 embodiment of the present invention is identical to the
      embodiment of FIGS. 1 - 5 except for the fact that the rod 13' is of a
      coil, spiral or helical configuration. The purpose of this configuration
      of rod 13' is to allow a larger quantity of gauze 17 to be stored within
      the housing 11 of the tubular bandage application 10'.
PAR  In operation, a person wishing to bandage a finger would insert that finger
      into tube 16 as shown in FIG. 2. The gauze 17 which is directly disposed
      around the tube 16 would then be grasped and pulled upwardly by the other
      fingers on the same hand as the injured finger. Once the end of the
      injured finger having the gauze therearound is an inch or two from the end
      of the tube 16, the entire applicator 10 is rotated to form a twisted
      juncture 27 as clearly shown in FIG. 3. The above mentioned steps may be
      repeated several times in order to form a thicker bandage, but the last
      layer of the bandage would be formed by utilizing the cutter 19 as shown
      in FIG. 3 In FIG. 3 the cutter 19 is squeezed such that the flexible or
      resilient annular member 23 flexes so that the cutters 22 move inwardly
      and contact the gauze around the tube 16. This movement of the cutters 22
      is allowed because of the slots 24 formed in the flexible annular member
      23. A rotating movement is then applied to the cutter 19 with respect to
      the tube 16. Once the gauze 17 is cut by the cutter 19 the last step is
      performed as shown in FIG. 4 by merely pushing the finger to be bandaged
      inwardly such that the portion of the tubular gauze remaining on the tube
      16 is folded back over the injured finger to form a completed bandage.
PAR  Accordingly, it can be seen that the disclosed embodiment of the present
      invention does indeed accomplish the objects set forth above to provide a
      very useful and commercially desirable product. Obviously many
      modifications and variations of the present invention are possible in
      light of the above teachings. It is therefore to be understood that,
      within the scope of the appended claims, the invention may be practiced
      otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tubular bandage applicator comprising:
PA1  a substantially hollow housing having an opening therein;
PA1  a rod connected at one end thereof to the interior of said hollow housing;
PA1  a tube connected to the other end of said rod;
PA1  said rod and said tube being adapted to coaxially receive tubular gauze
      thereon.
NUM  2.
PAR  2. An applicator as defined in claim 1 wherein said tube extends out of the
      opening in said hollow housing.
NUM  3.
PAR  3. An applicator as defined in claim 2 including cap means for covering
      said tube and said opening in the housing.
NUM  4.
PAR  4. An applicator as defined in claim 2 having sealing means for sealing the
      interior of the housing from the surrounding air.
NUM  5.
PAR  5. An applicator as defined in claim 4 wherein said sealing means is
      connected to said housing and surrounds said tube.
NUM  6.
PAR  6. An applicator as defined in claim 1 wherein said rod is substantially
      smaller in diameter than said tube to permit more gauze to be stored
      thereon.
NUM  7.
PAR  7. An applicator as defined in claim 6 wherein said rod is substantially
      straight.
NUM  8.
PAR  8. An applicator as defined in claim 6 wherein said rod is substantially
      helical to permit more gauze to be stored thereon.
NUM  9.
PAR  9. An applicator as defined in claim 6 wherein the connection of the tube
      to the rod comprises tapering means to provide a smooth transition between
      the rod and the tube so that the gauze will freely pass from the rod to
      the tube.
NUM  10.
PAR  10. An applicator as defined in claim 9 wherein said tube has one open end,
      said tube further having a gauze cutting surface thereon spaced from said
      one open end of the tube by a distance of approximately an average human
      finger length.
NUM  11.
PAR  11. An applicator as defined in claim 1 including means for cutting gauze.
NUM  12.
PAR  12. An applicator as defined in claim 11 wherein said gauze cutting means
      comprises an arcuately shaped cutting blade.
NUM  13.
PAR  13. An applicator as defined in claim 12 wherein said gauze cutting means
      further comprises an annular flexible member adapted to be received around
      said tube, slot means being formed in one end of said annular flexible
      member for allowing flexing of said one end of said cutter, said arcuately
      shaped blade being received on said one end and adapted to cut gauze
      received on said tube when said annular member is flexed inwardly and
      rotated.
NUM  14.
PAR  14. An applicator as defined in claim 13 wherein said cutting means further
      comprises a second arcuately shaped cutter disposed on said one end of
      said annular flexible member opposite the first said cutting blade.
NUM  15.
PAR  15. An applicator as defined in claim 14 wherein said cutting blades lie in
      a plane normal to the axis of said tube.
NUM  16.
PAR  16. An applicator as defined in claim 13 including an annular surface on
      said housing for supporting and storing said cutting means.
NUM  17.
PAR  17. An applicator as defined in claim 16 including cap means for covering
      said tube, said cutting means and the opening in the housing.
NUM  18.
PAR  18. An applicator as defined in claim 1 wherein said rod is removably
      attached to said housing.
NUM  19.
PAR  19. An applicator as defined in claim 18 wherein said housing is
      cylindrical in shape and said rod is connected to an interior end of said
      housing.
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PAL  An apparatus for intravenous administration of multiple medications of
      types which tend to be incompatible provides means for diluting the
      medications separately with a diluent drawn from a common diluent source
      and for combining the diluted medication at a site proximate to the point
      of venous entry in order to reduce the opportunity for the medications to
      mix externally of the body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The apparatus of this invention is related to intravenous administration of
      medications and fluids and particularly to multiple administration of
      medications and fluids which have physio-chemical incompatibilities.
PAR  2. Description of the Prior Art
PAR  While vast forward steps have been made in recent years in the development
      of medications and fluids to be administered to patients, the mechanical
      art of administration has not kept pace with these scientific
      developments. The apparatus for administering such medications and fluids
      intraveneously in the patient, have led to a more or less standard type of
      infusion set which is comprised of a solution bottle having a stopper
      apertured for puncturing and venting, a spike or cap device which allows a
      tube to be connected to the bottle contents through puncturing the bottle
      stopper, the tube which connects the bottle to the needle, a drip chamber
      or indicator, and a means of flow control comprising a pinch clip or cock.
      When a plurality of fluids and medications are to be administered
      simultaneously, it has been necessary to use a separate needle, tubing and
      venipuncture for each solution, or to use one or more Y-tubes. Two, three
      and even four way stop cocks have been employed, and very frequently the
      flow from two or more fluids or medications, even though incompatible,
      have been combined and been given the opportunity to mix over a long time
      prior to entry into the body. Another system of administration is designed
      to permit the contents of two or more intravenous solution bottles to flow
      into a patient while all are connected together. Such a system allows an
      unlimited number of bottles to be connected in "series."
PAR  Today, fluids such as saline, dextrose and lactated fingers, to name a few,
      are administered by infusion using special equipment. The equipment is
      sterile, disposable and subject to stringent controls in the hospitals. An
      increasing hospital practice for the administration of medications is to
      combine them with such fluids. Many of these are life saving drugs and by
      their nature are administered intravenously quite often; in some cases,
      there is no other choice. Today, it is a very common practice for a
      physician to order three or more drugs to be administered simultaneously
      to the patient. Many of these drugs have chemical and physical
      incompatibilities and which is of special significance to the invention.
PAR  Numerous references are available concerning the critical problem of
      medication incompatibilities. The Norfolk General Hospital, Pharmacy
      Service, publication entitled "Intravenous Fluids, Incompatibility Guide"
      cites many such references and lists the following factors which may cause
      incompatibilities:
TBL  Preservative of Drug                                                      
                       Oxidation                                               
     Preservative in Diluent                                                   
                       Reduction                                               
     Buffering Agents  Photosensitization                                      
     Antioxidants      Inactivation                                            
     Vehicle           Order of Mixing                                         
     Changes in pH     Period of Standing                                      
     Molecular Complexation                                                    
                       Brand of Drug                                           
     Supersaturation   Neutralization                                          
     Change in Viscosity                                                       
                       Precipitation                                           
     Particle size distribution                                                
                       Improper Dilution                                       
     ______________________________________                                    
PAR  There are a number of ways to handle the incompatibility problem, all of
      which are presently unsatisfactory. The common method is to add one drug
      to the basic fluid in a burrett device and infuse it over an hour, then
      add the second drug, etc., thus consuming an inordinate amount of nursing
      time. Physicians and nurses are often concerned with such matters as the
      Ph of a fluid or its chemical and physical incompatibilities. The majority
      of incompatibilities are kinetically slow in developing, which
      necessitates the use of small volumes of basic infusion fluid as a diluent
      in a burrette device in contrast to placing all of the drugs to be
      administered in the 8 hour period in one large volume container. In many
      United States hospitals, the pharmacy has developed an intravenous (I.V.)
      fluid admixture service. The I.V. drugs are reconstituted and/or packaged
      aseptically in suitable small volume containers to be added by the nurse
      to existing I.V. infusions. Another practice is to actually prepare the
      large volume I.V. infusion which contains the drugs in labeled containers
      which are delivered to the nurse for subsequent administration. With the
      hospital pharmacist becoming more involved in intravenous admixture
      preparation and monitoring, the need for more accurate and dependable
      systems of delivery for incompatible medications is of paramount
      importance.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is an improvement on the equipment now in use for diluting,
      storing prior to administration, and administering of multiple medications
      and fluids where the same are for some reason incompatible in the sense
      previously discussed. A spike or piercing pin has integral finger grips
      and is adapted to be universal for insertion into the stopper, which is
      normally of rubber, of any of a number of diluent fluid bottle types. A
      manifold structure is made integral with the universal spike and
      functional engagement of the spike with the resilient stopper provides
      support for the integral spike-manifold structure. The manifold receives
      the fluid from the inserted spike and directs it out through a plurality
      of discharge ports and into a number of flexible intake tubes. Each intake
      tube transfers the fluid into a calibrated medication chamber or one or
      more tubes can bypass these chambers if so desired. The calibrated
      chambers act as infusion containers and are arranged so that they can be
      releasably secured together in a side-by-side relation. Once within the
      calibrated medication chamber, the fluid and a medication, previously
      placed in the respective chamber, mix and form a solution. Thus, each
      chamber acts as a means for diluting with a common fluid a particular
      medication and for keeping such diluted medication isolated from diluted
      medications in other chambers. A discharge tube discharges the
      fluid-medication solution from the base of each calibrated chamber. Each
      discharge tube, except for the bypass tubes, includes in its path an
      individual drip chamber and an individual regulator valve which allows for
      display and individual control of the rate of discharge of each respective
      solution. Thus, each fluid medication solution can be individually
      regulated.
PAR  A common drip chamber is located immediately adjacent the injection site
      and has a manifold head which connects to the discharge tubes including
      any bypass discharge tube. This last mentioned drip chamber thus allows
      for final mixing of all fluid-medication solutions and all bypassed fluid
      immediately prior to administration into the patient's vein. A final
      regulator valve is situated in the tube leading to the injection site and
      provides for control of the rate of discharge of the final solution. This
      last mentioned tube is connected to a conventional needle adaptor which in
      turn mounts a suitable needle for insertion into the vein of the patient.
PAR  In summary, the apparatus of the invention provides a multiple drug and
      fluid infusion system wherein incompatibilities are kept to a minimum
      since contact time of drugs is kept at a minimum, when in a mixed state
      external of the body. Several other improvements and advantages over
      presently existing devices are: (a) additional drugs can be added to the
      infusion set without disruption of previous infusion parameters, (b) rates
      of infusion can be controlled independently of each other, (c) when drugs
      are discontinued by the physician, the remaining drugs can be administered
      without waste, and (d) drugs in separate chambers or burrettes will not
      mix.
DETD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of an assembly of apparatus incorporating the
      present invention.
PAR  FIG. 2 is an enlarged elevation view of the integral universal
      spike-manifold employed by the invention.
PAR  FIG. 3 is a plan view of the integral universal spike-manifold employed by
      the invention.
PAR  FIG. 4 is a bottom view of the integral universal spike-manifold.
PAR  FIG. 5 is a plan view on a reduced scale of one of the calibrated solution
      chambers.
PAR  FIG. 6 is a perspective view of a calibrated solution chamber and showing a
      drip chamber located adjacent the base thereof.
PAR  FIG. 7 is a perspective view of a regulator valve employed with the
      invention for controlling rate of flow.
PAR  FIG. 8 is a partial section, enlarged exploded elevation view of the
      regulator valve.
PAR  FIG. 9 is a plan view taken along line 9--9 of FIG. 8.
PAR  FIG. 10 is an enlarged elevation view of the solution mixing chamber and
      associated drip chamber.
PAR  FIG. 11 is a partial elevation view of the top portion of one of the
      calibrated solution chambers.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail wherein like numbers pertain to
      like parts, reference is first made to FIG. 1 wherein the entire apparatus
      of the preferred embodiment of the invention is shown.
PAR  The apparatus of the invention is directed to distributing a common diluent
      to a plurality of diffusion chambers, allowing otherwise incompatible
      medications to combine with the fluid mix therein and then directing all
      of the combined medications to the site of injection. Such apparatus is
      generally designated as 10. A standard, sterile fluid filled container or
      bottle 11, of the type capable of being suspended from support 19 while
      inverted has a rubber or like resilient stopper 12 sealing its top and
      which is conventionally provided with a preformed puncturing aperture and
      vent aperture. The spike-manifold structure 20 has a universal spike or
      piercing pin 13 which is adapted to be inserted into the center of stopper
      12 of bottle 11. Spike 13 is preferably of a stepped, tapered design as
      illustrated which makes it adaptable for use with various sizes of
      puncturing apertures and thus with practically all standard bottles 11. A
      housing portion 14 of spike 13 has made integral therewith finger grip
      members 15, 16. Base 17 of housing 14 flares outwardly and forms a
      manifold 18. Manifold 18 has several discharge ports 26 through 33
      enabling the fluid from bottle 11 to be distributed to a plurality of
      diffusion containers as later described. An opening 35 in the tip of spike
      13 connects to a central bore 23 which extends through spike 13 and
      communicates with a cavity 36 in manifold 18. Ports 26 through 33 have,
      when not in use, covering caps 34 (FIG. 2) which close off manifold 18 to
      prevent flow of fluid therefrom and to prevent entry of germs, and the
      like.
PAR  Flexible conduits or tubes 37, 38, 39, 40, only four being shown for
      purpose of illustration, are preferably adapted at one end with suitable
      couplers for quick coupling to any of discharge ports 26 through 35 and at
      the other end for quick coupling to any of calibrated containers 45, 46,
      47 through their respective intake ports 50, 51, 52. Also, a conduit can
      be arranged to by-pass the calibrated medication chambers 45, 46, 47 as
      does conduit 39. Such an arrangement allows a controlled quantity of
      diluent to be added to the composite mix of diluted medications in chamber
      70 immediately prior to injection. Tubes 37, 38, 39, 40 are preferably
      provided with conventional pinch valves 37', 38', 39' and 40'. The fluid
      filled containers may average about 160 grams each in weight. Support for
      containers 45, 46, and 47 is provided. In the embodiment illustrated, a
      flexible wire 21 has a hook 22 which engages one of the eyelet knobs 48
      and wire 21 is otherwise passed through other respective eyelets provided
      by eyelet knobs 48, as best shown in FIGS. 1 and 11, and appropriately
      tied.
PAR  Containers 45, 46, 47 are intended to serve as containers for holding three
      separate medications, e.g., medications A, B and C and for allowing these
      to be separately diluted with the appropriate diluent from bottle 11. To
      facilitate the coordination of the separate mixing operations, each
      container is provided with top and bottom holders 53, 54 having resilient
      slotted ends as shown which snap-fit to corresponding eyelet knobs 48
      (FIG. 5) and knobs 49 (FIG. 6). Holders 53, 54, as illustrated, comprise
      thin bars which are glued, welded or otherwise secured to the respective
      containers 45, 46, 47. Eyelet knobs 48 serve both to receive wire 21 for
      support purposes and as a means for securement to the holders 53, 54.
      Containers 45, 46, 47 are further provided with appropriate air vents 44
      and with respective discharge ports 55, 56, 57, from which the respective
      mixed medication diluent solutions are allowed to exit. Each discharge
      port 55, 56, 57 connects to respective drip chambers 58, 59, 60, which in
      turn connect to respective tubes 61, 62, 63 having respective regulator
      valves 64, 65, 66 which provide for individual control of rate of
      discharge of each medication-diluent solution. While not shown, bypass
      line 39 may also include a drip chamber. Bypass line 39 also has an
      individual regulator valve 67 which controls the rate of direct flow of
      fluid from bottle 11 into a common drip, mixing chamber 70, which is
      located immediately adjacent, or as close as practical, to the injection
      site.
PAR  A manifold head portion 71 in chamber 70 receives the various
      medication-diluent solutions through inlet ports 72-75 and directs them to
      chamber 70 proper to be mixed with whatever amount of diluent is allowed
      to flow through tube 39. Conduits 61, 62, 63 and 39 preferably utilize
      quick connect couplings and any unused inlet port, e.g., inlet port 76,
      can be closed off by using a suitable top 78 which keeps mixing chamber 70
      free of contamination. An air filter 79 (FIG. 1) is placed on one of the
      manifold head inlet ports as required. It should be noted that chamber 70
      allows for the first mixing of all the medication-drug solutions and
      immediately prior to administration into the patient's vein. A common drip
      chamber 80 is located immediately adjacent and below mixing chamber 70 and
      a short conduit 81 extends from chamber 80 to provide a final path for the
      mixed solutions to the needle insertion point. For purposes of being able
      to control the flow of the mixed solutions, it is noted that the exhaust
      port 85 for chamber 70 should be sufficiently larger than the exhaust port
      86 of the drip chamber 80 to allow a visible accumulation of liquid in
      drip chamber 80.
PAR  Flow through conduit 81 to the needle site is controlled by a final
      regulator valve 82. Conduit 81 connects to a needle adapted 83 which in
      turn mounts a suitable needle 84 for insertion into the vein of the
      patient. With the described invention system, distance X (FIG. 1) should
      and can be kept minimal in order to minimize the described incompatibility
      effect.
PAR  Referring to FIG. 1, an application of the present invention apparatus 10
      will be described. It is assumed that a doctor needs to administer given
      quantities of three drugs A, B and C which are placed in respective
      containers 45, 46 and 47 and are to be mixed with a basic fluid or diluent
      D. However, it is assumed that drug A is not compatible with drug B and
      drug C is not compatible with either or the combination of drugs A and B.
      By compatibility is meant chemical and physical compatibility external of
      the body as related to any of the recognized compatibility factors
      previously mentioned or other factors of the same effect. Once in the
      vein, drugs will normally distribute in the body in approximately 15
      seconds provided adequate circulation exists; therefore, the primary
      problem dealt with by the invention concerns compatibility external of the
      body.
PAR  In the assumed example, a suitable diluent filled bottle 11 is suspended
      and supported, as illustrated. The drug holding calibrated chambers 45,
      46, 47 are snap-fitted together by the respective connectors 53, 54
      engaging the respective top eyelet knobs 48 and bottom knobs 49 and are
      suspended below bottle 11 in a laterally aligned and spaced position.
      Conduits 37, 38, 40 are respectively secured on one side to chambers 45,
      46, 47 and on the other side to discharge ports 28, 29, 30 of manifold 18.
      Spike portion 13 is inserted into rubber stopper 12 of bottle 11 and
      bypass line 39 is connected to manifold 18 at port 32. Drip chambers 58,
      59, 60; conduits 61, 62, 63 and 39 are connected to the respective inlet
      ports of manifold head portion 71 of common drip, mixing chamber 70. Now
      drip chamber 80, conduit 81, valve 82, needle adaptor 83 and needle 84 are
      assembled.
PAR  As fluid from bottle 11 drips into chambers 45, 46, 47, a solution of drug
      and fluid is made in each chamber. As each medication-diluent solution
      leaves its respective chamber and passes into its respective drip chamber,
      the solution flows therefrom and its rate of flow is independently
      adjusted by the respective valves 64, 65, 66 with flow through bypass line
      39 being controlled by valve 67. Chamber 70 provides the first
      inter-drug-diluent solution mixing point for each of the individual
      solutions prior to administration to the patient. Once needle 84 is
      inserted into the patient's vein, the system can be started by adjusting
      to the desired administration rate by setting the appropriate regulator
      valves. The mixed solution thus travels only over distance "X." In a
      typical bedside infusion system according to the invention, the distance
      "X" can be made as short as 72 inches and the approximate time of flow of
      the mixed drug-diluent solution from chamber 70 to needle 84 can be as low
      as about 10 ml./hour Thus, opportunity for external incompatible mixing is
      minimized.
PAR  While a wide variety of pinch valves are available, the type pinch valve
      illustrated in FIGS. 7-9 has been found particularly useful to the
      invention for purposes of valves 64-67 and 82. In this regard, it will be
      noticed that the illustrated tube 90 is received by one passage 91 which
      is perpendicular to the threaded passage 92 and in which the dished plate
      94 is loosely guided in slots 95, 96. As threaded knob 97 is turned, plate
      94 pinches tube 90 an amount which can be controlled by reference to index
      point 98 and index plate 99.
PAR  The apparatus of the invention thus provides a multiple drug and fluid
      infusion system wherein incompatibilities are kept to a minimum since
      contact time of drugs is kept at a minimum. Rates of infusion of the
      different drugs can be controlled independently of each other. Also,
      additional drugs can be added to the infusion set without disrupting the
      previous infusion parameters. If a physician should want to discontinue a
      particular drug, the remaining drugs can be administered without
      disturbance.
PAR  It will also be appreciated by those skilled in the art that the apparatus
      described is not limited to the disclosed administration but is also
      useful in connection with administration of blood, serums, and the like,
      where there is a fluid incompatibility problem of the kind described.
      While the invention is shown in connection with three individual drugs, it
      will be understood that it can be utilized with a single drug or with any
      number of drugs as desired.
PAR  Of particular advantage is the integral spike-manifold structure. The
      pointed spike body is effectively made up of sections of increasing
      diameter which make the spike universal for various sized puncturing
      apertures and thus for resilient bottle stoppers. Also, the tapered,
      stepped conical formation of the spike enables the spike to be
      frictionally engaged in such types of stoppers and to provide support for
      the overall spike-manifold structure. The manifold with its plural
      discharge ports which connect to the aperture and central passage of the
      spike insure ease of distribution of the diluent to any comparable number
      of containers.
PAR  Also of advantage to the invention is the mixing and sight assembly
      composed of mixing chamber 70 and drip chamber 80. This assembly allows a
      plurality of separate diluent-medication solutions to be received through
      a manifold and to combine, for the flow rate of each solution to be
      observed as it enters the chamber from the manifold prior to mixing and
      allows for all the solutions to leave through a single exhaust port and
      the flow rate of the combined solutions to be separately observed. Use of
      the mentioned air filter 79 on chamber 70 when suitably sized prevents
      pressurization and aids in preventing the situation of fluid from one
      container going into chamber 70 and then tending to flow to another
      container rather than out of chamber 70.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for diluting, combining, and intravenously injecting a
      plurality of potentially incompatible substances including medications
      comprising, in combination:
PA1  a. a bottle having a penetrable vented stopper and containing a supply of a
      selected diluent to be withdrawn through the stopper with the bottle
      inverted;
PA1  b. an integral spike-manifold structure adapted for placement below said
      bottle and providing a spike adapted to penetrate said stopper and provide
      a fluid passage therethrough and communicating with said passage a
      manifold providing a plurality of discharge ports enabling said diluent to
      be withdrawn from said bottle through said spike and made available for
      discharge through each of said ports, said manifold structure having a
      finger grip formation formed integral therewith and adapted to receive an
      operator's fingers for installing said spike;
PA1  c. a plural configuration of tubes, sight chambers, valves and vertically
      disposed calibrated transparent containers supported below said bottle and
      spike-manifold structure and providing means whereby various incompatible
      substances such as medications may be isolated in measured amounts and
      diluted with the same said diluent while remaining in isolation from each
      other and at individually controlled rates of flow therethrough, each
      container having a top inlet port, a tube connection between such inlet
      port and a respective said manifold discharge port, a bottom outlet port
      and a bottom tube connected thereto and leading downward therefrom, each
      bottom tube having in its path a sight chamber and a regulator valve for
      individually regulating the flow therethrough;
PA1  d. a mixing-sight chamber having on one upper side a plurality of inlets
      connected respectively to said bottom tubes for individually receiving and
      then combining the individually mixed medication-diluent fluids discharged
      by said containers and on an opposite lower side a discharge port; and
PA1  e. a fluid injection assembly including a tube having in its path a further
      sight chamber and regulator valve and said assembly being connected on one
      end to said mixing-sight chamber discharge port and on the opposite end to
      a needle for vein injection.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 wherein said spike-manifold structure
      finger grip formations inlcudes a pair of ring members formed integral
      therewith and adapted to receive an operator's fingers for installing said
      spike.
NUM  3.
PAR  3. An apparatus as claimed in claim 1 including an auxiliary tube connected
      between a said manifold discharge port and a said mixing-sight chamber
      inlet and having a regulator valve associated therewith thereby enabling
      predetermined quantities of said diluent to bypass all of said containers
      and to initially mix with the contents thereof in said mixing-sight
      chamber.
NUM  4.
PAR  4. An apparatus as claimed in claim 1 wherein at least selected ones of
      said regulator valves include means for effectively pinching the
      respective said tubes and index means by which the amount of such pinching
      can be visually observed.
NUM  5.
PAR  5. An apparatus as claimed in claim 4 wherein each said selected ones of
      said valves comprise a body member mounting an index plate, a first
      aperture for receiving the respective tube to be regulated, a second
      threaded aperture communicating with and axially oriented perpendicular to
      the first aperture, and having a sliding plate member therein, and a
      threaded screw member received by said second aperture and adapted upon
      being turned to press said plate member against the respective tube to
      effect said pinching and having an appended index enabling said turning to
      be referenced to said index plate.
NUM  6.
PAR  6. An apparatus as claimed in claim 1 including connector means on said
      containers enabling them to be detachably secured together side by side
      and comprising a pair of opposed connector bars respectively secured on
      one end to the tip and bottom of each said container and having the
      opposite end provided with an open-ended slot, and knob members located on
      said container top and bottom and adapted to be detachably received in
      said slots to effect said securement.
NUM  7.
PAR  7. An apparatus as claimed in claim 1 wherein said spike is conical-shaped
      and the body thereof is formed in portions of increasing diameter and said
      passage includes an aperture at an outer pointed end of said spike and a
      channel communicating therewith and extending lengthwise and internally of
      said body between said manifold and said aperture.
NUM  8.
PAR  8. An apparatus as claimed in claim 1 including detachably connector means
      having respective mating portions secured to the respective said
      containers whereby a plurality of such containers may be secured together
      in a side-by-side relation.
NUM  9.
PAR  9. An apparatus as claimed in claim 1 wherein said mixing sight chamber
      includes an air filter sized to relieve any tendency for said mixing sight
      chamber to serve as a flow path between said containers.
NUM  10.
PAR  10. An integral spike-manifold structure for distributing fluid from a
      bottle having a penetrable vented stopper and a fluid to be withdrawn
      through the stopper with the bottle inverted, comprising in combination:
PA1  a. a conical-shaped spike portion having a body formed with a pointed end,
      consecutive body sections of increasing diameter, an aperture in said end
      and an internal central passage extending through said body;
PA1  b. a pair of ring-shaped members appended to said body and enabling finger
      grasping of said structure; and
PA1  c. a manifold portion providing a plurality of discharge ports and internal
      passages connecting said ports to said body passage enabling fluid from
      said bottle to be withdrawn through said aperture and discharged through
      each of said ports.
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PAL  Apparatus consists of a stereotaxic fixture made up of a needle angle guide
      attached to an offset index, a parallel heading guide with plumb line
      chain attached, and a frame which provides fixation for the guides,
      allowing rapid and secure position readjustment, and which provides
      retention of orientation between the guides and the lumbar spine of the
      patient. The patient is positioned for the operation, preferably in full
      lateral (side lying) orientation of the spine, confirmed by the
      radiographic. image made preferably in posteroanterior projection. The
      midsaggital plane of the body is located at the skin surface by placing a
      first radiopaque marker corresponding to the center of the spine image. A
      second radiopaque skin marker is located at the side of the body of the
      patient for monitoring spine position while viewing profile radiographic
      image. The first marker provides a starting point from which to measure
      offset distance. The frame and heading guide are adjusted in position and
      secured in place, the heading guide radiographic image being superimposed
      on a line bisecting the angle between the adjacent vertebral end plates.
      The offset index is adjusted on the frame by means of the chain and its
      offset from the midsaggital plane (established from pre-operative
      radiograph) adjusted. A multiple needle technique puncture using the
      needle angle guide attached to the offset index to locate the site of skin
      puncture and the preferred 45.degree. angle of penetration is utilized to
      allow gentle isolation of the nerve root crossing the disc in the target
      area of lateral approach, gentle enough to permit anesthesia under the
      semiconscious state of neuroleptanalgesia, supplemented by local
      anesthesia. Diagnostic and treatment drugs are injected in the nucleus
      pulposus through the lumen of the puncturing needle.
BSUM
PAR  This invention relates to a new and improved apparatus for stereotaxic
      lateral extradural lumbar disc puncture with features which protect the
      nerve root crossing over the surface of the disc in the target area of
      this approach.
PAR  More particularly, the invention has established utility in assisting the
      surgeon in locating needles for lateral disc puncture for accomplishing
      the operation of chemonucleolysis. In this operation, diagnostic
      radiographic contrast fluids are injected into the nucleus pulposus, as
      well as a fluid containing the enzyme chymopapain, which, when injected
      into the nucleus pulposus, decompresses, the disc, as discovered by Dr.
      Lyman Smith and set forth in U.S. Pat. No. 3,320,131.
PAR  A principal advantage of the invention is provision of means to pass the
      needle at approximately 45.degree. off the midsaggital plane, which is an
      ideal approach since it is likely to clear the facet joint projection, on
      a heading parallel to the vertebral end plates outlining the disc space,
      sufficiently to gain direct access to the disc center and still clearing
      the projecting facet joint. The present invention provides apparatus
      which, when used with conventional radiographic equipment, assists the
      surgeon in the safe passage of needles for puncturing of the discs at an
      approach which is more likely to avoid contact with the nerve root
      crossing the target area of lateral extra-canal approach.
PAR  Further, the present invention provides a guidance system for all three
      planes of passage at an approach 45.degree. off the midsaggital plane,
      providing depth control as well as a heading directly parallel to the
      vertebral end plates adjacent to each disc and directly over the
      prominence of the facet joint, presenting a suitable barrier to a medial
      passage of the needle which might enter the spinal canal and puncture the
      dural sac.
PAR  A feature of this invention is that use of the apparatus allows touching of
      the nerve root in a gentle enough manner to avoid injury to the nerve root
      during disc approach and, by permitting the patient to reveal the
      sensations of paresthesias produced by this nerve touching, to accurately
      guide the surgeon in maneuvering the docking needle around the nerve root,
      permitting isolation of the nerve root, and avoiding damage thereto during
      disc puncture.
PAR  Another feature of the invention is the provision of a guide, provided for
      the plural needle technique, and the plural needles, namely, a docking
      needle in which may be inserted a stylet to penetrate skin and muscle,
      then an obturator to isolate the nerve root crossing nearby and bring the
      lumen of the docking needle into direct contact with the disc at point
      blank range, which allows disc puncture by a fine caliber penetrating
      needle which is maintained on line by the wall of the docking needle,
      preventing bending of the fine caliber needle which occurs when such a
      fine caliber needle must be passed through the surrounding muscle by
      itself and unsupported. Preferably, the fine caliber needle is first used
      to inject a radiographically opaque contrast fluid into the nucleus
      pulposus of the disc for diagnosis by means of radiography. Where rupture
      of thedisc is found, an enzyme such as chymopapain may be inserted for
      deflation of the remaining nucleus mucoproteins.
PAR  One of the features of the invention is the fact that the patient rests on
      his side on the operating table in a comfortable position. The position is
      also convenient from a surgeon's standpoint in adjusting the apparatus and
      inserting the needles.
PAR  Another feature of the invention is the saving of operation time. All of
      the needles may be placed before the rotation of the C-arm of the X-ray
      equipment to the horizontal projection may be necessary. Controlled depth
      of puncture utilizes triangulation to provide information in a third,
      posteroanterior plane, since the radiographic image only represents two
      planes when using one machine and such three-dimensional effect would
      otherwise have to be obtained by using two machines, one projecting
      90.degree. to the other. The second machine would have to be in the
      operating field, getting in the way of the arms of the operating surgeon.
PAR  Among the advantages of the method of the present invention are that nerve
      roots lying in the target of lateral extracanal approach are protected.
      Further, the patient preferably remains conscious during the operation and
      the surgeon may communicate with the patient to assist in guiding the
      docking needle and avoiding damage to the nerve root. Further, the docking
      needle serves as a sheath into which a plurality of other instruments may
      be installed, namely a stylet for puncturing the skin and muscle, an
      obturator for approaching the situs of the nerve root and avoiding
      piercing of the same and a puncturing needle for puncturing the disc and
      maneuvering the point of the puncturing needle within the disc for proper
      placement. A feature of this system is that the needles are kept out of
      the spinal canal and dura puncture is avoided.
PAR  Another feature of the present invention is that the depth of disc puncture
      may be accurately controlled, thereby preventing under or over puncture of
      the nucleus. The provision of a curve at the tip of the puncturing needle
      allows accurate maneuvering within the disc, as well as outside the disc,
      as is sometimes necessary when the docking needle itself cannot be easily
      maneuvered past the nerve. By using the hollow docking needle as a "well
      casing" for the curved puncturing needle, it is possible to direct the
      puncturing needle to the disc, a task which would otherwise be extremely
      difficult, in that the curvature of the needle would complicate
      immeasurably the maneuvering thereof.
PAR  Another feature of the invention is the control of the angle of lateral
      approach and adjustment to the actual depth of the disc from the skin
      surface as it varies from patient to patient and from one disc to the
      other in the same patient.
PAR  Another feature of the invention is that it provides visual sighting to a
      precise parallel heading with the disc vertebral borders as confirmed
      radiographic image.
PAR  Other objects of the present invention will become apparent upon reading
      the following specification and referring to the accompanying drawings in
      which similar characters of reference represent corresponding parts in
      each of the several views.
DRWD
PAR  In the drawings;
PAR  FIG. 1 is a schematic, top plan view of the lumbar vertebrae showing
      pre-operative markers used to determine distances and directions.
PAR  FIG. 2 is an enlarged perspective view of the marker and supporting stand.
PAR  FIG. 3 is a schematic vertical sectional view taken substantially along the
      line 3--3 of FIG. 2.
PAR  FIG. 4 is a side elevational view of one form of the apparatus showing the
      vertebrae schematically.
PAR  FIG. 5 is a sectional view taken substantially along the line 5--5 of FIG.
      4.
PAR  FIG. 6 is a fragmentary top plan.
PAR  FIG. 7 is an enlarged, fragmentary perspective view of a portion of the
      apparatus partly broken away to show internal construction.
PAR  FIG. 8 is an enlarged fragmentary sectional view of a portion of the device
      taken substantially along the line 5--5 of FIG. 4.
PAR  FIG. 9 is a fragmentary sectional view of a modified needle construction.
PAR  FIG. 10 is a fragmentary sectional view of still another modified needle
      construction.
PAR  FIG. 11 is a fragmentary plan view of a portion of the needle of FIG. 10.
PAR  FIG. 12 is a sectional view taken substantially along the line 12--12 of
      FIG. 8.
PAR  FIG. 13 is a view similar to FIG. 4 of a modification.
PAR  FIG. 14 is a view similar to FIG. 5 of the modification of FIG. 13.
PAR  FIG. 15 is a top plan view partly broken away in section of a portion of
      the structure of FIG. 13.
PAR  FIG. 16 is an enlarged fragmentary sectional view taken substantially along
      the line 16--16 of FIG. 13.
DETD
PAC  METHOD OF STEREOTAXIC LATERAL EXTRADURAL LUMBAR DISC PUNCTURE
PAR  Pre-operative radiography is performed to determine the actual depth of the
      discs 17 chosen for puncture within the body of the individual patient and
      measurements made from a preliminary radiographic film 87 made in profile
      with the patient lying on his side with the most symptomatic side
      uppermost or the side with least surgical interference uppermost. A
      radiopaque interval marker reference 76 is positioned adjacent to the
      torso of the patient while making this film at such a distance from the
      film as to produce an equal magnification distortion between the markings
      82 on this device and distances in the midsaggital plane of the patient's
      torso. One marker reference 76 comprises a ruler 81 having radiopaque
      numbers 82 therein mounted in a radiographic screen 83 supported by a
      stand 84. Scatter apron 86 depends from the patient-nearest edge of ruler
      81. The apron 86 and screen 83 avoid burning or fogging the film and
      obscuring the images of the numbers 82 of the ruler 81 on the film 87
      produced by the vertically positioned X-ray apparatus 88. The
      magnification distortion of the film image of the ruler 81 and of the
      vertebrae is proportionate in that the ruler is supported by stand 84 the
      same distance from film 87 as the vertebrae being filmed. Lines 77 are
      drawn on film 87 which bisect the angle between the vertical end plates 14
      at each junction. A radiopaque strip 79 is attached upon the skin and held
      against the body with the same amount of pressure as the offset index 51
      will be held during the operative procedure so that both will come to rest
      at the same distance from the center of the disc. The distance from the
      center of disc 17 to strip 79 as measured by the image of numbers 82 on
      film 87 represents disc depth below the skin.
PAR  The site of skin puncture for an angled needle approach at the preferred
      45.degree. at the midsaggital plane of the body is calculated to be
      equidistant to the depth of the disc center from the skin surface 78.
      Appropriate calculations for the offset skin puncture distance from the
      midsaggital plane can be calculated trigonometrically for variations from
      the 45.degree. angle when such variations are advantageous. The 45.degree.
      angle of approach, which begins on the skin surface 78 at a point
      equidistant to the depth of disc center from the skin surface allows an
      approach which clears the anterolateral prominence of the facet joint 18
      (unless it is enlarged by anomalous formation or acquired change) and, at
      the same time, passes at an approach which allows this structure to
      prevent puncture of dura in the usual anatomical formation. This angle of
      approach, starting at a distance from the midline, calculated in this
      manner, is least likely to coincide with the location of the nerve root
      crossing the posterolateral surface of the disc, and most likely to make
      contact with the disc surface at a location relatively comfortable to the
      patient, lateral to the image of the pedicle 12 in the transverse plane of
      the body.
PAR  During performance of the operation, the patient is positioned as in the
      preoperative radiograph, preferably, lying on the side, upon a radiolucent
      table top, the most symptomatic side uppermost, or where osseous anomaly,
      or overgrowth, may present obstruction to the lateral approach to the
      disc, the side of least interference uppermost. The patient's torso is
      strapped, or retained, in a fashion so as to prevent drift out of lateral
      position, should this occur if the patient drifts off to sleep during the
      semiconscious anesthetic state preferable for this operation.
PAR  The skin is prepared by use of a routine disinfecting agent, a sterile
      plastic adherent sheet is placed over the skin, in the operative area.
      Heading guide supports 36, with the offset needle angle guide support 51
      attached, (all hereinafter described) are fixed to the torso and to the
      adherent plastic sheet with commercially available adhesive strips so that
      the offset needle angle guide support 51 is positioned off the midline of
      the spine opposite to the side of needle approach and overlying the
      erector spinae muscles, as well as parallel to the spine. The offset
      needle angle guide support 51 is flexible so that is may conform to the
      curve of the low back surface.
PAR  Pain relief during the operation is provided by a combination of local
      anesthesia and neuroleptanalgesia, and where necessary, before the
      injection of chymopapain, for safety in the event of need for
      resuscitation against anaphylactic allergic shock, general anesthesia and
      tracheal intubation instituted after the disc puncturing needles are
      satisfactorily placed. The semi-conscious state makes possible a talk down
      with the patient over paraesthesias coming out of touch by the docking
      needle of the nerve root crossing the target area as the surgeon makes
      final maneuvers of approach to the posterolateral disc surface.
PAR  The optimum circumstances of the previously calculated 45.degree. angle
      needle penetration approach necessitates an approach of the needle
      parallel to the vertebral end plates 14 of the disc junction as monitored
      by profile radiographic projection. This parallel heading usually
      coincides with the most prominent point on the curved surface of the facet
      joint 18. This mere precise heading can be expected to avoid arteries
      carrying significant circulation of the spinal canal.
PAR  The technique uses a plural needle (hereinafter described), an outer
      docking needle with an inner stylet, obturator and puncturing needle. The
      outer docking needle 56 is of large diameter, stiff enough to avoid
      bending by muscle; and an inner needle 59 of lesser caliber, well
      tolerated by the disc wall. The inner puncturing needle 59 has a beveled
      tip 67 and has a slight curve 66, placed near the tip, which allows change
      of direction off of the tip of the docking needle without the need to
      reposition the docking needle. This change of direction may be utilized to
      make fine maneuvers around the nerve root while the docking needle 56 is
      positioned to stand off from the disc surface, at point blank range, or it
      may be utilized to change directions within the substance of disc tissue
      while the outer needle 56 is held in a firm docking position with respect
      to the disc surface, and while it isolates the adjacent nerve root from
      potential damage by the puncturing needle. The outer docking needle 56 has
      an inside diameter sufficient to allow easy passage of the puncturing
      needle 59 within its lumen in spite of the curve placed in its tip, taking
      advantage of the elasticity of the needle material without exceeding its
      yield point. The needle hub 61 of the puncturing needle limits distance of
      passage of the lumen of the outer needle by the abutment of the hub 61 of
      one needle against the hub 56 of the other, thus limiting projection of
      the tip 67 of the puncturing needle beyond the tip of the docking needle
      as the diameter of the latter holds the depth of its passage at its
      resting position on the disc surface. This provides control of depth of
      disc puncture, thus confining the tip of the puncturing needle within the
      nucleus pulposus when it is directed towards disc center, preventing
      underpuncture or overpuncture of the nucleus pulposus to a position where
      the tip would lie within the substance of the annulus fibrosis. This
      optimum distance of projection of the tip 67 of the inner needle beyond
      the tip of the outer needle 56 is approximately 26 mm. for all or almost
      all adult subjects. The curve 66 in the tip of the puncturing needle is
      placed in the same direction as the bevel 67 since the bevel itself tends
      to cause change of direction of a needle as it passes through tissue.
PAR  In order to coordinate the three determinations of: (1) angle of approach
      of the docking needle 56, (2) depth of puncture of the various needles,
      and (3) a parallel heading with a profile view of the disc space, a
      stereotaxic fixture (hereinafter described in detail), is utilized. This
      device is a framework which is attached to the patient's torso and which
      allows fixation of the offset index-needle angle guide 57 and the parallel
      heading guide 46 in such a way as to make reposition of these two
      structures rapid, simple and secure.
PAR  Radiopaque markers 91 are placed on the skin surface 78 over the spinous
      processes 11, so that their images project over the midline of the spine
      in posteroanterior (or anteroposterior) radiographic projection. A similar
      radiopaque marker 92 is placed over the lateral surface of the body so
      that its image projects over a portion of the lumbar vertebral bones,
      preferably the body of the L4 vertebrae and on other vertebrae. These skin
      radiopaque markers 91, 92 are positioned after the patient's body is
      adjusted in posteroanterior radiographic projection to a fully lateral
      orientation, i.e., when the image of the spinous processes 11 projects
      midway between the image of the vertebral pedicles 12 while the
      radiographic tube 88 and screen (camera) are in a horizontal relationship.
      The radiographic skin markers 91 over the spinous processes identify the
      midsaggital plane to be used as a starting point for measuring skin
      puncture offset distance from the midline. The skin marker 92 on the
      lateral surface of the body acts as a means of recognizing drift of the
      patient's body off true lateral while radiographic monitoring is being
      viewed in profile projection.
PAR  The parallel heading guide 46 adjustably attached to the fixture is
      fashioned of a narrow thin piece of radiopaque material presenting less
      radiopacity than the docking needle 56, so as to allow visualization of
      the end of the docking needle when the two structures are superimposed in
      radiographic image. The position of the parallel heading guide 56 is
      adjusted until its radiographic image superimposes the disc space between
      the vertebral end plates 14, and is parallel to an ideal line or a line 77
      bisecting the angle between them so as to reproduce, on a monitoring
      screen, the angle of the line drawn on the preoperative radiographic film
      87. The radiographic tube and screen (camera) are positioned in full
      vertical relationship for alignment of the parallel heading guide 56 so as
      to coincide with the plumb line 48 next described, and the visual vertical
      orientation used by the surgeon while passing the needle.
PAR  A small chain 48 or other plumb device is attached to the tip of the
      parellel heading guide 46 for use as a plumb line. The parallel heading
      guide 46 is moved to a point where the tip of this chain 48 hangs directly
      upon the skin surface at the appropriate distance from the midline,
      identifying a skin puncture site which will be on line with a parallel
      heading to the disc space. The tip of this chain 48 is then lined up with
      the offset index-needle angle guide 51, placed at the appropriate distance
      offset from the midline. The point at which these two elements meet
      completes the perfect skin puncture site for each disc.
PAR  The skin puncture site is anesthetized with local anesthesia. The muscle is
      also infiltrated with local anesthesia. The needle used for this purpose
      is passed in the trough of the needle angle guide and its position is
      monitored radiographically providing further confirmation of the heading
      chosen for the disc intended for puncture.
PAR  The midline offset distance is coordinated with the depth of passage of the
      docking needle 56 in a direct interrelationship. The distance of the
      docking needle still available above the skin surface, after docking with
      the disc surface, is utilized for this relationship for practical
      application. Preferably a sleeve 62 placed over the docking needle 56 of
      an appropriate length to touch the skin surface when the docking needle
      can be expected to touch the disc surface. The length of the sleeve 62 is
      correlated with the midline offset distance. Sleeves 53 are provided for
      placement over the shaft 52 of the offset index-needle angle guide. These
      sleeves are color coded (and number coded) to coordinate with the various
      disc center depths encountered.
PAR  The half channel 54 of the needle angle guide 51 is preferably 26 mm. in
      length. This approximates the distance between the disc surface and the
      point at which the docking needle will ordinarily encounter the facet
      joint. The docking needle with stylet 56 inserted so as to conveniently
      penetrate muscle and muscle fascia is inserted at the puncture site
      preferably at an angle of 45.degree. and parallel to the heading guide 46.
      The appropriate sleeve 62 on the docking needle will reach the edge of the
      needle angle guide 54 when the tip of the docking needle can be expected
      to approach the facet joint. At this point, the needle angle guide 57 can
      be moved out of position while the docking needle is advanced, in a
      direction established by passage through most of the muscle it will
      encounter to the disc surface. At this point, an obturator 63 with rounded
      tip is placed within the docking needle 56 in exchange for the stylet 58
      with tapered point used to make penetration of the skin and muscle. As the
      sleeve 62 on the docking needle approaches the skin surface, the surgeon
      is aware that the tip of the obturator 63 in the docking needle is
      approaching the nerve root crossing the target area. At this point, the
      surgeon begins a talk down with the patient's symptoms. The location of
      symptoms in the lower extremity identifies paraesthesias. When the disc
      surface is sensitive (as is often the case when the herniation is located
      at or near the site of docking), local anesthesia may be injected through
      the docking needle over the disc surface. The surgeon holds the docking
      needle 56 directly on the disc surface so as to continuously isolate the
      adjacent nerve root while he inserts the curved puncturing needle 59 into
      the disc. The surgeon rotates the puncturing needle, when necessary, to
      change direction of passage of the puncturing needle within the disc
      substance, directing the curve 66 toward the change of direction desired.
      Particularly when syndesmophytes obstruct passage, this capacity allows
      passage to a central location even when bone permits such passage only be
      executing an "S" path of progress.
PAR  The lumbosacral joint is positioned so deep within the pelvis, in some
      patients, that iliac bone 16 presents an obstruction to a direct parallel
      heading with the lumbosacral disc. When this occurs, a more cephalad
      position of the skin puncture site is necessary. The curve 66 placed in
      the tip of the disc puncturing needle is particularly useful in this
      situation as it allows turning the corner with disc puncture after the
      docking needle is successfully placed at the edge of the disc surface. By
      turning this corner, the tip 67 of the disc puncturing needle can still be
      directed to the central portion of the nucleus pulposus. When a facet
      joint is enlarged by anomalous formation, or by acquired deformation, it
      may be far enough lateral so as to obstruct passage at a 45.degree. angle
      by the appropriately calculated distance offset from the middle. In this
      situation, a slightly more lateral skin puncture site may then be utilized
      with the first positioned docking needle still in place, its tip still
      resting on the obstructing joint. The first placed docking needle provides
      a reference point for maneuver of this second placed docking needle so as
      to skirt the anterolateral surface of the obstructing joint.
PAR  After successful centering of the puncturing needles in the nucleus
      pulposus, the offset index-needle angle guide 51, and the parallel heading
      guide 46, are maneuvered successively to provide guidance for the next
      disc planned for puncture.
PAR  Pharmaceuticals are injected through the puncturing needle 59 into the
      nucleus pulposus by methods such as disclosed in Smith U.S. Pat. 3,320,131
      for diagnosis and treatment.
PAC  ANATOMICAL CONSIDERATIONS AND PREOPERATIVE PROCEDURE
PAR  Preliminary to description of the apparatus, a description of certain
      details of the anatomy of the lumbar vertebrae is desirable. Each such
      vertebrae has a spinous process 11 which projects centrally of the spine
      and with the patient resting on the side projects generally horizontally
      toward the surgeon. To either side of the spinous process 11 (in a
      radiograph) are pedicles 12 which are quite readily apparent in a
      radiological view and in the position of the patient are vertically one
      above the other when viewed in side elevation and are vertically aligned
      when viewed in top plan. The discs 17 are somewhat obscured in the top
      plan but the dorsal profile laminar eminence 13 is readily apparent, and
      this casts a V-shaped laminar shadow. The dorsal prominence of this V
      coincides with the center of the facet joint of the disc 17 and hence
      helps in docking the needle precisely lateral to the position of the
      pedicle 12. In docking the end plates 14 of the vertebrae adjacent to the
      disc to be diagnosed and treated are used as locating means in both
      horizontal and vertical radiographic projection.
PAR  Iliac bone 16, particularly the iliac crest and the iliac wing constitute
      blockage to a vertical heading to the 5th disc possible at the
      superincumbent levels of L4 and above. The iliac bone does not usually
      present a blockage, however, when the heading is made parallel to the
      vertebral end plates outlining the 5th (lumbosacral) disc, with certain
      exceptions in individuals where the lumbosacral joint is positioned
      anatomically deeper in the pelvis than usual. Thus, the parallel heading
      guide provides a particular advantage in starting the needle on the skin
      surface at a point where the heading of the docking needle will clear the
      iliac crest.
PAC  DESCRIPTION OF FIG. 4 MODIFICATION
PAR  Adjacent either end of horizontal index 21 positioned below but parallel to
      a line on the skin coinciding with the spinous processes 11 determined by
      markers 91, is a double clip 24. As shown in FIG. 7, said clip 24 has a
      body 26 preferably formed of sheet metal having at each corner forward
      bent fingers 27 which fit around the edges and over one face of index 21
      and lateral fingers 28 which are bent around a member 36 of a cross
      section similar to the cross section of index 21. Heading guide supports
      36 extend adjacent each end of index 21 vertically up along the back of
      the patient. Support 36 has a vertical arm 37 and at its upper end has a
      horizontal arm 39. Preferably arms 39 are level with each other. As is
      apparent from FIGS. 4 and 5, clips 24 may be moved inward and outward
      relative to index 21 and vertical arms 37 may also be moved upward and
      downward relative to clips 24 so that the horizontal arms 39 are in proper
      position. Arms 37 are then strapped to the patient by tape or other
      suitable means.
PAR  Supported by horizontal arms 39 is a longitudinally extending horizontal
      head guide longitudinal member 41. In the form best shown in FIG. 6 said
      member 41 is formed with a top strip 42 which is attached by means of a
      clip 24 to a horizontal arm 39 at either end. Below strip 42 for at least
      a portion of its length is bottom strip 43 which is spaced slightly from
      strip 42 for a purpose which hereinafter appears. Spaced horizontally
      forwardly from strip 42 is forward strip 44 connected to strip 42 by legs
      45.
PAR  Member 41 supports a heading guide 46. In the form shown in FIG. 4, guide
      46 comprises a thin, narrow, semi-radiologically opaque spring metal 47
      and a depending chain 48. The proximal end of spring 47 is inserted
      between strips 42 and 43 and bent over the top of strip 44. Thus the
      spring 47 may be moved longitudinally and also adjusted in angular
      position on a heading bisecting the angle between the plates 14 of the
      adjacent vertebrae but is held in adjusted position by friction. The chain
      48 hangs by gravity and serves as a locating guide for the needle guide 51
      hereinafter described. By X-ray technique, the guide 46 is moved
      longitudinally of member 41 so that the chain 48 is positioned in
      alignment with each of the discs to be treated, it being understood that
      the guide 46 is moved serially from one disc to another as the operation
      proceeds.
PAR  Alternatively, a heading guide and magnetic means to attach it to heading
      member and magnetic means to attach the latter to arms 39 all as shown in
      FIGS. 13 to 15 may be substituted. Other attachment means may be used as
      will occur to one skilled in the art benefited by this specification.
      Similarly, vertical arm 37 may be attached to index 21 by the means shown
      in FIGS. 13-15 and other attachment means will occur to those skilled in
      the art.
PAR  Offset index-needle angle guide 51 has half round channel 54 from which
      depends needle guide arm 52. The angle between the channel in guide 51 and
      arm 52 is preferably 45.degree. for the purpose heretofore mentioned. The
      lower end of arm 52 is secured by intermediate clip 24 which is slidable
      on index 21. Thus the clip 24 slides along index 21 until the guide 51 is
      immediately under the chain 48. By calculations made prior to the
      operation, it is determined the distance which channel 54 must be
      positioned above spinous process 11. This distance is equal to the depth
      of the center of disc 17 below the skin surface as per pre-operative
      radiograph. Once this determination has been made, a positioning sleeve 53
      of proper length is slipped over the arm 52 and the channel 54 is brought
      down so that the lower end of sleeve 53 rests opposite the midline
      radiographically opaque markers 91. Preferably, the sleeves 53 are color
      coded or otherwise identifiable for different distances, the distances
      having been previously computed.
PAR  A series of needles is slipped through the channel 54 in body 51.
      Preferably a docking needle 56 which is tubular and is formed at its outer
      end with a hub 57 is first used. Preliminary to insertion, as is shown in
      FIG. 8, a stylet 58 is inserted in the needle 56 so that its tip projects
      slightly to penetrate skin and muscle. For accurate determination of the
      maximum penetration, the preliminary radiological analysis has been made
      of the maximum distance which the tip of stylet 58 may penetrate to make
      contact with the disc to be treated but which will not be greater than
      said distance so that the stylet 58 or the puncturing needle 59 which is
      subsequently inserted will not injure the patient. For such purpose, a
      second penetrating control sleeve 62 similar in structure and function to
      sleeve 53 is installed over the docking needle 56 in contact with hub 57.
      For a 45.degree. angle approach, sleeve 62 has a length relationship equal
      to 1.414 times of sleeve 53. Stylet 58 is then replaced by obturator 63
      and the tip is brought into docking position as has been described in the
      discussion of the Method. After the docking needle 56 has been accurately
      positioned, the obturator 63 is withdrawn and a puncturing needle 59
      replaces the stylet 58. This structure is shown in FIG. 11. Needle 59 has
      a curve 66 at its distal end terminating in a bevel 67. Initially a
      penetrating needle stylet 68 is installed to block the canal in the needle
      59 to fill out the bevelled surface and make it smooth and to make the
      needle stronger.
PAR  Heading guide 46 is preferably of a material which is semi-radially opaque
      or half radiopaque and half radiolucent. Thus the guide 46 shows in the
      radiological view but does not obscure the needle 56 while docking against
      the disc while assisting the surgeon maneuver the docking needle into
      place.
PAR  With the puncturing needle 59 in place, a radiologically opaque fluid is
      inserted into the nucleus propulsus. Diagnosis of whether there is rupture
      or herniation of the disc is made radiologically. If rupture or herniation
      are apparent, the enzyme is inserted through the same puncturing needle
      59.
PAR  All the needles can often be placed and adjusted to disc center before it
      is necessary to rotate the C arm of the mobile image intensifier to
      horizontal PA projection. This allows prompt placement of all needles
      using only one radiographic unit.
PAC  FIG. 13 MODIFICATION
PAR  In FIG. 13, guide 121 is offset below the spinous processes 111. In FIG.
      13, the patient is adjusted so that processes 121 project in the midline
      halfway between the radiological shadows of the right and left pedicles
      112.
PAR  For adjustment of fasteners 126 along the length of offset guide 121, a
      central slot 123 or several slots aligned end to end are formed in guide
      121. To prevent the guide 121 from being distorted by a widening of the
      slot 123 under stress, a clip 124 may be used to hold the sides of the
      guide 121 a fixed distance apart, and preferably said clip is movable
      longitudinally of the guide so that it may be positioned in a location
      where it is not an obstruction to maneuver of the offset index needle
      angle guide.
PAR  At least three fasteners 126 are installed in slot 123, one at each end and
      one movable to a position opposite the disc being treated. Each fastener
      126 has a non-circular base 127 which is positioned transversely of slot
      123 and from which extends a shank 128 through the slot 123, the outer end
      of the shank 128 being threaded. An axially elongated slot 129 is formed
      in shank 128 or at least in the fastener 126 which is used at the middle
      of the guide. A washer 131 fits over shank 128 and nut 132 is threaded on
      to the end of the shank 128 to clamp the parts hereinafter described
      relative to guide 121.
PAR  At either end of guide 121 is installed a heading guide support 136
      positioned to accommodate the shape of the patient. Each support 136 is
      L-shaped in end elevation. The vertical arm 137 is formed with an
      elongated slot 138 to receive shank 128. Fastener 126 thus secures support
      136 in position longitudinally relative to offset guide 121 and also
      vertically so that the horizontal arm 139 of the support 136 overlies the
      patient. Preferably a metallic insert 141 is located in horizontal arm
      139.
PAR  As has been stated, there are two heading guide supports 136, one at each
      end of the offset guide 121 and preferably these are adjusted in elevation
      so that they are level in a horizontal sense. A pair of heading guide
      strips 144 which are preferably of a magnetic material and thus
      magnetically adhere to inserts 141 bridge the space between the supports
      136 and viewed in plan are respectively anterior and posterior to the
      vertebral body.
PAR  Heading guide 146 extends transversely across strips 144 and adheres
      thereto by reason of its metallic nature. The guide 146 is adjusted
      longitudinally and angularly so as to project over the interbody space
      parallel to the vertebral end plates 114 of the vertebrae adjacent to the
      disc being treated. Guide 146 is preferably of a material which is similar
      to heading guide 46 of the preceding modification for a similar function.
      Visual connecting rod 147 or a chain is connected to the outer end of
      guide 146 by means of an articulated joint 148 so that the force of
      gravity causes the rod 147 to extend vertically-downwardly to a position
      adjacent to guide 121.
PAR  Needle angle guide 151 is semi-tubular and connected to the upper end of
      needle guide offset index 152, preferably at an angle of 45.degree.. Arm
      152 projects through aperture 129 in the middle fastener 126. When
      adjusted in position, tightening of nut 132 causes the washer 131 to hold
      the arm 152 exactly vertical and the guide 151 at an angle of 45.degree.
      to the saggital plane. The distance of projection of the arm 152 is
      predetermined from pre-operative trigonometric studies of the body
      relationship.
PAR  The needles used are similar to those of the preceding modification and the
      surgical procedures in their usage are similar. Several of the elements of
      the structure of FIG. 13 are similar to the preceding modification and the
      same reference numerals increased by 100 are used to designate
      corresponding parts. Various alternative means may be used to attach
      member 137 to index 121, or member 144 to member 139, or member 146 to
      member 144 or member 152 to index 121.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for lateral extradural disc puncture comprising a frame for
      fixation to a patient,
PA1  an offset index,
PA1  a needle angle guide connected to said offset index at a predetermined
      angle,
PA1  first means adjustably positioning said offset index relative to said frame
      to determine the position of said needle angle guide both from the
      midsaggital plane of the patient and longitudinally relative to the
      intervertebral discs of said patient,
PA1  a heading guide,
PA1  second means adjustably positioning said heading guide relative to said
      frame longitudinally relative to said patient,
PA1  and plumb line establishing means on said heading guide positioned to hang
      down the back of the patient into proximity to said needle angle guide.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said frame comprises a
      horizontal index guide positioned along the back of the patient parallel
      to and below the spinous processes,
PA1  at least one heading guide support having a first stretch and a second
      stretch angularly related to said first stretch,
PA1  cooperating third means on said index guide and said first stretch for
      adjustably positioning said heading guide support vertically and
      horizontally relative to said index guide so that said second stretch
      overlies the patient,
PA1  and cooperating fourth means attaching said heading guide to said second
      stretch substantially horizontally,
PA1  said first means attached to said index guide,
PA1  said second means attached to said heading guide support.
NUM  3.
PAR  3. Apparatus according to claim 2 in which there are at least two said
      heading guide supports parallel to each other and horizontally spaced from
      each other and two said third means, said heading guide supports being
      positioned adjacent opposite ends of said index guide.
NUM  4.
PAR  4. Apparatus according to claim 3 in which said second means comprises
      plural heading guide strips and said heading guide is frictionally held
      between said plural heading guide strips.
NUM  5.
PAR  5. Apparatus according to claim 4 in which there are two parallel,
      horizontally spaced apart heading guide strips, said strips attached by
      said fourth means to said second stretches of both said heading guide
      supports.
NUM  6.
PAR  6. Apparatus according to claim 2 in which said heading guide support is
      formed as an L in end elevation.
NUM  7.
PAR  7. Apparatus according to claim 2 in which said third means comprises a
      clip having a body between said index guide and said first stretch and a
      first set of fingers slidably engaging said index guide and a second set
      of fingers slidably engaging said first stretch.
NUM  8.
PAR  8. Apparatus according to claim 2 in which said heading guide comprises a
      narrow semi-radiopaque member engaging said heading guide support and a
      flexible member depending from said last-named member and hanging
      therefrom by gravity.
NUM  9.
PAR  9. Apparatus according to claim 8 in which said flexible member is semi
      radiologically opaque or partially radiologically opaque and partially
      radiologically lucent.
NUM  10.
PAR  10. Apparatus according to claim 1 in which the angle between said needle
      angle guide and said offset index is 45.degree..
NUM  11.
PAR  11. Apparatus according to claim 1 which further comprises a needle in said
      needle angle guide projectable relative to said needle angle guide to
      contact a vertebral disc at an angle of about 45.degree. to the saggital
      plane of said disc.
NUM  12.
PAR  12. Apparatus according to claim 11 in which said needle comprises a hollow
      lumen.
NUM  13.
PAR  13. Apparatus according to claim 12 which further comprises a blunt stylet
      reciprocable within said lumen.
NUM  14.
PAR  14. Apparatus according to claim 12 which further comprises a fine caliber
      hollow needle reciprocable within said lumen and suitable for injection
      into the disc of radiologically contrast fluid or a substance suitable for
      chemonucleolysis.
NUM  15.
PAR  15. Apparatus according to claim 14 in which the distal end of said fine
      caliber needle is curved.
NUM  16.
PAR  16. Apparatus according to claim 1 in which said offset index comprises an
      arm, a removable sleeve on said arm between said needle guide and said
      midsaggital plane indicating the distance of said needle guide from said
      plane.
NUM  17.
PAR  17. Apparatus according to claim 1 which further comprises a needle through
      said needle angle guide, said needle having a hub and a removable sleeve
      on said needle between said hub and said needle angle guide indicating the
      penetration of said needle into the patient.
NUM  18.
PAR  18. Apparatus according to claim 2 in which said index guide is formed with
      an elongated longitudinal first slot and said first stretch with a second
      elongated slot and said third means comprises a threaded member fitting
      through both said slots and having a head at one end and a nut on said
      threaded member.
NUM  19.
PAR  19. Apparatus according to claim 2 in which said heading guide support is
      formed as a right angle in end elevation, said first stretch being
      vertical and formed with an elongated longitudinal slot, said second
      stretch being horizontal and overlying the patient, said second stretch
      being in at least a portion of its length magnetizable.
NUM  20.
PAR  20. Apparatus according to claim 19 in which said heading guide support is
      of magnetic material and said fourth means comprises magnetic attraction
      of said heading guide support to said second stretch.
NUM  21.
PAR  21. Apparatus according to claim 2 in which said heading guide support is
      of magnetic material and said heading guide is at least in part of a
      material attracted by said magnetic material.
NUM  22.
PAR  22. Apparatus for lateral extradural lumbar disc puncture comprising
PA1  an elongated index guide adapted to be secured to the back of the patient
      extending longitudinally relative to the lumbar vertebrae in fixed
      relation to the spinous processes of said vertebrae,
PA1  a needle angle guide having guide means and an extension arm at an angle to
      said guide means,
PA1  first means for securing said arm to said index guide in a plurality of
      positions of adjustment longitudinally and transversely,
PA1  a heading guide,
PA1  second means supporting said heading guide relative to said index guide,
PA1  said heading guide having a radiologically visible portion and a depending
      portion in proximity to said guide means to assist the surgeon in
      directing a needle projected through said guide means into docking contact
      with a disc while avoiding nerve root damage.
NUM  23.
PAR  23. Apparatus according to claim 22 in which said second means comprises,
PA1  a first member extending upward from said index guide and also overlying
      the patient,
PA1  third means adjustably positioning said first member relative to said index
      guide,
PA1  a second member extending horizontally and longitudinally over said side of
      the patient,
PA1  and fourth means adjustably positioning said heading guide relative to said
      second member.
NUM  24.
PAR  24. Apparatus according to claim 23 in which at least a portion of said
      first member, said second member, and at least a portion of said heading
      guide are of magnetizable material and detachably secured relative to each
      other by magnetic attraction.
NUM  25.
PAR  25. A method for stereotaxic extradural disc puncture comprising the steps
      of:
PA1  first making a radiographic image in vertical projection and determining
      from said image the depth from the skin surface of the intervertebral disc
      into which a pharmaceutical is to be injected;
PA1  second, making a radiographic image in vertical projection and determining
      a heading along a line viewed in vertical projection bisecting the angle
      between the end plates of the vertebrae to either side of said disc;
PA1  third, locating the site of skin puncture by measuring vertically from the
      midsaggital plane a distance calculated from the tangent of the desired
      angle of needle penetration and said depth in the vertical plane of said
      heading;
PA1  fourth, inserting a needle into the patient at said site at said angle of
      penetration and radiographically monitoring penetration of said needle on
      said heading until said disc is penetrated inward of the facet joint
      adjacent said disc; and
PA1  injecting a pharmaceutical through said needle into said disc.
NUM  26.
PAR  26. A method according to claim 25 in which said first step is performed by
      making a radiographic film in vertical projection of said disc and
      adjacent vertebrae with a radiopaque marker on the skin surface and a
      ruler with radiopaque markings supported at the midsaggital plane casting
      a shadow showing on said film true distances.
NUM  27.
PAR  27. A method according to claim 26 in which said second step is performed
      by (a) marking a line corresponding to said heading on the film of said
      first step; and (b) during the performance of said second step locating a
      semi-radiopaque marker horizontally in line with said heading.
NUM  28.
PAR  28. The method of claim 25 in which said third step comprises first
      monitoring the correct position of the patient by making a posteroanterior
      radiographic image and adjusting said position so that the image of the
      spinous process is midway between the images of the pedicles.
NUM  29.
PAR  29. The method of claim 25 in which said third step comprises placing at
      least one radiopaque marker on the skin overlying the spinous process and
      said measuring is performed by measuring from a and axial line through
      said marker.
NUM  30.
PAR  30. The method of claim 25 in which the distal end of said puncturing
      needle is curved and in which said fourth step is performed while
      radiologically monitoring said disc and turning said puncturing needle to
      penetrate said disc and terminate vicinal the nucleous pulposus of said
      disc.
NUM  31.
PAR  31. A method according to claim 25 in which said first through fourth steps
      are performed with the patient lying on his side.
NUM  32.
PAR  32. A method according to claim 25 in which said angle of needle
      penetration is at least 45.degree..
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ABST
PAL  A fluid dispensing arrangement for injecting liquid parenteral drugs or
      other liquids, including a syringe or cartridge with a needle-hub secured
      thereto, a plunger in the syringe or cartridge for effecting liquid
      discharge and injection, and a combination sealing and by-pass valve plug
      initially in a radially compressed sealing position at the forward end of
      the cartridge or syringe body or barrel and separating the liquid in the
      cartridge or syringe body or barrel from the needle-hub assembly, the
      valve plug being longitudinally forwardly movable to a by-pass discharge
      position within a by-pass chamber of larger diameter than the normal
      unrestricted and uncompressed diameter of the plug. The plug has tapered
      cruciform ends with corresponding circumferentially spaced by-pass grooves
      formed thereby at its opposite ends to aid in liquid by-pass therepast
      during liquid discharge or aspirating action.
PARN
PAR  This is a continuation of application Ser. No. 359,265 filed May 11, 1973,
      now abandoned which in turn is a continuation of application Ser. No.
      88,360 filed Nov. 10, 1970, now abandoned.
BSUM
PAR  This invention relates to a fluid dispensing arrangement which is
      particularly adapted for prefilled manufacture and storage in a ready
      condition for use by an operator for injection of parenteral liquids, or
      other desired liquids, into a human body or other living organism.
PAR  One of the major problems in packaging liquid parenteral drugs into
      prefilled syringes or cartridges is that of the incompatibility of most
      drug products with any and all metal ions. Since it is normally necessary
      to ultimately pass drug solutions through a metal needle or cannula during
      the injection of such liquids, it is necessary to protect the liquid from
      the needle until the time of use, to thereby prevent or effectively
      minimize degradation of the liquid. There have been numerous attempts to
      develop arrangements which would solve this problem, including various
      diaphragm and valve arrangements. However, to my knowledge all such prior
      arrangements have had substantial drawbacks and difficulties associated
      therewith.
PAR  In one prior art arrangement, which has a number of different forms, a
      double ended (i.e., double pointed) needle is attached in some suitable
      way to a syringe or cartridge, and until such is to be used the butt end
      of the needle is held in a position slightly removed from a rubber
      diaphragm which in turn seals off the liquid in the syringe or cartridge
      from the needle-hub assembly. When ready for use, the syringe or cartridge
      is activated by forcing the butt end of the needle through the rubber
      diaphragm, thus permitting the liquid to pass through the needle when
      pressure is applied to a sliding rubber plunger which is seated in the
      glass cartridge body or syringe barrel. Among the disadvantages of this
      system or arrangement is the fact that this requires the puncturing of a
      diaphragm, and any time a rubber stopper or diaphragm is punctured by a
      hollow needle or cannula, there arises the possibility of coring, which
      can carry dangerous rubber particles into the body. In addition, there is
      the further disadvantage of poor economics, caused by the increase in cost
      of providing butt end grinding of the needle in addition to the normal
      forward end bevel grinding of the needle.
PAR  In another prior art arrangement, the needle or cannula is initially passed
      through and held in a rubber diaphragm or rubber stopper, and the forward
      end of the needle is then sealed from the atmosphere by embedding such
      into a removable rubber sheath. This, however, does not completely protect
      the parenteral liquid from contact with the needle, but merely reduces the
      surface area of the needle in contact with the liquid.
PAR  There is also a prior art arrangement employing two spaced plungers in a
      glass syringe or cartridge, with a needle-hub assembly secured to the
      glass syringe or cartridge body. In this arrangement the plunger innermost
      or nearmost the needle-hub assembly has two small skin flaps which are cut
      approximately 270.degree. around their diameter. When pressure is applied
      by moving the outer most plunger through thumb action thereon, the liquid
      between the two plungers passes through these skin flaps and out through
      the needle of the needle-hub assembly and into the body into which fluid
      is being injected. A substantial disadvantage of this type of system is
      the extremely close tolerances necessary in the molding and trimming
      operation required for this arrangement, particularly the plunger with the
      skin flaps. In addition, this arrangement does not provide an absolute
      seal between the liquid and the needle-hub assembly.
PAR  In a further prior art arrangement, a needle-hub assembly is assembled to a
      glass cartridge, and the fluid in the cartridge is protected from the
      needle-hub assembly by a rubber stopper having a thin diaphragm formed in
      the radially center section of the stopper. When the rear plunger of the
      cartridge is moved forward under thumb pressure, the fluid acts as a force
      transmitting element to exert a rupturing force on the rubber diaphragm
      and thereby balloons the diaphragm into the needle-hub assembly until the
      diaphragm ruptures and thereby permits the liquid to pass into and through
      the needle-hub assembly. An obvious disadvantage of this arrangement is
      the requirement for extremely tight tolerances to be maintained in the
      manufacture of the rubber stopper with its thin diaphragm. In addition,
      there is the distinct possibility of rubber particulate matter being
      broken loose from the ruptured portion of the rubber stopper diaphragm
      section and the corresponding discharge of such through the needle-hub
      assembly into the body receiving the injection.
PAR  A further prior art arrangement utilizes a molded rubber stopper between
      the glass vial or cartridge body and the needle-hub assembly, with a small
      glass ball fitted within a longitudinal bore extending through the rubber
      stopper. The small glass ball is initially seated in the stopper bore,
      being held within an enlarged recess portion of the bore, and upon forward
      acting pressure being exerted on the ball by forward motion of the rear
      plunger within the cartridge body, the ball will pop out of the stopper
      bore, thereby permitting the liquid to pass through the stopper bore,
      by-passing the free glass ball within the needle-hub assembly, and
      thereupon proceeding through the needle and into the body being injected.
      Among the disadvantages of this arrangement is the necessity for molding
      the rubber stopper and the formation of the glass ball to extremely tight
      tolerances, as well as the necessity for trimming the internal diameter of
      the bore in the zone where it accepts the ball. There is also the need for
      use of a relatively hard durometer rubber compound in order to preserve
      the configuration of the rubber stopper while the ball is in its sealed
      position. There is also the inability in this arrangement of preventing
      the glass ball from reseating itself back into the rubber stopper bore
      during aspiration action, and in addition, there is the need to
      double-bevel the butt end of the needle in order to keep the ball from
      sealing off the small diameter bore of the needle.
PAR  It is accordingly an object and feature of the present invention to provide
      a simple and economical syringe or cartridge arrangement with a needle-hub
      assembly thereon, which enables full protection of the injectible
      parenteral drug or other liquid from contact with the metal parts of the
      needle-hub arrangement, and for that matter from any metal parts of the
      syringe or cartridge, until such time as the syringe or cartridge is to be
      used.
PAR  It is a further feature to provide such an arrangement through utilization
      of a longitudinally movable combination sealing and by-pass valve plug
      which may be formed of ordinary pharmaceutical grade rubber compounds, and
      which does not require a precise durometer or formulation of the rubber
      for its successful operation, other than that it be an effectively
      non-reactive material as to the liquid in the syringe or cartridge, and
      that it be sufficiently soft and elastic to enable its elastically
      compressive retention in a sealed position and condition within the mouth
      of a cartridge vial body or syringe barrel or body made of glass or other
      desired material, while not so spongy soft as to deform in response to
      liquid flow thereagainst to an extent such as to effect closure of either
      of the fluid flow orifices with which it comes into contact in the by-pass
      condition.
PAR  It is a further feature of the invention to provide such an arrangement
      which will enable both initial pre-use sealing of the liquid and
      subsequent discharge and multiple aspirating flow of the liquid, as may be
      desired, during injection or aspirating action by the operator.
PAR  It is still a further feature of the invention to provide such an
      arrangement which permits the construction of a needle-hub assembly from
      materials which normally are excluded from the construction of needle-hub
      assemblies in other prefilled syringe or cartridge arrangements, including
      aluminum, various plastics, and other materials which are considered to be
      compatible on short term contact with drugs or other parenteral fluids,
      but not necessarily compatible for long term contact therewith.
PAR  There is also the added feature and advantage of the invention in
      alleviating any necessity for precise or difficult trimming operations on
      the movable valve plug, as is often the case in prior art constructions as
      noted above.
DRWD
PAR  Still other objects, features and attendant advantages will become apparent
      to those skilled in the art from a reading of the following detailed
      description of a preferred physical embodiment constructed in accordance
      with the invention, taken in conjunction with the accompanying drawings
      wherein:
PAR  FIG. 1 is a longitudinal section view of a syringe arrangement constructed
      according to the invention, the arrangement being shown in the prefilled
      sealed condition.
PAR  FIG. 2 is a view similar to that of FIG. 1, and illustrating the general
      position of the parts during discharge of liquid from the syringe needle,
      and also as such would be related during injection into a body.
PAR  FIG. 3 is an enlarged section view of the forward section of the syringe,
      illustrating the position of the sealing and by-pass plug substantially
      immediately upon its movement from its sealing position to a free by-pass
      position within the mouth of the cartridge vial body or syringe barrel or
      body.
PAR  FIGS. 4 and 5 are longitudinal section views similar to FIG. 3,
      illustrating respectively the general position of the combination sealing
      and by-pass valve plug in its forwardmost and rearwardmost positions
      within the by-pass chamber and during respectively injection and
      aspirating liquid flow therepast.
PAR  FIG. 6 is an enlarged view in perspective, illustrating the combination
      sealing and by-pass valve plug configuration.
PAR  FIG. 7 is a modified arrangement similar to that of FIG. 1, taking the form
      of a cartridge unit which may be inserted into a syringe body adapted to
      receive conventional needle-hub combined cartridge units.
DETD
PAR  Referring now in detail to the figures in the drawings, a physical
      embodiment of the invention is shown in FIG. 1, in the form of a
      pre-fillable sealed syringe unit generally indicated at 11, including a
      syringe body or barrel 21, to which is secured a needle-hub assembly 41,
      with a discharge plunger 61 axially movable within the syringe barrel 21.
PAR  The syringe barrel 21 takes the form of a vial or cartridge type body of
      glass or other suitable material, including a cylindrical main body
      section 23 which is open at its rear end to receive the discharge plunger
      61. A laterally extending finger-grip flange 29 may be secured to or
      formed on the barrel 21 to enable ease of handling during liquid discharge
      and injection or aspiration operation of the syringe. Obviously other
      finger-grip arrangements may be employed, various finger-grip arrangements
      of this nature being available and common in the art.
PAR  The discharge plunger 61 includes a piston 63 which may be suitably formed
      of pharmaceutical grade rubber and may take any conventional or desired
      configuration to effect a fluid tight seal with the inner wall of the
      barrel 21 and thereby enable movement of the liquid L in discharge or
      aspirating fashion from or into the liquid holding chamber formed by the
      barrel 21. The discharge plunger 61 also includes a plunger rod 65 which
      may be suitably secured to the rubber piston 63, as through the medium of
      a threaded connection therebetween, as indicated at 64 in FIG. 2. Plunger
      rod 65 may have a suitably flared thumb engaging end 67 for forward or
      rearward actuation of the piston 63 by the operator.
PAR  The barrel 21 is formed with a reduced diameter neck 25 at its forward end,
      which defines a liquid discharge mouth 26 having a central cylindrical
      configuration which may be rounded or tapered or beveled at one or both of
      its opposite longitudinal ends, as indicated generally at 26a in FIG. 4.
      The forward neck end of the body or barrel 21 has an annular securing lip
      flange 27 formed thereon. The needle-hub assembly 41 is secured to the
      body or barrel 21 through the medium of a ring or sheath connector 31
      which may be suitably crimped about the annular periphery of the annular
      lip 27 and the hub flange 43f, and with a suitable ring seal 33 such as a
      ring washer or "O" ring of rubber or other suitable resilient material
      extending in interfacing relation between the hub flange 43f and the
      annular lip flange 27, to provide a liquid tight seal connection. The ring
      or sheath connector 31 may be formed of easily worked metal, such as
      aluminum or other desired material. Likewise, inasmuch as the hub 43 and
      cannula 45 of the needle-hub assembly 41 does not stand in contact with
      the liquid L in the syringe body or barrel 21 during the period prior to
      use, it will be appreciated that the cannula 45 and hub 43 may be formed
      of desired metallic or plastic materials which fit the normal use
      requirements therefor, and which are suitable for short term contact with
      the liquid L to be injected. The hub 43 may thus be formed of aluminum or
      plastic as normally desired materials, and the cannula 45 may be formed of
      steel or plastic or other suitable material as may be desired. Cannula 45
      may be suitably secured at its butt end 45b within the forward nose or
      neck end 43n of the hub 43, and the pointed forward end 45a of the cannula
      45 may be suitably pointed as by conventional bevel grinding. If desired,
      the forward nose or neck end 43n and the hub 43 may be formed with an
      external configuration adapted to engage in male interfitting relation
      with a female Luer connector, such that if desired, an operator may break
      off the cannula 45 at the nose 43n, and insert the nose 43n  l into a Luer
      connector for dispensing through another user arrangement connected to the
      Luer connector in a given instance of use.
PAR  In the initial prefilled condition of the syringe unit 11, a combination
      sealing and by-pass valve plug 51 is disposed in liquid sealing relation
      within the mouth 26, as shown in FIG. 1. This plug 51 is preferably formed
      as a unitary body, and may be suitably formed of rubber material of a
      pharmaceutical grade. Plug 51 has a sealing midsection 53 which is
      cylindrical and of a normal radially uncompressed diameter slightly
      greater than the internal cylindrical diameter of the mouth 26, within
      which the sealing midsection 53 is radially compressibly seated in the
      initial sealing prefilled condition of the syringe. In this respect, it
      will be noted, as shown in FIG. 1, that in the initial prefilled condition
      the rubber piston 63 is disposed near the rear end of the syringe barrel
      21, with liquid being contained between the plug 51 and the piston 63,
      thereby providing an effective fluid tight sealing of the liquid L within
      the barrel 21. Inasmuch as the barrel 21 may be formed of pharmaceutically
      acceptable glass and the plug 51 and piston 63 may be formed of a
      pharmaceutical grade rubber, it will therefore be appreciated that the
      liquid L is thereby held in a prefilled stored condition which will
      substantially eliminate or maintain to a minimal degree any reaction
      between the container and the liquid L during the stored condition, which
      may extend over a substantial period of time.
PAR  The combination sealing and by-pass valve plug 51 has an effectively
      undulating end surface which at its opposite ends are non-complementary to
      the opposite ends of by-pass chamber 46 formed forward of the mouth 26.
      The effectively undulating end surfaces of the plug 51 are formed to
      enable fluid by-pass past the plug 51 after the plug has been moved
      forward out of the mouth 26 and into the by-pass chamber 46, independent
      of whether the plug is in contact with one or the other of the ends of the
      chamber 46 or is in the zone therebetween. In the preferred and
      illustrative embodiment, the effective undulating end configuration is
      formed as a tapered cruciform configuration, as indicated at 55 and 57.
      The cruciform shaped ends 55 and 57 include radial cross elements 55a and
      57a which form therebetween by-pass grooves 59 on opposite longitudinal
      ends of the cylindrical sealing end section 53 of the plug. The cruciform
      shaped ends 55 and 57 are tapered as indicated at 55b and 57b, the tapered
      portions extending only part way along the axially longitudinal extent of
      the radial cross elements 55a,57a of the cruciform ends, thus leaving a
      less tapered or straight longitudinal surface 58 connecting with the
      cylindrical surface of the sealing midsection 53. The provision of this
      straight or less tapered surface 58 on the cruciform cross elements
      55a,57a aids in assuring against closure of the by-pass grooves 59 when
      either of the respective tapered and cruciform portions 55b, 57b of ends
      55, 57 is in engagement with a respective one of the opposite ends of the
      by-pass chamber 46. Prevention of closure of the by-pass grooves 59 is
      also aided by forming the taper angle of the end portions 55b,57b of the
      plug differently from the taper of the tapered forward end surface 43b of
      the hub interior as well as the rounded or beveled mouth entrance 26a at
      the opposite ends of the by-pass chamber 46. As an aid to ease of molding
      of the plug 51, the various edges may be slightly beveled or rounded, as
      generally indicated at 56 in FIG. 6, if so desired, this rounding or
      beveling also aiding in minimizing any requirements for trimming after
      molding.
PAR  As is shown in FIGS. 3-5, the plug 51 is formed with an effective normal
      uncompressed outer diameter which is sufficiently less than the internal
      diameter of the by-pass chamber 46 as formed by the hub interior wall 43a,
      to enable effective liquid flow past the plug 51 while the plug is in the
      by-pass chamber 46. In addition, it is desirable to form the plug 51 with
      an overall effective longitudinal diagonal extent substantially greater
      than the internal cross-sectional diameter of the hub interior wall 43a,
      so as to prevent the plug 51 from undesirably canting and locking within
      the by-pass chamber 46, although with the provision of the cruciform ends
      and by-pass grooves 59, this canting will not normally close off the flow
      of liquid past the plug 51 within the by-pass chamber 46.
PAR  In operation, the operator grasps the syringe 11 and presses the discharge
      plunger 61 forwardly to eject a small amount of liquid L from the needle
      or cannula 45, in the same manner as the operator would normally operate a
      syringe in this respect. In enabling this discharge of liquid L from the
      cannula 45 with the present invention, the forward motion of the rubber
      piston 63 will effect through the liquid L a forward pressure and force on
      the plug 51 to thereby move the plug out of the mouth 26 and into the
      enlarged diameter by-pass chamber 46. The plug 51 will be aided in this
      forward motion into the by-pass chamber 46 by the forward camming motion
      of the rear tapered end surface 55b thereof as it proceeds out of the
      rounded mouth entrance 26a, although in general the forward fluid pressure
      on the plug 51 will be sufficient to effect the full discharge of the plug
      51 from the mouth 26. The liquid L will open travel through the mouth 26
      and past the plug 51, through the by-pass chamber 46, and out through the
      interior of the cannula 45. Continued forward motion of the rubber piston
      63 will effect sufficient fluid flow to cause the plug 51 to engage the
      forward tapered end surface 43b of the by-pass chamber 46, in which event
      the liquid L will continue to flow past the plug 51, passing through the
      by-pass grooves 59, while the forward tapered end of the plug 51 is in
      engagement with the tapered end surface 43b. Upon insertion of the cannula
      45 into a body for injection of the liquid L into the body, the operator
      may desire to effect aspiration by rearward motion of the discharge
      plunger 61. This is readily enabled with the present invention, as the
      flow of liquid can and will proceed rearwardly from the patient's body and
      through the cannula 45, into the by-pass chamber 46, and past the plug 51,
      and subsequently into the chamber formed within the barrel 21, permitting
      the operator to view the aspirated material from the body. This rearward
      or aspirating motion of fluid through the hub 43 and into the barrel 21
      may effect rearward motion of the plug 51 to a degree such that the plug
      will come into contact at its rearward end with the rounded mouth entrance
      of the mouth 26. In such event, it will be noted that, as shown in FIG. 5,
      the fluid will again flow about and past the midsection 53 of the plug and
      through the by-pass grooves 59, through the mouth 26 and into the central
      chamber holding the liquid L in the barrel 21. Thereupon, the operator may
      proceed with the injection of the liquid L into the patient's body, with
      liquid L again flowing forwardly through the cannula 45 as a function of
      forward motion of the discharge plunger 61 by the operator's manual action
      thereon. Subsequent aspirating may be effected at any time as the operator
      may desire, with further subsequent injection, without fear of stopping
      flow of the liquid into or out of the barrel 21 and cannula 45.
PAR  In FIG. 7 there is shown a modified embodiment, in which a sealed fluid
      discharge unit 111 takes the form of a cartridge unit which may be
      inserted into a syringe adapted to receive cartridge units having needle
      hub assemblies affixed thereto. In this arrangement, the liquid to be
      injected is held in prefilled condition within a body or barrel 121 of
      glass or other suitable material, which again is preferably transparent or
      translucent, with a rear discharge plunger piston 63 having a threaded
      connector stud 64 for connection to a plunger rod of a syringe into which
      the cartridge unit 111 is inserted. The body or barrel 121 does not have a
      finger grip section 29 as in the previously described embodiment, as the
      syringe shell or body will be provided with such as may be desired and as
      in conventional construction. The body or barrel 121 is otherwise formed
      as in the previously described embodiment of the barrel 21 of FIG. 1, with
      a plug 51 within the forward mouth thereof, and with a needle hub assembly
      41 secured to the forward end of the body or barrel 121 as through the
      medium of a connector ring 31. The operation of this embodiment is similar
      to that of FIG. 1 except that the cartridge is inserted into a syringe
      body which is adapted for receiving such cartridge units, and does not
      itself form a complete syringe, although such might be formed by adding a
      removable finger-gripping unit for securing to the rear end of the barrel
      or body 121, and using a discharge plunger rod 65, such as in FIG. 1.
PAR  While the invention has been described with respect to several
      illustrative, preferred embodiments thereof, it will be appreciated by
      those skilled in the art that various modifications and improvements may
      be made without departing from the scope and spirit of the invention.
      Accordingly, the invention is not to be limited by the illustrative
      embodiment, but only by the scope of the appended claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. For use in an arrangement adapted to have a dispensable liquid therein,
      with a manually operated plunger for injecting said liquid into a body,
      the improvement comprising:
PA1  a liquid-carrying body having adjacent its forward end a mouth, a central
      liquid-holding chamber, and an opposite open end for receiving said
      plunger to effect movement of liquid to or from said chamber and through
      said mouth,
PA1  a manually operated plunger slidable in said chamber to effect movement of
      liquid to or from said chamber and through said mouth, said body having a
      dispensing end forward of said mouth,
PA1  a combination sealing and by-pass valve plug having a radially
      compressible, relatively soft elastic midsection initially seated within
      and sealing said mouth in a radially elastically compressed condition of
      the plug,
PA1  a by-pass chamber and associated connecting liquid discharge opening formed
      forward of said mouth,
PA1  said by-pass chamber having forward and rear liquid-passageway-forming
      ends, said forward liquid-passageway-forming end forming a portion of said
      dispensing end of said body,
PA1  said by-pass chamber being larger in internal cross-section than said mouth
      and larger in all cross-sectional directions in cross-sectional chamber
      extent than the respective corresponding elastically free or released
      effective external sealing configuration of said plug and having an
      effective combined longitudinal and cross-sectional extent of sufficient
      amount whereby said plug will have freedom of movement in both
      longitudinal and lateral directions when ejected to its free condition
      into said chamber,
PA1  said plug having a second displaced free position and condition in said
      by-pass chamber, in which second position and free condition said plug is
      smaller than the corresponding cross-section in all cross-sectional
      directions of said by-pass chamber and larger in effective cross-section
      than said mouth,
PA1  the opposite ends of said plug being non-complementarily shaped relative to
      the opposite longitudinal ends of said by-pass chamber, so as to enable
      liquid to pass therepast when the plug is in end engagement with either
      the forward or rear end of said by-pass chamber, after removal of the plug
      from its sealing position within said mouth and into said by-pass chamber,
PA1  said plug being of a normal cross-section in its elastically free or
      relaxed condition sufficiently greater than said mouth of said body to
      prevent, in conjunction with one of its non-complementarily shaped ends,
      reverse movement thereof back into sealing relation within said mouth as a
      function of reverse or aspirating flow of liquid therepast.
NUM  2.
PAR  2. An arrangement according to claim 1,
PA1  said plug having longitudinal end surfaces irregular to enable fluid to
      pass therepast when in end engagement with either the needle hub or the
      forward mouth of said body after disengagement of said plug from its
      sealing position within said mouth.
NUM  3.
PAR  3. An arrangement according to claim 1,
PA1  said plunger being initially slidably disposed in sealing relation in said
      body chamber and rearwardly of said plug and said forward mouth.
NUM  4.
PAR  4. An arrangement according to claim 1,
PA1  said body being a vial of a cartridge unit fittable within a syringe.
NUM  5.
PAR  5. An arrangement according to claim 1 and comprising a syringe,
PA1  said body being a syringe barrel.
NUM  6.
PAR  6. An arrangement according to claim 1, further comprising
PA1  a prefilled liquid within said liquid-holding chamber,
PA1  and a plunger slidably disposed in sealing relation within said
      liquid-holding chamber and extending through opposite open end of said
      body.
NUM  7.
PAR  7. An arrangement according to claim 1,
PA1  said plug having a tapered irregular surfaced end section on at least one
      end thereof, the irregularities thereof forming corresponding fluid
      passage grooves,
PA1  and said tapered irregular surfaced end section on said plug being
      non-complementary to the respective interfacing end portion of said
      by-pass chamber when said plug is freed from its restricted sealing
      position within said mouth.
NUM  8.
PAR  8. An arrangement according to claim 7,
PA1  said plug having a said tapered and irregular surfaced end section on both
      longitudinal ends thereof.
NUM  9.
PAR  9. An arrangement according to claim 8,
PA1  said tapered and irregular surfaced end sections having a cruciform shape
      in cross-section and being formed by intersecting cross elements
      transversely extending out from a common central hub and all connecting
      with said midsection.
NUM  10.
PAR  10. An arrangement according to claim 9,
PA1  the effective axial longitudinal extent of said cruciform end cross
      elements being longer than the effective axial longitudinal extent of said
      tapered outer end surface thereof, to aid in preventing resealing of said
      plug with said mouth as a function of aspirating or reverse liquid flow
      thereagainst, as well as preventing sealing action through plug contact at
      the opposite end of said chamber.
NUM  11.
PAR  11. An arrangement according to claim 8,
PA1  said body having a needle hub assembly,
PA1  said needle-hub assembly including a hub section having a forwardly pointed
      cannula extending therefrom,
PA1  said hub having a tapered inner end wall adjacent the inner end of said
      cannula and forming the forward end of said by-pass chamber,
PA1  the taper of said tapered inner end wall of said hub being different from
      the taper of the respective interfacing end of said plug.
NUM  12.
PAR  12. An arrangement according to claim 1,
PA1  said body having a reduced diameter neck portion forming said open mouth,
PA1  said mouth and said plug midsection being generally circular in
      cross-section.
NUM  13.
PAR  13. An arrangement according to claim 12,
PA1  said body being formed as a syringe barrel having a laterally extending
      finger gripping section at the rear thereof.
NUM  14.
PAR  14. An arrangement according to claim 13,
PA1  said plug midsection being generally circular but larger in uncompressed
      diameter than said generally circular mouth,
PA1  said plug being smaller in diameter than at least a corresponding length of
      said chamber formed forward of said mouth, and being longer than the
      internal cross-section of said by-pass chamber.
NUM  15.
PAR  15. For use in an arrangement adapted to have a dispensable liquid therein
      and which utilizes a manually operated plunger for dispensing liquids, the
      improvement comprising:
PA1  a liquid-carrying body having at its forward end a mouth, a central
      liquid-holding chamber, and an opposite open end for receiving said
      plunger to effect movment of liquid to or from said chamber and through
      said mouth,
PA1  a combination sealing and by-pass valve plug having a radially
      compressible, relatively soft elastic midsection initially seated within
      and sealing said mouth in a radially elastically compressed condition of
      the plug,
PA1  a by-pass chamber and associated connected fluid discharge opening formed
      forward of said mouth, said by-pass chamber being larger in internal
      cross-section than said mouth and larger in all directions of
      cross-sectional chamber extent than the respective corresponding
      elastically free released external configuration of said plug whereby said
      plug will have freedom of movement in all lateral directions when
      effectively fully ejected into said chamber from its sealing condition in
      said mouth,
PA1  the opposite ends of said plug being non-complementarily shaped relative to
      the opposite longitudinal ends of said by-pass chamber, so as to enable
      liquid to pass therepast when the plug is in end engagement with either
      the forward or rear end of said by-pass chamber, after removal of the plug
      from its sealing position within said mouth and into said by-pass chamber,
PA1  said plug being of a normal cross-section in its elastically free released
      condition sufficiently greater than said mouth of said body to prevent, in
      conjunction with one of its said non-complementarily shaped ends, reverse
      movement thereof back into sealing relation within said mouth as a
      function of reverse or aspirating flow of liquid therepast.
NUM  16.
PAR  16. An arrangement for dispensing liquids, according to claim 15,
PA1  the rear zone of said plug being elastic and having a tapered external
      surface smaller at its rear extremity than at the forward end of such
      tapered surface, a portion of said tapered rear surface being larger in
      elastically free released condition than the effective forward exit end
      zone of said mouth, whereby said plug is aided in passage forward through
      the forward exit end of said mouth by the combined action of the
      compressive forces within the laterally compressed plug and acting to
      restore the plug to an unstressed released state and the camming surface
      interaction between the tapered external surface of said plug and the
      forward end of said mouth, said tapered external surface aiding in
      preventing sealing re-entry and sealing seating of said plug into said
      mouth as a result of aspirating liquid flow action on said plug.
NUM  17.
PAR  17. For use in an arrangement adapted to have a dispensable liquid therein
      and which utilizes a manually operated plunger for dispensing liquids, the
      improvement comprising:
PA1  a body having a liquid-holding chamber with a forward mouth, said chamber
      including a section for movement of said plunger therealong to effect
      movement of liquid to or from said chamber and through said mouth,
PA1  a combination sealing and by-pass valve plug having a radially
      compressible, relatively soft elastic midsection initially seated within
      and sealing said mouth in a radially elastically compressed condition of
      the plug,
PA1  a by-pass chamber formed forward of said mouth and larger in internal
      cross-section than said mouth and larger in cross-sectional chamber extent
      than the respective corresponding elastically free released external
      configuration of said plug,
PA1  the opposite ends of said plug being non-complementarily shaped relative to
      the opposite longitudinal ends of said by-pass chamber, so as to enable
      liquid to pass therepast when the plug is in end engagement with either
      the forward or rear end of said by-pass chamber, after removal of the plug
      from its sealing position within said mouth and into said by-pass chamber,
PA1  said plug being of a normal cross-section in its elastically free released
      condition sufficiently greater than said mouth of said body to prevent, in
      conjunction with one of its said non-complementarily shaped ends, reverse
      movement thereof back into sealing relation within said mouth as a
      function of reverse or aspirating flow of liquid therepast.
NUM  18.
PAR  18. An arrangement for dispensing liquids, according to claim 17,
PA1  the rear zone of said plug being elastic and having a tapered external
      surface smaller at its rear extremity than at the forward end of such
      tapered surface, a portion of said tapered rear surface being larger in
      elastically free released condition than the effective forward exit end
      zone of said mouth, whereby said plug is aided in passage forward through
      the forward exit end of said mouth by the combined action of the
      compressive forces within the laterally compressed plug and acting to
      restore the plug to an unstressed released state and the camming surface
      interaction between the tapered external surface of said plug and the
      forward end of said mouth, said tapered external surface aiding in
      preventing sealing re-entry and sealing seating of said plug into said
      mouth as a result of aspirating liquid flow action on said plug.
NUM  19.
PAR  19. For use in an arrangement adapted to have a dispensable liquid therein
      and which utilizes a manually operated plunger for dispensing liquids, the
      improvement comprising:
PA1  a liquid-carrying body having at its forward end a mouth, a central
      liquid-holding chamber, and an opposite open end for receiving a plunger
      to effect movement of liquid to or from said chamber and through said
      mouth,
PA1  a combination sealing and by-pass valve plug having a radially
      compressible, relatively soft elastic midsection initially seated within
      and sealing said mouth in a radially elastically compressed condition of
      the plug,
PA1  a by-pass chamber and associated connected liquid discharge opening formed
      forward of said mouth, said by-pass chamber being larger in internal
      cross-section than said mouth and the elastically expanded cross-section
      of said plug,
PA1  the opposite ends of said plug being non-complementarily shaped relative to
      the opposite longitudinal ends of said by-pass chamber, so as to enable
      liquid to pass therepast when the plug is in end engagement with either
      the forward or rear end of said by-pass chamber, after removal of the plug
      from its sealing position within said mouth and into said by-pass chamber,
PA1  said plug being of a normal cross-section in its elastically free released
      condition sufficiently greater than said mouth of said body to prevent
      reverse movement thereof back into sealing relation within said mouth as a
      function of reverse or aspirating flow of the liquid therepast,
PA1  the rear zone of said plug being elastic and having a tapered external
      surface smaller at its rear extremity than at the forward end of such
      tapered surface, a portion of said tapered rear surface being larger in
      elastically free released condition than the effective forward exit end
      zone of said mouth, whereby said plug is aided in passage forward through
      the forward exit end of said mouth by the combined action of the
      compressive forces within the laterally compressed plug and acting to
      restore the plug to an unstressed released state and the camming surface
      interaction between the tapered external surface of said plug and the
      forward end of said mouth, said tapered external surface aiding in
      preventing sealing, re-entry and sealing seating of said plug into said
      mouth as a result of aspirating liquid flow action on said plug.
NUM  20.
PAR  20. An arrangement for dispensing liquid comprising:
PA1  a syringe body having a substantially constant diameter bore forming a
      liquid-holding chamber, said bore chamber being adapted for movement of a
      plunger therealong,
PA1  a plunger slidably movable in said bore chamber to effect movement of
      liquid to or from said chamber and through said mouth,
PA1  a combination sealing and by-pass valve plug having a radially
      compressible, relatively soft elastic midsection initially seated within
      and sealing said mouth in a radially elastically compressed condition of
      the plug,
PA1  a step-enlargement annular by-pass chamber formed forward of said mouth and
      larger in internal cross-section than said mouth and the elastically
      expanded cross-section of said plug, and having a liquid discharge opening
      adjacent its forward end zone,
PA1  the opposite ends of said plug being non-complementarily shaped relative to
      the opposite longitudinal ends of said by-pass chamber, so as to enable
      liquid to pass therepast when the plug is in end engagement with either
      the forward or rear end of said by-pass chamber, after removal of the plug
      from its sealing position within said mouth and into said by-pass chamber,
PA1  said plug being of a normal cross-section in its elastically free released
      condition greater than said mouth of said body to prevent, in conjunction
      with one of its non-complementarily shaped ends, reverse movement thereof
      back into sealing relation within said mouth as a function of reverse or
      aspirating flow of liquid therepast,
PA1  the rear zone of said plug being elastic and having a tapered external
      surface smaller at its rear extremity than at the forward end of such
      tapered surface and smaller than at the forward end of the cross-sectional
      configuration of said mouth, a portion of said tapered rear surface being
      larger in elastically free released condition than the effective forward
      exit end zone of said mouth, whereby said plug is aided in passage forward
      through the forward exit end of said mouth by the combined action of the
      compressive forces within the laterally compressed plug and acting to
      restore the plug to an unstressed released state and the camming surface
      interaction between the tapered external surface of said plug and the
      forward end of said mouth, said tapered external surface aiding in
      preventing sealing re-entry and sealing seating of said plug into said
      mouth as a result of aspirating liquid flow action on said plug.
NUM  21.
PAR  21. An arrangement according to claim 20,
PA1  said by-pass chamber having a tapered forward end wall in which is formed
      said fluid discharge opening,
PA1  the taper of said tapered forward end wall of said by-pass chamber being
      different from the taper of the respective interfacing forward end of said
      plug.
NUM  22.
PAR  22. An arrangement according to claim 21,
PA1  said by-pass chamber being larger in internal cross-section in all lateral
      directions than said mouth and than the elastically free released external
      configuration of said plug when said plug is fully disposed therein.
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ABST
PAL  A cartridge or injecting device for storing and dispensing medical
      solutions, such cartridge being characterized by a tubular member with a
      needle on one end having an opening therethrough communicating with the
      interior of the tubular member. A slidable drive stopper in the other end
      of the tubular member has thereon an elongated plunger for advancing and
      retracting the drive stopper. A non-retractable stopper in the tubular
      member, in contact with the forward end of the drive stopper, has
      therethrough a longitudinal opening. The non-retractable stopper is
      therefore shifted forwardly when the drive stopper is advanced thus
      serving as a visual indicator showing that medical solution has been
      ejected from the cartridge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to cartridges for medical solutions, but
      more particularly to a cartridge of the type adapted for use in storing
      and dispensing narcotics. Presently, cartridges containing narcotics for
      medical use have no effective safe-guards to prevent dilution of the
      contents, not a means for indicating the amount of original solution in
      the cartridge that has been withdrawn. Consequently, a large portion of
      the narcotic solutions administered in the course of patient therapy has
      been diluted by the personnel in our institutions and professional
      offices. Therefore, many patients suffer severely as a result of receiving
      less than the prescribed dosages of pain depressants, and accordingly pay
      for medications which are never administered to them. For this reason, the
      applicant has designed a cartridge which will accurately indicate the
      amount of original solution which has been withdrawn.
PAC  SUMMARY OF THE INVENTION
PAR  The broadest concept of this invention is disclosed in FIGS. 10 through 13,
      and consists of a tubular member 74 having a needle 78 on one end with an
      opening therethrough, and a drive piston or stopper 82 in the other end.
      An elongated rod 84 is provided on the outer end of the drive stopper 82.
      A non-retractable plunger or stopper 88 in the tubular member 74, has
      therethrough a centrally disposed longitudinal opening 90, and is in
      contact with the forward end of the drive stopper 82.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevation view of a dispensing holder 10 containing a
      cartridge 12 embodying the applicant's invention.
PAR  FIG. 2 is a top plan view, taken substantially on plane 2--2 in FIG. 1,
      showing the pivoted end of the dispensing holder 10 in an open position.
PAR  FIG. 3 is an enlarged section view, taken substantially on plane 3--3 in
      FIG. 2, showing structural details of the operator head 18 on the
      dispensing holder 10.
PAR  FIG. 4 is an elevation view of the cartridge 12 in FIG. 1, removed from the
      dispensing holder 10, showing the drive stopper 54 and the non-retractable
      stopper 58 in their initial position in the tubular member 42.
PAR  FIG. 5 is an enlarged section view, taken substantially on plane 5--5 in
      FIG. 4, showing the longitudinal opening 60 through the non-retractable
      stopper 58 and the attachment stud 56 in the drive stopper 54.
PAR  FIG. 6 is an enlarged section view, taken substantially on plane 6--6 in
      FIG. 4, showing structural details of the hollow needle 52 and the forward
      end of the cartridge 12.
PAR  FIG. 7 is a section view, taken substantially on plane 7--7 in FIG. 5,
      showing the central opening 60 through the non-retractable stopper 58.
PAR  FIG. 8 is an enlarged section view, similiar to FIG. 5, showing a
      modification of the applicant's invention.
PAR  FIG. 9 is a section view, taken substantially on plane 9--9 in FIG. 8,
      showing the annular array of longitudinal openings 64 through the
      non-retractable stopper 62, and the central reservoir 66 therein.
PAR  FIG. 10 is an elevation view of a dispensing cartridge 12 showing another
      modification of the applicant's invention.
PAR  FIG. 11 is a section view, taken substantially on plane 11--11 in FIG. 10,
      showing structural details of the dispensing cartridge.
PAR  FIG. 12 is a section view, taken substantially on plane 12--12 in FIG. 10,
      showing construction of the hollow needle 78 and the forward end of the
      dispensing cartridge 12.
PAR  FIG. 13 is a section view, taken substantially on plane 13--13 in FIG. 10,
      showing the laterally extending gripping fingers 80 on the tubular member
      74.
PAR  FIG. 14 is a section view, similiar to FIG. 11, showing still another
      modification of the invention.
PAR  FIG. 15 is a section view, taken substantially on plane 15--15 in FIG. 14,
      showing the annular array of longitudinal openings 94 and the central
      reservoir 96 in the non-retractable stopper 92.
PAR  FIG. 16 is a section view, similiar to FIG. 14, showing a further
      modification of the applicant's invention.
PAR  FIG. 17 is a section view, similiar to FIG. 16, showing yet another
      modification of the applicant's invention.
PAR  FIG. 18 is a section view, taken substantially on plane 18--18, showing the
      annular array of longitudinal openings 110 and the central reservoir 112
      in the non-retractable stopper 108.
DETD
PAC  CONSTRUCTION
PAR  Reference is made to the drawings in which numeral 10 designates injecting
      device and dispensing holder, of the type customarily used in the medical
      and nursing profession, having therein a removable cartridge 12 provided
      with a conventional sealed hollow needle on one end and an operator
      actuated means on the other end. The dispensing holder 10 comprises an
      elongated shell 14 having a threaded opening 16 in the forward end and a
      pivotally attached operator head 18 on the other end. The operator head 18
      comprises a cylindrical cup 20 with a pair of longitudinal extensions 22
      thereon attached to the shell 14 by diametrally disposed pintles 24.
PAR  A ring 26 on the cylindrical cup 20 has thereon two lateral gripping
      fingers 28. A piston 30 in the cylindrical cup 20, is held therein by a
      retainer ring 32, and yieldably urged to its forward position by a coil
      spring 34. A reciprocable plunger 36, centrally supported in the operator
      head 18, has a threaded opening 38 in the forward end and an operator disc
      40 on the opposite end. The removable cartridge 12 comprises a tubular
      member 42, preferably made of glass or other transparent material, having
      thereon a series of graduations 44.
PAR  A cap 46, on the forward end of the tubular member 42, is provided with an
      external threaded section 48, and has therethrough a longitudinal axial
      duct 50. A sealed hollow needle 52, permanently mounted in the cap 46,
      communicates with the interior of the tubular member 42 through the
      longitudinal axial duct 50. A slidable drive stopper or piston 54 in the
      tubular member 42, adjacent the back end thereof, has secured therein a
      centrally disposed rearwardly extending threaded stud 56.
PAR  A non-retractable stopper or plunger 58, in contact with the forward end of
      the slidable drive piston 54 has therethrough a central by pass opening
      60.
PAR  The modification of the applicant's invention disclosed in FIGS. 8 and 9
      has a non-retractable stopper 62 which differs in construction from that
      shown in FIGS. 1 through 7. The non-retractable stopper 62 has
      therethrough an annular array of longitudinal by pass openings 64, and a
      central reservoir 66 having a discharge opening 68 in sealing engagement
      with the forward end of the slidable drive piston 54. A non-toxic dye or
      coloring agent 70 is provided in the central reservoir 66 for a purpose
      which will be later herein explained. In all other aspects the
      construction of this embodiment is identical to that disclosed in FIGS. 1
      through 7.
PAR  The modification of the applicant's invention disclosed in FIGS. 10 through
      13 differs from the embodiments shown in FIGS. 1 through 9, in that it is
      not used in conjunction with a dispensing holder 10. In this embodiment,
      the cartridge 12 comprises a tubular member 74, preferably made of glass
      or other transparent material, having on the forward end thereof a cap 76.
      A hollow needle 78, permanently mounted in the forward end of the cap 76,
      communicates with the interior of the tubular member 74.
PAR  A pair of laterally extending gripping fingers 80 are provided on the back
      end of the tubular member 74. A slidable drive piston 82 in the tubular
      member 74 has thereon an integral actuator rod 84 with an operator disc 86
      on the back end. A non-retractable stopper or plunger 88, in contact with
      the forward end of the drive stopper 82, has therethrough a central
      opening 90.
PAR  The modification of the applicant's invention, disclosed in FIGS. 14 and
      15, has a non-retractable stopper 92 which differs in construction from
      that shown in the embodiment of FIGS. 10 through 13. The non-retractable
      stopper 92 has therethrough an annular array of longitudinal openings 94,
      and a central reservoir 96 having a discharge opening 98 in sealing
      engagement with the forward end of the slidable drive stopper 82. A
      non-toxic dye or coloring agent 100 is provided in the central reservoir
      96 for a purpose which will be later herein explained.
PAR  The modification of the applicant's invention disclosed in FIG. 16 has a
      slidable drive stopper 102 which differs in construction from that shown
      in the embodiments of FIGS. 10 through 15. The dlidable drive stopper 102
      has a centrally disposed rearwardly extending threaded stud 104 detachably
      engaged with the forward end of an operator plunger 106.
PAR  The modification of the applicant's invention, disclosed in FIGS. 17 and 18
      has a non-retractable stopper 108 which differs in construction from that
      shown in the embodiment of FIG. 16. The non-retractable stopper 108 has
      therethrough an annular array of longitudinal openings 110, and a central
      reservoir 112, having a discharge opening 114 in sealing engagement with
      the forward end of the slidable drive stopper 102. A non-toxic dye or
      coloring agent 116 is provided in the central reservoir 112 for a purpose
      which will be later herein explained.
PAR  The preceding discussion completes a description of the structural details
      of the disclosed embodiments of the applicant's invention, however, to
      comprehend more fully the subject matter herein presented, a discussion is
      immediately hereinafter directed to the manner in which the device
      operates to fulfill its purpose and perform its intended function.
PAC  USE AND OPERATION
PAR  A discussion of the modus operandi for the applicant's invention will be
      limited to the embodiments disclosed in FIGS. 1 through 9, since all of
      the disclosed modifications of the applicant's invention function in
      substantially the same manner. In practice, when it is desired to
      administer the medical solution in the cartridge 12 of FIG. 4, the
      cartridge 12 is placed in a dispensing holder 10 of the type disclosed in
      FIGS. 1 and 2.
PAR  This is done by swinging the operator head 18 of the dispensing holder 10
      to the broken line position 120 shown in FIG. 2. The cartridge 12 is next
      inserted into the shell 14 and rotated to engage the threads 48 on the
      forward end of the cap 46 in the threaded opening 16 of the dispensing
      holder 10. The plunger 36 is then rotated so as to engage the stud 56 on
      the drive stopper 54 in the threaded opening 38 of the plunger 36.
PAR  The hollow needle 52 is inserted in the patient, and the plunger advanced,
      thereby moving the drive stopper 54 and the non-retractable stopper 58
      forward in the tubular member 42. This forward movement of the two
      stoppers 54 and 58 thus forces medical solution from the cartridge 12
      through the hollow needle 52 and into the patient. The graduations 44 on
      the tubular member enables the correct amount of medication to be
      administered. The hollow needle 52 is then withdrawn from the patient.
PAR  If for any reason the plunger 36 is subsequently retracted, the drive
      stopper 54 moves rearwardly, but the non-retractable stopper 58 remains in
      its advanced position, shown by the broken lines 122 in FIG. 4. Medical
      solution is thus drawn through the central opening 60 in the
      non-retractable stopper 58 to fill the space created between the two
      stoppers 54 and 58. This flow of medical solution into the space between
      the two stoppers 54 and 58 avoids the creation of a partial vacuum
      therebetween so as to prevent the non-retractable stopper 58 from being
      drawn rearwardly from its advanced position 122 in the tubular member 42.
PAR  The non-retractable stopper 58 thus serves as a visual indicator showing
      the exact amount of medical solution which has been ejected from the
      cartridge 12. More importantly, however, if the two stoppers 54 and 58 are
      separated, it also serves as a warning that the medical solution in the
      cartridge 12 may have been diluted, modified or substantially changed from
      that which was originally provided by the manufacturer.
PAR  In the modification shown in FIGS. 8 and 9, the non-retractable stopper 62
      is driven forwardly in the tubular member 52 by the drive stopper 54 in
      precisely the manner described in the discussion of the embodiment shown
      in FIGS. 1 through 7. However, when the plunger 36 is retracted, the drive
      stopper 54 is drawn out of sealing engagement with the non-retractable
      stopper 58 thereby uncovering the discharge opening 68 of the central
      reservoir 66.
PAR  The non-toxic dye or coloring agent 70 in the central reservoir 66 is thus
      permitted to flow into the space between the two stoppers 54 and 62 so as
      to discolor the medical solution drawn rearwardly through the annular
      array of spaced openings 64 in the non-retractable stopper 62. This
      affords an additional visual warning that the original medical solution in
      the cartridge 12 supplied by the manufacturer may have been altered.
PAR  Based upon the foregoing discussion, the applicant is of the opinion that
      her invention has fulfilled a long-felt need in the field of injection
      devices for medical solutions, and that she has made a valuable and
      significant contribution to the related art. However, while the invention
      was described with reference to the structural details of a limited number
      of embodiments, the principles involved are susceptible of numerous other
      practical adaptations.
CLMS
STM  Therefore, I claim as new and desire to secure by Letters Patent:
NUM  1.
PAR  1. An injecting device for medical solutions comprising a sealed
      cylindrical tubular medicament receiving and dispensing barrel member
      having indicia means thereon and including a needle means on one end and
      an acutating means on the other end, said actuating means having a sliding
      fluid tight drive piston thereon and received in the inside of said barrel
      member and positioned adjacent said other end, a medicament cavity in said
      barrel extending from said one barrel end toward said other end of said
      barrel, a means for indicating the quantity of medicament in said barrel
      cavity comprising a snug fitting plunger means also slidingly received in
      said barrel means with one end abutting but unattached to said piston and
      the other end facing said medicament cavity, said snug fitting plunger
      means having at least one longitudinally extending fluid by pass hole
      therethrough and defining a non-retractable plunger stopper whereby
      pressure by the piston on said non-retractable plunger aspirates residual
      medicament in said cavity and the non-retractable plunger stopper will
      remain in a fixed position in the barrel so that the indicia will indicate
      the position of the plunger and residual quantity of medicament is
      remaining in the barrel cavity.
NUM  2.
PAR  2. The injecting device of claim 1 wherein the tubular barrel is a
      cartridge and is received in a dispensing holder and the said actuating
      means is a threaded stud for detachable connection to a movable operator
      disc on the dispensing holder.
NUM  3.
PAR  3. The device of claim 1 wherein the said at least one by pass hole is
      located away from the center of said plunger and comprises several spaced
      longitudinally holes.
NUM  4.
PAR  4. The injecting device for medical solutions described in claim 1 in which
      the piston plunger is detachably connected to the actuating means.
NUM  5.
PAR  5. The injecting device for medical solutions described in claim 1 having
      in addition thereto: a reservoir in the non-retractable plunger having a
      discharge opening in sealing engagement with the forward end of the drive
      piston, and a non-toxic dye in the reservoir which escapes and discolors
      the medical solution that is drawn into the space between the two stoppers
      through the longitudinal opening in the non-retractable plunger when the
      drive piston is retracted by the actuating means.
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ABST
PAL  An injection device for a hypodermic syringe including structure for
      supporting a syringe and projecting the needle of the syringe into a skin
      tissue area against which a predetermined portion of the injection device
      has been placed. Also structure is provided for slightly retracting the
      plunger of the syringe relative to the barrel portion thereof during the
      projection of the needle of the syringe into the adjacent skin tissue area
      and further structure is provided for shifting the piston portion of the
      syringe, relative to the barrel portion thereof, in order to express the
      liquid contents of the syringe through the needle thereof after the needle
      has been projected in order to force the needle carried by the barrel
      portion of the syringe into the adjacent skin tissue. Finally, the
      injection device includes a pair of individual actuators for effecting
      projection of the syringe to displace the needle portion thereof into
      adjacent skin tissue and to thereafter shift the plunger portion of the
      syringe relative to the barrel portion thereof in order to express the
      liquid contents of the syringe therefrom and a single operator is
      operatively associated with the actuators and shiftable from an inactive
      position to sequential active positions in order to sequentially effect
      operation of the aforementioned actuators.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention comprises an improvement on the injection devices disclosed
      in my prior U.S. Pat. Nos. 3,605,742 and 3,702,608.
PAR  Various forms of spring-equipped syringe holders and actuators have been
      heretofore provided. Some of these previous devices include structure by
      which an associated syringe may be projected in order to extend the needle
      portion thereof for penetration into adjacent skin tissue and additional
      structure whereby the plunger portion of the syringe may be advanced
      relative to the barrel portion thereof by spring pressure in order that
      the liquid contents of the syringe may be expressed from the needle
      portion thereof beneath the penetrated skin tissue. However, these
      previous devices have been at best awkward to operate in that they include
      variously remotely located trigger members for independently actuating the
      spring structure for projecting the syringe and the spring structure for
      subsequently advancing the plunger portion of the syringe relative to the
      barrel portion thereof.
PAR  Examples of previously patented devices of this type and other syringe
      holders including some of the basic structure of the instant invention are
      disclosed in U.S. Pat. Nos. 2,742,116, 2,605,766, 2,671,448, 2,752,918,
      2,960,087 and 3,055,362.
PAC  BRIDE DESCRIPTION OF THE INVENTION
PAR  The injection device of the instant invention includes a support having a
      syringe barrel holder mounted thereon for reciprocal shifting along a
      predetermined path in opposite first and second directions for projecting
      and retracting, respectively, a needle carried by a syringe mounted on the
      holder. A syringe plunger holder is supported from the barrel holder for
      reciprocal shifting along the same path and structure is provided for
      yieldingly biasing the holders in the first direction in addition to first
      and second deactivatable structure for retaining the barrel and plunger
      holders, respectively, against movement in the first direction relative to
      the support. The first and second deactivatable structures comprise
      independently operable triggers and a trigger actuator is shiftably
      supported from the support and sequentially movable from an inactive rest
      position to first and second active positions for operating the first and
      second triggers. Accordingly, a single trigger operator is provided for
      sequentially operating the two triggers of the injection device.
PAR  The main object of this invention is to provide an automatic syringe holder
      including structure for sequentially projecting a syringe and thus the
      syringe needle supported therefrom and shifting the plunger portion of the
      syringe relative to the barrel portion thereof to express the liquid
      contents of the syringe barrel through the syringe needle.
PAR  Another object of this invention, in accordance with the immediately
      preceding object, is to provide independently operable triggers actuatable
      to release the syringe for projection of the needle thereof and to release
      the structure whereby the plunger of the syringe will be forwardly
      displaced relative to the barrel portion for expressing the liquid
      contents of the syringe through the needle thereof in addition to a single
      operator for the triggers which may be sequentially shifted toward two
      active positions from an inactive position thereof in order to operate the
      two trigger members in proper sequence.
PAR  Another very important object of this invention is to provide an apparatus
      in accordance with the preceding object and including means by which the
      extent of projection of the syringe and thus the syringe needle supported
      therefrom as well as shifting of the syringe plunger relative to the
      syringe barrel may be adjusted.
PAR  A final object of this invention to be specifically enumerated herein is to
      provide a syringe holding injection device in accordance with the
      preceding objects and which will conform to conventional forms of
      manufacture, be of simple construction and easy to use so as to provide a
      device that will be economically feasible, long lasting and relatively
      trouble free in operation.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the injection device of the instant
      invention;
PAR  FIG. 2 is a fragmentary enlarged vertical sectional view taken
      substantially upon the plane indicated by the section line 2--2 of FIG. 1
      and illustrating the operator for the two trigger portions of the
      injection device in its inactive position and the two trigger portions in
      their operative positions;
PAR  FIG. 3 is an enlarged fragmentary vertical sectional view similar to FIG. 2
      but with the operator in a first active position thereof actuating one of
      the triggers;
PAR  FIG. 4 is an enlarged fragmentary vertical sectional view similar to FIGS.
      2 and 3 but with the operator in the second active position thereof and
      both of the triggers in the released positions thereof;
PAR  FIG. 5 is an enlarged fragmentary vertical sectional view of the injection
      device illustrating the hypodermic syringe supporting and syringe and
      syringe plunger advancing structure of the invention;
PAR  FIG. 6 is a fragmentary enlarged horizontal sectional view taken
      substantially upon the plane indicated by the section line 6--6 of FIG. 1;
      and
PAR  FIG. 7 is a fragmentary enlarged horizontal sectional view taken
      substantially upon the plane indicated by the section line 7--7 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now more specifically to the drawings, the numeral 10 generally
      designates a vertically elongated support housing including front and rear
      walls 12 and 14, top and bottom walls 16 and 18 and opposite side walls 20
      and 22. The rear wall 14 has an access opening 24 formed therein provided
      with a hinged closure 26. The side wall 22 has an upstanding slot 28
      formed therein and the interior of the housing includes a front-to-rear
      extending partition 30 dividing the interior of the housing into first and
      second compartments 32 and 34. The top wall 16 has an access opening (not
      shown) formed therein closed by a removable plug 36 and access to the
      compartment or chamber 34 may be gained by removal of the plug 36.
PAR  The chamber or compartment 34 is designed to receive a pressurized
      container such as that disclosed in U.S. Pat. No. 3,605,742 and
      accompanying means (not shown) is provided for opening the outlet valve of
      such a container to direct a discharge of the pressurized fluid therein
      through the passageway or port 40 which communicates with an opening 42
      formed through that portion of the bottom wall 18 defining the lower
      extremity of the chamber or compartment 32, whereby the discharged fluid
      will be directed toward the zone of skin tissue against which the bottom
      wall is placed in alignment with the port 40 and opening 42, see FIG. 5.
PAR  A tubular syringe barrel holder 44 is slidably mounted in the compartment
      or chamber 32 and includes a laterally outwardly opening slot 46. In
      addition, the interior of the holder 44 includes vertically spaced pairs
      of opposite side horizontal slots 48 which open into the central passage
      50 defined through the holder 44 and also endwise through the wall of the
      holder 44 through which the slot 46 opens. Remote corner portions of the
      holder 44 are provided with upstanding grooves 52 and the upper ends of a
      pair of expansion springs 54 are anchored in the upper ends of the grooves
      52 as at 56 while the lower ends of the expansion springs 54 are anchored
      to the bottom wall 18 as at 58. Thus, the expansion springs 54 serve to
      yieldingly bias the syringe barrel holder downwardly in the chamber 32.
PAR  A downwardly opening syringe plunger holder 60 is slidably mounted in the
      upper end of the chamber 32 above the holder 44 and opposite corner
      portions of the holder 60 include outwardly opening grooves 62 in which
      the upper ends of a pair of expansion springs 64 are anchored as at 66.
      The lower ends of the springs 64 are anchored to lower portions of the
      side wall 22 and partition 30 as at 68 and thus the springs 64 serve to
      yieldingly downwardly bias the syringe plunger holder 60.
PAR  An anchor block 70 is slidingly disposed within the syringe plunger holder
      60 and a pair of expansion springs 72 have their lower ends anchored in
      grooves 74 formed in the block 70 and their upper ends anchored to the
      inner upper portions of the syringe plunger holder 60 as at 76. The anchor
      block 70 is provided with a slot 78 corresponding to the slot 46 and
      additionally includes slots 80 corresponding to the slots 48.
PAR  A syringe assembly 82 has its barrel portion 84 disposed within the slot or
      passage 50 and the upper finger-engaging tabs 86 of the barrel portion 84
      are engaged in a corresponding pair of slots 48, a conventional hypodermic
      syringe needle 88 being mounted on the lower discharge end of the barrel
      portion 84 with the point 90 of the needle disposed within the opening 42.
PAR  The syringe assembly 82 further includes a plunger 92 including
      finger-engageable tabs 94 on its upper end. The upper end of the plunger
      92 is received within the slot 78 and the tabs 94 are receivable in a
      corresponding pair of the slots 80.
PAR  With attention now invited more specifically to FIGS. 2, 3, 4 and 7 of the
      drawings, the front wall 12 has a pair of side-by-side access openings 96
      and 98 formed therein. The syringe barrel holder 44 includes vertically
      extending rack gear teeth 100 formed in the side thereof opposing the
      inner surface of the front wall 12 and the rack gear teeth 100 are
      registered with the opening 96. In addition, the syringe barrel holder 44
      includes a vertically extending groove 102 formed therein registered with
      the opening 98 and the syringe plunger holder 60 includes a depending rack
      gear 104 which is slidably received in the groove 102 and is registered
      with the opening 98. A pair of side-by-side spring-biased ratchet dogs 106
      and 108 are pivotally supported from the exterior of the front wall 12 as
      at 110 and 112, respectively, and include detent portions 114 and 116
      which are projectable through the openings 96 and 98, respectively, into
      engagement with the rack gear teeth 100 and the rack gear 104.
PAR  A pivoted combined cover and ratchet dog actuator 120 is swingably
      supported from the exterior of the front wall 12 as at 122 and overlies
      the ends of the ratchet dogs 106 and 108 remote from the detent portions
      114 and 116 thereof. The actuator 120 includes a rib 124 which is
      registered with the ratchet dog 106 and it may therefore be seen from a
      comparison of FIGS. 3 and 4 of the drawings that when the actuator 120 is
      depressed the rib 124 first contacts the ratchet dot 106 so as to pivot
      the latter in a direction retracting the detent portion 114 from
      engagement with the rack gear teeth 100. Thereafter, further inward
      movement of the lower end of the actuator 120 causes the end of the
      ratchet dog 108 remote from the detent portion 116 thereof to be inwardly
      displaced toward the front wall 12 and thereby swings the detent portion
      116 out of engagement with the rack gear 104.
PAR  The syringe barrel holder 44 includes a finger-engageable portion 130 which
      projects outwardly through and is slidably receivable in the slot 28
      formed in the side wall 22 and the syringe plunger holder 60 includes a
      similar finger-engageable portion 132 which also projects outwardly
      through and is slidably received in the slot 28.
PAR  In operation, the syringe assembly 82 is positioned as illustrated in FIG.
      5 of the drawings through the closure 26 after the holders 44 and 60 have
      been raised to the positions thereof illustrated in FIG. 5. Thereafter,
      the closure 26 is closed and the bottom wall 18 of the housing 10 may be
      placed against the skin area in which fluid within the barrel portion 18
      is to be injected. Then, the combined cover and detent actuator 120 is
      inwardly depressed from the position thereof illustrated in FIG. 2 of the
      drawings to the position thereof illustrated in FIG. 3 whereby the ratchet
      dog 106 will be pivoted to a position with the detent portion 114 thereof
      withdrawn from the rack gear teeth 100. When this has been accomplished,
      the expansion springs 54 will bias the holder 44 and the barrel portion 84
      downwardly in the compartment 32 to advance the point 90 of the needle 88
      into the skin immediately beneath the bottom wall 18. Upon downward
      movement of the barrel 84 with the holder 44, a downward thrust is also
      applied to the plunger 92. However, downward movement of the plunger 92 is
      slightly resisted by the expansion of the springs 72 and thus aspiration
      is accomplished by a slight outward movement of the plunger 92 relative to
      the barrel portion 84. Thereafter, the single combined cover and detent
      actuator 120 is first inwardly depressed at its lower end so as to also
      engage the ratchet dog 108 whereby the latter is pivoted to the position
      thereof illustrated in FIG. 4 with the detent portion 116 thereof
      retracted from the rack gear 104. This of course allows the syringe
      plunger holder 60 to be biased downwardly under the influence of the
      springs 64 and the plunger 92 will be inwardly displaced relative to the
      barrel portion 84 so as to force the fluid material within the barrel
      portion 84 outwardly therefrom through the needle 88.
PAR  By utilizing a single combined cover and detent actuator such as the
      actuator 120 it is substantially impossible for the wrong ratchet dog to
      be initially depressed. Further, if only minimal air is utilized in
      depressing the actuator 120, the ratchet dogs 106 and 108 will be
      sequentially actuated in the proper manner.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In combination, a support, a syringe barrel holder mounted on said
      support for reciprocal shifting along a predetermined path relative to
      said support in opposite first and second directions for projecting and
      retracting, respectively, a needle carried by a syringe mounted on said
      holder, a syringe plunger holder supported from said barrel holder for
      reciprocal shifting along said path relative to said barrel holder, means
      yieldingly biasing said holders in said first direction, first and second
      deactivatable means for retaining said barrel and plunger holders,
      respectively, against movement in said first direction relative to said
      support, said first and second deactivatable means including first and
      second latch members, respectively, shiftably supported from said support
      for movement between active and inactive positions and retentively
      engaging said holders when in said active positions, an operator guidingly
      mounted on said support for back and forth movement between an inactive
      position, a first active position and a second active position shifted
      through said first active position, said latch members and said operator
      including coacting means operable to shift said first latch member from
      its active position to its inactive position upon movement of said
      operator from its inactive position to its first active position and to
      shift said second latch member to its inactive position upon subsequent
      movement of said operator through its first active position to its second
      active position.
NUM  2.
PAR  2. The combination of claim 1 wherein said first and second latch members
      are pivotally supported from said support.
NUM  3.
PAR  3. The combination of claim 2 wherein said operator is pivotally mounted
      from said support and includes a hand digit engageable portion accessible
      from the exterior of said support.
NUM  4.
PAR  4. The combination of claim 3 wherein said operator comprises a pivoted
      lever whose hand digit engageable portion defines a cavity within whose
      boundaries said latch members are substantially entirely enclosed.
NUM  5.
PAR  5. The combination of claim 1 including spring means connected between said
      support and said latch members yieldingly biasing said latch members
      toward their active positions.
NUM  6.
PAR  6. The combination of claim 1 including spring means connected between said
      operator and said support yieldingly biasing said operator toward its
      inactive position.
NUM  7.
PAR  7. The combination of claim 6 wherein said first and second latch members
      are pivotally supported from said support.
NUM  8.
PAR  8. The combination of claim 7 wherein said operator is pivotally mounted
      from said support and includes a hand digit engageable portion accessible
      from the exterior of said support.
NUM  9.
PAR  9. The combination of claim 8 wherein said operator comprises a pivoted
      lever whose hand digit engageable portion defines a cavity within whose
      boundaries said latch members are substantially entirely enclosed.
NUM  10.
PAR  10. The combination of claim 1 wherein said second deactivatable means
      includes means yieldingly resisting movement of said plunger holder in
      said first direction as said barrel holder is moved in said first
      direction.
NUM  11.
PAR  11. The combination of claim 1 wherein said barrel holder includes means
      for supporting said syringe barrel in adjusted shifted positions along
      said path relative to said barrel holder.
NUM  12.
PAR  12. The combination of claim 1 wherein said plunger holder includes means
      for supporting said syringe plunger in adjusted shifted positions along
      said path relative to said plunger holder.
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ABST
PAL  An applicator useful for the administration of viscous or gel-type drugs to
      the human urethral tract. The applicator tip has an end through which the
      medicinal gel is expelled. Adjacent the end, is a cylindrical portion.
      Both the end and the cylindrical portions are of such size as to be
      receivable in the urethral tract. Above the cylindrical portion is a
      tapered zone which extends to the barrel and has its largest external
      diameter at the barrel. This tapered portion is only partially receivable
      in the urethral tract so as to seal the urethral tract during injection of
      the drugs.
PARN
PAR  This is a continuation of application Ser. No. 186,726, filed on Oct 5,
      1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various medicaments are administered to the urethral tract. One of the most
      common is the administration of a topical anesthetic such as lidocaine
      hydrochloride which is used in the form of a viscous fluid having a
      carboxymethyl cellulose carrier. Presently, this viscous fluid is supplied
      in a malleable metal, roll-up tube which resembles a toothpaste tube. In
      use, a urethral tip is attached to the open end of the tube, and a key is
      attached to the closed end of the tube. By rotation of the key, the tube
      is rolled up, discharging the contents of the tube through the tip. This
      device is very awkward in use. In the case of administration to males, it
      is virtually impossible for one person to administer the medication since
      one hand is needed to hold the tube, a second is required to turn the key
      to roll-up the tube, and a third being necessary to maintain the urethal
      tip within the end of the penis.
PAR  There has been a long-standing need for a device capable of use by a single
      physician or nurse to administer medicaments to the urethral tract. It is
      believed that the present invention meets this need by providing a device
      which is operable with one hand, freeing the other for maintaining the
      urethral tip in the proper position.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, this invention relates to a novel device especially useful for the
      administration of viscous fluids to the human urethral tract comprising: a
      barrel having an open end and a closed end,
PAR  A THRUST PORTION WITHIN SAID BARREL AND TERMINATING IN PROXIMITY TO THE
      OPEN END OF SAID BARREL,
PAR  PROJECTING UPWARD WITHIN SAID THRUST PORTION, A FLUID PASSAGE MEMBER
      TERMINATING WITHIN SAID THRUST PORTION, SAID FLUID PASSAGE HAVING A
      CENTRAL BORE, PUNCTURING MEANS ASSOCIATED WITH THE UPPER END OF SAID FLUID
      PASSAGE,
PAR  A FLANGE ON SAID FLUID PASSAGE MEMBER ADAPTED TO LIMIT THE LATERAL MOVEMENT
      OF SAID FLUID PASSAGE MEMBER WITH RELATION TO SAID THRUST PORTION TO
      MAINTAIN AN ESSENTIALLY CONCENTRIC RELATIONSHIP THEREBETWEEN,
PAR  A URETHRAL TIP EXTENDING FROM SAID BARREL AND COMMUNICATING WITH SAID
      CENTRAL BORE,
PAR  A VIAL HAVING AN OPEN END AND A CLOSED END,
PAR  A RESILIENT RECIPROCATING STOPPER SEALING ON THE WALLS OF SAID VIAL, SAID
      STOPPER HAVING A CENTER HOLE THEREIN BRIDGED BY AN IMPERFORATE DIAPHRAGM,
PAR  SAID DIAPHRAGM BEING ADAPTED TO BE PUNCTURED BY SAID PUNCTURING MEANS.
PAR  It is an object of this invention to provide a novel device for the
      administration of medication to the urethral tract.
PAR  More particularly, it is an object of this invention to provide a novel
      device which allows one person to administer medication to the urethral
      tract.
PAR  It is also an object of this invention to provide a device which eliminates
      the need for malleable tubes and other metal parts.
PAR  A further object of this invention is to provide for the administration of
      viscous medication with a minimum of time and manual effort.
PAR  These and other objects and advantages of this invention will be apparent
      from the detailed description which follows considered in conjunction with
      the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning to the drawings:
PAR  FIG. 1 is a sectional view of the preferred embodiment of my invention in
      the disassembled state.
PAR  FIG. 2 is a perspective view of the urethral tip of this invention.
PAR  FIG. 3 is a perspective view of the fluid passage member of this invention.
PAR  FIG. 4 is a perspective view of the stopper used in this invention.
PAR  FIG. 5 is a perspective view of the end of the thrust portion within the
      barrel.
PAR  FIG. 6 is a sectional view of the device of FIG. 1 in the assembled or
      operating position.
PAR  FIG. 7 is an enlarged view of the stopper and end of the thrust portion
      when the device is in the assembled or operating position.
PAR  FIG. 8 shows the use of the device in the administration of a drug to the
      penis.
PAR  FIG. 9 illustrates another embodiment of this invention.
PAR  FIG. 10 is a perspective view of the fluid passage member of the device of
      FIG. 9.
DETD
PAR  Turning to the drawings in detail, the device illustrated includes barrel
      10, flanges 12, and thrust portion 14. The thrust portion 14 is provided
      with internal or female threads 16 at its open end.
PAR  The vial 18 normally has straight walls and a resilient reciprocating
      stopper 20 within its open end. The stopper 20 has a plurality of rings 22
      which seal on the inside wall of the vial 18. The stopper 20 also has a
      threaded projection 24. The male threads 26 on projection 24 are adapted
      to be made up with threads 16. The stopper 20 has a central bore 32 which
      is bridged prior to use by diaphragm 34 to form a flat smooth end.
PAR  The caps 36 and 38 which form an asceptic seal on the vial and barrel,
      respectively, prior to use are held in place by an interference or
      snap-fit. At the time of use, these caps are removed and discarded. The
      fluid passage member 40 has an enlarged center bore 42 which allows for
      the ready passage of viscous or thixotropic materials therethrough. The
      flange 44 on the fluid passage member 40 is received and held in recess 46
      in the bottom of barrel 10. The fluid passage member 40 may be held in
      recess 46 by fusion, such as is produced by spin welding, or by glue or
      cement. The fluid passage member 40 is provided at its free end with tip
      48 which comprises at its upper end solid puncturing point 50 having a
      generally circular cross-section, which is a zone 52 of generally larger
      diameter than said point, the interior 54 of said zone 52 communicating
      with central bore 42, said zone 52 having one or more orifices or openings
      56 therein to provide fluid communication between central bore 42 and the
      exterior of zone 52. The external diameter of zone 52 in proximity to the
      orifices 56 is less than the inside diameter of the central bore 32 of
      stopper 20. The interior 54 of the zone 52 is preferably adapted to
      receive the end of fluid passage member 40 with a snug or interference
      fit. The inside diameter of zone 52 above the end of fluid passage member
      40 preferably has the same as the diameter of central bore 42 to provide a
      fluid passage of substantially uniform cross-sectional area.
PAR  The flange 58 on the tip 48 acts as a centralizer, and prevents any
      substantial lateral movement of the tip 48 and fluid passage member 40
      within thrust portion 14. Flange 58 thus assures that the tip 48 and its
      orifices 56 are within central bore 32, to provide proper fluid
      communication.
PAR  The urethral tip 59 extends from the closed end of barrel 10. The central
      or axial opening in tip 59 is in alignment with center bore 42. The end of
      tip 59 is generally cylindrical in cross-section, as shown at 60, and has
      a smooth external surface. The opening 62 in the end of tip 59 meets the
      cylindrical portion 60 in a rounded-off portion 64.
PAR  The cover 66 is received with a snap fit on the exterior of tip 59 to form
      an asceptic seal. The cover 66 is, of course, removed just prior to use.
PAR  The tip 59 can be spun welded, glued, or otherwise formed or joined with
      the barrel 10.
PAR  In operation, the device is made up to establish fluid communicating
      between the vial 18 and the fluid passage member 40 as shown in FIGS. 6
      and 7 by the making up of threads 16 and 26. The tip 59 is then inserted
      in the urethral tract as shown in FIG. 8. The device may be held in place
      with one hand by grasping, for example, the lower end of barrel 10 and the
      end of the penis. Injection of the contents of vial 18 is then carried out
      within the other hand by applying a squeezing force between the end of
      vial 18 and flanges 12 until the stopper 20 has bottomed out in vial 18.
PAR  The invention is particularly adapted to the administration of thick
      viscous materials such as lidocaine hydrochloride in a carboxymethyl
      cellulose carrier. The inside diameter of central bore 42 is considerably
      larger than that of a conventional large gage cannula. The size of central
      bore 42 permits the discharge therethrough of viscous materials with a
      minimum of time and manual effort on the part of the physician or nurse.
      The invention is, however, not limited to the administration of thick
      viscous materials, nor is it limited to use in the urethral tract.
PAR  Turning to the embodiment of FIGS. 9 and 10, the barrel 100, flanges 102,
      thrust portion 104 and threads 106 are as previously described. Likewise,
      vial 108, stopper 110, sealing rings 112, projection 114, threads 116,
      central bore 118, diaphragm 120 and tip 122 remain unchanged. The fluid
      passage member 124 is provided with an enlarge central bore 126 which
      allows the ready passage of viscous material therethrough. The flange 128
      is received in recess 130 in the bottom of barrel 100. The external
      diameter of the free end 132 of fluid passage member 124 may be smaller,
      equal to, or even slightly larger than the inside diameter of central bore
      118. The centralizing disk or flange 134 functions as previously
      described.
PAR  The materials of construction are normally plastic except for the glass
      vial 18 and the rubber stopper 20.
PAR  Having fully described the invention, it is intended that it be limited
      only by the lawful scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A novel device for the administration of viscous fluids comprising:
PA1  a barrel having an open end and a closed end,
PA1  a thrust portion within said barrel and terminating in proximity to the
      open end of said barrel,
PA1  projecting upward within said thrust portion a fluid passage member
      terminating within said thrust portion, said fluid passage having a
      central bore of a diameter sufficient to readily allow the passage of
      thick viscous fluid therethrough,
PA1  a flange on said fluid passage member adapted to limit the lateral movement
      of said fluid passage member with relation to said thrust portion to
      maintain an essentially concentric relationship therebetween, the largest
      diameter of said flange being less than the internal diameter of said
      thrust portion,
PA1  a tip carried on said fluid passage above said flange and comprising at its
      upper end a solid puncturing point below which is a zone of generally
      larger diameter than said point, the interior of said zone communicating
      with said central bore, said zone having one or more orifices therein to
      provide fluid communication between the central bore and the exterior of
      said zone,
PA1  an elongated urethral tip having a hollow internal central bore extending
      from said barrel which communicates with said central bore of said fluid
      passage, the bore of said tip being at least equal in inside diameter to
      the inside diameter of said fluid passage, said tip having a smooth
      rounded end and a hole in said rounded end which serves as an outlet for
      said central bore, immediately above said end a cylindrical portion, said
      end and cylindrical portion being adapted to be received within the
      urethral tract, above said cylindrical portion, an externally tapered
      portion extending toward said barrel and having its largest external
      diameter at said barrel, the exterior of said tapered portion sealing the
      urethral tract during injection,
PA1  a vial having an open end and a closed end, said vial containing a thick
      viscous fluid,
PA1  a resilient reciprocating stopper sealing on the walls of said vial, said
      stopper having a center hole therein bridged by an imperforate diaphragm,
PA1  said diaphragm being adapted to be punctured by said puncturing point, and
      the center hole of said stopper being larger in internal diameter than the
      exterior of said zone in proximity to said orifices,
PA1  means on said resilient reciprocating stopper and said thrust portion
      whereby said stopper and thrust portion are interlocked and said stopper
      can be reciprocated whithin said vial by pushing or pulling on said vial.
NUM  2.
PAR  2. A novel device for the administration of viscous fluids comprising:
PA1  a barrel having a open and a closed end,
PA1  a thrust portion within said barrel and terminating in proximity to the
      open end of said barrel,
PA1  projecting upward within said thrust portion, a fluid passage member
      terminating within said thrust portion, said fluid passage having a
      central bore of a diameter sufficient to readily allow the passage of
      thick viscous fluid therethrough,
PA1  a flange on said fluid passage member adapted to limit the lateral movement
      of said fluid passage member with relation to said thrust portion to
      maintain an essentially concentric relationship therebetween, the largest
      diameter of said flange being less than the largest internal diameter of
      said thrust portion,
PA1  a tip carried on said fluid passage above said flange and comprising at its
      upper end a solid puncturing point below which is a zone of generally
      larger diameter than said point, the interior of said zone communicating
      between the central bore, said zone having one or more orifices therein to
      provide fluid communication between the central bore and the exterior of
      said zone,
PA1  an elongated smooth urethral tip having a hollow internal central bore
      extending from said barrel which communicates with said central bore of
      said fluid passage, said tip having a smooth rounded end and a hole in
      said rounded end which serves as an outlet for said central bore,
      immediately above said end a cylindrical portion, said end and cylindrical
      portion being adapted to be received within the urethral tract, above said
      cylindrical portion, an externally tapered portion extending toward said
      barrel and having its largest external diameter at said barrel, the
      exterior of said tapered portion sealing said urethral tract during
      injection,
PA1  a vial having an open end and a closed end, said vial containing a thick
      viscous fluid,
PA1  a resilient reciprocating stopper sealing on the walls of said vial, said
      stopper having a center hole therein bridged by an imperforate diaphragm
      at the outer end of said stopper,
PA1  said diaphragm being adapted to be punctured by said puncturing point, and
      the center hole of said stopper being larger in internal diameter than the
      exterior of said zone in proximity to said orifices,
PA1  means on said resilient reciprocating stopper and said thrust portion
      whereby said stopper and thrust portion are interlocked and said stopper
      can be reciprocated within said vial by pushing or pulling on said vial.
NUM  3.
PAR  3. A novel device for the administration of viscous fluids comprising:
PA1  a barrel having an open end and a closed end,
PA1  a thrust portion within said barrel and terminating in the proximity to the
      open end of said barrel,
PA1  projecting upward within said thrust portion, a fluid passage member
      terminating within said thrust portion, said fluid passage having a
      central bore of a diameter sufficient to readily allow the passage of
      thick viscous fluid therethrough,
PA1  a flange on said fluid passage member adapted to limit the lateral movement
      of said fluid passage member with relation to said thrust portion to
      maintain an essentially concentric relationship therebetween, the largest
      diameter of said flange being less than the largest internal diameter of
      said thrust portion,
PA1  a tip carried on said fluid passage above said flange and comprising at its
      upper end a solid puncturing point below which is a zone of generally
      larger diameter than said point, the interior of said zone communicating
      with said central bore, said zone having one or more orifices therein to
      provide fluid communication between the central bore and the exterior of
      said zone,
PA1  an elongated smooth urethral tip having a hollow internal central bore
      extending from said barrel which communicates with said central bore of
      said fluid passage, said tip having a smooth rounded end and a hole in
      said rounded end which serves as an outlet for said central bore,
      immediately above said end a cylindrical portion, said end and cylindrical
      portion being adapted to be received within the urethral tract, above said
      cylindrical portion, an externally tapered portion extending toward said
      barrel and having its largest external diameter at said barrel, the
      exterior of said tapered portion sealing the urethral tract during
      injection,
PA1  a vial having an open end and a closed end,
PA1  a viscous reagent within said vial,
PA1  a resilient reciprocating stopper sealing on the walls of said vial, said
      stopper having a center hole therein bridged by an imperforate diaphragm,
PA1  said diaphragm being adapted to be punctured by said puncturing point, and
      the center hole of said stopper being larger in internal diameter than the
      exterior of said zone in proximity to said orifices,
PA1  means on said resilient reciprocating stopper and said thrust portion
      whereby said stopper and thrust portion are interlocked and said stopper
      can be reciprocated within said vial by pushing or pulling on said vial.
NUM  4.
PAR  4. A novel device for the administration of viscous fluids comprising:
PA1  a barrel having an open end and a closed end,
PA1  a thrust portion within said barrel and terminating in proximity to the
      open end of said barrel, said thrust portion having a free end which is
      internally threaded,
PA1  projecting upward within said thrust portion, a fluid passage member
      terminating within said thrust portion, said fluid passage having a
      central bore of a diameter sufficient to readily allow the passage of
      thick viscous fluid therethrough,
PA1  a flange on said fluid passage member adapted to limit the lateral movement
      of said fluid passage member with relation to said thrust portion to
      maintain an essentially concentric relationship therebetween, the largest
      diameter of said flange being less than the largest internal diameter of
      said thrust portion,
PA1  a tip carried on said fluid passage above said flange and comprising at its
      upper end a solid puncturing point below which is a zone of generally
      larger diameter than said point, the interior of said zone communicating
      with said central bore, said zone having one or more orifices therein to
      provide fluid communication between the central bore and the exterior of
      said zone,
PA1  an elongated smooth urethral tip having a hollow internal central bore
      extending from said barrel which communicates with said central bore of
      said fluid passage, said tip having a smooth rounded end and a hole in
      said rounded end which serves as an outlet for said central bore,
      immediately above said end a cylindrical portion, said end and cylindrical
      portion being adapted to be received within the urethral tract, above said
      cylindrical portion, an externally tapered portion extending toward said
      barrel and having its largest external diameter at said barrel, the
      exterior of said tapered portion sealing said urethral tract during
      injection,
PA1  a vial having an open end and a closed end, said vial containing a thick
      viscous fluid,
PA1  a resilient reciprocating stopper sealing on the walls of said vial, said
      stopper having an externally threaded projection thereon made up with
      internal threads on the end of said thrust portion whereby said stopper
      can be reciprocated within said vial by pushing or pulling on said vial,
      said stopper and projection having a center hole therein bridged by an
      imperforate diaphragm,
PA1  said diaphragm being adapted to be punctured by said puncturing point when
      said threads are made up, and the center hole of said stopper being larger
      in internal diameter than the exterior of said zone in proximity to said
      orifices.
NUM  5.
PAR  5. A novel device for the administration of viscous fluids comprising:
PA1  a barrel having an open end and a closed end, a thrust portion within said
      barrel and terminating in proximity to the open end of said barrel,
PA1  projecting upward within said thrust portion a fluid passage member
      terminating within said thrust portion, said fluid passage having a
      central bore of a diameter sufficient to readily allow the passage of
      thick viscous fluid therethrough,
PA1  a flange on said fluid passage member adapted to limit the lateral movement
      of said fluid passage member with relation to said thrust portion to
      maintain an essentially concentric relationship therebetween, the largest
      diameter of said flange being less than the largest internal diameter of
      said thrust portion,
PA1  a tip carried on said fluid passage above said flange and comprising at its
      upper end a solid puncturing point below which is a zone of generally
      larger diameter than said point, the interior of said zone communicating
      with said central bore, said zone having one or more orifices therein to
      provide fluid communication between the central bore and the exterior of
      said zone,
PA1  an elongated smooth urethral tip having a hollow internal central bore
      extending from said barrel which communicates with said central bore of
      said fluid passage, said tip having a smooth rounded end and a hole in
      said rounded end which serves as an outlet for said central bore,
      immediately above said end a cylindrical portion, said end and cylindrical
      portion being adapted to be received within the urethral tract, above said
      cylindrical portion, an externally tapered portion extending toward said
      barrel and having its largest external diameter at said barrel, the
      exterior of said tapered portion sealing said urethral tract during
      injection,
PA1  a vial having an open end and a closed end, said vial containing a thick
      viscous fluid,
PA1  a resilient reciprocating stopper sealing on the walls of said vial, said
      stopper having a center hole therein bridged by an imperforate diaphragm,
PA1  said diaphragm being adapted to be punctured by said puncturing point, and
      the center hole of said stopper being larger in internal diameter than the
      exterior of said zone in proximity to said orifices,
PA1  means on said resilient reciprocating stopper and said thrust portion
      whereby said stopper and thrust portion are interlocked and said stopper
      can be reciprocated within said vial by pushing or pulling on said vial.
NUM  6.
PAR  6. A novel device for the administration of viscous fluids comprising:
PA1  a barrel having an open end and a closed end,
PA1  a thrust portion within said barrel and terminating in proximity to the
      open end of said barrel,
PA1  projecting upward within said thrust portion, a fluid passage member
      terminating within said thrust portion, said fluid passage having a
      central bore of a diameter sufficient to readily allow the passage of
      thick viscous fluid therethrough,
PAR  a flange on said fluid passage member adapted to limit the lateral movement
      of said fluid passage member with relation to said thrust portion to
      maintain an essentially concentric relationship therebetween, the largest
      diameter of said flange being less than the largest internal diameter of
      said thrust portion,
PA1  a tip carried on said fluid passage above said flange and comprising at its
      upper end a solid puncturing point below which is a zone of generally
      large diameter than said point, the interior of said zone having one or
      more orifices therein to provide fluid communication between the central
      bore and the exterior of said zone,
PA1  an elongated smooth urethral tip having a hollow internal central bore
      extending from said barrel which communicates with said central bore of
      said fluid passage, said tip having a smooth rounded end and a hole in
      said rounded end which serves as an outlet for said central bore,
      immediately above said end a cylindrical portion, said end and cylindrical
      portion being adapted to be received within the urethral tract, above said
      cylindrical portion, an externally tapered portion extending toward said
      barrel and having its largest external diameter at said barrel, the
      exterior of said tapered portion sealing said urethral tract during
      injection,
PA1  a cylindrical shell vial having an open end and a closed end, said vial
      containing a thick viscous fluid,
PA1  a resilient reciprocating stopper sealing on the walls of said vial, said
      stopper having a center hole therein bridged by an imperforate diaphragm
      at the outer end of said stopper,
PA1  said diaphragm being adapted to be punctured by said puncturing point, and
      the center hole of said stopper being larger in internal diameter than the
      exterior of said zone in proximity to said orifices,
PA1  means on said resilient reciprocating stopper and said thrust portion
      whereby said stopper and thrust portion are interlocked and said stopper
      can be reciprocated within said vial by pushing or pulling on said vial.
NUM  7.
PAR  7. A novel device for the administration of viscous fluids comprising:
PA1  a barrel having an open end and a closed end,
PA1  a thrust portion within said barrel and terminating in proximity to the
      open end of said barrel,
PA1  projecting upward within said thrust portion, a fluid passage member
      terminating within said thrust portion, said fluid passage having a
      central bore of a diameter sufficient to readily allow the passage of
      thick viscous fluid therethrough, a flange on said fluid passage member
      adapted to limit the lateral movement of said fluid passage member with
      relation to said thrust portion to maintain an essentially concentric
      relationship therebetween, the largest diameter of said flange being less
      than the largest internal diameter of said thrust portion,
PA1  a tip carried on said fluid passage above said flange and comprising at its
      upper end a solid puncturing point below which is a zone of generally
      larger diameter than said point, the interior of said zone communicating
      with said central bore, said zone having one or more orifices therein to
      provide fluid communication between the central bore and the exterior of
      said zone,
PA1  an elongated smooth urethral tip having a hollow internal central bore
      extending from said barrel which communicates with said central bore of
      said fluid passage, said tip having a smooth rounded end and a hole in
      said rounded end end which serves as an outlet for said central bore,
      immediately above said end a cylindrical portion, said end and said
      cylindrical portion being adapted to be received within the urethral
      tract, above said cylindrical portion, an externally tapered portion
      extending toward said barrel and having its largest external diameter at
      said barrel, the exterior of said tapered portion sealing said urethral
      tract during injection,
PA1  a cylindrical shell vial having an open end and a closed end,
PA1  a viscous reagent within said vial,
PA1  a resilient reciprocating stopper sealing on the walls of said vial, said
      stopper having a center hole therein bridged by an imperforate diaphragm
      at the outer end of said stopper,
PA1  said diaphragm being adapted to be punctured by said puncturing point, and
      the center hole of said stopper being larger in internal diameter than the
      exterior of said zone in proximity to said orifices,
PA1  means on said resilient reciprocating stopper and said thrust portion
      whereby said stopper and thrust portion are interlocked and said stopper
      can be reciprocated within said vial by pushing or pulling on said vial.
NUM  8.
PAR  8. A novel device for the administration of viscous fluids comprising:
PA1  a barrel having an open end and a closed end,
PA1  a thurst portion within said barrel and terminating in proximity to the
      open end of said barrel, said thrust portion having a free end which is
      internally threaded,
PA1  projecting upward within said thrust portion a fluid passage member
      terminating within said thrust portion, said fluid passage having a
      central bore of a diameter sufficient to readily allow the passage of
      thick viscous fluid therethrough,
PA1  a flange on said fluid passage member adapted to limit the lateral movement
      of said fluid passage member with relation to said thrust portion to
      maintain an essentially concentric relationship therebetween, the largest
      diameter of said flange being less than the largest internal diameter of
      said thrust portion,
PA1  a tip carried on said fluid passage above said flanges and comprising at
      its upper end a solid puncturing point below which is a zone of generally
      larger diameter than said point, the interior of said zone communicating
      with said central bore, said zone having one or more orifices therein to
      provide fluid communication between the central bore and the exterior of
      said one,
PA1  an elongated smooth urethral tip having a hollow internal central bore
      extending from said barrel which communicates with said central bore of
      said fluid passage, said tip having a smooth rounded end and a hole in
      said rounded end which serves as an outlet for said central bore,
      immediately above said end a cylindrical portion, said end and cylindrical
      portion being adapted to be received within the urethral tract, above said
      cylindrical portion, an externally tapered portion extending toward said
      barrel and havings its largest external diameter at said barrel, the
      exterior of said tapered portion sealing the urethral tract during
      injection,
PA1  a cylindrical shell vial having an open end and a closed end, said vial
      containing a thick viscous fluid,
PA1  a resilient reciprocating stopper sealing on the walls of said vial, said
      stopper having an externally threaded projection thereon made up with
      internal threads on the end of said thrust portion whereby said stopper
      can be reciprocated within said vial by pushing or pulling on said vial,
      said stopper and projection having a center hole therein bridged by an
      imperforate diaphragm, at the outer end of said stopper,
PA1  said diaphragm being adapted to be punctured by said puncturing point when
      said threads are made up, and the center hole of said stopper being larger
      in internal diameter than the exterior of said zone in proximity to said
      orifices.
NUM  9.
PAR  9. A novel device for the administration of viscous fluids comprising:
PA1  a barrel having an open end and a closed end,
PA1  a thrust portion within said barrel and terminating in proximity to the
      open end of said barrel, said thrust portion having a free end which is
      internally threaded,
PA1  projecting upward within said thrust portion, a fluid passage member
      terminating within said thrust portion, said fluid passage having a
      central bore of a diameter suffcient to readily allow the passage of thick
      viscous fluid therethrough,
PA1  a flange on said fluid passage member adapted to limit the lateral movement
      of said fluid passage member with relation to said thrust portion to
      maintain an essentially concentric relationship therebetween, the largest
      diameter of said flange being less than the largest internal diameter of
      said thrust portion,
PA1  a tip carried on said fluid passage above said flange and comprising at its
      upper end a solid puncturing point below which is a zone of generally
      larger diameter than said point, the interior of said zone communicating
      with said central bore, said zone having one or more orifices therein to
      provide fluid communication between the central bore and the exterior of
      said zone,
PA1  an elongated smooth urethral tip having a hollow internal central bore
      extending from said barrel which communicates with said central bore of
      said fluid passage, said tip having a smooth rounded end and a hole in
      said rounded end which serves as an outlet for said central bore,
      immediatedly above said end a cylindrical portion, said end and
      cylindrical portion being adapted to be received within the urethral
      tract, above said cylindrical portion, an externally tapered portion
      extending toward said barrel and having its largest external portion at
      said barrel, said exterior of said tapered portion sealing said urethral
      tract during injection,
PA1  a cylindrical shell vial having an open and a closed end,
PA1  a viscous reagent within said vial,
PA1  a resilient reciprocating stopper sealing on the walls of said vial, said
      stopper having an externally threaded projection thereon made up with
      internal threads on the end of said thrust portion whereby said stopper
      can be reciprocated within said vial by pushing or pulling on said vial,
      said stopper and projection having a center hole therein bridged by an
      imperforate diaphragm,
PA1  said diaphragm being adapted to be punctured by said puncturing point when
      said threads are made up, and the center hole of said stopper being larger
      in internal diameter than the exterior of said zone in proximity to said
      orifices.
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ABST
PAL  Surgical sponges which are interconnected by a linear connector and which
      may be used in surgical procedures without disconnecting the sponges. The
      sponges are serially retained on the connector in spaced relation and may
      be easily extended by tensioning the connector. The connector includes
      gathered or accumulated portions which are removably retained to the
      sponges for extension during the operating procedures.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to surgical sponges which are presently utilized to
      absorb body fluids in surgery or operating procedures.
PAR  Surgical sponges are gauze pads which may also include a thin creped paper
      lining to improve their absorbency. Surgical sponges are presently sold in
      various sizes and are generally received in sterilized packages in
      quantities of two to 20 sponges, although surgical procedures generally
      require 10 or more sponges.
PAR  During an operation, for example, the sponges are placed by the surgeons
      directly in the incision to absorb blood and other body fluids. The
      sponges are removed by the surgeons and their assistants during the
      operation and immediately prior to closure. Further, surgical sponges may
      be contaminated prior to insertion and surgical sponges are often
      discarded on the operating floor and in other places. Sponges may not
      however be left in the incision because they are a foreign body and their
      presence may result in infections and other problems. There is an
      important need therefore for a procedure which will assure that no
      surgical sponges remain in the patient following surgery. This is
      presently accomplished by two or more surgical sponge counters whose
      responsibility is to count all sponges prior to use and to recount the
      sponges following use. A simple tag system cannot be utilized because
      several packages of sponges may be utilized during a single operation.
      Further, weighing techniques have not been successful because surgical
      sponges generally absorb many times their own weight in blood and body
      fluids, the amount not being predictable or measurable. The interconnected
      surgical sponges of the present invention minimize or substantially
      eliminate the possibility of leaving a sponge in a patient following
      surgery and the interconnected surgical sponges substantially limit the
      task of counting the surgical sponges before and after surgery. Presently,
      several hours may be spent following surgery in an attempt to locate a
      missing sponge to assure that the sponge has not been left in the patient.
      The number of sponges actually left in patients has further exacerbated
      the rising cost of malpractice insurance and suits.
PAC  SUMMARY OF THE INVENTION
PAR  The surgical sponges in the present invention are interconnected by a
      flexible linear element, such as a string, ribbon or wire. The surgical
      sponges are located along the length of the linear element and preferably
      at least one of the sponges are affixed to the element. The length of the
      element must be greater than the composite length of the sponges and the
      element includes gathered portions also greater in length than the length
      of the sponges. The gathered length is then removably retained to each of
      the sponges, such that the gathered portion is extensible between the
      adjacent sponges when tensioned for selectively and successively
      increasing the length between the adjacent sponges. In the preferred
      embodiment, the linear element is affixed to one end of each of the
      sponges and may be disposed within the sponges for extension between the
      sponges, when tensioned. In the disclosed embodiment, the linear element
      is folded or looped within the sponges and the sponges each include an
      opening through which the linear element is extended. The linear element
      may also be absorbant, such as a sterilized cotton tape or ribbon which
      may be folded flat within the sponge for easy extension through the sponge
      opening. Alternatively, the linear element may be a wire, such as a
      plastic coated wire, which would not be accidentally cut by the surgeon
      during an operation.
PAR  The interconnected surgical sponges of this invention are disposable and
      may be pre-packaged in sterilized, pre-counted packages available for
      immediate use by the surgeon. The surgical sponges may be individually
      taken from the package, letting out whatever length of connector is
      required to place the sponge at the operating site. In the preferred
      embodiment, the sponges are interconnected by a substantial length of
      gathered connector, such as 6 feet. When it is desired to remove and
      dispose of any surgical sponge in the series, the sponge may be discarded
      in the usual manner because of the substantial length of the gathered
      portion of the linear connector. In the preferred procedure, the sponges
      remain interconnected, such that the sponges may be easily checked and
      counted. In the event that the connector is accidentally or purposely cut
      during the surgical procedure, this fact may be immediately taken into
      account and the remaining sponges will still be interconnected
      substantially reducing the chances of leaving a sponge in the patient. The
      connector itself will trail from the incision, giving notice of the
      presence of the sponge and making the sponge easy to identify and locate.
PAR  The interconnected surgical sponges of this invention therefore reduce the
      chances of accidentially leaving a sponge in the patient following surgery
      and further reduce the time required for checking and counting the
      surgical sponges used. Further, the interconnected surgical sponges of
      this invention are particularly adaptable to the present procedures for
      checking the loss of blood during an operation. In this procedure, all of
      the surgical sponges used in the operation may be weighed following
      surgery, providing a check of the amount of blood lost. Where the sponges
      are interconnected, as in the present invention, the location of all of
      the sponges utilized in the operation is greatly simplified. Other
      advantages and meritorious features of the present invention will be more
      fully understood from the following description of the preferred
      embodiments, procedures, the appended claims and the drawings, a brief
      description of which follows.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top elevation of a plurality of surgical sponges interconnected
      as taught by the present invention;
PAR  FIG. 2 is a partial top elevation of one of the sponges shown in FIG. 1.
PAR  FIG. 3 is another embodiment of the interconnected surgical sponges of this
      invention;
PAR  FIG. 4 illustrates the surgical sponges of this invention packaged for use;
      and,
PAR  FIG. 5 illustrates how the interconnected surgical sponges of this
      invention may be used.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The interconnected surgical sponges 20 shown in FIGS. 1 and 2 include a
      plurality of conventional surgical sponges 22 interconnected by linear
      connector 24. As shown, the linear connector 24 includes a plurality of
      gathered or accumulated portions 26 which are disposed within the surgical
      sponges and the sponges are fixed at 28 on the connector. In the disclosed
      embodiment, the sponges each include an open end portion 30 through which
      the linear connector extends when tensioned and each surgical sponge
      includes an indicator tab 32 which is secured to the sponge as described
      below.
PAR  The disclosed surgical sponges may be of conventional design including an
      outer layer of surgical gauze 36 and creped paper liner 38 which improves
      the absorbency of the gauze. In a conventional surgical sponge, a
      relatively thin sterile sheet of creped paper is laid over a sheet of
      surgical gauze and the creped liner is heat sealed or adhesively bonded to
      the gauze at the peripheral edges. Normally, the longitudinal edges of the
      gauze are then folded over, the sponge folded and the folded sponge ironed
      under heat to assure sterilization and uniform size and thickness. As
      described above, surgical sponges are available in various sizes. For
      example, conventional sizes for surgical sponges are 4 .times. 4 inches, 6
      .times. 6 inches, etc. to 10 .times. 10 inches. The size of the sponges
      utilized by the surgeon will depend upon the type of operation. For
      example, operations which cut across the entire abdomen generally utilize
      10 .times. 10 inch sponges. Further, surgical sponges are packaged in
      various quantities, although quantities of 10 and 20 are generally
      preferred in surgery.
PAR  In the embodiment of the interconnected surgical sponges shown in FIGS. 1
      and 2, the linear connector 22 is an absorbent relatively flat ribbon or
      tape, such as a cotton ribbon, which is folded in a zig-zag pattern having
      relatively flat folds 40, as best shown in FIG. 2. As described above, the
      sponge is preferably fixed to the ribbon adjacent one edge, as at 28. In
      this embodiment, the periphery of the sponge is stitched, such as by a
      conventional hemming stitch, which retains the ribbon at 28 and further
      retains the indicator tab 32. In the disclosed embodiment, the indicator
      tab includes an indicia 5 to identify the location of the particular
      sponge in the string. The number will notify the surgeon when he is
      approaching the end of the string, permitting the surgeon to call for
      another package of surgical sponges. Similarly, the indicator tabs may be
      colored either to identify the location of the surgical sponge or to
      differentiate between different packages of sponges. An identification
      number may also be printed directly upon the surgical sponge. The
      identification tab may also be utilized in conjunction with a counter
      system, wherein a counter is disposed with the sponge to make certain that
      each of the sponges has been removed from the incision.
PAR  The extended length of the gathered portion 26 of the linear connector is
      particularly important to the interconnected surgical sponges of this
      invention. As described, the gathered or accumulated portion of the linear
      connector may be easily extended from within the surgical sponge by
      tensioning the connector. As described, in the preferred embodiment, the
      sponge is affixed to the connector adjacent one edge, such that the linear
      connector is extended through the open end 30 of the sponge, thus
      increasing the distance between adjacent sponges. The extended length of
      the gathered portion of the connector is preferably at least 50 inches in
      length and may be 6 feet in length or greater. The length of a surgical
      sponge is generally between 4 and 10 inches, such that the accumulated
      length of the connector is substantially greater than the length of the
      individual sponges. The surgical sponges may thereby be taken from the
      package, as described above, placed in the incision and even discarded, if
      necessary, while remaining in the string. The method of use of the sponges
      will be discussed in regard to FIGS. 4 and 5.
PAR  FIG. 3 discloses another suitable embodiment of the interconnected surgical
      sponges of this invention and FIG. 3 has been numbered in the same
      sequences as FIG. 1. As described, the interconnected surgical sponges 120
      include a plurality of surgical sponges 122 which are interconnected by a
      linear connector 124. In this embodiment, the linear connector is a
      flexible wire, such as conventional surgical wire or plastic coated wire.
      The embodiment of FIG. 3 has the advantage that the wire will not be
      accidentally cut during conventional surgical procedures. In this
      embodiment, the wire is gathered or looped within each of the sponges,
      defining the gathered portion 126. The surgical sponges are affixed to the
      wire at 128 by any suitable means, such as a plastic snap fastener or
      grommet. Further, one layer of the surgical sponge has been cut at 130 to
      provide an opening for extension of the gathered portions 126 of the
      connector as described above.
PAR  FIG. 4 illustrates a package of surgical sponges as received for use. The
      sponges 122 are packed in face-to-face relation with the linear connector
      portion extending between the serially interconnected sponges. In the
      preferred embodiment, approximately one inch of linear connector initially
      extends between adjacent sponges, permitting packaging as shown. As
      described, the interconnected surgical sponges 122 of this invention are
      preferably packaged in sterilized packages or containers 50 in pre-counted
      quantities. The surgical sponges may be removed from the container simply
      by lifting one, two or the desired quantity from the package 50. In FIG.
      4, one surgical sponge 122 has been removed from package 50 for use. As
      shown, connector 128 prevents relative movement of the surgical sponges on
      the connector 124. Tensioning of the connector 124 plays out the linear
      connector from the next sponge in line, permitting insertion of the
      surgical sponge in an incision, for example, during surgery. The use of
      the sponges is best shown in FIG. 5.
PAR  FIG. 5 illustrates the use of the surgical sponges which have been arranged
      as required by the particular application. For example, the surgical
      sponges identified as 1 and 2 have been placed generally in line, although
      spaced farther than the one inch provided between sponges. The accumulated
      portion 26 of the linear connector is thus extended between the sponges by
      tensioning the connector. Where the connector is merely placed within the
      sponge, the accumulated portion provides very little resistance to
      extension. Alternatively, the resistance to extension may be controlled by
      providing a light adhesive bond between the accumulated portion and the
      sponge or by lightly stitching the accumulated portion. Similarly, the
      accumulated portion may be retained on the outside of the sponge, provided
      the accumulated portions of the retainer are lightly retained to the
      sponges.
PAR  As described, the first sponge may then be taken by the surgeon, letting
      out whatever length of connector is required to place the sponge at the
      operating site. The surgeon may obviously take two or more sponges and
      place them simultaneously, in which case the connector will be let out of
      two or more sponges. Where the connector is absorbent, as shown in FIGS.
      1, 2 and 5, the connector provides additional absorbency for both the
      sponges and where placed. The connector should preferably be placed out of
      the operative field, such as along side the retractors, etc. used in
      conventional operating procedures. When it is desired to remove and
      dispose of the surgical sponges, as where the sponges become soaked with
      body fluids, the interconnected surgical sponges of this invention may be
      individually removed and disposed of. The sponge is simply removed from
      the operating site, tensioning the connector to permit discarding of one
      or more surgical sponges. Following this procedure, the surgeon then
      continues to use the surgical sponges, as required and disposing of the
      sponges when soaked or contaminated.
PAR  The interconnected surgical sponges of this invention thus substantially
      eliminate the danger of leaving a sponge in a patient, after closure. Even
      if a connector is cut during this procedure, the danger of leaving a
      sponge is minimal because the connector on either side of the cut sponge
      should indicate the presence of the sponge. Further, the connector may be
      brightly colored, such as blue or green, signifying the presence of a
      surgical sponge. The surgical sponges of this invention can thus
      substantially reduce the time consuming chore of counting the sponges
      before and after surgery and protect the patient from the possibility of
      leaving a sponge in the operating site. Further, all of the sponges
      utilized in an operation may now be easily identified, permitting weighing
      of the sponges, following surgery, to determine the loss of blood during
      an operation. It will be understood that various modifications may be made
      to the interconnected surgical sponges of this invention without departing
      from the perview of the claims, as described above.
CLMS
STM  I claim:
NUM  1.
PAR  1. A plurality of serially interconnected surgical sponges for absorption
      of body fluids, comprising: a flexible linear element and at least two
      surgical sponges located along the length of said linear element, at least
      one of said sponges affixed to said element, the length of said linear
      element being greater than the composite length of said sponges and said
      element having a gathered portion greater in length than the length of a
      sponge, means releasably retaining substantially the entire gathered
      length of said linear portion to said sponge whereby said gathered portion
      is extensible between said sponges when tensioned for selectively and
      successively increasing the length between said sponges.
NUM  2.
PAR  2. The interconnected sponges defined in claim 1, wherein said linear
      element is affixed to one end of each of said sponges and said gathered
      portion is disposed within each of said sponges for extension out of said
      sponges, between adjacent sponges, when tensioned.
NUM  3.
PAR  3. The interconnected sponges defined in claim 2, wherein said element is
      an absorbent ribbon gathered within said sponges.
NUM  4.
PAR  4. The interconnected sponges defined in claim 2, wherein said element is a
      flexible wire.
NUM  5.
PAR  5. The interconnected sponges defined in claim 1, wherein said sponges
      include a tag indicator affixed to at least one of said sponges for
      identification of said sponge.
NUM  6.
PAR  6. A plurality of absorbent surgical sponges and a linear retainer element
      interconnecting adjacent sponges, said sponges serially affixed along said
      element and said element having gathered portions received within each of
      said sponges, said retainer gathered portions having a length greater than
      the length of said sponges and extensible out of said sponges when
      tensioned to vary the distance between adjacent sponges, whereby said
      sponges may be selectively and successively spaced along said connector
      for use in absorbing body fluids.
NUM  7.
PAR  7. The surgical sponges defined in claim 6, characterized in that said
      linear element is an absorbent ribbon lopped within said sponges and
      affixed adjacent one end of each of said surgical sponges and said sponges
      having an opening receiving said linear element through which said element
      is extended for varying the distance between adjacent sponges.
NUM  8.
PAR  8. The surgical sponges defined in claim 7, characterized in that said
      ribbon is folded flat in a zig-zag pattern within said sponges in the
      plane of said surgical sponges.
NUM  9.
PAR  9. The surgical sponges defined in claim 6, characterized in that said
      linear element is a wire lopped within said sponges and said sponges
      having an opening at one end receiving said wire and for extension of said
      wire therethrough, out of said sponges, to vary the length between
      adjacent sponges.
NUM  10.
PAR  10. At least two absorbent surgical sponges and a linear connector, said
      connector having an accumulated portion greater in length than said
      sponges, said accumulated portion disposed within one of said sponges and
      fixed to opposed edges of said sponges and said connector extensible
      through an opening in said one sponge to increase the length between said
      sponges when said connector is tensioned, whereby the distance between
      said sponges may be varied by tensioning said connector.
NUM  11.
PAR  11. The surgical sponges defined in claim 10, characterized in that said
      accumulated portion of said connector is at least 40 inches in length.
NUM  12.
PAR  12. The surgical sponges defined in claim 10, wherein said connector is an
      absorbent ribbon folded within said one sponge.
NUM  13.
PAR  13. The surgical sponges defined in claim 10, characterized in that said
      connector is a flexible wire looped within said one sponge.
NUM  14.
PAR  14. The surgical sponges defined in claim 10, including at least four
      sterilized surgical sponges, each sponge having an accumulated connector
      portion disposed therein and packaged in face-to-face relation, said
      connector being continuous and serially interconnecting adjacent sponges.
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ABST
PAL  Stomal devices having controlled release so that disposable stoma bags can
      be easily replaced without disturbing the peristomal covering attached to
      the skin. One such device comprises a peristomal covering including an
      adhesive member and backing member formed of polymeric material having a
      geometric pattern embossed therein. Another embodiment comprises attaching
      such embossed polymeric material directly to the adhesive face plate of a
      disposable stoma bag. Another embodiment comprises forming the stoma bag
      from the flexible embossed polymeric material which can serve as the
      backing member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Disposable stomal devices comprising an open-topped gusseted plastic bag
      (the open-top is sealed by an elastic band or belt when in use) having an
      adhesive face plate located near the sealed bottom or a completely sealed
      bag having such a face plate are in commercial use. The face plate is
      permanently bonded to the plastic bag and has an outer adhesive layer
      which attaches to the skin. The device is used by cutting a hole
      corresponding to the circumference of the stoma in the face plate and
      pressing the outer adhesive layer against the skin. The disadvantages of
      using such devices are the difficulty of removal of the filled bag from
      the skin and in fact for some bags solvent must be applied between the
      edge of the face plate and the skin to loosen the adhesive and the
      repeated removal of the bag affixed directly to the skin causes irritation
      and excoriation.
PAR  In order to overcome these problems, it has been proposed to employ the
      disposable bags described above in combination with peristomal coverings
      or bandages having a smooth thin polyethylene film backing. The bag is
      affixed directly to the film backing and the adhesive side of the
      peristomal covering is attached to the skin. Such coverings will permit
      removal of the stoma bag shortly after attachment, however, it is found
      that with time the adhesive bond between the bag face plate and film
      backing increases in strength to the extent that easy removal is no longer
      possible.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to an improvement over the disposable stomal
      devices described above. It is directed to a peristomal covering which
      will securely hold the weight of a filled plastic bag and yet permit the
      easy removal of the attached stoma bag. This result is achieved by the
      inclusion of a backing member on the peristomal covering as will be
      described below. Alternatively, the same result can be achieved by
      attaching the backing member directly to the adhesive face plate of the
      stoma bag or by forming the stoma bag from the flexible material which can
      serve as the backing member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of the peristomal covering of this invention.
PAR  FIG. 2 is a side view taken along line 2--2 of the peristomal covering
      shown in FIG. 1.
PAR  FIG. 3 is a side of a peristomal covering having a modified backing member.
PAR  FIGS. 4 and 5 are front views of stomal devices according to alternate
      embodiments of this invention.
PAR  FIG. 6 is a side view of the alternate embodiment shown in FIG. 5 taken
      along line 6--6.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings in more particular detail, the peristomal
      covering or bandage 11 includes backing member 12 and adhesive member 13
      as best shown in FIG. 2. The peristomal covering 11 is preferably
      rectangular shaped as shown in FIG. 1 although other shapes such as
      circular can be used equally well and it can optionally include an inner
      circular hole to aid the user in increasing the hole size according to the
      circumference of the stoma.
PAR  The backing member 12 is preferably a sheet of flexible polymeric film such
      as polyethylene or polypropylene or a natural or synthetic rubber of from
      about 0.7 to about 5 mils thickness having a geometric pattern embossed
      therein. The embossed geometric pattern can include circles, rectangles,
      squares, triangles, diamonds, etc., with the diamond pattern shown in FIG.
      1 being preferred. The embossed pattern results in the film having a side
      14 with continuous raised ridges 17 separating each geometric dimple 18 as
      note FIGS. 1 and 2. The opposite side of the film, side 15, will of course
      have the geometric pattern raised.
PAR  Alternatively, the backing member 12 can be formed as a disc of rigid or
      semi-rigid polymeric material such as polyethylene or polypropylene or
      hard rubber or non-tacky natural or synthetic rubber materials having a
      thickness greater than about 2 mils, preferably more than 5 mils thick.
      The backing member 12 in this case can be formed by embossing or molding
      so as to have sides 14 and 15 as in FIG. 2 or a smooth bottom 16 as shown
      in FIG. 3.
PAR  The polymeric materials used as the backing member are normally transparent
      and colorless. However, these materials can be colored, for example to
      match the color of the skin. These materials, as well as methods of
      embossing and molding are known in the art and by themselves form no part
      of this invention.
PAR  The adhesive member 13 can be formed from any commercially available
      hygienically approved pressure sensitive adhesive material. Preferably,
      the adhesive member 13 comprises a pressure-sensitive rubbery elastomer
      adhesive component having intimately dispersed therein a water soluble or
      swellable hydrocolloid. A description of this type of bonding composition
      can be found in U.S. Pat. No. 3,339,546 whose disclosure is incorporated
      herein by reference. Various additives can also be included as a component
      of the adhesive member as for example antiinflammatory agents such as
      triamcinolene acetonide, antibiotics such as amphotericin B, anesthetics
      such as benzocaine and deodorants or agents which mask odor such as lemon
      oil.
PAR  When a backing member 12 having sides 14 and 15 as shown in FIG. 2 is
      employed, the adhesive member 13 should be of such thickness that the
      raised geometric pattern of side 15 will become embedded therein and not
      bond merely at the raised surface. The embedding is achieved by
      mechanically pressing, such as by calendaring, backing member 12 onto
      adhesive member 13 preferably while the adhesive member 13 is in a
      softened state. The force employed in calendaring the backing film 12 to
      the adhesive member 13 must be less than that which would flatten and
      destroy the embossing of backing film 12. When a backing member 12 having
      a smooth bottom as shown in FIG. 3 is employed, the thickness of the
      adhesive member is not critical and the bonding is again achieved by
      mechanical force.
PAR  A sheet of release agent coated paper is attached to the opposite side of
      adhesive member 13 during packaging of the peristomal covering 11.
      Silicone coated paper is preferred. This and other types of release agent
      coated paper are known in the art and are commercially available.
PAR  The peristomal covering 11 of this invention is used by cutting a hole or
      expanding the starting hole within the covering 11 according to the
      circumference of the stoma. A measuring device for this purpose can be
      packaged with the peristomal cover 11 in a hermetically sealed package.
      The release agent coated paper is then removed and discarded. The area
      around the stoma is cleaned and dried and the peristomal cover 11 is
      pressed firmly against the skin. Next the disposable stoma bag is attached
      by pressing the adhesive face plate firmly against exposed surface 14 of
      the backing member 12.
PAR  The peristomal cover 11 securely holds and supports the bag when filled and
      the backing member 12 also permits the bag to be easily peeled from the
      peristomal cover and be replaced by a fresh bag without removing the cover
      from the skin.
PAR  It is critical that the backing member 12 be attached to the adhesive
      member 13 so that side 14 having the continuous raised ridges 17 is
      exposed. It is by virtue of this orientation of backing member 12 that
      should there be leakage of fluid from the stoma bag, seepage across the
      backing member 12 to the edge of the covering 11 will be impeded by the
      continuous raised ridges 17. Otherwise, the seepage of such fluid would so
      weaken the bond between the bag and the covering 11 that a partially
      filled bag could not be supported.
PAR  An alternate embodiment of this invention, shown in FIG. 4, comprises
      forming a disposable bag 20 directly from the embossed backing member 12
      shown in FIG. 2. Such a bag can be formed from the sheet of polymeric film
      by conventional means such as by heat sealing or adhesive sealing the
      sheet into a tube and then sealing one or both ends of the tube. The bag
      20 can include a circular starter hole 21 in the front wall so as to aid
      the user in increasing the hole size according to the circumference of the
      stoma. The bag 20 can be formed with gusseted sides. Methods and apparatus
      for forming the bag 20 from a sheet of flexible film are known in the art.
PAR  It is also within the scope of this embodiment to form the bag 20 from two
      sheets of flexible polymeric film. In this case, one sheet of embossed
      film, i.e. backing member 12 as shown in FIG. 2, is sealed to a sheet of
      smooth polymeric film so that the resulting bag 20 will have an embossed
      front wall and a smooth back wall. Also, it is possible to form the bag 20
      so that only the area around the starter hole 21 (i.e. the area which will
      contact the adhesive member) is formed from the embossed film and the
      remainder of the bag is a smooth polymeric film.
PAR  The bag 20 is attached to the skin by means of an adhesive member not
      shown. This adhesive member is preferably a double sided pressure
      sensitive adhesive foam disc which is commercially available.
PAR  In this embodiment, it is critical that the side of bag 20 which is
      attached to the adhesive member have the continuous raised ridges 17
      exposed. Again, it is by virtue of this orientation that seepage of fluid
      from the bag 20 is impeded and will not weaken the bond between the bag 20
      and the adhesive member.
PAR  Another embodiment of this invention is shown in FIGS. 5 and 6. In this
      embodiment, a commercially available disposable plastic bag 30 having an
      adhesive face plate 31 is modified by attachment of the embossed backing
      member 12 shown in FIG. 2. FIG. 5 shows the bag 30 as having an open-top
      but the bag could also be sealed along all of its edges. A starter hole 32
      can be included so as to aid the user in fitting the device to the stoma.
      The bag 30 is attached to the skin by means of an adhesive member, not
      shown, which is preferably the double sided pressure sensitive adhesive
      foam disc described above.
PAR  The bag 30 can be formed from any suitable flexible polymeric material such
      as polyethylene or polypropylene or a natural or synthetic rubber of a
      thickness of from about 0.7 to about 5 mils. The pressure sensitive
      adhesive face plate 31 is formed from any suitable bonding composition
      such as a combination of rubber, tackifiers, plasticizer and stabilizers.
PAR  Again, in this embodiment, it is critical that the backing member 12 be
      attached to the face plate 31 so that the side 14 having continuous raised
      ridges 17 is exposed. The bag 30 is attached to the skin by pressing
      exposed surface 14 against the double sided pressure sensitive adhesive
      foam disc. It is by virtue of this orientation that seepage of fluid from
      the bag 30 is impeded and will not weaken the bond between the bag 30 and
      the adhesive member.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A peristomal covering comprising an adhesive member attached to a
      polymeric backing member having an embossed geometric pattern wherein the
      exposed surface of said backing member has continuous raised uncoated
      ridges separating the geometric dimples said raised surface is adapted to
      be contacted by the adhesive face plate of a disposable stoma bag.
NUM  2.
PAR  2. The peristomal covering of claim 1 wherein said polymeric backing member
      is a rigid or semi-rigid disc having a thickness greater than about 2
      mils.
NUM  3.
PAR  3. The peristomal covering of claim 2 wherein said polymeric backing member
      has a thickness greater than 5 mils and is formed from polyethylene,
      polypropylene, hard rubber, or non-tacky natural or synthetic rubber
      materials.
NUM  4.
PAR  4. The peristomal covering of claim 1 wherein said polymeric backing member
      is a sheet of flexible film of from about 0.7 to about 5 mils thick.
NUM  5.
PAR  5. The peristomal covering of claim 4 wherein said flexible film is
      polyethylene, polypropylene, or a natural or synthetic rubber.
NUM  6.
PAR  6. The peristomal covering of claim 1 having a centrally located starter
      hole which can be expanded in order to fit around a stoma.
NUM  7.
PAR  7. The peristomal covering of claim 1 wherein the embossed geometric
      pattern is diamond shaped.
NUM  8.
PAR  8. The peristomal covering of claim 1 wherein the adhesive member comprises
      a pressure-sensitive rubbery elastomer adhesive having intimately
      dispersed therein a water soluble or swellable hydrocolloid.
NUM  9.
PAR  9. A stomal device comprising a flexible polymeric bag having at least an
      area of one wall formed from a polymeric film of from about 0.7 to about 5
      mils thickness and having an embossed geometric pattern wherein the
      exposed outer surface of said wall has continuous raised ridges separating
      the geometric dimples.
NUM  10.
PAR  10. The stomal device of claim 9 wherein said bag is open-topped.
NUM  11.
PAR  11. The stomal-device of claim 9 wherein said bag is sealed at all outer
      edges.
NUM  12.
PAR  12. The stomal device of claim 9 wherein the entire bag is formed from the
      embossed polymeric film.
NUM  13.
PAR  13. The stomal device of claim 9 wherein said bag has a starter hole and
      the embossed polymeric film is present only in the area of the starter
      hole and the remainder of the bag is formed from a smooth polymeric film
      of from about 0.7 to about 5 mils thickness.
NUM  14.
PAR  14. The stomal device of claim 9 wherein said bag has one wall formed of
      the embossed polymeric film and the other wall is formed from a smooth
      polymeric film of from about 0.7 to about 5 mils thickness.
NUM  15.
PAR  15. The stomal device of claim 9 wherein said embossed polymeric film is
      polyethylene, polypropylene, or a natural or synthetic rubber.
NUM  16.
PAR  16. The stomal device of claim 9 wherein said embossed geometric pattern is
      diamond shaped.
NUM  17.
PAR  17. A stomal device comprising a bag formed of flexible polymeric material
      having an adhesive face plate permanently bonded to an outer surface of
      said bag and a backing member of polymeric material having an embossed
      geometric pattern attached to said face plate wherein the exposed surface
      of said backing member has continuous raised ridges separating the
      geometric dimples.
NUM  18.
PAR  18. The stomal device of claim 17 wherein said backing member is a sheet of
      flexible film of from about 0.7 to about 5 mils thickness.
NUM  19.
PAR  19. The stomal device of claim 18 wherein the adhesive face plate and
      backing member both are disc shaped and both have a centrally located
      hole.
NUM  20.
PAR  20. The stomal device of claim 18 wherein the embossed geometric pattern is
      diamond shaped.
NUM  21.
PAR  21. The stomal device of claim 18 wherein said backing member is
      polyethylene, polypropylene, or a natural or synthetic rubber.
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ABST
PAL  An earlobe piercer which has a pair of jaws that are movable towards and
      away from each other and a pressure plate mounted to one of the jaws which
      engages and holds the earlobe to be pierced. A slot in the pressure plate
      has a bottom end that supports one end of a piercing stud. The other end
      of the stud is disposed in an actuating mechanism which can be released to
      drive the stud linearly forward and through the earlobe while the stud is
      guided by the slot bottom. An enlarged cutout in the pressure plate
      provides visual access to the earlobe to be pierced to facilitate the
      alignment of any given point on the lobe with the stud. The piercer
      further provides means for positioning a stud-engaging clip which has an
      aperture that intercepts the travel path of the stud so that the stud
      engages the clip at the end of the piercing operation to thereby secure it
      to the earlobe.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. No. 3,187,751, the disclosure of which is incorporated herein by
      reference, discloses an advantageous device for piercing earlobes.
      Briefly, the ear piercer disclosed in that patent comprises a handheld
      instrument having opposed jaws which are movable towards and away from
      each other and between which the earlobe to be pierced is clamped. One of
      the jaws is provided with means for receiving a pointed stud and driving
      it through the lobe while the latter is clamped between the jaws. The
      other of the two jaws has means for receiving the end of the stud which
      passes through the lobe. The device is constructed so that the instrument
      is readily removed from its piercing position the earlobe while leaving
      the stud inserted therethrough by simply moving the device in a direction
      perpendicular to the stud axis away from the lobe.
PAR  In the lobe piercer of the above-referenced patent the stud is provided
      with a cylindrical head of close tolerance that can be extended into a
      bore in a spring actuated plunger which in turn forces the stud through
      the earlobe. For accurate, straight and painless earlobe piercing the stud
      must travel in a straight, axial direction. In the referred to prior art
      device this is accomplished by dimensioning the stud head so that it
      snugly engages the bore in the plunger and is frictionally secured thereto
      while the remainder of the stud protrudes forwardly. Since this remainder
      is unsupported the head has a sufficient length so that the stud is
      positioned, held, guided and driven by the plunger and the bore therein.
      This snug fit is necessary to prevent the stud from wobbling while it is
      driven forward by the plunger
PAR  Even though the referenced patent contemplates that the device is simply
      withdrawn from the earlobe after the piercing operation, the frictional
      engagement between the head and the plunger bore can cause problems since
      a relatively tight frictional fit is required to maintain the stud in
      position and alignment with the plunger. Such tight engagement, however,
      is not conductive to the ready removal of the piercer. In fact, proper
      removal may require the application of axially oriented, opposing forces
      to the plunger, or the piercing device per se, and the stud which is to
      remain in the earlobe. Failure to do so may cause the retention of the
      stud in the plunger bore and a resulting withdrawal of the stud from the
      earlobe. Since such a withdrawal is never in an axial direction, but
      perpendicular thereto, this may be painful and in severe circumstances may
      cause injury. On the other hand, loosening the fit between the stud head
      and the plunger bore may prevent an axial alignment of the stud with the
      plunger during the piercing operation and may prevent the piercing of the
      lobe and/or maim the lobe because the relative movement of the plunger may
      be in a direction offset from its axis.
PAR  The just-referred to necessary interrelationship between the stud head and
      the plunger bore places a further undesirable limitation on the studs. The
      head must be cylindrical or the necessary holding, positioning and guiding
      function is lost. It is not possible, for example, to employ
      spherically-shaped stud heads even though they may be aesthetically more
      attractive.
PAR  The referenced patent also contemplates the use of clips for securing the
      stud to the earlobe during the healing process which usually takes several
      weeks. Such clips are well known and generally comprise a disc provided
      with a stud engaging aperture that is constructed so as to snap onto the
      stud. To prevent accidental loss of the clip the studs are usually
      provided with a clip engaging groove adjacent their pointed end. In
      accordance with the prior art, and particularly as disclosed in the
      above-referenced patent, the clips are manually slipped onto the stud end
      protruding from the just-pierced earlobe. This is not only time consuming
      but also painful since it requires a manipulation of the lobe.
PAR  Lastly, it is difficult to align the earlobe piercer of the
      above-referenced patent with a particular point on the lobe to be pierced.
      Frequently, the location at which the lobe is to be pierced is marked by
      applying a small dot thereto. Thereafter the piercer is placed over the
      lobe and the stud is inserted. However, for proper alignment the stud must
      be aligned with the mark. A pressure plate employed by the piercer of the
      above patent includes a long, narrow slit through which the stud is
      subsequently moved. However, during the alignment process the stud is
      retracted from the pressure plate so that it is difficult to judge at
      which precise point the stud will enter the earlobe. Furthermore, the slit
      is so narrow as to make it difficult to find the mark on the earlobe after
      the earlobe is placed between the jaws of the piercer.
PAR  Thus, even though the piercer of the referenced patent is a substantial
      advance over theretofore available devices and earlobe piercing methods,
      it still has numerous disadvantages which limits its usefulness and,
      therefore, its commercial acceptance.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is primarily an improvement to the piercer of the
      above-referenced patent. It eliminates the need for tight frictional
      engagements between the driving plunger and the stud head so that the
      piercer is readily removed by simply opening the jaws whereupon the stud
      head becomes disengaged from the corresponding bore in the plunger. To
      this end, the device of the present invention employs a pressure plate
      which has a slot aligned with the axis of the plunger and of the stud and
      which terminates so that the stud can rest on the slot end while its other
      end, i.e. the stud head is disposed in the plunger bore and the stud is
      coaxially aligned with the plunger. The pointed end of the stud is
      furthermore in close proximity to the earlobe since it always rests on the
      bottom wall of the slot in the pressure plate. Alignment of the plunger
      with a piercing mark on the earlobe is thereby facilitated. The ease of
      aligning the stud with the mark is further enhanced by providing the
      pressure plate with an enlarged cutout just above the lower end of the
      slot so that a substantial portion of the earlobe is visible and the
      relatively small piercing mark is readily found for positioning and
      alignment of the device.
PAR  The present invention further provides means for combining the stud
      insertion with securing it to retaining clip after the stud has pierced
      the earlobe. This eliminates the need for time-consuming and frequently
      painful manipulation of the earlobe to attach a clip to the stud.
PAR  Means is provided to position and hold the clip so that its stud-engaging
      aperture is aligned with or intercepts the travel path of the stud. In the
      preferred embodiment of the invention such means comprise a generally
      horizontal clip-loading surface and two vertical, spaced-apart posts which
      engage lateral loops of the clip and which are defined by or mounted to
      the jaw opposing the jaw that mounts the spring-actuated plunger.
PAR  Generally speaking, an earlobe piercer constructed in accordance with
      invention comprises first and second jaws, means for moving the jaws
      towards and away from each other, and a pressure plate mounted to the
      first jaw. The pressure plate has an elongate slot that terminates in a
      bottom wall. Means is provided for spacing a side of the pressure plate
      facing the second jaw from the second jaw when the jaws are in their
      proximate position. A piercing stud has a first, pointed end, a
      cylindrical portion adjacent the end, and a second end defined by a head
      of a given cross section which fits into a recessed opening of an elongate
      plunger facing towards the second jaw. The opening in the plunger has a
      cross section slightly greater than the cross section of the head so that
      the head can be received in the opening without significant frictional
      engagement therewith. Plunger positioning and actuating means on the first
      jaw includes means guiding the plunger in an axial direction for travel
      towards and away from the second jaw along an axis spaced from the bottom
      wall by about one half the stud diameter and means for subjecting the
      plunger to a force moving it rapidly towards the second jaw. The plunger
      has a length so that when it is in its position remote from the second jaw
      and the stud head is disposed in the plunger opening the cylindrical
      portion of the stud is supported by the slot bottom wall so that release
      of the plunger forcing means causes movement of the stud towards the
      second jaw while its direction of movement is guided and determined by
      both the bottom wall of the slot and the opening in the plunger for
      movement of the plunger in an axial direction towards, into and through
      the earlobe disposed between the pressure plate and the second jaw.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an earlobe piercing device constructed
      in accordance with the present invention;
PAR  FIG. 2 is a fragmentary, enlarged side elevational view, in section,
      through the portion of the piercing device shown in FIG. 1 which effects
      the piercing of the earlobe;
PAR  FIG. 3 is a side elevational view, in section, and is taken on line 3--3 of
      FIG. 1;
PAR  FIG. 4 is an enlarged, fragmentary view of a earlobe piercing stud having a
      cylindrical head constructed in accordance with the invention;
PAR  FIG. 5 is a view similar to FIG. 1 but shows a stud having a spherically
      shaped head;
PAR  FIG. 6 is an enlarged, fragmentary side elevational view, in section,
      similar to FIG. 2 and shows the manner in which a stud retaining clip is
      held and positioned for automatically engaging the stud piercing the lobe;
      and
PAR  FIG. 7 is a plan view and is taken on line 7--7 of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, an earlobe piercing device 2 constructed in accordance
      with the invention has two opposing jaws 4 and 6 which are mounted for
      parallel movement towards and away from each other. Movement is imparted
      with a pair of handles 8, 10 which are shaped to fit in the palm of a
      hand. A pivot pin 12 connects the handles.
PAR  Jaws 4 and 6 are pivotally connected to upper portions 14, 16 of the
      handles with bolts 18 and 20. Lower portions 22, 24 of the jaws include
      upwardly extending slots 26, 28 engaged by pins 30 to permit vertical
      movement of the jaws relative to the pins. Coiled springs 32 are connected
      between lower portions 22, 24 of jaws 4 and 6 and the lower ends of the
      respective handles 8, 10.
PAR  The springs normally bias the jaws into the open position. Upon compression
      of handles 8, 10 the jaws are brought together into the position shown in
      FIG. 1. The relative movement of the jaws is parallel because of the
      restraining action of pins 30 which can travel only along slots 26 and 28.
PAR  Referring to FIGS. 1-3, a pressure plate 34 is disposed between jaws 4 and
      6 and includes an angle bracket 38 which is secured to a side of a jaw 4
      with a pair of bolts 36. A narrow slot 40 extends downwardly from an upper
      end 42 of the pressure plate and terminates in a flat bottom wall 44. An
      enlarged section or cutout 46 communicates with slot 40 and is spaced
      slightly above bottom wall 44.
PAR  Pressure plate slot 40 is laterally aligned with an axis through an
      actuating device 48 for propelling an earlobe piercing stud 50 through the
      earlobe of a patient. Referring momentarily to FIGS. 4 and 5, stud 50 has
      an elongate shaft 52 that terminates in a pointed end 54. A narrow,
      cylindrical flange 56 has the same diameter as shaft 52 and separates the
      pointed end from a recessed shaft portion 58. The other end of the stud is
      provided with a cylindrical or spherically shaped head 60, 62,
      respectively.
PAR  Referring again to FIGS. 1-3, actuator 48 generally comprises a tubular
      barrel 64 that is horizontally disposed on top of jaw 4. A plunger 66 is
      slideably disposed within the barrel and includes a cylindrical bore or
      recess 68 which has a diameter slightly greater than the diameter of the
      stud heads 60 or 62 to prevent frictional engagement between the two when
      a stud head is inserted in the bore so that the head is loosely disposed
      therein. The other end of the plunger includes a reduced diameter shank 70
      which extends through a plate 72 that closes barrel 64. The free end of
      the shank is threaded and mounts an actuating knob 74. The plunger
      includes a flange 76 engageable by a latch member 78 of a trigger 80 that
      is pivotally mounted to the side of jaw 4 facing away from the jaw 6. A
      compression spring 82 biases plunger 66 to the left, as viewed in FIG. 2,
      towards jaw 6. The plunger can be retracted, or moved to the right as
      viewed in FIG. 2, by grasping knob 74 and pulling the plunger against the
      spring force until latch 78 rests in a groove 84 between flange 76 and the
      cylindrical forward end of the plunger. Compression of trigger 80
      disengages the latch from the groove and enables spring 82 to move the
      plunger towards jaw 6.
PAR  The bottom wall 44 of slot 40 in pressure plate 34 is positioned so that it
      is below the axis of plunger 66 by a distance equal to one half the stud
      diameter. The plunger has a length so that when it is in its retracted
      position, that is when spring 82 is compressed, cylindrical flange 56
      adjacent the pointed stud end 54 rests on bottom wall 44 of slot 40. In
      this position, the stud is in precise alignment with the axis of the
      plunger. Upon release of trigger 80 the spring rapidly moves plunger 66
      and stud 50 forward, that is to the left as viewed in FIG. 2, until the
      free plunger end is immediately adjacent but still spaced from the side of
      pressure plate 34 facing jaw 6. At that point the shaft 52 of the stud
      extends fully across a space 86 between the pressure plate and jaw 4. The
      upper end of jaw 6 includes a groove 88 into which the stud tip can enter.
      Slot 40 in the pressure plate has a width less than the stud head diameter
      so that the stud cannot travel past the pressure plate. To prevent shock
      and discomforting vibrations the plunger is constructed so that its free
      end is spaced a slight distance from the side of pressure plate 34 facing
      jaw 4 when knob 74 engages a resilient rubber washer 90.
PAR  Turning now to the operation of the present invention, plunger 66 is first
      retracted until it is engaged by latch 78 and a stud is placed in the
      device so that its head is disposed in plunger bore 68 while its forward
      end is supported by bottom wall 44 of pressure plate slot 40. Next the
      device is grasped with a single hand and the earlobe is inserted in space
      86 between pressure plate 34 and jaw 6. Upon compression of handles 8 and
      10 the jaws are moved towards each other until they are in the position in
      which they engage the earlobe shown in dotted lines in FIG. 1. At that
      point the jaws slightly compress the earlobe.
PAR  Before actual compression the tip of the stud is aligned with the pierce
      mark on the lobe (not shown in the drawings) or, absent such a mark, with
      the position at which the lobe is to be pierced. Thereafter, trigger 80 is
      compressed to release the plunger so that spring 82 drives the stud
      through the earlobe. The plunger is now retracted with the operator's
      second hand, the handles 8 and 10 are released to move the jaws apart, and
      the device is withdrawn in a downward direction away from the earlobe.
      During this movement the stud is completely disengaged from the remainder
      of the device. It will be noted that during the centering operation of the
      device prior to the actual piercing cutout 46 in the pressure plate
      provides ample view of the area to be pierced. Thus, the operator quickly
      spots any pierce mark thereon and since the stud tip 54 is in slot 40 it
      is readily aligned therewith.
PAR  As already briefly referred to earlier, the present invention enables the
      use of studs having either cylindrical or round or generally spherical
      heads since there is no need for a tight frictional engagement between the
      heads and the bore in the plunger to guide the stud forward without
      wobbles since the stud is supported at two points, the slot and the
      plunger bore.
PAR  Referring briefly to FIGS. 6 and 7, the present invention also provides
      means for securing a stud retaining clip 92 to the stud after it has
      pierced through the earlobe. For that purpose the upper end of jaw 4
      includes a recess 94 that defines a flat horizontal surface 96. That
      surface is spaced a distance from the axis of plunger 66 and stud shaft 52
      equal to the distance between a lower edge 98 of a disc portion 100 of the
      grip and a shaft engaging aperture 102 of the clip. Consequently, the clip
      aperture is in vertical alignment with the stud. The clip further includes
      a pair of laterally spaced, vertically oriented loops 104. A pair of
      upright posts 106 extend from surface 96 and they are spaced a distance
      equal to the center spacing of loops 104 so that the clip can be passed
      over the vertical posts until its lower edge 98 rests on horizontal jaw
      surface 96. At that point the clip aperture is aligned with the plunger
      axis and intercepts the stud tip as it advances past the earlobe until the
      aperture engages the recessed shaft portion 58 (see FIGS. 4 and 5) to
      thereby secure the clip to the stud. To facilitate the subsequent removal
      of the device from the earlobe and from engagement with the stud and the
      clip posts 106 have a diameter slightly less than the inside diameter of
      clip loops 104 so that the clip slides readily upwardly with respect to
      the posts when the piercing device is withdrawn in a downward direction
      away from the ear.
PAR  It will be apparent that the construction of the clip holder can be
      modified from that shown in FIGS. 6 and 7 and described in the preceding
      paragraphs. For example, instead of forming recess 94 and providing posts
      106 a suitably shaped leaf spring (not shown) can be provided to clamp and
      position the clip between the spring and the side of the jaw facing
      pressure plate 34. Or a suitable cavity such as a bore (not shown) can be
      formed in the jaw which properly receives and positions the clip. Further
      modifications will readily come to mind to those skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an earlobe piercing device having first and second jaws mounted for
      parallel relative movement towards and away from each other, a pressure
      plate attached to the first jaw in parallel and spaced-apart relation
      thereto for movement of the plate with the first jaw towards and away from
      the second jaw, a piston slideably mounted on the first jaw including a
      recessed bore for receiving a head of a piercing stud, and means for
      forcing the piston in an axial direction towards the second jaw so that an
      earlobe placed between the second jaw and the pressure plate can be
      pierced with a free end of a stud inserted in the recessed bore of the
      piston, the stud having a given diameter, the improvement comprising an
      elongate slot in the pressure plate terminating in a bottom wall, the slot
      being laterally aligned with the axis of the piston, the bottom wall being
      parallel to the axis and spaced therefrom substantially one-half the stud
      diameter for supporting the stud while a head thereof is disposed within
      the recessed bore and for guiding the stud in a straight line when it is
      forced towards the second jaw.
NUM  2.
PAR  2. Apparatus according to claim 1 includng a cutout in the pressure plate
      having a width substantially greater than the width of the slot,
      communicating with the slot, and spaced from the bottom wall to enable the
      visual alignment of the stud with a desired point on the earlobe to be
      pierced.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein the recessed bore has a diameter
      slightly greater than the maximum cross section of the stud head to
      prevent frictional engagements between the stud and the bore.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein the free stud end is to be
      engaged with a clip having an aperture through which the stud can be
      extended and means for engaging the clip, and including a pair of spaced
      apart parallel posts secured to the second jaw and positioned for engaging
      the engaging means of the clip for mounting and positioning the clip on
      the second jaw, and means positioning the clip while engaged by the posts
      so that the aperture is aligned with the piston axis, whereby the stud
      engages the clip after it has been forced towards the second jaw by the
      piston and has pierced the earlobe.
NUM  5.
PAR  5. Apparatus for piercing earlobes comprising first and second jaws, means
      for moving the jaws towards and away from each other, actuating means
      mounted to the first jaw and including an axially movable piston and a
      spring actuator for driving the piston towards the second jaw, a free end
      of the piston facing the second jaw including a cylindrical recess, a
      pressure plate disposed between the jaws, secured to the first jaw and
      positioned to intercept movement of the piston toward the second jaw and
      to thereby prevent contact between the piston and the earlobe to be
      pierced, the first jaw having a portion in alignment with the piston axis
      which is spaced from the second jaw when the jaws are moved into their
      proximate positions, the pressure plate including a slot aligned with the
      axis and terminating in an end positoned so that a stud to be driven
      through the earlobe and having an end supported in the recess has another
      free end supported by the slot end while the stud is maintined in
      alignment with the axis so that the slot end guides the stud when the
      spring actuator is released to drive the dree end of the piston towards
      the second jaw.
NUM  6.
PAR  6. Apparatus for piercing earlobes comprising first and second parallel
      jaws, means for moving the jaws towards and away from each other, a
      pressure plate mounted to the first jaw and having an elongate slot
      terminating in a bottom wall, means for spacing a side of the plate facing
      the second jaw from the second jaw when the jaws are in their proximate
      position, a piercing stud having a first, pointed end, a cylindrical
      portion adjacent the end, and a second end defined by a head of a given
      cross section, an elongate plunger having a recessed opening in one of its
      ends facing towards the second jaw, the opening having a cross section
      slightly greater than the cross section of the head so that the head can
      be received in the opening without significant frictional engagement
      therewith, plunger positioning and actuating means on the first jaw
      including means guiding the plunger in an axial direction for travel
      towards and away from the second jaw along an axis spaced from the bottom
      wall by about one half the stud diameter, and means for subjecting the
      plunger to a force moving it rapidly towards the second jaw, the plunger
      having a length so that when it is in its position remote from the second
      jaw and the stud head is disposed in the plunger opening the cylindrical
      portion of the stud is supported by the slot bottom wall so that release
      of the plunger forcing means causes movement of the stud towards the
      second jaw while its direction of movement is guided and determined by
      both the bottom wall of the slot and the opening in the plunger for
      movement of the stud in an axial direction towards, into and through an
      earlobe when disposed between the pressure plate and the second jaw.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein the second jaw includes a cutout
      for receiving the portion of the stud which is adapted to protrude past an
      earlobe.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein the slot has a width less than a
      cross-sectional dimension of the stud head.
NUM  9.
PAR  9. Apparatus for piercing earlobes comprising first and second jaws movable
      towards and away from each other, actuating means for holding and moving
      an earlobe-piercing stud in a straight line from adjacent the first jaw
      towards the second jaw, a pressure plate secured to the first jaw having a
      surface slidably engaged by the stud as it travels towards the second jaw
      for supporting and guiding the stud during such travel, means for securing
      the pressure plate to the first jaw, means defining a space for a portion
      of an earlobe to be pierced between the pressure plate and the second jaw
      when the jaws are in their proximate positions, and means on the second
      jaw for holding a stud engaging clip having a stud engaging aperture and
      lateral loops so that the aperture intercepts the travel path of the stud
      when it moves towards the second jaw, the last mentioned means comprising
      a pair of spaced apart posts protruding from a positioning surface
      attached to the second jaw and extending through the loops.
NUM  10.
PAR  10. Apparatus for piercing earlobes by driving an elongate stud
      therethrough comprising first and second jaws, means for moving the jaws
      toward and away from each other, actuating means mounted to the first jaw
      and including an axially movable piston, means for engaging the stud, and
      means for axially driving the piston and a stud engaged by the piston
      towards the second jaw, a pressure plate disposed between the jaws and
      secured to the first jaw, the pressure plate including a slot aligned with
      the piston axis and terminating in a bottom wall spaced from the piston
      axis so that a stud engaged by the piston can axially pass through the
      slot, the plate further including a cutout having a width substantially
      greater than the width of the slot, communicating with the slot, and
      spaced from the bottom wall to enable the visual alignment of the stud
      with a desired point on the earlobe to be pierced.
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ABST
PAL  An improved heart pacemaker of the type which includes a stimulating
      electrode and a counter electrode, a pulse generator and which has an
      implantable glucose/oxygen biofuel cell as an energy supply, in which
      pacemaker the area of the glucose electrode of the biofuel cell is made
      larger than that of the stimulating electrode and the stimulating
      electrode is in electrically conductive connection with the glucose
      electrode and thus at the same potential.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to heart pacemakers in general and more particularly
      to an improved heart pacemaker using a biofuel cell as the energy supply.
PAR  The use of biofuel cells to supply energy or power to a heart pacemaker,
      the biofuel cell being implanted in the body, is known in the art. In
      particular, a glucose/oxygen biofuel cell is disclosed in German
      Offenlegungsschrift No. 2,200,054 and U.S. Pat. No. 3,861,397,
      respectively.  In such biofuel cells the chemical energy of the body
      substances is utilized to generate the electrical energy required to
      operate the pulse generator of a heart pacemaker. The pulse generator then
      stimulates the myocardium to beat by means of electrical pulses
      transmitted through a stimulating electrode. By using a biofuel cell as
      the energy supply of the heart pacemaker frequent replacement of the
      energy source is not necessary as is the case where primary cells such as
      Zn/HgO or Cd/HgO cells are used. As a result, relatively frequent
      operations for energy source replacement which are expensive, expose the
      patient to danger of infection and make demands on hospitals, clinics and
      physicians are avoided.
PAR  Typically the stimulating electrode disposed in the heart is a noble metal
      electrode with platinum being used in most cases. However, such electrodes
      generally establish a relatively high potential, e.g. approximately 800 to
      900 mV, when measured with respect to an hydrogen electrode in the same
      electrolyte. This is because they also function as electrocatalysts
      whereby they assume the potential of an oxygen electrode. However this
      results in poor blood compatibility. Only electrodes which are negative or
      slightly positive have good blood compatibility. Relatively high positive
      potential such as the oxygen potential can lead to blood coagulation.
      Another disadvantage resulting from a high potential in the stimulating
      electrode is poor body compatibility. The stimulating electrode has a
      strong catalytic oxidizing effect on proteins, and in particular on the
      muscle tissue to which the stimulus is to be transmitted. As a result, the
      tissue adjacent to the stimulating electrode suffers irreversible damage
      and is destroyed, i.e. connective tissue capsules are formed. Since the
      stimuli can only act on healthy tissue some distance away from the
      electrode a greater amount of energy must be supplied. Furthermore the
      current density drops off because of this effect since the stimulating
      electrode is generally of a hemispherical shape. Preferably the
      stimulation is carried out with a cathodic polarization of the stimulating
      electrode since the stimulation threshold is more favorably situated for a
      cathodic stimulating pulse than for an anodic stimulating pulse.
PAR  In view of the difficulties mentioned above, it is the object of the
      present invention to provide a pacemaker which has improved body and blood
      compatibility.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention accomplishes these objectives in a heart pacemaker
      which comprises a stimulating electrode, a counter-electrode, a pulse
      generator and an implantable glucose/oxygen biofuel cell by making the
      area of the glucose electrode of the biofuel cell larger than the
      stimulating electrode and by electrically connecting the stimulating
      electrode with the glucose electrode so that they are both at the same
      potential.
PAR  By so constructing the pacemaker the stimulating electrode's potential is
      reduced to a range only about 50 to 200 mV as measured with respect to a
      reversible hydrogen electrode in the same electrolyte. That is to say, it
      is reduced to a potential at which good blood compatibility and body
      compatibility will be expected. Since the geometric area of the
      stimulating electrode is smaller than that of the glucose electrodes,
      local currents flowing between the stimulating electrode and glucose
      electrode due to the stimulating electrode acting as an oxygen electrode
      because of the material used can not influence the potential of the
      stimulating electrode in an unfavorable manner. The dimensioning of these
      two electrodes according to the present invention is further advantageous
      since it is desirable to keep the stimulating electrode small in order to
      be able to supply a high current density at the point of stimulation with
      a relatively small power output. On the other hand, it is necessary that
      the glucose electrode be as large as possible so that the power delivered
      by the biofuel cell is in the required range from about 50 to 100 .mu.W.
PAR  In accordance with the present invention it is preferable that the
      counter-electrode of the pacemaker be designed as a glucose electrode.
      Through such a design it is at the same potential as the actual glucose
      electrode and thus approximately at the same potential as the stimulating
      electrode resulting in only a small polarization loss for the stimulating
      pulse.
PAR  The pacemaker in the present invention may have a plurality of stimulating
      electrodes with a separate biofuel cell provided as the energy source for
      each of the stimulating electrodes. In such an embodiment each stimulation
      electrode will be electrically connected to its associated glucose
      electrode and will have an area smaller than that of the latter. With such
      a design the reliability and functional dependability of the heart
      pacemaker is increased. Furthermore, some patients require stimulation
      with two electrodes in order to normalize the heart time volume, i.e. to
      make sure that the heart pumps a sufficient amount of blood per unit time.
PAR  Up to the present time pacemakers along with their energy source have
      generally been implanted in the patient's abdominal or chest area and
      connected by means of a cable to the stimulating electrode disposed in the
      heart. It has previously been suggested that a self consuming magnesium or
      magnesium alloy anode (sacrificial anode) for the pacemaker, having a
      biogalvanic cell as the energy source, be placed in the body tissue and
      the cathode, i.e. an oxygen electrode, in the venous blood stream, in
      particular in the right atrium. The output of a biofuel cell disposed in
      the body tissue and using exclusive natural body substances as fuel is
      limited by the diffusion of the energy carriers, i.e. glucose and oxygen,
      from the body fluid to the respective electrodes, i.e. the glucose and
      oxygen electrode. As a result, such biofuel cells only are capable of a
      power density of a few .mu.W/cm.sup.2. For this reason it is necessary to
      provide electrode areas of approximately 20 cm.sup.2 in order to get the
      power output of 50 to 100 .mu.W required for the operation of the heart
      pacemaker.
PAR  It is particularly advantageous, therefore, to place the biofuel cell of
      the pacemaker of the present invention in the blood stream. In such a case
      both electrodes of the biofuel cell are in the shape of cylindrical shells
      and the oxygen electrode is arranged to be floodable by blood flowing in
      the blood vessel in which it is implanted. For, the energy carriers
      glucose and oxygen are present in the blood in a higher concentration than
      in body tissue and, furthermore, the motion of the blood favors a
      continuous supply to the biofuel cell. In addition, an arrangement of this
      nature not only avoids the disadvantages present in previously used models
      with respect to blood and body incompatibility due to a high potential
      stimulation electrode, but it also increases the efficiency because longer
      electrical connecting wires to the stimulating electrode are not needed.
      The cylindrical design also facilitates introduction into the blood
      stream. Finally, good hydrodynamic design can prevent eddies from forming
      in the blood stream which could lead to coagulation.
PAR  By placing the biofuel cell in the blood stream power densities can be
      increased to about 200 to 500 .mu.W/cm.sup.2. As a result, an electrode
      area less than 1 cm.sup.2 is sufficient to generate the power required for
      the operation of the pacemaker. In this connection, it should also be
      noted that the cylindrical design of the biofuel cell used as the energy
      source for the pacemaker and its placement in the blood stream by itself
      provides considerable advantages over previously used arrangements even if
      the glucose electrode is not made larger than the stimulating electrode
      and connected to the latter. Even without these previously mentioned
      measures, the placement in the blood stream permits the heart pacemaker to
      be disposed close to the point of stimulus action increasing the
      efficiency because long leads are no longer required. Moreover, the
      operation procedure for implanting the pacemaker is simplified and
      facilitated because more possibilities of implantation in the body are
      made available when the biofuel cell is kept to a small size, which is the
      case when it is implanted in the blood stream. In addition, the operative
      and therapeutic risk is reduced since only small operative procedures are
      required, which in some cases may even be carried out under local
      anesthesia.
PAR  The biofuel cell of the present invention possesses rotational symmetry. It
      is preferably of a cylindrical design or that of an elliptical body of
      rotation. Using a cylinder 1 cm long and 3 mm in diameter will result in a
      generated surface of approximately 1 cm.sup.2 and thus will provide the
      required electrode area. A cylinder of this nature may easily be placed in
      the blood stream. Thus the cylinder may have the shape of a circular
      cylinder, i.e. its plan view may be circular, but it may also be
      elliptical or of another shape. Beyond this, the cylinder shell may be
      curved toward the center line of the cylinder near the end faces of the
      cylinder resulting in a roughly cigar shaped part, i.e. elliptical body of
      rotation. A design of this nature has as its advantage that it is
      hydrodynamically favorable.
PAR  With the biofuel cell in the form of a hollow cylinder, the electrodes can
      be coaxially arranged cylindrical shells with the outer cylinder used, at
      least in part, as the glucose electrode and the inner cylinder, at least
      in part, as the oxygen electrode. Such a hollow cylinder is inserted in a
      vein, i.e. in a blood vessel, such that the blood flows through it. In
      this way, the fuel mixture containing glucose and oxygen first reaches the
      oxygen electrode where the oxygen is converted selectively and completely.
      The glucose passes through the oxygen electrode and a membrane separating
      the oxygen electrode and glucose electrode and is converted at the glucose
      electrode. Shielding the glucose electrode by means of the oxygen
      electrode insures that no oxygen reaches the glucose electrode. This is
      important because there are at present no suitable electrode materials for
      oxidizing fuel selectively in the presence of oxygen (see U.S. Pat. No.
      3,861,397).
PAR  This hollow cylindrical embodiment which is disposed inside a vein has a
      particular advantage in that the biofuel cell can be firmly localized in
      the blood stream by fitting it to the diameter of the vein. When the
      biofuel cell is introduced to the vein, the latter is dilated and the
      tissue, i.e. the vessel wall, then encloses the biofuel cell firmly. This
      causes the biofuel cell to penetrate into the tissue, i.e. the hollow
      cylinder is surrounded in such a manner that the blood stream encounters
      no edges or corners which could lead to the formation of eddies. It is,
      however, further advantageous in this embodiment, as will be explained
      below, to design the ends of the biofuel cell or the faces of the cylinder
      so as to have a hydrodynamically favorable shape, such as by rounding them
      off.
PAR  It is also possible to design the biofuel cell in the form of a hollow
      cylinder so that both the inner and outer cylindrical shells are oxygen
      electrodes, with a glucose electrode between them. Such an embodiment
      would be placed in the blood stream such that blood flows around and
      through it. Still more favourable it is to have the biofuel cell in the
      shape of a hollow cylinder whose faces are closed off and which cylinder
      is favorably designed in the hydrodynamic sense, i.e. shaped to have a
      good flow profile by means of the faces of the hollow cylinder being
      closed off so as to form hemispheres or domes. With such a hollow
      cylinder, the electrodes of the biofuel cell will once again be designed
      as coaxially disposed cylindrical shells. In this design the outer shell
      will, at least in part, form the oxygen electrode and the inner shell, at
      least in part, the glucose electrode. The hollow cylinder is placed in the
      heart in such a manner that blood flows around it. Once again, the glucose
      will reach the glucose electrode from the fuel mixture, i.e. the blood,
      through the selective oxygen electrode.
PAR  This embodiment has as a further advantage the miniaturization not only of
      the biofuel cell, but of the entire pacemaker. In this embodiment, the
      stimulating electrode can be disposed at one end of the hollow cylinder
      and the electrical lead to the stimulating electrode inside the hollow
      cylinder. This results in the space savings and in the possibility of
      easily introducing the pacemaker into the heart. It is particularly
      advantageous if the stimulating electrode is placed at one end of the
      cylinder and the pulse generator inside the hollow cylinder. Through this
      design a compact, miniaturized pacemaker is obtained with the entire
      electronic system, including pulse generator and, if necessary, a voltage
      transformer housed inside a small energy source. The single compact unit
      can then be placed in the heart, in a single step. In conventional fashion
      a voltage doubler may be used instead of a voltage transformer where
      required. In the disclosed embodiment a means are attached to the other
      end of the hollow cylindrical unit, i.e. the end opposite the stimulating
      electrode, to permit easy removal of the pacemaker if necessary.
PAR  A miniaturized pacemaker of this nature has as its major advantages an
      extremely small operative risk and high degree of safety when implanting
      and, in addition, an extremely high efficiency. Furthermore, the
      arrangement of the stimulating electrode and counter-electrode close
      together, both forming part of the compact pacemaker, leads to further
      energy savings since the current travels only a short distance from the
      stimulating electrode to the counter-electrode. Furthermore, there is no
      major resistance within the electrical connecting wires. In contrast to
      conventional pacemakers which require a space of more than 100 cm.sup.3,
      the pacemaker of the type proposed by the present invention require only a
      volume on the order of 1 cm.sup.3. This is possible not only because the
      biofuel cell can be sufficiently miniaturized but also because the total
      electronic system can be miniaturized therewith.
PAR  The miniaturization of the biofuel cell necessitates the use of extremely
      thin, yet highly active and mechanically strong electrodes. Such
      electrodes cannot or can only inadequately be produced by conventional
      methods. However, the method described in U.S. patent application entitled
      "Method For The Manufacture Of An Electrode for Electro-Chemical Cells,"
      Ser. No. 545,404, filed Jan. 30, 1975 is suited for the manufacture of the
      type of electrodes needed. This method produces electrodes having a Raney
      noble metal catalyst layer located on a laminar, metallic support
      structure. The Raney noble metal catalyst layer is obtained by dissolving
      the inactive component out of a layer of a homogeneous alloy, consisting
      of at least one of the metals of the platinum group of the periodic table
      of elements, forming an active component, and at least one of the metal of
      the iron group of the periodic table of elements, as the inactive
      component located on the support structure. The alloy should contain at
      least 65 atom-percent of the inactive component. The starting point for
      use in the fuel cells of the pacemaker of the present invention can then
      be a rotationally symmetrical part of this type, in particular a hollow
      cylinder having a wall thickness of a few tenths of a millimeter.
PAR  With regard to the need for a voltage transmformer, it should be noted that
      stimulation threshold required to stimulate the myocardium ranges between
      0.5 and 3V. However, generally a voltage of 5 volts is used for
      stimulation. Biofuel cells supply a voltage of about 0.5 V so that, when
      they are used as the energy source for pacemakers, a voltage transformer
      is generally required unless several cells are connected in series, which
      requires corresponding additional space. However, where the stimulation
      threshold can reliably be lowered to under 0.5 V no voltage transformer is
      required. Such is possible through an optimization of the entire system
      and particularly, by making the stimulating electrode smaller.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross section through a first embodiment of the pacemaker of
      the present invention.
PAR  FIG. 2 is a cross section through a portion of a second embodiment of the
      pacemaker of the present invention.
PAR  FIG. 3 is a cross section of an embodiment of a biofuel cell for use in a
      heart pacemaker according to the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates schematically on an enlarged scale and in cross section
      a first embodiment of the pacemaker of the present invention. The
      pacemaker designated generally as 10 and which will preferably be disposed
      in the heart is designed with a shape which forms a good flow profile. In
      essence, the housing of the pacemaker 10 comprises a biofuel cell 11
      having diameter diamter and height approximately 6mm in the form of a
      hollow cylinder with plastic caps 12 and 13 closing the hollow cylinder.
      Materials used are blood compatible plastics, particularly epoxy resin and
      silicone resin. The shape of the plastic caps 12 and 13 is that of a dome,
      i.e. a hemisphere or spherical segment. A stimulating electrode 14 is
      mounted in the cap 12. The stimulating electrode is a platinum/iridium
      alloy containing 10 to 20% iridium by weight. The effective area of the
      stimulating electrode, i.e. the area projecting beyond the cap 12, is
      essentially in the form of a hemisphere. The hemisphere has a radius of
      approximately 1 mm resulting in an effective area for the stimulating
      electrode of approximately 6 mm.sup.2. Attached to the component 13 is a
      connection 15 to permit removing the pacemaker from the blood stream. The
      pacemaker 10 includes conventional electronics including a voltage
      transformer 16 and a pulse generator 17 both of which are housed inside
      the hollow cylinder. The biofuel cell 11 is made up of a number of
      elements. The largest portion of the inner cylindrical shell is in the
      form of a glucose electrode (anode) 18. The glucose electrode is made up
      of two layers. An outer Raney-platinum layer 19 is the active layer and is
      supported by an inner layer 20 of platinum/nickel alloy which is used both
      for support and for current take off. This anode is prepared using the
      above described method so that the nickel in a hollow cylinder consisting
      of a platinum/nickel alloy (atomic ratio Pt:Ni = 1:6) and having a wall
      thickness of a few tenths of a millimeter is dissolved out of the outer
      cyliner wall by chemical etching with an inorganic acid such as
      hydrochloric acid, sulfuric acid or nitric acid or an acid mixture, or by
      an electro-chemical activation such as a potentiodynamic or potentiostatic
      treatment, such that there will be a Raney-platinum layer (the outer
      cylinder wall) with a layer thickness of between 1 and 100 .mu.M on top of
      a layer comprising a platinum/nickel alloy (the inner cylinder wall of the
      hollow cylinder).
PAR  The outer cylinder wall, i.e. the Raney-platinum layer 19, is then covered
      by a hydrophilic membrane 21 for separating the two electrodes. The
      membrane 21 may comprise an ion exchange material but preferably will be a
      hydrogel. The arrangement comprising the glucose electrode 18 and membrane
      21 is fitted into a hollow cylinder comprising a silver/aluminum alloy
      (approximate silver content 20 percent by weight) and having a wall
      thickness of approximately 100 .mu.M. The aluminum is then dissolved out
      of this alloy using a potassium hydroxide solution so that a porous oxygen
      electrode 22 of Raney silver is obtained. The oxygen electrode 22 is then
      provided with a hydrophilic membrane 23. The membrane 23, permeable to
      glucose and oxygen, is used for keeping proteins away from the electrode
      surface. As mentioned above, suitable materials for the membranes are
      particularly hydrogels, i.e. polymers produced by means of hydrophilic
      crosslinking agents; the polymerization takes place in the presence of
      water and the polymers assume their final swell state during the
      polymerization. Such polymers are preferably prouced by the polymerization
      of glycolmethacrylate (methacrylic acid-2-hydroxy ethyl ester) as a
      monomer with water soluble tetraethyleneglycoldimethacrylate as a
      crosslinking agent in the presence of more than 45% water. Copolymers
      containing up to 3% by weight of methacrylic acid or methacrylic
      acid-2-dimethylaminoethylester may also be used.
PAR  The membrane 23 may be applied to the oxygen electrode, example, by
      immersing the oxygen electrode in a solution of hydrophilic polymer and
      subsequently drying it. If applicable, crosslinking process may follow to
      make the polymer insoluble. However, the membrane 23 may also be applied
      by first providing the oxygen electrode with a porous carrier material, in
      particular with a thin paper sleeve, and subsequently impregnating it with
      a solution containing the following ingredients: a monomer to form a
      polymer, a crosslinking agent and, if applicable, a polymerization
      catalyst.
PAR  The glucose electrode 18 or layer 20 is electrically connected with the
      stimulating electrode 14. The voltage transformer 16 is also connected to
      the layer 20 of the glucose electrode 18 and to the oxygen electrode 22. A
      connection exists between the voltage transformer and pulse generator 17
      with the pulse generator having a connection to the stimulation electrode
      14 and to a counter electrode 24. Counter electrode 24 is designed as a
      glucose electrode and is electrically insulated from the glucose electrode
      18. The electrodes have approximately the following areas: Oxygen
      electrode 1.1 cm.sup.2, glucose electrode 1 cm.sup.2 and counter electrode
      0.1 cm.sup.2. In operation, the oxygen electrode adjusts itself to a
      potential of approximately 640 mV each measured against an hydrogen
      electrode in the same electrolyte. As a result, the cell voltage is
      approximately 0.5 V. The potential of the stimulating electrode connected
      to the glucose electrode is approximately 145 mV, thereby being slightly
      more positive than the potential of the glucose electrode.
PAR  As is evident from FIG. 1, the stimulating and counter electrode inside the
      heart are closely adjacent. This saves electrical energy since the current
      must travel only a short distance from the stimulating electrode to the
      counter electrode. This aids even further in miniaturization.
PAR  As indicated above and shown on FIG. 1 the inner hollow cylinder of the
      biofuel cell 11 is divided into two sections with the larger section
      forming the glucose electrode 18 and the smaller one a counter-electrode
      24. Such a division into sections which function as separate electrodes is
      also advantageously made but a plurality of stimulating electrodes are
      provided for the pacemaker, each electrode having a separate energy
      supply. In such a case each stimulating electrode is then connected to a
      separate glucose electrode.
PAR  FIG. 2 illustrates, on an enlarged scale, a cross section through a portion
      of a second embodiment of the pacemaker according to the present
      invention. This embodiment is similarly to be disposed in the blood stream
      with blood flowing around it. A biofuel cell 32 is disposed in a recess 31
      of a plastic frame 30. This assembly can be produced by pushing the hollow
      cylindrical biofuel cell 32 onto a plastic hollow cylinder 33 whose outer
      cylindrical wall has an enlargement on one end and then pushing on a
      plastic hollow cylinder 34 of the same diameter as the biofuel cell 32.
      Hollow cylinder 33 is closed at the enlarged end by the stimulating
      electrode 35 such as to result in a hydrodynamically favorable profile for
      the completed assembly. The biofuel cell 32 is designed in the same manner
      as the biofuel cell of FIG. 1. On its outside it has a hydrophilic
      membrane 36 resting against the oxygen electrode (cathode) 37. Another
      hydrophilic membrane 38 separates the oxygen electrode from the active
      layer 39 of the glucose electrode 40. The second layer 41 of the glucose
      electrode 40 which is used as a support of the active layer and for
      taking-off current rests against the plastic hollow cylinder 33. An
      electrical lead 42 is connected to the anode 40 and an electrical lead 43
      to the cathode 37. An electrical lead from the pulse generator to the
      stimulating electrode 35 is designated as 44.
PAR  FIG. 3 illustrates, also on an enlarged scale, a schematic cross section
      through a hollow cylindrical biofuel cell which can be inserted into the
      blood stream such that blood flows through it. In essence, the biofuel
      cell 50 comprises two hollow cylinders 51 and 52. The outer hollow
      cylinder, i.e. cylinder 51 will hug the wall of the blood vessel closely
      after being implanted and is the glucose electrode. The inner hollow
      cylinder 52 is the oxygen electrode. The electrodes are separated from
      each other by a hydrophilic membrane 53. An electrical lead 54 is taken
      from the glucose electrode and is connected to the lead going to the
      stimulating electrode in accordance with the present invention. Prior to
      introduction into the blood vessel, the oxygen electrode is also covered
      by a hydrophilic membrane. In this embodiment of the biofuel cell both
      electrodes may be produced by the above described method. Generally,
      however, other electrode materials may be used such as activated charcoal
      for the cathode. The nonporous layer which supports the active layer and
      provides a curent take-off for the glucose electrode produced by the
      method described above is located between the porous active layer and the
      wall of the blood vessel. If such is not the case, it is advantageous to
      cover the porous glucose electrode of the biofuel cells intended for
      insertion into a blood vessel with a nonporous film to exclude access of
      oxygen to the glucose electrode by diffusion through the wall of the blood
      vessel from adjacent body tissue. Otherwise, chemical short circuits could
      occur at the glucose electrode due to the simultaneous reaction of fuel
      and oxidizing agent, i.e. glucose and oxygen. Films of body compatible
      plastics such as epoxy and silicone resin may be used as a nonporous film.
PAR  The selection of materials for the membranes must always be governed by the
      fact that the membranes must be bio-compatible, in particular blood
      compatible. In addition to the membranes already mentioned, membranes
      having a polyvinyl alcohol or polyvinyl alcohol/polyacrylic acid base may
      also be considered. It should be pointed out in closing, that the above
      described biofuel cell is also suitable as an energy supply for other
      implanted electrical apparatus in addition to its application in
      pacemakers. In addition, it may also be used as a glucose sensor.
PAR  Thus, an improved heart pacemaker with better miniaturization and which
      provides improved stimulation has been shown. Although specific
      embodiments have been illustrated and described, it will be obvious to
      those skilled in the art that various modifications may be made without
      departing from the spirit of the invention which is intended to be limited
      solely by the appended claims.
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STM  What is claimed is:
NUM  1.
PAR  1. In a heart pacemaker which includes a stimulating electrode and counter
      electrode, a pulse generator and an implantable glucose-oxygen biofuel
      cell as the energy supply, the improvement comprising a glucose electrode
      in the biofuel cell which has an area larger than that of the stimulating
      electrode and wherein the stimulating electrode is electrically connected
      to the glucose electrode so as to be at essentially the same potential as
      the glucose electrode.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the counter electrode is designed
      as a glucose electrode.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein a plurality of identical
      stimulating electrodes are used and wherein a separate biofuel cell is
      provided as the energy supply for each of the stimulating electrodes.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said biofuel cell is to be
      disposed in the blood stream and wherein the electrodes of said biofuel
      cell are in the shape of a cylindrical shell with the oxygen electrode
      arranged so that it will be flooded by blood.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said biofuel cell is shaped as a
      hollow cylinder, the electrodes of said biofuel cell being coaxially
      disposed cylindrical shells, the outer cylindrical shell being, at least
      in part, a glucose electrode and the inner cylindrical shell, at least in
      part, an oxygen electrode and wherein said hollow cylinder is arranged to
      be inserted into a blood vessel so that blood can flow through it.
NUM  6.
PAR  6. Apparatus according to claim 4, wherein said biofuel cells is in the
      shape of a hollow cylinder with means closing the end faces of said hollow
      cylinder, said means comprising means shaped to have a hydrodynamically
      favorable effect, the electrodes of the biofuel cell being cylindrical
      shells coaxially disposed with the outer cylindrical shell forming, at
      least in part, an oxygen electrode and the inner cylindrical shell, at
      least in part, a glucose electrode such that said hollow cylinder can be
      disposed in the heart in such a manner that blood can flow around it.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein the stimulating electrode is
      disposed at one end of said hollow cylinder with the electric lead to the
      stimulating electrode disposed inside said hollow cylinder.
NUM  8.
PAR  8. Apparatus according to claim 6, wherein said stimulating electrode is
      disposed at one end of said hollow cylinder with the pulse generator of
      said pacemaker inside said hollow cylinder.
NUM  9.
PAR  9. Apparatus according to claim 8 and further including a voltage
      transformer inside said hollow cylinder.
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ABST
PAL  A method for artificially inducing urination, defecation, or sexual
      excitation in human beings or animals. By way of a suitable generator,
      supplied with power either from a battery or from a wall outlet,
      electrical pulses are created with a given voltage, frequency, and
      duration. These electrical pulses are applied at least to the region of
      the crotch and preferably both to the region of the crotch and to the
      sacral area beside the spine. For penile or clitoral erection the voltage
      does not exceed 20 V, while the frequency of the pulses can be 100-200
      cycles per second, and the duration of each pulse may be on the order of
      200 microseconds, with the generator generating a square wave. During
      operation it is possible to reduce the initial voltage from a range of 20
      V. to a range of 10 V. which is adequate to maintain an erection once
      achieved.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to methods for promoting urination,
      defecation or sexual excitation in humans or animals.
PAR  As is well known, participants in sexual intercourse may encounter
      difficulties either in achieving an erection or in maintaining an erection
      once achieved.
PAR  While many attempts have already been made to solve this problem, up to the
      present time a satisfactory solution has not been found. Thus, proposals
      have already been made according to which mechanical and electrical
      structures have been used, or surgical procedures have been resorted to,
      and in addition attempts have been made to introduce into the body, either
      orally or parenterally, certain substances which are intended to alleviate
      the problem. However, none of these previous attempts have proved to be
      desirable or satisfactory in most cases.
PAR  Also, it is known that problems are frequently encountered in connection
      with urination and defecation. For example, paraplegics often require
      treatment in order to be able to carry out urination, and quite often
      extremely severe procedures are resorted to such as surgical procedures
      and implanting of artifical bodies with resultant infection which is
      almost impossible to avoid unless massive doses of antibiotics are
      consumed over a long period of time.
PAR  In connection with geriatrics, one of the problems most frequently
      encountered with aging individuals is constipation. Up to the present time
      no truly satisfactory solution to this problem has been achieved.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly it is a primary object of the present invention to provide a
      method capable of solving the above problems.
PAR  In particular, it is an object of the present invention to provide a method
      which can conveniently be used in order to achieve a desired erection
      which can be maintained for a considerable period of time without any
      particular inconvenience or pain.
PAR  It is also an object of the present invention to provide a method of the
      above type which can be used without interfering in any way with normal
      sexual intercourse.
PAR  Furthermore, it is an object of the present invention to provide a method
      of the above type which can be used for artifically inducing urination
      and/or defecation.
PAR  In particular, it is an object of the invention to provide a method capable
      of artificially inducing urination and/or defecation without requiring any
      systemic administration of drugs or other medication, with the problem of
      side effects resulting therefrom, and also without requiring any surgical
      procedures.
PAR  Also it is an object of the present invention to provide a method of the
      above type which will have absolutely no harmful side effects.
PAR  In addition, it is an object of the present invention to provide a method
      of the above type which is inexpensive.
PAR  In accordance with the invention electrical pulses are created and applied
      at least to the region of the crotch, although it is preferred to apply
      the electrical pulses simultaneously to the region of the crotch and
      sacral area beside the spinal column. The electrical pulses have a voltage
      which creates no feeling whatsoever or painful electrical shock, and the
      manner in which the electrical pulses are applied is such that there is no
      interference whatsoever with activities during sexual intercourse.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 shows one possible embodiment of a method according to the invention
      as applied to a human being indicated in phantom lines in FIG. 1 together
      with an optional strap for holding part of the device on the body, this
      strap also being indicated in phantom lines;
PAR  FIG. 2 shows another embodiment of a method according to the invention;
PAR  FIGS. 3 and 4 respectively illustrate further embodiments of devices
      according to the invention;
PAR  FIG. 5 shows yet another embodiment of a method according to the invention;
PAR  FIG. 6 illustrates a wave form generated with structure used in the method
      of the invention;
PAR  FIG. 7 is a wiring diagram of one possible electronic system for achieving
      the desired controls; and
PAR  FIG. 8 schematically illustrates the manner in which a generator as shown
      in FIG. 5 may be situated in the rectum.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, there is indicated therein a method according to
      the invention as applied to a human being. However it is to be understood
      that the method is very valuable for use with all mammals -- in connection
      with breeding with impotent male animals or female animals when they are
      not in heat, for example. The device 10 includes a generating means 12
      capable of generating electrical pulses. This generating means 12 houses
      its own power supply in the form of one or more batteries, and it is
      capable of generating electrical pulses having voltages which, for
      promoting penile or clitoral erection, are no greater than 20 volts at a
      frequency of 100-200 cycles per second, with each pulse having a duration
      on the order of 200 microseconds. The generating means 12 generates a
      substantially square wave form and will have an electrical circuit and
      electrical components well known in the art for creating pulses having the
      above characteristics. In the example illustrated in FIG. 1, the
      generating means 12 is situated at the back of the operator at the region
      of the coccyx, just above the buttocks and below the sacral area. If
      desired the generating means 12, which is situated in a suitable housing,
      can be releasably held in position by way of a strap 14 which is
      schematically indicated. In practice strap 14 may be an athletic supporter
      or a hernia belt type of support.
PAR  In the example illustrated in FIG. 1 conductors respectively extend from
      the generating means 12 and terminate in a pair of lower electrodes 16 and
      upper electrodes 18. The electrodes 16 and 18 may be held in position by
      the use of any suitable adhesive or by placing adhesive tape over these
      electrodes to hold them in contact with the exterior body surface.
      Electrode jelly (NaCl in a jelly base) may be placed between the
      electrodes and the skin, as known with electrocardiographic electrodes.
      The pair of electrodes 16 at the region of the crotch may be positive
      electrodes in which case the electrodes 18 will be negative electrodes
      while it is also possible to provide positive electrodes 18 and negative
      electrodes 16. The electrodes 18 are located at the sacral area on
      opposite sides of the spine 20 which is schematically indicated. Thus, as
      may be seen from FIG. 1, the electrodes 16 are situated at a region of the
      crotch which does not form part of an appendage. In other words the
      electrodes are not situated at the scrotum or penis in case of male
      animals.
PAR  It has been found by experimentation with dogs that it is possible to
      achieve an erection with a voltage on the order of 20 V, while the
      erection can be maintained for a period of more than 1 hour with the
      voltage reduced to the order of 10 V, after the initial voltage of 20 V.
      Thus, the generator means 12 can be provided with a timer which will
      automatically reduce the voltage after an initial period, during which a
      higher voltage is maintained, so that once the erection is achieved the
      lower voltage may be used for maintaining the erection. A given individual
      can by way of suitable potentiometers or the like adjust the generator
      means 12 to determine experimentally the particular voltage required for
      the particular individual initially in order to achieve the erection and
      subsequently in order to maintain the erection. Thus, a given individual
      may require a given voltage of a given frequency and duration in order to
      achieve the erection initially, and thereafter a different lower voltage
      with a different frequency or duration may be used to maintain the
      erection. These different operations will be different for different
      individuals depending upon physical and psychological characteristics.
PAR  As long as the voltage is no greater than 20 V, there is absolutely no
      painful sensation of shock. For example, during experimentation with dogs,
      the animals gave no indication of feeling any painful sensation at 10-15
      V.
PAR  Satisfactory results may also be achieved by providing electrodes only at
      the region of the crotch, which is of considerable advantage since in this
      way it becomes possible to render the device practically invisible.
PAR  FIG. 2 shows a device according to the invention where a generator means 22
      corresponds in all respects to the generator means 12 except that instead
      of a battery the generator means 22 has a conductive cord 24 provided with
      a plug 26 which may be inserted in a wall outlet so that in this way a
      source of power can readily be supplied. Otherwise the electrodes 16 and
      18 are identical with that of FIG. 1.
PAR  Referring to FIG. 3, the generator means 12 in this case is connected only
      with conductors connected electrically to electrodes 16 to be placed at
      the region of the crotch. With an arrangement as shown in FIG. 3 one of
      the electrodes 16 will be positive and the other negative.
PAR  Also, it has been found possible to achieve satisfactory results with an
      arrangement as shown in FIG. 4 where the generator means 12 is connected
      through suitable conductors with a single electrode 16 and a single
      electrode 18. In this case one of these electrodes will be positive and
      the other negative, and satisfactory results have been achieved
      irrespective of which electrode is positive and which is negative.
PAR  It is also possible to provide an arrangement as shown in FIG. 5 according
      to which the generator means 28 has an outer housing of the elongated
      substantially elliptical configuration shown in FIG. 5. The length and
      cross section of the generator means 28 of FIG. 5 are such that this
      generator means can conveniently be introduced into the rectum to be
      maintained therein completely out of sight. Such a location of the
      generator means 28 in the rectum is schematically illustrated in FIG. 8.
      Thus by using suitable electronic components any of the generator means
      described above will be of a relatively small size, and in the case of
      FIG. 5 the length of the generator means 28 may be no more than 1 or 2
      inches while the diameter of the thickest part of the generator means 28
      need be no greater than 1 inch. In this case it is possible for the
      generator means to be connected by way of suitable conductors to a pair of
      electrodes 16 to be placed at the region of the crotch, as schematically
      illustrated in FIG. 8. With such a construction the embodiment of FIG. 5
      would correspond to that of FIG. 3 according to which the pulses will be
      applied only to the region of the crotch. However, if desired a longer
      conductor can also be connected to the generator means 28 and electrically
      connected with additional electrodes 18 to be applied to the sacral area
      on opposite sides of the spine. Furthermore, it is possible with a
      generator having the configuration of the generator means 28 to utilize an
      arrangement as shown in FIG. 4 according to which one electrode will be
      located at the sacral area and the other at the region of the crotch. This
      latter arrangement also is illustrated in FIG. 8.
PAR  With any of the generator means of the invention it is preferred to
      generate initially electrical pulses at voltages on the order of 20 V
      which after a few minutes can be reduced to a voltage on the order of 10
      V. With both of these voltages it is preferred to provide a pulse
      frequency on the order of 100-200 cycles per second with the duration of
      each pulse being on the order of 200 microsecond. Also, the generator
      means of any of the above embodiments will generate a substantially square
      wave 30 as shown in FIG. 6. It has been found from experience and by
      actual experimentation that with the generation of such a square wave and
      with the electrical characteristics referred to above it is possible to
      achieve an erection in a highly reliable manner while maintaining the
      erection also in a highly reliable manner for periods even longer than 1
      hour.
PAR  As is pointed out above, with the method of the invention there is no
      sensation of painful electrical shock and there are no undesirable side
      effects. The device is very convenient to use. It can be rendered
      practically invisible so that there is no psychological deterrent to the
      activities in connection with sexual intercourse, and even in those
      embodiments where the device is situated entirely at the exterior of the
      body, it is located only at the rear where it will not in any way
      interfere with the sexual intercourse and normally will not be seen from
      the front.
PAR  One possible circuit of the electronic system to be incorporated into the
      generator 12, 22, or 28 is illustrated in FIG. 7. Thus, FIG. 7 shows one
      of the many possible circuits capable of providing the desired stimulating
      current. Stimulation commences when the circuit is energized by closure of
      switch 41. The circuit provides periodically repeating cycles of
      stimulation, each cycle consisting of two phases: the pulse phase and the
      recovery phase. During the pulse phase, a current path is provided from
      the battery 42, through the switch 41, through the human being or animal
      under stimulation via electrode connection wires 43, through coupling
      capacitor 44, and through PNP transistor 45, returning again to the
      battery 42. Current flow in the pulse conduction path is coincident with
      and caused by the forward biasing of the base-emitter junction of
      transistor 45. The recovery phase occurs when transistor 45 is not
      sufficiently forward biased to conduct. During the recovery phase, current
      flows from capacitor 44, through the human being or animal under
      stimulation via electrode wires 43, and through resistor 46 back to
      capacitor 44. This recovery phase current removes from capacitor 44 the
      charge deposited on it during the preceding pulse, thus allowing the
      stimulation to be repeated for an indefinite number of cycles.
PAR  Capacitor 44 and resistor 46 are provided to achieve zero average direct
      current flow through the human being or animal under stimulation, this
      being a condition which is sometimes found advantageous; it is understood,
      however, that if capacitor 44 is replaced by direct connection and
      resistor 46 is omitted, the resulting connection is still effective in
      achieving stimulation.
PAR  The phases of the stimulus cycle are regulated by an astable multivibrator
      which consists of NPN transistors 47 and 48, capacitors 49 and 50, load
      resistor 51, recovery phase control resistor 52, pulse duration control
      resistor 53, and the load impedance presented to transistor 48 by the
      combination of amplitude control potentiometer 54, amplitude decrement
      control resistor 55, and the drain source impedance of N-channel
      enhancement mode field effect transistor 56. Transistors 47 and 48 conduct
      alternately. Conduction of transistor 48 produces the pulse phase, the
      duration of which is principally determined by the time constant of
      resistor 53 and capacitor 50. Conduction of transistor 47 produces the
      recovery phase, the duration of which is principally determined by the
      time constant of resistor 52 and capacitor 49.
PAR  During conduction of transistor 48, the potential of conductor 59 is
      reduced from that of conductor 60 to a potential near that of conductor
      61. This causes a reduction of potential on conductor 62 which is directly
      proportioned to the setting of potentiometer 54. Due to the
      emitter-follower action of transistor 45, the output voltage between the
      electrodes during the pulse phase is nearly equal to the potential
      reduction on conductor 62. Thus potentiometer 54 controls the magnitude of
      stimulation.
PAR  Furthermore, the insertion of any additional resistance between conductors
      62 and 59 must produce a decrease in the amplitude of stimulation.
      Resistor 55, transistor 56, resistor 57, and capacitor 58 form an
      automatic means for producing such a decrease a predetermined period of
      time after the start of stimulation. Immediately after switch 41 is
      closed, the potential of conductor 63 is that of conductor 60, as the
      initial charge on capacitor 58 is zero. Current flowing through resistor
      57, however, places charge on capacitor 58, reducing the potential on
      conductor 63 exponentially toward that of conductor 61. As long as the
      potential difference between conductor 63 and conductor 59 during the
      pulse phase remains higher than the turn on potential of transistor 56,
      resistor 55 will be effectively short circuited during the pulse. Once the
      potential of conductor 63 has dropped to the point where transistor 56 no
      longer turns on during the pulse phase, the presence of resistor 55 will
      cause the desired decrease in the amplitude of stimulation. Capacitor 58
      and resistor 57 are chosen to provide the desired delay, while resistor 55
      is chosen to provide the desired proportion by which the amplitude of
      stimulation will decrease.
PAR  Thus, as is schematically indicated in FIGS. 2 and 5, the housings of the
      generators may have accessible at their exteriors suitable control knobs
      or the like for adjusting the potentiometers 54 and 57. In the case of
      FIG. 5, the control knobs are in the form of rotary discs which are flush
      with the exterior surface of the housing so that the unit shown in FIG. 5
      can be introduced into the rectum without any discomfort.
PAR  As has been indicated above, the method of the invention is also useful in
      connection with artificially inducing urination and/or defecation. Exactly
      the same structure is used in exactly the manner described above for these
      purposes. The only difference is that the voltage level is higher than 20
      V. Thus it has been found that in a range of over 20 V, it is possible to
      induce, in a fully artificial manner, urination as well as defecation.
      While the voltage level is higher than indicated above in connection with
      penile or clitoral erection, nevertheless the amperage is so low that no
      unpleasant pain is encountered. Thus, in connection with urination and
      defecation the invention is useful also with female as well as male
      mammals. It has been found, most surprisingly, that with the method and
      device of the invention as described above, utilizing the higher voltage
      level, a true urination reflex is produced in a fully artificial manner.
      This result is of great significance since the artifically induced true
      urination reflex is achieved without any cutting taking place at the body
      and without the introduction of any artificial components into the body as
      well as without any systemic administration of drugs or other medications.
PAR  In experiments which have been carried out with dogs, after the animal had
      emptied its bladder, it was possible to achieve with the method of the
      invention as described above, but with the higher voltage level, a
      reaction in a male dog where he lifted his leg and went through the
      urination action. This result was achieved even when the animal was in an
      uncomfortable position. For example while a dog was maintained lying down,
      a completely unnatural posture for urination, with the method and device
      of the invention it was possible to induce artificially a urination which
      the dog carried out while lying down.
PAR  Also, with the above method, at the voltage level of above 20 V, defecation
      was artificially induced. The defecation was brought about artificially
      with the same procedures as those used in connection with artificial
      inducing of urination, and in fact simultaneous urination and defecation
      is not at all undesired. Thus, it has been found that in a range of over
      20 V, for example between 25 and 30 V, the method of the invention was
      effective in inducing artificial urination and defecation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of artificially inducing one of a plurality of body
      functions, namely urination, defecation and sexual excitement, comprising
      the steps of applying at least to a region of the crotch which does not
      form part of an appendage electrical pulses which have for said one body
      function a given voltage, frequency and duration.
NUM  2.
PAR  2. In a method as recited in claim 1 for promoting penile or clitoral
      erection and wherein the voltage is no greater than 20 volts while the
      frequency is at a range of 100-200 cycles per second, and the duration of
      each pulse is on the order of 200 microsecond.
NUM  3.
PAR  3. In a method as recited in claim 2 and including the step of initially
      providing a voltage on the order of 20 volts until an erection is achieved
      and then reducing the voltage to the order of 10 volts for maintaining the
      erection.
NUM  4.
PAR  4. In a method as recited in claim 1 and wherein the electrical pulses have
      a substantially square wave form.
NUM  5.
PAR  5. In a method as recited in claim 1 and including the step of placing a
      pair of electrodes in engagement with said crotch region with said
      electrodes respectively being positive and negative electrodes.
NUM  6.
PAR  6. In a method as recited in claim 1 and including the step of applying the
      pulses simultaneously at the crotch region and at the sacral area on one
      side of the spine.
NUM  7.
PAR  7. In a method as recited in claim 6 and including the step of applying the
      pulses by way of positive and negative electrodes while situating one of
      said electrodes at the crotch region and the other at the sacral area.
NUM  8.
PAR  8. In a method as recited in claim 6 and including the step of applying the
      pulses by way of a pair of electrodes while situating the latter
      electrodes at the crotch region and also applying the pulses by way of a
      second pair of electrodes while situating said second pair of electrodes
      at the sacral area on opposite sides of the spine, one of the pairs of
      electrodes being positive and the other pair being negative.
NUM  9.
PAR  9. In a method as recited in claim 8 and including the step of situating
      the positive electrodes at the crotch region and the negative electrodes
      at the sacral area.
NUM  10.
PAR  10. In a method as recited in claim 8 and including the step of situating
      the positive electrodes at the sacral area and the negative electrodes at
      the crotch region.
NUM  11.
PAR  11. In a method as recited in claim 1 and including the step of situating
      at the back a generator unit from which the pulses are derived.
NUM  12.
PAR  12. In a method as recited in claim 11 and including the step of strapping
      the generator unit onto the back.
NUM  13.
PAR  13. In a method as recited in claim 11 and including the step of connecting
      the generator unit to a source of electricity and converting the source
      into the pulses by way of said generator unit.
NUM  14.
PAR  14. In a method as recited in claim 11 and including the step of inserting
      the generator unit into the rectum.
NUM  15.
PAR  15. In a method as recited in claim 1, for artificially inducing one of the
      body functions namely urination and defecation, and wherein the voltage is
      greater than 20 volts while the frequency is at a range of 100-200 cycles
      per second and the duration of each pulse is on the order of 200
      microsecond.
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ABST
PAL  An electro-therapeutic apparatus for stimulation of the locomotive nerves
      enables activation of both legs in a locomotive cycle by means of pressure
      impulses originating from a pressure-sensitive medium provided underneath
      the ball of one of the feet. A pressure-cell which is closed by a bimorph
      plate of piezoelectric material is used as the switching element for
      converting pressure impulses into electric pulses.
BSUM
PAR  The invention relates to an electro-therapeutic apparatus for the
      stimulation of locomotive organisms whose natural impulses function
      inadequately. Such an apparatus has a switching element, a stimulator and
      a pressure-sensitive mechanism to be provided underneath the ball of a
      foot.
PAR  An apparatus of this kind is known from applicants' copending U.S. patent
      application Ser. No. 115,786 filed Feb. 16, 1971 how U.S. Pat. No.
      3,881,496. In an apparatus described therein a single stimulator is
      activated from a pressure-sensitive mechanism. For diplegia patients this
      apparatus has the drawback that two separate apparatuses have to be
      carried. Each of these two apparatuses requires an amount of energy which
      is to be supplied by portable energy sources. Moreover, it is necessary
      that the operation of both apparatuses is substantially identical as
      otherwise the regularity in the locomotive pattern is disturbed.
      Consequently, it is desirable to realize an apparatus by means of which a
      stimulator can be activated for each leg from a single pressure-sensitive
      mechanism, and which combines low energy consumption with a high degree of
      reliability in prolonged regular operation. The object of the invention is
      to meet these requirements and to this end an electro-therapeutical
      apparatus of the kind set forth is characterized in that stimulatory
      electrodes for both legs can be periodically activated by means of
      impulses originating from a pressure-sensitive mechanism underneath one of
      the feet.
PAR  A single electro-therapeutic apparatus according to the invention also
      suffices for diplegia patients, the apparatus, obviously, comprising at
      least two stimulatory electrodes. Hemiplegia patients can carry the
      pressure-sensitive mechanism underneath the healthy leg so that a normal
      locomotive pattern is better approximated during walking. The regularity
      in the locomotive pattern is then co-determined to a large extent by an
      electronic control circuit. To this end, this circuit must be accurately
      adjustable and must have a stable operation during a prolonged period. It
      is necessary that the pressure-sensitive mechanism as well as the
      switching element have a high degree of reliability and sensitivity. To
      this end, the pressure-sensitive mechanism in a preferred embodiment
      according to the invention comprises an elastic material provided with
      open ducts, which is connected to the switching element by means of a hose
      extending therefrom. The switching element is preferably activated by
      locally occurring pressure gradients and is, for example, insensitive to
      the nominal value of the gas pressure in the pressure-sensitive mechanism.
      To this end, the switching element may be provided, for example, with a
      material having piezo-electric properties so that pressure impulses
      generated in the pressure-sensitive mechanism are directly converted into
      electric voltage pulses for controlling and activating stimulator
      circuits.
PAR  When a patient does not wish to walk, it is annoying that the stimulations
      continue. In a preferred embodiment the necessity of having to switch the
      apparatus continuously on and off is eliminated by providing the apparatus
      with an electronic circuit such that the apparatus ceases stimulation, for
      example, 2 seconds after a last pressure impulse, and becomes active again
      only after a next pressure impulse has been administered.
PAR  In order to save energy, it is advantageous to stimulate not the ambulatory
      muscles themselves, but rather the nerves activating the ambulatory
      muscles. As a result, a smaller energy suffices so that the patients are
      also less liable to suffer from pain.
DRWD
PAR  In order that the invention may be readily carried into effect, some
      embodiments thereof will now be described in detail, by way of example,
      with reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 shows a shoe provided with a pressure-sensitive medium in the form
      of an insert sole,
PAR  FIG. 2 shows a loose insert sole as used in the shoe shown in FIG. 1,
PAR  FIG. 3 shows a pressure-sensitive mechanism in which the switching element
      contains a plate of piezo-electric material,
PAR  FIG. 4 shows an electronic circuit for controlling two stimulators in which
      a piezoelectric switch is used,
PAR  FIG. 5 shows an electrode for stimulation of ambulatory nerves via the
      skin.
PAR  FIG. 6 is a perspective view showing another type of pressure sensitive
      mechanism.
DETD
PAR  Provided in a shoe 1 at the area of the ball of the foot is a
      pressure-sensitive medium 2 which is preferably enclosed in a loose inert
      sole 3. The pressure-sensitive medium consists of a spongy material having
      open ducts, but may also be formed by, for example, a coiled hose which is
      closed in the centre of the coil or is folded at that area as shown in
      FIG. 6. The insert sole 3 which is separately shown in FIG. 2 consists of
      a lower cover layer 4 and an upper cover layer 5. The upper cover layer
      preferably consists of two portions which are separated at a separating
      line 6, so that the insert sole can be adapted to the shoe size by
      displacement of a rear portion 7. The cover layers have a tough
      flexibility such that motions of the foot outside the locomotive pattern
      exert no effect on the pressure-sensitive medium whilst locomotive
      motions, i.e. the weight of the body bearing on the sole, compress the
      pressure-sensitive medium with a very high degree of reliability. As is
      shown in FIG. 3, the pressure-sensitive medium is connected to a switching
      element 10 by means of a hose 8. As a result, variations in the volume of
      the pressure-sensitive medium are converted into pressure impulses which
      are applied to the switching element. If a coiled hose is used as the
      pressure-sensitive medium, the connecting hose 8 may be formed by a
      portion of this hose, and in the case of a folded hose, the connecting
      hose may also be a double hose.
PAR  In a preferred embodiment of a switching element as shown in FIG. 3, the
      connecting hose 8 is closed at an end remote from the pressure-sensitive
      medium by a pressure cell 11. The pressure cell 11 is formed by a wall
      portion 12 which can be connected to the hose 8 and which has an aperture
      13, and a box-shaped wall portion 14 having an aperture 15. The aperture
      15 is closed by a plate of piezoelectric material 16. Connected to the
      piezoelectric plate 16 is an electrically conducting wire 17, whilst an
      electrically conducting wire 18 is connected to an electrically conducting
      cell wall 14. Via these electric conductors electric pulses, generated by
      pressure impulses exerted on the piezoelectric plate, can be applied as
      control pulses to a control circuit for a stimulator.
PAR  FIG. 4 shows a block diagram of a preferred circuit for control and
      activation of two stimulators from a single pressure-sensitive medium. In
      this circuit electric pulses originating from a piezoelectrical switching
      element 19 are applied to a first control unit 20 which produces pulses to
      stimulate electrode 27 and for producing a switching pulse to a second
      control unit 28. The voltage of a supply battery 21, for example,
      consisting of a 22.5 volts battery, is then available to a low-frequency
      multivibrator 23, to a high-voltage switch 24 and, via a diode 25, to a
      high-voltage generator 26, so that a first leg electrode 27 starts to
      supply stimulatory pulses. After disappearance of the electric pulse of
      the piezoelectric switching element 19, or because the leg under which the
      pressure-sensitive medium is situated is lifted, or after an
      electronically controllable switching time of, for example, 2 seconds, a
      switching pulse is applied from the control unit 20 to a control unit 28
      to produce pulses for stimulatory electrode 32. The battery voltage then
      becomes available to a second low-frequency multivibrator 29, to a second
      high-voltage switch 30 and, via a diode 31, to the high voltage-generator
      26 so that a second leg electrode 32 starts to supply stimulatory pulses.
      The diodes 25, 31 and 33 prevent destruction of the equipment in the case
      of incorrect connection of the supply battery 21, the diodes 25 and 31
      also serving as control gates. In the rest state, the described circuit
      consumes a very small current of, for example, a few microamperes. The leg
      electrodes 27 and 32 supply, for example, voltage pulses which can be
      controlled from 0 to 100 volts with a repetition frequency of 50 Hz and a
      pulse duration of approximately 400 microseconds, the maximum output
      current being approximately 6 mA.
PAR  FIG. 5 is a cross-sectional view of a preferred embodiment of a leg
      electrode. Shown is a central electrode 35 which makes electrical contact
      with the skin, for example, via a moisture-holding sponge 36 drenched in
      water or electrode paste. A second electrode 37 is made of an electrically
      conducting gauze 39 having an area of, for example, approximately 15
      cm.sup.2 and being embedded in elastic material 38 about the central
      electrode 35. At the side facing the skin the elastic material 38 consists
      of conducting material, for example, a conducting rubber material 40. This
      construction of the electrode produces a favourable electrical contact
      with the skin over a comparatively large area (15 cm.sup.2), so that
      favourable nerve activation can be accompanied by a minimum of irritation
      to the patient. An insulating bush 41 having flanges 42 and 43 provides
      proper insulation between the central electrode 35 and the second
      electrode 37. The electrical supply leads 44 and 45, also embedded in the
      rubber material, provide the supply of the stimulatory pulses and are
      preferably connected to the switching element by means of an asymmetrical
      plug.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electro-therapeutic apparatus for the stimulation of locomotive
      organisms which normally function inadequately comprising a
      pressure-sensitive mechanism located underneath the ball of a foot of one
      of the legs of the patient for producing periodic pressure pulses, a
      switching element connected with said mechanism being activated by said
      pressure pulses from said mechanism for producing electric pulses,
      stimulator means connected to said switching element having a stimulatory
      electrode carried on each leg of the patient each being periodically
      activated by said electric pulses in response to said pressure pulses
      originating from said pressure sensitive mechanism, said electrodes
      comprising a central electrode element, a second electrode surrounding
      said central electrode, insulating means provided between said central and
      second electrodes, said second electrode being made of an electrically
      conducting gauze, and an electrically conducting rubber element for
      providing contact between said second electrode and the skin of the
      patient.
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ABST
PAL  A machine for dispensing coinage change including a conveyor in the form of
      a belt or plate and including rows of coin receiving apertures or recesses
      with a mechanism to advance the conveyor means forward in response to a
      manually operated coin actuated drive mechanism, with the conveyor being
      advanced beneath a plurality of supply tubes adapted for alignment with
      corresponding rows of apertures or recesses in the conveyor and extending
      in the direction of motion of the conveyor. Coinage change is collected
      from an advanced supply tube only after a supply tube trailing the
      advanced tube in a particular row of tubes fails to deliver a coin. The
      conveyor feeding a transfer chute through which coinage change collected
      by the conveyor gravitates for collection by the operator of the machine.
      The conveyor is held against forward movement if any one of the rows of
      apertures or recesses in the conveyor reaches the transfer chute without a
      coin in the aperture or recess at the point of discharge into the supply
      chute.
BSUM
PAR  This invention relates to a machine for dispensing coinage change, which
      machine is of the type where upon insertion of a coin of a predetermined
      value a pluralilty of coins of lesser value, but preferably collectively
      equivalent to the value of the coin inserted, will be dispensed.
PAR  Machines of this type are commonly used at locations where change may be
      required to operate adjacent machines, but where facilities and personnel
      for providing change are not, or at certain times are not, available.
PAR  Machines to automatically dispense coinage change have been developed, and
      such machines have utilized an oscillating plate adapted to be moved back
      and forth, in response to a coin actuated drive mechanism, beneath a
      plurality of delivery tubes spaced apart across the plate. Coins gravitate
      from the delivery tubes into recesses in a holding plate beneath which the
      oscillating plate moves. When like recesses in the oscillating plate align
      with the recesses in the holding plate they collect the coins from the
      holding plate and deliver the coins to a delivery chute from which the
      user of the machine can collect the change.
PAR  As an example, it may be required to dispense four 5 cent pieces as change
      for a 20 cent piece. The user of the machine delivers the 20 cent piece to
      the machine. The 20 cent piece passes through a rejection section of the
      machine, which section is designed to reject coin shaped articles which
      are delivered to the machine which do not exhibit the necessary size,
      weight and in some cases material, characteristics for which coinage the
      machine is adapted to receive. Upon a coin being received as legitimate
      coinage, the oscillating plate is actuated and moves forward to collect
      and deliver coinage change, which has previously gravitated into the
      recesses in the holding plate. In the example given when four 5 cent
      pieces are to be delivered as change for a 20 cent piece, four coin
      delivery tubes are provided spaced apart across the direction of motion of
      the oscillating plate, and each tube supports a column of 5 cent pieces.
      The tubes will therefore deliver four 5 cent pieces to the oscillating
      plate, via the holding plate, each time the oscillating plate is advanced
      for simultaneous dispensing to a collection chute.
PAR  The major disadvantage with such machines known to date has been associated
      with the frequency of replenishment of the delivery tubes with change
      coinage. In order to reduce the frequency of replenishment the delivery
      tubes have had to be made relatively long to carry a convenient supply of
      coinage, thus resulting in an increase in the size, particularly height,
      of the machine.
PAR  It is therefore an object of the present invention to provide a machine for
      dispensing coinage change which maintains a relatively convenient amount
      of coinage change available for dispensing without the necessity for
      relatively long delivery tubes.
PAR  The invention therefore envisages a machine for dispensing coinage change,
      including means to receive a coin for which change is required, means
      operative in response to the receipt of said coin to advance a conveyor
      means beneath a plurality of change coinage supply tubes and means adapted
      to receive and deliver change from said conveyor means, wherein there is
      at least one row of supply tubes extending in the direction of motion of
      said conveyor means, each row containing a plurality of said supply tubes,
      said conveyor means being adapted to collect coinage from an advanced
      supply tube only after a supply tube trailing said advanced tube, in a
      particular row of tubes, fails to deliver a coin for collection by said
      conveyor means.
PAR  Preferably there are a plurality of rows of supply tubes spaced apart
      transversely of the direction of motion of said conveyor means.
PAR  Preferably according to one embodiment of the invention said conveyor means
      is a conveyor belt or chain including a plurality of rows of pockets, or
      like recesses, spaced apart across said belt or chain, with the upper edge
      of each said pocket, or like recess, lying in a plane closely adjacent the
      bottom of said supply tubes, whereby the presence of a coin in said
      pocket, or like recess, will preclude the delivery of a coin from an
      associated supply tube.
PAR  In an alternative embodiment the conveyor means may be a rotatable plate
      member including a plurality of pockets, or like recesses, extending
      through said plate member and in one, or more, rows around the axis of
      rotation of said plate member, each row being at a predetermined radius
      from the axis of rotation, with the upper edge of each pocket, or like
      recess, lying in a plane closely adjacent the bottom of a corresponding
      arrangement of supply tubes, whereby the presence of a coin in said
      pocket, or like recess, will preclude the delivery of a coin from an
      associated supply tube, and a fixed retaining plate member parallel to and
      in sliding engagement with said rotatable plate member for retaining said
      coins in said pockets, or like recesses, and including a cut-away section
      to allow said coins to be removed from said pockets, or like recesses,
      upon them being aligned with said cut-away portion.
PAR  By providing rows of supply tubes, the height of the tube can be reduced
      whilst the capacity of a single relatively large supply tube is retained,
      without resulting in an inconveniently large overall height for the
      machine.
PAR  The provision of pockets, or like recesses, on the conveyor means closely
      adjacent the bottom of the tubes allows all coinage to be dispensed from
      an immediately adjacent trailing tube before a tube in advance of it is
      met by a vacant pocket or recess into which it can commence to deliver
      coinage.
PAR  A vacant pocket or recess may still be produced even if the trailing tube
      is not empty should per chance a coin stick or jam within the supply tube
      and be prevented from being deposited in the recess or pocket on the
      conveyor means.
PAR  Preferably in the case of a conveyor belt or chain, the pockets or recesses
      are provided by a plurality of ridges extending transversely of the belt
      and spaced apart along the belt beneath the delivery tubes. The width of
      the ridges determines the size of the recess provided between each ridge
      and thus the size of the coin which the particular row of recesses is
      adapted to receive. In machines where the change is to be dispensed in
      coinage of varying denominations the size of the recess provided by the
      ridges in selected rows is adapted to match the coinage to be supplied by
      the supply tubes in that row.
PAR  In the case of a rotating circular disc, the pockets or recesses in one
      particular circumferential row are of such a size as to accomodate the
      particular coinage for that row, and the larger coinage pockets will
      normally be provided in the radially outermost row.
PAR  Preferably the means adapted to advance the conveyor means in response to
      the receipt of a coin delivered to the machine is a drive shaft adapted
      for operation from outside the machine to advance the conveyor means
      through one advanced step or predetermined distance, via a drive
      mechanism, which mechanism is freed to operate by a locking mechanism
      adapted to unlock upon receipt of a coin delivered to the machine, but
      adapted to lock said drive mechanism after siad predetermined distance has
      been advanced by said conveyor means.
PAR  Another problem associated with known machines, is the provision of a
      convenient, uncomplicated mechanism for indicating that no change is
      available in the machine, and to prevent coinage for which change would be
      required from being delivered into the machine.
PAR  It is therefore a further preferred, but not essential, aspect of the
      present invention to include a mechanism for readily sensing that no
      change is available in the machine for dispensing, and to prevent the user
      from inserting coinage in the machine whilst change is not available.
PAR  Therefore preferably the inventive machine also includes a stop rod biased
      towards a position against the coins in a particular row on the conveyor
      means just prior to the point of delivery from said conveyor means,
      whereby upon an empty pocket or recess passing beneath said stop rod the
      rod will move through an aperture in said pocket, or recess, under the
      action of its biasing means to, by means of an associate linkage system,
      close a coin entry aperture to the machine.
PAR  Preferably the stop rods are biased toward the conveyor means by virtue of
      their own weight and additional weight members. Alternatively the push
      rods may be spring biased.
PAR  Preferably at the base of each recess a passage is provided extending
      partially, or completely, through the conveyor means into which aperture
      the push rod moves to jam the conveyor means against any further advance
      motion.
PAR  When such "no change" provision is made it is necessary that at least one
      line of coinage change across the direction of motion of the conveyor
      means be provided between the supply tube and the point of discharge from
      the conveyor means to allow for the no change mechanism to anticipate the
      absence of change in the pocket at the discharge point of the conveyor
      means.
DRWD
PAR  Two preferred forms of the invention will now be described with reference
      to the accompanying drawings in which:
PAR  FIG. 1 is a general perspective view of one preferred form of machine
      according to the present invention,
PAR  FIG. 2 is a plan view of the machine of FIG. 1 with the top removed to show
      the mechanism inside,
PAR  FIG. 3 is a side elevational view taken along line 3--3 of FIG. 2,
PAR  FIG. 4 is an end elevational view taken along line 4--4 of FIG. 2,
PAR  FIG. 5 is a side elevational view of part of the mechanism of FIG. 2, taken
      along line 5--5 of FIG. 2,
PAR  FIG. 6 is a view of portion of the conveyor belt used in the mechanism of
      the machine of the embodiments of FIGS. 1 to 5 as viewed in the direction
      of arrow 6--6 of FIG. 3, and
PAR  FIG. 7 is a plan sectional view of an alternative for section of the
      mechanism of the embodiments of FIGS. 1 to 6.
DETD
PAR  In the first embodiment of the invention as illustrated in FIGS. 1 to 6,
      and in particular in FIG. 1, the machine comprises a housing generally
      indicated as 10 including an inner frame 10a for supporting various parts
      of the mechanism within the housing, a lower section 11, and an upper
      removable section 12, to allow access to the mechanism within the housing
      and including provision (not shown) for locking the upper section in
      position to prevent unauthorized access to the interior of the housing.
PAR  An operating knob 13 extends through one side wall of the housing 10 for
      actuation by a user of the machine, whilst the upper section of the front
      wall of a housing includes a coin receiving slot 13, a reject button 15 to
      allow a coin rejected by the machine to be returned to the user through a
      coin return slot 16 and against a retaining bar 17. Various types of
      mechanisms for receiving coinage for passing on to allow subsequent
      operation of dispensing type machines, or for rejecting and returning
      non-legitimate or damaged coinage, are well known in the art and thus such
      a form of mechanism with which slot 14, reject button 15 and return slot
      16 cooperate will not be described in detail.
PAR  The front wall also includes a collection chute 18 for which coinage change
      is dispensed by the machine for collection by the user and a drawer 19
      having a lock 20 into which coins delivered and accepted by the machine
      accumulate for subsequent collection by the servicing authority.
PAR  The machanism within the housing 10 according to this embodiment includes a
      coin receiving and rejection section generally indicated as 21, adapted to
      cooperate with a drive mechanism, generally indicated as 22, for an
      endless conveyor belt 23 driven about pulleys 24 and 25 at either end of
      the machine. As stated above the coin receiving and rejection section 21
      will not be described in detail as such devices are well known, but
      basically include provision for rejecting coins, or an allege substitute
      for a coin, which are overweight without delivering the coin to a position
      allowing actuation of the mechanism of the machine. On the other hand if a
      light coin, or an allege substitute for a coin, is inserted, it will also
      be rejected and not allow actuation of the mechanism for the machine. Any
      coin of a correct weight and size will be delivered to the drive mechanism
      22 enabling the drive motion to be transmitted through to the conveyor
      belt 23 in a manner to be later described. Some parts of coin receiving
      and rejection devices also include facility for sensing the delivery of
      metal disc substitute for coins and rejecting such a substitute, for
      example, a magnet for intercepting substitutes in the form of discs of
      magnetic material.
PAR  Once a coin has been accepted by the coin receiving and rejection section
      21 as legitimate or undamaged coinage, it will be passed to supply chute
      26 (see FIGS. 2 and 5) down which it will roll into a coin receiving
      cavity 27 forming part of a locking section 28 of the drive mechanism 22.
PAR  The locking section 28 includes a pair of spaced discs 29 and 30 attached
      to a spacer member 31 which in turn is fixed to a drive shaft 32. The
      drive shaft 32 extends outwardly through the side wall of the housing 10
      via an overload clutch mechanism 33 to where the operating knob 13 is
      fixedly attached thereto. The overload clutch mechanism 33 will not be
      described in detail and is merely a clutch arrangement to prevent the
      mechanism from being strained or overloaded should any part of the
      mechanism of the machine jam.
PAR  Opposed circumferential portions of the discs 29 and 30 include cut-away
      sections 34 and 35 forming abutments 36 and 37 adjacent the coin receiving
      cavity 27 at this point. A pin 38 mounted on a lever 39 pivotally
      supported at 39a on the inner frame 10a is biased by means of a coil
      tension spring 40 against the circumferential edges of the discs 29 and 30
      in bridging relationship thereto. When there is no coin in the coin
      receiving cavity 27, and an attempt is made to rotate the operating knob
      13, such as to rotate the drive shaft 32 in the clockwise direction as
      shown in FIG. 5, the pin 38 contacts the abutments 36 and 37 to prevent
      rotation of the shaft 32 and thereby rotation through the drive mechanism
      22 of a driven shaft 42 for the front drive pulley 24 attached thereto,
      and as such prevents forward motion of the conveyor belt 23.
PAR  With a coin in the coin receiving cavity 27 as shown in phantom in FIG. 5,
      the pin 38 will engage the curve circumference of the coin as the shaft 32
      is rotated by the operating knob 13 in the clockwise direction and will
      ride over the curve circumference of the coin to allow the discs 29 and 30
      to rotate beneath the pin 38 and thereby allow the shaft 32 to rotate in
      the clockwise direction as shown in FIG. 5 (anticlockwise as viewed in the
      direction of FIG. 3). The driven shaft 42 for the front drive pulley 24
      has its end adjacent the locking section 28 journalled and supported
      within the locking section 28 to be coaxial, and coextensive, with the
      drive shaft 32 but capable of rotation independently thereof.
PAR  Drive rotational motion is transferred from the drive shaft 32 via the
      locking section 28 to the driven shaft 42 by means of a drive clutch
      mechanism 41 comprising a clutch plate 43 having formed in the
      circumferential edge thereof a plurality of notches 44, and fixed with
      respect to the driven shaft 42. A pawl member 45 is pivotally attached at
      46 to the side of the adjacent disc 29 of the locking mechanism 28 and its
      free end engages in one of the notches 44 under the action of a biasing
      spring 47 (see FIG. 5) such that upon rotation of the disc 29 the clutch
      plate 43 will be forced to rotate in the same direction by virtue of the
      driving force applied by the pawl member 45 against the leading side of
      the notch 44 for a distance approximately equivalent to the
      circumferential distance between adjacent notches 44. The driven shaft 42
      will likewise rotate the predetermined amount as will the front drive
      pulley 24 and thus the conveyor belt 23 will be advanced a predetermined
      distance.
PAR  In order to limit the amount of rotation of the mechanism an arcuate tooth
      member 48 is attached to the circumference of the disc 30 and carries on
      the arcuate edge thereof a series of teeth 49 (see FIG. 5). During
      rotation of the member the teeth 49 move past a non return mechanism 50
      (to be later described) and after completely passing the non return
      mechanism 50 the leading tooth contacts a stop member 88 fixed with
      respect to the frame 10a of the machine to prevent further rotation of the
      mechanism. In the embodiment illustrated the mechanism will have rotated
      through approximately 70.degree. which is sufficient to allow the conveyor
      belt 23 to move forward a predetermined distance to deliver one set of
      coinage change, whilst the coin receiving cavity 27 will have reached a
      position whereby the coin therein will fall thereof into the collection
      draw 19.
PAR  The disc 29 carries a support member 51 upon which pawl member 45 is
      pivotally supported at 46 and provides a pin 52 (see FIG. 5) for
      attachment of the biasing spring 47 for the pawl member 45. The pin 52
      also has attached thereto one end of a main tension coil spring 53 (see
      FIG. 5) the other end of which is fixed to the frame 10a of the machine.
      During rotation of the mechanism the main spring 53 stretches and upon
      release of the rotational pressure on the operating knob 13 the main
      spring 53 returns the locking section 28, drive shaft 32 and knob 13 to
      the original position. The clutch plate 43, and thus the driven shaft 42
      and conveyor belt 23 remain at the advance position whilst the pawl member
      45 on the locking section 28 moves over the circumferential edge of the
      clutch plate 43 to latch in the trailing groove 44 ready for the next
      actuation of the mechanism.
PAR  The non-return mechanism 50 is provided to prevent reversal of the rotation
      of the mechanism whilst the tooth member 48 passes the mechanism 50 and
      reaches the stop member 88. Such a mechanism 50 prevents stopping of the
      rotation of the mechanism at a point during rotation movement, for
      example, towards the end thereof and returning the mechanism back to the
      start thereby allowing a plurality of advances of the belt and delivery of
      coinage change for the deposit of only one coin by the user of the
      machine.
PAR  The non-return mechanism 50 (see FIG. 5) comprises a pawl member 55 pivoted
      about an axis 56 and having a wedge shaped end 57 adapted to engage the
      teeth 49 of the tooth member 48. A biasing coil spring 58 is provided
      between an attachment pin 59 on the opposite end of the pawl member 55 and
      the frame 10a of the machine. The biasing spring 58 tends to bias the
      wedge shaped end 57 of the pawl member 55 upwardly as shown in FIG. 5 such
      that when engaged between adjacent pairs of teeth 49 on the tooth member
      48 during rotation of the mechanism, the upward orientation of the wedge
      shaped end 57 will prevent reversal of rotation of the mechanism. Upon the
      tooth member 48, and therefore all its teeth 49, passing the wedge shaped
      end 57 of the pawl member 55 reversal of rotation can then be accomplished
      as the end face of the normally trailing tooth 49a will push the pawl
      member 55 aside against the action of the spring 58 to allow the teeth 49
      on the tooth member 48 to return back past the non return mechanism 50.
PAR  As described above the drive mechanism 22 cooperates with the front drive
      pulley 24 of the conveyor belt 23 such that the belt will be advanced,
      upon actuation via the operating knob 13, one predetermined unit of
      advanced distance.
PAR  The conveyor belt 23 is in the form of a continuous belt around the two end
      pulleys 24 and 25. Spaced apart along the length of the belt 23 in rows
      extending transversely to the direction of motion of the belt 23 are a
      plurality of ridges 60 which provide between adjacent ridges a plurality
      of spaced coin receiving pockets or recesses 61. The size of the pocket or
      recess 61 in one row longitudinally of the belt determines the size of the
      coin adapted to be received by that particular row on the belt.
PAR  Positioned above the belt 23 to extend upwardly away therefrom are a
      plurality of rows of coin supply tubes 62 holding the change coin to be
      dispensed. For example, as shown, there are three rows of supply tubes
      with five supply tubes in each row. The size of the tube 62 for each row
      and the size of the recess 61 adjacent said row, are determined according
      to the value of the coinage to be dispensed by each row. In the case of a
      machine designed to dispense two 5 cent pieces and one 10 cent piece as
      change for one 20 cent piece, two of the rows 62a and 62b include supply
      tubes and their associated recesses are of a predetermined size for the
      receipt of 5 cent sized coins, whilst the remaining row of supply tubes
      62c and their associated recesses 61 are of a predetermned size for the
      receipt of 10 cent pieces.
PAR  As previously discussed, coins are collected from the back or trailing
      supply tube 62 in each row, and coins are prevented from being delivered
      to the belt 23 from an advance supply tube in such row by the existence of
      coins in the pockets or recesses 61. Once the trailing delivery tube 62 is
      empty, or a coin jams in the tube, the associated recess 61 is still empty
      after passing thereunder and thus coinage will commence to be successively
      delivered by the next adjacent supply tube 62 in the row and so on.
PAR  As an alternative example, change of one 5 cent piece, two 2 cent pieces
      and one 1 cent piece could be supplied as change for a 10 cent piece by
      providing one row of supply tubes 62 and associated recesses 61 adapted to
      deliver 5 cent pieces, two rows similarly adapted to deliver 2 cent pieces
      and one row adapted to deliver 1 cent pieces. Any combination of coinage
      values for change can be readily envisaged and the supply tubes 62 and
      recesses 61 in the belt 23 adapted accordingly for the particular
      application involved.
PAR  In order to prevent use of the machine in a "no change" situation, at least
      one row of coins extending across the belt must be left between the
      leading or forwardmost supply tubes and the actual point of delivery from
      the belt as shown in FIG. 3.
PAR  An anticipatory "no change" sensing mechanism, generally indicated as 63 is
      provided adjacent this transverse row, and consists of row of stop rods
      64, 65 and 66 biased either under their own weight, or under the action of
      spring, or by the addition of weight members 64a, 65a, and 66a as shown,
      toward positions inwardly of the surface of the conveyor belt 23 with one
      rod being provided adjacent each row in the conveyor belt. Each pocket or
      recess 61 in the conveyor belt 23 includes an aperture 67 therethrough.
      Whilst coins are received in all pockets 61 of the transverse row adjacent
      the delivery chute the stop rods are all prevented from falling through
      the aperture 67 in the belt by the presence of the coins in the pockets or
      recesses 61. When at least one of the pockets or recesses 61 is empty when
      it reaches this position, the associated stop rods 64, 65 or 66 moves into
      and through the associated aperture 67 in the belt 23 to jam the conveyor
      belt 23 against further forward movement. The upper end 64b, 65b and 66b
      of the push rods engage over the top of the horizontal connecting position
      68 of a U-shaped actuating member 69 the leg portions 70 and 71 of which
      are retained for vertical movement within a support bracket 72. One end 73
      of one of the leg portion 71 engages a closure plate 73 (see FIG. 4)
      pivotally supported as 74. In the position shown in FIG. 4 the closure
      plate 73 is held in a position shown by tension coil spring 75. Should one
      of the rows of recesses 61 be empty and the associated stop rod 64, 65 or
      66 is thereby allowed to move down through the associated aperture 67 the
      upper end 64b, 65b or 66b engaging the connecting portion 68 of the
      U-shaped actuating member 69 pulls the actuating member 69 downwardly, the
      closure plate 73 pivots about the pivot axis 74 against the action of the
      tension spring 75 and an end portion 76 thereof moves upwardly to close
      the entrance of the coin receiving slot 14 to prevent a coin being
      inserted.
PAR  As illustrated the supply tubes 62 are supported above the upper run of the
      conveyor belt 23 at their lower ends in a support plate 77 (see FIG. 3) by
      virtue of threaded connections 78 as shown, and the support plate 77 may
      be extended as shown to provide guide apertures 79 for the stop rods 64,
      65 and 66.
PAR  Each supply tube 62 may have a slightly greater diameter at a point about 1
      inch above the lower delivery end thereof to facilitate replenishment
      thereof with full tubes of coins when required.
PAR  As an alternative to a belt with pockets, recesses or the like a fixed
      plate may be provided with longitudinal slot therein aligned with each row
      of delivery tubes and separated by longitudinally extending ridges. The
      belt is adapted to move directly beneath the plate and carries a plurality
      of longitudinally spaced rows of projections aligned with the slots in the
      plate above. As the belt moves beneath the plate the projections
      successively move into and along the slots in the plate with their tips
      slightly above the surface of the plate to collect coins and carry them
      along the plate to be subsequently delivered in groups to the delivery
      chute.
PAR  For each advancement of the belt 23 by the drive mechanism 22, the distance
      moved is such that coins in all recesses 61 will move on the belt from the
      position adjacent the transverse row beneath the "no change" sensing
      mechanism a distance sufficient to fall of the end of the belt 23 into a
      transfer chute 89, through a transfer passage 90 and into the collection
      chute 18.
PAR  In a further alternative embodiment as shown in FIG. 7 the housing,
      operating knob 13', a coin receiving and rejection section 21', a drive
      mechanism 22' with drive and driven shafts 32' and 42', no change sensing
      mechanism 63' and delivery chute 18' are generally the same as described
      and illustrated with reference to FIGS. 1 to 5, and the modification of
      this alternative embodiment resides in an alternative to the conveyor belt
      23 as previously described. In this alternative embodiment the driven
      shaft 42' instead of driving a front pulley for a conveyor belt drives a
      vertical shaft 80 for rotating a horizontally disposed apertured plate 81
      via a bevel gear arrangement 82. The apertured plate 81 is sandwiched for
      rotation between an upper supply tube supporting plate 83 and a lower
      retaining plate 84 both of which are fixed against rotation. The upper
      supply tube supporting plate 83 carries a plurality of upwardly extending
      supply tubes 85 the lower ends of which are threadably received within
      threaded holes in the plate 83. In the illlustrated embodiment the
      circumferentially extending rows of supply tubes 85 are provided such that
      tubes in adjacent rows extend radially outwardly to be spaced apart. The
      outer row 85a may be adapted to contain larger coinage, and the inner rows
      85b and 85c smaller, or progressively smaller, coinage. The rotatable
      apertured plate 81 includes rows of apertures 86 adapted to align with
      respective rows of supply tubes to collect coinage therefrom. The lower
      retaining plate 84 retains coins in the apertures 86 until they align with
      a wedge shaped cut away section 87 in the lower retaining plate 84 at
      which point the coins will fall through the cut away portion 87 into a
      transfer passage 91 and then to the delivery chute 18'.
PAR  In FIG. 7 with the direction of rotation of the apertured plate 81 being in
      the clockwise direction the radially spaced supply tubes 85 in each row
      adjacent the cut away portion 87 represents the trailing tubes for each
      row 85a, 85b and 85c and will deliver coins to the apertures 86, whilst
      the presence of coins in the apertures 86 from then on will prevent
      delivery of coins from leading tubes 85 until the trailing tubes are empty
      at which time the next spaced supply tube in the relevant row 85a, 85b or
      85c in the clockwise direction will deliver coins to the appropriate
      apertures.
PAR  If any of the circumferential rows 85a, 85b or 85c of tubes 85 should fail
      to deliver a coin due to being empty or due to jamming of a coin in the
      tube, the stop rod section of the "no-change" mechanism 63' will operate
      in the same manner as described previously should an empty aperture 86
      reach the point prior to the cut away portion 87 in the retaining plate to
      jam the mechanism against rotation and close the coin delivery slot.
PAR  If desired, and in the event that the mechanism of the machine should
      malfunction after having accepted a coin supplied thereto, a separate
      supply of coins of the value equivalent to that fed to the machine may be
      provided and cooperate with the mechanism such that if a coin is accepted
      but the mechanism does not complete a delivery motion, actuation of the
      reject button, or an alternative button, will allow a coin of equivalent
      value to that supplied to the machine to be delivered to the supply chute.
      Such a mechanism may be adapted to only allow delivery of a coin in return
      should the machine malfunction.
PAR  In certain situations the apparatus of this invention may cooperate with a
      machine normally adapted to receive coins in payment for good or services,
      and the coins used in that apparatus may continuously replenish the change
      section of the machine, that is, coins received are automatically sorted
      if necessary, and then fed through delivery chutes to the supply tubes in
      each row in the change delivery machine. A typical situation for such an
      application is a telephone call box where change for use in making a call
      can be obtained from the machine, and the coinage fed for making the call
      will be used to at least partially replenish the supply tubes.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for dispensing coinage change, including means for receiving a
      coin for which change is required, means operative in response to the
      receipt of said coin for advancing a conveyor means beneath a plurality of
      change coinage supply tubes, and means adapted to receive and deliver
      change from said conveyor means, wherein there is at least one row of
      supply tubes extending in the direction of motion of said conveyor means,
      each row containing a plurality of said supply tubes, said conveyor means
      including at least one row of recesses adapted to collect coinage from an
      advanced supply tube only after a supply tube trailing said advanced tube,
      in a particular row of tubes, fails to deliver a coin for collection by
      said conveyor means, the upper edge of each of said recesses lying in a
      plane proximate the bottom of said supply tubes, whereby the presence of a
      coin in said recess will preclude the delivery of a coin from an
      associated supply tube, and wherein a sensing mechanism is provided
      including at least one stop rod biased toward a position against the coin
      in a particular row on the conveyor means just prior to the point of
      delivery from said conveyor means, whereby upon an empty recess passing
      beneath said stop rod the rod will move through an aperture in said recess
      under the action of its biasing means to close, by means of an associated
      linkage system, a coin entry aperture to the machine and at the same time
      jam the conveyor means against further advanced movement.
NUM  2.
PAR  2. A machine as claimed in claim 1, wherein there are a plurality of rows
      of supply tubes and recesses spaced apart transversely of the direction of
      motion of said conveyor means.
NUM  3.
PAR  3. A machine as claimed in claim 1, wherein the recesses are provided
      between a plurality of ridges extending transversely of the conveyor means
      and spaced apart along the conveyor means adjacent the bottom of said
      supply tube, with said recesses being provided between adjacent ridges and
      being capable of receiving a coin of predetermined size.
NUM  4.
PAR  4. A machine as claimed in claim 1, wherein the means adapted to advance
      the conveyor means in response to the receipt of a coin delivered to the
      machine is a drive shaft adapted for operation from outside of the machine
      to advance the conveyor means through one step of predetermined distance
      via a drive mechanism, which mechanism is freed to operate by a locking
      mechanism adapted to unlock upon receipt of a coin delivered to the
      machine, and adapted to lock said drive mechanism after said predetermined
      distance has been advanced by said conveyor means.
NUM  5.
PAR  5. A machine as claimed in claim 1, wherein the stop rods are biased toward
      the conveyor means by virtue of their own weight and additional weight
      members.
NUM  6.
PAR  6. A machine for dispensing coinage change, including means for receiving a
      coin for which change is required, means operative in response to the
      receipt of said coin for advancing a conveyor means beneath a plurality of
      change coinage supply tubes, and a means adapted to receive and deliver
      change from said conveyor means, wherein there is at least one row of
      supply tubes extending in the direction of motion of said conveyor means,
      each row containing a plurality of said supply tubes, said conveyor means
      being adapted to collect coinage from an advanced supply tube only after a
      supply tube trailing said advanced tube, in a particular row of tubes,
      fails to deliver a coin for collection by said conveyor means and wherein
      a sensing mechanism is provided including at least one stop rod biased
      towards a position against the coin in a particular row on the conveyor
      means just prior to the point of delivery from said conveyor means,
      whereby upon an empty recess passing beneath said stop rod, the rod will
      move through an aperture in said recess under the action of its biasing
      means to close, by means of an associated linkage system, a coin entry
      aperture to the machine and at the same time jam the conveyor means
      against further advanced movements.
NUM  7.
PAR  7. A machine as claimed in claim 6, wherein the stop rods are biased toward
      the conveyor means by virtue of their own weight and additional weight
      members.
NUM  8.
PAR  8. A machine as claimed in claim 6, wherein there are a plurality of rows
      of supply tubes spaced apart transversely of the direction of motion of
      said conveyor means.
NUM  9.
PAR  9. A machine as claimed in claim 6, wherein said conveyor means includes a
      plurality of rows of recesses spaced apart across said conveyor means,
      with the upper edge of each recess lying in a plane proximate the bottom
      of said supply tubes, whereby the presence of a coin in said recess will
      preclude the delivery of a coin from an associated supply tube.
NUM  10.
PAR  10. A machine as claimed in claim 9, wherein the recesses are provided
      between a plurality of ridges extending transversely of the conveyor means
      and spaced apart along the conveyor means adjacent the bottom of said
      supply tube, with said recesses being provided between adjacent ridges and
      being capable of receiving a coin of predetermined size.
NUM  11.
PAR  11. A machine as claimed in claim 6, wherein said conveyor means is a
      rotatable plate member including a plurality of recesses extending through
      said plate member and in one, or more, rows around the axis of rotation of
      said plate member, each row being at a predetermined radius from the axis
      of rotation, with the upper edge of each recess lying in a plane closely
      adjacent the bottom of a corresponding arrangement of supply tubes,
      whereby the presence of a coin in said recess will preclude the delivery
      of a coin from an associated supply tube, and a fixed retaining plate
      member parallel to and in sliding engagement with said rotatable plate
      member for retaining said coins in said recesses, and including a cut-away
      section to allow said coins to be removed from said recesses upon their
      being aligned with said cut-away portion.
NUM  12.
PAR  12. A machine as claimed in claim 11, wherein the recesses in a particular
      row are capable of accommodating the particular coinage for that row, with
      recesses for larger coinage normally being provided in radially outermost
      rows.
NUM  13.
PAR  13. A machine as claimed in claim 6, wherein the means adapted to advance
      the conveyor means in response to the receipt of a coin delivered to the
      machine is a drive shaft adapted for operation from outside of the machine
      to advance the conveyor means through one advanced step of predetermined
      distance via a drive mechanism, which mechanism is freed to operate by a
      locking mechanism adapted to unlock upon receipt of a coin delivered to
      the machine, and adapted to lock said drive mechanism after said
      predetermined distance has been advanced by said conveyor means.
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ABST
PAL  A spray assembly having at least one intermittently operating nozzle which
      comprises a spray device rotatably mounted on a pressurized water source
      within a washing chamber of a dishwashing appliance and having at least
      one nozzle thereon in isolated fluid communication with the water source
      so as to be operative only during select portions of a revolution of the
      spray device about the water source.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to dishwashing appliances and somewhat more
      particularly to spray devices having intermittently operating spray
      nozzles in such appliances.
PAR  2. Prior Art
PAR  Dishwashing appliances having rotatable spray devices located in operative
      relation with dish-supporting racks and which include nozzles for
      directing water from within the spray devices against dishes, pots, pans,
      silverware, etc. in the racks within the washing chamber of the appliance
      are known.
PAR  Generally, every nozzle on a spray device is oriented to provide a
      predetermined spray pattern and at least one nozzle on such a spray device
      is oriented for directing washing liquid against a silverware basket
      mounted adjacent the door of a dishwashing appliance. However, since the
      spray device rotates 360.degree. and the silverware basket occupies an
      area encompassed by about one-quarter revolution, the silverware washing
      nozzle directs its water against the washing chamber walls for about
      three-quarters of a revolution and does not materially contribute to the
      washing of dishes, etc. within the washing chamber. In addition, dishes,
      etc. located in corners or other isolated areas of a washing chamber
      having washing liquid distributed over them only at periodic portions of a
      revolution by a spray device and at other portions of the revolution are
      not being sufficiently washed.
PAR  Some attempts have been made by the prior art to achieve a somewhat
      improved water distribution by spray arm nozzles onto dishes in a washing
      chamber. For example, U.S. Pat. Nos. 3,160,164 and 3,447,752 disclose
      relatively complex apparatuses for periodically reversing the direction of
      rotation of a spray device by selectively channeling the flow of washing
      liquid through the spray device via various mechanical means. However,
      these devices, aside from their complexity and cost, still have a portion
      of the washing liquid directed against washing chamber walls and not
      materially contributing to washing of silverware, isolated dishes, etc.
      within the chamber.
PAR  In addition, various lawn sprinkling apparatuses are known which include
      means for selectively varying the water distribution pattern. For example,
      U.S. Pat. No. 3,104,818 discloses a lawn sprinkler having a manifold which
      may be indexed to various positions for controlling the supply of water to
      various parts of the sprinkler and thus effecting the water distribution
      pattern. Lawn sprinklers are quite different from dishwashing appliances
      and fail to provide intermittently operating nozzles.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a dishwasher appliance which includes a
      unidirectionally rotatable spray device in communication with a
      pressurized source of washing liquid and a plurality of nozzles thereon
      for directing the wash liquid throughout the washing chamber of the
      appliance with at least one of such nozzles being isolated from the
      plurality of nozzles so as to be operational only during a predetermined
      portion of each revolution of the spray device.
PAR  The invention accomplishes these and other features by associating a
      fluid-isolated nozzle with a unidirectionally reaction-type spray device
      so that the isolated nozzle is operative only during a predetermined
      portion of each revolution of the spray device.
PAR  In certain embodiments of the invention, a reaction-type spray device is
      rotatably mounted on a source of pressurized washing liquid and includes a
      plurality of nozzles thereon for distributing the washing liquid
      throughout a washing chamber of a dishwashing appliance, with at least one
      of such nozzles being fluid-isolated from the other nozzles and having a
      means for selectively providing fluid communication between the isolated
      nozzle and the source of pressurized washing liquid as the spray device
      rotates continuously in one direction so that such fluid-isolated nozzle
      is only intermittently supplied with washing liquid while the other
      nozzles are continuously supplied with washing liquid.
PAR  In certain preferred embodiments of the invention, a source of pressurized
      water includes a conduit having apertured side walls with the spray device
      rotatably mounted on the conduit adjacent the apertures so that there is
      fluid communication between the spray device and the conduit and at least
      one of the nozzles on the spray device is connected to a tubular member
      carried by the spray device so that the tubular member has one end thereof
      in fluid communication with the nozzle and has another end thereof
      positioned adjacent and openly facing the apertured side walls of the
      conduit so that during operation, the tubular member end adjacent the
      apertured side walls of the conduit is exposed to said aperture only
      during a portion of each revolution of the spray device about the conduit.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a front-loading dishwashing appliance with portions
      broken away for illustration and which may include certain embodiments of
      the invention;
PAR  FIG. 2 is a partial cross-sectional view, with portions in elevation, of an
      embodiment of the invention mounted within a dishwashing appliance;
PAR  FIG. 3 is a partial sectional view taken along lines III--III of FIG. 2;
PAR  FIG. 4 is a partial top sectional view taken along lines IV--IV of FIG. 2;
      and
PAR  FIG. 5 is a schematic view, with portions omitted, of a spray device
      mounted within a washing chamber and which is useful in explaining certain
      aspects of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The principles of the invention will be described in relation to a two-rack
      portable dishwashing appliance, such as a front-loading dishwashing
      machine generally indicated at 11 in FIG. 1.
PAR  The front-loading dishwasher 11 has a cabinet 12 with a top 13. The cabinet
      12 is provided with an opening 14 on one side which allows entry into the
      washing chamber or enclosure 15. To close the opening 14, a closure, such
      as a hollow door 17, is pivotally connected to one side of the opening and
      is movable from the position illustrated to a position closing the
      opening. The opening 14 is provided with a seal or gasket 16, which
      extends around the periphery of the sides and top of the opening. The door
      17 is provided with a latching mechanism 18, which coacts with a striker
      19 disposed at an edge of the opening 14 for latching the door in the
      closed position during which aan inner panel 20 of the door 17 tightly
      engages the gasket 16 to provide a sealing position which prevents leakage
      of water from the chamber 15.
PAR  As illustrated, the inner panel 20 of the door 17 has mounted thereon
      silverware baskets 21 and 22, a detergent dispenser 23, a rinse additive
      dispenser which has a filling cap 24 and a discharge opening 25, along
      with a vent opening 26 which allows hot humid air to escape from the
      chamber 15 during a drying cycle. Mounted in the hollow door 17 beneath
      the panel 20 is a timer 27 which is utilized to control various cycles of
      the washing, draining or rinsing and drying along with dispensing of the
      detergent and dispensing of the rinse additive.
PAR  Within the washing chamber 15 are mounted dish-supporting racks 30 and 31.
      To provide a spray of wash liquid and rinse liquid to the dishes in the
      racks 30 and 31, a pump 32 is disposed in a recess or depressed sump area
      33 in a bottom wall 34 of the chamber 15. To remove food particles from
      the liquid prior to being circulated by the pump 32, the sump 33 is
      provided with a filter screen 35. The pump 32, which is driven by a motor
      36, has two pump chambers (not shown), one of which provides wash liquid
      under pressure to a lower spray device 37 and through a hub assembly 60 to
      a water distribution means 50, which has an upper spray device 39 mounted
      thereon. The other pump chamber of pump 32, pumps the wash liquid during a
      drain-out or pump-out portion of the cycle through a discharge conduit 40
      which is connected to a suitable discharge conduit of the dishwasher 11.
      Washing liquid enters the washing chamber 15 through an inlet opening 42
      which is connected by a hose or conduit 43 to an inlet water system for
      the dishwasher 11, which system delivers water under pressure from a
      source of water under pressure, such as a household faucet or the like. A
      control or valve means 46 disposed in a fluid line formed by a pair of
      conduits 47 and 48 controls the discharge of fluid in the chamber 15.
      Conduit 47 is connected to the inlet opening 42. A heating element 49, of
      the sheathed electrical resistance type, is provided in the chamber 15 to
      heat the washing liquid during the wash cycle and to heat the air during a
      drying cycle.
PAR  In dishwashers which include more than one spray device, such as the one
      illustrated at FIG. 1, a water distribution system is required for
      providing wash liquid to the various spray devices. The water distribution
      system or apparatus 50 may be of various constructions which enable
      pressurized washing liquid to be piped efficiently to a lower spray device
      37 and upwardly to an upper spray device 39 for distribution over dishes,
      etc. in racks 31 and 30, respectively. A preferred water distribution
      construction is disclosed and claimed by W. W. Jarvis, Jr. et al in a
      co-pending application, U.S. Ser. No. 494,893, filed Aug. 5, 1974,
      assigned to the instant assignee and which is incorporated herein by
      reference. Generally, the preferred apparatus for supplying wash liquid to
      a spray device located above a rack for supporting dishes within a washing
      chamber of a dishwashing machine as disclosed in the above application
      comprises a hollow tower vertically disposed with respect to the rack and
      which has an open lower end fixedly attached to the rack and an apertured
      upper end. A means for rotatably mounting a spray device is provided on
      the apertured upper end of the tower so that there is fluid communication
      between the tower and the spray device. A source of pressurized wash
      liquid is disposed below the open lower end of the tower and an open
      stationary hub assembly is fixedly mounted on the source of pressurized
      wash liquid and has an upper opening coaxially aligned with the lower end
      of the tower. An expansible non-rotating coupling member is fixedly
      mounted on the hub assembly and is open at opposite ends thereof for fluid
      communication therethrough so that the upper opening thereof is below and
      substantially concentric with the open lower end of the tower. As
      pressurized wash liquid flows from its source through the hub assembly
      into the coupling member, it expands the coupling member into sealing
      contact with the lower end of the tower. Wash liquid is thus piped
      directly from its source through the tower and into the spray device.
      Further details are available in the above W. W. Jarvis, Jr. et al patent
      application.
PAR  Another preferred water distribution system 50a is generally illustrated at
      FIG. 2 and is somewhat similar to that disclosed by I. G. Dutcher in U.S.
      Pat. No. 3,370,869, which is assigned to the instant assignee and is
      incorporated herein by reference. Generally, this system comprises a means
      for receiving pressurized washing liquid and directing a portion thereof
      into one spray device and converting another portion thereof into a
      jet-like stream which is directed upwardly into a suitably mounted spray
      device located above the receiving means. Further details are available in
      the above Dutcher patent.
PAR  In certain dishwashing appliances, only a single spray device, such as 37
      or 39 of FIG. 1 is utilized and the principles of the invention are also
      applicable to such appliances. Further, since the spray devices are
      essentially identical in construction, the specific construction of only a
      single spray device will be provided.
PAR  FIG. 2 illustrates a portion of a dishwasher 11 having a source of
      pressurized wash liquid, such as a pump 32. A hub assembly 60 is fixedly
      mounted on an outlet of pump 32 or on a conduit connected to such an
      outlet. The hub assembly 60 is open at both ends thereof and has a
      plurality of apertures 61 and 62 along side walls thereof. It will be
      noted that in the exemplary embodiment shown, the apertures 61 are spaced
      from aperture 62 and are more or less uniformly distributed about the
      peripheral side wall of hub assembly 60 while aperture 62 encompasses only
      a select area of the peripheral side walls of hub assembly 60. However, in
      other embodiments other aperture arrangements may be used.
PAR  A hollow spray device 37, preferably of the reaction type, is rotatably
      mounted onto the hub assembly 60. The upper surface 37e of spray device 37
      carries a plurality of nozzles 37c' as well as at least one isolated
      nozzle 38. The location of isolated nozzle 38 may be selected in
      accordance with a desired water distribution pattern. When an isolated
      nozzle, such as 38, is located in the position shown, it will be operative
      only during that portion of a revolution of the spray device which carries
      the isolated nozzle past a silverware basket, such as 21, mounted on a
      door 17 of dishwasher 11. The fluid isolation of a select nozzle insures
      that it receives pressurized wash liquid only during a portion of each
      complete revolution of the spray device such as when the spray device is
      traversing a select angle, such as the angle .alpha.while the remaining
      nozzles of the spray device receive pressurized wash liquid throughout the
      entire revolution of the spray device about the hub assembly. If desired,
      more than one select angle may be utilized and more than one nozzle may be
      isolated in accordance with the principles of the invention. Thus, the
      invention allows one to selectively activate one or more nozzles on a
      spray device throughout a given revolution thereof so as to achieve an
      even spray pattern throughout a washing chamber or to concentrate the
      spray pattern in a particular area within the chamber.
PAR  The radially inner ends of spray device upper surface 37e are provided with
      down-turned flanges 37ee which loosely fit within the open upper end of
      hub assembly 60. A nozzle cap 63 is threadingly attached, as along threads
      64a to a jet nozzle member 64, which forms a part of hub assembly 60. The
      nozzle cap 63 includes radially outwardly extending lower shoulder 63a
      which in assembly abut against areas of upper surface 37e which are
      adjacent flanges 37ee thereby maintaining the spray device 37 onto the hub
      assembly 60.
PAR  The spray device 37 comprises a hollow chamber 37a having peripheral side
      walls for containing a wash liquid and having a planar shape generally
      shown at FIG. 5. A means 70 is provided within chamber 37a for isolating a
      select nozzle, such as 38, from the plurality of nozzles carried by spray
      device 37. In a preferred embodiment, means 70 comprise at least one
      elongated tube-like member 71 which has an outer end 71a in fluid
      communication with nozzle 38 and an inner end 71b adjacent and openly
      facing the side wall of hub assembly 60 along a portion thereof which
      contains aperture 62. As best seen in FIG. 3, the tube-like member 71
      occupies a relatively small area within chamber 37a.
PAR  The aperture 62 is aligned in relation with the washing chamber so that an
      angle defined by the lateral edges of aperture 62 and the axial center of
      hub assembly 60 encompasses an area within the washing chamber which is to
      receive the spray of the isolated nozzle. In certain embodiments of the
      invention, aperture 62 is aligned with the silverware basket so that the
      fluid isolated nozzle is operative only when the nozzle passes the
      silverware basket.
PAR  In operation, as pressurized wash liquid is forced upwardly by pump 32, it
      flows through the hub assembly 60, with a portion thereof exiting through
      the upper portion of nozzle cap 63 and the remaining portion exiting into
      chamber 37a via apertures 61 and 62. The pressurized wash liquid which
      exits through aperture 61 flows within chamber 37a and is continuously
      distributed by nozzles 37c in a pattern within washing chamber 15. The
      pressurized wash liquid which exits through aperture 62 flows within the
      tube-like member 71 and is distributed by nozzle 38 within chamber 15. Of
      course, pressurized wash liquid can only exit through aperture 62 when the
      aperture 62 is aligned with the inner end 71b of the tube-like member 71.
      Thus, as best seen at FIG. 4, the lateral extend of aperture 62 defines
      the angle .alpha. throughout which wash liquid is supplied to an isolated
      nozzle. Of course, the lateral dimensions of aperture 62 may be varied as
      desired for each isolated nozzle.
PAR  As shown in FIG. 5, the nozzles 37c continuously distribute wash liquid
      throughout a revolution of spray device 37. However, isolated nozzles 38a
      and 38b are inoperative for about three-quarters of a revolution and only
      operate in the revolution quadrant which encompasses the silverware basket
      21. Thus, as nozzle 38a approaches basket 21, pressurized wash liquid
      begins flowing through means 70 and is distributed against the right-hand
      portion of basket 21. Nozzle 38a continues to operate as it travels
      throughout the quadrant and as it passes the left-hand portion of basket
      21, the inner end 71b of a tube-like member 71 passes beyond a lateral
      edge of aperture 62 and pressurized wash liquid is no longer able to exit
      through aperture 62. At this stage, both nozzles 38a and 38b are
      inoperative and then nozzle 38b approaches basket 21 and the above
      distribution cycle is resumed.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art. For example, if desired, the
      tube-like member 71 may be integrally formed with a spray device such as
      37 or may be separately formed and assembled into a single unit. Further,
      the size and relation of the apertures 61 and 62 in hub assembly 60 may be
      varied from that shown. Consequently, it is intended that the claims be
      interpreted to cover all such modifications and equivalents which fairly
      fall within the scope and spirit of the invention and as defined in the
      claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A dishwashing machine having a washing chamber, at least one rack for
      supporting dishes within said chamber and apparatus for distributing wash
      liquid onto dishes within said rack, said apparatus comprising:
PA1  a pump means having an outlet positioned below said rack for supplying wash
      liquid under prssure within said chamber;
PA1  at least one hollow spray device rotatably mounted within said chamber in
      operative relation with said rack and in fluid communication with said
      outlet of the pump means;
PA1  means for continuously rotating said spray device in a unidirectional
      manner;
PA1  a plurality of nozzles carried by said spray device for providing fluid
      communication between said spray device and said washing chamber; and
PA1  means for fluid-isolating at least one of said nozzles from the remainder
      of said plurality of nozzles and providing fluid communication between the
      isolated nozzle and the outlet of said pump means only during a select
      portion of each unidirectional revolution of said spray device as said
      spray device rotates about said outlet so that wash liquid is
      intermittently supplied to said one nozzle and continuously supplied to
      the remainder of said plurality of nozzles.
NUM  2.
PAR  2. A dishwashing machine as defined in claim 1 wherein said means for
      fluid-isolating at least one of said nozzles from the remainder of said
      plurality of nozzles and providing fluid communication between said one of
      the nozzles and the outlet of the pump means includes a tube-like member
      having one end thereof connected to said one of the plurality of nozzles
      and another end thereof in operative relation with said outlet of the pump
      means so as to fluid-isolate said one nozzle from the remaining plurality
      of nozzles whereby wash liquid is intermittently supplied to said one
      nozzle and continuously supplied to the remainder of said plurality of
      nozzles.
NUM  3.
PAR  3. A dishwashing machine having a washing chamber, a rack for supporting
      dishes within said chamber and apparatus for spraying wash liquid onto
      dishes within said rack, said apparatus comprising:
PA1  a conduit within said washing chamber positioned below said rack and having
      a plurality of apertures along a peripheral side wall of said conduit, at
      least one of said plurality of apertures being axially spaced from the
      remaining plurality of apertures;
PA1  a pump means associated with said conduit for supplying washing liquid
      under pressure through said conduit;
PA1  a hollow spray device rotatably mounted on said conduit adjacent said
      plurality of apertures so as to provide fluid communication between said
      conduit and said hollow spray device;
PA1  a plurality of nozzles carried by said spray device for providing fluid
      communication between said spray device and said washing chamber;
PA1  means for continuously rotating said spray device unidirectionally; and
PA1  means for fluid-isolating at least one of said nozzles from the remaining
      plurality of nozzles and providing fluid communication between said
      fluid-isolated nozzles and said one axially spaced aperture of the conduit
      so as to provide select fluid communication between said one nozzle and
      said conduit as said spray device unidirectionally rotates about said
      conduit so that wash liquid is intermittently supplied to said
      fluid-isolated nozzles and continuously supplied to the remainder of said
      plurality of nozzles.
NUM  4.
PAR  4. A dishwashing machine as defined in claim 3 wherein said means for
      fluid-isolating at least one of said nozzles from the remaining plurality
      of nozzles includes a tube-like member carried by said spray device;
PA1  said tube-like member having one end in fluid communication with said one
      fluid-isolated nozzle and another end thereof adjacent and openly facing
      said one axially spaced aperture of the conduit;
PA1  said other end of the tube-like member being exposed to said one axially
      spaced aperture of the conduit during only a portion of the tube-like
      member path of travel as said spray device unidirectionally rotates,
      whereby said tube-like member is in fluid communication with said conduit
      only when said other end of the tube-like member passes before said one
      axially spaced aperture of the conduit.
NUM  5.
PAR  5. A dishwashing machine as defined in claim 3 wherein said conduit
      includes at least two separate apertures in a side wall of said conduit,
      said apertures being axially spaced from each other so that one of said
      apertures is in fluid communication with said one nozzle and the other of
      said apertures is in fluid communication with said remaining plurality of
      nozzles.
NUM  6.
PAR  6. A dishwashing machine having a washing chamber, at least one rack for
      supporting dishes within said chamber and an apparatus for distributing
      wash liquid onto dishes within said rack, said apparatus comprising:
PA1  a pump means having an outlet positioned below said rack for supporting
      wash liquid under pressure within said chamber;
PA1  said outlet including a plurality of apertures along side walls thereof and
      at least two of said apertures being axially spaced from one another;
PA1  at least one hollow spray device rotatably mounted within said chamber in
      operative relation with said rack and in fluid communication with said
      outlet;
PA1  a plurality of nozzles carried by said spray device for providing fluid
      communication between said spray device and said washing chamber; and
PA1  at least one tube-like member mounted within said spray device having an
      outer end thereof in fluid communication with a select one of said
      plurality of nozzles and having an inner end thereof adjacent and openly
      facing said outlet side walls along a portion thereof encompassing only
      one of the axially spaced apertures therein; whereby said tubular member
      is in fluid communication with said outlet only when said inner end of the
      tube-like member passes before the encompassed aperture as said spray
      device rotates about said outlet.
NUM  7.
PAR  7. A dishwashing machine as defined in claim 6 which includes a silverware
      basket mounted on a closure member of said machine and the encompassed
      aperture has lateral peripheral boundaries which define with the axial
      center of said outlet an angle encompassing an area within said washing
      chamber corresponding to that occupied by said basket.
NUM  8.
PAR  8. A dishwashing machine as defined in claim 7 wherein said encompassed
      aperture is aligned with said silverware basket so that the select one of
      said plurality of nozzles operates only when the select nozzle passes said
      silverware basket.
NUM  9.
PAR  9. In a dishwashing appliance,
PA1  means forming a treatment zone for receiving articles to be washed in
      separate areas within said zone;
PA1  means including conduit means for pressurizing a supply of washing liquid
      and driving said supply of washing liquid in the form of a stream;
PA1  a rotatable spray device having a plurality of passage means formed therein
      including at least one passage which has an opening inlet end at the
      radially innermost end thereof;
PA1  hub means selectively interconnecting said spray device and said conduit
      means and having a first plurality of circumferentially spaced openings
      for intermittent registration with said open inlet end of the one passage
      within the spray device, whereby the pressurized stream intermittently
      directs a supply of washing liquid to a select one of said separate areas
      in said zone via said one passage within the spray device and continuously
      directs a supply of washing liquid to the remainder of said separate
      areas; and
PA1  means for continuously rotating said spray device in one direction only
      during the operation of the dishwashing appliance.
NUM  10.
PAR  10. In a dishwashing appliance as defined in claim 9 wherein said plurality
      of passage means within the spray device includes other passages formed
      with open inlet ends at the radially innermost end thereof but spaced
      axially and separate from said open inlet end of the one passage within
      said spray device; and said hub means includes a second plurality of
      circumferentially spaced openings axially spaced from said first plurality
      of openings therein, said second plurality of circumferentially spaced
      openings being disposed in continuous register with said open inlet ends
      of said other passages.
NUM  11.
PAR  11. In a dishwashing appliance as defined in claim 9 wherein said means for
      continuously rotating said spray device in one direction only comprises
      reaction spray nozzles fed by said passage means.
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PAL  This invention relates to an improved foldable wall-supporting subframe for
      fabric-covered collapsible tent walls and the like, such improvement
      consisting of attaching the strut sections of each jointed pair thereof to
      the connector in slightly overlapped transversely-spaced side-by-side
      relation so as to maximize the spacing between each axis of pivotal
      movement and the associated stop-forming abutment carried by said
      connector while, at the same time, minimizing the size of the latter. The
      invention also encompasses the collapsible tent structure which comprises
      a pair of the improved subframes hingedly interconnected at their adjacent
      corners cooperating with one another in fully unfolded condition and with
      the floor of the cover linking them together to define a free-standing
      assembly. The invention further encompasses certain of the unique
      connections by means of which the frame and fabric covering therefor are
      detachably interconnected to form a self-contained unitary tent structure.
BSUM
PAR  In my U.S. Pat. No. 3,810,482, I disclose a tent, frame and subframe which,
      despite its many advantages over the prior art units for the same purpose,
      nevertheless had a few shortcomings. One of these was the design of the
      subframe, particularly in the area of the connector. The rib-forming strut
      sections all extended radially outward from the connector and each was
      attached to the latter for pivotal movement about an axis spaced outwardly
      from the center thereof so as to leave room for the four strut sections to
      move into a side-by-side folded relation. Unfortunately, this same
      connector had to carry the stops on the periphery thereof that limited the
      fully unfolded position of the strut sections to an angle greater than
      180.degree. and less than approximately 220.degree..  In so doing, the
      size of the connector had to be made inordinately large so as to spread
      the axis of pivotal movement and stop far enough apart to eliminate undue
      stress on the parts thus connected. Looking at this problem another way,
      if the distance separating the pivot pin mounting the strut section and
      the stop on the periphery of the connector is only an inch or so with a
      strut section a yard long, a mechanical advantage of some 30:1 or so is
      acting to deform, bend or otherwise damage the parts. Now, while the
      tension exerted by the stretchable cord reaved around the free ends of the
      strut sections can easily be adjusted so as to not overload this
      connection, other forces cannot such as, for example, pressing against the
      inside wall of the tent which is a very common occurrence when confined in
      a small area. By the same token, a small gain by way of an increased
      spacing between the pivot axis and associated stop results in a
      considerable reduction in the mechanical advantage responsible for the
      excessive loads to which the assembly is subjected. Obviously, doubling
      the space between the pivot pin and stop results in the mechanical
      advantage being reduced by over 50%; however, the important thing to
      remember is that this can be achieved by moving the stop away from the pin
      perhaps as little as an inch or even less.
PAR  To accomplish the foregoing by increasing the size of the connector,
      however, creates more problems than it solves. Weight is always a problem
      in a portable structure such as this and enlarging the size of the
      connectors substantially contributes to an undesirable increase in this
      area. Even more important, however, is the attendant increase in bulk of
      the assembly in folded condition. These connectors all end up in
      side-by-side nested relation to one another as shown in FIG. 3 of my
      earlier patent and it is easy to imagine what effect increasing the size
      of the connectors would have upon the overall bulk of the bundle thus
      formed.
PAR  The tent of my earlier patent had no floor so as to provide access to an
      underground installation through an open manhole covered thereby. The
      cover, while attached to the frame, contributed nothing by way of
      cooperating therewith to produce a free-standing structure as the frame
      alone provided the necessary structural support. Also, while the
      stretchable cords outlining the subframes were attached to the cover by
      enclosing same within hems stitched along the borders thereof, no
      connection was provided between the frame and fabric in the center of the
      walls and roof. This proved to be a disadvantage because, when the tent
      was collapsed, the fabric covering the subframes did not follow the
      connector inwardly so as to fold inside the strut sections.
PAR  It has now been found that these and other shortcomings of my earlier tent
      can be eliminated by, first of all, mounting the sections of each strut in
      transversely-spaced side-by-side relation with their adjoint ends slightly
      overlapped. By so doing, the same size connector can be rearranged to
      provide over twice the space separating the axis of pivotal movement and
      stop means as was possible with my earlier design. By so rearranging the
      connector, the center thereof is left free to accept a line from the
      adjoint fabric wall covering same that cooperates with said connector to
      pull the fabric and fold same within the bundle of strut sections as the
      subframe is collapsed.
PAR  The tent of the present invention is designed primarily for camping ratheer
      than a cover for the entryway into underground installations, therefore,
      it can and does include a floor which cooperates with the subframes
      supporting the side walls to define a stable free-standing structure which
      it would not be without the floor or some analogous connection between the
      bottom margins of the side walls. This floor, in fact the ground-engaging
      underside thereof, ends up as the outside cover for the tent in collapsed
      condition. As such, it keeps most of the dirt on the outside where it can
      most easily be removed. Also, by making the floor of heavier stock than
      the walls, it offers substantial protection for the remainder of the
      assembly folded inside thereof.
PAR  Finally, to further reduce the strain on the connector when the subframe is
      unfolded, the strut sections, while still rigid, are preferably made of
      springable plastic rods that will bow slightly under load and thus relieve
      some of the stress on the pivot pins, stops and the like. As these strut
      sections bow outwardly, they stretch the fabric covering them taut and
      present a much neater looking tent as well as one having a slightly
      increased volume.
PAR  Accordingly, it is the principal object of the present invention to provide
      a novel and improved ground tent.
PAR  A second objective is the provision of a tent of the type aforementioned
      which includes a unique foldable wall-supporting subframe.
PAR  Another object of the invention herein disclosed and claimed is to provide
      a tent wherein the cover, more particularly the floor, cooperates with the
      wall-supporting subframes to define a stable free-standing structure which
      would not exist without such a cooperative relationship.
PAR  Still another objective of the within described invention is the provision
      of a unitary collapsible tent structure wherein the entire frame and wall
      structure in folded condition be enveloped within the floor and protected
      thereby.
PAR  An additional object is the provision of a novel and improved strut
      connector which minimizes the size and weight thereof while, at the same
      time, reducing the loads to which the subassembly of which it forms a part
      is normally subjected.
PAR  Further objects are to provide a collapsible ground tent that is compact,
      extremely fast and easy to both erect and take down, one that is
      lightweight yet roomy, rugged and versatile.
DRWD
PAR  Other objects will be in part apparent and in part pointed out specifically
      hereinafter in connection with the description of the drawings that
      follows, and in which:
PAR  FIG. 1 is a perspective view looking down and to the right upon the front
      of the tent, portions of the near side wall having been broken away to
      reveal the interior construction;
PAR  FIG. 2 is a perspective view like FIG. 1 and to the same scale of the frame
      alone;
PAR  FIG. 3 is a front elevation;
PAR  FIG. 4 is a side elevation to a slightly reduced scale;
PAR  FIG. 5 is a section to the same scale as FIG. 3 taken along line 5--5 of
      FIG. 4;
PAR  FIG. 6 is an enlarged fragmentary section taken along line 6--6 of FIG. 4;
PAR  FIG. 7 is a fragmentary section to the same scale as FIG. 6 taken along
      line 7--7 of FIG. 4;
PAR  FIG. 8 is a fragmentary section to the same scale as FIGS. 6 and 7 taken
      along line 8--8 of FIG. 3;
PAR  FIG. 9 is a fragmentary section to the same scale as FIGS. 6-8 inclusive,
      taken along line 9--9 of FIG. 3;
PAR  FIG. 10 is a perspective view showing the tent in fully folded condition as
      it would be seen from a vantage point above and to the left thereof;
PAR  FIG. 11 is a fragmentary view to a further enlarged scale showing the
      connector, stop and strut section subassembly;
PAR  FIG. 12 is a fragmentary section taken along line 12--12 of FIG. 11 to the
      same scale as the latter;
PAR  FIG. 13 is a fragmentary section to the same scale as FIGS. 11 and 12 taken
      along line 13--13 of FIG. 11;
PAR  FIG. 14 is a fragmentary detail to the same scale as FIGS. 11-13,
      inclusive, showing the details of the corner subassembly where the floor
      joins the side wall and end wall;
PAR  FIG. 15 is a fragmentary section taken along line 15--15 of FIG. 14;
PAR  FIG. 16 is an exploded view to the same scale as FIGS. 11-15 showing the
      end subassembly of FIG. 14;
PAR  FIG. 17 is a fragmentary view to the same scale as the figures immediately
      preceding same showing the hinged connection between the two subframes;
      and,
PAR  FIG. 18 is a fragmentary corner detail of the same corner depicted in FIG.
      14 except that it shows only the fabric cover without the associated
      hardware in perspective.
DETD
PAR  Referring next to the drawings for a detailed description of the present
      invention and, initially, to FIGS. 1-5 inclusive, for this purpose,
      reference numeral 10 has been used to broadly designate the ground tent in
      its entirety while numeral 14 similarly designates the frame thereof and
      numeral 12 the cover or skin. Frame 12 is further broken down into a pair
      of substantially identical subframes that have each been referred to in a
      general way by numeral 16.
PAR  In the particular form shown, the tent 10 is of traditional shape having a
      pair of generally rectangular side walls 18 joined together along their
      common upper margin 20. The walls slope downwardly and outwardly in
      divergent relation from the ridge defined by upper margin 20. The ground
      is covered by a floor 22 forming an integral part of the cover 12. As
      illustrated, this floor has an upstanding marginal cuff 24 which adjoins
      the side walls and the triangular end walls 26. Cuff 24 also provides
      pockets 28 along opposite sides thereof that receive and retain the lower
      marginal edges 30 of the frame subassemblies 16 and prevents them from
      spreading apart. The cover 12 thus cooperates with the frame 14 in
      assembled relation to produce a stable free-standing structure that
      neither is capable of producing alone.
PAR  In FIGS. 1 and 3 it can be seen that the front end wall 26F is divided in
      half by a vertical zipper fastener 32 that joins a horizontal zipper
      fastener 34 along the top of the cuff 24. Opening these two zippers frees
      a pair of flaps that provide both ventilation and access in the usual
      manner. As illustrated, a net wall 36 similarly zippered is placed behind
      front wall 26F to keep out insects while insuring the free circulation of
      air.
PAR  Rear wall 26 does not open up the same way as the front wall 26F but,
      instead, is provided with a net-covered window 38 as shown in FIGS. 1 and
      5. This window is covered by a zippered flap 40. While features such as
      the construction of these end walls is optional and well within the skill
      of an ordinary artisan, the triangularly-shaped tube defined by the side
      walls and floor cooperates in a unique way with the frame 14 to produce a
      unitary collapsible assembly with no loose parts that can be set up or
      taken down without the use of any tools, stakes and the like by a
      completely unskilled person in literally a matter of a few seconds. The
      manner in which this desirable end is achieved will now be set forth in
      detail with specific reference first of all to FIGS. 2, 11, 12 and 13 for
      a description of the improved subframe 16.
PAR  Each subframe has a hub-forming connector 42 to which is pivotally attached
      two pairs of jointed struts 44 disposed in right-angular intersecting
      relation to one another. The sections of each strut have their adjacent
      ends 46 arranged in side-by-side transversely-offset slightly overlapped
      relation as revealed most clearly in FIG. 11. These ends thus offset and
      overlapped lie on opposite sides of the center 48 of the connector but are
      mounted, in the particular form shown, for independent pivotal movement
      about a common axis 50 passing through the latter. It is, of course,
      possible to mount each strut section for pivotal movement about a separate
      axis as well as one that does not pass through the center of the
      connector. In fact, as previously noted, the greater the spacing between
      axis 50 and the edge 52 of the connector that defines the stop which
      limits the movement of each section into fully-extended position, the
      better it is for lowering the stress placed upon the subassembly by a
      strut section of a given length. Thus, by adopting this offset and
      overlapped configuration in preference to the design of my earlier patent
      where the ends of the strut sections were spaced apart on opposite sides
      of the center of the connector but in longitudinal alignment with one
      another, I am able to easily double the distance separating axis 50 from
      the stop-defining edge 52 of the connector and thereby halve the stress on
      the latter element without increasing its size. Furthermore, one can
      greatly reduce the overall size of connector 50 and still accomplish a
      significant reduction in stress through use of the improved subframe.
PAR  Now, the marginal edge 52 of connector 42 cooperates with the pivot axis 50
      of the strut sections 44 in the same manner as my earlier patent to limit
      the fully unfolded relation between said sections of each foldable strut
      to one in which they bear an angular relationship to one another that
      exceeds 180.degree. yet is less than approximately 220.degree..  This
      so-called "over center" condition is releasably maintained by a
      stretchable cord 54 connected to the remote ends 56 of each strut section.
      In the collapsed or folding condition illustrated in FIG. 10, the strut
      sections lie in side-by-side more or less parallel relation with both
      connectors 42 alongside one another at the same end as shown.
PAR  In FIG. 2, it will be noted that segment 54C of cord 54 is shared by the
      two subframes 16 and extends along the ridge defined by upper marginal
      edge 20. As such, this segment permanently joins these two subframes
      together to produce the tent frame 12. The frame thus formed is further
      permanently attached to the cover or skin 14 which cooperates therewith to
      produce a unitary assembly to which detailed reference will be made
      presently.
PAR  In FIGS. 5-9, 11, 12 and 13 it can be seen that the strut sections include
      springable midsections 58 fabricated from plastic rods, the opposite ends
      of which are permanently attached by means of pins 60 into sockets 62
      provided in the fittings 64 and 66 that are located on the adjacent and
      remote ends thereof, respectively. Connector 42 has a hole 68 in the
      center thereof through which passes a short lanyard 70 that is sewn as
      otherwise attached to a patch 72 (FIG. 12) similarly attached to the side
      wall 18 of the tent skin 12. Accordingly, a pull upon lanyard 70 will draw
      the side wall up snug against the connector 42 and thus return the strut
      sections back over center into the folded condition of FIG. 10, all the
      while insuring that the side wall will be inside the strut sections in
      their bundled condition. In my earlier tent, I showed no such connection
      and the struts could be folded leaving the fabric covering same on the
      outside.
PAR  Next, with reference to FIG. 5, it will be seen that the bendable nature of
      the strut sections is such that they will assume an outwardly bowed
      configuration when fully unfolded and held under stress by the tensioned
      cord 54 connected from the remote end of one strut section to the next. As
      thus bowed, the subframes serve to remove all slack from the side wall
      fabric thereby keeping it taut and free of the flapping noise which is so
      annoying when the wind blows against the loose walls of the ordinary tent.
      This same bowable subframe makes it far easier to adjust cord 54 which can
      be pulled taut enough to establish the bowed condition illustrated knowing
      that the strut sections will yield and not break the cord as they move
      between their folded and unfolded positions relative to connector 42.
PAR  Now, the fittings 66 on the remote ends of the strut sections differ
      materially from those (64) on the adjacent ends pivotally attached to
      connector 42 and they are most clearly revealed in FIGS. 14-17 to which
      detailed reference will now be made. A somewhat shallower socket 62M is
      provided for plastic midsection 58 and the latter is held in place by
      crimping the end of fitting 66 as shown at 74 rather than using a pin
      connector.
PAR  The other end of the fitting opposite that containing socket 62M is
      longitudinally slotted as shown at 76. At the base of the slot is a
      relatively narrower keyway 78 of a width adapted to pass the cord 54 while
      retaining ball 80 swaged on the end of said cord releasably locked within
      the slot in the manner clearly shown in FIG. 15. Both terminal ends of the
      cord 54 are provided with balls 80 and are thus detachably fastened within
      the fitting 66 on the remote end 56 of each strut section. In my previous
      patented construction, I use a single long length of cord to connect all
      the strut ends of each individual subframe together, however, the instant
      construction wherein separate segments of cord 54 of a length selected to
      span the gap separating one unfolded strut section from the next is
      preferable. For one reason, in case of damage to one cord segment, it can
      be replaced quite easily without having to unthread and rethread the cord
      through the cord-retaining sleeves 82 that are provided at the corners
      between the side and end walls as well as between the walls and the floor.
PAR  Once the terminal ends of the cord segments are positioned in the keyslots
      78 and the balls 80 retained therebehind, D-rings 84 are passed onto one
      of the fingers 86 cooperating with slot 76 to define a bifurcated end on
      fitting 66. This D-ring blocks the mouth of keyslot 78 in the manner shown
      most clearly in FIG. 14 and prevents the cord end from backing out of the
      latter. A large metal O-ring 88 is then inserted into slot 76 on top of
      the D-ring as shown in FIGS. 14 and 17. Straps 90 in the four corners of
      the tent floor tie onto these rings 88 and thus provide a releasable
      connection between the subframes and fabric cover at floor level. A
      similar strap at the front and rear corners of the ridge (FIG. 17) ties
      onto O-rings 88, a single one of which is shared by the corresponding
      strut sections of the two side wall-supporting subframes and used to
      connect same together. A retaining pin 92 screwed into aligned
      internally-threaded openings 94 in the fingers 86 of the bifurcated
      fitting end bridges the slot 76 therein and retains the O-ring, D-ring and
      cord ends in assembled relation. D-ring 84 can, of course, be opened up
      and removed to release the balls from the keyslots in case a cord needs to
      be replaced without having to untie the O-ring from the corner straps.
PAR  Next, referring briefly to FIGS. 6-9, 14, 17 and 18 it will be seen that
      cord-retaining sleeves 82 comprise a single width of fabric folded over
      upon itself to form a tunnel, the marginal edges of which are then hemmed
      while, at the same time, sewing the sleeve thus formed to the fabric of
      the tent. These sleeves extend along all corners formed between adjacent
      walls and these walls and the floor so as to shield the cord from wear and
      damage. They also terminate short of the corners when adjoining side and
      end walls meet the floor as well as where the side walls adjoin one
      another along the ridge 20 to provide room for connecting the O-rings to
      the straps.
PAR  Finally, in connection with FIGS. 1-5 and 10, it will become apparent that
      a pull on cords 70 from inside the tent will effect an instant folding of
      the subframes and a total collapse of the tent. The knots 94 in the ends
      of lanyard 70 insure the fact that the side walls 18 will fold into the
      bundle of folded strut sections as they define stops preventing withdrawal
      of the lanyard from central opening 68 in the connector. Obviously, as the
      subframes fold, the connectors 42 will drop down onto the floor and lie
      closely adjacent one another quite near the center thereof. Then, in
      folding the strut sections into bundled relation, the floor 22 of
      necessity ends up on the outside of the package thus formed so that all
      the frame members, walls, cord and hardware end up fully protected inside
      thereof. In addition, that portion of the floor, namely the underside
      thereof that lay on the ground, ends up still on the outside of the
      package where it makes little difference whether it is soiled or not.
      Furthermore, the floor is preferably made of stouter stock than the walls
      which further insures that the elements enveloped thereby will not be
      damaged during storage and handling of the tent in collapsed condition.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ground tent which comprises: a pair of collapsible subframes effective
      in open position to define a framework capable of supporting a wall
      covering when stood upon a lower edge, each of said subframes including
      three or more rigid strut sections and a centrally-located hub-forming
      connector, said strut sections each being pivotally connected at one end
      to said connectors for hinged movement from a folded position lying
      alongside one another on the same side of said connectors into an unfolded
      position radiating from the latter in angularly-spaced relation; fastener
      means hingedly connecting said subframes together at points remote from
      said lower edges; foldable means connecting said lower edges of the
      subframes together so as to limit the maximum separation therebetween when
      unfolded; foldable sheet means covering both subframes cooperating
      therewith to define a wall, the marginal edges of said sheet means being
      attached to the strut sections at the ends thereof remote from said ends
      pivotally attached to the connector; and, fastener means connecting said
      connector to the portion of said sheet means covering same, said fastener
      means, connector and sheet means cooperating to draw said sheet means into
      a nest defined by the strut sections when the subframe is folded inwardly.
NUM  2.
PAR  2. The ground tent as set forth in claim 1 in which: the strut sections are
      pivotally connected to the connector at points displaced to one side of
      the center thereof; the connector has a hole through its center; and, in
      which the fastener means comprises a lanyard attached to said portion of
      the sheet means and passed through the hole in the connector.
NUM  3.
PAR  3. A ground tent which comprises: a pair of collapsible subframes effective
      in open position to define a framework capable of supporting a wall
      covering when stood upon a lower edge, each of said subframes including
      three or more rigid strut sections and centrally-located hub-forming
      connector, said strut sections each being pivotally connected at one end
      to said connectors for hinged movement from a folded position lying
      alongside one another on the same side of said connectors into an unfolded
      position radiating from the latter in angularly-spaced relation, and said
      struts having the ends thereof remote from said one end provided with
      opposed slots; stretchable cords strung between the slotted ends of
      adjacent strut sections; said cords being of a length selected to place
      same under tension when the subframe is unfolded, and said cords
      cooperating with one another and with the connectors to releasably
      maintain said subframe in unfolded condition; enlargements on the opposite
      ends of each cord sized to releasably lock same within said slots;
      fastener means hingedly connecting said subframes together at points
      remote from said lower edges; foldable means connecting said lower edges
      of the subframes together so as to limit the maximum separation
      therebetween when unfolded; foldable sheet means covering both subframes
      cooperating therewith to define a wall, the marginal edges of said sheet
      means being attached to the strut sections at said remote ends thereof;
      and, fastener means connecting said connector to the portion of said sheet
      means covering same, said fastener means, connector and sheet means
      cooperating to draw said sheet means into a nest defined by the strut
      sections when the subframe is folded inwardly.
NUM  4.
PAR  4. A ground tent which comprises: a pair of collapsible subframes effective
      in open position to define a framework capable of supporting a wall
      covering when stood upon a lower edge, each of said subframes including
      three or more hollow rigid strut sections and a centrally-located
      hub-forming connector, said strut sections each being pivotally connected
      at one end to said connectors for hinged movement from a folded position
      lying alongside one another on the same side of said connectors into an
      unfolded position radiating from the latter in angularly-spaced relation;
      fastener means hingedly connecting said subframes together at points
      remote from said lower edges; foldable means connecting said lower edges
      of the subframes together so as to limit the maximum separation
      therebetween when unfolded; foldable sheet means covering both subframes
      cooperating therewith to define a wall; rings on the ends of each strut
      remote from said one end thereof; straps on the foldable sheet means
      positioned to tie onto the rings on the strut section ends forming a
      releasable connection therebetween; and, fastener means connecting said
      connector to the portion of said sheet means covering same, said fastener
      means, connector and sheet means cooperating to draw said sheet means into
      a nest defined by the strut sections when the subframe is folded inwardly.
NUM  5.
PAR  5. The ground tent as set forth in claim 3 in which: the slots include a
      wide section sized to pass the enlargements on the ends of the cord and a
      relatively narrower section sized to pass said cord while blocking the
      passage of said enlargement.
NUM  6.
PAR  6. The ground tent as set forth in claim 3 in which: rings are provided in
      the slotted ends of the strut sections positioned to block the removal of
      the cord ends therefrom; and, in which a pin is detachably fastened to
      said slotted strut end in position to provent removal of said ring from
      the slots.
NUM  7.
PAR  7. A tent frame comprising in combination: a pair of collapsible subframes
      effective in open position to define a framework capable of supporting a
      wall covering when stood upon a lower edge, each of said subframes
      including three or more rigid strut sections and a centrally-located
      hub-forming connector, said strut sections each being pivotally connected
      at one end to said connector for hinged movement from a folded position
      lying alongside one another on the same side of said connector into an
      unfolded position radiating from the latter in angularly-spaced relation;
      fastener means hingedly connecting said subframes together at points
      remote from said lower edges; and, sheet fabric means connecting said
      lower edges of the subframes together so as to limit the maximum
      separation therebetween when unfolded, said sheet means also cooperating
      with the fastener means and with said subframes in open position to define
      a free-standing structure, and said sheet means further cooperating with
      said subframes in collapsed condition to envelop same and form a
      protective covering therefor.
NUM  8.
PAR  8. The combination as set forth in claim 7 in which: the subframes fold
      inwardly toward one another.
NUM  9.
PAR  9. The combination as set forth in claim 7 in which: the shortest distance
      separating the connector from said lower edge of the same subframe is less
      than half the width of the sheet means measured between said lower edges.
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PAL  Locking apparatus for a ram type blowout preventer having a housing with a
      passageway through which a tubular member may pass; rams movable between a
      non-sealing position in the housing, in which the passageway is open, and
      a sealing position in which the passageway is sealingly closed; and an
      operator assembly for moving the rams between the non-sealing and sealing
      positions. The locking apparatus may comprise: at least one rod connected
      to the operator assembly reciprocable between first and second terminal
      positions in response to movement of the rams between their non-sealing
      and sealing positions, respectively; and locking means engageable with the
      rod when in its second terminal position to lock the rams in their sealing
      positions. A method of operating such a ram type blowout preventer is
      disclosed also.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to flow control devices. More specifically
      it pertains to flow control devices suitable for controlling a well during
      drilling operations. More specifically it pertains to such flow control
      devices which are known in the industry as "blowout preventers".
PAR  2. Description of the Prior Art
PAR  Since the early days of the petroleum industry, "blowout" of a well during
      drilling operations has been a major concern. If the proper precautions
      are not taken, the drill bit may enter a high pressure formation causing
      oil and/or gas to rush out of the well creating hazards to both life and
      property.
PAR  Although use of the first mechanical well control equipment was apparently
      not recorded, the development of numerous inventions to prevent blowouts
      has occurred since the late nineteenth century up to the present date.
      Continuing developments bear witness to the unending search for new and
      improved method of preventing loss of control of well pressures at the
      surface.
PAR  The flow control devices, known in the industry as blowout preventers, for
      controlling well pressures may be classified under one of three broad
      forms: the inverted packer type, the ram type and the stuffing box or
      pressure operated drilling packer type. The purpose of any of these types
      of blowout preventers is to seal the annular space between the drill stem
      and the casing quickly, easily and safely.
PAR  One of the most popular and widely used of these three types of blowout
      preventers is the ram type. Such preventers generally comprise a housing
      which may be attached to the well casing and which is provided with a
      passageway through which the drill string may be passed. Carried in the
      housing is a pair of rams which are disposed for reciprocal movement
      between retracted positions, in which the annular area between the drill
      string and the blowout preventer passageway is open, and an extended
      position, in which the rams engage the exterior of the drill string and
      sealingly close the annular space between the drill string stem and
      casing. The rams are usually connected by a rod to a piston and cylinder
      assembly carried by the blowout preventer housing. To close the blowout
      preventer (to move the rams to the extended or sealing position), pressure
      is applied to the piston and cylinder assembly forcing the rams into
      sealing engagement with the drill string. To open the blowout preventers,
      pressure is simply applied to the opposite end of the piston and cylinder
      assembly. The most popular ram blowout preventers are made by Cameron Iron
      Works, Inc. and Schaffer Tool Works, a subsidiary of the Rucker Company.
      Blowout preventers made by these companies may be seen in the 1972-73
      revision of the Composite Catalog of Oilfield Equipment and Services
      published by the Gulf Publishing Company.
PAR  When a blowout preventer is closed in a well that is "blowing out" or
      threatening to "blowout" or when the well is to be left unattended, it is
      desirable to lock the rams in this closed position. Otherwise, extreme
      pressures must be maintained on the piston and cylinder assemblies of the
      blowout preventer. In the past, a manually operated locking screw has been
      used which, when screwed in place, engages a "tail rod" attached to the
      piston of the blowout preventer piston and cylinder assembly, preventing
      return of the piston to the retracted or open position. Such locking
      apparatus utilized in one of Cameron's blowout preventers may be seen at
      page 960 and 961 of the aforementioned Composite Catalog.
PAR  Although a relatively long period of time may be required to engage such
      locking apparatus, it has been found to be suitable for most land based
      drilling operations. However, such locking apparatus may not be suitable
      for subsea drilling. Much subsea drilling is conducted with the blowout
      preventers placed near the floor of the body of water in which the
      drilling is being conducted. Operating a manually operated locking
      mechanism at the bottom of an ocean is impractical if not impossible.
      Therefore, other locking apparatus has been developed.
PAR  One such remotely operable locking apparatus, developed by Cameron, is
      shown on page 962 of the Composite Catalog. In such a blowout preventer,
      the tail rod, which is attached to the operating piston, is tapered on the
      end for engagement by a hydraulically actuated wedge member which is
      mounted for reciprocal movement along a path generally perpendicular to
      the axis of the tail rod. When it is desired to lock the blowout preventer
      in the closed position, the rams are closed and pressure held thereon
      until pressure is applied to the wedge member. The wedge member is wedged
      behind the end of the tapered tail piece. One advantage of such locking
      apparatus is its adjustability, allowing the ram to be locked wherever it
      stops regardless of wear to the ram seal, etc. Another advantage is that
      the lock is not actuated every time the ram closes but only when it is
      desired to lock the rams. However, there are some disadvantages of such
      locking mechanisms. Occasionally the tapered surfaces are wedged so
      tightly together that they cannot be released by hydraulic pressure.
      Furthermore, if the planes on the tapered wedge or the tapered end of the
      tail rod have any lubricant on them, it is possible to apply enough force
      to the rams to release the locking device. In addition, such a blowout
      preventer requires at least four hydraulic hoses. The more hydraulic hoses
      required in a subsea installation, the greater the connection and
      maintenance problems.
PAR  Another type of locking apparatus, which is used by Schaffer Tool Works and
      which may be seen on page 3873 of the aforementioned Composite Catalog, is
      the type in which the preventer piston assembly is provided with radial
      latches which, upon closing, automatically engage annular surfaces within
      the cylinder to positively lock the rams in the closed position. One
      advantage of such lockout apparatus is that only two hydraulic hoses are
      required for the blowout preventer. However, there are also some
      disadvantages of this type of lock. For one, the lock is actuated each
      time the blowout preventer is closed because the lock is operated by
      closing pressure. This is a disadvantage in that it is not always desired
      to lock the rams each time they are closed but only on occasions when the
      well is actually blowing out, threatening to blow out or is to be left
      unattended (such as when the rams are closed to hang the drill string and
      the drilling vessel is moved due to bad weather or any other reason).
      Furthermore, actuating the locks each time the rams are closed may cause
      excessive wear and a greater chance of malfunction when the lock is
      actually needed. In addition, this type of lock locks the ram in exactly
      the same position every time. This is a disadvantage because the rams may
      need to be locked in a further closed position as the ram seals wear.
      Otherwise, the ram may be locked before it has traveled inwardly enough to
      completely seal off against the drill string. Furthermore, most blowout
      preventer rams are made to run over the center and when one ram has moved
      past the locking position the other ram may not have moved enough to be
      locked.
PAR  A still further disadvantages of either of the above mentioned locking
      systems is that there is no good way to check whether or not the lock has
      been effected. The radial latch type lock cannot be checked since applying
      ram opening pressure would unlatch the lock. Opening pressure can be
      applied to the wedge type lock to determine whether or not it has been
      effected, but a low opening pressure will not assure that it is locked
      since the ram might be slightly hung or stuck and not actually locked.
      Therefore a high pressure must be applied to be sure the lock is effected
      and this tends to overload the locking device.
PAR  Great strides have been made in the development and improvement of blowout
      preventers. Improvements have also been made in locking such blowout
      preventers in the closed position. However, it is apparent that the
      present state of the art in locking blowout preventers still leaves much
      to be desired in efficiency, reliability and other operating,
      manufacturing and maintenance characteristics.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention pertains to improved locking apparatus, and operation
      thereof, primarily for use with ram type blowout preventers. The locking
      apparatus may comprise a rod member attached to the operating piston of
      the blowout preventer, and slips radially movable from retracted
      positions, not engaging the rod, to contracted positions engaging the rod.
      Movement of the slips between retracted and contracted positions is
      effected by cooperating wedge surfaces. The wedge surfaces are carried on
      a piston assembly surrounding the rod member and disposed within a
      cylinder for reciprocal movement between first and second terminal
      positions, in which the wedge surfaces are moved between positions
      corresponding with retracted and contracted positions of the slips,
      respectively. The piston assembly is provided with retainer means and
      differential pressure areas so that when pressure is applied to close the
      blowout preventer rams, the same pressure is applied to the locking piston
      assembly to release it for movement to the second terminal position
      (corresponding with contracted slip positions and engagement with the rod
      assembly). Movement of the locking piston assembly and slips is then
      actually effected by a relatively low pressure applied to another portion
      of the piston assembly. The retainer device can then be reactivated,
      locking the piston assembly, wedge surfaces, slips and consequently the
      rams of the blowout preventer in the closed or sealing position.
PAR  The locking apparatus of the present invention combines advantages of the
      aforementioned prior art locking apparatus without the inherent
      disadvantages thereof. For example, the locking apparatus of the present
      invention operates on the same two hydraulic lines used to open and close
      the blowout preventer rams. However, unlike the radial latch lock of the
      prior art, it may be actuated only when desired to lock the rams. The
      locking apparatus of the present invention is designed to grip the tail
      rod and lock the ram in any position where it stops. This compensates for
      wear of the ram seals and allows locking of the rams in a completely
      sealed position even if one of the rams moves past center. The locking
      apparatus of the present invention may be operated by application of a
      relatively low pressure on the ram opening line while a relatively high
      pressure is held on the closing line. Even this relatively low pressure
      required to actuate the locking device may be isolated from the opening
      chamber of the ram itself by optional use of a pilot operated check valve.
      The locking apparatus may be unlocked by simply applying ram closing
      pressure. This is a definite advantage in that all of the load is removed
      from the lock itself before it is released.
PAR  In summary, the locking apparatus of the present invention is more
      efficient and reliable than those of the prior art. It is positive in
      action and easily checked for assurance of locking. Many other objects and
      advantages of the invention will be apparent from a reading of the
      specification which follows in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of a subsea bottom supported wellhead
      illustrating various flow control devices (blowout preventers) which may
      be used in subsea drilling;
PAR  FIG. 2 is a perspective view, a portion of which is shown broken away,
      illustrating a ram type blowout preventer of the prior art, having a screw
      type locking device;
PAR  FIG. 3 is a schematic representation of a ram type blowout preventer
      utilizing locking apparatus according to a preferred embodiment of the
      invention;
PAR  FIG. 4 is a longitudinal cross-sectional view of a portion of the blowout
      preventer of FIG. 3 showing the locking apparatus in the released or
      unlocked position;
PAR  FIG. 5 is a sectional detail of the locking apparatus of FIG. 4, showing
      release of its retainer so as to allow movement of the locking apparatus
      to the locked position;
PAR  FIG. 6 is a longitudinal cross section view of the locking apparatus of
      FIG. 4, showing the apparatus in its locked position;
PAR  FIG. 7 is a detail sectional view of the retaining device, shown in
      position for releasing the locking apparatus for return to the unload
      position; and
PAR  FIG. 8, taken along lines 8--8 of FIGS. 4 and 6, is a transverse cross
      section illustrating details of the slips and wedge surfaces of a locking
      apparatus of the present invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, there is shown a typical installation for
      drilling a well at a subsea location. Supported on the floor 1 of a body
      of water 2 is a landing base 3 and wellhead 4. The various casing strings
      (not shown) are connected to the wellhead 4 and penetrate the substrate 1.
      Connected to the wellhead 4 by an underwater connector 5 is flow control
      apparatus or blowout preventer stack which may include ram type blowout
      preventer 6 and a pressure operated drilling packer 7. Other connector
      devices 8, hydraulic lines 9 and 10 and other auxiliary equipment may be
      provided. A conductor casing 11 may extend from the blowout preventer to
      the surface of the body of water from which drilling takes place from a
      drill ship (not shown) or other type of drilling platform. Guide cables 12
      may be provided for guiding various components toward or away from the
      wellhead 4.
PAR  The drill string (not shown) is lowered through conductor 11, blowout
      preventers 7 and 6, connector 5 and wellhead 4 into the well hole where
      drilling, of course, takes place. The purpose of blowout preventers 6 and
      7 is to control the flow of fluids in the annular space between the drill
      string and the surrounding components of the drilling apparatus. In
      particular, the blowout preventers 6 and 7 are provided to control and
      prevent blowout of the well in case a high pressure formation is
      encountered.
PAR  FIG. 2 illustrates a typical ram type blowout preventer, similar to the
      blowout preventers 6, shown in FIG. 1. However, the blowout preventer
      shown in FIG. 2 is primarily for land based drilling operations and is
      provided with a locking apparatus not suitable for use in subsea drilling.
      This figure is included merely for a general understanding of ram type
      blowout preventers. Such blowout preventers generally comprise a housing
      13 through which is provided an opening or passageway 14 which is placed
      in communication with the well hole. Flanges 15 on the housing may be
      provided for connecting the preventer to other components of the drilling
      apparatus. Carried in the housing 13 for reciprocal movement between
      inward and outward positions are a pair of ram members 16. These rams may
      be attached by rods 17 to piston members 18 which are disposed for
      reciprocation within cylinders on opposite ends of the housing 13. The
      piston and cylinder assemblies 18 and 19 may be referred to as the blowout
      preventer operators. The rams 16 are provided with seals 20 which when in
      the inward or closed position engage the drill string which is generally
      centrally disposed within the passageway 14. When in the closed position,
      these rams 16 seal around the drill string and effectively close the
      annular area bounded by the outside diameter of the drill string and the
      passageway 14.
PAR  As previously mentioned, many blowout preventers are provided with some
      sort of locking apparatus so as to lock the ram 16 in the closed position
      when desired. The particular blowout preventers shown in FIG. 2 are
      provided with locking screws 21 which may be manually turned to engage a
      portion of the piston assembly 18 so as to hold the rams 20 in the closed
      position, if so desired. As previously mentioned, such manually operated
      locking devices are not acceptable for the remote underwater locations in
      subsea drilling.
PAR  Referring now to FIG. 3, a blowout preventer, generally designated at 22,
      according to a preferred embodiment of the invention, will be described.
      The preventer comprises a housing 23 which is provided with a cavity 24
      which also forms a part of a passageway therethrough which communicates
      with the wellhead and casing of the well. A drill string 25 may extend
      through the passage down into the well hole. Disposed in the housing
      cavity 24 is a pair of opposing ram members 26 and 27 which are disposed
      for movement between extended or closed positions (as shown in FIG. 3) and
      retracted positions. The rams 26 and 27 are provided with suitable seals
      26a and 27a and in the closed position seal off the annular space between
      the drill string 25 and the passageway through the preventer housing 23.
PAR  Each of the rams may be connected by rods 28 and 29 to piston operators 30
      and 31 disposed in cylindrical cavities 32 and 33 of the housing 23.
      Suitable seals 28a and 29a are provided around the rods 28 and 29. The
      rods 28 and 29 may extend past pistons 30 and 31 to provide tail rods 34
      and 35 which extend into and through other cylindrical cavities 36 and 37.
      The tail rods 34 and 35 may actually be separate rod members attached to
      the pistons 30 and 31. It will be noted that the tail rods 34 and 35 are
      provided with friction engaging surfaces, such as threads 34a and 35a.
PAR  Surrounding the tail rods 34 and 35 within cylinders 36 and 37 are slips
      38, 39 and piston assemblies 40 and 41 which in combination with tail rods
      34 and 35 make up the locking apparatus of the present invention. The
      various details of the locking apparatus will be more fully described
      hereafter.
PAR  The outer or outboard ends of operator cylinders 32 and 33 are connected
      through conduits 42, 43 and 44 to a pressure source (not shown) for
      closing the blowout preventer rams. The locking apparatus cylinders 36 and
      37 are also connected to the same pressure source by conduits 45 and 46.
      The inner or inboard ends of the operator cylinders 32 and 33 are
      connected by conduits 47, 48 and 49 to a second pressure source (not
      shown) for opening the blowout preventer rams. This same pressure source
      is also connected by conduits 50 and 51 to the locking cylinders 36 and
      37. A pilot operated check valve 52, to be described hereafter, may be
      connected at the junction between conduit 49 and an additional conduit 53
      which is also connected to at least one of the operator cylinders 32.
PAR  Referring now to FIG. 4, a more thorough description of the locking
      apparatus will be given. The locking apparatus may be actually constructed
      as a separate unit for attachment to the housing of the blowout preventer.
      As such, it may be provided with a hub 54 and flange 55 for direct
      attachment to the blowout preventer adjacent one of the operator cylinders
      (such as 32 shown in FIG. 3). The locking cylinder 36 may be defined by a
      surrounding tubular housing 56 attached, such as by threads 57, to the hub
      54 and closed at the opposite end by annular plate 58. A tubular extension
      59 may be attached to plate member 58 in which the outer end of tail rod
      34 may be disposed A vent port 59a may be provided in tubular extension
      59. If used under water, the vent port 59a would be connected to a
      reservoir of oil to prevent entrance of water.
PAR  The tail rod 34, as previously explained, is connected to one of the piston
      members (such as piston 30 in FIG. 3) of the blowout preventer ram
      operator and reciprocates therewith. Also as previously explained, the
      tail rod 34 is provided with a friction engaging surface such as threads
      34a.
PAR  Surrounding the rod 34 within the cylinder 36 is a tubular guide 60, which
      may be threadedly attached at 61 to hub 54. Disposed between the outer end
      of tubular guide 60 and annular plate 58 is a plurality of slip members
      62. The inner faces of these slip members 62 are provided with friction
      engaging surfaces such as teeth 63. The outer faces or backs 64 of the
      slips 62 are tapered, converging toward the axis of tail rod 34 in a
      direction toward the hub 54. The back of the slips are also provided with
      a dovetail slot 65 (see also FIG. 8) for engagement with a dovetail key 66
      attached by screw 67 to a wedge member 68, to be more fully described
      hereafter. The slips 62 are mounted for radial movement between retracted
      positions, as shown in FIG. 4, and inwardly contracted positions as shown
      in FIG. 6. The wedge member 68 makes up a part of what may be referred to
      as a piston assembly surrounding tail rod 34 and mounted for reciprocation
      between a first terminal position, as shown in FIG. 4, and a second
      terminal position, as shown in FIG. 6. In addition to the tapered wedge
      member 68, the piston assembly may comprise a surrounding latch sleeve 69
      which may be threadedly attached at 69a to the wedge member 68. The
      outside diameter (D1) at seal 70 of the latch sleeve 69 is slightly less
      than the outside diameter (D2) at seal 71. Seals 70 and 71 provide sliding
      sealing engagement of the piston assembly with the inner walls of cylinder
      36. Another sliding seal 72 (diameter D3) provides sliding sealing
      engagement of the piston with the tubular guide 60. Other seals 57a, 60a,
      68a etc. are provided where needed.
PAR  The piston assembly also includes a retainer mechanism for latching the
      piston assembly in either of its terminal positions. The retainer
      mechanism comprises latches 73, retainer sleeve 74 and biasing spring 75.
      The radial latches 73 are disposed within radial windows 76 cut in latch
      sleeve 69. The retainer sleeve 74 is mounted for limited axial movement
      within the annular space provided between latch sleeve 69 and wedge member
      68. The biasing spring 75 urges the retainer sleeve to the left, as seen
      in FIG. 4, so that it lies behind latches 73 preventing their retraction
      within the windows 76. A retainer cap 77 may be threadedly attached at 78
      to latch leeve 69. The external diameter of retainer sleeve 74 is reduced
      at 79 so that if the biasing spring 75 is compressed sufficiently for the
      reduced diameter portion 79 to lie behind latches 73, they may be
      retracted within the window 76, as shown in FIG. 5. In the non-retracted
      position of FIG. 4, engagement of latches 73 with the annular shoulder 80
      would prevent movement of the piston assembly, retaining it in the first
      or unloaded terminal position shown in FIG. 4. It will be noted that
      annular seals 81 and 82 are provided between the retainer sleeve 74 and
      latch sleeve 69 and wedge member 68, respectively.
PAR  Pressure ports 83 and 84 are provided in the walls of the cylindrical
      housing 56. Port 84 may be connected (such as by conduits 45, 43 and 42 in
      FIG. 3) with the pressure source which is used to close the blowout
      preventer rams. Port 83 may be connected (such as by conduit 50 in FIG. 3)
      with the pressure source for opening the blowout preventer rams. It will
      be noted that the annular area bounded by diameters D.sub.2 and D.sub.3 of
      the piston assembly is subjected to the pressure applied through port 83
      whereas the substantially smaller annular area bounded by the diameters
      D.sub.1 and D.sub.2 is subjected to pressure supplied through port 84.
PAC  STATEMENT OF OPERATION
PAR  Referring now to FIGS. 3-8, operation of the locking apparatus of the
      present invention will be described. Assuming that the blowout preventer
      is in the nonsealing or open position, its locking apparatus will be
      substantially as shown in FIG. 4. Also note the position of tail rod 34.
      To close the rams of the blowout preventer a relatively high pressure,
      e.g. 1500 psi, is applied to the piston and cylinder operator assembly of
      the blowout preventers through conduits 42, 43 and 44 (see FIG. 3). This
      will cause the rams to move to the closed position, as illustrated in FIG.
      3, and with the tail rod reciprocated to its second terminal position, as
      shown in FIG. 6. Since port 84 is also connected to the closing pressure
      source this pressure (1500 psi) is applied to the differential area
      between diameter D.sub.1 and diameter D.sub.2 and is also applied to the
      outward or left end (as seen in FIG. 5) of retainer sleeve 74
      (differential area between seals 81 and 82). Since the locking piston
      assembly is resting against hub member 54 already, this pressure has no
      effect on moving the locking piston assembly from its first terminal
      position as shown in FIG. 4. However, the high pressure applied to the end
      of retainer sleeve 74 compresses biasing spring 75 and allows the retainer
      sleeve 74 to shift to the position shown in FIG. 5. Since the smaller
      diameter 79 of the retainer sleeves 74 now lies behind radial latches 73,
      they will be allowed to be retracted within latch window 76.
PAR  If it is merely desired to close the blowout preventers without locking the
      rams in place, nothing further will be done to activate the locking
      apparatus. However, if it is desired to lock the blowout preventers in the
      closed or sealed position, a relatively low pressure, e.g. a 150 psi, may
      now be applied through port 83. Since the differential area between
      diameters D2 and D3 is substantially greater than the differential areas
      between diameters D1 and D2, a force results which tends to move the
      entire locking piston assembly toward the second terminal position shown
      in FIG. 6. Since the retainer sleeve 74 is in the position shown in FIG.
      5, the assembly is permitted to move past shoulder 80 to the position
      shown in FIG. 6, except that the latches 73 and retainer sleeve 74 will be
      as shown in FIG. 7. During this movement toward the second terminal
      position, the wedge member 68 and wedge key 66 forces the slip members 62
      radially inwardly to the contracted position of FIG. 6 so that the slip
      teeth 63 engage the teeth or threads of tail rod 34.
PAR  To positively lock the tail rod 34 and consequently the rams of the blowout
      preventer in the closed position, it will be necessary to maintain the
      slips 62 in the contracted position. Thus, the locking apparatus piston
      assembly must be latched or locked in the second terminal position of FIG.
      6. This is accomplished by then reducing pressure from the ram closing
      pressure source so that the pressure applied to port 84 is gradually
      reduced. As the pressure is reduced, the biasing spring 75 forces the
      retainer 74 to return to the position shown in FIG. 6 so that its larger
      diameter portion lies behind the latches 73 locking them in a radially
      extended position so that their engagement with shoulder 80 will prevent
      return of the locking apparatus piston assembly. The relative low pressure
      (150 psi) may also now be reduced to zero leaving only mechanical locking.
      The locking apparatus is now positively actuated and the rams are
      positively locked in their closed position.
PAR  It should be noted at this point that if it is desired to prevent the
      relatively low pressure, e.g. 150 psi, which is necessary to activate the
      locking apparatus, from being applied to the opening side of the ram
      operator pistons, a pilot operated check valve, such as 52 in FIG. 3 may
      be provided. Such a valve would be kept closed by the closing pressure
      admitted through conduit 53, via 42, 43 and 44, and would not admit the
      150 psi opening pressure to the conduits 47 and 48 until the higher
      closing pressure (1500 psi) was removed from operator cylinder 32.
      However, as soon as the closing pressure was removed from cylinder 32, the
      valve 52 would open. Such pilot operated check valves are well known in
      the art and need not be described any further.
PAR  Once the blowout preventer is locked in the closed position, it can be
      checked by merely applying opening pressure to the opening side of pistons
      30 and 31. If the rams do not open, the lock is positively assured.
PAR  To open the rams and release them from the locked or closed position, in
      which the locking apparatus is as shown in FIG. 6, closing pressure may
      gradually be applied to the operating cylinders 32 and 33 to conduits 42,
      43 and 44. This places the closing load on the pistons 30 and 31 and
      slightly unloads the slips 32. With closing pressure maintained on the ram
      operator pistons, closing pressure is also regulated into the locking
      apparatus through port 84, first forcing the retainer sleeve 74 to the
      position shown in FIG. 7. This allows retraction of latches 73 and as
      pressure is increased in port 84, acting on the differential area between
      diameters D.sub.1 and D.sub.2, the locking piston assembly is returned
      toward the first terminal or unlocked position of FIG. 4, except that the
      latches 73 and retainer sleeve 74 are in the position of FIG. 5. As the
      locking piston assembly moves from the second terminal or locked position
      back to the first terminal or unlocked position, the dovetail key 66
      sliding within the dovetail slot 65 of slip 62 causes the slips to be
      retracted, disengaging the threads of tail rod 34.
PAR  When the locking piston assembly has returned to its first terminal
      position, ram closing pressure is relieved, allowing the latch retainer 74
      to return to the initial position shown in FIG. 4, forcing latches 73 to
      their extended positions and locking the locking piston assembly in its
      deactivated or unlocked position. At this point opening pressure may be
      applied to the operating cylinders 32 and 33 through conduits 47, 48 and
      49 causing the ram to return to their open position. The rams can now be
      opened or closed without activating the locking mechanism.
PAC  CONCLUSION
PAR  As can be seen from the foregoing description, the locking apparatus of the
      present invention is a highly reliable and efficient one. It offers more
      advantages than any of the locking apparatus of the prior art without the
      disadvantages inherent in those designs. It is easy to operate and results
      in an improved method of operating a blowout preventer.
PAR  Although only one preferred embodiment of the invention has been described
      herein, many others will be apparent to those skilled in the art. For
      example, the locking apparatus of the present invention could be used with
      flow control devices other than blowout preventers. In fact the locking
      apparatus of the present invention could be used in many ways and the
      scope of the invention is intended to be limited only by the claims which
      follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. Locking apparatus in combination with a ram type blowout preventer
      having a housing with a passageway through which a tubular member may
      pass; ram means movable between a non-sealing position in said housing, in
      which said passageway is open, and a sealing position in which said
      passageway is sealingly closed; and operator means for moving said ram
      means between said non-sealing and sealing positions; said locking
      apparatus comprising:
PA1  a. rod means connected to said operator means reciprocable between first
      and second terminal positions in response to movement of said ram means
      between said non-sealing and sealing positions, respectively; and
PA1  b. locking means comprising slip means non-longitudinally and radially
      movable from a retracted position, not engaging said rod means, to a
      contracted position engaging said rod means, when in said second terminal
      position to lock said ram means in said sealing position, said locking
      means comprising wedge means engaging said slip means and movable from a
      first position, holding said slip means in said retracted position, to a
      second position holding said slip means in said contracted position.
NUM  2.
PAR  2. Locking apparatus as set forth in claim 1 in which said locking means
      comprises mutually engageable cooperating teeth on said slip means and
      said rod means to positively lock said ram means in said sealing position.
NUM  3.
PAR  3. Locking apparatus as set forth in claim 2 in which said wedge means
      comprises a piston assembly mounted in a cylinder movable in response to
      pressure applied to said cylinder to effect said longitudinal movement of
      said wedge means.
NUM  4.
PAR  4. Locking apparatus as set forth in claim 1 in which said wedge means is
      carried on a piston assembly surrounding said rod means and disposed
      within a cylinder for reciprocal movement between first and second
      terminal positions, in which said wedge means is in its first and second
      positions, respectively.
NUM  5.
PAR  5. Locking apparatus in combination with a flow control device having a
      body with a flow passage therethrough, hydraulic cylinder means in which
      is disposed piston means for movement between first and second terminal
      positions and closure means connected to said piston means and movable in
      response thereto from an open position in which said flow passage is open
      to a closed position in which flow passage is closed thereby, said locking
      apparatus comprising:
PA1  a. rod means axially aligned and movable with said piston means between
      first and second terminal positions;
PA1  b. wedge means carried by said body and surrounding said rod means for
      longitudinal movement relative thereto; and
PA1  c. slip means engaging said wedge means and radially movable, in response
      to said longitudinal movement of said wedge means, between a position not
      engaging said rod means and a position engaging said rod means to lock
      said closure means in said closed position;
PA1  d. said wedge means comprising a piston assembly mounted in a cylinder
      movable in response to pressure applied to said cylinder to effect said
      longitudinal movement of said wedge means and latch means for selectively
      preventing said longitudinal movement of said piston assembly.
NUM  6.
PAR  6. Locking apparatus as set forth in claim 5 in which said latch means
      comprises a plurality of radial latches held in extended positions by a
      retainer sleeve, said retainer sleeve being movable in response to a
      predetermined pressure applied through first port means in said cylinder
      to release said latches for movement toward retracted positions.
NUM  7.
PAR  7. Locking apparatus as set forth in claim 6 in which said piston assembly
      is movable, when said latches are retracted, in response to a
      predetermined pressure applied through second port means in said cylinder,
      to a position in which said slip means is engaging said rod means.
NUM  8.
PAR  8. Locking apparatus as set forth in claim 7 in which said predetermined
      pressure applied through said second port means is substantially less than
      the predetermined pressure applied through said first port means.
NUM  9.
PAR  9. Locking apparatus as set forth in claim 5 in which said piston assembly
      comprises a first relatively small pressure area subjected to pressure
      applied through one end of said cylinder and a second relatively larger
      pressure area subjected to pressure applied through the opposite end of
      said cylinder so that a pressure in said opposite end of said cylinder
      which is substantially less than the pressure in said one end of said
      cylinder will effect said longitudinal movement of said wedge means to
      said position in which said rod means is engaged by said slip means.
NUM  10.
PAR  10. Locking apparatus as set forth in claim 9 in which said latch means
      prevents movement of said wedge means to said engaging position, said
      latch means being releasable to permit said movement of said wedge means
      to said engaging position, said latch means being then operable to prevent
      return of said wedge means to said nonengaging position.
NUM  11.
PAR  11. In combination with a ram type blowout preventer having a housing with
      a passageway through which a tubular member may pass, ram means movable
      between a non-sealing position in said housing, in which said passageway
      is open, and a sealing position in which said passageway is sealingly
      closed; and operator means for moving said ram means between said
      non-sealing and sealing positions; locking apparatus comprising:
PA1  a. rod means connected to said operator means and reciprocable between
      first and second terminal positions in response to movement of said ram
      means between said non-sealing and sealing positions, respectively;
PA1  b. slip means radially movable from a retracted position, not engaging said
      rod means, to a contracted position engaging said rod means, when said rod
      means is in said second terminal position, to lock said ram means in said
      sealing position;
PA1  c. wedge means engaging said slip means and movable from a first position,
      holding said slip means in said retracting position, to a second position
      holding said slip means in said contracted position, said wedge means
      being carried on a piston assembly surrounding said rod means and disposed
      within a cylinder for reciprocal movement between first and second
      terminal positions, in which said wedge means is in its first and second
      positions, respectively, said piston assembly comprising latch means
      engageable with stop means in said cylinder to lock said piston assembly
      in either of its said terminal positions, said latch means being
      releasable to permit movement of said piston assembly between said
      terminal positions.
NUM  12.
PAR  12. Locking apparatus as set forth in claim 11 in which said piston
      assembly comprises retainer means engaging said latch means to hold said
      latch means in engagement with said stop means, said retainer means being
      movable in response to pressure applied to said cylinder through a first
      port to permit disengagement of said latch means from said stop means.
NUM  13.
PAR  13. Locking apparatus as set forth in claim 11 in which said piston
      assembly comprises a first pressure area facing away from said first
      terminal position and a second pressure area facing away from said second
      terminal position.
NUM  14.
PAR  14. Locking apparatus as set forth in claim 13 in which said cylinder is
      provided with a first port through which pressure may be applied to said
      first pressure area and a second port through which pressure may be
      applied to said second pressure area.
NUM  15.
PAR  15. Locking apparatus as set forth in claim 14, in which said operator
      means in pressure operated, the source of pressure for moving said ram
      means to said sealing position also being connected to said first port.
NUM  16.
PAR  16. Locking apparatus as set forth in claim 15 in which said second port is
      connected to a source of pressure less than that for moving said ram means
      to said sealing position, said second pressure area being greater than
      said first pressure area so that the differential pressure in said first
      and second ports tends to move said piston assembly toward said second
      terminal position.
NUM  17.
PAR  17. A method of operating a ram type blowout preventer having ram means
      movable between open and closed positions, hydraulic operator means for
      moving said ram means, and locking means for locking said ram means in
      said closed position, said method comprising:
PA1  a. closing said ram means by applying a first pressure level to said
      operator means;
PA1  b. activating said locking means by simultaneously applying said first
      pressure level to a portion of said locking means;
PA1  c. moving said locking means into engagement with said operator means by
      applying a second pressure level, substantially less than said first
      pressure level, to another portion of said locking means; and
PA1  d. locking said ram means in said closed position by reducing said first
      pressure level so as to lock said locking means in engagement with said
      operator means.
NUM  18.
PAR  18. The method of claim 17 in which said first pressure level is maintained
      while said second pressure level is applied.
NUM  19.
PAR  19. The method of claim 17 and the further step of:
PA1  e. reducing said second pressure level.
NUM  20.
PAR  20. The method of claim 19 and the further steps of:
PA1  f. reapplying said first pressure level to said operator;
PA1  g. slowly reapplying said first pressure level to said a portion of said
      locking means, while maintaining said first pressure level on said
      operator means to release said locking means;
PA1  h. maintaining said first pressure level on said a portion of said locking
      means to move said locking means out of engagement with said operator
      means; and
PA1  i. reducing said first pressure level to latch said locking means in said
      nonengaged position.
NUM  21.
PAR  21. The method of claim 20 and the further step of:
PA1  j. opening said ram means by applying pressure to said operator means.
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ABST
PAL  To independently supply pressurized fluid from a fluid pump to first and
      second hydraulically powered devices to be operated independently under
      different conditions, a flow-divider valve comprises a valve body
      assembled within a casing to form a first pressure chamber in open
      communication with the fluid pump and a second pressure chamber in open
      communication with the first hydraulically powered device, the first
      pressure chamber being selectively connected with the second hydraulically
      powered device in response to displacements of the valve body to regulate
      fluid quantity to be supplied into the second device and the communication
      degree between the second pressure chamber and the first device being
      regulated in response to the displacements of the valve body. The
      flow-divider valve further comprises a variable orifice assembled within
      the casing between the first and second pressure chambers to regulate
      fluid flow from the pump toward the second pressure chamber, and means for
      controlling the throttling degree of the orifice in response to pressures
      independently exerted within the first and second hydraulically powered
      devices.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a flow-divider valve to independently
      supply pressurized fluid from a fluid pump to two hydraulically powered
      devices to be operated independently under different conditions, and more
      particularly to an improvement of the flow-divider valve to control each
      of fluid quantities necessary to satisfactorily operate respectively each
      of two hydraulically powered devices in response to the operations of the
      devices.
PAC  SUMMARY OF THE INVENTION
PAR  The main object of the present invention is to provide a flow-divider
      valve, wherein a pressurized fluid quantity discharged from a fluid pump
      is supplied in predetermined rates to two hydraulically powered devices
      while they are under their inoperative conditions, one device is fully
      supplied with the fluid quantity under its operative condition and the
      other device maintains its unloaded condition yet is supplied with
      preliminary fluid quantity enough to be swiftly conditioned to its
      operation, and enough fluid quantities are supplied to the both devices
      respectively to fully operate both of them.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Additional objects and advantages of the present invention will be more
      readily apparent from the following detailed description of preferred
      embodiments thereof when taken together with the accompanying drawings in
      which:
PAR  FIG. 1 is an elevational cross-section view of a first preferred embodiment
      of a flow-divider valve in accordance with the present invention.
PAR  FIG. 2 is an elevational cross-section view of a second preferred
      embodiment of a flow-divider valve in accordance with the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Now referring to FIG. 1 of the accompanying drawings, a first preferred
      embodiment of the present invention is disclosed, wherein a flow-divider
      valve 30 in accordance with the present invention is disposed within
      hydraulic circuits for a brake booster 10 and a power steering device 20
      of a wheeled vehicle. An inlet port 31 of the flow-divider valve 30 is
      connected to a conduit 2 which extends to a fluid pump 1 driven by the
      prime engine or electrical motor (not shown) of the vehicle. First and
      second outlet ports 32 and 33 of the flow-divider valve 30 are connected
      respectively to a first hydraulic open circuit for the power steering
      device 20 and a second hydraulic open circuit for the brake booster 10
      respectively by way of conduits 11 and 21.
PAR  The flow-divider valve 30 comprises a casing 34 having therein a variable
      orifice assembly 30A and a variable valve assembly 30B. The variable
      orifice assembly 30A is substantially provided with a needle valve 36, a
      retainer 38, a spring 39 and a plug 40. The needle valve 36 is axially
      integral with an projecting inwardly from a plug 35 which is hermetically
      threaded on the interior of the casing 34. The retainer 38 is of a
      cylindrical shape and provided therein at its axial center with an orifice
      37. This retainer 38 is snugly and axially slidably engaged within a first
      cylindrical bore 34a of the casing 34, and has a central enlarged shoulder
      or land 38a which slides in a slightly larger bore of casing 34 thereby to
      form a pair of annular chambers 41 and 42 at the both sides of the
      shoulder between the casing and the circumference of the retainer. The
      spring 39 is disposed between the inside faces of the plug 35 and the
      retainer 38 to normally bias the retainer 38 outward or rightward in the
      figure. The plug 40 is positioned at the right end portion of the first
      cylindrical bore 34a to slidably receive the right end portion of the
      retainer 38 therein. Provided at the ends of the retainer 38 are a
      communication chamber or passage 43 within the plug 35 and a chamber 44
      between the retainer 38 and the interior space 40a of the plug 40. And the
      pressure difference between these two chambers 43 and 44 is generally
      predetermined to be approximately 2kg/cm.sup.2.
PAR  Within the orifice assembly 30A is formed a variable annular orifice by the
      opening 37 and the needle valve 36. Pressurized operation fluid from the
      fluid pump 1 is delivered into a right chamber 52 provided within the
      variable valve assembly 30B by way of the inlet port 31 of the plug 35,
      the communication chamber 43, the central portion of the first cylindrical
      bore 34a of the casing 34, the annular orifice formed by the needle valve
      36 and the orifice 37, the chamber 44, a communication hole 45 drilled
      through the plug 40, and a communication hole 46 drilled through a
      partition wall of the casing 34. The variable annular orifice formed with
      the needle valve 36 and the orifice 37 functions to maintain constantly
      the said pressure difference of 2kg/cm.sup.2.
PAR  The variable valve assembly 30B is provided with a valve body 50 which is
      snugly and axially slidably engaged within a second cylindrical bore 34b
      to form a left chamber 51 between one end of the casing and the adjacent
      end of the valve body, and the right chamber 52 between the plug 54 at the
      opposite end of the casing and the other end of the valve body. This valve
      body 50 is normally biased leftward in the figure by a spring 53 which is
      disposed between the right end face of the valve body 50 and the interior
      wall of a plug 54 hermetically threaded in the second cylindrical bore
      34b. The left chamber 51 is communicated with the inlet port 31 by way of
      a communication hole 48 drilled through the partition wall of the casing
      34 and a communication hoe 47 drilled through the plug 35 of the variable
      orifice assembly 30A. The right chamber 52 communicates with the first
      outlet port 32 which is drilled through the partition wall of the casing
      34.
PAR  The valve body 50 includes within its interior bore 50a a relief valve
      comprising a plug 60 of which a valve portion 61 is threaded on the
      interior wall of the valve body 50, and a ball 64 seated on the valve
      portion 61 by a spring 62 through a holder 63.
PAR  In the variable valve assembly 30B, the operation fluid regulated by the
      variable annular orifice of the variable orifice assembly 30A and
      delivered into the right chamber 52 is lead to the first hydraulic open
      circuit through a first variable throttle formed by the right end outer
      circumference of the valve body 50 and the first outlet port 32. At the
      same time, pressurized operation fluid not regulated by the variable
      orifice is supplied into the left chamber 51 directly from the fluid pump
      1 through the inlet port 31 and the communication holes 47 and 48. When
      the pressure difference between the chambers 51 and 52 exceeds the biasing
      force of the spring 53, the valve body 50 makes its rightward displacement
      to communicate the left chamber 51 with the second outlet port 33. The
      valve body 50 is designed to regulate its displacement so that the
      pressure difference between the communication chamber 43 and the chamber
      44 is constantly maintained at the above-mentioned predetermined value.
PAR  The conduit 11 of the first hydraulic open circuit is in communication with
      the left annular chamber 41 formed around the left outer circumference of
      the retainer 38. The conduit 21 of the second hydraulic open circuit is
      communicated with the right annular chamber 42 formed around the right
      outer circumference of the retainer 38 by way of the second outlet port
      33, an annular groove 65 provided on the outer circumference of the valve
      body 50 and a communication passage 66 provided through the partition wall
      of the casing 34. Thus, within the variable orifice assembly 30A, the
      retainer 38 is displaced in response to load pressures in the first and
      second hydraulic circuits, thereby to control the size of the annular
      orifice formed by the needle valve 36 and the orifice 37.
PAR  Described in detail hereinafter is the operation of the flow-divider valve
      30 having the above-disclosed construction. While both of the brake
      booster device 10 and the power steering device 20 are conditioned to
      their inoperative states, due to the nature of the first and second
      hydraulic open circuits, the pressurized operation fluid from the fluid
      pump 1 is delivered into the flow-divider valve 30 through the inlet port
      31. More specifically, the operation fluid is supplied into the right
      chamber 52 of the variable valve assembly 30B by way of the communication
      passage 43, the first cylindrical bore 34a of the casing 34, the annular
      orifice formed by the needle valve 36 and the orifice 37, the chamber 44
      and the communication holes 45 and 46 in sequence. Simultaneously, the
      operation fluid takes a bifurcated path and flows into the left chamber 51
      directly from the inlet port 31 by way of the communication holes 47 and
      48. This causes a pressure difference between the left and right chambers
      51 and 52 proportionally to the quantity of the operation fluid which
      passes through the annular orifice.
PAR  Now when this pressure difference exceeds the biasing force of the spring
      53, the valve body 50 displaces rightward in the figure to open the second
      variable throttle formed by the second outlet port 33 and the left end
      outer circumference of the valve body 50, thereby to complete
      communication between the left chamber 51 and the second outlet port 33.
      Under the mentioned state, the operation fluid within the right chamber 52
      is supplied into the first hydraulic open circuit for the power steering
      device 20 through the first variable throttle at the first outlet port 32
      regulated in response to the displacements of the valve body 50. At the
      same time, the operation fluid within the left chamber 51 is supplied into
      the second hydraulic open circuit for the brake booster device 10 by way
      of the second variable throttle at the second outlet port 33. In this
      instance, the annular chambers 41 and 42 around the outer circumference of
      the retainer 38 of the variable orifice assembly 30A are supplied with the
      operation fluid being supplied into the first and second hydraulic open
      circuits respectively, through first outlet port 32 and connected duct
      shown in broken lines, and second outlet port 33 and passages 65, 66. The
      retainer 38, however, stays at its original position by the biasing force
      of the spring 39.
PAR  Under the mentioned state, pressure produced within the conduit 21 by
      operation of the brake booster device 10 increases the pressure within the
      annular chamber 42 over the value of the pressure within the annular
      chamber 41. This displaces the retainer 38 leftward until the pressure
      difference between the chambers 41 and 42 is equalized with the biasing
      force of the spring 39, thereby to reduce the capacity of the variable
      annular orifice formed by the needle valve 36 and the orifice 37.
      Simultaneously, the pressure produced in the conduit 21 acts into the left
      chamber 51 in the variable valve assembly 30B. This causes a temporary
      rightward displacement of the valve body 50 against the biasing force of
      the spring 53 to temporarily reduce the opening of the first variable
      throttle at the first outlet port 32. Then, the pressure difference
      between the left and right chambers 51 and 52 becomes smaller in response
      to the reduction of the opening of the first variable throttle, thereby to
      cause a slight leftward displacement of the valve body 50 to such a
      position where the reduced pressure difference is equalized with the
      biasing force of the spring 53. In other words, the fluid quantity passing
      through the first variable throttle is compensated by the fluid quantity
      passing through the variable orifice and a fluid quantity responsive to
      the displacement of the valve body 50 is supplied into the second
      hydraulic open circuit for the brake booster device 10.
PAR  When the power steering device 20 is operated under the operative condition
      of the brake booster device 10, which means an increase of the operation
      fluid pressure for the power steering device 20 within the pressure value
      of the operation fluid for the brake booster device 20 while the brake
      booster pressure value is increasing from a certain value, for example
      10kg/cm.sup.2, the pressure within the annular chamber 41 increases due to
      pressure produced in the conduit 11. Thus the pressure difference between
      the annular chambers 41 and 42 is reduced to displace the retainer 38
      rightward by the biasing force of the spring 39. Consequently, the opening
      of the variable annular orifice is increased in response to the
      displacement of the retainer 38. At the same time, within the variable
      valve assembly 30B, the pressure produced within the conduit 11 increases
      the pressure within the right chamber 52 to reduce the pressure difference
      between the left and right chambers 51 and 52, thereby to cause a leftward
      displacement of the valve body 50 by the biasing force of the spring 53.
      In this instance, the leftward displacement of the valve body 50 is
      regulated to maintain the pressure difference between the fuid flows
      before and after passing through the variable annular orifice within the
      predetermined value of approximately 2kg/cm.sup.2 and accordingly, the
      fluid quantity passing through the first outlet port 32 increases.
PAR  In the case that the power steering device 20 only is operated, the
      pressure produced within the conduit 11 maintains the pressure within the
      annular chamber 41 constantly larger than that within the annular chamber
      42. Thus, the retainer 38 stays constantly at its original position by the
      biasing force of the spring 39 to cause the maximum opening of the
      variable annular orifice. At the same time within the variable valve
      assembly 30B, the pressure produced within the conduit 11 increases the
      fluid pressure within the right chamber 52 to reduce the pressure
      difference between the left and right chambers 51 and 52, thereby to
      displace the valve body 50 leftward by the biasing force of the spring 53.
      In this instance, the leftward displacement of the valve body 50 is
      regulated so that the pressure difference between the fluid flows before
      and after passing through the variable annular orifice may be maintained
      within the predetermined value of approximately 2kg/cm.sup.2. Accordingly,
      the fluid quantity passing through the first outlet port 32 is increased.
PAR  Consequently, the maximum fluid quantity is supplied into the first
      hydraulic open circuit through the first outlet port 32. When the pressure
      within the right chamber 52 exceeds the predetermined value, the ball 64
      of the relief valve moves off the valve portion 61 to discharge the
      pressurized fluid within the right chamber 52 into the second hydraulic
      open circuit through the bore 50a of the valve body 50 and the second
      outlet port 33.
PAR  A second preferred embodiment of the present invention is described
      hereinafter in reference with FIG. 2. This second embodiment is featured
      in that the variable orifice and valve assemblies 30A and 30B of the first
      embodiment are coaxially assembled. The same reference numerals and
      characters are used for the same portions and parts and, therefore, no
      explanation is repeated for the same parts.
PAR  The flow-divider valve 70 comprises a casing 71 which is provided thereon
      with an inlet port 72 and a first and a second outlet ports 73 and 74: the
      inlet port 72 is connected to the fluid pump 1 through the conduit 2, the
      first outlet port 73 to the first outlet port 73 to the first hydraulic
      open circuit for the power steering device 20 through the conduit 11 and
      the second outlet port 74 to the second hydraulic open circuit for the
      brake booster device 10 through the conduit 21.
PAR  Within a cylindrical bore 71a of the casing 71 engaged snugly and axially
      slidably is a valve body 80 which may correspond to the valve body 50 of
      the first preferred embodiment. This valve body 80 is of a cylindrical
      shape having radially thereon a slit 81 in open communication with the
      inlet port 72, a communication hole 82 in communication with the first
      outlet port 73 and a communication hole 83 in communication with the
      second outlet port 74 through a passage 75. A spring 77 is engaged at its
      one end with the right end face of the valve body 80 by way of a circular
      clip 86 and a spacer 87 and at the other end with the inside wall of a
      plug 76 threaded on the wall of the bore 71a. The valve body 80 is
      provided therein with a cylindrical bore 80a wherein engaged are a
      cylindrical member 84 held by the circular clip 86 and a retainer member
      90 which may correspond to the retainer 38 of the first preferred
      embodiment.
PAR  The retainer member 90 is slidable within the cylindrical bore 80a, having
      its left portion in the figure engaged within a small diameter interior
      bore 80b of the valve body 80 and its right portion engaged within the
      bore 84a of the cylindrical member 84. Annular chambers 91 and 92 are
      formed at opposite sides of the central enlarged land 90a on the outer
      circumference of the retainer member 90, the annular chamber 91 being in
      communication with the first hydraulic open circuit through the
      communication hole 82 and the annular chamber 92 being in communication
      with the second hydraulic open circuit through the communication hole 83.
      Coupled in the interior of the retainer member 90 by way of a spring 94 is
      the base portion 93a of a needle valve 93 for controlling the opening of
      an orifice 85 drilled through the axial center of the cylindrical member
      84.
PAR  Described in detail hereinafter is the operation of the flow-divider valve
      70 exampled in the second preferred embodiment. Pressurized operation
      fluid from the fluid pump 1 flows into a right chamber 70B of the casing
      71 through the conduit 2, the inlet port 72, the slit 81, the interior of
      the retainer member 90, the interior 84a of the cylindrical member 84, and
      a variable annular orifice formed between the needle valve 93 and the
      orifice 85 in sequence. This causes a pressure difference between a left
      chamber 70A of the casing 71 and the right chamber 70B in proportion to
      the fluid quantity passing through the variable annular orifice. When the
      pressure difference overcomes the biasing force of the spring 77, the
      valve body 80 displaces rightward in the figure to open a first variable
      throttle formed by the first outlet port 73 and the left end of the outer
      circumference of the valve body 80, thereby to complete communication
      between the left chamber 70A and the first outlet port 73. Under the
      mentioned state, the operation fluid supplied into the right chamber 70B
      flows into the second hydraulic open circuit for the brake booster device
      10 by way of a second variable throttle formed by the right end of the
      second outlet port 74 and the valve body 80, the opening of the second
      variable throttle being regulated in response to the displacement of the
      valve body 80. At the same time, a portion of the operation fluid supplied
      into the left chamber 70A is delivered into the first hydraulic open
      circuit for the power steering device 20 by way of the first variable
      throttle at the first outlet port 73. In this instance, although the
      operation fluid supplied into the first and second open circuits are
      respectively lead into the annular chambers 91 and 92 provided on the
      outer circumference of the retainer member 90, the spring 94 holds the
      retainer member 90 at its left end position in the figure.
PAR  When the power steering device 20 is operated under the mentioned state,
      the pressure produced within the conduit 11 increases the pressure within
      the annular chamber 91 over that within the annular chamber 92. This
      displaces the retainer member 90 rightward until the exceeding pressure is
      equalized by the biasing force of the spring 94, thereby to reduce the
      capacity of the variable annular orifice formed between the needle valve
      93 and the orifice 84 in response with the displacement of the retainer
      member 90. Simultaneously, the pressure produced within the conduit 11
      increases the pressure within the left chamber 70A to move the valve body
      80 rightward against the resilient force of the spring 77, thereby to
      temporarily throttle the opening of the second outlet port 74. This causes
      a reduction of the pressure difference between the left and right chambers
      70A and 70B in response to the movement of the valve body 80, thereby to
      displace the valve body 80 slightly leftward toward a position where the
      reduced pressure difference is equalized by the biasing force of the
      spring 77. In other words, the quantity of the operation fluid passing
      through the second variable throttle is compensated by the quantity of the
      fluid passing through the variable annular orifice. And supplied into the
      first hydraulic open circuit for the power steering device 20 is the
      operation fluid in a quantity responsive to the displacement of the valve
      body 80.
PAR  In the case that the brake booster device 10 is operated during the
      operation of the power steering device 20, or that the brake booster
      device 10 only is operated, a very similar or almost the same operation
      occurs within the flow-divider valve 70.
PAR  Although certain specific embodiments of the invention have been shown and
      described, it is obvious that many modifications thereof are possible. The
      invention, therefore, is not intended to be restricted to the exact
      showing of the drawings and description thereof, but is considered to
      include reasonable and obvious equivalents.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flow-divider valve comprising:
PA1  a casing provided with an inlet port connected to a fluid pressure source,
      a first outlet port connected to a first hydraulic open circuit for a
      first hydraulically powered device and a second outlet port connected to a
      second hydraulic open circuit for a second hydraulically powered device;
PA1  a first pressure chamber in open communication with said inlet port and a
      second pressure chamber in open communication with said first outlet port,
      a valve body displaceably disposed between said first and second pressure
      chambers, said first pressure chamber being selectively connected with
      said second outlet port in response to displacements of said valve body to
      regulate fluid quantity to be supplied into said second hydraulic open
      circuit and the communication degree between said second pressure chamber
      and said first outlet port being regulated in response to the
      displacements of said valve body to control fluid quantity to be supplied
      into said first hydraulic open circuit;
PA1  variable orifice means in said casing between said first and second
      pressure chambers to regulate fluid flow from said inlet port toward said
      second pressure chamber; and
PA1  means for controlling the throttling degree of said orifice means in
      response to pressure independently exerted within said first and second
      hydraulic open circuits;
PA1  whereby the displacements of said valve body are compensated in accordance
      with the throttling degree of said variable orifice means, said means for
      controlling the throttling degree of said orifice means including third
      and fourth pressure chambers which are independently in open communication
      with the first and second open hydraulic circuits respectively.
NUM  2.
PAR  2. A flow-divider valve as set forth in claim 1, wherein said casing
      includes a first cylindrical bore having said inlet port thereon and a
      second cylindrical bore having said first and second outlet ports
      communicating therewith, said valve body being disposed within said second
      bore between said first and second pressure chambers and being biased to
      normally close said second outlet port, and said variable orifice means
      being disposed in said first bore and comprising a stationary needle
      element provided within said first bore and a cylindrical retainer
      slidable within said first bore coaxially with said needle element, said
      retainer having an orifice at its axial center for completing said
      variable orifice means associated with said needle element, said retainer
      having an enlarged land separating said third and fourth pressure chambers
      which are formed as annular chambers between its outer circumference and
      the inner wall of said first bore to complete said means for controlling
      the throttling degree of said orifice means, said first and second
      pressure chambers being in communication with said inlet port directly and
      through said variable orifice means respectively.
NUM  3.
PAR  3. A flow-divider valve as set forth in claim 2, wherein said valve body is
      provided therein with a relief valve for compensating the pressure exerted
      within said second pressure chamber.
NUM  4.
PAR  4. A flow-divider valve as set forth in claim 1, wherein said casing
      includes a cylindrical bore therein having said inlet and first and second
      outlet ports thereon, said valve body is cylindrical and slidably engaged
      within said bore between said first and second pressure chambers formed at
      opposite ends of said bore, said valve body being biased to normally close
      said second outlet port, and said variable orifice means comprises a
      cylindrical element provided with an orifice at its axial center and
      stationarily disposed within said valve body, a cylindrical retainer
      slidable within said valve body and forming said third and fourth pressure
      chambers as a pair of annular chambers between its outer circumference and
      the inner wall of said valve body, and a needle element slidably assembled
      within said retainer to complete said variable orifice means associated
      with said orifice, said first and second pressure chambers being in
      communication with said inlet port directly and through said variable
      orifice means respectively.
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PAL  A valve spool and a piston are disposed substantially parallel to each
      other and are pivotably connected with a lever which is movable by the
      accelerator pedal of a prime mover. The force differential biasing the
      valve spool to withstand the force of the lever tending to move the valve
      spool is approximately zero. The valve spool has a valve land with a width
      equal to that of a port connected with a throttle pressure passage, and a
      constant neutral position in which the valve land registers with the port
      and hydraulic pressure in the passageway is equal to a throttle pressure
      depending on the position of the accelerator pedal. The piston is biased
      by the hydraulic pressure in the passageway and a spring in opposite
      directions to cause the valve spool to occupy the netural position.
BSUM
PAR  The present invention relates generally to a hydraulic control system of an
      automatic power transmission of a motor vehicle and particularly to a new
      and improved throttle valve for such a hydraulic control system.
PAR  As is well known in the art, a hydraulic control system of this type
      includes a throttle valve producing a throttle pressure which varies in
      accordance with engine torque or load demands and which is used to control
      a working or line pressure and vehicle speed at which an automatic gear
      shift should take place. A typical throttle valve is operatively connected
      with an engine throttle butterfly valve to produce a throttle pressure
      which varies in proportion to the degree of opening of the engine throttle
      valve. However, a conventional throttle valve of this type has been biased
      by a hydraulic force which requires a relatively large effort of the
      vehicle driver when he depresses the accelerator pedal. Furthermore, the
      hydraulic control system as hereinbefore referred to is usually
      constructed to produce a kickdown pressure which is supplied to a shift
      valve to cause a forced downshift or kickdown when the driver depresses
      the accelerator pedal to its full extent for accelerating the vehicle to
      pass a preceding motor vehicle. To this end, a conventional hydraulic
      control system has been provided with a kickdown valve separately from a
      throttle valve. Furthermore, a conventional hydraulic control system has
      been provided with an additional valve in order to discontinuously reduce
      the throttle pressure, for example, to zero to discontinuously reduce
      vehicle speed at which an automatic gear shift will take place during
      engine operation at a low engine throttle opening degree. As a result, the
      construction of the conventional hydraulic control system has been
      complicated.
PAR  It is, therefore, an object of the invention to provide a novel and
      improved throttle valve which enables the vehicle driver to depress the
      accelerator pedal by a considerably reduced effort.
PAR  It is a further object of the invention to provide a novel and improved
      throttle valve which also functions as a kickdown valve.
PAR  It is a still further object of the invention to provide a novel and
      improved throttle valve which maintains the throttle pressure at zero
      until the engine throttle valve is opened a predetermined amount.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings in which:
PAR  FIG. 1 is a schematic cross sectional view of a preferred embodiment of a
      hydraulic control system according to the invention;
PAR  FIG. 2 is a schematic cross sectional view of a modification of a throttle
      valve according to the invention shown in FIG. 1;
PAR  FIG. 3 is a graphic representation of the relationship between throttle
      pressures produced by a throttle valve according to the invention and the
      degree of opening of an engine throttle valve; and
PAR  FIG. 4 is a graphic representation of the relationship between engine
      throttle valve opening degree and vehicle speed at which an automatic gear
      shift will take place.
DETD
PAR  Referring to FIG. 1, a hydraulic control system is shown to include a
      hydraulic fluid sump or reservoir tank 10, a pump 12, a pressure regulator
      valve 14, a manual selector valve 16, a governor valve 18, a shift valve
      20 such as a 1-2 shift valve, and a throttle valve 22 according to the
      invention. These component elements form part of the hydraulic control
      system. Other various component elements forming the hydraulic control
      system are omitted. The pump 12 draws hydraulic fluid from the reservoir
      tank 10 by way of a conduit or passageway 24 and pumps or discharges
      hydraulic fluid under pressure as a control or line pressure into a
      conduit or passageway 26 interconnecting the pressure regulator valve 14,
      the manual selector valve 16 and the throttle valve 22. The pump 12 is
      driven by a prime mover or an engine of a motor vehicle (not shown)
      equipped with an automatic power transmission controlled by the hydraulic
      control system. The line pressure discharged into the passageway 26 flows
      to the pressure regulator valve 14 and is regulated at a predetermined
      value. The manual selector valve 16 has various forward driving gear ratio
      positions and a reverse driving gear ratio position which are attainable
      by manipulating a manually operated gear selector lever or the like (not
      shown). The manual selector valve 16 delivers the line pressure in the
      passageway 26 to a conduit or passageway 28 communicating with the
      governor valve 18 and the shift valve 20, when in the forward driving gear
      ratio position. The manual selector valve 16 also delivers the line
      pressure to a conduit or passageway 30 communicating with a servo motor
      31, to cause operation thereof when in the reverse driving gear ratio
      position. The servo motor 31, when operated, causes the application of a
      reverse brake (not shown) of the transmission which forms one of friction
      elements for establishing a reverse driving gear ratio. The governor valve
      18 is operated by a transmission output shaft (not shown) and generates a
      governor pressure varying in accordance with the vehicle speed and fed
      into a conduit or passageway 32. The shift valve 20 has a valve body 34
      formed with a valve chamber 35 therein, and a valve spool 38 slidably
      fitted in the valve chamber 36. The passageway 32 communicates with a
      space 40 between the valve spool 38 and the right end wall surface in the
      drawing of the valve chamber 36 for supply of the governor pressure into
      the space 40. The governor pressure biases the valve spool 38 to the
      leftmost position in the drawing. A conduit 33 communicates with a space
      43 between the valve spool 38 and the left end wall surface in the drawing
      of the valve chamber 36 for supply of throttle pressures into the space
      43. The throttle pressure biases the valve spool 38 to the rightmost
      position shown in the drawing. A compression spring 44 is disposed between
      the valve spool 38 and the left end of the valve chamber 36 to bias the
      valve spool 38 to the rightmost position. The valve spool 38 is moved into
      the leftmost position by the force of the governor pressure overcoming the
      force of the throttle pressure and the action of the spring 44 to provide
      an automatic gear shift when the vehicle reaches a predetermined speed.
      When the valve spool 38 is in the rightmost position, it provides fluid
      communication between a branch conduit or passageway 48 of the conduit 28
      and a conduit or passageway 50 communicating with a servo motor 52, to
      deliver the line pressure thereto to cause operation of the servo motor
      52. When the valve spool 38 is in the leftmost position, it provides fluid
      communication between the branch passageway 48 and a conduit or passageway
      54 communicating with a servo motor 56, to deliver the line pressure
      thereto to cause operation of the servo motor 56. The operated servo motor
      52 causes the application of a low speed brake (not shown) of the
      transmission which forms one of friction elements for establishing a
      forward driving low speed ratio. The operated servo motor 56 causes the
      engagement of a high speed clutch (not shown) of the transmission which
      forms one of friction elements for establishing a forward driving high
      speed ratio.
PAR  The throttle valve 22 comprises a valve body 60 formed with a valve chamber
      62 and first and second bores 64 and 66 therein, a spool valve 68 having a
      valve spool 70 slidably fitted in the valve chamber 62 and a stem 72
      fixedly attached to the valve spool 70, and a positioning balancer 74
      having a plunger 76 slidably fitted in the bore 64 and a stem 78 fixedly
      attached to the plunger 76. A link lever 80 is pivotably connected at one
      end with the stem 72 of the valve spool 70 by a pin 82 and at the other
      with the stem 78 of the plunger 76 by a pin 84 which serves as a first
      fulcrum of the link lever 80. The link lever 80 is also pivotably
      connected at an intermediate portion with a link member 86 by a pin 88
      which serves as a second fulcrum of the link lever 80. The valve spool 70,
      plunger 76 and link member 86 are arranged substantially parallel to each
      other. The valve spool 70 and plunger 76 are opposite to the link member
      86 with respect of the link lever 80. The link member 86 is operatively
      connected with a throttle or butterfly valve 90 of the engine and with an
      accelerator pedal 92, serving as a prime mover acceleration control member
      of the vehicle, by way of a suitable linkage mechanism, as shown in dotted
      lines in the drawing, so that movement of the accelerator pedal 92 causes
      a corresponding movement of the link lever 80 and thus the position of the
      pin 88 varies in accordance with the position of the accelerator pedal 92.
PAR  The valve chamber 62 is provided with a first annular recess or inlet port
      94 which communicates with the conduit 26 and a second annular recess or
      outlet port 96 which communicates with the passageway 33 and with a
      conduit or passageway 97. The valve spool 70 has spaced first and second
      lands 98 and 100 with an idential diameter, and an annular groove 102
      which is formed between the lands 98 and 100. The length or width of the
      land 100 is approximately idential with that of the outlet port 96. The
      inlet port 94 at all times communicates with the annular groove 102 to
      supply the line pressure into the valve chamber 62 at a location
      intermediate the lands 98 and 100. The valve chamber 62 is also provided
      with a third annular recess or drain port 104 which communicates with the
      sump 10 by way of a drain line 106 to vent a space 108 between the left
      end wall in the drawing of the valve chamber 62 and the land 100 to the
      sump 10. The valve spool 70 is normally in a neutral position shown in the
      drawing in which the land 100 registers with or closes the outlet port 96.
      The valve spool 70 is also in the neutral position when the accelerator
      pedal 92 is released, as shown in the drawing. The land 100 opens the
      outlet port 96 to provide communication between the inlet and outlet ports
      94 and 96 to deliver a hydraulic fluid pressure into the passageways 33
      and 97 to effect an increase in the hydraulic pressure in the passageways
      33 and 97 when the valve spool 70 is moved leftwards in the drawing from
      the neutral position, and to provide communication between the outlet and
      drain ports 96 and 104 to effect a reduction in the hydraulic pressure in
      the passageways 33 and 97 when the valve spool 70 is moved rightwards in
      the drawing from the neutral position. Since the diameters of the lands 98
      and 100 are equal to each other, the hydraulic force differential biasing
      the valve spool 70 in any direction is substantially zero.
PAR  The bore 66 is aligned with the bore 64. The positioning balancer 74 has a
      piston 112 which is integral with the plunger 76 and which is slidably
      fitted in the bore 66. The positioning balancer 74 is in the rightmost
      position shown in the drawing in which the piston 112 is in abutting
      engagement with the right end wall in the drawing of the bore 66 when the
      throttle valve 90 is in a fully closed position. A compression spring 114
      is disposed between the piston 112 and the left end wall in the drawing of
      the bore 66 to bias the positioning balancer 74 to the rightmost position.
      The bore 66 is provided at the right end with a port 116 which
      communicates with the passageway 97. The hydraulic fluid pressure in the
      passageway 97 is supplied into a space or gap (not shown) between the
      piston 112 and the right end wall of the bore 66 from the passageway 97 by
      way of the port 116 and biases the positioning balancer 74 to the leftmost
      position in the drawing in opposition to the force of the spring 114. A
      hole or groove may be formed in the right end in the drawing of the piston
      112 and/or the right end wall of the bore 66 to facilitate the entrance of
      the hydraulic fluid pressure into the last mentioned gap when the
      positioning balancer 74 is in the rightmost position, if desired. The bore
      66 is also provided with a drain port 118 which communicates with the sump
      10 by way of a drain line 120 to vent a space 122 between the piston 112
      and the left end wall of the bore 66 to the sump 10.
PAR  The operation of the throttle valve 22 thus constructed is as follows.
PAR  When the accelerator pedal 92 is depressed to open the throttle valve 90
      and the link member 86 moves the link lever 80 leftwards in the drawing,
      the positioning balancer 74 is held in an initial position or the
      rightmost position shown in FIG. 1 by the force of the spring 114 which
      serves as a reaction force to withstand the force of the link lever 80
      which tends to move the positioning balancer 74 leftwards. However, the
      valve spool 70 is biased by no force differential which serves as reaction
      force to withstand the force of the link lever 80 which tends to move the
      valve spool 70 leftwards. As a result, the link member 86 is caused to
      rotate the link lever 80 clockwise in the drawing around the pin 84 which
      serves as the first fulcrum of the link lever 80. The valve spool 70 is
      moved by the thus rotated link lever 80 leftwards from the neutral
      position to provide communication between the inlet and outlet ports to
      deliver a hydraulic fluid pressure into the passageway 97 or to effect an
      increase in the hydraulic fluid pressure in the passageway 97. The
      positioning balancer 74 is moved leftwards by the force of the delivered
      or increased hydraulic fluid pressure in the passageway 97 acting on the
      right end of the piston 112 and overcoming the force of the spring 114.
      The link lever 80 is rotated counterclockwise in the drawing around the
      pin 88 which serves as the second fulcrum of the link lever 80 by the thus
      moved positioning balancer 74. The valve spool 70 is moved rightwards by
      the thus rotated link lever 80. In this instance, if the valve spool 70 is
      moved because of the hydraulic pressure force being higher than the force
      of the spring 114 into a position in which the land 100 opens the outlet
      port 96 to provide communication between the outlet and drain ports 96 and
      104, the hydraulic pressure in the passageway 97 is discharged into the
      drain port 104 and is reduced. As a result, the positioning balancer 74 is
      moved into and held in a position in which the valve spool 70 is in the
      neutral position. If the valve spool 70 is moved because of the force of
      the spring 114 being higher than the hydraulic pressure force into a
      position in which the land 100 opens the outlet port 96 to provide
      communication between the inlet and outlet ports 94 and 96, the hydraulic
      pressure is delivered into the passageway 97 from the inlet port 94 and is
      increased. As a result, the positioning balancer 74 is similarly moved
      into and held in the position in which the valve spool 70 is in the
      neutral position. At this time, the positioning balancer 74 is in a
      position which is spaced or displaced from the initial position a distance
      equal to the displacement of the pin 88 and accordingly the link member 86
      which is multiplied by AB/AC, with the link lever 80 being rotated around
      the pin 82. At this time, the hydraulic pressure in the passageways 33 and
      97 is a throttle pressure Pth which is equal to the force F of the spring
      114 which is divided by the surface area A of the right end of the piston
      112 on which the hydraulic pressure in the passageway 97 acts, that is,
      F/A. Since the force of the spring 114 is equal to the spring constant
      thereof multiplied by the displacement of the spring 114 and accordingly
      of the link member 86, the force of the spring 114 and accordingly the
      throttle pressure are construction increased and reduced with an increase
      and a reduction in the displacement of the link member 86. Since the
      displacement of the link member 86 is nearly proportional to the
      displacement of the accelerator pedal 92, the throttle pressure is nearly
      proportional to the displacement of the accelerator pedal 92 and
      accordingly to the degree of opening of the throttle valve 90. This
      relationship or characteristics between the throttle pressure Pth and the
      opening degree S of the throttle valve 90 is shown by the solid line in
      FIG. 3.
PAR  If desired, the throttle valve 22 may be constructed and arranged in such a
      manner that the spool 70 is in an initial position shown in FIG. 2 in
      which the land 100 opens the outlet port 96 and is between the inlet and
      outlet ports 94 and 96 when the accelerator pedal 92 is released and
      accordingly the throttle valve 90 is in its fully closed position. In this
      instance, the throttle pressure in the passageway 33 is maintained at zero
      since the passageway 33 is exhausted to the drain port 104. Such a
      condition is continued until the accelerator pedal 92 is depressed to the
      extent that the throttle valve 90 is opened a predetermined amount a and
      that the spool 70 is moved past the neutral position from the initial
      position. When this is attained, the land 100 closes communication between
      the outlet and drain ports 96 and 104 and opens communication between the
      inlet and outlet ports 94 and 96 so that hydraulic pressure is delivered
      into the passageways 33 and 97 to move the piston 112 against the action
      of the spring 114. As a result, the spool 70 is in the neutral position
      and the piston 112 is in a position depending on the position of the
      accelerator pedal 92 so that a throttle pressure corresponding to a
      throttle valve opening degree a, as shown in FIG. 3, is produced in the
      passageways 33 and 97.
PAR  If desired, the length of the bore 66 may be selected in such a manner
      that, when the valve spool 70 is in the neutral position with the
      accelerator pedal 92 being moved into the vicinity of the maximum output
      producing position, the positioning balancer 74 is in the leftmost or
      utmost position in the drawing in which the left end of the piston 112 is
      in abutting engagement with the left end wall of the bore 66. In this
      instance, when the accelerator pedal 92 is further moved beyond the
      vicinity of the maximum output generating position, the valve spool 70
      remains moved into a position which is spaced from the neutral position
      and in which the hydraulic pressure equal to the line pressure is
      delivered as a throttle pressure into the passageways 33 and 97, by the
      link lever 80 rotated around the first fulcrum pin 84 by the link member
      86. Thus, when the throttle valve 90 is moved beyond the vicinity of its
      fully open position, the shift valve 20 is supplied by way of the
      passageway 33 with the line pressure which is increased discontinuously
      from the normal throttle pressure and which serves as a kickdown pressure
      to effect a kickdown operation of the transmission. The relationship
      between the kickdown pressure Pth and the opening degree of the throttle
      valve 90 in the range beyond the vicinity of the fully open position is
      shown by the dotted line in FIG. 3. In this instance, the pattern of an
      automatic gear shifting established by the shift valve 20 includes a
      kickdown section in which automatic gear shift speeds are discountinously
      high in the range beyond the vicinity of the fully open position of the
      throttle valve 90, as shown by the dashed and dotted lines in FIG. 4.
PAR  It will be appreciated that a throttle valve according to the invention has
      an advantage in that a force for manipulating or depressing an accelerator
      pedal is considerably reduced by dividing a throttle valve into a valve
      spool operated by the accelerator pedal and a piston operated by hydraulic
      pressure, and by making the hydraulic force differential biasing the valve
      spool to withstand the force of a link lever which tends to move the valve
      spool approximately zero.
PAR  It will be appreciated that a throttle valve according to the invention has
      a further advantage in that an automatic transmission hydraulic control
      system employing the throttle valve can dispense with an additional valve
      for discontinuously reducing the throttle pressure, for example, to zero
      during engine operation at a low engine throttle opening degree and as a
      result, the construction of the hydraulic control system is simplified, by
      constructing the throttle valve in such a manner that a valve spool 70 is
      merely spaced from the neutral position and a land 100 closes
      communication between inlet and outlet ports 94 and 96 until the engine
      throttle valve is opened a predetermined amount.
PAR  It will be also appreciated that a throttle valve according to the
      invention has a still further advantage in that an automatic transmission
      hydraulic control system employing the throttle valve can dispense with a
      kickdown valve and conduits interconnecting a shift valve and the kickdown
      valve and interconnecting a line pressure conduit and the kickdown valve
      and as a result, the construction of the hydraulic control system is
      simplified, by employing a throttle valve which also serves as a kickdown
      valve by construction the throttle valve so as to merely select the size
      or length of the bore 66 to limit the stroke or displacement of the piston
      112.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A throttle valve of a hydraulic control system of an automatic power
      transmission of a vehicle driven by a prime mover, comprising a lever
      pivotably connected at a first portion with a prime mover acceleration
      control member, a valve spool pivotably connected with said lever at a
      second portion which is spaced from said first portion along the length of
      said lever and having a constant neutral position, a passageway into and
      from which hydraulic fluid is delivered and discharged to increase and
      reduce the hydraulic pressure in said passageway when said valve spool is
      moved from said neutral position in axial, opposite directions, the
      hydraulic pressure in said passageway being equal to a throttle pressure
      depending on the position of said control member when said valve spool is
      in said neutral position, a piston pivotably connected with said lever at
      a third portion which is spaced from said first and second portions along
      the length of said lever, a spring urging said piston to prevent said
      piston from being moved by said lever when said control member is moved in
      a prime mover output increasing direction, said piston communicating with
      said passageway and being biased by the hydraulic pressure in said
      passageway against the action of said spring, said lever being rotatable
      around said piston by said control member to move said valve spool in said
      opposite directions when said control member is moved in prime mover
      output increasing and reducing directions, said piston being moved in
      response to the hydraulic pressure in said passageway lower and higher
      than said throttle pressure to move said valve spool from said neutral
      position in said opposite directions to cause increase and reduction in
      the hydraulic pressure in said passageway to said throttle pressure.
NUM  2.
PAR  2. A throttle valve as claimed in claim 1, in which force differential
      biasing said valve spool to withstand the force of said lever tending to
      move said valve spool is approximately zero.
NUM  3.
PAR  3. A throttle valve as claimed in claim 1, in which said valve spool is
      constructed to be spaced from said neutral position and to be in a
      position to prevent delivery of a hydraulic pressure into said passageway
      until said control member is moved into a predetermined output producing
      position.
NUM  4.
PAR  4. A throttle valve as claimed in claim 1, in which said piston is
      maintained in the utmost position by the hydraulic pressure in said
      passageway overcoming the action of said spring and said valve spool is
      maintained in a position to maintain the hydraulic pressure in said
      conduit at a hydraulic pressure delivered to said slide valve, by said
      lever rotated around said piston by said control member, when the same is
      moved beyond the vicinity of the maximum output generating position.
NUM  5.
PAR  5. A throttle valve as claimed in claim 1, further comprising a valve body
      formed with a valve chamber and a bore therein, said valve chamber being
      provided with an inlet port through which a hydraulic pressure is
      delivered into said valve chamber, an outlet port through which said
      passageway open into said valve chamber and a drain port, in which said
      valve spool is slidably fitted in said valve chamber and has spaced first
      and second lands with an identical diameter, and an annular groove which
      is formed therebetween and which communicates with said inlet port, said
      second land registering with said outlet port when said valve spool is in
      said neutral position and opening said outlet port to provide
      communication between said inlet and outlet ports when said valve spool is
      moved from said neutral position in one direction and to provide
      communication between said outlet and drain ports when said valve spool is
      moved from said neutral position in another direction, and in which said
      piston is slidably fitted in said bore and said spring is disposed between
      said piston and an end wall of said bore remote from said lever, said bore
      being provided at an end adjacent to said lever with a port through which
      said passageway opens into said bore to supply the hydraulic pressure into
      a space between said piston and the lastmentioned end of said bore, said
      piston being in a position depending on the position of said control
      member when said valve spool is in said neutral position.
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ABST
PAL  This invention relates to supply circuits for fluids under pressure,
      particularly gases. Such circuits ordinarily comprise a main pipe between
      a source of fluid and a point of consumption, and to which main pipe is
      fitted a regulator and pressure-reducer and at least one obturator is
      normally fitted to this main pipe downstream of the regulator and
      pressure-reducer. In such an arrangement, the present invention provides
      means for minimising over-pressures consequent on the said obturator
      closing which are caused by the inertia of the regulator, which means is
      fitted as a by-pass to the main pipe on either side of the regulator and
      pressure-reducer. In one preferred embodiment, this means comprises a
      venturi and a reservoir which is connected by a first pipe means to the
      venturi and wherein the venturi is fitted to a second pipe means as a
      by-pass to the regulator and pressure-reducer, a valve being provided in
      the second pipe means upstream of the venturi.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to supply circuits for fluids under pressure,
      and particularly to assemblies in such circuits to eliminate or
      substantially minimise over-pressures resulting from sudden interruptions
      in the flow of a gaseous fluid in the circuit in any process in which the
      pressure of the fluid in question is regulated cyclically by an obturator
      which employs all-or-nothing operation, such as an electrical valve of the
      kind which are found particularly in gas-fired reheating furnaces.
PAR  Conventional reheating furnaces are fed with gas at a constant pressure by
      means of regulator and pressure-reducer which is a pneumatically operated
      device which works in an independent fashion by taking energy directly
      from the gas in the supply pipe, which latter will hereinafter be referred
      to as "the main pipe".
PAR  However, the heating members and their safety devices for their part are
      electrically operated. In particular, the gas-flow valve is an electrical
      valve which opens and closes fully and rapidly in a cyclic fashion.
PAR  This electrical valve therefore employs very high-speed all-or-nothing
      operation, taking only a few hundredths of a second to open or close,
      whereas the regulator and gas-pressure reducer usually has a response time
      of the order of a second or half a second when carrying out the same
      operation.
PAR  Consequently, when the electrical valve closes, the gas continues to flow
      in the part of the main pipe between the regulator and pressure-reducer
      and the said electrical valve for the length of time which the regulator
      and pressure-reducer takes to close fully.
PAR  This excess quantity of gas gives rise to an over-pressure which often
      exceeds the .+-. 15% usually fixed as a maximum to ensure proper
      combustion and over-pressure therefore triggers the burner's safety device
      and holds it out. It would only be held out temporarily and the
      installation could be put back into operation if the over-pressure
      downstream of the regulator and pressure-reducer were not maintained.
      However, if the installation is properly built it allows no means of
      escape. Consequently, the over-pressure is maintained and it is therefore
      necessary to take manual action to put the installation back into
      operation. When the electrical valve opens similar phenomena occur but in
      the opposite direction.
PAR  It was thought that this drawback could be overcome by fitting a valve to
      the main pipe to release the excess gas. However, even apart from the fact
      that this solution, which involves the loss of gas, is not very acceptable
      from an economic point of view, it is also normally not very suitable from
      a technical point of view because of the long response time of the valve
      in question.
PAR  It is an object of the present invention to remove or reduce these
      differences in the duration and level of pressures in such a way that
      installations can operate normally, with their safety devices functioning
      in the normal way and without the maximum pressure limits of .+-. 15%
      which have to be observed for proper combustion being exceeded.
PAR  Another object of the invention is to provide an assembly which may easily
      be fitted to gas pipes equipped with a conventional regulator and
      pressure-reducer electrical valve combination with the minimum of expense,
      and which operates in such a way as to meet the conditions mentioned
      without requiring manual intervention.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is provided a circuit for
      conveying a preferably gaseous fluid under pressure of the kind which
      comprises a pipe between a source of fluid and a point of consumption, a
      regulator and pressure-reducer fitted to the pipe, at least one obturator
      fitted to the pipe downstream of the said regulator and pressure-reducer,
      and wherein an assembly which is intended to minimise or eliminate the
      over-pressures which arise as a result of the said obturator closing and
      which are caused by the inertia of the regulator, is mounted as a by-pass
      to the said pipe on either side of the regulator and pressure-reducer.
PAR  A fundamental advantage of the present invention thus becomes apparent:
      while the regulator is operating, an under-pressure is created in a
      reservoir forming part of the system and, when the obturator closes, the
      excess gas which the regulator and pressure-reducer allows through into
      the section of the main pipe situated between it and the obturator is
      drawn into the reservoir. When the obturator opens, because there is no
      longer an over-pressure in the pipe, the regulator and flow-reducer is
      able to open more quickly and consequently the under-pressure which is
      usually encountered at the time of opening is made up for to a sufficient
      degree not to disturb the operation of the installation.
PAR  However, in this embodiment of the assembly, it is apparent that the entire
      surplus quantity of gas which exists in the main pipe at the moment at
      which the obturator closes is transferred to the reservoir through a
      venturi.
PAR  Now, bearing in mind the geometrical shape which this venturi needs to take
      if it is to fulfil its principal function, effectively, namely to create a
      relative pressure lower than that in the interior of the reservoir, it
      presents as a corollary a considerable resistance to the flow of the
      excess quantity of gas.
PAR  Thus, the flow of this excess quantity of gas through the venturi may
      become so slow, relatively speaking, that the time taken to transfer the
      said excess to the reservoir makes it necessary for the safety devices
      associated with the installation to have a delay.
PAR  Thus, the present invention also has as an object the provision of other
      embodiments of this supply circuit in which the time taken to transfer the
      excess quantity of gas to the reservoir is reduced to a level sufficiently
      low to make it unnecessary to slug the safety devices of the installation
      in this way.
PAR  This object is achieved in accordance with the invention by means of a
      supply circuit which is characterised in that it includes a duct which
      connects the reservoir directly to the section of the pipe between the
      said regulator and pressure-reducer and the said obturator without going
      through the said venturi, this duct also having a control valve fitted to
      it.
PAR  A second advantage of the supply circuit according to the present invention
      thus becomes apparent and this lies in the fact that if there is a pipe
      which connects the main pipe directly to the reservoir, virtually all the
      excess gas can flow through this pipe and is thus no longer obliged to
      pass through the venturi, which results in a considerable reduction in the
      time taken to transfer this excess and in the momentary pressure peak
      which occurs when the obturator closes.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other features and advantages of the present invention will become apparent
      from pursuing the following description of various embodiments of the
      proposed supply circuit, which is given as a non-limiting illustrative
      example and which refers to the accompanying drawings, in which:
PAR  FIG. 1 is a diagram showing the principle of a first embodiment of the
      supply circuit of the invention,
PAR  FIG. 2 is a diagram showing the principle of a second embodiment of the
      supply circuit of the invention,
PAR  FIG. 3 is a diagram showing the principle of a third embodiment,
PAR  FIG. 4 is a diagram showing the principle of a fourth embodiment, and
PAR  FIG. 5 is a view in axial cross-section of a venturi as used in the supply
      circuits in FIGS. 1 to 4.
DETD
PAC  SPECIFIC DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, as can be seen from FIG. 1, the supply
      circuit according to the invention includes a main pipe 1 through which
      flows a combustible gas which is on its way to a burner 2 associated with
      a reheating furnace installation which is not shown.
PAR  Along its path through the main pipe 1 the gas passes through, in
      succession and in the direction shown by arrow 3, a safety valve 4, a
      regulator and pressure-reducer 5 and an electrical flow-valve 6 of which
      the type and arrangement are all known in the art and therefore need no
      further explanation or description.
PAR  The supply circuit proper according to the invention is chiefly formed by a
      reservoir 7, when this term is understood to mean a hollow, closed
      container which contains a space of selected, given size, the container
      being connected by a first pipe 8 to a venturi 9.
PAR  As can be seen in greater detail in FIG. 5, the venturi 9 is formed by a
      main tubular member in the form of a T which is made up of an internally
      threaded tube 9a which forms the cross-piece of the T, which is welded to
      the end of another internally threaded tube 9b at right angles. Into tube
      9a are screwed two cylinders 9c and 9d, through which are pierced two
      co-axial tapering holes, a convergent one 9e and a divergent one 9f, which
      produce a venturi throat 9g into which tube 9b opens. The width of the
      throat 9g and its exact position in relation to the end of tube 9b may be
      adjusted by screwing the two cylinders 9c and 9d in or out.
PAR  The end of pipe 8 is screwed into tube 9b so as to form a seal, while a
      second pipe 10 is made up of two sections 10a and 10b each of which is
      screwed into one end of tube 9a. The first, 10a, of these sections
      connects the end of tube 9a which contains cylinder 9c to the section of
      the main pipe 1 situated between the safety valve 4 and the regulator and
      pressure-reducer 5, i.e. the section of the said main pipe situated
      immediately upstream of the said regulator and pressure-reducer in
      relation to the direction in which the gas flows, while the second
      section, 10b, connects the other end of tube 9a, the one which contains
      cylinder 9d, to the section of the main pipe 1 between the regulator and
      pressure-reducer 5 and the electrical flow-valve 6, i.e. the section of
      the said main pipe situated immediately downstream of the said regulator
      and pressure-reducer in relation to the same directional reference. The
      venturi 9 is thus connected as a by-pass to the main pipe 1 in parallel
      with the regulator and pressure-reducer 5. The cross-section of pipe 8 is
      larger than that of the inlet to the divergently tapering hole 9f and the
      cross-section of section 10b of pipe 10 is advantageously made greater
      than that of pipe 8 so as to avoid major pressure losses and thus to allow
      venturi 9 to operate under optimum conditions, the said section 10b and
      the said pipe 8 being both as short as possible.
PAR  A valve is inserted along section 10a of pipe 10.
PAR  In a first embodiment, which is shown in FIG. 1, the valve in question is
      an electrical valve 11. It is therefore connected by two leads 12 and 13
      to an electrical circuit 14, 15 which controls the electrical flow-valve
      6, using a known control system which is not shown, thus ensuring that the
      two electrical valves 6 and 11 operate simultaneously.
PAR  In a second embodiment, which is shown in FIG. 2, the same members are once
      again present and bear the same reference numerals, except that the
      electrical valve 11 is replaced by a pneumatic valve 16.
PAR  The control member 16a for this pneumatic valve 16 is therefore connected
      by a third pipe 17 to the section of the main pipe 1 situated immediately
      downstream of the regulator and pressure-reducer 5 so that a slight
      increase in pressure in this section of the said main pipe will result in
      the said pneumatic valve 16 closing.
PAR  The reservoir 7 is made of a material which is sufficiently strong to meet
      current safety regulations both as regards its ability to withstand the
      maximum pressure of any gas likely to be introduced into it, and as
      regards its ability to withstand the pressure of the atmosphere when a
      vacuum is produced within it. Otherwise, its volume is determined simply
      on the basis of the physical valves involved in the problem, namely the
      technical characteristics of the regulator and pressure-reducer 5, of the
      electrical flow-valve 6 and of valves 11 or 16, the volumes of the various
      pipes and the pressure of the gas flowing through the pipes and of the
      residual gas in reservoir 7, by means of a conventional calculation such
      that, as will be better understood after reading the description of the
      way in which the device operates, the pressure prevailing in the section
      of main duct 1 between the regulator and pressure-reducer 5 and electrical
      valve 6 is, once the two latter are closed, less than the maximum limiting
      valve at which safety valve 4 is triggered.
PAR  It is even possible, in a particularly advantageous embodiment, to provide
      a reservoir 7 which is sufficiently large for the pressure in question to
      be less than the minimum pressure required to close and seal the regulator
      and pressure-reducer 5. Thus, the latter will open slightly and itself
      allow through just that amount of gas which is necessary to bring the
      pressure in the area concerned up to the minimum level necessary for it to
      close fully. This makes it certain that the desired result, namely the
      closure of regulator and pressure-reducer 5, will be achieved with the
      lowest possible gas pressure immediately downstream of the regulator.
PAR  From the above may be deduced the following method of operation: assuming
      burner 2 to be operating, the regulator and pressure-reducer 5 and valves
      4, 6 and 11 or 16 are open. The gas passing through the venturi 9 causes a
      drop in pressure in the throat of the venturi and because of this it sucks
      out the gas contained in the reservoir 7 and a partial vacuum thus arises
      in the latter.
PAR  Obviously the rate of flow through the ventury 9 is chosen to be compatible
      with the various rates at which burner 2 operates.
PAR  When burner 2 is turned off as a result of the virtually instantaneous
      closure of electrical valve 6, in the first embodiment electrical valve 11
      is closed at the same time, while in the second embodiment pneumatic valve
      16 is closed with a slight delay for which allowance may easily be made
      when the volume of the reservoir 7 in this second embodiment is decided
      on. Consequently, the gas which continues to flow through the regulator
      and pressure-reducer 5 will no longer accumulate in the section of the
      main pipe situated immediately downstream of the regulator and create the
      undesirable pressure increase which is found in known arrangements, but
      rather will fill the space available in the reservoir 7, the pressure in
      which will rise again progressively until, as seen above, it stabilises at
      a selected level lying between the minimum pressure required for the
      regulator and pressure-reducer 5 to close, which is advantageously
      selected in the manner stated, and the maximum permissible pressure at
      which the burner can be re-lit properly without manual assistance.
PAR  In effect, to re-establish the supply to burner 2, it is merely necessary
      to re-open electrical valve 6, and thus electrical valve 11 in the first
      embodiment, for the said burner 2 to be supplied again in the normal way
      and to be in a position to be lit immediately. Since, as soon as the said
      electrical valve 6 opens, the supply pressure is substantially the normal
      supply pressure, it is thus possible for the regulator and
      pressure-reducer 5 to re-open progressively without any difficulty.
PAR  As can be seen in FIG. 3, it is also possible for the supply circuit
      according to the invention to include a duct 23 of relatively large
      cross-section which connects the section of the main pipe 1 between the
      regulator and pressure-reducer 5 and the electrical flow-valve 6 to the
      reservoir 7 directly without going via the venturi 9.
PAR  A control valve is fitted to this duct 23.
PAR  In a third embodiment, which is shown in FIG. 3, the valve in question is
      an electrical valve 24. This electrical valve 24 is controlled by means of
      leads 18 and 19 which are connected, via a delaying relay 20, to the leads
      14 and 15 from the electrical circuit controlling the electrical
      flow-valve 6.
PAR  In a fourth embodiment, which is shown in FIG. 4, the control valve fitted
      to duct 23 is a pneumatic flap or diaphragm valve 21 the control member
      21a of which is connected by a pipe 22, which serves as a pressure
      take-off, to that section 10a of the pipe 10 to which the venturi 9 is
      fitted which is situated immediately upstream of the venturi 9 but
      downstream of the electrical valve 11.
PAR  Since the principle on which members 1 to 15 in these third and fourth
      embodiments operate is the same as that on which the members 1 to 15
      described in the first two embodiments operate, the way in which they
      operate need not be further described here. Thus, as far as the
      aforementioned principle of operation is concerned, all that will be
      described is the way in which the new members 18 to 24 operate.
PAR  Thus, in the case of the third embodiment described above, the signal for
      electrical flow-valve 6 and electrical valve 11 to close causes electrical
      valve 24 to open, the latter operating the opposite way round from the two
      electrical valves 6 and 11.
PAR  Similarly, in the case of the second embodiment described above, the
      pressure drop downstream of electrical valve 11 which follows its closure
      is detected via pipe 22 by the control member 21a associated with
      pneumatic valve 21 and the control member 21a then causes the said valve
      21 to open, thus causing the excess gas to be drawn rapidly into the said
      reservoir 7.
PAR  It will be noted that in both cases the opening of the valve associated
      with pipe 16 (electrical valve 24 or pneumatic valve 21) is brought about
      with a certain delay in relation to the closure of electrical valves 6 and
      11, this delay being due either to the presence of the delaying relay 20
      or to the inherent response time of the pneumatic valve 21.
PAR  This delay is in fact essential in view of the fact that opening needs to
      take place at the exact time when the pressure in the section of the main
      pipe between the regulator and pressure-reducer 5 and the electrical valve
      6 begins to rise when the said regulator and pressure-reducer 5 closes. If
      the opening in question occurs at too early a stage, the opposite effect
      will be achieved from that desired; an additional flow demand will be
      created which will result in the regulator and pressure-reducer 5 opening
      and the pressures in reservoir 7 and main duct 1 will tend to balance
      before the said regulator and pressure-reducer closes, which will negate
      the effect sought.
CLMS
STM  I claim:
NUM  1.
PAR  1. A supply circuit for a gaseous fluid under pressure which comprises a
      source of gaseous fluid, and a point of consumption of said gaseous fluid,
      a main pipe between said source of fluid and said point of consumptiion, a
      regulator and pressure-reducer fitted to said main pipe, at least one
      obturator fitted to the said main pipe downstream of the said regulator
      and pressure-reducer, means for minimizing over-pressures resulting from
      the closing of the said obturator which are caused by the inertia of the
      regulator, said means being arranged as a by-pass to said main pipe on
      either side of the regulator and pressure-reducer.
NUM  2.
PAR  2. A supply circuit according to claim 1, in which the means for minimizing
      the over-pressures comprises a venturi and a reservoir which is connected
      by a first pipe means to the said venturi, wherein said venturi is fitted
      to a second pipe means as a by-pass to said regulator and
      pressure-reducer, and wherein a valve is provided in said second pipe
      means upstream of said venturi.
NUM  3.
PAR  3. A supply circuit according to claim 2, wherein said valve fitted in said
      second pipe means is an electrical valve controlled by the same electrical
      circuit as controls the obturator situated in said main pipe.
NUM  4.
PAR  4. A supply circuit according to claim 2, wherein said valve mounted in
      said second pipe means is a pneumatic valve incorporating a control member
      which is connected by a third pipe means to the section of said main pipe
      situated between said regulator and pressure-reducer and said obturator.
NUM  5.
PAR  5. A supply circuit according to claim 2, wherein the diameter of said
      first pipe means is less than that of the section of said second pipe
      means situated between said venturi and its connection and to said section
      of the main pipe situated between said regulator and pressure-reducer and
      said obturator.
NUM  6.
PAR  6. A supply circuit according to claim 2, which further includes a duct
      which connects said reservoir directly to said section of said main pipe
      situated between said regulator and pressure-reducer and said obturator
      without going through said venturi, said duct also having a control valve
      fitted therein.
NUM  7.
PAR  7. A supply circuit according to claim 6, wherein said control valve fitted
      in said duct which connects said reservoir directly to said main pipe
      without going through said venturi is an electrical valve which is
      controlled via a delaying relay by the same electrical circuit as that
      which controls obturator situated in said main pipe.
NUM  8.
PAR  8. A supply circuit according to claim 6, wherein said control valve fitted
      in said duct which connects said reservoir directly to said main pipe
      without going through said venturi is a pneumatic flap or diaphragm valve
      incorporating a control member which is connected by a pipe serving as a
      pressure take-off to that section of said second pipe means to which said
      venturi is fitted and which is situated immediately upstream of said
      venturi and downstream of said electrical control valve.
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ABST
PAL  A safety valve for pressure fluid flow lines and which may be utilized in
      combination with a punch tee, said valve being responsive to pressure
      differentials acting thereacross for automatically closing to preclude
      accidental loss of pressure fluid from the line. The valve comprises body
      means adjustably secured in communication with the pressure fluid of the
      flow line, valve seat means provided on the body means, cage means carried
      by the body means, ball means loosely disposed in the cage means to
      provide a normally open position for the valve and responsive to pressure
      differentials thereacross for automatically engaging the valve seat to
      provide a closed position for the valve, locking means adjustably disposed
      in the proximity of the body means for providing a predetermined
      positioning or setting for the body means for calibrating the pressure
      responsive sensitivity for the ball means, and means for selectively
      opening the valve against said closing pressure differential.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in safety valves and more
      particularly, but not by way of limitation, to a safety valve for a
      pressure fluid flow line, and which may be utilized in combination with a
      punch tee, for automatically closing upon the sensing of pressure
      differentials thereacross for precluding accidental loss of the pressure
      fluid from the flow line.
PAR  2. Description of the Prior Art
PAR  It is frequently desirable to connect a main pressure fluid flow line with
      a secondary flow line in order to transport a portion of the pressure
      fluid to an auxiliary site. For example, in the fuel supply system of a
      city, such as the gas distribution system, it is frequently desirable to
      connect a new building or house to the gas distribution system in order to
      supply the new building with fuel. It is common practice to weld or
      otherwise secure a punch tee, or the like, to the outer periphery of the
      pipeline of the distribution system, and seal said fitting between the
      pipeline and an auxiliary flow line which extends to the building to be
      newly supplied with the fluid or fuel. Subsequent to the setting of the
      punch tee, a punch member is utilized for cutting or puncturing the outer
      periphery of the pipe to provide communication between the main pipeline
      and the auxiliary flow line through the punch tee. There are certain
      disadvantages in the presently available punch tees, however, in that in
      the event of a break in the auxiliary line, the pressure in the auxiliary
      line may drop suddenly and tend to quickly withdraw substantially great
      quantities of the fluid from the main pipeline. It will be readily
      apparent that such a situation may be extremely hazardous, particularly in
      the event the main distribution system carries natural gas, or the like.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a novel safety valve which is
      particularly designed and constructed for overcoming the above
      disadvantages. The valve may be utilized in combination with the usual
      punch tee, or may be interposed between substantially any two flow lines
      wherein it is desired to protect at least one of the lines against a
      sudden pressure drop or other lessen of pressure in the other of said
      lines. The novel valve comprises a body portion adjustably secured in a
      suitable fitting which in turn is connected to a flow line in such a
      manner as to provide communication between the interior of the flow line
      and the safety valve. A valve seat is provided in the body portion and a
      ball and cage member is carried thereby with the ball being loosely
      disposed within the cage member to provide a normally open position for
      the valve. However, the ball member is responsive to pressure
      differentials acting thereacross to automatically close the valve when the
      pressure on one side thereof is sufficiently greater than the pressure on
      the opposite side thereof to preclude accidental loss of pressure fluid
      from the flow line. Locking means is adjustably secured in the fitting for
      providing a preselected positioning or setting of the valve body in order
      to calibrate the operation of the ball member in order to regulate the
      closing pressure thereof. In addition, an opening member is movably
      secured to the fitting for selectively opening the ball member against the
      closing pressure when it is desired to re-establish open communication
      between the main flow line and a secondary flow passageway.
PAR  Of course, the safety valve may be utilized in combination with the usual
      punch tee which is secured between a fluid pressure line and a secondary
      or auxiliary line in such a manner that the punch may be utilized for
      piercing or cutting the pipe in order to provide communication between the
      interior of the main flow line and the secondary flow line. The safety
      valve may be interposed between the main flow line and secondary flow line
      for directing the fluid therebetween in one direction. In the event there
      is a failure in the auxiliary line, which causes an undesirable drop of
      fluid pressure therein, such as a break in the line, the pressure
      differentials acting on the ball member of the safety valve will cause the
      ball to close against the valve seat and preclude loss of pressure fluid
      from the main flow line. When the failure situation has been corrected or
      repaired and it is desired to re-establish communication between the main
      flow line and the auxiliary line, the opening member may be utilized for
      opening the ball member against the closing pressure and permitting the
      fluid to flow therethrough and equalize the pressure acting on the ball
      member whereby the valve will remain in the open position until some
      pressure differential situation again occurs which closes the safety valve
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a combination safety valve and punch
      tee fitting illustrated in a position of a flow line, which is indicated
      in broken lines and having portions eliminated for purposes of
      illustration.
PAR  FIG. 2 is a sectional elevational view of the combination punch tee and
      safety valve of FIG. 1.
PAR  FIG. 2A is an enlarged view of the upper portion of the combined safety
      valve and punch tee fitting shown in FIG. 1.
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 2.
PAR  FIG. 4 is a sectional view taken on line 4--4 of FIG. 2.
PAR  FIG. 5 is a view similar to FIG. 2 depicting a modified embodiment of the
      combination and safety valve punch tee fitting.
PAR  FIG. 6 is a top view of a modified arrangement for the punch member and
      safety valve for the combination safety valve and punch tee fitting.
PAR  FIG. 7 is a side elevational view of a safety valve fitting adapted to be
      interposed between the first and second flow lines.
PAR  FIG. 8 is a sectional elevational view of the safety valve fitting shown in
      FIG. 7.
PAR  FIG. 9 is a sectional elevational view of a setting tool for a locking ring
      utilized in combination with the safety valve of the invention.
PAR  FIG. 10 is a view taken along line 10--10 of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in detail, and particularly FIGS. 1 through 4,
      reference character 10 generally indicates a combination safety valve and
      punch tee fitting comprising a housing 12 which may be secured to the
      outer periphery of a suitable flow line 14 (indicated in broken lines) in
      any suitable manner, such as by welding, or the like. A central recess 16
      is provided in one end of the housing in open communication with the outer
      periphery of the pipe or flow line 14 for providing a sealed chamber for a
      purpose as will be hereinafter set forth. A first offset threaded bore 18
      extends longitudinally in the housing 12 terminating at an inwardly
      directed annular shoulder 20 which is conterminous with a reduced diameter
      smooth-walled bore 22 providing communication between the bore 18 and the
      recess 16 for a purpose as will be hereinafter set forth.
PAR  A punch member 24 is threadedly secured within the bore 18 and whereas the
      punch member 24 may be of any suitable type, as shown herein, the punch
      member 24 comprises a stem member 26 having the outer periphery thereof
      threaded for engagement with the threaded bore 18 and having a reduced
      diameter punching element 28 extending longitudinally outwardly therefrom
      in a direction toward the flow line or pipe 14. The outer extremity 30 of
      the punching element 28 is a cutting edge of any suitable type whereby
      movement of the punch member 24 in a direction toward the pipe 14 a
      sufficient distance will cause the cutting edge 30 to penetrate the wall
      of the pipe 14 as shown in dotted lines at 32. As the punch element 28
      cuts the pipe 14 at 32, a segment 34 thereof, commonly called a coupon, is
      severed from the pipe 14, and a longitudinally extending bore 36 is
      provided in the outer end of the punching element 28 for frictionally
      engaging and retaining the coupon 34 therein, as is well known. A
      hexagonal bore 38, or the like, is provided in the outer end of the punch
      stem 26 for receiving a suitable tool (not shown) therein, such as an
      allen wrench, or the like, for transmitting rotation to the punch member
      24, as is well known.
PAR  The outer end of the bore 18 is enlarged at 40 to provide an annular
      shoulder 42 therein. A suitable seal plug 44 is threadedly secured in the
      bore 18 and as shown herein comprises a threaded shank member 46
      threadedly secured to the bore 18 and an enlarged head portion 48 in
      engagement with the shoulder 42. Suitable sealing means such as an O-ring
      50, is interposed between the outer periphery of the head portion 48 and
      the enlarged bore portion 40 for precluding leakage of fluid therebetween.
      A diametrically extending groove or recess 52 is provided on the exposed
      outer surface of the head portion 48 whereby a screw driver or the like
      (not shown) may be utilized for inserting the plug 44 into the bore 18 and
      withdrawing the plug 44 therefrom, as is well known. The plug 44 and
      enlarged bore 40 are omitted in FIG. 1 for purposes of illustration.
PAR  A second offset bore 54 extends longitudinally in the housing 12
      substantially parallel to the bore 18 and terminates at an inwardly
      directed shoulder 56. A reduced diameter smooth-walled bore 58 extends
      from the bore 54 into communication with the recess 16. In addition a
      radial bore 60 is provided in the housing 12 in communication with the
      bore 54, and a suitable nipple or sleeve 62 is welded or otherwise secured
      to the outer periphery of the housing 12 surrounding the port or bore 60.
      The nipple 62 extends substantially radially outwardly from the housing 12
      and may be connected with an auxiliary or secondary pipe line or flow line
      (not shown) in any well known manner.
PAR  A safety valve generally indicated at 64 is threadedly secured within the
      bore 54 and comprises a main valve body 66 having the outer periphery
      thereof threaded for engagement with the threads of the bore 54. The body
      66 is of a reduced diameter at 68 for slidable insertion within the bore
      58 for a purpose as will be hereinafter set forth. An inwardly directed
      shoulder 69 is provided on the inner periphery of the neck 68 to provide a
      valve seat. A suitable valve cage member 70 is secured to the neck 68 in
      any well known manner, and a ball member 72 is loosely disposed therein
      for cooperation with the valve seat 69 to provide alternate open and
      closed positions for the valve 64. The open position for the valve 64 is
      shown in solid lines in FIG. 2, and the closed position thereof is
      indicated in dashed lines. A centrally disposed passageway 74 extends
      through the valve body 66 for passage of fluid therethrough, and it is to
      be noted that the inner periphery of at least the upper portion of the
      bore 74, as viewed in FIG. 2, if of a hexagonal configuration whereby a
      suitable tool, such as an Allen wrench, or the like, may be utilized for
      threadedly installing the valve 64 in the bore 54, as will hereinafter be
      more fully set forth.
PAR  An annular locking ring 76, having the outer periphery thereof threaded for
      engagement with the threads of the bore 54 is inserted within the bore 54
      at a preselected position above the valve 64 as viewed in the drawings for
      a purpose as will be hereinafter set forth. The inner diameter of the
      locking ring 76 is greater than the largest cross-sectional dimension of
      the valve body 66 in order that the tool (not shown) used for adjusting
      the position of the valve 64 may be inserted through the locking ring 76
      for engagement with the bore 74. In addition, a diametrically extending
      groove or recess 78 is provided in the outer or exposed surface of the
      locking ring 76 in order that a setting tool 73 (FIGS. 9 and 10) may be
      utilized for positioning the locking ring 76 within the bore 54, as will
      be hereinafter set forth in detail.
PAR  The setting tool 73 comprises an elongated stem 75 which may be hollow, if
      desired, but not limited thereto, and having an enlarged head member 77 at
      one end thereof and a diametrically positioned longitudinally extending
      lug means 79 provided at the opposite end thereof. If the stem 75 is
      hollow, the lug means 79 will preferably comprise a pair of diametrically
      opposed longitudinally extending lug members as shown in FIG. 10, whereas
      if the stem 75 is solid, the lug means 79 will preferably comprise a
      single diametrically extending longitudinally projecting lug member (not
      shown). The lug means 79 is particularly configured for engaging the
      recesss or grooves 78 of the locking ring 76 and the length of the stem 75
      extending beyond the head member 77 is particularly selected for a purpose
      as will be hereinafter set forth.
PAR  A valve opening apparatus 80 is adjustably secured within the bore 54 and
      as shown herein comprises a head member 82 having the outer periphery
      thereof threaded for engagement with the threads of the bore 54. An
      elongated relatively thin spindle or opening element 84 is carried by or
      integral with the head member 82 and extends longitudinally within the
      bore 54 as particularly shown in FIG. 2. A diametrically extending recess
      or groove 86 is provided in the upper or outer surface of the head member
      82 for engagement by a screw driver (not shown) or other suitable tool
      (not shown) in order to rotate the opening apparatus 80 in one direction
      for lowering the spindle 84 within the bore and in an opposite direction
      for raising the spindle 84 within the bore, as viewed in the drawings.
      When it is desired to positively retain the ball member 72 in a lowered or
      open position within the cage 70, the opening apparatus 80 may be lowered
      within the bore 54 a sufficient distance for bringing the outer extremity
      of the spindle member 84 into engagement with the ball 72, and for
      lowering the ball 72 and for lowering the ball 72 to its lowermost
      position within the cage 70, or at least to a position away from the valve
      set 69 for opening of the valve 64. When it is no longer necessary to
      positively retain the ball 72 in the open position thereof, the opening
      apparatus 80 may be raised within the bore 54 a sufficient distance to
      preclude interference with the normal flow of fluid through the valve 64
      as shown in FIG. 2, and as will be hereinafter set forth in detail.
PAR  A seal plug 88 generally similar to the plug 44 and having suitable sealing
      means 90 provided around the outer periphery thereof is preferably
      inserted in the bore 54 for precluding accidental leakage of fluid from
      the bore during operation of the valve 64. Of course, it is preferable to
      provide a threaded portion 92 on the outer periphery of the housing 12 in
      the proximity of the outer extremity thereof for receiving a threaded cap
      or protector member 94 thereon, as is well known.
PAR  When it is desirable to connect a secondary or auxiliary flow line (not
      shown) with a main flow line 14 in order to provide communication of fluid
      therebetween, the combined safety valve and punch tee fitting 10 may be
      welded or otherwise secured to the outer periphery of the pipe or flow
      line 14 in such a manner that the sleeve 62 may be suitably connected with
      the secondary or auxiliary line. The valve 64 may then be inserted into
      the bore 54 by engaging the hexagonal bore 74 with a suitable tool (not
      shown) and rotating the body 66 in a direction for moving the valve 64 in
      a direction toward the shoulder 56. It may be preferable to move the body
      66 through a sufficient distance within the bore 54 for engagement with
      the shoulder 56, but not limited thereto.
PAR  The locking ring 76 may then be inserted within the bore 54 and moved in a
      direction toward the valve 64 by engaging the recesses 78 by the lugs 79
      of the setting tool 73. The length of the stem 75 is particularly selected
      whereby the head 77 will engage the outer end of the housing 12 for
      precluding further movement of the locking ring 76 when the preselected
      position for the locking ring 76 within the bore 54 has been reached. This
      preselected position for the locking ring 76 may be determined by the
      desired length of projecting required for the cage 70 and ball 72 into the
      recess 16. The length of projection of the ball 72 and cage 70 into the
      recess 16 determines the pressure differential across the ball member 72
      for closing of the ball against the valve seat 68. The flow of fluid
      around the ball 72 causes a vacuum on the upstream side of the ball. The
      closer the ball is to the restricted area of the bore 112, the greater the
      vacuum created on the upstream side of the ball whereby the pressure
      differential required for closing the valve will be relatively small, land
      vice versa. Thus, when the locking ring 76 has been preset within the bore
      54 at the required spacing as determined by the overall length of the
      setting tool 75, the body 66 may be moved into engagement with the locking
      ring 76 by inserting the usual tool (not shown) through the locking ring
      76 and engaging said tool with the hexagonal bore 74 and rotating the body
      66 in the proper direction for moving the valve 64 in the proper direction
      within the bore 54. Thus, the valve 64 may be set within the bore 54 at
      the desired preselected position therefor in order that the desired or
      calibrated pressure differentials detected by the ball member 72 will
      automatically close the valve, as will be hereinafter set forth.
PAR  Subsequent to the setting of the valve 64, it is desirable to insert the
      opening apparatus 80 into the bore 54, and move the apparatus 80 in a
      direction toward the valve 64 a sufficient distance for bringing the outer
      extremity of the spindle 84 into engagement with the ball 72, and
      sufficiently further for positively retaining the ball 72 out of
      engagement with the valve seat 69. The seal plug 88 may then be installed
      at the outer end of the bore 54 for efficiently sealing the bore 54
      against accidental leakage of fluid therefrom.
PAR  The punch member 24 may then be inserted into the bore 18 and rotated in
      one direction by inserting a suitable tool (not shown) in the hexagonal
      bore 38 for moving the cutting edge 30 in a direction toward the pipe or
      flow line 14. The punch member 24 is moved through the bore 18
      sufficiently for severing the coupon 34 from the wall of the pipe 14. The
      severed coupon 34 is normally retained within the bore 36 by friction, and
      subsequent to cutting the coupon 34 from the pipe 14 the punch member 24
      may be retracted to a position within the bore 18, as shown in FIG. 2, by
      rotating thereof in an opposite direction. Subsequent to this operation,
      the seal plug 44 may be installed in the outer end of the bore 18 as
      hereinbefore set forth for precluding leakage of fluid through the bore
      18.
PAR  When the coupon 34 has been removed from thhe pipe 14 it will be apparent
      that communication is established between the interior of the flow line 14
      and the sleeve 62 through the open valve 64 and the radial bore 60. As
      hereinbefore set forth, the opening apparatus 80 positively retains the
      ball 72 in an open position during the cutting or puncture operation.
      Otherwise, the fluid pressure entering the recess 16 from the interior of
      the pipe or flow line 14 would act on one side of the ball 72 for forcing
      the ball into a closed position against the valve seat 69. As soon as the
      flow of fluid is established through the valve and to the sleeve 62, the
      pressure acting on the ball 72 will be equalized, and the ball 72 will
      remain in its normal open position as shown in FIG. 2 by the pull of
      gravity thereon. When this condition occurs, the seal plug 88 may be
      removed, and the opening apparatus 80 may be backed off sufficiently for
      complete disengagement from the ball 72 and away from the valve 64, as
      shown in FIG. 2, for precluding interference with the flow of fluid
      through the valve 64. The seal plug 88 may then be reinstalled in the bore
      54, and the protector cap 94 may be secured on the housing 12.
PAR  In this manner substantially constant communication is established between
      the main flow line 14 and the sleeve 62 and on to the auxiliary or
      secondary flow line (not shown). However, when a condition occurs wherein
      the pressure in the auxiliary line falls below a predetermined amount, or
      below the amount required to place a pressure differential on the ball 72
      greater than that for which the valve 64 has been calibrated, the ball 72
      will be forced against the valve seat 69 for automatically and quickly
      closing the valve 64. This precludes excessive loss of pressure fluid from
      the main flow line 14 until such time as the cause of the low pressure
      condition in the secondary line can be corrected. For example, if a break
      occurs in the auxiliary flow line, the pressure downstream of the ball 72
      will become less than the pressure upstream from the flow line 14. The
      upstream pressure will quickly force the ball 72 into position against the
      valve seat 69 for closing the valve 64. When the break in the auxiliary
      line has been repaired, and it is desired to re-establish communication
      between the flow line 14 and the auxiliary line, the protector 94 may be
      removed for access to the bore 54. The seal plug 88 may be removed, and
      the opening apparatus 80 may be moved in a direction toward the ball 72 as
      hereinbefore set forth for engaging the ball 72 and retaining the ball in
      the open position until sufficient fluid has passed therethrough for
      equalizing the pressure acting on the ball. The opening apparatus 80 may
      then be backed off to the out-of-the-way position in the bore 54, and the
      seal plug 88 may be reinstalled therein. Of course, the protector 94 may
      be replaced on the housing 12, and the communication will be once again
      established between the flow line 14 and the secondary flow line.
PAR  Referring now to FIG. 5, a modified safety valve and punch tee fitting is
      generally indicated at 100 which comprises a housing 102 generally similar
      to the housing 12, and adapted to be welded or otherwise secured to the
      outer periphery of the flow line 14. One end of the housing 102 is
      provided with a recess 104 similar to the recess 16, and a first threaded
      bore 106 similar to the bore 18 extends longitudinally through the housing
      102 into communication with the recess 104 through a smooth-walled reduced
      diameter bore 108, which is similar to the bore 22. The bore 106 is
      provided for receiving the punch member 24 therein, as hereinbefore set
      forth and for the same purpose. Of course, a seal plug 44 may be utilized
      in combination with the punch member 24 in the bore 106, but is eliminated
      from FIG. 5 for purposes of illustration.
PAR  A substantially L-shaped passageway having one leg 112 threaded and in
      communication with the recess 104, and the other leg 114 thereof extending
      radially through the wall of the housing 102 to provide communication with
      a sleeve 116 similar to the sleeve 62. A valve 118 generally similar to
      the valve 64 is adjustably disposed in the threaded bore portion 112, and
      as shown in FIG. 5 comprises a main valve body 120 having the outer
      periphery thereof threaded for engagement with the threads of the bore
      112. A central bore 122 extends through the body 120 and is preferably
      beveled at one end thereof to provide a valve seat 124. A suitable cage
      member 126 having a ball 128 loosely disposed therein is carried by the
      body 120, and as particularly shown in FIG. 5, gravity maintains the ball
      128 in a normal position away from the valve seat 124 to provide a normal
      open position for the valve 118. It will be apparent that the
      cross-sectional configuration of the bore 122 may be square, hexagonal, or
      the like, whereby a suitable tool (not shown) may be inserted therein for
      rotating the body 120 in order to facilitate inserting of the valve 118
      within the threaded bore portion 112. It will be further apparent that the
      valve 118 must be inserted into the bore 112 through the recess 104, and
      thus must be installed within the housing 102 prior to welding of the
      fitting 100 onto the pipe or flow line 14. In some instances, the heat of
      the welding process may affect the relative dimensions of the valve body
      120 and the bore 112, and hinder any future adjustments of the position of
      the valve 118 within the bore 112.
PAR  A threaded bore 130 is provided in the housing 102 in substantial axial
      alignment with the bore 112 and extends from the outer end of the housing
      102 in a direction toward the radial bore 114 into communication with a
      reduced diameter smooth-walled bore 132 which extends into communication
      with the bore 114. The opening apparatus 80 may be installed in the
      threaded bore 130 in such a manner that the spindle member 84 will extend
      through the reduced bore 132 for selective engagement with the ball member
      128 in order to positively retain the ball 128 in an open position when
      desired. Of course, a seal plug 88 may also be utilized in the bore 130,
      if desired, but is eliminated from FIG. 5 for purposes of illustration.
PAR  The operation of the safety valve and punch tee fitting 100 is
      substantially identical with the operation of the fitting 10. The punch
      member 24 may be utilized as hereinbefore set forth for severing the
      coupon 34 from the pipe 14 and retaining the coupon 34 within the bore 36.
      When the punch member 24 has been retracted within the bore 106,
      communication is established between the interior of the flow line 14 and
      the sleeve 116 through the valve 118 which is held open by the opening
      apparatus 80 (not shown in FIG. 5 for purposes of illustration). When the
      pressure acting on the ball 128 has been equalized by sufficient flow of
      fluid through the valve 118, the opening apparatus 80 may be retracted,
      and substantially constant communication is established between the main
      flow line 14 and the secondary flow line (not shown). When there is
      sufficient pressure drop in the secondary flow line, the safety valve 118
      will automatically and quickly close for precluding loss of pressure fluid
      from the main flow line 14 as hereinbefore set forth.
PAR  Referring now to FIG. 6, still another embodiment of the invention is shown
      wherein a combined safety valve and punch tee fitting is generally
      indicated at 134, and is particularly designed for use with pipes or flow
      lines 14 having relatively small diameters. In a small diameter pipe it is
      important that the punching or severing of the coupon therefrom be
      substantially on a diameter and extend radially inwardly. In other words,
      the axis of the punch should preferably be in substantial alignment with a
      diameter of the cross section of the pipe being cut whereby the punch
      moves radially with respect to the cross section of the pipe during a
      severing operation. Therefore, it may be desirable to provide a housing
      12a similar to the housing 12 and having bores 18a and 54a generally
      similar to the bores 18 and 54 extending therethrough and a sleeve 62a
      similar to the sleeve 62 secured thereto. The bore 18a is provided for
      receiving the punch member 24 therein in the manner as hereinbefore set
      forth, and whereas it may be preferable to also provide the seal plug 44
      therein, the plug 44 is omitted from FIG. 6 for purposes of illustration.
      The valve 64, opening apparatus 80 and plug 88 are disposed in the bore
      54a in the manner as hereinbefore set forth, and for the same purpose.
      However, the longitudinal axis of at least one of the bores, for example
      the bore 18a, is angularly disposed with respect to the longitudinal axis
      of the housing 12 instead of being off-set and parallel thereto as in the
      case of the bores 18 and 54 whereby the cutting element 30 of the punch
      member 24 will be positioned substantially at a diameter of the pipe 14
      and in alignment therewith, and will move substantially radially inwardly
      during the coupon cutting operation. It is important, of course, that the
      bores 18a and 54a be open to a common recess area, such as indicated in
      dotted lines at 136 in FIG. 6 in order that the cutting of the pipe 14 by
      the punch member 24 will open communication between the interior of the
      pipe 14 and the sleeve 62a through the safety valve 64 as hereinbefore set
      forth and for the same purpose.
PAR  Referring now to FIGS. 7 and 8, a safety valve fitting generally indicated
      at 138 is shown which comprises a housing or sleeve member 140 having one
      sleeve 142 integral therewith or secured thereto and extending at right
      angles therefrom, and a second sleeve l44 welded or otherwise secured to
      the outer periphery thereof in longitudinally and circumferentially spaced
      relationship to the first sleeve 142 for a purpose as will be hereinafter
      set forth. A centrally disposed threaded bore 146 extends into the sleeve
      140 to an inwardly directed annular shoulder 148 which is conterminous
      with a reduced diameter smooth-walled bore 150. The bore 150 extends into
      communication with a bore 152 which is substantially perpendicular thereto
      and which extends through the sleeve 142. The bore 146 is enlarged at 154
      for a purpose as will be hereinafter set forth. In addition, a radial bore
      or port 156 is provided in the sidewall of the sleeve 140 to provide
      communication between the bore 146 and the interior of the sleeve 144.
PAR  The valve 64 is adjustably installed within the bore 146 in the manner as
      hereinbefore set forth, and the calibrated position therefor is determined
      by the lock ring 76 as hereinbefore set forth. The opening apparatus 80 is
      also installed in the enlarged bore portion 154 as is the seal plug 88. It
      is to be noted that the sealing means or O-rings 90 are disposed in the
      inner periphery of the enlarged bore portion 154 and engages the outer
      periphery of the plug 88. However, the seal ring 90 may be disposed on the
      outer periphery of the plug 88 and engage the bore 154, if desired.
PAR  The safety valve fitting 138 may be interposed between substantially any
      two flow lines wherein it is desired to provide an automatic closing of
      one line upon the loss of fluid pressure in the other line. The sleeve 142
      may be suitably connected with the first flow line, which is to be
      protected against accidental loss of fluid, and the second flow line may
      be suitably connected with the sleeve 144. In order to initially establish
      fluid flow from the sleeve 142 to the sleeve 144, the ball member 70 may
      be positively retained in an open position by the opening apparatus 80 as
      hereinbefore set forth. As soon as sufficient fluid flow has been
      established through the valve 64, the pressure on the ball 72 will be
      equalized and gravity will maintain the ball 72 in the open position
      therefor. In the event of a break or the like in the second flow line
      wherein there is sufficient pressure drop across the ball 72 the ball 72
      will be quickly moved into a closed position against the valve seat 69 for
      precluding loss of fluid from the first flow line. Of course, in order to
      re-establish communications between the two flow lines, the procedure must
      be repeated as hereinbefore set forth.
PAR  From the foregoing it will be apparent that the present invention provides
      a novel safety valve fitting or combination safety valve and punch tee
      fitting adapted to be interposed between two flow lines, said safety valve
      providing an automatic closing of the communication between the flow lines
      in the event of a pressure drop in the secondary flow line, thus
      precluding accidental loss of fluid from the main flow line. The novel
      fitting includes a ball and cage type safety valve having a normal open
      position, but responsive to precalculated pressure differentials acting
      thereon for quickly and automatically closing the valve for precluding
      escape of the pressure fluid. The novel device is simple and efficient in
      operation and economical and durable in construction.
PAR  Whereas the present invention has been described in particular relation to
      the drawings attached hereto, it should be understood that other and
      further modifications, apart from those shown or suggested herein, may be
      made within the spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety valve fitting adapted to be interposed between two flow lines
      comprising:
PA1  an upright housing having a top and a bottom, the bottom having
      communication with one flow line, the housing having a side outlet
      communicating with the other flow line, the housing having a vertical
      chamber between the top and bottom, the upper portion of the chamber being
      internally threaded, the lower portion of the housing having a cavity
      therein larger in diameter than the chamber;
PA1  a maximum flow rate control valve threadably positioned in said chamber,
      the valve having a valve body and a valve seat therein and a ball
      supported by a cage below the valve seat, the valve cage extending at
      least partially within said housing cavity, the position of said cage
      portion of said valve in said cavity serving to regulate the maximum flow
      rate before said ball is forced against said seat to close against further
      flow.
NUM  2.
PAR  2. A safety valve fitting as set forth in claim 1 including adjustable
      means comprising an annular locking ring threadably disposed in said
      housing chamber and a setting tool engagable with said locking ring for
      positively positioning said locking ring within said housing chamber at a
      preselected position whereby the valve body may be disposed in engagement
      with said locking ring for setting said valve body in said chamber to
      provide flow rate calibration for the actuation of the valve.
NUM  3.
PAR  3. A safety valve fitting as set forth in claim 2 wherein the setting tool
      means comprises a stem of a predetermined length, a head portion provided
      at one end of said stem, a lug portion provided at the opposite end of
      said stem for engagement with said locking ring, said head portion being
      engagable with said housing top for limiting the movement of said stem
      means in one direction for providing said positive positioning of the
      locking ring.
NUM  4.
PAR  4. A safety valve fitting as set forth in claim 1 including seal plug means
      secured in said housing chamber upper end for precluding leakage
      therefrom.
NUM  5.
PAR  5. A safety valve fitting as set forth in claim 1 including punch means
      movably secured in said housing and operable for severing one flow line
      for providing communication between said two flow lines.
NUM  6.
PAR  6. A safety valve fitting as set forth in claim 5 wherein said housing
      means is provided with a second vertical chamber extending substantially
      longitudinally therein for receiving said punch means therein, both of
      said chambers being in communication with said cavity in said housing
      lower portion.
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ABST
PAL  The present invention relates to an apparatus or device for storing
      elongated flexible elements, such as drilling pipe, in a coiled form. This
      apparatus includes an inner cylindrical framework supported about a
      vertical axis, an outer cylindrical framework concentrically separated
      from the inner framework and connected thereto by an annular base plate
      closing the bottom of the apparatus. The space between the inner and outer
      frameworks is open at the top to receive the elongated elements, and the
      annular base plate is formed of a plurality of annular sector elements
      connected together in such a manner as to allow a vertical displacement of
      respective adjacent elements with respect to one another. Various means
      for connecting adjacent elements are provided. Moreover, various driving
      and supporting members are provided for rotating the apparatus about the
      vertical axis.
PARN
PAR  This application is a continuation-in-part application of previous U.S.
      application, Ser. No. 264,470 filed June 20, 1972, now U.S. Pat. No.
      3,804,111, and incorporates herein all the disclosure of said previous
      application.
BSUM
PAR  The present invention relates to an apparatus for storing an elongated
      flexible element, such as a cable or flexible hose, pipe, or columns.
PAR  More particularly, and not to be construed as limitative, the apparatus
      according to the present invention is adapted for storing and for handling
      a flexible drilling column.
PAR  Apparatus and devices for storing flexible drilling columns are known.
      These apparatus generally consist of an annular basket which is supported
      on a vertical pin or axle placed coaxial with the basket. Driving means
      drive the basket in rotation about the vertical axle and are integral with
      a base structure on which rests the entire apparatus.
PAR  A rotating hydraulic connector placed in the axis of the basket allows for
      supplying the flexible column with hydraulic fluid.
PAR  The principal drawbacks of these previous apparatus consist in the
      construction thereof which requires the use of a completely rigid base
      structure for the entire unit or the entire apparatus and makes it
      necessary to maintain a very good verticality of the vertical axis and of
      the axis of the basket in order to avoid that, due to the action of the
      great weight of the flexible column or pipe, the swivel be subjected to
      abnormal stresses, for example, due to the action of unbalances during the
      rotation of the basket. It is apparent, therefore, that the apparatus made
      in this manner are cumbersome, difficult to use and manage, and require a
      significant amount of maintenance and supervision.
PAR  It is the object of the present invention to provide for an apparatus for
      storing an elongated element which does not have the drawbacks of the
      prior art devices as outline above.
PAR  The present invention will be better understood, and its advantages will
      become more apparent, from a reading of the following description of the
      present apparatus with the several embodiments thereof, being
      nonlimitative and illustrated in the accompanying drawings, wherein
DRWD
PAR  FIG. 1 illustrates schematically a first embodiment of the apparatus
      proposed by the present invention;
PAR  FIG. 2 is a view from below of the apparatus illustrated in FIG. 1;
PAR  FIG. 3 illustrates a modified embodiment of the apparatus represented in
      FIG. 1;
PAR  FIG. 4 illustrates a further embodiment of the present invention;
PAR  FIG.5 illustrates a still further embodiment of the present invention, and
PAR  FIGS. 6, 7, 7A, 8A and 8B illustrate schematically different embodiments of
      the members assuring the connection between the annular sector elements
      constituting the annular base structure or plate.
DETD
PAR  In these figures, the same reference numerals have been used to identify
      like elements.
PAR  FIG. 1 illustrates schematically a first mode of realization or embodiment
      of the appartus according to the present invention designed for storing an
      elongated flexible element, such as a flexible drilling pipe or columns
      18.
PAR  The present apparatus includes an inner cylindrical frame 1 disposed
      vertically and an outer cylindrical frame 2 placed concentrically with
      respect to the frame 1. The distance in the radial direction separating
      the two frames is greater than the diameter of the cross section of the
      flexible pipe or column 18, and the radius of the inner frame 1 from a
      central axis of the frame is at least equal to the minimum radius of
      curvature of the flexible column stored in the apparatus. The two frames
      form therebetween in the radial separation a space 3 which is closed at
      the lower part by an annular base structure or plate 4, and open at the
      upper part thereof so as to allow for the passage of the flexible column
      18.
PAR  The frames 1 and 2 may consist of rigid vertical bars 5 spaced annularly
      about the annular base 4, as schematically represented in FIGS. 1 and 2.
PAR  The base structure 4 consists of a plurality of elements 6, each having
      essentially the form of an annular sector and each supporting a
      corresponding portion of the cylindrical frames 1 and 2. The elements 6
      are interconnected by connecting members indicated schematically at 7, so
      as to form the annular base plate 4. For reasons which will be explained
      further hereinbelow, these connecting members or means allow for a slight
      relative movement of the elements 6 with respect to each other in at least
      one direction having a vertical component.
PAR  Secured under each element 6 in a manner known per se are three wheels 8, 9
      and 10 (FIG. 2), but this number is not limitative. These wheels which
      support the base structure 4 are adapted to be displaced on a guide path
      consisting, for example, of two concentric rails 11 and 12 being
      substantially centered on the axis of the apparatus. These rails rest on a
      ballast 13 provided for this purpose. The wheels 8, 9, 10 and the rails
      11, 12 constitute means for guiding the apparatus in rotation and
      cooperate so as to assure, on the one hand, the centering of the base
      structure 4 on the vertical axis of rotation and to support, on the other
      hand, the total weight of the annular basket and its contents.
PAR  As is apparent from FIGS. 1 and 2, the guide rails 11, 12 and the wheels 8,
      9 and 10 are spaced from the vertical axis of rotation R of the apparatus
      and are preferably disposed below the annular base plate. The guide rails
      11 and 12 are spaced at a distance from the axis of rotation R at least
      equal to the radius of the inner frame, so that the central portion
      between the axis of rotation R and the inner frame 1 is open.
PAR  Some of the wheels are integral with the outlet shafts of motors 14 for
      driving the apparatus in rotation about the vertical axis thereof. The
      motors 14 may be either hydraulic or electric motors.
PAR  In this manner, the rotary drive means constituted by the driving wheels
      are also spaced or removed from the axis of rotation and leave open the
      central portion of the annular basket.
PAR  If the elongated element 18 to be stored in the apparatus is a pipe which
      must be supplied with hydraulic fluid, such as flexible drilling column,
      one places in the central portion of the annular basket a rotary hydraulic
      connector or coupler 16 of any known type which is disposed on a
      stationary axis 15 extending essentially along the vertical axis of
      rotation R. The rotating part of this connector is driven by the apparatus
      and assures the supply of hydraulic fluid to the flexible column 18 by
      means of a pipe or duct 19.
PAR  A second rotating connector 17 allows for supplying the drive motors 14
      with power. This connector may be a hydraulic connector similar to the
      connector 16 in the case where the motors 14 are hydraulic motors, or it
      may be an electric connector in the case where the motors are electric
      motors.
PAR  Such an apparatus affords the advantage that it is easily used or operated.
      In comparison to the previously known devices, it does not require a
      complelety rigid and nondeformable supporting structure. As a matter of
      fact, the faults of unevenness of the ballast will become manifest as a
      slight relative movement of the elements 6 with respect to each other,
      which movement of the elements cooperates with the flexible pipe 18.
PAR  FIG. 3 represents a modified embodiment of that shown in FIGS. 1 and 2. As
      apparent in FIG. 3, in a vertical cross-sectional view, an element 6 makes
      up the annular base plate or platform 4.
PAR  In certain cases, for example in order to obtain a correct arrangement of
      the coils formed by the elongated flexible pipe in the apparatus, one is
      led to control the speed or the angle of rotation of the base plate 4, for
      example, as function of the length of the elongated flexible pipe which is
      coiled in the space delimited between the frames 1 and 2.
PAR  However, slippage of the drive wheels (FIGS. 1 and 2) on the guide rail,
      which may possibly be produced at the time of an acceleration or of a
      deceleration of the speed of rotation, prevents one from controlling the
      speed of rotation of the storing basket with sufficient precision.
PAR  In order to control the speed of rotation of the base plate or platform
      more effectively, it is preferred, according to the modified embodiment
      represented in FIG. 3, to use distinct drive means comprising at least one
      motor whose oulet shaft is integral in rotation with a toothed pinion,
      which engages an annular toothed rack. These drive means are preferably
      spaced from the axis of rotation of the storing basket so as to leave open
      the central portion between the axis of rotation and the inner frame of
      the storing basket.
PAR  In the embodiment illustrated in FIG. 3, the motor 14 is secured under an
      element 6 of the base plate or platform 4. The outlet shaft 20 of the
      motor, supported by bearings 21, is integral with a toothed pinion 22
      which engages an annular toothed rack 23 held stationary and placed
      concentrically to the guide rail 12. The annular toothed rack 23 may be
      welded, for example, onto said guide rail 12.
PAR  In order not to make the storing basket excessively heavy, the shaft 20 is
      used also for carrying a guiding wheel, such as 9. This wheel rotates
      freely about the axis of the shaft 20, but it will not constitute a
      departure from the spirit and scope of the present invention to provide
      the wheel 9 and the drive shaft 20 so as to be integral in rotation.
PAR  Moreover, it is equally possible to secure the toothed rack 23 under the
      annular base plate or plateform 4, and the motor 14 driving the toothed
      pinion 22 is then integral with the ballast 13.
PAR  In all of the embodiments of the present invention, the total weight of the
      storing basket is permanently supported only by the guide means consisting
      of the wheels 8, 9 and the guide rails 11, 12.
PAR  FIG. 4 represents another embodiment of the apparatus according to the
      present invention. In this embodiment, the guide path is provided by a
      rail 24 which is integral with the annular base plate or platform 4. This
      rail rests on a plurality of wheels or rollers 25 disposed on frames or
      stands 26 resting on the ballast 13.
PAR  Hydraulic or electric motors 14 actuate certain of the wheels 25 so as to
      bring about the rotation of the storing apparatus about the vertical axis
      thereof.
PAR  This arrangement affords the advantage that no rotating connector is
      required for feeding the motors 14 with power.
PAR  FIG. 5 illustrates yet another embodiment of the apparatus according to the
      present invention.
PAR  In this embodiment, annular bearing belts 41 and 42 are secured under the
      annular base plate or platform composed of the elements 6. These bearing
      belts have an annular shape centered on the axis of rotation of the
      apparatus. Each of the bearing belts is in contact with a plurality of
      wheels 27, 28 disposed on axles, such as the axle 29, supported by
      bearings 30, 31 resting on the ballast 13.
PAR  The wheels are, for example, rotatably mounted on the axles 29 and each
      have a width smaller than that of the roller belts 41, 42 so that contact
      between the wheels 27, 28 and the roller belts 41, 42 is maintained at all
      times despite any off-positioning of the base plate or platform 4 which
      could occur during the rotation of the latter.
PAR  The bearing belts and the wheels are in operative engagement so as to
      support the total weight of the apparatus and the contents thereof.
PAR  The centering of the base plate or platform 4 is assured by a roller
      bearing 32 centered about the axis of rotation of the apparatus and
      having, for example, a conical or tapered roller belt.
PAR  One of the rings composing or making up this roller or bearing, for example
      the ring 33, is stationary. This ring is disposed on a support 34 resting
      on the ballast 13. The ring 35 constituting a second ring of the roller
      bearing 32 is integral in rotation with the annular base plate or platform
      4. As is apparent from this figure, this integral provision is obtained by
      arms 36 which hold the ring 35 concentrically with respect to the vertical
      axis of rotation of the apparatus.
PAR  Secured onto the ring 35 is a toothed crown or rim 37 which is in operative
      engagement with a toothed wheel 38 integral with the outlet shaft 39 of a
      geared motor group 40 secured to the ballast 13.
PAR  The operation of the device is easy to understand: The motor of the geared
      motor group 40 is supplied with power and drives in rotation the toothed
      wheel 38. The latter in turn communicates the rotating movement to the
      crown 37 which, by means of the ring 35 and the connecting arms 36, drives
      the base plate or platform 4 in rotation.
PAR  In the embodiment decribed above, the guide means comprise, on the one
      hand, the bearing belts 41, 42 and the wheels 27, 28 with the engagement
      of the wheels 27, 28 with the roller bands 41, 42 supporting the entire
      weight of the apparatus and the contents thereof and, on the other hand,
      the bearing 32 assuring the centering of the base plate of platform 4
      about the axis of rotation of the apparatus. The drive means consist of
      the toothed crown 37 which is in operative engagement with the toothed
      wheel 38 driven in rotation by the geared motor 40.
PAR  It is apparent from FIG. 5 that the guide means and the drive means are
      spaced or removed from the axis of rotation so as to free the central part
      of the apparatus.
PAR  In order to compensate for the faults of unevenness of the ballast and in
      order to assure that the bearing 32 will operate under normal operating
      conditions, elastic means (not shown) are provided for maintaining the
      ring 33 in contact with the roller bearings 32. These elastic means may
      consist of springs, or of hydraulic jacks, supplied at constant pressure
      and interposed between the ring 33, or its support 34, and the ballast.
PAR  Analogously, elastic means (not shown) may keep the toothed wheel 38 in
      gear with the toothed crown 37.
PAR  FIG. 6 represents a first embodiment of a means connecting two consecutive
      annular sectors, such as 6a, 6b, making up the base plate or platform 4.
PAR  Secured to the ends of the sector element 6a, for example by welding, are
      connecting clamps 43 into which vertical orifices 44 are drilled.
      Analogously, additional connecting clamps 45 are welded to the ends of the
      sector element 6b, these connecting clamps being provided with vertical
      orifices 46.
PAR  The two pairs of connecting clamps 43, 45 are secured at different levels
      of the elements 6a, 6b so that, by bringing together the elements 6a and
      6b, the clamps of one of these elements become superimposed to the
      connecting clamps of the other element, thereby bringing the orifices 44
      and 46 into alignment. A vertical space e is provided between the
      superimposed clamps to allow for a relative displacement of the elements
      6a and 6b, thus compensating for the unevenness of the ballast. This
      displacement is effected, therefore, in a vertical direction.
PAR  The connection of the elements is accomplished by means of cylindrical
      centering rods 47 which are accommodated in the orifices 44 and 46. These
      rods 47 may be made integral with one of the connecting clamps, for
      example by means of a pin 48. The length L of the rods 47 is chosen to be
      sufficient to allow for the vertical displacement of the elements 6a and
      6b.
PAR  Toward this same end, it is possible to give to the spacing e between two
      superimposed connecting clamps, a value greater than the amplitude of the
      vertical displacements of the element 6a.
PAR  FIG. 7 represents another embodiment of the connecting means between two
      consecutive sector elements 6a, 6b which form the annular base plate or
      platform 4.
PAR  These connecting means consist of one or more small rods 49 whose ends are
      extended by rings 50, which are interlaced or intertwined with rings 51
      equipped with rods 52 secured, for example by means of screw nuts, to the
      ends of the elements 6a and 6b.
PAR  The rod 52 may also be directly screwed on to the corresponding element 6a
      in the case where the ring 51 may rotate about the threaded rod 52, as
      shown in FIG. 7A.
PAR  In this manner, the small rods 49 are hingedly disposed at the ends of the
      elements 6a and allow for displacements of these elements with respect to
      one another along at least one direction having a vertical component, so
      as to compensate for the defects of unevenness of the ballast.
PAR  As is apparent from FIG. 7, the continuity of the base plate or platform
      may be assured by a protective plate 53 secured on an element 6a, one end
      of which rests on the element 6b in a manner such as to cover the spacing
      between the two consecutive elements 6a and 6b.
PAR  Another type of connecting means is illustrated in FIG. 8A. The end of an
      element 6a is equipped with at least one double flange member 54, which
      includes a channel between the planer flanges of the double flange member.
      The end of the adjacent element 6b is extended by at least one plate 55
      which, in a coupling of the elements 6a and 6b, will be positioned within
      the channel between the side flanges of the double flanged member 54. The
      connection between the elements 6a and 6b is assured by an axle 56
      disposed horizontally and extending through an aperture in each of the
      flanges of the double flange member 54 and an aperture in the plate 55, so
      that rotation is provided about the axle 56.
PAR  Another modified embodiment of the connecting means is shown in FIG. 8B.
      Each element 6a, 6b is provided at the end thereof with horizontal axles
      57. The connection between the elements 6a and 6b is assured by small
      plates 58 equipped with two orifices in which engage the horizontal axles
      57. Screw nuts 59, or spring or snap rings maintain the small plates in
      the position thereof shown in FIG. 8B.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings. It should therefore be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An apparatus for storing an elongated flexible element comprising
PA1  an inner cylindrical frame with an essentially vertical axis, said inner
      frame having a radius at least equal to the minimum radius of curvature of
      an elongated flexible element,
PA1  an outer cylindrical frame placed concentric to said first frame, said
      inner and outer frames defining therebetween a space being open at the
      upper part thereof so as to allow for the passage of said elongated
      flexible element,
PA1  an annular base structure means, connecting said inner and outer
      cylindrical frames, for closing the lower part of said space and
      supporting said elongated flexible element, said space having a dimension
      in the radial direction between said inner and outer frames greater than
      the diameter of the cross-section of the elongated element,
PA1  guide means cooperaling with the resulting structure of inner and outer
      frames with said annular base means for guiding in rotation about said
      vertical axis the resulting structure of inner and outer frames with said
      annular base means,
PA1  drive means coupled to said guide means for driving in rotation said
      resulting structure about said vertical axis, and
PA1  supply means connected to said drive means for supplying power to said
      drive means,
PA1  said annular base structure means being formed of a plurality of separate
      annular sector members, connecting means interconnecting said annular
      sectors to one another, and means allowing a displacement of said separate
      sector members with respect to each other in a direction having at least
      one vertical component, each of said separate sector members carrying
      therewith a corresponding portion of said inner and outer frames.
NUM  2.
PAR  2. A storing apparatus according to claim 1, wherein said guide means and
      said drive means are spaced from said vertical axis of rotation.
NUM  3.
PAR  3. A storing apparatus according to claim 2, wherein said guide means and
      said drive means are positioned at a distance from said vertical axis of
      rotation, said distance being at least equal to the radius of the inner
      frame.
NUM  4.
PAR  4. A storing apparatus according to claim 3, wherein said guide means and
      said drive means are in operative engagement in order to simultaneously
      support and drive in rotation said annular base structure means, and
      wherein at least one of said guide means and said drive means is integral
      with said annular base structure means, and at least the other one of
      guide means and drive means is stationary with respect to said vertical
      axis of rotation.
NUM  5.
PAR  5. A storing apparatus according to claim 4, wherein said guide means
      includes at least one circular rail, and wherein said drive means include
      a plurality of wheels in contact with said rail, at least one of said
      wheels being driven in rotation by a motor, the engagement of said wheels
      with said rail providing centering of said annular base structure means
      about said vertical axis of rotation.
NUM  6.
PAR  6. A storing according to claim 5, further comprising a rotating connecting
      means for allowing the motor power supply during rotation of said
      resulting structure, said rotating connecting means being integral with
      said annular base structure means and essentially coaxial with said
      vertical axis of rotation.
NUM  7.
PAR  7. A storing apparatus according to claim 5, wherein said motor is a
      hydraulic motor.
NUM  8.
PAR  8. A storing apparatus according to claim 5, wherein said motor is an
      electric motor.
NUM  9.
PAR  9. A storing apparatus according to claim 2, wherein said guide means are
      distinct from said drive means and support solely and permanently the
      entire weight of said storing apparatus and any contents thereof.
NUM  10.
PAR  10. A storing apparatus according to claim 9, wherein said drive means
      comprise a first element consisting of an annular toothed rack being
      coaxial with said axis of rotation and a second element consisting of at
      least one toothed pinion being integral in rotation with the drive shaft
      of at least one motor, said pinion being in operative engagement with said
      toothed rack so as to drive said annular base structure means in rotation,
      one of said first and second elements being integral with said annular
      base structure means, and the other of said first and second elements
      having a stationary position with respect to said vertical axis of
      rotation.
NUM  11.
PAR  11. A storing apparatus according to claim 10, wherein said guide means
      comprise at least one circular rail having the center at said vertical
      axis, and a plurality of wheels being in contact with said rail, said
      wheels being adapted to freely rotate and to center said annular base
      structure means about said vertical axis, one of said rail and said
      plurality of wheels being mounted in a stationary position, and the other
      of said rail and said plurality of wheels being integral with said annular
      base structure means.
NUM  12.
PAR  12. A storing apparatus according to claim 11, wherein said drive shaft of
      said motor integral with said toothed pinion carries one of said wheels.
NUM  13.
PAR  13. A storing apparatus according to claim 12, wherein said wheel carried
      by said drive shaft of the motor rotates freely with respect to said
      shaft.
NUM  14.
PAR  14. A storing apparatus according to claim 13, wherein said wheel carried
      by said drive shaft of the motor is mounted integral in rotation with said
      shaft.
NUM  15.
PAR  15. A storing apparatus according to claim 9, wherein said guide means
      comprise a first member including at least one annular bearing belt
      centered about said vertical axis, a second member including a plurality
      of wheels adapted to freely rotate, the width of said bearing belt being
      greater than that of the wheels, and a third centering member for
      centering said annular base structure means about the vertical axis of
      rotation, one of said first and second members being stationary and the
      other of said first and second members being integral with sand annular
      base structure means such that the weight of said resulting structure is
      supported.
NUM  16.
PAR  16. A storing apparatus according to claim 15, wherein said centering
      member includes an annular conical or tapered roller bearing said annular
      roller bearing being centered on the vertical axis of rotation, and
      having, at least one ring which is stationary and at least another ring
      which is connected in rotation with said annular base structure means,
NUM  17.
PAR  17. A storing apparatus according to claim 16, wherein said drive means
      includes an annular toothed crown integral with said annular roller
      bearing ring which is connected to said annular base structure means, and
      at least one toothed pinion engaging with said crown, said pinion being
      integral in rotation with the outlet shaft of a driving motor group having
      stationary position.
NUM  18.
PAR  18. A storing apparatus according to claim 1, further comprising a rotating
      hydraulic connecting means for supplying hydraulic fluid to a flexible
      drilling column stored in said storing apparatus, said hydraulic
      connecting means being integral with said annular base structure means and
      essentially coaxial with said vertical axis of rotation said connecting
      means supplying hydraulic fluid to one of the ends of said flexible
      drilling column.
NUM  19.
PAR  19. A storing apparatus according to claim 1, wherein said connecting means
      include connecting clamps being secured to the ends of sector members
      making up said annular base structure means, said connecting clamps
      including essentially horizontal orifices adapted to be in alignment in an
      adjacent position of said sector members with respect to one another, and
      centering rods inserted in said orifices of the connecting clamps, the
      connecting clamps of at least one sector member being adapted to freely
      turn or rotate about said rods.
NUM  20.
PAR  20. A storing apparatus according to claim 1, wherein said connecting means
      include small rods having ends which are respectively hingedly connected
      at the ends of the successive sector members forming said annular base
      structure means, allowing relative displacement of one sector member with
      respect to a neighboring sector member.
NUM  21.
PAR  21. A storing apparatus according to claim 20, wherein said small rods are
      hingedly connected by means of intertwined rings, said intertwined rings
      being coupled to an additional ring at the ends of each of said small
      rods, and wherein said annular base structure means further includes plate
      members for separating respective sector members.
NUM  22.
PAR  22. A storing apparatus according to claim 21, wherein said additional ring
      of each of said small rods is rotatable about said small rod.
NUM  23.
PAR  23. A storing apparatus according to claim 20, wherein said small rods are
      threadedly connected to respective ends of said sector members.
NUM  24.
PAR  24. A storing apparatus according to claim 1, wherein said connecting means
      include connecting clamps secured to the ends of the sector members
      forming said annular base structure means, said connecting clamps
      including essentially vertical orifices, and the connecting clamps of one
      sector member being adapted to be superimposed to those of the
      next-adjacent sector member so as to align said orifices, and centering
      rods inserted with a certain play into said orifices such that adjacent
      sector members are connected, said centering rods having a length
      sufficient to allow for vertical displacement of one sector member with
      respect to a neighboring sector member.
NUM  25.
PAR  25. A storing apparatus according to claim 1, wherein said connecting means
      include plate members connecting respective ends of said sector members,
      said plate members being rotatably secured to the ends of said sector
      members allowing relative displacement of one sector member with respect
      to an neighboring sector member.
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ABST
PAL  A level control device for pickling, degreasing, nickel-plating baths or
      the like, comprising at least two baths of different specific gravities,
      wherein the two baths are joined to a connecting pipe and the connecting
      pipe runs into the bath of lower specific gravity just below the bath
      level so that level control is possible without pumps or float switches or
      the like.
BSUM
PAR  The invention relates to a level control for pickling, degreasing,
      nickel-plating, chrome-plating baths or the like comprising two or more
      baths of different specific gravities and different bath heights.
PAR  In such baths it is customary to replace the liquid that has evaporated or
      been carried away by the transport of goods from the subsequent bath in
      the direction of the transport of goods. This affords the advantage that
      some of the chemicals carried off by the transport of goods are regained.
PAR  In addition, this form of level control also makes it possible to keep the
      liquid level in the pickling bath slightly lower than that in the rinsing
      bath so that salts which have formed on the carriers of the goods at the
      boundary phase between the liquid and air can be washed off the carriers
      of the goods in the rinsing bath.
PAR  In a known level control device the chemicals that have been carried off
      are returned by a pump.
PAR  However, a disadvantage of these known devices consists in the fact that
      the pumps and accompanying regulating facilities are very expensive and
      very prone to trouble as a result of operation in the aggressive liquids.
PAR  In another known form of level control the individual baths are joined
      together via hydraulic siphons.
PAR  The last rinsing bath is kept constant by a float. The level is balanced
      out from the float-controlled rinsing bath via the hydraulic siphons. In
      order that the hydraulic siphons can become effective, they have to be
      connected to a vacuum pipe to remove the air when they are started up.
PAR  However, a disadvantage of this known form of level control is that a
      vacuum pump is additionally required.
PAR  The object of the invention is to remedy these known disadvantages and to
      disclose a level control system wherein the level of the treatment baths
      connected ahead of a rinsing bath can be controlled without pumps or float
      switches.
PAR  To this end the invention is characterised in that the two baths are joined
      to a connecting pipe and the connecting pipe runs into the bath of lower
      specific gravity just below the bath level.
PAR  Another feature of the invention consists in the fact that the connecting
      pipe runs into the bath of greater specific gravity at a certain distance
      below the bath level and the connecting pipe is joined to an outlet union
      of adjustable height in the bath of greater specific gravity.
PAR  Several embodiments of the invention are illustrated diagrammatically in
      the drawings.
DRWD
PAR  FIG. 1 is a sectional side view of a rinsing bath and pickling bath or the
      like with a connecting pipe;
PAR  FIG. 2 is a top view of FIG. 1;
PAR  FIG. 3 shows a rinsing bath with a connecting pipe arranged in the
      overflow;
PAR  FIG. 4 shows a pickling bath with a simple outlet union;
PAR  FIG. 5 is a sectional front view of a pickling bath having a rotary outlet
      union;
PAR  FIG. 6 is a side view of the pickling bath according to FIG. 5; and
PAR  FIG. 7 shows an embodiment with more than two baths.
DETD
PAR  Rinsing bath 1 has an overflow 2 and a controllable water supply 3. In
      addition, rinsing bath 1 is joined to a pickling bath 5 or the like via a
      connecting pipe 4. Connecting pipe 4 terminates in pickling bath 5 in an
      outlet union 6.
PAR  The following equilibrium equation is obtained for liquids of different
      specific gravities in rinsing bath 1 and pickling bath 5:
EQU  h.sub.1 . .gamma..sub.1 = h.sub.2 . .gamma..sub.2          (1)
PAR  In addition:
EQU  .DELTA.h + h.sub.2 = h.sub.1                               (2)
PAR  Inserted in equation (1)
EQU  (.DELTA.h + h.sub.2) . .gamma..sub.1 = h.sub.2 . .gamma..sub.2 (3)
PAR  Reversal of equation (3)
EQU  .DELTA.h = h.sub.2 (.gamma..sub.2 - .gamma..sub.1)/.gamma..sub.1
PAR  The last notation of equation 3 shows clearly that the level difference
      .DELTA.h is proportional to quantity h.sub.2.
PAR  When outlet union 6 is joined to connecting pipe 4 via a rotary coupling 7,
      quantity h.sub.2 may be varied infinitely within wide limits.
PAR  As level difference .DELTA.h between the bath of greater specific gravity
      and the bath of lower specific gravity is proportional to quantity
      h.sub.2, quantity .DELTA.h can be varied by turning an angle-shaped outlet
      union 6'.
PAR  When a riser 6" open at the top and bottom is used as outlet union 6,
      connecting pipe 4 need not rise up to rinsing bath 1 because proper air
      removal is then secured on all accounts.
PAR  Connecting pipe 4 may open up infront of or in overflow 2 of rinsing bath
      1. This ensures that rinsing bath 1 will not become unusable in the event
      of backflow out of pickling bath 5. However, a backflow may only occur
      when too much pickling liquid is poured in when pickling bath 5 is being
      refilled. During the pickling process no pickling liquid can flow through
      connecting pipe 4 into rinsing bath 1 because pickling liquid evaporates
      in pickling bath 5 as a result of liquid being carried off by the
      transport of goods and on account of the evaporation of the pickling bath
      which is almost always heated. The level of the liquid in pickling bath 5
      thus drops steadily during operation whereas the level of the liquid in
      rinsing bath 1 is always constant as a result of the controlled supply of
      water. So much liquid flows out of rinsing bath 1 through connecting pipe
      4 to pickling bath 5 that the liquid losses in pickling bath 5 are
      balanced out again.
PAR  In the embodiment illustrated in FIGS. 1 to 3 the level of rinsing bath 1
      is controlled by a proportioned water supply and overflow 2. However, the
      supply of water to rinsing bath 1 may also be effected via a float control
      system or the like.
PAR  It is also possible to control more than two baths with the level control
      system according to the invention. The individual baths then have to be
      joined together by one connecting pipe in each case. This allows the
      liquid losses to be replaced from the respectively subsequent bath. The
      losses in pickling liquid or the like caused by their being carried off
      are thus very slight.
PAR  Besides, the rinsing water in the last rinsing bath 1 is replenished
      continuously.
CLMS
STM  We claim:
NUM  1.
PAR  1. A level control device for pickling, degreasing, nickel-plating and
      similar process apparatus having at least two baths of different specific
      weight in which the bath level of the bath with the higher specific weight
      is below the bath level of the bath with the lower specific weight,
      comprising pipe means for connecting the two baths having a first vertical
      portion positioned in the bath with the lower specific weight and having
      an upper inlet end positioned directly below the bath level of the bath
      with the lower specific weight, a second horizontal portion forming an
      angle of 90.degree. with the first portion and being connected at one end
      to the lower end of the first portion, and a third portion positioned in
      the bath with the higher specific weight and forming an angle of
      90.degree. with the second portion, said third portion having an outlet
      end positioned below the inlet end of the first portion and means for
      adjusting the height of the outlet end of the third portion of said pipe
      means in the bath with the higher specific weight without movement of said
      first and second portion so that flow occurs from the bath of lower
      specific weight to the bath of higher specific weight through said pipe
      means.
NUM  2.
PAR  2. The level control device of claim 1 in which said adjusting means
      comprises means for adjusting the difference in height between the bath
      level of the bath with the lower specific weight and the outlet end of
      said pipe means so that the height difference is equal to .DELTA. h +
      h.sub.2 in which .DELTA.h = h.sub.2 (.gamma..sub.2 -
      .gamma..sub.1)/.gamma..sub.1 ;
PAL  h.sub.2 is the difference between the bath level of the bath with the
      higher specific weight and the outlet end of the pipe means; .gamma..sub.1
      is the specific weight of the bath with the lower specific weight; and
      .gamma..sub.2 is the specific weight of the bath with the higher specific
      weight.
NUM  3.
PAR  3. The level control device of claim 1 in which said means for adjusting
      the height of the outlet end of the third portion of said pipe means
      comprises a rotary coupling between the third and second portions of said
      pipe means so that the third portion can be rotated relative to the second
      portion.
NUM  4.
PAR  4. The level control device of claim 1 in which the third portion of said
      pipe means comprises a riser in which the end opposite to the outlet end
      is open and extends above the bath level of the bath with the higher
      specific weight so that air can escape from said pipe means.
NUM  5.
PAR  5. The level control device of claim 1 and further comprising overflow
      means in combination with said bath with the lower specific weight, the
      inlet end of the first portion of said pipe means being placed in said
      overflow.
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ABST
PAL  A system for controlling a pneumatic rising stem valve by a stepping motor
      is disclosed. A pressure regulator is connected to the stepping motor so
      that the air pressure applied to the valve can be varied according to the
      signals applied to the stepping motor.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to the control of valves by motors and, more
      specifically, to the control of pneumatic rising stem valves by stepping
      motors.
PAC  PRIOR ART
PAR  Stepping motors are commonly used to control the valve position on many
      kinds of valves and are particularly adaptable to the digital control
      systems which are frequently used to control fluid flow process. However,
      these systems are primarily limited to using those kinds of valves which
      can be connected directly to the stepping motor, for example, butterfly,
      plug, or Camflex valves.
PAR  Rising stem valves are often used, especially on systems with low flow
      rates. It is also desirable to control these valves pneumatically when
      working with low flow rates, because of the ability to control the flow
      rate more precisely. Therefore, for optimum performance, a rising stem
      valve which is pneumatically controlled is often desired. Controlling the
      pneumatic operation by a step motor increases the versatility of the valve
      system by allowing easy connection to conventional digital control
      systems. However, no such valve control system is currently available.
PAC  SUMMARY OF INVENTION
PAR  In accordance with a preferred embodiment a valve control system for
      conventional rising stem valves is provided. The valve control system
      disclosed herein controls a pneumatic rising stem valve by using a
      pressure regulator which controls the amount of pressure applied to the
      valve. A stepping motor, actuated by a fluid flow control system is
      mechanically connected to the pressure regulator, whereby the valve
      position is controlled by signals from the control system sent to the
      stepping motor.
PAR  This system permits the conversion of conventional pneumatic valve systems
      to one having digital control capabilities, using commercially available
      components. An additional advantage is that rising stem valves can not be
      used where heretofore other kinds of valves had to be used because of the
      inability to automatically control the pneumatic actuation.
PAR  A better understanding of the invention and its advantages can be obtained
      by reference to the following description of the FIGURE and preferred
      embodiment.
DRWD
PAC  DESCRIPTION OF THE FIGURE AND PREFERRED EMBODIMENT
PAR  In the FIGURE, a schematic diagram of a valve position system for a
      pneumatic rising stem valve according to this invention is shown.
DETD
PAR  A typical pneumatic rising stem valve assembly 10 is illustrated in the
      FIGURE. Valve assembly 10 can have either an air bellows or an air
      diaphram actuation system. However, an air diaphram valve is illustrated
      in the FIGURE as an example only. Valve assembly 10 has a valve housing 11
      with a channel 12 through which fluid flows. A partition 13 with an
      opening 14 forms a valve seat 15. An elongated passage 16 extending
      transversely from channel 12 houses a valve stem 17, which is sealed
      within said passage (by means not shown), and a valve head 18. Diaphram
      housing 19 contains a diaphram 20 which is connected to valve stem 17 on
      the bottom side and biasing spring 21 on the top side. Biasing spring 21
      provides sufficient force to keep valve head 18 against valve seat 15 in
      the closed position. Actuation of the valve is accomplished by applying
      increased air pressure to the lower section of diaphram chamber 19 through
      connection 22, thereby forcing diaphram 20 upwards and pulling valve stem
      17 upwards.
PAR  Valve assembly 10 is typically connected to a conduit 30 with fluid flowing
      in the direction of arrow 31. A flow meter 32 is installed either upstream
      or downstream from valve assembly 10. A primary control system 33 receives
      feedback signals from meter 32, indicating the actual flow rate in conduit
      30. Control system 33 also receives a command signal indicating the flow
      rate desired. This signal may come from secondary system 34 indicating the
      desired flow rate of the fluid in conduit 30 so that the proper amount of
      this fluid is combined with the fluid in the second system. Also, a manual
      command signal can be set in primary control system 33 so that the flow
      rate in conduit 30 remains constant.
PAR  Stepping motor 35 is preferably of the type which rotates a given increment
      in a given direction upon receipt of a specific number and polarity of
      pulses from primary control system 33. This motion is transmitted to a
      pressure regulator 36 through a gear train 37.
PAR  Pressure regulator 36 is connected to a compressed air supply 38 through
      line 39 and to connection 22 on valve assembly 10 through line 40. When
      the pressure regulator drive shaft (not shown), connected to gear train
      37, is rotated, the pressure applied to the lower diaphram chamber through
      line 40 is varied accordingly.
PAR  When in operation, an appropriate signal is sent to primary control system
      33, indicating the flow rate desired in conduit 30. As indicated above,
      this command signal may come from another system which requires a given
      amount of fluid from conduit 30, for example, secondary system 34.
      Alternatively, primary control system 33 can be preset for a given
      constant flow rate which must be obtained.
PAR  When primary control system 33 receives this command signal, it is compared
      to the feedback signal from flowmeter 32, which indicates the existing
      flow rate in conduit 30. The difference between the command and feedback
      signals is transformed into a digital control signal which flows to
      stepping motor 35. Digital control systems with this capability are
      commonly known to those skilled in the art and constitute no part of this
      invention.
PAR  Stepping motor 35 then rotates a given amount and direction for the digital
      signal received. This motion is transmitted through gear train 37 to
      pressure regulator 36. The air pressure being supplied to valve assembly
      10 is then altered according to the distance and direction the pressure
      regulator drive shaft (not shown) is rotated, whereby valve head 18 is
      moved away from or closer to valve seat 15 to alter the flow rate
      accordingly. Once the flow rate reaches the value indicated by the command
      signal, the feedback signal from flowmeter 32 will have an equivalent
      value and no signal will be sent to stepping motor 35.
PAR  While the description above has used a rising stem valve, it is understood
      that the same system could be employed with many kinds of pneumatic
      valves, thereby affording them the same advantages.
PAR  While a particular embodiment of this invention has been shown and
      described, it is obvious that changes and modifications can be made
      without departing from the true spirit and scope of the invention. It is
      the intention in the appended claims to cover all such changes and
      modifications.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. An apparatus for automatically controlling a pneumatic valve located in
      a conduit having fluid flowing inside, and comprising:
PA1  a. pneumatic valving means connected to the conduit;
PA1  b. a source of compressed air for actuating the pneumatic valving means;
PA1  c. means for measuring the flow rate of fluid in the conduit and for
      producing a feedback signal indicating the flow rate;
PA1  d. means for producing a command signal indicating the flow rate desired in
      the conduit;
PA1  e. means for receiving the command and feedback signals and for producing a
      control signal to control the valving means; and
PA1  f. means, in communication with the source of compressed air and the
      valving means, for varying the air pressure supplied to the valving means
      in response to the control signal produced by the control system.
NUM  2.
PAR  2. Apparatus recited in claim 1 wherein the air pressure varying means
      comprises:
PA1  a. a stepping motor to receive the control signal; and
PA1  b. a pressure regulator connected between the compressed air source and the
      valving means, said regulator being in communication with the stepping
      motor whereby the air pressure from the air pressure source to the valving
      means is varied by the rotation of the stepping motor.
NUM  3.
PAR  3. Apparatus recited in claim 1 wherein the pneumatic valving means is a
      rising stem valve.
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ABST
PAL  A duckbill-umbrella valve capable of resisting undesired flow is provided
      by a cylindrical elongated member defining a passageway and including
      converging flexible lips which are strengthened by a radially outward
      portion of the cylindrical elongated member surrounding the flexible lips.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a flexible control valve, and more particularly,
      to a duckbill-umbrella valve for regulating fluid flow in each of two
      directions.
PAR  Duckbill valves, such as the type disclosed in U.S. Pat. No. 3,155,110 and
      U.S. Pat. No. 3,159,176, are well-known and generally operate effectively
      at relatively low pressures. At back pressures or head pressures below a
      desired opening pressure, however, the duckbill elements may spread apart
      causing undesired fluid flow.
PAR  In a typical operation of a fluid transfer device using a duckbill-umbrella
      valve, the umbrella portion of the valve regulates the flow of a primary
      solution of medicament to a pump or syringe. The duckbill elements
      regulate the flow of fluid transferred from the pump or syringe to the
      patient. When the syringe is raised or elevated to the desired position, a
      pressure head may build up and cause the duckbill elements to separate,
      thereby allowing undesired gravity flow of the syringe-fluid to the
      patient. When a relatively high pressure pump is used instead of the
      syringe, head pressures may be even greater. Excessive back pressures may
      develop, causing the duckbill elements to separate and allowing undesired
      backflow of fluid from the patient to the pump. Excessive back pressures
      may cause body fluids to be sucked out or withdrawn from the patient, and
      such withdrawal of body fluids from a patient without the supervision of a
      physician is extremely dangerous.
PAR  U.S. Pat. No. 3,710,942 illustrates a highly porous foam insert bonded to a
      duckbill valve. This construction is suggested as a means for providing
      additional biasing force to prevent the duckbill elements from opening
      until a certain pressure is reached. It has been found, however, that this
      type of valve is relatively expensive to manufacture. The density of the
      foam or sponge is difficult to control within a desired range, which
      results in the production of duckbill valves having different densities
      and which open at different pressures rather than one desired pressure.
      Furthermore, it is very difficult to control the radial dimension of the
      highly porous foam within a desired tolerance, which results in duckbill
      valves of different sizes.
PAR  In operation, the sponge or foam insert described in U.S. Pat. No.
      3,710,942, may not provide sufficient biasing force to prevent the
      duckbill elements from opening at a pressure head as low as one psi.
      Furthermore, thick viscous solutions do not readily flow through the flow
      passageway of the valve.
PAR  When it is desirable to have a valve open at a predetermined pressure, such
      as 42 inches of water head, the previously described prior art valves may
      be ineffective causing undesired fluid flow at pressures as low as 36
      inches of water head.
PAR  It is, therefore, an object of this invention to provide a
      duckbill-umbrella valve that operates satisfactorily to prevent flow until
      a predetermined amount of pressure is achieved.
PAR  Other objects of this invention are to provide a safety valve which is
      dependable in operation, relatively inexpensive to manufacture, easily
      installed and removed from operating position, and capable of performing
      properly after long periods of use.
PAR  These and other objects will become apparent from the following description
      and appended claims.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, there is provided an umbrella
      check valve including an elongated member defining a central passageway
      therethrough. A duckbill member is connected to, surrounded by and thus
      enclosed within the elongated member. The duckbill member includes a pair
      of lips normally closing the passageway for preventing transfer of fluid
      in an upward, or first, direction. The lips are flexibly responsive to a
      predetermined fluid pressure in a downward, or second, direction to open
      the passageway.
PAR  An umbrella portion extends from a portion of the elongated member spaced
      from the duckbill member. The umbrella portion normally checks fluid flow
      generally in the downward direction and is flexibly responsive to
      predetermined fluid pressure generally in the upward direction so as to
      permit fluid flow generally in the upward direction.
PAR  In the illustrative embodiment, the check valve is formed in a unitary
      molded construction.
PAR  A more detailed explanation of the invention is provided in the following
      description and claims, and is illustrated in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a duckbill-umbrella valve constructed in
      accordance with the principles of the present invention;
PAR  FIG. 2 is a top view thereof;
PAR  FIG. 3 is an enlarged bottom view thereof illustrating the lip member in
      the normally closed position;
PAR  FIG. 4 is an enlarged bottom view thereof illustrating the lip member in
      the open position;
PAR  FIG. 5 is a cross-sectional view, taken substantially along the plane of
      line 5--5 of FIG. 3, showing the lip member in the normally closed
      position;
PAR  FIG. 6 is a cross-sectional view, taken substantially along the plane of
      line 6--6 of FIG. 4, depicting the operable direction of fluid flow
      through the flow passageway of the valve and showing the converging lip
      member in an open position;
PAR  FIG. 7 is a cross-sectional view taken substantially along the plane of
      line 7--7 of FIG. 5;
PAR  FIG. 8 is a cross-sectional view similar to FIG. 5, illustrating flexing of
      the umbrella portion to permit fluid flow in the opposite direction; and
PAR  FIG. 9 is a cross-sectional view taken along the plane of line 9--9 of FIG.
      5.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENT
PAR  Referring to the figures of the drawings, a generally mushroom-shaped
      duckbill-umbrella valve 10, which may operate as a check and relief valve,
      is formed of an elastic or resilient material, such as but not limited to
      rubber, including latex, synthetic rubber, silicone rubber, or plastic
      having the characteristics of rubber. Valve 10 includes an elongated
      member 12 having a generally cylindrical configuration. Elongated member
      12 includes a lower portion 14 forming a generally cylindrical leg and
      having an internal flexible converging member 16. Elongated member 12 also
      includes an upper portion 18 above converging member 16. Elongated member
      12 defines a central longitudinal aperture or fluid-flow passageway 20. A
      flexible annular umbrella portion 22 extends from upper portion 18 and it
      may seat against a fluid-restraining member 24 covering one or more fluid
      passageways 26 defined by fluid-restraining member 24.
PAR  Lower portion 14 is preferably formed integrally with and is aligned
      longitudinally with upper portion 18. If desired, lower portion 14 may be
      tapered radially inwardly to permit easy insertion of elongated member 12
      in an aperture defined by fluid-restraining member 24. Furthermore, the
      radial outer edge of lower portion 14 may be rounded or chamfered to
      permit elongated member 12 to easily enter an aperture defined by
      fluid-restraining member 24.
PAR  Converging member 16 comprises a pair of lips having a "duckbill"
      configuration. Converging member 16 is biased radially inwardly so that
      the lips normally press against each other to prevent the flow of fluid
      through flow-passageway 20. Lips 16 are generally V-shaped and flex
      radially outward in response to a predetermined pressure head to open
      flow-passageway 20. Member 16 converges in the direction of desired flow.
      In an alternative embodiment, converging member 16 may be shaped to form a
      circular converging portion or cone having an aperture or longitudinal
      slit in the bottom thereof and biased or pinched inwardly to normally
      close flow-passageway 20. In this alternative embodiment member 16 forms a
      converging nozzle having an internal configuration substantially as shown
      in FIG. 5 and which is normally biased to close flow-passageway 20, but
      which will open or spread apart in response to a predetermined pressure
      head to permit the passage of fluid therethrough.
PAR  Lower portion 14 strengthens and rigidifies converging member 16 by
      reducing its flexibility. This makes it more difficult to separate member
      16. Because lower portion 14 is stronger and more rigid than certain prior
      art valves, lips 16 will not open or yield at pressures below a
      predetermined amount. Thus portion 14, which extends radially outward from
      lips 16, serves to bias converging member 16 in a normally closed position
      to a far greater extent than if portion 14 were not present.
PAR  It may also be appreciated that the entire valve 10 may be formed of a
      unitary molded construction, for economy in manufacture.
PAR  In operation, flow-passageway 20 is normally closed by converging member 16
      to prevent the flow of fluid in an upward direction. When the pressure in
      the downward direction exceeds a predetermined amount, lips 16 will open
      and spread apart permitting fluid to flow downwardly therethrough.
      Umbrella portion 22 is normally seated against fluid-restraining member 24
      to prevent fluid from flowing downwardly through fluid-passageway 26. When
      the fluid pressure in the upward direction exceeds a predetermined amount,
      umbrella portion 22 will flex to permit fluid to flow upward around the
      periphery of the umbrella 24. The fluid being checked and released by
      flexible umbrella portion 22 may, but need not be, the same as the fluid
      passing through flow-passageway 20.
PAR  The valve described in this invention may be used in fluid transfer devices
      of the type described in pending U.S. application, Ser. No. 463,221, filed
      Apr. 23, 1974, and assigned to the Assignee of the present invention. The
      valve of the present invention may also be used in master cylinder brake
      applications and in various other applications, such as the relief of
      excess fuel vapor pressure in small, high-speed gasoline engines such as
      used with outboard motors and chain saws and the like. The valve of the
      present invention may be used in hydraulic brake systems or in other
      fields where it is desired to permit flow of fluid in one direction, but
      to prevent it from flowing in the opposite direction and where a flow or
      relief action in the opposite direction must be provided. Thus, it can be
      seen that the converging member portion of this invention is of sufficient
      rigidity to avoid being opened upon a head pressure or back pressure below
      a predetermined amount.
PAR  Although an embodiment of the invention has been shown and described, it is
      to be understood that various modifications and substitutions may be made
      by those skilled in the art without departing from the novel spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A unitary valve comprising, in combination: a generally cylindrical
      elongated member defining a central passageway therethrough, said
      elongated member integrally including an internal duckbill lips
      configuration with said duckbill lips extending radially inward to
      normally close said passageway for preventing transfer of fluid in a first
      direction and said lips being responsive to a predetermined fluid pressure
      in a second direction to open said passageway, said elongated member
      having an open bore at one end which open bore extends through a portion
      of said elongated member toward its opposite end, said elongated member
      having said duckbill lips closure formed at said opposite end, said
      elongated member having a substantially greater material thickness at said
      opposite end than at the portion thereof adjacent said bore, said greater
      material thickness operating to bias said duckbill lips together to
      prevent said duckbill from opening in response to a pressure below said
      predetermined pressure; and an annular umbrella portion integrally
      extending from said elongated member, normally checking fluid flow
      generally in said second direction, and flexibly responsive to a
      predetermined fluid pressure generally in said first direction to allow
      fluid flow generally in said first direction.
NUM  2.
PAR  2. A unitary valve as described in claim 1, wherein said valve is formed in
      a unitary molded construction.
NUM  3.
PAR  3. A unitary valve as described in claim 1, wherein said generally
      cylindrical elongated member has a substantially circular cross-sectional
      configuration.
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ABST
PAL  A flow control structure which is primarily intended to be utilized as a
      pressure compensating emitter in agricultural watering or irrigation can
      be constructed utilizing a housing having a flow control member located
      therein. The housing employed has an internal cylinder connected by a
      passage leading to a valve seat. The flow control member extends from the
      cylinder to adjacent to the valve seat. The extremity of the flow control
      member within the cylinder is formed as a piston so that the flow control
      member may be moved by fluid pressure. A channel means connects this first
      extremity of the flow control member with the interior of the passage at a
      point which is adjacent to and spaced from the other extremity of the flow
      control member. This other extremity is shaped so as to cooperate with the
      valve seat in order to limit flow between this other extremity and the
      valve seat in accordance with the position of the flow control member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention set forth in this specification relates to what may be
      referred to as a flow control structure. Such a structure is primarily
      intended to be utilized as a compensating emitter in agricultural
      applications. Such structures are intended to discharge a substantially
      uniform quantity of water as required in agricultural watering or
      irrigation regardless of whether or not there are changes in the pressure
      of water supplied to the emitter from a principal distribution conduit.
      The structures within the scope of the invention can obviously be employed
      for other than agricultural uses wherever it is desired to dispense a
      substantially uniform quantity of liquid from a conduit in which liquid
      may be at various different pressures.
PAR  An indication such as the preceding of the nature of flow control
      structures of the present invention unfortunately does little to clearly
      delineate the reasons as to why the flow control structures of the
      invention are important and significant. These reasons primarily relate to
      agricultural watering or irrigation procedures. Within comparatively
      recent times the distribution of water in order to promote plant growth
      has undergone significant changes. Increasingly it has been recognized
      that it is most economical and effective to distribute measured amounts of
      water to individual plants or small areas through appropriate conduits and
      to emit such quantities of water at a limited control rate.
PAR  As an elongated conduit is used in distributing water the pressure of the
      water will vary at various points along the length of the conduit. In
      part, this is due to the usual considerations relative to fluid flow.
      Frequently such variation will be a consequence of a conduit extending at
      different elevations. Thus, for example, when a distribution conduit goes
      up and down hill it is to be expected that the pressure of water within
      the conduit will vary at various points along the length of the conduit.
      In addition, when such a conduit is used to distribute water at various
      locations along its length, the pressures at various distribution points
      will also be influenced by the amount of liquid emitted from the conduit
      at such points.
PAR  These factors are considered to make it desirable to utilize in
      agricultural watering or irrigation flow control structures which will
      dispense controlled, substantially uniform quantities of water, regardless
      of the internal pressure within a distribution conduit as indicated in the
      preceding discussion. Prior efforts at providing such structures are
      considered to have been substantially unacceptable for any one of a
      variety of reasons. It is not considered that an understanding of this
      invention requires a detailed discussion relative to all of such reasons.
      A number of factors including costs, effectiveness, ease of installation,
      reliability and the like all relate to the acceptability of a flow control
      structure.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide new and improved flow
      control structures. More specifically the invention is intended to provide
      structures of this type which are expected to be utilized as compensating
      emitters in agricultural or related type watering or irrigation
      procedures. Another objective of the invention is to provide structures as
      indicated which are pressure responsive so as to be capable of emitting or
      delivering expected quantities of water or other liquids in accordance
      with the pressure of a fluid in a supply conduit.
PAR  Other objectives of the present invention are to provide flow control
      structures or compensating emitters for purposes as previously indicated:
      which are relatively simple to manufacture and/or construct; which are
      relatively inexpensive; which may be easily and conveniently installed in
      an operative location; and which are capable of giving relatively
      prolonged, reliable service for their intended purposes with a minimum of
      attention and maintenance.
PAR  In accordance with this invention these objectives are achieved by
      providing a flow control structure which includes: a housing having an
      internal cylinder, an internal valve seat, an internal passage connecting
      the valve seat and the cylinder, an inlet leading into the extremity of
      the cylinder remote from the passage and the valve seat, and an outlet
      leading from the side of the valve seat remote from the passage and the
      cylinder. A flow control member is located within the housing so as to
      extend from the interior of the cylinder to adjacent to the valve seat;
      the extremity of the flow control member within the cylinder is formed so
      as to serve as a piston while the other extremity of the flow control
      member is shaped so as to cooperate with the valve seat in order to
      regulate the fluid flow between the valve seat of the flow controlling
      member. A channel means is provided for conveying fluid from within the
      inlet end of the cylinder to within the passage means adjacent to the
      valve seat. Spring means are also provided so as to bias the flow control
      member generally towards the inlet so that the pressure of fluid entering
      the inlet will move the flow control member against the spring relative to
      the valve seat in order to achieve flow control regulation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Unfortunately a summary such as the preceding cannot accurately indicate
      many facets and features of an invention. Further details of the invention
      and various further advantages of the invention will be apparent from a
      careful consideration of the remainder of this specification, the appended
      claims and the accompanying drawing in which:
PAR  FIG. 1 is a somewhat diagrammatic view indicating a flow control structure
      of the present invention in use;
PAR  FIG. 2 is a cross sectional view of the flow control structure shown in
      FIG. 1;
PAR  FIG. 3 is a cross sectional view taken at line 3--3 of FIG. 2;
PAR  FIG. 4 is a cross sectional view taken at line 4--4 of FIG. 2;
PAR  FIGS. 5 and 6 are cross sectional views corresponding to FIG. 2 in which
      various internal parts are shown in elevation showing different operative
      positions;
PAR  FIG. 7 is a cross-sectional view similar to FIG. 2 of a modified flow
      control structure in accordance with the invention;
PAR  FIG. 8 is a cross-sectional view taken at line 8--8 of FIG. 7;
PAR  FIG. 9 is a cross-sectional view taken at line 9--9 of FIG. 7;
PAR  FIG. 10 is a cross-sectional view taken at line 10--10 of FIG. 7 in which a
      part of an element illustrated is broken away so that a portion of this
      element is shown in section; and
PAR  FIG. 11 is an elevational view of a flow control structure in accordance
      with this invention used with a means of securing the flow control
      structure to a tube or conduit, these means being shown in segments.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the drawing there is shown a flow control structure or compensating
      emitter 10 which is intended to be utilized in conveying a liquid such as
      water (not separately numbered) from the interior of a supply or
      distribution conduit 12. This conduit 12 is provided with a small lateral
      14 connected to an inlet end 16 of the emitter 10 by means of a
      conventional small coupling 18. It is considered that normally this
      coupling 18 will merely be a short length of an elastomeric tube.
PAR  The emitter 10 utilizes an elongated rigid housing 20 which is provided
      with an internal cylinder 22, one end of which is open to the inlet end
      16. The other end of the cylinder 22 is connected to an aligned internal
      cylindrical passage 24 which in turn leads to a second aligned, enlarged
      passage 26. In effect, the passages 24 and 26 can be regarded as a single
      passage or passage means leading from the cylinder 22 to an internal valve
      seat 28 of a cylindrical configuration. An outlet 30 is provided on a
      housing 20 to lead from the valve seat 28 away from the passage 26. This
      outlet 30 may, if desired, be connected to a distribution tube or conduit
      (not shown).
PAR  Within the interior of the housing 20, there is located an elongated, rigid
      flow control member 32. This member 32 extends from within the cylinder 22
      through the passages 24 and 26 to a sufficient extent so as to traverse
      the valve seat 28 to a short distance. The extremity 34 of the member 32
      within the cylinder 22 may be referred to as a piston since it is enlarged
      so as to serve as a piston. Preferably a groove 36 is provided around the
      periphery of the piston 34 to hold an "O" ring 38 so that this "O" ring 38
      seals against the interior of the cylinder 22. With this structure the
      piston 34 in effect serves as an enlarged "head."
PAR  A coil spring 40 is located around the member 33 within the cylinder 22 so
      as to bear against the piston 34 and a small shoulder 42 located at the
      end of the cylinder 22 around the passage 24. Preferably a groove 44 is
      located around the flow control member 32 generally within this passage 24
      so as to hold another "O" ring 44 in such a manner that a seal is formed
      between the flow control member 32 and the interior of the passage 24 at
      all times.
PAR  The extremity 48 of the flow control member 32 adjacent to the valve seat
      28 is preferably shaped so that as the flow control member 32 is moved
      during the operation of the emitter 10 the amount of space between this
      extremity 48 and the interior of the valve seat 28 will be varied. In the
      particular emitter 10 shown, this result is achieved by forming what may
      be referred to as a sloping notch or notch means 50 on the extremity 48.
      Various other equivalent means of accomplishing this objective can be
      achieved, as an example of this entire extremity 48 can be formed to be of
      a somewhat conical or bullet-like shape.
PAR  It will be realized from the aforegoing that as fluid is applied under
      pressure at the inlet end 16 that this fluid will exert pressure against
      the piston 34 so as to tend to move the flow control member 32 against the
      pressure of the spring coil 40 in order to vary the effective area between
      the valve seat 28 and the extremity 48. With the present invention, a
      channel or channel means 52 is provided leading through the piston 34 and
      the flow control member 32 to adjacent the extremity 48 within the passage
      26 so that this variation is spacing can be utilized to regulate flow
      through the emitter 10.
PAR  This channel 52 may conveniently be located as shown within the center
      portion of the flow control member 32. Obviously, however, the channel 52
      may be formed in other manners so as to convey liquid from the inlet end
      16 to within the passage 26 adjacent to the valve seat 28. Thus, for
      example, the channel 52 can be located in the periphery of the flow
      control member 32 so as to extend across the piston 32 and along the
      principal part of the length of this flow control member 32. Similarly,
      the channel 52 may be a separate conduit within the housing 20 extending
      as described. Also the channel 52 can be replaced by a separate conduit
      located so as to extend between the portions of the housing 20 described
      in the preceding along the exterior of the housing 20. For economic
      reasons this is considered undesirable.
PAR  It is believed that the operation of the emitter 10 will be reasonably
      apparent from the preceding. As a fluid such as water is supplied to the
      inlet end 16 under pressure this fluid will exert pressure against the
      extremity 34 of the flow control member 32 so as to move this flow control
      member 32 away from the inlet end 16. Preferably a small vent hole 54
      extends through the wall of the cylinder 22 so as to prevent air being
      trapped in such a manner as to oppose this motion.
PAR  As the fluid is supplied in this manner and as the flow control member 32
      moves, some of the fluid will flow through the channel 52 within the
      piston 34 to within the passage 26. Such fluid will then pass through the
      interior of the valve seat 28 to the extent that such flow is permitted by
      the relative position of the extremity 48 with respect to the valve seat
      28. The extent of such flow will thus be dependent upon the location of
      the notch means 50 relative to the valve seat 28. When the inlet pressure
      is decreased the piston 34 will be moved by the force of the spring 40
      back towards the inlet 16.
PAR  Thus, with the structure illustrated, the quantity of fluid which will pass
      through the emitter 10 will vary in accordance with the inlet fluid
      pressure and will increase in accordance with the decreases of such inlet
      fluid pressure. The extremity 48 can be constructed so that various
      different quantities of fluid will be emitted in response to different
      applied pressures. Normally, it is considered to be preferable to form the
      extremity 48 so as to provide an essentially linear response to pressure
      changes in an applied fluid. For agricultural uses it is considered that
      it is best if the extremity 48 is constructed so that the total quantity
      of a fluid passing through the outlet 30 will remain constant regardless
      of the pressure of the fluid at the inlet 16.
PAR  In FIGS. 7 to 10 of the drawing there is shown a modified emitter 100 which
      is closely related to the emitter 10 as previously described. This emittr
      100 uses an elongated, rigid housing 102 having an internal cylinder 104
      separated by a shoulder 106 from an outlet or outlet cylinder 108. A
      conventional fitting 110 may be secured to the housing 104 at the end of
      the cylinder 104 so as to act as a retainer to hold a flow control member
      112 within the housing 102.
PAR  This flow control member 112 includes a piston or piston like head 114
      formed so as to fit closely within the interior of the cylinder 104 and an
      elongated shank 116 which extends from the piston 114 past the shoulder
      106 into the outlet 108. This shank 116 is provided with an internal
      groove 118 which gradually increases in depth (and thus in total
      cross-sectional configuration) as it progresses along the shank 116 away
      from the piston 114. A plurality of channels or grooves 120 are also
      provided in the piston 114 so as to extend the length of this piston 114
      adjacent to the interior of the cylinder 104. If desired these grooves 120
      may be considered as passages.
PAR  The emitter 100 also preferably includes a small sleeve 122 located within
      the interior of the cylinder 104 adjacent to the shoulder 106. In a sense
      it may be regarded that this sleeve 122 acts both as a bearing for the
      shank 116 which serves to control fluid flow so that any flow into the
      outlet 108 is through the groove 118 and not around the periphery of the
      shank 116 and as a valve seat. A small coil spring 124 is located around
      the shank 116 between the sleeve 122 and the piston 114. This spring 124
      normally biases the flow control member 112 towards the inlet fitting 110.
PAR  The operation of the emitter 100 is similar to the operation of the emitter
      10. As fluid under pressure is conveyed to the emitter 100 through the
      fitting 110 the piston 114 will be moved to the right against the pressure
      of the spring 124. Concurrently the interior of the cylinder 104 adjacent
      to the flow control member 112 will serve as an internal passage for fluid
      flow towards the outlet 108. This in turn will regulate the flow through
      the groove or notch 118 to the outlet 108 in accordance with the applied
      fluid pressure. This groove 118 may be shaped so that different quantities
      of fluid are passed or emitted at different pressures. Preferably,
      however, the groove or notch 118 is constructed so that substantially a
      constant flow through the emitter 100 will occur regardless of the applied
      fluid pressure.
PAR  The emitters 10 and 100 can be connected to a tube or conduit for a fluid
      under pressure such as a water line (not shown) in a variety of ways. In
      FIG. 11 there is shown an emitter 200 corresponding to either of the
      emitters 10 or 100 previously described secured to an inlet fitting 202
      which is designed to be directly attached to a tube or conduit. This
      fitting 202 includes a centrally located, conventional nipple 204 which is
      constructed so that it may be past through an opening in such a tube and
      flexible, resilient arms 206 carried by the nipple 204 which are adapted
      to fit more than 180.degree. around such a tube so as to secure or hold it
      in place relative to the nipple 204.
CLMS
STM  We claim:
NUM  1.
PAR  1. A flow control structure for use in dispensing a fluid from a conduit in
      accordance with the pressure of the fluid within the conduit which
      comprises:
PA1  an elongated, rigid housing having an internal cylinder, an outlet cylinder
      of smaller diameter than said internal cylinder and a shoulder separating
      said internal and said outlet cylinders, said cylinders being aligned with
      one another,
PA1  a flow control member located within said housing so as to extend from the
      interior of said internal cylinder past said shoulder into said outlet
      cylinder, said flow control member including a piston fitting closely
      within the interior of said internal cylinder and an elongated shank
      extending from said piston past said shoulder into said outlet cylinder,
      said shank fitting closely within said outlet cylinder, said flow control
      being linearly movable within said housing,
PA1  a groove means for conveying fluid located within said shank and extending
      along the length of said shank to the end of said shank remote from said
      piston, said groove means increasing in total cross-sectional
      configuration as it extends away from said piston,
PA1  a sleeve located around said shank within said outer cylinder and against
      said shoulder, said sleeve forming a seal against the exterior of said
      shank and stabilizing said flow control member against other than linear
      movement,
PA1  inlet means on the extremity of said housing remote from said outlet
      cylinder for retaining said flow control member within said housing, said
      means comprising a fitting for securing said housing to said conduit,
PA1  passage means leading through said piston between the sides thereof,
PA1  spring means for biasing said flow control member generally away from said
      outlet cylinder so that the pressure of fluid entering said inlet means
      will move the flow control member against the pressure of the spring means
      in order to achieve flow control regulation in accordance with the
      pressure of the fluid within the conduit, said spring means comprising a
      coil spring located around said shank within said internal cylinder and
      between said sleeve and said piston,
PA1  said groove means being shaped so that said structure passes a
      substantially uniform quantity of fluid regardless of the pressure of the
      fluid supplied to the inlet of said structure.
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ABST
PAL  A valve assembly clamped to the upper end of a vent pipe includes an
      elongated sleeve with a band clamp and sealing gasket at its inner end for
      ready clamping to the vent pipe. A butterfly valve plate is nonrotatably
      fixed to a pivot shaft in unbalanced relation, with the shaft extending
      through the sleeve and having a transverse operator arm. Semi-annular seat
      means provide a sealing seat at upper and lower surfaces of the valve
      plate, on respective opposite sides of the pivot axis; and a spring or
      weight urges the valve plate to the seated position.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a check valve assembly for closing the upper end
      of a vent pipe to prevent the escape of pollutant gas, and more
      particularly to such a valve assembly which is automatic in operation.
PAR  A principal object of this invention is to provide a means for controlling
      the venting of the plumbing system, in residences or other structures,
      which will prevent the venting of sewer gas along with its inherent
      objectionable odor and undesirable pollutants into the atmosphere, and
      which will eliminate the necessity for expensive and unsightly vent pipes
      which project upwardly from the roofs of residences or other building
      structures.
PAR  Another object of this invention is to provide a relatively inexpensive and
      effective check valve assembly which can be readily mounted to the upper
      end of a vent pipe in a structure, preferably in the attic spaces of such
      structure, or in any other suitable location, and which will perform the
      desired venting function for the plumbing system.
PAR  A further object of this invention is to provide a valve assembly which
      will act automatically to maintain the vent pipe closed to prevent venting
      of undesirable gases and fumes to the atmosphere, and which will
      automatically allow fresh air from the atmosphere to enter the plumbing
      system each time a suction or vacuum is created in the system when liquids
      are flushed through the waste pipes following use of connected plumbing
      fixtures.
PAR  Still another object of this invention is to provide such a valve assembly
      of simple construction enabling economic manufacture, and yet which is
      effective for the intended purpose.
PAR  These objects are accomplished in a valve assembly which includes an
      elongated thin walled cylindrical sleeve dimensioned to be clamped over
      the end of a vent pipe, and having longitudinal slots opening to said
      inner end to allow diameter variation. A resilient annular gasket,
      dimensioned for a snug fit within the sleeve slotted end, provides a seal
      between the sleeve and pipe. A valve plate is mounted on a transverse
      pivot shaft, with a major portion of the plate disposed on one side of the
      shaft and a minor portion disposed on the other side; and the pivot shaft
      is mounted transversely of the sleeve intermediate its ends and offset
      from the sleeve axis. Seat means mounted on the sleeve define a seating
      plane in which the valve plate closes the sleeve, with the seat means
      being disposed to permit inward swinging of the plate major portion and
      outward swinging of the plate minor portion. Means coupled to the valve
      plate urges rotation into the seating plane.
DRWD
PAR  The novel features and the advantages of the invention, as well as
      additional objects thereof, will be understood more fully from the
      following description when read in connection with the accompanying
      drawings.
PAC  DRAWINGS
PAR  FIG. 1 is a fragmentary diagrammatic view of a building plumbing system
      including a sink, a waste pipe, a vent pipe and a vent check valve
      assembly according to the invention;
PAR  FIG. 2 is a longitudinal sectional view of the check valve assembly
      attached to a vent pipe;
PAR  FIG. 3 is a transverse sectional view taken in the plane 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary elevation view of the check valve assembly of FIGS.
      2 and 3; and
PAR  FIG. 5 is a fragmentary elevation view similar to FIG. 4 of an alternative
      form of vent check valve assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 of the drawing is a fragmentary diagrammatic view of the building
      structure 10, such as a residence, wherein a portion of the plumbing
      system includes a downward and laterally extending waste pipe 11 with the
      vertical portion being partially confined within an interior partition 12;
      and with a catch basin or sink 13 mounted on that partition and having a
      drain pipe 14 connected to the waste pipe by means of a tee 15. A vent
      pipe 16 extends upwardly from the tee within the partition 12 into the
      attic space 17; and a check valve assembly 20 is secured to the upper end
      of the vent pipe in the attic space. The vent pipe 16 is conventional,
      being fabricated of cast iron or PVC plastic for example, and may be of
      nominal 2 1/2 inch, 3 inch, or 4 inch size for example.
PAR  FIGS. 2, 3 and 4 illustrate a preferred form of check valve assembly
      according to the invention in which the base member is an elongated, thin
      walled, cylindrical sleeve 21 of uniform cross-section, fabricated from a
      suitable noncorrosive material such as aluminum or plastic. These sleeves
      will be made of a diameter slightly larger than the vent pipe with which
      they are to be coupled, to enable coupling to the vent pipe in overlapping
      telescoping relation with an intervening annular seal such as a
      cylindrical gasket 22 of neoprene or similar material. The sleeve may have
      a length of 10 inches for example. The sleeve is provided with
      peripherally spaced longitudinal slots 23 opening to one end, referred to
      as the inner end, to permit some contraction or expansion of the sleeve at
      the inner end, and an adjustable band clamp 24 is associated at its inner
      end for clamping the sleeve onto the vent pipe. As best seen in FIG. 2 the
      gasket 22 is axially elongated to overlie the slots 23 and prevent leakage
      between the valve assembly and pipe.
PAR  The valve structure, sometimes referred to as a butterfly valve, includes,
      in the illustrated form, a circular thin-walled valve plate 30 of a
      suitable noncorrosive metal or plastic which is nonrotatably mounted on a
      pivot shaft 31, with a major portion or area 30a of the valve plate being
      disposed on one side of the pivot shaft and a minor portion 30b being
      disposed on the opposite side of the shaft. The pivot shaft, as best seen
      in FIG. 3, extends through the sleeve walls at both sides of the sleeve,
      and is offset at least slightly from the central longitudinal axis of the
      sleeve. Seat means mounted on the sleeve 21 define, in the illustrated
      form, a seating plane which is perpendicular to the sleeve axis; however
      it will be understood that the seating plane is not necessarily
      perpendicular but may be inclined. The seating means, as illustrated,
      consists of semi-annular strips of a resilient rubber-like material such
      as neoprene which are secured to the inner wall of the sleeve in any
      suitable manner. The seating strips define the seating plane, and include
      one semi-annular strip 33 which is engaged by the outer surface of the
      valve plate major portion permitting inward swinging thereof, and a
      corresponding semi-annular strip 34 which is engaged by the inner surface
      of the plate minor portion permitting outward swinging of this portion.
PAR  As best seen in FIGS. 3 and 4, the pivot shaft 31 is formed to define a
      transverse operator arm 32 at one end, exteriorly of the sleeve; and a
      tension spring 36 is coupled between the distal end of this arm and the
      sleeve to normally urge rotation of the arm, shaft and valve plate in a
      direction to seat the plate 30 in the seating plane.
PAR  The outer end of the sleeve 21 is capped with a suitable screen cap 27,
      fabricated of a suitable noncorrosive material such as aluminum or copper
      screen, and secured to the sleeve in any suitable manner to prevent the
      entry of foreign materials which might interfere with the proper operation
      of the valve. This screen is particularly desirable when the valve
      assembly 20 is in the illustrated vertical orientation; however it will be
      understood that the valve assembly could function as well if oriented
      horizontally, which may be desired in some installations.
PAR  FIG. 5 of the drawing illustrates a slightly modified form of check valve
      assembly 40 which is identical in all respects to the assembly 20
      described above with the exception that the tension spring 36 is omitted.
      In this assembly a suitable weight 41 is coupled to the distal end of the
      pivot shaft operator arm 32, which weight acts to urge rotation of the
      pivot shaft in a direction to place the valve plate in the seating plane.
      With this configuration, obviously the direction of the operator arm 32
      relative to the pivot shaft would have to be oriented properly in relation
      to the orientation of the valve assembly.
PAR  In operation, the valve plate 30 is normally maintained in the seating
      plane, seated against the seating strips 33 and 34 by means of the biasing
      spring 36 or the weight 41. When a reduced pressure or suction is created
      within the vent pipe 16, resulting from the flushing of liquid from the
      sink 13 or other plumbing fixture, the valve plate will rotate away from
      the seating plane as illustrated by the broken lines in FIG. 2 moving
      against the force of the spring or weight. The valve opening force results
      from the differential pressure acting across the unbalanced valve plate;
      and the open valve plate allows flow of ambient air into the vent pipe.
PAR  What has been described is a simple, effective and economical check valve
      assembly for attachment to a sewer system vent pipe for preventing the
      venting of undesirable pollutants and gases to the atmosphere, and for
      effecting the removal of such gases back to the sewer system.
PAR  While preferred embodiments of the invention have been illustrated and
      described, it will be understood by those skilled in the art that changes
      and modifications may be resorted to without departing from the spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vent pipe check valve assembly comprising
PA1  an elongated, thin-walled, cylindrical sleeve dimensioned to be clamped
      over the end of a vent pipe; said sleeve having longitudinal slots opening
      to its inner end to allow diameter variation at said inner end;
PA1  a resilient annular gasket dimensioned for a snug fit within said sleeve
      slotted end, to provide a seal between said sleeve and a vent pipe;
PA1  a thin-walled valve plate mounted on a transverse pivot shaft, with a major
      portion disposed on one side of said shaft and a minor portion disposed on
      the other side thereof; said pivot shaft being mounted transversely in
      said sleeve intermediate its ends, offset from the sleeve axis;
PA1  seat means comprising resilient strip members mounted on the inner wall of
      said sleeve defining a seating plane in which said valve plate
      substantially closes said sleeve; said seat means comprising a first
      generally semi-annular member secured to the sleeve wall, for limiting
      outward swinging of the valve plate major portion, and a second generally
      semi-annular member secured to the sleeve wall, for limiting inward
      swinging of the valve plate minor portion;
PA1  and means coupled to said valve plate for urging rotation thereof into said
      seating plane.  pg,10
NUM  2.
PAR  2. A check valve assembly as set forth in claim 1
PA1  said valve plate being nonrotatably mounted on said pivot shaft; said pivot
      shaft extending through at least one wall of said sleeve; and said
      rotation urging means being coupled to said shaft at the exterior of said
      sleeve.
NUM  3.
PAR  3. A check valve assembly as set forth in claim 2
PA1  said rotation urging means comprising a spring coupled between said shaft
      and the exterior of said sleeve.
NUM  4.
PAR  4. A check valve assembly as set forth in claim 3
PA1  said pivot shaft including an exterior operator arm; and a tension spring
      coupled between said sleeve and said operator arm.
NUM  5.
PAR  5. A check valve assembly as set forth in claim 2
PA1  said pivot shaft including an exterior operator arm; and said rotation
      urging means comprising a weight coupled to said operator arm effective to
      urge rotation of said valve plate into said seating plane.
NUM  6.
PAR  6. A check valve assembly as set forth in claim 1
PA1  a screen cap secured to the outer end of said sleeve.
NUM  7.
PAR  7. A check valve assembly as set forth in claim 1
PA1  clamp means associated with said sleeve for clamping said sleeve and gasket
      in sealing relation with a vent pipe.
NUM  8.
PAR  8. A check valve assembly as set forth in claim 7
PA1  said annular gasket extending axially to overlie said slots; and said clamp
      means being an annular clamp enclosing the slotted end of said sleeve.
NUM  9.
PAR  9. A check valve assembly as set forth in claim 1
PA1  said sleeve having a uniform cross-section throughout its length.
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ABST
PAL  A handle-carrying operating plug serving also a valve body-closing bonnet
      function, having a threaded internal engagement with the body, has a
      sliding relatively rotatable lost motion connection with an internal
      valving stem carrying a valving member, whereby the valving member,
      displaced to open position by plug-rotation in one direction, is permitted
      to advance in the body from an open position to a closed position under
      water flow or static pressure or/and spring bias, as the plug moves out
      upon rotation in the other direction for valve closing, and with a
      permitted further plug member rotation after valve closing, a drainage
      passage through the plug opens by relative axial motion of plug and stem;
      and by further rotation the plug is withdrawable for cleaning of a filter
      on the outlet side of the valving region in the body, the filter being
      plug-supported, spring biased to follow the plug to the body mouth, or
      merely body supported; ensuring a shut off condition when the valve body
      is opened for cleaning or line drainage. Cartridge and non-cartridge forms
      are disclosed.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 424,898, filed Dec. 14, 1973, now U.S. Pat. No. 3,891,001.
BSUM
PAR  In the valve prior art, water shutoff valves providing for drainage of the
      line on the valve discharge side after the valve is shut off, so-called
      stop-and-waste valves, have been long known; and so also valves including
      a device to filter out dirt or debris entering from the inlet line.
      Various disadvantages have attended prior valve structures providing the
      described functions, whether merely proposed or actually commercially
      produced. Commonly with valves and faucets generally, the valving seal
      element compressed against a seat has been subject to damage by
      over-tightening on closure. In drainable valves, i.e., stop-and-waste
      valves, the drainage control expedients have been unreliable or subject to
      easy damage in use, or the drainage has been slow. Valves with a filter
      element accessible for cleanout often have been awkward to clean, or had
      low filter capacity requiring in some installations frequent cleaning.
      Even for valves with strainers built in, especially on the inlet side, as
      well as for separate strainer units, to clean the filter or screen element
      involves closing an upstream shutoff valve, opening the strainer, often
      with considerabe outpour of water, for the cleaning service, recapping,
      and then opening the shutoff valve to put the line back in service.
PAR  Consequently cleaning operations were unduly time consuming, and by
      frequent repetition often were subjecting the valve to considerable wear
      and tear. Further when the valve body would be opened to the environment
      for drainage or filter cleaning, since at times there would be a head of
      water in the controlled discharge line, or the valve could be left on,
      therefore under supply pressure, one servicing the same could be sprayed
      or flooded with water, a dangerous accident with the water hot. Or the
      structures have been relatively complicated or expensive in fabrication
      for the function involved and the avoidance of other problems.
PAR  The present invention offers a relatively simple shutoff valve structure,
      incorporating a filter screen device of relatively high capacity without
      undue plugging. It affords a simple cleanout procedure, while
      automatically ensuring that the valve is turned off; and also enables
      rapid drainage of the outlet or discharge line at the start of cleaning
      operations. Moreover, the valve structure for conjointly attaining these
      advantageous characteristics can be manufactured at comparatively low
      cost, with a comparatively long service life to be expected, and with an
      easily replaceable seat.
PAR  The general object of the present invention is to provide a shutoff valve
      incorporating a cleanable filter element and also enabling quick line
      drainage.
PAR  Another object is to provide a simple shutoff valve with filter element
      easily accessible for cleaning.
PAR  Another object is to provide a valve of the character described which
      automatically ensures that the water is shut off before the valve body can
      be opened in drainage or filter removal operations.
PAR  A further object is to provide a filtering valve of the character described
      incorporating valving, filtering, and drainage structure in a cartridge
      arrangement.
PAR  Another object is to provide a filtering valve of the character described
      assuring against returning the line to service without screen after a shut
      off for filter cleaning.
PAR  A still further object is to provide a valve of the character described
      which has a durable comparatively low cost structure.
DRWD
PAR  Other objects and advantages will appear from the following description and
      the drawing in which:
PAR  FIG. 1 is an axial section of one valve embodiment;
PAR  FIG. 2 is an axial section of another valve embodiment;
PAR  FIG. 3 is a fragmentary axial section showing valve member biasing and also
      a modification in the filter support structure;
PAR  FIG. 4 is a fragmentary axial section showing another modification in the
      filter;
PAR  FIG. 5 is a fragmentary axial section showing a further modification in the
      filter;
PAR  FIG. 6 is a fragmentary axial section showing a modification of the
      cooperating valving seal and valving member;
PAR  FIG. 7 is a fragmentary view partially in elevation, partly in section, of
      a valve showing a modification of the fitting connection to obtain a union
      function.
DETD
PAC  GENERAL STRUCTURE -- FIG. 1
PAR  In the valve of FIG. 1, a hollow valve body B having an interior valving
      space 10 with inlet and outlet connections 11-12, an apertured seat wall
      partition 13, and an operating element-receiving bore female-threaded at
      10f and in effect in its open end smoothly slightly counter-bored at 16,
      is provided as a composite body by a hollow principal body part Bb with
      the bore 9 receiving a somewhat sleeve-like body barrel Bk serving as the
      barrel of a cartridge subassembly K, and a retention cap nut Bc, slid over
      the outer end of the barrel and threaded onto the male-threaded open end
      of the body part Bb, so to bear against a near mid-length enlargement
      externally circumferentially grooved for an "O"-ring Bs sealing the barrel
      and cartridge to bore 9 in the main body part.
PAR  The barrel inner end is partially closed by an integral coaxially apertured
      inward flange forming the apertured seat wall partition 13, and having a
      coaxial, doubled, annular end groove formation, in effect a "counterbored
      groove," receiving an elastomeric seal ring 23 of complex section
      providing both an endwise barrel seal to shoulder 9s and a valving seat on
      the inner side of wall 13. The circumferential clearance between the
      surface of the bore 9 and the barrel inner part and a plurality of
      equispaced longitudinal slots through the barrel wall on the outlet side
      of wall 13 afford ample flow area to outlet passage 12a from the barrel
      bore as part of the valving chamber space.
PAR  Seal 23 element comprises a major annular body portion 23b lodged in the
      flat-bottomed, principal end groove portion about lip 13p surrounding the
      inner end of flow aperture 13a; and also, for end seal function, a minor
      outer portion 23a lying within, but having an uncompressed axial dimension
      slightly greater than, the groove counterbore portion, in which an
      outwardly deepening bottom forms a sloped circular ridge gripping the seal
      element adjacent the body thereof.
PAR  The free right surface 23v, between the groove engaged parts, curves
      inwardly toward the female beveled end of lip 13p; providing an effective
      valving seat or seal surface convex in section and convergent toward the
      aperture 13a. Neoprene is an appropriate elastomer for seal 23 as well as
      the other seals and "O"-rings mentioned herein.
PAR  Preferably, at the outer edge of the male-threaded end of the
      barrel-accepting cylindrical portion, a notch 9c receives a molded, or
      otherwise integrally formed, barrel side lug 13k for interlocking the
      barrel Bk with body part Bp, thereby to insure against barrel rotation in
      functional manipulation of plug P under all conditions; the depth of the
      notch being sufficient to insure clearance to the lug so that the lug does
      not interfere with body advance and sealing at 23a.
PAR  A body B, for the non-cartridge type embodiments hereinafter described
      (e.g. FIGS. 2 and 3), as an integral component includes the structures
      above detailed as provided in FIG. 1 by the main part Bp and barrel Bk
      held in their sealed relation by cap nut Bc; but the body in such cases
      has also an aligned bore from the back end forming the space 10a and
      closed by a male-threaded plugging cap C as later described.
PAR  The valve comprises as principal components an either integral or composite
      hollow body B having a counterbored open operating end and providing a
      valving chamber 10 with inlet and outlet connections 11-12 and an
      apertured seat wall or partition; a male-threaded valve operating plug P
      in the body open end as a body-closure plug having a threaded engagement
      with the body; a valving member V carried by a coaxial stem S and axially
      moveable in the chamber between valve closed and open positions upon
      rotation-induced axial shift of plug P as a moveable bore closure, having
      a lost motion connection with the valve member V through the stem; an
      operating handle L, either conventionally splined or screw-secured on a
      projecting reduced outer part of the plug or as shown integrally formed on
      the plug outer end; a cylindrical debris-catching filter screen device F
      mounted between the plug and seat aperture, within the chamber, and
      attached to the plug end either by a screwed engagement as in the
      aforementioned application, or by a preferably interference fit engagement
      with a plug end formation as shown in FIGS. 1 and 2.
PAR  Preferably the female and male threads at 10f and 15 are left hand so that
      in the operation hereafter described, the valve will conventionally close
      upon clockwise rotation, and open reversely.
PAR  Thus, in the body B, inlet passage 11a opens to a smaller inner valving
      chamber bore portion 10a; the outlet passage 12a communicates with a bore
      portion forming an outer valve chamber portion 10b; flow through the valve
      is controlled by V at wall aperture 13a; and flow through the valved
      aperture is constrained to pass axially into filter F.
PAR  The bore female threads at 10f engage the slightly reduced, male-threaded
      plug end 15; while the unthreaded counterbore 16 running in from the body
      open end provides a smooth cylindrical sealing and guiding surface for the
      slightly enlarged plug outer end 17 rotatably and slideably sealed thereto
      by an "O"-ring 18 in circumferential plug groove 17g. In FIG. 1, a stop
      for inward advance of plug P is provided by the outer end of the cartridge
      barrel Bk encountered by handle L, or by the unitary member S-V (which, as
      a whole may be considered as a valving member, though described as
      comprised of stem S and valve member V) bottoming in 10a; but at the inner
      end of 17, shoulder 17s can cooperate in a stop function with a
      counterbore shoulder 16s, as in FIG. 2.
PAR  The valve member V and stem S in FIG. 1 preferably are cast or molded of
      plastic as an integral piece including as valve member V a short,
      principally cylindrical flange-like enlargement 26h with a beveled or
      conical surface 26v to make initial line seal contact with the seal
      surface 23v; and having a plurality of at least three equispaced short
      radial ribs or lugs 26g for guiding sliding contact on the inner bore wall
      of 10a and defining therebetween flow space past the head; and an axial
      stop projection 26j to provide space behind and prevent the right or back
      face from bottoming to the right and thereby becoming operationally
      immobilized for closing action. To provide principal sliding support and
      guidance in the cylindrical surface or short bore afforded by the wall
      aperture 13a, and also ample flow space axially, between V and stem part
      21, the enlargement 26h is joined to the smaller part of stem 21 by three
      or four axially running fin-like stem parts 21f.
PAR  The enlargement or head flange 26h, though approaching the diameter of the
      bore for ancillary guide purposes, thus has many angularly spaced large
      flow slots 26s, also for dynamic purposes in aiding valve closing under
      water flow action by creating a back pressure to force the valving member
      into closed position.
PAR  To provide the relatively rotatable and coaxially slideable lost motion
      connection between stem and plug P, the stem outer shank portion 21 has a
      slight cylindrical head enlargement 21h slideably received and also thus
      guided in a mating female axial plug passage or formation 22.
PAR  The filter device F, located in the outer part of the valving chamber,
      i.e., in chamber 10b, which may be termed also a filter chamber, basically
      is a sleeve or cylinder 31 comprising a filter medium, e.g., a stainless
      steel screen sleeve retentatively fitted within a plurally longitudinally
      slotted cylindrical integral plug extension E as a screen carrier which
      (as also in FIG. 2) for valve open condition effectively abuts endwise on
      the flat left shoulder surface of apertured partition 13. Preferably,
      however, the screen 31 and the end of the screen-carrying plug extension E
      project endwise into a counterbore from the left side about the wall
      aperture, leaving an annular lip 13d, these parts being dimensioned to
      maintain effective screening even when the valve just starts to open.
PAR  Further to provide slower controlled drainage, an axial passage 41 is
      provided from the end wall of recess 22 through plug P and out the handle.
      When a conventional separate rather than integral handle is used, the
      passage is carried out through the handle-carrying projection. On shank
      head 21h, notably smaller in diameter than aperture 13a, an "O"-ring type
      shank sealing element 44 is located in a square-sectioned head groove and
      slots 45 are provided around the mouth of and leading part way into recess
      22. Thus the passage 41 is sealed against leakage until, after valve
      closure, at least the inward ends of the slots 45 pass the shank seal 44.
      The taper 22c is provided to prevent damage to the described seal 44 in
      passing into the recess 22. Other lead-in chamfers are conventionally
      provided, e.g., from the finished body open end face into counterbore 16
      and into female threads 10f.
PAC  ASSEMBLY AND OPERATION
PAR  The barrel Bk, with cap nut Bc loose thereon and "O"-ring Bs and seal 23 in
      place, receives plug P (with counter-clockwise rotation of the latter) in
      turn having "O"-ring 18 and the screen 31 in position forming a first
      sub-assembly accepting the unitary stem-valve piston member S-V inserted
      from the right end, thus becoming the full sub-assembly of cartridge K.
      The complete valve is then constituted merely by sliding the barrel end of
      the cartridge into bore 9 with rotation if necessary to interlock lug 13k,
      and screwing the cap nut Bc onto the threaded end of body part Bb to
      bottom the barrel on shoulder 9s, compressing 23a to effect the seal at
      that point.
PAR  If replacement of the seal 23 ever becomes necessary, this servicing is
      simply accomplished by shutting down the inlet line, unscrewing Bc to
      remove the cartridge, pulling out the valving piston member from the
      cartridge, changing the seal 23, and re-assembling.
PAR  By closing rotation, i.e., clockwise, the plug P retracts or backs out, the
      stem-valve member S-V following, under supply water static and flow
      pressure actions alone in FIG. 1, (as in other forms where a bias spring
      such as 14 in FIG. 3 is not used), and when the valve member engages seal
      seat 23v, the fluid flow path through the chamber, from inlet to outlet is
      blocked, and the valve is shut off. Slight further rotation brings seal 44
      to the slots 45 to begin controlled drainage. Then if it be desired to
      remove the filter for cleaning, further clockwise rotation may be simply
      continued until the plug backs out a bit further to clear the plug
      threads, bringing the screen with it, as also occurs in FIG. 2.
PAR  Also the removal of the plug allows the valve to drain substantially
      completely, as well as the line connected to its outlet side, the latter
      of course having air admitted, as by opening a fixture valve.
PAR  Necessarily the valve is shut off when access is obtained to the filter for
      cleaning by plug removal for drainage, so that supply water, especially
      dangerous when hot, cannot accidentally flood out or spray out on the one
      servicing it, even though the drainage feature is not incorporated. But
      with that feature, even where filter function is primarily desired in this
      as a shut off valve, the plug transit through a drainage condition or
      setting after the valve is shut off affords like convenience and safety
      before completion of plug removal in enabling controlled drainage of water
      in the line on the discharge side of the valve. The valving seal is not
      subject to damage by over-tightening; and the entire structure represents
      a sturdy, simple, durable low cost construction.
PAR  Since the valving shuttle, that is, the unitary stem-valving member is well
      supported by the fins 21f and the lugs 26g on adjacent fixed surfaces, the
      plug is easily reinserted after cleaning with little risk of accidentally
      displacing the valve member from its sealed contact, before the
      counter-clockwise rotated plug again attains threaded engagement, thus a
      re-assembled condition, with the drain seal 44 inward of the taper 22c and
      slots 45, and the valve off though with drainage open. Furthermore,
      counter-clockwise plug handle rotation advances the plug over the stem
      head causing the latter to seal the drainage outlet, with the valve yet
      off. With continued rotation, the bottom of recess 22 encounters the stem
      end, starting to back the valve member V away from the seat.
PAR  With further counter-clockwise rotation, the plug inward advance continues
      until encountering a previously mentioned stop, the valve member then
      being in full open position, with the filter screen simultaneously
      advanced to endwise engagement either effectively against wall 13 (as in
      FIG. 2) or within the end of the described counter bore. The "O"-ring 18
      seals the plug to the body when the valve is even slightly open; and the
      plug serves also the function of a bonnet closing the body.
PAR  Accordingly the length of the counter bore, the plug and lengths of thread
      engagement, the stem receiving recess depth and associated slots and shank
      seal location are selected with appropriate relations for the described
      mode of operations.
PAC  FIG. 2
PAR  FIG. 2 shows the above mentioned integral body form which requires the body
      to be formed with the second end open to accept the valving member, since
      the apertured partition wall 13 is integral; and accordingly also requires
      the corresponding fixed closure plug cap C.
PAR  In FIG. 2, the plugging cap member C has a male threaded body 24
      circumferentially grooved at 24g between stop flange 24f and male threads
      24m to accept "O"-ring 25, the outer groove wall being continuous with the
      flange inner face, with the outer threaded end of the bore providing the
      cylindrical chamber 10a and having a counter bore cooperating in receiving
      the plug cap seal ring. The squared or hex outer end 24w affords
      conventional tool engagement. From the cap inner end, reduced to afford
      ample flow space from inlet 11a, the cap body is blind bored to slidingly
      accommodate and guide the valve member stem back shank 26, longitudinally
      ribbed and grooved to avoid water entrapment.
PAR  The stem S in FIG. 2 may be considered as comprised of the elongated front
      shank 21 and the aforementioned guided back shank 26, i.e., as a composite
      carrying the valve member V.
PAR  Valving member V in FIG. 2 is provided between 21 and 26 by an integral
      flange-like stem enlargement 26h, and an annular resilient elastomeric
      seal ring 27 held captive in a circumferential groove-like environment on
      the stem structure between flat opposed faces of a flange 26h and a
      buttress-like circumferential flange 21f of 21 by aligned securement of
      stem end 21t in recess 26r. The front end of 27 outward of, and aligned
      with, the slope of 21f has a conical or beveled face to seal to the
      conical valve seat surface 13c provided on seat wall 13 in FIG. 2. This
      seal assembly is further secured by a rearward cylindrical annular lip 27a
      received in a stem flange annular groove located outward of a reduced
      cylindrical end portion 26d of the enlargement projecting into the seal
      ring.
PAR  To provide ample flow space to the valved aperture 13a, this seal ring, of
      neoprene or the like, in axial section has an appreciably smaller outside
      diameter than the inside diameter of chamber 10a.
PAR  In FIG. 2 and similar structure the inner stem portion 21t is either
      conventionally male-threaded for securement in the female-threaded coaxial
      blind bore recess 26r in the back shank portion, or other appropriate
      securement such as a structural adhesive or an ultrasonic weld may be used
      especially with plastic stem components.
PAR  In FIG. 2, the engagement of either the plug extension on wall 13, or of
      the plug on the counterbore shoulder affords the plug stop function.
PAR  Operation and manner of filter cleaning service for this and further
      modifications are the same as described for FIG. 1, with the minor
      differences in assembly consequent upon use of the non-cartridge design as
      also noted relative to FIG. 3.
PAC  FIG. 3
PAR  FIG. 3 is similar to FIG. 2, but shows a modification in the filter
      structure including a filter bias and support helical spring H; and also
      includes a valve bias spring 14 reacting on the fixed closure, cap C.
PAR  Valve bias spring 14, with major length received in a coaxial bore of shank
      26, has its outer end engaged and centered in a bottom recess of the cap
      bore, and accordingly biases the valve to closed position, additionally to
      pressure and dynamic forces of the flowing water which alone closes the
      other disclosed forms, when the plug P is backed out allowing the stem and
      valve member to follow.
PAR  In FIG. 3, a filter sleeve with open inner end closely slideably fitted in
      the partition aperture 13a within piloting lip 13d at least when the valve
      is open as shown, and having a circular outward flat outer end flange 32
      circumferentially clearing the threaded bore portion 10f and bearing
      concentrically against the flat inner end of and supported by plug P.
      Preferably (as in FIG. 1) the length of filter member F is such that when
      the valve closes its inner end is still within the piloting lip 13d. As
      means to support the filter element on the end of the plug, preferably one
      end of the coaxially surrounding spring H bears on and presses flange 32
      against the plug end; and the other spring end, engaged about locating or
      pilot lip 13d, bears against adjacent shoulder 13s.  When the plug is in
      axially inward position for the valve full "on," as in the prior figures,
      water passing the valve member V enters the screen element endwise to flow
      radially outwardly, and in the bore enlargement 10b to pass through the
      flow space circumferentially external of the screen to the outlet.
PAR  In FIG. 3, upon plug removal, the screen follows as spring H
      correspondingly extends; allowing the plug to be removed and rendering the
      filter sub-assembly accessible to be withdrawn from the body for cleaning.
      With a light spring, having a free length equal to the axial depth into
      pilot 13d, the screen is then at the bore mouth at the operating end.
PAR  With the elements associated with the stem and the plug cap respectively
      sub-assembled, the cap-carried stem and valve member are inserted into
      chamber 10a and the cap C threaded into the threaded part of bore 10a,
      bringing the seal of V against the seat 13c, that is, to a closed position
      under bias of spring 14. For FIG. 3, then from the outer end, the extended
      compression spring H, with filter screen F in its outer end is inserted to
      engage the spring inner end on the piloting or support lip 13d to which
      the spring in turn supports and guides the screen end.
PAR  After insertion of plug P into counterbore 16 to bring its recess mouth
      over the head end of shank 21, rotation counter-clockwise engages the
      threads, starting plug advance. As the plug advances inwardly, in the case
      of FIG. 3 it engages the screen flange, moving the screen in and
      compressing H.
PAC  FIG. 4
PAR  Alternatively for filter positioning (see FIG. 4), the spring H of FIG. 3
      (or FIG. 5) may be omitted and the filter sleeve flange 32 of FIG. 2 (or
      analog) may peripherally retentatively engage the actuating plug receiving
      bore on the excess depth of bore threading at a plane just inward of the
      inmost position of the plug. For example, the flange may frictionally
      lightly engage so that it may be placed initially somewhat outward of
      final position, though with sleeve inner end within 13a, and then advanced
      to final position in close contact with the plug end by the initial valve
      opening advance; but as in FIG. 4 shown, the flange may be provided by an
      annular disk 32a with edge threaded into bore threads 10f to which the
      screen sleeve 31 is attached, e.g., by brazing a stainless steel screen;
      the flange-forming disk member 32a then having a tool engaging formation,
      such as a non-circular, say hex edge central aperture through which 21
      extends into the plug.
PAC  FIG. 5
PAR  In FIG. 5 there are shown modifications independently applicable to prior
      figures, first in the removal from stem 21, of its valve member operating
      function above described, and also in the use of a filter structure
      needful for valve actuation by virtue of inclusion of the independent
      screen support element M, fabricated for example by molding from a
      plastic, such as "Celcon" of Celanese Plastics Co., which is suitable
      generally for the rigid plastic components in these valves. In filter
      support M in effect there is a slotted cylindrical body 51 with outer
      integrally flanged end 52 bearing against the plug inner end, which though
      operable as a free floating member, preferably analogously to screen
      flange 32 in FIG. 3, is under the action of spring H, otherwise arranged
      as in FIG. 3; and having its inner end located and preferably supported
      within the partition aperture 13a; member M supporting screen means
      having, if not integral with M, an interference fit coaxially in or on the
      support, for example, the depicted screen 31a fitted around member M.
PAR  Broad interrupted longitudinal slots in the cylindrical "body" 51 provide a
      cage of four narrow bars 51b running from a full annular body part
      adjacent flange 52, to and beyond a second full annular body part 51c,
      from which the bars project past the end of the filter screen in
      stem-engaged free prongs 51p.
PAR  Thus ample flow space is afforded between the prong portions of the filter
      support bars to the interior of the holder M and the supported screen, and
      thence radially through the cage openings and the screen to chamber space
      10b, the path to which flow is constrained as previously by the sliding
      embracement of the screen end in aperture 13a.
PAR  If desired, rather than having the previously described lost motion sliding
      connection between the valving member V and plug P through the medium of
      stem part 21, especially where a line draining function is not to be
      included, yet even with that function, the screen holder M may serve as
      part of the actuator for the valving member, through engagement of the
      pronged inner end of holder M with a flat shoulder afforded by a
      circumferential groove in the conical end of the flange 21f.
PAR  Where the drainage functionability is omitted, the stem portion 21 may be
      truncated just short of flange 21f; but where retained as in FIG. 4, an
      arrangement preferable because of the three place guiding for the valve
      member, the operating plug recess 22 is deepened somewhat to ensure end
      clearance between the recess bottom and head 21h when holder M engages the
      valving member structure V at flange 21f. Apart from this assumption of
      valve member actuation by the filter holder M, the structure and operation
      is similar to those described for FIG. 2, with the alternatives of use or
      not of the valve bias spring. However, since it is the screen support
      which displaces the valve member from closed position, after a
      filter-cleaning operation, the valve cannot be turned on and the
      controlled line returned to service without replacing the screen; as in
      FIG. 2.
PAC  FIG. 6
PAR  Fragmentary FIG. 6 is intended to show primarily structure relating to the
      valving seal arrangment, which though showing a valving member without
      spring biasing to closed position, nor entry of any part of the filter
      structure into the aperture of partition 13, is applicable to the
      previously described valve forms. Like or similar reference numerals are
      used to designate parts like or analogous to those of prior figures.
PAR  In FIG. 6, the seal member 57 in form is basically conically annular to
      correspond to the sloped or conical rear face of partition 13 against
      which it is seated, rather than being carried on shiftable valving member
      V. This permits the latter to be fabricated from the start as one piece
      including integrally the previously described front stem portion 21, a
      rear stem portion 26 again slidably received in and by the cap C guided
      coaxially shiftably in the rear body bore, and a head 26h with
      peripherally spaced flow slots 26s; the head tapering to the front stem
      through a male conical valving surface 26v complementary in shape to and
      sealing to the female conical rear surface of 57 upon valve closing.
PAR  Cap C in FIG. 6 has a hollow cylindrical forward extension 61 with an
      inside diameter larger than, and thereby in effect counterbored to, the
      cap blind bore 24b to afford a surface guiding the head 26h. External
      grooving of the extension leaves an enlargement 61c, for slip fitted
      engagement with a cylindrical part of the body rear bore between the inlet
      passage 11a and the seal receiving socket region of the bore. Hence the
      rear bore chamber flow space 10a rearward of 61c is divided by the
      extension 61 into an annular external space for flow from 11a, and an
      interior space for axial flow about 26 to head slots 26s, which flow
      spaces are connected through the several longitudinal shell slots 65.
PAR  The front central apertured region of seal 57 is grooved to form a lip 57d
      fitting over a rearwardly projecting, seal-retaining circular lip 13p,
      about the rear end of aperture 13a, while the cylindrical outer seal
      periphery at its back edge has an extension carrying an inward circular
      lip 57x engaged in an external circumferential groove 63 behind a front
      end bevel 62 of the integral shell-like extension 61. With this
      arrangement the seal 57 is insertable and removable with the modified cap
      C, and the valving member head periphery is guided coaxially of the bore
      by the smooth internal cylindrical shell area forward of slots 65.
PAR  However, by the simple omission of the seal extension bearing lip 57x, the
      seal becomes independent of the cap, and then a preferably
      greater-than-four plurality of equi-spaced longitudinal access slots 13s
      in the cylindrical aperture 13a, in radial depth as great as the thickness
      of pilot lip 13p and having respective fin lead-in flared mouths at the
      left, may afford easy access to the underside of seal lip 57d, for seal
      engagement and removal by a multi-pronged or finned tool inserted from the
      valve body front or rear; or by the shiftable valving member-stem
      composite provided, on the stem portion 21 and well spaced from the
      surface 26v, with two or more longitudinal integral fins 21n appropriately
      spaced and radially long enough to fit into corresponding access slots.
PAR  Though with the several disclosed primary valving seals, for the invention
      embodied in shutoff fittings for sanitary fixtures, the fitting size will
      be such that only a narrow radial dimension, on the order of 0.050 inch,
      for example, will be present in the water flow occluding seal area, an
      even smaller area, hence greater sealing contact pressure, can be easily
      obtained by using a slight convexity or thin annular rib on one of the
      contacting elements, preferably on the elastomeric seal.
PAR  The general valve structure herein described offers also advantages as to
      fabrication. For example, the body part Bb in FIG. 1, or the hollow body B
      of subsequent figures may be produced first as a "blank" by modern
      techniques of forging or extrusion to gross external form, and thereafter
      machined for the several bore and passage formation. Or the body may be
      made by casting with appropriate coring, also with approximately sized
      open-ended chamber, inlet and outlet passages, followed by minimum
      machining. In the case of extrusion, a bar may be produced of solid
      section represented by the body external outline of the drawings, and then
      cut into successive blocks forming the blanks for subsequent machining.
      The inlet and outlet connections 11-12 in FIG. 2, for example, are shown
      nearly aligned, with the inlet passage 11a extending oblique to the body
      main axis at an angle allowing 11a to be machined from the open end of
      10a; the coaxial alignment of 11 and 12 facilitating machining of male or
      female pipe threads, or threads for compression fittings, or standard
      sockets or external diameters for pipe sweated connections. For plastic
      pipe systems the body may likewise be made of molded or molded and
      machined plastic material, the connection formations being compatable with
      the system.
PAR  The filter device F may take the form of wire screen of appropriate mesh
      and metal, with the flange made simply by forming the mesh stock, possibly
      reinforced by brazing to a stamped sheet metal ring affording greater
      strength; or it may be made as a molded plastic element with integral
      flange and integral longitudinal strengthening ribs running to an annular
      solid end formation.
PAC  FIG. 7
PAR  In the drawing FIG. 7, there is a body modification of distinct advantage
      in contrast with common practice. A connection from rigid water pipe to a
      use device, such as a sanitary fixture or other water utilization
      structure, usually involves a flexible or bendable supply tube and a
      fitting, e.g., a union or a supply valve, of either a simple shutoff or a
      stop and waste type, with the inlet and outlet sides of the fitting united
      to the inlet line and the so-called "supply" tube through threaded,
      soldered, or flare joints, or use of compression fittings or a
      combinataion of these joints. Most commonly the fitting is soldered to the
      inlet line and on the outlet side a compression joint is made with the
      flexible supply tube or outlet line.
PAR  Several disadvantages are attendant upon such conventional structures and
      practices. First on initial installation, the outlet line to the fixture
      has to be cut to a rather exact length, since the locations are already
      fixed for the fixture and the roughed-in pipe. Secondly, in the event that
      the fitting, stop-and-waste valve or other fitting, has to be replaced,
      usually in removal of the old fitting a part of the inlet line or the
      outlet line is damaged or destroyed, or cut away, requiring insertion of
      soldered or other sleeve or coupling elements to restore requisite length.
      Thus for removal of the fitting, it may be necessary to cut one or the
      other lines where soldered joints are used. Or where a flare or
      compression fitting is used on the outlet side, in order to emplace the
      nut of the new fitting, it is necessary to cut off the tube end which is
      flared or bears a clinched-on tapered collar or ferrule from the original
      installation.
PAR  Further both in original installation and in replacement operations, if the
      supply tube or outlet line is out of round at the section where the
      compression joint is to be made, it is often impossible to effect a
      suitable water-tight joint. Moreover, where the fitting in question is a
      simple usual type union with a metal-to-metal seal, often upon reuse the
      seal cannot be easily re-established, because corrosive action of the
      water during prior service had effected the joint area.
PAR  Here the body B, which may be considered a union body or the body of a
      fitting having a union function, on respective sides has an inlet
      connection formation 111 and an outlet connection formation 112, both male
      threaded at 111a, 112a to receive respectively seal compression nuts 113,
      114 through which the round plain-ended inlet and supply tubes or pipes I
      and O are slidingly telescoped into the body. The inlet connection
      formation 111 is bored at 111b down to a shoulder 111s affording a socket
      receiving the end of the inlet piping I in slide-fitting embrace, the
      socket depth being sufficient by ordinary considerations for a stable
      joint structure. The outer socket end is counterbored at 111c to
      accommodate the elastomeric O-ring type seal element 115 which, by
      tightening up nut 113, is axially compressed with radial expansion to
      effect the inlet joint seal. The socket depth may be on the order of say
      the diameter of the inlet pipe for which the fitting is designed.
      Similarly a socket bore 112b to shoulder 112s, a counterbore 112c and an
      elastomeric seal ring 116, are included for like purpose in the outlet
      connection formation; but the socket in the latter has an axial depth
      purposely much greater than would be required by ordinary consideration
      for an appropriate reception of the end of the outlet tube O.
PAR  The excess depth of the outlet formation, that is, that exceeding the depth
      of insertion of the outlet tube normally required by good practice for the
      sealed joint with copper material, will be equal at least to the minimum
      bore depth to the socket shoulder on the inlet side, plus an additional
      excess as may be desired to accommodate length variations.
PAR  For this arrangement, the nuts 113, 114 are slipped onto the respective
      tubing ends and, with the seals in the respective body counterbores and
      tubing O deflected laterally out of alignment with tubing I considered as
      a rigid tube, the end of the outlet tube is inserted into the body, for
      example, into the full depth of the outlet socket; the body or fitting is
      swung into alignment with the inlet tube and axially displaced over the
      end thereof, to the full depth or sufficiently to attain the stable seal;
      and the nuts 113 and 114 are tightened to complete the joint. Hand
      tightening may be sufficient by appropriate selection of the O-ring
      material and section and of the tube-to-counterbore radial gap.
PAR  For example, the seals each have an oval cross-section, with the long axis
      of the oval parallel to the annular axis, and with the oval seal inside
      diameter being no smaller than the outside diameter of the tubing. For
      typical half-inch water inlet lines, where a somewhat smaller "supply"
      tube O would be used, as placed, the seal would be typically projecting
      1/16 inch from the counterbore, in the case where an elastomer of about 70
      Durometer is used.
PAR  The use of a simple Tinnerman type push nut on the outlet tube, beneath the
      nut 114 will insure against pressure displacement of the fitting up tube O
      and off the rigid inlet tube I under quite high water source pressures
      through an axial force differential due to the difference in inlet and
      outlet socket cross-section areas.
PAR  Where the outlet tube O is relatively soft or long, and high pressures,
      said 125 psi, are encountered, some lateral yielding of the tube O may
      tend to allow forcing the outlet tube out of the body or the body off the
      inlet despite frictional engagement by the elastomeric seals; but for
      usual lengths of fixtue "supply" tubes, i.e., outlet tubing "O", the
      frictional engagement by the seals is sufficient for retention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shutoff valve comprising:
PA1  a hollow valve body having aligned rear and open front operating bore
      portions separated at inward ends by a centrally apertured partition;
PA1  said front bore portion having a smooth region from its open outer end
      inward to a female-threaded region of reduced diameter to receive a
      moveable closure serving as a valve operator and the back end of the rear
      bore being closed, thereby defining a valving chamber partitioned at the
      inner ends of the aligned bore portions;
PA1  said body having an inlet connection and an outlet connection to inlet and
      outlet passages opening respectively to the valving chamber on opposite
      sides of the apertured partition affording a flow path valved at the
      aperture of said partition;
PA1  a valving member guided coaxially of and axially shiftable in the rear
      bore, between a valve closing location where the valving member seals
      against said partition to block said aperture, and valve open locations
      away from the partition;
PA1  a valving-member-operating structure inlcuding a valve operator member
      comprising a rotatable and axially shiftable plug providing said moveable
      closure and having
PA2  an inner male-threaded end engaged in the female threaded region of the
      front bore portion,
PA2  and an unthreaded outer end slidably received in and rotationally and
      axially slidably sealing with said smooth end; and means forming an
      extension from one of, and engageable endwise with the other of, the
      respective inner ends of said members, whereby said valving member may be
      displaced from closed position by an advance of said plug into the front
      bore by plug rotation in one direction, and said plug may be backed out
      from said front bore after the valving member reaches the closed position
      during rotation in the other direction; and
PA1  a filter element supported between said plug and aperture.
NUM  2.
PAR  2. A shutoff valve as described in claim 1 wherein said valve body is a
      composite body constituted of a main hollow body part, a barrel part
      engaged therein, and securing means securing said parts in a sealed
      engaged relation;
PA1  said main body part being bored and counterbored from an open front end to
      form a principal bore terminating at an inward shoulder, and a minor bore
      portion of reduced diameter constituting said rear bore portion;
PA1  said barrel part comprising a sleeve-like element slidably fitted in said
      principal bore,
PA1  said sleeve element providing said front bore portion and having an inner
      end formation forming said apertured partition and bearing an elastomeric
      annular element sealing the barrel endwise to said shoulder,
PA2  the inner region of the sleeve adjacent the end formation being slotted at
      the outlet of said chamber,
PA2  said main body part including said inlet and outlet connections and
      passages to said chamber;
PA1  said sleeve element, axially outward of its slotted region and of said
      outlet passage, being circumferentially sealed to the said principal bore.
NUM  3.
PAR  3. A shutoff valve as described in claim 2, wherein said elastomeric
      annular element sealing said barrel endwise said shoulder includes
PA1  a circumferential portion inward of said shoulder providing a seat surface
      engageable by said valving member in a valve-closing motion, thereby to
      effect a valve-closing sealing contact with the valving member.
NUM  4.
PAR  4. A shutoff valve as described in claim 2, wherein said main body part is
      provided with a male-threaded cylindrical portion surrounding the outer
      end of the principal bore; and
PA1  said barrel bears an external circumferential flange engageable endwise
      with said cylindrical portion; and
PA1  said securing means includes a compression nut received on said barrel
      against said flange and threaded onto said cylindrical portion to hold the
      barrel compressing said annular elastomeric seal.
NUM  5.
PAR  5. A shutoff valve as described in claim 4, wherein said barrel includes a
      lug engaged in a corresponding notch of the body part to secure the barrel
      against rotation during rotational operation of said plug.
NUM  6.
PAR  6. A shutoff valve as described in claim 1, wherein said valve body
      provides, in an integral structure, said front and rear bore portions,
      said apertured partition, and said inlet and outlet connections and
      passages, with said rear bore portion opening at the back end of the valve
      and being female-threaded; a back closure comprising a hollow
      male-threaded plug being received in and threaded into the rear bore
      portion.
NUM  7.
PAR  7. A shutoff valve as described in claim 6, wherein said apertured
      partition about the inlet side of the aperture has a coaxial seat seal
      accepting formation;
PA1  said hollow plug includes
PA2  a coaxial hollow integral extension and provides a bore and in the
      extension a counterbore,
PA2  an external end formation on the extension for carrying a seat seal
      received in the accepting formation,
PA2  a circumferential exterior flow groove to which the said body inlet passage
      communicates, and
PA2  spaced apertures from said groove into the extension counterbore;
PA1  an elastomeric seat seal is engaged on the said end formation of the hollow
      plug and received in sealed rotation by the body in said accepting
      formation;
PA1  said valving member includes a valving head enlargement and a reduced back
      stem portion respectively slidably guided by the counterbore and bore
      walls,
PA2  the valving head enlargement having through its periphery flow slots
      affording communication between the extension counterbore space on the
      front and back sides of the head enlargement;
PA1  the front side of the head enlargement and said seat seal having
      complementarily shaped contactable circumferential areas to effect valve
      closing sealing upon engagement of the valve member head enlargement with
      the seat seal.
NUM  8.
PAR  8. A shutoff valve as described in claim 7, wherein the accepting formation
      includes an annular flange about the partition aperture;
PA1  the seat seal includes a lip overlapping the last said annular flange;
PA1  the partition aperture has a plurality of spaced axially extending slots in
      radial depth penetrating the annular thickness of the last said flange;
PA1  said valving member has a front stem portion extending through the aperture
      and bearing fins at a location forward of the partition,
PA2  said fins being spaced correspondingly to and slideable through said slots
      of the aperture when the back closure plug is removed,
PA2  whereby the valve member by engaging the seat seal lip may serve as a
      removal tool in the event of seat seal escape from the extension upon back
      closure removal.
NUM  9.
PAR  9. A valve fitting as described in claim 1, adapted to serve as a union
      fitting joining a liquid source tube and a discharge tube, wherein:
PA1  said inlet and outlet connections include:
PA1  respective hollow cylindrical formations integral with and projecting from
      opposite sides of said body
PA2  with parallel cylinder centerlines in near alignment and with outer ends
      male-threaded,
PA2  the hollow shapes of said formations providing bores receiving in
      slip-fitted telescoped relation the respective ends of liquid source and
      discharge tubes to be connected by the fitting, and having respective
      shallow radially shouldered counterbores;
PA1  an elastomeric annular seal element seated on the shoulder in each
      counterbore and having an oval cross section with major axis parallel to
      the axis of the element,
PA2  each seal element being dimensioned to lightly embrace the circumference of
      a said tube telescoped in the respective bore, and to project endwise from
      the counterbore, when initially seated therein; and
PA1  compression nut means received on the male-threaded end of each said
      formation and about the corresponding said tube and applying force axially
      compressing the respective seal element from its initially projecting
      disposition into a tube-restraining and tube-sealing relation with the
      body; the bore of the inlet formation terminating at a shoulder stop
      affording a bore length ensuring a stable alignment of the source tube
      received therein;
PA1  the length of the outlet formation bore equalling the length of the inlet
      formation bore plus at least the length of discharge tubing required to be
      received in the outlet formation bore for ensuring a stable alignment of
      the discharge tube received therein.
NUM  10.
PAR  10. The fitting as described in claim 9, wherein said compling nut means on
      the outlet formation includes an annular inward nut flange overlapping the
      respective seal element and a dished annular locking disk fastener
      disposed between the nut flange and the counterbored end of the outlet
      formation and thereby flexed into discharge tube retaining relation.
NUM  11.
PAR  11. A shutoff valve as described in claim 1, wherein
PA1  said valving member includes a back stem portion; and
PA1  valve closing bias is applied to the valving member by compression spring
      means interposed axially between the back stem portion and the body.
NUM  12.
PAR  12. A shutoff valve as described in claim 1, including
PA1  front stem means coaxial on said valving member, and
PA1  a valve drainage discharge passage coaxial through said plug to open
      interiorly of said body through a shouldered cylindrical passage mouth at
      the plug inner end, and to open exteriorly of said body for valve drainage
      discharge, the discharge passage providing a drainage path opened and
      closed by axial positioning of an end portion of said front stem means
      slideably received in and sealed to said mouth;
PA1  said operating structure adapted upon plug rotation in one direction with
      said plug advancing into the body and sealing to said smooth region of the
      front bore portion to displace said valving member into a valve open
      position and by plug retracting rotation in the other direction to control
      shift of said valving member to a flow blocking position against the
      apertured partition, with the plug retracted yet in threaded and sealing
      engagement with the body when the valve closes,
PA2  upon further plug retracting rotation axially positioning the plug relative
      to said front stem means to open said drainage path, and
PA2  with still further retracting rotation to free the plug from the bore for
      removal with the inlet shut off.
NUM  13.
PAR  13. A shutoff valve as described in claim 12, wherein a filter element
      support sleeve, spring-held on the end of the operator member and
      interposed between said valving member and operator member, forms the
      extension whereby the valving member may be displaced from the
      valve-closed position.
NUM  14.
PAR  14. A shutoff valve as described in claim 12, wherein the front stem means
      forms the extension whereby the valving member may be displaced from the
      valve-closed position.
NUM  15.
PAR  15. A shutoff valve as described in claim 14, wherein said valving member
      integrally comprises a valving head slidably guided on the bore wall in
      the rear bore portion and
PA2  having spaced flow slots through its periphery and having on one side,
      disposed to the partition, an annular contact face for making a
      valve-closing sealing contact with a valve seat on the partition;
PA1  a central projection from the other head side engageable with an end wall
      of the rear bore portion to limit valving member displacement away from
      the partition;
PA1  a plurality of angularly spaced flat fins projecting from the region of
      said one side of the head circumscribed by said annular contact face, and
PA2  having longitudinal edges in valving member guiding, sliding engagement in
      the partition aperture.
NUM  16.
PAR  16. A shutoff valve as described in claim 1, including
PA1  as said filter element, a cylindrical filter element in coaxially spaced
      disposition relative to said extension and having an open inner end
      received in the aperture of the partition at least when the valve is open;
      and
PA1  support means supporting the outer end of the filter element.
NUM  17.
PAR  17. A shutoff valve as described in claim 16, wherein said cylindrical
      filter element on its other end includes, as said support means, an
      external circumferential flange removably peripherally engaged with the
      wall of the said front bore portion.
NUM  18.
PAR  18. A shutoff valve as described in claim 17, wherein the partition
      aperture includes a counterbore slidably receiving the end of said sleeve
      formation of the plug, as plug advance starts opening of the valve.
NUM  19.
PAR  19. A shutoff valve as described in claim 16, wherein
PA1  said support means includes a circumferential external flange on the other
      end of said cylindrical filter element, and
PA1  an endwise projecting formation on the inner end of said rotatable plug
      within which the circumferential flange is engaged; the filter inner end
      being axially shiftable in said aperture.
NUM  20.
PAR  20. A shutoff valve as described in claim 16, wherein
PA1  said support means includes
PA1  an external circumferential flange carried on the other end of the
      cylindrical filter element, and
PA1  engageable with an inner end face of said rotatable plug; and
PA1  a helical compression spring coaxially disposed about the filter element
      and interposed between the flange and the partition to hold the flange on
      the plug end face;
PA1  said inner end being axially shiftable in said aperture, whereby on backing
      out of the plug the filter follows under bias of said spring;
PA1  said partition having about said aperture a pilot lip for the inner end of
      the spring.
NUM  21.
PAR  21. A shutoff valve as described in claim 16, wherein
PA1  said support means comprises
PA1  a rigid sleeve with one end extending into said aperture and other end
      externally circumferentially radially flanged to afford a bearing surface
      engageable by the inner end of the plug, said sleeve being longitudinally
      slotted to afford a fluid flow path into the sleeve interior at its inner
      end and outward in the region between plug and partition;
PA1  said rigid sleeve retentively carrying the cylindrical filter element
      telescoped thereon; and a helical compression spring interposed between
      said partition and said flange in substantially coaxial relation to said
      sleeve and filter element;
PA1  the inner end of the filter element being axially shiftable in said
      aperture, whereby on backing out of the plug, the filter follows under
      bias of said spring;
PA1  a pilot flange on said partition about said aperture for locating the inner
      end of the spring; said sleeve engageable with the valving member and
      providing the said means forming a said extension for operatively
      displacing the valving member.
NUM  22.
PAR  22. A shutoff valve as described in claim 16, wherein said filter element
      is an annularly cylindrical element;
PA1  the valve operator plug at its inner end bears a coaxial integral sleeve
      formation; providing a cylindrical end recess having said filter element
      fitted therein, and
PA2  having a plurality of spaced longitudinal flow slots opening radially from
      the filter element circumference to provide a flow path from the partition
      aperture endwise into the filter and to flow space defined between the
      sleeve formation and the bore wall.
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ABST
PAL  A water inlet device for an appliance having a cabinet containing a washing
      chamber characterized by a connector housing having a cavity receiving a
      diaphragm valve coacting with a valve seat on a port to control flow
      through the cavity with the operation of the diaphragm valve being
      controlled by a pilot valve disposed in the appliance. The water inlet
      device is particularly adapted for portable appliances and preferably has
      means for forming a quick connection to a source of water. The diaphragm
      is provided with at least one orifice to allow the source of water to
      bleed into a pressure chamber to bias or urge the diaphragm valve to a
      closed position and the pilot valve selectively bleeds this pressure
      chamber to cause a pressure differential on the diaphragm to selectively
      open the valve to admit water to the washing chamber of the appliance.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  1. Field of the Invention
PAR  The present invention is directed to a water inlet system for an appliance
      having a washing chamber.
PAR  2. Prior Art
PAR  In portable home appliances such as washing machines and dish washers, a
      washing chamber is connected to a source of water such as a faucet of a
      sink by a detachable coupling. An example of such a coupling is disclosed
      in U.S. Pat. No. 3,559,681 which issued to Robert J. Jarvis and Roland E.
      Nicholson on Feb. 2, 1971 and is assigned to the assignee of the present
      invention. As disclosed in the Jarvis et al. patent, a coupling connects a
      water inlet line to a faucet of a sink and also positions the outlet of a
      discharge line for discharging water into the sink. The coupler provides a
      rapid connection and disconnection to the faucet, so that when the
      appliance is not in use, the coupler is disconnected from the source of
      water to allow storage of the appliance in an area away from the source of
      water.
PAR  While the detachable couplers of the prior art are very useful, they do not
      present some problems in their manufacture and to the operators of the
      appliance. Since the valve for controlling the addition of the water to
      the washing chamber is in the cabinet of the appliance, the water inlet
      conduit or hose during the operation of the appliance is constantly
      charged with water under household water line pressure. Thus, the water
      inlet hose must be made of a flexible material which is also able to
      withstand the constant pressure of the source of water. Due to the
      pressure in the inlet hose, the coupler must be provided with a bleed or
      vent valve to reduce the pressure in the hose prior to disconnection of
      the coupler from the faucet to prevent spilling and splashing of water as
      the coupling is removed from the faucet. The requirement for the high
      pressure hose and the vent or bleed valve increases the cost of
      manufacturing the water inlet system or device.
PAR  Since it is always desirable to reduce the cost of manufacturing of home
      appliances, it would be desirable to remove the requirement for a high
      pressure hose for the inlet hose between the water source and the cabinet.
      For a permanently installed laundry device, it has been suggested, as
      shown in U.S. Pat. No. 3,446,006, to place an electrically actuated
      solenoid valve at the connection of the water hose to the water pipes so
      that during non-use of the appliance, the hoses will not be subjected to
      the pressure in the water lines. In such a system, the use of electrically
      actuated solenoid valves requires the provision of electrical lines
      extending up to and adjacent to the water pipes for carrying electricity
      to actuate the solenoid valve and this could result in a safety hazard. In
      a portable washing appliance, such as a dish washer or laundry device, the
      provision of electrically actuated solenoid valves at the coupling could
      increase the size of the coupling so that it would not be easy to store
      within the cabinet during non-use of the appliance.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a water inlet device or system which
      does not subject the water inlet conduit to line pressure and thus enables
      the reduction of manufacturing cost. The device also provides a water
      inlet system particularly adapted for portable appliances in which
      problems of water being splashed or spilled during disconnection of the
      system from a source of water are minimized. The present invention
      accomplishes these features by utilizing a coupler containing a diaphragm
      valve means for controlling fluid flow therethrough with the diaphragm
      valve means being responsive to control means located in the cabinet of
      the appliance. Preferably the coupling has a cavity with a diaphragm
      disposed thereacross to form two chambers with the first chamber having an
      inlet and outlet port and the second chamber being connected to the source
      of water by a bleed means to bias the diaphragm against a valve seat which
      is provided at one of the ports. To actuate the diaphragm valve, a bleed
      conduit selectively bleeds pressure from the second chamber in response to
      the control means, such as a pilot valve, disposed in the cabinet.
      Preferably, the water inlet system or device is for portable appliances
      and includes means to enable a rapid disconnection of the coupler from the
      source of water.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a front loading dishwasher with portions broken away for
      illustration which dishwasher is an example of an appliance for which the
      water inlet system or device of the present invention is particularly
      adapted for connecting the appliance to a source of water;
PAR  FIG. 2 is a partial view of the water inlet system or device of the present
      invention illustrating the hose passage through the rear of the cabinet of
      the applicance;
PAR  FIG. 3 is a cross-sectional view with portions in elevation of the coupler
      of the water inlet device or system of the present invention;
PAR  FIG. 4 is a fragmentary schematic illustration of the control means of the
      water inlet system or device of the present invention with portions broken
      away to illustrate details;
PAR  FIG. 5 is a cross-sectional view similar to FIG. 3 illustrating the valve
      means in an open position; and
PAR  FIG. 6 is a cross section of an integral hose utilized with the water inlet
      system or device of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The principles of the present invention are particularly useful for
      providing a water inlet system or device 10 for an appliance having a
      washing chamber. While the water inlet system or device of the present
      invention may be used on various appliances having a washing chamber, it
      is particularly useful in a portable dishwater, such as a front-loading
      dishwasher generally indicated at 11 in FIG. 1.
PAR  The front-loading dishwasher 11 has a cabinet 12 with a top 13. The cabinet
      12 is provided with an opening 14 on one side which allows entry into the
      washing chamber or enclosure 15. To close the opening 14, a closure, such
      as the hollow door 17, is pivotally connected to one side of the opening
      and is movable from the position illustrated in FIG. 1 to a position
      closing the opening 14. The opening 14 is provided with a seal or gasket
      16, which extends completely around the periphery of the opening. The door
      17 is provided with a latching mechanism 18, which coacts with a strike 19
      disposed at an edge of the opening 14 for latching the door in the closed
      position during which an inner panel 20 of the door 17 tightly engages the
      gasket 16 to provide a sealing position to prevent leakage of water from
      the chamber 15.
PAR  As illustrated, the inner panel 20 of the door 17 has mounted thereon
      silverware baskets 21 and 22, a detergent dispenser 23, a rinse additive
      dispenser which has a filling cap 24 and a discharge opening 25, and a
      vent opening 26 which allows hot humid air to escape from the chamber 15
      during a drying cycle. Mounted in the hollow door 17 beneath the panel 20
      is a timer 27, which is utilized to control various cycles of washing,
      draining or rinsing and drying along with dispensing of the detergent and
      dispensing of the rinse additive.
PAR  Within the washing chamber 15 are movable dish racks 30 and 31. To provide
      a spray of washing liquid and rinsing liquid to the dishes in the racks 30
      and 31, a pump 32 is disposed in a recess or depressed sump area 33 in a
      bottom wall 34 of the chamber 15. To remove food particles from the liquid
      prior to being circulated by the pump, the sump 33 is provided with a
      filter screen 35. The pump 32, which is driven by a motor 36, has two pump
      chambers, not shown, one of which provides washing liquid under pressure
      to a lower spray arm 37 and through an outlet 38 to an upper spray arm 39
      which is attached beneath the upper dish rack 30 by a mount which enables
      the arm to be free to rotate. The other pump chamber of pump 32, pumps the
      washing liquid during a draining or pump-out portion of the cycle through
      a discharge conduit 40 which is connected to a discharge conduit of a
      device 10 for discharge into a sink 41. Washing liquid enters the washing
      chamber 15 through an inlet opening 42 which is connected by a hose or
      conduit 43 to the inlet water system of device 10 which system delivers
      water under pressure from a source of water under pressure such as a
      faucet 44 of the sink 41. A control means or valve 46 disposed in a fluid
      line formed by a pair of conduits 48 and 47 (FIGS. 1 and 4), controls the
      discharge of fluid into the chamber 15 as will appear. Conduit 47 is
      connected to the inlet opening 42. A heating element 49, of the sheathed
      resistance type, is provided in the chamber 15 to heat the washing liquid
      during the washing cycle and to heat the air during a drying cycle.
PAR  The water inlet system or device 10 includes a coupler 50 which is
      connected by a hose or conduit 51 to the cabinet 12 through opening 90 in
      rear wall 91 of cabinet 12. The conduit 51 preferably has three
      passageways 52, 53 and 54 (see FIG. 6) with the passageway 52 forming an
      inlet conduit fluidly connecting the coupler 50 to the conduit 43 in the
      cabinet of the dishwasher. The passageway 53 forms a control conduit or
      bleed tube of a bleed tube circuit which is in fluid communication with
      the conduit 48 and the passageway 54 forms a discharge conduit in
      communication with the conduit 40. While the three passageways forming the
      three separate conduits are preferably provided in a single hose or
      conduit which may advantageously be an extruded vinyl hose, the three
      passageways may be provided by using more than one hose.
PAR  As best illustrated in FIGS. 3 and 5, the coupler 50 has an outer housing
      formed by a pair of molded shell pieces 56 which are held together by
      fastening means such as bolts 57. The outer housing receives an inner
      housing 58 which includes means 60 for sealingly connecting the coupler to
      a source of water such as the faucet 44 and has a diaphragm valve means 61
      for controlling the flow of water into the inlet conduit formed by the
      passageway 52.
PAR  The connecting means 60 includes a fitting 62 which is provided with
      threads for attachment to the faucet 44 and has an annular groove 63 for
      receiving a latching device 64 of the means 60 which device 64 is mounted
      on one end of the housing 58. The latching device 64 engages the fitting
      62 to attach the coupler 50 on the fitting 62 with the fitting extending
      into an inlet port 65 of a cavity 66 of the inner housing 58 of the
      coupler 50. The means 60 is described in greater detail in the
      above-mentioned U.S. Pat. No. 3,559,681, which description is incorporated
      herewithin by reference.
PAR  As illustrated, the cavity 66 of the inner housing 58 has an inlet port 65
      which receives the fitting 62 and which port is provided with seal means
      such as member 67 for forming a water tight seal therewith. A tubular
      member 68 extends through a wall of the inner housing 58 into the cavity
      66 and terminates in the cavity with a valve seat 69 which defines an
      outlet port 78 for the cavity. The member 68 is provided with external
      serrations on an end 70, which is opposite to the seat 69, and which end
      70 is inserted in a conduit such as the inlet conduit 55 formed by the
      passageway 52. The member 68 adjacent the seat 69 is provided with a right
      angle bend so that the seat 69 faces away from the fitting 62. Preferably,
      the member 68 is an integral part of the molded housing 58 which may be
      molded of plastic.
PAR  The diaphragm valve means 61 is disposed in the cavity 66 and coacts with
      the valve seat 69 to control flow from the cavity 66 through the outlet
      port 78. The valve means 61 includes a diaphragm 71 which extends across
      the cavity 66 to form a first chamber 72 and a second chamber 73. To
      position the diaphragm 71 in the cavity 66, the cavity has an internal
      shoulder 74, which coacts with a cup-like closure member 75 to grip the
      peripheral edge of the diaphragm and position it in the cavity 66 adjacent
      to the valve seat 69 with the inlet and outlet ports being in the first
      chamber 72. The diaphragm 71 is preferably a molded member having a thick
      center portion 76 for engaging the valve seat 69 and a thinner peripheral
      edge which is provided with bleed orifices 77 to form means for bleeding
      water from the inlet port 65 of the first chamber 72 into the second
      chamber 73.
PAR  Operation of the diaphragm valve means 61 is controlled by control means 46
      which controls the pressure in the second chamber 73. The cup-like member
      75 is provided with an orifice 80 which is in communication with a small
      tube or conduit 82. The small tube or conduit 82 is in fluid communication
      with passageway 53 of the conduit or hose 51 which in turn is in fluid
      communication with the conduit 48 which is in the cabinet of the
      dishwasher 11. As best illustrated in FIG. 4, the control means 46,
      comprises a housing 83 containing a valve seat 84 which coacts with a
      valve member either integrally formed on an armature 85 or attached
      thereto. Biasing means such as a spring 86 biases the armature and valve
      member into sealing engagement with the valve seat 84. A coil 87 which is
      connected to an electrical source and controlled by the control mechanism
      or timer 27 is arranged to surround the housing 83. The coil 87 and the
      armature 85 form a pilot valve which controls flow from the chamber 73
      through the fluid line formed by the conduits 48 and 47 for discharge
      through the inlet opening 42 into the washing chamber 15. The diaphragm
      valve means 61 is responsive to a control signal from the control means 46
      to allow a flow of water from the cavity 66 through the inlet conduit
      formed by the passageway 52.
PAR  With the coil 87 de-energized, the armature closes the pilot valve of the
      control means 47 to prevent bleeding of pressure from the chamber 73. Due
      to the bleed means such as the orifices 77, pressure in the chambers 72
      and 73 are equal and the thick portion of the diaphragm 71 engages the
      seat 69 to close the outlet port and prevent fluid flow into the inlet
      conduit formed by the passageway 52. With the diaphragm seated on the
      valve seat 69, the area acted on by the pressure in the second chamber 73
      is greater than the pressure in the chamber 72 and firmly seats the thick
      portion 76 of the diaphragm valve means 61 on the seat 69 to close the
      outlet port.
PAR  When the timer 27 energizes the coil 87 of the control means 46, the fluid
      pressure in the second chamber 73 bleeds through the bleed tube circuit
      and is substantially reduced so that the pressure in the first chamber 72
      creates a pressure differential to deflect or bend the diaphragm 71 away
      from the seat 69 (FIG. 5) to allow fluid flow through the outlet port 78
      into the passageway 52 for subsequent introduction into the washing
      chamber 15. When the coil 87 is de-energized, the control means closes the
      bleed circuit and the pressure in the second chamber 73 increases and
      becomes equal to the pressure in the first chamber 72. Because the area
      exposed to the pressure is greater on the diaphragm side facing chamber
      73, the forces acting on the diaphragm are greater on that side and the
      diaphragm will return to a position seated on the valve seat 69 (FIG. 3)
      to prevent further flow through the outlet port 78. As menioned above, the
      diaphragm when deflected to the open position (FIG. 5) is elastically
      deformed and has an internal resilience which aids in returning the
      diaphragm to the closed position such as illustrated in FIG. 3.
PAR  As mentioned above, the coupler 50 has a pair of outer shell pieces 56
      which are held together by bolts 57. Each of the pieces are provided with
      internal ribs of a configuration to properly locate the inner housing 58
      and grip the ends of the hoses forming the discharge conduit, the control
      conduit and the inlet conduit as the bolts 57 clamp the pieces 56
      together.
PAR  In the water inlet system 10, the water pressure of the faucet 44 is
      contained in the cavity 66 and small tube 82 by the diaphragm valve means
      61. Thus, water under pressure is limited to the cavity 66 and the device
      or system 10 does not require the vent valves of the prior art nor does it
      require an inlet hose capable of withstanding water line pressure. Since
      the control means or pilot valve 46 is disposed within the cabinet 12, the
      coupler 50 can be provided with a size and shape which enables it to be
      easily stored in an appropriate opening or recess 90 in a back wall 91
      (FIG. 2) of the cabinet 12.
PAR  Althrough various minor modifications might be suggested by those versed in
      the art, it should be understood that we wish to include within the scope
      of the patent granted hereon all such modifications as reasonably and
      properly come within the scope of our contribution to the art.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An appliance having a cabinet containing a washing chamber, and a water
      inlet system for connecting the washing chamber to a source of water which
      is located outside of the cabinet, the water inlet system comprising:
PA1  a coupler having seal means for sealingly connecting the coupler to the
      source of water;
PA1  an inlet conduit fluidly connecting the coupler to said washing chamber;
PA1  a diaphragm valve means within the coupler for controlling the flow of
      water from said source through the inlet conduit;
PA1  a bleed tube line forming a separate passageway fluidly connecting the
      diaphragm valve means to the washing chamber; and
PA1  a control means in said bleed tube line, said control means being housed
      within the cabinet and selectively operable to control flow in the bleed
      tube line to control operation of said diaphragm valve means.
NUM  2.
PAR  2. An appliance according to claim 1, wherein said diaphragm valve means
      includes a cavity having a diaphragm disposed thereacross to form a first
      chamber and a second chamber, said first chamber having an inlet port in
      communication with the source of water and an outlet port in communication
      with the inlet conduit, said outlet port being formed by a valve seat and
      coacting with said diaphragm for controlling fluid flow therethrough, and
      means for bleeding water from the source of water into the second chamber
      to urge the diaphragm onto said valve seat, and wherein said bleed tube
      line is connected to said second chamber for selectively bleeding said
      second chamber in response to actuation of the control means in said line.
NUM  3.
PAR  3. An appliance according to claim 2, wherein the means for bleeding water
      to the second chamber comprises an orifice in the diaphragm.
NUM  4.
PAR  4. An appliance according to claim 2, wherein the means for sealingly
      connecting the coupler to the source of water comprises a fitting attached
      to the source of water and means for selectively gripping the fitting so
      that the coupler can be quickly disconnected from the source as desired.
NUM  5.
PAR  5. An appliance according to claim 4, which further includes a discharge
      conduit from the appliance, and wherein the coupler includes means for
      gripping an end of the discharge conduit.
NUM  6.
PAR  6. An appliance according to claim 2, wherein the control means comprises a
      valve member attached to an armature, means biasing the valve member
      against another valve seat, and a coil being energizable to move the
      armature and valve member against the biasing means to open the valve
      seat.
NUM  7.
PAR  7. A water inlet device for an appliance having a cabinet containing a
      washing chamber, said inlet device comprising:
PA1  an outer housing having a cavity with an inlet port and an outlet port;
PA1  means disposed in said housing for sealingly connecting the inlet port to a
      source of water under pressure which source is located outside of the
      cabinet;
PA1  an inlet conduit fluidly connecting the outlet port of the cavity to the
      washing chamber;
PA1  diaphragm valve means disposed in said cavity for controlling the flow of
      water through said outlet port;
PA1  a control conduit forming a separate passageway fluidly connected to the
      diaphragm valve means and extending to the washing chamber in the cabinet
      of the appliance; and
PA1  control means disposed in the cabinet and connected to said control conduit
      for selectively controlling fluid flow therein to control the operation of
      the diaphragm valve means so that the diaphragm valve means selectively
      opens and closes the outlet port in response to a control signal
      transmitted by the fluid flow in the control conduit.
NUM  8.
PAR  8. A water inlet device according to claim 7, wherein the diaphragm valve
      means comprises a valve seat formed on said outlet port, a diaphragm
      disposed across said cavity to form a first and second chamber with said
      inlet and outlet ports being disposed in said first chamber, and means for
      bleeding water under pressure from said inlet port to the second chamber;
      wherein said control conduit is connected to said second chamber for
      bleeding water therefrom; and wherein said control means comprises a pilot
      valve for selectively venting the control conduit to the washing chamber
      to selectively bleed water from the second chamber.
NUM  9.
PAR  9. A water inlet device according to claim 8, wherein the means for
      bleeding water under pressure comprises an orifice in the diaphragm so
      that when the pilot valve bleeds the control conduit to the washing
      chamber, the pressure in the first and second chambers creates a pressure
      differential on the diaphragm to unseat the diaphragm from the valve seat
      to allow water to flow around the valve seat and through the outlet port
      into the washing chamber.
NUM  10.
PAR  10. A water inlet device according to claim 9, wherein the pilot valve
      comprises a valve member attached to an armature disposed in a coil, means
      biasing the armature against a valve seat to prevent flow through the
      control conduit so that when the coil is energized, the armature moves
      against the biasing means to unseat the valve member to allow the pressure
      acting in the second chamber to bleed through the control conduit to
      enable water to flow through the outlet port into the inlet conduit.
NUM  11.
PAR  11. A water inlet device according to claim 8, wherein the said housing
      includes means forming a discharge port and said device includes a
      discharge conduit extending from the appliance to the means forming the
      discharge port.
NUM  12.
PAR  12. A water inlet device according to claim 11, wherein the means for
      sealingly connecting the inlet port to a source of water comprises a
      fitting attached to the source of water under pressure and means for
      sealingly connecting the housing to said fitting so that the housing may
      be selectively connected and disconnected to the source of water.
NUM  13.
PAR  13. A water inlet device according to claim 11, wherein the discharge
      conduit, control conduit, and inlet conduit are formed as an integral
      tubing having three separate passageways extending therealong.
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ABST
PAL  A swimming pool system including an inlet conduit around the walls of the
      pool having spaced apart outlet openings directing fountains of water
      upwardly and inwardly for cooling in the night air and for providing a
      decorative fountain affect around the periphery of the pool. The inlet
      conduit is comprised of a plurality of sections each of which is connected
      to a control flow valve having a continuously rotatable valve element. The
      valve element is cylindrical and hollow and includes a series of
      peripheral rows of openings registerable with the inlet conduit sections.
      Each of the successive openings in the rows are different in shape and
      size to provide a continuously varying pattern of fountain activity. A
      reciprocal power means may be provided for reciprocating the cylindrical
      valve element such that different peripheral rows of openings register
      alternately with the sections of inlet conduit to further vary the pattern
      of fountain activity. A vane structure may be provided on the inlet end of
      the cylindrical valve element to cause the inlet water pressure to
      continuously rotate the valve element.
PARN
PAR  This is a division of application Ser. No. 316,259, filed Dec. 18, 1972,
      and a continuation-in-part application of application Ser. No. 1438, filed
      Jan. 8, 1970.
BSUM
PAR  The common conventional residential type pool involves a water system
      wherein the drain for the pool is provided in the bottom thereof and the
      connecting pipe to the drain extending to the pump is buried in the ground
      and in the concrete of the pool if the pool is formed from concrete. Also
      the inlet water pipes for the pool are buried in the concrete or the
      ground as are all pipes connecting the pool to the remotely located filter
      and pump units. It is seldom that the pool walls whether formed of metal
      or concrete leak but it is not uncommon for leaks to occur in the pipes
      and conduits. These leaks are almost impossible to locate without digging
      up all of the conduits and pipes to examine them. Thus it is apparent that
      the complexity of installation of the ordinary type pool is greatly
      complicated by the necessity of burying the water inlet and outlet pipes
      and the maintenance problem is particularly aggravated by having to
      completely tear up the entire pool to get to the buried pipes for
      inspection and repair if necessary. The accessbility problem with regard
      to the filter system and pump unit is similar on most pools and thus
      represents a considerable problem.
PAR  The circulation system for the water in the pool if this invention involves
      locating all the circulating pipes and conduits in positions readily
      accessible for inspection and maintenance if required. The inlet conduit
      extending from a system chamber formed by one of the pool walls is
      actually in the pool and extends along the pool walls at about the normal
      water level. A plurality of outlet openings are provided to evenly
      distribute water throughout the pool. The inlet conduit is spaced a
      predetermined distance from the pool wall to provide a finger hold or hand
      rail around the pool. The spacing of the inlet conduit should preferably
      be insufficient for a person's fingers to extend completely between the
      pool wall and the back side of the inlet conduit. A series of eye bolt
      fasteners which receive and hold the inlet conduit extend through the pool
      wall and are anchored in poured concrete if desired. The lengths of inlet
      conduit are interconnected by appropriate couplings and are of an
      appropriate diameter to give the desired water flow at given points around
      the pool. Additionally, the lengths of inlet conduit may be rotated to
      direct the jet of water either downwardly into the pool usually for
      daytime operation or upwardly to provide cooling of the water during the
      cool nights and to provide a plurality of fountains around the periphery
      of the pool upon which colored lights may be appropriately directed.
PAR  It is seen that when the water jets are directed downwardly wave motions
      will be caused in the water to agitate the sediment on the bottom of the
      pool to cause it to rise and be removed by the skimmers. Additionally, it
      may be desirable to place lengths of hoses at various points around the
      periphery which will extend to the bottom of the pool and move about on
      the bottom for agitating the collected sediment. The flow of the water
      through the inlet pipe may be caused to pulsate and be sequentially
      operated as desired by the appropriate use of commercially available
      valves and controls.
PAR  The outlet pipe for the pool comprises a pipe located inside the pool and
      extending directly into the system chamber for communication with the
      remotely located pump system. If skimmer units are used they would be
      interconnected by a pipe freely disposed directly below the coping near
      the pool's edge and this pipe would then extend back to the system
      chamber. The remotely located pump required by most city ordinances is in
      communication with the inlet conduit, the outlet pipe and the skimming
      pipe through pipes located in a passageway directly below the removable
      coping material. The filtering unit is in the system chamber and thus is
      directly accessible by removal of the coping material covering it.
PAR  Additionally a lighting unit may be located in the system chamber and thus
      also be directly accessible for inspection and repair when required. It is
      thus seen that there are no underground or buried pipes or conduits and
      all of the regulation system can be quickly assembled and inspected after
      the pool is put in place to find leaks if any should occur. It is never
      necessary to tear up the ground or pool structure to work on the
      circulation system. All that is necessary is to remove coping material or
      the like covering the pool's edge.
PAR  The pattern of fountain activity for the various inlet conduit sections can
      be continuously varied by a variable pattern control flow valve being
      placed between the water inlet source and the sections of inlet conduit.
      This control valve can include a cylindrical valve element having
      peripheral rows of openings of different sizes and shapes registerable
      with the outlet conduit sections. The size and shape of the openings and
      the size of the conduit sections in registration therewith are coordinated
      to give the desired fountain pattern. The inlet side of the valve element
      may be provided with vanes for causing the inlet water pressure to drive
      the cylindrical drive element or in the alternative a separate power means
      may be provided for continuously rotating the valve element. Further, a
      reciprocal unit may be connected to the valve element for continuously
      reciprocating the valve element longitudinally to cause the rows of
      openings to alternately register with the different outlet conduit
      sections to further vary the fountain activity.
DRWD
PAR  These and other features and advantages of this invention will become
      readily apparent to those skilled in the art upon reference to the
      following description when taken into consideration with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a plan view of the pool system of this invention;
PAR  FIG. 2 is a fragmentary top plan view of the system chamber including the
      filter unit and light unit showing the pipes and conduits all being in
      communication with this chamber;
PAR  FIG. 3 is a fragmentary cross-sectional view taken along line 3 -- 3 in
      FIG. 2;
PAR  FIG. 4 is a cross-sectional view taken along line 4 -- 4 in FIG. 1.
PAR  FIG. 5 is a top plan view of a swimming pool including six inlet conduit
      sections connected to a variable pattern control flow valve for producing
      a variety of fountains around the periphery of the pool.
PAR  FIG. 6 is a cross-sectional view taken along line 6 -- 6 in FIG. 5; and
PAR  FIG. 7 is a fragmentary cross-sectional view of the control valve.
DETD
PAR  The water circulation system of this invention is shown in FIG. 1 on a pool
      10 having side and end walls 12 and 14. The walls form a pool chamber 16
      filled with water 18.
PAR  A pair of water inlet conduits 20 comprised of a number of segments
      interconnected by appropriate couplings 19 extend into the pool and in
      opposite directions along the adjacent pool end walls 14 and thence along
      the side walls 12 terminating at steps 24 in the opposite end wall 14.
      Outlet jet openings 26 are provided along the length of the inlet conduits
      20 to evenly distribute water into the pool around its perimeter. The size
      of the outlet openings may be varied to give the desired uniform
      distribution of water throughout the pool area. The angle of the openings
      in the inlet conduits 20 may also be selectively varied to direct the
      stream of water 28 at the desired angle into the pool.
PAR  It is seen that a space 30 is provided between the inlet conduit 20 and the
      pool side walls 14 and 12 through use of eye bolts 32 having a spacer
      shoulder 34 and a nut 39 on the inside of the walls. It is also seen that
      concrete 37 may be poured on the bolts on the inside of the walls to
      permanently maintain them in place and to give further rigidity to the
      connection of the eye bolts to the walls.
PAR  Further adjustment of the inlet conduits may be accomplished by simply
      rotating the conduits in the eye bolts such that the desired jet
      projectory is provided from a normal daytime position of the water being
      directed downwardly into the pool as seen by the solid lines in FIG. 3 or
      upwardly as a fountain as indicated by the dash lines in FIG. 3. When the
      water is being directed upwardly as a fountain the water is cooled by
      exposure to the cool night air but also provides a very pleasing
      appearance which can be considerably enhanced by the addition of colored
      lights directed on the jets of water projecting upwardly around the
      periphery of the pool.
PAR  The cleaning of the bottom of the pool is further enchanced by the use of
      lengths of hose 31 connected to spigots 33 appropriately spaced around the
      length of the inlet pipe 12. The length of hose would have a tail on the
      bottom of the pool of between 2 and 6 feet in length to agitate the dirt
      and sediment particularly at nighttime.
PAR  The circulation of the water by the plurality of inlet jets 28 spaced six
      to twelve inches apart as compared to ten feet on conventional pools
      greatly increases the sanitation of the water by its being changed more
      frequently. As is also been in FIG. 3 the sediment 35 on the bottom of the
      pool is caused to rise to be removed by the skimmers.
PAR  It is seen that the space 30 is just sufficient to allow only the finger
      tips of a person to grasp the inlet conduit pipe 20 and thus allow the
      pipe to be used as a hand rail but not allow the swimmer to extend his
      hand fully around the pipe. Thus injury to a person's hand is avoided as
      well as possible damage to the pipe and its securing fastener means while
      still giving the swimmer safety in having a hand rail all along the pool's
      perimeter.
PAR  The inlet pipes 20 are in communication with a conventional filtering unit
      38 positioned in the system chamber 22. The filter 38 is fed by a pipe 40
      extending directly under coping 42 to the pump 44 located remotely of the
      system chamber 22 as required by the most city ordinances.
PAR  It is further seen that the water is removed from the pool through an
      outlet conduit 46 extending directly out of the system chamber 22 and
      downwardly adjacent the deep end side wall 14 as seen in FIG. 3. It is
      apparent that the outlet pipe 46 is fully exposed inside the pool 16 and
      will draw water from the pool just as a drain located in the bottom of the
      pool with pipes extending under ground to a remotely located pump. As seen
      in the drawings, the outlet pipe 46 extends through the end wall 14 and
      through the system chamber 22 thence upwardly and outwardly to the pump 44
      adjacent the pipe 40 feeding the filter unit 38.
PAR  A series of skimmer units 48 are positioned in the side walls of the pool
      around the perimeter thereof and are interconnected by a pipe 50 which
      also extends freely and independently of the pool along and below the
      coping 36. The pipe forms a T as seen in FIG. 2 with the wing portions 50
      extending in opposite directions around the perimeter of the pool and the
      leg 52 extending to the pump 44.
PAR  In addition to the water circulation system which is easily installed and
      easily maintained when service work is required the pool is provided with
      a pool light 60 positioned in the system chamber 22 and mounted in the end
      wall 14 as seen in FIG. 2 and thus is fully exposed for maintenance work
      if ever required.
PAR  The inlet conduit 20 sections may be made of high strength plastic material
      which is readily shaped to follow the contour of the pool walls 12 and 14.
      The outlet set openings 26 are preferably constructed to provide high
      pressure water streams 28 which will tend to move the surface water and
      allow it to be skimmed by the skimmers 48 automatically as well as agitate
      the sediment on the bottom of the pool a seal may be provided on the eye
      bolts 32 of a Neopreme or like material to provide sealing between the
      walls 12 and 14 and the eye bolts for the pipe 20.
PAR  As seen in FIG. 4 the coping 36 extends completely around the pool and over
      the space 60 provided for the skimmer outlet pipes 50. Thus in operation
      it is seen that the pump 44 will draw water in from the deep end
      interiorly located outlet pipe 46 as well as from the skimmers 48 through
      the skimmer pipes 50 whereupon the water will be pumped back through the
      pipe 40 to the filter 38 and the water under pressure will enter the inlet
      pipes 20 to be uniformly distributed around the pool as seen in FIG. 1.
      The deep end outlet pipe 46 as seen in FIG. 3 will draw the water from the
      bottom of the pool and tend to help clean the bottom of the pool since the
      lower end of the pipe is closely positioned to the bottom surface. At the
      same time the inlet streams 28 from the inlet pipes 20 will agitate the
      surface water to cause it to skim the debris thereon into the shimmers 48
      as seen in FIG. 4 whereupon the water will be drawn away through the
      skimmer outlet pipe 50.
PAR  Again it is stressed that the water circulation system may be easily
      installed in building a pool and may be prefabricated in its entirety.
      Equally as important is that all of the water circulation conduits and
      pipes are readily accessible to be inspected for leaks or the like. The
      safety of the pool is substantially increased through the use of the
      circulation system of this invention due to its providing a finger-type
      rail around the periphery of the pool at the approximate water level of
      the pool and thus the swimmer has something to grab hold of close at hand
      at all times but yet the finger hold pipe will not cause injury to the
      swimmer's hand since it is carefully spaced a predetermined distance from
      the pool side walls to prevent the hands of the swimmers from being
      caught.
PAR  In FIGS. 5- 7 a variable pattern control flow valve 70 is positioned in the
      water source line 72 and includes six inlet conduit sections 74 connected
      to inlet conduit sections 76 on the walls of a cloverleaf-shaped pool 10A.
      The inlet conduit section 76 serve one-half of a pool wall defining each
      leaf. A plurality of spaced apart openings 26A are provided in the inlet
      conduit sections 76 from which jet streams of water flow to provide
      fountains of different patterns around the periphery of the pool as seen
      in FIG. 5.
PAR  The control valve 70 includes a cylindrical valve element 80 having
      longitudinally spaced apart peripherally arranged rows of openings 82 of
      different areas and configurations. The openings 84 are positioned to
      register with the inlet conduit sections 74. The cylindrical valve element
      80 is hollow on its interior and on the side towards the water source
      includes a vaned prop 86 which upon reacting with the inlet water pressure
      continuously turns the valve element 80 thereby continuously varying the
      fountains of water for each of the inlet conduit sections 76.
PAR  Also shown in FIG. 7 is a motor 90 connected through a reciprocal drive
      unit 92 to the valve element 80 by a shaft 94. Shaft 94 extends through a
      bearing 96 in a valve end wall 98. The unit 92 provides longitudinal
      reciprocal movement of the shaft 94 in turn moving the valve element 80
      such that the rows of openings 82 alternately register with different
      inlet conduit sections 74 to further provide varying fountain patterns
      within the pool 10A. The motor 90 is supported by a plurality of bolts 100
      connecting a motor base 102 to the end wall 98 of the valve 70. The
      housing or sleeve 104 to which the inlet conduit section 74 is connected
      may be as long and as large in diameter as necessary to accommodate the
      enclosed cylindrical valve element 80. It is further understood that the
      speed of rotation can be varied accordingly. The size of the cross
      sectional shape of the inlet conduit section 74 will be coordinated with
      the size and shape of the openings 84 to give the desired fountain affect.
      Furthermore, the length of the openings 84 along the periphery of the
      valve element 80 will determine the duration of the fountain pattern from
      each inlet conduit section 76 while the width will affect the quantity of
      water flowing with a long and wide opening supplying a large amount of
      water over a long period of time at the inlet conduit section 72 openings
      26A. It is understood that with an appropriate selection of lighting in
      combination with the continuously varying fountain patterns around the
      periphery of a pool, a panoramic display of colored water activity will
      result.
PAR  Each of the inlet conduit sections 74 include their own valves 110 for
      individually controlling water to the pool 10A.
PAR  It is further seen that a longitudinal row of openings in FIG. 7 provides a
      different opening for each inlet conduit section 74 thereby providing a
      different fountain activity along each inlet conduit section 76 in the
      pool whether or not the valve element 80 is rotating or not. This pattern
      of activity will be static by comparison to the fountain activity
      presented when the valve element 80 is being rotated by either the vaned
      prop 86 or the motor 90. Additional interest may be generated by use of a
      reciprocating coupling unit 92 which will vary further the fountain
      pattern for each of the inlet conduit sections 76.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control flow valve assembly comprising,
PA1  a housing having an inlet opening and a plurality of outlet openings,
PA1  a hollow cylindrical valve element in said housing and said inlet opening
      being in communication with the interior of said hollow cylindrical valve
      element, said valve element being completely open along its entire axial
      length,
PA1  means for continuously rotating said valve element,
PA1  a plurality axially spaced apart rows of peripheral openings in said valve
      element and a row of openings being successively registrable with each of
      said outlet openings,
PA1  reciprocal power means being provided for moving said valve element
      longitudinally such that each outlet opening is
PA1  alternately aligned with different rows of openings,
PA1  said openings in adjacent rows being successively different in shape and
      size to provide different flow patterns, and
PA1  said means for continuously rotating said valve element comprising a vane
      means being provided at the inlet end of said valve element and connected
      directly thereto to react with an inlet pressure source to turn said valve
      element and vane as a unit about a common longitudinal axis.
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ABST
PAL  In a control valve assembly operation of inlet and exhaust valves is
      controlled by a valve-operating assembly which is common to both valves
      and which is responsive to movement of a piston, and a reversing mechanism
      incorporated in the valve-operating assembly is constructed and arranged
      to effect positive movement of a valve in a direction opposite to that in
      which the piston is being moved axially.
BSUM
PAR  This invention relates to a new or improved fluid control valve assembly of
      the kind in which communication between an inlet port in a housing for
      connection to a source of fluid under pressure and an outlet port is
      controlled by an inlet valve which is opened when a positively actuated
      piston is advanced in a bore in the housing and, in a normal retracted
      position, the inlet valve is closed and the outlet port is in
      communication with an exhaust port for connection to a reservoir for fluid
      through a normally open exhaust valve which, when the piston is advanced
      in the bore, closes before the inlet valve is opened.
PAR  In a control valve assembly of the kind set forth in order to ensure
      sensitivity of operation of the inlet valve in response to operation of
      the piston it is desirable for the assembly to be operable in response to
      light loads applied to the piston. Hitherto this has been achieved by
      arranging for the inlet valve to be spring urged into the closed position
      by means of a spring acting in opposition to fluid pressure. In such a
      known arrangement the inlet valve and the exhaust valve are either
      arranged in parallel or are opposed in an axially spaced configuration,
      preferably co-axial. When the valves are arranged in parallel they have to
      be located in the housing itself. When the valves are opposed in an
      axially spaced configuration, they have to be sealed from each other to
      balance fluid pressure. This creates additional friction which, in turn,
      decreases the sensitivity of operation of the assembly. Furthermore, in
      known constructions in which the valves are opposed in an axially spaced
      configuration, movement in an axial direction of an valve-operating
      assembly common to both valves is capable only of positively opening or
      closing one valve, the valve-operating member being adapted to unseat a
      valve member for engagement with a seating of the other valve.
PAR  According to our invention, in a fluid control valve assembly of the kind
      set forth the valves are operable in response to axial movement of the
      piston by means of a valve-operating assembly which is common to both
      valves and which incorporates a reversing mechanism constructed and
      arranged to effect positive movement of a valve in a direction opposite to
      that in which the piston is being moved axially.
PAR  Conveniently the inlet valve comprises a seating with which one end of the
      valve-operating assembly defining an inlet valve member engages directly
      when the inlet valve is in the closed position and, when the piston is
      advanced in the bore, that is to say towards that seating, resilient
      biassing means embodied in the reversing mechanism causes the inlet valve
      member to move away from the seating, that is to say relatively towards
      the piston.
PAR  The valve-operating assembly comprises oppositely arranged inlet and outlet
      valve members for engagement with axially spaced inlet and exhaust
      seatings, and an enlarged head on one of the valve members is slidably
      received within a cup-shaped sleeve of which the free end of the skirt
      engages with an annulus in the region of the peripheral edge of a block of
      resilient material interposed between the enlarged head and the seating
      with which the said one valve member is adapted to engage so that a
      portion of the block inwardly of the annulus is expanded when a
      compressive force is applied to the annulus by the skirt in response to a
      force applied to the closed end of the sleeve remote from the other valve
      member.
PAR  Preferably the block is interposed between a head of the inlet valve member
      and the seating of the inlet valve, and means are incorporated for
      preventing deformation of the block until after the exhaust valve has
      closed.
PAR  The inlet valve is normally urged into a closed position by means of a
      compression spring. Conveniently the compression spring also acts as a
      return spring to urge the piston into a retracted position.
DRWD
PAR  Two embodiments of our invention are illustrated in the accompanying
      drawings in which:
PAR  FIG. 1 is a longitudinal section through an hydraulic control valve
      assembly for an hydraulic braking system; and
PAR  FIG. 2 is a longitudinal section similar to FIG. 1 but showing some
      modifications.
DETD
PAR  In the hydraulic control valve assembly illustrated in the drawings a
      housing 1 is provided with an open ended longitudinally extending stepped
      bore 2 including portions 3 and 4 of smaller and greater diameter. A
      piston 5 working in the portion of the bore 3 which is of smaller diameter
      includes a forward extension 6 which is of reduced diameter and which
      projects into the bore portion 4.
PAR  A sleeve 7 of an external diameter less than that of the bore portion 4 is
      clamped against a shoulder 8 at a step in the change in diameter between
      the bore portions 3 and 4 by means of a plug 9 which is screwed into the
      outer end of the bore portion 4. The plug includes a forward extension 10
      of reduced diameter which is received within the sleeve 7.
PAR  The piston 5 and the plug 9 are formed with co-axial bores 11 and 12
      respectively. The bore 11 is counterbored at opposite ends to define
      enlarged portions 13 and 14 of which the bore portion 13 terminates at the
      free end of the forward extension 6 and the end of the bore portion 14
      remote from the bore 11 leads into a radial port 15 communicating at all
      times with a radial passage 16 in the housing for connection to a
      reservoir for hydraulic fluid. Similarly, the bore 12 is counterbored at
      opposite ends to define bore portions 17 and 18 of which the end of the
      bore portion 17 remote from the bore 12 is enlarged to define a union 19
      for connection to a source of high pressure hydraulic fluid, for example
      an hydraulic accumulator or pump, and the bore portion 18 adjacent to the
      bore 12 communicates at all times through complementary radial ports 20
      and 21 in the extension 10 and the sleeve 7 respectively with a radial
      passage 22 in the housing 1 for connection to a wheel brake.
PAR  In accordance with the present invention a valve-operating assembly 23 is
      located within the sleeve 7. The valve-operating assembly comprises an
      inlet valve member 24 which is slidably guided in the bore portion 18 and
      includes a pointed end 25 for engagement with an inlet valve seating 26 at
      the change in diameter between the bore 12 and the bore portion 18. The
      opposite end of the inlet valve member 24 carries an enlarged head 27
      which is received within a cup-shaped sleeve 28 slidably guided within the
      sleeve 7. The inlet valve member 24 extends through a central opening in a
      block 29 of rubber or other suitable resilient material clamped between
      the free end of the forward extension 10 and the head 27 at the free end
      of the sleeve 28. The closed end wall 30 of the sleeve 28 forms an
      abutment for an enlarged head 31 at the inner end of an exhaust valve
      member 32 which is guided to slide in the bore portion 13 and of which its
      opposite end is pointed at 33 for engagement with an exhaust valve seating
      34 at the change in diameter between the bore 11 and the bore portion 13.
      When the pointed end 33 is spaced from the valve seating 34 the radial
      outlet passage 22 is in communication with the radial exhaust passage 13
      through radial ports 35 in the extension 6, radial ports 37 at a
      corresponding end of the sleeve 7, and an annular passage 38 is defined by
      the space between the sleeve 7 and the bore portion 4 of greater diameter.
      A compression spring 39 acts between the inner end of the piston 5 and an
      annular abutment member 40 normally to hold the pointed end 33 away from
      the seating 34. The abutment member 40 is provided in its face adjacent to
      the sleeve 28 with a counter-bored recess 41 in which is received the head
      31 of the exhaust valve member 32. The annular abutment member 40 includes
      an axially extending eccentrically arranged projection 42 which extends
      through an opening 43 in the end wall 30 of the sleeve 28 and engages at
      its inner end with the head 27 of the inlet valve member 24 so that the
      force in the compression spring 39 is transmitted through the abutment
      member 40 to the valve member 24 normally to hold the pointed end 25 in
      engagement with the valve seating 26 thereby cutting off communication
      between the source of high pressure fluid and the radial outlet passage
      22.
PAR  In the normal inoperative position illustrated in the drawings the
      compression spring 39 is operative to urge the piston 5 into a retracted
      position in which the engagement between the head 31 of the exhaust valve
      member 32 in the counterbored recess 41 in the abutment member 40 is
      operative to hold the exhaust valve member 32 away from the seating 34.
      Similarly, as described above, the inlet valve member 24 is urged into
      engagement with the seating 26 by the compression spring 39.
PAR  When the piston 5 is advanced in the bore initial movement of the piston
      compresses the spring 39 and the force with which the inlet valve member
      24 is urged into engagement with the seating 26 is increased. This
      continues until the seating 34 engages with the pointed end 33 of the
      valve member 32 to isolate the radial exhaust passage 16 from the space
      between the inner end of the pistonn 5 and the plug 9 and the outlet
      passage 22. Thereafter, further movement of the piston 5 in the same
      direction is transmited to the sleeve 28 through the exhaust valve member
      32 which acts as a thrust member or strut. This in turn urges the sleeve
      28 forwardly to compress an annular region of the resilient block 29
      terminating at its peripheral edge with the result that the central region
      of the block 29 is expanded and acts on the enlarged head 27 to urge the
      pointed end 25 positively away from the seating 26. Fluid under pressure
      from the pressure source is then supplied to the brakes through the outlet
      passage 22. The high pressure fluid also acts on the inner end of the
      piston 5 and, when a force applied to the inner end of the piston 5 and
      equal to the pressure acting over the area, is equal to the operating
      force applied to the piston, the valve operating assembly 23 and the
      piston 5 move together in a opposite direction thereby allowing the
      resilient block 29 to return to its free unstressed condition in which the
      inlet valve member 24 again engages with the seating 26 to cut-off
      communication between the high pressure source and the radial outlet
      passage 22.
PAR  When the operating force applied to the piston 5 is relieved, the
      compression spring 39 acts as a return spring to urge the piston 5 into an
      inoperative position, moving the seating 34 away from the exhaust valve
      member 33 whereby the pressure applied to the brakes is exhausted to
      reservoir.
PAR  In the embodiment of FIG. 2 the annular abutment member 40 is omitted and a
      compression spring 43 acts between the head 27 and the end wall 30 of the
      sleeve 28. The end of the compression spring 39 remote from the piston 5
      abuts against a fixed abutment plate 44 clamped between the shoulder 8 and
      the inner end of the sleeve 7.
PAR  In the inoperative position shown in the drawings the piston 5 is held in
      its inoperative position by the compression spring 39 and, in this
      position, the pointed end 33 of the valve member 32 is spaced from the
      seating 34. The compression spring 43 is operative to hold the pointed end
      25 of the valve member 24 in engagement with the seating 26 against the
      pressure of hydraulic fluid in the high pressure source.
PAR  When the piston is advanced in the bore, initially the compression spring
      39 is compressed until the seating 34 engages with the pointed end 33 of
      the exhaust valve member 31. Further movement of the piston 5 in the same
      direction is transmitted through the exhaust valve member 32 to the sleeve
      28 which, as described above, is effective to compress an annular region
      of the resilient block 29 which expands the central portion to urge the
      inlet valve member 24 positively away from the seating 26 against the
      loading in the compression spring 43. This enabled hydraulic fluid under
      pressure to be supplied to the brakes and, when the force applied to the
      piston 5 and equal to the pressure of the hydraulic fluid acting over the
      area of the piston equals the applying load, the piston 5 moves towards
      its retracted position which enables the valve operating assembly 23 to
      move with it. Since the compressive force is removed from the resilient
      block 29, the inlet valve member 24 again engages with the seating 26 with
      the assistance of the compression spring 43.
PAR  The construction and operation of the embodiment of FIG. 2 is otherwise the
      same as that of FIG. 1 and corresponding reference numerals have been
      applied to corresponding parts.
PAR  The operating force may be applied to the piston 5 directly from the foot
      pedal or from a foot pedal through an intermediate member providing feel.
      In another construction the operating force may be applied to the piston 5
      from an hydraulic master cylinder, or from a fluid control valve assembly
      similar to that described in the foregoing embodiments.
PAR  In a modification the block 29 of rubber or other resilient material may be
      replaced by a spring washer or by an annular plate provided with
      circumferentially spaced and arranged resilient fingers extending radially
      from a continuous inner or outer annulus.
PAR  The fluid control valve assembly in accordance with the embodiments and
      modifications described above can be utilised in any application where it
      is desired to regulate hydraulic pressure in proportion to an input load.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid control valve assembly comprising a housing provided with a
      bore, an inlet port, an outlet port for communication with said inlet
      port, and an exhaust port for communication with said outlet port, a
      piston axially movable in said bore between an inoperative retracted
      position and an operative advanced position, an inlet valve for
      controlling communication between said inlet port and said outlet port, an
      exhaust valve for controlling communication between said outlet port and
      said exhaust port, and a valve-operating assembly common to both valves
      and having an operative connection with said piston to open said inlet
      valve while simultaneously closing said exhaust valve and vice versa as
      said piston is moved between its operative advanced position and its
      inoperative retracted position, said valve operating assembly including a
      reversing mechanism comprising a block of resiliently deformable material,
      means operative in response to movement of said piston in one direction to
      engage a portion of said block to compress said portion and simultaneously
      expand a portion not engaged by said means, and valve operating means
      connected to one of said valves and having a part engageable by the
      expanded portion of said block to effect positive movement of the one
      valve in a direction opposite so that in which said piston is moved
      axially, said piston, and said inlet and exhaust valves are being aligned
      axially.
NUM  2.
PAR  2. A valve assembly as claimed in claim 1 wherein said one valve is the
      inlet valve and includes a seating, one end of said valve operating means
      defining an inlet valve member for engagement directly with said seating
      to close said inlet valve.
NUM  3.
PAR  3. A fluid control valve assembly comprising a housing provided with a
      bore, an inlet port, an outlet port for communication with said inlet
      port, and an exhaust port for communication with said outlet port, a
      piston axially movable in said bore and movable between an inoperative
      retracted position and an operative advanced position, an inlet valve for
      controlling communication between said inlet port and said outlet port,
      said inlet valve being closed when said piston is in said inoperative
      retracted position and open when said piston is in said operative advanced
      position, an exhaust valve for controlling communication between said
      outlet port and said exhaust port, said exhaust valve being open when said
      piston is in said inoperative retracted position and closed when said
      piston is in said operative advanced position, a valve-operating assembly
      common to both valves and adapted to effect simultaneous operation of said
      valves in response to movement of said piston in said bore, and a
      reversing mechanism incorporated in said valve-operating assembly to
      effect positive movement of one of said valves in a direction opposite to
      that in which said piston is being moved axially, wherein spaced inlet and
      exhaust seatings surround said inlet and exhaust ports, and said valve
      operating assembly comprises oppositely arranged inlet and outlet valve
      members for engagement with said inlet and exhaust seatings, a cup-shaped
      sleeve having a skirt, an end wall closing one end of said skirt, an
      enlarged head on one of said valve members slidably received within said
      sleeve, a block of resilient meterial interposed between said enlarged
      head and said seating with which said one valve member is adapted to
      engage, and an engagement between the free end of said skirt remote from
      said end wall and an annulus in the region of the peripheral edge of said
      block so that a portion of said block inwardly of said annulus is expanded
      when a compressive force is applied to said annulus by said skirt in
      response to a force applied to said end wall, whereby the said one valve
      member is moved away from the said one seating.
NUM  4.
PAR  4. A valve assembly as claimed in claim 3, wherein said block is interposed
      between said head of said inlet valve member and said inlet seating, and
      means are incorporated for preventing deformation of said block until
      after said exhaust valve has closed.
NUM  5.
PAR  5. A valve assembly as claimed in claim 3, wherein the other seating is
      provided in said piston, and the other of said valve members is engagable
      with said other seating.
NUM  6.
PAR  6. A valve assembly as claimed in claim 5, incorporating an abutment plate,
      wherein the said other valve member extends through said abutment plate
      and acts on said end wall of said sleeve, a projection on the abutment
      plate engaging with said enlarged head of the said one valve member to
      transmit to said head a force from said piston until said enlarged head
      engages with said end wall of the sleeve.
NUM  7.
PAR  7. A valve assembly as claimed in claim 5, incorporating a fixed abutment
      in said housing for taking the force applied to said piston until said
      seating in said piston engages with the said other valve member.
NUM  8.
PAR  8. A valve assembly as claimed in claim 3 including compression spring
      means acting between said piston and said inlet valve for normally closing
      said inlet valve.
NUM  9.
PAR  9. A valve assembly as claimed in claim 8, wherein said compression spring
      acts as a return spring to urge said piston into a retracted position.
NUM  10.
PAR  10. A valve assembly as claimed in claim 3, wherein a compression spring is
      housed within said sleeve and acts between said enlarged head and the
      inner face of said end wall.
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ABST
PAL  A plumbing test fitting for a waste or vent stack extending between
      next-adjacent floors of a structure comprises a length of pipe having an
      opening in the side wall thereof. A shut-off valve couples a section of
      hose to the opening in the pipe. A pair of bands removably affix the
      length of pipe in a waste or vent stack of a structure in a manner whereby
      the free end of the hose extends into a closet fixture on the lower of the
      next-adjacent floors.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a plumbing test fitting. More
      particularly, the invention relates to a plumbing test fitting for a waste
      or vent stack extending between next-adjacent floors of a structure.
PAR  Every structure having at least one plumbing fixture must be tested by
      local authority before approval in almost every locality. The fixtures are
      inspected by a local or state plumbing inspector. The fixtures are usually
      tested by installing a test T or tee joint at each waste and vent stack.
      When all the openings are capped off, the plumber removes the threaded
      brass cap at the center opening of the test tee joint and installs a
      rubber balloon. The balloon has a valve at one end. The balloon is placed
      in the pipe and filled with air to approximately 40 lbs. pressure in most
      cases. The proper undertaking of this operation requires the efforts of
      two men.
PAR  The testing operation does not create much of a problem in a private
      dwelling house. However, when apartment houses and large buildings are
      tested, many different types of problems and accidents arise. The balloon
      method may be used to test only four or five floors at a time. This
      involves about 40 feet. Even at four or five floors, the water pressure
      results in about 20% breakage of the balloon. When the balloon breaks, the
      pipe must be refilled with water, with the resulting loss of time.
PAR  When the balloon system is used, some of the valves leak. In a short period
      of time, the balloon under pressure is forced down the pipe, causing the
      water to spill out of the opening of the test tee joint. This results in
      great expense to a plumbing contractor if he is responsible for finished
      work or for water-damaged material.
PAR  After a period of time, the balloons become weak and break easily. They are
      dangerous to remove from the pipe because they must be removed under
      pressure. The removal of the balloon often results in serious accidents
      and injury to the plumber.
PAR  Objects of the invention are to provide a plumbing test fitting of simple
      structure, which is inexpensive in manufacture, overcomes the
      disadvantages of the balloon testing method, permits the testing of as
      many floors as desired, is installed with facility, convenience and
      rapidity, prevents water damage and accidents to property and injury to
      plumbers, may be used indefinitely, results in considerable labor cost
      savings and functions efficiently, effectively and reliably to test
      plumbing fixtures in every type of structure.
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PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a partly cutaway, partly sectional view, of an embodiment of the
      plumbing test fitting of the invention;
PAR  FIG. 2 is a view of a test tee joint of known type; and
PAR  FIG. 3 is a view of a test joint of known type.
DETD
PAR  In the FIGS., the same components are identified by the same reference
      numerals.
PAR  As shown in FIG. 1, the plumbing test fitting of the invention is for a
      waste or vent stack 1 extending between next-adjacent floors such as, for
      example, a first floor 2 and a second floor 3, of a structure.
PAR  The test fitting 4 comprises a length of pipe 5 having an opening 6 in the
      side wall thereof. The length of pipe 5 is a T or tee joint having a bib
      7.
PAR  A plate 8 is affixed to the inside of the length of pipe 5 and extends
      across the pipe to block the cross-sectional area thereof beneath the bib
      7.
PAR  A shut-off valve 9 couples a hose 10 to the opening 6 in the pipe via the
      bib 7 of the tee joint.
PAR  A pair of bands 11 and 12 removably affix the length of pipe 5 in the waste
      or vent stack 1 in a manner whereby the free end 13 of the hose 10 extends
      into a closet fixture 14 on the lower, or first, floor 2.
PAR  The waste or vent stack 1 is maintained in position by a friction clamp 15
      therearound on the first floor 2 and a friction clamp 16 therearound on
      the second floor 3.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A plumbing test fitting for a waste or vent stack extending between
      next-adjacent floors of a structure, said test fitting comprising:
PA1  a length of pipe having an opening in the side wall thereof;
PA1  a section of hose;
PA1  a shut-off valve coupling the hose to the opening in the pipe;
PA1  a pair of bands for removably affixing the length of pipe in a waste or
      vent stack of a structure in a manner whereby the free end of the hose
      extends into a closet fixture on the lower of next-adjacent floors and a
      plate affixed to the inside of said length of pipe below said opening
      thereof and extending across the pipe to block the cross-sectional area
      thereof.
NUM  2.
PAR  2. A plumbing test fitting as claimed in claim 1, wherein the length of
      pipe is a T joint having a bib and the hose is coupled to the bib of the
      joint via the valve.
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ABST
PAL  Conduit means characterized by having a plurality of parallel adjacent,
      longitudinally extending passageways within an exterior wall and having
      longitudinally extending ribs extending longitudinally of and exterior to
      the exterior wall for high flexural strength and high strength enabling
      bearing high external loads. The passageways have at least a portion of
      their interior walls in common with adjacent passageways. Preferably, the
      conduit, including the ribs, are formed of a lightweight, extrudable
      plastic. Also disclosed are structural details, apparatus, and methods,
      including one for making any number of passageways in the conduit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to pipe; and, more particularly, it relates to
      conduit means having a plurality of longitudinally extending passageways.
PAR  2. Description of the Prior Art
PAR  Conduit means, or pipe, has been used for a wide variety of purposes. One
      fairly recent innovation that has increased with the advent of underground
      utilities has been the use of short sections of concrete pipe having a
      plurality of longitudinally extending passageways. The concrete sections
      had to be short, since they were so difficult to handle. They were heavy,
      frangible in the sense of being easily broken when dropped, expensive and
      inflexible; and were laboriously and expensively joined together because
      of the large number of joints required to join the short sections into
      long expanses. Moreover, each of the joints required hand application of
      an adhesive material to join the sections, further adding to the expense
      of the installation. Also, the concrete pipe sections were relatively
      costly to form.
PAR  Because of these disadvantages, there has been a more recent increased use
      of single passageway plastic pipe to replace the concrete because of the
      obvious advantage of its longer length, light weight and less costly pipes
      and its less expensive installation. When a plurality of longitudinally
      extending passageways were desired, the plastic pipes were assembled, or
      banded together to form bundles. Although advantageous, these bundles were
      costly to assemble and difficult to install; particularly when joining
      together longitudinally or making turns, as by elbows; commonly called
      sweeps.
PAR  An attempt has been made to reach a compromise by employing short sections
      of conduit having a plurality of passageways all having external walls and
      incorporating lateral structural supports, or ribs, to achieve strength
      for supporting the external loads. Such plastic conduit were formed by
      injection molding in short sections. While a large number of pieces of the
      conduit could be handled on a truck and were advantageous from this point
      of view, the short sections again necessitated a large number of joinings
      and joints to form the desired underground conduit.
PAR  Thus, it can be seen that the prior art has not provided pipe that has the
      following desirable features:
PAR  1. PIPE THAT CAN BE ECONOMICALLY AND CONTINUOUSLY EXTRUDED FOR ECONOMY;
PAR  2. PIPE THAT HAS THE STRENGTH AND ECONOMY OF MANUFACTURE SO AS TO BE
      EMPLOYED IN MORE ELONGATE SECTIONS AND REDUCE THE COST OF INSTALLATION;
      AND
PAR  3. EXTRUDABLE PLASTIC PIPE THAT NOT ONLY HAS THE DESIRED IMPERMEABILITY AND
      IMPERVIOUSNESS, RESISTS CORROSION OVER A LONG PERIOD OF TIME BUT ALSO HAS
      THE HIGH BURST AND EXTERNAL LOAD BEARING STRENGTH TO ENABLE DIRECT
      INSTALLATION IN SUBTERRANEAN LOCATIONS.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide lightweight
      plastic pipe that obviates the disadvantages of the prior art.
PAR  It is a specific object of this invention to provide lightweight plastic
      pipe that obviates the disadvantages of the prior art and provides all of
      the features delineated hereinbefore.
PAR  These and other objects will become apparent from the following descriptive
      matter, particularly when taken in conjunction with the appended drawings.
PAR  In accordance with this invention, the conduit, or plastic pipe, is
      provided by extruded plastic conduit (formed of an extrudable plastic)
      comprising interior walls defining parallel, co-extensive, longitudinally
      extending passageways; all surrounded by an exterior wall that has
      longitudinally extending ribs. The longitudinally extending ribs may be
      provided intermediate the outermost ends of the interior walls, aligned
      with the outermost ends of the interior walls, or both. The end result is
      a conduit that will bear 5,000 pounds per foot external loading readily
      and can be prepared to bear as much as 7,500 pounds per foot, which far
      exceeds the strength of normal plastic conduit. In fact, the strength is
      nearly as great as that of the more expensive cross ribbed plastic conduit
      and the heavy sections of concrete conduit.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of one embodiment of this invention.
PAR  FIG. 2 is a schematic side elevational view of preferred apparatus and
      method for manufacturing the embodiment of FIG. 1.
PAR  FIG. 3 is a cross sectional view of another embodiment of this invention.
PAR  FIG. 4 is a partial end view of the interior and exterior walls and the
      exterior ribs of FIG. 3.
PAR  FIG. 5 is a cross sectional view of another embodiment of this invention
      with circular passageways arranged in a circular configuration.
PAR  FIG. 6 is a cross sectional view of another embodiment of this invention
      with circular passageways arranged in a circular configuration.
PAR  FIG. 7 is a cross sectional view of still another embodiment of this
      invention with circular passageways arranged in a square configuration,
      with internal ribs.
PAR  FIG. 8 is a cross sectional view of another embodiment of this invention
      with circular passageways arranged in a square configuration, with both
      internal and external ribs.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the conduit 11 has a plurality of passageways 13
      extending longitudinally thereof. The passageways 13 are disposed adjacent
      each other and are defined by interior walls 15. Exterior walls 17
      surround the passageways 13 and the interior walls 15.
PAR  A plurality of longitudinally extending ribs 19 are connected with the
      exterior wall for increasing the external load bearing strength, flexural
      strength and the pressure resistance of the conduit 11, as explained in
      greater detail later hereinafter.
PAR  The passageways 13 have at least a portion of their interior walls 15, that
      are not formed by the exterior wall, in common with an adjacent
      passageway. As illustrated, the interior walls 15, the exterior walls 17
      and the longitudinally extending ribs 19 are integrally formed together
      and are formed of plastic for light weight and imperviousness to corrosion
      and corroding environments. The plastic end can be sealingly connected
      together, as described later hereinafter, for holding a positive, or
      superatmospheric pressure within the conduit 11, if necessary.
PAR  The plurality of passageways may comprise any desired number. If each of
      the passageways has an exterior wall, the conduit may be formed by
      conventional prior art methods, such as described in U.S. Pat. No.
      3,668,288. On the other hand, there may be nine or more passageways,
      including at least one internal passageway that does not have an exterior
      wall. Such conduit having a passageway defined totally by interior walls
      may be formed by injection molding; or by a continuous extrusion process
      such as described in my co-pending patent application Ser. No. 273,359;
      filed as a divisional application of an earlier filed application on July
      20, 1972; entitled "Method of Forming Multiple Passageway Plastic
      Conduit"; now U.S. Pat. No. 3,825,641; the details of which are
      incorporated by reference herein. As was noted therein, the passageways 13
      may be circular in cross sectional shape or defined by a plurality of
      substantially flat sides; such as, square shaped passageways, or the
      hexagonally shaped passageways. Moreover, the exterior wall 17 may have
      any suitable cross sectional shape, such as the square shape illustrated
      in FIG. 1, a rectangular shape where 12 or 14 passageways are employed, a
      rectangular or square shape modified by rounded corners in cross section,
      or a circular cross sectional shape, FIG. 5, described later hereinafter.
PAR  As illustrated in FIGS. 1 and 2, the longitudinally extending ribs are
      located externally and laterally intermediate the outermost ends of the
      internal walls. In this structure, illustrated in close up by rib 19A,
      FIG. 4, the rib adds flexural strength to the conduit and allows longer
      conduit sections to be carried without intolerable bending. Moreover, it
      reduces the tendency of a conduit section to warp when supported at two
      widely separated points. In addition, the rib 19A adds support to the
      external wall 17, particularly by the added compressional strength of the
      rib, to resist deformation, or bending, between its lateral supports on
      the internal walls 15, even if there are not additional longitudinal ribs
      located along in alignment with the internal walls, such as absence
      indicated by dashed lines 33. It is particularly helpful where the rib 19A
      has a wider base at its point of connection with the exterior wall 17,
      such as by filet 35.
PAR  If desired, the longitudinal ribs may be located in alignment with the
      outermost ends of the interior walls 15, as shown by ribs 19B. In this
      position, the longitudinally extending external ribs reinforce the load
      bearing capability of the interior walls 15, as well as load bearing
      capability of the exterior wall 17. Moreover, where the external rib 19
      has a wider base than the dimensions of the interior wall 15, as
      illustrated by filet 35A, the shear strength of the exterior wall 17 is
      increased as well as its resistance to bending because of loads laterally
      intermediate the interior walls 15, and even without the rib laterally
      intermediate the interior walls, the absence being illustrated by the
      dotted line 37.
PAR  As illustrated in FIGS. 3 and 4, the exterior ribs 19A and 19B are located
      at both positions laterally intermediate and over and in alignment with
      the outermost ends of the interior walls 15 for increased strength over
      either set of ribs alone.
PAR  If desired, filets, or rounded corners, indicated by dashed lines 41, FIGS.
      3 and 4, can be employed at all intersecting planar surfaces to facilitate
      extrusion and to give greater strength.
PAR  If desired, the ribs, such as ribs 19C and 19D, FIG. 3, at the corners of
      the conduit may be omitted. They do add structural strength and frequently
      will be desirable where high strength conduit is most desired.
PAR  If desired, the longitudinally extending ribs can be located internally, or
      interiorly of the exterior walls, as will be described in more detail
      later herein; particularly with respect to FIGS. 6-8.
PAR  One particularly advantageous aspect of an embodiment of this invention is
      that the conduit means having the plurality of longitudinally extending
      passageways and the longitudinally extending ribs for greater strength may
      be produced continuously by an extrusion method to produce the conduit
      means economically. Basically, the method comprises the steps described in
      detail in my above referenced application Ser. No. 273,359; and, as
      indicated hereinbefore, the details of that application are embodied
      herein by reference for details that are omitted from the brief
      description hereinafter.
PAR  Briefly, the method comprises the following steps: first, molten plastic is
      extruded through a die means having a plurality of adjacent pin means that
      are spaced apart so as to define a continuous extrusion passageway around
      the respective pin means. In this way, the extrusion passageway forms a
      hot extrudate that is continuous and closed in cross section and that
      defines the interior walls and the resulting plurality of longitudinally
      extending passageways. Each passageway, consequently, has at least a
      portion of its interior, or internal, wall in common with an adjacent
      passageway. Second, the hot extrudate simultaneously is cooled and sized
      by effecting a pressure on the interior of the hot extrudate that is
      higher than the pressure on the exterior of the hot extrudate. External
      support structure is employed to size and support the exterior walls 17
      and the longitudinally extending ribs 19 to prevent distortion of the
      exterior walls and ribs under the force of gravity and the differential
      pressure from the interior to the exterior of the extrudate until the
      extrudate is cool enough to resist such distortion. The interior walls may
      be supported by a stinger means on the respective pin means for the
      interior walls, or by a differential pressure, as described in the above
      referenced Ser. No. 273,359. Third, the extrudate is further cooled to the
      final conduit means in a non-pliable state. Fourth, the cooled extrudate,
      or conduit means, is pulled outwardly so as to effect movement of the
      extrudate away from the die means. Finally, the conduit means is cut into
      sections of predetermined length by a saw means that effects an exactly
      square cut; that is, a cut that is perpendicular to the longitudinal axis
      of the conduit.
PAR  The conduit means may be formed from any of the light, exrudable materials,
      such as the thermoplastic materials; including the foamed plastic, alone
      or in combination with high strength fibres, such as fibreglass, or
      strength-adding fillers, such as glass beads, other siliceous pellets, and
      the like. These thermoplastic materials include the economical polymers,
      such as polyvinylchloride (PVC); polystryrene; the polyolefinic polymers
      like high density polyethylene and polypropylene; and the more expensive,
      but more easily workable copolymers such as acrylonitrilebutadiene styrene
      copolymer (ABS). A commercially available polyethylene copolymer known as
      Super Dylan Polyethylene 7180, available from Sinclair-Coppers Company,
      has a narrow molecular weight distribution and good flow for producing
      ribbed conduit 11. Specification sheets are available upon request. The
      raw ingredients which are fed into the apparatus include, in addition to
      the thermoplastic material, a lubricant; such as, a hydrocarbonaceous
      material like paraffin; that is comminuted to fine particles and added to
      the thermoplastic material for lubricating the dies, the pins and the
      bushings defining the annular space through which the plastic extrudate
      will be extruded. Also included is a conventional commercial modifier for
      adding impact resistance. The modifier may be a rubber type compound to
      prevent brittleness and increase the tensile strength of the pipe,
      particularly where PVC is employed, since the PVC alone is very brittle.
      In addition, the appearance of the pipe is improved and its resistance to
      degradation; for example, degradation in the presence of ultra violet
      light component of the sunlight during storage; is improved by the
      addition of a pigment; such as, titanium dioxide or carbon black.
      Moreover, progress is being made in the use of inert additives, such as
      calcium carbonate; to add bulk without detrimentally affecting the
      properties of the conduit. The technology of the various materials which
      are employed has been well developed in the production of single
      passageway plastic pipe, particularly in the United States where the
      sophisticated chemicals were employed to compensate for mechanical
      equipment that was not as refined as that employed in other parts of the
      world.
PAR  The apparatus for effecting the method of extruding the conduit having the
      plurality of longitudinally extending passageways is illustrated
      schematically in FIG. 2. Therein, the apparatus comprises the major
      elements and assemblies of a blender and extruder means 21, including the
      die 23; cooling and sizing means 25; and pulling means 27 and cutting
      means 29.
PAR  The blender and extruder means 21 may comprise any of those conventionally
      employed and available around the world. Since the blender and extruder
      means 21 is conventional, it need not be described in detail herein,
      particularly since it has been described in the above referenced Ser. No.
      273,359. Basically, it includes a hopper for feeding the pre-blended feed
      material; such as, the polymer, lubricant and the modifier. The blender
      and extruder means may comprise a single screw type, or a multiple screw
      type. Both types of blender and extruder means have been employed in
      extruding single passageway conduit. Preferably, the multiple screw type
      is employed for extruding the molten material to form the interior walls
      15, the exterior wall 17 and the longitudinally extending ribs 19 in the
      complex die 23. The blender and extruder means has within it a plasticizer
      for converting the feed material into a viscous molten mass. Preferably,
      the plasticizer comprises a plurality of heated screws, or augers, for
      kneading and heating the feed material to its molten temperature and
      mixing thoroughly. The blender and extruder means 21 has a set of back
      screws that are heated by circulation of a hot oil through an inlet
      conduit and a universal coupling. The hot oil passes outwardly through
      suitable effluent conduit. A hot oil source is conventionally available in
      extrusion plants employing such blender and extrusion means 21 and need
      not be described in detail. If desired, the back screws may be heated
      electrically by conventionally employed electrical conductors, brushes and
      slip rings. The back screws comprise a pair of counter rotating screws for
      mixing the feed material to almost extrudable form, then dropping it
      vertically into front sets of counter rotating screws for effecting a
      molten extrudate that is more readily flowable for effecting complicated
      extrusion profiles with better results. The forward set of screws comprise
      two or more sets of counter rotating screws that develop a high positive
      pressure for feeding the plastic through the heating means, such as the
      electrical heaters in the die means 23.
PAR  The respective sets of screws are driven by suitable means, such as
      electrical motors and the conventionally employed "Dynamatic" drive for
      variable speed control and the requisite flexibility. Since these drives
      are conventional they are not shown and described herein.
PAR  In addition to the adjustment of the drive means, suitable speed control
      means and temperature control means are employed and are housed in an air
      conditioned room separate from the heated screws and the blender and
      extruder means 21. Desirably, the control room containing the temperature
      and speed controls will be locked, to prevent adjustment of respective
      temperature and speed by each shift of employees and to enable
      continuously producing more nearly uniform conduit. The blender and
      extruder means 21 may be connected with a vacuum source for drawing air
      out of a powered feed material if desired.
PAR  As described in my above referenced Ser. No. 273,359, the die 23 is firmly,
      but removably attached to the remainder of the blender and extruder means,
      as by a strong retention ring with or without additional flanges. A
      plurality of pin means may be employed cantilevered from a strong spider
      so as to support the interior walls and define the plurality of extrusion
      passageways. The number and cross sectional shape of the respective pin
      means are, of course, designed to affect the number and cross sectional
      shape of the longitudinally extending passageways of the conduit 11. The
      strong spider must be able to retain the respective pin means in place
      against the relatively high force created by the differential pressure
      tending to force the pin means outwardly. Each of the respective pin means
      which supports an interior wall of the conduit that is subject to
      deformation under the force of gravity has a stinger extending
      longitudinally of the conduit 11 to support the interior walls as each
      wall is being cooled to a temperature to resist deformation under the
      force of gravity. Such stingers are illustrated and described in the above
      referenced Ser. No. 273,359.  Cooling is provided by flow of air through
      the interior of the respective passageways 13 during the extrusion, as
      also described therein.
PAR  Even with liberal flow passageways, a pressure of up to 1,500-2,000 pounds
      per square inch (psi) may be required to be supplied by the screws in the
      blender and extruder means 21 to achieve the desired distribution of the
      plastic such that no interfaces are formed as the molten plastic material
      joins and flows through the respective extrusion passageways. The details
      of construction to enable withstanding such high forces are described in
      the above referenced Ser. No. 273,359. In any event, the conduit 11A, FIG.
      2, is extruded outwardly through the die 23 and into the cooling and
      sizing means 25.
PAR  The cooling and sizing means 25 is described in detail in the above
      referenced Ser. No. 273,359 and need not be described in such detail
      herein. It is sufficient to note that it may comprise either a chilled
      liquid water bath, a chilled water spray or a combination of an oil bath
      followed by the chilled water bath or spray. The hot extrudate is in the
      form of a soft, shaped conduit means. The respective stingers extend
      inwardly into the cooling and sizing means 25 for support of the interior
      walls, since they are otherwise subject to distortion as noted
      hereinbefore. As illustrated, the cooling and sizing means 25 comprises a
      vacuum chamber. Specifically, a chilled cooling fluid, such as chilled
      water, is sprayed into the interior of the cooling and sizing means via
      suitable conduit and spray heads (not shown) for rapidly chilling the
      exterior walls. The chilled water is maintained at about 55.degree. F by a
      conventional refrigeration assembly in conventional plants manufacturing
      plastic pipe. Such conventional assemblies need not be described herein.
      The accumulated liquid is withdrawn from the bottom of the cooling means
      by a suitable vacuum pump (not shown). The partial vacuum may include a
      gaseous vacuum pump to maintain the vacuum and be controlled by
      conventional vacuum responsive controls, such as a vacuum pump and vacuum
      regulator. The vacuum expands the external walls and ribs against a
      conforming sizer mold. Such a sizer mold has a receiving shape conforming
      to the exterior shape of the conduit in FIG. 1 and need not be illustrated
      specifically. Preferably, the sizer includes suitable perforated plates
      with ports that are so placed as to exactly define the external dimensions
      of the exterior wall 17 and the ribs 19. Perforations allow the exterior
      walls 17 and the ribs 19 of the conduit to be forced closely contiguous
      the interior surfaces for exact sizing, while simultaneously cooling the
      conduit 11A. The cooling fluid supplied to the interior longitudinally
      extending passageways creates a positive pressure that is slightly above
      atmospheric, although the open ends of the respective passageways may be
      opened to atmospheric pressure at some distance downstream of the pulling
      and cutting means 27. Thus, the interior pressure in combination with the
      partially evacuated cooling and sizing means 25 effects a differential
      pressure across the exterior walls 17 for exact sizing and shaping.
PAR  The cooling is rapid within the cooling and sizing means 25, so the hot
      extrudate is quickly formed into the desired self-sustaining shape of the
      conduit means having the plurality of longitudinally extending ribs 19. If
      desired, however, a second cooling means, such as a second cooling chamber
      (not shown) may be employed. Such a second cooling chamber need not be
      maintained at vacuum, but may employ conventional chilled water spray
      heads or a chilled water bath for cooling the exterior walls and the ribs
      19.
PAR  The conduit means 11A is pulled outwardly at a constant speed by the
      pulling means 27. The pulling means 27 is similar to the pullers
      conventionally employed in the extrusion of single passageway conduit;
      such as, those employing friction belts imposed on respective sides of the
      conduit, or those employing a plurality of groups of wheels having a
      resilient covering. In any event, the engaging surfaces, such as belt or
      resilient covering, have an adjustable dimension therebetween and are
      adapted for accommodating respective sizes and shapes of the conduit means
      11A.
PAR  If desired, a labeling means may be employed for marking the conduit with
      the desired trademarks, instructions or caveats. Such labelers are
      conventional and need not be described in detail herein.
PAR  The continuously moving conduit means 11A is then cut into sections of the
      desired length by the square cutting means 29. The square cutting means 29
      may comprise any means that will effect a square cut. For example, it may
      comprise a laser beam that severs the conduit, the laser source being
      movable with the conduit to effect the square cut. As illustrated, the
      square cutting means is similar to those employed in the extrusion of
      single passageway conduit and need not be described in complete detail
      herein. Such square cutting means include the complete electrical system,
      including motor, starter with thermal overload protection and limit switch
      actuation of the cutting cycle. Suitable accessories, such as the special
      acoustical sound absorption equipment may be employed to meet Department
      of Labor environmental noise standards if desired. The operation of the
      square cutting means is described in the above referenced Ser. No. 273,359
      which has been incorporated herein by reference so it need not be repeated
      herein. It is sufficient to note that suitable travelling carriage carries
      the saws with the pipe as the square cut is made and releases the
      downstream section of conduit for being moved, automatically or by hand,
      to the storage area.
PAR  The cut sections of the conduit means having the plurality of
      longitudinally extending passageways and the longitudinally extending ribs
      are then stored for subsequent sale, shipment or use.
PAR  The apparatus of FIG. 2 is operable on a 24 hour basis such that, once the
      extrusion of the conduit means is started, it may be continued
      indefinitely to meet the desired production schedules.
PAR  If desired, cross head dies such as described in the above referenced Ser.
      No. 273,359, may be employed herein. Moreover, as indicated hereinbefore,
      a plurality of conduit having at least one exterior wall with the
      longitudinal ribs may be joined at one or more mating walls with adjacent
      similar conduit to form the desired number of longitudinally extending
      passageways. What is imperative, however, is that the exterior walls have
      the longitudinally extending ribs for the increased strength.
PAR  Where ells are to be formed, the conduit may be bent as described in my
      co-pending application Ser. No. 273,359 and incorporate apparatus such as
      described in my co-pending application Ser. No. 127,931, entitled
      "Precision Bending of Plastic Pipe", filed Mar. 25, 1971; now U.S. Pat.
      No. 3,753,635; the descriptive matter of which is incorporated herein by
      reference for the details that are not supplied herein. Specifically and
      briefly, a short section of conduit is heated to the softening temperature
      and a desired degree of bend effected. Thereafter, the conduit means is
      cooled, as by spraying with chilled water. As indicated, any degree of
      automation desired, may be achieved in the bending operation and the
      subsequent emptying of semi-flexible mandrels or the like to release the
      bent conduit and put in the shape to be employed. The respective ends of
      the conduit may be connected by joints of suitable means, such as by
      suitable bell and spigot ends, with or without gaskets. If it is only
      necessary to seal at the external joints, a bell and spigot end with a
      suitable gasket, such as a resilient gasket like that of synthetic rubber,
      may be employed intermediate the bell and spigot ends, as in conventional
      practice. If desired, gaskets may be provided intermediate the ends of the
      interior walls to seal each passageway from another, as well as from the
      exterior. The joints may be sealed to enable holding a positive pressure
      on the interior of the conduit, for preventing influx of moisture or the
      like, or even containing poisonous gases. For example, polyvinylchloride
      has its own commercially available adhesive systems, as does ABS. The
      polyolefinic plastic materials do not have a satisfactory adhesive system,
      but may be joined by heat, or welded, when they are abutted or overlapped.
      Moreover, the conduit has sufficient structural strength to sealingly
      engage a resilient gasket or the like. A suitable coupling was described
      in the above referenced Ser. No. 273,359 and may be employed for joinder
      of the ends of the conduit, either sealingly or as desired. Such couplings
      may be formed by any of the well known processes, such as by rotational
      casting, described in my U.S. Pat. Nos. 3,314,639; 3,315,314; 3,341,896;
      and 3,388,429. The shrinkage factors, as well as the mechanical devices
      for effecting the desired taper and "sizing" of both the coupling means
      and the ends of the conduit are known in the plastic art and need not be
      described in detail herein. The butt joints so formed are nearly enough
      perfect to prevent snagging of cables or turbulence of materials flowing
      through the respective longitudinally extending passageways.
PAR  Another embodiment in which the multiple passageway conduit 11 has seven
      passageways arranged in a circular configuration to simulate a tubing
      bundle is illustrated in FIG. 5. Therein, the passageways are circular, as
      formed by cylindrically shaped pins. The ribs 19 are disposed peripherally
      on the exterior of the exterior walls of the respective individual
      conduits being concurrently extruded. The interior walls are illustrated
      as being integral for extra strength. The solid filets 43 intermediate the
      respective interior walls 15 facilitate extrusion and are particularly
      helpful when the plastic material comprises foamed plastic, with or
      without added high strength fibres or other fillers.
PAR  A number of other structures will become apparent from the foregoing
      descriptive matter. For example, as illustrated in FIG. 6, the conduit 11
      may have a cylindrical exterior 49 with internal ribs 19E intermediate the
      respective walls of adjacent exterior passageways; such as 13A and 13B.
      The imaginary boundaries of the walls defining the internal rib 19E
      intermediate the respective passageways 13A and 13B are shown in dashed
      lines 53 and 55. Additionally, external ribs 19A are illustrated disposed
      at the periphery covering the thinnest part of the cross section for added
      strength.
PAR  To further illustrate the passageways, which are illustrated in FIGS. 7 and
      8 as cylindrical, or circular in cross section, can be arranged in square
      or rectangular configurations. Moreover, the conduit 11 can have only
      internal ribs 19E and 19F, FIG. 7; or it can have the internal ribs 19E,
      19F, external ribs 19A, 19G (at the corners), and any or all combinations
      thereof, as desired. Referring to FIG. 7, the outer wall may be made
      double thickness for extra strength so its outer dimensions would be as
      illustrated in dashed lines 57. This structure is particularly useful if a
      densified plastic skin is to be formed about a foamed plastic core.
      Referring to FIG. 8, internal ribs, in combination with the interior walls
      15, form strong supporting columns for withstanding high external loads.
      The external ribs 19A and 19B add structural strength at the line of
      minimum cross sectional thickness of the exterior wall-rib combination.
      The end result is a surprisingly strong conduit that can be installed in
      long lengths at costs much less than conventional.
PAR  In the embodiments described and illustrated hereinbefore, the
      longitudinally extending ribs are parallel with, or make an angle of
      0.degree. with respect to, the longitudinal axis of conduit 11. It is
      imperative that the ribs make an angle of less than 45.degree. with
      respect thereto to be feasibly extrudable. Even with an angle less than
      45.degree. but more than 0.degree., the necessity to accommodate the
      spiralling ribs, as by rotation of the sizer mold, creates production
      problems greater than for the 0.degree., or straight and parallel, ribs.
PAR  From the foregoing descriptive matter and drawings, it can be seen that
      this invention has the desirable features delineated hereinbefore and not
      heretofore provided. The conduit means has the plurality of longitudinally
      extending passageways for an economical conduit and has the plurality of
      longitudinally extending ribs for the greater structural strength. The
      conduits can be employed in long lengths so they are economically
      advantageous in installation as compared with either the shorter lengths
      of concrete, the bundling of a plurality of single conduits or the use of
      the short cross ribbed plastic conduits. In short, the invention
      accomplishes the objects delineated hereinbefore.
PAR  Although this invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      only by way of example, and that numerous changes in the details of
      construction and the combination and arrangement of parts may be resorted
      to without departing from the spirit and the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A corrosion resistant conduit means adapted for being buried underground
      and the like without crushing comprising:
PA1  a. a plurality of interior walls defining a plurality of at least seven
      longitudinally extending adjacent passageways; at lease one of said
      passageways being an interior passageway that is completely surrounded by
      exterior passageways such that all of its walls are precluded from having
      external cooling by a media exteriorly of said conduit means; said
      interior walls comprising an extrudable plastic that is substantially
      uniform in cross sectional texture and density, that is free of any
      interface and imperfections formed by joining exterior walls, and that is
      free of an intolerable thermal sag due to sagging of the pliable plastic
      before it can be cooled;
PA1  b. an exterior wall covering said longitudinally extending passageways and
      integrally formed with the outermost ends of said interior walls; said
      exterior wall comprising an extrudable plastic and subject to being
      crushed inwardly by the weight of dirt thereover when not reinforced by
      ribs and buried in the earth; and
PA1  c. a plurality of longitudinally extending ribs integrally formed with said
      exterior wall; said ribs being external ribs that are disposed exteriorly
      of said exterior wall; said plurality of ribs reinforcing said exterior
      wall and increasing the flexural strength of said conduit and the exterior
      pressure resistance of said conduit such that longer sections of said
      conduit can be carried and installed for economy of installation; and such
      that corrosion resistance and large load carrying capability and soil
      resistance allow said conduit means to be employed in subterranean
      locations that would otherwise corrode metallic conduit and the like.
NUM  2.
PAR  2. The conduit of claim 1 wherein said ribs are located laterally
      intermediate and longitudinally parallel with the outermost ends of the
      internal walls.
NUM  3.
PAR  3. The conduit of claim 2 wherein said external rib comprises one large rib
      intermediate each two adjacent outermost ends of said internal walls.
NUM  4.
PAR  4. The conduit off claim 2 wherein said ribs are also located in line with
      the outermost ends of said internal walls for still greater strength.
NUM  5.
PAR  5. The conduit of claim 1 wherein said ribs are external ribs that are
      located in line with the outermost ends of said internal walls.
NUM  6.
PAR  6. The conduit of claim 1 wherein said ribs form an angle of less than
      45.degree. with respect to the longitudinal axis of said conduit.
NUM  7.
PAR  7. The conduit of claim 1 wherein said ribs also include external ribs
      disposed along a line of minimum cross sectional thickness of said
      exterior wall for high structural strength.
NUM  8.
PAR  8. The conduit of claim 1 wherein there are at least nine said
      longitudinally extending adjacent passageways and said passageways have
      substantially the same dimensions in cross section.
NUM  9.
PAR  9. The conduit of claim 8 wherein said passageways have substantially
      rectangular cross sectional shape.
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ABST
PAL  This invention relates to a weft mixer device for looms which comprises a
      plurality of selection fingers each one of which can occupy either an
      active position in which it supports a weft yarn in the path of a
      weft-inserting member or an inactive position in which it supports a yarn
      outside of said path. The selection fingers are mounted for oscillation on
      a common vertical shaft supported by the loom frame and are articulated on
      said shaft about an axis at right angles to the axis of said shaft. The
      selection fingers are guided between the bars of a grid which consists of
      a frame having two opposed sides of unequal length and in which are
      mounted movable bars which extend between said two opposed sides. The
      internal length of the shorter of said two opposed sides is substantially
      equal to the sum of the thicknesses of said bars and of the thickness of a
      single selector finger, and the internal length of the longer of said
      sides is at least equal to the sum of the thicknesses of all of said bars
      and all of said selection fingers.
BSUM
PAR  This invention relates to weft mixer devices for looms of the type
      described, for example in Applicants' French Pat. No. 1,489,089,
      corresponding U.S. Pat. No. 3,439,715, i.e. comprising a plurality of
      selection fingers each of which can occupy either an active position in
      which it supports a weft yarn on the path of a weft-inserting element such
      as a needle or a picker, or an inactive position in which it supports the
      yarn outside of said path.
PAR  In the embodiment described in the aforesaid French patent, all the
      selection fingers are mounted with the capability of oscillation on a
      common vertical axis supported by the loom frame, such that the
      levelling-out of the make-up point of the different selected weft yarns
      varies in terms of the height of the finger which supports the respective
      yarn. If this construction is not cumbersome in a single-cloth loom, it is
      quite another matter in a multi-cloth loom, especially looms for
      manufacturing velvet, in which the two cloths are relatively quite close
      to one another.
PAR  In one known preferred embodiment of the weft selector of the kind in
      question, the fingers are guided between the bars of a grid, so that on
      drawing very close to said bars and on being caused to pass beyond the
      overhanging fingers, outside of the grid, by a sufficient length, it seems
      that there could be imparted to the fingers articulated on the vertical
      shaft which supports them, movements of such configuration that in the
      active position their ends are substantially in the same point in space.
      However, such a hypothesis is purely theoretical; indeed, given that the
      whole mechanism has to travel at high speed, the fingers must be rigid,
      their length and their fineness are thus limited, so that it is found that
      the bars of the guide grid would have to be brought nearer to said fingers
      to an extent such that there would no longer remain any material to make
      up said bars.
PAR  The object of the invention is to provide a grid for guiding the selection
      fingers and which permits this problem to be resolved.
PAR  According to the present invention, we provide a weft mixer device for
      looms, comprising a plurality of selection fingers each one of which can
      occupy either an active position in which it supports a weft yarn in the
      path of a weft inserting member or an inactive position in which it
      supports a yarn outside of said path, said selection fingers being mounted
      for oscillation on a common vertical shaft supported by the loom frame and
      being articulated on this vertical shaft about an axis at right angles to
      the axis of said shaft, and a grid between the bars of which said
      selection fingers are guided, said grid being formed by a frame of which
      two opposed sides are of unequal length and in which are mounted movable
      bars which extend between said two opposed sides, the internal length of
      the shorter of said sides of the grid frame being substantially equal to
      the sum of the thicknesses of said bars and of the thickness of a single
      selection finger, while the internal length of the longer of said sides of
      the grid frame is at least equal to the sum of the thicknesses of all the
      bars and of all the selection fingers.
PAR  Thanks to this particular construction, all the bars of the grid and the
      single selection finger in the active position, no matter which finger is
      in service, are in mutual contact in practice in the part of the grid
      which determines the location of the end of the finger which supports the
      selected weft yarn, so that the height of the grid at this position is
      reduced strictly to the minimum, which enables location of same in a size
      compatible with its mounting in a loom for velvet. This construction,
      moreover, has enabled giving to the selection fingers as well as to the
      guide bars large thicknesses suitable for making the rigid members
      functionally sure and precise.
PAR  For a loom for several cloths, the grid is obviously multiple and composed
      of as many superposed assemblies, such as have just been described, as the
      loom includes cloth lengths to be manufactured. However, a grid conceived
      on this principle can also be used in a single-cloth loom and provides the
      advantage of enabling the attainment of a weft selection device less
      cumbersome than in the classic constructions.
PAR  In one preferred embodiment the bars are articulated on the larger of the
      aforesaid sides of the frame of the grid and this leads to the attainment
      of a structure which is both simple and robust.
DRWD
PAR  The invention will be better understood on reading the following
      description, and on examining the accompanying drawings, which show, by
      way of non-limiting example, one embodiment of a double grid according to
      the invention for guiding selection fingers of a mixer of weft yarns in a
      two-cloth loom.
PAR  FIG. 1 is a plan view showing both the weft-selection fingers and the grid
      for guidance of said fingers;
PAR  FIG. 2 is an elevation corresponding to part of FIG. 1;
PAR  FIG. 3 is a front view of the grid seen in the direction of the arrow III
      in FIG. 1;
PAR  FIGS. 4 and 5, are partial sections, on a larger scale, along the lines
      IV--IV and V--V of FIG. 3; and
PAR  FIG. 6 is a section along the line VI--VI of FIG. 3.
DETD
PAR  Referring now to the drawings, the part of the weft mixer shown in FIG. 1
      comprises two series of selection fingers designated in a general manner
      by the reference numeral 1, engaged between the bars of a guide grid 2,
      and each mounted for pivotal movement, by its bent proximal end 3, on a
      support 4 itself mounted for pivotal movement on a vertical shaft 5. The
      pivot axis 3 of each finger on its support 4 is at right angles to the
      axis of the support shaft 5. All of the supports 4 are stacked upon one
      another on the shaft 5 and they can be made to oscillate about said shaft,
      from the inactive position shown in the lower part of FIG. 1 to the active
      position shown in the upper part of FIG. 1, by means of any suitable
      control system, for example a system similar to that described in the
      aforesaid French patent.
PAR  This weft mixer device is intended to fit out a loom for the manufacture of
      velvet and it comprises, for each of the two lengths of cloth to be
      formed, a group of six selection fingers, that is to say, the fingers 1a
      to 1f (FIG. 3) for the upper length of cloth and 1g to 1l for the lower
      length of cloth.
PAR  In the embodiment shown, it is supposed that the selection fingers
      temporarily taken into the active position in the upper length of cloth
      and in the lower length of cloth are, respectively, the fingers 1d and 1i
      which alone have been shown on FIG. 2. The two fingers 1d and 1i in the
      active position support respectively two weft yarns 11 and 12 on the path
      of two weft inserters 13 and 14 respectively; on the other hand, all the
      other fingers, such as 1a,  for example, which are in the inactive
      position, support the weft yarns such as 10 outside of the path of the
      weft inserters 13 and 14.
PAR  The grid is made up of an upper frame 2A and a lower frame 2B formed from a
      single member fixed on the frame by an angle-bar 7. Each of the two
      frames, for example the upper frame 2A, includes two opposed vertical
      sides of unequal lengths, namely: a larger side 21 and a smaller side 22,
      as well as an upper side 23 and a lower side 24, the latter being moreover
      integral with the upper side 23B of the lower frame 2B, the lower side of
      which is denoted 24B. Between the upper side and the lower side of each of
      the two frames, for example of the upper frame 2A, are mounted five
      movable bars 26a to 26e for separating and guiding the six selection
      fingers 1a to 1f.
PAR  The first finger 1a is guided between the first bar 26a and the upper side
      23 of the frame 2A, and, in a similar manner, the last finger 1f is guided
      between the last bar 26e and the lower side 24 of said frame, while the
      other intermediate fingers 1b to 1e are each guided between two successive
      bars.
PAR  One end of each of the movable bars in articulated on the larger vertical
      side 21 of the frame 2A in such a manner as to enable same to pivot in the
      plane of the grid. To this end, each end of each movable bar, for example
      of the bar 26c, is unitary with a cylindrical boss 31 (see also FIG. 4)
      which can turn in a corresponding cylindrical housing 32 (FIG. 5) provided
      with a holding-in cover 33 contrived in the larger side 21 of the frame.
      The cylindrical housing 32 opens into the interior of the grid through a
      clearance 34 (FIGS. 3 and 5) to enable removal of the corresponding bar
      26c for example. One cover plate 28 fixed, by screws 29, against the face
      of the vertical side 21 of the frame prevents the boss 31 from leaving its
      housing 32. The free ends of the pivoting bars are retained, also, by a
      small plate 16 fixed against the smaller side 22 of the frame by screws 17
      (see also FIG. 6).
PAR  The height or internal length "C" of the larger vertical side 21 of the
      frame is amply sufficient in order that the six selection fingers 1a to 1f
      and the five intermediate bars 26a to 26e may occupy their position
      between the two upper and lower sides 23 and 24 of the frame.
PAR  On the other hand, in a plane denoted P on FIG. 3, perpendicular to the
      plane of the grid and corresponding with the location of the fingers, such
      as for example the finger 1d, in the active position, the space between
      the upper side 23 and the lower side 24 of the frame 2A, that is to say
      the internal length "B" of the smaller vertical side 21, is only equal to
      the sum of the thicknesses of all the bars 26a to 26e increased by the
      thickness of a single selection finger, this being the finger 1d in the
      embodiment shown. In another example of selection, the finger 1d would be
      in the inactive position, close to the larger vertical side 21 of the
      frame, and another finger, for example the finger 1b would be in the plane
      P. In other words, in this plane P, there are always to be found the five
      guide bars and, when the machine is in operation, one selection finger,
      but only one.
PAR  In the embodiment shown, each movable bar, for example the bar 26a
      presents, considered from its pivot axis, a straight part 37 substantially
      parallel to the upper and lower sides 23 and 24 of the frame, followed by
      a straight part 38 which extends closer to the other bars until it reaches
      the plane P, and finally a third straight part 39 which opens slightly
      away from the other bars. The bar 26c which is midway of the height of the
      grid is straight over the whole of its length. The configurations of the
      upper and lower sides 23 and 24 of the frame correspond to the
      configuration of the first bar 26a and the last bar 26e, respectively,
      while leaving between them and the corresponding bar the passage of the
      first and of the last selection finger, respectively.
PAR  The construction of the lower grid in the frame 2B is the same as that of
      the upper grid in the frame 2A.
PAR  The positions and the dimensions of the different members of the assembly
      shown are such that the ends of each of the selection fingers for example
      1a to 1f of the upper group are substantially at the same point A in space
      (FIGS. 1 and 2) when they are selectively in the active position. The fact
      that the movable bars have been made to be movable vertically has enabled
      considerable reduction in the height of the grid in the plane P and,
      consequently, the attainment of this uniformity of location of the yarn
      guiding ends of the selection fingers, even though said fingers are
      relatively short and, consequently, rigid, which ensures precision in the
      location of the yarn make up such as 11 or 12. Moreover, the whole of the
      device is reduced in height to the minimum necessary to enable same to be
      located in the zone of reduced height which is available on a loom for
      velvet.
PAR  For a loom with a large number of lengths of cloths, there would be
      provided multiple grids including the corresponding number of stages and,
      on the other hand, use could be made of a grid made on this principle for
      a single-cloth loom.
PAR  Of course, the invention is not limited to the embodiments described and
      shown; modifications could be carried out, in accordance with the
      applications in prospect, without thereby departing from the scope of the
      invention.
PAR  Thus, for example, the mobility of the bars of the grid could be brought
      about by means other than those described and shown.
CLMS
STM  I claim:
NUM  1.
PAR  1. Weft mixer device for looms which includes a frame and at least one
      weft-inserting member, said device comprising
PA1  a. a plurality of selection fingers each adapted selectively to occupy an
      active position in which it supports a weft yarn in the path of a weft
      inserting member and in inactive position in which it supports a weft yarn
      outside of said path;
PA1  b. a vertical shaft supported by the loom frame;
PA1  c. means mounting said selection fingers on said shaft for swinging
      movement about the axis of said shaft, said selection fingers being
      articulated about an axis at right angles to the axis of said shaft; and
PA1  d. a grid including a frame having two opposed sides of unequal lengths and
      bars movably mounted in said grid frame and extending between said opposed
      sides, adjacent ones of said bars defining therebetween spaces in which
      said selection fingers can be guided;
PA1  the internal length of the shorter of said opposed sides of said grid frame
      being substantially equal to the sum of the thicknesses of said bars and
      of the thickness of a single said selection finger, and the internal
      length of the longer of said opposed sides of said grid frame being at
      least equal to the sum of the thicknesses of all the bars and of all the
      selection fingers.
NUM  2.
PAR  2. Device according to claim 1, in which said bars are articulated on said
      longer of said opposed sides of said grid frame.
NUM  3.
PAR  3. Device according to claim 2, in which bars extend from their points of
      articulation initially substantially parallel to one another then
      convergently relative to one another and finally divergently relative to
      one another.
NUM  4.
PAR  4. Device according to claim 3 for a loom for a plurality of cloths, in
      which said grid is multiple and includes as many assemblies consituted by
      a frame and movable bars as there are cloths to be made up in said loom.
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ABST
PAL  A length of insulation material is wrapped about an article to be
      insulated. A layer of fabric is affixed to the insulation material, one
      end of the fabric being of a length to overlap the opposite end thereof.
      Fastening means on the overlapped ends of the fabric provide a secure
      connection of the fabric about the insulation material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to insulation for pipes and the like, and
      particularly to means for application and maintenance in position of the
      insulation.
PAR  2. Statement of Prior Art
PAR  It has been heretofore proposed to apply insulation coverings to pipes and
      the like in such manner that insulating material has a flexible connector
      encased thereabout. Various uses for fastening material with hook-like
      projections have also been advanced. Representative prior patents in these
      fields include the following:
TBL  Patent No.     Patentee      Issued                                       
     ______________________________________                                    
     1,646,388      Bullard       Oct. 25, 1927                                
     2,160,009      Walker        May 30, 1939                                 
     2,522,072      Tierney       Sept. 12, 1950                               
     2,825,673      Tschappu      March 4, 1958                                
     2,962,402      Sweeney       Nov. 29, 1960                                
     3,086,529      Munz et al    Apr. 23, 1963                                
     3,160,143      Gray          Dec. 8, 1964                                 
     3,233,699      Plummer       Feb. 8, 1966                                 
     3,242,576      Wheeler       March 29, 1966                               
     3,415,288      Marshack      Dec. 10, 1968                                
     3,455,336      Ellis         July 15, 1969                                
     3,486,534      Terkel et al  Dec. 30, 1969                                
     3,563,825      Segura et al  Feb. 16, 1971                                
     3,583,424      Bryant        June 8, 1971                                 
     3,614,967      Royston       Oct. 26, 1971                                
     3,768,523      Schroeder     Oct. 30, 1973                                
     ______________________________________                                    
PAC  SUMMARY OF THE INVENTION
PAR  The insulation covering provided by this invention is usable in numerous
      environments and is principally directed to the provision of an insulation
      material which is easily and quickly applied, and one which is readily
      adapted by virtue of its inherent flexibility to use in those situations
      where irregular forms are to be insulated.
PAR  The insulating material is applied as a one man operation, and this effects
      substantial reduction in labor costs by comparison to prior art methods.
      Moreover, the material may be removed after application without damage and
      subsequently re-applied or re-used.
PAR  Various compressible or semi-rigid insulation materials are employed, and a
      reinforced fabric covering is supplied which may be decorative in nature
      as well as providing a protective covering for the insulation.
PAR  The material is water and vapor proof, corrosion resistant, and flame
      retardant. It requires no adhesive or banding. The fabric covering may be
      supplied in various colors if desired, to permit color identification of
      different pipeline services. For example, a cold water supply line may be
      one color, a hot water supply line another color, a steam condensate
      return a third color, an air supply a fourth color, and the like. By
      providing the proper color for each pipeline or duct at the outset, the
      user saves the labor and material costs involved in separately painting or
      otherwise color-coding such services after installing the insulation. The
      two-step procedure of first insulating and then color-coding (which is now
      common practice) is thereby eliminated.
PAR  Other and further objects and advantages of the invention will become
      apparent to those skilled in the art from a consideration of the following
      specification when read in conjunction with the annexed drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING:
PAR  FIG. 1 is a perspective view of a section of pipe with an insulation
      covering according to this invention in place thereon;
PAR  FIG. 2 is an enlarged transverse sectional view taken on line 2--2 of FIG.
      1, looking in the direction of the arrows; and
PAR  FIG. 3 is another perspective view of a section of insulation material
      hereof prior to application.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT:
PAR  Referring to the drawing in more detail a section of pipe to be insulated
      is shown in FIGS. 1 and 2 and is there identified by reference numeral 10.
      The pipe 10 is tubular and has an outer surface 12 and an inner surface
      14. This pipe is shown by way of illustration only, and it will be
      understood that different shapes, sizes and forms of materials to be
      insulated may be covered by appropriate modification of the insulation
      material.
PAR  The insulation assembly 16 hereof comprises a length of compressible
      insulation material 18 formed of urethane foam, fiber glass, foam glass or
      other suitable materials. The material 18 has inside and outside surfaces
      20, 22, and first and second side edges 24 and 26.
PAR  Adhesively or otherwise fixedly secured to the outside surface of the
      insulation material is a layer 28 of fabric. The fabric layer is
      preferably water and vapor proof, and is also flame retardant. It may also
      be anti-corrosive, and provided in different colors or otherwise
      decorated. One material found suitable for this purpose is reinforced
      polyvinyl chloride (PVC). The layer 28 of fabric has an interior end 30
      coincident with the first side edge 24 of the insulation material, and an
      exterior end 32 which projects outwardly a substantial distance from the
      second side edge 26 of the insulation material. The fabric layer 28 has an
      inner surface 34 and an opposite outer surface 36.
PAR  Fixedly secured to the inner surface 34 of the layer 28 and extending along
      the entire length of the exterior end 32 thereof is a strip of fastening
      material 38. Such material includes a series of minute hook-like
      projections extending therefrom, and is adhesively bonded in place. A
      typical example of material suitable for this purpose is that sold under
      the trademarks VELSTIK and VELCRO. A single line of nylon stitching 40
      extends through the fastening material and through the fabric. This
      material is also secured as by mastic bond, and may be cut therefore at
      any necessary location to achieve a proper length for the complete
      assembly.
PAR  A strip 42 of hirsute or felt-like material is similarly applied as by
      adhesive and a line of stitching 44 to the fabric. The strip 42 extends on
      the outer surface of the fabric along the full extent of the interior end
      thereof.
PAR  In the application of the insulation to the pipe, the material 18 is placed
      with its inside surface 20 against the outer surface 12 of the pipe, and
      is dimensioned such that the first and second side edges abut one another.
      This places the exterior end 32 of the fabric layer in overlying relation
      relative to the interior end 30. The VELCRO fastening means 38 contacts
      the strip 42 resulting in a self-adhesion and in securing the insulation
      in place in encircling relation about the pipe 12. It will be observed
      that this may create compression of the insulation material below the
      connection point but that the entire assembly is substantially round in
      appearance.
PAR  As indicated above, the fabric layer has full depth color which runs
      throughout the thickness thereof. This construction permits the user a
      wide selection of durable colors for the outer jacket of the assembly. A
      wide selection of colors is very desirable in that it permits the user to
      color-identify the different pipelines and the like, so that distinction
      may be made between the lines and determination may be made for lines
      carrying different substances. Such color-coding is also helpful to
      distinguish between lines of different temperatures, different pressures
      or the like and to identify different parts of the same service such as
      the supply portion and the return lines. Briefly, this construction
      permits the user to select in advance the colors for each line and thus
      achieve the final color-coding desired in a single one-step installation
      procedure instead of following the present two-step practice which
      requires a separate painting or color-marking operation after the pipe
      insulation has been installed. Thus, the single-step installation results
      in the saving of both labor and material and a more durable color-coding.
CLMS
STM  I claim:
NUM  1.
PAR  1. An insulation assembly for a tubular conduit pipe having an outer
      surface, the insulation assembly comprising:
PA1  a length of compressible insulation material having inside and outside
      surfaces and having first and second side edges;
PA1  a layer of moisture and vapor impervious fabric co-extensive in length with
      the length of compressible insulation material, the fabric having inner
      and outer surfaces;
PA1  the layer of fabric being of a width exceeding that of the insulation
      material;
PA1  the layer of fabric having an interior end coincident with the first side
      edge of the insulation material, and having an exterior end which extends
      outwardly of the second side edge of the insulation material;
PA1  a strip of fastening material having a series of minute hook-like
      projections thereon fixedly secured to the inner surface of the fabric on
      said interior end thereof;
PA1  a strip of hirsute material fixedly secured to the outer surface of the
      fabric on said interior end thereof; and
PA1  the inside surface of the insulation material contacting the outer surface
      of the conduit pipe and being of a width from side-to-side such that its
      respective edges contact one another and the strips of fastening material
      and hirsute material being radially aligned when the edges are in contact,
      said strips being adherent to one another.
NUM  2.
PAR  2. The invention of claim 1, and:
PA1  a line of stitching extending through said fastening means having said
      hook-like projections and said exterior end of said fabric.
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PAL  The invention relates to a preburned ceramic refractory covering for a
      water cooled metallic pipe forming a structural portion of a furnace. The
      pipe is covered by a layer of fibrous insulating material where the
      refractory covering is formed by interlocking shapes which are interlocked
      and maintained in assembled position by pins welded to the pipe and
      positioned along edge surfaces of the shapes.
BSUM
PAR  The present invention relates to ceramic refractory elements for protecting
      and insulating the water cooled pipes utilized as a support structure in
      furnaces.
PAR  In metallurgical furnaces of the type in which metal reheat occurs prior to
      further working of the metal, the structure supporting the metal pieces
      being so reheated usually involves the use of water cooled pipes as
      structural support members. For many years it has been known that such
      water cooled pipes should be insulated and protected to extend the life of
      the parts, but more importantly to reduce heat losses from the furnace
      through flow of the cooling fluid through the structural support pipes.
PAR  One of the most satisfactory forms of protective and insulating covers for
      such water cooled pipes includes a layer of insulating material positioned
      adjacent the exterior surface of the water cooled pipe with the insulating
      material enclosed in an outer layer of preburned ceramic refractory tile.
PAR  The tile covering is required to protect the insulating material, which
      will ordinarily not have sufficient chemical or thermal resistance to
      furnace conditions to permit long term use. Necessarily, the tile must be
      segmental not only for ease of installation, but also to provide for
      thermal expansion and contraction in the ceramic and between the ceramic
      and the metal of the pipes, during furnace operations.
PAR  In the present invention, I have found that when properly constructed the
      ceramic refractory tile covering for the water cooled pipes may be made in
      a simplified shape where the great majority of such tiles are uniform in
      their configuration and, furthermore, that such tiles can be made of
      considerably less thickness, and thus less weight, than the tiles
      heretofore in use.
PAR  This desirable configuration can be used advantageously due to the use of
      an interlock between a pair of shapes forming a ring or circumferential
      unit of the pipe covering. Each circumferential unit is self-supporting
      when positioned on either a horizontally or vertically oriented pipe
      support structure. Adjacent circumferential units are also interlocked by
      a ship-lap interconnection to avoid relative rotational movement between
      assembled units and each unit is further provided with radial slots to
      permit use of high temperature alloy metal studs welded to the external
      surface of the enclosed pipe so as to ensure proper positioning of the
      protective ceramic assembly. The studs further reduce possible loss of
      adjacent shapes of the total assembly in the event any individual shape is
      damaged through physical abuse or failure.
DRWD
PAR  FIG. 1 is a perspective view of a portion of a furnace including water
      cooled pipe structure which are protected by the refractory of the present
      invention;
PAR  FIG. 2 is a top view of the ceramic refractory tile of the present
      invention assembled on a water cooled pipe;
PAR  FIG. 3 is an end view of FIG. 1 taken along line 3--3 with the top of the
      assembly shown to the left on the drawing;
PAR  FIG. 4 is a side view of an individual ceramic refractory tile;
PAR  FIG. 5 is an end view of the tile shown in FIG. 4;
PAR  FIG. 6 is a side view of a ceramic refractory tile moved through
      180.degree. of its installed position with respect to the FIG. 4 showing;
      and
PAR  FIG. 7 is an end view of the tile shown in FIG. 6.
DETD
PAR  The furnaces in which the present invention is useable are well known in
      the art as shown in FIG. 1 and illustrated in the J. D. McCullogh U.S.
      Pat. No. 3,055,651. Ordinarily, the ceramic refractory tile of the present
      invention is particularly applicable to horizontal and vertical runs of
      water cooled pipe. As hereinafter more thoroughly described, the same
      general concept of segmental tiles or shapes can be used where one pipe is
      to be covered or whether two pipes arranged in closely spaced parallel
      relationship need to be covered by insulation and tile protection.
PAR  Referring to the drawings, FIG. 2 shows the assembled structure
      illustrating two adjacent circular units 10 and 11, each unit of which is
      formed by two interlocked elements or shapes 12A and 12B that form a
      complete circumference protection unit or ring around a pipe 13. As shown
      in both FIGS. 2 and 3 the ceramic shapes 12 are formed with internal
      dimensions somewhat larger than the external dimension of the pipe 13 to
      be covered. A layer of insulating material 14 is positioned between the
      ceramic refractory tile and the pipe 13. In the embodiment shown, the
      fibrous material is advantageously in the form of a blanket wrapped around
      the pipe upon installation and is held in place by adhesive strips (not
      shown). Thereafter, the ceramic refractory shapes are installed
      concentrically on the fibrous blanket layer so that the arrangement allow
      the entire structure to expand and contract without refractory fracture
      during temperature fluctuations during furnace operation.
PAR  The furnace may be operated at a temperature above 2,500.degree.F while the
      water temperatures may be only several hundred degrees, depending upon
      cooling water flow rates through the pipe. Under these circumstances the
      exterior surface of the refractory tiles, or shapes 12 due to their higher
      temperature environment, will tend to expand a greater amount than the
      expansion of the metallic pipe. As hereinafter described in greater
      detail, the tiles are installed with adequate expansion provisions so as
      to avoid crushing of the refractory material due to the inherent expansion
      of such tiles in the assembly.
PAR  One of the particular advantages of the ceramic shapes illustrated relates
      to the use of identical elements or shapes 12 throughout the assembly in
      coverage of a uniform diameter pipe.
PAR  In the protecting pipes or tubes of different external diameters different
      sizes of ceramic refractory tile must be used, but the configuration of
      the tile will be the same in the different sizes even though diameters may
      be different.
PAR  As shown particularly in FIGS. 2 and 3, each unit or element 10 or 11, is
      formed of two shapes 12A and 12B where the assembly forms an annulus with
      generally cylindrical inner and outer surfaces, and a generally uniform
      wall thickness. The edge surfaces of the element are generally parallel
      and perpendicular to the axis of the pipe 13. As shown, the interlocking
      portions of the shapes 12A and 12B are somewhat loose fitting to permit
      expansion and contraction of the shapes while maintaining the integrity of
      the element. With particular reference to FIGS. 4-7, the configuration and
      details of an individual ceramic refractory shape 12 are illustrated. Each
      tile or shape 12 is formed by classical methods of refractory manufacture
      such as by pressing, casting, ramming or the like. As shown particularly
      in FIGS. 6 and 7, one edge surface 15 of the shape is substantially flat
      and is provided with an arcuate recess 16 and a pair of radially extending
      grooves 17 which are spaced on the opposite ends of the arcuate recess 16.
PAR  The opposite edge surface 20 of the shape 12 is limited in its flat surface
      and is provided with an arcuate protuberence 21 which matches in location
      and shape, but is provided with somewhat smaller dimensions than the
      dimensions of the recess 16 in the edge 15. When adjacent rings or
      circumferential units are assembled the protuberence of one shape will
      loosely fit in a recess of an adjacent shape. The loose fit is desirable
      to accommodate thermal movements of the shapes and any physical movements
      of the pipe support structure. In addition, as shown, the edge surface 20
      of the shape is formed with an internal identation in the shape of a
      modified "S" to provide an interlocking surface, as hereinafter described.
PAR  The inner surface 23 of the shape 12 is a semi-cylinder, formed about an
      axis X, and is provided with symmetrically extending parallel arms 24 and
      25 of equal length, which merge into and extend beyond the opposite ends
      of the semi-cylindrical inner surface 23. The outer surface 26 of the
      shape is of cylindrical configuration coaxial with the semi-cylindrical
      inner surface 23 and cooperating with the inner surface arm extensions to
      form the arms on the open end of each shape. The ends 27 and 28 connecting
      the inner and outer surfaces are radial with respect to the common axis of
      the shape.
PAR  The face edge surface 20 of the shape 12 is indented at each end to form a
      hook-like configuration 22 which is of the general configuration of a
      modified S shape. Specifically, the shape 12 is indented as at 29 in a
      radial direction from the edge 20, approximately one half the distance
      through the thickness of the shape. (i.e. between faces 15 and 20) The
      surface is thereafter inclined at 30 toward the edge 15 of the shape to a
      mid position 31 wherein the reentrant surface 32 is formed extending
      outwardly of the shape. The reentrant surface 32 lies in a radial plane
      with respect to the axis of the shape and extends to a curved end 33 from
      which the surface is again inclined as at 34 toward face 15 of the shape
      to the end 28 of the arm 24. Essentially, the two inclined surfaces 30 and
      34 are parallel and the structure forms a symmetrical hook-like
      configuration 22.
PAR  It will be noted that FIGS. 4 and 5 illustrate the shape as viewed from the
      opposite side of the view shown in FIGS. 6 and 7, and due to the
      symmetrical arrangement of each shape 12 a pair of identical shapes such
      as 12A and 12B (FIG. 2) may be joined to form a circumference enclosure
      for the pipe such as shown at 10 or 11 in FIG. 2. In assembly of the two
      pieces or shapes the circumference enclosing ring surrounding the pipe
      forms a collar having essentially parallel edge surfaces. To provide for
      expansion and contraction of the ceramic refractory members there is
      ordinarily approximately 1/16 of an inch clearance in the parts even
      though the adjoining surfaces may abut at some part of their configuration
      as caused by the weight of each shape 12.
PAR  With each segment of the complete enclosure ring formed from identical
      parts, the radial grooves 17 on the substantially flat face 15 of each
      shape 12 may be fixed in position by the use of a welded stud 35 which is
      positioned and welded after the ceramic shapes are joined. The use of the
      metallic studs aids in maintaining the positional relationship of the
      rings and also prevents rotation of individual shapes in case of the
      failure of another shape. Such failure might occur due to physical damage
      by accidental striking of the ceramic shapes from the metallic parts being
      heated in the furnace enclosing the water cooled pipe structure.
PAR  In the embodiment of the invention shown in the drawings, the pipe 13 is
      approximately 41/2 inches in outside diameter, and the internal diameter
      of the ceramic refractory shape 12 is approximately 51/2 inches. Thus, the
      radial dimension between the axis X and the surface 23 is 23/4 inches. The
      wall thickness of the shape 12 is approximately 11/2 inches (from surface
      23 to surface 26), and the length of the shape parallel to the axis X is
      approximately 41/2 inches. It will be understood these dimensions are
      merely illustrative of a practical shape 12, such as those successfully
      employed in the present use, and other dimensions can be used.
PAR  In the embodiment shown the S shaped hook formed with in the indentation 22
      extends through an angle of 60.degree. on each end of each shape 12
      including each arm 24 and 25. This is illustrated in FIG. 5, where the
      angle between the radial planes of surfaces 29 and 32 is 30 degrees, and
      between surfaces 28 and 32 is also 30 degrees about the axis X. In
      addition, a median plane 40 (see FIG. 4) between edges 15 and 20 would
      intersect the curved ends between surfaces 29 and 30, and surfaces 28 and
      34. Such a plane would also pass through the mid-point of the surface 32.
PAR  In the installation of the protective and insulating arrangement disclosed,
      the interlocked joints 22 of the pair of shapes 12 forming a cylindrical
      element or unit, such as 10 or 11 shown in FIG. 2, preferably will be
      positioned on the top and bottom of the pipe as shown. In this arrangement
      the upper joint will be in tension and the lower joint will be in
      compression. These forces will be minimal and the ceramic being stronger
      in compression the overall arrangement will be able to withstand service
      requirements. Alternately, it is possible to move the joint location on
      initial installation, and locate the joints on the side of the pipe. Under
      such conditions the joints will be in tension from the weight of the
      shapes 12.
PAR  In installing the preburned ceramic refractory shapes 12 of the invention
      on the layer of insulation 14 the first ring or unit is usually positioned
      adjacent the joint between a vertical and horizontal pipe support
      structure. The shapes 12A and 12B, which are identical in overall
      configuration are interlocked by the matching S shaped hooks, and the
      studs 35 are welded to the pipe 13 after the shapes are positioned.
      Thereafter the next pair of shapes forming a ring or unit is interlocked
      and positioned loosely adjacent the first ring in shiplap locking
      relationship by engaging the adjacent annular recesses 16 with a companion
      arcuate protuberance 21. As hereinbefore pointed out, it is desirable to
      maintain approximately 1/16 inch clearance between adjacent rings or
      circumferential units to permit thermal expansion between the units.
      Successive rings are installed as described to cover the insulation for
      the length of the pipe being protected. Each ring may be locked in
      position on the pipe by welding the studs 35 along the edge surfaces
      thereof as each ring is positioned on the pipe. However, it has been found
      in practice that only every third or fourth ring actually requires the use
      of the welded studs to maintain the integrity of the assembly in normal
      furnace operations. The opposite ends of the ceramic refractory covering
      is ordinarily closed, and the insulation covering of the pipe joint are
      protected by a layer of initially plastic refractory materials.
PAR  It will be understood that in the event one or more of the shapes 12 are
      physically damaged by being struck by a billet being heated in the furnace
      the assembly may be repaired without removing undamaged rings or
      circumferential units of the assembly. This may be accomplished by the use
      of precast shapes 12' or by cutting one on more shapes 12 in the field.
      This can be accomplished by removing the protuberances 21 on a pair of
      shapes 12 in a ring, and by removing the S shaped hook on one of the
      shapes 12. This is indicated by dotted line 38 in shape 12A, shown in FIG.
      2. Additionally when shape 12B is positioned on the pipe a radial stud
      will be welded to the pipe near curve 31 as indicated in dotted lines at
      39 in FIG. 2. In such an arrangement the hook joints between the pair of
      shapes will be located on the sides of the pipe structure.
PAR  In the event a pair of parallel pipes are arranged in adjoining
      relationship as required for furnace structure support purposes, similar
      shapes, such as the shapes 12, may be constructed with the arms 24 and 25
      extended as required. The same S shaped joints can still be utilized to
      interconnect a pair of such shapes.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A preburned ceramic refractory shape formed as a segment of ring-like
      configuration having substantially parallel edge surfaces, one of the edge
      surfaces having an arcuate protuberance thereon and the opposite edge
      surface having an annular recess therein symmetrically arranged with
      respect to the protuberance, a semi-cylindrical inner surface
      substantially perpendicular to the edge surfaces and having parallel arms
      extending beyond and with their inner surfaces merging with the inner
      surface of the shape, an external segment of a cylindrical surface
      co-axial with and spaced outwardly of the inner semi-cylindrical surface
      and the surface extended to define an exterior surface of the arms, one of
      the edge surfaces of the shape being substantially flat throughout its
      extent including the arms, the other edge surface having symmetrical
      recessed portions including each arm extending through the shape, each
      recessed portion including a hook therein, some of the surfaces of the
      recessed portion lying in radial planes passing through a common axis of
      the inner and outer curved surfaces.
NUM  2.
PAR  2. A preburned ceramic refractory shape according to claim 1 wherein the
      substantially flat surface of the shape is provided with an annular recess
      therein adjacent the semi-cylindrical inner surface, the recess being
      symmetrical with respect to the arm extensions of the shape.
NUM  3.
PAR  3. A preburned ceramic refractory shape according to claim 1 wherein the
      recessed portion of the other edge surface includes a modified S shaped
      hook.
NUM  4.
PAR  4. A preburned ceramic refractory shape according to claim 2 wherein the
      volume of the recessed portion is substantially equal to the volume of the
      hook.
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PAL  In a double-left Jacquard of the Verdol type in which the cam system
      adapted to actuate the pusher grid must be displaced angularly on its
      driving shaft between a first and a second position, or vice versa,
      whenever the direction of rotation of the loom is reversed, a reversing
      mechanism is provided by which this displacement is automatically
      accomplished when the Jacquard starts rotating. For this purpose said cam
      system, loosely journaled on its driving shaft, has a gear wheel which
      meshes with a first planet gear, the shaft of which is supported by a
      planet carrier keyed on the driving shaft. The planet shaft carries a
      second planet gear which meshes with a toothed sector carried by a drum
      having a limited angular freedom on the driving shaft and subjected to the
      action of a brake. Means are provided to release the brake when the cam
      system has been displaced. Other means render the brake ineffective as
      long as the Jacquard is at such a point of its operative cycle that
      displacement of the cam system would be liable to damage parts of the
      Jacquard. A Maltese cross mechanism locks the planet gears when the cam
      system has reached either one of its first and second positions on said
      driving shaft, the angle of freedom of the drum on the driving shaft being
      greater than the angular extent of the toothed sector.
BSUM
PAR  In loom Jacquard, and more particularly in those of the Verdol type, it is
      known practice to obtain a correct operation when the loom is running
      backwards by displacing angularly on its driving shaft the cam system
      which actuates the pusher grid to press the needles.
PAR  This angular displacement of the pressing cam system should of course take
      place while the loom is at standstill and before it is started in the
      reverse direction. The cam system is then positioned by causing it to
      rotate on a stationary shaft. But this rotation of the cam or cams with
      respect to the Jacquard frame may act on the pusher grid which then pushes
      the needles and the hooks. If the latter are at that time free, this has
      no damageable consequence; if they are at their highermost or raised
      position, they merely flex to a limited extent and are not damaged; but if
      they are retained in the vicinity of their lowermost position by a knife
      frame, their ability to flex is of a quite limited length and results in
      considerable bending stresses which may lead to permanent deformation. The
      angular displacement of the cam system should therefore only be effected
      when the loom is at standstill at such a position of its operative cycle
      that no hook is retained in its substantially lowered position. This of
      course necessitates a careful operator.
PAR  Furthermore the prior art cam displacing mechanism had normally to be
      actuated either by hand or by a separate electric motor. The first
      solution is tiresome and the second one increases in a substantial manner
      the manufacturing cost of the Jacquards.
PAR  It is an object of the present invention to provide a Jacquard in which the
      mechanism which displaces the pusher grid driving cam system is
      automatically actuated by the power of the motor which drives the loom and
      the Jacquard whenever the loom is started in the reverse direction with
      respect to its previous running period.
PAR  Another objec of the invention is to provide means which whereby, if the
      loom is started from such a position that the angular displacement of the
      pusher grid driving cam system would be liable to damage some of the
      hooks, this displacement will be delayed until a favourable position is
      reached.
PAR  In accordance with the present invention there is provided a mechanism
      which displaces angularly the pusher grid driving cam system on its shaft
      through a predetermined angle whenever this shaft is started in the
      reverse direction with respect to its former rotating period, means being
      provided to maintain this mechanism ineffective as long as the Jacquard is
      in the portion of its operative cycle in which the hooks would be liable
      to be damaged.
DRWD
PAR  In the annexed drawings;
PAR  FIG. 1 is a diagram illustrating the motions of the knife frames in a
      double-lift Verdol Jacquard.
PAR  FIG. 2 indicates the corresponding motion of the pusher grid and of the
      presser rods associated therewith.
PAR  FIGS. 3 and 4 are diagrammatical sections showing a hook and the
      corresponding knife respectively at the lowermost position of the knife
      and at another position situated in the vicinity of the latter.
PAR  FIG. 5 illustrates in correspondence with the diagram of FIG. 1 the portion
      of the cycle in which the angular displacement operation should be avoided
      for forward running as well as for backward running.
PAR  FIG. 6 is a longitudinal section through a displacing mechanism according
      to the invention.
PAR  FIG. 7 is a transverse section taken along line VII--VII of FIG. 6.
PAR  FIG. 8 is a perspective view of the planet gear locking device in the
      mechanism of FIGS. 6 and 7.
PAR  FIG. 9 is an electric diagram indicating the controlling means for the
      electromagnet in the mechanism of FIGS. 6 and 7.
PAR  FIG. 10 partially reproduces FIG. 7, but showing the braking lever in its
      operative position.
PAR  FIG. 11 illustrates in correspondence with the diagram of FIG. 1 the two
      points in the cycle which correspond to the action of the braking lever
      raising cam, respectively during forward running and backward running.
PAR  FIG. 12 is a side elevation showing a prior art Jacquard mechanism of the
      Verdol type to which the reversing mechanism of the present invention
      applies.
DETD
PAR  Referring now to the drawings, FIG. 12 shows a Jacquard of the Verdol type
      which will be described first in order to provide a background for the
      present invention. F designates the frame and 20 represents the pusher
      grid which is oscillated horizontally to actuate the needles N and
      vertically to effect the selection of these needles. The pusher grid 20 is
      coupled with two longitudinal rods 19 (one each side of the frame) which
      are supported by links 24. Each link 24 is pivoted to the horizontal arm
      of a pivotally mounted two-armed lever 22 reciprocated by a longitudinal
      rod 21. Rods 19 and 21 are pivotally attached to actuating levers 17 and
      18 which include lower extensions mounting cam followers 17a, 18a and
      carried by transverse shafts 47 and 48 rotatably mounted in Frame F. Each
      of these shafts is oscillated by cams 41, these cams being mounted on a
      transverse shaft 40. The shaft carries at each end a crank 14 which
      actuates a longitudinal rod 13 adapted to oscillate the griffe frames 3a
      and 3b vertically through levers 8 and 9 and through longitudinal rod 12
      and vertical rods 4, 5, 6 and 7. Shaft 40, which is the main shaft of the
      Jacquard, is connected by a chain 15 with a power input shaft 16, the
      latter being in turn connected by a chain C with the drive shaft of the
      loom with which the Jacquard is associated. The Jacquard as set forth in
      FIG. 12 is the subject of French Pat. No. 2,131,138 issued Nov. 10, 1972
      to the French Company Verdol S.A. which is the owner of the present
      invention, now discussed with reference to FIGS. 1 through 11.
PAR  Referring to FIG. 1, reference numerals 1 and 2 designate the diagram of
      the motion of the knife frames in a doublelift Verdol Jacquard, these
      frames being reciprocated in opposed directions. Curve P1 in FIG. 2
      corresponds to the horizontal motion of the pusher grid 20 during normal
      forward running (the diagram being read from left to right in accordance
      with arrow I). Also in FIG. 2 curve P2 represents this same motion during
      backward running, the diagram then being read from right to left (arrow
      II). Curves P1 and P2 are symmetrical with respect to a vertical axis Y
      which intersects respectively the highermost and lowermost points of
      curves 1 and 2 in FIG. 1.
PAR  When it is desired to displace angularly the pusher grid 20 the driving cam
      system 41 in such a Jacquard, with the loom being at standstill, it is
      necessary to take into account the fact that this displacement may cause
      actuation of the needles N which then act in turn on the corresponding
      hooks 38a. Three cases are to be considered:
PAR  1. The hook 38a (FIG. 3) under consideration has been fully lowered (it
      rests on the bottom board of the Jacquard) and the knife frame 2a which is
      near its lowermost position has fully cleared the nose of the hook. At
      such a time the hook is free and if its needle N is pushed, this has no
      inconvenience. The hook is only deflected as indicated in dotted lines.
PA1  2. The hook 38a is retained at its raised position, or in the immediate
      vicinity of the latter by the knife frame which is near its highermost
      position or by the stationary open-shed frame. Under these conditions the
      movement of the corresponding needle 37 causes this hook to flex; but
      since the flexion extends over a major length of the hook stem (between
      the needle and the hook nose), it has therefore no permanent deformation
      effect on the hook which behaves as a resilient wire.
PA1  3. The knife frame when near its lowermost position still retains the nose
      of the hook 38a or has just begun its ascending movement and has caught
      this nose. The displacement of the needle here again causes the hook to
      flex, but the length of the hook stem to which this flexion is imparted
      (between the needle and the lowered nose) is now quite short and the hook
      may therefore undergo a permanent deformation, or in other words it is
      liable to be damaged.
PAR  In FIG. 1 points a and b define the zone or portion of the Jacquard
      operating cycle in which the lowered hooks are fully disengaged from the
      knives and in which therefore the angular displacement of the cam system
      41 may be effected without inconvenience while the loom is at standstill.
      Zones a'-a and b-b' indicate the portions of the operating cycle which
      correspond to the disengagement and to the re-engagement of the lowered
      hooks with respect to the adjacent knives.
PAR  If now in accordance with the present invention the displacement of the
      pusher grid driving cam system 41 will no longer take place while the loom
      remains at standstill, but on the contrary should result from its
      re-starting for instance backwards, this means that during the re-starting
      period the curve P1 of FIG. 2 should be brought to the position P2 before
      the representative point has left zone a-b in FIG. 1. It is easy to see
      that this is tantamount to saying that the angular displacement of the
      pressing cam system should not begin in a portion of the cycle which, in
      order to include both cases (re-starting backwards and re-starting
      forwards), should extend symmetrically both sides of axis Y. Taking into
      account the fact that the angular displacement of the cam system is not
      immediate but occurs during a substantial portion of the Jacquard
      operative cycle, it is finally possible to define a curve Q (FIG. 5) which
      represents the respective portions of the cycle wherein the beginning of
      this angular displacement of the pressing cam system by the loom itself is
      possible, or conversely should be avoided.
PAR  The mechanism according to the present invention comprises a pusher grid
      driving cam 41 (FIG. 6) freely journaled on the main shaft 40 of the
      Jacquard mechanism and rotatably driven by and in synchronism with the
      loom drive through chain C (FIG. 12). If more than one cam is used, they
      may be rigidly mounted on a common sleeve. In the example illustrated this
      cam is of the double-acting type in order to achieve a positive or
      bi-directional drive. Cam 41 is unitary with a gear wheel 80 which meshes
      with a planet gear 81 keyed on a secondary shaft 82 parallel to shaft 40
      and rotatably carried by a supporting plate 83 keyed on shaft 40. This
      secondary shaft 82 has keyed on its end situated on the other side of
      plate 83 with respect to planet gear 81 another or second planet gear 84
      which is in meshing engagement with a toothed sector 85 integral with a
      drum 86 journaled on shaft 40. As shown in FIG. 7 drum 86 is provided with
      an arcuate slot 86a concentric to shaft 40 and which slidably receives a
      pin 87 secured to plate 83 in parallel relation to shaft 40. It will be
      understood that with such an arrangement free rotation of drum 86 on shaft
      40 is limited to the angular extent of slot 86a.
PAR  Shaft 40 further carries a flat cam 88 freely journaled thereon. This cam
      is in the form of a disc having two diametrically opposed bosses 88a (FIG.
      7) of relatively short peripheral length and an arcuate slot 88b for
      passage of pin 87, this slot extending angularly somewhat less than slot
      86a.
PAR  The mechanism of FIGS. 6-8 further includes a lever 89 (FIG. 7) pivoted to
      the stationary frame (not fully illustrated) of the Jacquard on a pin 90
      parallel to shaft 40. Lever 89 has a hub 89a on which are wound both ends
      of a braking band 91 passed around drum 86. Lever 89 also carries a freely
      rotating roller 92 adapted to cooperate with the flat cam 88, and it is
      urged towards the said cam by spring 93. It will be observed that under
      the action of spring 93 hub 89a tends to pull the ends of band 91 and to
      apply same against drum 86.
PAR  The periphery of the supporting plate 83 is formed with two diametrically
      opposed bosses 83a of relatively elongated shape (see FIG. 7 wherein plate
      83 has been indicated in dash and dot lines since it is in front of the
      plane of section VII--VII of FIG. 6). These bosses actuate a roller 94
      carried by a lever 95 mounted on a spindle 96 rotatably supported by the
      Jacquard frame. Arm 95 is bent laterally and it extends beyond spindle 96
      to carry at its end opposed to roller 94 an adjustable screw 97 which may
      act on one of the arms of a bell-crank lever 98 pivoted to the frame at
      99. The second arm of lever 98 has a latch 98a adapted to retain a tooth
      89b formed on the free end of lever 89 against the action of spring 93 at
      such a position that roller 92 is not engaged by bosses 88a (distance d in
      FIG. 7). A spring 100 acts on lever 98 in such a direction as to tend to
      disengage latch 98a from tooth 89b.
PAR  Lever 89 carries in the vicinity of its free end a pin 101 on which an arm
      102 is pivoted through one of its end, its other end being hinged at 104
      to an arm 103 pivoted at 105 to the Jacquard frame. Arm 103 has a lateral
      extension 103a which is actuated by the movable core 106 of the
      electromagnet 107.
PAR  Planet gear 84 has affixed to it a Maltese Cross mechanism comprising a
      disc 108 having in its periphery a concave arcuate depression 108a (see
      FIG. 8). The toothed sector 85 also carries another disc 109 the periphery
      of which may fit within depression 108a. This disc 109 has in its
      periphery an angular zone of lesser diameter which determines therein a
      recess 109a defined by two radial edges. As clearly illustrated in FIG. 8,
      discs 108 and 109 cooperate with each other somewhat as the wheels of a
      Geneva cross system. If, starting from the position of FIG. 8, sector 85
      and disc 109 are rotated counterclockwise, when the leading edge of recess
      109a reaches the center line of discs 109 and 108, disc 108 is free to
      rotate clockwise. But at the same time the toothed portion of sector 85
      engages planet gear 84 which is thus rotated positively in the clockwise
      direction for exactly one revolution, depression 108a being thus returned
      to its initial position. In the meantime however the trailing edge of
      recess 109a has reached the center line of discs 109 and 108, whereby disc
      108 is again locked angularly together with shaft 82 and planet gear 84.
      Sector 85, now disengaged from planet gear 84, continues rotating until it
      reaches a position symmetrical with the position illustrated in FIG. 8
      with respect to the common plane of shafts 40 and 82, the trailing edge of
      recess 109a being beyond depression 108a.
PAR  Drum 86 has a longitudinal bore 86b (FIG. 6) in which a ball 110 is urged
      by a spring 111 against the adjacent side of plate 83, this side being
      formed with two depressions to receive ball 110, drum 86 being thus
      resiliently retained with respect to plate 83 at the position
      corresponding to FIG. 8 and at the above-mentioned symmetrical position.
      The angular extent of slot 86a is such that at each of these two extreme
      positions pin 87 engages one end of the said slot.
PAR  FIG. 9 shows the electric diagram associated with electromagnet 107. In
      this diagram reference numeral 112 designates a source of electric
      current, as for instance one phase of an A. C. network, a low voltage
      transformer, or a rectifying circuit adapted to supply D. C. power, etc...
      The connection between source 112 and electromagnet 107 is effected by two
      wires 113, 114. Wire 114 includes the movable contact 115 of the relay 116
      having a coil 117 one end of which is directly connected with wire 113
      while its other end is connected with wire 114 through another wire 118
      including a movable contact 120. The latter is normally closed (as for
      instance under the action of a spring not illustrated), but it is opened
      by plate 83 each time the latter actuates roller 94. For this purpose
      contact 120 may be so arranged as to be engaged by one of the bosses 83a
      of the said plate (the lower one in FIG. 7) while the other one (the upper
      one in FIG. 7) engages the said roller. It will further be noted that a
      wire 121 connects the end of coil 117 which is connected with movable
      contact 120, with the end of electromagnet 107 which is connected with
      movable contact 115.
PAR  FIG. 9 further shows the electric motor 122 which drives the loom (together
      with its Jacquard) and its three-pole reversing switch 123. As illustrated
      the latter includes an auxiliary contact 124 which is interposed on wire
      113, this contact being closed whenever motor 122 is running in any
      direction.
PAR  The operation is as follows:
PAR  When the loom is in operation, as for instance forwards, pin 87 is at the
      leading end of slots 86a and 88b in order to drive cam 88 and drum 86. The
      latter is besides resiliently retained in both directions with respect to
      plate 83 by ball 110 urged into one of depressions 83b under the action of
      spring 111. The pusher grid driving cam 41 is at the appropriate angular
      position on shaft 40 for normal forward running. Contact 115 is retained
      at the closed position by coil 117 of relay 116 and electromagnet 107 is
      therefore energized. The arrangement is such that arms 102 and 104 are
      thus maintained almost in line but nevertheless at a small angle to each
      other, as illustrated in FIG. 7. At such a position these arms 102, 103
      retain lever 89 at the raised position for which band 91 is loose on drum
      86 and therefore has practically no braking action thereon.
PAR  When the loom has to be operated backwards, the operator first brings
      switch 123 to its neutral position to stop the loom. In most cases the
      loom stops at such a position that neither rolller 92, nor roller 94 are
      raised by their respective bosses 88a and 83a. It results therefrom that
      under the action of spring 100 the latch 98a is at its ineffective
      position with respect to tooth 89a. Since at the neutral position of
      switch 123 (FIG. 9) contact 124 is now open, electromagnet 107 is
      disenergized and lever 89 is lowered by spring 93, as illustrated in FIG.
      10 which shows the out-of-alignment or "broken" position then assumed by
      arms 102, 103, the roller 92 engaging the periphery of the circular
      portion of cam 88. At this position of lever 89 band 91 is pulled by hub
      89a which acts as a winding member, and it exerts a strong braking action
      on drum 86.
PAR  When the operator again closes switch 123 to start motor 122 in the reverse
      direction, shaft 40 begins rotating without driving drum 86 which is
      sufficiently braked by band 91 to cause ball 110 to leave depression 83b
      (FIG. 6) against the action of spring 111, while pin 87 moves freely in
      slots 86a, 88b. Planet gear 84 therefore rotates around sector 85 in the
      manner already explained with reference to FIG. 8, namely that the said
      gear is first unlocked by reaching the recess 109 in the disc 108, then
      that it is engaged by the teeth of sector 85 and rotates through one full
      revolution together with shaft 82 and planet gear 81, and that thereafter
      pin 87 engages the end of slot 86a thus causing rotation of drum 86 in
      spite of the braking action of band 91. Owing to the rotation of the
      planet gear 81 as the drum 86 is rotated and to the meshing engagement of
      planet gear 81 with gear wheel 80, the pusher grid driving cam 41 is also
      angularly displaced on shaft 40 and the arrangement is such that this
      displacement corresponds exactly to the amount required to obtain proper
      operation of the Jacquard during backward rotation of the loom.
PAR  As aforesaid when pin 87 reaches the end of slot 86a, ball 110 is urged by
      spring 111 into the other depression 83b to releasably retain drum 86 in
      both directions.
PAR  When switch 123 (FIG. 9) has been closed to start motor 122 backwards,
      contact 124 has energized electromagnet 107 through contact 120 which was
      closed at that time because the switch 120 is only opened by one of the
      elongated bosses 83a when the other one raises roller 94, and it having
      been assumed as a starting condition that such was not the case. Relay 116
      has operated to close contact 115 whereby contact 120 is now short
      circuited. Owing to the energization of electromagnet 107, arm 103 tends
      to rotate clockwise from the "broken" position of the arms 102-103 as
      shown in FIG. 10, but at the "broken" position of arms 103-102, the force
      developped by the said electromagnet is insufficient to raise lever 89.
      However as soon as a boss 88a raises roller 92, electromagnet 107 may then
      act on lever 89 to further raise same through the small distance d of FIG.
      7 above bosses 88a, as this is necessary to bring tooth 89a above latch
      98a. It should be noted in this respect that some sort of abutment is
      provided, as for instance within electromagnet 107, to limit the ascending
      movement of lever 89 and to prevent arms 102 and 103 from becoming fully
      aligned, which of course would block the release of the mechanism back to
      "broken" position as shown in FIG. 10. Owing to the counterclockwise
      rotation of lever 89, band 91 is released and drum 86 is no more braked.
PAR  It may be remarked that contact 120 being short-circuited by contact 115,
      the brief periodic openings of this contact by bosses 83a  on switch 120
      will have no influence on electromagnet 107.
PAR  If however when the loom is to be started backwards the representative
      point of the operative cycle is in the "forbidden" zone of FIG. 1, i.e.
      where roller 94 rests on one of the elongated bosses 83a of plate 83 (see
      FIG. 7) and lever 95 has been rotated clockwise and latch 98a has been
      brought under tooth 89a before disenergisation of electromagnet 107, then
      the lever 89 will be maintained at the released position of band 91 and
      drum 86 is not braked. Furthermore contact 120 is opened by the boss 83a
      opposed to the one which raises roller 94 and therefore neither relay 116,
      nor electromagnet 107 is energized when the operator actuates switch 23 to
      start the loom backwards.
PAR  But as soon as the upper boss 83a releases roller 94, the latch 98a is
      brought to its ineffective position by spring 100 and lever 89 will have
      to come to the position of FIG. 10 before contact 120 is closed to
      energize electromagnet 107. The cam displacing operation has thus been
      delayed during the forbidden zone, but will thereafter take place as above
      explained.
PAR  It should be observed that if when the loom is at standstill roller 92 were
      raised by the boss 88a, thus preventing lever 89 from operating the band
      91 to brake the drum 86, this would have no consequence since contact 120
      is then open and therefore electromagnet 107 is unenergized and cannot
      retain lever 89 at the fully raised position.
PAR  It will be understood that the short bosses 88a have for their purpose to
      raise lever 89 after passage of an elongated boss 83a under roller 94 in
      order that the said lever 89 may be brought by electromagnet 107 to the
      position illustrated in FIG. 7 (roller 92 being at a distance d above the
      level of bosses 88a). When the loom is reversed the flat cam 88 should
      therefore be somewhat displaced with respect to plate 83 and that is why
      it is driven by means of pin 87 in the slot 88b which, as illustrated, may
      be noticeably shorter than the slot 86a of drum 86, the extent of the
      latter having to correspond to a full operative cycle of the gearing
      illustrated in FIG. 8. FIG. 11 shows in correspondence with the diagram of
      FIG. 1 the times R.sub.1 and R.sub.2 at which the bosses 88a of cam 88
      should act on roller 92 respectively when the loom is operated forwards
      and backwards. It will be observed that R.sub.1 and R.sub.2, which
      represent the short bosses 88a, are below the curve Q of FIG. 5 which
      corresponds to the elongated bosses 83a. It is clear that bosses 88a only
      raise lever 89 when roller 94 is raised and while therefore contact 120 is
      open.
PAR  Discs 108 and 109 have for their purpose to prevent the pusher grid driving
      cam 41 from retroacting on drum 86 under the effect of the reactions of
      the pusher grid 20, such reactions acting alternately in one and the other
      direction. As to the resilient locking ensured by ball 110, it retains the
      drum against vibrations.
PAR  When AC power is supplied to the electric source 112, as for instance when
      the latter includes a transformer, this power may be derived directly from
      two terminals of motor 122, which is under the control of switch 124.
PAR  It will be further understood that the double planet gearing 81-84 permits
      the obtaining of a multiplication of angular motion between the angular
      displacements of drum 86 and of cam 41 with respect to plate 83 and to
      shaft 40. It is obviously of advantage to obtain a high multiplication of
      motion in order that the time required for the displacement of cam 41 may
      be as short as possible with respect to the operating cycle of the
      Jacquard, since this reduces the extent of the forbidden zone. But the
      torque required increases as the multiplication and the latter should be
      limited in order to avoid excessive stresses in the mechanism.
PAR  The preceding description is of course only illustrative and many
      modifications may be taken into account. For instance contact 120 could be
      actuated by lever 95 or by a separate cam. The flat cam 88 could also
      include a resilient ball-and-spring device as drum 86.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a loom Jacquard of the Verdol type associated with a loom and
      including a pusher grid driven by a cam system the operative position of
      which in the cycle of operation of the Jacquard should be displaced when
      the direction of rotation of said Jacquard is reversed, a mechanism
      comprising:
PA1  a frame;
PA1  a driving shaft rotatably supported by said frame and adapted to be
      connected with the loom to rotate in synchronism therewith in one or the
      other direction when said loom is running forward or backward, with said
      pusher grid driving cam system being rotatably carried by said shaft;
PA1  means to retain said pusher grid driving cam system at a first angular
      position on said shaft when the shaft rotates in one direction and at a
      second angular position on said shaft when the shaft rotates in the other
      direction;
PA1  means actuated by said shaft to angularly displace said pusher grid driving
      cam system from one of said first and second angular positions to the
      other whenever, after said shaft has rotated in one direction, it is
      started in the other direction;
PA1  and means to inhibit the action of said cam system displacing means during
      the portion of the operative cycle of the Jacquard wherein displacement of
      said pusher grid driving cam system would be liable to damage parts of the
      Jacquard.
NUM  2.
PAR  2. In a mechanism as claimed in claim 1, said means to displace said pusher
      grid driving cam system comprising:
PA1  a driving member loosely mounted on said shaft;
PA1  abutment means interposed between said shaft and said driving member to
      limit to a first predetermined angle possible rotation of said member on
      said shaft;
PA1  means carried by said frame and acting on said driving member to brake same
      and further including means to rotate said driving member through said
      first predetermined angle on said shaft whenever the direction of rotation
      of said shaft is reversed;
PA1  and connecting means between said driving member and said cam system to
      cause the cam system to rotate through a second predetermined angle on
      said shaft when said driving member rotates thereon through said first
      predetermined angle.
NUM  3.
PAR  3. In a mechanism as claimed in claim 2, said connecting means comprising:
PA1  a gear wheel carried by said cam system concentrically to said shaft;
PA1  a toothed sector carried by said driving member concentrically to said
      shaft;
PA1  a support carried by said shaft between said cam system and driving member;
PA1  and planet gear means carried by said support to mesh with said gear wheel
      and with said sector and to connect same with each other.
NUM  4.
PAR  4. In a mechanism as claimed in claim 3, said planet gear means comprising
      a first planet gear and a second planet gear carried by a planet shaft
      rotatably journaled in said support, and meshing respectively with said
      gear wheel and with said toothed sector.
NUM  5.
PAR  5. In a mechanism as claimed in claim 3, said means to inhibit comprising
      means to lock said cam system on said driving shaft at said first and
      second positions of said cam system thereon, and means to render said
      locking means ineffective whenever the rotation of said driving shaft is
      reversed.
NUM  6.
PAR  6. In a mechanism as claimed in claim 4, said means to inhibit comprising:
PA1  a Maltese cross system including a first element carried by said driving
      member and a second element carried by said planet shaft to lock the
      latter at a single angular position on said support while permitting
      rotation of said driving member relative to said support;
PA1  said first planet gear effecting a full revolution when said cam system
      passes from its first to its second angular position on said driving
      shaft;
PA1  said sector being of such an angular extent as to rotate said second planet
      gear through one revolution;
PA1  and said first predetermined angle of possible rotation of said driving
      member on said driving shaft being greater than the angular extent of said
      sector.
NUM  7.
PAR  7. In a mechanism as claimed in claim 2, means to render said braking means
      ineffective when said cam system has been angularly displaced on said
      driving shaft.
NUM  8.
PAR  8. In a mechanism as claimed in claim 2:
PA1  said driving member having a circular periphery concentric to said driving
      shaft;
PA1  and said braking means including:
PA2  a. a band surrounding the periphery of said driving member;
PA2  b. a brake actuating lever to which the ends of said band are attached
PA2  c. and biassing means to urge said lever in such a direction as to pull
      said band and to apply same on said driving member.
NUM  9.
PAR  9. In a mechanism as claimed in claim 8:
PA1  a brake releasing cam driven by said driving shaft to displace said
      actuating lever against the action of said biasing means during a short
      portion of the operative cycle of the Jacquard to release the braking
      action of said band on said driving member;
PA1  and first means to retain said actuating lever at the position
      corresponding to the release of the braking action of said band when said
      cam system has been displaced on said driving shaft.
NUM  10.
PAR  10. In a mechanism as claimed in claim 8, said means to inhibit the action
      of said cam system displacing means comprising:
PA1  second retaining means to retain said actuating lever at the position
      corresponding to the release of the braking action of said band;
PA1  second biasing means to urge said second retaining to an ineffective
      position;
PA1  and an inhibiting cam carried by said driving shaft to act on said second
      retaining means against the action of said second biasing means to cause
      said retaining means to retain said actuating lever during the portion of
      said cycle wherein displacement of said cam system would be liable to
      damage parts of the Jacquard.
NUM  11.
PAR  11. In a system as claimed in claim 8, said brake releasing cam being
      freely journaled on said driving shaft and being driven by same through
      abutment means to rotate on said driving shaft through a third
      predetermined angle each time rotation of said Jacquard is reversed.
PATN
WKU  039411621
SRC  5
APN  4557085
APT  1
ART  352
APD  19740328
TTL  Reinforcing fabric for belts
ISD  19760302
NCL  10
ECL  1
EXP  Kee Chi; James
NDR  1
NFG  3
INVT
NAM  McCabe; James L.
CTY  Winnsboro
STA  SC
INVT
NAM  Loeble; William D.
CTY  Columbia
STA  SC
ASSG
NAM  Uniroyal Inc.
CTY  New York
STA  NY
COD  02
CLAS
OCL  139383R
XCL  139426R
XCL   57140R
XCL  428245
XCL  428258
XCL  428259
XCL  428263
XCL  428265
EDF  2
ICL  D03D 1500
FSC  139
FSS  420 R;426 R;383 R
FSC  161
FSS  88-92
FSC   74
FSS  231 R;231 P;230
FSC  198
FSS  193
FSC   57
FSS  140 R
FSC  428
FSS  245;258;259;263;265
UREF
PNO  2401260
ISD  19460500
NAM  Lord et al.
OCL  161 91
UREF
PNO  2792319
ISD  19570500
NAM  Fihe
OCL   74231R
UREF
PNO  2866483
ISD  19581200
NAM  Watts et al.
OCL  139426R
UREF
PNO  3086274
ISD  19630400
NAM  Arnett
XCL  161 91
UREF
PNO  3148710
ISD  19640900
NAM  Rieger et al.
OCL  139426R
UREF
PNO  3160193
ISD  19641200
NAM  Baggett et al.
OCL   57140R
UREF
PNO  3296062
ISD  19670100
NAM  Truslow
OCL  139426R
UREF
PNO  3322163
ISD  19670500
NAM  Hughes
OCL  139383R
FREF
PNO  717,825
ISD  19650900
CNT  CA
OCL  161 90
LREP
FR2  Sands; Philip
ABST
PAL  A fabric for reinforcing rubber or rubber-like belts, the fabric comprising
      weft cords interlaced with and extending transversely of warp cords to
      retain the latter in parallel relation, the warp cords being constituted
      of synthetic spun yarn having no greater than two single ends plied
      together. The foregoing abstract is neither intended to define the
      invention disclosed in the specification, nor is it intended to limit the
      scope of the invention in any way.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to reinforcements for industrial
      belts and the like, such as conveyor belts, power transmission belts,
      etc., and more particularly to a fabric which may be embedded in the
      elastomeric material of the belt to increase the tensile strength of the
      latter so that the belt can perform satisfactorily as a conveying or power
      transmitting medium.
PAR  It is well known to embed a fabric in an elastomeric material such as
      rubber (natural or synthetic) to reinforce the latter. Cotton and other
      textiles of staple fiber material have been used heretofore with moderate
      success in that to some degree the rubber material is reinforced thereby.
      However, reinforcements made of these textiles display poor resistance to
      shocks, impact and severe blows to which rubberized belts incorporating
      same are subjected in their normal course of use.
PAR  Synthetic textiles such as that constituted of polyester have therefore
      been used of late with increasing frequency to overcome the disadvantages
      associated with the cotton-like textiles aforementioned. The polyester
      material utilized generally is that of the "spun" variety or that of the
      "continuous filament" variety.
PAR  Conventional polyester yarn for reinforcing fabrics, whether the yarn is
      spun yarn or filament yarn, is generally a tightly woven yarn having a
      plurality of single ends plied together. Each single end is usually first
      subjected to a ring spinning process and then the single ends are together
      twisted about one another so as to ply them into a single cord. With
      regard to spun yarns, each yarn cord is defined in terms of a conventional
      designation of "cotton count" and by the number of single ends which are
      plied to one another.
PAR  Historically, a numerical designation in the form of a fraction is used to
      define both the cotton count and the number of single ends plied to one
      another. In this respect, the numerator of the fraction represents the
      cotton count, namely a number by which a constant (not shown in the
      numerator) such as 840 is multiplied. The numerator has units in the form
      of yarn length per unit of weight. The units associated with the constant
      840 are yards per pound. The denominator of the fraction designates the
      number of single ends plied to one another to form a single cord. The
      fraction when reduced to lowest terms gives rise to still another
      characteristic of the yarn, namely an "equivalent cotton count". When two
      different spun yarns are compared to one another with regard to properties
      in terms of bulk, tensile strength, etc., the yarns are generally compared
      on the basis of having substantially identical equivalent cotton counts.
PAR  It has been determined heretofore that it is usually good practice to
      initially subject the fabric to a conventional RFL (resorcinol
      formaldehyde latex) dip, the dip not only somewhat increasing the tensile
      strength of the yarn material but likewise increasing the adhesion of the
      yarn material to that of the rubber or rubber-like material in which the
      fabric is to be embedded to form, for example, a reinforced belt.
PAR  Conventional practice with spun yarns has been to rely on the mechanical
      adhesion of the bulky and fuzzy fibers thereof to the rubber or
      rubber-like material rather than merely a chemical adhesive bond
      therebetween. Thus, the degree of bulk of a particular spun yarn has a
      direct bearing on its capacity to mechanically adhere to the rubber or
      rubber-like material of the belt in which it is embedded. The greater its
      bulk, the greater is its adhesion to rubber. Accordingly, a highly bulky
      yarn which has been dipped in an RFL bath displays extremely desirable
      mechanical and chemical adhesive properties and lends itself for use with
      good success as a belt-reinforcement means.
PAR  A disadvantage associated with conventional reinforcing fabrics constituted
      of spun yarn is that the yarn is of the type having many plied ends, for
      example a 7/7 or 8/8 yarn. This type of yarn does not have substantial
      bulk, despite its spun nature, because the ends are tightly twisted and
      plied to one another. As a result, such yarn does not present optimum
      adhesion to rubber.
PAR  Moreover, such multiple plied spun yarn when weaved into a fabric is quite
      thin. As a result, when a belt employing such a fabric is joined at its
      opposite ends to present a closed loop (for example transmission belts)
      the clamps or rivets used for joining the belt-ends can be loosened and
      pulled out of the latter when the belt is subjected to tension below the
      tensile strength of the belt itself. This is so because as much as 80% of
      the effective clamping capacity of such clamps or rivets depends directly
      on the degree to which the fabric is squeezed by the clamp. Only 15% of
      the effective clamping capacity of these clamps depends upon the weft
      cords or picks of the fabric, and only 5% thereof is due to the rubber or
      rubber-like material in which the fabric is embedded.
PAR  Conventional practice, therefore, is to increase the number of superposed
      layers of such fabric in the rubber of the belt to thereby increase the
      effective fabric thickness which the clamp can "bite".  Thus, the breaking
      strength of the clamped ends of the belt (or "weak link") is substantially
      increased by increasing the number of fabric layers, but at the additional
      cost of an excessive number of fabric layers.
PAR  This disadvantage associated with the degree to which the opposite belt
      ends can be effectively clamped when reinforced by a low bulk (and
      therefore thin) spun yarn fabric, is also associated with belts reinforced
      by fabrics of the continuous filament variety. As is well known, filament
      fabrics are likewise quite thin and therefore, in the absence of a
      multiplicity of superposed fabrics embedded in the rubber material of the
      belt, such filament fabrics likewise do not present a sufficient bite
      thickness for the clamps.
PAR  A further disadvantage associated with the many plied spun yarn in
      particular is that experience has determined that after repeated use, for
      example several months, of a belt in which is disposed such a reinforcing
      yarn, the belt undergoes a reduction in tensile strength. As a result,
      such a reinforcing yarn is not reliable over extended periods. The latter
      disadvantage is believed to be a result of the number of single ends which
      are plied to one another and, thereby, interlocked and restrained against
      permitting a uniform linear distribution therealong of repeated stresses.
      The interlocking of the single ends with one another is believed to form
      local high stress zones in the yarn which tend to weaken after extended
      use.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a novel
      and effective fabric for reinforcing industrial belts and the like.
PAR  It is a further object of the present invention to provide such a
      reinforcing fabric having yarn which is dimensionally stable, long-lasting
      and does not undergo an appreciable reduction in tensile strength.
PAR  It is still another object of the present invention to provide such a
      fabric having yarn of greater bulk than that of conventional synthetic
      spun yarn and, thereby, a fabric which has (a) greater mechanical adhesion
      to rubber or rubber-like materials, and (b) a higher degree of clamp
      pull-out resistance for obviating the need for an excessive number of
      superposed fabric layers in the belt rubber.
PAR  The present invention may be briefly characterized as a fabric for
      reinforcing industrial belts, the fabric having closely spaced and
      parallel warp cords, and weft cords interlaced with and extending
      transversely of the warp cords to retain the latter in parallel relation.
      The warp cords are constituted of synthetic, preferably polyester, spun
      yarn having no greater than two single ends plied together and an
      equivalent cotton count of 1.0. The warp cords may each be constituted of
      a single end having a cotton count of 1.0 or, alternatively, the warp
      cords may be constituted of two plied single ends, each end having a
      cotton count of 2.0 (each end therefore being a 2/1 yarn). After the
      fabric is formed of the warp and weft cords, the fabric is RFL treated,
      theremoset and embedded in the elastomeric material of a belt.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and additional objects and advantages of this invention will be
      more clearly understood from the following detailed description thereof
      when read in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a partially cross-sectional view of one embodiment pursuant to
      the belt of the present invention, the view taken laterally of the belt;
PAR  FIG. 2 is a schematic plan view of the fabric pursuant to the present
      invention; and
PAR  FIG. 3 is an enlarged, fragmentary perspective view of an alternate
      embodiment of a single warp cord pursuant to the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, and more particularly to FIGS. 1 and 2, the
      present invention relates to means for reinforcing industrial belts such
      as conveyor belts, power transmission belts, etc. The belt pursuant to one
      embodiment of the present invention is denoted generally by the reference
      character 10 and is constituted of an elastomeric material such as natural
      or synthetic rubber. The reinforcing means for the belt 10 is a fabric
      denoted generally by the reference character 12. The fabric 12 comprises
      closely spaced and parallel warp cords 14, and weft cords 16, 18
      interlaced with and extending transversely of the warp cords 14 to retain
      the latter in parallel relation. Each weft cord 16 is associated with a
      corresponding weft cord 18 and runs in opposing relation with the latter
      alternately over and under adjacent ones of the warp cords 14.
PAR  The essence of the present invention lies not necessarily in the interlaced
      relationship of the warp and weft cords with one another, but rather lies
      in the very nature of the warp and weft cords. In this respect, the warp
      cords are of a specific type which is constituted of spun yarn having no
      greater than two single ends plied together and an equivalent cotton count
      of 1.0. For example, the warp cords may be constituted of a single end
      having a cotton count of 1.0. Alternatively, the warp cords may be
      constituted of two plied single ends, each end having a cotton count of
      2.0. Thus, the warp cords may be characterized as a 1/1 or a 2/2 yarn. The
      1/1 yarn designates a single yarn having a cotton count of 1.0 and
      constituted of a single end of yarn. On the other hand, the 2/2 yarn
      designates a single yarn having a cotton count of 2.0  and constituted of
      2 plied single ends, each end being a 2/1 yarn.
PAR  It has been determined that a 1/1 spun yarn or a 2/2 spun yarn demonstrates
      a tensile strength which is significantly higher than that of a
      conventional multi-plied 3/3, 4.5/4, 7/7 or 8/8 yarn after a period of
      several months. The latter multi-plied yarns exhibit a tensile strength
      loss after several months, whereas after such a period a 1/1 or a 2/2 yarn
      exhibits tensile strength retention.
PAR  For purposes of illustration, a 1/1 spun yarn is illustrated in FIG. 1 and
      designated by the reference character 14, whereas a 2/2 spun yarn is shown
      in FIG. 3 and designated by the reference character 14a. The 2/2 yarn 14a
      in FIG. 3 is comprised of two single ends designated by the reference
      characters 20 and 22, respectively.
PAR  Accordingly, as may be readily appreciated, the yarn pursuant to the
      present invention, whether it be a 1/1 spun yarn or a 2/2 spun yarn, is
      much more effective and reliable than that of a conventional multi-plied
      (3/3 or greater) yarn when used for fabric warp cords in a
      belt-reinforcing environment, this because of its capacity to resist
      undergoing a reduction in tensile strength after a significant period of
      use.
PAR  Another significant advantage accrued by the nature of the present
      invention is that a 1/1 or a 2/2 yarn exhibits greater bulk than that of a
      tightly woven yarn of the multi-plied (3/3 or greater) variety.
      Accordingly, when a yarn pursuant to the present invention is dipped in an
      RFL bath, the RFL deeply penetrates uniformly the full cross-sectional
      extent of the yarn and, thus, a greater amount of RFL is captured therein.
      On the other hand, when a conventional multi-plied (3/3 or greater) yarn
      is dipped in an RFL bath, because of the generally tightly woven nature of
      the latter yarn, a lesser amount of RFL is entrapped in the yarn and there
      is a lesser degree of uniformity with regard to the extent of penetration
      throughout the cross-sectional extent of the yarn.
PAR  As a result, when a 1/1 or 2/2 spun yarn of the present invention is
      embedded in an elastomeric material such as natural or synthetic rubber,
      the yarn tends to chemically adhere to the rubber material to an extent
      which is substantially greater than the degree to which the lesser RFL
      impregnated conventional multi-plied (3/3 or greater) yarn adheres to the
      rubber material.
PAR  The greater bulk of the yarn pursuant to the present invention also
      contributes to increasing the mechanical adhesion thereof to rubber. Test
      data has demonstrated that a 2/2 spun yarn has approximately 45 lbs. of
      adhesion, whereas a 7/7 or 8/8 yarn only has approximately 25 lbs. of
      adhesion. Thus, because of increased mechanical and chemical adhesion
      effected by the yarn pursuant to the present invention, the fabric
      constituted of that yarn can more effectively and reliably cooperate with
      the rubber material for reinforcing the latter.
PAR  Another very valuable attribute of the present invention, which is also due
      to the bulky nature of the yarn, is that the yarn has much higher clamp
      "pullout" resistance than does the thinner filament yarn or conventional
      thin multi-plied (3/3 or greater) spun yarn. As a result, a lesser number
      of superposed fabric layers is necessary for being embedded in the belt
      rubber for purposes of providing a highly effective bite thickness for
      clamps which are to join the opposite ends of the belt to provide a closed
      loop. Thus, from an economical standpoint, the fabric of the present
      invention is much more desirable than is conventional filament or spun
      yarn.
PAR  It has been determined that synthetic spun yarn, such as that constituted
      of polyester, is that which is most preferable pursuant to the present
      invention. Polyester, whether it be regular tenacity polyester or high
      tenacity polyester, itself displays significant tensile strength which is
      greater than that of the natural fibers such as cotton and the like,
      whereas the spun 1/1 or 2/2 nature of the yarn gives it its high bulk
      characteristic.
PAR  It will be understood, that the fabric, such as the fabric 12 in FIG. 2,
      after having been RFL treated can be thermoset to increase its dimensional
      stability. It will be also understood that although the warp cords 14, 14a
      have been described as being constituted of synthetic spun yarn having no
      greater than two single ends plied together and an equivalent cotton count
      of 1.0, that the weft cords 16, 18 need not be so constituted and
      restricted and thus may be the same as or different from the warp cords
      14, 14a. For example, the warp cords 14 may be of the 1/1 spun polyester
      variety, whereas the weft cords 16, 18 may be continuous filament 1260/1
      nylon.
PAR  It will be understood that the foregoing description of the preferred
      embodiments of the present invention is for purposes of illustration only
      and that the various structural and operational features and relationships
      herein disclosed are susceptible to a number of modifications and changes
      none of which entails any departure from the spirit and scope of the
      present invention as defined in the hereto appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fabric comprising closely spaced and parallel warp cords, and weft
      cords interlaced with and extending transversely of said warp cords to
      retain the latter in parallel relation, said warp cords being constituted
      of synthetic spun yarn having no greater than two single ends plied
      together and an equivalent cotton count of 1.0.
NUM  2.
PAR  2. A fabric as claimed in claim 1, wherein said warp cords are each
      constituted of a single end having a cotton count of 1.0.
NUM  3.
PAR  3. A fabric as claimed in claim 1, wherein said warp cords are each
      constituted of two plied single ends, each end having a cotton count of
      2.0.
NUM  4.
PAR  4. A fabric as claimed in claim 1, wherein said warp cords are constituted
      of polyester.
NUM  5.
PAR  5. A fabric as claimed in claim 1, wherein said warp and weft cords are
      identical.
NUM  6.
PAR  6. A fabric as claimed in claim 1, wherein said warp and weft cords are
      different.
NUM  7.
PAR  7. A fabric as claimed in claim 1, wherein said warp and weft cords are
      Resorcinol Formaldehyde Latex treated.
NUM  8.
PAR  8. A fabric as claimed in claim 1, wherein said warp and weft cords are
      thermoset against shrinkage.
NUM  9.
PAR  9. A fabric as claimed in claim 1, in combination with an elastomeric
      material in which is embedded said fabric.
NUM  10.
PAR  10. A fabric as claimed in claim 9, wherein said elastomeric material is in
      the form of a belt.
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ABST
PAL  A method of making a woven zipper is disclosed, and an apparatus for
      carrying out the method.
PAL  A zipper tape is woven from warp threads and weft threads. A coil-forming
      filament is advanced longitudinally of the weft threads and additionally
      is made to perform a movement about the surface of an imaginary cone whose
      base extends transverse to the longitudinal advancement of the filament.
      Cover threads, extending lengthwise of the weft threads are stepwise moved
      to the vicinity of the imaginary surface and held until the filament has
      passed them; thereupon, they are moved through the surface to the interior
      of the cone and a binding thread is passed behind them in longitudinal
      direction of the weft threads.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a zipper, and more particularly
      to a woven zipper. Specifically, the invention relates to a method of
      making such a zipper, and to an apparatus for carrying out the method.
PAR  A woven zipper is disclosed in U.S. Pat. No. 3,692,068 wherein a zipper
      tape is formed, into a longitudinally extending marginal portion of which
      a filament forming the coupling portion of the zipper is inserted by means
      of a weft inserting needle into a separately provided weft shed of
      threads, and is then woven between these additional threads and the basic
      tape. As compared to other types of zippers, this has the advantage that
      the filament is secured to the tape with a plurality of threads, and that
      the manner in which these threads are inserted is relatively simple
      because they always extend above the legs of each loop into which the
      filament is formed, and because they always extend beneath individual weft
      threads. Moreover, such a zipper can be produced continuously and can
      utilize a filament of any desired length, so that no interruptions in the
      manufacture result from running out of the thread supply or the filament
      supply.
PAR  German Pat. Nos. 2,023,055 and 2,125,470 disclose how a woven zipper can be
      made by, in effect, weaving a coil-forming filament onto the zipper tape
      as the latter is being produced. The filament is connected to the tape by
      the weft threads which engage those loop portions of the coil convolutions
      that overlie the tape. While this approach to zipper masking has many
      advantages, it does have the drawback that the filament coil is not very
      sturdily secured to the tape. Also, the position of the individual coil
      loops are not as finely fixed as is desirable and, because of the
      engagement of the aforementioned loop portions by the weft threads, these
      loop portions are not available to guide the zipper slider, as would be
      desirable in the interest of easier operation of the latter.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the invention to further improve the
      manufacture of woven zippers of the type under discussion.
PAR  More specifically, the invention seeks to provide an improved method of
      making such a zipper, which assures that the filament coil is more
      securely fastened to the zipper tape.
PAR  Another object of the invention is to provide such a method which assures
      easier operation of the slider.
PAR  Still a further object is to provide an apparatus for carrying out the
      method.
PAR  In keeping with the above objects, and with others which will become
      apparent hereafter, one feature of the invention resides in a method of
      making a woven zipper. Breifly stated, this method comprises the steps of
      weaving a zipper tape from warp threads and weft threads; during weaving
      of the zipper tape alternately opening and closing a shed composed of
      cover threads which extends longitudinally of the warp thread; advancing
      in longitudinal direction of the weft threads a coil-forming filament
      which in the region of the shed additionally performs a movement about the
      marginal surface of an imaginary cone whose base extends transverse to the
      direction of advancement of the filament; moving said cover threads to the
      exterior vicinity of the imaginary surface and holding them in position
      until the filament has moved past them along the imaginary surface;
      shifting said cover threads through said imaginary surface inwardly
      thereof after said filament has moved past them; and inserting a binding
      thread transverse to and in a plane behind the cover threads.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an enlarged-scale somewhat diagrammatic perspective view,
      illustrating one section of a zipper produced in accordance with the
      invention;
PAR  FIGS. 2 and 3 are diagrammatic cross sections taken on lines II--II and
      III--III of FIG. 1, respectively;
PAR  FIG. 4 is a view similar to FIG. 3, but illustrating a somewhat different
      embodiment of the invention;
PAR  FIG. 5 is a fragmentary section taken on line V--V of FIG. 1;
PAR  FIG. 6 is a view similar to FIG. 5, but illustrating a somewhat different
      embodiment of the invention;
PAR  FIGS. 7a-10a are diagrammatic fragmentary plan views illustrating the
      zipper in FIGS. 1 and 5 during weaving, and in four different working
      positions of the various threads and the filament;
PAR  FIGS. 7b-10b are diagrammatic views illustrating the positions of the
      several threads and the filament of FIGS. 7a-10a, respectively, on lines
      VIIb--VIIb to xb--xb of 7a-10a, respectively;
PAR  FIGS. 11a-14a are views resembling FIGS. 7a-10a, but illustrating a further
      embodiment of the invention, namely that which is shown in FIG. 6;
PAR  FIGS. 11b-14b illustrate subject matter analogous to FIGS. 7b-10b, but with
      respect to FIGS. 11a-14a and on lines XIb--XIb to 14b--14b of FIGS.
      11a-14a, respectively;
PAR  FIG. 15 is a diagrammatic side view of an apparatus for making the zipper
      of FIG. 1, with only those portions illustrated that are necessary for an
      understanding of the invention;
PAR  FIG. 16 is a partially sectioned view taken on the two section lines
      XVIa--XVIa and XVIb--XVIb of FIG. 15;
PAR  FIG. 17 is a veiw similar to FIG. 16, but illustrating a somewhat modified
      embodiment;
PAR  FIG. 18 is an enlarged partly sectioned top-plan view of a portion of a
      further embodiment of an apparatus for making the novel woven zipper; and
PAR  FIGS. 19-20 are a side view and a top view of threads at the weaving
      station of a further embodiment of an invention which weaves the zipper
      shown in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring firstly to FIGS. 1, 2, 3 and 5, it will be seen that the woven
      zipper illustrated therein--which is produced by the method and appparatus
      of the invention--is generally identified with reference numeral 10.
      Actually, only a detail of one section of a zipper is illustrated, it
      being understood that a zipper, of course, has two complementary sections.
      The illustrated section has a diagrammatically shown zipper tape 25 which
      serves to connect the zipper to a garment or the like in conventional
      manner. It also has a marginal portion 13 on which a filament 15 forms a
      plurality of loops 14, in that it is woven to the tape so as to lie
      thereon in an undulate path. Weft thread portions 34 and 34'  are woven
      into the zipper tape 25 extending transversely thereof, and are formed of
      a weft thread 12 which also extends into the marginal portion 13. These
      cooperate with warp threads 11 extending longitudinally of the zipper tape
      25. As FIG. 16 shows particularly clearly, the weft thread 12 is inserted
      by a needle 17 in lateral direction, so that each of the portions 34, 34'
      is formed of a loop-shaped double thread which, as the views of the
      individual weaving steps shown in FIGS. 7a-10a show, is formed along the
      edge 35 with loops 36, 36' which are held in place, for instance by
      interengagement as shown in FIGS. 7a-10a.
PAR  It should be understood that it would be possible to insert the weft thread
      12 with a shuttle, rather than a needle.
PAR  The filament 15, which advantageously is of deformable synthetic plastic
      filamentary material, is laid down in an undulate path and forms the loops
      14. Where each loop is laid down the filament 15 forms a curved connecting
      portion 20 which is provided with a coupling projection 21 that is
      intended to cooperate with a corresponding projection of the other zipper
      section. These coupling projections 21 are formed in advance in the
      filament at the requisite locations. At the opposite side of the loops 14
      the latter are formed with curved connecting portions 26 which are free of
      any other threads, that is not engaged by any other threads. The
      connecting portions 20 and 26 are connected with one another by legs 27,
      28 which are located in pairs essentially vertically spaced and extend
      parallel to the plane 32 of the tape 25, which plane is indicated in
      broken lines in FIGS. 2 and 3. The series of loops 14 could also be
      produced by configurating the filament 15 as a meander, but aside from
      this the zipper would be the same as in FIGS. 1, 2, 3 and 5.
PAR  In longitudinal direction of the row of loops 14 there extends intermediate
      the pairs of legs 27, 28 an elongated flexible supporting element 60, and
      the weft thread portions 34, 34' alternately extend in front of and behind
      the element 60. The margin 13 is further provided with cover threads 18
      and 19, of which the threads 18 form one group that is located exclusively
      in front of the legs 27, and the threads 19 form another group that is
      located exclusively behind the threads 28. In the spaces between adjacent
      pairs of legs 27, 28 the threads 18, 19 are looped together with the weft
      thread portions 34, 34', in that lower group of threads 19 always travels
      over one of the portions 34, 34', whereas the upper group of threads 18
      always travels under the same. This means that the two groups of threads
      18, 19 cooperate in mirror-symmetrical manner. Since the threads 18 and 19
      are always located above or below, that is, in front of or behind the
      portions 34, 34', a looping together is obtained only in cooperation with
      the legs 27, 28, and this--in conjunction with the cooperation of the
      element 60--obtains an excellent interengagement which assures that the
      spacing of the legs 27, 28 is fixed and remains fixed, as evident from
      FIG. 5. The threads 18 and 19 surround, when they travel through the
      spaces between the pairs 27, 28 of legs to the weft thread protions 34,
      34', each individual convolution of the loops 14, thus preventing both
      axial displacement and in fact any other type of displacement that might
      occur otherwise. The element 60 fills the space between cooperating pairs
      of legs 27, 28, and thus also precisely predetermines the height of the
      series of loops 14. It should be pointed out that for reasons of better
      illustration the element 60 has not been shown to scale in FIG. 5, but has
      actually been shown much thinner to facilitate the explanation.
PAR  As FIGS. 1, 2 and 3 show particularly clearly, the connecting portions 26
      are free of engagement by any other threads. The series of loops 14 is
      located at one side of the plane 32 of the tape 25, so that an excellent
      guide surface is obtained for a zipper slider (not shown). The weft thread
      portions 34, 34' are mirror-symmetrically engaged by the two groups of
      threads 18, 19, and the points of engagement 37, 13' are alternately
      located in front of and behind the element 60. Each full loop of this
      zipper, which loop is composed of a pair of legs 27, 28 requires only a
      single weft thread portion 34, 34'.
PAR  By way of example FIG. 6 shows that different embodiments are also
      possible. The zipper 10' in FIG. 6 differs primarily from that of the
      preceding embodiment of FIG. 1 in that over the height of one loop there
      are provided two weft thread portions 38, 38 or 38', 38', so that the
      zipper tape has a double weft thread thickness. Here, the points of
      engagement 37, 37' of the threads 18, 19 are alternately located twice
      above the element 60 at 37', and twice behind the element 60 at 37. FIG. 6
      shows that this provides for a particularly good and stable construction,
      because there are always two of these points of engagement located between
      two adjacent legs 27, 28; i.e., an upper point 37' and a lower point 37
      for the legs 27, and alternately two upper points 37', 37' and two lower
      points 37, 37' for the legs 28.
PAR  Other possibilities exist also, so that for instance in the case of the
      embodiment of FIG. 1, only a group of threads 18 might be utilized, in
      which case the points of engagement might be located exclusively behind
      the element 60 as indicated at 37, because all weft thread portions 34
      would extend only behind the element 60. It would also be possible not to
      have all of the threads 18, 19 engage each of the weft thread portions 34,
      34', but instead to have only some of the threads 18 or 19 of a particular
      group engage, in the space between two adjacent legs 27, 27 or 28, 28, an
      intermediately located weft thread portion 34 or 34'. Although the element
       60 determines, due to its cross section, the positioning of the weft
      thread portions 34, 34' in the region of the loops 14, it would be
      possible in the case of two groups of mirror-symmetrically arranged
      threads 18, 19 to omit the element 60, because the alternation of these
      threads relative to one another will still result in a proper retention of
      the weft thread portions 34, 34' in cooperation with the threads 18, 19.
PAR  The zipper 10 of FIG. 1 can be produced in an apparatus which is shown in
      FIGS. 15 and 16 insofar as its components are necessary for an
      understanding of the invention. Components which are not considered to be
      necessary for an understanding of the invention, and which are
      conventional, have been omitted.
PAR  FIG. 15 shows in a lateral view, and FIG. 16 in a top view that the threads
      11, the filament 15 and the groups of threads 18, 19 must form an
      appropriate shed which is visible in side view in FIG. 15, to permit the
      travel of the inserting needle 17. The members 22, 23 serve as the thread
      guiding arrangement for the threads 11; their number depends upon the type
      of weave that is desired, and at the middle they are formed with harnesses
      24 provided with eyelets. The control arrangement which effects the
      movement of the members 22, 23 in the direction of the arrow 29 is well
      known in the art and requires, therefore, no discussion.
PAR  Located behind the members 22, 23 are the thread inserting devices for the
      threads 18, 19, which devices are in form of harnesses 41, 42 of requisite
      number, the front ends of which are formed with eyelets 44 for a
      respective one of the threads 18 and 19 and which are also controlled for
      movement in the direction of the arrow 45 by a known control device.
      During this movement, they pass through the working plane 49 of the needle
      17, which plane is shown in broken lines in FIG. 15. FIG. 15 shows such a
      passing through the plane, because the harnesses 42 intended for the lower
      threads 19, which are usually located in the lower part of the shed
      beneath the plane 49, have just been lifted up into the upper part of the
      shed in FIG. 15, whereas conversely the harnesses 41 for the threads 18
      which are supplied from above, have just been made to travel through the
      plane 49 into the lower part of the shed. The threads 18 and 19 are
      withdrawn from non-illustrated supply spools and are guided in the
      direction of the arrow 50 over the vertically spaced guide rollers 48, 48.
PAR  A turnable rotor 47 is mounted behind the harnesses 41, 42 and has
      essentially the form of a flat disc-shaped wheel. FIG. 16 shows that the
      rotor 47 extends diagonally to the direction 50 so that at the side facing
      towards the needle 17 there is sufficient room ahead of the rotor 47 for
      locating the harnesses 41, 42. The rotor 47 is mounted in an annular
      housing 46 which is formed with an inner groove for the rotor 47, as best
      shown in FIG. 16, where the rotor is illustrated along the line XVIb--XVIb
      of FIG. 16, but in a position which is turned with reference to the
      position shown in FIG. 15.
PAR  As FIG. 16 shows, the rotor 47 has an opening 56 in its marginal portion,
      through which the filament 15 passes. The opening 56 is illustrated in an
      approximately horizontal location 56' in FIG. 16. The periphery of the
      rotor 47 is formed with teeth 51 which mesh with a gear 52 that is driven
      by a shaft 53 and turns in the direction of the arrow 54, thus imparting
      to the rotor 47 a rotation in the direction of the arrow 53. No attempt
      has been made to illustrate the bearing and the drive for the shaft 53, or
      the mounting for the housing 46, because these are conventional features
      and would unnecessarily encumber FIGS. 15 and 16. The diameter and the
      height of the rotor 47 are so selected that from the upper portion of the
      open shed the filament 15 will travel, during further rotation of the
      rotor 47, into the lower portion of the shed.
PAR  The rotor 47 has a central insert 55 which is stationary when the rotor
      turns. This insert 55 has connected to it one end 31 of a loop-forming
      member 16 which is stationarily located, always on one side with reference
      to the above mentioned working plane 49, that is in the illustrated
      embodiment below the working plane 49. The other free end 33 of the member
      16 extends somewhat into the interior of the row of loops 14 being formed,
      as FIGS. 15 and 16 illustrate.
PAR  In addition, the insert 55 is provided with an opening 56 through which the
      element 60 extends which is withdrawn from a supply spool 67 that is
      located behind the rotor 47. The rotor 47 is mounted on a hollow shaft 69
      which is provided with an axial bore and is a part of the turning device
      40 which will be described in more detail. The filament 15 extends through
      the axial bore of the hollow shaft 69 and through the opening 56 of the
      rotor 47. The supply spool for the filament 15 is not visible, being
      located to the left of the device 40 and thus outside the scope of the
      drawing. The threads which are supplied in the direction 50, namely the
      threads 11, the threads 18, the threads 19, the filament 15 and the
      element 60, are beaten up by a reed 30 after each insertion of the weft
      threads 12 and subsequent closing of the shed, against the beating-up
      point 57, whereas the reed travels in the direction of the arrow 58 from
      its full-line position to its broken-line position 30' in FIG. 15. During
      the weaving, that portion of the filament 15 which is located between the
      beating-up point 57 and the rotor 47 perform a movement along an imaginary
      conical surface about the member 16, as well as about the element 60, the
      base of this imaginary conical surface being determined by the rotational
      direction 43 of the opening 56 in the rotor 47. The tip of the imaginary
      conical surface is located at the beating-up point 57.
PAR  The working field for the movement up and down of the harnesses 41, 42 in
      the direction 45 is determined by this imaginary conical surface, as is
      more clearly evident from FIG. 16. This working field must be located
      within a triangular area which is determined by the intersection of the
      aforementioned conical surface with the above mentioned working plane 49.
      Two corner points of this triangular area are visible in FIG. 16, and this
      area determines the working field for the longitudinal movement of the
      harnesses 41, 42, it being understood that the section for the rotor 47
      which is shown in FIG. 16 is located approximately in the working plane 49
      of the needle 17. One of the corner points of the triangular area is
      determined by the one lateral position 56' of the eye for the filament 15,
      whereas the other corner point of the triangular area is determined by the
      diametrically opposite position 15" of the filament 15, when this eye is
      located in the position designated with reference numeral 56" in FIG. 16.
      The triangular area is, therefore, determined by the points 56', 56" and
      57 and the harnesses 41, 42--of which more than the illustrated four may
      be present--operate within this area. Assuming that a zipper is produced
      of the type that is to be used in a garment, then as a rule it will be
      customary to use eight of the harnesses 41, 42, since eight of the threads
      18, 19 would be employed. If the element 60 is centrally located with
      respect to the opposite lateral sides of the row 14 of loops, then it is
      advantageous if the harnesses 41, 42 are uniformly divided and located at
      opposite sides of the element 60, as shown in FIG. 16.
PAR  During the rotation of the rotor 47, the filament 15 forms the loops 14 in
      the region of the beating-up point 57 about the member 16 and the element
      60. However, at the reverse side of the rotor 47 the filament 15 also
      travels along a substantially conical surface which is, however,
      mirror-symmetrical with reference to the previously mentioned one. This
      could inherently lead to undesired convoluting of the filament 14 about
      the element 60. This, however, is eliminated by the device 40. The latter
      has a bracket 70 provided on the hollow shaft 69 and formed with a hole 72
      (see FIG. 15) which determines the point at which the element 60 is
      withdrawn from the spool 67. In place of or in addition to a brake for the
      spool, of which brake the spring 76 is shown by way of example, a blocking
      wheel 65 is provided with teeth coupled with the spool 67, and is
      unblocked at the appropriate point in time by means still to be described,
      so that a further increment of the element 60 becomes available at the
      location 57, as required. The drawing shows that the element 60 travels
      through an additional eyelet 73, which is biased by a tension spring 66
      one end of which is mounted on the bracket 70. Under the influence of the
      spring 66 the eyelet 73 can longitudinally shift and serves to store a
      short increment of the element 60 at the bracket 70. A pin 74 is also
      provided on the bracket 70 and is formed with an angular arm 75 one end of
      which is provided with a pawl 77 that normally engages the teeth of the
      wheel 65. The other end of the arm is engaged by a restoring 78. Connected
      with this arm there is also a lever system 79 against which the eyelet 73
      abuts, after the spring 66 has been tensioned to the maximum as a result
      of the using up of the stored increment of the element 60. When this takes
      place, the lever system 79 pivots the arm 75 counter to the action of the
      spring 78 and withdraws the pawl 77 from engagement with the reel 65, so
      that the spool 67 can freely turn and permits another increment of the
      element 60 to be withdrawn. As this takes place, the spring 66 restores
      the eyelet 73 to its original position, so that the pawl 77 is again moved
      into blocking engagement with the reel 65 by the spring 78.
PAR  The undesired twisting together of the filament 15 and the element 60,
      which is to be avoided as outlined above, is in fact avoided in that the
      bracket 70 together with the shaft 69 turns in the direction of the arrow
      68, and this turning in the direction of the arrow 68 is synchronous with
      the rotation of the rotor 47 in the direction of the arrow 43. This
      results in a movement 71 of the element 60 behind the rotor 47, and this
      prevents the undesired twisting together or looping together of element 60
      and filament 15.
PAR  Due to the positioning of the opening 59 in the rotor insert 55 the element
      60 is normally located in the lower part of the shed, that is below the
      working plane 59 of the needle 17. FIG. 15 shows that this is where the
      member 16 is also always located. Accordingly, FIG. 5 shows that the weft
      thread portions 34' of the weft thread 12 will be located above the
      element 60. To assure that at the desired locations of the zipper the
      element 60 will be located above the weft thread portions 34, a pusher 62
      is provided which at the appropriate time is lifted by a non-illustrated
      but conventional control device in the direction of the arrow 63 in FIG.
      15, because a kerf 64 provided in its end then engages the element 60 and
      raises it into the upper part of the shed.
PAR  FIGS. 7a-10a and 7b-10b show four working positions by means of which the
      weaving required to produce the zipper 10 of the embodiment in FIGS. 1, 2,
      3 and 5 will be discussed in more detail.
PAR  In the first working position, shown in FIGS. 7a and 7b, a weft thread
      portion 34 of the weft thread 12 is just being inserted in the direction
      of the arrow 80. The threads 11 are spaced from one another, as shown in
      FIG. 7b, in the area of the zipper tape 25. A further shed formed by such
      spacing also exists in the marginal portion 13. FIG. 7b shows that the
      member 16 is always located in the lower portion of the shed, which is
      true for the other working positions also. The broken line circle 81 is
      intended to illustrate the movement of the cross section of the filament
      15, which is shown in FIG. 7b, when this filament moves along the
      aforementioned imaginary conical surface. In the position of FIG. 7b, the
      element 15 is located in the upper portion of the shed above weft thread
      portion 34. If one were to characterize the different positions to which
      the filament 15 moves, by relationship to the dial of a clock, then it
      could be said that in FIG. 7b the filament 15 is located at the "2
      0'clock" position. The cross section of element 60 that is shown in these
      Figures indicates that the pusher 62 has raised the element 60 into the
      upper part of the shed, so that it is located above the weft thread
      portion 34. The arrows 41', 42' indicate the positions reached by the
      threads 18, 19 due to the longitudinal movements of the harnesses 41, 42.
      It is clear that the upper group of threads 18 has moved beneath the weft
      thread portion 34 into the lower part of the shed, whereas the lower group
      of threads 19, which is mirror-symmetrical with reference to the upper
      group 18, has been moved through the plane 49 into the upper part of the
      shed so that they are located above the weft thread portion 34. This
      position of the threads 18, 19 is also evident from FIG. 7a, and during
      this phase of the operation a curved connecting portion 26, which is free
      of engagement with other threads, is just being produced in the row 14 of
      loops.
PAR  A further operating position or phase is shown in FIGS. 8a and 8b. In this
      position, the filament 18 has traveled through more than 90.degree. along
      the imaginary conical surface, which is represented diagrammatically by
      the broken-line circle 81, the direction of movement having taken place in
      the direction of the arrow 43, so that the filament is now in the "6
      o'clock" position. The weft thread portion 34 has just been completely
      inserted by the needle 17, and the needle 17 has been fully withdrawn from
      the shed. The end loop 36 of the weft thread portion 34 is retained and
      passes through a previous loop portion 36'. The member 16 continues to
      remain in its previous position below the working plane 49. The shed of
      the threads 11 may have closed again, and the pusher 62 has retracted so
      that the element 60 is back in its usual position below the working plane
      49, in which position it remains during the following operating phases
      which are shown in FIGS. 9a, 9b and 10a, 10b.
PAR  The arrows 41' indicate that the threads 18 are still located within the
      circle 81 which designates diagrammatically the imaginary conical surface
      on which the filament 15 moves, when the phase shown in FIGS. 8a, 8b is
      reached. In fact, the threads 18 have a position which, in effect, is
      unchanged with respect to their position shown in FIG. 7b. However, FIG.
      8b shows that in this third phase the threads 18, indicated by the arrows
      42', has moved outside of the circle 81 and are now spaced from the
      filament 15 by a distance 82, whereas the threads 18 are spaced inwardly
      of the circle 81 by a distance 83 from the filament 15. Thus, when the
      filament 15 is located at the side of the conical surface represented by
      the circle 81 which faces towards the threads 19, the two groups of
      threads 18, 19 are moved apart and form a shed, thus producing a passage
      composed of the distances 82, 83 through which the filament 15 can travel.
      In this phase of operation, the filament 15 forms the leg 28 for the
      next-following loop of the row 14, as shown in FIG. 8a.
PAR  In the operating position of FIGS. 9a, 9b, the filament 15 has traveled
      through 180.degree. from its starting position in FIGS. 7a, 7b, so that it
      has reached the "12 o'clock" position. The element 16 and the threads 11
      have not changed their positions, and the member 16 continues to be
      located below the working plane 49. The arrows 41', 42' indicate that the
      position of the threads 18, 19 is now reversed, however, so that it is now
      the threads 18 which are located outside the circle 81 at a spacing 82',
      whereas the group of threads 19 is located at the other side, preferably
      already inside the circle 81, to be in the position which is desired for
      the next-following operating position or phase which will be described
      with reference to FIGS. 10a, 10b. This means that in FIGS. 9a, 9b another
      passage 82', 83' is obtained through which the filament 15 can travel
      freely. At this time the curved connecting portion 20 formed with one of
      the coupling projections 21 has been formed, and FIG. 9b also shows that
      at this time the upper leg 27 is produced, as a comparison with FIGS. 9a
      will illustrate.
PAR  In the final illustrated working position of FIGS. 10a and 10b, the
      filament 15 has traveled approximately 60.degree. further in the direction
      of the arrow 42, thus having moved to the "2 o'clock" position. The
      filament 15 is now located in the upper portion of the newly-opened shed
      which has been opened for insertion of the next weft thread portion 34'.
      The element 60 is located in the lower portion of the shed, together with
      the member 16, that is beneath the working plane and within the area
      surrounded by the circle 81. Located within this area are now also the
      threads 18, 19. While as indicated by the arrows 42', the lower threads 19
      are in the position which was already evident from the previous phase in
      FIGS. 19 and 9b, the threads 18 of the upper group have been moved through
      the working plane downwardly beneath the weft thread portion 34'. A
      further curved connecting portion 26 for the next loop of the row 14 is
      being produced. As FIG. 10a shows, the connecting loop 36' is again pulled
      through the preceding connecting loop 36. In fact, the position of FIGS.
      10a and 10b corresponds to the position of FIGS. 7a and 7b, with the
      difference that here the element 60 is in a lowered position located
      beneath the working plane. It is very evident that during the insertion of
      the weft thread portion 34 the element 60 cooperates with the threads 19,
      whereas during the next-following insertion of the weft thread portion 34'
       the element cooperates with the threads 18, as has already been described
      with respect to FIG. 5.
PAR  A comparison of FIGS. 8b and 9b on the one hand, and FIGS. 7b and 10b on
      the other hand, indicates that the two passages 82, 83 on the one hand,
      and 82', 83' on the other hand are oriented parallel to the shed opening
      of the threads 11, but vertically offset with reference to it and to one
      another. While the insertion of the weft thread portions 34, 34' takes
      place approximately in the region of the longitudinal center of the
      imaginary conical surface described earlier, the aforementioned passages
      develop at the uppermost and lowermost position of the conical movement,
      respectively. It is also evident from what has been described above that
      the opening of the shed and the development of the passages 82-83 and
      82'-83', respectively, follow one another in time.
PAR  Coming now to FIGS. 11a-14b, it will be seen that these illustrate the same
      operating steps that have been shown with respect to FIGS. 7a-10b, but for
      the weaving of the zipper 10' that is shown in FIG. 6. The same reference
      numerals are used as in the preceding embodiment, and the operation is the
      same as already described, except for the following differences.
PAR  In the first operating position or phase shown in FIGS. 11a and 11b, the
      filament 15 is in the "6 o'clock" position, and the threads 18, 19 define
      with one another the passage 82, 83. The member 16 is always located
      beneath the working plane 49 in which the weft thread 12 is inserted, and
      the element 60 remains beneath this working plane during the following
      four working positions that will now be described. In the working position
      or phase of FIGS. 11a and 11b, the lower loop leg 28 is being produced, as
      indicated also at A in FIG. 6.
PAR  FIGS. 12a and 12b indicate that, while the filament 15 has traveled through
      less than 90.degree. on the circle 61 which is indicative of the imaginary
      conical surface along which the filament 15 travels in the direction of
      the arrow 43, and now a first weft thread portion 38 is inserted while the
      filament 15 is still in the lower part of the shed in the "8 o'clock"
      position. The threads 18 have retained their previous position in FIGS.
      11a, 11b in which they are located beneath the working plane 49, but the
      threads 19 have been moved through the working plane 49 into the interior
      of the circle 81, so that they are now located above the weft thread
      portion 38. FIG. 12a shows that in this working phase the curved
      connecting portion 20 is formed about the member 16.
PAR  In the third working position shown in FIGS. 13a and 13b, the upper passage
      82', 83' has been formed for the travel of the filament 15 in the region
      of its "12 o'clock" position. The threads 18 are again located outside the
      circle 81. FIG. 13a shows that in this working phase the upper leg 27 is
      produced, as indicated at B in FIG. 6.
PAR  In the fourth working position or phase shown in FIGS. 14a and 14b, the
      filament 15 has traveled along the circle 81 in the direction 43 through
      approximately 60.degree., and has reached approximately the "2 o'clock"
      position, so that it is now located in the upper part of the shed, so that
      the next weft thread portion 39 can be inserted beneath it. The threads
      18, 19 have been moved through the working plane 49 in mutually opposite
      directions, and with reference to the weft thread portion 39 they are
      located at opposite sides. In this phase of operation, a curved connecting
      portion 26 is being produced, as shown in FIG. 14a.
PAR  Before the complete weave is finished in the marginal portion of this
      zipper 10', the four operating positions are repeated insofar as the
      threads 18, 19 and the filament 15 are concerned. The next legs 27, 28 are
      produced, another curved connecting portion 26 is produced and a curved
      connecting portion 20 is produced, but with respect to the weft thread
      portion insertions 38', 39' which take place during this repetition of the
      four operating positions, the element 60 has been raised. For this purpose
      the element 60 is raised during the second through the fourth position of
      the second set of positions, by the pusher 62, so that it remains located
      during this time above the plane 49, which is not particularly
      illustrated. This means that when one operation is completed, the four
      operating states of FIGS. 11a-14b will have been completed two times in
      succession, and four weft thread portions 38, 39, 38', 39' will have been
      inserted before the operating cycle is repeated.
PAR  Coming now to FIG. 17, it will be seen that this Figure is analogous to
      FIG. 16, but illustrates a somewhat different embodiment of an apparatus.
      Insofar as like elements are concerned, like reference numerals have been
      used to designate them as in FIG. 16, and the same explanations will also
      obtain as were used in FIG. 16. The essential difference between FIGS. 16
      and 17 resides in the fact that in FIG. 17 the member 16 has been
      subdivided into two branches 16', 16", which includes themselves the
      aforementioned triangular field in which the harnesses 41, 42 can move.
      The branches 16', 16" converge in the direction towards the beating-up
      point 57, but continue to have a minimum spacing 84 between their free end
      portions 33', 33", which corresponds to the desired breadth of the row 14.
      This produces a more exact shaping of the loops and positioning of the
      threads. The branches 16', 16" are located within the imaginary conical
      surface on which the filament 15 travels, as clearly indicated by the
      diametrically opposite locations of the filament spool and its alternate
      position 15" shown in broken lines.
PAR  Another embodiment of an apparatus for producing the zipper according to
      the present invention is shown in FIG. 18. In this figure, the threads 11
      which advance in the direction of the arrow 50, and the two groups of
      threads 18, 19 are somewhat diagrammatically indicated. However, the
      threads 18, 19 have not been illustrated in the region of the rollers 84,
      84' to avoid encumbering the drawing. The spool 67 for the element 60 is
      located behind the rotor 47 in a space which is located within the area
      surrounded by the imaginary conical surface described earlier, that is the
      imaginary conical surface on which the filament 15 travels. A turning
      device corresponding to the device 40 of FIG. 15 need not be provided in
      this embodiment. However, in the embodiment of FIG. 18 is has been
      illustrated that the element 16 is not a single unit, but is composed of a
      plurality of filamentary elements 61, 61', 61". These are convoluted
      laterally adjacent one another onto a common spool 67. Because of this
      particular possibility, a device 9 is required which is to prevent the
      individual filamentary elements 61-61" from becoming twisted together when
      they are withdrawn from the sppool 67. The device 9 assures that the
      position of the slot 85, which is provided in a stationary housing 86 and
      through which the filamentary elements 61-61" are withdrawn, remains
      unchanged.
PAR  To make this possible, the spool 67 is mounted with its shaft 87 in the
      housing 86, and a braking spring 76 engages the shaft 86 at the free end
      thereof and exerts via a braking disc 88 a retarding effect upon the
      rotation of the spool 67. The housing 86 is formed with a fixedly
      connected flange 89 extending radially of it and provided at its
      circumference with a bearing 91 on which a ring 92 turns synchronously
      with the rotor 47 with as little friction as possible. The ring 92 is
      provided at its annular circumference with an annulus of gear teeth 93 and
      is driven from a gear 94 which is mounted on a drive shaft 95 and driven
      by a non-illustrated motor. The ring 92 is provided at its outer edge with
      a bore 97 extending parallel to its longitudinal axis and through which
      the filament 15 is passed which is withdrawn from a supply roller that is
      located behind the spool 67 but is not illustrated in the drawing.
PAR  In addition to the annulus of gear teeth 93, the ring 92 is provided with
      additional bearings 98, 99 which serve to assure as friction-free as
      possible a rotation of the ring 92 in a two-part housing 96. As indicated
      at 100, the housing 96 is mounted on a frame of the device (not
      illustrated in detail). It is formed on one portion of its circumference
      with a radial slot 101 through which the gear 94 extends into engagement
      with the annulus of gear teeth 93. This assures that the ring 92 will turn
      whereas the housing 96 is stationary, and while the housing 86 remains
      stationary also. As a result of this, the filament 15 will perform in the
      region of the spool 67 a movement in the direction of the arrow 102 about
      the stationary housing 86, so that the rear imaginary conical surface on
      which the filament 15 travels is elongated, because due to this
      synchronous movement the bore 97 and the ring 92 rotates in alignment with
      the opening 56 in the rotor 47, so that after half a rotation of the
      rotor, the filament 18 will move into the broken-line position 15' even at
      the reverse side of the rotor 57.
PAR  The filamentary elements 61, 61', 61" pass, after they have traveled
      through the slot 85 of the housing 86, through appropriate bores 59, 59',
      59" in the rotor insert 55, before they reach the front side of the rotor
      47. The rotor insert 55 is stationary and can, if desired, be fixedly
      connected with the stationary housing 86. The filamentary elements 61-61"
      travel in a horizontal plane laterally adjacent one another at
      predetermined spacing in the region of the member 16, which is here
      advantageously again branched to form the branches 16', 16", as in FIG.
      17.
PAR  The further movement of the filamentary elements 61-61" in the region where
      the weaving takes place is shown in FIGS. 19 and 20. In these FIGURES the
      same reference numerals are used as in FIGS. 15 and 16, and the zipper
      which is produced is identified with reference numeral 10" as shown in
      FIG. 4.
PAR  FIG. 20 shows that in the space between the filamentary elements 61-61",
      which space is indicated with reference numeral 103, there is located a
      respective cooperating pair of threads 18, 19. The element 61" is located
      at the curved connecting portion 26' (compare FIG. 4) and forwardly of the
      same there is no further upper thread 18 which could skip over this curved
      connecting portion 26. This assures that the connecting portions 26 are
      free to guide a slider. The elements 61-61", the filament 15 and the
      threads 18, 19 are illustrated in FIGS. 19, 20 in a position corresponding
      to that which has been described in FIGS. 7a, 7b with respect to the
      embodiment to which those Figures are directed. The elements 61-61" have
      been raised by respectively associated pushers 62 which engage them with
      their respective kerfs 63, as shown in FIG. 19, and have been raised
      through the working plane 49 of the needle 17 into the upper part of the
      shed. For this purpose the pushers 62 are mounted on a common mount 104
      which can be raised in the direction of the arrow 63. In this operating
      phase a curved connecting portion 26 is being produced, as shown in FIG.
      20. The needle 17 is about to move into the shed as indicated by the arrow
      80 in FIG. 20, in order to insert a weft thread portion 34.
PAR  It should be noted that in FIGS. 19 and 20, the branches 16', 16", between
      which all of the elements 61-61", the threads 18 and 19 are located, are
      located at opposite sides of the broken-line illustrated working plane 49.
      One branch 16' always is located above the working plane 49, whereas the
      other branch 16" is always located beneath this working plane. This
      results in a particularly exact binding of the various threads by the weft
      thread portions 34, 34', and also produces a particularly exact width of
      the row 14 of loops, in keeping with the spacing 84 of the branches 16',
      16" from one another.
PAR  FIGS. 1, 7a-10a and 20 indicate clearly that the row 14 of loops which, as
      shown in FIGS. 2 and 3, extends to one side of the plane of the zipper
      tape or, as shown in FIG. 4, extends to the other side thereof, is
      overlapped by the respective connecting loop portions 105 between
      consecutive weft thread portions 34, 34' adjacent to the respective
      connecting portions 20. In the region of the connecting portions 26, the
      weft thread portions 34, 34' pass beneath the filament 15. The loop
      portions 105 thus serve to further increase the stability of connection of
      the row 14 to the tape. This is also true for the zipper 10' of FIGS.
      11a-14b.
PAR  The present invention makes it possible to produce a woven zipper which is
      very simple, requires a minimum of wefts and filaments, has great strength
      and does not admit of relative displacement between successive ones of its
      loop portions in the row 14.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the type described above.
PAR  While the invention has been illustrated and described as embodied in a
      method and apparatus for making a woven zipper, it is not intended to be
      limited to the details shown, since various modifications and structural
      changes may be made without departing in any way from the spirit of the
      present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. A method of making a woven zipper, comprising the steps of weaving a
      zipper tape from warp threads and weft threads; during weaving of said
      zipper tape alternately opening and closing a shed composed of cover warp
      threads which extend longitudinally of said warp threads; advancing in a
      path extending in longitudinal direction of said weft threads a
      coil-forming filament which in the region of said shed additionally
      performs a movement about an imaginary conical surface which surrounds
      said path; moving said cover warp threads to the exterior vicinity of said
      imaginary conical surface and holding them in position until said filament
      has moved past them along said imaginary conical surface; shifting said
      cover warp threads through said imaginary conical surface inwardly thereof
      after said filament has moved past them; and inserting a binding thread
      transverse to said cover warp threads into a subsequently formed shed
      which is located in a plane behind some of said cover warp threads.
NUM  2.
PAR  2. A method as defined in claim 1, wherein said cover warp threads are
      arranged in two groups; and wherein the groups of cover warp threads are
      moved from diametrically opposiste sides to the exterior vicinity of said
      imaginary conical surface; and wherein the step of shifting comprises
      shifting at least some cover warp threads of each group in mutually
      opposite directions through said plane.
NUM  3.
PAR  3. A method as defined in claim 2; and further comprising the step of
      moving at least some of said cover warp threads of said groups apart to
      form said first-mentioned shed prior to passage of said filament past the
      respective group.
NUM  4.
PAR  4. A method as defined in claim 3, wherein said warp threads also are moved
      relative to one another to form a warp shed; and wherein said shed of said
      cover warp threads is formed at different times than said warp shed.
NUM  5.
PAR  5. A method as defined in claim 1; and further comprising stepwise
      advancing an elongated flexible supporting element parallel to said cover
      warp threads and across said path during inserting of said binding thread.
NUM  6.
PAR  6. A method as defined in claim 1; and further comprising stepwise
      advancing a plurality of parallel elongated flexible supporting elements
      in direction parallel to said cover warp threads through said plane during
      inserting of said binding thread.
NUM  7.
PAR  7. A method as defined in claim 6, wherein all of said supporting elements
      are advanced simultaneously.
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ABST
PAL  A process for making barbed material without scrap loss. The first step in
      manufacture is slitting the edge of the material to form points. The
      points are then bent to an exposed position by tractive magnetic means. As
      an additional step the pointed portions can be further displaced away from
      the edge by elongating or twisting the material.
BSUM
PAR  This invention relates to barbed tape for use in barricades and
      entanglements for obstacle purposes. Such tapes are convenient to
      transport as they can be coiled on a reel, the sides of which can cover
      the barbs. When installed in the obstacle, the tape may be twisted
      longitudinally to orient the barbs in various directions. Another form of
      tape obstacle is the concertina, a self-supporting spiral with a diameter
      of about one meter, which rests directly on the ground. Various other way
      of using barbed tape are well-known and need not be described here. An
      example is the General Purpose Barbed Tape Obstacle, now used in the
      United States Army, which is disclosed in U.S. Pat. No. 3,463,455.
PAR  For military operations large quantities of obstacle material are required.
      Economical production of barbed tape is therefore necessary if it is to
      compete with other obstacle materials. However it is not intended to imply
      that barbed tape is limited to military use, although that is its
      principal employment.
PAR  In consideration of the foregoing, the principal object of this invention
      is to provide a simple process for making barbed material, which might be
      tape or strip or other forms.
PAR  Another object is to provide a process for making barbed material with a
      minimum of labor and machinery, and with minimum scrap loss.
DRWD
PAR  These and other objects and advantages of the present invention will become
      apparent upon consideration of the following detailed description taken in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a plan view, partly schematic, of a strip of tape undergoing the
      process of being made into barbed tape.
PAR  FIG. 2 is a cross section, taken on FIG. 1, in the plane indicated by the
      numerals 2-2.
PAR  FIG. 3 is a view of one type of barb.
PAR  FIG. 4 is a view of a portion of tape having a different form of barb.
PAR  FIG. 5 shows the same portion of tape as FIG. 4, but twisted
      longitudinally.
PAR  FIG. 6 shows another form of barb.
PAR  FIG. 7 shows tape coiled into a roll.
PAR  FIG. 8 shows an edge-view of tape having barbs bent out of the flat plane
      of the tape.
DETD
PAR  The forms of barb shown are merely used as examples to disclose the
      process, and they should not be considered limiting. Most barbed tape in
      use at the present time is made of steel. The process disclosed herein can
      be used to form barbs on steel, or on various other ferromagnetic
      materials. In general, the material employed for barbed tape must be hard,
      deformable, and flexible.
PAR  Referring now to the drawings in detail, FIG. 1 shows a ferromagnetic tape
      1 undergoing a process for making barbs thereon. The tape is assumed to be
      moving from left to right across the page, with steps in the process
      taking place at four locations marked station 1, station 2, station 3, and
      station 4.
PAR  At station 1, slits 3 are formed intersecting each edge of the tape at an
      acute angle to form points 5. The machinery used at station 1 need not be
      described here as devices to accomplish this are well-known in the art.
PAR  At station 2 is located a magnetic barb former comprising a housing 7
      through which passes a longitudinal channel 9. The housing can be made of
      any suitable material, preferably not ferromagnetic.
PAR  The diverging sides of the channel along which the slit edges of tape 1
      slide are lined with smooth pieces 11 and 13, of any suitable material,
      preferably ferromagnetic. Extending from housing 7 are a plurality of
      electromagnets 15 each having a pole such as 17 in contact with one of the
      smooth liner pieces 11 or 13. Means (not shown) are provided to energize
      the electromagnets, with predetermined polarity, when desired.
PAR  As the tape moves through the channel, the electromagnets being energized,
      points 5 are in sliding contact with liner pieces 11 and 13 which diverge
      somewhat and by magnetic traction, bend the points out from the tape. Of
      course, this requires that the polarity of the poles contacting the liner
      pieces should be so determined as to exert the desired traction on the
      points.
PAR  Furthermore, it is necessary to keep the tape moving substantially in the
      center of channel 9. In FIG. 1 this is assumed to be accomplished by
      maintaining significant longitudinal tension on tape 1 as it passes
      through the channel. Various other methods of doing this can be suggested.
      For example, a pair of rollers could be mounted in housing 7 and the tape
      could pass between them under sufficient compression to assure that it
      cannot deviate from the centerline. The rollers can be either driven or
      idle. Such devices are well known in the sheet metal art.
PAR  If the tape is not kept centered, it might tend to be drawn closer to one
      or the other of pieces 11 or 13, thus leaving a gap which would prevent
      the tractive magnetic action of the other piece. It is apparent therefore
      that whatever type of machinery which may be employed must move the
      material to be barbed in a definite and correct relationship with the
      tractive magnetic means.
PAR  It should be pointed out that the magnetic means can be so arranged as to
      bend the barbs in the vertical plane as well as laterally, as illustrated
      in FIG. 1. One type of barb which might be thus produced is shown at 29 in
      FIG. 8. Obviously, arrangements can be devised for bending in both planes,
      either simultaneously, or sequentially, to produce a variety of barb
      forms, not illustrated. For convenience, the plane of the surface of the
      tape shown in FIGS. 1 and 4 will be referred to as the major flat plane of
      the tape.
PAR  The process can be performed simultaneously on several tapes, superimposed
      as indicated at 19 in FIG. 2.
PAR  Although the tape leaves station 2 with barbs formed it may be desired to
      perform further steps. For example, at station 3, holes may be punched in
      the tape, such as those shown at 21 in FIG. 4. The holes make the tape
      easier to deform, as will be explained below.
PAR  Furthermore, it may be desired to elongate the tape by conventional
      machinery, at station 4. The elongation is accomplished in such a way as
      to move the barbs away from the center line of the tape to a position
      whereat they are more effective for obstacle purposes. FIG. 4 shows a
      portion of a tape which has passed through stations 1, 2, 3, and 4.
PAR  At station 1 the edges were slit. At station 2 the barbs were bent by
      magnetic traction. At station 3 holes 21 were punched. At station 4 the
      tape was subjected to an elongating force by conventional machinery which
      need not be described here. Such a force will tend to align the centers
      23, 25, and 27 of the several offset, contiguous portions of the tape. The
      result will be to move each barbed portion away from the original center
      line of the tape, which condition is shown in FIG. 4.
PAR  The process of displacing portions of a tape laterally by slitting and
      elongating is disclosed in detail in U.S. Pat. No. 3,763,529.
PAR  FIG. 3 shows a portion of barbed material 31 having long, slender barbs 33
      formed thereon. It is readily apparent that such barbs can be formed by
      tractive magnetic means.
PAR  FIG. 6 shows a portion of barbed material 35 having hooked barbs 37 formed
      thereon. The hooked barbs can be formed by slitting the edge of the
      material with a notched or offset slit as indicated at 39 in FIG. 6 and
      then bending the barbed portion by tractive magnetic means.
PAR  FIG. 5 shows how tape may be twisted when installed in an obstacle. It will
      be noted that the twisting tends to expose barbs 5 more than when the tape
      is flat.
PAR  FIG. 7 shows how tape can be coiled into a roll for storage or
      transportation. There is a relation between the length of the barbs and
      the minimum diameter to which the tape can be rolled. Generally, a longer
      barb requires a greater diameter.
PAR  Barbed material made by the method described hereinbefore may be subjected
      to further well-known processes to modify physical properties, add
      protective coating, or otherwise improve the product. It should be
      understood that the sequence of the various steps in production may be
      varied to suit circumstances. It should also be pointed out that this
      process can be used with suitable machinery, to produce barbed tape
      preformed in helical coils with the flat plane of the tape substantially
      perpendicular to the axis of the helix.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A process for making barbed material comprising: forming a slit
      intersecting an edge of a flat piece of magnetic material at an acute
      angle with said edge; and bending a portion defined by said slit and said
      edge out from said material by tractive magnetic means.
NUM  2.
PAR  2. A process for making barbed tape comprising: forming a plurality of
      slits intersecting two edges of a strip of deformable flexible magnetic
      material at an acute angle with but not extending to the centerline of
      said strip; and bending portions defined by said slits and said edges out
      from said strip by tractive magnetic means.
NUM  3.
PAR  3. A process as set forth in claim 2 further characterized by the recited
      steps being performed simultaneously on more than one strip.
NUM  4.
PAR  4. A process as set forth in claim 2 further characterized by a step for
      elongating said strip along its longitudinal axis.
NUM  5.
PAR  5. A process as set forth in claim 2 further characterized by a step for
      twisting said strip around its longitudinal axis.
NUM  6.
PAR  6. A process as set forth in claim 2 further characterized by a step for
      coiling said strip into a coil.
NUM  7.
PAR  7. A process as set forth in claim 2 further characterized by a step for
      forming holes in said strip.
NUM  8.
PAR  8. A process as set forth in claim 2 further characterized by a step for
      hardening said strip.
NUM  9.
PAR  9. A process as set forth in claim 2 further characterized by each of said
      slits having an offset section which defines a hook on said portions
      defined by said slits and said edges.
NUM  10.
PAR  10. A process as set forth in claim 2 further characterized by said bending
      of said portions being accomplished substantially parallel to the major
      flat plane of said strip.
NUM  11.
PAR  11. A process as set forth in claim 2 further characterized by said bending
      of said portions being accomplished substantially at an angle to the major
      flat plane of said strip.
NUM  12.
PAR  12. A process as set forth in claim 2 further characterized by said bending
      of said portions being accomplished while said strip is moving relative to
      said tractive magnetic means.
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ABST
PAL  An apparatus for straightening ductile wire leads, as in an integrated
      circuit container of the T.O. type. The apparatus includes a seat for
      holding the base of a T.O. device, with leads projecting away from the
      base. A number of hooks are thrust inwardly by a motive means toward the
      leads, engaging the leads, and pulling them to a radially outward
      position. With the leads held in this position, the base of the T.O.
      device is lifted by another motive means thereby causing the leads to be
      pulled through respective hooks. The ductile leads are straightened as
      they are pulled through the hooks.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of the Invention
PAR  The invention relates to apparatus for straightening wires, and more
      particularly, to an apparatus for straightening ductile electrode leads
      extending from a miniature device.
PAR  B. Prior Art
PAR  In the manufacture of semiconductor devices, solid state circuits are
      deposited on substrates which are subsequently housed in metallic, ceramic
      or plastic containers. Contact is made with the semiconductor material
      through wire leads which extend from the base portion of the semiconductor
      housing. One type of semiconductor housing is a cylindrical metal
      container which is designated as a T.O. device.
PAR  A T.O. device, as well as other semiconductor housings, have leads
      projecting therefrom which are ductile and susceptible to bending in a
      manufacturing process. In a typical manufacturing process, there is a
      finite expectation for a given number of devices with bent leads.
      Previously, it has been the typical industry practice to straighten leads
      by hand, using a wooden implement, often a pencil.
PAR  It has been recognized that a great deal of time and effort could be saved
      by an apparatus which quickly, efficiently and reliably straightened bent
      leads extending from the base of an object, specifically a semiconductor
      housing of the T.O. type. The term "T.O." means "transistor outline" and
      specifies a container for integrated circuits and transistors, usually
      metal, of cylindrical shape and having a plurality of wire leads extending
      downwardly from the base of the container.
PAR  It is therefore an object of the present invention to provide a lead
      straightening apparatus which will automatically straighten ductile wire
      leads extending from a base.
PAC  SUMMARY OF THE INVENTION
PAR  The above object is achieved with a lead straightener which includes a
      vertically movable holder having a circular seat therein for holding the
      base of the structure from which the leads project. The apparatus is
      provided with a plurality of radially spaced, laterally movable fingers,
      each having a hook at the radially inwardly end thereof, forming a die
      hook means for engaging wire leads. A first motive means is connected to
      the die hook means for radially inwardly moving the hooks to engage the
      wire leads, then moving them radially outwardly to a position
      corresponding to a straightened wire lead position relative to the base.
      Once each lead is held in such a straightened wire position, a second
      motive means, connected to the base, vertically moves the base away from
      the die hooks, forcing the wires to be straightened to pass through the
      die hooks, much like wire passing through a die. As the base is moved away
      from the hooks, the wires, being ductile, are able to undergo
      straightening, without breaking.
PAR  A control means for actuating the first and second motive means is
      provided. Upon receipt of electrical signals, the fingers with die hooks
      at the end of each are first extended and withdrawn, and then the base is
      moved away from the fingers and their corresponding hooks.
PAR  Electrical test apparatus may be connected to each finger for sending
      signals into each lead for electrical testing purposes while wire leads
      are being straightened. Shielding is provided about the electrical
      segments of the apparatus in order to prevent electrical noise from
      affecting sensitive components of the device whose leads are being
      straightened.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of the apparatus of the present invention showing a
      semiconductor device in place with leads to be straightened.
PAR  FIG. 2 is a close-up side view of the apparatus of FIG. 1, showing a
      radially inward thrusting of lead die hooks.
PAR  FIG. 3 is another side view showing a radially outward positioning of the
      lead die hooks shown in FIG. 2.
PAR  FIG. 4 is another side view of the apparatus of FIG. 2, showing an upward
      lifting of a semiconductor device and the drawing of its leads through the
      lead die hooks.
PAR  FIG. 5 is a side sectional view of a detail of the apparatus in FIG. 2.
PAR  FIG. 6 is a top view over an annular member of the apparatus, showing a
      radially inward thrusting of lead die hooks.
PAR  FIG. 7 is another top view, as in FIG. 6, showing die hooks of the
      apparatus fully inwardly extended and engaging leads to be straightened.
PAR  FIG. 8 is another top view, as in FIG. 6, showing die hooks of the
      apparatus fully outwardly extended, with leads corresponding to a
      straightened position.
PAR  FIG. 9 is a top detailed view of the die hook means shown in FIGS. 6, 7,
      and 8.
PAR  FIG. 10 shows the hook of FIG. 9 camming about a lead.
PAR  FIG. 11 shows the hook of FIG. 10 in intimate contact with a lead, having
      cammed about the lead.
PAR  FIG. 12 shows the apparatus of FIG. 11 with a full outward retraction of
      the die hook means of the apparatus.
PAR  FIG. 13 is a schematic of the electrical and mechanical plan of the
      apparatus of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The side view of FIG. 1 shows a semiconductor device 11 having a base 12
      which is seated on a central portion of a plate 14.
PAR  From semiconductor device base 12, metal leads 16, 18 extend downwardly. A
      pair of spaced rods 22, 24, support plate 14 from below. A support arm 27
      is connected to a second motive means below the support member 26 for
      raising and lowering plate 14. The motive means is typically an air
      cylinder which can advance and retract the support arm 27 upon command.
      Plate 14 is nested within an aperture defined in a housing 28 and passes
      through said housing without contact therewith. When plate 14 is in its
      fully downward position, as shown in FIG. 1, its upper outer circumference
      rests slightly below a depression in housing 28 so that semiconductor
      devices 11 can drop into plate 14 and more specifically into a central
      aperture defined in plate 14 which seats base 12 of semiconductor device
      11.
PAR  Laterally movable die hook means 32, 34 are radially spaced about the
      semiconductor device 11. Each such die hook means includes a respective
      finger 36, 38 which terminates on one end in a hook, described below. At
      the opposite end, each of the die hook means 32, 34 terminates in a
      respective plunger 40, 42 associated with a respective cylinder 45, 47.
      The material from which the die hook means is made, is spring steel, known
      as piano wire.
PAR  FIGS. 2, 3 and 4 illustrate motion of the plungers 40, 42 and the plate 14
      in a lead straightening operation.
PAR  In FIG. 2, plungers 40, 42 are thrust inwardly in a horizontal plane
      parallel to and just below the base 12 until the extremities of fingers
      36, 36 come into contact with respective leads to be straightened, as
      shown in more detail hereinafter. Hooks at the end of each finger engage
      respective leads by means of spring action.
PAR  In FIG. 3 plungers 40, 42 are withdrawn in the direction indicated by the
      arrowheads adjacent to respective plungers. The fingers 36, 38 pull
      respective leads radially outwardly to a position such that each lead
      abuts against a pair of parallel, spaced annular members 44, 46. This is
      more clearly illustrated in FIG. 5 where the lead L is shown to abut the
      radially inward edge of the annular members 44, 46 and is held in place by
      tension exerted on finger 38. Annual members 44, 46 are made of a tough
      polymer, such as molybdenum impregnated polytetraflouroethyelene.
PAR  In FIG. 4, upward motion of the rods 22, 24 is indicated by the arrowheads
      in the figure. Such upward motion occurs as the rods 22, 24 are pushed
      upwardly by a second motive means, not shown, in FIG. 4. As the base 14
      moves upwardly, the semiconductor device 11 is pulled upwardly. The
      ductile leads L are pulled through respective hooks attached to fingers
      36, 38, and other fingers not shown, as in an extrusion process, except
      that the diameter of the leads remains the same. The effect is that the
      ductile character of the leads, i.e. the "memory" of the leads, causes the
      leads to remain straight after having passed through the hooks associated
      with the fingers 36, 38 and the remaining fingers which are not shown in
      FIGS. 2, 3 and 4.
PAR  FIGS. 6, 7 and 8 indicate the radial movement of the fingers, as well as
      the nature of the hook structure. In FIG. 6, the fingers 36, 36a, 36b,
      36c, 36d, 38, 38a, 38b, 38c, 38d are shown attached at one end to
      respective plungers 40, 40a, 40b, 40c, 40d, 42, 42a, 42b, 42c, 42d and on
      the opposite inward end to arcuate hooks 50, 52 respectively. Radial
      inward motion of the plungers, 40, 42 is indicated by the arrowheads
      behind each plunger.
PAR  Hooks 50, 50a, 50b, 50c, 50d, 52, 52a, 52b, 52c, 52d approach each lead and
      cam about such leads as shown hereinafter until the hooks engage with the
      leads as shown in FIG. 7.
PAR  As an alternative to the camming action shown in FIG. 7, a flat hook,
      having a fish hook shape, may be inserted with its plane vertical. After
      the hook is past the position of the lead, i.e. fully radially inward, its
      plane is rotated to the horizontal so that each hook engages a respective
      lead. However, in the embodiments of FIGS. 1-4, such rotation is precluded
      because each plunger, i.e. plunger 40 is keyed by a flat spot 15 which
      slides on block 13, illustrated in FIG. 1.
PAR  Once engagement is complete, the plungers are withdrawn until each lead
      rests in a respective detent 60, 60a, 60b, 60c, 60d, 62, 62a, 62b, 62c,
      62d in the annular members 44, 46. In FIG. 8, the respective fingers and
      hooks, having grasped the respective leads, are shown to have been
      withdrawn to respective outermost radial positions as indicated by the
      direction of the arrowheads in FIG. 8.
PAR  FIGS. 9, 10, 11 and 12 indicate the manner in which a hook cams about the
      lead L for engagement therewith. Note that the arcuate hook 50 has a
      curvature approximating that of lead L. The hook 50 has a tail 51 which
      extends below the plane defined by the curve which corresponds to the
      curvature of the lead L. The downwardly and backwardly extending tail 51
      is a camming surface which first contacts the lead, as in FIG. 10, and
      pushes the hook around the lead, until an edge of the hook is in a
      position to snap around the lead as indicated by the arrow in FIG. 11.
PAR  The next operation involves moving the finger and hook outwardly until the
      lead L rests against the detent 60 as shown in FIG. 12.
PAR  FIG. 13 shows the electrical and mechanical plan for the invention. A gas
      supply 66, usually an air tank, is connected to first and second actuating
      means 68, 70. Each actuating means comprises an air cylinder 72, 74
      respectively which is operated by a solonoid 73, 75 respectively. Each of
      the air cylinders 72, 74 is connected through a regulator valve 77, 79
      respectively to a manifold set. The valves 77, 79 prevent the die hooks
      from being thrust inwardly too fast and are set at pressures such that
      inward thrusting of the die hooks does not damage leads.
PAR  A first manifold set consists of a first intake manifold 82 and a first
      exhaust manifold 84. Intake manifold 82 is connected to the supply 66 for
      thrusting of the fingers associated with each air cylinder 40, 40a, 40b,
      40c, 40d, inwardly. When pressure is removed through the exhaust manifold,
      the return flow is regulated through a valve 78 so that leads to be
      straightened are gradually pulled back without damage. Intake manifold 82
      is connected to every other air cylinder and correspondingly to alternate
      groups of fingers.
PAR  A second manifold set includes second intake manifold 83 and second exhaust
      manifold 85. An alternate group of air cylinders and corresponding fingers
      is connected to the second manifold set, namely air cylinders 42, 42a,
      42b, 42c, and 42d. Both of the manifold sets 82, 84 and 82a, 84a form a
      first motive means for the die hook means.
PAR  Each actuating means 68, 70 is connected through a respective switch S1, S2
      to a control means 88 which includes a pulser for producing the pulses
      indicated by the wave forms T1, T2, T3 within the box labelled 88. On the
      leading edge of each wave form the corresponding switch S1, S2, and S3 for
      each wave form, is closed and on the trailing edge the switch is open. For
      example on the leading edge of pulse T1, switch S1 is closed thereby
      energizing solenoid 73 and piston 72 such that air is injected into intake
      manifold 82 through valve 77. On the trailing edge of pulse T1 switch S1
      is opened thereby deactivating solenoid 73 allowing air from the intake
      manifold to be transferred through each air cylinder 40, 40a, 40b, 40c,
      40d to the exhaust manifold through a regulating valve 78 which controls
      the rate at which each finger associated with each respective air cylinder
      pulls a lead in the radially outward direction. When each switch is
      closed, a corresponding lamp L1, L2, L3 indicates the existence of current
      into the existing solonoid. A similar sequence occurs with respect to the
      T2 pulse.
PAR  While the waveforms T1 and T2 control switches S1 and S2, and hence the air
      cylinders 40, 40a, 40b, 40c, 40d, 42, 42a, 42b, 42c, 42d, waveform T3
      controls closure of switch S3 and a second motive means, the air cylinder
      90 through an actuating means 92 comprising a solenoid 94 and an air
      cylinder 96. On the leading edge of pulse T3, switch S3 closes thereby
      activating solenoid 94 and allowing high pressure air from supply 66 to
      pass into the third intake manifold 98 thereby pushing piston 100 upward
      from the air cylinder associated with the second motive means 90 and
      raising plate 14.
PAR  Upon the trailing edge of pulse T3 switch S3 is open and solenoid 94 is
      deenergized thereby causing air from the intake manifold to be exhausted
      through an exhaust manifold 102. The second motive means 90 includes a
      relatively large air cylinder and piston such that air from supply 66
      causes relatively gradual upward movement so that there is no injury to
      the semiconductor leads as they are pulled through their respective die
      hook means.
PAR  A pulser, for generating wave forms of the well-known square wave type, T1,
      T2, T3, forms a signal means connected within the control means 88. The
      control means is merely a series of logic gates for enabling pulses from a
      square wave generator to pass sequentially through switches S1, S2 and S3.
      A slight delay exists between T2 and T3 to ensure that the die hooks are
      engaged before plate 14 is lifted. Arrows D1 and D2 indicate a delay
      interval. Typically, T1 and T2 are 200 to 500 milliseconds long, D1 to D2
      is 50 to 100 milliseconds long and T3 is 200 to 500 milliseconds in
      length.
PAR  The entire control means 88 is electrically shielded so that the
      electromagnetic radiation from the control means will not affect the
      semiconductor device under test.
PAR  It should be noted that since each finger comes into contact with a
      respective lead, test equipment for testing various functions of the
      semiconductor device whose leads are to be straightened could be easily
      connected to each finger. For example, a continuity tester 104, which
      tests for shorts between two leads, could be connected to the fingers
      associated with the air cylinders 40, 42c. Similarly, test equipment which
      tested circuit functions of the semiconductor device, whose leads are to
      be straightened, would be similarly connected. Any test equipment must be
      electrically shielded when placed in proximity to the semiconductor device
      under test.
PAR  In the preceding description, the terms inwardly, outwardly, upward and
      downward and like terms have been used to describe relative motions. These
      terms should be understood in their relative sense only with regard to the
      drawings and not in any absolute sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for straightening a multiplicity of ductile wire leads
      extending from a base comprising,
PA1  a vertically movable holder for holding said base,
PA1  laterally movable die hook means for engaging a number of said wire leads,
PA1  first motive means connected to said die hook means for radially inwardly
      moving said hook means and then outwardly moving said hook means to a
      withdrawn position corresponding to a wire lead straightening position
      relative to said base,
PA1  second motive means connected to said base for vertically moving said base
      away from said die hook means, thereby pulling the wire leads attached to
      the base through the die hook means at the withdrawn position of said hook
      means, and
PA1  means for actuating said first and second motive means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said die hook means comprises,
PA1  a plurality of radially spaced fingers, each finger having an elongated
      straight portion inwardly terminating at a first end, in an arcuate hook.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said radially spaced fingers comprise
      first and second groups of fingers, each group connected to said actuating
      means.
NUM  4.
PAR  4. The apparatus of claim 3 further defined by a control means connected to
      said actuating means, said control means connected to a signal means for
      actuating said first and second group of fingers at different times.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said fingers in each of said first and
      second groups of fingers are connected to said control means for
      simultaneous motion.
NUM  6.
PAR  6. The apparatus of claim 4 wherein said control means is electrically
      shielded.
NUM  7.
PAR  7. The apparatus of claim 2 wherein said arcuate hook of each finger has a
      curvature approximating that of said wire leads.
NUM  8.
PAR  8. The apparatus of claim 2 wherein said fingers are conductive and an
      electrical test means is connected to at least one of said fingers for
      making electrical contact with a wire lead when said finger is in intimate
      contact with said lead.
NUM  9.
PAR  9. The apparatus of claim 1 wherein said vertically movable holder
      comprises a plate defining a central aperture with a circumferential rim
      means forming said seat for holding said base.
NUM  10.
PAR  10. The apparatus of claim 9 further defined by a pair of juxtaposed
      annular members of equal diameter, both of said members being concentric
      with and below said central aperture, said annular members having radially
      spaced passageways of a dimension for inward and outward movement of said
      die hook means therein.
NUM  11.
PAR  11. The apparatus of claim 9 wherein said plate is supported by a pair of
      parallel, spaced pistons, said pistons connected to said second motive
      means.
NUM  12.
PAR  12. The apparatus of claim 1 wherein said first motive means comprises a
      high pressure gas supply connected to a plurality of gas cylinders.
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ABST
PAL  A machine for alternate twisting of metal wire or cable, comprising a frame
      and a storage unit provided with two end-positioned twisting members and
      alternately driven about the axis of the wire or cable in first one
      direction and then the other, wherein the storage unit is linear and
      comprises a straight cable-supporting tube through which the wire or cable
      passes and which is caused to rotate at a speed equal to or greater than
      that of the twisting members and always in the same direction as the
      storage unit.
BSUM
PAR  This invention relates to a machine for alternate twisting of metal wire or
      cable, comprising a frame and a storage unit provided with two
      end-positioned twisting members and alternately driven about the axis of
      the wire or cable in first one direction and then the other.
PAR  Alternate twisting is a method of manufacturing cable which is already
      known in principle and which is known to present great advantages over
      conventional methods. It enables twisting to be carried out continuously
      with installations which are lighter and more compact than those used
      previously. It also makes it possible to insert a twisting operation in a
      production line which carries out other operations.
PAR  However, the alternate twisting machines presently known are not capable of
      providing the advantages of this method to the fullest extent desirable.
      This will become readily apparent upon consideration, to begin with, of
      FIG. 1 of the accompanying drawings, which is a diagram of a known
      wire-twisting machine with a linear storage unit operating on the
      alternate-twisting principle. The linear storage unit comprises a cage 1
      bearing two twisting members 2 and 3 at its respective ends. Each of these
      twisting members consists of two pulleys disposed one on each side of the
      cable and gripping it between them. The up-line twisting member 4 and the
      down-line twisting member 5 are stationary. They, too, consist of two
      opposing pulleys each. Other systems of twisting members may also be used.
PAR  The several wires 6 which comprise the cable come from delivery reels (not
      shown) mounted on a stationary support. After twisting, the cable 7 is
      wound on a take-up reel which is likewise mounted on a stationary frame.
      It might also be taken up by a machine performing a subsequent operation
      on the cable in tandem with the twisting operation. The twisting is
      effected by alternately rotating the entire storage unit (1, 2, 3) about
      the axis of the cable 7, first in one direction and then in the other, and
      the period of time between reversals of the direction of rotation is equal
      to the time it takes for a given point on the cable to travel the distance
      between the two twisting members 2 and 3. While the storage unit is
      turning in one direction, the cable undergoes a first twist in one
      direction, e.g., a right-hand twist between the twisting members 2 and 4,
      and a second twist in the opposite direction, i.e., a left-hand twist,
      between the twisting members 3 and 5. In the zone comprised between the
      two twisting members 2 and 3, its state of twist remains constant. If the
      direction of rotation of the cage 1 is reversed at the moment when the
      first point of the cable which has undergone the right-hand twist is
      situated in line with the twisting member 3, this point, as well as the
      portion of the cable which is in the storage unit at the moment of
      reversal, will undergo a second right-hand twist upon passing into the
      zone between 3 and 5, while the portion of the cable which has meanwhile
      come into the zone between 4 and 2 will undergo a left-hand twist. Thus
      the cable in its final state is twisted alternately in the positive and in
      the negative direction, the lengths of the segments with the same twist
      being equal to the length of the storage unit.
PAR  The cable therefore comprises points of reversal of the direction of twist
      which are spaced from one another by a distance equal to the length of the
      storage unit. The production of machines for alternate twisting which are
      capable of high-speed operation requires that provision be made for
      preventing the cable from untwisting about these points of reversal. If a
      linear storage unit is used, the risk of untwisting increases with the
      length of the storage unit, for the portion of cable comprised between the
      twisting members 2 and 3 oscillates laterally because it is running free
      between those twisting members. In order to reduce the amplitude of these
      oscillations, an increase in the tension of the wire might be considered,
      but that step entails other drawbacks. It would also be possible to place
      fixed guides at regular intervals between the two twisting members, or to
      place one fixed guide, e.g., a tube or trough, extending all the way from
      one twisting member to the other. The drawback of such fixed guides is
      that they create friction which encourages untwisting about the points of
      reversal. Another idea would be to place intermediate twisting members in
      the cage 1, but this would tend to weigh the cage down. The attempt has
      also been made to replace the linear storage unit by one in which the
      cable is wound several times between two end-positioned pulleys which then
      constitute the twisting members. This arrangement makes it possible to
      reduce the length of the storage unit without decreasing the length of the
      segments twisted in the same direction. However, it also tends to weigh
      down the cage, and the centrifugal force which is exerted upon the
      portions of the cable remote from the axis of rotation of the storage unit
      likewise entails certain drawbacks. For example, it is not possible to
      make the storage unit rotate at such a high speed as would be desirable.
      Consequently, the running speed of the cable is limited. In practice, in
      certain twisting machines known heretofore, the risk of untwisting of the
      cable about critical points is prevented by coating it with an adhesive or
      binding it up.
PAR  It is the object of this invention to remedy the abovementioned drawbacks
      by providing a simple and light-weight design improvement in machines for
      alternate twisting of wire or cable.
PAR  To this end, in the machine for alternate twisting of wire or cable
      according to the present invention, the storage unit is linear and
      comprises a straight cable-supporting tube through which the wire or cable
      passes and which is caused to rotate at a speed equal to or greater than
      that of the twisting members and always in the same direction as the
      storage unit.
DRWD
PAR  Two possible embodiments of the invention will now be described in detail
      with reference to FIGS. 2 to 5 of the accompanying drawings, in which:
PAR  FIG. 1 is a diagram illustrating the alternate twisting method,
PAR  FIG. 2 is a diagrammatic longitudinal section of a first embodiment of the
      twisting machine according to the invention,
PAR  FIG. 3 is a diagram illustrating the state of twisting at three locations
      in the twisting machine of FIG. 2,
PAR  FIG. 4 is an enlarged section taken on the line IV--IV of FIG. 2, and
PAR  FIG. 5 is a diagrammatic partial longitudinal section of a second
      embodiment of the twisting machine according to the invention.
DETD
PAR  FIG. 2 illustrates a twisting machine which forms a cable 7 by alternate
      twisting of four wires 6, two of which are shown in FIG. 2. Delivery reels
      8 and 9 are mounted on stationary supports at the up-line end of the
      twisting machine. At the downline end of the machine, the cable 7 is wound
      on a take-up reel 10. As a variation, the wires might come directly from
      wire-drawing, insulating, or cabling installations; and the cable 7,
      instead of being wound on the reel 10, might be led directly into another
      installation where it would be subjected to a subsequent operation, e.g.,
      sheathing.
PAR  A stationary frame 11 of the machine is shown only partially in FIG. 2. It
      includes two bearings 12 and 13 which support a straight tube 14
      constituting the cable-supporting tube. At its two ends, the tube 14 bears
      elements 15 and 16, respectively, which make it integral with two twisting
      members 17 and 18. In the embodiment illustrated, each of the twisting
      members 17 and 18 comprises three pulleys 19, 20, and 21, all of the same
      diameter, the axles of which are supported by the stirrup 16 or 15, and
      which are disposed in lines tangent to the axis of the tube 14. It will be
      seen that the cable 7 formed by the joining of the wires 6 is guided
      between the pulleys of the twisting member 17, then passes into the tube
      14, and is again guided between the pulleys 19, 20, and 21 of the twisting
      member 18 before being led onto the take-up reel 10. The twisting members
      may be designed differently, e.g., they may be formed of two rows of
      opposite pulleys on each side of the cable, the latter being gripped
      between them. As a variation, the installation might be supplemented by
      stationary twisting members situated before and after the storage unit
      described. It will be seen that because of the path followed by the cable
      7 between the pulleys 19 and 20, about the pulleys 20 and between the
      pulleys 20 and 21, it is subjected to twisting if the tube 14 is rotated
      about its own axis.
PAR  The means for driving the tube 14 rotatingly are not shown in the drawing.
      They may consist of a pulley mounted on the tube 14 between the bearings
      12 and 13 and actuated by a belt or by a gear-drive. The essential element
      in the operation of the twisting machine described is that the assembly
      composed of the tube 14 and the frame elements 15 and 16 rotates
      alternately in one direction and then in the other, the intervals between
      the reversals of direction being equal. Moreover, these intervals are
      adjusted to the speed at which the cable 7 runs through the apparatus and
      are so regulated that they correspond to the length of time it takes for a
      given point on the cable to travel the distance between the twisting
      members 17 and 18. To give an idea of these factors, the distance in
      question may be 10 m., for example.
PAR  The results of this mode of operation will be understood upon considering
      FIG. 3, which diagrams the state of twist of the cable before the twisting
      member 17, within the tube 14, and after the twisting member 18.
PAR  Between the twisting members 17 and 18, the cable 7 comprises a point of
      reversal c where the direction of twist changes abruptly. Before the point
      of reversal c (zones a, f), the cable has taken on a right-hand twist
      since the storage unit is rotating in the direction of the arrow 22 in
      FIG. 2, whereas after the point c (zone e) it has taken on a left-hand
      twist. These two twists are equal to 50% of the desired final twist. The
      portions of the cable situated immediately after a point d, corresponding
      to the location of the twisting member 18, on the other hand, have a
      left-hand twist equalling 100% of the desired twist. This zone b of
      complete left-hand twist extends down-line to the following point of
      reversal. Within the storage unit, external disturbing influences may
      cause the cable to untwist before and after the point c. However, the
      presence of the tube 14, which closely surrounds the cable and rotates
      with it, prevents such untwisting. This is because the cable tends to lie
      pressed against the inside wall of the tube 14 owing to centrifugal force,
      as shown in FIG. 4; and since the tube rotates along with the cable, the
      latter is not subjected to any disturbing friction. The risk of untwisting
      within the storage unit is therefore considerably, if not even totally,
      eliminated without weighing down the machine. It is possible to extend the
      length of the linear storage unit to the full extent allowed by the amount
      of space available. If need be, the tube 14 might easily be supported by
      intermediate bearings.
PAR  FIG. 5 illustrates another embodiment in which the action of the tube 14
      upon the cable 7 is still further improved by causing the tube 14 to
      rotate faster than the cable 7. This figure again shows the delivery reels
      8 and 9 from which emanate the wires 6 making up the cable 7. Here, the
      frame 11 of the machine includes two bearings 23 and 24 supporting an
      up-line twisting member 25 comprising three cable-guiding pulleys, as in
      the first embodiment, plus a driving pulley 26. A belt 27 and a motor 34
      drive the pulley 26 rotatingly. The twisting member 25 is independent of
      the supporting tube 14, which is borne by bearings such as a bearing 28.
      Moreover, the down-line end of the twisting member 25 and the up-line end
      of the tube 14 carry toothed wheels 29 and 30 which mesh with wheels 31
      and 32 mounted on a shaft 33 borne by the frame 11. The ratios of this
      gearing are such that the tube 14 continuously rotates at a higher speed
      than the twisting member 25, whatever its direction of rotation. It will
      be realized that when an arrangement similar to that of FIG. 5 is also
      provided at the other end of the storage unit, the downline twisting
      member is likewise driven at the same speed as the up-line twisting
      member. In still another embodiment, the two twisting members might be
      integral with one another and connected by an outside transmission shaft,
      for instance. The tube 14 would be driven from the cage of the storage
      unit via a planetgear which would cause it to rotate faster than the
      twisting members. In comparison to FIGS. 2 and 3, it will be seen that in
      these last-mentioned embodiments, the tube 14 prevents the cable from
      untwisting at the points of reversal still more efficiently, even tending
      to cause the wires forming the cable to press more tightly together.
PAR  The twisting machine described here makaes alternate twisting possible at a
      much higher speed than has been feasible until now. The support tube may,
      indeed, be very small in diameter. It suffices for it to guide the cable
      without braking it. It may be of considerable length and be supported by
      several bearings. Its low-inertia mass enables it to be rotated rapidly
      and to change rotating direction very abruptly.
PAR  It has been found that a 2:1 ratio between the inside diameter of the
      support tube and the diameter of the cable gives satisfactory results.
      However this ratio is not compulsory. The tube may also have a larger or
      smaller diameter. The minimum diameter is determined by the fact that the
      friction in the longitudinal direction should not be too great. As for the
      maximum diameter, it is limited by the fact that the tube should support
      and stabilize the cable, with the latter resting against its inside
      surface.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for alternate twisting of metal wire or cable; comprising:
PA1  a frame;
PA1  a linear storage unit comprising a straight cable-supporting tube through
      which said wire or cable passes,, said tube mounted to said frame for
      rotation about its longitudinal axis;
PA1  first and second twisting means mounted to said frame at and coupled to
      exterior opposite ends of said tube, said wire or cable passing through
      said first twisting means prior to entering said linear storage unit and
      through said second twisting means after exiting from said linear storage
      unit; and
PA1  means for rotating said storage unit and said twisting means alternately in
      opposite directions about the longitudinal axis of siad cable-supporting
      tube such that said tube rotates in the same direction as and at a speed
      which is not less than the speed of rotation of said twisting means.
NUM  2.
PAR  2. The apparatus according to claim 1, wherein said first and second
      twisting means each comprises a plurality of rotatable pulleys over which
      said cable or wire is passed, said pulleys being mounted to respective
      twisting members for free rotation about each pulley axis and for rotation
      with said storage unit about said longitudinal axis.
NUM  3.
PAR  3. The apparatus according to claim 1, wherein said twisting means each
      comprises a plurality of rollers mounted to respective support members
      transverse to an tangential to the longitudinal axis of said cable support
      tube.
NUM  4.
PAR  4. The apparatus according to claim 1, wherein the period of rotation of
      said storage unit in one direction is a function of the length of said
      tube.
NUM  5.
PAR  5. The apparatus according to claim 4, wherein the period of rotation of
      said storage unit in said one direction is substantially equal to the time
      required for a given point on said wire or cable to travel between said
      first and second twisting means.
NUM  6.
PAR  6. A twisting machine in accordance with claim 1, wherein the diameter of
      said tube is about twice that of said wire or cable.
NUM  7.
PAR  7. A twisting machine in accordance with claim 1, wherein said twisting
      means comprise frames which are integral with said tube.
NUM  8.
PAR  8. A twisting machine in accordance with claim 1, wherein said tube is
      connected to said twisting means by a transmission means in such a way as
      always to rotate in the same direction as said twisting means but at a
      higher speed than said twisting means.
NUM  9.
PAR  9. A twisting machine in accordance with claim 8, wherein said twisting
      means are supported independently of one another and said transmission
      means is mounted on said frame between each of said twisting means and
      said tube.
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ABST
PAL  Process and apparatus for mixing infusion liquids with further ingredients
      by adding the latter from a separate container in strongly concentrated or
      easily soluble ("instant") form, buffering agents being furthermore added
      to the ingredient to prevent variation of the pH value in the solution.
      The dissolution may be accelerated by several pumping to and fro
      operations between the infusion bottle and the container for the
      ingredient.
BSUM
PAR  The present invention relates to an admixture for mixing with liquids which
      have been filled into infusion bottles, a process for the production of
      ready-for-use solutions for infusions and rinsing and a mixing device for
      effecting the process.
PAR  It is generally known and usual nowadays to add to liquids in infusion
      bottles, before dispensing, additional substances, also called additives.
      Such additives are for example vitamins, medicaments improving blood
      circulation, antibiotics, medicaments for the liver, etc. A disadvantage
      of this procedure consists in that numerous such medicaments are not
      compatible with each other and/or with the liquid contained in the
      infusion bottle and cannot therefore be combined. Particularly,
      compatability strongly depends on the pH value of the solution ready for
      infusion; variations of the pH range may for example be the cause of
      precipitation and of losses in effectiveness. A further disadvantage
      consists in that additives in powder or paste form must be dissolved
      and/or diluted with a relatively big quantity of solvent and can then only
      be added to the infusion liquid. The consequence of this is frequently
      that the desired final concentration of the solution ready for infusion
      cannot be obtained because the so-called adding space of the infusion
      bottles is restricted. Furthermore, the required removal, mixing and
      adding steps always comprise the danger of contamination of the additives,
      their solvents and of the infusion liquids.
PAR  It is a purpose of the present invention to avoid the disadvantages of the
      known methods of producing infusion solutions and especially to simplify
      the precautionary measures, to rationalize the necessary working steps and
      furthermore to maintain the effectiveness of added additives.
PAR  According to the present invention, this is primarily achieved by adding to
      the additive at least one buffering agent and/or alkalizing or acidifying
      compound to obtain a predetermined pH range of the solution ready for
      infusion, and that the additive and the buffering agent are adapted, as
      far as their quantity and quality are concerned, to the volume and the pH
      range of the contents of the infusion bottle and have been prepared in the
      form of powder or paste which is soluble as well as possible. According to
      the present invention, the pH compatibility of the amixed ingredients is
      assured in a simple manner. Furthermore, the use of substances which up to
      now seemed unsuitable for infusion therapy and the composition of
      individual combinations of additives and liquids is rendered possible.
PAR  According to the present invention, it is provided that the user, for
      producing the infusion or rinsing solutions ready for use, at first
      dissolves the ingredients in a mixing device and then adds them to the
      infusion bottle. It is then especially recommendable, for complete or
      partial dissolution, to remove a part of the contents of the bottle, to
      mix the same with the ingredient and then to put it into the infusion
      bottle again.
PAR  The course of the process can be simplified in particular if, for removal
      of liquid, the mixing device and the infusion bottle are connected
      together to form a system closed from the outside and communicating with
      each other until the end of the adding procedure. In this manner the
      closed system prevents contamination of the ingredients and of the
      contents of the bottle, which could easily occur with separate removal,
      mixing and adding operations. It is advantageous, particularly with
      diffultly soluble ingredients, to pump back and forth at least twice the
      partial liquid quantities between the mixing device and the infusion
      bottle whereby residues which may have remained in the mixing vessel can
      be dissolved.
PAR  Simple removal of partial quantities from the infusion bottles is possible
      if the bottle is subject to pressure and the liquid thereby forced into
      the mixing device. This can be realized advantageously by providing a
      source of compressed air which provided the necessary pressure in the
      bottle as well as by at first pressing air into the infusion bottle from
      the mixing device thereby compressing the air reserve contained in the
      bottle. In both cases, upon release of the pressure, liquid is transported
      from the infusion bottle into the mixing vessel.
PAR  The mixing device itself preferably comprises a container the volume of
      which is variable which advantageously consists of elastically deformable
      material and furthermore comprises a connecting part, in particular a
      hollow needle which can be inserted by puncture into the sealing part of
      the infusion bottle and renders possible the exchange of ingredients.
PAR  The connecting part should, for reason of contamination, be fixed
      essentially and `a priori` on the container. In certain cases, it is also
      possible to fix it later on, i.e., before use.
PAR  There has thus been outlined rather broadly the more important features of
      the invention in order that the detailed description thereof that follows
      may be better understood, and in order that the present contribution to
      the art may be better appreciated. There are, of course, additional
      features of the invention that will be described hereinafter and which
      will form the subject of the claims appended hereto. Those skilled in the
      art will appreciate that the concept upon which this disclosure is based
      may readily be utilized as a basis for the designing of other structures
      for carrying out the several purposes of the invention. It is important,
      therefore, that the claims be regarded as including such equivalent
      constructions as do not depart from the spirit and scope of the invention.
DRWD
PAR  FIG. 1 of the drawings shows a mixing device; and
PAR  FIG. 2 of the drawings shows a modified form of a mixing device.
DETD
PAR  The invention will hereinafter be explained in more detail in examples as
      well as by means of the drawings.
PAC  EXAMPLE 1:
PAR  As basic infusion liquid, there is used 500 ml of an aqueous 5.5% D-glucose
      solution which has been filled in a usual 500 ml glass infusion bottle.
      Depending on the conditions of production, sterilisation and storage, the
      pH value of this sugar solution lies in the acid range of between 3.5 and
      5. It is desired to add to this solution 500 mg of the antibiotic
      Novobiocin (corresponding to 700 mg of Novobiocin-sodium) which, however
      is not compatible with acid solvents, should precipitation and loss of
      effectiveness be avoided. It is desired to have a pH range of
      approximately between 7 and 8.
PAR  The mixing device contains, in sterile condition, 700 mg of
      Novobiocin-sodium as well as -- for buffering of the solution ready for
      infusion to an admittable pH value -- for example 500 mg of disodium
      hydrogen phosphate dihydrate and 800 mg of
      2-amino-2-hydroxymethyl-1,3-propanediol, futhermore approximately 12 ml of
      sterile air. The volume of air is chosen so that it corresponds to at
      least the double of the liquid volume necessary for dissolution so
      sufficient overpressure is created in the infusion bottle even when
      handling it carelessly.
PAR  After puncture of the sealing part of the infusion bottle by means of a
      hollow needle fixed in the mixing container, the sterile air is at first
      pressed completely or to a large extent into the bottle and then, because
      of release of the created overpressure, liquid is transported from the
      bottle into the mixing device. After approximately 5 seconds, the
      substances have been dissolved and can now be injected into the contents
      of the bottle by pressing on the mixing container.
PAC  EXAMPLE 2:
PAR  Instead of a ready D-glucose solution of 5.5% the pH value of which lies
      within a relatively wide acid range, it is also possible to freshly
      prepare an analogous basic infusion liquid with a defined pH value by the
      following method. By means of one of the hereinafter described mixing
      devices, 27.5 g of sterilized and neutralized (or eventually adjusted to
      any other pH value) are brought, as explained and in a known manner into
      500 ml aqua pro infusione in the form of D-glucose prepared as rapidly
      dissolvable dry substance ("instant"). Since buffering is not necessary,
      the 700 mg of Novobiocin-sodium may be added afterwards or previously
      without further substances.
PAR  A further simplification, namely the combination of two separate adding
      operations into one is possible by the mixing device containing 700 mg of
      novobiocin-sodium as well as 27.5 g of accordingly prepared glucose.
PAC  EXAMPLE 3:
PAR  For the production of amino acid infusion solutions which contain
      electrolytes and sugar, the amino acids and the electrolytes may be added
      to a sugar containing basic infusion liquid in several injection
      operations, or this may be preferably done with amino acids, electrolytes
      and sugar in dry and/or paste preparation together with the corresponding
      quantity of aqua pro infusione by means of the mixing device according the
      present invention. The problem in this case is the relatively very big
      need of dissolution water which renders impossible the addition of already
      dissolved compostions because the so-called adding space of the infusion
      bottles (difference between the nominal content) and the actually possible
      content is too small; in the normalized 500 ml infusion bottles, it is
      only approximately 70 ml. According to the invention, this problem is
      resolved by bringing the dry and/or paste substances prepared for rapid
      dissolution contained in the mixing device again and again into contact
      with less saturated liquid by several to and fro pumping operations and
      therefore successively dissolving them in the liquid (which is always
      present in the solutions ready for infusion) without essentially
      increasing the liquid volume in the infusion bottle.
PAR  For example, the mixing device for the production of an amino acid solution
      ready for infusion -- related to 500 ml aqua pro infusione -- contains the
      following substances prepared for the best possible solubility: as amino
      acids (always indicated in grams) 1.55 L-Arginin, 0.5 L-Histidin, 1.1
      L-Leucin, 0.8 L-Lysin, 0.7 L-Isoleucin, 0.8 L-Valin, 1.1 L-Methionin, 1.1
      L-Phenylalanin, 0.5 L-Threonin, 0.25 L-Tryptophan and 12.5 Glycin and
      additionally as electrolytes (always given in miniequivalents - mval) 20
      Na+, 13K+, 2.5 Mg++, and 18 l actate-. As energizer, furthermore, a
      neutralized and instantized sugar composition is contained, for example
      correspondingly prepared D-fructose in a quantity of 50 g. It is true that
      it is thought unsuitable to combine amino acids with such reducing sugar
      compositions because, during sterilizing as well as during prolonged
      storage of the solutions the amino acid -- amino groups may react with the
      aldehyde or keto group of the sugar compositions and thereby not only
      produce brownish discolouration, but also form by-products which are not
      indifferent biologically. Neutralizing of the mixture of amino acids is
      effected by the anion excess which in this case is 12.5 mval.
PAR  After dissolution of 500 ml of aqua pro infusione by approximately 12 to
      and fro pumping operations, the solution is ready for infusion; its pH
      value is 7.
PAR  The above described mixing operation may be effected with the usual
      syringes or injection phials as well as particularly advantageously with
      the subsequently described mixing devices.
PAR  The mixing device of FIG. 1 is characterized by particular ease of
      operation. The wall 2 of the container 1 consists of elastically
      deformable, preferably transparent material, for example synthetic plastic
      material so that, by compression of container 1, the sterile air present
      in the container can be forced into the infusion bottle 4. Upon release of
      the overpressure in the infusion bottle 4, liquid passes through the
      hollow needle 5 which has been passed through stopper 6 and into container
      1. The mixing operation of the partial liquid quantity removed in this
      manner with the ingredient 3 may if necessary be accelerated or completely
      effected by several to and fro pumping operations between the mixing
      container 1 and the infusion bottle. The sieve insert prevents undissolved
      ingredient 3 from passing into the infusion bottle.
PAR  FIG. 2 shows a modified example in which the mixing container 1 comprises,
      in addition a single container 1a for containing the ingredient 3, an air
      filled container 1b for the creation of overpressure in the infusion
      bottle 4. As shown, the containers 1a and 1b are thus provided with hollow
      needles 5a and 5b so that overpressure is only created by the container 1b
      in the adding space without the possibility of evacuation of liquid by
      suction. Before insertion of the needles 5a, 5b, the air contained in
      container 1a is at first partially removed by compression of container 1a.
      Since the hollow needle 5a extends below the liquid level in the infusion
      bottle 4, compression of container 1 presses liquid into container 1a. The
      ingredient 3 is thus dissolved and is passed back into the infusion bottle
      4 after release of container 1a, 1b and compression of container 1b.  With
      a corresponding volume of the containers 1a and 1b,  it is also possible
      to pass liquid into container 1a only by compression of container 1b,
      without previously pressing out air.
PAR  Instead of the resilient containers 1a, 1b, containers of non-resilient
      deformable material, for example of synthetic resins, can be provided. For
      example, it is advantageous if the containers 1a, 1b are made replaceable
      by conventional syringe containers and are connectable by means of the
      intermediate portion with the two needles 5a, 5b.
PAR  In this case, it is of course also possible, instead of using two separate
      needles, to utilize a needle with two channels which in this case
      advantageously comprise different openings. It is also possible to provide
      a needle with an air evacuating channel for pressure release during
      injection.
PAR  We believe that the construction and operation of our novel apparatus and
      process will now be understood, and that the advantages of our invention
      will be fully appreciated by those persons skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of preparing a ready-for-use bottle of infusion or rinsing
      solution in which the solution is prepared for use by adding at least one
      additive to a previously prepared bottle of infusion or rinsiing solution,
      the improvement comprising providing the additive in powder or paste form
      in a quantity adapted to the quantity of the solution in said bottle and
      having a quality adapted for compatability with the solution in said
      bottle in a variable volume container, the volume of said variable volume
      container being larger than that occupied by the additive in said variable
      volume container, and adding said additive to said bottle by introducing a
      portion of the solution from said bottle into said variable volume
      container, mixing the additive and solution in said variable volume
      container and introducing the mixture from said variable volume container
      into said bottle.
NUM  2.
PAR  2. An improved method according to claim 1 wherein introduction of solution
      into said variable volume container is effected by passage through a tube
      extending between said bottle and said variable volume container and
      forming therewith a sealed fluid communication system.
NUM  3.
PAR  3. An improved method according to claim 2 wherein introduction of said
      mixture into said bottle is effected by passage through said tube.
NUM  4.
PAR  4. An improved method according to claim 2 wherein introduction of said
      mixture into said bottle is effected by passage through a further tube
      extending between said variable volume container and said bottle and
      forming therewith a sealed fluid communication system.
NUM  5.
PAR  5. An improved method according to claim 2 wherein passage of said solution
      through said tube is motivated by first introducing air through said tube
      by reducing the volume of said variable volume container and utilizing the
      overpressure thus produced in said bottle to force solution from said
      bottle to said variable volume container.
NUM  6.
PAR  6. An improved method according to claim 3 wherein said mixture is
      introduced into said bottle by reducing the volume of said variable volume
      container.
NUM  7.
PAR  7. An improved method according to claim 4 wherein said mixture is
      introduced into said bottle by reducing the volume of said variable volume
      container.
NUM  8.
PAR  8. An improved method according to claim 1 wherein said mixture is added to
      said bottle by squeezing said variable volume container which includes a
      resilient wall.
NUM  9.
PAR  9. An improved method according to claim 1 wherein said mixture is added to
      said bottle by squeezing said variable volume container which comprises a
      plastic squeeze bottle.
NUM  10.
PAR  10. An improved method according to claim 9 wherein said mixture is added
      to said bottle by flowing through a hollow needle provided on said
      container for placing said bottle and container in fluid communication.
NUM  11.
PAR  11. An improved method according to claim 9 wherein mixing is effected by
      repeatedly pumping liquid between said container and said bottle by
      repeatedly squeezing said bottle.
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ABST
PAL  A liquid dispensing and vapor recovery system in which an underground
      storage tank is connected to a first conduit for delivering a liquid, such
      as gasoline, to a vehicle gasoline tank or the like under the force of a
      pump located in the storage tank. A second conduit is connected to the
      first conduit and to the storage tank for diverting a portion of the
      gasoline in the first conduit back to the storage tank and an injector is
      located in the second conduit for forming a reduced pressure zone. A third
      conduit is connected to the vehicle tank and to the second conduit at the
      reduced pressure zone for drawing the vapors from the vehicle tank into
      the second conduit for passage into the storage tank. Valve means are
      provided which are responsive to the rate of flow of the liquid through
      the first conduit for regulating the flow of vapor through the third
      conduit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a liquid dispensing and vapor recovery system
      and, more praticularly, to such a system in which liquid is dispensed from
      a storage tank to a receptacle while vapors from the receptacle are drawn
      to the storage tank.
PAR  With the increased emphasis on preventing pollution of the atmosphere,
      recent attention has been directed to minimizing the introduction of
      gasoline vapors into the atmosphere from both permanent type underground
      storage tanks for the gasoline, and from the vehicles into which the
      gasoline is ultimately dispensed.
PAR  Gasoline vapors can easily be recovered from underground storage tanks by
      providing a separate vapor return line which connects the storage tank to
      the transport truck which periodically fills the tank. In this manner, the
      gasoline introduced into the tank from the transport truck will displace
      the vapors and force them through the vapor recovery line to the trunk
      whereby they are ultimately disposed of either by burning or through
      compression-refrigeration systems.
PAR  However, it has been extremely difficult to devise a satisfactory vapor
      recovery system from the gasoline tanks of vehicles. For example, previous
      proposals have utilized what is commonly referred to as a balanced
      displacement system in which the gasoline entering the tank forces the
      vapors through a separate line to the storage tank. However, this system
      has been less than satisfactory for several reasons, one of which is the
      difficulty in creating a proper seal between the gasoline dispensing and
      recovery nozzle and the automobile tank.
PAR  Although it has also been suggested to use a vacuum pump or a blower to
      remove the vapors from the vehicle tanks, this type of installation is
      disadvantageous from several standpoints. For example, the pump or blower
      is relatively expensive and creates potential safety problems due to the
      fact that it is electrically operated. Also, the output from the pump or
      blower is passed directly into the storage tank which pressurizes the tank
      and therefore increases vapor losses from the tank through its vent pipe.
PAR  In copending U.S. Pat. application Ser. No. 400,555, now U.S. Pat. No.
      3,905,405, filed by Kirk Fowler and Elmer M. Deters on Sept. 25, 1973, and
      assigned to the same assignee of the present invention, a gasoline
      dispensing and vapor recovery system is disclosed which overcomes the
      above-mentioned problems by providing an injector for establishing a
      reduced pressure zone in response to fluid flow from the storage tank to
      the vehicle receptacle, with the reduced pressure zone functioning to draw
      the vapors from the receptacle back to the tank. Although this design has
      proven to be satisfactory, it has a limited operational range and is
      therefore not readily adaptable to dispensing installations of varying
      capacity.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide a liquid
      dispensing and vapor recovery system in which liquid is dispensed from a
      storage tank to a receptacle while vapors in the receptacle are recovered
      and delivered back to the storage tank.
PAR  It is a further object of the present invention to provide a liquid
      dispensing and vapor recovery system of the above type in which an
      injector is used to create a vacuum in response to the dispensing of the
      liquid from the storage tank to the receptacle, and is utilized to draw
      the vapors from the receptacle back to the tank.
PAR  It is a further object of the present invention to provide a liquid
      dispensing and vapor recovery system of the above type in which the vapor
      recovery is made in proportion to the liquid dispensed.
PAR  It is a further object of the present invention to provide a liquid
      dispensing and vapor recovery system of the above type which can be used
      in installations of varying capacity, yet utilizes an injector of a
      relatively small size.
PAR  It is a further object of the present invention to provide a liquid
      dispensing and vapor recovery system of the above type which is relatively
      simple in operation and relatively low in cost.
PAR  Toward the fulfillment of these and other objects, the system of the
      present invention comprises storage means for the liquid, first conduit
      means adapted to connect the storage means to a receptacle, pump means for
      pumping the liquid from the storage means through the first conduit means
      and to the receptacle, second conduit means connected to the first conduit
      means and to the storage means for diverting a portion of the liquid in
      the first conduit means back to the storage means, means for forming a
      reduced pressure zone in the second conduit means in response to liquid
      flow through the second conduit means, third conduit means connected to
      the second conduit means at the reduced pressure zone and to the
      receptacle for drawing the vapors from the receptacle into the second
      conduit means for passage into the storage means, and valve means
      responsive to the rate of flow of the liquid through the first conduit
      means for regulating the flow of vapor through the third conduit means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial schematic, partial elevational view of a service
      station installation having the dispensing and vapor recovery system of
      the present invention utilized therein; and
PAR  FIG. 2 is an enlarged, partial sectional, partial elevational view of a
      dispensing unit utilized in the installation of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As an example of the use of the liquid dispensing and vapor recovery system
      of the present invention, it will be described in connection with a
      gasoline dispensing installation for use in service stations or the like.
      Such an installation is illustrated in FIG. 1 and includes an undergound
      tank 10 for storing a quantity of gasoline which is delivered to two
      dispensing units, or pedestals, 12a and 12b. An electrically operated,
      centrifugal type submersible pump 14 is disposed in the tank and operates
      to draw the gasoline into the unit through a plurality of intake ports
      disposed at the bottom thereof, and to force the gasoline upwardly around
      a sealed electrical drive motor.
PAR  A casing 16 is attached to the tank 10 and extends upwardly therefrom to
      connect the outlet of the pump 14 to a discharge head, or manifold, 18
      which is preferably disposed below ground level in a well 20. The manifold
      18 is described in detail in U.S. Pat. No. 3,183,723, the disclosure of
      which is hereby incorporated by reference. Therefore, for the convenience
      of presentation, its structural details are not shown in the drawings, it
      being understood that it supports the upper portion of the pump unit 14
      while permitting the electrical connections for the drive motor to be
      brought outwardly for connection to the proper controls. It is also
      understood that an adaptor unit, or packer, is supported within the
      housing of the manifold 18 and has an inlet chamber communicating with the
      outlet of the pump 14 and an outlet chamber adapted for registration with
      a substantially horizontal main conduit 22. The packer also defines a port
      between the inlet chamber and the outlet chamber which cooperates with a
      check valve to permit the flow of gasoline from the pump 14 to the conduit
      22 while preventing flow in the opposite direction, also in a conventional
      manner.
PAR  A pair of substantially vertical branch conduits 22a and 22b connect the
      main conduit 22 to the pedestals 12a and 12b, respectively, for delivering
      the gasoline to the pedestals.
PAR  A substantially vertical vapor recovery conduit 24 extends from the
      pedestal 12a into the tank 10 and is connected to a discharge portion 26
      by a flexible coupling 28. The discharge portion 26 can thus be doubled
      over to permit insertion through a relatively small opening in the tank 10
      and, in use, lies in a substantially horizontal position on the floor of
      the tank as shown. The upper portion of the discharge portion 26 is
      perforated, as viewed in FIG. 1 to permit vapor from the conduit 24 to
      pass into the tank 10 and thus pass upwardly through the gasoline in the
      tank.
PAR  A horizontal vapor recovery conduit 30 is connected to the conduit 24 and
      to a substantially vertical conduit 32 extending from the pedestal 12b, so
      that vapor from the latter pedestal is introduced into the conduit 24 for
      passage into the tank 10. It is noted from the drawings that in
      installations having more than two pedestals, the conduits 22 and 30 can
      be extended to connect with other vertical conduits of the additional
      pedestals.
PAR  FIG. 2 depicts the details of pedestal 12a, it being understood that
      pedestal 12b is constructed in an identical manner. In particular, the
      gasoline conduit 22a is connected to a valve unit 34, which will be
      described in detail later, and a meter 36 is connected by a conduit 38 to
      an outlet of the valve unit for receiving the gasoline from the valve
      unit. The meter 36, which is not shown in detail since it is conventional,
      is mechanically connected to a pair of registers 40 for displaying the
      quantity and cost of the gasoline dispensed, also in a conventional
      manner.
PAR  A relatively short bypass pipe 42 is connected to the branch conduit 22a
      upstream of the valve unit 34 for diverting a portion of the gasoline flow
      through the latter conduit. An injector, shown in general by the reference
      numeral 44, has an inlet connected to the pipe 42 for receiving the
      diverted gasoline flow from the latter pipe. A nozzle 46 and a venturi 48
      are formed in the injector 40 and cooperate to form a reduced pressure
      zone at the throat portion of the venturi upon a flow of the gasoline
      through the injector, in a conventional manner. The other end of the
      conduit 24 is connected to the outlet of the injector 44 for passing the
      gasoline back into the tank. A conduit 50 connects the injector 44 to the
      valve unit 34 for reasons to be described in detail later.
PAR  A hose assembly 52 extends from the pedestal 12a and includes a pair of
      juxtapositioned hoses 54 and 56 surrounded by a protective cover 58. The
      hoses 54 and 56 extend into the pedestal housing with the hose 54 being
      connected to an outlet of the meter 36, and the hose 56 being connected to
      a vapor inlet formed in the valve unit 34.
PAR  A dispensing unit 60 is connected to the free end of the hose assembly 52,
      it being understood that the unit 60 includes a gasoline dispensing nozzle
      connected to the hose 54 and a vapor recovery conduit connected to the
      hose 56. The dispensing unit 60 is operated by a manually operated valve
      62, in a conventional manner, to dispense the gasoline to a vehicle
      gasoline tank 63, or other type receptacle.
PAR  A support and switch assembly 64 is connected to the pedestal 12a and is
      adapted to support the dispensing unit. It is understood that the assembly
      64 includes a switch which operates to actuate the pump unit 14, in a
      conventional manner.
PAR  Since the valve unit 34 is manufactured as model SFIFEO1 by ITT General
      Controls of Glendale, California, and, per se, does not form any portion
      of the present invention, it will be described only generally as follows.
      The valve includes a housing 66 having a venturi passage 68 defined
      therein which has an inlet portion connected to the conduit 22a for
      receiving the gasoline, and an outlet for supplying the gasoline to the
      meter 36 via the line 38. The valve unit 34 also defines an inlet port 70
      which registers with the hose 56 for receiving the vapors from the
      dispensing unit 60, and an outlet port 72 which registers with the conduit
      50 extending from the injector 44.
PAR  The interior of the housing 66 is hollow and defines a chamber 74 which is
      bounded by a pair of membranes 76 and 78 mounted to corresponding surfaces
      defined within the housing. The chamber 74 is divided into an upper and
      lower portion by a central membrane 80 extending across the chamber 74 and
      supported along its edge portion by within a slot formed in the housing. A
      valve stem 82 is disposed in the chamber 74, extends through openings in
      the membranes 76, 78, and 80 and is secured to the membranes. A valve head
      84 is disposed at the end of the stem 82 and cooperates with the outlet
      port 72 to regulate the flow of vapor through this port. A spring 86
      extends between a surface defined in the housing 66 and the membrane 76 to
      normally urge the latter membrane, and therefore the valve stem 82 and the
      valve head 84 into a closed position relative to the outlet port 72.
PAR  A passage 88 connects the chamber defined above the membrane 76 to the
      chamber defined below the membrane 78 for equalizing the vapor pressures
      in these chambers. A passage 90 connects the reduced pressure zone of the
      venturi 68 to the upper portion of the chamber 74, and a passage 92
      connects the lower portion of the chamber 74 to the venturi 68 upstream of
      the reduced pressure zone, for the purposes of creating a pressure
      differential across the membrane 80 in response to the flow of gasoline
      through the venturi 68. As a result of this latter flow, the membrane 80
      and therefore the valve stem 82 and valve head 84 are urged upwardly
      against the force of the spring 86.
PAR  In operation, upon an operator releasing the dispensing unit 60 from its
      support and switch assembly 64 on the pedestal 12a, for example, and
      actuating the associated switch, the pump 14 will be actuated to pump
      gasoline from the tank 10 through the manifold 18 and conduits 22 and 22a.
      The main portion of gasoline flow through the conduit 22a will pass into
      the valve unit 34, where it will pass through the venturi 68 and then exit
      before passing through the meter 36 and the hose 54 to the dispensing unit
      60 to deliver gas to the latter unit for introduction into the vehicle
      gasoline tank 63.
PAR  A portion of the gasoline flowing through the conduit 22a upstream of the
      valve unit 34 will be diverted into the pipe 42 and will pass into the
      injector 44, where it passes through the nozzle 46 and the venturi 48
      before passing into the vapor recovery conduit 24 and back to the tank 10.
      As a result, a reduced pressure zone will be formed in the injector 44
      which is transferred, through the conduit 50 and the valve unit 34, to the
      hose 56. This reduced pressure zone, plus the force of the gasoline as it
      displaces the vapors from the vehicle tank 63, will cause the vapors to
      pass from the vehicle tank into and through the hose 56 where it passes
      into the inlet port 70 of the valve unit 34.
PAR  If the differential pressure across the membrane 80 by virtue of the
      positive pressure applied to the lower portion of the chamber 74 via the
      conduit 92, and the negative pressure applied to the upper portion of the
      chamber 74 via the conduit 90, is of sufficient magnitude, the membrane 80
      and therefore the valve head 84 will be urged upwardly against the force
      of the spring 76 to expose a portion of the outlet port 72. This permits
      the vapors to flow from the inlet port 70, through the outlet port 72 and
      the conduit 50 to the injector 44 with the amount of vapor flow being
      modulated by the valve head 84 in response to the flow of gasoline through
      the valve unit 34.
PAR  In the injector 44, the vapors pass through the venturi portion 48 where
      they are partially absorbed by the gasoline from the pipe 42 passing
      through the injector. The resulting mixture then passes from the injector
      44, through the conduit 24, and into the lower portion of the tank where
      they will exit through the perforations formed in the discharge portion
      26, and rise upwardly through the gasoline in the tank. The vapors are
      thus at least partially absorbed by the gasoline passing through the
      injector 44 and by the gasoline in the tank 10. Those vapors not absorbed
      in the above process will either condense in the tank 10 or will be
      recovered by the gasoline transport truck in the manner discussed above.
PAR  It is thus seen that, by virtue of the combination of the injector 44 and
      valve unit 34, that a precise control of the vapor recovery can be
      achieved, thus permitting the units to be used in installations of varying
      capacity yet insuring an optimum negative pressure in the vapor recovery
      line to insure full recovery of the vapors while eliminating the
      possibility of pressurizing the tank 10 or damaging the vehicle tank by
      virtue of a too high negative pressure occurring.
PAR  It is noted that the storage tank 10 is provided with a vent pipe 94 for
      exhausting vapor from the tank which may form due to diurnal losses and
      that an optional condenser system 96 may be provided which is connected to
      the tank 10 via a line 98, and which is adapted to condense any excessive
      vapors in the tank 10. Since this type of condenser system is well known
      in the art, it will not be described in any further detail.
PAR  It is thus seen that the present invention provides an effective and safe
      means of recovering vapors in a vehicle tank while minimizing the
      pollution of the atmosphere. It is noted that the system of the present
      invention is not limited to the dispensing of gasoline and the recovery of
      gasoline vapors but could be applied to any installation, such as chemical
      plants or the like, in which vapor recovery is desired.
PAR  Of course, other variations of the specific construction and arrangement of
      the system disclosed above can be made by those skilled in the art without
      departing from the invention as defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A liquid dispensing and vapor recovery system comprising storage means
      for said liquid, first conduit means adapted to connect said storage means
      to a receptacle, pump means for pumping said liquid from said storage
      means through said first conduit means and to said receptacle, second
      conduit means connected to said first conduit means and to said storage
      means for diverting a portion of said liquid in said first conduit means
      back to said storage means, means for forming a reduced pressure zone in
      said second conduit means in response to liquid flow through said second
      conduit means, third conduit means connected to said second conduit means
      at said reduced pressure zone and to said receptacle for drawing the
      vapors from said receptacle into said second conduit means for passage
      into said storage means, and valve means disposed in said third conduit
      means for continuously changing the flow rate of vapor through said third
      conduit means in proportion to changes in the flow rate of liquid through
      said first conduit means.
NUM  2.
PAR  2. The system of claim 1 wherein said means for forming a reduced pressure
      zone comprises a nozzle and a venturi disposed in said second conduit
      means.
NUM  3.
PAR  3. The system of claim 1 wherein said vapors mix with said liquid in said
      second conduit means.
NUM  4.
PAR  4. The system of claim 1 further comprising a dispensing device connected
      to said first conduit means and to said third conduit means for dispensing
      said liquid from said first conduit means into said receptacle and for
      receiving vapors from said receptacle.
NUM  5.
PAR  5. The system of claim 1 wherein said liquid is fuel, said storage means is
      an underground storage tank, and said receptacle is a vehicle fuel tank.
NUM  6.
PAR  6. A liquid dispensing and vapor recovery system comprising storage means
      for said liquid, first conduit means adapted to connect said storage means
      to a receptacle, pump means for pumping said liquid from said storage
      means through said first conduit means and to said receptacle, second
      conduit means in open communication with said first conduit means and
      connected to said storage means for continuously diverting a portion of
      said liquid in said first conduit means back to said storage means, means
      for forming a reduced pressure zone in said second conduit means in
      response to liquid flow through said second conduit means, third conduit
      means connected to said second conduit means at said reduced pressure zone
      and to said receptacle for drawing the vapors from said receptacle into
      said second conduit means for passage into said storage means, and valve
      means disposed in said third conduit means and responsive to the rate of
      flow of said liquid through said first conduit means for modulating the
      flow of vapor through said third conduit means.
NUM  7.
PAR  7. The system of claim 6 wherein said means for forming a reduced pressure
      zone comprises a nozzle and a venturi disposed in said second conduit
      means.
NUM  8.
PAR  8. The system of claim 6 wherein said vapors mix with said liquid in said
      second conduit means.
NUM  9.
PAR  9. The system of claim 6 further comprising a dispensing device connected
      to said first conduit means and to said third conduit means for dispensing
      said liquid from said first conduit means into said receptacle and for
      receiving vapors from said receptacle.
NUM  10.
PAR  10. The system of claim 6 wherein said liquid is fuel, said storage means
      is an underground storage tank, and said receptacle is a vehicle fuel
      tank.
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ABST
PAL  There is described herein a mold injection adapter for use with low
      viscosity polymers comprising a housing adapted to be urged into sealing
      relationship with the area around the mold inlet port and selective means
      in the housing for evacuating the mold cavity through the port and for
      injecting polymer into the port, as well as a fluid jacket for heating or
      cooling the polymer immediately prior to injection. The injecting means is
      disclosed as a pneumatically or hydraulically operated injection barrel
      containing a further pneumatically or hydraulically operated needle valve
      for controlling flow of polymer through the injection barrel and sealing
      the barrel during the evacuation step.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to injection or transfer molding equipment
      and particularly to an adapter for use with low viscosity polymeric
      material, sometimes known as "liquid polymers."
PAR  There are presently known numerous chemically different types of polymer
      systems which are commonly molded by means of injection molding or
      transfer molding equipment. Most of these polymer systems, whether
      thermoset or thermoplastic, are at the time of introduction into the mold
      relatively viscous materials. As a result substantial pressures are
      required in the mold in order to completely fill the mold cavities with
      such materials. Further, it is also known that many of these conventional
      types of polymers require several compounding steps in order to add
      desired catalysts, fillers, or other additives. More recently, several
      types of multiple polymers have been produced in a low viscosity or
      so-called liquid form. These liquid systems allow elimination of much of
      the flash in molding and simplify design of mold runners as well as
      eliminating substantial compounding equipment prior to molding. For
      example, such liquid polymers have been suggested in epoxy formulations,
      silicone rubber formulations and other organic polymers. While specialized
      equipment has been developed for molding such liquid systems it is
      desirable, because many manufacturing facilities already have equipment
      for molding more viscous types of polymers, to provide an adapter for use
      with existing molding equipment so that the new types of polymers can be
      utilized without great expense being incurred. It is toward this
      adaptation that the present invention is directed.
PAC   SUMMARY OF THE PRESENT INVENTION
PAR  Accordingly it is an object of the present invention to provide an adapter
      for polymer molding systems which will allow use of low viscosity
      polymeric materials in conventional systems. In accordance with this and
      other objects there is provided by the present invention an adapter for
      injection of low viscosity polymeric material into a mold cavity which
      adapter comprises a housing having sealing means at its ejection end to
      seal against a mold portion surrounding the injection port to the mold
      cavity. The other end of the housing is adapted to be clamped to suitable
      equipment for urging the adapter into such sealing contact with the mold.
PAR  The housing also contains evacuation means for effecting evacuation of the
      mold cavity when the sealing means is positioned in sealing contact with
      the mold and injection means for selectively injecting polymeric material
      into the injection port of the mold cavity while the cavity is in
      evacuated condition. Further, if desired, a fluid jacket may be provided
      for controlling temperature of the polymeric material being injected into
      the mold by use of heating or cooling fluid being circulated through the
      jacket.
PAR  Thus, the adapter can be utilized for evacuating the mold, injecting the
      polymeric material into the mold, and controlling the temperature of the
      material being injected into the mold. Yet the device can be built
      relatively small and cheaply and is useful with conventional types of
      injection or transfer molding equipment without modification of the
      equipment or the molds designed for use with such equipment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and attendant advantages will become apparent to those
      skilled in the art from a reading of the following detailed description in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a schematic view of a molding system utilizing the adapter
      contemplated by the present invention;
PAR  FIG. 2 is a plan view in half-cross section showing the details of the
      adapter shown somewhat diagrammatically in FIG. 1; and
PAR  FIGS. 3 A, B, and C illustrate various positions of the elements of the
      injector shown in FIG. 1 and FIG. 2 for evacuating the mold and for
      injecting material into the mold while maintaining it in evacuated
      condition.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings wherein like reference characters designate
      like or corresponding parts throughout the figures thereof there is shown
      in FIG. 1 a mold 11 having one or more cavities 12 therein which are
      designed to be filled by runners 13 communicating with an injection port
      14 through which the polymeric material is introduced. As shown in the
      drawing the mold may be of the conventional two-part type which is
      eventually separable to eject the molded part after it has been cured. The
      mold per se forms no part of the present invention and any conventional
      mold which is or can be totally sealed for evacuation purposes is suitable
      for use with the present invention. In order to effectuate sealing,
      however, it is desirable that a thin gasket 16 be placed between the mold
      parts for purposes of ease in evacuation when a multiple-part mold is
      used.
PAR  As is typical of automated molding equipment the mold parts are carried
      past a molding station, for example, on a belt 17 with a rigid platform 18
      supporting the belt at the molding station. Alternatively, other
      arrangements such as, for example, turntable type arrangements as are
      known conventionally can be used. The unfilled mold 12 enters the molding
      station on the moving belt 17 while the molding equipment 19 is held in a
      retracted position to allow clearance between the mold and the equipment.
      When the mold is in proper position it is stopped and the molding
      equipment 19 is urged downwardly as shown by the bi-directional arrow 21
      into contact with the inlet port 14 of the mold cavity. Such conventional
      equipment forms no part of the present invention as such and therefore
      need not be described in detail herein.
PAR  In accordance with the present invention when liquid polymers are used an
      adapter 22 is clamped in the molding equipment 19 and has its injection
      end urged by the molding equipment 19 into contact with the mold 11.
PAR  Referring now to FIG. 2 of the drawings the adapter 22 comprises a housing
      23 having peripherally mounted at its exit end a sealing ring 24 designed
      to be urged into sealing contact with the area of the mold surface
      surrounding the inlet port 14 for purposes of evacuating the mold cavity.
      For this purpose an inlet port 26 communicating with an exhaust manifold
      27 is provided in the housing. An injection barrel 28 defines the inner
      periphery of the manifold 27 and is slidably mounted within the housing
      23. Air pressure ports 29 and 31 are provided for actuating a piston 32 to
      control movement of the barrel 28. Thus, upon application of fluid
      pressure to the port 29 the piston 32 and the barrel 28 connected thereto
      are moved downwardly and similarly upon application of pressure to the
      inlet port 31 the barrel 28 is moved upwardly. The barrel 28 has disposed
      in the lower portions thereof a temperature controlling means comprising a
      fluid jacket 35 fed by means of an inlet port 33 and an outlet port 34
      through which hot or cold water, for example, can be circulated. Depending
      upon the type of polymer used in some instances this temperature control
      means may not be necessary but it is desirable to provide it on the
      adapter for those situations when it is needed. The inner boundary of the
      temperature control means 35 is the cylindrical wall 36 which forms the
      polymer conduit 37 which is supplied by a polymer inlet port 38. Movably
      disposed within the conduit 37 is a needle 39 arranged to be raised or
      lowered by means of a piston 41 operated by pressure supplied through
      ports 42 and 43. The needle 39 in its lower position closes an exit port
      44 preferably formed by tapering inwardly the end of the wall 36. Mounted
      circumferentially around the exit port 44 is a compressable sealing ring
      46 designed to be urged into contact with the mold in the area surrounding
      the mold injection port to prevent flow of polymeric material into the
      exhaust system 27.
PAR  The bottom of the housing 23 is preferably made separable from the upper
      portions of the housing with the two portions bolted together by means
      such as screws 47. In the instance where the housing is made separable in
      this manner a lower portion of the housing may be removed from the upper
      portion and the entire unit disassembled for purposes of cleaning should
      such steps become necessary. For this purpose sealing rings such as that
      shown at 48 are used throughout the device so that mechanical clearances
      may be sufficiently wide for ease in disassembly and re-assembly without
      sacrificing the necessary sealing relationship between the various parts
      of the device.
PAR  The actual operation of the device may be better understood by references
      to FIGS. 3A, 3B and 3C. As pointed out previously with respect to FIG. 1
      the adapter 22 is initially held in a retracted position as shown in FIG.
      1 by the upward pointing double-ended arrow 21 by virtue of a suitable
      reciprocal motion device 19. The mold 11 moves into position under the
      adapter 22 and the equipment 19 pushes the adapter 22 downward into
      contact with the mold; the sealing ring 24 sealing the area around the
      mold injection port 14. At this point the barrel 28 is held in a retracted
      position as shown in FIG. 3A allowing communication between the exhaust
      manifold 27 and the mold inlet port 14.
PAR  A vacuum is then pulled on the mold to exhaust the same while the barrel is
      so positioned. When the mold has been exhausted as shown in FIG. 3B the
      barrel 28 is urged downwardly by application of pressure to port 29 until
      the sealing ring 46 effectively isolates the mold inlet port 14 from the
      exhaust manifold 27. At this point as shown in FIG. 3C the needle valve is
      opened by upward movement of the needle 39 caused by application of
      pressure to the port 43 to raise the piston 41. Polymer is allowed to flow
      into the inlet port 14 of the mold and the mold cavity is filled. Then the
      needle valve is again repositioned to close the ejection port of the
      device, the barrel 28 is raised, and the entire adapter 22 is raised away
      from the mold so that the mold can be sequenced to its curing station and
      the next mold positioned under the device whereupon the sequence is
      repeated.
PAR  Obviously, many modifications and variations of the embodiment disclosed
      herein will become obvious to those skilled in the art from a reading of
      the above detailed description. It is to be understood therefore that
      within the scope of the appended claims the invention may be practiced
      otherwise than as specifically described.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. An adapter for injection of low viscosity polymeric material into a mold
      cavity comprising:
PA1  a housing having sealing means at an exit portion thereof for effectuating
      an air tight seal between said exit portion and a mold portion surrounding
      an injection port to the cavity of said mold,
PA1  evacuation means in said housing for effecting evacuation of the mold
      cavity when said sealing means is positioned in sealing contact with said
      mold, and
PA1  injection means in said housing for selectively injecting said polymeric
      material into the injection port of said mold cavity while the cavity is
      in evacuated condition; said injection means including a flow control
      valve at the exit portion of said housing and a first fluid operated
      piston in said housing for selectively operating said valve and further
      including a selectively operable isolation means surrounding the injection
      port and carried by the housing for preventing back flow of polymeric
      material into said evacuation means.
NUM  2.
PAR  2. An adapter as defined in claim 1 wherein said isolation means includes a
      deformable sealing gasket surrounding said valve and a second fluid
      operated piston for selectively urging the gasket into sealing contact
      with the mold around the portion surrounding the mold injection port.
NUM  3.
PAR  3. An adapter as defined in claim 2 wherein said housing is substantially
      cylindrical and said first and second fluid operated pistons are
      concentrically mounted around the axis of said housing; said valve being
      located on the center of the cylindrical configuration.
NUM  4.
PAR  4. An adapter as defined in claim 3 wherein said evacuation means comprises
      a cylindrical space concentric with said valve and wherein said sealing
      means comprises an O-ring mounted on the end of said housing
      concentrically around said cylindrical space.
NUM  5.
PAR  5. An adapter as defined in claim 4 and further including in said housing
      temperature control means for controlling temperature of the polymeric
      material.
NUM  6.
PAR  6. An adapter as defined in claim 5 wherein said temperature control means
      includes a water jacket.
NUM  7.
PAR  7. An adapter as defined in claim 1 and further including in said housing a
      water jacket for controlling temperature of the polymeric material.
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ABST
PAL  Feeder for packaging machines comprising a conveyor for transferring a
      number of containers which advance with intermittent motion and on which
      the containers receiving the portions of product are supported in parallel
      rows perpendicular to the direction of advancement of the conveyor. A
      flexible member is arranged in a closed path around a pair of pulleys of
      vertical axis so as to lie in a horizontal plane above the transfer
      conveyor and comprising two portions parallel to the rows of containers. A
      plurality of compartments are distributed along the flexible member at
      distances equal to that of the containers of each row and arranged to
      receive portions of product from portion delivery means disposed at said
      pulleys, and to discharge said portions by gravity through lower apertures
      closable by doors operated by control means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a feeder for simultaneously discharging a
      plurality of batches of fluent material into containers supported on a
      transfer conveyor of a packaging machine.
PAR  The object of this invention is to provide a feeder which permits the
      introduction into containers also of manually arranged products, which are
      difficult to slide or difficult to settle, such as slices of meat, chopped
      meat or fish. Moreover the feeder according to the invention must be
      easily adaptable to the format of the containers handled by the packaging
      machine.
PAC  SUMMARY OF THE INVENTION
PAR  This object is attained by a feeder for simultaneously discharging a
      plulrality of batches of fluent powdery or granular material into
      containers having an upper opening and supported on a transfer conveyor of
      a packaging machine in parallel rows perpendicular to the direction of
      travel of said transfer conveyor, said rows being equally spaced relative
      to each other, the containers in each row being spaced equally from one
      another and said transfer conveyor moving with intermittent motion with an
      advancing pitch equal to, or a multiple of, the spacing between two
      adjacent rows of containers, said feeder comprising a first pulley
      rotatably supported on a vertical axis on one side of said transfer
      conveyor, a second pulley rotatably supported on a vertical axis on the
      other side of said transfer conveyor, said first and second pulleys lying
      in the same plane above said transfer conveyor, a flexible member wound in
      a closed path on said first and second pulleys so as to have two parallel
      portions extending above said transfer conveyor and parallel to the rows
      of containers and two external portions extending on both sides with
      respect to said transfer conveyor, means for driving said  flexible member
      with intermittent motion timed with the intermittent motion of the
      transfer conveyor, including an advance stroke equal to the distance
      between the containers of each row multiplied by the number of containers
      of a row and a dwell period, a plurality of upwardly open receptacles
      disposed on said flexible member at distances equal to the spacing of the
      containers of each row, said receptacles having lower discharge openings
      and said receptacles being arranged on said flexible member so that their
      lower openings along said parallel portions of the flexible member are in
      alignment with the upper openings of the containers, means for dispensing
      batches of material into those receptacles which are arranged on the
      external portions of the flexible member, doors supported on said
      receptacles for closing said lower discharge openings, and control means
      for operating said doors in timed relationship with said flexible member
      driving means, said control means opening said doors in response to said
      flexible member and said transfer conveyor being in the dwell period,
      during which dwell period the lower discharge openings of said receptacles
      are disposed above the upper openings in the containers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further characteristics will be more evident from the description of a
      preferred embodiment of the feeder according to the invention, illustrated
      by way of example in the accompanying drawings in which:
PAR  FIG. 1 is an elevational view of the feeder according to the invention in
      the form of a vertical section transverse to the packaging machine and
      longitudinal to the feeder itself;
PAR  FIG. 2 is a partially broken plan view of the feeder of FIG. 1;
PAR  FIG. 3 is a sectional view on the line III--III of FIG. 2;
PAR  FIG. 4 is a side view of one of the compartments taken on the line IV--IV
      of FIG. 2;
PAR  FIG. 5 is a view substantially on the line V--V of FIG. 4;
PAR  FIG. 6 is a vertical sectional view on a plane longitudinal to the feeder
      which shows means for positively expelling the portions from the
      compartments into the containers;
PAR  FIG. 7 is a partially broken sectional plan view of that shown in FIG. 6;
PAR  FIG. 8 is a horizontal section substantially on the line VIII--VIII of FIG.
      6;
PAR  FIG. 9 is a vertical section on the line IX--IX of FIG. 6;
PAR  FIG. 10 is a side view taken on the line X--X of FIG. 6;
PAR  FIG. 11 shows a diagram which enables the user of the packaging machine to
      identify the working parameters for the feeder of the invention, according
      to the formats of the containers to be filled.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 show the two chains 1 of the transfer conveyor of the
      packaging machine, the support rails 2 for the upper and lower portions of
      said chains 1, pairs of shafts 3 which connect the two chains and are
      pivoted in these latter, and finally pairs of claws 4 and 5 of which the
      pairs of claws 4 are rotationally and axially rigid with the respective
      shafts 3, whereas the pairs of claws 5 are rotationally rigid but axially
      movable with respect to the adjacent pair of claws 4.
PAR  The pairs of claws 4, 5 grip the containers or envelopes 6 at their sides
      close to the opening for introducing the product. The structure and
      operation of these claws, and the method of introducing the material or
      product into the envelope 6 by hoppers 7 of the beak type, supported by
      shafts 8 which rest on a frame 9 have already been thoroughly described in
      the Italian patent No. 931,906 filed 26.5.1971 of the same applicant. As
      these parts do not constitute an object of the present invention, the
      reader is referred to the said Italian patent for a more detailed
      illustration. For an understanding of the apparatus according to the
      present invention it is sufficient to observe that the chains 1 are driven
      with intermittent motion by the cyclic drive shaft 10 through a
      transmission of the type disclosed hereinafter with reference to the parts
      22-24, and the hoppers are controlled by cams 11 so as to make a pendular
      movement which partly accompanies the movement of advancement of the
      chains, during which the hoppers are introduced into the envelopes.
PAR  On the cyclic shaft 10 is keyed the bevel gear 12, FIG. 2, which meshes
      with the gear 13 keyed to one end of the shaft 14. This latter shaft is
      horizontal and transverse to the packaging machine, and by way of the
      bearings 15 is rotatably supported by the machine bench and by the housing
      16, which is fixed projecting from one side 17 of the bench. To the shaft
      14 is keyed the bevel gear 18, with which engages the bevel gear 19 keyed
      to the lower end of the vertical shaft 20. The shaft 20 (see also FIGS. 7,
      8 and 10) is rotatably supported by the side 17 and by the tubular column
      21 which rises from it.
PAR  The wheel 22 is keyed on the shaft 14 inside the housing 16 and comprises a
      plurality of suitably shaped grooves and sometimes known as Z or Fergusson
      type. The grooves are engaged by radial rollers distributed on the
      periphery of the wheel 23, which is fixed to the vertical shaft 24
      supported rotatably by the housing 16 by means of the bearings 25.
PAR  The wheel 22 is substantially a globoidal wheel which comprises a plurality
      of grooves the inlet and outlet of each of which are angularly offset, and
      between the inlet and outlet, the groove has a circumferential
      development. It is evident that by means of the Z wheel 22 and the roller
      wheel 23, the continuous motion of the shaft 20 is transformed into an
      intermittent motion of the shaft 24 which stops when the rollers travel
      along the circumferential portion of the grooves, and rotates when the
      rollers travel along the portions close to the inlet and outlet of the
      grooves.
PAR  Consequently, as will be evident hereinafter, there is intermittent
      advancement of the flexible member of the feeder according to the
      invention with suitably gradual acceleration and deceleration. For each
      advancement of the flexible member the shaft 24 moves through 120.degree.
      during the appropriate stage of a cycle of the packaging machine, a cycle
      corresponding to one advancement stroke and one dwell or standstill period
      of the chains 1.
PAR  On the upper end of the shaft 24 outside the housing 16 is fixed a sleeve
      26 with a flange. The double ring gear 28 is fixed to this flange by
      screws 27. Round this ring gear winds the chain 29, which also winds
      around the double ring gear 30, which is fixed by screws to the flange of
      a sleeve 31, fixed to the lower end of the vertical shaft 32. The ring
      gears 28 and 30 mounted on the shafts 24 and 32 may be of different
      diameters accoring to the formats of the envelopes 6 to be filled. As will
      be seen hereinafter, the feeder according to the invention is provided
      with an assortment of these ring gears.
PAR  The shaft 32 is rotatably mounted by way of bearings 33 in the tubular
      support 34 which traverses the bracket 35 projecting from the side 17
      through opposite openings or 36 which extend in the direction transverse
      to the packaging machine. The support 34 is provided with a peripheral
      shoulder 34a for resting on the bracket 35 and can be clamped to it in the
      desired position along these slots. The position of the support 34 is
      adjusted by a micrometer screw mechanism 37 controlled by the handwheel
      37a. Above the support 34, a sleeve 38 is rigid with the shaft 32 and
      comprises an outer collar on which is fixed a driving pulley or wheel 39
      for a flexible member consisting of a flexible metal band 40 extending in
      a closed path. The wheel 39 is interchangeable, as will be seen
      hereinafter, and for reasons of its assembly and replacement it is
      preferable for it to be divided diametrically into two parts. The
      periphery of the wheel is provided with a peripheral groove 39a for blocks
      41 distributed along the inner surface of the belt 40 engaging the teeth
      39b projecting from the bottom of the groove 39a. The pitch P of the teeth
      39b and blocks 41 is equal to the pitch of the envelopes 6 which are
      aligned in rows or sets 42 transverse to the chains 1 of the transfer
      conveyor of the packaging machine. Proceeding intermittently in the
      direction of the arrow A, the band 40 winds on the return pulley or wheel
      43, which, also provided with a peripheral groove, is idly supported by
      way of bearings 44 by the vertical shaft 45 fixed to the support 46. The
      support 46 is transversely adjustable on the bracket 47 fixed to the side
      48 of the packaging machine bench by an adjustment mechanism composed of
      the screw 49a controlled by the handwheel 49.
PAR  On the upper part of the shaft 32 is fixed a rotating dispensing head for
      fluent granular or powdery material, which comprises a set of funnels 50
      with each of which is upperly aligned a pair of telescopic tubular
      portions or sleeves 51 and 52 constituting the batching elements
      adjustable as to their volume and of which the sleeves 52 are normally
      closed lowerly by doors 53. The sleeves 51 and funnels 50 are supported by
      a ring 54 which is centered and fixed on a plate 55 fixed to the shaft 32.
      The upper sleeves 52 extend from the bottom of an annular hopper 56. The
      hopper 56 is fixed to the collar of a sleeve 57 which is rigid with keys
      58 slidable along respective axial grooves in the shaft 32. The material
      to be fed in portions reaches the hopper 56 from the stationary duct 59 so
      that during the rotation of the hooper and ring 54 rigid with the shaft
      32, it fills the pairs of telescopic sleeves 51, 52 towards which it is
      deviated by stationary baffles and scrapers 60. The height of the hopper
      56 with respect to the ring 54 and consequently the capacity of the pairs
      of sleeves 51, 52 and hence the quantity of the portions is adjusted by a
      manual control not shown.
PAR  Along the semicircle through which the funnels 50 accompany the band 40,
      the doors 53 are opened so that the portions of product contained in the
      sleeves fall into the underlying receptacles or compartments 61 of the
      band. The opening of the doors 53 is controlled by a stationary cam 62
      which is engaged by the roller 53a carried by a lever rigid with the
      spindle 53b by which each of the caps 53 is hinged to the respective
      funnel 50. Between the spindle 53b and funnel 50 acts a spring which
      returns the cap into the position of closure of the respective sleeve 51
      when the engagement between the cam 62 and roller 53a ceases.
PAR  The compartments 61 are distributed along the band 40 at the same pitch P
      of the envelopes 6 and are fixed externally to it in positions
      corresponding with the blocks 41. It should be noted that the number of
      teeth 39b of the wheel 39 is equal to the number of funnels 50 and hence
      to the number of sleeves 51, 52 provided on the rotating feed head.
PAR  With reference to FIGS. 3, 4 and 5, each compartment 61 consists of two
      parts 62, 63 consisting essentially of two sheet metal elements bent
      vertically to present a U-shaped section so that each defines a frontal
      wall 68a, 63a and two side walls 68b, 63b of which the lower end is
      triangular. To the frontal wall 63a is fixed the plate 64. The plate 64 is
      traversed by screws 65 which traverse corresponding holes in the band 40
      and are screwed into the relative block 41 so as to fix to the band 40
      both the block 41 and the compartment 61. Along the lower edge of the wall
      63a is hinged the spindle 66, with which a flap door 67 is rigid, which
      lowerly closes one half of the bottom of the compartment and which abuts
      on the edges of the triangular end of the lateral walls 63b. The part 62
      is hinged lowerly to the part 63 so that it may be turned outwards from a
      position internal to the part 63, in which the walls 68b and 63b are
      adjacent to each other. To enable the hinging, two bosses 268a are
      provided at the base of the frontal wall 68a and at its sides, and are
      traversed by a spindle 69 which is rotatably supported by supports 70
      fixed externally to the walls 63b of the part 63 of the compartment. To
      the spindle 69, between the bosses 268a, is fixed the sleeve 71a to which
      is fixed the flap door 71 which closes the other half of the bottom of the
      compartment. To one end of the spindle 66 is fixed the toothed sector 72
      (FIG. 4) which engages with the toothed sector 73a of a piece fixed to the
      other spindle 69 and which comprises an arm 73b, provided with a rotatable
      roller 74. To the arm 73b is fixed a pivot 75, to which is hinged the
      plate 76 into which the hooked the end of the spring 77 which acts by
      traction, and has its other end hooked in the plate 78 which is hinged to
      the sector 72. To this sector is also hinged a rod 79 which slides in a
      block 81 hinged by means of the pivot 82 (FIG. 5) to the toothed sector
      73a. Between the block 81 and a shoulder of the rod acts a spring 80,
      which acts by compression. It should be noted that when the doors 67 and
      71 are in the closed condition (FIGS. 3 and 4), the line which joins the
      centres of action of the spring 80, i.e. the points of hinging of the
      block 81 and rod 79, is above the common plane of the spindles 66 and 69,
      whereas the line which joins the centres of action of the spring 77 are
      below this plane. The springs 77 and 80 keep the doors in the closed
      position even when the compartments 61 contain the product which they have
      to supply to the envelopes 6. When said rollers 74 is operated so that it
      opens the doors, as will be seen hereinafter, as the doors are brought
      into the open condition said lines of action of the springs gradually
      approximate to the plane of the spindles 66, 69. In this manner, as the
      doors open and the springs become continually more loaded, the force which
      has to be exerted on the roller 74 progressively decreases.
PAR  On the outside of the doors 67 and 71 are welded appendices 83 which have
      their lower ends spaced from the lower edges of the doors. When the doors
      open symmetrically (FIGS. 9 and 10) in order that the product contained in
      the respective compartment 61 maybe discharged into the underlying
      envelope 6, the appendices 83 engage from within the upper part of the
      envelope, which is thus not soiled by the product, so ensuring the perfect
      welding by which the envelope is closed after filling. The wall 68a of the
      second part of each compartment 61 is provided externally with the bracket
      84 on which the roller 85 is rotatably supported. The rollers 85 of the
      various compartments engage the groove of a rail which extends along the
      path of the band 40 and which is fixed to the bench of the packaging
      machine. The portion 86a (FIG. 2 and 4) of this rail extends a short
      distance from the band 40 and the groove is open downwards so that the
      part 62 of the compartments is vertical. The portion 86b of the rail
      (FIGS. 2 and 3) extends at a greater distance from the band 40 than the
      portion 86a. It is further arranged at a lower level than that of the
      portions 86a and its groove is open towards the band 40 so that the part
      62 along said portions 86b is upset outwards to assume a horizontal
      position. The portions 86a and 86b are connected by helical portions 86c
      (FIG. 2) for the rotation of the part 62 about the spindle 69. The portion
      86b of the rail extends around the wheel 43 and parallel to the portions
      of the band 40 which are tangential to the wheel itself. Along these
      portions in which the part 62 is upset horizontally outwards it is
      possible to resolve particular feed problems for products to be introduced
      into envelopes. For example slices of meat to be introduced into the
      envelopes 6 can be disposed manually on the planes formed by the walls
      68a. Obviously the product is placed by hand on the walls 68a during the
      dwells of the band 40, possibly also utilising part of the low
      acceleration and deceleration stages of the band. To facilitate the task
      of the operators responsible, an acoustic signal can be provided
      controlled by a microswitch controlled by a cyclic cam, which warns the
      operators a sufficient time before the beginning of the advancement of the
      band 40.
PAR  With the top of the fixed shaft 45 of the wheel 43 (FIG. 1) there is rigid
      a platform 87, which with the tops of the columns 88 rising from the
      bracket 47 define a support plane for weighing or batching devices or
      their parts.
PAR  The portions of the rail which are tangent to the band 40 of the wheel 43
      are parallel to each other and transverse to the direction of advancement
      of the envelopes 6.
PAR  Furthermore said parallel band portions are spaced from one another so that
      the distance between the compartments arranged thereon is a multiple of
      the distance between the rows 42 of envelopes. The band 40 lies above the
      transfer conveyor and is synchronised with the packaging machine so that
      the chains 1 are in a dwell condition simultaneously with the band 40 and
      while the chains 1 advance the distance between two successive rows of
      envelopes, the band 40 advances with a pitch equal to the number of
      envelopes of a row multiplied by the pitch P.
PAR  At each dwell stage the compartments are thus able to discharge the product
      contained in them into the underlying envelopes, the compartments of the
      portion of the band 40 moving from the wheel 39 to the wheel 43
      discharging the product received by the rotating feed head mounted on the
      shaft 32, and the compartments of the other portion moving from the wheel
      43 to the wheel 39 discharging the product received during the path around
      the wheel 43.
PAR  Between the side 17 and wheel 43 the blocks 41 are guided in the groove of
      respective bars 89 (FIGS. 1 and 3) which are fixed to the colums 88 and to
      supports 90, mounted on the same side 17. Above and below each of these
      bars are fixed rails 91, which comprise guide channels for rollers 92
      (FIG. 2, 3) which are rotatably supported by lugs projecting upperly and
      lowerly from the plate 64 of each compartment 61. This manner of guiding
      the compartments is particularly useful for neutralizing the forces which
      act on the compartments 61 when the product contained therein is
      discharged into the envelopes. At the portions of the band 40 tangential
      to the wheel 39, the rollers 92 of the compartments are unilaterally
      guided by pairs of shaped rails 93 (FIGS. 1, 2) which are hinged at one
      end to the spindle 94 supported vertically by the side 17, while at the
      other end they can be clamped to supports of the bracket 95. The rails 93
      are necessary for ensuring positively that the central portions of the
      band 40 are parallel to each other and hence exactly perpendicular to the
      chains 1 of the packaging machine. In fact, as the wheel 43 has the same
      diameter for a large range of formats of envelopes 6, the wheel 39 must
      have different diameters lying between a minimum diameter 239a and a
      maximum diameter 239b (FIG. 2) according to the width of the envelopes,
      which necessitates a change in the pitch P.
PAR  The driving wheel 39 may also have a different number N of cavities defined
      between the teeth 39b. Obviously the maximum diameter of the wheel 39 may
      be greater than that of the wheel 43. In this case the rails 93 will
      converge towards the wheel 43. As the pitch p varies, the length of the
      band 40 also varies, this latter obviously having a length which is always
      an integral multiple of the pitch. Thus by suitably adjusting the position
      of the supports 34 and 46 on the brackets 35 and 47 in relation to the
      diameter of the wheel 39 and the length of the band 40, the compartments
      of the central portions of the band 40 are aligned with the envelopes of
      respective rows 42. Respective gear wheels 30 and 28 of different diameter
      must be mounted on the shafts 32 and 24 in accordance with the pitch P.
      The phase adjustment between the two shafts is obtained by adjusting the
      angular position in which the gear wheels are locked on the flanges of the
      sleeves 34 and 26. To enable this angular adjustment, the locking screws
      27 traverse slots in the gear wheels 28, 30 which extend as an arc
      concentrically with these wheels. The chain 29 is tensioned by a sprocket
      96 (FIG. 2) rotatably supported by a flange 97 (FIG. 1) which can be
      locked to the housing 16 by screws in an adjustable manner in order to
      suitably vary the tension of the chain.
PAR  In the following table the variable parameters indicated for operating on a
      number of envelopes 6 variable from three to eight and obtained from a
      band having a maximum width of 600 mm.
TBL  ______________________________________                                    
     N    D        n      P     n .times. P                                    
                                       R      Z.sub.1 : Z.sub.2                
     ______________________________________                                    
          510             200   600                                            
      8            3                   9:8    90/80                            
          459             180   540                                            
          535             186   559                                            
      9            3                   9:9    90/90                            
          459             160   480                                            
          535             168   504                                            
                   3                    9:10  81/90                            
          459             144   432                                            
     10                                                                        
          477.4           150   600                                            
                   4                   12:10  96/80                            
          459             144   576                                            
          525             150   600                                            
     11            4                   12:11  96/88                            
          459             131   524                                            
          535             140   560                                            
     12            4                   12:12  90/90                            
          459             120   480                                            
          535             120   600                                            
     14            5                   15:14  90/84                            
          459             103   515                                            
          535             105   525                                            
                   5                   15:16  90/96                            
          459              90   450                                            
     16                                                                        
          509             100   600                                            
                   6                   18:16  90/80                            
          459              90   540                                            
          533              93   558                                            
     18            6                   18:18  90/90                            
          459              80   480                                            
          535              84   588                                            
                   7                   21:20  84/80                            
          459              72   504                                            
     20                                                                        
          477,4            75   600                                            
                   8                   24:20  96/80                            
          459              78   576                                            
     ______________________________________                                    
PAR  The table indicates the following: N indicates the number of batching
      elements 51 and 52 and correspondingly the number of cavities defined
      between the teeth 39b of the wheel 39; D indicates the pitch circle
      diameter in millimeters of the wheel 39, this diameter being calculated
      taking into account the thickness of the band 40; n indicates the number
      of envelopes 6 of each row 42; P indicates the pitch in millimeters of the
      envelopes of the same row and the pitch of the compartments 61 along the
      band 40; n .times. P indicates the width in millimeters necessary for the
      band; R indicates the transmission ratio between the wheels 28 and 30;
      Z.sub.1 : Z.sub.2 indicates the ratio of the teeth of these wheels. It
      should be noted that in this scheme, the assortment of wheels 28 and 30
      with which the feeder according to the invention must be provided will
      comprise seven wheels having respectively 80, 81, 84, 88, 90 (two wheels)
      and 96 teeth. These wheels are suitable for a chain 29 of one-half inch.
PAR  The diagram of FIG. 11 represents the data of the previous table, showing
      also the possible alternative choices which the user of the packaging
      machine has. The abscissas and ordinates indicate respectively the values
      of P and D. From the above it is clear that where possible, it is
      preferable to change the capacity of the envelopes by varying their height
      rather than their width, because the varying of the height of the
      envelopes does not involve adjusting or varying in any way the feeder
      according to the invention in itself.
PAR  Between the sides 17, 48 and parallel to the central portions of the band
      40 is disposed a pair of rails 98 which each define a channel facing the
      compartments 61. The ends of each rail 98 are rigid with sectors of rings
      99 which are guided in grooves 100a formed in a plate 100 and extending in
      a circle having the spindle 69 as its center. The plates 100 are rigid
      with supports fixed to the sides 17 and 48 (see also FIGS. 6, 9 and 10).
      To the sectors 99 are hinged the lower ends of respective vertical rods
      101 driven with reciprocating motion so as to move the rails 98 from the
      lowered position shown in FIG. 4 to the raised position of FIG. 9. When
      the rails are lowered, the channels of the rails are engaged at each
      movement of advancement of the band 40 by the rollers 74 of the row of
      compartments which move on the conveyor 1. When the compartments are in
      the halt position, above the respective row of envelopes the rails 98 are
      made to rise, so causing the doors 67, 71 to open and the product
      contained in the compartments to be introduced into the envelopes.
PAR  If, as stated, the compartments 61 have received slices of meat or other
      products which have poor sliding or settling properties (such as chopped
      meat or fish), it is necessary for the products to be positively thrust
      into the envelopes until they reach the required depth. This is done by a
      series of pushers comprising pistons 102 (FIGS. 6 and 7) rigid with the
      lower end of respective rods 103, which project downwards from a
      horizontal beam 104 transverse to the packaging machine. Bars 106 are
      connected by brackets 105 to the ends of the beam 104, and are slidably
      guided in relative vertical cavities 107 formed one opposing the other in
      a side wall of the box or housing 108 and in the frame 109 (see also FIGS.
      8, 9 and 10). The bases of the frame 109 and box 108 are respectively
      fixed to the sides 48 and 17 of the packaging machine, and are shaped
      lowerly in the form of a bridge in order to leave a free passage for the
      portion of the band 40 which extends from the wheel 43 to the wheel 39.
      Each bar 106 has on one face a rack 106a (FIG. 8) which engages with a
      sprocket 110 (FIG. 6) keyed to the end of a transverse shaft 111, which is
      rotatably supported by the frame 109 and by the box 108. The end of the
      shaft 111 projects to the inside of the box and carries keyed on it the
      gear wheel 112, which by way of the chain 113 (FIG. 6, 9) is driven by the
      gear wheel 114. The tension of the chain 113 is adjusted by a sprocket
      115. The wheel 114 is rigid with the transverse shaft 116, which at its
      two ends is rotatably supported by the box 108 in a sleeve 117, which at
      its front comprises a coupling ring with triangular teeth. The central
      portion of the shaft 116 is grooved and on it is slidable a body 118 which
      on both its frontal faces is provided with coupling teething and is
      provided centrally with an annular groove 118a. In this groove are engaged
      two blocks 118b hinged at the two arms of a fork 119. This fork is mounted
      in an oscillating manner on a vertical shaft 120, supported inside the box
      108. An appendix of the fork 119 rotatably supports a roller 121, which
      engages the endless channel of a cam 122. The cam is fixed to a vertical
      shaft 123, which is rotatably supported by the box 108 and which makes one
      revolution for each cycle of the packaging machine. On the upper portion
      of the shaft 123 is rotatably mounted the gear wheel 124, which can be
      made rigid with the shaft itself by operating a coupling 125 which is
      fixed to it and which is made operable during a precise working stage.
      When the coupling 125 is operated, the shaft 123 is driven by the shaft 20
      by means of a chain 126 which winds around the wheel 124 and around one of
      the wheels 127 keyed on to the shaft, 20, and which is tensioned by the
      tensioning sprocket 128. With the lower end of the shaft 123 is rigid the
      bevel gear 129 (FIG. 8), which engages with the pinion 130 keyed to one
      end of the transverse shaft 131, which is rotatably supported by a sleeve
      with a flange 132, seated and fixed in the box 108. It should be noted
      that the transmission ratio of the bevel gear pair 129, 130 is such that
      while the shaft 123 makes one revolution per cycle, the shaft 131 makes
      two. The disc 133 is keyed to the shaft 131 outside the box 108, and to it
      is eccentrically hinged one end of the connecting rod 134, the other end
      of which is hinged to an arm of the toothed sector 135. This sector is
      mounted in an oscillating manner at 136 to a support 137, fixed to the box
      108, and engages with the sprocket 138. The sprocket 138 is keyed to the
      end of a shaft 139, which is coaxial with the shaft 116 and is mounted
      rotatably in the sleeve with the flange 140, seated and fixed in the box,
      and the sleeve with coupling ring 117 is rigid with its other end. Thus
      for each cycle of the packaging machine, the sleeve 117 makes two
      oscillations in one direction and the other.
PAR  In one cycle of the packaging machine, the body 118, controlled by the cam
      122, makes on the grooved shaft 116 a single stroke in one direction and a
      single stroke in the other. The two strokes are of very small extent and
      take place when the sleeve 117 is always at the same end of stroke. At one
      end of its stroke, the body 118 is coupled with the sleeve 117 and hence
      the pistons 102 descent into the compartments 61 and then rise above them.
      At the other end of its stroke the body 118 is coupled with the frontal
      toothing of a ring 141, centred and fixed to a rib of the box 108, so that
      the pistons 102 retain in their raised position for 180.degree. of the
      cycle of the packaging machine, because of which the band 40 makes a
      movement of advancement. In practice this advancement may begin as soon as
      the pistons 102, in their upward stroke, have left the compartments 61 so
      as to have a greater time available than that corresponding to 180.degree.
      of the cycle. By suitably choosing the dimensions and number of triangular
      teeth of the three couplings 117, 118 and 141 and also the eccentricity of
      the hinging of the connecting rod 134 to the disc 133, one predetermined
      tooth of a front face of the body 118 can always be made to penetrate
      between two predetermined teeth of the ring 141, and likewise a tooth of
      the other front face of the body 118 can always be made to penetrate
      between two predetermined teeth of the sleeve 117.
PAR  Obviously, when the body 118 is in the middle position, there is no
      engagement with the teeth of the sleeve 117 and ring 141, and the coupling
      takes place only when the body 118 is at the respective end of its stroke.
PAR  It should be noted that between each sprocket 110 and shoulders 142 of the
      shaft 111 bushings 143 are rotatably arranged having their ends near said
      shoulders provided with collars 144a in which screws 144 are radially
      screwed for clamping these bushings 143 to the shaft 111 in an appropriate
      mutual angular position, as will be seen hereinafter. To the collars 144a
      are anchored the ends of torsion springs 145 which are arranged on the
      bushings 143 and have their other ends anchored to rings 146 fixed one to
      the frame 109 and the other to the side wall of the box 108. The angular
      locking position of the bushings 143 on the shaft 111 is that in which the
      springs are loaded so as to balance the weight of the parts connected to
      the beam 104. The locking of the bushings 143 is carried out while the
      beam is in its high position, the body 118 has been disengaged from the
      ring 141 and the hinging pivot between the sector 135 and connecting rod
      134 has been removed. In this manner, during the operation of the feeder
      according to the invention, the thrusts on the group of couplings 117,
      118, and 141 are considerably reduced, both during the stage in which the
      pistons 102 are at rest in the raised position and during the stage in
      which the body 118 is coupled to the sleeve 117 to provide the up and down
      movement of the pistons. On the shaft 123 is keyed an axial cam 147, in
      which is engaged the roller of a lever 148 fixed to a shaft 149. The shaft
      is mounted in an oscillating manner in ribs of the box 108 and externally
      to this it rigidly carries the lever 150, to which is hinged one end of
      the tie rod 151. The other end of the tie rod is hinged to an arm of the
      angular level 152, the other arm of which is hinged to the top of one of
      the rods 101 which control the rail 98. The lever 152 is fixed to a
      transverse shaft 153 rotatably carried by the frame 109 and box 108. With
      the shaft 153 is also rigid a lever 154 to which is hinged the top of the
      other rod 101 controlling the rail 98. In this manner the axial cam 147
      controls the oscillations and halt stages upwards and downwards of the
      rail 98 and hence of the doors of the compartments 61, from which the
      envelopes 6 receive the batches of product.
CLMS
STM  I claim:
NUM  1.
PAR  1. A feeder for simultaneously discharging a plurality of batches of fluent
      powdery or granular material into containers having an upper opening,
      comprising:
PA1  a transfer conveyor,
PA1  means for supporting said containers on said transfer conveyor in parallel
      rows perpendicular to the direction of travel of said transfer conveyor,
      said rows being equally spaced relative to each other, the containers in
      each row being equally spaced from one another.
PA1  means for moving said transfer conveyor with intermittent motion with an
      advancing pitch equal to, or a multiple of, the spacing between two
      adjacent rows of containers,
PA1  a first pulley rotatably supported on a vertical axis on one side of said
      transfer conveyor,
PA1  a second pulley rotatably supported on a vertical axis on the other side of
      said transfer conveyor, said first and second pulley lying in the same
      plane above said transfer conveyor,
PA1  a flexible member wound in a closed path on said first and second pulley so
      as to have two parallel portions extending above said transfer conveyor
      and parallel to the rows of containers and two external portions extending
      on both sides with respect to said transfer conveyor,
PA1  means for driving said flexible member with intermittent motion timed with
      the intermittent motion of the transfer conveyor, including means for
      producing an advance stroke equal to the distance between the containers
      of each row multiplied by the number of containers of a row and a dwell
      period,
PA1  a plurality of upwardly open receptacles disposed on said flexible member
      and spaced at distances equal to the spacing of the containers of each
      row, said receptacles having lower discharge openings and said receptacles
      being arranged on said flexible member so that said lower discharge
      openings along said parallel portions of said flexible member are in
      alignment with the upper openings of the containers,
PA1  means for dispensing batches of material into those receptacles which are
      arranged on the external portions of the flexible member,
PA1  doors supported on said receptacles for closing said lower discharge
      openings, and
PA1  control means for operating said doors in timed relationship with said
      flexible member driving means, said control means opening said doors in
      response to said flexible member and said transfer conveyor being in the
      dwell period, during which dwell period the lower discharge openings of
      said receptacles are disposed above the upper openings of the containers.
NUM  2.
PAR  2. A feeder as defined in claim 1, wherein at least one of said pulleys is
      interchangeably supported on a vertical shaft, means being further
      provided for adjusting the position of said shaft with respect to the
      transfer conveyor according to the diameter of said pulley.
NUM  3.
PAR  3. A feeder as defined in claim 1, wherein the doors which close the lower
      openings of said receptacles are supported at the bottom of the
      receptacles on a hinge axis parallel to the advance direction of said
      flexible member and comprise an arm rigid with the respective door and
      having an end extending outwards, the door control means comprising a pair
      of horizontal rails extending transversely to the transfer conveyor,
      grooves formed in said rails into which the ends of the arms of those
      receptacles penetrate whose discharge openings during dwell periods of
      said flexible member are disposed above the upper openings of said
      containers, ring sectors rigid with said rails and guided in a circular
      path whose center lies on said hinge axis and driving means for driving
      said rails with receiprocating motion between two positions corresponding
      to the position of closure and opening of the doors.
NUM  4.
PAR  4. A feeder as defined in claim 3, wherein each receptacle comprises a
      first part fixed to the flexible member and supporting said door and a
      second part hinged at the bottom of said first part on an axis parallel to
      the hinge axis of said door, a roller supported on said second part and
      engaging a stationary cam extending along the path of said flexible
      member, said cam causing upsetting of said second part along one external
      portion of said flexible member.
NUM  5.
PAR  5. A feeder as defined in claim 1, wherein at least one of said pulleys is
      supported on a shaft and said means for dispensing batches of material
      comprises a rotating head provided with batching elements distributed
      peripherally about its axis of rotation, said head being mounted coaxially
      on said shaft on which one of said pulleys is supported.
NUM  6.
PAR  6. A feeder as defined in claim 1, additionally comprising a horizontal
      beam arranged perpendicularly to and above said transfer conveyor, a
      plurality of pushers of number equal to the number of containers of each
      row fixed on said beam and projecting downwardly, said pushers being
      aligned with the receptacle during the dwell period of the flexible
      member, means for vertically driving said beam with reciprocating motion
      between a position in which said pushers are external above said
      receptacles and a position in which the pushers have penetrated into the
      receptacles for dispensing the batches of material contained therein into
      the underlying containers.
PATN
WKU  039411710
SRC  5
APN  3765881
APT  1
ART  243
APD  19730705
TTL  Fluid transfer device
ISD  19760302
NCL  3
ECL  1
EXP  Bell, Jr.; Houston S.
NDR  3
NFG  12
INVT
NAM  Ogle; Robert W.
CTY  Newport Beach
STA  CA
ASSG
NAM  IMS Limited
CTY  S. El Monte
STA  CA
COD  02
CLAS
OCL  141309
XCL  141329
XCL  128272
EDF  2
ICL  B67C  302
FSC  128
FSS  272;DIG. 4;DIG. 5;221;276
FSC  137
FSS  575
FSC  141
FSS  285;309;329;330;19;319
FSC   23
FSS  253;259
FSC  206
FSS  47 A;63.2 R;63.4
FSC  222
FSS  80;189;85;478
FSC  285
FSS  3;4
FSC  150
FSS  52 R
UREF
PNO  1526595
ISD  19250200
NAM  Gillman
OCL  128276
UREF
PNO  2284166
ISD  19420500
NAM  Pye
OCL  141 59
UREF
PNO  2435033
ISD  19480100
NAM  Campbell
OCL  141319
UREF
PNO  2584397
ISD  19520200
NAM  Pitman
OCL  141375
UREF
PNO  2737948
ISD  19560300
NAM  Brown
OCL  128221
UREF
PNO  2941531
ISD  19600600
NAM  Stevens
OCL  128221
UREF
PNO  3089491
ISD  19630500
NAM  Mirow
OCL  128221
UREF
PNO  3156272
ISD  19641100
NAM  Indrunas
OCL  141309
FREF
PNO  1,122,616
ISD  19560500
CNT  FR
OCL  128272
LREP
FRM  Wills, Green & Mueth
ABST
PAL  A fluid transfer device comprising two parallel fluid passages, both
      carried by a flange which is generally perpendicular to said passages, the
      improvement wherein the two ends of said passages on each of said flanges
      are longitudinally displaced from one another. The combination of a fluid
      transfer device comprising two parallel fluid passages, both carried by a
      flange which is generally perpendicular to said passages, the improvement
      wherein the two ends of said passages on each side of said flange are
      longitudinally displaced from one another; and a medicament container
      having an open end, an imperforate rubber stopper in said open end which
      seals said container, the one end of each of said fluid passages being
      adapted to pierce said stopper with said flange abutting the exterior of
      said stopper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In my copending application, I have pointed out that many medicaments are
      prepared, stored and supplied in dry or lyophilized form. Such medicaments
      must be reconstituted at the time of use by the addition of a diluent
      thereto. Various methods of adding the diluent to the dry or lyophilized
      medicament have been used. One method in common use is the "open-pour"
      technique in which the diluent, such as a bottle of intravenous solution,
      or other source of diluent, is opened and some of the contents poured into
      the vial or bottle containing the dry or lyophilized material. After
      reconstitution, the liquid is usually returned to the diluent bottle or
      vial. This technique is unsatisfactory because both the dry or lyophilized
      material and the diluent are exposed to ambient airborne bacterial
      contamination. The "intravenous set transfer" technique requires not only
      an intravenous solution set and stand, but also a needle for venting or a
      special dispensing cap. When reconstitution is accomplished using an
      ordinary syringe to transfer diluent into the container for the dry or
      lyophilized material, the needle is exposed to constant airborne
      contamination.
PAR  The invention of my copending application is concerned with solving and
      avoiding the problems associated with the prior art. The present invention
      is an improvement in and on said invention whereby the transfer is easy
      and generally can be made to occur in less time, thereby making the device
      more acceptable to nurses and other users of reconstitutable medication.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved means for the
      reconstitution of dry or lyophilized medication.
PAR  More particularly, it is an object of my invention to provide a fluid
      transfer device which more readily and speedily permits such
      reconstitution in an essentially closed system.
PAR  These and other objects and advantages of this invention will be apparent
      from the detailed description which follows, taken in conjunction with the
      accompanying drawings.
DRWD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of one embodiment of the transfer device of my
      invention;
PAR  FIG. 2 is an end view of the device of FIG. 1;
PAR  FIG. 3 is a side sectional view along the line 3--3 of FIG. 2;
PAR  FIG. 4 is a perspective view of another embodiment of the transfer device
      of this invention;
PAR  FIG. 5 is an end view of the device of FIG. 4;
PAR  FIG. 6 is a sectional view taken along the line 5--5 of FIG. 5;
PAR  FIG. 7 is a perspective view showing the device of FIG. 1 with a protective
      cover thereover;
PAR  FIG. 8 is a perspective view of the device of FIG. 4 with the protective
      cover shown in FIG. 7;
PAR  FIG. 9 shows the initial step on the use of the transfer device of FIGS.
      1-3 and 7;
PAR  FIG. 10 shows the next step;
PAR  FIG. 11 shows the next step in sequence with the transfer device being
      inserted into the stoppered opening of a diluent bottle or vial;
PAR  FIG. 12 is a side sectional view showing the operation of the device of
      FIGS. 1 - 3 in the transfer of fluid between medicament containers.
DETD
PAR  Turning to the drawings in greater detail, the embodiment of FIGS. 1 - 3, 7
      and 9 - 12 comprises parallel fluid passages 10 and 12 and flange 14. The
      fluid passages are approximately equal in length but staggered so that the
      bias-cut ends or openings 16 and 18, and 20 and 22, are not immediately
      adjacent each other. Preferably, the one end of the device is covered with
      a protective cap. Cap 24 shown in FIG. 7 inside forms an interference or
      press fit with the enlarged circular base portion 26 of the transfer
      device to form a fluid-tight seal. The cap 24 has a flange portion 28
      which abuts flange 14 when the cap is fully advanced over the fluid
      transfer device.
PAR  In use, the device as shown in FIG. 9, normally shipped in an imperforate
      tear-away, thin plastic bag, is forced downwardly through the stopper
      (usually rubber) 30 on the container 32 for the dry or lyophilized
      material until flange 14 abuts stopper 30. Then, as shown in FIG. 10, the
      cap 24 is removed with a twisting motion. The combination container 32 and
      fluid transfer device is then inverted as shown in FIG. 11 over the
      diluent container 34, which is also usually provided with a rubber stopper
      36 in the neck 38 thereof. The points 20 and 22 are forced through stopper
      36 until the containers are disposed as shown in FIG. 12. Fluid transfer
      then occurs automatically, with passage 10 acting as a diluent or liquid
      downcomer and passage 12 acting as a path for the displacement of air from
      container 32 upwardly into container 34. After transfer is complete, the
      empty diluent container 34 and the fluid transfer device are removed. The
      container 32 then contains the reconstituted medicament in sterile form.
      The container 32 can be used in a variety of ways. Typically, its contents
      are administered using a conventional intravenous solution set. However,
      this invention is not so limited and is applicable to the transfer of
      liquids between any stoppered containers.
PAR  Alternatively, the fluid transfer device may have the configuration shown
      in FIGS. 4 - 6 and 8. In said Figures, the passages 48 and 50 are formed
      by center divider 52. The flange is identified as 54. In large devices,
      the divider 52 is adequate to prevent the formation of a diluent or liquid
      slug in the air viser passage. In smaller size transfer devices, this is
      not true, in which case it is necessary to provide pressure relieving
      openings 56. The openings 56 prevent a fluid slug from forming and
      shutting off the transfer of liquid and air. The transfer device of FIGS.
      4 - 6 and 8 are used with diluent container and dry or lyophilized
      material container in the manner previously described.
PAR  The fluid transfer device of FIGS. 4 - 6 is generally smaller in diameter
      than the device of FIGS. 1 - 3, and hence is adapted to be used with
      small-necked bottles and vials.
PAR  Having fully described the invention, it is intended that it be limited
      only by the lawful scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid transfer device comprising two parallel fluid passages within a
      single elongated rigid member having open cutting ends, said rigid member
      being carried by a generally disk-like flange disposed midway between the
      ends of said rigid member which is generally perpendicular to said
      passages, the improvement wherein said passages are of equal length and
      the two open ends of said passages on each side of said flanges are
      longitudinally displaced from one another, and further wherein said rigid
      member is provided with at least one lateral air hole in one of said
      passages and, on the opposite of said flange, the other of said passages
      is provided with at least one lateral hole to prevent the formation of
      fluid slug.
NUM  2.
PAR  2. The device of claim 1 wherein said rigid member is provided with at
      least one lateral hole in one of said passages and, on the opposite of
      said flange, the other of said passages is also provided with at least one
      lateral hole, the lateral holes on opposite sides of said flange being
      equidistant from said flange.
NUM  3.
PAR  3. The device of claim 1 wherein said rigid member is provided with two
      lateral holes in one of said passages and on the opposite of said flange
      the other of said passages is also provided with two lateral holes, the
      lateral holes on opposite sides of said flange being equidistant from said
      flange.
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ABST
PAL  Catalytic converter emptying and filling device attachable to the housing
      of a catalytic converter containing a bed for storing catalytic pellets.
      In such a converter the housing is formed of inner and outer walls
      separated slightly from one another to form a space therebetween which is
      filled with heat insulating material. The inner and outer walls of the
      housing each have a port registering with the other port for emptying and
      filling the bed of the converter. The changer device includes a rigid
      conduit or pipe connectible to the port for passing the pellets to a
      receptacle or canister rigidly attached to the pipe for receiving the
      pellets from the converter and further including a vibrating
      instrumentality rigidly attached to the device for imparting vibrational
      turbulence to the rigid assembly making up the device. A feature of the
      device is the provision having the function of clampingly securing one end
      of the pipe to the inner wall of the converter housing to translate the
      vibratory motions directly to the inner wall and storage bed of the
      housing and the further function of connecting one end of the pipe to the
      housing port for passing the catalytic pellets in either direction
      therethrough.
BSUM
PAC  CROSS-REFERENCE TO RELATED PATENT APPLICATION
PAR  Reference may be made to the application for patent filed in the name of
      William G. Clogg entitled CATALYTIC CONVERTER EMPTYING AND FILLING DEVICE,
      Ser. No. 456,833, filed Apr. 1, 1974, which discloses and claims subject
      matter herein disclosed but not claimed.
PAC  BACKGROUND OF THE INVENTION
PAR  With the increased emphasis in attempting to purify atmospheric air,
      various techniques have been suggested for controlling the pollutants
      which are emitted from internal combustion engines. One of the means
      suggested is the use of a catalytic converter which employs various
      catalysts to purify the exhaust fumes of the internal combustion engine.
      The catalyst in such a purifier is generally pellet or small bead size,
      normally substantial spherical, having a diameter of about 0.02 to about
      0.25 inches. The pellets catalyze the conversion of the impurities in the
      exhaust to non-toxic gases. Generally such catalysts are precious metal or
      noble metal calalyst such as platinum, palladium and the like, although
      base metals may also be employed. Such metals are carried by or bonded to
      inert, high heat resistant porous substrate material, such as alumina or
      the like granules, having the aforesaid dimensions. The difficulty with
      such catalytic converters is the need for periodically replacing the
      catalyst which have served their pujrpose for a period of time or have
      become contaminated due to the presence of lead in gasoline.
PAR  Various techniques have been suggested for maintenance of the catalytic
      exhause purifier such as that disclosed in U.S. Pat. to Calvert No.
      3,184,291 as well as U.S. Pat. to Grandy No. 3,295,565 which are hereby
      incorporated by reference. The difficulty with the prior art has
      heretofore been the production of a satisfactory means for practically,
      efficiently and consistently removing the pellets from catalytic
      converters and filling the same.
PAR  Accordingly, it is an important object of the present invention to provide
      an improved catalytic converter emptying and filling device and
      particularly one which is highly efficient in its emptying and filling
      operations.
PAR  Another important object of the invention is to provide a lower cost and
      lighter weight apparatus for emptying and filling catalytic converters.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is concerned with an improved catalytic converter
      emptying and filling device which has the capability of consistently
      filling and removing catalytic pellets, the latter action preferably
      assisted by gravity, from a catalytic converter. As recited in the
      aforesaid referenced patent application, the apparatus involved is rigidly
      constructed and rigidly affixed to the catalytic converter or exhaust
      purifier of the internal combustion engine automobile by means of a
      clamping device or the like. A conduit or pipe of rigid material is
      rigidly affixed at one end to the port in the catalytic converter through
      which spent catalyst pellets will flow to a receptacle or canister also
      rigidly affixed to the opposite end of the pipe. A vibrating means is
      attached to the device for imparting rapid vibratory motion to the
      catalytic converter to assist in the movement of the pellets as they pass
      from the catalytic bed in the converter through the pipe and into the
      receptacle. Preferably the receptacle or canister is rigidly affixed to
      the pipe. As pointed out in the referenced patent application, this
      provides the distinct advantage that the motion of the vibrator will
      facilitate the continuous vibrator movement of the entire apparatus
      including the converter housing and contents. Accordingly, as the exhaust
      purifier or catalytic converter is vibrated, then the distant receptacle
      will likewise vibrate in phase with the purifier.
PAR  Because of the high heat developed by the catalytic converters, it is the
      present practice to enclose the inner metallic converter casing with an
      outer insulating cover or casing of thinner metal which is spaced from the
      inner casing and to fill the intervening space with heat insulating
      material. The use of such yielding or compressible insulating material
      produces a dampening effect to shocks, such as produced by the vibrator,
      and requires a larger size vibrator to overcome this disadvantage. This
      difficulty is avoided by making direct metallic contact between the inner
      casing of the converter and the pellet conveying tube or pipe. Moreover,
      this provision forms part of the clamping mechanism for rigidly securing
      the emptying and filling device to the catalytic converter. Thus, this
      dual functioning arrangement not only enables a lower cost and lighter
      weight vibratory device to be used but also avoids the necessity of a
      second component for assuring a firm clamping connection of the
      emptying-filling device to the converter unit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING FIGURES
PAR  Various other objects, advantages and meritorious features of the invention
      will become more fully apparent from the following specification, appended
      claims, and accompanying drawing Figures wherein:
PAR  FIG. 1 is a side view of the underside of an automobile revealing in
      phantom the internal combustion engine and the exhaust system thereof and
      further showing in full line the installation of a catalytic converter in
      the exhaust system and the attachment of an improved device embodying the
      invention for emptying and filling the catalytic converter;
PAR  FIG. 2 is an enlarged view of the improved device of FIG. 1 and the housing
      of the catalytic converter, the latter being partially broken away to
      illustrate the improved connection therebetween;
PAR  FIG. 3 is a further enlarged detail view of the improved connection of FIG.
      2 and showing in full and dotted lines two positions of the adjustable cap
      on the pipe which also serves as part of the clamping mechanism for
      securing the device to the catalytic converter;
PAR  FIG. 4 is a top plane view of the catalytic converter changer showing in
      dotted outline a suggested mounting relationship with respect to an
      automobile exhaust system;
PAR  FIG. 5 is a side view of a hook-up for removing catalytic pellets by
      vacuum; and
PAR  FIG. 6 is an enlarged detail view for showing how the rigid tube may be
      extended into a canister for refilling the bed of the catalytic converter.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  With reference to the drawing Figures, FIG. 1 illustrates in general, an
      internal combustion engine 10 and an exhaust system 12 extending
      rearwardly thereof as is customary in automobiles. When it has been
      determined that the pellets 14 in the inclined foraminous bed 16 of the
      exhaust purifier or catalytic converter 18 need to be rejuvenated or
      replaced, the emptying device of the present invention is rigidly attached
      to the catalytic converter, preferably by means of an adjustable C-shaped
      clamping frame 20 and associated parts to be described in detail
      hereinafter. During emptying of the pellets from the catalytic converter,
      a tube or pipe 22 of rigid material has one end section thereof entering
      the outer enclosure of the converter and snugly and firmly fitting into a
      port generally indicated at 24 (FIG. 3) of the catalytic converter in such
      a manner as to prevent dust from the pellets from passing to the
      surrounding environment. The opposite lower end section of the pipe 18 is
      rigidly affixed to a disc shaped member 26 which serves as a cover for a
      pail or canister 28. The canister is clampingly secured to the cover
      member by any suitable means such as a plurality of circularly spaced
      apart spring clamps 30 which releasably engage the underside of the lip of
      the pail in the manner shown in FIG. 2. The device of the present
      invention further employs a vibrating component 32 which is herein shown
      as an air operated vibrating means having an air pressure inlet 34 for
      connection to a suitable source of air pressure. The vibrator 32 is
      preferably rigidly attached to the pipe 18 such as by weld joints
      indicated at 36.
PAR  It is evident from the description thus far that when the catalytic
      changing device is attached to the catalytic converter 18 it forms a
      rigidly connected appendage of the converter. When the vibrator 32 is
      operated not only do the parts of the device vibrate in unison or in phase
      with one another but the converter is also vibrated in phase with the
      device. In the emptying operation the pellets 14 will "dance" down the
      inclined catalytic bed 16 and through the straight tube 18 and into the
      canister 28.
PAR  It should be appreciated that different vibrating means may be employed
      such as electrical, mechanical, sound vibrators and the like. In addition,
      although preferred, the vibrating means need not be rigidly or fixedly
      atached to the pipe 22 but instead it may be rigidly affixed to the
      catalytic converter 18 or some other portion of the internal combustion
      engine vehicle or to the canister 28. However, the vibrator should be
      sufficiently forceful enough to cause the pellets to pass down the
      inclined bed 14 through the pipe 22 and into the canister 28, and although
      aided by gravity the pellets are rapidly urged by the uniformly
      distributed vibrations imparted to all of the parts of the apparatus
      through which the pellets are fed.
PAR  When all of the components of the present invention are rigidly and
      securely held in place, then there is no dampening effect to
      counter-balance the vibrator 32. In the development of this invention it
      was found that such dampening reactions to the vibratory motions severely
      limit the ability of a reasonably sized vibrating device to sufficiently
      vibrate the snugly packed pellets in the catalytic bed and cause them to
      pass from the bed by gravity through the conduit 22 and into the
      receptacle 28. Such undesirable dampening effects occur if the catalytic
      converter, conduit means and finally the canister are unable to vibrate in
      phase with the vibrator.
PAR  As earlier pointed out herein, the usual catalytic converter changer unit
      is a double walled structure with insulation disposed between its metallic
      walls. In the operation of the converter unit, the temperature within the
      inner casing thereof may approximate 1000.degree. F, and the purpose of
      the insulation and the double walls is to prevent the heat from the
      extremely hot catalytic pellets as well as the pellets themselves from
      penetrating to the exterior of the unit. The enlarged view of FIG. 3 best
      shows the double walled formation of the catalytic converter. The outer
      insulation wall is indicated at 40 and the inner wall at 42 with the space
      therebetween containing heat insulative material 44. If the catalytic
      converter changer is clamped to the outside wall of the converter, the
      insulation 44 will dampen the vibrations with the result that the
      foraminous character of the bed 14 is either insufficiently vibrated for
      emptying or filling the pellet bed or a much stronger vibrator is required
      to accomplish the desired vibratory action. The present invention solves
      two problems by the expedient of one provision, namely, a sleeve or nut 46
      having internal threads which are engaged with external threads on the
      upper end of the type 22 and therefore is capable of threaded advancement
      up and down on the tube as illustrated by the two positions of the nut in
      FIG. 3. The nut is capped by a hollow conical section 48 which is shaped
      to partially enter the port or mouth 24 of the foraminous bed 14 in which
      the pellets lie. Carried by the nut are two diametrically oppositely
      positioned handles 49--49 for facilitating the turning of the nut on the
      tube.
PAR  One problem solved by the nut 46 is its function as a part of the mechanism
      for clamping the catalytic changer to the converter unit. As shown in FIG.
      2 the C-shaped frame 20 straddles the converter unit 18 with its upper arm
      50 in engagement with the upper outer wall of the converter and its lower
      arm 51 spaced from the underside of the converter and fixedly secured by
      welding or the like to the rigid conduit 22. When the nut is threaded
      upwardly into engagement with the mouth of the port 24, it serves as an
      adjustable extension of the tube 22 and cooperates with the upper arm 50
      of the frame 20 to firmly clamp the converter unit therebetween.
PAR  Fitted into the opening formed by the registering ports of the outer and
      inner casings 40 and 42 of the converter unit is a ring-shaped member or
      collar 52 serving as the lip or mouth for the two ports. The ring member
      has an axial dimension approximating the thickness of the two walls of the
      converter unit and may be shaped as shown with externally projecting
      flanges which overlap the marginal portions of the walls surrounding the
      ports and which are welded or otherwise secured thereto. The internal wall
      of the ring member 52 is divided into an upper internally threaded section
      53 for receiving a removable externally threaded sealing plug (not shown)
      and a lower outwardly flaring conical section 54 inclined at the same
      angle as the conical surface of the nut 46 for full seating engagement
      therewith. It is apparent that such a clamping arrangement makes metallic
      contact between the nut 46 and the mouth 24 of the converter unit and
      solves the problem of transmitting the vibratory motion directly to the
      inner wall 42 of the converter unit rather than going through the outer
      wall and the insulation 44. Moreover, this improvement avoids the need for
      a separate clamping and unclamping actuator component in the form of a
      toggle device, such as employed on the catalytic converter changer
      disclosed in the aforesaid Clogg patent application.
PAR  During the operation of the catalytic converter changer it has been found
      to be extremely helpful as well as beneficial from the pollution
      standpoint to employ vacuum in combination with the vibratory motion to
      induce travel of the particulate catalyst in the desired direction. For
      this purpose a nearby vacuum source 56 may be provided which as shown in
      FIG. 1 communicates with the pail-like receptacle 28 by means of a right
      angled pipe section 58 and an aspirator device 60 for capturing dust
      particles that escape the canister 28. As shown in FIG. 2 the inlet end of
      the pipe 58 may be screened as at 62 for retaining the catalyst granules
      in the canister. The draft created by the vacuum source is shown in FIGS.
      1 and 2 as being in the direction for emptying the catalyst granules from
      the converter unit 18. In so doing some atmospheric air will be drawn into
      the discharge end of the vehicle exhaust pipe and muffler and into the
      converter unit, and a little air may be induced to enter the converter by
      way of the carburetor intake and exhaust valves of the engine.
PAR  FIG. 5 illustrates an alternate way of siphoning air through the converter
      unit and changer assembly to facilitate the catalyst emptying operation.
      Instead of employing the aspirator device as in FIG. 1, a lengthy flexible
      hose 64 may be directly connected at one end to the vacuum outlet pipe 58
      and at the opposite end to an underground outlet 64 leading to an air
      vacuum pump 68 external of the automobile service garage in which the
      catalyst empyting operation is being performed. A similar arrangement is
      commercially known as the Monoxivent (TM) exhaust system developed by the
      assignee of the present invention and disclosed in U.S. Pat. No. 2,733,668
      for exhausting dangerous carbon monoxide fumes from service garage stalls
      and the like. The high vacuum provided by the large vacuum pump enables
      the emptying operation to be performed rapidly with a minimum of dust and
      noise.
PAR  The same Monoxivent exhaust system may be used for rapidly filling the bed
      16 of the converter unit. The hose 64 in this event could be attached to
      the discharge end of the tail pipe of the vehicle's exhaust system. Before
      operating the Monoxivent system, the rigid tube 22 would be provided with
      a detachable extension 70 shown in FIG. 2 as having a length such as to
      approach the bottom of the canister 28 when the latter is mounted in place
      on the catalytic changer device by the spring clamps 30. However, prior to
      such mounting, the same or similar canister is filled with fresh catalytic
      pellets and then releasably installed in position against the underside of
      the cover member 26 by the clasps 30. A suitable provision for releasably
      attaching the extension 70 to the tube 22 is shown in FIG. 6 where the
      adjacent ends of the two parts are shaped for telescoping fit and where
      one of the parts, in this instance the extension, is provided with a
      bayonet slot 72 in which a projecting button 74 on the tube 22 is received
      and rotatably interlocked against accidental separation. FIG. 6 also shows
      the welded connection 76 for fixedly securing the cover member 26 to the
      tube 22.
PAR  With the parts so assembled and the canister filled with unused catalytic
      material, the inlet end of the hose 64 of the Monoxivent system is
      attached with a suitable coupling provision to the discharge end of the
      vehicle's exhaust system as shown in FIG. 5 and the vacuum pump 68 and the
      vibrator 32 are set into operation. It is to be understood that reasonable
      precautions should be undertaken to seal any serious openings in the fluid
      system that might adversely effect the vacuum action, such as by closing
      the vacuum outlet pipe 58 or removing it from the opening provided in the
      cover therefore and sealing such opening. So conditioned, the combined
      action of the vibrator 32 and the high vacuum created by the pump 68 will
      generate enough forces to induce the fresh catalytic pellets to travel
      upwardly out of the canister 28 and through the tube 22, and thence
      through the clamping nut 46 and into the bed 16 of the catalytic converter
      unit.
PAR  After the foraminous bed 16 of the converter unit has been filled or
      replenished with catalytic pellets, the clamping nut is retracted from the
      port 24 by rotating the handles 49--49 in the proper direction to lower
      the nut and thus unclamp the changer device from the converter unit. When
      sufficient clearance has been reached, the straddling clamping frame 20
      may be slid off of the edge of the converter unit thus removing the
      changer device from attachment to the vehicle. The opened port 24 may be
      closed by a suitable sealing plug (not shown) which is threaded to engage
      the internal threads 53 on the ring-shaped member of the port shown in
      FIG. 3. It is evident from FIG. 3 that when the clamping nut is raised on
      the tube 22 its hollow conical nose 48 will seat against the mouth of the
      port regardless of any variation in the radius of the port opening within
      the limits of the minimum and maximum dimensions of the conical nose of
      the clamping nut.
PAR  It is also to be noted that in FIGS. 1 and 2 the axis of the vibrator 32
      extends perpendicular to the plane of the C-shaped clamping frame 20
      whereas in FIG. 4 the vibrator axis extends at an oblique angle to the
      frame. The latter view is the preferred mounting arrangement of the
      vibrator in order that its vibratory motion may extend in the general
      direction of the inclined catalytic bed. This will facilitate the emptying
      of pellets from and the feed of pellets into the bed.
PAR  While a particular embodiment of the invention has been illustrated and
      discussed, it will be understood, of course, that it is not desired that
      the invention be limited thereto since modifications may be made. It is
      therefore contemplated by the appended claims to cover any such
      modifications as fall within the true spirit and scope of the invention.
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STM  What is claimed is:
NUM  1.
PAR  1. A catalytic converter changer device for emptying or filling a catalytic
      converter unit with catalytic pellets and comprising, in combination:
PA1  a tube composed of rigid material and forming a catalytic pellet conveying
      conduit;
PA1  a generally C-shaped clamping member having the two arms of its C-shaped
      configuration sufficiently spaced apart to straddle a catalytic converter
      unit, one arm of its C-shape being fixedly secured to one end section of
      the tube and such that the balance of the C-shaped member is extendable
      around a converter unit in straddling relation thereto with the result
      that the two arms of its C-shape configuration lie adjacent to
      corresponding areas of the opposite sides of the converter unit; and
PA1  a sleeve fitting said end section of the tube and being adjustable axially
      of the tube to serve as a variable extension thereof, said sleeve being
      operable when axially extended relative to the end section of the tube to
      engage the lip of a port to the interior of the converter unit to serve as
      a conveyance of catalytic pellets therethrough and also being operable
      when so extended to cooperate with the second arm of the C-shaped member
      to clamp the converter unit therebetween.
NUM  2.
PAR  2. The catalytic changer device of claim 1 wherein the axial adjustability
      of the sleeve is accomplished by interengaging screw threads on the sleeve
      and the end section of the tube and by relative rotation of the sleeve
      with respect to the tube.
NUM  3.
PAR  3. The catalytic changer device of claim 2 wherein a cover member for a
      receptacle is rigidly secured to the other end of the tube and is provided
      with means for releasably securing a receptacle thereto.
NUM  4.
PAR  4. The catalytic changer device of claim 3 wherein the cover member is
      provided with a vacuum outlet pipe for connection to a source of vacuum.
NUM  5.
PAR  5. The catalytic changer device of claim 4 wherein a vibrating mechanism is
      rigidly secured to the tube and when actuated will vibrate all rigidly
      secured parts of the device in unison.
NUM  6.
PAR  6. The catalytic changer device of claim 5 wherein the outer end of said
      sleeve is provided with a conical surface for engaging the lip of a port
      to the interior of a catalytic converter unit.
NUM  7.
PAR  7. The catalytic changer device of claim 1 wherein a receptacle is
      releasably yet rigidly secured to the other end of the tube.
NUM  8.
PAR  8. The catalytic changer deivce of claim 7 wherein the receptacle is
      provided with an outlet for connection to a source of fluid pressure
      differing from that of atmospheric air.
NUM  9.
PAR  9. The catalytic changer device of claim 1 wherein the outer end of the
      sleeve is provided with an outwardly facing conical surface for engaging
      the lip of a port opening into the interior of a catalytic converter unit.
NUM  10.
PAR  10. The catalytic changer device of claim 9 wherein the lip of the port to
      the interior of a catalytic converter unit is constituted by a ring-shaped
      member having an inwardly facing conical surface extending at an angle
      corresponding to that of the conical surface of the sleeve and forming an
      annular seat therefor.
NUM  11.
PAR  11. A catalytic converter changer device for either emptying or filling a
      catalytic converter unit with catalytic pellets and comprising, in
      combination:
PA1  a catalytic converter unit of double-walled thickness having the space
      between the walls filled with heat insulating material and further having
      a segregated area therein for storing catalytic pellets, said converter
      unit having a port in each of the double walls which register with one
      another for the passage of catalytic pellets either into or out of the
      unit, and a ring-shaped member having an axial dimension approximating the
      double-walled thickness of the converter unit and fittingly engaging the
      margins of the registering ports of the converter unit, said ring-shaped
      member having a conical surface flaring outwardly externally of the unit
      to form a tapered seat common to the two ports;
PA1  a tube composed of rigid material and forming a catalytic pellet conveying
      conduit;
PA1  a generally C-shaped clamping member having the two arms of its C-shape
      configuration sufficiently spaced apart to straddle a catalytic converter
      unit, one arm of its C-shape being rigidly secured to one end section of
      the tube and so that the balance of the C-shaped member is extendable
      around the converter unit in straddling relation thereto with the result
      that the two arms of its C-shape configuration lie adjacent to
      corresponding areas of the opposite sides of the converter unit; and
PA1  a sleeve fitting said end section of the tube and being adjustable axially
      of the tube to serve as a varying extension thereof, said sleeve having
      the outer end thereof provided with a conical surface matingly engageable
      with the conical surface of the ring-shaped member and being operable when
      axially extended to bring the two conical surfaces into such engagement
      and being further operable when so extended to cooperate with the second
      arm of the C-shaped member to clamp the converter unit therebetween.
NUM  12.
PAR  12. The catalytic changer device of claim 11 wherein the axial
      adjustability of the sleeve is accomplished by interengaging screw threads
      on the sleeve and the end section of the tube accompanied by relative
      rotation of the sleeve with respect to the tube.
NUM  13.
PAR  13. The catalytic changer device of claim 12 wherein a cover member for a
      receptacle is rigidly secured to the other end of the tube and is provided
      with means for releasably securing a receptacle thereto.
NUM  14.
PAR  14. The catalytic changer device of claim 13 wherein the cover member is
      provided with a vacuum outlet pipe for connection to a source of vacuum.
NUM  15.
PAR  15. The catalytic changer device of claim 14 wherein a vibrating mechanism
      is rigidly secured to the tube and when actuated will vibrate all rigidly
      secured parts of the device in unison.
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ABST
PAL  A method and apparatus for edge machining panels, especially panels having
      a hard glue layer thereon. Rotary edge cutting tools are presented to the
      panel edge to be cut. The tools having axially overlapping cutters
      thereon. There is moving of the tools by equal amounts in opposite
      directions during rotation of the tools to compensate for wear of the
      tools caused by the hard glue layer in the panels.
BSUM
PAR  The present invention relates to a device for machining, especially milling
      the edges of workpiece plates which cause different tool wear over their
      thickness, such as plywood plates covered with a synthetic layer, with a
      rotary tool which is arranged on a tool spindle and during the working
      operation cuts around the circumference while said rotary tool is adapted
      by means of an adjusting device including a slide bearing means is axially
      displaceable into different working positions and in the respective
      working position is by means of a securing device secured substantially in
      a play-free manner relative to the tool spindle.
PAR  In particular when machining plywood plates covered by synthetic material
      for furniture, a very clean and depression-free cutting edge is desired.
      The tools for machining the plate edges are, however, due to differently
      hard zones of such workpiece edges namely harder synthetic material
      layers, glue areas or connecting areas differently worn so that in the
      corresponding tool zones depressions occur which in an increasing manner
      affect a uniform cut so that after a short cutting time, a tool change or
      at least a change in the position of the tool becomes necessary. To this
      end, with the heretofore known device, a stopping of the tool spindle,
      i.e., of the machining operation is necessary which results in
      considerable idling times and costs, particularly when the device forms a
      machining station in a machining train. Furthermore, in this way only a
      stepwise change in the machining is possible so that nonuniform edge
      qualities on the workpiece plates result.
DRWD
PAR  It is, therefore, an object of the present invention to provide a device of
      the above mentioned general type which while being designed in a simple
      manner and which while functioning safely will permit a change in the
      position of the tool during the machining operation. These and other
      objects and advantages of the invention will appear more clearly from the
      following specification in connection with the accompanying drawings, in
      which:
PAR  FIG. 1 shows a cutout of an axial view of the device according to the
      invention.
PAR  FIG. 2 represents a cutout of FIG. 1 partially in sectioned top view.
PAR  FIG. 3 represents a section taken along the line III--III of FIG. 1 but on
      a larger scale than that of FIG. 1.
PAR  FIG. 4 is a further embodiment of the present invention in an illustration
      similar to that of FIG. 2.
DETD
PAR  The device according to the present invention is characterized primarily in
      that for adjusting the tool in working operation the securing device is
      formed directly by the approximately play-free slide bearing means for the
      tool which in each adjusting position is in working position, said tool
      being in adjusting engagement with a driving element of the adjusting
      device that is operable while the tool spindle is rotating. The tool may
      be formed by a single cutting element for instance a cutting plate axially
      displaceable on a cutter head or by the cutter head which is axially
      displaceable as an entity and which may for instance comprise a plurality
      of rigidly connected cutting elements. The arrangement according to the
      present invention makes it possible to adjust the tool axially during the
      machining operation and thus without interrupting the machining operation,
      and in conformity with the requirements, to change the effective cutting
      ranges until the cutting blades have worn over the entire length up to the
      admissible limit whereupon only a stopping of the device will be required
      for changing the tool.
PAR  A very simple design is obtained when the slide bearing means comprises at
      least a bearing sleeve supporting the tool which sleeve is radially and/or
      in rotary direction substantially play-free axially displaceably mounted
      on the tool spindle preferably on the cylindrical outer circumferential
      surface thereof so that a stable mounting is obtained which in spite of
      the always present displaceability of the tool will permit keeping said
      tool in working engagement. It is also possible in an advantageous manner
      so to design the adjusting device that only during the adjustment which
      means only for a brief period will be in engagement with the tool but
      otherwise will not be in engagement with the tool, i.e., will not be
      connected thereto while special means may be provided for securing the
      tool in its respective adjusted position. A particularly advantageous
      further development of the invention consists in that the tool comprises
      two axially and adjacently arranged individual tools which are preferably
      image symmetrically designed with regard to their dividing plane and which
      axially overlap with their working zones which face each other. These
      individual tools are in a counter moving direction drivingly connected to
      the adjusting device so that with such workpiece plates which have their
      greatest hardness at their surfaces it will be possible to move these tool
      zones of the two individual tools which are subjected to the greatest
      stresses completely out of working engagement by axially moving these
      individual tools away from each other, while the machining is started with
      the individual tools completely moved together.
PAR  In order to permit a fast tool exchange while the adjusting device is
      substantially stationarily arranged, the driving element is movable into a
      position in which it is out of engagement with the tool while a simple
      overall construction is obtained when the output member is pivotable about
      an axis which is parallel to the tool spindle and/or located in the axis
      of an adjusting spindle of the adjusting device.
PAR  The adjusting device may be manually operable while the tool spindle is
      rotating, in which instance a corresponding adjusting handle is provided
      for instance on the adjusting spindle. However, it is particularly
      advantageous when the adjusting device comprises a pulse emitter by means
      of which the axial adjustment of the tool is initiated automatically to
      conform with a measured value. The edge quality of the tool may be used as
      measured value. Also, expediently in the path of movement of the workpiece
      edge, there is located a measuring element. This element mechanically or
      in a contact-free manner feels or scans for instance the workpiece edge
      with regard to the roughness thereof. This actuates the adjusting device
      by means of the pulse emitter when the admissible limit of the edge
      quality has been obtained. As measuring value, it is also possible in a
      step-free manner or stepwise to employ a time factor so that the tool will
      be adjusted in conformity with the time. Furthermore, as measuring value
      also the feed stroke may be employed so that in conformity with the feed
      stroke a stepless or stepwise adjustment of the tool is effected in which
      instance particularly a step-free adjustment of the tool is expedient,
      which adjustment is a linear axial adjustment relative to the feed stroke.
      In the last mentioned two instances emperical test values form the basis
      for the operation. The economy obtainable by the design according to the
      invention is further improved by the fact that for operating the device
      according to the invention, no highly skilled personnel is required
      because the formalized knowledge of a program control may be fed into the
      adjusting device so that the operating personnal merely performs a
      checking and control function. The described tool spindle may be formed
      directly by the working or main spindle of a machine tool which will then
      be designed accordingly. For a setting of already present or completed
      machine tools, it is, however, expedient to form the tool spindle by a
      separate spindle which comprises the connecting elements for instance an
      inner thread located in its axle for connection to the working or main
      spindle of a machine while in particular when the adjusting device is
      located outside the tool spindle, the support for connection to a
      stationary part of the machine tool is arranged for instance on the front
      bearing housing for the working or main spindle. According to the
      invention, for instance in feed direction, there may be provided two or
      more serially arranged machine stations respectively equipped with at
      least one tool spindle. By means of the first machining station, a
      pre-milling of the workpiece edges is effected during which the major
      portion of the material to be machined off will be chipped off. In order
      to prevent a breaking off or tearing off of the layer of synthetic
      material, the cutting elements, knives, other cutting means or turn-over
      plates of the two individual tools are arranged in a V-shaped manner
      relative to each other so that they exert a cutting pressure component
      directed to the central plane of the workpiece plate, while said component
      is directed in particular upon the layer of synthetic material. The
      cutting edges may, however, be also arranged axis parallel to the tool.
      After the coarse chipping, the next tooling spindle or the next milling
      unit carries out the finished machining while a very small cutting depth
      is selected and the cutting edges may be arranged in a V-shaped or axia
      parallel manner with regard to the tool. In this way the entire production
      line will work at high capacity and thereby assure high economy. The tools
      of the serially arranged milling units or tool spindles are expediently
      adjustable in the described manner.
PAR  The present invention furthermore comprises a method of carrying out a
      chip-removing operation, especially the milling of the edges of workpiece
      plates which over their thickness cause different wear of the tool. Such
      workpiece plates are for instance plywood plates covered with synthetic
      material, the workpiece edges of which are in their longitudinal direction
      machined by tools cutting around the circumference and with which the tool
      for limiting the different non-uniform wear is axially adjusted.
PAR  With a method of this type it is provided according to the invention that
      the tool during the rotating chip removing operation and engagement of the
      workpiece edge is axially adjusted and during the adjusting movement is
      secured relative to the axis of rotation. It is particularly expedient
      when two axially adjacent individual tools which overlap each other are
      axially adjusted symmetrically and simultaneously away from each other
      and/or toward each other so that always a uniform edge quality will be
      obtained over the entire thickness of the workpiece.
PAR  The position of the workpiece may according to the invention be so varied
      that after certain periods of use, emperical values or after the rated
      values exceeded, a new edge portion is employed which has not been worn
      off. For instance, edge lengths 1/10 mm of a continuously fed cutting
      length may correspond to predetermined machined meters of edge length.
PAR  Referring now to the drawings which show two embodiments of the invention
      with the parts essential for the invention and in nearly actual size, the
      arrangement illustrated in FIGS. 1 and 2 comprises two milling units 1, 2
      which in feeding direction indicated by the arrow 4 of the workpiece 3 are
      arranged one behind the other. Such workpiece 3 may for instance consist
      of a plywood plate which on both sides is covered by a layer of synthetic
      material. The two milling units 1, 2 are substantially of the same design
      and in the feeding direction indicated by arrow 4 are spaced from each
      other by such a great distance that in particular the second milling unit
      2 is not influenced by the oscillating shocks or the like caused by the
      first milling unit 1. Each milling unit 1, 2 has a milling tool 5, 6 which
      cuts the periphery and which is arranged on a tool spindle 7, 8 and is
      adjustable by means of an adjusting device 9 in axial direction on the
      tool spindle 7, 8.
PAR  As will be seen from FIGS. 1-3, each tool 5, 6 comprises two individual
      tools 11, 12 which in the direction of the spindle axis 10 are arranged
      adjacent to each other and the circumferential cutting edges 13, 130 which
      are formed by changeably inserted cutting plates overlapping each other in
      axial direction at those end faces which face each other. The cutting
      edges 13, 130 of the two individual tools 11, 12 are arranged in
      circumferential direction so as to define a gap therebetween and are
      located image symmetrically with regard to the dividing plane between the
      two individual tools 11, 12; the same are located in a V-shaped
      arrangement and defining therebetween an obtuse angle. Each individual
      tool 11, 12 is by means of a cutting blade carrier 15, 150 connected to
      one of two substantially identical sleeves 14, 140. The two individual
      tools 11, 12 engage those end faces of flanges 16, 160 of the sleeves 14,
      140 which face each other and by means of screws which are axis parallel
      to the tool spindle are exchangeably connected to the sleeve 14, 140, said
      screws engaging said flanges 16, 160. The sleeves 14, 140 have their
      cylindrical inner circumferential surfaces slideably arranged on the
      cylindrical outer circumferential surface of the tool spindle 8. The
      sleeves 14, 140 are relative to said tool spindle 8 secured in the
      direction of rotation substantially in a play-free manner by groove blocks
      or shaft wedges 17. At the free end, the tool spindle 8 has a protruding
      flange 19 forming an abutment flange for the pertaining sleeve 14, 140
      whereas at the other end for the pertaining sleeve 14 there is provided a
      disengageable spring ring 18 forming an abutment flange. The tool spindle
      8 has its rear end provided with a bore for engagement by the working or
      main spindle 20 of a machine tool against which it can be clamped by means
      of a clamping screw 21 located in its shaft and thereby secured against
      rotation. On those outer sides of individual tools 11 and 12 which face
      away from each other, each sleeve 14, 140 has approximately in the central
      portion of the length of the pertaining section an annular flange 22, 220
      which at both end faces is embraced by an axial bearing 23, 230 of the
      adjusting device 9. Each axial bearing 23, 230 has two race rings 24, 240
      respectively engaging one end face. The race rings 24, 240 are journaled
      on balls and the axes of said race rings intersect the axis 10 of the tool
      spindle 8 at a right angle and are mounted on two adjacent plates 25, 250
      which are braced against each other. The two plates 25, 250 braced against
      each other have aligned bores 26, 260 by means of which they are
      respectively axially displaceably but disengageably arranged on a bearing
      sleeve 27, 28. The two bearing sleeves 27, 28 are by means of cylindrical
      bores axially displaceably mounted on a cylindrical supporting sleeve 29.
      In the supporting sleeve 29 along the axis of which there is located an
      adjusting spindle 30 which through the intervention of a conical body 31
      located along the axis 32 of the supporting sleeve 29 and through radial
      pins 33 guided in bores of the supporting sleeve 29 and engaging said
      conical body 31 acts upon those end faces of the bearing sleeve 27, 28
      which face each other. The two bearing sleeves 27, 28 are spring urged
      toward each other by spring packets 34, 340 in the supporting sleeve 29
      and are thus spring loaded against the radial pins 33. When the spindle
      30, for instance by handle 35 arranged at one end, a driving motor
      connected thereto, or the like are turned in one direction of rotation,
      the radial pins 33 are pressed radially outwardly so that the two bearing
      sleeves 27, 28 are pressed apart against the thrust of springs 34, 340. As
      a result thereof, the individual tools 11, 12 are carried along and are
      correspondingly moved away from each other. This may be effected without
      difficulties by the described design with the tool 5, 6 rotating so that
      this operation can be effected during a machining operation. If the
      spindle 30 is turned in the opposite direction, the individual tools 11,
      12 are moved toward each other by the thrust of springs 34, 340.
PAR  The supporting sleeve 29 is connected to a plate shaped support 36 which
      comprises a connecting flange 37 which is located along the axis of the
      tool spindle 8 and serves for an exchangeable or disengageably connection
      to the bearing eye of the machine tool. The arrangement is such that the
      support 36 is located adjacent to the rear end face of the tool spindle 8
      and that the working spindle 20 is passed through the flange 37.
PAR  On that side of the axis 32 which faces away from the tool spindle 8, the
      plates 25, 250 as well as the support 36 have bores of the same diameter
      for a plug pin 38 which when in working position engages all bores and
      thereby arrests the plates 25, 250 relative to the support 36. When the
      pin 38 is pulled out of the bore of the support 36, the plates 25, 250 can
      be pivoted on the bearing sleeves 27, 28 or the bearing sleeves 27, 28 can
      be pivoted on the supporting sleeve 29 about the axis 32 for instance by
      90.degree. in such a way that the axial bearings 23, 230 which engage the
      flanges 22, 220 can be brought out of engagement with the flanges 22, 220
      and that the tool spindle 8 can independently of the adjusting device 9 be
      disengaged from the main spindle 20 for instance for purposes of
      exchanging a tool.
PAR  As will be seen from FIG. 1, in the feeding direction indicated by arrow 4,
      and in front of the respective tool 5, 6 there is provided an optical,
      mechanical or other feeling or scanning device 39 for feeling or scanning
      the workpiece edge 40 to be machined, said feeling device 39 providing a
      governor or pulse emitter 41 with measured actual values. This governor 41
      compares the rated values with the actual values and if necessary
      initiates an adjustment of the individual tools 11, 12. The rated value
      condition for the governor 41 associated with the tool 5 is expediently
      based on the assumption that the break-outs caused by the tool 5 are less
      than the cutting depth of the tool 6. The governor 41 associated with the
      tool 6 expediently compares the size of the break-outs with a rated value
      and compares the number of the break-outs per length unit with a further
      rated value.
PAR  The axial adjusting movement of the individual tools 11, 12 may in addition
      by the thread also be brought about by another transmission, by
      pneumatically or hydraulically actuated adjusting system, wedge system or
      similar arrangements.
PAR  With the embodiment illustrated in FIG. 4, the tool spindle 8 is formed
      directly by the working spindle of the machine tool. The adjusting device
      9a is substantially completely located along the axis 10a of the tool
      spindle 8a. The two individual tools 11a, 12a which are spring urged
      toward each other are by means of radial pins 33a guided in bores of the
      spindle 8a and are in engagement with a conical body 31a which is
      journaled in both of the tool spindles 8a and is axially displaceable
      against the thrust of a spring 34a. The conical body 31a is connected to
      an adjusting bar 30a which protrudes from the free end of the tool spindle
      8a. The end face of said adjusting bar 30a is along the axis 10a, engaged
      by the connecting rod of an adjusting cylinder 35 through an axial bearing
      23a so that the individual tools 11a, 12a during the operation of the tool
      spindle 8a and thus during the machining operation can be adjusted in the
      described manner.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for machining the edges of panels, especially the edges of
      wood-like material having at least one layer of synthetic material glued
      thereon; rotary tool means having peripheral cutting means thereon for
      cutting engagement with the edge of a panel, a spindle for rotatably
      supporting said rotary tool means, slide means reciprocable on the spindle
      and connected to the tool means, and adjustable means engaging said slide
      means and operable to adjust said slide means axially on said spindle
      during rotation of said tool means, said adjustable means also being
      operable to retain said slide means in adjusted positions on said spindle,
      said tool means comprising a pair of tools in side by side relation, said
      slide means comprising a sleeve for each tool, each sleeve being fixed to
      the respective tool and reciprocable on the said spindle, said sleeves
      being adjustable on said spindle in respectively opposite directions and
      the said cutting means on each said tool overlapping those on the other
      tool when the tools are viewed in the circumferential direction.
NUM  2.
PAR  2. An apparatus for machining the edges of panels, especially the edges of
      panels of wood-like material having at least one layer of synthetic
      material glued thereon; rotary tool means having peripheral cutting means
      thereon for cutting engagement with the edge of a panel, a spindle for
      rotatably supporting said rotary tool means, slide means reciprocable on
      the spindle and connected to the tool means, and adjustable means engaging
      said slide means and operable to adjust said slide means axially on said
      spindle during rotation of said tool means, said adjustable means also
      being operable to retain said slide means in adjusted positions on said
      spindle, said adjusting means being contained within said spindle.
NUM  3.
PAR  3. An apparatus according to claim 1 in which said slide means comprises
      sleeve means on said spindle, said sleeve means closely fitting on said
      spindle.
NUM  4.
PAR  4. An apparatus according to claim 1 in which said adjusting device
      comprises a support in radially spaced relation to said spindle and
      defining a pivot axis parallel to the axis of the spindle, a radial flange
      on each sleeve, an adjustable member reciprocable on said support for each
      sleeve and having roller means engaging opposite axial sides of the said
      flange on the respective sleeve, and adjusting means for adjusting said
      adjustable members axially on said support.
NUM  5.
PAR  5. An apparatus according to claim 4 in which each adjustable member is
      pivotal on said support to disengage the roller means thereof from the
      respective said flange.
NUM  6.
PAR  6. An apparatus according to claim 4 in which said support is spaced from
      said spindle in about the direction in which panels to be cut are fed past
      the tools.
NUM  7.
PAR  7. An apparatus according to claim 1 in which said adjusting means moves
      said adjustable members positively in one direction while resilient means
      are provided for moving said adjustable members in the other direction.
NUM  8.
PAR  8. An apparatus according to claim 1 in which said adjusting means is
      operable when adjusted to cause equal movement of said sleeves in
      respectively opposite directions.
NUM  9.
PAR  9. An apparatus according to claim 1 which includes a feeler engaging the
      edge of a panel to be machined in advance of said tool means, a pulse
      emitter actuated by said feeler, and means for adjusting said tool means
      in conformity with pulses emitted by said emitter.
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ABST
PAL  A debarking assembly as part of a tree harvester or tree processing machine
      also including a drive mechanism for gripping and axially moving trees
      along a processing path, the debarking assembly including a plurality of
      generally L-shaped debarking blades having their respective cutting edges
      resiliently urged into intimate debarking engagement with the tree, the
      debarking blades preferably being supported by movable mounting means for
      selectively moving the debarking blades into encircling engagement with
      the tree.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a debarking assembly as part of a tree
      harvester or processor. Preferably, the debarking assembly is combined
      with delimbing means in order to simultaneously delimb and debark the tree
      during processing. The tree harvester may also include other implements
      for further processing of the trees. In particular, the tree harvester
      preferably includes a shear assembly enabling the harvester to cut
      standing trees and process them into delimbed and debarked sections of
      selected length.
PAR  Portions of the tree harvester disclosed in the accompanying drawings and
      described in greater detail below, are set forth in greater detail in U.S.
      Pat. Nos. 3,669,161 and 3,731,720, both of which are assigned to the
      Assignee of the present invention, the specific construction of the
      elements set forth in these references not being of critical importance to
      the present invention.
PAR  Mechanical harvesting and processing of trees is a matter of increasing
      importance in order to meet the needs of the lumber and paper industries,
      for example, where it has become common to employ machinery for
      practically every step in the harvesting and processing of trees.
      Representative steps in the harvesting of trees include the severing of
      standing trees, delimbing of the trees, debarking, cutting the trees into
      sections of selected length. Subsequently, the processed tree sections may
      be collected for delivery to a mill.
PAR  It has been found particularly desirable to combine as many of these steps
      as possible within a single processing machine, for purposes of economy.
      It is also desirable that the combined steps be performed by a machine of
      reliable construction to permit extended operation under sometimes severe
      conditions.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a particular object of the invention to provide an
      improved debarking assembly for tree harvesting or processing machinery.
PAR  It is also an object of the invention to provide a combined debarking and
      delimbing assembly.
PAR  It is a further object of the invention to provide a debarking assembly or
      combined delimbing and debarking assembly within a tree harvesting machine
      including drive means for gripping the tree and axially moving it along a
      processing path.
PAR  It is an even further object of the invention to provide such a tree
      harvesting machine which also includes a shear assembly enabling the
      machine to completely process standing trees in substantially a single
      operation.
PAR  Additional objects and advantages of the invention are made apparent in the
      following description having reference to the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of a tree harvesting machine for mounting
      upon a vehicle, the machine including a combined delimbing and debarking
      assembly constructed according to the present invention together with a
      shear assembly and a drive mechanism for gripping and axially moving the
      trees past the delimbing and debarking assembly.
PAR  FIG. 2 is a plan view of the combined delimbing and debarking assembly
      which also appears in the upper portion of FIG. 1.
PAR  FIG. 3 is a side view of a combined element from the delimbing and
      debarking assembly including a delimbing blade and a debarking blade
      together with a resilient interconnection.
PAR  FIG. 4 illustrates another embodiment of a combined element including a
      delimbing blade, a debarking blade and a resilient interconnection.
PAR  FIG. 5 illustrates yet another embodiment of a combined element including
      both a delimbing blade and a debarking blade.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The tree harvesting machine illustrated in the drawings and described below
      includes a debarking unit combined with a delimbing assembly, the combined
      delimbing and debarking assembly being arranged upon a vehicular tree
      harvester which is further adapted to shear standing trees. It will be
      apparent that the combined delimbing and debarking assembly could be
      employed in other tree processing apparatus and that the debarking unit
      could also be employed by itself, for example, to process trees which were
      previously cut and delimbed.
PAR  Referring now to FIG. 1, a vehicular tree harvester is generally indicated
      at 11 including a combined delimbing and debarking assembly 12, a drive
      mechanism indicated at 13 for gripping trees to be processed and axially
      moving them along a processing path through the harvester and a shear
      assembly indicated at 14. The drive mechanism and the shear assembly are
      respectively described in greater detail by the two reference patents
      noted above. For purposes of the present invention, it is sufficient to
      note that the shear assembly 14 is effective to sever or cut standing
      trees which are properly arranged within the harvester apparatus.
PAR  The drive mechanism 13 generally includes a pair of grapples 16 which may
      be moved in opposition to each other by means of hydraulic motors 17 in
      order to firmly secure the tree against a drive mechanism 18. The drive
      mechanism is preferably formed as an endless track or chain assembly
      arranged for rotation upon the harvester apparatus by means of rollers and
      sprockets, one of which is partially shown at 19. Such a drive mechanism
      has been found to be particularly effective, especially for use with the
      combined delimbing and debarking assembly described below.
PAR  The delimbing assembly 12, the drive mechanism 13 and the shear assembly 14
      are all supported upon a common frame structure 21 which is movably
      supported by a vehicle such as that partially shown in phantom at 22. The
      vehicle is of a type having conventional lift arms, one of which is
      indicated at 23, with the frame 21 being secured to the lift arms 23 by
      means of horizontal pivots such as that indicated at 24. A conventional
      tilt linkage 26 on the vehicle is also pivoted at a point 27 above the
      pivot point 24 with the tilt linkage being effective to pivot the frame 21
      about the pivot point 24.
PAR  In operation, the tree harvester apparatus is positioned by the vehicle to
      receive a standing tree within the shear assembly, the grapple 16 and the
      delimbing assembly 12. The grapples 16 are engaged with the tree by means
      of the motor 17 so that the tree is urged against the drive track 18, the
      delimbing and debarking assembly also being engaged with the tree in a
      manner described in greater detail below. The tree is then severed by the
      shear assembly after which the top of the tree harvester is rotated
      forwardly and downwardly by the tilt linkage 26 so that the tree is in a
      generally horizontal position. The tree may then be moved axially through
      the delimbing assembly and toward the shear assembly by the track 18 in
      order to remove limbs from the tree. During this mode of operation, the
      shear assembly 14 may be intermittently operated, if desired, to also cut
      the delimbed tree into appropriate lengths.
PAR  Construction features of the combined delimbing and debarking assembly 12
      are better illustrated in FIG. 2 while various embodiments of combined
      delimbing and debarking blade components are illustrated in FIGS. 3-5.
      Major components for the combined delimbing and debarking assembly include
      a portion of the frame 21 and two elongated flexible structures or chains
      31 and 32, each including a plurality of pivoted elements or links 33.
      Motor means for positioning the two flexible elements include a pair of
      arms or levers 34, 36 and hydraulic jacks 37 interconnected respectively
      between the frame and each of the levers.
PAR  As may be best seen in FIG. 2, one end of each flexible element or a
      central portion of the combined flexible assembly 31, 32 is secured to a
      central portion 38 of the frame 21 by means of a central member 39. The
      elements 33 are connected to the central member in offset relation (see
      FIG. 1) to permit complete encirclement of the tree by the two flexible
      chains 31 and 32. The free ends 40 and 41 of the two flexible blades are
      secured respectively to the levers 34 and 36. The upper end of each of the
      blade elements 33 and the central member 39 forms a cutting edge indicated
      at 44. The delimbing cutting edges 44 are thus arranged in opposition to
      the direction in which the tree is moved through the harvester by the
      drive mechanism 18.
PAR  Referring now particularly to FIGS. 2 and 3, a debarking blade 51 is
      associated with each of the delimbing blade elements 33. The debarking
      blade 51 is generally L-shaped and includes a shank portion 52 which is
      resiliently connected with the delimbing element 33. A portion of the
      debarking blade indicated at 53 extends perpendicularly toward the tree
      (see FIGS. 1 and 2) and includes a cutting edge indicated at 54.
PAR  A resilient coupling between the debarking blade 51 and the delimbing
      element 33 includes a pair of screws 56 and 57 which penetrate the shank
      portion 52 and thread into the delimber element 33. The perpendicularly
      extending portion 53 of the debarking blade 51 is urged in a rightward
      direction, as viewed in FIG. 3, by means of a coil spring 58 which
      interacts between the debarking blade shank 52 and the screw 57.
PAR  In operation of the combined delimbing and debarking assembly, the free
      ends 40 and 41 of the flexible chains 31 and 32 are moved outwardly by
      means of the jacks 37 to the position illustrated in solid lines in FIG.
      2. With the delimbing and debarking assembly in this position, a tree may
      be properly positioned within the harvester apparatus, the jacks 37 then
      being retracted to move the free ends of the flexible elements into
      overlapping position where they encircle the tree. The overlapping
      position for one of the flexible chains 31 and the associated lever 34 is
      illustrated in phantom in FIG. 2. It is apparent that for any size tree,
      the two flexible elements may be brought into varying degrees of overlap
      depending upon the size of the tree so that a substantial delimbing and
      debarking cutting edge may be formed around the entire circumference of
      the tree. The jacks 37 may be operated to apply constant force to the
      levers 34 and 36 and thus assure continual engagement for both the
      delimbing and debarking blades with the tree.
PAR  As the flexible chains 31 and 32 are urged into engagement with the
      circumference of the tree, the debarking blades 51 (see FIG. 3) tend to
      move outwardly against their respective springs 58 which thus serve to
      insure intimate debarking engagement for the cutting edge 54 with the
      tree.
PAR  It may also be seen in FIGS. 1 and 3 that the cutting edge 54 for the
      respective debarking blades 51 are angled or offset relative to the
      circumference of the tree. This enables bark and other debris removed from
      the tree by the debarking blades to freely pass through the debarking
      assembly.
PAR  Another embodiment of the debarking blade is indicated at 61 in FIG. 4 for
      use in similar combination with the delimbing blade element indicated at
      33'. The debarking blade 61 is rigidly secured at one end to the delimbing
      blade element 33' by means of screws 62 and 63. The debarking blade 61
      similarly has a perpendicularly extending portion 64 forming a cutting
      edge 66 for debarking engagement with the tree. The debarking blade 61 is
      preferably formed from spring steel and includes a bowed intermediate
      section 67 which serves to urge its cutting edge rightwardly as viewed in
      FIG. 4.
PAR  Yet another embodiment of a debarking blade is indicated in FIG. 5 at 71 in
      combination with a similar delimbing blade element 33". The upper end of
      the debarking blade 71 is connected to the blade element 33" by means of a
      pivot assembly 72. A screw 73 penetrates an intermediate portion of the
      blade 71 and threads into the delimbing blade element 33". An interacting
      coil spring 74 similarly urges a cutting edge 76 rightwardly for similar
      debarking engagement with a tree.
PAR  It may also be seen that the cutting edges 66 and 76 respectively for the
      debarking blades 61 and 71 are similarly angled or offset for the same
      reason discussed above with respect to FIG. 3.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a tree harvester assembly for mounting on a vehicle, the tree
      harvester assembly including an elongated frame, drive means arranged upon
      the frame for gripping and axially moving a tree along a processing path
      and delimbing means arranged for engagement with the tree as it is moved
      along its processing path by the drive means, the delimbing means
      including a plurality of delimbing blades and mounting means for
      selectively moving the delimbing blades into engagement with substantially
      the entire circumference of the tree, the delimbing blades being arranged
      for facing engagement with the tree as it is moved along its processing
      path, the improvement comprising
PA1  a debarking blade means associated with each of the delimbing blades and
      arranged for engagement with the tree subsequent to engagement of the tree
      with the respective delimbing blade, and means for resiliently mounting
      each debarking blade relative to the respective delimbing blade, each
      debarking blade being arranged in generally perpendicular relation to the
      tree axis with the resilient mounting tending to maintain intimate
      debarking engagement between the respective debarking blades and the tree.
NUM  2.
PAR  2. The tree harvester assembly of claim 1 wherein the resilient mounting
      includes releasable means facilitating replacement of the debarking
      blades.
NUM  3.
PAR  3. The tree harvester assembly of claim 1 wherein each debarking blade is
      generally L-shaped and has an elongated shank movably secured to the
      respective delimbing blade by means of the resilient mounting.
NUM  4.
PAR  4. The tree harvester of claim 3 wherein the resilient mounting includes
      spring means for urging each debarking blade into intimate debarking
      engagement with the tree.
NUM  5.
PAR  5. The tree harvester of claim 3 wherein the plurality of debarking blades
      are supported in offset alignment relative to the tree circumference in
      order to facilitate the escape of bark and other material removed from the
      tree by the debarking blades.
NUM  6.
PAR  6. The tree harvester assembly of claim 5 wherein the resilient mounting
      includes releasable means facilitating rapid replacement of the debarking
      blades.
NUM  7.
PAR  7. The tree harvester assembly of claim 1 wherein each debarking blade is
      rigidly secured relative to the respective delimbing blade, the debarking
      blade being formed of spring steel and having an extended resilient
      portion for urging its cutting edge into intimate debarking engagement
      with the tree.
NUM  8.
PAR  8. The tree harvester assembly of claim 7 wherein the resilient mounting
      includes releasable means facilitating rapid replacement of the debarking
      blades.
NUM  9.
PAR  9. The tree harvester assembly of claim 1 wherein each debarking blade
      includes a shank which is pivotably mounted relative to the respective
      delimbing blade, pivotable movement of the debarking blade tending to move
      its cutting edge into and out of engagement with the tree.
NUM  10.
PAR  10. The tree harvester assembly of claim 9 wherein the resilient mounting
      includes spring means for urging each debarking blade into intimate
      debarking engagement with the tree.
NUM  11.
PAR  11. The tree harvester assembly of claim 10 wherein the plurality of
      debarking blades are arranged in offset alignment relative to the tree
      circumference in order to facilitate the escape of bark and other material
      removed from the tree by the debarking blades.
NUM  12.
PAR  12. The tree harvester assembly of claim 1 wherein the plurality of
      debarking blades are arranged in offset alignment relative to the tree
      circumference in order to facilitate the escape of bark and other material
      removed from the tree by the debarking blades.
NUM  13.
PAR  13. The tree harvester assembly of claim 12 wherein the resilient mounting
      includes spring means for urging each debarking blade into intimate
      debarking engagement with the tree.
NUM  14.
PAR  14. A tree processing assembly including an elongated frame, drive means
      supported upon the frame for gripping and axially moving a tree along a
      processing path and debarking means arranged for engagement with the tree
      held by the drive means, the debarking means comprising
PA1  a plurality of debarking blades each having a shank portion arranged
      generally parallel with the processing path for the tree and a
      perpendicularly extending blade portion including a cutting edge for
      debarking engagement with the tree,
PA1  mounting means for respectively supporting the plurality of debarking
      blades, each debarking blade and the respective mounting portion including
      resilient means tending to maintain intimate debarking engagement between
      its cutting edge and the tree, and
PA1  motor means operatively connected between the frame and at least a portion
      of the mounting means for selectively moving the debarking blades into
      surrounding engagement with the circumference of the tree.
NUM  15.
PAR  15. The tree processing assembly of claim 14 wherein the mounting means
      includes releasable means facilitating rapid replacement of the debarking
      blades.
NUM  16.
PAR  16. The tree processing assembly of claim 14 wherein the plurality of
      debarking blades are arranged in offset alignment relative to the tree
      circumference in order to facilitate the escape of bark and other material
      removed from the tree by the debarking blades.
NUM  17.
PAR  17. The tree processing assembly of claim 14 wherein each debarking blade
      includes an extended portion formed of spring steel for resiliently urging
      its cutting edge into intimate debarking engagement with the tree.
NUM  18.
PAR  18. A tree harvester for processing standing trees, comprising
PA1  a vehicle,
PA1  a frame movably mounted on the vehicle,
PA1  means for severing a standing tree,
PA1  drive means for gripping and axially moving the severed tree along a
      processing path,
PA1  delimbing means comprising a plurality of delimbing blades arranged for
      engagement with the tree in facing relation to the direction of travel for
      the tree along the processing path,
PA1  debarking means comprising a plurality of debarking blades arranged for
      engagement with the tree subsequent to movement of the tree past the
      delimbing blades, and
PA1  mounting means for supporting the delimbing blades and debarking blades
      relative to the frame and for selectively moving both sets of blades into
      closing engagement about substantially the entire circumference of the
      tree,
PA1  the mounting means comprising a resilient coupling for supporting each
      debarking blade and urging it into engagement with the tree being
      processed to maintain intimate debarking engagement therebetween.
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ABST
PAL  A connecting link, especially for tire chains in which an annular link body
      is provided with a gap on one side for the introduction of links into the
      body. A closure member is provided which is receivable in the gap and
      which is adapted for connection to the link body. When the closure member
      is disposed in the gap it forms substantially a continuation of the link
      body so that the assembly has a smooth contour throughout the periphery
      thereof.
BSUM
PAR  The present invention relates to connecting links for tire chains with an
      open link body which in the form of a ring surrounds a receiving opening
      and at least within the region of said receiving opening is of a round
      cross section. The link body forms an inlet opening between two oppositely
      located leg ends and is provided with a closing member to be arranged at
      the leg ends, said closing member having a closing surface facing toward
      the axis of said receiving opening.
PAR  It is an object of this invention so to design a connecting link of the
      above mentioned general type that the chain links which engage said
      connecting link, especially the web shaped running links of a tire chain
      will substantially have the same movability relative to the connecting
      link as they would have relative to a closed for instance welded annular
      link.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 illustrates an exploded view of a connecting link according to the
      invention, said connecting link being shown at about the natural scale.
PAR  FIG. 2 shows a section through a connecting link in approximately natural
      size, said section being taken along the line II--II of FIG. 1.
PAR  FIG. 3 is a portion of section taken along the line III--III of FIG. 1 of
      approximately the same as FIG. 2.
PAR  FIG. 4 is a view of a modified connecting link in assembled condition.
DETD
PAR  The connecting link according to the present invention is characterized
      primarily in that with the closing member in inserted position, the
      closing surface of said closing member forms an intermediate surface of
      the inner surface of the receiving opening which extends around the axis
      of the receiving opening adjacent thereto in a substantially gapless
      manner, said closing surface having a rounded cross section similar to the
      receiving opening. Thus, the connecting link can turn about the axis of
      its receiving opening relative to the chain links engaging said connecting
      link so that the latter will be uniformly worn. Furthermore, this design
      makes it possible also within the region of the closing member to select
      the angle of engagement between adjacent interengaging chain links very
      small for instance so that these adjacent chain links nearly contact each
      other so that with the connecting link according to the invention also the
      manufacture of relatively narrow mesh orthorhombic shaped chain
      configuration will be possible.
PAR  Referring now to the drawings in detail, a connecting link according to the
      invention illustrated in FIGS. 1-3 has a link body 1 which extends
      annularly within the region of its inner surface over an arc angle of
      approximately 315.degree. about an axis 3. The connecting link furthermore
      comprises a closing member 2 which without a gap merges with the link body
      1. The closing member 2 is disengageably connectable to the leg ends 4 of
      the link body 1. If the connecting link is to be made as light as
      possible, and if within the region of the closing member 2 a reduction in
      the cross section of the connecting link exists, it is expedient to form
      the connecting link somewhat thicker within the region of the closing
      member 2. This thickened section is preferably arranged exclusively at a
      right angle with regard to the receiving opening so that the connecting
      link is suitable particularly for engaging oblong shaped engaging openings
      of the other chain links with which the longitudinal extension of the
      oblong hole shaped engaging openings is approximately parallel to the
      plane of the connecting link and thus at the right angle with regard to
      the axis of the receiving opening.
PAR  The section 5 of the link body 1 which section interconnects the leg ends 4
      and extends over an arc angle of approximately 235.degree. has according
      to FIG. 2 circular cross sections the diameter of which corresponds
      approximately to 3/11 of the inner diameter of the link body 1. The cross
      sections of the leg ends 4 are according to FIG. 3 located in oval
      enveloping surfaces the greater cross sectional extension of which is at a
      right angle to the axis 3 while that inner surface 8 of said oval
      enveloping surfaces which face toward the axis 3 form a steady
      continuation of the remaining inner surface 7 of the receiving opening 6
      surrounded by the link body 1. These inner surfaces 8 are in their cross
      section according to FIG. 3 curved with approximately the same radius of
      curvature as the section 5 of the link body 1. The outer surfaces 9 of the
      leg ends 4 are in view according to FIG. 1 likewise curved around the axis
      3 but are relative to the outer surface 10 of Section 5 of the link body 1
      radially offset outwardly and in the cross section according to FIG. 3 are
      curved with the same radius as the inner surfaces 8. The leg ends 4 merge
      with the section 5 through merging areas 1, said section 5 having
      different cross sections. The merging areas 1 extend from the outer
      surfaces 9, 10 to the range of the greatest thickness of the link body 1
      and form swayed rounded outer surfaces as merging surfaces. Due to the
      described design, favorable sliding and wearing conditions are obtained
      between the connecting link and the engaging chain links.
PAR  For simplifying the assembly, each link end 4 has two plane side surfaces
      12 extending at a right angle with regard to axis 3, and within the region
      of said surfaces 12 has a thickness which amounts to approximately
      two-fifths of the cross sectional diameter of section 5. These side
      surfaces 12 are symmetrical with regard to the central plane 13 of the
      connecting link, said central plane being at a right angle to the axis 3.
      The side surfaces 12 which extend around the axis 3 extend to the end
      surfaces 14 of the leg ends 4 and to shoulder surfaces 15 which are
      approximately at a right angle to said side surfaces 12. The shoulder
      surfaces 15 are located in axial planes passing through the axis 3. Those
      planes which are located in the shoulder surfaces 15 of both leg ends 4
      are provided at an angle of approximately 96.degree. with regard to each
      other. Thus, the shoulder surfaces 15 are located directly adjacent to the
      merging portions 11.
PAR  For purposes of obtaining a compact construction, the end surfaces 14 of
      the leg ends 4 form lateral surfaces of an inlet opening 16 which are
      parallel to each other. The width of said inlet opening 16 corresponds to
      approximately three-eighths of the diameter of the receiving opening 6 and
      is designed symmetrically with regard to an axial plane 17 of the axis 3
      so that during the assembly it is not necessary to consider the position
      of the connecting link. The leg ends 4 may form a substantially continuous
      continuation so that section 5 of link body 1 which interconnects the leg
      ends 4, said sections 5 extending about the axis 3 of the receiving
      opening 6. In view of the parallel side surfaces, the greatest distance
      between the leg ends 4 may be selected very short.
PAR  The closing member 2 which is designed symmetrically with regard to the
      planes 13, 17 and can be equally well arranged in two positions angularly
      offset with regard to each other has an intermediate filling member 18.
      For purposes of obtaining a high strength, this filling member 18 has oval
      cross sections in conformity with the above mentioned surface and fills
      the inlet opening 16 completely in such a way that by means of engaging
      surfaces 19 which are parallel to each other engages the end faces 14
      substantially over its entire surface while its closing surface 20 which
      faces toward the axis 3 merges substantially without gap and without step
      with the inner surface 8 of the leg ends 4 and more specifically up to the
      side edges of the side surfaces 12 of leg ends 4. Similarly, the outer
      surface 21 of the filling member 19 merges with the gaps with the outer
      surfaces of the leg ends 4. This outer surface 21 is curved about the axis
      3 with the same radius as the outer surfaces 9. For purposes of obtaining
      a safe hold and a simple assembly, two connecting legs 22 project beyond
      the engaging surface 19 of the filling member 18 which has full cross
      sections. The legs 22 when viewed parallel to the axis 3 have
      substantially the same shape as the side surfaces 12 and with their plane
      surfaces 23 which face each other respectively from a receiving slot for
      the pertaining leg ends 4. The closing member 2 may also as filling member
      be located only between the side surfaces of the inlet opening.
      Furthermore, the respective leg end of the link body may be fork shaped,
      and the closing member 2 may comprise the engaging extension in the form
      of connecting legs. The side surfaces 23 which extend at a right angle
      with regard to the axis 3 are so designed that they have substantially the
      same contour as the side surfaces 12 and are provided for engagement
      approximately over their entire surface with the side surfaces 12 so that
      the closure member can be placed at the right angle to the axis of the
      receiving opening upon the leg ends or be withdrawn therefrom while the
      closing member is during its removal moved away from the axis of the
      receiving opening. Instead thereof or in addition thereto it is with a
      corresponding design of the connecting leg and the leg ends also possible
      that the closing member is for mounting or withdrawal moved parallel to
      the axis of the receiving opening. The two connecting legs 22 which are
      respectively located opposite form with the engaging pertaining leg ends
      4, in cross section according to FIG. 3, substantially oval full cross
      sections. These oval cross sections equal the oval cross sections of the
      filling member 18 and merge with the same in uninterrupted manner. The end
      faces 24 of the connecting legs 22 are for purposes of fixing the position
      provided for engagement with the shoulder surfaces 15. This is
      particularly expedient with parallel side surfaces of the inlet opening
      because in such an instance, by engagement of the shoulder surface by said
      end surface, the closing member will be aligned relative to the link body.
      Within the region of the leg ends 4, the inner surfaces 25 of the closing
      member 2 and the inner surfaces 8 of the leg ends 4 intersect in the
      direction around the axis 3 as is the case with regard to the outer
      surfaces 26, 9. The side surfaces 28 which pertain to the connecting legs
      22 located respectively opposite to each other and which face away from
      each other form an uninterrupted continuation of the corresponding side
      surfaces 27 of the filling member 18 which project slightly beyond the
      side surfaces of the section 5.
PAR  As illustrated in FIGS. 11 and 3, each leg end 4 of the link body 3 has a
      bore 29 which is parallel to the axis 3. The bore 29 has a diameter
      approximately equaling the thickness of the respective leg end 4. The bore
      29 is located approximately in the middle between the pertaining inner
      surface 8 and the pertaining outer surface 9 and also approximately in the
      middle of the extension of the two pertaining annular segmental side
      surfaces 12 around the axis 3. When the closing members 2 have been
      inserted, these bores 29 are in axial alignment with approximately equally
      large bores 30 in the connecting legs 22. These bores 30 are likewise
      designed as bores extending all the way through. By pressing in
      disengageable pins, especially spring cotter and spiral pins into the
      bores 29, 30, the closing member 2 can be secured relative to the link
      body 1 in the described position in which instance the pins are
      expediently formed with the side surfaces 28 of the connecting legs 22 and
      can be hammered in from both sides and can be driven out toward both
      sides. It is also possible to arrange the safety bolt parallel to the
      plane of the connecting link for instance at right angle with regard to
      the central plane of the inlet or introducing opening.
PAR  In FIG. 4 the corresponding parts have been designated with the same
      reference numerals as in FIGS. 1-3, however, with the additional letter a.
      The connecting link according to FIG. 4 has substantially the same cross
      sections as in FIGS. 2 and 3.
PAR  With the embodiment according to FIG. 4, the end surfaces 14a of the leg
      ends 4a of the link body 1a are provided in axial planes of the axis 3a of
      the receiving opening 6a in such a way that the introducing opening when
      viewed parallel to the axis 3a is at an angle of approximately 45.degree.
      narrowing in the direction toward the axis 3a. In this way the introducing
      opening on the outside of the connecting link is relatively wide so that
      the engaging chain links can be easily introduced in the engaging surfaces
      19a of the filling member 2a are correspondingly inclined. All shoulder
      surfaces 15a of the leg ends 4a are located substantially in a common
      plane which is located at a right angle of the axial plane 17a of the axis
      3a, said axial plane 17a forming the central plane for the introducing
      opening. The end surfaces 24 of the connecting legs 22a of the closing
      member 22a are provided approximately in the same plane. This is expedient
      particularly with side surfaces of the introducing opening when the side
      surfaces are located at an angle with regard to each other. In such an
      instance the engaging surfaces of the closing member which engage the side
      surfaces of the introducing opening see to it that the closing member is
      aligned relative to the link body. The inner surfaces 7a, 8a, 20a form a
      closed circular surface around the axis 3a.   The outer surfaces 9a of the
      leg ends 4a and the outer surfaces 21a, 26a of the closing member 29a
      extend, however, in view parallel to the axis 3a around a further axis 31
      which is parallel to the axis 3a and located in the axial plane 17a. The
      axis 31 is located closer than the axis 3a with the introducing opening
      and the closing member 2a so that the outer shape of the connecting link
      according to the view of FIG. 4 is flat oval and the cross sectional
      thickness witin the range of the closing member is relatively greater than
      in the oppositely located range of the link body. The space between the
      axis 3a, 31 amounts, however, only to approximately one-fourth of the
      cross sectional diameter of the section 5a of link body 1a. The radius of
      curvature of the outer surfaces 9a,  21a around the axis 31 is the same.
      As a result thereof, a still more harmonic transition between the outer
      surfaces 9, 10 is realized because the merging sections 11a of oval cross
      section merge at the center of the filling section 18a through the
      intervention of a relatively large arc angle in a continuous manner with
      the circularly round cross sections of the section 5a of link body 1a.
PAR  As will be evident from the above, the connecting link according to the
      invention is suitable for instance as replacement or repair link for
      annular links of a tire chain which have broken. The arrangement may be
      such that the connecting link according to the invention can be mounted
      with a minimum of tools, on the tire chain engaging the motor vehicle
      tire. The connecting link according to the invention is, however, also
      suitable for an initial arrangement in new tire chains while as ring links
      of such tire chains a more or less higher number of connecting links may
      be employed. Expediently, exclusively all connecting links according to
      the invention are employed as ring members so that the tire chain can at
      any desired area be lengthened, shortened or repaired. Furthermore, with
      this design, there exists the advantageous possibility to subject the
      connecting links according to the invention alone to a heat treatment and
      to make the chain links engaging said connecting links of a suitable
      material for instance manganese steel which cannot be refined by heat
      treatment.
PAR  It is also possible instead of arranging the connecting link according to
      the invention as horizontal link in the plane of the stretched-out chain,
      to provide the connecting link according to the invention as vertical link
      located transverse or at a right angle to said plane.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawing but also comprises
      any modification within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composite connecting link for a tire chain made of two parts fixed
      together in which the complete link has a substantially smooth,
      continuously curved interior periphery, said link on each side being
      tangent about its circumference to a plane perpendicular to the axis of
      said link so that said link is of uniform axial thickness throughout its
      entire length, the first part of said link extending about a major portion
      of the circumference of said link and having a gap for receiving the ends
      of adjacent tire chain links, the second part having a section to fit in
      said gap between the ends of said first part and being symmetrical about
      an axial plane through its center, the ends of said two parts having
      complementary, interfitting ends, each end on one part having a pair of
      axially spaced legs having a total axial thickness of the thickness of
      said link, and forming a slot between said legs, the sides of said slot
      lying in planes perpendicular to the axis, each of the complementary ends
      of the other part having a projection formed with flat sides lying in
      planes perpendicular to the axis to fit between the flat sides of said
      slot, the ends of said second part having end surfaces at an angle to an
      axial plane and complementary surfaces on the first part to be engaged by
      the end surfaces on said second part and limit movement of said second
      part inwardly of said first part, and means through the interfitting ends
      of said parts to secure said parts together to form a complete ring, the
      uniform axial thickness of said composite link and the smooth, continuous
      internal periphery allowing a chain link connected thereto to move freely
      about said composite connecting link.
NUM  2.
PAR  2. A connecting link as claimed in claim 1, in which said composite link in
      a radial cross section at any point forms a semicircle inwardly of its
      axial diameter.
NUM  3.
PAR  3. A connecting link as claimed in claim 1, in which the ends of said first
      part are thicker radially than axially, and said second part is also
      thicker radially than axially to correspond to said radially thickened
      ends, said thickened ends merging into the adjacent portions of said first
      part.
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PAL  A two-chamber safety tire for automotive vehicles capable of supporting the
      weight of the vehicle when either partially or completely deflated, thus
      allowing continued operation of up to about 50-100 miles. The outer
      chamber is constituted of an ordinary tubeless tire, while the inner
      chamber has no fabric reinforcement and is made of a thermoplastic
      elastomer having defined strain-stress properties. Particularly suited
      thermoplastic elastomers include polyetheresters and polyurethanes. The
      thickness of the inner chamber in sidewall and tread areas of the casing
      must be such that defined maximum strain and creep requirements at a
      stated pressure are observed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a new safety tire for automotive vehicles.
PAR  Pneumatic tires for automobiles, trucks, and other automotive vehicles have
      been used for many years. While the first tires were made of a fairly
      porous rubber and had to be used in conjunction with an inner air chamber,
      tubeless tires were introduced in about 1950; these became standard in the
      automotive industry. Tubeless tires have a special lining on their inner
      surface, capable of retaining air under pressure. When a tire is punctured
      by a sharp object, for example, a nail, it loses air and is incapable of
      supporting the weight of the vehicle. The tire (or the inner chamber, if
      the tire is not tubeless) must then be repaired. However, often a puncture
      will occur at some distance from a service station where the repair can be
      performed. Since running flat would ruin the tire, the wheel must be
      replaced, and it thus is necessary to always carry a spare tire mounted on
      a wheel.
PAR  There are many persons, however, who are unable to change the wheel because
      of its size or weight. Changing a wheel at night or along a busy highway
      could be dangerous even to those able to handle the task. The spare wheel
      usually is carried in the trunk of an automobile, where it takes valuable
      storage space. If luggage is carried in the trunk, it often must be
      removed before the spare wheel can be reached. The ideal solution to the
      problem would be to have tires which either could not be punctured or,
      even if they are punctured, could run for a considerable distance without
      requiring immediate replacement or repair.
PAR  Various safety tires have been proposed in the past. Often, they are of
      double-chamber construction, wherein the inner chamber serves as a tire
      within a tire and is capable of supporting the weight of the vehicle for
      some distance. The prior art safety tires suffer from many shortcomings,
      the most common problems being (1) the difficulty in mounting both
      chambers on the same rim, and (2) the tendency of both chambers when flat
      to fall off the rim at even moderate speeds. Various such designs also
      caused considerble wheel balancing problems.
PAR  Furthermore, prior art double-chamber tires required fabric reinforcement
      of the inner chamber to render the chamber practically inextensible at
      operating pressures. This requirement necessitated complicated fabricating
      techniques. Some currently available safety tires are of single chamber
      construction and can run flat. This result is achieved by thickening the
      sidewalls, providing an internal lubricant, and installing the tires on
      special rims. The thickened sidewalls result in high operating
      temperatures, even when inflated, and in high cost.
PAR  There is, therefore, great need in the art for a safety tire that would be
      easy to install; when deflated, would remain seated on the rim during the
      operation of the vehicle; and, while deflated, would be capable of
      supporting the weight of the vehicle for a considerable distance at
      moderate speeds.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, there is now provided a pneumatic automotive
      safety tire consisting of a nonporous, fabric-reinforced outer casing and
      of a separate, toroidally shaped inner chamber, having no fabric
      reinforcement and being constructed of a thermoplastic elastomer selected
      from copolyetheresters and polyurethanes which exhibit a strain of not
      more than 10% when subjected to a tensile stress of 300 psi for 1 minute
      at 91.degree.C. and not more than 15% for 100 minutes at 91.degree.C.; the
      thickness of the inner chamber in the sidewall and tread areas of the
      casing being such that the vector sum of the principal strains of the
      chamber in those areas at a pressure of 24 psig is not greater than 10%,
      and maximum creep at 24 psig at a temperature of 91.degree.C. after 100
      minutes is 5% (preferably, 3%); the outer chamber and the inner chamber
      being each inflatable through a separate valve to the normal operating
      pressure of about 24-30 psig; and the size of the inner chamber, when
      inflated, being such that the inner chamber fills more than 50% of the
      volume within the casing.
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PAC  THE DRAWING
PAR  The drawing presents a cross-sectional view of a typical tire of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The safety tire of the present invention is mounted on a standard wheel rim
      and uses a standard tubeless tire as the outer chamber or casing. The
      casing is modified to accommodate a valve. In order for the inner chamber
      to be able to support the weight of moving vehicle with deflated outer
      chamber, it is necessary that the inner chamber be made of a high modulus
      elastomer having high resistance to creep.
PAR  The cross-sectional profile of the inner chamber will be selected to
      complement the cross-sectional shape of the casing in which it is to be
      used. The preferred size of the inner chamber is 70-80% of the volume
      within the tire casing, thus minimizing the change of wheel diameter in
      the event of puncture of the casing. The toroid is so shaped that it
      contacts the casing only in the area of the beads during operation under
      full inflation. The distance between the apogee of the inner chamber and
      the casing in the tread area is not critical, the reduced susceptibility
      of the inner chamber to puncture being more dependent on the separation of
      the inner chamber from the casing than on the distance from the casing.
PAR  Referring now to the drawing, which is a section through the center plane
      of a typical tire, A is the casing having three main sections: tread 1,
      sidewalls 2, and beads 3. B is the inner chamber, which has thicker
      sidewalls in the bead area 4 to provide proper seating of the chamber
      during the chamber inflation operation and to keep the chamber properly
      seated when running flat. The chamber is provided with narrow thinner
      sections 5 in the shoulder area to provided proper folding of the chamber
      for running flat capability in the event of total deflation when both
      chambers are punctured. These thinner sections need be no more than a
      superficial circumferential scoring of the chamber surface around the
      chamber wall. The chamber section 6 in the apogee is thickened to hold a
      low profile shape, that is, where the rim to tread distance is small
      relative to the distance between the sidewalls. Such a configuration has
      the best capability for running flat. For this reason, the preferred
      casing is a radial casing having low profile.
PAR  The casing in the drawing has two body plies 7 and 8 and two steel belt
      plies 9 and 10. The casing is lined on its inner surface with an
      elastomeric liner 11 usually of natural rubber, chlorobutyl rubber, or a
      combination of the two. The casing is provided with a built-in valve 12
      for inflation with a needle inflator. The inner chamber is inflated
      through an ordinary tire valve 13 placed in the wheel rim 14. The casing
      beads are reinforced, for example, with steel wire 15.
PAR  The wall thickness of the inner chamber in the rim area 16 should be
      preferably such that a vector sum of the principal strains of at least 20%
      is obtained at an inflation pressure of 24 psig. The wall thickness of the
      chamber in the remaining areas may be uniform or variable.
PAR  The term "vector sum of the principal strains of the chamber" is well known
      to the art. It is measured by placing strain gauges on the surface of the
      chamber, inflating the chamber to the specified pressure and recording the
      strains, and calculating their vector sum.
PAR  It is to be noted that a typical tire illustrated in the drawing embodies a
      number of desirable or preferred features, which are not essential for the
      operability of this invention but merely provide additional convenience.
      The critical requirements are the strain and creep figures for the chamber
      walls in the tire sidewall and tread areas, as recited in the Summary of
      the Invention.
PAR  The strain-stress relationship required for the elastomers suitable for the
      construction of the inner chamber is determined according to ASTM Method
      D-674.
PAR  The preferred elastomers suitable for the construction of the inner chamber
      would exhibit a strain of not more than 10% when subjected to a tensile
      stress of 500 psi for 1 minute at 91.degree.C. Elastomers which do not
      satisfy the stress-strain requirements recited in the Summary of the
      Invention would require impractically thick walls in sidewall and tread
      areas to prevent the chamber from protruding through a puncture in the
      casing. Furthermore, a chamber of such an elastomer would add weight to
      the tire and, because of its bulk, would make installation within the
      casing difficult.
PAR  Particularly suitable elastomers are the copolyetheresters disclosed in
      U.S. Pat. No. 3,860,052, to H. E. Schroeder. Such copolyetheresters
      contain a multiplicity of long chain ester units and short chain ester
      units joined head to tail through ester linkages, the esters being derived
      from a dicarboxylic acid having a molecular weight of less than about 300
      and a poly(oxyalkylene) glycol or a glycol, respectively. In the case of
      the long chain ester, the poly(oxyalkylene) glycol has a number average
      molecular weight of about 600-3000 and a carbon-to-oxygen atomic ratio of
      about 2.0-4.3. In the case of the short chain ester units, the glycol has
      a molecular weight of less than about 250. The short chain ester units
      constitute about 35-95 weight percent of the copolyetherester, and at
      least 70% of the short chain diol groups are 1,4-butylene groups; while at
      least 70% of the dicarboxylic acid groups in the combined long and short
      ester units are terephthalic acid groups. Copolyetherester elastomer of
      this type is available commercially from E. I. du Pont de Nemours and
      Company under the tradename Hytrel.
PAR  Useful polyurethanes also are described in the above-cited Schroeder
      patent. They include castable liquid prepolymers or thermoplastic
      elastomers which can be cast or molded. A typical polyurethane is a liquid
      isocyanato-terminated polyether having about 6.3 weight percent --NCO
      groups and made by mixing one mole of poly(tetramethylene oxide) glycol
      having a number average molecular weight of 1000, with two moles of
      2,4-toluenediisocyanate and heating 3-4 hours at 80.degree.C. These
      polyurethanes can be cured by mixing with an organic compound having at
      least two active hydrogen atoms -- for example, a diol or a diamine -- and
      allowing the mixture to stand until a solid capable of being molded is
      obtained. Final cure by heating under pressure is necessary if the
      initially cured material still contains free --NCO groups. Many suitable
      polyurethane prepolymers and several suitable curing agents are
      commercially available from several sources.
PAR  The thermoplastic elastomer used for the fabrication of the inner chamber
      can be in either an oriented or unoriented state. If the elastomer is
      oriented, the orientation can be either monoaxial or biaxial. If
      monoaxial, the orientation should be aligned in the radial direction.
      Methods of orientation of polymers are well known to the art and usually
      involve heating and cooling the polymer article in a stretched or
      compressed condition. While orientation has been particularly well known
      in the art of plastic film and fiber manufacture, it also has been
      described in the elastomer field. Relevant art dealing with polymer
      orientation includes, for example, U.S. Pat. Nos. 3,257,489 to
      Heffelfinger and 3,758,442 to Shima et al.;  and Canadian Patent 621,569
      to Moody. Oriented elastomers are stronger and more resistant to creep
      than unoriented elastomers, and an inner chamber made from an oriented
      elastomer would provide equally satisfactory performance with thinner
      walls.
PAR  The safety tire of the present invention is for operation inflated to a
      working pressure of about 24-30 psi per chamber. While it is not necessary
      to maintain identical pressures in both chambers, such a procedure is
      recommended. When the casing is punctured, the inner chamber has
      sufficient strength to permit continuing operation of the vehicle at
      normal or nearly normal speeds for up to about 100 miles. The casing can
      be repaired in the manner in which tubeless tires are usually repaired
      when punctured, that is, by inserting an elastomer plug into the puncture
      and cementing it in place with a suitable elastomer adhesive. If both the
      casing and the inner chamber are punctured, an event that is less likely
      to happen, the combined thicknesses of the casing and the inner chamber in
      the tread area will allow the driver to continue operating the car at
      about 40-50 mph for a distance of up to about 40-50 miles. However, in
      such a case, it is recommended that the repair be made promptly to avoid
      damage to the tire when running flat for an extended time. The tire will
      have to be removed from the rim and reinstalled. The inner chamber is
      repaired using heat welding or solvent welding techniques to close the
      puncture. Because of the ability of the tires of the present invention to
      run flat after damage for a reasonable distance, the need for a spare tire
      is eliminated. In practice, the operator will always be able to reach a
      service station on his own power and without changing wheels.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pneumatic automotive safety tire assembly adaptable to being seated on
      a standard wheel rim, said assembly consisting of:
PA1  a. a nonporous, fiber-reinforced casing having a tread, sidewalls, and
      beads, and
PA1  b. a toroidally shaped inner chamber located within said casing and having
      no fabric reinforcement; the size of said chamber being more than 50% of
      the volume within the casing, when each is inflated to an operating
      pressure of about 24-30 psig;
PA1  said inner chamber being constructed of a thermoplastic elastomer selected
      from copolyetheresters and polyurethanes which exhibit a strain of not
      more than 10% subjected to a tensile stress of 300 psi for 1 minute at
      91.degree.C. and not more than 15% for 100 minutes at 91.degree.C., the
      thickness of the inner chamber adjacent the sidewall and tread areas of
      the casing being such that the vector sum of the principal strains of the
      chamber in those areas at an inflation pressure of 24 psig is not greater
      than 10%, and the maximum creep at 24 psig at a temperature of
      91.degree.C. after 100 minutes is 5%;
PA1  said casing and inner chamber being inflatable through separate valves.
NUM  2.
PAR  2. A safety tire assembly of claim 1 wherein the size of the inner chamber
      is about 70-80% of the volume within the casing, when each is inflated to
      an operating pressure of about 24-30 psig.
NUM  3.
PAR  3. A safety tire assembly of claim 1 wherein the maximum creep of the inner
      chamber at 24 psig at 91.degree.C. after 100 minutes adjacent the
      sidewalls of the casing and at the apogee is 3%.
NUM  4.
PAR  4. A safety wire assembly of claim 1 wherein the thermoplastic elastomer of
      which the inner chamber is constructed exhibits a strain of not more than
      10% when subjected to a tensile stress of 500 psi for 1 minute at
      91.degree.C.
NUM  5.
PAR  5. A safety tire assembly of claim 1 wherein the casing is fitted in one of
      the sidewalls with a valve through which said casing can be inflated with
      a needle inflator.
NUM  6.
PAR  6. A safety tire assembly of claim 1 wherein the inner chamber has a
      thicker wall at the apogee than in the areas adjacent the sidewalls of the
      casing.
NUM  7.
PAR  7. A safety tire assembly of claim 6 wherein the walls of the inner chamber
      adjacent the bead areas of the casing are thicker than in the areas
      adjacent the sidewalls of the casing.
NUM  8.
PAR  8. A safety tire assembly of claim 1 wherein the inner chamber is made of
      an oriented thermoplastic elastomer.
NUM  9.
PAR  9. A safety tire assembly of claim 8 wherein the elastomer is oriented
      biaxially.
NUM  10.
PAR  10. A safety tire assembly of claim 8 wherein the elastomer is oriented
      monoaxially.
NUM  11.
PAR  11. A safety tire assembly of claim 10 wherein the elastomer orientation is
      aligned in the radial direction.
NUM  12.
PAR  12. A safety tire assembly of claim 1 wherein the casing is a radially
      fiber-reinforced tire.
NUM  13.
PAR  13. A safety tire assembly of claim 1 wherein the vector sum of the
      principal strains of the inner chamber in the rim area at an inflation
      pressure of 24 psig is at least 20%.
NUM  14.
PAR  14. An automotive wheel assembly consisting of:
PA1  a. a rim,
PA1  b. a nonporous, fiber-reinforced casing seated on said rim, said casing
      having a tread, sidewalls, and beads, and
PA1  c. a toroidally shaped inner chamber seated on said rim within said casing,
      said inner chamber having no fabric reinforcement; its size being more
      than 50% of the volume within said casing, when each is inflated to an
      operating pressure of about 24-30 psig;
PA1  said inner chamber being constructed of a thermoplastic elastomer selected
      from copolyetheresters and polyurethanes which exhibit a strain of not
      more than 10% when subjected to a tensile stress of 300 psi for 1 minute
      at 91.degree.C. and not more than 15% for 100 minutes at 91.degree.C., the
      thickness of the inner chamber adjacent the sidewall and tread areas of
      the casing being such that the vector sum of the principal strains of the
      chamber in those areas at an inflation pressure of 24 psig is not greater
      than 10%, and the maximum creep at 24 psig at a temperature of
      91.degree.C. after 100 minutes is 5%;
PA1  said casing and inner chamber being inflatable through separate valves.
NUM  15.
PAR  15. A wheel assembly of claim 14 wherein the size of the inner chamber is
      about 70-80% of the volume within the casing, when each is inflated to an
      operating pressure of about 24-30 psig.
NUM  16.
PAR  16. A wheel assembly of claim 14 wherein the maximum creep of the inner
      chamber at 24 psig at 91.degree.C. after 100 minutes adjacent the
      sidewalls of the casing and at the apogee is 3%.
NUM  17.
PAR  17. A wheel assembly of claim 14 wherein the thermoplastic elastomer of
      which the inner chamber is constructed exhibits a strain of not more than
      10% when subjected to a tensile stress of 500 psi for 1 minute at
      91.degree.C.
NUM  18.
PAR  18. A wheel assembly of claim 14 wherein the casing is fitted in one of the
      sidewalls with a valve through which said casing can be inflated with a
      needle inflator.
NUM  19.
PAR  19. A wheel assembly of claim 14 wherein the inner chamber has a thicker
      wall at the apogee than in the areas adjacent the sidewalls of the casing.
NUM  20.
PAR  20. A wheel assembly of claim 19 wherein the walls of the inner chamber
      adjacent the bead areas of the casing are thicker than in the areas
      adjacent the sidewalls of the casing.
NUM  21.
PAR  21. A wheel assembly of claim 14 wherein the inner chamber is made of an
      oriented thermoplastic elastomer.
NUM  22.
PAR  22. A wheel assembly of claim 21 wherein the elastomer is oriented
      biaxially.
NUM  23.
PAR  23. A wheel assembly of claim 21 wherein the elastomer is oriented
      monoaxially.
NUM  24.
PAR  24. A wheel assembly of claim 23 wherein the elastomer orientation is
      aligned in the radial direction.
NUM  25.
PAR  25. A wheel assembly of claim 14 wherein the casing is a radially
      fiber-reinforced tire.
NUM  26.
PAR  26. A wheel assembly of claim 14 wherein the vector sum of the principal
      strains of the inner chamber in the rim area at an inflation pressure of
      24 psig is at least 20%.
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PAL  A pneumatic tire is provided with at least one radially disposed ply of
      steel cord fabric turned-up around each bead core to terminate axially
      outwardly thereof and has a chafer strip disposed adjacent to and axially
      outwardly of each turn-up. The chafer strip comprises a folded strip of
      steel cord fabric which fabric is less rigid than the fabric of the
      carcass ply. The folded portion of the chafer strip is disposed radially
      outwardly of the ends thereof and is positioned to cover the edge of the
      turned-up end of the carcass ply.
BSUM
PAR  According to the present invention, a pneumatic tire comprises at least one
      carcass ply of steel cord fabric, the cords of the ply being disposed
      substantially radially of the tire, two bead regions each having a bead
      core around which is turned an end of the carcass ply to terminate axially
      outwardly thereof, and a chafer strip disposed in each bead region
      adjacent to and axially outwardly of the ply turn-up end, the chafer strip
      comprising a folded strip of steel cord fabric which fabric being less
      rigid than the carcass ply fabric, the folded portion of the chafer strip
      being disposed radially outwardly of the two ends thereof and being
      positioned to cover the edge of the turned-up end of the carcass ply.
PAR  In one embodiment of the invention, the folded portion of the chafer strip
      preferably extends radially outwardly of the end of the turn-up to
      effectively extend the ply end and thereby preventing the cut-edge of the
      fabric of the turn-up from being the radially outermost extremity of the
      turn-up. In an alternative construction, the folded portion of the chafer
      strip is folded to be substantially parallel to an adjacent portion
      thereof and to cover the edge of the turned-up end of the ply by enclosing
      it in the second fold therein thereby again eliminating the cut edge from
      the radially outermost extremity of the turn-up.
DRWD
PAR  The invention will now be described with reference to the accompanying
      drawings of which:
PAR  FIG. 1 shows a cross-section of half a conventional tire of general
      construction;
PAR  FIG. 2 shows a cross-section of a bead region of a tire in accordance with
      a first embodiment of the invention; and
PAR  FIG. 3 shows a cross-section of a bead region of a tire in accordance with
      a second embodiment of the invention.
PAR  Referring to FIG. 1, the tire 1 has a tread 2, sidewalls 3 (only one shown)
      and bead regions 4 (only one shown). The tire 1 is reinforced with at
      least one carcass ply 5 of radially disposed steel cord fabric, and a
      breaker layer 6 disposed in the crown region. Each bead region 4 is
      provided with a bead core 7 around which and axially outwardly of is
      turned the end 8 of the carcass ply 5. Disposed adjacent to and axially
      outwardly of each of the ends 8 of the carcass ply 5 is a chafer strip 9
      of steel cord fabric which provides reinforcement from the bead region 4
      to the area which bounds the bead region 4 and the sidewall 3.
PAR  In pneumatic tires having this type of construction, repetitive stresses
      are set up in the sidewall area 3 on rotation of the tire during use, thus
      loading the rubber of the sidewall area 3, the carcass ply 5 and the
      chafer strip 9. These loads are transmitted through the bead core 7 to the
      wheel on which the tire is mounted. There is a large difference in
      rigidity between the steel cord fabric of the carcass ply and chafer strip
      9 and the surrounding rubber and consequently these repetitive stresses
      are concentrated by the very rigid steel cord fabric. Additionally, the
      adhesion between the rubber and the edges of the steel cord fabric is less
      than in other areas resulting in a tendency to cracking and peeling at the
      boundary between the rubber and the cut edges of the fabric. Extension of
      this damage finally results in breakdown of the tire.
PAR  Referring to FIG. 2, in a tire 10 in accordance with a first embodiment of
      the invention, the general construction thereof is the same as shown in
      FIG. 1, like reference numerals indicating like parts. However, the tire
      10 is provided with a chafer strip 11 comprising a folded strip 12 of
      steel cord fabric less rigid than the fabric of the carcass ply 5. The
      folded portion 13 of the strip 12 is disposed radially outwardly of the
      two ends 14a and 14b of the strip 12. The chafer strip 11 covers the edge
      of the turned-up end 8 of the carcass ply by extending radially outwardly
      of the end 8. The ends 14a and 14b of the folded strip 12 are both located
      in the lower bead region 4a.
PAR  In the second embodiment (see FIG. 3) the folded portion 13 of the strip 12
      is folded to be substantially parallel to an adjacent portion of the strip
      and to cover the edge of the turned-up end 8 by enclosing it in the second
      fold therein.
PAR  The cords of the chafer strip 11 are disposed to make an angle in the range
      15.degree. to 30.degree. to the circumferential tangent to the bead core
      7.
PAR  In the tire in accordance with the invention the turned-up end 8 of the
      carcass ply 5 is protected by the chafer strip 11 which is made of less
      rigid steel cord fabric than that of the ply 5 and is also folded, and so
      the load, which is transmitted from the sidewall area 3 to the bead region
      4, is tended to be spread by the chafer which results in a tendency for
      the stress concentration in the edges of the steel cord of the carcass ply
      5 or chafer strip 11 to be reduced. Additionally, the constructions
      described herein also eliminate cut edges of fabric from being the
      radially outermost extremity of the turn-up portion thereby not only
      removing the cut edge(s) to a region where they are subject to less stress
      but also ensuring maximum adhesion at the extremity where stress is at a
      maximum due to the region of discontinuity between the fabric and the
      sidewall rubber. Accordingly, the damage due to cracking and peeling that
      frequently occurs near the extremities of the ply 5 and chafer strip 11
      tends to be reduced or obviated.
PAR  Additionally, the chafer strip 11 is a doubled strip 12 and so movement in
      the bead area is reduced and running stability increased.
PAR  The distribution of the stresses which load the chafer strip 11 and the ply
      end 8 can be further enhanced by disposing adjacent to and axially
      outwardly of the strip 11, further reinforcing layers of fabric made from
      synthetic fibre such as nylon or polyester.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pneumatic tire comprising at least one carcass ply of steel cord
      fabric, the cords of the ply being disposed substantially radially of the
      tire, two bead regions each having a bead core around which is turned an
      end of the carcass ply to terminate axially outwardly thereof, and a
      chafer strip disposed in each bead region adjacent to and axially
      outwardly of the ply turned up edge, the chafer strip comprising a strip
      of steel cord fabric less rigid than the fabric of the carcass ply, and
      said strip being of a doubled construction having a folded portion lying
      substantially midway between edge portions of the strip, the folded
      portion of the chafer strip being disposed radially outward of the two
      edges of the strip and being positioned to extend substantially alongside
      the turned-up edge of the carcass ply and provide support to said turned
      up edge during flexing of the tire in use.
NUM  2.
PAR  2. A tire according to claim 1 wherein the folded portion of the chafer
      strip is disposed radially outwardly of the edge of the turned-up end of
      the carcass ply.
NUM  3.
PAR  3. A tire according to claim 1 wherein the chafer strip is formed with a
      second fold, the edge of the turned-up end of the carcass ply being
      covered by being enclosed in the second fold in the strip.
NUM  4.
PAR  4. A tire according to claim 1 wherein the cords of the chafer strip are
      disposed to make an angle in the range 15.degree. - 30.degree. to the
      circumferential tangent to the bead core.
NUM  5.
PAR  5. A tire according to claim 1 wherein a reinforcing layer of fabric made
      from synthetic fibres is disposed adjacent to and axially outwardly of the
      chafer strip.
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PAL  The measurement of a tire is displayed during rotation of the tire and
      buffing thereof by an apparatus and method in which a first train of
      electrical pulse signals are generated which characterize the rotational
      speed of the tire, a second train of electrical pulse signals are
      generated which characterize the linear surface speed of the crown surface
      of the tire which is being buffed, and the ratio of pulses in the two
      trains is displayed as indicative of a measurement of the tire.
BSUM
PAR  Many industrial processes and apparatus used in such processes provide for
      removing material from an annular outer surface of a workpiece, such as by
      abrasion. In many of such processes and apparatus, the diameter of the
      workpiece is of importance. One primary example of such apparatus and
      processes occurs in the tire retreading industry, where previously used
      tire carcasses are prepared for renewal by the removal of tread material
      from a peripheral crown surface of the tire.
PAR  By way of example, the retreading of a tire through use of any method by
      which the tire carcass is enclosed within a substantially rigid mole
      requires that both the dimensions of the mold and the dimensions of the
      tire carcass be carefully determined. This is necessary in order to assure
      that the proper quantity of rubber for retreading is applied to the tire
      carcass, in correlation with the space available between the tire carcass
      and the enclosing member. The necessity for accurate determination of the
      dimensions of a buffed tire carcass has become of increasing importance
      with the spreading use of tire carcasses of belted radial construction, as
      such carcasses have more limited capability of accommodating improperly
      coordinated dimensions.
PAR  Heretofore, the practices and apparatus used in determining the diametrical
      measurement of a workpiece, such as a tire being buffed, have varied with
      the particular industrial process but have typically involved physical
      measurement. By way of example, a machinist operating a machine tool
      typically will interrupt operation of the tool from time to time in order
      to apply a manual caliper to the workpiece. In the specific instance of a
      tire being buffed, it has been conventional practice to interrupt the
      buffing operation and apply to the circumference of the peripheral crown
      surface of a tire a tape calibrated to measure diameter.
PAR  It has been found that such procedures and apparatus, typical of careful
      craftsmanship, may achieve acceptable results if properly applied.
      However, actual practice in many instances falls far short of the required
      level of skill, with resultant difficulty in subsequent manufacturing
      processes. In particular, most operators of buffing machines in tire
      retreading shops come very quickly to rely on estimations of diameter made
      by eye, with subsequent difficulty in proper bonding of retread materials.
PAR  With the above discussion in mind, it is an object of the present invention
      to display digitally a measurement of a tire during the time that material
      is being removed from the crown surface of the tire. In realizing this
      object of the present invention, two trains of electrical pulse signals
      are generated, one of which characterizes the rotational speed of the tire
      and the other of which characterizes the linear surface speed of the crown
      surface from which rubber is being removed. The signals thus generated are
      then ratioed one against the other to determine a digital value which is
      displayed as indicative of a measurement of the tire.
PAR  It is a further object of this invention to permit the operator of a tire
      buffing apparatus to operate the apparatus in accordance with a method by
      which the measurement of a tire being buffed is displayed simultaneously
      with the process of buffing. By realizing this object of the present
      invention, an operator may be instructed as to a particular digital value
      of diameter to which tires of a given size are to be buffed and may then
      readily follow such instructions. By this means, work assignment for a
      tire buffer operator is simplified.
PAR  Yet a further object of this invention is the provision of an accessory
      arrangement applicable to existing tire buffing apparatus by which a first
      signal generating means is operatively connected with a shaft means which
      mounts a tire for rotation during buffing, a second signal generating
      means is operatively driven from the moving peripheral crown surface of
      the tire being buffed, pulses derived from the first signal generating
      means are counted to establish a period for diametrical measurement, and
      pulses originating for the second signal generating means are counted
      during the time required to count a predetermined number of first signal
      pulses and then are displayed as indicative of the diameter of the tire
      being buffed.
DRWD
PAR  Some of the objects of the invention having been stated, other objects will
      appear as the description proceeds, when taken in connection with the
      accompanying drawings, in which
PAR  FIG. 1 is a schematic perspective view of an apparatus in accordance with
      the present invention, including a block diagram representative of certain
      circuit means;
PAR  FIG. 2 is an enlarged scale sectional view of a signal generating device
      incorporated in the present invention;
PAR  FIG. 3 is a partly schematic perspective view of the device of FIG. 2; and
PAR  FIG. 4 is an electrical circuit diagram of circuit elements shown in block
      form in FIG. 1.
DETD
PAR  While the method and apparatus of the present invention will be described
      hereinafter with particular reference to the accompanying drawings and the
      environment of a tire buffing apparatus, it is to be understood at the
      outset of the following description that it is contemplated that this
      invention may be varied as to detailed specifics. Accordingly, the
      specific description now to be given is to be understood only as
      describing the best mode and use of the present invention contemplated at
      the time of this application, and is not to be taken as limiting upon the
      scope of this invention.
PAR  Referring now more particularly to the drawings, a tire buffing apparatus
      is there shown and generally indicated at 10. The apparatus 10 includes a
      shaft 11 for mounting a previously used tire carcass 12 for rotation
      during buffing of a peripheral crown surface 14 by a buffing wheel or rasp
      15. In the particular apparatus shown, the rasp 15 is mounted on a driven
      shaft 16 which is generally parallel to the tire mounting shaft 11 and
      spaced therefrom. However, it will be recognized by persons knowledgeable
      in the art of tire buffing apparatus that many alternate arrangements are
      possible. Many of such alternate arrangements are illustrated in
      previously issued patents, to which the interested reader is referred. It
      is contemplated that the present invention may be applicable to any such
      apparatus known from prior patents or developed hereafter.
PAR  In accordance with this invention, a first signal generating means 20 is
      operatively connected with the tire mounting shaft 11 for generating a
      train of electrical pulses which characterize the rotational speed of the
      tire being buffed. The details of the first signal generating means 20
      will be described more fully hereinafter.
PAR  In further accordance with the present invention, a second signal
      generating means 30 is operatively associated with the peripheral crown
      surface 14 of the tire 11 for generating a train of electrical pulses
      which characterize the linear surface speed of that surface during
      rotation of the tire. As with the first signal generating means, the
      specific structure of the second signal generating means 30 will be
      described more fully hereinafter.
PAR  It will be understood that, during operation of the apparatus of this
      invention and in accordance with the method of this invention, the first
      and second signal generating means 20, 30 function simultaneously.
PAR  Referring now more particularly to the first signal generating means 20,
      that means includes a rotating disk member 21 of transparent or
      translucent material bearing a number of generally radially directed lines
      thereon. Positioned to one side of the disk member 21 is an appropriate
      light source 22, with a photosensitive electrical device 24 being disposed
      on the opposite side of the disk member 21. Between the photosensitive
      device 24 and the disk member 21 is positioned a transparent or
      translucent line member 25. Due to this arrangement, light from the light
      source 22 impinging on the photosensitive device 24 is modulated by
      rotation of the disk member 21 and the generation of a moire pattern with
      relative movement of the lines on the disk member 21 and the line member
      25. Rotation of the disk member 21 is coordinated through rotation of the
      tire mounting shaft 11 by means of a disk shaft 26, driven and drive
      pulleys 28, 29 and a drive belt 31 extending therebetween.
PAR  Inasmuch as the construction and arrangement of the second signal
      generating means 30 is generally similar to the construction and
      arrangement of the first signal generating signal means 20, it is not
      believed necessary or desirable to repeat at length the above description.
      Instead, it is believed sufficient to note that the disk member of the
      second signal generating means 30 is driven in coordination with the
      linear surface speed of the peripheral crown surface 14 of the tire 12
      being buffed by means of a surface engaging roller 34. As will be
      understood, it is desirable that the apparatus will provide means for
      biasing the roller 34 against the surface 14 of the tire, centrally of the
      width of that surface. Perferably, this biasing means is arranged for
      coordination with operation of the buffing apparatus 10, to withdraw the
      roller 34 from engagement with the tire during mounting and demounting of
      the tire, while maintaining engagement of the roller 34 with the tire
      during the buffing process.
PAR  The trains of electrical pulses which are simultaneously generated by the
      first and second signal generating means 20, 30 are delivered to circuit
      means generally indicated in FIG. 1 at 40 and electrically connected with
      the signal generating means 20, 30. The circuit means 40 performs the
      function of displaying the ratio of the number of pulses in one train to
      the number of pulses in the other train as indicative of the measurement
      of the tire being buffed. The manner in which this function is achieved
      may be more clearly understood from more detailed description of the block
      diagram presented in FIG. 1 and the detailed circuitry of FIG. 4.
PAR  More particularly, pulses originating with the photosensitive devices of
      the signal generating means 20, 30 are shaped to a predetermined generally
      uniform characteristic before leaving the generating means. The shaped
      pulses thus delivered from the first signal generating means 20 are passed
      to a period counter 41 and associated memory devices as described more
      fully hereinafter. The period counter 41 controls operation of a gate
      device 42, which in turn controls the admission of pulses from the second
      signal generating means 30 to a diameter counter 44 and associated memory
      devices as described more fully hereinafter. By this coordination, a
      method is accommodated in which a predetermined number of pulses in the
      first signal train are counted, the number of pulses which occur in the
      second pulse train during the period required to count the predetermined
      number of first train pulses is counted, and the number of second train
      pulses counted during the period is then displayed digitally. This digit
      display is indicative of the diameter of the tire being buffed, as
      described more fully hereinafter.
PAR  Referring now to the more detailed circuit diagrams set forth in the
      accompanying drawings, the period counter 41 includes a plurality of large
      scale integrated circuit devices 50, preferably of the type identified as
      7490, arranged as a counter capable of receiving a predetermined count.
      The counter devices 50 are additionally connected with large scale
      integrated circuit devices 51 arranged to operate as bi-stable
      multivibrators or flip-flops. The function of the flip-flop devices 51,
      which preferably are of the type known as 7474, is to control successive
      cycles of counting the desired predetermined number of counts in the
      counter devices 50, while also controlling the gate device 42. The gate
      device 42 preferably is a portion of an integrated circuit device of the
      type known as 7400.
PAR  The coordinated operation of the flip-flop devices 51, counter devices 50
      and the gate device 42 is such that successive cycles of counting a
      desired predetermined number occur. That is, as the period counter 41
      becomes filled by counting the predetermined number of pulses originating
      from the first signal generating means 20, the flip-flop devices 51 change
      state to block passage of pulses from the second signal generating means
      30 through the gate device 42 and emit a latch enable signal referred
      hereinafter. Immediately thereafter, the gate device 42 is reopened to
      again permit passage of signals from the second signal generating means
      30.
PAR  The diameter counter 44 and associated display includes a plurality of
      large scale integrated circuit devices 54 functioning as counter devices
      and preferably of type 7490. Additionally, a plurality of large scale
      integrated circuit devices 55, preferably type 7475, function as by-stable
      multivibrators or flip-flops and provide a shift register or memory
      feature. The memory flip-flop devices 55 are operatively connected with an
      appropriate digital display such as light emitting diode devices, in order
      to display digitally and for ready comprehension the count accumulated in
      the diameter counter within any given period.
PAR  More particularly, the memory flip-flop devices 55 are operatively
      connected to receive the latch enable signal emitted from the flip-flop
      devices 51 of the period counter 41. On receipt of such a latch enable
      signal, the flip-flop devices 55 are set in a condition representative of
      the count then accumulated in the counter devices 54, during the interval
      that the passage of pulses from the second generating means 30 through the
      gate device 42 is precluded. In so setting the memory flip-flop devices
      55, any previous indication retained therein is cleared and the associated
      display devices change (if necessary) to indicate the new information
      retained in the memory flip-flop devices. Immediately thereafter, the
      counter devices 54 are cleared in order that a new accumulation in the
      diameter counter 44 may begin.
PAR  In one operating embodiment of this invention, the signal generating
      devices 20, 30 have been constructed to emit a train of 200 pulses for
      each single revolution of the disc members disposed therewithin. Further,
      the driven and drive pulleys 28, 29 used in conjunction with the first
      signal generating means 20 have been selected in such a manner as to
      provide a 5 to 1 ratio, resulting in emission of a train of 1000 pulses
      for each single revolution of the tire mounting shaft 11. The surface
      contacting roller 34 of the second signal generating means 30 has been
      selected to have a diameter of 2 inches. The resulting mathematical effect
      is that the ratio of pulses in the second pulse train to 1000 pulses in
      the first pulse train is a direct digital equivalent to the diameter of
      the crown surface 14 of the tire 12, measured in inches to one-hundredth
      of an inch. Thus, the display of the ratio, achieved by accumulating 1000
      counts in the period counter 41, directly displays the diameter in inches
      and hundredths of the tire being buffed.
PAR  While such operation is desirable where rotational loads cause fluctuations
      in the rotational speed of the tire or workpiece, it will be recognized
      that generation of a known frequency of pulses may suffice for the first
      pulse train where accuracy of rotational speed is otherwise assured.
PAR  In the drawings and specification, there has been set forth a preferred
      embodiment of the invention, and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In an apparatus for preparing a previously used pneumatic rubber tire
      for retreading and having
PA1  driven shaft means for mounting a tire and for rotating the tire during
      removal of rubber therefrom, and
PA1  means mounted in spaced relation to said shaft means for engaging a
      peripheral crown surface of a tire mounted thereon and for removing rubber
      therefrom during rotation of the tire,
PA1  an arrangement for measuring a physical dimension of a tire during removal
      of rubber therefrom and comprising:
PA1  first signal generating means for generating a train of electrical pulses
      characterizing the rotational speed of the tire being buffed,
PA1  second signal generating means for generating a train of electrical pulses
      characterizing the linear surface speed of the peripheral crown surface of
      the tire being buffed, and
PA1  circuit means electrically connected with said first and second signal
      generating means for receiving said pulse trains and for displaying a
      ratio of a number of pulses in one train to a number of pulses in the
      other train as indicative of a physical dimension of the tire being
      buffed.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said circuit means comprises:
PA1  period counter means electrically connected with said first signal
      generating means for receiving said first pulse train and for counting
      pulses in said first pulse train,
PA1  diameter counter means electrically connected with said second signal
      generating means for receiving said second pulse train and for counting
      pulses in said second pulse train, and
PA1  gate means electrically connected with said period counter means and
      operatively interposed between said diameter counter means and said second
      signal generating means for controllably determining the period during
      which pulses in said second pulse train are counted in response to the
      counting of pulses in said first pulse train.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said circuit means comprises
      memory means for receiving coded information indicative of a numerical
      value of the diameter of the tire and for retaining such coded information
      and numerical display means operatively connected with said memory means
      for displaying digits corresponding to the numerical value of diameter
      retained in said memory means.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein each of said first and second
      signal generating means comprises driven shaft means mounted for being
      driven in rotation by a corresponding one of said shaft means for mounting
      the tire and said peripheral crown surface of the tire, disc means mounted
      on said driven shaft means for rotation therewith and having radially
      spaced indicia means, and sensor means mounted adjacent said disc means
      and responsive to movement of said indicia means for generating a train of
      electrical pulses.
NUM  5.
PAR  5. A method of displaying a diametrical measurement of a tire during
      rotation thereof about a mounting shaft and buffing of the peripheral
      crown surface of the tire, the method comprising the steps of:
PA1  buffing a peripheral crown surface of a tire, while
PA1  generating a first train of electrical pulse signals characterizing the
      rotational speed of the tire about the mounting shaft, while
      simultaneously
PA1  generating a second train of electrical pulse signals characterizing the
      linear surface speed of the peripheral crown surface, and
PA1  receiving the simultaneous first and second pulse trains while displaying
      the ratio of pulses in the second train to pulses in the first train as
      indicative of the diameter of the tire.
NUM  6.
PAR  6. A method of displaying the diametrical measurement of a tire during
      rotation thereof about a mounting shaft and buffing of the peripheral
      crown surface of the tire, the method comprising the steps of:
PA1  generating a first train of electrical pulse signals characterizing the
      rotational speed of the tire about the mounting shaft, while
      simultaneously
PA1  generating a second train of electrical pulse signals characterizing the
      linear surface speed of the peripheral crown surface,
PA1  counting pulses in said first pulse train and determining a period during
      which a predetermined number of first train pulses are counted,
PA1  opening a gate in response to initiation of the period for counting first
      train pulses,
PA1  closing the gate on termination of the period for counting of first train
      pulses,
PA1  counting pulses in the second pulse train during the period that the gate
      is open,
PA1  registering in a memory the number of second train pulses counted during
      the period that the gate is open and retaining the registered count during
      a next subsequent counting period, and
PA1  displaying digits corresponding to the numerical count retained in the
      memory and indicative of the diameter of the tire.
NUM  7.
PAR  7. A method of displaying a measurement of a tire during rotation thereof
      about a mounting shaft and buffing of the peripheral crown surface of the
      tire, the method comprising the steps of:
PA1  generating a first train of electrical pulse signals characterizing the
      rotational speed of the tire about the mounting shaft, while
      simultaneously
PA1  generating a second train of electrical pulse signals characterizing the
      linear surface speed of the peripheral crown surface,
PA1  counting pulses in said first pulse train and determining a period during
      which a predetermined number of first train pulses are counted,
PA1  opening a gate in response to initiation of the period for counting first
      train pulses,
PA1  closing the gate on termination of the period for counting of first train
      pulses,
PA1  counting pulses in the second pulse train during the period that the gate
      is open,
PA1  registering in a memory the number of second train pulses counted during
      the period that the gate is open and retaining the registered count during
      a next subsequent counting period, and
PA1  displaying digits corresponding to the numerical count retained in the
      memory.
NUM  8.
PAR  8. In an apparatus for preparing a previously used pneumatic rubber tire
      for retreading and having driven shaft means for mounting a tire and for
      rotating the tire during removal of rubber therefrom, and
PA1  means mounted in spaced relation to said shaft means for engaging a
      peripheral crown surface of a tire mounted thereon and for removing rubber
      therefrom during rotation of the tire,
PA1  an arrangement for measuring the diameter of a tire during removal of
      rubber therefrom and comprising:
PA1  first signal generating means for generating a train of electrical pulses
      characterizing the rotational speed of the tire being buffed,
PA1  second signal generating means for generating a train of electrical pulses
      characterizing the linear surface speed of the peripheral crown surface of
      the tire being buffed, and
PA1  circuit means electrically connected with said first and second signal
      generating means for receiving said pulse trains and for displaying the
      ratio of the number of pulses in one train to the number of pulses in the
      other train as indicative of the diameter of the tire being buffed.
NUM  9.
PAR  9. In an apparatus for preparing a previously used pneumatic rubber tire
      for retreading and having
PA1  driven shaft means for mounting a tire and for rotating the tire during
      removal of rubber therefrom, and
PA1  means mounted in spaced relation to said shaft means for engaging a
      peripheral crown surface of a tire mounted thereon and for removing rubber
      therefrom during rotation of the tire,
PA1  an arrangement for measuring a physical dimension of a tire during removal
      of rubber therefrom and comprising:
PA1  first signal generating means for generating a first train of electrical
      pulses characterizing the rotational speed of a tire,
PA1  second signal generating means operatively engaging the peripheral crown
      surface of the tire for generating a second train of electrical pulses
      characterizing the linear surface speed of the peripheral crown surface,
PA1  period counter means electrically connected with said first signal
      generating means for receiving said first pulse train and for counting
      pulses in said first pulse train,
PA1  dimension counter means electrically connected with said second signal
      generating means for receiving said second pulse train and for counting
      pulses in said second pulse train,
PA1  gate means electrically connected with said period counter means and
      operatively interposed between said dimension counter means and said
      second signal generating means for controllably determining a period
      during which pulses in said second pulse train are counted in response to
      the counting of pulses in said first pulse train,
PA1  memory means electrically connected with said dimension counter means for
      receiving therefrom the count accumulated during said counting period and
      for retaining such count during a next subsequent counting period, and
PA1  numerical display means operatively connected with said memory means for
      displaying digits corresponding to the numerical count retained in said
      memory means and indicative of a physical dimension of the tire.
NUM  10.
PAR  10. In an apparatus for preparing a previously used pneumatic rubber tire
      for retreading and having
PA1  driven shaft means for mounting tire and for rotating the tire during
      removal of rubber therefrom, and
PA1  means mounted in spaced relation to said shaft means for engaging a
      peripheral crown surface of a tire mounted thereon and for removing rubber
      therefrom during rotation of the tire,
PA1  an arrangement for measuring the diameter of a tire during removal of
      rubber therefrom and comprising:
PA1  first signal generating means for generating a first train of electrical
      pulses characterizing the rotational speed of the tire,
PA1  second signal generating means operatively engaging the peripheral crown
      surface of the tire for generating a second train of electrical pulses
      characterizing the linear surface speed of the peripheral crown surface,
PA1  period counter means electrically connected with said first signal
      generating means for receiving said first pulse train and for counting
      pulses in said first pulse train,
PA1  diameter counter means electrically connected with said second signal
      generating means for receiving said second pulse train and for counting
      pulses in said second pulse train,
PA1  gate means electrically connected with said period counter means and
      operatively interposed between said diameter counter means and said second
      signal generating means for controllably determining a period during which
      pulses in said second pulse train are counted in response to the counting
      of pulses in said first pulse train,
PA1  memory means electrically connected with said diameter counter means for
      receiving therefrom the count accumulated during said counting period and
      for retaining such count during a next subsequent counting period, and
PA1  numerical display means operatively connected with said memory means for
      displaying digits corresponding to the numerical count retained in said
      memory means and indicative of the diameter of the tire.
NUM  11.
PAR  11. A method of displaying a measurement of a tire during rotation thereof
      about a mounting shaft and buffing of the peripheral crown surface of the
      tire, the method comprising the steps of:
PA1  buffing a peripheral crown surface of a tire, while
PA1  generating a first train of electrical pulse signals characterizing the
      rotational speed of the tire about the mounting shaft, while
      simultaneously
PA1  generating a second train of electrical pulse signals characterizing the
      linear surface speed of the peripheral crown surface, and
PA1  receiving the simultaneous first and second pulse trains while displaying
      the ratio of pulses in the second train to pulses in the first train as
      indicative of a physical dimension of the tire.
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ABST
PAL  A folding blade damper comprising a rectangular frame and an assembly of
      blades hingedly interconnected along longitudinal marginal edges by
      tubular hinge elements. A spring is interposed between each interconnected
      pair of blades to resiliently urge the blades from a folded to an unfolded
      flow blocking position across the frame. The spring comprises a flat
      member having an arcuate portion generally coaxially of the tubular hinge
      elements and oppositely extending arms in overlying engagement with
      adjacent blades with fingers extending over an edge of a respective blade
      to engage the opposite face thereof and cooperate with the arms to
      resiliently and removably secure the spring to said blades whereby the
      arcuate portion is contracted upon folding of said pair of blades and then
      exerts a torque urging the connected blades to unfolded position.
BSUM
PAR  This invention relates to closures, and more particularly to a folding
      blade closure such as a fire damper or the like.
PAR  Closures of this type conventionally comprise an assembly of hingedly
      interconnected blades which are normally disposed in a folded, standby
      position adjacent one side of a rigid, rectangular, peripherally extending
      frame. The unit may be interposed in an air duct or the like for closing
      the duct in the event of a fire. In such case, the folded assembly is
      conventionally held in such standby position by a destructible device
      which may include a temperature fusible link. When the heat melts the
      link, the assembly is expected to automatically move to its flow blocking
      position.
PAR  When the frame can be mounted vertically across a generally horizontally
      extending duct or passage, gravity may often be relied upon for unfolding
      the blades of the assembly. When, however, the unit must be installed in a
      horizontal position as is necessary for protecting a vertical shaft,
      auxiliary springs are necessary for motivating the blade assembly across
      the frame opening upon destruction of the temperature sensitive device.
PAR  Dampers of this type are installed as safety precautionary measures, and
      must be capable of reliable performance even after long periods of
      inactivity. Heretofore, tension springs have been attached to the end
      blade of the assembly for pulling the closure across the frame upon
      melting of the fusible link, but such springs may become fouled or
      otherwise become ineffective after long periods of inactivity. Torsion
      springs having elongate portions extending into the tubular hinge element,
      as illustrated in the Root U.S. Pat. No. 3,525,378, issued Aug. 25, 1970,
      provided a more reliable damper structure than those using the tension
      spring. The present invention is an improvement on the structure of U.S.
      Pat. No. 3,525,378 to provide a structure more economical to manufacture
      with even higher degree of reliability.
PAR  The principal objects of the present invention are: to provide a closure
      unit having novel springs carried by the blades of the closure and
      operative when called upon to move the blades to the flow blocking
      position without any interference with the operation; to provide such a
      closure unit wherein the springs are on the outside of the blades and out
      of the path of any part of the blades; to provide such a structure wherein
      the springs are formed from flat material, economically manufactured and
      easily installed and replaced in the damper assemblies; to provide such a
      structure in which the blade operating springs occupy a minimum of space
      in the assembled unit and to not interfere with or vibrate as a result of
      flow of fluid through the open unit; to provide such a structure with
      springs which are made from commercially available materials and
      relatively invulnerable to corrosion and retain their effectiveness during
      the relatively long periods of standby service; to provide such a spring
      structure which may be readily installed on any of a number of
      conventional fire damper units having a wide variety of blade
      configurations; and to provide such a closure structure and springs which
      is ecomonical to manufacture, efficient in use and capable of long
      operating life and particularly well adapted for the proposed use.
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings wherein are set forth, by way of illustration and example,
      certain embodiments of this invention.
DRWD
PAR  The drawings constitute a part of this specification and include exemplary
      embodiments of the present invention and illustrate various objects and
      features of the apparatus.
PAR  FIG. 1 is a fragmentary, vertical cross-sectional view through a fire
      damper illustrating the blade assembly in elevation and in its standby
      position.
PAR  FIG. 2 is a view similar to FIG. 1, but showing the blade assembly in its
      closed position.
PAR  FIG. 3 is a fragmentary, horizontal cross-sectional view taken along the
      line 3--3 of FIG. 2.
PAR  FIG. 4 is a fragmentary perspective view of a pair of interconnected blades
      and showing a spring installed thereon.
PAR  FIG. 5 is a sectional view through a spring and blade taken on the line
      5--5, FIG. 4.
DETD
PAR  Referring more in detail to the drawings:
PAR  As required, detailed embodiments of the present invention are disclosed
      herein, however, it is to be understood that the disclosed embodiments are
      merely exemplary of the invention which may be embodied in various forms.
      Therefore, specific structural and functional details disclosed herein are
      not to be interpreted as limiting, but merely as a basis for the claims
      and as a representative basis for teaching one skilled in the art to
      variously employ the present invention in virtually any appropriately
      detailed structure.
PAR  Referring initially to FIGS. 1, 2 and 3, the illustrated structure has a
      closure 1 in the nature of a fire damper having a frame 2 and blade
      assembly 3 which are substantially of the structure illustrated in U.S.
      Pat. No. 3,525,378. The closure 1 is provided with a generally rectangular
      peripherally extending frame 2 which is constructed from an initially flat
      band 4 of material such as sheet metal. The outermost marginal edge of the
      band 4 is bent back upon itself to present a rim 5 for the frame 2. The
      end portion 6 of the edge margin of the band 4 is then bent inwardly
      normal to the main plane of the band 4 to present an integral stiffening
      rib for the frame.
PAR  The blade assembly 3 comprises a plurality of identical blades 7 mounted
      within the frame 2. Each blade 7 is provided with a relatively large
      generally tubular hinge element 8 on one marginal edge thereof and a
      somewhat smaller, generally tubular hinge element 9 on the opposite
      marginal edge thereof. The hinge element 9 of one blade 7 is partially
      telescoped within the hinge element 8 of the next adjacent blade 7 to
      provide a tubular hinge 10 between each pair of adjacent blades 7 of the
      assembly 3. Mounting means in the nature of a blade 11 having its hinge
      element 8 removed, is rigidly secured along one side of the frame 2 and
      extends downwardly at an angle as illustrated in FIGS. 1 and 2. The hinge
      element 8 of the uppermost blade 7 of assembly 3 is hingedly secured to
      blade 11 to permit articulation of each of the blades 7 as will be
      hereinafter described.
PAR  Referring to FIG. 1, it may be seen that the longitudinally extending
      blades 7 may be reversely folded upon one another to positions generally
      as illustrated in FIG. 1 wherein the assembly 3 is compactly positioned
      adjacent one side of the frame 2. Manifestly, relatively uninhibited flow
      of fluid is thereby permitted through frame 2. It is contemplated that
      frame 2 will be installed in a duct or ventilation shaft or the like.
PAR  Referring to FIGS. 4 and 5 in conjunction with FIGS. 1, 2 and 3, the spring
      12 is provided between the respective blades 7 for urging the blades from
      the folded position thereof as illustrated in FIG. 1 to the unfolded
      position as illustrated in FIG. 2. Each spring 12 may be constructed from
      an initially flat strip or sheet of suitable spring material, such as
      stainless steel, that is cut and bent to present an arcuate central
      portion 13 terminating at its ends in opposed arm structures 14 adapted to
      engage surfaces 15 adjacent end edges 16 of the respective blades 7
      interconnected by the hinge 10.
PAR  The arm structures 14 each include elongate portions 17 that are
      substantially flat or otherwise adapted to engage a stretch of the blade
      surface 15 extending from the hinge 10 of respective connected blades 7.
      Each arm structure 14 is provided with fastening means 18 to secure the
      arm structure to the respective blades 7. In the illustrated structure,
      each elongate portion 17 has a laterally extending member 19 provided with
      a reverse bend 20 to form a finger 21 that is biased toward the elongate
      portion 17 to cooperate therewith in gripping the blade 7. It is noted
      that the arcuate central portion 13 is generally coaxially of the
      respective tubular hinge 10 with the elongate portions 17 of the
      respective arm structure engaging blade surfaces 15 adjacent the
      respective hinge and also adjacent the blade end edges 16 whereby the
      laterally extending member 19 and the bend therein extend over the edge
      with the finger 21 engaging the blade surfaces 22 which in the illustrated
      structure are the adjacent surfaces of respective hingedly connected
      blades when the blades are in folded position. This arrangement positions
      the arcuate central portion 13 and flat portions 17 of the spring on the
      outside of the folded blades. The structure provides for the spring 12 to
      be arranged at the ends of the hingedly connected blades and the spring
      then to be moved longitudinally of the hinge to move the spring onto the
      blades with the elongate portions 17 and fingers 21 engaging the blade
      surfaces 15 and 22 respectively with a resilient gripping action to
      removably secure the spring relative to the respective blades. It is
      preferred that in the manufacture of the spring, the opposed elongate
      portions extend from the ends of the arcuate portions 13 in a
      substantially coplanar relation so that when mounted in the damper
      structure, the portions 17 of each spring 12 extend in opposite directions
      and serve to bias the respective blades of a hinged together pair thereof
      into the unfolded position as illustrated in FIG. 2.
PAR  The blade assembly 3 provided with the springs 12 at the respective hinge
      connections 10 may be held in the folded position by a conventional
      temperature sensitive device such as a circumscribing band 23 having a
      temperature fusible link 24 interposed therein. It is contemplated that a
      spring 12 will be provided for each end of each hinge joint 10 to balance
      the forces tending to swing the blade to the unfolded position and to
      avoid any possibility of binding. It will be obvious, however, to those
      skilled in the art that it is not absolutely necessary that each of the
      hinge joints be provided with a spring 12. Rather, only sufficient hinge
      joints may be provided with springs as is necessary to impart a thrust to
      the blade capable of shifting the same to the unfolded position. When the
      fire damper is to be installed in a horizontal position, more spring
      energy will be required for closing the blade assembly than is necessary
      when the damper is installed in a vertical position wherein gravity may be
      relied upon for moving the blades.
PAR  The springs 12 and the mounting thereof on the respective blades are such
      that elongate portions 17 are substantially rigid members at the end of
      the arcuate portion and the folding of the blade to the position shown in
      FIG. 1 provides a winding action contracting the arcuate portion and
      storing energy that is delivered as torque returning the blades to the
      unfolded position when they are released. The springs are formed of
      material having suitable thickness and of a width to provide the necessary
      torque to unfold the blades.
PAR  The folding of the blades, as illustrated in FIG. 1, results in contracting
      of the arcuate central portion 13 to a position generally as illustrated
      in FIG. 1. This bending stores energy in the spring which is released upon
      the separation of the link 24 and the springs immediately unfold the
      respective blades whereby the closure panel provided by the articulated
      blade assembly 3 springs across the opening within the confines of the
      frame 2. The inwardly projecting portions or ribs 6 on each side of the
      frame 2 provide a channel 25 therebetween to guide the blades in the
      unfolding movement. A bracket 26 secured on a pair of sides of the frame 2
      adjacent the ends thereof remote from the blade 11 includes an upwardly
      extending hook portion 27 and a downwardly inclined ramp portion 28 angled
      in the direction of the hook portion 27.
PAR  The lower most hinge element 9 of the end blade 7 contacts the ramp 28 and
      the hinge element 9 sides along the ramp to the position illustrated in
      FIG. 2. This position brings proximal face of the end blade 7 in
      engagement with the hook portion 27 and prevents opening of the closure
      provided by the unfolded assembly 3. The proximal spring 12 has a tendency
      to bias a lowermost blade 7 into a angled position with respect to the
      next adjacent blade 7 rather than to a position where the blades are
      aligned so that any upward movement of the lower blade 7 will cause the
      hinge element 9 thereof to engage the hook portion 27.
PAR  In the structure illustrated, the springs 12 have edges 29 adapted to be
      positioned adjacent the end edges 16 of the blade with opposed edges 30
      spaced therefrom. The ends of the finger 21 extend beyond the spring edges
      30 with the fingers normally inclined from the bend 20 toward the edge 30
      of the elongate portion 17 whereby the elongate portion and finger end
      must be spread to apply same to the blade, biasing the finger toward the
      elongate portion and forming a resilient gripping of the blade to hold the
      springs thereon. The arrangement of the springs is such that the arcuate
      central portion partially encircles the tubular hinge and is on the
      outside of the connected blades unfolded thereby being out of the path of
      any part of the damper blades when moving from a folded to an unfolded
      position.
PAR  The engagement of the elongate arm portion and the fingers with the
      connected blades is adjacent end edges of said blades and the end edges
      are engaged by the reversed bend 20 of the member 19 so the mounting of
      the spring on the respective blade tends to hold the blades in proper
      alignment by preventing relative movement of one blade longitudinally of
      the other.
PAR  In use, the damper structure and arrangement of the springs relative to the
      blades, the springs are easily installed and replaced, if necessary, as
      they are put on from the end with no portion thereof in the connecting
      portions of the damper blade.
PAR  It is to be understood that while I have illustrated and described certain
      forms of my invention, it is not to be limited to the specific forms or
      arrangement of parts herein described and shown.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. In a closure comprising a plurality of elongated blades, each blade
      being hingedly connected along a marginal edge to the adjacent blade for
      swinging movement between a folded position lying generally along said
      adjacent blade, to an unfolded position disposed generally in extension of
      said adjacent blade, spring means for urging a pair of said blades into
      said unfolded position, said spring means comprising:
PA1  a. a spring member having an arcuate central portion with arm structures
      extending therefrom, each arm structure being generally flat and extending
      normally in the opposite direction from the other arm structure with the
      arcuate portion being generally coaxial of a hinge connection of said pair
      of blades and spaced outwardly thereof and each arm structure being in
      overlying engagement with outer side surfaces of its corresponding blade
      of its pair and having means removably and frictionally engaging said
      corresponding blade in radially spaced relation from an axis of swinging
      movement between said pair of blades for securing the respective arm to
      said corresponding blade;
PA1  b. said arcuate central portion being a torsion element whereby contracting
      thereof upon folding of said pair of blades biases said arm structures in
      directions to return said blades to said unfolded position.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 wherein:
PA1  a. each arm structure has a U-shaped portion extending over an end edge of
      a respective blade and resiliently gripping opposed surface portions
      thereof to secure the spring member thereto.
NUM  3.
PAR  3. Apparatus as set forth in claim 2 wherein:
PA1  a. a said spring member is provided for each end of the hinge connection
      for a pair of blades.
NUM  4.
PAR  4. Apparatus as set forth in claim 1 wherein:
PA1  a. said blades are interconnected by a tubular hinge;
PA1  b. said spring member is a flat spring with said arcuate central portion
      being curved on a radius larger than the tubular hinge and positioned
      exteriorly thereof.
NUM  5.
PAR  5. Apparatus as set forth in claim 4 wherein:
PA1  a. said blades have opposed side surfaces;
PA1  b. each arm structure has a portion engaging a corresponding blade on a
      side surface thereof that is outwardly when the blades are in folded
      position;
PA1  c. each arm structure is provided with a finger extending therefrom over an
      end edge of the blade and engages the other side surface of the blade,
      said finger and arm cooperating to grip the blade therebetween to secure
      the spring member thereto.
NUM  6.
PAR  6. Apparatus as set forth in claim 5 wherein:
PA1  a. each arm and finger thereof forms a U-shaped structure with a bight
      thereof engaging an end edge of the respective blade and retaining the
      blades of said pair against relative longitudinal movement.
NUM  7.
PAR  7. A closure comprising, in combination:
PA1  a. a rigid rectangular frame including spaced apart frame side members;
PA1  b. a plurality of elongated blades, said blades extending between the side
      members with each side member disposed adjacent the corresponding ends of
      the blades;
PA1  c. tubular hinge means carried by adjacent marginal edges of said blades
      for interconnecting each blade with an adjacent blade for folding of said
      interconnected pair of blades along the axes of said hinge means;
PA1  d. torsion spring means for each hinge means respectively, each spring
      means including a flat member with a central portion bent in an arcuate
      curve extending over a portion of said tubular hinge means to present
      elongated arms extending from the central portion, each normally in the
      opposite direction from the other arm, said arms being generally flat and
      in overlying engagement with outer side surfaces of a pair of blades and
      adjacent an end edge of the respective blades;
PA1  e. fingers on said arms and extending laterally therefrom over an adjacent
      end edge of the respective blade and under said blade for engaging under
      side surfaces thereof and cooperating with the arm to grip the respective
      blade therebetween and removably secure the spring member to said pair of
      blades, said spring means being adapted to be applied to engaging the arms
      and fingers thereon with end edges of said pair of blades adjacent the
      respective hinge means and sliding same on to the blades;
PA1  f. said arcuate curved central portion being a torsion element generally
      coaxially of the axis of the respective tubular hinge means and spaced
      outwardly thereof, said torsion element being deflected by contraction as
      the respective blades are moved to folded position whereby it produces a
      force in the spring means urging the pair of blades toward unfolded
      position.
NUM  8.
PAR  8. A closure as set forth in claim 7 wherein:
PA1  a. said fingers of each spring having the portions thereof extending over
      said adjacent end edges of the hingedly interconnected blades in
      engagement of said end edges and cooperating to hold said blades against
      relative movement longitudinally of said tubular hinge means.
NUM  9.
PAR  9. A closure as set forth in claim 8 wherein:
PA1  a. a said torsion spring means is provided for each end of the hinge
      connection for a pair of blades.
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ABST
PAL  A sectional door such as a garage door of the type having a plurality of
      hingedly connected panels adapted to be pivoted relative to one another
      generally about interior edges of facing lateral ends during opening and
      closure of the door. One of each pair of facing ends of the panels is
      equipped with a first rail having a front wall and defining an interior
      pocket. The facing end of the adjacent panel is equipped with a second
      rail having an arcuate segment extending into the pocket of the first rail
      in overlapping relationship to the front wall thereof when the adjacent
      panels are in aligned orientation. When the adjacent panels are pivoted
      relative to one another generally about their interior edges, the arcuate
      segment of the second rail moves outward of the pocket of the first rail
      to span the angular gap formed between the facing ends of the adjacent
      panels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Garage doors and vehicle body doors are commonly formed of a plurality of
      horizontal sections or panels hingedly connected along horizontal axes.
      The door is mounted on a suitable track assembly for movement between a
      vertical, closed position closing the garage opening, and a horizontal,
      open position allowing access to the garage interior. The door is formed
      of a plurality of hinged panels to facilitate negotiation of the
      orientation change between the vertical and horizontal positions. In
      moving between the vertical and horizontal positions, a sizable angular
      gap is formed and then closed between facing ends of adjacent panels. The
      formation and closure of such a gap is a potential source of danger.
      Serious injury may result if a finger is captured in the gap when the door
      is being closed. Furthermore, the gap allows entry of rain, snow, dirt,
      and the like, which might impede operation of the door and obstruct the
      hinge mechanism. In the wintertime, the gap might permit ice formation
      between adjacent panels thus impeding operation of the door. Examples of
      this type of door structure are shown in U.S. Pat. Nos. 3,017,218;
      3,104,699 and 3,457,983.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a sectional door and a guard rail assembly
      generally for sectional doors and in particular for doors of the type
      having a plurality of horizontal panels hingedly connected for relative
      pivotal movement about a horizontal axis proximate an interior or pivoting
      edge of the panels. The guard rail assembly is assembled at the joint of
      facing lateral ends of adjacent panels. A first rail is assembled to the
      lateral end of a first panel, and is substantially coextensive with the
      breadth thereof. The first rail has a front wall constituting an extension
      of the side of the first panel opposite the interior edge proximate the
      pivoting axis. Behind the front wall, the first rail defines a pocket
      openly facing a second rail assembled to the facing lateral end of a
      second panel. An arcuate segment extends from the second rail into the
      pocket of the first rail. The arcuate segment has a contour in conformity
      with the path of travel of the lower end of the front wall of the first
      rail whereby upon pivotal movement of the first panel relative to the
      second panel, the arcuate segment spans the angular gap produced between
      the panel ends. The arcuate segment serves as a shield at the joint
      between the panels to prevent entry of a finger or foreign matter such as
      snow, sleet, dirt, or the like. In addition, the rails provide strength
      and rigidity to the door panels, allowing the material of the panels to be
      of economic, lightweight material. In a preferred embodiment, the panels
      are formed of an expanded foam plastic material covered on one side by a
      metal skin and on the other side by a layer of wood. Ribs attached to the
      guard rails extend into the expanded plastic material to secure the rails
      to the panels.
PAR  An object of the invention is to provide a sectional door having a
      plurality of hingedly connected panels and means to prevent entry of
      foreign matter at the panel joints during opening and closure of the door.
      A second object is to provide guard rails for such a door providing a
      shield at the juncture of adjacent panels to prohibit the entry of foreign
      matter. A further object of the invention is to provide such guard rails
      which provide strength and support to individual door panels. A yet
      further object of the invention is to provide such a sectional door having
      panels formed of expanded foam plastic material. Further objects of the
      invention will become apparent upon the following description.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a front elevational view of a garage door constructed according
      to the present invention assembled in a garage;
PAR  FIG. 2 is an enlarged sectional view of a portion of the garage door of
      FIG. 1 taken along the line 2--2 thereof;
PAR  FIG. 3 is an enlarged sectional view of a portion of the garage door of
      FIG. 1 taken along the line 3--3 thereof; and
PAR  FIG. 4 is an enlarged sectional view of the garage door of FIG. 1 taken
      along the line 4--4 thereof.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to the drawings, there is shown in FIG. 1 a garage door 10
      according to the present invention installed in the conventional opening
      11 of a garage 12. Garage door 10 is mounted on a suitable track assembly
      (not shown) within garage 12 for movement between a vertical closed
      position and a raised horizontal open position. Garage door 10 is
      comprised of a plurality of horizontal panels 14-17, vertically aligned
      when the door 10 is in the closed position. Adjacent panels are hingely
      connected to one another along the lateral ends thereof for relative
      rotation about a horizontal axis upon opening and closure of the door 10.
      As a panel approaches the top of garage opening 11, it must negotiate a
      90.degree. turn from a vertical to a horizontal position. During such a
      turn, an angular gap is formed between the lateral ends of adjacent
      panels. The panels 14-17 are equipped with guard rails of the present
      invention which close the angular gap to prohibit entry of foreign matter
      such as snow, dirt, rain, and the like. The guard rails of the present
      invention also prevent fingers from getting caught in the gap as the gap
      closes upon closure of the door.
PAR  Referring to FIG. 2, there are shown adjacent panels 14, 15 of door 10
      having facing lateral ends 19, 20 equipped with a guard rail assembly of
      the invention, indicated generally at 21. Door panel 14 has a core 22 of
      an expanded plastic foam material such as polyurethane or polystyrene, or
      the like. The thermoplastic foam is economical, durable and thermally
      insulative. An outer skin 23 of metal or the like is adhered to the front
      of core 22 to provide protection against the elements. The inner side of
      core 22 of door panel 14 is covered by an expanse of rigid material such
      as a layer 25 of wood to add rigidity to the core 22 and provide a measure
      of protection. Panel 15, and likewise the remaining panels, also include a
      core 22 of expanded plastic foam material with an outer protective skin 23
      preferably of metal or the like and an inner expanse comprised of a layer
      of supportive material such as wood.
PAR  Rail assembly 21 includes a first rail 26 and a second, cooperating rail
      27. First rail 26 is mounted to the lateral end 20 of door panel 15
      coextensive with the breadth of panel 15. A front wall 28 of rail 26 is
      constituted as an extension of the front side of panel 15 and has an
      inwardly turned ledge 30 in abutting relationship to the exterior edge of
      the lateral end 20 of panel 15. The opposite end of front wall 28
      terminates in a beaded, inwardly facing foot 31. Front skin 23 of panel 15
      overlaps the front wall 28 of first rail 26 and is secured at the end in a
      notch opposite foot 31 formed by a ridge 32 and the end of wall 28. A rear
      wall 34 of first rail 26 overlaps the rear side of door panel 15 and
      extends away therefrom parallel to the front wall 28, terminating in a
      rear beaded foot 35. A front leg 36 extends angularly inward from the
      front foot 31 toward end 20 of panel 15, and a rear leg 37 extends
      angularly inward from the rear foot 35 toward the end of panel 23. The
      front and rear legs are connected by a platform 38 which abuts against the
      end 20 of panel 15. The front and rear legs 36, 37 and platform 38 provide
      a U-shaped channel defining a pocket 40 of first rail 26.
PAR  A ledge 41 extends inward from the rear wall 34 and abuts the interior edge
      of lateral end 20 of panel 15. Platform 38 together with front and rear
      ledges 30, 41 provide a support base for the lateral end 20 of the panel
      15. A rib 41 extends from the platform 38 into the core 22 of the panel 15
      to firmly secure first rail 26 to the panel 15. First rail 26 is
      coextensive with the lateral end 20 of panel 15 and is preferably formed
      of a rigid material such as an extruded aluminum to provide a durable end
      frame member for the panel 15.
PAR  Second rail 27 of rail assembly 21 includes a flat base 44 abutting the
      lateral end 19 substantially along the entire breadth of panel 14. A back
      wall 45 extends from base 44 along the back side of panel 14, and a front
      lip 46 overlaps the front of panel 14. A rib 47 extends perpendicularly
      from base 44 into core 22 of panel 14 to secure the rail 27.
PAR  Toward the rear of base 44 is an upstanding, rearwardly curved ridge 49
      providing a socket for accommodation of the rear, beaded foot 35 of first
      rail 26. Ridge 49 provides a socket for guided rotation of first rail 26
      relative to second rail 27 about a horizontal axis generally in proximity
      to the interior of rear edges of lateral end 19 and 20 of the panels 14
      and 15.
PAR  Adjacent panels 14 and 15 are highedly connected by suitable conventional
      means for relative rotation generally about the interior edges of facing
      lateral ends. A hinge 48 includes hinge plates 50 and 51 connected to the
      respective panels 14 and 15, the hinge plates 50, 51 being joined by a
      suitable hinge pin 52. Suitable fastening assemblies 53 connect the hinge
      plates 50, 51 to the panels 14, 15. Assemblies 53 may pass through a
      portion of the guard rails 26, 27 to additionally secure them to the door
      panels. Assemblies 53 can be Riv-nuts or bolts connected to expanded
      anchors used to attach both the rail assemblies 26 and 27 and the hinges
      48 to the panels 14 and 15. Other types of fasteners or holding structures
      can be used for assemblies 53.
PAR  Located toward the forward edge of base 44 of second rail 27 is an
      upstanding, arcuate segment 56. The portion of base 44 ahead of segment 56
      provides a sill 57 for receipt of the beaded front foot 31 of the first
      rail 26 when the rail assembly 21 is closed. Arcuate segment 56 extends
      from base 44 into the pocket 40 defined by the front and rear legs 36, 37
      and platform 38 of first rail 26, and terminates in a downwardly extended
      lip 58. The forward facing contour of arcuate segment 56 is shaped to
      closely conform to the path of travel described by the forward beaded foot
      31 of the first rail 26 as the first rail 26 is pivoted relative to the
      second rail 27. The path of travel so described by the forward beaded foot
      31 will generally be an arc, wherein the arcuate segment 56 has a forward
      facing contour describing a portion of a circular arc. As illustrated in
      FIG. 3, where there is shown the adjacent panels 16 and 17 in pivoted
      relationship to one another and having assembled thereto a rail assembly
      21 of the invention, and wherein like parts are designated by like
      reference numerals, the forward facing contour of arcuate segment 56
      describes a contour wherein the forward beaded foot 31 of rail assembly 26
      remains in close proximity to the contour of the arcuate segment 56.
      Arcuate segment 56 thus closes from a forward direction the pocket 40 and
      also the angular gap normally produced between the adjacent lateral ends
      of pivoting door panels. Arcuate segment 56 prevents the entry of fingers,
      dirt, dust, ice, and other foreign material, into the gap between the
      lateral edges 19, 20 of adjacent panels.
PAR  Referring to FIG. 4, the lower lateral end 60 of panel 14 is equipped with
      an end rail assembly 61 spanning the entire breadth thereof. End rail
      assembly 61 has a flat base 61 in abutting relationship to the end 60 of
      panel 14, and an upstanding back wall 63 extending upward along the rear
      of panel 14. A front lip 64 overlaps the front lower edge of panel 14. A
      rib 65 extends perpendicularly from the base 62 into the core 22 to secure
      the end rail assembly 61 in place. A pair of longitudinal channels 66, 66
      are secured to the bottom of plate 62 in proximity to the front and rear
      edges thereof respectively. The channels 66, 66 accommodate end flanges
      67, 67 of a resilient, semi-circular bumper member 68 such as rubber or
      the like. Bumper member 68 is in position to first contact the ground or
      other supporting surface upon closure of the door 10. Bumper member 68
      absorbs any shock occasioned by the closing of the door as well as
      providing a weather-proof seal between the door and the ground.
PAR  In the use of the invention, a guard rail assembly 21 including first and
      second rails 26, 27 is assembled between facing lateral ends of adjacent,
      hingedly connected sectional panels of a sectional door. In the closed
      configuration of FIG. 2, the individual rails are in lateral alignment,
      the arcuate segment 56 of the second rail 27 extending into the pocket 40
      defined by the first rail 26. The forward foot 31 rests in sealing
      engagement on the sill 57 defined by the second rail 27 wherein the rail
      assembly 21 shuts off the interior of the garage from the exterior. As
      shown in FIG. 3, upon opening of the garage door, as the panels negotiate
      the right angle turn provided on the garage door lifting rails, adjacent
      panels pivot relative to one another producing an angular gap between the
      lateral ends of adjacent panels. The first and second rails 26, 27 rotate
      relative to one another, the rear foot 35 of first rail 26 pivoting in the
      socket 49 of the second rail 27 and being slightly displaced therein. The
      forward beaded foot 31 of first rail 26 travels along an arcuate path
      conforming to the outer contour of arcuate segment 56. Arcuate segment 56
      spans the angular gap produced between the lateral ends 19, 20 of the
      adjacent panels, thus closing the gap that would otherwise therein appear.
      The arcuate segment 56 prevents the entry of snow, sleet, ice, dirt, and
      the like, which would tend to clog the hinge mechanism and impede
      operation of the door. Upon closure of the door, the arcuate segment 56 is
      effective to additionally prevent entry of fingers therein which might be
      caught upon the closure of the angular gap produced between the lateral
      ends of the adjacent panels.
PAR  Any shock that may attend the closure of the door 10 is absorbed by the
      bumper 68 located on the bottom of panel 14. The bumper 68 also serves as
      a weather barrier and thermal barrier when the door 10 is closed.
PAR  The first and second rails 26, 27 and the end rail 61 lend a measure of
      rigidity, support and protection to the lateral ends of the respective
      door panels permitting the use of a door panel having an expanded foam
      core 22 protected by suitable barriers at the front and rear such as the
      metal skin 23 and the wood layer 25. Such a door panel is lightweight,
      thermally insulative, inexpensive and long-lasting. Suitable channel
      members (not shown) may readily be provided on the longitudinal ends of
      each door panel to complete a frame structure for each door panel.
PAR  While there has been shown and described a particular embodiment of a
      sectional door and guard rails according to the present invention, it will
      be apparent to those skilled in the art that certain deviations may be had
      from that embodiment shown without departing from the scope and spirit of
      the appended claims. For example, the door and guard rails can be used as
      door assemblies for vehicle bodies, as truck and van bodies, rear doors
      for pickup truck covers, and for buildings, as warehouses, machine sheds,
      livestock barns, and the like.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A guard rail assembly for a sectional door of the type having a
      pluraltiy of panels with facing lateral ends of adjacent panels being
      hingedly connected and having interior and exterior edges, said panels
      being hingedly connected for relative rotation generally about the
      interior edges of the facing lateral ends between an aligned position and
      a rotated position, said guard rail assembly comprising: a first rail
      mounted to a lateral end of a first panel; a second rail mounted to a
      lateral end of a second panel adjacent the first panel facing the lateral
      end of the first panel; said first rail having front wall means extending
      from the exterior edge of the lateral end of the first panel and
      terminating in a front foot; said first rail having a pocket behind said
      front wall means openly facing said second rail; said pocket having a
      bottom area and a top area; said second rail having an arcuate segment
      extending to the bottom area of said pocket when the first and second
      panels are in the aligned position and extending into the top area of said
      pocket when the first and second panels are in the rotated position
      whereby the arcuate segment spans the gap between the lateral end of the
      second panel and the front foot of the front wall means of the first rail,
      said arcuate segment having an outside wall located adjacent the front
      foot when the panels are in either the aligned or rotated positions.
NUM  2.
PAR  2. The guard rail assembly of claim 1 wherein: said second rail has base
      means in abutting relationship to the lateral end of the second panel,
      said base means providing a sill for receipt of the front foot of the
      front wall means of the first rail; said arcuate segment extending from
      said base means proximate the front foot of the front wall means.
NUM  3.
PAR  3. The guard rail assembly of claim 2 wherein: said arcuate segment has a
      contour conforming to the path of travel of said front foot of the front
      wall means of the first rail in movement of the first and second panels
      between the aligned position and the rotated position.
NUM  4.
PAR  4. The guard rail assembly of claim 3 including: rear wall means on said
      first rail extending from the interior edge of the lateral end of said
      first panel and terminating in a rear foot; socket means located on the
      base means of the second rail for accommodation of the rear foot of the
      first rail during relative rotation of the first and second panels.
NUM  5.
PAR  5. The guard rail assembly of claim 4 wherein: the pocket of the first rail
      is defined by a first leg extending from the front foot toward the lateral
      end of the first panel, a second leg extending from the rear foot toward
      the lateral end of the first panel, and a platform in abutting
      relationship to the lateral end of the first panel and connecting the
      first and second legs.
NUM  6.
PAR  6. The guard rail assembly of claim 5 including: rib means extended from
      the platform of the first rail into the first panel to secure the first
      rail to the first panel.
NUM  7.
PAR  7. The guard rail assembly of claim 6 including: rib means extending from
      the base of the second rail into the second panel to secure the second
      rail to the second panel.
NUM  8.
PAR  8. The guard rail assembly of claim 7 wherein: each panel has a core of an
      expanded plastic foam material, skin means covering the exterior surface
      of the core, and a wooden layer covering the interior surface of the core,
      said rib means of the first rail extended into the core of one panel and
      the rib means of the second rail extended into the core of another panel.
NUM  9.
PAR  9. A guard rail assembly for a sectional door of the type having a
      plurality of panels with facing lateral ends of adjacent panels being
      hingedly connected and having interior and exterior edges, said panels
      being hingedly connected for relative rotation generally about the
      interior edges of the facing lateral ends between an aligned position and
      a rotated position, said guard rail assembly comprising: a first rail
      mounted to a lateral end of a first panel; a second rail mounted to a
      lateral end of a second panel adjacent the first panel facing the lateral
      end of the first panel; said first rail having front wall means extending
      from the exterior edge of the lateral end of the first panel, and a pocket
      behind said front wall means openly facing said second rail; said pocket
      having a bottom area and a top area; said second rail having a segment
      extending to the bottom area of said pocket when the first and second
      panels are in the aligned position and extending into the top area of said
      pocket when the first and second panels are in the rotated position
      whereby the segment spans the gap between the lateral end of the second
      panel and the front wall means of the first rail; said segment having an
      outside wall located adjacent the front wall means when the panels are in
      either the aligned or rotated positions.
NUM  10.
PAR  10. The guard rail assembly of claim 9 wherein: said second rail has base
      means in abutting relationship to the lateral end of the second panel,
      said base means providing a sill engageable with a part of the front wall
      means of the first rail.
NUM  11.
PAR  11. The guard rail assembly of claim 10 wherein: said segment has an
      arcuate contour conforming to the path of travel of the front wall means
      of the first rail in movement of the first and second panels between the
      aligned position and the rotated position.
NUM  12.
PAR  12. The guard rail assembly of claim 9 including: rear wall means on said
      first rail extending from the interior edge of the lateral end of said
      first panel and terminating in a rear foot; socket means located on the
      base means of the second rail for accommodation of the rear foot of the
      first rail during relative rotation of the first and second panels.
NUM  13.
PAR  13. The guard rail assembly of claim 9 wherein: the pocket of the first
      rail is defined by a first leg extending toward the lateral end of the
      first panel, a second leg extending toward the lateral end of the first
      panel, and a platform in abutting relationship to the lateral end of the
      first panel and connecting the first and second legs.
NUM  14.
PAR  14. The guard rail assembly of claim 13 including: rib means extended from
      the platform of the first rail into the first panel to secure the first
      rail to the first panel.
NUM  15.
PAR  15. The guard rail assembly of claim 6 including: rib means on the second
      rail extended into the second panel.
NUM  16.
PAR  16. The guard rail assembly of claim 7 wherein: each panel has a core of an
      expanded plastic foam material, skin means covering the exterior surface
      of the core, and wooden layer covering the interior surface of the core,
      said rib means of the first rail extended into the core of one panel and
      the rib means of the second rail extended into the core of another panel.
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ABST
PAL  A system is disclosed for casting rollers having an external cylindrical
      surface defined by firmly-held carbide particles. As disclosed, a
      cylindrical mold is revolved about a central horizontal axis and heavy,
      tungsten-carbide particles are released within the mold to accumulate as a
      layer on the internal cylindrical surface of the mold. Molten metal of
      specific characteristics is injected into the mold; being lighter does not
      displace the particles at the mold surface yet forces and characteristics
      are such that the metal wets the particles and fills the interstices
      therebetween to provide an effective matrix upon solidification. Heat
      treatment overcomes the problem attendant the inherent rapid cooling,
      after which the metal may be machined. Requisite characteristics of the
      metal for the disclosed process include: dimensional stability, high
      compressive yield strength, high shock and impact resistance, and good
      casting characteristics as high fluidity and low surface tension to "wet"
      the tungsten-carbide particles.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The need sometimes arises for a machine component or other structure, which
      consists of a base or body of one material, carrying an external layer
      providing a face that consists of another material. Specifically, for
      example, the need frequently arises for rollers that are faced with a
      material that will resist wear for substantial intervals of rotary
      engagement with abrasive substances. As a specific example of a facing
      material, carbides, e.g., tungsten carbide materials, have been determined
      to be exceedingly hard and wear resistant. Consequently, a considerable
      need exists for machine components of steel, that are faced with such
      carbides.
PAR  Various techniques have been proposed to surface machine components with
      tungsten carbide material. For example, it has been proposed to apply weld
      metal (bearing tungsten carbide particles) to provide a layer carrying the
      hard particles. However, as the tungsten carbide particles are
      substantially heavier than the weld metal, they tend to sink within the
      weld puddle at the point of application and accordingly are somewhat
      removed from the exposed surface. Also abrasives, fluxes and
      flame-spraying techniques have been proposed for adhering carbides to
      molds, as disclosed in U.S. Pat. Nos. 3,553,905 (Lemelson) and 3,028,644
      (Waldrop). However, such methods tend to inhibit production rates. Thus,
      difficulties have continued with various systems proposed for
      accomplishing a roller that is faced with tungsten carbide material.
      Consequently, a substantial need exists for an economical and effective
      system for the production of such hard-faced structures.
PAR  In general, one aspect of the present invention involves providing
      particulate-faced rollers by the use of centrifugal casting techniques.
      More specifically, a mold is provided to define an internal support
      surface which is coincident with the desired particulate external surface
      of the roller to be produced. The mold is then rotated to develop a
      centrifugal force extending toward its internal support surface.
      Recognizing prior centrifugal casting techniques, as disclosed in U.S.
      Pat. Nos. 2,645,558 (Burchartz) and 1,699,612 (Doat) wherein protective
      mold linings have been proposed; U.S. Pat. No. 3,468,997 (Pickels) wherein
      particulate matter is oriented and U.S. Pat. No. 2,260,593 (Wittlinger et
      al.) of concern regarding metal distribution, the present system is quite
      distinct. That is, a phenomena and characteristics of components employed
      to accomplish the phenomena, distinguish the present system from prior art
      methods and techniques. For example, the above-referenced patent 2,645,558
      discloses the incorporation of cast iron chips from a mold lining into the
      casting; however, such was a problem to be avoided and was a surface
      condition, the casting metal freezing, almost on contact with the chips.
PAR  In accordance with the present invention, particles of tungsten carbide are
      placed in the mold along with molten metal, which is lighter (less dense)
      than the particles and has a lower melting point. Consequently, the solid
      particles are held at the support surface. However, the molten metal is
      characterized and forces are developed to move the molten metal into the
      interstices between the particles. As the metal wets the particles, upon
      solidification, they are securely held at the face of the casting in a
      dense matrix of the base metal which is integral with a metal body.
PAR  In addition to the problems treated above, some further difficulties are
      encountered in the formation of rollers subsequent the discovery of the
      centrifugal casting technique. Specifically, at best it is impractical to
      machine the tungsten-carbide surface of the roller due to the nature of
      that substance. Furthermore, the centrifugal casting has a side effect
      that imparts a characteristic of poor machinability to the matrix metal.
      That is, the rapid cooling of the casting results in a metallurgical
      structure (graphite flake) that is difficult to machine. Consequently, a
      substantial problem exists in producing a roller with a cylindrical
      tungsten-carbide surface and a true bore to receive a journal.
      Additionally, in many applications, the material of the roller must have a
      high compressive yield strength to avoid cold-flow forming in use.
      Resistance to impact and shock are also important. Of course, in addition
      to the above characteristics, as suggested above, the matrix metal (alloy)
      must have: good fluidity to penetrate the particle layer, and low surface
      tension to wet the particles. These specifications in combination present
      a substantial problem. Accordingly, other aspects of the present invention
      reside in post-casting treatment of the roller and alloy material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, which constitute a part of this specification, an
      exemplary embodiment exhibiting various objectives and features hereof is
      set forth as follows:
PAR  FIG. 1 is a preliminary diagrammatic view illustrative of the system of the
      present invention;
PAR  FIG. 2 is a fragmentary sectional view taken through a casting produced in
      accordance with the present invention;
PAR  FIG. 3 is a fragmentary perspective view of an apparatus constructed in
      accordance with the present invention;
PAR  FIG. 4 is a sectional and diagrammatic view illustrative of one stage of
      operation for the apparatus of FIG. 3; and
PAR  FIG. 5 is a view similar to FIG. 4 illustrative of another stage of
      operation for the apparatus of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENT
PAR  As required, a detailed illustrative embodiment of the invention is
      disclosed herein. The embodiment exemplifies the invention which may, of
      course, be embodied in other forms, some of which may be radically
      different from the illustrative embodiment as disclosed. However, the
      specific metallurgical and structural details disclosed herein are
      representative and they provide a basis for the claims which define the
      scope of the present invention.
PAR  Referring initially to FIG. 1, to consider the production of a cylindrical
      roller that is faced with particulate tungsten-carbide material, the
      process initially will be considered somewhat generally. A centrifugal
      casting system in accordance herewith incorporates a mold 10 including a
      cylinder 12, one end of which is closed by a disk 14 (right) while the
      other end (left) is partly closed by an easily-removable disk 16. A
      central opening is defined in the disk 16 for introducing casting
      materials into the mold 10.
PAR  The mold 10 is horizontally supported for rotation about its central axis
      and in that regard, is coupled to a motor 24 by a rotary support shaft 26.
      Generally, in accordance with the present invention, a particulate-faced
      casting is accomplished in the mold 10 by initially providing particles
      from a source 27, which particles are accumulated as a layer 29 on the
      internal cylindrical surface 28 of the mold 10. The particles are held in
      the layer 29 by the centrifugal force resulting from the revolution of the
      mold 10. Next, molten metal of specific characteristics is supplied from a
      source 30 while the mold 10 operates above a minimum speed to develop a
      concentric cylindrical casting 32 of the desired form within the mold 10.
      Material characteristics and speed are such that as the mold 10 turns
      about its axis, the centrifugal force holds the heavier particulate layer
      29 at the surface 28. However before freezing, the molten metal flows into
      the layer 29, filling the interstices which are backed by a body of the
      molten metal. Of course, gases, slag particles and other low-density
      inclusions are forced to the center of the casting, as recognized by the
      prior art (U.S. Pat. No. 3,468,997 Pickels).
PAR  A fragment of the casting 32 is illustrated in FIG. 2 and is representative
      of an actual photomicrograph of a tungsten-carbide-steel roller. The
      external surface 34 of the casting 32 is substantially defined by tungsten
      carbide particles 36 in the layer 29. The particles 36 are supported in a
      dense matrix 40 of the base metal. As illustrated, internal of the layer
      29, the base metal body 42 is substantially free of particles 36. Thus,
      the concentrated layer 29 of particles 36 held in the dense matrix 40
      affords a surface that is exceedingly hard and resistant to wear. Such a
      structure has widespread application, as in the field of material
      handling, e.g. pelletizing machines in which such rollers will withstand
      forceful engagement of abrasive ingredients over extended intervals of
      use.
PAR  Considering the details of an illustrative casting machine as successfully
      employed for use in the practice of the present invention, reference will
      now be made to FIG. 3 showing a mold 50, the external cylindrical surface
      52 of which defines a concentric groove 54 which matingly receives opposed
      annular ridges 56 and 58 that are carried on spaced apart cylinders 60 and
      62, respectively. The surface engagement of the mold 50 with the cylinders
      60 and 62 enables the mold 50 to be rotated by the rollers 60 and 62.
PAR  A pair of rotational support structures 64 and 66 carry the rollers 60 and
      62, respectively, for free rotation about their central axes.
      Additionally, the roller 62 is coupled to a motor 68 by a mechanical
      linkage, represented as a dashed line 70, e.g. a belt drive. The rollers
      60 and 62, supported on the structures 64 and 66, along with the motor 68
      are mounted in a housing 72 which incorporates a hinge-mounted door 74
      that in turn supports a feed channel structure 76 for supplying molten
      metal to the interior of the mold 50. Granular or pulverized solid
      particles are dispensed within the mold 50 by an apparatus 78. Thus,
      during one stage of the process, the apparatus 78 is employed to line the
      mold 50 with a layer of particles, then during another stage of operation
      the structure 76 is employed for supplying molten metal inside the mold
      50.
PAR  The apparatus 78 incorporates a support base 80 mounted on wheels 81 and
      carrying a reduction-gear motor 82, the shaft of which is connected to
      revolve a drive wheel 84 at a very slow rate. The wheel 84 is connected by
      a belt 86 to a drive wheel 88 which in turn is connected to a shaft 90
      that is rotatably supported at the apex of a frame 91, supported on the
      base 80. The shaft 90 terminates in an aligned elongate trough 92 from
      which the solid particles are dispensed.
PAR  Considering the operation of the system as depicted in FIG. 3, reference
      will now be made to sectional and diagrammatic FIGS. 4 and 5 in the course
      of an explanation of a specific exemplary casting operation. The process
      will be described which has been successfully practiced to accomplish a
      roller that is faced usefully with tungsten-carbide. A specific roller
      formed in accordance herewith had an external cylindrical surface of
      approximately 100 square inches. As an initial step in the formation of
      the roller, the trough 92 (FIG. 4) is substantially filled with
      tungsten-carbide particles. In that regard, it has been determined that
      the particles should be of at least twenty mesh size to provide
      interstices sufficiently large to receive an effective quantity of metal
      in the matrix 40.
PAR  With the trough 92 filled, the motor 68 (FIG. 3) is energized with the
      result that the mold 50 attains a speed of approximately 1200 revolutions
      per minute. In that regard, for the tungsten carbide particles to be
      effectively placed, then infiltrated, a speed of at least 1000 revolutions
      per minute has been determined to be somewhat critical in relation to
      alloys having the requisite characteristics.
PAR  The motor 82 (FIG. 4) is actuated to drive the shaft 90 (through a gearbox
      82a) with the trough 92 positioned as illustrated in FIGS. 3 and 4. The
      elongated trough 92 is turned through a fraction of one complete
      revolution to dispense the particles 36 over the internal support surface
      94 of the mold 50 during an interval of approximately one minute.
      Generally, by dropping the particles 36 substantially along the entire
      axis of the cylindrical mold 50 at a gradual rate, they are deposited in a
      substantially uniform layer.
PAR  Upon completion of the particle layer 29 supported by the surface 94 and
      held in position by centrifugal forces, the apparatus 78 (FIG. 3) is moved
      clear of the mold 50, and the door 74 is closed so that the mold feed
      passage or channel structure 76 extends into the mold 50. With the
      components in that configuration, in the specific example, the rotary
      speed of the mold 50 is increased substantially. For tungsten carbide and
      alloys herein, increase is to approximately 1550 revolutions per minute
      and to delay freezing, the mold 50 may also be elevated in temperature to
      at least 250.degree.F. Thereafter, the molten metal, i.e. alloy, as
      described in detail below, is flowed through the channel structure 76 to
      be received within the mold 50 as illustrated in FIG. 5. As well known in
      the art of centrifugal casting, the molten metal of the stream 98 is
      distributed over the surface 94 of the mold 50 in a substantially-uniform
      layer. However, insofar as the present system is concerned, it is
      important to recognize that the molten metal from the stream 98 encases
      the heavier particles 36 at an external surface of the casting, and
      develops the supporting body of the castng. Upon completion of the process
      as described above, the casting is removed to provide a roller
      substantially as represented by the fragment of FIG. 2.
PAR  Regarding the alloy for the metal stream 98, first recognize that the
      density of the tungsten carbide must be greater than the density of the
      molten metal. In addition to penetrating or infiltrating the
      tungsten-carbide particles prior to freezing, and having the
      characteristic of low surface tension (to wet the particles), the casting
      metal (stream 98) has other distinctions that are somewhat necessary.
      Other requisite characteristics of the alloy, as indicated above include:
      high compressive yield strength (generally in excess of 75,000 pounds per
      square inch); resistance to shock and impact (a Charpy Vee Notch impact
      strength of at least 2.5 foot pounds at room temperature and a percent
      elongation of under 3.0). The alloy must also be formable into a roller
      for true cylindrical mounting. To attain such an accomplishment in
      accordance herewith, an alloy is employed that is dimensionally stable
      after casting and as explained below after heat treatment.
PAR  In accordance herewith, alloys in a range below have been discovered to be
      very effective in the process of the present invention.
TBL  ______________________________________                                    
     COMPONENT          PERCENT BY WEIGHT                                      
     ______________________________________                                    
     Carbon             2.8 - 3.3                                              
     Manganese          0.25 Maximum                                           
     Silicon            1.8 - 2.8                                              
     Nickel             8.0 - 9.0                                              
     Magnesium          0.03 Minimum                                           
     Molybdenum         0.05 - 0.15                                            
     Iron               Balance                                                
     ______________________________________                                    
PAR  Other satisfactory alloys each include a major percentage of iron, between
      2.5 and 3.5 percent carbon; at least 0.03 magnesium for nodule forming;
      some deoxidizers, e.g. silicon or manganese; and sufficient alloying
      metals to provide strength and resistance to shock and impact as indicated
      above.
PAR  The alloys, as described above would normally be expected to provide a
      casting that could be readily machined. However, the fast cooling rate
      inherent in the centrifugal casting process results in a metallurgical
      structure of approximately 50 Rockwell "C" (too hard for good
      machinability). In accordance herewith, a roller is further processed by
      annealing. Specifically, the roller is heat treated at elevated
      temperatures in an inert atmosphere, e.g. hydrogen, vacuum etc., to avoid
      oxidizing the tungsten carbide. Temperatures should be above
      1500.degree.F. and generally 1750.degree.F. has been determined to be
      effective. As a consequence, the hardness drops to the range of 30 to 40
      Rockwell C which can be easily machined to provide a roller with a bore to
      receive a journal.
PAR  Thus, in summary, it may be seen that a roller, for machine use, and faced
      with tungsten carbide can be effectively cast by using particles larger
      than a minimum size, and a casting metal of certain specific
      characteristics, then annealing and machining the casting to a
      sufficiently true shape. However, the specific scope hereof should be as
      defined by the claims below.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for producing hard-faced metal roller structures, comprising
      the steps of:
PA1  providing a mold defining a cylindrical internal support surface that is
      definitive of the external configuration for one of said roller
      structures;
PA1  rotating said mold to develop centrifugal forces toward said internal
      support surface thereof, adequate to position dense particles thereon;
PA1  loosely distributing tungsten carbide particles of at least twenty mesh
      size on said support surface whereby said centrifugal forces hold said
      particles for retention at said support surface;
PA1  injecting molten metal into said mold, said molten metal being less dense
      than said particles and at a temperature below the melting temperature of
      said particles whereby said particles tend to remain positioned contiguous
      to said surface as a result of said centrifugal forces; and
PA1  rotating said mold containing said particles and said molten metal at a
      speed in excess of 1000 revolutions per minute to develop said centrifugal
      forces such that said lessdense molten metal moves about said particles
      and solidifies in contact therewith, to provide a solid roller structure
      faced with said particles.
NUM  2.
PAR  2. A process according to claim 1 further including the step of annealing
      said solid roller structure to reduce the hardness to a machinable level
      below 45 Rockwell C.
NUM  3.
PAR  3. A process according to claim 1 wherein said molten metal further
      comprises an alloy having a compressive yield strength in excess of 75,000
      pounds per square inch.
NUM  4.
PAR  4. A process according to claim 1 wherein said molten metal further
      comprises an alloy having a Charpy Vee Notch impact strength of at least
      2.5 foot pounds at room temperature and a percentage elongation of at
      least 2.0.
NUM  5.
PAR  5. A process according to claim 1 wherein said molten metal further
      comprises an alloy having sufficient dimensional stability whereby the
      circumference of the roller will not deviate from a radius in excess of
      1.5%.
NUM  6.
PAR  6. A process according to claim 1 wherein said molten metal further
      comprises an alloy having a compressive yield strength in excess of 75,000
      pounds per square inch, a Charpy Vee Notch impact strength of at least 2.5
      foot pounds at room temperature and a percentage elongation of at least
      2.0, and sufficient dimensional stability whereby the circumference of the
      roller will not deviate from a radius in excess of 1.5%.
NUM  7.
PAR  7. A process according to claim 1 wherein said molten metal further
      comprises an alloy having a major percentage of iron, between 2.5 and 3.5
      percent by weight of carbon, at least 0.03 percent by weight of magnesium
      and a quantity of strengthening alloy metals.
NUM  8.
PAR  8. A process for producing hard-faced metal roller structures, comprising
      the steps of:
PA1  providing a mold defining a cylindrical internal support surface that is
      definitive of the external configuration for one of said roller
      structures;
PA1  rotating said mold to develop centrifugal forces toward said internal
      support surface thereof, adequate to position dense particles thereon;
PA1  distributing dense particles loosely on said support surface whereby said
      centrifugal forces hold said particles for retention at said support
      surface;
PA1  injecting molten metal into said mold, said molten metal being less dense
      than said particles and at a temperature below the melting temperature of
      said particles whereby said particles tend to remain positioned contiguous
      to said surface as a result of said centrifugal forces, said molten metal
      further having low surface tension to wet said particles;
PA1  rotating said mold containing said particles and said molten metal to
      develop said centrifugal forces such that said less-dense molten metal
      moves about said particles and solidifies to provide a solid structure
      faced with said particles; and
PA1  removing said solid structure from said mold to heat treatment whereby to
      significantly reduce the hardness thereof.
NUM  9.
PAR  9. A process according to claim 8 wherein said dense particles comprise
      tungsten carbide, the major portion of which are at least of twenty mesh
      size and said molten metal comprises a major portion of iron, at least
      between 2.5 and 3.5 percent by weight carbon, at least 0.3 percent by
      weight magnesium and at least 5.0 percent alloying metal to provide
      increased strength.
NUM  10.
PAR  10. A process according to claim 9 wherein said mold is rotated at a speed
      of at least 1,000 revolutions per minute.
NUM  11.
PAR  11. A process according to claim 8 further including the step of
      pre-heating said mold to at least 250.degree.F.
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ABST
PAL  Steel wires are pulled through a reactor tube in which they continuously
      interact with a foaming metal mass. The steel wires are coated with a
      metal which forms a binary alloy with the matrix metal, thereby protecting
      the steel from being dissolved. The foaming matrix metal is usually an
      aluminum alloy but can be any light or low melting metal including zinc or
      lead. The steel wires protect the metal foam from cracking in the
      pultrusion process.
PARN
PAR  This is a continuation of application Ser. No. 193,744, filed Oct. 29, 1971
      and now abandoned.
BSUM
PAC  PRIOR ART AND BACKGROUND
PAR  Continuous production of aluminum foam has been suggested, for example in
      U.S. Pat. Nos. 2,937,938 and 2,974,034. However, none of these processes
      has reached the stage of practical operation because in continuous
      production the extension and contraction due to thermal changes causes the
      continuously produced metal foam to crack on the surface every few inches.
      Also, it has not been possible to effectively bond reinforcements in such
      a way as to secure their adhesion to the metal, nor to introduce them to
      the metal continuously in an orderly fashion so as to obtain reinforcement
      of the needed efficacy.
PAC  OBJECTS OF THE INVENTION
PAR  An object of this invention is to prepare a reinforced metal foam in
      continuous process.
PAR  Another object is a continuous metal article reinforced unidirectionally
      with steel wire.
PAR  Further objects will become apparent as the following detailed description
      proceeds.
PAC  BRIEF STATEMENT OF THE INVENTION
PAR  A parallel bundle of wires is being pulled thru sequential hot and cold
      temperature zones. In its course it is surrounded with a foaming mixture
      of a matrix metal and a suspension of foaming agent (preferably a metal
      hydride) in a low melting alloy miscible therewith. The foam and the wire
      bundle interact so that the bundle prevents the cracking of the foam to
      which it has become firmly bonded for example by the formation of a binary
      compound. Thus we prevent the cracking of the foam on cooling and pulling
      which has heretofore presented unconquerable obstacles to the continuous
      production of foamed metal. The wires introduced serve an additional
      useful purpose in strengthening the extrusion so that its tensile strength
      may exceed that of solid aluminum metal, although it contains less than
      half of its volume of solid metal.
DRWD
PAC  DRAWINGS
PAR  In the description of this invention we make reference to drawings of
      which:
PAR  FIGS. 1, 5 and 7 are side schematic views.
PAR  FIG. 2 is a top view taken along section line A--A of FIG. 1.
PAR  FIG. 3 is a top view taken along section line B--B of FIG. 1.
PAR  FIG. 4 is a top view taken along section line C--C of FIG. 1.
PAR  FIG. 6 is a view taken along section line D--D of FIG. 6.
PAR  FIG. 8 is a top view and FIG. 9 a side view of details.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference to FIG. 1, 1 is a tubular reactor, vertically positioned,
      open in both ends. Steel wires 2 are introduced at the top end. They pass
      over guides 24 which control their spacing and positioning. (Only two
      wires and two guides are shown in this view for the sake of clarity.)
      Tensioners (not shown) may be used if necessary to control the tension of
      these wires. Often, however, the angle at the guides will suffice to
      maintain the requisite tension.
PAR  At a convenient point, usually several feet below the top, at 29, the
      reactor is constricted so that the reinforcing wires are brought together
      as closely as it is intended to space them in the final pultrusion.
      Somewhat above this point we introduce the matrix alloy in which foaming
      is underway. This foaming alloy is obtained by bringing together a metal
      stream consisting essentially of a low melting alloy in which a
      decomposable foaming agent has been well dispersed, at a temperature at
      which the gas evolving on decomposition of this foaming agent has hardly
      commenced (tank 5, metering means 7, duct 30) and a matrix alloy, which
      may optionally contain some dispersed reinforcing fibers (not shown) (tank
      6, metering means 8, duct 31).
PAR  Ducts 30 and 31 feed their respective streams above described into mixing
      vessel 12, where they are rapidly commingled by mixer 13, driven by motor
      15. The passage and mixing of the streams in 12 takes at the most a few
      seconds, as the streams mix very readily. The matrix metal stream from
      tube 31 has a temperature sufficiently high to raise the temperature of
      the combined streams at least to the decomposition temperature of the
      foaming agent, so that the foaming begins in the mixer, and proceeds to
      near completion within the following minute. The foaming can be suppressed
      by operating the mixer assembly under pressure, so that the foaming occurs
      only on its release into the reactor; however this is mechanically more
      complicated and usually not preferred.
PAR  The matrix alloy passes from mixing vessel 12 into reactor vessel 1 by
      means of passage 14. The temperature in the narrowed section 29 of the
      reactor following the addition of the foaming matrix metal, is controlled
      by either heating or cooling means 10, in accordance with the requirements
      for optimizing the foaming of the particular alloy used. Typically, we
      would use for one of the two streams a composition of 10 percent of
      titanium hydride dispersed in magnesium - aluminum eutectic alloy, and for
      the other stream any technical aluminum alloy mainly consisting of
      aluminum, both at 2.degree.- 100.degree. and preferably about 20.degree.C
      above their respective melting points. The foaming time would then be in
      the order of magnitude of 20 seconds, and this should be approximately the
      preferred time for passing these metals from the mixer 12 to the point
      where the foam has solidified throughout.
PAR  At the end of the constricted zone, the reactor widens 17 and a cooling
      medium is introduced. This impinges on the now congealed article 16, which
      consists of a structural shape of metal foam, reinforced longitudinally by
      the steel wires introduced at the top of the reactor, and firmly bonded to
      the foam by the formation of binary alloys between the foamed metal and
      the metal coated onto the steel wires, which were formed during the period
      of their contact with the melted metal. The cross sectional shape of the
      article formed is usually rounded, but can be chosen at will by
      correspondingly varying the cross sectional shape at 29.
PAR  The cooling medium may be water, or it may be a gas such as air, but we
      prefer to use a fog of water finely dispersed in a gas. The cooling medium
      is introduced through pipes 18 and 19. The cooling medium is discharged
      through the lower opening 32 of the reactor; if liquid it is collected by
      the circular collecting means 20 and discharged through gutter means 26.
PAR  The article produced is moving into contact with the caterpillar members 22
      which grasp it and pull it downward with positive traction. Thus we ensure
      a continuous, uniform motion of the wires and of the matrix surrounding
      them. The "feet" 21 of the "Caterpillar" pullers are preferably coated
      with about 1/2 inch of an elastomer (not shown) to avoid mechanical damage
      to the article pulled and to ensure the friction necessary for a firm
      positive grip.
PAR  FIG. 2 is a top view of the machine of FIG. 1. The matrix metal is not
      shown in this view. It shows the upper rim of the reactor, 1, and, wires 2
      moving from the spools 3 positioned on the creels 4 thru the guides 24
      through the reactor and its narrowed part 9, where the wires enter and
      become parallel to the surface of 9. The number and disposition of creels
      and spools will depend on the geometry of the finished article in each
      case. FIG. 2 also shows in further detail a top view of the mixer 13 for
      combining foaming agent and matrix metal.
PAR  FIG. 3 shows a section of the reactor just above the point where the
      coolant is introduced through pipes 18 and 19. It also shows the widened
      part 17 of reactor 1, with the article produced, in this case a rod, the
      wires being arranged in concentric circles.
PAR  FIG. 4 shows in detail how a cross section of the article 16 is being
      gripped and propelled by the caterpillar pullers 22.
PAR  FIG. 5 shows another embodiments of the invention in which the process is
      conducted horizontally. Here the early part of the process is essentially
      as described above, but instead of a tubular reactor we now employ a
      channel formed between four belts of which two, 11 and 23 are shown in
      this longitudinal sectional view while the detail view FIG. 6, also shows
      the two other belts 25 and 27. The article formed in this case is a four
      sided prism. Obviously articles of different cross section such as H, I or
      L shape forms can be made by placing moving belts in the corresponding
      geometries. In the embodiment shown in FIG. 6 the foaming is completed in
      the channel between the four belts. Since the walls of this channel move
      at the same speed as the foam and the wires, foam breaking effect due to
      frictional contacts is wholly avoided. The metal foam is still plastic in
      the early part of this moving channel, in the latter part it congeals.
      Coolant may be added at the appropriate point of the belt, for example as
      a cooling spray on the belts applied at the junctures 28 between the belts
      about half way in the longitudinal direction of the belt at 32. The
      resultant reinforced foam 16 may be moved entirely by these belts, or it
      may in some cases move on to an additional gripping caterpillar pair 22 as
      those shown in FIG. 1.
PAR  The wires may be fed into the process by other suitable means known to the
      art and the pulling may be done by ratchets, revolving large diameter
      pulling wheels, metal drawing hydraulic means and the like. Thus we are
      not confined to the particular means shown in the drawings and explained
      above by way of illustration.
PAR  The wires serve the function of preventing the surface cracks which have
      heretofore marred all attempts to produce cellular foamed metals in
      continuous process. In addition they provide a high unidirectional
      strength.
PAR  While we prefer to apply the wire reinforcement close to the surface for
      maximum bending and flexural strength and rigidity, we may also apply them
      centrally for maximum fatigue strength, or uniformly throughout the body
      of the article, particularly in rods and like applications, where tensile
      strength is the primary consideration.
PAR  A further embodiment of the invention is shown in FIG. 7. Here a foam
      "batter" is made separately in a pot 33 by mixing together 1 lb of
      titanium hydride prepulverized until it would pass a 325 mesh screen. 9
      lbs of aluminum-magnesium eutectic alloy were mixed therewith at
      450.degree.C using propeller mixer with inverted pitch 35, made of cast
      iron, at 200 rpm, to effect thorough dispersal.
PAR  90 lbs of aluminum pre-heated to 670.degree.C was then added to the same
      pot and the agitation continued. A thick batter 34 was formed. This was
      poured between the horizontal conveyors 11 and 23, either into the bite
      between these conveyors or onto conveyor 11, which by its motion brought
      the batter 34 into the space between the two conveyors. A multiplicity of
      steel wires, coated as described above, is fed into the batter between the
      rollers. For the sake of clarity, only two of these wires 2 are shown.
      They will move with the batter, which may be cooled and moved on as a
      solid reinforced sheet of foamed metal, for example in the manner shown in
      FIG. 5. The presence of the steel wires in the critical period of cooling,
      prevents such cracking as would otherwise have rendered this process
      uncommercial. The unidirectionally tensed steel wires contribute greatly
      to the longitudinal strength of the resultant sheet.
PAR  If desired, a continuous sheet of similarly coated steel gauze 36 may also
      be fed into the foam when higher transversal strength is required. FIGS. 8
      and 9 show this embodiment of the invention.
PAR  In the interest of maximizing adhesions between the reinforcing wires and
      the metal foam, we prefer to have the wires coated with a thin layer of a
      metal which forms a binary alloy rich in aluminum, by which I mean
      containing at least 25 percent of aluminum, and which alloy does not
      dissolve into the foam under the conditions of the process. Particularly
      suitable for this purpose are coatings of nickel, cobalt, zinc, copper and
      molybdenum, and their alloys, including brasses. When the wires are coated
      with even a very thin layer (0.0001 inch and less) of the above metals,
      and then contacted with an alloy containing liquid aluminum, an article
      results in which these steel wires are surrounded by a firmly adhered
      layer or sheath of a binary aluminum alloy not readily soluble in the
      matrix, and in any event not soluble within the time cycle considered for
      the processes disclosed above.
PAR  We prefer so to dispose the reinforcing wires, that these will be parallel
      with the nearest surface of the said article, and nearer to said surface
      than to the longitudinal axis of said article.
CLMS
STM  Having thus disclosed our invention, we claim,
NUM  1.
PAR  1. The process of providing a longitudinally elongated body of metal foam
      having longitudinally extending wires therewithin, said wires being of
      metal melting higher than the metal of the foam, comprising the
      combination of the steps of:
PA1  1. intensively mixing into molten metal to be foamed a substance which
      decomposes and liberates gas when heated, and
PA1  2. heating said substance to decompose it while it is immersed in said
      molten metal to produce molten metal foam with heat by conduction from
      said molten metal,
PA1  3. moving said molten metal foam longitudinally to provide a longitudinally
      moving body of molten metal foam,
PA1  4. providing said longitudinally moving body of molten metal foam between a
      plurality of longitudinally moving surfaces of endless metal belts
      contacting said longitudinally moving body of molten metal foam,
PA1  5. providing a plurality of metal wires of metal melting higher than the
      metal of said foam, said wires having surfaces disposed to adhere to the
      metal of said foam,
PA1  6. moving said wires longitudinally to introduce said wires longitudinally
      into said longitudinally moving body of molten metal foam with said wires
      moving longitudinally at the same longitudinal rate as the rate of
      longitudinal movement of said longitudinally moving body of molten metal
      foam,
PA1  7. cooling said longitudinally moving body of metal foam containing said
      wires to provide said longitudinally elongated body.
NUM  2.
PAR  2. The process of claim 1 characterized by providing said wires of steel
      and coating said wires with brass before introducing the wires into said
      longitudinally moving body of molten metal foam.
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PAL  A jacketted mold for the continuous casting of molten metal is surrounded
      by a laterally confined space holding an electromagnetic inductor for
      moving the molten metal in the open-ended mold. Liquid cooling medium is
      supplied to the mold jacket through an inlet chamber at one end and is
      evacuated therefrom through an outlet chamber at the other end. The outlet
      chamber is in communication with the confined space so that the liquid
      cooling medium cools not only the mold but also the inductor.
BSUM
PAR  The present invention relates to the continuous casting of molten metal,
      and more particularly to a tubular mold wherein the molten metal is moved
      electromagnetically and which is cooled by a circulating liquid cooling
      medium.
PAR  It is known to provide molds which comprise a tubular mold element having
      two open ends and defining a passage for the casting between the open
      ends, a jacket surrounding the tubular mold element and defining therewith
      an annular cooling space, an inlet chamber for a liquid cooling medium,
      generally water, and an outlet chamber for the liquid cooling medium, the
      cooling space being in communication with the inlet chamber at one end and
      with the outlet chamber at the other end to permit continuous circulation
      of the cooling medium through the cooling space. Generally, the liquid
      cooling medium is delivered through a conduit to the inlet chamber at high
      speed.
PAR  It has also been proposed to mount means adjacent the tubular mold element
      for moving the molten metal electromagnetically in the mold passage. Such
      means may be constituted, for example, by an electromagnetic inductor
      means of the type constituted by the stator of a synchronous motor fed by
      polyphase current so as to generate a gliding magnetic field. Such means
      induce within the molten metal in the mold Foucault currents giving rise
      to electromagnetic forces in the presence of a magnetic field so as to
      impart to the molten metal a movement in the direction of the sweep of the
      lines of force of the magnetic field generated by the inductor. This
      improves the quality of the casting, particularly as far as the skin of
      the product is concerned.
PAR  In known molds of this type, the inductor is usually disposed around the
      mold. In view of the cooling jacket surrounding the mold, the distance
      between the inductor and the molten metal in the mold is, therefore,
      considerable, and this reduces the effectiveness of the device. Also,
      induced currents may form in constituent parts of the mold, including the
      cooling jacket. This leads to the utilization of nonmagnetic materials for
      the mold parts, to the largest extent possible, or to the use of a laminar
      construction designed to avoid a substantial weakening of the field
      generated by the inductor. All of this increases the cost of the mold and
      fails to give full operating satisfaction.
PAR  Furthermore, the inductor itself is subject to considerable heating and
      must be properly cooled to keep it operating satisfactorily and to avoid
      the eventual destruction of the electric insulation between the
      conductors.
PAR  It is the primary object of this invention to overcome these disadvantages
      and, more particularly, to reduce the air gap between the molten metal
      casting and the electromagnetic inductor as much as possible, to limit the
      use of non-magnetic structural materials to the largest possible extent,
      and to permit the inductor to be cooled efficiently and at a minimum
      expense.
PAR  The above and other objects are accomplished in accordance with the
      invention with a mold of the first-described type which comprises a casing
      surrounding the mold jacket and defining therewith a laterally confined
      space extending longitudinally along at least a portion of the jacket. A
      liquid-tight element is arranged at one end of the laterally confined
      space to separate the confined space from the inlet chamber for the liquid
      cooling medium and the laterally confined space is in communication with
      the outlet chamber for the liquid cooling medium. The electromagnetic
      inductor means for moving the molten metal in the passage of the tubular
      mold element is mounted in the laterally confined space so as to be cooled
      by the liquid cooling medium evacuated from the cooling space between the
      jacket and tubular mold element through the outlet chamber.
PAR  According to a preferred embodiment of the present invention, the inductor
      means is mounted in the confined space at a distance from the jacket and
      the casing to define respective zones on either side of the inductor
      means, and the confined space zones are in communication with each other
      along substantially the entire length of the confined space through a
      plurality of laterally extending bores in the inductor means.
PAR  In a mold constructed according to this invention, the electromagnetic
      inductor means is disposed in immediate proximity to the wall of the
      tubular mold element whose inner wall defines the cross section of the
      casting passing therethrough in a continuous manner, and the inductor is
      cooled directly by the circulating liquid cooling medium serving to cool
      the mold. Thus, an efficient structure is obtained without in any way
      interfering with the cooling medium circulation system.
DRWD
PAR  The above and other objects, advantages and features of the invention will
      become more apparent from the following detailed description of a now
      preferred embodiment thereof, taken in conjunction with the single FIGURE
      of the accompanying drawing showing a mold according to the present
      invention in a longitudinal cross section.
DETD
PAR  Referring now to the drawing, the illustrated mold is designed for the
      continuous casting of molten metal to produce ingots of rectangular cross
      section. The mold comprises tubular mold element 1 having two open ends
      and defining a rectangular passage for the casting between the open ends.
      The mold element is supported at its respective ends by annular plates 2
      and 3, liquid-tight gasket 23 being interposed between the inner rim of
      annular support plate 3 and the adjoining end of tubular mold element 1.
      Outer mold wall 4 is mounted between the outer rims of annular support
      plates 2 and 3, liquid-tight rings 19 and 33 being interposed between the
      support plate rims and the outer mold wall.
PAR  The tubular mold element is cooled in a generally conventional manner by
      the continuous circulation of water along its outer wall. For this
      purpose, jacket 5 concentrically surrounds tubular mold element 1, having
      the same general cross section but slightly larger diameter, the coaxial
      jacket and tubular mold element defining therebetween annular cooling
      space 6. Jacket 5 is also supported by annular support plates 2 and 3, and
      centered in respect of the tubular mold element by studs or centering
      screws 7 extending to the outer wall of the tubular mold element.
PAR  A liquid cooling medium, preferably water, is circulated through the
      annular cooling space by delivering water through inlet conduit 32 into
      inlet chamber 9 at one end of the mold and evacuating the water from the
      cooling space through outlet chamber 10 at the other end of the mold, the
      water being removed through outlet conduit 17. The cooling space is in
      communication with the inlet and outlet chambers through cut-outs or ports
      8 in the periphery of jacket 5 at the respective ends thereof. The water
      inlet conduit leads into annular chamber 12 defined between outer wall 4
      and casing 13 surrounding the jacket, the casing defining lateral ports 11
      at one end thereof and leading from chamber 12 into chamber 9. Casing 13
      defines laterally confined space 16 with jacket 5 and a liquid-tight
      element is arranged at one end of space 16 to separate the confined space
      from water inlet chamber 9, this liquid-tight element consisting of ring
      14 welded to jacket 5 and having liquid-tight gasket 15 received in an
      annular peripheral groove and pressing against the inner wall of casing
      13.
PAR  Confined lateral space 16 extends in the preferred illustrated embodiment
      longitudinally substantially along the entire length of jacket 5 although
      it may be more limited in length to extend only along a portion of the
      jacket. The upper end of confined space 16 is in communication with
      cooling water outlet chamber 10 and the outlet conduit 17 opens into the
      confined space near the upper end thereof to evacuate the water, conduit
      17 being affixed to casing 13 and outer wall 4, and passing through
      annular chamber 12.
PAR  In the illustrated embodiment, the upper support plate is constituted by an
      assembly of annular cover 18 having a central opening of the same cross
      section as the cross section of the axial passage through tubular mold
      element 1 and annular plate 21. The cover is placed on ring 19 so that the
      peripheral rim of the cover is supported on the ring, liquid-tight gaskets
      19 and 22 in respective annular grooves in ring 19 and annular plate 21
      being interposed, respectively, between the inner rim of ring 19 and the
      outer rim of annular plate 21, and the inner rim of plate 21 and the outer
      wall of tubular mold element 1, thus providing a water-tight seal for
      cooling space 6 and confined space 16 at the upper end of the mold. This
      arrangement will permit a slight longitudinal expansion of tubular mold
      element 1 during the high-temperature casting operation, thus avoiding
      deleterious stresses in the mold structure. Since the order of magnitude
      of these expansions is small, gasket 20 will always assure a tight seal.
      The lower support plate is formed by annular plate 34 and ring 33, the
      outer wall and casing of the mold being welded to rings 19 and 33, while
      the tubular mold element is supported between annular plates 18 and 34,
      and the jacket is supported between annular plates 21 and 34.
PAR  Electromagnetic inductor 24 of tubular construction is arranted in
      laterally confined space 16. In the illustrated embodiment, this inductor
      is constituted by a stator of a tubular linear motor comprising, in the
      illustrated embodiment, six inductor coils 25 arranged in superposed
      arrangement and mounted on tubular support 26 so that the inductor is at a
      distance from jacket 5 and casing 13 to define respective zones in the
      confined space on either side of the inductor. Each coil comprises a
      plurality of conductive windings would perpendicularly to the axis of the
      mold and connected to a predetermined phase of a source of polyphase
      current so that the current passing through the conductive windings of the
      coils generates a field whose field lines constitute a succession of north
      and south poles along the axis of the inductor. These poles are displaced
      parallel to the axis at a speed directly proportional to the frequency of
      the current fed to the coils, in accordance with the well known principles
      of linear motors. The coils are connected to the electric current source
      by means of insulated conductors passing into a connection box 27 mounted
      in outer wall 4 and casing 13, and opening into confined space 16. In the
      illustrated embodiment, the six coils are connected two-by-two in series
      opposition so as to constitute three phases connected in a triangle. The
      specific structure of the electromagnetic inductor forms no part of the
      present invention, any such electromagnetic inductor means for moving the
      casting through the mold passage being useful and such means being known
      per se.
PAR  Tubular support 26 for the inductor coils is preferably made of an
      insulating material of sufficient rigidity to support the coils and
      resistant to corrosion by water (or any other cooling liquid used). We
      have found asbestos impregnated with a thermosetting synthetic resin to be
      a very useful material for this purpose.
PAR  Annular support elements 28 extend horizontally from support 26 to maintain
      the inductor coils in position, support elements 28 defining laterally
      extending bores 29 opening into bores in support sleeve 26 so that the
      zones on either side of the inductor are in communication with each other
      substantially along the entire length of confined space 16. The annular
      support elements and the support sleeve are of the same material and may
      be integral with each other. Coils 25 may also be impregnated with the
      thermosetting resin so that the assembly of sleeve 26, support elements 28
      and coils 25 constitutes a rigid tubular block mounted on ring 14 which
      serves as a centering means for the inductor block. The upper end of this
      block is centered by brace 30 affixed to annular plate 21. The brace has
      lateral ports 31 through which the upper end of confined space 16
      communicates with outlet chamber 10 to permit circulation of the cooling
      water.
PAR  Although the tubular mold element 1 and jacket 5 are of rectangular
      transverse cross section, the other mold parts are preferably of
      cylindrical transverse cross section because of ease of manufacture.
      Therefore, the distance between the internal wall of the cylindrical
      inductor and the internal wall of the rectangular tubular mold element
      varies but the gap between them remains relatively small.
PAR  The jacket is made of a non-magnetic material, such as for example
      non-oxidizable, non-magnetic steel, so as not to interfere with the
      propagation of the magnetic field. The choice of the material for tubular
      mold element 1 depends primarily on the thermal properties desired,
      particularly if the melting point of the cast metal is high. Usually,
      copper or a copper-silver alloy is used for the mold element. While this
      somewhat weakens the magnetic field, this is not a serious limitation,
      particularly when relatively low frequencies are used, as is conventional
      in this type of electromagnetic inductor.
PAR  In one particular example, we have continuously cast steel ingots by
      introducing the molten steel through the upper open end of tubular mold
      element 1, operating the inductor and passing water through cooling space
      6 and confined space 16, the water being delivered through inlet conduit
      32 under a pressure of about 4 kg/cm.sup.2. The water passes through ports
      11 into inlet chamber 9 whence it is forced through ports 8 into cooling
      space 6. In view of the narrowness of the cooling space, the water
      circulates through this space at a high speed usually between about 6 and
      10 m/sec so that the mold element is quite rapidly cooled, generally to a
      temperature below 10.degree.C. Thus, the molten metal passing through the
      mold element solidifies progressively at its periphery, the metal which
      remains molten being moved constantly by the induced electromagnetic
      forces. The inductor is so arranged and operated as to avoid air bubbles
      to be introduced in the casting or on the surface thereof.
PAR  At the outlet of cooling space 6, the cooling water enters outlet chamber
      10 and, through ports 31, confined space 16. A part of the cooling water
      is evacuated through outlet conduit 17 while the remainder of the water
      circulates around inductor 24 in space 16 so as to cool the inductor, heat
      exchange being improved by the circulation of the water through horizontal
      bores 29 in the inductor. It will be noted that the cold water introduced
      into annular chamber 12 will aid in cooling the water in space 16, which
      is heated by the inductor, by heat exchange through casing 13.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a mold for the continuous casting of molten metal, which comprises a
      tubular mold element having two open ends and defining a passage for the
      casting between the open ends, a casing surrounding the tubular mold
      element and defining therewith an annular enclosed space, and an
      electromagnetic inductor means arranged in the annular enclosed space for
      moving the molten metal in the passage, the inductor means and the tubular
      mold element defining an annular gap therebetween, the improvement of
PA1  1. a tubular jacket mounted in the annular gap, the jacket defining
PA2  a. an inner annular space with the tubular mold element, the inner annular
      space being laterally confined by the mold element and the jacket for
      cooling the mold element, and
PA2  b. an outer annular space with the inductor means, the outer annular space
      being laterally confined by the jacket and the inductor means for cooling
      the inductor means; and
PA1  2. an annular liquid-tight element at one end of the annular enclosed space
      and arranged between the jacket and the casing to separate the enclosed
      space into an inlet chamber for a liquid cooling medium and an outlet
      chamber for the liquid cooling medium,
PA2  a. the inductor means being mounted in the outlet chamber; and
PA2  b. the inner annular cooling space being in communication with the inlet
      chamber at one end of the jacket and with the outlet chamber at the other
      end thereof.
NUM  2.
PAR  2. The mold of claim 1, wherein the inductor means defines a plurality of
      laterally extending bores, the inductor means being mounted at a distance
      from the casing to define respective zones in the outlet chamber on either
      side of the inductor means, and the zones being in communication with each
      other through the bores in the inductor means substantially along the
      entire length of the outlet chamber.
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ABST
PAL  Seamless tubular products made of metal, particularly steel, by the
      apparatus and method are manufactured by casting molten metal into a
      round, downwardly converging mold cavity having a coaxial removable cooled
      core of substantially uniform diameter throughout and which is less than
      the cavity's minimum diameter, the metal solidifying initially where it
      contacts the cavity wall and the core with solidification proceeding
      upwardly with incidental possible formation of pipe in the upper portion
      of the casting. Prior to the resulting casting cooling below a forging
      temperature, the core is removed and replaced by a mandrel having a
      flaring portion and which is pressed into the casting under pressure
      forging the casting radially outwardly and upwardly against the mold
      cavity wall with consequent closing and welding of any pipe. This forging
      may be done while the metal within the initially solidified skin portions
      remains molten so that undesired segregations are also forced upwardly to
      the top of the resulting billet. After removal of the mandrel, this forged
      billet, now having a relatively thick flaring wall, is placed in a rotary
      tube rolling mill having a mandrel providing a converging portion fitting
      the flared interior of the billet, the mill then rolling the billet into a
      seamless tubular product. Conventional rotary tube rolling mills have
      conical rolling rolls, and the casting mold cavity and forging mandrel may
      be made with conical shapes so that the billet produced fits the mill
      rolls, permitting the use of a conventional tube rolling mill altered
      substantially only by appropriate design of the mill's mandrel and its
      guide shoes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The manufacture of seamless steel tubes when involving the use of a rotary
      rolling mill, is well known.
PAR  From the casting of molten steel to the production of the ultimate product,
      all details involved are described by "The Making, Shaping and Treating of
      Steel", 7th Edition, published and copyrighted 1957 by the U.S. Steel
      Corporation, particularly by Chapters 20, 25 and 41 of this text. In its
      entirety, this text is hereby incorporated as a part of the present
      specification.
PAR  Conventionally a huge investment in equipment and labor is required to
      provide a rotary rolling mill with a hollow or tubular billet for the mill
      to roll into a tube of specified wall thickness and length. An ingot must
      be cast and its top extensively cropped to remove pipe and segregations;
      the ingot must be reheated and rolled into a billet which must be reheated
      and pierced by a piercing mill. These have been minimum requirements to
      obtain a billet suitable for rotary rolling. The billet produced has a
      thick wall which in the rotary rolling mill is thinned and normally
      expanded to a larger diameter.
PAR  Great economy could be obtained if molten metal could be cast directly into
      a hollow billet and rolled into the tubular shape desired by the rotary
      rolling mill, providing a sound product could be obtained and labor cost
      could be kept down. However, any casting involves the problem of the
      formation of pipe and segregations in the upper portion of the casting,
      the molds that would have to be used must be small as compared to a
      conventional ingot mold, introducing handling problems and, therefore, a
      high labor cost, and a casting as such is ordinarily unsuitable for
      processing by a rotary rolling mill. These and other factors have
      presented a problem which has never been solved by the industry.
PAC  SUMMARY OF THE INVENTION
PAR  The object of my invention is to solve the above problem. In other words, I
      have provided an apparatus and method for directly casting molten steel
      into the open top of a mold to produce a hollow billet suitable for
      feeding to a rotary rolling mill, to produce satisfactory rotary rolled
      tubular products without involving a high labor cost.
PAR  By my apparatus and method, steel of the desired analysis is cast into a
      mold cavity of inverted frusto-conical shape and formed by a metal mold of
      adequate strength to withstand the stress of succeeding steps. This mold
      cavity is shallow, having a depth substantially less than the diameter of
      its top, and the mold has a coaxial core of substantially smaller diameter
      than the bottom of the mold cavity and having the same diameter throughout
      excepting for draft to permit removal of the core, the latter being both
      removable and water cooled. Excepting for the casting, my apparatus
      provides for thereafter handling this mold, its core and all of the
      following, without requiring a labor force of any kind.
PAR  The steel solidifies initially where it is in contact with the cavity wall
      and the cooled core, and after this has proceeded to assure the casting
      maintaining its integrity but while between its skins the steel is molten,
      the core is removed and replaced by a frusto-conical mandrel which is
      pressed into the casting to forge the latter against the mold cavity wall
      into a billet which is shorter than its maximum diameter and having a
      relatively thick wall of frusto-conical shape inside and out, the mold, as
      previously indicated, being strong enough to resist the forging stresses.
      During this pressing or forging the liquid steel is forced upwardly so
      that any segregations appear at the top of the billet and at the same time
      any pipe that may be formed or which is being formed is closed with its
      interfaces welded together so that a billet of high integrity is obtained.
PAR  This billet is then removed and preferably with reheating is placed in the
      rotary rolling mill. A conventional mill may be used excepting that it
      must be provided with a mandrel having a tip for generally establishing
      the desired tube inside diameter and projecting from a conical section
      fitting the conical inside of the billet; also, the usual guide shoes
      should be appropriately shaped and positioned for guiding engagement with
      the exterior of the billet. Otherwise normal rotary rolling may be
      practiced.
PAR  To avoid labor cost and eliminate the uncertainties of manual manipulative
      steps, as previously noted I have provided an apparatus performing each of
      the various steps required by my invention by the use of mechanical
      devices. My apparatus incorporates a turntable carrying the mold, as one
      of a series of molds, passed a casting station, a core-removing station, a
      press or forging station and a station where the billet ready for rolling
      is removed from the mold and transferred to the rotary rolling mill, the
      core being replaced in the mold at a following station so that the mold is
      again ready for casting.
PAR  For practicality my apparatus involves many features contributing to
      reliable automated operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of the cast billet if cooling were allowed to
      proceed to complete solidification.
PAR  FIG. 2 is a sectional view of the cast billet after partial cooling and
      pressing.
PAR  FIG. 3 is a cross section of mold and cast billet showing progressive
      structural changes on cooling and the profile after pressing in the mold.
PAR  FIGS. 4, 5 and 6, in vertical section, respectively summarize the pressing
      or forging operation.
PAR  FIG. 7 is a section through the center of the mold and a portion of the
      turntable showing the water cooled metal core, the buggy on which the
      ingot and stool are mounted, the retractable cooling arm through which
      core cooling water is conducted to the water cooled core, and the cooling
      arm retracting and engaging mechanism.
PAR  FIG. 8 is an expansion of FIG. 7, also in vertical section, showing air and
      water manifolds, the air and water separator, air and water ducts and
      connecting hoses, means of rotating the turntable, means of pouring the
      billets, rails carrying the buggies, and the rail supporting the outer
      section of the turntable.
PAR  FIG. 9, in vertical section, shows the pin that supports the metal water
      cooled core in the center of the mold, and the means of engaging and
      retracting this pin.
PAR  FIG. 10, in vertical section, shows the hammer for driving the water cooled
      core downward from the casting to a conveyor that returns the core to the
      surface; one of the hinged drive bars that connect the turntable to the
      buggies and tow them around the circular track.
PAR  FIG. 11, in vertical section, shows the press that straddles the circular
      track carrying the buggies, one of the towing bars in raised position, one
      of the cooling arms in raised position, the wedge under one of the buggies
      in engaged position, the pressing ram, and the actuating cylinder.
PAR  FIGS. 12 and 13, in horizontal and vertical section, respectively, show the
      buggy supporting wedge in more detail and the means of actuating it into
      and out of engagement with the bottom of the buggy under the ram of the
      press.
PAR  FIGS. 14, 15 and 16 show details of the core cooling arm.
PAR  FIGS. 17 and 18 detail construction of the nozzle that imparts a swirling
      motion to the cooling water that makes it cling to the inner surface of
      the water cooled metal core.
PAR  FIG. 19 shows the core positioning pin in detail.
PAR  FIGS. 20 and 21, in plan and elevation views, respectively, show
      construction of the chamber that converts the swirling motion of the core
      cooling water into linear flow parallel to the axis of the water cooled
      core.
PAR  FIGS. 22 and 23, in plan and vertical section, respectively, detail the
      rotating separator that supplies air and water to the turntable and serves
      as the central hub bearing of the turntable.
PAR  FIGS. 24, and 25, in elevation, illustrate the lifting of the mold
      containing the pressed billet to the stripping device.
PAR  FIG. 26, in vertical section, shows the stripping device.
PAR  FIG. 27 is a plan view of the Rotary Blooming Mill showing the pressed
      billet, mandrel and discs at the point of first contact with the discs,
      and at the point of leaving the discs after being rolled helicoidally into
      a cylindrical seamless hollow.
PAR  FIG. 28 is an elevation section through the mill showing the mandrel in
      retracted position, the means of positioning the billet before it is
      picked up by the forward moving mandrel and moved into the pass for
      rolling, the guide shoes and the means of mounting them.
PAR  FIG. 29 is a composite plan and elevation of the mill showing the relation
      between the rolls and guide shoes, and the means of moving the mandrel
      into and out of the mill pass.
PAR  FIG. 30 is a plan view of the entire assembly of the table and buggies with
      an indication of the various operating and servicing stations.
PAR  FIG. 31 is a transverse section through the pass at sec. A-A', the point of
      first contact between the billet and mill pass.
PAR  FIG. 32 is a section at B-B' and represents the cross sectional profile of
      the billet half way through the pass.
PAR  FIG. 33 is a section at the roll "gorge", section C-C', at which point
      cross sectional reduction is complete and the finished seamless hollow is
      "reeled" from the mill pass.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  My invention has the following advantages over conventional practice:
PAR  1. It makes it possible to obtain a sound, pipe-free billet by top pouring
      and pressing without the yield loss necessitated by cropping off the
      portion of the billet containing pipe and blow holes normally associated
      with top pouring.
PAR  2. It eliminates the conventional blooming and bar mills normally required
      between ingot and billet.
PAR  Hot metal 150 from ladle 151 (FIG. 8) is poured through trough 152 into
      metal mold generally designated by 1. Mold 1 is mounted on stool 4, the
      upper surface of stool 4 being a plane, flat surface that exactly fits the
      bottom surface 3 (FIGS. 7 and 9) of mole 1. The bottom surface 7 of stool
      4 (FIG. 7) is also plane and exactly fits the upper plane surface 9 of
      buggy 8 on which assembled mold 1 and stool 4 are placed.
PAR  The inner surface or cavity 2 (FIG. 7) of mold 1 is in the form of an
      inverted frustrum of a cone having an included angle of about 60.degree.,
      the upper opening 278 being larger than the bottom opening 277.
PAR  Stool 4 is provided with a central cylindrical hole 6 which exactly
      coincides with cylindrical hole 25 in buggy 8.
PAR  Water cooled metal core 35 (FIG. 9), which is fitted into holes 6 and 25,
      is in the form of a tube which has a cylindrical section 36, a slightly
      tapered section 39, an inside bore 40. The cylindrical portion 36 extends
      downward to cylindrical section 37 of smaller diameter than section 36,
      the juncture forming a shoulder 38, this shoulder being located in the
      portion of cone 35 that extends into hole in buggy 8.
PAR  Slightly tapered section 39 of water cooled core 35 extends from surface 3
      of stool 4 upward out of mold 1 to a distance above the surface of hot
      metal 150 where it may be connected to the cooling arm 42. The taper of
      section is further illustrated in FIG. 1 by d.sub.2 and (d.sub.2 -X), X
      being about of the order of three quarters of an inch per linear foot. (on
      diameter).
PAR  Dimension D.sub.1 in FIG. 1, or maximum ingot diameter, is substantially
      greater than the ingot axial length, D.sub.2 being established by the
      conical angularity but being in any event substantially greater than
      d.sub.2. The mold cavity is dimensioned accordingly.
PAR  Water cooled metal core 35 is held in position in mold 1 by key 29 (FIGS.
      7, 9 and 19) which extends through slot 27 and hole 28 in buggy 8. Key 29
      has a cylindrical section 28 that has a sliding fit with hole 28, a larger
      section 31, this section having a tang 32 on its lower edge. Key 29 is
      retained in pocket 27 by retainer 33 which is secured by the buggy 8 by
      bolts 34. The forward end 38 of key 29 contacts shoulder 38 of water
      cooled core 35 thereby preventing core 35 from dropping downward through
      holes 6 and 25.
PAR  Cooling water for metal water cooled core 35 is supplied directly through a
      special nozzle generally designated by 57, (FIGS. 7, 8, 17 and 18) which
      applies high pressure water to the inside bore 40 of core 35 in a
      tangential direction that causes the water to take a rapidly spinning
      helical path downward through core 35 while clinging tightly to the inside
      surface 40 as a result of its rapid spinning, this shell of water being
      indicated by 279.
PAR  Referring more particularly to FIGS. 17 and 18 for a more detailed
      description of nozzle 57, the nozzle consists of a solid forging of
      casting having a cylindrical turned surface 58 terminated at both ends by
      larger diametered sections 59 and 60 which form shoulders 287 and 288 with
      section 58. Section 60 joins and blends with cylindrical section 62 by
      means of conical section 61. The center of nozzle 57 is provided with an
      internal conical section 69 which connects through radius 70 with surface
      62, and on its inward end with cylindrical core 68, bore 68 terminating in
      plane surface 72 which is joined by threaded section 66 to bore 63.
PAR  Special swirling nozzle 290 is mounted in the front end of nozzle 57 by
      threaded section 71 whose threads engage threaded bore 66. Threaded
      section 71 is provided with an internal bore 77 which communicates with
      internal cavity 76 in cylindrical section 73 of nozzle 290, this
      cylindrical section terminating in cap 74 and in the rear in plane surface
      72. Multiple slots 78 are machined in cylindrical section 62.
PAR  Nozzle 57 (FIGS. 7, 8, 14, 15, 16) is mounted on cooling arm 42 by being
      clamped between members 46 and 48 in such a way that machined surfaces 50
      (FIGS. 14) engage surface 58 of the nozzle. Member 48 is bolted to member
      46 by bolts 49. Member 46 is attached to tubular arm 43 by inserting tang
      47 in the inside surface of 43 and welding. Tubular member 43 is provided
      with a tapped hole 51 into which is threaded nipple 52. One end of hose
      117 is attached to nipple 52, the other end to nipple 65, this nipple
      being screwed into tapped hole 64 of nozzle 57. Hose 117 is arched to
      serve as a trap to prevent water from draining from tubular member 43 when
      it is desired to shut off water to stop cooling core 35. The rearward end
      of cooling tube 43 is stopped with plug 44, which is tapped and threaded
      to receive nipple 45. The rearward end of tubular member 43 is also
      provided with lever arm 53 and hinge member 56.
PAR  In the downward engaged position of cooling arm 42, the axis of nozzle 57
      coincides with the axis of water cooled core 35 and section 62 of the
      nozzle fits loosely into the inside surface 40 of core 35, conical section
      61 of the cooling nozzle contacting conical surface 41 of core 35,
      effecting a seal.
PAR  Cooling arm 42 is mounted in clevis 80 (FIGS. 7 and 8) by placing hole 56
      of hinge member 55 in alignment with hole 303 of clevis 80 and inserting
      pin 81. Clevis 80 is mounted on column 82 which is attached to base 83,
      base 83 being attached to top plate 95 of table 93 by bolts 84.
PAR  Cooling arm 42 is actuated upward and downward as follows: (FIGS. 7 and 8)
      lever arm 53 is attached to clevis 87 by pin 88, clevis 87 being attached
      to piston rod 86 of cylinder 85, cylinder 85 being mounted through
      trunnions 89 to frame 90 which is attached to table 95 by bolts 92.
      Cylinder 85 is actuated in the draw action by introducing air from 4-way
      electromagnetic valve 109 (FIG. 8) through nipple 110, through attached
      hose 105, through nipple 106 to the front end of cylinder 85. In the
      reverse action, air is introduced through another part of electromagnetic
      valve 109 through nipple 110a, through hose 107, through nipple 108 to the
      opposite side of the piston. Air to valve 109 is supplied by ring manifold
      112 which in turn is supplied with air through pipe 145 which is attached
      by swiveling elbow 144 which is attached to air pipe 143 of air and water
      separator 291 (FIGS. 8 and 22).
PAR  Water to cooling arm 42 is supplied by hose 113 which is attached by nipple
      114 to electromagnetic water valve 115 at its rearward end, and to cooling
      arm 42 by nipple 45. Water valve 115 is connected to ring water manifold
      116, the manifold in turn being supplied through hoses 132 and 133, these
      hoses being attached to the manifold by nipples 130 and 131.
PAC  AIR AND WATER SEPARATOR
PAR  Air to operate cylinder 85 and water to cool the water cooled core 35 must
      be supplied to a rotating table 93 from stationary sources. This is
      accomplished by means of an air and water separator generally designated
      by 291 (FIGS. 8, 22, 23). The air and water separator consists of a
      stationary member 120 which is bolted to foundation 295 by bolts 296.
      Stationary member 120 is provided with an interior central core 136 which
      communicates with port 137 which admits water from an exterior supply
      source through a pipe 139 which is screwed into threaded portion 138 of
      port 137. Internal core 136 also communicates with ports 134 and 135
      located in the upper portion of stationary member 120. Core 136 is closed
      off in its upper extreme end by plug 140 which is bolted to 120 by bolts
      279.
PAR  Air is introduced to separator 294 through air supply pipe 147 which enters
      120 through packing gland 148 and is sealed from the interior 136 by
      packing 149. Supply pipe 147 is connected to pipe 143 by elbow 146. Pipe
      143 is sealed from the interior 136 of 120 by packing gland 141 and
      packing 142. Pipe 143 is connected to pipe 145 by rotating elbow 144.
PAR  Water, supplied to stationary core 136 under pressure through port 137, is
      introduced into annular cavity 126 in rotating member 118 through ports
      134 and 135, and from this annular cavity to hoses 132 and 133 by way of
      nipples 130 and 131 which are screwed into ports 128 and 129.
PAR  Rotating member 118 is provided with a machined circular bottom surface 122
      which rests on bearing 123, bearing 123 resting in turn on machined flange
      of stationary member 120. Rotating member 118 is provided with a machined
      inner cylindrical surface 119 that is dimensioned to give a bearing fit
      with surface 121 of stationary member 120 and these two surfaces are
      sealed from the outside by packing rings 127 and 127a.
PAR  Air and water separator 294 also acts as the center hub bearing of table 93
      for the reason that structural members 94 rest on projection 125 of
      rotating member 118 and are fastened to it.
PAC  TURNTABLE
PAR  Turntable 93 (FIGS. 7, 8, 23) consists of structural members 94, which are
      secured as stated above to rotating member 118, these structural members
      94 extending radially outward to a uniform distance and carrying on their
      upper surface top plate 95 which forms a ring shaped top surface on which
      are mounted column 82, frame 90 and manifolds 112 and 116. Bottom plate 96
      is attached to the under side of structural members 94, forming the ring
      shaped surface on which are mounted ring gear 100, wheel mounts 97 that
      carry flanged wheels 98 which support the outer circumference of table 93,
      these wheels riding on circular track formed by rail 99.
PAR  Table 93 is rotated by pinion 101 which is meshed with ring gear 100 and is
      driven through gear box 102 and shaft 103 by motor 104.
PAR  Buggies 8 (FIGS. 7, 8, 30), which carry molds 1 and stools 8 on their upper
      surfaces 9, are carried on rails 23 and 24 which form a circular track
      having the same center as table 93 by means of flanged wheels 17, 18, 19,
      20, 21 and 22, these wheels being journaled and axled in mounts 11, 12,
      13, 14, 15, and 16 mounted on the under side 10 of buggies 8. Buggies 8,
      which are coupled together by couplings 298, 299, and pins 300, are moved
      around the circular track formed by rails 23 and 24 by being linked to
      turntable 93 through bars 191 (FIGS. 11, 30) these bars being pinned to
      hinge plate 192, hinge plate 192 being bolted to top plate 95 of turntable
      93. In the down position, bars 191 rest on top surface 9 of buggies 8
      between lugs 193 which are fastened to the top surface 9 of buggies 8.
      When turntable 93 is rotated, this motion will be imparted to buggies 8
      through hinge member 192, bar 191 and lugs 193 to buggies 8.
PAC  THE CASTING, COOLING, CORE REMOVING AND PRESSING OPERATIONS
PAR  Assume turntable 93 to be indexed counterclockwise for purposes of
      description so that the train of buggies is always moved in a
      counterclockwise direction. As each buggy 8 is indexed to a position at
      the exit end of stripping table 230 or at the entering end of pouring
      table 153, a mold 1 is placed in position on its stool 4 and buggy 8, and
      core 35 is placed in position in the center of mold 1 and key 29 is moved
      forward against cylindrical section 37 and shoulder 38 of core 35. Cooling
      arm 42 is lowered into horizontal position by action of cylinder 85. The
      buggies 8 are then indexed one buggy length and each loaded as above until
      the first of the buggies reaches pouring station 301 of pouring platform
      153 (FIGS. 30) under the auxiliary pouring trough 152. High pressure
      cooling water is then admitted through valve 115 to hose 113, through
      cooling arm 43, through hose 117 through nozzle 57 to the interior 40 of
      core 35 where it continues in a spiral path 279 downward through the
      interior 40 of core 35, clinging tightly to the interior surface 40 until
      it is discharged through nozzle 302 (FIGS. 7, 20, 21) which converts the
      circular flow of the water to linear flow in a direction parallel to the
      axis of core 35 so that the water will flow directly to the foundation 295
      instead of in a direction parallel to the bottom surface 10 of buggy 8
      making it difficult to collect and discharge for recirculation.
PAR  Nozzle 302 (FIGS. 20 and 21) consists of cylindrical section 221 of which
      the diameter is such that it will fit closely into the inside bore 40 of
      nozzle 35. Flange 222 is attached to section 221 and has holes 223 for
      bolting to the bottom of core 35. Diversion of the cooling layer 279 of
      water from spiral to linear flow is accomplished by vanes 224 which are
      curved at their upper ends, the direction of the curve being toward the
      direction of flow of water 279.
PAR  When the first buggy 8 is in pouring position, hot metal 150 is poured from
      ladle 151 through auxiliary trough 152 directly into mold 1 until the
      desired level is reached and the hot metal shut off. The buggy is then
      indexed, one position bringing the next mold into pouring position.
PAR  Cooling begins at once as illustrated in FIG. 3. Metal in contact with the
      interior surface 2 of mold 1 begins to solidify by the heat absorbing
      action of the metal mold, and in the center by contact with the outer
      surface of water cooled core 35 resulting in a solid section of metal 155,
      a semi-solid section 156, and a liquid portion 157 consisting of a mixture
      of metal and impurities which have a melting point lower than that of the
      cast metal. When portion 155 is cooled enough so that the center portion,
      shell 155 has sufficient column strength to resist collapse under the
      action of core removal, but still sufficient plasticity for forging, the
      ingot will have reached a location one station ahead of location 158 under
      core removing hammer 159. The flow of cooling water, which has been
      maintained up to this point at a rate that will maintain the surface of
      the metal core in contact with the cast metal between 1600.degree. and
      1900.degree. F., is now increased to reduce the temperature of the metal
      core as near as possible to the ambient temperature of the cooling water,
      which causes the metal core to shrink away from contact with the inside of
      the casting, at which time the cooling water will be shut off and cooling
      arm 42 raised to vertical position (FIG. 11). The correct temperature of
      the casting necessary to achieve the proper combination of structural
      strength and plasticity for core removal is obtained by selecting the
      pouring position on platform 153 and the above described control of the
      rate of flow of the cooling water.
PAR  When buggy 8 has been indexed under hammer 159, pin 29 is withdrawn as
      follows: (FIG. 9) Cylinder 183, mounted on frame 185 by trunnions 184 is
      tilted downward by action of air cylinder 189 through piston 188 which is
      linked to cylinder projection 186. Piston rod 182 is then moved forward
      until tang 181 is directly under tang 32 of key 29, after which cylinder
      183 is tilted upward by reverse action of cylinder 189 causing tang 181 to
      engage tang 32. Piston rod 182 is then moved backward withdrawing rod 28
      from contact with offset 38 which leaves core 35 free to be driven
      downward from mold 1 through hole 25 in buggy 8.
PAR  The column strength of the center portion 155 of the casting is now
      sufficient to withstand the force of dislodging core 35 from contact with
      center 283 of the casting and driving it downward through hole 36 in stool
      4, and hole 25 in buggy 8 to conveyor 180 (FIG. 10) which returns it to
      the surface. This is accomplished by hammer 159 (FIG. 10) which represents
      a conventional air or steam hammer consisting of a cylinder mounted on a
      cantilevered frame 160. Piston 162 mounted conventionally in cylinder 161
      carries hammer head 163 on its lower end located directly over the center
      line of water cooled core 35. Slight taper or "draught" on core 35 makes
      it possible for a sharp blow from the hammer to break contact between core
      35 and the interior of the casting, and continued blows will move the core
      downward as described above.
PAR  During the core removing operation, the force of the hammer is taken
      directly from buggy wheels 17-22 inc. and transmitted directly to frame
      164 of the hammer 159 through a circular wedge assembly consisting of
      stationary member 166 and rotating member 165, member 165 being rotated by
      the action of worm pinion 168 on gear teeth 167 which are machined on
      upper wedge section 165. Rotation of upper member 165 causes this section
      to move upward against the bottom of buggy 8.
PAC  PRESSING OPERATION
PAR  After the core 35 is removed, the buggy is indexed past observation
      platform 286, where the temperature of the inside surface of the casting
      may be observed and controlled by spray cooling if necessary to prevent a
      breakout of molten metal. As the buggy moves toward the press, drive bar
      191 of this particular buggy is raised out of engagement with lugs 193 by
      bearing against the rising slope of cam 194 so that buggy 8 may pass
      between columns 198, 199, 200 and 201 of press 195 (FIG. 11). Press 193 is
      a conventional hydraulic press consisting of a top member 197 which is
      mounted on the upper end of four columns 198, 199, 200, 201, these columns
      being attached to base 202. Cylinder 196 is mounted in inverted position
      on the under side of top member 197 and contains piston 204 which is
      attached to sliding platen 203. Mandrel 205 is attached to the under side
      of platen 203 by retainer ring 211 and bolts 213 which bear against flange
      212 of mandrel 205 and draw it tightly against the under side of sliding
      platen 203.
PAR  Mandrel 205 consists of a lead-in cone 209 which terminates in radius 210.
      Lead-in cone 209 joins cylindrical section 208 and cylindrical section 208
      joins conical section 207, conical section 207 terminating in cylindrical
      section 206 on which flange 212 is machined. The diameter of cylindrical
      section 208 of mandrel 205 is slightly smaller than diameter d.sub.2
      (FIGS. 1 and 2) and will have a sliding fit with hole 6 of stool 4 and
      hole 25 of buggy 8. When buggy 8 has been indexed into pressing position
      under the mandrel of press 195, the center lines of mold 1, hole 6 of
      stool 4, hole 25 of buggy 8 and mandrel 205 will exactly coincide and
      mandrel 205 may be removed downward by action of cylinder 196 to effect
      the pressing and forming action shown in FIGS. 4, 5 and 6 (shown without
      mold which is assumed to be in place). Before section 208 of mandrel 205
      enters partially cooled casting 154, the central cavity 283 is slightly
      tapered by being formed against water cooled core 35. The cylindrical
      section 208 of mandrel 205 converts this central cavity into cylindrical
      form (FIG. 5). The mandrel 205 continues to move downward until conical
      section 207 forms inside profile 284 (FIGS. 2, 3) having the same profile
      as 207, the pressure and metal displacement of this operation causing the
      unsolidified mixture of metal and impurities in cavity or pipe 157 to be
      extruded upward and out of the casting 154a and pipe 157 and any
      accompanying blowholes to be eliminated. Casting 154a is now converted
      into solid billet 214, which is now ready for reheating and rotary
      rolling. The final dimensions of billet 214 will be such that the outside
      portion is a cone of approximately 60.degree. and diameter d.sub.1 will be
      about one half the diameter D.sub.1.
PAR  In order to prevent transferring the stresses of the pressure operation
      being transmitted to the wheels and bearings of buggies 8, a movable wedge
      215 (FIGS. 12, 13) is brought into contact with the under side of buggy 8
      by moving it forward over stationary wedge member 216 by action of
      cylinder 217 mounted on foundation 202, this cylinder being linked to
      movable wedge member 216 by piston 280, clevis 282 and pin 281.
PAR  After the pressing operation has been completed, the mandrel raised and the
      wedges disengaged from the underside of the carriage, the buggy is indexed
      to bring the one carrying the pressed billet out of the press and in front
      of stripping platform 230 (FIGS. 25 and 30). Mold 1 is lifted by crane
      attached hooks 225 and moved directly over stripping stool 303. Stripping
      stool 303 consists of a cone 228 having a bottom diameter slightly smaller
      than the diameter d.sub.2 (FIG. 2) of the bottom hole of billet 214, this
      cone 228 being mounted on pedestal 227 which is attached to base 229. When
      mold 1 is lowered to base 229, billet 214 is raised from contact with
      inside surface 284 (FIG. 2) of billet 214 and may then be lifted from the
      table 230 to storage, conditioning or directly to a reheating furnace in
      preparation for rotary rolling to a tubular seamless hollow.
PAR  As the buggy is indexed past the stripping position, raised drive arm 191
      (FIG. 30) encounters the downward sloped portion of cam 194 and returns to
      drive position in contact with lugs 193. Core 35 is replaced and locked
      into position by pin 29, and cooling arm 42 lowered into contact with core
      35 ready for further casting.
PAC  THE ROTARY ROLLING PROCESS
PAR  The Rotary Rolling Mill pass consists of three essentials: rolls, mandrel
      and guide shoes.
PAR  Referring more particularly to FIGS. 27, 28 and 29 for a description of the
      rolls and their arrangement in the pass: two identical rolls or discs
      generally designated by 248 and 249 are mounted on journaled shafts 250
      and 251, these shafts being placed such that their centerlines intersect
      the centerline of the pass to make an included angle of about 120.degree.,
      each making one half of this angle with the pass centerline of about
      60.degree.. These discs have working surfaces 252 which, in opposition
      form an included angle of 60 degrees with each other and each disc an
      angle of about 30 degrees with the pass centerline. Working surfaces 252
      joins parallel reeling surfaces 253 at gorge point 306, surfaces 253
      terminating in surfaces 254 which forms such an angle with the axis of the
      discs that surfaces 254 taper away from each other in the pass to form a
      relief section that will permit the finished tubular hollow 214a to leave
      the mill pass. Working surfaces 252 terminate in their rearward ends in a
      cylindrical section 255 that will furnish a reserve section for
      remachining the discs to restore sections 252, 253 and 254 to their
      original profile after wear.
PAR  The second essential part of the mill pass consists of mandrel 233 which in
      working position is positioned between disc working surfaces 252, 253 and
      254 so that its centerline coincides with the pass centerline. Mandrel 233
      consists of a conical working section 234, cylindrical section 235 and
      cylindrical section 236 (FIGS. 28). Section 236 is joined to mounting
      flange 237 (FIGS. 27) and clamped in this position by shroud clamp 256.
      Mandrel 233 is provided with a central cooling cavity 238.
PAR  Mandrel 233 is held in position in the rotary roollng pass and allowed to
      rotate freely by being attached to flange 239, flange 239 being an
      integral part of spindle 240 which is mounted in roller bearing assembly
      generally designated by 241. Roller bearing assembly 241 is mounted in
      housing 242 which is a part of base 243. Base 243 is slidably attached to
      slides 244 and moved toward and away from the mill pass by cylinder 245
      which actuates piston rod 246 which is attached to carriage 243 by tang
      247.
PAR  Spindle 240 is hollow to admit water pipe 247 to the interior cavity of
      mandrel 233, water being supplied by hose 274 which is attached to a
      source of supply.
PAR  The third essential part of the rotary rolling pass consists of guide shoes
      (FIGS. 27 and 28). Bottom guide shoe 257 is mounted on holder 260 and held
      in position by clamp 266 which is held against the rearward end of the
      shoe by threaded rod 267 and nut 269, rod 267 being pinned to holder 260
      by pin 268. Similarly, top guide shoe 258 is mounted on top holder 259 and
      clamped in position by clamp 262 which is pinned to top holder 259 by pins
      262 and 264, and actuated by draw rod 263 and nut 265. Top holder 259 is
      adjustable upward and downward by screw 272 which is actuated by gear
      assembly 271 and motor 270.
PAR  The top and bottom guide shoes are identical in design and are, in general,
      so profiled in lateral and longitudinal section as to keep the advancing
      and rotating billet in the shape of a cone until it reaches the parallel
      section of the pass at gorge point 206, the vertical setting to the guide
      shoes being such that the distance between them at the point of first
      contact is equal to the horizontal distance between the rolls, the ratio
      of the vertical distance between the guides to the horizontal distance
      between the rolls gradually increasing by a slight amount so that the
      cross section of the tube at the gorge is slightly oval, the major axis of
      this ovaled profile being vertical. The ovaled profile of tube 214a will
      round up as the tube leaves the mill by action of diverging section 254 of
      the discs and the inside diameter of tube 214a will be larger than the
      parallel reeling section 235 of mandrel 233.
PAR  In operation, reheated billet 214 is transported from a reheating furnace
      by a crane mounted hook 231 and placed on retractable stool 231 (FIGS. 28)
      and the hook removed. Carriage 243 is moved forward until mandrel 233
      contacts the inside of billet 214 and stool 231 is retracted downward
      below slides 244. The billet is then moved into the mill pass where it is
      processed into tubular hollow 214a. Rotary motion is provided by the
      rotation of discs 248 and 249 in the same direction, and forward
      centerline of one disc is set above the centerline of the mill pass, and
      the centerline of the other disc set below the mill centerline by the same
      amount.
PAR  The details of the technology and theory of rotary rolling are well known
      and have not been elaborated here since they have only been briefly
      described to illustrate the application to my invention.
PAR  My method, using my apparatus, is as follows:
PAR  The train of buggies is actuated to bring one of the buggies in a position
      in front of the circular table for the teeming of molten metal, this buggy
      bearing on its upper surface the assembly of circular metal stool,
      cylindrical metal mold, and positioned hollow metal core, this hollow core
      now being connected to high pressure cooling water by actuating the air
      cylinder to lower the length of pipe bringing the nozzle into engagement
      with the bevel on top of the hollow metal core and the outer lower surface
      of the nozzle into contact with the inner surface of the hollow metal
      core, said high pressure water supply then being turned on. Molten metal
      is then teemed through a trough, tundish or other auxiliary device
      directly into the metal mold to the desired height, the flow of molten
      metal then being interrupted. The turntable is then indexed to bring the
      next mold into teeming position in continuous operation, the flow of high
      pressure cooling water being so regulated that the temperature of the
      surface of the hollow metal core in contact with the molten metal remains
      between 1600.degree. and 1900.degree. F. until each of the molds is ready
      to be indexed into position under the core removing hammer at which time
      the flow of the high pressure cooling water is increased to reduce the
      temperature of the hollow metal core as near as possible to the ambient
      temperature of the cooling water, this temperature reduction causing the
      hollow metal core to decrease in diameter, this reduction in diameter
      causing the hollow metal core to shrink away from the now solidified
      portion of the casting formed by contact with the outside surface of the
      hollow metal core. The flow of cooling water is then interrupted, the
      length of pipe bearing the special nozzle is raised to vertical position,
      and the turntable then indexed to bring the buggy with loosened core
      directly under the core removing hammer. The wedge operated ram mounted in
      the case of the core removing hammer, is then actuated upward into
      supportive contact with the under surface of the top member of the buggy,
      the core retaining key then being withdrawn from contact with a shoulder
      machined around the outer surface of the metal core, the core removing
      hammer then being actuated to drive the hollow metal core downward through
      the casting, the holes in the metal stool and top surface of the buggy,
      and to a conveyor located under the base of the core removing hammer, the
      under mounted supportive ram then being lowered. The turnable then is
      actuated to move the buggy carrying the casting one buggy length past the
      hammer, past convenient locations on the circular platform where
      observations may be made of the temperature of the core of the casting and
      further cooling may be applied by direct spray cooling or air blast to
      prevent breakout or still molten metal. This indexing by one buggy length
      eventually brings the buggy carrying the casting from which the core has
      been removed, to a position ahead of the hydraulic press, the drive bars
      then coming into contact with the plate cam and raised to and held in
      vertical position as the buggy moves ahead and eventually under the
      mandrel of the hydraulic press and above the supportive wedge actuated ram
      located in the foundation of the press. The supportive ram is then
      actuated to raise it into contact with the under surface of the top member
      of the buggy, the press cylinder then being actuated to move downward, the
      projectile shaped bottom section of the mandrel, and the cylindrical
      section of the mandrel then converting the slightly conical section of the
      casting into a cylindrical profile, the succeeding conical section of the
      mandrel then converting the cylindrical section into a cone of bottom
      diameter equal to the diameter of the cylindrical section of the mandrel,
      and of top diameter equal to about one half the outside diameter of the
      casting at the top. The supportive wedge actuated ram is then withdrawn
      from contact with the under surface of the top member of the buggy, the
      mandrel being then withdrawn upward and out of contact with the casting,
      the buggy then being indexed to carry the forged casting out of the
      hydraulic press. The drive bars are lowered to drive position by contact
      with the plate cam, the buggy then being moved by successive indexing of
      the turntable to a station in front of the circular platform where the
      mold containing the forged casting is lifted from the buggy to the
      stripping device which raises the forged casting to a position where it
      may be grasped by tongs and moved to storage, conditioning, or immediate
      reheating for forging into a seamless hollow.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for making a billet for a seamless tube rotary rolling
      mill, comprising a plurality of open-topped molds, upstanding cores
      removably mounted in said molds, a metal casting station, a core removing
      station, a forging station including a mandrel shaped to enter core holes
      formed by removal of said cores in castings in said molds, a mold
      stripping station, and means for successively moving each of said molds
      passed said stations, said molds having casting cavity side walls each in
      the form of an inverted frustrum of a cone and stools forming their cavity
      bottoms and in which holes are formed and in which said cores are fitted
      to mount the cores, said mold moving means supporting said stools and
      providing clearance therebelow for downward movement of said cores, and a
      hammer mounted above said molds at said core removing station for
      hammering said cores downwardly through castings formed in said mold
      cavities, said cores being tubular, and including nozzles inserted in the
      tops of said cores of said molds, means for moving each of said nozzles
      with each of said molds, means for automatically inserting said nozzles in
      said cores of said molds leaving said casting station one after another,
      means for automatically removing said nozzles from said cores as said
      molds approach said core removing station and means for supplying said
      nozzles with water while inserted in said cores.
NUM  2.
PAR  2. The apparatus of claim 3 having means for locking said cores against
      downward movement through said holes while said molds approach said
      casting station and for unlocking said cores after they are held by said
      castings and prior to actuation of said hammer at said core removing
      station.
NUM  3.
PAR  3. The apparatus of claim 3 in which said mold moving means includes
      buggies having wheels and on which said molds and stools are carried, and
      having a ram at said core removing station and an actuator for moving said
      ram supportingly against the bottom of each buggy during actuation of said
      hammer to relieve said wheels from the hammer stress.
NUM  4.
PAR  4. The apparatus of claim 3 in which said mandrel has a lead-in section for
      entering the core holes in said castings followed by a conical section to
      forge the castings against said cavity side walls, and including a press
      for pressing said mandrel into said castings.
NUM  5.
PAR  5. The apparatus of claim 4 in which said mold moving means includes
      buggies having wheels and on which said molds and stools are carried, and
      having a ram at said forging station and an actuator for moving said ram
      supportingly beneath the bottom of each buggy during actuation of said
      press to relieve said wheels from the pressing stress.
NUM  6.
PAR  6. The apparatus of claim 3 having a crane at said stripping station for
      lifting each mold from its stool, and an upward movable stripping stool at
      this station, said stripping stool having a size substantially fitting the
      bottom of the mold cavity and on which each mold is placed, said stripping
      stool being upwardly movable through the mold's bottom to strip the
      casting therein from the mold's side wall.
NUM  7.
PAR  7. Apparatus for forming a hollow conical billet suitable for forming into
      a seamless tubular hollow, comprising a cylindrical metal mold, the inside
      profile of said metal mold being in the form of an inverted right
      truncated cone of approximately 60.degree. included angle, said metal mold
      being placed with axis perpendicular on a flat circular metal stool with
      the smaller circular opening of said metal mold in contact with the upper
      plane surface of said stool, said stool having a cylindrical hole
      extending through its body, the axis of said hole coinciding with the axis
      of said metal mold, the diameter of said hole in said stool being not
      greater than six inches less than the inside diameter of said smaller
      opening of said inside profile of said metal mold in contact with said
      metal stool, said hole having inserted in it a slidably fitting hollow
      metal core, said metal core being cylindrical in form in the portion in
      contact with and extending through said hole in said stool, but slightly
      conical in profile in the portion extending upward from said stool to a
      height not less than twelve inches above the top surface of said metal
      mold, the taper on diameter of said conical section being not less than
      three quarters of an inch per linear foot on diameter taken parallel to
      the axis of said metal core, said metal core having an inside cylindrical
      hollow extending through its length, said cylindrical hollow terminating
      on the upper circular plane end of said metal core in a bevel, the
      assembly of metal stool, metal mold and hollow metal core being placed on
      the plane top surface of a horizontal top member of a buggy, said metal
      horizontal top member of said buggy being provided with a cylindrical hole
      extending through said horizontal top member of said buggy, the diameter
      of said hole being such that it provides a sliding fit with said
      cylindrical portion of said hollow metal core, said cylindrical portion of
      said metal core is flush with the bottom plane surface of said horizontal
      top member of said buggy, said cylindrical portion of said metal core
      having a shoulder machined around its outer circumference at a point
      located at a distance upward from the bottom of said cylindrical portion
      of said metal core approximately equal to one half the thickness of said
      horizontal top member of said buggy, said horizontal top member of said
      buggy being provided with a horizontal hole machined radially edgewise in
      said top member of said buggy approximately one half way between said top
      and bottom plane surfaces of said horizontal member in exact register with
      said shoulder on said cylindrical section of said hollow metal core, said
      hole containing a slidably fitting rod that can be mechanically thrust
      into said groove of rectangular cross section machined into said
      cylindrical section of said hollow metal core, said hollow metal core
      being in position in said assembly of metal mold, metal stool and buggy,
      said metal rod also capable of being mechanically withdrawn from contact
      with said shoulder, the effect of said withdrawal of said rod being to
      release said hollow metal core from said metal mold.
NUM  8.
PAR  8. Apparatus for forming a hollow conical billet as defined in claim 7
      having a series of said molds and stools, cores and buggies, all of which
      are duplicates of each other, said buggies being provided with a plurality
      of flanged wheels mounted on the underside of said buggies, said flanged
      wheels resting on a circular track of sufficient diameter to accommodate
      said series of duplicate buggies, said buggies being coupled together in a
      continuous train capable of being moved around said circular track.
NUM  9.
PAR  9. Apparatus for forming a hollow conical billet as defined in claim 8,
      said circular track being surrounded by a circular platform close to, but
      not in contact with said continuous train of buggies, said circular
      platform serving as a location for placing, removing and servicing of said
      molds, said circular platform further serving as a location for teeming of
      hot metal into said molds, and stripping finished castings from said
      molds.
NUM  10.
PAR  10. Apparatus for forming a hollow conical billet as defined in claim 9,
      said circular table being broken to provide a space at specified points
      around its circumference to provide space in which an air hammer is
      positioned, said air hammer having a piston, ram and hammer and being
      cantilevered over said continuous train of buggies such that the
      centerline of the piston, ram and head of said hammer will intersect the
      circle joining the centerlines of all said molds, said air hammer being
      further provided with a wedge actuated ram that may be moved upward into
      contact with, or downward out of contact with the under side of said top
      member of said buggies.
NUM  11.
PAR  11. Apparatus for forming hollow conical billet as defined in claim 10,
      said circular table being further broken to provide space in which is
      positioned by hydraulic press, said press consisting of a hydraulic
      cylinder mounted on top of four columns, said columns being placed two on
      the inside of said circular train of buggies, and two on the outside of
      said circular train of buggies, said cylinder being connected to a platen
      slidably mounted under said cylinder on said four columns, said platen
      bearing a mandrel on its under side, the centerline of said mandrel
      intersecting the horizontal circular joining vertical centerlines of said
      molds, said mandrel consisting of a projectile shaped section on its
      bottom extremity, said projectile shaped section being joined to a
      cylindrical section, said cylindrical section being equal in diameter to
      said diameter of said hollow metal core minus sliding clearance, the
      length of said cylindrical section of said mandrel being equal to the
      height of said metal mold, said cylindrical section of said mandrel
      joining a tapered or conical section, the length of said tapered or
      conical section being twenty to thirty percent greater than the height of
      said metal mold, the concentricity of said tapered or conical section of
      said mandrel being such that the diameter of said tapered or conical
      section of said mandrel in a plane defining the top of said metal mold
      will be approximately equal to one half of the inside diameter of said
      metal mold, said tapered or conical section of said mandrel terminating in
      a cylindrical section, said cylindrical section bearing devices for
      attachment of said mandrel to said platen, said hydraulic press being
      further provided with a wedge operated ram in its base that may be
      actuated upward and downward into and out of contact with the upper
      surface of said top member of said buggies.
NUM  12.
PAR  12. Apparatus for forming a hollow conical billet as defined in claim 11,
      said circular train or buggies having positioned on its inner
      circumference a circular turntable, the outer circumference of said
      turntable being separated from the inner circumference of said train of
      buggies by a gap sufficient to clear said columns of said hydraulic press,
      said circular turntable consisting of a plurality of structural members
      disposed radially outward in the same horizontal plane from a central hub,
      said structural members being tied together from the outer circumference
      of said turntable inward by structural members including a top plate, and
      a bottom plate, said structural members being tied together in the center
      by being secured to said central hub, said central hub resting on a
      central bearing, said turntable being supported on its outer circumference
      by a series of flanged wheels, said flanged wheels being mounted on said
      bottom plate of said turntable by housing, journals and axles, said wheels
      resting on a continuous circular rail, said circular rail having the same
      center as said turntable, said bottom plate of said turntable being
      further provided with a ring gear, said ring gear being engaged by a motor
      driven pinion to rotate said turntable.
NUM  13.
PAR  13. Apparatus for forming a hollow conical billet as defined in claim 12,
      said turntable carrying on its upper surface an assembly for each of said
      molds for conducting high pressure cooling water to the inner surface of
      said hollow metal core, said assembly consisting of a flanged column
      mounted upright on said upper surface of said turntable, said flanged
      column being surmounted by a clevis, said clevis being pinned to a cooling
      arm, said cooling arm consisting principally of a length of pipe bearing
      on one end a tang to which said clevis is pinned such that said length of
      pipe is capable of being swiveled about said pin in a vertical plane from
      a horizontal to a vertical position, said length of pipe bearing on its
      opposite free end of nozzle having a bevel on its outer surface, said
      nozzle being so mounted that when said horizontal length of pipe is in
      horizontal position, the axis of said nozzle will be coincident with the
      axis of said hollow metal core and said bevel on the outer surface of said
      nozzle will engage the top of said cylindrical hollow in said hollow metal
      core, said top having a mating bevel fitting the first-named bevel, said
      nozzle being further provided with orifices formed to cause high pressure
      water issuing therefrom to flow tangent to the inner surface of said
      cylindrical hollow in said hollow metal core and take a spiral path
      downward through said cylindrical hollow until it encounters deflecting
      vanes located in the bottom portion of said cylindrical hollow in said
      hollow metal core, said deflecting vanes causing said tangential flow of
      said high pressure cooling water to flow parallel to the axis of said
      hollow metal core, said cooling water being originally conducted from the
      interior of said length of pipe solely through an arched conductor, said
      conductor being arched upward from the top of said length of pipe and
      communicating with the interior of said length of pipe, the other end of
      said conductor being connected to the hollow end of said special nozzle,
      said arched conductor serving as a trap to prevent flow of water by
      gravity from said pipe member to said nozzle when the water supply to the
      length of pipe is interrupted, a supply of high pressure water being
      conducted to the inside of said length of pipe through a hose connection
      attached to the end of said length of pipe opposite to the end bearing
      said nozzle and communicating with the inside of said length of pipe, said
      hose connection being connected to a hose attached to an electromagnetic
      valve, said valve being mounted on and connected to a ring shaped tubular
      manifold, said ring shaped tubular manifold being mounted on the surface
      of said turntable and connected to a centrally located swivel joint, said
      swivel joint being connected to a primary source of high pressure water,
      said length of pipe being further fitted with a vertically extending lever
      arm mounted on top of the pinned end of said length of pipe, said lever
      arm being connected by a pin to a clevis mounted on the end of the piston
      rod of an air cylinder, said air cylinder being trunnion mounted to a
      frame, said frame being bolted to the top surface of said turntable, said
      air cylinder being supplied with high pressure air to either side of its
      piston through hoses, said hoses being connected to an electromagnetic
      valve that may be actuated to introduce high pressure air to either side
      of said piston of said cylinder, said electromagnetic valve being mounted
      on and connected to a ring shaped tubular manifold mounted on the surface
      of said turntable, said ring shaped tubular manifold being connected to a
      centrally located swivel joint, said swivel joint being connected to a
      primary source of high pressure air, said swivel joints being incorporated
      into one unit serving to separate air and water, said unit being located
      in the center of said turntable and being incorporated into said central
      hub of said turntable.
NUM  14.
PAR  14. Apparatus for forming a hollow conical billet as defined in claim 13,
      said turntable being further provided with a means of positive engagement
      and disengagement with said train of buggies, said means of positive
      engagement and disengagement consisting of a plurality of flat rectangular
      bars, one in number for each of said buggies, said flat rectangular bars
      being hinged to a plate fastened to said top plate of said turntable, each
      of said flat rectangular bars being of such a length as to enable it to
      extend over the space between said turntable and said train of buggies,
      and of such a width as to enable each of said flat rectangular bars to
      rest on a portion of the top surface of two adjacent buggies and in
      contact with lugs affixed to said top surface of said buggies such that
      when said turntable is set in rotation, said rotation will be transmitted
      through said flat rectangular bars to said train of buggies and tow them
      around said circular track, said towing action being imparted
      simultaneously to such of said buggies as are not between said columns of
      said hydraulic press, the positioning of two of said columns between said
      turntable and said train of buggies requiring that said flat rectangular
      bars be raised to the vertical by rotation about said hinged plate and
      held in vertical position until each of said buggies is moved past said
      columns of said hydraulic press then lowered into horizontal position
      against said top surface of said buggies in contact with said lugs affixed
      to said top surface of said buggies, said raising to a vertical position,
      holding in vertical position, and lowering again to horizontal position
      being accomplished by contact with a profiled plate cam mounted between
      said turntable and said circular platform, said plate cam being so
      profiled that its upper surface will bear on the under surface of said
      flat rectangular bar and cause the said raising to vertical position,
      holding in vertical position, and lowering to horitontal position as each
      of said buggies in said train of buggies is towed past said press columns.
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ABST
PAL  A ventilation device for ventilating rooms in dwelling locations, or other
      spaces such as workman's barracks, cold storage and freezing rooms, and
      the like. An elongated housing is provided with a fan at one end with a
      reversible motor for controlling the direction of the fan. Heat holdover
      means comprising a series of heat-exchange plates is positioned in the
      housing and parallel to the direction of the air flow. Thermostats are
      provide at both ends of the housing for sensing the temperature of the air
      flowing by and thereby operating the reversible motor, thus controlling
      the direction of the fan.
BSUM
PAR  The present invention relates to a ventilation device primarly for
      ventilation of rooms in dwelling locations but also useful for ventilating
      other spaces such as workmens barracks, cold storage and, freezing rooms
      and the like. More specifically, the invention relates to a device of the
      type disclosed in the preamble of claim 1, which device alternately sucks
      air from and blows air into, respectively, a space.
PAR  In normal ventilation of for an example a flat or a smaller residential
      property a great deal of the heat required to maintain a certain
      temperature, is lost due to the fact that in venting the corresponding
      space cold air is sucked into and heated air disappears through the outlet
      air passages. The losses, hereby experienced, may be up to approximately
      40 percent of the total heat losses in a building and thus, because of the
      presently increasing energy costs it is of great importance to minimize
      these losses.
PAR  By providing the device according to the present invention with the
      characteristics disclosed in the following claims the disadvantages
      mentioned above are eliminated along with other disadvantages experienced
      in hitherto known ventilation systems of self suction or central suction
      types or similar at the same as an effective ventilation system is
      obtained, which may be easily adjusted according to individual needs and
      desires. Further advantages gained by the device according to the
      invention will be apparent from the following description.
DRWD
PAR  An examplifying embodiment of the device will be further described in the
      following with reference to the accompanying drawing, in which:
PAR  FIG. 1 is a perspective view of the device according to the invention,
PAR  FIG. 2 is a side view of the device with one side of the housing removed,
PAR  FIG. 3 is a view seen from above with the top portion of the housing
      removed.
DETD
PAR  In FIG. 1 reference numeral 1 designates a housing made from sheet metal or
      some other suitable material, and the housing may have the dimensions 100
      .times. 200 .times. 1000 mm and comprises a package 2 including plates 3
      located at a distance to each other and parallel to each other, and the
      plates -- which in the shown embodiment amounts to a number of 20 with a
      thickness of 1 mm -- preferably are folded or corrugated in such a manner
      that zig-zag shaped channels 4 are defined between the same. A suitable
      dimension of the channels is a width of approximately 4 mm (the distance
      between the plates) a height of approximately 200 mm (the height of the
      plates) and a length of approximately 1000 mm, but it is obvious that the
      dimensions of the plates may be varied within wide limits, however, they
      must be so dimensionated and located that the air flow, that is to pass
      through the channels, is forced to change the directions thereof several
      times while passing the channel and thus, the flow may never pass straight
      forward through the same. Sockets 5, 6 for the inlet or outlet of air are
      provided at the gable portions of the housing depending upon the direction
      of rotation of the fan 8, located at one of the sockets driven by an
      electric engine 7, in a way which will be further explained. The housing 1
      also includes a rheostat 9 to adjust the speed of the fan engine together
      with two thermostats 10, 11 in connection with the ends of the package 2.
      An impulse relay 12 is connected to the device giving impulses to a
      reverser 13 for the direction of rotation of the engine 7, whereby the
      connection to the device is accomplished by a terminal block 14 and even
      the rest of the components are coupled to the same in a suitable manner to
      achieve the intended function of the device.
PAR  In order to more easily understand function of the device a working cycle
      of the same will be further described, whereby a starting point has been
      chosen the condition in which the device initially has the same
      temperature as the air in the room in which the device is to be used. The
      device thereby has the socket 6 directed away from the fan 8, is directly
      coupled to the exterior air which in this case is presumed to be much
      colder than the air in the room. Thereby, the fan 8 sucks air from the
      exterior through the socket 6 and blows the air into the room in the
      direction of the arrow 15 through the socket 5. Due to the shape of the
      channels the air is constantly forced to change the directions thereof
      during the passage through the package 2 and thereby is brought to contact
      with the surface of the plates 3 to pick up the heat that is stored in the
      plates 3. Hereby, these plates will succesively be cooled until they have
      reached approximately the same temperature as the air entering from the
      exterior, and it is to be specially noted that the cooling initially takes
      place at that end, located closest to the socket 6 in order to be cooled
      at the end located against the socket 5 after a relatively long time. When
      the cooling reaches the latter mentioned end the temperature of the outlet
      air will fall and the thermostat 10, when acted upon by the somewhat
      cooled air, will begin to function and closes a current circuitry, whereby
      the impulse relay 12 acts upon the reverser 13 to change the direction of
      rotation of the fan engine 7. Thereby, the thermostat 10 may suitably be
      set so that a cold draught will never occur in the ventilated space.
PAR  When the air flow changes its directions and thus flows in the opposite
      direction, i.e. the direction of the arrow 16, the package 2 -- starting
      from the end located closest to the socket 5 -- will be succesively heated
      to the temperature prevailing in the ventilated room at the same time as
      the thermostat 10 due to the surrounding heated air will return to the
      normal interrupted position thereof and thus, will be ready for a new
      closing function the next time it is cooled. When heat is stored in the
      package and the temperature in the end thereof located adjacent the socket
      6 approaches approximately the temperature of the surrounding room the
      outlet air will also have the corresponding high temperature, which in
      turn results in that the thermostat 11, that is suitably set in a manner
      similar to the thermostat 10, closes a current circuitry which again
      changes the directions of rotation of the fan engine 7 via the relay 12
      and the reverser 13 in such a manner that the fan will suck air at the
      socket 6 and blow said air into the space in the direction of the arrow 15
      as disclosed above.
PAR  It is hereby to be noted that the air given to the room and of a
      temperature corresponding to the room temperature is only heated by the
      heat accumulated in the package 2 and, additional heat energy and, thus,
      not delivered during the working cycle of the device. The power
      consumption of the device in the described embodiment is approximately 1
      mA for a working voltage of 12 volts (direct current) and thus the energy
      requirements and operational costs are so small that they may be almost
      fully left out of account while great energy savings are obtained from a
      heating point of view.
PAR  In order to further reduce the ventilation losses in spaces which are
      ventilated by the use of a device of the present invention two devices may
      be mounted in the same room, whereby the two devices may be so arranged
      that they operate with opposing airflow directions guided by the fan i.e.
      when the first device sucks air the second device blows air, and vice
      versa, or are of the devices may operate completely without a fan or any
      guiding means, which is specifically advantageous in smaller spaces, such
      as workmens barracks or the like. In certain cases it may be suitable to
      mount two devices side by side with the air flows directed away from each
      other by the blow out of each device, respectively, whereby one of the
      devices may be used without fan and guide means and the effect of the fan
      needs therefore not has to be reduced.
PAR  The device may also be used for ventilating cold storage and freezing
      spaces whereby the package 2 rather than accumulating heat accumulates
      cold and the thermostats in such an application are made suitable for the
      prevailing temperature differences. Furthermore the device may -- such as
      in summer-time -- be used exclusively to blow air inwardly from the
      outside or in premises generating a great amount of heat, exclusively to
      blow air outwardly whereby the capacity of the device thereby may be
      easily set by the aid of the rheostat 9.
PAR  Also the duration of the working cycle may be easily varied partly by means
      of different settings of the rheostat and partly by different settings of
      the two thermostats 10 and 11. The duration of the working cycle must not
      be either too long or too short and it has been shown that a suitable
      setting with a temperature difference of about 20.degree.C, provides a
      reversal of the direction of the fan engine approximately every ninth
      minute and a temperature difference of about 40.degree.C the reversal
      occurs approximately every sixth minute.
PAR  Naturally, the invention is not limited to the embodiment described and
      shown in the drawing, but may be varied in several ways within the scope
      of the following claims without departing from the spirit of the
      invention.
PAR  Thus, the dimensions may vary in such a manner that the buit-in length of
      devices, intended for smaller spaces, in only about 500-600mm, while the
      upper limit for the length of the device is only determined by practical
      considerations seen from mounting-- and handling standpoints. Furthermore,
      the width of the devices may be increased, suitably in modules of 100 mm,
      while the height preferably may be in the order of about 200 mm as
      disclosed above but naturally under certain circumstances this may also be
      varied. Other variations may include that the thermostats are placed a
      distance into the package 2 seen from the ends thereof and that the
      package 2 rather than folded may comprise metal wool, some form of a
      liquid storage or the like rather than folded plates, however, thereby a
      considerably reduced storage capacity is obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for ventilating spaces such as dwelling rooms, workmens
      barracks, cold storage and freeze spaces and the like, which device
      includes a fan located in a housing provided with two sockets positioned
      at a distance to each other, means for reversing the direction of said
      for, characterized in that the housing, apart from the fan, comprises a
      package positioned between the sockets, heat holdover means including
      several plates provided at a distance to each other, elongated narrow
      channels being defined between the plates, whereby inlet or outlet air
      passes through these channels and thereby gives off heat or cold to the
      plates while the air after exchange of the directions of rotation of the
      fan passes in the opposite direction through the channels picks up the
      heat and the cold, respectively, stored in the plates and returns it to
      the ventilated space.
NUM  2.
PAR  2. A device according to claim 1, characterized in that guiding means,
      comprising thermostats, are provided adjacent the ends of the package and
      the sockets to act upon a relay or a corresponding element, which in turn
      acts upon a reverser to change rotational directions of the fan engine.
NUM  3.
PAR  3. A device according to claim 1, characterized in that the plates and
      thereby also the channels defined between the plates are folded or
      corrugated, whereby the air flow, passing through the channels, is forced
      to change directions several times during the passage thereof through the
      same and make more intimate contact with the plates in order to give off
      or pick up heat and cold, respectively.
NUM  4.
PAR  4. A device according to claim 2, characterized in that a rheostat is
      provided to adjust the number of revolutions of the fan engine, whereby
      the capacity of the fan may be varied.
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ABST
PAL  The present invention relates to a water-cooled high-temperature slide
      valve, especially hot blast slide valve, including within the housing
      thereof annular passages for the coolant (water) and extending from the
      upper portion of the slide valve along the sealing bars on both peripheral
      sides to the lower portion of the housing and opening into at least one
      cooling passage through transfer ports provided in this position, which
      cooling passage extends back around the portion of said housing arranged
      about the slide valve plate to the upper portion of said housing in which
      the coolant outlet is situated, wherein the cross-sectional flow area of
      said cooling passage within which the coolant is returned, at least in its
      lower portion extending over an arc of 180.degree., is smaller than, and
      at most as great as, the overall cross-sectional flow area of said annular
      passages.
BSUM
PAR  The present invention relates to a water-cooled high-temperature slide
      valve, especially hot blast slide valve, including within the housing
      thereof annular passages for the coolant (water) and extending from the
      upper portion of the slide valve along the sealing bars on both peripheral
      sides to the lower portion of the housing and opening into at least one
      cooling passage through transfer ports provided in this position, which
      cooling passage extends back around the portion of said housing arranged
      about the slide valve plate to the upper portion of said housing in which
      the coolant outlet is situated. (German Pat. Nos. 1550210 or 1962953,
      respectively.)
PAR  The constantly increasing diameters of the conventional hot blast slide
      valves result in an increasing thermal load or stress on such slide
      valves, which stress can not longer be counteracted adequately with an
      improvement of the materials employed only.
PAR  It is known to provide the slide valve plate and the housing of hot blast
      slide valves with a refractory brickwork and to cool them with a coolant,
      especially water. Hereby, especially the region of the sealing strips or
      bars must be cooled very efficiently. In the cooling system employed, it
      is contemplated that suspended solid particles present in the cooling
      water and which, in addition to being introduced by the cooling water
      itself, may also result from rust particles, dislodged paint particles or
      the like, settle within the cooling passages at places particularly
      provided to this end where such particles can be removed from time to
      time. Precautions of these kind are necessary because temporary failure of
      the cooling system or settling of suspended matter, even if in thin
      layers, at undesired positions might result in substantial damage of the
      construction of the hot blast slide valves.
PAR  In order to positively avoid clogging and, thus, possible local damages of
      the slide valves, in the conventional structures the cooling passages,
      particularly in their return portions, are intentionally designed with
      increased cross-sectional dimensions so that the suspended particles may
      settle at the points provided to this end. However, this results in a
      certain limitation of the flow velocity of the coolant whereby the cooling
      efficiency, again, is subject to a certain limitation because the
      heat-transfer coefficient increases with the flow velocity of the coolant.
      The problems resulting herefrom are further aggrevated by the continually
      increasing contamination of the cooling water employed as well as by the
      greatly increased quantities of cooling water which are required in
      large-size slide valves.
PAR  Accordingly, it is the object of the present invention to improve in high
      temperature slide valves, especially hot blast slide valves, the
      reliability and the effectiveness of the cooling, and that while at the
      same time simplifying the housing construction and by rendering it less
      expensive and reducing the space requirement thereof.
PAR  Consequently, in a hot blast slide valve of the type as outlined at the
      beginning the invention resides in that the cross-sectional flow area of
      said cooling passage within which the coolant is returned, at least in its
      lower portion extending over an arc of 180.degree., is smaller than, and
      at most as great as, the overall cross-sectional flow area of said annular
      passages.
PAR  In this way, it is rendered possible according to the invention to pass all
      suspended solid particles involved through the housing cooling system
      because of the flow velocity of the coolant which exceeds the descending
      speed of such particles, thereby eliminating the danger of a sumplike or
      even thin film-like settling of such particles. The increased flow
      velocity also prevents the formation of air pockets and film evaporation
      which are similarly disadvantageous in thermal respects, such that
      premature wear due to local overheating is avoided. This intentionally
      increased flow velocity of the coolant improves the cooling effect in the
      region of the sealing faces along the annular passages. Besides, the
      increased flow velocity provides for an improved control of the cooling
      effect. Finally, the reduction of the cross-sectional areas of the cooling
      passages also results in lesser space requirements of the housing
      construction.
PAR  Improved uniformity of the cooling effect is obtained if the cooling
      passage for the return of the coolant, at least over portions thereof, has
      a heat-conducting wall in common with the annular passages.
PAR  Important additional advantages and effects can be obtained in a hot blast
      slide valve of the type in question if there are provided radially
      outwardly of said annular passages, additional or auxiliary cooling
      passages which are separately supplied with coolant through inlets and
      outlets and which are annularly arranged around said annular passages
      adjacent the mounting flanges.
PAR  In a combined double cooling system of this type, it is of advantage if
      said auxiliary cooling passages have a greater cross-sectional area than
      said annular passages, and if said auxiliary cooling passages at least
      partially have heat-conducting walls in common with said annular passages
      and with the coolant return passage thereof. Also, the cooling effect can
      be improved in that said inlets and outlets are disposed in part in
      counter-current relation to said annular passages. A particular
      combination of the cooling effect can be obtained if the cross-sectional
      flow areas of said annular passages and of said cooling passage are
      relatively small to produce a high velocity of the coolant, while the
      cross-sectional flow areas of the auxiliary cooling passages are large in
      order to produce a lower flow velocity of the coolant.
PAR  While the above defined independent additional cooling means provides for a
      particularly flexible adaption of the housing of the hot blast slide
      valves to the most varied constructional and operational situations, in
      special cases it may be sufficient to form the space occupied by the
      additional cooling passages within the housing jacket as open, air-cooled
      or at least partially lined annular spaces.
DRWD
PAR  In the following, the invention is explained in greater detail in an
      exemplary embodiment by referring to the accompanying drawings, wherein:
PAR  FIG. 1 is a longitudinal sectional view through a high temperature slide
      valve, especially a hot blast slide valve according to the invention;
PAR  FIG. 2 is an enlarged part cross-sectional view taken along lines a-a in
      FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along lines III--III in FIG. 1; and
PAR  FIG. 4 is a cross-sectional view similar to FIG. 3, taken approximately
      along the front face of the slide valve plate and showing additional
      details and with the wall of the valve plate being partially broken away.
DETD
PAR  As shown in FIGS. 1, 3 and 4, the lower portion of the housing 1 of a hot
      blast slide valve is provided at the axial ends thereof with mounting
      flanges 2 by means of which the valve is connected to corresponding
      connection flanges 5 of a pipeline 3 with the radially abutting flange
      faces being sealed against each other. In order to reduce thermal losses,
      and particularly to provide protection against excessive temperature
      stresses of its steel jacket 6, the pipeline 3 is provided at its inner
      face with a refractory brickwork or lining 4a forming an insulation
      against the temperature of the gases flowing through the pipeline.
PAR  The housing 1 of the hot blast slide valve is water cooled, and that
      primarily through annular passages 7 and 8 which are positioned on both
      sides on the edge of a likewise water cooled valve plate 18 and which are
      supplied with cooling water via water inlets 22. In the Figures, only the
      lower portion of the hot blast slide valve is shown, which portion through
      shaft mounting flanges 11 is connected to the shaft portion or casing
      attachment of the slide valve which also includes the (not illustrated)
      actuating means for moving the valve plate 18 along the center axis A.
PAR  The valve plate 18 may likewise be provided with a refractory lining 18a on
      both faces thereof, and it may have water cooling passages 18b interiorly
      thereof, which passages are supplied with cooling water independently of
      the cooling of the housing 1. Besides, the valve plate 18 may be provided
      with slide valve wedges 18c.
PAR  Although a refractory brickwork or lining 4b may be provided on the inner
      face of the housing 1, the jacket construction of the housing 1 must be
      cooled by means of water. To this end, the jacket construction of the
      housing 1 includes on both sides of the peripheral edge of the valve plate
      18 an inner, channel-shaped annular passage wall 10a each, which walls
      mount sealing bars 10b at their sides directed towards the valve plate so
      as to cool these sealing bars. The annular passage walls 10a are annularly
      disposed within the housing 1, and they form a hollow section which is
      defined by an intermediate wall or partition 14 at its radially outer side
      so as to form the annular passages 7 and 8 for the water cooling of the
      housing 1. The annular passages 7 and 8 extend each axially from the valve
      plate up to the outer plane of the respective mounting flanges 2. The
      cooling water is supplied through the cooling water inlets 22 in the upper
      portion of the housing 1 into the annular passages 7 and 8 via a port
      defined between front sheet metal plates 20 and partitions 21.
PAR  In the lowermost portion of each annular passage 7 and 8, there is each
      provided a transfer port 15 through which the cooling water from the
      annular passages enters a cooling passage 13 which cools the portion of
      the housing 1 around the edge of the valve plate 18 and which slightly
      overlaps the annular passages 7 and 8.
PAR  This cooling passage or channel 13 is defined by a central portion 10
      positioned between the inner annular passage walls 10a, as well as by two
      radial side walls 9 and an outer wall 12 which latter wall extends in this
      configuration (FIG. 1) in the region of housing 1 positioned outside of
      the transverse axis B and spanning an arc of 180.degree. of the
      circuumference of the housing.
PAR  The portion of the housing 1 above the transverse axis B is formed as a
      shaft or casing attachment for the retraction of the valve plate 18, which
      shaft is enclosed at its edges by bilateral extensions of the cooling
      passage 13 (FIG. 4) and at its axial sides by cooling water compartments
      26 which are provided between the front sheet metal plates 20 and the
      outer wall of the housing 1. From these cooling water compartments 26, the
      cooling water then flows out through one or more cooling water outlets 23,
      optionally while cooling the upper portion of the hot blast slide valve,
      too.
PAR  In the lower portion of the annular groove within which the valve plate 18
      is movable, there may be provided a pressure relief valve or over-pressure
      valve 27 which, along with its supply line, extends transversely through
      the cooling passage 13.
PAR  In the illustrated manner, the annular passages 7 and 8 form a first
      cooling phase which circulates annularly within the housing 1 and which is
      followed through the transfer ports 15 by the second cooling passage 13
      which extends over at least the lower portion of the housing reaching over
      an arc of 180.degree. and which, via the downstream cooling water
      compartments 26, forms the return path for the cooling water of the
      primary cooling system. Hereby, it is essential that the cross-sectional
      area of the cooling passage 13, at least in its portion below the
      transverse axis B, does not exceed the sum of the flow cross-sectional
      areas of the annular passages 7 and 8, or is even noticeably smaller than
      this sum. In this way, a sufficiently high flow pressure is maintained
      such that any solid material contained in the cooling water is not allowed
      to settle at the bottom of the cooling system, but is taken along to the
      outlets 23 for the cooling water. Thus, a flow velocity of the coolant
      exceeding the settling or descending speed of the solid particles is
      ensured.
PAR  In order to maintain a flow velocity of the cooling water sufficient to
      entrain any solid materials also in the cooling water compartment 26,
      particularly around the adjacent peripheral portion of the entrance of the
      pipe, special baffles 19 are provided within the cooling water space or
      compartment 26, which baffles fully span the compartment 26 (thereby
      additionally reinforcing such compartment) and which define between them
      predetermined gaps or ports 19a the overall cross-sectional area of which
      corresponds substantially to the cross-sectional area of the cooling
      passage 13, such that any solid materials present are conveyed into the
      space above the baffles 19 and discharged therefrom -- optionally after a
      certain concentration -- through the cooling water outlets 23 which are of
      sufficient width.
PAR  Due to the flow cross-sectional area of the cooling passage 13 which
      amounts at most up to the overall cross-sectional area of the annular
      passages 7 and 8, an additionally improved efficiency of cooling is
      obtained because of the increased flow velocity of the cooling water.
PAR  Radially outwardly of the annular pasages 7 and 8, the housing 1 may be
      provided in the customary manner with additional cooling fins, annular
      spaces or even with a lining.
PAR  However, deciding advantages are obtained if alternatively there is
      provided an auxiliary cooling system being independent of the primary
      cooling system and which can best be seen from FIGS. 1 and 2. To this end,
      cooling passages 16 are provided each exteriorly around the annular
      passages 7 and 8, which cooling passages in the lower portion of the
      housing may also be formed as a cooling channel or passage extending
      axially over both annular passages.
PAR  These cooling passages 16 each have at least partially in common with the
      annular passages 7 and 8 two walls, namely the intermediate wall or
      partition 14 and the side walls 9, such that an excellent heat transition
      to the cooling passages 16 is provided. Sufficient heat is transmitted to
      the auxiliary cooling system even from the cooling passage 13 through the
      outer wall 12 thereof which is welded to the side walls 9. Besides, the
      partition 14 extends over nearly the full axial extension of the annular
      passages 7 and 8 between the primary and the auxiliary cooling system,
      such that a large heat transition surface is present. The partition 14
      could also be formed from a material of lesser thickness since it is
      disposed interiorly of the housing jacket 9a. The outer walls of the
      cooling passages 16 are formed by the housing jacket 9a which at the same
      time forms the outer peripheral limit of the cooling passages 16, and the
      axially outer end walls 9b. An additional cooling action is obtained by
      the arrangement of the cooling passages 16 adjacent the mounting flanges 2
      which form supplementing cooling surfaces.
PAR  FIG. 2 illustrates the flow direction of the auxiliary cooling system
      through the cooling passages 16, whereby the cooling water entering
      through the inlet 17a upon circulation around the annular periphery of the
      cooling passage 16 which is formed as a simple loop by means of a
      partition 16a, flows back to the outlet 17b. In this connection, it has to
      be noted that -- as shown -- for cooling the annular passages 7 and 8 an
      auxiliary cooling flow through the cooling passages 16 directed in a
      partially counter-current fashion is of particular advantage. Interposed
      webs 25 may be further provided on the housing jacket 9a and/or on the
      side walls 9, which webs both reinforce the construction and improve the
      cooling action.
PAR  In view of the fact that the auxiliary cooling system through the cooling
      passages 16 functions entirely independently of the primary cooling
      system, the cooling effect of both systems can be better directed to their
      special functions -- e.g. the primary cooling system may be employed for
      the efficient cooling of the sealing bars -- and the overall cooling
      effect may be obtained by the combination of both cooling systems. For
      example, the primary cooling system may be deliberately constructed in
      somewhat under-dimensioned fashion and/or controlled with a high -- and
      thus better controllable -- flow velocity of the coolant, such that the
      freedom of clogging by solids deposit is still further improved, and the
      auxiliary cooling system may be combined therewith such as to have a
      correspondingly higher effectiveness. In this way, special cooling effects
      can be achieved and controlled more easily. Preferably, the auxiliary
      cooling system has a greater overall cross-sectional flow area and a
      noticeably lower coolant flow velocity than the primary cooling system.
PAR  The construction of the independent auxiliary cooling system or of the
      additional external cooling system, respectively, can also be realized
      with the inlet entering from below and the outlet positioned at the top as
      well as with a dual counter-current cooling rearrrangement.
PAR  Preferably, the construction of a hot blast slide valve as illustrated in
      the Figures consists of correspondingly shaped steel plates and steel
      profiles or sections which are welded together, preferably with protective
      powder, and which are readily accessible for welding them in succession.
CLMS
STM  What is claim is:
NUM  1.
PAR  1. In a water-cooled high-temperature slide valve comprising a housing, a
      valve plate mounted movably within said housing, annular coolant passages
      extending from the upper portion of said housing along both peripheral
      sides thereof to the lower portion of the housing, a coolant return
      passage being provided within said housing radially outwardly of said
      annular passages in communication therewith and extending about the
      peripheral edge of said valve plate at least in the lower portion thereof,
      the improvement comprising at least one transfer port in the lower portion
      of each of said annular passages for transferring coolant from said
      annular passages into said return passage, the axial extent of said return
      passage being defined by radially extending side wall members spaced
      axially inwardly of the opposed ends of said housing and the
      cross-sectional flow area of said return passage, at least in its lower
      portion extending over an arc of 180.degree., is smaller than the overall
      cross-sectional flow area of said annular passages whereby settling of
      suspended matter is inhibited.
NUM  2.
PAR  2. The slide valve according to claim 1, wherein an outlet for said coolant
      is provided in the upper portion of said housing, a cooling water
      compartment is arranged in the upper portion of said housing and is
      disposed in the flow path between said return passages and said coolant
      outlet, 6 baffles being mounted within said compartment, said baffles
      defining between them ports which afford a free overall cross-sectional
      area sufficient to establish a flow velocity for said coolant exceeding
      the settling rate of suspended particles.
NUM  3.
PAR  3. The slide valve according to claim 1, wherein said cooling passage, at
      least in selected portions thereof has a heat-conducting wall in common
      with said annular passages.
NUM  4.
PAR  4. The slide valve according to claim 1, wherein additional cooling
      passages are provided radially outwardly of said annular passages, said
      additional cooling passages being separately provided with inlet and
      outlet means annularly arranged around said annular passages adjacent the
      said axial ends of said housing.
NUM  5.
PAR  5. The slide valve according to claim 4, wherein said additional cooling
      passages have a greater cross-sectional area than said annular passages.
NUM  6.
PAR  6. The slide valve according to claim 4, wherein said additional cooling
      passages at least partially include heat-conducting walls in common with
      said annular passages and with said return passage.
NUM  7.
PAR  7. The slide valve according to claim 4, wherein said inlets and outlets
      are disposed in part in counter-current relation to said annular passages.
NUM  8.
PAR  8. The slide valve according to claim 4, wherein the cross-sectional flow
      areas of said annular passages and of said return passage are sufficiently
      small to produce a high flow velocity of the coolant, while the
      cross-sectional flow areas of said cooling passages are selected to be
      sufficiently large in order to produce a lower velocity of the coolant
      therethrough.
NUM  9.
PAR  9. The slide valve according to claim 1, wherein the cross-sectional flow
      area of said return passage, at least in its lower portion extending over
      an arc of 180.degree. is less than the overall cross-sectional flow area
      of said annular passages.
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ABST
PAL  This invention relates to an improved system of providing power having a
      unique generating means of the nuclear reactor variety adapted with a
      plurality of steam generators in the form of replaceable modular units of
      the expendable type for the attainment of the optimum in effective and
      efficient vaporization of fluid during the process of generating power.
PARN
PAR  This is a continuation-in-part of application Ser. No. 162,359 filed July
      14, 1971, and now abandoned.
BSUM
PAR  In the art, there are many and varied power generating systems of the
      nuclear variety, some of which depend for their operability on the
      vaporization of fluids such as water. However, to insure predictability of
      operativeness, long term life and safety, these generating systems are
      necessarily required to be assisted with a great many separate and
      distinct auxiliary systems, each of which has an inherent requirement for
      space due to their individual size and shape. In the last analysis, the
      effect of such an operative interweaving web of auxiliary systems is a
      somewhat large, cumbersome and comparatively inefficient plant in relation
      to the size of the site required for its installation, maintenance and
      use.
PAR  For instance, in utility applications such as a central power station, the
      requirements could range in amounts up to 1200 megawatts electrical for
      the more common unitary nuclear power generators which in the past have
      usually required as much as about 500,000 square feet of space for
      maintenance and use. And, if as the ecologists require, such plant were
      forced to be placed in an underground concrete bed, the same plant would
      have to be housed at depths as deep as 300 feet. Also, presently in other
      applications such as marine usage, the speed of a nuclear powered vessel
      is inherently limited, amongst other factors, by the space available for
      the power generating system. As of the state of the art at this point in
      time, the usual nuclear power generating system for maritime usage limits
      the power output to 325 megawatts thermal as its upper limit primarily due
      to the overall spacial requirements of the reactor and auxiliary systems.
      Thus, the drive of such vessel is limited to about 120,000 shp. In effect,
      as should be apparent, one of the deterrents to the use of nuclear power
      in many specific applications is the spacial requirements of the plant due
      not only to the reactor itself but also to the required auxiliary systems.
PAR  What is needed in the art is a plant having an arrangement in the form of a
      power generating system which does not inherently require the use of
      substantially all of the auxiliary systems of the art for its operation,
      maintenance and use in an effective and efficient manner accompanied
      nonetheless by the optimum in the area of safety.
PAR  This invention answers the needs of the art relative to the three
      dimensional requirements of size and shape with special emphasis on a
      nuclear power generating system which may be used to produce power outputs
      exceeding those of the art without the necessary use of and, in effect,
      the substantial elimination of the following auxiliary systems from the
      arrangement of the present invention, viz
PA1  a. drives for partial-length control rods;
PA1  b. core flooding systems;
PA1  c. injection systems of the high pressure variety;
PA1  d. spray systems of a thiosulfate nature;
PA1  e. feed and bleed systems of the soluble poison type;
PA1  f. incore instrumentation systems;
PA1  g. computer systems of enormous size;
PA1  h. liquid waste disposal systems again of large size;
PA1  i. seismic loop support systems;
PAL  As an attendant advantage of the elimination of the aforesaid, the periodic
      testing and maintenance of such auxiliary systems with their inherent
      requirements of space and cost are also eliminated.
PAR  It is therefore an object of this invention to provide an improved system
      of the nuclear variety for the generation of power without any inherent
      requirements in the system for the aforesaid auxiliary systems.
PAR  Another object is to provide an improved power generating unit of the
      nuclear variety having provision therein for replaceable steam generators
      of the expendable modular unit type.
PAR  A further object is to provide a steam generator of the modular variety for
      the attainment of the optimum in effective and efficient vaporization of
      fluid during the power generating process.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      become more apparent to one skilled in the art from the following detailed
      description taken with the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic of the flow system of the present invention;
PAR  FIG. 2 is a cross-sectional view of the reactor of the present invention
      having a unique arrangement of elements therein;
PAR  FIG. 3 is a section taken on line 3--3 of FIG. 2 showing a lattice
      consisting of a plurality of steam generators around the periphery of the
      core of the reactor;
PAR  FIG. 4 is a view taken on line 4--4 of FIG. 3 showing an overall grouping
      of a number of the individual modular steam generators of the reactor;
PAR  FIG. 5 is a view of an individual modular steam generator of the reactor of
      FIG. 2;
PAR  FIG. 6 is a view taken on line 6--6 of FIG. 5;
PAR  FIG. 7 is a view taken on line 7--7 of FIG. 5;
PAR  FIG. 8 is a side elevation in broken section of another heat exchanger that
      embodies principles of the invention;
PAR  FIG. 9 is a side elevation of still a further heat exchanger that embodies
      principles of the invention;
PAR  FIG. 10 is a side elevation in full section of a reactor pressure vessel
      feedwater penetration; and
PAR  FIG. 11 is a side elevation of a portion of a reactor pressure vessel that
      displays additional principles of the invention.
PAR  Similar numerals refer to similar parts throughout the several views.
DETD
PAR  One aspect of the subject invention, as shown in FIG. 1, in the broad sense
      involves a closed loop power generating system wherein a plurality of
      steam generating units of the nuclear reactor variety are each connected
      in parallel to two coupling units which are part of and communicate in
      series within the closed loop of the system. In accordance with this
      arrangement, any one or a number of such reactor units may be placed in
      flow sequence to provide a range of 1 to 3 times the power output of the
      system. For instance, if one unit provides 400 megawatts, the result of
      placing the three units in parallel operation in the closed loop system
      would be to supply as much as 1200 megawatts. But, what is not apparent,
      is that this power output may be accomplished without the auxiliary
      systems necessitated by the use of the common unitary nuclear reactor of
      the art having the same overall output.
PAR  More specifically, in the system of the present invention, each of the
      consolidated nuclear steam generators 11 communicates with a coupling unit
      or mixing chamber 12 with appropriate valving therebetween for the
      transmission of steam to a turbine 13 for the conventional generation of
      power. A condenser 14 is in series with the turbine 13 in proximity to a
      pump 15 for transmission of condensate to a demineralizer 16 and thence in
      series through an air ejector 17, a low pressure heater 18, and deaerator
      heater 19. A main pump 21 takes feedwater from the heater 19 and feeds it
      to a high pressure heater 22 for transmission to the selected nuclear
      steam generator 11 through a coupling 23 and appropriate valving.
PAR  Other attendant advantages of the subject system include the fact that this
      type complex may be physically located on sites which could not possibly
      accommodate the conventional unitary nuclear power generating system of
      comparable output. The safety and siting advantages offered by the subject
      system far exceed those of other systems utilizing light water reactors,
      and at the same time, the plant or system is easier to maintain and
      operate, and produces negligible liquid wastes, besides building up a
      comparatively lower level of radioactive contamination.
PAR  Referring to FIG. 2, the consolidated nuclear steam generator 11 of the
      present invention is provided with a pressure vessel 26 having a
      conventional core 27 predominately made of a lattice of fuel elements
      which define primary coolant flow passageways within the core. A heat
      exchanger or steam generator 28 is in primary coolant flow communication
      with the vessel 26 and is provided with means 29 for circulating primary
      coolant through the generator 28 and vessel 26 via such passageways. The
      vessel is also provided with means for providing feed water 31 and
      extracting steam 32 each of such means being coupled to the aforesaid
      closed loop system as shown in FIG. 1.
PAR  The essence of the system and the reactor arrangement is that a unique
      steam generator is in spaced relationship above the core in the pressure
      vessel 28. The flow path of the primary coolant is as indicated by points
      35 to 39 in FIG. 2. And, as shown, each of the steam generator modular
      arrangements is provided with a support plate 41 on the bottom thereof and
      a supporting wall 42 extending longitudinally along the interior of the
      same which will be hereinafter described in detail.
PAR  Previous efforts to develop a pressurized water reactor of the integral
      variety as shown in FIG. 2 have been complicated by a characteristic
      incompatibility between the respective shapes and dimensions of major
      components such as the core, core barrel and steam generator. Even after
      solving some of the problems of shape to provide a more compact reactor,
      it was found that the arrangements of the art increased manufacturing
      costs and added problems associated with maintenance and in-service
      inspection. Therefore, a reactor arrangement such as that shown in FIG. 2
      was sought in order to provide the desired degree of compactness but with
      the avoidance of the added cost and inspection problems.
PAR  Improved compactness has been realized with the arrangement shown in FIG. 2
      because of the steam generator 28 and its inherent shape and size. As a
      result, the height and diameter of the pressure vessel both were
      dramatically reduced with a corresponding reduction in primary coolant
      inventory to as little as 50 per cent of that required by the conventional
      unitary reactors of the art and the subject arrangement is relatively free
      of thermal stresses caused by operating transients.
PAR  Other attendant advantages are that steam generators are in spaced
      relationship above the core. In practice, the space should be at least
      about 24 inches in total extent. In this manner, the production of
      radioactive oxygen is avoided in the secondary system with its attendant
      problems which include the use of expensive shielding throughout such
      system. Also, as an added advantage, activated corrosion products are also
      avoided in the secondary system. In the past, this usually occured when
      the metallic tubing came in contact with a neutron flux from the reactor
      core. As a result of the aforesaid advantages, ferritic steel may be
      utilized in the fabrication of the steam generator which is comparatively
      cheaper and which possesses a thermal conductivity greater than that of
      stainless steel for the optimization of the efficiency of the heat
      exchange process. In the past, the use of such material was not possible.
      This was primarily because as the distance between the steam generator and
      the core decreases, the usual tendency of the ferritic steels to crack and
      fail is increased. Also, as in the past, when auxiliary systems were used
      which contain boric acid in the primary coolant, the corrosion rate of the
      ferritic steels prohibited its use. Now however, such material may be used
      and due to the greater thermal conductivity of such materials, the steam
      generators may be fabricated in smaller and cheaper units without having
      any compromising effect on the overall required heat transfer of such
      unit. Further, if as in the past, the steam generator were adjacent to the
      core, the steam flow path would present substantial technical, operational
      and maintenance problems. However, now, with the arrangement shown in FIG.
      2, there is a relatively low resistance to flow in the primary system and
      a natural circulation path is maintained even though the pump 29 fails to
      operate. In fact, the circulation of the subject reactor in such case
      would be somewhat more intensified than that of the natural overall
      circulation or flow ordinarily encountered in reactors of the art. Thus,
      unusually good performance in this respect is encountered even with
      inoperative circulating pumps.
PAR  In the present invention, the heat exchangers or steam generating units 28
      for use in the reactor assembly are in the form of a plurality of separate
      and replaceable modular units each of which are expendable and the total
      of which control the heat transfer process of the system and, as
      described, the flow distribution of the coolant through such unit. As is
      apparent from the art, the output of a nuclear reactor is limited, amongst
      other factors, by the rate at which heat can be transferred to the
      secondary fluid flowing within the heat exchanger.
PAR  One structural form for providing the optimum in effective and efficient
      heat transfer between a primary and secondary fluid within the aforesaid
      reactor is that in which a plurality of elongated heat exchange tubes
      containing a secondary fluid are packaged within a prescribed volumetric
      area in a definite array in the flow path of the heat primary fluid. The
      primary fluid in such a case flowing in a downwardly direction over a
      maximum surface of the exterior area of the tubes, transferring its heat
      too the secondary fluid within each of the tubes, and such secondary fluid
      being easily vaporized producing steam or gas. The latter vapor will then
      flow in a countercurrent or upwardly direction within such tubes relative
      to the flow of the primary fluid. To provide the optimum to the system
      relative to heat transfer, the bundles of tubes are fabricated in groups
      40 called modular units, which are positioned in adjacent relation around
      the periphery of the core as shown in FIG. 3 in the overall form of a
      lattice 41.
PAR  The specific lattice shown in FIG. 3 consists of a plurality of uniformly
      constructed, elongated and longitudinally contiguous assemblies of
      individual steam generating units.
PAR  However, the overall configuration of the lattice may be somewhat varied in
      arrangement without departing from the spirit of this invention as long as
      each of the steam generators 28 which make up the lattice 41 is an
      individual modular unit of the separable and replaceable variety
      hereinafter more fully described. Further, as shown in FIG. 4 to provide
      integrity to the free-flowing nature of the primary fluid through the
      lattice or overall steam generator assembly, the individual groupings 42
      of the steam generators are positioned at varying elevations relative to
      one another providing a substantial degree of unobstructed flow for the
      primary fluid into, through and out of the steam generator assembly as
      shown by flow lines 43. A system of manifolds 44, as shown, are provided
      to transfer the steam from the modular groupings through the wall of the
      vessel 26 to conduits 32 of the overall power generating system as shown
      in FIG. 1. It should be noted that the enlarged portions of each of the
      individual tubings 47 are positioned in lateral array relative to each
      other across the center of the modular groupings 42 even though each of
      the steam generating units of the grouping are positioned at varying
      elevation. In effect, the entire assembly of steam generators form a
      plurality of longitudinal flow channels for the primary fluid. Although
      the modules are positioned at different elevations, the central unswaged
      portion of the individual swaged tube lengths are positioned at the same
      elevation for all modules. This arrangement maintains the effectiveness of
      the heat transfer surface by avoiding a tendency for bypassing of any
      individual tube by the flowing primary fluid.
PAR  As shown in FIG. 5, the individual modular unit or separate steam
      generating unit 28 are essentially a unitary package of elongated tubes
      47A accurately located and retained in position relative to each other
      with reasonable freedom therebetween to expand with temperature change.
      The bundle of longitudinally extending tubes are stably supported between
      two tube sheets, 50, 51 each of which form the basis, in conjuction with
      other elements, for the inlet and outlet header of the unitary system and
      which maintain the bundle from chatter and vibration when the unit is
      subject to a heated turbulent flowing primary fluid. In general, the unit
      is laterally stabilized at intervals along its length by a structural unit
      called a grid 52. The latter eliminates the risk of bowing or displacement
      of the individual tubes as a result of temperature change or turbulent
      flow. In some instances, the grid could be formed by a plurality of
      interfitting straps to provide a lateral structural network of openings
      for the reception and maintenance of the longitudinal tubes in position in
      a lattice type configuration without obstruction of flow of the primary
      fluid over the individual tubes. As indicated, the latter fluid flows
      longitudinally along and among the tube assembly as a vehicle for heat or
      energy transfer to the individual tubes.
PAR  As shown in FIG. 5, the individual relatively thin vertical tubes extend
      through both the upper and lower horizontal tubesheets side by side at
      predetermined distances from one another. The outer face of either of the
      tubesheets or laterally joining means are preferably of a flat planar
      nature at the points of contact of such tubesheets with the terminal ends
      of the individual tubes. In effect, as described, the unit represents a
      compact package of nested tubes. The methods of fastening or securing such
      tubes to tubesheets are numerous and include beam-welding or any other
      common or conventional method of the art for such desired purpose.
PAR  A further advantage, as shown in FIG. 2, is the improved accessibility of
      the steam generator section 28 in the reactor itself due to the ability to
      remove the entire interior structure located above the core as a unit. The
      latter unit being constructed of outer walls 42A which support the steam
      generator and are braced longitudinally by stiffening ribs 43A which in
      turn are vertically supported by plates. After the interior unit described
      is removed, access may be easily accomplished to the individual groupings
      of the steam generators. In this manner, each of the modular units may be
      either easily replaced, expended, or ever repaired in situ. Also, on a
      comparative basis, relative to the art of record, less time is required to
      fully remove and replace each of the steam generating modular units. Also,
      tube leaks in the individual tubes in a modular unit may be easily
      isolated with less loss of capacity on a comparative basis.
PAR  In a preferred embodiment, the modules would have a square cross-section
      and a pitch compatible with the core fuel assembly size and pitch. In
      essence, the once through steam generator with its low secondary
      velocities and upward flow was found to be uniquely adapted to the modular
      form required. Preferably, the individual tubes of the modular unit have a
      wall thickness of about 0.067 inches and body portion with an outside
      diameter of about 0.50 inches terminating at either end in a swaged manner
      to an outside diameter of about 0.370 inches. The pitch in a practical
      unit is about a 0.611 inch square. Primary coolant flow in and out of each
      of the modular units is facilitated by the swaged tube section. And, the
      characteristically small tube diameter of the modular units reduces the
      leak rate resulting from a tube failure, and contributes to compactness
      besides minimizing the requirement for thick walls for the tubes
      themselves.
PAR  The individual headers 52, 53 as shown in FIGS. 6 and 7 are either of a
      forged or cast nature. These individual pieces are welded to the tubesheet
      into the position shown in FIG. 5. Each of the headers is provided with a
      peripheral border 54 which is engaged to the tubesheet. The interior of
      the main body section of each of the headers is supported against the
      external pressure load of the primary fluid by a plurality of uniformly
      spaced columns 55 which rest against the tubesheet when the border is
      welded into position. Since the internal pressure is considerably lower
      than the external pressure, it is not necessary to weld each of these
      columns at the contact surface of the tubesheet.
PAR  Preferably, the steam generator modules are manifolded in groups of nine
      and ten. And, as previously shown, are located in at least three vertical
      positions relative to each other to allow unrestricted flow of the primary
      fluid. Also, each module is free to expand or contract vertically during
      operating transients by virtue of the flexibility in the manifold piping
      itself. Further, the penetrations of the vessel for feedwater leads and
      steam outlets are generally symetrical in each quadrant of the vessel.
PAR  In operation, primary water flows longitudinally downward over the steam
      generator tubes at about the same velocity as that existing in the core.
      Also, feedwater or the secondary fluid is provided by the inlet feed to
      the feedwater tube 56. The feedwater then flows downwardly to the lower
      module header and is dispersed in a uniform pattern from the lower header
      into each boiler tube and is evaporated and superheated as it flows
      vertically upward through tubes 47 to be collected in the upper header
      through the opening 60 to the manifolds of the power generating unit of
      the system. Experimental results have shown that the modular steam
      generator will be free of critical or unusual stability problems with or
      without swaging of the individual boiler tubes.
PAR  In the system heretofore described, tube leaks may be isolated without
      interrupting plant operation. Under compression, the tube walls of the
      generator are less affected by defects and less subject to stress
      corrosion cracking. The tubes can operate at lower stresses and should not
      leak even if they collapse. Also, the individual steam generators do not
      require the special shop facilities that a conventional unit requires.
      Thus, the modular unit is well adapted to mass production techniques not
      previously applicable to the manufacture of steam generators of the
      pressurized water variety.
PAR  The extreme compactness of the system heretofore described relative to
      output, result in significant savings for such applications as the
      manufacture, maintenance, and use of a central power station. In addition,
      there are fewer and less elaborate auxiliary and safety systems required
      by such a system which tend to increase the expense of an ordinary
      conventional system.
PAR  A further embodiment of the invention, shown in FIG. 8, includes a shrouded
      feedwater inlet tube 100 that penetrates, in a sliding relationship, the
      tube sheet 101 and the steam outlet header 102 to establish fluid
      communication with a feedwater inlet chamber 103 that is formed between an
      inlet tube sheet 104 and a feedwater header 105. It has been found that a
      shroud 106 inhibits steam formation within an inwardly disposed,
      concentrically positioned feed tube 107. This feature of the invention
      serves to control possible instabilities in steam generation and fluid
      flow within the heat exchanger module.
PAR  As shown in the drawing, the shroud 106 is confined in recesses that are
      formed in the surfaces of the tube sheets 101 and 104. The feed tube 107,
      in contrast, passes through penetrations formed in both of the tube
      sheets. The feed tube 107, moreover, is firmly secured in the tube sheets
      through belling, welding, or the like.
PAR  An additional feature of the invention is provided by spacer grids 108.
      These grids, of a type that is described for example in U.S. patent
      application Ser. No. 207,255 filed on Dec. 13, 1971, by Felix S. Jabsen
      are provided with resilient detents 109 that protrude inwardly toward the
      tubing that forms the heat exchanger. The detents engage the surfaces of
      heat exchanger tubes with sufficient force to inhibit tube vibration at
      high flow velocities. Thus, for instance, in conventional heat exchangers
      the flow velocity of the fluid outside the heat exchanger tubing is
      limited to about five feet per second. At higher velocities tube
      vibrations commence that tend to promote failures and, in general, shorten
      the life of the heat exchanger. With the Jabsen spacer grids, however, the
      flow velocity can be increased by a factor of at least three, to a
      velocity of not less than 15 feet per second without generating
      appreciable vibration or shortened module life.
PAR  The grids 108 can be secured to the tubes in the bundle through inserting
      and rotating keys (not shown) that temporarily move the detents 109 away
      from the tubes during assembly before positioning the grid on the tubes.
      In this way, the deflected detents protect the tubes from scratching and
      marring. Clearly, heat exchanger assembly is made less expensive through
      the application of this technique that is described in the aforementioned
      Jabsen patent application in connection with fuel element assembly. After
      the grids are properly positioned on the heat exchanger tubes, the keys
      are once more rotated and then withdrawn from the grid and heat exchanger
      assembly.
PAR  An additional embodiment of the invention is shown in FIG. 9. Typically a
      steam manifold 111 is attached directly to the inside wall 112 of the
      reactor pressure vessel. A feed manifold 113, however, is spaced directly
      above the heat exchanger module group 114. Coiled feedwater manifold
      tubing 110 between the header 113 and the individual modules in the group
      114 allow for differential expansion of the tubing with respect to the
      module, internal steam manifolding 115 and the pressure vessel.
PAR  In passing, it should be noted that modular groups 114 close to the
      pressure vessel wall are supported largely through the tubes that comprise
      the internal steam manifolding, rather than on the support plate 41 shown
      in FIG. 1.
PAR  As shown in FIG. 10, an inlet feed line 116 external to reactor pressure
      vessel 117 must penetrate the vessel in order to deliver fresh feedwater
      to the heat exchanger modules. Because the incoming feedwater is
      relatively cold, in contrast to the higher temperature thick-walled
      reactor pressure vessel, not only is there a risk of initiating boiling in
      the water that flows through the inlet, but there also is a risk of
      establishing inacceptably high stresses within the reactor vessel wall
      because of temperature related differences in the expansion of the metal
      in the vessel that is adjacent to and spaced from the cold feedwater
      inlet.
PAR  In order to cope with this problem feedwater inlet penetration apparatus
      120, built in accordance with the invention has a fluid-tight clamp 121,
      for example, a "Grayloc" clamp, to join the inlet feed line 116 to a
      nipple 122 that is formed in the outer surface of the pressure vessel 117.
      Illustratively, the nipple 122 is formed by boring out a recess 123 in the
      vessel surface and filling this recess with a "puddle weld" 124 of inconel
      that is machined to provide the re-entrant shape shown in FIG. 10 of the
      drawing. A fitting 125 that matches a prepared surface 126 on the machined
      puddle weld 124 is joined to this surface through a further weld, or the
      like.
PAR  The fitting 125 also has a long tube 127 that protrudes through a
      penetration 130 that is formed in the reactor vessel 117. The tube 127 is
      much longer than the encircling part of the fitting 125 that is joined to
      the prepared surface 126 of the machined puddle weld.
PAR  The tube 127 extends through the penetration 130 to the inner wall of the
      vessel 117. The tube 127, moreover is concentric with and spaced from the
      surface of the penetration. A sleeve 131 of insulating material, e.g.
      several laminations of metal foil insulation, is lodged in the annulus
      that is formed between the penetration 130 and the tube 127. The sleeve
      131 extends from the inner wall of the vessel 117 to a slight distance
      beyond the plane of the vessel's outer wall in order to nest within a
      recess 132 that is formed in the fitting 125 in order to serve as a
      thermal barrier between the vessel and the feedwater.
PAR  The fitting 125 terminates in a flange 133 that is outside of the plane of
      the outer vessel wall. Another similar, albeit oppositely disposed, flange
      134 terminates the inlet feed line 116 and is in alignment with the flange
      133. The flanges 133 and 134 are separated by means of an interposed seal
      135 that has an orifice 136 concentric with the line 116 and the tube 127.
      This orifice, it has been found, provides improved feedwater flow
      stability.
PAR  A tubular thermal shield 137 is secured to the concave surface of the
      orifice. The shield 137, moreover, is concentric with and extends through
      the tube 127 in order to protrude beyond the inner wall of the vessel 117.
      A welding head (now shown) penetrates the interior of the tube 127 from
      the outer surface of the vessel 117 and completes the weld at the piece
      140 from the interior of the tube 122. In a similar manner a cutting tool
      also can be introduced to cut the weld at the piece 140 and facilitate the
      removal of the penetration apparatus 120, to be followed by the insertion
      of a new apparatus.
PAR  The feedwater inlet penetration apparatus 120 terminates within the reactor
      vessel in a transition piece 140 that is formed by upsetting the end of a
      feedwater line 141 and welding the upset end to the terminal surface of
      the tube 127.
PAR  Thus, there is provided a pressure vessel feedwater penetration apparatus
      that promotes flow stability by forestalling the onset of boiling within
      the feedwater within the feedwater tubing through the thermal shield 137.
      The thermal shield also incorporates the flow-stabilizing benefits of the
      orifice 136. This advantageous feature of the invention is further
      enhanced through the clamp 121 that joins the feed line 116 to the
      penetration apparatus 120. The clamp can be removed with relative ease to
      aid inspection or to replace failed tubing as the need arises. Thus,
      inspection and preventitive maintainence become much less expensive and
      troublesome with the concept of the modular heat exchanger than with the
      usual designs that are characterized by a few large welded ducts and
      pipes. A like apparatus can be used for steam penetrations. It also should
      be noted that to improve corrosion resistance under primary water
      conditions, the entire internal surface of the vessel 117 should be clad
      with Inconel, stainless steel or some other suitable material. The surface
      of the penetration 130, moreover, should in this case be lined with a
      similar corrosion resistant cladding.
PAR  Turning not to FIG. 11, a pair of steam inlet penetration apparatuses 142
      are joined together in a return bend 143. The combined flow to the return
      bend 143 then flows through a tee 144 that is coupled to a manifold 145.
      Enhanced safety is one of the salient characteristics of this feature of
      the invention. For instance, in the event of a line failure, the high
      pressure of the steam ordinarily would cause the free end of the parted
      line to whip about and spray hot, pressurized steam about the plant.
PAR  In the event one of the lines coupled to the return bend 143 parts,
      however, the unbroken line will tend to restrain the otherwise
      unrestricted movement of the parted tube, thereby reducing the
      aforementioned hazards associated with an unsecured tube. Naturally, a
      similar advantage obtains through the use of a return bend in connection
      with feedwater manifolds.
PAR  A further advantage that attends the modular heat exchanger design herein
      described is the opportunity for extensive use of relatively small
      diameter tubing. Thus, tubing within the reactor vessel 117 of a diameter
      that is relatively large, of more than one inch (iron pipe size, or IPS),
      for example, must satisfy very stringent safety code tests. Smaller
      diameter tubing of the sort that is used extensively in the practical
      application of this invention need not satisfy such rigorous test
      requirements. In a similar manner, piping external to the reactor and
      exposed to the atmosphere that has a diameter of four inches IPS or less,
      need not satisfy such difficult and expensive test standards. As a
      consequence, the extensive use of small diameter tubing significantly
      reduces inspection costs without impairing the safety of the system.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a nuclear power generating system having separate flow paths for a
      primary and a secondary fluids the improvement comprising a plurality of
      modular heat exchanger units, each of said units having a steam header and
      a feedwater header spaced from each other, a pair of tube sheets spaced
      from each other and joined to individual headers to form a feedwater inlet
      chamber and a steam discharge chamber with said respective headers, a
      feedwater tube passing through said steam discharge chamber tube sheet and
      attached to said feedwater inlet tube sheet to establish fluid
      communication with said feedwater inlet chamber, a plurality of tubes
      establishing fluid communication between said feedwater inlet chamber and
      said steam discharge chamber, a concentrically disposed shroud that is
      spaced outwardly from said communicating feedwater tube, said shroud
      having ends received in said tube sheets, the primary and secondary flow
      paths being countercurrent relative to each other, each of said tubes in
      said plurality of tubes terminating in two ends, each of said ends being
      secured to a respective one of said tube sheets, a nuclear reactor
      pressure vessel enclosing said plurality of modular heat exchangers, and a
      feedwater inlet manifold penetrating said pressure vessel, said feedwater
      manifold being in fluid communication with more than one of said modular
      heat exchanger units through individual conduits to allow for thermal
      expansion and contraction of said units.
NUM  2.
PAR  2. The system of claim 1 wherein portions adjacent to the ends of each of
      said tubes in said tube plurality are swaged to a reduced diameter
      relative to the diameter of the central portion of each of said tubes.
NUM  3.
PAR  3. The system of claim 1 further comprising a steam outlet manifold, said
      steam manifold being in fluid communication with at least some of said
      modular heat exchanger steam discharge chambers.
NUM  4.
PAR  4. In a nuclear power generating system having separate flow paths for a
      primary and a secondary fluids the improvement comprising a plurality of
      modular heat exchanger units, each of said units having a steam header and
      a feedwater header spaced from each other, a pair of tube sheets spaced
      from each other and joined to individual headers to form a feedwater inlet
      chamber and a steam discharge chamber with said respective headers, a
      feedwater tube passing through said steam discharge chamber to establish
      fluid communication with said feedwater inlet chamber, a plurality of
      tubes establishing fluid communication between said feedwater inlet
      chamber and said steam discharge chamber, a concentrically disposed shroud
      that is spaced outwardly from said communicating feedwater tube, said
      shroud having ends received in said tube sheets, the primary and secondary
      flow paths being countercurrent relative to each other, each of said tubes
      in said plurality of tubes terminating in two ends, each of said ends
      being secured to a respective one of said tube sheets, a nuclear reactor
      pressure vessel enclosing said plurality of modular heat exchangers, a
      feedwater inlet manifold penetrating said pressure vessel, said feedwater
      manifold being in fluid communication with more than one of said modular
      heat exchanger units through individual conduits to allow for thermal
      expansion and contraction of said units, and another feedwater inlet
      manifold penetrating said pressure vessel having a return bend outside
      said pressure vessel and establishing fluid communication between said
      feedwater manifolds.
NUM  5.
PAR  5. The system according to claim 4 further comprising another steam outlet
      manifold, a return bend outside said pressure vessel and establishing
      fluid communication between said steam manifolds.
PATN
WKU  039411885
SRC  5
APN  4508807
APT  1
ART  342
APD  19740313
TTL  Tube spacer grid for a heat-exchanger tube bundle
ISD  19760302
NCL  5
ECL  1
EXA  Streule, Jr.; Theophil W.
EXP  Myhre; Charles J.
NDR  1
NFG  3
INVT
NAM  Scheidl; Helmut
CTY  Erlangen
CNT  DT
ASSG
NAM  Siemens Aktiengesellschaft
CTY  Munich
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730330
APN  2316133
CLAS
OCL  165162
XCL  122510
EDF  2
ICL  F28F  900
FSC  122
FSS  32;510
FSC  165
FSS  162
UREF
PNO  2198529
ISD  19400400
NAM  Fields
XCL  165162
UREF
PNO  3212570
ISD  19651000
NAM  Holman
OCL  165162
UREF
PNO  3399719
ISD  19680900
NAM  Forrest et al.
XCL  165162
UREF
PNO  3420297
ISD  19690100
NAM  Romanus
OCL  165162
UREF
PNO  3575236
ISD  19710400
NAM  Romanus
OCL  165162
LREP
FRM  Kenyon & Kenyon Reilly Carr & Chapin
ABST
PAL  A tube spacer grid for a heat-exchanger tube bundle is formed by an annular
      grid frame having a groove formed in its inner surface in which the
      interspaced grid bars have their ends positioned and held in interspaced
      relationship by short sections of tubes passed through holes axially
      formed in the grid frame so that the tubes are positioned between the ends
      of the grid bars in the grooves. The tube sections may be cut from the
      same tubes used to form the tube bundle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A pressurized-water reactor's steam generator's heat-exchanger tube bundle
      must operate under the stress of high-velocity flow of the reactor
      pressurized-water coolant which is passed through the tube bundle, and
      under the stress involved by the flow of steam-generating feed water
      upwardly through the tube bundle outside of its tubes.
PAR  An example of a prior art steam generator, such as is currently used in the
      main coolant loop of a pressurized-water reactor, is provided by the Green
      U.S. Pat. No. 3,483,848, dated Dec. 16, 1969. This reference to this
      patent hereby incorporates its disclosure into the present specification.
PAR  As shown by the above patent, such a steam generator has a heat-exchanger
      formed by an inverted U-tube bundle formed by a large number of individual
      U-shaped tubes, the tube bundle being vertical with its tube ends mounted
      in a horizontal tube sheet through which the reactor coolant is passed via
      appropriate intake and outlet manifolds connected to the main coolant loop
      of the reactor. Flow velocities, temperatures and fluid pressures are all
      of a high order. The individual tubes of the tube bundle, particularly
      throughout their vertical leg portions, must be kept separated from each
      other by uniformly distributed interspacing.
PAR  To keep the individual tubes of such a heat-exchanger properly interspaced,
      the vertical legs are held by the grid bars of a tube spacer grid, this
      being formed by an annular grid frame for attachment to the inside of the
      steam generator's casing, and mounting appropriately interspaced,
      criss-crossed grid bars, forming a latticework having appropriately spaced
      openings through which the individual heat-exchanger tubes are arranged.
PAR  Heretofore, the grid bars have been welded directly to the grid frame.
      Thermal expansion and contraction of the grid bars has caused them to warp
      out of shape when in service. The welding operation required for the
      connection of the grid bar ends to the grid frame has sometimes caused
      local deformations. The application of such prior art spacer grids to the
      tube bundle legs has been troublesome and time consuming.
PAC  SUMMARY OF THE INVENTION
PAR  The above disadvantages are avoided by the present invention.
PAR  According to this invention, the grid frame is an annular form that is
      generally rectangular in cross section and represents what is in effect a
      cylindrical section of very short length. Two grooves are machined into
      the inside surface of this grid frame, the grooves being annular,
      interspaced from each other axially with respect to the annular frame and
      having a rectangular contour defining in each instance upper and lower
      flanges. The grid bars, appropriately lengthened to follow the annular or
      cylindrical contour of the grid frame, have their end portions inserted in
      these grooves by appropriate angular and horizontal shifting motions of
      the grid bars, to form two vertically interspaced layers of grid bars with
      those of one layer being criss-crossed with respect to those of the other
      to design a latticework in the meshes of which the heat-exchanger tubes
      may be positioned.
PAR  Now, instead of welding the ends of these grid bars to the grid frame to
      keep the grid bars permanently positioned, the grid frame is formed with
      axially extending holes aligned with the interspaces between the grid bar
      ends required for the interspacing of the grid bars. As to the uppermost
      groove, these holes are formed as an annular series which extend axially
      with respect to the grid frame and which extend through both of the
      flanges formed by the upper one of the annular grooves. For the lowermost
      one of the annular grooves, the holes are formed upwardly through the grid
      bar frame, axially with respect to the latter, so as to pass through both
      flanges formed by the lowermost groove. Thus, these holes are formed
      through the top and bottom ends of the grid frame and have open ends which
      respectively open through the top and bottom ends of the grid frame.
PAR  Short tubular sections are passed through these holes to effect the
      necessary interspacing of the grid bar ends. One of the tube sections is
      passed through the holes between each two of the grid bar ends. These tube
      sections may be cut from the same tube stock used to make the
      heat-exchanger tube bundle, this assuring that the spacer grid meshes
      substantially exactly fit the tubes of the heat-exchanger tube bundle
      legs, the interspacing of the heat-exchanger tubes being established by
      the horizontal widths of the grid bars used, these widths, in turn, being
      chosen to provide the desired interspacing of the heat-exchanger tubes.
PAR  With the short tube sections inserted in each of the holes of the grid
      frame, downwardly in the case of the upper grooves and upwardly in the
      case of the lower grooves, the tube ends exposed at the respective ends of
      the grid frame are then fastened to these ends by welding. Thus, only the
      short tube sections are welded; the grid bars are not themselves welded to
      the grid frame. Localized overheating of the working parts of the spacer
      grid is, in this way, completely avoided.
PAR  Furthermore, the grid bars are lengthened so that the ends have at least
      slight endwise freedom from the grooved bottoms formed by the grid frame
      grooves in which the grid bar ends are inserted. This leaves each complete
      bar individually free to longitudinally expand and contract without any
      warping tendency, its length being, of course, chosen so that its ends
      have adequate freedom to ride back and forth horizontally in the grid
      frame grooves to the extent required to prevent longitudinal stressing of
      the grid bars when they thermally expand and contract longitudinally. It
      is to be understood that the grid bar ends are not welded to either their
      interspacing short tube sections or to the grid frame. The grid bar end
      spaces are restricted to the extent required to assure the grid bar ends
      being always retained in the grid frame grooves, although free to move
      therein longitudinally with respect to the bars. The interspacing short
      tube sections do not provide any substantial frictional restraint to the
      grid bar end movements resulting from grid bar thermal expansion and
      contraction.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The presently preferred mode of carrying out the invention is illustrated
      by the accompanying drawings in which:
PAR  FIG. 1 is a plan view showing approximately half of the grid spacer, it
      being understood that the spacer has a circular contour as required to fit
      the inside of the steam generator casing or housing which is itself
      cylindrical;
PAR  FIG. 2 is a vertical section taken on the line 2--2 in FIG. 1; and
PAR  FIG. 3 is a cross section taken on the line 3--3 in FIG. 2
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the above drawings, the spacer grid 1 is shown as having the
      cylindrical solid metal grid frame 2 of relatively short axial length, as
      can be appreciated from FIG. 2, the upper level of grid bars being shown
      at 3 and the lower level at 4. The mesh openings are indicated at 5 and
      one of the heat-exchanger tube bundle, leg tubes is shown at 7 in one of
      the mesh openings 5 and firmly embraced by the criss-crossed grid bars 3
      and 4.
PAR  In FIG. 2 the rectangular cross section of the grid frame 2 can be seen
      particularly well, together with the upper and lower annular grooves 10
      and 11, respectively, machined, as by milling, into the inside surface of
      the grid bar frame 2. The heights of these grooves are made only very
      slightly greater than the heights of the grid bars 3 and 4, keeping in
      mind that these grid bar ends must slide back and forth in these grooves.
      The grooves themselves are of generally rectangular cross section, the
      upper groove by its nature forming an upper flange 12 and a lower flange
      12a, the lower groove forming corresponding flanges 13 and 13a. The
      described arrangement positively prevents the grid bar ends from
      unrestricted up and down motion. The short tube sections, cut from the
      same tube stock, from which the heat exchanger tubes are cut, are shown
      particularly well by FIG. 3, performing their function of holding the grid
      bar ends properly interspaced and against horizontal displacement or
      circumferentially with respect to the grid frame 2. These tube sections 15
      are shown inserted into the holes 17 respectively drilled in the opposite
      ends, or top and bottom ends of the grid frame 2, the holes being open at
      the ends of the frame and in each instance intersecting both of the
      flanges of the respective grooves. These tube sections 15 are retained in
      place by the welding shown at 18. The application of this welding metal is
      relatively remote from the grid bar ends and from the stressed portions of
      the grid frame and of the interspacing tubes 15, it being only the outer
      ends of the latter that are heated by the welding.
PAR  In connection with the previous reference to the heat-exchanger tube
      interspacing being established by the horizontal width of the grid bars,
      it should be kept in mind that this width must be calculated with respect
      to the geometry involved by the criss-crossing arrangement of the grid
      bars. For example, when the criss crossing is diagonal, or at an angle
      other than 90.degree. the geometry as well as the bar width must be taken
      into consideration when calculating the design required to fit the tube
      pitch of the heat-exchanger tube bundle.
PAR  It is to be understood that more than one of such spacer grids may be
      required for one heat-exchanger tube bundle of the type described.
PAR  If not previously specifically noted, it is to be understood that all of
      the parts of the grid spacer are made of metal suitable for use in a steam
      generator where the spacer grids are exposed to the secondary medium, or
      steam generator feed water, although not to the primary medium which is
      the pressurized-water coolant of the reactor.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A spacer grid for holding the interspaced individual tubes of a
      pressurized-water reactor's steam generator's heat-exchanger tube bundle,
      comprising an annular grid frame having an inner surface in which an
      annular groove is formed, a series of mutually interspaced grid bars each
      having opposite end portions which are interspaced and inserted in said
      groove, said frame having ends and having axially extending interspaced
      holes formed through at least one of said ends and through said groove,
      said holes being formed between said end portions, and cylindrical
      sections inserted through said holes and holding said end portions
      interspaced in said groove.
NUM  2.
PAR  2. The grid of claim 1 in which said sections are tubular.
NUM  3.
PAR  3. The grid of claim 2 in which at least one heat-exchanger tube is passed
      between said bars and within said grid frame, and said sections are short
      sections of the same diameter and material as said tube.
NUM  4.
PAR  4. The grid of claim 2 in which said sections are welded to said frame.
NUM  5.
PAR  5. The grid of claim 3 in which said frame has a second annular groove
      formed in the frame's said inner surface and the other of said ends has
      axially extending interspaced holes formed through this other end and
      through said second groove, and has a second series of mutually
      interspaced grid bars each having opposite end portions which are
      interspaced and inserted in said second groove, said holes formed through
      said other end being formed between said end portions of said second
      series of grid bars, and short sections of the same diameter and material
      as said tube being inserted in said holes formed through said other end,
      said two series of grid bars being arranged in mutually criss-crossed
      relationship.
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ABST
PAL  This invention concerns means for protecting a marine wellhead (including
      the Christmas tree) on an offshore hydrocarbon-producing platform from
      damage due to fire. Special means are provided to protect a wellhead
      placed a small depth, e.g., 25 to 50 feet, below the water surface under
      the deck of the offshore platform. These special means include a
      horizontal support frame supported by the platform. The wellhead is
      supported at about the same level as the support frame. A heavy shield
      comprising a heavy framework somewhat bell- shaped with an open bottom is
      lowered over the wellhead and comes to rest on the fixed frame or shelf.
      This shield is removable, but is ordinarily kept in position. In event of
      a fire on the production platform above the submerged wellhead, debris
      that may fall from the platform is diverted by the shield. Ocean water
      continually surrounds the marine wellhead, so that, in case of fire, it
      cannot be damaged by heat.
BSUM
PAC  RELATED APPLICATION
PAR  U.S. Pat. application Ser. No. 525,046, filed Nov. 18, 1974, entitled
      "Underwater Wellhead Completion With Portable Cellar," by James T.
      Rodgers, relates to a similar problem as does this specification.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an offshore platform for producing oil from a
      well drilled to an underground hydrocarbon reservoir beneath the body of
      the water in which the platform is located. It relates especially to a
      structure for protecting the wellhead from damage due to fire. The term
      "wellhead", as used herein, includes the "Christmas tree", which also
      includes the master valves, tees, swab valves, and wing valves, which sit
      on the casing spool and hanging equipment. It concerns particularly the
      placing of the wellhead beneath the surface of the body of water and
      includes a shield to protect the wellhead from any falling debris.
PAR  2. Setting of the Invention
PAR  In recent years, there has been considerable attention directed to the
      drilling and production of oil and gas wells located in water. Walls may
      be drilled in the ocean floor from either fixed platforms in relatively
      shallow water, or from floating structures or vessels in deeper water. At
      present, the most widely used means is the fixed platform which includes
      the driving or otherwise anchoring of long piles in the ocean floor. Such
      piles extend above the surface of the water with a working deck or
      platform attached to the top of the piles. In using such fixed platforms,
      the drilling rig is set on the platform above the surface of the water and
      the wells are normally drilled using generally dry land techniques. After
      the well is drilled, producing equipment, separators, wellheads, and the
      like, are located on the platform itself above the surface of the water.
      There are usually many wells, e.g., eight to 16, drilled from one offshore
      platform, and this involves a corresponding number of wellheads. One
      problem with this particular type setup is the danger of damage to the
      wellheads by fire. There has been at least one instance that a fire
      occurred and the wellheads worked perfectly in shutting off the flow of
      fluid, but excessive heat from the burning of petroleum being processed,
      or fuel stored on the deck of the platform itself, damaged the wellheads
      so they leaked. That fire would have burned itself out as soon as stored
      fuel or petroleum on the platform was exhausted except for the fact that
      the fire and heat damaged the wellheads causing them to leak and add more
      fuel to the fire. This, of course, resulted in the wells producing in an
      uncontrolled state and the fire continued for weeks until such time as the
      wells were killed by drilling directional wells for bottom-hole control.
      This is a tremendous loss of matural resources, and also a tremendous
      expense. Presently, there is a reluctance in the offshore industry to
      include normal production equipment on the same platform structure with
      the producing wellheads. This reluctance is based on safety
      considerations, primarily to prevent exposing the producing wellheads to
      fire or high temperature resulting from fire. As an alternative,
      therefore, the industry is often setting two platforms side-by-side with
      the wells on one platform and the production equipment on the other.
      Needless to say, this is a significant added investment over a single
      platform installation.
PAR  3. Prior Art
PAR  No prior art is known which describes the invention claimed herein. There
      is considerable art in the field of offshore producing platforms. Some
      related art, dealing with installing controls and operating underwater
      wellheads, include U.S. Pat. Nos. 2,970,646; and 3,395,755; and Canadian
      patent No. 890,146. All of these patents are concerned with an undersea
      well where the wellhead controls are on the sea floor.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention concerns an offshore platform for producing hydrocarbons
      from an underground formation under the bottom of a body of water. The
      platform includes piles which were driven to the bottom of the body of
      water and extend to above the surface where they support a working deck. A
      wellhead base is supported by the platform beneath the deck below the
      surface of the water. The conductor pipe extends from the well beneath the
      body of water up to the wellhead base. The normal wellhead is mounted on
      top of the conductor pipe, just above the wellhead base. A portable shield
      or frame is provided and can be lowered from the work deck to rest on the
      wellhead base. The shield is open on the sides and permits water to flow
      through the framework so as to provide small resistance to current. The
      cellar shield is closed, or, at least, has a closely arranged framework at
      the top to prevent falling debris from striking the wellhead. As the
      wellhead is always submerged in the body of water, even a very severe fire
      on the working deck of the platform can cause no heat damage to the
      wellhead. Additionally because of the cellar shield, which is provided
      over the wellhead, even falling debris from the wellhead work deck will be
      diverted from the wellhead and prevent damage thereto.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the invention and various modifications and
      objects thereof can be made with the following description taken in
      conjunction with the drawings, in which;
PAR  FIG. 1 is an isometric view of an offshore production platform featuring an
      embodiment of this invention;
PAR  FIG. 2 illustrates an enlarged view of the cellar wellhead shield in place;
      and
PAR  FIG. 3 illustrates a sectional view taken along the line 3--3 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Attention is first directed to FIG. 1 which shows a platform in a body of
      water 10 which has a surface 12 and a bottom 14. Legs or piling 16 are
      driven into the ocean bottom 14, as indicated by dotted lines 18. Piling
      16 continues above the surface 12 of the water and supports a first or
      lower deck 20 and an upper deck 22. Cross bracing 24 connects legs 16 to
      give them added rigidity. A drive pipe 26 extends from a well indicated by
      dotted lines 28, which has been drilled in the bottom of the body of water
      to wellhead base 30 just beneath the surface of the body of water.
      Ordinarily, the base 30 is about 25 to 30 feet below the surface of the
      body of water. A wellhead 32 is connected to the top of drive pipe 26 and
      other strings of casing or tubing within drive pipe 26 and is supported by
      baseplate 30. The depth of wellhead 32 and baseplate 30 is sufficient so
      that wellhead 32 is always below the surface of the body of water. This
      would normally be so that the wellhead 32 is below the trough of the
      maximum design wave. The tubing or the producing string of pipe through
      which petroleum is produced is contained within a drive pipe 26 and casing
      27 (as shown in FIG. 2) in a known manner, and extends downwardly to the
      underground producing formation or reservoir. A well producing flowline 34
      extends from wellhead 32 to producing facilities 36 on deck 20.
PAR  Attention will now be directed toward means of protecting wellhead 32,
      especially from damage due to falling debris. A heavy shield or frame 38,
      which may be generally bell-shaped with an open end, is provided to fit
      over wellhead 32. The top of shield 38 is only slightly higher than the
      top of wellhead 32; thus, the shield too will be submerged in the water.
PAR  Shield 38 is lowered from crane means 40 by cable or line 42. Guidelines 44
      are provided and extend from baseplate 30 to lower deck 20. Shield 38 has
      guide arms 46, which have outer ends which slideably encompass guidelines
      44. The use of guidelines 44 and arms 26 are well known for guiding
      devices into place under water. Therefore, no detailed explanation will be
      given. The guidelines 44 also serve to hold the shield 38 in a proper
      position while lowering and removing it.
PAR  There is shown only one wellhead 32 in associated well 28. However, there
      will ordinarily be many such wells and wellheads for each offshore
      platform.
PAR  Attention is next directed to FIG. 2 which shows an enlarged view of the
      portable cellar or shield 38 in position. A part of the structure of the
      platform has been omitted to more clearly show the details of the
      invention. The frame, as shown, includes vertical I-Beam members 52 and
      slanting members 50 at the top of the vertical members which come together
      at an apex 54, to which line 42 is attached. The vertical members 52 are
      connected at their bottom end to a ring 58. If desired, shield 38 can
      include an environmental shield. The environmental shield can be wire mesh
      or solid steel sheeting mounted over members 50 and 52, for example to
      protect the wellhead area from the normal underwater environment. If a
      solid sheeting is used, it would reduce the amount of marine growth on the
      submerged wellhead, thus making it easier to service, when necessary.
PAR  After the well is put on production, that is, wellhead 32 completely
      installed and in an operating condition, the cellar wellhead shield 38 is
      lowered into position. As shown, it is normally desired to lower it on
      wirelines 44 stretched between wellhead base 30 and lower deck 20.
      However, other means, such as use of wire or pipe could be utilized. A
      remotely operable latching mechanism, indicated generally at 62, can be
      used to assist in holding the wellhead shield in position, although this
      may not be necessary if lines 44 are left in position and under tension.
      The cellar wellhead shield remains in position during normal operations.
      If desired, the cellar wellhead shield can be removed and stored on the
      platform during a hurricane or other abnormal wave conditions to lessen
      the wave force on the platform. In this case, the well would be secured to
      prevent inadvertent flow before the shield is removed. However, chances of
      wanting to remove the shield to lessen wave force on the platform are low.
      If the shield were removed for such purposes, one would probably close in
      subsurface safety valves and/or set plugs in the producing tubing string.
PAR  While the above invention has been described in considerable detail, it is
      possible to make modifications thereof without departing from the spirit
      or scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A marine installation for producing fluids from an underground reservoir
      beneath the bottom of a body of water which comprises;
PA1  a deck;
PA1  non-buoyant support means supporting said deck above said body of water;
PA1  a wellhead base supported by said support means beneath said deck below the
      surface of said body of water and above said bottom;
PA1  a wellhead supported on said wellhead base;
PA1  a producing line from said wellhead to said deck;
PA1  a portable shield for placing over said wellhead, said shield including a
      framework extending horizontally and vertically over the wellhead to
      protect it from falling debris and to permit water to flow by said
      wellhead; and
PA1  a flowline from said wellhead to said underground reservoir.
NUM  2.
PAR  2. An installation as defined in claim 1, including an environmental shield
      placed on said frame.
NUM  3.
PAR  3. An installation as defined in claim 2, in which said environmental
      shield is wire mesh.
NUM  4.
PAR  4. An installation as defined in claim 2, in which said environmental
      shield is solid sheeting.
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ABST
PAL  A tool for running on a well string such as a drill string in a well bore
      carries inflatable packer means to close off the well bore adjacent the
      tool. The tool includes a body having a longitudinal bore therethrough
      with seating means and shock absorbing means for absorbing the shock of
      seating a bore close off means to close off the bore in the drill string.
      The bore close off means includes latch means for latching the bore close
      off means in seated position in the well string.
PAL  The tool may be positioned in the drill string near the drilling bit and
      when pressure is applied in the well string at the earth's surface such
      pressure is conducted through the bore close off means to inflate the
      inflatable packer means and seal off the well bore beneath the inflated
      packer means.
PAL  The bore close off means includes valve means for selectively controlling
      flow through the bore close off means, or for preventing flow through the
      bore close off means, as well as shiftable valve means which enables well
      bore pressure to be equalized above and below the packer means during
      deflation of the inflatable packer means.
PAL  The tool also includes port means normally closed off by shiftable valve
      means which may open for circulating fluid in the well bore above the
      inflated packer means when desired.
PAL  The tool also includes valve means responsive to the pressure differential
      between the drill string and the well bore above the inflatable packer
      means to sequentially inflate the inflatable packer means when the bore
      close off means is seated in the well string and to sequentially equalize
      the pressure above and below the packer means and deflate the packer
      means.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present application relates to my copending application Ser. No.
      261,611, filed June 14, 1972 for "Tool For Running On A Drill String In A
      Well Bore", which is assigned to the assignee of this application now U.S.
      Pat. No. 3,850,240.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In applicant's opinion, some of the closest references appear to be Hyde,
      U.S. Pat. No. 3,111,169; Cochrum et al., U.S. Pat. No. 3,503;445;
      Warrington, U.S. Pat. No. 3,332,215; Hughes, U.S. Pat. No. 2,862,562;
      Malone, U.S. Pat. No. 3,529,665; Boynton, U.S. Pat. No. 2,301,190; and
      Williams et al., U.S. Pat. No. 2,338,369.
PAR  Such prior art does not appear to include valve means which sequentially
      functions responsive to the pressure differential between the drill string
      and the well bore above the inflatable packer means, and to cause
      deflation of the inflatable packer means under substantially all well bore
      conditions.
PAR  While various devices for closing off the well bore and the drill string of
      a well bore surrounding the drill string while the drill string remains
      within the well bore have been provided, the construction and function of
      such prior art devices is such that it is difficult to selectively
      sequentially control the operation of the tool in a desired manner.
      Additionally, such prior art constructions do not appear to provide
      positive means which assure that the inflatable element carried by the
      tool in the well string is deflated after the tool has been operated and
      while the drill string is in the well bore so that normal drilling
      operations may be continued without possible damage to the inflatable
      element carried on the well string.
PAR  Other prior art devices do not provide an arrangement for equalization of
      the pressure above and below the inflatable element with the interior of
      the inflatable element, while the inflatable element is being deflated, or
      while drilling operations are being continued to aid in inhibiting damage
      to such inflatable element.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an arrangement which may
      be utilized as a pack off tool for closing off the well bore annulus and
      the annulus of a well string such as a drill string while the well string
      remains in the well bore with a minimum number of moving parts and
      performing such functions in a desired sequential manner.
PAR  Still another object of the present invention is to provide a pack off tool
      for the well bore and drill string annulus while the drill string remains
      in the well bore and port means which may be selectively opened above the
      inflatable packer means for circulation in the well bore above the
      inflatable packer means.
PAR  Yet a further object of the present invention is to provide a well tool for
      packing off the well bore annulus and the drill string annulus to control
      a well while the drill string remains in the well bore, and which can be
      manipulated with a minimum of effort to accomplish such function and to
      thereafter open the annulus and the drill string for normal well
      operations.
PAR  Yet a further object of the present invention is to provide a closure
      arrangement for the well bore annulus and a well string in the well bore
      while the well string remains in the well bore and to accomplish such
      function in a sequential manner.
PAR  Yet a further object of the present invention is to provide a well bore
      closure arrangement for closing the annulus of a well bore with a well
      string therein and for closing the well string annulus while the well
      string remains in the well bore, and to selectively open the well string
      above the sealed off well bore for circulation of well fluids, or to open
      the well string below the sealed off well bore annulus for circulation in
      a desired and selected manner.
PAR  Yet a further object of the present invention is to provide a well bore
      closure arrangement for closing the annulus of a well bore with a well
      string therein and for closing the well string annulus while the well
      string remains in the well bore, and to selectively open the well string
      above the sealed off well bore for circulation of well fluids, or to open
      the well string below the sealed off well bore annulus and thereafter
      opening the well bore annulus and the well string annulus in a sequential
      manner to continue well operations without removing the well string from
      the well bore.
PAR  Still another object of the present invention is to provide a closure
      arrangement for closing off the well bore annulus in which a well string
      is positioned and for closing off the well string annulus in a sequential
      and selected manner and means for equalizing the well bore pressure above
      and below the closure as such closure is opened.
PAR  Yet a further object of the present invention is to provide a well bore
      closure including an inflatable element carried on a well tool in a well
      string, closure means with releasable latch means for seating and latching
      in the well string for closing off the well string, valve means responsive
      to the pressure in the well string above the bore close off means with
      reference to the pressure in the well bore above said inflatable packer
      means for sequential inflation of said packer to close off the well bore
      and for sequential deflation of said packer to open the well bore around
      the packer, and additional valve means on the tool and closure for
      selectively opening the well string through the closure means to circulate
      or communicate below the inflatable packer means, and to circulate between
      the well string and well bore above the inflatable closure means.
PAR  Yet a further object of the present invention is to provide a well bore
      closure including an inflatable element carried on a well tool in a well
      string and closure means for seating in the well string for closing off
      the well string with valve means responsive to the pressure in the well
      string above the bore close off means with reference to the pressure in
      the well bore above said inflatable packer means for inflation of said
      packer to close off the well bore and for deflation of said packer to open
      the well bore around the packer and latch means for latching said bore
      close off means in seated position in the well string.
PAR  Other objects and advantages of the present invention will become apparent
      from a consideration of the following description and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view illustrating a preferred embodiment of
      a bore close off means forming part of the present invention;
PAR  FIG. 2 is a vertical sectional view illustrating a portion of the invention
      which is adapted to be positioned in a well string such as a drill string
      and illustrates a body with a reinforced inflatable element thereon, a
      seating sleeve means within the bore of the body including a shock
      absorbing means, a control valve, fluid passage means for communicating
      the well bore with the interior of the inflatable element and with the
      well bore thereabove and therebelow as well as other fluid passage means
      in the tool;
PAR  FIG. 3 is a sectional view similar to FIG. 1 but illustrates the bore close
      off means of FIG. 1 seated on the seating sleeve means and latched in the
      well string for communicating well string pressure to the control valve
      for operation of the tool in a desired sequential manner;
PAR  FIG. 4 is a sectional view similar to FIG. 3 and illustrates the position
      of the control valve after it has moved to close communication between the
      well bore and inflatable element and open the well string bore to the
      inflatable element for inflation thereof to close off the well bore
      annulus;
PAR  FIG. 5 is a sectional view similar to FIG. 4 but shows the well bore close
      off means actuated for communicating the well string above the inflated
      element with the well bore below the inflated packer means;
PAR  FIG. 6 is a sectional view similar to FIG. 4 and illustrates port means in
      the tool which is normally closed off by shiftable valve means but which
      can be actuated for communicating the drill string and the well bore above
      the inflated packer means;
PAR  FIG. 7 is a sectional view similar to FIG. 6 and shows plunger means seated
      in the shiftable valve means of FIG. 6 to open the port means whereby
      fluid from a well string may be circulated to the well bore annulus above
      the inflatable closure means on the tool;
PAR  FIG. 8 is a sectional view similar to FIG. 5 but illustrates shiftable
      valve means in the bore close off means shifted to enable the inflatable
      packer element to deflate and to establish communication with the well
      bore and the interior of the inflatable element;
PAR  FIG. 9 is a partial sectional view illustrating an arrangement for
      actuating the latch means to release the bore close off means from seated
      and latched position within the well string for removal from the well
      string; and
PAR  FIG. 10 is a partial sectional view illustrating an alternate form of
      control valve means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIGS. 1 and 2 the invention is referred to generally by the numeral 10
      and includes the bore close off means referred to generally at 11 and a
      body referred to generally at 12 adapted for securing by ay suitable means
      in a well string designated S in FIGS. 3 and 4. The well string S may be a
      drill string or any other type of well string and ordinarily extends
      upwardly to the earth's surface. As illustrated in FIG. 2 of the drawings,
      the body 12 is shown as being positioned adjacent the drill bit 13 of a
      well string; however, it can be appreciated that the present invention may
      be employed at any desired elevation in any suitable type of a well string
      and the drill string is by way of example only. The body 12 includes a
      bore 16 which extends longitudinally thereof and in which is received
      sleeve valve means 17. The valve means 17 includes a suitable seat
      arrangement 18 for receiving the enlargement 19 on the body 20 of the bore
      close off means 11 as more clearly illustrated in FIG. 3 of the drawings.
PAR  The bore 16 is provided with suitable shoulder means as illustrated at 16a
      for receiving resilient means in the form of a spring 16b therein to
      support the sleeve valve 17.
PAR  Suitable seal means as illustrated at 21, 22, 23, 24, 25, 26 and 26a are
      provided at spaced intervals between the body 12 and seating valve means
      17 to seal off therebetween and to assist in controlling communication of
      various passages in the tool as will be described. It can be appreciated
      that the construction and arrangement of the valve means 17 enables it to
      retain the position illustrated in FIG. 2 of the drawings during normal
      drilling operations when the present invention is employed in a drill
      string. Also, it will be noted that the reinforced inflatable packer means
      referred to generally at 14 is secured at its upper end 14a to the body 12
      and is provided with means represented generally at 26 at its lower end
      14b to enable the lower end of the reinforced inflatable element 14 to
      move longitudinally relative to body 12 while inhibiting relative rotation
      therebetween.
PAR  The means 26 includes a key 27 carried by the body 12 longitudinally
      slidably fitting within the spline 28 formed in the lower end 14b of the
      reinforced element 14. This arrangement accommodates relative longitudinal
      movement of the lower end of the annular end 14b of the inflatable element
      14 during inflation and deflation thereof while preventing relative
      rotation between the body 12 and inflatable element 14 while the drill
      string is rotating during drilling operations. To aid in retaining the
      inflatable element in a noninflated position during normal drilling
      operations and to assist deflation of the inflatable element when the
      internal pressure is released, the lower end of 14b includes spring means
      29 which abuts one end of the key 27 and the shoulder 14c formed on the
      lowermost end of the lower end 14b which tends to extend or retain the
      element 14 in deflated position and attempts to return it to such deflated
      position upon deflation of the element as will be described in greater
      detail hereinafter.
PAR  In addition to the resilient means 16b shown as being in the form of a
      spring, the sleeve valve means 17 may include additional shock absorbing
      means referred to generally at 30 and includes a plurality of annular
      elastomer members 31 separated by relatively nondeformable annular members
      32, only one of which is illustrated. Such members are provided in the
      enlarged annular recess 11c formed in the body 12 which recess
      communicates with bore 16 in body 12 as illustrated.
PAR  Valve 17 includes an annular upper flanged end 17a which extends into the
      recess 11c as shown and may engage the shock absorbing means upon movement
      of valve means 17. The shock absorbing means 30 along with the spring 16b,
      will absorb the shock of seating the body 20 of the bore close off means
      11 in the valve 17 and will accommodate relative longitudinal movement of
      the valve 17 relative to body 12 while returning valve 17 to its original
      position when bore close off means 11 is withdrawn.
PAR  Control valve means referred to generally at 35 are carried by the body 12
      for controlling communication between various passage ways in the body 12
      and the tool components carried thereby as will be described in greater
      detail.
PAR  Resilient means 36 in the form of a spring engage the control valve 35 as
      illustrated to urge the control valve 35 to the position shown in FIG. 2
      of the drawings. In such position, the control valve 35 establishes
      communication between the well bore annulus referred to by the letter A in
      FIG. 2 and the interior 14d of the reinforced inflatable packer element 14
      as well as establishing communication above and below the reinforced
      packer means 14 through the equalizing passage means referred to generally
      at 37 when the bore close off means 11 is seated in body 12 as shown in
      FIG. 3. Such equalizing passage means includes passage means 37a extending
      through the body 12 as shown as well as passage means 37b in the seating
      sleeve 17 which are in communication when the bore close off means is
      seated in the valve 17 as illustrated in FIG. 3 of the drawings.
PAR  As shown in FIG. 2 of the drawings, the seal means 25 and 26a prevent
      communication of the port means 37a and 37b when the sleeve valve means 17
      is in the position shown in FIG. 2 of the drawings. However, equalization
      of pressure between the interior 14d of the reinforced inflatable element
      14 and the well bore annulus A when the bore close off tool 11 is not
      positioned in bore 16 is maintained by reason of port means 41 which
      communicates with chamber 38 in which the control valve 35 is shown as
      being positioned as will be explained.
PAR  The chamber 38 is formed in the body 12 in any suitable manner and in the
      form shown in FIGS. 1 thru 9 includes an inner annular wall 38' and an
      outer annular wall 38" radially spaced and extending longitudinally in
      body 12 to receive the annular control valve 35 therebetween. The control
      valve 35, in the form illustrated in FIGS. 1 thru 9 of the drawings is
      adapted to slide on the inner annular surface 38'.
PAR  Annular grooves 43 and 44 are formed on the inner annular surface 38' of
      chamber 38. Sleeve valve means 17 includes ports 47 and 48 which are
      sealed off from communication with other ports or passage means in the
      body 12 as well as the control valve means 35 when the seating valve means
      17 is in the position as shown in FIG. 2 of the drawings by reason of the
      seals 21, 22 and 23, 24 respectively.
PAR  The control valve means 35 includes the spaced annular and longitduinally
      extending recesses 49 and 50 formed on the inner surface thereof as
      illustrated in the drawings. Spaced seal means 51 and 52 are arranged
      adjacent one end of the control valve means 35, which seal means are
      adjacent but spaced from the lowermost end of annular recess 50. Spaced
      seal means 53 and 54 are positioned on the annular shoulder 55 formed in
      the annular valve means 35 between the annular recesses 49 and 50 as shown
      in the drawings. The upper end of control valve means 35 carries suitable
      seal means 56 as shown.
PAR  When the seating sleeve means 17 is in the position illustrated in FIG. 2
      of the drawings, the port means 42 in the body 12 communicates at its
      inner end with the annular groove 57 formed on the outer surface of the
      seating sleeve means 17. The annular groove 57 extends beyond or across
      annular seal 22 positioned between the seating sleeve valve means 17 and
      the body 12 when the valve 17 is in the position shown in FIG. 2 and
      communicates with the annular groove 58 formed in body 12 adjacent the
      bore 16 therethrough and adjacent sleeve valve 17 as shown.
PAR  By viewing the right hand side of FIG. 2, it can be seen that the annular
      groove 58 communicates with passage means schematically represented at 59,
      which, when the control valve 35 is positioned as shown, communicates with
      the annular recess 50 in such valve 35 so as to conduct well fluid from
      the well bore annulus A through the port or passage means 42, the annular
      groove 57, through communicating annular groove 58 and thence through the
      passage means 59 to the annular recess 50.
PAR  When the control valve 35 is in this position as shown in FIG. 2, fluid
      from the well bore annulus A, is also conducted through port 41 and into
      the annular chamber 38 and through the annular groove 43 around seal means
      56 into annular recess 49 of control valve 35. When the control valve 35
      is in the position shown in FIG. 2, recess 49 communicates around seal 53
      and with groove 44 which communicates with the passage means 60 in body 12
      so that the interior 14d of the inflatable reinforced element 14 is thus
      communicated with the pressure in the well bore annulus A when the valve
      35 is in such position. This equalizes the pressure internally and
      externally of the inflatable element under such conditions.
PAR  Accordingly, when the well string S is a drill string and employed in
      rotary drilling operations the reinforced inflatable element will assume
      the position illustrated in FIG. 2 of the drawings during rotation of the
      well string and since the pressure is balanced both exteriorly and
      interiorly of the inflatable element, rotation of the well string will not
      cause the inflatable element to tend to expand and thereby engage the well
      bore wall which might cause damage thereto. Thus, normal drilling
      operations may occur since pressure in the well bore is equalized
      internally and externally of the inflatable element.
PAR  When the bore close off means 11 is seated and latched in the longitudinal
      bore 16 in the body 12 of the well string such as a drill string as shown
      in FIG. 3 of the drawings, its shoulder 18 seats on the shoulder 19 formed
      in sleeve valve 17.
PAR  Referring to FIG. 1, the bore close off means 11 includes the body referred
      to generally at 20, as previously noted, with a longitudinal bore 100
      therein. Positioned within the longitudinal bore 100 is check valve means
      101 engaging seat 102 formed in bore 100, which check valve means is urged
      on to seat 102 by means of spring 103 as shown in the drawings. It will be
      noted that the check valve 101 is an upwardly closing check valve and
      closes off fluid flow through the bore 100 from therebeneath.
PAR  In addition, shear valve means are provided in the bore 100 as referred to
      generally at 105, such shear valve means including an annular plug 106
      with a shear pin 107 retaining the plug 106 in position in the bore 100.
      Suitable seal means 108 are positioned between the plug 106 and the bore
      100 to inhibit fluid passage therebetween and through bore 100 in either
      direction when the plug 106 is in the position shown in FIG. 1.
PAR  The body 20 also is provided with a shiftable sleeve valve referred to
      generally at 110 which sleeve valve includes the annular body 111 having a
      passage 112 therethrough. The passage 112 includes a seat 113 for
      receiving closure means 114 (see FIG. 8) therein for closing off the bore
      112 to enable the valve 110 to shift when well string pressure is applied
      thereto for purposes that will be described hereinafter. The annular body
      111 includes fluid passage means 115 which is normally positioned above
      seal means 118 as shown in FIG. 1 of the drawings when the body 111 is
      retained in place by means of the shear pin 118a engaged therewith and
      engaged in body 20 of bore close off means 11. The passage means 115 is
      adapted to communicate with port 120 in body 20 which is sealed off
      between the seal means 118 and 119 when the valve 110 is in the position
      shown in FIG. 1 of the drawings and thereby prevent communication between
      port means 120 and passage means 115 until pin 118a has been sheared, as
      will be described.
PAR  Suitable means are provided to engage or latch the bore close off means 11
      in position in the body 12 such latch means being referred to generally at
      130 and shown as including pivotally mounted fingers 131 which are
      pivotally mounted as illustrated at 132. The fingers 131 are mounted in
      longitudinal slots 133 formed in body 20 and the configuration and pivotal
      arrangement of fingers 131 on the body 20 is such that the outermost edges
      project outwardly beyond the radial extend of body 20 as shown in FIG. 1
      of the drawings so that as the bore close off means is dropped or pumped
      down the well string bore 16 such fingers 131 are free to move radially so
      as not to interfere with downward movement of the bore close off means 11,
      since they are free to pivot inwardly of the slots 133.
PAR  When the body 20 seats as illustrated in FIG. 3 of the drawings, the
      latches 131 project outwardly into annular recess 11c. Any upward movement
      of the body 20 will engage the upper end of fingers 131 with the upper end
      11d of the enlarged recess 11c in which the shock absorber arrangement 30
      and the enlarged annular flange 17a of sleeve valve 17 moves. When the
      fingers 131 are thus positioned, the bore closure means 11 is latched in
      position in the body 12 to prevent upward movement thereof, and further
      downward movement is prevented since the shoulder 19 on the bore closure
      means 11 is seated on seat 18 in valve 17.
PAR  An additional shiftable sleeve valve 125 is provided adjacent the upper end
      of the body 20 which valve includes the annular hollow body 126
      telescopically received over the upper end portion 20b of the body 20 as
      shown in FIG. 1, such end portion 20b having a reduced diameter 127
      forming spaced shoulders 128 and 129 as shown in the drawings. A spring
      130 rests on the shoulder 128 and abuts at its other end the annular
      inwardly extending ledge 132 formed on body 126, which ledge in turn abuts
      the shoulder 129 as shown in the drawings. The spring 130 tends to urge in
      annular body 126 upwardly as illustrated in FIG. 1 so as to engage the
      inwardly extending annular flange 132 against the shoulder 129, but such
      annular body 126 may be telescoped downwardly over the portion 134 of the
      body 20 when it is desired to engage and retrieve the bore closure tool 11
      from the well string S in a manner as will be described hereinafter.
PAR  The body 20 includes annular portion 20c which is reduced in diameter
      between annular seal means 141 and seat 19, as shown, with the seals 142,
      143 positioned on body portion 20f. Body portion 20f is reduced in
      diameter relative to body portion 20c and extends to shoulder 20e from
      which extends reduced annular body portion 20d for purposes to be
      described.
PAR  The bore close off means also includes passage means 150, with spring
      loaded check valve means 151 therein.
PAR  With the well bore closure means 11 in the form as illustrated in FIG. 1,
      it is inserted into the bore 16 of the well string S to which body 12 is
      connected and initially assumes the relationship in body 20 shown in FIG.
      3 of the drawings. It will be noted that the spring 16b is collapsed due
      to the weight of the well bore closure means 11 and the pressure of the
      fluid in the bore 16 of the well string S, and at this point the interior
      14d of the inflatable element 14 is communicated to annulus A by passage
      means 60, annular groove 44, annular recess 49, chamber 38 and port means
      41 to equalize the pressure interiorly and exteriorly or the reinforced
      inflatable packer 14 as previously described.
PAR  It will also be noted that the body 20 is provided with suitable annular
      seals 141, 142 and 143 for sealing off between the bore closure body 20
      and the seating valve 17 and for communicating passages in a desired
      manner as will be described in greater detail.
PAR  The bore closure means 11 may be positioned in the bore 16 to close off the
      bore 16 and in some situations also close off the annulus A of the well
      bore; however, in some instances it will be used as a means to selectively
      communicate various portions of the well string S with the well bore
      annulus A as will be described.
PAR  When it is desired to close off the annulus A of the well bore, with the
      bore close off means 11 seated as shown in FIGS. 3 and 4, the pressure in
      drill string or well string S may be increased by increasing the pump
      pressure at the earth's surface so that the pressure in bore 16 is
      increased whereupon the fluid pressure is communicated through bore 100 in
      body 20 with passage means 150 and past spring loaded check valve means
      151 positioned therein to communicate through the annular space 65 between
      the sleeve valve 17 and reduced annular portion 20c formed on body 20 of
      the bore close off means 11 seated in the well string as shown in FIG. 3.
      The pressure from well string S is communicated from space 65 through port
      means 47 in sleeve valve 17 which is now aligned with groove 58 that
      communicates to passage 59 in body 12. Passage 59, when the control valve
      35 is in the position shown in FIG. 3, communicates to annular recess 50.
PAR  Since the drill string or well string pressure from bore 16 is now
      communicated interiorly of the control valve 35 to recess 50 and since the
      cross sectional area of the control valve 35 across seal means 53 and 54
      is larger than the cross sectional area across the control valve at seal
      means 51 and 52, the control valve means 35 will be responsive to the
      drill string or well string pressure in bore 16 above the inflatable
      element communicated to recess 50, and upon incremental increases of the
      well string pressure in bore 16 in a predetermined manner, the tool may be
      operated in a sequential step wise manner to close off the well bore
      annulus A, to maintain the bore 16 closed, or to open the bore 16 for
      communication with the well bore annulus A below the inflated element 14,
      or to communicate the bore 16 with the well bore annulus A above the
      inflatable element 14 as will be described.
PAR  FIG. 4 illustrates the next position of the control valve means 35 and it
      will be noted that resilient means 36 is shown as being slightly
      compressed due to the pressure in bore 16 acting through passage means 150
      past check valve 151 and in recess 50 to move the control valve in chamber
      38 against the spring force 36.
PAR  Referring now to FIG. 4, when the well bore closure means 11 is seated in
      the bore 16 of the body 12 and the packer 14 inflated as shown in FIG. 4,
      the present invention may be employed so as to seal off the well bore
      annulus A, or seal off the well string bore 16 and bore 100 in body 20, or
      accommodate fluid flow from the well string S to the well bore annulus A
      beneath the inflated element 14, or accommodate fluid flow between the
      well string S and the well bore annulus A above the inflated element 14.
PAR  When the pressure communicated from the bore 16 through passage 150 and
      communicated through annular space 65 to passage means 58 and annular
      recess 50 in control valve 35 has caused the control valve 35 to move
      upward to the position shown in FIG. 4, the seal means 53, 54 moves
      longitudinally along with the control valve 35 and engages the annular
      surface 38' on the other side of groove 44, thus closing off communication
      between chamber 38 and passage 60. This closes off the interior 14d of
      inflatable member 14 from the well bore and opens the recess 50 to passage
      means 60 through annular groove 44 so that the reinforced packer means 14
      may be inflated to seal against the well bore wall represented by the
      letter W. The spring 103 should retain valve 101 seated, but if it doesn't
      flow through the bore close off means 11 is prevented at this period, by
      plug 106.
PAR  It should be noted that before any longitudinal movement of control valve
      35 may occur, sufficient drill string bore pressure must be supplied to
      the recess 50 of the control valve means 35 to overcome the force in
      resilient means 36. The resilient means 36 may exert any amount of force,
      and by way of example only, it has been found that when the resilient
      means 36 exerts a force of approximately 400 pounds per square inch in
      equivalent hydraulic pressure, a suitable differential between the drill
      string bore pressure and well bore annulus pressure above the inflated
      packer means 14 is established to accomplish desired results, as will be
      noted hereinafter. In addition, it should be noted that well bore pressure
      above the inflatable element 14 acts on one side of the control valve 35
      and well string pressure from bore 16 acts on the other side or inside of
      the control valve 35. Thus, the control valve 35 is responsive to the
      pressure in the well string above the bore close off means 11 with
      reference to the pressure in the well bore annulus A above the inflatable
      packer 14.
PAR  It should be noted that during inflation and deflation of the inflatable
      packer means 14, it is desirable to equalize above and below such packer
      in the well bore annulus A and this is accomplished by means of the
      passage means generally referred to at 37 including the passage means 37a
      formed in body 12 and the passage means 37b formed in the sleeve valve 17.
      Well bore pressure is communicated through port 41 to chamber 38 and then
      communicates around seal means 56 by means of annular groove 43 which in
      turn communicates with passage means 37 and then to the interior of bore
      16 adjacent reduced diameter portion 20a as shown in FIGS. 3 and 4 of the
      drawings.
PAR  After the inflatable member 14 has been seated against the well bore wall W
      to seal off the well bore annulus A, desired operations may be carried
      out.
PAR  For example, in FIG. 5 it will be noted that the pressure in the bore 16
      has been increased sufficiently so as to cause the shear pin 107 holding
      the plug 106 in place to shear thereby permitting the annulus 100 of the
      body 20 to communicate through openings 100a with the well bore annulus A
      beneath the inflated element or member 14. Thus desired operations may be
      carried out, or if it is desired to reseal the annulus 100 after the plug
      106 has been removed, slight release of pressure in bore 16 will permit
      valve 101 to be reseated by reason of spring 103 acting thereon.
PAR  FIG. 6 shows the body 12 as having an extension 12a in which is received a
      shiftable valve 150, such shiftable valve including the annular body 151
      which closes off port means 152 through body 12 by reason of its
      positioning due to spring 153 which retains the annular body 151 normally
      in the position shown in FIG. 6.
PAR  The body 151 includes suitable spaced seal means 154 for sealing between
      the body 12 and the annular bore 16 to inhibit fluid leakage thereby
      between bore 16 and ports 52.
PAR  If, for any reason, it is desired to circulate well fluids between the well
      string S and well bore annulus A after the member 14 has been expanded to
      seal with the well bore wall W, a suitable go-devil or plug 160 may be
      dropped through bore 16 as shown in FIG. 7 so as to rest on top of the
      bore close off means 11 as illustrated in FIG. 7. The go-devil 160
      includes suitable seal means 161 so that when pressure is applied thereto,
      the annular body 151 will be forced downwardly in the bore 16 against the
      tension of spring 153 thereby opening ports 152 for circulation between
      the bore 16 and the well bore annulus as may be desired.
PAR  After the go-devil 160 has performed its function, it may be engaged by any
      suitable grappling tool engaging the upper end 161 thereof in a manner
      well known in the art so as to permit the plunger 160 to be withdrawn from
      the bore 16. When the plunger 160 is withdrawn, the valve 151 will
      reassume the position shown in FIG. 6 of the drawings to close off port
      means 152.
PAR  When it is desired to deflate the inflatable element 14 so as to continue
      normal well operations, the closure referred to at 114 in FIG. 8 is
      dropped or pumped through the bore 16 so as to engage on seat 113 in the
      shiftable valve 110. When this occurs, increase of fluid pressure in the
      well bore 16 will shear the pin 118a thus moving the shiftable sleeve
      valve downwardly in the bore 100 as illustrated in FIG. 8 of the drawings.
      When this occurs the passage means 115 communicates with port 120 which in
      turn communicates with annular space 65. Since annular space 65
      communicates with the annular recess 50 in control valve 35 by passage
      means 59, release of well string pressure in the bore 16 will cause the
      control valve 35 to be moved towards its original position as illustrated
      in FIG. 3.
PAR  In moving towards such position, it first moves through the relative
      position shown in FIG. 4 where equalization is established between the
      annulus A and the interior 16 of the well string S beneath the closure
      tool and beneath the inflatable element 14 and further decrease in
      pressure in the bore 16 of the well string S enables the control valve 35
      to reassume the position shown in FIG. 3 of the drawings. The pressure
      differential obtained by the spring 36 causes the control valve 35 to
      assume proper positioning to assure deflation of the inflatable element
      14.
PAR  At this point, the pressure in the annulus A above and below the inflatable
      element 14 is equalized as well as fluid pressure on the interior 14d of
      the inflatable element and the annulus A to assure proper deflation of the
      inflatable member 14.
PAR  Thereafter, the well bore closure means may be engaged and removed from the
      well bore. To accomplish this, a suitable retrieving tool having a
      suitable collet arrangement well known in the art and referred to
      generally at 170 in FIG. 9 is lowered downwardly so as to engage or abut
      the upper end of shiftable valve or member 125. When it engages shiftable
      member 125, spring 130 is collapsed as shown in FIG. 9 and annular flange
      132 moves away from shoulder 129 thus exposing such shoulder so that it
      may be engaged by the grapple or collet arrangement 170 as shown in FIG.
      9. The retrieving tool 168 also includes suitable plunger means 171 which
      moves through the bore 100 of the bore closure means 11 and engages the
      inner lower end 131a of the latches or fingers 131 to pivot them inwardly
      so that when the retrieving tool 128 is then moved upwardly in well string
      S, such latches 131 clear the shoulder or end 11d of recess 11c and thus
      enables the bore closure means 11 to be moved upwardly out of the well
      string. It can be appreciated that the retrieving tool 168 may be lowered
      by any suitable means well known in the art such as a cable or the like to
      engage the well bore closure means.
PAR  FIG. 10 shows an alternate arrangement of the control valve wherein like
      numbers refer to like parts. In FIG. 10, the control valve is represented
      generally at 35a and is shown in the form of a spool valve which is
      arranged in cylindrical chamber 38a of body 12. The function and operation
      of this valve is the same as the form shown in FIGS. 1-9. Well bore
      pressure acting through port 41 is communicated through passage 35z, in
      the body of valve 35a, chamber 38a, through annular groove 43 in body 12
      and around seal 56 to space or recess 49 and then aroung seal 53 adjacent
      groove 44 to passage 60 and the interior of packer 14 when the valve 35a
      is in the position shown in FIG. 10 to equalize pressure internally and
      externally of the packer 14.
PAR  When the bore close off means is seated on 17 so that 47 and 58 communicate
      with bore 16, well string pressure is communicated through 58 to act in
      recess 50 and against seals 53, 54. The cross sectional relationship of
      the valve 35a at seals 53, 54 and 51, 52 is similar to that previously
      described. An increase in pressure in recess 50 will force valve 35a
      upwardly in chamber 38a against spring 36a so that seal 53 engages surface
      38 above groove 44 to first close off communication between the interior
      of the packer 14 and well bore annulus A. Continued pressure increase in
      the well string S moves control valve 35a upwardly until seal 54 is over
      groove 44 whereupon the well string pressure may be communicated to
      passage 59, passage 60 and packer 14 for inflation thereof.
PAR  Deflation of packer 14 and other functions of control valve 35a is similar
      to that described with regard to FIGS. 1-9. Other like numbered parts also
      function in a manner to that described with regard to FIGS. 1-9.
PAR  A shear safety plug 85 is positioned in body 12 by shear pin 85a and
      communicates with passage means 60, so that if desired or necessary, the
      pressure in passage 60 can be increased to shear pin 85a and thus release
      the pressure in reinforced inflatable packer means 14.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape, and
      materials as well as in the details of the illustrated construction may be
      made without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for controlling wells during drilling operations comprising:
PA1  a. a body for connection in a well string, said body having a longitudinal
      bore therethrough;
PA1  b. reinforced inflatable packer means carried by said body for inflation to
      seal off the well bore;
PA1  c. bore close off means movable through the well string for seating in said
      body to close off the bore therethrough;
PA1  d. control valve means carried on said body and having means responsive to
      well bore pressure and pressure in the drill string whereby said control
      valve is movable in one direction in response to increasing pressure
      differential between the drill string above said bore close off means when
      seated and the well bore above said packer means to communicate said
      packer means with a drill string for inflation of said packer means and
      movable in the opposite direction in response to decreasing pressure
      differential between the drill string above said bore close off means when
      seated and the well bore above said inflated packer means to communicate
      said packer means with the well bore for deflation therefor; and
PA1  e. latch means for latching said bore close off means in position in the
      well string.
NUM  2.
PAR  2. The invention of claim 1 including seating valve means carried by said
      body for said bore close off means normally closing off communication
      between the body bore and said control valve means.
NUM  3.
PAR  3. The invention of claim 1 wherein said bore close off means includes:
PA1  a. an elongated body having a longitudinal bore;
PA1  b. spring loaded check valve means for closing off flow through the bore in
      one direction; and
PA1  c. therebeing passage means in said bore close off means for communicating
      well string pressure with said control valve to position said control
      valve for inflation and deflation of said packer when said bore close off
      means is latched in position in the well string.
NUM  4.
PAR  4. The invention of claim 1 including seal means between said bore close
      off means and said body means for sealing between said body and said bore
      close off means when said bore close off means is latched in position in
      the well string.
NUM  5.
PAR  5. The invention of claim 3 including releasable plug means in the bore of
      said bore close off means which is removable when the pressure in well
      string above said bore close off means exceeds a predetermined amount to
      establish communication through the well string below said reinforced
      inflatable packer means.
NUM  6.
PAR  6. The invention of claim 1 wherein the well string includes port means for
      communicating the well string with the well bore, shiftable valve means
      normally closing off the port means and plunger means for sealing with
      said shiftable valve means so that when well string pressure is increased,
      said shiftable valve means is movable to uncover the port means for
      circulation between the well string and well bore above the inflatable
      packer means.
NUM  7.
PAR  7. The invention of claim 3 including:
PA1  a. a shoulder adjacent one end of said elongated body;
PA1  b. spring loaded sleeve means abutting said shoulder means and surrounding
      said shoulder; and
PA1  c. plunger means movable through the well string for actuating said latch
      means to release said bore close off means from the well string, said
      plunger means also moving said sleeve means to expose said shoulder for
      engagement with said plunger means whereby said bore close off means may
      be withdrawn from the well string.
NUM  8.
PAR  8. The invention of claim 3 including:
PA1  a. port means in said bore close off means for communicating with said
      seating valve means;
PA1  b. shiftable valve means normally closing off said port means, said
      shiftable valve means initially having a flow path therethrough
      communicating with the bore of said bore close off means and said
      shiftable valve means adapted to be shifted when the flow path is closed
      off to thereby open said port means and communicate the interior of said
      reinforced inflatable packer means with the well string whereby said
      reinforced inflatable packer means may deflate upon decreasing the
      pressure in the well string.
NUM  9.
PAR  9. The invention of claim 1 including means associated with said control
      valve to communicate said reinforced inflatable packer means with the well
      bore for deflation thereof when the pressure in the well string above said
      seated bore close off means exceeds the pressure in the well bore above
      said reinforced inflatable packer means by a predetermined amount.
NUM  10.
PAR  10. The invention of claim 1 including equalizing passage means in said
      body for equalizing the pressure internally of said reinforced inflatable
      packer means with the pressure in the well bore above and below said
      packer means to aid in maintaining said reinforced inflatable packer means
      deflated during drilling operations.
NUM  11.
PAR  11. The invention of claim 1 including shear valve means in said body which
      will release the inflating pressure from said inflatable packer means when
      the pressure therein exceeds a predetermined amount.
NUM  12.
PAR  12. The invention of claim 2 including resilient means supporting said
      seating valve means to function as a shock absorber means.
NUM  13.
PAR  13. The invention of claim 3 including valve means normally closing off the
      passage means in said bore close off means, but movable to open the
      passage means when the pressure in the well string exceeds a predetermined
      amount.
NUM  14.
PAR  14. The invention of claim 1 including:
PA1  a. an annular recess in said body for receiving said latch means; and
PA1  b. said latch means comprising pivotally mounted members mounted on said
      bore close off means and engagable in the annular recess to aid in
      retaining said bore close off means in said body.
NUM  15.
PAR  15. The invention of claim 4 wherein said seal means is mounted on said
      bore close off means and engages said seating valve means carried by said
      body.
NUM  16.
PAR  16. The invention of claim 6 including seal means between said shiftable
      valve means and the well string to inhibit fluid flow therebetween.
NUM  17.
PAR  17. The invention of claim 16 wherein said seal means is mounted on said
      shiftable valve means.
NUM  18.
PAR  18. The invention of claim 14 including:
PA1  a. a shoulder adjacent one end of said elongated body;
PA1  b. spring loaded sleeve means surrounding said shoulder;
PA1  c. plunger means movable through the well string for actuating said latch
      means to release said bore close off means from the well string, said
      plunger means also moving said spring loaded sleeve means to expose said
      shoulder for engagement with said plunger means whereby said bore close
      off means may be withdrawn from the well string; and
PA1  d. said plunger means including means for engaging said latch means to
      retract them from the annular recess.
NUM  19.
PAR  19. The invention of claim 2 including passage means in said seating valve
      means, bore close off means, body and control valve means for
      communicating said reinforced inflatable packer means with the well string
      as the pressure in the well string above said seated bore close off means
      with reference to the pressure in the well bore above said reinforced
      inflatable packer means in increased for inflation of said reinforced
      inflatable packer means to seal off the well bore annulus.
NUM  20.
PAR  20. The invention of claim 19 wherein said passage means in said seating
      valve, bore close off means, body and control valve means communicates
      said reinforced inflatable packer means to the well string above and below
      said reinforced inflatable packer means as the pressure in the well string
      above said seated bore close off means with reference to the pressure in
      the well bore above said reinforced inflatable packer means is decreased
      for deflation of said reinforced inflatable packer means.
NUM  21.
PAR  21. The invention of claim 3 including:
PA1  a shoulder adjacent one end of said elongated body;
PA1  b. spring loaded sleeve means surrounding said shoulder;
PA1  c. plunger means movable through the well string for actuating said latch
      means to release said bore close off means from the well string, said
      plunger means also moving said spring loaded sleeve means to expose said
      shoulder for engagement with said plunger means whereby said bore close
      off means may be withdrawn from the well string; and
PA1  d. said plunger means including means for engaging said latch means to
      retract them from the annular recess.
NUM  22.
PAR  22. The invention of claim 21 wherein said means for engaging said latch
      means includes additional plunger means for engaging within the
      longitudinal bore of said elongated body to engage and pivot said latch
      means toward said elongated body.
NUM  23.
PAR  23. A well bore closure tool for use in a well string having a reinforced
      inflatable element thereon, control valve means for controlling
      communication between the well string and reinforced inflatable packer
      means and a resiliently supported seating sleeve valve means in the well
      string for receiving the well bore closure tool, the combination
      including:
PA1  a. an elongated body having a longitudinal bore;
PA1  b. spring loaded check valve means for closing off flow through the
      longitudinal bore in one direction;
PA1  c. therebeing passage means in said body for communicating the bore in said
      body with the control valve in the well string; and
PA1  d. spring loaded check valve means normally closing off the passage means,
      but operable to open the passage when a predetermined pressure exists in
      the longitudinal bore for communicating well string pressure to act on the
      control valve and position it to communicate the well string for inflation
      of the reinforced inflatable element.
NUM  24.
PAR  24. The invention of claim 23 including seating means on said elongated
      body for seating the well bore closure tool in the well string.
NUM  25.
PAR  25. The invention of claim 24 including seal means on said elongated body
      for sealing between the well bore closure tool and the well string when
      the well bore closure tool is seated therein.
NUM  26.
PAR  26. The invention of claim 23 including:
PA1  a. shoulder adjacent one end of said elongated body;
PA1  b. spring loaded sleeve means surrounding said shoulder; and
PA1  c. plunger means movable through the well string for actuating said latch
      means to release the bore close off means from the well string, said
      plunger means also moving said sleeve means to expose said shoulder for
      engagement with said plunger means whereby the well bore close off means
      may be withdrawn from the well string.
NUM  27.
PAR  27. The invention of claim 26 wherein said means for engaging said latch
      means includes additional plunger means for engaging within the
      longitudinal bore of said elongated body to engage and pivot said latch
      means toward said elongated body.
NUM  28.
PAR  28. The invention of claim 23 including:
PA1  a. port means in said elongated body for communicating with the seating
      valve means;
PA1  b. shiftable valve means normally closing off said port means, said
      shiftable valve means initially having a flow path therethrough
      communicating with the longitudinal bore of the bore close off means and
      said shiftable valve means adapted to be shifted when the flow path is
      closed off to thereby open said port means and communicate the interior of
      the reinforced inflatable packer means with the well string whereby the
      reinforced inflatable packer means may deflate upon decreasing the
      pressure in the well string.
NUM  29.
PAR  29. The invention of claim 23 including valve means normally closing off
      the passage means in said body but movable to open the passage means when
      the pressure in the well string exceeds a predetermined amount.
NUM  30.
PAR  30. The invention of claim 23 including releasable plug means in the
      longitudinal bore of said body which is removable when the pressure in
      well string above the bore close off means exceeds a predetermined amount
      to establish communication through the well string below the reinforced
      inflatable packer means.
NUM  31.
PAR  31. The invention of claim 23 including latch means for engaging with the
      well string to latch the well bore close off means in the well string.
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ABST
PAL  A method for consolidating an oil-bearing formation by the use of a
      consolidating material together with a combustion promoter whereby
      oxidation occurs upon the injection of an oxygen-containing gas, thereby
      affecting consolidation of the formation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for consolidating an oil-bearing matrix
      by use of solidifying or consolidating material together with a combustion
      promoter and an oxidizing agent to produce a coke-like residue for the
      consolidation.
PAR  The recovery of crude oil or natural gas from underground deposits through
      wellbores assumes the presence of a bed of storage or reservoir rock in
      the pores or fissures of which the oil or gas can be trapped or collected.
      As a rule the reservoir rock consists of sand, clay or chalk sediments
      cemented together by clay, chalk or silicate binders. If this cement,
      which links together the particles of the supporting structure, is missing
      either in whole or in part, then one may speak of unconsolidated or poorly
      consolidated reservoir rocks. In places where the supporting action of
      neighboring particles or grains in an agglomeration of particles or grains
      is missing as, for example, in an "open hole" or wellbore, the reservoir
      rocks tend to subside and under the influence of the transverse action
      exerted by flowing liquids or gases the grains may be carried away. Both,
      production wells and injection wells may be affected seriously by the
      presence of sand grains in the liquid causing erosion of the bore hole
      installations, stopping of the sucker rod pumps or blocking of the flow
      channels.
PAR  In order to counteract these problems, special sand consolidating methods
      have been developed, all of which have the following characteristics in
      common: a fluid, wetting substance is forced into the matrix or rock
      formation, the substance being such that through the effect of a catalyst
      or of the temperature it solidifies. It displaces the contents of the
      pores and wets the surface of the rock particles with a film. In the
      intergranular pore spaces a liquid meniscus forms and is held firm by
      capillary effects. The excess liquid from the pores is displaced by a gas
      or liquid in order to maintain the permeability of the rock which is to be
      consolidated. After the solidifying substance has hardened, those grains
      which have been wetted by the substance are bonded or cemented together.
PAR  Polymerizing substances have hitherto often been used as the hardening or
      consolidating material. They have either been mixed with a catalyst
      (hardener) or hardened by the action of temperature. For example, epoxy
      resin or formaldehyde and a phenolic compound have been used. In order to
      remove the superfluous chemicals, diesel oil has normally been used as an
      after-wash fluid.
PAR  It is the object of the invention to provide an improvement in the known
      processes of hardening or consolidating unconsolidated sediments, strata
      or formations.
PAR  The object is achieved by a process for hardening unconsolidated or
      insufficiently consolidated sediments, which process is characterized in
      that residual oil in the formation is mixed with a material which promotes
      the combustion of the solidifying material. An after-wash fluid may then
      be injected to wash away the excess material and to restore the
      permeability of the formation or bed. Thereafter the mixture is brought
      into contact with an oxidizing agent in order to form a hard deposit or
      residue in the intergranular spaces of the matrix.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention relates to a method for consolidating an oil bearing
      matrix particularly around a wellbore penetrating the formation matrix. I
      have found that the residual oil in the formation can generally be used as
      a consolidating material when a combustion promoter is present and an
      oxidizing agent is thereafter injected. The scope of invention also
      includes the injection of additional oil, either from the same formation
      or another source, if the concentration of the original residue oil is too
      small. It is also within the scope of the invention to introduce a
      secondary consolidating material that is also capable of forming a
      coke-like residue or deposit. This secondary consolidating material may be
      used in combination with the combustion promoter and the oxidizing agent.
PAR  In practice the invention is suitably carried out by directly injecting the
      combustion promoter, via a wellbore, into the formation where
      consolidation is to occur. In the event that the amount of the residual
      oil in the formation is not sufficient, additional oil can be premixed
      with the combustion promoter which mixture is then introduced directly
      into the formation where the consolidation is to occur. In the event a
      secondary consolidating material is to be used, it can be added to the
      pre-injection mixture of the combustion promoter and the oil. Before
      consolidation is accomplished, a wash-fluid is injected to insure the
      permeability of the formation. Thereafter an oxidizing material such as an
      oxygen-containing gas is injected into the formation to effect oxidation
      of the residual oil, and the secondary consolidating material (in the
      situation where it has been employed).
PAR  The combustion promoter may be any material that promotes the combustion of
      the oil or of the secondary consolidating material, such as autoxidizing
      substances or oxidation initiators and activators. Particularly suitable
      autoxidizing compounds are indene, fluorene, the dihydronaphthalenes, as
      e.g. 1,2-dihydronaphthalene and the dihydroanthracenes such as
      9,10-dihydroanthracene. Indene and 1,2-dihydronaphthalene are preferred
      since they require a certain minimum temperature to polymerize and harden
      in contact with an oxidizing material. These temperatures may be achieved
      by the injection of steam or a gas-steam mixture into the wellbore at
      temperatures up to about 300.degree.C, after the combustion promoter has
      been injected. Alternatively if an initiator-activator mixture is used,
      reaction is initiated at the temperature of the formation.
PAR  In the event the residual oil is too low to effect consolidation, a
      secondary consolidating material may be used such as unsaturated
      hydrocarbons of the olefin series, e.g., ethylene, propylene, butylene and
      butadiene or those having triple bonds. Other secondary consolidating
      materials may be unsaturated fatty acids such as linseed oil fatty acids
      and oleic acids.
PAR  Initiators that may be added to the mixture to control oxidation process
      include organic peroxides, which are particularly suitable for this
      purpose. The term "peroxide" is to be understood as including compounds
      which can be derived from hydrogen peroxide and contain organic groups
      such as hydroperoxides, dialkyl peroxides, diacyl peroxides, per acids,
      per esters, per ketals, ketone peroxides, preferably tertiary butyl
      perbenzoate, tertiary butyl hydroperoxide and methylisobutyl ketone
      peroxide.
PAR  The mixture may also include an activator which is a metal salt of the
      metals belonging to one of Groups IV to VIII of the Periodic System. Salts
      of iron, nickel, vanadium and cobalt are preferred, for example, iron
      sulphate, cobalt octoate or nickel chloride. The metal salt can, if
      necessary or desired, be dissolved or suspended in a solvent as, for
      example, vanadium oxychloride in isopropyl alcohol or cobalt octoate in
      styrene.
PAR  The oxidizing agent which may be used in the process according to the
      invention, may also be used as the after-wash fluid to insure the
      permeability of the sediment or formation which is to be consolidated. The
      injection rate of the oxidizing agent is suitably maintained between 2.0
      and 50 scm/sq.m.hr. The oxidizing agent may be an oxygen-containing gas
      such as air or an inert gas as nitrogen, containing oxygen, or a gas-steam
      mixture or steam containing oxygen. These oxidizing agents must contain
      from 10 to 100 percent by volume of pure oxygen.
PAR  In order to improve the wetting characteristics of the sediment or
      formation which is to be consolidated, surface-active additives or wetting
      agents such as fatty alcohol sulphates, alkylaryl sulphonates, preferably
      lauryl sulphonate, may be injected in combination with the materials which
      are to effect the consolidating process.
PAR  The slug of the combustion promoter required for consolidating the
      formation should be about 0.1 to 0.9 times the pore volume of the bulk
      formation to be consolidated depending on the amount of the residual oil
      that is present. If an oxidation initiator plus activator is used the
      ratio of initiator:activator may be in the range of from 1 : 1 to 15000 :
      1, but is preferably between 10 : 1 and 1500 : 1, in the slug which is
      injected into the region where the consolidation is to take place. If
      additional oil and/or a secondary consolidating material are injected,
      then the mixture of additional oil and/or secondary consolidating material
      and combustion promoter which is to be injected may be composed of 20-95
      percent by weight of oil/secondary consolidating material and from 80-5
      percent by weight of combustion promoter. The duration of solidification
      of the coke-like residue lasts between 1 hour and several days.
DETD
PAR  The invention is illustrated in the following examples which show that a
      firm, coke-like deposit forms within a short time and cements the
      fragments or particles of rock or bed together. This oxidation residue or
      deposit is stable in air up to a temperature of about 300.degree. C and in
      steam up to a temperature of about 400.degree. C.
PAC  EXAMPLE 1
PAR  A cylinder or cell of heat-resistant steel containing 20 grams of medium
      grain sand was saturated to 40 percent of the pore volume with oil
      (28.degree. API) and to 40 percent with indene. Air was then passed
      axially through at a rate of 1.94 ccm/min at an excess pressure of 31
      atmospheres and the sand packing was heated continuously. After 6 hours at
      a temperature of 231.degree. C, the test was terminated. When the cell had
      cooled and was opened, the solid but permeable sand pack could be removed.
      The solidity of the packing showed itself to be so good that it could only
      be destroyed by using a hammer. A comparative test in which the sand
      packing was saturated only with oil showed that no consolidation had taken
      place.
PAC  EXAMPLE 2
PAR  A packing of medium grain fine sand was pressed into a steel ring of a
      diameter of 21.8 mm to a density of 1.9 gr/ccm. The pore volume was
      saturated with 30 percent oil (17.degree. API) and 70 percent indene. The
      steel ring was inserted into a cell which was heated to a temperature of
      about 120.degree. C. Following this air was passed through the mixture for
      five hours at the rate of 186 sccm/min. The cooled sand pack was submitted
      to a hardness test using the Hoppler consistometer. The depth to which a
      cylindrical test probe (d = 6 mm) having a conical point was able to
      penetrate under a load of 750 gr. was 2.8 mm, while the same test on an
      unconsolidated sand packing yielded a value of 9 mm.
PAC  EXAMPLE 3
PAR  An unconsolidated sand pack composed of medium grain sand (average diameter
      0.25 mm) was placed in a cylinder which was divided axially in half by a
      septum of ceramic material. One half was saturated with oil (28.degree.
      API) and the other with a mixture of 48.8 percent (by volume) oil
      (28.degree. API), 48.8 percent tertiary butyl perbenzoate (TBPB) and 2.4
      percent vanadium oxychloride dissolved in isopropylalcohol. In order to
      provide an effective gas permeability, nitrogen was fed through the cell
      containing the sand packing. Then air was fed through at a pressure of 46
      atmospheres while the cell was slowly heated to give a temperature
      increase of 0.8.degree. C per minute. After the temperature in the sand
      packing had reached 230.degree. C, measured by a thermocouple, the
      injection of air and the heating were terminated. When the cell was opened
      it was evident that one part (half) of the packing which contained the
      oil, the initiator (TBPB) and the activator (VOCl.sub.2) was quite solid
      while the other part which contained only the oil was damp and was not
      consolidated or hardened at all. The controlled oxidation at lower
      temperatures had left a firm deposit or residue which cemented the grains
      together.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for consolidating an unconsolidated oil-bearing formation
      containing residual oil and penetrated by a wellbore comprising the steps
      of:
PA1  a. injecting via said wellbore into said formation a combustion promoter
      comprising a mixture of a combustion initiator and an activator, wherein
      at least one activator is selected from the group consisting of vanadium
      oxychloride, iron sulfate and nickel chloride,
PA1  b. injecting via said wellbore an after-wash fluid to insure the
      permeability of said formation,
PA1  c. injecting via said wellbore an oxidizing material to effect oxidation of
      said mixture and residual oil and thereby consolidating said formation
      adjacent said wellbore.
NUM  2.
PAR  2. The method of claim 1 wherein said oxidizing material is preheated to a
      temperature up to about 300.degree.C.
NUM  3.
PAR  3. The method of claim 1 wherein steam at a temperature up to about
      300.degree.C is injected with said oxidizing material.
NUM  4.
PAR  4. The method of claim 1 wherein additional oil is injected with said
      combustion promoter.
NUM  5.
PAR  5. The method of claim wherein a secondary consolidating material is
      injected with said combustion promoter.
NUM  6.
PAR  6. The method of claim 5 wherein said secondary consolidating material is
      an unsaturated fatty acid.
NUM  7.
PAR  7. The method of claim 6 wherein said unsaturated fatty acid is linseed oil
      fatty acid, oleic acid and mixtures thereof.
NUM  8.
PAR  8. The method of claim 1 wherein said combustion initiator is an organic
      peroxide.
NUM  9.
PAR  9. The method of claim 8 wherein said organic peroxide is selected from the
      group consisting of tertiary butyl perbenzoate, tertiary butyl
      hydroperoxide, methylisobutyl ketone peroxide and mixtures thereof.
NUM  10.
PAR  10. The method of claim 1 wherein said oxidizing material is air.
NUM  11.
PAR  11. The method of claim 1 wherein said oxidizing material is a mixture of
      an inert gas or nitrogen and oxygen, said oxygen being at least 10 percent
      by volume of the gas mixture.
NUM  12.
PAR  12. The method of claim 1 wherein said after-wash fluid is an inert gas,
      nitrogen, air, steam and mixtures thereof.
NUM  13.
PAR  13. The method of claim 1 wherein a surface active material is injected
      with said combustion promoter to improve the wetting characteristics of
      the formation being consolidated.
NUM  14.
PAR  14. A method for consolidating an unconsolidated oil-bearing formation
      containing residual oil and penetrated by a wellbore comprising the steps
      of:
PA1  a. injecting via said wellbore into said formation a combustion promoter
      comprising at least one autooxidizing material selected from the group
      consisting of indene, fluorene, 1,2-dihydronaphthalene,
      9,10-dihydroanthracene and mixtures thereof,
PA1  b. injecting via said wellbore an after-wash fluid to insure the
      permeability of said formation,
PA1  c. injecting via said wellbore an oxidizing material to effect oxidation of
      said mixture and said residual oil and thereby consolidating said
      formation adjacent said wellbore.
NUM  15.
PAR  15. The method of claim 14 wherein additional oil is injected with said
      combustion promoter.
NUM  16.
PAR  16. The method of claim 14 wherein a secondary consolidating material is
      injected with said combustion promoter.
NUM  17.
PAR  17. The method of claim 16 wherein said secondary consolidating material is
      an unsaturated fatty acid.
NUM  18.
PAR  18. The method of claim 17 wherein said unsaturated fatty acid is linseed
      oil fatty acid, oleic acid and mixtures thereof.
NUM  19.
PAR  19. The method of claim 14 wherein said combustion promoter contains a
      combustion initiator and activator.
NUM  20.
PAR  20. The method of claim 14 wherein said oxidizing material is air.
NUM  21.
PAR  21. The method of claim 14 wherein said oxidizing material is a mixture of
      an inert gas or nitrogen and oxygen, said oxygen being at least 10 percent
      by volume of the gas mixture.
NUM  22.
PAR  22. The method of claim 14 wherein said oxidizing material is preheated to
      a temperature up to about 300.degree.C.
NUM  23.
PAR  23. The method of claim 14 wherein steam at a temperature up to about
      300.degree.C is injected with said oxidizing material.
NUM  24.
PAR  24. The method of claim 14 wherein said after-wash fluid is an inert gas,
      nitrogen, air, steam and mixtures thereof.
NUM  25.
PAR  25. The method of claim 14 wherein a surface active material is injected
      with said combustion promoter to improve the wetting characteristics of
      the formation being consolidated.
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ABST
PAL  Surfactant flooding is frequently ineffective for recovering highly
      asphaltic petroleum because the asphaltic constituents of the petroleum
      have a strong affinity for the mineral surfaces such as sand grains
      present in the subterranean formation, and so are inefficiently displaced
      by passage of a surfactant containing solution through the pore spaces of
      the formation. Surfactant flooding is effective for asphaltic crudes if an
      effective solvent for the asphaltic petroleum which has a moderate water
      solubility is included in the preflush solution which preceded the
      surfactant solution or in the surfactant solution itself. Effective
      materials include quinoline and crude coal tar bases which contain
      substantial amounts of quinoline.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to a surfactant flooding method of recovering
      petroleum from subterranean petroleum containing formations. More
      particularly, this invention relates to a method for recovering high
      asphalt content petroleum which is otherwise not satisfactorily displaced
      by surfactant flooding, by incorporating a material in the surfactant
      preflush or surfactant solution which is moderately soluble in water and
      which is also an effective solvent for the asphaltic petroleum.
PAC  BACKGROUND AND PRIOR ART
PAR  Many subterranean, petroleum containing formations contain natural energy
      in the form of active bottom water drive, solution gas drive, or gas cap
      drive, in sufficient quantity to drive the petroleum to the production
      well from which it can be transported to the surface. This phase of oil
      recovery, known as primary recovery, recovers only a small portion of the
      petroelum originally in place. When the natural energy source has been
      depleted, or in those formations were insufficient natural energy was
      originally present to permit primary recovery, some form of supplemental
      treatment is required to recover additional petroleum from the formation.
      Water flooding is by far the most economical and widely practiced
      supplemental recovery procedure, and involves injecting water into the
      formation by one or more injection wells. The injected water displaces or
      moves the petroleum toward one or more production wells, where it is
      transported to the surface. Although considerable additional oil is
      recoverable by means of water flooding, usually about 50% or more of the
      oil originally in the formation remains in the formation after termination
      of conventional water flooding operations.
PAR  It is well known in the art of oil recovery that the inclusion of a surface
      active material or surfactant in the flood water will increase the
      recovery efficiency by a substantial amount. Many materials have been
      proposed for use in surfactant oil recovery processes. Petroleum sulfonate
      is a particularly popular material at the present time, although other
      surfactants, and combinations of surfactants are known to be very
      effective in special types of reservoirs for recovering petroleum.
PAR  Although surfactant flooding has been effective in some formations, there
      are many petroleum reservoirs known to exist which do not respond
      satisfactorily to surfactant flooding. Even formations having rock and
      formation waters similar to other formations in which surfactant flooding
      may be used satisfactorily are sometimes unresponsive to surfactant
      flooding. One common reason for failure of surfactant flooding to recover
      appreciable quantities of additional oil is the high asphalt content of
      the formation petroleum. When the formation petroleum contains large
      amounts of asphalt and/or asphaltenes, these materials adsorb on formation
      rock or sand surfaces and consequently make the formation surfaces oil
      wet, with the result that very little additional oil recovery is achieved.
PAR  The uses of quinoline and related compounds as an interfacial tension
      reducer in oil recovery processes other than surfactant flooding processes
      have been described in the prior art, particularly in U.S. Pats. 3,490,532
      and 3,732,926. The same material is also disclosed in connection with the
      method of transporting viscous hydrocarbon in a pipeline in U.S. Pat.
      3,490,471.
PAR  In view of the foregoing discussion, it can be appreciated that there is a
      substantial unfulfilled need for a surfactant oil recovery method
      applicable to formations containing petroleum having abnormally high
      contents of asphaltic materials or asphaltenes.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered that asphaltic petroleum may be recovered from a
      subterranean, asphaltic petroleum containing formation by contacting the
      formation with an aqueous solution of a material which is an effective
      solvent for the asphaltic material contained in the petroleum, and which
      is sparingly soluble in water. The substance may be incorporated in a
      preflush which is injected into the formation immediately in advance of
      the surfactant solution or the material may be dissolved in the same
      solution as contains the surfactant material. Suitable materials for use
      in the process of our invention include quinoline, and related materials
      generally known by persons skilled in the art as coal tar bases.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing illustrates the oil recovery resulting from a surfactant flood
      preceeded by a quinoline water preflush compared to an identical
      surfactant flood without the quinoline water preflush.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Surprisingly, it has been discovered that the incorporation of a small
      amount of quinoline or coal tar bases which contain appreciable amounts of
      quinoline and other related materials in aqueous surfactant solution, or
      in an aqueous solution used as a preflush injected in advance of the
      surfactant flood, will substantially increase the effectiveness of the
      surfactant solution for recovering asphaltic petroleum from a subterranean
      formation. By asphaltic petroleum is meant for the purpose of this
      application, any crude petroleum containing at least 1.5% by weight
      pentane insoluble hydrocarbons.
PAR  A variety of materials may be employed in the method of this invention. It
      is essential that the material used be very soluble in the asphaltic
      petroleum and reduce the viscosity of the petroleum in which it is
      dissolved as a consequence of its presence therein. It is also essential
      that the materials have a limited solubility in water. Surprisingly, it
      has been found that for several reasons it is preferable that the material
      not be highly soluble in water. Ideally, the solubility of the material in
      water should be at least 0.05 percent by weight but not more than about
      five or ten percent by weight, as measured in distilled water at
      75.degree.F.
PAR  There are several reasons for the preferred limited solubility in water for
      the material to be used in the process of our invention. If the material
      is highly soluble in water and in asphaltic petroleum, where will be no
      great tendency for the material to partition from the aqueous solution to
      the asphaltic petroleum phase. By contrast, when a sparingly water soluble
      material which is very soluble in petroleum is used, there is a strong
      tendency for the material to partition from an aqueous solution into the
      asphaltic petroleum phase in the reservoir. There is another advantage to
      be used in the low water soluble compound. For economic reasons, it is
      generally necessary to use relatively low concentrations of any material
      injected into a subterranean reservoir, since large volumes are generally
      required. If a compound is used for which the optimum treating level from
      the economic point of view is about the same as the maximum solubility of
      the material, then a saturated solution may be used and the preferred
      concentration is easier to maintain since there is no way that a
      concentration higher than needed can be inadvertently injected.
PAR  The preferred material for use in the process of our invention is
      quinoline, whose structure is as follows:
      ##EQU1##
PAR  As can be seen from the above structure, quinoline is a benzopyridine
      formed by fusion of a pyridine ring and a benzene ring. These hetrocyclic
      chemicals are derived principally from coal tar. They are weakly alkaline,
      hydrophilic liquids having principally aromatic characteristics.
PAR  Coal tar, which is a by-product from the manufacture of illuminating gas
      and the preparation of coke for use in blast furnaces used in the smelting
      of iron, is usually divided by means of distillation into four fractions.
      These fractions are generally classified by persons skilled in the art as
      light oil, middle oil, heavy oil and green oil plus a pitch residue. The
      middle oil distillate contains naphthalein, phenol, cresol, pyridine and
      quinoline. The heavy oil fraction also contains some quinoline but most
      quinoline is obtained from the middle oil cut. While quinoline exhibits
      strongly aromatic characteristics, and exhibits the same reactions as do
      benzene and pyridine, it is unique in that it is sparingly soluble in
      water. Approximately 0.6 grams of quinoline will dissolve in 100 grams of
      water, whereas 0.003 grams of naphthalein will dissolve in 100 grams of
      water and 0.07 grams of benzene will dissolve in 100 grams of water. Thus,
      the water solubility and aromatic solvent characteristics of quinoline
      make it ideal for the process of our invention.
PAR  Although quinoline is the especially preferred species, a much less
      expensive, crude form may also be used. For example, quinoline residue as
      is suppled by Allied Chemicals, and which contains a high content of
      quinoline, substituted quinolines and isoquinoline, is quite satisfactory
      for use in our process.
PAR  The concentration quinoline or coal tar base containing quinoline used in
      the process of our invention may be varied over a reasonables range from
      about 0.2% by weight to an essentially saturated solution which will
      contain approximately 0.6% by weight. For economic and operational
      reasons, it is generally preferable to use a solution which is essentially
      saturated in quinoline, since this is a particularly convenient means of
      maintaining the quinoline concentration at a constant effective level
      during the course of operating according to the process of our invention.
PAR  The quinoline or other coal tar base containing solution may be injected
      into the formation as a preflush in advance of the surfactant solution.
      From about 5 to about 30 pore volume percent of the quinoline containing
      preflush solution should be injected into the formation immediately prior
      to the injection of the surfactant containing solution.
PAR  The quinoline or other coal tar base may be dissolved in essentially fresh
      water, or field water containing an appreciable amount of salt may also be
      used. Although the presence of sodium chloride in the preflush solution is
      not essential or necessarily beneficial to the functioning of the process
      of our invention, it is an advantage of our process that quinoline may be
      used in field waters containing an appreciable amount of salt, since these
      waters are frequently available for supplemental oil recovery purposes in
      more abundant supply and at lower cost than fresh water.
PAR  Other materials may also be added to the preflush, for the purposes of
      enhancing the effectiveness of the surfactant flooding process. For
      example, a sacrificial compound may be incorporated into the preflush
      which adsorbs on the formation surfaces and thereby prevents adsorption of
      surfactant or other chemicals employed in the process. For example,
      polyphosphates such as sodium tetrapyrophosphate may be dissolved in the
      water along with the quinoline for the purposes of decreasing the amount
      of surfactant or other chemicals adsorbed on the formation mineral
      surfaces. Other sacrificial materials used in preflushes for this purpose
      include sodium carbonate, sodium sulfate, sodium phosphate, water soluble
      flourides and certain quaternary ammonium salts.
PAR  The quinoline may be incorporated in the aqueous surfactant solution to
      form a novel composition which may be used in the process of our
      invention. The solution comprises an aqueous solution of surfactant plus
      from about 0.05 to about 10% of the solubilizing agent such as quinoline.
      The surfactant may be petroleum sulfonate, alkyl or alkylaryl surfonates,
      or multi-component surfactants such as a combination of an anionic and a
      nonionic surfactant. A specific embodiment comprises an aqueous solution
      containing 0.5% by weight petroleum sulfonate and 0.6% by weight quinoline
      (e.g. an essentially saturated solution of quinoline). Salts such as
      sodium chloride may also be included in the novel fluid. This fluid may be
      used in the same manner as a conventional surfactant containing fluid,
      with or without a preflush. One preferred method of accomplishing this is
      to prepare quinoline saturated water and dissolve the surfactant material
      to be used in the supplemental oil recovery operation in the quinoline
      saturated water. Although water which is less than fully saturated with
      quinoline may be used, it is particularly desirable to use an essentially
      saturated solution. The pore volumes of surfactant solution which
      additionally contain quinoline or other coal tar bases according to the
      process of our invention, is not materially different from the volume
      which would otherwise be required in surfactant flooding. Generally from
      about 5 to about 30 pore volume percent of surfactant solution is utilized
      in surfactant oil recovery operations, and this is a satisfactory volume
      for use in our process when a solution containing both surfactant and
      quinoline is injected.
PAR  The quinoline containing preflush or surfactant solution may be used in
      combination with any of the surfactants used for oil recovery operations.
      For example, quinoline may be used in combination with petroleum
      sulfonates as well as other anionic surfactants such as alkyl or alkylaryl
      sulfonates or phosphonate. Multiple component surfactant combinations are
      sometimes used in formations containing water having high concentrations
      of salt, or hard water which contains appreciable calcium or magnesium
      salts, or both. For example, a combination of an anionic surfactant such
      as an alkylaryl surfonate plus a nonionic surfactant such as a
      polyethoxylated alkyl phenol are quite effective in formations containing
      salty or hard water. The efficiency for recovering asphaltic petroleum
      using multi-component surfactant combinations such as these is increased
      by incorporation of quinoline or coal tar bases in the preflush or in the
      surfactant solution or both.
PAR  It should be realized that the solubility of quinoline is about 0.6% in tap
      water at about 75.degree.F, but the solubility increases with temperature
      and decreases as the concentration of sodium chloride or other salts or
      solids dissolved in the solution increases. For example, the solubility of
      quinoline in distilled water at 75.degree.F is 0.667% and at 300.degree.F
      it is 13.37% by weight. In a formation whose temperature is substantially
      above 75.degree.F, a solution which is saturated at surface ambient
      temperatures may be well below the saturation level at the temperature of
      the formation. In some applications this is not a consideration; however,
      one embodiment of our invention includes heating the quinoline solution to
      a temperature higher than ambient temperatures and preferably to a
      temperature at least as great as the temperature of the oil formation into
      which the solution is to be injected.
PAR  When it is desired to dissolve quinoline in salt containing water, the loss
      of quinoline solubility due to the salt may be offset by heating the
      solution to a temperature above surface ambient temperature prior to
      saturation of the solution with quinoline. The solution should not, of
      course, be allowed to cool appreciably prior to being injected into the
      formation.
PAR  Generally if it is necessary to heat the quinoline solution, it is
      satisfactory to heat the solution to a temperature between about
      125.degree.F and the formation temperature.
PAR  The following laboratory experiments further serve to illustrate the
      methods for utilizing the process of our invention. These examples are
      offered only for purposes of disclosure, however, and are not intended to
      be limitative or restrictive.
PAR  Two core displacement tests were performed in a Salem Benoist Core using
      Walpole formation injection water and Walpole crude oil, a highly
      asphaltic crude. In both runs, a conventional surfactant flood was
      performed comprising a 0.3 pore volume surfactant slug containing 24
      kilograms per cubic meter of Witco TRS 10 B (active) petroleum sulfonate,
      1.0 kilograms per cubic meter of sodium tetrapyrophosphate, 15 kilograms
      per cubic meter sodium chloride, and 0.5 kilograms per cubic meter Nalco
      polymer Q-41-F, a polyacrylamide in tap water. This was followed by a 0.7
      pore volume slug containing 0.50 kilograms per cubic meter Nalco Polymer
      Q-41-F in tap water, followed by Walpole injection water to a final total
      injected fluid value of two pore volumes. Run 1 was performed using a
      preliminary waterflood with water containing 15 kilograms of soidum
      chloride per cubic meter of solution. The preflush slug for Run 2
      comprised a 0.3 pore volume slug which contained the same amount of sodium
      chloride as in Run 1 but was formulated in quinoline saturated water. The
      results are shown in the attached drawing. As can be seen, Run 2,
      performed with a quinoline saturated water preflush recovered 48% of the
      oil originally present in the core, whereas Run 1 recovered only 31% of
      the oil. Thus the presence of quinoline in the preflush injected into the
      core in advance of the surfactant solution resulted in the recovery of 55%
      more oil than an otherwise identical surfactant flood using a preflush
      which contained no quinoline. It is especially surprising that only 0.6%
      by weight quinoline in the preflush would result in an increase in oil
      recovery of this magnitude.
PAR  Two linear cores obtained from wells in the Aux Vases formation in Hamilton
      county, Illinois were used in the next examples. The core properties are
      listed in Table I below.
TBL                TABLE I                                                     
     ______________________________________                                    
     CORE PROPERTIES                                                           
                  Core A     Core B                                            
     ______________________________________                                    
     Well depth, meters                                                        
                    569          578                                           
     Diameter of core, cm.                                                     
                    5.08         5.08                                          
     Core Length, cm.                                                          
                    12.0         46.70                                         
     Core Porosity, cm.sup.3 /cm.sup.3                                         
                    0.180        0.173                                         
     Permeability, .mu.m.sup.2                                                 
                    .026         .182                                          
     ______________________________________                                    
PAR  Water from the same unit as contained in the wells from which the cores
      described above was obtained and analyzed, and found to contain the
      following dissolved solids: 35,791 milligrams per liter sodium, 6,713
      milligrams per liter calcium, 912 milligrams per liter magnesium, 69,090
      milligrams per liter chloride, 770 milligrams per liter sulfate, and 123
      milligrams per liter bicarbonate.
PAR  Crude oil from the same unit was also used in the experiment. This oil is a
      34.degree. API oil containing 3.2% pentane insolubles (asphaltenes). The
      core was saturated with the above described crude and water flooded with
      the above described water until a high water cut was reached, after which
      a 0.2 pore volume preflush prepared by dissolving 1.3% sodium chloride in
      quinoline saturated fresh water was injected into the core. This was
      followed by a 0.85 pore volume slug containing the following materials
      prepared in fresh water: 3% TRS 10-80A, Witco Petroleum Sulfonate, 0.06%
      TRS 50, Witco Petroleum Sulfonate, 0.1% STP and 1.3% sodium chloride, and
      500 milligrams per kilogram of Nalco polymer, a polyacrylamide. This was
      followed by a 1.25 pore volume slug containing 500 milligrams per kilogram
      Nalco polymer dissolved in fresh water as a controlled mobility displacing
      slug. A final recovery of approximately 88% and a final residual oil
      saturation of 6% were observed. This is by far the best recovery measured
      using this crude and core.
PAR  The above described results were obtained using Core A, the shorter of the
      two cores. An essentially identical experiment was performed using the
      longer core, Core B, with very similar results. The final oil recovery was
      84.5% of the oil originally in place, and the oil saturation was reduced
      to approximately 9% of the pore volume.
PAR  Another experiment was performed using an Aux Vases core similar to those
      described above, and saturated with the same crude petroleum as was
      described above. The core was first flooded with a 10 pore volume percent
      preflush prepared in quinoline saturated fresh water and having 13
      kilograms of sodium chloride per cubic meter. This was followed by a 35
      pore volume percent surfactant slug containing 30 kilograms of TRS 10-80,
      a petroleum sulfonate per cubic meter of solution, 1.0 kilograms of STPP,
      sodium tetrapyrophosphate per cubic meter of solution, and 13 kilograms
      sodium chloride per cubic meter of solution. 0.5 kilograms of Nalco
      polymer solution was similarly dissolved in fresh water. This was followed
      by 65 pore volume percent solution containing .5 kilograms of Nalco
      polymer solution per cubic meter of fresh water, which was then followed
      by unit supply water to a high water cut. This experiment resulted in
      recovering slightly better than 70% of the oil originally in place, and
      reduced the residual oil saturation to 7% of the pore space. This is a
      very satisfactory response.
PAR  Thus we have disclosed and demonstrated in laboratory core displacement
      experiments that the inclusion of a small amount of a coal tar base such
      as quinoline or related compounds in the preflush solution will increase
      the effectiveness of a surfactant oil recovery process for recovering high
      asphalt content crudes. While our invention has been described in terms of
      a number of specific illustrated embodiments, it is not so limited since
      many variations thereof will be apparent to persons skilled in the related
      art without departing from the true spirit and scope of our invention.
      Similarly, while a mechanism has been disclosed to explain the benefits
      resulting from the use of the process of our invention, it is not
      necessarily represented that this is the only or even the principal
      explanation for the benefits to be achieved in the utilization of the
      process of our invention and we do not wish to be bound by any particular
      explanation of the operation of our process. It is out intention that our
      invention be limited and restricted only by those limitations and
      restrictions as appear in the claims appended hereinafter below.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of recovering asphaltic petroleum from a subterranean formation
      wherein an aqueous surfactant solution is injected into the formation, the
      improvement for increasing the oil recovery efficiency which comprises,
PA1  contacting the asphaltic petroleum prior to injecting the surfactant
      solution or simultaneously therewith with an aqueous solution containing a
      solvent for petroleum which has a solubility of from about 0.01 to about
      10% by weight in fresh water at 75.degree.F., and which has a solubility
      in the asphaltic petroleum substantially greater than the solubility in
      water.
NUM  2.
PAR  2. A method as recited in claim 1 wherein the solvent is selected from the
      group consisting of coal tar bases, quinoline, isoquinoline, substituted
      quinoline, and mixtures thereof.
NUM  3.
PAR  3. A method as recited in claim 2 wherein the solvent is quinoline.
NUM  4.
PAR  4. A method as recited in claim 1 wherein the solution is essentially
      saturated with respect to the solvent.
NUM  5.
PAR  5. A method as recited in claim 1 wherein the solvent is dissolved in a
      preflush solution and injected into the formation in advance of a
      surfactant solution.
NUM  6.
PAR  6. A method as recited in claim 1 wherein the solvent is dissolved in the
      same solution as contains the surfactant.
NUM  7.
PAR  7. A method as recited in claim 1 wherein the solvent is dissolved in an
      aqueous solution which also contains sodium chloride.
NUM  8.
PAR  8. A method as recited in claim 1 wherein the solvent is dissolved in an
      aqueous solution which also contains a calcium salt dissolved therein.
NUM  9.
PAR  9. A method as recited in claim 1 wherein aqueous solution is essentially
      saturated with quinoline.
NUM  10.
PAR  10. A method as recited in claim 1 comprising the additional step of
      heating the aqueous solution to a temperature higher than surface ambient
      temperature prior to contacting the asphaltic petroleum with the aqueous
      solution.
NUM  11.
PAR  11. A method as recited in claim 10 wherein the aqueous solution is heated
      to a temperature at least as great as the formation temperature.
NUM  12.
PAR  12. A method as recited in claim 10 wherein the aqueous solution is
      saturated with respect to the solvent at the temperature higher than
      surface ambient temperature.
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ABST
PAL  Disclosed is a tilling apparatus characterized by a regulating drive
      connection between the towing tractor drive axle and the tiller shaft, the
      tiller tines having a modified arcuate configuration which provide a
      pocketed, rather than a furrowed or channeled, tilling depth profile.
PARN
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This application is a continuation-in-part of copending application Ser.
      No. 389,191, filed Aug. 17, 1973, now abandoned, which was a
      continuation-in-part application of application Ser. No. 208,081, filed
      Dec. 15, 1971, now abandoned.
BSUM
PAR  Rotary tillers conventionally take the form of rotatable drag bars, having
      curved, ground penetrating tines which enter the ground to relatively
      shallow depth and break up the ground surface. These characteristically
      move the tines relatively rapidly and require substantial motive power.
      Conventional plows leave a packed, channeled track under the plowed soil
      which tends to promote water run-off loss with attendant erosion problems.
PAR  The concept of the present invention envisages a tiller construction in
      which the tines are formed so as to penetrate the ground to some depth
      with a minimum of resistance and which sequentially, upon ground entry,
      pry loose and lift chunks of earth to produce, with minimum soil
      compaction, a pocketed, as distinguished from channeled, tilling depth.
      Rotation of the tiller shaft, and consequently movement of the tines, is
      regulated by, and coordinated with, the driving axle of the controlling
      and towing tractor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above-mentioned and other features and objects of this invention and
      the manner of attaining them will become more apparent and the invention
      itself will be best understood by reference to the following description
      of an embodiment of the invention taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a side view of a small tractor with the tilling apparatus of the
      present invention attached;
PAR  FIG. 2 is a fragmentary, side view of the tilling apparatus shown in FIG. 1
      with the apparatus in operating position;
PAR  FIG. 3 is a fragmentary, top plan view of the structure shown in FIG. 2;
PAR  FIG. 4 is a schematic diagram illustrating the action of the tines as the
      tilling apparatus is moved over the ground surface;
PAR  FIG. 5 is a schematic diagram further illustrating the action of the tines;
      and
PAR  FIG. 6 is another schematic diagram still further illustrating the action
      of the tines.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  There is shown at FIG. 1 a light tractor indicatd generally at 10, having
      rear drive wheels 11, the tilling apparatus of the present invention
      indicated generally at 8, being attached to the rear of the tractor.
PAR  As may be seen in FIG. 3, the apparatus of the present invention includes a
      generally E-shaped frame portion composed of a primary beam or member 12,
      from which extend rearwardly three tiller shaft mounting legs 13, 14, and
      15. As best may be seen in FIG. 3, the portion 12 of the frame is bolted
      or otherwise rigidly secured for construction and removal purposes, to a
      horizontal beam 16, which is rigidly attached to the spaced arms 17. The
      arms 17, together with arms 18, (FIG. 2) form part of a bell crank which
      is pivotally carried on the tractor driving axle 22, or the axle housing
      21. Spacers 25 provide for proper chain adjustment.
PAR  Bearings 26 and 27 are carried by the frame arms 13 and 15 respectively
      (FIG. 3), and journal for rotation, a tiller shaft 29. Centrally the
      tiller shaft is provided with a swivel joint enclosed by a central bearing
      31, carried on the extremity of the central leg 14, of the frame. As will
      be evident from FIGS. 2 and 3, the tiller shaft 29 has rigidly attached to
      it, chain sprockets 32 which accommodate the chains 33. The chains extend
      to sprockets 34 mounted on and rotated with the tractor driving axle or
      wheel hubs. From FIGS. 2 and 3, it will be evident that rotation of the
      driving axle 22 results in rotation of the tiller shaft 29 through the
      transmission links provided by the chains 33.
PAR  As may best be seen in FIG. 3, in addition to the sprockets 32, the tiller
      shaft 29 also carries, along its length, a plurality of flanged hubs 41,
      each having a series of spaced tines 42, extending outwardly for
      penetration into the ground. As best may be seen in FIGS. 2 and 3, each of
      the tines is upset at its end to provide an enlarged, pointed tip 42a. The
      tiller shaft and tines 42, are shown in FIG. 1 in raised or stowed
      position. The means for moving the tines between stowed and operating
      positions includes the link member 51, pivotally attached at its end to
      the arm 18, and at its opposite end to the depending link 52. The link 52
      is provided with a stationary pivot 53 which is attached to the tractor
      frame, and the pivotal juncture of the members 51 and 52, identified at 50
      in FIG. 2 is actuated by the rearwardly extending portion 54a, of a yoke
      indicated generally as 54 in FIG. 3. The yoke 54 has a horizontal portion
      54h (FIG. 3), which extends adjacent to the opposite tractor wheel, and it
      will be understood is provided with another rearwardly extending portion
      54a which is pivotally connected to the opposite members 51 and 52
      adjacent the opposite tractor drive wheel from that shown in FIG. 1. It
      will be understood that there are two identical linkage assemblies; only
      one appearing in FIGS. 1 and 2. Extending centrally and forward from the
      yoke is a portion 54f (FIG. 3) which is mechanically coupled to hydraulic
      cylinder 59, the cylinder 59 being carried forwardly on the underside of
      the tractor as will be evident from FIG. 1. In FIG. 2, when the thrust
      member 59a of the hydraulic cylinder is extended or moved leftwardly, the
      link 52 will be rotated counterclockwise on pivot 53 as viewed in FIG. 2,
      thereby moving links 51 upwardly and rotating the arms 17 and 18
      counterclockwise, lowering the tiller assembly to its operating position
      in which the tines 42 penetrate the ground.
PAR  Extending rearwardly from tiller shaft bearings 26 and 27 are portions, (as
      seen in FIGS. 2 and 3), 13a and 15a of the legs 13 and 15, respectively,
      carrying at their extremities, bearings 26a and 27a. Journaled in said
      bearings is shaft 23, having rigidly fixed thereon a plurality of clod
      shedding units 24, each having a plurality of arcuate curved tines 24a
      fastened generally radially with their curves in the opposite direction to
      those of the tilling tines 42. The shedders are positioned and spaced so
      that they engage the ground as the implement moves forward, the ground
      turning them in the same forward direction as the tilling tines 42,
      thereby knocking down whatever clods may be picked up between pairs of
      adjacent tines 42. Also mounted on shaft 23 are a plurality of depth
      control wheels 75, shown in FIG. 2.
PAR  A stop 76 (FIGS. 1 and 3) may be attached to the tractor frame, which
      limits the upward travel of the tilling assembly and consequently,
      prevents the tractor from rearing back, which might cause injury to the
      operator or damage to the raising and lowering mechanism. A chain guard
      77, shown in broken lines in FIGS. 1 and 2, may also be provided.
PAR  In operation, the tilling assembly is moved from the stowed solid line
      position in FIG. 1 to its lowered broken line position for entry and exit
      of the tines 42 into the soil. It will be noted that the arrangement of
      the linkage between the hydraulic cylinder 59 and the members 17 and 18 is
      such that as the frame and tiller shaft 29 approach their lowered
      position, the force provided by the hydraulic cylinder acting through the
      links 51 and 52 will be applied with substantial toggle arm advantage in
      moving the tilling assembly to the operating position as in FIG. 2.
PAR  Referring to FIG. 4, the ground level is indicated at 71, and the tilling
      depth in profile is indicated in broken lines at 72. A single tine 42 is
      represented in its progressive positions identified at W, X, Y, and Z.
      Each of the tines progressively moves through the working positions
      indicated W, X, Y, and Z as the tiller shaft moves horizontally above the
      ground level, this horizontal path of motion of the shaft 29 being
      indicated by the line 73. The tip of the tine will have a path as
      indicated by the broken line 74 in FIG. 4, the tine tip moving in this
      path as the tiller is operated. It will be noted that the path of the tine
      tip is curtate cycloidal curve and that the tines sequentially penetrate,
      pry loose, and lift up a portion of the soil and provide a pocketed
      tilling level profile as indicated at 72. The tines each are shaped in the
      form of a segment of a cycloidal curve but tempered or curved somewhat
      more sharply into true arc form. This configuration, together with the
      enlarged portion at their free ends, permits them to enter and move
      through the ground with a minimum of resistance as they progress through
      their positions indicated at W, X, Y, and Z in FIG. 4.
PAR  Elaborating on this operation, it is inherent from the above description
      that the path of the tine tips 42a along a curtate cycloidal curve
      requires the selection of a proper drive ratio between sprockets 32, 34.
      It is further inherent in the geometry of the described apparatus wherein
      the tines 42 are curved in the form of a segment of a curtate cycloidal
      curve as stated above, there will be points 43 on the shanks of the tines
      that will follow a cycloidal curve. These points 43, which may be referred
      to as the primary or lowest fulcrum points of the tines 42, define an
      imaginary circle shown in dashed lines at 44, which may be referred to as
      a "pitch circle". The gear ratio, i.e., the ratio of the number of teeth
      on front sprocket 34 to the number of teeth on rear sprocket 32, is such
      that if pitch circle 44 were resting on the ground level 71, its
      circumferential speed, as shown by arrow 45, would be equal to the forward
      ground speed of tractor 10, as shown by arrow 46, i.e., it would roll
      forwardly without slipping. It will be seen that the diameter of pitch
      circle 44 is determined by the gear ratio, i.e., the ratio of the diameter
      of drive wheels 11 to the diameter of pitch circle 44 is equal to the gear
      ratio. Thus, the gear ratio must be selected to provide a pitch circle 44
      having a diameter such that the motion of a tip 42a defines curtate
      cycloidal curve 74; if tines 42 are rotated too fast or too slowly with
      respect to the forward ground speed, the motion of a tip 42a will not
      define the desired curtate cycloidal curve shown at 74 in FIG. 4. In a
      working embodiment of the invention, the gear ratio is 36 to 30.
PAR  As a result of the above-described curving of the tines and the selected
      gear ratio, each of the tines 42 in succession penetrates into the ground
      with the shank portions 42b thereof generally following the tips 42a into
      the ground, as shown in FIG. 4, whereby the tine penetrates into the
      ground with a minimum of resistance. As each tine continues to rotate, the
      tip 42a thereof generates the curtate cycloidal curve 74 with the fulcrum
      points 43 enabling each of the tines 42 to pry and lift a portion of the
      earth thereabout.
PAR  Referring now additionally to FIG. 5 in conjunction with FIG. 4, it will be
      seen that with tines 42 at their maximum penetration, as determined by
      depth control wheels 75 (FIGS. 1, 2 and 3), pitch circle 44 rolls on an
      imaginary ground plane or pitch line shown in dashed lines at 76 with its
      circumferential speed as shown by arrow 45 equal to its forward speed as
      shown by arrow 46. It will further be seen that from position W1 in which
      tip 42a of a tine 42 is at ground plane 76, through position W2 to the
      bottom position X, tip 42a is forced substantially straight downwardly
      with shank portion 42b following in the pocket formed by tip 42a much in
      the manner of a spade being forced into the ground by foot-force. As
      rotation and forward movement continues from position X through position Y
      to position Z, the earth is pried upwardly by tine 42 acting about fulcrum
      point 43, again much in the manner of a spade with the handle forced
      downwardly and rearwardly.
PAR  Referring now also to FIG. 6 in conjunction with FIGS. 4 and 5, it will be
      seen that the prying action commences at position X with tip 42a of tine
      42 at its lowest or bottom position. As tip 42a moves rearwardly and
      upwardly from position X through positions Y, Z and Z1 (generating curtate
      cycloid path 74), the actual or resultant fulcrum point 47 progressively
      moves up the tine toward axle 29 (much in the manner of a teeter-totter on
      a barrel which is a blunt fulcrum like the ground with respect to tines
      42).
PAR  It will be observed that this operation is in sharp contrast to the
      conventional ground tilling devices wherein the tines are typically
      rotated at a substantially greater speed than the forward ground speed of
      the tractor. In these prior art devices, the tines typically cut into the
      earth to thereby chop or dig it up. On the other hand, the tines 42 of the
      present invention pierce or push into the ground and simply pry up
      portions of the earth. This results in a tilling apparatus which requires
      substantially less power to operate and wherein the tilled earth is pried
      loose in a pocketed configuration as opposed to the grooved or furrowed
      configuration resulting from the operation of prior art tilling devices.
      This pocketed bottom configuration reduces water run off and soil loss.
PAR  While there have been described above the principles of this invention in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation to
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Tilling apparatus comprising a supporting frame adapted to be coupled to
      a tractor having a drive axle, a tiller shaft journaled on said frame for
      rotation about an axis parallel with and spaced from said drive axle, said
      tiller shaft having fixedly secured thereto a plurality of
      circumferentially spaced-apart, radially extending, ground penetrating
      tines, each said tine having a pointed tip and a shank portion
      intermediate said shaft and tip, means drivingly coupling said tractor to
      said tiller shaft for rotating the tiller shaft in the same direction as
      and at a predetermined speed ratio with respect to said axle, said ratio
      being selected so that an imaginary circle concentric with said tiller
      shaft and defined by points on said shank portions rotates at a
      circumferential speed substantially equal to the ground speed of said
      tractor whereby said tips generate a curtate cycloidal curve as said tines
      rotate and said tiller shaft is moved forwardly, each of said tines being
      smoothly curved from its tip toward said shaft forwardly in the direction
      of rotation thereof generally along a true arc which approximates the
      segment of said curtate cycloidal curve generated as its tip enters the
      ground whereby said tips pierce the ground by curtate cycloidal movement
      with the respective shank portions following in the holes formed by the
      tips.
NUM  2.
PAR  2. The apparatus of claim 1 further comprising means for pivotally coupling
      said frame to said tractor for movement between raised and lowered
      positions, said frame extending rearwardly from said drive axle, and means
      connected to said tractor and acting on said frame for forcing said tines
      downwardly into the ground.
NUM  3.
PAR  3. The apparatus of claim 2 further including depth regulating wheels
      rotatably mounted on said frame, said depth regulating wheels engaging the
      surface of the ground when said tilling apparatus is in said lowered
      position.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said coupling means includes a first
      sprocket operatively coupled to said tractor drive axle, a second sprocket
      fixedly secured to said tiller shaft, and an endless drive element
      operatively coupled between said sprockets.
NUM  5.
PAR  5. The apparatus of claim 1 further including a second shaft journaled on
      said frame and having fixedly secured thereto a plurality of clod shedding
      tines, the distal ends of said clod shedding tines engaging the ground as
      said apparatus moves forwardly thereby producing rotational movement
      thereof, said clod shedding tines moving along paths such that the distal
      ends thereof pass closely adjacent and in the opposite direction to said
      ground penetrating tines thereby to remove clods therefrom.
NUM  6.
PAR  6. The apparatus of claim 1 wherein there are a plurality of groups of said
      ground penetrating tines, each of said groups being longitudinally spaced
      apart on said tiller shaft and the tines of each group being regularly
      circumferentially spaced apart thereon.
PATN
WKU  039411940
SRC  5
APN  4032845
APT  1
ART  337
APD  19731003
TTL  Folding tool bar having a transport brace
ISD  19760302
NCL  13
ECL  11
EXA  Sewell; Paul T.
EXP  Burr; Edgar S.
NDR  1
NFG  4
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UREF
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UREF
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NAM  Orthman
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LREP
FRM  Zarley, McKee, Thomte & Voorhees
ABST
PAL  A farm implement tool bar includes a hollow main frame and oppositely
      extending wing sections pivotal between horizontal and vertical positions.
      A hydraulic cylinder is connected to a mounting assembly including upper
      and lower mounting plates interconnected at their inner ends by a vertical
      post. The mounting plates are secured to the top and bottom walls of the
      main frame and the inner end of the hydraulic cylinder is connected to the
      vertical post. The outer end of the hydraulic cylinder is pivotally
      connected to an ear on the wing section. The lower adjacent edges of the
      main frame and wing section include sleeves adapted to register with each
      other for receiving a bolt to lock the wing section in its lowered
      position. A transport brace may be provided with its opposite ends movably
      secured to the main frame and wing section across the hinge. The transport
      brace includes telescopic sections which allow the wing section to be
      moved between the raised and lowered positions. When the wing section is
      in its raised position apertures in the telescopic sections are aligned
      for receiving a bolt thereby locking the wing section in the raised
      position. A sleeve is also carried on the brace for the holding bolt when
      the wing section is in its lowered position.
PARN
PAR  This is a continuation in part of my parent application entitled
      AGRICULTURAL IMPLEMENT, Ser. No. 100,910, filed Dec. 23, 1970, now Pat.
      No. 3,774,693.
BSUM
PAR  The tool bars on conventional farm implements wherein wing sections are
      utilized involve cumbersome hinges and power components on the tool bar
      which occupy considerable space thereby making it necessary to extend
      subframes rearwardly from the main tool bar frame to carry the necessary
      ground working tools in the area of the hinge and power assembly for
      raising and lowering the wing sections. These tool bars also suffer from
      the deficiency of having inadequate strength to resist damage from lateral
      strain placed on the wing sections when lowered and thus may require
      substantial reinforcing rods.
PAR  The farm implement tool bar of this invention is designed to carry ground
      engaging tools along its substantial length since a minimum of space is
      occupied by the hinge and power means for raising and lowering the wing
      sections. This is made possible by positioning a hydraulic cylinder inside
      the opposite ends of the main frame of the tool bar and providing an ear
      extending into the hollow ends of the main frame for engagement with the
      hydraulic cylinder. A hinge is placed immediately above the top side of
      the main frame and wing sections and occupies a minimum of space on the
      tool bar. The hydraulic cylinders are completely enclosed in the hollow
      tool bar main frame and wing sections when the wing sections are in the
      lowered horizontal position.
PAR  The hydraulic cylinder is readily bolted in the main frame and removed
      therefrom by a mounting assembly being provided which includes upper and
      lower mounting plates interconnected at their inner ends by a vertical
      post to which the inner end of the hydraulic cylinder is pivoted. The
      outer end of the hydraulic cylinder is pivoted to the ear on the wing
      section after the hydraulic cylinder and mounting assembly have been
      secured by bolts to the top and bottom walls of the main frame.
PAR  A pair of spaced apart sleeves are provided along the lower edge of the
      main frame for registry with a single sleeve on the lower edge of the wing
      section when the wing section is in its lowered position and a locking pin
      is provided to be received in the aligned sleeves to lock the wing section
      in its lowered position.
PAR  The wing section may be locked in its raised position by a transport brace
      being connected at its opposite ends to the main frame and wing section.
      The transport brace includes telescopic sections which extend and contract
      as the wing section is pivoted between raised and lowered positions.
      Openings in the telescopic sections are in alignment when the wing section
      is in its raised position and the locking pin may be positioned in the
      openings to maintain the wing section in the raised position. The
      transport brace does not interfere with mounting of tools on the tool bar
      since the brace may be selectively positioned along the tool bar and wing
      section to leave space for securing tools to the tool bar and wing section
     .
DRWD
PAR  This invention consists in the construction, arrangements and combination
      of the various parts of the device, whereby the objects contemplated are
      attained as hereinafter more fully set forth, specifically pointed out in
      the claims, and illustrated in the accompanying drawings in which:
PAR  FIG. 1 is a fragmentary perspective view of the wing section pivotally
      connected to the main frame having the hydraulic cylinder positioned
      therein and including the transport brace locking the wing section in its
      raised position.
PAR  FIG. 2 is a side elevation view thereof showing the transport brace in an
      alternate position as represented by the dash lines.
PAR  FIG. 3 is a side elevation view thereof showing the wing section in its
      lowered position with the telescopic sections of the transport brace
      extended.
PAR  FIG. 4 is a top plan view taken along line 4--4 in FIG. 3.
DETD
PAR  The tool bar of this invention is referred to generally as numeral 10 and
      includes a main frame 12 and a wing section 14 pivotally connected thereto
      by a hinge 16 positioned above the top walls 18 and 20, respectively, as
      seen in FIG. 3.
PAR  A hydraulic cylinder 24 in a mounting assembly 26 is positioned in a
      passageway in the main frame 12 and secured thereto by bolts 28 which
      connect the top and bottom walls of the main frame to top and bottom
      plates 30 and 32, respectively. A vertically disposed post 34 is provided
      at the inner end of the plates 30 and 32 and the power cylinder 24 is
      pivotally connected to the post 34 by a pin 36. The outer end of the
      cylinder 24 is pivotally connected to an ear 38 on the inner end of the
      wing section 14.
PAR  The wing section 14 may be locked in a lowered horizontal position as seen
      in FIG. 3 by a pin 39 being inserted through a pair of spaced apart
      sleeves 40 on the lower wall of the main frame which register with a
      sleeve 42 on the lower side of the wing section 14.
PAR  The wing section 14 is held in a raised position as seen in FIGS. 1 and 2
      by a transport brace 44 which includes telescopic sections 46 and 48
      pivotally connected to ears 50 and 52 at their outer ends which are
      carried on L shaped brackets 54 and 56 positioned on the top surfaces of
      the main frame and wing section for engagement with a U-bolt 58 embracing
      the tool bar. The brace extends over the hinge 16 due to being offset by
      the ears 50 and 52 and may be moved longitudinally along the tool bar as
      indicated by the dash line position in FIG. 2. This flexibility of
      movement permits location of tools on the tool bar as required for the
      particular job. The telescopic sections include apertures which are
      aligned when the wing section 14 is in its raised position and receive a
      pin 60 for locking the brace against being extended thereby holding the
      wing section 14 in its raised position. When the pin 60 is not in use it
      may be placed in a sleeve 62 on the telescopic section 48. It is noted
      that the operation of the wing section 14 between its raised and lowered
      positions is not adversely affected by the transport brace as it
      telescopes in and out smoothly and without interfering.
PAR  Thus in operation it is seen that the hydraulic cylinder 24 may be operated
      to raise and lower the wing section 14 as desired. The brace 44 will
      function as a stop against raising the wing section 14 too far when the
      telescopic section 46 bottoms out against the pin 70 connecting the
      telescopic section 48 to the ear 52. The brace 44 may be selectively moved
      along the tool bar as desired for locating working tools thereon by
      adjusting the U-shaped mounting bolts 58. The lowering of the wing section
      14 is limited by the engagement of the end of the wing section 14 against
      the adjacent end of the main frame and in this lowered position as seen in
      FIG. 3 the pin 38 may be inserted through the sleeves 40 and 42 to lock
      the bar rigidly. The hydraulic cylinder may be easily inserted and removed
      from the main frame 12 by operation of the bolts 28 connecting the top and
      bottom support plates 30 and 32 to the top and bottom walls of the main
      frame. It is seen that only the outer ends of these plates are connected
      each by four bolts. The hydraulic cylinder 24 is free to pivot up and down
      about its pin connection 36 to the post 34 as the wing section 14 is
      pivoted up and down. Accordingly, a tool bar is provided that is
      unencumbered with exterior mounted power cylinder but is limited against
      damage to the cylinder by an automatically operable brace which limits
      upward movement of the wing section and downward movement is limited by
      cooperating stops on the wing section and main frame. It is further seen
      that the tool bar of this invention may be used for any kind of ground
      working tools heretofore utilized on conventional tool bar structures.
CLMS
STM  I claim:
NUM  1.
PAR  1. An agricultural implement comprising,
PA1  a tool bar carrying ground working tools thereon along its substantial
      length, said tool bar including a main frame and at least one wing
      section, said wing section pivotally movable between raised and lowered
      positions,
PA1  a hinge pivotally interconnecting said wing section and main frame,
PA1  said main frame having an elongated passageway in its end adjacent said
      wing section,
PA1  a hydraulic cylinder connected at one end to said main frame and positioned
      in said passageway and pivotally connected at its opposite end to said
      wing section,
PA1  a transport brace including interconnected telescopic sections, opposite
      ends of said brace connected to said main frame and wing section whereby
      said telescopic sections telescope as said wing section is moved between
      raised and lowered positions, and
PA1  lock means for limiting telescopic extension of said telescopic sections
      and thereby limiting said wing section against moving to said lowered
      position.
NUM  2.
PAR  2. The structure of claim 1 wherein fastening means connect said opposite
      ends of said telescopic section to said main frame and wing section and
      said fastening means are selectively adjustable for moving said
      connections along said tool bar as desired.
NUM  3.
PAR  3. The structure of claim 1 wherein said telescopic sections include
      aligned openings when said wing section is in said raised position and
      said lock means is further defined as being a pin received in said aligned
      openings.
NUM  4.
PAR  4. The structure of claim 3 wherein a sleeve is positioned on said brace to
      receive said pin.
NUM  5.
PAR  5. The structure of claim 1 wherein said telescopic sections are connected
      to said main frame and wing section by U-bolts embracing said main frame
      and wing section.
NUM  6.
PAR  6. The structure of claim 1 wherein
PA1  said wing section includes an ear connected to said cylinder and said ear
      extends into said opening in said main frame when said wing section is in
      said lowered position.
NUM  7.
PAR  7. The structure of claim 1 wherein said brace is positioned on the top
      side of said main frame and wing section and extends across said hinge.
NUM  8.
PAR  8. The structure of claim 1 wherein sleeves are positioned on adjacent ends
      of said main frame and said one wing for registry therewith when in said
      lowered position and a bolt is received in said sleeves to lock said tool
      bar in said lowered position.
NUM  9.
PAR  9. An argicultural implement comprising,
PA1  a tool bar carrying ground working tools thereon along its substantial
      length, said tool bar including a main frame and at least one wing
      section, said wing section pivotally movable between raised and lowered
      positions,
PA1  a hinge pivotally interconnecting said wing section and main frame,
PA1  said main frame having an elongated passageway in its end adjacent said
      wing section,
PA1  a hydraulic cylinder mounting assembly including upper and lower support
      plates interconnected at their inner ends by a vertically disposed post,
PA1  a hydraulic cylinder positioned between said plates with one end pivotally
      connected to said post, said cylinder and mounting assembly being
      positioned in said passageway with the other end of said cylinder being
      pivotally connected to said wing section, said main frame having top and
      bottom walls, and said plates being connected to said top and bottom walls
      of said main frame.
NUM  10.
PAR  10. The structure of claim 9 wherein
PA1  said wing section includes an ear connected to said cylinder and said ear
      extends into said opening in said main frame when said wing section is in
      said lowered position.
NUM  11.
PAR  11. An agricultural implement comprising,
PA1  a tool bar including a main frame and at least one wing section, said wing
      section being pivotally movable between raised and lowered positions,
PA1  a hinge pivotally interconnecting said wing section and said main frame,
PA1  said main frame having an elongated passageway in its end adjacent said
      wing section,
PA1  a hydraulic cylinder connected at one end to said main frame and positioned
      in said passageway and pivotally connected at its opposite end to said
      wing section at a point remote from the pivotal axis of said hinge, and
PA1  said wing section including an ear connected to said cylinder and said ear
      extends into said passageway in said main frame when said wing section is
      in said lowered position.
NUM  12.
PAR  12. An agricultural implement comprising,
PA1  a tool bar carrying ground working tools thereon along its substantial
      length; said tool bar including a main frame and at least one wing
      section, said wing section being pivotally movable between extended and
      angular positions,
PA1  a hinge pivotally interconnecting said wing section and said main frame,
PA1  said main frame having an elongated passageway in its end adjacent said
      wing section,
PA1  a hydraulic cylinder connected at one end to said main frame and positioned
      in said passageway and pivotally connected at its opposite end to said
      wing section at a point remote from the pivotal axis of said hinge, and
PA1  said wing section including an ear connected to said cylinder and said ear
      extends into said passageway in said main frame when said wing section is
      in said extended position.
NUM  13.
PAR  13. An agricultural implement comprising,
PA1  a tool bar carrying ground working tools thereon; said tool bar including a
      main frame and at least one wing section, said wing section being
      pivotally movable between raised and lowered positions,
PA1  a hinge pivotally interconnecting said wing section and said main frame,
PA1  said main frame having an elongated passageway in its end adjacent said
      wing section,
PA1  a hydraulic cylinder connected at one end to said main frame and positioned
      in said passageway and pivotally connected at its opposite end to said
      wing section at a point remote from the pivotal axis of said hinge, and
PA1  said wing section including an ear connected to said cylinder and said ear
      extends into said passageway in said main frame when said wing section is
      in said lowered position.
PATN
WKU  039411958
SRC  5
APN  1769162
APT  1
ART  337
APD  19710901
TTL  Bulldozer with horizontal brace
ISD  19760302
NCL  4
ECL  1
EXP  Eickholt; E. H.
NDR  3
NFG  5
INVT
NAM  Stedman; Robert N.
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STA  IL
ASSG
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COD  02
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NAM  Wirt
OCL  172803
FREF
PNO  258,403
ISD  19640100
CNT  AU
OCL  172801
LREP
FRM  Phillips, Moore, Weissenberger Lempio & Strabala
ABST
PAL  A bulldozer having a brace between the blade and the frame of the tractor
      upon which the blade is mounted to absorb lateral forces encountered by
      the blade and to make unnecessary the conventional diagonal braces thus
      enabling the blade to be mounted closer to the front end of the tractor.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a Continuation-in-Part of abandoned U.S. application
      Ser. No. 727,548, filed May 8, 1968.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is conventional practice, particularly on large bulldozer blades, to
      provide diagonal braces extending angularly between the push arms and the
      back of the blade. With very large bulldozer blades, it is desirable to
      mount the blade as close as possible to the forward end of the tractor.
      Ordinary diagonal braces prevent the blade from being mounted as close to
      the tractor as desired because they would interfere with the forward ends
      of the tracks.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a single link or
      bracing means interconnected between a bulldozer and the frame of a
      tractor to absorb transverse forces, such as those encountered when an end
      of the bulldozer blade encounters a stationary object. A further object is
      to locate such bracing means so that it occupies very little space between
      the forward end of the tractor and the blade, does not interfere with
      ordinary blade adjustments and permits the blade to be mounted close to
      the forward end of the tractor to improve machine stability and
      maneuverability.
PAR  The manner in which the foregoing objects are carried into practice is made
      apparent in the following specification wherein reference is made to the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a tractor and bulldozer combination with bracing
      means extending between one push arm and the tractor to resist sidewise or
      lateral forces to which the blade is subjected.
PAR  FIG. 2 is a schematic front elevation of the tractor with parts in section
      and with the blade removed to further illustrate the bracing means
      disclosed in FIG. 1;
PAR  FIG. 3 is a plan view of a tractor with the engine and its housing removed,
      illustrating a modification of the bracing means shown in FIG. 1; and
PAR  FIGS. 4 and 5 are views similar to FIGS. 1 and 2, respectively,
      illustrating a further modification of the bracing means shown in FIGS. 1
      and 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  The tractor shown in FIG. 1 comprises tracks 10, an engine compartment 11
      and an operator's station generally indicated at 12. A transverse
      bulldozer blade 14 of a bulldozer, positioned closely adjacent to a
      forward end of the tractor, is carried at the forward ends of laterally
      spaced push arms 16 which are independently pivoted by universal joints 18
      to conventional track roller frames (not shown) at first and second sides
      of the tractor. The blade is pivotally connected directly to the forward
      ends of the push arms and is normally held in an erect position by braces
      19 and 20, connected between the push arms and the back of the blade at a
      point above the connections of the push arms to the blade. Brace 20
      includes an actuator or tilt means which may be hydraulically actuated for
      imparting tilt to the blade. The blade is raised and lowered by
      conventional hydraulic actuators 22, supported on opposite sides of the
      engine housing and having rods pivotally connected at 24 to the back of
      the blade.
PAR  The present invention utilizes a single link or bracing means 26 preferably
      universally interconnected between the tractor and bulldozer to avoid the
      necessity for multiple braces extending angularly between the push arms 16
      and the back of the blade, such as the braces disclosed in U.S. Pat. No.
      3,049,820, assigned to the assignee of this application. The single rigid
      link is entirely located between the forward end of the tractor and the
      blade and extends transversely of the tractor in substantial parallel
      relationship with the blade. The first end of the link is pivotally
      connected to a bracket 28 on one push arm, by a ball and socket joint 29,
      and the second end is pivoted to a bracket 30 depending from main tractor
      frame members 32 by a ball and socket joint 33.
PAR  Since connection 29 on one push arm is located at a lateral end of the
      bulldozer on the first side of the tractor which is remote from connection
      33, disposed on the second side of the tractor, the arcuate travel of the
      link at joint 29 is very small. Thus, raising and lowering of the blade by
      actuators 22 imparts only an imperceptible motion thereto. With this
      construction, link 26 acts as a rigid brace between the main frame and the
      bulldozer blade which prevents an appreciable sidewise motion of the
      blade.
PAR  Referring to FIG. 3, a tractor identical with that shown in FIG. 1 is
      illustrated with the engine and engine housing removed. A C-frame
      auxiliary frame 35 has its free ends connected by ball and socket joints
      37 to tractor main frame members 32'. The C-frame is retained against
      vertical swinging movement by a pin 39, loosely connecting the frame and
      one of the main frame members 32'. This arrangement permits slight
      movement of the C-frame and insures that forces are directed from link
      26', connected to the C-frame by a ball and socket joint 33', to the main
      frame members through ball and socket joints or connections 37. Link 26',
      like link 26 of FIG. 1, is connected to one of the bulldozer push arms by
      a joint 29' and a bracket 28'.
PAR  Ball and socket joints 37 may not be necessary but they are preferred to
      permit slight flexing of the C-frame and cause even distribution of forces
      to the main frame to the rear of its forward end. Although the C-frame is
      shown as having its rearwardly extending arms disposed between the tractor
      main frame members and the tractor tracks, it is also possible to make it
      narrower so that its rearwardly extending arms are disposed beneath the
      tractor main frame members. With the construction shown in FIG. 3, link
      26' moves upwardly and downwardly upon raising and lowering of the blade
      in the same manner as the link 26 of FIG. 1 and prevents any appreciable
      movement of the blade laterally of the tractor.
PAR  FIGS. 4 and 5 illustrate a tractor and bulldozer combination of the type
      shown in FIGS. 1 and 2 comprising push arms 16 having a blade 14 pivotally
      connected thereon. However, the corresponding bracing means or link 26" is
      pivotally connected directly between the blade and tractor by ball and
      socket joints 29" and 33", respectively. The link, also disposed
      substantially parallel to the blade and closely adjacent thereto, is
      connected on a bracket 30" secured to tractor frame members 32 at the
      second side of the tractor which is furthest remote from its connection
      with the bulldozer at the first side thereof.
PAR  Such compact arrangement, common to all of the abovedescribed three
      embodiments, resists the relatively high laterally imposed compressive
      forces normally encountered during bulldozer operations. The FIGS. 4 and 5
      embodiment has the added advantages of permitting the blade to be
      positioned closer to the tractor and of transmitting laterally imposed
      compressive forces, imposed on the blade, to the tractor's main frame
      directly. In FIG. 1, for example, such forces will be transmitted from the
      blade and to the link via the blade's connection with the lower push arm
      16 and connection 29 to induce bending of such push arm.
PAR  Also, the above bracing means, by permitting the blade to be positioned
      closely adjacent to the tractor, functions to move the center of gravity
      of the integrated machine rearwardly towards the center of the machine. In
      addition to improving the machine's stability and maneuverability, the
      operator's visibility is improved. As suggested above, the attachment of
      the first and second ends of the bracing means adjacent to one lateral end
      of the bulldozer and at the remote side of the tractor frame induces a
      very small arcuate movement of the bracing means upon raising or lowering
      of the blade by actuators 22.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tractor having a main frame, a bulldozer assembly comprising forwardly
      extending independent push arms pivotally mounted at first and second
      sides of said tractor and a bulldozer blade directly attached to forward
      ends of said push arms and positioned closely adjacent to a forward end of
      said tractor to extend transversely thereof, and bracing means
      interconnecting said main frame and said bulldozer assembly for resisting
      relative lateral movement therebetween consisting of a single rigid link
      universally connected to said frame and to said blade and located between
      the forward end of said tractor and said blade, said link extending
      transversely of said tractor and in at least substantial parallel
      relationship with respect to said blade.
NUM  2.
PAR  2. The invention of claim 1 wherein said link is connected directly to the
      blade of said bulldozer assembly.
NUM  3.
PAR  3. A tractor having a main frame and an auxiliary frame having ends
      connected to said main frame at opposite sides and rearwardly of the
      forward end of said main frame, forwardly extending independent push arms
      pivotally mounted on said tractor, a bulldozer blade directly attached to
      the forward ends of said push arms, and lateral brace means for said push
      arms and said bulldozer blade comprising means interconnecting said main
      frame and said blade including a link pivotally connected between said
      auxiliary frame and one of said push arms and positioned to extend
      transversely of the tractor and in substantial parallel relationship to
      said blade.
NUM  4.
PAR  4. In a tractor having a main frame, forwardly extending push arms
      pivotally mounted on said tractor, a bulldozer blade attached to the
      forward ends of said push arms, lateral brace means for the push arms and
      bulldozer blade comprising means interconnecting said main frame and said
      blade, including a link pivotally interconnected between said frame and
      one of said push arms and extending transversely of the tractor, an
      auxiliary frame connected directly to said link and having ends connected
      to said main frame at opposite sides thereof and rearwardly of the forward
      end of said main frame, pivotal connections between the ends of said
      auxiliary frame and said main frame, and means to substantially prevent
      said auxiliary frame from swinging in a vertical plane about said
      connections.
PATN
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COD  02
RLAP
COD  74
APN  392628
APD  19730829
PSC  01
PNO  3871486
CLAS
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XCL  173135
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EDF  2
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ICL  E21B  312
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FSC  175
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UREF
PNO  1862260
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UREF
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UREF
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NAM  Lincoln
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UREF
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UREF
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NAM  Aalund
XCL  173 78
UREF
PNO  3712388
ISD  19730100
NAM  Curington
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UREF
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UREF
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ISD  19740300
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UREF
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NAM  van der Wijden
XCL  175 60
LREP
FR2  Kriegel; Bernard
ABST
PAL  An airhammer and core bit apparatus including a housing and a hammer piston
      reciprocable in the housing for delivering repeated impact blows to an
      anvil secured to or forming part of a core bit which produces a core in a
      bore hole being drilled. A central core receiving tube extends through the
      housing and hammer piston, through which the core formed by the bit is
      conducted upwardly and through the hammer piston to the top of the bore
      hole, part of the compressed air supplied to the airhammer being diverted
      to the central tube for elevating the core therewithin toward the top of
      the bore hole.
PARN
PAR  This is a division of application Ser. No. 392,628, filed Aug. 29, 1973 now
      U.S. Pat. No. 3,871,486.
BSUM
PAR  In the drilling of bore holes into the earth, it is desirable to have
      samples of the formation being drilled on a continuous basis, so that the
      formation samples may be examined for various purposes, as the drilling
      progresses.
PAR  Heretofore, efforts to continuously take a core sample from the bottom of
      the bore hole, while drilling with mud, have resulted in reduced drilling
      efficiency and problems of cuttings removal. Dual concentric drill pipes
      have been utilized to conduct the drilling fluid from the surface to the
      drill bit in the drill pipe annulus, the fluid returning through the inner
      drill pipe to carry core samples to the top of the bore hole. However,
      inefficient cuttings removal in the bore hole annulus may result in the
      drill string becoming stuck, and the core samples may also stick in the
      inner drill pipe, if the fluid velocity is low. In addition, the core
      samples have been contaminated with debris from the bore hole which may be
      reground. In the absence of high velocity fluid carrying of the core
      samples, moreover, gravity separation of sample particles of different
      size or weight precludes the samples recovered at the top of the bore hole
      from being representative of the formation at any given time. Such
      problems are even greater when drilling with air and a percussion bit.
PAR  The present invention provides a novel system and apparatus for more
      efficiently drilling a bore hole while continuously taking core samples,
      using an airhammer and percussion bit.
PAR  More particularly, the present invention provides a novel system and
      apparatus whereby the core samples are taken at the center of the bottom
      of the bore hole and are protected against contamination by side wall
      material. The drilling fluid velocity which carries the core samples to
      the top of the bore hole is high, so as to minimize gravity separation of
      the core sample particles of different weight or size, so that the samples
      are representative of the formation at any given time during drilling. In
      addition, the drilling fluid which carries the other cuttings to the
      surface is of sufficient volume and velocity as to prevent fall out and
      regrinding of material at the bottom of the bore hole.
PAR  The entire system of the invention consists of a continuous coring adaptor
      swivel assembly, a continuous coring airhammer drill, completely
      integrable with any existing top drive or table drive rig for drilling
      bore holes, employing a rotatable drill pipe and air as the flushing
      fluid.
PAR  In its basic operation, compressed air is moved through the continuous
      coring adaptor swivel, down the annulus of the double-walled continuous
      coring drill pipe, to the coring airhammer. In the hammer, the compressed
      air is divided in such a way as to allow the major part, say approximately
      90%, of the energy derived from the air flow, to properly run the coring
      tool. This air is exhausted from the tool at the bit face and allowed to
      return to the surface in the outer bore hole annulus carrying a major
      portion of the cuttings as in conventional airhammer drilling processes.
      The remainder of the air is diverted through the hammer and enters the
      core receiving tube just above the bit face at high pressure and velocity.
      Formation cores and smaller chips are picked up by the air in the core
      tube and carried through the inner tube to the adaptor swivel at the
      surface where the core samples are removed and collected in any suitable
      fashion, such as a vortex type separator.
PAR  The continuous coring adaptor swivel of the invention, is adapted for
      application to any existing top drive or table drive rotary drilling rig.
      When in place, the swivel offers no interference to ordinary drilling
      operations. In addition, the swivel affords easy access to full flow
      reverse circulation, at high pressure, in the event the drill string
      becomes stuck in the bore hole.
PAR  The continuous coring adaptor pipe or dual concentric drill pipe, is of a
      standard size in use on conventional rigs and all tool joints are
      standard, and the core tube does not interfere with conventional drilling.
      The core tube is securely held within the outer pipe and cannot
      accidentally come out during handling, but the core tube is free to move
      longitudinally with respect to the outer pipe, as may be necessary for
      making up and breaking out joints of the drill pipe, say during round
      tripping to replace a bit. The pipe assembly is such that energy
      transients causing vibration in the core tube are dampened with respect to
      the outer pipe.
PAR  The continuous coring airhammer structure of the present system, in
      general, is constructed to develop high horsepower for maximum
      penetration. The airhammer has little chance of becoming stuck in the bore
      hole because the hammer provides adequate bore hole circulation, as well
      as adequate core sample-carrying circulation.
PAR  This invention possesses many other advantages, and has other purposes
      which may be made more clearly apparent from a consideration of the form
      in which it may be embodied. This form is shown in the drawings
      accompanying and forming part of the present specification. It will now be
      described in detail, for the purpose of illustrating the general
      principles of the invention; but it is to be understood that such detailed
      description is not to be taken in a limiting sense.
DRWD
PAR  Referring to the drawings:
PAR  FIGS. 1a and 1b, together, constitute a general illustration of a
      continuous coring, air drilling system according to the invention, FIG. 1b
      being a downward continuation of FIG. 1a;
PAR  FIGS. 2a through 2i together constitute an enlarged, vertical section, as
      taken on the line 2--2 of FIGS. 1a and 1b, FIGS. 2b through 2i
      constituting successive downward continuations of FIG. 2a;
PAR  FIG. 3 is a horizontal section through the swivel, as taken on the line
      3--3 of FIG. 2a;
PAR  FIG. 4 is a horizontal section, as taken on the line 4--4 of FIG. 2b;
PAR  FIG. 5 is a horizontal section, as taken on the line 5--5 of FIG. 2f;
PAR  FIG. 6 is a horizontal section, as taken on the line 6--6 of FIG. 2g;
PAR  FIG. 7 is a horizontal section, as taken on the line 7--7 of FIG. 2h;
PAR  FIG. 8 is a horizontal section, as taken on the line 8--8 of FIG. 2h;
PAR  FIG. 9 is a horizontal section, as taken on the line 9--9 of FIG. 2i;
PAR  FIG. 10 is a horizontal section, as taken on the line 10--10 of FIG. 2i;
      and
PAR  FIG. 11 is an enlarged fragmentary detail in vertical section, at the lower
      end of the airhammer drill, as taken on the line 11--11 of FIG. 10, but
      showing the drilling and coring operation.
DETD
PAR  As seen in the drawings, the continuous coring system of the invention, as
      generally shown in FIGS. 1a and 1b, involves a coring swivel adaptor or
      assembly S having a rotor 10 adapted to rotate in a stator 11 by a power
      swivel or air motor M, to which air is supplied via a conduit 12. The
      stator 11 is held against rotation by means 13 in the derrick D, which
      allows the swivel S to move downwardly, as the drilling progresses, as is
      well known in the case of drilling with power swivels.
PAR  Connected beneath the swivel rotor 10, for rotation therewith, is the dual
      concentric drill pipe P, made up of lengths or stands as the drilling
      progresses, and having at its lower end an airhammer assembly H for
      applying successive hammer blows to a core bit B, as the bit B is rotated
      to drill the well bore W, while taking a continuous core sample, the
      pieces of which are carried upwardly in the drill pipe by air supplied
      through the airhammer H, the other cuttings being carried in the bore hole
      annulus to the top of the well as customary, by the major portion of the
      air supplied to the airhammer. The core sample pieces CS are discharged
      from the coring adaptor swivel into a suitable receiver 14.
PAR  As is well known in air drilling, the air may be supplied from a suitable
      compressed air source, not shown, at high volume and pressure to drive the
      power swivel or motor M, and thus to drive the drill pipe P, as
      illustrated. If desired, however, the power swivel or motor M may be
      eliminated and a Kelly drive may be employed to rotate the drill pipe
      while allowing it to progress downwardly during the drilling operation. In
      other words, the invention is not concerned with the manner of applying
      torque to the drill pipe P, but with adapting the system to cut and carry
      a continuous core sample to the receiver 14, utilizing the novel coring
      swivel adaptor S, the novel dual concentric drill pipe P, and the novel
      coring bit and airhammer B and H, respectively, whereby the usual cuttings
      are effectively removed from the well bore without contaminating the core
      sample, and the core sample fragments are efficiently carried to the
      receiver, without substantial fallout or blockage of the drill pipe, the
      core sample being uniform and representative of the earth formation at the
      bottom of the bore hole at any given time during the drilling operation.
PAR  The coring adaptor switch S is best seen in FIGS. 2a and 3. More
      particularly, the rotor 10 is revolvable in the stator 11 and has an
      internally threaded receptacle 22 for connection at 23 with the rotary
      driven pipe 24 which is driven by the power swivel M and which conducts
      air to the system from the compressed air source on the rig. The rotor 10
      has an air inlet chamber 25 which communicates with a suitable number of
      ports or passages 26 which extend longitudinally through the rotor 10 and
      open at its lower end. The rotor 10 also has another passage 27 opening at
      its lower end and having a laterally extending branch 28 opening at the
      side of the rotor. At its lower end, the rotor is externally threaded at
      29 to receive the internally threaded box 30 of the outer pipe P1 of the
      dual concentric pipe P, which will be described below, and the rotor also
      threadedly receives at 31 the inner pipe P2 of the dual concentric pipe P,
      the inner pipe P2 communicating with the port 27. A resilient seal ring 32
      is disposed in the threaded joint between the pipe box 30 and the rotor
      10, but a sealing joint such as that commonly employed in drill pipe tool
      joints may be employed.
PAR  The stator 11 is composed of a horizontally split housing having an upper
      part 33 and a lower part 34, having peripheral flanges 35 interconnected
      by fastenings 36, these body parts having a cylindrical bore 37 in which
      the rotor 10 is revolvable. At the upper, inner portion of the body part
      33 is an inner peripheral flange 38 which rests on a bushing 39 which in
      turn engages an upwardly facing shoulder 40 on the rotor 10. A lock ring
      41 carried by the rotor is disposed above the flange 38 to maintain the
      rotor assembly. Suitable bushings such as lubricated brass bushings 42 and
      43 are carried between the rotor and the stator body parts to minimize
      friction.
PAR  At vertically spaced locations above and below the laterally opening port
      28, the body sections 33 and 34 have suitable sealing ring elements or
      cups 44 in grooves 45 sealingly engaged with the cylindrical wall of the
      rotor 10 to prevent leakage between the rotor and the stator from an
      annular chamber 46 formed between the stator body parts 33 and 34,
      particularly under the high pressure of reverse circulation, when
      necessary to flush the well bore.
PAR  As seen in FIG. 3, the body sections 33 and 34 also provide a tangential
      outlet 47 for the chamber 46, and a coupling 48 has its flanged end 49
      engaged in a groove 50 in the stator body when the body parts 33 and 34
      are assembled. This coupling 48 is adapted to be threadedly connected at
      51 to the conduit 52 through which core sample fragments CS are conducted
      to the receiver 14.
PAR  Adjacent to the location where the port 28 opens into the chamber 46 is a
      wiper or sample diverter 53 fastened to the rotor 10 by fastenings 54.
      This wiper conforms in profile to the chamber 46 and has an advancing face
      55 angled to gently impart motion to the particles of core sample in a
      right-hand direction in the chamber 46 and assist the air in inducing
      movement of the particles to the outlet 47 with a minimum of breakage and
      mixing of the samples.
PAR  The continuous coring adaptor pipe or dual concentric pipe P, as indicated
      above, consists of the outer pipe string P1 and the inner pipe string P2.
      The outer pipe P1 is typical standard drill pipe and the inner pipe P2 is
      standard tubing, assembled in a novel manner to minimize problems of
      assembly, vibration, differential expansion, and the like, but enabling
      the lengths of pipe P to be made up and broken out in the usual manner
      during the drilling operations.
PAR  The dual concentric pipe string P and its interconnection with the swivel S
      and the airhammer H are illustrated in FIGS. 2a through 2f. As seen in
      FIGS. 2a and 2b, means are provided for coupling the pipe P to the swivel
      rotor 10 for rotation as a unit. As previously indicated, however, if the
      rig has a rotary table drive, a Kelly assembly would be interposed at this
      location to drive the pipe rotatively, in lieu of the power swivel or
      motor M.
PAR  The internally threaded box 30 of FIG. 2a has a downwardly extended pipe
      section 60 threaded at its lower end at 61 to an adaptor sub 62 which has
      at its lower end a typical drill pipe threaded pin 63 engaged in the
      threaded box 64 of a tubular coupling member 65 which, in turn, has at its
      lower end a typical threaded pin 66 at the upper end of a typical length L
      of the dual concentric drill pipe or continuous coring adaptor pipe. The
      inner pipe P2 of FIGS. 2a and 2b includes a length of adaptor tubing 68
      threaded at 31 with the swivel rotor 10 and extending dowwardly through
      the adapter sub 62 and into the coupling 65. At its lower end, the adaptor
      tubing 68 is centralized in the coupling 65 by a suitable spider 69,
      formed in the illustrative embodiment, as a square body (FIG. 4) having a
      square opening 70 through which the tube 68 extends. The spider 69 is held
      against downward movement on the tube 68 by a snap ring 71 engaged in a
      companion groove 72 in the tube 68. The openings 73 between the spider 69
      and the inside of the coupling 65 allow air to flow through the coupling
      65 without substantial interference.
PAR  Below the spider 69 the tube 68 has a cylindrical lower end section 74 on
      which is affixed an inner pipe coupling sleeve 75 having an inner tubular
      body 76 of elastomeric material supported within an outer metal sleeve 77,
      and adapted to have a friction or slip fit at 78 with the inner tube or
      pipe 80 which is disposed in the box end 67 of the typical length of dual
      concentric pipe as shown in FIGS. 2b through 2d.
PAR  Such a length of dual concentric drill pipe includes the inner tube or pipe
      80 and the outer length of pipe 81. The box end 67 of the outer pipe 81
      is, as customary, applied as a tool joint to the body of the pipe. At the
      lower end of the pipe body 81, it is provided with a typical drill pipe
      tool joint 83 having a threaded pin 84 engageable in the next below length
      of drill pipe, as customary.
PAR  In the present case, the inner tube 80 is centralized in the outer pipe 81
      and longitudinally positioned thereon by a suitable number of vibration
      absorbing centralizer means 85, the cross sectional configuration of which
      is seen in FIG. 5. Each centralizer means 85 is composed of elastomeric or
      rubber-like material capable of resilient deformation. It includes a
      central tubular body 86 frictionally engaged with the inner tube 80.
      Preferably, the body 86 is axially deformed between opposed stop rings 87
      in companion axially spaced grooves in the tube 80, whereby the body 86 is
      also radially or circumferentially deformed into tight holding engagement
      with the tube 80 on assembly. At circumferentially spaced locations about
      the centralizer body 86, it has longitudinally extended radiating ribs 88
      frictionally engaged on the outer edge surfaces 89 within the outer pipe
      81. Preferably, the diametrical dimension of the ribs 88 is greater than
      the inside diameter of the pipe 81 to enhance the frictional engagement
      and compensate for wear, the ribs being radially deformed upon assembly of
      the drill pipe length L. The ribs 88 afford abundant air flow spaces 90
      therebetween.
PAR  In order to prevent significant relative longitudinal movement of the inner
      and outer pipes 80 and 81, moreover, the centralizers 85 at the upper and
      lower ends of the drill pipe lengths L also are adapted to resiliently
      position the inner pipe 80 longitudinally with respect to the outer pipe
      81. As seen in FIGS. 2c and 2d, there are three centralizers 85 in the
      typical drill pipe length L, each constructed as above described. However,
      the upper tool joint 67 and the lower tool joint 83 are modified, as
      compared with standard tool joints, to provide downwardly and upwardly
      facing shoulders 67a and 83a, respectively, engaged by opposing end
      surfaces 67b and 83b on the ribs 88 of the upper and lower centralizers
      85, preferably under compression axially of the assembly. Due to the above
      described friction or interference fit between the centralizers 85, the
      inner pipe 80 and the outer pipe 81, the pipes are interconnected so as to
      resist accidental separation, even after substantial wear. The resilient
      centralizer material dampens vibration and reduces shock loads travelling
      in the drill string.
PAR  A suitable number of the drill string lengths L are added to the drill pipe
      string P, as the drilling progresses, between the coupling 65 and the
      uppermost pipe length L, and, except for the lowermost pipe length L, each
      length has, at the lower end of the inner pipe 80, as seen in FIG. 2d, one
      of the coupling sleeves 75 previously described affixed to the cylindrical
      lower pipe end 80a and adapted to telescopically engage over the upper
      tubular end 80b of the inner pipe 80 in the length L below. Such a
      resilient and telescopic connection between the inner pipes 80 not only
      seals the connection but compensates for tolerances and some relative
      longitudinal movement of the pipes 80 and 81.
PAR  As seen in FIGS. 2f and 2g, the lowermost length of drill pipe P is
      connected to the novel airhammer H, hereinafter to be described. As shown,
      the threaded pin 84 of the tool joint 83 is threaded into the internally
      threaded box of a top sub 91 for the airhammer H. This top sub 91 has an
      outer body 92 threaded at 93 at its lower end for connection with the
      upper end of the airhammer H. Internally, the sub body 92 has a central
      tube 94 which sealingly and slidably receives at 95 the lower tubular end
      96 of the pipe 80 of the above pipe length L. At its lower end the stem 94
      has a circumferentially outwardly extended flange 97 is held in place,
      when the top sub is connected to the hammer assembly H, between the latter
      and an internal shoulder 98 at the lower end of the body 92. This flange
      97 has a number of circumferentially spaced ports 99 (FIG. 6)
      communicating with the annular space between the body 92 and the tube 94,
      which annular space communicates, in FIG. 2f, with the annular space
      between the outer pipe P1 and the inner pipe P2 of the drill string P,
      which then in turn, as seen in FIG. 2a, communicates through the swivel
      rotor ports 26 with the air inlet conduit 24. The tube 94 of the hammer
      top sub 91, on the other hand, communicates through the inner pipes 80
      with the swivel rotor port 27, and thence through the stator chamber 46 of
      the swivel with the sample discharge port 47.
PAR  The airhammer and bit construction are illustrated in FIGS. 2g through 2i.
PAR  More particularly, as shown in the drawings, the airhammer apparatus H is
      secured to the lower end of the top sub 91 by a valve body and coupling
      100 by means of which the apparatus is rotated to correspondingly rotate
      an impact anvil bit used for drilling the bore hole W and cutting the
      core, the apparatus delivering repeated impact blows upon the anvil bit
      when compressed air is forced down the drill pipe annulus for actuating
      the apparatus and for cleaning the cuttings from the bottom of the hole,
      and carrying core sample fragments upwardly through the inner pipe 80. The
      apparatus is relatively simple, consisting of an elongate housing
      structure 110 that includes the upper connector 100 for threaded
      attachment to the lower end 93 of the top sub and thus to the string of
      drill pipe that extends to the drilling rig at the top of the bore hole W.
      This connector 100 is threadedly secured to the upper portion of an
      elongate housing section 114, which can be of one piece, the lower end of
      which is threadedly secured to a lower housing head or drive member 115,
      the lower end 116 of the housing section bearing against an upwardly
      facing shoulder 117 formed on the head.
PAR  An elongate anvil portion 118 of the anvil bit B is piloted upwardly within
      the drive member 115, a hammer piston 120 being reciprocable in the
      housing section 114 above the anvil 118 to deliver repeated impact blows
      thereagainst. The anvil is preferably formed integrally with the drill bit
      portion 121 of the anvil bit, and which has suitable cutting elements 122,
      such as sintered carbide buttons, mounted in its drilling face 123 for
      impacting against the bottom of the bore hole, to produce cuttings
      therein, the cutting elements 122 also acting against the side of the bore
      hole adjacent to its bottom to insure the production of a bore hole W of
      the desired diameter.
PAR  As best seen in FIGS. 10 and 11, the bit also has an inner circular set of
      cutting elements 122a disposed in spaced relation about a central opening
      122b in which is a cutter ring 122c of sintered carbide, or the like, for
      cutting a core sample, as will be later described.
PAR  During the reciprocation of the hammer piston 120 in the housing to deliver
      impact blows upon the anvil bit, the drill pipe string P and housing
      structure 110 are rotated at a desired speed, such as 20 r.p.m., by the
      power swivel M or by a rotary table drive, to correspondingly rotate the
      anvil bit B and insure an impacting action of the cutting members 122 and
      122a over substantially the entire cross-sectional area of the bottom of
      the hole, except for the central area within the member 122a . During the
      impacting action, suitable drilling weight is imposed on the anvil bit
      through the drill pipe string P and the housing structure 110, such
      drilling weight being transferred from the lower end 124 of the housing
      head or drive member 115 to an upwardly facing shoulder 125 of the bit
      121. The rotary drive itself is transferred from the housing structure 110
      to the anvil 118 through a slidable spline type of connection 126, FIG. 9
      and FIG. 2a.
PAR  In general, the upper portion of the anvil has circumferentially spaced
      elongate recesses 127 in which drive segments 128 are disposed, these
      segments being carried in circumferentially spaced windows 129 in the
      drive member 115. The recesses 127 are substantially longer than the
      length of the segments 128, permitting relative longitudinal movement of
      the anvil bit B with respect to the housing structure 110. The rotary
      effort is transferred from the housing section 114 to the drive member 115
      by virtue of the threaded connection 130d, and from the sides 129a of the
      openings or windows 129 to the segments 128, from where the turning effort
      is transmitted through the abutting segment surfaces 127a on the segments
      128 to the anvil.
PAR  The housing section 114 includes an elongate, upper, inner cylindrical
      housing wall 130, the lower end 131 of which constitutes an upper housing
      flow control corner at the upper end of an elongate internal
      circumferential exhaust groove 132 of a larger internal diameter than the
      sub-jacent inner cylindrical housing wall 134, which may be of the same
      internal diameter as the upper housing wall 130, the upper end of the
      lower wall 134 providing a lower flow control corner 133. The lower end
      135 of the wall 134 provides a by-pass corner at the upper end of an
      enlarged internal diameter circumferential by-pass groove 136.
PAR  The hammer piston 120 includes an upper piston portion 137 having an
      external diameter 137a conforming to the diameter of the upper inner
      cylindrical housing wall 130, this upper piston portion terminating at the
      upper end 138 of an external, reduced, circumferential exhaust groove 139.
      This groove 139 terminates at a lower piston portion 140 having an
      external diameter conforming to the internal diameter of the lower inner
      cylindrical housing wall 134. Below its lower piston portion 140, the
      hammer is of a reduced external diameter 141 to provide an air passage and
      the lower end has guide ribs 142 which, upon removal of the anvil bit from
      the housing 110, engage a limit ring 143 mounted in the housing section
      114 to prevent the piston 120 from dropping from the housing structure.
PAR  Above its upper piston portion 137, the hammer portion 120 has a plurality
      of relief spaces 144 (FIG. 7) extending from the upper piston portion 137
      to the upper end 146 of the piston, there being spaced elongate arcuate
      sections 147 slidably engaging the wall 130.
PAR  When the hammer piston 120 is at the lower end of its stroke, as shown, a
      flow control piston corner 150 at the upper end of the piston portion 137
      is spaced below the upper housing flow control corner 131, allowing air in
      the housing above the piston 120 to flow down through the passages 144 and
      into the internal circumferential exhaust groove 132, around the upper
      piston portion 137, then into radial exhaust ports 151 formed in the
      hammer piston below an intermediate annular barrier wall 152 that
      communicate with an elongate central piston cavity 153, into which an
      exhaust tube 154 extends upwardly from the anvil 118, the tube forming a
      continuation of the exhaust passage 153 and communicating with an annular
      exhaust passage 155 through the anvil and through one or a plurality of
      exhaust passages 156 extending downwardly through the bit 121 and opening
      outwardly thereof for the purpose of enabling the drilling fluid to flow
      into the bore hole W for removing cuttings from the bottom of the hole.
      The tube 154 makes a slidable seal with the wall 153a of the piston cavity
      153, being secured to the anvil 118 by a lower outwardly extending flange
      157 received within an inner circumferential groove 158 in the anvil. The
      tube may be made of an elastic material, such as Delrin, which permits it
      to be inserted within the anvil passage, the flange 157 contracting
      sufficiently until it is opposite the circumferential groove 158.
PAR  Disposed in the airhammer is a tubular core tube and air tube assembly 101,
      including an inner core tube 102 and an outer air tube 103. The core tube
      102 extends from adjacent the lower end of the bit 121 above the central
      opening 122b upwardly through the connector or valve housing 100 into a
      socket 100a in the latter, so as to communicate with central tube 94 in
      the top sub 91, and, thus, with the inner pipe 80 of the dual concentric
      drill pipe string P leading to the swivel S. The air tube 103 is disposed
      about the core tube 102 in spaced relation thereto, and has an upper end
      flange 104 engaged in a companion groove in a reversing valve tube 178 to
      be later described. Here again, the tube 103 may be of resilient material
      adapted to snap into engagement with the valve tube 178, when inserted
      into the socket 178b. The tube 103 engages within the intermediate piston
      wall 152. At the lower end of the core tube 102 and air tube 103, they are
      provided with a retainer ring 105 and seal 106' below a number of air
      ports 107 which extend at an angle inwardly and upwardly from the lower
      end of the annular space 106 between the tubes 102 and 103 into the core
      tube 102 just above its open, lower end adjacent to the bottom of the bit
      121. At its upper end, the air tube 103 is connected to the valve tube
      178, the upper end of which has a flange 108 engageable in a groove in the
      socket 108a in the connector and valve body 100. The structure and
      function of the valve tube 178, in reversing the hammer piston, will be
      later described.
PAR  When the piston 120 is shifted upwardly within the housing on its return
      stroke, the return air corner 160 at the lower end of the piston portion
      140 will be disposed above the housing lower flow control corner 133,
      whereupon the compressed air below the piston can exhaust into the
      internal circumferential housing groove 132 and flow through the exhaust
      ports 151 and exhaust passages 153, 155 and 156 to the bottom of the bore
      hole. At this time, the upper flow control piston corner 150 will be
      disposed above the upper housing flow control corner 131, which will seal
      the upper piston portion 137 against the upper inner cylindrical housing
      wall 130, whereupon compressed air can drive the piston 120 downwardly on
      its hammer or power stroke. When the return air corner 160 moves below the
      housing lower flow control corner 133, the air below the piston and within
      the housing, which remains after the lower piston 140 is closed within the
      lower end of the cylindrical housing wall 134, is subject to compression,
      but such air will be at a relatively low pressure.
PAR  Compressed air for reciprocating the hammer piston 120 passes downwardly
      through the annulus provided in the string of drill pipe P and into the
      upper housing sub 92, flowing through the ports 99 past a downwardly
      opening check valve 170 which may be in the form of a ring 171 received
      within a bore 172 in the connector 100, the ring 171 having a resilient
      valve head 173 movably upwardly to engage beneath the flange 97 by a
      coiled spring 175 which seats on a shoulder 175a in the connector 100.
      Downward movement of the valve ring 171 is limited by its engagement with
      an intermediate shoulder 176 in the body 100. With air being pumped
      downwardly through the apparatus, the valve 170 is unseated and the air
      can flow between the ring 171 and the core tube 102, into the annulus 177
      defined between the valve tube 178 and the core tube 102.
PAR  The inlet air under pressure is caused to flow alternately into the housing
      below the piston 120 and the housing above the piston, to effect
      reciprocation of the hammer, by the reversing valve tube 178, which
      separates an upper annular air chamber 179 from the lower air chamber 153.
PAR  The piston 120 has an elongate upper cylindrical surface 182 opening
      through its upper end 146 and terminating at an inner, flow control piston
      corner 183, which is the upper end portion of an elongate internal
      circumferential impact passage groove 184 having a larger internal
      diameter than the inside diameter of the upper piston portion 182. The
      impact passage groove 184 terminates at an intermediate inner cylindrical
      piston wall 185, which may have the same internal diameter as the upper
      cylindrical piston wall 182, the intermediate wall terminating at an
      internal circumferential return passage groove 186 formed in the piston
      and terminating at a lower flow control piston corner 187, which is the
      upper end of a lower internal piston seal wall portion 188 that forms a
      bore extending between the intermediate piston wall 152 and the corner
      187. The inlet tube 178 has an upper external cylindrical sealing portion
      189 having labyrinth seal grooves 189a, relatively sealingly slidable
      within the upper piston wall 182 and terminating in an external
      circumferential inlet groove 190 communicating with radial inlet ports 191
      that open to the central annular inlet passage 192 between the valve tube
      178 and core tube 102. Below this inlet groove 190, the tube 178 is formed
      with an intermediate cylindrical sealing section 193 having labyrinth seal
      grooves 193a slidably and sealingly engageable with the intermediate inner
      cylindrical piston wall 185 and also with the lower piston wall 188.
PAR  When the piston 120 is in its lowermost operative position, with the drill
      bit 121 pressed against the bottom of the bore hole W, compressed air can
      flow downwardly through the inlet passage 192, discharging into the return
      passage 186 that communicates with the upper portion of one or more
      longitudinal return passages 195 extending downwardly through the hammer
      piston and opening outwardly through its lower end 196. When the hammer
      piston 120 moves upwardly within the housing 110 and along the inlet tube
      178, the cylindrical piston wall 185 seals with the sealing section 193 of
      the tube 178 to interrupt communication between the inlet passage 192 and
      the return passages 195, continued upward movement of the piston then
      placing the inner upper flow control piston corner 183 above the upper
      flow control valve tube corner 198, which then allows compressed air to
      flow from the inlet passage 192 through the ports 191 into the
      circumferential inlet groove 190 and into the internal circumferential
      impact passage groove 184, and thence into the housing above the upper end
      146 of the piston. At this time, the upper piston portion 150 will have
      moved partially above the upper housing flow control corner 131, so that
      the air under pressure between the upper end 146 of the piston and the
      connector 100 can act downwardly on the piston, urging it in a downward
      direction.
PAR  The piston 120 thus will be shifted downwardly until the upper flow control
      piston corner 183 moves below the flow control housing tube corner 198,
      which shuts off air pressure into the housing above the piston, the piston
      continuing to move downwardly, as the compressed air expands, until the
      outer upper flow control piston corner 150 moves below the upper housing
      flow control corner 131, which then permits air above the piston to pass
      through the passages 144 into the internal circumferential exhaust passage
      132, and through the exhaust ports 151 and exhaust passages 153, 155 and
      156 to the bottom of the hole below the drill bit, the hammer piston being
      driven against the upper face 118a of the anvil to deliver an impact blow
      to the impact bit B. As the piston 120 nears the end of its downward
      stroke, the cylindrical sealing wall 185 of the piston moves below the
      valve tube sealing section 193, thereby allowing the compressed air to
      flow from the inlet passage 192 into the upper piston cavity 179 and
      internal circumferential return passage groove 186, passing downwardly
      through the longitudinal return passages 195 to the lower end of the
      piston, such air then moving the piston in an upward direction, until the
      piston wall 185 passes upwardly into sealing relation to the valve tube
      wall 193 once again, to shut off the flow of air into the return passages
      195. When this occurs, the outer upper flow control piston corner 150
      moves above the upper housing flow control corner 131 to shut off the
      exhaust of air from the housing region above the piston 120, the
      compressed air below the piston expanding and driving the hammer piston
      upwardly toward the connector 100. Before the hammer reaches the connector
      100, the inner upper flow control piston corner 183 will have shifted
      upwardly along the tube 178 to a position above the upper flow control
      housing tube corner 198, allowing air under pressure to pass from the
      inlet passage 192 through the impact passage grooves 190, 184 to a
      position in the housing above the piston 120.
PAR  The upward travel of the piston 120 is cushioned by the compression of the
      air remaining in the housing above the piston. However, the piston will
      still move upwardly sufficiently to place the lower corner 160 of the
      lower piston portion 140 above the housing lower flow control corner 133,
      which then permits the compressed air below the piston to travel into the
      internal circumferential exhaust groove 132 and through the exhaust ports
      151 into the exhaust passages 153, 155 and 156 for discharge from the
      drill bit. The compressed air in the housing structure above the piston
      then expands to drive the piston downwardly, and the foregoing cycle of
      operation is repeated, the piston reciprocating to deliver repeated impact
      blows against the anvil portion 118 of the anvil bit B, while the drill
      string P is being rotated, to insure that the drilling or cutting elements
      122, 122a will cover substantially the entire cross-sectional area of the
      bore hole bottom.
PAR  As seen in FIGS. 2i and 11, the cutters 122a are adapted to form a core 200
      at the center of the bottom of the bore hole, the core being generally
      frusto-conical in shape. As the cutter ring 122c progresses downwardly, it
      will trim the core 200 and forms with the core a seal which is adapted to
      preclude entry of other earth particles into the core passage 122b. As
      drilling progresses, the upper portion of the core will break off or
      fragment, as indicated at CS, to produce core sample fragments which are
      clean and representative of the bore hole bottom, without contamination by
      sidewall cuttings or debris.
PAR  These core samples CS are carried upwardly through the core tube by a
      portion of the air being circulated to effect reciprocation of the hammer.
      Again, referring to FIGS. 2g through 2i, it will be noted that the annular
      space 106, between the core tube 102 and the air tube 103, which
      communicates with the ports 107 at the bottom of the core tube 102, also
      is in open communication with the annulus 177 between the core tube 102
      and the valve tube 178. The flow restriction of the annulus 106 and the
      ports 107 is such, as compared with the lesser restrictions to air flow in
      the hammer operating system, that the major portion of the air is utilized
      to operate the hammer and flush cuttings upwardly in the bore hole W, and
      the minor portion of the air is utilized to carry the core samples
      upwardly in the core tube 102 and on up to the swivel chamber 46 through
      the inner pipe 80 of the dual concentric drill pipe, at high velocity.
PAR  The core sample fragments are carried through the drill pipe and are
      discharged into the swivel chamber 46, where the air and the revolving
      pusher 53 carry them to the outlet 47 for collection as described above.
PAR  From the foregoing, it will be apparent that the invention provides a novel
      and advantageous system for continuously taking a core sample while
      drilling with a percussion type core bit, which efficiently makes use of
      the available air for removing cuttinigs from the well bore and
      transporting the core sample fragments to the top of the well. The novel
      swivel S enables the core samples to be recovered with a minimum of damage
      or breakage, due to the gentle direction changes in the path of the
      fragments. The dual concentric drill pipe is simple in its construction,
      easy to assembly and facilitates utilizing typical well drilling pipe, as
      well as make up and break out tongs, when adding or removing lengths to
      and from the drill string. The novel airhammer drill, with its air
      dividing means and core cutting arrangement in the bit enable clean
      samples to be taken and carried to the surface at high velocity and
      uniformly without gravity separation, so that the samples are
      representative of the formation being drilled through at any given time.
CLMS
STM  We claim:
NUM  1.
PAR  1. An airhammer for use in applying successive percussive blows to a
      percussive drill bit for taking core sample material from the bottom end
      of a bore hole while drilling the bore hole, said airhammer including a
      housing, an airhammer piston reciprocable in said housing, valve means for
      alternately directing air to opposite ends of said airhammer piston and
      exhausting air therefrom, a core tube extending longitudinally and
      centrally through said housing and said airhammer piston, first means for
      conducting exhaust air from the interior of said housing to the exterior
      of said housing, and second means separate from said first means for
      conducting a portion of the air supplied to said airhammer directly to the
      interior of said core tube to convey core material upwardly therethrough.
NUM  2.
PAR  2. An airhammer as defined in claim 1; said valve means including a valve
      tube surrounding said core tube and forming an annular passage
      therebetween for conducting air to said second conducting means.
NUM  3.
PAR  3. An airhammer as defined in claim 1; said second means for conducting a
      portion of the air directly to said core tube including an air tube
      concentric with and surrounding said core tube to define an annular air
      passage therebetween.
NUM  4.
PAR  4. An airhammer as defined in claim 1, said second means for conducting a
      portion of the air directly to said core tube including an air tube
      extending within said piston and surrounding said core tube to define an
      annular passage between said air tube and core tube.
NUM  5.
PAR  5. An airhammer as defined in claim 1; said valve means including a valve
      tube surrounding said core tube and forming a first annular passage
      therebetween, said second means for conducting a portion of the air to
      directly said core tube including an air tube concentric with surrounding
      said core tube to define a second annular passage therebetween
      communicating with said first annular passage, said air tube being secured
      to said valve tube.
NUM  6.
PAR  6. An airhammer as defined in claim 1; said valve means including a valve
      tube surrounding said core tube and forming a first annular passage
      therebetween, said second means for conducting a portion of the air
      directly to said core tube including an air tube extending within said
      piston, said air tube being concentric with and surrounding said core tube
      to define a second annular passage therebetween communicating with said
      first annular passage.
NUM  7.
PAR  7. An airhammer as defined in claim 1; said second means for conducting a
      portion of the air to said core tube including an air tube concentric with
      and surrounding said core tube to define an annular air passage
      therebetween, said core tube having ports spaced circumferentially thereof
      and leading at an angle from said air passage into said core tube in the
      direction of movement of the core material.
NUM  8.
PAR  8. An airhammer as defined in claim 1; said valve means including a valve
      tube surrounding said core tube and forming a first annular passage
      therebetween, said second means for conducting a portion of the air
      directly to said core tube including an air tube concentric with and
      surrounding said core tube to define a second annular passage therebetween
      communicating with said first annular passage, said air tube being secured
      to said valve tube, said core tube having ports spaced circumferentially
      thereof and leading at an angle from said second annular passage into said
      core tube in the direction of movement of the core material.
NUM  9.
PAR  9. An airhammer as defined in claim 1; said valve means including aa valve
      tube surrounding said core tube and forming a first annular passage
      therebetween, said second means for conducting a portion of the air
      directly to said core tube including an air tube extending within said
      piston, said air tube being concentric with and surrounding said core tube
      to define a second annular passage therebeween communicating with said
      first annular passage, said air tube being secured to said valve tube,
      said core tube having ports spaced circumferentially thereof and leading
      at an angle from said second annular passage into said core tube in the
      direction of movement of the core material.
NUM  10.
PAR  10. An airhammer as defined in claim 1; said valve means including a valve
      tube surrounding said core tube and forming an annular passage
      therebetween for conducting air to said second conducting means, said
      valve means including coacting first valve portions on said valve tube and
      piston and second valve portions on said piston and housing, said valve
      tube having an inlet leading from said annular passage to said first valve
      portions.
NUM  11.
PAR  11. An airhammer as defined in claim 1; in combination with a core bit
      carried by said airhammer housing and having an anvil engageable by said
      airhammer piston, said bit having a central core opening communicating
      with said core tube, and core cutting means disposed about said core
      opening.
NUM  12.
PAR  12. An airhammer as defined in claim 1; in combination with a core bit
      carried by said airhammer housing and having an anvil engageable by said
      airhammer piston, said bit having a central core opening communicating
      with said core tube, and core cutting means disposed about said core
      opening, including a cutter ring for shaping the core material to fit said
      opening.
NUM  13.
PAR  13. An airhammer for use in applying successive percussive blows to a
      percussive drill bit for taking core sample material from the bottom end
      of a bore hole while drilling the bore hole, said airhammer including a
      housing, an airhammer piston reciprocable in said housing, valve means for
      alternately directing air to opposite ends of said airhammer piston and
      exhausting air therefrom, a core tube extending longitudinally and
      centrally through said housing and said airhammer piston, and means for
      conducting a portion of the air supplied to said airhammer to said core
      tube to convey core material therethrough; said valve means including a
      valve tube surrounding said core tube and forming a first annular passage
      therebetween, said means for conducting a portion of the air to said core
      tube including an air tube concentric with said core tube to define a
      second annular passage therebetween communicating with said first annular
      passage, said air tube being secured to said valve tube, said valve means
      including coacting valve portions on said valve tube and piston and on
      said piston and housing, said valve tube having an inlet leading from said
      first annular passage to said valve portions, said valve means further
      including a third annular passage between said air tube and piston through
      which exhausting air can flow.
NUM  14.
PAR  14. An airhammer as defined in claim 13; said core tube having ports spaced
      circumferentially thereof and leading at an angle from said second annular
      passage into said core tube in the direction of movement of the core
      material.
NUM  15.
PAR  15. An airhammer for use in applying successive percussive blows to a
      percussive drill bit for taking core sample material from the bottom end
      of a bore hole while drilling the bore hole, said airhammer including a
      housing, an airhammer piston reciprocable in said housing, valve means for
      alternately directing air to opposite ends of said airhammer piston and
      exhausting air therefrom, a core tube extending longitudinally and
      centrally through said housing and said airhammer piston, and means for
      conducting a portion of the air supplied to said airhammer to said core
      tube to convey core material therethrough; in combination with a core bit
      carried by said airhammer housing and having an anvil engageable by said
      airhammer piston, said bit having a central core opening communicating
      with said core tube, and core cutting means disposed about said core
      opening, said means for conducting a portion of the air to said core tube
      including an air tube concentric with said core tube to define an annular
      air passage therebetween, said core tube having ports spaced
      circumferentially thereof and leading at an angle from said air passage
      into said core tube in the direction of movement of the core material,
      said core tube and air tube extending into said core bit and terminating
      adjacent said central core opening.
NUM  16.
PAR  16. An airhammer as defined in claim 15; and core cutting means including a
      cutter ring for shaping the core material to fit said opening.
NUM  17.
PAR  17. An airhammer for use in applying successive percussive blows to a
      percussive drill bit for taking core sample material from the bottom end
      of a bore hole while drilling the bore hole, said airhammer including a
      housing, an airhammer piston reciprocable in said housing, valve means for
      alternately directing air to opposite ends of said airhammer piston and
      exhausting air therefrom, a core tube extending longitudinally and
      centrally through said housing and said airhammer piston, and means for
      conducting a portion of the air supplied to said airhammer to said core
      tube to convey core material therethrough; in combination with a core bit
      carried by said airhammer housing and having an anvil engageable by said
      airhammer piston, said bit having a central core opening communicating
      with said core tube, and core cutting means disposed about said core
      opening, said valve means including a valve tube surrounding said core
      tube and forming a first annular passage therebetween, said means for
      conducting a portion of the air to said core tube including an air tube
      concentric with said core tube to define a second annular passage
      therebetween communicating with said first annular passage, said air tube
      being secured to said valve tube, said core tube and air tube extending
      into said core bit and terminating adjacent said central core opening.
NUM  18.
PAR  18. An airhammer for use in applying successive percussive blows to a
      percussive drill bit for taking core sample material from the bottom end
      of a bore hole while drilling the bore hole, said airhammer including a
      housing, an airhammer piston reciprocable in said housing, valve means for
      alternately directing air to opposite ends of said airhammer piston and
      exhausting air therefrom, a core tube extending longitudinally and
      centrally through said housing and said airhammer piston, and means for
      conducting a portion of the air supplied to said airhammer to said core
      tube to convey core material therethrough; in combination with a core bit
      carried by said airhammer housing and having an anvil engageable by said
      airhammer piston, said bit having a central core opening communicating
      with said core tube, and core cutting means disposed about said core
      opening, said valve means including a valve tube surrounding said core
      tube and forming a first annular passage therebetween, said means for
      conducting a portion of the air to said core tube including an air tube
      concentric with said core tube to define a second annular passage
      therebetween communicating with said first annular passage, said air tube
      being secured to said valve tube, said valve means including coacting
      valve portions on said valve tube and piston and on said piston and
      housing, said valve tube having an inlet leading from said first annular
      passage to said valve portions, said valve means further including a third
      annular passage between said air tube and piston through which exhausting
      air can flow, said core tube and air tube extending into said core bit and
      terminating adjacent said central core opening.
NUM  19.
PAR  19. An airhammer as defined in claim 18; including a cuttter ring for
      shaping the core material to fit said opening.
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PAL  Disclosed herein is a rotary-percussion earth boring bit that has an
      improved geometric configuration to minimize fatigue failures and reduce
      manufacturing costs. The body of the bit is formed of a single mass of
      metal through which extends a single air course, without intermediate
      deflection or intersection, from a central portion of the upper, anvil
      surface to the face of the bit. The air course intersects this face in an
      off-set relationship with the axis of rotation of the bit. Button type
      inserts are included in the face and one insert is adjacent to both the
      air course and the centerline of the bit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to improved rotary-percussion earth
      boring bits and in particular to improvements in the geometric
      relationship of the bit and the air course arrangement to minimize fatigue
      failures and to reduce costs of manufacture.
PAR  2. Description of the Prior Art
PAR  The first known commercially successful rotary-percussion earth boring bit
      of the type having button inserts is described in U.S. Pat. No. 3,185,228,
      which issued to Joseph L. Kelly, Jr. on May 25, 1965. While such bits have
      been commercially successful, fatigue failures often occur before the
      button inserts serve their useful life. Fatigue failures may occur in a
      mid-region of the body of the bit, where cross-sectional areas vary to
      provide torque transmission means such as splines used to rotate the bit.
      Other fatigue failures occur in a lower region of the bit body, commonly
      near the intersection of passages through which air flows to cleanse
      cuttings from the bottom of the borehole.
PAR  A number of solutions to the above fatigue failure problem have been
      suggested in the prior art. Large radii have been used at surface
      intersections to minimize stress concentrations. Air courses have been
      reamed or ground to minimize stress raising machine marks or other
      imperfections. The number of air courses has been decreased. As shown in
      U.S. Pat. No. 3,791,462, which issued to Alfred R. Curington on Feb. 12,
      1974, a single air course of two drilled holes which intersect near the
      mid-region of the bit has been proposed. A similar air course construction
      is shown in the U.S. Pat. No. 2,579,268, which issued to Johannes A. S.
      Malherbe on Dec. 18, 1951. Previously, one central air course, coaxial
      with the axis of rotation of the bit, was utilized but discontinued due to
      its inability to remove the earth at the center of the borehole. As a
      consequence, fluid flow was restricted through the air course and the
      effectiveness of the air operated hammer, which drove the bit, was
      diminished.
PAC  SUMMARY OF THE INVENTION
PAR  One of the objects of this invention is to provide an improved geometric
      configuration for a rotary-percussion earth boring bit such that the air
      course construction eliminates all intersections or intermediate
      deflections located between the bevels to the upper anvil surface and the
      lower transverse face of the bit. Another object is to utilize this air
      course construction in a bit body of a single mass of metal to eliminate
      intersection of the air course with any intermediate surface that would
      otherwise result if the bit were formed of two pieces. An additional
      object is to provide a geometric relationship between the intersection of
      the air course with the face of the bit and at least one button insert to
      improve earth disintegration and cuttings removal from the central region
      of the borehole. Another object is to simplify manufacturing and reduce
      costs. In accordance with these objects the body of the bit has torque
      transmission means such as splines on an upper region, which terminates in
      an upper anvil surface to receive successive impacts from a fluid operated
      hammer. An enlarged lower region with a transverse face, containing button
      type inserts, is formed on the bit, and the body is formed of a single
      mass of metal. A single air course extends without intermediate deflection
      or intersection from a central portion of the anvil surface into
      intersection with an off-set portion of the transverse face. Best results
      are often obtained if the off-set equals one-half the diameter of the
      hole. This permits at least one button insert being positioned in the face
      adjacent the air course and the axis of rotation of the bit. Consequently,
      coring of the formation at the center of the borehole bottom is prevented;
      air flow remains unrestricted; manufacturing costs are reduced; fatigue
      failures diminish. Other objects, features and advantages will become
      apparent hereinafter.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view as seen looking obliquely from a corner on the
      lower region of the bit body to show the preferred relationship of the
      transverse face of the bit with the button type inserts and the location
      of the air course.
PAR  FIG. 2 is a cross-sectional view of the bit shown in FIG. 1, except some
      inserts have been moved to show their relative positions during rotation
      of the bit.
PAR  FIG. 3 is a bottom view of the bit shown in FIG. 1.
PAR  FIG. 4 is a top view of the top view of the bit shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring initially to FIG. 1 of the drawing, a rotary percussion type
      earth boring bit is shown in perspective and includes on an upper region
      torque transmission means in the form of spline 11, 13 separated by a
      cylindrical surface 15. Splines 11, 13 are adapted to be assembled with
      mating splines in the housing (not shown) of a motor having a fluid driven
      reciprocating piston that periodically engages an anvil upper surface 17.
      It is conventional for a split ring (not shown) to be assembled around the
      cylindrical surface 15 between the splines 11, 13 to engage shoulders in
      the housing and retain the bit for reciprocation and rotation. Such
      arrangements are well known in the art and the invention is not limited to
      use with any particular form of housing or motor.
PAR  The bit also includes an enlarged lower region 18 that terminates in a
      transverse face 19 containing a plurality of button type inserts 21. The
      term "button type insert" refers to those wear resistant inserts described
      in the previously mentioned U.S. Pat. No. 3,185,228. Commonly, such
      inserts are constructed of sintered tungsten carbide and are well known in
      the art.
PAR  The body of the bit is constructed of a single mass of metal through which
      extends a single air course, which intersects the central portion of the
      upper, anvil surface 17 with a bevel 25. Preferably the central axis of
      the air course and the central axis of the bit body intersect on the anvil
      surface. From the anvil surface 17 the air course 23 extends obliquely
      until it intersects the transverse face 19 in an offset portion, meaning
      that the center of the resulting aperture on the face of the bit is offset
      from the axis of rotation or centerline of the bit. A bevel 27 is
      preferably formed at this intersection also. For the bit shown the offset
      is about one-half the diameter of the air course 23.
PAR  There is preferably at least one button type insert 29 positioned in the
      space 19 adjacent to the air course 23 and to the axis of rotation of the
      bit. The remaining inserts are distributed to cooperatively cover, during
      rotation, the borehole bottom, as indicated in FIG. 2. An outer or heel
      row of inserts 31 are spaced about the circumference of the bit and have
      between selected ones of them adjacent inserts 33. Each of the inserts 31,
      33 protrude from a conical surface 35 that forms a portion of the
      transverse face 19. Between each of the compacts 31 is formed a return air
      course 37, which like the outer row of inserts 31 are spaced about the
      circumference of the bit. The inserts are inserted in matching drilled
      holes with interference fit in the manner well known in the art.
PAR  It should be apparent from the foregoing description that an invention
      having significant advantages has been provided. The use of a single air
      course 23 extending from the upper, anvil surface 17 to the transverse
      face 19 without any intermediate intersection or deflection (except for
      entrance bevels 25, 27) eliminates any possibility of stress raisers being
      formed as a result of such intermediate intersections. If two or more
      drilled holes are used to form even a single air course, their
      intersection creates stress raising irregularities, which even if small
      are detrimental.
PAR  The body of this type of bit is subjected during operation to stress waves
      of large magnitude that begin with each hammer blow at the upper anvil
      surface and proceed at the speed of sound in metal throughout the body to
      the transverse face 19. Any change of geometry within the body causes
      deflection of these stress waves and also the concentration of stresses at
      surface intersections. With respect to two holes drilled from either end
      of the bit, which intersect, the problem is aggravated because
      manufacturing methods and procedures do not always permit perfectly smooth
      juncture between the two. Thus, minute steps or grooves are created.
      Frequently in the prior art an attempt is made to eliminate such
      irregularities by reaming or grinding, but complete removal is difficult
      to achieve. The utilization of a single air course 23 without intersection
      or deflection solves the problem caused by the intersection of two or more
      holes and minimizes the related problem of fatigue failures. Also, the use
      of a single air course results in less abrupt changes in cross-sectional
      area along the length of the bit body. Abrupt changes in cross-sectional
      area tend to concentrate stresses and are therefore to be minimized.
PAR  Furthermore, the use of the single air course 23 that is skewed such that
      its intersection with the transverse face 19 is offset relative to the
      centerline of the bit enables the use of one insert 29 positioned in the
      face adjacent both the air course and the axis of the rotation of the bit.
      This results in more complete removal of cuttings from the center region
      of the borehole bottom, a large supporting section of metal for the
      insert, and the provision of a transverse face with a minimum number of
      apertures. It in addition prevents the development of a core in the center
      of the bottom of the borehole. Such cores can plug the air course and
      prevent successful hammer operation. Stresses throughout the lower portion
      of the bit are more nearly equalized. This helps prevent the premature
      breakage of certain, otherwise overloaded inserts and their supporting
      metal.
PAR  While the invention has been shown in only one of its forms, it should be
      apparent to those skilled in the art that it is not so limited but is
      susceptible to various changes and modifications without departing from
      the spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved geometric configuration for a rotary-percussion earth boring
      bit that includes a body having torque transmission means on an upper
      region, an anvil upper surface and an enlarged lower region with a
      transverse face containing button type inserts, the improvement comprising
      the formation of the body of a single mass of metal, a single cylindrical
      air course extending without deflection or intermediate intersection from
      a central portion of the anvil surface into intersection with an offset
      portion of the transverse face, and at least one insert positioned in the
      face adjacent said air course and the axis of rotation of the bit.
NUM  2.
PAR  2. An improved geometric configuration for a rotary-percussion earth boring
      bit that includes a body having torque transmission means on an upper
      region, an anvil upper surface and an enlarged lower region with a
      transverse face containing button type inserts, the improvement comprising
      the formation of the body of a single mass of metal, a single cylindrical
      air course drilled from one end of the bit body extending without
      deflection or intermediate intersection from a central portion of the
      anvil surface into intersection with an offset portion of the transverse
      face, and at least one insert positioned in the face adjacent said air
      course and the axis of rotation of the bit.
NUM  3.
PAR  3. An improved geometric configuration for a rotary-percussion earth boring
      bit that includes a body having torque transmission means on an upper
      region, an anvil upper surface and an enlarged lower region with a
      transverse face containing button type inserts, the improvement comprising
      the formation of the body of a single mass of metal, a single cylindrical
      air course extending without deflection or intermediate intersection from
      a central portion of the anvil surface into intersection with an offset
      portion of the transverse face, the off-set equalling about one-half the
      diameter of the air course, and at least one insert positioned in the face
      adjacent said air course and the axis of rotation of the bit.
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PAL  A compact, light weight and easily detachable power unit for driving a golf
      bag cart by means of an electric motor carried by the unit. The unit
      includes an articulated frame having an attaching portion which is quickly
      attachable to or detachable from the frame of the golf bag cart and this
      attaching frame also carries the battery. The articulated frame also
      includes a motor and wheel driving frame which is pivotally mounted to the
      attaching frame about a generally vertical axis and extends generally
      downwardly and rearwardly therefrom and has a ground wheel at the lower
      end thereof for castering relative to the attaching frame. An electrical
      control circuit includes an electric motor carried by the wheel driving
      frame and also includes the battery, a transistor, a resistor, and a
      manually operated variable resistor controller on the golf bag cart to
      infinitely vary the driving speed of the motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There have been numerous attempts to provide compact power units for
      attachment to a golf bag cart and a number of these have proven to be
      satisfactory to some extent. On the other hand, some of them have had
      shortcomings which included the inability to easily turn and maneuver the
      golf cart, particularly on cramped to close quarters. Examples of one type
      of these prior art devices are shown in the U.S. Pat. Nos. 2,903,082,
      issued Sept. 8, 1959; U.S. Pat. No. 3,094,185 issued June 18, 1963;
      3,561,555 issued Feb. 9, 1971; and 3,815,699 issued June 11, 1974. These
      attachments combined the drive wheels, battery and motor onto one frame,
      which frame was then attached rigidly to the frame of the golf cart.
PAR  Other examples of prior art devices of this generaly character are shown in
      the U.S. Pat. Nos. 3,199,621 issued Aug. 10, 1965; and 3,330,371 issued
      July 11, 1967. The devices shown in these two patents had the driven
      wheels and the power units therefor mounted on one frame, which frame was
      then swivelly or swingably mounted to the frame of the golf bag cart.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides a detachable power unit for a golf bag cart
      which has an articulated frame that is quickly detachable to the golf bag
      cart. The frame includes an attaching frame which carries the battery and
      which is detachably connected at transversely spaced locations to the golf
      bag cart, for example to the transverse axis of the wheels of the golf bag
      cart. The articulated frame also includes a motor and wheel driving frame
      which supports an electric motor, the driving wheel, and gear and chain
      connection means between the electric motor and driving wheel. The motor
      and wheel driving frame is pivoted to the attaching frame about a
      generally vertical axis and the wheel driving frame extends downwardly and
      rearwardly from its pivot connection to the attaching frame, thus
      providing a castering effect for the driving wheel. An electrical control
      circuit is provided which includes the battery and electric motor, a fixed
      resistor, a transistor, and furthermore includes a manually operated
      variable speed controller, including a variable resistor, on the cart
      whereby the speed of the electric motor and consequently the speed of the
      driving wheel can be infinitely varied within its design limits.
PAR  The present invention provides a particularly maneuverable and easily
      handled detachable power unit for a golf bag cart and which is under
      positive and precise control of the operator at all times. The unit can be
      quickly disassembled from the golf bag cart and the articulated frame can
      furthermore be disassembled so that the attaching frame and its battery
      are separate from the motor and wheel driving frame.
PAR  These and other objects and advantages of the present invention will appear
      hereinafter as this disclosure progresses, reference being had to the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a detachable power unit made in accordance
      with the present invention and attached to a conventional golf bag cart;
PAR  FIG. 2 is a perspective view of the power unit shown in FIG. 1, but on an
      enlarged scale, certain parts being shown as broken away or removed for
      the sake of clarity, and the caster wheel being shown as turned relative
      to the attaching frame;
PAR  FIG. 3 is a perspective, fragmentary view of the arrangement shown in FIG.
      2, and showing the attaching frame and motor and wheel driving frame in
      exploded position;
PAR  FIG. 4 is another perspective view of the unit shown in FIG. 2, but from
      the opposite side thereof and certain parts being shown as removed for the
      sake of clarity;
PAR  FIG. 5 is a general view taken generally along the line 5--5 in FIG. 4,
      certain parts shown as broken away or in section;
PAR  FIG. 6 is a cross sectional enlarged view of the manual controller shown in
      FIG. 1; and
PAR  FIG. 7 is an electrical diagram of the control circuit used with the
      present invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The power unit provided by the present invention is shown in FIG. 1 as
      attached to a conventional cart C which includes a pair of ground support
      wheels 1 and 2 that are journalled at opposite ends of the transversely
      positioned shaft means 3, which means in turn is rigidly attached to the
      frame 4 of the cart. The cart also includes a rearwardly extending handle
      5 on the upper end of which is a manually operated variable controller 6
      to be described in further detail.
PAR  The detachable power unit U itself is also shown in FIGS. 2 and 4 and
      includes an attaching frame 10 having a transversely positioned member 11
      that can be positioned parallel to and behind shaft means 3 of the golf
      bag cart. Means are provided on the member 11 for detachably and quickly
      connecting the unit to the golf bag cart, and this means includes an eye
      bolt 12 extending through each of opposite ends of the member 11. A spring
      14 is mounted on the eye bolt and is held captive thereon by means of an
      end collar 15 and this spring acts to draw the eye portion of the bolt
      firmly towards the member 11. The eye of the bolt is of sufficient
      diameter and has a sufficient opening 16 (FIG. 2) so as to receive the
      shaft means 3 and the spring 14 then embraces the shaft means 3. Thus, the
      transversely arranged and widely spaced spring loaded attaching means
      permits easy attachment of the unit to the conventional golf bag cart.
      When the operator is walking with the motorized cart and holding the cart
      by its handle 5, the handle can be swung to a convenient position about
      the shaft means 3 and otherwise independently of the power unit U.
PAR  The attaching frame 10 also includes a generally rectangular frame portion
      18 in which the battery B is supported. The attaching frame also includes
      an upwardly and rearwardly extending portion 19 that has a generally
      vertically arranged sleeve means 20 fixed at the upper, rearward end
      thereof, including an inner sleeve 21.
PAR  The articulated frame of the power unit also includes a generally
      downwardly and rearwardly extending motor and wheel driving frame 29
      comprising a generally vertically arranged shaft 30 which is journalled in
      the sleeve means 20 to form a generally vertical pivot axis therewith and
      between the attaching frame and driving frame. The driving frame also
      includes a pair of laterally spaced apart, downwardly and rearwardly
      extending frame members 32 and 33 arranged in parallelism and having a
      cross member 35 welded therebetween and to which the vertical shaft 30 is
      also rigidly attached. A sprocket shaft 36 is rotatably journalled in and
      between the parallel members 32 and 33 and a rubber tired ground, driving
      wheel W is also journalled in and between the lower ends of the members 32
      and 33 by suitable anti-friction bearing means 34 of conventional
      character.
PAR  An electric motor M is mounted on the driving frame by means of the bracket
      38 (FIG. 4). Gear and endless roller chain means are connected between the
      electric motor M and drive wheel W as follows. A small drive sprocket 40
      is attached to the motor shaft and an endless roller chain 41 is trained
      around sprocket 40 and also around a larger sprocket 42 which is fixed to
      the shaft 36. A smaller sprocket 44 is also fixed to shaft 36 and an
      endless chain 46 is trained around sprocket 44 and also around a large
      sprocket 48 that is fixed with wheel W. Consequently, the endless chain
      and sprocket connected between electric motor M and wheel W forms a speed
      reduction device and thereby the motor drives the wheel in accordance with
      the speed of the variable speed motor.
PAR  An electrical control circuit as shown in FIG. 7 is provided for the power
      unit and this circuit includes, for example, the storage battery B which
      may be of the 12 volt d.c. type, a fuse 50 which may be of a 20 ampere
      rating, the variable speed d.c. type electric motor M, a fixed resistor
      52, a variable resistor 53, and a transistor 54. The positive terminal B1
      of the battery B is connected through fuse 50 to terminal M1 of motor M by
      means of a conductor L1. The negative terminal B2 of battery B is
      connected through the collector-emitter circuit (c, e) of transistor 54 to
      terminal M2 of motor M by a conductor L2. The base b of transistor 54 is
      connected in series with fixed resistor 52, a conductor 59, variable
      resistor 53 and a conductor 60 to a point on conductor L1 between battery
      terminal B1 and motor terminal M1. The emitter-collector circuit of
      transistor 54 (which, for example, is an NPN type silicon power transistor
      operable in the twelve volt range and capable of handling up to 30 amperes
      of current) is normally open but is switchable to a conductive state when
      a biasing signal is applied to its base terminal b from battery B by
      manipulation of variable resistor 53. As FIG. 2 shows, transistor 54 is
      mounted on a heat sink 63 which in turn is mounted on frame member 33. As
      the resistance of variable resistor 53 is decreased, the bias on the base
      of transistor 54 is correspondingly increased and the current flow through
      the emitter-collector circuit of transistor 54 is increased to increase
      the speed of motor M. Thus, changing the bias on transistor 54 by means of
      variable resistor 53 regulates the speed of motor M which is thus
      infinitely variable within the motor's design limits. The circuit also
      includes the manually operated hand control 6, previously mentioned, as
      being located on the end of the cart handle 5 and in which variable
      resistor 53 is embodied. Handle 5 and hand control 6 are shown in detail
      in FIG. 6 and hand control 6 includes a tubular handle portion 56, formed
      of electrically conductive metal, and a shiftable plunger portion 57 made
      of plastic and having a bare-wire resistance winding 58 of variable
      resistor 53 wound therearound, which winding is connected at one end by
      wire 59 into the circuit as shown in FIG. 7. The wire 60 shown in FIGS. 6
      and 7 is attached and electrically connected by a screw 67 to a conductive
      metal plug 64 friction-fitted in tube 56 of the handle 6. Thus, wire 60 is
      electrically connected to a spring type pick-off finger 62 which is also
      part of variable resistor 53 and contacts the winding 58 at a desired
      location, depending on the position of the plunger 57. Shifting of the
      plunger 57 is normally biased upward (with respect to FIG. 6) by a coiled
      biasing spring 61 to a position wherein finger 62 is not engaged with
      winding 58 and in this open-circuit position no bias is applied to
      transistor 54 and motor M is deenergized. Consequently, the operator only
      has to push the plunger 57 downwardly with his finger, for example, to
      initially close the circuit (to bias transistor 54 on) and to gradually
      decrease the resistance value of resistor 53 and thereby increase the
      speed of motor M and the drive wheel W. The speed of motor M is thus
      infinitely variable within its design limits. To facilitate separation of
      the attaching frame 10 and the driving frame 29, the conductors L1 and L2
      are provided with a separable connector 65. To facilitate separation of
      frame 29 from the golf cart, the conductors 59 and 60 are provided with a
      separable connector 66. As FIG. 7 makes clear, when the frames 10 and 29
      are detached from the golf cart, the only electrical component remaining
      on the cart is the control handle 6, its conductors 59, 60, and a portion
      of plug or connector 66. Furthermore, it is advantageous to deploy the
      electrical components as shown in FIG. 7, both from a weight distribution
      standpoint, as well as from an electrical standpoint. For example, when
      the golf cart and the frames 10 and 29 are separated, accidental damage to
      the wiring on the cart or on unit 29 cannot cause a short circuit or a
      drain on battery B. On the other hand, when in service, unit 10 is
      electrically insulated from unit 29 by the inner sleeve 21 which is formed
      of low friction material which also serves as an electrical insulator
      between the units. Furthermore, it is more advantageous from the heat
      dissipation standpoint for the transistor heat sink 63 to be located on
      unit 29 rather than on unit 10 because battery B may itself give off heat
      to frame 10 during prolonged use at high current levels.
PAR  The detachable power unit provided by the present invention thus has an
      articulated frame comprised of an attaching frame and a driving frame
      which are closely coupled together about a generally vertical pivot axis.
      The golfer can easily turn and maneuver the entire unit by simply swinging
      the handle 5 in a desired direction which causes castering of the motor
      and wheel driving frame in an appropriate direction, the unit being under
      driving influence of the wheel at all times. The entire unit can be
      quickly attached or detached from the standard wheel shaft means 3 of the
      wheel cart C and its widely spaced detaching means 12 provide good
      stability for the unit on the cart. The unit itself can be disassembled by
      simply lifting the attaching frame upwardly off the shaft 30 of the wheel
      driving frame, and the wheel drive frame can then be conveniently carried
      by the handle 19 which is swingably mounted at the upper end of the frame.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination, a golf cart having a handle and a pair of laterally
      spaced-apart ground engaging wheels; and a detachable power unit for said
      golf cart comprising:
PA1  an attaching frame;
PA1  first pivotal attachment means at one end of said attaching frame for
      detachably connecting said attaching frame to said golf cart and to enable
      relative pivotal movement between said attaching frame and said golf cart
      about a horizontal axis;
PA1  a driving frame;
PA1  second pivotal attachment means at an opposite end of said attaching frame
      for detachably connecting said driving frame to said attaching frame and
      to enable relative pivotal movement between said driving frame and said
      attaching frame about a vertical axis, said second pivotal attachment
      means comprising a sleeve and a shaft and electrically non-conductive
      bearing means between said sleeve and said shaft to electrically insulate
      said attaching frame from said driving frame;
PA1  an electrical battery rigidly and stationarily mounted on said attaching
      frame between said ends;
PA1  a ground wheel journalled for rotation on said driving frame rearwardly of
      said second pivotal attachment means, said driving frame being swingably
      mounted on said bearing means about said vertical axis to provide a
      castering effect for said wheel as said golf cart and power unit are
      steered by said handle;
PA1  an electric motor carried on said driving frame;
PA1  and drive means on said driving frame connecting said motor and said
      wheels.
NUM  2.
PAR  2. A combination according to claim 1 wherein said first pivotal attachment
      means comprises a pair of laterally spaced-apart attachment members.
NUM  3.
PAR  3. A combination according to claim 2 wherein said driving frame is
      inclined generally rearwardly and downwardly from said second pivotal
      attachment means and wherein said ground wheel is journalled for rotation
      near the lower end of said inclined driving frame.
NUM  4.
PAR  4. A combination according to claim 1 wherein said sleeve is mounted on
      said attaching frame and said shaft is mounted on said driving frame.
NUM  5.
PAR  5. A combination according to claim 1 including electrical control means
      for energizing said motor from said battery and for regulating the speed
      of said motor, said control means comprising:
PA1  a power transistor mounted on said driving frame and connected in curcuit
      with said motor;
PA1  a manually operable controller mounted on said handle of said golf cart and
      including an on-off switch and a variable resistor for regulating the
      speed of said motor;
PA1  electrical conductors for operatively connecting said battery, said motor,
      said transistor and said controller;
PA1  and detachable connectors in said conductors to facilitate detachment of
      said golf cart, said attaching frame and said driving frame.
NUM  6.
PAR  6. A combination according to claim 5 wherein said electrical conductors
      comprise, a first conductor for connecting one terminal of said motor to
      one terminal of said battery, a second conductor for connecting the other
      terminal of said battery to the emitter collector circuit of said
      transistor, a third conductor for connecting the base of said transistor
      to one side of said controller, a fourth conductor for connecting the
      other side of said controller to a point on said second conductor, and
      wherein said detachable connectors are provided in said first, second,
      third and fourth conductors to facilitate detachment of said golf cart,
      said attaching frame and said driving frame.
NUM  7.
PAR  7. A combination according to claim 6 wherein said manually operable
      control means comprises a hollow tubular electrically conductive housing,
      a plunger axially movable within said housing and having a portion formed
      of electrical insulating material, biasing means within said housing and
      engageable with said plunger and tending to bias the latter to a position
      outwardly of said housing, a winding of electrical resistance wire rigidly
      mounted on said insulated portion of said plunger and extending axially
      therealong, and an electrically conductive pick-up member electrically and
      mechanically connected to said housing and slideably engageable with said
      winding at least when said plunger is depressed a predetermined distance
      against the bias of said biasing means, said winding and said pick-up
      member cooperatively related to define said variable resistor and said
      on-off switch means.
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ABST
PAL  A power transmission capable of transmitting power to both the front and
      rear sets of wheels of a vehicle, and also to automatically selectively
      transmit power to the slower rotating set of front or rear wheels. The
      transmission comprises an inner driving hub which acts through two
      interconnected sets of overrunning roller clutches to drive either or both
      of a forward and rear annular driven output member. The forward driven
      member is connected through a laterally extending chain drive to in turn
      drive a forwardly extending propeller shaft to transmit power to the front
      set of wheels to the vehicle. The rear driven member acts through a
      rearwardly extending propeller shaft to supply power to the rear set of
      wheels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to the field of four wheel drive
      power transmissions for vehicles, and more particularly to such
      transmissions which are capable of transmitting power to a slower set of
      wheels, while permitting free overrun of the faster traveling set of
      wheels.
PAR  2. Description of the Prior Art
PAR  There are in the prior art four wheel drive vehicles where all four wheels
      of the vehicle are in positive engagement with a power transmission. While
      such an arrangement is effective for a vehicle which is traveling over
      difficult terrain, it does have shortcomings. For example, when the
      vehicle is turning so that the front turning wheels are traveling in a
      wider radius than the rear wheels, since the rotational speed of all the
      wheels is the same by virtue of all the wheels being locked into the
      transmission, there is a scrubbing of the wheels. Further, it often
      happens that the several wheels of the vehicle have slightly different
      diameters due to greater wear of some of the tires. Thus, when the vehicle
      has left the rough terrain and remains in four wheel drive as it is
      cruising along a highway, there will be a scrubbing of the tire surfaces
      on the highway. This is due to the different linear rates of travel of the
      wheels, which results from the wheels all having the same rotational speed
      but slightly different diameters.
PAR  Thus, drive mechanisms have been devised which supply drive to only one set
      of wheels (usually the rear wheels), for normal cruise conditions, where
      the four wheels of the vehicle are traveling at nearly the same speed.
      However, in a situation where the driving set of wheels begin to overrun
      the non-driving set of wheels by some particular margin, the non-driving
      wheels become engaged to the power transmission to make up for the
      traction lost by the wheels that normally drive the vehicle. Sometimes
      this is done by providing the non-driving set of wheels with an
      overrunning clutch, and gearing the clutch to become engaged when a
      predetermined speed differential between the driving and non-driving
      wheels occurs. The disadvantage of this system is that unless the
      overrunning clutch is manually locked up, no four wheel drive will be
      obtained in reverse or under conditions of engine compression braking.
      Other systems of "Full Time" four wheel drive utilize a conventional
      differential to allow the front and rear drive shafts to deliver power
      while rotating at different speeds. These systems generally require a
      manual lock up device to prevent excessive wheel spin when encountering
      non-tractive surfaces.
PAR  Representative of prior art in the filed of this invention are the
      following patents: U.S. Pat. No. 2,835,143, Kelbel; U.S. Pat. No.
      2,959,237, Hill; U.S. Pat. No. 3,123,169 Young et al; U.S. Pat. No.
      3,295,625, Ordorica et al; and U.S. Pat. No. 3,481,436, Wilkowski.
PAR  Also, as possible prior art, the applicant herein is aware of possible
      prior attempts to take a more or less conventional positive drive
      overrunning differential and connect this to distribute power between the
      front and rear wheels of a vehicle. (Such positive drive differentials
      supply power to the slower rotating wheel, while permitting the faster
      rotating wheel to overrun.) However, to the best knowledge of the
      applicant herein, such an arrangement has not been developed commercially.
      Also, it entails difficulty in locating the rear propeller shaft so that
      it can be connected to a centrally located rear wheel differential.
PAR  Also known in the prior art are clutching mechanisms applied to vehicle
      wheel hubs, which utilize an inner cammed member, roller clutch elements,
      and an outer generally cylindrical member capable of overrunning the inner
      member. Typical of such devices are those shown in U.S. Pat. No.
      2,684,140; U.S. Pat. No. 2,884,101; U.S. Pat. No. 3,055,471, and U.S. Pat.
      No. 3,351,364. Also known in the prior art are various positive drive
      overrunning differential drive mechanisms, generally used to transmit
      power to the rear driving wheels of a vehicle. In such devices, there is a
      single driving member (usually an outer member) having cammed surfaces,
      two cylindrical driven members (usually inner members), and two sets of
      roller clutches for the two driven members. The roller clutch mechanisms
      are so arranged that the faster traveling of the two driven members is
      allowed to freely overrun, while power is delivered from the driving
      member to the slower moving driven member. Typical of such devices are
      those shown in U.S. Pat. No. 2,865,228; U.S. Pat. No. 2,966,075; U.S. Pat.
      No. 3,124,972; U.S. Pat. No. 3,173,309; U.S. Pat. No. 3,283,611; U.S. Pat.
      No. 3,447,396;  U.S. Pat. No. 3,581,597; and U.S. Pat. No. 3,700,082. It
      is noted that the aforementioned U.S. Pat. No. 2,865,228, Weismann,
      discloses two configurations, one of which has a single outer driven
      member which drives one or both of the cylindrical inwardly positioned
      members, and a second configuration (shown in FIG. 5 of that patent) where
      there is a single inner driving member adapted to drive one or both of two
      outer driven members. This latter configuration is arranged to drive a
      pair of adjacent double tires, and yet permit overrun of either of the
      tires, for example in the situation where the vehicle to which its tires
      are mounted is making a turn.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a power transmission for an automotive
      vehicle or the like, where power can be supplied to either or both of a
      front and rear set of wheels of the vehicle, while permitting a faster
      rotating set of wheels to overrun the other.
PAR  In the present invention, there is a transmission housing in which is
      rotatably mounted an inner driving member adapted to be connected to the
      power output from the vehicle engine, either directly or through a
      multi-speed power transmission. There is a first forward set and a second
      rear set of wedging clutch means mounted around said driving memeber so as
      to be able to be operatively engaged by cam surfaces of said driving
      member. Interconnecting the first and second wedging means is a cage means
      which permits only limited relative rotational movement between said first
      and second wedging means about the main axis of rotation of the driving
      member.
PAR  There is a first forward outer annular driven member having an interior
      generally cylindrical surface surrounding the first set of wedging means
      and arranged to engage the first set of wedging means in driving
      relationship with said driving member, and to be disengaged from the first
      set of wedging means in overrunning relationship with the driving member.
      The first driven member is operatively connected to a laterally extending
      output means, which in turn is adapted to engage a forwardly extending
      propeller shaft to power a forward set of wheels of the vehicle. The first
      driven member is mounted in journal bearings in a manner to resist the
      substantial lateral loading caused by the first driven member exerting a
      force through the laterally extending output means, and transmit such
      force into the transmission housing. In the preferred form this laterally
      extending output means is a chain and sprocket drive.
PAR  Additionally, there is a second rear outer annular driven member also
      having an interior generally cylindrical surface surrounding the second
      set of wedging means and arranged to engage the second set of wedging
      means in driving relationship with said driving member and to be
      disengaged from said second set of wedging means in overrunning
      relationship with said driving member. This second annular driven member
      is connected to second power output means adapted to be operatively
      connected to a rearwardly extending propeller shaft to supply power to the
      rear wheels of the automotive vehicle. This arrangement enables the
      rearwardly extending propeller shaft to be located along the longitudinal
      center line of the vehicle, so that it can conveniently be connected to a
      centrally located rear wheel differential. Thus, the force load on the
      second driven member is a torque load exerted about the common
      longitudinal axis of the transmission and the rearwardly extending
      propeller shaft.
PAR  As a further embodiment of the present invention, the power transmission of
      the present invention is utilized in combination with either a single
      positive drive overrunning differential (desirably positioned to transmit
      power to the rear set of wheels) or with two sets of positive drive
      overrunning differentials, one for the rear set of wheels and one for the
      front set of wheels. In the first form of this second embodiment, when
      power is delivered to the rear set of wheels, such power is delivered to
      the slower rotating of the two rear wheels. In the second form of the
      second embodiment, power is delivered to the wheel which is rotating at
      the slowest rate of speed of the four wheels. Thus, in the event that any
      three of the four wheels do not have proper traction, the fourth wheel
      that does have traction is still capable of driving the vehicle. Yet free
      overrun of any of the wheels is provided.
PAR  Other features of the present invention will become apparent from the
      following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a horizontal sectional view of the apparatus of the present
      invention.
PAR  FIG. 2 is a semi-schematic top plan view of a chassis of an automotive
      vehicle incorporating the apparatus of the present invention;
PAR  FIG. 3 is a fragmentary sectional view of a portion of one of the clutches
      of the present invention, and
PAR  FIG. 4 is an exploded view showing the main components of the transmission
      of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The apparatus of the present invention is generally designated 10 and is
      illustrated in FIG. 2 installed in an automotive vehicle 12. The vehicle
      12 comprises a chassis 14 to which are mounted front and rear sets of
      wheels 16 and 18, respectively. At the forward end of the vehicle 12 is an
      engine 20 which supplies power to the transmission apparatus 10. There are
      two output shafts connected to the transmission 10, a rearwardly extending
      propeller shaft 22 which transmits power to the rear wheels 18 through a
      rear end differential 24, and a laterally spaced forwardly extending
      propeller shaft 26 which transmits power to the front wheels 16 through a
      front differential 28.
PAR  The transmission apparatus 10 comprises a housing 30 positioned along the
      axial center line of the vehicle 12 just behind the engine 20, and having
      a laterally extending portion 32, which, as will be described more fully
      hereinafter, accomodates the laterally extending front wheel drive section
      of the transmission apparatus 10. Positioned in the forward central part
      of the housing 30 is a multispeed power transmission 34, which is or may
      be of conventional design. The particular multispeed transmission 34 shown
      herein is a prior art two-speed transmission, so it will be described only
      briefly herein.
PAR  The transmission 34 comprises a first spur gear 36 connected to the output
      shaft 38 of the conventional automotive transmission of the engine 20.
      There is a hollow counter shaft 40 having two gears integrally connected
      thereto, a forward gear 42 which meshes with the gear 36, and a rear gear
      44 that meshes with a gear 46 mounted for free rotation about the same
      longitudinal axis about which the gear 36 rotates. There is a slide
      mounted shifting gear 48 operated by a shifting fork 50 so as to be
      movable from its middle neutral position (shown in FIG. 1) to a forward
      position where it engages the gear 36, and to a rearward position where it
      engages the gear 46.
PAR  The output of the multispeed transmission is through a collar 52 formed
      integrally with the gear 48 and splined to a forward extension 54 of a
      power distribution input member 56. With the shifting gear 48 in its
      forward position, the drive is directly from the gear 36, through the
      shifting gear 48 and through the splined connection at 54 to the member
      56. With the shifting gear 48 in its rear position, the drive is from the
      gear 36 through the gear 42, gear 44 and gear 46 to the shifting gear 48,
      which in turn transmits the drive through the splined member 54 to the
      power distributing drive member 56.
PAR  The power distribution input member or drive member 56 comprises a main
      generally cylindrical hub or drive portion 58 having its circumferential
      surface formed with a plurality of longitudinally extending cam surfaces
      60. In addition, the drive member 56 has two cylindrical bearing portions
      62 and 64 connected to, respectively, the front and rear sides of the hub
      portion 58. As shown in FIG. 3, each of the cam surfaces 60 is uniform
      along its length and is formed moderately concave in transverse section.
PAR  Surrounding the drive portion 56 are forward and rear driven members 66 and
      68, respectively. Each of the driven members 66 and 68 has an interior
      cylindrical surface 70 which defines with the cammed outer surfaces 60 of
      the drive member 56 an annular space occupied by a wedging clutch
      mechanism, which in this embodiment is a roller clutch mechanism 72.
PAR  The roller clutch mechanism 72 comprises a first forward set of generally
      cylindrical roller clutch elements 74 mounted in a forward cage 76 and a
      rear set of roller clutch elements 78 mounted in a rear cage 80. As shown
      more clearly in FIG. 4, each of the cages 76 and 80 has a plurality of
      cutouts 82, each of which accomodates a related roller clutching element
      74 or 78. The adjoining edge portions of the two cages 76 and 80 are
      formed with a plurality of interengaging tangs 84, which cause the two
      cages 76 and 80 to rotate together, but permit limited relative rotational
      movement between the two cages 76 and 80. A pair of snap rings 85 are
      positioned around the proximate portion of the cages 76 and 80 to pilot
      the cages 76 and 80 with respect to the driven members 66 and 68. These
      pilot rings 85 also help hold the rollers and cages 74-80 in place during
      assembly.
PAR  A pair of friction rings 86 are provided one on the forward and one on the
      rear circumferential edge portions of the cages 76 and 80 to provide
      frictional engagement between the cages 76 and 80 and their adjacent
      respective driven members 66 and 68. The friction rings 86 also center the
      cages 76 and 80 relative to driven members 66 and 68. An effective means
      of obtaining proper frictional engagement of the rings 86 is to make the
      cages 76 and 80 slightly out of round. Thus, as the rings 86 wear
      slightly, the cages 76 and 80 continue to press the rings 86 into
      engagement with the driven members 66 and 68. Also, as indicated above,
      the center pilot rings 85 properly shape and position the middle
      interlocking portion of the cages 76 and 80.
PAR  From the foregoing description of the driving member 56, the driven members
      66 and 68, and the roller clutch assembly 72, it is readily apparent that
      the operation of these elements is such that power is delivered from the
      input member 56 to either or both of the driven members 66 and 68,
      depending upon the relative speed of rotation thereof. That is to say, in
      one mode of operation, with the driven members 66 and 68 rotating at the
      same rate of speed, both sets of roller clutch elements 74 and 78 become
      wedged between their respective cam surfaces 60 and the inner cylindrical
      surface of its related driven member 66 or 68. However, if one of the
      driven members 66 or 68 begins to rotate faster than the other, then its
      related roller clutch elements 74 or 78 are moved out of wedging
      engagement (shown in full lines in FIG. 3) to a free wheeling position
      centered in respective cam recesses (as shown in broken lines in FIG. 3),
      so that the overrunning member 66 or 68 is permitted to rotate free of any
      clutching engagement with the driving member 56. Since the two cage
      members 76 and 80 are interlocked by means of the tangs 84, the
      overrunning member 66 or 68 will not have its roller elements 74 or 78
      become engaged in the opposite direction so as to inhibit the free overrun
      of the driven member 66 or 68.
PAR  The forward driven member 66 has an inwardly extending annular portion 88
      which engages the aforementioned cylindrical forward extension of the
      driving member 56 through suitable bearing means 90. The forward driven
      member 66 also has a rearward annular extension 91 positioned around the
      rear driven member 68 and engaging the same through journal bearings 91A.
      The outer circumferential surface of the forward driven member 66 is
      formed with gear teeth 92 which mesh with a laterally extending power
      output in the form of a chain drive 94 which in turn engages a driven gear
      96 positioned laterally to the left of the driven member 66 and journal
      mounted in the lateral housing portion 32. This driven gear 96 in turn has
      a forward extension 98 having a splined connection at 100 to a rear
      portion 102 of a universal coupling 104. The coupling 104 is in turn
      connected to the forward propeller shaft 26 which, as described above,
      drives the front wheels 16 through the forward differential 28. Since the
      components 92-96 of the laterally extending power output exert a
      substantial lateral force against the forward driven member 66, it is
      essential that the bearing means 90 and 91A are adequate to resist such
      lateral loading so as to permit the forward set of clutch rollers 74 to
      have sufficient clearance to permit proper engagement and disengagement.
PAR  The rear driven member 68 has an inwardly extending annular portion 105
      which engages the aforementioned rear extension 64 of the driving member
      56 through a related roller bearing means 106. The rear driven member 68
      has a rearward shaft-like extension 108 that terminates in a power output
      in the form of a splined connection 110 with a forward portion 112 of a
      universal coupling 114 which is in turn connected to the aforementioned
      rear propeller shaft 22. It will be noted that the axis of rotation of the
      power output spline 112 is the same as that of the driving member 56 and
      of the output gear 48, with these coincident axes of rotation thus lying
      in the same vertical longitudinal plane, Thus, the loads on the rear
      driven member 68 are essentially torque loads exerted about the common
      longitudinal axis of rotation.
PAR  To describe the operation of the present invention, let it be assumed that
      the vehicle 12 is traveling over a highway or other ground surface in such
      a manner that the front and rear sets of wheels 16 and 18 are traveling at
      substantially the same speed. Under such conditions, both sets of roller
      clutch elements 74 and 78 will be in their engaged position so that power
      is transmitted to both of the power distribution driven members 66 and 68
      from the driving member 56. With the forward driven member 66 acting
      through the chain and sprocket drive 92-96 and through the front propeller
      shaft 26, power is supplied to the forward set of wheels 16. Also, the
      rear power distribution driven member 68 is being driven by the driving
      member 56 to supply power through the rear propeller shaft 22 to the rear
      wheels 18.
PAR  In the situation where the two front wheels 16 or the two rear wheels 18
      have a smaller average diameter than the other set of wheels (this usually
      occuring because of greater wear on either the front or rear sets of
      tires), the set of wheels which has the smaller average outer diameter
      (for the sake of example, the front wheels 16) will travel at a moderately
      greater rotational speed than the other set of wheels (in the present
      example the rear set of wheels 18). Under this set of conditions, the
      forward driven member 66 will tend to rotate moderately faster than the
      rear driven member 68. The result is that the forward driven member 66
      begins to overrun its roller clutching elements 74 and move out of driving
      engagement with the driving member 56. As described above, due to the
      interlocking relationship of the two cage members 76 and 80, there will be
      no opposite wedging action of the roller elements 74, and the front driven
      member 66 remains in non-clutching engagement so long as the front set of
      wheels 16 are rotating at a faster speed than the rear wheels 18. Further,
      the bearing means 90 and 91A maintain the driven member 66 properly
      positioned about its axis of rotation to permit the rollers 74 to move
      properly into non wedging position. The over all effect is that the
      vehicle 12 is traveling in essentially what is a two wheel drive, with the
      other set of tires free wheeling.
PAR  Let us now examine a third situation where the vehicle is traveling over a
      slick surface, where one or more of the tires are not in proper frictional
      engagement with the ground surface. For the sake of example, let it be
      assumed that the rear wheels 18 begin to slip. In that situation, the rear
      driven member 68 continues to rotate, but is transmitting less power to
      the rear wheels. At the same time, the forward driven member 66 remains
      engaged with its roller elements 74 to transmit the majority of the power
      to the front wheels 16. Thus, it can be appreciated that in the situation
      where either the forward or rear set of wheels 16 or 18 is not in proper
      frictional engagement with the ground surface, the majority of power is
      transmitted to the non-slipping set of wheels.
PAR  During conditions when power is transmitting from the wheels back to the
      engine, such as when descending a hill, then the function of the mechanism
      will be reversed. The rollers are wedged between their respective cam
      surfaces 60 and inner cylindrical surface of (what is now) its driver
      member 66 or 68. If one of its members 66 or 68 begins to rotate slower
      than the other, then its related roller clutch elements 74 or 76 are moved
      out of wedging engagement to a free wheeling position. The cage
      interlocking tangs 84 limit movement of the cages as previously described.
      It is obvious from the symmetry of the driving and driven members, that
      the mechanism will work equally well in the forward and reverse direction.
PAR  As a second embodiment of the present invention, either or both of the
      front and rear differentials 28 and 24 can be made as a positive drive
      overrunning differential, a number of which are shown in the prior art
      (e.g. as shown in U.S. Pat. No. 2,865,228; U.S. Pat. No. 2,966,075; U.S.
      Pat. No. 3,124,972; U.S. Pat. No. 3,173,309; U.S. Pat. No. 3,283,611; U.S.
      Pat. No. 3,447,396; U.S. Pat. No. 3,581,597, and U.S. Pat. No. 3,700,082).
      Such differentials operate in a manner that power is delivered to the
      slower moving of the wheels to which the differential transmits power.
      Since such positive drive differential mechanisms are well known in the
      prior art, these will not be described in any detail herein.
PAR  With reference to FIG. 2, the first form of the second embodiment is
      accomplished by providing a positive drive overrunning differential for
      the rear differential 24. With this arrangement, the mode of operation is
      in most respects the same as in the first embodiment. However, there is an
      additional feature in the mode of operation of this first form of the
      second embodiment. In the event power is being delivered to the rear set
      of wheels 18 and one of the rear wheels 18 loses traction, power is
      delivered to the rear wheel 18 that has traction so that the vehicle still
      has traction with respect to the ground surface.
PAR  In the second form of the second embodiment of the present invention, both
      the front and rear differentials 28 and 24 are positive drive overrunning
      differentials, such as one of those in the differential related patents
      noted above. The mode of operation is largely the same as in the first
      embodiment, and also as the first form of the second embodiment. However,
      there is the further feature that in the event that any three of the four
      wheels 16 and 18 lose traction, power is still delivered to the remaining
      wheel which still has traction. Also, when the vehicle is traveling
      through a turn, so that the inside rear wheel is traveling the shortest
      linear distance, the other three wheels are permitted to overrun, while
      power is delivered from the vehicle to the ground surface through the
      inside rear wheel.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a ground traveling vehicle having a forward and rearward set of
      wheels and an engine to drive said wheels, a four wheel drive power
      transmission apparatus comprising;
PA1  a. a housing having a front end and rear end,
PA1  b. an inner driving member rotatably mounted in said housing about a
      longitudinal axis and adapted to be connected to a power output from the
      vehicle engine, said driving member having radially outwardly facing,
      longitudinally aligned, driving cam surfaces,
PA1  c. a first forward set and a second rear set of wedging clutch elements
      mounted around said driving member for circumferential movement with
      respect to the driving member between a released position and driven
      position where the clutch elements are engaged by the driving cam
      surfaces,
PA1  d. a pair of cylindrical, longitudinally aligned cages holding the clutch
      elements, said cages engaging each other to permit limited relative
      rotation of the sets of clutch elements with respect to one another about
      said axis,
PA1  e. a first forward outer annular driven member having an interior generally
      cylindrical surface surrounding said first set of wedging clutch elements
      and arranged to engage said first set of wedging clutch elements in
      driving relationship with said driving member and to disengage from said
      first set of wedging clutch elements in overrunning relationship with said
      driving member,
PA1  f. a first power output means mounted to said first driven member and
      adapted to be connected to power transmitting means extending laterally
      therefrom and forwardly to connect to the forward set of wheels of the
      vehicle, with said first power output means having journal bearing means
      for said first power output means arranged to withstand laterally directed
      force loads from said laterally extending power transmitting means,
PA1  g. a second rearward outer annular driven member having an interior
      generally cylindrical surface surrounding said second set of wedging
      clutch elements and arranged to engage said second set of wedging clutch
      elements in driving relationship with said driving member and to disengage
      from said second set of wedging clutch elements in overrunning
      relationship with said driving member, and
PA1  h. a second power output means mounted to said second driven member and
      adapted to engage a rearwardly extending power transmitting means
      connected to the rearward set of wheels of the vehicle.
NUM  2.
PAR  2. The apparatus as recited in claim 1, wherein said second power output
      means has an axis of rotation lying in a longitudinal vertical plane
      positioned at the longitudinal axis of rotation of the driving member,
      whereby said second power output means can conveniently be connected along
      a central longitudinal axis to a centrally located rear end differential
      of the vehicle.
NUM  3.
PAR  3. The apparatus as recited in claim 2, wherein said second power output
      means has the same axis of rotation as said driving member.
NUM  4.
PAR  4. The apparatus as recited in claim 3, wherein said second power output
      means is substantially integral with said second annular driven member.
NUM  5.
PAR  5. The apparatus as recited in claim 1, wherein said first power output
      means comprises exterior gear teeth on said first driven member for
      operative engagement with said laterally extending power transmitting
      means.
NUM  6.
PAR  6. The apparatus as recited in claim 5, further comprising, as said
      laterally extending power transmitting means, a laterally extending chain
      and sprocket drive and a laterally placed gear member engaging the chain
      and sprocket drive and adapted to be engaged to the forward portion of
      said power transmitting means for the forward wheels of the vehicle.
NUM  7.
PAR  7. The apparatus as recited in claim 5, wherein said first driven member
      has an outer annular portion surrounding a portion of said second driven
      member, and having a radial bearing means therebetween to resist lateral
      force loads from said lateral power transmitting means.
NUM  8.
PAR  8. The apparatus as recited in claim 1, wherein there is additionally a
      multispeed transmission in said housing forward of said driving member and
      operatively connected thereto, said multispeed transmission having an
      output having an axis of rotation coincident with said driving member and
      also coincident with the second power output means.
NUM  9.
PAR  9. The apparatus as recited in claim 1, wherein said first and second
      driven members each has an inwardly extending radial portion having a
      radial bearing relationship with said driving member, and enclosing said
      first and second wedging clutch elements therebetween.
NUM  10.
PAR  10. The apparatus as recited in claim 1, further characterized in that each
      of said cages is eccentrically formed, said combination further comprising
      friction ring means for each of said two cage members to engage respective
      first and second driven members, with the eccentric configuration of said
      cage members providing proper frictional engagement of the friction ring
      means with said first and second driven members.
NUM  11.
PAR  11. The apparatus as recited in claim 10, wherein said first and second
      cages have adjacent interconnecting portions, said apparatus further
      comprising pilot ring means engaging the adjoining portions of said cage
      means for proper location within said first and second driven members.
NUM  12.
PAR  12. The apparatus as recited in claim 1, wherein said clutch comprises
      roller clutch elements.
NUM  13.
PAR  13. In a ground traveling vehicle having a forward and a rearward set of
      wheels and an engine to drive said wheels, the combination comprising:
PA1  a. a power transmission positioned behind said engine and longitudinally
      aligned therewith, said transmission comprising:
PA2  1. a housing having a front end and a rear end,
PA2  2. an inner driving member rotatably mounted in said housing about a
      longitudinal axis and adapted to be connected to a power output from the
      vehicle engine, said driving member having radially outwardly facing,
      longitudinally aligned, driving cam surfaces,
PAR  3.  a first forward set and a second rear set of wedging clutch elements
      mounted around said driving member for circumferential movement with
      respect to the driving member between a released position and driven
      position where the clutch elements are engaged by the driving cam
      surfaces,
PA2  4. a pair of cylindrical, longitudinally aligned cages holding the clutch
      elements, said cages engaging each other to permit limited relative
      rotation of the sets of clutch elements with respect to one another about
      said axis,
PA2  5. a first forward outer annular driven member having an interior generally
      cylindrical surface surrounding said first set of wedging clutch elements
      and arranged to engage said first set of wedging clutch elements in
      driving relationship with said driving member and to disengage from said
      first set of wedging clutch elements in overrunning relationship with said
      driving member,
PAR  6.  a first power output means mounted to said first driven member and
      adapted to be connected to power transmitting means extending laterally
      therefrom and forwardly to connect to the forward set of wheels of the
      vehicle, with said first power output means having journal bearing means
      for said first power output means arranged to withstand laterally directed
      force loads from said laterally extending power transmitting means,
PA2  7. a second rearward outer annular driven member having an interior
      generally cylindrical surface surrounding said second set of wedging
      clutch elements and arranged to engage said second set of wedging clutch
      elements in driving relationship with said driving member and to
      disengaging from said second set of wedging clutch elements in overrunning
      relationship with said driving member, and
PA2  8. a second power output means mounted to said second driven member and
      adapted to engage a rearward extending power transmitting means connected
      to the rearward set of wheels of the vehicle,
PA1  b. a positive drive overrunning differential operatively connected between
      one of the front and rear sets of wheels and also operatively connected to
      the related one of the power transmission front and rear driven members
      that transmits power to the set of wheels between which the differential
      is interconnected.
NUM  14.
PAR  14. The combination as recited in claim 13, wherein said positive drive
      overrunning differential is operatively connected between the rear set of
      wheels and is positioned at a central location between the two rear wheels
      in longitudinal alignment with said power transmission, said combination
      further comprising centrally located, longitudinally aligned propeller
      shaft means interconnecting the second power output means of the power
      transmission and the differential.
NUM  15.
PAR  15. The combination as recited in claim 14, wherein said second power
      output means of the power transmission has an axis of rotation lying in a
      longitudinal vertical plane positioned at the longitudinal axis of
      rotation of the driving member, whereby said second power output means can
      conveniently be connected along a central longitudinal axis to the
      centrally located rear end differential of the vehicle.
NUM  16.
PAR  16. The combination as recited in claim 15, wherein said second power
      output means has the same axis of rotation as said driving member.
NUM  17.
PAR  17. The combination as recited in claim 16, wherein said second power
      output means is substantially integral with said second annular driven
      member.
NUM  18.
PAR  18. The combination as recited in claim 13, wherein there is additionally a
      multispeed transmission in said housing forward of said driving member and
      operatively connected thereto, said multispeed transmission having an
      output having an axis of rotation coincident with said driving member and
      also coincident with the second power output means.
NUM  19.
PAR  19. The combination as recited in claim 14, further comprising:
PA1  a. a second positive drive overrunning differential operatively connected
      between the forward set of wheels,
PA1  b. a forward power transmitting means having a laterally extending portion
      connected to said first driven member of the power transmission, and a
      forwardly extending propeller shaft means laterally spaced from the power
      transmission and interconnecting the laterally extending portion of the
      forward power transmitting means to the second differential.
NUM  20.
PAR  20. The combination as recited in claim 19, wherein said first power output
      means comprises exterior gear teeth on said first driven member for
      operative engagement with said laterally extending portion of the power
      transmitting means.
NUM  21.
PAR  21. The combination as recited in claim 20, further comprising as said
      laterally extending portion of the power transmitting means, a laterally
      extending chain and sprocket drive and a laterally placed gear member
      engaging the chain and sprocket drive and adapted to be engaged to the
      forward propeller shaft means.
NUM  22.
PAR  22. The apparatus as recited in claim 21, wherein said first driven member
      has an outer annular portion surrounding a portion of said second driven
      member, and having radial bearing means therebetween to resist lateral
      force loads from said lateral power transmitting means.
NUM  23.
PAR  23. In a ground traveling vehicle having a forward and a rearward set of
      wheels and an engine to drive said wheels, a four wheel drive power
      transmission apparatus comprising:
PA1  a. a housing having a front end and a rear end,
PA1  b. a multispeed transmission located in a forward location of said housing,
PA1  c. a power transfer apparatus located in said housing rearwardly of said
      multi-speed transmission and comprising:
PA2  1. an inner driving member rotatably mounted in said housing about a
      longitudinal axis and adapted to be connected to a power output from the
      multi-speed transmission, said driving member having radially outwardly
      facing, longitudinally aligned, driving cam surfaces,
PA2  2. a first forward set and a second rear set of wedging clutch elements
      mounted around said driving member for circumferential movement with
      respect to the driving member between a released position and driven
      position where the clutch elements are engaged by the driving cam
      surfaces,
PAR  3.  a pair of cylindrical, longitudinally aligned cages holding the clutch
      elements, said cages engaging each other to permit limited relative
      rotation of the sets of clutch elements with respect to one another about
      said axis,
PA2  4. a first forward outer annular driven member having an interior generally
      cylindrical surface surrounding said first set of wedging clutch elements
      and arranged to engage said first set of wedging clutch elements in
      driving relationship with said driving member and to disengage from said
      first set of wedging clutch elements in overrunning relationship with said
      driving member,
PA2  5. a first power output means mounted to said first driven member, said
      first power output means having journal bearng means for said first power
      output means arranged to withstand laterally directed force loads thereon,
PA2  6. a second rearward outer annular driven member having an interior
      generally cylindrical surface surrounding said second set of wedging
      clutch elements and arranged to engage said second set of wedging clutch
      elements in driving relationship with said driving member and to disengage
      from said second set of wedging clutch elements in overrunning
      relationship with said driving member, and
PA2  7. a second power output means mounted to said second driven member and
      adapted to engage a rearwardly extending power transmitting means
      connected to the rearward set of wheels of the vehicle,
PA1  d. a lateral power transmitting means mounted within said housing and
      connected to said first power output means so as to extend laterally
      therefrom, said lateral power transmitting means being adapted to be
      connected to forward propeller shaft means for the forward wheels.
NUM  24.
PAR  24. The apparatus as recited in claim 23, wherein said second power output
      means has an axis of rotation lying in a longitudinal vertical plane
      positioned at the longitudinal axis of rotation of the driving member,
      whereby said second power output means can conveniently be connected along
      a central longitudinal axis to a centrally located rear end differential
      of the vehicle.
NUM  25.
PAR  25. The apparatus as recited in claim 24, wherein said second power output
      means has the same axis of rotation as said driving member.
NUM  26.
PAR  26. The apparatus as recited in claim 25, wherein said second power output
      means is substantially integral with said second annular driven member.
NUM  27.
PAR  27. The apparatus as recited in claim 23, wherein said first power output
      means comprises exterior gear teeth on said first driven member for
      operative engagement with said laterally extending power transmitting
      means.
NUM  28.
PAR  28. The apparatus as recited in claim 27, further comprising, as said
      lateral power transmitting means, a laterally extending chain and sprocket
      drive and a laterally spaced gear member engaging the chain and sprocket
      drive and adapted to be engaged to said forward propeller shaft means.
NUM  29.
PAR  29. The apparatus as recited in claim 27, wherein said first driven member
      has an outer annular portion surrounding a portion of said second driven
      member, and having radial bearing means therebetween to resist lateral
      force loads from said lateral power transmitting means.
NUM  30.
PAR  30. The apparatus as recited in claim 23, wherein said multi-speed
      transmission has an output having an axis of rotation coincident with said
      driving member and also coincident with the second power output means.
NUM  31.
PAR  31. The apparatus as recited in claim 23, wherein said first and second
      driven members each has an inwardly extending radial portion having a
      radial bearing relationship with said driving member, and enclosing said
      first and second wedging clutch elements therebetween.
NUM  32.
PAR  32. The apparatus as recited in claim 23, further characterized in that
      said locating means comprises first and second interconnected cage
      members, each of which is eccentrically formed, said apparatus further
      comprising friction ring means for each of said two cage members to engage
      respective first and second driven members, with the eccentric
      configuration of said cage members providing proper frictional engagement
      of the friction ring means with said first and second driven members.
NUM  33.
PAR  33. The apparatus as recited in claim 32, wherein said first and second
      cages have adjacent interconnecting portions, said apparatus further
      comprising pilot ring means engaging the adjoining portions of said cage
      means for proper location within said first and second driven members.
NUM  34.
PAR  34. The apparatus as recited in claim 23, wherein said clutch elements
      comprise roller clutch elements.
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ABST
PAL  A differential mechanism having two inputs independent of each other and an
      output is provided in an interconnecting mechanism for transmitting the
      rotaional angle of a handle to steered wheels. Also a transducing
      mechanism as a control system is provided which receives the speed of the
      automobile and the rotational angle of the handle as detected quantities
      and can control the deflection of the steered wheels after the operation
      by a driver so as to return the deflection to zero with a control speed
      dependent on the speed of the automobile. The steered wheels are operated
      by the output of the differential mechanism which receives the rotational
      angle of the handle and the output of the control system as its
      differential inputs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a steering means for an automobile having
      positive steerage and more particularly to a steering means for an
      automobile in which the direction of the steered wheels are returned
      automatically to be along the longitudinal direction of the body of the
      automobile without returning the handle to its neutral position after the
      handle is rotated by any angle.
PAR  In a conventional steering means, the deflection of the steered wheels is
      proportional to the rotational angle of the handle whatever the speed of
      the automobile may be. Thus, if a driver operates the handle suddenly on
      feeling a necessity to change the direction of the automobile when it is
      running at a high speed, he can attain his purpose to change the direction
      of the automobile indeed. However, there occurs a problem that such
      secondary accidents as the slip and the lateral turning of the automobile
      occur because the centrifugal force becomes then very large on account of
      the high speed of the automobile. Of course this problem can be eliminated
      if the driver operating the handle keeps the rotational angle of the
      handle less at the high speed running of the automobile, feeling the speed
      of it even if a proportionality exists between the rotational angle of the
      handle and the deflection of the steered wheels. However, it will be
      impossible in practice to require the driver to assume such function
      especially in an instance and it is usual for such secondary accidents to
      occur as the result of the sudden operation of the handle carried out
      indiscreetly.
PAR  The object of the present invention is to provide a steering means in which
      the coupling between the handle and the steered wheels become more loose
      as the speed of the automobile is higher and the abrupt change itself of
      the running direction of the automobile is prevented at the high speed
      running, thereby the secondary accidents being avoided.
PAC  SUMMARY OF THE INVENTION
PAR  Between a handle and an interconnecting mechanism to transmit the rotation
      of the handle to steered wheels, a differential mechanism is provided
      whose one input is the rotational angle of the handle and the other input
      is the output of a transducing mechanism. This transducing mechanism is
      such a control system for giving the differential mechanism an operative
      output in which the running speed of the automobile and the deflection of
      the steered wheels with respect to the longitudinal direction of the body
      of the automobile are received as detected quantities, the setpoint of the
      deflection is adjusted to zero and the control speed to the zero setpoint
      is dependent on the running speed of the automobile. As in most
      differntial mechanisms, one of the inputs of this differntial mechanism,
      that is, the rotational angle of the handle and the other input, that is,
      the operative output of the transducing mechanism are independent of each
      other. Neither the output of the transducing mechanism is affected when
      the handle is rotated, nor the rotational angle of the handle is changed
      by the output of the differential mechanism. However, the operation due to
      the difference of both inputs is transmitted through the differential
      mechanism to the steered wheels. In a mechanism for detecting the speed of
      the automobile, a rectifying means is provided in order to detect the
      absolute value of the speed of the automobile whether it may move forward
      or backward. If there is a positive corelation between the control speed
      and the running speed of the automobile in this arrangement as described,
      the control speed of the deflection established by driver's handle
      operation to zero becomes larger as the automobile is drived at a higher
      speed and consequently the steered wheels are not so deflected at a higher
      speed as at a lower speed when the driver rotates the handle by a certain
      angle. In other words, this effect is equivalent to decrease the
      substantial coupling between the handle and the steered wheels and more
      accurately to increase the diameter of the handle at the high speed
      running if the peripheral speed of the driver's hand is constant.
PAR  The salient relationships of the present invention have been described and
      it will be understood that with the steering means according to the
      present invention, the driver can operate the handle to establish the
      deflection of the steered wheels at the low speed running as with the
      conventional steering means but he can operate the handle only to change
      the direction of the steered wheels very slightly at the high speed
      running. Thus, the abrupt change itself of the direction of the steered
      wheels is impossible and the secondary accidents such as the slip and the
      lateral turning of the automobile as described are prevented which would
      occur if the steered wheels are deflected abruptly by the handle
      operation. The other features of the present invention will become clear
      from the following detailed description taken in conjunction with drawings
      and from the accompanying claims.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a plane view in partial section of a steering means.
PAR  FIG. 2 is a plane view in partial section of the steering means in FIG. 1
      provided with additional means.
PAR  FIG. 3 is a plane view in partial section of another embodiment of the
      steering means different in the transducing mechanism.
PAR  FIGS. 4 and 5 are plane views showing another embodiment of the rectifying
      means for the rotational direction of the drived wheels of an automobile.
PAR  FIG. 6 is a plane view of a still another embodiment of the steering means.
PAR  FIGS. 7 and 8 are plane views for showing the positions and the loci of a
      running automobile.
DETD
PAR  Referring to FIG. 1, a propeller shaft 10 is connected to an internal
      combustion engine through a transmission, a clutch and so on (not shown)
      as is well known. The rear end of the propeller shaft 10 is connected to a
      differential gear 11 which can actuate a pair or rear axles 12L and 12R
      not only at equal but also different speeds. The reference letter L refers
      to the left hand one of a pair of members such as wheels and the letter R
      to the right hand one. These letters are omitted usually except in the
      case when the discrimination between the left hand and the right hand
      members is necessary. Rear wheels 13 are driven from the rear axle 12 but
      front wheels may be driven in some cases depending on types of
      automobiles. Front wheels 14 as steered wheels are engaged with one end of
      a knuckle arm 15 for rotation. The steered wheels may be rear wheels
      depending on the types of automobiles. A handle 16 is provided so that it
      can change the direction of the steered wheels 14 in cooperation with an
      interconnecting mechanism A. In the interconnecting mechanism A, a handle
      shaft 17 is connected to the handle 16 at its one end for rotation with
      the same. A handle lever 18 is mounted for swinging motion on a fulcrum
      bracket 19 fixed on the body of the automobile and is interconnected with
      the handle 16 through a differential mechanism B to be described below. A
      pitman arm 20 is connected fixedly to the handle lever 18, one end of a
      connecting rod 21 is pivoted on the pitman arm 20 and an idler arm 22
      supporting the other end of the connecting rod 21 is pivoted for free
      swinging motion on a fulcrum bracket 23 fixed on the body of the
      automobile. One end of a tie rod 24 is connected pivotally to the
      connecting rod 21 at its one end and to the other end of the knuckle arm
      15 at its other end so that the tie rod 24 may displace along an arrow 25.
PAR  Next, the differential mechanism B is described. A spline axis 26 is formed
      integral with the other end of the handle shaft 17. A tubular helical
      member 27 has axial grooves on its inner surface and a helical groove 28
      on its outer surface. The helical member 27 engages the spline axis 26 at
      the axial grooves 26' so that the helical member can slide axially on but
      not rotate relative to the spline axis 26. A joint 29 such as a thrust
      bearing connects the other end of the spline axis 26 with one end of a
      connectng rod 30 which is provided on the handle lever 18 of the
      interconnecting mechanism A. A toothed apertured rotable member 31 is
      disposed coaxially with the helical member 27 and has several circular
      grooves on its inner surface. Balls 32 are adapted partly in the helical
      groove 28 and partly in the circular grooves of the rotable member. A pair
      of bearings 33 are provided in order to make possible the rotation but
      neither the thrust nor the radial motion of the rotable member 31. Thus,
      when the spline axis 26 is rotated together with the handle shaft 17, the
      spline axis thrusts and the rotable member rotates. On the other hand,
      when the rotable member is rotated positively, the spline axis thrusts
      without rotating.
PAR  Next, a transducing mechanism C is described. A well known variable
      capacity axial plunger pump 34 of the swash-plate type can increase its
      discharge as the rotational speed of its shaft 35 and the inclination
      angle of a swash plate with respect to the shaft 35 increases and the
      direction of the discharge is reversed when the plate 36 is inclined
      oppositely. An angle lever 37 connected to the swash plate 36 forms the
      control terminal of the transducing mechanism C as a control system. Two
      plungers 38 are arranged around the shaft 35 and are biased to the swash
      plate 36 by a spring. An oil motor 44 is connected to the inlet 45 and the
      outlet 45' of the plunger pump 34 by pipings 46. As is well known, this
      oil motor 44 is adapted to rotate at a higher speed as the speed of oil
      flow to it increases and to rotate oppositely in those cases when the
      direction of the flowing oil is reversed. An output gear 47 is mounted on
      the shaft of the oil motor 44 and is in mesh with the toothed rotable
      member 31 of the differential mechanism B as the output terminal of the
      transducing mechanism C. A speed-detecting mechanism D comprises a pair of
      gears 39a and 39b mounted on the shaft 35, another pair of gears 40a and
      40b in mesh directly with the gear 39a and with an idler gear 41
      respectively and a pair of unidirectional clutches 42a and 42b interposed
      between the propeller shaft 10 and the gear 40a and between the former and
      the gear 406 respectively. These unidirectional clutches are adapted to
      transmit the rotation of the propeller shaft 10 in the direction indicated
      by associated arrows 43a and 43b respectively and thus to rotate the shaft
      35 of the plunger pump 34 only in one direction regardless of the
      rotational direction of the propeller shaft 10. This speed-detecting
      mechanism D has a rectifying function for the rotational direction of the
      rear wheels 13. A deflection-detecting mechanism F comprises a detecting
      lever 48 formed integrally with the pitman arm 20 and a connecting rod 49
      connecting the angle lever 37 with the detecting lever 48.
PAR  The operation of the steering means just described is as follows. As an
      example, the description is taken for the case where an automobile is
      turning to the left. When the handle 16 is rotated to the left, that is,
      counterclockwise, it actuates the helical member 27 in the same direction
      through the handle shaft 17 and the spline axis 26. On the other hand, the
      toothed rotable member 31 is engaged with the helical member 27 through
      balls 32 but is prevented from rotating because it is connected to the oil
      motor 44 through the output gear 47. Thus, the helical member 27 moves
      axially, too. This axial movement is transmitted through the connecting
      rod 30 and the interconnecting mechanism A to the steered wheels and they
      are deflected to the left. On the other hand, this operation to deflect
      the steered wheels is transmitted to the angle lever 37 of the plunger
      pump 34 through the detecting lever 48 and the connecting bar 49 and the
      swash plate 36 is inclined. Then, the plunger pump 34 discharges some oil,
      which flows in the piping 46 to rotate the oil motor 44 and further to
      rotate the toothed rotable member 31 through the gear 47. The rotational
      direction of this rotable member 31 is that of the helical member 27
      actuated by the handle, that is such that the helical member 27 is
      returned to its position before actuation, i.e., away from the handle and
      the deflection of the steered wheels 14 is removed as the result of the
      returning movements of the connecting rod 30 and the interconnecting
      mechanism A. Accordingly, the automobile is controlled automatically to
      move linearly even if the handle is held at its position rotated. Because
      the speed-detecting mechanism has a function to rectify the rotational
      direction of the propeller shaft 10 and the plunger pump 34 is actuated
      always in one direction by the propeller shaft, the automatic removal of
      the deflection of the steered wheels can be effectuated equally well when
      the automobile runs either forward or backward. As the speed of the
      control to return the deflection of the steered wheels to zero increases
      with the rotational speed of the propeller shaft with which the shaft 35
      is engaged, the less is the effective deflection of the steered wheels,
      the higher does become the running speed of the automobile, if the handle
      is operated with a constant peripheral speed. Thus, the handle operation
      becomes less sharp at the high speed running. Next, the handle operation
      for an automobile running on a real road is described. Assume that an
      automobile provided with the steering means according to the present
      invention is coming to a point (a) on the road as shown in FIG. 7. The
      driver of this automobile continues to rotate the handle to the right
      until he stops the handle operation at point (b) and the steered wheels
      are then returned automatically to their direction for linear running.
      Thus, he will be able to carry out the operation with composure in order
      to turn the automobile to the left when it comes to a point (c). When an
      automobile 50 countering an automobile 51 is running beyond a center line
      in order to outrun another automobile 52 as shown in FIG. 8, the driver of
      the automobile 51 rotates the handle 16 to the left hand to avoid a
      collision. with the conventional steering means, the collision would be
      avoided indeed but the automobile would run away from the road in the
      direction shown by an arrow 53 in most cases because the driver has no
      time sufficient to return the rotated handle to its neutral position in an
      instance and the automobile continues to curve. However, the automobile 51
      having the present steering means is returned to its direction for linear
      running as shown by an arrow 54 with the handle at its rotated position
      and there will be time and distance to spare till the automobile runs away
      from the road. Thus, the driver can change the running direction of the
      automobile as shown by an arrow 55 with safety.
PAR  Next, another embodiment with some additional means is described. These
      members in this and the following embodiments which are functionally or
      constructionally similar to or identical with those in the first
      embodiment are referred to by the same reference numerals but with
      alphabets such as e, f and so on to distinguish members for different
      embodiments. Referring to FIG. 2, this embodiment includes a hydraulic
      amplifying means G, a neutral point adjusting means H and a neutral point
      restoring means I for the angle lever 37e. In this amplifying means G, a
      control valve 56 comprises an oil inlet 57 and an oil outlet 57' and a
      spur 58 connected to the joint 29e. A hydraulic cylinder 59 is supported
      pivotally on the handle lever 18e and a piston 60 slidable in the cylinder
      59 is connected pivotally to a bracket 61 mounted on the body of the
      automobile by a piston rod 62. A hydraulic unit J for actuating the
      amplifying means G comprises a hydraulic pump 63 adapted to be operated
      from the engine of the automobile, a relief valve 64 to limit the pressure
      of the pump 63 within a certain limit, a hydraulic tank 65 and an oil
      inlet 66' and an outlet 66' connected to the oil outlet 57' and the oil
      inlet 57 of the amplifying means G respectively. A pair of check valves 67
      and 67' are piped as shown in order to remove voids in the pipings 46e of
      the transducing mechanism Ce. In the neutral point adjusting means I, an
      adjusting handle 68 is supported on a bearing 69 only for rotation
      relative to the body of the automobile. A slider 70 is supported in a
      guide for the linear motion in the direction shown by an arrow 72 and is
      engaged with a screw 73 attached to the end portion of the handle 68 so
      that the slider may reciprocate as the handle 68 is rotated. This
      adjusting means is set by turning the handle 68 in such a manner that the
      discharge of the plunger pump 34e is zero, that is, the rotation of the
      gear 47e as the output of the transducing mechanism Ce is not established
      when the steered wheels are right in the direction for linear running. In
      the neutral point restoring means I, a pair of confronting pistons 74 and
      74' are passed through supporting pieces 75 and 75' projecting from the
      cylinder block of the plunger pump 34e respectively and either of them is
      adapted to be in contact with the angle lever 37e of the plunger pump 34e.
      A pair of springs 76 and 76' are provided so as to bias the pistons in the
      directions shown by arrows 77 and 77' respectively for the purpose of
      returning the angle lever 37e, to its neutral position. A connecting lever
      70' is connected pivotally at its one end to a connecting bar 49e. This
      connecting lever is pivoted at the other end on the spur 58 and engages
      pivotally at its intermediate portion with the slider 70.
PAR  A still another embodiment is described in which a different transducing
      mechanism and a different speed-detecting mechanism are used. Referring to
      FIG. 3, a speed-detecting mechanism Df includes an oil pump 78 having a
      shaft engaged with a propeller shaft 10f gears 79 and 80. A hydraulic
      rectifying circuit 81 comprises four check valves 82 connected in a
      bridge. This hydraulic rectifying circuit is for making unidirectional the
      oilflow to an oil motor 83 of variable capacity type regardless of the
      rotational direction of the propeller shaft 10f and of the oil pump 78.
      The oil motor 83 is provided with a capacity adjusting lever 84 whose
      movement leads to the variation in the rotational speed of the motor 84.
      This lever is connected to the joint 29f to form the control terminal of
      the transducing mechanism Cf. An oil motor 85 has its shaft 86 and a gear
      87 mounted thereon. This gear 87 is in mesh with a gear 88 mounted on the
      shaft of the oil motor 83 and thus oil motors 83 and 85 can be operated
      differentially. An output gear 47f mounted on the shaft 86 of the motor 85
      is in mesh with the rotable member 31f as an output terminal of the
      differentially connected motors 83 and 85. A rotary joint 89 is provided
      on the motor 85 in order to feed oil to this rotating motor. The oil
      motors 83 and 85 are connected in series with each other and with the
      hydraulic rectifying circuit 81 by pipings 46f. The capacities of the oil
      motors 83 and 85 and the gear ratio between gears 87 and 88 are so
      determined that the output gear 47f does not rotate when the steered
      wheels are in the direction for linear running.
PAR  The operation of the embodiment just described is as follows. When the
      lever 84 is displaced by operating the handle 16f, the capacity of the oil
      motor 83 is changed. Then, the gear 47f begins to rotate because of the
      variation in the ratio of the rotational mumbers of the motors 83 and 85.
      The rotation of this gear 47f is transmitted to the lever 84 through the
      differential mechanism Bf and further to the steered wheels 14f through
      the interconnecting mechanism Af. These movements have a tendency to
      return the steered wheels to their direction for linear running, i.e., to
      remove the displacement of the lever 86.
PAR  Referring to FIGS. 4 and 5, still two embodiments are described in which
      the hydraulic rectifying circuit is formed differently. FIG. 4 shows an
      embodiment in which gears 90 and 90' corresponding to the gears 39b and
      40b of the first embodiment in FIG. 1 are connected by a chain wheel 91
      and the idler gear 41 is replaced by this chain wheel. According to this
      construction, the shaft for the idler gear 41 is not necessary. In FIG. 5,
      a gear 92 mounted on the propeller shaft 10h is in mesh with a gear 93
      mounted on the shaft of an oil pump 94. A hydraulic rectifying circuit 95
      comprising four check valves connected in a bridge is interposed between
      the oil pump 94 and an oil motor 96 in order to rectify the oilflow from
      the oil pump 94 in the direction shown by an arrow 97. Thus, the direction
      of the oilflow to the motor 96 is always this direction and the pump 34h
      can rotate in the same direction regardless of the rotational direction of
      the propeller shaft 10h.
PAR  Refering to FIG. 6, the last embodiment is described. In this embodiment,
      the handle shaft 17i is engaged directly with and oil pump 98. This oil
      pump 98 and an axial plunger pump 34i as a transducing mechanism are
      connected in parallel to a hydraulic cylinder 99 as a differential
      mechanism. The output of the differntial mechanism is connected to the
      interconnecting mechanism through a hydraulic amplifying means Gi.
      According to this construction, the position for installing the handle can
      be selected with considerable arbitrariness and so the steering means of
      the present invention becomes convenient to install when it is applied to
      such special automobiles as tractors and bulldozers.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In an automobile having steered wheels engaged with a handle or steering
      wheel through an interconnecting mechanism so as to be deflected by
      operating the handle, a steering means comprising a differential mechanism
      having an output and two inputs independent of each other, said
      differential mechanism being interposed in said interconnecting mechanism,
      a deflection-detecting mechanism having an angle lever actuated by said
      interconnecting mechanism to detect the deflection of the steered wheels
      relative to the longitudinal direction of the body of the automobile, a
      speed-detecting mechanism to detect the running speed of the automobile
      regardless of the forward and the backward movement of the automobile, a
      transducing mechanism as a control system having two inputs and an output,
      one of said inputs being connected with said deflection-detecting
      mechanism, the other with said speed-detecting mechanism, indication of
      the rotational angle of said handle being supplied to one of the inputs of
      said differential mechanism and the output of said transducing mechanism
      being supplied to the other input of said differential mechanism to
      control the deflection of the steered wheels, and the steered wheels being
      returned to in the longitudinal direction of the body of the automobile by
      the output of said differential mechanism with a positive correlation such
      that the control speed of the deflection to its setpoint increases with
      the increasing output of said transducing mechanism in response to the
      increasing speed of the automobile and without any operation to return the
      handle after the steered wheels are deflected by operating the handle.
NUM  2.
PAR  2. A steering means as described in claim 1 in which said differential
      mechanism comprises a spline axis formed integrally with the shaft of said
      handle, said spline axis having axial grooves, a tubular helical member
      having axial grooves engageable with said axial grooves of said spline
      axis on an inner surface and a helical groove on an outer surface, an
      apertured rotatable member rotatable around said helical member without
      being displaced axially, said rotable member having circular grooves on an
      inner surface and balls set partly in said helical grooves and partly in
      said circular grooves.
NUM  3.
PAR  3. A steering means as described in claim 1 in which said transducing
      mechanism comprises an axial plunger pump for detecting the deflection of
      the steered wheels relative to the longitudinal direction of the body of
      the automobile an oil motor in communication with said plunger pump and
      actuated by the same and an output gear mounted on the shaft of said oil
      motor and engaged with one of the inputs of said differential mechanism.
NUM  4.
PAR  4. A steering mechanism described in claim 1 in which said speed-detecting
      mechanism comprises a first pair of gears mounted on a common shaft, a
      second pair of gears, one of said first pair of gears being in mesh with
      one of said second pair of gears, an idler gear in mesh with said two
      pairs of gears and a pair of unidirectional clutches engaged with one and
      the other of said second pair of gears respectively.
NUM  5.
PAR  5. A steering means as described in claim 1 in which said speed-detecting
      mechanism comprises an oil pump actuated by the automobile and having a
      positive correlation so that the flow rate of oil through said oil pump
      increases with the increasing speed of said automobile, a hydraulic
      rectifying circuit having check valves connected in a bridge and an oil
      motor actuated by said oil pump through said hydraulic rectifying circuit.
NUM  6.
PAR  6. In an automobile having steered wheels engaged with a handle or steering
      wheel through an interconnecting mechanism, a steering means comprising a
      differential mechanism having an output and two inputs independent of each
      other, said differential mechanism being interposed in said
      interconnecting mechanism, an oil pump actuated by the automobile and
      having a positive correlation so that the flow rate of oil through said
      oil pump increases with increasing speed of said automobile, a constant
      capacity oil motor, a variable capacity oil motor provided with
      capacity-adjusting means, said oil motors being coupled differentially, a
      hydraulic rectifying circuit, the output of said oil pump being connected
      to the inputs of said oil motors through said hydraulic rectifying
      circuit, the capacity-adjusting means being actuated by said
      interconnecting mechanism having a swash plate, said swash plate connected
      with said angle lever, indication of the rotational angle of the handle
      being supplied to one of the inputs of said differential mechanism, the
      output of said differentially coupled oil motors being supplied to the
      other input of said differential mechanism, and the steered wheels being
      returned to run in the longitudinal direction of the body of the
      automobile by the output of said differential mechanism without operations
      to return the handle after the steered wheels are deflected by operating
      the handle.
NUM  7.
PAR  7. In an automobile having steered wheels engaged with a handle or steering
      wheel through an interconnecting mechanism so as to be deflected by
      operating the handle, a steering means comprising a differential mechanism
      having an output and two inputs independent of each other, the output of
      said differential mechanism being connected to said interconnecting
      mechanism, an oil pump actuated by said handle, a deflection-detecting
      mechanism having an angle lever actuated by said interconnecting mechanism
      to detect the deflection of the steered wheels relative to the
      longitudinal direction of the body of the automobile, a transducing
      mechanism control system having two inputs and an output, one of said
      inputs being connected with said defelction-detecting mechanism, a
      speed-detecting mechanism comprising gear and clutch means actuated from
      the automobile to detect the running speed of the automobile regardless of
      the forward and the backward movement of the automobile, the other input
      of said transducting mechanism being connected to said speed-detecting
      mechanism, indication of the output of said oil pump being supplied to one
      of said inputs of the differential mechanism and the output of said
      transducing mechanism being supplied to the other input of said
      differential mechanism to control the deflection of the steered wheels,
      the setpoint of the deflection of the steered wheels in said transducing
      mechanism being adjusted to zero and the steered wheels being returned the
      longitudinal direction of the body of the automobile by the output of said
      differential mechanism with a positive correlation such that the control
      speed of the deflection to its setpoint increases with the increasing
      output of said transducing mechanism due to the increasing speed of the
      automobile and without any operation to return the handle after the
      steered wheels are deflected by operating the handle or steering wheel.
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ABST
PAL  Two crowded single file traffic lanes of electronically speed-controlled
      vehicles are merged at a merge point by electronically establishing gaps
      sufficient to accept vehicles between the vehicles of each lane before
      they approach the merge point. The vehicles of one lane are then
      electronically guided into the gaps of the other as they pass the merge
      point. Lane-side transmitters and receivers along each lane cooperate with
      the vehicles to control the spacing between the vehicles in the approach
      toward the merge point. The gaps are established and the vehicles guided
      by signalling electronic images of each vehicle to the other lane and by
      guiding each vehicle as if the imaged vehicle were an actual vehicle in
      front of it.
BSUM
PAC  REFERENCE TO RELATED CO-PENDING APPLICATIONS
PAR  This application relates to two co-pending applications of Conrad Helmcke
      and Hans J. Wendt, both assigned to the same assignee as this application,
      Ser. Nos. 234,604 and 234,605, filed Mar. 14, 1972. These applications
      have now matured into U.S. Pat. Nos. 3,790,780 and 3,796,871,
      respectively. The contents of those applications are made a part of this
      application as if fully recited herein.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to transport or conveyor systems, and particularly
      to methods and means for merging vehicles travelling in two separate lanes
      into a single lane.
PAR  As used herein, the term "vehicle" is meant in the general sense to include
      any object whose movement is controlled within a transport or conveyor
      system.
PAR  Any traffic or transportation system with branching roads operating with
      freely moving objects, for example, street traffic, poses the problem of
      smoothly merging traffic at merge points, without excessive delays or
      stops. The problem is especially difficult where individual vehicles are
      to be fed from one traffic lane into a main traffic artery.
PAR  The aforementioned copending Application Ser. No. 234,605 discloses merger
      of two equidirectional single-lane traffic flows by forming gaps between
      the vehicles of each traffic flow even before a merge point is noticed,
      and then feeding the vehicles of one lane into the gaps of the other at
      the merge point. In a range before the merge point, the vehicles of the
      two traffic flows behave as if each of the lanes or tracks were already
      occupied with all the vehicles moving within this range on both
      tracks/lanes. Within each of the traffic flows, the speeds are first
      adjusted to each other. Vehicles of each traffic flow are signaled or
      imaged into the other flow and the signaled vehicle is "seen" by the
      adjacent object in the other traffic flow as an object immediately ahead
      of it. Furthermore, the traveling speed of each object is controlled in
      dependence on the traveling speed of the signaled object immediately
      ahead.
PAR  This system allows individual vehicles to pass through the merge point
      without stopping. When the speed of all the vehicles in the range ahead of
      the merge point is adjusted to the speed of the vehicle after the merge
      point, the two traffic flows before the merge point can practically never
      jam. However, it was found that, particularly in sections with a dense
      sequence of branches, the above mentioned adjustment of the speeds of the
      two traffic flows before the merge point can reduce the mean speed of the
      faster vehicles. This occurs when two vehicles following each other in
      separate lanes or tracks approach a merge point at different speeds. If
      the leading vehicle is the one whose speed is already adjusted to a
      nominal speed, and the following vehicle in the other lane is the faster
      vehicle, the latter is decelerated to the nominal speed when it reaches
      the above-mentioned range. That is, the faster vehicle is decelerated to
      the speed of the leading vehicle even though it has not received a signal
      from this (slower) vehicle.
PAR  An object of the invention is to improve systems and methods of this type.
PAR  Another object of the invention is to prevent the aforementioned
      difficulties.
PAC  SUMMARY OF THE INVENTION
PAR  According to a feature of the invention, these objects are attained in
      whole or in part, by forming signals representative of the vehicles of one
      traffic flow and transmitting the signals to the vehicles in the other
      flow within the approach range to the merge point so that the signaled
      vehicle is interpreted by the adjacent vehicle in the other traffic flow
      as a vehicle immediately ahead of it. The travel speed of each vehicle is
      controlled in dependence on the travel speed of the signaled vehicle
      immediately ahead. The following one of two vehicles traveling on separate
      lanes or tracks is braked in the above mentioned range only if the
      distance between the two objects is too small at their traveling speeds.
      Thus, if vehicles approach the range (before the merge point) on only one
      of the two tracks or lanes at a high speed, these can pass through the
      range without reducing their speed; braking of the objects is necessary
      only if slower objects are ahead of them on the same track or lane.
PAR  These and other features of the invention are pointed out in the claims.
      Other objects and advantages of the invention will become obvious from the
      following detailed description when read in light of the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a plan view of a traffic pattern which is controlled by a system
      embodying features of the invention and which involves cars travelling in
      two separate lanes which merge into a third lane;
PAR  FIG. 2 is a block diagram illustrating the driving and braking control
      embodying features of the invention with which each car of FIG. 1 is
      equipped;
PAR  FIGS. 3 and 4 are perspective views illustrating other types of
      transmission systems usable between transmitters and receivers of the cars
      1 and 2; and
PAR  FIG. 5 is a schematic diagram illustrating a detail of a control usable in
      FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In FIG. 1 two sets of cars 1 and 2 constitute individual vehicles or means
      of transportation in a commuter system wherein each car must move
      automatically without stopping between a departure and a target station.
      The cars 1 move along a lane 3 while the cars 2 move along a lane 4. The
      cars 1 and 2 are to be fed at a merge point 5 defined by a circle into a
      third lane 6. The cars 1 and 2 move in the direction of the merge point 5
      and pass through the merge point without stopping. Gaps are formed between
      the respective cars 1 in lane 3 and between the respective cars 2 in lane
      4 so that these gaps can be occupied at the merge point 5 as the cars 1
      and 2 alternately merge into the lane 6. Thus, only one car of lane 3 or 4
      reaches the merge point or feed point 5 at any one time. The manner of
      creating the gaps for interleaving and merging the cars is described
      below.
PAR  Each of the cars 1 and 2 is equipped with transmitters 7 and 8 and
      receivers 9. According to one embodiment of the invention the transmitters
      and receivers transmit and receive electromagnetic waves. According to
      another embodiment of the invention, these electromagnetic waves are light
      waves. According to still another embodiment of the invention the
      transmitters and receivers operate with sound waves, such as ultrasonic
      signals.
PAR  The transmitters 7 are mounted on the longitudinal sides of the cars 1 and
      2. The transmitters 8 are mounted on the rear of the cars 1 and 2. The
      receivers 9 are mounted on the front of the cars.
PAR  The transmitters 7 and 8 and the receivers 9 are portable transmitters by
      virtue of their being mounted on cars 1 and 2.
PAR  Stationary transmitters 10 as well as stationary receivers 11 are located
      in the range defining the approaches to the merge point 5 along the lanes
      3 and 4. Each stationary receiver 11 receives signals from an associated
      portable transmitter 7 facing it from a car 1 or 2 travelling on the
      adjacent lane. Each transmitter 10 transmits signals to the portable
      receiver of the car approaching it. The portable transmitters 7 on the
      cars 1 which face lane 4 do not emit signals. Similarly, the transmitters
      7 on the cars 2 which face lane 3 do not emit signals. They thus transmit
      only when they are directed toward a receiver 11 in the lane of the car.
      Of course, the system can be embodied so that the transmitting devices 7
      on the cars 1 and 2 can be directed toward the opposite lanes if the
      receivers 11 are arranged on the latter.
PAR  The stationary transmitters 10 and receivers 11 are equally spaced along
      the lanes 3 and 4. The transmitters 10 of lane 3 are associated with the
      receivers 11 of the lane 4 which are arranged at the same distance from
      the merge point. Correspondingly, the transmitters 10 of lane 4 are
      associated with the receivers 11 of the lane 3 that are arranged in the
      same distance from the merge point. Each receiver receives signals from
      its associated transmitter. However, each receiver 11 can receive signals
      from only one transmitter, namely the transmitter that is arranged at the
      same distance from the merge point.
PAR  The above-described arrangement of stationary transmitters and receivers 10
      and 11 thus permits the transmission of signals between two cars 1 and 2
      which are moving on separate lanes 3 and 4 respectively. The transmitters
      8 on the rear of the cars also furnish communication but only between cars
      following each other directly in the same lane. According to an embodiment
      of the invention, the transmitters 7 on the longitudinal sides of the cars
      1 and 2 and the stationary receivers 11 operate in a different frequency
      band than the transmitters 8 and 10 and the receivers 9. A conventional
      coincidence circuit causes only one of two transmitters at the same level
      to transmit when two cars move side by side, such as the last two cars 1
      and 2. An auxiliary transmitter, not shown in FIG. 1, staggered in the
      direction of a merge point 5, emits the signal transmitted from one of
      these cars.
PAR  Thus, such auxiliary transmitters are located between the transmitters 10
      of FIG. 1.
PAR  The signal transmitted from a car serves to control the driving behavior of
      the immediately following car in such a way that a collision is
      practically impossible. This is explained below. In this environment it is
      irrelevant whether the signal received by a car is emitted from a car in
      the lane of the receiving car or from a car in an adjacent lane. In either
      case the signal temporarily reduces the speed of the receiving car if
      there is no distance or an insufficient distance between the receiving car
      and the transmitting car. Consequently, with cars 1 and 2 occupying the
      lanes 3 and 4 as shown in FIG. 1, the cars between which there are no gaps
      that can be filled by a car of the adjacent lane will be slowed to form a
      gap.
PAR  As far as the last two cars are concerned, the car 2 in lane 4 can receive
      a signal from the car 1 of lane 3 through the beforementioned auxiliary
      transmitters. Both cars thus receive signals. However, the car in lane 3
      slows down more. This is because in car 1 it is the nearest transmitter 10
      arranged at the same level that transmits. Consequently, when both signals
      have equal intensity, one can be received so that it is stronger than the
      other.
PAR  Each car 1 and 2 includes an automatic drive and brake control system
      including the transmitters 7 and 8 as well as receiver 9. The system in
      one car is illustrated in FIG. 2. A common control line 12 applies a
      modulating voltage from a generator 13 to the transmitters 7 and 8 as well
      as the receiver 9. The generator 13 furnishes a voltage which varies with
      the speed of the car. For this purpose the generator 13 is coupled to a
      wheel of the car. The generator voltage along the line 12 varies the
      output power of the transmitters 7 and 8 inversely with the speed of the
      car. On the other hand, the output of the generator 13 along the line 12
      varies the sensitivity of the receiver 9 with the speed of the car. Thus,
      when the car stops the transmission power of the transmitters 7 and 8
      reaches a maximum and the sensitivity of the receiver 9 falls to a
      minimum. At the maximum speed of the car the transmitting power reaches a
      minimum and the sensitivity a maximum. Correspondingly, the intensity of
      the transmitted and received signals will vary.
PAR  The output of the generator 13 forms a control quantity or control value x
      which is applied to a regulator 14 associated with the drive (not shown)
      of the car. The output of the receiver 9 forms a guide quantity or guide
      value y which is also applied to the regulator 14. The guide quantity y
      varies not only with the speed of the receiving car but also with the
      speed of the transmitting car and with the distance between the two cars.
      The regulator 14 controls the braking of the car as part of the
      beforementioned drive (not shown).
PAR  If the regulator 14, in comparing the control value x and the value y,
      notes that the guide value y has been exceeded by the control value x, the
      receiving car is automatically slowed down by braking or deceleration. The
      value x exceeding the guide value y is always an indication that the car
      must reduce its speed of the collision with the transmitting cars to be
      avoided. If the transmitting car is actually in the adjacent lane the
      distance from merge points as the receiving car, or there is insufficient
      distance, relative to the merge point from the transmitting car, the
      receiving car will increase its distance from the car actually ahead of
      it. The deceleration will continue until there is a sufficient distance
      from the transmitting car. This way a gap for the transmitting car is
      produced ahead of the receiving car. This gap can be filled by the
      transmitting car at the merge point 5. It goes without saying that
      deceleration of a car 1 or 2 also can be caused simultaneously by a car
      actually ahead of the receiving car and by a car moving in the adjacent
      lane. In this case the signals received are added to each other.
PAR  This insures that the merge point can never be reached simultaneously by
      two cars.
PAR  As a rule each car that receives a signal from a car in the adjacent lane
      will effectively sense that there exists no clearance between it and the
      other car. The receiving car thus receives a signal whose intensity
      corresponds to that of an impending collision or an actual collision. In
      order to prevent the car from responding by suddenly braking the
      transmission power of the stationary transmitters 10 varies. The
      transmitters 10 just prior to the merge point 5 transmit far stronger
      signals than those before them. The transmitting power of the transmitters
      10 decreases with the distance from the merge point 5. This is
      accomplished by the use of suitable amplifiers in each stationary
      transmitter 10.
PAR  The above-described transmitters and receivers 10 and 11 along the lanes 3
      and 4 thus cause the drive and brake controls of all the cars 1 and 2 with
      transmitters and receivers 7, 8 and 9 to behave as if the approaches to
      merge point 5 in each lane 3 and 4 were occupied by all the cars within
      the approaches. They can thus pass through the merge point without
      stopping. In addition, no gaps are formed in lane 6 as might have been if
      cars stopped at the merge point.
PAR  It will be recognized that the arrangement of cars in FIG. 1 is only an
      example that depends upon the sequence of the cars 1 and 2. Gaps can be
      created between the cars of each lane 3 and 4 for several car lengths in
      the approaches.
PAR  Moreover, the invention is not limited to methods and means utilizing
      wireless transmission of signals. According to another embodiment of the
      invention, each of the transmitters and receivers are coupled to wave
      guides which are laid along the lanes. These wave guides are in the form
      of slotted tubular conductors into which the probes of the cars can be
      introduced. According to an embodiment of the invention the probes are
      introduced on a contact-free basis. The probes serve as antennas of the
      transmitters and receivers of the cars.
PAR  According to another embodiment of the invention, ordinary conductors are
      used instead of tubular conductors. In this case the signals are
      transmitted inductively, if necessary, between the conductors and the
      transmitters and receivers of the cars.
PAR  According to another embodiment of the invention virtual images of the cars
      are simulated by laser beams.
PAR  According to still another embodiment of the invention, all the
      transmitters and receivers are equipped with identical antennas that are
      rotatable for curves.
PAR  It should be noted that in the operation of this system the cars, by means
      of transmitters 8 and receivers 9 space, each other along the lanes in
      accordance with their speeds. If their speeds are identical they can be
      virtually touching each other and proceed at the speed. As the cars
      approach the merge point 5, the transmitters 7 announce the presence of
      the cars to the receivers 11. Each receiver 11 then actuates a transmitter
      10 to transmit signals toward receivers 9 of the opposite lane. This in
      effect forms an electronic image of a car in one lane in the adjacent
      lane. The receiver 9 in the receiving car then causes the receiving car to
      behave as if the car in the other lane were actually directly ahead of it.
      Thus, the spacing between the cars is increased so that the cars can pass
      through the merge point, while the cars are approaching point 5.
PAR  The lanes 3 and 4 as well as the lane 6 may constitute roadways, tracks,
      conveyor paths or any other arrangement of a transport system according to
      various embodiments of the invention.
PAR  The term merge point or feed point as used herein may be regarded as the
      merge zone defined by the circle in FIG. 1.
PAR  The general operation of the cars 1 and 2 as they proceed along a single
      file is described more fully in the co-pending application, Ser. No.
      234,604. The content of that application is herewith made a part of this
      application as if specifically recited herein.
PAR  According to an embodiment of the invention, the signals received by each
      of the receivers 11 in each lane are passed to the transmitter 10, in the
      opposite lane, whose distance from the point 5 equals the distance of the
      receiver, by suitable conductors.
PAR  FIGS. 3 and 4 illustrate various other types of transmission systems usable
      between the transmitters and receivers of the cars 1 and 2.
PAR  FIG. 5 illustrates the use of coincidence circuits and auxiliary
      transmitters as described above.
PAR  While embodiments of the invention have been described in detail, it will
      be obvious to those skilled in the art that the invention may be embodied
      otherwise.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of merging vehicles, travelling single file in each of two
      separate lanes, into a single lane, comprising electronically operating
      the vehicles in each lane to establish minimum gaps between each vehicle
      and the vehicle immediately ahead in the same lane, electronically
      changing the operation of the vehicles as the vehicles approach the merge
      point to form additional gaps, filling the additional gaps of one lane
      with the vehicles of the other lane at the merge point, the step of
      changing the operation including forming a signal representative of each
      vehicle of one lane in the other lane in a predetermined range approaching
      the merge point and varying the speed of each of the vehicles as if each
      signal formed by a vehicle just closer to the merge point or equidistant
      to the merge point, were a vehicle directly ahead, the step of
      electronically controlling the speed of the vehicle including maintaining
      the speed of the vehicles in one lane until it receives signals that it is
      too close behind another vehicle in its lane or to form an additional gap.
NUM  2.
PAR  2. In the method of merging the vehicles travelling single file in each of
      two separate lanes into a single lane, wherein each vehicle is
      electronically operated in each lane partially in response to control
      signals indicating that the vehicle is getting too close to the vehicle
      immediately ahead in the same lane so as to establish gaps between the
      vehicles, and wherein the operation of the vehicles are changed as the
      vehicles approach the merge point to form additional gaps by forming
      within a predetermined range at the merge point additional control signals
      representative of vehicles in one lane and transmitting it to the vehicles
      in the other lane so that each vehicle speed is adjusted in response to
      the control signals as if each control signal formed by a vehicle just
      closer to the merge point were a vehicle directly ahead, and wherein the
      additional gaps of one lane are filled with vehicles of the other lane at
      the merge point, the improvement comprising maintaining the speed of the
      vehicles until a vehicle receives a control signal.
NUM  3.
PAR  3. A system for merging vehicles travelling in single file in each of two
      separate lanes into a single lane, comprising control means in the
      vehicles for electronically controlling the speed of the vehicle in each
      lane to form gaps between each vehicle and the vehicle immediately ahead
      in the same lane, changing means in the vicinity of a merge point for
      changing the operation of the vehicles as the vehicles approach the merge
      point to form additional gaps, said changing means including signal
      forming means in each vehicle directed toward the lane other than the one
      in which the vehicle is travelling, said changing means further including
      stationary signal relaying means in each lane for receiving signals from
      vehicles in the opposite lane and transmitting them to vehicles in the
      same lane, receiver means in each vehicle responding to the signals from
      the relaying means in the same lane for establishing an indication as if
      each signal formed by a vehicle just closer to the merge point or
      equidistant to the merge point were a vehicle directly ahead so that said
      vehicle forms additional gaps, said control means including means for
      guiding each vehicle of one lane into the additional gaps formed by the
      vehicles in the other lane, said control means including means for
      electronically maintaining the speed of the vehicles in each lane until
      receipt of a signal indicating it is too close behind the vehicle ahead or
      a signal to form additional gaps.
NUM  4.
PAR  4. In a system for merging vehicles travelling single file in each of two
      separate lanes into a single lane, comprising control means mounted in
      each of said vehicles for controlling the speed of each vehicle and
      spacing the vehicles, a plurality of sensing means along given ranges of
      said paths approaching the merge points for sensing the presence of each
      vehicle in the ranges, and a plurality of regulator means each responsive
      to one of said sensing means and communicating with said control means for
      constraining said control means in each of the paths to form gaps between
      the vehicles at locations corresponding to the vehicles in the other
      paths, said control means in each of said vehicles including electrical
      means which coact with the electrical means and the control means of an
      immediately preceding vehicle and an immediately following vehicle to
      control the speed of each vehicle on the basis of its speed as well as the
      speed of the immediately preceding vehicle, said control means including
      means otherwise maintaining the speed of each vehicle and spacing the
      vehicles in each lane independent of the speed of the vehicles and the
      spacing of the vehicles in the other lane.
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ABST
PAL  The present invention relates to a digital system for maintaining the speed
      of a motor vehicle at a preselected speed. The desired speed of the
      vehicle is set into a digital memory bank and the instantaneous actual
      speed of the vehicle is determined by a digital readout. The desired
      vehicle speed and the actual speed of the vehicle are compared to produce
      a digital error signal which is used to control the throttle setting of
      the vehicle to cause the actual speed of the vehicle to equal the desired
      speed.
BSUM
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  The present application is an improvement upon a copending patent
      application entitled Digital Speed Control by Jeffrey A. Oicles which is
      assigned to the same assignee as the present invention and was forwarded
      for filing in the Patent Office on or about Jan. 6, 1970.
PAC  BACKGROUND OF THE INVENTION
PAR  Automatic speed control devices are highly advantageous in driving great
      distances on limited access highways to help the driver maintain a desired
      speed for a long period of time.
PAR  The earliest automatic speed control was an elementary dashboard throttle
      control positioned to hold the throttle at a fixed setting. This type of
      control, however, was unable to compensate for the various changes in
      driving conditions, such as wind, terrain, and road surface
      characteristics.
PAR  Electronic automobile speed controls have been developed using two analog
      electrical signals, one proportional to the actual speed of the vehicle
      and the other proportional to the desired vehicle speed. These analog
      signals are compared to generate an error signal which is applied to
      position the throttle to make the actual speed of the vehicle equal to the
      desired speed.
PAR  Further improvements to these prior art devices have been disclosed which
      utilize analog memory systems for recording the deisred vehicle speed. A
      typical analog memory comprises a high quality capacitor which is charged
      to a preselected voltage. The voltage stored by the capacitor is
      proportional to the desired speed. A very high input impedance amplifier
      is used to read out the preselected voltage and compare it to the voltage
      representative of the actual speed of the vehicle. The high quality
      capacitors must be able to maintain their charge within one percent for
      five hours. To accomplish this, the capacitors must be of an expensive
      variety and be hermetically sealed to prevent leakage. The high cost of
      these capacitors is therefore highly disadvantageous.
PAR  Another example of an analog memory is disclosed in U.S. Pat. No. 3,340,950
      by Albert Hopengarten. Hopengarten discloses an analog memory for speed
      control wherein a tone having a frequency proportional to the actual speed
      of the vehicle is generated. When the desired speed is reached, the tone
      produced at that speed is recorded on a magnetic tape. Means are provided
      for controlling the speed of the vehicle in response to the recorded
      signal.
PAR  Analog memories such as those described above are expensive in comparison
      to a digital memory. However, using the digital memory in an analog system
      would require analog--to--digital converters which would destroy the
      inherent economy of a digital memory.
PAR  It would be desirable, therefore, to construct an all digital speed
      maintaining system to take full advantage of the economy of a digital
      memory. In addition, the emerging technology of metal oxide semiconductor
      large scale integration (MOS LSI) circuits makes the digital approach
      economically attractive for programs involving large quantities, such as
      automobile production. Furthermore, the nature of digital electronics
      results in a speed control that is largely unaffected by temperature
      variations, power supply noise, aging and production tolerances.
PAC  SUMMARY
PAR  In accordance with an example of a preferred embodiment of the present
      invention, the speed of a motor vehicle is sensed by a digital sensor to
      produce digital speed pulses. A reference clock generates a series of
      reference clock pulses. A digital counter counts and stores the number of
      digital speed pulses occurring in one period of the reference clock, thus
      producing a digital number proportional to the desired speed of the
      vehicle.
PAR  The number of speed pulses occurring in one reference clock period is
      digitally compared to the stored number of speed pulses to produce a
      digital error signal. The speed of the vehicle is controlled by an
      electromechanical throttle valve solenoid. In response to the digital
      error signal, the throttle valve solenoid adjusts the speed of the vehicle
      to be the desired speed.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of an example of a preferred embodiment of a
      digital speed control according to the invention;
PAR  FIG. 2 is a system timing diagram displaying wave forms of the various
      system components;
PAR  FIG. 3 is a logic diagram of the output logic shown in FIG. 1; and
PAR  FIG. 4 is a plot of the average throttle actuator voltage versus the actual
      speed of the vehicle.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the digital speed control shown in FIG. 1, a speed signal 10 is received
      from the vehicle at the "speed signal in" terminal. The speed signal is in
      the form of a series of pulses as illustrated in FIG. 2A. As the speed of
      the vehicle increases, the number of pulses per unit of time increases
      proportionately. Thus, speed signal 10 represents the actual speed of the
      vehicle at any instant of time.
PAR  The speed signal 10 may be derived in any of the number of ways known for
      generating a series of pulses responsive to the speed of a moving vehicle.
      For example, speed signal 10 may be generated by a rotating gear
      operatively connected to the drive train rotating at a speed proportional
      to the speed of the vehicle and inducing impulses into a detector as each
      gear tooth passes by the detector. The number of pulses produced per unit
      of time is proportional to the speed of the vehicle. In other words, the
      frequency of the speed signal is proportional to the speed of the vehicle.
PAR  A reference clock 11 produces three series of pulse trains, two of which
      are shown in FIGS. 2B and 2C. Reference clock 11 produces the three pulse
      trains as follows. A digital clock produces pulse train XR at output 12 of
      reference clock 11. Pulse train XR has a frequency which is low compared
      to the speed signal 10 at normal driving speeds. Binary dividers within
      reference clock 11 divide the frequency of pulse train XR to produce a
      pulse train R shown in FIG. 2B. The frequency of reference clock pulse
      train R is much lower than the frequency of speed signal 10 shown in FIG.
      2A. It is within the scope of the invention, however, to provide reference
      clock pulse train R timing having a much higher frequency than the speed
      signal. Choice of timing schemes may be dictated by digital equipment
      limitations and not theory. Therefore, for purposes of the following
      discussion, reference will be made only to a timing scheme employing a
      reference clock pulse train R that is lower than the frequency of the
      speed signal.
PAR  Reference clock pulse train R is further divided by two, within reference
      clock 11, to produce a pulse train R/2 at output 13. Reference clock pulse
      train R/2 is shown in FIG. 2C. An inverter 14 operates upon R/2 to produce
      the wave form shown in FIG. 2D. The inverted R/2 wave form will
      hereinafter be referred to as R/2.
PAR  To engage the digital speed control, the vehicle operator adjusts the speed
      of the vehicle to the desired value and activates a set speed switch 15.
      Activating switch 15 triggers a memory loader 16 which causes a memory
      counter 17 to count and store the number of speed signal pulses for one R
      period of the reference clock shown in FIG. 2B. Thus, the number of speed
      signal pulses stored in any R clock period is a binary digital number
      proportional to the speed of the vehicle during that R clock period. The
      desired speed of the vehicle, which is proportional to the number of speed
      signal pulses stored in memory counter 17, is hereinafter referred to as
      the "set speed."
PAR  To understand more fully how memory loader 16 and memory counter 17
      operate, reference is made to a timing generator 18. Timing generator 18
      receives speed signal pulses 10 and the R output of reference clock 11.
      Timing generator 18 produces output pulses T.sub.o, T.sub.o /2 and
      (T.sub.o /2)' shown in FIGS. 2E, 2F and 2G respectively. As shown in FIG.
      2, timing pulse T.sub.o rises to a preselected potential at the initiation
      of the first R reference clock pulse occurring at time t.sub.o. At the
      initiation of the next speed signal timing pulse, occurring at time
      t.sub.1, timing pulse T.sub.o returns to zero. At the initiation of the
      next R reference clock pulse, occurring at time t.sub.2, timing pulse
      T.sub.o again rises to the preselected potential and falls to zero at time
      t.sub.3, which time is coincident with the initiation of the next speed
      signal pulse. Similarly, timing pulse T.sub.o rises up at time t.sub.o '
      and falls at t.sub.1 ', rises up at time t.sub.2 ' and falls at time
      t.sub.3 '.
PAR  Timing generator 18 uses timing pulse T.sub.o to make timing pulses T.sub.o
      /2 and (T.sub.o /2)'. Timing pulse T.sub.o is derived from every odd
      numbered T.sub.o timing pulse. Thus T.sub.o /2 timing pulses coincide with
      the beginning of each R/2 clock period. Timing pulse (T.sub.o /2)' is
      derived from every even numbered T.sub.o timing pulse. Thus T.sub.o /2
      timing pulses coincide with the beginning of each R/2 clock period. It is
      within the scope of the invention to derive the T.sub.o /2 and (T.sub.o
      /2)' timing pulses from the R/2 and R/2 clock pulses respectively.
PAR  Memory loader 16 receives speed signal pulses 10, R reference clock pulses,
      and a T.sub.o timing pulse. When set speed switch 15 is activated, memory
      loader 16 is enabled to operate at the beginning of the next R clock
      period. Referring to FIG. 2, assume that set speed switch 15 is activated
      at time t.sub.s. The next R clock period will begin at time t.sub.o. At
      time t.sub.o, a T.sub.o timing pulse resets memory counter 17 via the
      reset line and speed signal 10 is directed by memory loader 16 via the
      memory clock line to memory counter 17. Memory counter 17 is a digital
      counter clocked by speed signal 10, which counts for one R clock period.
      At time t.sub.o ', memory counter 17 ceases counting and memory loader 16
      completes its function until set speed button 15 is depressed to enter a
      new set speed.
PAR  Since memory counter 17 has counted the number of speed signal pulses in a
      known period of time, i.e., one R clock period, the digital number stored
      therein is proportional to the set speed of the vehicle during that R
      clock period which immediately follows activation of set speed switch 15.
PAR  A speed counter, 19, which is a digital counter, is clocked by either speed
      signal 10 or the XR output of reference clock 11, and is reset to zero by
      a T.sub.o /2 timing pulse.
PAR  A digital comparator, 20, receives inputs from memory counter 17, and speed
      counter 19. When the outputs of memory counter 17 and speed counter 19
      coincide, digital comparator 20 outputs a pulse to an output logic 21. The
      operation of output logic 21 will be explained in detail later.
PAR  Speed counter 19 is clocked as follows. The XR pulse train and R/2 are fed
      to a first AND gate 22. Speed signal 10 and R/2 are fed to a second AND
      gate 23. The outputs of first and second AND gates 22 and 23 are fed to an
      OR gate 24. The output of OR gate 24 is used to clock speed counter 19.
      Referring to FIG. 2, from time t.sub.o until time t.sub.2, R/2 will be
      high and R/2 will be low. Thus, AND gate 23 will be enabled and AND gate
      22 will be disabled, therefore speed signal 10 will clock speed counter 19
      via AND gate 23 and OR gate 24. From time t.sub.2 until time t.sub.o ',
      R/2 will be low and R/2 will be high. Thus AND gate 23 will be disabled
      and AND gate 22 will be enabled, therefore the XR output of reference
      clock 11 will clock speed counter 19 via AND gate 22 and OR gate 24.
PAR  FIG. 2H shows the output of speed counter 19. The line labeled "set speed"
      represents a count corresponding to the output of memory counter 17. If
      the "set speed" line were higher, the set speed of the vehicle would be
      higher. Conversely, if the "set speed" line were lower, the set speed of
      the vehicle would be lower. At time t.sub.o, t.sub.o ', etc., timing pulse
      T.sub.o /2 resets speed counter 19 and digital comparator 20 follows to
      zero in response to speed counter 19. From time t.sub.o until time t.sub.2
      speed counter 19 is clocked by speed signal 10. From time t.sub.2 until
      time t.sub.o ' speed counter 19 is clocked by the XR output of reference
      clock 11. At a time t.sub.4, the output of speed counter 19 equals that of
      memory counter 17 causing digital comparator 20 to output a pulse as shown
      in FIG. 2I. The output of comparator 20 remains high, and speed counter 19
      continues to count until time t.sub.o ', when they are reset to zero in
      response to a T.sub.o /2 timing pulse.
PAR  Output logic 21 controls the speed of the vehicle as follows. Output logic
      21 receives timing pulses T.sub.o /2 and (T.sub.o /2)' from timing
      generator 18, and the output of digital comparator 20. The output of logic
      21 is amplified by an output amplifier 25 which in turn drives a throttle
      actuator 26. Throttle actuator 26 directly controls the speed of the
      vehicle.
PAR  The operation of output logic 21 can be explained with reference to the
      logic diagram of FIG. 3. An output flip-flop 27 is set upon receipt of a
      (T.sub.o /2)' pulse and reset via an OR gate 28 upon receipt of a pulse
      from digital comparator 20 or a T.sub.o /2 pulse from timing generator 18.
      The output of output flip-flop 27 is fed to output amplifier 25 via a
      third AND gate 29.
PAR  The system may be disengaged or engaged by means of a disengage flip-flop
      30. It should be remembered that output flip-flop 27 is gated to drive
      throttle actuator 26 by a third AND gate 29. Third AND gate 29 is enabled
      and disabled by the output of disengage flip-flop 30. When the disengage
      flip-flop is set, the logical one output enables AND gate 29. Thus the
      output from flip-flop 27 is able to drive throttle actuator 26. When the
      disengage flip-flop is reset, the logical zero output disables AND gate 29
      to cut off the output of flip-flop 27 from throttle actuator 26. A
      disengage pulse to reset flip-flop 30 may be generated by applying the
      brakes of the vehicle, or by moving the transmission to a neutral
      position. To re-engage the system, a resume speed switch 31 is activated
      to generate a pulse to set flip-flop 30 to enable third AND gate 29 to
      gate the output of flip-flop 27 to throttle actuator 26.
PAR  The generation of the throttle actuator signal may be explained with
      reference to FIGS. 2 and 3. A (T.sub.o /2)' pulse occurring at time
      t.sub.2 sets output flip-flop 27. When speed counter 19 counts up to the
      set speed, the output of digital comparator 20 resets flip-flop 27 at time
      t.sub.4. Digital comparator 20 is reset in response to a T.sub.o /2 pulse
      at time t.sub.o '. If the actual speed of the vehicle is less than the set
      speed, the comparator will output a pulse after time t.sub.2.
PAR  The length of time from time t.sub.o until t.sub.4 is proportional to the
      difference in speed between the set speed and the actual speed of the
      vehicle. To produce a square wave having a pulse width proportional to
      this difference in speed, output flip-flop 27 is set by a T.sub.o /2 pulse
      at time t.sub.2, and reset by the digital comparator at time t.sub.4.
PAR  If the actual speed of the vehicle is much lower than the set speed, speed
      counter 19 may never count up to the set speed prior to the beginning of
      the next R/2 clock period. To insure that output flip-flop 27 will be
      reset in time for the next (T.sub.o /2)' timing pulse, a T.sub.o /2 timing
      pulse resets flip-flop 27 at times t.sub.o, t.sub.o ', etc. Therefore, the
      maximum duty cycle of output logic 21 is 50 percent.
PAR  If the actual speed of the vehicle is equal to the set speed, speed counter
      19 will count up to the set speed at time t.sub.2. When this occurs the
      throttle actuator signal will be inhibited and no throttle will be
      applied. This condition will produce a zero voltage command to throttle
      actuator 26.
PAR  If the actual vehicle speed is greater than the set speed, speed counter 19
      will count up to the set speed at a time t.sub.5, prior to time t.sub.2 '.
      The output of digital comparator 20 will occur at time t.sub.5 and will
      inhibit output flip-flop 26 from being set at time t.sub.2 ' by timing
      pulse (T.sub.o /2)'. Thus no throttle will be applied and the vehicle will
      slow down to the set speed.
PAR  The output of logic 21 is therefore a pulse width modulated square wave
      having a pulse width proportional to the difference in speed between the
      set speed and the actual speed of the vehicle, so long as the actual speed
      of the vehicle is less than the set speed. If the actual speed of the
      vehicle is greater than the set speed, no throttle will be applied until
      the speed of the vehicle falls to just below the set speed.
PAR  Throttle actuator 26 directly controls the throttle, and thus the speed of
      the vehicle. Throttle actuator 26 may be an electro-pneumatic device
      responsive to a pulse width modulated signal. Typically, actuator 26
      overrides the normal throttle control of the vehicle when the digital
      speed control is engaged. When the system is engaged, if no voltage is
      applied to actuator 26, zero throttle is applied to the vehicle. As the
      pulse width of the input voltage to actuator 26 increases, the average
      voltage increases proportionately, and the speed of the vehicle increases,
      as shown in FIG. 4.
PAR  Referring to FIG. 4, if the speed of the vehicle is equal to or greater
      than the set speed "X," the output of digital comparator 20 will inhibit
      the throttle actuator signal so that it will be flat, thus yielding a zero
      throttle actuator voltage. The zero throttle actuator voltage produces a
      zero throttle which causes the vehicle to slow down until it reaches the
      set speed.
PAR  At speeds below set speed "X," the average throttle actuator voltage
      increases linearly until it reaches maximum value. The maximum value
      occurs when the actual speed of the vehicle is so far below the set speed
      that speed counter 19 will not count up to the set speed during one R/2
      clock period. When this occurs, the throttle actuator signal will rise up
      at time t.sub.2 and remain high until a T.sub.o /2 timing pulse resets
      output flip-flop 27. Thus, a 50 percent duty cycle is produced at the
      output of logic 21 to cause throttle actuator 26 to apply maximum throttle
      to bring the actual speed of the vehicle up to the set speed.
PAR  The maximum value of the average throttle actuator voltage is proportional
      to the maximum value of output amplifier 25. By adjusting the gain of
      amplifier 25, the maximum average throttle actuator voltage can be raised
      or lowered.
PAR  The gain of the speed control error voltage is the slope .DELTA.Y/.DELTA.X
      of the plot of average throttle actuator voltage versus speed shown in
      FIG. 4. The slope can be adjusted by altering the frequency of the XR
      output of reference clock 11. If the frequency is decreased, speed counter
      19 will take longer to count up to the set speed for a given difference
      between the set speed and an actual vehicle speed. Since speed counter 19
      takes longer to count up to the set speed, the pulse width of the output
      from logic 21 is increased and the average throttle actuator voltage is
      increased. Therefore, the slope of the curve shown in FIG. 4 is steepened
      and the gain of the speed control error voltage is increased. Similarly,
      if the frequency of the XR output of reference clock 11 is increased,
      speed counter 19 will count up to the set speed faster for a given
      difference in speed between the set speed and an actual vehicle speed, and
      the average throttle actuator voltage will be lower. Therefore, the slope
      of the curve shown in FIG. 4 is lessened and the gain of the speed control
      error voltage is decreased.
PAR  If a higher set speed, such as "X'" is chosen, the gain of the system
      .DELTA.Y'/.DELTA.X' equals .DELTA.Y/.DELTA.X because, as explained above,
      the average throttle actuator voltage is proportional to the absolute
      difference in speed between the set speed and the actual vehicle speed,
      not a percentage difference in speed.
PAR  It can therefore be seen that when the actual speed of the vehicle drops
      below the set speed, the average throttle actuator voltage increases until
      a maximum voltage is reached producing maximum acceleration. As the speed
      of the vehicle nears the set speed, the average throttle actuator voltage
      decreases proportionately, reaching zero at the set speed, to prevent
      jerky movement of the vehicle. At speeds above the set speed, the average
      throttle actuator voltage remains at zero.
PAR  It is within the scope of the invention to provide means for applying the
      brakes of the vehicle to slow it down when the vehicle speed rises
      substantially above the set speed.
PAR  The invention further includes a digital speedometer 32. Digital
      speedometer 32 includes a storage element having decoding and readout
      means. As shown in FIG. 1, digital speedometer 32 receives the output of
      speed counter 19 and a T.sub.o /2 timing pulse from timing generator 18.
      Recall that speed counter 19 counts a number proportional to the actual
      speed of the vehicle during one R/2 clock period. At time t.sub.o ', the
      speed counter has a digital number stored therein proportional to the
      actual speed of the vehicle, and the T.sub.o /2 timing pulse transfers
      that number to the digital speedometer. Digital speedometer 32 stores that
      number, decodes it, and displays it by readout means. The operator of the
      vehicle, therefore, is provided with a virtually instanteous digital
      readout of the actual speed of the vehicle at all times.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A digital speed control for maintaining a motor vehicle at a preselected
      speed comprising:
PA1  means for generating a first digital signal responsive to the actual speed
      of the vehicle;
PA1  means for producing and storing a first digital number proportional to a
      preselected vehicle speed;
PA1  means for generating a first digital reference clock pulse train;
PA1  means for generating a second digital reference clock pulse train;
PA1  first digital counter means clocked by said first digital signal responsive
      to the actual speed of the vehicle for a first portion of the period of
      said first reference clock pulse train, said first digital counter means
      being further clocked by said second reference clock pulse train for the
      remainder of said first reference clock pulse period;
PA1  a digital comparator producing a digital error signal which rises to and
      remains at a preselected potential whenever the output of said first
      digital counter equals said first digital number proportional to said
      selected vehicle speed; and
PA1  means for adjusting the speed of the vehicle in response to said digital
      error signal to maintain the preselected speed.
NUM  2.
PAR  2. A digital speed control as claimed in claim 1 wherein the first digital
      signal responsive to the actual speed of the vehicle comprises a series of
      speed signal pulses having a pulse repetition frequency proportional to
      the speed of the vehicle.
NUM  3.
PAR  3. A digital speed control as claimed in claim 1 wherein said second clock
      pulse train has a pulse repetition rate twice that of said first clock
      pulse train.
NUM  4.
PAR  4. A digital speed control for maintaining a motor vehicle at a preselected
      speed comprising:
PA1  means for generating a first digital signal responsive to the speed of the
      vehicle having a pulse repetition frequency proportional to the actual
      speed of the vehicle;
PA1  means for producing and storing a first digital number proportional to a
      preselected vehicle speed;
PA1  means for generating a first digital reference clock pulse train;
PA1  means for generating a second digital reference clock pulse train;
PA1  a first digital counter;
PA1  means for clocking said first digital counter by said first digital speed
      signal for a first portion of the period of said first reference clock
      pulse train and for clocking said first digital counter by said second
      reference clock pulse train for the remainder of said first reference
      clock pulse train;
PA1  a digital comparator producing an output which rises to and remains at a
      preselected potential whenever the output of said first digital counter
      equals the first digital number proportional to said preselected vehicle
      speed;
PA1  means for resetting the output of said digital comparator at the beginning
      of each first reference clock pulse train period;
PA1  means responsive to the output of said digital comparator producing a
      digital error signal; and
PA1  means for adjusting the speed of the vehicle in response to said digital
      error signal to maintain the vehicle at said preselected speed.
NUM  5.
PAR  5. A digital speed control as claimed in claim 4 wherein:
PA1  said digital error signal is a pulse width modulated square wave having a
      pulse width proportional to the difference in speed between the
      preselected speed and an actual vehicle speed lower than said preselected
      speed.
NUM  6.
PAR  6. A digital speed control as claimed in claim 5 wherein the means
      responsive to the output of said digital comparator producing a pulse
      width modulated digital error signal comprises:
PA1  means for producing a first voltage at times corresponding to the beginning
      of each first even reference clock pulse train period;
PA1  means for inhibiting said first voltage in response to an output from said
      digital comparator; and
PA1  means for inhibiting said first voltage at times corresponding to the
      beginning of each first odd reference clock pulse train period.
NUM  7.
PAR  7. A digital speed control as claimed in claim 5 wherein the means
      responsive to the output of said digital comparator producing a pulse
      width modulated digital error signal comprises:
PA1  a first resettable digital flip-flop having an output;
PA1  means for setting the first flip-flop at times corresponding to the
      beginning of each first even reference clock pulse train period;
PA1  means for resetting said first flip-flop in response to an output from said
      digital comparator; and
PA1  means for resetting said first flip-flop at times corresponding to the
      beginning of each first odd reference clock pulse train period.
NUM  8.
PAR  8. A digital speed control as claimed in claim 7 and further including:
PA1  a second resettable digital flip-flop;
PA1  a first AND gate,
PA2  one input to said first AND gate being from the output of the first digital
      flip-flop, and
PA2  the other input to said first AND gate being from the output of said second
      digital flip-flop;
PA1  means for resetting the second flip-flop in response to a command to
      disengage said digital speed control; and
PA1  means for setting the second flip-flop to engage said digital speed
      control.
NUM  9.
PAR  9. A digital speed control as claimed in claim 8 wherein the command to
      disengage the system is in response to a braking command.
NUM  10.
PAR  10. A digital speed control as claimed in claim 9 wherein the means for
      adjusting the speed of the vehicle in response to said digital error
      signal comprises positioning a throttle to vary the speed of the motor of
      said vehicle.
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PAL  The anti-spinning device comprises for each wheel a sensor delivering
      electric pulses proportional in number to the peripheral distance covered
      by the wheel, with a lower number of pulses in the case of a driving
      wheel, and at least one up/down counter receiving said pulses and
      co-acting with means for introducing a retard into the ignition system.
      Said means comprise between the contact breaker and the ignition elements
      proper a shift register for the breaker signal, a clock adapted to be
      released by this signal and controlling the successive shifts of the
      breaker signal in said shift register, and a multiplexer for selecting the
      original or retarded breaker signal, which is connected to the outputs of
      said shift register and responsive to a channel selector circuit
      responsive in turn to the state of said up/down counter. Said device may
      be applied for protecting against the spinning of driving wheels in a
      motor vehicle.
BSUM
PAR  The present invention relates in general to anti-spinning devices and has
      specific reference to means for protecting against the spinning of the
      driving wheels of a motor vehicle.
PAR  It is known that a relatively high engine torque may under certain
      circumstances such as poor wheel adherence cause the driving wheels to
      spin. In known devices of the type mentioned hereinabove the
      loss-of-adherence information is delivered by acceleration threshold
      detectors or speed differential detectors. The nature of the information
      thus supplied is subordinate to the road surface condition and also to the
      absolute velocity of the vehicle.
PAR  On the other hand, the regulating control action is applied either to
      mechanical members, such as the engine induction throttle or butterfly
      valve, which have a relatively long response time, or to means for cutting
      off the ignition, with the attendant risk of damaging the engine and
      increasing the atmospheric pollution.
PAR  To avoid these inconveniences, the Applicant already proposed, in a prior
      French patent No. 2,183,345 of May 3, 1972, means for detecting the
      difference between the peripheral paths or angular distances covered by
      the driving wheels and the non-driving wheels of a vehicle, independently
      of time, so that beyond a predetermined value of this difference a
      predetermined ignition retard can be set for altering the engine torque
      with a view to improve the wheel adherence.
PAR  The electronic circuits used in the system disclosed in said patent
      comprised inter alia monostable univibrators.
PAR  However, a predetermined retard applied according to the hit-or-miss method
      does not make sufficient allowance for the conditions of operation of the
      vehicle or for its environment: engine velocity, engine and transmission
      inertia, more or less effective wheel adherence, etc. This system, though
      effective under certain roadwheel adherence conditions, is not
      compulsorily the best proposition under extreme adherence conditions.
PAR  Moreover, the monostable univibrators used in the electronic system are
      particularly responsive to interferences generated by the vehicle itself
      or by atmospheric or environment conditions.
PAR  It is the essential object of the present invention to better adapt the
      retard applied to the ignition contact breaker signal in order to control
      the engine torque and thus provide adherence conditions more consistent
      with the road surface on which the vehicle is being driven.
PAR  Basically, the anti-spinning protection device of this invention for the
      driving wheels of motor vehicles, which comprises for each wheel a sensor
      delivering electric pulses proportional in number to the peripheral
      distance covered by the wheel, the driving-wheel sensors generating a
      lower number of pulses than the non-driving wheels sensors for a same
      peripheral distance, the device comprising in addition at least one
      up/down counter receiving the driving wheel pulses at its count up input
      and the non-driving wheel pulses at its count down input, whereby, beyond
      a predetermined excess of up counted pulses over the down counted pulses,
      means adapted to retard the engine ignition are actuated in order to
      reduce the engine torque and therefore the spinning, is characterised in
      that the means for producing said ignition retard comprise, between the
      contact breaker and the ignition members, a breaker-signal shift register,
      a clock adapted to be released by said signal for controlling the
      successive phase shifts of said breaker signal in said shift register, and
      a multiplexer for selecting the original or retarded breaker signal which
      is operatively connected to the shift register outputs and responsive to a
      channel selecting circuit responsive in turn to the state of said up down
      counter.
PAR  Moreover, a periodic pulse transmission circuit may be connected to the
      channel selector in order to modify in time the breaker signal selection
      performed by said multiplexer.
PAR  From the specific point of view of construction, this arrangement affords
      an easier integration of the system due to the elimination of a number of
      resistors and capacitors usually incorporated in the delay-action means of
      the univibrators of said prior art systems.
PAR  It may also be emphasized that the fact of introducing an ignition retard
      definitely improves the atmospheric anti-pollution action. In fact, the
      exhaust gases from the cylinders are at a higher temperature than under
      normal operating conditions, thus heating appreciably the exhaust manifold
      and pipes. Therefore, a natural post-combustion is created which reduces
      considerably the unburnt hydrocarbon contents of the gases exhausted to
      the surrounding atmosphere.
DRWD
PAR  A typical form of embodiment of a device according to this invention will
      now be described by way of example with reference to the attached
      drawings, in which:
PAR  FIG. 1 is a block diagram illustrating the principle of operation of the
      device of this invention;
PAR  FIG. 2 is a similar diagram wherein the electronic unit integrated in a
      block 9 of FIG. 1 is illustrated with its main component circuits
      designated separately;
PAR  FIG. 3 is a diagram illustrating a typical form of embodiment of the
      circuit 27 of FIG. 2;
PAR  FIG. 4 is a diagram illustrating a typical form of embodiment of the
      circuit 36 of FIG. 2 and the connections thereof with the multiplexer 37;
PAR  FIG. 5 is a diagram illustrating the evolution of certain signals in the
      device and the states possibly assumed by this device, and
PAR  FIG. 6 is a table illustrating the evolution of the main signals of the
      diagrams of FIGS. 3 and 4, and the various states of ignition retard
      possibly assumed by the device during its operation.
DETD
PAR  Referring first to FIG. 1, the motor vehicle to be protected against wheel
      spinning is illustrated only through its four wheels shown
      diagrammatically at 1, 2, 3 and 4, respectively, the driving wheels being
      for instance 1 and 3, and the free-rotating or non-driving wheels 2 and 4.
      Sensors or pick-ups 5, 6, 7 and 8 are associated with these wheels 1- 4,
      respectively. Each wheel is equipped with sensing means capable of
      generating a number of pulses proportional to the peripheral distance
      covered by this wheel, different proportionality factors being applied, if
      desired, to the driving wheels and the non-driving or loosely-rotating
      wheels, respectively, as will be explained presently. Sensors of this type
      are well known in the field. The pulses are processed in an electronic
      unit 9 adapted to control the retard of the signal transmitted from a
      conventional contact breaker 11 of the ignition system, in order to
      control the ignition elements 10 thereof.
PAR  In the preferred example illustrated in FIG. 2, the two sides of the
      vehicle (i.e. the near and off-side) are independent of each other as far
      as wheel-spinning detection is concerned.
PAR  For one side of the vehicle the signal from the sensor 5 (or 7) associated
      with driving wheel 1 (or 3), after being shaped in the waveform shaping
      circuit 21 (or 23) is fed to the count up input of an up/down counter 25
      (or 26), whereas the signal from sensor 6 (or 8) of non-driving wheel 2
      (or 4) after being shaped in the waveform shaping circuit 22 (or 24) is
      fed to the count down input of the same up/down counter 25 (or 26).
PAR  A circuit 27 comprised of logic gates permits of ascertaining at any time
      the state of the pair of up/down counters 25 and 26 corresponding each to
      one side of the vehicle.
PAR  The signal from contact breaker 11 is shaped in a waveform shaping circuit
      32 before being fed to a cleared clock 33 adapted to cause the breaker
      signal to proceed in a shift register 34 in order to produce retarded
      breaker signals in this register.
PAR  The circuit 27 responsive to the state of the up/down counters is connected
      to a circuit 36 for selecting the channel of a multiplexer 37 for the
      purpose of selecting either one of the various retarded breaker signals
      from the shift register 34 or the original signal from circuit 32.
PAR  The retarded or unchanged breaker signal from the multiplexer is fed to a
      power stage 38 for controlling the ignition elements or devices 10 of the
      vehicle.
PAR  Moreover, a periodic pulse transmitter adapted to modify in time the
      breaker signal selection performed by the multiplexer is connected to the
      channel selector circuit 36.
PAR  This pulse transmitter, which may be of the self-operating type, consists
      in this example of a divider 35 adapted to divide by N the number of
      breaker signals received thereby from the waveform shaper 32.
PAR  The up/down counters 25 and 26 are so arranged that when the number of up
      counted pulses is lower than the number of down-counted pulses, it remains
      in the zero or reset state whereas when the number of up counted pulses
      exceeds by a predetermined amount the number of down counted pulses, it
      remains at said predetermined value. The up/down counters 25 and 26 of the
      selected example illustrated are utilized by detecting their state, i.e.
      zero, intermediate or full (complete).
PAR  The circuit 27 illustrated in FIG. 3 comprises two logic NOR circuits 39
      having four inputs connected to four outputs, respectively, of up/down
      counters 25 and 26, the output of said circuits 39 being connected to the
      inputs of a NAND circuit 40 of which the output signals S 40 is fed to the
      channel selector circuit 36 as shown in FIG. 4.
PAR  The circuit 27 also comprises two NAND circuits 41 having two inputs
      connected to two outputs of the up/down counters 25, 26 which display the
      state of filling of these counters, said circuits 41 having each their
      output connected to one input of another NAND circuit 42 of which the
      output signal is fed to the channel selector circuit 36 as shown in FIG.
      4.
PAR  The channel selector circuit 36 illustrated in FIG. 4 comprises a flip-flop
      43 receiving the signal S 40 at its clear input. Connected to the clock
      input of this flip-flop 43 is the output of an AND circuit 56 receiving at
      one of its inputs the output signal from the NAND circuit 42, the other
      input of circuit 56 receiving the signal from one of the outputs A of said
      flip-flop. The other output B of flip-flop 43, which is complementary to
      A, is connected to one input of a NOR circuit 44 also receiving at its
      other input the output signal from NAND circuit 42.
PAR  The NOR circuit 44 is connected via a NOT circuit 45 to one input of a NAND
      circuit 46 having its output connected to one input of another NAND
      circuit 47. The latter is connected to one input of an AND circuit 48
      having its output connected to one channel selector input A of multiplexer
      37.
PAR  The channel selector circuit 36 further comprises a NAND circuit 49
      receiving at one of its inputs the output signal from the NAND circuit 42,
      the other input of this NAND circuit 49 receiving the output signal from
      pulse generator 35. The output of this NAND circuit 49 is connected to the
      input of another NAND circuit 50 having its output connected to the count
      up input of a counter 51 having three outputs A, B and C. The first output
      A of this counter 51 is connected via a NOT circuit 52 to another input of
      said NAND circuit 47. The other outputs B and C of counter 51 are
      connected to the corresponding channel selector inputs B and C of
      multiplexer 37, and also to the pair of inputs of a NOR circuit 53 having
      its output connected to another input of said NAND circuit 46.
PAR  Moreover, the outputs A and C of counter 51 are connected to the two inputs
      of another NAND circuit 54 having its output connected to another input of
      NAND circuit 50. The counter 51 has its reset or clear input connected to
      the output of a NAND circuit 55 receiving at one input the output signal
      from NAND circuit 42.
PAR  The AND circuit 48 and NAND circuit 55 comprise  each an input adapted to
      receive a signal for cancelling the operation of the device, this input
      normally receiving a signal F = 1.
PAR  In the example illustrated and described herein for explanatory purposes
      five retard values increasing by 0.5 ms, from the outputs 3 to 7 of the
      shift register 34, have been selected, said outputs being connected to the
      multiplexer channels 1 to 5, respectively, the selection occurring as a
      function of the signals applied to its inputs A, B and C. The breaker
      signal is normally transmitted without any retard from said multiplexer 37
      by connecting the zero output of shift register 34 to the zero channel of
      said multiplexer.
PAR  FIGS. 5 and 6 illustrate the essential features characterising the
      operation of the above-described device. Thus, the device is illustrated
      in FIGS. 5 in the form of a diagram depicting the evolution in time, in
      case of wheel spinning, of signals S 40, S 42, of output signal B of said
      flip-flop and of the possible states of the device as displayed in FIG. 6.
      This FIG. 6 illustrates in the form of a table the successive states of
      the component elements of the device controlling the ignition retard as a
      consequence of the possible specific states of operation in the range of I
      to IX.
PAR  Thus;
PAR  when both up/down counters 25 and 26 are cleared (i.e. in their zero
      state), no wheel spinning or no excessive wheel spinning occurs. The
      breaker signal is not retarded and the ignition means are controlled
      normally (state I of FIGS. 5 and 6);
PAR  when the up/down counter 25 and/or the up/down counter 26 begin to be
      charged at a value lower than the maximum capacity of these counters,
      spinning is started, with signal S 40 changing from 0 to 1, but no action
      is exerted on the ignition retard (state II of FIGS. 5 and 6);
PAR  then, when the up/down counter 25 and/or up/down counter 26 is or are at
      their maximum capacity, signal S 42 changes from 0 to 1, whereby, via the
      chain of circuits 44, 45, 46, 47 and 48, and also of circuits 52 and 53,
      the state of selector input A of multiplexer 3 changes from 0 to 1, thus
      putting the channel 1 into service. The breaker signal is subjected
      immediately to an intermediate retard .theta..sub.1, in this case of 1.5
      ms, before being fed to the ignition means (state III of FIGS. 5 and 6);
PAR  if the up/down counter 25 and/or the up/down counter 26 remains or remain
      at its or their maximum capacity, the retarded breaker signal will evolve
      according to the values shown in FIG. 6 in response to the variations of
      counter 51 according to the pulses now fed thereto from circuit 35 (every
      N strokes of the breaker signal in the present example) through circuits
      49 and 50. The first counting pulse keeps the selector input A of
      multiplexer 37 in state I, so that the retard remains equal to
      .theta..sub.1 (1.5 ms -- State IV). Then, the following pulses cause the
      counter 51 and the selected multiplexer channels to progress
      simultaneously and jointly (States V to VIII).
PAR  Moreover, in state VIII, the counter 51 is locked by means of NAND circuit
      54 of which the zeroed output will then block the transmission of pulses
      through circuit 50. Therefore, the retard introduced into the ignition
      system cannot exceed that of state VIII (in this case 3.5 ms) irrespective
      of the duration of this spinning phase.
PAR  Then, when the capacities of up/down counters 25 and 26 are lower than
      their maximum capacity, the signal S 42 resumes its zero state, thus
      clearing or resetting the counter 51 via circuit 55 and causing the output
      B of flip-flop 43 to assume state 1, so that only the input A of
      multiplexer 37 remains in state 1 and the aforesaid intermediate retard
      .theta..sub.1 (1.5 ms) is re-introduced (state IX of FIGS. 5 and 6).
PAR  This state is maintained as long as one or the other of said up/down
      counters 25, 26 remains in an intermediate state, i.e. as long as wheel
      spinning occurs, at least on one side of the vehicle, and signal S 40
      remains at 1. However, when signal S 40 is reversed, i.e. when the up/down
      counters 25 and 26 are both cleared or reset, the output B of flip-flop 43
      is again zeroed together with the input A of multiplexer 37, whereby the
      device resumes its initial passive state I, the normal ignition taking
      place again without any retard.
PAR  Moreover, the cancellation signal F fed to circuits 48 and 55 may be
      delivered as desired from means responsive to the vehicle braking system
      and/or to the maximum stroke of the throttle or accelerator pedal, so as
      to eliminate the ignition retard when applying the brakes or when the
      accelerator pedal is depressed home.
PAR  After these transgressions, the breaker signal will resume either its
      position of intermediate retard .theta..sub.1 with a possible evolution as
      described hereinabove, if spinning still occurs, or without retard if no
      spinning occurs, so that the possibility of sport-like driving is
      maintained.
PAR  It will be seen that the retard can be applied in various forms in order to
      preset a low consistent with each type of vehicle, by controlling inter
      alia:
PAR  the number of retard values, by using a shift register having a greater or
      smaller capacity;
PAR  the ignition retard corresponding to one step of the shift register, by
      controlling the released clock;
PAR  the pre-selection or pre-setting of the retard values in the shift
      register;
PAR  the intermediate retard .theta..sub.1 ;
PAR  the end-of-cycle retard which could be selected to be other than
      .theta..sub.1 ;
PAR  the cycle of pulse generator 35, in this case the number of breaker strokes
      N necessary for changing from one retard value to another.
PAR  Of course, the circuit 27 for converting the states of the up/down counters
      and the channel selector circuit 36 may be modified as a function of any
      desired law of application of the ignition retard, without inasmuch
      departing from the basic principles of the invention as set forth in the
      appended claims.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. An anti-spin device for a motor vehicle having driven and non-driven
      wheels and an ignition system including a contact breaker producing an
      original breaker signal, said device comprising a sensor for at least one
      driven wheel and a sensor for at least one non-driven wheel, each of said
      sensors producing electrical pulses proportional in number to the
      peripheral distance covered by said wheel, the sensor of said driven wheel
      generating a lower number of pulses than the sensor of the non-driven
      wheel for a same peripheral distance covered thereby, at least one up/down
      counter, said driven wheel pulses being received at the up input of said
      counter and said non-driven wheel pulses being received at the down input
      of said counter, a shift register receiving said original breaker signal,
      a clock released by said original signal and controlling said shift
      register to produce a plurality of sequentially increasing retarded
      breaker signals at respective outputs, a multiplexer having a plurality of
      channels connected to said shift register outputs respectively and an
      output connected to the remainder of said ignition system, and a channel
      selector circuit controlled by said counter either to select said original
      breaker signal for said multiplexer output when said up counted pulses do
      not exceed said down counted pulses by more than a predetermined amount or
      to select one of said retarded breaker signals when said up counted pulses
      exceed said down counted pulses by more than said predetermined amount,
      the retarded breaker signal selected being dependent on the amount of
      excess whereby the engine torque and therefore said spin is reduced.
NUM  2.
PAR  2. Device as set forth in claim 1, wherein a circuit adapted to transmit
      periodic pulses for modifying in time the breaker signal selection
      effected by said multiplexer is connected to the channel selector circuit.
NUM  3.
PAR  3. Device as set forth in claim 2, wherein the periodic pulse transmitter
      consists of a divider circuit capable of dividing the number of breaker
      signals.
NUM  4.
PAR  4. Device as set forth in claim 1, wherein an up/down counter is provided
      for the driven and non-driven wheels of each near- and off-side of the
      vehicle, the two corresponding up/down counters being connected to the
      channel selector circuit via a logic gate circuit adapted to translate the
      state of said up/down counters.
NUM  5.
PAR  5. Device as set forth in claim 1, further comprising means responsive to
      the maximum stroke of the gas throttle control member of the engine and
      adapted to disconnect said retard means from the relevant circuits in the
      maximum-stroke position of said control member.
NUM  6.
PAR  6. Device as set forth in claim 1, comprising means responsive to the
      braking system of the vehicle and adapted to disconnect said ignition
      retard means from the relevant circuit during a brake application.
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ABST
PAL  In an engine automatic control system for a vehicle for automatically
      connecting an electric source with an engine starter and an ignition
      circuit in response to disengaging operation of a clutch device of the
      vehicle, for maintaining the ignition circuit conductive while the vehicle
      runs, and for automatically making the ignition circuit non-conductive
      when the vehicle is arrested, the engine control system comprises a
      setting circuit interposed between an ignition switch and the ignition
      circuit for selectively setting the engine control system to its operative
      condition and a cancelling switch coupled with the setting circuit for
      automatically cancelling the operative condition of the engine control
      system when an operator leaves the vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an automatic control system for an engine
      of vehicles, and more particularly to an improvement of the engine control
      system such as disclosed in U.S. Pat. No. 3,731,108 dated May 1, 1973,
      German Pat. No. 2,158,095 dated Sept. 6, 1973 and French Pat. No.
      2,139,281 dated July 10, 1972.
PAR  In the engine control system disclosed in the mentioned Letters Patents, an
      engine is automatically stopped when the vehicle is arrested and the
      engine is automatically driven in response to the depression of the clutch
      pedal for starting the vehicle, both operations being carried out without
      operating the ignition switch. The installation of the engine control
      system to a vehicle, however, brings up a demerit to give dangers to such
      vehicle operators who are not aware of the installation of the control
      system to the vehicle.
PAR  In the case that an operator is to operate such a vehicle in which the
      control system is left in its ready-to-operate condition and the forward
      or reverse drive power train is completed, he may depress fully the clutch
      pedal prior to turning on the ignition switch. Consequently, due to the
      operation of the control system, the engine starts by full depression of
      the clutch pedal. Then, the operator may release the clutch pedal
      reflectively out of his surprise to unexpectedly run the vehicle. This
      unexpected running of the vehicle must be considered very dangerous as it
      would cause accidents of the vehicle. Furthermore, the engine of the
      vehicle will be stopped automatically and unexpectedly when the vehicle
      arrests at the crossings or the like. This unexpected engine stop would
      cause the operator's mental confusion to lead the operator to his
      misoperation of the vehicle, which is also very dangerous as accidents may
      easily be caused by this situation.
PAC  SUMMARY OF THE INVENTION
PAR  The prime object of the present invention is, therefore, to provide an
      automatic control system, wherein the function of the control system is
      automatically cancelled when the operator leaves the vehicle even with the
      ignition switch kept on, thereby to overcome the problems and dangers
      existing with the conventional type of engine automatic control system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above mentioned and further objects and features of the present
      invention will become clearer from the following description in reference
      with the accompanying drawing, which depicts a preferred embodiment of an
      engine automatic control system in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Now referring to the drawing, described in detail is an engine automatic
      control system in accordance with the present invention, which includes an
      ignition switch 2, an ignition circuit 4 connected to the IG terminal of
      the ignition switch 2 and an engine starter circuit 3 having a starter
      relay 3a which is connected to the ST terminal of the ignition switch 2 to
      selectively connect a starter M with an electric source 1 in the form of a
      vehicle battery. The mentioned constructional portions are of well-known
      type and heretofore generally in use for motor-driven vehicles.
PAR  The engine automatic control system comprises an engine control circuit 700
      to connect the electric source 1 with the ignition circuit 4 in response
      to the depression of a clutch pedal and/or an accelerator pedal of a
      vehicle, to maintain the ignition circuit 4 conductive while the vehicle
      is moving and to render the ignition circuit 4 nonconductive after the
      vehicle has been brought to rest. The engine control circuit 700 is
      connected to the electric source 1 by way of a transfer contact 15 of a
      self-holding relay 14 and the ignition switch 2 and by way of a voltage
      stabilizer having a resistor 704 and a zener diode 601 and the ignition
      switch 2. The engine control system further comprises a starter energizing
      circuit 600 to connect the electric source 1 to the engine starter M in
      response to the depression of the clutch pedal and a starter cut-off
      circuit 800 to cut off current supply to the starter M in response to the
      start of engine rotation caused by the starter M. The starter energizing
      circuit 600 is connected to the electric source 1 by way of the transfer
      contact 15 of the relay 14 and the ignition switch 2 and by way of the
      voltage stabilizer and the ignition switch 2. The starter cut-off circuit
      800 is connected to the electric source 1 by way of the voltage stabilizer
      and the ignition switch 2.
PAR  Within a self-holding circuit 10 having the self-holding relay 14, the
      transfer contact 15 normally engages with an input terminal 16 of the
      ignition circuit 4 and the coil of the relay 14 is connected at its one
      end to the electric source 1 through a manual set switch MS of a push
      button type and the ignition switch 2 and to an input terminal 17 for the
      engine control circuit 700, the starter energizing circuit 600 and the
      starter cut-off circuit 800. The coil of the relay 14 is further connected
      at its other end to the collector of a transistor 11 through a manual
      release switch RS of a normally closed type. The transistor 11 is
      connected at its base to the electric source 1 through resistors 12 and 13
      and the ignition switch 2 and grounded at its emitter. The base of the
      transistor 11 is also grounded across the resistor 12 and an automatic
      release switch 20 of a normally open type. The automatic release switch 20
      is such a normally open as provided in the vehicle door to be closed by
      opening of the door or in the operator's seat to be closed when the
      operator leaves his seat. While the automatic release switch 20 is
      normally opened with the ignition switch 2 in its operative condition, the
      transistor 11 is conditioned to its conductive state by bias voltage
      appearing at its base. Thus, when the manual set switch MS is pushed, the
      relay 14 is energized under the conduction of the transistor 11 to engage
      the transfer contact 15 with the input terminal 17. After the release of
      the manual set switch MS, the energization of the relay 14 is maintained
      by the engagement of the transfer contact 15 with the input terminal 17.
      This completes preparation of the operation of the automatic control
      system. Under this condition, when the operator leaves the vehicle with
      the ignition switch 2 in its operative condition, the conduction of the
      transistor 11 is cancelled by closure of the automatic release switch 20.
      This deenergizes the relay 14 and the transfer contact 15 returns to its
      original position, thereby to cancel the function of the automatic control
      system.
PAR  The engine control circuit 700 is provided with an ignition relay 701
      having a normally open contact interposed between the ignition switch 2
      and the ignition circuit 4. The coil of the relay 701 is connected at its
      one end to the electric source 1 through the transfer contact 15 of the
      relay 14 and the ignition switch 2 and connected at its other end to the
      collector of a transistor 703. The transistor 703 is connected at its base
      to a common output terminal of a first and a second conventional Schmitt
      circuits substantially including transistors 708, 709 and 710 through a
      diode 706. This base of the transistor 703 is further connected to a
      thermosenser 901, a lighting switch 902, a defogger switch 903 and an
      air-conditioner switch 904 through a resistor 705 and diodes 912, 913, 914
      and 915 respectively, the senser 901 and all the switches 902, 903 and 904
      being provided within a detecting circuit 900.
PAR  The thermosenser 901 is a normally closed switch grounded at one end
      thereof to interrupt current supply to the base of the transistor 703 from
      the electric source 1 by way of the resistor 705 and the diode 912. Thus,
      the thermosenser 901 is opened to cause the conduction of the transistor
      703 when the temperature of the engine cooling water becomes over a
      predetermined high value to cause the overheat of the engine or under a
      predetermined low value to stop the engine. The lighting switch 902 is a
      normally open switch connected at its one end to the terminal +B of the
      electric source 1 to maintain the conduction of the transistor 703 while
      head lamps of the vehicle are lit. The defogger switch 903 in the form of
      a normally open switch connects the terminal +B of the electric source 1
      to the base of the transistor 703 across the diode 914 and the resistor
      705 to energize the relay 701 under energization of a heater element
      provided within the rear window shield of the vehicle. The air-conditioner
      switch 904 is a normally open switch connected at one end thereof to the
      terminal + B of the electric source 1 to maintain the conduction of the
      transistor 703 while the air-conditioner of the vehicle is driven.
PAR  The transistor 710 of the second Schmitt circuit is connected at its base
      by way of a resistor 712 to an output of a D-A converter including
      condensers 713 and 715, a diode 714 and a resistor 716. The condenser 715
      is connected at its one end to a speed senser 909 of the detecting circuit
      900 and connected at its other end to the anode of the diode 714 so as to
      block current supply to the base of the transistor 710 from the electric
      source 1 through the resistors 716 and 704 and the ignition switch 2. The
      speed senser 909 is coupled to a permanent magnet provided on a rotating
      portion of the vehicle power train. The condenser 713 is connected to the
      junction 717 between the resistor 712 and the diode 714 at one end thereof
      and grounded at its other end to convert pulse signals exerted thereon
      from the speed senser 909 into analog signals. Further, the resistor 712
      and the condenser 713 form a time-constant circuit to maintain the
      energization of the relay 701 by means of the function of the second
      Schmitt circuit in a predetermined period of time after the vehicle is
      arrested.
PAR  The engine control circuit 700 further comprises a transistor 727 which is
      connected at its collector to the base of the transistor 709 of the first
      Schmitt circuit through a diode 728 and a resistor 720 and to the electric
      source 1 by way of a resistor 725 and the resistor 704. The collector of
      the transistor 727 is further connected through the diode 728 to a
      condenser 722 which is grounded at one end thereof. The condenser 722 is
      charged by the electric source 1 through the diode 728 and the resistors
      725 and 704 under the non-conductive state of the transistor 727. In this
      case, the condenser 722 and the resistor 720 form a time-constant circuit
      to maintain the energization of the relay 701 by means of the function of
      the first schmitt circuit in a predetermined period of time after the
      vehicle is arrested. To a junction 729 between the condenser 722 and the
      diode 728, connected is a turn signal switch 905 of a normally open type
      at its one end through the diode 916, a resistor 724 and a diode 723, the
      other end of the switch 905 being connected to the terminal +B of the
      electric source 1 to maintain the conduction of the transistor 703 by
      means of the operation of the first Schmitt circuit while a conventional
      flasher device of the vehicle is activated. The base of the transistor 727
      is connected to the electric source 1 through a resistor 726 and the
      resistor 704 and in series with an accelerator switch 906 which is
      connected in parallel with a first clutch switch 907 and a slope senser
      908. The switches 906 and 907 and the slope senser 908 are normally opened
      and grounded at one end thereof respectively. The first clutch switch 907
      is designed to be closed by the clutch pedal when a frictional clutch
      engagement mechanism is conditioned to its half engagement.
PAR  The starter energizing circuit 600 comprises a starter relay 602 having a
      normally open contact interposed between the starter circuit 3 and the
      electric source 1. The coil of the relay 602 is connected at its one end
      to the electric source 1 through the transfer contact 15 and the ignition
      switch 2 and connected at its other end to the collector of a transistor
      604 to be energized by the conduction of the transistor 604. The
      transistor 604 is connected at its base to the electric source 1 through a
      diode 605, a resistor 606 and the ignition switch 2 and further connected
      to the collector of a transistor 609 through the diode 605. The transistor
      609 is connected at its base to the electric source 1 through a diode 608,
      a resistor 607 and the ignition switch 2 and to a second clutch switch 910
      of the detecting circuit 900 through the diode 608. The second clutch
      switch 910 is designed to be closed by the clutch pedal when the
      frictional clutch engagement mechanism is conditioned to its full
      disengagement. Thus, the second clutch switch 910 acts to cause the
      non-conduction of the transistor 609 by its closure so as to activate the
      engine starter M by means of the energization of the transistor 604 and
      the relay 602 during the full disengagement of the clutch mechanism.
PAR  The starter cut-off circuit 800 includes a third Schmitt circuit which
      comprises transistors 612 and 613. The transistor 612 is connected at its
      collector to the base of the transistor 609 through a diode 611 and to the
      electric source 1 through a resistor 618, the resistor 704 and the
      ignition switch 2. The transistor 613 is connected at its collector to the
      electric source 1 through a resistor 619, the resistor 704 and the
      ignition switch 2 and further connected at its base to an alternator 911
      driven by the vehicle engine by way of resistors 615 and 617 and a diode
      616.
PAR  The operation of the system of the present invention as described above is
      well explained hereinafter. While the vehicle is arrested with both of the
      ignition and manual set switches 2 and MS turned on, that is, the B
      terminal is in connection with the IG terminal within the ignition switch
      2 to make the transistor 11 conductive, the self-holding relay 14 is
      energized to connect the electric source 1 to the engine control system by
      way of the transfer contact 15. In this condition, depression of the
      clutch pedal closes the first clutch switch 907 to ground the base of the
      transistor 727 and sequentially closes the second clutch switch 910 to
      make the transistor 609 non-conductive. The transistor 727 becomes
      non-conductive to cause the charge of the condenser 722 by the electric
      source 1 through the diodes 728 and the resistors 725 and 704 and to make
      the transistor 703 conductive by means of the invertion of the first
      Schmitt circuit activated by the charged voltage of the condenser 722 in a
      short period of time. This causes the energization of the ignition relay
      701 to connect the electric source 1 to the ignition circuit 4 through the
      relay 701. Simultaneously, the non-conduction of the transistor 609 causes
      the conduction of the transistor 604 to energize the starter relay 602 so
      as to operate the starter M. Then, the starter M drives the engine of the
      vehicle. As the engine rotates, a voltage of about 7 volts appears within
      the alternator 911 and the third Schmitt circuit operates to make the
      transistor 609 conductive and to make the transistor 604 non-conductive.
      Thus, the starter relay 602 is deenergized by the non-conduction of the
      transistor 604 to cut off current supply to the starter M.
PAR  In starting the vehicle, the accelerator pedal is gradually depressed to
      close the accelerator switch 906 and the clutch pedal is gradually
      released to open the first and second clutch switches 907 and 910. In this
      instance, the transistor 727 kept non-conductive maintains the charge of
      the condenser 722 to keep the ignition relay 701 operative. When the
      vehicle runs, even if the transistor 727 is turned to be conductive by
      opening of the accelerator switch 906, the current supply to the ignition
      circuit 4 given by the energization of the ignition relay 701 is
      maintained by the output of the D-A converter including the condenser 713
      driven by the speed signals from the speed senser 909.
PAR  When the vehicle is arrested on a flat ground, the accelerator pedal being
      released and the clutch and brake pedals being actuated, the slope senser
      908 is kept open and the first clutch switch 907 is closed to make the
      transistor 727 non-conductive. This maintains current supply to the
      ignition circuit 4 by means of the energization of the ignition relay 701
      which is caused by the operation of the first Schmitt circuit connected to
      the electric source 1 by way of the resistors 720, 725 and 704 and the
      diode 728. At the same time, current supply to the starter M is blocked by
      the deenergization of the starter relay 602 which is caused by the
      operation of the third Schmitt circuit applied the alternator voltage
      therein regardless of the closure of the second clutch switch 910. In this
      condition, when the clutch pedal is released to open the first and second
      clutch switch 907 and 910, the transmission of the vehicle being
      conditioned to its neutral state, the transistor 727 is turned to be
      conductive and the ignition relay 701 is deenergized after the
      predetermined period of time defined by the time constant of the resistor
      720 and the condenser 722. Consequently, the current supply to the
      ignition circuit 4 is blocked to automatically stop the engine rotation.
PAR  In the case that the vehicle is arrested on a slant ground, on a slope
      etc., the slope senser 908 is closed to keep the non-conduction of the
      transistor 727 regardlessly of the on-off condition of the first clutch
      switch 907. Thus, the current supply to the ignition circuit 4 is
      maintained by means of the energization of the ignition relay 701 which is
      caused by the operation of the first Schmitt circuit connected to the
      electric source 1 by way of the resistors 720, 725 and 704 and the diode
      728. As the result, the engine keeps running to prevent the vehicle from
      moving back on the slope when the vehicle starts running.
PAR  In the case the temperature of engine cooling water stays higher than the
      predetermined high value or lower than the predetermined low value during
      the arresting of the vehicle the thermosenser 901 becomes off to directly
      cause the conduction of the transistor 703 due to the current supply
      applied from the electric source 1 through the resistor 705 and the diode
      912. Then, the ignition relay 701 maintains its energization to keep the
      current supply to the ignition circuit 4 independently of the operation of
      the first clutch switch 907.
PAR  In turning the vehicle, the turn signal switch 905 is closed in response to
      the actuation of the flasher device of the vehicle to directly connect the
      terminal +B of the electric source 1 to the base of the transistor 709 of
      the first Schmitt circuit through the resistors 720 and 724 and the diodes
      723 and 916 independently of the operation of the first clutch switch 907.
      This operates the first Schmitt circuit to keep the energization of the
      ignition relay 701 by way of the conduction of the transistor 703, and the
      current supply to the ignition circuit 4 is maintained to keep the engine
      rotation. This means that instantly starting the vehicle soon after the
      stop is possible since the engine does not stop and the rotation of the
      engine can smoothly be accelerated.
PAR  In the case the electric energy of the electric source 1 is supplied to
      electric accessories such as head lamps, heater elements, an
      air-conditioner and the like, the lighting switch 902, the defogger switch
      903 or the air-conditioner switch 904 is closed in response to energizing
      of the above electric accessories to directly connect the terminal +B of
      the electric source 1 to the base of the transistor 703 through the
      resistor 705. The conduction of the transistor 703 maintains the
      energization of the ignition relay 701 to keep the current supply of the
      ignition circuit 4. This condition can be realized independently of the
      operation of the first clutch switch 907.
PAR  Described in detail are the function of the self-holding circuit 10 and the
      function of the automatic release switch 20 coupled with the self-holding
      circuit 10 to cancel the ready-to-operate condition of the engine
      automatic control system.
PAR  When the ignition switch 2 is turned on, the electric current from the
      electric source 1 is supplied to the base of the transistor 11 of the
      self-holding circuit 10 and the transistor 11 is conditioned to its
      conductive state while the automatic release switch 20 is opened. Turning
      on the manual switch MS energizes the self-holding relay 14 to shift the
      transfer contact 15 to the input terminal 17. Thus, the control system is
      connected to the electric source 1 and ready to operate.
PAR  When the vehicle is arrested with the automatic control system in its
      operative condition, the engine automatically stops. Under this condition,
      if the operator leaves the vehicle with the ignition switch 2 in its
      operative condition, the automatic release switch 20 is closed to block
      the base current of the transistor 11 so as to cause the non-conduction of
      the transistor 11. Thus, the transfer contact 15 is subsequently returned
      to its original position and the function of the automatic control system
      is cancelled. This automatic cancellation prevents another operator who
      does not know the installation of the automatic control system of the
      vehicle from dangers caused by unexpected start of the vehicle by
      depression of the clutch pedal. He is also protected against dangers
      caused by his mental confusion when the engine of the vehicle unexpectedly
      stops upon arresting the vehicle at the crossing and the like.
PAR  Moreover, optional use of the manual release switch RS by the operator
      blocks current supply to the transistor 11 and the relay 14 is
      deenergized. Thus, the transfer contact 15 returns to its original
      position to cancel the function of the automatic control system.
PAR  Having thus described the preferred embodiment of the invention it should
      be understood that numerous structural modifications and adaptations may
      be resorted to without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an engine automatic control system for a vehicle having an ignition
      switch for selectively connecting an electric source with an engine
      starter and an engine ignition circuit comprising switch means to be
      closed by disengaging operation of clutch means of the vehicle, a starter
      energizing circuit for connecting said electric source with said starter
      in response to the closing operation of said switch means, a starter
      cut-off circuit for detecting the start of engine rotation caused by said
      starter and cutting off current supply to said starter, speed sensing
      means for detecting the speed of the vehicle, and an engine control
      circuit controlled by said speed sensing means for maintaining said engine
      ignition circuit conductive while the vehicle runs and for making said
      ignition circuit non-conductive when the vehicle is arrested,
PA1  the improvement comprising setting means interposed between said ignition
      switch and said ignition circuit for selectively disconnecting said
      ignition circuit from said ignition switch and setting said engine control
      system to its operative condition and cancelling means coupled with said
      setting means for automatically cancelling the operative condition of said
      engine control system when an operator leaves the vehicle.
NUM  2.
PAR  2. An engine automatic control system as claimed in claim 1, wherein said
      setting means is a self-holding circuit connected with said electric
      source through said ignition switch and provided therein with a
      self-holding relay to be energized under the operative condition of said
      ignition switch, the energization of said self-holding relay connecting
      said electric source with said engine control system and said cancelling
      means is a release switch coupled with said self-holding circuit for
      automatically deenergizing said self-holding relay when an operator leaves
      the vehicle.
NUM  3.
PAR  3. An engine automatic control system as claimed in claim 2, wherein said
      release switch is a normally open switch provided in a vehicle door
      structure to be closed by opening of said vehicle door.
NUM  4.
PAR  4. An engine automatic control system as claimed in claim 2, wherein said
      release switch is a normally open switch provided in the operator's seat
      to be closed when the operator leaves his seat.
NUM  5.
PAR  5. An engine automatic control system as claimed in claim 2, wherein said
      self-holding circuit comprises a transistor to be energized by bias
      voltage applied from said electric source when said ignition switch is
      turned on, said self-holding relay being coupled with said transistor, and
      a manual set switch of a normally open type to be selectively closed under
      the conduction of said transistor to energize said relay and said
      automatic release switch is coupled with the base of said transistor to
      deenergize said transistor when an operator leaves the vehicle.
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ABST
PAL  A method and means of controlling the air pressure in a sound-proofed
      hangar in which jet engines are tested, the amount of cooling air sucked
      into the exhaust gas silencer by the injection action of the exhaust gas
      jet being adjusted by varying the flow resistance or the free flow
      cross-section of the area difference between the inlet cross-section of
      the exhaust gas silencer and the exhaust jet cross-section by inserting
      screens so that the pressure in the sound-proofed hangar does not drop
      below a predetermined value.
BSUM
PAR  The present invention relates to a method of controlling the air pressure
      in a sound-proofed hangar in which jet engines are tested, the exhaust gas
      jet of at least one jet engine being conducted via an exhaust gas silencer
      out of the hangar into the atmosphere.
PAR  Jet engines which are tested in a sound-proofed hangar are generally
      arranged so that their exhaust jet is conducted via an exhaust silencer to
      the atomosphere. The thrust pipe of the jet engine is not connected
      directly to the silencer but is disposed a slight distance from the inlet
      opening thereof. This results in an annular gap through which the cooling
      air is sucked into the silencer. This admixture of the cooling air is
      necessary to ensure that the hot exhaust jet does not damage the inner
      surfaces of the silencer with which said jet comes into contact after
      leaving the thrust pipe. The mixing of the cooling air with the hot
      exhaust jet leads however to turbulence formation of the gas mixture and
      represents one of the main causes of noise in jet engines.
PAR  To overcome this defect it is known to provide in the passage of absorption
      silencers through which the exhaust jet flows with full thrust grid
      structures which have a rectifying effect on the exhaust gas flow and
      influence the admixture of the cooling air in such a manner that
      turbulence is reduced. Such structures have however the disadvantage that
      they can easily be destroyed by the hot and dynamic exhaust gas jet.
PAR  A general disadvantage of the known silencer arrangements is that in the
      sound-proofed hangar in which the jet engines are tested a pressure drop
      is produced which may become so high that the jet engines no longer
      function satisfactorily. This is for example the case when the pressure
      drops by more than 100 mm H.sub.2 O (water column). If the pressure drops
      too much there is also an unfavorable effect on the doors, walls, windows
      and suction panels or slats of the hangar, in which vibratory stresses may
      occur. Finally, the pressure drop must be kept within limits for
      physiological reasons with regard to the personnel working in the hangar.
PAR  A known sound-proofed hangar which is provided with a roof structure
      resting on supports (DT-AS 1,273,167) contains an exhaust gas silencer
      which is built into the rear wall of the hangar, the remaining walls
      consisting of separate sound-absorbing sections or panels which are
      variable in position and arranged in spaced relationship. This hangar has
      the disadvantage that the cooling air flowing through the exhaust gas
      silencer cannot be adjusted.
PAR  An object of the present invention is to provide a method with the aid of
      which the necessary air pressure can be maintained in a sound-proofed
      hangar.
PAR  According to the method of the invention this object is achieved in that
      the amount of cooling air sucked into the exhaust gas silencer by the
      injection action of the exhaust gas jet is adjusted by varying the flow
      resistance or the free flow cross-section of the area difference between
      the inlet cross-section of the exhaust gas silencer and the exhaust jet
      cross-section so that the pressure in the sound-proofed hangar does not
      drop below a predetermined value.
PAR  The method according to the invention has the advantage that both the
      amount of cooling air supplied to the silencer and the pressure in the
      hangar are adjustable in such a manner that both the silencer and the
      engine to be tested operate satisfactorily and simultaneously the pressure
      drop in the hangar is prevented from exceeding an amount injurious to the
      operating personnel. Advantageously, the amount of cooling air sucked in
      by the exhaust gas silencer is regulated so that the mixture ratio of
      cooling air to exhaust gas in socalled "hot engines", the jet engines, is
      1:1 to 3:1, i.e. in such jet engines the proportion of cooling air may be
      up to three times the proportion of exhaust gas. In socalled "cold
      engines", which are generally referred to as fan engines, the ratio of the
      amount of cooling air to the amount of exhaust gas may be 1:1 or even
      less, down to 0.6:1, preferably being 0.8:1 to 0.9:1.
PAR  Preferably, the variation of the flow resistance or of the free flow
      cross-section of the area difference between the inlet cross-section of
      the silencer and the gas jet cross-section is effected by inserting
      screens of different size and/or different perforation.
PAR  In addition to the flow resistance of the area difference between the inlet
      cross-section of the silencer and the cross-section of the exhaust jet,
      advantageously the flow resistance of sound-absorbing adjustable panels
      forming at least part of the walls of the hangar and/or the free flow
      cross-section between said panels is adjusted so that the pressure drop in
      the hangar does not exceed a predetermined amount, preferably 100 mm
      H.sub.2 O.
PAR  Another object of the present invention resides in providing a hangar for
      carrying out the method according to the invention in which the rear wall
      is provided with an exhaust gas silencer via which the exhaust gas jet of
      at least one jet engine is conducted into the atmosphere, at least a part
      of the remaining walls consisting of sound-absorbing sections or panels,
      said hangar being characterized in that the flow resistance or the free
      flow cross-section of the area difference between the inlet cross-section
      of the exhaust gas silencer and the exhaust jet cross-section is variable
      by inserting screens and that the sound-absorbing panels are movably
      arranged in such a manner that the cross-section for the inflowing air is
      adjustable.
PAR  Screens of various sizes or having various degrees of perforation are kept
      available, preferably in the form of a screen set, the screens either
      being adapted to the various types of jet engines to be tested or be so
      closely graded in size and/or perforations and/or conicity that they
      permit continuous variations of the free flow cross-section.
PAR  By using screens of different perforation and/or different conicity and/or
      different size it is possible not only to set the amount of cooling air
      required for cooling the silencer to an optimum value as regards noise
      formation but simultaneously to regulate the turbulence formation and the
      frequency spectrum of the noise generated in such a manner that the noise
      level is reduced.
PAR  The interchangeable screens are set up in the form of a truncated cone
      which is arranged so that it surrounds the exhaust gas jet concentrically
      and its smaller opening faces the thrust tube opening of the engine. The
      screens may be made of solid or perforated sheet metal.
PAR  Instead of a set of different screens, screens may also be used which are
      of variable size and/or have variable perforation. Such screens consist
      preferably of two or more conical ring members which are adapted to be
      telescoped together or moved apart and which are connected together by
      means of connecting bolts or the like guided in slots. Bores of various
      sizes may also be completely or partially closed by displacing screen
      portions in order to vary the flow resistance in this manner.
PAR  Another object of the present invention resides in providing an exhaust gas
      silencer for conducting the exhaust gas jet of a jet engine out of a
      sound-proofed hangar used for testing jet engines into the atmosphere
      which is characterized in that the flow resistance or the free flow
      cross-section of the area difference between the exhaust gas silencer and
      the exhaust gas jet cross-section is variable in the manner described
      above by inserting screens.
DRWD
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for the purpose of
      illustration, an embodiment in accordance with the present invention, and
      wherein:
PAR  FIG. 1 is a plan view in section of a test stand for a jet aircraft,
PAR  FIG. 2 shows the tail portion of the aircraft with silencer on a relatively
      enlarged scale,
PAR  FIG. 3 shows a set of screens in accordance with the present invention, and
PAR  FIG. 4 is a plan view of an embodiment of a screen comprising two ring
      portions.
DETD
PAR  The hangar 1 is constructed as sound-proofed shed and comprises side walls
      3 and 4 consisting of separate sound-dampening or sound-absorbing sections
      or panels and a door 5. The rear wall 6 of the hangar comprises an outlet
      opening 7 for the exhaust gas 8 of a jet engine of an aircraft 10. The
      exhaust gas jet 8 leaves the engine through the thrust pipe 9. Disposed in
      the outlet opening 7 of the hangar 1 is the silencer 11. It consists of a
      cylindrical tube 12 which is arranged concentrically to the jet 8. A
      conical screen 13 is adapted and secured to the cylindrical tube 12 in
      such a manner that said screen cannot be loosened or displaced by the
      pressure of the jet 8. This may for example be done by means of a row of
      noses 14 which are provided in the cylindrical tube 12 and on which the
      screen 13 is mounted with noses 15 and possibly secured by securing means
      (not illustrated) such as screws. In the example illustrated (FIG. 2) the
      screen is perforated and its holes are denoted by 16. The screen may be
      easily interchanged and can as required be replaced by another screen of a
      different conicity, different length or different perforation. For
      example, a set of screens such as shown in FIG. 3 can be kept at hand.
      Such a set might include two screens 23 and 33 having a different size but
      identical conicity. Two screens 43 and 53 can have identical perforations
      but different conicity, whereas screens 53 and 63 have both different
      conicity and different perforations. In FIG. 2 the area difference between
      the inlet opening of the silencer 11 and the exhaust gas jet cross-section
      is occupied entirely by the cross-sectional area of the screen 13 and
      consequently the cooling air flow produced by the injection action of the
      exhaust gas jet can enter only through the holes 16 in the screen 13.
PAR  The arrangement according to the invention functions as follows:
PAR  When the exhaust gas jet 8 of the engine enters the conical screen 13
      axially an injector effect is produced which results in cooling air being
      inspired through the gap between the smallest diameter of the screen 13
      and the internal diameter of the tube 12. If the screen cone is made from
      unperforated sheet metal it greatly reduces the cross-sectional area of
      the air intake. If on the other hand the screen cone is made from
      perforated sheet metal, as illustrated, the intake area is somewhat
      increased because additional cooling air can enter through the holes due
      to the pressure differences. The amount of cooling air required for
      various types of jet engine varies and apart from depending on the
      dimensions of the thrust pipe and on the exhaust gas velocity depends
      substantially on the temperature of the exhaust gas jet. On the other
      hand, the noise level produced is largely a function of the inflowing
      amount of cooling air because as the amount thereof increases the
      turbulence of the gas mixture also increases. Apart from the greater noise
      formation, in particular at low frequencies, with relatively large
      consumptions of cooling air the air pressure conditions within the hangar
      are considerably impaired. Consequently, the possibility of setting the
      minimum amount of air required results in a reduction of the noise level
      apart from enabling as desired the necessary pressure to be maintained in
      the hangar.
PAR  The amount of cooling air required by the silencer is ensured by
      correspondingly setting the position of the adjustable sections or panels
      18 in the side walls of the hangar. The free flow cross-sectional area
      between the individual panels is chosen so that the pressure in the hangar
      is below the outside atmospheric pressure by an amount of approximately
      100 mm H.sub.2 O.
PAR  The angle, length and degree of perforation of the screen are decisive for
      the air flow. By correctly selecting these parameters the amount of
      cooling air supplied to the silencer may be correctly set for each engine.
PAR  FIG. 4 shows one embodiment of a screen consisting of two mutually
      displaceable conical ring portions 13, 13' inserted into each other in the
      axial direction and connected together by means of connection bolts 26'
      guided in slots 26. By displacing the ring portions 13, 13' the recesses
      or bores 16, 16' of the ring portions 13, 13' may be completely or
      partially closed, and thus the flow resistance may be varied in a
      substantially continuous manner without replacing the screens.
PAR  As is readily apparent, when the greatest diameter of the screen 13 is
      smaller than the internal diameter of the cylindrical tube 12 air can also
      enter the silencer 11 through the annular gap between the screen 13 and
      the tube 12. The screen is generally made of steel sheet having a
      thickness of 5 to 15 mm.
PAR  Although several embodiments in accordance with the present invention have
      been shown and described above, it is understood that the same is not
      limited thereto but is susceptible of numerous changes and modifications
      known to those skilled in the art and the invention is therefore not
      intended to be limited to the specific terms and details described and
      shown herein but to cover all such changes and modifications as are
      encompassed by the scope of the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A sound-proofed hangar for testing jet engines, the hangar rear wall
      being provided with an exhaust gas silencer through which the exhaust gas
      jet of at least one jet engine is conducted into the atmosphere, at least
      a part of the other walls consisting of sound-absorbing sections,
      characterized in that screens are provided for varying the flow resistance
      or the free flow cross-section of the area difference between the inlet
      cross-section of the exhaust gas silencer and the exhaust jet
      cross-section, said screens having different diameters at the axially
      opposite openings thereof with the smaller diameter being located closer
      to the thrust pipe opening of the jet engine and that the soundabsorbing
      sections are movably arranged in such a manner that the cross-section for
      the inflowing air is adjustable.
NUM  2.
PAR  2. A sound-proofed hangar according to claim 1, characterized in that the
      screens have the form of a truncated cone which is so arranged that it
      surrounds the exhaust jet concentrically.
NUM  3.
PAR  3. A sound-proofed hangar according to claim 1, characterized in that a set
      of interchangeable screens is provided which have a different flow
      resistance.
NUM  4.
PAR  4. A sound-proofed hangar according to claim 3, characterized in that the
      screens consist of perforated sheet metal.
NUM  5.
PAR  5. A sound-proofed hangar according to claim 1, characterized in that the
      screens consist of two or more mutually displaceable conical ring portions
      which are connected together by means of connection bolts guided in slots.
NUM  6.
PAR  6. A sound-proofed hanger according to claim 5, characterized in that the
      screens have recesses which are completely or partially closable by
      displacing the ring portions.
NUM  7.
PAR  7. A sound-proofed hangar according to claim 1, characterized in that a set
      of interchangeable screens is provided which have a different conicity.
NUM  8.
PAR  8. A sound-proofed hangar according to claim 7, characterized in that the
      screens consist of unperforated sheet metal.
NUM  9.
PAR  9. A sound-proofed hangar according to claim 1, characterized in that a set
      of interchangeable screens is provided which have a different flow
      resistance and different conicity.
NUM  10.
PAR  10. An exhaust gas silencer for conducting the exhaust gas jet of a jet
      engine out of a sound-proofed hangar serving to test jet engines into the
      atmosphere, characterized in that screens are provided on the silencer for
      varying the flow resistance or the free flow cross-section of the area
      difference between the inlet cross-section of the exhaust gas silencer and
      the exhaust jet cross-section, wherein said screens have different
      diameters at the axially opposite openings thereof with the smaller
      diameter being located closer to the thrust pipe opening of the jet
      engine.
NUM  11.
PAR  11. An exhaust gas silencer according to claim 10, characterized in that
      the screens have the form of a truncated cone which is so arranged that it
      surrounds the exhaust gas jet concentrically.
NUM  12.
PAR  12. An exhaust gas silencer according to claim 10, characterized in that a
      set of interchangeable screens is provided which have a different flow
      resistance.
NUM  13.
PAR  13. An exhaust gas silencer according to claim 12, characterized in that
      the screens consist of perforated sheet metal.
NUM  14.
PAR  14. An exhaust gas silencer according to claim 10, characterized in that
      the screens consist of two or more mutually displaceable conical ring
      portions which are connected together by means of connecting bolts guided
      in slots.
NUM  15.
PAR  15. An exhaust gas silencer according to claim 14, characterized in that
      the screens have recesses which are completely or partially closable by
      displacing the ring portions.
NUM  16.
PAR  16. An exhaust gas silencer according to claim 10, characterized in that a
      set of interchangeable screens is provided which have different conicity.
NUM  17.
PAR  17. An exhaust gas silencer according to claim 16, characterized in that
      the screens consist of unperforated sheet metal.
NUM  18.
PAR  18. An exhaust gas silencer according to claim 10, characterized in that a
      set of interchangeable screens is provided which have a different flow
      resistance and different conicity.
NUM  19.
PAR  19. A method of controlling the air pressure in a sound-proofed hangar in
      which jet engines are tested, comprising the steps of conducting the
      exhaust gas jet of at least one jet engine through an exhaust gas silencer
      out of the hangar into the atmosphere, sucking an amount of cooling air
      into the exhaust gas silencer by the injection action of the exhaust gas
      jet, and adjusting said amount of cooling air by varying the flow
      resistance or the free flow cross-section of the area difference between
      the inlet cross-section of the exhaust gas silencer and the exhaust jet
      cross-section by means of screens of a predetermined flow resistance
      having the form of a truncated cone with the smaller opening facing the
      thrust pipe opening of the jet engine and being releasably connected with
      the exhaust gas silencer so that the air pressure in the hangar does not
      drop below a predetermined value.
NUM  20.
PAR  20. A method according to claim 19, wherein the air pressure in the hangar
      is controlled such that the pressure drop does not exceed 100 mm H.sub.2
      O.
NUM  21.
PAR  21. A method according to claim 19, wherein the screens consist of
      perforated sheet metal.
NUM  22.
PAR  22. A method according to claim 19, wherein the screens consist of
      inperforated sheet metal.
NUM  23.
PAR  23. A method according to claim 19, wherein screens of different size are
      used.
NUM  24.
PAR  24. A method according to claim 19, wherein screens of different conicity
      are used.
NUM  25.
PAR  25. A method according to claim 19, wherein screens consisting of
      perforated sheet metal and having different perforations are used.
NUM  26.
PAR  26. A method of controlling the air pressure in a sound-proofed hangar in
      which jet engines are tested comprising the steps of conducting the
      exhaust gas jet of at least one jet engine through an exhaust gas silencer
      out of the hangar and into the atmosphere, sucking an amount of cooling
      air into the exhaust gas silencer by the injection action of the exhaust
      gas jet, and adjusting said amount of cooling air by varying the flow
      resistance or the free flow cross-section of the area difference between
      the inlet cross-section of the exhaust gas silencer and the exhaust jet
      cross-section by means of a set of interchangeable screens having the form
      of a truncated cone with different flow resistances arranged adjacent to
      the inlet opening of the exhaust gas silencer so as to surround the
      exhaust gas jet concentrically with the smaller opening facing the thrust
      pipe opening of the jet engine and being releasably connected with the
      exhaust gas silencer so that the air pressure in the hangar does not drop
      below a predetermined value.
NUM  27.
PAR  27. A method according to claim 26, wherein the screens have a
      predetermined flow resistance such that the pressure drop in the
      sound-proofed hangar does not exceed 100 mm H.sub.2 O.
NUM  28.
PAR  28. A method according to claim 27, wherein the screens consist of
      unperforated sheet metal.
NUM  29.
PAR  29. A method according to claim 27, wherein the screens consist of
      perforated sheet metal.
NUM  30.
PAR  30. A method according to claim 27, wherein the screens comprise a set of
      different size screens.
NUM  31.
PAR  31. A method according to claim 27, wherein the screens comprise a set of
      screens of different conicity.
NUM  32.
PAR  32. A method according to claim 27, wherein the screens comprise of a set
      of screens with different perforations.
NUM  33.
PAR  33. A method of controlling the air pressure in a sound-proofed hangar in
      which jet engines are tested comprising the steps of conducting the
      exhaust gas jet of at least one jet engine through an exhaust gas silencer
      out of the hangar and into the atmosphere, sucking an amount of cooling
      air into the exhaust gas silencer by the injection action of the exhaust
      gas jet, and adjusting the amount of cooling air by varying the flow
      resistance or the free flow cross-section of the area difference between
      the inlet cross-section of the exhaust gas silencer and the exhaust jet
      cross-section by means of screens arranged adjacent to the inlet opening
      of the exhaust gas silencer so as to surround the exhaust gas jet
      concentrically with the smaller opening thereof facing the thrust pipe
      opening of the jet engine, the screens having at least two mutually
      displaceable conical ring portions releasably connected with the exhaust
      gas silencer and connected together by connection bolts guided in slots,
      wherein the air pressure in the hangar does not drop below a predetermined
      value.
NUM  34.
PAR  34. A method according to claim 33, wherein the ring portions have bores
      which can be at least partially closed by displacing the screen portions.
NUM  35.
PAR  35. A method according to claim 33, wherein the air pressure in the hangar
      is controlled such that the pressure drop does not exceed 100 mm H.sub.2
      O.
NUM  36.
PAR  36. A method of controlling the air pressure in a sound-proofed hangar in
      which jet engines are tested, comprising the steps of conducting the
      exhaust gas jet of at least one jet engine through an exhaust gas silencer
      out of the hangar and into the atmosphere, sucking an amount of cooling
      air into the exhaust gas silencer by the injection acting of the exhaust
      gas jet, adjusting the amount of cooling air by varying the flow
      resistance or the free flow cross-section of the area difference between
      the inlet cross-section of the exhaust gas silencer and the exhaust jet
      cross-section by means of at least one screen having the form of a
      truncated cone with the smaller opening facing the thrust pipe opening of
      the jet engine and arranged adjacent to the inlet opening of the exhaust
      gas silencer so as to surround the exhaust gas concentrically, and varying
      the flow resistance of sound-absorbing adjustable panels forming at least
      a portion of the hangar walls or varying the free flow cross-section
      between the panels such that the air pressure in the hangar does not drop
      below a predetermined value.
NUM  37.
PAR  37. A method according to claim 36, wherein the air pressure in the hangar
      is controlled such that the pressure drop does not exceed 100 mm H.sub.2
      O.
NUM  38.
PAR  38. A method according to claim 36, wherein a plurality of screens is
      provided having different flow resistances and being releasably connected
      with the exhaust gas silencer, and wherein the flow resistance of the
      panels is varied by adjusting the panels such that the free flow
      cross-section between the panels is adjusted for the inflowing air.
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ABST
PAL  The pulsating gas flow tube is open to the surrounding acoustic surge
      chamber through a relatively large opening at the inlet end of the snubber
      and perforations in the tube, and the chamber is filled with acoustically
      penetrable media which broadens the frequency range over which the chamber
      is acoustically effective. To handle moisture-laden gases without loss of
      acoustical efficiency, a coalescing element is provided to collect and
      remove moisture and prevent the accumulation thereof in the media.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  A wide variety of mufflers, silencers and snubbers have been devised to
      minimize the noise otherwise resulting from the direct exposure of
      pulsating flowing gases to the atmosphere. The treatment of such gas
      streams is limited by the necessity of avoiding adverse effects on the
      apparatus into which or from which the streams flow. The apparatus of U.S.
      Pat. No. 2,562,101 is an example of a reasonably effective unit which, by
      reason of the straight-through flow path of the gas stream, creates a
      minimum of resistance to the flow so that the effect on the operation and
      efficiency of the equipment involved is minimal. Because the effectiveness
      of this type of snubber depends upon the length of the snubbing chamber
      with respect to the frequency of the sound to be absorbed, it should be
      designed, for greatest efficiency, to meet the requirements of the
      frequency content of a particular application. Better sound absorbing
      operation is obtained when this length is one-quarter of the wave length
      of the sound to be attenuated and poorest performance results when this
      length is one-half of the wave length of the sound. Thus, a particular
      unit is somewhat selective and limited performancewise.
PAR  The object of the present invention is to provide a noise attenuating
      snubber of the type described which, for a given unit, is effective over a
      broader range of sound frequencies. More specifically, the object is to
      provide such apparatus wherein the snubbing or surge chamber is filled
      with acoustically penetrable media and the gas flow communication with the
      chamber is provided by a relatively large opening at the upstream end
      thereof and by the perforations of the gas flow tube which interiorly
      defines the chamber to achieve a noise attenuating unit which is effective
      over a relatively broad range of frequencies.
PAR  A further object is to provide means for removing entrained moisture from
      the gases which flow into the surge chamber in order to maintain the
      acoustic effectiveness of the media and thus of the chamber and unit.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of the noise attenuating snubber with an
      entrained liquid separator combined therewith.
PAR  FIG. 2 is a top view of the unit of FIG. 1.
PAR  FIG. 3 is a cross-sectional view of the snubber section of the unit of FIG.
      1.
PAR  FIG. 4 is a cross-sectional view taken at the line 4-4 of the FIG. 3.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENT
PAR  Although the noise attenuating snubber may be used as a unit for silencing
      the exhaust, for example, of reciprocating engines, rotary blowers, vacuum
      pumps, compressors and the like, it provides very statisfactory service in
      the silencing of the discharge of wet vacuum pumps. Since the latter
      requires separation and removal of liquid particles entrained with the
      flowing gases, a combined separator and snubber is illustrated in the
      drawings and described as a specific embodiment of the invention.
PAR  A cylindrical housing 1 is closed at its top and bottom by walls 2 and 3,
      respectively. A partition 4 divides the interior of the housing into a
      separating chamber 5 and a snubber section 6. The inlet comprises a
      threaded snout 7 and flattened tangential horn 8 which is designed to
      cause the inflowing gas stream to swirl around the interior of the housing
      to throw entrained liquid particles against the surface of the housing. A
      liquid drain tube 9 is provided at the bottom of the unit.
PAR  Top wall 2 and partition 4 have openings at their centers for the passage
      of the gas stream through the snubber section. A threaded outlet snout 10
      extends through the opening in wall 2 and is affixed thereto. A perforated
      gas flow tube 11 extends from snout 10 to a point short of partition 4,
      leaving a gap 12. A gas flow straightening vane assembly including vanes
      13 and a short length of tube 14 is mounted in and between the opening in
      partition 4 and the inlet end of gas flow tube 11.
PAR  The perforated gas flow tube 11 and gap 12 are covered by two layers 15 of
      stainless steel mesh wire cloth. The acoustic surge chamber 16 surrounding
      the wire cloth within the housing is filled with an acoustically
      penetrable media such as unoriented glass fiber.
PAR  For best results, optimum design criteria should be followed. Preferably,
      the area of gap 12 should be approximately four times the cross-sectional
      area of tube 11 and the total area of the perforations of the tube 11
      should be about two times the cross-sectional area of the tube. The
      dimensions of the wire cloth 15 are not critical; 18 .times. 18 stainless
      steel mesh, wire diameter 0.009 inches, is satisfactory. The glass fiber
      media may be packed to a density of approximately 10.5 pounds per cubic
      foot although good results have been obtained with densities in the range
      of 5 to 15 pounds per cubic foot.
PAR  The size of silencing equipment is important both from the standpoint of
      valuable space occupied by the apparatus and also the cost of the unit.
      Since the speed of sound in the media packed snubbing chamber 16 is
      substantially less than that of the empty chamber, the acoustical effect
      of packing is equivalent to the lengthening of the chamber. More
      important, it has been found that the range of frequencies attenuated by
      the action of the acoustic surge chamber is substantially broadened by the
      presence of the acoustically penetrable media.
PAR  In the operation of the apparatus described, the inlet snout 7 is connected
      to the outlet conduit of the apparatus which is the gas stream noise
      source. After treatment in the separating chamber, the gases flow into the
      snubber section through tube 14 and the flow straightening vanes as a
      succession of high-pressure surges or slugs separated by intervening
      stretches of low pressure. The slugs, which comprise masses of gas under
      high pressure, expand through gap 12 into the media-packed acoustic surge
      chamber 16. As these gases flow through the media, the velocity, pressure
      and kinetic energy are greatly reduced and dissipated. A portion of the
      incoming slugs are bled out through the perforations in flow tube 11.
      Another portion of the slugs are reflected from wall 2 back through the
      media to meet the incoming slugs at the gap end of the chamber. If the
      effective acoustical length of the chamber is approximately one-quarter of
      the frequency of the slugs of the incoming stream, the reflected pulses
      are out of phase with the slug pulsations of the incoming stream and the
      action of the chamber is to attenuate the magnitude of the slug pressures.
      The favorable time delay in the arrival of the reflected pulsation due to
      the flow resistance of the media makes it possible to achieve the desired
      attenuation with a shorter chamber.
PAR  Actually, the flowing gas system as the stream flows into the snubber
      usually includes a mixture of potentially noisy vibrating systems in
      addition to the succession of slugs. These systems, being exposed to the
      acoustical impedance of the media as the gases pass through the snubber,
      are greatly attenuated. The overall result is a relatively smoothly
      flowing stream of gases with minimal potential for noise flowing from the
      outlet 10 of the unit.
PAR  The action described is greatly compromised by the presence of liquid in
      the media since the liquid to the extent present interferes with the
      passage of the gases through the media. Although the major part of the
      entrained liquid is removed by the action in the separating chamber 5,
      very fine particles are carried along into the snubber chamber. While the
      mesh layers 15 serve to confine the media to the space within chamber 16,
      an important function of the mesh when the apparatus is employed to treat
      the discharge of a wet vacuum pump is protection of the media from loss of
      effectiveness due to the accumulation of the liquid in it. The mesh serves
      to coalesce the fine particles and provide surfaces along which the liquid
      may flow to the area of gap 12 where the liquid may be re-entrained by the
      gas stream and carried out of the unit. If such re-entrainment is
      undesirable for particular applications, one or more openings 4a may be
      provided in partition 4 to permit any accumulation of liquid to drain down
      into the separating chamber.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a noise attenuating snubber including means forming an elongated
      enclosure having an inlet and an outlet, a gas flow tube arranged
      lengthwise within said enclosure for the passage of a pulsating gas stream
      therethrough, said tube having perforations therein throughout
      substantially the entire length thereof and extending from the outlet end
      toward but stopping short of the inlet end of said enclosure to provide a
      gap opening to extending from said inlet to said outlet of said enclosure
      and between said enclosure and an acoustic surge chamber said tube, the
      improvement which comprises the provision of acoustically penetrable media
      arranged within and filling the surge chamber, said chamber being closed
      except for the perforations in the flow tube and the gap opening
      thereinto, the arrangement being such that the portion of the gases of the
      pulses which expand into the surge chamber through said gap flow into or
      through said media before discharge from the snubber.
NUM  2.
PAR  2. Structure in accordance with claim 1 wherein the acoustically penetrable
      media comprises glass fibers packed to a density of from 5 to 15 pounds
      per cubic foot.
NUM  3.
PAR  3. Structure in accordance with claim 1 wherein the acoustically penetrable
      media comprises glass fibers packed to a density of approximately 10.5
      pounds per cubic foot.
NUM  4.
PAR  4. Structure in accordance with claim 1 wherein the elongated enclosure and
      gas flow tube are vertically disposed and including a layer of wire mesh
      upon and extending the length of the gas flow tube and spanning the gap at
      the inlet end of said tube.
NUM  5.
PAR  5. Structure in accordance with claim 1 adapted for the handling of
      pulsating gas streams having fine particles of liquid entrained therewith
      and wherein the elongated enclosure is vertically disposed and including
      means for separating out the larger liquid particles from the gases prior
      to entry into the snubber, said tube having a covering of wire mesh which
      also spans the gap at the inlet end of said tube to intercept and coalesce
      fine particles of liquid carried by gases passing through said mesh into
      the media, the bottom wall of the elongated enclosure having a drain hole
      therein for the escape of liquid from the surge chamber.
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ABST
PAL  A loudspeaker assembly comprising a loudspeaker including a front mounting
      flange having front surfaces, and an enclosure for the loudspeaker
      including a front wall and a rear wall and a top wall and a bottom wall
      and opposed side walls all having at least two layers of corrugated
      material, the inner layers of the walls being formed from a single inner
      member including a front panel having opposed top and bottom panels and
      opposed side panels hingedly connected thereto and rear panel sections
      respectively hingedly connected to the opposed panels, two of the rear
      panel sections cooperating to provide an inner rear panel and the other
      two of the rear panel sections cooperating to provide an outer rear panel;
      in one form, the loudspeaker is fixed to the inner member by having slots
      in opposed panels receiving the mounting flange therethrough with an
      adhesive between the front loudspeaker surfaces and the front panel; in
      the other form, the opposed top and bottom panels and the opposed side
      panels at the juncture of the front panel snugly receive the periphery of
      the speaker mounting flanges, and the inner surface of the front panel and
      the rear surface of the inner rear panel are respectively secured by
      adhesive to the front surfaces and the rear surfaces of the loudspeaker.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to improvements in loudspeaker
      assemblies, and specifically to the provision of an assembly inlcuding an
      enclosure having two layers of corrugated material in each wall, the inner
      layers being a single integral inner member.
PAR  Loudspeaker assemblies heretofore having multilayers of corrugated material
      in each wall, utilized several members to provide the inner layers of the
      walls, examples of such prior structures being shown in U.S. Pat. No.
      3,757,889 granted Sept. 11, 1973 to Scott F. Everitt and U.S. Pat. No.
      3,789,953, granted Feb. 5, 1974 to Scott F. Everitt. Although highly
      effective as enclosures in the sense that they provide good acoustical
      properties for the loudspeaker assembly, these prior structures have been
      difficult to manufacture and have required extensive tooling to have
      economic mass production thereof. Special precautions also have had to be
      taken in these prior structures to be sure that the loudspeaker is firmly
      anchored and secured to the enclosure therefor.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a loudspeaker assembly wherein the inner
      layers of corrugated material for all the walls are povided as a single
      integral inner member, whereby to simplify assembly thereof and
      essentially to eliminate the necessity for providing tooling for the mass
      production of the loudspeaker assembly. Further, the loudspeaker is firmly
      secured to and trapped within the loudspeaker enclosure.
PAR  This is accomplished in the present invention, and it is an object of the
      present invention to accomplish these desired results, by providing a
      loudspeaker assembly of a loudspeaker including a front mounting flange
      having front surfaces lying in a common plane, and an enclosure for the
      loudspeaker including a front wall and a rear wall and a top wall and a
      bottom wall and opposed side walls, each of the walls including at least
      two layers of corrugated material and the front wall having an opening
      therein to facilitate the emission of sound waves therefrom, the inner
      layers of the walls being formed from a single inner member including a
      front panel having opposed top and bottom panels and opposed side panels
      hingedly connected thereto and a rear panel hingedly connected to one of
      the opposed panels, structure holding the front surfaces of the
      loudspeaker adjacent to the inner surface of the front panel to hold the
      loudspeaker in position within the inner members, and means holding the
      panels assembled with respect to each other and about the loudspeaker to
      provide an integral inner member for the loudspeaker assembly.
PAR  In connection with the foregoing object, another object of the invention is
      to provide a loudspeaker assembly of the type set forth, wherein the top
      and bottom panels have rear panel sections respectively hingedly connected
      thereto and the side panels have rear panel sections respectively hingedly
      connected thereto, the rear panel sections cooperating to provide the
      inner rear panel of the rear wall.
PAR  Another object of the invention is to provide a loudspeaker assembly of the
      type set forth, wherein two of the rear panel sections cooperate to
      provide an inner rear panel and the other two of the rear panel sections
      cooperate to provide an outer rear panel, the inner rear panel sections
      having laterally extending ears thereon and the panels carrying the outer
      rear panel sections having slots therein receiving the ears to hold the
      rear panel sections and the opposed top and bottom panels and the opposed
      side panels in the assembled positions thereof.
PAR  Yet another object of the invention is to provide a loudspeaker assembly of
      the type set forth, wherein the inner layers of two of the opposed side
      walls adjacent to the juncture with the inner layers of the front wall
      have slots therein receiving one of the loudspeaker mounting flange
      projections therein, the inner surface of the front wall being adhesively
      secured to the adjacent front surfaces of the loudspeaker mounting flange.
PAR  Still another object of the invention is to provide a loudspeaker assembly
      of the type set forth, wherein the inner layers of the opposed side walls
      adjacent to the juncture with the inner layers of the front wall snugly
      receive the periphery of the front mounting flange therebetween, and the
      inner surfaces of the inner layers of the front wall and the rear wall
      snugly receive the loudspeaker therebetween, thereby to trap and secure
      the loudspeaker within the enclosure in all directions with respect
      thereto.
PAR  In connection with the foregoing object, another object of the invention is
      to provide a loudspeaker assembly of the type set forth, wherein the front
      surfaces of the front mounting flange are adhesively secured to the inner
      surface of the front wall and the rear surfaces of the rear of the
      loudspeaker are adhesively secured to the inner surfaces of the rear wall.
PAR  A further object of the invention is to provide a loudspeaker sub-assembly
      in accordance with any of the foregoing objects wherein the sub-assembly
      consists of the loudspeaker and the integral inner member.
PAR  Further features of the invention pertain to the particular arrangement of
      the parts of the loudspeaker assembly and sub-assembly, whereby the above
      outlined and additional operating features thereof are attained.
PAR  The invention, both as to its organization and method of operation together
      with further features and advantages thereof will best be understood with
      reference to the following specification taken in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective veiw of a first embodiment of a loudspeaker
      assembly made in accordance with and embodying the principles of the
      present invention;
PAR  FIG. 2 is a view in horizontal section along the line 2--2 in FIG. 1;
PAR  FIG. 3 is a plan view of the outer member of the loudspeaker enclosure of
      FIG. 1 in its flattened condition;
PAR  FIG. 4 is a plan view of the inner member of the loudspeaker enclosure of
      FIG. 1 in its flattened condition;
PAR  FIG. 5 is a rear view of the inner member of FIG. 1 in a partially
      assembled condition;
PAR  FIG. 6 is a rear view of the inner member of FIG. 1 in its fully assembled
      condition;
PAR  FIG. 7 is an exploded perspective view of the parts forming the loudspeaker
      enclosure of FIG. 1;
PAR  FIG. 8 is a perspective view of a second embodiment of a loudspeaker
      assembly made in accordance with and embodying the principles of the
      present invention;
PAR  FIG. 9 is a view in horizontal section along the line 9--9 of FIG. 8;
PAR  FIG. 10 is a plan view of the outer member of the loudspeaker enclosure of
      FIG. 8 in its flattened condition;
PAR  FIG. 11 is a plan view of the inner member of the loudspeaker enclosure of
      FIG. 8 in its flattened condition;
PAR  FIG. 12 is a rear view of the inner member of FIG. 11 in a partially
      assembled condition;
PAR  FIG. 13 is a rear view of the inner member of FIG. 11 in its fully
      assembled condition; and
PAR  FIG. 14 is an exploded perspective view of the parts forming the
      loudspeaker enclosure of FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 to 7 of the drawings, there is illustrated the first
      embodiment of the loudspeaker assembly 100 made in accordance with and
      embodying the principles of the present invention. As illustrated, the
      loudspeaker assembly 100 includes a loudspeaker 150 having disposed
      therearound an enclosure 101 formed of an inner member 110, an outer
      member 160, a spacer 170, a grille board 175 and a back member 180.
PAR  From FIGS. 1 and 2 it will be seen that the enclosure 101 includes a front
      wall 102, two opposed side walls 103, a rear wall 104 and opposed top and
      bottom walls 105 and 106, respectively. Each of the walls 102 through 106
      is formed of two layers of corrugated material, and the outer surfaces of
      the walls are preferably provided with a decorative covering, all as will
      be described more fully hereinafter.
PAR  In accordance with the present invention, the inner layers of the several
      walls 102 through 106 are provided by the single unitary inner member 110,
      the construction of which is best illustrated in FIGS. 4, 5 and 6 of the
      drawings. The inner member 110 consists of a single sheet 111 of
      corrugated material having the usual pair of liner sheets with
      corrugations disposed therebetween and adhesively secured thereto. The
      sheet 111 in turn is shaped, scored, and has cutouts therein providing and
      defining the several parts thereof. There is provided a generally
      rectangular front panel 112 that forms the inner layer of the front wall
      102 and has centrally thereof an opening 113 useful in facilitating the
      emission of sound waves from within the enclosure 101, the opening 113
      having opposed straight sides 114 connected at the outer ends thereof by
      curved sides 115.
PAR  Hingedly connected to the front panel 112 are two side panels 116 which
      form the inner layers of the side walls 103. A low knife cut along the
      dashed lines 117 and 118 forms the hinged connection between the front
      panel 112 and the side panels 116. The low knife cuts 117 and 118 as
      illustrated in FIG. 4 extend through the lower one of the outer liners of
      the corrugated material and through the corrugated layer, but do not go
      through the liner disposed upwardly in FIG. 4, that uncut liner providing
      the hinged connections between the front panel 112 and the side panels
      116. However, a full cut is made at 119, the cut 119 being U-shaped and
      joining at the ends thereof the cuts 117 and 118 so as to provide opposed
      projections 120 extending outwardly from the periphery of the front panel
      112 (see FIGS. 6 and 7) and rectangular openings 123 (see FIG. 2) defined
      between the cut 119 and the projections 120 for receiving flanges on the
      loudspeaker 150, all as will be described more fully hereinafter. The
      outer edges of the side panels 116 carry outer rear panels 125,
      respectively, connected thereto by hinge portions formed by a low knife
      cut along the line 121 like the low knife cuts 117 and 118 described
      above. Each of the outer rear panels 125 is generaly rectangular in shape,
      but one of the longer edges thereof has a notch 126 therein. There also is
      provided a rectangular slot 122 cut in each of the side panels 116
      adjacent to the low knife cut 121.
PAR  The shorter edges of the front panel 112 carry integral thereon and
      hingedly attached thereto a top panel 130 and a bottom panel 140. More
      specifically, the top panel 130 is defined at its lower edge as viewed in
      FIG. 4 by a perf-score 131 providing the hinged connection, the top panel
      130 including opposed parallel straight edges 132 and inwardly converging
      tapered edges 133 that terminate at a perf-score 136 hingedly connecting
      an inner rear panel 135 to the outer edge of the top panel 130. The inner
      rear panel 135 has generally parallel side edges 137 having at the outer
      ends thereof outwardly extending generally rectangular ears 138, the outer
      edge of the inner rear panel 135 carrying a generally rectangular notch
      139 therein. The perf-scores 131 and 136 comprise alternate sections of
      scoring and perforations along the lines indicated in the drawings, the
      scoring comprising a depression of one of the liners and the corrugated
      layer toward the other of the liners while the perforation comprises a cut
      through one of the liners and the corrugated layers and down to but not
      through the other of the liners. In a specific example, preferred for use
      herein, each perforation section is approximately one quarter inch long
      and the intervening score sections are each likewise one quarter inch
      long.
PAR  Hingedly connected to the lower edge of the front wall 112 as viewed in
      FIG. 4 is the bottom panel 140 connected thereto by a hinged portion
      provided by a perf-score 141. The bottom panel 140 includes a pair of
      parallel straight edges 142 joining tapered and inwardly coverging side
      edges 143 terminating in a perf-score 146 that hingedly connects an inner
      rear panel 145 thereto. The inner rear panel 145 has parallel edges 147
      carrying on the other ends thereof generally rectangular and laterally
      extending ears 148. The outermost edge of the inner rear panel 145 has a
      notch 149 therein shaped like the notch 139.
PAR  Referring particularly to FIG. 2, the loudspeaker 150 includes the usual
      frame 151 carrying a magnet housing 152, the frame 151 having on the front
      thereof a mounting flange 153 having front surfaces 155 and including
      outwardly extending projections 154 thereon. The projections 154 on the
      mounting flange 153 are adapted to extend into the slots openings 123
      provided by the cuts 119 and to lie against the inner surface of the
      projections 120, a layer of adhesive 156 being provided between the front
      surfaces 155 of the mounting flange 153 and the inner surface of the front
      panel 112, including the projections 120 thereon.
PAR  The inner member 110 can be readily assembled about the loudspeaker 150 to
      mount the loudspeaker 150 within the inner member 110, thus to provide a
      sub-assembly for the loudspeaker assembly 100. The assembly of the inner
      member 110 about the loudspeaker 150 can be accomplished without the use
      of any jigs or fixtures, thereby materially to simplify and to speed the
      assembly process. In assembling the inner member 110 about the loudspeaker
      150, an adhesive is applied to the appropriate areas of the inner surface
      of the front panel 112 and the front surfaces 155 of the mounting flange
      153 including the projections 154 thereon. The loudspeaker 150 is then
      placed upon the inner member 110 as illustrated in FIG. 4, the mounting
      flange 153 and the projections 154 being shown in dot-dash lines therein.
      The top panel 130 and the bottom panel 140 are then folded to the
      positions illustrated in FIG. 5, and the inner rear panels 135 and 145 are
      likewise folded to the positions illustrated in FIG. 5. It will be seen
      that the ears 138 and 148 join to form a single lateral projection on each
      side, and likewise the notches 139 and 149 combine to provide a single
      rectangular opening in the rear panel of the inner member 110. Next the
      side panels 116 are folded upwardly from the positions illustrated in FIG.
      5 to those illustrated in FIG. 6. In so doing, the projections 154 on the
      loudspeaker mounting flange 153 are automatically positioned in the
      openings 123 provided by the cuts 119 so that the projections 145 on the
      loudspeaker mounting flange 153 overlie the projections 120 on the front
      panel 112. Then the outer rear panels 125 are folded over the inner rear
      panels 135 and 145, this automatically extending the ears 138-148 through
      the rectangular slots 122. A layer of adhesive (not shown) is then
      provided between the facing surfaces of the inner rear panels 135-145 and
      the outer rear panels 125 firmly to secure the same together. The securing
      together of the rear panels firmly secures each of the panels forming the
      inner member 110 with respect to each other and about and with respect to
      the loudspeaker 150. There results a sub-assembly of the loudspeaker 150
      and the inner member 110, all without the use of any jigs or fixtures
      during the assembly thereof.
PAR  In order to provide the outer layer of corrugated material for each of the
      walls 102 through 106, an outer member 160 is placed therearound, the
      shape of the outer member 160 in the flat being illustrated in FIG. 3 of
      the drawings. Two side panels 163 are provided hingedly connected to an
      intermediate top panel 165. Two bottom panels 166 are provided on the
      other edges of the side panels 163. As is best illustrated in FIG. 2, the
      outer member 160 is completely covered by a decorative sheet 167, formed
      for example of a synthetic organic resin such as a polyvinyl chloride
      resin. The decorative sheet 167 fundamentally covers the exposed portions
      of the outer member 160, but also is folded around the ends thereof to
      provide an inner front section 168 and an inner rear section 169, the
      decorative sheet being suitably secured as by adhesive to the outer member
      160 substantially throughout the contacting surfaces thereof.
PAR  Disposed in front of the assembled inner member 110 is a spacer 170 of
      corrugated material having a circular opening 171 therein that is in
      registry with the opening 113 in the front panel 112 of the inner member
      110. Disposed in front of the spacer 170 is a grille board 175, which may
      be formed of a composition board, and has centrally therein an opening 176
      in general registry with the opening 171. Covering the outer surface of
      the grille board 175 including the opening 176 and extending around the
      edges thereof is a grille cloth 177.
PAR  The rear of the enclosure 101 is closed by a back member 180 which has a
      central rectangular opening 181 therein that registers with the opening
      formed by the cooperation of the notches 126, 139 and 149, the openings
      receiving electrical conductors or connectors for the loudspeaker 150. The
      back member 180 is also covered by a decorative sheet 185 like the
      decorative sheet 167, the decorative sheet 185 extending around the edges
      of the back member 180 as at 186.
PAR  Each of the parts of the enclosure 101 including the inner member 110, the
      outer member 160, the spacer 170, the grille board 175 and the back member
      180 are shaped and arranged to cooperate with each other to provide a
      finished enclosure as illustrated in FIGS. 1 and 2. Furthermore, the
      various parts are secured to each other, preferably by an adhesive, so
      that the parts are maintained in the positions illustrated and cooperating
      to form the enclosure 101 about the loudspeaker 150. The resultant
      loudspeaker assembly 100 has all of the advantages pointed out above. More
      specifically, the loudspeaker assembly 100 can be assembled easily and
      quickly without resorting to jigs and fixtures. All the parts are readily
      formed of material in the flat, and particularly the parts are formed of
      corrugated material including the inner member 110, the outer member 160,
      the spacer 170 and the back member 180. For illustrative purposes, each of
      these parts has had applied thereto an arrow indicating the direction in
      which the flutes of the corrugations extend, those arrows being identified
      as 128 on the inner member 110, 161 on the outer member 160, 172 on the
      spacer 170 and 182 on the back member 180. Referring particularly to FIG.
      7, it will be seen that not only are two layers of corrugated board
      provided in each wall of the enclosure 101, but in the majority of those
      walls, the corrugations are crossed with respect to one another so as to
      give important acoustical properties to the resultant enclosure 101. More
      specifically, the corrugations in the front wall 102 are crossed with
      respect to each other, the corrugations in the side walls 103 are crossed
      with respect to each other, the corrugations in the rear wall 104 are
      crossed with respect to each other and the corrugations in the bottom wall
      106 are crossed with respect to each other. The crossed patterns of
      corrugations serves to effect cancellation of those undesirable sound
      waves generated within the enclosure 101, which are not radiated outwardly
      through the opening in the front therof, thereby having a sound deadening
      or suppressing effect on the undesirable sound waves generated by the rear
      surface of the speaker diaphragm of the speaker 150. Even more
      significantly, this crossed configuration of corrugations serves to
      prevent the generation of undesirable audible sound waves by the walls of
      the enclosure 101 itself.
PAR  The speaker 150 is firmly mounted within the enclosure 101 by means of the
      projections 154 on the mounting flange 153 being trapped in the openings
      123 provided by the cuts 119 in the side walls 116, as well as by the
      adhesive connection between the front surfaces 155 of the mounting flange
      153 and the inner surfaces of the front panel 112. Finally, all of the
      panels in the inner member 110 are interconnected and secured to form an
      assembly about the loudspeaker 150 by means of the ears 138 and 139
      engaging in the slots 122, and the adhesive connections between the rear
      panels 125, 135 and 145.
PAR  While the inner member 110, the outer member 160, the spacer 170 and the
      back members 180 have been illustrated as constructed of corrugated paper
      board or fiber board material for simplicity and economy of fabrication,
      it will be appreciated that other corrugated material may be used to
      produce the same sound deadening effect, as long as the adjacent layers of
      corrugated material have the corrugations thereof crossed in substantially
      all of the walls of the enclosure 101. Also, while only one loudspeaker
      150 and one loudspeaker opening therefor have been shown in the
      loudspeaker assembly 100, it will be appreciated that any desired number
      of loudspeaker and corresponding openings may be provided. Furthermore, it
      will be understood that reflex ports and other openings may be used,
      depending on the acoustical requirements of a given loudspeaker assembly.
PAR  The decorative sheets 167 and 185 have been illustrated as being formed of
      a polyvinyl chloride resin, but it will be appreciated that any desired
      material may be used. Thus it is anticipated that such materials as
      patterned paper or other vinyl resins, either supported or non-supported,
      wood veneers, metals, other plastics either flexible or rigid, cloth,
      non-woven materials, leathers, furs, foams, stone veneers, various woven
      or metal fabrics or materials, cork, glass or painted or sprayed materials
      may be used to form the decorative sheets 167 and 185 to suit the needs
      and desires of individual customers.
PAR  Referring to FIGS. 8 to 14 of the drawings, there is illustrated a second
      embodiment of the loudspeaker assembly 200 made in accordance with and
      embodying the principles of the present invention. As illustrated, the
      loudspeaker assembly 200 includes a loudspeaker 250 having disposed
      therearound an enclosure 201 formed of an inner member 210, an outer
      member 260, a spacer 270, a grille board 275 and a back member 280.
PAR  From FIGS. 8 and 9 it will be seen that the enclosure 201 includes a front
      wall 202, two opposed side walls 203, a rear wall 204 and opposed top and
      bottom walls 205 and 206 respectively. Each of the walls 202 through 206
      is formed of two layers of corrugated material, and the outer surfaces of
      the walls are preferably provided with a decorative covering all as will
      be described more fully hereinafter.
PAR  In accordance with the present invention the inner layers of walls 202
      through 206 are provided by the single unitary inner member 210, the
      construction of which is best illustrated in FIGS. 11, 12 and 13 of the
      drawings. The inner member 210 consists of a single sheet 211 of
      corrugated material having the usual pair of liner sheets with
      corrugations disposed therebetween and adhesively secured thereto. The
      sheet 211 in turn in shaped, scored and has cutouts therein providing and
      defining the several parts thereof. There is provided a substantially
      rectangular front panel 212 that forms the inner layer of the front wall
      202 and has centrally thereof an opening 213 useful in facilitating the
      emission of sound waves from within an enclosure 201, the opening 213
      being generally oval in shape as is best illustrated in FIG. 11.
PAR  Hingedly connected to the front panel 212 are two side panels 216 which
      form the inner layers of the side walls 203. A low knife cut along the
      dashed line 217 forms the hinged connections between the front panel 212
      of the side panels 216, the low knife cuts 217 being of the same character
      as the low knife cuts 117 described above. The outer edges of the side
      panels 216 carry outer rear panels 225, respectively, connected thereto by
      hinge portions formed by a low knife cut along the line 221 like the low
      knife cut 217 described above. Each of the outer rear panels 225 is
      generally rectangular in shape, but a semi-circular notch 226 is formed
      along the longer outer edge thereof adjacent to one end for a purpose to
      be more fully understood hereinafter.
PAR  The shorter edges of the front panel 212 carry integral thereon and
      hingedly attached thereto a top panel 230 and a bottom panel 240. The top
      panel 230 is defined at its lower edge as viewed in FIG. 11 by a
      perf-score 231 providing the hinged connection, the top panel 230
      including opposed parallel straight edges 232 and inwardly converging
      tapered edges 233 that terminate at a perf-score 236 hingedly connecting
      an inner rear panel 235 to the outer edge of the top panel 230. The inner
      rear panel 235 has generally parallel side edges 237, and also has a
      circular opening 239 therein near the perf-score 236.
PAR  Hingedly connected to the lower edge of the front wall 212 as viewed in
      FIG. 11 is the bottom panel 240 connected thereto by a hinged portion
      formed by a perf-score 241. The bottom panel 240 includes a pair of
      parallel straight edges 242 joining tapered and inwardly converging side
      edges 243 terminating in a perf-score 246 that hingedly connects an inner
      rear panel 245 thereto. The inner rear panel 245 has parallel edges 247
      that terminate in a straight outer edge.
PAR  Referring particularly to FIG. 9, the loudspeaker 250 includes the usual
      frame 251 carrying a magnet housing 252, the frame 251 having on the front
      thereof a mounting flange 253 having front surfaces 255 thereon, a layer
      of adhesive 256 being provided within the front surfaces 255 and the inner
      surface of the front panel 212.
PAR  The inner member 210 can be readily assembled about the loudspeaker 250 to
      mount the loudspeaker 250 within the inner member 210, thus to provide a
      sub-assembly for the loudspeaker assembly 200. The assembly of the inner
      member 210 about the loudspeaker 250 can be accomplished without the use
      of jigs or fixtures, thereby materially to simplify and to speed the
      assembly process. In assembling the inner member 210 about the loudspeaker
      250, an adhesive is applied to the appropriate areas of the inner surface
      of the front panel 212 and the front surfaces 255 of the mounting flange
      253. The loudspeaker 250 is then placed upon the inner member 210 as
      illustrated in FIG. 11, the mounting flange 253 being shown in dot-dash
      lines therein. The top panel 230 and the bottom panel 240 are then folded
      to the positions illustrated in FIG. 12, and the inner rear panels 235 and
      245 are likewise folded to the positions illustrated in FIG. 12. It will
      be seen that the outer ends of the inner rear panels 235 and 245 meet
      centrally with respect to the magnet housing 252. Next the side panels 216
      are folded upwardly from the positions illustrated in FIG. 11 to those
      illustrated in FIG. 12, and then finally to the positions illustrated in
      FIG. 13. The outer rear panels 225 now overlie the inner rear panels
      235-245, and the notches 226 combine to form a circular opening that is in
      registry with the circular opening 239, the resultant opening
      accommodating the passage of electrical leads therethrough and/or the
      mounting of electrical terminals therein. A layer of adhesive (not shown)
      is provided between the facing surfaces of the inner rear panels 235-245
      and the outer rear panels 225 firmly to secure the same together. The
      securing together of the rear panels firmly secures each of the panels
      forming the inner member 210 with respect to each other and about and with
      respect to the loudspeaker 250. There results a sub-assembly of the
      loudspeaker 250 and the inner member 210, all without the use of any jigs
      or fixtures during the assembly thereof.
PAR  In order to provide the outer layer of corrugated material for each of the
      walls 202 through 206, an outer member 260 is placed therearound, the
      shape of the outer member 260 in the flat being illustrated in FIG. 10 of
      the drawings. Two side panels 263 are provided hingedly connected to an
      intermediate top panel 265. Two bottom panels 266 are provided on the
      outer edges of the side panels 263. As is best illustrated in FIG. 9, the
      outer member 260 is completely covered by a decorative sheet 267, formed
      for example of a synthetic organic resin such as a polyvinyl chloride
      resin. The decorative sheet 267 fundamentally covers the exposed portions
      of the outer member 260, but also is folded around the ends thereof to
      provide an inner front section 268 and inner rate section 269, the
      decorative sheet 267 being suitably secured as by adhesive to the outer
      member 260 substantially throughout the contacting surfaces thereof.
PAR  Disposed in front of the assembled inner member 210 is a spacer 260 of
      corrugated material having an oval opening 271 therein that is in registry
      with the oval opening 213 in the front panel 212 of the inner member 210.
      Disposed in front of the spacer 270 is a grille board 275 which may be
      formed of a composition board, and has centrally therein an oval opening
      276 in general registry with the opening 271. Covering the outer surface
      of the grille board 275 including the opening 276 and extending around the
      edges thereof is a grille cloth 277. The rear of the enclosure 201 is
      closed by a back member 280 which has a circular opening 281 therein that
      registers with the openings formed by the notches 226 and the opening 239.
      The back member 280 is also covered by a decorative sheet 285 like the
      decorative sheet 267, the decorative sheet 285 extending around the edges
      of back member 280 as at 286.
PAR  Each of the parts of the enclosure 201, including the inner member 210, the
      outer member 260, the spacer 270, the grille board 275 and the back member
      280 are shaped and arranged to cooperate with each other to provide a
      finished enclosure as illustrated in FIGS. 8 and 9. Furthermore, the
      various parts are secured to each other, preferably by an adhesive, so
      that the parts are maintained in the positions illustrated and cooperating
      to form the enclosure 201 about the loudspeaker 250.
PAR  The resultant loudspeaker assembly 200 has all of the advantages pointed
      out above. More specifically, the loudspeaker assembly 200 can be
      assembled easily and quickly without resorting to jigs and fixtures. All
      the parts are readily formed of material in the flat, and particularly the
      parts are formed of corrugated material including the inner member 210,
      the outer member 260, the spacer 270 and the back member 280. For
      illustrative purposes, each of these parts has had applied thereto an
      arrow indicating the direction in which the flutes of the corrugations
      extend, those arrows being identified as 228 on the inner member 210, 261
      on the outer member 260, 272 on the spacer 270 and 282 on the back member
      280. Referring particularly to FIG. 14, it will be seen that not only are
      two layers of corrugated board provided in each wall of the enclosure 201,
      but in the majority of these walls the corrugations are crossed with
      respect to each other to give important acoustical properties to the
      resultant enclosure 201. More specifically, the corrugations in the wall
      202 are crossed with respect to each other, the corrugations in the side
      walls 203 are crossed with respect to each other, the corrugations in the
      rear wall 204 are crossed with respect to each other and the corrugations
      in the bottom wall 206 are crossed with respect to each other. This
      crossed pattern of corrugations serves to effect cancellation of those
      undesirable sound waves generated within the speaker enclosure 201, which
      are not radiated outwardly through the opening in the front wall 202,
      thereby having a sound deadening or suppressive effect on the undesirable
      sound waves generated by the rear surface of the speaker diaphragm on the
      speaker 250. Even more significantly, this crossed pattern of corrugations
      serves to prevent the generation of undesirable audible sound waves by the
      enclosure 201 itself.
PAR  The speaker 250 is firmly mounted within the enclosure 201 by means of the
      adhesive connection between the front surfaces 255 of the mounting flange
      253 and the inner surfaces of the front panel 212. All of the panels in
      the inner member 210 are interconnected and secured to form an assembly
      about the loudspeaker 250 by the adhesive connections between the rear
      panels 225, 235 and 245.
PAR  In addition, panels 216, 230 and 240 at the hinged connections thereof to
      the front panel 212 provide a rectangular enclosure that snugly receives
      the generally rectangular periphery of the front mounting flange 253
      therewithin as is best seen in FIG. 11. This cooperation between the parts
      limits the amount of movement of the loudspeaker 250 side-to-side and up
      and down with respect to the inner member 210 as viewed in FIG. 11, this
      action being assisted by the adhesive 256 between the front panel 212 and
      the speaker mounting flange 253. From FIG. 9 it will be seen that the
      speaker 250 is also trapped in a front-to-back direction due to the
      spacing between the inner surface of the front wall 212 and the inner
      surface of the inner rear panels 235-245, the spacing therebetween being
      just such as to receive the loudspeaker 250. The adhesives 256 and 258
      further assist in that the front surfaces 255 of the loudspeaker 250 are
      firmly secured by the adhesive 256 to the inner surface of the front panel
      212 and the rear surfaces 257 of the magnet housing 252 are firmly secured
      by the adhesive 258 to the inner surfaces of the inner rear panels
      235-245. As a result, the loudspeaker 250 is firmly trapped and secured
      within the enclosure 201 in all directions with respect thereto.
PAR  While the inner member 210, the outer member 260, the spacer 270 and the
      back member 280 have been illustrated as formed from corrugated fiberboard
      or paper board for simplicity and economy of fabrication, it will be
      appreciated that other corrugated materials may be used to produce the
      same sound deadening effect, as long as the adjacent layers of corrugated
      material have the corrugations thereof crossed with respect to each other
      in substantially all of the walls of the enclosure 201. Also, while only
      one loudspeaker and one opening have been shown in the loudspeaker
      assembly 200, it will be appreciated that any desired number of
      loudspeaker and corresponding openings may be provided. Furthermore, it
      will be understood that reflex ports and other openings may be used,
      depending upon the acoustical requirements of a given system. Likewise,
      other decorative sheets 267 and 285 may be provided in place of the
      polyvinyl chloride resin sheet illustrated. Thus, it is anticipated that
      such materials as patterned paper or vinyl resins, either supported or
      non-supported, wood veneers, metal, other plastics either flexible or
      rigid, cloths, non-woven materials, leather, furs, foams, stone veneers,
      various woven or metal fabrics and materials, cork, glass or painted or
      sprayed materials may be used to form the decorative sheets 267 and 285 to
      suit the needs and desires of individual customers.
PAR  While there have been described what are at present considered to be the
      preferred embodiments of the invention, it will be understood that various
      modifications may be made therein, and it is intended to cover in the
      appended claims all such modifications as fall within the true spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A loudspeaker assembly comprising a loudspeaker including a front
      mounting flange having front surfaces lying in a common plane and
      including a rear surface spaced from said front surfaces, and an enclosure
      for said loudspeaker including a front wall and a rear wall and a top wall
      and a bottom wall and opposed side walls, each of said walls including at
      least two layers of corrugated material, said front wall having an opening
      therein to facilitate the emission of sound waves therefrom, the inner
      layers of said walls being formed from a single inner member including a
      front panel having opposed top and bottom panels and opposed side panels
      hingedly connected thereto and a rear panel hingedly connected to one of
      said opposed panels, and fastening means holding said panels assembled
      with respect to each other and about said loudspeaker to provide an
      integral inner member for said loudspeaker assembly, said front panel
      engaging said front surfaces and one of said panels engaging said rear
      surface to trap and hold said loudspeaker in its operative position within
      said inner member.
NUM  2.
PAR  2. The loudspeaker assembly set forth in claim 1, wherein said top panel
      and said bottom panel have rear panel sections respectively hingedly
      connected thereto and said side panels have rear panel sections
      respectively hingedly connected thereto, said rear panel sections
      cooperating to provide the inner rear panel of said rear wall.
NUM  3.
PAR  3. The loudspeaker assembly set forth in claim 1, wherein said top panel
      and said bottom panel have inner rear panel sections respectively hingedly
      connected thereto and said side panels have outer rear panel sections
      respectively hingedly connected thereto, said outer rear panel sections
      overlying said inner rear panel sections to provide the inner rear panel
      of said rear wall.
NUM  4.
PAR  4. The loudspeaker assembly set forth in claim 1, and further comprising an
      adhesive between the front surfaces of said loudspeaker and the inner
      surfaces of said front panel.
NUM  5.
PAR  5. A loudspeaker assembly comprising a loudspeaker including a front
      mounting flange having front surfaces lying in a common plane and
      including a rear surface spaced from said front surfaces, and an enclosure
      for said loudspeaker including a front wall and a rear wall and a top wall
      and a bottom wall and opposed side walls, each of said walls including at
      least two layers of corrugated material, said front wall having an opening
      therein to facilitate the emission of sound waves therefrom, the inner
      layers of said walls being formed from a single inner member including a
      front panel having opposed top and bottom panels and opposed side panels
      hingedly connected thereto and rear panel sections respectively hingedly
      connected to said opposed panels, two of said rear panel sections
      cooperating to provide an inner rear panel and the other two of said rear
      panel sections cooperating to provide an outer rear panel, said inner rear
      panel sections having laterally extending ears thereon and said panels
      carrying said outer rear panel sections having slots therein receiving
      said ears to hold said rear panel sections and said opposed top and bottom
      panels and said opposed side panels in the assembled positions thereof,
      and fastening means holding said panels assembled with respect to each
      other and about said loudspeaker to provide an integral inner member for
      said loudspeaker assembly, said front panel engaging said front surfaces
      and one of said panels engaging said rear surface to trap and hold said
      loudspeaker in its operative position within said inner member.
NUM  6.
PAR  6. The loudspeaker assembly set forth in claim 5, wherein said opposed top
      and bottom panels carry said inner rear panel sections respectively
      hingedly connected thereto and said opposed side panels carry said outer
      rear panel sections hingedly connected thereto.
NUM  7.
PAR  7. The loudspeaker assembly set forth in claim 5, wherein said laterally
      extending ears are disposed adjacent to the outer ends of said inner rear
      panel sections and said slots are disposed in essentially the center of
      the associated panels.
NUM  8.
PAR  8. A loudspeaker assembly comprising a loudspeaker including a front
      mounting flange having laterally extending projections thereon with front
      surfaces lying in a common plane, and an enclosure for said loudspeaker
      including a front wall and a rear wall and a plurality of opposed side
      walls, each of said walls including at least two layers of corrugated
      material, said front wall having an opening therein to facilitate the
      emission of sound waves therefrom, the inner layer of two of said opposed
      side walls adjacent to the juncture with the inner layer of said front
      wall having slots therein receiving one of said projections, said inner
      layer of said front wall having the inner surface thereof adhesively
      secured to the adjacent front surfaces of said loudspeaker mounting flange
      lying in said common plane, said projections of said loudspeaker in said
      slots of said side walls and the adhesive connection between said front
      surfaces of said loudspeaker and said inner layer of said front wall
      trapping and securing said loudspeaker against said front wall within said
      enclosure.
NUM  9.
PAR  9. The loudspeaker assembly set forth in claim 8, wherein the inner layer
      of said two opposing side walls are integral with and hingedly connected
      to the inner layer of said front wall, the material from said slots in
      said opposing side walls remains integral with and forms a part of said
      inner front wall and extends laterally with respect to said inner layers
      of said side walls to provide additional support for said loudspeaker
      mounting flange.
NUM  10.
PAR  10. A loudspeaker assembly comprising a loudspeaker including a front
      mounting flange having laterally extending projections thereon with front
      surfaces lying in a common plane, and an enclosure for said loudspeaker
      including a front wall and a rear wall and a top wall and a bottom wall
      and opposed side walls, each of said walls including at least two layers
      of corrugated material, said front wall having an opening therein to
      facilitate the emission of sound waves therefrom, the inner layers of said
      walls being formed from a single inner member including a front panel
      having opposed top and bottom panels and opposed side panels hingedly
      connected thereto and rear panel sections respectively hingedly connected
      to said opposed panels, two of said opposed panels adjacent to the
      juncture with the inner layer of said front wall having slots therein each
      receiving one of said projections, two of said rear panel sections
      cooperating to provide an inner rear panel and the other two of said rear
      panel sections cooperating to provide an outer rear panel, said inner rear
      panel sections having laterally extending ears thereon and said panels
      carrying said outer rear panel sections having slots therein receiving
      said ears to hold said rear panel sections and said opposed top and bottom
      panels and said opposed side panels in the assembled positions thereof,
      and means holding said panels assembled with respect to each other and
      about said loudspeaker to provide an integral inner member for said
      loudspeaker assembly.
NUM  11.
PAR  11. The loudspeaker assembly set forth in claim 10, wherein said
      loudspeaker has the front surface thereof adhesively secured to the inner
      surface of said front panel.
NUM  12.
PAR  12. The loudspeaker assembly set forth in 10, wherein said means holding
      said panels assembled with respect to each other includes adhesive
      disposed between said rear panel sections to interconnect the same.
NUM  13.
PAR  13. The loudspeaker assembly set forth in claim 10, wherein said laterally
      extending ears are disposed adjacent to the outer ends of said inner rear
      panel sections and said slots are disposed in essentially the center of
      the associated panels.
NUM  14.
PAR  14. A loudspeaker assembly comprising a loudspeaker including a front
      mounting flange having front surfaces lying in a first common plane and a
      rear plate with rear surfaces thereon lying in a second common plane, and
      an enclosure for said loudspeaker including a front wall and a rear wall
      and a plurality of opposed side walls, each of said walls including at
      least two layers of corrugated materials, said front wall having an
      opening therein to facilitate the emission of sound waves therefrom, the
      inner layers of said opposed side walls adjacent to the juncture with the
      inner layer of said front wall snugly receiving the periphery of said
      front mounting flange therebetween, the inner surfaces of the inner layers
      of said front wall and said rear wall snugly receiving said loudspeaker
      therebetween with said front surfaces being disposed adjacent to the inner
      surfaces of said front wall and with said rear surfaces being disposed
      adjacent to the inner surfaces of said rear wall, thereby to trap and
      secure said loudspeaker within said enclosure in all directions with
      respect thereto.
NUM  15.
PAR  15. The loudspeaker assembly set forth in claim 14, wherein the front
      surfaces of said front mounting flange are adhesively secured to the inner
      surface of said inner layer of said front wall, and the rear surfaces of
      said rear plates are adhesively secured to the inner surface of the inner
      layer of said rear wall.
NUM  16.
PAR  16. A loudspeaker assembly comprising a loudspeaker including a front
      mounting flange having front surfaces lying in a first common plane and a
      rear plate with rear surfaces thereon lying in a second common plane, and
      an enclosure for said loudspeaker including a front wall and a rear wall
      and a top wall and a bottom wall and opposed side walls, each of said
      walls including at least two layers of corrugated material, said front
      wall having an opening therein to facilitate the emission of sound waves
      therefrom, the inner layers of said walls being formed from a single inner
      member including a front panel having opposed top and bottom panels and
      opposed side panels hingedly connected thereto and rear panel sections
      respectively hingedly connected to said opposed panels, said opposed top
      and bottom panels and said opposed side panels adjacent to the juncture
      with said front panel snugly receiving the periphery of said mounting
      flange therebetween, two of said rear panel sections cooperating to
      provide an inner rear panel and the other two of said rear panel sections
      cooperating to provide an outer rear panel, the inner surface of said
      front panel and the inner surface of said inner rear panel snugly
      receiving said loudspeaker therebetween with said front surfaces being
      disposed adjacent to the inner surface of said front panel and with said
      rear surface being disposed adjacent to said inner rear panel, and means
      holding said panels assembled with respect to each other and about said
      loudspeaker to provide an integral inner member for said loudspeaker
      assembly, thereby to trap and secure said loudspeaker within said
      enclosure in all directions with respect thereto.
NUM  17.
PAR  17. The loudspeaker assembly set forth in claim 16, wherein the front
      surfaces of said mounting flange are adhesively secured to the inner
      surface of said front panel, and the rear surfaces of said rear plate are
      adhesively secured to the inner surface of said inner rear panel.
NUM  18.
PAR  18. A loudspeaker sub-assembly comprising a loudspeaker including a front
      mounting flange having front surfaces lying in a common plane and
      including a rear surface spaced from said front surfaces, and an enclosure
      for said loudspeaker including a single unitary member formed of
      corrugated material, said inner member including a front panel having
      opposed top and bottom panels and opposed side panels hingedly connected
      thereto and a rear panel hingedly connected to one of said opposed panels,
      and fastening means holding said panels assembled with respect to each
      other and about said loudspeaker to provide an integral inner member for
      said loudspeaker sub-assembly, said front panel engaging said front
      surfaces and one of said panels engaging said rear surface to trap and
      hold said loudspeaker in its operative position within said inner member.
NUM  19.
PAR  19. A loudspeaker sub-assembly comprising a loudspeaker including a front
      mounting flange having front surfaces lying in a common plane and
      including a rear surface spaced from said front surfaces, and an enclosure
      for said loudspeaker including a single unitary inner member formed of
      corrugated material, said inner member including a front panel having
      opposed top and bottom panels and opposed side panels hingedly connected
      thereto and rear panel sections respectively hingedly connected to said
      opposed panels, two of said rear panel sections cooperating to provide an
      inner rear panel and the other two of said rear panel sections cooperating
      to provide an outer rear panel, said inner rear panel sections having
      laterally extending ears thereon and said panels carrying said outer rear
      panel sections having slots therein receiving said ears to hold said rear
      panel sections and said opposed top and bottom panels and said opposed
      side panels in the assembled positions thereof, and fastening means
      holding said panels assembled with respect to each other and about said
      loudspeaker to provide an integral inner member for said loudspeaker
      sub-assebly, said front panel engaging said front surfaces and one of said
      panels engaging said rear surface to trap and hold said loudspeaker in its
      operative position within said inner member.
NUM  20.
PAR  20. A loudspeaker sub-assembly comprising a loudspeaker including a front
      mounting flange having front surfaces lying in a first common plane and a
      rear plate with rear surfaces thereon lying in a second common plane, and
      an enclosure for said loudspeaker including a single unitary inner member
      formed of corrugated material, said inner member including a front panel
      having opposed top and bottom panels and opposed side panels hingedly
      connected thereto and rear panel sections respectively hingedly connected
      to said opposed panels, said opposed top and bottom panels and said
      opposed side panels adjacent to the juncture with said front panel snugly
      receiving the periphery of said mounting flange therebetween, two of said
      rear panel sections cooperating to provide an inner rear panel and the
      other two of said rear panel sections cooperating to provide an outer rear
      panel, the inner surface of said front panel and the inner surface of said
      inner rear panel snugly receiving said loudspeaker therebetween with said
      front surfaces being disposed adjacent to the inner surface of said front
      panel and with said rear surfaces being disposed adjacent to said inner
      rear panel, and means holding said panels assembled with respect to each
      other and about said loudspeaker to provide an integral inner member for
      said loudspeaker sub-assembly, thereby to trap and secure said loudspeaker
      within said enclosure in all directions with respect thereto.
NUM  21.
PAR  21. The loudspeaker sub-assembly set forth in claim 20, wherein the front
      surfaces of said mounting flange are adhesively secured to the inner
      surface of said front panel, and the rear surfaces of said rear plate are
      adhesively secured to the inner surface of said inner rear panel.
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ABST
PAL  A safety belt construction includes a buckle attached to one end of a belt
      for retaining the belt in a closed condition about the body of a wearer,
      and a safety line forming a unitary extension of the buckle and adapted to
      be secured through a connector to suitable anchorage in a structure being
      worked upon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a safety belt construction, and more specifically
      to a safety belt construction of the type including a belt adapted to be
      secured about the body a wearer, and a safety line adapted to be secured
      through a connector to suitable anchorage on a structure being worked upon
      to prevent a workman from falling from the structure.
PAR  2. Description of the Prior Art
PAR  Safety belt constructions which are designed to protect a wearer from
      injury be checking a fall are well known in the prior art. These
      constructions generally include a buckle at one end of a belt for
      retaining the belt in a closed condition about the body of a wearer. In
      addition, a separate connector is attached to the belt, and one end of a
      safety line is secured thereto. The other end of the safety line generally
      includes a connector which is adapted to be attached to suitable anchorage
      in a structure which is being worked upon to thereby check the fall of the
      wearer. A safety belt construction of the above-described type is
      disclosed in U.S. Pat. No. 2,651,446, issued to Rose.
PAR  The inclusion of both a safety line connector and a buckle attached to a
      belt of a safety belt construction enhances material costs. In addition,
      the fabrication of such a safety belt construction is somewhat complicated
      by the fact that both the safety line connector and buckle must be
      separately secured to the belt.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a safety belt construction which requires less
      components, and is simpler to fabricate than the above-described prior art
      construction. Specifically, the safety belt construction of this invention
      includes a buckle which is fastened to one end of a belt for retaining the
      belt about the body of a wearer, and a safety line forming a unitary
      extension of the buckle, and adapted to be secured through a connector to
      suitable anchorage in a structure being worked upon.
PAR  In the preferred embodiment of this invention, the buckle is a multi-coil
      friction buckle which is secured to a closed loop at one end of the belt,
      and the safety line is a continuous extension of the buckle, and includes
      a connector at its free end for attachment to suitable anchorage in a
      structure being worked upon. Preferably, the safety line and friction
      buckle are formed from a single multi-strand rope, and the friction buckle
      includes two coils. The free end of the belt, i.e. the end opposite that
      containing the buckle, is passed through both coils, then over one and
      under the other to frictionally lock the belt in a closed condition about
      the body of a wearer.
PAR  The safety belt construction of this invention does not require the
      inclusion of a separate connector attached to the belt for receiving a
      safety line. Accordingly, the construction of this invention includes less
      components, and is simpler to fabricate than prior art constructions which
      require the inclusion of a separate safety line connector attached to the
      belt.
PAR  Other objects and advantages of this invention will become apparent upon
      reading the detailed description which follows, taken in conjunction with
      the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a safety belt construction according to
      this invention;
PAR  FIG. 2 is an expanded schematic view of a belt loop and buckle forming a
      part of the safety belt construction shown in FIG. 1;
PAR  FIG. 3 is a perspective view showing the manner in which the buckle is
      employed to secure the belt in a closed condition about the body of a
      wearer; and
PAR  FIGS. 4A, 4B and 4C are schematic views showing sequential steps in the
      formation of a double-coil friction buckle prior to its assembly with the
      belt.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring to FIG. 1, the safety belt construction 10 of this invention
      includes a belt 12, and a multi-strand rope 14 which is both a safety line
      16 and a double-coil friction buckle 18. A connector hook 20 is secured
      through a closed loop 22 at one end of the safety line 16. The connector
      hook 20 can be of any desired construction, and in the preferred
      embodiment includes a substantially U-shaped member 21, and a finger 23
      that is spring biased to close the open end of said U-shaped member 21.
      The loop 22 is closed by a splice (not shown) which is formed by
      intertwining the individual strands of rope 14 in a known manner.
PAR  The particular materials from which the belt 12 and multi-strand rope 14
      are formed is not considered to be a limitation on the present invention.
      However, in the preferred embodiment of this invention, the belt 12 is
      formed from nylon webbing, and the rope 14 is formed from nylon strands.
PAR  Referring again to FIG. 1, the double-coil friction buckle 18 includes
      adjacent coils 26 and 28 which are secured to the belt 12 through a closed
      belt loop 30. The belt loop 30 can be formed in a conventional manner by
      folding the end of the belt back upon the main body thereof, and then
      sewing the belt in this condition. Alternatively, other conventional
      fastening means can be employed to form the closed belt loop 30.
PAR  Referring to FIG. 3, the belt 12 is secured about the waist of a wearer by
      passing free end 32 of the belt through both of the coils 26 and 28, and
      then back over coil 28 and through coil 26. After the free end 32 of the
      belt has been secured through the buckle the free end can be folded
      between the wearer's body and the belt, if desired, to prevent it from
      dangling.
PAR  Referring to FIGS. 1 and 2, the double-coil friction buckle 18 is formed by
      passing one end of the multi-strand rope 14 around and through the belt
      loop 30 as indicated by the arrows. Note that the coil 26 is closed by the
      passage of rope 14 around itself adjacent one side of the belt. This forms
      a friction junction 36 to maintain the desired clearance between the coil
      26 and the belt 12 to permit the free end 32 to be passed through it in an
      easy manner. Coil 28 is closed at one end by splice 38 which is formed by
      intertwining the individual strands of rope 14 together in the same manner
      as the splice which closes loop 22.
PAR  A workman wearing the safety belt construction 10 will generally be leaning
      back to thereby tension the safety line 16. This tensioning of the safety
      line causes the individual strands thereof to tighten, and thereby tighten
      both the splice which closes loop 22 and the splice 38. Moreover, this
      tensioned condition of the safety line tightens the buckle 18 to firmly
      retain the free end 32 of the belt 12. Accordingly, the forces imposed
      upon the safety belt construction 10 during its use insure that the
      construction will work in a safe and reliable manner.
PAR  FIGS. 4A, 4B and 4C show sequential steps in forming the double-coil
      friction buckle 18 at one end of the multi-strand rope 14 prior to
      assembling the rope with the belt 12. Referring first to FIG. 4A, the end
      of the multi-strand rope 14 is spliced at 38 to form a closed loop 40.
      Referring to FIG. 4B, a forward section of the loop 40 is folded over a
      rear section of said loop with the folded strand sections 42 and 44
      interdigitated with the unfolded strand sections 46 and 48. Referring to
      FIG. 4C, the unfolded segments 46 and 48 are brought together to form the
      upper runs of the coils 26 and 28, and the folded strand sections 42 and
      44 are brought together to form the lower runs of the coils 26 and 28. The
      end of the belt 12 is then passed through the coils in the direction
      indicated by arrow 50 on FIG. 4C. After the belt is passed through the
      coils, it can then be folded back upon itself and secured in that
      condition to form the closed belt loop 30 shown in FIGS. 1 and 2.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. A safety belt construction including:
PA1  A. a belt adapted to be positioned about the body of a wearer, said belt
      having opposed ends;
PA1  B. a flexible buckle attached to said belt adjacent one of said opposed
      ends and including a passageway through which the other of said opposed
      ends is inserted to adjust the belt to a desired closed condition about
      the body of the wearer, said buckle including means for retaining said
      belt in its adjusted, closed condition; and
PA1  C. a safety line forming a unitary extension of said buckle and adapted to
      be secured through a connector to suitable anchorage in a structure being
      worked upon.
NUM  2.
PAR  2. The safety belt construction according to claim 1, including a connector
      attached to the safety line, said connector being adapted to be attached
      to suitable anchorage in a structure being worked upon.
NUM  3.
PAR  3. The safety belt construction according to claim 1, wherein said buckle
      is a multi-coil friction buckle secured to the belt through a closed loop
      at one end of said belt.
NUM  4.
PAR  4. The safety belt construction according to claim 3, wherein said
      multi-coil friction buckle and safety line are formed from a single
      multi-strand rope.
NUM  5.
PAR  5. The safety belt construction according to claim 4, wherein said
      multi-coil friction buckle includes two coils.
NUM  6.
PAR  6. The safety belt construction according to claim 4, wherein one of the
      coils of the friction buckle is closed at one end by a friction junction
      formed by overlapping sections of the multi-strand rope.
NUM  7.
PAR  7. The safety belt construction according to claim 6, wherein one end of
      the other coil is closed by the intertwining of the strands of the
      multi-strand rope to form a splice.
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ABST
PAL  An easy to assemble and disassemble doublewedging sawhorse including a
      horizontal beam supported by pairs of vertical legs, each pair of legs
      being separated by a slotted shelf mounted in slots in the legs and wedged
      therebetween, each pair of legs being connected by a tie rod at a point
      above the shelf and below the beam, having oppositely tapered angular
      grooves therein such that the tapered edges and the grooves meet and
      provide a wedging action which increased the pressure of the legs against
      the beam as the beam is forced further downwardly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention deals with the field of sawhorses, self-sustaining
      scaffolds, ladder scaffolds, and scaffold horses. These items are
      primarily useful for supporting workpieces and providing temporary
      scaffolding structures.
PAR  2. The Scope of the Prior Art
PAR  Structures utilized in the prior art have inherently been more complicated
      than the present invention and have required the use of additional
      hardware. In particular, a great variety of different bracket and leg
      assemblies have been utilized for securing the horizontal beam in
      position. The beam has been secured to the legs through complicated
      shoulder abutting arrangements and conventional permanent attachment means
      such as mailing or bolting. Many sawhorse structures use trapedzoidal
      bracket members to connect each pair of legs and to provide a bracket area
      for the beam to be attached.
PAR  All the additional metal and wooden parts required in conventional
      sawhorses greatly increase the cost and complication of this relatively
      simple apparatus. Prior art sawhorse assemblies which are capable of being
      disassembled tend to be even more complicated than permanent units.
      Sawhorses which are capable of disassembly have heretofore utilized
      various snap-in and snap-out attaching means to effect quick assembly and
      disassembly.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a simple and yet sturdy wedging sawhorse adapted
      to be readily assembled and disassembled. The main support is provided by
      the cross-beam which has pairs of angular tapered grooves therein. The
      grooves are tapered such that the depth of the grooves is deeper at the
      lower section of the beam and is shallower at the upper section of the
      beam. In this manner, the cross-section of the beam at the point of the
      groove provides a trapezoidal wedge with its narrower parallel edge along
      the lower portion of the beam and serves to urge the upper ends of the
      legs apart.
PAR  The legs are obliquely tapered at the upper edge such that when being
      assembled the oblique edges of adjacent legs form a path into which the
      trapezoidal wedge of the beam mates. In this manner, as the beam is pushed
      downward, each set of legs is wedged apart.
PAR  The legs also have slots along the inner edges in the lower section to
      accept a normal flat slotted plank which provides a shelf. Between the
      point where the slots are located and the upper edge, is a horizontal
      aperture through both legs in which protrudes a nut and bolt tie-rod
      assembly. In the final stage of assembly as the beam is set in place and
      forced downwardly the legs are forced to pivot about the tie-rod and the
      restriction provided by the horizontal width of the shelf converts any
      downward force on the beam into a wedging action which binds the
      cross-beam into position, thereby providing a very sturdy sawhorse.
PAR  It is an object of this invention to provide a wedging sawhorse which is
      simple and relatively inexpensive.
PAR  It is an object of this invention to provide a wedging sawhorse which is
      easily disassembleable and assembleable.
PAR  It is an object of this invention to provide a wedging sawhorse which when
      utilized as a support member, the strength of the cross-beam to the legs
      is made greater with exertion of additional downward pressure on the
      cross-beam.
PAR  It is an object of this invention to provide a wedging sawhorse apparatus
      which requires no additional parts to attach the legs to the cross-beam of
      the legs and cross-beams themselves.
PAR  It is an object of this invention to provide a wedging sawhorse apparatus
      which is lightweight and easily portable.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  While the invention is particularly pointed out and distinctly claimed in
      the concluding portions herein, a preferred embodiment is set forth in the
      following detailed description which may be best understood when read in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is an end view of the assembled sawhorse;
PAR  FIG. 2 is a side view of the assembled sawhorse; and
PAR  FIG. 3 is a side sectional view of the beam slot construction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the present invention a cross beam 2 is supported by legs 4 and 6 such
      that an increase in downward pressure upon the beam more firmly secures it
      in a wedged position between the upper ends of the legs. This wedging
      reaction is provided by a tie rod 8 which prevents lateral movement of the
      legs away from each other at a point below the cross beam 2. While the
      lateral movement is limited by the tie rod 8, the radial movement of the
      legs 4 and 6 about the axis provided by tie rod 8 is limited by the width
      of a spreader or separator means such as shelf 14. The slots 17 and 19 of
      shelf 14 exerts a reactive force upon the inner edges of legs 4 and 6 at
      slots 16 and 18. Also, the lateral movement of legs 4 and 6 along shelf 14
      is limited by the matching slots of 16 with 17 and 18 with 19.
PAR  In this manner the upper oblique edges 11 and 13 of legs 4 and 6 are urged
      against the inner edges 54 and 55 of slots 24 and 25 and the cross beam is
      thereby more firmly wedged in position.
PAR  The slots 24 and 25 in beam 2 are located at adjacent points on both sides
      of the beam. The slots are shallower in the top portion thereof and deeper
      at the bottom portion such that a trapezoidal cross-section 40 is formed
      on the beam at the point where the slots are cut. The wider of the two
      parallel sides of the trapezoidal cross-section is at the upper portion of
      the beam thereby forming a wedge for movement downwardly.
PAR  As this trapezoidal cross-section 40 is forced downward the inner edges 54
      and 55 press against the oblique edges 13 and 11 and thereby urge them
      apart. In this manner the upper ends of legs 4 and 6 are forced apart in
      the directions shown by arrows 60. This force is transmitted to the outer
      edges of the legs which abut and exert pressure upon wing nuts 10 and 12
      so as to cause pivotal movement of the legs about tie rod 8.
PAR  This pivotal movement causes the lower sections of legs 4 and 6 to be
      pressed inwardly along the line shown by arrows 67. In response to this
      force as the lower ends of legs 4 and 6 at slots 16 and 18 move inwardly
      they will exert lateral pressure on shelf 14 through slots 16 and 18. The
      movement of the legs with their slots 16 and 18 toward one another will be
      limited by the width of shelf 14 after subtracting the depth of slots 17
      and 19. once the distance between slot 16 and 18 is equal to this width of
      shelf 14, an equal and opposite force will be exerted upon the lower ends
      of legs 4 and 6 in the direction shown by arrows 68. This equal and
      opposite reaction force will be transmitted through tie rod 8 such that a
      force as indicated along arrow 69 will be exerted inwardly. The oblique
      edges 11 and 13 will then firmly bind against inner groove edges 54 and 55
      of trapezoidal wedge 40.
PAR  In a preferred form of this invention the angle of inclination outward of
      each leg set should be approximately 70.degree. as shown on angle A in
      FIG. 2. At this angle the resistance to loading failure is maximized due
      to balancing between the failure modes of wood-fracturing and toppling.
PAR  The preferred point of location of tie rod 8 is chosen at a point between
      beam 2 and shelf 14 such that when the beam is forced downward the
      pressure on the beam exerted by edges 11 and 13 is equal to the pressure
      between slots 16 and 18 and shelf 14. This exact location will vary
      according to a variety of parameters including the materials chosen for
      all the constituent parts and all the various relative dimensions.
PAR  While a particular embodiment of this invention has been shown in the
      drawings and in the description above, it will be apparent, that many
      changes may be made in the form, arrangement, and positioning of the
      various elements of the combination. In consideration thereof, it should
      be understood that the preferred embodiment of this invention disclosed
      herein is intended to be illustrative only and not intended to limit the
      scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A wedging sawhorse comprising:
PA1  a. a plurality of pairs of legs having obliquely tapered upper edges, said
      legs having slots therein located between the opposite ends thereof;
PA1  b. at least one spacing means securely mounted between said legs in said
      slots;
PA1  c. an adjustable tie rod means attaching each pair of said legs at a point
      above said spacing means; and
PA1  d. a beam mounted between said obliquely tapered edges of adjacent pairs of
      said legs, said beam having angular tapered grooves for receiving said
      obliquely tapered edges therein, said grooves being deeper at the lower
      end thereof to complement the obliquely tapered edges of said legs,
      tension between said legs and said beam being adjustable by relative
      vertical movement therebetween due to said beam being mounted above and
      spaced from said tie rod means such that as said beam is pressed downward
      the upper ends of said pairs of legs are moved apart and pivot about the
      tie rod means with the movement being limited by the width of said spacing
      means.
NUM  2.
PAR  2. A wedging sawhorse as defined in claim 1 wherein said tie rod means
      comprises;
PA1  a. a threaded stud passing through each pair of adjacent legs; and
PA1  b. a pair of wing nuts on opposite ends of said stud adjustable to press
      said legs toward each other.
NUM  3.
PAR  3. The wedging sawhorse as defined in claim 1 wherein said beam at said
      grooves is of a trapezoidal cross-section.
NUM  4.
PAR  4. A wedging sawhorse comprising:
PA1  a. a horizontal beam provided with pairs of longitudinally spaced slots
      located on opposite sides of the beam and presenting downwardly and
      inwardly inclined surfaces;
PA1  b. pairs of legs having inwardly and downwardly inclined surfaces thereon
      located near the upper ends of said legs and positioned in said slots in
      said beam;
PA1  c. adjustable tie rods extending between the legs of each of said pairs
      thereof at points below the upper ends of the legs and spaced from said
      beam; and
PA1  d. rigid spreader means located between the legs of each of said pairs
      thereof at points below said tie rods and operable to oppose inward
      movement of the lower portions of said legs upon spreading of the upper
      portions of said legs in response to downwardly exerted pressure applied
      to said beam causing said beam to move downward with respect to said pair
      of legs.
NUM  5.
PAR  5. The sawhorse as defined in claim 4 including mating slots in said
      spreader means and in said pair of legs to maintain approximately
      70.degree. angular relationship therebetween.
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ABST
PAL  An oil mist lubricating system with condenser device, which comprises an
      oil atomizing device having connected thereto a source of compressed air,
      in which a duct leading from the atomizing device to a lubricating point
      has an oil mist condenser device arranged therein which constricts the
      flow of oil through the duct, the condenser device including an oil
      permeable packing formed of movable particles effective to condense the
      atomized oil flowing therethrough.
BSUM
PAR  The present invention relates to an oil mist lubricating system which
      comprises an oil mist device connected to a source of compressed air and
      provided with a conduit which leads to at least one lubricating point, and
      which is provided with a constriction through which oil is precipitated
      out of the oil mist as a liquid capable of forming drops and/or in a
      macrofine shape. The invention furthermore comprises a condenser nozzle
      which is usable as a nipple in such lubricating device and which is
      equipped with a threaded socket and an insert member comprising a nozzle
      bore.
PAR  The oil mist lubrication, i.e., the employment of oil mist for the
      lubrication of bearings, transmissions and the like is known. In general
      it is employed in this connection as central lubricating system in which
      the lubricant is from a central station conveyed through conduits to a
      plurality of lubricating points. This oil mist lubrication employs oil as
      lubricant which is conveyed pneumatically in mist form to the lubrication
      points at which the oil is precipitated out of the oil mist as a liquid
      capable of forming drops. A uniform distribution of the oil in the
      compressed air is effected by normal mist or micromist-oiler as oil mist
      devices, which are arranged in the compressed air conduit ahead of the
      consumer stations. The just produced oil mists which contain oil particles
      in finest distribution may through conduits be conveyed to the consumer
      stations ahead of which the oil has to be precipitated again.
PAR  For purposes of precipitating atomized oil, it has already been suggested
      in the conduits which connect the oil mist generated with the lubrication
      station or stations, one or more local constrictions in which from the oil
      mist there is to be precipitated a liquid adapted to form drops. Such
      constriction may be designed in particular as a condenser nozzle, various
      forms of which are known in the art. The purpose of the condenser nozzles
      consists in increasing the pressing out velocity by narrowing the cross
      section in such a way that the oil mist will be deposited when impacting
      upon the surface to be lubricated. In addition thereto, the condenser
      nozzles in oil mist lubricating systems are intended to supply lubricating
      points, for instance bearings of different sizes, to supply with different
      quantities of lubricant and also to permit an individual allotment of the
      oil mist quantity to the lubricating stations. In their simplest form,
      such known condenser nozzles have straight bores, in other words tube
      constrictions with diameters of the magnitude of from 1-3 mm. In these
      bores, the oil particles present in microfine form will at the lubricating
      station undergo an increase in velocity and will combine by the impact
      force to form greater drops which then will assure a good moistening.
PAR  Such simple nozzles with a constriction, and as the case may be also with a
      labyrinth effect through different passages and bores, have, however, not
      a sufficient degree of efficiency because only a degree of precipitation
      of from 75 to 80% can be realized. 25-20% of non-recompressed oil mists
      are not taken advantage of and are not desirable for ecological reasons
      inasmuch as they contaminate the air. Therefore, for economic reasons and
      also in order to avoid a further contamination of the air it is desirable
      to improve the degree of efficiency of oil mist lubricating devices and in
      particular of compressor nozzles. In this connection it may also be
      pointed out that the non-recompressed oil mists will when inhaling the
      same have serious health hazard and, moreover, may produce additional
      disadvantages in the vicinity of the lubricating areas.
PAR  To this end it has already been suggested to provide a porous center pot
      ahead of or in the nozzle of the lubricating devices. In this connection,
      however, it is disadvantageous that the pores of the center pot will clog
      up with coked residues after a certain time of operation (with hot zones)
      while other residues such as the components of alloys of the oil have to
      be added until a function of the nozzle will no more be assured and an
      exchange will be necessary.
PAR  This is particularly the case at the high nozzle speed which prevails as a
      rule in such lubricating systems while the degree of soiling is difficult
      to control. Finally, it is disadvantageous that each clogging up of pores
      of the center pot brings about a change in the dosing which change is very
      undesirable in this connection.
PAR  It is, therefore, an object of the present invention to improve the degree
      of efficiency of an oil mist lubricating device and of a compressor
      nozzle, in a most simple manner. It is an object of the present invention
      to provide an oil mist lubricating device as set forth in the preceding
      paragraph which will permit a precise and steady dosing without
      eliminating special additional servicing so that the drawbacks of the
      state of the art listed above will be eliminated.
PAR  The lubricating system according to the present invention which includes an
      oil mist device that is connected to a compressed air source and is
      equipped with a conduit leading to at least one lubricating station while
      said conduit has a constriction through which oil can be precipitated as a
      liquid capable of forming drops and/or in a macrofine form, is
      characterized primarily in that in the conduit at the constriction there
      is provided a packing formed of particles which fills the flow cross
      section of the conduit and is permeable to oil flow while the individual
      particles of said packing are movable relative to each other.
PAR  In this way, a re-compression, in other words precipitation of the oil from
      the oil mist is obtained to an extent of up to 99%. The particle packing
      has a self purifying effect so that no precipitations occur which could
      constrict the flow cross section. This is due to the movability of the
      packing particles relative to each other and to the readiness of
      continuously changing flow paths with a plurality of deviations.
PAR  Preferably, the lubricating system according to the invention is such that
      the constriction is arranged in a nipple with axial passage while the
      cross section of said constriction is relatively small with regard to the
      cross section of the remaining conduits, the particle packing being
      arranged in the nipple. As nipple in a lubricating system of the above
      mentioned type which as a rule is a central lubricating system, a
      condenser nozzle with a threaded socket and an insert member adapted to be
      inserted in a nozzle bore may be employed. According to the present
      invention a flow permeable container is inserted in an inner recess of the
      nozzle in the flow path, preferably ahead of the nozzle bore. This flow
      permeable container which contains a packing of particles in its interior
      has its particles movable relative to each other. As a result thereof, a
      condenser nozzle is provided which is structurally very simple and which
      has all the advantages of a particle packing, in particular a high degree
      of precipitation going up to 99%, the creation of a macromist of good
      moistening ability and a constant doseability. Expediently, the container
      comprises a cylindrical pipe section and two screening discs which close
      the end faces of the cylinder. The container may be arranged between a
      housing shoulder and the inner end face of the insert member.
PAR  Structurally, the condenser nozzle is advantageously so designed that the
      merging of the container comprising the particle packing with the nozzle
      bore is designed so as to conically narrow toward the outlet. It is
      furthermore advantageous also to design the merging area from the flow
      passage of the screw plug to the container so as to widen toward the
      container. The angle of the cone at the nozzle bore should be more pointed
      than that on the flow passage of the screw plug. In view of these
      features, for the intended purpose, favorable flow conditions are realized
      in the nozzle which conditions on one hand take care of the design of
      macro mist of good moistening ability and on the other hand take care of
      an impact velocity which befits or is in correspondence with the particle
      size of the oil.
DRWD
PAR  FIG. 1 shows the flow pattern of the oil mist central lubricating system.
PAR  FIG. 2 is a detailed view showing the construction of my condensor nozzle.
DETD
PAR  Referring now to the drawings in detail, the oil mist central lubricating
      system according to FIG. 1 comprises a compressed air filter 15, a
      pressure control 16 and a micro mist oiler as oil mist device 17 which may
      be equipped in conformity with the plant or outlay to be supplied and
      comprising all containers of different sizes. The above elements
      substantially make up the base device. In practice additional devices are
      employed which are diagrammatically illustrated in FIG. 1. Thus the device
      furthermore comprises a magnetic valve 22, a pressure switch 23, an
      electric control 24, an oil level control 25, an oil heating system 26 and
      a thermostat 27. From the oil mist device 17, a conduit 18 leads to
      various lubricating stations. In order to assure the oil supply for these
      lubricating stations, the conduit 18 is provided with a corresponding
      member of branch lines 19. In these branch lines, at that end which is
      located at the lubricating station there is provided either a constriction
      20 or a condenser nozzle 21. The drawing shows one of the condenser
      nozzles designed as axial screw-in nozzle whereas the other condenser
      nozzle is designed as angle nozzle.
PAR  The individual condenser nozzles 21 as well as the constriction 20 of the
      central lubricating station are provided with a particle packing arranged
      at said constriction. Said last mentioned packing fills the flow cross
      section so that the lubricant can still pass through while the individual
      particles of the packing are movable relative to each other. This
      arrangement of the particle packing will now be described in connection
      with the condenser nozzle 1 illustrated in FIG. 2 and forming a preferred
      embodiment of the invention.
PAR  The condenser nozzle 1 has a screw plug 2 with outer thread for connection
      for instance with one of the branch conduits 19. In the interior of the
      plug 2 there is provided a centrally stepped bore which represents a flow
      passage 14. The flow passage 14 is at the inlet end of the plug 2 designed
      conically for adaptation to the pipe diameter of the connecting conduit.
      Toward the outlet end, the flow passage 14 widens to form a conical
      transition 13 merging with a cylindrical part 28 which latter with a step
      10 merges with the receiving section for an insert member 3.
PAR  The insert member 3 comprises a nozzle bore 7 which on its inside is
      designed as conical transition portion 12 with a conical angle. The inner
      end face side 11 of the insert member 3 engages a screen disc 5 of steel
      fabric which in its turn rests against housing shoulder 10. The screen
      disc 5 is flow permeable and closes one end face of a cylindrical tubular
      member 4 which is inserted into the cylindrical part 28 of the screw plug
      2. The other end face of said screw plug 2 similarly closed by a screen
      disc 8 of steel fabric while being flow permeable. In this instance the
      housing shoulder 9 serves as abutment, said housing shoulder 9 being
      formed by the transition section 13 with the cylindrical part 28.
PAR  In the interior of the housing formed by the two screen discs 5 and 8 and
      the tube section 4, there is arranged a plurality of balls 6 which may be
      of synthetic material and which form a particle packing the particles of
      which are movable relative to each other. The individual balls have a
      diameter which is slightly greater than 1 mm. The packing density is so
      selected that the balls can easily move in any direction with regard to
      each other under the influence of the flow while the movability is aided
      due to the fact that the balls can roll upon each other. Due to the
      specific weight of the balls of synthetic material and the actual
      movability of the balls, a flow bed effect is obtained in operation.
PAR  The individual parts of the compresser nozzle can easily be assembled and
      the size and number of the balls 6 as well as the material employed
      therefor may be selected in conformity with the specific operational
      requirements to be met.
PAR  As will be evident from the preceding, it may be stated that due to the
      movement of the packing particles relative to each other and due to the
      fact that continuously varied flow paths are made available, an excellent
      degree of efficiency will be realized. Due to the self-cleaning effect,
      the doseability and the safety of operation of the lubricating system
      according to the invention and of the condenser nozzles according to the
      invention will be secured over long periods of operation. In addition
      thereto, servicing of the lubricating system is limited to a minimum.
      Another important advantage of the invention consists in that it can
      easily be produced and can easily be assembled and installed. By changing
      the density of the packing and by changing the diameter of the balls
      forming the packing, the degree of precipitation as well as the size of
      the oil particles being formed can be closely controlled. For instance it
      would be possible by increasing the balls to bring about a reduction in
      the primary precipitation behind the nozzle in a controlled manner so that
      residual mist which can easily be conveyed can be held in readiness for
      further lubrication points at which a secondary precipitation may be
      effected. By the design of the condenser nozzle according to the invention
      it is also possible to adapt the effect of the condenser nozzles to the
      various conditions of operation for instance to the path over which the
      oil mist has to move after leaving the nozzle until it reaches the last
      surface to be moistened or lubricated.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawing, but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An oil mist condenser device for condensing oil drops from a fluid flow
      of oil mist carrying gas comprising in combination a duct, a constriction
      formed within the duct, a ball packing formed of particles arranged
      adjacent to the constriction and variably filling the flow cross section
      but being permeable to oil flow to condense drops of oil from said oil
      mist, the individual particles of said packing being freely movable
      relative to one another thereby forming variable paths for said drops.
NUM  2.
PAR  2. A condenser device in combination according to claim 1, in which said
      particles are of spherical shape.
NUM  3.
PAR  3. A condenser device in combination according to claim 2, in which said
      particles have a diameter greater than 1 mm.
NUM  4.
PAR  4. A condenser device in combination according to claim 1, in which said
      particles are of ovoidal shape.
NUM  5.
PAR  5. A condenser device in combination according to claim 1, in which said
      particles are made of a synthetic material having a low specific gravity
      relative to air.
NUM  6.
PAR  6. A condenser device in combination according to claim 5, in which said
      particles consist of a polyamide in flow bed.
NUM  7.
PAR  7. A condenser device in combination according to claim 1, which includes:
      a tubular member forming part of said duct and containing said
      constriction in a central flow bore of said tubular member, and a nozzle
      member having a nozzle bore and being insertable in said tubular member to
      allow continuity of self-cleaning flow through the central flow bore and
      the nozzle bore, and a container interposed between said tubular member
      and said nozzle member and containing the said ball packing.
NUM  8.
PAR  8. A condenser device in combination according to claim 7, in which said
      container consists of a tube section and two perforated discs closing the
      end thereof.
NUM  9.
PAR  9. A condenser device in combination according to claim 8, in which said
      discs are made of steel.
NUM  10.
PAR  10. A condenser device in combination according to claim 7, in which said
      tubular member has a step formed therein, and in which said container is
      held between said step on one side and the inner end of said nozzle member
      on the other side.
NUM  11.
PAR  11. A condenser device in combination according to claim 7, in which said
      nozzle bore comprises a constant diameter section, and a transition
      section conically tapering from the end of said nozzle bore adjacent to
      said container, to the constant diameter section.
NUM  12.
PAR  12. A condenser device in combination according to claim 11, in which the
      cone angle of the transition section of said nozzle bore is smaller than
      the cone angle of the transition portion of the central flow bore.
NUM  13.
PAR  13. A condenser device in combination according to claim 7, in which said
      central flow bore comprises a constant diameter constriction portion and a
      transition portion tapering conically from the end of said central flow
      bore adjacent to said container, to the constant diameter constriction
      portion.
NUM  14.
PAR  14. A condenser device in combination according to claim 1, which is screw
      threaded for connection of the device to an adjacent part of a duct.
NUM  15.
PAR  15. A condenser device in combination according to claim 1, which is made
      of metal selected from brass and steel.
NUM  16.
PAR  16. A condenser device in combination according to claim 1, in which said
      ball packing is arranged upstream of the constriction.
NUM  17.
PAR  17. An oil mist lubricating system, which comprises in combination an oil
      atomizing device, a source of compressed air connected to said atomizing
      device, a duct leading from said atomizing device to a lubricating point,
      and an oil mist condenser device arranged in said duct and constricting
      the flow of oil through said duct, said condenser device including an oil
      permeable ball packing formed of freely movable particles 99% effective to
      condense the atomized oil flowing therethrough.
NUM  18.
PAR  18. A lubricating system in combination according to claim 17, in which the
      packing density of said particles is so chosen that a fluidized bed
      operational effect is produced.
NUM  19.
PAR  19. A nozzle for condensing liquid drops from a fluid flow of liquid mist
      carrying gas, said nozzle comprising an inlet passage at one end connected
      to a conduit to supply said flow of liquid mist carrying gas, a
      substantially larger intermediate passage having confined therein a mass
      of loosely packed, relatively movable particles, the movement of said
      particles producing changeable flow paths for said fluid flow, and a
      restricted outlet port at the other end substantially smaller than said
      inlet passage.
NUM  20.
PAR  20. A nozzle as claimed in claim 19, in which said particles are
      substantially spherical.
NUM  21.
PAR  21. A nozzle for condensing oil drops for lubrication from a fluid flow of
      oil mist carrying gas under pressure, said nozzle having a flow passage
      therethrough comprising an inlet passage to be connected to a conduit to
      supply said oil mist carrying gas under pressure, a substantially larger
      intermediate passage having an oil condensing packing in said passage,
      said packing comprising spaced perforate end walls transverse to said
      passage and a mass of loosely packed, globular particles between said
      walls and movable relative to each other as said gas passes therethrough,
      the movement of said particles producing changeable flow paths for said
      fluid flow, said flow passage also including an output port substantially
      smaller than said inlet passage, a widening passage between said inlet
      passage and said intermediate passage, and a narrowing passage between
      said intermediate passage and said outlet port.
NUM  22.
PAR  22. A nozzle as claimed in claim 21, in which said nozzle is formed by two
      coaxially telescoped parts, one of said parts providing said outlet port
      and said narrowing passage from said intermediate passage to said outlet
      port, said one of said parts telescoping within the other part, said oil
      condensing packing including a cylindrical, peripheral sleeve between said
      end walls, said one of said parts retaining said packing in said
      intermediate passage.
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ABST
PAL  Apparatus for controlling lubrication of compressed air tools includes a
      supply container of lubricating liquid and an air flow pipe extending
      through the container for connection with a source of compressed air. A
      control device having both liquid and air flow control valves therein is
      mounted adjacent to the container and a flow throttler in the form of an
      aperture or venturi disposed in the air flow pipe. Upstream of the flow
      throttler, a flow line diverts a portion of the air flow through the
      control device, past the air flow control valve therein, and then back
      into the container to apply a pressure against the liquid therein. A
      liquid supply pipe extends from the liquid in the container to the control
      device and as the air pressure is applied against the liquid, such
      pressure causes the liquid to flow through the supply pipe and into the
      control device, past a liquid flow control valve therein, and then back
      through a flow line which connects to the air flow pipe downstream of the
      flow throttler. The liquid passing through the downstream flow line thus
      mixes with the air passing through the throttler of the air flow pipe.
      Both the air flow control valve and the liquid flow control valve are
      manually adjustable.
BSUM
PAR  This invention relates to apparatus for controlling lubrication of
      compressed air tools, and in particular, for providing an arrangement
      where lubricating liquid, such as lubricating oil, is admixed with a
      stream of compressed air which is being supplied to a tool which is
      operated by such compressed air.
PAR  There are certain known forms of tools and equipment which are operated by
      compressed air, such as, for example, pneumatic hammers of heavy duty
      construction. Because tools of this type contain movable parts which are
      often reciprocated at a rapid rate, it is necessary that such tools be
      suitably lubricated during their operation. One advantageous way for
      accomplishing such lubrication is by mixing the lubricant into the stream
      of compressed air which is supplied to the tool.
PAR  While certain forms of lubricating apparatus for such compressed air tools
      have been heretofore known, such prior forms have not proved altogether
      satisfactory in use. In some of the known forms, the flow rate or flow
      quantity of the lubricating liquid could not be easily adjusted. In some
      instances, this was due to the very nature of the adjustment valves, but
      in other instances, the valves were either damaged or tended to become
      corroded or clogged after use. In such event, the proper quantity of
      lubricating liquid was not supplied to the tool thus raising the
      possibility of damage to the tool itself. Also, in the case of some known
      forms of lubricating apparatus where a separate lubricating liquid line
      was provided, such line could become damaged as the compressed air tool
      was used, and if line damage occurred, the liquid could flow out.
PAR  The object of the present invention is to overcome the drawbacks and
      deficiencies associated with known forms of lubricating apparatus and to
      provide a new and improved type of apparatus wherein the flow of
      lubricating liquid to the compressed air tool can be easily and accurately
      and rapidly adjusted.
PAR  Another object of the present invention is to provide apparatus for
      attachment with a compressed air tool for lubricating such tool wherein
      the quantity of lubricating liquid can be variably adjusted within rather
      wide limits.
PAR  Another object of the present invention is to provide a compact, safe and
      easily operable unit for admixing lubricating liquid with compressed air
      flowing to a compressed air tool, which unit is relatively simple in
      construction yet is capable of extended periods of operation without
      failure and without undue maintenance requirements.
PAR  Further objects, advantages and salient features of the invention will
      become apparent from the following detailed description, the claims and
      the drawings, which show two embodiments of apparatus in accordance with
      the principles of the present invention.
PAR  In general, the apparatus of the present invention includes an air flow
      line which extends through and is hermetically sealed within a supply
      container which carries the lubricating liquid for the compressed air
      tool, for instance, lubricating oil. The air flow pipe is connected with
      the source of compressed air for the tool which can advantageously be an
      air compressor. A control device is attached to the lubricating liquid
      supply container and this control device includes a liquid flow control
      valve means and an air flow control valve means, both of which can be
      quickly and easily manually adjusted by the operator. A throttling means
      is provided within the air flow pipe and the air flow can thus be
      considered as being either upstream or downstream of the throttling means.
      In one embodiment, the throttling means takes the form of a venturi or
      restricted throat while in the other embodiment the throttling means takes
      the form of a restricted opening from a main line into a branch line.
PAR  An upstream flow line connects from the upstream side of the air flow pipe
      to the control device. Within the control device, internal ducts assure
      that the air flow from the upstream flow line will pass through the air
      flow control valve and then to an outlet opening which discharges back
      into the supply container. As a result, air flow through the upstream flow
      line is discharged at a controlled rate back into the supply container to
      exert a pressure on the surface of the lubricating liquid therein.
PAR  The apparatus of the present invention also includes a downstream flow line
      connected between the downstream side of the air flow pipe and the control
      device. It also includes a liquid supply pipe or eduction tube which
      extends from the control device into the supply container and below the
      level of the liquid therein. Internal flow ducts in the control device
      connect the downstream flow line and the liquid supply line, such
      connection being accomplished through the liquid flow control valve.
PAR  The application of the air pressure against the surface of the lubricating
      liquid causes such liquid to rise through the liquid supply line and to
      flow past the liquid flow control valve, through the downsteam flow line
      and back into the air flow pipe on the downstream side of the throttling
      means. At this point, the liquid is admixed with the compressed air
      flowing through the pipe and is then conveyed to the tool which is
      operated by the compressed air.
DRWD
PAR  Referring now to the drawings which illustrate the present invention:
PAR  FIG. 1 is a longitudinal sectional view through a first embodiment of
      apparatus in accordance with the present invention;
PAR  FIG. 2 is a sectional view taken along the line II--II of FIG. 3,
      illustrating a sectional view through a second embodiment of the
      invention;
PAR  FIG. 3 is a top plan view of the second embodiment with the control device
      removed therefrom;
PAR  FIG. 4 is a simplified sectional view taken along the line IV--IV of FIG.
      2, with certain parts not being shown for ease of illustration;
PAR  FIG. 5 is a top plan view of the apparatus shown in FIG. 4;
PAR  FIG. 6 is a sectional view through the control head or control device of
      the second embodiment, taken along the line VI--VI of FIG. 7;
PAR  FIG. 7 is a bottom plan view of the control device looking in the direction
      of the arrow B in FIG. 6; and
PAR  FIG. 8 is a sectional view taken along the line VIII--VIII of FIG. 7, with
      certain parts not being shown for ease of illustration.
DETD
PAR  Referring now to the first embodiment as illustrated in FIG. 1, it will be
      seen that a closed pressure proof container 1 is provided and that within
      such container, there is a supply of lubricating liquid which can
      advantageously be lubricating oil. The level of this lubricating liquid is
      shown somewhat beneath the top of the container 1. An air flow pipe 2
      extends through the container 1 and is hermetically sealed to prevent the
      lubricating liquid which surrounds the pipe from either entering thereinto
      or from flowing out at those portions where the pipe 2 projects through
      the walls of the container. Connecting sleeves 3 and 4 are mounted at
      opposite ends of the pipe 2 to enable the pipe and hence the apparatus to
      be connected with a source of compressed air and with the tool, for
      example, a pneumatic hammer, which is to be operated by the compressed
      air.
PAR  A throttling means 5 is provided within the air pipe 2, such throttling
      means being in the form of a venturi or restricted flow throat through
      which the compressed air passes. If the sleeve 3 is used to connect the
      apparatus to a supply of compressed air and the sleeve 4 is used to
      connect the pipe 2 to the tool which is operated by the compressed air,
      then that portion in advance of the throttling means 5 can be considered
      as the upstream side of the air pipe 2 and that portion following the
      throttling means 5 can be considered as the downstream side.
PAR  A pipe or flow line 6 extends between the upstream side of the pipe 2, just
      in advance of the throttling means, and the top of the container 1.
      Similarly, a pipe or flow line 7 extends between the downstream side of
      the pipe 2 and the top of the container 1. The pipe 6 can thus be
      considered as the upstream pipe while the pipe 7 can be considered as the
      downstream pipe. A liquid supply pipe or eduction tube 8 is also provided
      in the container 1, with the supply pipe 8 extending from the top of the
      container and having an open end beneath the level of the lubricating
      liquid therein, near the bottom of the container.
PAR  A control head or control device 11 is mounted above the container 1 and is
      suitably affixed thereto. Within the control device 11, a channel or flow
      duct 9 is aligned in communication with the flow duct 6 and another
      channel or flow duct 10 is aligned in communication with the liquid supply
      pipe 8. Another channel or flow duct 12 in the control device 11 extends
      parallel to the channel 9 and communicates with an outlet opening 12a in
      the top of the container 1. As a result, the channel 12 is in
      communication through the opening 12a with that space in the supply
      container above the level of the lubricating liquid therein.
PAR  An enlarged central bore 13 extends completely through the control head 11
      in alignment and in communication with the flow line 7, but, as
      illustrated, the diameter of the bore 13 is significantly larger than the
      diameter of the flow line 7. An inwardly directed shoulder 14 is formed
      adjacent the bottom of the bore 13 and the top surface of this shoulder 14
      has a generally frusto-conical configuration to enable it to serve as a
      valve seat. Screw threads 15 are provided at the upper end of the bore 13
      to enable suitable control valve means to be threaded thereinto.
PAR  The control valve means is generally designated 16 and is in the form of an
      adjustable spindle or elongated valve stem which projects into and is
      threaded within the bore 13. The spindle or elongated valve stem includes
      a head part 17 projecting above the control device 11, such head part
      carrying an operating handle 18 and an indicating pointer 19 which can
      cooperate with a scale provided on the top surface of the control device
      11.
PAR  The adjusting spindle or valve means 16 includes a pair of spaced apart
      annular grooves 20 and 21. After the spindle has been suitably threaded
      into the bore 13, the annular groove 20 is in alignment with a transverse
      flow duct or flow channel 22 which connects with the flow channel 9.
      Similarly, the annular groove 21 is in alignment with a transverse flow
      duct or flow channel 23 which connects with the channel 12. The lower end
      of the elongated valve stem or spindle is provided with a downwardly and
      inwardly tapering conical portion 24 which forms a control cone which
      cooperates with the shoulder 14. That is, the shoulder 14 and control cone
      24 serve as a liquid flow control valve means for purposes to be described
      hereinafter. A transverse flow duct or flow channel 25 extends between the
      flow channel 10 and the central bore 13, just above the shoulder or valve
      seat 14. As a result, the valving action caused by adjustment of the
      control cone 24 with respect to the shoulder 14 serves to adjust or vary
      the liquid flow from the supply pipe 8 to the flow line 7, such liquid
      flow occurring through the channels 10 and 25 and through the central bore
      13 past the valve means 14, 24.
PAR  A blind-end bore 26 extends at least partially through the elongated valve
      stem, commencing at its head portion 17 and terminating substantially at
      the level of the annular groove 21. A flow regulating valve or closing
      spindle generally designated 27 is mounted within the valve means 16. This
      valve 27 includes an enlarged digitally engageable head 28 and an
      elongated stem extending therefrom, such stem carrying threads 29 which
      engage with compatible threads along a portion of the blind end bore 26.
      At the end of the stem there is provided a conical end portion 30 which
      cooperates with an inwardly directed shoulder 31 along the blind end bore
      26, the shoulder 31 serving as a valve seat which cooperates with the
      conical portion 30 which acts as the valve. The shoulder 31 is positioned
      between the annular grooves 20 and 21 so that the valve means thus
      controls flow from one annular groove to the other. A bore 32 extends
      through the wall of the adjustable spindle 16 to thus place the annular
      groove 20 in flow communication with the internal blind bore 26. A similar
      bore 33 serves the same function for placing the annular groove 21 in
      communication with the internal blind bore 26. Suitable sealing gaskets 34
      are housed in grooves provided in spaced relation along the walls of the
      bore 13 to prevent any leakage of the air passing through the annular
      grooves 20 or 21. Similar suitable flow gaskets, not illustrated, can also
      be provided along the stem of the closing spindle 27.
PAR  To consider the operation of the first embodiment of invention, as
      illustrated in FIG. 1, the spindle head 28 is manually operated to adjust
      the valving position of the air flow control valve, 30, 31. Similarly, the
      handle 18 is manually moved to adjust the valving position of the liquid
      flow control valve 14, 24. The compressed air flow pipe 2 is connected
      with the supply of compressed air and with the tool operated by the
      compressed air thus causing compressed air to flow through the pipe 2 in
      the direction from sleeve 3 toward sleeve 4. As such compressed air flows
      through the pipe 2, a dynamic air pressure develops on the upstream side
      of the throttling means 5, causing a portion of the air to be diverted
      through the upstream flow line 6 and into the control device 11. Once in
      the control device 11, this diverted air passes through the channel 9,
      through the channel 22 and into the annular groove 20, through the bore
      32, past the valve 30, 31, through the lower portion of the blind end bore
      26, out through the bore 33 and the annular groove 21 and through the
      channels 23 and 12 to exit through the outlet opening 12a in the top of
      the container. As this air thus exits through the opening 12a it applies a
      pressure to the surface of the lubricating liquid therein and since the
      container is closed, this pressure applied against the lubricating liquid
      causes a portion of such liquid to be forced upwardly through the liquid
      supply pipe 8 and into the control device 11. As the liquid passes from
      the pipe 8 into the control device 11, it flows through the channels or
      ducts 10 and 25 and into the central bore 13, past the liquid flow control
      valve 14, 24 and back through the downstream flow line 7 and into the
      compressed air pipe 2 on the downstream side of the throttling means 5. As
      such liquid flows from the lower mouth of the flow line 7 and into the
      pipe 2, it is admixed with the air travelling through the pipe 2 and is
      effectively atomized. It then continues in this form through the remainder
      of the pipe 2 and into the tool which is connected at 4 with the
      compressed air pipe.
PAR  It will be understood that the adjustment of the valve means 14, 24
      controls the quantity of lubricating liquid which is supplied, while
      adjustment of the valve means 30, 31 controls the air flow and hence the
      pressure which is applied to the lubricating liquid. Either or both of
      these valves can be closed, as desired, to prevent any lubricating
      operation from occurring. As an alternative construction, not illustrated
      herein, the closing spindle 27 can be eliminated and a spring-biased ball
      valve can be used, with the pressure of the spring being suitably
      adjustable as, for instance, by means of a screw engageable from outside
      the control device 11.
PAR  Referring now to the second embodiment of the invention, the container is
      designated 1a and the compressed air pipe extends therethrough. The
      compressed air pipe of this second embodiment includes a straight portion
      2a which extends completely through the container in a hermetically sealed
      fashion and which is provided with connecting ends 3a and 3b at opposite
      sides of the container. The pipe means also includes a branch line 2b
      connected perpendicularly and centrally to the straight portion 2a, such
      branch portion extending outwardly of the container as illustrated in FIG.
      3 and having a connecting portion 3c at the end thereof. The connection 3c
      is the connection for the tool which is operated by the compressed air
      while the connections 3a and 3b are the connections for coupling the
      second embodiment to a source of compressed air. The arrows illustrated in
      FIG. 5 show the direction of air flow through the pipe of the second
      embodiment and end caps or covers 49 can be used, if desired, to close one
      end of the straight pipe portion 2a. The connecting portions 3a, 3b and 3c
      can be threaded to facilitate connection.
PAR  The throttling means of the second embodiment is provided by an aperture 5a
      at the point where the branch line 2b meets with the straight line 2a. The
      diameter of this throttling hole 5a is significantly less than the
      diameter of the pipe portions 2a and 2b.
PAR  As best illustrated in FIG. 4, a pair of pipes or flow lines 6a and 7a
      extend between the compressed air flow pipes and a connecting plate 41
      which is used for attachment to the control device or control head 11a.
      The flow line 6a constitutes the upstream flow line and connects with the
      straight pipe portion 2a. The pipe or flow line 7a constitutes the
      downstream flow line and connects with the branch portion 2b on the
      downstream side of the throttling means. As is best illustrated in FIG. 4,
      the lower end or terminal portion of the downstream flow line 7a projects
      into the interior of the branch portion 2b and such terminal portion is
      beveled to form a slanted surface which is directed away from the
      throttling means 5a. That is, the terminal portion of the pipe 7a closest
      to the throttling means projects further into the compressed air pipe 2b
      than does the side directed away from the throttling means 5a. The
      connecting plate 41 is provided with screw threads 42 which are used to
      connect the same to the control head 11a and, if desired, a sealing plate
      can be interposed therebetween.
PAR  As can be seen from FIG. 2, the container 1a of the second embodiment is of
      the domed or vaulted variety and it includes a filler spout 43 and a cap
      or closing plug 44 therefor. A plastic base portion 45 can be attached to
      the bottom of the container 1a for the purpose of supporting the same and
      a plastic protective jacket 46 can be connected to the top of the
      container 1a. The height of the jacket 46 is substantially the height of
      the control device 11a and thus serves to protect the same. A recess 47
      can be formed in the protective jacket 46 to form a holding handle 48 for
      the purpose of conveying the container.
PAR  The control head or control device 11a includes an internal channel 9a
      which extends in flow communication with the upstream flow line 6a. It
      also includes a flow channel or duct 10a which extends in flow
      communication with the fluid supply pipe or eduction tube 8a. As
      illustrated in FIGS. 4 and 5, the liquid supply pipe 8a is arranged to
      extend outside the branch line 2b and to a level beneath it and adjacent
      the bottom of the container, thus assuring that the open end of the pipe
      8a will be beneath the level of the lubricating liquid in the container
      1a. A transverse channel 25a serves to connect the channel 10a with an
      enlarged central bore 13a. As illustrated in FIGS. 6 and 8, a narrow
      frustoconical shoulder 13b is provided at the base of the bore 13a to
      serve as a valve seat and this shoulder 13b merges into a bore or channel
      13a which communicates with the downstream flow line 7a.
PAR  The channel 9a which connects with the upstream flow line 6a likewise
      connects with a transversely extending channel or flow duct 22a which
      merges into a downwardly directed channel 12b which exits at an outlet
      opening 12c in the connecting plate 41. As a result, air flow from the
      upstream side or the straight pipe portion 2a passes through the upstream
      flow line 6a, through the channel 9a, through the transverse channel 22a,
      through the channel 12b and exhausts through the outlet opening 12c to
      apply pressure against the liquid in the container 1a.
PAR  An excess pressure valve is provided in the control head 11a as illustrated
      in FIG. 6. This excess pressure valve includes a ball 51 mounted on an
      inwardly directed shoulder or seat disposed along a bore 50. A biasing
      spring 52 serves to normally hold the ball 51 closed against its seat and
      a hollow screw 53 threaded in from the top of the control head 11a serves
      to adjust the biasing pressure of the spring 52. The bore 50 communicates
      with a mating bore 60 in the connecting plate 41, as illustrated in FIG.
      5.
PAR  The valve means of the second embodiment is likewise illustrated in FIG. 6.
      This valve means includes a control spindle 16a which is threaded at 15a
      into the bore 13a in the control head. A control cone 24a is provided at
      the bottom of the spindle to cooperate with the valve seat 13b, thereby
      providing the liquid flow control valve. A sealing gasket 34a is provided
      between the spindle 16a and the walls of the bore 13a to prevent liquid
      leakage. A seal 55 is provided between a cylindrical outer part 54 of the
      adjusting spindle 16a with such seal being interposed between the portion
      54 and the corresponding recess in the top of the control head 11a. A
      holding nut 56 is screwed on to the head portion 17a of the adjusting
      spindle 16a and is secured thereto by means of a cross pin 57. The holding
      nut 56 is surrounded by a ring 58 into which an operating handle 18a is
      inserted. The holding nut 56 is connected by means of a spiral spring 59
      with a ring 58 mounted thereupon, thus making possible a resilient
      adjustment of the spindle 16a.
PAR  The operation of the second embodiment is substantially similar to that
      described for the first embodiment, although the second embodiment has the
      ability to permit a double connection, at 3a and 3b, with the source of
      compressed air, thus making sure that a large flow of compressed air
      passes through the pipe 2a. As previously indicated, the compressed air
      passing through the upstream side or the pipe 2a has a portion thereof
      diverted through the upstream flow line 6a. This diverted portion flows
      through the ducts or channels 9a, 22a and 12b and exhausts through the
      outlet opening 12c to apply pressure to the liquid in the container 1a.
      The adjustable valve means 50, 51 and 52 serves to control the amount of
      pressure which can be applied against the lubricating liquid and this
      pressure is readily adjustable by a simple adjustment of the screw 53.
      When the pressure exceeds the predetermined amount, the valve 51 opens
      until a sufficient amount of the pressure has been relieved. The pressure
      on the liquid in the container 1a causes such liquid to rise through the
      supply pipe 8a and to pass through the internal channels or ducts 10a and
      25a and the bore 13a, past the liquid flow control valve 24a, 13b and to
      then pass through the bore 13a and the downstream flow line 7a where it
      enters the branch flow line 2b to admix with the compressed air flowing
      therethrough. This mixture of air and atomized lubricating liquid is then
      supplied to the tool which is connected with the second embodiment at 3c.
PAR  Various changes and modifications of a minor nature, such as those which
      would be apparent to one of ordinary skill in the art, can be made in the
      embodiments herein described without departing from the spirit and scope
      of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for controlling lubrication of a compressed air tool by
      controlled continuous introduction of lubricating liquid into the supply
      of compressed air for said tool, said apparatus comprising:
PA1  a supply container for said lubricating liquid;
PA1  an air flow pipe extending through said supply container and adapted for
      connection at a first location with a supply of compressed air and at a
      second location with said tool;
PA1  flow throttling means disposed in said air flow pipe, with that portion of
      said pipe between said first location and said throttling means
      constituting the upstream side of said pipe and that portion of said pipe
      between said throttling means and said second location constituting the
      downstream side of said pipe;
PA1  a control device attached to said supply container;
PA1  a liquid supply tube disposed in said supply container and extending
      between said control device and the lubricating liquid in said supply
      container;
PA1  an upstream flow line disposed in saiid supply container and connected
      between the upstream side of said flow pipe and said control device;
PA1  said control device having flow channel means therein connecting said
      upstream flow line with an outlet opening communicating with said supply
      container whereby a portion of the compressed air passing through said air
      flow pipe flows through said upstream flow line, said flow channel means
      and said outlet opening to apply pressure to the surface of the
      lubricating liquid in said supply container;
PA1  said control device further including adjustable air flow control valve
      means for controlling said pressure applied to the surface of the
      lubricating liquid;
PA1  a downstream flow line disposed in said supply container and connected
      between the downstream side of said flow pipe and said control device;
PA1  said control device having flow duct means therein connecting said
      downstream flow line with said liquid supply tube;
PA1  said control device further including adjustable liquid flow control valve
      means through which said flow duct means pass, with said liquid flow
      control valve means controlling the amount of liquid which can pass from
      said liquid supply tube to said downstream flow line;
PA1  said pressure applied to the surface of said lubricating liquid causing a
      portion of said liquid to flow through said liquid supply tube, past said
      liquid flow control valve means, through said downstream flow line and
      into the downstream side of said air flow pipe where it is introduced into
      the compressed air flowing therethrough and is hence conveyed to said
      second location.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said liquid flow control valve
      means includes an elongated valve stem having a control cone at the end
      thereof and further includes a valve seat in said control device with
      which said control cone cooperates.
NUM  3.
PAR  3. Apparatus as defined in claim 2 wherein said air flow control valve
      means comprises a flow regulating valve disposed within said elongated
      valve stem, said flow regulating valve including a regulating valve seat
      within said stem and an adjustable spindle having a conical end which
      cooperates with said regulating valve seat.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein said elongated valve stem
      includes a pair of spaced annular grooves and wherein said flow channel
      means includes:
PA1  a first channel means connected between said upstream flow line and one of
      said annular grooves,
PA1  a second channel means connected between said outlet opening and the other
      of said annular grooves, and
PA1  internal flow passage means in said elongated valve stem connecting said
      annular grooves in flow communication with one another;
PAL  said regulating valve seat being disposed in said internal flow passage
      means whereby said adjustable spindle can be moved to vary the position of
      said conical end with respect to said valve seat to thus regulate the
      amount of air passing from said first channel means to said second channel
      means.
NUM  5.
PAR  5. Apparatus as defined in claim 1 wherein said air flow pipe is a straight
      pipe and wherein said throttling means is a venturi disposed therein.
NUM  6.
PAR  6. Apparatus as defined in claim 1 wherein said air flow pipe includes a
      straight portion and a perpendicularly extending branch portion and
      wherein said throttling means comprises an aperture which provides flow
      communication between said straight portion and said branch portion, said
      straight portion thus constituting said upstream side and said branch
      portion thus constituting said downstream side.
NUM  7.
PAR  7. Apparatus as defined in claim 6 wherein said downstream flow line has a
      terminal portion projecting into said branch portion adjacent said
      aperture, said terminal portion being beveled to form a slanted surface,
      said slanted surface being directed away from said aperture.
NUM  8.
PAR  8. Apparatus as defined in claim 1 wherein said air flow control valve
      means comprises a flow bore connected between the interior of said supply
      container and the atmosphere, and a spring-biased ball valve in said flow
      bore, said ball valve normally being biased closed to prevent
      communication with the atmosphere but being openable against the biasing
      force of said spring when the pressure against said lubricating liquid
      exceeds a predetermined magnitude.
PATN
WKU  039412121
SRC  5
APN  5580145
APT  1
ART  345
APD  19750313
TTL  Clockwork motor, especially for toys
ISD  19760302
NCL  8
ECL  1
EXP  Hermann; Allan D.
NDR  1
NFG  3
INVT
NAM  Lechner; Walter
CTY  Siegelsdorf
CNT  DT
ASSG
NAM  Messrs. STELCO Speilwarenfabrik Stelter GmbH & Co. KG
CNT  DT
COD  03
PRIR
CNT  DT
APD  19740507
APN  2421967
CLAS
OCL  185 37
XCL   58 80
XCL  185 39
XCL  188 83
EDF  2
ICL  F03G  100
ICL  F16D 4900
ICL  G04B  300
FSC  185
FSS  37;39
FSC   58
FSS  46 R;63;73;80
FSC  188
FSS  83
UREF
PNO  328830
ISD  18851000
NAM  Wickizer
OCL  185 37
UREF
PNO  329295
ISD  18851000
NAM  Elliott
OCL  185 37
UREF
PNO  769544
ISD  19040900
NAM  Hillgren
OCL  185 37
UREF
PNO  3052421
ISD  19620900
NAM  Fischer
XCL  188 83
UREF
PNO  3156324
ISD  19641100
NAM  Colbert
XCL  188 83
LREP
FRM  Marn & Jangarathis
ABST
PAL  The invention concerns a clockwork motor, particularly but not exclusively,
      for toys, wherein an escapement consisting of a friction memeber that is
      pressed resiliently against a sliding surface moving with a part of the
      clockwork motor running down under the action of a mainspring, and wherein
      the pressure force for the friction member is arranged to be approximately
      proportional at any given moment to the driving force of the mainspring at
      the moment. The friction member is mounted on a carrier spaced from and
      movable relative to the sliding surface, and a stationary end of the
      mainspring engages with the carrier.
BSUM
PAR  The invention concerns a clockwork motor with an escapement device that has
      a friction member resiliently pressed against a sliding surface which
      moves with the clockwork motor running down under the effect of a
      mainspring. The clockwork motor according to the invention is intended
      particularly, but not exclusively, for toys.
PAR  The use of an escapement device consisting of a friction member and a
      sliding surface in a clockwork motor permits the costs of the construction
      of the escapement relative to currently used constructions considerably to
      be reduced. However, this escapement device has the drawback that it is
      not always possible to achieve a uniform drive for the object equipped
      with a clockwork motor.
PAR  Accordingly, the invention seeks to provide a clockwork motor which runs
      down very uniformly and is suitable e.g. for driving a toy watch or the
      like, and wherein there is provided a particularly useful and reliable
      mechanism for ensuring that the instantaneous force pressing the friction
      member against the sliding surface is approximately proportional to the
      instantaneous driving force of a resilient member functioning as a
      mainspring. Thus so long as the member or mainspring is still highly
      tensioned, i.e. its driving force is large, it is desired that the
      friction member should be pressed against the sliding surface more
      strongly and thus the braking effect should be greater than when it is
      already nearly run down i.e. its driving force is weak.
PAR  According to the present invention, there is provided a clockwork motor,
      particularly for toys, comprising a resilient member adapted to function
      as a mainspring, an escapement consisting of a friction member mounted on
      a carrier spaced from and moved relative to a sliding surface, which in
      use moves with a part of the clockwork motor running down under the action
      of the resilient member, a stationary end of the resilient member that
      normally serves for support being in engagement with the carrier such that
      the friction member is pressed towards the sliding surface with a force
      that is approximately proportional at any given moment to the driving
      force of the resilient member at that moment.
PAR  It is preferred to keep the carrier of the friction member away from the
      sliding surface by spring means so as reliably to reduce the frictional
      force when the force of the resilient member is slackened. This can be
      very simply achieved by constituting the carrier for the friction member
      as a resiliently deformable hoop.
PAR  A particularly space-saving clockwork motor, suitable as the drive for a
      toy watch or the like is obtained where in a bore of a base plate one end
      of a drive shaft is journalled, at which one end of the resilient member,
      formed as a coil spring surrounding the drive shaft concentrically,
      engages, the other end thereof having a radially projecting arm supported
      at an abutment of a hoop-shaped, pivotable carrier arranged on the base
      plate and carrying a radially inwardly extending friction member that lies
      against a sliding surface arranged concentrically about the drive shaft.
PAR  In order further to reduce the already low number of parts of this
      clockwork motor one may so proceed that the sliding surface is the
      peripheral surface of a gear with which a gear wheel of a crown shaft
      engages.
PAR  Expediently, the hoop-shaped carrier lies against a stop near its pivot
      point for limiting its pivotal movement towards the sliding surface,
      whereby it is possible to limit the pressing force of the friction member
      even when in given cases the secured end of the mainspring presses
      strongly against the carrier.
PAR  Where the hoop-shaped carrier is of relatively stiff material, it may have
      a cut-out between the stop and the friction member on the inner side of
      the hoop to improve its flexibility. This embodiment is chosen e.g. where
      the carrier is stamped out in one piece from plastics.
PAR  Finally, it lies within the scope of the invention that the friction member
      is a section of a cord stretched between two supports on the carrier and
      made of an elastic material, e.g. an appropriate rubber. Through the
      appropriate choice of the material of the friction member according to the
      intended use the braking effect arising by the friction member and the
      sliding surface sliding over each other may naturally be adjusted
      appropriately.
PAR  Further characteristics, details and advantages of the invention will
      appear from the following description of a preferred embodiment with
      reference to the drawing.
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PAR  The drawing shows:
PAR  FIG. 1 is a plan view of a clockwork motor as the drive of a toy watch from
      the side opposite to the dial.
PAR  FIG. 2 is a section taken along line II -- II, and
PAR  FIG. 3 is a section taken along line III -- III of FIG. 1.
DETD
PAR  As can be seen from the drawing, in the illustrated example a base plate 2
      mounted in a casing 1 serves as carrier for the whole clockwork motor. The
      back cover of the casing 1 that closes the clockwork motor has been
      removed, as seen in FIGS. 2 and 3; the front 3 of the casing is
      transparent and thus allows the undersurface (as seen in the drawing) of
      the base plate 2 serving as a dial 4, as well as the hands 5 and 6 of the
      toy watch, to be seen.
PAR  In the drawing the crown has been omitted; it is located by the
      non-illustrated cover, rests in a bearing 7 and engages with a toothed rim
      8 at the rearward edge of an annular element 9, which latter will be
      described in greater detail below.
PAR  The base plate 2 has a central bore 10 that surrounds a reduced
      cross-section extension 11 of a stepped cylindrical body 12 serving as a
      drive shaft. The end 13 of the drive shaft 12 that projects downwardly
      through the base plate 2 carries the hour-hand 5 directly. At the same
      time this end 13 serves as a bearing for the minute-hand 6 freely
      rotatably journalled on the end 13 and connected with a gear wheel 14. The
      gear wheel 14 for driving the minute-hand 6 meshes with an intermediate
      gear wheel 15 which is provided on the underside of the base plate 2 and
      which is connected via an axis 16 with a further gear wheel 18 on the
      upper or rear side of the base plate 2. The gear wheel 17 engages with an
      outer gear rim 18 of the part 9 and thus on rotation of the latter the
      wheel 17 is also rotated. Since the part 9 rotates with the drive shaft
      12, it is thereby achieved that the minute-hand 6 rotates faster than the
      hour-hand 5 corresponding to the commercial standard; self-evidently the
      usual transmission ratio of 1:12 can be adjusted by appropriate selection
      of the number of teeth of the gears 14, 15, 17 and 18.
PAR  As already mentioned, the ring-like part 9 has tooth rims, viz. the front
      rim 8 that is used for winding up the clockwork motor, and the radial
      tooth rim 18 that drives the minute-hand 6 via the gears 17, 15 and 14.
      The ring-shaped part 9 is so connected with the drive shaft 12 or the
      drive shaft body that the parts 9, 12 always rotate together.
PAR  In the space between the drive shaft body 12 and the cylindrical periphery
      19 of the part 9 a portion of a helical coil spring 20 is arranged, the
      coil spring serving as the drive spring (mainspring) for the illustrated
      clockwork motor. One end 21 (FIG. 2) of the mainspring 20 is so connected
      with the part 9 that the latter, and consequently the drive shaft body 12
      also turn together as releasing the spring (20) unwinds.
PAR  The other, fixed end 22 of the spring 20 is outwardly bent to a radially
      projecting arm, in the illustrated example. This arm 22 lies (FIGS. 1, 2)
      against an abutment 23 of a hoop-shaped carrier 24. The carrier 24 is
      pivotally journalled on the base plate 2 by way of a bearing 25 (FIG. 1).
      Its pivotal movement towards the ring-shaped part or its cylindrical
      section 19, the outer surface 26 of which constitutes a sliding surface
      for the friction member 27, is limited by an abutment 28 of the base plate
      2. In the illustrated exemplary embodiment the carrier 24 consists of
      somewhat springy bendable plastics so that it opposes by a certain
      resistance any bending towards the ring body 9. The flexibility of the
      carrier 24 in its own plane, i.e. parallel with the base plate 2, is
      increased in the embodiment illustrated in the drawing by the carrier
      having a cut-out portion 29 between the pivot bearing 25 and the friction
      member 27.
PAR  Further, it may clearly be seen from the drawing that in the present case
      the friction member 27 is a section of cord 31 of elastic material
      stretched on the carrier 24. Hook-like extensions 32 serve to locate the
      cord 31, e.g. a ring, on the upper side of the carrier and locate the
      section 31 on the side of the carrier remote from the sliding surface 26.
      As the cord 31 must project over the carrier 24 towards the sliding
      surface 26 to form the friction member 27, on this side its location
      ensues with the aid of a support element 33 which at its peak at the top
      has two triangular-section, projecting noses 35, while between these two
      mutually spaced noses 35 there is only one central nose 36 on the
      underside, which noses hold the cord 31 so that it projects somewhat, in
      order to form the friction member 27.
PAR  Finally, another extension 37 is formed on the base plate 2 which
      cooperates with an extension 38 on the drive shaft 12 to limit the
      movement of the clockwork motor in running down and winding up.
PAR  The mode of operation of the clockwork motor according to the invention is
      as follows:
PAR  Assuming that the case (at the top in FIGS. 2 and 3) is put on and thereby
      the non-illustrated crown shaft is so located in the journal block 7 that
      a gear wheel of the crown shaft engages the front gear rim 8 of the
      ring-shaped part 9, by rotation of the crown shaft the ring part 9 can be
      turned and thus the end 21 of the mainspring 20 connected to this part 9
      can be moved while tensioning the spring. Preferably the crown shaft is so
      arranged that after termination of the winding-up clockwork motor does not
      immediately begin to run, but only when the crown shaft is brought to a
      certain position, e.g. pulled radially outwardly, whereby the gear wheel
      of the crown shaft no longer meshes with the gear rim 8.
PAR  By tensioning the mainspring 20, the arm 22 serving to support the spring
      20 is also moved in the direction of the arrow 39, which results in a
      corresponding movement of the carrier 24 for the friction member 27. Thus
      the pressure of the friction member 27 against the sliding surface 26 of
      the ring 9, and consequently the braking effect between the sliding
      surface 26 and the friction member 27, is increased.
PAR  If the clockwork motor is allowed freely to run down, the drive shaft 12 is
      rotated by the unwinding spring 20, whereby a corresponding rotation of
      the hands 5 and 6 results. In given cases, the rotation of the gear wheel
      15, which can be seen in the illustrated exemplary embodiment, may be used
      for effecting another indication function, e.g. for reproducing a
      second-hand.
PAR  When the spring 20 has unwound, the force exerted on the end 22 in the
      direction of the arrow 39 is gradually reduced, whereby also the pressure
      of the friction member 27 against the sliding surface 26 is reduced. As a
      consequence of this the weakening driving force of the spring 20 also
      reduces the braking force. Thereby there is obtained, as has already been
      mentioned several times, a highly uniform run-down of the clockwork motor
      which in the present case is particularly suitable for simulating the
      movement processes that take place in a watch. It should be noted,
      however, that in a toy watch that need not show the time accurately, it is
      expedient to run the movement down at a considerably accelerated rate so
      that the playing child receives an actual impression of real hand movement
      which of course normally in a watch cannot be followed. As soon as both
      extensions 37, 38 once again come to lie against each other, the run-down
      movement of the clockwork motor terminates and must be wound up again in
      the usual manner.
PAR  In the illustrated embodiment a sliding coupling, e.g. by suitable fitting,
      is provided between the ring 9 and the drive shaft portion 12. The use of
      such a sliding coupling affords the possibility of adjusting the hands,
      particularly the hand 6, by means of the crown shaft independently of the
      actual position of winding of the spring 20.
PAR  Naturally the invention is not restricted to the illustrated embodiment.
      Thus the clockwork motor according to the invention may be used for other
      fields of application where a greatest possible uniformity in running is
      important. Furthermore, the basic concept of the invention can be realised
      not only with a helical mainspring but also e.g. with a spiral mainspring
      or with an axially acting mainspring.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. Clockwork motor, particularly for toys, comprising a resilient member
      adapted to function as a mainspring, an escapement consisting of a
      friction member and a sliding surface, a carrier carrying the friction
      member and spaced from and movable relative to the sliding surface which
      in use moves with a part of the clockwork motor running down under the
      action of the resilient member, a stationary end of the resilient member
      that normally serves for support being in engagement with the carrier such
      that the friction member is pressed towards the sliding surface with a
      force that is approximately proportional at any given moment to the
      driving force of the resilient member at that moment.
NUM  2.
PAR  2. Clockwork motor according to claim 1 in which means are provided for
      resiliently holding the friction member away from the sliding surface.
NUM  3.
PAR  3. Clockwork motor according to claim 1 in which the carrier for the
      friction member is resilient, elastic, bendable hoop member.
NUM  4.
PAR  4. Clockwork motor according to claim 1 further including a base plate, a
      drive shaft, a bore defined in the base plate, one end of a drive shaft
      being journalled in the bore, one end of the mainspring formed as a coil
      spring surrounding the said one end of the drive shaft concentrically; a
      hoop-shaped, pivotable carrier arranged on the base plate; an abutment of
      the carrier; a radially projecting arm at the other end of the mainspring
      being adapted to cooperate with said abutment; the carrier carrying the
      friction member which extends radially inwardly for engaging against the
      sliding surface arranged concentrically about the drive shaft.
NUM  5.
PAR  5. Clockwork motor according to claim 4 in which the sliding surface is the
      peripheral surface of a gear adapted to mesh with a gear wheel of a crown
      shaft.
NUM  6.
PAR  6. Clockwork motor according to claim 4 in which a stop is provided
      adjacent the pivot of the carrier for the latter to lie against so as to
      limit its pivotal movement towards the sliding surface.
NUM  7.
PAR  7. Clockwork motor according to claim 6 in which the hoop shaped carrier
      has a cut-out for improving its flexibility between the stop and the
      friction member.
NUM  8.
PAR  8. Clockwork motor according to claim 1 in which supports are provided on
      the carrier, and the friction member is constituted by a section of cord
      of elastic material stretched between the said supports.
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PAL  A fork lift with a retractable overhead guard has limit switches built into
      the mast and one rail of the retractable guard which prevent the fork lift
      from being raised above a predetermined height when the guard is lowered,
      and when the fork lift has been raised above the predetermined height with
      the guard raised, prevents the guard from being lowered.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  VEHICLE WITH RETRACTABLE GUARD, Ser. No. 335,912, filed Feb. 26, 1973, now
      U.S. Pat. No. 3,841,698, issued Oct. 15, 1974.
PAC  Background of the Invention
PAR  It is desirable, and in fact may be required by safety regulations, that
      fork lifts be provided with overhead guards to protect the operator from
      falling objects, such as boxes or other articles being stacked by the fork
      lift.
PAR  The overhead guard must extend above the vehicle a distance sufficient to
      provide head room for the vehicle operator, and while this ordinarily
      presents no clearance problems in a warehouse or similar storage facility,
      it may prevent the entry of the vehicle into relatively low clearance
      areas, such as trucks or railroad cars being loaded by the vehicle.
PAR  The above noted related application discloses a fork lift having a
      retractable guard. This permits the fork lift to be operated, not only in
      a high ceilinged area, such as warehouses, but also permits the vehicle to
      enter relatively lower ceilinged areas, such as a truck or railroad car
      being loaded.
PAR  While the retractable feature disclosed in the above noted related
      application overcomes the problem of insufficient clearance in relatively
      low ceilinged areas, it will be apparent that in some instances the
      operator might attempt to raise the fork lift during a stacking or
      unstacking operation without having first raised the retractable guard to
      the protective position. Additionally, the operator might attempt to
      retract the guard while the fork lift was in a raised position.
PAR  For the safety of the operator neither of these operations is desirable.
      However, with the fork lift disclosed in the above noted related
      application the guard and fork lift may be raised and lowered
      independently of each other, so that it is possible to lower the guard
      while the fork lift is in the raised position and to raise the fork lift
      while the guard is in the retracted position.
PAC  Summary of the Invention
PAR  The present invention provides means which prevent the fork lift from being
      raised above a predetermined height unless the guard is in the protective
      overhead position and prevents the guard from being lowered to the
      retracted position if the fork lift is raised above the predetermined
      height.
PAR  In accordance with a preferred embodiment of the invention, the mast for
      the fork lift has mounted thereon a normally open limit switch which is
      closed by the fork lift being lowered below a predetermined height. This
      limit switch is in circuit with the overhead guard system so that when the
      fork lift is raised above the predetermined height the limit switch
      associated therewith is opened and prevents the guard from being lowered.
PAR  A second, normally closed limit switch is built into one rail of the
      retractable overhead guard and is opened by the guard being retracted.
      This limit switch is in circuit with the fork lift raising system, so that
      when the guard is retracted the limit switch associated therewith is
      opened and the fork lift cannot be raised above the predetermined height.
PAR  It will be noted that even with the guard lowered, a limited movement of
      the mast is permitted, between its lowermost portion and the predetermined
      height at which the mast switch is opened.
PAR  As will be apparent from the following detailed description, the system of
      the present invention provides an additional safety feature that requires
      the overhead guard to be in position before the fork lift can be raised
      above a predetermined height and prevents the guard from being lowered if
      the fork lift is positioned above the predetermined height.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view showing a fork lift incorporating the present
      invention;
PAR  FIG. 2 is an elevational view thereof;
PAR  FIG. 3 is an exploded perspective view of a portion of the vehicle and
      retracted overhead guard;
PAR  FIG. 4 is a schematic wiring diagram.
PAR  FIG. 5 is an enlarged perspective view showing the position of a portion of
      the overhead guard mechanism relative to its associated switch when in the
      retracted position, and position of a portion of the fork lift mechanism
      relative to its associated switch when the fork lift is between its
      lowered position and the predetermined height; and
PAR  FIG. 6 is an enlarged perspective view similar to FIG. 5 but showing the
      position of a portion of the overhead guard mechanism when in the extended
      position and the position of the mechanism associated with the fork lift
      when the fork lift is above the predetermined height.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As seen in FIGS. 1 and 2 of the drawings, a vehicle 10 in accordance with
      the present invention includes a pair of front wheels 12 and a pair of
      steerable rear wheels 14, only one of which is shown in FIG. 2 of the
      drawings. Preferably the operator station 16 is positioned somewhat
      diagonally of the vehicle with the vehicle controls accessible from the
      operator station.
PAR  The retractable guard system 18 is described in detail in the above noted
      related application. For purposes of the present description, it will be
      sufficient to note in connection with FIGS. 1 through 3 that the
      retractable guard includes a pair of forward, fixed uprights 19 and 20 of
      hollow construction telescopically receiving movable upper sections 22 and
      23.
PAR  A fixed lower link 24 is mounted adjacent the rear of the vehicle 10 and
      has pivotally attached thereto an upper link 26 which is also pivotally
      attached by means of a pin 28 to a rear corner of a grid 30. The upper
      ends of the upper sections 22 and 23 are pivotally attached by means of
      pins 31 to forward corners of the grid 30, as best seen in FIG. 3 of the
      drawings.
PAR  Also attached to the right hand upright 23 is the upper end of a piston rod
      32 which is slidably received in a hydraulic cylinder 34 fixed to the
      front of the vehicle 10 adjacent its lower end. A cross shaft 36 is
      provided with a toothed sprocket 38 adjacent each of its ends, only the
      right hand sprocket being shown in FIG. 3 of the drawings. The shaft and
      its associated sprockets 38 are rotatably mounted in bearings 40 received
      in blocks 42 attached to the rear surfaces of each of the fixed uprights
      19 and 20.
PAR  Each of the movable sections 22 and 23 carries a chain 44, one being shown
      attached to upright 22, which extends along the inner surfaces of each of
      the uprights and is engaged by one of the sprockets 38. The chains 44, as
      explained in detail in the above noted related application, are fixed with
      respect to their respective uprights and function as racks engaged by the
      sprockets 38. With this construction it will be seen that pressurizing
      alternate sides of the cylinder 34 will cause the piston rod 32 to extend
      or retract with respect to the cylinder 34, moving the right hand upper
      section 23 inwardly and outwardly of the hollow lower section 20.
PAR  This movement of the right hand upright 23 is transmitted through a right
      hand chain 44 attached to upright 23, right hand sprocket 38, shaft 36 and
      a left hand sprocket attached to the left hand end of shaft 36 to the
      chain 44 mounted on the left hand upright 22, causing the left and right
      hand upper sections 22 and 23 to move inwardly and outwardly of their
      respective lower sections 19 and 20 in unison.
PAR  With the grid 30 pivotally attached adjacent its forward corners to the
      upper ends of the upper sections 22 and 23 and pivotally attached adjacent
      its left rear corner to the upper link 26, it will be seen that retracting
      the upper sections 22 and 23 downwardly into the hollow sections 19 and 20
      will cause the grid 30 to pivot from the solid line position shown in FIG.
      2 of the drawings to the lowered position shown in dotted lines.
PAR  This will allow the vehicle to enter areas with respect to which it would
      be restricted by the extra height of the extended protective guard.
      However, it is undesirable from a safety standpoint to have the fork 50
      raised, as shown in FIG. 2 of the drawings, while the protective guard 18
      is retracted. Therefore, in accordance with the present invention means
      are provided for preventing the fork 50 from being raised above a
      predetermined height unless the guard 18 is in the raised protective
      position, and also to prevent the guard 18 from being lowered to the
      retracted position while the fork 50 is raised above a predetermined
      height.
PAR  This is accomplished by providing a normally open limit switch 52 mounted
      on a stationary portion 54 of the mast 56 for raising and lowering the
      fork 50. The switch arm 58 of the switch 52 is adapted to engage a lower
      end 60 of the first movable section 62 of the mast so that when the fork
      50 is in the raised position shown in FIG. 2 of the drawings, the switch
      52 is opened, but when the fork is below a predetermined height lower end
      60 contacts the switch arm 58 to close the normally open switch 52.
PAR  A second, normally closed limit switch 64 having a switch arm 66 is mounted
      on the left hand rail 19 with the switch arm 66 extending through a slot
      68 into the interior rail 19. With this construction it will be seen that
      lowering the guard 18 will cause the switch arm 66 to be contacted by the
      lower end 69 of the left hand movable section 22 to open the normally
      closed switch 64 while, when the guard is in the extended protective
      position, the switch 64 will be closed.
PAR  Turning to FIG. 4 of the drawings, a schematic wiring diagram is shown
      depicting the principles of the invention. Thus, the system may be driven
      by any convenient source of power 70, such as a battery, and is provided
      with a key switch 72 which is closed when the system is in operation. A
      selector switch 74 is provided for raising and lowering the guard 18. The
      selector will normally be in the neutral position shown in FIG. 4 and a
      pressure switch 76 will normally be closed.
PAR  When the key switch 72 is closed relay 78 (RC) will be energized closing
      relay contacts RC1 and RC2 and locking in the relay 78. Assuming that both
      the overhead guard 18 and the fork 50 are in their lower, retracted
      positions, the mast switch 52 will be closed and the guard switch 64 will
      be open.
PAR  If it is desired to raise the guard, the selector switch 74 is moved to the
      left, completing the circuit through the guard raise solenoid 84 and
      allowing hydraulic fluid from a constantly pressurized source to be
      directed through a valve controlled by solenoid 84 to the lower side of
      the cylinder 34 and causing the guard to be extended to the protective
      position.
PAR  When the guard has raised to its upper position pressure within the
      cylinder will build up, causing the switch 76 to open and deenergizing the
      guard raise solenoid 84. Thereafter if it is desired to raise the fork 50,
      the switch 86 is closed completing the circuit through the mast raise
      solenoid 88 to position a valve controlled by solenoid 88 properly to
      direct fluid to a piston and cylinder 89 associated with the mast 56.
PAR  At the same time, power is directed to a mast pump solenoid 92, then
      through a diode 94 and the now closed mast switch 52, causing a mast pump
      controlled by solenoid 92 to pump fluid to the piston and cylinder
      associated with the fork lift. As the fork rises above a predetermined
      height, the mast switch 52 opens. However, the guard switch 64 has been
      closed by the raising of the guard to the protective position, so that the
      circuit to the pump solenoid 92 remains completed.
PAR  With both the guard and fork in their raised positions, it will be seen
      that the mast switch 52 is open and the guard switch 64 is closed.
      Therefore, if the operator should attempt to lower the guard by moving the
      selector switch to the right, the circuit through the guard lower solenoid
      96 will be incomplete because the mast switch 52 is open.
PAR  However, the circuit through the mast lower solenoid 98 is complete, so
      that if the mast lower switch 100 is closed the valve controlled by the
      solenoid 98 will be positioned to allow the cylinder 89 associated with
      the mast to be depressurized, the fork 50 then lowering by virtue of its
      weight. With the fork 50 lowered below the predetermined height, the mast
      switch 52 is once again closed.
PAR  Therefore, if the selector switch 74 is moved to the right the circuit
      through the guard lower solenoid 96 will be completed, allowing hydraulic
      fluid from the previously mentioned constantly pressurized source to be
      directed through a valve controlled by solenoid 96 to the upper side of
      the cylinder 34 and causing the guard to be lowered to its retracted
      position. When the guard has been fully lowered, pressure within cylinder
      34 will build up, causing switch 76 to open and deenergizing the guard
      lower solenoid 96.
PAR  In summary, it will be seen that with the guard down and the fork down
      below the predetermined height the mast switch 52 will be closed and the
      guard switch 64 will be open, allowing the guard to be raised but
      preventing the fork from being raised above the position at which the mast
      switch is opened.
PAR  The fork is, however, capable of limited movement between its lowermost
      position and the position at which the mast switch is opened, even when
      the guard is down.
PAR  If the guard is up and the fork is down below the predetermined height, the
      mast switch and the guard switch will both be closed, allowing the guard
      to be lowered or the fork to be raised to full height.
PAR  If both the guard and fork are up then the mast switch will be open and the
      guard switch closed. This prevents the guard from being lowered while
      allowing the fork to be lowered.
PAR  It will be seen, therefore, that the present invention provides a system
      which prevents the fork from being raised above a predetermined height
      unless the protective guard is in its extended position and prevents the
      guard from being lowered from its protective position unless the fork is
      below the predetermined height. However, even when the guard is down the
      fork has a limited movement capability between its lowermost position and
      the predetermined height at which the mast switch is opened.
PAR  While the form of apparatus herein described constitutes a preferred
      embodiment of the invention, it is to be understood that the invention is
      not limited to this precise form of apparatus, and that changes may be
      made therein without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicle comprising
PA1  a. an operator's station,
PA1  b. an overhead guard positioned at said operator's station,
PA1  c. means for moving said overhead guard between an extended position
      disposed above said operator's station and a retracted position,
PA1  d. a fork lift mounted on said vehicle for movement between raised and
      lowered positions,
PA1  e. means for moving said fork lift over the entire range from a lowermost
      position to a fully raised position,
PA1  f. guard actuated switch responsive to movement of said guard from said
      extended position thereof and electrically connected to said fork lift
      moving means to permit movement of said fork lift in a limited range
      between said lowermost position and a predetermined height and to prevent
      said fork lift from being raised above a predetermined height when said
      guard is moved from its said extended position.
NUM  2.
PAR  2.  The vehicle of claim 1 further comprising:
PA1  a. fork lift actuated switch means electrically connected to said guard
      moving means and being responsive to said fork lift being above said
      predetermined height to permit unrestricted movement of said guard between
      its retracted and extended positions when said fork lift is below said
      predetermined height and to prevent movement of said guard from said
      extended position when said fork lift is above said predetermined height.
NUM  3.
PAR  3.  A vehicle comprising
PA1  a. an operator's station,
PA1  b. an overhead guard positioned at said operator's station,
PA1  c. means for moving said overhead guard between an extended position
      disposed above said operator's station and a retracted position lowered
      from said extended position,
PA1  d. a fork lift mounted on said vehicle for movement between fully raised
      and fully lowered positions, and
PA1  e. fork lift actuated switch means electrically connected to said guard
      moving means and being responsive to movement of said fork lift above a
      predetermined height between said fully raised and said fully lowered
      position to permit unrestricted movement of said guard between its
      retracted and extended positions when said fork lift is below said
      predetermined height and to prevent movement of said guard from said
      extended position thereof when said fork lift is above said predetermined
      height.
NUM  4.
PAR  4.  In a vehicle including
PA1  an operator's station,
PA1  a retractable overhead guard positioned at the operator's station,
PA1  means for moving said overhead guard between an extended position disposed
      above said operator's station and a retracted position lowered from said
      extended position,
PA1  a fork lift mounted on said vehicle,
PA1  means for moving said fork lift between raised and lowered positions,
PA1  the improvement comprising
PA1  first switch means responsive to the position of said guard and being in
      the first condition when the guard is in the extended position and in a
      second condition when the guard is not in its extended position,
PA1  second switch means responsive to the position of fork lift and being in a
      first condition when said fork lift is in its lowered position and not
      raised above a predetermined height and in a second condition when said
      fork lift is raised above said predetermined height, and
PA1  circuit means connected to said first and second switch means for
      controlling the operation of said means for moving said guard and said
      fork lift whereby
PA1  a. when said first switch means is in its first condition, said fork lift
      may be operated without restriction;
PA1  b. when said first switch means is in its second condition, said fork lift
      may be operated only between its lowered position and said predetermined
      height;
PA1  c. when said second switch means is in its first condition, said overhead
      guard may be moved between its extended position and its retracted
      position; and
PA1  d. when said second switch means is in its second condition, said means for
      moving said overhead guard is disabled thereby preventing said guard from
      being moved from its extended position when said fork lift is raised above
      said predetermined height.
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PAL  A solid state static converter is connected to receive a three-phase A.C.
      input and directly supply a direct current output to a D.C. motor which
      operates a traction sheave to control the movement of an elevator car. The
      magnitude and direction of the direct current output from the static
      converter is controlled by an error signal derived by the summation of a
      speed signal obtained from a tachometer coupled to the motor drive shaft
      and a vehicle speed command signal provided by a pattern generator and
      having maximum velocity, acceleration and rate of change of acceleration
      limitations for safe and smooth control of the elevator car and for
      accurate stopping at landings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a transportation system and specifically to an
      apparatus which supplies a vehicle command signal having constraints or
      limitations for controlling vehicle movement to provide riding comfort and
      prompt service.
PAR  Many types of command signals have been utilized within motor control
      circuits for comparison with signals which represent the actual operation
      of the motor and the objects they control to develop an error signal to
      appropriately energize the motor. Such closed loop control systems have
      sensed various facets of the operation to develop the operational
      responsive signals such as, for example, the position of the motor drive
      shaft or of the object which it controls, the speed of drive shaft
      rotation or of the object it controls, or the counter-electromotive force
      (Cemf) sensed at the motor armature circuit. In many prior closed loop
      control systems, the absence of an error signal has indicated that the
      motor is operating in accordance with the motor command signal which is
      thus equal to the magnitude of the motor responsive signal. A difference
      existing between the command and operational responsive signals indicates
      that the commanded object is either operating too fast or too slow or is
      not at a proper position and thus an error signal is developed to
      correspondingly speed up or slow down the drive motor.
PAR  Some prior transportation systems have not precisely defined the commanded
      velocity, acceleration and rate of change of acceleration or "jerk"
      required by their pattern or command signal generator. Sych systems have
      thus experienced relatively sharp transitions in velocity and acceleration
      which have been tolerable because of the sluggish response of the
      equipment operated by the controlled motor. With some operating equipment
      having slow responses, such sharp transitions are sometimes desired in the
      interest of expediting the output of the motor.
PAR  Transportation systems such as elevators require smooth riding
      characteristics to provide a comfortable ride for passengers and yet it is
      desirable to minimize the floor to floor time to provide high quality
      service. In such a system, it is desirable to provide smooth accelerating
      characteristics and high speed service between floors by maintaining
      limitations upon the acceleration and rate of change of acceleration
      commonly referred to as "jerk." It is further desirable to impose a
      limitation upon the maximum permissible velocity for the controlled
      vehicle to maintain the vehicle speed within the safe operating limits of
      the equipment to ensure passenger safety.
PAR  Some prior transportation systems have imposed maximum velocity,
      acceleration and rate of change of acceleration limitations utilizing
      timed, stepped command signals to control the motor energization. Such
      systems have frequently permitted the motor to operate sluggishly to mask
      or conceal the stepped input to provide the desired smooth riding
      characteristics. The systems providing stepped command signals have not
      generally provided the precise control over a continuous accelerating and
      decelerating range and have generally required auxiliary positioning
      equipment to exact a precise stop at a landing or floor.
PAR  Many transportation systems continually sense the vehicle position and
      provide signals directly proportional thereto in order to accurately
      control the vehicle movement. Such position responsive controls have been
      in many cases believed to be required, such as in elevator systems, and
      particularly to provide a desirable deceleration of the vehicle in order
      to accurately stop at a landing.
PAR  One known system has utilized a position as a function of time command
      pattern voltage having limitations in maximum obtainable velocity,
      acceleration and rate of change of acceleration which is compared with a
      car position voltage to produce a position error signal to control an
      elevator operation through a Ward-Leonard type motor-generator set, such
      as disclosed in U.S. Pat. Nos. 3,523,232 and 3,612,220, issued to Hall et
      al on Aug. 4, 1970 and Oct. 12, 1971, respectively. Such a system as
      disclosed in the Hall et al patents computes the command pattern voltage
      by developing a potential difference between an initial car position
      voltage and a call request voltage while the command pattern is
      transferred to a signal based upon the car distance from the destination
      during the period of maximum negative acceleration to achieve the
      requisite landing accuracy.
PAR  Another known system accelerates an elevator car at the same predetermined
      rate for any length of trip solely as a function of time in response to
      the operation of a time-controlled speed dictation signal-generating
      device but decelerates as a function of distance in accordance with the
      operation of a distance-controlled speed dictation signal generating
      device, such as disclosed in U.S. Pat. No. 3,552,524, issued to Benjamin
      et al on Jan. 5, 1971.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a transportation system such as an elevator in
      which a motive means is controlled by a command signal having well defined
      limitations for providing a smooth ride and optimum efficiency.
PAR  The transportation system of the present invention provides a time based
      vehicle controlling speed error signal which is derived from a comparison
      of a signal proportional to the vehicle speed and a continuous vehicle
      command pattern speed signal which is capable of accurately accelerating
      and decelerating the vehicle for starting and stopping at landings. The
      present invention provides a continuous command pattern speed signal which
      accurately accelerates and decelerates and stops a controlled vehicle
      under limitations on maximum velocity, acceleration and rate of change of
      acceleration without the need of auxiliary control equipment commonly
      believed to be required in most prior systems, although the invention can
      be employed with a redundant stopping control, such as a position
      responsive control for use when the vehicle is very close to a landing.
PAR  The transportation system of the present invention further provides a
      pattern generator which includes a number of signal generators
      inter-connected in an unusual manner to provide a continuous command
      pattern signal for providing an exceptionally smooth ride while expediting
      travel between landings.
PAR  In one aspect of the invention, the signal generators within the pattern
      generator are inter-connected to provide a plurality of separate and
      distinct closed loop circuits which feedback certain signals within the
      pattern generator to a common summing circuit for producing an extremely
      accurate command pattern signal.
PAR  In another aspect of the invention, certain signal generators within the
      pattern generator provide one or more precise operating limitations upon
      the vehicle operation and provide one or more output signals which are
      continuously electrically connected in a feedback circuit to an input
      summing circuit during both acceleration and deceleration of the vehicle.
PAR  The pattern generator includes four signal generators which are
      electrically inter-connected to provide two closed-loop feedback circuits
      joined at a common summing circuit. A summing circuit is selectively
      electrically connected to receive the first signal having the limitation
      upon maximum vehicle velocity and supplies an output signal to the second
      electrical circuit. The second electrical circuit, in turn, is
      electrically connected to supply the second signal having the limitation
      upon maximum vehicle rate of change of acceleration to the third
      electrical circuit. The third electrical circuit, in turn, is electrically
      connected to supply the third signal having the limitation upon maximum
      vehicle acceleration to the fourth electrical circuit and to the summing
      circuit at the input to the second electrical circuit. The fourth
      electrical circuit, in turn, is electrically connected to supply the
      vehicle command signal to the summing circuit at the input to the second
      electrical circuit and to control the motor energization.
PAR  The two feedback circuits are thus continually electrically connected in
      circuit with the third signal from the third electrical circuit and the
      fourth signal from the fourth electrical circuit being electrically
      feedback and summed with the first signal from the first electrical
      circuit at the summing circuit. The summing circuit thus provides an
      analog output varying according to the summed magnitude of the first,
      third and fourth signals to operatively control the operation of the
      second, third and fourth circuits. The pattern generator effectively
      provides a closed loop within a closed loop for generating the vehicle
      command signal which is supplied to a second summing circuit where it is
      combined with a vehicle responsive signal for providing an error signal to
      control the operation of the vehicle.
PAR  The first electrical circuit includes a positive potential and a negative
      potential voltage sources which are each clamped to ground by Zener diodes
      and are selectively connected to the summing circuit through a resistive
      network for suplying preselected fixed input signals of constant
      magnitude. The polarity of the current signal supplied to the summing
      circuit from the first electrical circuit determines the direction of
      movement for the controlled vehicle during a starting or accelerating
      sequence while the absence of the first signal initiates a decelerating or
      stopping sequence. The magnitude of the first signal is maintained at a
      constant value and determines the maximum permissible velocity obtainable
      by the vehicle.
PAR  The second electrical circuit provides an amplifier having an inverting
      input connected to the summing circuit and an output connected to the
      inverting input through a clamping circuit including a pair of Zener
      diodes connected in series opposition. The amplifier provides a maximum
      output signal when receiving the first signal from the first electrical
      circuit which is clamped at a preset magnitude. The output circuit of the
      first amplifier includes a selectively variable voltage dividing resistive
      network which is adjusted to provide a predetermined output signal having
      a preselected magnitude. The preselected magnitude of the second signal is
      thus determined by the clamped output of the amplifier and the selective
      setting of the resistive voltage dividing network and defines the maximum
      permissible rate of change of acceleration or "jerk" of the vehicle.
PAR  The third electrical circuit includes a first integrator having an
      inverting input connected to the selectively variable voltage dividing
      network at the output of the first amplifier and provides an output which
      is electrically connected to its inverting input by an integrating
      capacitor. The first integrator includes a biasing network which supplies
      preselected positive and negative biasing voltages for selectively
      establishing the saturation levels of the first integrator in accordance
      with a predetermined voltage level at the inverting input thereby defining
      the maximum permissible acceleration that the system can obtain. The third
      circuit thus directly integrates the output signal supplied from the
      second circuit and directly imposes a limitation upon the third signal to
      limit the maximum vehicle acceleration.
PAR  The fourth electrical circuit includes a second integrator which has an
      inverting input connected through a resistive element to the output of the
      first integrator and an output which is coupled to the inverting input by
      an integrating capacitor. The output signal supplied by the second
      integrator constitutes the vehicle command velocity signal as a function
      of time which is summed with the vehicle velocity signal to provide a
      motor controlling velocity error signal.
PAR  The first or inner closed electrical circuit loop within the pattern
      generator is provided by the electrical connection of the third signal
      from the third electrical circuit including the first integrator to the
      summing circuit through an inverting circuit. The inverting circuit
      includes a second amplifier having an inverting input connected to receive
      the third signal from the first integrator and an output connected to the
      summing circuit. A second selectively variable impedance circuit may
      optionally be provided to connect the inverting second amplifier within
      the first closedloop circuit to the summing circuit. The resistance of the
      second impedance circuit can be changed for adjusting the symmetry of the
      third signal fedback to the summing circuit when the variable voltage
      dividing network within the second electrical circuit has been adjusted to
      provide another predetermined rate of change of acceleration or "jerk."
PAR  The second or outer closed electrical circuit loop within the pattern
      generator is provided by a circuit which connects the fourth signal
      supplied by the second integrator to the summing circuit.
PAR  The pattern generator of the present invention is ideally suited for
      precisely controlling the operation of a static power converter which
      receives an alternating current input and supplies controlled amounts of
      direct current to a D.C. motor for determining or regulating the vehicle
      speed and direction of travel. While the preferred illustrated embodiment
      shows a direct static drive, the invention could also be utilized to
      operate various variable voltage sources such as the typical
      motor-generator arrangement frequently employed with elevator systems.
PAR  The present invention thus provides a pattern generator having a number of
      signal generators connected to form one or more feedback circuits to
      supply a continuous vehicle command signal to minimize the floor to floor
      travel time and provides a pleasing ride for passengers. The vehicle
      command signal is provided by a minimum of circuit elements which function
      too accurately control the vehicle movement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings furnished herewith illustrate a preferred construction of the
      present invention in which the above advantages and features are clearly
      disclosed, as well as others which will be clear from the following
      description.
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatical block illustration of an elevator system of the
      present invention;
PAR  FIG. 2 is a circuit diagram showing the velocity command and error signal
      generator and a portion of the supervisory control of FIG. 1; and
PAR  FIG. 3 is a diagrammatic graphical illustration showing various current and
      voltage waveforms appearing as a plot against time which appear at various
      circuit locations in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED ILLUSTRATED EMBODIMENT
PAR  Referring to the drawings and particularly FIG. 1, a transportation system
      includes an elevator system 1 having a direct current drive motor 2 with
      an armature circuit 3 and a shunt field circuit 4. The armature 3 is
      connected through an input circuit 5 to an adjustable source 6 of direct
      current power. The direct current source 6 includes a pair of parallel
      connected, full-wave, controlled bridge rectifying networks 7 which are
      connected to a threephase alternating current input 8 and selectively
      provide controlled amounts of direct current and voltage to the D.C. motor
      input circuit 5 and thus to armature 3. The bridge networks include a
      plurality of controlled rectifier devices which are phase controlled to
      convert electrical power between alternating and direct current by
      controlling the conduction or firing angle of the controlled rectifier
      devices. The utilization and selective control of the controlled
      rectifiers within the bridge networks 7 permits the direction of direct
      current flow through the armature circuit 3 to be reversed when desired to
      provide regenerative braking control as well as forward and reverse
      operation of the D.C. motor 2. The controlled source 6 can be connected
      and operated as illustrated in the patents to Maynard, U.S. Pat. Nos.
      3,716,771 issued on Feb. 13, 1973 and 3,683,252 issued on Aug. 8, 1972 and
      the patent to Maynard et al, U.S. Pat. No. 3,551,748 issued on Dec. 29,
      1970. It is understood, however, that source 6 could constitute a direct
      current generator of a motor-generator set in which the field of the
      generator is controlled to provide the desired magnitude of unidirectional
      potential.
PAR  A drive shaft 9 is diagrammatically illustrated as coupled to be rotatably
      driven by the armature 3 and is connected to rotate a traction sheave 10
      either directly or through suitable gears (not shown). An elevator car 11
      is supported by a cable 12 which is reeved over the traction sheave 10,
      with the other end of cable 12 being connected to a counter weight 13. The
      elevator car 11 is movably disposed in a hoistway which includes a number
      of guide rails 14 to provide service to a plurality of floors, such as
      floor 15. The movement of car 11 in its required travel between one or
      more floors is precisely controlled to provide a smooth and comfortable
      ride in a minimum amount of time by controlling the amunt and direction of
      direct current flow to the armature 3 of the drive motor 2.
PAR  The shunt field 4 of the D.C. motor 2 is connected to a field power supply
      16 which supplies energizing power to the shunt field 4 under the control
      of a supervisory control 17. The supervisory control 17 may desirably
      function to control the operation of only a single car or may be coupled
      to operate a plurality of cars in a known manner.
PAR  The magnitude and direction of direct current flow applied to armature 3 by
      the source 6 is controlled by a velocity command and error signal
      generator 18 in response to a command from the supervisory control 17 as
      applied through an amplifying, compensating and gating control circuit 19.
      The generator 18 is specifically shown and illustrated in FIGS. 2 and 3
      and develops a vehicle speed pattern command which is summed with a speed
      responsive signal V.sub.T appearing at lead 20 to provide an error speed
      signal output at lead 21. A tachometer 22 is coupled to the drive shaft 9
      of the D.C. motor 2 and supplies the speed responsive signal V.sub.T to
      lead 20 which is directly proportional to the speed of rotation of shaft 9
      and the velocity of car 11.
PAR  The amplifying, compensating and gating control circuit 19 is connected to
      a lead 23 which supplies a signal V.sub.A from the armature input circuit
      5 which is proportional to the armature voltage and is further connected
      to lead 24 which supplies a signal I.sub.A from the source 6 which is
      proportional to the armature current. Generally, the armature currrent
      signal I.sub.A and the armature voltage signal V.sub.A are supplied to the
      compensating circits within 19 to compensate for motor operating losses
      while providing a continuous armature current limit. The circuit 19
      further provides a gating control which selectively enables the dual
      bridge networks 7 for providing controlled amounts of both forward and
      reverse direction of energizing power to the armature circuit 3 according
      to the selective firing of the controlled rectifiers in the networks 7 in
      accordance with the phase relationships of the incoming three-phase power
      supply 8. The amplifying, compensating and gating control 19 is more fully
      described in the copending application of J. Maynard filed on an even date
      herewith and entitled "Transportation System With Malfunction Monitor" but
      could conveniently utilize and incorporate the circuits shown in the U.S.
      Pat. Nos. 3,683,252, 3,551,748 and 3,716,771.
PAR  The velocity command and error signal generator 18 along with a portion of
      the supervisory control 17 is illustrated in a preferred embodiment in
      schematic form in FIG. 2. The supervisory control 17 includes a fourth
      kill relay K4X which is selectively connected in circuit between a
      positive potential D.C. voltage source +VDC and a negative potential D.C.
      voltage source -VDC by a switch 25. The fourth kill relay provides a
      number of normally closed contacts designated K4X-1, K4X-2 and K4X-3 which
      are connected in various feedback circuits of certain amplifiers and
      integrators for resetting the circuits at the end of each running
      operation as will be more fully described hereinafter. The switch 25
      generally constitutes the normally open contacts of a potential relay as
      more fully described in the copending application of J. Maynard having
      Ser. No. 465,271, filed on an even date herewith and entitled
      "Transportation System With Malfunction Monitor." It is also noted that
      each of the contacts K4X-1, K4X-2 and K4X-3 could be controlled by
      separate kill relays.
PAR  A high speed leveling relay LVX within supervisory control 17 is also
      selectively connected in circuit between the sources +VDC and -VDC by a
      switch 26 which constitutes the normally closed contacts of the up and
      down leveling zone relays. In any event, the relay LVX is energized while
      the car is traveling from one floor to another and drops or de-energizes
      when the car approaches to within 20 inches of a landing at which it is to
      stop. The contacts LVX-1 are thus closed during most of a running sequence
      between floors to connect a velocity command pattern signal at lead 27 to
      a summing circuit 28 through a resistor 29 while the contacts LVX-2 remain
      open. As the car reaches to within 20 inches of a landing at which it is
      to stop, the contacts LVX-1 open and contacts LVX-2 close in response to
      the de-energization of relay LVX to connect a leveling and releveling
      command circuit 30 to the summing circuit 28 through a resistor 31 as more
      fully described in the copending application to J. Maynard and C. Young
      having Ser. No. 465,272 filed on an even date herewith and entitled
      Transportation System With Decelerating Control. The operation of the high
      speed leveling relay LVX is more fully described in the copending
      application of J. Maynad filed on an even date herewith and entitled
      "Transportation System With Malfunction Monitor." A manually operable
      switch 26a is shown in phantom and can be connected in parallel with
      switch 26 to continuously energize relay LVX during the entire traveling
      sequence from one landing to another so that contacts LVX-1 remain closed
      to permit the car to stop at a landing in response to the continuous
      velocity command pattern signal at lead 27 as more fully described
      hereinafter.
PAR  The speed responsive signal V.sub.T at lead 20 as supplied from tachometer
      22 is also electrically connected to the summing circuit 28 through a
      resistor 32.
PAR  A switch 33 is connected in circuit to selectively connect a constant
      positive potential voltage source 34 to a summing circuit 35 through a
      resistor 36. A switch 37 is further connected in circuit to selectively
      connect a constant negative potential voltage source 38 to the summing
      circuit 35 through the resistor 36. The constant potential source 34
      includes a positive potential voltage input designated +VDC which is
      connected to the system ground through a serially connected resistor 39
      and Zener diode 40. A junction circuit 41 between resistor 39 and Zener
      diode 40 is connected to switch 33 for supplying a constant positive
      potential voltage output. the constant potential source 38 is similarly
      constructed and includes a negative potential voltage input designated
      -VDC which is connected to the system ground through a serially connected
      resistor 42, junction circuit 43, and Zener diode 44 with the junction 43
      connected to switch 37.
PAR  The switch 33 constitutes the normally open contacts of an up direction
      starting relay while the switch 37 constitutes the normally open contacts
      of a down direction starting relay as more fully described in the
      copending application of J. Maynard, filed on an even date herewith and
      entitled "Transportation System With Malfunction Monitor." In any event, a
      constant positive potential voltage is connected to resistor 36 by switch
      33 when the car is to travel in an up direction thereby establishing a
      current flow from resistor 36 to the summing circuit 35 while a constant
      negative potential voltage is connected to resistor 36 by switch 37 when
      the car is to travel in a down direction thereby establishing a current
      flow from the summing circuit 35 to the resistor 36.
PAR  An operational amplifier is connected to operate as a switching amplifier
      45 and provides an inverting input 46 which is connected to the summing
      circuit 35 while a non-inverting input 47 is connected to the system
      ground through a resistor 48. The amplifier 45 further provides an output
      circuit 49 which is connected to the summing circuit 35 through a feedback
      circuit 50. Specifically, a parallel connected resistor 51 and capacitor
      52 are connected between output 49 and input 46 for providing low
      impedance to noise while a pair of Zener diodes 53 and 54 are serially
      connected in opposing relationship to provide a bi-polar clamping circuit
      connected in parallel to resistor 51 and capacitor 52. A pair of diodes 55
      and 56 are parallel connected between inputs 46 and 47 with the anode of
      diode 55 and the cathode of diode 56 connected to input 46 for protecting
      the amplifier 45 from severe abnormal transient currents.
PAR  A variable impeance circuit 57 electrically connects the signal appearing
      at output 49 of amplifier 45 to an inverting input 58 of an operational
      amplifier connected to operate as an integrator 59. The impedance circuit
      57 includes the serially connected resistor 60, variable resistor 61
      having an adjustable tap 62, and resistor 63 with a junction circuit 64
      between resistors 60 and 61 connected to the circuit ground through a
      resistor 65. A resistor 66 is selectively connected in parallel circuit
      with the resistor 60 by a manually operable switch 67 so that the
      effective impedance of the circuit 57 may be selectively varied by the
      opening and closing of switch 67 and by adjusting the tap 62 of resistor
      61. The resistors 60, 65 and 66 provide a voltage dividing function which
      will be more fully described hereinafter.
PAR  A non-inverting input 68 of integrator 59 is connected to the system ground
      through a resistor 69 while a pair of parallel connected diodes 70 and 71
      are connected with opposite orientation between inputs 58 and 68 for
      protection. An output circuit 72 of integrator 59 is connected to input 58
      through a feedback circuit 73 including an integrating capacitor 74. The
      capacitor 74 is further parallel connected to a serially connected circuit
      including a resistor 75, the normally closed contacts K4X-1, and a
      resistor 76. The resistor 75 and 76 are normally electrically disconnected
      from circuit by the opening of contacts K4X-1 during a running sequence.
      The contacts K4X-1, however, generally close after the car 11 comes to a
      stop at a landing to permit capacitor 74 to discharge through resistors 75
      and 76 thereby resetting the integrator 59 for the next running operation.
PAR  The integrator 59 is conditioned for operation by an adjustable positive
      potential voltage source 77 and an adjustable negative potential voltage
      source 78. Specifically, the source 77 includes a positive voltage input
      designated as +VDC which is connected to the system ground through a
      variable resistor 79 having an output tap 80 connected to supply a
      positive voltage to the integrating circuit 59. The source 78 is similarly
      constructed and includes a negative voltage input designated as -VDC which
      is connected to the system ground through a variable resistor 81 having an
      output tap 82 connected to supply a negative voltage to the integrating
      circuit 59. The integrator 59 can employ the high performance operational
      amplifier marketed by Signetics as a linear integrated circuit and
      designated uA741 with the output tap 80 connected to the number seven
      terminal and the output tap 82 connected to the number four terminal of
      the operational amplifier. The taps 80 and 82 are thus variable to
      selectively adjust the positive and negative voltage levels supplied to
      the integrating circuit 59 to thereby selectively establish the positive
      and negative saturation levels, respectively, for the operational
      amplifier employed therein.
PAR  The output circuit 72 of integrator 59 is electrically connected to the
      inverting input 83 of an operational amplifier connected to operate as an
      integrator 84 through a resistor 85. An output circuit 86 of integrator 84
      is connected through a feedback circuit 87 to the input 83 including an
      integrating capacitor 88. The feedback circuit 87 further includes a
      resetting circuit having a serially connected resistor 89, contacts K4X-2
      and resistor 90 connected in parallel to capacitor 88. The contacts K4X-2
      are generally open during a running operation and close after the car has
      stopped to discharge capacitor 88 and reset the integrator 84 for the next
      running operation. A non-inverting input 91 is connected to the system
      ground through a resistor 92. The output circuit 86 of integrator 84 is
      connected to the output lead 27 and contacts LVX-1 through a noise
      suppression filtering circuit 92a including a serially connected rsistor
      93 and a capacitor 94 connected between lead 27 and the system ground.
PAR  A closed loop feedback circuit 95 connects the output circuit 72 of the
      integrator 59 to the summing circuit 35 and includes an inverting
      amplifier circuit 96 and a selectively variable impedance circuit 97. An
      operational amplifier within the inverting amplifying circuit 96 provides
      an inverting input circuit 98 which is connected to the output 72 through
      a resistor 99 and an output circuit 100 which is connected to the input 98
      through a feedback circuit 101 having a parallel connected capacitor 102
      and resistor 103. A non-inverting input 104 of amplifier 96 is connected
      to the system ground through a resistor 105. The variable impedance
      circuit 97 includes a resistor 106 serially connected between output 100
      and summing circuit 35 while resistor 107 is selectively parallel
      connected to resistor 106 by a manually operable switch 108.
PAR  Another closed loop feedback circuit 109 includes the lead 110 which
      connects the output 86 of integrator 84 to the summing circuit 35 through
      a resistor 111.
PAR  A null adjust circuit 112 is further connected to selectively supply
      positive or negative offset adjustment signals to the summing circuit 35
      to ensure that a velocity command signal does not appear at the output
      lead 27 whenever the resistor 36 is opencircuited indicating a lack of an
      up or down direction command. Specifically, a positive voltage source
      designated +VDC is connected to a switch contact 113 while a negative
      voltage source designated -VDC is connected to a switch contact 114. An
      adjustable contact 115 is connected to the summing circuit 35 through a
      serially connected adjustable resistor 116 having a movable tap 117 and a
      resistor 118. The contact 115 can be adjusted to provide either a positive
      or negative bias signal while tap 117 can be adjusted to control the
      magnitude of the offset signal supplied to summing circuit 35.
PAR  The summing circuit 28 which is connected to receive the velocity signal
      V.sub.T through resistor 32 and either the velocity command signal through
      resistor 29 and contacts LVX-1 or the leveling and releveling command
      through resistor 31 and contacts LUX-2 is further connected to an
      inverting input 119 of an operational amplifier connected to operate as a
      regulating amplifier 120 which supplies an output error signal to lead 21
      through the output circuit 121. A non-inverting input 122 of amplifier 120
      is connected to the system ground through a serially connected resistor
      123 and capacitor 124 which are connected in parallel with a resistor 125.
      A pair of diodes 126 and 127 are parallel connected between inputs 119 and
      120 in opposing relationship to protect amplifier 120 from unexpected
      transient signals.
PAR  A feedback circuit 128 is connected between output 121 and input 119 of
      amplifier 120 and includes a serially connected capacitor 129 and resistor
      130 which are parallel connected with a gain setting resistor 131. A pair
      of Zener diodes 132 and 133 are serially connected in opposing
      relationship and are also parallel connected to resistor 131 for
      establishing a maximum limit clamp upon the output signal occurring at
      output 21. Furthermore, a resistor 134 is serially connected with the
      contacts K4X-3 and a resistor 135 wich are also connected in parallel with
      the resistor 131. The contacts K4X-3 are normally open during a running
      operation and close when the car has stopped to rapidly discharge the
      capacitor 129 to reset the regulating amplifier 120 for the next running
      operation.
PAR  The operation of the circuit in FIG. 2 can best be illustrated by reference
      to the graphical representations shown in FIG. 3 in which various current
      and voltage waveforms are displayed as functions in the ordinate axis
      versus time in the abscissa axis. The illustrated waveforms represent the
      functioning of the pattern generator during a travel sequence in the
      upward direction between landings or floors and it is understood that
      travel in the downward direction would provide the same or similar
      waveforms only having an opposite polarity and thus inverted. A number of
      vertically orientated dotted lines are shown which intersect the various
      abscissa to specify certain time references designated t.sub.0 through
      t.sub.7 which occur in a customary running operation.
PAR  A command velocity waveform 136 appears as a voltage at output 86 of
      integrator 84 and has a zero value prior to and at the time t.sub.0 when
      an up direction start command is given by the closure of switch 33. As
      previous noted, a zero value of waveform 136 is provided by the null
      adjust circuit 112. The closure of switch 33 indicating a start command in
      the upward direction initiates the generation of the waveform 136 which
      commands the velocity at which the elevator car 11 travels from one floor
      to another at which a stop is to be made. The closure of switch 37, on the
      other hand, would provide a start command in the downward direction by
      supplying a waveform having a mirrored opposite polarity of waveform 136.
PAR  A signal 137 of waveform 136 occurs during the time from t.sub.0 to t.sub.1
      and requires the elevator car 11 to travel under a preselected positive
      rate of change in acceleration or "jerk." The signal 138 of waveform 136
      occurs during the time from t.sub.1 to t.sub.2 and requires the car to
      travel under a preselected constant acceleration. The signal 139 of
      waveform 136 occurs during the time from t.sub.2 to t.sub.3 and requires
      the car to travel under a preselected negative rate of change in
      acceleration or "jerk." The signal 140 of waveform 136 occurs during the
      time from t.sub.3 to t.sub.4 and requires the car to travel at a constant
      preselected velocity. The signal 141 of waveform 136 occurs during the
      time from t.sub.4 to t.sub.5 and requires the car to travel under a
      preselected positive rate of change of deceleration or "jerk." The signal
      142 of waveform 136 occurs during the time from t.sub.5 to t.sub.6 and
      requires the car to travel under a preselected constant deceleration.
      Lastly, the signal 143 of waveform 136 occurs during the time from t.sub.6
      to t.sub.7 and requires the car to travel under a preselected negative
      rate of change of deceleration or "jerk." The waveform 136 is thus
      effective for providing a velocity command signal at output lead 86 for
      requiring or commanding the elevator car 11 to travel in an upward
      direction from one floor starting at time t.sub.0 to a second floor where
      it is brought to a stop such as at a landing 15 at time t.sub.7. It should
      be understood, however, that the car 11 might not attain the maximum
      velocity or speed signal 140 on a short run, such as for one floor, for
      example, and that signal 139 might directly join signal 141 thereby
      eliminating a time period of constant velocity.
PAR  The switches 33 and 37 are selectively operated, such as by an automatic
      operation under the supervisory control 17, to operably connect either of
      the voltage sources 34 or 38 to the summing circuit 35 to provide either
      an up direction or down direction running operation, respectively. The
      following description relates to an up direction traveling sequence and it
      is to be understood that down direction travel will provide similar
      waveforms only having the opposite polarity and thus inverted. The
      selective operation of switch 33 will generate an up direction starting
      and stopping waveform 144 which appears as a voltage input signal to the
      resistor 36. Specifically, a positive polarity voltage signal 145 is
      connected to resistor 36 to provide a proportional current signal to the
      summing circuit 35 which immediately tends to saturate the switching
      amplifier 45 at the time t.sub.0.
PAR  The switching amplifier 45 provides a clamped output signal at lead 49
      which is supplied to the inverting input 58 of the integrator 59 through
      the impedance circuit 57. Thus at time t.sub.0, the saturated switching
      amplifier 45 supplies a waveform 146 at input 58 which appears as a
      stepped voltage signal 147 and has a magnitude dependent upon the circuit
      clamping by the Zener diodes 53 and 54 and the selected impedance of the
      voltage divider circuit 57.
PAR  The stepped input signal 147 appearing at input 58 is integrated by the
      integrating circuit 59 to provide a waveform 148 at output lead 72. At the
      time period from t.sub.0 to t.sub.1, the stepped input signal 147 is
      integrated to provide a ramp output signal 149 which, in turn, is supplied
      to the inverting input 83 of the integrator 84. The ramp signal 149 is
      thus integrated by integrator 84 to provide the velocity output signal 137
      at output lead 86.
PAR  The integrator 59 is employed in a novel manner and becomes saturated at
      time t.sub.1 to provide a constant output signal 150 having a magnitude
      established by the selective setting of the voltage source circuits 77 and
      78 which establish the saturation point or level for the integrator 59.
      The signal 150 remains from t.sub.1 to t.sub.2 and is integrated by
      integrator 84 to provide the velocity command signal 138 at output 86.
PAR  The signals 149 and 150 of waveform 148 appearing at output 72 of
      integrator 59 are inverted by the inverting circuit 96 to supply a
      waveform 151 at the output lead 100 which, in turn, is connected through
      the impedance circuit 97 to the summing circuit 35. The output signal 149
      is thus inverted to a signal 152 while the signal 150 is inverted to a
      signal 153.
PAR  The current waveform 154 appears at the summing circuit 35 and represents
      the summation of a number of current inputs including the current flow
      through the resistor 36 which is proportional to the voltage waveform 144
      and designated in dotted lines as waveform 144a, the current flow through
      resistor 111 which is proportional to the command velocity waveform 136
      and designated in dotted lines as waveform 136a, and the current flow
      through the impedance circuit 97 which is proportional to the voltage
      waveform 151 and designated in dotted lines as waveform 151a and
      porportional to the inverted voltage waveform 148. From time t.sub.0 to
      time t.sub.3, the current signals 136a and 151a summed at summing circuit
      35 which are dependent upon the waveforms 136 and 151 have an opposite
      polarity with respect to the current signal 144a derived from the waveform
      144. As a result, a steadily decreasing but yet positive current signal
      155 occurs from time t.sub.0 to time t.sub.2 because the current from
      waveform 144a is greater than the summated current waveforms 136a and
      151a. The positive current signal 155 thus retains the switching amplifier
      45 in a saturated condition and maintains the voltage signal 147 of
      waveform 146 at the input 58 to the integrating circuit 59.
PAR  At time t.sub.2, however, the summated curent signals 136a and 151a become
      greater than the curent signal 144a from waveform 144 to provide a
      negative current signal 156 at the summing circuit 45. The negative
      current signal 156 at input 46 received from summing point 35 switches the
      amplifier 45 which saturates to provide a positive potential signal 157 of
      waveform 146 at input 58 of integrating circuit 59. The integrator 59, in
      turn, integrates the input signal 157 to provide an output signal 158 at
      72 which, in turn, is integrated by the integrator 84 to provide the
      velocity command signal 139 at output circuit 86.
PAR  The decreasing ramp signal 158 is also inverted by the inverting circuit 96
      to provide a ramp signal 159 at output 100. The decreasing current signal
      151a dependent upon signal 159 supplied to the summing circuit 35 from
      time t.sub.2 to time t.sub.3 has the effect of summing the current signals
      to a zero value at the summing circuit 35 at the time t.sub.3 as shownn by
      current signal 160 of waveform 154. A zero or balance current input at 46
      turns off the switching amplifier 45 to provide a zero output signal 161
      of waveform 146 at the input 58 of integrator 59. The integrator 59, in
      turn, provides a zero output signal 162 of waveform 148 for stopping the
      integrating function of integrator 84 which thus maintains a constant
      output signal 140 of waveform 136. The feedback signal 163 provided by the
      inverting circuit 96 at output 100 also goes to zero so only the two
      current inputs 136a and 144a to the summing circuit 35 dependent upon the
      waveforms 136 and 144 are summated to maintain the zero current signal 160
      at input 46 of the switching amplifier 45 from time t.sub.3 to time
      t.sub.4.
PAR  The car thus travels at a constant velocity between time t.sub.3 and
      t.sub.4 until it receives a stop command to initiate a stopping sequence
      at a particular landing. Such stopping sequence is illustrated as
      occurring at time t.sub.4 by the opening of switch 33 which removes the
      signal 145 so that waveform 144 immediately steps to a zero voltage. The
      switch 33 is opened by the supervisory control 17 (switch 37 operates in a
      like manner for a downward operation) when the car has reached a
      predetermined stopping position from the floor at which a stop is to be
      made such as sensed by a selector assembly commonly employed with elevator
      systems. The feedback current signal 136a dependent upon waveform 136
      immediately saturates the switching amplifier 45 so that a positive
      stepped signal 164 appears at input 58 of the integrator 59. The
      integrator 59 integrates the signal 164 to provide an increasing negative
      ramp signal 165 at output 72 which, in turn, is integrated by integrator
      84 to provide the output velocity command signal 141. The inverting
      circuit 96 also operates upon signal 165 for supplying an increasing ramp
      signal 166 at output terminal 100. The current waveform 154 at summing
      circuit 35 immediately steps to a predetermined current level at time
      t.sub.4 which is determined by current waveform 136a and thereafter
      steadily decreases as a signal 167 in reponse to the summated currents
      136a and 151a which are proportional to the waveforms 136 and 151 supplied
      to the summing circuit 35.
PAR  At time t.sub.5, the integrating circuit 59 saturates at a level
      established by the voltage source circuits 77 and 78 to provide a constant
      magnitude output signal 168. The signal 168 is integrated by the
      integrating circuit 84 to provide the output velocity command signal 142
      and is further inverted by the inverting circuit 96 to provide a feedback
      signal 169 at output 100.
PAR  At time t.sub.6, the current waveform 151a supplied to the summing circuit
      35 and dependent upon signal 169 becomes greater than the current waveform
      136a dependent on signal 142 so that a positive summated current signal
      170 appears at the input 46. The switching amplifier 45 thus responds to
      the positive current signal 170 by saturating to provide a stepped
      negative signal 171 at input 58 of integrating circuit 59. The signal 171
      is integrated by integrator 59 to provide a decreasing ramp signal 172 at
      output 72 which, in turn, is integrated by integrator 84 to provide the
      velocity output signal 143. The signal 172 is also inverted by the
      inverting circuit 96 to provide a feedback signal 173 at output 100. The
      current signals 136a and 151a dependent upon signals 143 and 173 thus sum
      to zero at the summing circuit 35 at time t.sub.7 to provide a zero output
      at waveform 136 which commands the car to cease movement at a position
      which is adjacent to a landing.
PAR  The summing circuit 28 is shown in the embodiment as selectively connected
      to the leveling and releveling command 30 and disconnected from the
      waveform 136 at output 86 by the closing of contacts LVX-2 and the opening
      of contacts LVX-1 at a designated time between time t.sub.6 and t.sub.7 to
      provide a redundant control, if desired. Specifically, the relay LVX drops
      or de-energizes in response to the opening of switch 26 when a car
      approaches to within 20 inches of the landing at which it is to stop which
      generally occurs slightly before the time t.sub.7 and is designated
      t.sub.L on the waveform 136. The introduction of the leveling and
      releveling command 30 provides a signal to summing circuit 28 which is
      compared or combined with the speed responsive signal V.sub.T provided
      through resistor 32 while the waveform 136 no longer is effective for
      controlling the operation of the elevator car. The leveling and releveling
      command 30 is more specifically shown and described in the copending
      application of J. Maynard, filed on an even date herewith and entitled
      "Transportation System Having Malfunction Monitor."
PAR  If for some reason the relay LVX fails to de-energize or the contacts LVX-1
      and LVX-2 fail to operate when the car approaches to within 20 inches of
      the landing at which it is to stop, the waveform 136 will continue to
      control the operation of the car and will accurately stop the car at time
      t.sub.7 at a position adjacent to the landing such as 15 without requiring
      the need for leveling and releveling auxiliary circuitry which has
      generally been considered necessary to exact alignment between a car and a
      landing in previous elevator systems. It is therefore evident that the
      redundant leveling and releveling command 30 could be eliminated from the
      circuitry such as by the connection and closure of switch 26a where the
      building and construction codes permit so that the elevator car 11 is
      entirely controlled in response to the velocity command waveform 136 from
      starting at time t.sub.0 to the final stopping at a landing at time
      t.sub.7 without the need for additional positioning or alignment equipment
      in order to safely transfer passengers.
PAR  The velocity command and error signal generator 18 provides a velocity
      command output embodied in waveform 136 which has a limitation in the
      allowable rate of change of acceleration or "jerk" for the elevator car
      11. Such "jerk" limitation is specifically defined by the constrained
      magnitude of signals 147, 157, 164 and 171 within the waveform 146. The
      limitation on waveform 146 is provided by establishing a preselected
      maximum and minimum magnitudes as illustrated by signals 147, 157, 164 and
      171 through the circuit clamping by the Zener diodes 53 and 54 and the
      established impedance provided by the voltage dividing circuit 57. The
      magnitudes of signals 147, 157, 164, and 171 can be selectively adjusted
      by the operation of the switch 67 thereby selectively adding resistor 66
      in parallel with resistor 60 to vary the voltage dividing relationship
      with resistor 65 of circuit 57. Once the effective voltage dividing
      relationship of the impedance circuit 57 has been established, the
      positive and negative maximum permissible magnitude for the waveform 146
      is established and provides a limitation upon the rate of change of
      acceleration or "jerk" required of the elevator car 11.
PAR  The velocity command waveform 136 further provides a limitation upon the
      acceleration required of elevator car 11. The limitation on acceleration
      is established by confining the maximum permissible positive and negative
      magnitudes of the waveform 148 and specifically of the signals 150 and
      168. The magnitude of signals 150 and 168 is established in a novel manner
      by selecting the saturation level of integrator 59 by adjusting the
      voltage source 77 and 78.
PAR  The velocity command waveform 136 further provides a maximum permissible
      velocity limitation as represented by the signal 140 which occurs between
      time t.sub.3 and t.sub.4. The limitation on velocity is provided in a
      novel manner by the constraints upon the magnitude of the signal 145 of
      waveform 144 as established by the clamped voltage source 34.
PAR  The switch 67 and the switch 108 are preferrably interconnected in a novel
      manner to operate simultaneously so that switch 67 is open when switch 108
      is closed and vice versa. The variation of impedance within circuit 97 in
      response to a change in the voltage dividing relationship of circuit 57
      permits the current waveform 151a to remain symmetrical so that the time
      durations for signals 152, 159, 166 and 173 are subsequently equal when
      the preselected rate of change of acceleration or "jerk" limitation is
      changed.
PAR  The switching amplifier 45, the integrators 59 and 84, the inverting
      amplifier 96 and the regulating amplifier 120 may each utilize a high
      performance operational amplifier selected from any one of a number of
      commercially available amplifiers such as, for example, the operational
      amplifier marketed by Signetics as a linear integrated circuit and
      designated uA 741.
PAR  The pattern generator thus provides a continuous command pattern speed
      signal to the error summing circuit 28 without receiving a continuous
      feedback from the operated motor or from the vehicle it controls. The
      novel feedback circuits 95 and 109 within the pattern generator remain
      continuously connected in circuit to the common summing circuit 35 for
      providing a command pattern speed signal having precise operating
      limitiations upon maximum velocity, acceleration and rate of change of
      acceleration. Applicants have further found that the pattern generator
      with the novel feedback circuits 95 and 109 is capable of stopping the car
      at a landing for the safe transfer of passengers without the need for
      auxiliary positioning control if used with suitable operating equipment.
PAR  A velocity command and error signal generator has thus been devised which
      is highly sophisticated but yet can be fabricated from a small number of
      circuit elements for controlling the operation of an elevator car within a
      transportation system. The invention provides a command which supplies
      limitations upon the maximum velocity, acceleration and rate of change of
      acceleration for providing a smooth and comfortable ride for passengers
      while expediting travel between landings.
PAR  Portions of the disclosure herein are more fully described in the copending
      applications filed on an even date herewith of Maynard entitled
      "TRANSPORTATION SYSTEM WITH MALFUNCTION MONITOR"  and Maynard et al
      entitled "TRANSPORTATION SYSTEM WITH DECELERATING CONTROL" and such
      applications are incorporated by reference herein.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A transportation system having a guide path structure and a plurality of
      spaced landings and transportation means comprising a transport vehicle,
      means mounting said vehicle for movement relative to the structure in a
      path extending adjacent each of said landings, motive means moving said
      vehicle relative to the structure, vehicle responsive means coupled to
      said transportation means and providing a signal directly proportional to
      the speed of said vehicle, control means cooperating with said motive
      means and moving said vehicle relative to the structure and stopping said
      vehicle at a selected landing and including pattern generating means
      supplying a vehicle speed command signal operatively controlling the
      maximum velocity, acceleration, and rate of change of acceleration of said
      vehicle and first summing means operatively summing said vehicle speed
      signal and said vehicle speed command signal and providing an output speed
      error signal operatively controlling the movement of said vehicle, said
      pattern means including first means generating a first signal imposing a
      limitation upon the maximum vehicle velocity and second means generating a
      second signal imposing a limitation upon the maximum vehicle rate of
      change of acceleration and third means integrating said second signal and
      providing a third signal and directly imposing a limitation upon said
      third signal to limit the maximum vehicle acceleration and fourth means
      coupled to receive said third signal and generating a fouth signal
      providing said vehicle speed command signal and second summing means
      operatively summing said first, third and fourth signals and supplying an
      input to said second means.
NUM  2.
PAR  2. The system of claim 1, and including fifth means coupled to said third
      means and to said second summing means and operatively inverting said
      third signal to have the propr polarity when summing at said second
      summing means.
NUM  3.
PAR  3. The system of claim 1, wherein said first means includes means providing
      a first polarity signal and said third and fourth means each includes
      means providing second polarity signal for summing at said second summing
      means during an accelerating mode of operation.
NUM  4.
PAR  4. The system of claim 1, wherein said control means includes means
      operatively removing said first signal and said third means including
      means providing a first polarity signal and said fourth means including
      means providing a second polarity signal for summing at said second
      summing means during a decelerating mode of operation.
NUM  5.
PAR  5. The system of claim 1, wherein said first means includes an input
      circuit having an output selectively connected to said second summing
      circuit and providing a run command signal having a predetermined
      magnitude limitation establishing a limitation upon the maximum vehicle
      velocity.
NUM  6.
PAR  6. The system of claim 1, wherein said first means includes positive and
      negative potential inputs selectively connected to said second summing
      circuit and each input including a voltage source connected to a ground
      potential through a serially connected resistor and Zener diode and
      providing constant signals establishing a limitation upon the maximum
      vehicle velocity.
NUM  7.
PAR  7. The system of claim 1, wherein said second means includes amplifier
      means having feedback clamping means limiting the magnitude of said second
      signal to impose the limitation upon the maximum vehicle rate of change of
      acceleration.
NUM  8.
PAR  8. The system of claim 1, wherein said third means includes integrating
      means and source means establishing a preselected saturation level of said
      integrating means to impose the limitation upon the maximum vehicle
      acceleration.
NUM  9.
PAR  9. The system of claim 1, wherein said fourth means includes integrating
      means having capacitive feedback means providing said vehicle speed
      command signal.
NUM  10.
PAR  10. A transportation system having a guide path structure and a plurality
      of spaced landings and transportation means comprising a transport
      vehicle, means mounting said vehicle for movement relative to the
      structure in a path extending adjacent each of said landings, motive means
      moving said vehicle relative to the structure, vehicle responsive means
      coupled to said transportation means and providing a speed signal
      representative of the actual velocity of said vehicle, control means
      cooperating with said motive means and moving said vehicle relative to the
      structure and stopping said vehicle at a selected landing and including
      pattern generating means supplying a vehicle speed command signal
      operatively controlling the maximum vehicle velocity, acceleration, and
      rate of change of acceleration of said vehicle and first summing means
      operatively summing said speed signal and said vehicle speed command
      signal and providing an output speed error signal operatively controlling
      the movement of said vehicle, said pattern means including first means
      generating a first signal imposing a limitation upon the maximum vehicle
      velocity and second means generating a second signal providing said
      vehicle speed command signal and second summing means providing an analog
      output varying according to a summed magnitude of said first and second
      signals and operatively controlling the operation of said second means.
NUM  11.
PAR  11. A transportation system having a guide path structure and a plurality
      of spaced landings and transportation means comprising a transport
      vehicle, means mounting said vehicle for movement relative to the
      structure in a path extending adjacent each of said landings, motive means
      moving said vehicle relative to the structure, vehicle responsive means
      coupled to said transportation means and providing a speed signal
      representative of the actual velocity of said vehicle, control means
      cooperating with said motive means and moving said vehicle relative to the
      structure and stopping said vehicle at a selected landing and including
      pattern generating means supplying a vehicle speed command signal
      operatively controlling the maximum velocity and acceleration of said
      vehicle and first summing means operatively summing said speed signal and
      said vehicle speed command signal and providing an output speed error
      signal operatively controlling the movement of said vehicle, said pattern
      means including first means generating a first signal imposing a
      limitation upon the maximum vehicle velocity and second means generating a
      second signal imposing a limitation upon the maximum vehicle acceleration
      and second summing means providing an analog output varying according to
      the summed magnitude of said first and second signals and operatively
      controlling the operation of said second means and third means operatively
      responding to said second signal and providing said vehicle speed command
      signal.
NUM  12.
PAR  12. The system of claim 11, and including fourth means coupled to said
      second means and to said second summing means and inverting said second
      signal to have the proper polarity for summing at said second summing
      means.
NUM  13.
PAR  13. A transportation system having a guide path structure and a plurality
      of spaced landings and transportation means comprising a transport
      vehicle, means mounting said vehicle for movement relative to the
      structure in a path extending adjacent each of said landings, motive means
      moving said vehicle relative to the structure, vehicle responsive means
      coupled to said transportation means and providing a signal representative
      of the operation of said vehicle, control means cooperating with said
      motive means and moving said vehicle relative to the structure and
      stopping said vehicle at a selected landing and including pattern
      generating means supplying a vehicle command signal operatively
      controlling the maximum velocity, acceleration, and rate of change of
      acceleration of said vehicle, and first summing means operatively summing
      said vehicle responsive signal and said vehicle command signal and
      providing an output error signal operatively controlling the movement of
      said vehicle, said pattern means including second summing means, a first
      amplifier having an output and an input electrically connected to said
      second summing means and a clamping circuit connected between said input
      and said output and providing a limitation upon the maximum vehicle rate
      of change of acceleration, a first integrator having an input electrically
      connected to said first amplifier output and an output with a capacitive
      feedback circuit connected to said input and a source circuit establishing
      a preselected saturation level providing a limitation upon the maximum
      vehicle acceleration, a second amplifier having an input electrically
      connected to said first integrator output and an output electrically
      connected to said second summing means, a second integrator having a
      capacitive feedback circuit and an input electrically connected to said
      first integrator output and an output electrically connected to said first
      and second summing means and providing said vehicle command signal, and an
      input circuit having an output electrically connected to said second
      summing means for selectively providing a running command signal to said
      summing means having a preselected magnitude establishing a limitation
      upon the maximum vehicle velocity.
NUM  14.
PAR  14. The system of claim 13, wherein said first amplifier output includes a
      variable voltage dividing circuit having a selectively adjustable
      impedance for setting the maximum limitation upon the rate of change of
      acceleration.
NUM  15.
PAR  15. The system of claim 14, wherein said second amplifier output includes a
      circuit having a selectively adjustable impedance for maintaining a
      symmetrical waveform for said vehicle command signal for any selected
      limitation upon the rate of change of acceleration.
NUM  16.
PAR  16. The system of claim 13, and including a biasing circuit connected to
      said second summing means and adjusting said vehicle command signal to
      zero when said pattern means is not required to command movement of said
      vehicle.
NUM  17.
PAR  17. A transportation system comprising a motor, a vehicle driven by said
      motor, a path along which said vehicle is driven having a plurality of
      spaced landings, means generating a vehicle command velocity signal as a
      function of time operatively and continuously connected and accelerating
      and decelerating said vehicle to stop at one of said landings through the
      energization of said motor including first means generating a first signal
      providing a limitation upon maximum vehicle velocity and second means
      generating a second signal providing a limitation upon maximum vehicle
      rate of change of acceleration and third means integrating said second
      signal and providing a third signal and directly imposing a limitation
      upon said third signal to limit the maximum vehicle acceleration and
      fourth means coupled to said third means and generating a fourth signal
      providing said vehicle command signal and summing means operatively
      summing said first, third and fourth signals and supplying an input to
      said second means.
NUM  18.
PAR  18. A transportation system comprising a motor, a vehicle driven by said
      motor, a path along which said vehicle is driven having a plurality of
      spaced landings, means generating a vehicle command velocity signal as a
      function of time operatively and continuously connected and accelerating
      and decelerating said vehicle to stop precisely at one of said landings
      through the energization of said motor including first means generating a
      first signal providing a limitation upon the maximum vehicle velocity and
      second means generating a second signal imposing a limitation upon the
      maximum vehicle acceleration and summing means providing an analog output
      varying according to the summed magnitude of said first and second signals
      and operatively controlling the operation of said second means and third
      means operatively responding to said second signal and providing said
      vehicle command signal.
NUM  19.
PAR  19. A transportation system comprising a motor, a vehicle driven by said
      motor, a path along which said vehicle is driven having a plurality of
      spaced landings, means generating a vehicle command velocity signal as
      function of time and providing a limitation upon the maximum velocity,
      acceleration and rate of change of acceleration for said vehicle and
      operatively and continuously connected and accelerating and decelerating
      said vehicle to stop precisely at one of said landings through the
      energization of said motor including first means generating a running
      signal providing a limitation upon the maximum vehicle velocity by having
      magnitude limitation and a second means generating a second signal
      comprising said vehicle command signal and summing means providing an
      analog output varying according to the summed magnitude of said first and
      second signals and operatively controlling the operation of said second
      means.
NUM  20.
PAR  20. A transportation system comprising a motor, a vehicle driven by said
      motor, a path along which said vehicle is driven, a command circuit
      generating a vehicle command signal as a function of time operatively
      controlling the movement of said vehicle and including first means
      supplying a run signal and including switching amplifying means and
      clamped feedback means and providing an output signal having a
      predetermined magnitude to limit the vehicle rate of change of
      acceleration and third means operatively receiving said second signal and
      providing said vehicle command signal.
NUM  21.
PAR  21. The system of claim 20, wherein said second means includes voltage
      dividing means connected to an output of said switching amplifying means
      and having a selectively variable impedance for pre-selecting a desired
      rate of change of acceleration.
NUM  22.
PAR  22. A transportation system comprising a motor, a vehicle driven by said
      motor, a path along which said vehicle is driven, a command circuit
      generating a vehicle command signal as a function of time operatively
      controlling the movement of said vehicle and including first means
      supplying a run signal and second means operating in response to said run
      signal and including integrating means having selectively adjustable
      positive and negative source means pre-selecting the positive and negative
      saturation levels of said integrating means and providing a second signal
      having a limitation upon the vehicle acceleration and third means
      receiving said second signal and providing said vehicle command signal.
NUM  23.
PAR  23. A transportation system comprising a motor, a vehicle driven by said
      motor, a path along which said vehicle is driven having a plurality of
      spaced landings, means generating a vehicle command signal as a function
      of time operatively accelerating and decelerating said vehicle to stop at
      one of said landings through the energization of said motor including
      first means generating a first signal providing a limitation upon maximum
      vehicle velocity and second means generating a second signal providing a
      limitation upon maximum vehicle rate of change of acceleration and third
      means operating in response to said second signal and providing a third
      signal providing a limitation upon maximum vehicle acceleration and fourth
      means operating in response to said third signal and generating a fourth
      signal providing said vehicle command signal and a common summing point
      connected to operatively sum said first, third and fourth signals and
      supply an input controlling the operation of said second means.
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ABST
PAL  Apparatus for adjusting the distance between brake blocks carried at the
      free ends of relatively pivotal stirrups of a rim brake mechanism and
      pivotal by means of a bowden cable, the apparatus comprising an axially
      movable adjusting screw in threaded engagement with a freely rotatable
      sleeve having gear teeth in mesh with the teeth of a rotatable driver. The
      core of the cable passes through the screw and the latter is fixed to the
      core cover.
BSUM
PAR  The invention relates to a device for adjusting the distance between the
      two brake blocks of a bicycle rim brake whose bowden cable core is
      connected to the tension stirrup of the rim brake and whose bowden cable
      cover is adjustably connected via an externally threaded adjusting screw
      to a lug of the pressure stirrup of the rim brake.
PAR  In conventional devices of this type the externally threaded adjusting
      screw connected to the bowden cable cover is screwed into a threaded bore
      of the lug of the pressure stirrup or yoke member. Thus, by turning this
      adjusting screw the distance may be varied between the ends of the bowden
      cable cover and the bowden cable core connected respectively to the
      pressure stirrup and the tension stirrup. In this manner, with increasing
      wear of the brake blocks the distance between the latter can be returned
      to the original value.
PAR  Since the bowden cable is subjected to the tension of the spring acting on
      the two brake stirrups or yokes and for this reason the friction of the
      adjusting screw in the threaded bore of the lug of the pressure stirrup is
      relatively high, the turning of the adjusting screw requires a
      considerable expenditure of force, particularly since the grip surface
      available to the user on the adjusting screw provided with a knurled
      flange is fairly small. Generally the user will not think of making this
      adjustment of the adjusting screw easier by pressing the two brake
      stirrups together (cancelling the spring force).
PAR  The invention has for its objective avoiding these disadvantages of the
      known constructions and developing a device which permits the user to
      adjust the distance between the two brake blocks of a bicycle rim brake in
      a particularly simple and energy-saving manner.
PAR  According to the invention, this objective is achieved in that the
      adjusting screw is arranged in a sleeve which is provided with an internal
      thread and a gear flange and is rotatably mounted in the lug of the
      pressure stirrup for rotation by a drive disc which is also mounted on the
      lug of the pressure stirrup for rotation about an axis that extends
      perpendicularly to that of the sleeve. The drive disc is provided at that
      side facing the sleeve with teeth in mesh with the gear flange of the
      sleeve in the manner of an angle drive.
PAR  In this manner a reduction is obtained which permits the user to turn the
      sleeve by means of the drive disc with very little effort and thus to move
      the adjusting screw within the sleeve in the longitudinal direction. Apart
      from the reduction present between the drive disc and the sleeve, another
      advantage is the good accessibility of the drive disc for the user.
      Finally, the total force required is further reduced by the fact that the
      adjusting screw, in contrast to hitherto known constructions, need not be
      turned but merely moved in the longitudinal direction through the sleeve
      so that the bowden cable cover remains free of any rotational stresses.
PAR  In the simplest form the drive disc is constructed according to the
      invention as an adjusting member actuable by hand. For this purpose it may
      for example be provided with a knurling at its periphery.
PAR  If however automatic adjustment of the distance between the two brake
      blocks is desired, according to an expedient further development of the
      invention the drive disc may be actuable by a control lever arranged at
      the free end of the tension stirrup. For this purpose, the drive disc may
      carry at its outer periphery a plurality of uniformly distributed
      projections with which the pivotal control lever subjected to spring
      pressure cooperates in the manner of a ratchet mechanism.
DRWD
PAR  These and further details of the invention will be apparent from the
      appended subsidiary claims and from the following description of two
      embodiments, wherein:
PAR  FIG. 1 shows a front view of a bicycle rim brake equipped with the device
      according to the invention;
PAR  FIG. 2 shows a section along the line II--II of FIG. 1;
PAR  FIG. 3 is a view of the adjusting device from above;
PAR  FIG. 4 is a section along the line IV--IV of FIG. 2;
PAR  FIG. 5 is a front view of a vehicle rim brake which is equipped with an
      automatic adjusting device;
PAR  FIG. 6 is a side view of the drive disc of the embodiment of FIG. 5; and
PAR  FIG. 7 is a section through the drive disc along the line VII--VII of FIG.
      6.
DETD
PAR  The bicycle rim brake illustrated in FIGS. 1 to 4 comprises in usual manner
      two brake stirrups or yokes 1 and 2 which are pivotal with respect to each
      other about the axis 3 and are subjected to the action of a spring which
      is not shown and which urges the brake stirrups apart. The two stirrups
      carry brake blocks 4 and 5 whose spacing d increases with increasing wear,
      making adjustments necessary.
PAR  The stirrup 1, which acts as the pressure stirrup, is connected to the
      cover 6 of a bowden cable and the stirrup 2, which acts as the tension
      stirrup, is connected to the core 7 of the cable which extends axially
      through the cover.
PAR  To enable the distance d between the brake blocks 4 and 5 to be adjusted to
      the desired value an adjusting device is provided between the bowden cable
      cover 6 and the stirrup 1. It comprises an externally threaded, axially
      bored adjusting screw 8 which is connected to the bowden cable cover 6 and
      through which the core 7 passes. The adjusting screw 8 is mounted in a
      sleeve 9 which has an internal thread and is mounted for free rotation in
      a lug 10 of the stirrup 1. The lug 10 is fixedly connected to the stirrup
      1 by a bolt 11 and a nut 12.
PAR  The sleeve 9, which bears on the upper side of the lug 10 of the stirrup 1,
      carries in its portion lying above the lug 10 a toothed gear flange 13.
PAR  A drive disc 15 is freely, rotatably mounted on a bearing pin 14 projecting
      from the lug 10. The axis of rotation of the disc extends perpendicularly
      to that of the sleeve 9 and substantially parallel to the pivot axis 3 of
      the stirrups 1, 2.
PAR  The drive disc 15, which is preferably made from a suitable plastic
      material, is provided at its periphery with a knurling 16 and comprises at
      that side facing the sleeve 9 a plurality of teeth 17 which mesh with the
      teeth of the gear flange 13 of the sleeve 9 in the manner of an angle
      drive.
PAR  The diameter of the drive disc 15 is a multiple (2 to 4 times, preferably
      about 2.5 to 3.5 times) of the external diameter of the thread of the
      adjusting screw 8. This gives between the drive disc 15 and the sleeve 9 a
      reduction which permits easy actuation.
PAR  To reduce the distance d between the brake blocks 4 and 5 the drive disc 15
      is turned so that the adjusting screw 8 is moved axially upwardly relative
      to the sleeve 9.
PAR  In the second embodiment of the invention illustrated in FIGS. 5 to 7 an
      automatic adjustment independent of the user is effected of the distance
      between the two brake blocks. Insofar as this embodiment contains
      identical components to the embodiment according to FIGS. 1 to 4 the same
      reference numerals are used. It would also be superfluous to explain these
      identical components again. This applies in particular to the bowden
      cable, the adjusting screw 8, the sleeve 9 with the gear flange 13, and
      the lug 10 of the stirrup 1 serving for the mounting.
PAR  The difference between the embodiment explained above resides more
      particularly in the drive disc 18 and an operating arm or lever 19 serving
      for the actuation thereof.
PAR  The drive disc 18 is also provided at that side facing the sleeve 9 with
      teeth 17 which mesh with the teeth of the gear flange 13 of the sleeve 9.
      In addition, the drive disc 18 carries at its outer periphery a plurality
      of uniformly distributed projections with which the operating lever 19
      cooperates in the manner of a ratchet mechanism.
PAR  The lever 19 is rotatably mounted at the free end of the stirrup 2 and is
      held by a spring 21 in engagement on the periphery of the drive disc 18.
PAR  Assume that when the brake is not actuated the tooth or pawl 22 of the
      lever 19 engages the projection 20a of the drive disc 18. If the brake is
      now applied the lever 19 moves upwardly so that the pawl 22 approaches the
      projection 20b (following the projection 20a in the clockwise direction).
      For as long as the distance d between the brake blocks does not drop below
      a predetermined value on application of the brake, the pawl 22 of the
      lever 19 will not reach the projection 20b. When the brake is released the
      lever 19 then returns to its original position at the projection 20a, and
      the drive disc 18 thus does not change its position. Consequently, the
      position of the adjusting screw 8 also remains unchanged.
PAR  If however when the brake is applied the distance d between the brake
      blocks 4 and 5 goes below the predetermined value, then with the brake
      applied the pawl 22 of the lever 19 is urged by the spring into engagement
      with the projection 20b of the drive disc 18.
PAR  When the lever 19 moves downwardly on release of the brake it then entrains
      the drive disc 18 via the engaged projection 20b through a predetermined
      angular amount (i.e. the division between successive projections 20). Via
      the sleeve 9 this rotation of the drive disc 18 adjusts the adjusting
      screw 8 with respect to the lug 10 in the axial direction and thus
      reestablishes the desired distance between the brake blocks.
PAR  Finally, it is emphasized that the adjusting device according to the
      invention can be fitted without difficulty subsequently to already
      existing rim brakes, both in the simple form of manual adjustment and in
      the automatically operating embodiment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for adjusting the distance between brake blocks of a bicycle
      rim brake having stirrups pivotal relative to one another in response to
      axial movement of a bowden cable core passing through a cover and fixed to
      one of said stirrups, said apparatus comprising a lug fixed to the other
      of said stirrups; an internally threaded sleeve rotatably carried by said
      lug; an axially bored, externally threaded screw fixed to the cover of
      said bowden cable and in threaded engagement with said sleeve, said core
      passing through said screw; a toothed flange fixed to said sleeve; a
      driver having teeth in mesh with the teeth of said flange; and means
      mounting said driver on said lug for rotation whereby the teeth on said
      driver and said flange effect rotation of the latter and axial adjustment
      of said screw with consequent axial adjustment of said core and cover and
      relative pivotal movement of said stirrups.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the axis of rotation of said
      driver is substantially parallel to the pivotal axis of said stirrups.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said sleeve bears rotatably on
      said lug and has its toothed flange located at a level spaced from said
      lug.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said driver is manually
      rotatable.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said driver comprises a disc.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said disc has a diameter between
      2 and 4 times the outer thread diameter of said screw.
NUM  7.
PAR  7. Apparatus according to claim 1 including operating means carried by one
      of said stirrups and operable in response to relative pivotal movement of
      said stirrups to rotate said driver.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said operating means comprises a
      ratchet mechanism.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein said ratchet mechanism comprises
      projections on said device and an arm pivoted on said one of said
      stirrups, said arm having at least one tooth engageable with said
      projections.
NUM  10.
PAR  10. Apparatus according to claim 9 including spring means acting on said
      arm and urging it in a direction to enable said tooth to engage said
      projections.
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ABST
PAL  A brake shoe support for a spot-type disc brake having a caliper embracing
      the brake disc. The caliper supports the brake shoe remote from the brake
      actuation device. The brake shoe includes a projection which is disposed
      in a supporting bore in the caliper and is held in position by a bolt
      having a radial groove which is engaged by a retaining spring secured to
      the caliper. The brake shoe also includes a brake pad carrier plate and a
      brake pad with the brake pad having a first portion parallel to the brake
      disc and a second portion perpendicular to the brake disc extending over
      the edge of the brake pad carrier plate. The second portion abuts a
      supporting surface provided in the caliper adjacent the end of the
      supporting bore adjacent the brake pad carrier plate to prevent twisting
      of the brake shoe.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part application of copending
      application Ser. No. 449,297, filed Mar. 8, 1974 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a spot-type disc brake including an actuation
      device in a one-part housing which is provided with a caliper embracing
      the brake disc. During the actuation process a brake shoe connected to the
      actuation device is pressed against a brake disc, and by the force of
      reaction, acting upon the housing, a brake shoe remote from the actuation
      device, connected to and supported by caliper, is pressed against the
      brake disc.
PAR  From the British Pat. No. 1,154,701 a spot-type disc brake is known which
      has an actuation device in a housing which is provided with a caliper
      embracing the brake disc. The support and holding of the brake shoe remote
      from the actuation device is provided in the clamp by means of a
      supporting bolt. It is a disadvantage of this embodiment that the high
      pressure forces occurring during the braking process must be transmitted
      from the brake shoe to the caliper by means of the supporting bolt alone.
      This results in subjecting the supporting bolt to very heavy loads and the
      functioning capability of the brake is not quaranteed since the supporting
      bolt may break.
PAR  Moreover, such a support of the brake shoe remote from the actuation device
      considerably hampers the cylinder bore for receiving the actuation piston,
      since the inserting of operating tools is hindered by the caliper arm
      receiving the supporting bolt.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of this invention to provide a spot-type disc brake having
      a simple and highly loadable support for the brake shoe remote from the
      actuating device.
PAR  A feature of the present invention is the provision of an arrangement to
      support a brake shoe of a spot-type disc brake comprising: a housing
      having a longitudinal axis; an actuation device disposed in said housing
      coaxial of said axis; a caliper connected to the housing and embracing a
      brake disc; a first brake shoe connected to the actuation device and
      perpendicular to the axis; a second brake shoe perpendicular to the axis
      and associated with the caliper remote from said actuation device, the
      second brake shoe including a brake pad carrier plate and a brake pad, the
      brake pad having a first portion perpendicular to the axis and a second
      portion parallel to the axis extending over the outer edge of the carrier
      plate; a supporting bore disposed coaxial of an extension of the axis in
      the caliper remote from the actuation device; at least a first projection
      extending from and integral with the carrier plate in engagement with the
      supporting bore; and a supporting surface provided in the caliper remote
      from the actuation device at the end of the supporting bore adjacent the
      carrier plate, the supporting surface abutting the second portion of the
      brake pad to prevent twisting of the second brake shoe.
PAR  The projection of the brake shoe consisting of pad and pad carrier plate is
      provided as an integral part of the pad carrier plate. In order to secure
      the brake shoe against twisting it is favorable to arrange additional
      supporting surfaces at the bridge member of the caliper upon which the
      brake pad of the brake shoe lies in abutment. According to another
      embodiment the brake shoe may be provided with a second projection which
      is radially spaced from the first projection and which grips the
      supporting bore.
PAR  In order to render it possible that equal brake shoes can be used on both
      sides of the brake disc, the actuation device has according to this
      invention a recess in the front surface facing the brake shoe, into which
      recess the projection of the brake shoe projects with such clearance that
      it is freely movable between its supporting surfaces.
PAR  According to another feature of this invention the manufacture of pad
      carrier plates for brake shoes, of the same overall dimensions with or
      without projection is rendered possible in a simple way in that for
      punching a punching tool is used, the punches of which for pushing out the
      projections can be drawn out for the manufacture of pad carriers with even
      rear sides.
PAR  The advantages achieved by this invention expecially are characterized in
      that by simple means a highly loadable, secure and simply manufactured
      support of the brake shoe remote from the actuation device is achieved.
      Providing the supporting bore in an economic way is achieved in that this
      is possible in one operation when forming the cylinder bore for receiving
      the actuation device. The equal form of the two pad carrier plates also
      considerably cheapens this process by economic manufacture and low efforts
      when storing this part.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Above-mentioned and other features and objects of this invention will
      become more apparent by reference to the following description taken in
      conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a cross sectional view partially in elevation of a spot-type disc
      brake in accordance with the principles of this invention;
PAR  FIG. 1A is a partial cross sectional view taken along line 1A--1A of FIG.
      1;
PAR  FIG. 2 is a cross sectional view partially in elevation of the spot-type
      disc brake of FIG. 1 as seen from the caliper; and
PAR  FIG. 3 is a cross sectional view of a brake shoe in accordance with the
      principles of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1, 1A, 2 and 3, the caliper 1 embracing brake disc 1a of
      a spot-type disc brake supports a brake shoe 2 which is remote from
      actuation device 11. Brake shoe 2 includes the brake pad carrier plate 4
      and the brake pad 3. Brake pad 3 includes a first portion 3a perpendicular
      to the longitudinal axis of the housing bore containing actuation device
      11 and a second portion 3b parallel to the longitudinal axis and extending
      over the outer edge of carrier plate 4. A supporting bolt 5 is secured to
      carrier plate 4 coaxial of the longitudinal axis. Brake shoe 2 is fastened
      to caliper 1 by providing a radial groove 9 in bolt 5 with groove 9 being
      latched in a latching bore of retaining spring 10 which is secure to
      caliper 1. Carrier plate 4 includes projection 6 which extends into and
      engages the inner surface of a supporting bore 7 of caliper 1. Second
      portion 3b of brake pad 3 abuts a supporting surface 8 in caliper 1 at the
      end of bore 7 adjacent carrier plate 4 and, thus, prevents brake shoe 2
      from twisting during a braking operation.
PAR  Recesses 12 are provided in the outer edge of carrier plate 4 and at least
      one recess 13 is provided in the surface of carrier plate 4 parallel to
      disc 1a. Recesses 12 and 13 engagedly receive the material of second
      portion 3b and first portion 3a of brake pad 3 to provide a better
      connection between brake pad 3 and carrier plate 4.
PAR  Brake shoe 2' is disposed adjacent actuation device 11 and includes brake
      pad 3' and brake pad carrier plate 4' which is identical to pad carrier
      plate 4 but has no projection 6.
PAR  As shown in FIG. 3 a second projection 14 extends from and is integral with
      carrier plate 4, spaced from projection 6, to engage bore 7.
PAR  While I have described above the principles of my invention in connection
      with specific apparatus it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of my invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An arrangement to support a brake shoe of a spot-type disc brake
      comprising:
PA1  a housing having a longitudinal axis;
PA1  an actuation device disposed in said housing coaxial of said axis;
PA1  a caliper connected to said housing and embracing a brake disc;
PA1  a first brake shoe connected to said actuation device and perpendicular to
      said axis;
PA1  a second brake shoe perpendicular to said axis and associated with said
      caliper remote from said actuation device, said second brake shoe
      including a brake pad carrier plate and brake pad, said brake pad having a
      first portion perpendicular to said axis and a second portion parallel to
      said axis extending over the outer edge of said carrier plate;
PA1  a supporting bore disposed coaxial of said axis in said caliper remote from
      said actuation device;
PA1  at least a first projection extending from and integral with said carrier
      plate in engagement with said supporting bore;
PA1  a supporting surface provided in said caliper remote from said actuation
      device at the end of said supporting bore adjacent said carrier plate,
      said supporting surface abutting said second portion of said brake pad to
      prevent twisting of said second brake shoe; a supporting bolt secured to
      said carrier plate coaxial of said axis and extending into said supporting
      bore; and
PA1  a retaining spring secured to said caliper extending into said supporting
      bore and fastened to said supporting bolt.
PA1  a retaining spring secured to said caliper extending into said supporting
      bore and fastened to said supporting bolt.
NUM  2.
PAR  2. An arrangement according to claim 1, further including
PA1  a second projection extending from and integral with said carrier plate
      spaced from said first projection and in engagement with said supporting
      bore.
NUM  3.
PAR  3. An arrangement according to claim 1, wherein
PA1  said supporting bolt includes
PA2  a radial groove adjacent the end thereof extending into said supporting
      bore; and
PA1  said retaining spring includes
PA2  a latching bore in the end thereof adjacent said supporting bolt, said
      latching bore engaging said radial groove.
NUM  4.
PAR  4. An arrangement according to claim 3 further including
PA1  a second projection extending from and integral with said carrier plate
      spaced from said first projection and in engagement with said supporting
      bore.
NUM  5.
PAR  5. An arrangement according to claim 1, further including
PA1  at least a first recess in the edges of said carrier plate to receive
      material of said second portion of said brake pad; and
PA1  at least a second recess in said carrier plate to receive material of said
      first portion of said brake pad;
PA1  said first and second recesses assisting in connecting said brake pad to
      said carrier plate.
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ABST
PAL  A vehicle wheel internal shoe drum brake has a pair of opposed brake shoes,
      an actuator acting between one pair of adjacent ends of the shoes and a
      two-part adjustable strut for adjusting the positions of the shoes
      relative to each other to compensate for wear. The strut has an elongate
      non-rotatable part coupled to one of the brake shoes and a rotatable part,
      preferably a nut member, in screw-threaded engagement with the
      non-rotatable part and directly engaging the other brake shoe.
BSUM
PAR  This invention relates to internal shoe drum brakes.
PAR  Drum brakes are known which have an adjuster for increasing the minimum
      spacing between the brake shoes, either manually or automatically, to
      compensate for wear of the shoe friction linings. It has been proposed
      that the adjuster comprises an adjustable length strut connected between
      the shoes and having three parts, two non-rotatable parts connected to
      respective shoes and a third rotatable part coupled to the two
      non-rotatable parts, rotation of the rotatable part moving the
      non-rotatable parts axially relative to each other to adjust the length of
      the strut.
PAR  In accordance with the invention there is provided an internal shoe drum
      brake comprising first and second arcuate brake shoes mounted on a back
      plate, actuating means arranged between one pair of adjacent shoe ends to
      move the shoes apart and apply the brake, and an adjustable strut
      extending between the shoes for adjusting the positions of the shoes
      relative to each other, the strut having an elongated nonrotatable part
      coupled to the first brake shoe and a rotatable part screw-threadedly
      connected to a screw threaded portion of the non-rotatable part, wherein
      the rotatable part directly engages the second brake shoe.
PAR   By rotating the rotatable part relative to the non-rotatable part the
      effective length of the strut i.e. the length between the shoes, can be
      varied to adjust the relative positions of the shoes, for such purposes as
      to set the brakes on assembly or to compensate for wear of the shoe
      friction linings.
PAR  In a presently preferred embodiment, the rotatable part is in the form of a
      nut member having ratchet teeth, preferably of helical form around its
      periphery for engagement by a resilient pawl member. In this embodiment
      relative movement occurs between the pawl member and ratchet during shoe
      expansion or retraction, and if the movement of the shoes during expansion
      is sufficient, the pawl member picks up a new tooth upon retraction of the
      shoes.
PAR  Preferably the pawl is constituted by one arm of a torsion spring which is
      preferably mounted on said other shoe which is engaged by the rotatable
      second part of the strut.
DRWD
PAR  An internal shoe drum brake in accordance with the invention for a vehicle
      wheel will now be described, by way of example with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a plan view of part of the brake, and
PAR  FIG. 2 is a section taken along line II-II of FIG. 1,
DETD
PAR  The brake comprises a fixed back plate 1 on which a pair of arcuate brake
      shoes 2 and 3 are movably mounted, adjacent tips at one end of the shoes
      engaging an actuator 4 which is operable to move the shoes apart against
      the bias of the shoe return springs 5 (only one of which is shown).
PAR  An adjuster two-part strut has an elongated non-rotatable strut part 7
      extending between the shoes. The ends of the strut part are bifurcated,
      one end 8 co-operating with a slot 9 in the shoe 2 and the other end 10
      engaging a handbrake lever 11 pivotally mounted on the shoes 3 at 12. A
      tension spring 13 acting between the shoe 3 and the strut part 7 biases
      the strut part and the handbrake lever 11 towards the shoe 3, movement
      being limited by the engagement of a stop 14 on the lever 11 with the web
      of shoe 3. The strut part 7 has a threaded portion 7a intermediate its
      ends on which is screwed the other strut part in the form of a nut or
      wheel 15 on which directly engages a protruding portion 2a on the web of
      shoe 2. The wheel 15 has a peripheral helical arrangement of teeth 16 one
      of which is engaged by a pawl 17 constituted by an arm of a torsion spring
      18 mounted on the shoe 2 with its axis parallel with the wheel axis.
PAR  In operation the actuator 4 urges the shoes apart and the strut part 7 and
      lever 11 follows the movement of shoe 3 due to the bias of spring 13, and
      the pawl 17 moves in the opposite direction due to movement of the shoe 2.
      The resultant relative movement between the pawl 17 and the wheel 15
      axially of the wheel causes rotation of the wheel so that the effective
      length of the adjuster 6, i.e. the length between the points of engagement
      of the strut part 7 with the lever 11 and the wheel 15 with the shoe 2, is
      increased by an amount dependent upon the wear of the shoe friction
      linings. If the wear is sufficient the pawl 17 picks up a new tooth when
      the shoes retract and adjustment is effected on the next successive
      operation of the actuator 4.
PAR  It will be appreciated that the handbrake lever 11 is not essential and
      that the strut part 7 may directly engage the web of shoe 3. Further, the
      torsion spring could be mounted on the fixed back plate 1, but in this
      case only movement of shoe 3 would be sensed, and not the movement of both
      shoes as in the above-described arrangement.
PAR  Provision could be made for manual adjustment of the strut, for example by
      having an aperture in the backplate to permit access to the wheel 15 by a
      suitable tool to manually rotate the wheel.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicle wheel internal shoe drum brake comprising a fixed back plate;
      first and second opposed arcuate brake shoes mounted on said back plate;
      shoe return spring means biasing said shoes towards each other; actuating
      means acting between one pair of adjacent shoe ends to move said shoes
      apart against the bias of said shoe return spring means and apply the
      brake; a handbrake lever pivotally mounted on said first shoe; an elongate
      two-part reaction strut having a non-rotatable part which engages said
      lever, and a rotatable part in the form of a nut member in screw-threaded
      engagement with said non-rotatable part and directly engaging said second
      shoe, whereby movement of said lever is transmitted through said strut to
      said second shoe, said nut member having ratchet teeth of helical form on
      its periphery; spring means biasing said strut into engagement with said
      lever and towards said first shoe; and a coil torsion spring mounted on
      said second shoe with its axis parallel with the wheel axis; said torsion
      spring having two opposed end portions, one said end portion engaging said
      second shoe and the other said end portion constituting a pawl biased
      towards and engaging the periphery of said nut member.
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ABST
PAL  A brake apparatus for motor vehicles consisting of a brake drum and a pair
      of brake shoes expandable to be moved into frictional engagement with said
      drum, and a service brake mechanism comprising a wheel cylinder enclosing
      at least one piston and arranged between the upper end of said brake
      shoes. A parking or mechanical brake mechanism comprising a lever and link
      mechanism is arranged between the lower ends of said brake shoes. Said
      mechanical brake mechanism is connected with said service brake mechanism
      preferably by means of a linkage in such a manner that the service brake
      mechanism and the parking brake mechanism may be independently actuated as
      well as simultaneously actuated.
PARN
PAR  This is a continuation of application Ser. No. 774,137, filed Nov. 7, 1968,
      now abandoned.
BSUM
PAR  With respect to a brake apparatus for power vehicles, it is usually so
      designed that the brake for the rear wheels operates with greater torque
      than that of the brake for the front wheels, taking into consideration the
      difference of load distribution and kinetic load transfer between the rear
      and front wheels. On the other hand, with respect to the parking brake or
      hand brake, in which the brake shoes for the rear wheel brake are mainly
      employed, it is preferred that stronger braking effect is obtained by
      smaller hand pressure. This is apparently a contradiction in operation.
      The present invention is adapred to fulfill such contradictory operation.
PAR  The principal object of the present invention is to provide an improved
      brake apparatus, wherein the parking or mechanical brake affords stronger
      action than the service braking action.
PAR  Another object of the invention is to provide and improved brake apparatus,
      wherein the service brake and the parking brake may be simultaneously
      actuated or may be independently actuated without interferring with one
      another.
PAR  Still another object of this invention is to provide an improved brake
      apparatus, wherein the parking or mechanical brake effect is greater than
      the service brake effect when the input power for actuation of both brake
      mechanisms are equal.
PAR  A further object of this invention is to provide an improved brake
      apparatus, wherein the parking brake may be utilized as the most effective
      emergency brake.
DRWD
PAR  These and other objects will appear from the subjoined detail description
      of one embodiment and various modifications of this invention illustrated
      in the accompanying drawings, in which:
PAR  FIG. 1 is a front view of the brake apparatus forming an embodiment of the
      brake apparatus according to the present invention;
PAR  FIG. 2 is a detail of the mechanism for mechanical brake, partly in section
      taken along line II--II of FIG. 1;
PAR  FIG. 3 is a front view showing a modified form of the brake apparatus of
      this invention;
PAR  FIG. 4 is a front view showing a second modified form of the brake
      apparatus of this invention; and
PAR  FIG. 5 is a front view showing a third modification of the brake apparatus
      of this invention.
DETD
PAR  Referring to the drawing, FIG. 1, a brake drum 1 shown in broken line is
      rotatable in unison with a wheel. 2 is a backing plate having four holes
      2a and fixedly mounted on an axle bearing (not shown) which is passed
      through a central bore 2b. A wheel cylinder assembly 3 is slidably mounted
      on the backing plate 2. 4 is a wheel cylinder proper enclosing therein a
      reciprocatable oil cylinder piston 5. 6 is a dust keeper made of rubber
      and fixed to the lefthand end of said cylinder proper 4. At the right hand
      end of the cylinder 4, there is mounted a usual means for adjusting the
      clearance between the brake drum and brake shoes 9a and 9b, said adjusting
      means comprising and adjusting wheel 7 and an adjusting bolt 8.
PAR  The crescent shaped brake shoes 9a and 9b have linnings 10a and 10b,
      respectively, which are to be moved into frictional contact with the brake
      drum 1. The upper end 9'a of the brake shoe 9a is in engagement with a
      U-shaped slot at the lefthand end of said piston 5, and the lower end 9"a
      thereof is rockably and vertically slidably connected to the lefthand end
      of an anchor 11, which is fixed to the backing plate 2 by means of pins
      12a and 12b. The upper end 9'b of said brake shoe 9b is in engagement with
      a U-shaped slot at the righthand end of the adjusting bolt 8, and the
      lower and 9"b thereof is connected to the righthand end of said anchor 11
      in the similar manner of connection at the lefthand end thereof with
      respect to the lower end of the brake shoe 9a. The upper and lower ends of
      the brake shoes 9a and 9b are connected by means of return springs 13a and
      13b respectively. The opposite ends of said return springs are retained by
      recessed portions 14-16 and 15-17 respectively. 19 and 20 are U-shaped
      leaf springs for preventing axial frontward movement of the brake shoes 9a
      and 9b, and are held by pins 21 and 22 projected from the backing plate 2.
PAR  A link mechanism for operating the parking brake comprises levers 23, 24,
      25, a link 26 and a lever 27. The actuating lever 23 is L-shaped as shown
      in FIG. 2, and is pivotally connected with the righthand end 24a of the
      lever 24, and the righthand end 23a of the lever 23 is connected to a hand
      operating means, while the lefthand end 23b is provided with a recess 23'b
      which is in engagement with a recess 9"c formed at the lower end 9"b of
      the shoe 9b. The hand lever 23 is normally biased by a spring 28 which
      connects the lever 23 and the backing plate 2. The second lever 25 is also
      L-shaped, and the mid point thereof is pivotably connected with the lower
      end 9"a of the shoe 9a as at 29. The lower end 25a of said lever 25 is in
      engagement with the U-shaped recess of the lefthand end 24b, and the upper
      arm 25b is pivotably connected by means of a pin 30 with the lower end of
      a link 26. The righthand arm 27a of the inverted T-shaped lever 27 is
      pivotably connected with the upper end of the shoe 9a by mans of a pin 31.
      The lefthand arm 27b is pivotably connected with the upper end 26b of said
      link 26. The upper end 27c of said lever 27 is abutting against the
      lefthand end of the wheel cylinder piston 5.
PAR  The operation of the above-mentioned first embodiment of the present
      invention is described as follows: During service braking, pressure oil is
      supplied into the wheel cylinder 4 from the master cylinder (not shown)
      according to actuation of the brake pedal (not shown), whereby the piston
      5 is actuated to be pushed leftwardly, bringing the brake shoe 9a into
      frictional contact with the brake drum 1. The wheel cylinder 4 will slide
      toward the right, moving the brake shoe 9b rightwardly through the
      adjusting wheel 7 and the adjusting bolt 8, whereby the shoe 9b will be
      brought into frictional contact with the brake drum 1, whereby effecting
      the braking effect. Since the lower ends 9"a and 9"b of said brake shoes
      9a and 9b are in engagement with the recesses 11a and 11b respectively, it
      will be seen that, at the service braking, the upper ends 9'a and 9'b of
      said brake shoes are expanded outwardly to each other, and consequently
      the brake apparatus serves in the manner of so-called leading trailing
      brake system. Now, during parking braking, the driver shall manipulate the
      side brake lever at the driver's seat (not shown). The righthand end 23a
      is pulled in the direction of the arrow in FIG. 2. By such manipulation,
      the lower end 9"b of the brake shoe 9b will be pushed rightwardly and, at
      the same time, the lever 24 will be pushed leftwardly, so that the
      L-shaped lever 25 will be turned clockwisely around the pin 29, whereby
      the lower end 9"a of the brake shoe 9a will be pushed leftwardly. The link
      26 will be lifted, thereby the lefthand arm 27b of the inverted T-shaped
      lever 27 will be raised. As the righthand arm of said lever 27 is
      prevented from vertical movement by the pin 31, the upper arm 27c thereof
      will push the upper end 9'b of the brake shoe 9b  rightwardly through the
      wheel cylinder 4 and, at the same time, the lever 27 will push the upper
      end 9'a of the brake shoe 9a leftwardly. From the foregoing, it will be
      seen that by the manipulation of the actuating lever 23 the upper and
      lower ends of both the brake shoes 9a and 9b will be expanded, thereby
      attaining the efficient parking brake action. At this time, as the wheel
      cylinder assembly 3 is slidably relative to the backing plate 2, it will
      serve as a floating anchor and, when the brake drum 1 is rotating in
      clockwise direction, said wheel cylinder assembly 3 will slide
      rightwardly, and vice versa. In either case, the brake shoes 9a and 9b
      will be brought into frictional contact with the brake drum, whereby
      producing self-energy for either direction of rotation of the brake drum
      and the brake apparatus will serve in the manner of so-called duo-servo
      type brake system.
PAR  The parking brake may be actuated while the service brake is in operation.
      In case the parking brake action is stronger than the service brake
      action, the resulting brake effect will be similar to that obtained by
      applying the parking brake only, and the apparatus operates in the manner
      of duo-servo type brake system. Assuming that the service brake action is
      stronger than the parking brake action, the operation of the link
      mechanism of the parking brake will be as follows: Under the service brake
      condition, the brake shoes 9a and 9b are in engagement with the brake drum
      1. On the other hand, if the lever 23 is pulled the lefthand recess 23'b
      will abut against the brake shoe 9b, transmitting the turning motion
      thereto, and the lever 24 is pushed leftwardly thereby pushing the lower
      end 9"a of the brake shoe 9a leftwardly and, at the same time, the
      L-shaped lever 25 will be turned around the pin 29, thereby the link 26
      will be lifted. The inverted T-shaped lever 27 will be turned clockwisely,
      and the righthand side of the upper arm 27c of said lever 27 will press
      the wheel cylinder proper 4. Thus, the service brake is applied as well as
      the parking brake. During the service braking, the apparatus is operated
      in the manner of leading-trailing type brake system, and when the service
      brake is released the parking brake is continued in the manner of
      duo-servo type braking system.
PAR  Now, in the following description referring to FIGS. 3 to 5, showing
      various modifications of the brake apparatus of this invention, it should
      be understood that the same reference numerals employed in FIGS. 1 and 2
      designate same or identical parts, and that the description in detail for
      said identical parts is omitted or simplified for the purpose of avoiding
      any repetition.
PAR  Referring to FIG. 3 showing a first modified form of the brake apparatus of
      this invention, the wheel cylinder assembly 3a is fixedly mounted on the
      backing plate 2, and the wheel cylinder encloses expandable pistons 5a and
      5b. With the arrangements shown in FIGS. 3 and 4, the service brake is
      operated in the manner of leading-trailing type brake system, and the
      parking brake is operated in the similar manner when the brake drum 1 is
      rotated in the clockwise direction and in the manner of double-leading
      type brake system when the drum is rotated in the counterclockwise
      direction.
PAR  In FIGS. 4 and 5, showing a second and third modifications, the wheel
      cylinder assembly 3a is fixedly mounted on the backing plate 2, and the
      wheel cylinder proper 4 expandable pistons 5a and 5b, there being inserted
      a return spring 33 between the pistons (FIG. 5). In FIG. 5, 34a and 34b
      are piston caps made of rubber. 35 is a brake clearance adjustor assembly,
      which acts as a floating anchor arranged in parallel with the wheel
      cylinder assembly. The righthand end 35a of the adjustor 35 has a U-shaped
      recess 36a which engages with a recess 9d at the upper end portion of the
      shoe 9b, and the lefthand end 35b of the adjustor 35 has a U-shaped recess
      36b engaging with a recess 9e at the upper end portion 9'a of the shoe 9a.
      Said adjustor 35 is of substantially similar construction, and the length
      thereof can be adjusted by rotating a wheel 7a. 37 is a stopper of the
      wheel 7a, and its one end 37a is engaged by the teeth of the adjusting
      wheel 7a. The other end is fixed to the adjustor 35 by means of a pin 38.
      The lower arm 27c of the actuating lever 27 is engaging with the shoulder
      35c at the lefthand end 35b of the adjustor 35. During service braking,
      oil pressure is supplied into the wheel cylinder proper 4 from the master
      cylinder (not shown), whereby the pistons 5a and 5b will expand against
      the action of the return spring. The upper ends of the shoes 9a and 9b
      will be expanded, turning around 11a and 11b, respectively, and come into
      frictional engagement with the drum 1, thereby acting in the manner of
      leading-trailing brake system.
PAR  During parking braking, by the backward pull of the lever 23 the lower end
      9"b of the shoe 9b is pushed rightwardly. The lever 24 will be moved
      leftwardly by the reaction force, and the lefthand end 24b will push the
      upper end 25a of the second lever 25a and turn it in the counterclockwise
      direction, so that the lower end 9"a of the shoe 9a will slide leftwardly.
      At the same time, the link 26 will be pulled down, and the lever 27 will
      be turned counterclockwise around the pin 31. The lower end 27c of the
      lever 27 will push rightwardly the lefthand shoulder of the adjustor 35,
      so that the upper end portion 9'b of the shoe 9b will be moved
      rightwardly, and by the reaction thereof the upper end 9'a of the shoe 9a
      is moved to the left, thereby applying braking effect in the manner of
      duo-servo type brake system. When the clearance between the drum 1 and the
      shoes 9a, 9b has increased beyond the predetermined value, this may be
      adjusted by manually rotating the adjusting wheel 7a against the resilient
      member to increase the length of the adjustor for setting it for the
      predetermined brake clearance.
PAR  From the foregoing it will be seen, also with respect to said modification,
      that if the oil pressure supplied into the wheel cylinder 4 is equal with
      the inlet power applied onto the actuating lever 23, the parking braking
      action will be greater than the service braking action, and that said
      service brake and parking brake may be put into operation independently as
      well as simultaneously. Both brake mechanisms are connected by means of a
      link mechanism so as to actuate both shoes in similar manner, so that
      independent actuation of the parking brake mechanism or the service brake
      mechanism will not interferring with one another.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A brake apparatus for motor vehicles comprising a rotatable brake drum
      having a friction surface, a stationary backing plate, a pair of brake
      shoes mounted on said backing plate and arranged adjacent said friction
      surface of said brake drum, an actuating means positioned between only a
      first opposed ends of each of said brake shoes for selectively moving said
      first ends into contact with said friction surface, and mechanical
      expanding means for selectively moving the other opposed ends of said
      brake shoes and said first opposed ends of said brake shoes into contact
      with said friction surface and maintaining said contact, by all four of
      said ends of said shoes, said mechanical expanding means comprising a link
      and toggle means for expanding said other opposed ends and for
      simultaneously expanding said first opposed ends, the braking caused by
      said mechanical expanding means being stronger than the braking caused by
      said actuating means.
NUM  2.
PAR  2. A brake apparatus as claimed in claim 1, wherein said actuating means is
      slidably mounted relative to said backing plate and forms part of said
      link and toggle means.
NUM  3.
PAR  3. A brake apparatus as claimed in claim 1, wherein said actuating means is
      mounted on said backing plate and comprises a cylinder enclosing a pair of
      pistons forming a part of said link and toggle means.
NUM  4.
PAR  4. A brake apparatus as claimed in claim 1, wherein said link and toggle
      means includes a floating anchor positioned between said brake shoes in
      parallel with said actuating means.
NUM  5.
PAR  5. A brake apparatus as claimed in claim 4, wherein said floating anchor is
      adapted to regulate the clearance between said brake drum and said brake
      shoes.
NUM  6.
PAR  6. A brake apparatus as claimed in claim 1, further comprising a rigid
      member mounted on said backing plate and having said other opposed ends of
      said brake shoes rockably and slidably connected thereto for serving as an
      anchor; and wherein a portion of said link and toggle means is arranged
      between said first opposed ends of said brake shoes for serving as a
      floating anchor; the arrangement being such that one of said other opposed
      ends of said brake shoes acts as an anchor when said mechanical expanding
      means is actuated.
NUM  7.
PAR  7. A brake apparatus for motor vehicles as in claim 6, wherein one part of
      said link and toggle means is arranged in the vicinity of said rigid
      member and adapted for expanding the opposed ends of the brake shoes on
      the side of said rigid member, and a second part of said link and toggle
      means is disposed on the side of said actuating means, the arrangement
      being such that the input on said link and toggle means adjacent said
      rigid member is transmitted to an actuating member part of said link and
      toggle means, so that the opposed ends of said brake shoes beside said
      rigid member engage with said brake drum, yet the opposed ends of said
      brake shoes on the side of said actuating means are capable of further
      expansion.
NUM  8.
PAR  8. A brake apparatus for motor vehicles as claimed in claim 6, wherein said
      mechanical expanding means comprises a first actuating lever having an
      L-shape and which is manually operable at its one end and the other end
      thereof is in contact with one of said brake shoes, a second actuating
      lever pivotally mounted at its one end on an intermediate portion of said
      first lever, and a third actuating lever having an L-shape and connected
      to the other end of said second lever and pivotally mounted on the other
      brake shoe at the side of said other opposed ends thereof for transmitting
      force to expand said first opposed ends of said brake shoes.
NUM  9.
PAR  9. A brake apparatus as claimed in claim 1, further comprising a rigid
      member mounted on said backing plate and having said other opposed ends of
      said brake shoes rockably and slidably connected thereto for serving as an
      anchor; and wherein said actuating means includes a fixed cylinder
      enclosing a pair of pistons arranged in a manner to prevent movement of
      one of said pistons from being transmitted to the other of said pistons;
      and said link and toggle means includes a pair of force transmitting
      members operatively connected to said brake shoes, respectively, whereby
      said first opposed ends of said shoes are moved into contact with said
      friction surface through said force transmitting members even if said
      other opposed ends have been moved into contact with said friction
      surface; the arrangement being such that diagonally positioned two ends of
      said brake shoes act as anchor means during the braking caused by said
      mechanical expanding means thereby creating the braking of said mechanical
      expanding means which is stronger than the braking caused by said
      actuating means.
NUM  10.
PAR  10. A brake apparatus for motor vehicles as claimed in claim 9, wherein
      said force transmitting members are comprised of a pair of link means
      which are symmetrically disposed on each brake shoe.
NUM  11.
PAR  11. A brake apparatus for motor vehicles as claimed in claim 9, wherein
      said mechanical expanding means comprises a first actuating lever having
      an L-shape and which is manually operable at its one end, a second
      actuating lever pivotally mounted at its one end on the intermediate
      portion of said first lever, a pair of third actuating levers pivotally
      mounted on each of said brake shoes at the side of said second opposed
      ends thereof and each kept in contact at one end thereof with the other
      ends of said first and second actuating levers, each other end of said
      third actuating levers being pivoted to one end of said force transmitting
      members, and a pair of fourth actuating levers pivotally mounted on each
      of said brake shoes at the side of said first opposed ends thereof and
      each kept in contact at one end thereof with the other ends of said force
      transmitting members, the other end of each fourth actuating lever being
      kept in contact with said actuating means.
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ABST
PAL  A dual piston brake arrangement for selective holding engagement of a
      rotatable member of a drive train includes a support structure, a service
      brake piston axially reciprocably and nonrotatably mounted within the
      support structure with a fluid passage therethrough, a fluid actuator for
      biasing the service brake piston toward a brake holding position, a
      secondary brake piston axially reciprocably and nonrotatably mounted
      within the support structure and in substantially radially aligned
      relation within the service brake piston for selective telescopic movement
      from an abutting to a separated condition therefrom, and a fluid
      circulating system for delivering a fluid radially outwardly adjacent the
      rotatable member and the service brake piston for cooling thereof and
      subsequently along an egress path including flow of the fluid through the
      fluid passage in the service brake piston.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Fluid operated, oil-cooled brake arrangements are actively being developed
      for large material hauling vehicles and the like in order to achieve both
      safe and effective braking. However, not before the annular dual piston
      brake arrangement disclosed in U.S. patent application Ser. No. 522,390
      filed Nov. 11, 1974 by P. F. M. Prillinger et al, and assigned to the
      assignee of the present invention, has multipurpose capacity braking been
      provided in such a compact and economical package. The referenced
      construction not only integrates service braking with emergency braking
      and/or parking braking in an improved manner, but also is sufficiently
      radially compact that it can fit relatively closely within a wheel rim
      while maintaining a high capacity.
PAR  While the aforementioned dual piston brake arrangement is a considerable
      advancement over the prior art brake mechanisms, the egress of cooling
      fluid posed certain sizing and constructional limitations on the various
      members thereof because space is not available radially outwardly of the
      brake arrangement. Particularly, in order to permit axial egress of the
      cooling fluid therefrom, the maximum radial dimensions of the service
      brake piston and its associated actuation chamber and also the maximum
      radius of the pitch circle for the compression spring members used
      therewith were limited. Consequently, a fewer number of compression
      springs could be disposed equally around the pitch circle so that they
      individually had to be increased in length and/or capacity. These radial
      limitations subsequently reduced the maximum capacity of the subject brake
      arrangement for a particular maximum external diameter, and undesirably
      added to the weight and cost of the package.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a dual
      piston brake arrangement and cooling circuit therefor which is not only
      radially compact for disposition within a vehicle wheel rim of relatively
      limited internal diameter, but also is of relatively high capacity.
PAR  Another object is to provide a dual piston brake arrangement of the
      aforementioned type having a cooling circuit with improved axial egress of
      the cooling fluid in order to avoid diametrical restrictions on certain
      members of the brake arrangement.
PAR  Another object is to provide a dual piston brake arrangement of the
      character described which has a relatively large diameter service braking
      piston actuation chamber and also a relatively large diameter pitch circle
      for accommodating a greater number of compression springs to effect a
      weight and cost savings for a predetermined braking capacity.
PAR  Other objects and advantages of the present invention will become more
      readily apparent upon reference to the accompanying drawing and following
      description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a fragmentary central vertical section of a dual piston
      brake arrangement embodying the features of the present invention as taken
      through the axis of a vehicle axle housing and showing the lower half
      thereof including a portion of a wheel rim arrangement and the improved
      cooling circuit therefor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the drawing, an oil-cooled dual piston brake arrangement
      10 embodying the features of the present invention is axially mounted
      outboard, or to the left in the drawing, of a radially extending annular
      mounting flange 12. Such flange is integrally associated with a conically
      tapered axle housing 14 such as is found on a large earthmoving truck or
      the like. A vehicle drive train 15 including a wheel hub 16 is rotatably
      supported on the axle housing axially outwardly of the brake arrangement
      by an antifriction bearing 18. The wheel hub includes an axially inwardly
      extending flange 20 with an external spline 22 thereon, and a radially
      outwardly extending flange 24 to which is secured a wheel rim arrangement
      generally identified by the reference numeral 26. As is apparent from the
      drawing, the wheel rim arrangement is secured to flange 24 by a plurality
      of circumferentially spaced lug bolts 28 and associated nuts 30. A tire 32
      is sealingly mounted on the wheel rim arrangement and upon screw
      threadably removing the nuts, the tire and wheel rim arrangement may be
      pulled axially outwardly as a unit from the lug bolts and the axle housing
      for servicing of the drive train in the usual manner.
PAR  The dual piston brake arrangement 10 includes an anchoring inner end plate
      34 which is removably secured to the mounting flange 12 of the axle
      housing 14 by a plurality of threaded studs 36 anchored to the end plate
      and extended axially inwardly through the flange for screw threaded
      receipt of a plurality of retaining nuts 38 thereon. Formed through the
      end plate are a cooling fluid inlet passage 40 amd an outlet passage 42
      which are respectively in communication with an inlet conduit 44 and an
      outlet conduit 46 for the purpose of normally continuously allowing the
      circulation of a cooling fluid through the brake arrangement by way of a
      fluid circulating apparatus 48. Further, the end plate has formed therein
      an outer counterbore 50 and an inner counterbore 52 disposed in axially
      outwardly facing piston-receiving relation, and a plurality of
      circumferentially spaced spring-receiving cavities 54 opening endwardly on
      the inner counterbore and in open communication with the outlet passage
      42.
PAR  The dual piston brake arrangement 10 also includes a centrally disposed
      cylindrical shell 56 having a plurality of internal teeth 58 formed
      therein which are disposed in substantial axial alignment with the outer
      counterbore 50 of the end plate 34. The shell extends axially outwardly in
      spanning relation between the inner end plate and an outer end plate 60,
      and in order to secure them together a plurality of elongated bolts 62 are
      inserted axially inwardly therethrough which are adapted to screw
      threadably receive a coresponding plurality of retaining nuts 64 thereon.
      In this manner the outer end plate is suitably anchored, to thereby
      provide an annular inwardly facing thrust surface 66 against which the
      brake arrangement is clamped.
PAR  The outer end plate 60 is also provided with a circular aperture 68
      centrally therethrough so that it may be spaced relatively radially
      closely to the external spline 22 of the wheel hub 16. However, a
      cylindrical connecting drum 70 having a plurality of cooling fluid access
      passages 71 radially therethrough still has sufficient clearance to extend
      axially inwardly through this aperture from a position wherein an internal
      spline 72 thereon is engaged with the external spline of the hub.
      Consequently, the connecting drum rotates with movement of the vehicle and
      has a plurality of external teeth 74 about the periphery thereof on which
      are keyed a plurality of brake discs 76. These discs are interleaved with
      a plurality of brake plates 78 which are similarly keyed to the internal
      teeth 58 of the shell 56.
PAR  The dual piston brake arrangement 10 of the present invention also includes
      a parking brake housing 82 which is secured tightly against the inner end
      plate 34, and thereby effectively to the axle housing 14, by a plurality
      of retaining bolts 84 inserted therethrough for screw threaded engagement
      with the end plate. An inwardly facing, annular step 86 is formed about
      the periphery thereof, and a piston retaining and aligning dowel 88 is
      rigidly mounted for axially inward extension therefrom.
PAR  Actuation of the dual piston brake arrangement 10 is accomplished by axial
      reciprocating movement of an annular service brake piston 90 and an
      annular secondary or parking brake piston 92 telescopically nested
      radially within it. The inner parking brake piston is normally disengaged,
      or disposed to the right of its position in the drawing, but is
      selectively or automatically actuated for either parking or emergency
      braking purposes as will hereinafter be described. The parking brake
      piston is axially reciprocably and nonrotatably secured to the parking
      brake housing 82 by the guiding and aligning dowel 88, and includes a
      plurality of spring-receiving cavities 94 opening axially inwardly thereof
      and a plurality of guide-receiving bores 96. Further, it includes an
      axially outwardly facing counterbore 98 which cooperates with the annular
      step 86 of the parking brake housing 82 in such a manner as to define a
      fluid retractor or sealed parking brake actuation chamber 100
      therebetween. A pair of seal ring assemblies 102 define the radially outer
      and inner limits of this actuating chamber, and fluid pressure is
      delivered thereto from a brake control system 104 by way of an
      interconnecting conduit 106 and an internal passage 108. Pressurization of
      the chamber normally positions the parking brake piston 92 axially to the
      right when viewing the drawing against the opposition of a plurality of
      relatively high capacity compression springs 110. These compression
      springs are substantially equally circumferentially spaced around the
      periphery of the brake arrangement, and are seated intermediate the
      cavities 54 and 94 on a common spring pitch circle 112 having a relatively
      large radius.
PAR  As mentioned generally above, the service brake piston 90 is arranged in
      telescopingly compact and radially aligned relation outwardly of the
      secondary or parking brake piston 92. More particularly, it includes an
      inner counterbore 114 and a seal ring groove 115 opening thereon, and an
      outer counterbore 116 adapted to axially receive the secondary brake
      piston reciprocably therein. It further has around its periphery an
      inwardly facing, annular step 118 which effectively cooperates with the
      counterbores 50 and 52 of the inner end plate 34 to define a fluid
      actuator or sealed service brake actuation chamber 120 therebetween with
      the aid of a pair of seal ring assemblies 122. Such seal ring assemblies
      define the radially outer and inner limits of this actuation chamber, and
      it is to be noted that the outer limit thereof is substantially axially
      aligned with the internal teeth 58 of the shell 56. Fluid pressure is
      selectively delivered to this actuation chamber through an internal
      passage 124 and an interconnected conduit 126 leading to the brake control
      system 104. With pressurization thereof, the service brake piston moves
      axially outwardly or to the left when viewing the drawing to compress the
      brake discs 76 and the brake plates 78 against the thrust surface 66.
      Thus, the discs and plates are frictionally clamped against each other for
      selective holding engagement of the connecting drum 70 and the vehicle
      drive train 15.
PAR  As is apparent from the drawing, a plurality of shouldered guide pins 128
      are removably secured to the service brake piston 90 so that they
      individually extend freely slidably through the bores 96 in the secondary
      brake piston 92. In this manner, relative axial movement of the two
      pistons is permitted, while the relative rotation thereof is prevented.
      Each of these pins also guidably entraps a relatively light capacity
      retraction spring 130 thereon for the purpose of retracting the service
      brake piston in the absence of pressure fluid in the actuation chamber
      120.
PAR  In accordance with the present invention, the dual piston brake arrangement
      10 is fully peripherally cooled by the circulation of cooling fluid from
      the fluid circulating apparatus 48, the inlet conduit 44, and the inlet
      passage 40 communicating with a centrally disposed internal chamber 132.
      Because of the relative rotary motion between the wheel hub 16 and the
      axle housing 14, and members secured thereto, an annular internal seal
      arrangement 134 and an annular external seal arrangement 136 are required.
      The internal seal arrangement is generally disposed between an adapter
      member 138 secured to the axle housing 14 and the rotatable connecting
      drum 70, while the external seal arrangement is sealingly disposed between
      the outer end plate 60 and another adapter member 140 secured to the wheel
      hub 16.
PAR  More particularly, the present invention provides an annular lip-type seal
      ring 142 of glass fiber filled polytetrafluoroethylene or comparable
      resilient material which is mounted in the groove 115 of the service brake
      piston 90 in radially sealing relation against the parking brake piston
      92. In this way the clearance between the service brake piston and the
      parking brake piston is effectively sealed to prevent the aforementioned
      cooling fluid from passing radially outwardly therebetween in bypassing
      relation with respect to the brake discs 76 and brake plates 78. Such
      lip-type seal ring has a relatively low coefficient of friction and the
      ability to remain resilient over a wide range of operating temperatures.
      Further, it is oil resistant and adaptable to a relatively wide range of
      diametrical dimensions and eccentricity tolerances which may normally
      occur in the manufacturing of the pistons.
PAR  For the purpose of allowing cooling fluid egress, the present invention
      further provides a plurality of equally circumferentially spaced, flow
      directing passages 144 through the periphery of the service brake piston
      90. These radially inwardly inclined or convergingly oriented passages
      communicate with an annular spring chamber 146 through a radial gap 148
      defined radially between the periphery of the parking brake piston 92 and
      the counterbore 116 of the service brake piston 90. Subsequently, fluid
      egress from the chamber is by way of the outlet passage 42, the outlet
      conduit 46, and the fluid circulating apparatus 48.
PAC  OPERATION
PAR  While the operation of the present invention is believed clearly apparent
      from the foregoing description, further amplification will subsequently be
      made in the following brief summary of such operation. As shown in the
      drawing, the service brake piston 90 and the parking brake piston 92 are
      disposed to the left when no fluid pressure is present in either of the
      service brake or parking brake actuation chambers 120 or 100,
      respectively. This condition corresponds to either a vehicle parking or an
      emergency braking condition, wherein the compression springs 110 apply a
      substantial load axially outwardly against the parking brake piston to
      urge it abuttingly against the service brake piston. In turn, the leftward
      force of the service brake piston serves to compress the interleaved brake
      discs 76 and brake plate 78 against the thrust surface 66 of the outer end
      plate 60, and to thereby effectively secure the connecting drum 70, the
      wheel hub 16 and wheel rim arrangement 26 to the axle housing 14 for
      braking thereof.
PAR  To allow vehicle movement, however, pressurized fluid is communicated from
      the control system 104 to the parking brake actuation chamber 100 via the
      conduit 106 and the passage 108 for fully retracting the parking brake
      piston 92 and thereby overcoming the loading of the compression springs
      110. In the absence of any operating pressure in the service brake
      actuation chamber 120, the axially inward or rightward movement of the
      parking brake piston also serves to retract the service brake piston
      because of the action of the additionally axially compressed retraction
      springs 130.
PAR  In accordance with operator demand, service braking is thereafter achieved
      by selectively modulating fluid delivery from the brake control system
      104, the conduit 126, and the passage 124 to the service brake actuation
      chamber 120. This moves the service brake piston 90 axially outwardly, in
      longitudinally spaced relation away from the retracted parking brake
      piston 92, to selectively clamp the interleaved brake discs 76 and brake
      plates 78 together with the desired force. In this way a holding force is
      applied to the wheel hub 16 and wheel rim arrangement 26 to retard or stop
      the vehicle. Reference is herein made to the aforementioned U.S. patent
      application Ser. No. 522,390 for supplementary operational details of such
      annular dual piston brake arrangement.
PAR  In accordance with the present invention, cooling fluid is continually
      circulated at a rate of approximately 75 gpm (4.7 liters per sec.) by the
      fluid circulating apparatus 48 in a generally counterclockwise manner when
      viewing the drawing as shown by the arrows. Cooling fluid ingress is by
      way of the conduit 44 and the passage 40 to the internal chamber 132. From
      this collecting chamber the fluid at a relatively low effective pressure
      of approximately 20 psi (1.4 Kg per sq. cm.) passes radially outwardly
      through the passages 71 in the connecting drum 70 to impinge upon and cool
      the brake discs 76 and the brake plates 78, as well as the service brake
      piston 90. Although not shown, it should be understood that these discs
      and/or plates are provided with a plurality of conventional surface
      grooves which permit cooling fluid flow therethrough even though they are
      tightly pressed together. Beneficially, the lip-type seal ring 142 between
      the service brake piston and parking brake piston 92 prevents this cooling
      fluid from passing radially outwardly therebetween and assures flow solely
      through the interleaved brake discs and plates.
PAR  In keeping with one of the principal objects of the invention, the egress
      path of this cooling fluid is accomplished by allowing it to flow axially
      and radially obliquely inwardly through the flow-directing passages 144 in
      the service brake piston 90. Cooling fluid egress thereafter continues
      substantially axially through the annular gap 148, the spring chamber 146,
      the outlet passage 42, and the outlet conduit 46 to return to the fluid
      circulating apparatus 48 to complete the egress path routing thereof. It
      is important to note that fluid egress by way of the inclined passages 144
      in the service brake piston permits the service brake actuation chamber
      120 to be disposed radially outwardly a relatively maximum permissible
      amount. In this way the radially outer and inner limits thereof,
      corresponding to the disposition of the seal ring assemblies 122, are a
      maximum so that less pressure is needed in the actuation chamber to
      achieve a particular force on the piston. A further advantage of this
      radially outward chamber location is that the spring pitch circle 112 can
      also be at a larger radius. This enables a greater number of springs to be
      positioned equally around the pitch circle, so that to provide a
      predetermined maximum force on the parking brake piston 92 a savings in
      axial length and/or spring size can be effected.
PAR  Therefore, it is apparent that the dual piston brake arrangement 10 of the
      present invention provides a telescopically related arrangement of the
      annular service brake piston 90 and the annular parking brake piston 92
      with an improved cooling circuit therefor which permits the service
      braking piston actuation chamber 120 and the greater number of compression
      springs 110 to be disposed radially outwardly at a maximum radius for
      improved compactness. Maximum use of available space within the vehicle
      wheel rim arrangement 26 is coupled with the substantial axial alignment
      of these springs with the brake pistons for high capacity engagement
      thereof.
PAR  While the invention has been described and shown with particular reference
      to a preferred embodiment, it is apparent that variations might be
      possible that would fall within the scope of the present invention, which
      is not intended to be limited except as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An annular dual piston brake arrangement for selective holding
      engagement of a rotatable member of a drive train, having an annular
      braking surface thereon, comprising;
PA1  a support structure;
PA1  an annular service brake piston axially reciprocably and nonrotatably
      mounted within said support structure including fluid passage means
      therethrough;
PA1  actuating means for biasing said annular service brake piston
      concentrically toward a brake holding position with respect to the annular
      braking surface of such rotatable member;
PA1  an annular secondary brake piston axially reciprocably and nonrotatably
      mounted within said support structure and in substantially radially
      aligned compact relation within said service brake piston for telescopic
      selective movement from an abutting to a separated condition therefrom;
      and
PA1  fluid circulating means for delivering a fluid radially outwardly toward
      said rotatable member and said service brake piston for cooling thereof
      and subsequently along an egress path including flow of said fluid through
      said fluid passage means in said service brake piston.
NUM  2.
PAR  2. The dual piston brake arrangement of claim 1 including seal means
      disposed intermediate said service brake piston and said secondary brake
      piston for preventing the radially outwardly flowing cooling fluid from
      escaping therebetween and bypassing cooling of said rotatable member.
NUM  3.
PAR  3. The dual piston brake arrangement of claim 2 wherein said service brake
      piston includes an axially inwardly open counterbore, and said secondary
      brake piston is positioned axially within said counterbore, and said seal
      means includes an annular seal ring cooperatively disposed therebetween.
NUM  4.
PAR  4. The dual piston brake arrangement of claim 3 wherein said service brake
      piston further defines an internal groove opening radially inwardly on
      said counterbore and said annular seal ring is a lip-type seal ring
      disposed in said groove for facing engagement against said peripheral
      surface of said secondary brake piston.
NUM  5.
PAR  5. The dual piston brake arangement of claim 4 wherein said lip-type seal
      ring is made of glass fiber filled polytetrafluoroethylene.
NUM  6.
PAR  6. A dual piston brake arrangement for selective holding engagement of a
      rotatable member of a drive train, comprising;
PA1  a support structure;
PA1  an annular service brake piston axially reciprocably and nonrotatably
      mounted within said support structure including a plurality of fluid flow
      directing passages therethrough;
PA1  fluid actuating means for biasing said service brake piston concentrically
      toward a brake holding position with respect to such rotatable member;
PA1  an annular secondary brake piston axially reciprocably and nonrotatably
      mounted within said support structure in substantially radially aligned
      relation within said service brake piston for axially telescopic selective
      movement from an abutting to a separated condition therefrom;
PA1  spring engagement means acting upon said support structure for biasing said
      secondary brake piston directly axially against said service brake piston;
PA1  fluid retracting means for holding said secondary brake piston in a
      disengaged condition in overcoming relation with respect to said spring
      engagement means;
PA1  seal means intermediate said support structure, said service brake piston
      and said secondary brake piston serving to define a spring chamber
      therebetween; and
PA1  a fluid circulating apparatus for delivering a fluid radially outwardly
      toward said rotatable member for cooling thereof and subsequently along an
      egress path including flow of said fluid through said plurality of fluid
      flow directing passages in said service brake piston and through said
      spring chamber.
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ABST
PAL  A vehicle brake having a plurality of elongated, laterally supported
      friction members for engagement with the brake wheel. An adjustable
      actuating mechanism engages the members and includes a screw surrounded by
      a guide tube of friction material which engages the wheel.
PARN
PAR  This application is a division of application Ser. No. 430,692, filed Jan.
      4, 1974.
BSUM
PAR  This invention relates to vehicle brakes.
PAR  There is a limit to the braking power which can be applied to a brake
      rotor, above which premature failure of the rotor is caused by thermal
      crazing.
PAR  All brake pad or friction element materials expand when heated and, since
      these materials are not of an homogeneous nature localised high spots are
      frequently formed due to some regions of the friction surface of the pad
      swelling. The braking force, or clamp load, then becomes concentrated in
      these regions, to produce a very high concentration of applied braking
      power to the zones of the rotor rubbed by the high spots; with a
      consequential rapid increase of temperature in such zones leading to the
      production of "fire bands". At high temperatures, rapid wear of the
      friction material takes place usually resulting in another high spot
      developing at another zone of the rubbed surface. This all results in the
      surface layers of the rotor being rapidly heat cycled through wide
      temperature ranges while the bulk of the rotor remains at a relatively low
      temperature. It is this rapidly repeated, high temperature heat cycling of
      the surface layers, and the thermal stresses resulting therefrom, which
      eventually results in thermal crazing and destruction of the rubbed
      surface.
PAR  The problem is accentuated in high energy, low torque braking arrangements
      such as are found in railway vehicle brakes, for a number of reasons:
PA0  A. The long braking periods cause steep temperature gradients which
      penetrate deep into the rubbed surface to propogate cracking;
PA0  B. large pad volumes are required to give a useful working life when large
      quantities of energy are dissipated;
PA0  C. large volumes are conventionally obtained by providing large pad areas,
      resulting in low clamp stresses, but this does not discourage the
      formation of high spots, due to failure of the friction material to
      conform elastically to the rubbed surfaces;
PA0  D. the use of softer materials to encourage the dispersion of high spots at
      a lower braking temperature entails an even larger volume, and hence area,
      to provide a useful pad life:
PA0  E. the larger the pad area the more difficult it is to ensure even
      distribution of the clamp load.
PAR  Thus, there are the requirements of generating high clamp stresses to
      discourage the formation or maintenance of high spots and providing a
      large friction element volume to give a useful working life.
PAR  One form of known brake comprises a plurality of friction elements arranged
      to engage a brake rotor, an actuating mechanism operable to apply the
      friction members to the rotor, and a support arrangement supporting the
      friction members close to the rotor-engaging ends for transmitting drag
      forces to the brake structure.
PAR  The known brake goes some of the way in meeting the requirements in that by
      providing a plurality of the friction members they each have a reduced
      rotor-engaging area to generate higher clamp stresses. However, the length
      of each friction element is limited and is much less than the lateral
      dimension of the element, so that the useful working life of each element
      is limited.
PAR  The present invention aims at meeting both of the above mentioned
      requirements and provides a vehicle brake comprising a plurality of
      friction members, each of elongated form, which are supported laterally
      close to their rotor engaging ends by means which transmit drag forces to
      the brake structure, and an actuating mechanism operable to apply the
      members to the rotor, the said mechanism being disposed at least partially
      alongside the friction members.
PAR  The use of a number of elongated friction elements or members enables the
      rotor-engaging areas of the elements to be reduced, with the result that
      there is less likelihood of the formation of high spots, and by arranging
      the actuating mechanism alongside the elements, rather than at the ends of
      the elements, as in known brakes, we avoid any undue increase in the
      overall length of the brake assembly.
PAR  In one constructional form of the invention described below, one brake
      structure is arranged to span substantially the full width between the
      wheels of a wheel set, in a manner permitting the use of very long
      friction members.
DRWD
PAR  One form of railway vehicle brake in accordance with the invention will now
      be described, by way of example, with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is an axial cross-section, on the line BB of FIG. 2;
PAR  FIG. 2 is an axial section on the line CC of FIG. 1;
PAR  FIG. 3 is a part section on the line AA in FIG. 2;
PAR  FIG. 4 is a cross-section on the line DD of FIG. 2;
PAR  FIG. 5 is a cross-section on the line EE of FIG. 2;
PAR  FIG. 6 is a section on the line FF of FIG. 2; and
PAR  FIG. 7 is a section on the line GG of FIG. 2.
DETD
PAR  The brake construction illustrated comprises a main casing 1 shown here as
      of integral construction but which may alternatively be made in separate
      axial sections. The casing extends substantially the full length of an
      axle, terminating close to the inner faces of the wheels 7; the inner
      faces of which act as braking surfaces. The casing 1 is supported against
      drag forces generated during braking, but has a degree of axial or "end"
      float to accommodate wheel set end float.
PAR  The brake pads of the brake are constituted by elongated members 2 of
      friction material which are supported in slots 3 in the casing for
      movement axially thereof and project through apertures 6 at the adjacent
      outer end wall of the casing, close to the braking surfaces of the
      adjacent wheel. In use, the elongated members 2 are forced outwardly of
      the casing into braking engagement with the wheel 7, the drag forces being
      transmitted to the side edges 5 of apertures 6 and thus to the casing, so
      that only a short unsupported length of each member 2 is subjected to
      bending due to the drag forces.
PAR  The inner end of each member 2 is supported by a metal cap 8, preferably
      having a pre-stressed resilient means, such as a pair of belleville
      washers 11 through which braking forces are transmitted to the cap 8 and
      member 2 by a beam 9 which acts on all of the caps 8. The resilient means
      11 serve to equalise or compensate the forces transmitted by the beam 9 to
      the caps 8 and friction members 2. The beam 9 is keyed against rotation by
      engagement in the axial slots 3, and is screwed on to an adjuster screw
      10, extends outwardly through a protective guide tube 19. The outer end of
      the screw 10 carries a sealed piston 20 which prevents the ingress of
      dirt. The tube 19 may be of friction material or other expendible material
      which is progressively worn away by abrasion from the wheel 7, as wear of
      the members 2 occurs and is compensated in a manner to be described in
      detail below.
PAR  The inner end of the screw 10 is journalled into a blind bore in the
      adjacent end of a roller-tappet of a wedge-expander 12, located at the
      mid-point of the casing 1, i.e. approximately on the longitudinal
      centre-line of the vehicle. The other roller-tappet of the expander acts
      on a corresponding screw 10 (not shown) for the other wheel 7 of the wheel
      set.
PAR  Actuation of the wedge expander causes both tappets to move outwardly and
      to act on the respective screws 10, beams 9 and friction members 2, the
      outer ends of which are thus applied to the inner, braking surfaces of the
      wheels 7.
PAR  Although a highly wear resistant material is preferably employed for the
      members 2, they will, of course, wear progressively, and this wear must be
      compensated. Accordingly, there is provided an automatic slack-adjuster,
      best illustrated in FIGS. 2, 6 and 7, comprising a pawl 13 carried by the
      actuator wedge, co-operating with a ratchet wheel 14 mounted on a spindle
      15, the outer ends of which are provided with or formed as pinions meshing
      with gear wheels 18 carried by the respective adjuster screws 10. These
      screws are of opposite hand so that rotation of the spindle 15 in one
      direction will effect movement in opposite directions of the respective
      beams 9.
PAR  The pawl becomes effective to rotate the ratchet on any actuating stroke of
      the wedge in excess of the distance X (FIG. 7) by one tooth pitch of the
      ratchet wheel, reverse rotation of the ratchet being prevented by a stop
      pawl 16. The distance X is calculated to allow for normal brake
      clearances, lost motion and structural deflection.
PAR  Suitable provision is made, in any convenient known manner, for protecting
      the slack adjuster components against excessive operating loads, such as
      resilient means for storing energy to effect adjustment on the return
      stroke (rather than the actuating stroke), or a frictional clutch means
      which slips under excessive loads.
PAR  FIG. 2 illustrates, at 9A, the position of beam 9 in the "fully worn"
      condition of the friction members 2, the end of the casing serving to
      protect the wheel 7 from damage by any components within the casing.
PAR  In the arrangement illustrated, each of the friction members 2 is arranged
      to engage the whole swept path of the braking surface of wheel 7.
      Nevertheless, the operative area of each friction member is small so that
      the problems created by localised high spots is greatly reduced. The
      volume of the friction material is large, to provide a good wear volume
      and yet the stresses set up by drag forces are contained within acceptable
      limits by support of the members close to the braking surface.
PAR  The problem of localised high-spots can be mitigated still further, if
      desired, by employing a larger number of individual friction members, some
      of which engage an inner annular zone of the swept area while the rest
      engage an outer annular zone.
PAR  Advantages also accrue from using the wheel as the brake rotor by virtue of
      the large heat sink effect of the wheel, and the large swept area which is
      obtainable near the rim of the wheel.
PAR  Installation of a brake construction as described above presents no special
      problems. The brake is readily adapted for mounting on standardised
      bogies, either using the normal mounting slots or existing, alternative
      brake hanger points.
PAR  Another advantage of the construction resides in the fact that, since the
      friction members are of small cross-section, the heat curing of the
      organic materials used in the members is greatly facilitated.
CLMS
STM  I claim:
NUM  1.
PAR  1. A brake for engagement with a rotor, comprising friction material
      engageable with said rotor, and adjusting means for adjusting the position
      of said friction material relative to said rotor to compensate for wear of
      said friction material, said adjusting means comprising an elongate screw
      member, screw threaded means associated therewith, said screw-threaded
      means being movable forwardly towards one end of said screw member to
      adjust the position of said friction material relative to said rotor, and
      destructible thread protecting means surrounding a forward portion of the
      thread of said screw member on to which said screw-threaded means passes
      during adjustment, whereby said protecting means is progressively
      destroyed as said screw-threaded means passes along said screw member,
      said forward thread portion being at all times protected by said
      protecting means.
NUM  2.
PAR  2. A brake according to claim 1, wherein said thread protecting means is
      engageable with and progressively worn away by said rotor as said screw
      threaded means passes along said screw member.
NUM  3.
PAR  3. A brake according to claim 1, wherein said thread protecting means
      comprises a sleeve surrounding said forward thread portion, said sleeve
      having one of its ends engageable with said rotor and the other of its
      ends connected to said screw-threaded means.
NUM  4.
PAR  4. A brake according to claim 3, wherein said end of said sleeve adjacent
      said rotor is laterally supported against drag forces.
NUM  5.
PAR  5. A brake according to claim 1, wherein said screw member extends at least
      partially alongside said friction material.
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ABST
PAL  The application relates to a steering knuckle assembly of the type utilized
      for supporting the steerable wheel of an automotive vehicle. Two
      embodiments of the steering knuckle assembly are disclosed and both
      comprise an integral metal housing formed from metal plate. The housing
      has a front extending between a top and a bottom and includes flanges
      extending rearwardly from the front along the sides and top and bottom.
      The housing includes an actuator opening in which a hydraulic actuator is
      disposed. A wheel support is disposed in the front of the housing. The
      wheel support in the first embodiment comprises a flange for rotatably
      supporting a driven axle. The wheel support in the second embodiment
      includes a spindle for rotatably supporting a wheel. Both embodiments
      include a floating rotor defining a disk which is disposed between a pair
      of brake shoes, one of which is supported by an abutment connected to the
      housing and the other of which is movably supported on the housing for
      movement by the actuator. Each rotor disc comprise first and second
      members, the first of which is L-shaped in cross section and the second of
      which is U-shaped in cross section. The members are connected so as to
      define an inner space.
PARN
PAC  RELATED APPLICATION
PAR  This application discloses subject matter relating to a steering knuckle
      assembly which is claimed in applicant's copending application Ser. No.
      519,522 filed on Oct. 31, 1974 and assigned to the assignee of the subject
      application.
BSUM
PAR  This invention relates to a disc brake rotor assembly of the type disposed
      in a brake assembly to be engaged by friction surfaces to retard its
      rotation.
PAR  Typically, prior art rotor discs have been made by casting. Exemplary of a
      prior art rotor disc is that shown in U.S. Pat. No. 2,940,548. The instant
      invention takes advantage of sheet steel which can be formed to almost any
      configuration as full advantage is taken to use it in easily stamped or
      cold form shapes.
PAR  The subject invention is exemplified by two embodiments of a rotor disc,
      each of which is shown in a different embodiment of a steering knuckle
      assembly. Each rotor disc is a floating rotor disc in that it may move
      axially. Each rotor disc comprises first and second members, the first of
      which is L-shaped in cross section and the second of which is U-shaped in
      cross section with the members connected so as to define a space
      therebetween.
DRWD
PAR  Other advantages of the present invention will be readily appreciated as
      the same becomes better understood by reference to the following detailed
      description when considered in connection with the accompanying drawings
      wherein:
PAR  FIG. 1 is an exploded perspective view of a first embodiment of the subject
      invention;
PAR  FIG. 2 is a fragmentary cross-sectional view of the first embodiment of the
      subject invention;
PAR  FIG. 3 is an exploded cross-sectional view of the disc brake rotor utilized
      in the first embodiment;
PAR  FIG. 4 is a cross-sectional view of the disc brake rotor utilized in the
      first embodiment;
PAR  FIG. 5 is a fragmentary perspective view of the knuckle housing utilized in
      the first embodiment;
PAR  FIG. 6 is an exploded perspective view partially in cross section of a
      second embodiment of the subject invention;
PAR  FIG. 7 is a fragmentary cross-sectional view of the embodiment shown in
      FIG. 6;
PAR  FIG. 8 is a fragmentary perspective view of the housing of the embodiment
      of FIGS. 6 and 7; and
PAR  FIG. 9 is a side view of one-half of the disc brake rotor utilized in the
      embodiment of FIGS. 6 and 7.
DETD
PAR  The embodiment of the steering knuckle assembly of FIGS. 1 through 5
      includes an integral metal housing 10 formed of metal plate preferably in
      the form of stamped 1/4 inch 1008 hot rolled sheet steel. The housing 10
      has a top flange 12 and a bottom flange 14 with a front 16 extending
      therebetween. The housing 10 includes an actuator opening 18 which extends
      therethrough and receives an actuator assembly generally indicated at 20.
      The actuator assembly 20 includes a cup-shaped casing 21 surrounding a
      hydraulically actuated piston. The casing is welded to the knuckle housing
      10 in the opening 18. The actuator assembly 20 reinforces the knuckle
      housing 10 and actuates the disc brakes, as will be more clear
      hereinafter. An arm 22 extends from the actuator assembly 20 for actuating
      the parking brake upon movement thereof. One of various actuator
      assemblies may be utilized in the opening 18 and the specifics of the
      actuator assembly 20 form no part of this invention.
PAR  The knuckle housing 10 includes integral flanges extending rearwardly from
      the periphery of the front 16 to define the sides 24 which extend between
      the top 12 and the bottom 14. Thus, the knuckle housing 10 includes
      flanges extending completely about the periphery of the front 16.
PAR  Also included is a wheel supporting means generally shown at 26. The wheel
      supporting means 26 is spaced vertically below the actuator opening 18.
      The wheel supporting means 26 includes a wheel support opening 28
      extending through the front 16 and cylindrical means defined by the
      cylindrical flange 30 and tubular member 32, both of which extend
      forwardly from the periphery of the wheel support opening 28. Bearing
      means defined by the bearing assemblies 34 and 36 are disposed within the
      tubular member 32. The bearing assemblies 34 and 36 are separated by a
      seal and a snapring, both of which are indicated at 37. Also included is a
      drive axle means comprising the hub 38 which is rotatably supported by the
      bearings 34 and 36 and is in splined engagement with the drive member 40.
      The hub 38 includes a wheel supporting flange having studs 42 for
      connection to a wheel 44 which, in turn, supports a tire 46.
PAR  The studs 42 also support a generally cup-shaped rotor drive member or
      rotor carrier 48. The rotor drive member or rotor carrier 48 may be held
      on the studs 42 by head retaining screws so that the rotor carrier 48
      remains in place when the wheel 44 is removed from the studs 42, although
      the rotor carrier 48 may be removed from the studs 42 when desired. The
      rotor drive member or rotor carrier 48 is in driving connection with an
      annular rotor disc generally indicated at 50. The rotor disc 50 will be
      explained in more detail hereinafter.
PAR  The housing 10 includes brake shoe supporting means comprising the tabs 52
      disposed on the front 16 of the housing and on either side of the actuator
      opening 18. The tabs 52 are struck out of the front 16 of the housing 10
      so as to extend perpendicularly from the front 16 of the housing. Floating
      brake shoe means generally shown at 54 is included for engaging one side
      of the rotor disc 50. The brake shoe means 54 includes a backing plate 56
      and a pad 58 of any one of various well known friction materials. The pad
      58 is connected to the plate 56 by rivets, or the like. Also included are
      the guide means comprising the ears 60 extending from opposite ends of the
      backing plate 56 of the floating brake shoe means for sliding engagement
      with the tabs 52 of the brake shoe supporting means for allowing
      horizontal movement of the floating brake shoe means 54 toward and away
      from the front 16 of the housing 10. The ears 60 have slots therein so
      that the tabs 52 are disposed in the slots for movably supporting the
      floating brake shoe means 54.
PAR  A support flange 62 extends radially from the distal end of the cylindrical
      means 32. The flange 62 has four holes extending therethrough for
      receiving fasteners 65 for attaching a brake shoe abutment member 64
      thereto thereby rigidly connecting the abutment member 64 to the housing
      10. The brake shoe abutment 64 includes a brake shoe supporting surface or
      plate portion 66 which, in turn, supports a brake pad 68 by rivets or the
      like. The fastener means 65 connect the abutment member 64 to the housing
      while allowing disconnection of the abutment member 64 from the housing
      for maintenance or replacing the brake pads 58 and 68.
PAR  The floating brake shoe means 54 extends over or diametrically across the
      actuator assembly 20 so that upon actuation of the actuator assembly 20,
      floating brake shoe means 54 moves toward the annular rotor disc 50 and
      toward the brake pad 68 and supporting surface 66.
PAR  The annular rotor disc 50 extends about the cylindrical wheel support means
      26 and is disposed axially between the brake shoe abutment member 64 and
      the floating brake shoe means 54. There is also included a floating
      connection means interconnecting the rotor disc 50 and the rotor drive
      member 48 for joint rotation while allowing axial movement of the rotor
      disc 50 relative to the rotor drive member 48.
PAR  The rotor disc 50 includes a first disc member 70 and a second disc member
      72. The first disc member 70 is an integral stamped metal member having an
      annular configuration defining an inner diameter and an outer diameter.
      The first disc member 70 is L-shaped in cross section, as best seen in
      FIGS. 3 and 4, with the long leg 73 of the L-shape extending radially and
      the short leg 74 of the L-shape extending axially from the inner diameter
      of the member 70. The second disc member 72 is an integral stamped metal
      member having an annular configuration defining an inner diameter and an
      outer diameter and having a generally U-shaped configuration in cross
      section. The base 75 of the U-shape extends radially with a first leg 76
      extending axially from the outer diameter and a second leg 77 of the shape
      extending axially from the inner diameter. The legs 76 and 77 engage the
      first disc member 70 for axially spacing the radially extending base 75 of
      the second disc member 72 from the radially extending leg 73 of the first
      disc member 70. The axially extending legs 76 and 77 of the second disc
      member 72 and the axially extending short leg 74 of the first disc member
      70 have openings 78, 79 and 80 respectively extending radially
      therethrough for air to circulate between the radially extending base 75
      of the second disc member 72 and the radially extending leg 73 of the
      first disc member 70. The openings 78 in the leg 77 of the second disc
      member 72 are aligned with the openings 80 in the short leg 74 of the
      first disc member 70 so as to define openings extending radially through
      the inner diameter of the rotor disc 50. The first leg 76 of the second
      disc member 72 has its distal end in abutment with the inner radial
      surface of the radially extending leg 73 of the first disc member 70. As
      best illustrated in FIG. 1, the openings 79 in the first leg 76 of the
      second disc member 72 are defined by cirumferentially extending slots
      which extend axially through the radially extending base 75 of the second
      disc member 72 and axially through the radially extending leg 73 of the
      first disc member 70 thereby defining radially extending lugs 82 between
      the slots 79, as best seen in FIG. 1. Preferably, the two rotor disc
      members 70 and 72 are stamped from 1040 steel with the braking surface on
      the outer radial surfaces of the legs 73 and 75 ground to a 20 to 80 micro
      inch finish.
PAR  The rotor drive member 48 is generally cup-shaped to include an axially
      extending circular flange with recesses 84 therein. The lugs 82 are
      slidably disposed in the recesses 84 whereby the rotor disc 50 floats and
      is axially movable to compensate for wear, etc., of the brake pads 58 and
      68.
PAR  The short leg 74 of the first disc member 70 extends axially from the inner
      diameter thereof and is disposed immediately radially outwardly of the
      second leg 77 of the second disc member 72. More specifically, the short
      leg 74 is in radially abutting engagement with the leg 77. Preferably the
      leg 74 is press-fitted radially against the leg 77 and thereafter the disc
      members 70 and 72 are welded together at the inner and outer diameters
      thereof.
PAR  The housing 10 also includes arm support means for connection to a steering
      arm 86. The arm support means includes openings extending through the side
      flanges 24 for receiving a steering arm 86 from either side of the housing
      10. A spacer means defined by a block 87 is disposed between and engages
      the side flanges 24 of the housing for receiving the steering arm 86.
PAR  The spacer block 87 is preferably welded in position and reinforces or
      forms a reinforcing box section in the housing between the side flanges 24
      and the front 16. The spacer block 87 is keyed and may receive a steering
      arm from either side.
PAR  The front 16 of the housing 10 is wider from side to side 24 at the
      vertical position of the actuator opening 18 than at the vertical position
      of the arm support means, i.e., the spacer block 87. The wider portion of
      the housing 10 is adjacent the bottom thereof and the front of the housing
      has a lower portion defining the wider area, which wider portion includes
      the actuator opening 18 and the wheel support means 26. The front also
      includes an upper and narrower portion extending rearwardly and then
      upwardly from the upper extremity of the lower portion. Thus, the upper
      portion defines a generally L-shaped portion of the housing 10 extending
      from the lower wider portion. The actuator assembly 20, when welded into
      the actuator opening 18, reinforces the housing and the housing is also
      reinforced by the spacer block 87 in the L-shaped upper portion.
PAR  A very important feature of the assembly, as best illustrated in FIG. 1, is
      that the housing 10 and associated components, absent the steering arm 86,
      are symmetrical on either side of a center line passing from the top to
      the bottom thereof. This means that only one assembly need be produced for
      either the left or right hand or side of an automotive vehicle. In other
      words, the assembly is single handed and a steering arm such as 86 is
      inserted from either side of the housing, depending upon which side of the
      vehicle the housing is to be utilized.
PAR  There is also included steering support means comprising the bosses 88 and
      89 in the top and bottom flanges 12 and 14 respectively for rotatably
      supporting the housing 10. The bosses 88 and 89 are pin bosses for
      receiving a ball joint mount, such as that generally indicated at 90 in
      FIG. 2, for supporting the assembly for steering, as a steering force is
      applied to the steering arm 86. The bosses 88 and 89 are preferably welded
      to the flanges 12 and 14.
PAR  A bracket 92 is attached to the housing for supporting a hydraulic line 94
      which leads to the actuator assembly 20 for actuation thereof by the
      supply of hydraulic fluid thereto.
PAR  As will be appreciated, the assembly is very compact, lightweight and
      easily maintained. In the event of wear of the brake pads 58 and 68, the
      nuts on the studs 42 are removed to remove the wheel 44 and thereafter to
      remove the rotor drive member or rotor carrier 48. The fasteners 65 may be
      removed to remove the abutment member 64 whereupon the rotor 50 and the
      floating brake shoe 54 are easily removed.
PAR  The embodiment of the steering knuckle assembly of FIGS. 6 through 9
      includes a integral metal housing 110 formed of metal plate preferably in
      the form of a stamped 5/16 inch 1008 hot rolled aluminum killed sheet
      steel. The housing 110 has a top flange 112 and a bottom flange 114 with a
      front 116 extending therebetween. The housing 110 includes an actuator
      opening 118 which extends therethrough and receives an actuator assembly
      generally indicated at 120. The actuator assembly 120 includes a
      cup-shaped casing 121 welded to the knuckle housing 110 in the opening
      118. The actuator assembly 120 reinforces the knuckle housing 110 and
      actuates the disc brakes, as will become more clear hereinafter. One of
      various actuator assemblies may be utilized and the specifics of the
      actuator assembly 120 form no part of this invention.
PAR  The knuckle housing 110 includes integral flanges extending rearwardly from
      the periphery of the front 116 to define the sides 124 which extend
      between the top 112 and the bottom 114 so that the knuckle housing 110
      includes flanges extending completely about the periphery of the front
      116.
PAR  Also included is a wheel supporting means generally shown at 126. The wheel
      supporting means 126 is spaced vertically below the actuator opening 118.
      The wheel supporting means 126 includes a wheel support opening 128
      extending through the front 116 and cylindrical means defined by the
      cylindrical flange 130 and tubular member 132. Flange 130 and tubular
      member 132 extend forwardly from the periphery of the wheel support
      opening 128. The wheel support means also includes a spindle 133 extending
      forwardly from the front 116 of the housing and rigidly secured in the
      opening 128 by the flange 130 and the tubular member 132. Bearing means
      defined by the bearing assemblies 134 and 136 are disposed on the spindle
      133. A hub means generally indicated at 138 is rotatably supported on the
      spindle 133 through the bearings 134 and 136. The hub means 138 includes a
      wheel supporting flange having studs 142 for connection to wheel 144. The
      hub member is defined by a flange element 145 welded to a tubular element
      146. A seal 135 is disposed about the spindle 133 adjacent the bearing
      assembly 134. Additionally, a spindle cap 137 frictionally engages the end
      of the hub 138 and surrounds a retaining nut which holds the assembly.
PAR  The tubular element 146 is splined at 147 for driving connection to the
      spline 148 of an annular rotor disc generally indicated at 150. The rotor
      disc 150 will be explained in more detail hereinafter.
PAR  The housing 110 includes brake shoe supporting means comprising the holes
      152 disposed on the front 116 of the housing and on either side of the
      actuator opening 118. The holes 152 are formed as the result of striking
      metal in the form of tabs out of the front 116 of the housing 110.
      Floating brake shoe means generally shown at 154 is included for engaging
      one side of the rotor disc 150. The brake shoe means 154 includes a
      floating backing plate 156 and a pad 158. The pad 158 may be made of any
      one of various well known friction materials suitable for use in braking
      systems, and may be connected to the plate 156 by rivets or the like. Also
      included are the guide means comprising the ears, tabs or male projections
      160 extending from opposite ends of the backing plate 156 in a direction
      perpendicular to the backing plate 156 for sliding engagement with the
      holes 152 of the brake shoe supporting means for allowing horizontal
      movement of the floating brake shoe means 154 toward and away from the
      front 116 of the housing 110.
PAR  The assembly also includes a brake shoe abutment member 162 which supports
      a brake pad 163 by rivets or the like. The abutment member 162 includes
      connecting flanges 164 at either end thereof for engaging the side flanges
      124 of the housing 110. The connecting flanges 164 and the side flanges
      124 have bores 165 extending therethrough. Fastener means defined by the
      elements 166 and the dow pin 167 extend through the bores 165 for rigidly
      connecting the abutment member 162 to the housing 110. The fastener means
      166 and 167 are in body engagement with the bores 165 to prevent movement
      of the abutment member 162 relative to the housing 110 and to place the
      fastener means 166 and 167 in shear in response to forces urging such
      relative movement. The bores 165 through which the dow pins 167 extend
      define a center of rotation of the abutment member 162 relative to the
      housing 110 when the actuator assembly is actuated to force the floating
      brake shoe means 154 against the rotor disc 150 to in turn apply force
      against the abutment member 162. It is important that the fasteners 166
      and 167 are in circumferentially radially binding engagement with the
      holes 165 so that the fasteners are placed in shear. The center defined by
      the dow pins 167 assures that the adjacent fasteners 166 are placed in
      shear. The fasteners 166 clamp the connecting flanges 164 to the side 124
      of the housing 110 but should they loosen they will remain in shear
      preventing any relative movement between the abutment member 162 and the
      housing 110.
PAR  The floating brake shoe means 154 extends over or diametrically across the
      actuator assembly 120 so that actuation of the actuator assembly 120 moves
      the floating brake shoe means 154 toward the annular rotor disc 150 and
      toward the brake pad 163 and the adjacent supporting surface on the
      abutment member 162. The annular rotor disc 150 is disposed about or
      around the cylindrical wheel support means 126 and is axially between the
      brake shoe abutment member 162 and the floating brake shoe means 154. The
      splines 147 and 148 define a floating connection means interconnecting the
      rotor disc 150 and the hub means 138 for joint rotation while allowing
      axial movement of the rotor 150 relative to the hub means 138.
PAR  The rotor disc 150 includes a first disc member 170 and a second disc
      member 172. The first disc member 170 is an integral stamped metal member
      having an annular configuration defining an inner diameter and an outer
      diameter. The first disc member 170 is L-shaped in cross section with the
      long leg 173 of the L-shape extending radially and the short leg 174 of
      the L-shape extending axially from the inner diameter of the member 170.
      The spline 148 is disposed within the short leg 174 and defines support
      means disposed radially inwardly for rotating the disc members.
PAR  The second disc member 172 is an integral stamped metal member having an
      annular configuration defining an inner diameter and an outer diameter and
      having a generally U-shaped configuration in cross section. The base 175
      of the U-shape extends radially with a first let 176 extending axially
      from the outer diameter and a second leg 177 of the U-shape extending
      axially from the inner diameter. The legs 176 and 177 engage the first
      disc member 170 for axially spacing the radially extending base 175 of the
      second disc member 172 from the radially extending leg 173 of the first
      disc member 170. The second leg 77 of the second disc member 172 also
      includes an integral portion or flange 178 in engagement with both legs
      173 and 174 of the first disc member 170. The axially extending leg 176 of
      the second disc member 172 has openings 179 therein and the leg 177 has
      openings 180 therein. Consequently, air may circulate between the radially
      extending base 175 of the second disc member 172 and the radially
      extending leg 173 of the first disc member 170.
PAR  The openings 180 preferably are made with a circular cutter cutting into
      the leg 177 at circumferentially spaced intervals. The first leg 176 of
      the second disc member 172 has its distal end in abutting engagement with
      the inner radial surface of the radially extending leg 173 of the first
      disc member 170. Preferably, the disc members are welded together at this
      abutment. Additionally, the inner end of the flange 178 is preferably
      press-fitted against the outer circumference of the leg 174 whereby the
      disc members are press-fitted together, although they are preferably also
      welded.
PAR  The housing 110 also includes arm support means for connection to a
      steering arm 186. The arm support means includes openings extending
      through the side flanges 124 for receiving a steering arm 186 from either
      side of the housing 110. A spacer member comprising a tubular member 187
      is disposed between and engages the side flanges 124 of the housing 110
      for receiving the steering arm 186. The steering arm is held in rotative
      position by a Woodruff key interconnecting the arm and the sides of the
      housing. The spacer member 187 is preferably welded in position and
      reinforces or forms a box section in the housing 110 between the side
      flanges 124 and the front 116.
PAR  The front 116 of the housing 110 is wider from side to side at the vertical
      position of the actuator opening 118 than at the vertical position of the
      arm support means through which the arm 186 is attached. The wider portion
      of the housing 110 is at the top thereof. The actuator opening 118 is
      disposed in the top wider portion of the wheel support means 126 is
      disposed in the lower narrower portion of the housing 110. Further, the
      spacer block or tubular member 187 is disposed in the lowered narrower
      portion of the housing 110. The housing 110 is also narrower at the bottom
      than at the top when viewed in side elevation, i.e., the side flanges 124
      are wider at the top than at the bottom.
PAR  Like the first embodiment, an important feature of this emboidment is that
      the housing 110 and associated components, absent the steering arm 186,
      are symmetrical on either side of a center line passing from top to bottom
      thereof. This means that only one assembly need be produced for either the
      left or right hand side of an automotive vehicle. The assembly is single
      handed and a steering arm 186 may be inserted from either side of the
      housing 110, depending upon which side of the vehicle the housing is to be
      utilized.
PAR  There is also included steering support means comprising the bosses 189 in
      the top and bottom flanges 112 and 114 respectively for rotatably
      supporting the housing 110. The bosses 189 are pin bosses for receiving a
      ball joint mount for supporting the assembly for steering as a steering
      force is applied to the steering arm 86. The bosses 189 are preferably
      welded to the top and bottom flanges 112 and 114 respectively.
PAR  Both embodiments of the subject knuckle assembly are well reinforced in
      that they include actuator openings 18 and 118 in which an actuator casing
      is disposed by being welded thereto for reinforcing the widest or broadest
      section of the housing 10 or 110. Actually, the casing of the actuator
      assembly acts as a reinforcing rib. The casing of the actuator housing may
      be secured to the knuckle housing 10 or 110 before or after machining. It
      normally would be arc-welded if it is attached before machining, but if it
      is attached after, it would be attached by electron beam, laser or
      friction welding.
PAR  In addition, the arrangement for attaching the steering arm, whereby the
      steering arm passes through a spacer means, also reinforces the housings
      as the spacer block 87 or spacer 187 engages the opposite side flanges for
      reinforcing the respective housings 10 and 110. The side flanges of both
      housings 10 and 110 include key ways to receive a spacer arm and that key
      way is also symmetrical whereby each of the housings 10 and 110 are
      completely symmetrical about the vertical planes passing centrally
      therethrough.
PAR  In both of the housings 10 and 110 the widest and broadest part of the
      housing takes the brake torque as the brake shoe attachments are attached
      to the widest portions.
PAR  The first embodiment of FIGS. 1 through 5 is particularly suited for a
      front wheel drive vehicle, although it may be used for a non-front wheel
      drive vehicle and the second embodiment of FIGS. 6 through 9 is
      particularly suited for a non-front wheel drive vehicle.
PAR  The invention has been described in an illustrative manner, and it is to be
      understood that the terminology which has been used is intended to be in
      the nature of words of description rather than of limitation.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is, therefore, to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A disc brake rotor assembly comprising; a first disc member, a second
      disc member, said first disc member being an integral metal member having
      an annular configuration defining an inner diameter and an outer diameter,
      said first disc member being L-shaped in cross section with the long leg
      of the L-shape extending radially and the short leg of the L-shape
      extending axially from one of said inner and outer diameter, said second
      disc member being an integral metal member having an annular configuration
      defining an inner diameter and an outer diameter, said second disc member
      having a generally U-shaped configuration in cross section with the base
      of the U-shape extending radially with a first leg of the U-shape
      extending axially from the outer diameter and a second leg of the U-shape
      extending axially from the inner diameter, said legs engaging said first
      disc member for axially spacing said radially extending base of said
      second disc member from said radially extending leg of said first disc
      member, said axially extending legs of said second disc member and said
      axially extending short leg of said first disc member having openings
      extended radially therethrough for air to circulate between said radially
      extending base of second disc member and said radially extending leg of
      said first disc member, said first leg of said second disc member abutting
      the inner radial surface of said radially extending leg of said first disc
      member, said short leg of said first disc member extending axially from
      said inner diameter thereof, said short leg of said first disc member
      being disposed radially outwardly of said second leg of said second disc
      member and in radially abutting engagement therewith.
NUM  2.
PAR  2. An assembly as set forth in claim 1 wherein said short leg of said first
      disc member is press-fitted radially against said second leg of said
      second disc member.
NUM  3.
PAR  3. An assembly as set forth in claim 1 wherein said openings in said first
      leg of said second disc member are defined by circumferentially extending
      slots which extend axially through said radially extending base of said
      second disc member and axially through said radially extending leg of said
      first disc member thereby defining radially extending lugs between said
      slots.
NUM  4.
PAR  4. An assembly as set forth in claim 3 including a rotor drive member for
      attachment to a rotating member, said rotor drive member having an axially
      extending circular flange with recesses therein, said lugs being disposed
      in said recesses and axially movable therein.
NUM  5.
PAR  5. A disc brake rotor assembly comprising; a first disc member, a second
      disc member, said first disc member being an integral metal member having
      an annular configuration defining an inner diameter and an outer diameter,
      said first disc member being L-shaped in cross section with the long leg
      of the L-shape extending radially and a short leg of the L-shape extending
      only perpendicularly from said radially extending long leg and axially
      from said inner diameter thereof, said second disc member being an
      integral metal member having an annular configuration defining an inner
      diameter and an outer diameter, said second disc member having a generally
      U-shaped configuration in cross section with the base of the U-shape
      extending radially with a first leg of the U-shape extending axially from
      the outer diameter and a second leg of the U-shape extending axially from
      the inner diameter, said legs engaging said first disc member for axially
      spacing said radially extending base of said second disc member from said
      radially extending leg of said first disc member, said first leg of said
      second disc member being in abutting engagement with the inner radial
      surface of said radially extending leg of said first disc member, said
      second leg of said second disc member having an integral portion in
      radially abutting engagement with said short leg of said first disc
      member.
NUM  6.
PAR  6. An assembly as set forth in claim 5 wherein said integral portion of
      said second leg of said second disc member and said short leg of said
      first disc member are press-fitted radially against one another.
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PAL  The invention concerns shoe drum brakes and provides for such brakes, a
      replaceable shoe lining component which is detachably secured to the shoe
      platform or backplate, the latter remaining permanently in position in the
      brake assembly. The lining component preferably comprises a thin carrier
      plate and a lining of friction material secured to the carrier plate; the
      shoe platform and the carrier plate having detachably inter-engageable
      means such as tongues and slots by which they are capable of being
      securely connected together in the brake assembly.
PARN
PAR  This is a continuation-in-part of application Ser. No. 802,125 filed Feb.
      25, 1969, now abandoned.
BSUM
PAR  This invention concerns vehicle shoe drum brakes.
PAR  Conventional shoe drum brakes employ replaceable brake shoes comprising a
      lining of friction material carried by a shoe back plate incorporating
      some form of fastening means, often one or more webs integral with the
      back plate, by which the latter is enabled to be mounted in operative
      relation with the remaining brake components assembled permanently on the
      vehicle. In some drum brake constructions, however, where the service
      conditions under which the brake operates demand adjustable lever and bell
      crank systems for transmitting brake actuating movements to the brake
      shoes, the replacement of brake shoes can be a difficult, skilled and
      time-consuming task and may entail virtually stripping down the whole of
      the brake assembly.
PAR  The invention seeks to provide a vehicle drum brake construction which
      simplifies the replacement of a worn shoe lining.
PAR  According to its broadest aspect, the present invention provides a vehicle
      shoe drum brake in which a shoe platform or back plate and a replaceable
      shoe lining component are formed with cooperating slots and projections by
      which the two are secured together and wherein said projections have
      axially directed portions which pass through said slots to engage behind
      said slots with surfaces of the shoe platform or the lining component
      respectively and thereby to lock said lining component to said platform.
PAR  By virtue of the invention, therefore, the shoe platform or back plate,
      which hitherto in conventional brake constructions has been detachable as
      a unit with the brake lining from the remainder of the brake assembly may
      now be left permanently in position in the rest of the brake assembly and
      the replacement of a worn shoe lining becomes merely a matter of releasing
      the locking projections from the shoe platform or the lining component
      respectively in order that a new lining component may be fitted.
PAR  Preferably the shoe lining component comprises a carrier plate which may be
      thin compared to the shoe platform and which carries a lining of friction
      material riveted or bonded thereto, although the latter is preferred. The
      aforementioned projections are preformed by being struck out of the
      carrier plate to engage in corresponding slots formed in the shoe
      platform, some of the projections comprising tongues terminating in free
      end portions extending parallel to the shoe platform, or nearly so,
      whereby to enable them, on being passed through the slots, to engage and
      lock behind the shoe platform. Conveniently, the terminal portions of the
      tongues are directed transversely or axially in the same direction of the
      lining component and are joined to the carried plate by generally radial
      portions so that the carrier plate is secured to the shoe platform by
      first positioning the lining component over the shoe platform with the
      projections respectively registering with the slots, then passing the
      projections radially through the slots and thereafter displacing the
      lining component axially of the shoe platform to lock the terminal
      portions of the tongues behind the platform. For the purpose of
      transferring the drag forces arising during braking from the lining
      component to the shoe platform, at least some of the slots may have a
      circumferential dimension which closely fits the cooperating projections
      but additionally or alternatively, manually releasable clamping means
      which also serve to prevent accidental separation of the lining component
      from the shoe platform may be arranged between the two.
PAR  A further advantage which may be obtained by the use of the present
      invention is that it is possible for a, for example, 6 or 7 inch wide shoe
      platform to support an 8 inch wide lining component, the resulting
      overhang being adequately supported by the backing plate. This enables
      shoe sizes to be standardised with consequential advantages in production
      and storage as less sizes will be necessary. If the backing plate is to
      overhang the shoe platform, it must be rigid enough to support the braking
      loads imposed thereon so that such load is applied substantially uniformly
      over the whole lining surface and not merely over the support part thereof
     .
DRWD
PAR  The invention will be described further, by way of example, with reference
      to the accompanying drawings, in which:
PAR  FIG. 1 is a radial section through a brake shoe and lining component
      assembly embodying the invention,
PAR  FIG. 2 is a bottom view, of which the left-hand side is a developed view,
      of a carrier plate of the lining component,
PAR  FIG. 3 is a top view, of which the left-hand side is a developed view, of a
      shoe platform of the assembly,
PAR  FIGS. 4, 5 and 6 are axial sections respectively taken on the lines IV --
      IV, V -- V and VI -- VI of FIG. 1,
PAR  FIG. 7 is a sectional detail, to an enlarged scale, of a locking projection
      on the carrier plate,
PAR  FIG. 8 is a side elevation, partly in radial section, through another
      embodiment of brake shoe and lining component assembly,
PAR  FIG. 9 is a reverse plan view of the assembly shown in FIG. 8,
PAR  FIG. 10 is an axial section taken on the line X -- X of FIG. 8, and
PAR  FIG. 11 is an axial section taken on the line XI -- XI of FIG. 8.
DETD
PAR  The brake shoe and lining component assembly shown in FIGS. 1 to 7 of the
      drawings comprises a part-cylindrical shoe platform 10 having welded
      thereto a pair of radially directed webs 12 and 14 arranged in spaced,
      parallel relation. The webs are intended, as by means of mounting holes
      16, to be installed permanently in a vehicle brake. As will be most
      clearly evident from FIG. 3, the shoe platform 10 is formed with two
      groups of slots 18 and 20, of which the slots 18 are illustrated as being
      substantially square whilst the slots 20 are elongated and lie with their
      major dimension directed substantially circumferentially of the platform
      10.
PAR  A replaceable lining component 22 secured to the shoe platform 10 includes
      a carrier plate 24 to which is bonded a friction lining 26. From the
      carrier plate 24 are struck two groups of preformed projections 28 and 30
      corresponding respectively to the groups of slots 18 and 20 and it will be
      noted that while the projections 30 are plain radial projections which
      simply pass through and project slightly beyond the slots 20, the
      projections 28 terminate in tongues 32 having free end portions which are
      directed transversely of the carrier plate and are nearly parallel to the
      plane thereof. The lining component 22 is fitted to the shoe platform 10
      by passing the projections 28 and 30 of the carrier plate 24 radially
      through their respectively cooperating slots 18 and 20 and by then
      displacing the lining component axially relative to the platform 10 to
      engage and lock the tongues 32 of the projections 28 behind the rear
      surface of the platform 10. The same axial displacement of the carrier
      plate 24 causes the projections 30, which initially are introduced into
      oversize regions 34 of the slots 20, to seat in circumferentially shorter
      regions 36 which are dimensioned closely to embrace the projection 30 and
      thus enable drag forces to be transmitted from the lining component to the
      shoe platform 10. The seating of the projections 30 in the slot regions 36
      also acts to limit the axial displacement of the carrier plate with
      respect to the shoe platform.
PAR  FIG. 7 illustrates the manner in which the terminal end portions of the
      tongues 32, although nearly parallel to the plane of the neighbouring part
      of the carrier plate, are slightly angled in such a way as to engage with
      a wedging action against the adjacent side of the slot 18, thereby both
      establishing a further torque transmitting connection with the shoe
      platform and also controlling the extent to which the tongue overlies the
      underside of the platform.
PAR  For the purpose of preventing accidental separation of the carrier plate 24
      from the shoe platform 10, a T-section clamping plate 38 is secured by a
      bolt 40 passing through its stem 42 to the web 14 (FIG. 5) and the plate
      38 is formed in its head 44 with a slot 46 serving to receive an
      adjacently positioned projection 30. By appropriate manual adjustment of
      the bolt 40, the clamping plate 38 may be caused to bring one side of the
      slot 46 to bear against the projection 30 and thus lock the carrier plate
      against accidental axial movement. The bolt 40 may conveniently be locked
      in position by a lock nut 48. For removal of the worn lining, it is then
      only necessary to undo the locknut 48, move it along the bolt 40 until it
      abuts the clamping plate and then unscrew the bolt from the web 14 to push
      the carrier plate axially across the shoe platform to an extent sufficient
      to permit the tongues 28 and 30 to be withdrawn radially from their slots
      in the shoe platform. As shown in FIG. 1, more than one clamping plate 38
      may be provided if desired.
PAR  As a precaution against fusion of the mating surfaces of the carrier plate
      24 and the shoe platform 10, those surfaces may be treated with
      corrosion-resisting agents or alternatively an anti-corrosion shim may be
      interposed between them.
PAR  The embodiment of the invention shown in FIGS. 8 to 11 is generally similar
      to that already described and similar reference numberals are used
      wherever appropriate to denote similar parts. In this instance, however,
      the drag transmitting projections 30 and their cooperating slots 20 are
      omitted and in their place, the carrier plate 50 is formed with a
      centrally situated recess 52 wherein engages a cooperating projection 54
      on the shoe platform 10 which may be a raised portion of the platform or
      which may, as shown, be a separate plate spot welded to the shoe platform.
      As can be seen in FIG. 8, the abutment member 54 has a height
      substantially equal to the thickness of the backing plate with the major
      portion of the abutment member being disposed radially inwardly of the
      convex face of the backing plate. The abutment member may project radially
      beyond the convex face of the backing plate with the friction material
      being recessed at 53 adjacent the aperture 52 to avoid interference
      between the projecting part of the abutment member and the friction
      material.
PAR  As an alternative form of clamping device, this embodiment of the invention
      also employs a generally U-shaped clamping member 56 secured by a bolt 58
      and lock nut 60 to the web 14 and arranged to grip the terminal end
      portions 32 of the tongues 28. Adjustment of the bolts 58 enables the
      carrier plate to be moved in both axial directions relative to the shoe
      platform to permit substitution of a new lining component for a worn one
      and also serves to prevent accidental movement of the carrier plate, when
      clamped, and consequential accidental separation of the carrier plate from
      the shoe platform.
PAR  As can be most clearly seen from FIGS. 4, 5, 6, 10 and 11 the lining
      component, comprising friction material 26 bonded to backing plate 50,
      overhangs the shoe platform 10 at S1. This enables a standard sized shoe
      to be used with a variety of lining components to suit various
      applications. Further, the radial and circumferential retention means are
      spaced inwardly from the circumferential edge portions of the lining
      component. Thus if, for example, a wider lining component is required the
      extra width may be absorbed in the edge portions leaving the relative
      spacings of the radial and circumferential retention means constant, to
      suit a standard sized shoe. It is to be noted that the lining component
      axially overhangs the circumferentially directed edges of the shoe
      platform.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicle drum brake shoe comprising an arcuate shoe platform component
      and an arcuate carrier plate having rigidly attached thereto a
      correspondingly curved layer of friction material, said carrier plate
      having struck therefrom in the direction of its concave side a plurality
      of preformed projections, some of said projections defining tongues having
      axially extending portions which extend in the same direction and are
      spaced away from the concave side of said carrier plate substantially
      parallel thereto, a plurality of slots in said shoe platform each of a
      size to enable siad preformed projections including said tongues to be
      inserted into said openings when said carrier plate is moved radially into
      engagement with the convex face of the platform component, the spacing of
      the axially extending portions from the concave face of said carrier plate
      being such that the inner faces of the axially extending portions engage
      the concave surface of said platform component solely upon axial movement
      of said lining component following radial insertion of said projections
      into said slots, and retaining means comprising manually releasable
      clamping means between the shoe platform and the carrier plate for
      preventing separation of one from the other, at least some of said slots
      having opposed circumferential sides engaged by the corresponding edges of
      the projections therein to sustain separate from said retaining means the
      braking torque exerted on said friction material.
NUM  2.
PAR  2. A brake as set forth in claim 1, wherein the clamping means comprises a
      T-shaped clamping plate having a stem and a head, a bolt carrying said
      clamping plate and adjustably secured to a part of the shoe platform
      component, said head being formed with a slot serving to receive and clamp
      one of the projections projecting from the lining component.
NUM  3.
PAR  3. A brake as set forth in claim 1, wherein the clamping means is secured
      by an adjustable bolt to a part of the shoe platform and is of U-shaped
      configuration for gripping the terminal end portion of an adjacent tongue
      on the carrier plate.
NUM  4.
PAR  4. A brake as set forth in claim 1, wherein all the projections are tongues
      having free end portions and wherein said carrier plate is formed with a
      centrally situated recess engaged by a cooperating projection on the shoe
      platform, the engagement between said projection and said recess serving
      to transmit from the lining component to the shoe platform component, the
      drag forces arising during braking.
NUM  5.
PAR  5. The brake of claim 1 wherein two of said slots and projections are
      circumferentially spaced from each other, each slot having an oversized
      region leading into the circumferential dimension to enable the component
      to be moved radially into engagement with the platform and subsequently
      moved axially into a position in which the slots closely engage the
      projections in a circumferential direction.
NUM  6.
PAR  6. A brake as set forth in claim 1 wherein the tongues are joined to the
      carrier plate by generally radial portions.
NUM  7.
PAR  7. A brake as set forth in claim 6 wherein the terminal end of each tongue
      is arranged to diverge from the plane of the adjacent part of the carrier
      plate to an extent enabling it to engage in a wedge-like manner against
      the adjacent side of the slot in the shoe platform component through which
      said tongue passes.
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PAL  An "inching" valve for use in vehicles such as an industrial lift truck for
      controlling the operation of separate pressurized fluid actuated clutches
      for driving the vehicle forwards or backwards wherein rotary and axial
      movements of a single cylindrical valve piston within its cylinder control
      respectively clutch selection for forward or reverse drive and the
      "inching" movement in the drive direction selected in functional relation
      with actuation of the brake pedal.
BSUM
PAR  The present invention relates to an improvement in the construction of a
      so-called "inching" valve for use in vehicles such as, for example,
      industrial lift trucks in which forward and rearward oil clutches are
      installed. The valve in accordance with this invention is constructed to
      control and regulate fluid pressures as well as to switch or select fluid
      passageways which lead a source of pressurized fluid selectively to a
      forward clutch or to a rearward clutch, and the valve structure includes
      both axial and rotary, i.e. circumferential, movement of a valve piston
      for pressure regulation and inching.
PAR  In the prior art transmission control system for use in a vehicle in which
      forward and rearward clutches are installed, two valves, i.e. a selector
      valve for switching forward and rearward fluid passageways, and an inching
      valve for inching the vehicle forwardly, or rearwardly, as desired, to
      accomodate its positioning and the handling of material, are generally
      employed as shown, for example, in U.S. Pat. No. 2,786,368. In accordance
      with the system disclosed in that patent the selector valve is manually
      operated to select three positions. These are: a forward position which
      leads pressurized oil to the forward oil-operated clutch (at that time the
      rearward oil clutch is connected to a drain pipe); a rearward position
      which leads oil to the rearward oil-clutch (when the forward clutch is
      drained); and a neutral position in which pressurized oil is simply
      drained, leaving both clutches free and inoperative. On the other hand,
      the inching valve is cooperative with a brake pedal in the manner that the
      inching valve cuts off the oil supply to either of the clutches regardless
      of the position of the selector valve, in the first stage of the brake
      pedal stroke, namely before the brake starts to work effectively.
PAR  Therefore, during forward operation with the selector valve shifted to the
      forward position, when pressure is applied to the brake pedal, the forward
      oil-clutch is automatically released before the braking is effected, even
      if a forward-rearward select lever is left in the forward position.
      Following to the brake operation, when the pressure applied to the brake
      pedal is gradually decreased, the brake is released and after that, the
      clutch engages gradually providing a condition of sliding contact which
      enables the vehicle to inch. Inching operation is also possible, if
      desired, in the pushing-down stroke of the brake pedal.
PAR  In the above-mentioned prior art construction, two valves are inevitable.
      Therefore, its construction and piping are likely to become complicated,
      and much labor and skill are required in regulating and operating the
      device. To eliminate the above-mentioned disadvantages, a single valve
      system has been disclosed in, for example, Japanese Pat. Publication No.
      47-46735. But in the single valve system, an axially slidable selector
      piston valve is compulsorily moved back to its neutral position each time
      the brake is applied. Therefore, its construction is more complicated and
      it requires large manual power to operate. Moreover, it is troublesome to
      regulate fluid pressure in relation to the stroke of the brake pedal in
      that a pair of pressure regulators are necessary at the axially opposite
      ends of the selector valve.
PAR  The present invention avoids the above-discussed disadvantages utilizing
      the fact that a cylinder and a piston slidable therein provide a
      cylindrical valve surface, and the valve surface suitably provides a
      combined circumferential rotary valve and an axially slidable valve for
      the above-mentioned selector and inching valve.
PAR  A principal object of the invention is to provide a single piston inching
      valve of a design favorable to a lower cost of manufacture.
PAR  Another object of the invention is to provide an inching valve which
      occupies a small space and can be operated with a small power.
DRWD
PAR  Other objects will become apparent from the following description taken
      together with the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic showing of one embodiment of the improved inching
      valve structure as applied in an industrial lift truck, the details of the
      valve mechanism per se being illustrated in FIG. 2;
PAR  FIG. 2 is a longitudinal section view of the mechanism of the improved
      inching valve;
PAR  FIG. 3 is a developed view of the piston valve taken along line III--III in
      FIG. 2;
PAR  FIG. 4 is a perspective view of elements assembled inside the inching
      valve; and
PAR  FIG. 5 is a diagram showing the relation between passageway, i.e. line
      pressure and inching shaft stroke.
DETD
PAR  With reference now to FIG. 1, output shaft 2 of engine 1 is connected to a
      torque converter 3 and the torque converter output shaft 4 is connected to
      drive shaft 7 by way of a forward oil-clutch 5 and a rearward oil-clutch
      6. These clutches are provided with multiple friction plates. The drive
      shaft 7 is connected to a rear axle, not shown, of the lift truck by way
      of a conventional differential mechanism. Numeral 8 indicates, in general,
      the novel inching valve structure in accordance with the invention for
      selecting either of the two clutches 5, 6 and regulating fluid pressure to
      inch the lift truck forward, or backward, as hereinafter explained in
      detail. Working fluid, oil, in sump tank 10 is compressed by pump 9 and
      introduced to a passageway inside valve 8 through pipe line 11, which
      passageway, in turn, is connected to forward clutch 5 by way of a pipe
      line 13; or to rearward clutch 6 by way of a pipe line 14; or to sump tank
      10 by way of a drain pipe line 15. These selections are, in this example,
      effected by way of a circumferential, i.e. a rotational movement of a
      piston valve by means of a select arm 12 that is connected to a select
      lever installed near the driver's seat. Journalled on pivot 17 is a brake
      pedal 16 which is connected to inching shaft 19 through a pin 18. When
      pedal 16 is pressed downward, the inching shaft 19 moves to the left, as
      shown by the directional arrow, pipe 11 and pipe 13, (or pipe 14) are
      disconnected in the first stage of the leftward stroke of inching shaft
      19, and at the same time, pipe 13, (or pipe 14) is connected to drain pipe
      15. Pipe 20 transmits the fluid at regulated pressure to torque converter
      3.
PAR  In FIG. 2, piston valve 22 functions as a select valve as well as an
      inching valve. Piston valve 22 comprises a hollow cylindrical tube the
      outer surface of which provides a snug slidable fit on a cylindrical inner
      surface 23 formed within the valve body to permit both axial and rotary
      movement in fluid-tight relation. Piston valve 22 is also journalled on
      select shaft 25 and only their relative rotary movement is stopped by key
      24. Numeral 26 indicates a keyway formed on the inside surface of piston
      valve 22. Select shaft 25 holds inching shaft 19 on its inner surface and
      is journalled in a hole 27a of cover 27 which is attached to the rightmost
      end of valve body 8a. Select arm 12 is secured on spline 25a and any
      accidental slip-off is prevented by a retainer in the form of a snap ring
      25b. Snap ring 28 prevents the select shaft 25 from any accidental slip to
      the right. Transversely secured on the inching shaft 19 is an inching pin
      29 which projects laterally from both sides of shaft 19, and each
      projected part of pin 29 passes through a "window" port 30 formed on
      tubular select shaft 25 and engages in a circumferential slot 31 formed at
      the rightmost end part of piston valve 22. Thus, axial movement of inching
      shaft 19, caused by brake operation, is transmitted to piston valve 22
      through inching pin 29 and slot 31. On the other hand, when select shaft
      25 is rotated by the select lever by way of select arm 12, piston valve 22
      is driven by key 24 in the same direction through the same angle, during
      which movement, window port 30 and slot 31 formed on shaft 25 and piston
      valve 22, respectively rotate together without imparting any rotational
      force to inching pin 29, leaving the pin 29 at standstill.
PAR  Opening to the cylindrical surface 23 of the valve body are inlet port 33
      connected to pump 9, outlet ports 34, 35 (FIG. 3) connected to forward and
      rearward clutch pipes 13, 14 respectively, and drain port 36 connected to
      drain pipe 15. On the other hand, piston valve 22 is provided with axially
      extending grooves 37 (FIG. 2), 38, 39, 40 and 41 (FIG. 3), and an annular
      groove 42 which connects grooves 37, 38. The axial groove 37 has enough
      length and circumferential width, to maintain open connection with port 33
      to receive the pressurized working fluid, oil, whenever piston valve 22
      rotates and shifts in its full stroke. Grooves 38, 39 are axially aligned
      and a land 42' with a length of l.sub.1 is disposed therebetween. Drain
      grooves 40, 41 are spaced circumferentially apart from groove 38 by
      distance l.sub.2 (FIG. 3) and their circumferential width are determined
      in the manner that, in the forward position as shown in FIG. 3, in which
      groove 38 and port 34 are disposed on an axially common line, port 35 for
      rearward clutching, is fully connected to drain groove 41. On the other
      hand, in the rearward position, in which groove 38 and port 35 align
      axially, port 34 for forward clutching is fully connected to another drain
      groove 40.
PAR  In FIG. 2, inching valve 8 is in a condition that arm 12 is set in the
      forward position, and inching shaft 19 is shifted to the leftmost end of
      its stroke caused by the brake pedal which is pressed downward to its full
      stroke end. Under these circumstances, pressurized fluid from pump 9
      reaches to groove 38 through pipe 11, port 33 and grooves 37, 42, the
      pressure of the fluid being regulated at regulating chamber 48 by a relief
      pressure spring 44 and relief piston 46 as more fully explained later in
      detail. In the meantime, port 34 for the forward clutch is connected to
      drain pipe 15 through groove 39, a chamber 23a inside cylinder 23 and port
      36, thus keeping the forward clutch in a released state.
PAR  As the brake pedal is released from its downward position and inching shaft
      19 moves to the right, piston valve 22 is driven in the same direction by
      pin 29, land 42' passes on the port 34 to the right, and finally groove 38
      and port 34 begin to interconnect and a regulated fluid pressure in
      relation to the brake pedal position is supplied to the forward clutch. As
      the brake pedal reaches to its upper, ineffective position, port 34 fully
      opens to groove 38 and, at the same time, fluid pressure continues to
      increase and the clutch is smoothly engaged when the brake is fully
      released.
PAR  To regulate fluid pressure in relation to the position of the brake pedal,
      in the illustrated embodiment, a relief pressure spring 44 and inching
      spring 45 are utilized. Relief piston 46 engages in a cylinder 47 formed
      in the valve body in a fluid-tight relation, thus forming a pressure
      regulating chamber 48. Plunger 49 which is unitary with piston 46 fits
      inside pipe portion 50 formed in inching shaft 19 and inching spring 45 is
      pressed between plunger 49 and shaft 19. Inlet port 51 to chamber 48
      connects this chamber with inlet port 33 through pipe 11. Numeral 52
      designates an outlet port, a stopper pin for piston 46 is shown at 53 and
      an end cover for the valve body is shown at 54.
PAR  FIG. 2 illustrates the positions of the operating components when the brake
      pedal is fully depressed, i.e. when inching shaft 9 occupies its leftmost
      position. When the brake pedal is released slowly, and inching shaft 19
      starts to move to the right, the force exerted by compression spring 45 on
      piston 46 decreases and this piston starts to move to the right under the
      influence of spring 44 partially closing off outlet port 52 which means an
      increase of resistance to the oil flow sent out from pump 9 through pipe
      11, port 51, chamber 48, port 52, and pipe 20 to the torque converter 3.
      The oil pressure within chamber 48 thus increases in accordance with the
      increased resistance caused by the narrowed port 52. Since ports 51, 33
      are inter-connected by pipe 11, oil pressure supplied to the selected
      clutch increases accordingly at the same time. Thus as inching shaft moves
      to the right, the increase in oil pressure to the selected clutch 5, 6
      increases gradually and thus firm engagement of the selected clutch and
      the desired "inching" is obtained.
PAR  According to the construction, the relation between the stroke of the brake
      pedal, i.e. the stroke of inching shaft 19 and line pressure varies as
      shown in FIG. 5. Point "A" in FIG. 5 corresponds to the condition as shown
      in FIG. 2 in which inching shaft 19 stays at its leftmost position and
      fluid pressure is regulated to a low value a in that compressed inching
      spring 45 cancels the resilience of relief pressure spring 44, thus
      keeping the outlet port 52 open from regulating chamber 48 to line 20.
      From the above condition, as the brake pedal is released, and inching
      shaft 19 moves to the right, the strain of inching spring 45 decreases in
      relation to the amount of shaft displacement and fluid pressure increases
      along the arrow shown in FIG. 5 to the value b which is given at zero
      stroke condition. The available pressure range l.sub.3 in FIG. 5 depends,
      of course, on the position and length of land 42', the position of ports
      34, 35 and so on.
PAR  To select the forward, or rearward, clutch, piston valve 22 is rotated by
      the select lever through select arm 12, and groove 38, FIG. 3, formed on
      piston valve 22, which groove 38 is connected to the pressurized fluid
      source, is axially aligned to port 34 for forward drive, or to port 35 for
      rearward drive. When the brake pedal is pushed downward, the clutch in
      operation is released before the braking is effected in that piston valve
      22 slides to the left, thus shutting off groove 38 from port 34 (or port
      35) and connecting port 34 (or 35) with drain port 36. Inching is effected
      by regulating the on-off speed between groove 38 and ports 34, 35, and
      regulating the fluid pressure in relation to the position of the brake
      pedal.
PAR  According to the present invention, since a sliding surface between piston
      valve 22 and cylinder 23 is effectively utilized, and forward-rearward
      selection is effected, for example, by the rotational movement of the
      piston valve, and inching is effected, for example, by the axial movement
      of the piston valve, a single valve (inching valve 22) functions as two
      valves. Therefore the construction is very simple. The cost decreases.
      Moreover, both functions are completely independent of each other thus
      assuring safe and stable operation. Also, since pressure regulation means,
      such as relief piston 46 is installed only at one end of the valve body it
      is easy to make the valve structure compact.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combined forward, rearward and inching valve structure for controlling
      a motorized vehicle provided with braking means comprising a cylinder, a
      cylindrical piston valve member located within said cylinder and which is
      capable of both an axial sliding movement and also a rotational movement
      about the cylinder axis between two limit positions, said cylinder being
      provided with circumferentially spaced first and second outlet ports
      leading respectively to forward and rearward fluid pressurized clutch
      means to effect forward or rearward movement of the vehicle, a hollow
      forward-rearward select shaft rotatably mounted in said cylinder and on
      which said piston valve is mounted for rotation between said limit
      positions, an inching shaft mounted for axial sliding movement within said
      hollow select shaft, means coupling said inching shaft with said piston
      valve member for effecting axial movement of said valve member upon axial
      movement of said inching shaft, means coupling said inching shaft to the
      brake operating means of said vehicle, a pressurized fluid source, conduit
      means connecting said pressurized fluid source to an inlet port on said
      cylinder leading to fluid distributing passages provided on said piston
      valve by which the pressurized fluid is led to a selected one of said
      outlet ports upon axial movement of said piston valve in response to
      movement of said inching shaft in the brake releasing direction, a piston
      controlled fluid pressure regulating chamber provided within said
      cylinder, conduit means interconnecting said pressure regulating chamber
      with the conduit means leading to said inlet port, and means controlling
      movement of the piston in said fluid pressure regulating chamber in
      accordance with movement of said inching shaft in the brake releasing
      direction to effect a progressive increase in fluid pressure in said
      pressure regulating chamber thereby to effect a progressive increase in
      pressure of the fluid being conducted to the selected clutch means which
      results in inching movement of the vehicle.
NUM  2.
PAR  2. A valve structure as defined in claim 1 wherein said means for
      controlling the movement of said piston in said fluid pressure regulating
      chamber in accordance with the movement of said inching shaft comprises an
      inching compression spring seated in a longitudinally extending recess
      provided in said inching shaft, said piston includes a plunger component
      slidable within said recess and engageable with one end of said
      compression spring, and a counteracting compression spring engaged with
      said piston for effecting a following movement of said piston in the
      direction to decrease the volume in said pressure regulating chamber as
      said inching shaft is moved in the brake releasing direction.
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PAL  A continuous brake for motor vehicles, especially for heavy commercial
      vehicles, in the form of a hydrodynamic coupling, which is filled from a
      storage device during actuation of the brake valve and which is
      automatically emptied into the storage device when the brake valve is
      disengaged, a solenoid-actuated threeway valve is thereby arranged in the
      line from the brake valve to the storage device which, when energized,
      closes the line from the brake valve and vents the line to the storage
      device while a switch is connected in the energizing circuit of the
      solenoid valve which closes during actuation of the clutch pedal when the
      clutch is disengaged.
BSUM
PAR  The present invention relates to a continuous brake for motor vehicles,
      especially for heavy commercial types of vehicles such as trucks or buses,
      in the form of a hydrodynamic coupling preferably driven by the crankshaft
      of the driving engine, which during actuation of the brake valve is filled
      from a reservoir or storage tank and which empties itself automatically
      into the reservoir or storage tank when the brake valve is disengaged or
      released.
PAR  With known continuous brakes of the aforementioned type which are
      coordinated to the engine and under certain circumstances are arranged
      directly on the crankshaft, the engine rotational speed is reduced so
      strongly during a change in the speed of the changespeed transmission
      that-- especially when shifting back into a lower speed--difficulties
      occur with the rotational speed adaptation when re-engaging the clutch.
      The strongly reduced engine rotational speed thereby becomes noticeable in
      strong shifting shocks. If the changes-speed transmissions are not
      synchronized, then in this case a speed change with double declutching,
      i.e., with giving gas while the gear shift lever is in neutral and the
      clutch is temporarily reengaged for purposes of re-accelerating the engine
      and transmission input shaft, would practically be no longer possible. The
      described difficulties can be eliminated in that with an engaged
      continuous brake, this continuous brake is at first disengaged prior to
      the speed change and after the re-engagement of the clutch, is again
      re-engaged. However, the driver is burdened very heavily by such a
      manipulation and additionally the vehicle remains thereby in a condition
      without continuous brake during an excessively long period of time.
PAR  The present invention is concerned with the task to avoid the described
      difficulties. Consequently, an installation is to be provided, by means of
      which a change in speed can be attained with an engaged continuous brake
      without burdening the driver and without an excessively long disengagement
      of the continuous brake. As solution to the underlying problem, the
      present invention offers the general concept to automatically disengage
      the continuous brake engaged by way of the brake valve prior to the change
      in speed--i.e., without any influence or intervention on the part of the
      driver-- and to re-engage the same again directly after the termination of
      the shifting operation.
PAR  In particular, it is proposed by the present invention that a
      solenoid-actuated three-way valve is arranged in the line from the brake
      valve to the reservoir or storage device which, when energized, blocks the
      line from the brake valve and vents the line to the reservoir or storage
      device and that a switch is connected in the energizing circuit of the
      solenoid valve which closes when actuating the clutch pedal or disengaging
      the clutch.
PAR  The present invention offers the advantage that the retarder which possibly
      may have been engaged previously, is now completely automatically
      disengaged again prior to each speed change in the change-speed
      transmission. This takes place without any participation on the part of
      the driver so that the driver can direct his entire attention to the road
      traffic. This automation also offers the advantage that the pause
      occurring in the retarder operation can be kept as small as possible. It
      should also be mentioned at this occasion that it is immaterial in
      principle whether the transmission of the shifting pulse takes place
      pneumatically, hydraulically, mechanically or electrically. The electrical
      solution described herein is not to be construed limitative of and does
      not preclude in any way any other transmission or transmissions as known
      in the art.
PAR  According to a further development of the inventive concept, a second
      switch is provided at the speed-shifting lever of the vehicle change-speed
      transmission or at a corresponding part and is connected in parallel to
      the first switch whereby the second switch closes when the shifting lever
      is in the neutral position. This construction will be used preferably with
      claw transmissions, i.e., with those transmissions without
      synchronization. A shifting with double-declutching is then possible in
      this manner. The retarder means is disengaged also when giving gas during
      double declutching and it is again finally engaged only, when the clutch
      is closed during reengagement. It should also be mentioned at this point
      that the pulse switch at the clutch pedal is preferably so arranged by
      conventional means that it is actuated prior to the disengagement and
      after the engagement of the clutch. It is avoided in this manner that with
      an unclean, improper operation, i.e., with the dragging of the clutch, the
      pulse switch for the retarder is not reached at all. Finally, it should
      also be mentioned that it is appropriate if according to a further
      proposal of the present invention the valve is constructed as a rapidly
      shifting valve of conventional type. Any unnecessary time delay is avoided
      in this manner and-- as already mentioned--the time interval or duration
      for the disengagement of the retarder is kept as small as possible.
PAR  Acccordingly, it is an object of the present invention to provide a
      continuous brake for motor vehicles which avoids by simple means the
      aforementioned shortcomings and drawbacks encountered in the prior art.
PAR  Another object of the present invention resides in a continuous brake for
      motor vehicles in which the shifting of the transmission speeds poses no
      problem, especially poses no difficulties as regards the rotational speed
      matching during the re-engagement of the clutch.
PAR  A further object of the present invention resides in a continuous brake for
      motor vehicles, especially for heavy-duty commercial vehicles equipped
      with non-synchronized change-speed transmissions, in which shifting shocks
      can be avoided notwithstanding the use of a continuous brake.
PAR  Still a further object of the present invention resides in a continuous
      brake for motor vehicles in which the driver is not burdened with
      unnecessary duties during the shifting of the speeds of the change-speed
      transmission notwithstanding the presence of a continuous brake.
PAR  Another object of the present invention resides in a continuous brake in
      which an excessively long disengagement thereof is avoided during changing
      the speeds of the transmission.
PAR  A further object of the present invention resides in a continuous brake of
      the type described above which is fully automatic, reliable in operation
      and simple in construction and arrangement.
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment in accordance with the present
      invention, and wherein:
DRWD
PAR  The single FIGURE is a schematic view of a retarder arrangement inclusive a
      retarder circuit in accordance with the present invention.
DETD
PAR  Referring now to the single FIGURE of the drawing, the retarder generally
      designated by reference numeral 10 is arranged on the crankshaft 11 of the
      driving engine (not shown) of the vehicle. A cooler 13 which may be
      structurally combined with the radiator 14 of the driving engine is
      arranged in the external circulation 12 of the retarder 10. The
      circulation 12 of the retarder 10 is filled from a reservoir or storage
      device 15 which is operable to be actuated with compressed air by means of
      the brake valve 16. Control and shifting devices of conventional
      construction are additionally provided in the circulation 12 and at the
      reservoir or storage device 15 which are not illustrated herein for
      purposes of simplification since they are known in the art and form no
      part of the present invention. The conventional lubrication (not shown) of
      the retarder 10 is also operatively connected  with the schematically
      indicated connecting means 17 of the reservoir or storage device 15. A
      reserve tank 18 assures for the compensation of any leakage losses in the
      storage device 15 or in the other parts of the installation.
PAR  A three-way valve generally designated by reference numeral 20 which can be
      actuated magnetically is interconnected in the compressed air line 19
      between the storage device 15 and the brake valve 16. In the de-energized
      condition, this solenoid valve 20 is in the illustrated position, i.e.,
      the line 19 is opened up to provide a communication between the brake
      valve 16 and the storage device 15. Upon energization of the solenoid
      valve 20, in contrast thereto, the connection from the brake valve 16 to
      the storage device 15 is closed and the latter, in contrast thereto, is
      connected with the atmosphere, i.e., is vented. In the latter condition or
      in the latter shifting position, the circulation 12 of the retarder 10 can
      then empty itself back into the storage device 15 in a known manner.
PAR  A switch 22 is connected in the energizing circuit 21 of the solenoid valve
      20 which is so coordinated to the clutch pedal 23 that the switch 22 is
      closed when disengaging the clutch and is opened again correspondingly
      upon re-engagement of the clutch. The closing and opening of the switch 22
      takes place-- as already mentioned--shortly prior to the opening of the
      clutch and shortly after the closing of the clutch, respectively.
      Consequently, out of the illustrated position, this switch 22 is closed
      during actuation of the clutch pedal 23, i.e., the solenoid valve 20 is
      shifted into its other position. The storage device 15 is therefore vented
      and the retarder 10 immediately centrifuges itself again empty. The speed
      change can then be realized without retarder influence. During the
      re-engagement of the clutch, the switch 22 is again opened, i.e., the
      solenoid valve 20 is again de-energized and the storage device 15 is again
      acted upon by the brake valve 16. The retarder 10 is therefore again
      filled immediately after the re-engagement of the clutch.
PAR  In case that the change-speed transmission involves a claw transmission,
      i.e., a transmission without synchronization, a further switch 25 is
      coordinated to the shifting lever 24 which is connected in parallel to the
      switch 22. The switch 25 is so operable that it is closed in the idling or
      neutral position of the shifting lever 24. In this manner a giving of gas
      during double declutching is possible because in the neutral position of
      the shifting lever 24, the switch 25 is closed and therewith the solenoid
      valve 20 remains energized in its venting position (not shown), even if
      the clutch pedal 23 is released again for a short period of time for
      giving gas during the double-declutching operation. Only when the next
      speed is then engaged, the solenoid valve 20 will again be de-energized
      during the final re-engagement of the clutch and consequently the retarder
      10 is again filled.
PAR  While I have shown and described only one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A continuous brake for motor vehicles comprising a hydrodynamic coupling
      means, a brake valve means, means for filling the hydrodynamic coupling
      means from a storage means upon actuation of the brake valve means and for
      automatically emptying the hydrodynamic coupling means upon disengagement
      of the brake valve means, characterized in that a solenoid-actuated
      three-way valve means is arranged in a line from the brake valve means to
      the storage means, said solenoid-actuated three-way valve means being
      operable, when energized, to close the line section from the brake valve
      means and to vent the line section leading to the storage means, and
      switch means operatively connected in the energizing circuit of said
      solenoid valve means, said switch means being operable to close upon
      disengagement of a clutch.
NUM  2.
PAR  2. A continuous brake according to claim 1, with a clutch pedal for
      actuating the clutch, characterized in that said switch means is operable
      to close upon actuation of said clutch pedal to disengage said clutch.
NUM  3.
PAR  3. A continuous brake according to claim 1, with a change-speed
      transmission, characterized in that a further switch means is provided at
      a part of the shifting mechanism, said further switch means being
      connected in parallel with the first-mentioned switch means and being
      operable to close when the transmission is in the neutral position.
NUM  4.
PAR  4. A continuous brake according to claim 3, characterized in that said part
      of the vehicle change-speed transmission is a shifting lever.
NUM  5.
PAR  5. A continuous brake according to claim 4, characterized in that the
      three-way valve means is constructed as rapidly closing valve.
NUM  6.
PAR  6. A continuous brake according to claim 5, with a clutch pedal for
      actuating the clutch, characterized in that said switch means is operable
      to close upon actuation of said clutch pedal to disengage said clutch.
NUM  7.
PAR  7. A continuous brake according to claim 1, characterized in that the
      three-way valve means is constructed as rapidly closing valve.
PATN
WKU  039412253
SRC  5
APN  4714326
APT  1
ART  345
APD  19740520
TTL  Speed limiting accessory drive system and apparatus therefor
ISD  19760302
NCL  13
ECL  1
EXP  Wyche; Benjamin W.
NDR  3
NFG  6
INVT
NAM  Shiber; Samuel
CTY  Mundelein
STA  IL
ASSG
NAM  MacLean-Fogg Lock Nut Company
CTY  Mundelein
STA  IL
COD  02
CLAS
OCL  192104C
XCL  192103B
XCL  192105BA
XCL  192113B
XCL  192110B
EDF  2
ICL  F16D 4314
FSC  192
FSS  104 C;104 B;103 B;113 B;105 BA;48.3;110 B;82 T
UREF
PNO  1018476
ISD  19120200
NAM  Bostater
OCL  192104B
UREF
PNO  1286171
ISD  19181100
NAM  Cory
OCL  192113B
UREF
PNO  2090401
ISD  19370800
NAM  Mayo
OCL  192 82T
UREF
PNO  2506520
ISD  19500500
NAM  Spase
OCL  192104C
UREF
PNO  2793537
ISD  19570500
NAM  Schmitter
XCL  192 48.3
UREF
PNO  2924083
ISD  19600200
NAM  Spase
OCL  192104B
UREF
PNO  2974770
ISD  19610300
NAM  Branch et al.
OCL  192104C
UREF
PNO  3081856
ISD  19630300
NAM  Wolfram et al.
OCL  192104C
UREF
PNO  3131797
ISD  19640500
NAM  Bochan
OCL  192103B
UREF
PNO  3229795
ISD  19660100
NAM  Hill et al.
OCL  192104C
FREF
PNO  1,209,719
ISD  19590900
CNT  FR
OCL  192104C
LREP
FRM  McCaleb, Lucas & Brugman
ABST
PAL  A speed-limiting accessory drive system and apparatus therefor for the
      transmission of torque and diversion and dissipation of excess energy from
      a prime mover, such as liquid-cooled internal combustion engine, to a
      cluster of accessories associated therewith utilizing a speed-responsive
      mechanism wherein the mechanism is comprised of two drum-shaped driving
      and driven members which simultaneously provide bearing journalling
      support and frictional engagement one with the other. One form of the
      invention utilizes a centrifugally partially disengaging speed-responsive
      mechanism so that regardless of the driving members speed above a
      predetermined control speed, the driven member is substantially maintained
      at that control speed thereby driving the accessories at a desired maximum
      speed. Another form of the invention utilizes a centrifugally engaging
      speed-responsive mechanism whereby the mechanism remains effectively
      disengaged at the cranking speeds of the engine, but engages at idling
      speeds for driving the accessories. Noise suppression for the system as
      well as lubrication and heat dissipation of the speed responsive mechanism
      are provided by circulation of the engine's coolant throughout the sealed
      speed-responsive mechanism.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to speed limiting accessory drive systems and
      apparatus therefor and more particularly to speed-responsive mechanisms
      for the transmission of torque and diversion of excess energy in
      speed-limiting accessory drive systems utilized with prime movers such as
      liquid cooled internal combustion engines.
PAR  Modern day car and truck engines are loaded with a cluster of belt-driven
      accessories including water pumps, fans, air conditioning compressors, air
      compressors, power steering pumps, alternators, and exhaust gas
      recirculation pumps. Increasing consumer usage of such accessories on the
      one hand, and the fact that the accessories must give sufficient output at
      both engine idling and highway cruising speeds on the other hand, requires
      a wide, yet economical, performance range for the complete accessory drive
      system. In conventional drive systems, accessories are driven at speeds
      proportional to the engine speed and demand a sizeable portion of the
      engine's power output. Accordingly, accessories to be used in conventional
      systems must be designed to give sufficient accessory output at low engine
      speed yet be able to withstand high rotational speeds without prematurely
      deteriorating and even bursting. With the present invention, smaller
      capacity accessories can be utilized to give equivalent or better
      performance than that obtained with present drive systems and present
      accessories. By operating accessories through a drive system which limits
      the maximum accessory speed and therefore limits the torque to a value
      below that that would have been normally required to drive the accessories
      above that maximum accessory speed, the economical and functional
      performance of the engine is less penalized. If the accessory speed is not
      limited, then during high speed engine operation the majority of the
      accessories produce excessive output and require excessive drive torque
      which respectively compromises useful accessory life and represents a
      continuous power loss of several horsepower to the engine. This power loss
      appears in the form of reduced engine performance coupled with increased
      fuel consumption and increased wear in the accessories and accessory drive
      system.
PAR  A preferred relation between the speed of the driving engine and the
      accessories is to build up the accessory speed at a high rate during lower
      engine speeds but to limit the accessory speed to a maximum control level
      when the engine speed exceeds that level. In this manner, sufficient drive
      is assured for accessory operation at low engine speeds as well as at
      cruising speeds, yet the accessory drive system which limits accessory
      speed diverts the excessive engine-delivered energy to the engine's
      cooling system rather than passing it to the accessories.
PAR  Prior attempts to improve the relationship between the engine speed and the
      accessory speed employing such devices as multi-speed transmissions or
      infinitely variable transmissions between the engine and accessories have
      not proven commercially acceptable. Inherent performance deficiencies and
      cost penalties have made these devices commercially unfeasible. Certain
      accessory drive systems known in the art have utilized torque transmission
      mechanisms in which centrifugal weights effect frictional disengagement,
      however, specific problems such as excessive noise and wear in the clutch
      facing have prevented their broad commercial implementation. Some air
      cooled accessory drive mechanisms known in the art require costly heat
      exchangers which are difficult to manufacture and result in insufficient
      air circulation. Moreover, providing air-cooled devices with a fan blade
      heat exchanger resulted in wasted energy, thus further lowering overall
      engine performance. Because many prior art devices required accommodation
      for friction pad wear and did not have direct and substantially complete
      bearing journalling support provided by and between the driven and driving
      members, complex bearing arrangements were necessary, resulting in
      increased overall costs. Devices of the prior art typifying the foregoing
      problems are illustrated in the following patents: U.S. Pat. Nos.
      1,365,733; 2,746,587; 2,758,689; 3,081,856; 3,747,731.
PAR  The present invention has as one of its more important objects, the
      provision of a speed-limiting accessory drive system in which the
      accessory speed is increased by a high drive ratio at lower engine speeds
      and then limited at a maximum control speed regardless of increased engine
      speeds beyond that control speed.
PAR  This invention has as another object the provision of a speed-limiting
      accessory drive system in which heat dissipation, lubrication, and noise
      suppression are provided by circulation of presently available liquid
      coolants from a liquid cooled internal combustion engine throughout the
      speed-responsive, torque-transmitting mechanism of the drive system.
PAR  A further object of this invention is the provision of speed-limiting
      accessory drive system utilizing a speed-responsive, torque-transmitting
      mechanism which avoids the deliverance of excessive engine-delivered
      energy to the accessories and permits reduced design capacity for the
      accessory equipment.
PAR  A still further object of this invention is the provision of a
      self-journalling speed-responsive mechanism in an accessory drive system
      wherein the driven member is substantially completely journalled for
      bearing support by the driving member thereby eliminating the need for
      complex bearing arrangements.
PAR  Still another object of this invention is the provision of a speed-limiting
      accessory drive system which reduces the rotary torque necessary to drive
      the accessories and thereby increases overall engine performance.
PAR  Another object of this invention is the provision of an accessory drive
      system wherein at engine cranking speeds, the associated accessories are
      disengaged thereby reducing the torque required to start and turn over the
      engine.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a speed-limiting accessory drive system
      for a liquid cooled internal combustion engine in which noise suppression,
      lubrication and heat dissipation are obtained by circulation of the
      engine's liquid coolant throughout the speed-responsive mechanism of the
      drive system. Particularly, one form of the speed-limiting accessory drive
      system of this invention utilizes a centrifugally partially disengaging,
      speed-responsive mechanism to transmit power from an internal combustion
      engine to the associated accessories wherein the accessories' speeds are
      limited at a desired maximum level regardless of the engine speed in
      excess of that maximum level. Accordingly, the various accessories can be
      of reduced design capacity since they are not required to accommodate
      higher engine speeds. A second form of this invention combines the
      partially disengaging mechanism above referred to with a centrifugally
      engaging, speed-responsive mechanism so that at engine cranking speeds,
      the accessories are only minimally driven or not driven by the engine. The
      fact that the speed-responsive mechanism of the second form of this
      invention does not fully engage the engine to the accessories until higher
      idling and cruising speeds are reached is advantageous in that at cranking
      speeds, there is no requirement for the engine starting mechansim to
      transmit full operating torque to the accessories. This second form
      functions similar to the first form during the higher engine speeds.
PAR  The centrifugally operable speed-responsive mechanism of either form of
      this device consists of a generally drum-shaped driving member which is
      adapted to be connected to the output shaft of an internal combustion
      engine, and a driven member of a general drum shape displaced outwardly
      from the driving member for connection to the engine accessories by any
      common method such as belts and pulleys, by way of example. The driving
      member has a frictional member in the form of a peripheral drum against
      which the friction surfaces of mating friction elements carried by the
      driven member are urged into engagement by spring means to engage the
      mechanism. As the rotational speed of the speed-responsive mechanism
      increases due to the increasing speed of the driven member, the outwardly
      directed centrifugal forces developed in the frictional elements carried
      by the driven member oppose the inwardly directed spring forces until at a
      predetermined control speed, the mechanism starts to slip.
PAR  Liquid coolant from the engine's cooling system circulates throughout the
      speed-responsive mechanism of the speed-limiting drive system of this
      invention and acts to directly dissipate heat, lubricate, promote bearing
      journalling, and suppress noise generated by the mating frictional
      elements during controlled slipping engagement above the preselected
      control speed. Since the slippage in the mechanism occurs while the
      vehicle is cruising at a substantial speed whereat its engine's liquid
      cooling system is not fully utilized, it is expected that no additional
      radiator capacity would be required by using this invention, except for
      continued accessory use at extremely high cruising speeds. While the
      driving member's speed increases above the control speed and controlled
      slippage within the mechanism continues, the driving member transmits only
      a limited rotational speed to the driven member, the mechanism itself
      diverting the excessive engine-delivered energy to the cooling system of
      the associated engine. Consequently, this speed-limiting accessory drive
      system only allows the accessories to operate at a predetermined, maximum
      speed, thereby maximizing the engine's torque output required to drive the
      accessories. Moreover, even though the engine is driving the
      speed-responsive mechanism at an increased ratio during lower engine
      speed, the engine only has to drive the mechanism at this maximized
      required-torque.
PAR  The fact that the speed-limiting accessory drive system of this invention
      only requires the engine to drive the accessories at a maximized
      required-torque is a key element in this invention's ability to conserve
      an engine's power in spite of the fact that the speed-responsive mechansim
      of this invention is itself an energy diverting and dissipating mechanism.
      The torque required to drive the engine's fan and water pump increases
      approximately as the square of their driven speeds. Thus, at high
      accessory speeds, the fan and water pump torque is very substantial and
      dominates over the torque required by the other accessories. Furthermore,
      in an engine equipped with a conventional accessory drive system, the
      accessories are allowed to be driven at speeds proportional to the
      engine's speeds including speeds above the preselected control speed at
      which the accessories are held by the present invention. The combination
      of these two facts, i.e., a substantial required torque at high accessory
      speeds and a proportional speed driving relationship, results in a
      substantially increased torque necessary to drive the accessories at the
      high engine speeds. However, this increased required torque is merely
      wasted by the accessories since their output is adequate at the medium
      engine speeds. Accordingly, the torque penalty imposed on an engine
      equipped with a conventional drive system is substantially higher than an
      engine utilizing the present invention where the accessories' speeds are
      limited.
PAR  Further, since utilization of this invention reduces and limits the maximum
      speed level transmitted to the accessories, lower capacity accessories
      driven at a higher ratio can be utilized for space and cost savings as
      well as for smooth operation. A reduction in the rating of the torque
      transmission system such as belts and pulleys is another consequential
      benefit of this invention. Even through this invention permits a higher
      drive ratio thereby assuring sufficient accessory output at idle, overall
      accessory size can be reduced as mentioned above since limiting accessory
      speed eliminates concern over bursting accessories at unnecessarily high
      rotational speeds.
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PAR  IN THE DRAWINGS:
PAR  FIG. 1 is a schematic front view of an internal combustion engine equipped
      with a speed-limiting accessory drive system incorporating the present
      invention;
PAR  FIG. 2 is a fragmentary front view of one embodiment of the
      speed-responsive mechanism of this invention with a portion of its front
      cover removed;
PAR  FIG. 3 is a cross sectional view of one embodiment of the present invention
      taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged view of a friction pad area encircled on FIG. 2;
PAR  FIG. 5 is a front view of another embodiment of the speed-responsive
      mechanism of this invention with its front cover removed;
PAR  FIG. 6 is a cross sectional view of the embodiment shown in FIG. 5 taken
      along line 6--6 of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is schematically illustrated a liquid cooled
      internal combustion engine 11 having a cluster of accessories associated
      therewith. The speed-responsive mechanism of the speed-limiting accessory
      drive system of this invention, generally denoted by reference numeral 14,
      is rigidly secured to a crankshaft 13 as seen in FIG. 3, for transmission
      of torque and diversion and dissipation of excessive energy from the
      engine 11 to the accessories. Pulleys 17 and 19 are formed on the
      periphery of mechanism 14 within which belts 21 and 23, respectively, ride
      for transmission of torque from the mechanism to the various accessories.
      The belt 21 also passes over a pulley 25 for driving an air conditioning
      compressor connected thereto and also over a pulley 27 for driving the
      engine's water pump and fan 29. The belt 23 passes over a pulley 31 for
      driving an alternator and over a pulley 33 for driving the engine's power
      steering pump. It is to be understood that any rotary torque transmission
      means, other than belts and pulleys, can be utilized with the accessory
      drive system of this invention and, furthermore, that other engine
      accessories such as gas recirculation pumps, for example, can be added to
      the above described accessory drive system.
PAR  An inlet line 35 and a return line 37 connect the engine's cooling system
      to the mechanism 14 through a hydraulic coupler 39 having an inlet port 41
      and an outlet port 43, as seen in FIG. 3. Preferably, the inlet line 35
      ties in to the engine's cooling system at a point at which relatively high
      pressure and low temperature prevail so as to induce coolant circulation
      throughout the mechanism 14. Moreover, such a tie-in allows greatest heat
      dissipation between the mechanism 14 and the engine's cooling system.
      Alternative tie-in methods known in the art can be utilized to cause the
      rotating mechanism to induce circulation through itself thereby providing
      the mechanism with its own auxiliary coolant pump such that a closed
      circuit coolant system could be utilized to make this invention compatible
      with air-cooled engines.
PAR  Referring now to FIGS. 2 and 3, one embodiment of the speed-responsive
      mechanism of the speed-limiting accessory drive system of the present
      invention as indicated generally by numeral 15 has a driving member
      generally denoted by numeral 45 and a driven member generally denoted by
      numeral 47. The driving member 45 is rigidly affixed to the engine's
      crankshaft 13 by a bolt 49 and a key 51 thus providing a direct drive
      relationship between the engine 11 and the driving member 45. The driving
      member 45 comprises a generally drum-shaped peripheral section 53 and a
      radial section 55. The drum section 53 of the driving member 45 has an
      outer friction surface 57 for transferring tangential torque loads from
      the driving member 45 to the driven member 47 during relative frictional
      drive therebetween, and also for providing journalling to the driven
      member of the mechanism as described later herein. Outwardly displaced
      from the driving section 45 and adapted to be concentrically rotated
      therewith or relative thereto is the driven member 47 having a radial
      flange section or rear cover 59 and a peripheral drum-shaped,
      bearing-flange section 61, which has the sheaves or pulley grooves 17, 19
      formed thereon. A front cover 63 is adapted to be connected to the bearing
      flange section 61 by any common method such as plural threaded fasteners
      65 and tapped holes 67.
PAR  Interposed and entrapped between the bearing flange section 61 and the
      friction surface 57 are plural, arcuate-shaped friction pads 69. Each
      friction pad 69 is harbored within a retainer box or recess 71 formed on
      the interrupted inner cylindrical surface 72 of the driven member 47 so
      that when the friction pad 69 frictionally engages the surface 57,
      tangential torque loads are transmitted from the driving member 45 to the
      driven member 47. The importance of the fact that the combination of the
      driven member 47 and the plural friction pads 69 obtains direct bearing
      support from the driving member 45 will become understood as the
      description continues.
PAR  A resilient spring means, in the form of a compressed flat spring 73, is
      positioned within the retainer box 71 between the driven member 47 and
      each friction pad 69 for radially urging the pads 69 into direct
      frictional engagement with the friction surface 57 of the driving member
      45. The friction surface 57 is preferably hardened steel or similar
      material and the friction pads 69 are preferably of a sintered metal with
      good bearing characteristics, especially when under liquid cooling and
      lubrication.
PAR  Referring now to FIG. 4, there are several force components acting on each
      entrapped friction pad 69 during rotation of mechanism 15, each component
      having varying magnitudes depending on the unit's rotational speed. A
      centrifugal force due to rotation of the driven member 47 of the mechanism
      15 tends to outwardly displace each friction pad 69 in a radial direction,
      whereas the opposing inwardly directed spring force from its associated
      flat spring 73 tends to maintain the friction pad 69 in direct frictional
      non-slipping engagement with the friction surface 57. Tangential
      frictional drive forces developed between each pad 69 and the friction
      surface 57 are also present. A detailed description of the relationship
      between these various forces and the ability of the mechanism 15 to
      transmit the desired torque while limiting the overall accessory speeds
      will follow.
PAR  The inward energization force of the flat spring 73 and weight of a
      friction pad 69 are so designed that under all engine operational speeds,
      the resultant force acting on the friction pad 69 is inwardly directed so
      as to maintain frictional engagement between the latter and the driving
      member 45. Consequently, the limited output speed of the device (which is
      the speed of the driven member 47) will not exceed the predetermined
      maximum speed or design limit. This limited output speed may vary within a
      range of, for example, .+-.10% of the design output speed as the torque
      transmitted by the mechanism to the accessories from the engine crankshaft
      13 varies.
PAR  Referring now to FIG. 3, it will be noted that through use of hydraulic
      coupler 39, liquid from the engine's cooling system is circulated
      throughout the mechanism 15. Various functions are performed by this
      liquid coolant such as dissipation of heat generated by the mating
      frictional surfaces during rotation of mechanism 15, lubrication of the
      various mating elements, assistance in the development of self-journalling
      between the driven and driving members, and reduction of noise emitted by
      the mechanism. The common combination of water, anti-freeze and rust
      prevention additives available from the engine's cooling system acts as a
      suitable lubricant when the above described preferred materials are used
      in this invention. As noted in FIG. 3, hydraulic coupler 39 directs
      coolant from inlet line 35 to the center regions of mechanism 15 through a
      cantilevered pipe 75 which has a flange 77 at its free end. Liquid coolant
      is directed out of the center regions of the mechanism 15 through a
      passage 79 and the outlet port 43. The hydraulic coupler 39 which is
      stationary is supported by a bushing 81 inserted within a bearing portion
      83 of the front cover 63. A seal 85 prevents leakage of liquid coolant
      between the bearing portion 83 of the front cover 63 and the hydraulic
      coupler 39. A thrust washer 87 retained by a snap ring 89 maintains the
      hydraulic coupler 39 in a stationary seated position within the front
      cover 63. The rear cover 59 is spaced from the radial section 55 of the
      driving member 45 by a thrust washer 91 and is sealed around the
      crankshaft 13 by a seal 93. The combination of seals 85, 93, cover 63, and
      driven membver 47, thus create a sealed chamber or hermetically-sealed
      envelope about the driving member 45.
PAR  To prevent the formation of a hydrodynamic bearing between the mating
      frictional areas of the speed-responsive mechanism of the speed-limiting
      accessory drive system of this invention, plural grooves 74 are formed on
      the friction face of each of the plural friction pads 69, as seen in FIG.
      4. These grooves prevent a hydrodynamic bearing from forming under the
      pads 69. This specific pattern of grooves also allows circumferential flow
      of the eninge's liquid coolant under the pads 69 thereby allowing
      sufficient fluid between the plural bearing portions 76 of the driven
      member 47 and the friction surface 57 of the driving member 45. The latter
      fact assists the creation of a hydrodynamic bearing between the bearing
      portions 76 and the surface 57, whereby relative journalling between the
      mating members of the mechanism 15 is established.
PAR  As can be noted in FIG. 3, there is no direct bearing journal support
      between the crankshaft 13 and the driven member 47. The direct or slipping
      frictional engagement between plural friction pads 69 carried by the
      driven member 47 and the friction surface 57 of the driving member 45 and
      the above-described hydrodynamic bearing formed between the plural bearing
      portions 76 and surface 57 provide substantially complete journalling
      support between the driven and driving members of the speed-responsive
      mechanism of this invention. This type of mating member journalling
      obviates the need for specialized bearing arrangements as required in the
      prior art speed-limiting accessory drive devices. Moreover, since all
      bearing surfaces are located within the mechanism's over-all housing
      (which serves as a hermetically sealed chamber for liquid coolant
      circulation), they are lubricated by the liquid coolant from the engine.
      It is to be understood that for heavy duty applications of the mechanism
      15, such as in truck use, additional bearings (not shown) can be adapted
      to either or both ends of the mechanism 15 as seen in FIG. 3 to assure the
      compactness of the overall package size of the mechanism 15. The mechanism
      15 would provide its own self-journalling without this modification, as
      above described, but the mating bearing areas of the mechanism 15 would
      have to be of sufficient length to assure adequate journalling support.
PAR  Turning now to a description of the operation of this form of the preferred
      embodiment as shown in FIGS. 2, 3 and 4, it will be noted that rotary
      torque is delivered to the peripheral section 53 of the driving member 45
      through the crankshaft 13, key 51, and radial section 55. Due to the fact
      that plural flat springs 73 are assembled in a strained state and of
      sufficient strength, the mating clutch members of the mechanism 15 are
      always in an engaged condition once assembled. Since there is direct
      engagement between the friction pads 69 and the friction surface 57,
      rotation of the driving member 45 causes the rotary torque of the
      crankshaft 13 to be transmitted to the driven member 47. The rotary torque
      transmitted to the driven member 47 is in turn transmitted to the various
      engine accessories through the multiple belt and pulley arrangement above
      described. During the lower rotational speeds of the crankshaft 13, the
      driven member 47 rotates in synchronism with the driving member 45 due to
      relative direct frictional engagement therebetween. Thus, at cranking,
      idling, and the lower rotational engine speeds up to a predetermined
      control speed to be discussed later, the mechanism 15 operates as a locked
      or direct coupled unit.
PAR  During the relatively direct frictional engagement between the driving and
      driven members, a rotary torque delivered by the crankshaft 13 and
      required by the accessories is directly transmitted through the mechanism
      15 to the various accessories. However, when controlled slippage begins to
      occur between the driven and driving members, the available rotary torque,
      still being directly delivered by the engine as required by the
      accessories, is transmitted by the mechanism 15 at the limited rotational
      speed, which never exceeds the maximum control speed. As noted previously,
      this limited speed may vary within a certain band as the torque required
      by the accessories varies due to accessory loads being changed. Controlled
      slipping frictional engagement occurs within the mechanism because of the
      previously described forces coacting on the friction pads 69. As the
      rotational speed of the driving member 45 is increased from a lower
      rotational speed to the desired control speed whereat the accessories are
      to be maintained, the centrifugal force developed on the friction pads 69
      tends to oppose the inwardly directed engaging forces created by the
      compressed flat springs 73. As the rotational speed of the driving member
      45 closely approaches and surpasses this control speed, the centrifugal
      forces on the plural pads 69 are of such a magnitude as to substantially
      counteract the engaging forces of the plural flat springs 73 so that
      direct frictional engagement is replaced by controlled slipping
      engagement. As noted above, the magnitude of the engaging force in
      compressed flat springs 73 is so designed that friction pads 69 are always
      biased against the friction surface 57. However, because of the
      above-mentioned counteraction of forces, when the driving member 45 is
      rotating substantially at or above the control speed, slipping frictional
      gripping between the friction pads 69 and friction surface 57 occurs
      rather then direct frictional engagment. Accordingly, this controlled
      slippage within the mechanism 15 allows the available clutch torque
      transmitted by the clutch to be delivered to the accessories only at the
      limited speed. Moreover, because of the counteraction of forces, there is
      always slipping frictional engagement within the mechanism 15, not
      complete disengagement, during rotation of the member 45 at speeds above
      the control speed. The fact that mechanism 15 is a centrifugally,
      partially disengaging mechanism allows continuous maintenance of the
      above-described bearing journalling between the plural pads 69, the
      driving member 45, and the driven member 47. It is to be understood that
      varying of the maximum control speed may be accomplished by altering the
      spring force developed by flat springs 73, or by varying the number,
      weight, or effective radius of the friction pads 69.
PAR  In overall operation of the speed-responsive mechanism 15 of the
      speed-limiting accessory drive system of this invention, during lower
      rotational speeds of the driving member, the accessories are
      simultaneously driven at the same rotational speed. As the rotational
      speed of the driving member 45 approaches the design control speed,
      controlled slippage within the mechanism 15 occurs allowing the driven
      member to maintain and limit the accessory speeds at this control speed
      regardless of the increasing rotational speed of the driving member 45
      above that control speed. As the engine slows back down to the control
      speed, the centrifugal forces acting on the friction pad 69 are diminished
      until the energization bias of the flat springs 73 re-establishes direct
      frictional engagement between the friction pad 69 and the mating surface
      57 wherein the mechanism 15 again rotates as a locked unit.
PAR  As noted above, the combination of the utilization of the associated
      engine's liquid coolant to provide direct lubrication and heat dissipation
      and the utilization of a preferred materials for the mating pieces of the
      mechanism results in minimum wear of the frictional elements. Accordingly,
      the magnitude of the spring compression in each of the flat springs 73 is
      substantially the same throughout the entire life of the mechanism 15
      assuring that the design control speed remains substantially constant.
      This is an important feature since lack of pad wear in this invention
      eliminates the prior art problem of accommodating for friction pad travel
      and lack of uniform spring energization forces. The latter was
      accomplished in prior art devices through use of helical springs. It will
      be noted that in this invention, utilization of flat springs provides a
      minimal overall package size for the assembled speed-responsive mechanism.
      Furthermore, coolant lubrication in this invention eliminates the
      substantial noise of dry prior art devices, and promotes self-journalling.
PAR  There is illustrated in FIGS. 5 and 6, a second form of the preferred
      embodiment of this invention, denoted generally by reference numeral 95.
      Furthermore, like reference numerals in FIGS. 2, 3 and 4 and FIGS. 5 and 6
      denote like elements. It will be noted that the primary differences
      between the first and second forms reside in the fact that the second form
      has a centrifugally engaging, wet, free-cranking mechanism and
      intermediate drive means in addition to the above described centrifugally
      partially disengaging, wet mechanism. The fact that this second form is
      utilized primarily to reduce the torque required to turn over an engine
      during cranking through disengagement of the accessories will become
      obvious as the description progresses.
PAR  Securely connected to the drive shaft 13 via the key 51 and the bolt 49 is
      a driving rotor 97 having a drum-shaped peripheral section 99. A freely
      rotatable intermediate drive sleeve 101 is interposed between the driving
      rotor 97 and the driven member 47. Carried and supported by the driving
      rotor 97 and interposed between drive sleeve 101 and the rotor 97 are
      plural friction elements 103 urged inwardly for retention within harbor
      boxes 105 of the driving rotor 97 by a garter spring 107. Axial alignment
      of the plural friction elements 103 and the driving rotor 97 is assured by
      coaxial alignment of a spring channel 109 on the friction element 103 and
      a spring channel 111 formed on the driving rotor 97. The plural friction
      elements 103 are grooved in a similar fashion as plural friction pads 69.
      The intermediate drive ring 101 has an inner friction surface 113 and an
      outer friction surface 115 adapted to be directly frictionally engaged
      with the friction element 103 and the friction pads 69, respectively.
PAR  Turning now to a discussion of the operation of this second form of the
      preferred embodiment, it will be noted that, because to the inwardly
      directed energization forces imposed on the plural friction elements 103
      by the garter spring 107, during lower rotational speeds of the driving
      rotor 97 and of the plural friction elements 103 carried thereby, there is
      neither direct nor slipping frictional engagement between the driving
      rotor and the intermediate drive sleeve 101 yet the driving rotor 97,
      similar to the driving member 45 of the first form of the preferred
      embodiment, substantially bearingly supports the sleeve 101, and thus also
      the driving member 47. Thus, the garter spring 107 prohibits the mechanism
      95 from engaging the accessories to the engine during cranking of the
      latter. Accordingly, the engine starting motor need not drive the
      accessories during engine starting. This can mean a significant reduction
      in required cranking torque if the liquid within an accessory has
      partially solidified in winter weather, or an accessory was left turned on
      when the engine was last shut off. By the time the engine has started and
      reached its idling speed, the centrifugal forces acting on the plural
      frictional elements 103 will have expanded the garter spring 107 thereby
      allowing all the remaining elements of the mechanism 95 to rotate in
      locked frictional engagement to transmit full engine torque and speed to
      the associated accessories. It may be noted that once the friction
      elements 103 have directly frictionally engaged the intermediate drive
      sleeve 101, the entire mechanism 95 rotates as a locked unit because the
      intermediate drive sleeve 101 is also directly frictionally engaged
      against the plural friction pads 69 of the outer centrifugally partially
      disengaging, wet mechanism due to the inward forces of the plural flat
      springs 73. Since this outer mechanism is common to both forms of the
      preferred embodiment of this invention, this second form operates
      similarly to the first form at rotational speeds above cranking speeds.
      Once the engine is stopped and the centrifugal forces acting on the plural
      friction elements 103 have ceased, the garter spring 107 reestablishes
      inward energization on the elements 103 and the driving rotor 97 is again
      disengaged from the drive sleeve 101. Accordingly, the engine starting
      motor will not have to turn over the accessories the next time the engine
      is started.
PAR  A modification to this second form of the preferred embodiment eliminates
      the garter spring 107 whereby at engine cranking speeds there is partial,
      albeit little, frictional engagement (as well as bearing support) between
      the friction elements 103 and the intermediate drive sleeve 101. The
      resultant torque penalty on the cranking mechanism is minimal, however,
      since there is effectively free cranking because of the substantial
      slippage between the elements 103 and the sleeve 101. This is merely a
      design choice and does not materially affect the operating characteristics
      of the centrifugally engaging mechanism of this second embodiment.
PAR  The above description emphasizes how this invention eliminates various
      prior art problems such as excessive accessory size, wear and power
      consumption by limiting the accessory drive speed and utilizing the
      engine's liquid coolant. Also eliminated are the complexity of parts and
      bearing arrangements which are costly to manufacture and maintain as well
      as the noise generated in exposed air-cooled clutch devices.
PAR  From the foregoing description of the two forms of the preferred embodiment
      of this invention, it will be obvious to one skilled in the art that
      various changes, modifications and substitutions of equivalents can be
      made in the construction of the described speed-responsive
      torque-transmitting and energy diverting and dissipating mechanism for a
      speed-limiting accessory drive system without departing from the scope of
      this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A centrifugally-actuatable, speed-limiting mechanism for the
      transmission of torque, comprising: a driving member and a driven member,
      said driven member being interposed about said driving member for coaxial
      rotation therewith, said driving member having a cylindrical frictional
      surface adjacently opposing an interrupted mating journalling surface on
      said driven member; centrifugally actuatable frictional pad means
      interposed between said members and carried by said driven member; means
      biasing said pad means against predetermined centrifugal forces acting
      thereon, whereby said pad means are operable to partially disengage said
      driven member from said driving member above a predetermined rotational
      design speed of said mechanism; said cylindrical frictional surface
      further characterized by being adapted to provide substantially all of the
      bearing journalling support of said driven member and further provide
      frictional resistance to said carried frictional pad means during torque
      transmission between said members; seal means operable to seal said driven
      member about said driving member; circulation means operable to circulate
      a liquid lubricant and coolant completely throughout said mechanism, and
      external cooling means communicating with said circulation means for
      effecting cooling of said circulated liquid lubricant and coolant.
NUM  2.
PAR  2. In a centrifugally-actuatable, speed-responsive mechanism for the
      tranmission of torque to the accessories associated with an internal
      combustion engine, including concentrically-mounted driving and driven
      members capable of relative coaxial rotation and centrifugally responsive
      means interposed between said members for frictionally coupling the same
      in response to predetermined centrifugal forces acting on said
      centrifugally responsive means, the imporovement comprising: a drum-shaped
      driving member having an outer cylindrical clutch and journalling surface
      formed thereon, a drum-shaped driven member frictionally coupled with and
      bearingly supported by said surface, a plurality of friction pads
      interposed between said surface and said driven member and movably
      retained by the latter, the engagement of said plurality of pads and said
      cylindrical clutch and journalling surface providing substantially the
      sole means for supportively journalling said driven member about said
      driving member, spring means urging said retained friction pads radially
      against said clutch and journalling surface, enveloping means mounted on
      said driven member for hermetically sealing said driven member about said
      driving member, liquid medium means circulating within said enveloping
      means for effecting cooling and lubrication of said clutch and journalling
      surface and for suppressing frictional noise created thereat, and means
      externally of said enveloping means and communicating therewith operable
      to effect cooling of said circulated liquid medium means.
NUM  3.
PAR  3. A self-journalling, centrifugally-operable, speed-responsive mechanism
      for the transmission of torque, comprising in combination: a driving
      member having a cylindrical bearing and frictional surface at its outer
      periphery, a driven member mounted outwardly of said driving member
      operable to coaxially rotate therewith, spring means mounted on said
      driven member, centrifugally actuatable friction elements movably carried
      by said driven member and radially biased by said spring means, said
      elements operable to frictionally couple said member, said cylindrical
      bearing and frictional surface of said driving member simultaneously being
      operable to frictionally engage and bearingly support said carried
      friction elements whereby said driving member provides substantially all
      of the bearing support of said driven member through the frictional
      engagement and bearing support of said carried friction elements, said
      driven member having means for forming a sealed chamber about said driving
      member, liquid lubricant and coolant means flowing within said sealed
      chamber, circulation means mounted on said sealed chamber operable to
      circulate said liquid lubricant and coolant throughout the same, and
      external cooling means communicating with said sealed chamber for
      dissipating the heat generated in said circulated liquid lubricant and
      coolant.
NUM  4.
PAR  4. A centrifugally-operable, speed-responsive torque-transmitting mechanism
      comprising a drum-shaped driving member, a drum-shaped driven member
      mounted concentrically outward of said driving member for relative
      rotation therewith, sleeve bearing means interposed between said members
      comprising a cylindrical bearing and frictional surface formed on the
      outer periphery of said driving member, friction pad means interposed
      between said members and centrifugally operable to frictionally couple
      said members, said friction pad means being a part of and movably carried
      by said driven member, spring means operationally biasing said friction
      pad means for frictional and journalling engagement with said cylindrical
      surface of said driving member whereby said friction pad means and driving
      member are substantially fully journalled by said driving member, means
      mounted about said members for sealing the sleeve bearing means within an
      enclosed chamber, liquid lubricant and coolant means contained with said
      enclosed chamber, means connected to said enclosed chamber for effecting
      circulation of said liquid lubricant and coolant throughout the same, and
      means connecting said enclosed chamber to an external cooling system for
      cooling the circulated liquid lubricant and coolant thereby providing for
      the dissipation of heat generated within said mechanism.
NUM  5.
PAR  5. In a centrifugally actuatable, speed-responsive mechanism for the
      transmission of torque, including concentrically mounted driving and
      driven members capable of relative coaxial rotation and having adjacently
      opposing cylindrical surfaces, and centrifugally responsive means
      interposed between said surfaces for frictionally coupling the same in
      response to predetermined centrifugal forces acting thereon, the
      improvement comprising: a first peripheral portion on one of the driving
      and driven members providing an uninterrupted cylindrical frictional
      surface, a second peripheral portion on the other member providing a
      cylindrical bearing surface periodically interrupted by recesses therein,
      the said surfaces operationally opposing one another; centrifugally
      activated friction pad means movably carried within said recesses, said
      carried pad means being operable to frictionally and bearingly engage said
      uninterrupted cylindrical frictional surface; resilient means mounted on
      said member having said second peripheral portion formed thereon and
      engaging said pad means for biasing the same against centrifugal forces
      acting thereon; said first and second portions and said pad means
      intercooperating to mutually provide substantially all of the journalling
      support between said members through the sliding bearing engagement of
      said interrupted bearing surface with said uninterrupted frictional
      surface and through said frictional and bearing engagement of said pad
      means with said uninterrupted frictional surface as operationally imposed
      by said resilient means and centrifugal forces; means effecting a sealed
      interconnection between said portions whereby to provide a sealed chamber
      between the opposed surfaces thereof; liquid cooling and lubricant means
      completely filling said sealed chamber; circulation means operable to
      circulate said liquid coolant and lubricant means throughout said chamber
      and between said opposed surfaces; and means externally of said mechanism
      communicating with said sealed chamber operable to effect cooling of said
      circulated liquid coolant and lubricant means.
NUM  6.
PAR  6. The invention of claim 5, wherein said driven member is concentrically
      mounted outwardly of said driving member, said first peripheral portion is
      formed on said driven member, and said second peripheral portion is formed
      on said driving member, whereby said resilient means operates to prevent
      said frictional and bearing engagement of said carried pad means with said
      first peripheral portion on said driven member below a predetermined
      rotational speed of the driving member.
NUM  7.
PAR  7. The invention of claim 5, wherein said driven member is concentrically
      mounted outwardly of said driving member, said first peripheral portion is
      formed on said driving member, and said second peripheral portion is
      formed on said driven member, whereby said resilient means operates to
      effect controlled slippage between said carried pad means and said first
      peripheral portion on said driving member above a predetermined rotational
      speed of said driven member.
NUM  8.
PAR  8. The invention of claim 7, including a freely rotatable, intermediate
      drive means interposed between said first and second peripheral portions
      respectively mounted on said driving and driven members, and friction
      elements carried in recesses formed in said first peripheral portion
      centrifugally operable to frictionally engage said intermediate drive
      means.
NUM  9.
PAR  9. The invention of claim 8 including additional resilient means urging
      said carried friction elements away from said frictional engagement with
      said intermediate drive means.
NUM  10.
PAR  10. The invention of claim 8, wherein said intermediate drive means is
      comprised of a cylindrically-shaped ring having inner and outer frictional
      bearing surfaces thereon.
NUM  11.
PAR  11. A torque transmitting and energy diverting assembly for limiting the
      speed of accessories to be driven by an internal combustion engine,
      including a driving member rotatively driven off the crankshaft of an
      internal combustion engine, said driving member having a drum-shaped
      friction and bearing surface at its outer periphery, a cylindrically
      shaped driven member coaxially mounted outward of said driving member for
      rotation therewith, said driven member having driving connection with the
      engine accessories, at least one friction member supported by said driven
      member and entrapped between said driving and driven members so as to
      transfer tangential force loads therebetween, the drum-shaped friction and
      bearing surface on said driving member providing substantially the sole
      bearing journal support for said driven member, at least one spring means
      urging said friction member into non-slipping frictional engagement with
      said drum-shaped friction and bearing surface at lower rotational speeds
      of said driving member, said spring means operating to counteract
      centrifugal force developed on said friction member as the rotational
      speed of said driving member increases to and beyond a desired limited
      accessory speed, said spring means further being operable to cause
      controlled slipping and bearing engagement between said friction member
      and said drum-shaped friction and bearing friction surface when said
      driving member rotates above said limited accessory speed, said controlled
      slippage substantially effecting the limited output speed available to
      drive the engine accessories regardless of the rotational speed of said
      driving member above said limited accessory speed, seal means operable to
      seal said driven member about said driving member, liquid lubricant and
      coolant circulation means adapted to effect heat dissipation, noise
      suppression, and lubrication of said assembly by circulating a liquid
      lubricant and coolant throughout said sealed assembly, and cooling means
      operable to cool said circulated liquid lubricant and coolant.
NUM  12.
PAR  12. The invention of claim 11, wherein said driving member comprises a
      driving rotor adapted to be connected to the output shaft of said engine,
      weighted friction pads carried by said driving rotor, and an intermediate
      drive sleeve disposed outwardly of said driving rotor and carried pads and
      bearingly supported thereby operable to coaxially rotate thereabout, said
      drive sleeve having at its inner periphery a cylindrically-shaped friction
      surface, said drive sleeve further characterized by having said
      drum-shaped friction surface formed at its outer periphery, said friction
      pads further characterized by being centrifugally operable to frictionally
      couple said intermediate drive sleeve to said driving rotor whereby at
      rotational speeds of said driving rotor and pads below the cranking speeds
      of said engine there is only minimal frictional coupling between said
      driving rotor and said intermediate drive sleeve thereby assuring only
      minimal rotary torque driving of said accessories by said engine during
      cranking speeds of the latter.
NUM  13.
PAR  13. The invention of claim 12, (amended) including spring means urging said
      weighted friction pads toward said driving rotor to prohibit frictional
      coupling between said driving rotor and said intermediate drive sleeve
      thereby assuring non-engagement of said accessories to said engine during
      cranking of the latter.
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ABST
PAL  A coin switch for coin operated vending machines, especially juke boxes, in
      which a coin, after it has been successfully passed by a slug rejector,
      drops through a chute according to its denomination and interrupts a light
      beam falling on a photo-sensitive device, specifically a photo transistor.
      Different chutes or passageways are provided for coins of different
      denomination, and the chutes are so configured as to limit the speed of
      passage of a coin whereby to insure production of a modulated signal of
      recognized character of usable width. Such signal is conveniently a D.C.
      pulse.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  For many years coin operated vending machines, and especially juke boxes,
      have used electro-mechanical coin switches. After a coin or coins have
      passed through a slug rejector the coins go into a multiple slot or
      multiple chute coin detecting device having a mechanical coin detector
      adjacent each slot or chute. Engagement of the mechanical detector by a
      coin causes closure of mechanical switches. Such coin switches have
      evidenced various degrees of difficulty over the years. The contacts
      become pitted and burned, and also dirty. Switches thus may operate
      falsely, or fail to operate at all. Cleaning by a service man from time to
      time is essential, and adjustment of the physical position of the detector
      also is necessary from time to time due to the fact that constant physical
      agitation thereof by dropping coins causes bending, misalignment, etc.
PAR  A further problem has become more pronounced in recent years with the move
      toward digital electronic operation of coin operated devices. Mechanical
      contacts tend to bounce. Such bouncing will produce a series of pulses,
      rather than a single pulse, and may result in false crediting. This
      problem is particularly irksome when contacts are burned or dirty.
PAC  OBJECT AND SUMMARY OF THE PRESENT INVENTION
PAR  Broadly speaking, the object of the present invention is to provide an
      improved electronic coin switch having no moving parts.
PAR  More specifically, it is an object of the present invention to provide an
      electronic coin switch utilizing a photo sensitive device, specifically a
      photo transistor.
PAR  It is further an object of the present invention to provide an electronic
      coin switch requiring little or no servicing throughout its life.
PAR  A further object of the present invention is to provide an electronic coin
      switch having means for insuring provision of a modulated signal of
      recognized character of usable width.
PAR  Yet another object of the invention is to provide an electronic coin switch
      having shaped coin chutes to gain space between exit slots to provide
      space for light sources and sensors in a small package.
PAR  The foregoing and other objects of the present invention are attained by a
      structure in which coins of four different denominations respectively pass
      four light beams to change the condition of the light beam inpinging on a
      respective photo transistor, either breaking the light beam or
      establishing a desired light beam by reflection. Additional slots or
      chutes can be provided for accommodating one or more coins of additional
      denominations. Since two commonly available slug rejectors have somewhat
      different exit paths, the present coin switch is provided with input slots
      to accommodate to either of such two slug rejectors. The internal slots or
      chutes are configured to bring coins out to four predetermined exits
      irrespective of which slug rejector is used. Photo transistors are used to
      insure adequate sensitivity without requiring excessive gain which would
      cause additional expense and might cause noise problems.
PAR  In a preferred form of the invention an incandescent lamp bulb is used as a
      light source and is positioned between two coin chutes so that the small
      light source is used for the two chutes. Derating of an incandescent bulb
      can result in extended service life commensurate with the service life of
      the vending machine. However, it is contemplated that other light sources
      could be used, and for instance light emitting diodes could be used for
      each chute, and such devices are known to have substantially infinite
      service life. However, light emitting diodes are directional in nature,
      and it is probable that a light emitting diode would be required for each
      chute or coin path, without sharing of the light source, as is possible
      with an incandescent or other more or less conventional lamp bulb.
PAR  The coin chutes or slots are provided in a plastic body or housing having a
      printed circuit board affixed thereto with all electronic components
      preassembled on the printed circuit board. Specifically, the light sources
      and light detectors are mounted on this board for ready preassembly, and
      for ready access in the event that servicing should be necessary.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 provides a side view of my improved coin switch with related parts
      shown in block diagram;
PAR  FIG. 2 comprises an end view taken at right angles to FIG. 1;
PAR  FIG. 3 is a top view of the improved coin switch;
PAR  FIG. 4 is a cross-sectional view taken substantially along the line 4--4 in
      FIG. 1;
PAR  FIG. 5 is a cross-sectional view taken substantially along the line 5--5 in
      FIG. 1;
PAR  FIG. 6 is a cross-sectional view taken substantially along the line 6--6 in
      FIG. 1;
PAR  FIG. 7 is a fragmentary-sectional view taken substantially along the line
      7--7 in FIG. 1;
PAR  FIG. 8 is a longitudinal-sectional view taken substantially along the line
      8--8 in FIG. 5;
PAR  FIG. 9 is a longitudinal-sectional view taken substantially along the line
      9--9 in FIG. 5;
PAR  FIG. 10 is a longitudinal-sectional view taken substantially along the line
      10--10 in FIG. 5;
PAR  FIG. 11 is a longitudinal-sectional view taken substantially along the line
      11--11 in FIG. 5;
PAR  FIG. 12 is an electronic wiring diagram of the invention;
PAR  FIG. 13 is a perspective view of the printed circuit board and components
      thereon;
PAR  FIG. 14 is a top view of the printed circuit board and components thereon;
      and
PAR  FIG. 15 is a fragmentary-sectional view showing a modified form of the
      invention utilizing light reflected from the surface of a coin.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Turning now to the drawings in greater detail, and first to FIGS. 1-3, a
      coin receiver 20 of conventional construction is shown schematically by
      block diagram. The coin or coins as first inserted in the coin drop of the
      vending machine, for example a juke box, are received by the coin receiver
      20, and then passed on to a slug rejector 22 of conventional construction
      from whence they pass to the coin switch 24 of the present invention.
      After traversing the coin switch 24 the coins drop into a coin basket 26
      which may be of conventional construction, and which therefore is likewise
      shown in schematic fashion.
PAR  The coin switch 24 includes a plastic molded housing 28 which is preferably
      molded in two parts 30 and 32 secured together by screws 34 extending
      through ears 36 and threading into complementary ears 38. The two housing
      portions additionally are provided with ears 40 at the opposite
      extremities for receipt of screws 42 to mount the coin switch on a bracket
      44 shown in broken lines in order to properly mount the coin switch within
      the juke box or other vending machine. In addition to the foregoing,
      important exterior aspects of the housing include protuberances 46 for
      receipt of screws 48 passed through a printed circuit board 50 to secure
      the printed circuit board on the underside of the housing 28. All of the
      electrical components of the present invention are preassembled on the
      printed circuit board 50 and coact with the physical structure of the
      housing as will hereinafter be set forth in greater detail.
PAR  The housing 28 is provided with five inlet slots to accept coins of four
      different denominations. The reason for five slots for four denominations
      is that two different commonly available commercial slug rejectors have
      different coin exit patterns. The exit patterns are identical for a 5-cent
      piece, a 25-cent piece, and a 50-cent piece, but they are quite different
      as to the dime or 10-cent piece. The present housing and switch are made
      to connect to either of these two commonly available slug rejectors. Thus,
      referring for the moment only to FIG. 3, there is a 5-cent inlet slot 52
      adjacent one side wall of the housing. Immediately adjacent it is an inlet
      slot 54 for receipt of a 10-cent piece from a first commercial slug
      rejector. Adjacent to this and at the middle of the housing there is a
      coin acceptance slot 56 for 25-cent pieces. Beyond this is a second
      10-cent coin slot 58 for receipt of dimes from the second commonly
      available slug rejector. It will be observed that the 10-cent slots 54 and
      58 are symmetric about the 25-cent slot 56 which lies substantially along
      the center line. Finally, at the opposite extreme from and substantially
      symmetric relative to the 5-cent slot 52 there is a 50-cent slot 60. The
      housing could be extended if desired to provide for acceptance of a
      so-called silver dollar.
PAR  Reference now should be had more particularly to FIGS. 3-6 and 11 wherein
      the coin slot 52 for receipt of a 5-cent piece will be seen to have a
      tapered or beveled entry 62 leading into a chute 64 having a thickness
      great enough to accept and pass a nickel or 5-cent piece or the thickest
      foreign coin that might traverse the slot. The width (the transverse
      dimension in FIG. 11) is greater than the diameter of a nickel or the
      largest diameter foreign coin that might traverse the slot. The chute 64
      is provided with a diagonal outward offset 66 at more or less its vertical
      midsection, and further is provided with a sharper diagonal inward offset
      68 approximately 25 percent the way from the bottom to the top of the
      chute. The vertical sight through the chute, i.e. between upper wall 70
      and lower wall 72, is less than the diameter of a nickel. Accordingly, a
      nickel received from the slug rejector 22 in the slot 52 cannot cover the
      chute or passage 64 in a straight drop, whereby the speed of the nickel is
      limited as it passes through the exit slot 74 in the printed circuit board
      50.
PAR  A photo transistor 76 (see also FIGS. 13 and 14) is mounted on the printed
      circuit board 50 outward of the slot 74 and immediately adjacent thereto.
      The photo transistor 76 is received in a cavity 78 in the housing 28 and
      communicates through a vertical slot 80 with the coin chute 64.
PAR  Directly opposite the photo transistor 76 there is a light source 82
      mounted on the printed circuit board 50 and received in a cavity 84 in the
      housing 28. A vertical slot 86 provides a communication between the cavity
      84 and the coin chute 64. Thus, light from the lamp 82 extends across the
      coin chute 64 for receipt by the photo transistor 76. When a nickel drops
      through the chute the light beam is interrupted, and the offset in the
      chute insures slow enough travel of the light beam for production of a
      pulse of useful length from the photo transistor.
PAR  For economic reasons the light source or lamp 82 in the illustrated
      embodiment comprises an incandescent lamp derated to operate at a lower
      voltage than its nominal rated voltage. With such derating the bulb will
      have a service life equal to or greater than the expected service life of
      the juke box or other vending machine. Other types of light sources could
      be used, for example a light emitting diode. However, a light emitting
      diode is directional, and as will be apparent hereinafter the illumination
      from the lamp 82 is shared. Hence, either two light emitting diodes or a
      reflecting surface of some sort would be necessary.
PAR  The two dime slots 54 and 58 are similar to the nickel 52, and are
      substantially mirror images of one another. Hence, a longitudinal section
      of only one of the dime slots, namely slot 58, is shown in FIG. 9. The
      dime slots are best seen with reference to the aforesaid FIG. 9 and FIG.
      5, each being provided with a beveled entering or receiving end similar to
      that of the nickel slot. The thickness of each dime slot, and also the
      width thereof are determined by criteria similar to those for the 5-cent
      slot. An upper offset 88 extends diagonally out from the receiving end of
      the slot, while a sharper inward offset 90 is provided approximately a
      third of the way down. Shortly below the inward offset 90 each of the dime
      slots 54 and 58 is offset inwardly at 92 to converge to a single coin
      chute 94 through which the dime exits from the housing through a long slot
      96 in the printed circuit board 50. Thus, no matter which of the slots 54,
      58 receives a dime, the dime always exits through the common dime chute
      94.
PAR  A photo transistor 98 is mounted on the printed circuit board 50 and is
      received in the cavity 100 in the housing 28, the cavity 100 communicating
      through a slot 101 with the common dime coin chute 94. A light source 102
      similar to the light source 82 is mounted on the printed circuit board 50
      and is received in a cavity 104 in the housing communicating through a
      slot 106 with the dime coin chute 94, directly opposite the slot 101
      leading to the photo transistor 98. Thus, the photo transistor is normally
      always illuminated by the light source 102, but is darkened by the passage
      of a dime. The offset 90 slows the dime in its drop as does the converging
      wall 92, whereby the dime passes the path between the light source and the
      photo transistor at a limited speed, whereby to insure an output modulated
      signal of recognized character, conveniently a D.C. pulse of useful
      length.
PAR  The 25-cent or quarter slot 56 is best seen in FIG. 6 taken along with
      FIGS. 9 and 10. The 25-cent slot has a beveled receiving end as the
      previous slots. Immediately below the receiving end the slot 56 is
      provided with a shallow diagonal offset 108, and below this the slot is
      provided with a steep, nearly right angle inward offset 110 overlying the
      conversions of the dimes slots 54 and 58 to the single coin chute 94. The
      width and thickness of the entrance to the 25-cent slot 56 are again
      determined by similar criteria. Below the inward offset 110 is a straight
      drop through a quarter coin chute 112 and out through the previously
      identified slot 96 in the printed circuit board 50. A vertical transverse
      wall 114, seen in FIGS. 9 and 10, provides a partition between the dimes
      chute 94 and the quarter chute 112.
PAR  A photo transistor 116 upstands from the printed circuit board 50 directly
      across the slot 96 from the light source 82, being received in a cavity
      118 in the housing 28 and communicating through a slot 120 with the
      quarter coin chute 112. The light source 82 communicates through a slot
      122 with the quarter coin chute 112, whereby the photo transistor 116 is
      normally illuminated. The offset 110 slows a quarter in its drop, and the
      fact that this offset is a substantial distance above the light path that
      is broken by the quarter is a relatively little consequence since the
      quarter is of substantially greater diameter than are other coins, such as
      the nickel and the dime heretofore mentioned.
PAR  The half dollar slot 60 width is determined by expected coin size, as
      before, but the thickness is greater than previous coin slots as readily
      may be seen at the top of FIG. 6. The reason for this is that the two slug
      rejectors mentioned heretofore have half dollar exits that are slightly
      offset from one another in the direction of coin axis. Like the other coin
      slots, the receiving end of this slot 60 is beveled to facilitate entry of
      a coin. The slot 60 is provided near the top thereof with an outward
      oblique offset 124, and relatively near the bottom thereof with an inward
      oblique offset 126, the thickness of the slot tapering at 128 to form a
      coin chute 130.
PAR  The exit slot 132 in the printed circuit board 50 is adjacent the light
      source 102, and a vertical slot 133 provided communication from the light
      source to the 50-cent coin chute 130. A photo transistor 134 is mounted on
      the printed circuit board, being received in a cavity 136 in the housing
      28, a slot 138 providing communication with the 50-cent coin chute 130.
      Thus, light from the light source 102 normally impinges on the photo
      transistor 134, the light being cut off by the dropping of a 50-cent coin.
PAR  Reference has been made throughout to coins of U.S. denomination. It is
      contemplated that the same coin switch could operate with coins of
      denomination of other countries. In some instances coins are of
      sufficiently close size to require no modification. In some cases
      transverse pins are provided in the housing to reduce the width of a coin
      chute immediately above the respective light and sensor. It is also
      contemplated that a slotted mask might be provided above the printed
      circuit board with slots in the mask of the proper size to center coins of
      the country in question.
PAR  The electrical aspects of the invention are shown schematically in FIG. 12.
      A coin 140, for example a quarter or 25-cent piece, is shown dropping
      through the corresponding 25-cent coin chute 112 in a position where it is
      about to break the light beam 142 from the source of illumination 82 to
      the photo transistor 116. The photo transistor is shown connected to a
      second transistor 142 in a darlington pair, this combination being
      available as a commercial entity and hence indicated by the broken line
      base 144. As is known, the darlington pair gives much greater sensitivity
      with little or no increase in noise.
PAR  The darlington pair is conventionally biased and is connected to a
      subsequent phase inverting transistor 146 to an output at 148 leading to
      the input of the crediting unit of a juke box or other coin operated
      vending machine.
PAR  As has been indicated the coin path in each instance is not a straight
      through path, having a transverse offset, and in some instances having
      also a lateral offset. This provides spacing of the chute exits to allow
      sufficient room for the various lights and sensors while retaining a small
      housing. A further benefit is that the offsets, coupled with a certain
      amount of friction between a falling coin and the walls of the
      corresponding coin chute, act to limit the speed of the coin as it breaks
      the light beam. As long as the light beam 142 falls on the base of the
      photo transistor 116 the photo transistor is held on. However, as soon as
      the light beam is interrupted the photo transistor turns off, and remains
      off until the light beam is again re-established upon completion of the
      passage of the coin. Accordingly an output modulated signal, conveniently
      a D.C. pulse is produced by the circuit of FIG. 12, which signal is long
      enough by virtue of limitation of the speed of the falling coin that no
      additional signal producing circuit, such for example as a Schmidt
      trigger, is required. It will now also be understood that the voltages
      used in the circuit of FIG. 12 are directly compatible with the voltages
      of a digital crediting circuit, thereby avoiding the necessity of an
      interface. A specific money crediting system with which the circuit of
      FIG. 12 is useful is disclosed in U.S. Pat. No. 3,815,720 issued June 11,
      1974 to William V. Mechanian and Robert W. Wheelwright.
PAR  The location of the various light sources and photo transistors has been
      indicated in FIGS. 13 and 14 as well as in certain other of the figures.
      Additional components of the electronic circuit, bearing in mind that
      there actually are four of each electronic component shown in FIG. 12 for
      the four coin denominations, are likewise mounted on the top of the
      printed circuit board. The specific location of various components is not
      critical to the present invention, but it will be noted that all such
      components are mounted exteriorly of the switch housing, whereby to
      minimize the housing size and to insure proper ventilation and long and
      trouble-free life of the electrical components.
PAR  In the illustrated embodiment of the invention as heretofore shown and
      described a small incandescent bulb is used for each of the light sources.
      Other types of light sources could be used, for example a light emitting
      diode, as mentioned heretofore. Also, in the illustrated embodiment the
      light beam in each instance is perpendicular to the face of the respective
      coin. This has an advantage of placing each light sensor in close
      proximity to the respective light source. It also insures a complete
      shutting off of the light beam without difficulty. It is contemplated that
      the light beam could be parallel to the coin face. This allows some
      conservation of space in placement of the light sources and sensors, but
      it presents additional problems in avoiding reflections around a coin,
      particularly a dime, and the signal produced is not as reliable. Space is
      conserved in the illustrative embodiment of the invention by the chute
      offsets. Such offsets produce steps for retarding the fall of a coin,
      whereby a coin moves past the sensor sufficiently slowly that a good
      usable signal is produced without the necessity and expense of an
      electronic delay of some sort.
PAR  It is further within the contemplation of the present invention that light
      could be reflected from the face of a coin to a light sensor. Such a
      modification of the invention is shown in FIG. 15 wherein similar numerals
      with the addition of the suffix a are used to identify like parts. The
      dimes chutes 94a is shown as exemplary, the wall opposite the light source
      102a and sensor 98a having a non-reflecting coating 150. The slots 101a
      and 106a through which the light source and sensor respectively
      communicate with the coin chute are offset toward one another so that the
      relatively reflective surface of a dime 152 establishes a reflected light
      path 154 from the light source to the dime and back to the sensor when a
      dime 152 drops past the light source and sensor. This is opposite of the
      situation previously described and the necessary change in electronics to
      provide a suitable D.C. pulse or other modulated signal of recognized
      character will be obvious to anyone skilled in the electronics arts.
PAR  Further, a single light could produce a light beam, which, in a given
      direction would traverse two or more chutes, and a particular coin would
      be detected by how many sensors it cut off. Additionally, a single coin
      chute could pass all coins and one or more light beams cut depending on
      coin size.
PAR  A conventional photo electric cell is not satisfactory for use in the
      present invention. It has high impedance and high voltage, and an
      interface is thus required to convert to digital voltages. Light sensitive
      diodes at the present stage of development are not sufficiently sensitive
      to be practical. Thus, although the invention is not limited in its
      broadest aspects to a photo transistor, this is the preferred sensor in
      the present state of the art.
PAR  The electronic switch as heretofore disclosed provides a clean pulse or
      other signal, and not one replete with noise signals as from contact
      bounce, etc. Furthermore, the switch is completely insensitive to shock or
      vibration of the system. Foreign substances such as various types of
      liquids that might be spilled down a coin slot accidentally or on purpose
      will not cause short circuiting and false crediting.
PAR  In the following claims where the word "light" is used it will be
      understood as including non-visible as well as visible light, and other
      equivalent forms of radiant energy with corresponding sources and sensors.
PAR  The specific embodiment of the invention as herein shown and described is
      for illustrative purposes. Various changes in structure will no doubt
      occur to those skilled in the art and will be understood as forming a part
      of the present invention insofar as they fall within the spirit and scope
      of the appended claims.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. An electronic coin switch for use as in a vending machine comprising a
      housing having a plurality of coin chutes therein, step means in each of
      said coin chutes for retarding the fall of a coin therethrough to a
      controlled rate, means providing a plurality of light paths across said
      chutes, means providing a plurality of cavities in said housing
      respectively adjacent said chutes to receive light sources to establish
      said light paths, means providing an additional plurality of cavities in
      said housing to receive a plurality of light sensors respectively
      positioned along said light paths on the opposite sides of said chutes and
      receiving light from a respective light source, a printed circuit board,
      means mounting said printed circuit board on said housing adjacent the
      exit ends of the chutes, said printed circuit board having slots therein
      respectively aligned with said chutes, a plurality of light sources and
      light sensors preassembled on said printed board and received in the
      respective cavities, and a plurality of additional electrical components
      preassembled on said printed circuit board and mounted exteriorly of said
      housing.
NUM  2.
PAR  2. A coin switch as set forth in claim 1 wherein each of said sensors
      comprises a photo transistor.
NUM  3.
PAR  3. A coin switch as set forth in claim 2 wherein there are one half as many
      light sources as sensors, each light source comprising a derated
      incandescent bulb with the light therefrom traversing two light paths.
NUM  4.
PAR  4. A coin switch as set forth in claim 1 wherein each light source and a
      respective sensor are on opposite sides of a chute and the respective
      light path is interrupted by a falling coin.
NUM  5.
PAR  5. A coin switch as set forth in claim 1 wherein each light source and a
      respective sensor are on the same side of a chute and the respective light
      path is completed by reflection from the surface of a falling coin.
NUM  6.
PAR  6. An electronic coin switch as for use in a vending machine comprising a
      housing, means in said housing providing a coin chute, means in said
      housing providing a light path to said coin chute, means in said housing
      for receiving a source of light on one side of said chute to emit light
      along said light path, means in said housing for receiving a light sensor
      positioned along said path for receiving light from said source, a printed
      circuit board, means for securing said printed circuit board and said
      housing together, a plurality of electronic components preassembled on
      said printed circuit board and including a light source and a light
      sensor, said light source and said sensor respectively being positioned in
      said housing light source receiving means and said housing sensor
      receiving means with said printed circuit board and said housing secured
      together, said housing having means providing a plurality of coin chutes,
      means for receiving a plurality of light sources, and means for receiving
      a plurality of light sensors, said printed circuit board having a
      plurality of light sources and a plurality of light sensors thereon, said
      plurality of coin chutes having a respective plurality of exits, and said
      printed circuit board being located across said exits and having a
      plurality of slots therein respectively aligned with said exits, the light
      sources and sensors on said printed circuit board being on opposite sides
      of slots and received interiorly of said housing.
NUM  7.
PAR  7. A coin switch as set forth in claim 1 and including a plurality of
      additional electrical components on said printed circuit board mounted
      exteriorly of said housing.
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ABST
PAL  A coin box mechanism is provided which can be easily set to be actuated by
      a combination of coins and wherein the combination can be readily changed
      without the use of tools. The coin box mechanism was particularly designed
      for use in conjunction with a newspaper rack, but it can be used in a
      large number of different applications.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a simple, mechanical coin box mechanism
      which can be set for a variety of coins. The amount which is required to
      actuate the mechanism can be changed by a simple operation without the use
      of tools.
PAR  The coin box of the present invention can be provided with a plurality of
      slots so that coins of different denominations can be employed and each of
      the slots can be locked out in case a coin of that particular denomination
      is not required to activate the mechanism.
PAR  One feature of the invention is that the coin itself provides the actuating
      force for connection so that it is impossible to fool the machine into
      actuation without an actual coin being present.
PAR  Another feature of the present invention is that more than one coin of any
      given denomination may be required to actuate that particular slide. Thus,
      with amounts such as 20 cents, and assuming that the coin box is equipped
      to take nickels, dimes and quarters, the nickel and quarter slots could be
      locked out and the dime slot be set to require two dimes to actuate it.
PAR  Another object of the present invention is to provide a simple detection
      device for counterfeit coins which are undersize or of a magnetic nature.
PAR  Various other features of the invention will be brought out in the balance
      of the specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view, partly in section, of a coin box mechanism
      embodying the present invention.
PAR  FIG. 2 is a side view on the line 2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged detail in perspective of the actuating mechanism.
PAR  FIG. 4 is an enlarged section on the line 4--4 of FIG. 2.
PAR  FIG. 5 is a view on the line 5--5 of FIG. 4.
PAR  FIG. 6 is a section on the line 6--6 of FIG. 4.
PAR  FIG. 7 is a view, similar to 5, showing operation with a magnetic coin.
PAR  FIG. 8 is a section on the line 8--8 of FIG. 2.
PAR  FIG. 9 is an enlarged perspective view of a portion of a coin slot.
PAR  FIG. 10 is a section on the line 10--10 of FIG. 2.
PAR  FIG. 11 is a section on the line 11--11 of FIG. 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings by reference characters, the mechanism
      includes three slots designated 12, 14 and 16 for the insertion of coins
      of three different sizes, such as quarters, nickels and dimes. Each of
      these slots leads to a coin chute 18, 20 and 22. As can best be seen in
      FIGS. 1 and 2, these chutes lie at an angle, and each of the chutes has a
      slot therein through which undersize coins can fall. Thus, chute 18 has a
      slot 24, the slot being slightly smaller than a quarter and having ridges
      26 lying on each side of the slot. When a coin is too large, it will not
      go into the slot, and if it is too small, it will fall out of the slot.
      Coins of the proper size will enter the slot and will ride over the
      opening 24 on the ridges 26. The ridges 26 on which the coins ride prevent
      coins from sticking to the side of the chute if they are moist. The chute
      for the largest size coin is on the bottom, the chute for middle size coin
      next, and for the smallest on top. Assuming the slots are for quarters,
      nickels and dimes, an undersize dime would fall out of its slot and then
      through the larger nickel and quarter slots. At the end of the coin chutes
      is located the coin receiving mechanism generally designated 28 and this
      includes three slotted members 30, 32 and 34 mounted on frame 36 which is
      pivoted to tilt on rod 38. The three mechanisms are substantially the
      same, except for size, and each consists of a generally rectangular
      chamber having slots 40 and 42 on one side thereof. An L-shaped member 44
      can fit in either of the slots as is later explained in detail. A magnet
      is located near the top of the coin receiving mechanism. A pull rod 48 is
      connected to pin 50 which links the bottom portion of the coin receiving
      mechanism 28 together. Directly under the slots are two coin hoppers 52
      and 54. Hopper 52 is for good coins which have been used to actuate the
      mechanism, while hopper 54 is for defective coins which are to be returned
      to the prospective purchaser.
PAR  Mounted under the coin mechanism is a sliding framework 56 which is adapted
      to slide within a passage formed by frame members 58. The sliding frame 56
      carries three lever mechanisms generally designated 60, there being one
      such mechanism for each of the coin slots. The lever mechanism is pivoted
      on pin 62 passing through ears 64 in the frame 56. The lever itself
      includes a forward portion which is biased downwardly by a spring 66. The
      rear has a ramp or cam surface 68 formed thereon which is directly under
      the bottom of the coin receiver 28. At the rear is a latch member 70 which
      normally engages on wall 72 preventing the assembly from moving forward.
      Sliding frame 56 carries a hook member 74 which has a slot 76 in which the
      lever can be placed if it is desired to lock out that particular
      denomination. In this position, latch 70 will clear wall 72 permitting
      slide 56 to move forward. Should a coin be dropped by accident into a slot
      which is locked out, it will bounce off of the ramp 68 and into the coin
      return hopper 54.
PAR  Frame 56 is connected to lever 78 which extends through the front of the
      machine and which would normally be supplied with a handle, not shown.
      Lever 78 would ordinarily be connected to some form of dispensing or
      latching mechanism so that when the lever 78 is pulled forward,
      merchandise is dispensed, a door is unlatched, or the like. As the frame
      56 moves forward, ramp 68 eventually moves beyond the coin(s) and the
      coin(s) fall into hopper 52.
PAR  It was previously mentioned that the member 44 can be placed in one of the
      slots 40 or 42. The function of these parts is best seen by reference to
      FIG. 4. The members 44 are generally L-shaped with a rather long arm 80
      and a short arm 82 with the two sections forming an angle of about
      45.degree. with each other. The weight of the long arm normally maintains
      the member with the long arm in a vertical position, but if a coin drops
      on top of the short arm 82, the short arm tilts inwardly allowing the coin
      to pass as it shown in dot/dash lines on the right hand side of FIG. 4.
      After the coin has cleared the short arm 82, gravity returns the member to
      the position shown in solid lines of FIG. 4. In this position, a coin
      under the arm 82 is trapped and cannot move upwardly. It is necessary that
      a coin be retained in a down position in order to actuate the mechanism as
      is later explained in detail. If only a single coin is required in a
      particular slot, the member 44 is placed in the lower slot, which if two
      coins are required, the member is placed in the upper slot. Thus,
      referring to the left hand side of FIG. 4, it will be seen that there are
      two coins 84 and 86 in the slot. Since there are two coins, the coins are
      locked in place by the short arm 82 which is in the upper slot. On the
      right hand side of FIG. 4, the member 44 is in the lower slot, so that a
      single coin is trapped. Of course, if only one coin were placed in the
      slot on the left, there would be nothing to prevent the coin from moving
      upwardly.
PAR  The individual parts having been described, the overall operation of the
      device will now be described in detail. Assuming that all three coin slots
      are to be in operation and that only a single coin will be required in
      each slot, all of the lever arms would be out of the hooks 74 and the
      members 44 would all be in the lower slots. Now, if the proper combination
      of coins is dropped in the slots, one coin in each of the slots will be
      engaged by the short arm 82 extending into each slot. Since the coins will
      all be trapped and cannot move upwardly, as one now pulls forward on the
      arm 78, the coins will push downwardly on ramp 68 so that latch 70 will
      clear wall 72. As the slide moves forward, each coin will eventually go
      off of the back of ramp 68 and into the coin hopper 52. At this time, the
      merchandise would be dispensed and a spring (not shown) would restore the
      parts to their former position for a repetition of the cycle.
PAR  If the particular item being dispensed requires two coins of one
      denomination, naturally the member 44 would be moved to the upper slot for
      the particular denomination, and it would require two coins in this slot
      to work the mechanism. If no coin of a particular denomination were
      required, the lever arm for that particular denomination would be engaged
      by hook 76 so that a coin of that particular denomination would not be
      required to permit member 56 to slide forward, assuming of course, that
      the proper coins were in the other slots.
PAR  At any time prior to the actuation of the sliding member 56 by means of arm
      78, one can move the arm 48 to tilt the coin receiver as is shown in
      dot/dash lines in FIG. 7. If one or more of the coins is magnetic and
      would be retained on the magnet 46, moving the receiver forward by means
      of lever 48 moves the coin sufficiently far from the magnet to break the
      magnetic attraction, allowing it to be returned. Thus, if one used two
      good coins and one magnetic coin, one could not pull the arm 78 and obtain
      the merchandise, but one could pull on arm 48 and return all of the coins,
      both good and bad.
PAR  It has been assumed throughout the specification that three coin slots and
      operating mechanisms would be provided. This is for illustrative purposes
      only, and a device could be made to actuate with a single coin or two
      coins or a number of coins greater than three.
PAR  Many variations can be made in the exact structure shown without departing
      from the spirit of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A coin operated mechanism wherein a coin of a proper denomination will
      release said mechanism, comprising in combination:
PA1  a. slot means for receiving a coin and passing the coin downward into coin
      receiver means,
PA1  b. said coin receiver means having spaced parallel sidewalls, said walls
      being spaced by an amount slightly greater than the thickness of a coin
      destined to pass through said coin receiver,
PA1  c. at least one generally horizontal slot in a wall of said coin receiver,
PA1  d. a U-shaped member adapted to fit into said horizontal slot, said
      U-shaped member having a long side and a short side and having an included
      angle of about 45 degrees whereby said member can be placed in said
      horizontal slot with the small end inside said receiver whereby the long
      end will hang by gravity parallel to and adjacent said wall with the small
      end protruding into the coin space between the walls,
PA1  e. said U-shaped member being adapted to tilt and allow a coin to pass
      through said coin receiver and being restored to its former position by
      gravity so that a coin cannot move upwardly within the receiver,
PA1  f. a slide mechanism mounted under said coin receiving means, said slide
      including a pivoted lever, said lever having a cam surface disposed under
      said coin receiver,
PA1  g. said pivoted lever having a latch member normally blased in locked
      position,
PA1  h. said cam surface being adapted to contact a coin held in said coin
      receiving means and to move said pivoted lever downwardly by the action of
      said coin on said cam when said slide member is moved forward, whereby
      said pivoted lever is released by said latching member, permitting said
      slide to move forward.
NUM  2.
PAR  2. The structure of claim 1 wherein said coin receiver includes a magnetic
      coin holding device, whereby a magnetic coin is prevented from moving down
      into contact with said cam surface.
NUM  3.
PAR  3. The structure of claim 1 wherein said slot means has an opening therein
      whereby an undersized coin will fall through said opening.
NUM  4.
PAR  4. The structure of claim 1 wherein said slot means includes ridges on
      which coins can slide.
NUM  5.
PAR  5. The structure of claim 1 wherein said coin receiving means is provided
      with tilting means for moving said coin receiving means to a position
      whereby coins are discharged into a coin return hopper.
NUM  6.
PAR  6. The structure of claim 1 wherein the coin receiving means has first and
      second slots in the sides thereof with a coin locking means which can be
      selectively placed in one of said slots whereby either one or two coins
      can be required to operate the mechanism.
NUM  7.
PAR  7. The structure of claim 1 wherein said pivoted lever is provided with a
      lock out means whereby said lever is rendered inoperative.
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ABST
PAL  A printer, suitable for operation by an electric computer, includes a
      traveling carriage. The carriage carries a type-head that is vertically
      and rotatably shiftable to properly orient a type element for printing.
      Movement of the carriage, as well as vertical and rotary movement of the
      type-head is produced by the use of cables actuated by electromagnets. The
      type-head is selectively shiftable to three vertically spaced positions
      and selectively rotatable to eight angular positions by vertically movable
      levers having cables controlling their ends. Stops are provided on the
      carriage for precisely locating the type-head in its vertical and angular
      positions.
PAL  A movable stop mechanism prevents the carriage from overrunning its
      incremental positions of step-by-step movement. Release of the carriage
      drive to retract the carriage to a new starting position is accomplished
      by activation of the platen advancing mechanism.
BSUM
PAC  BACKGROUND AND OBJECTS OF THE INVENTION
PAR  The invention relates to a serial printer for electronic table computers
      and the like, the printer being of a kind having a type carrier movable
      step-by-step parallel to a movable platen.
PAR  Serial printers of a known type, which are used for typing the values fed
      into a computer or the results of these calculations, are, generally,
      motor-driven. As a result, a relatively high mechanical expenditure for
      the drive of the type-selection, the advance of the carriage carrying the
      type carrier, the printing movement, etc. will be necessary. Such printers
      can have about 500 individual parts, so that both the production costs of
      such a large number of parts as well as the costs for their assemblage are
      high. Furthermore, the entire mechanism is sensitive to breakdowns, and
      subject to noise and considerable wear. Beyond that, the writing speed of
      such printers is limited to an unsatisfactorily low value, because of the
      complicated transmission mechanism and because of the fact that the
      selection control of the types must always start out from a base position.
PAR  It is an object of the present invention to minimize or obviate problems of
      these types.
PAR  It is another object of the invention to improve a serial printer of the
      initially-described type in such a way that the number of individual parts
      will be decreased to a fraction, enabling the parts to become much more
      simplified.
PAR  It is a further object to enable the printer to operate more quickly and
      noiselessly, be largely free of maintenance, and show the least possible
      wear of the moving parts.
PAR  It is yet another object to enable the values emitted from a table
      calculator in the binary system, without conversion, to be addressed
      directly as control commands for the selection of type indicia.
PAC  BRIEF SUMMARY OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  The solution of these and other objects takes place according to the
      invention through the fact that all adjusting forces, such as those for
      (1) the feed of a conveying carriage carrying a type carrier that is
      formed as a type-head, (2) the twisting of the type-head around its axis,
      and (3) the vertical shifting of the type-head for the purpose of type
      selection, and (4) the drive of a hammer striking the platen with the
      type-head, are produced by electromagnets attached stationary on a base
      frame of the printer. These forces are transferred to the carriage by
      means of elongate flexible connectors, such as rope, held tightly and
      guided by way of guide rollers.
PAR  Because of the number of types required is not particularly large, it is of
      advantage to develop the type-head as a type cylinder. The cylinder is
      provided with eight different positions of the rotational angle in equal
      angular distances, as well as three positions in height in an axial
      direction. Thus, 24 variable printing positions result, which in case of
      the ten numbers 0 to 9, a comma and several symbols for the designation of
      the calculation process, or of the result, will be quite sufficient.
PAR  The vertical lifting movement of the type cylinder can take place in three
      steps. The type cylinder has a shaft which is connected vertically
      unshiftably with the center of a lifting bridge. The lifting bridge is
      guided in the carriage and is shiftable counter to a spring acting
      vertically in a downward direction. At the ends of this bridge rope
      pulleys are seated, the ropes of which are each connected with an
      electromagnet. In its lowest position, the cylinder lifting bridge can be
      supported by the plate for the support of the carriage. In order to lift
      the type cylinder to the first lifting step, it will then suffice to
      energize one of the electromagnets, so that the cylinder-lifting bridge
      will assume a kind of diagonal position. If the type cylinder is then to
      be raised to the second lifting step, the second electromagnet is
      energized additionally so that the cylinder-lifting bridge now is again
      horizontal, but in the topmost position, by way of the corresponding rope
      and the second pulley. As a result of that, the type cylinder shaft
      connected with the center of the cylinder-lifting bridge has been lifted
      in two equal steps.
PAR  In order to decrease friction, particularly in case of rotation of the
      cylinder around its axle, a ball bearing has been firmly placed on the
      cylinder shaft. The outside bearing ring of the bearing is embedded
      vertically unshiftably in a block connected with the cylinder lifting
      bridge. A guide of the shaft itself, and thus a resistance to the
      rotational movement during adjustment to the various angular positions, is
      thus omitted. The outside ring of the bearing moreover is kept in its
      position away from the typing roller by an elastic return band. The type
      cylinder, during the printing stroke, is knocked by the hammer and against
      the platen counter to the return force of the elastic band.
PAR  In order to obtain a clear print of the type that has been selected, a
      ratchet wheel is placed firmly onto the type cylinder shaft. The wheel has
      V-shaped recesses, corresponding exactly to the number and direction of
      the type positions on the periphery of the cylinder. A guide V-spline is
      mounted on the carriage. This spline is opposite the ratchet wheel at a
      set distance and extends along the entire length of the type cylinder
      shaft in front of the platen. During the impact of the types against the
      platen, the spline fits into the recesses of the ratchet wheel to assure
      proper type alignment. Therefore, a clear print of numbers and symbols
      will be achieved, without any need for extremely close tolerance of the
      transfer mechanism in the regulating gear unit. The transfer mechanism,
      therefore, works easily and thus can be shifted quickly. Thus it is also
      possible to use relatively weak return forces which has a favorable effect
      on the adjusting speed and the size of the magnets.
PAR  For the purpose of simplifying the switching mechanism, a switching
      mechanism is provided advantageously which rotates the type cylinder from
      a basic position for numbers, counter to the force of a reversing spring,
      into a basic position for symbols, which basic symbols position is offset
      by 180.degree. in relation to the basic numbers position.
PAR  As long, however, as symbols are to be printed (for the designation of the
      calculating process or of the result), the type cylinder is held in the
      basic position for symbols from which further rotations by three angular
      steps, and adjustment in two steps of height, can be accomplished. The
      type cylinder thus has the various symbols on one half of its jacket
      surface and carries the numbers on the other half of the jacket surface.
      The type of arrangement of the numbers, as well as of the symbols, will
      yet be described later in connection with the explanation of the switching
      processes.
PAR  Customarily, the symbol columns are written first, then follows a blank
      column, and after that writing of the numbers. The printer of the
      invention will advantageously be constructed in such a way that between
      the positions of the carriage for writing the symbols and the positions of
      the carriage for writing numbers on the paper, there is a blank step in a
      manner known per se. The switching arrangement for the basic positions for
      symbols loses its influence on the type-head, beginning with the
      transition to the blank step. The exact presentation will be made on the
      basis of an embodiment by way of example and in connection with the
      drawing.
PAR  The angular rotation of the type cylinder can be accomplished by a
      particularly simple mechanism. It has a sliding head, guided vertically
      shiftably in the carriage, on which a toothed rack is seated. The rack
      acts via a guide mechanism to rotate a gear, the gear being connected with
      the lower end of the type cylinder shaft to rotate the shaft and yet allow
      vertical shifting thereof. A shifting lever, in its middle area, is
      articulated on the sliding head. At the rear end of the switching lever
      there is mounted a swing bridge. The swing bridge is pivotal in a vertical
      plane located parallel to the switching lever. The swing bridge is pivoted
      to the switching bridge and is spring-biased downwardly. The swing bridge
      has one rope pulley each at both ends, across which run control ropes
      connected with adjusting magnets. The function of this mechanism is to
      rotate the type cylinder in individual steps into the eight angular
      positions as will be described in detail later on in connection with the
      drawing.
PAR  It is advantageous to provide an intermediate block, which is guided on a
      vertical guide bar. The intermediate block has a lateral peg fitting into
      an elongated hole of the shifting lever on the one hand and into a bore of
      the cylinder-turning bridge or swing bridge on the other hand, and
      represents the flexible connection between the shifting lever and the
      swing bridge. Through connection of the elongated hole between the shift
      lever and the intermediate block, the freedom of longitudinal shifting
      between base position shift lever and the cylinder-turning bridge is
      assured, which shifting is necessary to properly transmit force to the
      gear unit. The swing bridge itself can carry out slight horizontal
      balancing movements with rope pulleys seated at both ends, with which it
      is supported on the base plate of the carriage.
PAR  A particularly cost saving and advantageous construction will be achieved
      by the frame carrying the magnets. This frame has a plate of soft iron,
      with punched-in separating slits for the formation of upstanding yoke
      metal sheets. The magnet coils are placed on the plate and are encompassed
      by the punched-out, bent-up yoke metal sheets. Cover sheets of metal are
      connected to the yoke sheets above the magnets. Recesses in the cover
      sheets are provided to accommodate passage of the magnet armatures. The
      soft iron plate with the magnets constitutes a unit. A base frame unit
      carrying the carriage is then attached thereto. Therefore, the screwing-on
      of the magnet coils, and the expensive processing of a base plate
      necessary for it, is omitted. Beyond that, no separate yokes need be
      produced and attached. As an important relief in fabrication, all magnets
      can be the same.
PAR  In a logical continuation of the construction principle, the forces for (1)
      the step-by-step columnal advancement of the carriage, (2) the releasing
      of locks for the retraction of the carriage after a line has been written,
      (3) the operation of a safety mechanism for excess carriage advancement
      during the serial printing process, (4) the paper feed, and (5) the feed
      of the colored ribbon are produced by electromagnets, the magnet coils of
      which being located on the base plate of the printer. In the same way as
      in case of the drive for the type selection and the printing hammer, one
      will obtain a type of a drive free of a continuously switched-on motor.
      The drive is ready to operate and has pertinent couplings for the
      previously described mechanisms.
PAR  Thus, this principle for the step-by-step columnal feed of the type
      carriage will be realized through the fact that the pull rope, pulling the
      carriage counter to a return spring from the right hand stop position, is
      wound around a rope drum. This drum is connected rigidly with a ratchet
      wheel. A feed ratchet and lock ratchet, press fitted onto an axle, engage
      the ratchet wheel. The ratchets can be selectively disengaged for the
      return of the carriage. The feed ratchet is coupled with the armature of
      the magnet for the advance of the carriage. Every lift of this magnet
      causes a continued shifting of the ratchet wheel and of the rope drum by
      one ratchet tooth, i.e., one columnal step for the movement of the
      carriage. In case of a not-energized magnet, the mechanism is free of
      loads, but it is ready immediately for the next switching process.
PAR  In order to achieve a very quick start for the switching mechanism and a
      gradual deceleration toward the end of its movement, the feed ratchet is
      pivoted to a first, essentially horizontal lever arm of a lever plate. The
      lever plate is pivoted to the printer frame, on a common axis with the
      magnet armature. The feed ratchet can be braced with a spring against the
      first lever arm, while a second lever arm runs essentially downwards from
      the swivelling axis of the lever plate. The second lever arm carries a
      laterally projecting peg at its free end. This peg engages with the inside
      space of a brake ring, which ring is situated axially between the second
      lever arm and a wall of the frame, and situated horizontally between two
      vertical limiting strips. These strips are spaced between the outside
      diameter of the ring. The ring is shiftable in the direction of the
      limiting strips. A draw spring is inserted between the frame and a fixed
      point on the ring in the area of the lower arch of the ring not covered by
      the second lever arm. This brake ring, in cooperation with the spring and
      the lateral limiting strips, produces a force supporting the start of the
      movement, and slows down the lever deflection with gradually increasing
      transition up to an infinitely great force at the end of the lever path,
      as will be explained more precisely later on.
PAR  The step-by-step mechanism can be developed as the result of a special
      construction in such a way that (1) the pull ropes are kept free of excess
      load forces at both ends of the path of the type carriage, and that (2)
      the pull ropes cannot unwind from the rope drum, although heavy forces
      will result from the very quick return movement of the type carriage in
      the frame.
PAR  Also, the invention offers a solution as to how the type carriage is indeed
      greatly accelerated from every printing position of every column, and yet
      is not flung or advanced too far beyond the next printing position.
PAR  It is also possible, just like the advance of the carriage, to effect (1) a
      release of the carriage for the return movement after completion of the
      printed line, (2) the additional movements required at this moment, such
      as advance of the paper by one line, (3) possible advance of the colored
      ribbon, and (4) steps for the switching of the swing bridge for the type
      cylinder from a position for printing numbers into the position for
      printing symbols, by means of a magnet. The details needed for that as
      well as their function and course of mOvement will become clear from the
      description of an embodiment, given by way of example farther on.
PAR  Finally, an automatic paper feed can also be achieved by effective
      construction, without there being any need for some special mechanism and
      without anything also being necessary except the swinging forward of the
      paper guide with tear-off rail, covering up the roller place in the
      printer.
DRWD
PAC  THE DRAWING
PAR  The invention is now to be explained in detail on the basis of the drawing
      with a special embodiment by way of example;
PAR  FIG. 1 shows a serial printer for an electronic table model calculator in
      perspective view from the direction of the writing side;
PAR  FIG. 2 is an enlargement of a section of the right front corner of the
      printer as in FIG. 1 in a line of vision turned by 90.degree.;
PAR  FIG. 3 is a support and guide of type cylinder shaft in the carriage of the
      printer;
PAR  FIG. 4 is a longitudinal section through the area of the type cylinder
      shaft and its bearing mounting;
PAR  FIG. 5 is an oblique view of the upper end of the type cylinder shaft with
      type cylinder and guide spline part;
PAR  FIG. 6 is an illustration of a gear assembly between the turning bridge of
      the cylinder and the type cylinder shaft;
PAR  FIG. 7 is a schematic presentation of the switching process for the lifting
      movement of the type cylinder;
PAR  FIG. 8 is a schematic presentation of the switching process for the
      rotating movement of the type cylinder;
PAR  FIGS. 9a to 9c show the individual positions of the cylinder lifting bridge
      in case of three different positions of height of the type cylinder;
PAR  FIGS. 10a to 10h are individual presentations of the shifting lever
      mechanism for all eight rotating angle positions of the type cylinder;
PAR  FIG. 11 is a perspective view of the serial printer, in which the magnet
      unit is separated from the carriage frame;
PAR  FIG. 12 is a time diagram of the pulse sequence and of the course of
      movement during two printing steps at a stop sequence of 20 strokes per
      sec.;
PAR  FIG. 13 is a perspective top view of one side of the frame of the serial
      printer of the invention, in which the step shifting mechanism and means
      for triggering the return of the type carriage as well as the paper and
      ribbon feed mechanism is depicted;
PAR  FIG. 14 is the braking arrangement for the columnal step shifting mechanism
      in schematized presentation;
PAR  FIG. 15 is a stop mechanism of the rope drum for the pull rope moving the
      type carriage;
PAR  FIG. 16 is a view of the printer frame from the underside for explaining
      the protection against excess carriage advancement;
PAR  FIG. 17 is a perspective view of the serial printer of the invention from
      the same side as in FIG. 13, but with the colored ribbon box put on and
      with a clear stress on the mechanism releasing the rope drum for its
      return, as well as of the arrangements for the paper and the colored
      ribbon feed;
PAR  FIG. 18 shows in perspective view of one side of the printer, showing the
      adjusting arrangement for switching the type cylinder rotating bridge from
      the "number" position into the "symbol" position and vice versa;
PAR  FIG. 19 shows, with parts broken away, the same mechanism as in FIG. 18
      when the switching lever for the base position is in its "symbol"
      position;
PAR  FIG. 20 shows again the mechanism of FIGS. 18 and 19 in its ready position
      for the reception of the returning type carriage; and
PAR  FIGS. 21 and 22 show perspective views of the paper guide swivelled forward
      for introduction of a new paper strip.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The serial printer, shown as a whole in FIG. 1, has a fixed base frame 10
      which includes a base plate 11 and upstanding side walls 12 and 13 rising
      therefrom. Between the walls 12, 13 are operably disposed (1) a platen 14
      having a stepping mechanism 15 for the paper feed, (2) pressure rolls 16
      for a paper strip, (3) guide bars 17 and 18 on which travels a transport
      carriage 19 for a type cylinder 20 and its pertinent drive, and (4) a
      toothed strip 21 determining the exact interval of each columnal step of
      the transport carriage 19. In addition, a step shifting latch mechanism 22
      is seated on one of the side walls 12, which needs not be explained in
      detail in this connection, except to say that it is shifted by a plunger
      magnet 23 in step-by-step movement. At the same time, the mechanism 22 is
      connected with the transport carriage 19 by way of an elongate flexible
      connector which may be in the form of a wire, cable or pull rope 25 guided
      by way of a guide roller 24 to move the carriage counter to the force of a
      returning spring (not shown). This movement occurs step-by-step, with the
      type cylinder 20 located in front of the pertinent column to be written on
      the paper strip 26 covering the platen 14.
PAR  As can be seen several similar plunger magnets 33 are seated outside the
      side walls 12 and 13 on the base plate 11, which can be recognized best
      from FIGS. 1 and 11. Their function will be explained in the course of the
      further description. In addition a paper supply roll 27 is inserted
      between the side walls 12 and 13, as is customary in case of such printing
      mechanisms.
PAR  The transport carriage 19 is suspended from and supported on guide rods 17
      and 18 by means of running and guide rolls 28 or 29. The rolls 28, 29 are
      attached freely rotatably mounted on correspondingly directed strips 30 of
      a carriage base plate 31 or directly to the latter.
PAR  FIGS. 1 and 2 show, moreover, that plungers 32 of the electromagnetic coils
      33 carry freely running rolls 34, around which fixed ropes 35 are guided.
      The ropes 35 are fixed on points 38 fixed to the frame and are then guided
      by way of further guide rollers 36 mounted fixedly on the outside of the
      side walls 12 and 13 of the frame, to additional guide rolls 37 on the
      type carriage. The ropes 35 are guided from the guide pulleys 37 in the
      type carriage to rope pulleys on elements vertically movable in the type
      carriage, and are wound around such movable pulleys. The ropes then run to
      the opposite side wall to connecting points fixed in the frame, as can
      clearly be recognized particularly at 38' in FIG. 2, but also in FIGS. 1
      and 11. The vertically movable elements will be discussed later in more
      detail. As a result of springs on the one hand, which hold the vertically
      movable elements in the type carriage downwards, and the weight of the
      plungers 32, as well as the slight pull from the remanent magnetism on the
      other hand, the ropes 35 are kept sufficiently taut even when the magnetic
      coils 33 are not energized, so that they cannot jump out from the rope
      pulleys 34, 36, 37.
PAR  A printing hammer 40 is articulated swivellably in the type carriage 19 on
      the strips 39 of the base plate 31 of the type carriage. The hammer 40 is
      spring-biased away from the type-head in a ready position and is forced
      against the type-head 20 by one of the electromagnets 33 by way of one of
      the pull ropes 35, whenever a stroke is to take place.
PAR  The type-head 20, in the form of a cylinder is equipped over its periphery
      at even intervals with three superposed circular rows of types, each of
      which rows has eight types. Thus, there are altogether 24 types on the
      surface area of the type cylinder.
PAR  The type cylinder 20 has three possible vertical positions. Insofar as the
      type cylinder 20 is in its lowered base position, held in it by a spring,
      the types of the uppermost row are printed each hammer stroke. Beyond
      that, the type cylinder can be lifted into the middle and then into the
      topmost position by a pull of individual ropes 35 with the help of two
      magnets 33 in a manner to be described later on. Moreover, the type
      cylinder 20 is rotatable around its longitudinal axis by steps, each time
      by one-eighth of its periphery, by way of its cylinder shaft 41. The shaft
      41 is guided vertically slidably but non-rotatably in the hub of a bevel
      gear 42 of an angle transmission (FIG. 3). A shifting mechanism is
      provided, which will likewise be described later on, as a result of which
      all types can be lifted and twisted into the printing position.
PAR  The mechanical construction of the lifting mechanism is to be described on
      the basis of FIG. 9a. A guide rod 43, on which a block 44 can slide as a
      slide guide, is upstandingly oriented on the base plate 31 of the type
      carriage 19. This block 44 has been loaded downwards by a spring 45, which
      is suspended in the frame of the carriage. The block 44 is pivotally
      connected with a cylinder lifting bridge 46 by means of a cross hinged peg
      (not shown). This cylinder lifting bridge 46 is vertically shiftable in
      the type carriage 19 and has a rope pulley 47, 48 at either of its ends,
      across which runs one each of the ropes 35. A ball bearing 49 is firmly
      mounted on the type cylinder shaft 41 (see FIGS. 3 and 4) and this ball
      bearing 49 fits into a recess 50 of the block 44. In addition, an elastic
      return strap 51 is wound around block 44 and ball bearing 49, which strap
      may be a rubber band. In order that the return strap 51 cannot shift on
      said block 44, an indentation 52A has been provided on its reverse side.
      The ball bearing 49 is pulled by the return strap into the recess 50, and
      thus together with the type cylinder shaft 41, will be axially unshiftable
      relative to the block 44. The shaft 41 itself, however, is easily
      rotatable.
PAR  Since the recess 50 is located on the side facing the platen, viewed from
      the block, the type cylinder shaft 41 can escape counter to the return
      force of the return band 51, whenever the type cylinder is struck by the
      hammer 40 during the stroke, so that the type strikes the platen. The
      return strap 51, however, pulls the bearing 49 immediately afterwards back
      into the recess 50 of the block 44 again.
PAR  The block 44 is held non-rotatably by the two sliding guide rods 43. Now,
      upon energizing the pertinent magnets 33, the cylinder lifting bridge 46
      is lifted by the two ropes 35, as FIGS. 9b and 9c show.
PAR  By energizing only magnet 33 it will be lifted translatably into a diagonal
      position. As a result, the connecting point, or joint, between the
      cylinder lifting bridge 46 and the block 44 is raised by half the possible
      lifting height (FIG. 9b).
PAR  By energizing both magnets 33, whereby the lifting bridge 46 assumes its
      horizontal topmost printing position, the connection point is translated
      into the topmost lifted position. The two ends of the cylinder lifting
      bridge 46, upon attraction of the magnets 33, are pulled each time against
      corresponding stops 52, 53, in the type carriage frame, determining the
      precisely defined upper position.
PAR  The three possible positions of the point of the joint between block 44 and
      cylinder lifting bridge 46 are indicated schematically in FIG. 7, whereby
      the pertinent magnets are designated in the order of their energization by
      V.sub.1 and V.sub.2.
PAR  FIGS. 3 and 5 show a ratchet wheel 54 which is mounted firmly on the type
      cylinder shaft 41. This ratchet wheel has V-shaped notches 55, the number
      of which correspond to the number of type columns on the type cylinder 20.
      These notches are aligned exactly with the type columns. Moreover, there
      is a guide spline part 56 on the frame of the type carriage 19. This
      spline is located at such a distance from the ratchet wheel that the
      spline part just misses touching the bottom of the V-shaped notches 55
      whenever, upon the stroke, the type strikes the paper of the paper strip
      26. As a result of this arrangement, whereby the spline enters the
      nothces, it will be ensured that the types are aligned exactly without
      there being any need for a particularly sensitive or slowly reacting
      angular adjustment of the type cylinder shaft 41. The adjustment of the
      rotational angle of the type cylinder shaft is thus very easily set.
PAR  It is self-evident, that the guide spline part 56 must be inclined
      obliquely, corresponding to the oblique slant of the type cylinder shaft
      at the moment of the stroke (FIG. 5), in view of the various positions in
      height of the ratchet wheel.
PAR  The shaft 41 is mounted for sliding movement in an bevel gear 42 of an
      angle transmission (FIG. 3). In order that the type cylinder shaft 41 can
      execute a slight swivelling movement whenever the types are to be struck,
      the outlet conic driver 42 has been mounted in a swivelling frame 57 so as
      to be swivellable around an axis perpendicular to the type cylinder shaft
      and perpendicular to the direction of the stroke. However, the swivelling
      movement is so slight, that the engagement of the conic driver with the
      opposite bevel gear 58 (see also FIG. 6) of the angle transmission
      arrangement is not affected. The entire angle transmission arrangement is
      identified in the FIGURES by 59.
PAR  The process of rotating the gear arrangement 59 to achieve the eight
      different angular positions of the type cylinder 20 with the help of the
      magnets 33, will best be described on the basis of FIGS. 8 and 10a to 10h.
PAR  First, there is a switching arrangement for altering the type column being
      printed-out in a given elevational position of the type carriage. In four
      of the columns of type there are located numbers 0-9; in the other four
      columns there are located mathematical symbols. Thus, in a first angular
      position, the cylinder 20 prints numbers. The cylinder can be rotated
      against a spring bias into three other angular positions to print numbers.
      From there the cylinder 20 can be rotated to a fifth angular position,
      located 180 degrees from the first rotational position, wherein symbols
      can be printed. From there, still against spring bias, the cylinder 20 can
      be rotated to three more angular symbol-producing positions. In this way,
      all eight type columns on the type cylinder will confront the platen 14.
      The individual rotational positions are marked in FIG. 8 by 1 to 4 for the
      printing of numbers and by 5 to 8 for the printing of symbols.
PAR  The broken line 60 in FIG. 8 on which points 1 to 8 are marked, corresponds
      to an input rack 60 (see FIGS. 6 and 10a), which is pivotably connected
      with one point of a base position lever 61. Specifically, the rack 60 is
      seated on a sliding head 62, which is pivoted to the lever 61, and is
      guided vertically shiftably on vertical guide rods 63 in the type carriage
      frame.
PAR  A cylinder rotating bridge or swing bridge 64, likewise vertically
      shiftable, lies parallel to the base position shift lever 61. The bridge
      64 carries rope pulleys 65, 66 at each of its ends, by way of which in
      turn, two pull ropes 35 are guided, and which are connected with two
      separate magnets 33. In FIG. 8, the adjusting forces of the two magnets
      33, through which the movement of rotation of the type cylinder is
      achieved, are designated by R.sub.1 and R.sub.2.
PAR  At two-thirds distance from the right-hand rope pulley (or one-third
      distance from the left-hand pulley), the rotary cylinder bridge 64 is
      pivotably connected by an intermediate block 68, guided vertically on a
      guide rod 67 in the frame. The block 68 has a further flexible connection
      with the base position shift lever 61 by way of a hinge pin 69 pointing in
      the opposite direction, whereby the hinge pin 69 engages with an oblong
      hole 70 of the base position shift lever 61 for the purpose of a possible
      adjustment in length. The connecting point between the rotary cylinder
      bridge 64 and the base position shift lever 61, which point is formed by
      the axis of the two hinge pins being opposite one another on the
      intermediate block, thus moves on the broken vertical line in the left
      half of FIG. 8.
PAR  Beyond that, FIG. 10a also shows, that the base position shift lever 61 has
      a recess 71 on its free end. A vertically shiftable lifting pin (not yet
      shown), controllable by an adjusting magnet, can engage the recess 71 and
      lift the end of the lever up to a stop counter to the action of (1) a
      return spring 72 connected with the sliding head 62, and (2) a spring 73
      connected with the intermediate block 68. This adjusting force is
      illustrated in FIG. 8, by the arrow designated by R.sub.3.
PAR  One can see from FIGS. 10a to 10h, that by lifting one or both ends of the
      rotary cylinder bridge 64 by means of ropes 35, guided over the rope
      pulleys 65 and 66, and by lifting the end of the lever of the base
      position shift lever 61 above the lifting pin, a vertical shift is always
      exerted on the sliding head 62. Thus, a vertical shift of the toothed rack
      60 is effected because of the pivotable connection by way of the
      intermediate block 68 and the lever 61. This is accomplished up to a
      certain lifting step, depending on the effect of the adjusting forces
      R.sub.1 to R.sub.3 causing the rotation. These steps 1 to 8 have equal
      intervals whenever the length of the rotary cylinder bridge 64 and of the
      base position shift lever 61 on the one hand and the distances between the
      points for connection of joints on the other hand are selected as shown in
      FIG. 8. In other words, with the lever 61 in a lower posture, the movement
      of the bridge 64 creates movement of the rack 60 between positions 1-4
      (FIGS. 8 and 10a-d). With the lever 61 in a raised posture, movement of
      the bridge 64 produces adjustment of the rack 60 in positions 5-8 (FIGS. 8
      and 10e-h).
PAR  These equal steps in a vertical direction are then converted by means of
      the toothed rack 60 and the angle transmission 59 into even steps of
      rotational angles of the type cylinder shaft 41.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Cylinder Stroke                                                           
     Stroke Position                                                           
                  Energization V.sub.1                                         
                                 Energization V.sub.2                          
     ______________________________________                                    
     (1)          -              -                                             
     (2)          +              -                                             
     (3)          +              +                                             
     ______________________________________                                    
TBL                TABLE 2                                                     
     ______________________________________                                    
     Binary Control of the Numbers                                             
     Number    V.sub.1 + V.sub.2                                               
                            V.sub.1   R.sub.2 R.sub.1                          
     ______________________________________                                    
     0         0            0         0       0                                
     1         0            0         0       1                                
     2         0            0         1       0                                
     3         0            0         1       1                                
     4         0            1         0       0                                
     5         0            1         0       1                                
     6         0            1         1       0                                
     7         0            1         1       1                                
     8         1            0         0       0                                
     9         1            0         0       1                                
     ,         1            0         1       0                                
     C         1            0         1       1                                
     ______________________________________                                    
PAR  Table 1 shows how the magnets V.sub.1 and V.sub.2 for the cylinder stroke
      must be energized in order to achieve the individual stroke positions 1 to
      3 of the type cylinder. Table 2 shows how the magnets V.sub.1 and V.sub.2
      and the magnets R.sub.2 and R.sub.1, causing the rotation of the type
      cylinder shaft, must be energized in order to bring about the stroke of
      the number indicia, in the case of an arrangement of the numbers on the
      type cylinder as seen in the FIGURES, especially FIGS. 10a to 10d (i.e.,
      twelve of the twenty-four possible positions). At the same time, it
      becomes quite clear from Table 2 that the outlet binary signals normally
      applied to an electronic calculator (e.g. a table model calculator) can be
      used directly, possibly with the aid of an amplifier, in order to
      accomplish the corresponding control of the printer of the present
      invention. Therefore, for the twelve positions mentioned in Table 2 are
      used the three variable positions of height according to FIG. 7 on one
      hand, and four different angular positions 1 to 4 of FIG. 8 on the other
      hand.
PAR  By additionally switching-on of the power R.sub.3, i.e., by lifting of the
      base position shift lever 61 by means of the lifting pin, it will then be
      possible to select the remaining twelve symbol-indicia positions (FIGS.
      10e- 10h) located on the second half of the surface area of the type
      cylinder, with otherwise the same control as in Table 2.
PAR  FIGS. 10a to 10h all show eight possible angular positions, including the
      case wherein the base position shift lever 61 is raised against an upper
      stop (FIGS. 10e-10h). Thus, all 24 type positions of the type cylinder 20
      can be selected with (1) the three possible stroke positions according to
      FIGS. 9a to 9c and (2) the eight possible angular positions of FIGS.
      10a-10h.
PAR  Now let us still describe a possible control of the base position shift
      lever 61 with the help of a lifting pin. Customarily, there is a blank
      step between the symbol printing positions on the right edge of the paper
      strip and the printing positions for the numbers following to the left.
      There is a lifting pin on the base frame, lowerable vertically against the
      action of a spring, as will be subsequently discussed in detail relating
      to pin 143 (FIGS. 18-20). This lifting pin is connected with the conveying
      arrangement for the paper feed in such a way that it is held lowered
      during the return of the type carriage into the right hand terminal
      position. In such position it engages with the notch 71 of the laterally
      approaching base position shift lever 61. If then the magnetic force
      acting on the lifting pin in the right terminal position ceases, as during
      selection of a symbol to be typed, then the pin is pulled up and thus
      lifts the base position shift lever toward its upper stop 74. According to
      FIG. 8, R.sub.3 then becomes effective and only the rotary angle positions
      5 to 8 can be occupied whenever the forces R.sub.1 and R.sub.2 are turned
      on by energization of the corresponding magnets for the stroke.
PAR  However, the lifting pin is dimensioned such in its length, that it will
      slip out of the recess 71 of the base position shift lever 61 when the
      carriage 19 shifts out of the right hand position and into the area of the
      blank step. Consequently, the base position shift lever, with its free
      end, is pulled downward under the effect of the spring 72 and assumes one
      of the positions according to FIGS. 10a to 10d corresponding to the effect
      of the rotational forces R.sub.1 and R.sub.2. In other words, the type
      cylinder 20 can now be turned, i.e., rotated into the print positions for
      numbers.
PAR  If there is no intention to effectuate base switching positions with the
      help of such a lifting pin connected with the paper feed, there may be
      provided a special base position switching magnet provided for a similar
      purpose. That is, the magnet would move the lifting pin up or down,
      possibly by way of a lever, in order to move the free lever end thereof
      into the upper stroke position for printing of symbols according to
      requirement of the rotational force R.sub.3.
PAR  FIG. 11 shows the base frame of the serial printer separated into two
      parts, namely into an upper part carried between the side walls 12 and 13,
      which upper part contains all moving parts of the printer, and a lower
      part which consists essentially of the base plate 11. The plate 11 is made
      of soft iron and carries the magnet coils 23 and 33. The upper part can be
      released very simply from the soft iron plate 11 by means of a few screws.
PAR  This design has the special advantage that the part of the serial printer
      provided with electric connections, namely the magnet coils 23, 33, can be
      produced in an operation entirely separate from the mechanical part. These
      two parts need be assembled only at the last moment.
PAR  It is clear furthermore from FIG. 11, however, that the electromagnetically
      effective part, namely the base plate 11 with the magnet coils 23 and 33,
      can be produced very simply. This is accomplished by punching separating
      slits into the soft iron plate. The individual metal yoke sheets 75
      developed as a result of that need only be bent up as yoke sheets in order
      to form a part of the magnetic return connection path for the magnet coils
      23 and 33. The yoke sheets 75 extend in an axial direction laterally on
      the magnet coils 23, 33 and, after the coils have been inserted between
      them, are connected with one another by means of cover sheets 76 to
      completely close the magnetic closing circuit. The cover sheets have been
      provided with bores 77, concentric to the magnet coils, for receiving the
      magnet armature 32.
PAR  In the present case a positive connection is established by punched-in slit
      78 in yoke sheets 75 above the front edge of the coil, standing at one
      side of the coils 23 and 33. In each such slit a peg projection 79, formed
      on the cover sheet 76, is inserted. On the other hand, the cover sheet
      likewise has an equal slit 80 corresponding to peg 81 of the opposite
      lateral yoke sheets, and the pegs 81 are tamped therein after the cover
      sheets have been put on.
PAR  The FIG. 11 also shows that the magnet coils 33 for all operating processes
      in the type carriage are similar so that this also represents a
      simplification in fabrication.
PAR  FIG. 12 shows, in a time diagram, the course of the pulses and movements
      which are imparted to the printer or which are executed by it whenever it
      is set for an operating frequency of 20 strokes per second. One can
      recognize that the control by means of the pulses for the type selection
      and the step-by-step movement are interrelated in that the stroke of the
      hammer must only occur whenever no movement of the type carriage or the
      type-head takes place for selecting the type. The first interval I (0 to
      50 milliseconds) shows the movement of the type-head occurring under the
      effect of the magnet coils during which a certain printing type is moved
      into printing position. Step-by-step movement takes place counter to the
      action of return springs but is accomplished after a maximum interval of
      essentially 25 ms from the beginning of the impulse. After another 5 ms
      the voltage supply to the magnet coils is lowered to a residual holding
      value, which suffices for holding the magnet armatures 32 in their state
      of having been pulled into the coils 33. This residual value amounts to
      about one-third of the value of the pulse of the operating current. Thus,
      the heating of the magnet coils is limited and consequently they can be
      made smaller.
PAR  All intervals for type selection correspond to interval I, since every new
      selection movement always starts out from the previous one, not from a
      common rest position as in the case of known printing mechanisms. In such
      prior art mechanisms the type-head must first drop back each time, a
      time-consuming procedure. As a result of the present invention, therefore,
      considerable time is saved and the return springs, against which the
      magnets must operate, need to be less powerful. This means a saving of
      magnetic power and thus of applied energy. The resulting forces are of
      less intensity, thereby imposing less wear and less noise.
PAR  If two equal types are printed successively, then the voltage applied to
      the selection coils in the interval following the first one remains at the
      same value (in interval II shown in broken lines in FIG. 12), and the
      type-head remains in the position set. Step and stroke of the hammer take
      place in the manner already described.
PAR  In the interval II (0 to 100 ms) the process is illustrated in solid lines,
      taking as an example selection of the number 0 for printing. To move the
      printing type 0 into stroke position, no voltage is applied at the type
      selecting coils V.sub.1, V.sub.2, R.sub.1, R.sub.2, i.e. these coils are
      not energized. The rotary cylinder bridge 64 and the lifting cylinder
      bridge 46 are pulled by their return springs into their lowest positions.
      The impulses for the type selection are therefore 0, and the type-head,
      under the effect of the return springs, reaches the zero position from its
      previous position within 44 ms and is hammered by the hammer no less than
      2 ms later against the paper. In any case, care has been taken that the
      position of the type desired for printing has been occupied before the
      printing hammer hammers the type-head against the printing paper 26 on the
      platen 14, without waiting so long as to unduly reduce the printing speed.
PAR  Since the individual positions of the auxiliary elements such as rotary
      cylinder bridge, cylinder lifting bridge and base position shift lever are
      always stop or terminal positions into which they are pulled by way of the
      control ropes 35, no excessively high precision of parts is required which
      would necessitate more expensive parts. Moreover, the type cylinder has a
      certain play and thus permits tolerances in the adjustment, which
      tolerances, during the stroke, are compensated by the ratchet wheel 55 and
      the guide spline part. Thus, no excessively high precision is needed here
      either. Moreover, plastic parts can be used in many cases, which make the
      production not only cheaper, but which also lower the weight of the serial
      printer considerably, decrease the formation of noise, and make the
      apparatus largely maintenance and wear free. The sheet metal parts are
      generally very simple stamped parts with relatively few shoulders and
      bends, so that from this point of view too, the printer can be produced
      with relatively low expenditure.
PAR  FIGS. 13 and 17 show a side wall 12 of the printer's frame from which
      project rigidly and laterally an axle 101 of a rope drum 104. Extending
      parallel thereto at a distance is a stationary axle 102 for a ratchet 103.
      On the axle 101 the rope drum 104 is seated freely rotatably, around which
      drum a pull rope 25 is wound. This pull rope 25 is guided over reversing
      rolls to the type conveying carriage 19. A ratchet wheel 105 with teeth on
      its periphery is coaxially firmly connected with the rope drum 104, with
      which the already mentioned ratchet 103 and a feed ratchet 106 engage. The
      ratchet 103 is forced in the direction of the ratchet wheel 105 by a
      spiral spring 107 that is braced against the frame. On the axle 101 of the
      rope drum a plate carrying a toggle lever 108 (FIG. 14) is also seated
      freely rotatably. The lever 108 is connected to a control rod 127 which is
      biased by a spring 112. The lever 108 carries an axle 109 at one of its
      lever ends. To the axle 109 is pivotally connected a control rod 110 which
      is also pivotally connected to the magnet armature 23. Furthermore, the
      feed ratchet 106 is rotatably mounted on the axle 109 between the arm of
      the lever 108 and the connecting control rod 110. The ratchet 106 is
      spring loaded by means of a spiral spring 111 toward the ratchet wheel
      105.
PAR  Upon attraction of the armature of the magnet 23, the toggle lever 108 is
      swivelled on the axle 101 of the rope drum. As a result, the feed ratchet
      106 advances the ratchet wheel 105, together with the rope drum 104, by a
      tooth pitch. At the same time, the ratchet 103 slides over a tooth and
      drops, under the bias of the spiral spring 107, into the next tooth gap.
      Thus, upon de-energization of the magnet 23, the toggle lever 108 will
      swing upward under the bias of the spring 112. The feed ratchet 106 now
      drops into the next tooth gap after also slipping over a tooth. In this
      manner the draw rope 25 will have been wound by a length corresponding to
      the column step onto the rope drum 104. Thus the carriage will have been
      shifted by one incremental step.
PAR  The plate carrying the lever 108 also carries a second lever arm 113 which
      is directed essentially perpendicularly downward from the shaft 101 of the
      rope drum. The lever 113 carries a laterally projecting peg 114. Also, the
      lever arm 113 lies at a certain distance from the lateral wall 12 of the
      frame in parallel relation thereto. In the space between the lever arm 113
      and the lateral wall 12 a cylinder ring 115 is inserted, with the inside
      space of which the peg 114 engages. The ring 115 moreover is guided
      vertically between two limiting strips 116, 117, the distance between
      these being equal to the outside diameter of the cylinder ring. A tension
      spring 118 engages a constricted place 119 of the ring, which place is
      located in the lower part of the ring curve transversed by the lever arm
      113. This spring braces the ring 115 against the printer frame.
PAR  The previously described arrangement serves for braking the toggle lever
      108 with a force rising continuously, according to a tangential function,
      towards the ends of its path of movement and in addition to ease the use
      of the starting acceleration. During return of the lever 108 to a rest
      position by the spring 127, rotation of the ring 115 lengthens the spring
      118 and increases its resistance to brake the lever 108. Downward movement
      of the lever 108 by the magnet 23 is aided by the spring 118. As a result
      of that, both noise and impacts are dampened considerably. FIG. 14 clearly
      shows the basic design of the arrangement just described.
PAR  On its side facing the side wall of the frame the ratchet wheel 105 has
      been provided with a coaxial extension 119 (FIG. 15). This extension
      defines a spiral crank path. A schematic presentation is shown in FIG. 15,
      which shows the ratchet wheel 105 with the extension 119, from the
      opposite side as compared to the showing of FIG. 13.
PAR  The crank path is formed by a considerable peripheral section of the
      extension 119 as well as by a channel 120, lying helically along the
      outside section of the path. A lever 122 is pivotally mounted on the fixed
      axle 102 and carries a crank peg 121 at its free end. The channel 120 is
      open at one end toward the periphery of the extension 119, so that the
      crank peg 121, upon rotation of the ratchet wheel 105, can slide in and
      out of the crank channel smoothly. There is a stop attachment 123 on the
      periphery of the extension 119, forming one end of the crank path, over
      which the crank pin 121 cannot slide. The opposite end of the crank path
      is formed by the inside end of the crank channel 120.
PAR  The crank pin-crank path arrangement relative to the pull rope 25-rope drum
      104 arrangement is such that the crank pin 121 still maintains a small
      distance from the stop attachment 123 whenever the type carriage in the
      frame has run into its right hand stop (stroke) position. On the other
      hand, the crank peg 121 touches the inner end of the crank channel 120
      before the type carriage has been pulled by way of the ratchet arrangement
      105-127 against a left hand frame stop during step-by-step shifting. With
      this, one will achieve the result that the pull rope 25 cannot be exposed
      in any case to forces which are greater than the force of the spring which
      pulls back the type carriage augmented by the acceleration force of the
      type carriage.
PAR  In order that the lever 122 cannot be flung up during the very rapid return
      rotation of the ratchet wheel in the transition step from the crank
      channel 120 to the peripheral section of the crank path, a tab 125 (see
      FIG. 13) is bent from the side wall 12 of the frame at a little distance
      over the lever 122.
PAR  The previously mentioned guide rod 127, connected with a third lever arm
      126, serves for the rythmical drive of the toothed strip 21. FIG. 16 shows
      a clear illustration. The rack or toothed strip 21, disposed parallel to
      the path of movement of the type carriage 19, constitutes one edge of a
      subframe, designated altogether by numeral 128. This subframe is mounted
      with attaching clips 129 in windows 130 of the side walls, of which only
      the wall 12 has been drawn. This mounting is of a swivelable nature such
      that the toothed strip 121 can be displaced upward. The rod 127 is
      operably connected to the rack 21 such that activation of the magnet 23
      produces upward movement of the rack 21. A stop tooth 131 is fixed on the
      type carriage 19. In case of a lowered rack 21, the tooth 131 is located
      above the rack 21 at a certain distance. However the tooth 131 engages
      with the teething of rack 21 whenever the rack is lifted. The tooth pitch
      is equal to the incremental or columnal step of the type carriage 19.
PAR  In case of any switching step effected by the magnet 23, the type carriage
      19 is accelerated by the rope 25 from right to left and the rack 21 is
      lifted upwardly. The arrangement is such that the carriage 19 together
      with the stop tooth 131, covers part of its incremental step before the
      rack 21 is lifted far enough for the tooth 131 to mesh with the rack.
      Therefore, the carriage will be stopped only at the end of the step and,
      as a result, it will be prevented from swinging out beyond the precise
      printing position of the column despite the great acceleration force
      during switching. Thus, the carriage assumes the required rest position
      for printing of the type adjusted on the type-head, which printing follows
      immediately afterwards.
PAR  Especially FIG. 17 and also FIG. 13 show an additional switching mechanism,
      which is operated by a magnet 33a and which carries out the following four
      functions:
PAR  a. Triggering of the ratchet arrangement on the rope drum 104 for the
      return of the carriage at the end of each printed line;
PAR  b. Paper advance by one line;
PAR  c. Advance of the colored ribbon;
PAR  d. Making the reversing mechanism available in order to transfer the
      cylinder rotating bridge from the base position for numbers into the base
      position for symbols at the end of the return of the carriage.
PAR  The switching mechanism referred to above has a multi-armed lever 133,
      which is rigidly connected with a control shaft 132 passing transversely
      through the printer frame. The lever 133 carries first and second arms 134
      and 135. The outside, essentially horizontal first lever arm 134 is
      pivoted to the armature of the electromagnet 33a. The second lever arm 135
      located opposite to the first lever arm 134, projects from the multi-armed
      lever 133. The arm 133, at its end has the shape of a fork which receives
      a peg 136, the latter being seated on a cam plate 137. The cam plate 137
      is attached rotatably on the axle 101 of the lateral drum 104.
PAR  On the side of the cam plate 137, facing the ratchet wheel 105, there are
      arranged disengaging cams 138, 139 (see also FIG. 13). These cams can
      engage with the ratchet 103 and the feed ratchet 106 whenever the cam
      plate 137 is swivelled by way of lever arm 135, in response to actuation
      of the magnet 33a. The ratchets 103, 106 are lifted out of the teething of
      the ratchet wheel 105 as a result. The type carriage, pulled by its return
      spring, can pull off the pull rope 25 from the rope drum 104, and can
      return into its right hand starting position. The magnet 33a is then
      de-energized whenever the type carriage 19 has travelled entirely to the
      right, which will be explained in more detail later on. The disengagement
      cams 138, 139 will then release the ratchets so that they can drop into
      the teething of the ratchet wheel 105.
PAR  Next, a further function of the switching mechanism, actuated by the magnet
      33a, will be described in FIGS. 18 to 20. FIGS. 19 and 20 show, by way of
      a broken opening in the side wall 13 of the frame, a part of the type
      carriage, whereby the switching lever 61 in its base and lifted positions
      has been emphasized particularly clearly. This lever 61 has its end
      developed like fork 71 as previously discussed. In a lowered position of
      the lever, numbers are printed. In this position, the lever 61 is held by
      a spring 72 in the carriage 19. The forked end of the switch lever 61 for
      the base position must be lifted into the highest possible position for
      the printing of symbols rather than numbers.
PAR  In the rest position, i.e., wherein the magnet 33a is not energized, shown
      in FIGS. 13 and 17, a pivot lever 140 on the side wall 13 of the frame is
      swivelled by a spring 142 into a lifted position. The lever 140 is
      pivotally mounted on an axle 141 fixed to the frame. In the lifted
      position of the lever 140, a lifting peg 143 seated on the free end
      thereof, passes through a window 144 in the side wall 13. On the top side
      of the pivot lever 140 rests the free end of a bent lever 146 with a
      laterally projecting roller 145, which lever is connected firmly rotatably
      with the shaft 132. Let us state moreover, that the entire mechanism is
      held by the spring 142 in the position shown in FIGS. 13 and 17, as long
      as the magnet 33a is not energized.
PAR  Whenever the magnet 33a is now energized for returning of the carriage, the
      bent lever 146 swivels the pivot lever 140 into the position shown in FIG.
      20, in which the lifting peg 143 assumes the lowest position. The
      swivelling movement is indicated by arrow 147. The type carriage 19 at the
      same time travels in the direction of the arrow 148 toward its right hand
      end position, whereby the switch lever 61 for the base position is in the
      base position for printing numbers, i.e., it is with the fork 71 in the
      lowest possible position. Therefore, the opening of the fork and the
      lifting peg 143 are aligned, and the type carriage 19, starting on the
      right, guides the opening of the fork over the lifting pins 143.
PAR  In this right hand end position, the magnet 33a is de-energized and now the
      strong spring 142 can move the lifting pin at the end of the pivot pin 140
      into its highest position, counter to the spring 72 in the type carriage
      19. This pulls the switch lever 61 for the base position up, as a result
      of which the rotary bridge for the cylinder (not shown) in the type
      carriage 19 is pushed into the printing position for symbols. The entire
      multi-armed lever 133 then again resumes the position shown in the FIGS.
      13 and 17.
PAR  Thus, at the beginning of the next line only the printing type elements
      which comprise symbols are selected from out of the base position for
      printing symbols until the fork 71 slides away from the lifting peg 143.
      In the moment of transition from symbols columns to numbers columns, the
      fork will slip off the lifting peg 143 and drop into the lowest position,
      so that then only numbers will be printed.
PAR  The multi-armed lever 133 is equipped with an additional lever arm 149
      pointing essentially vertically upwards, on the free end of which arm 149
      an axle 150 projects obliquely (FIG. 13). On this axle 150 there is a
      rotatable ratchet 152, loaded by a spring 151, which engages with the
      teething of a ratchet wheel 153. The wheel 153 is connected with the
      platen 14 so as to rotate the latter. When the magnet 33a is energized,
      the lever arm 149 swivels in a direction toward the ratchet wheel 153.
      Thus, the ratchet 152 rotates the platen forward by one line. If the
      magnet is then switched off, then the ratchet 152 moves into the next
      notch and is ready for the next switch of the line. The customary jump
      arresting holder with spring loaded roller and gear are on the same shaft
      as the platen, and are not necessary to describe in detail.
PAR  Finally, an inking, colored ribbon is also advanced a certain stretch by
      the multi-armed lever 133 at every switching process. This is accomplished
      by means of a push plate 154, which is mounted rotatably on the axle 150
      of the third lever arm 149. The plate 154 is guided essentially
      horizontally by means of a slot at its other end, which slot receives a
      peg 155 fixed on the frame (FIGS. 13, 17). The push plate 154 projects
      (extends) under a colored ribbon box 159, yet to be described later on,
      and carries on its upperside a ratchet tooth 157 on a leaf spring 156. The
      tooth enters the box from below through a window 158 in the bottom of the
      box 159. The tooth engages the teething of a felted inking drum 160 for
      the colored ribbon 161. At each swivel of the third lever arm 149 as a
      result of the energization of the magnet 33a, the ratchet tooth 157,
      engaging with the teething of the felted inking drum 160, pushes this drum
      160 forward by a stretch. Subsequently the tooth 157 slides over the
      teething during the back swivel of the multi-armed lever 133, while the
      felted inking drum 160 is held by friction. The spring 156 can consist of
      plastic and can be formed directly to the push plate 154. The spring
      action and elasticity resulting therefrom is sufficient entirely for the
      required forces.
PAR  The inking colored ribbon box 159, seated removably on the printer frame,
      is formed essentially by two approximately equal limiting plates, which
      are kept at a distance by pegs. The short colored ribbon 161 is placed
      around the felted inking drum 160, mounted rotatably between the plates,
      and also around a deflecting pin in the inside of the box and two
      deflecting pins 162, 163. The ribbon 161 is kept taut by a spring-loaded
      tightening roll, not shown, so that a section of the colored ribbon 161
      will run directly in front of the paper strip 26, lying on the platen, on
      the level of the line to be printed. Hooks 164, 165 on the frame reach
      through apertures in the lower plate of the box and hold the latter in the
      desired position.
PAR  The tear-off track 166, lying in front of the paper strip 26, is connected
      between the side walls 167, 168 of the paper guide unit, and as FIGS. 17
      and 22 show, it runs above the stretched colored ribbon 161 across the
      width of the paper strip 26. The side walls 167, 168 are swivelably
      mounted on the shaft 169 of the platen 14. In order to insert a new web of
      paper, the side walls are rotated forwardly in such a way that the paper
      input side, or the lower edge, of the tear-off track 166 is disposed at a
      short distance from the platen 14 and stands directly above an exit gap
      formed between the platen 14 and mounting roller 16 for the paper, the
      roller being located in front of the platen 14. The side walls 167, 168 at
      the same time, have a horn-like extension 170 at the lower end, which
      during this forward swivelling reach an elastic contact position against a
      rod 171. This rod keeps the side walls 12, 13 of the frame at a distance.
      The extension 170 can be stopped by means of a stop notch on said rod that
      can hardly be discerned in the drawing.
PAR  The side walls 167, 168 can be arranged to cam the pressure rolls 16 away
      from the platen whenever a new strip of paper is to be threaded into the
      machine, as will be apparent from FIG. 22.
PAR  The paper strip 26 advancing in the direction of the arrows 172, 173
      indicated in the FIGS. 21 and 22, during introduction of the paper strip,
      is threaded in thus automatically below the tear-off track 166. The entire
      paper guide unit is then swivelled into the normal operating position
      where clamp attachments 174, 175 at the two side walls 167, 168 overlap
      the rod 171 and stop the paper guide positively.
PAR  It is desirable that the colored ribbon 161, which during printing is to
      run at the smallest possible distance in front of the paper strip 26, does
      not soil the tear-off track 166 in the forward swivelled state of the
      paper guide. Accordingly, the side walls 167, 168 are provided with cam
      edges 176, 177, projecting in front of the tear-off track. These edges
      force back the color ribbon 161 in the area between the deflecting pegs
      162, 163, while the box 159 for the color ribbons is put on.
PAC  SUMMARY OF MAJOR ADVANTAGES
PAR  As a result of the present invention, wherein electromagnets drive the
      printer parts, the printer needs no driving motor and thus no clutches and
      other constantly rotating parts and it therefore needs largely no
      maintenance. The individual magnets are cheap, can easily be triggered and
      offer sufficiently large adjusting forces, making quick movement possible.
      The transfer of the forces, emanating from the armatures of the magnets by
      means of ropes and reversing rollers is particularly simple and likewise
      requires no maintenance. The printer makes little noise and, during the
      pauses in printing, is completely noiseless. For starting, it requires no
      previous switching on, or even clutches, so that it is only necessary to
      utilize the output binary signals of a table calculator and feed them to
      the printer. The number of individual parts required for such a printer,
      can be lowered in that case to less than 150, whereby naturally the number
      of the digits that are to be printed by a serial printer may be of any
      given size. Finally, there is no cause to start out from a basic position
      in case of every new triggering of the next value. The triggering takes
      place each time directly from the previously triggered value, which means
      a saving in time and thus a quicker printing sequence, because of omission
      of the time needed for the return into the basic position.
PAR  Although the invention has been described in connection with a preferred
      embodiment thereof, it will be appreciated by those skilled in the art
      that additions, modifications, substitutions and deletions not
      specifically described may be made without departing from the spirit and
      scope of the invention as claimed in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A serial printer suitable for operable connection to an electronic
      calculator and the like, said printer comprising:
PA1  a frame means;
PA1  a platen mounted on said frame means;
PA1  a carriage on said frame means being movable in step-by-step fashion
      adjacent said platen in parallel relation to the axis of said platen;
PA1  a type-head for carrying type indicia, said type-head being mounted on said
      carriage for translational and rotational type-shifting movements and for
      printing movement toward said platen;
PA1  type-head shifter means for impelling said type-head toward said platen;
      and
PA1  printer actuating means comprising:
PA1  first electromagnet means mounted on said frame means;
PA1  first cable means operably connected to said first electromagnet means for
      being displaced by operation of said first electromagnet means;
PA1  type-head translating means for translating said type-head independently of
      minor variations in length of said first cable means including:
PA2  first shiftable means mounted on and carried by said carriage in driving
      connection with said type-head, said first shiftable means being connected
      to said first cable means to be shifted to a plurality of translation
      adjustment positions in response to selective operation of said first
      electromagnet means for translating said type-head in a manner changing
      the type indicia disposed in printing position,
PA1  first stop means mounted on said carriage and being engageable with said
      first shiftable means to:
PA2  define said translation adjustment positions,
PA2  locate said first shiftable means in said translation adjustment positions,
      and
PA2  prevent overtravel of said first shiftable means beyond said translation
      adjustment positions;
PA1  second electromagnet means mounted on said frame means;
PA1  second cable means operably connected to said second electromagnet means
      for being displaced by operation of said second electromagnet means; and
PA1  type-head rotating means for rotating said type-head independently of minor
      variations in length of said second cable means including:
PA2  second shiftable means mounted on and carried by said carriage in driving
      connection with said type-head, said second shiftable means being
      connected to said second cable means to be shifted to a plurality of
      rotary adjustment positions in response to selective operation of said
      second electromagnet means for rotating said type-head in a manner
      changing the type indicia disposed in printing position, and
PA2  second stop means mounted on said carriage and being engageable with said
      shiftable means to:
PA2  define said rotary adjustment positions,
PA2  locate said second shiftable means in said rotary adjustment positions, and
PA2  prevent overtravel of said second shiftable means beyond said translation
      adjustment positions.
NUM  2.
PAR  2. A printer according to claim 1 wherein said type-head comprises a
      cylinder; said cylinder being rotatable about a generally vertical axis,
      to eight equi-distant angular type-orienting positions, and is vertically
      translatable to three vertical type-orienting positions.
NUM  3.
PAR  3. A printer according to claim 2 wherein said type cylinder includes a
      generally vertical, rotatable shaft; said shiftable means of said
      type-head translating means including a cylinder lifting bridge, said
      rotatable shaft being carried at the center of said cylinder lifting
      bridge; said first cable comprising a pair of first cables; said first
      electromagnet means comprising a pair of first electromagnets; said
      lifting bridge carrying a pulley at each end for reception of respective
      ones of said first cables such that respective ones of said first
      electromagnets are connected to said first cables to lift said bridge ends
      singularly or together so as to translatably shift said type cylinder; and
      spring means for biasing said bridge downwardly toward resting engagement
      with a stationary frame plate on said carriage.
NUM  4.
PAR  4. A printer according to claim 3 wherein said bridge is arranged to locate
      said type cylinder in:
PA1  a first of said vertical type-orienting positions when both bridge ends are
      in a lowered position,
PA1  a second of said vertical type-orienting positions when one of said bridge
      ends has been raised by one of said first electromagnets that are operably
      connected to the bridge ends, and
PA1  a third of said vertical type-orienting positions when both of said bridge
      ends have been raised by both of said first electromagnets.
NUM  5.
PAR  5. A printer according to claim 4 wherein said cylinder lifting bridge
      carries a mounting block for vertical movement therewith; a lower portion
      of said rotatable shaft of said type cylinder being slidably received in a
      guide element; a bearing element being mounted on said shaft and having an
      outer ring vertically unshiftably disposed on said mounting block so as to
      mount said type cylinder for vertical movement with said block.
NUM  6.
PAR  6. A printer according to claim 5 including elastic band means for
      elastically coupling said bearing element and said block to
PA1  permit movement of said type cylinder toward said platen relative to said
      block, and
PA1  return said type cylinder to a non-typing position.
NUM  7.
PAR  7. A printer according to claim 6 including a ratchet wheel coaxially fixed
      to said cylinder head shaft; said ratchet wheel having generally V-shaped
      recesses around the periphery; the number of said recesses corresponding
      to the number of angular type positions of said type cylinder; a guide
      spline element fixed on said carriage and being arranged to enter an
      aligned one of said recesses on said ratchet wheel during printing
      movement of said type cylinder toward said platen during all three
      vertical type-orienting positions of said type cylinder to assure proper
      orientation of a type indicia to be imprinted.
NUM  8.
PAR  8. A printer according to claim 1 wherein said type-head comprises a
      cylinder said type cylinder carrying numeral indicia and symbol indicia;
      said type-head rotating means including return spring means and means for
      rotating said cylinder head by 180.degree. to change from number indicia
      to symbol indicia against the bias of said return spring means.
NUM  9.
PAR  9. A printer according to claim 8 wherein said type-head rotating means
      includes adjusting means for orienting said type cylinder in a manner
      suitable for printing symbol indicia when said carriage is in a special
      predetermined symbol-typing position; said adjusting means being
      automatically rendered inoperable to orient said type cylinder in a
      symbol-printing position when said carriage moves out of said special
      predetermined position.
NUM  10.
PAR  10. A printer according to claim 8 wherein said type-head rotating means
      comprises gear means operably connected to said type cylinder shaft to
      rotate the latter; a vertically movable shift lever with means connected
      intermediate the ends of the shift lever for rotating said gear means in
      response to vertical movement of said shift lever; said return spring
      means biasing said shift lever downwardly; said shift lever including a
      recess at one end; a lifting peg arranged for vertical movement under the
      bias of a lifting spring and being connected to means for lowering said
      peg against the action of said lifting spring; said lifting peg being
      received in said recess with said lifting peg is in its lower position and
      with said carriage being at the beginning position of its stroke; said
      lifting spring which biases said lifting peg upwardly being stronger than
      said return spring which biases said shift lever downwardly such that with
      said lifting peg being disposed in said recess, said lifting peg is of
      sufficient strength to shift said shift lever upwardly and rotate said
      type cylinder into a symbol-printing position; the length of said lifting
      peg being such that with said carriage being spaced from said
      stroke-beginning position said peg and said recess are in disengagement,
      with said shift lever being held downwardly by said return spring means.
NUM  11.
PAR  11. A printer according to claim 10 including means for advancing paper
      that is mounted on said platen, and means for returning said carriage to
      said stroke-beginning position as paper is being advanced wherein said
      means for lowering said peg includes meand connected to said paper feeding
      means for holding said peg in a lowered position while paper is being
      advanced and said carriage is being returned to its stroke-beginning
      position.
NUM  12.
PAR  12. A printer according to claim 10 wherein said means for lowering said
      peg comprises an electromagnet.
NUM  13.
PAR  13. A printer according to claim 10 wherein said means for rotating said
      gear means comprises a sliding head guided for vertical movement on said
      carriage, said sliding head carrying a rack which is operably connected to
      said gear means; said sliding head being pivotally connected to said shift
      lever intermediate the ends of said shift lever; a control arm being
      flexibly connected to an end of said shift lever located remote from said
      recess; said control arm being arranged for substantially vertical
      movement in a plane disposed parallel to said shift lever and being
      spring-biased to a downward position; said control arm including pulleys
      at its ends; said second cable means comprising a pair of second cables;
      said second electromagnet means comprising a pair of second
      electromagnets; said pair of second cable means being respectively
      disposed around said pulleys and being actuable by respective ones of said
      second electromagnets to selectively raise the ends of said control arm to
      accordingly raise said shift lever and rotate said type cylinder.
NUM  14.
PAR  14. A printer according to claim 13 including an intermediate block guided
      for vertical sliding movement on said carriage, said intermediate block
      having a pin projecting therefrom, said pin being received through a bore
      of said control arm and an elongated aperture of said shift lever to
      define the flexible connection therebetween.
NUM  15.
PAR  15. A printer according to claim 14 wherein said shift lever, in the
      lowermost positions of said shift lever and said control arm, extends
      parallel to said control arm along at least two-thirds the length of the
      latter; the point of pivotal connection between said shift lever and said
      sliding head being spaced from said peg-receiving recess by a distance
      approximately equal to two-sevenths of the length of said control arm; the
      point where said pin passes through said control arm being spaced from an
      end of said control arm located adjacent said peg-receiving recess by a
      distance approximately equal to two-thirds of the length of said control
      arm.
NUM  16.
PAR  16. A printer according to claim 15 wherein the electromagnets for
      translatably and rotatably shifting said type cylinder are arranged for
      control by the output binary signals of an electronic calculator.
NUM  17.
PAR  17. A printer according to claim 15 wherein the drive configuration of said
      rack and said gear means is such that when said sliding head is lifted
      from its lowest to its highest position said type cylinder is rotated by
      seven-eights of a revolution.
NUM  18.
PAR  18. A printer according to claim 17 wherein said gear means includes an
      input gear directly engageable by said rack, and a bevel gear through
      which said type cylinder shaft is mounted for sliding movement; said bevel
      gear being mounted on a swivel frame which is rotatable about an axis
      generally perpendicular to the axis of said type cylinder shaft such that
      said type cylinder shaft is vertically slidable in said bevel gear,
      rotatably drivable by said bevel gear, and pivotable with said bevel gear
      on said swivel frame.
NUM  19.
PAR  19. A printer according to claim 1 wherein said frame means comprises an
      iron plate; said electromagnets being mounted on said iron plate; said
      iron plate having yoke sheets punched therein so as to project upwardly
      adjacent one of said electromagnets; cover sheets being disposed over said
      electromagnets and connected to said sheets, said cover sheets including
      apertures for receiving the armature portions of said electromagnets.
NUM  20.
PAR  20. A printer according to claim 19 wherein said base frame receives as a
      unit a sub-frame assembly carrying said carriage.
NUM  21.
PAR  21. A printer according to claim 1 wherein said electromagnets are
      identical.
NUM  22.
PAR  22. A printer according to claim 1 including third cable means connected to
      said carriage; a first drum around which is wound said third cable means
      for moving said carriage; a ratchet wheel fixedly connected to said first
      drum; a feed ratchet engageable with the teeth of said ratchet wheel and
      being connected to said third electromagnet means to incrementally rotate
      said ratchet wheel and said drum in response to activation of said third
      electromagnet means so as to incrementally advance said carriage; and a
      locking ratchet engageable with said ratchet wheel to restrict backward
      rotation of the latter; and means for disengaging said feed ratchet and
      said locking ratchet from said ratchet wheel during return of said
      carriage to a stroke-beginning position.
NUM  23.
PAR  23. A printer according to claim 22 including a lever plate rotatably
      mounted to a stationary frame wall of said frame means; said lever plate
      including a first generally horizontal lever arm; said third electromagnet
      means including an armature, said first lever arm, said feed ratchet, and
      said armature being pivotally connected together about a common axis; a
      spring being operably braced between said first lever arm and said feed
      ratchet to bias said feed ratchet against said ratchet wheel; said lever
      plate including a second lever arm extending downwardly from the
      rotational axis of said lever plate; said second lever arm carrying a
      laterally projecting lug; a circular brake ring disposed axially between
      said second lever arm and said stationary frame wall and disposed
      peripherally between a pair of limiting strips; said limiting strips being
      spaced by an amount substantially equal to the diameter of said brake
      ring; said lug engaging the inner face of said brake ring and being
      shiftable toward and away from said limiting strips; a spring being
      attached to a lower portion of said ring to urge said ring downwardly;
      said brake ring being arranged to brake movement of the lever plate.
NUM  24.
PAR  24. A printer according to claim 22 wherein said ratchet wheel includes an
      extension extending from one side thereof; an outer periphery of said
      extension forming a spirally arranged crank path; a crank arm being
      pivotally mounted adjacent said crank path with a free end thereof being
      engageable on said crank path; one end of said crank path being defined by
      a first stop wall such that engagement between said crank lever and said
      first stop wall limits movement of said ratchet wheel and said drum in a
      direction wherein said carriage is advanced; a second stop wall located at
      the other end of said crank path to limit movement of said drum in a
      direction wherein said carriage is retracted.
NUM  25.
PAR  25. A printer according to claim 24 wherein said spiral crank path is
      greater than 360.degree.
NUM  26.
PAR  26. A printer according to claim 23 including a toothed strip disposed
      generally parallel to the path of movement of said carriage; the pitch of
      the teeth of said toothed strip corresponding to an incremental step of
      movement of said carriage; said carriage carrying a finger; said toothed
      strip being mounted for movement toward and away from said finger such
      that engagement therebetween prevents advancement of said carriage; said
      lever plate including a third lever arm operably connected by means of a
      guide rod to said toothed strip to shift said toothed strip toward said
      finger in response to activation of the electromagnet connected to said
      lever plate.
NUM  27.
PAR  27. A printer according to claim 22 including a multi-armed lever mounted
      on a control shaft for rotation; a first arm of said multi-armed lever
      being connected to a fourth electromagnet means for rotating said
      multi-armed lever; a second arm of said multi-armed lever being engageable
      with a rotatable cam plate; said cam plate being rotatable coaxially with
      said ratchet wheel and including cam means projecting toward said ratchet
      wheel; said cam means defining said ratchet disengaging means by being
      arranged to contact and pivot said feed ratchet and said locking ratchet
      out of engagement with said ratchet wheel, in response to activation of
      said fourth electromagnet means.
NUM  28.
PAR  28. A printer according to claim 27 including a toothed wheel fixed on the
      axle of said platen; said multi-armed lever including a third arm; a
      platen-drive ratchet being pivotally mounted on said third arm and being
      spring-biased into engagement with said toothed wheel to rotate said
      platen in response to activation of said fourth electromagnet means.
NUM  29.
PAR  29. A printer according to claim 27 wherein a crank lever is fixed to said
      control shaft; a peg-carrying lever being pivotally mounted to a
      stationary frame wall of said frame means; spring means for biasing said
      peg-carrying lever upwardly; said crank lever carrying a pin that is
      engageable with said peg-carrying lever; the peg of said peg-carrying
      lever passing through a slot in said stationary frame wall in the path of
      travel of said carriage; said carriage having means for rotating said
      type-head including a shift lever; said shift lever having a forked end
      and being movable to a lower position wherein said forked end is aligned
      with said peg; said crank lever being operable to pivot said peg-carrying
      lever to maintain said peg in alignment with said forked end until
      engagement occurs therebetween; said last-named spring being operably to
      lift said peg-carrying lever and said shift arm to rotate said type-head.
NUM  30.
PAR  30. A printer according to claim 28 including a removable ribbon-carrying
      container; said container including a felt inking drum around which a
      ribbon is disposed; means for driving said inking drum in step-by-step
      fashion such that said ribbon is guided between said platen and said
      type-head; and deflecting pins for maintaining said ribbon slightly spaced
      from said platen.
NUM  31.
PAR  31. A printer according to claim 30 including a push plate pivoted on said
      third arm of said multi-armed lever; said push plate being guided for
      essentially horizontal movement on a fixed guide pin; a leaf spring being
      mounted on said push plate and including a tooth; said tooth extending
      through an opening in said ribbon-carrying container and drivably engaging
      notches in said inking drum.
NUM  32.
PAR  32. A printer according to claim 22 including paper guide means having side
      walls; a tear-off track being mounted between said side walls; said side
      walls being rotatable to a position suitable for the feeding of paper
      wherein the inner side of said tear-off track is spaced from said platen
      and pressure rolls, normally engaging said platen, are shifted away
      therefrom.
NUM  33.
PAR  33. A printer according to claim 32 wherein said side walls include cam
      surfaces arranged to press said ribbon away from said platen during the
      insertion of a new strip of paper into the printer.
NUM  34.
PAR  34. A printer according to claim 1 wherein the ends of each of said first
      and second cable means are anchored to said frame means; said first and
      second electromagnet means and said first and second shiftable means each
      including pulley means; said cable means being wrapped around respective
      ones of said pulley means intermediate the ends of said first and second
      cable means.
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ABST
PAL  A serial printing device comprises a type drum rotatably mounted on a
      carriage which can move parallely to a platen. On the periphery of the
      type drum are mounted a plurality of character-bearing elements urged
      against the drum by biasing means. A stepping motor rotates the drum for
      positioning a selected character-bearing element in front of the platen. A
      hammer is actuatable for pushing the selected character-bearing element
      radially outwardly relative to the drum against the action of the biasing
      means, and the drum is moved towards the platen simultaneously to the
      actuation of the hammer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to a serial printing device which has a type
      drum carrying a plurality of character-bearing elements movable radially
      outwardly thereto and axially rotatable to bring a selected
      character-bearing element thereon to a printing position and wherein the
      selected character-bearing element is moved towards a platen to effect
      printing impact.
PAR  2. Description of the Prior Art
PAR  It is known to achieve this by leaving the drum bodily unmoved and by
      striking the selected element with a hammer to project this element
      radially from the drum, the elements being biased radially inwardly. A
      disadvantage of this is that the stroke which can be imparted to the
      element by the hammer is limited and the drum must therefore be near the
      platen. This obscures the just-printed characters unduly.
PAR  It is also known to move the drum bodily towards the platen but it is then
      necessary to make the selected character-bearing element protrude,
      otherwise the adjacent characters tend to print partially. To this end, a
      cam pushes each element out as it moves to the printing point. This has
      the disadvantage that the elements are constantly pushed out as the drum
      rotates, leading to excessive wear and fatigue of the resilient means
      which bias the elements back into the drum.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a printer similar to that
      described in the preceding paragraph but wherein an element is only
      protruded from the drum when it is selected for printing.
PAR  According to the present invention, there is provided device for in-line
      typing for typewriters, teleprinters, calculators and similar office
      machines, comprising a paper-bearing platen, a drum having on its
      periphery a plurality of character-bearing elements, the drum being
      rotatable on a support for selection of the elements in front of the
      platen and in which the character-bearing elements are movable on the drum
      by the action of a hammer, the support being displaceable relative to a
      carriage to make the selected character-bearing element strike the roller
      for typing, wherein a rocker has one extremity connected to the hammer in
      a manner ensuring a predetermined clearance between the hammer and the
      character-bearing elements and the other extremity levered on a first
      member of the carriage, an intermediate part of the rocker having a
      fulcrum on the support to displace the hammer through a path
      correspondingly greater that that of the drum during typing, so as to take
      up the said clearance and make the selected character-bearing element
      protrude towards the platen beyond the neighbouring character-elements.
PAR  The embodiment of the invention to be described below has the additional
      advantage that individual character-bearing elements of the drum can be
      interchanged. Furthermore the drum has two rings of characters and the
      drum is axially shiftable, by shifting the support, to select either of
      these rings. However the kinematic conditions of the mechanisms involved
      in printing for moving the support and the hammer are unchanged by the
      axial shift.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view, partly in section, of a typing device embodying the
      invention.
PAR  FIG. 2 is an enlarged detail of FIG. 1.
PAR  FIG. 3 is a plan view, partly in section, of the typing device.
PAR  FIG. 4 is a plan view of a detail of the typing device to the invention.
PAR  FIG. 5 is a section on the line V--V of FIG. 4.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  With reference to FIG. 1 the typing device comprises a paper-carrying
      platen 10 around which is passed a sheet of paper 11, a typing head 12
      mounted on a base member or carriage 13 and an inked ribbon 16 interposed
      between the typing head 12 and the sheet of paper 11. The carriage 13
      comprises two sides 133 and 135 (FIGS. 1 and 3) connected by cross-pieces
      18 and 132. The carriage 13 can slide on two guides 14 and 15 parallel to
      the platen 10 by means of rollers 17 and two jaws 19, and is traversed by
      a screw 20 which engages with a nut 21 integral with the carriage 13.
PAR  The typing head 12 (FIG. 2) comprises a drum with a vertical axis and
      having a hub 22 provided with two parallel flanges 23 and 25 and with a
      bore 26 through the hub. On the periphery of the flanges 23 and 25 guided
      by radial recesses 35, 36 there are systematically arranged small
      vertically arranged bars 27 bearing the characters 34. Each bar is
      composed of a lower stem 29 and an upper block 30 on a front face of which
      are provided in relief two printing characters 34, which lie around two
      parallel circular tracks.
PAR  The stem 29 of each bar 27 is shaped so as to present an outer groove 31
      and an under hook 32. Three elastic rings 33 of polyurethane rubber or
      other similar elastic resilient material are lodged in the grooves 31 of
      the bars 27 to hold the latter close against the flanges 23 and 25 of the
      drum 22. Each bar 27 is also hooked by the hook 32 on to a shoulder 37 of
      the lower flange 25.
PAR  The typing head 12 (FIGS. 1 and 2) is mounted on a vertical shaft 39
      rotatable on a support 40 to which it is axially fixed. The shaft 39 is
      connected to a motor for rotary selection 41, for example of the stepwise
      type, by means of a sliding cardan joint 42 and gears 43 and 45.
PAR  The head 12 is positioned with its bore 26 on the top part of the shaft 39
      and rests with its lower part on the support 40. A knurled knob 46,
      screwed onto a terminal threaded part 47 of the shaft 39 holds the head 12
      against the support 40. In order to key the head 12 on the shaft 39 in a
      predetermined angular position, a transverse pin 49 through the shaft and
      longer on one side than the other is received within a corresponding
      groove 50 of the drum 22. The typing head can be interchanged by undoing
      the knob 46.
PAR  The sliding cardan joint 42 is composed of two vertical and parallel forks
      51 mounted on a hub 52 of the gear 45, and between which there lodges a
      pin 53 extending through the lower part of the shaft 39.
PAR  There is also on the hub 52 a tongue 55 designed to co-operate with a
      photoelectric sensor 56, mounted on the carriage 13, in order to signal to
      the electronic control means, not shown in the Figures, the passage of a
      datum character in front of the typing sheet 11.
PAR  The support 40, which carries a ball-bearing 57 in which the shaft 39 is
      rotatable, extends downwards with two arms 59 and 60 (FIGS. 2, 3) which
      form a fork and whose ends are connected by pivots 61 to a frame 63
      pivoted on pivots 64 of the carriage 13 and composed of two parallel and
      substantially horizontal levers 65 and 66 interconnected by a crosspiece
      67. On the latter there is fixed an armature 69 of an electromagnet 70
      which in turn is fixed to a cross piece 72 of the carriage 13.
PAR  On the armature 69 (FIGS. 1 and 2) a pin 73 is fixed with a spring 75
      hooked to it, the other end of the spring being hooked to a pin 76 on the
      cross piece 72 designed to hold the armature 69 in contact with a flange
      77 of the cross piece 72 when the electromagnet 70 is not energised.
PAR  On the back portion of the support 40 there is fixed a horizontal pin 58
      having one end lodged in a slot 68 of the cross piece 72. A spring 74
      surrounding the pin 58 is compressed between the cross piece 72 and an
      adjusting nut 78 which can be screwed on a threaded part of the pivot 58.
PAR  The support 40 is also provided with two upper side lugs 79 and 80 (FIGS.
      1, 2 and 3) connected by means of a pivot rod 81 with the mid portion of a
      rocker 82 composed of two parallel levers 83 and 85 inter-connected by two
      cross-pieces 86. The lower ends of the rocker 82 have as fulcra two pivots
      84 of a first element of the carriage 13 composed of two support levers 87
      and 89 parallel to each other and substantially horizontal, which are
      inter-connected by a cross piece 94 and are in turn pivoted on a pivot rod
      90 of the carriage 13.
PAR  At the upper extremity of the rocker 82 there is pivoted a hammer 91
      composed of a support plate 92 to which is fixed a stem 93 with a head 95
      at one end. The head 95 of the hammer 91 is in line with the
      character-bearing bar positioned in front of the platen 10 at the printing
      point, with a clearance of 0.5 to 1 mm relative to the inner portion of
      the block 30 to allow free rotation of the printing head. The plate 92 has
      a slot 96 in which there is lodged a neck 97 of the shaft 39. The slot 96
      has an enlarged portion 99 which allows the hammer to be swung up clear of
      the head when the hammer is moved to the left, in FIG. 2, as described
      below.
PAR  A spring 100, stretched between the pivot rod 81 and a bracket 101 of the
      carriage 13 keeps the rocker 82 normally pulled against a bar 103 whose
      ends are lodged in two slots 105 of two side-pieces 106 and 107, parallel
      to each other and fixed to the carriage 13. The back ends of the slots 105
      are turned down to form a seat 109 in which the bar 103 is normally held
      by a spring 110 stretched between the latter and the bracket 101. The bar
      forms a stop establishing the aforesaid clearance.
PAR  On the pivot rod 64 of the carriage 13 are pivoted two actuating levers 111
      and 112 which are parallel and substantially vertical and inter-connected
      by a horizontal cross-piece 113 on which is fixed an armature 115 of an
      electromagnet 116, fixed to the carriage 13.
PAR  The upper ends of the levers 111 and 112 are inter-connected by a pivot 119
      rod on which are pivoted the ends of a pair of struts 120 and 121 which
      are parallel and substantially horizontal. These struts are
      inter-connected by a cross-piece 122 and each has a fork-shaped end 123
      normally engaged on the pivot rod 81 of the support 40. The spring 100
      which makes the rocker 82 rest on the bar 103 keeps the armature 115 at a
      distance from the electromagnet 116 when the latter is de-energised.
PAR  There is pivoted on the pivot rod 119 a pawl 126, normally engaged, by the
      action of a spring 129 stretched between the pawl 126 and the cross-piece
      122, with a ratchet wheel 127, mounted on a small shaft 130 of the
      carriage 13 and held between two friction elements 131. The pawl 126 is
      also designed to rest against the cross-piece 132 of the carriage 13.
PAR  The inked ribbon 16 is supported and guided in front of the characters 34
      of the typing head 12 by a support 136 (FIGS. 4 and 5) for example of
      plastic material and composed of a plate with a horizontal base 137. The
      ribbon 16 may be, for example, of the kind subdivided into two inked
      zones, a red lower zone and a black upper zone. This is guided by two
      rollers 155 and 156 rotatable on the support 136, and is normally lodged
      between two guides 141 machined at the extremities of two arms 139 and 140
      of the plate 137.
PAR  The support 136 is provided with two vertical lugs 142 and 143, each of
      which is pivoted on a pivot 145 of the side-pieces 106 and 107 and is
      provided with two horizontal pivots 146 each normally held by two
      shoulders 147 and the side-pieces 106 and 107 by the action of a spring
      109 stretched between the side-piece 106 and the support 136. Under these
      conditions the upper zone of the ribbon is in line with the typing line.
PAR  A lower lug 151 of the support 136 is connected to an armature 152 of an
      electromagnet 153 supported by a bracket 154 of the cross-piece 72. When
      the electromagnet 153 is energised, it turns the support 136
      counter-clockwise round the pivots 145 for selection of the lower zone of
      the ribbon 16.
PAR  In its rest position, the head 12 is distanced from the paper roller 10 and
      is arranged for printing the characters of the upper track onto the paper
      sheet 11. Suppose it is desired to print a predetermined character onto
      the paper sheet 11. When the machine to which the typing device according
      to the invention is attached is switched on, the step-wise selector motor
      41 is made to rotate so as to bring the tongue 55 to the photoelectric
      sensor 56 which synchronises the electronic control circuits, not shown in
      the drawings. The character to be printed is selected by sending a series
      of impulses to the selector motor 41, in a manner known per se. The motor
      41, through the mechanical coupling 43 and 45 and the cardan joint 42,
      will then cause the shaft 39 and hence the head 12 to rotate until it
      positions the character-carrying bar containing the selected character in
      front of the roller 10.
PAR  If the selected character is on the lower track of the head 12,
      simultaneously with this rotary selection there is energising of the
      electromagnet 70 which attracts the armature 69 against the action of the
      spring 75. The frame 63 also turns counter-clockwise at the pivots 64 and
      raises the support 40, inducing the change from one character track to the
      other. The supporting levers 87 and 89 and the struts 120 and 121 are
      rotated counter-clockwise and then remain substantially parallel to the
      levers 65 and 66 of the frame 63. In this way the geometry of the system
      is unchanged, and the ratio of the distance between the pivot 81 and the
      fulcrum 84 of the rocker 82 and the distance between the same pivot 81 and
      the pivots 61 of the support 40, does not vary. In addition to this, since
      the forks 51 are high enough, the shaft 39 remains always engaged with the
      gear 45.
PAR  The electromagnet 153 is energised or not, depending on the required
      printing colour.
PAR  After it has been selected, printing of the character thus positioned is
      effected by energising the electromagnet 116 which attracts the
      corresponding armature 115. The actuating levers 111 and 112 thus rotate
      clockwise on the pivot 64 and bring the struts 120 and 121 to the right
      (FIG. 2) against the action of the spring 100. The support 40 now rotates
      clockwise about the pivots 61 so as to bring the typing head 12 to print
      the selected character on the paper sheet 11. Since the pivots 61 of the
      support 40 and the pivot 53 of the shaft 39 lie substantially in the same
      horizontal plane, the shaft 39 and the support 40 remain parallel to each
      other even during this rotation which does not involve lateral thrusts on
      the forks 51 due to typing.
PAR  Simultaneously with the shifting of the head 12, the struts 120 and 121
      cause clockwise rotation of the rocker 82 about the fulcrum 84. Since the
      distance between the pivot 81 and the fulcrum 84 is less than the distance
      between the same pivot 81 and the pivots 61 which are fulcra for the
      support 40, a relative movement is produced between the hammer 91 and the
      drum 22 while the latter is being shifted towards the platen 10. The
      hammer 91 is thus displaced to the right and its head 95, pushing the
      inner part of the block 30 at the back, makes the selected bar 27 turn
      clockwise about the shoulder 37 of the flange 25 which acts as fulcrum, as
      as to make it protrude relative to the adjacent bars.
PAR  During displacement of the pivot bar 119 to the right, the pawl 126 jumps a
      tooth of the ratchet wheel 127 which is braked by the friction elements
      131.
PAR  Movement of the support 40 to the right is resisted by the spring 74 which
      prevents too heavy an impact of the selected bar on the paper sheet. By
      screwing or unscrewing the nut 78 on the threaded portion of the rod 58
      the force of this resisting action can be regulated in order to obtain an
      optimal impact.
PAR  The head 12, after printing the selected character on the paper sheet 11,
      returns to its rest position due to the action of the spring 100, rebound
      from the platen 10 and the action of the spring 74. The pawl 126, shifting
      to the left, then makes the wheel 127 rotate counter-clockwise, overcoming
      the resistance of the friction elements 131. The latter, however, together
      with the wheel 127 act as dampers preventing rebound of the rocker 82 on
      to the bar 103 and settling the typing elements in a very short space of
      time.
PAR  The head 12 can easily be extracted from the printing device and, if
      desired, replaced by another.
PAR  To do this the bar 103 is lifted out of the seats 91 against the pull of
      the spring 110 and slid along the slots 105 to the position shown in
      broken lines in FIG. 2. This position is stable because of the shape of
      the slots. The spring 100 now pulls the support 40 further to the left
      until the pawl 126 abuts the cross-piece 132. The rocker 82 therefore
      pivots anti-clockwise and withdraws the hammer until the enlargement 99 of
      the slot in the plate 92 is over the shaft 39. The hammer can now be swung
      up to allow the knob 46 to be un-screwed and the head 12 exchanged.
PAR  Alternatively, individual bars bearing the characters can be removed by
      hand from the head 12. In fact, by pushing inwards the block 30 of the bar
      27 that is to be removed, the latter overcomes the elastic reaction of the
      rings 33, levers itself on the upper flange 23, and unhooks from the
      shoulder 37. Once unhooked it can be removed by a screwing movement from
      above and pulling it outwards from the head 12.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A serial printing device comprising:
PA1  a platen;
PA1  a base member adjacent to said platen;
PA1  a type drum rotatably mounted on said base member;
PA1  a plurality of character-bearing elements;
PA1  mounting means for mounting said plurality of elements on the periphery of
      said drum for radially outward movement therefrom;
PA1  biasing means for biasing said character bearing elements against said
      drum;
PA1  angularly positioning means for rotating said drum on said base member to
      position a selected character-bearing element in front of said platen;
PA1  a hammer movably supported with respect to said drum to be spaced apart
      from the selected character-bearing element and actuatable for pushing
      said selected character-bearing element radially outwardly relative to
      said drum against the action of said biasing means;
PA1  actuatable means for moving said drum towards said platen; and
PA1  means interconnecting said hammer with said drum for actuating said hammer
      in response to the actuation of the actuatable means to simultaneously
      actuate said drum and said hammer whereby the hammer pushes outwardly for
      printing only the selected character when the drum moves toward the
      platen.
NUM  2.
PAR  2. A serial printing device according to claim 1, wherein said base member
      includes first and second pivot means; wherein said actuatable means
      comprises a support having one end portion pivotally mounted on said first
      pivot means and the other end portion rotatably connected to said drum;
      and wherein the interconnecting means comprises an actuating lever having
      one end portion pivotally mounted on said second pivot means, having the
      other end portion connected to said hammer and having an intermediate
      portion connected to said support.
NUM  3.
PAR  3. A serial printing device according to claim 2, wherein the distance
      between said first pivot means and said intermediate portion is greater
      than the distance between said second pivot means and said intermediate
      portion.
NUM  4.
PAR  4. A serial printing device according to claim 3, wherein said
      interconnecting means comprises an actuating strut and means mounting said
      actuating strut for simultaneously rotating said support about said first
      pivot means and said actuating lever about said second pivot means.
NUM  5.
PAR  5. A serial printing device accordign to claim 4, wherein each of said
      character-bearing elements has embossed thereon two axially spaced
      characters defining two circumferential character tracks, and wherein said
      device further comprises selective shifting means for axially shifting
      said drum to selectively bring one of said two tracks in a printing
      position with respect to said platen.
NUM  6.
PAR  6. A serial printing device according to claim 5, wherein said shifting
      means comprises a first support lever pivotally mounted on a first fixed
      pivot axis on said base member and having said first pivot means thereon
      and wherein said second pivot means comprises a second support lever
      pivotally mounted on a second fixed pivot axis on said base member and
      disposed substantially parallel to said first support lever.
NUM  7.
PAR  7. A serial printing device according to claim 6, further comprising a
      shaft rotatably mounted on said support, and having means connecting said
      drum with said angularly positioning means comprising a sliding universal
      joint wherein said angularly positioning means is mounted on said base
      member and wherein said joint comprises a fork connected to said
      positioning means and a pin perpendicularly mounted on said shaft and
      lodged on said fork, said pin, said first pivot means and said first fixed
      pivot axis being substantially coplanar.
NUM  8.
PAR  8. A serial printing device according to claim 6, wherein said strut is
      connected to said intermediate portion of said actuating lever and wherein
      said strut is substantially parallel to said first and second support
      levers.
NUM  9.
PAR  9. A serial printing device according to claim 2, further comprising an
      electromagnet mounted on said base member, an armature cooperating with
      said electromagnet and connected to said support, and a return spring for
      biasing said armature in a rest position, a pawl connected to said
      armature, a frictionally restrained ratchet wheel mounted on said base
      member and cooperating with said pawl to damp the return movement of said
      armature under the action of said return spring.
NUM  10.
PAR  10. A serial printing device comprising:
PA1  a platen;
PA1  a base member;
PA1  first and second pivot means mounted on said base member;
PA1  a support pivotally mounted on said first pivot means;
PA1  a type drum rotatably mounted on said support;
PA1  a plurality of character-bearing elements;
PA1  mounting means for removably mounting said plurality of elements on the
      periphery of said drum for radially outward movement therefrom;
PA1  biasing means for biasing said elements against said drum;
PA1  positioning means for rotating said drum on said support to position a
      selected character-bearing element in front of said platen;
PA1  actuating means for pivoting said support about said first pivot to move
      said drum towards said platen;
PA1  a hammer member movably supported with respect to the drum and spaced apart
      from the selected character bearing element and cooperative with said
      selected character-bearing element for moving same radially outward from
      said drum; and
PA1  means for effecting said hammer to push said selected character-bearing
      element outwardly relative to said drum against the action of said biasing
      means when said drum moves toward said platen comprising a lever member
      having one end pivoted on said second pivot means, the other end connected
      to said member and an intermediate portion pivotably mounted on said
      support and wherein the distance between said first pivot means and said
      intermediate portions is greater than the distance between said second
      pivot means and said intermediate portion.
NUM  11.
PAR  11. A serial printing device comprising:
PA1  a platen;
PA1  a base member;
PA1  a type head;
PA1  means mounting said type head on said base member for movement towards and
      away from the platen to define a printing position and a rest position
      respectively;
PA1  actuating means for moving said type head towards said platen from said
      rest position to said printing position;
PA1  biasing means for biasing said type head into said rest position; and
PA1  means for damping the return movement of said type head from said printing
      position to said rest position under the influence of said biasing means,
      the damping means comprising a ratchet wheel mounted on said base member,
      friction means for frictionally restraining said ratchet wheel and a pawl
      connected to said type head and cooperative with said wheel during the
      return movement of said type head from said printing position to said rest
      position to absorb the kinetic energy of the type head developed in
      overcoming said friction means whereby rebounds of the type head in the
      rest position are prevented and the operative speed of the device may be
      increased.
NUM  12.
PAR  12. A serial printing device according to claim 11 wherein said biasing
      means comprises a spring.
NUM  13.
PAR  13. A serial printing device according to claim 11, wherein said ratchet
      wheel has a plurality of teeth around the periphery thereof and wherein
      said serial printing device further comprises spring means for preventing
      the engagement of said pawl with said ratchet teeth during the movement of
      said type head from said rest position to said printing position and for
      effecting engagement of pawl with said ratchet teeth frictional of said
      wheel during the return movement of said head from said printing position
      to said rest position thereby rotating said ratchet wheel against the
      force of the frictional clamping thereon.
NUM  14.
PAR  14. A serial printing device comprising:
PA1  a platen;
PA1  a base member;
PA1  a type drum;
PA1  a shaft rotatably mounted on said base member and having one end portion
      connected to said drum, said one end portion including a threaded portion
      and a neck portion extending outwardly from said drum;
PA1  a plurality of character-bearing bars individually pivotally mounted
      vertically on the periphery of said drum and each including an upper
      portion upwardly projecting from said drum and on which characters are
      embossed;
PA1  a releasable locking member cooperative with said threaded portion of said
      shaft for releasably locking said drum to said shaft;
PA1  an actuatable hammer disposed near said upper portions of said bars and
      above said locking member and actuatable for cooperating with said upper
      portions of said character bearing bars to pivot said bars and to bring
      said embossed characters against said platen;
PA1  an actuating member for actuating said hammer and wherein said hammer has
      one end portion pivoted on said actuating member and the other end
      disposed near said upper portions of said bars, and an intermediate
      portion having a slot guided in said necked portion of said shaft and a
      hole larger than said neck portion; and
PA1  means mounting the actuating member for movement from a rest position to an
      actuated position and from said rest position to an inoperative position
      and wherein said intermediate portion of said hammer is disengageable from
      said necked portion of said shaft through said hole when said actuating
      member is in said inoperative position to permit the unlocking of said
      locking member and the removal of said drum from said shaft.
NUM  15.
PAR  15. In a serial printing device, a type head comprising:
PA1  type drum means comprising a pair of flanges spaced apart and overlapped
      parallel therebetween, said flanges having a plurality of peripheral
      radial recesses;
PA1  a plurality of character-bearing elements, each one of said
      character-bearing elements comprising a bar including a lower part having
      two extremities lodged in said recesses and an upper part protruding
      upwardly from said drum and on which at least one character is embossed;
      and
PA1  means for removably mounting each of said elements on said type drum means
      comprising radial arrest means cooperating with said two extremities of
      said lower part of said elements for arresting the inner radial movement
      thereof, elastic ring means cooperating with the outer portion of said
      lower part between said two extremities thereof for biasing said
      character-bearing elements against said radial arrest means, and a hook in
      the lower of said two extremities of said lower part cooperating with the
      lower of said two flanges, said hook being disengageable from said lower
      flange upon urging said upper part inwardly to rotate said bar on the
      upper of said two flanges against the action of said elastic means to
      thereafter axially remove the character-bearing element from said drum
      means.
NUM  16.
PAR  16. A type head according to claim 15, wherein said elastic ring means
      comprises a plurality of elastic rings and wherein each one of said lower
      parts of said bars has an outer recess disposed between said two
      extremities in which are located said plurality of elastic rings.
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ABST
PAL  A method of effecting time-linear travel of a lead screw-driven,
      carriage-mounted print head during the print cycle encompassed within a
      predetermined period of each motor-initiated advancement thereof. This is
      accomplished by incorporating a predetermined maximum possible amount of
      built-in backlash between the threaded coupling member and the lead screw,
      and by utilizing a predetermined time delay before printing commences so
      as to compensate for the backlash. The latter is employed to minimize
      friction and wear due selectively to any tolerance variations in the lead
      screw-drive nut threads, bow in the lead screw, or misalignment thereof
      relative to the carriage guide rods. As a result, wear of the moving parts
      that produce the friction is minimized. Printing of the first indicium
      associated with each motor-initiated advancement of the carriage is
      delayed until the stepping motor not only has been accelerated up to the
      desired rotational speed, but until the threaded member-lead screw
      backlash has been completely taken up, and any kinetic energy imparted
      carriage bounce forces resulting therefrom have been damped. As such, the
      carriage (and print head mounted thereon) will always be smoothly driven
      and at a substantially constant speed during each print cycle, so that
      successively printed indicia will be uniformly spaced along each print
      line. Before the printing of the last indicium is to take place, the motor
      is decelerated and stopped. Because of the inertia of the carriage and the
      threaded member-lead screw backlash, the carriage and the print head
      continue to move at the aforementioned constant speed during the printing
      of the last indicium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to printer apparatus and, more particularly,
      to a method of effecting linear travel of a lead screw driven carriage
      during the print cycle encompassed within a predetermined period of each
      stepped advancement thereof.
PAR  2. Description of the Prior Art
PAR  In lead screw driven matrix printers, a print head with a vertical column
      of either seven or nine selectively actuable print wires is mounted on a
      carriage and generally stepped across the width dimension of a print
      medium, such as paper in roll stock form. In the case of printing 5
      .times. 7 dot matrix characters, the print head obviously must be stepped
      to five successive dot positions in order to form a print character within
      each character print column, with three dot spaces normally being employed
      to separate adjacent characters.
PAR  During each successive character column advancement of the print head,
      selected ones of the seven (or nine) wires are actuated or "fired"
      on-the-fly so as to drive the ends thereof either against an inked ribbon,
      and the latter against discrete portions of the paper, or directly against
      a pressure sensitive recording medium, to thereby effect the printing of a
      dot matrix character corresponding to the particular print wires actuated.
PAR  In such a matrix printer, the carriage is normally driven along a pair of
      guide rods aligned in parallel relationship with the lead screw. The
      carriage (and print head mounted thereon) is generally coupled to the lead
      screw by a threaded member, usually in the form of a drive nut, suitably
      mounted on the carriage. With the lead screw normally driven by a
      reversible stepping motor, for example, the rotational displacement of the
      lead screw is translated through the drive nut into linear displacement of
      the carriage (and print head). The direction in which the carriage is
      driven, and the speed of travel thereof, of course, is directly dependent
      on the direction and speed of rotation of the lead screw. For additional
      details of one preferred matrix printer of the type generally described
      hereinabove, and which is applicable for use in practicing the principles
      of the present invention, reference is made to a commonly assigned
      copending application of J. L. DeBoo-E. C. Feldy-H. S. Grear, Ser. No.
      468,046, filed May 8, 1974, herein incorporated by reference.
PAR  While a power driven lead screw in printers of the dot matrix type affords
      a number of advantages over belts or chains for driving carriage-mounted
      print heads in terms of simplicity, ruggedness, cost and maximum possible
      driving speed, they nevertheless have presented a number of troublesome
      problems heretofore. Specifically, because of the necessity of threads,
      unless stringent tolerances are adhered to in the manufacture of the lead
      screw and drive nut, there must normally be either some backlash allowed
      for therebetween, or some form of a resilient, expandable drive nut
      employed in order to minimize the possibility of excessive frictional
      forces being established.
PAR  Various attempts to manufacture and mount the lead screw drive nut with
      stringent tolerances heretofore has proven to be impractical in practice
      for a number of reasons. First, a lead screw must necessarily extend
      across the entire width dimension of the printer, i.e., in parallel
      relationship with the platen and, as such, there is a tendency for the
      lead screw to inherently have or develop a slight bow which is most
      pronounced along the intermediate region thereof. Secondly, while the lead
      screw is normally mounted on precision ball bearings (or bushings),
      tolerance variations in the bearing mountings as manufactured, or as
      positioned on supporting frame structure of the printer, invariably leads
      to slight, but normally troublesome misalignment between the lead screw
      and carriage guide rods. Thirdly, because of the size of the threads and
      the axial length of the lead screw, a precision machining operation, as
      distinguished from a conventional and simple cold rolling operation, to
      form the threads would prove prohibitive from a cost standpoint.
PAR  Accordingly, even if a conventional drive nut could be manufactured to
      threadedly engage the lead screw in a very close fitting manner with
      negligible backlash, very high frictional forces would normally still
      develop not only between the lead screw and drive nut, but also between
      the lead screw and carriage guide rods. Such frictional forces would lead
      to excessive wear of the mating parts generating them, and could possibly
      overcome the driving torque of the stepping motor. In the latter case, the
      carriage would actually bind or lock-up on the guide rods. Such a problem,
      of course, could very possibly also seriously damage the drive mechanism
      in many printers.
PAR  Equally important, however, is the fact that any non-uniform frictional
      forces, whether great enough to actually bind the carriage or not, would
      necessarily at least alter the speed at which the carriage is either
      continuously driven or stepped along the guide rods. Such unintended
      variations in carriage speed during printing cannot be tolerated, as there
      must be a very precisely correlated relationship between the firing of the
      print wires (or hammers) and the lateral position of the print head at
      each successive dot position along a given print line.
PAR  In an attempt to solve some of the foregoing problems, specially
      constructed split nuts with garter springs and spring loaded "double" nuts
      have been tried, but both have been found to produce less than
      satisfactory results with respect to minimizing high frictional forces,
      excessive wear and/or distorted print characters due to non-linear
      carriage travel.
PAR  Thus, in order to reduce excessive frictional forces caused by tolerance
      variations, attempts have been made to intentionally construct the drive
      nut with a predetermined degree of backlash, or clearance, between the
      mating threads of a drive nut and lead screw. It becomes readily apparent,
      however, that whenever a built-in degree of backlash is employed in a lead
      screw-drive nut assembly, a substantial degree of kinetic energy is
      necessarily established by the mass of the coupled carriage, which
      includes the associated print head, during each advancement thereof. Such
      kinetic energy can, in turn, establish substantially large and detrimental
      impact forces between the lead screw and drive nut threads if not
      compensated for or absorbed in some way. These detrimental forces lead to
      a "bouncing" condition of the carriage (and print head).
PAR  One approach taken heretofore to absorb the abovedescribed type of kinetic
      energy imparted bounce forces has been to utilize a resilient, shock
      absorbing member between the drive nut and carriage. Such a member in one
      preferred form has comprised an O-ring which, in conjunction with mounting
      plates, has been further employed to resiliently mount the drive nut in a
      cantilevered manner on the carriage side wall. This allows the loosely
      coupled drive nut to acquire a slightly skewed condition relative to the
      axis of the lead screw, as may be required in order to compensate for
      inherent bow in the lead screw, and for any misalignment thereof relative
      to the carriage guide rods. To that end, one prior drive nut design has
      included both a threaded and an unthreaded bore section, the latter being
      oversized so as to facilitate radial displacement of the drive nut
      relative to the lead screw center line. For further details of several
      preferred embodiments of the above-described type of resiliently mounted
      drive nut and carriage assembly, reference is made to a commonly assigned
      copending application of A. F. Lindberg, Ser. No. 468,047, filed May 8,
      1974, herein incorporated by reference.
PAR  Unquestionably, the above-described type of drive nut and carriage assembly
      has been found to provide substantial improvement over related prior
      assemblies in reducing wear, by simultaneously minimizing frictional
      forces and absorbing a substantial amount of the initial kinetic energy
      imparted carriage bounce force caused by backlash. However, the shock
      absorbing coupling member employed therein has been found in certain
      printers and applications to not always be capable of completely damping
      the initial impact bounce force. As a result, troublesome transient bounce
      forces may be generated in certain printers and continue for varying
      periods of time during the print cycle. This has been found to be
      particularly true whenever the purposely established backlash between the
      drive nut and lead screw is in the range of 0.02 to 0.04 inches, and the
      mass of the carriage and print head is greater than 10 ounces.
PAR  The presence of even minimal transient bounce forces, of course, can prove
      very detrimental, particularly in high speed dot matrix printers, wherein
      the carriage mounted print head is not only rapidly accelerated and
      decelerated in connection with each stepped advancement thereof, but has
      appreciable mass. As previously mentioned, any non-linear variation in the
      speed of carriage travel during the actual printing of the dots for each
      matrix character, for whatever reason, cannot be tolerated, as there must
      be a very precisely correlated relationship between the impact of the
      print wires upon the record medium and the lateral position of the print
      head at all times, if uniform dot spacings area to be realized.
PAC  SUMMARY OF THE INVENTION
PAR  It, therefore, is an object of the present invention to provide a new and
      improved method of maintaining the speed of travel of a stepped carriage
      substantially linear during each print cycle, by allowing sufficient time
      to dissipate any kinetic energy-imparted carriage bounce forces due to
      built-in backlash that have not been completely absorbed or otherwise
      damped by the drive nut-carriage coupling assembly.
PAR  In accordance with the principles of the present invention, the above and
      other objects are realized in one preferred illustrative method applicable
      for use with a lead screw driven dot matrix printer, for example, by
      delaying each successive print cycle associated with a stepped advancement
      of the carriage by a predetermined time interval relative to the start of
      rotation of the stepping motor. More specifically, the print head is only
      actuated after the built-in axial backlash or clearance between the
      carriage drive nut and lead screw threads is taken up, and any kinetic
      energy imparted carriage transient bounce forces have been allowed
      sufficient time in which to become sufficiently damped.
PAR  At that time, the lead screw threads will be smoothly biased against the
      mating threads of the drive nut, with both thereafter moving in a direct,
      linear relationship. This may typically require a print cycle delay in the
      range of 4 to 18 milliseconds, based on a total operating printer cycle
      time of about 25 milliseconds per character, for example, and require
      within the delay period an initial lateral displacement of the carriage in
      the range of 1.2 to 1.6 times the backlash clearance.
PAR  After the described delay, the print head is actuated to start a given
      print cycle, with printing effected at the first dot position in the first
      (or any other desired) print column. Printing then continues, of course,
      at equally timed intervals and, hence, with equal spacings between all
      possible dot positions within that print column, as the carriage is then
      being driven at a constant speed.
PAR  Just before printing takes place in the last dot position for the last
      character of each stepped advancement of the carriage, the stepping motor
      is stopped. At that point in time, the lead screw and carriage inertia,
      and the backlash therebetween are all relied upon to advance the print
      head at a constant speed past the last dot position in question. In other
      words, backlash and inertia are relied upon to provide an overshoot of the
      carriage after the stepping motor and lead screw are no longer providing
      driving torque.
PAR  The described delay before printing commences in each print column and the
      utilization of carriage and lead screw overshoot has been found to produce
      very precisely spaced dots forming each matrix character along each print
      line, even when printing takes place at very high rates, such as of the
      order of 40 characters per second. This results, of course, because
      printing is only allowed to occur along a linear portion of the carriage
      displacement versus time curve associated with a given printer.
PAR  It has also been found that the most effective utilization of the linear
      portion of such a curve with a dot matrix printer may often be realized
      when each character is formed with a width that encompasses five out of
      seven timed intervals, rather than the more common 5 out of 6 timed
      intervals, with the total time and displacement of each character
      remaining the same in both cases.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially broken away perspective view of an illustrative high
      speed dot matrix printer, with some parts being omitted in the interest of
      clarity, and which printer is capable, with stepping motor logic circuitry
      associated therewith, of driving the carriage mounted print head in a
      time-linear manner during a major portion of each stepped advancement
      thereof in accordance with the principles of the present invention;
PAR  FIGS. 2 and 3 are lead screw and carriage displacement versus time graphs
      illustrating the predetermined initial print cycle delay period employed
      in single and multiple character stepped advancements of the carriage
      respectively, and with both graphs showing typical print head operating
      points along the linear portion of each graph for effecting dot character
      printing, and
PAR  FIG. 4 is a symbolic representation of the horizontal dot spacings for two
      adjacent characters, with various approximate dimensions given so as to
      better understand the print wire firing and impact times and spacings in
      FIGS. 2 and 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention has universal application in lead screw driven
      printers, but for purposes of illustration, is being disclosed herein in
      connection with a high speed dot matrix printer 10 of the type depicted
      generally in FIG. 1.
PAR  Such a printer is of the class wherein a print head 12, shown only in
      phantom outline form, is mounted on a carriage 14 for lateral reciprocal
      movement in a horizontal direction (X) in front of and across the width
      dimension of a web 16, such as paper in roll stock form, or any other
      suitable record medium on which printing is to take place. It should be
      appreciated that the carriage 14 and the print head 12 mounted thereon may
      be either stepped to each successive character print column position
      during the printing of a given line, or be driven at a constant speed
      therealong, with the return of the carriage and print head to the "home"
      position being accomplished at a preferably faster constant or continuous
      accelerating rate of speed. In most printing applications, the carriage
      mounted print head 12 is stepped in various multiples of character
      increments across each print line, as the incoming data is normally not
      received at a continuous rate.
PAR  The carriage 14 is driven along a pair of guide rods 18--18 by means of a
      rotatably driven lead screw 19, which is coupled to the carriage 14 by
      means of a specially constructed and mounted drive nut 20, which will be
      described in further detail hereinafter. The lead screw 19 is suitably
      journalled at opposite ends in frame structure (not shown) for rotation,
      and is reversibly driven by a power source 22, such as a stepping motor,
      through a suitable drive train which, as depicted, comprises a belt pulley
      assembly 23.
PAR  In the present illustrative printer embodiment, the print head 12 includes
      a vertical column of seven selectively actuable print wires 24, shown only
      in fragmentary form, for use in printing 5 .times. 7 dot matrix characters
      (or nine similarly oriented wires for 5 .times. 9 dot matrix characters).
      The print wires 24 may be selectively actuated by respectively associated
      electromagnetic actuator assemblies, for example, with only the first of
      seven being shown in phantom outline form and identified by the numeral 31
      of FIG. 1. These assemblies are arranged in a compact, horizontally
      spaced, and vertically stepped array so as to correspondingly position the
      horizontally disposed print wires 24 in a stepped and vertically stacked
      array as shown in FIG. 1.
PAR  Each actuator assembly 31 includes an associated one of a corresponding
      number of vertically extending and pivotally mounted flat spring armatures
      32, only the first one nearest the paper 16 being shown in phantom in FIG.
      1. Each of the print wires 24 is connected to the upper end of a different
      one of the armatures 32 in such a manner that each armature, when
      magnetically drawn backward against a pair of pole faces 31a of an
      essentially triangularly shaped core 31b of the associated actuator
      assembly, retracts the print end of the attached wire within a multibored
      guide block 33, supported on a face plate 34. Thereafter, upon the
      selectively and logically controlled release of each magnetically held
      armature 32, the spring-biased force thereof will release the print wire
      connected to the upper end thereof in the designated Z direction.
PAR  As a result, each "fired" or abruptly released wire is propelled against a
      discrete area of an inked ribbon 35, with the latter then being driven
      against the paper 16 so as to effect the printing of a particular dot of a
      given dot matrix character on the paper. To effect such dot matrix
      character printing, it is obvious that the print wires must be fired in a
      specific sequence for each character to be printed. For a more detailed
      description of one preferred embodiment of the dot matrix print head 12
      which has been only generally described hereinabove, as well as of
      suitable operating control circuitry for actuating the print wires, none
      of which is critical or important with respect to an understanding of the
      present method for effecting delayed, linear print cycle advancement of a
      lead screw driven print head, reference is again made to the
      aforementioned copending application of J. L. DeBoo et al.
PAR  Before considering the present invention in detail, it may also be
      beneficial to first briefly describe a typical mode of operation of the
      printer 10. It is readily apparent that after the carriage mounted print
      head 12 has been either stepped or continuously driven to the right in the
      (X) direction, as viewed in FIG. 1, so as to effect the printing of a
      desired number of dot matrix characters along a given print line, the
      carriage 14 is rapidly returned to the home position. At that time a line
      feed takes place, i.e., the paper 16 is stepped or advanced one or more
      line printing spaces in the vertical (Y) direction in preparation for
      printing a new line of character information.
PAR  To effect such line feeding, a rotatable platen gear 36, comprising part of
      a line feeding mechanism 37 (shown only generally in FIG. 1), is
      eccentrically displaced relative to the platen support shaft 38, by a
      pivotally actuated lever 39, so as to engage an intermediate gear 41 and,
      thereby, effect the coupling of a platen 42 to a lead screw driven gear
      43. In this manner, the platen 42 can be rotated to effect line feeding
      whenever the lead screw 19 is rotated. For a more detailed description of
      one preferred line feed mechanism of the type generally shown herein for
      effecting both single and multiple line feeding independently of carriage
      position, and with automated detent lever release of a platen-associated
      ratchet wheel 44, so as to effect very quiet multiple line feeding,
      reference is made to another commonly assigned copending application of I.
      B. Hodne, Ser. No. 468,048, filed May 8, 1974, also herein incorporated by
      reference.
PAC  BACKLASH COMPENSATED LINEAR DRIVE FOR STEPPED PRINTER CARRIAGE
PAR  With the foregoing general description of one dot matrix printer as
      background, attention will now be directed to a new and improved method of
      compensating for lead screw-drive nut backlash so as to maintain the speed
      of travel of the carriage mounted print head linear with time during each
      print cycle.
PAR  In accordance with the principles of the present invention, the dimensions
      of the internally threaded axial bore in the drive nut 20, relative to the
      threads of the lead screw 19, are purposely formed so as to provide a
      backlash or clearance generally in the range of 0.010 to 0.050 inches.
      Such a clearance, of course, advantageously allows the drive nut 20 to
      compensate for any tolerance variations in the threads of the lead screw
      19. Moreover, such a nut, when specially constructed and resiliently
      mounted to the carriage in a cantilevered manner, such as through the use
      of an O-ring coupling member, as disclosed in the aforementioned Lindberg
      application, can also readily compensate for any bow in the lead screw, or
      misalignment thereof relative to the carriage guide rods 18 and, thereby,
      further contribute to the minimizing of wear.
PAR  Notwithstanding the many advantages realized with drive nut-carriage
      assemblies of the above type, it has been found in certain high speed
      printers incorporating carriage-print head assemblies having appreciable
      mass, that a energy absorbing O-ring coupling member of the type in
      question cannot always completely damp the initial kinetic energy imparted
      carriage impact bounce force and, thereby, eliminate the possibility of
      any related transient bounce forces.
PAR  As previously mentioned, the presence of even minor transient bounce
      forces, resulting from deliberately built-in backlash or clearance between
      the drive nut and lead screws threads, can have serious consequences with
      respect to the precise horizontal spacing of successive dots in each
      matrix character along each print line. The problem of uniform dot
      spacing, of course, increases in direct relationship with such factors as
      the mass of the carriage (and print head), the speed of travel thereof,
      and the degree of backlash employed. Thus, in addition to a resilient
      energy absorbing type of drive nut coupler, there has been a need for a
      method of completely and reliably eliminating any transient bounce forces
      which cause non-linear motion before printing commences.
PAR  Accordingly, in accordance with an aspect of the present invention, the
      actual print cycle time associated with each stepped advancement of the
      carriage and print head is delayed until the threads of the lead screw 19
      have actually been brought into continuous-driving engagement with the
      threads of the drive nut 20. This is best illustrated in FIG. 2 which
      depicts not only the delay period before printing takes place, but the
      subsequent, uniformly spaced points in time when the print command pulses
      (PCP1-5) are applied to the print head for two successive characters to be
      printed. The solid line represents the translational lateral displacement
      effected by the lead screw, and the dashed line represents the actual
      lateral displacement of the carriage and print head as driven by the lead
      screw.
PAR  With the illustrative printer of FIG. 1 operating at a printing speed of 40
      characters/second, and utilizing a resilient coupling assembly of the type
      disclosed in the aforementioned Lindberg application, it is seen in FIG.
      2, that it takes approximately 14 milliseconds for the carriage 14 to
      commence advancing at the same translational rate of speed as the lead
      screw 19. It should be understood, however, that the method of delayed
      printing disclosed herein may also be utilized without a energy-absorbing
      type of drive nut coupling member, if the inherent frictional forces
      produced by the lead screw-drive nut-carriage assembly generates friction
      in the range of 1.5 to 2 inch-ounces in magnitude. It has been found that
      if such friction is less than 1.5 inch-ounces, the transient bounce forces
      require too long a period to settle out, whereas a degree of friction
      somewhat larger than 2 inch-ounces can lead to excessive wear of the
      mating parts establishing such forces.
PAR  Out of the aforementioned total print cycle delay of about 14 milliseconds,
      and with reference again to FIG. 2, it is seen that it takes approximately
      3.5 milliseconds for the stepping motor to accelerate the lead screw 19 up
      to a linear rate of speed. With respect to one particular type of stepping
      motor, this initial motor-dependent delay (while the motor is under
      partial load) typically requires approximately 15.degree. of angular
      rotation of the motor shaft, starting from a so-called "IDLE POWER MODE"
      (i.e., an operating period when a reduced current is applied to the
      electromagnetic coils of the motor to maintain the rotor accurately
      positioned and essentially stationary, or detented).
PAR  In addition to the stepping motor portion of the total print cycle delay
      (3.5 milliseconds), it is also seen in FIG. 2 that it takes approximately
      an additional 10.5 milliseconds to completely take up the backlash between
      the lead screw 19 and the drive nut 20, when such backlash is of the order
      of 0.025 inch, for example, and to completely damp any kinetic energy
      imparted transient bounce forces resulting from such backlash. Out of this
      additional delay period of 10.5 milliseconds, approximately the first 6.3
      milliseconds is allowed for taking up the backlash, with the remaining 4.2
      milliseconds allowed to dissipate any impact bounce forces produced by the
      then driven carriage. The total print cycle delay results in an initial
      translational displacement of the lead screw of approximately 0.040 inch.
      This includes an initial maximum translational lateral displacement of
      0.025 inch by the lead screw alone, followed by a minimum lateral
      displacement of 0.015 inch by the lead screw and carriage together.
PAR  From approximately 14 milliseconds or until the carriage is deliberately
      decelerated, it is seen in FIG. 2, for multiple character printing, that
      the lead screw 19 smoothly drives the drive nut-carriage assembly in a
      linear displacement versus time relationship both during and between
      successive print cycle periods. As such, the logic circuitry need only
      delay the start of printing with respect to the first character (or other
      indicium) associated with each multiple character advancement of the
      carriage in accordance with the principles of the present invention.
      Thereafter, all succeeding characters will be printed with no backlash
      compensation being required, as long as the speed of carriage travel is
      not interrupted.
PAR  The actual timing of the firing of the print wires 24 may be readily
      correlated with carriage displacement utilizing conventional pulse timing
      circuitry for both the print head 12 and the stepping motor 22. Such
      circuitry may be of the type employed and generally described in the
      aforementioned DeBoo et al. application. The ability of such conventional
      logic circuitry to also be readily adjusted to effect the necessary print
      cycle time delay embodied in the method of the present invention, is fully
      appreciated by reason of the short operating delay incorporated by
      necessity in such circuitry heretofore. More specifically, in all lead
      screw (as well as in chain and belt) driven printers employing a stepped
      carriage mounted print head, there must always be a short built-in time
      delay to allow the (stepping) motor to bring the coupled lead screw (or
      other apparatus) up to the desired speed. As previously mentioned, in the
      illustrative printer this requires approximately 3.5 milliseconds.
PAR  In view of the fact that it only requires a modified time delay adjustment
      of conventional logic control circuitry to carry out the principles of the
      present invention, such circuitry is only generally disclosed in block
      diagram form in FIG. 1, and identified by the reference numeral 50. It is
      believed sufficient to simply state at this point that each
      electromagnetic actuator assembly 31 includes a preferably serially
      connected pair of coils 51,52, each mounted on a different leg portion of
      the triangularly shaped magnetic core 31b, only the first of seven being
      shown in FIG. 1. With the seven electromagnetic actuator assemblies 31
      constructed and arranged as described hereinabove, it is seen that the
      respective armatures 32 thereof are free to pivot or flex in an arcuate
      path toward or away from their respectively associated core pole faces,
      which direction depending on the presence or absence of a magnetizing
      force.
PAR  Sequential energization of the coils 51 and 52 of each actuator assembly 31
      is accomplished by the conventional logic control circuitry 50 supplying
      print command pulses (PCP) of a predetermined polarity and magnitude at
      the proper times to the coils of each assembly 31. Such pulses are shown
      applied to the left and right banks of coils 51 and 52 over the detached
      leads 57 and 58, respectively.
PAR  The PCP pulses are normally, but not necessarily, synchronized with timing
      pulses, represented by the numbered dot position timing intervals depicted
      along the abcissa in FIG. 2 (as well as in FIG. 3). Such timing pulses are
      conventionally generated by a clock source, for example, in the logic
      circuitry 50. These clock pulses thus enable the stepping motor and print
      command pulses (PCP1-5) to be synchronized for each printer operating
      cycle. In the illustrative printer, for example, each non-stepped
      character column advancement of the carriage (i.e., without interruption
      between the first dot position of one character and the first dot position
      of the next succeeding character, as depicted in FIG. 2) encompasses a
      total of 25 milliseconds (7 clock pulse timing intervals). The actual
      print cycle (for printing dots in the five horizontal dot positions
      associated with each matrix character) requires only 4 .times. 3.57 or
      14.28 milliseconds. As depicted in FIG. 4, during each defined print cycle
      (of 14.28 milliseconds), and character column advancement (of 25
      milliseconds), the carriage is laterally advanced 0.0572 inch and 0.100
      inch, respectively, with the latter actually being defined between the
      fourth and eleventh timing clock pulses, as numbered in FIG. 2, because of
      the initial delay in the start of printing in accordance with the
      principles of the invention.
PAR  In connection with printing, it is also seen in FIG. 2 that the actual
      impact of selective print wires 24 at each of the five equally spaced dot
      positions (noted by vertical bars) for each character along the linear
      portion of the operating curve follows the respectively associated print
      command pulses (PCP1-5, denoted by dots) by approximately 1.25
      milliseconds. This results from both the inherent delay in the
      electromagnetic actuator assemblies, and the transit time involved in the
      print wires being driven against the print medium.
PAR  Attention is now directed to FIG. 3, which depicts a typical stepped
      carriage mode of printer operation and, in particular, illustrates how the
      combination of backlash and lead screw-carriage-print head inertia are
      relied upon, rather than the stepping motor, to carry the print head at a
      constant speed past the last (fifth) dot position of a given character
      being printed, before the carriage uses up its kinetic energy and starts
      to decelerate. More specifically, power to the stepping motor 22, supplied
      from the logic control circuitry over leads 22a, is switched to a
      so-called "SETTLING MODE" before printing in the fifth dot position
      (PCP-5) for a given character actually takes place. Thus, from about 28 to
      35 milliseconds, as seen in FIG. 3, the overshoot of the carriage is
      relied upon to carry the print head 12 at a linear rate of speed, even
      though the lead screw is decelerating at that time. Rapid deceleration of
      the carriage takes place only after the threads of the drive nut 20 impact
      the backside of the mating threads of the then rapidly decelerating lead
      screw.
PAR  With particular reference to the timing intervals of FIG. 3, it is seen
      that when the carriage-mounted print head 12 in the illustrative printer
      reaches the area defined between the second and third timing clock pulses
      associated with the second (or succeeding) character, as represented along
      the abcissa of the graph, the backlash and carriage inertia result in a
      progressively increasing overshoot of the drive nut-carriage assembly
      relative to the lead screw until the maximum backlash is reached. This
      typically occurs between the third and fourth timing clock pulses
      associated with the second (or next succeeding character) to be printed.
PAR  It should be noted that with the carriage and print head both moving at a
      substantially linear rate of speed between approximately 14 and 36
      milliseconds, as depicted in FIG. 3, the start of printing for each
      stepped advancement of the carriage may actually be delayed until near or
      on the occurrence of the sixth timing clock pulse associated with each
      character to be printed, if desired. In that event, any printing in the
      fifth horizontal dot position of a given character would occur just before
      the stepped carriage (and print head) starts to decelerate.
PAR  Whenever the stepping motor 22 is stopped after each stepped advancement, a
      conventional built-in timing period of approximately 25 milliseconds is
      allowed for the rotor to not only stop rotating, but to substantially stop
      oscillating in preparation for the next stepped advancement of the
      carriage 14. During such quiescent periods, the stepping motor is
      preferably operated in the aforementioned "SETTLING MODE", wherein a
      reduced current is applied to the coils of the motor so as to force the
      rotor to seek a predetermined angular position relative to a given pair of
      magnetic poles on the stator.
PAR  During such deceleration to a complete stop of the motor, the rotor
      actually reverses direction of rotation by a limited number of degrees in
      seeking alignment with a given pair of magnetic poles. As a result, when
      the printing of a new character is to commence, it is necessary that the
      associated stepped advancement of the carriage start from a position that
      not only allows the backlash to be taken up, but also allows any impact
      carriage bounce forces to settle out before the print head is brought into
      alignment with the first dot position of the character to be printed.
PAR  The new starting positions for the lead screw and carriage are most clearly
      seen by an examination of the solid and dashed line curves representing
      translational lateral displacement of the lead screw and actual
      displacement of the carriage, respectively, in FIG. 3. Specifically, it is
      seen that before reaching the 15th consecutively numbered timing clock
      pulse, both the lead screw and carriage have actually been reversed in
      direction to positions which place the carriage on the left side of the
      fifth dot position of the last printed character. As previously mentioned,
      this is possible because the stepping motor advantageously will
      consistently stop rotating only after reversing direction a limited number
      of degrees.
PAR  This slight degree of reversed carriage displacement that occurs after each
      stepped advancement thereof is further visualized by reference again to
      FIG. 4, which illustrates the position of a single dot at each of the five
      horizontal dot positions for two adjacent characters along a given print
      line. As depicted therein, there is a centerlineto centerline spacing of
      0.01428 inch between adjacent dots forming a given dot matrix print
      character, and a triple spacing of 0.0428 inch between the centerline of
      the fifth dot of one character and the centerline of the first dot of the
      next succeeding character. Thus, if in a given printer it requires
      approximately 0.040 inch of initial displacement of the lead screw to take
      up approximately 0.025 inch of carriage backlash, and to damp any kinetic
      energy imparted bounce forces of the carriage, it is seen that it is
      necessary for the stepping motor to actually reverse the direction of the
      lead screw. The print head may not back up because of backlash to a
      position to the left of the fifth dot position of the last printed
      character, and preferably by approximately 0.015  inch. This reversed
      displacement, which may vary somewhat in actual operation, is identified
      by the dashed line and the legend "Approximate Back-up of Lead-Screw" in
      FIG. 4.
PAR  This new starting position of the stepping motor thus allows approximately
      0.040 inch of initial translated lateral displacement of the lead screw,
      as required in the illustrative example, before the first dot position for
      the second (or next succeeding) character is reached. Considered another
      way, should the threads of the lead screw be firmly biased against the
      threads of the drive nut at the beginning of the second stepped
      advancement of the carriage, the carriage would simply be advanced the
      entire 0.040 inch prior to any printing taking place at the first dot
      position of the second character. Conversely, if the entire 0.025 inch of
      backlash, in the illustrative example, separated the normally mating
      threads of the lead screw and drive nut at the start of the second stepped
      advancement of the carriage, then the carriage and print head would
      actually advance together approximately only 0.015 inch before printing
      could commence along the linear portion of the displacement versus time
      curve.
PAR  It is thus seen that there is a definite correlation between the degree of
      backlash employed, the spacing between characters and the operating
      characteristics of the particular stepping motor employed. While there is
      considerable flexibility involved in interrelating these factors, the end
      result must, of course, produce a print cycle delay after each stepped
      advancement of the carriage, in accordance with the principles of the
      present invention, that is sufficient to allow printing to take place
      along the linear portion of the operating displacement versus time curve
      for the particular printer in question.
PAR  In view of the foregoing, it is obvious that various modifications may be
      made in the present illustrative method of the invention, and that a
      number of alternatives may be provided without departing from the spirit
      and scope of the invention. For example, it should be appreciated that
      during each successively delayed print cycle, the PCP pulses need not be
      synchronized with the timing pulses for the stepping motor, other than
      with respect to the first PCP pulse associated with the first dot position
      following a stepped advancement of the carriage. Rather, the number of PCP
      pulses that may be generated during a given print cycle need only be
      dependent on the spacing required between dots for visual clarity and dot
      resolution. In terms of logic circuit simplicity, however, it may be
      desirable whenever possible to synchronize the PCP firing pulses with the
      motor timing pulses.
PAR  It also becomes readily apparent from the description of the invention
      hereinabove that the degree of backlash employed between the lead screw
      and drive nut may vary over an appreciable range, such as on the order of
      0.01 to 0.04 inch, and that the built-in delay before printing commences
      in accordance with the invention may also vary over an appreciable range.
      More specifically, the delay in question depends primarily upon such
      inter-related factors as the characteristics of the stepping motor, the
      mass of the carriage-print head assembly, the inherent friction of the
      carriage assembly, the degree of backlash employed, and the type of
      coupling between the drive nut and carriage. As such, the minimum delay
      required for the carriage to be accelerated up to a uniform speed
      preparatory to printing may typically vary from 6 to 18 milliseconds in
      practice.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of driving a carriage-mounted print head, coupled through a
      threaded member to a motor-driven helical lead screw, in a manner that
      produces time-linear carriage motion for printing uniformly spaced indicia
      in rapid succession during each print cycle along a given print line,
      including the steps of:
PA1  establishing a predetermined maximum possible clearance between the threads
      of the threaded member and the lead screw;
PA1  starting the motor preparatory to printing;
PA1  delaying the printing of the first indicum not only until the motor and
      lead screw have been accelerated up to the desired angular rate of speed,
      but until the threaded member-lead screw clearance has been taken up, and
      any kinetic energy imparted carriage impact bounce forces resulting
      therefrom have been damped, at which time the carriage is then smoothly
      driven and at a substantially constant rate of speed by the lead screw;
PA1  printing said indicia associated with each print cycle at uniformly timed
      intervals and with uniform spacings along each print line as a result of
      said carriage being driven at a constant speed during each print cycle;
PA1  decelerating and stopping the motor prior to the printing of at least the
      last indicium associated with each print cycle preceding the stopping of
      the carriage; and
PA1  relying on the inertial movement of the carriage and utilizing the
      clearance between the threaded member and the lead screw to propel the
      carriage and print head mounted thereon at said substantially constant
      speed during the printing of at least said last indicium.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein the carriage and print head
      mounted thereon are rapidly decelerated to a stop by the previously
      decelerated and stopped motor after said clearance between said threaded
      member and said lead screw has been taken up.
NUM  3.
PAR  3. A method in accordance with claim 2 wherein said clearance between said
      threaded member and said lead screw is in a range between 0.010 and 0.040
      inch, and wherein the total delay between the motor is started and
      printing commences encompasses a period of time in a range of 6 to 18
      milliseconds.
NUM  4.
PAR  4. A method of driving a carriage-mounted print head, coupled through a
      threaded member to a stepping motor-driven helical lead screw, in a manner
      that produces time-linear carriage motion for printing uniformly spaced
      indicia in rapid succession during each print cycle following each stepped
      advancement of the carriage, including the steps of:
PA1  establishing a predetermined maximum possible backlash between the threads
      of the threaded member and the lead screw so as to minimize friction and
      wear due to any lead screw-drive nut tolerance variations, bow in the lead
      screw, and misalignment thereof relative to the path of carriage travel;
PA1  starting the stepping motor preparatory to printing;
PA1  delaying the printing of the first indicium associated with each stepped
      advancement of the carriage until the motor and lead screw not only have
      been accelerated up to the desired angular velocity, but until the
      threaded member-lead screw backlash has been taken up, and any kinetic
      energy imparted carriage impact bounce forces resulting therefrom have
      been damped, at which time the carriage is then smoothly driven at a
      substantially constant rate of speed by the lead screw;
PA1  printing said indicia associated with each stepped advancement of the
      carriage at uniformly timed intervals and with uniform spacings along each
      print line as a result of said carriage being driven at a constant speed
      during each print cycle;
PA1  decelerating and stopping the stepping motor prior to the printing of at
      least the last indicium associated with each stepped advancement of the
      carriage, and
PA1  relying on the inertial movement of the carriage and lead screw, and on the
      backlash between the threaded member and the lead screw to propel the
      carriage and print head mounted thereon at said substantially constant
      speed during the printing of at least said last indicium associated with
      each stepped advancement of the carriage.
NUM  5.
PAR  5. A method in accordance with claim 4 wherein said carriage and print head
      mounted thereon are rapidly decelerated to a stop by the previously
      decelerated and stopped motor, but only after said backlash between said
      threaded member and said lead screw has been taken up.
NUM  6.
PAR  6. A method in accordance with claim 5 wherein said backlash is in a range
      of 0.010 and 0.030 inch, and wherein said delay before printing commences
      after each stepped advancement of said carriage is chosen to fall within a
      range commensurate with the time required to advance said carriage
      initially by a distance in the range of 1.2 to 2.0 times the backlash.
NUM  7.
PAR  7. A method in accordance with claim 6 wherein during the acceleration of
      said carriage, energy absorbing means, mounted between said carriage and
      threaded member, are utilized to facilitate the damping of said carriage
      impact bounce forces and, thereby, shorten the delay required between when
      the stepping motor is started and when printing commences.
NUM  8.
PAR  8. A method in accordance with claim 6 wherein said total delay between
      when the stepping motor is started and printing commences encompasses a
      period of time in a range of 6 to 18 milliseconds.
NUM  9.
PAR  9. A method in accordance with claim 5 wherein said backlash is in a range
      between 0.010 and 0.030 inches, and wherein said additional delay required
      to take up any backlash and allow any impact carriage bounce forces to be
      dissipated after the stepping motor has accelerated said lead screw up to
      the desired angular velocity, and before printing commences, is in a range
      of 3 to 15 milliseconds.
NUM  10.
PAR  10. A method in accordance with claim 6 wherein said stepping motor, in
      stopping after each stepped advancement of said carriage, with the
      exception of the last stepped advancement along a given print line, first
      reverses said lead screw and subsequently decelerated carriage by
      fractional amounts relative to the respective and correlated displacements
      required thereof to move said print head between two adjacent
      indicia-defining print positions within a given print cycle, before the
      next stepped advancement of the carriage is initiated.
NUM  11.
PAR  11. A method in accordance with claim 10 wherein said indicia printed
      during each print cycle comprise uniformly spaced dots forming
      alphanumeric dot matrix characters.
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ABST
PAL  A ribbon cartridge for an endless loop inked ribbon suitable for use with a
      wire matrix printer, for example, is disclosed in which the cartridge
      includes elongated guide members to confine the path of the loop of ribbon
      outside of the cartridge to a predetermined path and to allow for
      insertion of the cartridge into a using machine without the necessity of
      threading inky ribbon through fixed guides on the machinery.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates generally to ribbon, film, tape and other similar
      web, roll or loop containers in the cassette field and more specifically
      to inked ribbon cassettes for printers in which an endless loop of inked
      ribbon is contained.
PAC  PRIOR ART
PAR  The use of cassettes for storing inked ribbon of the type utilized in
      printing machines is well-known in the prior art. U.S. Pat. Nos.
      3,621,968, 3,758,012, 3,726,381, 764,342, 539,683, and 2,685,357,
      3,032,287, 3,002,670, 3,420,425, 2,679,394, 3,460,666 and 3,543,983 being
      general examples. Also, the use of an endless loop of ribbon for printing
      is well-known as is shown in the aforementioned U.S. Pat. Nos. 3,621,968
      and 3,758,012. It is also well-known to apply a twist in the ribbon to
      form a Mobius loop, so that both sides of the ribbon will be utilized, as
      is shown in the aforementioned U.S. Pat. Nos. 3,460,666, 3,621,968, and
      2,685,357, for example.
PAR  A common feature of all the foregoing prior art is that outside of the
      cassette body, the portion of tape which is in position for use with the
      printing or recording mechanism as the case may be, must be threaded
      manually through guides affixed to the printing or recording machinery.
      Particularly in the case of inked ribbon, this has been a messy and
      unpleasant task for the operator who changes the cassette periodicly when
      the ribbon loses its printing quality. In the confined spaces in which the
      operator generally must work, the task of threading an inky ribbon through
      several guides and holders becomes increasingly difficult.
PAC  OBJECTS OF THE INVENTION
PAR  In light of the foregoing difficulties with the prior art, it is an object
      of this invention to provide an improved ribbon cassette for printing
      machinery which eliminates the necessity of stringing the external portion
      of the loop of ribbon from the cassette through guides in the machine.
PAR  It is a further object of this invention to provide an improved, endless
      loop, print ribbon cassette for a printer which has a continuous guide
      means external to the main body of the cassette for guiding the printing
      ribbon out of the cassette past the printing area and back into the
      cassette without the necessity of having an operator load the ribbon into
      the guideways.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objects of the invention are met by providing a
      ribbon cassette which has, as an integral part thereof, elongated
      continuous guideways for confining the external path of the ribbon to a
      predetermined geometry. The guides hold the ribbon in the proper
      orientation for the printing mechanism and guide the ribbon from its exit
      point from the cassette in a confined path to a printing area and then
      back to the cassette through drive rollers. The drive rollers are used for
      withdrawing the ribbon from the cassette at one end of the loop and
      stuffing it into the cassette at the other end. Means are provided with
      the cassette for automatically loading a portion of the loop between drive
      rollers affixed to the machine without necessitating its operator's use of
      fingers or other tools.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pictorial view of a cassette for a printing machine, the
      cassette being a preferred embodiment of the present invention.
PAR  FIG. 2 is a top plan view, partially cut away to show the interior of the
      cassette in FIG. 1.
PAR  FIG. 3 is a partial section of a guide such as shown in FIGS. 1 and 2.
PAR  FIG. 4 is a section taken through the printing exposure area of the guide
      in FIG. 2.
PAR  FIG. 5 is a pictorial view of tab 11 as partially shown in FIG. 1.
DETD
PAR  Turning to FIG. 1, a preferred embodiment of the invention will be
      discussed. As shown in FIG. 1, a typical cassette consists of a main body
      molding 1, which may be of plastic or other suitable easily formed and
      inexpensive material, which is fitted with a cover 2. Cover 2 may be held
      in place by a plurality of projections 3 which are integral with main
      molding 1 and which may be headed over, or flattened, or it can be built
      with snap closure fittings to effectively hold cover 2 to main body
      portion 1. Extended guide members 4 are preferably integral with body 1
      and provide a pathway and guide means for the endless loop of inked ribbon
      5 which emerges from the cassette at one side at an aperture 20. The
      ribbon 5 then traverses a guideway across a printing area or nosepiece 6.
      This area contains a printing aperture portion 7 to expose the ribbon to a
      printing medium on one side of nosepiece 6 and to a printing apparatus
      positioned on the other side of nosepiece 6. Nosepiece 6 also serves as a
      ribbon shield to keep the paper which is to be printed on from contacting
      the ribbon other than when the ribbon is forced through aperture 7.
PAR  Individual U-shaped clips or guides 8 confine ribbon 5 to follow the
      contours of molded guides 4. A 180.degree.  twist on the longitudinal axis
      is imparted to ribbon 5 at its manufacture and is maintained by the ribbon
      guides 9 and 10 molded as integral parts of guide way 4. The ribbon 5
      moves in the direction of the arrows as shown on the surface of the guide
      member 4 in this example. A removable plastic spacer or tab 11 is fitted
      in an aperture in cover 2 and passes through to the underside of cover 2.
      Tab 11 can be seen to greater advantage in FIG. 5. Molded webbing 12 and
      reinforcement in the corners of the moldings of the guideways 4 provide
      rigidity for the guide for the entire path of the loop of ribbon 5
      external to the main body of the cassette 1.
PAR  With the external pathway for ribbon 5 thus predetermined and confined, the
      entire cassette may be loaded into a printing machine with the printing
      head apparatus in aperture 13 defined by the boundaries of guideways 4 and
      wall 26 of main body 1. The printing hammer or, in the preferred
      embodiment a wire matrix print head, would have its operative print
      elements positioned adjacent to aperture 7 on the back side of ribbon 5 so
      that the ribbon might be impacted in area 7 and forced against a printing
      medium, not shown.
PAR  All that a human operator need do to insert a fresh ribbon cassette would
      be to remove the old cassette, complete with the guideways 4 and its used
      ribbon 5, and insert a new cassette 1 in place. Since guideways 4 and the
      guide clips 8, together with guide channels in the nosepiece 6 as shown in
      FIGS. 2 & 4, are provided integrally with the cassette 1, there is no need
      for the operator to thread ribbon 5 through a tortuous pathway with many
      rollers, guides clips, etc., as is normally necessary with other types of
      cassettes or ribbon reels.
PAR  Removable tab 11 serves the function of providing a stiffener for the
      portion of ribbon 5 which passes beside it as can be seen to advantage in
      FIGS. 1 & 2. It serves to provide a stiffening and reinforcing action by
      means of leaves 17 so that this area of ribbon 5 can be easily placed
      between drive rollers 16, shown in phantom in FIG. 2, which are a part of
      the printing machine not shown. Once the cassette has been inserted in
      operative position and the ribbon 5 is between the rollers 16, tab 11 may
      be removed and discarded. Extension 23 on tab 11 keeps it from falling
      completely through the slot in cover 2 as shown in FIG. 1.
PAR  Turning to FIG. 2, a top view of the apparatus in FIG. 1 having cover 2
      partially removed, is shown. Opening 13 is defined by guideways 4 and wall
      26 is clearly shown in FIG. 2, as is the 180.degree. twist in ribbon 5
      which is maintained by guides 9 and 10 affixed to guideway 4. Individual
      U-shaped clips 8 are shown in position affixed to guideway 4 with ribbon 5
      passing between the inner surface of a clip 8 and outer surface guideway
      4. Shown in phantom lines are two rollers 16 which are part of the using
      apparatus not illustrated, which are driven by separate means to draw the
      ribbon 5 between them and stuff it into the body of cassette 1 through
      opening 21. The path of ribbon 5 as it passes along guideways 4 and behind
      the U-shaped clip 8 has been shown as being rather loose so that the
      ribbon 5 may be seen to advantage. It should be understood, however, that
      in use ribbon 5 would be pulled taut by the action of drive rollers 16 and
      would lie flat against guideways 4 throughout most of its path except for
      the area through guides 9 and 10, where the 180.degree. twist in the
      longitudinal axis of ribbon 5 is maintained. Two cross-sectional portions
      of the apparatus in FIG. 2 have been illustrated in FIGS. 3 and 4,
      respectively.
PAR  Turning to FIG. 3, a cross-sectional view of guideway 4 looking towards a
      particular U-shaped guide clip 8 is shown. U-shaped clip 8 is provided
      with projecting cam surfaces 14 and small overhanging lip portions 18 to
      engage the back side or guide member 4. U-shaped clip 8 is held from
      slipping back and forth on guide 4 by individual molded projections 15 on
      the edges of guide 4 as shown. Ribbon 5 passes in the aperture left
      between the interior surface of clip 8 and the exterior surface of
      guideway 4. Instead of using individual clips 8 as separate parts, it is
      clear that they may be molded integrally with guides 4 as a convenience in
      assembling the cassettes. They might also be molded with a hinge
      attachment at one end to pivot into position on guides 4.
PAR  Turning to FIG. 4, a cross-sectional view taken perpendicular to the path
      of the tape through the nose portion 6 is shown. Aperture 7 is clearly
      visible and the path of ribbon 5 through the guide structure of nose 6
      consisting of a small channel 19 behind the nose 6 and in front of posts
      24 is clearly shown.
PAR  In FIG. 5 the insertion tab 11 illustrated in FIG. 1 in position through
      the cover 2 of cassette 1, is shown in greater detail. Tab 11 has
      connected leaf portions 17 which form a sandwich over a portion of ribbon
      5 in the area between the two rollers 16 shown in FIG. 2 and serve to hold
      ribbon 5 in the proper position for insertion between rollers 16 which are
      mounted on the using equipment. That is, a leaf portion 17 of a tab 11
      serves to stiffen and enfold the ribbon 5 and allow its easy insertion
      between the two rollers 16. Once ribbon 5 is in position between rollers
      16 upon the loading of a new cassette in the using machine, rollers 16
      contact ribbon 5 through the aperture between the tabs 17 which aperture
      has approximately the width of the tab portion 11 as shown in FIG. 5. Once
      ribbon 5 is engaged by the drive rollers, tab 11 may be pulled,
      withdrawing the entire assembly of sandwich structure members 17 and 11
      from about ribbon 5 so that it is free to be drawn by rollers 16 into the
      cassette. As an alternate design, tab 11 may be molded of a single, flat
      piece with teeth like a comb; the ribbon may be interwoven between the
      teeth and the resulting stiffening and supporting action will be retained
      for inserting the ribbon between the drive rollers. Tip 23 keeps tab 11
      from going through the slot in cover 2 as shown.
PAR  As will be immediately appreciated, particularly from the drawing FIG. 2,
      the operation of the cassette of the present invention is one of a
      continual withdrawal of the ribbon from the cassette 1 through opening 20.
      It moves past the nose aperture 7 where the printing mechanism inserted in
      the large central aperture 13 may then impact ribbon 5 and force it
      against any medium to be marked upon, not shown. The tape 5 is then drawn
      by the action of rollers 16 back into the cassette, through opening 21. It
      is folded or stuffed in more or less random or serpentine fashion on its
      transverse axis until it is eventually withdrawn. It is clear that it is
      not necessary for an operator inserting a cassette to thread or otherwise
      insert the inked ribbon 5 into any guideways or mechanical apparatus for
      guiding the ribbon which would necessitate inking one's fingers or soiling
      one's clothes, etc. Similarly, the extended guideways 4, provide a novel
      and advantageous aperture 13 or gap into which the printing mechanism may
      be inserted to impact the back side of ribbon 5 through aperture 7 and to
      drive ribbon 5 against a printing medium on the opposite side of aperture
      7.
PAR  Friction block 25 serves to hold the ribbon 5 by its loop when the cassette
      is manufactured with ribbon 5 rolled in a coil. As the ribbon makes its
      first complete trip through the machine, the coil unwinds and the loop
      slips out from the gap 27 and lies as shown in FIG. 2. Block 25 is then no
      longer used or required.
PAR  The guides 4 are molded with a slight curvature between main body 1 and
      nosepiece 6, although the curvature of guide 4 where clips 8 are attached
      is very slight (on the order of 28 inches in radius). This curvature
      provides, in conjunction with molded pivot 28 in nosepiece 6 and with
      locating hole 29 and cam surface 30, a means of placing the guides 4 under
      tension when the cassette is inserted in a machine for use. This occurs
      because locating hole 29 slides over a fixed locating pin on the machine
      and the pin is tapered. Pivot 28 holds the nosepiece portion in the
      vertical and horizontal directions and resists tension in guides 4
      produced by the action of the tapered pin in hole 29. This feature also
      makes allowance for slight molding dimensional changes in the finished
      part by allowing a slight stretching in guides 4 to be accommodated. The
      tension produced acts to hold the cassette in the machine as well. Cam
      surface 30 cooperates with means on the machine to move a lever mechanism
      for separating the drive rollers 16 for easier insertion of ribbon 5
      between them. Hole 31 accommodates an axle or pivot for one of the rollers
      16 which is movable by a mechanism not shown. The hole fits over a
      shouldered or headed axle on the drive roller which keeps the cassette
      firmly locked onto the machine.
PAR  While the invention has been shown and described with reference to a
      preferred embodiment thereof, it will be understood by those of skill in
      the art that the foregoing and other changes may be made therein without
      departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cassette apparatus for an endless, randomly folded, loop of inked
      ribbon, or web, adapted for use in a printing device comprising:
PA1  a web storage compartment having walls and two parallel covers for
      containing the bulk of said endless loop folded randomly on its transverse
      axis; said storage compartment having separate inlet and outlet apertures
      in separate walls thereof for the ingress and egress of portions of said
      endless loop;
PA1  continuous loop guide means for guiding, supporting and confining the
      entire length of the path of a loop formed in said web external to said
      compartment;
PA1  said loop guide means extending from the point of egress of said loop in
      one said wall of said compartment to the point of ingress of said loop in
      another said wall of said compartment;
PA1  said guide means being affixed externally to said compartment at said
      egress and ingress locations in said walls, and enclosing, together with
      an external wall of said compartment lying between said ingress and egress
      location walls in said compartment, an enclosed area, the perimeter of
      said area being defined by said loop guide means and by said external
      compartment wall, said wall being between said ingress and egress location
      walls;
PA1  said apparatus further comprising means attached to said guide means
      external to said compartment for turning said web 180.degree. about its
      longitudinal axis;
PA1  said guide means including an aperture therein for exposing both sides of a
      portion of said web to the outside environment adjacent said aperture in a
      direction perpendicular to the flat surfaces of said web.
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ABST
PAL  The invention includes a delivery conveyor to receive freshly baked
      products from baking pans of an automatic baking oven. The baking pans
      containing freshly baked products follow an arculate path at the discharge
      end of the oven for releasing freshly baked goods. The delivery conveyor
      positions at the discharge end of the oven and follows a curved path which
      is parallel to and closely spaced from the baking pans to prevent the
      newly baked goods from falling through a distance that is sufficient to
      cause breakage. The belt rotates about three rollers which are equipped
      with end sprockets and assumes a curved configuration by taking advantage
      of the natural sag in the upper belt path. Contoured guides which are
      affixed to the oven frame shape the slack side of the belt to the correct
      curved path.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to belt conveyors and, more particularly,
      is directed to a unique curved path delivery conveyor.
PAR  On Feb. 20, 1973, the applicant filed an application for U.S. Pat. Ser. No.
      333,741 entitled "Baking Oven", now U.S. Pat. No. 3,804,583, in which was
      disclosed an automatic oven and proofer which incorporated a plurality of
      baking trays which were directed through the apparatus by means of a
      continuous conveying system. Following the proofing and baking procedures,
      the baking trays were carried exteriorly of the oven wherein the trays
      were individually rotated through 180.degree. for baked product release
      purposes. It has been found that the baking oven disclosed in Ser. No.
      333,741 is highly efficient in operation and functions well to
      automatically and rapidly bake quantities of individual baked products
      such as biscuits, cup cakes and the like. In order to assure optimum
      results and to deliver baked goods in as fresh a condition as possible to
      the user, it is necessary to package and handle the baked products while
      still hot and fresh and without allowing any appreciable time for cooling.
      The freshly baked product is quite fragile and highly susceptible to
      breakage if permitted to fall through too great a distance. The present
      invention is designed to receive the freshly baked product from the baking
      trays in a manner to prevent the baked goods from falling through a
      distance sufficient to cause breakage as the product is released from the
      baking trays.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates generally to the field of conveyors and, more
      particularly, is directed to a curved path delivery conveyor suitable to
      receive freshly baked goods from an automatic baking oven in a manner to
      prevent breakage or other damage.
PAR  The present invention is positioned at the delivery end of an automatic
      baking oven and includes a belt of "Teflon" coated fiber glass material
      which extends transversely across the entire discharge end of the oven.
      The delivery conveyor of the present invention and the oven conveyor
      system are driven at the same speed by means of a belt and pulley system
      which interconnects the oven conveyor system with the curved path delivery
      conveyor system.
PAR  As the oven conveyor carries the rotatable baking trays to the delivery end
      of the oven, fingers which project transversely outwardly from the ends of
      the baking trays contact stationary, strategically positioned cam surfaces
      which function to rotate the trays through 180.degree. for product
      discharge purposes as the oven conveyor carries the baking trays
      exteriorly of the baking enclosure. The top surfaces of the baking trays
      travel through an arcuately curved path when releasing the fully baked
      product as the trays are turned through 180.degree. for product release.
      By taking advantage of the natural sag in the top of the delivery conveyor
      belt, the belt is guided in the same path of travel as followed by the top
      surface of each baking tray as it turns and rotates at the bottom of the
      discharge end of the oven for product release. Contoured guides which are
      affixed to the oven frame shape the slack side of the belt conveyor to the
      correct, desired curved path configuration.
PAR  The general purpose of the invention is to maintain the curved upper path
      of the delivery belt conveyor in parallel, spaced alignment with the path
      traveled by each baking tray when releasing the fully baked product to
      thereby prevent the fragile, newly baked cakes from falling through a
      distance sufficient to cause breakage at whatever point the baked goods
      are released.
PAR  The transverse edges of the fiber glass belt delivery conveyor are provided
      with a plurality of spaced grommets which cooperate with transversely
      positioned sprockets to drive the belt conveyor at uniform speed in
      conjunction with the oven conveyor drive system. The slack side of the
      belt is employed as the working surface to receive and transport the newly
      baked products. The bottom side of the belt is tensioned for drive
      purposes but is otherwise unused in the process. Preferably, a bottom
      positioned wash roller continuously contacts the lower side of the belt
      for belt surface cleaning in conjunction with a stationary doctor blade.
PAR  It is therefore an object of the present invention to provide an improved
      curved path delivery conveyor of the type set forth.
PAR  It is another object of the present invention to provide a novel curved
      path delivery conveyor wherein the slack side of the conveyor is the
      working surface and the tensioned side of the conveyor is employed only
      for driving purposes.
PAR  It is another object of the present invention to provide a novel curved
      path delivery conveyor which is employed in conjunction with an automatic
      baking oven wherein an upper, curved delivery conveyor surface is provided
      in spaced, arcuate relationship with the path followed by the tops of
      baking trays during product release procedures.
PAR  It is another object of the present invention to provide a novel curved
      path delivery conveyor for use in conjunction with the conveyor system of
      an automatic oven wherein the delivery conveyor functions at the same
      speed as the oven conveyor system and wherein the upper delivery conveyor
      belt path follows the path of travel of tops of baking trays as they are
      rotated at the discharge end of the oven.
PAR  It is another object of the present invention to provide a novel curved
      path delivery conveyor for use in conjunction with an automatic baking
      oven which is fabricated of Teflon impregnated fiber glass material and
      which is guided about three rollers, only two of which lie in the same
      plane.
PAR  It is another object of the present invention to provide a novel curved
      path delivery conveyor for use in conjunction with an automatic baking
      oven and which includes a fiber glass belt or other material belt which is
      trained about three rollers and wherein the slack side of the belt is
      employed as the working surface for baked goods receiving purposes.
PAR  It is another object to furnish a belt paralleling the inverted carriers at
      the same speed to align the multiple discharged product regardless of the
      difference in release time so they automatically transfer in spaced
      sequence for further processing i.e., icing, packaging, etc.
PAR  It is another object of the present invention to provide a novel curved
      path delivery conveyor incorporating an endless belt which is trained
      about three rollers to provide an upper slack side and a lower tensioned
      side and wherein the slack side is supported upon curved guides to shape
      the top surface in a desired arcuate path configuration.
PAR  It is another object of the present invention to provide a novel curved
      path delivery conveyor that is simple in design, inexpensive in
      manufacture and trouble free when in use.
PAR  Other objects and a fuller understanding of the invention will be had by
      referring to the following description and claims of a preferred
      embodiment thereof, taken in conjunction with the accompanying drawings,
      wherein like reference characters refer to similar parts throughout the
      several views and in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic, side elevational view of the invention as applied to
      a conveyor type automatic baking oven.
PAR  FIG. 2 is an enlarged, side elevational view of the curved path delivery
      conveyor of the present invention.
PAR  FIG. 3 is a cross sectional view taken along Line 3--3 of FIG. 2, looking
      in the direction of the arrows.
PAR  FIG. 4 is a perspective view of the curved path delivery conveyor of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  Although specific terms are used in the following description for the sake
      of clarity, these terms are intended to refer only to the particular
      structure of my invention selected for illustration in the drawings and
      are not intended to define or limit the scope of the invention.
PAR  Referring now to the drawings, I show in FIG. 1 a curved path delivery
      conveyor 10 which is applied at the discharge end 12 of a conveyor type
      baking oven 14. The baking oven 14 may be of the type disclosed in my
      pending application Ser. No. 333,741, filed Feb. 20, 1973, wherein a
      plurality of baking trays 16 are carried through the oven 14 upon a chain
      link type conveyor system 18. Upon completion of the baking operations
      within the baking oven 14, the conveyor system 18 carries the baked
      product pans to the discharge end 12. The baking trays 16 are directed
      about an upper and lower pair of discharge rolls 20, 22 which, in
      conjunction with suitable guides 24, (FIG. 2) serve to rotate each baking
      tray 16 through 180.degree. for baked product 26 release purposes. The
      geometry of the system is such that one end 28 of each baking tray 16 is
      provided with a plurality of corner disposed pins 30 which function
      automatically in conjunction with the upper discharge roll 20, the lower
      discharge roll 22 and the turn guide 24 to fully rotate each baking tray
      16 through 180.degree. as the conveyor system 18 carries each tray through
      the baking tray rotation system which is provided for automatic baked
      product release purposes.
PAR  As best seen in FIG. 2, the discharge system comprising the upper and lower
      discharge rolls 20, 22 and the turn guide 24 cooperate to rotate each
      baking tray top 32 from a vertically upright position as it enters the
      discharge system in association with the upper discharge roll through
      180.degree. when each baking tray 16 leaves its association with the lower
      discharge roll 22 to thereby position the baking tray top 32 downwardly.
      It will be noted that each baking tray 16 is rotated through 90.degree. by
      action of the upper discharge roll 20 and the guide 24 and then is rotated
      from the 90.degree. position through to 180.degree. by action of the lower
      discharge roll 22. The path followed by the baked products 26 about the
      lower discharge roll 22 is curved in nature and it will be noted that the
      baked goods 26 are carried by the discharge system from a completely
      vertically upright position at the top of the upper discharge roll 20 to a
      lower, vertically downwardly directed position at the bottom of the lower
      discharge roll 22. The baked products 26 follow a generally curved path
      about the lower discharge roll 22 and are continuously facing downwardly
      at angles varying from 90.degree. to 180.degree.. Due to the forces of
      gravity, it is possible for the baked product release to occur at any
      point in the travel path of a baking tray 16 as it is rotated about the
      lower discharge roll 22. Following the 180.degree. rotation of each baking
      tray, the conveyor system 18 carries each baking tray 16 in a horizontal
      path 34 of sufficient length to insure complete product release from each
      baking tray. Following product release, the conveyor system 18 may be
      carried upwardly about a turn roller 36 which acts in conjunction with the
      turn rollers 38, 40, 42 to carry the empty baking trays 16 back to the
      oven entrance (not illustrated) for cleaning, refilling, and baking in a
      continuous manner.
PAR  The curved path delivery conveyor 10 positions beneath the upper and lower
      discharge rolls 20, 22, the horizontal path 34 of the conveyor system 18
      and the turn roller 36 in a manner to receive all of the baked products 26
      from the baking trays 18 as the baked goods are discharged at the
      discharge end 12. The curved path delivery conveyor includes an endless
      belt 44 which is preferably fabricated of Teflon coated fiber glass
      material of suitable strength to carry the released baked products 26 from
      the point of release to a delivery conveyor 46 which serves to carry the
      baked products to a wrapping or other processing station (not
      illustrated). The endless belt 44 extends transversely across the entire
      discharge end 12 and is fabricated of sufficient width to completely
      underlie the baking trays 16 as they are conveyed to the discharge end 12
      of the baking oven 14.
PAR  The endless belt 44 is provided with a plurality of spaced grommets 48
      along the right and left transverse edges 50, 52 for belt driving
      purposes. An upper shaft 54 journals upon the discharge end frame 56 in
      suitable, conventional bearings 58 and endwardly carries a drive pulley 60
      in conventional manner. Preferably, the drive pulley 60 is provided with a
      belt drive 62 which interconnects the upper driving shaft 54 with the
      drive mechanism (not shown) of the conveyor system 18 in well known
      manner. Thus, the drive shaft 54 of the delivery conveyor 10 is
      simultaneously driven with the oven conveyor system 18 in suitable manner
      to assure operation of the curved path delivery conveyor 10 at all times
      when the baking oven conveyor system 18 is functioning. The upper shaft 54
      carries a forward roller and a pair of transversely spaced drive sprockets
      64 including teeth 66 which are rotatably insertable respectively into the
      grommets 48. Thus, when the drive sprockets 64 are rotated through action
      of the upper drive shaft 54, the sprocket teeth 66 drive the endless belt
      44 at the grommets 48 thereof.
PAR  The endless belt turns about the upper shaft 54 and the rearward shaft 68
      and encompasses the middle shaft 70. As best seen in FIG. 2, the rearward
      shaft 68 and the middle shaft 70 lie in the same horizontal plane and are
      positioned rearwardly of and below the upper shaft 54. It will be noted
      that the curved path delivery conveyor 10 is designed to tension the lower
      path 72 of the endless belt 44 for drive purposes thereby leaving the
      upper path 74 as the untensioned side of the belt system. By arranging the
      upper path 74 as the slack side of the delivery conveyor 10, the slack
      side can be readily utilized to serve as a curved transition path between
      the position of the upper shaft 54 and the lower and rearward position of
      the middle shaft 70. In this manner, the upper path 74 of the endless belt
      44 can be conveniently shaped to conform to the path of travel followed by
      the baked products 26 as the baking trays 16 are rotated about the lower
      discharge roll 22 for product release purposes. Preferably, a curved guide
      76 positions in the intermediate space 78 defined between the belt upper
      and lower paths 74, 72 to support and guide the upper belt path 74 in the
      desired, curved configuration. See FIG. 2. As hereinbefore set forth, the
      lower belt path 72 is tensioned by action of the upper shaft 54 through
      the drive sprockets 64 and is not otherwise supported or guided. The
      invention thus utilizes the natural sag in the endless belt 44 and the
      rigid nature of the curved guides 76 to form the desired curved
      configuration for product release purposes. The rearward shaft 68 and
      middle shaft 70 are each equipped with suitable rollers 80, 82 of
      conventional design which act as idlers in the curved path delivery
      conveyor system 10. Additionally, the rollers 80, 82 endwardly carry
      suitable teeth to engage the grommets 48.
PAR  As best seen in FIG. 2, a cleaning roller 84 tangentially contacts the
      middle roller 82 beneath the lower path 72 of the conveyor belt 44 for
      belt cleaning purposes. Preferably, the cleaning roller 84 is fabricated
      of relatively soft material to enhance the cleaning operation. The
      cleaning roller 84 turns about its driven shaft 86 which may be powered in
      a conventional manner from the machine drive (not illustrated).
      Preferably, the cleaning roller 84 is positioned within a cleaning trough
      88 which is designed to hold a quantity of wash water (not shown) therein
      to facilitate an automatic belt cleaning operation. The trough 88 is
      provided with a bottom drain 90 to conventially convey the wash water (not
      shown) to a point of disposal. Preferably, the cleaning trough 88 is
      provided with an inclined, extended side 92 which is spaced from and
      positioned below the lower path 72 of the endless belt 44 to catch any
      water which may drip from the belt following the cleaning action of the
      cleaning roller 84 as the belt is rotated in the direction of the arrow 94
      by function of the upper shaft 54. A doctor blade 96 affixes to a portion
      of the oven frame to position its cleaning edge against the underside of
      the endless belt 44 to scrape any waste baked material from the belt which
      may still adhere following the cleaning operation at the middle roller 82.
      The combination of the action of the cleaning roller 84 and the doctor
      blade 96 serves to continuously clean the belt conveyor 44 to permit
      continuous, automatic operation of the device.
PAR  Although I have described the present invention with reference to the
      particular embodiments therein set forth, it is understood that the
      present disclosure has been made only by way of example and that numerous
      changes in the details of construction may be resorted to without
      departing from the spirit and scope of the invention. Thus, the scope of
      the invention should not be limited by the foregoing specification, but
      rather only by the scope of the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a curved path delivery conveyor for function with a conveyor system
      the combination of
PA1  A. an endless belt defining an upper path and a lower path,
PA2  1. said belt rotating about an upper positioned roller and a lower
      positioned roller,
PA3  a. the said lower positioned roller lying in a first horizontal plane that
      is spaced from and below a second horizontal plane drawn through the upper
      positioned roller;
PA1  B. means including a middle positioned roller to tension the lower belt
      path between the lower positioned roller and the upper positioned roller,
PA2  1. at least a portion of the said upper path of the belt being untensioned
      to form a curved configuration portion,
PA2  2. the said lower path being tensioned for belt rotation purposes,
PA2  3. the said conveyor system conveying containers through an arcuate path,
      the said curved configuration of the upper path being spaced from and
      parallel with at least a portion of the arcuate path followed by the
      containers; and
PA1  C. the middle positioned roller being positioned intermediate the upper
      positioned roller and the lower positioned roller wherein the belt moves
      relative to the middle positioned roller,
PA2  1. the middle positioned roller being located in the spaces defined by the
      said first or second horizontal planes.
NUM  2.
PAR  2. The invention of claim 1 wherein the middle roller positions in the said
      first horizontal plane, the said upper path defining the curved
      configuration portion between the upper positioned roller and the middle
      roller.
NUM  3.
PAR  3. The invention of claim 2 wherein the upper path of the belt defines a
      substantially straight, horizontal portion between the middle roller and
      the lower positioned roller.
NUM  4.
PAR  4. The invention of claim 3 and a cleaning roller in tangential contact
      with the middle roller to form a nip therebetween.
NUM  5.
PAR  5. The invention of claim 4 wherein the lower path of the belt is directed
      through the said nip.
NUM  6.
PAR  6. The invention of claim 5 and a water containing trough positioned below
      the middle roller, the said cleaning roller being rotated within the
      trough.
NUM  7.
PAR  7. The invention of claim 6 and a doctor blade in contact with a roller for
      belt cleaning purposes.
NUM  8.
PAR  8. The invention of claim 7 wherein the roller is the upper positioned
      roller.
NUM  9.
PAR  9. The invention of claim 8 wherein the upper belt follows the adjacent
      conveyor for a sufficient time to permit delayed releasing alignment prior
      to discharge to a processing conveyor operating at right angles to some.
NUM  10.
PAR  10. The invention of claim 8 wherein the above belt system may be raised
      and lowered at the discharge end to permit inverted discharge to a
      takeaway conveyor.
NUM  11.
PAR  11. A curved path delivery conveyor according to claim 1 and a curved guide
      means positioned in registry with at least a portion of the curved
      configuration portion of the upper path to guide the upper path.
NUM  12.
PAR  12. The curved path delivery conveyor of claim 11 wherein the guide means
      contacts and shapes the curved portion of the upper path of the belt to
      conform to the curved configuration of the guide.
NUM  13.
PAR  13. The curved path delivery conveyor of claim 12 wherein the means to
      tension includes a plurality of spaced grommets affixed to the belt and
      roller means which are rotatively driven, the roller means carrying pins
      which are insertable into the grommets for belt rotation purposes.
NUM  14.
PAR  14. The curved path delivery conveyor of claim 13 wherein the roller means
      include either of the upper positioned roller or the lower positioned
      roller.
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ABST
PAL  An apparatus for transferring bodies of delicate consistency from a feed
      line to a reception line, comprising a flexible closed loop member and
      aspirator means supported by the flexible member.
PAL  The aspirator means are mobile vertically and approach the feed and
      reception lines for extracting and depositing the bodies respectively in
      seats of the lines.
PARN
PAR  This is a continuation, of application Ser. No. 358,195 filed May 7, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for transferring bodies of delicate
      consistency from a feed line to a reception line, and disposed on these
      lines at constant but different spacings. The apparatus is particularly
      suitable for transferring soaps which have not yet completely hardened.
PAR  In some productive processes bodies of a delicate nature, i.e. which are
      difficult to manipulate without causing them damage, are obtained, and
      sometimes these bodies have to be passed from a delivery line to a
      successive line which moves with a different speed, and be arranged on
      them with different spacings.
PAR  Such a problem arises at the present time particularly in the field of soap
      production. The pieces of soap, arriving from presses or moulding
      machines, proceed usually with uniform motion arranged spaced apart in
      respective seats in a conveying line. The pieces of soap must then be
      removed from this first line and, without undergoing damage, be introduced
      into the seats, of a different spacing to the previous ones, of a second
      conveying line, which is provided with intermittent motion and which feeds
      the machine for wrapping the soaps.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is consequently to resolve the
      aforementioned problem in a simple and rational manner.
PAR  This object is attained by an apparatus for transferring bodies of delicate
      consistency from a feed line to a reception line, and disposed on said
      lines at constant but different spacings, comprising a flexible closed
      loop member lying in a horizontal plane, of which a first portion extends
      parallel to the terminal portion of the feed line and a second portion
      extends parallel to the initial portion of the reception line, and further
      comprising aspirator means supported by said flexible member and mobile
      vertically by means of cam members disposed along said first and second
      portions for making the aspirator means to approach the feed and reception
      lines along said first and second portions for extracting the bodies from,
      and depositing them in seats in said lines respectively by connecting the
      aspirator means to, and disconnecting the aspirator means from a suction
      pump respectively, the speed of the flexible member at the moment of
      activation and deactivation of the aspirator means being equal to, and in
      the same direction as that of the feed and reception lines.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further characteristics will be more evident from the description given
      hereinafter of a preferred embodiment of the apparatus according to the
      invention, illustrated by way of example in the accompanying drawings in
      which:
PAR  FIG. 1 is a diagrammatic perspective view of the apparatus according to the
      invention;
PAR  FIG. 2 is a vertical section through the apparatus;
PAR  FIGS. 3a and 3b are elevational views of the stages of taking the bodies
      from a feed line and releasing them on to the receiving line respectively.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  These figures show a feed or delivery line 1 and a reception line or
      conveyor 2. The delivery line 1 comprises a chain 3 and a series of
      elements 4 fixed to it and distributed at a constant spacing along it.
      Each element 4 consists of two crossed forks and forms a sort of cup for
      housing a body 5, for example a piece of soap not yet hardened,
      originating from a press or moulding machine. A chain 3 is closed in the
      form of a loop around a driving pulley and an idle pulley (not shown), the
      axes of which are vertical, and is driven with continuous uniform motion.
      The straight branch or portion of the chain 3, from which the soaps 5 will
      be taken, is shown in FIG. 1 and moves in the direction indicated by the
      arrow A. The reception line 2 consists of a flexible closed loop belt 6.
      This belt is provided on the outside with projections 6a distributed at a
      constant spacing, which is different from that of the elements 4. Between
      each pair of projections 6a the belt hence comprises a sort of box
      suitable for receiving a respective soap 5. The belt 6 winds on a driving
      roller and an idle roller of horizontal axes (one of these rollers is
      shown in FIG. 1, indicated by the reference numeral 7). The belt 6 is
      perpendicular to the take-off branch of the chain 3 and its upper branch
      moves in the direction indicated by the arrow B. In particular the spacing
      between the boxes defined by the projections 6a is less than the spacing
      between the cup elements 4 and the belt 6 is driven with intermittent
      motion such that, during the interval between two dwells of the belt, it
      reaches and maintains for a certain period of time a speed of advancement
      approximately constant and equal to that of the chain 3.
PAR  The apparatus, which according to the invention enables soaps 5 to be taken
      from the chain 3 and released into the boxes of the upper branch of the
      belt 6, comprises transfer conveyor including a flexible closed loop
      member consisting of a pair of chains 8. These chains wind around the pair
      of gear wheels 9 of three rotating assemblies 10, 11 and 12 of vertical
      axes disposed at the vertices of a right angled triangle such that the
      chains 8 comprise portions parallel to the take-off branch of the chain 3
      and to the belt 6 respectively. Two of the said rotating assemblies are
      supported idly by the frame 13 of the apparatus. The third rotating
      assembly, as shown in FIG. 2, is fixed to the top of a shaft 14, the lower
      end of which is dowelled to a sleeve 15, to which the shaft 16 driven by
      the drive unit of the apparatus is dowelled. It will appear clear that the
      above described third rotation assembly constitutes driving transmission
      means for the said transfer conveyor. The two wheels 9 of the rotating
      assembly 12 are rigid one with the other by means of the drum 17 and the
      upper one is clamped by means of the plate 18 against the flange of a
      sleeve 19 dowelled to the shaft 14. The shaft 14 is rotatably mounted by
      way of bearings 20 in a sleeve 21 provided with an external collar for
      fixing to the frame 13. To the upper gear wheel 9 is also fixed a gear
      wheel or sprocket 22, which will be described hereinafter. The two chains
      8 are connected together at their vertically aligned points of
      articulation by pivots 23 (FIG. 2), which are spaced along the chains. On
      each of the pivots 23 is disposed the sleeve 24a with which a support
      member 24 is rigid, forming two vertically aligned seats 24b in which the
      tubular stem 25 is inserted. The stem 25 is slidable vertically in the two
      seats 24b and is prevented from rotating by an appendix 26a of a clamp 26
      locked approximately at the centre of the stem, the appendix being guided
      in an elongated slot 24c. The stem is forced upwards by a spring 27
      interposed between the lower seat 24b and clamp 26. Below this seat, an
      element 28 made of elastic material and shaped in the form of a sucker is
      fixed to the tubular stem 25. Above the upper seat 24b, a clamp 29 is
      locked on the stem and is provided with a pivot on which the roller 30 is
      rotatably mounted. The rollers 30 of the stems 25 are designed to engage
      with channel cams 31 and 32 fixed to the frame 13, and disposed between
      the rotating assemblies 10, 11 and 11, 12 and lying in vertical planes.
      The cams 31, 32 comprise an intermediate horizontal portion the ends of
      which are turned upwards. The spacing between the stems 25 is equal to the
      spacing between the cup elements 4 and the chains 8 are driven with
      continuous motion in the direction indicated by the arrow C with the same
      speed as the chain 3. It will thus be appreciated that the above described
      driving transmission means for the transfer conveyor drive the said
      transfer conveyor with the same speed as the chain 3 of the feed conveyor
      1. Furthermore each stem is aligned with the centre of the relative cup
      element 4.
PAR  The upper end of each of the tubular stems 25 is connected by way of a
      flexible tube 33 (in FIGS. 1 and 2 this is indicated by a dotted line) and
      a rotating distributor indicated overall by the reference numeral 33a, to
      a suction pump (not shown). The distributor comprises a disc 35 on which
      connectors 34 for the tubes 33 are distributed regularly about its
      periphery on a circumference 34' concentric therewith (FIG. 1). The disc
      35 comprises a tubular portion which is rotatably mounted by way of
      bearings 36 on a column 37 fixed to the frame 13 and a ring gear 35a on
      which the chain 38 is wound and also engages with said wheel 22. The
      ratios between the gear wheels 22 and 35a are such that when the chains 8
      have travelled through their entire length, the disc 35 has made one
      complete turn. Around the tubular portion of the disc 35 there is an
      eccentric annular element 39, the rotation of which is prevented by a
      series of vertical pins 40. As it appears clearly from FIG. 2, the
      periphery of said ring defines a surface area of the ring, eccentric with
      respect to the circumference on which the connectors 34 are arranged. As
      visible from FIG. 2 part of said circumference at the right of column 37
      lies within the surface area of the ring and part thereof at the left of
      the column 37 lies outside said surface area. The ring 39 however can make
      small vertical movements guided by the pins 40. The lower portion of each
      pin 40 is threaded and screwed into a respective bore in a disc 41. The
      same lower portion of the pin then traverses a respective slot 42a in a
      flange 42 of the column 37. A nut 43 which engages with the pin clamps and
      locks the disc 41 to the flange 42. The slot 42a extends angularly along
      an arc concentric with the column 37, so permitting the most appropriate
      angular positioning of the ring 39. This latter ring is held by friction
      against the base of the disc 35 by the springs 44 disposed on the pins 40
      and interposed between the base of the ring 39 and the disc 41. In the
      ring 39 there is a cavity 45, open upwards and extending angularly. This
      cavity is connected, by way of the connector 46 and a duct (not shown) to
      a suction pump. During rotation of the disc 35, the connectors 34, which
      gradually become positioned above the cavity 45, become connected to the
      suction pump so as to create aspiration at the suckers 28 connected to
      these connectors. It should also be noted that because of the eccentric
      shape of the ring 39, during the rotation of the disc 36, some of the
      connectors 34 (see the left hand part of FIG. 2) are connected to
      atmosphere and there is no aspiration at the suckers 28.
PAR  The operation of the apparatus according to the invention is as follows.
PAR  As the suckers 28 move along the branch of the chain 8 parallel with the
      chain 3, they are in phase with the cup elements 4 of the chain 3 in lie
      over them. After leaving the rotating assembly 10, the rollers 30 of the
      stems 25 come into engagement with the cam 31, which because of its
      particular shape makes the stems descend downwards and hence cause the
      suckers 28 to approach the soaps 5. At the same time the suckers 28 are
      activated because the connectors 34 arrive above the cavity 45 and sucks
      the soaps 5. Then the stems 25 are made to rise, taking with them the
      soaps 5 and removing them from the cup elements 4. When the stems 25 which
      support the soaps are about to lie over the belt 6, their rollers 30
      engage with the cam 32, which causes the stems to descend towards the
      boxes on the belt. When the soap 5, carried by a sucker 28, penetrates
      into the corresponding box in the belt 6, this latter has reached a speed
      equal to that of the chains 8, and the suction on the sucker ceases
      (because the connector 34 of the sucker becomes connected to atmosphere),
      with the result that the soap is released into the box without there being
      any relative slip between the soap and box, i.e. between the chains 8 and
      the belt 6. The cam 32 causes the stem 25 which has abandoned the soap to
      rise, and the belt 6 decelerates and then again accelerates until it
      reaches an approximately constant speed for the receipt of a new soap.
PAR  From the description it is clear that the disposition which the belt 6 may
      have with respect to the chain 3 may be different from the perpendicular
      dispositions shown in FIG. 1. The chain and belt may be aligned and the
      chains 8 will take a straight path instead of a triangular one. The
      delivery line 1 may be driven with intermittent motion instead of
      continuous motion and vice versa the reception line 2 may be driven with
      continuous motion instead of intermitted motion. Furthermore the delivery
      line and reception line may both be driven with intermittent motion or
      both with continuous motion, the spacings of the bodies 5 on the one and
      other line being equal or different in both cases.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for transferring bodies of delicate consistency from a
      continuously moving feed conveyor having regularly spaced support elements
      for said bodies onto a reception conveyor having regularly spaced support
      members, said reception conveyor being driven with intermittent motion,
      the distance between the support elements on the feed conveyor being
      greater than the distance between the support members on the reception
      conveyor, said apparatus comprising a transfer conveyor moving along a
      closed path lying in a horizontal plane, said transfer conveyor having a
      first portion extending parallel to the feed conveyor and a second portion
      extending parallel to the reception conveyor, transmission means for
      driving said transfer conveyor with the same speed of said feed conveyor,
      aspirator means consisting of suckers supported by said transfer conveyor
      slidably in a vertical direction, cam members arranged along said first
      and second portion for causing the aspirator means to move vertically
      thereby to approach said feed conveyor in timed relation therewith to
      engage the bodies and then to raise for removing the bodies and to
      transfer and deposit them on the reception conveyor, flexible ducts and a
      rotating distributor connecting said suckers to a suction pump, wherein
      according to the improvement said rotating distributor comprises a column
      arranged within an area surrounded by said path of said transfer conveyor,
      a disc mounted for rotation on said column about a vertical axis,
      connectors for said flexible ducts regularly distributed on a
      circumference on the upper face of said disc concentrically about said
      vertical axis, a gear-wheel toothing on the periphery of said disc, said
      transmission means for driving said transfer conveyor including a driving
      sprocket and a chain transmissively engaging said gearwheel toothing and
      said driving sprocket, the transmission ratio between said gearwheel
      toothing and said driving sprocket being such that when the transfer
      conveyor has covered a way equal to its entire length, the disc has made
      one complete revolution, a ring member arranged underneath the face of
      said disc opposite to that provided with the connectors, spring means
      pressing said ring member against said face, support means for said ring
      permitting axial displacement and preventing rotation thereof, said ring
      having a periphery defining a surface area eccentric with respect to said
      circumference on which said connectors are arranged so that part of said
      circumference extends within said surface area and another part thereof
      extends outside said surface area, a cavity in said ring connected with
      said suction pump and opening at said surface area so as to communicate
      with the connectors reaching said part of said circumference during the
      rotation of said disc, means for angularly adjusting said ring with
      respect to said disc, said cavity having an angular extension such as to
      connect the suckers with said suction pump during removal and transfer of
      the bodies from the feed conveyor onto the reception conveyor and to
      disconnect the suckers thereafter.
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ABST
PAL  A system for loading a continuously moving conveyor belt comprises a slicer
      for producing bacon strips from a bacon slab, a conveyor for conveying
      bacon strips from the slicer, and a transfer station for transferring
      bacon strips from a serial arrangement on the conveyor to a side-by-side
      arrangement of spaced transverse rows on the continuously moving conveyor
      belt. A novel control system is provided to coordinate the operation of
      the slicer and the transfer station to obtain a continuous and uniform
      loading of the conveyor belt and to avoid the production of partial or
      deformed bacon strips by the slicer. The loading system is particularly
      well adapted to loading unfried bacon strips onto the conveyor of a bacon
      frying oven.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to transfer systems, and more
      specifically to a loading system for loading strip-like products such as
      sliced bacon onto a unidirectionally driven conveyor in evenly-spaced
      transverse rows. The system finds particular utility for loading bacon
      strips sliced from a bacon slab onto the endless conveyor of a bacon
      frying oven.
PAR  Bacon frying ovens of the type to which the present invention is
      particularly adapted employ a wide continuously moving conveyor belt on
      which bacon strips are arranged side-by-side in transverse rows. As the
      bacon strips progress through the oven a second continuously moving belt
      is brought down on top of the bacon slices. The two belts, with the bacon
      strips pressed flat inbetween, are driven between heated platens which
      simultaneously apply pressure and heat to fry the bacon strips. After the
      bacon strips have been fried the second belt is removed to enable the
      bacon strips to be removed from the conveyor belt.
PAR  For efficient operation of such bacon frying ovens it is necessary that the
      bacon strips be arranged to provide maximum utilization of the conveyor
      belt surface. That is, the bacom strips must not be so close together as
      to stick together during the frying operation, or so far apart as to cause
      large areas of the belts to be heated and pressed with no bacon strips
      therebetween. Accordingly, it has become standard practice to arrange the
      bacon strips lengthwise side-by-side in transverse rows extending across
      the entire width of the belt, the transverse rows being equally spaced
      along the entire length of the top surface of the conveyor belt.
      Furthermore, since the oven platens must necessarily be continuously
      heated and short term temperature changes are not practicable, it is
      highly desirable for consistent frying action that the fryer oven conveyor
      move continuously at a predetermined constant speed.
PAR  The need for loading and offloading bacon strips from the oven conveyor
      without interfering with the operational efficiency of the oven, or with
      the operating efficiency of up-line and down-line processing machinery
      utilized to process the bacon strips, has presented a need for loading and
      unloading systems capable of automatically handling the thin limp strips
      of bacon with a high degree of precision. The co-pending application of
      the present inventors, Ser. No. 447,354, filed Mar. 1, 1974 and assigned
      to the present assignee, is directed to a system meeting these criteria
      which is eminently well suited for unloading fried bacon slices from the
      oven conveyor, and the present application is directed to a system meeting
      these criteria for loading limp unfried bacon strips sliced from a bacon
      slab onto the conveyor. This system effectively coordinates the bacon
      slicing operation with the loading operation to achieve an efficient
      continuous loading of the oven, and to avoid the loading of partial or
      deformed bacon strips which would not be marketable, and therefore
      wasteful of valuable space on the oven conveyor.
PAR  Accordingly, it is a general object of the present invention to provide a
      new and improved loading system for arranging items side-by-side in
      equally spaced transverse rows on a continuously driven belt conveyor.
PAR  It is another object of the present invention to provide a new and improved
      loading system for loading bacon strips or slices onto the continuously
      moving conveyor of a bacon frying oven.
PAR  It is another object of the present invention to provide a new and improved
      loading system for transferring bacon strips from a serial or single file
      arrangement on a first conveyor belt to a side-by-side arrangement of
      transverse equally-spaced rows on a second continuously moving conveyor.
PAR  It is another object of the present invention to provide a new and improved
      system for slicing bacon strips from a bacon slab and for loading the
      bacon strips onto a continuously moving conveyor belt.
PAR  It is another object of the present invention to provide a new and improved
      system for slicing bacon strips from a bacon slab and for loading the
      bacon strips in uniformly spaced transverse rows onto the continuously
      moving conveyor belt of a bacon frying oven which provides less waste and
      which does not interfere with the efficiency of the oven.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed to a system for loading a finite number of items
      from a first unidirectionally driven conveyor onto a second conveyor
      aligned at right angles to the first conveyor. The system comprises a
      carriage loading platform comprising a plurality of parallel spaced-apart
      cantilevered conveyor belts arranged at the discharge end of the first
      conveyor and unidirectionally driven to form a contiguous path therewith
      for the items, and a transfer carriage comprising a plurality of parallel
      spaced-apart cantilevered support members anchored to a carriage support
      block at one end, the support members being arranged in a plane and spaced
      so as to pass between respective ones of the cantilevered conveyor belts.
      The system further comprises a carriage offloading platform comprising a
      plurality of parallel spaced-apart cantilevered support rods arranged at
      the input end of the second conveyor to form a contiguous path therewith
      for the items, at least a portion of the rods being rotatably driven so as
      to move the items from a predetermined offloading position onto the second
      conveyor, and carriage actuator means responsive to the presence of the
      items on the first conveyor for cycling the transfer carriage along an
      operating path whereby the support members are caused to successively pass
      between the cantilevered support belts of the carriage loading platform
      and the cantilevered support rods of the carriage offloading platform
      while being maintained in a substantially horizontal plane to transfer the
      items from the carriage loading platform to the carriage offloading
      platform.
PAR  The invention is further directed to a system for loading a finite number
      of bacon strips, sliced from a bacon slab by a bacon slicer having a
      cyclically operative slicing blade, side-by-side in transverse rows on a
      continuously moving conveyor. The system comprises a unidirectionally
      driven conveyor for conveying the bacon strips away from the slicer, a
      cyclically operative transfer carriage for removing the finite number of
      bacon slices for the conveyor, and a counter responsive to the slicer
      having completed an operating cycle for maintaining a cumulative count of
      the number of cycles completed by the slicer, and for producing an output
      signal upon reading a predetermined count. The system further comprises
      product feed control means operatively associated with the slicer for
      controlling the feed of the bacon slab to the slicing blade to selectively
      initiate and terminate the production of bacon slices by said slicer, and
      slicer control means responsive to the initiation of a transfer cycle by
      the transfer carriage for resetting the counter and for conditioning the
      product feed control means to initiate production of bacon strips by the
      slicer as the slicing blade next passes between operating cycles, and
      further responsive to the output signal from the counter for conditioning
      the product feed control means to terminate production of bacon strips by
      the slicer when the finite number of bacon strips have been produced.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention, which are believed to be novel, are
      set forth with particularity in the appended claims. The invention,
      together with the further objects and advantages thereof, may best be
      understood by reference to the following description taken in connection
      with the accompanying drawings, in the several figures of which like
      reference numerals identify like elements, and in which:
PAR  FIG. 1 is a top plan view, partially diagrammatic, of a bacon frying oven
      and the loading and offloading systems associated therewith.
PAR  FIG. 2 is a side elevational view, partially in functional block form,
      taken along line 2--2 of FIG. 1 showing a loading system constructed in
      accordance with the invention associated with the bacon frying oven of
      FIG. 1.
PAR  FIG. 3 is a side elevational view taken along line 3--3 of FIG. 2, showing
      one side of the bacon slicer employed in the loading system partially
      broken away to show the bacon slicing blade incorporated therein.
PAR  FIG. 4 is a front elevational view taken along line 4--4 of FIG. 2 showing
      the other side of the bacon slicer partially broken away to show the drive
      arrangement for the bacon slicing blade incorporated therein.
PAR  FIG. 5 is an enlarged top plan view taken along line 5--5 of FIG. 2 showing
      the product transfer station incorporated in the loading system for
      transferring bacon slices from a transfer conveyor to the oven conveyor.
PAR  FIG. 6 is a diagrammatic sectional view taken along line 6--6 of FIG. 5
      depicting the operation of the product transfer station.
PAR  FIG. 7 is an enlarged cross-sectional view taken along line 7--7 of FIG. 5
      showing the drive linkage employed for driving the product transfer
      carriage.
PAR  FIG. 8 is a simplified schematic diagram of the electrical control
      circuitry employed in the loading system of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a loading system constructed in accordance with the
      invention is shown in connection with a bacon frying oven 30, which may
      conventional in design and construction. Basically, oven 30 comprises a
      horizontal continuous conveyor belt 31 which is undirectionally driven to
      transport bacon strips 29 through the oven. To facilitate this function,
      the conveyor belt 31 may be coated with Teflon or have a similar
      non-adhesive surface to prevent the bacon strips from sticking to the
      belt. A second unidirectionally driven continuous conveyor belt (not
      shown) is brought into engagement with belt 31 within the bacon fryer oven
      to press the bacon strips flat during the frying operation. While the
      bacon strips are being held flat between the two conveyor belts the belts
      pass between heated platens (not shown) which simultaneously apply heat
      and pressure to fry the bacon. As shown in FIG. 1, the loading system
      associated with oven 30 includes a bacon slicer 32, a unidirectionally
      driven conveyor 33 for conveying the bacon slices from the slicer 32, and
      a product transfer station 34 for transferring the bacon slices from a
      serial arrangement on conveyor 33 to a side-by-side arrangement of
      equi-spaced transverse rows on the oven conveyor belt 31.
PAR  Referring to FIGS. 2-4, bacon slicer 32, which may be conventional in
      design and construction, comprises a thin rotary cutting blade 40 having a
      circumferential spiral cutting edge of progressively increasing diameter.
      The cutting blade 40 is carried on one end of a horizontal drive shaft 41,
      and the entire assembly is enclosed within a housing 42. A fly wheel 43 is
      carried on the other end of drive shaft 41, and the fly wheel 43, drive
      shaft 41, and cutting blade 40 are rotatably driven by means of an
      electric motor 44 rotatably coupled to the fly wheel by a belt 45 or other
      suitable means. A carriage 46 is provided beneath drive shaft 41 to
      receive a bacon slab 47 from which bacon strips are to be cut. In
      practice, a plurality of such bacon slabs may be arranged end to end on
      conveyor 46, the leading end of the front slab, i.e. that closest to blade
      40, being brought to bear against the inside surface of the rotary cutting
      blade 40. The rate and pressure with which the leading end of the leading
      bacon slab is brought into contact with blade 40 are controlled by a
      hydraulic motor 48, which serves as a power source for the bacon slab
      conveyor 46.
PAR  In operation, the leading bacon slab 47 on conveyor 46 is fed against the
      rear or inside surface of blade 40 by hydraulic motor 48 at a rate and
      with a pressure which causes a single slice of bacon of uniform thickness
      to be sliced from the slab with each complete rotation of the blade 40.
      The blade 40 rotates continuously at high speed, cutting action being
      stopped by the operator when necessary by removing hydraulic pressure from
      the hydraulic feed motor 48. The fly wheel 45 supplies sufficient inertia
      to insure that the cutting knife will rotate at a constant velocity
      throughout its operating cycle.
PAR  Each strip of bacon 29 cut from bacon slab 47 falls onto conveyor 33 in
      transverse alignment, the motion of the conveyor 33 obtaining a uniform
      spacing between successive strips. To this end, conveyor 33 comprises six
      parallel spaced-apart belts 50 arranged immediately below the cutting
      area. The conveyor belts are unidirectionally driven so as to transport
      the bacon strips away from the slicing station 32 and toward the product
      transfer station 34.
PAR  Referring to FIGS. 1 and 5, conveyor 33 ends at the product transfer
      station 34, the six belts 50 of the conveyor 33 reversing direction around
      respective ones of six end pulleys 51 carried on a horizontal transversely
      aligned conveyor drive shaft 52. At this point the bacon strips are
      transferred to a carriage loading platform 53, which is formed by six
      parallel spaced-apart cantilevered conveyor belt assemblies 54. Each of
      these conveyor belt assemblies 54 comprises a cantilevered support beam 55
      which is attached at one end to the frame 56 of the transfer apparatus,
      and which is bifurcated at its other end to support a pulley 57. A
      conveyor belt or tape 58 is received over each pulley 57 and extends along
      the top edges of its support beam 55 to an end pulley 60 carried on the
      conveyor drive shaft 52. Since shaft 52 serves as an end shaft for both
      the six conveyor belts of conveyor 33 and the six conveyor belt assemblies
      54, a contiguous transfer surface is formed for the bacon strips 29 from
      slicer 32.
PAR  The cantilevered belt assemblies 54 of the carriage loading station 53 are
      spaced so as to allow five parallel spaced-apart cantilevered rod-like
      product support members 61 to fit therebetween. Support members 61 are
      arranged in a horizontal plane and are attached at one end to a carriage
      support block 62 to form a product transfer carriage 63 for lifting bacon
      strips from the carriage loading platform 53.
PAR  To receive the bacon strips from the product transfer carriage 63, the
      transfer station 34 includes a carriage offloading platform 64. This
      platform comprises five rotatably driven six-sided product support rods 65
      which are arranged in a horizontal plane and cantilevered at one end to a
      support block 66. These rods are rotatably driven at equal angular speeds
      by means of sprockets 67 carried on the supported ends and a pair of drive
      chains 68 to urge bacon strips deposited on the carriage offloading
      platform 64 by transfer carriage 63 onto the oven conveyor 31.
PAR  To transfer bacon strips from the carriage loading station 53 to the
      carriage offloading station 64, the product transfer carriage 63 is
      constrained to operate along a circular operating path whereby product
      support members 61 successively pass between the cantilevered conveyor
      belt assemblies 54 of the carriage loading platform 53 and the rotatably
      driven product support rods 65 of the offloading platform 64. To this end,
      the carriage support block 62 is mounted to the machine frame 56 by means
      of an articulated quadrilateral four-bar linkage found by a pair of
      crankarms 70 and 71. For greater resistance against tortional forces, the
      crankarms 70 and 71 are boxlike in structure, crank arm 70 receiving a
      drive shaft 72 along one side and a crank pin 73 from carriage block 62
      along its other side; and crank arm 71 receiving a drive shaft 74 along
      one side and a crank pin 75 from carriage block 62 along its other side.
      Drive shafts 72 and 74 are journaled to frame 66 by journal blocks 76 and
      77, respectively.
PAR  The operating path of the product transfer carriage 63 is shown
      diagrammatically in FIG. 6, the individual support members 61 being seen
      to successively pass between the cantilevered conveyor belt assemblies 54
      of the carriage loading platform and the rotatably driven support rods 65
      of the carriage offloading platform 64 while being maintained in a
      horizontal plane. The product transfer carriage 63 is moved along this
      operating path by simultaneously applying drive power to shafts 72 and 74.
      Referring to FIG. 7, this simultaneous application of drive power is
      accomplished by means of a chain belt 80 which rotatably couples sprockets
      81 and 82 on the two shafts and a chain belt 83 which couples a sprocket
      84 on shaft 72 to a source of rotational power. Chain belt 83 also engages
      a follower sprocket gear 85 rotatably mounted on the machine frame 56.
      Gear 85 drives a shaft 86 to which a pair of limit switch actuator arms 87
      and 88 are carried. As will be seen presently, these actuator arms can be
      positioned so as to actuate respective ones of limit switches LS2 and LS3
      as the product transfer carriage proceeds through its operating cycle.
PAR  To offset the weight of the product transfer carriage 63 a counterweight 89
      may be carried on drive shafts 72 and 74 by means of a pair of
      radially-extending arms 91. Referring again to FIG. 2, drive power is
      obtained for product transfer station 34 from an electric motor 92. Motor
      92 is coupled through a right angle drive 93 to a longitudinally extending
      shaft 94, which drives chain 83 through an electrically controlled clutch
      95.
PAR  To accomplish the aforedescribed loading of the oven conveyor 31 with
      maximum accuracy and efficiency, and with minimum waste, the load system
      of the present invention incorporates a novel control system for
      coordinating the operation of the bacon slicer 32 and the product transfer
      station 34. Referring to FIG. 2, assuming carriage 62 is at rest at the
      home position shown in FIG. 5, the presence of bacon strips on conveyor 33
      is sensed at a predetermined location along that conveyor by means of a
      product detector 100 in the form of a photocell PC and cooperating light
      source (not shown). The lead bacon strip, when sensed by photocell PC,
      causes an electrical control signal to be generated within product
      detector circuit 101, which may be a conventional photodetector amplifier
      circuit. This control signal is applied to a transfer carriage control
      circuit 102, which generates a control signal to clutch 95 which causes
      the clutch to rotatably couple the carriage drive shaft 94 to the carriage
      drive motor 92. As a result, the product transfer carriage 62 moves from
      its home position through one complete transfer cycle, transferring the
      bacon strip group which was sensed by photodetector PC (which was conveyed
      onto loading platform 53 in the interim time required for carriage 62 to
      advance from its home position to the loading platform 53). The product
      transfer carriage 62 continues through its cycle until it returns to the
      home position, as detected by limit switch LS3. When this switch is
      actuated, the transfer carriage control circuit 102 causes clutch 95 to be
      disengaged and carriage drive shaft 94 to be braked so as to hold the
      transfer carriage 62 in its home position. It will be appreciated that the
      speed of conveyor 33 and the cantilevered conveyor assemblies 54 of the
      carriage loading platform 64 is such that the group of bacon strips
      detected by product detector 100 (photodetector PC) will have proceeded to
      the loading platform 64 by the time the product support members 61 of the
      product transfer carriage 62 pass therethrough. In the present embodiment
      this speed control is facilitated by operating the transfer carriage 62
      and the two conveyors 33 and 54 from the same motor 92.
PAR  In accordance with the invention, the cycling of the transfer carriage
      initiates a slicing cycle in slicer 32. That is, as transfer carriage 62
      completes its cycle a limit switch LS2 is actuated. This conditions a
      product feed control circuit 103 to simultaneously initiate a start signal
      to the hydraulic feed motor 48 and reset a slice counter 104. However,
      product feed control circuit 103 accomplishes neither of these functions
      until the slicer blade 40 has rotated to a reference position immediately
      preceding its next cutting cycle. This is detected by means of a pickup
      105 associated with the slicer blade fly wheel 43, which may comprise a
      reed switch PU2 responsive to the passage of a first circumferentially
      positioned magnetic actuator 106 on the flywheel 43 or another type of
      position detector such as a magnetic coil.
PAR  Once pickup 105 (PU2) has detected the beginning of a slicing cycle,
      product feed control circuit 103 conditions the hydraulic product feed
      motor 48 to start feeding bacon slabs 47 into the slicing blade and resets
      slice counter 104 to a zero counting state. Henceforth, each rotation of
      the slicer blade 40 is detected by a second pickup 107 associated with fly
      wheel 43, which may comprise a magnetic coil PU 1, responsive to the
      passage of a second circumferentially positioned magnetic actuator 108 on
      the fly wheel 43, or another type of position detector such as a reed
      switch. Each rotation causes slice counter 104 to be stepped one count.
      The slicer blade 40 continues to rotate and the bacon slab 47 continues to
      be fed into the blade until the desired number of bacon slices have been
      cut, as determined by a predetermined counting state being obtained in
      counter 104. At this time slice counter 104 produces an output signal
      which is applied to the product feed control circuit 103 to condition
      these circuits to stop the hydraulic product feed motor 48. The feeding of
      the bacon slab 47 into the slicing blade 40 is immediately stopped, and
      the group of sliced bacon strips 29 advances along conveyor 33 until the
      lead bacon strip eventually reaches the product detector 100 (PC), at
      which point the aforedescribed transfer cycle of product transfer station
      34 is initiated. This in turn initiates another bacon slicing cycle, so
      that an uninterrupted flow of groups of bacon slices spaced side-by-side
      along conveyor 33 for loading onto oven conveyor 31 is obtained. Since
      only complete slicing cycles are possible, the slicer being prevented from
      slicing partial slices, no partial bacon slices, or so-called short
      slices, are loaded onto the oven conveyor 31. This obviates the need to
      station an observer at the oven conveyor to watch for such short slices
      and replace them with complete slices, as has been necessary with prior
      art loading systems. Furthermore, since the conveyance of each group of
      bacon strips is carefully controlled with respect to the operation of the
      product transfer conveyor, it is possible to obtain a high degree of
      accuracy in the placement of the bacon strips on the oven conveyor 31.
      This allows the end strips in each transverse row on conveyor 31 to be
      positioned closer to the edge of the conveyor, thereby allowing placement
      of more strips in each row and greater utilization of the frying oven 30
      than was possible with prior art oven loading systems.
PAR  A simplified schematic diagram of the electrical control circuitry employed
      in the illustrated embodiment of the invention is shown in FIG. 8. The
      slicer motor 44 is powered from a 460 volt three-phase power source by way
      of individual contact sections of a power control relay CRM. Two legs of
      the three phase power source are connected to the primary winding of the
      step-down transformer 110. The secondary winding of this transformer is
      connected through a fuse 111 to supply bus 112 which supplies AC current
      for the control circuits of the loading system, and the other terminal is
      grounded. The supply bus 112 is connected through a normally-closed slicer
      interlock switch LSl, a normally-closed STOP push button switch 113 and a
      normally-open START push button switch 114 to the motor control relay CRM.
      A pair of normally-open contacts 115 of relay CRM are shunt-connected
      across START push button 114 to provide a holding circuit for the motor
      control relay. To place the slicer in operation, it is necessary to have
      the slicer housing closed so that limit switch LS1 will be closed. The
      slicer motor 44 can then be started by momentarily depressing START push
      button 114, which energizes motor control relay CRM and closes the
      associated holding contacts 115. Relay CRM is maintained energized by
      contacts 115 until the STOP push button 113 is subsequently depressed.
PAR  The operation of the product transfer carriage 62 can be manually
      controlled by momentary actuation of a MANUAL TRANSFER push button 116.
      This causes a carriage control relay CRS to be actuated, which in turn
      causes direct current obtained from a bridge rectifier 117 to be applied
      through contacts 118 of relay CRS to the clutch control solenoid of the
      transfer carriage clutch 95, and direct current to be removed through
      normally-closed contacts 119 of relay CRS from the brake control solenoid
      of that clutch. Relay CRS can also be actuated automatically by product
      detection circuit 101, which it will be recalled detects the passage of
      bacon strips at photodetector PC. Once the carriage transfer cycle has
      been initiated, the spring-biased limit switch LS3 is urged into a closed
      condition to maintain relay CRS energized until the transfer carriage
      again returns to its home position. At this point, limit switch LS3 is
      forced open, and absent another start command from either the MANUAL
      TRANSFER push button switch 116 or the product sensing circuit 101 the
      carriage remains in its home position.
PAR  The cycling of transfer carriage 62 also causes the momentary opening of
      limit switch LS2. Since motor control relay CRM is closed during operation
      of the system, contacts 120 of relay CRM are closed and power is supplied
      to a bridge rectifier network 121. This network supplies direct current
      through normally-closed limit switch LS2 to relay CR4 by way of the
      parallel-connected contacts 122 of relay CR3, 123 of relay CR4, and 124 of
      time delay relay TD1. The initial closure of contacts 120 causes the time
      delay relay TD1 to be actuated only after a momentary delay. This causes
      contacts 124 to be initially closed for a short period of time, so that
      relay CR4 will normally be energized at this time. Contacts 123 provide a
      holding circuit so that once relay CR4 has been energized, it remains
      energized. Thus, relay CR4 is energized upon initial operation of slicer
      motor 44, and remains energized until limit switch LS2 is subsequently
      actuated by the cycling of carriage 62.
PAR  It will be recalled that the slicer blade 40 is continuously driven and
      that it periodically passes through an interim or reference position
      immediately preceding its next cutting cycle. As the cutter blade 40
      passes through this reference position it will also be recalled that
      pickup 105 (PU2) is momentary actuated by appropriate magnetic means on
      the cutter blade fly wheel 43. The momentary actuation of reed switch PU2
      causes the counter reset relay CR3 to be actuated through the
      normally-closed contacts 125 of relay CR4, provided that relay CR4 has
      been previously de-energized. Since this can happen only if limit switch
      LS2 has been first actuated, it follows that relay CR3 will be actuated
      only when the cutter blade arrives at its reference position after the
      transfer carriage 62 has begun a transfer cycle. Energization of the
      counter reset relay CR3 closes contacts 122, which actuates relay CR4.
      This in turn opens contacts 125 to prevent relay CR3 from being again
      actuated during the succeeding cutting cycles prior to the slice counter
      104 reaching its predetermined maximum count.
PAR  The energization of relay CR3 causes contacts 126 to be momentarily closed,
      thereby resetting slice counter 104. Counter 104 is stepped by output
      pulses from pickup 107 (PU1), which it will be recalled comprises a
      magnetic pickup coil located immediately adjacent fly wheel 43 to record
      the completion of each slicing cycle, i.e. each complete rotation of
      slicer blade 40. Upon the completion of the first slicing cycle, contacts
      127 in slice counter 104 close to apply power through the normally-open
      contacts 128 of relay TD1 to the ON control solenoid of the hydraulic feed
      motor 48. Contacts 128 of relay TD1 are closed at this time, providing a
      sufficient delay has occurred to allow the time delay relay TD1 to have
      been energized following the closure of contacts 120 of relay CRM.
PAR  The closure of contacts 120 is followed with a slight overlap by the
      opening of normally-closed contacts 130, thereby obtaining momentary
      energization of relay CR5 each time relay CRM is energized. This causes
      the hydraulic feed motor 48 to be initially conditioned off through the
      normally-open contacts 131 of CR5 upon each start of the slicer motor.
PAR  Upon completion of a predetermined number of counts, ordinarily
      corresponding to one greater than the number of bacon slices to be
      arranged side-by-side in each row across the bacon fryer conveyor 31 (the
      first count recorded by slice counter 104 not corresponding to the
      production of a bacon slice because of hydraulic feed motor 48 being
      initially conditioned off), contacts 132 of slice counter 104 close and
      the off control solenoid of the hydraulic feed motor 48 is momentarily
      energized. This terminates slicing, since as of that time the bacon slab
      47 will no longer be fed into engagement with the slicer blade 40.
      However, the slicer blade 40 continues to rotate in anticipation of
      another cutting cycle, which will be initiated only upon actuation of
      limit switch LS2 by cycling of the product transfer carriage 62.
PAR  Thus, a novel loading system has been shown for slicing strips of bacon and
      arranging the bacon strips on the continuously moving conveyor of a bacon
      frying oven. The process is continuous and accurate and is accomplished
      with minimum waste. The placement of the bacon strips is maintained to a
      high degree of accuracy for optimum efficiency in the operation of the
      bacon frying oven, and by reason of the consistency of the slicing action
      the need for additional inspection and manual replacement of defective or
      short bacon slices is obviated. The system makes use of conventional
      material handling equipment to a large extent, and is simple and reliable
      in operation.
PAR  While a particular embodiment of the invention has been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from the invention in its
      broader aspects, and, therefore, the aim in the appended claims is to
      cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for transferring a finite number of items from a first
      unidirectionally driven conveyor onto a second unidirectionally driven
      conveyor aligned at right angles to said first conveyor, said system
      comprising, in combination:
PA1  a carriage loading platform comprising a plurality of parallel spaced-apart
      cantilevered conveyor belts arranged at the discharge end of said first
      conveyor;
PA1  means for unidirectionally driving at least a portion of said conveyor
      belts to move said items from said first conveyor onto said carriage
      loading platform;
PA1  a transfer carriage comprising a plurality of parallel spaced-apart
      cantilevered support members anchored to a carriage support block at one
      end, said support members being arranged in a plane and spaced so as to
      pass between respective ones of said cantilevered conveyor belts;
PA1  a carriage offloading platform comprising a plurality of parallel
      spaced-apart cantilevered support rods arranged at the input end of said
      second conveyor to form a contiguous path therewith for said items;
PA1  means for rotating at least a portion of said rods so as to move said items
      from a predetermined offloading position onto said conveyor; and
PA1  carriage actuator means responsive to the presence of said items at a
      predetermined location on said first conveyor for cycling said transfer
      carriage along an operating path whereby said support members are caused
      to successively pass between said cantilevered support belts of said
      carriage loading platform and said cantilevered support rods of said
      carriage offloading platform while being maintained in a substantially
      horizontal plane, said items having advanced onto said loading platform
      prior to said support members passing therethrough whereby said items are
      transferred from said carriage loading platform to said carriage
      offloading platform.
NUM  2.
PAR  2. A transfer system as defined in claim 1 wherein said carriage actuator
      means include detection means disposed at said predetermined location
      along said first conveyor for detecting the passage of said items at said
      location.
NUM  3.
PAR  3. A transfer system as defined in claims 1 wherein said transfer carriage
      is maintained in a home position when not in operation, and wherein the
      time required for said items to advance from said predetermined location
      onto said carriage loading platform is substantially equal to the time
      required for said transfer carriage to advance from said home position to
      said carriage loading platform.
NUM  4.
PAR  4. A transfer system as defined in claim 1 wherein said first conveyor
      comprises a plurality of unidirectionally driven belts, and said items
      comprise bacon strips arranged serially on said first conveyor and in
      side-by-side regularly spaced transverse rows on said second conveyor.
NUM  5.
PAR  5. A system for transferring a finite number of serially arranged bacon
      strips from a first unidirectionally driven conveyor onto a second
      conveyor aligned at right angles to said first conveyor, said system
      comprising, in combination:
PA1  a carriage loading platform comprising a plurality of parallel spaced-apart
      cantilevered conveyor belts arranged at the discharge end of said first
      conveyor and unidirectionally driven to form a contiguous path therewith
      for said bacon strips;
PA1  a transfer carriage comprising a plurality of parallel spaced-apart
      cantilevered support members anchored to a carriage support block at one
      end, said support members being arranged in a plane and spaced so as to
      pass between respective ones of said cantilevered conveyor belts;
PA1  a carriage offloading platform comprising a plurality of parallel
      spaced-apart cantilevered support rods arranged at the input end of said
      second conveyor to form a contiguous path therewith for said bacon strips,
      at least a portion of said rods being rotatably driven so as to move said
      bacon strips from a predetermined offloading position onto said second
      conveyor; and
PA1  carriage actuator means including detection means disposed at a
      predetermined location along said first conveyor for detecting the passage
      of said bacon strips at said location, for cycling said transfer carriage
      along an operating path whereby said support members are caused to
      successively pass between said cantilevered support belts of said carriage
      loading platform and said cantilevered support rods of said carriage
      offloading platform while being maintained in a substantially horizontal
      plane, said bacon strips having advanced onto said loading platform prior
      to said support members passing therethrough whereby said items detected
      at said predetermined location are transferred from said carriage loading
      platform to said carriage offloading platform.
NUM  6.
PAR  6. A transfer system as defined in claim 5 wherein said transfer carriage
      is maintained in a home position when not in operation, and wherein the
      time required for said bacon strips to advance from said predetermined
      location onto said carriage loading platform is substantially equal to the
      time required for said transfer carriage to advance from said home
      position to said carriage loading platform.
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ABST
PAL  Conveyor, particularly a conveyor for materials in the shape of fibres
      lying in a sheet, said conveyor comprising at least two consecutive
      conveying elements at least one of which is movable and between which
      there remains a space; at least one movable member extending in said space
      cross-wise to the lengthwise axis of the conveyor; and moving means for
      imparting to said movable member a motion on either side of the median
      plane of said space between four end positions as follows: a first end
      position in which the member takes over the material falling in said
      space, a second end position in which said member lays the material having
      entered said space in such a position that said material will be taken
      over by the second conveyor element to pursue the conveying thereof on
      said conveyor, and two intermediate positions in which said member is
      situated in the proximity of the conveyor movable element and the second
      conveyor element; said means for moving said movable member being arranged
      so as said member and said conveyor movable element are driven in the same
      direction and so as said member defines a continuous curve in passing from
      one position to another.
BSUM
PAR  This invention relates to a conveyor and more particularly to a conveyor
      for materials in the shape of fibres lying in a sheet, which comprises at
      least two consecutive conveying elements the one of which at least is
      movable and between which there remains a space.
PAR  It is well known that in the conveyors used notably for conveying fibrous
      materials, material accumulations are formed in the spaces remaining
      between the conveyor elements, such material accumulations jamming said
      elements if measures are not taken to stop the conveyors at more or less
      frequent time intervals according to the kind of material being conveyed,
      to release said material accumulations, with the resulting drawback of
      causing the stoppage of every operation upstream and downstream of said
      conveyors and thus a decrease in the efficiency of the installations
      performing such operations, to which should be added the costs of the
      manpower required for the conveyor cleaning.
PAR  The invention has for object to obviate such drawback and to provide a
      conveyor which is so arranged that no material accumulation can occur in
      the spaces remaining between the elements comprising said conveyor.
PAR  For this purpose according to the invention, said conveyor comprises at
      least one movable member extending in said space cross-wise to the
      conveyor lengthwise axis and means for imparting to said movable member an
      alternating motion in or on either side of the median plane of said space
      between two end positions, a first end position in which the member takes
      over the material from the conveyor movable element which has entered said
      space, and a second end position in which said member lays the material
      having entered said space in such a position that said material will be
      taken over by the second conveyor element to pursue the conveying thereof
      on said conveyor.
PAR  In an embodiment of the invention, said member is provided on the surface
      thereof facing the movable conveyor element, with means for loosening the
      material therefrom when said material enters said space.
PAR  In an advantageous embodiment of the invention, said member is associated
      with a header supplying compressed air at least between the conveyor
      movable element and the member surface facing said element, said
      compressed air being so directed as to push back the material entering
      said space.
PAR  In a particularly advantageous embodiment of the invention, said member is
      comprised of a rigid rod with a thickness smaller than the width of said
      space, said rod being supported at both ends thereof by two parallel arms,
      each arm cooperating at the end thereof opposite to the rod, with an
      eccentric having an axis in parallel relationship with the rod and between
      the rod and the eccentric, with a link hinged at the one end thereof to
      said arm and at the other end thereof, to a fixed shaft the axis of which
      is in parallel relationship with the rod, said eccentrics mounted on the
      same driving shaft and said links being similar and so arranged that the
      elliptically-shaped rod travel the minor axis of which extends along the
      space width with a length somewhat shorter than the space width, occurs
      along the same direction as the movable element travel.
DRWD
PAR  Other details and features of the invention will stand out from the
      description given below by way of non limitative example and with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic elevation view in section, of a conveyor feeding a
      fibre cutter.
PAR  FIG. 2 is a section view along line II-II in FIG. 1.
PAR  FIGS. 3,4 and 5 are diagrammatic elevation views showing other embodiments
      of the conveyor shown in FIGS. 1 and 2.
PAR  FIGS. 6 to 8 are diagrammatic views in elevation and in section showing
      other embodiments of movable members and the controls thereof, different
      from the ones shown in FIGS. 1 to 5.
PAR  FIGS. 9,11,13 and 17 to 20 are diagrammatic elevation views, with parts
      broken away, showing other embodiments of movable members provided with
      the controls thereof, different from the ones shown in FIGS. 1 to 8.
PAR  FIGS. 10,12 and 14 are views with parts broken away along the lines
      X--X,XII--XII and XIV--XIV in FIGS. 9,11 and 13.
PAR  FIGS. 15 and 16 are detail views of said movable members.
DETD
PAR  In the various figures, the same reference numerals pertain to similar
      elements.
PAR  The conveyors according to the invention as shown in FIGS. 1 to 5 can be
      used with any kind of materials but they are particularly suitable for
      conveying materials in the shape of fibres lying in a sheet, for instance
      for feeding fibre cutters. Such conveyors are provided in each space
      remaining between movable elements 2 of said conveyors, with a movable
      member 3 to which is imparted an alternating motion for pushing back those
      fibres originating from that conveyor element lying upstream from said
      member, that enter said space so as to lay said fibres in the fibre sheet
      either at the bottom thereof or within said sheet, for the fibres to be
      taken over by the conveyor element lying downstream from said member and
      pursuing the feeding thereof without any accumulation in said space. Said
      member 3 extends over the whole width of the conveyor and it is located
      cross-wise to the conveyor lengthwise axis. To make it easier to release
      the fibres from the element 2 located upstream of the member 3, said
      member 3 is provided on the surface 4 thereof facing said element 2, with
      means 5 for releasing the fibres therefrom when they enter the space
      remaining between the elements located on either side of member 3. To
      complete the action of member 3 catching the fibres escaping from the
      sheet, said member 3 is advantageously associated to a header 6 that
      supplies compressed air at least between that conveyor element located
      upstream from the member and the surface 4 thereof, the openings 7 in the
      header 6 being so directed as to push the fibres back towards said sheet.
      Said header 6 extends over the whole length of said member and as shown in
      FIG. 1, it is provided in said member itself with the openings opening in
      the surface 4 thereof. It would of course be possible to provide said
      header 6 with another series of openings directing compressed air between
      member 3 and the conveyor element lying downstream therefrom. It would
      also be possible as shown in FIG. 5, to provide fixed headers 6 located on
      either side of said member 3 for supplying compressed air directed into
      said space so as to push the fibres back in the fibre sheet. As shown in
      FIGS. 1 to 5, said member or members 3 are comprised of a rigid rod 8
      which is supported at both ends thereof by two parallel arms 9. To the
      members 3 shown in FIGS. 1 and 2 is imparted said alternating motion by
      means of said arms 9, the rod 8 of said members having a thickness smaller
      than the width of spaces 1. Each arm 9 of a member cooperates at the end
      thereof opposite to the rod 8, with an eccentric 10 having an axis in
      parallel relationship with said rod and between said rod 8 and eccentric
      10, with a link 11 hinged at the end 12 thereof, to the arm 9 and at the
      end 13 thereof, to a fixed shaft 14 with an axis in parallel relationship
      with said rod. The eccentrics 10 which are mounted on one and the same
      driving shaft 15 driven by a motor 15', and the links 11 are identical and
      so arranged that the travel of rod 8 which is in the shape of an ellipse
      with the minor axis thereof extending along the space width and having a
      length somewhat shorter than the space width, is performed in the same
      direction as the travel of that conveyor element lying upstream of said
      member. The members 3 of the conveyors shown in FIGS. 3 to 5 are also
      comprised each of a rod 8 supported by parallel arms, said rod 8 having a
      thickness slightly smaller than the width of space 1 and the arms 9
      sliding inside fixed guides 16 so arranged as to allow rod 8 to move in
      parallel relationship with itself towards the fibre sheet, each one of
      said arms 9 cooperating at the end thereof opposite rod 8, with a cam 17
      so contoured as to insure the alternating motion of rod 8, said cams 17
      being identical and mounted on one and the same driving shaft 18.
PAR  The member 3 arranged in each one of the spaces 1 of the conveyor, can also
      be comprised of a plurality of relatively-movable elements to which are
      imparted mutually-staggered motions. Such a member shown in FIG. 6 is
      comprised of two parallel rods 8 to each of which is imparted an
      alternating motion, said rods sliding on one another being driven by the
      arms 9 thereof which slide inside guides 16 so arranged that the rods 8
      move in parallel relationship with themselves, each pair of arms 9 being
      controlled by two identical cams 17 or 17', the bosses 19 of cams 17 being
      displaced relative to the bosses 19' of cams 17' which are all made fast
      to one and the same driving shaft 18. The member 3 could also as shown in
      FIG. 7 be comprised of two rods 8 to which is imparted an alternating
      motion in such a way that they move in parallel relationship with
      themselves cross-wise to the fibre sheet, the arms 9 bearing said rods 8
      being guided in 16 in such a way that the paths thereof cross one another,
      each pair of arms 9 being controlled by two identical cams 20 or 20'
      mounted on one and the same driving shaft 21 or 21', the bosses 22 of cams
      20 being displaced by 180.degree. relative to bosses 22' of cams 20' while
      the shafts 21 and 21' are driven at the same speed. To allow reducing the
      height of bosses 22 and 22' and consequently the travel of rods 8, said
      rods can be shaped as combs the teeth of which would intercross.
PAR  To insure for the rods 8 of member 3 shown in FIG. 8, displaced paths of
      elliptical shape, the arms 9 bearing said rods 8 sliding over one another,
      could be joined by slides 23 allowing each pair of arms to slide relative
      to the other pair of arms, along the lengthwise axis of said arms. Each
      pair of arms is then controlled by two identical cams similar to the ones
      shown in FIG. 6, while the arms of the one pair cooperate with an
      eccentric 24 having an axis in parallel relationship with rods 8, said
      eccentrics being mounted on one and the same driving shaft 25 the speed of
      which is synchronized with the one of shaft 18 bearing said cams so as to
      impart to each rod an elliptical travel in the same direction as the
      travel of the conveyor element lying upstream of said member. The cams
      controlling said members can of course be so contoured as to impart to rod
      8 an accelerated motion over a portion of the travel thereof, notably when
      said rod is removed from the material sheet to be conveyed.
PAR  It is to be noticed that member 3 can be arranged at will between two
      successive conveyor elements, between a conveyor movable element and the
      successive fixed element, or still between a fixed element and a movable
      element. In any case, it is required to impart to the member when the path
      thereof is not straight, a motion along the same direction as the conveyor
      movement.
PAR  Said means 5 for releasing the fibres from the conveyor element located
      upstream of member 3 are comprised either of a brush as shown in FIG. 15,
      or of a felt piece attached to surface 4 of rod 8 of member 3, the
      material forming said brush or felt being so selected as to obtain the
      best possible grip with the fibres to be conveyed, said fibres once
      released from said element being taken over the fibre sheet as they are
      brought by said member 3 level with said sheet. Said means 5 could also as
      shown in FIG. 16, be comprised of teeth 27 formed in rod 8 of member 3,
      said teeth 27 being so directed as to draw the fibres released from the
      element located upstream from member 3, towards the fibre sheet as said
      member moves towards said sheet and as to release said fibres when said
      member moves away from said sheet.
PAR  The member 3 located in each space 1 of the conveyor can also be comprised
      as shown in FIGS. 9 and 10, of a rigid rod 8 supported at both ends
      thereof by two parallel arms 9 which each cooperate at the ends thereof
      opposite to the rod, with a cam 28 made fast to a shaft 29 in parallel
      relationship with rod 8, the cams 28 controlling both arms 9 being
      identical and mounted on one and the same driving shaft 29. The arms 9 are
      mounted so as to be slidable along the lengthwise direction thereof,
      inside guides 30 which can in turn swing about an axis at right angle to
      the lengthwise axes of arms 9 by means of pivots 31 cooperating with a
      fixed part 32. Each arm 9 is also controlled by a second cam 33 which
      bears on a roller 34 provided on arm 9, a spring 35 being provided to bear
      on arm 9 and a fixed part 36 so as to push continously the roller 34
      against cam 33, the cams 33 controlling the arms 9 being identical and
      mounted on one and the same driving shaft 37 synchronized with shaft 29.
      The cams 28 and 33 are so contoured as to impart to rod 8 a motion along
      the same direction as the movement of that conveyor element 2 located
      upstream of member 3.
PAR  The member 3 shown in FIGS. 11 and 12 is a modification of the one shown in
      FIGS. 9 and 10 and it does comprise a rigid rod 8 supported by two
      parallel arms 9 that each cooperate with a cam 28 made fast to a shaft 29
      with an axis in parallel relationship with rod 8, said cams 28 controlling
      the arms being identical and driven simultaneously by said shaft 29. The
      arms 9 are mounted in fixed guides 38 so as to be slidable along the
      lengthwise axis thereof. The rod 8 is movable relative to arms 9 and means
      39 are provided thereon to drive the rod 8 with a swinging alternating
      motion on either side of that plane passing through the lengthwise axes of
      arms 9 in such a way that the combined movement imparted by the arms 9,
      the cams 28 and the means 39 occurs along the same direction as the
      movement of that conveyor element 2 located upstream of member 3. The
      means 39 are advantageously comprised of two links 40 provided on each arm
      9, said links 40 being in parallel relationship and rotatably mounted on
      fixed shafts 41 provided on arm 9 and rod 8. The one link 40 has an
      extension 42 bearing a fixed shaft 43 the axis of which lies substantially
      in that plane passing through the lengthwise axes of arms 9, the shafts
      29,41 and 43 being in parallel relationship. The shaft 43 cooperates with
      a second arm 44 parallel to arm 9 and which is guided by a guide 45
      integral with arm 9 in such a way that said second arm 44 moves along the
      lengthwise axis thereof. The arm 44 is controlled by a cam 46 made fast to
      the shaft 29 while a return spring 47 is provided between arms 9 and 44 to
      push continuously the roller 48 thereof against cam 46.
PAR  The member 3 shown in FIGS. 13 and 14 is similar to the one shown in FIGS.
      11 and 12 but it is moreover controlled by cams 33 similar to the ones
      controlling the member shown in FIGS. 9 and 10. To allow such control by
      the cams 33, the guides 38 have been replaced by guides similar to the
      guides 30 bearing the pivots 31.
PAR  As shown in FIGS. 9 to 14, the surface 49 of rod 8 is advantageously
      provided with projections 50 such as points or teeth which are directed
      along the movement direction of rod 8. As stated previously, the cams
      28,33 and 46 can be so contoured as to impart to rod 8 an accelerated
      motion over a portion of the travel thereof, notably by the releasing of
      rod 8 from the material sheet to be conveyed.
PAR  The member 3 shown in FIG. 17 is comprised of a part 50 cooperating with a
      smooth roller 51 of the conveyor and following the shape thereof to push
      back by means of the alternating motion thereof, the material entering the
      space formed between said roller 51 and the end 52 of the conveying belt
      53. Said part 50 is provided with two arms 54 mounted on the shaft 55 of
      roller 51 so as to be freely swingable about said shaft and said part is
      hinged in 56 to the one end of an arm 57 the other end of which is
      provided with a roller 58 cooperating with a cam 59 the axis of which is
      in parallel relationship with the smooth roller axis, the arm 57 being in
      turn hinged between part 50 and cam 59, to the one end of a link 60 the
      other end of which swings freely about a fixed shaft 61 with an axis in
      parallel relationship with shaft 55.
PAR  The member 3 shown in FIG. 18 and the control means thereof are identical
      to the ones shown in FIG. 17, the part 50 cooperating with a fixed
      conveyor element having a cylindrical portion 62 the axis of which is
      parallel to roller 63 of the conveying belt 53, the shaft 55 being fixed.
PAR  In FIG. 19, in space 64 present between part 50 and end 52 of the conveying
      belt is provided an additional member 65 the control means of which are
      similar to the control means of the member shown in FIGS. 9 and 10 and
      described hereinabove, the cams 66 and the eccentrics 67 which are part of
      said control means being driven from the shaft 68 bearing cam 59.
PAR  It is well understood that part 50 could be so arranged as to cooperate
      with the end 52 of conveying belt 53 by means of arms 54 mounted on the
      shaft of cylinder 63.
PAR  Remarkable results have been obtained with a conveyor for materials in the
      shape of fibres which comprises a fixed element 70 located on a level
      lower than the upper reach 71 of the conveying belt 53 that comprises the
      movable conveyor element. The surface 72 of element 70 has a cylindrical
      portion 73 and a projection 74 at the bottom thereof. The member 3 which
      is provided in the space remaining between both elements is similar to the
      one shown in FIGS. 1 and 2, the rod 8 having an L-shaped cross-section,
      such a shape having the advantage of collecting in area 75 of rod 8, the
      fibres that escape in the space and which are taken over by the member
      movement by the conveyed fibre sheet. Said shape due to the extent of the
      rod prevents the fibres winding around said rod, while insuring finally a
      very good rigidity of the rod.
PAR  It must be understood that the invention is in no way limited to the above
      embodiments and that many changes may be brought therein without departing
      from the scope of the invention as defined by the appended claims.
PAR  Thus it would be possible to provide according to the invention, a member 3
      not shown in the drawings which could comprise at least one row of teeth
      in line to which is imparted such a motion that the end of said teeth will
      move in the same direction as the conveyor element located upstream of
      said member and follows in space 1, a path of elliptical shape the major
      axis of which extends along the space with in such a way that said fibres
      convey the fibres coming loose from the element located upstream of said
      member towards the conveyor element located downstream thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. Conveyor, particularly a conveyor for materials in the shape of fibres
      lying in a sheet, said conveyor comprising at least two consecutive
      conveying elements at least one of which is movable and between which
      there remains a space; at least two movable parallel rods supported at
      their ends by arms and extending in said space cross-wise to the
      lengthwise axis of the conveyor, said rods being slidable on one another
      and said arms sliding inside guides so arranged as to allow the rods to
      move in parallel relationship with themselves; and moving means including
      two identical cams associated with each pair of arms, said cams having
      staggered bosses and being mounted on one and the same driving shaft, said
      moving means imparting to each arm an alternating motion such that each
      rod moves on either side of the median plane of said space between four
      positions as follows: a first end position in which the rod takes over the
      material falling in said space, a second end position in which the rod
      lays the material having entered said space in such a position that said
      material will be taken over by the second conveyor element to pursue the
      conveying thereof on said conveyor, and two intermediate positions in
      which the rod is situated in the proximity of the conveyor movable element
      and the second conveyor element; said moving means being arranged so as
      the rod and said conveyor movable element are driven in the same direction
      and so as the rod defines a continuous curve in passing from one position
      to another, the movements of the rods being mutually displaced.
NUM  2.
PAR  2. Conveyor, particularly a conveyor for materials in the shape of fibres
      lying in a sheet, said conveyor comprising at least two consecutive
      conveying elements at least one of which is movable and between which
      there remains a space; at least two movable parallel rods supported at
      their ends by arms and extending in said space cross-wise to the
      lengthwise axis of the conveyor, said rods being movable in parallel
      planes and being guided such that the paths thereof cross one another; and
      moving means including two identical cams for controlling each pair of
      arms, said cams having bosses and being mounted on one and the same
      driving shaft, the bosses of the cams controlling one pair of arms being
      displaced relative to the bosses of the cams controlling the other pair of
      arms, the cam driving shafts being parallel and driven at the same speed,
      said moving means imparting to each arm an alternating motion such that
      each rod moves on either side of the median plane of said space between
      four positions as follows: a first end position in which the rod takes
      over the material falling in said space, a second end position in which
      the rod lays the material having entered said space in such a position
      that said material will be taken over by the second conveyor element to
      pursue the conveying thereof on said conveyor, and two intermediate
      positions in which the rod is situated in the proximity of the conveyor
      movable element and the second conveyor element; said moving means being
      arranged so as the rod and said conveyor movable element are driven in the
      same direction and so as the rod defines a continuous curve in passing
      from one position to another, the movements of the rods being mutually
      displaced.
NUM  3.
PAR  3. Conveyor, particularly a conveyor for materials in the shape of fibres
      lying in a sheet, said conveyor comprising at least two consecutive
      conveying elements at least one of which is movable and between which
      there remains a space; at least two movable parallel rods supported at
      their ends by arms and extending in said space cross-wise to the
      lengthwise axis of the conveyor, said rods being slidable on one another
      and the arms being joined by slides allowing each pair of arms to slide
      relative to the other pair of arms along the lengthwise axis of said arms;
      and moving means including two identical cams having displaced bosses for
      controlling each pair of arms and being mounted on one and the same
      driving shaft, the arms of one pair cooperating each with an eccentric
      having an axis in parallel relationship with said rods, the eccentrics
      being mounted on one and the same driving shaft and imparting to each rod
      an elliptical path occuring along the same direction as the conveyor
      movable element, said moving means imparting to each arm an alternating
      motion such that each rod moves on either side of the median plane of said
      space between four positions as follows: a first end position in which the
      rod takes over the material falling in said space, a second end position
      in which the rod lays the material having entered said space in such a
      position that said material will be taken over by the second conveyor
      element to pursue the conveying thereof on said conveyor, and two
      intermediate positions in which the rod is situated in the proximity of
      the conveyor movable element and the second conveyor element; said moving
      means being arranged so as said member and said conveyor movable element
      are driven in the same direction and so as the rod defines a continuous
      curve in passing from one position to another, the movements of the rods
      being mutually displaced.
NUM  4.
PAR  4. Conveyor, particularly a conveyor for materials in the shape of fibres
      lying in a sheet, said conveyor comprising at least two consecutive
      conveying elements at least one of which is movable and between which
      there remains a space; at least one movable member extending in said space
      cross-wise to the lengthwise axis of the conveyor; and moving means for
      imparting to said movable member a motion on either side of the median
      plane of said space between four positions as follows: a first end
      position in which the member takes over the material falling in said
      space, a second end position in which said member lays the material having
      entered said space in such a position that said material will be taken
      over by the second conveyor element to pursue the conveying thereof on
      said conveyor, and two intermediate positions in which said member is
      situated in the proximity of the conveyor movable element and the second
      conveyor element; said means for moving said movable member being arranged
      so as said member and said conveyor movable element are driven in the same
      direction and so as said member defines a continuous curve in passing from
      one position to another, said member being comprised of a rigid rod with a
      thickness smaller than the width of said space, said rod being supported
      at both ends thereof by two parallel arms which each cooperate at the end
      thereof opposite the rod with a cam made fast to a shaft in parallel
      relationship with said rod, said cams controlling the arms being identical
      and mounted on one and the same driving shaft, said arms being mounted so
      as to be slidable along the lengthwise axis thereof, inside guides which
      are in turn swingable about an axis at right angle to the arm lengthwise
      axes, each one of said arms being also controlled between the rod and the
      cam, by a second cam with an axis in parallel relationship with the first
      cam, said second cam bearing on a roller provided on one arm side, a
      spring bearing at one end thereof on a fixed part while the other spring
      end bears on that arm side opposite said roller substantially level
      therewith, both second cams being made fast to one and the same driving
      shaft the movement of which is synchronized with the shaft bearing said
      first cams, the cams being so contoured as to impart to said rod a motion
      along the same direction as the conveyor movable element motion.
NUM  5.
PAR  5. Conveyor as claimed in claim 4, in which the member rod is movable
      relative to the arms, said means being provided to drive the rod with an
      alternating swinging movement on either side of that plane passing through
      the arm lengthwise axes, the combined motion imparted to the rod by the
      arms driven by the first and second control cams thereof and said means
      occuring along the same direction as the conveyor movable element
      movement.
NUM  6.
PAR  6. Conveyor as claimed in claim 4, in which that rod surface opposite the
      arm control cams is provided with projections for catching the material
      from the conveyor movable element.
NUM  7.
PAR  7. Conveyor as claimed in claim 6, in which said projections are directed
      along the member movement direction.
NUM  8.
PAR  8. Conveyor, particularly a conveyor for materials in the shape of fibres
      lying in a sheet, said conveyor comprising at least two consecutive
      conveying elements at least one of which is movable and between which
      there remains a space; at least one movable member extending in said space
      cross-wise to the length-wise axis of the conveyor; and moving means for
      imparting to said movable member a motion on either side of the median
      plane of said space between four positions as follows: a first end
      position in which the member takes over the material falling in said
      space, a second end position in which said member lays the material having
      entered said space in such a position that said material will be taken
      over by the second conveyor element to pursue the conveying thereof on
      said conveyor, and two intermediate positions in which said member is
      situated in the proximity of the conveyor movable element and the second
      conveyor element; said means for moving said movable member being arranged
      so as said member and said conveyor movable element are driven in the same
      direction and so as said member defines a continuous curve in passing from
      one position to another, said member being comprised of a part cooperating
      with the one end of one conveying element and so contoured as to follow
      the shape of said end, said part having two arms mounted on a conveyor
      shaft so as to be freely swingable about said shaft to push back the
      material entering said space, said part being hinged at the one end
      thereof to at least one arm the other end of which cooperates with a cam
      having an axis in parallel relationship with the axis of said shaft, said
      arm being in turn hinged between the part and the cam, to the one end of a
      link the other end of which swings freely about a fixed axis in parallel
      relationship with the axis of said shaft.
NUM  9.
PAR  9. Conveyor as claimed in claim 8, in which to said part is associated a
      second member located in the space remaining between said part and the end
      of that conveyor element with which said part does not cooperate, said
      second member being comprised of a rigid rod with a thickness smaller than
      the width of said space, said rod being supported at both ends thereof by
      two parallel arms which each cooperate at the end thereof opposite the
      rod, with a cam made fast to a shaft in parallel relationship with said
      rod and said conveyor element shaft, the cams controlling said arms being
      identical and mounted on one and the same driving shaft, said arms being
      mounted so as to be slidable along the lengthwise direction thereof,
      inside guide which are in turn swingable about an axis at right angle to
      the arm lengthwise axes, each one of said arms being also controlled
      between the arm and the cam, by an eccentric with an axis in parallel
      relationship with said cam, said eccentric bearing on a roller provided on
      the one arm side, a spring bearing at the one end thereof on a fixed part
      while the other spring end bears on that arm side opposite said roller
      substantially level therewith, both eccentrics being made fast to one and
      the same shaft rotated from that shaft bearing said cams, said cams being
      so contoured as to impart to said rod a motion along the same direction as
      the conveyor movable element movement, said shaft bearing said cams being
      rotated by means of the shaft bearing the cam controlling said part.
NUM  10.
PAR  10. Conveyor, particularly a conveyor for materials in the shape of fibres
      lying in a sheet, said conveyor comprising at least two consecutive
      conveying elements at least one of which is movable and between which
      there remains a space; at least one movable member extending in said space
      cross-wise to the lengthwise axis of the conveyor; and moving means for
      imparting to said movable member a motion on either side of the median
      plane of said space between four positions as follows: a first end
      position in which the member takes over the material falling in said
      space, a second end position in which said member lays the material having
      entered said space in such a position that said material will be taken
      over by the second conveyor element to pursue the conveying thereof on
      said conveyor, and two intermediate positions in which said member is
      situated in the proximity of the conveyor movable element and the second
      conveyor element; said means for moving said movable member being arranged
      so as said member and said conveyor movable element are driven in the same
      direction and so as said member defines a continuous curve in passing from
      one position to another, said member being comprised of a rigid rod with a
      thickness smaller than the width of said space, said rod being supported
      at both ends thereof by two parallel arms which each cooperate at the end
      thereof opposite the rod, with a cam made fast to a shaft with an axis in
      parallel relationship with said rod, the cams controlling said arms being
      identical and mounted on one and the same driving shaft, said arms being
      so mounted inside fixed guides as to be slidable along the lengthwise axis
      thereof, said rod being movable relative to said arms, means being
      provided on said arms to drive the rod with an alternating swinging motion
      on either side of that plane passing through the arm lengthwise axes, the
      combined motion imparted to the rod by the arms and said means occuring
      along the same direction as the conveyor movable element movement.
NUM  11.
PAR  11. Conveyor as claimed in claim 10, in which said means are comprised of
      two links provided on each one of said arms at the end thereof opposite
      the control cam thereof, said links being in parallel relationship and
      swingably mounted on fixed shafts provided on said arm and said rod, the
      one link having an extension bearing a shaft in parallel relationship with
      said shafts and with the shaft bearing the shaft control cams and the axis
      of which lies substantially in the plane passing through the arm
      lengthwise axes, said fixed shaft on said extension cooperating with a
      second arm in parallel relationship with said arm lengthwise axis and
      being guided inside a guide integral with said arm so as to be movable
      along the lengthwise axis thereof, said fixed shaft being controlled by a
      cam made fast to that shaft bearing said arm control cams, a return spring
      being provided between the first arm and the second arm to bias
      continuously said second shaft towards the control cam thereof.
NUM  12.
PAR  12. Conveyor, particularly a conveyor for materials in the shape of fibres
      lying in a sheet, said conveyor comprising at least two consecutive
      conveying elements at least one of which is movable and between which
      there remains a space; at least one movable member extending in said space
      cross-wise to the length-wise axis of the conveyor, said movable member is
      provided on the surface thereof facing the movable conveyor element with a
      brush for loosening the material from said movable conveyor element when
      the material enters said space, said brush being formed of a material
      which grips the material being conveyed; and moving means for imparting to
      said movable member a motion on either side of the median plane of said
      space between four positions as follows: a first end position in which the
      member takes over the material falling in said space, a second end
      position in which said member lays the material having entered said space
      in such a position that said material will be taken over by the second
      conveyor element to pursue the conveying thereof on said conveyor, and two
      intermediate positions in which said member is situated in the proximity
      of the conveyor movable element and the second conveyor element; said
      means for moving said movable member being arranged so as said member and
      said conveyor movable element are driven in the same direction and so as
      said member defines a continuous curve in passing from one position to
      another.
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ABST
PAL  Apparatus for assembling predetermined numbers of containers into groups,
      and then successively shifting the groups into a machine where they are
      loaded in cartons. The apparatus can simultaneously assemble two groups of
      containers, and superimpose one group upon the other before the two groups
      are simultaneously moved into the loading machine.
BSUM
PAR  This invention relates to infeed apparatus for automatically assembling
      containers into groups and then moving the groups into carton loading
      machines.
PAR  Although the present apparatus is designed for feeding several different
      types of containers, it is particularly designed for cylindrical
      containers, commonly called "cans."
PAR  The cylindrical shape of cans have made them rather difficult to assemble
      into groups to be moved as groups into apparatus wherein they are inserted
      into open-ended cases or cartons or are positioned on carton blanks which
      are then wrapped around the groups. The cans or containers are
      continuously received from conveyors, and they have to be moved
      successively and assembled into groups. This means that the containers are
      sometimes stopped in infeed apparatus.
PAR  It has been found difficult to stop and start conveyors in infeed apparatus
      which slows down the operation of the apparatus and creates problems of
      wear and maintenance. The cans have to be lined up in the groups, and it
      is difficult to keep the cans properly aligned until they are moved into
      the carton machine.
PAR  The present invention reduces or eliminates these problems by providing
      apparatus having at least one continuously moving infeed conveyor. This
      conveyor moves the containers into a guide divided into a plurality of
      open-ended channels extending longitudinally of the conveyor. Means is
      provided for jiggling the cans as they are about to move into the guide
      channels in order to prevent blockage in this area. As the containers are
      fed into one end of the guide channels, containers are moved out of the
      opposite ends thereof onto a platform in rows. When a predetermined number
      of containers are on this platform, forming a desired group, the guide is
      shifted so as to lock the containers in position on the platform. From
      here the containers are shifted in a group into a carton loading machine.
      During this shifting movement, the group is maintained within guides.
PAR  With this arrangement, the infeed conveyor moves continuously, the
      containers are assembled into a group and locked into this group, and then
      are moved into the carton loading machine.
PAR  In a preferred form of this infeed apparatus, two groups of containers are
      simultaneously formed in the manner described above. After the two groups
      have been assembled, one is moved beneath a supporting plate and the other
      is moved on top of this plate. Following this, the two groups are moved
      away from the plate into the carton loading machine, the containers of the
      top group resting on those of the bottom group as the containers leave the
      supporting plate.
PAR  Infeed apparatus in accordance with the present invention comprises an
      endless conveyor having a receiver end for receiving containers to be
      loaded in cartons and a discharge end, a guide overlying the conveyor at
      the discharge end thereof, said guide being divided into a plurality of
      open-ended channels extending longitudinally of the conveyor for receiving
      containers moved by the conveyor and arranging said containers in rows, a
      platform at the discharge end of the conveyor and positioned to receive
      rows of containers from the conveyor, and stop means above the platform
      and spaced a distance from the conveyor to be engaged by containers when a
      predetermined member of containers in the rows are moved on to the
      platform.
PAR  In an alternative form of the invention, the infeed apparatus comprises
      first and second endless conveyors each having a receiver end for
      receiving containers to be loaded into cartons and a discharge end, said
      second conveyor being on a higher level than the first conveyor, a guide
      overlying each conveyor at the discharge end thereof, each guide being
      divided into a plurality of open-ended channels extending longitudinally
      of its conveyor for receiving containers moved by the latter and arranging
      said containers into rows, a platform at the discharge end of each
      conveyor and positioned to receive rows of containers from its conveyor,
      the platform of the second conveyor being higher than the platform of the
      first conveyor, and stop means above each platform and spaced a distance
      from its conveyor to be engaged by containers when a predetermined member
      of containers in the rows are moved on to the platform.
DRWD
PAR  A preferred form of infeed apparatus according to this invention is
      illustrated in the accompanying drawings, in which
PAR  FIG. 1 is a plan view of the apparatus,
PAR  FIG. 2 is a side elevation of the apparatus,
PAR  FIG. 3 is an enlarged fragmentary sectional view taken on the line 3--3 of
      FIG. 1,
PAR  FIG. 4 is an enlarged cross-sectional view taken on the line 4--4 of FIG.
      1,
PAR  FIG. 5 is an enlarged section taken on the line 5--5 of FIG. 1,
PAR  FIG. 6 is a fragmentary sectional view taken on the line 6--6 of FIG. 3,
      showing a portion of the apparatus in its normal position,
PAR  FIG. 7 is a view similar to FIG. 6, but showing this portion of the
      apparatus in an operating position,
PAR  FIG. 8 is a horizontal section taken on the line 8--8 of FIG. 3,
PAR  FIG. 9 is an enlarged sectional view taken on the line 9--9 of FIG. 2,
      showing one of the guides in plan view,
PAR  FIG. 10 is an enlarged fragmentary perspective view of container jiggling
      apparatus over a conveyor belt, the adjacent container guide being omitted
      for the sake of clarity,
PAR  FIG. 11 is an enlarged longitudinal section taken on the line 11--11 of
      FIG. 1, and
PAR  FIG. 12 is an enlarged cross section taken on the line 12--12 of FIG. 1.
DETD
PAR  Referring to the drawings, 10 is infeed apparatus in accordance with this
      invention which is adapted to assemble containers or cans 11 and to direct
      them into a carton loading machine 12, a portion of which is indicated in
      broken lines in FIGS. 1 and 2. Apparatus 10 includes a feeding section 14
      and an assembling section 15. In the illustrated form of the invention,
      there are actually two feeding-assembling sections located side by side,
      and as these are identical, only one will be described in detail.
PAR  Feeding section 14 includes an endless conveyor 20 having a receiver end 21
      and a discharge end 22. This conveyor is a well-known type and is made up
      of a plurality of hingedly connected slats 24 which provide a flat almost
      unbroken surface in the upper horizontal run of the conveyor. Conveyor 20
      is driven at one end by an electric motor 26 through a reduction gear box
      27. A drive shaft 28 is connected to a roller 29 around which the adjacent
      end of the conveyor travels, the opposite ends of this conveyor travelling
      around another roller 30.
PAR  A pair of guide walls 34 and 35 are mounted above conveyor 20 and extend
      from its outer or receiver end 21 part way towards its opposite end.
      Either or both of these guide walls is or are adjustable laterally
      relative to the conveyor. In this example, both walls are adjustable.
      Walls 34 and 35 are respectively carried by vertical supports 37 and 38,
      see FIG. 5, which are suspended from yokes 40 which span conveyor 20 and
      are mounted on a suitable base 41 below the conveyor. Each yoke 40 has
      slots 43 and 44 in the top portion thereof through which bolts 45 and 46
      extend. These bolts also extend through the upper ends of vertical
      supports 37 and 38 adjustably to secure these supports to the yoke.
PAR  A guide 50 overlies conveyor 20 at the discharge end 22 thereof and extends
      towards the guide walls 34 and 35. This guide is made up of a plurality of
      laterally spaced partitions 52 which form open-ended channels 53
      therebetween. Each of these channels is just slightly wider than the
      diameter of the containers or cans 11 which apparatus 10 is designed to
      handle. If containers of different sizes are to be handled, guide 50 is
      changed for one that has channels of sufficient width to permit these
      containers to move therethrough.
PAR  Partitions 52 are retained in their respective positions by yokes 58 and 59
      at their opposite ends and one or more intermediate yokes 60 between said
      ends. It will be noted in FIG. 1 that the outermost partitions 52 of guide
      50 are aligned with guide walls 34 and 35.
PAR  It is preferable to mount guide 50 so that its yoke end 59 can be shifted
      back and forth transversely of the conveyor. For this purpose, an eye bolt
      is secured to yoke 58 through a mounting bracket 64, and fits over a pin
      65 projecting upwardly from a bridge 66 which spans conveyor 20. The
      opposite end of guide 50 is supported by lugs 68 which are secured to yoke
      59 and project outwardly therefrom and rest on the top of another bridge
      70. A fluid cylinder 72 mounted near and to one side of end 22 of the
      conveyor has a piston rod 73 which extends inwardly over yoke 59 and has
      an eye 74 at its outer end fitting over a pin 75 projecting upwardly from
      said yoke. Normally, guide 50 is aligned exactly with guide walls 34 and
      35, but cylinder 72 can be operated to shift the adjacent end of the guide
      laterally slightly relative to said guide walls, the guide swinging on pin
      65 at this time, see FIG. 9.
PAR  It is preferable to provide a stationary guide section 76 at and aligned
      with the inner end of guide 50, see FIG. 1. This guide section has
      partitions 77 with channels 78 therebetween normally aligned with
      partitions 52 and channels 53 of guide 50.
PAR  A smooth surfaced receiving platform 80 is located just clear of the
      discharge end 22 of conveyor 20 and beneath guide section 76 and the
      adjacent end of guide 50, the surface of this plate being in the same
      plane as the upper surface of the conveyor. A wall or stop 82 is
      adjustably mounted above and projects upwardly from platform 80 at a
      predetermined distance from the ends of guide partitions 77. The distance
      between stop 82 and the guide partitions 77 determines the number of
      containers 11 that can be moved on to platform 80 at one time. In this
      example, there are four channels 53 and 78 in the guide and the stationary
      guide section, respectively, and this forms four rows of the container.
      The distance between stop 82 and the end of the guide partitions is
      sufficient to accommodate six containers on platform 80 aligned with each
      channel 53, 78. This means that a group of 24 containers is formed on
      platform 80. When the required number of containers are on the platform,
      cylinder 72 is operated to shift the adjacent end of guide 50 laterally a
      little. This shifts partitions 52 out of line with partitions 77 so that
      containers cannot move into or out of channels 78 or off platform 80. In
      other words, the containers on platform 80 are locked thereon.
PAR  Although guide walls 34 and 35 may extend right up to the end of guide 50,
      it is preferable to provide vibratory means 85 therebetween, see FIGS. 1
      and 10. This vibratory means consists of a pair fo vertical side plates 87
      and 88 which are spaced apart the same distance as guide walls 34 and 35
      and the outermost partitions 52 of the guide, and are aligned therewith,
      as shown in FIG. 1. Plate 88 is carried by arms 90 which project inwardly
      from a crossbar 91 which is fixed to a rotatably mounted vertical shaft
      92. A pin 94 projects outwardly from shaft 92 and is connected through a
      sloppy fit to one end of a long link 96, the opposite end of which is
      connected to an eccentric cam 97 mounted on a shaft 98 which projects from
      roller 30 of conveyor 20. When the conveyor is operating, cam 97 jiggles
      bar 91 which, in turn, jiggles plate 88. Side plate 87 is mounted in the
      same manner through mounting means 100 as plate 88, but plate 87 is
      jiggled by a link 101 connected to cross bar 91 and to a crossbar 102 of
      mounting means 100, see FIG. 10. Thus, during operation, cam 97 swings
      side plates 87 and 88 back and forth to jiggle the containers therebetween
      as said containers are moved by conveyor 20 towards the adjacent end of
      guide 50. This prevents any of the containers from hanging up against the
      ends of partitions 52 of the guide.
PAR  As stated above, there are two parallel feeding-assembly sections 14, 15,
      and for convenience one set of sections has been labelled 14a, 15a, while
      the other has been labelled 14b, 15b. When there are two assembly
      sections, the platform 80 of one is located below the level of the
      platform of the other. In this example, the platform of section 15a is
      below the level of platform 80 of section 15b. The distance between these
      two levels is just a little more than the height of containers 11.
PAR  A double-tiered feed support or platform 105 is located between the
      platforms 80 of sections 15a and 15b. Support or platform 105 consists of
      a lower plate or tier 107 aligned with and in the same plane as platform
      80 of section 15a, and an upper plate or tier 108 aligned with an in the
      same plane as platform 80 of section 15b. Suitable means is provided for
      shifting the group of containers 11 on each of these platforms laterally
      on to the respectively aligned plates of support 105. In this example, a
      head 110 is mounted on the end of a piston rod 111 projecting from a fluid
      cylinder 112. An elongated stop 113 is secured to one end of head 110 and
      projects rearwardly and outwardly therefrom, as shown in FIG. 1. When
      piston rod 111 is retracted, head 110 is aligned with the adjacent outer
      partition 52 of guide 50, and acts as a confining wall for the containers
      on platform 80. Similarly, another head 115 is provided for platform 80 of
      section 15b, the latter head being mounted on the end of a piston rod 116
      of a fluid cylinder 117. An elongated stop 118 is mounted on and projects
      rearwardly from an end of head 115. This head performs in the same manner
      and serves the same purpose as head 110. With this arrangement, when
      cylinders 112 and 117 are operated, the group of containers on the
      adjacent platforms 80 are shifted laterally inwardly of the apparatus, the
      containers of section 15a being moved on to the lower plate 107 and the
      containers of section 15b being moved on to the upper plate 108 of support
      105. The container groups are now position one above the other and are
      aligned with the entrance, not shown, of carton apparatus 12. As the heads
      110 and 115 move inwardly of the apparatus, their respective stops 113 and
      118 close off the adjacent ends of passages 78 of guide section 76.
PAR  Suitable means is provided for moving the container groups off their
      respective support plates and into the carton loading machine, and this
      means is best seen in FIGS. 1, 3, 6, 7 and 8. Although the upper and lower
      containers may be exactly aligned and moved in this alignment into the
      loading machine, it is preferable to move one group slightly ahead of the
      other group so that the containers are out of alignment as they are moved
      into the loading machine. In the latter case, means is provided for moving
      the containers into alignment within the loading machine. The reason for
      this preference is that it is very difficult to get the containers exactly
      aligned and to hold them in that alignment as they are moved into the
      machine. If a container gets out of alignment during the movement, it is
      very likely to fall over or to move others out of position. On the other
      hand, if the containers are staggered a little, each of the upper
      containers rests on portions of two containers below it and this is a
      better support than when the containers are supposed to be aligned and one
      shifts slightly out of alignment with the other.
PAR  Shifter apparatus 120 is provided between the two feeding sections 14 for
      this purpose. This apparatus has lower and upper substantially aligned
      heads 121 and 122, see FIGS. 3, 6, 7 and 8. Lower head 121 is releasably
      secured to a bracket 123 by a bolt 124, said bracket being carried by a
      frame 125. Bracket 123 is secured to and carried by the outer end of a
      piston rod 126 which projects from a long fluid cylinder 127 which, in
      turn, is carried by a bracket 128, see FIGS. 1 and 3.
PAR  An arm 129 is secured to frame 125 and extends upwardly therefrom through a
      long slot 130 in the portion of upper plate 108 which extends outwardly
      from assembly section 15, see FIG. 3. This arm is connected at its upper
      end to one side of a rectangular frame 134, as shown in FIGS. 6 and 7.
      Upper head 122 is secured to a bracket 136 which is connected to the ends
      of a pair of rods 138 which slidably extend through portions of frame 134,
      see FIGS. 6 and 7. A central rod 140 is connected to bracket 136 between
      the two rods 138 and slidably extends through a portion of frame 134 and
      is pivotally connected to a lever 141 which is swingably mounted on a pin
      142 carried by a side of frame 134. The outer end of lever 141 projects
      laterally from this frame in line with a stop 144 which projects
      downwardly into the path of this lever, see FIGS. 3 and 7. A spring 146
      connected at one end thereof to rod 140 and at its opposite end to frame
      134, see FIGS. 6 and 7, normally holds the inner end of this rod against
      an adjustable set screw 147.
PAR  By referring to FIG. 3, it will be seen that upper pusher head 122 is
      normally spaced a little rearwardly of lower head 121, as shown in full
      lines in this Figure. When cylinder 127 is activated, piston rod 126,
      which is connected to lower frame 125, moves said lower frame and upper
      frame 134 forwardly in the direction of the carton loading machine 12, the
      upper frame being moved by the lower frame through vertical arm 129. When
      the outer end of lever 141 engages stop 144, the lever swings around pin
      142 so that upper head 122 is moved forwardly into line with lower head
      121, as shown in dotted lines in FIG. 3. When piston rod 126 is moved in
      the opposite direction, the upper and lower heads are returned to their
      normal positions, during which time lever 141 clears stop 144, allowing
      spring 146 to return the upper head to its position out of line with the
      lower head.
PAR  During the forward movement of pusher heads 121 and 122, the containers 11
      grouped on lower plate 107 and upper plate 108 are moved forwardly and
      into loading machine 12, the two heads 110 of the assembly sections 15a
      and 15b being in their innermost positions at this time and acting as side
      guides for the containers. During this time, the upper containers are
      moved off plate 108 and rest on the upper ends of the containers sliding
      on the lower plate 107. As pusher head 122 is behind pusher head 121, the
      upper containers rest on parts of two lower containers so that they remain
      quite steady during this movement. By the time that head reaches its
      outermost position, lever 141 has engaged stop 144 to move upper head 122
      forwardly relative to the lower head, and this shifts the upper containers
      into alignment with the lower containers within the loading machine. The
      latter machine has stops for these containers.
PAR  It is desirable to provide guide means for the containers at the time the
      upper containers leave plate 108 to sit on the lower containers.
PAR  A pair of transversely-spaced vertical side plates 152 and 153, see FIGS.
      11 and 12, are fixedly mounted at one end on a transverse shaft 155 and
      extend forwardly therefrom into loading machine 12. These plates may be
      swung upwardly out of the loading machine by means of a fluid cylinder 158
      having a piston rod 159 extending therefrom and connected at its outer end
      to the crank 160 which is fixedly connected to and projects upwardly from
      shaft 155. Retraction of piston rod 159 rotates shaft 155 to swing the
      side plates 152 and 153 upwardly out of the way.
PAR  A stabilizer plate 165 is connected to a sleeve 166 which is rotatably
      mounted on shaft 155 and projects forwardly therefrom between side plates
      152 and 153 near the upper edges thereof. This stabilizer plate is
      slightly springy, and it can be swung upwardly out of the loading machine
      by a fluid cylinder 168 having a piston rod 169 projecting therefrom, the
      outer end of said rod being connected to a lug 170 secured to and
      projecting upwardly from sleeve 166. When piston rod 169 is extended,
      plate 165 is in its normal or operative position, and when the piston rod
      is retracted, this plate is swung upwardly out of the way.
PAR  When the two groups of containers are being moved by pusher heads 121 and
      122 into the loading machine, the upper containers move between vertical
      side plates 152 and 153 and beneath stabilizer plate 165 which is inclined
      slightly downwardly so that the uppermost containers brush against this
      plate. The resiliency of plate 165 causes the latter to exert a downward
      pressure on the containers as they are being moved into the machine,
      thereby helping to stabilize these containers at this time.
PAR  Retractable stops are provided above lower plate 107 and above upper plate
      108, these stops being spaced respectively from pusher heads 121 and 122
      so that they act as side guides opposed to these heads when the containers
      are being moved into the superimposed position by the two pusher heads
      110.
PAR  These stops are in the form of hingedly-mounted vertical plates 175 and
      176, see FIG. 3. Plate 175 is fixedly mounted at its lower edge on a
      horizontal shaft 174, which is rotated through a lug 177 by the piston rod
      178 of a fluid cylinder 179. When piston rod 178 is extended, stop plate
      175 is in a vertical position as shown in full lines in FIG. 3, and when
      the piston rod is retracted, the stop plate is swung into the horizontal
      position at the level of plate 107 and forms an extension of the latter as
      shown in broken lines in FIG. 3. Similarly, upper stop plate 176 is
      fixedly connected at its upper edge to a rotatable horizontal shaft 182,
      and a lug 183 fixed to this shaft and projecting upwardly therefrom is
      connected to the outer end of a piston rod 184 of a fluid cylinder 185.
      When piston rod 184 is extended, stop plate 176 hangs downwardly in a
      vertical position, and when this piston rod is retracted, the plate is
      swung upwardly into a horizontal position.
PAR  The operation of feeding apparatus 10 is relatively simple. The containers
      or cans to be loaded into cartons are directed on to the receiver ends 21
      of the two continuously operating conveyors 20. As these cans or
      containers are moved forwardly by the conveyors, they pass between side
      plates 87 and 88 of vibratory means 85 where they are subjected to a
      jiggling action as they are moved forwardly into the channels 53 of guides
      50. The partitions 52 of the guides form the containers into rows, and the
      conveyors move these containers forwardly through channels 78 of guide
      section 76 and on to platforms 80 of assembly sections 15a and 15b, the
      platform of the latter being higher than that of the former. When the
      containers engage stop walls 82, they at the same time touch contact
      switches, not shown, which cause the two cylinders 72 to be actuated to
      shift the ends 70 of the two guides 50 towards each other so that the
      partitions 52 thereof lock the containers in channels 78 and on the
      platforms. As the upper surfaces of conveyors 20 are quite smooth, the
      containers in guides 50 stop moving at this time, even though the
      conveyors continue to operate. Next, the two pusher heads 110 are moved by
      their respective cylinders 112 inwardly of the apparatus to shift the
      assembled containers on to the lower and upper plates 107 and 108 of the
      double-tiered feed support 105. During this lateral movement of the
      containers, the stop plates 175 and 176 are in their vertical positions so
      that the containers are confined during this movement between these stop
      plates and the pusher heads 121 and 122. The stops 113 and 118 of heads
      110 trap the containers in channels 78 of guide section 76.
PAR  When the containers are in the proper positions, pusher heads 110 are
      stopped, and cylinders 178 and 185 are energized to swing stop plates 175
      and 176 into horizontal positions out of the way. Then cylinder 127 is
      energized to move the upper and lower pusher heads 121 and 122 to shift
      the containers into the loading machine 12. As the upper containers leave
      plate 108 they drop onto the upper ends of the lower containers but are
      staggered relative thereto, but when lever 141 engages stop 144, upper
      head 122 advances relative to lower head 121 to shift the containers into
      vertical alignment within the carton loading machine. Side plates 152 and
      153 and stabilizer plate 165 are swung upwardly out of machine 12 by
      cylinders 158 and 168 so that the loading machine can do its job after
      heads 121 and 122 are withdrawn therefrom. When these heads reach their
      normal at-rest position, the remaining elements of apparatus 10 are
      returned to their normal at-rest positions. As heads 110 are retracted,
      the ends 70 of guides 50 are shifted back to their normal positions so
      that containers are now moved by conveyors 20 into channels 78 of guide
      section 76 and on to the platforms 80. As conveyors 20 terminate short of
      these platforms, the containers on the conveyors move those ahead of them
      through channels 78 and on to and across the platforms 80 until a
      container of each of the four rows thereof engages stop wall 82.
PAR  Apparatus 10 can be used to feed only single layers of containers. In this
      case, only feeding and assembling section 15a would be operated.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for grouping containers and feeding the groups to a carton
      loading machine, comprising a smooth-surfaced endless conveyor having a
      receiver end for receiving containers to be loaded into cartons and a
      discharge end, a platform at the discharge end of the conveyor and
      positioned to receive containers therefrom, a guide overlying the conveyor
      at the discharge end thereof, said guide being divided by a plurality of
      laterally spaced partitions into a plurality of open-ended channels
      extending longitudinally of the conveyor and terminating in inner ends
      near said platform, a stationary guide section overlying said conveyor
      between said guide and said platform, said guide section including a
      plurality of spaced partitions forming open-ended channels normally
      aligned with the partitions and channels, respectively, of said guide,
      means for pivotably supporting said partitions of said guide so that the
      inner ends thereof can be shifted laterally out of alignment with the
      partitions of said guide section, said conveyor moving containers
      successively into and through the channels and on to and across the
      platform in rows, stop means above the platform and spaced a distance from
      the conveyor and said guide partitions to be engaged by containers when a
      predetermined number of containers in the rows are moved on to the
      platform, power means connected to the guide partition inner ends for
      shifting said ends laterally into positions opposite the adjacent ends of
      the rows of containers on the platform, and operating means at said stop
      means and operatively connected to said power means and operated by
      containers at the stop means to cause the power means to laterally shift
      the inner ends of the partitions of the guide out of alignment with the
      partitions of the guide section when said predetermined number of
      containers are on the platform so as to lock the containers on the
      platform.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 including vibratory means for jiggling
      the containers on the conveyor at outer ends of said partitions to prevent
      said containers from being caught on said outer ends.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 in which said platform has a smooth
      uninterrupted surface, and including a feed support on one side of the
      platform to receive containers therefrom, and means for shifting the rows
      of containers transversely of said rows on the platform in a group
      laterally off said platform and on to the feed support.
NUM  4.
PAR  4. Apparatus as claimed in claim 3 including means for shifting the group
      of containers off said feed support and into an adjacent carton loading
      machine.
NUM  5.
PAR  5. Apparatus as claimed in claim 3 in which said means for shifting the
      rows of containers in a group comprises a pusher head normally positioned
      on the side of the platform remote from said feed support and mounted for
      movement back and forth across the platform, and power means for
      reciprocating the pusher head across the platform.
NUM  6.
PAR  6. Apparatus as claimed in claim 5 including stop means connected to the
      pusher head so as to move across the inner ends of the guide partitions to
      close off the channels therebetween when said head is reciprocated across
      the platform.
NUM  7.
PAR  7. Apparatus for grouping containers and feeding the groups to carton
      loading machines, comprising first and second feeding sections, each said
      feeding section comprising a smooth-surfaced endless conveyor having a
      receiver end for receiving containers to be loaded into cartons and a
      discharge end, a platform at the discharge end of the conveyor and
      positioned to receive containers therefrom, a guide overlying the conveyor
      at the discharge end thereof, said guide being divided by a plurality of
      laterally spaced partitions into a plurality of open-ended channels
      extending longitudinally of the conveyor and terminating in inner ends
      near said platform, a stationary guide section overlying said conveyor
      between said guide and said platform, said guide section including a
      plurality of spaced partitions forming open-ended channels normally
      aligned with the partitions and channels, respectively, of said guide,
      means for pivotably supporting said partitions of said guide so that the
      inner ends thereof can be shifted laterally out of alignment with the
      partitions of said guide section, said conveyor moving containers
      successively into and through the channels and on to and across the
      platform in rows, stop means above the platform and spaced a distance from
      the conveyor and said guide partitions to be engaged by containers when a
      predetermined number of containers in the rows are moved on to the
      platform, power means connected to the guide partition inner ends for
      shifting said ends laterally into positions opposite the adjacent ends of
      the rows of containers on the platform, and operating means at said stop
      means and operatively connected to said power means and operated by
      containers at the stop means to cause the power means to laterally shift
      the inner ends of the partitions of the guide out of alignment with the
      partitions of the guide section when said predetermined number of
      containers are on the platform so as to lock the containers on the
      platform, the conveyor and platform of the first feeding section being
      higher than the conveyor and platform of the second feeding section.
NUM  8.
PAR  8. Apparatus as claimed in claim 7 including vibratory means for jiggling
      the containers on the conveyor at the outer ends of the partitions of each
      guide to prevent said containers from being caught on said outer ends.
NUM  9.
PAR  9. Apparatus as claimed in claim 7 in which each of said platforms has a
      smooth uninterrupted surface, and including a double-tiered feed support
      between said platforms, said feed support having a lower tier positioned
      to receive containers from the platform of the first feeding section and
      an upper tier positioned to receive containers from the platform of the
      second feeding section, and means for shifting the rows of containers
      transversely of said rows in a group off each of the platforms and on to
      the respective upper or lower tier of the feed support.
NUM  10.
PAR  10. Apparatus as claimed in claim 9 in which said means for shifting the
      rows of containers in a group off each platform comprises a pusher head
      normally positioned on the side of the platform remote from said feed
      support and mounted for movement back and forth across the platform, and
      power means for reciprocating the pusher head across the platform.
NUM  11.
PAR  11. Apparatus as claimed in claim 10 including stop means connected to each
      pusher head so as to move across the inner ends of the adjacent guide
      partitions to close off the channels therebetween when said head is
      reciprocated across the platform.
NUM  12.
PAR  12. Apparatus as claimed in claim 9 including means for shifting the groups
      of containers simultaneously off the tiers of the feed support and into an
      adjacent loading machine, the containers of the lower tier supporting the
      containers of the upper tier as said containers leave the feed support.
NUM  13.
PAR  13. Apparatus as claimed in claim 12 in which said means for simultaneously
      shifting the groups of containers comprises lower and upper pusher heads
      mounted for movement respectively over the lower and upper tiers, and
      power means for reciprocating said lower and upper heads across their
      respective tiers.
NUM  14.
PAR  14. Apparatus as claimed in claim 13 in which said lower pusher head is
      positioned a little ahead of the upper pusher head with respect to the
      direction of movement thereof so that the containers of the upper tier are
      staggered a little relative to the containers of the lower tier as said
      containers are moved off their respective tiers.
NUM  15.
PAR  15. Apparatus as claimed in claim 14 including means for advancing the
      upper pusher head into vertical alignment with the lower pusher head just
      before said heads stop moving in the direction of the loading machine.
NUM  16.
PAR  16. Apparatus as claimed in claim 9 including guide means for the
      containers moving off the upper tier of the feed support.
NUM  17.
PAR  17. Apparatus as claimed in claim 16 in which said guide means comprises a
      pair of spaced vertical guide plates mounted adjacent the upper tier to
      project into said loading machine and forming a pathway therebetween along
      which the containers of the upper tier move, and power means connected to
      said guide plates operable to move said guide plates up and out of the
      way.
NUM  18.
PAR  18. Apparatus as claimed in claim 16 in which said guide means comprises a
      slightly springy horizontal stabilizer plate mounted adjacent the upper
      tier to project into said loading machine over a pathway along which the
      containers of the upper tier move, said stabilizer plate bearing down on
      said moving containers, and power means connected to said stabilizer plate
      operable to move said plate up and out of the way.
NUM  19.
PAR  19. Apparatus as claimed in claim 16 in which said guide means comprises a
      pair of spaced vertical guide plates mounted adjacent the upper tier to
      project into said loading machine and forming a pathway therebetween along
      which the containers of the upper tier move, first power means connected
      to said guide plates operable to move said guide plates up and out of the
      way, a slightly springy horizontal stabilizer plate mounted adjacent the
      upper tier to project into said loading machine over said pathway, said
      stabilizer plate bearing down on said moving containers, and second power
      means connected to said stabilizer plate operable to move said plate up
      and out of the way.
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ABST
PAL  A plastic puck having a magnetic ring secured to its bottom is employed for
      magnetically conveying a can. The interior of the puck preferably includes
      deflectable plastic fins for securely holding the can within the puck.
BSUM
PAR  This invention relates to conveying of articles, and more particularly to a
      puck for and a method of conveying non-magnetic articles.
PAR  Non-magnetic materials are generally conveyed by standard belt conveyors. A
      standard belt conveyor, however, is limited in that such a conveyor is not
      capable of conveying materials in a non-horizontal direction.
PAR  An object of this invention is to provide for improved conveying of
      non-magnetic articles.
PAR  Another object of the present invention is to provide for magnetic
      conveying of non-magnetic articles in a direction other than a horizontal
      direction.
PAR  A further object of the present invention is to provide for magnetic
      conveying of non-magnetic cans including improved means for cleaning the
      cans.
PAR  Still another object of the present invention is to provide a puck for
      conveying non-magnetic articles.
PAR  Yet a further object of the present invention is to provide for coding of
      containers while being magnetically conveyed.
PAR  These and other objects of the invention should be apparent from reading
      the following description thereof.
PAR  In accordance with the present invention, a non-magnetic article is
      conveyed on a magnetic conveyor within a puck which holds and grips the
      non-magnetic article. The puck includes a magnetic material which
      magnetically holds the puck to the magnetic conveyor whereby the article
      within the puck is magnetically conveyed on the belt.
PAR  The puck is in the form of a container having an interior for receiving the
      article to be conveyed. The interior of the container includes means for
      holding the article within the container in a manner such that the article
      is held within the container, even when conveyed in an inverted position,
      but the article is not held so firmly that there is difficulty in removing
      the article from the puck. The bottom of the container has secured thereto
      a magnetic material whereby the container can be magnetically held by a
      magnetic conveyor.
PAR  The present invention is particularly applicable to the conveying of
      containers which are to be filled with a material. In accordance with one
      aspect of the present invention, the container to be filled is
      magnetically conveyed within the puck in an inverted position during a
      portion of the conveying cycle, and is cleaned in the inverted position by
      means of an air jet into the open container top.
DRWD
PAR  The invention will be further described with respect to the accompanying
      drawings wherein:
PAR  FIG. 1 is an isometric view, partially broken away, of an embodiment of the
      puck of the present invention;
PAR  FIG. 2 is a top view of the embodiment of FIG. 1;
PAR  FIG. 3 is an elevational view of the embodiment of FIG. 1;
PAR  FIG. 4 is an elevational view of another embodiment of the puck of the
      present invention;
PAR  FIG. 5 is a simplified schematic representation of a portion of a magnetic
      conveying assembly incorporating the present invention; and
PAR  FIG. 6 is a simplified schematic representation of a portion of a magnetic
      conveying assembly incorporating the can cleaning station of the present
      invention.
DETD
PAR  Referring now to FIGS. 1-3 of the drawings, there is illustrated a puck,
      generally indicated as 10, for magnetically conveying a non-magnetic
      article. As particularly shown, the puck is in the form of a cylindrical
      plastic container 11 which includes at the bottom thereof a ring 12 of a
      magnetic material such as a grade of stainless steel or chrome plated
      carbon steel.
PAR  The interior of the container 11 includes means for holding an article,
      such as a can 21, to be conveyed in the form of a plurality of elongated
      deflectable plastic fins 13 which are connected to and extend angularly
      inwardly from the interior wall 14 of the container 11. The free ends 15
      of the fins 13 are spaced from the interior wall 14 and the fins 13 are
      deflected inwardly toward the wall upon inserting an article 21 to be
      conveyed into the container. The container 11 and fins 13 are most
      preferably formed of polypropylene in that polypropylene has the ability
      to return to its original shape after being deformed, even when heated in
      a hot water bath. In this manner, the container 11 can be used to convey
      articles of different sizes in that the fins 13 can return to their
      original position after removal of an article.
PAR  The fins 13 function to tightly hold an article to be conveyed even in an
      inverted position, but as should be apparent, as a result of the
      deflectability of the fins 13 the article can be inserted and removed from
      the container without difficulty, either by hand or by machine.
PAR  The puck 10 can be easily produced by any one of a wide variety of molding
      procedures and the magnetic material may be secured and embedded into the
      bottom of the container by placing the ring 12 of magnetic material into
      the mold, prior to forming of the container, followed by forming the
      container around the ring 12.
PAR  It is to be understood, that although the puck has been particularly shown
      with an open bottom, the puck could be formed with a closed bottom. The
      use of an open bottom is preferred in that a container within the puck can
      be coded through the open bottom of the puck during the conveying cycle.
      In addition, the open bottom provides for drainage from the puck; e.g.,
      drainage of water.
PAR  Similarly, the magnetic material can be secured to the container in a
      manner other than by forming the container around a ring of magnetic
      material as particularly described. Thus, for example, a puck can be
      formed of a container 11' inserted into and secured to a sleeve 22 of
      magnetic material, as shown for example in FIG. 4. The use of the modified
      puck of FIG. 4 also produces the advantage that the magnetic force between
      the puck and a magnetic conveyor is distributed over a greater puck area
      permitting a change in conveying characteristics.
PAR  Similarly, as particularly shown, the container 11 is provided with a
      plurality of circumferentially spaced apertures 16, which are provided to
      allow draining of material, particularly water, from the interior of the
      container 11 in that the illustrated puck, has been particularly designed
      for conveying of aersol cans which are submerged into a hot water bath for
      the purpose of leak testing. As should be apparent to those skilled in the
      art such apertures could be omitted.
PAR  The conveying of a non-magnetic article, in particular, a can; e.g., a can
      formed of aluminum, in accordance with the present invention will be
      described with reference to FIG. 5.
PAR  Referring to FIG. 5, there is shown a portion of a magnetic conveyor,
      generally indicated as 51, of a type known in the art; e.g., magnetic
      conveyors are commercially available from Eriez Magnetics Corporation, and
      are comprised of belts moving over enclosed magnetic rails.
PAR  As particularly shown, the illustrated portion of the magnetic conveyor 51
      is comprised of a horizontal portion 52 in which cans 21 in pucks 10 are
      magnetically conveyed in an upright vertical position; a portion 53 in
      which the cans 21 in pucks 10 are magnetically conveyed around 180.degree.
      turn to an inverted vertical position; a horizontal portion 54 in which
      the cans 21 in pucks 10 are magnetically conveyed in an inverted vertical
      position; a portion 55 in which the cans 21 in pucks 10 are magnetically
      conveyed around a 90.degree. bend to a horizontal position; and a vertical
      portion 56 in which the cans 21 in pucks 10 are magnetically conveyed in a
      horizontal position. As known in the art, the magnetic conveying to change
      from a horizontal to a vertical direction is effected, as shown, in order
      to move the belt carrying the cans over an outside radius in changing from
      horizontal to vertical conveying in that the belt can not be maintained to
      an inside radius in conveying cans. As hereinabove described, the cans 21
      which are formed of a non-magnetic material are securely held within the
      pucks 10 by the fins 13 and the pucks 10 are secured and magnetically held
      to the magnetic belt through the ring 12 of magnetic material. The pucks
      10 are capable of holding the cans when filled or empty.
PAR  As should be apparent from the hereinabove description, the use of pucks in
      accordance with the present invention permits magnetic conveying of a
      non-magnetic article, such as an aluminum can, in all directions. The cans
      can be manually or automatically loaded into the pucks, and after
      completion of the conveying cycle, which may include cleaning of the cans,
      bottom coding and filling, the cans can be easily removed from the pucks
      either manually or by other means.
PAR  In accordance with one aspect of the present invention, there is provided
      means for cleaning a can, prior to filling thereof. As particularly shown
      in FIG. 6, a can 21 may be cleaned while held in puck 10 and being
      magnetically conveyed in an inverted position by providing air jets 101
      which are connected to a source of compressed air (not shown) through a
      suitable supply line 102. The jets 101 direct the compressed air into the
      interior of the inverted cans 21 and provide for air cleaning of the can
      interior.
PAR  Numerous modifications of the hereinabove described embodiments are
      possible within the spirit and scope of the present invention. As should
      be apparent from the above description, the puck can be designed in
      different shapes and forms to meet the needs of a particular system.
      Similarly, the magnetic material may be secured to the puck or provided in
      a form other than as particularly described. Similarly, although the
      invention has been particularly described with respect to the preferred
      embodiment wherein deflectable fins are employed for holding an article
      within the puck, other means can be employed for holding an article within
      the puck. Similarly, the present invention is not limited to the conveying
      of cans.
PAR  The present invention is particularly advantageous in that the conveying of
      non-magnetic articles is no longer limited to standard belt conveyors.
      Furthermore, the present invention permits conveying of articles in all
      directions.
PAR  Numerous modifications and variations of the present invention are possible
      in light of the above teachings and, therefore, within the scope of the
      appended claims, the invention may be practised otherwise than as
      particularly described.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A puck for magnetically conveying an article, comprising:
PA1  a plastic cylindrical container, including an open interior for receiving
      an article, an open bottom and an open top for inserting an article into
      the container, a plurality of circumferentially spaced vertical
      deflectable resilient plastic fins integral with the interior wall of the
      container and extending angularly inwardly at an acute angle therefrom,
      said fins extending substantially over the length of the container and
      having free ends spaced from the interior wall of the container whereby
      the fins are deflected toward the container wall upon insertion of an
      article into the container for holding the article within the container;
      and
PA1  a magnetic material in the form of a ring secured to the container bottom,
      whereby an article can be magnetically conveyed in said container in all
      directions.
NUM  2.
PAR  2. The puck of claim 1 wherein the container and fins are formed of
      polypropylene.
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PAL  The present disclosure is directed to sanitary conveyor belts of
      polypropylene or other suitable plastic material having an integrally
      hinged construction defined by spaced notches which define the hinge
      points as well as drive engagement points between the belt and the
      sprockets having teeth which mate with the spaced notches. The belt
      construction also has one or more longitudinal notched grooves which
      defines a tracking and aligning groove which mates with a multi-faceted
      aligning member arranged polygonally about the perimeter of the sprockets
      which support the conveyor belt to preserve its alignment with the drive
      sprockets.
PAL  The conveyor belt is used with an air levitation means in the form of a
      plenum chamber having openings to direct low pressure air against the
      underside of the belt to reduce friction drag when the belt is loaded.
PARN
PAR  This application is a continuation-in-part of my similarly entitled
      application Ser. No. 414,292, filed Nov. 9, 1973 now abandoned.
BSUM
PAR  An object of the present invention is to provide a sanitary food conveyor
      belt which may be made or formed of polypropylene or other suitable
      plastic and having integral hinge properties at underside notches which
      not only let the belt conform to the drive sprocket upon which it is
      supported but also define the mating drive connection with teeth on the
      sprockets to provide a positive drive.
PAR  A further object of the present invention is to provide a food conveyor
      belt as above described and constructed which also has at least one U or
      V-groove longitudinally of its under surface which forms a tracking groove
      to cooperate with a polygonal guide member about the perimeter of the
      sprockets supporting the belt to assure alignment of the belt relative to
      the sprockets and to maintain straight tracking of the belt.
PAR  A still further object of the present invention is to provide a food
      conveyor belt of the construction above described which due to its smooth
      unbroken top surface will be sanitary and easily cleaned and have a
      prolonged life in service expectancy due to the integral hinge properties
      of the polypropylene which is a tough light weight plastic having
      durability characteristics.
PAR  A further object of the present invention is to provide an air levitation
      system for the underside of the upper run of an endless conveyor belt of
      the character described above to reduce friction drag when the belt is
      loaded.
PAR  With the foregoing and other objects in view the invention will be more
      fully described hereinafter and more particularly pointed out in the
      appended claims.
DRWD
PAR  In the drawings in which like parts are denoted by reference characters
      throughout the several views:
PAR  FIG. 1 is a perspective view with parts broken away and parts shown in
      section of an endless sanitary food conveyor belt and drive sprockets
      constructed in accordance with the present invention.
PAR  FIG. 2 is a vertical transverse section taken on the line 2--2 in FIG. 1.
PAR  FIG. 3 is a vertical transverse section taken on the line 3--3 in FIG. 1.
PAR  FIG. 4 is a fragmentary perspective view of a segment of belt construction
      showing the V cuts which define both the driving and aligning features of
      the invention.
PAR  FIG. 5 is a fragmentary perspective view of a segment of belt construction
      showing a U or rounded cut which defines both the driving and aligning
      features of the invention.
PAR  FIG. 6 is a longitudinal section taken on the line 6--6 in FIG. 8 showing
      the relation of the plenum chamber to the upper load carrying run of the
      conveyor belt.
PAR  FIG. 7 is a transverse section taken on the line 7--7 in FIG. 6.
PAR  FIG. 8 is a perspective view with parts broken away and parts shown in
      section of an endless sanitary food conveyor belt similar to FIG. 1 with
      the plenum chamber shown below the upper run of the conveyor belt.
DETD
PAR  Referring now more particularly to the drawings the belt construction
      consists of a plurality of lengths 10 of polypropylene material joined
      contiguously by a U or V joint 11 which define planes of weakness and
      which set forth the inherent integral hinge connections between adjacent
      lengths 10. The belt is formed into an endless shape either by fusion of
      joining in a manner well known in the art to define an endless belt
      configuration. The belt is supported upon and driven by sprockets 12 which
      have teeth 13 which run across the transverse width of the sprocket and
      which teeth are adapted to mesh within the U or V cuts 11 adjoining
      adjacent members 10. The sprockets are driven in a conventional manner and
      are shown in the present embodiment as being provided for rotation with a
      square shaft construction. The points of reduced thickness may be either
      linear or curvilinear.
PAR  Each end of the belt is supported by one or more sprockets 12 such that the
      teeth 13 mesh with the cutouts 11 to drive the food conveyor belt 10 in a
      continuous manner.
PAR  As best seen in FIG. 1 the sprocket 12 is provided with a polygonally
      raised member in the form of a triangular shaped guide 14. This triangular
      shaped polygonal or perimetral guide member 14 rides within and guides and
      controls the V groove 15 which run longitudinally of the conveyor belt
      underside and as best seen in FIG. 1 is at right angles to the V groove 11
      which joins the contiguous hinge construction members 10.
PAR  As shown in FIG. 2 the sprocket 12 has toothed members 13 which run
      transversely across the width of the sprocket 12 and are compatable with
      and mesh with the notches 11 between continguous hinged adjoining segments
      10 of the looped conveyor defining the invention disclosed herein.
PAR  The bending and confirmation of the endless loop or belt construction is
      assisted by the V notches 11 which permits the belts to perform a dual
      function of not only conforming to bending about the semi-perimeter of the
      sprocket 12 but also meshing with the triangular teeth 13 of the sprocket
      12. The groove 15 running longitudinally internally of the belt provides a
      guide member which maintains the belt in proper alignment with the
      sprockets 12 upon which and over which the belt or loop is adapted to be
      supported and rotated.
PAR  Each length 10 is provided with a sprocket tooth engaging recess or cut 11
      which is arranged to provide a driving connection between the lengths and
      the sprocket 12 on which they are mounted. Between the individual lengths
      there is a hinge area identified at the base of the notch 11 which
      consists of a molecularly oriented area of substantial strength and
      possessing the integral hinge feature characteristic of polypropylene.
PAR  The endless loop of belting shown in FIG. 1 defines a sanitary food belt
      construction which may be steam cleaned, washed or maintained in a clean
      sanitary condition with a minimum of effort and having a minimum of moving
      parts.
PAR  The hinge or notch 11 may be either rounded, like a U or it may be
      V-shaped. The teeth 13 and guide 14 may be either rounded, like a U or it
      may be V-shaped; however both the teeth and guide must be complemental
      geometrically to the notches 11 and 15.
PAR  Referring now to FIGS. 6-8, the endless belt 10 is shown being supported
      and driven by sprockets 12 and defining a load bearing upper run 10A and a
      return run 10B. Beneath the upper run 10A of conveyor belt 10 is a plenum
      chamber 16, having curved end walls 17, 18, side walls 19, 20, a bottom
      21, and a perforate top 22 having openings 23 therethrough. The side wall
      19 has an air duct connection which supplies low pressure air through pipe
      24 from a blower 25. Conveyor rails 26, 27 support the upper run 10A of
      belt 10 and air seals 28, 29 are at each end of the top 22.
PAR  The blower 25 supplies low pressure air 1 to 10 pounds pressure to the
      plenum chamber 16 and the air is directed upwardly through openings 23
      which air levitates the conveyor belt run 10A when the belt is loaded and
      which reduces drag and friction between the underside of the upper run 10A
      and the support rails 26, 27. The rails 26, 27 may be of a material having
      a low coefficient of friction such a polyethelene when the belt 10 is of
      polypropylene.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In combination a pair of drive sprockets having triangular spaced apart
      teeth extending axially of the sprocket about the circumference thereof
      and a polygonal aligning guide located substantially centrally of the
      sprocket, an endless food conveyor belt comprising an endless loop of
      polypropylene or polyethylene having integral hinge properties having an
      upper load supporting run and a lower return run, said loop having spaced
      areas of reduced thickness transversely of said belt defined by notches
      from the inside of the loop toward the outside adapted to mate with the
      triangular spaced apart teeth about the circumference of the sprocket, and
      said loop having a groove substantially centrally of the width of said
      loop adapted to be engaged by the triangular aligning guide located
      centrally of the sprocket, and air levitation means positioned below the
      upper load supporting run to reduce surface drag of the upper run of the
      conveyor comprising a plenum chamber having a perforate top below the
      upper run of the conveyor for directing a cushion of air from a low
      pressure source against the upper load supporting run of the conveyor.
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ABST
PAL  A transport system having a collapsible support body, flexibly coupled loop
      segments forming a continuous loop disposed above the collapsible support
      body, and air-bearing space intermediate the continuous loop and support
      body, means for supplying pressurized air to the support body and hence to
      the air-bearing space, drive means and side-sealing means. The system
      provides a portable transport system which may be easily assembled,
      disassembled, and stored in a minimum of space. According to a further
      aspect, there are provided for side-sealing means comprising first and
      second means disposed on the continuous loop and support body, these means
      minimizing the loss of air from the air-bearing space and entailing very
      little friction.
BSUM
PAR  This invention relates in general to certain new and useful improvements in
      transport systems, and more particularly, to portable freight transport
      systems and side-sealing means therefor.
PAR  The movement of freight and/or people has become a rather complex problem
      particularly when it is only necessary to transport either the people or
      freight on a temporary or incremental time basis. For example, in the case
      of remotely located construction sites, it is often necessary to build a
      temporary road from a main access road to the temporary site. This road is
      then used for the transport of material and/or people in land travel
      vehicles. However, after the construction at the temporary and often
      remote site is completed, the temporary access route may often serve no
      further useful purpose.
PAR  In similar manner, it is often necessary to construct temporary transport
      systems at a construction site for movement of material. Again, after the
      material has been moved, these temporary transport systems must then be
      disassembled and moved to a storage area or other site of utilization.
PAR  The building of an access road is time-consuming and costly and as such,
      materially adds to the overall cost of the construction itself. Even when
      access routes are not required, the construction of a temporary transport
      system is in itself quite costly and again materially adds to the overall
      cost of the constructed object.
PAR  One frequent usage of temporary transport systems is in the transportation
      of logs from a timber forest. In these cases, temporary access roads must
      be built and conveyor equipment must often be assembled at a site of
      utilization in order to remove the trees which have been cut down.
      However, after this section of the timber forest has been cleared, the
      road itself usually serves no further purpose and in addition, the
      temporary transport system must be disassembled and hauled away. The
      assembly and disassembly of the conveyor system plus the equipment needed
      to convey the components of the system to and from the site of utilization
      is expectedly guite costly.
PAR  Accordingly, it is an object of this invention to provide for a transport
      system adapted for use as a portable freight transport system, this
      transport system lending itself to easy assembly and disassembly.
PAR  It is a further object of this invention to provide an air-supported
      transport system adapted to operate under low pressure and which may be
      utilized to carry many commodities thereon including bulk payloads.
PAR  A still further object of this invention is the provision of a collapsible
      transport system which lends itself to disassembly whereby the individual
      components may be stacked in vertical layers so that the system may be
      easily delivered to any required site.
PAR  A still further object of this invention is the provision of a portable
      transport system requiring little preparation for its operation and which
      may be adapted to unload the payload thereupon automatically.
PAR  According to a still further aspect of the present invention, there is
      provided for novel side-sealing means adapted for use in any air-supported
      transport system, the novel side-sealing means adapted to minimize air
      loss from an air-bearing space, the side-sealing means further reducing
      friction encountered in conventional side-sealing arrangements.
PAR  Generally, the transport system of the present invention may be
      characterized as comprising a collapsible support body, a continuous loop
      of flexibly coupled rigid segments, said continuous loop being disposed
      above said support body for at least a portion of its length, an
      air-bearing space intermediate said continuous loop and said support body,
      means for supplying a source of pressurized air to said support body,
      means associated with the surface of said support body over which said
      continuous loop passes for supplying pressurized air therefrom to said
      air-bearing space, drive means operatively associated with said continuous
      loop for driving the same, and side-sealing means operatively associated
      with said continuous loop and said support body.
PAR  In greater detail, the support body utilized in the present invention is of
      a collapsible nature and is formed of a flexible material. Such materials
      are well known in the art and thus, any flexible plastic material may be
      utilized. Operationally, the support body is adapted to receive a source
      of pressurized gaseous material which inflates the support body.
PAR  Although, for some usages, the support body may comprise an integral
      one-piece unit, a more conventional arrangement comprises a plurality of
      units. Thus, in its longitudinal direction, the support body preferably
      comprises a series of the same. Conventional means interconnecting the
      units may be employed.
PAR  In a further aspect, the support body may comprise two or more
      longitudinally parallel "air bags". In this embodiment, the upper surfaces
      of the air bags over which the continuous loop passes may be somewhat
      inclined with respect to each other so as to form a V-shaped
      configuration, with the base of the V being intermediate the two parallel
      air bags.
PAR  The continuous loop of flexibly coupled rigid segments is adapted to be
      placed over the uppermost surface of the collapsible support body. As
      mentioned, each of these segments is interconnected with adjacent segments
      so as to provide a relatively air-impervious construction. In this
      respect, reference may be made to co-pending U.S. application Ser. No.
      184,831, filed Sept. 29, 1971.
PAR  As discussed above, the transport system of the present invention comprises
      means for supplying a source of pressurized gaseous material to the air
      bags forming the support body. As used in this application, and the
      claims, when a reference is made to pressurized air or the like, it is
      recognized that any suitable gaseous material may be employed, air being
      the most common. The means employed to supply the pressurized air to the
      support body may be any which are suitable and well known to those skilled
      in the art. Depending on the length of the transport system, the means
      employed may be at spaced-apart intervals such as one-half mile. The
      feature of this invention is that the pressurized air supply may be at a
      relatively low pressure -- e.g. 1 pound per square inch or so. The means
      for supplying the same may comprise compressors or the like.
PAR  Defined intermediate the underside of the continuous loop formed of the
      flexibly coupled relatively rigid segments and the upper surface of the
      support body is an air-bearing space, which forms the support for the
      continuous loop. In order to supply pressurized air to the air-bearing
      space, apertures may be provided within the top surface of the support
      body or, in a preferred aspect, the upper surface of the support body or
      air bags may be of an air pervious material. Thus, a continual supply of
      pressurized air from the means supplying the air bags is provided. Air
      pervious materials may be used which are well known to those skilled in
      the art.
PAR  According to the present invention, side-sealing means are employed at the
      longitudinally extending sides of the support body and the continuous
      loop. These side-sealing means are adapted to substantially reduce the
      escape of air from the air-bearing space. In one embodiment, these
      side-sealing means may take the form of a sprung member depending from
      either the continuous loop or the collapsible support body.
PAR  Means for driving the continuous loop of rigid segments may be of any
      desired form. In one aspect particularly directed towards the embodiment
      wherein two parallel longitudinally extending air bags are employed, a
      drive strap extending from the base of the V-shaped continuous loop may
      form one component of the drive means. Coupled with this there may be
      suitable traction wheels mounted at spaced-apart intervals adapted to
      drive the above-mentioned drive strap. Other drive means such as linear
      motors or the like may equally be employed.
PAR  A feature of the present invention provides for a transport system which
      may be adapted to automatically unload the commodity mounted thereupon.
      Thus, the system of the present invention may be mounted in such a manner
      that at a desired point or points, the support body may be tilted or
      inclined with respect to the horizontal such that the commodity mounted
      upon the continuous loop will tend to slide or roll off the continuous
      loop at this point or points. This feature is permitted due to the use of
      the flexible air bags as will be discussed in greater detail hereinafter.
PAR  In a further aspect, the air bags forming the support body of the present
      invention may have a foundation associated therewith. For many usages
      discussed above, the employment of a foundation is not practical and the
      transport system will be employed as discussed hereinabove. However, when
      used in a relatively fixed environment, a foundation surrounding the
      bottom and sides of the collapsible air bags may be employed.
PAR  In this aspect the foundation may have, mounted on its uppermost side
      walls, means for sloping or inclining the continuous loop so as to unload
      the commodity mounted thereupon as will be discussed in greater detail.
PAR  A further feature of the transport system of the present invention is that
      the system may be easily disassembled and stacked in a very compact
      configuration. Thus, when employing a plurality of air bags forming a
      support body, the segments forming the whole may be disassembled, and when
      the pressurized air is released therefrom, form a very compact arrangement
      occupying very little more space than would be occupied by the continuous
      loop itself.
PAR  In prior art air-supported transport systems, the problem has arisen
      relating to the maintenance of the air pressure within the air-bearing
      space. In other words, although the top and bottom of the air-bearing
      space may be formed so as to be air impervious, the sides intermediate the
      support body and the carrier belt have heretofore contributed greatly to
      the loss of air pressure from within.
PAR  Previous proposals to minimize the loss of air pressure from the
      air-bearing space have included one or more contact strips located along
      the longitudinal edges of the air-bearing space so as to provide a sealing
      arrangement. Although such an arrangement has reduced the air loss from
      the air-bearing space, this arrangement requires proportionately more
      power for the drive means due to the frictional contact of the contact
      strips. Furthermore, due to being in constant physical contact, the
      material employed for the contact strips wears, thus necessitating
      replacement and additional material usage along with high labor costs.
PAR  The side-sealing means according to the present invention are suitable for
      use in any air-supported transport system. Generally, these side-sealing
      means comprise first and second means attached to the belt and support
      body and define a channel extending therebetween. The first means have an
      arcuate portion in a cross-sectional configuration, and the second means
      are adapted to direct a source of pressurized air from the air-bearing
      space against the arcuate portion of the first means whereby the vortex or
      spiral motion is given to the pressurized air. This motion imparted to the
      pressurized air directs the same away from the outlet channel thus
      minimizing the air loss. In this system, all frictional contact between
      the first and second means is avoided.
DRWD
PAR  Having thus generally described the invention, reference will be made to
      the accompanying drawings, illustrating preferred embodiments, and in
      which:
PAR  FIG. 1 is a cross-sectional view of the collapsible loop guide way;
PAR  FIG. 2 is an expanded cross-sectional view of the edge seal of FIG. 1 in a
      pressurized condition;
PAR  FIG. 3 is an expanded cross-sectional view of the side-sealing means in a
      collapsed static condition;
PAR  FIG. 4 is a schematic cross-sectional view showing how the segments may be
      stacked;
PAR  FIG. 5 is a longitudinal cross section of the collapsible loop guide way;
PAR  FIG. 6 is a longitudinal cross section of the collapsible loop guide way
      illustrating the air-bearing and duct;
PAR  FIG. 7 is a plan view of a typical multi-directional loop guide way system;
PAR  FIG. 8 is a cross-sectional view showing the pre-set tilt position of loop
      guide way at an unloading station;
PAR  FIG. 9 is a cross-sectional view showing a controlled tilt station for the
      collapsible loop guide way; and
PAR  FIG. 10 is a perspective view of an air dam.
DETD
PAR  Referring now in greater detail and by reference characters to the
      drawings, FIG. 1 illustrates in cross-sectional view a portable
      collapsible loop guide way transport system designated generally by
      reference numeral 10. Transport system 10 takes the form of a continuous
      loop of flexibly coupled relatively rigid platforms often referred to as
      "loop segments" 12. It can be observed that loop segments 12 are somewhat
      V-shaped in cross section and form a central trough which is adapted to
      accept a suitable type of freight or payload.
PAR  The various loop segments 12 are supported on collapsible air bags or
      so-called duct membranes 18 which are flexible and formed of a relatively
      thick plastic material or the like. The air bags 18 also serve as
      continuous guide way foundation pads for supporting the loop segments 12.
      Each of the air bags 18 includes internal air ducts 20 for receiving air
      under pressure from stationery pumping stations (not shown) which may be
      located at periodic intervals along the longitudinal length of the
      transport system, as for example, one half mile intervals. Diaphragm
      support bulkheads 35 are interconnected by means of a bottom bulkhead
      connector 31 and an intermediate connector 33.
PAR  The platform or belt formed of the loop segments 12 may be driven by
      suitable means such as a set of dual traction wheels (not shown) and which
      are again located at periodic intervals along the length of the transport
      system such as one half mile intervals. These traction wheels will contact
      a continuous drive strap 22 which is in turn operatively connected to and
      depends from the various loop segments 12 along the air bags 18, which as
      indicated previously, function as a continuous guide way. AA diaphragm 24
      is located on the upper portion of the air bags 18 and is air pervious to
      the air under pressure in air ducts 20 to thereby form an air bearing 16
      between the lower wall of the various segments 12 and air bags 18. In this
      connection, edge seal 28 may be employed along the transverse margin of
      the diaphragm 24 and the loop segments 12 in order to maintain the
      air-bearing space and minimize air loss therefrom.
PAR  In one aspect of the invention, a cover member schematically shown as 36,
      (which may be carried by pressurized air), can be removably disposed over
      the loop segments 12 for protecting the freight contained on the segments
      12. In this regard, the cover 36 may be integral with the air bags and
      openable with respect thereto, or it may be merely disposed over the
      segments 12. It should also be observed in this regard that the cover
      member could be designed and supported so as to carry passengers in an
      environment protected from the weather elements.
PAR  FIG. 2 of the drawings illustrates an expanded view of the edge or side
      seal 28 employed in FIG. 1. Thus, as illustrated, the side-sealing means
      employs a first member 32 depending from the underside of belt segments 12
      and a second member 34 attached to membrane 24 of air bag 18. Together,
      members 32 and 34 act in a co-operative manner as will be described in
      greater detail so as to minimize the air loss from air-bearing space 16.
PAR  As illustrated, member 32 has a portion of which is U-shaped comprising a
      base 36 and arms 38 and 42. Arm 42 is continued and reversed back upon
      itself so as to form a "tear-drop" configuration. Member 32, as discussed
      previously, depends from belt segments 12 and is attached thereto at base
      portion 36 and a continuation flange 44. Suitable means of attachments
      such as adhesives, mechanical means, etc. may be utilized. Attached to arm
      42 and forming a downward extension thereof is a flexible flap 40. Flap 40
      may be of any suitable flexible material such as a plastic, thin metal or
      the like. It also may be attached to the arm 42 by suitable means known to
      those skilled in the art.
PAR  Member 34 is adapted to allow pressurized air from air-bearing space 16 and
      direct it substantially parallel to arm 38 of member 32 in such a manner
      that the flow of pressurized air will follow the contour of the U-shaped
      member 32 and thus assume a "whirlpool" or "vortex" configuration.
PAR  Member 34 may be attached to membrane 24 of air bag 18 along the
      longitudinally extending edge thereof. Component 34 comprises two upwardly
      extending elements 48 and 50 defining a trough therebetween and the
      longitudinally extending channel or air outlet 52. Element 50 is apertured
      or provided with other suitable means for allowing the passage of
      pressurized air from air-bearing space 16 into a trough 54 defined by
      elements 48 and 50. From trough 54, the pressurized air will "enter" a
      channel 52 and, as aforementioned, be directed against arm 38 and base 36
      of member 32 in such a manner so as to assume a vortex configuration.
PAR  At the same time, flap 40 will, due to its flexibility, assume the position
      shown by dotted line 40A, due to the pressure within air-bearing space 16.
PAR  As can be seen, a channel or gap 56 is provided between arm 38 of member 32
      and element 48 of member 34. Thus, in operation, the two members do not
      contact each other and little friction is encountered. However, at the
      same time, due to the vortex configuration which the flow of air assumes
      within the U-shaped member 32, there is little loss of air through channel
      56. Thus, side-sealing means 28 substantially reduces the friction and at
      the same time reduces the air loss from air-bearing space 16.
PAR  FIG. 3 illustrates side-sealing means 28 in a static or "collapsed"
      condition wherein there is no pressure differential between the
      air-bearing space 16 and the outside. In this condition, it may be seen
      that the components of the side-sealing means are protected from damage
      due to their contacting each other by the tear-drop shaped element or
      "bumper strip" 41. As can be seen, bumper strip 41 is of a height or depth
      great enough to contact a bumper strip 43 so as to prevent members 32 and
      34 from contacting each other. Similarly, flap 40 is flexible and will
      thus bend when it contacts bumper strip 43.
PAR  Referring back to FIG. 1, it may be seen that four side-sealing means 28
      are employed in the illustrated embodiment, thus, the side-sealing means
      are employed to define two separate air-bearing spaces 16 which support
      the carrier belt segments 12.
PAR  One unique feature of the transport system of the present invention is that
      it can be readily disassembled and stacked in relatively small components
      as illustrated by FIG. 4 of the drawings. It may be observed that the
      various loop segments 12 are designed so that they are nestable with each
      other. In this respect, and with reference to FIG. 1, it might be remarked
      that membrane 24 and diaphragm support bulkhead 35 are hinged by a
      suitable hinging arrangement 37, whereby bulkhead 35 may be swung in an
      outward manner as indicated by the arrows so as to lie in juxtaposition to
      membrane 24. Furthermore, the air bags or so-called duct membranes 18 are
      collapsible into a very small compact unit. Thus, these air bags,
      bulkheads, and diaphragms could be interposed between adjacent vertically
      registered loop segments in the manner illustrated. While the embodiment
      in FIG. 3 illustrates only four such segments in vertical registration, it
      may be observed that these components can be stacked to any desired height
      for shipping and/or storage.
PAR  Referring to FIG. 5, there is illustrated the drive means in longitudinal
      cross section. As illustrated, disposed downwardly of carrier belt
      segments 12 are drive strap support members 60. Furthermore, there are
      provided means of interconnecting segments 12 comprising a segment
      tension/compression coupling 62. Tension/compression couplings 62 are
      adapted to be expandable and contractable so as to articulately connect
      carrier belt segments 12. Also shown in this figure is one of the dual
      traction wheels 64 rotating in the direction shown by the arrow and which
      is adapted to contact the continuous drive strap 22. Thus, movement
      indicated by the arrow is imparted to drive strap 22.
PAR  A further longitudinal sectional view of the closed loop transport system
      is shown in FIG. 6. In this drawing, the flexibly coupled segments 12 have
      between the adjacent segments a coupling seal membrane designated
      generally by reference numeral 66. It may also be noted that pressurized
      air from air duct 20 is supplied through aperture 68 in flexible membrane
      24 so as to supply pressurized air to air-bearing space 16. Optionally
      associated with aperture 68 is an air transfer reed valve 70.
PAR  Also shown in this drawing are a pair of air dams 72 which are transversely
      mounted on the segments 12 forming the carrier belt. These air dams 72 are
      capable of flexing and the flex position is indicated by dotted lines 74.
PAR  FIG. 10 illustrates an expanded view of the air dams according to the
      present invention and reference will now be made thereto. Each air dam 72
      is suitably attached to a carrier belt segment 12 and has a substantially
      triangular configuration with the base of the dam being attached to belt
      segments 12. Within the side walls 76 of the air dam 72 are a plurality of
      air dam pressure control apertures 78. These air dam pressure control
      appertures 78, as illustrated, are covered interiorly of the triangularly
      shaped air dam 72 by flexible transversely extending flaps 80.
PAR  Referring to FIG. 8, there is illustrated the transport system of the
      present invention in a tilted position whereby, the carrier belt segments
      12 are adapted to unload the commodity placed thereupon. Inasmuch as the
      air bags 18 are flexible, they may be shifted in the manner illustrated in
      FIG. 8. According to one aspect of this invention, a segment of the system
      may be permanently tilted in this configuration so as to unload the
      commodity mounted on the segments 12. In other words, the system according
      to the present invention could include the substantially automatic
      unloading platform wherein the air bags are always at a predetermined
      angle so as to automatically disembark the cargo on the belt. In this
      embodiment, they have provided for guide rollers 84 which are adapted to
      guide the segments 12 when in the tilted or unloading configuration and
      retain them in their position.
PAR  FIG. 9 illustrates an embodiment wherein the air bags are normally in an
      upright position but may be tilted so as to disembark the cargo on the
      segments 12. As illustrated, they have provided for a housing or
      foundation 86 adapted to substantially surround the air bags 18.
      Contacting the housing 86 are tilt drive rollers 88, which may be rotated
      so as to unload the commodity carried by the system. Further lateral
      support roller 90 is shown which is adapted to support the system when in
      the tilted position.
PAR  FIG. 7 illustrates one continuous transport configuration which may be
      utilized with the transport system of the present invention. This type of
      looped configuration can be used, for example, in mining or logging
      operations. In this case, it may be observed that the transport system
      extends between the place of operation designated generally by reference
      numeral 94 to an unloading or process site 96. As the system is a
      continuous loop system, the loop can also be utilized to send necessary
      materials from the site of utilization 96 to site 94.
PAR  Although this invention has been described with respect to one embodiment,
      it is recognized that modifications may be made thereto without departing
      from the spirit and scope of this invention. Thus, for example, the
      side-sealing means has been described with respect to the preferred
      embodiment thereof. Side-sealing means employing a separate bumper means
      which is not integral with one of the members hereinabove described are
      deemed to be equivalent to the preferred embodiment.
CLMS
STM  I claim:
NUM  1.
PAR  1. A transport system comprising a collapsible support body of at least two
      parallel flexible air bags, a continuous loop of flexibly coupled loop
      segments, said continuous loop being disposed above said collapsible
      support body for at least a portion of its length, an air-bearing space
      intermediate said continuous loop and said support body, means for
      supplying a source of pressurized air to said support body, means
      associated with the surface of said support body over which said
      continuous loop passes for supplying pressurized air to said air-bearing
      space from said support body, said air bags having upper surfaces which
      are inclined relative to each other, the lower surface of said continuous
      loop being V-shaped such that said continuous loop of flexibly coupled
      loop segments is centered between said air bags and supported thereon by
      two continuous air-bearing spaces intermediate said loop and said air
      bags, drive means operatively associated with said continuous loop for
      driving the same, and side-sealing means adapted to provide sealing
      contact between said continuous loop and said support body.
NUM  2.
PAR  2. The transport system of claim 1, wherein said means associated with the
      surface of said support body for supplying pressurized air to said
      air-bearing space comprises means forming a plurality of apertures within
      said surface of said support body over which said continuous loop passes.
NUM  3.
PAR  3. A closed loop transport system as defined in claim 1, wherein a portion
      of said transport system is tilted with respect to the horizontal whereby
      goods placed on said continuous loop at an embarkation point will be
      automatically discharged.
NUM  4.
PAR  4. The transport system of claim 1, wherein said flexibly coupled loop
      segments are coupled by means of a tension/compression coupling.
NUM  5.
PAR  5. A transport system comprising a collapsible support body of a plurality
      of parallel flexible air bags, said air bags having upper surfaces which
      are inclined relative to each other, a continuous loop of flexibly coupled
      loop segments having a lower V-shaped surface, said continuous loop of
      flexibly coupled loop segments is centered between said air bags, an air
      bearing space intermediate said continuous loop and said support body,
      means for supplying a source of pressurized air to said parallel flexible
      air bags, means associated with the surface of said support body over
      which said continuous loop passes for supplying pressurized air to said
      air-bearing space from the air bags, a continuous drive strap operatively
      associated with said continuous loop, drive traction wheels in
      spaced-apart locations to drive said drive strap to thereby drive said
      continuous loop, and side sealing means adapted to provide sealing contact
      between said continuous loop and said air bags.
NUM  6.
PAR  6. A transport system comprising a collapsible body, a continuous loop of
      flexibly coupled loop segments, said continuous loop being disposed above
      said collapsible support body for at least a portion of its length, an
      air-bearing space intermediate said continuous loop and said support body,
      means for supplying a source of pressurized air to said support body,
      means associated with the surface of said support body over which said
      continuous loop passes for supplying pressurized air to said air-bearing
      space from said support body, drive means operatively associated with said
      continuous loop for driving the same, side sealing means adapted to
      provide sealing contact between said continuous loop and said support
      body, a housing, said housing at least partially surrounding said support
      body, tilt drive rollers being adapted to tilt said housing and said
      support body, and lateral support rollers adapted to support said
      continuous loop when said housing it tilted.
NUM  7.
PAR  7. A transport system comprising a collapsible support body of a plurality
      of parallel flexible air bags having upper surfaces which are inclined
      relative to each other, a continuous loop of flexibly coupled loop
      segments the lower surfaces of which are V-shaped such that said
      continuous loop of flexibly coupled loop segments is centered between said
      air bags, means interconnecting said parallel flexible air bags, said
      continuous loop being disposed above said collapsible support body for at
      least a portion of its length, an air bearing space intermediate said
      continuous loop and said support body, means for supplying a source of
      pressurized air to said support body, means associated with the surface of
      said support body over which said continuous loop passes for supplying
      pressurized air to said air-bearing space from said support body, drive
      means operatively associated with said continuous loop for driving the
      same, and side sealing means adapted to provide sealing contact between
      said continuous loop and said support body.
NUM  8.
PAR  8. A transport system comprising a collapsible support body, a continuous
      loop of flexibly coupled loop segments, said continuous loop being
      disposed above said collapsible support body for at least a portion of its
      length, an air-bearing space intermediate said continuous loop and said
      support body, means for supplying a source of pressurized air to said
      support body, means associated with the surface of said support body over
      which said continuous loop passes for supplying pressurized air to said
      air-bearing space from said support body comprising means forming an air
      pervious membrane whereby said air pervious membrane permits the passage
      of air between said support body and said air-bearing space, drive means
      operatively associated with said continuous loop for driving the same, and
      side sealing means adapted to provide sealing contact between said
      continuous loop and said support body.
NUM  9.
PAR  9. The transport system of claim 8, comprising support bulkheads adapted to
      support said air pervious membrane, and hinging means, said hinging means
      connecting said air pervious membrane and said support bulkheads.
NUM  10.
PAR  10. A transport system comprising a collapsible support body, a continuous
      loop of flexibly coupled loop segments, said continuous loop being
      disposed above said collapsible support body for at least a portion of its
      length, at least one air dam extending transversely of at least one of
      said loop segments, an air-bearing space intermediate said continuous loop
      and said support body, means for supplying a source of pressurized air to
      said support body, means associated with the surface of said support body
      over which said continuous loop passes for supplying pressurized air to
      said air-bearing space from said support body, drive means operatively
      associated with said continuous loop for driving the same, and side
      sealing means adapted to provide sealing contact between said continuous
      loop and said support body.
NUM  11.
PAR  11. In a transport system including a carrier belt, a support body, an
      air-bearing space intermediate the underside of said carrier belt and a
      portion of said support body, and side-sealing means, the improvement
      wherein said side-sealing means comprises first and second means attached
      to the carrier belt and the support body, said first and second means
      forming an outlet channel therebetween, said first means having an arcuate
      portion in cross-sectional configuration, said second means adapted to
      direct a source of pressurized air from said air-bearing space against
      said arcuate portion of said first means whereby said pressuurized air
      will assume a vortex configuration.
NUM  12.
PAR  12. In a transport system including a carrier belt, a support body, an
      air-bearing space intermediate the underside of said carrier belt and a
      portion of said support body, and side sealing means, the improvement
      wherein said side sealing means comprises first and second means attached
      to the carrier belt and the support body, said first and second means
      forming an outlet channel therebetween, said first means having an arcuate
      portion in cross-sectional configuration, said second means adapted to
      direct a source of pressurized air from said air-bearing space against
      said arcuate portion of said first means whereby said pressurized air will
      assume a vortex configuration, and bumper means, said bumper means adapted
      to protect said first and second means when the air-bearing space is
      deflated.
NUM  13.
PAR  13. The apparatus of claim 12, wherein said bumper means and one of said
      first or second means are integral means.
NUM  14.
PAR  14. A transport system comprising a collapsible support body, a continuous
      loop of flexibly coupled loop segments, said continuous loop being
      disposed above said collapsible support body for at least a portion of its
      length, an air-bearing space intermediate said continuous loop and said
      support body, means for supplying a source of pressurized air to said
      support body, means associated with the surface of said support body over
      which said continuous loop passes for supplying pressurized air to said
      air bearing space from said support body, drive means operatively
      associated with said continuous loop for driving the same, and side
      sealing means, said side sealing means comprising first and second means
      attahced to the carrier belt and the support body, said first and second
      means forming an outlet channel therebetween, said first means having an
      arcuate portion in cross-sectional configuration, said second means
      adapted to direct a source of pressurized air from said air-bearing space
      against said arcuate portion of said first means whereby said pressurized
      air will assume a vortex configuration.
NUM  15.
PAR  15. A transport system comprising a collapsible support body of a plurality
      of parallel flexible air bags, said air bags having upper surfaces which
      are inclined relative to each other, a continuous loop of flexibly coupled
      loop segments having a lower V-shaped surface, said continuous loop being
      disposed above said collapsible support body for at least a portion of its
      length wherein said continuous loop of flexibly coupled loop segments is
      centered between said air bags, an air-bearing space intermediate said
      continuous loop and said support body, means for supplying a source of
      pressurized air to said parallel flexible air bags, means associated with
      the surface of said air bags over which said continuous loop passes for
      supplying pressurized air to said air-bearing space from the air bags, a
      continuous drive strap operatively associated with said continuous loop,
      drive traction wheels in spaced-apart locations to drive said drive strap
      to thereby drive said continuous loop, and side sealing means adapted to
      provide sealing contact between said continuous loop and said air bags,
      said side sealing means comprising first and second means attached to the
      carrier belt and the support body, said first and second means forming an
      outlet channel therebetween, said first means having an arcuate portion in
      cross-sectional configuration, said second means adapted to direct a
      source of pressurized air from said air-bearing space against said arcuate
      portion of said first means whereby said pressurized air will assume a
      vortex configuration.
NUM  16.
PAR  16. The transport system of claim 15, including lateral support rollers and
      tilt drive rollers, said tilt drive rollers being adapted to tilt said air
      bags and said lateral support rollers being adapted to support said
      continuous loop when said air bags are tilted.
NUM  17.
PAR  17. The transport system of claim 15, additionally comprising at least one
      air dam, said air dam extending transversely of at least one of said loop
      segments.
NUM  18.
PAR  18. The transport system of claim 17, wherein said air dams are flexible
      air dams permitting the ingress and egrss of pressurized air.
NUM  19.
PAR  19. The transport system of claim 15, wherein said side sealing means are
      provided along each longitudinally extending edge of each of said pair of
      parallel flexible air bags.
NUM  20.
PAR  20. A transport system comprising a collapsible support body, a continuous
      loop of flexibly coupled loop segments, said continuous loop being
      disposed above said collapsible support body for at least a portion of its
      length, at least one air dam extending transversely of at least one of
      said loop segments, an air-bearing space intermediate said continuous loop
      and said support body, means for supplying a source of pressurized air to
      said support body, means associated with the surface of said support body
      over which said continuous loop passes for supplying pressurized air to
      said air-bearing space from said support body, drive means operatively
      associated with said continuous loop for driving the same, and side
      sealing means adapted to provide sealing contact between said continuous
      loop and said support body, said side sealing means comprising first and
      second means attached to the carrier belt and the support body, said first
      and second means forming an outlet channel therebetween, said first means
      having an arcuate portion in cross-sectional configuration, said second
      means adapted to direct a source of pressurized air from said air-bearing
      space against said arcuate portion of said first means whereby said
      pressurized air will assume a vortex configuration.
NUM  21.
PAR  21. The transport system of claim 20, including drive means comprising a
      continuous drive strap operatively associated with said continuous loop,
      and drive traction wheels in spaced apart locations adapted to drive said
      drive strap to thereby drive said continuous loop.
NUM  22.
PAR  22. The transport system of claim 20, wherein said flexibly coupled loop
      segments are coupled by means of a tension/compression coupling.
NUM  23.
PAR  23. In a transport system including a carrier belt, a support body, an
      air-bearing space intermediate the underside of said carrier belt and at
      least a portion of said support body, and side sealing means, the
      improvement wherein said side sealing means comprises first means attached
      to the under side of said carrier belt, said first means having a
      generally U-shaped cross-sectional configuration, second means attached to
      said support body and having an interior cavity, said second means
      including means permitting the ingress of pressurized air from said
      air-bearing space to said cavity and means permitting the egress of air
      from said cavity against said U-shaped first means, whereby said
      pressurized air will assume a vortex configuration, said first and second
      means being in a spaced-apart relationship forming an outlet channel
      therebetween, the whole arrangement being such that said pressurized air
      assuming a vortex configuration minimizes the loss of pressurized air
      through said outlet channel.
NUM  24.
PAR  24. The apparatus of claim 23, additionally comprising bumper means adapted
      to maintain said first and second means in a spaced apart relationship
      when said air-bearing space is deflated.
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ABST
PAL  Apparatus for driving an automatic workpiece conveyor in a press train
      which includes a plurality of linkage members articulated to one another
      to drivingly interconnect a drive element of a press with a workpiece
      conveyor. The linkage members are interconnected and configured so as to
      assure movement of the workpiece conveyor between two end positions, with
      a predetermined stopping interval at the end position, with a continuously
      moving press drive element. These linkage members include a coupling point
      interconnecting two of the members which is constrained to move in a
      predetermined path including two arcuate sections spaced from one another
      and having the same radius of curvature, which arcuate sections correspond
      to the end positions of the conveyor. A secondary linkage system is
      provided for operating a turning device for turning the workpieces when in
      the end positions. This secondary system includes a two-arm lever having
      an adjusting motor for threadably moving two parts with respect to one
      another to effect turning operations. This two-armed lever is pivotally
      mounted at a rocker arm of the driving linkage for the conveyor.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to apparatus for driving automatic workpiece
      conveying devices in a press train. More particularly, the present
      invention relates to such conveying devices which include two standstill
      positions of the conveyor for facilitating pick up and delivery of the
      workpiece or articles being conveyed.
PAR  In prior art systems of this type, cam mechanisms have been employed
      substantially exclusively for the operation of such conveyors. Such prior
      art mechanisms, depending upon the purposes for which they are used, are
      equipped to operate as a single-cam drive or double-cam drive systems.
PAR  Disadvantages arise with such cam disk drive because of the limited power
      transmission available due to the linear or line contact between the cam
      disk and rollers cooperating therewith. Further problems arise with these
      cam disk drives with respect to adjusting the rollers with respect to the
      cam disks so as to assure contact therebetween. Also, the cam disks
      themselves are very expensive to manufacture due to the shapes required
      and the loads which they must withstand. Furthermore, the utilization of
      cam mechanisms in conjunction with frequently required stroke-increasing
      means (which stroke-increasing means usually consists of gears and racks)
      results in a considerably rough running of the machine using the cam disk
      drive conveyors.
PAR  The above-discussed disadvantages of the cam disk drive arrangements are
      avoided in a simple manner by the present invention. The present invention
      contemplates the utilization of an articulated drive, without the use of
      cams. Consequently, the drive of the present invention eliminates the need
      for the long so-called kingpin, which has heretofore been necessary in
      conventional cam mechanisms and which is very sensitive to twisting and/or
      must be of extremely thick dimensions. Such a kingpin has been required in
      the drive connection of the cam mechanism with the press drive. The use of
      an articulated drive connection in accordance with the present invention
      also provides for the possibility of the transmission of large forces
      while utilizing simple members for the construction of the driving
      interconnection between the press drive and the conveyor.
PAR  Also, with the arrangement of the present invention, stroke-increasing
      means are no longer necessary, since larger feeding steps can be obtained
      by articulated members configured as in the present invention, in a given
      space condition, than previously the case with cam drive mechanisms.
PAR  Another important feature of the present invention is the provision of an
      auxiliary drive mechanism for turning operations and the like, which
      auxiliary drive mechanism is interconnected with the articulated drive for
      the conveyor, in a particularly simple and useful manner.
PAR  In a preferred embodiment of auxiliary drive for turning operations, a
      two-armed lever with a guide means extending in the longitudinal direction
      thereof past the axis of rotation is connected for rotation with a rocking
      lever which forms part of the driving linkage for the conveyor. A slide
      block is displaceably arranged in this guide means and is provided with a
      pin to articulate a coupling rod thereto for driving a turning device.
PAR  An important advantage of this type of drive for a turning device resides
      in that the two positions wherein the motion of the conveyor comes to a
      standstill, resulting from the design of the articulated drive connection
      for the conveyor, can also be utilized for the pick up and delivery of the
      parts in the turning device. Furthermore, the adjustment of the slide
      block in the guide means to various spacings from the axis of rotation of
      the lever in its two arms makes it possible, on the one hand, to obtain
      differing swivel angles of the turning device, and on the other hand, to
      obtain selective pivoting of the turning device into respective opposite
      directions.
PAR  Preferably, the slide block has an internal thread engaged by an adjusting
      spindle rotatably supported in the lever. The mating of the internal
      thread and the thread of the adjusting spindle is preferably self-locking.
      Further, a motor is preferably attached to the lever, which motor is in
      driving connection with the adjusting spindle. With these arrangements,
      the variation of the slide block setting in the lever guide means may be
      facilitated also during operation of the apparatus.
PAR  For further background information on the environment with which the
      preferred embodiments of the present invention are particularly concerned,
      see U.S. Pat. Nos. 1,426,039; 2,352,632; 2,929,485; 3,105,399; 3,529,542;
      3,499,334; and 3,707,908.
PAR  These and further objects, features and advantages of the present invention
      will become more obvious from the following description when taken in
      connection with the accompanying drawings which show, for purposes of
      illustration only, several embodiments in accordance with the present
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side schematic view of a first embodiment of a conveying
      apparatus constructed in accordance with the present invention;
PAR  FIG. 1A is a partial sectional view taken in the downward direction of FIG.
      1 and along line 1A--1A of FIG. 1B;
PAR  FIG. 1B is a view taken in the direction from left to right of FIG. 1 and
      along line 1B--1B of FIG. 1A;
PAR  FIG. 2 is a side schematic view of a second embodiment of a conveying
      apparatus constructed in accordance with the present invention;
PAR  FIG. 2A is a partial sectional view taken in the downward direction of FIG.
      2 and along line 2A--2A of FIG. 2B; and
PAR  FIG. 2B is a view taken in the direction from left to right of FIG. 2 and
      along line 2B--2B of FIG. 2A.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Throughout the various views, like reference numerals are used to indicate
      like structures.
PAR  The driving forces for the conveying and turning device of the present
      invention is derived from a gear system operating a press schematically
      indicated at reference numeral 4, by way of a bevel drive 5, 6 and an
      operating crank 7 connected therewith. In this connection, attention is
      directed to the above-mentioned U.S. Pat. No. 3,707,908, which illustrates
      more details of a multiple station press wherein a press drive gear 8 is
      depicted in FIG. 1 which corresponds to the drive 3 of FIG. 1 of the
      present application.
PAR  A coupler 8 is articulated to operating crank 7 and is hingedly supported
      in an end point 9 of a rocker arm 10. The other end of the rocker arm 10
      is articulated in a fixed point at the press 4. The coupler 8 is extended
      past the end point 9 to a coupling point 11, which coupling point 11
      moves, in dependence on the rotation of the operating crank 7, along a
      coupling curve 12. A guide or steering element 15 is connected to the
      coupling point 11 at one end and at the other end in a pivot point 16 with
      a two-armed angled rocking lever 17. This two-armed rocking lever 17 is
      pivotably secured in a fixed point at the press 4.
PAR  A linkage member 18 is articulated to the end of the rocking lever 17
      facing away from the pivot point 16 such that the movements of linkage 18
      are transmitted to the feed slide 2 which is displaceable along a slide
      support 1, by way of an angle lever 19 pivotably mounted in a fixed point
      and by way of a fishplate 20.
PAR  Due to the configuration of the articulated drive connection (with the
      various linkage members being shaped and dimensioned as illustrated in the
      drawings relative to one another), the coupling curve or predetermined
      path 12 of coupling point 11 exhibits two arcuate curve sections 13, 14
      having an equal radius R.sub.I = R.sub.II. The radius R.sub.I, R.sub.II,
      is equal to the effective length of the guide element 15 such that the
      motion of the rocking lever 17 is brought to a standstill in certain
      positions during which the coupling point 11 traverses the curved sections
      13, 14. During these arrested-motion or standstill conditions, the feed
      slide 2 is at a standstill in the respective stop points I, II,
      representing the terminal positions of the movement of the conveyor about
      the advancing stroke H. These standstill conditions or positions are
      designed into the articulated drive system as described above in order to
      facilitate pick up and delivery of parts or workpieces being conveyed.
PAR  A two-armed lever 21 is connected for rotation with the rocking lever 17. A
      guide means 23 extends in the longitudinal direction of two-armed lever 21
      over the common axis of rotation 22 of the rocking lever 17 and lever 21.
      A slide block 24 is displaceably arranged in guide means 23, which slide
      block is provided with a pin 25 to articulate thereto a coupling rod 26
      for driving a turning device 27. An adjusting spindle 28 engages an
      internal thread formed in slide block 24 and is rotatably disposed in the
      lever 21. In this arrangement, the mating of the internal thread in the
      slide block 24 with the thread of the adjusting spindle 28 is fashioned to
      be self-locking. At one end of the lever 21, a motor 29 is mounted which
      is in driving connection with the adjusting spindle 28. In order to secure
      the position of the slide block 24 in the guide means 23, respectively set
      by means of the motor 29, a brake (not illustrated) is preferably
      provided.
PAR  Gripper members (not illustrated, however see the above-mentioned patents,
      for example U.S. Pat. No. 3,707,908 for gripper member constructions) are
      provided in conjunction with the turning device and the conveyor feed
      slide 2. In the direction of movement, each article being conveyed and
      turned has a length exceeding the length of the turning device taken in
      this same direction. This allows gripper members of the feed slide 2 to
      grip each article from both sides at the end portion and also allows
      gripper members of the turning device to grip each article from both sides
      at the middle portion. As seen in top plan view on both sides of the path
      of movement of the articles, one half of the turning device is situated
      with gripper members and outside of these parts the feed slide and
      associated gripper members is situated. Actuating of the gripping members
      may be mechanically derived from drive apparatus or controlled by
      electrical or hydraulic or pneumatic means in dependence on the operation
      of the drive apparatus. However, since the gripper members themselves and
      the actuation devices for same, of known construction, can be used,
      details thereof are not included herewith (also see the above-mentioned
      U.S. patents).
PAR  In the first embodiment of the apparatus of the invention illustrated in
      FIG. 1, coupling rod 26 is articulated, with its end facing away from the
      pin 25, to a leg of an angle lever 30 which is pivotally supported on a
      fixed point 31 intermediate the ends thereof. A guide rod 32 is joined
      with one of its ends to the other leg of the angle lever 30. The other end
      of the guide rod 32 is hingedly joined to a lever extension 33 of a tooth
      segment 35 mounted on a further fixed pivot point 34. A gear wheel 36
      meshes with the tooth segment 35, which gear wheel is drivingly connected
      to pivot the turning device 27 about the fixed axis of rotation thereof.
PAR  In the second preferred embodiment of the invention shown in FIG. 2, the
      coupling rod 26 is articulated, with its end facing away from the pin 25,
      to a coupling member 37 of a quadrilateral bell crank linkage. The two
      pivot arms 38, 39 of the bell crank linkage are supported in respective
      fixed pivot points 40, 41. A sprocket wheel 42 is connected for rotation
      with the pivot arm 39 which swivels by about 180.degree. in accordance
      with the design of the quadrilateral bell crank linkage. By means of a
      chain 43, this sprocket wheel 42 is in driving connection with an
      additional sprocket wheel 44. The turning device is joined to the sprocket
      wheel 44 via an adjustable gear coupling 45, thus effecting the pivoting
      of the turning device about the fixed axis of rotation thereof. The gear
      coupling 45 serves for setting the required initial position of the
      turning device.
PAR  In both of the illustrated preferred embodiments, the displacement of the
      slide block 24 in the guide means 23 serves, on the one hand, for setting
      the magnitude of the angle about which the turning device 27 is pivoted
      and, on the other hand, for selecting the direction in which the turning
      device 27 is pivoted during an advancing stroke H.
PAR  It will be understood that the operation of the gripper elements at the
      conveyor feed slide 2 and the turning device 27 are to be coordinated with
      the drive of the apparatus according to this invention so that, during the
      standstill in the stop point I, the gripper elements of the conveyor close
      and the gripper members of the turning device open, and during the arrest
      of the motion in stop point II, the gripper elements of the conveyor are
      opened and the gripper members of the turning device are closed. The feed
      slide 2 is of such a length that at least two sets of gripper elements are
      mounted thereto in sequence in the conveying direction, wherein one set
      feeds the articles to a turning device 27 and the other set carries the
      turned articles away from the operating zone of the turning device 27.
PAR  It is further noted that the kinematic layout of each of the illustrated
      embodiments results in the stopped position I and II during operation of
      the apparatus.
PAR  While I have shown and described several embodiments in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for driving an automatic workpiece conveyor in a press train
      comprising:
PA1  drive means drivingly connectable to drive elements of a press,
PA1  a first linkage member connected directly to said drive means for movement
      therewith,
PA1  a second linkage member connected directly to a conveyor,
PA1  and a plurality of further linkage members articulated to one another and
      to said first and second linkage members such that movement of said drive
      means is transmitted by way of said linkage members to drivingly move said
      conveyor over a predetermined path including two standstill positions for
      accommodating pick up and delivery of workpieces being conveyed by the
      conveyor,
PA1  wherein said drive means is a rotatable member,
PA1  wherein said linkage members are configured such that a coupling point of
      two of said members is constrained to move in a predetermined path
      including two arcuate sections spaced from one another and having the same
      radius of curvature, said coupling point moving along one of said arcuate
      sections with said conveyor stopped at a first of said standstill
      positions and said coupling point moving along the other of said arcuate
      sections with said conveyor stopped at the other of said standstill
      positions,
PA1  wherein one of said members connected at said coupling point has the other
      end thereof connected to one end of a rocking lever which is rotatable
      about a fixed pivot axis intermediate the ends thereof, the other end of
      said rocking lever being connected to a linkage member drivingly connected
      to control movement of said conveyor in response to pivotal movement of
      said rocking lever about said fixed pivot axis,
PA1  wherein a turning device is provided for turning a workpiece carried by
      said conveyor,
PA1  wherein a secondary linkage system is interconnected between said rocking
      lever and said turning device for driving said turning device, said
      secondary linkage system including a two-armed lever with guide means
      extending in the longitudinal direction thereof beyond the axis of
      rotation of said two-armed lever, a slide block being displaceably
      arranged in the guide means which carries a pin for the hinged connection
      of a coupling rod in the drive train for said turning device.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said two-armed lever is
      supported at said fixed pivot axis of said rocker arm.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein the slide block has an internal
      thread engaged by an adjusting spindle rotatably disposed in the two-armed
      lever.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein the mating of the internal
      thread with the thread of the adjusting spindle is self-locking.
NUM  5.
PAR  5. Apparatus according to claim 4, wherein an adjusting motor is attached
      to the two-armed lever in driving connection with the adjusting spindle
      for rotating same with respect to the internal thread.
NUM  6.
PAR  6. Apparatus according to claim 3, wherein an adjusting motor is attached
      to the two-armed lever in driving connection with the adjusting spindle
      for rotating same with respect to the internal thread.
NUM  7.
PAR  7. Apparatus according to claim 3, wherein said secondary linkage system
      includes a linkage member attached at one end to one end of said two-armed
      lever for movement therewith, the other end of said last-mentioned linkage
      member being pivotally connected at one end at a further linkage member
      which is pivotable about an axis intermediate its ends, the other end of
      said further linkage member being connected to a still further linkage
      member which has teeth engageable with a rotatable gear wheel to turn said
      turning device.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein an adjusting motor is attached
      to the two-armed lever in driving connection with the adjusting spindle
      for rotating same with respect to the internal thread.
NUM  9.
PAR  9. Apparatus according to claim 8, wherein each of said conveying and
      turning devices are provided with selectively engageable workpiece gripper
      means.
NUM  10.
PAR  10. Apparatus according to claim 5, wherein said drive means and said
      conveyor are drivingly connected to one another exclusively by said
      linkage members.
NUM  11.
PAR  11. Apparatus according to claim 6, wherein said drive means and said
      conveyor are drivingly connected to one another exclusively by said
      linkage members.
NUM  12.
PAR  12. Apparatus according to claim 3, wherein said secondary linkage system
      includes a plurality of linkage members including a quadrilateral bell
      crank linkage, which has two pivot arms pivotally supported in fixed
      points, and wherein a sprocket wheel is connected for rotation with one of
      said pivot arms, a chain being provided which drivingly connects said
      sprocket wheel to drive said turning device.
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ABST
PAL  A device for cleaning the balustrade belt of an escalator. The device has
      two opposed compartments connected to each other and is detachably but
      firmly fitted to the balustrade so as to rub the moving belt by means of a
      connector furnished on the escalator. The device has an inward pressing
      spring therein to cause a wiper placed between the device and the belt to
      be in pressing contact with the outer surface of the belt, the wiper being
      firmly held inside the device proper in a notched surface formed between
      two protrusions thereof.
BSUM
PAR  The present invention relates to a device for cleaning the balustrade belt
      of escalator and the like, said device having a wiper therein being
      detachably and elastically fitted to the guiderail of said balustrade belt
      so as to keep the wiper in close contact with the belt on its outer
      surface thereby wiping the belt as the belt moves.
PAR  It has been an earnest desire in the circles concerned to equip escalators
      and the like with a cleaning device for preventing the belt from being
      soiled by hands of riders and also a device able to prevent
      finger-trapping accidents as is often the case with little children.
PAR  A main object of the present invention is to provide a device able to meet
      such demands as above-mentioned, said device being comprised of two
      compartments connected by hinges so as to be separable from each other at
      need, said device further being detachably and elastically fitted onto the
      balustrade belt of an escalator and the like.
DRWD
PAR  The object can be accomplished by the improvement, combination and
      operation of every part constituting the present invention, the preferred
      embodiment of which will be illustrated with the annexed drawings as
      below.
PAR  FIG. 1 is a perspective view of the device in the present invention in a
      state of actual usage.
PAR  FIG. 2 is a magnified view of the main parts of the above.
PAR  FIG. 3 is a longitudinal side view of said device.
PAR  FIG. 4 is a view of said device showing its bottom.
PAR  FIG. 5 is a perspective view of main parts of said device in an exploded
      state.
DETD
PAR  In the embodiment shown in FIG. 1 - 5, an escalator 11 steps 13 above a
      machine chamber 12, side walls 14 at both sides of said steps 13 with a
      guiderail 15 at the outer periphery thereof. On said guiderail 15 is a
      balustrade belt 16 placed so as to move at the same speed as the steps 13,
      said balustrade belt 16 passing through said machine chamber 12 where at
      both ends thereof an inlet 17 is projects therefrom, as is the case with
      the usual escalator and the like.
PAR  The cleaning device 18 is detachably fitted over the balustrade belt 16
      immediately outside the inlet 17 in which said belt is entering.
PAR  The cleaning device 18 made of hard synthetic resin and the like comprises
      two compartments 19 and 20 bending inward so as to fit the shape of the
      balustrade, said compartments 19 and 20 being connected by hinges 21 and
      axis 22 so as to be positioned at the connected part below said
      balustrade. Said compartments 19 and 20 are provided with a spring 23 so
      as to bias the compartments 19 and 20 constantly inward.
PAR  Said compartments 19 and 20 are formed so as to leave a minute space
      between them and the outer surface of the balustrade belt 16 as they fit
      together so that a wiper 27 can be fitted into said space. Said
      compartments 19 and 20 each have at both longitudinal ends thereof an
      inward-protrusion 24, said compartments 19 and 20 are notched all over the
      inside surface thereof, and a grip 26 is provided on each of the
      compartments 19 and 20 at the outside periphery thereof. Said wiper 27 is
      made of thick cloth, sponge and the like and shaped suitably for pressing
      over the balustrade belt 16 at the outer surface thereof.
PAR  Disinfectant, silicon and the like are usually contained in said wiper 27
      to add to the sanitation and to improve the effect of this cleaning
      device.
PAR  Said wiper 27 is provided with a layer 28 of felt and the like, attached by
      suitable means such as sewing and the like. Said layer 28 plays the role
      of fitting the wiper 27 just inside the device proper 18, i.e. the
      compartments 19 and 20 in the combined state, in between said protrusions
      24.
PAR  A connector 30 fixes the device 18 to the escalator 11 at the guidrail 15
      thereof, said connector 30 being attached firmly to the guiderail 15 at
      the outer surface of side walls at the base portion thereof by means of
      welding and the like.
PAR  Said connector 30, made of hard rubber and the like, comprises a body 32
      having at both ends thereof a projecting part 34 which forms a recess 33
      for receiving the compartments 19 and 20 at one of the corners thereof.
      Each recess 33 has at the bottom thereof a small hole 35 into which is
      inserted an inward-projection 36 provided at the compartments 19 and 20
      one of the terminals of, said insertion of the projection 36 into the
      small hole 35 and the fitting of the compartments 19 and 20 at one of
      edges thereof into said recess 33 plays the role of keeping the device 18
      firmly stationary around the balustrade belt 16.
PAR  Description further in detail of the above-referred embodiment follows:
PAR  The two compartments 19 and 20 connected by hinges 24 at one side are
      opened by pulling the grip 26 against the inward pressing of the spring 23
      with the wiper 27 attached with a layer 28 fitted to the compartments 19
      and 20 at the inside peripheries thereof. The compartments 19 and 20 fit
      onto the balustrade belt 16 at a spot immediately outside the inlet 17
      into which the belt 16 is entering. Then the compartments 19 and 20 are
      fixed to the connector 30 furnished on said side wall 31 at the base
      portion of the guiderail 15 inserting the inward-projection 36 into the
      small hole 35 and fixing said terminals at the corners thereof into said
      recess 33. Said wiper 27 inside said compartments is pressed against the
      balustrade belt 16 at the outer surface thereof by means of the
      inward-springing pressure of spring 23 incorporated therewith, thereby
      giving efficiency to the wiping of the belt 16 as it moves.
PAR  The wiper 27 when worn out can be replaced with new one by means of
      removing it from the connector 30 after opening and removing the
      compartments 19 and 20 from the balustrade belt 16.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for cleaning the moving handrail supported by the sidewalls
      of an escalator and the like, said apparatus comprising:
PA1  wiping means in contact with said moving handrail for cleaning said
      handrail;
PA1  compartment means surrounding and spaced from said moving handrail and
      removably secured to said escalator sidewall for holding said wiping means
      in contact with said moving handrail, said compartment means having open
      ends for allowing said moving handrail to pass therethrough, and said
      compartment means comprised of:
PA2  two encasing halves surrounding said moving handrail;
PA2  spring hinge means for hinging said two encasing halves together and
      biasing both of said halves inward toward said handrail,
PA2  rims along the edges of each encasing half for containing said wiping means
      within said compartment means,
PA2  projections on the inside edges of each half opposite said hinge means for
      engaging with and removably securing said compartment means to said
      fastening means, and
PA2  two handles, one on each encasing half, to facilitate the positioning of
      said compartment means around said handrail and to facilitate the removal
      of said compartment means from around said handrail; and
PA1  fastening means attached to said escalator sidewall for receiving and
      securing said compartment means surrounding said handrail to said
      escalator sidewall, whereby said compartment means can be attached around
      and removed from around said handrail.
NUM  2.
PAR  2. A cleaning apparatus as claimed in claim 1 wherein said wiping means is
      comprised of a solvent-treated cleaning-material layer positioned for
      contact with said handrail; and a backing material layer attached to said
      cleaning-material layer removably fitted within the inside rims of said
      compartment means.
NUM  3.
PAR  3. A cleaning apparatus as claimed in claim 1 wherein said fastening means
      is comprised of two fastening bars, a first fastening bar attached to the
      sidewall of said escalator on one side of said moving handrail and a
      second fastening bar attached to said sidewall on the other side of said
      handrail, said fastening bars having holes therein to receive the
      projections on the inside edges of said encasing halves, whereby said
      compartment means is removably fitted around said moving handrail by
      engaging the projections on the inside of the encasing halves in the holes
      in said fastening bars.
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ABST
PAL  A device for feeding axial lead electrical components is disclosed. The
      device consists of a magnetic feed bin which is constructed to produce a
      magnetic field that suspends the components in the bin and moves them
      towards a pick-up wheel. The pick-up wheel is constructed of nonmagnetic
      material and has magnets embedded therein which hold the components in
      slots in the periphery of the wheel. A cylindrical shaft having a flat
      surface on it is positioned under the input end of a shelf which supports
      the feed bin. A cam, which is driven in synchronism with the feed wheel,
      cooperates with a cam follower that is mounted on a lever arm. The lever
      arm is secured to the shaft that has the flat on it so that the input end
      of the magnetic feed bin is periodically rocked up and down to prevent
      bunching of the components in the feed bin in order to insure proper
      sequential feeding of the components from the bin to the magnetic pick-up
      wheel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to an electrical component, axial lead
      feeding system which utilizes a magnetic feeding apparatus of the type
      disclosed in the Beroset et al U.S. Pat. Nos. 3,388,375 and 3,537,580. The
      feeding apparatus of the Beroset et al patents consists of a magnetic bin
      which suspends axial lead electrical components in a magnetic field. The
      feed bin is constructed with magnetic members in the side walls which are
      positioned and shaped so that the magnetic flux density in the bin
      increases as the output end of the bin is approached, so as to move the
      components toward the output end of the bin. A rotating pick-up wheel is
      positioned at the output end of the feed bin which sequentially receives
      the leads of the components in pairs of notches formed in the periphery of
      the pick-up wheel. The pick-up wheel is constructed of nonmagnetic
      material and has a magnet embedded in it in the vicinity of each of the
      notches so as to guide the component into position in the notches as the
      pick-up wheel rotates. A pull-down magnet, which is positioned below the
      pick-up wheel, serves to pull the components from the pick-up wheel and to
      deposit them on notches in a conveyor chain which also has magnets secured
      to it that hold the components in place on the chain.
PAR  In order for the components to be fed sequentially to the pick-up wheel, so
      that each pair of notches in the feed wheel is supplied with a component
      without interruption, it is necessary to prevent bunching of the
      components in the feed bin. Bunching will occasionally occur in the feed
      bin of the Beroset et al patents due to the interaction of the magnetic
      field from the side walls of the bin and the effect of this field on the
      axial lead of the components. This can cause an occasional feeding failure
      of components from the feed bin to the pick-up wheel. It has been
      discovered that periodically rocking the input end of the feed bin up and
      down will eliminate automatically malfunction of the feed system due to
      the bunching of components in the feed bin so that continuous feeding of
      components from the input end to the output end of the bin and on to the
      pick-up wheel can be accomplished.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The present invention is illustrated by reference to the drawings in which:
PAR  FIG. 1 is a perspective view of one version of an axial lead feeder and
      anti-bunching mechanism in accordance with the present invention;
PAR  FIG. 2 is an end view of the feed bin and the anti-bunching mechanism of
      FIG. 1;
PAR  FIG. 3 is a side view of a second version of an axial lead feeder and
      anti-bunching mechanism in accordance with the present invention;
PAR  FIG. 4 is an enlarged view showing the pull-down magnets and the conveyor
      chain of FIG. 3;
PAR  FIG. 5 is a plan view of the axial lead feeder and anti-bunching mechanism
      of FIG. 3; and
PAR  FIG. 6 is an enlarged partial sectional view of the pull-down magnets and
      conveyor chain taken along the lines 6--6 of FIG. 4.
DETD
PAC  TECHNICAL DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 of the drawings, a magnetic feeding bin 10 of the type disclosed
      in the Beroset et al U.S. Pat. Nos. 3,388,795 and 3,537,580 is shown. The
      bin has a pair of side walls 12,14 which may be formed from standard
      low-carbon steel. The side walls enclose elongated magnets 13 (see FIG. 5)
      which are positioned so they converge from the input end 15 towards the
      output end 16 of the bin 10. The side walls 12,14 are held together by
      means of the locking bolts 17. The position and shape of the magnets is
      designed so that an increasing magnetic flux field is produced towards the
      output end of the bin 10 so that is axial lead electrical components are
      placed in the bin, they will be suspended between the walls 12,14 and will
      tend to move forwards toward the output end 16 of the bin 10 under the
      influence of the magnetic field.
PAR  Positioned at the output end 16 of the bin 10 is a nonmagnetic pick-up
      wheel 18 which has a plurality of pairs of notches 26 in its outer
      periphery. Behind each of the notches 26, a magnet 22 is embedded in the
      interior of the wheel 18. The embedded magnets 22 have sufficient strength
      so that they will attract the leads 23,24 of an axial lead component 11
      from the output end 16 of the bin 10. Each component 11 is, thus,
      sequentially fed to the pick-up wheel 18 from the bin 10 as the pick-up
      wheel 18 rotates. The components 11 on the pick-up wheel 18 are then
      brought near the pull-down magnets 29 which are secured to the braces 30
      that are mounted on a frame member 32 below the pick-up wheel 18. As the
      components 11 come into the vicinity of the pull-down magnets 28 (shown in
      FIG. 2), they are pulled from the notches 26 in the wheel 18 and are
      dropped into the notches 34 in the chain links 36 which form the conveyor
      chain 38 that continually passes under the pick-up wheel 18. The chain 38
      is guided by the chain guide 39 as it moves away from the pick-up wheel
      18. The direction of motion of the various elements of the apparatus are
      shown by directional arrows in the figures. The chain links 36 each have a
      permanent magnet 40 secured to them which serves to hold the leads 23,24
      in place in the chain links 36 of the moving chain 38. The electrical
      components 11, which are suspended in the feed bin 10, are, thus,
      sequentially deposited onto the pick-up wheel and are carried to the
      conveyor chain 38 where they may be conveyed to a remote location for
      continued processing or testing. A more detailed description of the feed
      bin 10 and the pick-up wheel 18 may be found in the Beroset et al U.S.
      Pat. Nos. 3,388,794 and 3,537,580; and the disclosures of these patents
      are hereby incorporated by reference into the present application.
PAR  While the described magnetic feed bin and pick-up wheel of the Beroset et
      al patents are ideally suited for feeding small electrical axial lead
      components, it has one serious drawback in that it occasionally becomes
      fully partially inoperative due to feeding failures wherein all of the
      pairs of notches on the pick-up wheel are not supplied with a component
      even though there is an adequate supply of components in the feed bin.
      This is caused by bunching of the components which occurs due to the
      combined effect of the magnetic field from the magnets in the side walls
      of the feed bin and to the magnetic interaction of the leads of the
      components themselves. It has been discovered that mechanically rocking
      the feed bin in a periodic manner, preferably at its input end, will
      prevent bunching of the components in the bin; thus, eliminating the
      previously mentioned feeding problems.
PAR  FIGS. 1 and 2 illustrate one version of the present invention for
      periodically rocking the input end 15 of the magnetic feed bin 10. In this
      embodiment, the pick-up wheel 18 is suspended on a shaft 42 which has one
      end supported by a bearing 44 in a bearing block 46 that is secured to a
      base 48 and its other end carries a drive gear 50. The bearing block 46
      also supports a second shaft 52 in a second bearing 54. One end of the
      shaft 52 carries a cam 56 which has a plurality of lobes 58 on it which
      are separated by a plurality of valleys 60. The other end of the shaft 52
      is secured to a second drive gear 59 which is in mesh with the drive gear
      50. Either of the drive gears 50 or 59 may be driven by another driven
      gear secured to a motor shaft or other drive means (not shown).
PAR  The pick-up wheel 18 is driven in unision with the cam 56 through the gears
      50,59 and the shafts 42,52. A cam follower wheel 62 rides on the outer
      periphery of the cam 56. The cam follower wheel 62 is supported by a shaft
      64 in the lever arm 66 between the bifurcated outer ends 68,70. The rear
      end of the lever arm 66 has two other bifurcated ends 72,74 which allow
      the outer end of the shaft 76 to be locked in place between the ends 72,74
      when the lock bolt 78 is tightened. The shaft 76 is supported by a bearing
      79 which is in a second bearing block 80 that is secured to the base 48.
      The shaft 76 has a flat central surface portion 82 which rests against the
      flat under surface 84 of the support shelf 86 when the cam follower 62 is
      in a lobe 58 of the cam 56. As the cam 56 turns so that the cam follower
      62 rides into a valley 60, the lever arms 66 rotates the shaft 76 thereby
      causing the input end 15 of the bin 10 to be elevated; and the output end
      16 to be lowered. As the cam follower 62 then traverses the cam into the
      next lobe 58, the input end 15 of the feed bin 10 will be lowered back to
      its original position and the output end 16 will be raised to its initial
      position. In this manner, as the cam 56 continues to rotate at a
      relatively constant rate, a continual raising and lowering of the input
      and output ends 15,16 will occur, thereby resulting in periodic rocking of
      the magnetic feed bin 10, which will maintain the described distribution
      of components 11 in the feed bin 10.
PAR  FIGS. 3 through 4 show a second version of the present invention. Similar
      components are labelled in the same manner in FIGS. 3 through 6 as they
      were in the description of FIGS. 1 and 2, since the general overall
      construction of the embodiment of the pick-up wheel 18 and the magnetic
      feed bin 10 is the same in both versions.
PAR  Referring to FIG. 3, a drive motor 88 has a chain drive sprocket 90 secured
      to its output shaft 92 to drive a drive chain 94 that is coupled to a
      second chain drive sprocket 96. The sprocket 96 is secured to the gear
      shaft 98 of a conveyor drive gear 100 for the conveyor chain 38. The gear
      100 is in mesh with a second gear 102 which is secured to the shaft 42 for
      the pick-up wheel 18. The conveyor drive gear 100 preferably has a
      slightly lower gear ratio than the drive gear 102. For example, the gear
      100 may contain 72 teeth; while the gear 102 may contain 96 teeth. The
      sprocket 101 drives the conveyor chain 38.
PAR  The most significant difference between the version of the invention shown
      in FIGS. 3 through 6 and the version of the invention shown in FIGS. 1 and
      2 is that the cam 56 is mounted on the same shaft that carries the pick-up
      wheel 18 in the version of FIGS. 3 through 6, instead of on a separate
      shaft as in the version of FIGS. 1 and 2. Mounting the cam 56 on the shaft
      42 eliminates the need for a separate shaft and bearing support; however,
      it may be necessary in this version to provide an extension portion 104 of
      the support shelf 86 in order to obtain enough rotation of the shaft 76 to
      lift the input end 15 by a sufficient amount. The corresponding elements,
      which have the same numbers in both of the described versions, function in
      an identical manner in both versions; and, therefore, these elements are
      not described again in conjunction with the description of the later
      embodiment.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. An axial lead feeding apparatus having an input end and an output end
      for feeding axial lead components to a conveying means comprising a
      magnetic feed bin having magnetic elements which supply a magnetic field
      that suspends said electrical components in said bin, a pick-up wheel for
      transferring said components from said feed bin to said conveying means
      having a plurality of pairs of notches on its periphery and a magnet
      associated with each of said notches for attracting the leads of said
      electrical components so that the leads of one of said components can be
      drawn into each pair of said notches, drive means for rotating said wheel
      adjacent the output end of said magnetic feed bin and rocking means
      synchronized with the rotation of said magnetic feed wheel for
      periodically rocking said magnetic feed bin in order to prevent bunching
      of said components and to maintain a satisfactory feeding distribution of
      said components in said feed bin, including means which contacts the input
      end of said feed bin and is constructed to periodically rock said input
      end of said feed bin up and down.
NUM  2.
PAR  2. An axial lead feeding apparatus as claimed in claim 1 wherein said
      rocking means comprises a cam having a plurality of lobes and valleys, a
      cam follower, a lever arm having first and second ends which support said
      cam follower at said first end, a shaft secured to said second end of said
      lever arm having a flat portion thereon which contacts said magnetic feed
      bin adjacent said input end so as to rock said input end up and down in a
      periodic manner as said cam follower sequentially travels from lobe to
      valley and from valley to lobe.
NUM  3.
PAR  3. An axial lead feeding apparatus as claimed in claim 2 wherein said cam
      is supported on a first shaft and said pick-up means is supported on a
      second shaft which is driven in synchronism with said first shaft.
NUM  4.
PAR  4. An axial lead feeding apparatus as claimed in claim 2 wherein said
      pick-up means and said cam are supported on the same driven shaft.
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ABST
PAL  A blade container for single edge blades for a straight edge type razor
      with a replacable blade held in a blade holder. The container has a blade
      attaching slot in one end wall adjacent one side wall for receiving the
      end of the blade holder, and a blade detaching slot in one end wall
      adjacent the other side wall and having a blade retaining projection
      therein on the side of said slot away from the other side wall. A blade
      attaching slider is slidable along the container toward and away from the
      blade attaching slot and a blade compartment therein extending between the
      side walls in which blades are movable in a direction from one side wall
      to the other. A blade support and guide within the container adjacent the
      blade detaching slot is spring urged in a direction through the
      compartment for urging blades in the compartment toward the side wall
      adjacent the blade attaching slot and guides a blade holder toward the
      side wall adjacent the blade attaching slot and behind the blade retaining
      projection.
BSUM
PAR  The present invention relates to a blade container for single edge razor
      blades for a straight edge type razor having a replacable blade and by the
      use of which a used blade can be exchanged for a new one safely and
      speedily and which at the same time provides safe storage of used blades
      within the said container.
PAC  BACKGROUND OF THE INVENTION
PAR  The conventional type of single edge blade 32 for a straight edge type
      razor having a replacable blade has the blade edge covered with a
      protecting paper 33 such as a paper tape or the like as shown in FIG. 15,
      and is placed in a container of a plurality of such blades. After taking a
      blade out of the said container and removing the protecting paper 33, the
      blade is attached to a blade support by hand. This is very dangerous
      because a finger tip might slip or an awkward manipulation may be
      required. Moreover, a far greater danger exists when a used blade is
      disposed of carelessly by being thrown away into a waste basket or the
      like.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a razor blade container by
      means of which a new blade can be attached to a razor blade support of the
      razor into a slot therein and operating a pawl a used blade can be removed
      from the blade support of the razor by inserting the support into the
      container and pulling it out again.
PAR  Another object of the present invention is to provide a razor blade
      container in which new blades are kept separate from used blades in the
      blade compartment.
PAR  These objects are achieved by the container of the present invention, in
      which a blade attaching slot and a blade detaching slot which is provided
      with a blade detaining part are arranged on opposite ends of the
      container, and a pawl guide groove and a stop guide groove are provided in
      the container parallel to the longitudinal direction thereof and in the
      upper and the side surfaces thereof along the side corresponding to the
      blade attaching slot. A blade attaching slider is disposed with a pawl and
      a stop slidably positioned with respective grooves and a blade support
      guide having a curved guide portion in the interior of the container along
      the side adjacent the blade detaching slot and is braced by spring means
      toward the side of the container along which the guide grooves run. A
      partition within the interior and movable from the side adjacent the blade
      detaching opening to the side along which the grooves run acts as a
      divider between new and used blades. The removing of a used blade from and
      the attaching of a new blade to the razor are respectively completed by
      inserting the blade support into the blade detaching slot and into the
      blade attaching slot.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of the container according to the present
      invention;
PAR  FIG. 2 is a left end view of the container of FIG. 1;
PAR  FIG. 3 is a right end view of the container of FIG. 1;
PAR  FIG. 4 is a sectional plan view of the container of FIG. 1;
PAR  FIG. 5 is a longitudinal sectional view taken substantially along Line X--X
      of FIG. 1;
PAR  FIG. 6 is a perspective view of a blade attaching slider;
PAR  FIG. 7 is a longitudinal sectional view similar to that of FIG. 5 showing
      another embodiment of the internal structure of the container;
PAR  FIGS. 8-11 are views showing the steps of attaching a new blade to a blade
      support;
PAR  FIGS. 12-14 are views showing the steps for removing a used blade from the
      blade support; and
PAR  FIG. 15 is a perspective view of a conventional blade.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION:
PAR  In the blade container 1 according to the present invention, a blade
      attaching slot 3 having a shape the same as that of the cross section of a
      blade support B of a straight edge type razor A having a replacable blade,
      is, as shown in FIGS. 1 and 2, provided in one end surface 2 of either one
      of two opposing end surfaces of the container 1 and adjacent one side 14
      of the container. A blade detaching slot 6 is provided in the end surface
      4 opposite to the end surface 2 having the foregoing blade attaching slot
      3, as shown in FIGS. 3 and 4, and is disposed adjacent the other side 23
      of the container 1. A blade retaining projection 5 projects into the blade
      detaching slot 6 on the side thereof away from the container side 23. The
      dimension of slot 6 in the direction between the top 12 and the bottom of
      the container is sufficient to receive the blade holder B with a used
      blade C' therein. The portion of the slot 6 between the end of projection
      5 and the other end of the slot has a dimension sufficient only to receive
      the blade holder B, so that when the blade holder B with a used blade C'
      therein is engaged behind projection 5, and the blade holder B is
      withdrawn from the slot, used blade C' will be pulled from the blade
      support B.
PAR  A blade attaching slider 7 has, as shown in FIGS. 1 and 6, a cross-section
      with an inverted L-shape and has a guide pawl 9 perpendicularly depending
      from the free end of the entire width of an upper member 8. The slider 7
      has a blade ejecting pawl 11 extending perpendicularly to the interior
      side of a lower member 10 and parallel to the said upper member 8. The
      said blade attaching slider 7 is, as shown in FIG. 1, slidable along the
      top 12 and adjacent one side 14 of the container 1, the said guide pawl 9
      fitting into a guide groove 13 which is disposed near the one side of the
      top surface 12 of said container 1, and the inner end of the said blade
      ejecting pawl 11 passing through a guide groove 15 in the one side 14 and
      projecting into the interior of the container 1.
PAR  A blade compartment 16 is formed by a pair of partitions 18 extending from
      one side 14 to the other side 23 of the container and spaced a distance to
      hold and laterally feed blades C. A bent flange 17 bent toward the
      direction of the said compartment 16 is at a level higher than the bottom
      of the said blade attaching slot 3. A blade ejecting aperture 18a is
      provided in partition 18 toward the end 2 at a position opposite the blade
      attaching opening 3. A step 16a is formed between the bottom of the
      container and bottom 16' adjacent said aperture 18a so that the tip of an
      inserted blade support can be securely abutted thereagainst.
PAR  A divider 19 is provided in compartment 16 to separate new blades C and
      used blades C' and the foremost new blade C is positioned in alignment
      with aperture 18a in the path of movement of the pawl 11, as shown in FIG.
      4.
PAR  A blade support guide 20 is provided at the back of the compartment 16
      adjacent the blade detaching aperture 6, and has a curved guide portion 21
      on the end thereof toward the aperture 6 which curves from the back of the
      compartment 16 across the aperture 6. When a blade holder B with a used
      blade C' therein is inserted into aperture 6, the curved portion 21 guides
      the blade holder B forward, laterally of the aperture 6 until it lies
      behind as viewed from outside the end 4 of the container the projection 5
      and the used blade C' is against the rearmost used blade in the
      compartment 16. As shown in FIG. 4, a plate spring 22 engages the blade
      guide 20 to urge it towards the blade compartment 16, and is held by a
      block 25 on side 23. A rectangular flange 24 projects inwardly from the
      side 23. The flange 24 on side 23 is securely fitted into the opening
      defined by the inner surfaces of the ends 2 and 4 and the flange 26 around
      the outside circumference of the side 23 engages the edges of ends 2 and 4
      and the top and bottom.
PAR  FIG. 7 shows another embodiment wherein notches 28 are provided at the
      bottom of the blade C at both ends thereof and the container 1a has
      flanges 30 opposed to each other and at a right angle to respective
      partitions 29 so as to engage in the notches 28 so that the blades C slide
      along the notches.
PAR  For mounting a blade C in the blade support B of the safety razor A which
      is provided with a groove 31 for inserting the said blade C, the blade
      attaching slider 7 is first moved away from the slot 3, as shown in FIG.
      8, in the direction indicated by the arrow P along the guide groove 13 and
      the guide groove 15, then the pawl 11 of the slider 7 disengages, as shown
      in FIG. 4, from the rear end of the foremost blade C in the blade
      compartment 16 when the said pawl 11 moves past the rear end of the said
      foremost blade C.
PAR  At this moment, the foremost blade C is pressed together with the rest of
      the succeeding blades C in the direction of arrow Q due to the force
      exerted by the plate spring 23, and therefore, the rear end of the
      foremost blade C is displaced into the path of the pawl 11 while moving in
      the same direction as the rest of the succeeding blades. When the forward
      end of the blade support B of the razor A is, as shown in FIG. 8, inserted
      into the blade attaching slot 3 of the container 1, the lower tip end of
      the said blade support B is securely positioned by engagement with step
      16a  and simultaneously the tip end of the said support B and the forward
      end of the foremost blade C come into contact with each other, as shown in
      FIG. 9. While the blade support B is held fixed in this position, the
      blade attaching slider 7 is pushed in the direction of arrow R, as shown
      in FIG. 10. Consequently, the foremost blade C, the rear end of which is
      engaged by the tip of the pawl 11, is, as shown in FIG. 10, inserted into
      the groove 31 of the said blade support B, which, as shown in FIG. 9, lies
      in the direction of the movement of the said foremost blade C. Insertion
      of the said blade C is, as shown in FIG. 11, completed by pulling the said
      support B out of the said slot 3 in the direction of arrow S.
PAR  For removing a used blade C', the forward end of the blade support B,
      having the blade thereon, is inserted into the blade detaching slot 6 in
      the direction of arrow T, and the force exerted by the plate spring 22
      holds guide 20 so that the curved guide portion 21, which is across the
      said blade detaching slot 6 diverts the straight advancement of the blade
      support B so that the blade support B is pushed towards the blade
      compartment. At the moment the entire portion of the blade support B is
      inside the container, the base part of the said blade support B is, as
      shown in FIGS. 12 and 13, pushed behind the blade retaining projection 5
      and the used blade C' remains within the blade compartment 16 having been
      retained by the said projection 5 when the support B is, as shown in FIG.
      14, pulled out of slot 6 in the direction of arrow U to complete removing
      of the used blade C'.
PAR  In this way, by repeating the manipulations just described above, the
      attaching of a new blade C and the removing of a used blade C' can be
      performed.
PAR  With this invention, because the new blade is attached and the used blade
      is removed within the container, the attaching and removing operation can
      be performed safely and speedily and, moreover, the used blade being
      securely collected within the said container, it is extremely safe. The
      pawl on the blade attaching slider extends into the interior of the
      container through the guide groove which is longitudinally disposed in
      alignment with the blade attaching slot so that, by means of this pawl,
      the blades can be fed into the groove of the blade support one by one
      securely pushing each blade.
PAR  Also, in the present invention, the blade detaching slot, which has the
      blade retaining projection, is on the opposite end of the container so
      that the used blade can be easily and surely drawn out of the groove of
      the blade support. Moreover, the number of blades required for maintaining
      a desired compression of the plate spring is always present within the
      blade compartment, and the attaching of the blade to the blade support can
      be securely performed by applying a uniform pressure being exerted by the
      said spring on the blade support guide and each blade.
PAR  Further, in the present invention, the divider 19 is placed between the new
      blades and the used blades so that a shortage of new blades can be easily
      observed and, furthermore, improper reuse of the used blades can be
      avoided.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A blade container for single edge blades for a straight edge type razor
      with a replacable blade held in a blade holder, said container having
      opposite end walls, opposite side walls and top and bottom walls, said
      container having a blade attaching slot in one end wall adjacent one side
      wall for receiving the end of the blade holder, said container having a
      blade detaching slot in one end wall adjacent the other side wall and
      having a blade retaining projection in said blade detaching slot on the
      side of said slot away from said other side wall, a blade attaching slider
      slidable along said container toward and away from said blade attaching
      slot, said container having a blade compartment therein extending between
      said side walls in which blades are movable in a direction from one side
      wall to the other, said blade attaching slider having a pawl thereon
      projecting into said blade compartment for engaging a blade and moving it
      toward said blade attaching slot in alignment with a blade holder inserted
      thereinto, and blade support and guide means within said container
      adjacent said blade detaching slot spring urged in a direction through
      said compartment for urging blades in said compartment toward said side
      wall adjacent said blade attaching slot and having a shape for guiding a
      blade holder toward said side wall adjacent said blade attaching slot.
NUM  2.
PAR  2. A blade container as claimed in claim 1 in which said blade attaching
      slot and said blade detaching slot are in opposite ends of said container.
NUM  3.
PAR  3. A blade container as claimed in claim 1 in which said blade support and
      guide means comprises a blade support member extending along the end of
      said blade compartment adjacent said blade detaching slot and a guide
      portion curving from the end thereof toward said blade detaching slot
      across said blade detaching slot for guiding the blade holder and used
      blade into said container and behind, when viewed from outside the end of
      the container having the blade detaching slot therein, behind the blade
      retaining projection, whereby when the blade holder is withdrawn from the
      container, the used blade is retained in the container by the blade
      retaining projection.
NUM  4.
PAR  4. A blade container as claimed in claim 1 in which said blade compartment
      has a divider therein movable through the blade compartment in the same
      direction as the blades for separating new blades from used blades.
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ABST
PAL  A magazine for razor blade cartridges in which the cartridges embody a
      plurality of blades permanently secured in a plastic body, the magazine
      including a main housing into which is insertable a spring clip preloaded
      with a stack of the cartridges, the housing having an end wall with a pair
      of openings a first one being adapted for the endwise insertion of a used
      cartridge at one end of the stack and a second opening being adapted for
      the endwise extraction of a new cartridge, the stack being pressed by
      elastic means toward the second opening, the arrangement and relation of
      the stack and the openings in the end wall being such that a used
      cartridge may be inserted at the first opening by endwise advance in
      contact with and parallel to the adjacent cartridge, the cartridge at the
      other end of the stack having its end fully exposed at said second opening
      but normally releasably restrained against accidental escape.
PARN
PAR  This ia a continuation of application Ser. No. 364,715, filed May 29, 1973
      and now abandoned.
BSUM
PAR  The invention concerns a magazine for razor blade cartridges which serves
      as a dispenser or source of supply of new cartridges and a receptacle for
      used blades as the user of a razor finds it desirable to replace blades
      which have become dulled. Devices of such character are well known in
      general including magazines in which the cartridges are arranged in a row
      in the magazine and a used cartridge is inserted and new one removed by
      appropriate application of a compatibly designed razor head to the
      magazine housing. The cartridges in such systems have been of the type
      where one or more blades are permanently secured in a generally oblong
      shaped plastic body.
PAR  The prior application of the present applicant Ser. No. 334,746 filed Feb.
      22, 1973, now U.S. Pat. No. 3,833,146 is directed to an improved structure
      and principle adapted to function in a particularly convenient and
      effective manner with a razor head compatibly designed to cooperate
      therewith in automatically changing cartridges. It embodies a housing in
      which is inserted a spring clip preloaded with a stack of cartridges, the
      stack having an elastic support therein with the stack engaged in a
      balanced floating manner between spring biasing elements. An edge of the
      housing has a first opening adjacent one end of the stack for the endwise
      insertion of a used cartridge, and a second opening adjacent the other end
      of the stack permitting endwise extraction of a new cartridge. The
      relation is such that normally the cartridges within the housing are
      blocked by the end wall of the housing but upon insertion of a used
      cartridge at the appropriate opening the stack is shifted in its elastic
      support such as to expose the new cartridge at the other end of the stack
      into registry with its exit opening.
PAR  The present invention concerns a modification of the magazine of said prior
      application of generally similar character in which a stack of cartridges
      is mounted in a housing with openings in the front wall for the endwise
      insertion and removal of cartridges. The internal arrangement, however, is
      different and also the relation of the stack to the end wall openings. In
      the present case a used cartridge is insertable without shifting of the
      stack and the bottom new cartridge has its outer end fully exposed
      normally and may be picked up and removed by the razor head. Parallelism
      is maintained among the cartridges of the stack and the used cartridge in
      its insertion. As just noted, the stack is not shifted upon insertion of a
      used cartridge and the stack does not move down to expose the next new
      cartridge until the bottom one has been fully removed. The characteristics
      and operation just described result from a novel arrangement within the
      housing of spring means and associated cartridge guide and supporting
      rails and ribs.
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PAR  Various other features and advantages will become apparent from a
      consideration of a representative embodiment of the invention as
      hereinafter described and as depicted in the accompanying drawings in
      which:
PAR  FIG. 1 is a composite view in perspective of the magazine and a razor;
PAR  FIG. 2 is a view in perspective with a used blade being inserted into the
      magazine;
PAR  FIG. 3 is a view in perspective of the assembled razor with parts of the
      cartridge broken away to show the connection to the handle;
PAR  FIG. 4 is a vertical cross sectional view of an empty magazine taken on the
      plane IV--IV of FIG. 5;
PAR  FIG. 5 is a horizontal cross sectional view taken on the plane V--V of FIG.
      4;
PAR  FIG. 6 is a vertical view looking from the rear with a portion of its back
      plate broken away;
PAR  FIG. 7 is a horizontal cross sectional view taken on the plane VII--VII of
      FIG. 4;
PAR  FIG. 8 is a vertical cross sectional view of a loaded magazine; and
PAR  FIG. 9 is a view similar to FIG. 8 with a used cartridge partially inserted
     .
DETD
PAR  FIGS. 1 to 3 show the general features of a magazine 10 embodying the
      features of the invention and an associated razor 11 with a blade
      cartridge 12. The magazine 10 contains a stack of the cartridges 12
      vertically arranged therein and the magazine and razor are compatibly
      shaped and designed to enable ready exchange of a used cartridge for a new
      cartridge. The particular cartridge shown is of the type disclosed in an
      application of the present inventor filed Dec. 11, 1972, Ser. No. 313,742,
      the cartridge having generally an oblong or rectangular shape and being of
      a generally double edge type employing two pairs of small blades with the
      blades at each edge arranged in superposed but spaced relation. The same
      application discloses the razor handle similar to that designated 11
      herein compatible with the cartridge in which the handle has a head or key
      13 arranged to have a slidable dovetail fit in the cartridge. As shown in
      general herein the dovetail slot 14 in the cartridge has positioned
      therein a flexible detent bar 15 having a plurality of pressure pads 16
      adapted to engage releasably in notches 17 of the key 13 of the razor. As
      will be described more fully hereinafter to change cartridges the razor
      head is inserted through the front end wall of the magazine as indicated
      by the arrow 18 in FIG. 2 and in its continued advance through a first
      opening 19 the cartridge engages the rear wall of the magazine and is
      restrained therein, but the neck 20 with the key 13 of the razor handle
      may continue on through the neck 20 advancing through slot 21 leaving the
      used cartridge in the magazine housing. Then to pick up a new cartridge
      the razor head is inserted into a second opening 22 at the bottom of the
      front end wall the neck 20 being free to advance in the bottom slot 23 to
      approximately the mid position at the inner end 24 of the slot in which
      position the new cartridge occupies the position substantially as shown in
      FIG. 3 and upon the reverse outward movement of the handle the new
      cartridge remains with the handle by reason of the detent pressure pad 16
      being engaged in the respective notches 17 of the key 13.
PAR  The present invention concerns the magazine and particularly the internal
      construction and functioning thereof and in that respect is a modification
      of the magazine disclosed and claimed in my previous U.S. Pat. application
      Ser. No. 334,746 filed Feb. 22, 1973.
PAR  FIGS. 4 to 7 show the magazine empty of any cartridges. It includes a main
      housing or casing 25 of preferably plastic material. Because of the
      necessity of orienting the various figures differently in the drawings for
      clarity of disclosure the six sides of the magazine will be individually
      identified in the figures by reference characters. Such characters are
      based on the position or orientation of FIG. 2. As there shown the top
      side is designated U in accordance with the fact used cartridges are
      inserted at that end, and the bottom side is designated N since new
      cartridges are withdrawn at that end. Consistently, the front and back end
      walls are designated F and B respectively and the right and left sides as
      R and L respectively. It should be understood that the reference
      characters selected are purely for convenience in connection with the
      drawings and in actual use the casing may be oriented differently such
      that for example the right side becomes left side, etc.
PAR  The housing 25 is open at the back or rear side B and has the slot 21 in
      the top end wall U and the shortened slot 23 in the bottom end wall N and
      the cartridge openings 19 and 22 in the front end wall F. Mounted within
      the casing 25 is a spring clip member 40 of elastic material such as sheet
      spring metal. The spring member is generally U-shaped in cross section
      with the legs arranged at a sharp right angle with respect to the
      connecting base portion 41. The base portion conforms in general shape to
      the rear opening of the casing and forms the back wall B of the magazine.
PAR  Up to this point in the detailed description the construction referred to
      is generally similar to that of said patent application Ser. No. 334,746.
      Features of the present modified magazine construction will now be
      described.
PAR  With the magazine oriented to the position shown in FIGS. 1 and 2 and also
      FIGS. 8 and 9, what is then the upper leg of the spring member 40 is
      bifurcated to form two laterally spaced leaf members or fingers 50 with an
      intervening slot 51 (FIGS. 6 and 7). Preferably the fingers 50 have their
      end portions 52 bent upwardly as will be noted hereinafter in connection
      with FIGS. 8 and 9. The fingers 50 are each positioned in a groove between
      a pair of ribs or rails, extending downwardly from the top wall parallel
      to the slot 21 comprising on the right side, as shown in FIG. 7, an outer
      rail 55 and an inner rail 56 which is smaller in height and thickness.
      Corresponding rails 55a and 56a are located on the opposite side of slot
      21. Further features of the fingers 50 will be described shortly.
PAR  The bottom leg of the spring clip member 40 is shaped differently. It
      includes a relatively wide portion 60 immediately adjacent the spring clip
      base or rear wall 41, a narrower portion 61 which is progressively reduced
      in width into a reverse bend tongue portion 62 (FIG. 5). The narrower
      portion 61 is seated between a pair of parallel ribs 65 extending upwardly
      from the bottom wall of the casing, the function of which will be
      described hereinafter.
PAR  In assembling the magazine the spring member will be preloaded with five
      cartridges in the present case arranged flatwise as between adjacent ones
      as indicated in FIG. 8 with the cartridge key slots 14 facing downwardly
      and the loaded member then slides forwardly into the casing through the
      back wall opening and is secured in position through interlocking elements
      to be described hereinafter. The back plate section 41 of the spring
      member forms the rear wall B of the assembled magazine.
PAR  As the loaded spring member is advanced into the magazine housing to the
      final position shown in FIG. 8, the upper fingers 50 ride up and over a
      pair of lugs 70 projecting downwardly from the top wall U, the lugs having
      rearwardly facing ramps 71 (FIG. 7). The fingers proceed down the channels
      between the pairs of rails 55, 56 and 55a, 56a respectively. The ribs 55,
      55a at their rear ends have a downwardly projecting end prong 72 forming a
      wedge shaped notch 73 (FIGS. 4, 7) into which the forward edges 74 on the
      wide portions 75 of the fingers advance, until the rearward edges 76 of
      the fingers snap over the square inner shoulders 77 of the lugs 70 locking
      the upper half of the spring member in place.
PAR  Concurrently with the above functioning, the bottom leg of the spring
      member comprising the finger element 60, 61 and 62 progresses into the
      housing, the narrower part 61 advancing between the rails or ribs 65 (FIG.
      5). The rails each have a wedge shaped end prong 80 extending toward the
      rear forming a wedge shaped notch 81 into which the wider portion 60
      advances (FIGS. 4, 5). Midway between the sides of the housing the bottom
      wall has an upstanding lug 84 with a rearwardly facing ramp 85. The part
      60 has a complemental rectangular opening 86 and the advance continues up
      the ramp until the opening snaps over the lug 84 and the parts are locked
      together by the engagement of the finger over the forward square shoulder
      86 of lug 84.
PAR  The final assembly is shown in cross section in FIG. 8 the stack of
      cartridges resting on the side rails 65 under the moderate pressure of
      upper spring fingers 50, 52, the rails 65 serving as rigid stops and
      support means, the lower spring tongue 62 being engaged in the key slot
      14. The cartridges 12 are symmetrically shaped in transverse section and
      the spring fingers 50 at the top and the rails 65 at the bottom are spaced
      apart in a symmetrical arrangement resulting in a four point balanced
      support of the cartridge stack.
PAR  The tongue 62 functions to releasably restrain the bottom cartridge from
      inadvertently escaping out the opening 22 under conditions of a sudden jar
      and particularly when the magazine unit is oriented with the front wall F
      facing downwardly. The restraining means may be effected in various ways
      such as by spring tongue having sufficient pressure to frictionally
      restrain the cartridge. In the case of the present type of cartridges a
      particularly effective and dependable restraining means is provided
      resulting from the nature of the cartridge construction which includes a
      central flexible detent bar 15 having pressure pads 16 as previously
      described. It may be noted that each pressure pad 16 is generally of an
      inverted U-shape with a transverse slot between opposed shoulders 16a
      (FIGS. 3, 8 and 9). As indicated in FIGS. 8 and 9 the extreme end 62a of
      the tongue 62 is shaped and arranged normally to engage against the left
      shoulder 16a of the innermost pressure pad 16 to lock the cartridge
      against outward movement. When, however, the key 13 of the razor head is
      inserted it engages and depresses the tongue 62 releasing the lock.
PAR  To change a cartridge the razor is applied in inverted position and the
      cartridge 12a advanced in contact with the top cartridge 12 as indicated
      in FIG. 9 compressing the spring fingers 50 the razor stem 20 moving along
      the slot 21. The upper rails 72 ensure that the inserted cartridge 12a is
      maintained parallel to the top cartridge in the stack, and the stack
      remains stationary by reason of resting on the bottom rails 65. The rails
      or ribs 56, 56a ensure that the spring fingers are maintained in their
      respective channels and do not interfere with the advance of the razor key
      13. The opening 19 in the front wall is shaped to admit freely the used
      cartridge but the back wall 41 formed by the spring member has an opening
      90 suitably shaped to permit the razor head key 13 to continue on through
      but restrain the used cartridge 12a which remains on the top of the stack
      inverted with respect to the new cartridges below.
PAR  To pick up a new cartridge the razor head is now advanced through the
      opening 22 with the stem 20 moving in slot 23 which is of a length to
      permit the detent means 16, 17 (FIG. 3) to snap into engagement and the
      assembled new cartridge is withdrawn as indicated in FIG. 1. This is
      readily effected since the outer end of the bottom cartridge 12 is fully
      exposed in the opening 22 and the cartridge is maintained in parallelism
      with the next upper cartridge by riding on the spaced rails 65. The razor
      head key 13 readily depresses the spring tongue 62 permitting the key to
      advance into its fully seated home position. Upon withdrawal of the
      cartridge the stack reassumes the position shown in FIG. 8.
PAR  Among other features it may be noted that the rear wall 41 of the spring
      member has two spaced trough-like depressions 95 forming guide ribs of
      reduced friction for the blade stack in its downward movement, and the
      forward wall of the magazine has interiorly a low friction pressure pad
      area 96 against which the forward ends of the cartridges ride. The ribs 95
      also perform the additional function of strengthening and stiffening the
      back portion 41 of the spring member. The fingers 50 of the upper leg of
      the spring member have similar trough depressions forming ribs 97 in the
      portions located in the channels 51 to add rigidity.
PAR  Since various changes may be made in the structural details and relations
      of the parts shown and described herein and accordingly different
      embodiments of the invention be made within the principles thereof, it is
      intended that all matter contained herein shall be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magazine combination for razor blade cartridges of a generally oblong
      shape comprising a housing, a stack of cartridges arranged flatwise each
      against an adjacent one therein, said housing having a front end wall with
      a first opening at one end of the wall thereof for the endwise insertion
      of a used cartridge, and a second opening at the other end of the wall for
      endwise extraction of a new cartridge, and elastic means arranged to urge
      the stack toward said second opening, a rigid stop means against which the
      stack and the end new cartridge are normally maintained by said elastic
      means, the end cartridge being fully exposed at said second opening for
      endwise extraction, said elastic means comprising a pair of laterally
      spaced spring fingers with a slot between to receive a razor handle part
      slidable therein, and said housing having a back end wall with an exit
      opening opposite said first opening in the front wall shaped to permit the
      free exit of the handle part but restrain the inserted used cartridge.
NUM  2.
PAR  2. A magazine in accordance with claim 1 in which said stop means comprise
      laterally spaced guide rails extending inwardly from said second opening.
NUM  3.
PAR  3. A magazine in accordance with claim 2 in which said end cartridge has a
      slot located between said guide rails and the adjacent wall of the housing
      has a slot registering with the cartridge to enable a razor handle to move
      into engagement with the cartridge slot for the endwise extraction of said
      end cartridge.
NUM  4.
PAR  4. A magazine in accordance with claim 1 in which said first opening is of
      a shape and positioned to enable the endwise insertion of a used cartridge
      by endwise advance parallel to the adjacent cartridge of the stack.
NUM  5.
PAR  5. A magazine in accordance with claim 4 in which said elastic means
      comprises a pair of laterally spaced spring fingers with a slot between to
      receive a razor handle part, and said housing has a pair of spaced rails
      extending inwardly from said first opening between which the spring
      fingers are located.
NUM  6.
PAR  6. A magazine in accordance with claim 1 in which a spring element is
      mounted within the housing arranged to engage the inner end of said end
      cartridge to restrain it from accidental release.
NUM  7.
PAR  7. A magazine in accordance with claim 1 in which said end cartridge has a
      middle slot facing away from said elastic means for engagement by a razor
      head, and a spring element is mounted within the housing with a tongue
      portion engaged in said slot at the inner end of said end cartridge and
      arranged in relation to said slot to restrain the cartridge from
      accidental release.
NUM  8.
PAR  8. A magazine in accordance with claim 7 in which the cartridge slot has a
      shoulder therein and the tongue has an end normally engaged against the
      shoulder to restrain the cartridge against release, said tongue being
      depressible by insertion of the razor head to release the tongue from
      engagement against the shoulder.
NUM  9.
PAR  9. A magazine combination for razor blade cartridges of a generally oblong
      shape comprising a housing, a stack of cartridges arranged flatwise each
      against an adjacent one therein, said housing have an end wall with an
      opening for endwise extraction of a cartridge at the end of the stack at
      said opening, elastic means arranged to urge the stack toward said
      opening, said cartridges each having a middle longitudinal slot with an
      open side facing away from said elastic means adapted to slidably receive
      therein a razor handle head, and said housing having an elastic tongue
      element engageable in said slot in the cartridge at said opening to
      releasably restrain the cartridge from extraction.
NUM  10.
PAR  10. A magazine combination for razor blade cartridges comprising a housing
      having an end wall with an opening for the endwise extraction of a
      cartridge, a cartridge in said housing having an end exposed at said
      opening, said cartridge having a longitudinal slot at its bottom face with
      a shoulder part therein, and a spring element in said housing with a
      tongue portion engaged against said shoulder part to restrain the
      cartridge from accidental release.
NUM  11.
PAR  11. A magazine combination in accordance with claim 10, said tongue portion
      being depressible by insertion of a razor head to release the cartridge
      for extraction with the razor head.
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ABST
PAL  A sterile container for enclosing contaminated or non-sterile material or
      article therein wherein the sterile container comprises walls defining a
      first or outer container which has a closed end and a cuff adjacent an
      open end of the outer container and in overlying relation with the walls
      of the first container and walls defining a second or inner container
      having a closed end releasably supported within said second or inner
      container having walls extending outwardly of the openend of the outer
      container with a portion overlying a portion of said cuff to prevent
      contact of non-sterile material therewith. Enclosing non-sterile material
      or article in the sterile container includes holding the first or outer
      container by a sterile person while moving the non-sterile material or
      article into the second or inner container through the open end thereof by
      a second person. The material or article when engaged with the closed end
      of the inner container effecting bodily movement of the inner or second
      container into the first or outer container and then the sterile person
      holding the outer container sealing the outer or first container in a line
      or band outwardly of the inner container and article or material by
      exerting inwardly directed pressure on exterior surfaces of the container
      at said line or band to effect adhesive-to-adhesive contact between
      pressure-sensitive adhesive on facing surfaces of the wall portions of the
      outer or first container to thereby seal the material or article and
      second container within the outer or sterile container, said adhesive
      being characterized by adhering to like adhesive and resisting adhesion to
      other material such as material forming the containers.
BSUM
PAR  The present invention relates to sterile containers and more particularly
      to a sterile container for enclosing a non-sterile material or article
      therein, an example of an article being an X-ray cassette.
PAR  Currently one of the problems associated with surgery is sterilization of
      X-ray cassettes which are in the form of film holders used when taking
      X-rays with either stationary or portable units. Sizes of X-ray cassettes
      vary from 8 inches .times. 10 inches to about 12 inches .times. 18 inches
      and weight up to 10 pounds. X-ray cassettes cannot be autoclaved due to
      heat and moisture problems and the effect thereof on the film. Exposing of
      the X-ray cassettes to ethylene oxide gas, which is another sterilizing
      agent, presents problems in addition to cost. Also ethylene oxide gas may
      create an adverse chemical reaction with the film thereby reducing its
      reproductive qualities. Use of ethylene oxide gas has been found to
      generate heat with the associated difficulties of heat with the X-ray
      film.
PAR  In surgery, a non-sterile X-ray cassette must be isolated from the sterile
      site or field of the operation. Heretofore, available containers were
      similar to plastic trash bags or sandwich bags. A third way to avoid
      contamination of the site or field of the operation was to place the dirty
      or contaminated X-ray cassette in a sterile pillow case, such as one which
      has been autoclaved. As a non-sterile person or nurse attempted to drop or
      move the contaminated or dirty cassette into the sterile bag, which was
      held open by a sterile nurse, the edges of the sterile bag were usually
      touched which would lead to contamination of other surfaces. The problem
      created is for the sterile nurse holding the respective bag or pillow case
      receiving the contaminated article to get all of the contaminated edges
      placed or rolled to the inside and to be assured she is not also
      contaminated or that portions of the exterior of the bag are not
      contaminated.
PAR  One solution of the problem is shown in my copending application on
      CASSETTE BAG, Ser. No. 284,412, filed Aug. 28, 1972, now U.S. Pat. No.
      3,843,041. In the packaging shown therein a tubular member is releasably
      held in the container and protects same from contact with an article or
      material inserted therein and after the article or material is inside of
      the container, the tubular member is pulled out and discarded and the
      container is sealed adjacent the open end thereof. The present invention
      eliminates the removal of any portion. The protective portion or inner
      container moves into the outer container as the article or material
      completes its movement into the outer container, said protective portion
      on inner container moving inwardly beyond strips or a band of adhesive
      near the open end of the outer container to expose said adhesive which is
      pressed together forming an adhesive-to-adhesive bond sealing the outer
      container enclosing the non-sterile material or article with said outer
      container being characterized by absence of any exposed surface having had
      contact with the non-sterile material or article.
PAR  The principal objects of the invention are: to provide a sterile container
      adapted to receive a non-sterile or contaminated article therein which is
      operating room safe, namely formed of a material low in the generation of
      static electricity and free of particulate matter with no portions
      requiring disposal after moving non-sterile material or article therein;
      to provide such a sterile container for enclosing a non-sterile or
      contaminated article therein which is adapted to maintain exterior
      surfaces of the container sterile whereby sterile operating room personnel
      may position the container and the article enclosed therein next to an
      operative site with complete confidence that no contamination will be
      introduced into the field of the operation; to provide such a sterile
      container having portions thereof positioned in overlying or protective
      relation with respective walls of the sterile container adjacent an open
      end thereof whereby a sterile person may position their hands in
      engagement with exterior surfaces of the sterile or outer container and
      between the cuff and the sterile container; to provide such a sterile
      container wherein the cuff is maintained in a sterile condition before and
      after receiving a contaminated article within the sterile or outer
      container; to provide such a sterile container adapted to receive a
      contaminated article therein and which has means for effecting a positive
      closure of the container; and to provide such a sterile container adapted
      to receive a non-sterile or contaminated article therein which is
      economical to manufacture, simple to use, positive in operation, and
      particularly well adapted for the proposed use.
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings wherein are set forth, by way of illustration and example,
      certain embodiments of this invention.
DRWD
PAR  The drawings constitute a part of the specification and include exemplary
      embodiments of the present invention and illustrate various objects and
      features of the sterile container for enclosing a contaminated article
      therein.
PAR  FIG. 1 is a perspective view of a sterile container embodying features of
      the present invention and shown enclosed within an outer package.
PAR  FIG. 2 is a transverse sectional view through the sterile container and
      showing the relative positions of the component parts.
PAR  FIG. 3 is a transverse sectional view showing the sterile container held by
      a sterile person and a non-sterile or contaminated article or material
      being introduced into same by a second person.
PAR  FIG. 4 is a transverse sectional view similar to FIGS. 2 and 3 except
      showing the contaminated article or non-sterile material received within
      the sterile container after bodily movement of an inner container into an
      outer or sterile container.
PAR  FIG. 5 is a transverse sectional view showing the sealed sterile container
      with a cuff folded for use in sterile area.
PAR  FIG. 6 is a perspective view of a modified sterile container prior to
      positioning the components thereof to receive a non-sterile article or
      material.
PAR  FIG. 7 is a transverse sectional view through the modified sterile
      container and showing a first position of the components thereof.
PAR  FIG. 8 is a transverse sectional view through the modified sterile
      container and showing the components in position to receive a non-sterile
      article or material therein.
PAR  FIG. 9 is a transverse sectional view through the modified sterile
      container and showing the components after receiving the non-sterile
      article or material therein.
PAR  FIG. 10 is a transverse sectional view through the modified sterile
      container and showing same sealed and the components in position for
      introduction into a sterile area.
DETD
PAR  Referring more in detail to the drawings:
PAR  As required, detailed embodiments of the present invention are disclosed
      herein. However, it is to be understood that the disclosed embodiments are
      merely exemplary of the invention which may be embodied in various forms.
      Therefore, specific structural and functional details disclosed herein are
      not to be interpreted as limiting but merely as a basis for the claims and
      as a representative basis for teaching one skilled in the art to variously
      employ the present invention in virtually any appropriately detailed
      structure.
PAR  In the disclosed embodiment of the present invention, the reference numeral
      1 generally designates a sterile container adapted to receive and enclose
      contaminated or non-sterile material or article 2 therein. The sterile
      container 1 has walls defining the sterile container 1 which has a closed
      end 3 and a cuff 4 adjacent an open end 5 thereof and in overlying
      relation with the walls of the sterile or outer container 1 are walls
      defining a second or inner container 6 having one end 7 thereof releasably
      supported within the open end 5 and in covering relation to strips or a
      band of adhesive 8 of the outer container 1 which is adapted to effect
      adhesive-to-adhesive sealing of the open end 5 after movement of the
      second or inner container 6 into the container 1 to thereby permit the
      contaminated or non-sterile material or article to be introduced into a
      sterile area. Enclosing the contaminated material or article 2 in the
      sterile container 1 includes holding the sterile or outer container 1 by a
      sterile person 9 while moving the contaminated or non-sterile article 2
      into the second or inner container 6 by a second person 10 and effecting
      movement of the second or inner container 6 into the container 1 beyond
      the adhesive 8 and then sealing the sterile container 1 by exerting
      inwardly directed pressure on exterior surfaces of the outer container 1
      to effect adhesive-to-adhesive contact between the pressure-sensitive
      adhesive 8 on facing surfaces of the walls of the outer container 1. The
      second container 6 has a cuff, as later described, folded outwardly over
      the cuff 4 of the outer container 1 whereby the second or inner container
      6 is supported on the first or outer container 1 and such a manner that
      the adhesive 8 may be omitted or of a type which will only adhere to like
      adhesive.
PAR  The sterile outer container 1 may be any desired shape to substantially
      conform to the shape of the non-sterile or contaminated article 2 to be
      received and enclosed therein. In the illustrated embodiment, the sterile
      container 1 is substantially rectangular to receive a generally
      rectangular article 2 and has opposed side wall portions 11 and 12
      suitably joined together along one edge thereof, as by heat sealing, to
      thereby define the closed end 3. Opposite side edges 13 and 14 of the side
      wall portions 11 and 12 are also suitably joined together, as by heat
      sealing, to define an elongated generally tubular receptacle or container
      having the bottom closed to form the closed end 3 and the sides closed and
      an open top or end 5.
PAR  The cuff 4 is preferably integral with the wall portions 11 and 12 of the
      sterile or outer container 1 and in the illustrated structure, the cuff 4
      includes cuff portions or side walls 15 and 16 in overlying relation with
      the side walls 11 and 12 respectively of the container 1 and includes
      opposite side edges 17 and 18 suitably joined together, and also joined to
      underlying portions of the side edges 13 and 14 respectively of the outer
      container 1, as by heat sealing.
PAR  The container 1 and the cuff 4 is to be sealed after the article 2 is
      positioned therein and the closed and sealed container will be placed in a
      sterile environment, such as an operating room. It is desirable that the
      material of the wall portions of the container 1 and the cuff 4 be
      suitable for use in operating rooms. Therefore, said wall portions 11 and
      12 and cuff portions 15 and 16 joined thereto are preferably formed of a
      non-woven fabric which is operating room safe, namely low in the
      generation of static electricity and substantially free of particulate
      matter which could enter an incision. Plastics, such as polyethylene,
      polyvinyl chloride and the like, have been found to provide satisfactory
      characteristics for the sterile container 1 and the cuff 4 when used in an
      operating room. Linen has also been found satisfactory for use in the
      sterile container 1.
PAR  The second or inner container 6 is illustrated as having opposed side wall
      portions defining a tubular member having the one or closed end 7 thereof
      positioned within the open end 5 of the outer container 1 and releasably
      supported. It is desirable to provide maximum insulation or separation
      between the article 2 and the cuff 4 and the exterior surfaces of the wall
      portions 11 and 12 of the outer container 1. Therefore, each of the wall
      portions of the inner container 6 are joined at one edge thereof, as by
      heat sealing, to define the closed end 7 which is positioned within the
      container 1 and adjacent the adhesive 8. In the illustrated embodiment,
      the second or inner container 6 has side walls 20 and 21 spaced from and
      in facing relation with the side wall portions 11 and 12 respectively of
      the outer container 1.
PAR  The side wall portions 20 and 21 of the second or inner container 6 are
      joined together at opposed side edges thereof, as by heat sealing, and the
      joined side edges extend from the closed end 7 of the inner container 6
      and are adjacent the joined opposite side edges 13 and 14 of the side wall
      portions 11 and 12 of the outer container 1 to define an elongated
      generally tubular receptacle or container having an open top and of a size
      to fully receive the article 2 therein.
PAR  The second container 6 when positioned in the opening of the container 1
      has portions of the side walls 20 and 21 extending from within the outer
      container 1 and in overlying relation with the cuff 4 to define a second
      or outer cuff 22 which is positioned to protect the cuff 4 and the outer
      container 1 from contact with the non-sterile article 2 when moved into
      the second or inner container 6 through an open end 23 thereof. In the
      illustrated embodiment, the second or outer cuff 22 is formed of side wall
      portions 24 and 25 in surrounding and overlying relation with portions of
      the cuff 4 adjacent the open end of the container 1.
PAR  The adhesive 8 is mounted on interior surfaces of the wall portions of the
      outer container 1 and is in a continuous band spaced inwardly from the
      open end 5 and spaced from the closed end 3 of the container 1 a distance
      greater than the length of the second container 6 so the adhesive is
      exposed when an article 2 and the second container moves into the
      container 1. The adhesive 8 is preferably of the pressure-sensitive type
      which will adhere to itself, such as when the adhesive on the side wall 11
      is moved into engagement with the adhesive on the side wall 12 to thereby
      effect sealing of the open end 5 of the sterile or outer container 1, as
      shown in FIG. 5.
PAR  The sterile container 1 is preferably packaged and sealed within an outer
      package 28 which is also preferably formed of a material which is safe for
      use in operating rooms, such as non-woven plastic fabrics including
      polyethylene, polyvinyl chloride, and the like. The outer package 28
      preferably has wall portions formed of a material which will substantially
      resist movement into the package of any agent which will contaminate an
      article therein, therefore, the wall portions of the outer package 28 are
      formed of a suitable non-woven fabric, such as paper, polyethylene,
      polyvinyl chloride, and the like.
PAR  It is desirable that the outer container 28 be sealed in a manner which
      will maintain the interior surfaces thereof and an article therein in a
      sterile condition and which may be opened in a manner to maintain the
      interior surfaces of the outer package 28 and the sterile container 1 in a
      sterile condition particularly during removal of the sterile container 1
      from the outer package 28. Heat sealing of plastic to plastic and plastic
      to paper have been found to provide such a seal which can be opened by a
      non-sterile person while maintaining the sterile container 1 in a sterile
      condition.
PAR  Using a sterile container for enclosing a contaminated or non-sterile
      article or material therein which is constructed as illustrated in FIGS. 1
      to 5 inclusive and described is effective to enclose the article 2 within
      the container 1 without contaminating exterior surfaces of the sterile
      container 1 and the cuff portion 4 or a sterile person holding same. The
      sterile outer package 28 is opened by any suitable person, such as a
      circulating nurse, and the sterile container 1 is dumped onto a sterile
      field, such as a sterile table covered with a sterile sheet or the like.
      The sterile container 1 is removed from the sterile field or removed from
      the sterile outer package 28 by the sterile person 9 who then holds the
      container 1 by placing their hands on or adjacent exterior surfaces of the
      wall portions, more particularly, the side walls 11 and 12 of the outer
      container 1 and under the cuff 4 with at least the tips of the fingers in
      supporting engagement with the cuff 4. The container 1, so supported, is
      adapted to receive the article 2 which is moved thereinto by the second
      person 10 by moving the article 2 through the open end 23 of the second
      container 6. The material or article 2 may come into engagement with
      exposed surfaces of the inner side walls 20 and 21 of the inner or second
      container 6. After the material or article 2 is moved into the container
      1, the inner container 6 is then separated from the container 1 by the
      weight of the article 2 in the second container 6 while the sterile person
      9 holds the sterile container 1. FIG. 4 illustrates the inner container 6
      and the article 2 within the outer container 1 after separation of the
      inner container 6 from the container 1. The possible areas of
      contamination are facing surfaces of the inner side wall portions 20 and
      21 of the inner container 6 and exterior surfaces of the second or outer
      cuff 22 where gripped or contacted by the second person 10 during placing
      the article in the second container 6. After the second container 6 has
      been separated from the outer container 1, the sterile container 1 having
      the inner container 6 and the contaminated article 2 therein is sealed by
      the sterile person 9 by exerting inwardly directed pressure on exterior
      surfaces of the wall portions of the container 1, more particularly, on
      the side walls 11 and 12 to thereby effect adhesive-to-adhesive contact
      between the pressure-sensitive adhesive 8 on facing interior surfaces of
      said side walls 11 and 12 to effect a continuous seal of the container 1
      by closing the formerly open end 5. After the outer container 1 has been
      sealed by the sterile person 9, one of the cuff portions 15 and 16 is
      folded to a position overlying the other cuff portion of the cuff 4, as
      shown in FIG. 5, and thereby effect an additional seal of the formerly
      open end 5.
PAR  The sterile container 1 is particularly adapted for receiving X-ray
      cassettes of a size in the range of 8 inches .times. 10 inches to
      approximately 12 inches and 18 inches, whereby the X-ray cassette or
      contaminated article 2 may be taken from a non-sterile area by the second
      person 10 and placed in the sterile container 1 while the container 1 is
      held by the sterile person 9, who after sealing the formerly open end 5,
      may place the container and cassette adjacent or in contact with an area
      to be X-rayed without fear of contamination of the patient and without the
      necessity to sterilize the X-ray cassettes.
PAR  FIGS. 6 to 10 inclusive illustrate another form of the sterile container
      for receiving and enclosing a contaminated article 2 therein. A modified
      sterile container has wall portions defining the sterile container 30
      which has closed ends and sides. The container 30 is folded to form an
      outer container 31 and a cuff 32 and an inner container 33 having an open
      end 34. Enclosing the contaminated material or article 2 in the sterile
      container 30 includes holding the sterile container 30 by the sterile
      person 9 while moving the contaminated material or article 2 into the
      sterile container 30 through the open end 34 of the inner container 33 by
      the second person 10 which moves the material or article 2 and the inner
      container 33 into the outer container 31 while the sterile person 9 holds
      the sterile container and then sealing the sterile container 30 by
      exerting inwardly directed pressure on exterior surfaces of the outer
      container 31 to effect adhesive-to-adhesive contact between
      pressure-sensitive adhesive 35 on facing surfaces of the wall portions of
      the inner container 31.
PAR  The sterile container 30 may be any desired shape to substantially conform
      to the shape of the contaminated article 2 to be received and enclosed
      therein. In the illustrated embodiment, the sterile container 30 is
      substantially rectangular to receive a generally rectangular non-sterile
      article 2 and the outer container 31, as best seen in FIG. 8, has opposed
      side walls 36 and 37 suitably joined together along edges thereof, as by
      heat sealing, to thereby define a closed end and sides to define an
      elongated generally tubular receptacle or container.
PAR  The cuff portion 32 is preferably integral with the wall portions of the
      sterile outer container 31 and in the illustrated structure, the cuff 32
      includes cuff portions 38 and 39 spaced from and in overlying relation
      with the side walls 36 and 37 respectively of the outer container 31 and
      the cuff 32 includes opposite side edges joined together and spaced from
      and in overlying relation with respective side edges of the outer
      container 31.
PAR  The modified sterile container 30 is folded to form a second cuff 40
      integral with and in overlying relation with the cuff 32 extending from
      the outer container 31. The second cuff 40 extends from and is integral
      with the second or inner container 33. The illustrated second cuff 40
      includes cuff portions 41 and 42 spaced from and integral with and in
      overlying relation with the cuff portions 38 and 39 respectively of the
      first cuff 32 and includes opposite side edges joined together and spaced
      from and in overlying relation with respective side edges of the first
      cuff 32.
PAR  The container 31 and the cuff portions 32 and 40 are to be sealed after the
      article 2 is positioned therein and the closed and sealed container will
      be placed in a sterile environment, such as an operating room. It is
      desirable that the material of the wall portions of the container 30 be
      suitable for use in operating rooms. Therefore, said wall portions are
      preferably formed of a non-woven fabric which is operating room safe,
      namely low in the generation of static electricity and substantially free
      of particulate matter which could enter an incision. Plastics, such as
      polyethylene, polyvinyl chloride and the like have been found to provide
      satisfactory characteristics for the sterile container 1 and the cuff
      portion 4 when used in an operating room. Linen has also been found
      satisfactory for use in the sterile container 1.
PAR  The second or inner container 33 is illustrated as having wall portions
      defining a tubular member having one end portion 43 thereof positioned
      within the open end of the container 31. It is desirable to provide
      maximum insulation or separation between the material or article 2 and the
      exterior surfaces of the wall portions 36 and 37 of the container 31.
      Therefore, each of the wall portions of the inner container 33 are joined
      at the edges thereof, as by heat sealing, to define a closed end 44 which
      is positioned within the container 31. In the illustrated embodiment, the
      second or inner container 33 has side walls 45 and 47 spaced from and in
      facing relation with the side walls 36 and 37 respectively of the outer
      container 31. The side wall portions 45 and 46 of the inner container 33
      are joined together at opposed side edges thereof, as by heat sealing, and
      the joined side edges extend from the closed end 44 of the inner container
      33 to the joined side edges of the second cuff 40 and are adjacent the
      joined side edges of the outer container 31 to define an elongated
      generally tubular receptacle or container having the bottom 44 and
      opposite sides closed to receive the article 2 through the open end 34
      thereof.
PAR  When the components are in the position shown in FIG. 9, the adhesive 35 is
      mounted on interior surfaces of the wall portions 45 and 46 of the inner
      container 33 and in a continuous band spaced inwardly from the open end
      34. The adhesive 35 is preferably of the pressure-sensitive type which
      will adhere to itself, such as when the adhesive on the side wall 45 is
      moved into engagement with the adhesive on the side wall 46 to thereby
      effect sealing of the open end 5 of the sterile container 30, as best seen
      in FIG. 10.
PAR  The sterile container 30 is preferably packaged and sealed within an outer
      package which is also preferably formed of a material which is safe for
      use in operating rooms, such as non-woven plastic fabrics including
      polyethlene, polyvinyl chloride and the like. The outer package preferably
      has wall portions formed of a material which will substantially resist
      movement into the package of any agent which will contaminate an article
      therein, therefore, the wall portions of the outer package are formed of a
      suitable non-woven fabric, such as paper, polyethylene, polyvinyl
      chloride, and the like.
PAR  It is desirable that the outer container be sealed in a manner which will
      maintain the interior surfaces thereof and an article therein in a sterile
      condition and which may be opened in a manner to maintain the interior
      surfaces of the outer package and the sterile container 30 in a sterile
      condition particularly during removal of the sterile container 30 from the
      outer package. Heat sealing of plastic to plastic and plastic to paper
      have been found to provide such a seal which can be opened by a
      non-sterile person while maintaining the sterile container 30 in a sterile
      condition.
PAR  Using a modified sterile container for enclosing a contaminated or
      non-sterile article therein and which is constructed as illustrated in
      FIGS. 6 to 10 inclusive and described herein is effective to enclose the
      material or article 2 within the container 30 without contaminating
      exterior surfaces of the sterile container 30 and the cuffs 32 and 40 or a
      sterile person holding same. The sterile outer package is opened by any
      suitable person, such as a circulating nurse, and the sterile container 30
      is dumped onto a sterile field, such as a sterile table covered with a
      sterile sheet or the like. The sterile container 30 is removed from the
      sterile field or removed from the sterile outer package by the sterile
      person 9 who then holds the container 1 by placing their hands on or
      adjacent exterior surfaces of the wall portions, more particularly, the
      side walls 36 and 37 of the outer container 31 and under the cuffs 32 and
      40 with at least the tips of the fingers in supporting engagement with the
      cuff 32. The container 31, so supported, is adapted to receive the
      material or article 2 which is moved into the second or inner container 33
      by the second person 10 by moving the article 2 through the open end 34.
      The material or article 2 may come into engagement with exposed surfaces
      of the inner side walls 45 and 46 of the inner container 33. After the
      material or article 2 is moved into the inner container 33, the weight of
      the material or article 2 moves the components to the position shown in
      FIG. 9 while the sterile person 9 holds the sterile container 30. The
      possible areas of contamination are facing surfaces of the inner side
      walls 45 and 46 of the inner container 33 and exterior surfaces of walls
      where gripped by the second person 10 during placing the article 2 in the
      container. After the components are in the position shown in FIG. 9, the
      sterile container 30 having the contaminated material or article therein
      is sealed by the sterile person 9 by exerting inwardly directed pressure
      on exterior surfaces of the wall portions of the container 31, more
      particularly, on the side walls 36 and 37 to thereby effect
      adhesive-to-adhesive contact between the pressure-sensitive adhesive 35 on
      facing interior surfaces of said side walls 45 and 46.
PAR  Folding of the modified sterile container is illustrated in FIGS. 7 and 8
      wherein an upper edge of the sterile container 30 is folded into the
      sterile container 30 to define the inner container 33 and the outer
      container 31, as best seen in FIG. 7. Upper portions of the side walls of
      the inner and outer containers are then folded to define the cuffs, 32 and
      40, as best seen in FIG. 8. Weight of the article 2 moves the inner
      container 33 to a position having the bottom edge thereof into engagement
      with the bottom edge of the outer container 31. The adhesive 35 is thereby
      moved from a position as shown in FIG. 6 to a position on interior facing
      surfaces of the side walls 45 and 46 of the inner container 33 so that the
      sterile container 30 may then be sealed as previously described. After the
      sterile container has been sealed by the sterile person 9, one of the
      adjacent pair of cuff portions, for example cuff portions 38 and 41, is
      folded to a position overlying the other adjacent pair of cuff portions 39
      and 42 and thereby effect an additional seal of the formerly open end 34.
PAR  It is to be understood that while I have illustrated and described certain
      forms of my invention, it is not to be limited to these specific forms or
      arrangement of parts herein described and shown.
CLMS
STM  What I claim and desire to secure by letters patent is:
NUM  1.
PAR  1. A sterile container adapted to receive a non-sterile article and
      comprising:
PA1  a. walls defining a container having a closed end and an open end, said
      container having closed sides;
PA1  b. a cuff on said container and in overlying relation with said walls
      adjacent the open end of said container;
PA1  c. walls defining a second container having a closed end and an open end,
      said second container having the closed end thereof positioned within said
      first named container, said walls of said second container extending from
      within said first named container and having outer portions thereof in
      overlying relation with said cuff adjacent the open end of said first
      named container whereby said walls of said second container protect said
      first named container and said cuff from contact with a non-sterile
      article moved into said first named container; and
PA1  d. means on said walls of one of said first named container and said second
      container for sealing said first named container whereby a non-sterile
      article moved into said second container may be sealed in said first named
      container after movement of said second container and article into said
      first named container to thereby provide a sterile package of a
      non-sterile article which may then be safely introduced into a sterile
      area.
NUM  2.
PAR  2. A sterile container as set forth in claim 1 wherein:
PA1  a. the non-sterile article which said second container and said first named
      container is adapted to receive is an X-ray cassette; and
PA1  b. said first named container and said cuff are each formed of a non-woven
      plastic fabric characterized by being substantially free of static
      electricity whereby the sterile package is adapted to be safely introduced
      into an operating room.
NUM  3.
PAR  3. A sterile container as set forth in claim 1 wherein:
PA1  a. said means for sealing said first named container is positioned on said
      walls of said first named container;
PA1  b. said means on said walls of said first named container are operative for
      releasably supporting the closed end of said second container in the open
      end of said first named container and comprises adhesive in a band inside
      of said first named container adjacent the open end thereof and underlying
      said walls defining said second container; and
PA1  c. said adhesive is pressure-sensitive whereby said walls of said first
      named container may be sealed together by adhesive-to-adhesive contact
      after movement of said second container and article into said first named
      container.
NUM  4.
PAR  4. A sterile container as set forth in claim 1 wherein:
PA1  a. said walls of said first named container comprise first and second wall
      portions in facing relation;
PA1  b. said cuff comprises a first cuff portion overlying said first wall
      portion and a second cuff portion overlying said second wall portion;
PA1  c. said first cuff portion and said second cuff portion each have opposite
      side edges thereof secured to said first wall portion and said second wall
      portion of said first named container; and
PA1  d. one of said first and second cuff portions is adapted to be folded to a
      position overlying the other of said first and second cuff portions after
      movement of said second container and article into said first named
      container.
NUM  5.
PAR  5. A sterile container as set forth in claim 1 wherein:
PA1  a. said cuff is integral with said walls of said first named container and
      extends from the open end thereof;
PA1  b. said outer portions of said walls defining said second container are
      integral with said cuff thereby defining a second cuff;
PA1  c. said means for sealing said first named container comprises adhesive in
      a band inside said second container adjacent the open end thereof; and
PA1  d. said adhesive is pressure-sensitive whereby said wall portions of said
      second container may be sealed together by adhesive to adhesive contact
      after the non-sterile article has been placed therein.
NUM  6.
PAR  6. A sterile container as set forth in claim 5 wherein:
PA1  a. the non-sterile article which said second container is adapted to
      receive is an X-ray cassette; and
PA1  b. said first named container and said first named cuff and said second
      cuff and said second container are each formed of a non-woven plastic
      fabric characterized by being substantially free of static electricity
      whereby the sterile package is adapted to be safely introduced into an
      operating room.
NUM  7.
PAR  7. A sterile container as set forth in claim 1 wherein:
PA1  a. said second container is of a size to receive the entire non-sterile
      article therein and to have the open end thereof spaced from the
      non-sterile article;
PA1  b. said means for sealing said first named container is positioned on said
      walls of said first named container; and
PA1  c. said first named container is of a size to receive said second container
      with the non-sterile article therein and have the open end of said second
      container spaced from said means for sealing said first named container.
NUM  8.
PAR  8. A sterile container adapted to receive a non-sterile article an
      comprising:
PA1  a. walls defining a container having a closed end and closed sides;
PA1  b. a cuff on said container and in overlying relation with said walls, said
      cuff being spaced from the closed end of said container;
PA1  c. a second cuff positioned in overlying relation with said first named
      cuff, said second cuff being connected to said first named cuff;
PA1  d. walls defining a second container connected to said second cuff, said
      second container having an open end adjacent said second cuff and a closed
      end adjacent the closed end of said first named container; and
PA1  e. means on said walls of said second container for sealing said second
      container after a non-sterile article has been placed therein to thereby
      provide a sterile package of a non-sterile article which may then be
      safely introduced into a sterile area.
NUM  9.
PAR  9. A sterile container as set forth in claim 8 wherein:
PA1  a. said walls defining said first named container are integral with said
      first named cuff;
PA1  b. said second cuff is integral with said first named cuff; and
PA1  c. said second cuff is integral with said walls defining said second
      container.
NUM  10.
PAR  10. A sterile container as set forth in claim 9 wherein:
PA1  a. said walls defining said second container comprise first and second wall
      portions in facing relation;
PA1  b. said walls defining said first named container comprise a first wall
      portion overlying said first wall portion of said second container and a
      second wall portion overlying said second wall portion of said second
      container;
PA1  c. said first named cuff comprises a first cuff portion overlying said
      first wall portion of said first named container and a second cuff portion
      overlying said second wall portion of said first named container; and
PA1  d. said second cuff comprises a first cuff portion overlying said first
      cuff portion of said first named cuff and a second cuff portion overlying
      said second cuff portion of said first named cuff.
NUM  11.
PAR  11. A sterile container as set forth in claim 10 wherein one of said first
      and second cuff portions of said second cuff and the respective first and
      second cuff portion of said first named cuff is adapted to be folded to a
      position overlying the other of said first and second cuff portions of
      said second cuff and the respective first and second cuff portion of said
      first named cuff after movement of said article into said second
      container.
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ABST
PAL  A belt-forming package, intended for use in packaging radiographic dental
      films is presented. The package is characterized in that the film
      materials are separately packed in such a way that taking one film packet
      out of the belt is facilitated by the provision of zones of less
      mechanical strength at the circumference of each separate packet. Opening
      of the separate packets puts no problems as a lip-like portion having an
      asymmetric wave-type form is overlappingly sealed to another portion so
      that the rupturing of the seal between both portions, causing the opening
      of the concerning separate packet is facilitated.
BSUM
PAR  The present invention relates to a package for unexposed X-ray sensitive
      film sheets and to a method of packaging such film sheets. More
      particularly, the invention relates to a new type of package for materials
      remaining in their wrapper during the X-ray exposure of such materials.
      This type of materials comprise a.o. non screen medical X-ray films, X-ray
      films used for non destructive testing of materials films used for X-ray
      dosimetry and X-ray films used in dentistry. By way of example, only the
      last mentioned type of X-ray films will be considered in the following
      description.
PAR  Films used for dental examination consists of one or two small-sized sheets
      of X-ray sensitive material, occassionally provided at either side with a
      paper/lead laminate whereupon the so formed sandwich is enclosed in a
      light-tight and moisture impervious wrapper, thereby to create a separate
      small-sized packet. Preferably a number of such packets are enclosed in a
      belt forming package which may be brought into a dispenser. In this way
      dispensing of the separate packets can be done in an easy manner.
PAR  The present invention aims at optimizing such belt forming package and to
      render the dispensing of the separate packets more convenient.
PAR  A further object of the invention is to provide a novel method for the
      continuous packaging of such separate small-sized packets.
PAR  The invention comprises a belt-forming package for the light-tight and
      moisture-impervious packaging of separate sheet materials wherein these
      separate sheet materials are contained between two webs of soft
      thermoplastic material sealed to each other over the circumferential
      surface of said sheet materials while tightly surrounding same so as to
      form separate packets enclosed in the belt, wherein said packets show a
      lower mechanical strength at the circumferential zones and one of said
      belt constituting webs of soft thermoplastic material consists of two
      composing strips duly sealed to each other in overlapping relationship.
PAR  According to the invention, the method for packaging separate sheet
      materials comprises the following steps:
PA1  Producing separate pockets by sealing two webs of soft thermoplastic
      material, one of them consisting of two composing webs previously sealed
      together length-wise, twice in transverse direction and once in
      longitudinal direction at one side of said webs,
PA1  Maintaining these pockets in opened position by applying appropriate means
      for introducing the sheet material length-wise at the second side into
      these pockets;
PA1  Sealing the filled pockets length-wise over said other side so as to form
      separate packets, and
PA1  providing the circumferential surface of each separate packet with areas of
      lower mechanical strength.
DRWD
PAR  The embodiments of a belt forming package, the separate packets and the
      packaging method as well are described more in detail with reference to
      the accompanying drawings in which:
PAR  FIG. 1 is a sectional view of a film sheet containing packet,
PAR  FIG. 2 is a view of a belt forming package containing separately packed
      films,
PAR  FIGS. 3 and 4 are modified types of the package according to FIG. 2,
PAR  FIG. 5 is a sectional view of the belt forming package on line 5-5' of FIG.
      2,
PAR  FIGS. 6a and 6b are illustrations of separate packets, and
PAR  FIG. 7 shows the elementary way for packaging the film sheets packets to
      create the belt forming package.
DETD
PAR  The packet of unexposed films 10 as shown in FIG. 1 in inaccurate
      proportions generally comprises two film sheets 11 and 12 contained
      between paper sheets 13 and 14. Occasionally, a lead foil 15 is provided
      for absorbing the irradiation as much as possible after exposure to X-rays
      of the object to be examined. For other applications such as
      radiodosimetry and the non-destructive testing of objects a light-tight
      and moisture-impervious package containing one or two films without the
      mentioned auxiliary materials may suffice.
PAR  As shown in FIG. 2 the unexposed films 10 and their occasional auxiliary
      materials are packaged to form a belt forming package 20. The package belt
      20 contains a great number of separate packets 23 which can be taken from
      the package belt 20 in an easy and simple way by rupturing the zones 28 of
      less mechanical strength provided at the circumferential surface of the
      packets 23. As can further be seen in FIG. 2, the upper web composing the
      belt consists of two parts so that the separate packets comprise an upper
      part 24 and a lower part 25 sealed to each other, the upper part 24 having
      an asymmetric lip portion 26.
PAR  FIG. 3 illustrates an analogous method of packaging films. The package belt
      20 is composed of a plurality of separate packets 23 but the zones of less
      mechanical strength are situated in the form of perforations 29 made in
      the circumferential edge of each packet.
PAR  FIG. 4 shows a detail of a way of packaging films wherein the zones of less
      mechanical strength are formed as a portion of reduced thickness 22 at the
      welding area. Such portion of reduced thickness 22 can advantageously be
      applied by practising relatively high pressures during the welding step
      when the belt composing webs 25 and 31 are in a soft state thereby greatly
      improving their deformability.
PAR  Another way of providing zones of less mechanical strength at the edge of a
      separate packet is shown in FIG. 5 which is a sectional view of the
      package on the line 5-5' of FIG. 2. In this type of package said zones of
      less mechanical strength are formed as an incision 21 in the front part 25
      of the package belt. The incision 21 can be made with a knife during the
      welding step.
PAR  FIGS. 6a and 6b illustrate a packet 23 after its removal from the package
      belt. This packet has the advantage of easy and simple handling for its
      opening after removal from the package belt. To this end two webs i.e. a
      non-deformed web 25 and a wave profiled web 24 are light-tightly and
      slightly welded to each other along the line 27. Preferably, this step is
      previously executed on a so-called roller type seam welder for
      thermoplastic materials operating with ultrasonic and ultrahigh
      frequencies as well.
PAR  This wave profile of the web 24 is obtained by carrying a web by means of a
      rotating knife with a corresponding profile in combination with a pressure
      roller. Preferably, the wave profiled web 24 is positioned so that the
      downwardly waved portion 26 forming a kind of lip is situated at one side
      of the finished package, whereby the opening of the packet, after its
      exposure, by rupturing the portion of less mechanical strength is much
      simplified. Although in FIG. 6a and the foregoing figures, the longer side
      of the package is illustrated as lying in the longitudinal direction of
      the belt, said embodiment is, however, not a limiting one and the packet
      may be provided as well with its longer side situated transversely with
      respect to the longitudinal direction of belt, as is illustrated in FIG.
      6b.
PAR  In FIG. 7 the method is illustrated for packaging packets with unexposed
      films to form a package belt. A web 31 and a combined web composed of the
      webs 24 and 25, preferably consisting of a smooth deformable thermoplastic
      material, such as polyvinyl chloride, are partly welded together by means
      of ultrasonic or ultrahigh frequent energy to form small pockets in which
      the packets containing unexposed films 10 can be introduced according to
      the direction indicated by the arrow 30. To this end, the pockets are
      partly kept open by means of vacuum suction cups 18 for facilitating the
      introduction of the packets containing the films 10. This introduction can
      be done either by hand or by machine operation. As soon as the packets are
      located in their respective pockets, the opening is close-welded whereby a
      belt forming package 20 is obtained housing the packets as represented in
      FIG. 2. This type of package is very handy in use as each packet 23 can be
      taken out of the belt in a very simple and easy way.
PAR  The opening of the package is done as follows: the operator takes the
      packet by seizing the bottom part thereof with his left hand thumb and
      forefinger and the wave profiled portion 26 with his right hand thumb and
      forefinger. By pulling the portion 26 upwardly, the welded seam 27 between
      the webs 24 and 25 is torn loose and also the edge of weaker constructed
      strength than the belt will be removed, so that finally the belt portion
      24 has fully been torn off. Thereupon the packet of film(s) and occasional
      auxiliary materials can be taken out of the package very simply and be
      treated in a further station.
PAR  Films packed in a belt forming package may be located e.g. in sets of a few
      tenths of them, situated in staggered position or in roll form, into a
      dispensing apparatus.
CLMS
STM  We claim:
NUM  1.
PAR  1. A continuous belt package for a multiplicity of sheet-like materials
      from which the sheet-like materials can be removed one by one without
      disrupting the belt continuity, comprising a continuous supporting web of
      a width somewhat exceeding the material width, a top web constituted of
      two continuous strips arranged in overlapping relation along their
      mutually inner edges and having an overall width generally equal to said
      supporting web, a multiplicity of said materials disposed in lengthwise
      spaced relation between said webs, the margins of said webs around the
      periphery of the individual materials being sealed together, at least one
      of said webs having a zone of weakness around the material periphery to
      permit the same to be separated from the remainder of the belt package for
      removal of the individual materials therefrom.
NUM  2.
PAR  2. The belt package of claim 1 wherein the inner edge of the uppermost of
      said overlapping strips has a generally wave-form configuration.
NUM  3.
PAR  3. The belt package of claim 2 wherein said wave-form edge of the uppermost
      strip defines inwardly-projecting tongues located in spaced relation
      corresponding to said materials.
NUM  4.
PAR  4. Package according to claim 2, wherein said wave-form edge has an
      asymmetric wave-type form.
NUM  5.
PAR  5. Package according to claim 1, wherein the zones of weakness is formed as
      front part incision.
NUM  6.
PAR  6. Package according to claim 1, wherein said zones of weakness is a
      reduced thickness which is smaller than the total thickness of the
      composing webs.
NUM  7.
PAR  7. Package according to claim 6, wherein said zones of weakness is obtained
      by the application of pressure during the sealing of both webs together.
NUM  8.
PAR  8. Package according to claim 1, wherein said zones of less mechanical
      strength are defined by a line of perforations.
NUM  9.
PAR  9. Package according to claim 1, wherein the material used for the
      production of the webs is polyvinyl chloride.
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ABST
PAL  A lightweight preformed environment resistant display block adapted to
      provide a display means of a plurality of like modular display blocks for
      exhibiting various articles in a number of different display arrangements.
      A modular display block of integral homogeneous polyhedral hollow form
      including side walls, a bottom wall, and a top wall located below top
      edges of the side walls to provide a pocket or cavity for holding
      displayed articles. Means are provided on said bottom wall and on edges of
      said side walls for interlocking modular display blocks in a number of
      different display arrangements.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  In present modern supermarket display of merchandise and products, it is
      often desired to display lead items, sale items, or other market leaders
      in locations other than the normal arrangement of horizontal shelving.
      Some examples of such locations are at ends of a shelf row, areas adjacent
      checkout stands, areas adjacent entrance doors, and other suitable
      locations within a store or supermarket for drawing the attention of the
      customers to the particular displayed products.
PAR  Heretofore, such displays were provided by employing a carpenter to erect
      and construct a display frame which would be covered with paper covering
      and which might be attractively decorated by colored crepe paper or other
      colored paper. The costs involved in constructing a display frame were
      considerable in terms of labor and time. In other prior instances, such
      display stands or racks were provided by utilizing shipping crates or
      boxes which had contained a product to be sold, arranging the crates or
      boxes in a desired configuration and then decorating the arrangement of
      boxes with suitable material such colored crepe or paper. Such prior
      proposed displays were based upon the ingenuity of the local store
      manager. The quality and attractiveness of such displays would vary from
      store to store even within a supermarket chain, and even within a single
      store depending upon scrap material available. The erection and
      installation of such display stands was haphazard, the materials used were
      usually not strong and adapted to withstand the continual abuse of
      customers and of maintenance personnel, and tended to become dirty,
      mutilated and unsightly after a relatively short time. Such displays were
      obviously not adapted for repetitive use.
PAC  SUMMARY OF INVENTION
PAR  The present invention relates to a modular display means for use in
      supermarket stores for the attractive, clean display of various types of
      articles and products in a number of different display arrangements. The
      present invention contemplates a modular display means based upon a
      lightweight sturdy, strong, environment resistant modular display block
      which is designed and arranged to be inexpensive to manufacture and to be
      assembled with like display blocks rapidly and to provide an attractive
      display base for products or articles to be displayed. The invention
      contemplates such a modular display arrangement which is inexpensive to
      manufacture, which is inexpensive to install and to disassemble, and which
      is adapted for repetitive use without deterioration of its attractiveness
      and utility.
PAR  The main object of the present invention is to provide a modular display
      block for use in special displays of articles to be sold.
PAR  An object of the present invention is to provide a modular display block
      which is lightweight, of suitable plastic material, and may be provided in
      a number of different attractive colors for assembly in an attractive
      display stand.
PAR  Another object of the invention is to provide a modular display means in
      which the display blocks or display elements are provided with relatively
      hard, smooth surfaces resistant to mutilation, scratching and marring
      during normal use and which are soil resistant and readily cleaned.
PAR  A further object of the present invention is to provide a modular display
      block wherein one of the faces of said block is provided with a pocket or
      cavity for containing articles being displayed.
PAR  A still further object of the present invention is to disclose and provide
      a modular display block which one of its walls is generally planar to
      provide a flat surface for supporting articles to be displayed.
PAR  A still further object of the present invention is to provide a modular
      display block having means on opposite faces of each block for
      interlocking with means provided on like surfaces of a similar modeled
      modular block so that a plurality of such display blocks may be arranged
      in vertical stacked relation, in staircase relation, or in lateral offset
      pyramid type relation.
PAR  Various other objects and advantages of the present invention will be
      readily apparent from the following description of the drawings in which
      an exemplary embodiment of the invention is shown.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a top perspective view of a display block embodying this
      invention.
PAR  FIG. 2 is a perspective view of the display block shown in FIG. 1 turned
      up-side-down to view the bottom wall thereof.
PAR  FIG. 3 is a fragmentary enlarged sectional view taken in the vertical plane
      indicated by line III--III of FIG. 1.
PAR  FIG. 4 is a fragmentary enlarged sectional view taken in the plane
      indicated by line IV--IV of FIG. 5.
PAR  FIGS. 5, 6, 7 and 8 illustrate the display block of FIG. 1 arranged with a
      plurality of like blocks in order to provide various display arrangements;
      FIG. 5 being a perspective view of three display blocks arranged in step
      or staircase fashion.
PAR  FIG. 6 shows an arrangement of seven display blocks in another form of
      stepped arrangement.
PAR  FIG. 7 shows seven display blocks in still another arrangement.
PAR  FIG. 8 shows eight display blocks arranged in vertical stacks of two
      blocks.
DETD
PAR  The modular display block generally indicated at 10 in FIG. 1 comprises a
      block body 11 having side walls 12, a bottom wall 14, and a top wall 15
      recessed below the top edge 16 of side walls 12. Each side wall 12 is
      slightly recessed or dished inwardly of the block body and forms a central
      polygonal wall portion 18 and trapezoidal wall portions 19 flaring
      outwardly therefrom to the peripheral edges of the wall 12.
PAR  Bottom wall 14 is generally planar. At each corner of bottom wall 14 is
      integrally formed a projection 21 and between the each pair of corner
      projections 21 and adjacent and on opposite sides of a midplane passing
      through the block body 11 may be formed projections 22. A vent opening 23
      is provided in the center of bottom wall 14 for venting gases formed
      during molding of the block body, vent opening 23 being normally closed by
      a suitable plug 24.
PAR  Top wall 15 is recessed below the plane of the edges of side walls 12 a
      selected distance which may be approximately 1/4 the height of side wall
      12. In the exemplary block body illustrated herein, the height of side
      walls 12 may be 16 inches and the depth of the pocket 26 provided by
      recessed top wall 15 may be approximately 4 inches. The length of each
      side wall 12 may be approximately 22 inches. Recessed top wall 15 provides
      a double walled structure adjacent the top of the block body and the top
      edges 16 are formed of a suitable width so that an indentation or hole 27
      may be formed in each corner thereof for reception of the projections 21.
      Between the holes 27 may be provided indentations or holes 28 on opposite
      sides of a plane bisecting the block body to cooperate with projections
      22. The recessed top wall 15 provided by recess wall 30 provides a
      structurally strong section of material about the top portion of the
      display box in a configuration of a relatively deep walled inverted
      channel section defined by recess wall 30, top edge 16 and the wall
      portions 19.
PAR  Block body 11 is formed by rotary type molding and the walls of the block
      body are integral and may be approximately 1/4 of an inch thick.
      Preferably, the material of the block body is one which will not distort
      under conditions of heat and under conditions where the block body is
      subjected to heavy loads for long periods of time. The material is
      impervious and presents a hard, smooth surface which does not attract or
      accumulate dust and dirt and which when soiled may be readily cleaned by
      wiping with a damp cloth. A suitable preferred material for the block body
      is a cross linked polyurethane material made by Phillips and identified by
      No. CL 100 In rotational molding of the block body the raw polyurethane
      material in the form of a powder is placed within the mold. The mold is
      then rotated in a heated atmosphere so that the powdered material is
      melted and deposited on walls of the mold by the rotational forces acting
      upon the molten material within the mold. After the mold has been cooled
      and subjected to a water bath, a port is made in the bottom wall to permit
      the escape of gases produced during the molding operation. The block body
      is then permitted to cool and after cooling the vent opening may be
      plugged.
PAR  The block body which results from such rotational molding is characterized
      by a wall section thickness which is uniform throughout the block body.
      The slight concavity of the four side walls together with the deep
      inverted channel section around the top periphery of the block provides a
      polyhedral preformed sturdy block body adapted to carry loads of up to 600
      pounds or more without distortion or collapse. The dimensional stability
      of the block body permits the bodies to be arranged in a variety of
      different display patterns.
PAR  In FIG. 5 a simple display of three display blocks is shown, the rear two
      blocks being stacked with the top walls in upper position to provide
      interlocking therebetween by the cooperation of the projections 21 and 22
      with their respective holes or recesses 27, 28. In FIG. 5 the uppermost
      box has the display pocket 26 facing upwardly to receive and contain
      products to be displayed. In front of the two stacked blocks may be a
      single display block with the bottom wall 14 uppermost. Either the bottom
      wall 14 or the top wall 15 may be placed uppermost in the display of FIG.
      5 depending upon the type of product to be displayed.
PAR  In FIG. 6 a partial pyramid type of display is illustrated in which four
      display blocks with bottom walls facing upwardly provide a base for three
      display blocks arranged on top thereof in a staircase or stepped fashion.
      In FIG. 6 all of the display blocks have bottom walls uppermost depending
      upon the product displayed. Each of the blocks in FIG. 6 could be reversed
      in position so that the top wall was uppermost if so desired.
PAR  FIG. 7 shows still another arrangement of display blocks in which two
      stacks of blocks are arranged at the rear of two front blocks placed with
      their bottom walls uppermost. The upper boxes of the stacks of two may
      have their top walls uppermost to provide pockets for containing products
      displayed. On top of the two uppermost rear blocks a third block may be
      positioned by means of the interlocking projections and holes described
      above. The upper display block spans the joint between the two supporting
      blocks and it will be noted that the corner projections 21 of the upper
      block will engage one of the intermediate holes 28 of the supporting
      block.
PAR  FIG. 8 shows a display arrangement wherein sets of two vertically stacked
      blocks are placed together to provide four product display pockets 26 in
      close adjacent relation.
PAR  The type of product displayed on the display block 10 of this invention may
      be any type of product adapted by size and weight for display in a pocket
      such as 26 or on a surface such as provided by bottom wall 14. The display
      blocks are of relatively light weight and may be readily assembled and
      disassembled and transported to different locations within a store for the
      erection of a modular display. The use of a plastic material provides the
      opportunity for selecting materials of widely different colors which can
      be attractively combined in a colorful display. The inclusion of colors in
      the material of the display block makes unnecessary the addition of
      colored paper or other decorative trimmings normally used in such
      displays.
PAR  It will be understood that various changes and modifications will be made
      in the shape, configuration and structural characteristics of the block
      body which may come within the spirit of this invention and all such
      changes and modifications coming within the scope of the appended claims
      are embraced thereby.
CLMS
STM  I claim:
NUM  1.
PAR  1. A lightweight preformed environment resistant dimensionally stable rigid
      modular display block adapted for use with like blocks for exhibiting
      sundry products and adapted to be arranged for different display
      conditions, comprising the combination of:
PA1  a homogeneous one-piece seamless polyhedral rigid hollow block body of
      plastic material having smooth, mar and soil resistant exterior surfaces,
PA1  said body having side walls with top edges lying in a plane,
PA1  a bottom wall,
PA1  a top wall spaced below said plane and having peripheral portions uniformly
      spaced interiorly of said side walls,
PA1  and recess walls and top edge walls of uniform narrow width joining said
      top wall and side walls adjacent the peripheral top edges of the side
      walls,
PA1  said recess walls, top edge walls, and top portions of said side walls
      forming an inverted peripheral channel section of material for
      dimensionally rigidifying a top upstanding peripheral wall portion which
      extends continuously around the periphery of the block body and which
      defines a recess pocket of selected depth for containing objects to be
      displayed;
PA1  said bottom wall having an exterior virtually planar surface;
PA1  each of said side walls in cross section having a slightly concave
      configuration for stiffening said block body;
PA1  and means including holes formed in peripheral top edge walls and means
      including corresponding projection on said bottom wall to releasably
      interlock one block body with at least a portion of another like block
      body.
NUM  2.
PAR  2. A lightweight preformed environment resistant dimensionally stable rigid
      modular display block adapted for use with like blocks for exhibiting
      sundry products and adapted to be arranged for different display
      conditions, comprising the combination of:
PA1  a homogeneous one-piece seamless polyhedral rigid hollow block body of
      plastic material having smooth, mar and soil resistant exterior surfaces,
PA1  said body having side walls with top edges lying in a plane,
PA1  a bottom wall,
PA1  a top wall spaced below said plane and having peripheral portions uniformly
      spaced interiorly of said side walls,
PA1  and recess walls and top edge walls of uniform narrow width joining said
      top wall and side walls adjacent the peripheral top edges of the side
      walls,
PA1  said recess walls, top edge walls, and top portions of said side walls
      forming an inverted peripheral channel section of material for
      dimensionally rigidifying a top upstanding peripheral wall portion which
      extends continuously around the periphery of the block body and which
      defines a recess pocket of selected depth for containing objects to be
      displayed;
PA1  said bottom wall having an exterior virtually planar surface;
PA1  each of said side walls in cross section having a slightly concave
      configuration for stiffening said block body;
PA1  and means including holes formed in peripheral top edge walls and means
      including corresponding projection on said bottom wall to releasably
      interlock one block body with at least a portion of another like block
      body;
PA1  each side wall concave configuration including
PA1  a rectangular center wall portion and trapezoidal wall portions extending
      from said rectangular portion in planes inclined to the plane of the
      rectangular portion.
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ABST
PAL  A childproof design for packages for tablets, pills and the like includes a
      conventional base foil provided with indentations or cups to receive the
      tablets. A cover foil is provided, as a seal, over the base foil. The
      package is rendered tamperproof by the inclusion of cavities in the base
      foil within which the cover foil can be grasped and peeled off but which
      are concealed and inaccessible until an individual tablet package is
      severed from the whole pack.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the childproof packaging for tablets, especially
      to tear-open packages which include a lower base foil and a cover foil.
      The invention relates, more particularly, to packaging for tablets of the
      tear-open type which includes a lower base foil made of thermoplastic
      synthetic material and having deep-drawn cups for receiving tablets,
      dragees or the like, and also a cover foil which closes off the cups. The
      cover foil is sealed to the base foil. To facilitate the grasping and
      release of the cover foil from the base foil, the base foil is provided
      with concealed grasping recesses.
PAR  2. Description of the Prior Art
PAR  In a known package of the kind formed by two foils, grasping recesses are
      pressed into the front of the base foil, and these recesses are further
      delimited by the cover foil. Thus, the cover foil is easily accessible and
      can be stripped off without difficulty so that the desired tablet may be
      removed effortlessly (German Federal Republic Gebrauschsmuster No.
      1,927,967). This desired easy opening of the package brings with it the
      disadvantage, however, of unauthorized removal, especially by children. On
      the other hand, if the package were manufactured without the grasping
      recesses and the cover foil were sealed to the base foil around its entire
      periphery, such a package could not be opened without implements.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a tear-open package of the kind
      described above which is equipped with grasping recesses for the easy
      grasping and removing of the cover foil, and which is protected to a high
      degree against unauthorized opening, particularly by children, yet which
      retains the advantage of easy grasping and removal of the cover foil.
PAR  To attain the above-stated object, as well as others which are to become
      clear from the text below, the invention proposes to develop and conceal
      the grasping recesses in such a way that the cover foil cannot be grasped
      without additional action. For this purpose, the grasping recesses are
      advantageously formed by one or several cavities which are covered by the
      same cover foil which also covers the cups fot the tablets. Furthermore,
      the device is made so that the cavities are provided with lines of reduced
      strength, for example cuts or the like, which define and limit the
      grasping recesses. Such cuts in the cavities can be formed in known
      fashion by perforations, notches, scratches or the like provided for the
      easy separation of an individual tablet package from the package strip or
      composite of individual packages. Furthermore, it is preferred that one
      cavity for the formation of a grasping recess is assigned to each sealed
      tablet in a tablet package and that it is disposed or formed so as to be
      concealed. However, the package can be made in such a way that the
      cavities for the formation of grasping recesses are disposed between two
      or in the center of four tablets. A package of this kind provides very
      good protection against unauthorized opening and removal of tablets by
      children. Furthermore, this package also has the advantage of easy
      opening. This easy opening, however, is made possible only after an
      individual tablet package has been severed from another package or from
      the package strip. After the individual package has been severed, the
      cover foil can be easily grasped by means of the now revealed grasping
      recess and therefore can be easily stripped from the base foil.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention is further explained with the aid of the drawing, in which:
PAR  FIG. 1 is a top view of a first exemplary embodiment of the childproof
      package according to the present invention;
PAR  FIG. 2 is a sectional side view of the package illustrated in FIG. 1, the
      section being taken along the line II--II of FIG. 1;
PAR  FIG. 3 is a top view of the package illustrated in FIGS. 1 and 2, showing
      the removal of a single tablet package from the quadruple package or
      four-pack;
PAR  FIG. 4 is a side view of a single tablet package;
PAR  FIG. 5 is a top view of a second exemplary embodiment of a childproof
      package according to the invention;
PAR  FIG. 6 is a sectional side view of the package illustrated in FIG. 5, the
      section being taken along the line VI--VI in FIG. 5; and
PAR  FIG. 7 shows the division of the double package illustrated in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As is shown in FIGS. 1 and 2, a childproof package, according to the
      present invention, consists substantially of a base foil 1 and a cover
      foil 2 connected to the base foil 1 by sealing. Four symmetrically
      disposed cups 3 are provided in the base foil 1 by a process of deep
      drawing. These cups 3 serve as receptacles for tablets 4 or the like.
      Furthermore, the base foil 1 is provided with a cavity 5 in the center of
      the four symmetric cups 3. This cavity 5 is covered by the cover foil 2
      just as are the cups 3. Furthermore, the package is provided with
      perforations 6 or the like, which serve for the easy separation of
      individual packages from the entire package. These perforations 6, which
      may be present either only in the base foil 1 or also in the cover foil 2,
      result in cuts 8 within the cavity 5, defining grasping recesses 7.
PAR  If, as is shown in FIG. 3, an individual package is separated from the
      entire package, a grasping recess 7 is revealed, so that, as may be best
      seen in FIG. 4, the cover foil 2 can be easily grasped and stripped from
      the base foil 1.
PAR  The entire package may contain more than four tablets but in that case,
      their number preferably is enlarged by four tablets at a time so that, for
      example, packages of eight or twelve tablets result, and one cavity 5 is
      provided in the center of each set of four symmetrically disposed cups 3
      containing the tablets 4.
PAR  In a second embodiment of the invention, the childproof package can be
      developed according to FIGS. 5, 6 and 7 in such a way that an individual
      grasping recess 7 in the form of a cavity 5 is assigned to each cup 3
      containing a tablet 4. In this arrangement, perforations 6 or the like are
      disposed so that when one of the cups 3 containing a sealed-in tablet 4,
      is separated from the entire package or from a second one of the cups 3,
      containing another sealed-in tablet 4, the grasping recess 7 of the
      severed single package is revealed and the cover foil 2 can be easily
      grasped and peeled off. During this process, the remaining sealed-in
      tablet 4 remains packaged in a childproof manner and can be easily opened,
      by grasping the cover foil 2, only after the removal of an intermediary
      web 9.
PAR  As is indicated in FIG. 5 by dotted lines, the tablets 4 can be suitably
      packaged in strips, where, by a corresponding disposition of the
      perforations 6, a single package may be separated from the package strip.
      Such a development of a tablet package guarantees that the package cannot
      be opened without some special effort, especially not by children without
      authorization, yet, after separation of an individual package from the
      entire package, this single package can be easily opened in the usual
      manner. In the case of the exemplary embodiment shown in FIGS. 5-7, the
      remaining tablets retain their childproof packaging.
PAR  It is to be appreciated that the above-described and illustrated
      embodiments of childproof packages constructed in accordance with the
      present invention have been provided as non-limiting examples. Numerous
      changes may be made in the illustrated embodiments and other embodiments
      constructed without departing from the spirit and scope of the invention,
      as defined in the appended claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A childproof package assembly comprising a base foil made of
      thermoplastic synthetic material and equipped with deep-drawn cups
      disposed in a linear array for receiving plural, spaced tablets, dragees
      or the like therein, said cups being spaced from each other by a planar
      portion of said base foil, said planar portion having two shallow
      depressed areas adjacent to each cup and separated from each other by a
      web portion, perforations disposed at the extremities of said web in a
      direction transverse to the linear array, a coextensive cover foil lying
      in a single plane covering said cups and said depressed areas to permit
      removal of an individual package from the assembly while retaining an
      adjacent cup inaccessible by the remaining web portion.
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PAL  A sorting apparatus capable of dividing lightweight axial components
      according to length. A pair of discs are separated by a predetermined
      distance and tilted above the horizontal plane with the second lower disc
      containing a backstop positioned on its outside surface. The item to be
      sorted is positioned across the discs with its first end against the
      backstop. If the overall length allows it to span the separation distance
      thereby supported by the discs it will travel through the arc of the discs
      as they rotate. If the length of the items is less than the separation
      distance of the discs, the second end of the item will fall between the
      discs and the item will fall onto the deflector.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to sorting apparatus and more particularly to
      apparatus capable of sorting lightweight axial components to a preselected
      length.
PAR  2. Description of the Prior Art
PAR  In an electronics industry where automated apparatus is used to assemble
      electrical components it is important to ensure that an overall dimension
      of the component, namely its length, meets a prescribed minimum length.
PAR  While the prior art contains numerous methods of sorting items there are
      certain limitations present with the use of electrical components which
      prohibit the employment of such devices.
PAR  U.S. Pat. No. 3,467,253 which issued to O. I. Rossi on Sept. 16, 1969,
      discloses a method and apparatus for sorting timber by length and for the
      piling of the same. The apparatus comprises rectangular structures on
      which conveyors pass with individual timbers supported between the two
      conveyors. If a particular piece of lumber cannot span the distance
      between the conveyors it drops off, while the pieces long enough are
      carried onto a next conveyor system. Successive conveyors are spaced
      farther apart until finally they reach a drop point.
PAR  Another example of the prior art is disclosed by U.S. Pat. No. 3,715,056
      which issued to Preston on Feb. 6, 1973. In Preston a sorting apparatus
      comprising a tooth wheel or drum having teeth is rotated in a
      counterclockwise direction. Items to be sorted are drawn from a hopper and
      disposed within the teeth of the drum by a vacuum means. If the members
      are less than the predetermined length between the suction passages they
      will fall from the drum, however if they are at least a predetermined
      length they will remain thereon and be transferred to a second drum. One
      major disadvantage of this method requires the items to be of consistent
      diameter over their length such that they will fully cover the inside
      surface of the teeth of the first wheel. The present apparatus while well
      suited for the separation of articles such as cigarets which contain a
      fairly well standardized diameter throughout their length would not be
      operable with an article containing in effect two diameters or one in
      which the diameter is very small.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  In the foregoing discussion it will be understood that among the various
      objectives of the present invention are:
PAR  To provide a sorting device capable of sorting axial components according
      to length.
PAR  A further object of the present invention is to provide an apparatus
      capable of sorting components whose ratio of length to cross section
      diameter is very large.
PAR  A further object of the present invention is to provide an apparatus
      capable of sorting components to a predetermined length without damaging
      or deforming the component.
PAR  Another object of the present invention is to provide an apparatus capable
      of sorting individual components of a variable weight and structural
      configuration.
PAR  These and other objectives of the present invention are effectively
      achieved by providing an axial component sorting device comprising two
      rotating discs connected together by a spacer and inclined from the
      horizontal such that the first disc is above the second.
PAR  A backstop is positioned on the outside surface of the lower disc, such
      that when the components are fed axially to the edges of the discs, the
      first end of the component will strike the backstop and fall within one of
      the teeth on the disc. If the length of the component is equal to or
      greater than the separation between the discs, the other end will come to
      rest on top of the second disc. However, if the overall length of the
      component is less than the separation between the discs, the second end
      will drop between the discs and onto a deflector. If the component is
      supported by the discs, it will be carried to the bottom of the disc
      rotation and drop out of the teeth due to the force of gravity. The
      component then drops onto the other side of the deflector and thereby is
      separated from the rejected components.
PAR  Inasmuch as the rejection length of a component is determined by the length
      of the spacer between the rotating discs it becomes only a simple task to
      vary the rejection length by replacing one spacer with a longer or shorter
      one.
PAR  The foregoing as well as other objects, features and advantages of the
      present invention will become more apparent from the following detailed
      description taken into conjunction with the appended drawings.
DRWD
PAC  A BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a side view of the axial sorting device with the delivery
      means in position.
PAR  FIG. 2 is a cutaway side view of the rotatable discs with the chute in
      position showing the sorting of a rejected and proper length component.
PAR  FIG. 3 is a perspective view of the axial sorting device with the delivery
      means and deflector in position.
DETD
PAC  PREFERRED EMBODIMENT
PAR  With reference to FIG. 1 the sorting apparatus comprises three elements, a
      first disc 10 and a second disc 12 and a spacer 14 mounted on a rotatable
      axle 17. The discs 10 and 12 contain surface indentations 13 which form
      the disc teeth. The overall structure is tilted and rotates about an axis
      15 which is inclined from the horizontal such that the first disc 10 is
      disposed above the second disc 12. A backstop 19 is secured to the outer
      surface of the second disc 12. When components 18 pass over the rotating
      discs, the first end of the component will strike the backstop 19 thereby
      causing the component 18 to drop onto the discs. If the overall length of
      the component 18 is greater than the separation between the discs 10 and
      12, and the width of one of the discs, it will be supported by the two
      discs and carried by teeth 13 as the discs rotate, however if the length
      is less than the separation distance and the width of one of the discs,
      the component will only be supported by disc 12 and the other end will
      fall between the discs. A delivery device 16 is utilized in order to bring
      the component 18 into appropriate close proximity, height and angle to the
      discs such that the components will strike the backstop 19.
PAR  As shown in FIG. 2 a deflector 20 is positioned between the discs above and
      overlapping the spacer 14. The position of the deflector is dependent upon
      the position of the delivery device 16, the only criterion being that once
      the component makes contact with the backstop 19 and disc 12 it should
      pass over both faces of the deflector 20 if a double-face deflector is
      employed. Three individual components are shown in FIG. 2, 18a represents
      a component after leaving the delivery device 16 before making contact
      with the discs and the backstop. 18b represents a component which has been
      rejected because its overall length did not span the distance between the
      discs 10 and 12. This component is passing down to reject side of the
      deflector. 18c represents a component whose overall length is adequate to
      span the distance between the discs 10 and 12, such that it rides through
      the arc of the discs before being dislodged from the teeth 13 by the force
      of gravity.
PAR  FIG. 3 is another view of the axial sorting apparatus with the delivery
      device 16 and a single ramp deflector 20a.
PAR  From the foregoing it will be seen that the applicant has provided an
      improvement in sorting devices whereby the objectives set forth
      hereinabove are effectively met.
PAR  Since certain changes in the above described construction will credit those
      skilled in the art without departure from the scope of the invention it is
      intended that all matter contained in the preceding instruction or shown
      in the appended drawings shall be interpreted as illustrative and not in a
      limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An axial sorting apparatus comprising:
PA1  first and second circular rotatable discs disposed parallel to each other
      and centered on a common axis, each of said discs having a plurality of
      slots on its outer rim;
PA1  at least one spacer separating said discs and secured on its center through
      said axis to the inside surfaces of said first and second rotatable discs;
PA1  backstop means positioned against the outside surface of said second
      rotatable disc and having a diameter greater than said second rotatable
      disc;
PA1  component delivery means positioned outside of said first rotatable disc;
PA1  deflector means disposed between said discs for separating the undersized
      component which falls between said discs and the proper sized components,
      said deflector means comprising two substantially perpendicular planar
      surfaces intersecting along a line parallel to and displaced from the axis
      of the spacer and extending downwardly.
NUM  2.
PAR  2. An axial sorting apparatus as claimed in claim 1 wherein the axis of
      said rotatable discs is inclined upward from the horizontal plane such
      that said first disc is disposed above said second disc to ensure that the
      component to be sorted would be flush with the outside surface of the
      lower disc against said backstop.
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ABST
PAL  A foldable support, adapted to be mounted on a vertical wall, includes an
      elongated vertical housing, and an arm having an end portion pivotally
      mounted on a lower portion of the housing and adapted to be selectively
      moved between a raised position at which the arm is concealed within the
      housing, and a lowered position at which the arm projects horizontally
      outwardly therefrom. The housing has a channel-shaped transverse
      cross-section formed by a pair of transversely-spaced vertical flanges
      separated by an intermediate vertical web. The pivoted end portion of the
      arm has a U-shaped cross-section provided with a pair of trunnions which
      are journalled in a pair of bearing openings provided in the housing. When
      the arm is moved to the lowered position, an object, such as a clothes
      hanger, may be hung therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to the field of foldable supports,
      and more particularly to a unique foldable support adapted to be mounted
      on a vertical door or wall in a home, office or trailer and from which a
      clothes hanger may be hung.
PAR  2. Description of the Prior Art
PAR  Many motels and homes are commonly provided with conventional closets
      having an elongated horizontal cylindrical bar or rod upon which a clothes
      hanger may be hung.
PAR  In some instances, it may also be convenient to provide a hanger support on
      a wall, door, or other suitable vertical member. Obviously, an outwardly
      extending arm will provide an acceptable support, but such a projecting
      arm may also interfere with normal usage of and traffic patterns in the
      room. This disadvantage of an outwardly-projecting arm is particularly
      acute in the case of door mounting where such arm may interfere with the
      degree of door movement, or in house trailers where space is at a premium.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved foldable support which is
      particularly adapted to be mounted on a vertical planar door or wall in a
      house, office, trailer, or the like, and upon which an object, such as a
      garment or clothes hanger, may be hung.
PAR  The inventive foldable support broadly includes an elongated vertical
      housing having a channel-shaped transverse cross-section formed by a pair
      of transversely spaced vertical flanges separated by an intermediate
      transversely extending vertical web, the flanges and web defining an
      elongated recess therebetween; and an arm having one end portion pivotally
      mounted on a lower portion of the housing and adapted to be selectively
      moved between a raised position, at which the arm is received and
      partially concealed within the housing recess, and a lowered position at
      which the arm projects horizontally outwardly from the housing. The
      pivoted arm end portion has at least one surface arranged to engage a
      portion of the housing web, when the arm is in the lowered position, to
      support the weight of an object hung on the outwardly-extending arm.
PAR  The arm may include another portion having an inverted substantially
      T-shaped transverse cross-section and provided with a plurality of
      longitudinally spaced notches along its upper surface to receive the
      object.
PAR  The pivoted arm end portion may be substantially U-shaped, and may further
      include a pair of trunnions which are adapted to be received in a
      complementary pair of bearing-type openings provided in the housing. In
      the preferred embodiment, the end faces of this U-shaped portion
      constitute the surfaces which engage the web when the arm is in the
      lowered position.
PAR  If desired, the arm and housing flanges may be provided with complementary
      longitudinal tapers of from 2.degree.-5.degree. with the vertical so that
      when the arm is moved from its lowered horizontal position to its raised
      position, the arm will be moved through an arc of from
      92.degree.-95.degree., this raised position being over-center with respect
      to the vertical.
PAR  Accordingly, one general object of the present invention is to provide an
      improved foldable support having a pivoted arm adapted to be moved between
      an inoperative raised position and an operative lowered horizontal
      position, and upon which a suitable object, such as a clothes hanger or
      the like, may be hung.
PAR  Another object is to provide an improved foldable clothes hanger support
      which is particularly suited for mounting on a vertical surface of a wall
      or door in a home, office, or trailer.
PAR  Another object is to provide an improved foldable clothes hanger support
      which may be assembled from two integrally formed parts.
PAR  Still another object is to provide an improved foldable support which may
      be inexpensively manufactured of acetate butyrate styrene, or any other
      suitable plastic, by a conventional injection molding technique.
PAR  These and other objects and advantages will become apparent from the
      foregoing and ongoing specification, the drawings, and the appended claims
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the inventive foldable support showing the
      housing, and the position of the arm in the inoperative raised position.
PAR  FIG. 2 is a perspective view of the foldable support with the arm moved
      downwardly to the operative lowered position, this view also showing an
      object hanging from one of the notches of the horizontally extending arm
      and further showing the tapered housing flanges.
PAR  FIG. 3 is a front elevational view of the foldable support illustrated in
      FIG. 2, this view taken longitudinally along the lowered arm to show the
      inverted substantially T-shaped cross-section thereof, and further showing
      the vertically spaced inverted keyhole recesses provided through the
      housing web.
PAR  FIG. 4 is an enlarged fragmentary transverse vertical sectional view
      thereof, taken generally on line 4--4 of FIG. 3, with a portion of the
      left housing flange broken away to illustrate the pivoted U-shaped left
      end portion of the arm in side elevation, this view particularly showing
      the rear surfaces of the arm left end portion engaging only the housing
      web when the arm is in the lowered position.
PAR  FIG. 5 is an enlarged fragmentary transverse horizontal sectional view
      thereof, taken generally on line 5--5 of FIG. 3, showing the arm left end
      portion in top plan, and further showing the arm trunnions received and
      journalled in the housing bearing-like openings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  At the outset, it should be clearly understood that like reference numerals
      are intended to identify the same elements and/or structure consistently
      throughout the several drawing figures, as such elements and/or structure
      may be further described or explained by the entire written specification
      of which this detailed description is an integral part.
PAR  Referring initially to FIGS. 1 and 2, the present invention provides a
      foldable support, generally indicated at 10, which is adapted to be
      mounted on a vertical wall (not shown), such as a door or wall in a
      trailer, office or house. The inventive foldable support 10 broadly
      includes an elongated vertical housing, generally indicated at 11, and an
      elongated arm, generally indicated at 12, pivotally mounted on the housing
      11 and adapted to be selectively moved between an inoperative raised
      position (FIG. 1) and an operative lowered position (FIG. 2) for a purpose
      hereinafter explained.
PAR  As best shown in FIGS. 1-3, the vertical housing 11 of the presently
      preferred embodiment has a generally channel-shaped transverse
      cross-section (FIG. 5) formed by a pair of left and right horizontally
      spaced longitudinally extending vertical flanges 13, 14, respectively,
      separated by an intermediate transversely extending vertical web 15 which,
      as best shown in FIG. 3, may be suitably provided with a pair of
      vertically spaced inverted keyhole slots 16 therethrough. In the well
      known manner, a suitable fastener, such as a headed screw or bolt, may be
      passed through each keyhole slot 16 and suitably embedded in the wall or
      door to hold the foldable support housing 11 thereto.
PAR  The forward edges of left and right housing flanges 13, 14 are severally
      shown as being longitudinally or vertically tapered from the deeper
      horizontal bottom 18 of the housing to the more narrow horizontal top 19
      thereof at an acute included angle with the vertical of from
      2.degree.-5.degree., as indicated in FIG. 2.
PAR  Moreover, the housing 11 is shown further provided with a pair of left and
      right openings 20 and 21, respectively, which function as bearings for a
      purpose hereinafter explained. As best shown in FIGS. 2 and 5, each of
      these bearing openings 20, 21 extends forwardly into flanges 13, 14 from a
      lower portion of web 15 and has a semi-circular forward portion 22.
PAR  In this manner, the left and right housing flanges 13, 14 define with the
      intermediate web 15, a forwardly opening vertically elongated rectangular
      trough-like recess, indicated at 23 in FIG. 2, this trough being
      relatively deep in the vicinity of housing bottom 18 and relatively
      shallow in the vicinity of housing top 19. As shown, the various parts of
      the presently preferred embodiment of housing 11 may be integrally formed
      of acetate butyrate styrene, styrene, or any other suitable plastic, by a
      well known injection molding technique.
PAR  Adverting now particularly to FIG. 2, the arm 12 is shown as being an
      elongated member having a leftward end portion 24 pivotally mounted on a
      lower portion of housing 11, and another portion 25 continuing rightwardly
      from left end portion 24 and having an inverted substantially T-shaped
      cross-section (FIG. 3). In FIGS. 2 and 3, this inverted T-shaped portion
      25 is shown as having a lower horizontal base 26, and an upstanding
      vertical leg 28 provided with a plurality of longitudinally spaced concave
      notches 29 along its upper surface, in which notches a suitable object,
      such as a common coat hanger 30, may be hung.
PAR  Referring now to FIGS. 4 and 5, the leftward arm end portion 24 is depicted
      as being U-shaped, when viewed in top plan (FIG. 5), having transversely
      spaced rearwardly extending left and right vertical legs 31, 32
      respectively, connected by a transversely extending vertical base 33, and
      a lower horizontal bottom 34. Legs 31 and 32 are shown further provided
      with horizontal outwardly extending left and right cylindrical trunnions
      35, 36, respectively, which are adapted to be received and journalled in
      housing bearing openings 20, 21, respectively. As best shown in FIGS. 4
      and 5, the cylindrical surface of each of trunnions 35, 36 is tangential
      to both the end face and the upper surface of its associated leg.
PAR  Adverting now to FIGS. 2 and 4, the longitudinally extending upper surface
      of upstanding leg 28 is also shown provided with a complementary
      longitudinal taper of about 2.degree.-5.degree. with respect to the
      horizontal from vertically thicker left end portion 24 to more narrow
      distal right end portion 38.
PAR  Arm 12 may also be integrally formed from acetate butyrate styrene, or any
      other plastic, by a suitable injection molding technique. While the
      housing flanges 13, 14 proximate bearing openings 20, 21 are relatively
      inflexible, due to their proximity to integral housing bottom 18, the
      portions of arm end portion legs 31, 32 which carry trunnions 35, 36 are
      relatively flexible and may be squeezed together to facilitate insertion
      of these trunnions into the housing bearing openings 20, 21 (FIG. 5).
PAR  When trunnions 35, 36 have been inserted into housing openings 20, 21, the
      arm 12 may be pivotally raised to an inoperative position (FIG. 1), or
      lowered to an operative position (FIG. 2).
PAR  It should be noted that when the arm 12 is moved to the raised position
      (FIG. 1), the arm distal end portion 38 will project slightly above
      housing top 19 to provide a finger-grip by which an operator may pull and
      lower this arm.
PAR  When the arm 12 is moved to the operative lowered position (FIG. 2), it
      will be seen that a composite vertical U-shaped end face surface,
      comprising the transversely extending vertical surfaces 39, 40 of legs 31,
      32, respectively, and the lower vertical surface 41 of arm bottom 34, will
      engage and contact the forwardly-facing vertical planar surface housing
      web 15 to support the load on the forwardly extending horizontal arm 12.
      Hence, no part of this load will be directly supported by housing bottom
      18, as may be seen in FIG. 4.
PAR  Finally, it should be noted that the complementary tapers on the housing
      and arm permit the arm 12 to be moved from the horizontal position (FIG.
      2) to the over-center raised position (FIG. 1). In other words, the arm 12
      of the preferred embodiment may be moved through an arc of from
      92.degree.-95.degree.. In the raised position (FIG. 1), the arm 12 is
      frictionally held in recess 23 by the engagement of the lateral edges 42,
      43 of arm 12 with the housing flanges 13, 14. This frictional engagement,
      coupled with the stable over-center position of the arm in the raised
      position, serves to insure that the arm will remain in the raised position
      until selectively moved to the lowered position. Finally, it should be
      noted that when the arm is in this raised position, the bottom surface of
      arm base 26 will be substantially flush with the forward tapered distal
      end faces of housing flanges 13, 14, as best shown in FIG. 2.
PAR  As used herein, the term "wall" shall be interpreted generally to include a
      conventional wall, a door, or any other member providing a substantially
      vertical planar surface.
PAR  While the embodiment herein illustrated and described constitutes one
      specific preferred form of practicing the present invention, it will be
      readily appreciated by those skilled in this art that various changes and
      modifications may be made without departing from the true spirit of the
      invention, which is defined generically by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A foldable support, comprising:
PA1  an elongated vertical housing adapted to be mounted on a vertical wall and
      having a channel-shaped transverse cross-section formed by a pair of
      transversely spaced vertical flanges separated by an intermediate vertical
      web having a forwardly facing planar surface, said flanges and web
      defining an elongated recess therebetween, each of said flanges being
      vertically tapered such that its horizontal depth decreases with height
      above the bottom of said housing, each of said flanges being provided with
      a transversely extending through opening at a lower portion thereof; and
PA1  an arm having one end portion pivotally mounted on said housing and having
      another portion continuing outwardly therefrom to the distal end of said
      arm, said arm being adapted to be selectively moved between a raised
      position at which said arm is received in said recess, and a lowered
      position at which said arm projects horizontally outwardly from said
      housing, said arm one end portion having a substantially U-shaped
      transverse cross-section terminating in a planar end face surface and
      having a trunnion extending transversely outwardly from each parallel leg
      of said one end portion, each of said trunnions having a cylindrical
      surface tangential to both the end face and the upper surface of its
      associated leg, said arm being complementarily tapered with said housing
      flanges to enable said arm to be moved through an arc greater than ninety
      degrees,
PA1  whereby, when said arm is in said lowered position, the entire end face
      surface of said arm one end portion engages said housing web surface for
      distributing the force exerted by said housing on said arm end face to
      resist the moment of an object hanging from said arm other portion.
NUM  2.
PAR  2. A foldable support as set forth in claim 1 wherein said arm other
      portion has an inverted substantially T-shaped transverse cross-section.
NUM  3.
PAR  3. A foldable support as set forth in claim 1 wherein the arc through which
      said arm may be moved is from 92.degree. to 95.degree..
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ABST
PAL  A display fixture for jewelry and the like comprising a plurality of
      upright, vertical stanchions having upper and lower channel members
      extending horizontally therebetween and a plurality of individual display
      racks, each having means thereon for mounting the jewelry or other
      articles to be displayed, said racks being readily mountable between said
      upper and lower channel members and being readily detachable therefrom.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  It has been found desirable to provide a display fixture for jewelry and
      the like having the capability of attractively and accessibly displaying a
      maximum amount of jewelry or other articles within a minimum space. It is
      also desirable to construct a fixture in such a way that it can be shipped
      in a knocked-down condition and then easily assembled at its point of
      intended use.
PAR  It is also desirable to provide a display fixture of this type having the
      capability of permitting jewelry or the like to be displayed to be mounted
      on individual display racks which may be quickly and easily attached to
      and detached from the fixture, whereby the orientation of the racks within
      the fixture may be easily and quickly changed where such becomes necessary
      or desirable for any reason.
PAR  In accomplishing the above objectives, the present invention provides a
      fixture comprising a plurality of upright, vertically disposed stanchions
      having aligned upper and lower channel members extending horizontally
      therebetween. The fixture further comprises a plurality of separate
      display racks each of which has means thereon for conveniently and
      attractively mounting and displaying the jewelry or other article to be
      displayed. Means are provided for permitting the individual racks to be
      quickly mounted between the upper and lower channel members and, likewise,
      to be quickly detached therefrom when necessary or desirable. Preferably
      the display racks are slidably mounted in the channel members; whereby
      when it is desired to re-orient the racks within the fixture, one rack may
      be detached and removed from the fixture, after which the remaining racks
      may be slidably moved to the desired new position, after which the removed
      rack may be easily and quickly re-mounted in a different position.
PAR  Other objects, features and advantages of the invention will become
      apparent as the description thereof proceeds when considered in connection
      with the accompanying illustrative drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which illustrate the best mode presently contemplated for
      carrying out the present invention:
PAR  FIG. 1 is a perspective view of a preferred form of display fixture
      embodying the present invention;
PAR  FIG. 2 is a fragmentary section, on an enlarged scale, taken on line 2--2
      of FIG. 1;
PAR  FIG. 3 is a fragmentary detailed view, partly in section, showing one form
      of mechanical connection between the stanchions and channel members; and
PAR  FIG. 4 is a top plan view of the fixture shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, and more particularly to FIG. 1 thereof,
      there is shown generally at 10 a display fixture embodying the present
      invention. The fixture 10 comprises a plurality of upright stanchions 12,
      14, 16 and 18, each of which is preferably constructed of a lightweight
      tubular metal, such as aluminum. Horizontally extending support bars 20,
      preferably constructed of the same lightweight tubular metal, are secured
      to the stanchions by any suitable mechanical means and extend therebetween
      adjacent the lower extremities thereof in order to help rigidize the
      fixture 10.
PAR  Spaced somewhat above the support bars 20 are lower channel members 22,
      each of which is also preferably constructed of lightweight tubular metal
      and is of generally U-shaped configuration, as illustrated most clearly in
      FIG. 2, with a pair of inwardly extending flanges 24 at the top edge
      thereof defining an open portion 26. As will be seen most clearly in FIG.
      1, the channel members 22 extend between the stanchions 12 and 14 and
      between the stanchions 16 and 18 with a third channel member 22a
      interconnecting the midpoints of the channel members 22 to define an
      H-shaped configuration. For purposes of rigidity, a support bar 28 may
      extend between the stanchions 14 and 16, and for storage of inventory and
      the like, a shelf 30 may be secured to the fixture at the level of support
      bar 28. Adjacent the top of the vertical stanchions there is provided
      upper channel members 32, also defining a generally H-shaped
      configuration, said upper channel members being in alignment with the
      aforesaid lower channel members. It will be understood that the upper
      channel members 32 are similarly constructed to the lower channel members
      except that whereas the open portion 26 of the lower channel members is
      upwardly disposed, the open portion 34 of the upper channel members is
      downwardly disposed.
PAR  In FIG. 3 there is illustrated one form of securing the channel members to
      the vertical stanchions, said securing means comprising an eye bolt 36
      extending through the vertical stanchions with the eye portion of said
      bolt being located within the channel member and receiving therethrough a
      cross member 38 which is bolted to the channel member. Other equivalent
      mechanical connections could obviously also be utilized.
PAR  The means for displaying the jewelry, or other articles to be displayed,
      comprise individual display racks shown generally at 40, constructed of
      lucite or the like, to which is secured means for mounting and displaying
      the articles. For example, where the fixture 10 is used to display
      jewelry, which is a primary use of the present invention, certain of the
      racks 40 may have secured thereto the members 42, it being understood that
      these particular racks are for receiving and displaying ropes, chains,
      belts, etc. Other of the racks 40 have mounted thereon the means
      illustrated at 44, these being for receiving and displaying bracelets and
      the like. Other racks have channel-like means 46 secured thereto for
      receiving earring cards. As will be seen most clearly in FIG. 1, each rack
      40 comprises a pair of spaced, upright strips 48 interconnected by the
      mounting means 42 and 46 and by a horizontally extending bearing strip 50
      extending across and secured to the strips 48 adjacent to but spaced
      slightly above the bottom edges thereof, as illustrated most clearly in
      FIGS. 2 and 3. A similar strip may be provided adjacent the top of each
      rack for imparting additional rigidity thereto. As will be seen most
      clearly in FIG. 2, the height of each rack, i.e., the height of the strips
      48, is slightly greater than the distance between the top of channel
      members 22 and the bottom of channel members 32. In order to insert one of
      the racks into the fixture, it is only necessary to slightly tilt the rack
      so that the upper edges of the strips 48 may be inserted upwardly through
      the open portion 34 sufficiently for the bottom edge of the strips 48 to
      clear the top of lower channel member 22. The rack 40 is then aligned with
      channel member 22, whereupon the lower edges of the strips 48 are allowed
      to drop down into the lower channel members until bearing strip 50 rests
      on the top of flange 24, as illustrated in FIG. 2. This maintains the
      upper edge of the strips 48 within the upper channel members 32 whereupon
      the panels are slidably mounted between the channel members. When it is
      desired to remove one of the rack members, it is simply necessary to lift
      the rack member upwardly until the bottom edge of the rack member clears
      lower channel 22, after which the rack is then tilted and the upper end
      withdrawn from upper channel member 32. It will thus be seen that the
      bearing strips 50 not only provide a smooth, continuous bearing surface
      for slidable movement of the racks within the fixture, but at the same
      time the strip 50 prevents the racks 40 from moving downwardly within the
      lower channel members 22 sufficiently to permit the upper edges of the
      racks 40 to clear the channel members 32.
PAR  It will therefore be seen that each of the rack members 40 may be quickly
      and easily mounted on the fixture 10 and may be just as easily and quickly
      detached whenever desired. As will be seen, a plurality of the rack
      members 40 may be mounted between each pair of upper and lower channel
      members, or, if desired, some of the rack members may be removed and not
      used if a lesser inventory of jewelry is to be displayed. In addition, if
      for any reason, aesthetic or otherwise, it is desired to relocate the
      individual racks within the fixture, this may easily be done by removing
      one or more of the racks, sliding the others to a different position, and
      then remounting the removed racks in a new location.
PAR  Although the fixture 10 has been shown as a free-standing unit, it will be
      understood that the basic concept of this invention is equally applicable
      to a counter display fixture. Also, it has been found to be particularly
      desirable to provide the fixture 10 in the H-shaped configuration shown;
      since if the fixture is positioned in an area where consumers may pass
      around the entire unit, then jewelry may be mounted and displayed on
      opposite sides of each rack 40. Obviously, the fixture 10 could also be of
      a rectangular configuration, rather than H-shaped; but then it would only
      be possible to mount and display the jewelry on the outer sides of racks
      40. Even if the H-shaped fixture 10 is mounted in a location where access
      thereto is only from the front and the sides, it will be obvious that
      jewelry could be mounted and displayed on the outside of the side racks
      40, on the front side of the racks positioned in channel 22a, as well as
      on the inside of the forwardmost side racks.
PAR  A highly advantageous feature of the present invention is the fact that the
      vertical stanchions, horizontal support bars, and horizontal channel
      members may be shipped disassembled and then easily assembled at their
      place of intended use. The racks 40, since they are substantially flat,
      provide no shipping problem. Once the vertical stanchions, horizontal
      support bars and horizontal channel members have been assembled, then the
      user may quickly mount those racks 40 which he desires to use, it being
      obvious that any desired orientation of the racks may be effected, i.e.,
      earring racks may be next to the bracelet racks, or, if preferred, the
      earring racks may be next to the necklace racks, etc.
PAR  While there is shown and described herein certain specific structure
      embodying the invention, it will be manifest to those skilled in the art
      that various modifications and rearrangements of the parts may be made
      without departing from the spirit and scope of the underlying inventive
      concept and that the same is not limited to the particular forms herein
      shown and described except insofar as indicated by the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A display fixture comprising a plurality of vertically disposed
      stanchions, upper and lower horizontally disposed channel members
      connected to and extending between said stanchions, said upper channel
      member having a downwardly disposed open portion extending along its
      length and said lower channel member having an upwardly disposed open
      portion extending along its length, and a plurality of separate display
      racks removably mounted between said channel members, said racks being
      dimensioned so that the top of each rack may be inserted into the open
      portion of the upper channel member and then the bottom of each rack swung
      into alignment with the open portion of the lower channel member and
      dropped therein whereby when the rack comes to rest in said lower channel
      member, the top edge of the rack is still retained within the upper
      channel member, and means on said racks for mounting articles to be
      displayed, said racks being slidable along said channel members, and said
      racks each having a bearing strip secured to and extending horizontally
      thereacross adjacent to but spaced from the bottom edge of the rack, said
      bearing strip engaging the top of the lower channel member to limit
      downward movement of the rack therein, whereby said bearing strip rides on
      the top of said lower channel member when the racks are slidably moved,
      the dimension from the bottom edge of each of said racks when in said
      channel members to the open portion in the upper channel member being
      substantially less than the dimension from the innermost end of the lower
      channel member to the open portion in the upper channel member, and the
      dimension from the bottom edge of said bearing strip on each rack to the
      top edge of said rack being greater than the dimension from the open
      portion in the lower channel member to the open portion in the upper
      channel member but less than the dimension from the open portion in the
      lower channel member to the innermost end of the upper channel member.
NUM  2.
PAR  2. In the display fixture of claims 1, said lower channel member being of
      generally U-shaped configuration, with inwardly extending flanges on the
      top edge thereof defining said open portion, said bearing strip making
      engagement with one of said flanges.
NUM  3.
PAR  3. In the display fixture of claim 1, said stanchions and channel members
      defining an H-shaped configuration when viewed in plan, said mounting
      means being provided on opposite sides of said racks.
NUM  4.
PAR  4. In the display fixture of claim 2, said upper channel member also being
      of generally U-shaped configuration, with inwardly extending flanges on
      the bottom edge thereof defining said open portion.
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ABST
PAL  Methods and apparatus are disclosed for releasably connecting a crane
      superstructure and a crane carrier. The apparatus includes a segmented
      clamp assembly which hydraulically engages mating flanges carried by the
      superstructure and the carrier respectively. The clamp assembly includes
      an arcuate segment to which two other arcuate segments are pivotally
      connected. The mating flanges may be tapered and one may comprise a lower
      appendage of the turntable. Centering devices are disclosed to assure
      proper positioning of the mating flanges during assembly. Suitable
      tensioning means are provided to create a tensile stress in the clamp and
      thereby wedge the mating flanges together. The methods disclosed concern
      disconnecting, attaching, and securing a crane superstructure to a carrier
      by circumferentially clamping mating flanges therebetween.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention concerns coupling assemblies for connecting a crane
      superstructure to a corresponding carrier. More specifically, the
      invention relates to a releasable mounting clamp for connecting a
      superstructure and a carrier.
PAR  In the past, the most common and most widely used method for attaching a
      crane superstructure and the turntable on which it rotates to a motorized
      carrier has been to bolt the turntable directly to the deck of the
      carrier. Problems have arisen with the transportation and use of large
      cranes, such as those having large external dimensions and weights which
      may exceed 100,000 lbs. One such problem relates to the time and effort
      required to disassemble a crane superstructure from the carrier therefor.
PAR  Enactment of highway use laws by various states has placed limits on the
      size and weight of motor vehicles that may lawfully traverse highways of
      the respective states. In view of the large dimensions and massive weight
      associated with a large motorized crane, the crane is often partially
      disassembled into several subassemblies that are transported independently
      of one another to a job site. Typically, a crane is disassembled into a
      number of subassemblies such as a boom assembly, an upper assembly
      comprising the crane superstructure and a lower assembly comprising the
      carrier.
PAR  Where the turntable of the superstructure is mounted on the deck of a
      carrier in accordance with the widely used method, as many as 50 separate
      bolts have been required. Needless to say, the assembly and disassembly of
      the carrier and superstructure subassemblies alone necessitates a
      substantial expenditure of time on every occasion when either assembly or
      disassembly must be effected. Moreover, since the crane is inoperative
      during assembly, the loss of productive time increases expenses of the
      owner above the expense naturally concomitant with having workmen effect
      the crane assembly by installing 50 or more bolts.
PAR  One approach to reducing the time and expense associated with crane
      assembly and disassembly operation has involved the use of a tang and
      wedge system in which a plurality of downwardly extending tangs on the
      turntable of a crane must be aligned with slots of a carrier and locked in
      place by multiple part adjustable wedges. Although some time savings are
      claimed for such systems, it is believed that they in turn present
      practical disadvantages, and there has remained a need for truly practical
      apparatus which can be actuated rapidly to disconnect, and connect, the
      superstructure and carrier without substantial expenditures of time and
      effort.
PAC  SUMMARY OF THE INVENTION
PAR  According to a preferred embodiment of this invention, a releasable
      connector assembly which facilitates rapid assembly and disassembly of a
      crane superstructure and an associated carrier includes a segmented
      clamping ring having a groove that receives a pair of mating flanges. One
      mating flange is connected to the superstructure and the second mating
      flange is mounted on the deck of the carrier. The clamping ring in
      combination with the mating flanges reduces the number of parts which must
      be manipulated to effect either assembly or disassembly of a crane.
PAR  The segmented clamping ring preferably includes a first arcuate segment to
      which a pair of arcuate segments are pivotally connected. The arcuate
      segments enable the clamping ring to be opened such that a radial
      clearance is defined between the clamping ring and the mating flanges. The
      radial clearance facilitates receipt and removal of the superstructure
      mating flange from the connector assembly.
PAR  To improve the connection between the superstructure and the carrier, the
      mating flanges may be tapered by providing frustoconical surfaces.
      Similarly, the groove of the clamping ring may be tapered by providing
      frustoconical sides to generally conform the groove cross-section with the
      cross-sectional configuration of the mating flanges. With tapered flange
      surfaces and a tapered groove, the connector assembly functions as a cam
      to draw and wedge the mating flanges securely together.
PAR  When a wedging function is particularly desired, the clamping ring may be
      provided with suitable tensioning means for creating tensile forces
      circumferentially therein. These tensile forces have a tendency to
      constrict the clamping ring about the mating flanges and thereby exert
      even greater clamping forces to draw the mating flanges together.
PAR  Where the present invention is used with large cranes, the size and weight
      of the clamping ring may become significant. Accordingly, suitable powered
      actuation means may be provided to manipulate and articulate segments of
      the clamping ring relative to one another and to move the clamping ring
      itself relative to the mating flanges. In this manner, the need for time
      and workmen to prepare a crane for disassembly or to complete the crane
      assembly is substantially reduced. In addition to the time savings
      effected, the use of powered actuators makes possible a uniform clamping
      force on the mating flanges by eliminating reliance on the skill of
      workmen and special tools.
PAR  During superstructure positioning on the carrier, it will often be
      necessary to align and center both mating flanges relative to one another.
      To facilitate such alignment, the mating flanges may be provided with
      suitable centering means which may be either active or passive. The
      centering means assures that the mating flanges will be properly
      positioned to receive the clamping ring and thereby eliminates costly and
      time consuming repeated attempts at proper positioning by physically
      lifting and repositioning the superstructure relative to the carrier.
PAR  As noted, with large cranes the clamping ring may be very large and heavy.
      When the clamping ring is moved away from the mating flanges, it may be
      desirable to provide suitable supporting means to maintain the proper
      spatial relationship between the clamping ring, the carrier deck and the
      mating flanges. A suitable supporting means may be carried directly by the
      clamping ring and may rollingly engage the carrier deck. The supporting
      means, moreover, may be effectively used to provide general radial
      alignment between the mating flanges and the groove of the clamping ring.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Many objects and advantages of the present invention will be apparent to
      those skilled in the art when this specification is read in conjunction
      with the accompanying drawings wherein like reference numerals have been
      applied to like elements and wherein:
PAR  FIG. 1 is a partial elevational view of a crane;
PAR  FIG. 2 is a partial plan view of a carrier with the clamping ring in an
      open and pulled-back configuration and with the superstructure removed for
      clarity;
PAR  FIG. 3 is a partial plan view similar to FIG. 2 with the clamping ring in a
      closed configuration and with the superstructure removed for clarity;
PAR  FIG. 4 is a partial cross-sectional view taken along line 4--4 of FIG. 3
      with the superstructure removed for clarity;
PAR  FIG. 5 is a partial cross-sectional view taken along line 5--5 of FIG. 3
      with the superstructure added;
PAR  FIG. 6 is a partial cross-sectional view taken along line 6--6 of FIG. 3
      with the superstructure added;
PAR  FIG. 7 is a view in partial cross-section similar to FIG. 6 with the
      superstructure spaced from the carrier to illustrate one embodiment of a
      centering means; and
PAR  FIG. 8 is a view in partial cross-section similar to FIG. 6 which
      illustrates another embodiment of a centering means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Depicted in FIG. 1 is a large motorized crane 20 which includes a
      pneumatic-wheeled carrier 22 having a deck 24 on which rotatably mounted
      crane superstructure 26 is secured. A turntable 28 is conventionally
      provided to permit relative motion between the crane superstructure and
      the carrier 22. Typically, the turntable 28 may include a large diameter
      ball bearing assembly or the like.
PAR  The crane 20 is ordinarily provided with an engaging tool such as a hook,
      H, for engaging a load such as a weight, W. The crane 20 also includes
      means, such as a boom assembly 27, operatively connecting the engaging
      tool to the superstructure 26. One end of the boom assembly 27 may be
      pivotally connected to the superstructure 26 for controlled movement in a
      generally vertical plane. The engaging tool may be carried by the other
      end of the boom assembly 27 and may be supported by a suitable hoisting
      means such as a block and tackle, T.
PAR  When it is desired to disassemble a large motorized crane 20, for long
      distance transportation as an example, the crane is frequently separated
      into subassemblies such as the carrier 22, the superstructure 26, a boom
      assembly 27 and a counterweight assembly 29. The carrier 22 may have a
      weight upwards of 70,000 lbs. Similarly, the superstructure 26 may weigh
      upwards of 30,000 lbs.
PAR  In accordance with the present invention, the crane superstructure 26 is
      releasably connected to the carrier 22 by a segmented mounting clamp
      assembly, generally designated as 30, with the turntable 28 being a
      portion of the superstructure 26.
PAR  Turning now to FIG. 2, the releasable mounting clamp assembly 30 includes a
      segmented clamping ring means 31. As illustrated, the segmented clamping
      ring 31 may include a generally arcuate pivot member or segment 32 and
      generally arcuate segments 34, 36. The generally arcuate segments 32, 34,
      36 may be of approximately the same length and substantially encompass the
      circumference of a generally circular mounting support 78 (see FIG. 3).
      Alternatively, it would be possible for the arcuate segments to have
      unequal lengths.
PAR  The first arcuate segment 32 is provided with a pair of laterally outwardly
      projecting arms 42 at each end thereof. Each pair of arms 42 carries a
      suitable pivot pin 44.
PAR  One end of the second arcuate segment 34 is provided with a pair of arms 38
      having extensions 39 that project laterally outwardly and which are
      pivotally mounted on one pivot 44 at one end of the first arcuate segment
      32. Similarly, one end of the third arcuate segment 36 is provided with a
      pair of arms 40 having extensions 41 projecting laterally outwardly and
      which are pivotally mounted on the pivot pin 44 at the other end of the
      first arcuate segment 32.
PAR  A suitable articulating means is provided to rotate the pivotally mounted
      arcuate segments 34, 36 relative to the first arcuate segment 32. The
      articulating means may comprise, for example, a pair of hydraulic
      cylinders 46, 48 positioned such that one hydraulic cylinder is disposed
      at each end of the first arcuate segment 32. Each hydraulic cylinder 46,
      48 has one end pivotally mounted to a corresponding bracket 49 that is
      attached to the first arcuate segment 32. The other end of each hydraulic
      cylinder is pivotally mounted to a corresponding extension 39, 41 of the
      arms 38, 40 respectively. The hydraulic cylinders 46, 48 provide powered
      movement of the arcuate segments 34, 36 relative to the first arcuate
      segment 34 during assembly and disassembly of the superstructure and the
      carrier.
PAR  To move the entire segmented clamping ring 31 relative to the deck 24 of
      the carrier and relative to mating flanges, a suitable positioning means
      50 may be provided. Typically, the positioning means 50 may comprise a
      conventional hydraulic cylinder 52 having one end pivotally connected
      approximately midway between the ends of the arcuate segment 32 to
      minimize bending moments exerted on the hydraulic cylinder 52 from
      misalignment between the first arcuate segment 32 and the circular
      mounting support 78. A second end of the hydraulic cylinder 52 may be
      suitably connected to laterally disposed, vertically upstanding plates 53.
      The plates 53 may also be effective in limiting the distance which the
      segmented clamping ring may be retracted from the circular mounting
      support 78 (see FIG. 2).
PAR  When dealing with particularly large cranes it will be apparent that the
      size and weight of the segmented clamping ring 31 may be such that
      suitable supporting means should be provided to facilitate movement and
      positioning thereof. For example, the arcuate segments 32, 34, 36 may each
      weigh in the neighborhood of 800 lbs. Accordingly, the first arcuate
      segment 32 may be provided with suitable rollers to rollingly support the
      first arcuate segment 32 with respect to the deck 24 of the carrier. As
      illustrated in FIG. 4, the first arcuate segment 32 is supported by four
      laterally spaced rollers 54, each of which is mounted below the first
      arcuate segment 32 on a generally horizontal axis.
PAR  The second and third arcuate segments 34, 36 are each provided with a
      mounting bracket 56 adjacent the free end remote from the pivot pins 44
      associated therewith (see FIG. 3). Each bracket 56 supports a caster 58
      for rolling motion about a horizontal axis and a rotary motion about a
      vertical axis. Thus, the casters 58 are adapted to support the respective
      arcuate segments 34, 36 during swinging movement thereof about the pivot
      pins 44 and during reciprocating movement of the clamping ring 31 in
      response to the hydraulic cylinder 52.
PAR  It will be noted from FIG. 4 that the deck 24 of the carrier may be
      provided with suitable roller guide means 60. The roller guide means 60
      may comprise, for example, a pair of parallel members spaced slightly to
      each side of a roller 54 to ensure that the arcuate segment 32 will be
      laterally stabilized during movement toward and away from its closed
      position. Preferably, the roller guide means 60 are provided for the
      rollers 54 which are adjacent to the hydraulic cylinder 52. This
      positioning is preferred since the deck 24 of the carrier is very rigid in
      the vicinity of carrier frame means 61 and the hydraulic cylinder 52 and
      the rigidity will thus ensure that the guide means 60 are operative.
PAR  Turning now to FIG. 5, an attachment means 62 carried by a lower portion of
      the crane superstructure includes a generally radial protrusion and is
      supported by mounting means 63 which also includes a generally radial
      protrusion. The generally radial protrusions are connected by the
      segmented clamping ring 31 such that the attachment means 62 is securely
      fastened to the mounting means 63. As noted above, the crane
      superstructure preferably carries the turntable 28 when the superstructure
      is removed from the carrier deck 24. Accordingly, the attachment means 62
      may comprise a downwardly extending portion of the turntable 28.
PAR  Typically, the turntable 28 may include an outer race 64 to which the crane
      superstructure is connected. The outer race 64 is rotatably supported with
      respect to an inner race 66 by means of suitable bearings such as the
      spherical balls 68 illustrated in FIG. 5. The inner periphery of the inner
      race 66 may be provided with suitable gear teeth 68 that may be engaged by
      a pinion (not shown) carried by and driven by the superstructure.
      Engagement between the pinion and the teeth 68 of the inner race 66 serves
      to drivingly rotate the superstructure with respect to the inner race 66
      and the attachment means 62.
PAR  The attachment means 62 may include a cylindrical projection 70 depending
      downwardly from the inner race 66 of the turntable 28. The lowermost end
      of the cylindrical projection 70 is provided with a radially outwardly
      projecting protrusion or upper mating flange 72. The upper mating flange
      72 includes a substantially radial mating surface 74 at its lowermost edge
      and a generally tapered cross-section. An upper frustoconical surface 76
      may be provided which, in combination with the mating surface 74, defines
      the generally tapered cross section.
PAR  Extending upwardly from the deck 24 of the carrier is the mounting means 63
      which may include the circular mounting support 78 that is suitably
      secured to the deck 24 of the carrier in any conventional manner. The
      circular mounting support 78 includes a generally radial protrusion or
      lower mating flange 82 having a generally radial mating surface 80 on
      which the mating surface 74 of the upper mating flange 72 is supported.
      The lower mating flange 82 is also tapered in cross section and may have a
      frustoconical lower surface 84 in order to define a convergently tapered
      mating flange.
PAR  With continued reference to FIG. 5, each arcuate segment of the segmented
      clamping ring 30 has a C-shaped cross section and includes a groove 86
      which is adapted to receive the abutting mated flanges 72, 82 of the
      superstructure and the carrier respectively. The groove 86 may be provided
      with frustoconical upper and lower surfaces such that a double tapered
      groove is defined. Preferably, the cross sectional shape of the groove 86
      conforms to the cross sectional shape of the abutted mating flanges 72, 82
      so that the segmented clamping ring 31 provides a cam or wedging effect as
      the segmented clamping ring 31 is tightened around the abutting mating
      flanges 72, 82.
PAR  It is, of course, desirable to provide the cam or wedging effect to
      positively secure the attachment means 62 to the mounting means 63 and
      eliminate the possible relative motion therebetween. The desirability of
      preventing relative motion results from the fact that the inner race 66 of
      the turntable 28 must react forces induced by the pinion carried by the
      superstructure which engages the teeth 68 of the inner race 66 to turn the
      superstructure with respect to the carrier. The forces induced by the
      pinion may have a tendency to rotate the attachment means 62 were it not
      securely fastened to the mounting means 63.
PAR  To further improve the wedging effect, the segmented clamping ring 31 may
      be provided with suitable tensioning means for creating circumferential
      forces therein. The tensioning means in combination with small spaces
      between the adjacent ends of the arcuate segments 32, 34, 36 (see FIG. 3)
      allows the arcuate segments to move radially inwardly such that the double
      tapered groove 86 of the segmented clamping ring 31 moves onto the tapered
      mating flanges 72, 82 and thereby very tightly engages and secures the
      mating flanges 72, 82 against relative motion. A suitable tensioning means
      for the segmented clamping ring would be a conventional bolt 88 (see FIG.
      5) to secure the ends of the arcuate segments 34, 36 together.
PAR  Returning to FIG. 2, the free or unpivoted end 89, 90 of the second and
      third arcuate segments 34, 36 respectively is provided with a suitable
      bracket 91, 92 for receiving the tensioning bolt 88.
PAR  Since the arcuate segments 32, 34, 36 are pivotally connected with the
      exception of the free ends 89, 90, which are connected with the bolt 88,
      it will be apparent that when the bolt 88 secures the free ends 89, 90
      together, there is no longer any need for maintaining hydraulic pressure
      in the hydraulic cylinders 46, 48, 52 which articulate and move the
      segmented clamping ring 31. It is also to be noted that only a single bolt
      is now required to effect the assembly of the superstructure to the
      carrier in contrast to previously used methods. Accordingly, substantial
      savings of time and money are effected with the mounting clamp assembly.
PAR  Considering the size and weight of the crane superstructure, it is
      desirable to provide suitable centering means 93 (see FIG. 6) to coaxially
      align the abutting mating flanges 72, 82. The centering means 93 may be
      carried directly by one mating portion, such as the mounting means 63, so
      that a portion of the centering means projects vertically upwardly above
      the mating surface 80 of the mounting means 63 in order to engage and
      align the attachment means 62, i.e. the other mating portion, carried by
      the crane superstructure.
PAR  In one embodiment, the centering means 93 may comprise a plurality of
      guides 94 welded to the inner periphery of the circular mounting support
      78 such that a portion of each guide projects above the mating surface 80.
      The portion projecting above the mating surface 80 is provided with an
      inclined surface 96 which slopes radially inwardly above the inner
      periphery of the lower mating flange 82. As illustrated in FIG. 3 the
      plurality of guides 94 are preferably equiangularly spaced around the
      inner periphery of the mounting support 78.
PAR  Turning now to FIG. 7, the function of the guides 94 during the connection
      of the crane superstructure to the carrier is more readily visualized. As
      the superstructure carrying the attachment means 62 is lowered into
      abutment with the mounting support 78, the inner edge of the upper mating
      flange 72 will engage the inclined surface 96 of the guides 94 to both
      concentrically and coaxially position the mating flange 72 with respect to
      the lower mating flange 82. The centering means 93 illustrated in FIG. 7
      comprises a generally passive centering means in that the centering means
      is static and is not provided with capacity for movement relative to the
      lower mating flange 82.
PAR  However, it is possible to provide an active or powered centering means 93
      to properly position the crane superstructure with respect to the mounting
      support 78. For example, turning to FIG. 8, a curved pivotally mounted
      finger 98 is illustrated in operative position with respect to the deck
      24, the mounting means 63 and the attachment means 62. Each finger 98 may
      be pivotally mounted about a suitable pin 100 to a bracket 102 carried
      below the deck 24 of the carrier. The finger 98 includes an arm 104 that
      may be actuated by conventional means such as an hydraulic cylinder 106. A
      portion of the curved finger 98 projects upwardly above the mating surface
      80 of the mounting means 63.
PAR  With this alternate embodiment of the centering means 93 (FIG. 8) three of
      four hydraulically actuated fingers 98 would preferably be disposed
      equiangularly around the inner periphery of the mounting support 78. When
      the attachments means 62 carried by the crane superstructure is resting on
      the mounting support 78, the fingers 98 may be selectively actuated to
      concentrically and coaxially position the attachment means 62 with respect
      to the mounting means 63. Each finger 98 may rotate about the pin 100
      between the positions depicted in FIG. 8 to effect the alignment. As used
      herein, crane is intended to embrace any motorized load handling device
      such as excavating machines, hoisting devices, building or road
      construction machinery and the like.
PAR  In operation, as the superstructure is lowered into position on the
      mounting support 78 the centering means 93 (see FIG. 7) concentrically and
      coaxially positions the attachment means 62 and the mounting means 63.
      With the mating flanges 72, 82 properly aligned with respect to one
      another, the hydraulic cylinder 52 (see FIG. 2) may be actuated to
      translate the segmented clamping ring 31 toward the mating flanges 72, 82
      until the mating flanges 72, 82 are received and peripherally clamped by
      the tapered groove 86 of the first arcuate section 32.
PAR  When the groove 86 of the first arcuate section 32 has securely engaged the
      mating flanges 72, 82, the hydraulic cylinders 46, 48 are actuated to
      swing the second and third arcuate sections 34, 36 respectively about the
      pivot pins 44 until the groove 86 of each of the second and third arcuate
      sections 34, 36 is securely engaged with the mating flanges 72, 82. At
      this point the segmented clamping ring 31 is peripherally positioned
      substantially around the entire circumference of the abutting mating
      flanges 72, 82 as seen in FIG. 3. The segmented clamping ring is then
      tensioned by inserting and tightening the bolt 88 connecting the free ends
      89, 90 of the second and third arcuate sections 34, 36. As noted above,
      the tensioning creates circumferential forces in the segmented clamping
      ring 31 and wedges the arcuate sections onto the abutted mating flanges
      72, 82.
PAR  In disassembling the crane superstructure and carrier, the segmented
      clamping ring is disengaged from the abutting mating flanges 72, 82.
      During the disengagement the bolt 88 is first removed to allow relative
      motion between the free ends 89, 90 of the second and third arcuate
      sections 34, 36. Subsequently, the arcuate sections 34, 36 are pivoted
      about the pivot pins 44 by the hydraulic cylinders 46, 48 such that the
      arcuate segments release corresponding portions of the mating flanges 72,
      82 with a pincer-like movement.
PAR  With the arcuate segments 34, 36 opened, the entire segmented clamping ring
      31 is retracted such that the arcuate segment 32 is disengaged from the
      mating flanges 72, 82. Having thus moved the segmented clamping ring 31,
      the crane superstructure may be lifted away from the carrier for
      transportation independently thereof.
PAR  It is now apparent that there has been provided in accordance with this
      invention, a mounting clamp that substantially simplifies and facilitates
      the connection between a crane superstructure and a crane carrier.
      Although the present invention has been described in conjunction with
      specific embodiments thereof, it is evident that many alternatives,
      modifications, variations and equivalents will be apparent to those
      skilled in the art in light of the foregoing disclosure of the invention.
      Accordingly, it is expressly intended that all such alternatives,
      modifications, variations and equivalents which fall within the spirit and
      scope of the invention as defined in the appended claims, be embraced
      thereby.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a large self propelled mobile crane of the type having a wheeled
      carrier supporting a revolvable superstructure provided with a boom
      carrying a load engaging tool and means for raising and lowering said
      tool, improved means for detachably securing said revolvable
      superstructure to said carrier so as to hold said superstructure firmly in
      place during operation of said tool and so as to permit convenient
      detachment of said superstructure from said carrier when it is desired to
      move the crane from one site to another, the improvement comprising:
PA1  mounting means carried by the carrier, being operable to support the
      revolvable superstructure, and having a first generally radial protrusion;
PA1  attachment means disposed at the bottom portion of the revolvable crane
      superstructure, operable to be supported by said mounting means, and
      including a second generally radial protrusion;
PA1  segmented clamp means for engaging said first generally radial protrusion
      and said second generally radial protrusion and fastening said mounting
      means and said attachment means together; and
PA1  means to move the segmented clamp means to and from a clamping position in
      which the segmented clamp means fastens the first and second generally
      radial protrusions.
NUM  2.
PAR  2. In a large self propelled mobile crane of the type having a wheeled
      carrier supporting a revolvable superstructure provided with a boom
      carrying a load engaging tool and means for raising and lowering said
      tool, improved means for detachably securing said revolvable
      superstructure to said carrier so as to hold said superstructure firmly in
      place during operation of said tool and so as to permit convenient
      detachment of said superstructure from said carrier when it is desired to
      move the crane from one site to another, the improvement comprising:
PA1  mounting means carried by the carrier, being operable to support the
      revolvable superstructure, and having a first generally radial protrusion;
PA1  attachment means disposed at the bottom portion of the revolvable crane
      superstructure, operable to be supported by said mounting means, and
      including a second generally radial protrusion; and
PA1  segmented clamp means for engaging said first generally radial protrusion
      and said second generally radial protrusion and fastening said mounting
      means and said attachment means together, said segmented clamp means
      including
PA2  a first arcuate section having two ends, and a groove for receiving said
      first and second protrusions,
PA2  a second arcuate section having a groove for receiving said first and
      second protrusions and being pivotally connected to one end of said first
      section, and
PA2  a third arcuate section having a groove for receiving said first and second
      protrusions and being pivotally connected to the other end of said first
      section.
NUM  3.
PAR  3. The crane of claim 2 wherein said segmented clamp means includes:
PA1  articulating means for moving said second and third arcuate sections
      relative to said first arcuate section; and
PA1  positioning means for moving said first arcuate section relative to said
      mounting means.
NUM  4.
PAR  4. The crane of claim 2 including:
PA1  tensioning means operable to engage said second and third arcuate sections
      and to secure said first and second projections in said groove of each
      arcuate section.
NUM  5.
PAR  5. The crane of claim 2 wherein:
PA1  said first generally radial protrusion includes a substantially radial
      mating surface and a tapered lower surface which define a first tapered
      flange;
PA1  said second generally radial protrusion includes a substantially radial
      mating surface and a tapered upper surface which define a second tapered
      flange; and
PA1  the groove in each arcuate section of said clamping means includes tapered
      side surfaces that cooperate with the first and second tapered flanges to
      secure said attachment means to said mounting means.
NUM  6.
PAR  6. In a crane including a revolvable superstructure, a boom, an engaging
      tool carried by the boom for engaging a load, a hoisting means, and a
      carrier to which the supersturcture is connected, the improvement
      comprising:
PA1  mounting means carried by the carrier, being operable to support the
      revolvable superstructure, and having a first generally radial protrusion;
PA1  attachment means disposed at a bottom portion of the revolvable crane
      superstructure, operable to be supported by said mounting means, and
      including a second generally radial protrusion;
PA1  segmented clamp means for engaging said first generally radial protrusion
      and said second radial protrusion and fastening said mounting means and
      said attachment means together;
PA1  means to move the segmented clamp means to and from a clamping position in
      which the segmented clamp means fastens the first and second generally
      radial protrusions; and
PA1  centering means carried by said mounting means, projecting toward said
      attachment means and operable to align said attachment means with respect
      to said mounting means.
NUM  7.
PAR  7. The crane of claim 6 wherein said centering means includes a plurality
      of guides spaced about an inner periphery of said mounting means.
NUM  8.
PAR  8. The crane of claim 6 wherein said first generally radial protrusion
      includes a first generally tapered flange, said second generally radial
      protrusion includes a second generally tapered flange, and said segmented
      clamp means engages said first and second generally tapered flanges.
NUM  9.
PAR  9. In a crane including a revolvable superstructure, an engaging tool for
      engaging a load, means for operably connecting the engaging tool to the
      superstructure, hoisting means for the engaging tool, a carrier, and an
      improved means for detachably securing the revolvable superstructure to
      the carrier so as to hold said superstructure firmly in place during
      operation of the tool and so as to permit convenient detachment from the
      carrier when it is desired to move the crane from one site to another, the
      improvement comprising:
PA1  a clampable connector assembly for joining the superstructure to the
      carrier including mating portions carried by the superstructure and the
      carrier; and
PA1  centering means carried by the carrier, projecting toward the
      superstructure and operable to align the mating portions of the
      superstructure and the carrier for subsequent connection therebetween, the
      centering means including
PA2  a plurality of fingers pivotally mounted in substantially equiangularly
      spaced relation about a periphery of one mating portion and projecting
      therefrom, and
PA2  actuator means for moving each finger toward the other mating portion
      whereby the other mating portion is engaged by the projecting portion for
      alignment relative to the one mating portion.
NUM  10.
PAR  10. The crane of claim 9 wherein said actuator means comprises a hydraulic
      cylinder attached at one end to the corresponding finger and attached at
      the other end to the carrier.
NUM  11.
PAR  11. In a crane including a revolvable superstructure, an engaging tool for
      engaging a load, means for operably connecting the engaging tool to the
      superstructure, hoisting means for the engaging tool, a carrier, and an
      improved means for detachably securing the revolvable superstructure to
      the carrier so as to hold said superstructure firmly in place during
      operation of the tool and so as to permit convenient detachment from the
      carrier when it is desired to move the crane from one site to another, the
      improvement comprising:
PA1  a clampable connector assembly for joining the superstructure to the
      carrier including mating portions carried by the superstructure;
PA1  means to move the clampable assembly to and from a clamping position for
      joining the mating portions; and
PA1  centering means carried by the carrier, projecting toward the
      superstructure and operable to align the mating portions of the
      superstructure and the carrier for subsequent connection therebetween, the
      centering means including a plurality of guides in substantially
      equiangularly spaced relation about a periphery of one mating portion and
      projecting therefrom toward the other mating portion.
NUM  12.
PAR  12. In a crane having a revolvable superstructure, an engaging tool for
      engaging a load, means operably connecting the engaging tool to the
      superstructure, a hoisting means for the engaging tool, and a wheeled
      carrier to which the superstructure is connected, the improvement
      comprising:
PA1  mounting means carried by the carrier, being operable to support the
      revolvable superstructure, and having a first generally radial mating
      flange;
PA1  attachment means disposed at a bottom portion of the revolvable crane
      superstructure, operable to be supported by said mounting means, and
      including a second generally radial mating flange;
PA1  segmented clamp means for engaging said first generally radial mating
      flange and said second generally radial mating flange and fastening said
      mounting means and said attachment means together; and
PA1  means to move the segmented clamp means to and from a clamping position in
      which the segmented clamp means fastens the first and second generally
      radial protrusions.
NUM  13.
PAR  13. The crane of claim 12 including centering means carried by said
      mounting means, projecting toward said attachment means and operable to
      align said second radial mating flange with said first radial mating
      flange.
NUM  14.
PAR  14. The crane of claim 12 wherein said segmented clamp means includes a
      pivot member having a pivot disposed at each end and a pair of pivotable
      arcuate sections, each arcuate section having a groove for receiving
      circumferential portions of the first and second generally radial mating
      flanges and being pivotally mounted about the pivot member for laterally
      swinging movement relative to the first and second generally radial mating
      flanges.
NUM  15.
PAR  15. In a crane including a revolvable superstructure, a boom attached to
      the superstructure, an engaging tool carried by an end of the boom for
      engaging a load, a hoisting means carried by the superstructure, and a
      pneumatic-wheeled carrier to which the superstructure is connected, the
      improvement comprising:
PA1  a first tapered flange mounted on the carrier, being operable to support
      the revolvable superstructure;
PA1  a second tapered flange disposed at a bottom portion of the superstructure
      and operable to be supported by said first tapered flange;
PA1  segmented clamp means including arcuate sections and being operable to
      engage said first tapered flange and said second tapered flange and to
      fasten the superstructure to the carrier;
PA1  tensioning means operable to engage the arcuate sections and to cause
      radially inward force on said first tapered flange and said second tapered
      flange;
PA1  articulating means for moving the arcuate sections relative to one another;
PA1  positioning means for moving said segmented clamp means relative to said
      first tapered flange and said second tapered flange; and
PA1  centering means carried by the carrier, projecting above said first tapered
      flange and operable to align said second tapered flange with respect to
      said first tapered flange.
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ABST
PAL  A vehicle coupler in which at least one cable coupling box is mounted on
      the coupling head for cooperation with a like coupling box on another
      coupling head to effect coupling together of conduits, such as air and
      electric conduits, when the vehicle is coupled to another vehicle. The
      coupling head has guide rods extending in coupling direction on which the
      coupling box is slidably mounted. The connectors which connect the
      coupling box to the rods include elastic inserts permitting movement of
      the coupling box in the lateral direction of the guide rods to provide for
      alignment of the coupling box with the coupling box with which it
      cooperates.
BSUM
PAR  The present invention relates to a rail vehicle coupling system with cable
      coupling for the control lines while the cable box is displaceable in
      longitudinal direction on the coupling head and is adapted to be actuated
      automatically or manually while being provided with means for self
      centering the coupled cable coupling means.
PAR  Generally by means of central coupling means or central buffer couplings,
      especially the rigid couplings, i.e., couplings which in coupled condition
      form a rigid unit from pivot point to pivot point of the joints, the cable
      couplings are automatically connected to each other. This operation is
      effected automatically and interconnectes the electric control lines of
      the two coupled vehicles. Cable couplings have become known which are
      fixedly connected to the mechanical couplings and are displaceably
      arranged on the mechanical coupling for displacement parallel to the
      longitudinal coupling axis or by means of a connecting point are mounted
      on the coupling head for pivoting forwardly. Due to the low number of
      contacts and in view of the thus relatively great contact distances, it
      was normally not possible to do without a self concentration of the cable
      boxes. Since, however, with increasing mechanization of the railway
      operation, the railway companies demand an ever greater number of contacts
      to be coupled on a minimum space, it is necessary while considering
      admissible wear of the centering surfaces and of the mechanical latching
      elements to provide a self-centering of the cable couplings under all
      circumstances.
PAR  With a rigid connection between the electrical and the mechanical coupling,
      the contact surfaces of the electrical contacts in the coupling plane
      describe a path which is proportional to the wear of the self-centering
      surfaces of the mechanical coupling head and to the distance of the
      contacts from the coupling axis in the coupling plane. Such construction,
      however, is not feasible, and it is necessary to provide the cable with a
      self-centering mechanism and to mount said cable couplings elastically
      opposite the mechanical coupling head.
PAR  It is, therefore, an object of the present invention to provide a mounting
      for the cable couplings on the mechanical coupling head which within a
      certain region independently of the mechanical coupling will permit a
      coupling of the cable boxes to each other so that the wear of the
      mechanical coupling will not harmfully affect the cable coupling.
PAR  In addition thereto, it is another object of this invention so to provide
      an arrangement as set forth in the preceding paragraph that the above
      mentioned linkage connection and mounting of the cable box on the
      mechanical coupling will be simple in construction so that not only the
      functions but also the repair can be carried out in a simple manner.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a front view of a mechanical coupling head with two cable
      couplings arranged laterally on the head.
PAR  FIG. 2 is a view of the coupling head of FIG. 1 as seen from above, said
      coupling head being provided with a cable coupling coupled on one side.
PAR  FIG. 3 is a top view of a joint for use in connection with the present
      invention.
PAR  FIG. 4 is a section taken along the line IV--IV of FIG. 3.
DETD
PAR  The relative vehicle clutch according to the present invention with a cable
      coupling for the control lines, according to the present invention is
      characterized primarily in that for a cable box there are provided at
      least two guiding bars extending in longitudinal direction and arranged on
      the coupling head and/or coupling box and is furthermore characterized in
      that the eyes for the guiding bars are through a joint of elastic material
      respectively connected on the other part.
PAR  Advantageously, the eye should be provided in a bearing housing which at
      the rearward end has an opening into which there is clamped a web through
      the intervention of elastic inserts for instance of rubber, while there is
      provided a screw, bolt, or the like, which extends through the bearing
      housing and the web. The advantage of this device according to the present
      invention is seen primarily in that one or more cable boxes may be
      arranged for displacement along the longitudinal axis of the coupling head
      while the mounting on the guiding bars is elastic so that the two cable
      boxes to be coupled to each other can, provided with a self-centering
      means, precisely and properly be coupled to each other. This coupling
      operation can take place completely independently of the coupling
      operation of the mechanical coupling head. In particular, the face that in
      this connection the cable couplings can still precisely couple regardless
      of whether or not the mechanical coupling head has worn more or less,
      represents a considerable advantage because cable boxes must generally be
      exchanged earlier than the pertaining mechanical clutches. Due to the
      elastic joints, a relative movement between the cable boxes and the
      mechanical coupling head is made possible which movement remains also
      after the two elements have been coupled to the corresponding couplings of
      the counter-vehicle so that also after coupling the mechanical clutch and
      after engaging the cable clutch the two couplings can move independently
      of each other within certain limits.
PAR  The fact is important that no relative movements of the two couplings to be
      coupled to each other will be possible with regard to each other which
      otherwise could bring about short circuits which jeopardize the train
      safety system.
PAR  Referring now to the drawings in detail, FIGS. 1 and 2 shown the mechanical
      coupling head 11 arranged in a manner known per se on a non-illustrated
      pull rod. The mechanical coupling head 11 has its front side adjacent the
      guiding horns 12 provided with a push surface 13 in which likewise by way
      of example air couplings 14 are arranged. On both sides of this head 11
      there are respectively arranged cable boxes 15 extending in vertical
      direction, which are closed toward the front by a pivotable coupling cover
      16 so that the non-visible contacts are protected against soiling when the
      ball head is not used.
PAR  Each cable box 15 is by means of two upper joints 17 and two lower joints
      18 respectively linked to one guiding rod 19 each for displacement in the
      longitudinal direction of the coupling. The front lower joints 18 are
      interconnected by an actuating rod 20.
PAR  Mounted on each cable box 15 at the top and at the bottom there are link
      elements 21 known per se for a self-centering operation. These elements
      consist on one side of an eye and on the other side of a mandrel 22
      fitting into said eye.
PAR  According to FIG. 3, each joint 17 and 18 comprises a bearing housing 31
      which includes an eye 33 for the guiding rod 19, said eye being lined with
      a bushing 32. At the other end of the bearing housing 31 there is provided
      an opening 34 into which extends the web 36 which is fixedly connected to
      the cable box 35, 15. The opening 34 is only slightly wider than the web
      36 but between the surfaces 37, 38 and 39 of the web 36 which surfaces are
      parallel to the guiding rod 19, and the corresponding surfaces in the
      opening 34 of the bearing housing 31 there is clamped in a strip 40 of an
      elastic material, for instance an elastomer. Bearing housing 31 and web 36
      are held together by a screw 41 which is located in a clamping sleeve 42.
      The screw 41 penetrates the two walls of the opening 34 of the bearing
      housing and also the web 36. The bore in web 36 is designed as an oblong
      hole 43, whereas the bores in the side walls are designed as oblong holes
      45 extending in opposite direction whereby a movement between the cable
      boxes 35 and the bearing housing 31 or the guiding bar 19 located in the
      eye 33 of said box 35 will be made possible, said movement being dampened
      by the elastic strip 40. The clamping sleeve 42 is held by screw 41 which
      is screwed fast by nut 44.
PAR  For actuating the cable coupling with an uncoupled mechanical coupling 11,
      according to FIG. 2, a cable box 15 is displaced forwardly parallel to the
      longitudinal axis of the coupling, until the contacts are located in the
      abutting plane therebetween. During the displacement of the cable box 15,
      the four bearing housings 17, 18, are with their eyes 33 displaced on the
      guiding bars 19. In view of the slight fitting in the width of the web 36
      in the opening 34, hardly a relative movement of the bearing housing 17,
      18 is possible relative to the web 36 in the displacement direction so
      that the eyes 33 cannot edge or clamp on the guiding bar 19. However, due
      to the elastic mounting of the webs 36 in the opening 34 of the bearing
      housing, the cable box 15 is able to be displaced in vertical direction
      and more specifically about a pivot point which is located in the center
      of the guiding bar 19. This displacement together with the pivot point
      formed by screw 41 forms a parallel construction for the cable boxes 15 on
      the guiding bars 19. Due to this displacement possibility of the cable
      boxes 15 in the vertical direction and due to the oblong hole 43 also in
      the horizontal plane, the centering mandrel 22 of the cable coupling 23 of
      the vehicle to be coupled can engage the bore of the centering opening 21.
      In this connection, the two cable boxes 15 and 23 are able due to their
      movability to adjust themselves precisely perpendicularly with regard to
      each other, also when the mechanical coupling heads 11 are not precisely
      standing one in front of the other, because they are for instance worn or
      because another defect is present. The cable boxes always have so high a
      movability in the necessary direction that they can be centered precisely
      with regard to each other by means of the self-centering arrangement 21,
      22. In a manner known per se, when the coupling boxes move together, the
      covers 16 have been opened which effect in the present instance is brought
      about automatically by the specific shape. It is important that the cable
      boxes in the direction of the longitudinal axis of the coupling shaft or
      in the direction of the guiding rod 19 have no or only one slight
      movability in the joints 17 and 18 so that the contact pressure can under
      all circumstances be maintained.
PAR  It is, of course, possible to effect considerable changes in the frame of
      the present invention. This may be advantageous particularly when other
      mechanical coupling heads or other cable boxes are employed. Thus, it is
      possible without any difficulties to provide the guiding rods on the cable
      boxes and to provide the joints on the mechanical coupling head. This is
      advantageous particularly when other devices are connected to the cable
      boxes. Furthermore, it is not necessary under all circumstances to provide
      an oblong hole in the web 36. This hole may also have a more or less round
      shape in connection with which it is important that the diameter of this
      bore 43 is greater than the outer diameter of the clamping sleeve 42. Of
      course, also the screw 41 may be replaced by a mandrel pressed into a side
      of the bearing housing 31. On the other hand, it is also possible to
      provide the bores for the screw or the clamping sleeve 42 greater only in
      the side walls of the housing 31 or to provide said bores as an oblong
      hole and to this end firmly to anchor this part in web 36 for instance by
      pressing. On the other hand, the cable boxes may, of course, be provided
      at any other place for instance above or below the mechanical coupling
      while when greater dimension of the cable box are involved, also three
      guiding rods 19 may by provided.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings, but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rail vehicle coupling including a coupling head and cable coupling
      means for control conduits, a pair of guide rods on the coupling head
      extending longitudinally thereon in coupling direction, said cable
      coupling means comprising a coupling box slidably supported on said rods
      and adapted for cooperation with a like coupling box on another coupling
      head during a coupling operation, said coupling box having members thereon
      formed with eyes slidably engaging said rods, each said member comprising
      first and second parts and resilient means interposed between said parts
      for resiliently supporting the respective eye on said coupling box.
NUM  2.
PAR  2. A coupling according to claim 1 in which one of said parts is formed
      with a socket and the other of said parts has a web portion disposed in
      said socket, elastic insert means fitted into said socket and embracing
      said web portion, and a bolt extending through said one part in the range
      of the socket therein and also through said web portion and connecting
      said parts together.
NUM  3.
PAR  3. A coupling according to claim 2 in which holes are formed in said one
      part and in said web portion to receive said bolt, each hole being
      elongated in the direction of insertion of the web portion into the
      socket.
NUM  4.
PAR  4. A coupling according to claim 2 in which said web portion is generally
      rectangular in lateral cross section, said socket having walls generally
      parallel to and spaced from the opposite side surfaces and the end surface
      of said web portion, said elastic insert means being clamped between the
      said side and end surfaces of said web portion and the opposed walls of
      said socket.
NUM  5.
PAR  5. A coupling according to claim 4 in which the other surfaces of said web
      portion which are perpendicular to the said side surfaces thereof are
      parallel and perpendicular to the axis of the respective rod, the walls of
      said socket opposed to said other surfaces of said web portion being
      parallel therewith and closely adjacent thereto.
NUM  6.
PAR  6. A coupling according to claim 5 in which said one part has holes therein
      and said web portion has a hole therein and a bolt extending through said
      holes and parallel to the respective rod, said one part having the eye
      therein which slidably engages the rod and the holes in said one part
      being elongated in the direction toward the rod, the other said part being
      connected to the coupling box and the hole in the web portion being
      elongated in the direction toward said box.
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ABST
PAL  Air hose couplings for railway cars are prevented from uncoupling by wire
      form locking means reacting between the body of one coupling and the lip
      of the other coupling. In certain embodiments a wire form is an integral
      part of the air hose coupling assembly and has a laterally extending arm
      for manual unlocking. In another embodiment a detachable bifurcated wire
      form is applied to coupled air hose couplings after a train is made up and
      may be discarded when the respective cars are uncoupled. Alternatively,
      the detachable wire form also can be mounted on the clamp that secures the
      air hose to the coupling, or on a clamp that fits over the hose clamp, or
      mounted directly on the main body portion of a coupling.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 495,320,
      filed Aug. 7, 1974 now abandoned.
BSUM
PAR  This invention relates, generally, to air hose couplings for railway cars
      and it has particular relation to devices to prevent accidental uncoupling
      thereof.
PAR  Air brake systems in use on railway freight cars utilize a flexible hose at
      each end of the car that is connected to adjacent cars. Ultimately this
      interconnection ends at the locomotive which contains the air brake
      controls employed by the engineer to control the train deceleration. The
      basis of the air brake system on present railways is the maintenance of
      the "train line" air pressures. The "train line" on each car terminates in
      flexible hose couplings of conventional construction so that any car can
      be connected to any other car.
PAR  The air brake system is so designed that, if there is an accidental failure
      anywhere in the system, all of the brakes in the entire train are
      automatically set. This brings the train to a rapid stop. The individual
      hose couplings are such that they facilitate rapid manual assembly but
      will automatically release by pulling apart as opposed to pivotal movement
      employed in their assembly. The coupling may accidentally uncouple when
      the train is traversing a curve. The chains that hold the couplings at a
      predetermined elevation can cause the couplings to pivot in an unlocking
      direction sufficient to completely uncouple them.
PAR  Among the objects of this invention are: To provide in a new and improved
      manner for preventing accidental uncoupling of air hose couplings
      interconnecting air hoses of coupled railway cars; to employ for this
      purpose a resilient wire form; to arrange for the wire form to react
      between the body of the one air hose coupling and the lip of the
      cooperating air hose coupling to prevent relative pivotal movement of the
      air hose couplings in an uncoupled direction; to mount a wire form as an
      integral part of an air hose coupling assembly; to provide for applying a
      disposable wire form to coupled air hose couplings after a train is made
      up; to arrange the wire form so that it does not interfere with the
      automatic uncoupling of the air hose couplings when the adjacent cars are
      uncoupled and they are pulled apart; to tether the disposable wire form to
      one of the couplings; and to mount the wire form on the clamp that secures
      the air hose to the coupling or to a clamp that fits over the hose clamp.
PAR  When the air hose couplings are coupled together, they are pivoted in one
      direction manually, the pivotal movement being limited by stops on the
      respective coupling bodies so that this movement cannot take place beyond
      a predetermined point. However, counter pivotal movement of the coupling
      can occur on some of the air brake hoses on modern "long travel" or
      cushion underframe cars. This counter pivotal movement or unlocking
      rotation accidentally occurs when the hoses begin to oscillate vertically
      as a result of forces incident to train operation. This counter pivotal
      movement also can be caused when the train is rounding a curve as a result
      of the action of a short coupler support chain or chains in being
      tensioned to such extent that the couplers are counter pivoted to the
      uncoupled position. When these actions take place a break in the "train
      line" occurs which is not due to mechanical failure in the sense of
      equipment breakage but rather is due to the accidental uncoupling of the
      air hose couplings.
PAR  It will be understood that the basic design of air hose couplings now in
      use has been standard for many years on all types of freight cars. This is
      essential because of the interconnection requirements of various types of
      railway cars.
PAR  In one embodiment of the present invention a wire form locking member is
      installed on the air hose and couplings subassembly prior to its
      application to the railway car. Thus, it becomes a permanent component and
      is arranged to lock automatically when the hoses are manually coupled by a
      relative pivotal movement. This device is so arranged as to facilitate
      manual disconnection of the couplings if this action is desired. A locking
      arm can be manipulated manually to permit the counter pivotal movement for
      uncoupling the air hose couplers.
PAR  Another form of the locking means comprises a bifurcated wire form which is
      arranged to be applied to coupled air hose couplings after a train has
      been made up in a train yard. It is applied by inserting it in spaces
      between the juxtaposed faces of the air hose couplings and is intended to
      drop away when the cars are uncoupled and the air hose couplings are
      pulled apart. This form of the locking means is relatively inexpensive and
      can be discarded or it can be tethered to one of the couplings for reuse.
PAR  The locking means in which this invention is embodied can be applied to
      existing cars by replacing the conventional hose clamp with a hose clamp
      extending through an anchor which carries one end of the locking means and
      holds it in operative position with respect to the associated air hose
      coupler. Further, a separate clamp can be applied over the hose clamp if
      the hose clamp already is applied.
DRWD
     In the drawings:
PAR  FIG. 1 is a view, in side elevation, of a conventional car coupler with the
      air hose supported by a chain.
PAR  FIG. 2 is a view, in side elevation of car couplers of cushioned cars and
      illustrates how the coupled air hoses, with the support chains slack, can
      oscillate to such extent that the air hose couplers can pivot to uncoupled
      position.
PAR  FIG. 3 is a top plan view of conventional car couplers and shows the
      relative positions of the coupled air hoses when the train rounds a curve
      resulting in one of the support chains being tensioned, thereby causing
      relative uncoupling pivotal movement of the air hose couplings.
PAR  FIG. 4 is a view, in side elevation, of FIG. 3 and shows the air hose
      couplings pivoted toward uncoupling positions.
PAR  FIG. 5 is a top plan view of air hose couplings held in coupled relation by
      anti-rotation locking means non-detachably mounted on the respective
      coupling.
PAR  FIG. 6 is a view in side elevation of the air hose couplings shown in FIG.
      5.
PAR  FIG. 7 is a sectional view taken generally along line 7--7 of FIG. 6.
PAR  FIG. 8 is a sectional view taken generally along line 8--8 of FIG. 6.
PAR  FIG. 9 is a view, in side elevation of the locking means shown in FIGS. 5,
      6 and 7.
PAR  FIG. 10 is an elevational view, looking from right to left of FIG. 9.
PAR  FIG. 11 is a bottom plan view of FIG. 9.
PAR  FIG. 12 is a top plan view of coupled air hose couplers locked together by
      locking means applied after the train is made up.
PAR  FIG. 13 is a view in side elevation of the arrangement shown in FIG. 12.
PAR  FIG. 14 is a sectional view taken generally along line 14--14 of FIG. 13.
PAR  FIG. 15 is a top plan view of the locking means shown in FIGS. 12 and 13.
PAR  FIG. 16 is a view in side elevation of FIG. 15.
PAR  FIG. 17 is an end view of FIG. 16.
PAR  FIG. 18 is a view similar to FIG. 13 and illustrates how the locking means
      can be tethered to one of the hose couplings.
PAR  FIG. 19 is a top plan view of the locking means shown in FIG. 18.
PAR  FIG. 20 is an end view of FIG. 19.
PAR  FIG. 21 is a view, similar to FIG. 6 and shows a modified form of the
      locking means.
PAR  FIG. 22 is a bottom plan view of FIG. 21.
PAR  FIG. 23 is a top plan view of FIG. 21.
PAR  FIG. 24 is a sectional view taken generally along line 24--24 of FIG. 21.
PAR  FIG. 25 is a view in side elevation of the locking means shown in FIGS.
      21-24.
PAR  FIG. 26 is a view in end elevation of FIG. 25.
PAR  FIG. 27 is a top plan view of FIG. 25.
PAR  FIG. 28 is a view in side elevational of an air hose coupler having the
      locking means mounted on the clamp band that secures the air hose to the
      coupler.
PAR  FIG. 29 is a top plan view of FIG. 28.
PAR  FIG. 30 is a view in end elevation of the hose clamp band with the locking
      means mounted thereon.
PAR  FIG. 31 is a sectional view taken generally along line 31--31 of FIG. 28.
PAR  FIG. 32 is a side elevation view of an air hose coupler having locking
      means secured thereto.
PAR  FIG. 33 and 34 are, respectively, top and bottom plan views of FIG. 32.
PAR  FIG. 35 is an exploded perspective view of FIG. 32.
DETD
PAR  In FIGS. 1-4 reference characters 10-11 designate, generally, car couplers
      in coupled relation. Train line pipes 12-13 terminate in angle cocks 14-15
      from which flexible air hoses 16-17 extend. They terminate in glad hands
      or air hose couplings 18-19 which, when connected, maintain continuity of
      the air brake line between adjacent cars. The air hose couplings 18-19 are
      carried by support chains 20-21 which depend from the car couplers 10-11.
      When the air hose couplings 18-19 are uncoupled, the chains 20-21 support
      them a distance of 4 inches above the rail head (not shown).
PAR  FIGS. 2 shows conditions at normal application. The chains 20-21 are
      slackened. The air hose couplings 18-19 can oscillate under certain
      conditions sufficiently far to pivot to unlocked condition whereupon the
      train air line is opened and the brakes are applied.
PAR  FIGS. 3 and 4 illustrate the action when the train is traversing or
      rounding a curve. Here the chain 20 is shown as being tensioned with the
      result that there is a corresponding elevation of the air hose couplings
      18-19 and pivotal movement thereof in the unlocking direction. When
      pivoted sufficiently far in this direction, they separate, open the train
      air line, and effect brake application.
PAR  The air hose couplings are duplicates in construction as shown in FIGS.
      5-7. Each includes a metallic body 29 having an air passageway
      therethrough from a nipple 31, FIG. 7, that telescopes with the respective
      air hose 16-17 and is secured thereto by a hose clamp band 32. Integral
      with the body 29 is a main body portion 30 and a guard arm 33 which
      overlies a laterally extending tongue or lip 34. The air hose couplings
      18-19 are interconnected by inserting the lips 34 under the guard arms 33
      and then pivoting them to the position shown in FIGS. 5-7. This usually is
      finally accomplished by stepping on the air hose couplings 18-19 to move
      them downwardly until stops 35-36 on the main body portions 30 and guard
      arms 33 engage as illustrated in FIG. 6.
PAR  All of the foregoing elements and their functioning are conventional. It
      remains to disclose how accidental separation of the air hose couplings
      18-19 can be prevented while still permitting them to separate
      automatically in conventional manner when the car couplers 10-11 are
      uncoupled and the cars are pulled apart.
PAR  One embodiment of this invention is illustrated in FIGS. 5-11. Here each of
      the air hose couplings 18-19 is shown as equipped with locking means
      indicated, generally, at 40. It will be understood that only one of the
      air hose couplings 18 or 19 need be provided with the locking means 40 to
      accomplish the desired locking action. Each locking means 40 comprises a
      spring wire form fashioned, for example, from one-eighth inch diameter oil
      tempered wire, A.S.T.M. A229, having a phosphate finish with an oil dip.
PAR  The locking means 40 includes an intermediate circular portion 41 that is
      applied to the nipple 31 prior to application thereto of the air hose 16
      or 17. At one end the circular portion 41 terminates in an anchor portion
      or extension 42 that is positioned between upstanding flanges 43 and 44
      from the guard arm 33 which is an extension of the main body portion 30.
      The other end of the circular portion terminates in a locking arm or
      shoulder 45 that is arranged to react against one end 46, FIG. 8, of the
      lip 34 of the other air hose coupling. Because of the anchoring of the
      extension 42 to the main body portion 30 or more particularly to the guard
      arm 33 of one of the air hose couplings and the reaction of the locking
      arm or shoulder 45 against the end 46 of the lip 34 of the other air hose
      coupling, accidental separation of the air hose couplings 18-19 due to the
      causes hereinbefore mentioned is prevented. However, on uncoupling of the
      car couplers 10-11 and pulling apart thereof, uncoupling of the air hose
      couplings 18-19 in the normal manner is not interfered with.
PAR  In order to release manually the locking arm or shoulder portion 45 from
      engagement with the end 46 of the lip 34 there is provided a release arm
      47 that extends from the locking arm or shoulder portion 45 and terminates
      in a hook 48. When it is desired to uncouple the air hose couplings 18-19
      manually, the release arms 47 have pressure applied thereto, in the
      direction indicated by arrow 49, FIG. 6, sufficient to disengage the lips
      34 and move the locking arms or shoulder portions 45 out of the paths of
      the lips 34, whereupon the air has couplings 18-19 can be pivoted to
      uncoupled positions.
PAR  FIGS. 12-17 show, generally, at 51 a one piece double locking means
      preferably formed of spring wire as previously described. It includes an
      intermediate circular section 52 from the ends of which locking sections,
      shown generally at 53-54, extend. They terminate in hook shaped anchores
      55-56 which react against flanges 57, FIG. 14, extending from the guard
      arms 33 and thus are integral with the main body portions 30 of the hose
      couplings 18-19. The anchors 55-56 are integral with connecting sections
      58-59 which extend from locking arms or shoulders 60-61 that react against
      the ends 46, FIG. 14, of the lips 34 and extend in opposite directions
      from the plane containing the section 52.
PAR  After the air hose couplings 18-19 have been pivoted into fully coupled
      relation, the one piece double locking means 51 is applied by inserting
      the locking sections 53-54 into spaces between the couplings 18-19 until
      the hook shaped anchor portions 55-56 snap into engagement with the
      flanges 57 of the guard arms 33 and the locking arms or shoulders 60-61
      react against the ends 46 of the lips 34 as seen in FIG. 14. When the car
      couplers 10-11 are uncoupled and the cars are pulled apart, the air hose
      couplings 18-19 separate in the usual manner and the locking means 51 then
      falls to the track where it can be discarded or picked up for reuse.
PAR  FIGS. 18-20 show, generally, at 64 a one piece spring wire double locking
      means that is similar to the locking means 51 except for the substitution
      of a V-shaped intermediate section 65 for the circular section 52. At the
      apex of the intermediate section 65 there is an eye 66 which is formed by
      a loop of the spring wire to which one end 67 of a flexible tether 68 is
      secured. To the other end 69 extends around one of the clamp heads 32.
      Clips 70 secure the ends 67 and 69 as illustrated.
PAR  FIGS. 21-27 show, generally, at 71 locking means that is similar to the
      locking means 40 and is formed of like material. Only one locking means 71
      is illustrated since it is sufficient to lock the air hose couplings 18-19
      together. Also it is likely that only one of them is equipped with a
      locking means.
PAR  The locking means 71 includes a circular portion 72 that is assembled on
      the air hose coupling 18 prior to application of the air hose 16. There is
      a lateral extension 73 from one end of the circular portion 72 that
      terminates in an anchor arm 74 that reacts against a side of the main body
      portion 30 as illustrated in FIG. 24. From the anchor arm 74 there is a
      connection section 75 from which a locking arm or shoulder 76 extends to
      react against the end 46 of the lip 34 of the other air hose coupler
      thereby locking them against pivotal movement in the uncoupling direction
      without interferring with their being uncoupled by pulling apart of the
      air hoses 16-17 after the car couplers 10-11 are uncoupled. A hook 77
      extends from the locking arm 76 for engagement by the other end 78 of the
      lip 34 when it is pivoted in the direction indicated by arrow 79, FIG. 21,
      to the coupled position to displace the locking means 71 to the position
      shown by broken lines. Subsequently the locking arm or shoulder 76 is
      biased to overlying locking position shown in FIG. 24.
PAR  Also the hook 77 provides a handle for manual movement in the direction
      indicated by arrow 80, FIG. 21, to shift the locking arm or shoulder 76
      out of engagement with the end 46 of the lip 34 and permit manual
      uncoupling of the air hose couplings 18-19.
PAR  FIGS. 28-31 show, generally, at 82 locking means that is similar to the
      locking means 71 except that the circular portion 72 is omitted and a
      straight portion 83 is substituted therefor. This straight portion 83 is
      secured to a sleeve 84 that is carried by an anchor 85 which surrounds the
      hose clamp band 32 and is located opposite the clamp take-up 86 therefor
      as shown in FIG. 30. Otherwise the locking means 82 is constructed and
      functions as described for the locking means 71. If the hose clamp band 32
      already has been applied, a separate clamp band can be employed for
      mounting the sleeve 84 and the locking means 82.
PAR  FIGS. 32-35 show, generally at 87 wire form locking means that is secured
      at one end to a side wall of the flange 44 and is arranged to react
      against one end 46 of the laterally extending lip 34 from the main body
      portion 30 of the cooperating air hose coupling when the couplings are in
      operative relation as illustrated in FIGS. 2, 3 and 4. Only one locking
      means 87 need be provided for locking cooperating couplings against
      accidental pivotal movement in the uncoupling direction. Thus an air hose
      coupling provided with the locking means 87 can be coupled to a like air
      hose coupling which is not provided with locking means.
PAR  The locking means 87 includes an arcuate anchoring section 88 that is
      arranged to be placed around an opening 89 in the flange 44 of the guard
      arm 33. A blind bolt fastener 90 extends through the arcuate anchoring
      section 88 and the flange 44 for mounting the locking means 87 integrally
      with the hose coupling. While a blind bolt fastener 90 is preferred, it
      will be understood that other types of fastening means can be employed
      such as threaded bolts, rivets and the like.
PAR  From the arcuate anchoring section 88 there is a lateral extension 91 which
      terminates in a right angle end portion 92 that extends underneath the
      guard arm 33. At the other end of the arcuate anchoring section 88 there
      is a section 93 of the wire form which angles upwardly and terminates in
      another section 94 which is generally parallel to and overlies a wall of
      the main body portion 30. When the blind bolt fastener 90 is secured in
      position the section 94 is securely clamped to the wall of the main body
      portion 30. At the outer end of the section 94 is an arcuate section 95
      that resiliently bears against the wall of the main body portion 30. It
      terminates in a vertical section 96 which extends to the upper surface of
      the main body portion 30. From the vertical section 96 there is an
      elongated section 97 which overlies the upper surface of the main body
      portion 30 and terminates in a vertical shoulder 98 for locking engagement
      with end 46 of the laterally extending lip 34 of an adjacent cooperating
      air hose coupling as will be understood readily. An eye 99 is formed
      integrally with a vertical shoulder 98 to facilitate manual unlocking of
      the locking means 87 from the end 46 of the lip 34 when it is desired to
      manually uncouple the hose couplings. When the air hose couplings are
      pivoted toward normal locking engagement the other end 100 of the
      laterally extending lip 34 is arranged to engage the eye 99 or the end
      portion thereof for displacing the shoulder 98 from the path of the lip 34
      as it is pivoted to locking engagement. It will be understood that the
      locking means 87 is formed of spring wire of a the kind and character
      previously described for the locking means 40.
CLMS
STM  I claim:
NUM  1.
PAR  1. For combination with a pair of air hose couplings at the juxtaposed ends
      of railway cars, said hose couplings being coupled by relative pivotal
      movement in a coupling direction, and likely to become uncoupled by
      accidental relative pivotal movement in an uncoupling direction, each hose
      coupling having a body and a lip latchable to the lip and body
      respectively of the other air hose coupling; resilient wire form locking
      means for reacting between the body of one air hose coupling and the lip
      of the other air hose coupling to prevent relative pivotal movement of
      said air hose couplings in said uncoupling direction, said wire form
      having a shoulder portion for reacting against one end of said lip and an
      extension for reacting against one side of said body, said wire form
      having a section intermediate said shoulder portion and said extension for
      encircling a portion of the respective air hose coupling to secure it
      thereto.
NUM  2.
PAR  2. Locking means for air hose couplings according to claim 1 wherein said
      wire form has a laterally extending arm from said shoulder portion for
      manual manipulation thereof to shift it out of registry with said one end
      of said lip.
NUM  3.
PAR  3. For combination with a pair of air hose couplings at the juxtaposed ends
      of railway cars, said hose couplings being coupled by relative pivotal
      movement in a coupling direction, limited by mutually engaging stops in
      said coupling direction, and likely to become uncoupled by accidental
      relative pivotal movement in an uncoupling direction, each hose coupling
      having a body and a lip latchable to the lip and body respectively of the
      other air hose coupling; resilient wire form locking means for reacting
      between the body of one air hose coupling and the lip of the other air
      hose coupling to prevent relative pivotal movement of said air hose
      couplings in said uncoupling direction, said wire form being bifurcated
      with a shoulder portion intermediate each furcation for reacting against
      one end of the respective lip and an extension at the distal end of each
      furcation for reacting against one side of the respective body.
NUM  4.
PAR  4. Locking means for air hose couplings according to claim 3 wherein said
      shoulder portions extend in opposite directions from the plane of the
      central portion of said wire form.
NUM  5.
PAR  5. Locking means for air hose couplings according to claim 3 wherein the
      central portion of said wire form is generally circular and terminates in
      laterally extending angularly related arms with said extensions at the
      distal ends thereof.
NUM  6.
PAR  6. Locking means for air hose couplings according to claim 5 wherein said
      extensions are generally hook shaped.
NUM  7.
PAR  7. Locking means for air hose couplings according to claim 3 wherein said
      central portion of said wire form includes an eye and a tether
      interconnects said eye and one of said air hose couplings.
NUM  8.
PAR  8. For combination with a pair of air hose couplings at the juxtaposed ends
      of railway cars, said hose couplings being coupled by relative pivotal
      movement in a coupling direction, limited by mutually engaging stops in
      said coupling direction, and likely to become uncoupled by accidental
      relative pivotal movement in an uncoupling direction, each hose coupling
      having a body and a lip latchable to the lip and body respectively of the
      other air hose coupling; locking means for reacting between the body of
      one air hose coupling and the lip of the other air hose coupling to
      prevent relative pivotal movement of said air hose couplings in said
      uncoupling direction, and means mounting said locking means on the hose
      clamp of one of the respective air hose couplings.
NUM  9.
PAR  9. For combination with a pair of air hose couplings at the juxtaposed ends
      of railway cars, said hose couplings being coupled by relative pivotal
      movement in a coupling direction, limited by mutually engaging stops in
      said coupling direction, and likely to become uncoupled by accidental
      relative pivotal movement in an uncoupling direction, each hose coupling
      having a body with a nipple at one end for connection to the end of an air
      hose and a lip projecting from the opposite end and latchable to the body
      of the other air hose coupling; locking means for reacting between the
      body of one air hose coupling and the lip of the other air hose coupling
      to prevent relative pivotal movement of said air hose couplings in said
      uncoupling direction, and means securing said locking means at one end to
      a side wall of said body.
NUM  10.
PAR  10. For combination with a pair of air hose couplings at the juxtaposed
      ends of railway cars, said hose couplings being coupled by relative
      pivotal movement in a coupling direction, limited by mutually engaging
      stops in said coupling direction, and likely to become uncoupled by
      accident relative pivotal movement in an uncoupling direction, each hose
      coupling having a body and a lip latchable to the lip and body
      respectively of the other air hose coupling; locking means for reacting
      between the body of one air hose coupling and the lip of the other air
      hose coupling to prevent relative pivotal movement of said air hose
      couplings in said uncoupling direction, a guard arm integral with the body
      of each hose coupling and including a flange, and means securing said
      locking means at one end to said flange, said locking means having a
      shoulder at the other end for reacting against one end of the lip of the
      other hose coupling.
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ABST
PAL  A device is disclosed for turning a metal billet from a horizontal to a
      vertical position. The device includes a table having inlet and discharge
      ends and supported for pivotal movement about a horizontal axis transverse
      to the direction between the ends. The table is provided with rollers
      supporting the billet for movement relative thereto, and a pivotal stop
      member is disposed at the discharge end of the table. A billet is received
      on the table in a horizontal disposition, and the table is pivoted about
      the horizontal axis to turn the billet to a vertical disposition. The stop
      arm pivots with the table and a linkage arrangement is provided by which
      the stop member is simultaneously pivoted relative to the table to release
      the billet when the table approaches the vertical disposition.
BSUM
PAR  This invention relates to article handling devices and, more particularly,
      to a device for turning an article from a horizontal to a vertical
      disposition.
PAR  The present invention finds particular utility in connection with the
      turning of a metal billet from a horizontal disposition to a vertical
      disposition for feeding into a power press mechanism in which work is
      performed on the billet. Accordingly, the invention will be described in
      detail hereinafter in connection with the turning of such a billet, but it
      will be appreciated that the invention is applicable to the turning of
      articles other than billets.
PAR  Metal billets which define workpieces for multiple stage presses or the
      like are quite large and heavy, whereby problems are encountered in
      connection with conveying and feeding such billets to the press. Such
      billets may, for example, be generally square in cross section and of a
      length greater than the cross-sectional dimensions thereof. Accordingly,
      the billet is generally conveyed toward the press feeding station with the
      length dimension thereof in a horizontal disposition and parallel to the
      path of conveyor movement, and the conveyor path is often located above
      the workpiece entrance into the press. In certain press and billet
      conveyor arrangements of the foregoing character, devices including
      chutes, skid plates, deflector funnels and the like have been employed to
      feed the billet from the conveyor to the press entrance. In moving the
      billet from the conveyor to the press in this manner the billet is often
      turned to a generally vertical disposition and allowed to drop a
      considerable distance from the conveyor into engagement with a chute, skid
      plate or the like. If the billet, for example, weighs fifty pounds it will
      be appreciated that such free fall of the billet results in a considerable
      impact load on the device onto which it falls. Moreover, such impact is
      accompanied by considerable noise, and the force of impact necessitates
      the use of components structurally capable of absorbing repeated impact
      forces. Thus, the billet feeding mechanism becomes structurally complex
      and expensive to produce and maintain and is subjected to wear and damage
      which reduces the useful life thereof.
PAR  In accordance with the present invention, a billet turning device is
      provided which avoids the foregoing problems, and others, heretofore
      encountered in connection with press billet feeding mechanisms. More
      particularly, the turning device of the present invention supports the
      billet during turning thereof from a generally horizontal to a generally
      vertical disposition and releases the billet for movement toward an
      associated press feed component as the billet approaches the vertical
      disposition. Therefore, free fall of the billet is precluded until the
      billet is in a substantial vertical disposition, and this reduces the
      momentum of the billet which would otherwise be attained as soon as the
      billet is turned sufficiently to slide relative to the device by which it
      is initially supported in the horizontal disposition.
PAR  In accordance with a preferred embodiment of the present invention, the
      turning device also operates to lower the leading end of the billet
      relative to the plane of the initial horizontal support therefor.
      Accordingly, when the billet is turned to the vertical disposition and
      then released, the leading end of the billet is closer to the underlying
      press feed device than is the horizontal plane, whereby free fall distance
      is minimized. The reduced free fall distance advantageously minimizes the
      impact load on the underlying feed device, wear or damage thereto as a
      result of repeated impact forces thereon, and minimizes the noise
      attendant to impact. Furthermore, the lower impact loads enable the use of
      structurally smaller parts in components of the underlying press feed
      mechanism, thus leading to savings in the costs of production and
      maintenance.
PAR  Further in accordance with the present invention, the billet or article to
      be turned is supported by a table or the like which is adapted to be
      pivoted between generally horizontal and vertical positions. When the
      table is in the vertical disposition, the billet is discharged from the
      lower end thereof for free fall into an underlying billet receiver. During
      pivotal movement of the table between the horizontal and vertical
      positions, a stop member at the discharge end of the table engages the
      billet and supports the latter against discharge from the table until the
      table reaches the substantially vertical position thereof. The stop member
      further operates during pivotal movement of the table to allow the leading
      end of the billet to move outwardly of the discharge end of the table.
      Thus, when the table approaches the vertical position the leading end of
      the billet has gradually moved to a position beyond the discharge end of
      the table and thus closer to the underlying billet receiver. Such movement
      of the billet of course reduces the free fall distance when the billet is
      released from the table. Still further, by supporting the table for
      pivotal movement about an axis spaced from the discharge end toward the
      entrance end and disposed adjacent the bottom of the table, movement of
      the table to the vertical position lowers the discharge end to a position
      below the horizontal plane on which the billet is initially supported.
      This also reduces the free fall distance and, together with the billet
      movement provided for by the stop member, minimizes the free fall
      distance.
PAR  It is accordingly an outstanding object of the present invention to provide
      an improved device for turning an article from a generally horizontal to a
      generally vertical disposition.
PAR  Another object is the provision of a turning device of the foregoing
      character by which the article is released for free fall when the article
      closely approaches the vertical disposition.
PAR  A further object is the provision of an article turning device which
      provides for reducing impact loads of an article of given size on an
      underlying component onto which the article falls upon release.
PAR  Yet another object is the provision of an article turning device of the
      foregoing character which provides for reducing the free fall distance of
      the article by moving the leading end of the article, prior to release, to
      a position closer to the underlying component than the plane of initial
      horizontal support for the article.
PAR  Still another object is the provision of an article turning device of the
      foregoing character in which the free fall distance of the article is
      reduced by displacing the article relative to a support therefor during
      the turning movement so that the leading end of the article is closer to
      the underlying component, upon release, than it would be without such
      displacement.
PAR  Yet a further object is the provision of an article turning device of the
      foregoing character adapted to receive a metal billet in a horizontal
      disposition and to turn the billet to a substantially vertical disposition
      and then release the billet for free fall onto an underlying press feed
      component and in a manner whereby the free fall distance, upon release, is
      minimized.
PAR  Yet another object is the provision of an article turning device of the
      foregoing character which is structurally simple, comprised of a minimum
      number of parts, efficient in operation and economical to produce and
      maintain.
DRWD
PAR  The foregoing objects, and others, will in part be obvious and in part
      pointed out more fully hereinafter in connection with the description of a
      preferred embodiment illustrated in the accompanying drawings in which:
PAR  FIG. 1 is a side elevation view of a billet turning device made in
      accordance with the present invention;
PAR  FIG. 2 is an enlarged side elevation view of the article turning device
      shown in FIG. 1;
PAR  FIG. 3 is an end elevation view of the article turning device, the view
      being along line 3--3 in FIG. 2;
PAR  FIG. 4 is a sectional elevation view of the device taken along line 4--4 in
      FIG. 2;
PAR  FIG. 5 is a plan view, in section, taken along line 5--5 in FIG. 2;
PAR  FIGS. 6-8 are side elevation views of the device similar to FIG. 2 and
      showing the billet supporting table in different positions between the
      horizontal and vertical dispositions thereof; and,
PAR  FIG. 9 is a schematic illustration of the dimensional relationships between
      the components of the preferred embodiment of the turning device.
DETD
PAR  Referring now in greater detail to the drawings wherein the showings are
      for the purpose of illustrating a preferred embodiment of the invention
      only and not for the purpose of limiting the invention, FIG. 1 illustrates
      a billet turning device 10 made in accordance with the present invention.
      The turning device is shown in association with a billet conveyor 12 by
      which the billet is fed to a press, not shown, and a reject mechanism 14
      by which a billet can be removed from the feed line. Turning device 10,
      conveyor 12 and reject mechanism 14 are supported by a suitable frame
      structure 15 which in turn is suitably mounted on an underlying support
      such as a press bed. A billet conveyor, illustrated schematically and
      designated by numeral 16, is operable to convey billets B from a billet
      supply source and toward the turning device in the direction of arrows 18.
      Any suitable conveyor arrangement can be employed and, in the embodiment
      shown, conveyor 16 includes a plurality of rollers 20. The rollers are
      driven in a well known manner and the drive thereof is controlled to
      achieve the desired movement of billets B toward turning device 10.
PAR  As described more fully hereinafter, a billet B is received in turning
      device 10 in the position thereof illustrated by solid lines in FIG. 1.
      Thereafter, the turning device is pivoted to the position illustrated by
      broken lines in FIG. 1, and the billet is released to drop by free fall
      into a billet bucket 22 of conveyor 12. Bucket 22 is slidable on a
      conveyor track plate 23 and is provided with arms 24 connected to a
      sprocket chain 25 which is suitably driven to move the bucket and a billet
      therein along track 23 to the press. Track plate 23 is provided with an
      opening 26 at the point of billet feed into the bucket from turning device
      10, and reject mechanism 14 includes a door 27 adapted to close opening
      26. Door 27 is mounted on a pivotal lever 28 which is actuatable by a
      piston and cylinder mechanism 29 to pivot the door between the solid line
      and broken line positions thereof shown in FIG. 1. If a billet deposited
      in bucket 22 is to be rejected, lever 28 is actuated to pivot door 27 to
      the broken line position thereof, whereby the billet exits through opening
      26 and onto an inclined ramp 30 leading to a suitable reject billet
      receiver.
PAR  The preferred structure of turning device 10 is shown in detail in FIGS.
      2-5 of the drawing. With regard to the latter Figures together with FIG.
      1, it will be seen that the turning device includes a tubular metal
      housing or shell 32 having a top wall 34, a bottom wall 36, and side walls
      38 and 40. The housing has an entrance end 42 and a discharge end 44. A
      plurality of roller elements 46 are provided within housing 32 on
      corresponding shafts 48, the opposite ends of which shafts extend through
      corresponding openings in sidewalls 38 and 40. The ends of shafts 48 are
      suitably secured to sidewalls 38 and 40 against rotation relative thereto,
      and rollers 46 are adapted to rotate relative to the corresponding shaft
      48. Spacers 50 serve to maintain rollers 46 in desired positions
      longitudinally of the corresponding shaft 48. Further, rollers 46 on
      adjacent shafts 48 are laterally offset with respect to each other to
      provide for the rollers to be more closely spaced in the direction between
      the inlet and discharge ends of housing 32. A plane tangent to the
      uppermost edges of rollers 46 defines a planar support surface for billets
      B.
PAR  As described hereinabove, the turning device is pivotal between horizontal
      and vertical positions and, in this respect, housing 32 is pivotally
      interconnected with a pair of support arms 52 and 54 adjacent housing
      sidewalls 38 and 40, respectively. Support arms 52 and 54 are laterally
      spaced apart and extend upwardly from a support assembly comprised of
      laterally spaced apart side plates 56 and 58, end plate 60 extending
      between plates 56 and 58, and a horizontal top plate 62, all of which
      plates are suitably interconnected, such as by welding. The bottom edges
      of side plates 56 and 58 and end plate 60 are suitably interconnected such
      as by welding with a base plate 63 which is bolted or otherwise secured to
      frame assembly 15. Support arms 52 and 54 are welded or otherwise secured
      to the corresponding side plates 56 and 58 forwardly of top plate 62 and
      are laterally spaced apart to receive housing 32 therebetween.
PAR  Housing 32 is pivotally mounted on support arms 52 and 54 by means of a
      pair of bearing blocks 64 and 66 on the housing and corresponding pivot
      pins 68 and 70 between the blocks and support arms. More particularly, a
      portion of housing walls 36 and 38 between the opposite ends of the
      housing and adjacent the juncture of the walls is cut-away to define an
      opening 72 for bearing block 64 and, similarly, a portion of housing walls
      36 and 40 is removed to define an opening 74 for bearing block 66. Bearing
      blocks 64 and 66 are welded or otherwise secured to the corresponding
      housing walls and are provided with pin openings receiving the inner ends
      of the corresponding pivot pins. Bearing sleeves 76 and 78 are interposed
      between the bearing blocks and pivot pins, and washers 80 and 82 are
      interposed between the bearing blocks and support arms 52 and 54.
PAR  Pins 68 and 70 extend through openings therefor in the corresponding
      support arm, and the outer ends of the pins are provided with radially
      extending plates 84 and 86 which are integral with or attached, such as by
      welding, to the corresponding pin. Plates 84 and 86 extend radially beyond
      the outer periphery of the corresponding pivot pin and are releaseably
      fastened to the corresponding support arms such as by threaded fasteners
      88 and 90. It will be seen, therefore, that housing 32 is pivotal relative
      to pins 68 and 70 and is adapted to be removed from support arms 52 and 54
      by removing fasteners 88 and 90 and then withdrawing the pivot pins from
      the bearing blocks and support arms. Pivot pins 68 and 70 provide for the
      housing to be pivotal about a horizontal axis transverse to the direction
      between ends 42 and 44 of the housing and, preferably, the pivot axis is
      disposed slightly beyond the center point between the opposite ends of the
      housing in the direction from discharge end 44 toward input end 42.
      Moreover, the pivot axis is disposed beneath the support surface defined
      by rollers 46.
PAR  A billet guide assembly 92 is provided within housing 32 and, in the
      embodiment shown, includes an inverted U-shaped channel member comprised
      of a web defining a top wall 94 and laterally spaced apart flanges
      defining sidewalls 96 and 98 parallel to housing walls 38 and 40,
      respectively. The guide assembly is mounted on housing 32 by means of a
      pair of longitudinally extending ribs 100 welded to top wall 94 and
      releaseably interconnected with top wall 34 of the housing by means of a
      plurality of threaded bolts 102.
PAR  The bottom edges of sidewalls 96 and 98 of the guide assembly are generally
      coplanar with the uppermost edges of rollers 46, and the sidewalls are
      laterally spaced apart to receive billet B therebetween. Further, the top
      wall and sidewalls of the guide assembly are generally coplanar with the
      ends of the walls of housing 32 at the inlet end 42 thereof. The opposite
      ends of top wall 94 and sidewalls 96 and 98 extend outwardly beyond outlet
      end 44 of housing 32 as seen in FIG. 2. Moreover, the portion of top wall
      94 extending beyond outlet end 44 defines a deflector plate 104 which is
      inclined downwardly relative to the plane of top wall 94 for the purpose
      set forth hereinafter.
PAR  A stop member 106 is pivotally mounted on housing 32 at and laterally
      centrally of discharge end 44 thereof. Stop member 106 is in the form of a
      lever pivotal about an axis parallel to the axes of pins 68 and 70 and has
      opposite ends 108 and 110. End 108 is apertured to receive a pivotal shaft
      112 and is keyed or otherwise secured to the shaft for pivotal movement
      therewith. End 110 of stop member 106, in the position shown in FIG. 2, is
      slightly spaced from top wall 94 of guide assembly 92 and is provided with
      a projection or nose 114 extending in the direction toward inlet end 42 of
      the housing. Nose 114 provides the inwardly facing edge of stop member 106
      with a notch-like configuration defined by edges 116 and 118 which provide
      a billet shoulder for the purpose set forth hereinafter.
PAR  Shaft 112 is supported for pivotal movement with housing 32 and for pivotal
      movement relative thereto. More particularly, the edges of housing walls
      36 and 38 adjacent discharge end 44 are notched to receive a bearing block
      120 and, similarly, housing walls 36 and 40 are notched to receive a
      bearing block 122. Bearing blocks 120 and 122 are provided with aligned
      openings therethrough to receive shaft 112, and suitable bearing sleeves
      124 and 126 are provided between the bearing blocks and the corresponding
      portions of shaft 112. The end of shaft 112 extending through bearing
      block 122 is threaded to receive a nut 128 which is pinned or otherwise
      secured to the shaft against unintentional displacement therefrom. The
      opposite end of shaft 112 extends through and beyond bearing block 120.
PAR  A link member 130 is removably mounted on the outer end of shaft 112 for
      pivotal movement therewith by means of a key 132 and set screws 134 and
      136. In the position of the components illustrated in FIG. 2, link member
      130 extends downwardly and the lower end thereof is pivotally
      interconnected with the corresponding end of a second link member 138 by
      means of a pin 140. Pin 140 extends through link 138 and into an opening
      for the pin in link 130. The inner end of pin 140 is suitably secured to
      link 130, and the opening in link 138 is provided with a bearing sleeve
      142 for the corresponding end of pin 140. The opposite end of link 138 is
      pivotally interconnected with support arm 52 by means of a pin 144 which
      extends through link 138 and into an opening in the support arm. Pin 144
      is suitably interconnected with support arm 52 and the opening in link 138
      is provided with a bearing sleeve 146 for the corresponding end of pin
      144.
PAR  The axes of shaft 112 and pins 140 and 144 are parallel to one another and
      to the axes of pins 68 and 70. Moreover, the axis of pin 144 is spaced
      above the axes of pins 68 and 70 and forwardly thereof in the direction
      toward discharge end 44 of the housing. The axis of shaft 112 is disposed
      adjacent the discharge end of the housing and is spaced beneath the planar
      supporting surface defined by the uppermost edges of rollers 46. The
      linkage arrangement described above, as set forth more fully hereinafter,
      provides for stop member 106 to pivot with housing 32 and relative thereto
      in a manner whereby the stop member pivots clockwise as seen in FIG. 2
      during clockwise pivotal movement of the housing.
PAR  Housing 32 and thus stop member 106 are adapted to be pivoted clockwise as
      seen in FIG. 2 by means of a pneumatic piston and cylinder actuator
      mechanism 148. The latter mechanism includes a cylinder 150 which, in a
      well known manner, supports a piston for reciprocating movement in
      opposite directions therein. The piston drives a piston rod 152 which
      accordingly is reciprocable relative to the cylinder. One end of cylinder
      150 is pivotally interconnected at 154 with a suitable support assembly
      156, and the free end of piston rod 152 is disposed between a pair of
      plates 158 extending downwardly from and suitably connected such as by
      welding to bottom wall 36 of housing 32. A pin 160 pivotally interconnects
      the free end of piston rod 152 with plates 158. Cylinder 150 is provided
      with air ports 162 and 164 by which air from a suitable source, not shown,
      is delivered to and returned from the cylinder to achieve piston rod
      displacement. Limit switches 166 and 168 are provided at opposite ends of
      cylinder 150 to sequence other equipment in response to actuation of the
      turning mechanism. It will be appreciated that suitable controls, not
      illustrated, are provided to control air flow to cylinder 150.
      Advantageously, the pneumatic actuator mechanism operates as a shock
      absorber when a billet B is fed into housing 32 and engages stop member
      106.
PAR  Turning mechanism 10 further includes a billet hold back and separator
      arrangement including an inverted U-shaped frame component 170 adjacent
      input end 42 of housing 32, and a plate member 172 mounted on the bottom
      of housing 32 adjacent input end 42. Frame member 170 includes a pair of
      legs 174 extending upwardly from frame plates 56 and 58, and a cross
      member 176 extending between and suitably interconnected with legs 174 at
      the upper ends thereof. Plate member 172 depends from bottom wall 36 of
      housing 32 and is suitably secured thereto such as by welding. The plate
      member includes a curved edge 178 having a generally uniform radius of
      curvature measured from the axes of pivot pins 68 and 70. Moreover, plate
      172 has a nose 180 spaced from bottom wall 36 a distance sufficient to
      provide for the nose to be disposed in the path of movement of billets B
      on conveyor 16 toward entrance end 42 of the housing when the housing is
      pivoted clockwise 90.degree. from the position illustrated in FIG. 2. As
      set forth hereinafter, curved surface 178 and nose 180 are operable to
      stop movement of a billet B toward input end 42 during such clockwise
      pivotal movement of the housing, thus to preposition a billet on conveyor
      16 for introduction into the housing and to prevent such movement into the
      housing until the latter is returned to the position illustrated in FIG.
      2. Plate 172 is, of course, of a width sufficient to engage and stop a
      billet B on conveyor 16 so that the billet will not be deflected laterally
      with respect to its path of movement toward housing 32.
PAR  The operation of the turning device as described above will be best
      understood by referring to FIGS. 6-8 together with FIG. 2. In this
      respect, FIG. 2 shows the turning device in the position to receive a
      billet B. As the billet moves into the input end of the device and onto
      rollers 46, the leading end of the billet engages nose 114 of stop member
      106 and is held in the latter position by the stop arm. Piston and
      cylinder assembly 148 is then actuated to displace piston rod 152 into
      cylinder 150, whereby housing 32 is pivoted clockwise about the axes of
      pivot pins 68 and 70. Such pivotal movement imparts clockwise pivotal
      movement to stop member 106 through link members 130 and 138. Accordingly,
      stop arm 106 pivots outwardly with respect to discharge end 44 of the
      housing and billet B also moves toward the discharge end in engagement
      with the support arm.
PAR  Pivotal movement of arm 106 is gradual and simultaneous with pivotal
      movement of housing 32, and when the housing has pivoted approximately
      45.degree. from the position illustrated in FIG. 2, the several components
      are in the positions thereof illustrated in FIG. 6 of the drawing. In this
      respect, it will be noted that stop arm 106 has pivoted to the extent that
      the leading end of billet B engages surface 118 of the stop arm. As
      housing 32 continues to rotate clockwise, stop arm 106 likewise continues
      to pivot in the clockwise direction relative to the housing. When the
      housing has pivoted to a position of about 85.degree. from horizontal, as
      seen in FIG. 7, surface 118 of stop arm 106 is generally parallel to the
      planar support surface for the billet defined by the uppermost edges of
      rollers 46, and the leading end of the billet abuts against surface 116 of
      the stop arm. Deflector plate 104 engages the billet to retain the billet
      against rollers 46, and it will be noted that the leading end of the
      billet has been lowered below the horizontal plane of the pivot axes of
      pins 68 and 70. Such lowering results both from the spacing of discharge
      end 44 of the housing from the latter pin axes and the pivotal movement of
      arm 106 allowing the billet to slide outwardly of discharge end 44.
PAR  At the location of the turning device components illustrated in FIG. 7,
      housing 32 is approaching the vertical disposition thereof, but the billet
      is restrained from free fall at this time. During the subsequent 5.degree.
      of rotation of housing 32 from the position illustrated in FIG. 7 to the
      position illustrated in FIG. 8, stop arm 106 is further pivoted relative
      to housing 32 to displace nose 114 from beneath the leading end of billet
      B, whereby the latter is released for free fall into the underlying billet
      receiving bucket 22. It will be appreciated, therefore, that the free fall
      distance is minimized and that the billet is restrained from free fall
      until it is in the substantially vertical disposition.
PAR  During pivotal movement of housing 32 from the position illustrated in FIG.
      2 to the position illustrated in FIG. 8, plate 172 moves upwardly relative
      to the path of billets B on conveyor 16 and, as illustrated in FIGS. 6-8,
      assumes a position to block movement of billets B along conveyor 16 in the
      direction toward the input end of the housing. As mentioned hereinabove,
      conveyor 16 is a driven conveyor, and it will be appreciated that the
      conveyor drive is stopped during turning movement of a billet positioned
      in the turning device. Plate 172 advantageously prevents movement of the
      next billet in line on the conveyor toward the entrance end of the turning
      device in the event of actuation of the conveyor or some other event
      resulting in displacement of billets B on the conveyor in the direction of
      conveyance during operation of the turning device.
PAR  Upon release of a billet B from the turning device, piston and cylinder
      mechanism 148 is actuated to pivot housing 32 counterclockwise thus to
      return the components of the turning device to the positions thereof
      illustrated in FIG. 2. At this time, the entrance end of housing 32 is
      open to receive the next billet in line on conveyor 16, and the turning
      device is ready for a subsequent turning operation.
PAR  It will be appreciated that the dimensions of the various components of the
      turning device will vary depending on the size of a billet to be handled,
      and that a wide variety of linkage arrangements can be devised for
      achieving pivotal movement of the stop member and the desired billet
      displacement relative to the housing during pivotal movement of the latter
      and prior to release of the billet as described above. The embodiment
      herein illustrated and described is capable of handling a 50 pound metal
      billet which is generally square in cross section and having width and
      height dimensions of about 4 inches and a length dimension of about 8
      inches when disposed in the housing as shown in FIG. 2. In the embodiment
      disclosed, housing 32 has a horizontal length of about 103/4 inches and is
      defined by square tubing having an outside dimension of about ten inches
      and a wall thickness of about 1/2 inch. Guide assembly 92 has a wall
      thickness of about 1/2  inch, and the outer surfaces of the sidewalls
      thereof are laterally spaced apart about 6 inches, and the guide assembly
      is laterally centered with respect to housing 32. Further, the inner
      surface of top wall 94 of the guide is slightly spaced above the billet
      and the lower edges of the sidewalls of the guide are slightly spaced
      above the horizontal reference plane. Rollers 46 are about 13/4 inch in
      diameter and the axes thereof are vertically spaced about two inches from
      the outer surface of bottom wall 36 of the housing.
PAR  The dimensions of the links for pivoting the stop member in response to
      pivotal movement of the housing, and the dimensional relationships between
      the various components and pivot axes for the embodiment herein disclosed
      is schematically illustrated in FIG. 9 of the drawing. Referring to the
      latter FIGURE, the letter a represents a vertical reference plane for
      measurements, and the letter b represents a horizontal reference plane
      tangent to the upper surfaces of rollers 46. The letter c represents
      housing 32 which is mounted for pivotal movement relative to a fixed frame
      component about an axis d which corresponds to the axes of pivot pins 68
      and 70. Link e corresponds to link 130, and member f corresponds to stop
      member 106. Members e and f are pivotal together relative to housing c
      about an axis g which corresponds to the axis of shaft 12 in FIG. 2. Link
      h corresponds to link 138 in FIG. 2 and has its opposite ends pivotally
      interconnected one with link e at axis j and the other with the frame
      structure at axis k. Axes j and k correspond, respectively, with the axes
      of pivot pins 140 and 144. Finally, line L represents a vertical line
      through axes g and j and parallel to vertical reference plane a, and m
      corresponds to nose surface 116 of stop member 106.
PAR  The several link elements illustrated in FIG. 9 are in the positions of the
      corresponding components as shown in FIG. 2. With respect to the specific
      example being described, the desired displacement of the billet relative
      to the housing during pivotal movement of the latter in the manner
      described hereinabove is achieved by providing the following dimensions
      with respect to the components as illustrated in FIG. 9. Horizontal
      distances are measured between vertical lines through the reference
      points, vertical distances are measured between horizontal lines through
      the reference points, and straight line distances are measured along
      straight lines between the reference points.
TBL  ______________________________________                                    
     Horizontal distance a-L                                                   
                       = 1.000 inch                                            
     Horizontal distance d-L                                                   
                       = 5.250 inches                                          
     Horizontal distance d-k                                                   
                       = 1.500 inches                                          
     Vertical dimension d-j                                                    
                       = 0.875 inch                                            
     Vertical dimension d-g                                                    
                       = 1.125 inches                                          
     Vertical dimension g-b                                                    
                       = 1.125 inches                                          
     Vertical dimension b-m                                                    
                       = 2.875 inches                                          
     Vertical dimension d-k                                                    
                       = 0.8660 inch                                           
     Link h, distance j-k                                                      
                       = 4.1345 inches                                         
     Link c, distance d-g                                                      
                       = 5.36918 inches                                        
     Vertical dimension d-b                                                    
                       = 2.250 inches                                          
     Vertical distance g-m                                                     
                       = 4.000 inches                                          
     ______________________________________                                    
PAR  While the foregoing dimensions provide preferred motion characteristics in
      connection with the billet turning device herein described and
      illustrated, it will be appreciated that the dimensions will vary in
      accordance with the size of the billet to be handled, the extent of
      displacement of the billet forwardly of the housing prior to release
      thereof, and the point during pivotal movement of the housing at which the
      billet is released for free fall. Accordingly, it will be appreciated that
      the specific dimensions are given by way of example only. Moreover, it
      will be appreciated that link arrangements other than the specific
      arrangements disclosed can be advised to achieve the desired motion
      characteristics. Moreover, while considerable emphasis has been placed on
      the structure and structural interrelationship of the components of the
      preferred embodiment, many modifications will be readily apparent to those
      skilled in the art and can be made without departing from the principles
      of the present invention. Since many embodiments of the invention can be
      made and since many changes can be made in the embodiment herein
      illustrated and described, it is to be distinctly understood that the
      foregoing descriptive matter is to be interpreted merely as illustrative
      of the present invention and not as a limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for turning an article from a generally horizontal disposition
      to a generally vertical disposition comprising, frame means, article
      support means having opposite ends and mounted on said frame means for
      pivotal movement about a horizontal axis transverse to the direction
      between said ends and between first and second positions in which an
      article on said support means is respectively in said horizontal and
      vertical dispositions, one of said opposite ends being a discharge end and
      being disposed below the other end when said support means is in said
      second position, article stop means pivotally mounted on said support
      means at said discharge end and engaging and supporting said article
      during movement of said support means from said first toward said second
      position, means to pivot said support means about said horizontal axis
      from said first position toward said second position, and means to pivot
      said stop means to release said article from said support means as said
      support means approaches said second position.
NUM  2.
PAR  2. A device for turning an article from a generally horizontal disposition
      to a generally vertical disposition comprising, frame means, article
      support means having opposite ends and mounted on said frame means for
      pivotal movement about a horizontal axis transverse to the direction
      between said ends and between first and second positions in which an
      article on said support means is respectively in said horizontal and
      vertical dispositions, one of said opposite ends being a discharge end and
      being disposed below the other end when said support means is in said
      second position, article stop means movably mounted on said support means
      at said discharge end and engaging and supporting said article during
      movement of said support means from said first toward said second
      position, means to pivot said support means about said horizontal axis
      from said first position toward said second position, and means to move
      said stop means to release said article from said support means as said
      support means approaches said second  position, said stop means being
      lever means pivotally mounted on said support means, and said means to
      move said stop means including link means pivotally interconnecting said
      lever means and frame means for said lever means to pivot in response to
      pivotal movement of said support means relative to said frame means.
NUM  3.
PAR  3. The device according to claim 2, wherein said horizontal axis is between
      said opposite ends, said lever means is pivotal about a lever axis
      parallel to and spaced from said horizontal axis in the direction toward
      said discharge end, and said link means includes a link member having
      opposite ends pivotally connected one to said lever means at a point
      spaced from said lever axis and the other to said frame means.
NUM  4.
PAR  4. The device according to claim 3, wherein said support means includes
      surface means supporting said article and said lever means includes a leg
      extending upwardly from said surface means when said support means is in
      said first position, said leg having a side facing said article and a
      projection extending from said side toward said article, said leg pivoting
      about said lever axis during movement of said support means from said
      first toward said second position to progressively move said projection
      outwardly of said discharge end and toward the plane of said surface
      means, said projection in said releasing position of said stop means being
      below said plane with respect to said article on said surface means.
NUM  5.
PAR  5. The device according to claim 1, wherein said support means includes a
      plurality of roller members rotatable about axes parallel to said
      horizontal axis to support movement of said article relative to said
      support means.
NUM  6.
PAR  6. The device according to claim 1, and means on said support means for
      guiding movement of said article in the direction between said ends.
NUM  7.
PAR  7. The device according to claim 6, wherein said support means includes
      support surface means for said article and said guide means includes
      deflector means spaced from said surface means and extending outwardly
      from said discharge end of said support means, said deflector means
      engaging said article during movement of said support means toward said
      second position to maintain said article in engagement with said surface
      means.
NUM  8.
PAR  8. The device according to claim 1, wherein said other end of said support
      means is an article receiving end adapted to receive articles moving along
      a horizontal feed path in the direction from said receiving end toward
      said discharge end, and means at said article receiving end of said
      support means to block movement of an article along said path during
      movement of said support means between said first and second positions.
NUM  9.
PAR  9. The device according to claim 8, wherein said means to block article
      movement includes a member mounted on said support means at said receiving
      end for movement therewith.
NUM  10.
PAR  10. A device for turning an article from a horizontal disposition to a
      vertical disposition comprising, frame means, table means having article
      receiving and discharge ends and means providing article supporting
      surface means between said ends, said table means being interconnected
      with said frame means for pivotal movement about an axis transverse to the
      direction between said ends and between a first position in which said
      surface means is horizontal and a second position in which said surface
      means is vertical and said discharge end is below said receiving end, stop
      arm means mounted on said table means at said discharge end for pivotal
      movement about an arm axis parallel to said transverse axis, said arm
      means extending above said surface means to engage an article thereon when
      said table means is in said first position and being positioned below said
      surface means when said table means is in said second position, means to
      pivot said table means about said transverse axis from said first position
      toward said second position, and link means pivotally interconnecting said
      arm means and frame means for pivoting said arm means relative to said
      table means in response to pivotal movement of said table means.
NUM  11.
PAR  11. The device according to claim 10, wherein said arm axis is adjacent
      said discharge end and said transverse axis is spaced from said arm axis
      toward said receving end, said arm and transverse axes being below said
      surface means, and said link means including a link member having opposite
      ends pivotally interconnected one with said arm means on an axis parallel
      to and spaced from said arm axis and the other with said frame means on an
      axis parallel to and spaced from said transverse axis.
NUM  12.
PAR  12. The device according to claim 11, wherein said means for pivoting said
      table means includes piston and cylinder means including cylinder means
      pivotally connected to said frame means and piston means having a piston
      rod reciprocable relative to said cylinder means, said piston rod having
      an outer end pivotally connected to said table means on an axis adjacent
      said discharge end and below said transverse axis.
NUM  13.
PAR  13. The device according to claim 10, wherein said table means includes a
      housing member having a bottom wall and sidewalls extending upwardly
      therefrom, said means providing article supporting surface means including
      a plurality of rollers between said sidewalls and supported thereby for
      rotation about axes parallel to said transverse axis.
NUM  14.
PAR  14. The device according to claim 13, and plate means extending downwardly
      from said bottom wall adjacent said receiving end of said table means,
      said plate means having an arcuate edge facing outwardly of said receiving
      end, said supporting surface means providing a reference plane when
      horizontal, said arcuate edge of said plate means being below said plane
      when said supporting surface means is horizontal and extending above said
      plane during movement of said table means between said first and second
      positions.
NUM  15.
PAR  15. The device according to claim 13, wherein said housing member further
      includes a top wall between said sidewalls and spaced above said bottom
      wall, and means supported by said top wall for positioning and guiding an
      article on said rollers.
NUM  16.
PAR  16. The device according to claim 15, wherein said positioning and guiding
      means is an inverted U-shaped member having a web parallel to said top
      wall and flanges parallel to said sidewalls, said sidewalls and top wall
      having ends defining said discharge end of said table means, and said web
      including a portion inclining outwardly and downwardly beyond said ends of
      said sidewalls and top wall.
NUM  17.
PAR  17. The device according to claim 16, wherein said stop arm means is
      positioned between said sidewalls and pivotally mounted thereon, said arm
      means having on end adjacent said web when said table means is in said
      first position, a nose on said end of said arm means and extending toward
      said receiving end of said table means, said arm means having a second
      end, said arm axis being between said arm ends and adjacent said discharge
      end of said table means, said transverse axis being spaced from said arm
      axis toward said receiving end, and said link means including a link
      member having opposite ends pivotally connected one to said second arm end
      and the other to said frame means on an axis parallel to and between said
      arm axis and said transverse axis.
NUM  18.
PAR  18. The device according to claim 17, and plate means extending downwardly
      from said bottom wall adjacent said receiving end of said table means,
      said plate means having an arcuate edge facing outwardly of said receiving
      end, said supporting surface means providing a reference plane when
      horizontal, said arcuate edge of said plate means being below said plane
      when said supporting surface means is horizontal and extending above said
      plane during movement of said table means between said first and second
      positions.
NUM  19.
PAR  19. The device according to claim 18, wherein said means for pivoting said
      table means includes piston and cylinder means including cylinder means
      pivotally connected to said frame means and piston means having a piston
      rod reciprocable relative to said cylinder means, said piston rod having
      an outer end pivotally connected to said table means on an axis adjacent
      said discharge end and below said transverse axis.
PATN
WKU  039412563
SRC  5
APN  4879538
APT  1
ART  314
APD  19740712
TTL  Bar feeders
ISD  19760302
NCL  18
ECL  1
EXA  Abraham, George F.
EXP  Spar; Robert J.
NDR  7
NFG  15
INVT
NAM  Doe; Ewart H.
CTY  Stockbridge
CNT  EN
INVT
NAM  Linforth; William J.
CTY  Chandlers Ford
CNT  EN
ASSG
NAM  Twyford Moors (Aircraft & Engineering Limited)
CTY  Eastleigh
CNT  EN
COD  03
PRIR
CNT  UK
APD  19730821
APN  39498/73
CLAS
OCL  214  14
XCL   29 37R
XCL   82  27
XCL  279 41A
XCL  279 75
EDF  2
ICL  B65H 5126
FSC  214
FSS  1.1;1.4
FSC   82
FSS  2.5;2.7
FSC   29
FSS  37 R
FSC  279
FSS  75;41 A
UREF
PNO  1516146
ISD  19241100
NAM  Buckingham
OCL   82  2.5
UREF
PNO  3019027
ISD  19620100
NAM  Klein
XCL  279 75
UREF
PNO  3262583
ISD  19660700
NAM  Thevenet
OCL  214  1.1
UREF
PNO  3827581
ISD  19740800
NAM  Inui
XCL  214  1.4
LREP
FR2  Markva; Neil F.
ABST
PAL  A bar holder and feeder for an automatic machine tool comprising an
      elongated bar holder aligned with the machine tool, which bar holder can
      be opened to allow bar to be loaded thereinto; loading means to load bar
      into a loaded position in the bar holder; and a bar feeder positioned
      between the elongated bar holder and the machine tool, through an open
      collet of which machine tool bar is to be fed from the bar holder, the bar
      feeder comprising a sleeve engageable over a bar to be fed at a position
      externally of the machine tool and feed means to cause axial movement of
      the sleeve, the sleeve having internal biased gripping means which permit
      the sleeve to be moved by the feed means over the bar in a direction away
      from the machine tool but prevent the sleeve being moved by the feed means
      over the bar in a direction towards the machine tool, whereby a
      reciprocation of the sleeve by the feed means causes the bar to be fed to
      the machine tool, and means to prevent movement of the bar from the loaded
      position in a direction away from the machine tool to enable the sleeve
      initially to be pressed over the end of the bar nearer the machine tool or
      means to move the bar towards the machine tool initially to engage the end
      of the bar nearer the machine tool in the sleeve.
PAL  The loading means may include a pair of jaws which can grip the bar in the
      loaded position and prevent movement of the bar away from the machine
      tool. The feed means may comprise a slide, with which the sleeve can be
      entrained, movable towards and away from the machine tool by a suspended
      weight and/or piston/cylinder arrangement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to bar holders and feeders for machine tools.
PAR  Our U.S.A. patent application Ser. No. 187,985, now U.S. Pat. No.
      3,802,689, discloses a bar holder to hold bar stock material to be fed to
      a machine tool and our U.S.A. patent application Ser. No. 164,403, now
      U.S. Pat. No. 3,782,593, discloses loading means for loading bar stock
      material into such bar holders. Such loading means merely allows a bar to
      fall under gravity into the bar holder to lie in a position such that it
      will be contained in the bar holder when the bar holder is subsequently
      closed.
PAR  Various means have been proposed for feeding bar from bar holders through
      the collets of machine tools but generally such means are too slow for
      optimum operation and/or are not capable of feeding bar of non-round
      section, for example hexagonal or square section bar.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a bar holder and feeder for an
      automatic machine tool comprising an elongated bar holder aligned with the
      machine tool, which bar holder can be opened to allow bar to be loaded
      thereinto; loading means to load bar into a loaded position in the bar
      holder; and a bar feeder positioned between the elongated bar holder and
      the machine tool, through an open collet of which machine tool bar is to
      be fed from the bar holder, the bar feeder comprising a sleeve engageable
      over a bar to be fed at a position externally of the machine tool and feed
      means to cause axial movement of the sleeve, the sleeve having internal
      biased gripping means which permit the sleeve to be moved by the feed
      means over the bar in a direction away from the machine tool but prevent
      the sleeve being moved by the feed means over the bar in a direction
      towards the machine tool, whereby a reciprocation of the sleeve by the
      feed means causes the bar to be fed to the machine tool, and means to
      prevent movement of the bar from the loaded position in a direction away
      from the machine tool to enable the sleeve initially to be pressed over
      the end of the bar nearer the machine tool or means to move the bar
      towards the machine tool initially to engage the end of the bar nearer the
      machine tool in the sleeve.
PAR  The elongated bar holder may be provided as one of a plurality of bar
      holders provided in an indexable reel and adapted to hold bar to be fed by
      the feeder means to a respective spindle of an automatic multi-spindle
      machine tool such as a lathe.
PAR  Preferably the loading means comprise a pair of opposed jaws between which
      the bar can be engaged and means to move the jaws to locate the bar in
      said loaded position in the bar holder. Said means to prevent movement of
      the bar advantageously comprises means to cause the pair of opposed jaws
      of the loading means to grip the bar in the loaded position. The pair of
      jaws are preferably both mounted on a slide, the slide being reciprocable
      towards the bar holder from a position at which bar to be loaded can roll
      from a store of bars into a position of engagement between the jaws and a
      position at which the bar is located in said loaded position and is
      gripped by the jaws. The jaws can be caused to grip the bar by a stop
      engaged by one of said jaws, which said one of said jaws leads during
      movement of the slide towards the bar holder, as said slide moves into
      said position at which the bar is located in the loaded position.
PAR  Said one of said jaws is preferably pivotably mounted on said slide for
      pivoting movement about an axis extending parallel to the plane of
      movement of the bar into the loaded position, to permit said one of said
      jaws to be released from under the bar upon movement of the slide away
      from the loaded position, means being provided to prevent pivotal movement
      of said one of said jaws during movement of the slide towards the loaded
      position and means being provided to cause pivotal movement of said one of
      said jaws as the slide moves into its retracted position to position said
      one of said jaws for engagement of a further bar between said jaws.
PAR  Thus the loading means can hold the bar against axial movement while the
      sleeve of the bar feeder is engaged on the end of the bar nearer to the
      machine tool.
PAR  The loading means is preferably adjustable according to the size of bar
      being loaded, can load bar of cylindrical or other section, such as
      hexagonal, and moves the bar to a position at which it is coaxial with the
      bar holder when the bar holder is closed.
PAR  Preferably the sleeve comprises an inner sleeve and an outer sleeve secured
      together against relative movement and said internal abiased gripped means
      comprise captive balls engaged in longitudinally extending slots in the
      inner sleeve, an inner surface of the outer sleeve comprising a ramp face
      or faces overlying said slots, and a compression spring or springs biasing
      to press the balls in a direction away from the machine tool and against
      the ramp face or faces of the inner surface of the outer sleeve and
      thereby radially inwardly of the inner sleeve through the slots to engage
      the surface of a bar extending through the inner sleeve. Preferably the
      spring acts on the balls through the intermediary of a collar slidable
      along the inner sleeve.
PAR  Advantageously the feed means to cause axial movement of the sleeve
      comprises a slide reciprocable in a direction parallel to the elongated
      bar holder, a mounting member for the sleeve, guide means for the mounting
      member and coupling means to couple the mounting member to the slide
      whereby the mounting member is entrained for movement with the slide.
PAR  The mounting member may comprise an inner mounting sleeve securable to said
      sleeve, an outer mounting sleeve, bearings between the inner mounting
      sleeve and the outer mounting sleeve to permit relative rotation, a
      radially extending projection from the outer mounting sleeve to engage in
      a longitudinally extending slot in the guide means for the mounting member
      to prevent rotation of the outer mounting sleeve and a further radially
      extending projection from said outer mounting sleeve to engage in a groove
      in said slide, said further radially extending projection and said groove
      comprising said coupling means.
PAR  The slide may be reciprocable by means of a chain, wire or cord or like
      means coupled to the slide and extending over a sprocket or pulley to a
      suspended weight and effective to move the slide parallel to the bar
      holder, preferably under the control of fluid damping means, a
      double-acting pneumatic or hydraulic cylinder, a cam arrangement, an
      electric motor with slipping clutch or a linear motor.
PAR  The bar feed means can have the advantage over previously proposed bar feed
      means that when in a machine tool having a plurality of spindles in a
      spindle drum, a force tending to feed bar through a collet of a spindle
      can be applied to the bar before the spindle durm has been fully indexed
      into the position where feed of bar is required whereby the necessary
      "open" time of the collet of the spindle to permit bar feed at the indexed
      position for bar feed can be reduced compared with an arrangement in which
      force to feed the bar through the collet cannot be applied to the bar
      until the spindle drum has fully indexed into the position at which bar
      feed is required.
PAR  Preferably the bar feeder includes a bar sensor device having a further
      slide including a groove engageable with the further projection of the
      outer mounting sleeve and means to move said further slide in a direction
      parallel to the elongated bar holder to locate the sleeve at a position
      forward of the position at which the forward end of a bar will be located
      in said loaded position and to move the sleeve back over the forward end
      of the bar after the bar has been moved by the loading means into said
      loaded position and while it is still gripped by the jaws of the loading
      means. Means coupling said means to move said further slide to means to
      cause reciprocation of the slide of the loading means are preferably
      provided whereby if, due to the position of the rear end of a previously
      fed bar, said means to move said further slide is unable to move said
      further slide sufficiently to locate said sleeve forward of the position
      at which the forward end of a bar will be located in said loaded position,
      said means to cause reciprocation of the slide of said loading means is
      prevented from operating.
PAR  The machine tool preferably has, for each spindle, a sub-collet having a
      circular outside configuration and an internal configuration to suit the
      section of bar to be machined, and a slipping clutch arrangement to cause
      relative rotation of the bar being fed by the bar feeder and the
      sub-collet to align the bar with the internal configuration of the
      sub-collet and permit passage of the bar through the sub-collet.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is diagrammatically illustrated by way of example in the
      accompanying drawings, in which:
PAR  FIG. 1 is an elevation of bar loading means of bar holder and feeder
      according to the invention, in an initial position;
PAR  FIG. 2 is a plan view corresponding to FIG. 1;
PAR  FIG. 3 is a view corresponding to the lowest part of FIG. 1 but with the
      bar loading means shown in a loading position;
PAR  FIG. 4 shows the bar loading means of FIG. 1 in a position corresponding to
      FIG. 3 but with parts removed to show details of construction;
PAR  FIG. 5 is an elevation of a feed sleeve of a bar holder and feeder
      according to the invention;
PAR  FIG. 6 is a sectional view corresponding to FIG. 5;
PAR  FIG. 7 is a sectional view taken on line A--A of FIG. 6;
PAR  FIG. 8 is a sectional view through a mounting for a feed sleeve according
      to FIGS. 5, 6 and 7;
PAR  FIG. 9 is a sectional view on line B--B of FIG. 8;
PAR  FIG. 10 is a view taken in the direction of arrow C of FIG. 8;
PAR  FIG. 11 is a side view of a bar holder and feeder according to the
      invention feeding bar to a multiple spindle machine tool;
PAR  FIG. 12 is an end view of a guide block for the bar feeder of FIG. 11;
PAR  FIG. 13 shows further details of the bar feeder;
PAR  FIG. 14 is a sectional view through a guide tube through which a bar can be
      fed by the bar feeder; and
PAR  FIG. 15 shows a sub-collet arrangement for use with non-round section bar.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  Referring to FIGS. 1 to 4, bar loading means generally indicated at 1, for
      a bar holder and feeder, is to load bars 2 one at a time into elongated
      bar holders, which bar holders are not shown in the drawings but are
      preferably of the kind described in our U.S.A. patent application Ser. No.
      187,985, now U.S. Pat. No. 3,802,689 and a plurality of which are provided
      in a rotatably indexable reel, the bar loading means 1 being required to
      move the bars 2 to a position shown at 2a in FIGS. 1 and 4, at which
      position they will be aligned with the bar holder for the time being
      positioned below the loading means, so that the bar holder can close
      thereover to hold the bar.
PAR  The bars 2 to be loaded lie on the inclined upper face 3 of a frame member
      4 of a bar holder frame which mounts the reel and the lowermost one of the
      bars 2 lies in an adjustable lower jaw member 5 and has an upper jaw
      member 6 located over its upper face. The lower jaw 5 is adjustable
      mounted by means of an adjusting bolt 7 and slotted hole 8 on a mounting
      block 9 and the mounting block 9 is pivotably mounted on a slide 10 for
      pivotable movement about a horizontal axis 11. A mounting arm 12 for the
      upper jaw 6 is adjustably mounted on the slide 10 by means of a bolt 13
      and slotted hole 14 and the upper jaw 6 is adjustably mounted on the arm
      12 by means of a bolt 15 and slotted hole 16. The upper end of the slide
      10 is connected through a link 17 to an arm 18, the arm 18 being secured
      against rotation on a shaft 19 which can be rotated by means of an
      air-cylinder (not shown) and which couples together for synchronized
      movement three of the bar loading means 1 spaced along the bar holder
      frame. Partial rotation of the shaft 19 causes, through the arm 18 and
      link 17, the slide 10 move between the upper position shown in FIG. 1 at
      which the jaws 5 and 6 can receive therebetween a length of bar 2 to be
      loaded and a lower position shown in FIGS. 3 and 4 wherein the bar 2 is
      held between the jaws 5 and 6 in the correct position to be received by a
      bar holder of the reel when the bar holder is closed. The bottom position
      to which the slide 10 and thus the jaws 5 and 6 can move is determined by
      a stop 21 pivotally mounted about an axis 22 and spring-biased by a spring
      23 to the upward position shown in FIG. 1 the stop 21 being abutted by the
      bolt 7 during downward movement of the slide 10 to move the stop 21 from
      the position of FIG. 1 to the position of FIG. 3. The stop 21 is mounted
      on the frame of the bar holder and is adjustable by means of a bolt 24.
PAR  The lower jaw 5 and mounting block 9 are freely movable about the axis 11
      and can move from the position shown in the drawings approximately
      45.degree. in anti-clockwise rotation. When the slide 10 is moved upwardly
      and approaches its upper position, a roller 25 on the mounting block 9
      abuts a face 26 of a fixed plate 27 and rotates the mounting block 9
      clockwise about the axis 11 until an upper face of the mounting block 9
      abuts a stop screw 28. A plunger pin 29 is slidably mounted in the block 9
      and pressed outwardly therefrom by an internal spring. The outer end of
      the plunger pin 29 co-operates with a pivotable stop 30 mounted on the
      slide 10 and having as shown in FIG. 2, a roller 31 which co-operates with
      a fixed cam track 32. The pivotable stop 30 in the upper position of the
      slide 10 and during downward movement of the slide 10 is abutted by the
      plunger pin 29 and prevents the mounting block pivoting in an
      anti-clockwise direction about the axis 11, the spring of the plunger pin
      29 thereby pressing the lower jaw 5 upwardly against the bar 2.
PAR  In operation, when a bar 2 has rolled between the jaws 5 and 6 and loading
      of a bar into a bar holder is desired, the shaft 19 is rotated to move the
      slide 10 downwardly. As the mounting block 9 moves away from the stop
      screew 28, the mounting block 9 is pivoted slightly in a clockwise
      direction about its pivot 11 by the spring of the plunger pin 29 and the
      lower jaw 5 presses the bar 2 against the upper jaw 6. The bar 2 is
      carried downwardly held between the jaws 5 and 6, the bolt 7 strikes the
      stop 21 and caries it to its lower position shown in FIG. 3 and the slide
      10 is stopped with the bar held at the desired position 2a. After the bar
      holder has closed and when it is desired to move the slide 10 upwardly,
      the roller 31 of the pivotable stop 30 co-operates with the cam track 32
      to rotate the pivotable stop 30 out of abutment with the plunger pin 29
      thereby allowing the mounting block 9 to pivot anti-clockwise about the
      axis 11 so that the lower jaw 5 can move out from underneath the bar held
      in the position 2a. The slide 10 continues upwardly and before it reaches
      its uppermost position the roller 25 strikes the surface 26 of the plate
      27 to rotate the mounting block 9 and lower jaw 5 clockwise to restore
      them to the position at which the loading sequence can be repeated. The
      bottom stop 21 is spring-biased by the spring 23 about its axis 22 so that
      when the slide 10 is not in its lowermost position, the stop 21 is cocked
      clear of the reel mounting the bar holders.
PAR  The spring loaded plunger pin 29 is not essential and can be omitted if
      desired, and the pivotable stop 30, roller 31 and camtrack 32 replaced by
      a simple trip arm and stop screws. The trip arm prevents the mounting
      block 9 and lower jaw 5 rotating anti-clockwise about the axis 11 during
      downward movement of the slide 10 and is tripped out of position by a stop
      screw as the slide 10 approaches its lowermost position. If the spring
      loaded plunger pin 29 is omitted, the bar 2 is not gripped between the
      jaws 5 and 6 but is merely located therebetween during downward movement
      of the slide 10. The adjacent vetical face of the frame member 4, or an
      adjustable plate mounted thereon, stops the bar 2 from moving out from
      between the jaws during such downward movement. As the slide 10 approaches
      its lowest position the jaw 5 is forced upwardly, by abutment of the bolt
      7 and the bottom stop 21, to grip the bar. The spring 23 can also be
      omitted if desired and replaced by a slotted lost-motion coupling link
      coupling the slide 10 to the bottom stop 21 so that the stop 21 is raised
      clear of the bar holder reel as the slide 10 moves into its uppermost
      position.
PAR  The plate 27 can be hingably mounted so that it can be hinged out of the
      path of the roller 25 to free the lower jaw 5 and allow a length of bar
      located between the jaws 5 and 6 to be manually removed.
PAR  The bar loader 1 is capable of feeding not only cylindrical bar, as shown,
      but hexagon or other section bar.
PAR  Referring to FIGS. 5, 6 and 7, a feeder sleeve generally indicated at 40
      has an inner sleeve 41 and an outer sleeve 42, the forward end of a length
      of bar 2 to be fed being shown received within the inner sleeve 41. The
      outer sleeve 42 is locked on the inner sleeve 41 against relative axial
      movement by means of a shoulder 43 and a circlip 44 and against relative
      rotation by means of a grub screw 45. Three slots 46 are provided in the
      inner sleeve 41 and receive steel balls 47 in a manner to allow the balls
      to move longitudinally in the slots 46 but to prevent them falling into
      the bore of the inner sleeve 41. The inner face of the outer sleeve 42
      adjacent the slots 46 in the inner sleeve 41 is frusto-conical to give a
      ramp face 48 against which the outer faces of the balls 47 bear. A collar
      49 is slidable on the outside of the inner sleeve 41 and is biased by
      compression spring 50 to press the balls 47 against the ramp face 48.
PAR  At the lefthand end, as viewed in FIGS. 5 and 6, the inner sleeve 41
      presents a shoulder 51 and has a screwthread 52 its extreme outer end.
PAR  The mounting of the balls 47 and their co-operation with the spring 50 and
      ramp face 48 is such that the feeder sleeve 40 can be moved rightwardly,
      as viewed in FIGS. 5 and 6, over the length of bar 2 with the balls 47
      sliding or rolling thereover but cannot be moved leftwardly, as viewed in
      FIGS. 5 and 6, with respect to the bar 2 so that if it is moved leftwardly
      then it entrains the bar 2 for movement therewith, thereby to feed the bar
      forward. Different sizes of feeder sleeve are required for different bar
      sizes but by careful selection of the length and angle of the conical ramp
      face 48 each feeder sleeve 40 can be used for a variety of fairly closely
      spaced bar sizes.
PAR  Referring to FIGS. 8, 9 and 10, a feeder sleeve mounting, generally
      indicated at 60, has an inner sleeve 61 with an internal screwthread 62,
      at one end, the righthand end as shown in FIG. 8, to receive the external
      screwthread 52 of one of the feeder sleeves 40 whereby the feeder sleeve
      40 and feeder sleeve mounting 60 can be locked together. The inner sleeve
      61 is mounted in an outer sleeve 63 by means of ball bearing races 64 and
      is retained therein by means of an end plate 65 and a circlip 67. Screws
      66 are engaged in the end plate 65 to secure guide tubes described
      hereinafter. A roller follower 68 is mounted at one side of the outer
      sleeve 63 and a roller 69 is mounted at the other side of the outer sleeve
      63.
PAR  FIG. 11 shows a bar holder, generally indicated at 70, provided with three
      of the bar loading means 1 of FIGS. 1 to 4. The bar holder 70 shown has a
      reel 71 rotatably mounted in the frame of the bar holder, the reel 71
      having six elongated bar holders. At the forward end of the bar holder,
      the lefthand end as viewed in FIG. 11, a bar feeder 80 is mounted
      comprising six of the feeder sleeves 40 each secured on a respective
      feeder sleeve mounting 60 and each aligned with one of the bar holders of
      the bar holder reel 71. The roller follower 68 of each feeder sleeve
      mounting 60 extends radially outwardly therefrom.
PAR  Referring to FIG. 12, a guideway block 72 of the bar feeder 80 is mounted
      on a hexagonal shaft 73 which extends from a machine tool 74, shown in
      FIG. 11, through the guideway block 72 is coupled to the reel 71 whereby
      when the spindle drum of the machine tool 74 is rotatably indexed, the
      guideway block 72 and the reel 71 of the bar holder 70 are carried round
      therewith. The guideway block 72 has six guideways 75, only two of which
      are fully shown in FIG. 12. Each guideway 75 has at an inner portion
      thereof a groove 76 to receive the roller 69 of a respective feeder sleeve
      mounting 60 whereby the roller follower 68 of each feeder sleeve mounting
      60 projects radially outwardly from the respective guideway 75. To
      simplify machining of the guideway block 72, the outer sleeve 63 of the
      feeder sleeve mounting 60 can be hexagonal and the guideways 75 of the
      guideway block 72 of corresponding shape.
PAR  Referring to FIG. 13, adjacent the position of the spindle drum at which
      bar feed with a desired in operation of the machine tool 74, a slide 81 is
      provided mounted on two longitudinally extending rails 82. The slide 81
      has a groove 83 therein to receive the roller follower 68 of one of the
      feeder sleeve mountings 60 which is shown mounting one of the feeder
      sleeves 40. As the guideway block 72 is indexed round with the spindle
      drum of the machine, the roller follower 68 of the feeder sleeve mountings
      60 will be successively brought into engagement with the groove 83 of the
      slide 81. The slide 81 is biased for movement leftwardly as shown in FIG.
      14, that is to say towards the machine tool 74 by means of a wire or chain
      84 which passes over a pulley or sprocket 85 and is coupled to a weight
      86. Movement of the slide 81 along the rails 82 under the force of the
      weight 86 is controlled by a piston/cylinder arrangement 87. As soon as
      the roller follower 68 of a feeder sleeve mounting 60 is engaged in the
      groove 83 of the slide 81, and this can occur, with a suitable length of
      groove 83, well before the feeder sleeve mounting 60 is indexed to the
      position at which feed is required, the piston/cylinder 87 is vented so
      that the force of the weight 86 acts upon the slide 81 and through the
      feeder sleeve mounting 60 and feeder sleeve 40 acts on a length of bar 2
      engaged in the feeder sleeve 40. As shown in FIG. 13, the forward end of
      the bar 2 held in the feeder sleeve 40 is butted at C against the rear end
      of a length of bar 2b, the front end of which length of bar 2b extends
      through a collet 88 of the machine tool 74. Thus, as soon as the collet 88
      opens to allow bar feed, the force of the weight 86 drives the bar 2b
      therethrough to abut a dead stop 89 and there is therefore no delay
      between opening of the collet 88 and feed of bar therethrough. Feed of bar
      can even be effected before the spindle drum has fully indexed into
      position. After bar feed to the dead stop 89 has been effected and any
      desired movement of the dead stop towards the collet 88 has occurred, the
      collet 88 is closed and the piston/cylinder 87 energized to move the
      feeder sleeve mounting 60 and feeder sleeve 40 back to their initial
      positions, the feeder sleeve 40 sliding over the bar 2, and to raise the
      weight 86.
PAR  The arrangement shown in FIG. 11 is modified to include a further pulley or
      sprocket 90 whereby the weight 86 is removed from the immediate area of
      the bar feeder 80. If desired, the weight 86 can be omitted and the
      piston/cylinder 87 used for both the forward and the retraction movements.
PAR  Referring to FIGS. 1 and 11, the bars 2 are stored on the face 3 of the bar
      holder with their front ends at a position indicated by the arrow 91 in
      FIG. 11. This is a position which is forward of the feeder sleeves 40 when
      they are in their retracted positions. A bar sensor unit 92 is provided
      for the feeder 80 and includes a slide 93 having a groove 94 therein to
      engage the roller follower 68 of the feeder sleeve mounting 60 which is
      uppermost, that is to say is aligned with a bar holder of the reel 71
      which is in a position to receive bar from the bar loading means 1. When
      the sensor 92 senses that the bar in the bar holder which it is sensing
      has been used up, it moves the slide 93 forwardly by means of an air ram
      to carry the feeder sleeve 40 with which it is engaged forwardly beyond
      the position 91. The bar holder is then opened and the bar loading means 1
      operated to load a bar into the bar holder. The jaws 5 and 6 of the bar
      loading means 1 hold the bar against axial movement while the air ram of
      the sensor 92 moves the feeder sleeve 40 rearwardly to engage the front
      end of the new bar therein. As soon as the feeder sleeve 40 has returned
      to its retracted position and is engaged over the front end of the new
      bar, the slide 10 of the loading means 1 can be raised to remove the jaws
      5 and 6 of the bar loading means 1 from the bar.
PAR  If the rear end of the bar 2b is so closely adjacent the position 91 that
      the air ram cannot move the slide 93 forwardly, since the feeder sleeve 40
      cannot be moved forwardly over the old bar 2b, the sensor unit signals the
      air ram of the bar loading means 1 not to effect a bar loading operation.
      Indexing of the reel is then continued and a bar loading attempted next
      time around.
PAR  The bar holder described in our U.S.A. patent application Ser. No. 187,985,
      now U.S. Pat. No. 3,802,689, can be closed while the jaws 5 and 6 still
      hold the bar 2.
PAR  During operation of the machine tool 74, the collets 88 thereof are driven
      for rotation and the feeder sleeve 40 gripping each bar spins therewith as
      does the inner sleeve 61 of the feeder sleeve mounting 60 but, due to the
      provision of the ball bearings 64, the outer sleeve 63 of the feeder
      sleeve mounting 60 does not spin.
PAR  If desired, other means may be used to engage the front end of a new bar 2
      into the feeder sleeve 40 than the means described above. Thus, the normal
      retracted positions of the feeder sleeves 40 could be forward of the
      position 91 and feed rolls to engage a front part of the bar in the bar
      holder 70 or other means could be used to propell a new bar forwardly to
      engage it into its respective feeder sleeve 40.
PAR  Once the bar is engaged in its feeder sleeve 40 it is propelled forwardly
      when desired by the force of the weight 86 acting on the slide 81, the
      slide 81 subsequently being returned to its retracted position and the
      weight 86 lifted ready for a further feed sequence by energization of the
      piston/cylinder arrangement 87. The piston/cylinder arrangement 87 may if
      desired be provided with a limited bleed arrangement whereby the forward
      speed of the bar 2 under the force of the weight 86 can be controlled. A
      cushion spring (not shown) is advantageously provided where the chain or
      wire 84 is connected to the slide 81. The length of travel of the slide 81
      on the bars 82 is preferably at least equal to the maximum length of
      workpiece which the machine tool 74 is capable of machining whereby in a
      single forward feed movement, up to the maximum length of workpiece which
      can be machined can be supplied.
PAR  Where, as may be the case, there is a gap between the rear end of an old
      bar 2b and the front end of a new bar 2, this can be sensed by sensing
      means in the bar feeder 80 and venting of the piston/cylinder arrangement
      87 can be prevented the next time feed from that bar holder is required,
      whereby the bar 2b is not fed forward when the collet 88 opens but when
      the collet 88 closes again, the piston/cylinder arrangement 87 is vented
      to cause the slide 81 to feed forward and close up the gap between the
      bars 2b and 2. This may well be necessary where the desired workpiece
      length is greater than half the feed length. If this does occur, the
      machine tool 74 merely carries out its operation without a workpiece since
      bar to form a new workpiece has not been fed forward.
PAR  If the operating sequence of the machine tool 74 is such that a machining
      operation is effected at the indexed position at which bar feed is
      effected, before bar feed is effected, then a double bar feed may be
      effected by two operations of the piston/cylinder arrangement 87 and slide
      81 so that the gap is closed up while the machining is being effected and
      when the collet opens, bar to form a fresh workpiece can be pushed
      therethrough.
PAR  Telescopic guide tubes 100 (FIG. 11) may be provided between the bar feeder
      80 and the machine tool 74, the telescopic guide tubes 100 being of a
      diameter to suit the bar diameter being machined or provided with a coiled
      spring liner with an inside diameter less than twice the outside diameter
      of the bar to be machined, thereby to prevent the bar 2 from overlapping
      the rear end of the forward bar 2b.
PAR  Each of the telescopic guide tubes 100 is secured to the front of a
      respective one of the feeder sleeve mountings 60 by means of the screws 66
      thereof.
PAR  Collet extension tubes 101 couple each collet 88 to its respective
      operating means.
PAR  Spindle liner tubes 102 may be provided to reduce the effective bore of the
      spindles of the machine tool 74 at the rear of the collets 88, when small
      diameter bar is to be machined, as shown in FIG. 14, or may be provided
      with coiled spring liners in similar manner to the guide tubes 100.
PAR  Where it is desired to feed non-round section bar, for example hexagon or
      square section bar 2c, a sub-collet 103 (FIG. 15) may be provided with a
      bore of the required section to take the non-round section bar to be
      machined and may be provided at its outside of circular section whereby it
      can be gripped in the machine collet 88 which is of standard bore but
      oversized. The sub-collet 103 is screwed to the forward end of a tube 104
      and, as shown in FIG. 14, the tubes 101 and 104, and thereby the collet 88
      and sub-collet 103 are coupled through a cone-clutch arrangement indicated
      generally at 105. When the sub-collet 103 is pushed forwardly due to bar
      feed, clutch members 106, 107 connected respectively to the tubes 104, 101
      are brought into engagement so that the clutch member 106 and sub-collet
      103, which stop rotating when the collet 88 opens, are jogged round by the
      still rotating collet 88, tube 101 and clutch member 107, so that the
      non-round section bar pushed forwardly by the weight 86 can pass through
      the sub-collet 103 when the non-round section bore of the sub-collet 103
      becomes aligned with the non-round section of the bar.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bar holder and feeder for an automatic machine tool comprising:
PA1  a. an elongated bar holder aligned with the machine tool, which bar holder
      can be opened to allow bar to be loaded thereinto;
PA1  b. loading means comprising a pair of opposed jaws between which jaws the
      bar can be engaged and means to move said jaws to locate the bar in a
      loaded position in said bar holder; and
PA1  c. a bar feeder positioned between the elongated bar holder and the machine
      tool, through an open collet of which machine tool bar is to be fed from
      the bar holder,
PA1  d. the bar feeder comprising a sleeve engageable over a bar to be fed at a
      position externally of the machine tool and feed means to cause axial
      movement of said sleeve,
PA1  e. said sleeve having internal biased gripping means which permit said
      sleeve to be moved by said feed means over the bar in a direction away
      from said machine tool but prevent said sleeve being moved by said feed
      means over the bar in a direction towards said machine tool, whereby a
      reciprocation of said sleeve by said feed means causes the bar to be fed
      to said machine tool,
PA1  f. means to cause said pair of opposed jaws of said loading means to grip
      the bar in said loaded position to prevent movement of the bar from said
      loaded position in a direction away from said machine tool, and
PA1  g. means to move said sleeve in a direction away from said machine tool to
      engage said sleeve over the end of the bar nearer said machine tool.
NUM  2.
PAR  2. The invention of claim 1, wherein said pair of jaws are both mounted on
      a slide and said slide is reciprocable towards said bar holder from a
      position at which bar to be loaded can roll from a store of bars into a
      position of engagement between said jaws and a position at which the bar
      is located in said loaded position and is gripped by said jaws.
NUM  3.
PAR  3. The invention of claim 2, wherein said jaws are caused to grip the bar
      by a stop engaged by one of said jaws, which said one of said jaws leads
      during movement of said slide towards said bar holder, as said slide moves
      into said position at which the bar is located in said loaded position.
NUM  4.
PAR  4. The invention of claim 3, wherein said one of said jaws is pivotably
      mounted on said slide for pivoting movement about an axis extending
      parallel to the plane of movement of the bar into said loaded position, to
      permit said one of said jaws to be released from under the bar upon
      movement of said slide away from said loaded position, and wherein means
      are provided to prevent pivotal movement of said one of said jaws during
      movement of said slide towards said loaded position and means are provided
      to cause pivotal movement of said one of said jaws as said slide moves
      into its retracted position to position said one of said jaws for
      engagement of a further bar between said jaws.
NUM  5.
PAR  5. The invention of claim 1, wherein said means to engage said sleeve over
      the end of the bar nearer said machine tool comprise drive means to move
      the bar towards the machine tool initially to engage the end of the bar
      nearer the machine tool in the sleeve.
NUM  6.
PAR  6. The invention of claim 1, wherein
PA1  said feed means to cause axial movement of said sleeve means comprises a
      slide reciprocable in a direction parallel to the elongated bar holder, a
      mounting member for said sleeve, guide means for said mounting member and
      coupling means to couple said mounting member to said slide whereby said
      mounting member is entrained for movement with said slide,
PA1  said mounting member comprises an inner mounting sleeve securable to said
      sleeve, an outer mounting sleeve, bearings between said inner mounting
      sleeve and said outer mounting sleeve to permit rotation, a radially
      extending projection from said outer mounting sleeve to engage in a
      longitudinally extending slot in said guide means for said mounting member
      to prevent rotation of said outer mounting sleeve and a further radially
      extending projection from said outer mounting sleeve to engage in a groove
      in said slide, said further radially extending projection and said groove
      comprising said coupling means.
NUM  7.
PAR  7. The invention of claim 6, wherein said means to engage said sleeve over
      the end of the bar nearer said machine tool comprises a further slide
      including a groove engageable with said further projection of said outer
      mounting sleeve and means to move said further slide in a direction
      parallel to said elongated bar holder to locate said sleeve at a position
      forward of the position at which the forward end of a bar will be located
      in said loaded position and to move said sleeve back over said forward end
      of the bar after the bar has been moved by said loading means into said
      loaded position and while it is still gripped by said jaws of said loading
      means.
NUM  8.
PAR  8. The invention of claim 7, further comprising means coupling said means
      to move said further slide to means to cause reciprocation of said slide
      of said loading means.
NUM  9.
PAR  9. the invention of claim 1 wherein
PA1  said feed means to cause axial movement of said sleeve means comprises a
      slide reciprocable in a direction parallel to the elongated bar holder, a
      mounting member for said sleeve, guide means for said mounting member and
      coupling means to couple said mounting member to said slide whereby said
      mounting member is entrained for movement with said slide,
PA1  said slide is reciprocable by means of a wire passing over a pulley and
      attached to a suspended weight and a piston/cylinder arrangement which can
      be vented to allow said weight to fall and move said slide towards said
      machine tool and can be pressurized to raise said weight and move said
      slide away from said machine tool.
NUM  10.
PAR  10. The invention of claim 1 wherein
PA1  said feed means to cause axial movement of said sleeve means comprises a
      slide reciprocable in a direction parallel to the elongated bar holder, a
      mounting member for said sleeve, guide means for said mounting member and
      coupling means to couple said mounting member to said slide whereby said
      mounting member is entrained for movement with said slide,
PA1  said slide is reciprocable by means of a piston/cylinder arrangement.
NUM  11.
PAR  11. The invention of claim 1, further comprising telescopic guide tubes
      between said bar feeder and said machine tool.
NUM  12.
PAR  12. The invention of claim 1, further comprising a sub-collet for said
      machine tool, such sub-collet having a circular outside configuration and
      an internal configuration to suit the section of bar to be machined, and a
      slipping clutch arrangement to cause relative rotation of the bar being
      fed by said bar feeder and said sub-collet to align the bar with the
      internal configuration of said sub-collet and permit passage of the bar
      through said sub-collet.
NUM  13.
PAR  13. In a bar holder and feeder for an automatic machine tool comprising an
      elongated bar holder aligned with the machine tool, which bar holder can
      be opened to allow a bar to be loaded thereinto; loading means to load a
      bar into a loaded position in the bar holder; and a bar feeder positioned
      between the elongated bar holder and the machine tool, through an open
      collet of which machine tool bar is to be fed from the bar holder, the bar
      feeder comprising:
PA1  a. a sleeve engageable over a bar to be fed at a position externally of the
      machine tool and feed means to cause axial movement of said sleeve,
PA1  b. said sleeve having internal biased gripping means which permit said
      sleeve to be moved by said feed means over the bar in a direction away
      from said machine tool but prevent said sleeve being moved by said feed
      means over the bar in a direction toward said machine tool whereby a
      reciprocation of said sleeve by said feed means causes the bar to be fed
      to said machine tool, and
PA1  c. means to engage said sleeve over the end of the bar nearer said machine
      tool,
PA1  d. said feed means comprises a slide reciprocable in a direction parallel
      to the elongated bar holder, a mounting member for said sleeve, guide
      means for said mounting member and coupling means to couple said mounting
      member to said sleeve whereby said mounting member is entrained for
      movement with said slide,
PA1  e. said mounting member comprising an inner mounting sleeve securable to
      said sleeve, an outer mounting sleeve, bearings between said inner
      mounting sleeve and said outer mounting sleeve to permit rotation, a
      radially extending projection from said outer mounting sleeve to engage in
      a longitudinally extending slot in said guide means for said mounting
      member to prevent rotation of said outer mounting sleeve and a further
      radially extending projection from said outer mounting sleeve to engage in
      a groove in said slide,
PA1  f. said further radially extending projection and said groove constituting
      said coupling means.
NUM  14.
PAR  14. the invention of claim 13, wherein
PA1  said means to engage said sleeve over the end of the bar nearer said
      machine tool comprise means to prevent movement of the bar from said
      loaded position in a direction away from said machine tool and means to
      move said sleeve in a direction away from said machine tool,
PA1  said loading means comprise a pair of opposed jaws, between which jaws the
      bar can be engaged and means to move said jaws to locate the bar in said
      loaded position in said bar holder,
PA1  said means to prevent movement of the bar comprise means to cause said pair
      of opposed jaws of said loading means to grip the bar in said loaded
      position, and
PA1  wherein the bar holder and feeder further comprises a bar sensor device for
      said bar feeder,
PA1  said bar sensor device having a further slide including a groove engageable
      with said further projection of said outer mounting sleeve and means to
      move said further slide in a direction parallel to said elongated bar
      holder to locate said sleeve at a position forward of the position at
      which the forward end of a bar will be located in said loaded position and
      to move said sleeve back over said forward end of the bar after the bar
      has been moved by said loading means into said loaded position and while
      it is still gripped by said jaws of said loading means.
NUM  15.
PAR  15. The invention of claim 13, further comprising telescopic guide tubes
      between said bar feeder and said machine tool.
NUM  16.
PAR  16. The invention of claim 13, further comprising a sub-collet for said
      machine tool, such sub-collet having a circular outside configuration and
      an internal configuration to suit the section of bar to be machined, and a
      slipping clutch arrangement to cause relative rotation of the bar being
      fed by said bar feeder and said sub-collet to align the bar with the
      internal configuration of said sub-collet and permit passage of the bar
      through said sub-collet.
NUM  17.
PAR  17. In a bar holder and feeder for an automatic machine tool comprising an
      elongated bar holder aligned with the machine tool, which bar holder can
      be opened to allow a bar to be loaded thereinto; loading means to load a
      bar into a loaded position in the bar holder; and a bar feeder positioned
      between the elongated bar holder and the machine tool, through an open
      collet of which machine tool bar is to be fed from the bar holder, the bar
      feeder comprising:
PA1  a. a sleeve engageable over a bar to be fed at a position externally of the
      machine tool and feed means to cause axial movement of said sleeve,
PA1  b. said sleeve having internal biased gripping means which permit said
      sleeve to be moved by said feed means over the bar in a direction away
      from said machine tool but prevent said sleeve being moved by said feed
      means over the bar in a direction toward said machine tool whereby a
      reciprocation of said sleeve by said feed means causes the bar to be fed
      to said machine tool, and
PA1  c. means to engage said sleeve over the end of the bar nearer said machine
      tool,
PA1  d. said feed means comprises a slide reciprocable in a direction parallel
      to the elongated bar holder, a mounting member for said sleeve, guide
      means for said mounting member and coupling means to couple said mounting
      member to said sleeve whereby said mounting member is entrained for
      movement with said slide,
PA1  e. said slide being reciprocable by means of a wire passing over a pulley
      and attached to a suspended weight and a piston/cylinder arrangement can
      be vented to allow said weight to fall and move said slide toward said
      machine tool and can be pressurized to raise said weight and move said
      slide away from said machine tool.
NUM  18.
PAR  18. In a bar holder and feeder for an automatic machine tool comprising an
      elongated bar holder aligned with the machine tool, which bar holder can
      be opened to allow a bar to be loaded thereinto; loading means to load a
      bar into a loaded position in the bar holder; and a bar feeder positioned
      between the elongated bar holder and the machine tool, through an open
      collet of which machine tool bar is to be fed from the bar holder, the bar
      feeder comprising:
PA1  a. a sleeve engageable over a bar to be fed at a position externally of the
      machine tool and feed means to cause axial movement of said sleeve,
PA1  b. said sleeve having internal biased gripping means which permit said
      sleeve to be moved by said feed means over the bar in a direction away
      from said machine tool but prevent said sleeve being moved by said feed
      means over the bar in a direction toward said machine tool whereby a
      reciprocation of said sleeve by said feed means causes the bar to be fed
      to said machine tool, and
PA1  c. means to engage said sleeve over the end of the bar nearer said machine
      tool,
PA1  d. said feed means comprises a slide reciprocable in a direction parallel
      to the elongated bar holder, a mounting member for said sleeve, guide
      means for said mounting member and coupling means to couple said mounting
      member to said sleeve whereby said mounting member is entrained for
      movement with said slide,
PA1  e. said slide being reciprocable by means of a piston/cylinder arrangement.
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ABST
PAL  A multi-stage parking apparatus has vertically movable pallets for
      supporting parked cars. The pallets are connected at one end to support
      arms which are pivotal about a horizontal axis. The other end of the
      pallets is connected to a fixed guide track. A power source is connected
      to the pallet and support arm to facilitate the vertical movement of the
      pallets.
BSUM
PAR  This invention relates to an apparatus for parking automobiles on
      vertically arranged multi-stages.
PAR  A general object of the invention is to provide an effective use of parking
      space by means of the simple, strong and powerful lifting equipment of a
      particular mechanism having pallets which support automobiles.
PAR  Conventionally, the two-staged parking apparatus of a comparatively simple
      structure has been furnished with the cantilever type pallet support. In
      contrast to the said type pallet support, this invention has a structure
      which supports each pallet with the front and rear support shafts so that
      the strength of the individual pallet can be reduced enabling the weight
      thereof to be reduced and also the power required for lifting and lowering
      the pallet to be reduced.
PAR  A further improvement of this invention in the lifting and lowering of
      automobiles for vertically arranged parking thereof comprises stable
      motion of the lifting equipment by means of the front and rear shafts
      supporting each pallet as compared to the cantilever type support of the
      conventional apparatuses, and therefore the apparatus embodying this
      invention does not apply excessive load to its supporting mechanism at
      starting and stopping of the pallets.
DRWD
PAR  In the drawings:
PAR  FIG. 1a shows a side elevational view of a first form of multi-stage
      automobile parking apparatus;
PAR  FIG. 1b shows a sectional view taken an the line X--X in FIG. 1a;
PAR  FIG. 2 shows a plan view of the first form of apparatus;
PAR  FIG. 3 shows a side elevational view of a second form of multi-stage
      automobile parking apparatus in the condition in which its pallets are
      lifted;
PAR  FIG. 4 shows a similar view of the second form of apparatus in the
      condition in which its pallets are lowered;
PAR  FIG. 5 shows a plan view of the upper pallet and drive mechanism of the
      second form of apparatus;
PAR  FIG. 6 shows a plan view of the lower pallet and drive mechanism of the
      second form of apparatus;
PAR  FIG. 7a shows a side elevational view of a third form of multi-stage
      automobile parking apparatus;
PAR  FIG. 7b shows a sectional view taken an the line X--X in FIG. 7a;
PAR  FIG. 8 shows a plan view of the third form of apparatus with the two lower
      pallets removed;
PAR  FIG. 9 shows a plan view of the third form of apparatus with the upper
      pallet removed;
PAR  FIG. 10 shows a side elevational view of the third form of apparatus with
      the upper pallet in its lowered position;
PAR  FIG. 11 shows a similar view with the two lower pallets in the raised
      position;
PAR  FIG. 12 shows a partial side elevation of a modification of the third form
      of apparatus;
PAR  FIG. 13 shows a side elevational view of a fourth form of multi-stage
      automobile parking apparatus;
PAR  FIG. 14 shows a plan view of the fourth form of apparatus;
PAR  FIG. 15 shows an end view of the fourth form of apparatus;
PAR  FIG. 16 shows a side elevational view of a fifth form of multi-stage
      automobile parking apparatus with its pallets in the raised position;
PAR  FIG. 17 shows a similar view with the pallets in the lowered position.
PAR  The first form of apparatus comprises the pallet 1, the front and rear
      support frames 2 and 2', for example of concrete, supporting the pallet
      lifting equipment of the parking apparatus, the concrete floor 3 connected
      to the ground 3' forming the lower automobile parking floor.
PAR  Under the front and rear parts of the pallet 1 (the left side of the pallet
      being called the front part and the right side the rear part in FIG. 1a)
      are held the support shafts 4 and 5 by means of brackets. The front
      support shaft 4 is rotatably held by a T-shaped pipe 6' installed at one
      end of the support arm 6, the other end of which forms a boss part through
      which the horizontal drive shaft 8 is inserted and fixed. The said drive
      shaft 8 is rotatably held by two support columns 13 installed on the
      concrete support frame 2.
PAR  At both ends of the rear support shaft 5 for the pallet are installed the
      rollers 7, which are fitted to and supported by the guide rails 16 fixed
      symmetrically on the right and the left inside surfaces located
      perpendicular to the concrete support frame 2'.
PAR  Each of the guide rails 16 has a U-shaped cross section and bends archwise
      with its lower end contacting the floor 3. FIG. 1b shows said U-shaped
      cross section at X--X. The U-shaped cross section of said left and right
      guide rails whose upper and lower ends 17 and 18 are closed are so
      installed that the open sections thereof are facing each other.
PAR  The character M represents an electric motor which is mounted on the
      support frame 2 and revolves the horizontal drive shaft 9 through an
      appropriate speed reducer (not illustrated).
PAR  Said drive shaft 9 is fitted with the sprocket 14, and the aforementioned
      drive shaft 8 is also fitted with the sprocket 15; the endless chain 10 is
      stretched and engaged between said two sprockets.
PAR  An elevated edge is provided to each of the right and the left sides of the
      pallet 1 to strengthen the pallet as well as to prevent the wheels of the
      automobile from laterally skidding off the pallet.
PAR  The depression 11 is provided in the front part of the pallet to receive
      the wheel for the prevention of forward or backward sliding of automobile.
PAR  The manner of the operation of the various units described in connection
      with the FIGS. 1a and 2 will be explained particularly with the above
      exemplary embodiment of this invention.
PAR  FIG. 1a shows the pallet 1 lifted and stopped leaving thereunder a space
      available above the floor 3 for parking an automobile. At this position of
      the pallet 1 with the support arm 6 being approximately in an upright
      position, and the rear rollers 7 being at the upper ends of the guide
      rails 16, the electric motor is started revolving the drive shaft 9 and,
      through the sprocket 14, chain 10 and sprocket 15, the drive shaft 8 which
      rotates the support arm fixed thereon from its upright position (indicated
      by continuous line) toward the right (indicated by an arrow) moving the
      support shaft 4 held at the end of the support arm 6 along an arc. Then,
      the left end part of the pallet 1 descends in an arc while being pushed
      toward the right.
PAR  Caused by the above said archwise rotation, the support shaft 5 descends
      with the rollers 7 rolling along on the guide rails 16. Thus, the pallet 1
      keeps itself in approximate parallel with the abovementioned lifted
      position during the descent and stops at a point where it is indicated by
      dotted line as the pallet 1'. Because of the said displacement of the
      pallet 1 from the lifted position down to the lowered position, the right
      end of the pallet 1 is now in flush contact with the surface of the floor
      3, making it possible to bring in or take an automobile out of the pallet.
PAR  Said descent of the pallet 1 can be started by depressing the pushbutton of
      the electric motor and stopped by setting a limit-switch where it is
      desirable.
PAR  The pallet indicated by dotted line as the pallet 1' can be lifted keeping
      itself in approximate parallel with said position by reversely revolving
      the electric motor to rotate archwise the support arm 6 in upward
      direction. The pallet carries up the automobile brought in for parking
      thereon, making available a space under it for parking another automobile.
PAR  FIGS. 3 to 6 show another exemplary embodiment of this invention having an
      upper pallet and a lower pallet which are lifted or lowered
      simultaneously. The lower pallet in said figures is lifted or lowered in
      the pit dug into the ground.
PAR  FIG. 3 shows the condition wherein both pallets are lifted making the lower
      pallet available for parking thereon or unparking therefrom an automobile,
      and FIG. 4 shows the condition wherein both pallets are lowered making the
      upper pallet available for parking thereon or unparking therefrom an
      automobile from the ground level.
PAR  The same numerals as those used in FIGS. 1a and 2 are used in the FIGS. 3
      to 6 to denote those members and parts of the apparatus corresponding to
      the members and parts of the apparatus of the first exemplary embodiment
      of the invention, described above.
PAR  However, the mark " is affixed to the numerals used for coding the lower
      pallet and related parts thereof corresponding to those of the apparatus
      of the first exemplary embodiment of the invention in order to
      differentiate between them, but different numerals are used for other
      parts.
PAR  Both upper and lower pallets are driven by one electric motor M; at both
      ends of the drive shaft 9 revolved by said electric motor M through a
      speed reducing mechanism (not illustrated) is fixed the sprocket 20; and
      at both ends of the horizontal drive shaft 21 supported by the right and
      left walls on the left of said pit is fixed the sprocket 14'. On both
      sides toward the left of the pit floor is rotatably held the shaft 26'; on
      said shaft 26' is fixed the sprocket 22; and the chain 23 is stretched
      between the sprocket 20 fixed at both ends of said drive shaft 9 and said
      sprocket 22.
PAR  At both ends of the drive shaft 21 is fixed the gear 24, and at both ends
      of said drive shaft 9 is fixed the gear 25 in mesh with the said gear 24.
PAR  The endless chain 28 is stretched between the sprocket 14' fixed on the
      drive shaft 21 and the sprocket 27 fixed on the shaft 26 held rotatably on
      both sidewalls toward the left of said pit.
PAR  Said gears 24 and 25 have the same diameter; the sprockets 14' and 20 have
      the same diameter; and the sprockets 22 and 27 have the same diameter. On
      the shaft 26 is fixed the support arm 6 of the upper pallet, and on the
      shaft 26' is fixed the support arm 6" of the lower pallet 1", and on the
      end part of said support arms are fixed the pallet support shafts 4 and
      4", respectively.
PAR  The rear support shaft 5 of the upper pallet is fixed at the end part of
      the comparatively tall bracket 29 fixed perpendicularly on the back of the
      pallet, and at both ends of said support shaft 5 are installed the rollers
      7.
PAR  The rear support shaft 5" of the lower pallet is fixed on the back of the
      pallet, and at both ends of the support shaft 5" are installed the rollers
      7".
PAR  In this exemplary embodiment, the guide rails for said rollers 7 and 7" are
      installed independently as shown by the numerals 16 and 16", respectively,
      and are bent at an obtuse angle, tilting in opposite directions to each
      other and each having a horizontal part as indicated as 16-1 and 16"-1. In
      the figures, the side walls and the concrete support frame of the pit are
      shown by alternate long and short dash line.
PAR  In FIG. 3, where both upper and lower pallets are lifted and in parallel
      with each other, the support arms 6 and 6" thereof are in the vertical
      positions. If the upper support arm 6 is driven by the electric motor and
      rotated rightward from the position shown in FIG. 3, the lower support arm
      6" is rotated leftward by the same angular distance as the upper support
      arm 6, by means of said gears of 24 and 25 in mesh and also by the ratio
      of diameters of said sprockets.
PAR  Caused by the rotations of said upper and lower support arms, the upper
      pallet moving forward to the right descends and the lower pallet drawing
      back to the left also descends, both pallets stopping at their respective
      positions shown in FIG. 4.
PAR  Although the ascending and descending movements of both upper and lower
      pallets of this exemplary embodiment are the same as the first exemplary
      embodiment described above, the support arms 6 and 6" have the equal
      length and the locations and the bending or curving shapes of the upper
      and lower guide rails are suitably determined in order to maintain
      approximate parallel positions between the said upper and lower pallets
      during their simultaneous lifting and lowering.
PAR  It is desirable that the forward and backward movements of the upper and
      the lower pallets (right and left movements in FIGS. 3 and 4) be in
      opposite directions, as in the case of the above description.
PAR  It is also desirable that the length of the lower pallet be shorter than
      that of the upper pallet, which together with the opposite directions of
      the forward and backward movements of said upper and lower pallets will be
      conducive to reducing the installation area of this apparatus.
PAR  The opposite directions of the forward and backward movements or swings of
      said upper and lower pallets effectively reduce the space of the motion of
      the pallets and therefore the space to be occupied by the whole apparatus.
PAR  It is also possible that by suitably altering the shape, structure, etc. of
      the guide rails various structures and types of the apparatus within the
      scope of this invention can be devised for further stabilization of the
      lifting and lowering of the pallets, and simplification as well as
      size-reduction of the apparatus.
PAR  The characters A, B, and C in FIGS. 7a to 11 represent, respectively, the
      top, middle and bottom pallets each made of steel plates fabricated into a
      thin rectangular form each having a depression indicated as a, b, and c
      corresponding to A, B, and C pallets. Each pallet is furnished at its
      front and rear parts (the left side of the pallet being called the front
      part and the right side the rear part in each figure) with the horizontal
      support shafts 104, 121, 107, 122, 108, and 123, rotatably held by either
      the brackets protruding from the pallet or by the bearings installed on
      the edge part of the pallet. The front support shaft 108 of the bottom
      pallet, however, is constituted by two shorter support shafts on the right
      and left sides.
PAR  The character P represents a hexagonal pit dug into the ground, the outline
      being delineated by alternate long and short dash line or by hatched
      crosssection in the said figures.
PAR  On the concrete wall at both sides of the front of the pit P (in the left
      side of FIG. 7a) is installed the bearing member 119 rotatably holding the
      horizontal support shaft 106, in the middle of which support shaft 106 is
      the support arm 101, held by the pipe 102 which is rotatable around the
      shaft 106 having at each end the boss 109 rotatably holding the L-shaped
      support arm 110.
PAR  At each end of said support arm 101 and the L-shaped support arm 110 are
      held the support shafts 104, 107 and 108 by means of the pipe 105, the
      bearing boss 111, and the bearing boss 111'. The pallet rear support
      shafts 121, 122, and 123 are each held under a pallet by the boss on both
      sides of the pallet, having at its both ends the rollers R1, R2, and R3,
      respectively, held freely rollable on the guide rails 120 and supported by
      the same during rolling.
PAR  The guide rails 120 are of a T-shaped cross-section (on line X--X) and
      extend upwards from the floor 131 of the pit P bending in an arc toward
      the right (Refer to FIG. 7a). The rollers R1 and R2 roll along the outer
      sides 133 of said rails, and the roller R3 rolls along on the inner side
      132 of said rails.
PAR  The web and the bottom flange sections 134 of the rails 120 are rigidly
      held by an appropriate structural frame (not illustrated) installed on the
      side walls and both sides of the pit P. The character M represents the
      drive motor mounted on the support board located in the front part of said
      pit, revolving the drive shaft S through an appropriate speed reducer (not
      illustrated).
PAR  On the drive shaft S are installed the wirerope winding drums D1, D2, and
      D3, the drum D1 being in the middle of the drive shaft S and the drum D2
      on one side and the drum D3 on the other side of the drum D1, each being
      connected with the drive shaft S by means of a clutch (not illustrated)
      provided to the drive shaft S or each being able to idle on said drive
      shaft S by disengaging the clutch from the drum.
PAR  The drum D1 is wound with a wire rope 113, while the drums D2 and D3 are
      each wound with a wire rope 114. Each wire rope has one end fastened to a
      drum. The other end of the wire rope 113 is fastened to the metal fixture
      127 pivotable in the hole of the protruding part 126 located at the top
      end of the support arm 101, and the other ends of the two wire ropes 114
      are fastened to the metal fixtures 128, similar to the metal fixture 127,
      fitted at the front end part of the middle pallet.
PAR  Said wire ropes 113 and 114 are stretched by means of the pulleys 124 and
      125 fitted to the common shaft 115 (not illustrated in FIGS. 4 and 5)
      located over said drums D1, D2, and D3.
PAR  The front part of each of the top, middle and bottom pallets is supported
      by the support arm 101 and the L-shaped support arm 110, both held
      commonly by the same horizontal support shaft 106.
PAR  The top pallet is lifted or lowered by the rotation of the support arm 101
      around the support shaft 106 as the center of rotation, the middle and the
      lower pallets being lifted or lowered by the simultaneous rotation of the
      L-shaped support arms 110 around the same said support shaft 106 as the
      center of rotation. The lifting or lowering of the front part of each
      pallet is effected by winding or unwinding the wire ropes 113 and 114 by
      means of said drums revolved by the drive shaft driven by the drive motor.
PAR  FIG. 7a shows the top, middle and bottom pallets held each in the state of
      being able to support an automobile mounted on it, namely, each pallet is
      widely open realtive to the other two pallets with the middle pallet B
      positioned at approximately the same level as the ground level. At this
      position of the pallet B, the rear roller R2 thereof is at a position near
      the summit of the arc of the guide rail 120 and therefore is not supported
      by said guide rail. Hence, the front part of the pallet B is supported by
      the step 135 made on the wall in the rear of the aforementioned pit.
PAR  Referring now to FIG. 7a, when the automobile on the pallet B is taken out
      and therefore making said pallet B empty, the pallet A, by engaging the
      winding drum D1 thereof with the shaft S through a clutch to revolve said
      drum and thus unwinding the wire rope 113, causes by its own weight or
      with the weight of the automobile thereon the support arm 101 (as slightly
      tilted toward the right from the vertical position) to turn toward the
      right around the shaft 106 as the center of rotation.
PAR  Caused by this rotation, the front part of the pallet A is turned rightward
      by the support shaft 104, and, at the same time, the rear roller R1 rolls
      rightward supported by the outside surface of the arch of the guide rails
      120, and the pallet A moving rightward descends, keeping an approximate
      horizontal position. When the pallet A descends and its end approaches the
      ground, the roller R1 is about to lose the support of the guide rails as
      the said roller moves near to the right summit of the arc of said guide
      rails. However, it is so designed that immediately before said roller R1
      would lose the support from the guide rails, the side of the end of the
      pallet actuates a limit-switch or some other means to stop the pallet A so
      as to keep the end of the pallet above the ground, as illustrated in FIG.
      8.
PAR  Referring now to FIG. 10, the ascent of the top pallet A from the position
      shown herein is effected by winding the wire rope 113 by means of the drum
      D1, reverse of the operation shown above for lowering said pallet A.
PAR  At this position of the pallet A shown in FIG. 10, an automobile can be
      freely brought in or taken out of the pallet A.
PAR  Referring now to FIG. 7a, when no automobile is on the pallet B, the front
      end of said pallet B is lifted sloping up-left by the wire rope 114 wound
      by means of the drums D2 and D3 connected with and simultaneously driven
      by the shaft S through a clutch. This lifting of the front end of said
      pallet B causes the L-shaped support arm 110 to rotate counterclockwise
      around the support shaft 106 as the center of rotation, and the front end
      parts of both pallet B and the pallet C supported by the support shafts
      107 and 108 held at both ends of the support arm 110 to rotate upward.
      Simultaneously, the rear rollers R2 and R3 of both pallets B and C roll
      along on the roller supporting surface of the guide rails 120, lifting
      said pallets B and C in an approximately horizontal position. When the
      bottom pallet C comes to a position approximately flush with the ground
      level E, the lifting of said two pallets stops. In this case, however, the
      pallet B stops below the pallet A avoiding interference therewith. The
      length of the pallet C is so set that as said lifting of the pallets B and
      C proceeds the end part of the pallet C approaches the side wall of the
      pit without interfering therewith and comes to a position approximately
      flush with the ground level E.
PAR  Thus, an automobile can be freely brought in or taken out of the pallet C.
      Referring now to FIG. 11, the pallets B and C descend, reverse to the
      operation above, keeping an approximately horizontal position by revolving
      the drums D2 and D3 to unwind the wire rope 114, and return to the
      positions shown in FIG. 7a.
PAR  As described above, in the condition as shown in FIG. 11, by parking first
      an automobile on the pallet C, then by moving the pallets to the positions
      shown in FIG. 10 and parking another automobile on the pallet A, and by
      lifting the pallet A to the position shown in FIG. 7a and parking a still
      another automobile on the pallet B, it is now possible to park the three
      automobiles at the same time on vertically arranged three stages.
      Referring now to FIG. 10, in the condition described herein, by first
      parking an automobile on the pallet A, then by lifting the pallet B and
      pallet C to the positions shown in FIG. 11 and parking another automobile
      on the pallet C, and by lowering the pallet B and pallet C to the
      positions shown in FIG. 7a and parking a still another automobile on the
      pallet B, it is now possible to park the three automobiles at the same
      time on vertically arranged three stages.
PAR  In order to unpark all the automobiles from the three pallets, first the
      automobile parked on the middle pallet B is unparked therefrom, secondly
      the automobile on the pallet A in the condition shown in FIG. 10 is
      unparked, and thirdly the automobile on the pallet C in the condition
      shown in FIG. 11 is unparked, thus completing the unparking of all the
      three automobiles.
PAR  FIG. 12 is a partial side view of an embodiment of this invention having
      the guide rails 120 sloping in a straight form and being arranged as upper
      and lower two rails, with all the pallets at the same positions as those
      shown in FIG. 10.
PAR  As apparent from FIG. 12, in the case wherein the guide rails 120 are
      composed of the upper rail 120' and the lower rail 120" each tilting in a
      different direction from the other, each roller is supported at any point
      on the sloping surface of the rail, and therefore it is not necessary
      particularly to make a step 135 on the side wall of the pit as shown in
      FIG. 7a and FIG. 10 to support the end of the pallet B thereon. Although
      it is difficult to always keep the front support shaft and rear support
      shaft furnished with the rollers at exactly the same height so that the
      pallets can be maintained always at exactly the same horizontal position
      during the lifting and lowering of said pallets, stable parking on the
      pallets can be maintained with automobiles somewhat tilting but not moving
      to or fro on the pallets during the lifting or lowering of the pallets.
PAR  The feature of this invention comprises the pallets each supported by the
      front and the rear support shafts, the front support shaft being supported
      at one end of the rotatable support arm and the rear support shaft being
      supported by the rollers on the guide rails, a structure enabling the
      middle and the bottom pallets to be simultaneously rotated by the front
      and rear support arms maintaining a set angle and each pallet to be
      stopped at a set height where said pallet comes to flush contact with the
      stage of a certain height for parking or unparking of an automobile. The
      above-mentioned set height in the said exemplary embodiment of this
      invention means a height equivalent to the depth of the pit. Because the
      front support arms of the middle and bottom pallets keep a set angle
      maintaining always a set space between the pallet front support shafts
      supported at the end of the support arms of both pallets, and because both
      pallets maintain horizontal and parallel positions, a space sufficient to
      park an automobile therein is maintained. Hence, although the L-shape is
      desirable for the support arm 110 of said middle and bottom pallets, it is
      not necessary if the relative positions of said two pallets can be kept
      the same as that kept by the L-shaped support arm. And, therefore, the
      phrase "keep a set angle" is used in the above description to describe
      said relative positions.
PAR  The phrase "the stage of a certain height" does not necessarily mean a
      stage formed by pit but such as stage, for example, formed by a mount
      built on the ground whose height is equivalent to the depth of a pit so
      that the pallet B can come to flush contact with the stage (Refer to FIG.
      7a) and whose shape is so sloped down to the flat ground that an
      automobile, going up the said slope, can be parked on the pallet B. In
      this case, however, the bottom floor of the pit 131 in FIG. 7a corresponds
      to said flat ground, and the electric motor M is installed on said flat
      ground or mounted on a frame constructed on said flat ground standing to a
      height indicated in FIG. 7a.
PAR  Said stage can be the ground surface in relation to the floor of the
      basement of the building.
PAR  As described above and as apparent from FIGS. 7a, 10, and 11, the middle
      and the bottom pallets always maintain approximate parallel positions to
      each other, and by setting up the above said stage the support arm of each
      of the top, middle and the bottom pallets, rotating only about 90.degree.,
      makes it possible to park automobiles in vertically arranged three stages,
      thus the mechanism thereof being simple, the power required to operate the
      mechanism small, and the operation itself easy.
PAR  Although in the case of the above exemplary embodiment of this invention,
      however, the single drive motor M is employed to revolve the single drive
      shaft, the driving of the pallets A, B, and C can be performed by a plural
      number of independent motors with corresponding independent drive shafts
      S.
PAR  Although the lifting and lowering of each pallet are performed by means of
      the drums and the wire ropes in said exemplary embodiment of this
      invention, it is also possible to use the sprocket fixed on the drive
      shaft and also to divide the support shaft 106 into two shafts, one for
      the support arm 101 and the other for the support arm 110 each with a
      sprocket fixed thereon, and to stretch a chain between said sprockets for
      the lifting and lowering of said pallets. Further, a hydraulic cylinder
      can be used instead of the electric motor for rotating said support arms.
PAR  Furthermore, an appropriate sequence circuit can be used to automatically
      operate by pushbutton depressing the starting and stopping of the drive
      motor, engaging and disengaging of clutches for connecting and
      disconnecting said drums to and from said drive shafts.
PAR  As described above, this invention makes it possible to park automobiles in
      vertically arranged three stages by means of a simple apparatus, thus
      requiring no specifically strong and complicated mechanism for the
      supporting, lifting, and lowering of said pallets.
PAR  In FIGS. 13, 14 and 15 the numerals 201 and 202 represent, respectively,
      the pallet proper, and the auxiliary plate having the same width as the
      pallet and held rotatably at one end of said pallet, both normally made of
      steel plates.
PAR  The pallet proper (hereinafter called the pallet) is furnished with the
      horizontal support shafts 203 and 204 at its front and rear parts,
      respectively, the front support shaft 203 being supported by the support
      arm 205 at its both ends in a manner described later, the rear support
      shaft 204 having at its both ends the rollers 206 on the guide rails 207
      thus supporting said support shaft 204.
PAR  The left end (FIG. 13) of said support arm 205 is rotatably held by the
      horizontal shaft 209 supported on the structural frames 208, for example
      of concrete, constructed on the ground in positions facing each other with
      an appropriate spacing. The right side of the support arm 205 (in FIG. 13)
      bends straightly downward with an obtuse angle, and said bending part 210
      is provided with a long slit hole 211 into which both ends of said support
      shaft 203 are fitted.
PAR  Although said guide rails 207 are represented as being held rigidly on the
      ground by an appropriate structural frame (not illustrated) and as
      extending in an arc toward the right and generally sloping up-left from
      the ground, guide rails having the same sloping in the straight line can
      be adopted.
PAR  The character M represents an electric motor installed on the ground for
      driving the pallets, revolving the drive shaft 212 through a reducer (not
      illustrated in the figure).
PAR  The numeral 213 represents the drum revolved around said drive shaft 212
      and installed on both sides of said electric motor for winding and
      unwinding of the wire rope 214 used for the lifting and lowering of the
      pallet by rotational motion.
PAR  The one end of said wire rope 214 is fastened to the fixture 215 located at
      the front end of the pallet, and the other end of said wire rope is wound
      and fastened to the drum 213 through the grooved pulley 219 fixed on both
      ends of the support shaft 218 supported on the support frame which is one
      step higher than the concrete frame 208.
PAR  The fixture 220 is installed in a protruding manner about in the middle of
      both right and left sides of the auxiliary plate 202 hinged at the rear
      end of the pallet. One end of another wire rope 221 is fastened to said
      fixture 220, and said wire rope 221 extends through the wire-rope guide
      fixture 222 having upper and lower grooved-rollers pressing in both
      directions said wire rope 221 located on the side edge of the rear part of
      the pallet 201, and mounting around the grooved pulley 223 rotatably held
      at both ends of said pallet support shaft 203. Passing round said pulley,
      the forward end of said wire rope is fastened to the fixture 224
      protruding inwardly, located at the free end of said bent support arm 210.
PAR  Thus, said wire rope 221 is so stretched from the fixture 220, through the
      guide fixture 222 and round the pulley 223 to the fixture 224 that it is
      always kept in tension.
PAR  The description of the operation of the two-staged parking apparatus will
      be given hereunder by reference to the above exemplary embodiment of this
      invention.
PAR  In the condition wherein said pallet 201 is kept horizontal, both ends of
      the front support shaft of the pallet 201 are lifted to the top of the
      long slit hole 211 of the bent support arm 210 by the winding of the wire
      rope 214 on the drum 213 and are kept stationary, the auxiliary plate 202
      located at the end of the pallet 201 being in an approximately vertical
      position.
PAR  In the condition described above, by unwinding the wire rope 214 from the
      drum 213 by means of the electric motor M, the front support shaft 203
      descends along the tilting line of the long slit hole 211 of the bent
      support arm 210 by virtue of the weight of the pallet, and stops at the
      lower end of the long slit hole 211. Caused by such descent of the front
      support shaft 203, the rear support shaft 204 of the pallet also descends
      as the rollers 206 roll down along on the arched guide ralis 207. If the
      curvature or the tilting angle of the guide rails 207 is so set that the
      straight vertical distance of the travel of said rear support shaft 204 is
      greater than that of said front support shaft 203, the pallet 201 starts
      to descend keeping approximately horizontal position but gradually tilting
      down backwards as the pallet continues to descend, and stops at a small
      angle in tilting position indicated by numeral 201' delineated by
      alternate long and short dash line in FIG. 13. Caused by said descending
      motion of the pallet, the pallet support shaft 203 descends along the
      groove hole 211, and because the pulley 223 on the support shaft around
      which the wire rope 221 is wound in tension approaches the wire-rope
      fixture 224 located at an end of the support arm 210, the wire rope 221 is
      permitted to extend rightward equivalent to approximately double the
      travel distance of the pulley 223. With the rightward extension of said
      wire rope the auxiliary plate 202 hinged at the end of the pallet rotates
      rightward on the pivotal center by its weight, occupying the position
      indicated as 202' in FIG. 13 by the alternate long and short dash line,
      touching the ground by its tip at the point where the extended line of the
      pallet comes in contact with the ground at an angle approximately the same
      as the tilting angle of the pallet, and stopping by the tension of the
      wire rope 221.
PAR  Thus, said pallet 201 with its auxiliary plate 202 is rigidly held, tilting
      gently against the ground, making itself available for parking thereon or
      unparking therefrom.
PAR  The numeral 225 represents the depression located in the front part of the
      pallet for preventing the wheels of the automobile from skidding or
      sliding to or fro on the pallet.
PAR  When the wire rope 214 is wound on the drum 213 by means of the electric
      motor M while said pallet 201 and the auxiliary plate 202 are in the
      tilting condition, the pallet front support shaft 203 is lifted along the
      tilting long slit hole 211 of the support arm 210, and simultaneously the
      pallet rear support shaft 204 is also lifted as the rollers 206 roll along
      on the guide rails 207. When the support shaft 203 reaches the top end of
      the long slit hole 211 of the support arm 210, the pallet 201 comes to a
      horizontal position. Until this state is reached, the support arm 205 is
      held to remain in the horizontal.
PAR  Along with the lifting of said pallet the wire rope 221, because of the
      support arm 203 moving upward along the long slit hole 211, is wound and
      shortened leftward, reverse to the extension thereof in the case of the
      descent of the said pallet. Hence, the wire rope 221, gradually rotating
      the auxiliary plate 202', comes to an approximately perpendicular position
      slightly tilting toward the right when the pallet reaches the horizontal
      position.
PAR  If the winding of the wire rope 214 is continued, the support arm 205 is
      rotated counter-clock wise by the pallet support shaft 203 around the
      horizontal shaft 209 as the center of rotation; the pallet left end is
      lifted archwise; and the pallet rear support shaft 204 is also lifted as
      the rollers 206 roll along on the guide rails 207, thus keeping the pallet
      in an approximate horizontal position. The pallet stops when it reaches a
      set height.
PAR  Following this, when the pallet 201 reaches the position 201" in FIG. 13, a
      space thereunder is available for parking or unparking of an automobile,
      thus enabling the two automobiles to be parked in vertically arranged two
      stages.
PAR  While the pallet is being lifted from its horizontal position 201 to the
      position 201", the wire rope 221 does not change its condition of being
      stretched in tension, and therefore the auxiliary plate 202 does not
      change its condition either.
PAR  If, therefore, the height of the horizontal pallet 201 indicated by
      continuous line in FIG. 13 is set sufficiently large for parking an
      automobile in the space, it is possible to effect the two staged parking
      of automobiles by sliding upward the support shaft 203 along the long slit
      hole 211 of the bent support arm 210 with the support arm 205 keeping its
      horizontal position, without rotating the said support arm 205 upward as
      described above.
PAR  FIGS. 16 and 17 show the pallets 226 and 227 which have, respectively, the
      front support shafts 228 and 229 and the rear support shafts 230 and 231,
      the said front support shafts being supported by the support arms 232 and
      233, respectively, and said rear support shafts being supported by the
      rollers 234 and 235 held at both ends of said shafts, respectively,
      supported and roll along on the curved or straight rails 236 which are
      rigidly fixed at one end on the ground.
PAR  The plan view and the side view of this exemplary apparatus embodying the
      invention are omitted because the pallet supporting mechanism for this
      apparatus is the same as that of the aforementioned apparatus embodying
      the invention shown in FIGS. 13 and 15.
PAR  The numeral 237 represents a supporting frame, for example of concrete, to
      mount thereon the electric motor M and the bearing support section 238 of
      said support arm 232, and said supporting frame 237, guide rails 236,
      support arms 232 and 233, etc. are installed symmetrically on the right
      and the left sides with a sufficient space for parking an automobile in
      between.
PAR  The support arms 232 and 233 are held rotatably on the horizontal shafts
      239 and 240 as the centers of rotation, supported by the bearing
      supporting section 238.
PAR  Said horizontal shafts 239 and 240 are supported, having appropriate spaces
      both above and under. Said support arms 232 and 237 are bent at an obtuse
      angle near the end, and along the total length of the bent parts 241 and
      242 are made the long slit holes 243 and 244 into which the support shafts
      228 and 229 are fitted and slide.
PAR  At one end of each of the pallets is hinged the auxiliary plate 245 and 246
      of the same width as that of the pallets. Between said auxiliary plates
      245 and 246 and the pallets 226 and 227 are stretched in tension the wire
      ropes 247 and 248, similarly to the wire rope 221 in the aforementioned
      exemplary embodiment of this invention.
PAR  Although not illustrated, the wire-rope winding drums fixed on the drive
      shaft 249 revolved by the electric motor M and through the pulleys 250 are
      used to wind the wire ropes 251 and 252 whose one end is fastened to the
      front end (left end) of each pallet.
PAR  The functioning and operation of this exemplary apparatus embodying the
      invention are as follows.
PAR  Referring now to FIG. 16, in the condition shown therein, if the automobile
      is unparked from under the pallet 227, or after the automobile has been
      moved slightly leftward, the lower pallet 227 and the auxiliary plate 246
      gradually descend by unwinding the wire rope 252 and come to the positions
      201' and 202', respectively, as shown in FIG. 13, allowing an automobile
      to be parked or unparked on said pallet 227.
PAR  Said pallet 227 kept in the abovementioned condition and made empty, the
      pallet 227 and the auxiliary plate 245 gradually descend by unwinding the
      wire rope 251 and come to the positions shown in FIG. 17, making available
      the space on the pallet 226 for parking or unparking an automobile.
PAR  In the condition shown in FIG. 17, by winding the wire ropes 251 and 252
      the pallets 226 and 227 can be lifted gradually and come to the positions
      shown in FIG. 16.
PAR  Hence, by always keeping the support arm 233 in the horizontal and also by
      winding and unwinding the wire ropes 252 and 251 by means of the drums, it
      is possible to park automobiles in vertically arranged three stages.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multi-stage automobile parking apparatus which comprises:
PA1  pallet means for receiving and supporting an automobile thereon;
PA1  support arm means, means mounting said support arm means to rotate about a
      horizontal axis at one end thereof and connecting its other end to one end
      region of said pallet means,
PA1  first pallet guide means on said support arm means to facilitate pivotal
      movement of one end of said pallet means about said horizontal axis and
      sliding movement of one end of said pallet means thereon in the
      longitudinal direction thereof;
PA1  second pallet guide means for guiding said pallet means at an opposite end
      region thereof and defining a predetermined path of movement for said
      opposite end region of the pallet, means on said pallet means for engaging
      said first and second guide means;
PA1  drive means, connection means drivingly connecting said drive means with
      said pallet means and support arm means to bring about rotation thereof
      about said horizontal axis such that one end of said pallet means rotates
      with respect to the support arm means about said horizontal axis while the
      opposite end region of the pallet travels along said predetermined path of
      said second guide means so that said pallet means is maintained
      substantially horizontal during rotation of the support arm means about
      said horizontal axis; and
PA1  auxiliary plate means, hinge means connecting said auxiliary plate means to
      said pallet means at one end thereof remote from said support arm means,
      connecting means connecting said auxiliary plate means with said support
      arm means such that said auxiliary plate means is pivoted between a first
      and second position in response to movement of said support arm means.
NUM  2.
PAR  2. A multi-staged automobile parking apparatus as claimed in claim 1,
      wherein said means connecting said other end of the support arm means to
      said one end region of the pallet means comprises a horizontal support
      shaft.
NUM  3.
PAR  3. A multi-staged automobile parking apparatus as claimed in claim 2,
      wherein said first pallet guide means comprises an extension portion at
      said other end of the support arm means and formed with a slit which
      extends downwardly from said other end of the support arm means when the
      support arm means is in a lowered position thereof and in which the
      horizontal support shaft is slidably fitted.
NUM  4.
PAR  4. A multi-staged automobile parking apparatus as claimed in claim 1,
      wherein the auxiliary plate means is connected with said support arm means
      by an elongate, flexible, substantially inextensible member which extends
      from a region of the auxiliary plate means which is spaced from the hinge
      means to a region of the first guide means at that end of the path of
      sliding movement, of said one end of said pallet means along the first
      guide means, which is further from said one end of the support arm means
      and is constrained to pass through first pulley means installed at said
      opposite end region of the pallet but spaced from the hinge means and
      through second pulley means at said one end region of the pallet means.
NUM  5.
PAR  5. A multi-staged automobile parking apparatus as claimed in claim 1,
      wherein the pallet means is provided at said opposite end region with a
      horizontal support shaft extending substantially parallel to said
      horizontal axis and provided at its opposite ends with respective roller
      members, and wherein said second guide means constitutes a pair of guide
      rails at opposite sides respectively of the pallet and engaged by the
      roller members respectively.
NUM  6.
PAR  6. A multi-staged automobile parking apparatus as claimed in claim 1,
      wherein the connection means connecting said drive means with said pallet
      means and support arm means comprises a winding rope.
NUM  7.
PAR  7. A multi-staged automobile parking apparatus as claimed in claim 1,
      further comprising:
PA1  second pallet means positioned beneath said pallet means for receiving and
      supporting a second automobile thereon;
PA1  second support arm means, means mounting said second support arm means to
      rotate about a horizontal axis at one end thereof and connecting its other
      end to one end region of said second pallet means;
PA1  third pallet guide means on said second support arm means to facilitate
      pivotal movement of one end of said second pallet means about said
      horizontal axis at said one end of the second support arm means, the
      second pallet means being guided at an opposite end region thereof by said
      second pallet guide means which defines a predetermined path of movement
      for said opposite end region of the second pallet means;
PA1  means on said second pallet means engaging said second and third pallet
      guide means; and second connection means drivingly connecting said drive
      means with said second pallet means and second support arm means to bring
      about rotation thereof about said horizontal axis at said one end of the
      second support arm means such that said one end of said second pallet
      means rotates with respect to the second support arm means about said
      horizontal axis at said one end of said second support arm means while the
      opposite end region of the second pallet means travels along its
      predetermined path of movement defined by said second pallet guide means
      so that said second pallet means is maintained substantially horizontal
      during such rotation of the second support arm means.
NUM  8.
PAR  8. A multi-staged automobile parking apparatus as claimed in claim 7,
      wherein a lower portion of the predetermined path of movement for the
      opposite end region of said pallet means coincides with an upper portion
      of the predetermined path of movement for the opposite end region of said
      second pallet.
NUM  9.
PAR  9. A multi-staged automobile parking apparatus as claimed in claim 7,
      wherein the axis of rotation of said support arm means coincides with said
      axis of rotation of the second support arm means.
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ABST
PAL  Bulk storage and unloading apparatus including a storage compartment having
      a substantially flat bottom and at least one side wall rising upwardly
      therefrom, a discharge opening being formed in such bottom wall at a
      location remote from such side wall. A bladder liner extends substantially
      the whole length of the compartment and lines the bottom wall and projects
      upwardly along such side wall to at least the angle of repose between such
      outlet and the side wall for a predetermined bulk material. The bladder is
      operative upon inflation thereof to first balloon outwardly away from such
      side wall at the upper extremity thereof to roll the uppermost bulk
      material away from such side wall and is further operative upon continued
      inflation thereof to progressively balloon outwardly greater distances
      from the side wall to progressively roll the uppermost granular material
      away from such side wall to fall out such outlet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The bulk storage and unloading apparatus of the present invention relates
      to a device for rapidly and conveniently unloading bulk material from a
      storage compartment.
PAR  2. Description of the Prior Art
PAR  In transporting granular materials such as coke grains and the like it is
      common practice to store such materials in large warehouses which may be
      on the order of 400 feet long and store 100,000 tons of coke. It is common
      practice to provide an outlet in the bottom wall of such warehouses for
      unloading of the coke or the like into the holds of ships moored adjacent
      such warehouses. Heretofore, it has been standard practice to provide
      relatively small discharge outlets in the bottom walls of such warehouses
      and when such outlets are opened, the granular material will pour
      therethrough under the influence of gravity at a rate determined by the
      cross sectional area of such outlets until such time as the angle of
      repose for the granular material is reached. Thereafter, in order to
      continue unloading of the warehouse, it is necessary to forcefully shift
      the remaining granular material toward such outlet for discharge
      therethrough. Bulldozers have commonly been used in order to make this
      transfer of material. However, this procedure has proven to be relatively
      slow and typically only approximately 25,000 tons per hour can be
      discharged. Further, operation of internal combustion engines within the
      confines of the warehouse has proven to present health hazards to workmen
      in such warehouse due to the discharge of fumes and inadequate circulation
      of air.
PAR  Numerous arrangements have been proposed for lining the interior of
      warehouses with bladders or the like and then inflating such bladders in
      order to shift the granular material away from the side walls and toward
      such outlet. However, such arrangements all suffer the shortcoming that
      they are inflated in such a manner that it is necessary to shift the
      entire mass of material being shifted, thus necessitating application of
      extremely high forces which must be withstood by such warehouses thereby
      necessitating reinforcement of such side walls to such a degree that the
      overall scheme has been rendered impractical.
PAC  SUMMARY OF THE INVENTION
PAR  The bulk storage and unloading apparatus of the present invention is
      characterized by a bladder device which lines the bottom and side walls of
      a storage compartment and is operative upon inflation thereof to balloon
      outwardly at approximately the level of the top of the angle of repose at
      the compartment side walls to roll the uppermost bulk material outwardly
      away from the side wall to fall downwardly through an outlet in the bottom
      wall and to continue to progressively balloon outwardly upon continued
      inflation thereof to continue rolling the uppermost bulk material to
      progressively roll all such material to such outlet.
DRWD
PAR  The objects and advantages of the present invention will become apparent
      from a consideration of the following detailed description when taken in
      conjunction with the accompanying drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view, partially broken away, of a bulk storage and
      unloading apparatus of the present invention;
PAR  FIG. 2 is a transverse sectional view, in enlarged scale, of the bulk
      storage and unloading apparatus shown in FIG. 1; and
PAR  FIGS. 3 and 4 are partial transverse sectional views similar to FIG. 2 but
      in enlarged scale and depicting progressive inflation of the bladder
      included in the apparatus shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The bulk material storage and unloading apparatus of the present invention
      includes, generally, a warehouse 10 having a bottom wall 11 which has
      opposed side walls rising therefrom, such bottom wall being formed with a
      discharge outlet 13. Bladder devices, generally designated 15, are
      disposed in the opposite halves of the warehouse 10 and are secured at
      their lower extremities to the bottom wall adjacent the discharge outlet
      13 and project outwardly along such bottom wall to turn upwardly and line
      the side walls 12 and 14 and to then finally turn inwardly to be secured
      at their upper extremities to the respective free edges of overhangs 17
      which project outwardly into the storage compartment of the warehouse 11.
      Referring to FIG. 1, a pneumatic system, generally designated 21, is
      provided for inflating the bladders 15 and such bladders themselves are so
      devised that upon initial inflation thereof the top portions will balloon
      outwardly as shown in FIG. 3 to roll the uppermost granular material away
      from the respective side walls to cause such material to fall downwardly
      through the discharge outlet 13. Continued pressurization of the bladders
      15 will continue to balloon the upper portions thereof outwardly to
      progressively roll the uppermost granular material away from the side
      walls and discharge it out the outlet 13.
PAR  In the construction of warehouses 10 for the storage of granular material
      in bulk for shipment by water or rail, it is common practice to provide a
      discharge outlet 13 in the bottom wall thereof. The granular material,
      such as coke grain or the like, may then be fed into the warehouse from a
      conveyor (not shown) to store tens of thousands of tons of such coke in
      the warehouse for subsequent discharge to bulk transport ships or rail
      cars. When filled to capacity, the coke or other granular material 23 will
      rise up the side walls 12 and 14 of the warehouse 10 and then slope
      upwardly and inwardly to form a triangular mound 27 as shown in broken
      lines in FIGS. 1 and 2. When the material is to unloaded, it will feed
      freely out the discharge outlet 13 under the influence of gravity until
      such time as the banks 29 and 31 shown in solid lines in FIGS. 1 and 2
      assume their angle of repose, at which time self-discharge of the material
      discontinues. It is an object of the present invention to provide an
      economical, convenient and effective means for effecting discharge of
      these banks 29 and 31.
PAR  It is particularly important that the bladder devices 15 project
      substantially to the level of the top of the banks 29 and 31 in order to
      provide for ballooning outwardly of the upper portion thereof upon initial
      inflation to commence gradual discharge of the material, rather than
      necessitating application of the high pressures and forces which would be
      required to shift the entire mass of the banks 29 and 31 horizontally
      across the bottom wall 11.
PAR  Referring to FIG. 1, the discharge outlet 13 is in the form of a narrow
      slot extending the full length of the bottom wall 11 and is normally
      closed by means of a sliding door 35 (FIG. 2). The door 35 is opened and
      closed by means of a hydraulic cylinder 37.
PAR  As best seen in FIG. 1, the warehouse 10 is partitioned into a plurality of
      separate compartments 42 by means of pairs of aligned triangular partition
      walls 39 and 41 disposed in alignment on opposite sides of the discharge
      outlet 13.
PAR  The overhangs 17 are positioned approximately halfway up the side walls 12
      and 14 and project horizontally outwardly into the warehouse storage room
      a distance sufficient to have their free edges project at least to the
      angle of repose for the banks 29 and 31. The bladder devices 15 are in the
      form of liners 45 which, in the preferred embodiment, are affixed at their
      respective one edges to the bottom wall 11 adjacent the discharge outlet
      13 by means of an anchoring flange 37. The liners 45 are in the general
      configuration of a saddle or peaked roofs having their one legs lining the
      bottom wall 11 and the other legs thereof lining the respective side walls
      12 and 14, the lines then turning inwardly underneath the respective
      overhangs 17 to be secured to the free edges thereof by means of an
      anchoring flange 51. The opposite ends of the liners 45 include triangular
      end walls which normally line the partitions 39 and 41 and are secured at
      their diagonally extending outer extremities to the free edges of such
      partitions 39 and 41 by means of anchoring flanges 55.
PAR  Referring to FIG. 4, a plurality of elongated bladder tubes 61, 63 and 65
      are disposed behind the liners 45 for selective inflation to obtain the
      desired rolling outwardly from the top of the banks 29 and 31 upon
      unloading of the warehouse 10. The lower bladder 61 is relatively large in
      cross section and of sufficient width to project substantially the full
      distance from the side wall 12 to the discharge outlet 13 upon full
      inflation thereof, it being appreciated that all such bladders 61, 63 and
      65 are of sufficient length to project from one end to the other of the
      compartments defined between the partitions 29 and 31. The intermediate
      tube 63 is slightly narrower in width than the lower tube 61 and the top
      tube 65 is substantially circular in cross section and is relatively small
      in cross section when compared to the lower and intermediate tubes.
PAR  The inflating system 25 includes a main conduit 71 leading from a
      cinbination air compressor and accumulator tank 73, a vacuum conduit 75
      branching off from such conduit 71 and leading to a vacuum pump 77.
      Branching off from the main conduit 71 are lower, intermediate and upper
      air pressure conduits 81, 83 and 85 leading to the respective lower,
      intermediate and upper tubes 61, 63 and 65. The air conduit branches 81,
      83 and 85 include respective control valves 87, 89 and 91. These control
      valves 87, 89 and 91 are shown as being manual valves but in practice,
      such valves are normally remote controlled solenoid valves.
PAR  In operation, when the warehouse 10 is to be supplied with granular
      material for storage, the control cylinder 37 (FIG. 2) is actuated to
      close the door 35 and a conveyor (not shown) is actuated to commence
      dumping the bulk material onto the floor 11 of the warehouse 10. As
      filling of such warehouse is continued, the bulk material will build up
      the walls of the warehouse to finally form a mound as depicted by the
      broken line 27 in FIG. 2.
PAR  Thereafter, when it is desirable to discharge the bulk material from the
      warehouse, as for discharge into the hold of a ship moored beneath or
      alongside such warehouse, the cylinder 37 (FIG. 2) is actuated to retract
      the door 35 to discharge the material into a chute or conveyor leading to
      the hold of such ship. If during the filling of the hold of the ship the
      bulk material is discharged to the point where gravitational discharge
      discontinues, the banks 29 and 31 will assume the solid line angle of
      repose shown in FIG. 2 and further discharge must be forced.
PAR  At this point, the air compressor 73 is started to maintain pressurization
      in an accumulator tank incorporated therewith and the control valve 91 in
      the conduit 85 leading to the upper tube 65 of the first compartment 42 is
      opened to initiate inflation of the first bladder tube 65 to be
      pressurized. As such bladder tube 65 inflates, it will expand outwardly
      from the compressed position shown in FIG. 2 thereby toppling the
      uppermost material from the bank 29 or 31 resting thereagainst and causing
      such uppermost material to tumble down the incline of such bank to
      discharge through the outlet slot 13. It will be appreciated that since
      only a small amount of material is being displaced by pressurization of
      the tube 65, only a relatively small force is required for displament
      thereof thus applying only a relatively small reaction force to the
      warehouse side wall 12 and enabling a wall having only conventional
      reinforcement therein to withstand such forces.
PAR  After the uppermost tube 65 has been fully inflated, the control valve 91
      controlling pressure thereto will be closed and the control valve 89
      controlling pressure to the intermediate tube 63 located immediately below
      the fully inflated tube 65 will be opened to commence pressurization of
      such tube 63 to expand it from its collapsed position shown in FIG. 2. It
      will be appreciated that upon inflation of such tube 63 the projecting
      portion thereof will seek the path of least resistance, such path being
      outwardly and upwardly between the liner 45 and the fully inflated bladder
      tube 65 thus urging such liner even further outwardly away from the side
      wall 12 to roll greater amounts of the remaining uppermost bulk material
      from the bank 29 or 31 to dislodge such material for sliding down the
      incline of such bank to discharge through the slot 13. Continued inflation
      of the intermediate tube 63 will cause such tube to assume the
      configuration shown in FIG. 3 and thereafter, the control valve 87
      controlling pressure to the lowermost tube 61 may be opened to commence
      pressurization of such lowermost tube 61. Inflation of the lowermost tube
      61 will cause such tube to cooperate with the intermediate tube 63 in
      continuing to urge the liner 45 outwardly to its fully extended position
      shown in FIG. 4 thereby rolling all the material in the bank 29 of the
      compartment 42 being unloaded into the discharge slot 13 for conveyance to
      the ship hold.
PAR  Thereafter, unloading of an adjacent compartment 42 is commenced by
      sequentially inflating the bladder tubes 65, 63 and 61 of such compartment
      to fully discharge the bank 29 or 31 of material therein from such
      compartment. This procedure is repeated for each compartment 42 of the
      entire warehouse until such warehouse is totally emptied. If desirable,
      two or more compartments 42 may be unloaded simultaneously to maintain a
      greater volume of material being conveyed into the ship's hold.
PAR  After the warehouse 10 has been emptied, deflation of the tubes 61, 63 and
      65 may be commenced by opening the respective control valves 87, 89 and 91
      and, if desired, the vacuum pump 77 may be initiated to accelerate
      deflation of such tubes so they will enable the liner 45 to assume its
      retracted position shown in FIG. 2. Thereafter, the warehouse 10 is ready
      for refilling.
PAR  While the subject invention has been described as including a plurality of
      progressively decreasing-in-cross section pneumatic tubes 61, 63 and 65,
      it will be appreciated that the only requirement of this invention is that
      the bladder devices 15 be so configured that upon initial inflation
      thereof ballooning is commenced at the top of the respective banks 29 and
      31 and such ballooning continues at the uppermost portion of such banks to
      cause the uppermost material to continue rolling outwardly away from the
      respective side walls 12 and 14 and out the outlet 13.
PAR  Various modifications and changes may be made with regard to the foregoing
      detailed description without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Bulk storage and unloading apparatus for handling a selected granular
      material having a predetermined angle of repose and including:
PA1  storage means including a substantially horizontal bottom wall having
      upstanding opposite end walls and at least one side wall rising upwardly
      therefrom to form a storage compartment;
PA1  discharge means in said bottom wall and spaced from said side wall a
      distance sufficient to cause said material, when draining hereinto under
      the influence of gravity, to form an angle of repose leading upwardly
      therefrom to a selected level at said side wall;
PA1  a bladder device including a liner extending substantially the full length
      of said compartment affixed at one edge to said side wall at substantially
      said selected level or thereabove, normally hanging down along said side
      wall and then projecting outwardly along said end and bottom walls to said
      discharge means, said bladder device being shaped to assume a loaded
      configuration lining said bottom end and top walls and to assume an
      unloaded configuration bulging outwardly from said side wall and turning
      downwardly to project to said discharge means;
PA1  fastening means affixing the marginal edges of said bladder device to said
      bottom wall adjacent said discharge means;
PA1  pressurizing means for pressurizing said bladder device to progressively
      balloon the upper portion of said bladder device outwardly away from said
      side wall to roll the uppermost material resting against said bladder
      outwardly away from said side wall and to then, upon continued inflation,
      progressively continue bulging said bladder outwardly at its upper portion
      to continue rolling said material outwardly away from said side wall
      toward said discharge means to finally bulge the bottom portion of such
      bladder device away from said side and bottom walls to assume said
      unloaded position.
NUM  2.
PAR  2. Bulk storage and unloading apparatus according to claim 1 that includes:
PA1  overhang means secured to said side wall adjacent the top of said material
      at the top of said angle of repose and projecting horizontally outwardly
      from said side wall and having the top extremity of said bladder device
      secured to the free extremity thereof.
NUM  3.
PAR  3. Bulk storage and unloading apparatus for handling a selected granular
      material as set forth in claim 1 wherein:
PA1  said bladder device includes upper and lower bladder tube means disposed
      between said liner and side wall; and
PA1  said pressurization means include control means for sequentially inflating
      said upper tube means and then said lower tube means.
NUM  4.
PAR  4. A method for unloading granular material from a bulk storage compartment
      of the type including a substantially horizontal bottom wall having a pair
      of end walls and a side wall rising upwardly therefrom and formed with a
      discharge outlet spaced from such side wall a distance sufficient to cause
      the granular material to drain therefrom under the influence of gravity to
      form an angle of repose leading upwardly therefrom to a selected level on
      said side wall, such side, bottom and end walls being lined with a bladder
      liner which is inflatable to assume an oblate configuration projecting
      upwardly from such discharge outlet and inwardly from said side wall, the
      steps of said method including:
PA1  drawing said granular material out said discharge outlet sufficiently to
      cause the upper surface thereof to assume said angle of repose;
PA1  inflating the upper portion of said bladder device to bulge the upper
      portion thereof outwardly away from said side wall to roll the top portion
      of such granular material away from said side wall to fall down said angle
      of repose;
PA1  further inflating said bladder liner to progressively bulge the upper
      portion thereof outwardly away from said side wall;
PA1  continuing to inflate the upper portion of said bladder liner to
      progressively bulge the intermediate portion of said bladder liner
      outwardly from said side wall and to then lift the lower portion of said
      bladder liner upwardly and outwardly away from the lower portion of said
      side wall and up off said bottom wall to dump the last of said granular
      material out said discharge outlet.
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PAL  A device for changing the location of fuel elements and control rods in a
      core reactor with a guiding mast which is mounted on a movable working
      platform for rotation about a vertical axis and which is provided with a
      gripping body for grasping the fuel elements and control rods, said
      gripping body being suspended on a lifting mechanism and being
      displaceable in vertical direction within the guiding mast while being
      prevented from rotating relative to the guiding mast. The device
      furthermore comprises winding means for storing supply lines which are
      introduced at the top into the guiding mast and the gripper body.
PAL  The device also includes power operated means for actuating the lifting
      mechanism. The winding means and lifting mechanism rotate with the mast
      and are so arranged in the mast that any water dripping therefrom runs
      down the inside of the mast. Supply conduits leading to the mast are
      connected thereby by slack loops which permit 360.degree. of rotation of
      the mast.
BSUM
PAR  The present invention relates to a device for changing the location of fuel
      elements and control rods in a core reactor with a guiding mast which is
      mounted on a movable working platform for rotation about a vertical axis.
      More specifically, the present invention relates to a device as just set
      forth, which is provided with a gripping body for grasping the fuel
      elements and control rods, said gripping body being suspended on a lifting
      mechanism and being displaceable in vertical direction within the guiding
      mast while being prevented from rotating relative to the guiding mast. The
      device furthermore comprises winding means for storing supply lines which
      are introduced at the top into the guiding mast and the gripper body.
PAR  Heretofore, devices of the above mentioned type have been so designed that
      the lifting mechanism comprising two cable winding drums and driving units
      is mounted on a second platform, and that the winch cables are by the
      drums by means of deviating rollers introduced from above into the mast
      and are connected to the gripping body through a compensating rocker arm.
      For purposes of actuating the gripper tools provided at the lower end of
      the gripper body, compressed air is employed which is introduced through
      for instance four hoses from above. The hoses are wound onto hose drums
      which are likewise arranged on the platform carrying the lifting mechanism
      or on additional platforms. The hoses are from the hose drums conveyed
      over deviating rollers into the guiding mast and to the gripper body. In a
      similar manner, outside the guiding mast a cable drum is arranged on a
      platform from which cable drum a cable is passed over a deviating roller
      into the guiding mast and to the gripping body. This last mentioned cable
      serves for conveying signals from the interior of the gripper body to the
      operator's stand on the working platform for purposes of indicating
      certain locking and unlocking positions of coupling elements. The hose
      drums and the cable drum are under the influence of springs which
      continuously urge the drum to turn in the direction of winding up the
      hoses or cables.
PAR  This construction has the drawback that during the rotation of the guiding
      mast, the winch cables, the hoses, and the cable are twisted with the
      result that jamming or wear or even breakage occurs.
PAR  A further drawback of this known construction consists in that the water
      which is carried or taken along by the winch cables, the hoses and the
      cable when being pulled up from the reactor tank, passes from the guiding
      mast to the drums and will drip off therefrom. Inasmuch as such water is
      contaminated, care has to be taken that it will be caught and made
      harmless. This requires quite a number of elements. Furthermore, care has
      to be taken that possible lubricating oil which escapes from the bearings
      of the winch drums and of the driving units as well as from the drums for
      the hoses and the cable is carefully caught so that it will not pass into
      the reactor tank. Furthermore, difficulties have to be expected because
      those parts of the hoses which are wound onto the hose drums have to be
      connected with the hoses connected within the region of the drum axes, and
      more specifically this connection has to be effected by couplings with
      coupling sections which are rotatable relative to each other and which may
      become defective so as to leak. Also contact difficulties at the collector
      rings of the cable drum have to be put up with.
PAR  Furthermore, the above outlined heretofore known design has the drawback
      that the platform with the cable winches, the hose drums and the cable
      drum require considerable space and that the arrangement of these machine
      elements of high platforms requires a high position of the center of
      gravity of the carriage which carries the working platform. This makes
      itself felt in a disadvantageous manner when starting and braking the
      carriage as well as during buffer shocks, and in case of an earthquake may
      be very dangerous. Therefore, complicated building steps have to be taken.
PAR  It is, therefore, an object of the present invention to provide a device of
      the above mentioned general type which will overcome the above mentioned
      drawbacks.
DRWD
PAR  These and other objects and advantages of the invention will appear clearly
      from the following specification in connection with the accompanying
      drawings, in which:
PAR  FIG. 1 shows a perspective view of the device according to the present
      invention.
PAR  FIG. 2 illustrates an axial section through a device according to the
      invention, said section being taken through the guiding mast and in part
      through the gripper body.
PAR  FIG. 3 represents a modification of the design of FIG. 2 and shows an axial
      section through the upper parts of the guiding mast and the gripper body.
PAR  FIG. 4 shows a portion of the working platform and also shows an axial
      section through the upper portion of the guiding mast.
PAR  FIG. 5 represents a section taken along the line V--V of FIG. 4.
PAR  FIG. 6 is a section taken along the lines VI--VI of FIG. 4 but on a larger
      scale than that of FIG. 4.
PAR  The device according to the present invention is characterized primarily in
      that the lifting mechanism and the winding devices are mounted on the
      guiding mast for turning in common therewith.
DETD
PAR  Referring now to the drawings in detail, the device for varying the
      location of fuel elements and control rods is in conformity with FIG. 1
      designed as travelling crane. The lower carriage of this crane has a frame
      1 which at both ends is able by means of wheels 2 to move on rails 3 above
      the core of the core reactor and above an adjacent supporting and
      depositing tank or vessel. The frame 1 is provided with rails 4 which
      extend at a right angle to the rails 3. The working platform 5 in the form
      of an upper carriage is displaceable on said rails 4. The guiding mast 6
      extends through an opening in the center of the working platform 5 with
      considerable play. The working mast 6 extends below the working platform 5
      far downwardly and has a square shaped cross section. A section 7 of the
      guiding mast protrudes from the opening of the working platform upon the
      latter and rests on said working platform as shown diagrammatically in
      FIG. 2 and with structural details in FIG. 4. More specifically, the
      section 7 of the guiding mast rests on said working platform by means of a
      ring 8 on a ball turntable 9 with a vertical axis of rotation 10 which
      coincides with the central line of the guiding mast. The ball turntable 9
      rests on a ring 11 which in its turn rests on the working platform 5 by
      means of three spindles 12 adjustable as to height.
PAR  Mounted on the section 7 of thee guiding mast is an extension member 13 of
      the guiding mast which extension member has an octagonal cross section as
      shown in FIG. 5. This extension member 13 supports the lifting mechanism
      for the gripper body 14 which has a square shaped cross section and with
      considerable play is within the guiding mast displaceably guided in
      vertical direction. The guiding is effected by means of rollers 15 which
      with edges of the gripper bodies located diagonally opposite each other
      engage prismatic surfaces.
PAR  With the embodiment of FIG. 2, the lifting mechanism comprises two cable
      winches with two drums 16 and furthermore comprises two pertaining driving
      units 17. This lifting mechanism is mounted on the upper end of the
      extension member 13. The winch-cables 18 extend from the drums 16
      downwardly through an opening at the upper end of the hollow cable body
      14. The winch cables 18 are connected to the ends of a two-arm lever 19
      which by means of a joint bolt 20 is mounted on the cable body 14. When
      the driving units 17 have electric motors, they receive their current
      through a cable 21 which on one hand is connected to a holder 22 on the
      upper rim of the extension member 13 and on the other hand is connected to
      a column 23 mounted on the working platform 5. Between the two connecting
      areas, the cable 21 forms a loop which makes it possible that the guiding
      mast 6 together with the lifting mechanism 16, 17 can be turned by
      360.degree. in both directions, without the cable being tensioned taut.
      When the drums 16 are driven hydraulically, pressure fluid is conveyed to
      the hydraulic motors of the driving units 17 through hoses and is conveyed
      away by the latter, said hoses being in the same manner as the cable 21
      connected to the holder 22 and to the column 23 while forming loops.
PAR  According to FIG. 3, the lifting mechanism is not formed by cable winches
      but by two block and tackle systems. Each of the block and tackle systems
      comprises a group of upper rollers 24 the common axle of which is by means
      of a suspension mechanism 25 suspended on a plate 26 which closes off the
      extension member 13 of the guiding mast 6 at the upper end. Each of the
      block and tackle mechanisms furthermore comprises a group of lower rollers
      28 the common axle 29 of which is suspended on a cylinder 30 of a
      double-acting hydraulic power system. The pertaining piston rod 31 extends
      through a stuffing bushing in upward direction from the cylinder 30 and is
      mounted on the axle 25. At the upper and lower end, pressure fluid
      conveying conduits 32, 33 lead into the cylinder 30. These conduits 32, 33
      pass through the wall of an extension member 13 and through nipples 34 are
      connected to conduits 35. The conduits 35 while forming a loop are
      connected to a column 23 for effecting the supply and withdrawal of
      pressure fluid to or from a pressure fluid source. The said loop formation
      permits an easy turning of the guiding mast 6 in both directions by
      360.degree.. Between the cylinder 30 and the wall of the extension member
      13, the pressure fluid conveying means 32, 33 form loops which permit
      movements of the cylinder 30 in upward and downward direction.
PAR  Cables 36 pass over the upper and lower rollers 24, 28 of the two block and
      tackle mechanisms respectively. These cables 36 start at connecting areas
      37 and are connected to the ends of the two-arm lever 19 mounted in the
      grab body 14. When pressure fluid is introduced into the cylinder chambers
      30 below the pistons through conduits 33, and if simultaneously pressure
      is discharged through conduits 32 from the cylinder chambers above the
      pistons, the axles 29 are moved downwardly. Consequently, the ends of the
      cables 36 which are connected to the lever 19 are pulled upwardly. The
      stroke of the grab body 14 amounts to a multiple of the distance by which
      the cylinders 30 are moved in downward direction. The transmission ratio
      of both movements equals the number of the cable strands guided in each
      block and tackle mechanism between the upper and lower rollers.
PAR  For purposes of lowering the grap body 14, the pressure fluid is through
      conduits 33 discharged from the cylinder chambers below the piston, while
      fluid under pressure enters the upper cylinder chambers.
PAR  When designing the lifting mechanism according to FIG. 2 as well as
      according to FIG. 3, it will be assured that any possible water which is
      carried along in upward direction from the settling tank by cables 18, 36
      will when dripping down safely drop downwardly within the guiding mast 6
      without the necessity of providing awkward collecting devices.
      Furthermore, the cables 18, 36 are not twisted during the rotation of the
      guiding mast 6. The hydraulic power operable devices 30, 31 according to
      FIG. 3 are expediently operated by water, so that if leakage occurs in the
      stuffing bushings, only non-harmful water but not oil will escape which
      latter would be harmful if it drops into the fluid of the settling tank.
      While it is possible instead of the hydraulic power operable devices to
      employ threaded spindles with nuts for moving the lower reversing rollers
      28, 29, it should be appreciated that in this connection inadequacies
      could occur in view of the lubrication of the thread. The block and tackle
      systems can as building units easily be pulled out upwardly from the
      guiding mast.
PAR  For purposes of feeding the pneumatic adjusting devices for the grab tools,
      it is necessary to introduce compressed air into the grab body 14. This is
      effected by means of hoses which have to follow the movements of the grab
      body in upward and downward direction. FIG. 2 shows the arrangement of
      such a hose which is designated with the reference numeral 38. Such hose
      is as shown in FIG. 2 in its uppermost position provided to a major extent
      in a block and tackle mechanism which is located in a housing 39 on the
      outside of the extension member 13 of the guiding mast. The block and
      tackle mechanism has an upper deviating roller 40 which is so mounted that
      it extends through an opening in the wall of the extension member 13.
      Furthermore, eccentrically with regard to the roller 40, smaller upper
      reversing rollers 41 are mounted on an axle 42 in the housing 39. A group
      of lower reversing rollers 43 is with a common axle 44 movably guided
      within housing 39 in vertical direction. A weight 45 is suspended on the
      axle 44. The hose 38 is introduced by a holder 46 on the upper rim of the
      extension member 13 through an opening into the interior of the housing 39
      and is here over a plurality of rollers passed over the upper and lower
      reversing rollers 41, 43 and finally over the large reversing roller 40
      and from the latter downwardly to a connecting place 47 on the grab body
      14. To this point there is connected a hose 48 which is guided downwardly
      in the interior of the grab body 14. Connected to the holder 46 is a hose
      49 which communicates with the hose 38. On the other hand, the hose 49 is
      connected to the column 23 where the hose is connected to a feeding line
      coming from a source of pressure fluid for instance air under pressure.
      With the illustrated setting of the guiding mast, a hose 49 forms a loop
      so that the hose 49 when turning the guiding mast in both directions by
      360.degree.  will not be tensioned taut.
PAR  When the grab body 14, as illustrated occupies its uppermost position, the
      lower deviating or reversing rollers 43 are by the weight 45 pulled into
      the lowermost position. Accordingly in the block and tackle mechanism, the
      major portion of the hose 38 is stored. When the grab body 14 is lowered,
      it pulls the hose 38 out of the block and tackle mechanism a corresponding
      length while the lower rollers 43 with the weight body 45 are lifted. By
      this arrangement, during the turning of the guiding mast 6, the hose 38
      will be prevented from being twisted. When water, due to lifting the grab
      body 14, is through the hose 38 carried upwardly from the settling tank
      and passes into the housing 39, it drops off, and flows from the inclined
      bottom of the housing 39 through an opening 50 into the wall of the
      extension member 13 and into the interior thereof. Therefore, no expensive
      collecting devices are required in order to prevent the contaminated water
      from passing onto the working platform 5.
PAR  The housing 39 is on its outside provided with an opening which is covered
      up by a transparent plate 51 for instance of glass so that the movements
      of the hose 38 in the block and tackle mechanism can be observed from the
      outside.
PAR  The hose 38 is always by the same force exerted by the weight body 45
      tightened or tensioned. On the other hand, however, when employing a drum
      for storing the hose, the pulling force which during the lowering of the
      cable body 14 would act upon the hose would increase to the extent to
      which the hose would be wound off from the drum. The drum is continuously
      urged by a spring to turn in winding-off direction so that the hose would
      be unfavorably stressed and the required precise load measuring would not
      be possible.
PAR  FIGS. 4 and 5 show that a total of four compressed air hoses 38 can be
      stored in four block and tackle mechanisms. The pertaining housings 39 are
      at four surfaces of an extension member 13 having hexagonal cross section
      uniformly distributed over the circumference of said extension member 13.
      FIGS. 4 and 5 further show the guiding of the axle 44 of the lower
      reversing rollers 43. To this end, pairs of flat irons 52 arranged in
      spaced relationship to each other are connected to the side walls of the
      housing 39. The axles 44 engage the space between said flat irons 52.
      Instead of a weight 45, as shown in FIG. 4, a plurality of weight discs 51
      are suspended on each axle 44. The tensioning force in the hoses 38 may be
      increased and decreased by hanging more or less weight discs 53 onto the
      axles 44.
PAR  FIG. 6 shows the mounting of the upper reversing rollers 41 on the axle 42
      by means of antifriction bearings 54. The greater reversing roller 40 is
      by means of an antifriction bearing 54 journalled on a pivot 56 which is
      eccentrically arranged with regard to the axle 42 and is firmly connected
      to the latter and has a greater diameter than said axle 42. The pivots 56
      and the axle 42 are secured against turning by means of a flat iron 52
      engaging a groove of the pivot 56.
PAR  In the same manner as the compressed air hoses 38, a cable may be stored in
      a corresponding block and tackle mechanism by means of which cable by
      limit keys in the interior of the grab body, signals indicating the
      respective adjustment of coupling deviced are conveyed to the operator's
      stand on the working platform 5.
PAR  As will be evident from the above, the present invention brings about the
      advance that the danger of twisting of winch cables, hoses and cables will
      be avoided and that no expensive arrangements for collecting contaminated
      drip water and lubricating oil will be required. This is realized by a
      considerably simplified construction. In particular, generalaly a platform
      above the working platform will not be required, and a relatively low
      position of the center of gravity of the carriage supporting the working
      platform will be realized.
PAR  It is, of course, to be understood, that the present invention is, by no
      means, limited to the specific showing in the drawings, but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for relocating fuel elements and control rods in a core
      reactor in which a tubular mast is rotatable on a vertical axis on a
      horizontally movable platform and is provided with a gripper body, said
      apparatus including means nonrotatably but reciprocably guiding said
      gripper body for vertical movement in said mast, lift cable means
      connected to the gripper body and flexible conduit means also connected to
      the gripper body, drive means for the cable means and storage means for
      the conduit means said drive means and storage means being carried by said
      mast and rotating with the mast when the mast rotates about said axis.
NUM  2.
PAR  2. An apparatus according to claim 1 in which said driving means and
      storage means are confined within the radial limits of the mast whereby
      water dripping therefrom will flow down the inside of the mast.
NUM  3.
PAR  3. An apparatus according to claim 1 in which said drive means includes
      block and tackle means with pulley portions movable relatively in the
      vertical direction to take up and pay out cable means, and power operable
      means connected to said pulley portions for controlling said relative
      movement.
NUM  4.
PAR  4. An apparatus according to claim 3 which includes a plurality of said
      block and tackle means and a respective cable for each thereof, said mast
      including compartment means above said platform in which said block and
      tackle means are disposed, the lower pulley portion of each block and
      tackle means being vertically movable and the upper pulley portion of each
      block and tackle means being stationarily supported by the mast.
NUM  5.
PAR  5. An apparatus according to claim 3 in which said power operable means
      includes water operated piston and cylinder means.
NUM  6.
PAR  6. An apparatus according to claim 1 in which said storage means includes
      upper roller means supported in said mast and lower roller means
      vertically movable in said mast and urged downwardly, said conduit means
      having an end connected to the gripper body and an end connected to the
      mast and entrained about said roller means between said ends.
NUM  7.
PAR  7. An apparatus according to claim 6 which includes weight means detachably
      connected to the lower roller means for urging the lower roller means
      downwardly.
NUM  8.
PAR  8. An apparatus according to claim 6 which includes housing means on said
      mast above said platform in which said upper and lower roller means are
      disposed, and means for guiding water which drips from said roller means
      to the inside of the mast.
NUM  9.
PAR  9. An apparatus according to claim 8 which includes window means forming
      the outwardly facing side of said housing means.
NUM  10.
PAR  10. An apparatus according to claim 6 in which each roller means comprises
      a plurality of rollers and the roller of the upper roller means from which
      the respective conduit leads to the gripper body is larger in diameter
      than the other rollers of the respective roller means and is offset
      therefrom toward the central axis of the mast so as to extend into the
      inside of the mast.
NUM  11.
PAR  11. An apparatus according to claim 1 which includes power conduits leading
      to said drive means and having a point fastened to said mast, said conduit
      means also having a point fastened to said mast, said power conduits and
      conduit means also having a point fastened to said platform, and slack
      loops in said power conduits and conduit means between the said points of
      fastening thereof, said loops providing sufficient slack to permit
      360.degree. rotation of the mast on the platform.
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ABST
PAL  A material carrying vehicle and an unloading apparatus therefor adapted to
      carry and unload bulk material, such as dirt, sand, gravel, rock,
      construction material, debris, and the like wherein the material carrying
      vehicle includes an elongated mobile body formed as a generally channel
      shaped simple rugged dump style structure easily varied to be
      interchangeable with different prime movers. The body structure has
      laterally spaced wear or guide members mounted on a bottom wall of the
      body and each positioned adjacent a respective side wall of the body to be
      engaged by a lower edge of an ejection blade positioned transverse of the
      body and movable between a forward end and a rear end of the body by
      laterally spaced extensible members. The ejection blade has walls
      extending rearwardly therefrom defining spaced extensions each receiving a
      portion of a respective extensible member therein and having elongated
      bearing plates engaging the wear or guide members of the body. The
      extensible members are hydraulically actuated with free floating mounting
      and the hydraulic system is balanced to extend and retract the extensible
      members without binding or excessive side loading. The tailgate
      automatically opens by material moved by the ejection blade in its
      rearward movement.
BSUM
PAR  The present invention relates to material carrying vehicles and unloading
      apparatus therefor and more particularly to such a material carrying
      vehicle having an ejection blade movable between a forward end and a rear
      end of a body of the vehicle with the ejection blade having maintained in
      sliding engagement with a bottom wall of the body during movement toward
      the rear end of the body and an absence of binding or side loading.
PAR  Heretofore, unloading apparatus for material carrying vehicles have
      employed rollers, guides, cables, chains, and the like to control movement
      of material moving members and such devices have caused difficulties with
      the movement of the ejection or material moving members when the
      respective material enters the guides, pulleys for the cables, and guides
      for the rollers.
PAR  Material carrying vehicles of the type commonly known as dump trucks having
      an elongated bed or body which is raised to discharge material therefrom
      are particularly unstable when the supporting vehicle is on a surface
      other than horizontal and the bed is raised. Such dump trucks, therefore,
      have a practical upper limit for the length thereof and thereby have a
      maximum cargo capacity.
PAR  The principle objects of the present invention are: to provide a material
      carrying vehicle and an unloading apparatus therefor particularly adapted
      to overcome the aforementioned difficulties and characterized by the
      absence of rollers, pulleys and the like; to provide such a material
      carrying vehicle and an unloading apparatus therefor adapted to carry and
      unload bulk material such as a dirt, sand, gravel, rock, construction
      material, debris and the like; to provide such an unloading apparatus
      wherein all the components thereof remain within the bed during loading
      and unloading of the material; to provide such an unloading apparatus
      which is movable substantially the entire distance between a forward end
      and a rear end of a body of a material carrying vehicle to effect complete
      unloading of material from the body; to provide such an unloading
      apparatus movable within a body having a bottom wall and laterally spaced
      side walls extending upwardly therefrom to define a material receiving and
      retaining compartment with surfaces of the side walls in close proximity
      to respective side edges of an ejection blade during movement of same for
      ejection of materials from the body; to provide such a material carrying
      vehicle and unloading apparatus therefor wherein extensible members are
      connected to a forward portion of the body and to the ejection blade in a
      manner which maintains sliding engagement between a lower edge of the
      ejection blade and a bottom wall of the body during movement of the
      ejection blade towards the rear end of the body; to provide such a
      material carrying vehicle and unloading apparatus therefor wherein the
      extensible members have a plurality of telescoping sections each with one
      end connected to the ejection blade adjacent a lower edge thereof and an
      other end mounted on a forward portion of the body at a point above the
      lower edge of the ejection blade in such a manner to avoid excessive
      columnar bending or shock stress; to provide such a material carrying
      vehicle having wear members or guide plates mounted in the body for
      guiding movement of the ejection blade; to provide such an unloading
      apparatus for material carrying vehicles having a pair of inclined
      extensible members and controls in a balanced system to operate same at
      substantially the same rate to maintain the ejection blade transverse of
      the body without binding against the body, excessive side loading, or
      other interferences with movement; to provide such an unloading apparatus
      for material carrying vehicles wherein the ejection blade has a downward
      pressure thereon to resist riding over material as it is ejected from the
      bed; to provide such a material carrying vehicle and unloading apparatus
      therefor wherein a tailgate automatically opens by material moved by the
      ejection blade in its rearward movement; and to provide such a material
      carrying vehicle and unloading apparatus therefor which is simple and
      positive in operation, durable in construction, economical to manufacture,
      and particularly well adapted for the proposed use.
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings wherein are set forth by way of illustration and example certain
      embodiments of this invention.
PAR  The drawings constitute a part of the specification and include an
      exemplary embodiment of the present invention and illustrate various
      objects and features of the material carrying vehicle and unloading
      apparatus therefor.
DRWD
PAR  FIG. 1 is a side elevational view of a material carrying vehicle with
      portions broken away to show therein a material unloading apparatus
      embodying features of the present invention.
PAR  FIG. 2 is a rear end elevation of the material carrying vehicle with the
      unloading apparatus therein and tailgate removed.
PAR  FIG. 3 is a top plan view of the material carrying vehicle and material
      unloading apparatus.
PAR  FIG. 4 is an enlarged longitudinal sectional view of the material carrying
      vehicle and the material unloading apparatus.
PAR  FIG. 5 is an enlarged sectional view through the material unloading
      apparatus and taken on line 5--5, FIG. 1.
PAR  FIG. 6 is a further enlarged fragmentary sectional view taken on line 6--6,
      FIG. 3 and showing the connection of the other end of the extensible
      member to the material unloading apparatus.
PAR  FIG. 7 is also a further enlarged fragmentary sectional view taken on line
      7--7, FIG. 1 and showing the connection of one end of an extensible member
      to the body of the vehicle.
PAR  FIG. 8 is an even further enlarged sectional view of the mounting of the
      ends of the extensible members.
DETD
PAR  Referring more in detail to the drawings:
PAR  As required, detailed embodiments of the present invention are disclosed
      herein, however it is to be understood that the disclosed embodiments are
      merely exemplary of the invention which may be embodied in various forms.
      Therefore, specific structural and functional details disclosed herein are
      not to be interpreted as limiting but merely as a basis for the claims and
      as a representative basis for teaching one skilled in the art to variously
      employ the present invention in virtually any appropriately detailed
      structure.
PAR  In the disclosed embodiment of the present invention, the reference numeral
      1 generally designates a material carrying vehicle and an unloading
      apparatus therefor adapted to carry and unload bulk material such as dirt,
      sand, gravel, rock, construction material, debris, and the like. The
      material carrying vehicle 1 includes a generally channel shaped simple
      rugged dump style structure easily varied to be interchangeable with
      different prime movers. The material carrying vehicle 1, as illustrated,
      includes an enlongated mobile body 2 formed as a generally channel shaped
      structure having laterally spaced bearing or wear members 3 and 4 mounted
      on a bottom wall 5 of the body 2 to support an ejection blade structure.
      In the illustrated structure, the members 3 and 4 are each positioned
      adjacent side walls 6 and 7 respectively of the body 2 and the members 3
      and 4 are engaged by bearing members 8 of an ejection blade 9 positioned
      transverse of the body 2 and movable between a forward end 10 and a rear
      end 11 of the body 2 by laterally spaced extensible members 12 and 13. The
      ejection blade 9 has walls extending rearwardly therefrom defining spaced
      extensions 14 and 15 each of which receive a portion of a respective one
      of the extensible members therein and the bearing members 8 are connected
      to the extensions 14 and 15 and engage the wear or bearing members 3 and 4
      respectively. The extensible members 12 and 13 are hydraulically actuated
      with free floating mounting and the hydraulic system is balanced to extend
      and retract the extensible members 12 and 13 without binding or excessive
      side loading.
PAR  The ejection blade 9 has walls extending rearwardly therefrom and defining
      compartments 14 and 15 each of which receive a portion of a respective one
      of the extensible members 12 and 13 therein. Material moved by the
      ejection blade opens a tailgate 16 and after the material has been
      discharged the tailgate is supported on the compartments 14 and 15.
PAR  The body 2 is a simple rugged dump style body and is such that one body
      could be interchangeable with different rear dump tractors by changing
      mounting points on the body. A change of a front end of the body to a
      gooseneck design would provide one trailer or body interchangeable with
      different tractors or prime movers. The exemplary embodiment of the
      invention is shown herein for illustrative purposes to include a frame 17
      for supporting the body 2 and an operator's cab 18 and the illustrated
      vehicle includes front steering wheels 19 and tandum rear dual wheels 20
      with the tandum rear wheels 20 being adapted to support at least a major
      portion of the load of the material in the body 2.
PAR  The body is illustrated as a generally channel shaped structure having an
      open top with the structure being defined by the bottom wall 5 and the
      side walls 6 and 7. The forward end 10 is substantially open and includes
      a structural member 21 extending between the side walls 6 and 7 and
      positioned adjacent the top of the body 2 to thereby provide a
      substantially rigid body. The illustrated structural member includes upper
      and lower struts 22 and 23 respectively extending between end members
      suitably secured to the side walls 6 and 7 respectively, as by welding.
PAR  The illustrated body 2 includes a cab protector 26 extending generally
      forwardly from the structural member 21 and in spaced relation above the
      operator's cab 18. The illustrated cab protector 26 includes wing portions
      27 and 28 suitably secured to upper edges 29 and 30 of the side walls 6
      and 7 respectively of the body 2.
PAR  The wear or guide members 3 and 4 are laterally spaced and mounted on the
      bottom wall 5 of the body 2 and in the illustrated structure, the wear or
      guide members 3 and 4 are positioned adjacent the side walls 6 and 7
      respectively of the body 2. The wear or guide members 3 and 4 are
      illustrated as planar members extending between the forward end 10 and the
      rear end 11 of the body 2. The wear or guide members 3 and 4 provide a
      bearing surface engaged by the respective bearing members 8 of the
      ejection blade 9 which is positioned within the body 2 and has opposite
      side edges 31 and 32 in close proximity to the side walls 6 and 7
      respectively of the body 2. The ejection blade 9 has an upper edge 33
      positioned above the upper edges 29 and 30 of the side walls 6 and 7 of
      the body 2.
PAR  The ejector blade 9 is a simple structure riding on the wear or guide
      members 3 and 4 mounted on the bottom wall 5 at the sides of the body 2.
      The wear or rub members eliminate the need for rollers, guideways, or
      other guiding methods found in conventinal material ejection equipment.
      The illustrated ejection blade 9 includes a wall member extending between
      upper and lower feeding members 34 and 35 respectively. The ejection blade
      9 includes a plurality of spaced vertically extending stiffening or
      bracing members 36 each extending between the upper and lower frame
      members 34 and 35.
PAR  The ejection blade 9 includes wall means extending therefrom and defining
      the laterally spaced extensions 14 and 15 which are positioned adjacent
      the side walls 6 and 7 respectively. The extensions 14 and 15 are
      positioned adjacent the side edges 31 and 32 respectively of the ejection
      blade 9 and each of the extensions 14 and 15 includes a bottom wall
      defining the respective bearing member 8 for slidingly engaging a
      respective one of the wear or guide members 3 and 4.
PAR  Each of the extensions 14 and 15 includes laterally spaced side walls 38
      and 39 each extending upwardly from respective opposite sides of the
      respective bottom wall or bearing member 8. The side walls 38 and 39 each
      have a front end suitably secured to the wall member or portion of the
      ejection blade 9 and the side walls 38 and 39 each have a rear end spaced
      rearwardly of the wall member of the ejection blade 9. One of the side
      walls, for example side wall 38, is positioned in close proximity to and
      in facing relation with a respective adjacent side wall of the body 2. The
      side wall 38 of each of the extension 14 and 15 has an upper edge 40
      positioned above an upper edge 41 of the other side wall 39. The upper
      edges 40 and 41 of the side walls 38 and 39 are each inclined downwardly
      and rearwardly from the ejection blade 9.
PAR  The extensions 14 and 15 each include an end wall 42 extending upwardly
      from the bottom wall or bearing member 8 thereof and the end wall 42 is
      suitably connected to the rear end of each of the side walls 38 and 39 and
      to the bottom wall or bearing member 8, as by welding. The end wall 42 of
      each of the compartments 14 and 15 is engageable with the material in the
      body 2 and is operative to move same during movement of the ejection blade
      9 toward the rear end 11 of the body 2.
PAR  The extensions 14 and 15 each include a top wall 43 extending between and
      connected to the upper edges 40 and 41 of the side walls 38 and 39
      respectively and to the end wall 42 and the wall member of the ejection
      blade 9. The top wall 43 thereby slopes from the upper edge 40 of the side
      wall 38 to the upper edge 41 of the other side wall 39 and the slope is at
      an angle to cooperate with the downwardly and rearwardly slope of the top
      wall 43 such that material being placed on the top wall 43 will flow from
      the top wall 43 and toward the bottom wall 5 of the body 2.
PAR  The ejection blade 9 has laterally spaced openings therein each aligned
      with a respective one of the extensions of 14 and 15 and the side walls 38
      and 39 of each of the extensions 14 and 15 extend rearwardly from the
      ejection blade 9 whereby each of the extensions 14 and 15 has an open
      front for receiving a portion of the respective extensible member 12 and
      13 therein.
PAR  The extensible members 12 and 13 are inclined and positioned adjacent the
      side walls 6 and 7 of the body 2 and thereby prevent excessive columnar
      bending or shock stress and the extensible members 12 and 13 each are
      provided with free floating connections at opposite ends thereof to
      prevent binding of the ejection blade 9 in the body 2. The extensible
      members 12 and 13 each have one end thereof connected to the upper strut
      22 of the body 2. The extensible members 12 and 13 have the other end
      thereof received in the extensions 14 and 15 respectively with the other
      end of the extensible members 12 and 13 being connected to the wall means
      defining the respective extensions 14 and 15. The opposite ends of the
      extensible members 12 and 13 are free to move in a manner to avoid
      excessive columnar bending or shock stress.
PAR  The extensible members 12 and 13 each have the upper end thereof formed as
      a substantially planar member having a suitable aperture therethrough and
      adapted to receive a spherical bearing therein for a movable connection to
      the structural member 21. In the illustrated structure, wall members 44
      and 45 extend between the upper and lower struts 22 and 23 and are
      positioned in spaced relation with and adjacent the end members
      respectively. A suitable pin 46 is mounted in each of the wall members 44
      and 45 and the pin 46 extends to the respective adjacent end member 24 for
      having the upper end of the respective extensible members 12 and 13
      mounted thereon. One portion of the spherical bearing is rotatable about
      the pin 46 and an other portion of the spherical bearing and the upper end
      of the respective extensible member is freely movable about the one
      portion of the spherical bearing.
PAR  The other end of the extensible members 12 and 13 is similarly connected to
      the walls defining the extensions 14 and 15 respectively and the other end
      of the extensible members 12 and 13 is positioned rearwardly of the
      ejection blade 9 and adjacent the respective bottom wall or bearing member
      8 whereby the extensible members 12 and 13 are each inclined to exert a
      downwardly force on the ejection blade 9. The connection of the upper end
      of the extensible members 12 and 13 to the structural member 12 and the
      connection of the lower end to the walls defining the extensions 14 and 15
      respectively at a point spaced rearwardly of the ejection blade 9 is such
      that there is less space between the ejection blade 9 and the upper end of
      the extensible members 12 and 13 than the length of the extensible members
      12 and 13 when in a retracted position with the ejection blade 9 being
      movable to close the front or forward end 10 of the body 2.
PAR  The illustrated connection of the other or lower end of each of the
      extensible members 12 and 13 to the walls defining the extensions 14 and
      15 respectively includes laterally spaced wall members 47 and 48
      positioned in each of the extensions 14 and 15. The wall members 47 and 48
      are suitably secured to and extend upwardly from the bottom wall or
      bearing member 8 and are positioned between the side walls 38 and 39 of
      the respective extensions 14 and 15. A bracing member 49 extends between
      the side walls 38 and 39 of each of the extensions 14 and 15 and has the
      wall members 47 and 48 secured thereto. The wall members 47 and 48 have a
      pin 50 extending therebetween and adapted to extend through a suitable
      bearing in the other end of the respective extensible members 12 and 13 in
      a manner similar to the connection of the upper ends thereof to the
      respective pin 46.
PAR  The extensible members 12 and 13 have control means operatively connected
      thereto and operative to extend and retract the extensible members 12 and
      13 at substantially the same rate whereby the ejection blade 9 is
      maintained in a position substantially transverse of the body 2 during
      movement of the extensible blade 9 by the extensible members 12 and 13.
PAR  The control means are operative to meter hydraulic fluid to the extensible
      members 12 and 13 in such a manner that the load moved by the blade 9 is
      substantially the same and in the event of an uneven loading the amount of
      fluid delivered to the respective extensible members 12 and 13 corresponds
      to the load to be moved thereby. The hydraulic system is thereby balanced
      to extend and retract the extensible members 12 and 13 without binding or
      excessive side loading.
PAR  The front or forward end 10 of the body 2 is open except for the structural
      member 21 and struts 22 and 23 thereof and the extensible members 12 and
      13 are adapted to move the ejection blade 9 into a position to effect a
      closure of the front or forward end 10 of the body 2 when the extensible
      members 12 and 13 are each in a retracted position and thereby maintain
      the lower edge of the ejection blade 9 in engagement with the body wall 5
      of the body 2 and the bearing member 8 in engagement with the respective
      wear or guide members 3 and 4.
PAR  The tailgate 16 is positioned at the rear end 11 of the body 2 and extends
      between the side walls 6 and 7 of the body 2. The tailgate 16 has an upper
      edge 52 substantially coplanar with the upper edges 29 and 30 of the side
      walls 6 and 7 of the body 2. The tailgate 16 has opposite ends thereof
      hingedly mounted on the side walls 6 and 7 adjacent the upper edges 29 and
      30 respectively thereof.
PAR  The tailgate 16 is adapted to be retained in a closed position during
      transporting the material within the body 2 and is adapted to be opened by
      the material when the material is being moved toward the rear end 11 of
      the body 2 and to be engaged by the end wall 42 of each of the
      compartments 14 and 15 to open the tailgate 16 and maintain same open
      during movement of the ejection blade 9 toward the rear end 11 of the body
      2. The tailgate 16 has pins 53 and 54 extending outwardly from respective
      opposite ends of the tailgate 16 and adjacent a lower edge 55 of the
      tailgate 16 for a purpose later described. The body 2 has means mounted
      thereon and selectively engageable with the tailgate 16 to retain same in
      a closed position and to permit the tailgate 16 to be moved to an open
      position.
PAR  In the disclosed embodiment, an elongated rod 56 is rotatably supported on
      the rear end 11 of the body 2, as by a plurality of spaced brackets, and
      the elongated rod 56 has keeper hooks 57 and 58 on opposite ends thereof
      and engageable with the pins 53 and 54 respectively extending from the
      ends of the tailgate 16. An extensible member 59 is operatively connected
      to the elongated rod 56 to move the hooks 57 and 58 thereon around the
      pins 53 and 54 respectively to hold the tailgate 16 in a closed position
      and to move the hooks 57 and 58 out of engagement with the pins 53 and 54
      respectively.
PAR  In using a material carrying vehicle as illustrated and described, the
      ejection blade 9 is moved to a position closing the forward end 10 of the
      body 2. The extensible member 59 is operated to move the hooks 57 and 58
      to a position to hold the tailgate 16 in a position closing the rear end
      11 of the body 2. The desired bulk material is then placed in the body 2.
      The vehicle 1 is driven to the desired unloading site and the extensible
      member 50 is operated to move the hooks 57 and 58 out of engagement with
      the pins 53 and 54. The extensible members 12 and 13 are operated to move
      at substantially the same rate thereby moving the ejection blade 9 towards
      the rear end 11 and moving the side edges 31 and 32 thereof at
      substantially the same rate. Movement of the extensible members 12 and 13
      and the ejection blade 9 moves the bulk material outwardly through the
      rear end 11 of the body 2 with the tailgate 16 riding on the material as
      same is being moved out the rear end 11. The rear end wall 42 of each of
      the compartments 14 and 15 engages the tailgate 16 to thereby maintain
      same in an open position during ejection of the material from the body 2.
      During movement of the ejection blade 9, the lower edge of a material
      moving portion 9' is spaced above in close proximity to the bottom wall 5
      of the body 2 and the bottom wall or bearing member 8 of each of the
      extensions 14 and 15 is moved in sliding engagement with the wear members
      3 and 4 respectively.
PAR  FIG. 8 illustrates a free floating mounting for each end of the extensible
      members 12 and 13. A bearing 60 is retained in an end portion 61 of the
      respective extensible member 12 or 13. The end portion 61 has a shoulder
      62 engaged by an outer race 63 and thereby retain same in the end portion
      61. The bearing 60 has an inner race 64 mounted on the respective pin 46
      or 50 whereby the end portion 61 of the respective extensible member 12 or
      13 may move relative to the respective pin 46 or 50 without binding or
      applying excessive stress to the respective extensible member.
PAR  It is to be understood that while we have illustrated and described one
      form of our invention it is not to be limited to the specific form or
      arrangement of parts herein described and shown.
CLMS
STM  What we claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A material carying vehicle comprising:
PA1  a. an elongated mobile body having a forward end and a rear end and having
      a bottom wall and laterally spaced side walls extending upwardly from the
      bottom wall to define a generally channel shaped structure having an open
      top;
PA1  b. first and second laterally spaced elongate wear members mounted on the
      bottom wall of said body;
PA1  c. an ejection blade within said body and having an upper edge and a lower
      edge and opposite side edges, said ejection blade being transverse of said
      body and having each of the side edges thereof in close proximity to a
      respective one of said side walls of said body;
PA1  d. spaced first and second elongate bearing plates on said ejection blade
      and each extending longitudinally of and slidingly engaging a respective
      one of said wear members to movably support said ejection blade with the
      lower edge thereof in close proximity to said bottom wall of said body;
      and
PA1  e. first and second laterally spaced extensible members each having one end
      thereof connected to said body adjacent the forward end thereof in
      upwardly spaced relation to said bottom wall, said extensible members each
      having the other end thereof connected to said ejection blade adjacent
      respective bearing plates thereof with said extensible members being
      inclined downwardly from the forward end toward said ejection blade, said
      connections of said extensible members with the body and with the ejection
      blade being by free floating mounting with the guiding and support of the
      ejection blade being the bearing plates on the wear members and the
      connections to the extensible members for an absence of binding in
      movement of the ejection blade.
NUM  2.
PAR  2. A material carrying vehicle as set forth in claim 1 wherein:
PA1  a. said body includes a structural member at the forward end thereof and
      extending between said side walls and positioned adjacent the top of said
      body;
PA1  b. said structural member has means supporting thereon a first and a second
      mounting pin;
PA1  c. the one end of each of said extensible members has means engaging a
      respective one of said pins on said structural member for substantially
      free movement of said one end of said respective extensible member about
      said respective pin;
PA1  d. said ejection blade has means adjacent the lower edge thereof supporting
      a first and a second mounting pin; and
PA1  e. the other end of each of said extensible members has means engaging a
      respective one of said pins on said ejection blade for substantially free
      movement of said other end of said respective extensible member about said
      respective pin whereby said extensible members are each inclined to exert
      a downward force on said ejection blade.
NUM  3.
PAR  3. A material carrying vehicle as set forth in claim 1 wherein:
PA1  a. said body includes a structural member at the forward end thereof and
      extending between said side walls and positioned adjacent the top of said
      body;
PA1  b. said structural member has means supporting thereon a first and a second
      mounting pin;
PA1  c. the one end of each of said extensible members has means engaging a
      respective one of said pins on said structural member for substantially
      free movement of said one end of said respective extensible member about
      said respective pin;
PA1  d. said ejection blade has means adjacent the lower edge thereof supporting
      a first and a second mounting pin;
PA1  e. the other end of each of said extensible members has means engaging a
      respective one of said pins on said ejection blade for substantially free
      movement of said other end of said respective extensible member about said
      respective pin whereby said extensible members are each inclined to exert
      a downward force on said ejection blade; and
PA1  f. said extensible members each have control means operatively connected
      thereto and operative to extend and retract each of said extensible
      members at substantially the same rate whereby said ejection blade is
      maintained in a position substantially transverse of said body during
      movement thereof by said extensible members.
NUM  4.
PAR  4. A material carrying vehicle as set forth in claim 1 wherein:
PA1  a. said elongate wear members are substantially for the length of said
      bottom wall;
PA1  b. said bearing plates have the major length thereof rearwardly of the
      ejection blade;
PA1  c. said connection of said other end of the extensible members to the
      ejector blade being adjacent rear portions of the bearing plates;
PA1  d. said ejector blade having a main portion and rearwardly extending wall
      portions cooperating with the bearing plates to enclose portions of the
      extensible members rearwardly of the main portion of the ejector blade.
NUM  5.
PAR  5. A material carrying vehicle comprising:
PA1  a. an elongated mobile body having a forward end and a rear end and having
      a bottom wall and laterally spaced side walls extending upwardly from the
      bottom wall to define a generally channel shaped structure having an open
      top, said side walls each having an upper edge;
PA1  b. a tailgate positioned at the rear end of said body and sized to close
      same, said tailgate being mounted to selectively open and close the rear
      end of said body;
PA1  c. first and second laterally spaced elongate wear members mounted on the
      bottom wall of said body, said wear members each being positioned adjacent
      a respective one of said side walls of said body and extending for
      substantially the length thereof;
PA1  d. an ejection blade with said body and having an upper edge and a lower
      edge and opposite side edges, said ejection blade being transverse of said
      body and having each of the side edges thereof in close proximity to a
      respective one of said side walls of said body, the upper edges of said
      ejection blade being above the upper edge of each of said side walls of
      said body;
PA1  e. spaced first and second elongate bearing plates on said ejection blade
      and each extending longitudinally of and slidingly engaging a respective
      one of said wear members to movably support said ejection blade with the
      lower edge thereof in close proximity to said bottom wall of said body,
      said bearing plates each being positioned adjacent a respective one of the
      opposite side edges of said ejection blade with the major length of said
      bearing plates being rearwardly of said ejection blade;
PA1  f. first and second laterally spaced extensible members each having one end
      thereof connected to said body adjacent the forward end thereof in
      upwardly spaced relation to said bottom wall, said extensible members each
      having the other end thereof connected to said ejection blade adjacent
      respective bearing plates thereof with said extensible members being
      inclined downwardly from said forward end toward said ejection blade, said
      connections of said extensible members with the body and with the ejection
      blade being by free floating mounting with the guiding and support of the
      ejection blade being the bearing plates on the wear members and the
      connections to the extensible members for an absence of binding in
      movement of the ejection blade; and
PA1  g. means mounted on said body and operatively connected to said tailgate
      for selectively releasing same for movement from a closed position to an
      open position.
NUM  6.
PAR  6. A material carrying vehicle as set forth in claim 5 wherein:
PA1  a. said body includes a structural member at the forward end thereof and
      extending between said side walls and positioned adjacent the top of said
      body whereby a major portion of the forward end of said body is open;
PA1  b. said structural member has means supporting thereon a first and a second
      mounting pin;
PA1  c. the one end of each of said extensible members has means engaging a
      respective one of said pins on said structural member for substantially
      free movement of said one end of said respective extensible member about
      said respective pin;
PA1  d. said ejection blade has means adjacent the lower edge thereof supporting
      a first and a second mounting pin; and
PA1  e. the other end of each of said extensible members has means engaging a
      respective one of said pins on said ejection blade for substantially free
      movement of said other end of said respective extensible member about said
      respective pin whereby said extensible members are each inclined to exert
      a downward force on said ejection blade.
NUM  7.
PAR  7. A material carrying vehicle as set forth in claim 5 wherein:
PA1  a. said body includes a structural member at the forward end therefor and
      extending between said side walls and positioned adjacent the top of said
      body whereby a major portion of the forward end of said body is open;
PA1  b. said ejection blade is sized to effect a closure of the formed end of
      said body when said extensible members are each in a retracted position;
PA1  c. said structural member has means supporting thereon a first and a second
      mounting pin;
PA1  d. the one end of each of said extensible members has means engaging a
      respective one of said pins on said structural member for substantially
      free movement of said one end of said respective extensible member about
      said respective pin;
PA1  e. said ejection blade has means adjacent rear portions of the bearing
      plates supporting a first and a second mounting pin;
PA1  f. the other end of each of said extensible members has means engaging a
      respective one of said pins on said ejection blades for substantially free
      movement of said other end of said respective extensible member about said
      respective pin;
PA1  g. said ejection blade having rearwardly extending wall portions
      cooperating with the bearing plates to enclose portions of the extensible
      members that are rearwardly of said ejection blade.
NUM  8.
PAR  8. A material carrying device as set forth in claim 7 wherein:
PA1  a. said extensible members each have control means operatively connected
      thereto and operative to extend and retract each of said extensible
      members at substantially the same rate whereby said ejection blade is
      maintained in a position substantially transverse of said body during
      movement thereof by said extensible members; and
PA1  b. said means for moving said tailgate being operatively connected to said
      control means for being extensible members in a manner to release said
      tailgate for opening movement before said extensible members begin to move
      said ejection blade rearwardly.
NUM  9.
PAR  9. A material carrying vehicle comprising:
PA1  a. an elongated mobile body having a forward end and a rear end and having
      a bottom wall and laterally spaced side walls extending upwardly from the
      bottom wall to define a generally channel shaped structure having an open
      top;
PA1  b. first and second laterally spaced wear members mounted on the bottom
      wall of said body;
PA1  c. an ejection blade within said body and having an upper edge and a lower
      edge and opposite side edges, said ejection blade being transverse of said
      body and having each of the side edges thereof in close proximity to a
      respective one of said side walls of said body;
PA1  d. spaced first and second bearing plates on said ejection blade and each
      slidingly engaging a respective one of said wear members to movably
      support said ejection blade with the lower edge thereof in engagement with
      said bottom wall of said body;
PA1  e. first and second laterally spaced extensible members each having one end
      thereof connected to said body at the forward end thereof, said extensible
      members each having the other end thereof connected to said ejection
      blade, said connections of said extensible members with the body and with
      the ejection blade being by free floating mounting for an absence of
      binding in movement of the ejection blade;
PA1  f. said body includes a structural member at the forward end thereof and
      extending between said side walls and positioned adjacent the top of said
      body;
PA1  g. said structural member has means supporting thereon a first and a second
      mounting pin;
PA1  h. the one end of each of said extensible members has means engaging a
      respective one of said pins on said structural member for substantially
      free movement of said one end of said respective extensible member about
      said respective pin;
PA1  i. said ejection blade has means adjacent the lower edge thereof supporting
      a first and a second mounting pin;
PA1  j. the other end of each of said extensible members has means engaging a
      respective one of said pins on said ejection blades for substantially free
      movement of said other end of said respective extensible member about said
      respective pin whereby said extensible members are each inclined to exert
      a downward force on said ejection blade;
PA1  k. said means on said ejection blade for supporting the first and second
      mounting pins comprises first and second extensions;
PA1  l. said extensions each comprise:
PA2  1. laterally spaced side walls each extending upwardly from the respective
      bearing plate of said ejection blade;
PA2  2. an end wall extending upwardly from the respective bearing plate and
      connected to each of said side walls; and
PA2  3. a top wall extending between and connected to each of said side walls;
PA1  m. said ejection blade has laterally spaced openings therein each aligned
      with a respective one of said extensions; and
PA1  n. said side walls of each of said extensions each extend rearwardly from
      said ejection blade whereby each of said extensions has an open front for
      receiving a respective one of said extensible members therein.
NUM  10.
PAR  10. A material carrying vehicle comprising:
PA1  a. an elongated mobile body having a forward end and a rear end and having
      a bottom wall and laterally spaced side walls extending upwardly from the
      bottom wall to define a generally channel shaped structure having an open
      top; said side walls each having an upper edge;
PA1  b. a tailgate positioned at the rear end of said body and sized to close
      same, said tailgate being mounted to selectively open and close the rear
      end of said body;
PA1  c. first and second laterally spaced wear members mounted on the bottom
      wall of said body, said wear members each being positioned adjacent a
      respective one of said side walls of said body;
PA1  d. an ejection blade within said body and having an upper edge and a lower
      edge and opposite side edges, said ejection blade being transverse of said
      body and having each of the side edges thereof in close proximity to a
      respective one of said side walls of said body, the upper edge of said
      ejection blade being above the upper edge of each of said side walls of
      said body;
PA1  e. spaced first and second bearing plates on said ejection blade and each
      slidingly engaging a respective one of said wear members to movably
      support said ejection blade with the lower edge thereof in engagement with
      said bottom wall of said body, said bearing plates each being positioned
      adjacent a respective one of the opposite side edges of said ejection
      blade and extending rearwardly therefrom;
PA1  f. first and second laterally spaced extensible members each having one end
      thereof connected to said body at the forward end thereof, said extensible
      members each having the other end thereof connected to said ejection
      blade, said connections of said extensible members with the body and with
      the ejection blade being by free floating mounting for an absence of
      binding in movement of the ejection blade;
PA1  g. means mounted on said body and operatively connected to said tailgate
      for selectively moving same between an open position and a closed
      position;
PA1  h. said body includes a structural member at the forward end thereof and
      extending between said side walls and positioned adjacent the top of said
      body whereby a major portion of the forward end of said body is open;
PA1  i. said structural member has means supporting thereon a first and a second
      mounting pin;
PA1  j. the one end of each of said extensible members has means engaging a
      respective one of said pins on said structural member for substantially
      free movement of said one end of said respective extensible member about
      said respective pin;
PA1  k. said ejection blade has means adjacent the lower edge thereof supporting
      a first and a second mounting pin;
PA1  l. the other end of each of said extensible members has means engaging a
      respective one of said pins on said ejection blade for substantially free
      movement of said other end of said respective extensible member about said
      respective pin whereby said extensible members are each inclined to exert
      a downward force on said ejection blade;
PA1  m. said means on said ejection blade for supporting the first and second
      mounting pins comprises first and second extensions;
PA1  n. said extensions each comprise:
PAR  1. laterally spaced side walls each extending upwardly from the respective
      bearing plate of said ejection blade, said side walls each having a rear
      end and a front end and an upper edge, the front end of each of said side
      walls being connected to said ejection blade, one of said side walls being
      in close proximity to and in facing relation with an adjacent side wall of
      said body, said one side wall having the upper edge thereof above the
      upper edge of said other side wall;
PA2  2. an end wall extending upwardly from the respective bearing plate and
      connected to each of said side walls; and
PA2  3. a top wall extending between and connected to each of said side walls
      whereby each of said extensions has an open front for receiving said
      respective extensible member, said top wall sloping from the upper edge of
      the said extension side walls to the upper edge of the other of said
      extension side walls;
PA1  o. said ejection blade has first and second laterally spaced openings
      therein each aligned with the open front of a respective one of said
      extensions; and
PA1  p. said side walls of each of said extensions each extend rearwardly from
      said ejection blade and said respective mounting pin is mounted on said
      side walls rearwardly of said ejection blade whereby the connections of
      said extensible members is rearwardly of said ejection blade.
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ABST
PAL  A vehicle of the "Volkswagen" minibus type with sliding side doors and rear
      engine drive has a tray-like subframe affixed centrally in a cut out
      portion of the main frame. The subframe has a front wall, a rear wall, one
      side wall and a planar bottom at a level well below the conventional floor
      level. A normally upstanding wheel chair ramp is pivoted to the bottom, on
      a fixed axis at the level thereof, in an opening in the opposite side wall
      of the rectangular subframe. The track for the side door has a section
      along the ramp. The lowered floor level brings the eyes of the patient
      down to window level.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has heretofore been proposed to provide vehicles with ramp means so that
      a wheel chair, boat, tractor or the like may be wheeled up the ramp onto
      the floor of the vehicle. Typical of such vehicles is that shown in U.S.
      Pat. No. 3,193,321 to Rose of July 6, 1965, where the ramp is simply the
      down swinging rear door of a horse trailer or the like. A similar down
      swinging rear door to a trailer is disclosed in U.S. Pat. No. 3,711,882 to
      Iller of Jan. 23, 1973.
PAR  However, these are special purpose vehicles and not passenger carrying
      vehicles of the automobile-bus type.
PAR  For such passenger carrying automobiles it has been proposed to provide a
      ramp for a side door wherein the ramp slides out from under the floor and
      rests on the door sill as in U.S. Pat. Nos. 1,717,303 and 1,884,513 to
      Barclay of June 11, 1929 and Oct. 25, 1932 respectively, the vehicles
      shown having the high rooves of the day and there being no problem of the
      patient seated in the wheel chair having his head strike the roof or being
      unable to see out the windows. A side door foldable ramp is disclosed in
      U.S. Pat. No. 3,651,965 to Simonelli of Mar. 28, 1972, which appears to be
      an elevator but the floor of the vehicle is at conventional height and the
      ramp is not fixed pivoted to the side edge of the floor.
PAR  In addition to the above, there are patents on vehicles having sliding side
      doors and lowered floor portions such as U.S. Pat. No. 1,777,966 to Fageol
      of Oct. 7, 1930, U.S. Pat. No. 2,233,181 to Quartullo of Feb. 25, 1941 and
      U.S. Pat. No. 2,480,047 to Reinhard of Aug. 23, 1949. However, these
      patents do not disclose a lowered floor portion between a driver's seat
      and passenger seats, the driver usually standing on the lowered floor
      while driving and there are no ramps associated with such vehicles.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is intended to permit a wheel chair occupant to be driven
      about in a Volkswagen minibus having sliding side doors, or in a similar
      vehicle of other manufacture, the wheel chair occupant being able to see
      out the windows while seated. The windows, driver's seat, passenger seats
      of the vehicle remain unaffected but the invention contemplates the
      removal of the central portion of the vehicle frame and the welding
      insertion therein of a rectangular tray-like subframe. The bottom of the
      subframe is planar from side to side of the vehicle at a level well below
      the level of the conventional floor so that a wheel chair occupant will be
      at the correct height to see the scenery through the vehicle windows.
PAR  An integral, one-piece, inverted U-shaped ramp is mounted on a fixed pivot,
      at the level of the side edge of the bottom, the ramp being normally
      upstanding but pivotable downwardly so that the free terminal tip is on
      the ground.
PAR  The gear shift control rod is sectionalized with universal joints to extend
      under the lowered bottom and permit changing of gears. A section of the
      track for the sliding door is fixed to the outside of the ramp to pivot
      downwardly therewith but to guide the closing door when the ramp is up.
      Limit switches and latches prevent the door from closing when the ramp is
      down and prevent the ramp from lowering inadvertently.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the side door, minibus having the
      lowered floor and pivoted ramp of the invention, the ramp being shown in
      dotted lines.
PAR  FIG. 2 is an enlarged perspective view showing the minibus of FIG. 1 with
      the door slid open, the lowered floor and the pivoted ramp in upstanding
      position.
PAR  FIG. 3 is a fragmentary detail perspective view showing the ramp pivoted
      downwardly in inclined position.
PAR  FIG. 4 is a fragmentary perspective view showing the ramp up and latched
      and showing the door track sectionalized.
PAR  FIG. 5 is a fragmentary detail view with parts broken away, showing the
      tray-like rectangular subframe of the lowered floor means affixed to the
      main frame of the vehicle.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As shown in the drawings, a typical "Volkswagen" minibus 30 includes a rear
      engine 31, rear driven wheels 32, a side door 33 slideable in a lower
      track 34. longitudinally 34, frame pieces 35 and 36 and a roof 37. The
      driver's seat 38, passenger seats 39, windows 41 and floor 42 are at
      conventional levels which allow a person sitting in the seats with feet on
      the floor to be able to see out of the windows. There is no drive shaft
      mound in the floor 42 but an elongated gear shift control rod 43 runs from
      the driver's compartment 44 horizontally under floor 42 to the gear box of
      the engine 31.
PAR  Wheel chair support means 45 is provided consisting of lowered floor means
      46 and wheel chair ramp means 47.
PAR  Lowered floor means 46 is located centrally of the vehicle 30, between the
      conventional driver's seat 38, and driver's compartment 44, and the
      conventional passenger seats 39. It includes a horizontal planar bottom or
      subfloor, 48 extending from side 49 to side 51 of the vehicle at a
      predetermined level well below the level of conventional floor 42.
PAR  Preferably lowered floor means 46 is of shallow rectangular tray-like
      configuration with four vertical side walls consisting of forward wall 52
      rearward wall 53, side wall 54 and side wall 55 (FIG. 5). Side wall 55 has
      an opening 56, forming a space between sections 57 and 58, the opening 56
      receiving the inner portion of ramp means 47.
PAR  The lowered floor means 46 also includes a subframe 61 comprising a
      plurality of laterally and longitudinally extending cross braces such as
      59 and 60, at a level below the level of bottom 48 which is supported
      thereon. Means 46 is welded, or otherwise affixed to the main frame pieces
      35 and 36 to retain the integrity of the frame while permitting the bottom
      48 to be at the lower level.
PAR  The ramp means 47 comprises a unitary one-piece bifurcated ramp 62, of
      inverted U-shaped configuration having a pair of legs 63 and 64 with free
      terminal ends 65 and 66 and a connecting bight 67. The bifurcated ramp 62
      is mounted on a fixed pivot 68 to the web 69 along the opening 56
      substantially at the level of bottom 48. Ramp 62 is normally in upstanding
      position, held by latch means 71 and preferably includes a track section
      72 on the outside thereof which pivots downwardly with the ramp, but
      connects with track sections 73 and 74 to permit the side door 33 to slide
      to closed position covering the ramp.
PAR  Preferably a safety element 76 is provided in the path of closing of door
      33, for holding the door in retracted, open position when ramp 62 is down.
      The raising of the ramp to normally upstanding position actuates a member
      75 in the path of the ramp to remove the element 76 from the path of the
      door, to permit it to close against spring pressure, to pivot latch 76 out
      of the path of the door.
PAR  Preferably also the sections 57 and 58 of wall 55 are double walled as at
      77 and 78 to lend additional strength in view of the opening 56 in the
      wall.
PAR  Gear shift control rod means 81 is also provided including a horizontal rod
      section 82 extending below the bottom 48 and preferably through apertures
      83 in the subframe 61. There are a pair of universal jointed rod sections
      84 and 85, one at each end of section 82 for connecting the driver's
      compartment to the gear box of engine 31.
PAR  It will be understood that this invention may be applied to a Volkswagen
      minibus, even if the vehicle is later manufactured with the engine in
      front and either a front wheel or a rear wheel drive. If such a vehicle
      then includes a longitudinal drive shaft, the drive shaft may be lowered
      in the same manner as in the Fageol U.S. Pat. No. 1,177,966, or by the use
      of a pair of universal joints as in the control rod herein. Similarly a
      conventional automotive bus or van, having side windows may be constructed
      in accordance with this invention by providing lowered floor means with a
      substantially planar bottom and an upstanding ramp mounted on a pivot at
      the level of the lowered bottom to pivot downwardly in a door opening.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a vehicle of the "Volkswagen minibus" type having at least one side
      door slideable in a lower track, and conventional height seats, windows
      and floor the combination of:
PA0  wheel chair support means on said vehicle, said means comprising:
PA1  lowered floor means, located between the conventional driver's seat and the
      conventional passenger seats within said vehicle, said lowered floor means
      including a side wall, an opposite side wall with a ramp opening and a
      planar bottom, said bottom extending from side to side of said vehicle at
      a predetermined level below the level of said conventional floor and
PA1  wheel chair ramp means, including a normally upstanding wheel chair ramp
      mounted on a fixed pivot located substantially at the lowered level of
      said planar bottom in the ramp opening in said side wall, for pivoting
      downwardly when the adjacent side door is slideably opened to an inclined
      position to support a wheel chair,
PA1  said wheel chair being supported at the level of said lowered bottom when
      wheeled up said ramp onto said bottom in order that the eyes of the
      occupant thereof will be at the level of the windows of said vehicle.
NUM  2.
PAR  2. A vehicle as specified in claim 1 where said lowered floor means
      includes a substantially vertical forward, rearward and one side wall
      connected to said conventional floor, but the other side wall includes a
      pair of spaced substantially vertical sections defining said ramp opening
      with the lower portion of said ramp occupying said ramp opening.
NUM  3.
PAR  3. A vehicle as specified in claim 2 wherein:
PA1  the said spaced upstanding sections are double walled with a double walled
      connecting web extending across the lower portion of the space
      therebetween to which said ramp is pivoted.
NUM  4.
PAR  4. A vehicle as specified in claim 1 wherein:
PA1  said ramp is bifurcated with a pair of opposite ramp legs, each adapted to
      support a wheel of a wheel chair, and an integral connecting portion
      proximate the pivoted end thereof and includes latch means on said lowered
      floor means, cooperable with said connecting portion for holding said ramp
      in normally upstanding position.
NUM  5.
PAR  5. A vehicle as specified in claim 1 wherein:
PA1  said lowerd floor means is of shallow rectangular tray-like configuration
      with three vertical walls and a fourth vertical wall cut away to
      accomodate said ramp
PA1  and includes a plurality of longitudinally and laterally extending cross
      braces, below the level of said bottom, for forming a subframe with said
      walls, integrally affixed to the main frame of said vehicle.
NUM  6.
PAR  6. A vehicle as specified in claim 1 wherein:
PA1  said lowered floor means is free of brackets, seats or other obstructions
      above the level of said planar bottom and includes a rectangular, shallow,
      tray-like subframe including lateral and longitudinal cross members, below
      the level of said planar bottom said subframe being welded to the main
      frame of said vehicle to replace portions removed therefrom to receive
      said floor means.
NUM  7.
PAR  7. A vehicle as specified in claim 1 plus
PA1  gear shift control rod means extending under said bottom, including a rod
      section extending longitudinally of said planar bottom and a pair of
      universal jointed rod sections, each at an opposite end of said rod
      section for enabling control of the gear box of said vehicle from the
      driver's area thereof.
NUM  8.
PAR  8. A vehicle as specified in claim 6 plus:
PA1  gear shift control rod means including a rod section extending
      longitudinally under said bottom, and through apertures in said subframe,
      and a pair of universal jointed rod sections connecting said rod section
      with said connecting gear shift control rod.
NUM  9.
PAR  9. A vehicle as specified in claim 1 wherein:
PA1  said lowered floor means and said ramp means support said lower track, said
      lower track having a section thereof fixed to the outside of said ramp to
      pivot downwardly therewith, said section guiding said side door when said
      ramp is up and said door is being closed.
NUM  10.
PAR  10. A vehicle as specified in claim 1 plus
PA1  safety means in the path of movement of the ramp operable to control the
      opening and closing of the vehicle door,
PA1  whereby said door cannot close if the ramp is down.
NUM  11.
PAR  11. In a vehicle of the Volkswagen minibus type having engine in rear, rear
      wheel drive, sliding side doors with tracks therefor, conventional height
      seats and floor and controls extending under said floor to said engine and
      rear wheels the combination of:
PA1  wheel chair support means, said means comprising:
PA1  a lowered floor means, located between the driver's seat and the passenger
      seats of said vehicle, said means having a planar bottom, below the level
      of said conventional floor and extending from side to side of said
      vehicle,
PA1  gear shift control rod means, extending under said bottom, including a pair
      of universal joint sections and a horizontal section therebetween;
PA1  and ramp means, including a wheel chair ramp mounted on a fixed pivot
      substantially at the level of said bottom and normally extending upwardly
      therefrom, said ramp having a section of one of said sliding door tracks
      thereon,
PA1  whereby said sliding door may be closed along said track section when said
      ramp is in normal upward position and said ramp may be lowered for
      supporting a wheel chair when said sliding door is in open position.
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ABST
PAL  A pivotally disposable digging-loading bucket for use with earth moving
      machines comprises a vehicle, a bucket defining a standard cutting edge,
      and first and second end-wall members; one of said end-wall members being
      disposed on an attitude angled outwardly of the other end-wall member, and
      defining a stinger-bit cutting edge thereon. The bracket member is
      pivotable to bring the standard cutting edge into engagement with a work
      surface and pivotable to bring the stinger-bit cutting edge into
      engagement with the work surface, and may be locked in a chosen pivotal
      attitude.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a digging-loading bucket defining a plurality of
      cutting edges; which bucket is pivotally disposable so as to permit
      engagement of the chosen cutting edge with a work surface; means to so
      pivotally dispose the bucket, and means to lock the bucket in the chosen
      pivotal attitude.
PAR  Certain well-known earth moving machines utilize digger-loader buckets to
      dig and load soil onto other vehicles; some of these machines utilize
      stinger-bit configurations on selectively engageable cutting edges to
      dislodge exceptionally compacted soils. These stinger-bit configurations
      include any one of several well-known means to selectively engage the
      stinger-bit means with the work surface.
PAR  Conventionally, in order to dislodge especially compacted soils,
      succeedingly larger digging machines or machines equipped with well-known
      stinger-bit means are brought to the work surface until sufficient ground
      engaging force can be concentrated to dislodge, for example, virgin soil.
      This, however, is an inefficient method, and has the undesirable effect of
      increasing costs of accomplishing various construction projects. (See
      generally: U.S. Pat. No. 3,238,648 to Cobb et al.)
PAR  Certain other side-dump loader buckets are utilized but could not be of
      general use since they could not be engaged in end-wall cutting. (See U.S.
      Pat. Nos. 2,924,345 to Bodin and 3,182,831 to Bergmann.)
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  The object of this invention, therefore, is to provide an effective and
      readily positionable bucket with both standard cutting edge and
      stinger-bit cutting edge to dislodge compacted soils.
PAR  In accordance with such object, this invention provides a bucket defining a
      plurality of cutting edges, one of said cutting edges defining a
      stinger-bit cutting edge, and a device to pivotally dispose said bucket,
      and means to selectively positionally lock the bucket in a chosen pivotal
      attitude.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects of this invention will become apparent from the following
      description and accompanying drawings wherein:
PAR  FIG. 1 is a longitudinal view of the invention demonstrating the preferred
      embodiment of the invention;
PAR  FIG. 2 is an anterior view of the bucket, the mounting bracket and the
      longitudinal support means (only partly shown) demonstrating the bucket
      disposed so as to engage the standard cutting edge with the work surface,
      and further demonstrating the outwardly angled disposition of the end-wall
      members, and defining the stinger-bit cutting edge thereon; and
PAR  FIG. 3 is an anterior view of the apparatus of FIG. 2, wherein the
      stinger-bit cutting edge is disposed to engage the work surface.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, an earthmoving machine 10 includes a conventional
      crawler-type operator controlled prime mover vehicle 12, and lift linkage
      14 comprising rigid parallel lift arms 16 (only one shown) laterally
      disposed on a longitudinal axis of the vehicle 12 and positionally
      adjustably connected to support towers 18 (only one shown) mounted
      thereto.
PAR  A mounting bracket 20 is pivotally and supportingly attached at its upper
      extremity to two laterally disposed link arms 22 (only one shown in FIG.
      1) of a tilt linkage mechanism 24 by pins 26, and to lift arms 16 at their
      lower extremity by pins 28.
PAR  The lift arms 16 are selectively vertically positionable by means of
      hydraulic jacks 30 (only one shown) movably attached generally
      intermediate the ends of the lift arms 16 and the support towers 18 on a
      longitudinal axis thereof to position a digging-loading bucket 32
      vertically. The bucket 32 is selectively positionally disposable about a
      forward and rearward tilt axis relative to pins 28 by means of hydraulic
      jacks 34 (only one shown) movably attached to the tilt linkage mechanism
      24 and support towers 18 on a longitudinal axis thereof.
PAR  To assure satisfactory stability and durability for bucket 32, mounting
      means 36 associated with bracket 20 and bucket 32 are provided. The
      mounting means 36 comprise a large-diameter-bearing means 38 connected to
      bucket 32 and having an inner surface defining a bore. Such bore accepts a
      centrally disposed retaining pin 40 in a pivotal relationship to retain
      bucket 32 on mounting bracket 20 during the digging-loading operation. The
      bearing means 38 serve to aid in withstanding high radial loads, and pin
      40 operates to retain the bucket 32 axially to bracket 20. Through said
      mounting means 36 the bucket 32 is pivotable about a pivot axis determined
      by pin 40.
PAR  Means to selectively positionally lock the bucket 32 in a chosen pivotal
      attitude are included. Such means comprise a coupling member 42 formed
      integrally with bearing 36 and defining a plurality of bores 44. The
      mounting bracket 20 defines one or more bores 46 which may be aligned with
      one or more respective bores 44 in the coupling member 42, upon rotation
      of the bucket 32 about the pivot axis determined by pin 40. A lock pin 48
      (or pins) may be disposed in such aligned bores 44 and 46, respectively,
      to retain bucket 32 in a chosen pivotal attitude.
PAR  One alternative pivotally disposing and locking means would substitute a
      lever arm for coupling member 42 and would provide complimentary hydraulic
      actuating means having a locking capacity and suitable mechanism controls
      in the operator's station of the vehicle 12.
PAR  As will be seen in the anterior of FIGS. 2 and 3, the bucket 32 comprises
      first and second end-wall members, 50 and 52, respectively; one of said
      end-wall members 52 defining a stinger-bit cutting edge 54 thereon and
      describing an outward slope angle relative to the other of said end-wall
      members 50 in the direction of the stinger-bit cutting edge 54. The bucket
      32 further describes a generally convexo-concave body portion 55 and
      defines a standard cutting edge 56.
PAR  The pivot axis of bucket 32 is positioned to allow pivoting of the bucket
      32 to allow engagement of the standard cutting edge 56 with a work
      surface, and to allow pivoting of the bucket 32 to allow engagement of the
      stinger-bit cutting edge 54 with the work surface.
PAR  The mounting means 36, comprising bearing means 38 and pin 40, is situated
      generally intermediate the end-wall members 50 and 52, respectively. The
      standard cutting edge 56 of bucket 32 thus extends substantially equally
      from the mounting means 36 on either side thereof to provide balanced
      cutting force during engagement of either of the cutting surfaces 54 and
      56, respectively, with a work surface. Consequently, equal loading of the
      motive means of the vehicle 12 results; thus eliminating the tendency for
      the loader 10 to lose directional control as a result of unbalanced
      engagement of one of said surfaces 54 and 56, respectively, with the work
      surface. Sufficient ground clearance to pivotally dispose the bucket 32 on
      a pivot axis relative to pin 40 is accomplished by means of lift linkage
      14. Pivotal disposition of bucket 32 is accomplished by means of mounting
      means 36 wherein the bucket 32 is pivoted by means of bearing 38
      cooperating with pin 40 in the above-described pivotal relationship.
PAR  Means to selectively positionally lock the bucket 32 in a chosen pivotal
      attitude comprise the locking mechanism herein before described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with an earthmoving machine including a vehicle having a
      bucket which includes a standard cutting edge and means interconnecting
      the bucket and said vehicle, the improvement comprising:
PA1  mounting means associated with said bucket and means interconnecting the
      bucket and vehicle to permit earthmoving operations of the vehicle, said
      mounting means comprising a bracket operatively connected with the
      vehicle, bearing means secured to the bucket and defining a bore, and a
      retaining pin member secured to the bracket and accepted in said bore and
      engaging said bearing means, so that the bucket may be rotated about an
      axis of rotation defined by the retaining pin member;
PA1  the bucket further comprising first and second end-wall members, one of
      said end-wall members defining a second cutting edge thereon;
PA1  the axis of rotation being positioned to allow rotation of the bucket to a
      position wherein engagement of the standard cutting edge with a work
      surface is allowed, and to allow rotation of the bucket to a substantially
      different position wherein engagement of the second cutting edge with said
      work surface is allowed;
PA1  the mounting means serving to securely mount the bucket to permit the
      earthmoving operations in both rotative positions; and,
PA1  means for positionally selectively locking the bucket in both rotational
      positions.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the means for positionally selectively
      locking the bucket in a chosen rotational attitude comprise:
PA1  a coupling member mounted relative to the bearing and defining a plurality
      of bores, and a lock pin positionable in any one of said bores defined by
      the coupling member and a bore defined by the bracket.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said second cutting edge comprises a
      stinger-bit cutting edge.
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ABST
PAL  The method of controlling the packing action of a rear loader type refuse
      truck of the type that includes a packer body provided with a load
      receiving opening and a movable packer blade means cycled through said
      body for packing refuse therein. The method is characterized by applying a
      main power flow of fluid energy to actuate the packer blade, and a signal
      flow of fluid energy to control the power flow with various safety, split
      cycle, and continuous cycle operational advantages.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to refuse handling equipment and more particularly
      to rear load type refuse trucks provided with a novel method for
      controlling the packing blade apparatus of such vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  In general the refuse trucks to which the methods of the present invention
      are applicable include a body comprising a forward refuse receiving body
      portion and a rear body portion communicating with said forward body
      portion, with the rear body portion being provided with a novel packer
      blade and associated control apparatus which are uniquely operated in
      accordance with the present method.
PAR  The packer blade is pivotally mounted on a carriage that is arranged to
      reciprocate on an inclined track means so as to load and pack the forward
      body portion and the blade and carriage are respectively actuated by
      separate hydraulic cylinders which are in turn controlled in a novel
      manner so as to operate the carriage and the blade through successive
      cycles.
PAR  In accordance with the present invention the above mentioned hydraulic
      cylinders are driven by pressurized hydraulic fluid from a power flow
      circuit which is in turn controlled by a signal flow or servo fluid
      circuit which is preferably operated at lower fluid pressures as compared
      to the power flow circuit.
PAR  As another aspect of the present invention the above mentioned signal flow
      circuit is provided with an emergency stop apparatus which permits the
      operator to instantly and positively arrest movement of the packer blade
      during any portion of the packing cycle.
PAR  As another aspect of the present invention the control circuit is adapted
      to provide a novel "split cycle" type of operation for the packing blade
      whereby the circuit automatically arrests the blade prior to its arrival
      at a pinch point with the bottom of the loading opening.
PAR  As another aspect of the present invention, the above mentioned signal flow
      circuit is provided with a holding circuit for the manual actuator which
      holding circuit permits manual reactuation of the packer blade after the
      control circuit has automatically arrested the blade just prior to its
      arrival at a pinch point of the packer blade with respect to the loading
      opening thereby completing the cycle of the packing blade.
PAR  It is therefore an object of the present invention to provide a novel
      method for operating the packer blade of a refuse truck which includes a
      main power flow of fluid energy and as associated signal flow of fluid
      energy with the latter serving to control the former so as to provide
      novel safety features and control functions.
PAR  It is another object of the present invention to provide a novel method for
      operating the packer blade of a refuse truck which includes a main power
      flow fluid circuit and an associated signal flow circuit with the latter
      being operable at a relatively low pressure as compared to the power flow
      circuit.
PAR  It is another object of the present invention to provide a novel method for
      operating the packer blade of a refuse truck which permits the
      instantaneous and pressure forced emergency stopping of the packer blade
      during the portion of the packing cycle.
PAR  It is still another object of the present invention to provide a novel
      method for operating the packer blade of a refuse truck which method
      includes an optional hold-through control feature for manually completing
      the cycle of operation of the packing blade.
PAR  Further objects and advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings wherein preferred forms of embodiments of the invention are
      clearly shown.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial rear perspective view illustrating a rear loader type
      refuse truck adapted for operation in accordance with the method of the
      present invention;
PAR  FIG. 2 is a partial rear view, in broken section, showing the packer blade
      and carriage apparatus of the refuse truck of FIG. 1;
PAR  FIGS. 3 through 6 are side sectional views of the rear body portion and
      apparatus of FIG. 2, the section being taken along a vertical plane
      through the centerline of such body portion;
PAR  FIG. 7 is a diagrammatic view of the control system for the refuse machine
      of the preceding figures;
PAR  FIG. 8 is a second diagrammatic view of the control system for the refuse
      machine of the preceding figures;
PAR  FIG. 8-A is a diagrammatic view of a shuttle valve comprising a portion of
      the control system of FIG. 8;
PAR  FIG. 8-B is a second diagrammatic view of a shuttle valve comprising a
      portion of the control system of FIG. 8;
PAR  FIG. 9 is a third diagrammatic view of the control system for the refuse
      machine of the preceding figures;
PAR  FIG. 10 is a fourth diagrammatic view of the control system of the refuse
      machine of the preceding figures;
PAR  FIG. 11 through FIG. 13 are partial side elevational views of a rocker arm
      apparatus comprising a portion of the control apparatus of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring in detail to the drawings, FIGS. 1 and 2 illustrate a rear loader
      type refuse truck that includes a forward refuse receiving body portion
      indicated generally at 20 and a rear packer body portion indicated
      generally at 22. Rear body portion 22 is pivotally attached to the forward
      body portion 20 at a pivot 48, FIG. 4, and a hydraulic cylinder 21 is
      operatively connected between the forward and rear body portions at the
      pivots 23 and 25. Rear body portion 22 can be pivoted upwardly and away
      from front body portion 20 by extension of hydraulic cylinder 21 thereby
      permitting unloading of front body portion 20 after it has been packed
      with refuse.
PAR  With continued reference to FIG. 1, forward body portion 20 includes side
      walls 24, a top wall 26, a bottom wall 28 and a front wall 29 which define
      a refuse receptacle into which the packing apparatus on the rear body
      portion 22 functions to load and pack refuse.
PAR  Referring next to FIGS. 2 through 6, rear body portion 22 includes a
      carriage indicated generally at 68 which is mounted for reciprocation on
      inclined tracks 62 supported by side walls 30 of rear body portion 22.
PAR  Carriage 68 includes an upper shaft 60, the ends of which are provided with
      rollers 66 that run in track 62 and a lower shaft 58, the ends of which
      are provided with similar rollers 66 which also are mounted in the track.
PAR  Carriage 68 further includes outwardly extending brackets 46 which are
      pivotally attached to a pair of hydraulic carriage actuating or packing
      cylinders 40 at the pivot pins 47. The lower end of hydraulic cylinders 40
      are similarly pivotally attached to the side wall 30 of the rear body
      portion by the pivot pins 41 in brackets 44. It will now be understood
      that when carriage actuating cylinders 40 are pressurized in their upper
      chambers then cylinder rods 42 and carriage 68 are retracted downwardly
      and, conversely, when the other ends of the cylinders 40 are pressurized
      the cylinder rods and carriage will be extended upwardly.
PAR  With reference to FIGS. 2 through 6, a packing blade 50 includes collars 64
      which are pivotally mounted on shaft 58 and a blade actuating cylinder 52
      includes an inner end pivotally mounted on carriage 68 at upper shaft 60
      and an extendable arm 54, the outer end of which is pivotally connected to
      packer blade 50 at a pivotal connection 56. It will now be understood that
      when blade actuating cylinder 52 is pressurized so as to extend ram 54 the
      packing blade will be pivoted about lower shaft 58 from Position 2 to
      Position 3. Conversely when the other side of cylinder 52 is pressurized
      so as to withdraw ram 54, then packer blade 50 will be raised from
      Position 3 to Position 2.
PAR  It should be mentioned that the operators load refuse into the rear body
      portion 22 via a rear opening 34 such that the refuse is disposed on a
      bottom wall 36.
PAR  In general, when packing blade 50, just described, moves from Position 2 to
      Position 3, blade 50 will engage the refuse and, during a subsequent
      cycle, later to be described, when carriage actuating cylinder 40 is
      extended to raise carriage 68 from Position 3 to Position 4 then the
      refuse is further moved up into the previously described receptacle formed
      by forward body portion 20. As the forward body portion becomes filled the
      carriage actuating cylinders 40 serve to compress and pack the load.
PAC  OPERATION OF THE POWER FLOW CIRCUIT
PAR  Reference is next made to FIG. 7 which illustrates a power flow circuit for
      supplying pressurized fluid to the previously described packing cylinders
      40 and blade actuating cylinder 52. The initial position of the packing
      mechanism is shown in FIG. 6. During the first phase of the cycle of
      operation packing blade 50 moves from Position 4, FIG. 6, to Position 1,
      FIG. 3. At this time a power flow control vlave mechanism indicated
      generally at 240 causes the combined packing blade and carriage mechanism
      to move from Position 1 to Position 2, FIG. 4, at which point carriage 68
      automatically stops.
PAR  In the second phase of the cycle of operation power flow control valve 240
      is again actuated at which time the packing blade 50 will move from
      Position 2, FIG. 4, to Position 3 FIG. 5. At this time, power flow control
      valve 240 will automatically shift and the packing mechanism will move up
      the track 62 from Position 3 to Poisition 4 at which point it will
      automatically stop. This last motion is called the packing motion of the
      machine.
PAR  Actuation of power flow control valve 240 is provided by the control flow
      circuit shown in FIG. 8, which will be described later. In general the
      control flow circuit provides controlled low pressure flows of pressurized
      oil from flow divider 100, FIG. 8, for slave cylinders 158, 160, 162 and
      164 shown in FIG. 7 which shift spools 214 and 216 that in turn control
      the power flow.
PAR  Power flow control valve 240 consists of two power flow spools 214 and 216,
      FIG. 7. Control spool 216 is provided with a spool extension 221 on which
      is pivotally mounted a rocker bar 212 to the ends of which are connected
      pistons 200 and 202 of slave cylinders 158 and 160, respectively. The
      other end of power flow spool 216 carries a detent mechanism 220 which
      includes one detent 226 and a pressure actuated latch 284 which serves to
      latch spool 216 in its "out" position.
PAR  Power flow spool 214 consists of a spool extension 219 connected to a
      rocker arm 210 which is in turn connected to piston rods 206 and 204 of
      slave cylinders 164 and 162, respectively. The other end of power flow
      spool 214 carries detent mechanism 218. This mechanism has two detents,
      222 and 224, and a pressure actuated latch serves to hold the spool in
      either the "out" or the "in" position, depending on how actuated.
PAR  In FIG. 7, power flow control valve 240 is of the open center type and is
      shown in the neutral position. In such position of power flow valve 240
      the pressurized oil in line 272 flows directly through the valve to line
      274 and returns to tank 250. All cylinder ports are blocked in this
      position.
PAR  When the packing cycle is initiated by the control flow circuit by
      actuating master control valve 150, FIG. 8, as will be described later,
      pressurized oil is introduced into chambers 161, 165, 169, and 173 of
      slave cylinders 164, 162, 158 and 160, respectively. This causes piston
      rods 206, 204, 200 and 202 to move to the right as viewed in FIG. 7, thus
      extending spools 214 and 216 to their so-called outer position as shown in
      FIG. 12. Arriving at this position control spools 214 and 216 are locked
      therein by latches 282 and 284 entering detents 222 and 226, respectively.
PAR  With power flow control valve 240 in the outer position ths pistons of the
      slave cylinders are free to move. Oil flows through flow divider 100 and
      line 272, FIG. 8, and into line 272, FIG. 7. This pressurized oil flows
      through spool 216 and via line 270 through pivot check valve 248, lines
      264 and into the rod side of blade activating cylinder 52. This valve also
      drains the base side of blade actuating cylinder 52 to tank via lines 266
      through spool 216 and line 274 to tank 250. With spools 214 and 216 locked
      in the out position pressure oil is prevented from entering spool 214 by
      spool 216. Pressurizing the rod side of cylinder 52 causes piston rod 54
      to move to the right as shown in FIG. 7. This action in turn causes scoop
      50 to move from Position 4 as shown in FIG. 6 to Position 1 as shown in
      FIG. 3.
PAR  When blade 50 arrives at Position 1 oil pressure builds up causing pressure
      sensing latch 284 to retract thus permitting spool 216 to return to
      neutral position by the action of centering spring 236. When spool 216 is
      returned to this neutral position, pressurized oil will flow from line 272
      to spool 214 and then via line 254 through pilot check valve 246 line 252
      into the rod end of packing cylinder 40. At the same time the base side of
      packing cylinders 40 drains through line 258, spool 214 and line 274 back
      to tank 250.
PAR  Introducing pressure oil into the rod end of cylinders 40 causes piston
      rods 42 to retract. Since these rods are connected to carriage 68 this
      action causes carriage 68 and blade 50 to move from Position 1 as shown in
      FIG. 3 to Position 2 as shown in FIG. 4. When cylinders 40 are fully
      retracted oil pressure will again build up causing detent latch 282 to
      release spool 214 and spool 214 will be returned to neutral position by
      centering spring 232. This will complete the first half of the cycle since
      both control valves spools 214 and 216 are in neutral position and
      pressurized oil from line 272 is flowing directly through power flow
      control valve 240 to line 274 and thus to tank.
PAR  To initiate the second portion of the packing cycle the control flow
      circuit must again be activated by actuating master control valve 150,
      FIG. 8. This pressurizes chambers 163, 167, 171, and 175 of slave
      cylinders 164, 162, 158 and 160. This causes piston rods 206, 204, 200 and
      202 to move to the left as shown in FIG. 7 causing spools 214 and 216 of
      power flow control valve 240 to move to the "in" position shown in FIG.
      13. With spool 216 in the in position pressurized oil flows from line 272
      through spool 216 and via line 266 to the base end of blade actuating
      cylinder 52. Pressurized oil from line 266 also flows through pilot line
      268 and opens pilot check valve 248 thus permitting oil to drain from the
      rod end of blade actuating cylinder 52 through line 264, pilot check valve
      248, line 270, spool 216, and line 274 to tank 250.
PAR  With spool 216 in the in position, pressurized oil is blocked by spool 216
      from passing on to spool 214, with oil being introduced into the base end
      of blade actuating cylinder 52 which causes the blade 250 to move from
      Position 2, FIG. 4, to Position 3, FIG. 5. It must be noted at this time
      that spool 216 has no detent holding the spool in the in position. Spool
      216 must be maintained in the in position by continued actuation of
      control flow circuit so that chambers 171 and 175 of slave cylinders 158
      and 160 remain pressurized. This is accomplished by the operator actuating
      master control operating handle 159 of master control valve 150 as shown
      in FIG. 8.
PAR  When blade 50 reaches Position 3 as shown in FIG. 5 the operator may
      release master control operating handle 159 as shown in FIG. 8. This will
      permit spool 216, FIG. 7, to return to the neutral position by means of
      spring 234. Once spool 216 has returned to the neutral position pressure
      oil will flow through line 272, spool 216 and to spool 214. Since spool
      214 is still locked in the in position by detent 224 pressurized oil will
      flow through spool 214 via line 258 to the base end of packing cylinders
      40. Pressurized oil will also flow through line 256 thus opening pilot
      check valve 246 permitting oil to drain from the rod end of packing
      cylinders 40 through line 252, pilot check 246, line 254, spool 214 and
      into line 274 to tank 250. This action will cause carriage 68 and scoop 50
      to move from Position 3 as shown in FIG. 5 to position 4 shown in FIG. 6.
PAR  Once these components have arrived at Position 4 pressure will build up
      releasing pressure sensing detent 282 which permits spool 214 to return to
      neutral position. This completes the packing cycle of the machine.
PAC  OPERATION OF CONTROL FLOW CIRCUIT
PAR  Referring to FIG. 8, pump 262 delivers pressurized oil through line 280 to
      previously mentioned flow divider 100. As has been mentioned before, this
      flow divider by-passes the main portion of the oil through line 272 into
      power flow control valve 240.
PAR  The control flow circuit is provided with pressurized oil to flow divider
      100 through lines 102, 120, to emergency stop valve 122. With emergency
      stop valve 122 in the out position, with respect to actuator 124, the
      control flow of oil is provided to master control valve 150 via lines 126
      and 148. Master control valve 150 is a standard four-way, spring centered
      control valve with open center with pressurized oil flowing to tank when
      the valve is in its neutral position.
PAR  When master control operating handle 159 of valve 150 is actuated so that
      the spool of master control valve 150 is extended to its out position a
      relatively low pressure control flow of oil flows through line 132 to
      manifold 166. Manifold 166 simultaneously delivers control oil through
      lines 114 and 116 to chambers 165 and 173 of slave cylinders 162 and 160,
      respectively and through line 188, shuttle valve 177 and line 174 to
      chamber 161 of slave cylinder 164, and via line 192 to shuttle valve 176,
      line 118 to chamber 169 of slave cylinder 158 thus pressurizing all rod
      end chambers of slave cylinders 158, 160, 162 and 164 causing the piston
      rods to retract as previously described thereby moving spools 214 and 126
      to the out position as shown in FIG. 12.
PAR  At the same time the opposite chamber of slave cylinders 158, 160, 162 and
      164 are drained by various lines shown through manifold 168, line 144 to
      master control valve 150, thence through lines 146, 142, and 152 and to
      tank 250.
PAR  When master control operating handle 159 of master control valve 150 is
      actuated so that the spool is to the in position control flow is then
      reversed so that oil goes from line 148 through master control valve 150,
      line 144 to manifold 168. This pressurizes chambers 171, 175, 167 and 163
      of slave cylinders 158, 160, 162, and 164, respectively. The opposite
      chambers are drained by the lines previously described and through
      manifold 166 and line 132, master control valve 150, line 146, 142, 152 to
      tank 250. Pressurization of these chambers extends piston rods 202, 200,
      204 and 206 thus shifting spools 214 and 216 to the "IN" position as shown
      in FIG. 13.
PAR  FIG. 8-A diagrammatically illustrates the flow action of shuttle valves
      176, 172, 175 and 177. Using shuttle valve 176 as an example, pressurized
      oil entering from line 192 will shift ball check 119 so that oil cannot
      enter line from 170. Pressure oil will be diverted to line 118 this is as
      shown in Position 1.
PAR  FIG. 8-B shows the shuttle valve 176 with reverse flow wherein pressurized
      oil flowing from 170 shifts ball check 119 so that oil is prevented from
      going out line 192 with the oil being diverted to line 118. It should now
      be understood that shuttle valves 176, 172, 175 and 177 permit the
      operation of slave cylinders 158 through 164 by pressurized oil coming
      from either of two different sources; that is, either a service source
      from manifold 166 or 168 or an emergency source from manifold 170.
PAC  EMERGENCY ACTUATION OF THE CONTROL FLOW CIRCUIT
PAR  The control flow circuit incorporates an emergency stop valve 122 which is
      a four-way, two position control valve. Valve 122 is detented in either
      the in or the out position only and is manually actuated by an emergency
      actuator 124. As has been previously described, actuator 124 must be in
      the out position so that control oil passes through emergency stop valve
      122 and into line 126 for normal operation of the control flow circuit.
PAR  The basic purpose of emergency stop valve 122 is to completely stop any
      packing action of the machine at any point during the cycle of operation.
      This is accomplished by manually pushing actuator 124 to the in position.
      With actuator 124 of emergency stop valve 122 in the in position the
      control oil flows from line 120 through emergency stop valve 122 and via
      lines 128 to manifold 170. Control oil from manifold 170 goes through
      shuttle valve 176 and line 118 to chamber 169 of slave cylinder 158. Also,
      control oil from manifold 170 passes through shuttle valve 172, line 182
      into chamber 175 of slave cylinder 160. As may be noted, this retracts the
      piston rod 200 of slave cylinder 158 and extends piston rod 202 of slave
      cylinder 160. The immediate effect of this action is to forcibly return
      spool 216 of power flow control valve 240 to the neutral position as shown
      in FIG. 11. In like manner, emergency control oil from manifold 170 is
      supplied to slave cylinder 162 and 164 extending piston rod 204 and
      retracting piston rod 206. This again forcibly returns spool 214 of power
      flow control valve 240 to the neutral position of FIG. 11.
PAR  It will now be seen that blade actuating cylinder 52 and packing cylinders
      40 are instantly and forcibly isolated and hence any motion of blade 50
      and carriage 68 is instantly stopped regardless of position. Reactivation
      of the packing mechanism is impossible until actuator 124 of emergency
      stop valve 122 has been manually returned to the out position.
PAR  As seen in FIG. 8 the control flow circuit is preferably provided with a
      gauge port 106 for the attachment of a pressure gauge for the control
      flow. It will be understood that through use of the flow divider 100 it is
      possible, though not necessary, to operate the entire control flow circuit
      of FIG. 8 at a pressure lower than the operating pressure of the power
      flow circuit of FIG. 7. This, of course, can be pre-set or controlled by a
      pressure relief valve 104 within the flow divider 100.
PAC  OPTIONAL HOLDING CIRCUIT
PAR  It should be next mentioned that in certain types of operation it is
      desirable to speed up the packing operation. This is accomplished by an
      optional holding circuit for continuing automatic operation of the packer
      blade after it passes the pinch point which may be provided as shown in
      FIGS. 9 and 10. With reference to the previous description, when packing
      blade 50 pivots from Position 2 to Position 3, FIGS. 4 and 5, it was
      necessary for the operator to manually maintain pressure on master control
      operating handle 159 of master control valve 150.
PAR  In passing from Position 2 to 3 it will be noted that the tip of the
      packing blade 50 goes past a so-called "pinch point 35", FIGS. 4 and 5. In
      normal operation any time the operator releases his pressure on the master
      control handle 159 movement of the blade is instantaneously stopped as a
      safety factor. Moreover, spool 216 is immediately returned to neutral thus
      diverting oil to spool 214 which is, at that time, positioned to deliver
      oil to the base end of packing cylinder 40 whereby the carriage 68 and
      packing plate 50 mounted thereon are immediately moved up and away from
      the pinch point.
PAR  The above mentioned requirement for the operator to continually maintain
      pressure on the master control handle 159 can be overridden by an optional
      holding circuit which can easily be provided as illustrated in FIG. 9. It
      should be mentioned at the outset that such circuit is connected to the
      main control flow circuit of FIG. 8 at the T fittings 134 and 136 by
      attaching the lines 290 and 292 at such fittings.
PAR  FIG. 10 shows an electrical schematic circuit which may be used to control
      the hold-through circuit as shown in FIG. 9. Electrical power for this
      control circuit is supplied from the vehicle electrical system through
      lines 322 and 332.
PAR  As may be noted in FIG. 3, a limit switch 314 is mounted on carriage 68. A
      cam-type operator 318 is mounted on blade 50.
PAR  During packing cycle operation as blade 50 moves from Position 4 as shown
      in FIG. 6 to Position 1 as shown in FIG. 3 bracket 318 on the scoop
      actuates arm 316 of limit switch 314 thereby energizing the circuit
      consisting of lines 322, 324, 326 and 332 thus energizing relay coil 310.
      Energizing relay coil 310 will close contacts LR-1 and LR-2. A holding
      circuit is thus formed through lines 322, pressure switch 306, line 326,
      contact LR-1, line 324, 326 and 332, which maintains relay coil 310 in the
      actuated position. It must be noted that this also closes relay contact
      LR-2 until such time as pressure switch 306 deactivates relay coil 310.
PAR  Arm 316 of limit switch 314 has been previously set so that limit switch
      314 will note close until such time as blade 50 moves from Position 2,
      FIG. 4 to Position 3, FIG. 5 wherein it is past pinch point 35. At such
      time as limit switch 314 again returns to its normal position a circuit
      will be complete from line 322 through limit switch 314, line 327, contact
      LR-2, line 32, 326 and 322 which will energize relay coil 312.
      Energization of relay coil 312 will close contact CR-1. This will in turn
      complete a circuit from line 322 through line contact CR-1, lines 330, 326
      and 332 to solenoid coil 302 of a hold-through valve 300.
PAR  Referring to FIG. 9 with solenoid 302 energized pressurized oil flows via
      line 290 through valve 300 to line 298 and into the base end of a
      hold-through cylinder 286. This action causes piston 288 of slave cylinder
      286 to extend against the end of the spool of master control valve 150
      thus holding this spool in the engaged position.
PAR  In the event the previously mentioned emergency stop valve 122, FIG. 8 is
      at any time actuated then a valve actuated limit switch 320, FIGS. 8 and
      10 will immediately de-energize all relays in the hold-through circuit of
      FIG. 10 whereby the coil 302 of hold-through valve 300 is de-energized
      thereby terminating pressurization of hold-through cylinder 286 with the
      immediate result that power flow control valve 240 is returned to its
      neutral position. Hence the packing mechanism is immediately brought to an
      emergency stop.
PAR  While the forms of embodiments of the present invention as herein disclosed
      constitute preferred forms, it is to be understood that other forms might
      be adopted.
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STM  What is claimed is:
NUM  1.
PAR  1. The steps in the method of controlling the packing action of rear loader
      type refuse truck of the type that includes a packer body provided with a
      load receiving opening and a movable packer blade means cycled through
      said body for packing refuse therein, said method comprising applying a
      main power flow of fluid energy from a main power flow circuit to said
      packer blade to actuate said packer blade through said packing cycle;
      controlling said main power flow with a signal flow of fluid energy from a
      separate signal flow circuit so as to move said packer blade through a
      portion of the packing cycle and to automatically arrest said packer blade
      prior to its arrival at a pinch point at said load receiving opening;
      manually energizing said separate signal flow circuit for applying said
      signal flow of fluid energy to reactuate said packer blade and thereby
      complete the cycle of operation of said packing blade; and applying an
      emergency signal flow of fluid energy to said main power flow to terminate
      said main power flow at any portion of the packing cycle.
NUM  2.
PAR  2. The steps in the method of controlling the packing action of rear loader
      type refuse truck of the type that includes a packer body provided with a
      load receiving opening and a movable packer blade means cycled through
      said body for packing refuse therein, said method comprising applying a
      main power flow of fluid energy from a main power flow circuit to said
      packer blade to actuate said packer blade through said packing cycle;
      controlling said main power flow with a signal flow of fluid energy from a
      separate signal flow circuit so as to move said packer blade through a
      portion of the packing cycle and to automatically arrest said packer blade
      prior to its arrival at a pinch point at said load receiving opening;
      selectively energizing said separate signal flow circuit for applying said
      signal flow of fluid energy to override said automatic arresting of said
      packer blade and thereby provide selective uninterrupted cycle operation
      of said packing blade; applying an emergency signal flow of fluid energy
      to said main power flow to terminate said main power flow at any portion
      of the packing cycle; and automatically terminating said override of the
      automatic arrest of the packer blade responsive to application of said
      emergency signal flow of fluid energy.
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PAL  A self-loading trailer includes two U-shaped frames nested one into the
      other and pivoted by means of two coaxial pins. The inside frame functions
      as load forks and the outside frame functions as a lever. The outside
      frame has ground engaging wheels toward the rear thereof and is
      connectable at the front end to the lift bars of a tractor hitch.
      Actuation of the lift bars raises and lowers the load forks.
BSUM
PAR  This invention relates to a self-loading trailer mainly intended for farm
      tractors which, due to its extraordinary simple manufacturing and handling
      characteristics, allows any type of agricultural utilization of a normal
      tractor, to get -- with a small aditional investment -- a piece of
      equipment to lift and carry loads that could never be handled without use
      of expensive special equipment, usually out reach of the majority of the
      agricultural users.
PAR  Concerning the way it lifts the load, this trailer is similar to a
      fork-lift truck, so the loads must have a clearance from the ground, for
      example, by placing them on "pallets". The self-loading characteristics
      result from its capacity for lifting loads to a level that makes possible
      its transport like a normal trailer towed by the tractor, even an
      irregular farm ground.
PAR  What makes this trailer so simple is the principle upon which it is based:
      it does not have -- like the normal fork-lifts -- its own hydraulic
      system. It is by the action of some tractor parts moved by its hydraulic
      system (rear bars and automatic pick-up hitch) that the lift and lower
      movements of the trailer's loading forks are originated. The trailer's
      purely mechanical system -- with wheels supported on the ground --
      multiply the tractor hydraulic bars force, making possible, with good
      stability, the lifting of loads much higher than those which could be
      directly suspended from the tractor rear bars.
PAR  The new self-loading trailer consists basically of two U shaped frames,
      nested into one another pivoted by means of two coaxial pins. The inside
      frame are the load forks and the other staying outside work as a lever:
PA1  The inside U forks define the load plan that moves horizontally during the
      the lift and lower movements. For loading, these forks are set under the
      palletized load to be lifted; The U forks are prolonged forward by a
      central beam, ending on an eyelet which connects to the tractor's hitch;
PA1  The outside U shaped lever frame has wheels on the rear ends and is
      articulated to the inside U load forks. It changes from the horizontal
      position to an inclined position by the lifting action, done by the
      tractors hydraulic bars, of the front part of this lever frame. The rear
      wheels of the lever frame are supported on the ground.
PAR  As the articulation axle between the two above-mentioned U parts -- load
      forks and lever frame -- is located on an intermediate zone of the lever
      frame, it is possible to lift the axle approximateley the same height as
      the front eyelet of the load forks (lifted by the automatic pickup tractor
      hitch); thus the loading platform moves up almost horizontally.
DRWD
PAR  The attached figures will help to explain the basic principles of the
      operation of the new articulated trailer. The drawings represent:
PAR  FIG. 1 : A side view of the trailer's articulated system, the load forks
      completely lowered, approaching the load staying on a pallet ; the
      tractor's rear parts, namely bars and the pickup hitch (both hydraulically
      lowered), can also be seen.
PAR  FIG. 2 : A top view of the same position of FIG. 1) showing the two U
      articulated frames and the similitude to the fork-lifts, specially in the
      way the load is picked up; that explains why there are no connecting
      shafts between the trailer's wheels or the U frames articulation pins as
      they would interfere with the pallet parts laying on the ground.
PAR  FIG. 3 : A side view of the trailer on his highest position, determined by
      the corresponded highest position of the tractor rear bars and hitch,
      showing the pallet already lifted and supported by the load forks (inside
      U frame)
PAR  FIG. 4 : Another side view of the trailer, now in position for driving.
      Connecting load forks and lever frame there is a column that permits to
      join the two articulated parts, so that the weight of the load is now
      transferred from the tractor's rear bars to the towing hitch, like on any
      common one-axle trailer.
PAR  FIG. 5 : A side view corresponding to a special hanged position only used
      when the trailer is unloaded; that is done using the same column, but now
      for locking together load forks and lever frame just the begining of
      hydraulic lifting of the tractor's bars and hitch.
DETD
PAR  This self-load lifting trailer is distinguished by the fact of the inside U
      frame --the loading platform -- being formed by two parallel forks 1
      connected by a cross piece 2. This U frame is extended forward by a
      central beam 3, which ends with the eyelet 4 to couple with the tractor's
      hitch 5. Underneath eyelet 4 there is a retainer 6 that will prevent
      accidental unlocking of the eyelet 4 from the hitch 5. The inside U frame,
      or loading platform is connected to the outside U lever frame 8 + 19 by
      two coaxial pins 7 placed aproximately at load fork's halfway point. It is
      this outside U frame, working as a lever of second order, which multiplies
      the hydraulic force available at the tractor bars 18.
PAR  On the two rear ends of the lever frame 8+19 there are wheels 10 acting as
      "fulcrum" supported on ground; the front end of the lever frame 19 is
      extended by contact piece 11 where the power force or "action" is applied
      upwards by the rear bars 18 of the tractor by means of the elongation
      piece 9.
PAR  The two main trailer's parts are the two above-mentioned U pieces -- the
      load forks and the lever frame -- connected to an axle by two coaxial
      pins. The rear hydraulic moved tractor pieces (pick-up hitch and bars),
      acting upon each of connected parts can open and shut them like scissors,
      and thus originate the lifting and lowering movements of the load forks.
PAR  This is made clear by comparing FIGS. 1 and 3. The hydraulic lifting of the
      tractor's bars 18 force the lifting of 11 and the inclination of the lever
      frame 8; this inclination raises the connecting pins 7 from ground level
      to a height equal to that attained by the tractor's hitch end 5,
      therefore, elevating the load forks plan 1 + 2 + 3 horizontally.
PAR  During the operation of lifting the load, the work is done by the bars
      through the lever frame 8+19+11; the connecting pins 7 are at the halfway
      point of the load forks 1 and as the load gravity center crosses or passes
      near the articulation axle, beam 3 won't almost exert any reaction force
      on the hitch 5.
PAR  When the lifting operation is finished, as shown on FIG. 3, the load is
      discharged on the tractor rear bars as pieces 11 and 9 are still
      contacting. Such situation, if maintained when driving, would not allow
      the tractor/trailer set to turn in curves. To transfer the load to the
      tractor hitch 5 FIG. 4, the self-loading trailer has a connecting column
      13 which is able to lock the two articulated U shaped frames turning them
      into a rigid trailer thus making possible the spacing of the bars
      elongation piece 9 from trailer's contact piece 11.
PAR  Comparing FIGS. 1, 2, 3 and 4, will help for a better understanding. The
      column 13 has a center of rotation 14 on its lower end located on beam 3;
      its upper side slides through a guide 12 on the lever frame.
PAR  During lift and lower movements, column 13 tilts back and forward around
      center of rotation 14.
PAR  According to FIG. 1 and 3, in the first part the lifting operation column
      13 is unbalanced and tilts forwards, its surface sliding on guide 12:
      nearly at the end of the lift, it will be unbalanced backwards and the
      upper groove 15 will interlock with projection 17 of lever frame as soon
      as the load weight is not supported by the tractor through piece (9). The
      upper groove 15, has a shape that won't allow sliding downwards. The
      mechanical interlocking of the pivoting parts of trailer is done by
      lowering the hydraulic bars a little after protection 17 has risen above
      groove 15 so that protection 17 when coming down, will automatically fit
      into groove 15, transferring the weight of load from tractor bars 18
      through column 13 to beam 3 and from there to tractor hitch 5. Then the
      elongation piece 9 will be lowered to eliminate contact with 11 as shown
      on FIG. 4, and towing of trailer can follow without having troubles in the
      curves just as with any one axle trailer.
PAR  After travel, when the trailer reaches the place to unload, the hydraulic
      bars are then lowered slightly and elongation piece 9 is fixed again in
      the higher position. Lifting slightly the hydraulic bars we revert to the
      situation already shown on FIG. 3: The weight of load will be transferred
      from the hitch to the tractors bars and column 13 is released. Then 13 is
      manually tilted forwards at the initial stage of lowering the load to
      avoid the automatic locking between groove 15 and protection 17; after
      groove 15 stays higher than protection 17, the lowering movement can
      proceed with special care, until load forks reach ground level and the
      trailer is unloaded as shown on FIG. 1 just by towing the trailer a little
      forwards, in the lowest position.
PAR  The trailer can be lifted without load and turned rigid at this position,
      as shown in FIG. 4. But it can also, when unloaded, be totally suspended
      as shown in FIG. 5. For that, before lifting, column 13 should be manually
      pushed backwards, so that when lifting begins, the projection 17 locks
      into lower groove 16; then, due to the shape of groove 16 the trailer is
      prevented to and proceeding with the hydraulic lifting of the bars 18 and
      the hitch 5, the "closed" trailer will be completely suspended from the
      ground as shown on FIG. 5.
PAR  This possibility of completely suspending the unloaded trailer is very
      important when operating in restricted areas. In fact the trailer has
      always to "approach" and set the forks under the load in reverse; it will
      be therefore much easier to "aim" the trailer's forks when this is
      suspended then when it has its wheels on the ground. The suspended trailer
      shown on FIG. 5 can be lowered until the wheels are nearly touching the
      ground and the forks lined up with the load; upon lowering them
      completely, the wheels touch the ground, as shown on FIG. 1, and the forks
      can be set under the "pallet". As soon as the wheels touch the ground,
      edge 7 comes out of groove 16 and connecting column 13 tilts automatically
      forwards, allowing lifting the load without problems.
PAR  The forces diagram, is the following:
      ##SPC1##
PAR  The different symbols representing:
PA1  1 -- The lever frame fulcrum, corresponding to the trailer's wheels axle;
PA1  2 -- The center of rotation of the two main trailer's parts - lever frame
      and load forks plan - simultaneous point of concentration of load P;
PA1  3 -- sliding aplication point, on the lever frame, of the lifting power F
      exerted by tractor's rear hydraulic bars;
PA1  P -- load
PA1  F -- lifting force from the tractor's hydraulic rear bars
PA1  A -- reaction force through the wheels upon the ground
PA1  a -- load lever arm
PA1  y -- Power lever arm
PAL  In which:
PA1  P = A + F
PA1  p .times. a = F .times. y
PAR  The necessary lifting force, is then given by:
EQU  F = a/y .times. P
PAR  and since the ratio a/y is always smaller than 1, the available force F (on
      the tractor hydraulic bars) will lift bigger weight P.
PAR  The trailer's dimensions allows y to be nearly three times as big as a,
      providing a lifting height enough for an easy application on a farm,
      meaning that this new equipment can lift loads three times bigger than the
      available hydraulic force on the rear bars. For example, an agricultural
      tractor of 40/45 HP range with this trailer can lift by itself and
      transport loads weighting up to about 1,500 Kg.
PAR  Now a few examples of application of the new device showing the many
      possibilities of handling loads until now was impossible to achieve
      without special equipments, normally not available on a farm.
PAR  In the gathering of grapes in a vineyard, more and more big standardized
      tubs are used (in Portugal with 1.5 m.sup.3 holding up to 1,5 tons).
PAR  Usually 2 or 3 of these tubs are placed on a big trailer that due to its
      dimensions cannot park near the workers in the middle of the vineyards. So
      these men have to make long walks from where they are gathering the
      grapes, with full baskets, to where the trailer with the tubs is parked;
      then they have to climb up to the level of the trailer platform and tilt
      the basket full of grapes into the big tubs. It is not uncommon that an
      operator wastes more time in carrying the baskets, than in gathering the
      grapes; with the quickly increasing wages all over the world, this results
      in very expensive wines.
PAR  As the new trailer needs an area slightly bigger than that of a tub, it is
      possible with this trailer to place tubs in the middle of the vineyards,
      therefore very near the .
PAR  The long walks are eliminated; but not only that -- the tilting of the full
      baskets into the tubs is also done much more quickly and without effort at
      ground level. As the working area is changing, the tubs are easily moved
      by the new trailer assuring always very short distances between men and
      tubs.
PAR  It is exactly in "narrow passages" like those in vineyards or in orchards
      (for collecting, for example, fruit in boxes placed upon pallets within
      the tree lines) that the possibility of suspending the trailer completely,
      as shown in FIG. 5, assumes its full meaning.
PAR  Another of the many uses for the new trailer is for watering or irrigation
      purposes or in any other water transportation problem. With two tubs or
      containers the work can proceed almost continuously, while one tub is
      being filled up, the tractor is performing irrigation operations with the
      other; when this one is empty, the tractor will come back, unload the
      empty tank and, taking advantage of its self-loading characteristics, take
      the tub or tank filled with water and proceed with the operation, nearly
      without loosing any time, since the tractor will not have to wait each
      time for the filling up of the empty tank.
PAR  Obviously the new trailer may also handle any type of loads that can be set
      or mounted on pallets, like fertilizer or grain sacks, pumps or generator
      sets, or any other heavy load or equipment difficult to handle in a farm.
PAR  The figures on the attached drawingd were shown and should be understood
      only as examples susceptible of many variations in dimensions, shape,
      applied materials and manufacturing details, etc., without changing the
      basic principles of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A self-loading trailer to couple with farm tractors, having
      hydraulically moved rear bars comprising, in combination, two mechanical
      frames articulated together and forming a pivot; a tractor rear towing
      device; one of the frames defining a horizontal load plan and extending
      forward to couple with said tractor rear towing device; the other frame
      comprising a multiplying force lever of second order and supported on the
      ground on its rear end, said lever being actuated on its front end by the
      tractor's hydraulically moved rear bars and applying the multiplied
      tractor hydraulic force between its two ends to the first frame on said
      pivot.
NUM  2.
PAR  2. A self-loading trailer according to claim 1, wherein one of said frames
      is an interior frame and the other frame is an exterior frame; the rear
      part of said interior frame defining the load plan and being U-shaped; two
      parallel forks on said interior frame and set under the load to be lifted;
      a beam with terminal means to couple to the tractor's rear towing device,
      said U frame being extended to the front side by said beam terminal means;
      an automatic pick-up hitch moving with the hydraulic bars and disposed of
      by the tractor, the load plan lifting and dropping horizontally as the
      height attained by said pivot of the load forks with said exterior frame
      is equal to the stroke of the pick-up hitch, said exterior frame
      conprising said multiplying force lever of second order.
NUM  3.
PAR  3. A self-loading trailer according to Claim 2, wherein the rear part of
      the external frame comprises said lever of second order in the lifting
      operation, said external frame being also U-shaped and having two rear
      ends of coaxial wheels supported on the ground to form a lever fulcrum,
      the front part of said external frame being extended by a piece where the
      force is applied by the tractor hydraulic rear bars; two coaxial pins
      between said fulcrum and applied force of the lever of the external frame
      and articulating the exterior lever U frame with the interior load U
      frame, the lever arm between said fulcrum and the applied force comprising
      a resistance arm having a resistance point at said coaxial pins.
NUM  4.
PAR  4. A self-loading trailer for tractors according to claim 3 wherein the
      lengths of the arms of the lever frame, have a ratio for providing
      substantial multiplier effect of the lifting force available on the
      tractor rear bars and attaining two to three times the lifting force.
NUM  5.
PAR  5. A self-loading trailer for tractors according to claim 4, including a
      tilting column articulated on the beam of the load platform and allowing
      interconnection in different fixed positions with the lever frame.
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ABST
PAL  Apparatus for loading and unloading round bales of hay and other feed
      comprising a set of lifting forks which lift the bale off the ground and
      onto the floor of a wagon. The floor is moveable to an inclined plane such
      that the round bales will roll off the incline toward the forks and may be
      deposited on the ground. The apparatus has a tailgate which will trap the
      round bale within an opening in the wagon and against the ground so as to
      distribute the hay on the ground as the wagon is pulled forward.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years due to shortages in baling wire and man power, farmers and
      cattlemen have begun harvesting grass type feeds into large, round bales
      which weigh between 1,200 and 1,500 pounds. These bales of feed, unlike
      their small square predecessor, cannot be lifted by a single man or easily
      transported to a storage place with present day equipment.
PAR  In addition to pickup and storage problems, distribution of the hay to the
      livestock is difficult because of the bulk and size of the hay bales. Hay
      must be distributed over the ground so that livestock may have access to
      the hay without crowding each other, or fights may occur between the
      livestock. Heretofore, no device has been devised for specifically
      handling the large bales of hay.
PAC  SUMMARY OF THE INVENTION
PAR  I have devised a device to load round bales of grass feed comprising a
      wagon frame having power assisted forks which slide under the large bales
      and lift the bales onto the floor of the wagon. The wagon floor is pivotal
      about a support bar to create an inclined plane so that the bales may be
      rolled toward the forks for unloading same with the forks. In addition, a
      tailgate on the wagon may be moved behind the bale and locked in place to
      secure the bale in front of the tailgate in the opening between the floor
      and tailgate so that as the wagon is pulled forward the bale will roll
      along the ground to distribute a blanket of hay or feed in a manner which
      livestock may eat.
PAR  The primary object of the invention is to provide a method of loading large
      bales of feed for transportation to a storage facility.
PAR  Another object of the invention is to provide a method of unloading large
      bales of feed once they have been transported to a storage facility.
PAR  Another object of the invention is to provide a method of distribution of
      bulky, large bales of hay so that livestock may eat same.
PAR  A still further object of the invention is to provide a method of
      transporting the bales of feed which is readily adaptable to present day
      farm equipment.
PAR  Other and further objects of the invention will become apparent upon
      referring to the detailed description hereinafter following and to the
      drawings annexed hereto.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Drawings of a preferred embodiment of the invention are annexed hereto so
      that the invention may be better and more fully understood, in which:
PAR  FIG. 1 is a perspective view of the bale loading apparatus with parts
      broken away to more clearly illustrate the invention; and
PAR  FIG. 2 is a diagrammatic view of the loading apparatus illustrating the
      relative positions of a bale and the tailgate of the apparatus while a
      bale is being unrolled to feed animals.
PAR  Numeral references are employed to designate like parts throughout the
      various figures of the drawings.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The bale loading apparatus 1 is mounted on a wagon chassis 2 having wheels
      4 secured to an axle 6. The axle 6 is secured to standard leaf springs 8
      which are secured to a chassis 2. The chassis 2 is comprised of two
      longitudinal chassis members 10 and 12 which are spaced from one another
      by front transverse chassis member 14 and transverse braces 16 and 18.
PAR  The chassis 2 has sideboards 20 and 22 secured longitudinally along chassis
      members 10 and 12. End board 24 is mounted transverse to side boards 20
      and 22 on chassis member 14 and tailgate means 26 is secured across the
      end of chassis members 10 and 12 of the chassis 2. The sideboards 20 and
      22 and end board 24 are removeably secured to the chassis 2 by means of
      cross-braces 28 being slideably disposed in sleeves 30 rigidly secured to
      the longitudinal chassis members 10 and 12 and the front transverse
      chassis member 14 by means of rivets or the like.
PAR  Extending outwardly from the front transverse chassis member 14 is a wagon
      tongue 32 to which trailer hitch-up means (not shown) may be attached for
      connecting the bale loader 1 to a vehicle. Braces 34 and 35 are secured
      between the chassis member 14 and tongue 32 to give rigidity thereto.
PAR  A floor 36 extending from the front transverse member 14 to a point over
      axle 6 is secured to a frame 38 having longitudinally extending side
      members 38a and 38b spaced apart and secured to transverse members 38c and
      38d. The floor 36 is rigidly secured to pillow blocks 40 which are
      rotatably disposed on axle 42. Axle 42 is journalled through pillow blocks
      44 which are secured to longitudinal chassis members 10 and 12 so that
      floor 36 is pivotable about axle 42. An opening 46 is formed in the rear
      portion of the bale loading apparatus 1 between end 36a of floor 36 and
      chassis members 10 and 12 and tailgate 26. It should be readily apparent
      that floor 36 may be moved such that end 36a rotates about axle 42 and an
      inclined plane is formed by raising end 36b to a position 36b'.
PAR  Means to lift end 36b of floor 36 comprises a hydraulic cylinder 48
      pivotally secured to tongue 32 at one end by a pin 50. Hydraulic cylinder
      48 has a piston rod 52 pivotally secured by pin 54 to a clevis 56 which is
      secured to arm 58 which extends upwardly from end 36b of floor 36. Arm 58
      has braces 60 and 61 secured thereto extending downwardly to floor 36 to
      add rigidity thereto.
PAR  Hydraulic cylinder 48 has line 62 communicating with the inside thereof
      above the piston (not shown) to which piston rod 52 is secured such that
      when pressure is applied from a pump (not shown) through line 62, and line
      63 is vented, rod 52 will be retracted, and floor 36 will be lowered. Line
      63 communicates with the bottom of the cylinder below the piston such that
      when pressure is applied through line 63, and line 62 is vented, piston
      rod 52 will be extended, raising floor 36 to position 36b'.
PAR  Feed such as hay, alfalfa, or the like is formed into cylindrical bales A,
      B, and C by machinery not shown, as such machinery is not the subject of
      this application. The bales A, B, and C, in dashed outline, are rolled
      onto floor 36 and retained there by sideboards 20 and 22 and end board 24.
      It should be readily apparent that when floor 36 is raised to the inclined
      position 36b' the bales A, B, or C will roll toward end 36a and opening
      46.
PAR  Means to lift the bales comprises forks 64 and 66 having ends 64a and 66a
      which when lowered lie parallel to the ground and extend outwardly from
      ends 64b and 66b. Ends 64b and 66b of forks 64 and 66 are rigidly secured
      to a bar 68 which is journalled through pillow blocks 70 and 72 which are
      rigidly secured to longitudinal chassis members 10 and 12 by means of
      bolts or the like. End 68a of bar 68 has one end of lever arm 74 rigidly
      secured thereto. The other end of lever arm 74 is pivotally secured to
      piston rod 76 by means of pin 77. Piston rod 76 is slideably disposed in
      hydraulic cylinder 78. The opposite end of cylinder 78 is pivotally
      secured to clevis 80 which is rigidly secured to frame member 10.
      Hydraulic cylinder 78 has line 82 which is connected to a pressure pump
      (not shown) communicating with the upper end of the cylinder such that
      when pressure is applied through line 82, rod 76 is retracted, pulling
      lever arm 74 in a clockwise direction which rotates fork 64 and 66 to the
      lowered position adjacent the ground. Line 83 communicates with the pump
      (not shown) and the lower end of the cylinder such that when pressure is
      applied through line 83, rod 76 is extended, moving lever arm 74 in a
      counterclockwise direction which rotates forks 64 and 66 to positions 64'
      and 66' shown in dashed outline.
PAR  Lever arm 75, hydraulic cylinder 79, and piston rod 76a are secured to end
      68b of bar 68 in a similar manner to that of lever arm 74 and hydraulic
      cylinder 78.
PAR  Forks 64 and 66 are positionable under a cylindrical bale A on the ground
      by backing the bale loading apparatus 1 towards the cylindrical bale A.
      Once the ends 64a and 66a of forks 64 and 66 are under the bale A, the
      hydraulic pressure means (not shown) is activated to pressurize lines 83
      to extend rods 76 and 76a of hydraulic cylinders 78 and 79 thus moving
      forks 64 and 66 to the position shown in dashed outline 64' and 66' such
      that the bale A shown in dashed outline is moved onto floor 36.
PAR  Tailgate 26 has two doors 84 and 85 pivotally secured to vertically
      extending end members 86 and 87 of sideboards 20 and 22 by means of hinges
      88 secured to the upper portions of doors 84 and 85 and hinges 89 secured
      to the lower portions of doors 84 and 85. Vertically extending members 86
      and 87 are rigidly secured to the end of chassis members 10 and 12. Doors
      84 and 85 have downwardly extending posts 90 and 92 located centrally on
      each door and having ends 90a and 92a extending below the level of the
      chassis members 10 and 12. The doors 84 and 85 are locked closed by means
      of a rod 94 which is slideably disposed through rings 96 secured
      transversely across doors 84 and 85.
PAR  As best illustrated in FIG. 2, the doors 84 and 85, forming tailgate 26,
      are positioned such that lower ends 90a and 92a of posts 90 and 92 are
      inclined from a vertical plane toward the front end of the wagon. If the
      rolling bale encounters an obstruction, such as a rock, on the ground, it
      will be noted that the inclined posts 90 and 92 exert a lifting force on
      the bale below the center of the bale to elevate the bale over the
      obstruction.
PAR  A safety bar 98 extends transversely from chassis member 10 to chassis
      member 12 and is slideably disposed in notches 100 and 102 so that upon
      transporting the bale loader 1 the forks 64 and 66 are positioned against
      the upper side of bar 98 to prevent them from contacting the surface of
      the roadway and to prevent imposing excessive force on cylinders 78 and
      79.
PAR  Operation of the hereinbefore described device is as follows:
PAR  To pick up a bale of feed A, the tailgate doors 84 and 85 are opened and
      the bale loading apparatus 1 is backed toward the bale A. The bale A is
      maneuvered into the opening 46 between chassis members 10 and 12 and the
      forks 64 and 66 are positioned under the bale A. Hydraulic lines 83 are
      then pressurized to extend piston rods 76 and 76a outwardly rotating lever
      arms 74 and 75 in a counter-clockwise direction which lifts forks 64 and
      66 to the position 64' and 66' shown in dashed outline thus positioning
      bale A onto floor 36. The bale A is rolled toward end board 24. This
      process may be repeated until the floor 36 is filled to capacity with
      bales A, B, and C.
PAR  It should be readily apparent that as ends 64a and 66a of forks 64 and 66
      move upwardly, they move in an arc such that when raised off the ground
      they are moved in an increasing angle from the ground upwards to prevent
      bale A from rolling off the forks 64 and 66.
PAR  To unload the bales A, B, or C, the tailgate 26 is opened and floor 36 is
      raised as previously described to position 36b' rolling bale C against the
      upwardly extending forks 64 and 66. Floor 36 is then lowered and the bale
      C is lowered to the ground by forks 64 and 66. Bale loading apparatus 1 is
      then moved forward, the floor 36 raised and another bale B rolled toward
      the upwardly extending forks 64 and 66 and lowered to the ground. This
      procedure is repeated until the wagon is unloaded.
PAR  To distribute the hay on the ground so that the cattle may have access
      thereto, the forks 64 and 66 are raised to the upward position 64' and 66'
      and the trailer is backed around a bale A such that the bale A is
      positioned in opening 46 between the longitudinal chassis members 10 and
      12. The tailgate doors 84  and 85 are then closed and locked by means of
      rod 94. The bale loader 1 may then be pulled forward with the bale A still
      in contact with the ground and forks 64 and 66 positioned on the upper
      surface of bale A to maintain pressure on the bale forcing same against
      the ground. Posts 90 and 92 extend below the central point of the bale A
      such that edge A' of bale A is adjacent posts 90 and 92 which move the
      bale A when the bale loader 1 is moved forward. As the bale loader 1 is
      moved forward it rotates the bale A unrolling feed from the bale along the
      ground in a blanket type layer until the desired amount of feed has been
      distributed to the livestock. If desired, the bale may then be picked up
      and transported to another part of the pasture or placed back in storage
      in a manner hereinbefore described.
PAR  It should be readily apparent that the apparatus herein described provides
      a method of handling bulky bales of feed without requiring human
      manipulation of the bales which weigh between 1,200 and 2,000 pounds.
PAR  It should be readily apparent that other and further embodiments of the
      invention may be devised without departing from the basic concept thereof.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. Bale handling apparatus comprising: a vehicle having a front end and a
      rear end; a floor; means pivotally securing the rear end of said floor to
      said vehicle; said floor terminating intermediate the front and rear ends
      of the vehicle; elevating means secured between said vehicle and the front
      end of said floor; spaced forks; means pivotally securing said forks to
      said vehicle adjacent the rear end of the floor; actuating means secured
      between said vehicle and said forks, said actuating means being adapted to
      pivot said forks between a first position wherein ends of said forks are
      adjacent the ground and a second position wherein ends of said forks are
      at an elevation above said floor; bale engaging means; and means securing
      said bale engaging means to the rear end of said vehicle, said bale
      engaging means extending transversally of said vehicle and rearwardly of
      ends of said forks such that an opening is formed between the rear end of
      the floor and the bale engaging means, said forks being movable through
      said opening.
NUM  2.
PAR  2. The combination called for in claim 1 wherein the bale engaging means
      comprises: spaced posts; a tailgate having said posts secured thereto; and
      means securing said tailgate to extend transversally across the rear end
      of said vehicle.
NUM  3.
PAR  3. Bale handling apparatus comprising: a vehicle having a front end and a
      rear end; a floor; means securing said floor to said vehicle; said floor
      terminating intermediate the front and rear ends of the vehicle; spaced
      forks; means pivotally securing said forks to said vehicle adjacent the
      rear end of the floor; actuating means secured between said vehicle and
      said forks, said actuating means being adapted to pivot said forks between
      a first position wherein ends of said forks are adjacent the ground and a
      second position wherein ends of said forks are at an elevation above said
      floor; spaced posts; a tailgate having said posts secured thereto; and
      means secured to said vehicle and to said tailgate arranged to position
      lower ends of said posts below said floor and intermediate the front and
      rear ends of said vehicle such that said posts are inclined relative to a
      vertical plane, said tailgate extending transversally of said vehicle and
      rearwardly of ends of said forks.
NUM  4.
PAR  4. The combination called for in claim 3 wherein said means securing said
      floor to said vehicle comprises: pivot means securing a rear end of said
      floor to said vehicle; and elevating means secured between said vehicle
      and said floor, said elevating means being adapted to pivot said floor
      about said pivot means.
NUM  5.
PAR  5. The combination called for in claim 4 wherein said elevating means
      comprises: a pressure actuated cylinder having a piston slidably disposed
      therein; a rod extending outwardly from one end of said cylinder; means
      pivotally securing said cylinder to said vehicle; means pivotally securing
      said rod to said floor; and means to pressurize said cylinder.
NUM  6.
PAR  6. The combination called for in claim 5 wherein said actuating means
      comprises: a pressure actuated lift cylinder having a piston slidably
      disposed therein; a rod extending outwardly from one end of said lift
      cylinder; means pivotally securing said lift cylinder to said vehicle;
      means pivotally securing said rod to said forks; and means to pressurize
      said lift cylinder.
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ABST
PAL  Bale loading apparatus for loading and stacking hay bales in combination
      with a wagon, which is drawn therebehind and has a pluarality of
      longitudinal stripping fingers on the front end thereof, comprising a
      mobile frame adapted to be drawn forwardly by a draft vehicle, a bale
      support rack on said frame provided with a plurality of open ended
      openings in longitudinal alignment with the wagon stripping fingers and
      being movable between a raised bale stack receiving position and a lowered
      bale depositing position, lost motion draft bar connection means coupling
      said wagon to said frame for forward movement therewith when the frame is
      moved forwardly and for limited movement relative thereto when the frame
      is moved rearwardly and means for vertically moving the bale support rack
      between the raised and lowered positions when the frame is moved
      rearwardly to transfer the row of stacks from the rack to the wagon
      supported stripping fingers.
PARN
PAR  This is a division, of application Ser. No. 227,850, filed in the U.S.
      Patent Office on Feb. 22, 1972, now U.S. Pat. No. 3,807,579.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to bale loading apparatus, and more particularly to
      apparatus which loads and stacks bales on a mobile platform, such as a
      wagon.
PAC  BACKGROUND OF THE INVENTION
PAR  With ever-increasing farm labor costs, mechanized equipment is becoming
      increasingly important to profitably operate a farm. The making of hay is
      a farm operation which requires the expenditure of substantial amounts of
      work and thus increased mechanization of this operation is particularly
      beneficial to the farmer. The advent of hay balers has substantially
      expedited the processing of hay, however, the movement of the bales from
      the field into a hay barn is an operation which has heretofore required
      substantial manual effort.
PAR  For years, it has been common to draw a wagon behind the baler and have a
      worker ride on the wagon to stack the bales thereon. "Bale throw" devices
      have previously been mounted on the rear of a baler to throw the bales
      haphazardly onto a wagon which is drawn behind the baler. Although such a
      device eliminates the need for a man to stack the bales, the random
      placement of bales does not efficiently utilize the storage space on the
      wagon.
PAR  To bale hay as quickly as possible, frequently the wagon is not pulled
      behind the baler and the bales are randomly deposited on the ground. In
      this case, the hay bales must be subsequently picked off the ground and
      stacked on the wagon and this requires substantial time and effort.
PAR  Accordingly, it is a primary object of the present invention to provide
      apparatus for loading and stacking bales on a wagon.
PAR  It is another object of the present invention to provide apparatus which
      will pick bales off the ground and stack them on a portable, longitudinal
      platform such that the bales are oriented lengthwisely on the platform.
PAR  It is another object of the present invention to provide loading and
      stacking apparatus which will form a lateral row of stacked bales which is
      transferred to the wagon.
PAR  It is another object of the present invention to provide apparatus for
      loading rows of stacked bales on a mobile platform by lengthwisely moving
      the bales in one row into engagement with a row of bales previously
      transferred to the platform to move the previously transferred row
      rearwardly.
PAR  Other objects and advantages of the present invention will become apparent
      to those of ordinary skill in the art as the description thereof proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  Bale loading and stacking apparatus comprising a portable frame movable
      forwardly and rearwardly in a longitudinal path of travel, means on the
      frame for sequentially receiving and vertically stacking bales at a
      stacking station as the frame is moved forwardly, a bale support rack on
      the frame including a plurality of laterally spaced, elongated, rearwardly
      opening, open-ended openings therein, and means for sequentially moving
      the stacks laterally from said stacking station to said bale support rack
      to form a row of stacks on said rack.
DRWD
PAR  The present invention may more readily be described by reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a side elevational view, illustrating apparatus constructed
      according to the invention;
PAR  FIG. 2 is a fragmentary, side elevational view particularly illustrating
      brake mechanism for preventing the bale supporting wagon from
      inadvertently moving rearwardly when bales are being transferred thereto;
PAR  FIG. 3 is a fragmentary, top plan view of apparatus constructed according
      to the present invention;
PAR  FIG. 4 is a sectional side view, taken along the line 4--4 of FIG. 3, and
      particularly illustrating the apparatus for raising and lowering the bale
      loading and stacking apparatus relative to the associated bale support
      wagon;
PAR  FIG. 5 is a perspective front view of the apparatus illustrated in FIG. 4;
PAR  FIG. 6 is a rear perspective view illustrating the elevating platform for
      vertically stacking the bales at a stacking station;
PAR  FIG. 7 is a rear perspective view of the apparatus for laterally moving a
      stack of bales from the stacking station to the support rack;
PAR  FIG. 8 is a front perspective view of the apparatus for stripping the bales
      from the elevating platform at the stacking station, and apparatus for
      laterally moving a stack of bales from the stacking station to the support
      rack;
PAR  FIG. 9 is a sectional front view of the lost motion connection, taken along
      the line 9--9 of FIG. 3;
PAR  FIG. 10 is a front elevational view, taken along the line 10--10 of FIG. 1,
      illustrating the apparatus for preventing a stack of bales from falling
      into the stacking station after they have been moved to the support rack;
PAR  FIG. 11 is a sectional side elevational view illustrating one of the bale
      supporting pickup bars of the pickup conveyor; and
PAR  FIG. 12 is a rear elevational view particularly illustrating the apparatus
      for stripping the bales from the stacking platform.
DETD
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  Apparatus constructed according to the invention includes a loading and
      stacking machine, generally designated 10, for picking previously baled
      hay bales B off the ground and stacking them in stacks S at a stacking
      station, generally designated 11. The individual stacks are sequentially
      laterally transferred to a bale support rack, generally designated 8, to
      form a row of stacks. A wagon, generally designated W, which is drawn
      behind the loading and stacking machine 10, is temporarily held stationary
      while the loading and stacking machine 10 is pushed rearwardly and the
      bale support rack 8 is moved downwardly to deposit the row of stacks on
      the front of the wagon.
PAC  THE MACHINE FRAMEWORK
PAR  The loading and stacking machine 10 includes a frame, generally designated
      F, including a pair of laterally extending upper and lower frame bars 12
      and 14 spanned by a plurality of vertical support posts 16. A draw tongue,
      generally designated D, is provided and includes a draw bar 19, adapted to
      be connected with a draft vehicle, such as a tractor generally designated
      T, by a conventional hitch pin 20. The tongue D also includes a pair of
      rearwardly diverging rails 18 fixed at their rear ends to the lower frame
      bar 14.
PAR  The frame F is supported on a pair of road wheels 22 journaled on a pair of
      laterally spaced axles 24 fixed to a pair of pivot plates 26 which are
      pivotally mounted on a pair of the vertical support posts 16 by pivot pins
      27 (FIGS. 4 and 5). A spacer bar 28 spans the pivotal plates 26 to
      maintain their relative lateral positions. A pair of double-acting, fluid
      operated frame lowering cylinders 30 are mounted on a pair of brackets 32
      fixed to the upper frame bar 12. The cylinders 30 include piston rods 34
      connected to the pivot plates 26 by pivot pins 36. A manually operated
      valve 31 is mounted on the frame F and is provided for directing fluid to
      the cylinders 30 such that the piston rods 34 will be selectively
      retracted and extended to raise and lower the frame F on the wheels 22
      between the lowered and raised positions, shown in solid and chain lines
      respectively in FIG. 4, for a purpose to become apparent hereinafter.
PAC  THE PICKUP CONVEYOR ASSEMBLY
PAR  A pickup conveyor assembly, generally designated 40, is mounted on the
      frame F and includes a pair of laterally spaced apart longitudinal side
      frame members 42, pivotally mounted on a driven shaft 44, which is
      journaled in suitable bearing support members 46 provided on the lower
      frame bar 14 of the frame F. An additional idler shaft 45 is journaled by
      the front ends of the conveyor side frame members 42 and mounts a pair of
      idler sprocket wheels 48. A pair of link chains 50 are trained around the
      idler sprocket wheels 48 and a pair of drive sprocket wheels 52 fixed to
      the driven shaft 44. A plurality of bale-supporting, angle members 54 upon
      the chains 50 and include pairs of bale-engaging teeth 46 for engaging the
      undersides of ground supporting bales B and lifting them off the ground as
      they negotiate the idler sprocket wheels 48.
PAR  After a bale B has been lifted off the ground and onto the conveyor
      assembly 40, as the endless conveyor chains 50 continue to move
      rearwardly, in the direction indicated by the arrow a (FIG. 1), the teeth
      50 are withdrawn from the underside of the bale B and the bale merely
      rests on the rearwardly traveling cross members 54.
PAR  A drive gear 55, fixed to the conveyor drive shaft 44, drives a drive chain
      44a which is also trained around a gear 58 fixed to one end of an
      auxiliary drive shaft 59 journaled by bearing support members 60 and 62
      provided on the frame F. A bevel gear 64, fixed to the opposite end of the
      drive shaft 44, is driven by a complementarily beveled gear 66 which is
      fixed to a longitudinal main drive shaft 70 journaled in bearings 72
      provided on the bracket 62. The shaft 70 is removably coupled with the
      power take-off shaft 71 of the tractor T by a coupling 69.
PAR  The lateral shaft 59 mounts a star wheel type assembly 74 having a
      plurality of circumferentially spaced vanes 74a. The drive chain 44a
      drives the star wheel assembly 58 in such a direction that it will propel
      a bale B, that is moved thereto by the conveyor cross members 54,
      rearwardly. A pair of ground engageable, conveyor supporting shoes 76 are
      provided at the forward end of the conveyor side frame members 42 for
      riding along the ground and a link 78 is connected between one of the
      vertical support posts 16 and one of the conveyor side members 42 to limit
      the vertical travel of the conveyor when the conveyor support shoes 76
      pass over a deep ditch, or the like.
PAC  THE STACKING APPARATUS
PAR  Apparatus is provided for receiving the bales B from the pickup conveyor 40
      and comprises a bale-receiving platform, generally designated 80, mounted
      for vertical movement on the frame F by a linkage system, generally
      designated 82, which comprises a pair of frame-supported links 84 pivoted
      on the frame F by a pair of pivot pins 85 and to a pair of lugs 86
      depending from the platform 80 by a pair of pivot pins 87. The linkage
      system 82 includes a pair of side links 88 pivotally connected to the
      frame by pivot pins 89 and to a pair of rollers 90 on the platform 80 by
      pivot pins 91. An additional pair of relatively shorter side links 92 are
      pivotally connected to the pivot pins 87 and to the cross links 92 by a
      pivot pin 93 spanning the links 92. A pair of vertical side links 94 are
      pivotally connected to the opposite ends of the links 92 by pivot pins 95
      and to brackets 97 mounted on the frame F by pivot pins 96. A
      single-acting, fluid-operated, cylinder 98 is mounted on the frame F and
      includes a piston rod 99 pivotally connected at 101 with a bracket 102
      fixed to the pivot pin 93 spanning the side rails 92.
PAR  The cylinder rod 99, when extended, will move the platform 80 from the
      lower bale-receiving position, illustrated in FIGS. 1 and 6, to a raised
      position, illustrated in chain lines in FIG. 1, for a purpose to be
      presently described. A manually operated valve 98a is provided for
      selectively directing fluid to the cylinder 98 so as to selectively move
      the piston rod 99 in opposite directions.
PAR  Disposed above the stacking platform apparatus illustrated in FIG. 6 is a
      pair of stripping members, generally designated 100 (FIG. 12), for
      sequentially stripping the bales B supported on the raised platform 80.
      Each of the stripping assemblies 100 comprises a pair of stripping plates
      102 and 104 hingedly connected by a hinge pin 106, the hinge plate 102
      including a cylindrical section 103 rotatably mounted on a pivot pin 108
      fixed to the frame F. The stripper plates 104 are disposed in the path of
      a bale B being raised upwardly on the platform 80 so as to swing upwardly
      and outwardly initially about the hinge pins 106 to the position shown at
      104' and then about the piston pins 108 to the position designated 104".
      The stripper plates 104 are yieldably biased to the solid line positions
      by a pair of springs 104a and a pair of chains 104b connected between the
      frame F and the stripper plates 104. The distance d between the plates 104
      in the stripping position, illustrated in chain lines, is greater than the
      width w of the platform 80, but less than the width w' of the bales B. The
      plates 102 and 104 will move from the solid line positions, shown in FIG.
      12, to the chain line positions 102" and 104", shown in FIG. 12 to permit
      the bale B and the platform 80 to pass upwardly therebetween to the chain
      line positions shown in FIG. 12. The valve 98a is then operated to retract
      the piston rod 99 and move the platform 80 downwardly to the solid line
      position shown in FIG. 12. At this time, the plates 104 have already been
      returned, by the springs 104a, to the solid line positions shown in FIG.
      12, so that they will be in the path of the bale B and will strip it from
      the platform 80 as the platform moves downwardly.
PAR  When a subsequent bale B is received on the platform 80, the platform 80
      will be moved upwardly to again swing the stripping assemblies 100 from
      the solid line positions to the chain line positions shown in FIG. 12, and
      to raise the first bale B held aloft by the plates 100 upwardly to
      vertically stack the bales. The stripping assemblies 100 engage the
      underside of the second bale to hold the first and second bales aloft as
      the platform 80 is lowered to receive a third bale. This operation will be
      repeated until five bales have been stacked.
PAC  THE APPARATUS FOR FORMING A ROW OF STACKED BALES
PAR  Fixed to the upper frame bar 12 is a bale support rack 8 comprising a
      plurality of rearwardly extending support fingers 110 having open-ended,
      rearwardly opening spaces 112 therebetween for a purpose to be described
      more particularly hereinafter. The support fingers 110 support stacks S of
      bales B sequentially moved thereto in a manner to be later described. As
      can be best visualized in FIG. 1, the fingers 110 are inclined downwardly,
      forwardly so that the stacks S of bales B on the support fingers will lean
      forwardly against a vertical frame 114 including a pair of vertical side
      frame members 115 fixed to the upper frame bar 12 and spanned by a
      plurality of horizontal cross frame members 116.
PAR  For moving the stacks S of bales B from the stacking station, generally
      designated 11, a pusher assembly, generally designated 126, is provided
      and includes a pair of vertically spaced bell cranks 124 pivoted on upper
      and lower cross frame members 116 by pivot pins 125. The upper and lower
      bell cranks 124 are connected for simultaneous composite movement by a
      vertical rod 120. A pusher frame, generally designated 126, is swingably
      mounted on the ends of the bell crank members 124 and includes a pair of
      vertically spaced plates 119 pivoted on the bell cranks by pins 127 and
      spanned by a pair of vertical bars 128. The pusher frame 126 is swingably
      mounted on the bell crank 24 by the pivot pins 127 so as to always be
      substantially parallel to the stack S of bales being laterally
      transferred. If only the bell cranks 124, without the pusher frame 128,
      were utilized to move the stack S of bales B, the ends of the bell cranks
      124 would tend to gouge the upper and lower bales as they swing in their
      path of travel. The bars 128, on the other hand, will merely slide across
      the side faces of the bales as bell cranks 124 move in their swinging path
      of travel.
PAR  A stop pin 130 is mounted on the outer cylindrical pivot 103 (FIG. 8) for
      limiting the return movement of the assembly 126 so that it will be in the
      same vertical position at the start of each stack pushing cycle. For
      swinging the bell cranks 124 in their paths of travel on the frame F, a
      doubleacting fluid-operated cylinder 120 is provided and includes a piston
      rod 121 connected with the lower bell crank arm 124 by a pivot pin 122. A
      valve 131 is provided for directing fluid to the cylinder 120 so as to
      selectively move the piston 121 to advanced and retracted positions.
PAR  When the fifth bale is moved to the stacking station S to complete the
      stack, the uppermost bale in the stack will have engaged the underside of
      a stop, generally designated 132 disposed in the path of the uppermost
      bale, and swing it upwardly about a pivot pin 133 from the solid line
      position shown in FIG. 10 to the chain line position illustrated in FIG.
      10. As is best illustrated in FIG. 7, when the pusher control cylinder 120
      is actuated to swing the pusher frame 126 and a stack of bales S at the
      stacking station 11 sidewisely onto the support rack 8, so that the stack
      is advanced beyond the far edge 132a of the stop 132, the stop will drop
      to its solid line position to prevent the stack of bales S from falling
      back into the stacking station 11.
PAR  To prevent the stack S transferred onto the fingers 110 from tipping in the
      opposite direction as the vehicle travels over rough terrain, a plurality
      of stack support gates, generally designated 134, are pivotally mounted on
      pivot pins 135 fixed to the frame supported cross bars 116. A plurality of
      torsion springs 136 react between the frame F and the gates 134 to bias
      the gates 134 to the solid line positions illustrated in FIG. 7 into the
      path of the stack of bales S. The stack support gates 134 are spaced from
      each other a distance substantially equal to the width w of a bale B. When
      a succeeding stack of bales S is transferred onto the support fingers 110,
      it will move the initial stack S a further distance sidewisely to collapse
      the first gate 134 about the pivot pins 135 against the force of the
      associated springs 136 and fold it back rearwardly against the rails 116.
      The two side-by-side stacks will then be held between the succeeding gate
      member 134 and the stop member 132.
PAC  THE BALE SUPPORT WAGON AND DRAFT CONNECTION
PAR  A bale support wagon, generally designated W, is provided and includes a
      bale support platform 146 supported on a pair of steerable front wheels
      149b, mounted on king pins 148 in the usual manner, and a pair of axle
      supported rear wheels 149a (FIG. 2). The front wheels 149b are steerable
      by a tongue 142 which is connected to a lost motion connection mechanism,
      generally designated 140, on the frame F.
PAR  The lost motion connection 140 includes a pair of longitudinal rails 140a
      fixed to a pair of vertical posts 16 and spanned, at their forward ends,
      by a cross bar 140B. A connector block 147 is provided and includes
      longitudinal rails 147b received in a pair of tracks 140c provided in the
      side rails 140a. A bore 140d is provided in the connector block 147 for
      receiving a hitch pin 147c that also passes through the wagon draw tongue
      142.
PAR  When the tractor T backs the stacking and loading apparatus frame F
      rearwardly, the connector block 147, which is connected to the wagon
      tongue 142 by the hitch pin 147c, will slide forwardly on the rails 147
      until it hits the forward cross-rail 140B. When the tractor subsequently
      moves the frame F forwardly, the connector block 147 will be returned
      rearwardly to a position bearing against the vertical posts 16. A locking
      pin p, provided in one of the longitudinal rails 140a, is movable from a
      draft bar locking position, shown in solid lines in FIG. 3, restraining
      endwise movement of the connector block 147, to a removed position,
      illustrated in chain lines, permitting the connector block 147 to slide on
      the rails 140a. A manually operated cable w is trained around a pulley u
      and is fixed to the pin p to move it between the solid and chain line
      positions against the force of a biasing spring n urging it to the solid
      line position.
PAR  A rack 156 is provided at the front of the portable platform 146 and
      includes a plurality of longitudinally extending fingers 149 which are
      longitudinally staggered with the loading and stacking apparatus fingers
      110. The fingers 149 comprise stripping fingers which pass through the
      openings 112 in the bale support rack 8 to strip the row of bales from the
      rack 8 as will presently be described.
PAR  To prevent the wagon W from inadvertently moving rearwardly when the
      tractor T moves the frame F rearwardly, a brake assembly, generally
      designated B (FIG. 2) is provided and includes a brake bar 150 which is
      dragged behind each of the rear wagon wheels 149a by a pair of tow chains
      152 fixed to the wagon rack 146 forwardly of the wheels 149a. There is
      sufficient slack in the chain 152 to prevent the bar 150 from engaging on
      the tires 149a when the wagon is moving forwardly. A second set of chains
      159 is also connected with the walls 150 rearwardly of the wheel 149a and
      permits limited forward movement of the brake bar 150 when the wagon is
      moved rearwardly. In the normal position, the bar 150 will be in the solid
      line position illustrated in FIG. 2. If the wagon W inadvertently backs up
      as may be the case if the wagon is on a slope, the bars 150 will remain
      stationary, however, the wagon wheels 149a will continue to back up until
      it engages the member 150, as shown in chain lines in FIG. 2, to prevent
      further rearward movement of the wagon. Vertical side posts 160 are
      mounted at opposite ends of the wagon and side chains 162 span the posts
      to prevent the load of bales from tipping sidewisely off the wagon.
PAC  THE OPERATION
PAR  The draft tongue D of the stacking apparatus is connected to the tractor T
      by a draw pin 20 and the tongue 142 of the wagon W is connected to the
      connection bar 147 of the lost motion connection mechanism 140 by a draw
      pin 147c. The tractor is then driven forwardly to pull the frame F and the
      wagon W in a longitudinal forward path of travel in such a manner that a
      conveyor 40 will be longitudinally aligned with a bale B on the ground.
      The teeth 56 on the conveyor will penetrate the bale B and lift it
      upwardly and rearwardly on the chains 50 and the support members 54 which
      move the bale upwardly as shown in FIG. 1. As the bale negotiates the
      uppermost chain drive sprockets 52 of the conveyor 40, it will engage the
      star wheel assembly 58 and be batted rearwardly onto the loading platform
      80.
PAR  The manually operated valve 98a is operated to direct fluid to the bale
      elevating cylinder 98 in such a manner as to extend the piston 99 and move
      the bale support platform 80, and the bale B supported thereon, upwardly
      from the solid line position, illustrated in FIG. 1, to a position above
      the bale stripping fingers 102 and 104. As the bale B is moved upwardly,
      the stripping plate assemblies 100 swing between the solid line and chain
      line positions shown in FIG. 12 to permit the bale B to be moved to the
      chain line position illustrated in FIG. 12. The bale elevating control
      valve 98a is then operated to permit fluid in the bale elevating cylinder
      98 to pass to the reservoir as the weight of the bale and the platform
      force the piston 99 to retract and lower the bale support platform 80
      between the stripper plates 102 and 104. As the bale support platform 80
      moves downwardly, the bale B is stripped therefrom by the stripping
      fingers 100 which have been returned to the solid line position by the
      springs 104a and held aloft in the raised position. A second bale, picked
      up by the conveyor assembly 40, is delivered to the bale support platform
      80 which is again elevated to swing the stripping fingers outwardly to the
      chain line positions and raise the first bale to a still higher position.
      The second bale, which is moved to the chain line position shown in FIG.
      12, is stripped from the platform 80 by the stripping fingers 100 to hold
      the first and second bales in stacked relation. This operation is repeated
      until a stack of five bales is supported on the stripping fingers 102 and
      104.
PAR  The valve 131 is then actuated to advance the pusher control piston 120 to
      swing the pusher frame 126 from a position engaging the stop 130 to the
      stack advancing position illustrated in FIGS. 7 and 8. As the stack of
      bales S is moved sidewisely by the pusher frame 126 onto the bale support
      rack 8, the vertically swingable stop member 132, which is initially swung
      upwardly from the solid line position to the chain line position as the
      stack is formed, will then swing downwardly behind the trailing edge of
      the stack of bales to prevent its sidewise movement back into the station
      11. Successive stacks of bales are moved onto the bale support rack 8 to
      push the stacks previously moved thereto sidewisely and successively
      collapse the swingable stack holding gates 134.
PAR  When a complete row has been provided on the support fingers 110, the cable
      w is pulled to move the connector block holding pin p to a removed
      position and the tractor T is backed up so that the fingers 110 are
      generally superposed with the wagon stripping fingers 149. The wagon W,
      which is not driven rearwardly because of lost motion connector mechanism
      140, is positively prevented from inadvertently moving rearwardly by the
      brake bar members 150. The valve 31 is then operated to move the frame
      position control pistons 34 so as to permit the wheels 22 to pivot
      upwardly about the pins 27 so that the frame F will lower and the bale
      supporting fingers 110 will pass downwardly between the wagon supported
      stripping fingers 149. As is readily apparent, when the pistons 34 are
      retracted and the wheel mounting plates 26, are thus pivoted about the
      pivot pins 27, the frame F will drop vertically downwardly while
      maintaining the horizontal orientation of the bale support rack 8
      substantially constant. The tractor T is then moved forwardly to move the
      frame F forwardly and when the draw bar 147 reaches the rearward end of
      its slide, the wagon W will also be drawn forwardly. The frame elevating
      cylinder 30 is operated to extend the piston 34 and the wheels 22 will
      move from the chain line position, illustrated in FIG. 4, to the solid
      line position, illustrated in FIG. 4, so that the frame F moves upwardly
      relative to the wagon W. The hay bales B are stacked lengthwisely on the
      wagon rack 146 and will not easily tip off the front or rear ends of the
      wagon.
PAR  The operation will be repeated until a second row of stacked bales is
      provided on the fingers 110 and the tractor T and the frame F will again
      be moved rearwardly. As is best illustrated in FIG. 1, the ends 110a of
      the fingers 110 will engage the stacks S' of bales B on the wagon W to
      move the stack S' rearwardly and allow for the newly formed stacks S to be
      transferred thereto. This operation is repeated until the wagon is
      completely filled with stacks of bales.
PAR  It is to be understood that the drawings and descriptive matter are in all
      cases to be interpreted as merely illustrative of the principles of the
      invention, rather than as limiting the same in any way, since it is
      contemplated that various changes may be made in various elements to
      achieve like results without departing from the spirit of the invention or
      the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Bale loading and stacking apparatus comprising:
PA1  a mobile platform, such as a wagon or the like, for supporting stacks of
      bales and adapted to be moved forwardly in a longitudinal path of travel,
      said platform having a plurality of longitudinally extending, laterally
      spaced apart stripping fingers thereon;
PA1  a portable framework adapted to be moved forwardly in a longitudinal path;
PA1  a plurality of longitudinally extending, laterally spaced support members
      on said framework having rearwardly opening, open-ended slots therebetween
      longitudinally aligned with the stripping fingers;
PA1  draft bar connection means connecting said platform to said framework for
      longitudinal forward movement therewith but permitting relative movement
      of said platform and said framework between spread and less spread
      positions to move said fingers and said support members between
      longitudinally spaced and generally superposed positions;
PA1  means for delivering a plurality of stacks of bales to said support members
      to form a row of bale stacks thereon when the platform and framework are
      in said longitudinally spread positions; and
PA1  means for vertically moving at least one of said support members and said
      fingers relative to the other to pass said support members through the
      openings on said framework and transfer said row of stacked bales from
      said support members to said fingers when said wagon and said support
      members are in said superposed positions.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said laterally spaced support members
      engage and rearwardly move the immediately preceding row of stacks
      transferred to the platform.
NUM  3.
PAR  3. The apparatus set forth in claim 1 wherein said wagon includes a brake
      assembly for preventing rearward movement of the platform when the
      portable framework moves rearwardly but automatically releasing to permit
      forward movement of the platform.
NUM  4.
PAR  4. Bale loading and stacking apparatus comprising:
PA1  a portable frame movable forwardly and rearwardly in a longitudinal path of
      travel;
PA1  a bale support rack on said frame including a plurality of laterally
      spaced, elongated, rearwardly opening, open ended openings therein;
PA1  a mobile platform for receiving stacks of bales from said rack including
      bale stripping members at the forward end of said platform longitudinally
      aligned with said openings; and
PA1  means for selectively coupling said mobile platform and said frame for
      concurrent forward movement in longitudinally spaced positions and for
      selectively decoupling said platform and frame to permit said frame and
      rack to move longitudinally, bodily forwardly independently of said
      platform, said coupling means including lost motion draft bar connection
      means permitting relative longitudinal movement of the coupled frame and
      platform to less spread positions to superpose said rack above said
      platform so that bales supported by said rack can be transferred to said
      bale stripping members.
NUM  5.
PAR  5. Bale loading and stacking apparatus comprising:
PA1  a portable frame, movable forwardly and rearwardly in a longitudinal path
      of travel, having a bale support rack for supporting stacks of bales;
PA1  a bale platform, adapted to be drawn forwardly by said frame, for receiving
      stacks of bales from said rack and supporting said stacks of bales;
PA1  means for selectively coupling said platform and said frame for concurrent
      forward bodily movement when said frame is moved forwardly and for
      selectively decoupling said platform and frame to permit said frame and
      rack to move bodily forwardly independently of said platform, said
      coupling means including means coupling said platform and frame for
      limited relative longitudinal bodily movement when said frame is moved
      longitudinally rearwardly to move bales rearwardly to positions overlying
      said mobile platform, and
PA1  means mounting said rack for vertical movement between a raised position
      and a lowered position to deposit the stacked bales on said platform when
      said rack is moved rearwardly to said position overlying said platform.
NUM  6.
PAR  6. Bale loading and stacking apparatus comprising:
PA1  a mobile platform, having a bale support rack for supporting stacks of
      bales;
PA1  a portable frame movable longitudinally forwardly and rearwardly in a
      longitudinal path of travel;
PA1  means for selectively coupling said mobile platform to said portable frame
      for longitudinal movement therewith in longitudinally spaced positions and
      for longitudinal movement relative thereto to less spaced positions and
      for selectively decoupling said platform and frame to permit said frame to
      move longitudinally bodily forwardly independently of said platform; and
PA1  means on said platform for stripping the row of stacks from said rack when
      said portable frame and said platform are in said less spaced positions.
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ABST
PAL  A mobile structure for movement alongside the frames of buildings under
      construction, capable of raising heavy and also long loads vertically and
      then laterally onto a floor of said building frame as well as moving loads
      from the building frame and lowering the same.
BSUM
PAR  The present invention is concerned with a mobile structure for raising
      loads vertically and then laterally of the structure or to the structure
      and then raising or lowering said loads.
PAR  The principal object of the present invention is to provide a structure
      moveable over the ground or on tracks alongside of a building under
      construction and which structure can raise loads to the various floors of
      said building and dispose the loads at any desired level or remove loads
      from any floor of the building and lower or raise the load to other floors
      or to the ground.
PAR  Further objects of the invention will be in part pointed out and in part
      obvious from the following detailed description of the accompanying
      drawings, in which,
PAR  FIG. 1 is a top view of the present structure,
PAR  FIG. 2 is a side view of the structure with the load carrier thereof partly
      raised,
PAR  FIG. 3 is a view from the right side of FIG. 2,
PAR  FIG. 4 is an end view of a portion of the load carrier partially extended.
PAR  FIG. 5 is an enlarged sectional view taken on line 5--5 of FIG. 1,
PAR  FIG. 6 is an enlarged sectional view taken on line 6--6 of FIG. 2,
PAR  FIG. 7 is a cross-sectional view taken on line 7--7 of FIG. 5,
PAR  FIG. 8 is a cross-sectional view of a right hand side portion of the load
      carrier,
PAR  FIG. 9 is a right hand side view of FIG. 8,
PAR  FIG. 10 is a view similar to FIG. 9, but with one of the load carrier
      raising mechanisms in its extended position,
PAR  FIG. 11 is a cross-sectional view taken on line 11--11 of FIG. 10, and,
PAR  FIG. 12 is a view similar to FIG. 10, but with the one frame of the load
      carrier fully extended.
DETD
PAR  Referring now more particularly to the drawings in which like and
      corresponding elements are designated by similar reference characters,
      numeral 1 indicates track ties laid upon the ground and supporting tracks
      2 extending alongside, but spaced from a building under construction
      having concrete floors A and columns B.
PAR  A platform 4 has rotatably wheels 3 running on tracks 2 so that said
      platform can be moved along said tracks. It is to be appreciated that
      driven endless tracks (not shown) can equally as well be used to support
      platform 4 instead of wheels 3, tracks 2 and ties 1.
PAR  A pair of towers 5 and 6 are fixedly and vertically supported on platform
      4, in a spaced apart relationship. Tracks 7 and 8 each of a T-shaped
      cross-section, are attached to towers 5 and 6, respectively, and extend
      longitudinally of the opposing faces of said towers.
PAR  A frame 9 has uprights 10 and 11 each of U-shaped crosssectional
      configuration, at the opposite ends thereof with a pair of rollers 7a and
      7b in each of said uprights riding on tracks 7 and 8. As both upright
      roller arrangements are the same, one is shown in detail in FIG. 6.
PAR  A pair of parrallel spaced apart C-shaped beams 9a are fixedly mounted on
      and extend laterally of frame 9. A load carrier frame 12 has rollers 13
      carried by the opposite longitudinal sides 12a thereof with rollers 13
      inside each beam 9a as indicated in FIG. 7.
PAR  Said frame 12 has a second load carrier frame 14 positioned thereon.
PAR  Two pairs of scissor jacks 15 are pivotally mounted as at 16 in FIG. 9 to
      frame sides 12a and at 17 to frame 14. Each scissor jack 15 has rollers 18
      and 18a at their medial pivots.
PAR  A pair of cables 19 each, as shown in FIG. 5, have a portion 19a extending
      over rollers 18a and 18 of one jack 15, portion 19b attached to roller
      18a, portion 19c extending over rollers 18 and 18 a of the second jack on
      the same side of frame 14 while the cable 19 between portions 19a and 19c
      is wrapped around a roller 20 rotatably mounted on frame 12. Each roller
      20 is driven by an electric motor 21.
PAR  On the right hand end of frame sides 9a, as viewed in FIG. 3, there are a
      pair of tubes 22 fixedly attached to the exterior of said frame sides, see
      FIG. 12 with hydraulic cylinders 23 pivotably connected at 24 in each tube
      22 and having a piston rod 25 slideably extending through tube guides 26.
      Hoses (not shown) for supplying fluid under pressure to openings 27 on
      said cylinders 23 extend to a source of said fluid (also not shown).
PAR  Engine 28 is operatively connected to drum 29 around which is wound cable
      30. Said cable extends over pulleys 31, 32, 33, 34 and 35 and is attached
      at 36 to platform 4.
PAR  An electric motor 37 is connected to the bottom of frame 9 and is
      operatively connected to drum 38 around which cable 39 is wound. Said
      cable 39 extends around pulley 40 on one end of frame 9a and is attached
      at 40a and 40b to frame 12.
PAR  As indicated in FIG. 2, building frame A--B is shown by way of example
      only, as being ten stories high and towers 5 and 6 are shown as being
      eleven stories high. However towers 5 and 6 can be higher or shorter as
      desired.
PAR  Also frame 12 and 14 could each be twenty feet wide and one hundred feet
      long with frame 9 normally under the middle of frames 12 and 14 when said
      latter frames are in their closed position as shown in FIG. 3.
PAR  The above measurements are given only by way of an example as a preferred
      form to the structure, but can be greatly modified as desired.
PAR  A bracket 41 is connected to frame 12, see FIG. 3, and supports a closed
      circuit television projector 42 electrically connected to a television
      receiver (not shown) in cab 28a whereby an operator can view the movement
      of frames 12 and 14 for guiding the direction and extension thereof.
PAR  In the use of the present structure, tracks 2 are laid on the ground
      parallel to a side of a building frame A--B at a position so that frames
      12 and 14 have their ends adjacent said building frame spaced from said
      housing frame about 50 feet, for example. Platform 4 is then moved along
      said tracks by a conventional means, such as a tractor (not shown), for
      example, to a position where frames 12 and 14 can be extended between a
      pair of columns B such as indicated dotted lines in FIGS. 1 and 2.
      Thereupon material, such as building material including stacks of long
      boards or panels, can be placed on frame 14 and an operator manipulating
      controls in cab 28a, can operate engine 28 to rotate drum 29 drawing cable
      30 on said drum and thereby raising frames 9, 9a, 12 and 14 upwardly of
      towers 5 and 6 until rollers 13 are aligned with the top surface of anyone
      of the building floors A as desired. Thereupon piston rods 25 are extended
      over floor A.
PAR  The operator in cab 28a viewing frames 12 and 14 and the building in front
      of the same through the television, can determine the proper relative
      position of said frames to said building. When the frames and building are
      properly aligned, the operator can operate further controls in cab 28a
      connected to motor 27 for operating the same, drawing cable 39 on drum 38
      causing frames 12 and 14 to move over the floor A in front thereof so that
      rollers 13 move onto floor A supporting the frames and loaded material
      thereon. When desired motors 21 can be operated to raise frame 14 so that
      material thereon can be loaded or unloaded from any height between floors
      A as desired.
PAR  It is obvious that frames 9, 9a, 12 and 14 can be raised or lowered when
      supporting material or not, from floor to floor as desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mobile load raising structure comprising a mobile platform, towers
      mounted on said platform in spaced apart relationship and extending
      upright with said platform, a load supporting member extending between and
      beyond said towers and slideably mounted on said towers for movement
      longitudinally thereof, means for raising and lowering said load
      supporting member upwardly and downwardly of said towers, said load
      supporting member comprising a frame extending laterally between said
      towers, C-shaped beams being mounted on and extending laterally of said
      frame, a load carrier frame extending laterally of said first frame,
      rollers rotatably mounted on said load carrier frame and riding in said
      C-shaped beams, a second load carrier frame detachably positioned on said
      first load carrier frame, a plurality of scissor jacks pivotally connected
      to said first and second load carrier frames and means for operating said
      scissor jacks for raising and lowering said second load carrier frame
      relative to said first load carrier frame, and means for moving said first
      load carrier longitudinally of said C-shaped beams, further wherein said
      means for operating said scissor jacks includes rollers rotatably mounted
      on the medial pivots of said jacks, at least one cable extending over said
      rollers and having its ends attached to one of the rollers of each of said
      scissor jacks and a driven roller mounted on said first load carrier frame
      and having said cable extending therearound.
NUM  2.
PAR  2. A mobile load raising structure as claimed in claim 1 wherein said means
      for moving said first load carrier frame includes a driving motor with
      pulley mounted on one end portion of said first frame, a second pulley
      rotatably mounted on the other end portion of said first frame, and a
      cable having both ends connected to said first load carrier frame and
      extending around both said pulleys.
NUM  3.
PAR  3. A mobile load raising structure as claimed in claim 1 including at least
      one tube fixedly mounted on an end portion of each of said C-shaped frames
      and extending longitudinally thereof, hydraulically driven cylinders each
      pivotally connected to and extending in one of said tubes and having a
      piston rod capable of extending from said tubes.
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ABST
PAL  A child-resistant liquid seal closure and container combination featuring
      one or more camming projections on the container neck and one or more
      locking lugs on the interior surface of the closure which engage the
      camming projections to prevent rotational removal of the closure from the
      container. The closure may be removed from the container only by squeezing
      the closure on opposite sides to force the locking lugs radially outwardly
      beyond the camming projections to permit rotation of the closure relative
      to the container. The camming projections on the container neck are of
      sufficient axial height to prevent rotation of the closure relative to the
      container both when the closure is fully tightened onto the container and
      when the closure has been rotated 180.degree. relative to the container,
      thereby necessitating two separate squeezing actions to remove the closure
      from the container. The closure of this invention has an outwardly tapered
      skirt which, when threadingly engaged on a straight cylindrical neck,
      provides sufficient space and resiliance to allow for squeezing of the
      closure to disengage the locking lugs from the camming projections.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to closures for containers and more particularly, it
      relates to closures for containers of dangerous or harmful contents which
      are of the child-resistant type to deter access to the contents of the
      container by children. In other words, the closure and container are so
      constructed that the closure may be easily positioned on the container
      into a locking position, but in order to remove the closure from the
      container, some considerable thought and specific intent is necessary. The
      closure and container neck each have mating threaded portions which
      facilitate the attachment of the closure to the container neck. The
      closure also includes one or more locking lugs on its interior surface
      which engage one or more camming projections on the neck of the container
      to prevent rotational removal of the closure from the container. The
      closure may be removed from the container only by squeezing the closure on
      opposite sides to force the locking lugs radially outwardly beyond the
      camming projections to permit rotation of the closure relative to the
      container. The camming projections on the container neck are of sufficient
      axial height to prevent rotation of the closure relative to the container
      both when the closure is fully tightened onto the container and when the
      closure has been rotated 180.degree. relative to the container, thereby
      necessitating two separate squeezing actions to remove the closure from
      the container.
PAR  The prior art has suggested many types of safety caps and container
      configurations for keeping poisons, dangerous chemicals and other
      medications away from children or unsuspecting adults. Examples of such
      prior art patents which disclose safety caps of the type that are squeezed
      in order to facilitate removal of the cap from the container include U.S.
      Pat. Nos. 3,376,991 (Deaver) and 3,830,391 (Uhlig).
PAR  The prior art devices of the squeeze-and-turn type have heretofore suffered
      in the respect that they have been difficult and expensive to manufacture
      or have required rather substantial changes to the mold for the threaded
      container neck portion. For example, the abovementioned Deaver patent
      requires an oval shape for the neck portion of the container, and the
      Uhlig patent requires flat cutaway portions on the container neck
      configuration. These modifications in the cited patents are required to
      provide space for squeezing the closure inwardly to disengage the locking
      means between the closure and the container neck.
PAR  In the safety cap field, it is usually desirable to require a relatively
      high degree of manual dexterity in removing the cap, but once it is
      removed, it is desired to replace it as quickly as possible without
      necessitating complicated maneuvers. It is also desirable to utilize a
      threaded engagement between the closure and container, as this type of
      engagement has been found to provide a very tight seal for maintaining the
      contents, particularly liquids, within the container.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a safety closure and
      container combination which incorporates a threaded engagement between the
      members for good liquid sealing characteristics and yet overcomes the
      disadvantages of the prior art devices which require expensive and
      complicated changes to the mold design of the container neck. The closure
      of this invention features one or more locking lugs on its interior
      surface which are adapted to provide a locking engagement with one or more
      projections on the neck portion of the container. The closure of this
      invention has an outwardly tapered skirt which, when threadingly engaged
      on a straight cylindrical container neck, provides sufficient space and
      resilience to allow for squeezing of the closure to disengage the locking
      lugs from the camming projections. Thus, the only modifications necessary
      to a standard cylindrical threaded neck portion of a container are the
      addition of one or more camming projections thereon.
PAR  The closure may be removed from the container only by squeezing the closure
      on opposite sides at positions spaced ninety degrees from the locking lugs
      radially outwardly beyond the camming projections to permit rotation of
      the closure relative to the container. The camming projections on the
      container neck are formed to be of sufficient axial height to prevent
      rotation of the closure relative to the container both when the closure is
      fully tightened onto the container and when the closure has been rotated
      180.degree. relative to the container, thereby necessitating two separate
      squeezing actions to remove the closure from the container.
PAR  Other objects, features and advantages of the subject invention will become
      apparent to one skilled in the art upon reference to the following
      detailed description and the drawings illustrating a preferred embodiment
      thereof.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a perspective view of the child-resistant closure and container
      combination of this invention;
PAR  FIG. 2 is a sectional view of the closure and container neck in the locked
      position;
PAR  FIG. 3 is a sectional view of the closure and container neck with the
      closure being squeezed to disengage the locking means;
PAR  FIG. 4 is a sectional view of the closure and container neck with the
      closure rotated so that the locking members are out of engagement;
PAR  FIG. 5 is a perspective view of an alternate embodiment of the invention,
      wherein the closure and container neck each have a pair of mating locking
      members; and
PAR  FIG. 6 is a sectional view of the closure and container neck of FIG. 5
      showing the locking members in both the engaged and disengaged positions.
PAR  FIG. 7 is a sectional view of the closure and container neck of FIG. 5
      showing the relationship of the tapered closure to the cylindrical
      container neck.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring now to the drawings, FIGS. 1 through 4 disclose an embodiment of
      this invention wherein the closure and container neck each have one
      locking member and FIGS. 5 through 7 disclose an embodiment wherein each
      of the closure and container necks have a pair of mating locking members.
      In FIG. 1, a closure, generally indicated by the numeral 10, is formed
      having a top panel 12 and a depending integral skirt portion 14. The
      interior of the skirt portion 14 incorporates a thread portion 16 and a
      single locking lug 18. The locking lug 18 is positioned adjacent to the
      lower edge of the skirt 14. A container, generally indicated by the
      numeral 20, incorporates a cylindrical neck 22 which terminates in an open
      mouth portion 24. The cylindrical neck 22 incorporates a thread 26 on its
      outer surface which is adapted to threadingly mate with the thread 16 on
      the closure 10. A camming projection 28 is formed on the outer surface of
      the neck 22 and is adapted to lockingly engage the locking lug 18 on the
      closure 10. The closure 10 may be applied to the container 20 by
      rotational movement, so that the mating threads 16 and 26 engage to secure
      the closure 10 to the container 20. As the closure 10 is threaded down
      onto the container 20, the locking lug 18 slides over the camming
      projection 28 until it snaps into engagement therewith. This position is
      shown in FIG. 2. To disengage the locking lug 18 from contact with the
      camming projection 28, it is necessary to apply a squeezing force to the
      closure 10 on opposite sides thereof, as shown by the arrows 30 in FIG. 3.
      Upon application of the force at locations approximately 90.degree. from
      the mating locking members, the closure is distorted to the position shown
      in FIG. 3, thereby forcing the locking lug 18 radially outwardly to a
      position beyond the camming projection 28. While continuing to apply the
      force as indicated by the arrows 30, the closure 10 may be rotated
      relative to the container 20 as shown in FIG. 4, so that the locking lug
      18 is rotated beyond the camming projection 28, and the closure may then
      be rotated or unscrewed from threaded engagement with the container 20.
PAR  Thus, the single locking member concept as shown in FIGS. 1 through 4
      provides a relatively simple and economical solution to a liquid seal
      safety closure. It requires only minor changes, the addition of a locking
      lug to the closure and a camming projection to the container neck, to
      create a child-resistant safety closure. However, despite its simple
      design, it requires purposeful manipulation, the application of squeezing
      force at specified locations, to remove the closure from locking
      engagement with the container.
PAR  The alternate embodiment, as shown in FIGS. 5 through 7, is similar in
      concept to that shown in FIGS. 1 through 4. However, it requires the
      addition of a pair of camming projections to the container neck and a pair
      of locking lugs to the closure member. This second embodiment also
      provides a double locking feature, in that the closure must be squeezed at
      two specific locations in order to remove the closure from the container.
      In the FIG. 5 through 7 embodiment, a closure is indicated generally by
      the numeral 110. The closure 110 includes a top panel 112 and a depending
      annular skirt 114. The skirt 114 incorporates a thread portion 116 on its
      interior surface and a pair of locking lugs 118 on opposite sides of its
      interior surface. A container, indicated generally by the numeral 120
      incorporates a cylindrical neck portion 122 which terminates in an open
      mouth 124. The container neck 122 includes a tapered thread portion 126
      and a pair of camming projections 128. The closure 110 may be applied to
      the container 120 and secured thereto by the threaded engagement between
      the threads 116 and 126. As the closure 110 is rotated into threaded
      engagement with the container 120, the locking lugs 118 slide over the
      camming projections 128 until they rest in locking engagement therewith,
      as shown by the solid lines 118 and 128 in FIG. 6. In order to remove the
      closure 110 from locking engagement with the container 120, a squeezing
      force must be applied at opposite diametrical locations as indicated by
      the arrows 130 to force the closure into the position shown by the dotted
      lines 110a in FIG. 6. This distortion of the closure 110 to the position
      shown by 110a results in the outward movement of the locking lugs 118 to
      the positions shown in dotted lines and indicated as 118a. While
      continuing to maintain the squeezing force, the closure 110 may now be
      rotated out of engagement with the camming projections 128. If the
      squeezing force is then released, the closure may then be rotated for the
      remainder of a 180.degree. rotation, and the locking lugs 118 will again
      engage the camming projections 128. It is then necessary to apply a second
      squeezing force to again distort the closure and force the locking lugs
      118 outwardly beyond the camming projections 128 to continue rotational
      removal of the closure from the container. By carefully sizing the height
      of the camming projections 128, this double locking feature, as previously
      described, requires either the continuous application of squeezing
      pressure on the closure while rotating the closure through more than
      one-half turn of rotation or the application of two separate squeezing
      efforts during the removal of the closure.
PAR  It can be seen in FIG. 7 that the closure 110 is provided with a sufficient
      taper relative to the container neck 122 to result in sufficient clearance
      between members to facilitate distortion of the closure upon the
      application of squeezing force. As indicated earlier, prior art devices
      have required either an oval-shaped container neck or flat surfaces on
      opposite sides of the container neck in order to provide adequate
      clearance for distortion of the closure in order to unlock it prior to its
      removal. However, the provision of a tapered closure, as shown in FIG. 7
      and taught by this invention, eliminates the need for such modifications
      to the neck configuration of the container. Thus, the embodiment shown in
      FIGS. 5 through 7, while similar through principle and operation to that
      shown in FIGS. 1 through 4, provides the additional safety feature of
      having the closure locked into engagement with the container on two
      separate positions of rotation of the closure relative to the container.
      This double-safe feature requires more mental effort and manipulative
      skill to thereby make it more difficult for a child to reach the contents
      of the container.
PAR  As is the case with some of the prior art devices, the mating threads
      should be positioned so that continued tightening of the closure onto the
      container to effect a liquid seal may occur after the locking means have
      snapped into engagement. It should also be understood that the closure of
      this invention may incorporate a liner so as to provide an effective
      liquid seal when utilized with a glass container. The closure can be
      utilized with or without a liner to effect a seal with a plastic container
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. A double-locking, child-resistant closure and container combination
      comprising:
PA1  a container having a generally cylindrical neck portion with threads formed
      on the exterior thereof, and a pair of camming projections formed on
      diametrically opposite sides of said threaded neck portion; and
PA1  a closure having a top panel and a tapered annular skirt portion depending
      therefrom, said annular skirt including threads formed on the interior
      surface thereof adapted to matingly engage the threads on the neck portion
      of said container, a pair of locking lugs formed on diametrically opposite
      sides of the interior surface of said annular skirt, said locking lugs
      being positioned for locking engagement with said camming projections to
      prevent removal of said closure from said container neck when said closure
      is in threaded engagement with said container neck, said tapered annular
      skirt being flexible to permit purposeful squeezing thereof at locations
      spaced 90.degree. from said locking lugs to displace said locking lugs
      outwardly beyond said camming projections to permit rotation of said
      closure relative to said container neck to thereby remove the closure from
      threaded engagement with the container, said pair of camming projections
      on said container neck being of sufficient height to engage said pair of
      locking lugs in at least two different rotational positions of the closure
      relative to said container.
NUM  2.
PAR  2. A double-locking, child-resistant closure and container combination as
      set forth in claim 1, wherein said locking lugs engage said camming
      projection both when said closure is fully tightened onto the container
      and when the closure has been rotated 180.degree. relative to the
      container.
NUM  3.
PAR  3. A double-locking, child-resistant closure and container combination as
      set forth in claim 2, wherein said locking lugs extend from the threads on
      the interior surface of said closure skirt to the bottom edge of said
      skirt.
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ABST
PAL  There is disclosed a capping capsule for sealing attachment to the neck
      portion of a container such as a bottle. The capsule consists of a base
      wall portion in the form of a planar disc from which extends integral with
      the disc a heat shrinkable tubular side wall portion of substantially
      uniform thickness. The planar disc is thicker than the tubular side wall
      portion and the peripheral outline of the base wall is smaller than the
      inner peripheral outline of the side wall portion.
BSUM
PAR  The present invention is concerned with capping capsules for capping
      bottles.
PAR  The present invention is also concerned with a process of producing capping
      capsules as well as apparatus for carrying out the process.
PAR  Known capping capsules in shrinkable skin-like material have been made by
      assembling a shrinkable tubular part with a plate or lozenge of
      non-shrinkable material serving as a cap or base of the capsule.
PAR  In certain constructions, this plate was not fast with the tubular body
      being held in place only by the turned-over edge of the tubular body. In
      other arrangements, this plate was held in place by adhesive which
      produced an uncertain assembly given that the material of the plate was
      not shrinkable at the junction with the body which, when heated to obtain
      shrinkage on the neck of a bottle, had to shrink freely, this shrinkage
      upon heating occuring very suddenly and producing a substantial change in
      the initial profile.
PAR  The diameter of the plate in these known arrangements was substantially the
      same as the initial diameter of the tubular body after shrinkage and
      because the plates were made of non-shrinkable material, they prevented
      the tubular bodies shrinking sufficiently at the level of the plate at the
      time of final shrinkage on the neck of the bottle, the plate opposing
      shrinkage across its diameter, remaining unchanged because of its
      inability to shrink, remaining too large, and the shrinkage of the tubular
      body on the bottle being thus insufficient particularly at the region
      where complete sealing is required; that is to say at the extremity of the
      neck of the bottle.
PAR  The object of the invention is to avoid these difficulties by providing
      shrinkable capping capsules made of a single piece as will hereinafter be
      described and illustrated in the annexed drawings by way of nonlimiting
      example.
DRWD
PAR  According to one embodiment, a shrinkable tubular sheath 1, for example of
      polyvinyl or polystyrene material, is radially distended during its
      extrusion when a rough starting piece having a very small initial diameter
      at the exit of an extrusion die will have been distended to obtain a
      diameter several times larger in the rigid state of the shrinkable
      extruded sheath.
PAR  To form a capping capsule a cut piece of the shrinkable sheath is threaded
      on to a mandrel 2, the length of the piece being such that the piece
      extends beyond the free end of the mandrel. The tubular piece is then
      heated in the region extending beyond the mandrel to cause shrinkage under
      the effect of heating, the part 3 thus shrunk adopting the form of a
      cylindrical chimney 4 having again the small diameter such as it had at
      the exit of the extrusion die before distention of the sheath.
PAR  The mandrel which has a bore as illustrated in FIGS. 1, 2, 3, 4 comprises a
      piston 5 movable axially of the mandrel, the extremity of the piston at
      the beginning of the operation (FIG. 1) being withdrawn relative to the
      extremity of the mandrel so as to leave, at this stage, a hollow space 6.
PAR  The extremity of the heated sheath having taken the form of a chimney 4 of
      small diameter as above described, is then pressed into the hollow space 6
      of the mandrel 2.
PAR  The material of this chimney being heated is softened, allowing the
      material to be rammed into the hollow space of the mandrel (FIG. 3) after
      which the piston 5 is advanced in the mandrel to press the turned-in
      material against a fixed abutment 7 facing the mandrel, this abutment, in
      the pressing position, forming in co-operation with the extremity of the
      mandrel a sealed chamber, preventing the softened material pressed by the
      advancing piston, from escaping.
PAR  The soft material, thus heavily compressed between the abutment and the
      piston, will entirely fill the chamber and will take the form of a disc or
      lozenge 8 which forms the base of the capping capsule, this disc being
      very homogeneous due to the pressure, being fomred of the same material as
      the cylindrical wall of the capsule, having never been detached therefrom
      and the final article being monolithic having its wall and base forming a
      single piece.
PAR  The part of the tubular piece extending beyond the mandrel and forming by
      shrinkage the chimney is of a length such that the mass of its material is
      sufficient to form the lozenge constituting the base of the capsule.
PAR  The diameter of the chimney being much less than the diameter of the
      cylindrical body of the tubular part which is threaded on the mandrel, the
      diameter of the base of the capsule or lozenge which will be formed from
      the chimney, will be much less than the diameter of the tubular body of
      the finished capsule. At the time of shrinkage of the capping capsule
      placed on the neck of a bottle, the shrinkage will not be opposed by the
      existence of the base which will not prevent the adhesion to the neck of
      the retracted capsule thereby providing excellent sealing.
PAR  In another embodiment of the invention a plain sheet of bi-axially oriented
      thermoplastic material such as PVC plasticised or not or of any other
      suitable plastic material providing heat shrinkage of the order of at
      least 12% may be used as the starting material.
PAR  This sheet is profiled to form a hollow cup of small depth which may be
      less than 20 mm. This forming can be carried out, because of the small
      depth, either by classic cold stamping or by vacuum forming.
PAR  The base of the capsule will form with the lateral wall of the tubular part
      of the cup a single piece. This capsule placed on the neck of a bottle
      will, upon reheating, freely shrink. It will strongly grip the neck of the
      bottle given that the base of the cup forming the capping capsule is
      itself also formed of material shrinkable to the same degree as the
      tubular part. No plate of non-shrinkable material being incorporated, the
      shrinkage of the capsule will not be impeded at any time, thereby
      providing a very strong adhesion to the neck of the bottle following
      perfect reduction in the diameter of the tubular part.
PAR  In limiting the depth of the cup at the time of stamping the sheath, it is
      possible to determine in advance with great precision the degree of
      shrinkage of the capsule in the direction of its depth to determine its
      height after heating to shrink it onto the neck of the bottle because the
      drawing in depth of the sheet confers on it a shrinkage in the third
      dimension, the sheet used being already bi-axially oriented at the start.
PAR  The apparatus for producing the capping capsule illustrated in FIGS. 1 to 4
      comprises a cylindrical mandrel 2 axially movable on a piston 5 in a
      central bore of the mandrel. The base of the mandrel rests on a resilient
      element 9, for example a spring bearing on an annular shoulder of the
      piston. This also is movable in an axial direction by mechanical hydraulic
      or pneumatic means.
PAR  Laterally of the mandrel is at least one heating device 10 preferably an
      air heater (FIG. 2).
PAR  An abutment 7 is located in front of the mandrel. A piece 1 cut from a
      shrinkable sheath is threaded onto the mandrel the piece projecting beyond
      the end of the mandrel. The whole of the cut sheath of which the part 3
      extends beyond the mandrel is heated and shrinks under the effect of
      heating. The shrunk piece forms a cylindrical chimney 4 having again the
      small diameter such as it had at the exit of the extrusion die before
      distention of the sheath. This chimney is turned back into the space
      defined by the hollow mandrel and piston whose extremity at this point is
      retracted relative to the extremity of the mandrel (FIG. 3).
      Advantageously the mandrel is rotated to ensure uniform heating.
PAR  The penetration of the softened chimney 4 into the hollow space of the
      mandrel will be effected by applying a pressure which, for example, will
      be laterally directed.
PAR  A vertical sheet may be moved past the mandrel carrying the sheath, at the
      base of the softened chimney while this is rotated, in advancing this
      sheet makes rubbing engagement against the wall of the chimney causing a
      shortening of the chimney by formation of a twist which carries the
      material of the chimney into the hollow of the mandrel.
PAR  According to one embodiment of the process according to the invention, one
      can cause the chimney to enter the hollow space by suction.
PAR  The softened turned-in material of the chimney will be compressed by the
      piston 5 which advances in the mandrel to press the material against the
      fixed abutment opposite the mandrel 2. This abutment 7 in the pressing
      position forms in co-operation with the extremity of the mandrel a sealed
      chamber which prevents the softened material pressed by the piston from
      escaping from the mandrel which itself is subjected to the pressure of a
      resilient element, for example a spring, which urges it strongly against
      the abutment.
PAR  In the case of the embodiment of the invention where the starting material
      is a plain sheet of shrinkable material profiled by stamping or
      thermo-forming to provide one or more cups or sockets, the depth of the
      socket will be determined so that the shrinkage in depth (or shrinkage of
      the height of the tubular wall) will be less than the radial shrinkage.
      The less the socket is deep, the less the shrinkage will appear in the
      direction of the depth. This is important, having regard to the fact that
      this type of capsule is provided primarily to ensure the tightening of a
      synthetic plastics cork under the capsule and having regard to the fact
      that the height of this capsule must be calculated so that it grips the
      rim of the bottle. From this fact the radial shrinkage must be greater
      than that of the length of the wall.
PAR  Capsules as above described can be used for all capping operations and they
      provide a particularly efficient capping.
PAR  It is to be noted that the mandrel illustrated in the drawings is stepped
      downwards in diameter in the direction of the free end of the mandrel. The
      purpose of this arrangement is to improve the strength of the capsule
      which, if it were purely cylindrical and being of thin material, would be
      extremely fragile and difficult to handle. By providing the changes in
      diameter, so to speak in cascade towards the end of the capsule which will
      be closed, the fragility of the article is substantially reduced because
      pressure in an axial direction to which a pile of these elements may be
      subjected is supported by the annular zones individually each being less
      in length than the total length of a capsule.
CLMS
STM  I claim:
NUM  1.
PAR  1. A capping capsule made of a synthetic plastics material for sealing
      attachment to the neck portion of a container, said capsule comprising: a
      base wall portion in the form of a planar disc; and a heat-shrinkable
      tubular side wall portion having a substantially uniform wall thickness
      extending from the periphery of the base wall portion integral therewith
      and made of the same material as the base wall portion, the base wall
      portion being thicker than the tubular side wall portion and having a
      peripheral outline smaller than the peripheral outline of the interior of
      the side wall portion.
NUM  2.
PAR  2. The capping capsule according to claim 1 wherein said base wall portion
      is made of a non-shrinkable material.
NUM  3.
PAR  3. The capsule according to claim 1 wherein said tubular side wall portion
      comprises lengthwise spaced peripheral steps.
NUM  4.
PAR  4. The capsule according to claim 3 wherein said steps are radially
      increased toward the end of the tubular side wall portion.
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ABST
PAL  A removable seal for a liquid container comprising a flexible liquid
      impervious sealing member for sealing an end of the container which
      sealing member is held against the end by a screw closure having a
      perforate top wall so that application of pressure upon the sealing member
      through the top wall disengages the sealing member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a seal for liquid materials and more particularly
      relates to seals of the type which are broken by any suitable puncturing
      device. In the prior art seals which were broken by puncturing devices
      resulted in a hole in the seal which permitted liquid to flow through the
      hole to the exterior of the container or conduit to which the seal was
      applied. A serious disadvantage of this type of prior art seal is that the
      act of puncturing the seal results in a raised portion inside the
      container seal surrounding the position of the puncture. The raised
      portion results in a wall or dam which will hold liquid thus preventing
      all of the liquid from flowing through the hole in the punctured seal.
      This residual liquid creates a serious problem, particularly when the
      liquid is corrosive in nature in that when the flow of liquid through the
      hole in the seal stops and the container, e.g. bottles, conduits or other
      liquid storing or carrying devices, to which the seal is applied is moved
      or shaken the residual liquid held by the raised portion surrounding the
      location of the puncture can flow over the raised portion and through the
      puncture to the exterior of the seal. Since such flow of the residual
      liquid only occurs when the container is moved, such flow usually occurs
      at an undesirable time and location e.g. when an empty container for
      liquid is removed from the location where the liquid is poured from the
      container into a desired reservoir.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view of an inverted container showing a removable seal which is
      in a position above a puncturing device.
PAR  FIG. 2 is a cross sectional view of a seal of the invention which is in a
      position above a puncturing device;
PAR  FIG. 3 is a cross sectional view showing a seal of the invention being
      removed by a puncturing device;
PAR  FIG. 4 is a top view of the components of a sealing member which forms a
      part of the removable seal of the invention; and
PAR  FIG. 5 is a top view of the components of an alternative embodiment of a
      sealing member of the removable seal of the invention.
DETD
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention a removable seal for liquid containers is
      provided which is removed by a puncturing device without forming a raised
      portion around the position of the puncture which will retain liquids.
      Rather than providing a sealing member which is punctured, such as the
      sealing members known in the prior art, the sealing member of this
      invention is completely removed by the puncturing device resulting in no
      raised portion.
PAR  The removable seal for liquid containers of this invention comprises a
      cylindrical member having first and second open ends, an internal hollow
      portion and an external male thread proximate its first end. The removable
      seal further comprises a screw closure comprising a top wall and a
      continuous side wall, the side wall being attached to and extending from
      the edge of the top wall. The side wall is internally provided with a
      female thread for engagement with the male thread of the cylindrical
      hollow member and the top wall has a perforate portion which permits
      communication through the top wall.
PAR  A flexible liquid impervious sealing member for engagement with and for
      sealing the first end of the cylindrical hollow member is held against the
      first end by the top wall of the screw closure. When pressure is applied
      upon the sealing member through the perforate portion of the top wall, the
      sealing member disengages from the first end of the cylindrical hollow
      member thus permitting communication through the perforate portion of the
      top wall to the hollow portion of the cylindrical member. In accordance
      with this invention the sealing member is completely removed from the
      first end of the cylindrical hollow member and the sealing member is
      desirably manufactured from a material which is less dense than the liquid
      which passes through the top wall so that when the seal is in an inverted
      position the flexible member will float away from the perforate portion of
      the top wall so that the sealing member will not interfere with the flow
      of liquid through the perforate portion of the top wall.
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  In accordance with the preferred embodiment of this invention the second
      end of the cylindrical member communicates with a container for a liquid
      so that the container can be inverted and placed on a puncture mechanism
      to remove the liquid impervious sealing member thus permitting liquid to
      flow from the container through the perforate portion of the top wall to a
      desired location.
PAR  Additionally, in accordance with the preferred embodiment of this
      invention, the flexible liquid impervious sealing member comprises first
      and second adjacent flexible discs. The first disc is provided with a
      centrally located circular perforation and the second disc is imperforate
      and covers the circular perforation in the first disc. The circular
      perforation in the first disc is provided so that the tip of the puncture
      mechanism will engage the perforation and carry the first disc and
      adjacent second disc away from the top wall of the screw closure so that
      after the discs are removed they will not interfere with flow of liquid
      from the container through the perforate portion of the top wall.
PAR  In general the first disc provides support for the second disc and
      therefore may be less flexible than the second disc. The second disc may
      be gas permeable so that if the liquid in the container produces gas upon
      exposure to heat or light the gas will pass through the second disc. In an
      alternative embodiment of the invention when the second disc is a thin gas
      permeable disc it is disposed between third and fourth discs which are
      provided for structural support of the second disc. In the preferred
      embodiment the third and fourth discs are each provided with centrally
      located slits, the third disc being in contact with the first end of the
      cylindrical member and the fourth disc being disposed between the first
      and second discs.
PAR  In general when the second disc is gas permeable it has a thickness between
      about 0.0005 and 0.005 inch. The gas permeable second disc may be
      manufactured from any suitable material such as gas permeable
      thermoplastic polymers. Each of the third and fourth discs, when provided,
      in the preferred embodiment have a thickness between about 0.015 and 0.025
      inch and each of the slits in the third and fourth discs is between about
      0.05 and 0.3 inch in length. The first disc which in the preferred
      embodiment is used to assist in forcing the remaining discs from the first
      end of the cylindrical hollow member, generally has a thickness of from
      about 0.05 and 0.01 inch. The first disc generally has a thickness of
      about 0.032 inch.
PAR  As seen in the drawings the removable seal 10 in accordance with the
      preferred embodiment of this invention comprises a cylindrical member 11
      having first open end 12 and second open end 14, an internal hollow
      portion 16 and external male thread 18 proximate first open end 12. The
      removable seal 10 further comprises a screw closure 20 having a top wall
      22 and a continuous side wall 24 which is attached to and extends from top
      wall 22. Side wall 24 is internally provided with a female thread 26 for
      engagement with male thread 18 of cylindrical member 11. Top wall 22 is
      provided with a perforate portion 28 permitting communication through top
      wall 22 to a flexible liquid impervious sealing member 30 or 30a.
      Particular preferred embodiments of the flexible liquid impervious sealing
      member 30 or 30a are shown in FIGS. 4 and 5. The first embodiment of the
      flexible liquid impervious sealing member 30 shown in FIG. 4 is a liquid
      tight seal comprising first and second adjacent flexible discs 32 and 34,
      first adjacent disc 34 being provided with a centrally located perforation
      36 and second adjacent disc being imperforate and covering perforation 36
      in first disc 32.
PAR  FIG. 5 shows an alternative embodiment of flexible liquid impervious
      sealing member 30a which embodiment will permit passage of gas through the
      seal but will prevent passage of liquid through the seal. Flexible liquid
      impervious sealing member 30a comprises first disc 32, a second disc 38
      and third and fourth discs 40 and 42. Disc 38 is gas permeable and
      generally has a thickness between about 0.0005 and 0.005 inch. Third and
      fourth discs 40 and 42 are provided to support gas permeable second disc
      38 and are disposed on opposing sides of disc 38 to provide such support.
      Each of discs 40 and 42 is provided with a slit 44. Each slit 44 has a
      length of between about 0.005 and 0.3 inch. The supporting third and
      fourth discs 40 and 42 generally have a thickness between about 0.015 and
      0.025 inch. Flexible liquid impervious sealing member 30, or 30a is held
      against first open end 12 of cylindrical member 11 by top wall 22 of screw
      closure 20 thus sealing first end 12. In the preferred embodiment of the
      invention second open end 14 of cylindrical member 11 integrally
      communicates with a liquid container 46.
PAR  In operation sealing member 30 or 30a may be removed from first open end 12
      by applying pressure upon sealing member 30 or 30a through perforate
      portion 28 of top wall 22. When such pressure is applied sealing member 30
      or 30a disengages from first end 12 of cylindrical member 11 thus
      permitting communication through perforate portion 28 of top wall 22 to
      hollow portion 16 of cylindrical member 11.
PAR  The pressure may be applied through perforate portion 28 of top wall 22 by
      any suitable means. For example a hollow spike 48 can be used which is
      provided with openings 50 to permit entry of liquid from hollow portion 16
      into hollow spike 48 for carrying the liquid through hollow spike 48 to
      any desired location. The use of hollow spike 48 to remove sealing member
      30 or 30a is best seen in FIGS. 2 and 3. As seen in FIG. 3, when sealing
      member 30 is removed from first open end 12, it is carried by hollow spike
      48 away from first open end 12 so that sealing member 30 will not obstruct
      the flow of liquid from hollow portion 16 through open end 12 or into
      hollow spike 48.
PAR  Hollow spike 48 may be conveniently attached to a supporting surface 52 by
      means of nut 54 and gasket 56.
CLMS
STM  I claim:
NUM  1.
PAR  1. A removable seal for liquid containers comprising:
PA1  a cylindrical member having first and second open ends, an internal hollow
      portion and an external male thread proximate the first end thereof;
PA1  a screw closure comprising a top wall and a continuous side wall, said side
      wall being attached to and extending from the edges of said top wall, said
      side wall being internally provided with a female thread for engagement
      with the male thread of said cylindrical hollow member said top wall
      having a perforate portion permitting communication through the top wall;
PA1  a flexible liquid impervious sealing member for engagement with and for
      sealing the first end of the cylindrical hollow member, said flexible
      member being held against said first end by the top wall of the screw
      closure, permitting disengagement of the sealing member from the first end
      of the cylindrical hollow member by application of pressure upon the
      sealing member through the perforate portion of the top wall.
NUM  2.
PAR  2. The removable seal of claim 1 wherein the second end of the cylindrical
      member communicates with a container for liquid.
NUM  3.
PAR  3. The removable seal of claim 2 wherein the flexible liquid impervious
      sealing member comprises first and second adjacent flexible discs the
      first disc being provided with a centrally located circular perforation
      and the second disc being imperforate, and covering the circular
      perforation in the first disc.
NUM  4.
PAR  4. The removable seal of claim 3 wherein the second disc is more flexible
      than the first disc.
NUM  5.
PAR  5. The removable seal of claim 4 wherein the second disc is gas permeable.
NUM  6.
PAR  6. The removable seal of claim 5 wherein third and fourth discs are
      provided for structural support of the second disc, said third and fourth
      discs each being provided with centrally located slits said third disc
      being in contact with the first end of the cylindrical member and the
      fourth disc being disposed between the first and second discs.
NUM  7.
PAR  7. The removable seal of claim 6 wherein the gas permeable second disc has
      a thickness between about 0.0005 and 0.005 inch and each of the third and
      fourth discs have a thickness between about 0.015 and 0.025 inch, each of
      the slits in the third and fourth discs being between about 0.05 and 0.3
      inch in length.
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ABST
PAL  An improvement in collapsible receptacles including the provision of
      respective inwardly and outwardly directed projections on the base frame
      and sidewalls of the receptacle. The outwardly directed projection of the
      sidewall overlaps the inwardly directed projection of the base frame to
      maintain the receptacle in the assembled non-collapsed condition such that
      a tilting of the sidewalls is necessary to raise the sidewall. The
      overlapping projection on the sidewall also serves as a water shield for
      the joint between the frame and sidewalls.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to an improvement in collapsible receptacles
      of the type disclosed in U.S. application Ser. No. 184,502, filed Sept.
      29, 1971, now U.S. Pat No. 3,782,579, dated Jan. 1, 1974. The disclosure
      of this U.S. application is hereby incorporated by reference herein to the
      extent necessary for a complete understanding of the present invention.
PAR  The above-mentioned application describes a collapsible receptacle with or
      without a lid in which the lower end of the walls is hingedly connected
      with the base frame via bolts introduced into holes in such a way that
      each hole associated with a hinge bolt is in the form of a slot-like
      oblong hole open at its upper end which has a greater length than the
      cross-sectional size of the hinge bolt and with which is associated a
      blocking means which prevents the removal of a hinge bolt from its oblong
      hole.
PAR  To ensure that the walls of such receptacles can be easily assembled and
      that during assembly no specific sequence need be adhered to and whereby
      in addition the walls can without difficulty be replaced by others without
      however such collapsible receptacles having loose members, the instruction
      is given in the above-mentioned application that the oblong holes for at
      least two facing walls have identical length and their ends have the same
      distance from the receptacle base and that the blocking means associated
      with each oblong hole has such a distance from the lower end of the oblong
      hole that displacement of the hinge bolt permits superimposition of the
      walls. The upper end of each oblong hole relative to the cross-sectional
      size of the associated hinge bolt is narrowed to a smaller opening with
      and this construction is removable or elastically enlargeable. The opening
      of each oblong hole can also be arranged in the longitudinal wall on the
      inside of the receptacle. It is also recommended that all oblong holes be
      given the same length corresponding to the sum of the wall thickness of
      the four walls of the receptacle. These oblong holes are in each case
      formed in a corner member fixed to the receptacle base frame.
PAR  It is also recommended that the frame surrounding the base of the
      receptacle and the walls thereof be provided with point shaped or linearly
      interacting stop members which engage in one another when the walls are
      assembled.
PAR  An object of the present invention is to so further develop the collapsible
      receptacles of the type disclosed in the above-mentioned application that
      each wall maintains itself in its position in the erected state. This
      problem is solved according to the invention in that on each wall an
      outwardly directed projection is provided which overlaps an inwardly
      directed projection of the base frame. These projections ensure that each
      wall can be moved inwardly from its erected position in the sense of a
      collapse of the receptacle only if the wall is raised by that amount by
      which the projection of the wall overlaps the projection of the base
      frame. Such a receptacle wall can in practice also not be forced inwards
      because the outwardly directed projection stiffens the wall over its
      complete width. Furthermore the forces acting in the plane of the erected
      wall via the projection are uniformly transmitted into the base frame
      which is important in that collapsible receptacles of this type are
      stacked one upon the other for example when transported in vehicles.
PAR  It is also contemplated by the present invention that each wall be provided
      with a further outwardly directed projection which overlaps the inwardly
      directed projection of the base frame. This prevents the wall being
      unintentionally raised relative to the base frame because through the
      further outwardly directed projection the wall can only be raised relative
      to the base frame when it is intentionally placed in an inclined position.
PAR  According to a further feature of the present invention, the outwardly
      directed wall projection of each wall overlapping the base frame
      projection should preferably be in the form of a rim which deflects water
      outwardly which ensures that water falling on the outside of the
      receptacle cannot reach the inside of the receptacle.
PAR  The invention is subsequently explained relative to two exemplified
      embodiments wherein are shown only the features essential for the present
      invention, thus for example the openings associated with each oblong hole
      necessary to remove the hinge bolts of the walls from the oblong holes in
      the base frame are not shown.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial cross-sectional view through the base of a collapsible
      receptacle with part of a wall having one outwardly directed projection;
      and
PAR  FIG. 2 is a partial cross-sectional view corresponding to FIG. 1 with a
      wall having two outwardly directed projections.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  A base frame 1 secures in place a base 2 of a collapsible receptacle. Each
      wall 3 associated with base frame 1 is provided at its lower end with two
      laterally arranged hinge bolts 4, each of which is inserted in a slot-like
      oblong hole 5 provided in the corners of the receptacle. Base frame 1 is
      provided with a peripheral inwardly directed projection 24 having a
      bead-like cross-section. At a distance from the hinge bolts 4 the wall 3
      has an outwardly directed projection 25 which, with wall 3 erected,
      overlaps the inwardly directed projection 24 of base frame 1 in such a way
      that wall 3 can only be tilted into the receptacle inner area by raising
      wall 3. Therefore, if the collapsible receptacle is closed by a lid, wall
      3 cannot normally be removed from the position shown by continuous lines
      in FIG. 1 into another position. Projection 25 merges via a curved surface
      26 into the plane of wall 3. If the receptacle is initially collapsed and
      one of the walls 3 is raised without thereby raising hinge bolts 4 the
      wall strikes against projection 24 of base frame 1. On further raising of
      wall 3 surface 26 slides along projection 24 whereby wall 3 can
      automatically be easily tilted inwards as shown by broken lines in FIG. 1.
      On further raising the wall can again be tilted outwards and then rests on
      projection 24 of base frame 1. Although wall 3 may comprise a one-piece
      section having hinge bolts 4 it is recommended that only the lower part of
      the wall be in the form of a sectional member rigidly connecting therewith
      an upper planar wall portion 27.
PAR  The embodiment shown in FIG. 2 corresponds fundamentally to the embodiment
      of FIG. 1 with the sole difference that each wall section has a second
      outwardly directed projection 28 which is connected in each case via a
      bracket 29 with a hinge bolt 4. Here again wall section 3' is rigidly
      connected with a planar wall portion 27. If wall 3' is erected, i.e., it
      extends in a substantially perpendicular plane then the outwardly directed
      projection 25 of wall 3' overlaps the inwardly directed projection 24 of
      base frame 1. As the individual walls of the erected receptacle mutually
      prevent one another from tilting inwards, each wall can only be raised in
      a perpendicular direction and namely by an amount a, because then
      projections 28 and 24 abut against one another and prevent a further
      raising of the wall. If wall 3' on erecting the wall is raised too high
      then the corresponding projection 24 slides along the surfaces 30 of
      cantilevers 29 until surface 31 of projection 25 rests on the top of
      projection 24. The described transition state is shown by broken lines in
      FIG. 2.
PAR  As can be seen from both figures each outwardly directed projection 25 of
      walls 3 and 3' is in the form of a rim which directs water outwards so as
      to prevent entry of water into the receptacle. This is achieved in that
      the surfaces forming projection 25 converge on the outside at the bottom.
PAR  Element 10 schematically indicates an opening and blocking means, the
      details of which are disclosed in the above-noted U.S. Pat. No. 3,782,579
      which has been incorporated by reference.
PAR  While we have shown and described only several preferred embodiments in
      accordance with the present invention, it is understood that the same is
      not limited thereto but is susceptible of numerous changes and
      modifications as known to those skilled in the art, and we therefore do
      not wish to be limited to the details shown and described herein but
      intend to cover all such changes and modifications as are within the scope
      of those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. Collapsible receptacle comprising:
PA1  a base frame having a plurality of vertically extending oblong holes,
PA1  a plurality of sidewalls having hinge bolts connected to the lower ends
      thereof, said hinge bolts being positioned in said oblong holes in the
      assembled condition of the receptacle,
PA1  said oblong holes being longer than the cross-sectional size of said hinge
      bolts and having an opening adjacent their upper ends for introducing the
      hinge bolts,
PA1  and blocking means for preventing the removal of the hinge bolts from the
      respective oblong holes during normal use of the receptacle,
PA1  wherein each sidewall has a first outwardly directed projection and wherein
      said base frame has a plurality of inwardly directed projections
      corresponding in number to the number of walls, and wherein said first
      outwardly directed projections overlap corresponding ones of said inwardly
      directed projections when the receptacle is in an assembled and
      non-collapsed condition, said overlapping projections serving to maintain
      the receptacle in said non-collapsed condition.
NUM  2.
PAR  2. A receptacle according to claim 1, wherein each sidewall has a second
      outwardly directed projection which engages beneath corresponding ones of
      said inwardly directed projections of said base frame to prevent raising
      of said sidewalls except in an inclined position.
NUM  3.
PAR  3. A receptacle according to claim 1, wherein said first outwardly directed
      projections are constructed as water guide members for directing rainwater
      and the like outwards of the receptacle.
NUM  4.
PAR  4. A receptacle according to claim 2, wherein said first outwardly directed
      projections are constructed as water guide members for directing rainwater
      and the like outwards of the receptacle.
NUM  5.
PAR  5. A receptacle according to claim 1, wherein the oblong holes associated
      with two facing sidewalls of the receptacle have an identical length with
      their ends the same distance from a base of the receptacle, wherein said
      blocking means associated with each oblong hole is at such a distance from
      the lower end of the oblong hole that a displacement of the hinge bolt for
      the superimposition of the sidewalls is possible, and wherein the base
      frame is provided with point shaped linearly interacting stop members for
      maintaining the bottom edges of the sidewalls in position in the assembled
      and non-collapsed condition of the receptacle.
NUM  6.
PAR  6. A receptacle according to claim 5, wherein each sidewall has a second
      outwardly directed projection which engages beneath corresponding ones of
      said inwardly directed projections of said base frame to prevent raising
      of said sidewalls except in an inclined position.
NUM  7.
PAR  7. A receptacle according to claim 5, wherein said first outwardly directed
      projections are constructed as water guide members for directing rainwater
      and the like outwards of the receptacle.
NUM  8.
PAR  8. A receptacle according to claim 6, wherein said first outwardly directed
      projections are constructed as water guide members for directing rainwater
      and the like outwards of the receptacle.
NUM  9.
PAR  9. A receptacle according to claim 1, wherein said receptacle has means
      including the overlapping projections, for maintaining said receptacle in
      the assembled non-collapsed condition without the necessity of a lid.
NUM  10.
PAR  10. A receptacle according to claim 9, wherein said receptacle includes
      provisions for accepting a lid.
NUM  11.
PAR  11. A receptacle according to claim 1, wherein said hinge bolts are
      slidable along the greater dimensions of said oblong holes.
NUM  12.
PAR  12. A collapsible receptacle comprising:
PA1  at least one base frame means,
PA1  and at least one sidewall means slidably connected to said frame means
      between a collapsed position and an assembled position,
PA1  wherein each sidewall means has a first outwardly directed projection means
      and a second outwardly directed projection means, said base frame means
      has at least one inwardly directed projection means, said outwardly
      directed projection means engages beneath at least a corresponding one of
      said inwardly directed projection means of said base frame means to
      prevent raising of said sidewall means except in an inclined position,
      said first outwardly directed projection means overlaps at least a
      corresponding one of said inwardly directed projection means when the
      receptacle is in an assembled and non-collapsed condition, said
      overlapping inwardly and outwardly directed projection means serving to
      maintain the receptacle in said non-collapsed condition.
NUM  13.
PAR  13. A receptacle according to claim 12, wherein said first outwardly
      directed projection means is constructed as water guide means for
      directing rainwater and the like outwards of the receptacle.
NUM  14.
PAR  14. A collapsible receptacle comprising:
PA1  at least one base frame means,
PA1  and at least one sidewall means slidably connected to said base frame means
      between a collapsed position and an assembled position,
PA1  wherein each sidewall means has at least a first outwardly directed
      projection means constructed as water guide means for directing rainwater
      and the like outwards of the receptacle and wherein said base frame means
      has at least one inwardly directed projection means, said at least a first
      outwardly directed projection means overlaps at least a corresponding one
      of said at least one inwardly directed projection means when the
      receptacle is in an assembled and non-collapsed condition, said
      overlapping inwardly and outwardly directed projection means serving to
      maintain the receptacle in said non-collapsed condition.
NUM  15.
PAR  15. A receptacle according to claim 14, wherein said first outwardly
      directed projection means is constructed to ensure that water falling on
      the outside of the receptacle can not reach the inside of the receptacle.
NUM  16.
PAR  16. A collapsible receptacle comprising:
PA1  at least one base frame means,
PA1  and at least one sidewall means slidably connected to said base frame means
      between a collapsed position and an assembled position,
PA1  wherein said base frame means has a plurality of oblong holes in which said
      sidewall means is slidably connected, each sidewall means has at least a
      first outwardly directed projection means and said base frame means has at
      least one inwardly directed projection means, said at least a first
      outwardly directed projection means overlaps at least a corresponding one
      of said at least one inwardly directed projection means when the
      receptacle is in an assembled and non-collapsed condition, said
      overlapping inwardly and outwardly directed projection means serving to
      maintain the receptacle in said non-collapsed condition.
NUM  17.
PAR  17. A receptacle according to claim 16, wherein said sidewall means has
      hinge means connected thereto, said hinge means being positioned in said
      oblong holes in use to render said slidable connection between said
      sidewall means and said base frame means.
NUM  18.
PAR  18. A receptacle according to claim 17, wherein said hinge means are
      connected to lower ends of said sidewall means.
NUM  19.
PAR  19. A receptacle according to claim 18, wherein said base frame means has
      an opening therein adjacent the upper end of each oblong hole for
      introducing the hinge means.
NUM  20.
PAR  20. A receptacle according to claim 19, wherein blocking means are provided
      at each opening for preventing the removal of the hinge means from the
      respective oblong holes during normal use of the receptacle.
NUM  21.
PAR  21. A receptacle according to claim 20, wherein the hinge means are bolts.
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ABST
PAL  Improved system for mounting an aluminum cryogenic liquid holding tank
      within and integrating such tank to an outer ferrous metal envelope or
      hull structure wherein improved composite aluminum-ferrous metal
      transition insert elements are employed to interconnect the exterior
      surfaces of the aluminum tank to the interior surfaces of the ferrous
      metal envelope or hull structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the transportation and/or storage of liquified
      and/or compressed gases in bulk cargo tanks and the like. More
      particularly, it is concerned with an improved system for mounting a
      cryogenic liquid holding tank of aluminum metal construction within and
      integrating such tank with an outer envelope or supporting hull structure
      of ferrous metal.
PAR  Thoughout the world today there is an ever increasing need and demand for
      natural gas as well as inexpensive and efficient means for storing and
      transporting this gas in the form of liquified natural gas (LNG) from one
      location to another. During such transport in the liquid state, the
      natural gas is generally held at a temperature of about -260.degree.F. at
      approximately atmospheric pressure.
PAR  The relatively low temperatures at which liquified gases, such as liquified
      natural gases, must be kept during transport in combination with the
      varied stresses to which the transport tanks themselves are subjected
      during movement have posed numerous problems to the tank builder.
PAR  For example, severe static stresses are imposed on shipboard tanks due to
      the extreme temperature variations that occur in the tank during loading
      and unloading. Severe dynamic stresses are set up in the shipboard tank
      structures due to the liquid cargo accelerations and the sloshing of the
      liquid cargo in the tanks during ocean transport as well as from the
      deflections and bending of the transport vessel itself when moving through
      heavy seas. Thus, in contrast to situations where simple, conventional,
      shore-based tank support systems might be used for on-shore storage and
      transport, marine transport systems for liquified gases had to be
      substantially altered in order to withstand the numerous and varied severe
      stresses imposed upon a vessel and its cryogenic cargo tanks during an
      ocean voyage or the like.
PAR  At the present time, there are four principal tank containment systems used
      on cryogenic transport vessels. They are commonly referred to as
      "prismatic free-standing tanks," "spherical free-standing tanks,"
      "semi-membrane tanks," and "membrane tanks." These various tank structures
      and the vessels in which such tank structures are incorporated as well as
      the individual merits of each are described in considerable detail in a
      paper which was presented by William DuBarry Thomas et al to the Society
      of Naval Architects and Marine Engineers on Nov. 11-12, 1971, and the
      title of this paper is "LNG Carriers - The Current State of the Art."
PAR  When the containers or tanks for certain of these systems are made of metal
      adapted to be in direct contact with the cryogenic liquid, they have to be
      formed from materials which are not subject to brittleness failure at low
      temperatures, such as, for example, aluminum, stainless steel or 9 nickel
      steel. Aluminum has been preferred because of its cost and the steel
      ordinarily used in tank construction has not been used because of its
      susceptibility to embrittlement at the very low liquified gas holding
      temperatures.
PAR  When any of the four above-noted containment systems were installed on a
      vessel, a complicated arrangement has been provided for appropriately
      insulating and isolating the tank from the ship's hull or bulkhead lest
      the low temperature cryogenic liquid possibly crack or embrittle the
      customary steel plates of the basic hull structure of the vessel. Various
      types of insulating materials, such as perlite, PVC foam, polyurethane
      foam, fiberglass or various combinations thereof have been used either to
      line the inner walls of the cryogenic tanks or for emplacement between the
      upstanding inner cryogenic tank walls and the bulkheads of the inner hull
      in order to thermally isolate the cryogenic tank from the hull structure.
      These expedients have been costly and have not always made the most
      efficient application of the materials used.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an improved system forr integrating
      and joining an aluminum tank for holding a cryogenic liquid, such as
      liquified natural gas, with the steel or ferrous metal hull of a tanker
      vessel in such a way as to make the cryogenic tank and steel hull of the
      vessel work as a composite structure in withstanding the various static
      and dynamic stresses such a vessel as well as the cargo tank itself is
      subjected to during normal use without at the same time exposing the steel
      or ferrous metal of the vessel's hull to the direct action of the
      cryogenic liquid whereby it would become embrittled because of the low
      cryogenic temperatures.
PAR  In one embodiment of the invention, a corrugated cryogenic aluminum tank
      wall construction is used along with internal tank insulation. This
      arrangement minimizes the large expansions and contractions of the tank
      usually associated with the substantial temperature differences or thermal
      cycling experienced with the filling, transporting and offloading of
      cryogenic liquid cargos. The use of internal insulation permits attachment
      and integration of the cryogenic tank directly to the steel hull structure
      of the vessel such that improved horizontal and vertical stiffeners or
      scantling elements may be utilized to tie the tank directly to the ship's
      steel hull thus taking full advantage of the high strength afforded by the
      steel components of the ship's hull structure.
PAR  Improved composite aluminum-ferrous metal stiffener elements are utilized
      to integrate the cryogenic tank with the steel hull of the vessel. These
      stiffeners can be in the form of the transition inserts of the type
      described in U.S. Pat. No. 3,664,816, issued May 23, 1972. The aluminum
      portion of the transition insert is joined in an improved fashion to the
      aluminum tank structure and the ferrous metal portion of the insert is
      joined in an improved fashion to the steel hull section of the vessel.
      Although composite aluminum-ferrous metal transition inserts have been
      proposed for use in securing the steel support skirt of a spherical free
      standing tank to an aluminum support skirt of the type shown in U.S. Pat.
      No. 3,680,323 issued Aug. 1, 1972, as well as for joining a ship's
      superstructure to the ship's deck as noted in an article in "Welding
      Production," Vol. 13, No. 1 of January, 1966, entitled "Welding Structures
      of Steel and Aluminum with the Aid of Inserts of Clad Metal" by Razdui et
      al, none of the aforesaid proposals contemplate the instant system for
      anchoring an inner cryogenic tank structure of aluminum to a ferrous metal
      hull in such a way as to fully integrate the tank and hull into a
      composite stress resistant unit while at the same time effectively
      thermally isolating hull and tank.
PAR  Because of the novel interconnection of tank and hull, a considerable
      amount of ancillary or auxiliary supporting structures together with the
      incident weight are avoided without any material sacrifice in the high
      strength characteristics of the steel hull. This same connection allows
      for economy and flexibility in tank manufacture and the containment tanks
      as made from aluminum can be fabricated independently of the hull
      structure and then lifted into place and finally attached to the ship
      hull.
PAR  As indicated in the aforementioned U.S. Pat. No. 3,664,816, the transition
      insert sandwich structure generally includes an aluminum alloy element and
      an appropriate steel element such as one made of stainless steel, both of
      which are pressure welded or bonded to an intermediate aluminous bonding
      element made from a soft aluminum alloy characterized by being more
      deformable than either the main steel or aluminum alloy part of the
      overall transition element. An aluminum alloy suitable for this purpose
      can be an 1100 aluminum alloy, which is the designation of the American
      Aluminum Association for an aluminum alloy consisting of at least 99
      percent aluminum and not more than 1 percent other elements.
PAR  By utilizing the improved composite aluminum-ferrous metal, horizontal and
      vertical stiffener and bracing elements as the medium for joining and
      integrating the inner cryogenic aluminum tank to the steel hull or as the
      "scantlings" of a vessel's hull structure, the steel hull will be
      sufficiently thermally isolated from the aluminum tank to preclude the low
      temperature liquified natural gas from coming into dangerous embrittling
      contact therewith and while the hull is still joined to the tank in
      reinforcing relationship.
PAR  In an advantageous embodiment of the invention, openings in the composite
      longitudinal and horizontal stiffeners as well as the composite transverse
      bulk head sections of the vessel can be used to enable air in the closed
      air space between the outer hull and the inner tank to set up convection
      currents and fans may be used to enhance the circulation of the air in
      such space.
PAR  In the case of where the air is so circulated, this air as well as the
      overall honeycomb-like metal structure between the outer steel hull and
      inner aluminum tank helps to provide for a heat dissipating and
      temperature equalizing radiator system and for the regulation and
      maintenance of a substantially uniform and balanced temperature throughout
      the space between the inner tank and adjacent hull that still prevents the
      steel of the hull from being adversely affected by the cold temperature of
      the liquified and/or compressed gas cargo.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of a double-hulled vessel in which
      a membrane-type cryogenic tank is supported within the hull structure in
      accordance with the teachings of the instant invention;
PAR  FIG. 2 is a sectional view generally taken along the line 2--2 of FIG. 1
      and shows one form of transition aluminum-steel insert that can be used to
      integrate the cryogenic tank with the vessel's hull, and with a flat wall
      section being used;
PAR  FIG. 3 is a fragmentary sectional view generally taken along the line 3--3
      of FIG. 1;
PAR  FIG. 4 is a sectional view generally taken along the line 4--4 of FIG. 3;
PAR  FIG. 5 is a sectional view of the bottom of the tank and generally taken
      within the circumscribing line 5 of FIG. 1;
PAR  FIG. 6 is a view generally taken along the line 6--6 of FIG. 1 and with
      parts added;
PAR  FIG. 7 is a view taken within the circumscribing line 7 of FIG. 9 and shows
      a modified form of transition insert which can be used particularly with
      the hull structure of FIGS. 8 and 9;
PAR  FIG. 8 is a partial longitudinal sectional and partly schematic view of a
      cryogenic double-hulled barge structure that can be fabricated in
      accordance with the instant invention; and
PAR  FIG. 9 is a transverse view of the barge structure of FIG. 8 when taken
      along the line 9--9 of FIG. 8 with parts added.
DETD
PAC  DETAILED DESCRIPTION
PAR  Although the teachings of the instant invention are applicable to a
      stationary land-based cryogenic tank structure as well as marine transport
      structures, they will be described with particular application to marine
      transport. With further reference to the drawings and, in particular, FIG.
      1, the instant invention is particularly useful with a membrane-type tank
      system comprised of an overall aluminum cryogenic tank structure 10 coated
      or covered on the inside with appropriate cryogenic insulation 12. The
      aluminum tank structure is ultimately attached to and supported by and
      integrated with the ship's hull structure 14 by means of the composite
      transition insert support, reinforcing and stiffening elements 16. In the
      case of where hull structure 14 comprises both an inner or primary hull 17
      and a secondary or outer hull 18, the outer hull is appropriately
      connected to the inner hull 17 by the usual scantling elements, such as
      perforated stringers 20 and transverse bulkheads 21.
PAR  In a preferred embodiment of the invention, the sidewall of the aluminum
      tank structure 10 or the portion of the wall structure that is subjected
      to the most exacting loading is comprised of corrugated aluminum wall
      sections 22 made out of a suitable aluminum alloy of the appropriate
      thickness, pitch and depth instead of the flat aluminum sheet 22' of FIG.
      2. The corrugated sections can be flat topped corrugations and individual
      sections can be appropriately overlapped at their terminal edges by the
      edges of adjacent corrugation sections in a manner well known in the art.
PAR  Disposed in the pockets of the corrugated sections 22 that open inwardly
      towards the inner section of the cryogenic tank that is exposed to the
      cryogenic liquids are preformed polyurethane foam blocks 23 of a
      relatively rigid construction, appropriate density and closed cell
      structure. The blocks 23 are adhesively bonded to the aluminum and in some
      instances it may be desirable to apply an appropriate primer to the
      aluminum corrugated sections to clean the metal so as to provide good
      adhesion between the foam blocks and the metal surfaces of sections 22.
      Superimposed upon the secured to blocks 23 and to the exposed flat tops
      23' of sections 22 or to sheets 22' when such sheets 22' are used is
      cryogenic insulation 12 which can take the form of one or more layers of
      polyurethane foam, fiberglass, perlite, PVC foam or various combinations
      thereof applied in a manner well known in the art.
PAR  In an advantageous embodiment of the invention this further interior
      cryogenic insulation of the tank can be of the same general type that is
      disclosed in copending application Ser. No. 378,138 of Herbert H. Borup,
      filed July 11, 1973, or it can comprise the interior type insulating
      system disclosed in U.S. Pat. No. 3,757,982 issued Sept. 11, 1973. As
      indicated in the aforesaid copending patent application of Herbert H.
      Borup, the insulation 12 can include alternate layers of cryogenic
      polyurethane foam and impermeable aluminum foil with the aluminum foil
      acting as the primary and secondary containment barriers designed and
      required as safety factors by various regulatory agencies, such as the
      United States Coast Guard, to insure that the cryogenic liquid, such as
      liquified natural gas, does not come into contact with the ship's hull or
      bulkheads whereby it would crack and embrittle the same.
PAR  These alternate insulation layers can comprise a primary layer 24 of
      relatively rigid and closed cell polyurethane foam of the proper density
      which can be built up to the appropriate thickness by means of the
      customary spray, pour or froth techniques. Superimposed upon and
      appropriately bonded to layer 24 is a first membrane of aluminum boil 25
      that is impermeable to the low temperature liquid in the tank 10 and the
      vapors liberated therefrom followed by a further polyurethane foam layer
      26 which can be applied in the same fashion and be of the same
      composition, etc. as layer 24 although it is not quite as thick.
      Thereafter, superimposed and attached to the final layer 26 of foam is a
      further final membrane of aluminum foil 28 which acts as the primary
      liquid barrier and the interior membrane wall structure which is in direct
      contact with the low temperature liquified gas cargo of the tank.
PAR  Since the aluminum foil membrane 28 which constitutes an impervious layer
      has a lower coefficient of expansion that the foam and at the same time a
      higher strength than the foam, it will maintain its ductility at cryogenic
      temperatures. The foil can be plain or embossed and of appropriate
      thicknesses and temper. Preferably, it should have a tensile strength of
      at least about 5000 psi and an elongation of at least 10 percent in 2
      inches at cryogenic temperatures. This overall insulation made up of
      alternate layers of foam and foil acts as an efficient inner tank
      structure preventing the intrusion of LNG and also serves as stopping
      points or barriers in the event of cracks in the foam. Such a tank
      structure is capable of holding the liquids at various cryogenic
      temperatures on the order of anywhere from -50.degree. to -400.degree.F.
      at atmospheric pressure even though the liquified gases are generally
      maintained at about -260.degree.F. in their liquid state during transport.
PAR  The top of the tank can be fabricated in the same general fashion as shown
      in the prior copending patent application of Herbert H. Borup or prior
      U.S. Pat. No. 3,757,982, all in a conventional manner. Corrugated sections
      22 are welded or otherwise affixed to an aluminum skin transition element
      16 in the manner shown in FIG. 4 while the aluminum bottom decking 29 of
      the tank 10 is anchored to and integrated with the inner steel hull 17
      through the medium of the transition elements 16'. At the bottom corners
      of the tank where the bottom and side walls meet, it is possible to
      install or inject an additional block of polyurethene foam 30 similar to
      foam layers 24 and 26 which can likewise be sprayed on and foam 30 serves
      as a support for the previously described layers 24 and 26 in the area of
      a tank corner. A further transition element 16" sandwiched in between and
      appropriately welded to the aluminum sheet bottom 29 and sections 22 is
      used to attach the tank 10 to the inner hull 17 in the corner areas of the
      tank.
PAR  As indicated in U.S. Pat. No. 3,664,816, a transition element 16, 16' or
      16" can be generally comprised of an aluminous bonding element of an
      appropriate soft aluminum alloy 32 that is sandwiched in between and then
      pressure welded to a harder aluminum alloy element 36 and a steel element
      38 which preferably is made of stainless steel. Aluminum element 36 may be
      made in the form of an extruded I-beam as noted in FIGS. 2 and 4 extruded
      and cut to the proper size and then welded by way of its free flange to a
      corrugated section 22 or a flat sheet of aluminum 22' making up a wall of
      tank 10. Ferrous metal section 38 can comprise a stainless steel I-beam,
      the free flange of which is anchored to the steel hull 17.
PAR  In other instances, the aluminum element 36 can be made in the form of a
      forging, a T-beam, extrusion or a Z-shaped foot element as in the case of
      the transition insert element of FIG. 6 and arc welded to a flat aluminum
      insert 36' that is directly pressure welded to the soft aluminum insert
      32. As illustrated in FIG. 7, a modified form of transition element 16 can
      comprise a flat section of aluminum plate 40 arc welded to a runner 42 of
      relatively hard aluminum, e.g. the 7039 aluminum alloy of U.S. Pat. No.
      3,664,816 which, in turn, along with a stainless steel runner or stringer
      38 is pressure welded to the soft aluminum insert 32. The free end of
      aluminum plate 40 is arc welded to the aluminum tank wall 22' while the
      steel runner 38 is then welded to the steel hull 17. In the case of the
      composite transition element of FIG. 7, the aluminum extends for the major
      part of the space between hull 17 and tank 10 and thus is particularly
      useful in fabricating the double hulled cryogenic cargo barge structure of
      FIGS. 8 and 9 to be subsequently described.
PAR  As indicated in FIG. 6, a transition element 16" somewhat similar to that
      of FIG. 7 can be used to secure and integrate the aluminum tank structure
      10 to the inner steel hull in the corner or bilge area. Transition element
      16" includes an aluminum support plate 44 welded to an aluminum stringer
      foot 46 which along with a steel, e.g. stainless steel, stringer foot 48
      is pressure welded to the soft aluminum transition insert 32. The steel
      stringer 48 is welded directly to the inner steel hull 17 at the bottom of
      the tank while plate stringer 44 is welded both to the aluminum sheet
      bottom 29 and corrugated sections 22 and partly immersed in the section 24
      of insulation 12 as noted.
PAR  In a further advantageous embodiment of the invention, it will be noted
      that the different transition stringers of stainless steel and aluminum
      can be provided with perforations 50. The standard transverse webbing or
      bulkhead elements 54 between the inner hull 17 and the aluminum tank
      structure 10 can likewise take the form of the composite transition
      elements 16 previously described and can likewise be perforated so as to
      provide for air circulation through the sealed space S between the
      aluminum tank structure 10 and the hull 17. By providing such openings in
      the longitudinal transitional inserts 16 as well as in the transitional
      transverse bulkheads 54 along with strategically located fans 56 one of
      which is shown in FIG. 6 and/or openings in the top of the space S
      adjacent the vessel's superstructure, controlled air flow can be set up in
      the closed air space S between hull 17 and the inner tank 10. This
      controlled flow of air in combination with the overall honeycome-like
      metal structure defined by the longitudinal transitional insert stringers
      16, 16' and 16" and the transitional transverse bulkheads 54
      advantageously produce an overall heat dissipating and temperature
      equalizing radiator system. The result is that a substantially uniform and
      balanced temperature can be maintained throughout the space S between the
      inner hull 17 and the aluminum tank structure 10 so that the steel of the
      hull 17 as well as the steel of the composite transition elements 16 will
      remain relatively unaffected by the cold temperatures of the liquified gas
      cargo. In short, the use of the system of the instant invention will
      enable a sufficient temperature rise to take place in the aluminum
      components of the composite transition insert elements to allow the steel
      of such elements to be exposed to higher metal temperatures than would
      ordinarily prevail if the steel was in direct contact with the cryogenic
      liquid. This is particularly true in the case of the stringer aluminum
      plate 40 of FIG. 7 which extends for at least the major or almost
      substantially the entire space or gap between the aluminum tank structure
      10 and the hull 17.
PAR  The instant anchoring and integration system is useful in either the vessel
      construction of FIG. 1 which employs two hulls 17 and 18 of steel in
      addition to an inner cryogenic tank 10 or the transport vessel or barge of
      FIGS. 8 and 9 used to transport liquified natural gas wherein only a
      single hull is used in addition to one or more inner aluminum cryogenic
      cargo tanks 10. In this barge construction, the insulation 12 and aluminum
      tanks 10 and supports could be comprised of the basic structures shown in
      FIGS. 6 and 7 with composite perforate transition elements 16 being used
      as longitudinal stringers 60 and traverse bulkheads 62 to interconnect the
      outer steel hull structure 64 with the inner aluminum sheets 22' and 29 of
      a tank 10.
PAR  In a preferred embodiment of the invention, the various longitudinal
      stringers 60 and transverse bulkheads 62 are made in the form of the
      transition framing elements of FIG. 7, perforated for reasons previously
      noted with their inner ends being arc welded to the aluminum side sheeting
      22' or bottom sheeting 29 of a tank 10 and their outer ends being shaped
      as a foot flange or welded to a further aluminum element to form such a
      flange 42. In such cases, the foot flange 42 is then pressure welded along
      with the steel, e.g. stainless steel runner 38 to the soft aluminum alloy
      insert 32 and with runner 38 finally being arc welded to the steel plates
      making up the outer hull structure 64. It is to be further understood that
      the stringers 60 and bulkheads 62 will be of the appropriate lengths and
      thicknesses and they can be welded to each other at their points of
      intersection and joinder in accordance with customary practices.
PAR  In the case of where the barge structure comprises several individual tanks
      10, these tanks can be interiorly interconnected with each other by heavy
      aluminum plate elements making up standard longitudinal stringers 70 and
      transverse bulkheads 72 welded to each other and at appropriate points to
      the various individual tanks in the customary fashion to form a rugged
      interconnection between the tanks 10 and the remainder of the barge
      structure. The result is a transport vessel or barge structure wherein the
      tanks 10 and outer steel hull are fully integrated yet sufficiently
      thermally isolated from each other to preclude embrittlement of the steel
      hull and with the hull structure reinforcing the aluminum tank structures
      in an improved fashion. Although the barge structure of FIGS. 8 and 9 has
      been described with particular reference to the use of the transition
      connector elements of FIG. 7 and with a wall structure that merely employs
      an aluminum metal skin 22', it is to be understood that the aluminum tank
      structure 10 of the barge could comprise the wall structures of FIGS. 2
      and 3 with the hull 64 being substituted for inner hull 17 and the bottom
      tank structure of FIGS. 5 and 6 being utilized to the extent required.
PAR  An advantageous embodiment of the invention has been shown and described.
      It is obvious that many changes can be made therein without departing from
      the spirit and scope thereof as defined by the appended claims wherein:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for anchoring a cryogenic liquid holding tank of aluminum metal
      construction to and integrating such tank with an outer envelope-like
      supporting structure of ferrous metal comprising the combination of an
      aluminum cryogenic liquid holding tank, cryogenic insulation secured to
      the interior metal surfaces of the cryogenic liquid holding tank, a
      ferrous metal envelope-like supporting structure encompassing in spaced
      relation at least the major outer surface portions of the cryogenic liquid
      holding tank and transition connector means anchoring the aluminum
      cryogenic liquid holding tank to and fully integrating the said tank with
      the ferrous metal envelope-like supporting structure to form a composite
      stress resistant unit, said transition connector means including bonded
      together composite aluminum and ferrous metal transition stringer inserts
      interposed between the tank and said supporting structure the aluminum
      portion of an insert being directly and rigidly connected to the outer
      surfaces of the aluminum cryogenic liquid holding tank while the ferrous
      metal portion of an insert being directly and rigidly connected to the
      ferrous metal envelope-like supporting structure.
NUM  2.
PAR  2. A system as set forth in claim 1 wherein the ferrous metal envelope-like
      supporting structure comprises the hull of a vessel.
NUM  3.
PAR  3. A system as set forth in claim 1, wherein the cryogenic insulation
      comprises alternate layers of cryogenic foam insulating material and thin
      aluminum foil membranes with the portion of the insulation that is adapted
      to be in direct contact with the tank liquid comprising a thin aluminum
      foil membrane that serves as the primary liquid containment barrier.
NUM  4.
PAR  4. A system as set forth in claim 1, wherein the cryogenic liquid holding
      tank includes corrugated wall portions.
NUM  5.
PAR  5. A system as set forth in claim 1, wherein the aluminum portion of an
      insert has a greater width than the ferrous metal portion of an insert.
NUM  6.
PAR  6. A system for anchoring a cryogenic liquid holding tank of aluminum metal
      construction to and integrating such tank with an outer envelope-like
      supporting hull structure of ferrous metal comprising the combination of
      an aluminum cryogenic liquid holding tank, cryogenic insulation anchored
      to the interior surfaces of the aluminum cryogenic liquid holding tank, a
      ferrous metal envelope-like supporting hull structure encompassing in
      spaced relation at least the major outer surface portions of the aluminum
      cryogenic liquid holding tank and transition connector means interposed
      between the tank and hull structure and anchoring the aluminum cryogenic
      liquid holding tank to and integrating such tank with the ferrous metal
      envelope-like supporting hull structure to form a composite stress
      resistant unit, said transition connector means including aluminum
      stringer elements rigidly and directly connected to the outer surfaces of
      the aluminum tank and ferrous metal stringer elements rigidly and directly
      connected to the inner surface of the ferrous metal envelope-like
      supporting hull structure and said aluminum and ferrous metal elements
      also being directly and rigidly bonded to each other.
NUM  7.
PAR  7. A system as set forth in claim 6, wherein an aluminum stringer element
      is bonded by pressure welding to its associated ferrous metal stringer
      element.
NUM  8.
PAR  8. A system as set forth in claim 6, wherein at least certain of the
      stringer elements are perforated.
NUM  9.
PAR  9. A system as set forth in claim 6, wherein certain wall portions of the
      aluminum tank are corrugated.
NUM  10.
PAR  10. A system as set forth in claim 6, wherein at least certain of the
      stringer elements are perforated and means are provided for circulating
      the air in a space between said aluminum tank and said envelope-like
      supporting hull structure.
NUM  11.
PAR  11. A system as set forth in claim 6 wherein the aluminum stringer elements
      have a substantially greater width than the ferrous metal stringer
      elements and extend across the major portion of the space between the
      aluminum tank and the ferrous metal hull structure.
NUM  12.
PAR  12. A system as set forth in claim 6 wherein said ferrous metal hull
      structure is enclosed within and secured to a further and outermost
      ferrous metal hull structure.
NUM  13.
PAR  13. A system as set forth in claim 6, wherein said cryogenic insulation is
      comprised of alternating layers of cryogenic foam insulating material and
      thin aluminum foil membranes with the portion of the insulation that is in
      direct contact with the tank liquid comprising a thin aluminum foil
      membrane.
NUM  14.
PAR  14. A system as set forth in claim 6, wherein the transition connector
      stringer elements comprise composite aluminum and stainless steel inserts
      pressure welded to a soft aluminum alloy bonding element sandwiched
      therebetween and said inserts being pressure welded together at a point
      located closely adjacent the ferrous metal hull structure.
NUM  15.
PAR  15. A system as set forth in claim 6, including transverse bulkheads
      interconnected with said aluminum tank said hull structure and said
      transition connector means, said bulkheads comprising transition inserts
      made up of aluminum and steel portions pressure welded to each other, and
      with the aluminum portion of an insert being affixed to another element of
      aluminum metal and with the ferrous metal portion of an insert being
      affixed to an element of ferrous metal.
NUM  16.
PAR  16. A system for anchoring a cryogenic bulk liquid holding tank of aluminum
      metal construction to and integrating such tank with an outer
      envelope-like supporting hull structure of ferrous metal comprising the
      combination of an aluminum cryogenic bulk liquid holding tank, cryogenic
      insulation anchored to the interior surfaces of the aluminum tank, said
      insulation comprising alternate layers of relatively rigid closed cell
      polyurethane foam material and thin aluminum foil membranes with the
      portion of the insulation that is exposed to and in direct contact with
      the liquid in the tank being an aluminum foil membrane, a ferrous metal
      envelope-like supporting hull structure encompassing in spaced relation at
      least the major outer surface portions of the aluminum liquid holding tank
      and transition connector means interposed between the tank and hull
      structure and anchoring the aluminum liquid holding tank to and
      integrating such tank with the ferrous metal envelope-like supporting hull
      structure to form a composite stress resistant unit, said transition
      connector means comprising a plurality of spaced composite stringer
      elements each of which is made up of an aluminum portion affixed directly
      and rigidly to said aluminum tank's outer surfaces and a ferrous metal
      portion affixed directly and rigidly to the inner surface of the ferrous
      metal envelope-like supporting hull structure and the aluminum and ferrous
      metal portions of a stringer element also being directly and rigidly
      bonded to each other.
NUM  17.
PAR  17. A system as set forth in claim 16, wherein at least certain of the
      stringer elements are perforated.
NUM  18.
PAR  18. A system as set forth in claim 16 wherein certain wall portions of the
      aluminum tank are corrugated.
NUM  19.
PAR  19. A system as set forth in claim 18, including separate rigid blocks of
      closed cell polyurethane foam disposed in the recessed portions of the
      corrugations that open inwardly toward the inside of the tank and forming
      in conjunction with the corrugations backup and supporting surfaces for a
      further layer of rigid closed cell polyurethane foam.
NUM  20.
PAR  20. A system as set forth in claim 16, wherein at least certain of the
      stringer elements are perforated and means are provided for circulating
      the air in a space between said aluminum tank and said envelope-like
      supporting hull structure.
NUM  21.
PAR  21. A system as set forth in claim 16 wherein the aluminum portion of a
      stringer element has a substantially greater width than the ferrous metal
      portion and extends across the major portion of the space between the
      aluminum tank and the ferrous metal hull structure.
NUM  22.
PAR  22. A system as set forth in claim 16 wherein said ferrous metal hull
      structure is enclosed within and secured to a further and outermost
      ferrous metal hull structure.
NUM  23.
PAR  23. A system as set forth in claim 16, wherein a stringer element comprises
      aluminum and stainless steel portions pressure welded to a soft aluminum
      alloy bonding element sandwiched therebetween and with the pressure welded
      areas of said aluminum and stainless steel portions being located closely
      adjacent the ferrous metal hull structure.
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ABST
PAL  The invention relates to a basket for handling delicate machine parts, such
      as gears in machine shops, which comprises a conventional outer body and
      an internal block forming a rack for separation and support of the parts.
      The internal block is made up of a stack of separator elements and support
      elements of molded plastic strung on threaded metal rods which pass
      through supporting bosses of the elements. The rods are clamped in
      position against one another by means of self-locking nuts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to an article handling device and
      more particularly to a basket for handling machine parts.
PAR  1. Description of the Prior Art
PAR  Baskets of the character described herein generally consist of a
      conventional outer body and an internal block forming a rack for
      separation and support of the machine parts in a manner for holding them
      in place and preventing them from striking one another. They are
      particularly applicable to the handling of delicate parts such as gears in
      machine shops, which preferably should be held in a vertical orientation
      so as to take up as little space as possible in the basket, which will
      then accept the largest possible number.
PAR  Various embodiments of the internal block for such baskets are known, such
      as, for example, they are made of wood, with assembly being achieved by
      nailing or gluing, and thus they are difficult to modify. The base
      material of wood also makes these assemblies heavy and cumbersome, and in
      addition, being made by skilled labor, they are relatively expensive,
      while deteriorating rather rapidly.
PAR  Also known are embodiments composed of steel sheets or wires, of diverse
      and suitable forms, which may be assembled by riveting or soldering, and
      which thus also are difficult to modify. These also are heavy and their
      surfaces must be protected against rusting. They have the same
      disadvantages as wooden blocks with respect to cost, and further, the
      hardness of the metal presents the risk of damage to delicate features of
      the machine parts, such as to sharp corners thereon.
PAR  On the other hand, there are known embodiments formed of plastic material
      which are molded in one piece and which do not have these same
      disadvantages, but because of their multiple internal partitions, they
      require complex molding equipment, are thus of delicate construction, and
      consequently are rather costly. They can solve the problem of proximity of
      the parts. However, their one-piece design forces their complete
      replacement if any one of their elements is damaged by a blow or by the
      insertion of a part that is still hot.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a device
      for handling machine parts which is relatively easy to manufacture at a
      low cost and which is capable of storing the parts in a separated fashion
      therein such that they will not strike one another.
PAR  Another object of the present invention is to provide a device for handling
      machine parts which is relatively light in weight and which is not likely
      to damage the parts being handled or be damaged thereby when these parts
      are in a state of high temperature.
PAR  Still another object of this invention is to provide a basket for handling
      delicate machine parts by storing them in close but separated positions
      such that a large number of parts can be handled without fear of striking
      and damaging one another, and which is light in weight for easy handling
      and inexpensive to manufacture.
PAR  Yet a further object of the invention is to provide a basket for handling
      delicate machine parts which, if damaged, can be repaired by replacing
      only the damaged part thereof instead of requiring complete replacement of
      the internal block thereof.
PAR  The foregoing and other objects are achieved by the handling basket of the
      present invention which mitigates these several disadvantages. According
      to the present invention, the internal block of the basket consists of a
      stack of plastic separator elements clamped against one another by metal
      clamping rods passing through the supporting bosses of the elements. A
      block made in this manner forms a series of slots into which the parts to
      be stored may be inserted between elements preferably having the
      appearance of a perforated grill and being of an appropriate shape for
      wedging the parts therein. Being in the form of a grill, the elements can
      combine maximum strength with minimum weight through the use of plastic.
      The metal clamping rods are completely surrounded by plastic and therefore
      there is no danger of these rods coming into contact with the delicate
      machine parts, the only points of support being the plastic material.
PAR  The elements are preferably cast in symmetrical molds, the two halves of
      which meet in the bisecting plane of an element, and these are thus easily
      made by low-cost plastic injection molding techniques.
PAR  Damaged elements may thus be readily replaced without having to change the
      rest of the assembly. An additional feature is that different types of
      elements suited to hold different parts can be used in the same outer body
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered in
      connection with the accompanying drawings, wherein like reference numerals
      designate like or corresponding parts throughout the several views, and in
      which:
PAR  FIG. 1 is a side view of a basket according to this invention;
PAR  FIG. 2 is a side view of a separator element for the basket according to
      this invention;
PAR  FIG. 3 is an end view of the separator element shown in FIG. 2;
PAR  FIG. 4 is a side view of a supporting element for the basket of this
      invention;
PAR  FIG. 5 is an end view of the supporting element shown in FIG. 4;
PAR  FIG. 6 is a side view of a modified embodiment of the separator element
      shown in FIGS. 2 and 3; and
PAR  FIG. 7 is a side view of a modified embodiment of the supporting element
      shown in FIGS. 4 and 5.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Referring now to the drawings, and particularly to FIG. 1, the outer body
      of the basket is shown in phantom as are also the differently shaped parts
      secured therewithin. The internal block consists of a stack of
      successively arranged separator elements 1 and support elements 2, both
      being preferably made of a plastic material, mounted on metal clamping
      rods 3 which pass through supporting bosses on these elements. The
      clamping rods are clamped in position one against another by means of
      self-locking units 4 and the assembly is made so that there is a separator
      element 1 at each end of the stack.
PAR  In FIGS. 2 and 3, there is shown a separator element 1 for an internal
      block intended to hold two parallel rows of parts, such as, for example,
      gears. The body 5 of the element has a profile making it easy to remove
      from a mold, the two halves of which join along the bisecting plane,
      except at the locations of flat bosses 6. Small flat gussets 7, located in
      the angles, give the assembly rigidity. The upper section of the body 5
      has two dips 8, one per row of parts, intended to make it easier to hold
      objects in the basket.
PAR  FIGS. 4 and 5 show a support element 2 for an internal block intended to
      hold two parallel rows of parts. The body 9 of the element also has a
      profile for easy removal from the mold, bosses 10 being located
      symmetrically on the two sides of the body 8 and being conical, which also
      facilitates removal. In addition, the bosses 10 are of a thickness to form
      slots for receiving the parts. Small flat gussets 11 located at the angles
      subjected to greater stress serve to give the assembly rigidity. The body
      9 of the element has two dips 12, one per row of parts, shaped
      approximately like an open V, on which small parts rest. An extra boss 13
      located at mid-height on the arms of each V in order to support larger
      machine parts. These bosses 13 are, just as bosses 10, conical in shape,
      and are symmetrically situated on the two sides of body 9 and are slightly
      longer than the bosses 10 so that they can extend into the interior of the
      separator elements 1. They are reinforced underneath by small flat gussets
      14 of a form suitable for resisting flexure and facilitating removal from
      the mold.
PAR  FIG. 6 shows a separator element 1' for an internal block intended to hold
      three parallel rows of machine parts. In function and constitution, this
      element 1' is similar to that of the element 1 described in FIGS. 2 and 3.
PAR  FIG. 7 shows a corresponding support element 2' for an internal block
      intended to hold three parallel rows of machine parts. In function and
      constitution, this element 2' is similar to that of the element 2
      described in FIGS. 4 and 5.
PAR  Thus, it may be seen that a basket is provided, which is easy and
      inexpensive to manufacture, for holding a plurality of machine parts in
      close proximity, yet without permitting the parts to strike one another
      and to thereby cause damage. Because of the construction, the parts are
      firmly held and elements of the basket are replaceable if necessary
      without replacing the entire assembly.
PAR  Obviously, many modifications and variations are possible in light of these
      teachings. It is therefore to be understood that within the scope of the
      appended claims, the invention may be practiced otherwise than as
      specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by letters patent of the
      United States is:
NUM  1.
PAR  1. A basket for handling heavy machine parts having an outer body and an
      internal block forming a rack for separation and support of said part
      while holding them fixed in position and preventing them from striking one
      another, the improvement characterized by said internal block comprising:
PA1  a plurality of transversely extending wall-type separator elements composed
      of a plastic material and each having a lower transversely extending
      section, an upper transversely extending section, a plurality of
      vertically extending sections connecting said upper and lower sections,
      and a plurality of flat supporting bosses formed on each of said upper and
      lower sections at the ends thereof and at least at one intermediate point;
PA1  a plurality of transversely extending support elements composed of a
      plastic material and each having a plurality of vertically extending
      sections, a lower transversely extending section connected between each
      adjacent pair of vertically extending sections, said lower sections being
      of substantially an open V configuration, a plurality of first
      longitudinally extending supporting bosses formed on each of said
      vertically extending sections at the upper and lower ends thereof, and a
      plurality of additional longitudinally extending supporting bosses formed
      on said lower sections being of slightly greater longitudinal extension
      than said first bosses; and
PA1  a plurality of metal clamping rods passing through said flat and said first
      longitudinally extending supporting bosses on said separator and support
      elements, respectively, for clamping said separator and support elements
      against one another, said separator and support elements being arranged
      longitudinally in an alternating fashion so as to define storage cavities
      between each adjacent pair of separator elements;
PA1  said heavy machine parts being able to be respectively disposed within said
      storage cavities and separated from each other by said separator elements
      while being supported upon said support elements in such a manner that
      peripheral portions of said machine parts are able to be supported upon
      said support elements while front and rear surface portions of said parts
      are able to be supported by said separator elements.
NUM  2.
PAR  2. A handling basket as set forth in claim 1, wherein said bosses for
      supporting parts and those for assembly of the block are integral with the
      support elements and form the points of support of said machine parts.
NUM  3.
PAR  3. A handling basket as set forth in claim 1, wherein said separator
      elements have dips in the upper sections thereof facilitating holding of
      the parts.
NUM  4.
PAR  4. A handling basket as set forth in claim 1, wherein said separator and
      support elements clamped together by said metal clamping rods have the
      form of a perforated grill.
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ABST
PAL  A kit of parts constructed for ready assembly into a box and comprising a
      blank consisting of at least three juxtaposed side panels, a covering for
      each of the side panels, and end panels formed with projections and
      recesses for engagement with corresponding recesses and projections,
      respectively, on the side panels; wherein the covering is made of a
      repeatedly deformable elastomeric or sheet metal material, and each side
      panel, where adjacent to another side panel, is provided with projections
      and recesses which interlock with similar projections and recesses on the
      adjacent side panel. The kit is adapted to be assembled into box form by
      successive folding of the side panels into engagement with the end panels.
BSUM
PAR  This invention relates to improved boxes or cases.
PAR  There have been many different proposals for collapsible and readily
      assembled boxes or cases, some of which have found commercial acceptance
      and large-scale use. However, as far as the applicant is aware, all
      commercially available boxes or cases have at least one, though usually
      several or all, of the following drawbacks: (1) erection or assembly is
      cumbersome and time-consuming or requires considerable physical effort so
      that women cannot be employed for the work; (2) special tools are required
      for assembly, for example, fastening lugs into slotted strips. Further,
      projecting parts, for example, grip lugs, may cause damage by tearing the
      clothing of a person handling the box or case; external feet or the like
      make it difficult to put bands around the assembled structure; and to
      protect the box or case against mechanical and thermal shocks and weather
      in storage or transit involves taking costly additional measures.
PAR  It is an aim of the present invention to provide several embodiments of
      boxes or cases that eliminate or reduce some or all the above
      disadvantages and which may be fabricated from inexpensive materials by
      simple methods and which, if desired, may be made to be repeatedly
      assembled and dismantled without using more than average physical effort
      and, in at least one preferred embodiment, without using special tools.
PAR  According to one aspect of this invention, there is provided a set or kit
      of parts constructed for ready assembly into a box or case comprising a
      blank consisting of three or four juxtaposed side panels and a repeatedly
      deformable covering to which each of the side panels is secured; and end
      panels (which may be separate or may also be secured to the covering),
      each of the end panels being formed with projections and/or recesses for
      engagement with corresponding recesses and/or projections, respectively,
      on the side panels. The side panels, where adjacent to each other, are
      also formed with such pairs of projections and/or recesses; the set or kit
      being adapted to be assembled into box form by successive folding of the
      side panels into engagement with the end panels.
PAR  The present invention extends also to boxes or cases when assembled from a
      set or kit of parts as set forth above.
PAR  The covering may be of a flexible elastomeric material, for example fabric,
      e.g. linen, backed rubber sheet, or of a plastically deformable metallic
      material, such as sheet aluminium; in each case there results a box or
      case that once made up may at will be collapsed again.
PAR  Used-up printing cylinder blankets may be used as the elastomeric covering,
      and used-up printing plates are a suitable and inexpensive form of
      aluminium sheeting. Thus these embodiments make very good use of materials
      otherwise considered as completely wasted.
PAR  In an advantageous embodiment, the flexible covering can be made up of a
      plurality of pieces, preferably two, in which case adjacent ends of the
      pieces are secured to the same side panel. In an alternative, however, the
      covering may be made of a single piece.
PAR  When used-up printing cylinder blankets, which comprise linen-backed rubber
      are used, it is preferred to use a suitable adhesive, e.g. an impact
      adhesive, to stick the linen side of the blanket to the bottom and sides,
      and optionally to the top, of the box or case. In a further alternative,
      the flexible elastomeric covering may be reinforced by incorporating
      metallic sheeting, e.g. aluminium sheeting derived from printing waste
      such as offset printing plates.
PAR  Expediently, the box or case is parallelopipedic with three or four oblong
      side panels secured to the covering and two end panels which may be
      generally square. Each side panel is then formed with a pair of spaced
      apart slots along each shorter side, and each end panel is formed with a
      pair of complementarily shaped tongues on each side thereof adapted snugly
      to engage in the slots either flush or so as to protrude therethrough. The
      tongues if protruding may then serve as feet for the assembled case or
      box. By providing a symmetrical arrangement of tongues and slots, a
      subsequent banding operation to put securing bands around the case or box
      is considerably facilitated and can be effected in two mutually
      perpendicular directions around each panel.
PAR  In this embodiment, with protruding tongues, the covering is also
      appropriately slotted so that its slots are aligned with those of the side
      panels and thus the tongues may project through the covering. It is then
      advantageous so to arrange the covering around the side panels as to
      produce an overhand or end flap. This flap may then be slotted also and
      may be secured around a pair of protruding tongues. If necessary, stapling
      may also be used better to secure the flap; on the other hand, the flap is
      by no means essential and may well be dispensed with for certain
      applications or uses of the invention.
PAR  Where a metal covering is used the tongues may be part of the covering.
      They may then be bent back on themselves in three substantially 90.degree.
      bends so as to be wrapped around, and, tucked under, the associated edges
      of the panels. The metal blanket or covering is preferably made oversize
      in relation to the panels at each shorter edge of the latter and the
      "overhanging" portions are then bent back on themselves in the same way as
      the tongues. In this way, a particularly secure box construction results.
      Moreover, the construction provides increased security, since it is
      impossible so to bend and then re-bend the tongues and/or the "overhang"
      that these operations would not show. In other words, any unauthorised
      opening of the box would be immediately visible as the relatively soft
      metallic parts cannot re-assume exactly the shape into which they were
      first bent.
PAR  If desired, the end panels may also be provided with a covering, especially
      if extra protection or weatherproofing is desired.
PAR  In an alternative embodiment, each of the side panels are tongued and the
      end panels are slotted.
PAR  The surfaces of the panels intended to be the interior surfaces of the case
      or box may be provided with means, e.g. grooves, for accommodating
      partitioning or space-dividing members.
PAR  If it is desired to provide the erected case or box with one or more
      additional layers of covering for extra protection, the projections or
      tongues may be made longer so as to enable them to protrude through the
      slots of the additional covering layer(s).
PAR  In yet another improved embodiment, the case or box may be rendered
      fluid-tight by providing the inner faces of the panels with a suitable
      treatment or covering.
PAR  For carrying and transporting animals, the box or case may be provided with
      appropriate breathing apertures and the lid may be made of a transparent
      material.
PAR  Preferred materials for the sides or panels include laminated wood, or
      chipboard, or plywood, compressed paper or other paper-based product, or a
      "space frame" made up of wooden slats.
PAR  The wooden panels may also be made of waste: thus certain goods are in
      current commercial practice frequently delivered to the customer in
      "palletised" form and the load-carrying pallets are then thrown away by
      the customer. However, these wooden pallets can be used, in this
      invention, to produce the panels.
PAR  However, suitable plastics materials are also envisaged and generally
      speaking the choice of material is governed solely by considerations of
      cost and intended use.
PAR  When slats are used they may, according to a subsidiary feature of the
      invention, be built up into the frames by having a plurality of similar
      cross-slats cut to be a press-fit in recesses in the inward sides of edge
      slats shaped according to the position the frames will occupy in the
      finished box.
PAR  In one highly preferred embodiment, the panels are made up from the slatted
      space-frames and are provided with a double-skin or covering of "waste"
      aluminium sheeting on the outside and a single skin or covering on the
      inside. The result is a surprisingly light, yet surprisingly strong box or
      case that can be repeatedly assembled and dismantled.
PAR  The slats are of simple shape largely capable of being cut in stacks, for
      example by a suitable saw. Only recesses, or slots, require to be made by
      morticing or routing.
PAR  It will be self-evident that the shape of the projections (tongues) and
      apertures (slots) is arbitrarily selectable provided that they are of a
      complementary, tightly interengageable configuration.
PAR  Similarly, the said abutments and recesses may have any suitable shape
      capable of effecting the desired interlocking function.
PAR  Furthermore, it will be appreciated that the embodiment of the box or case
      with a flexible elastomeric covering need not include any metallic
      components such as hinges or fasteners. Whichever material is used the
      covering acts, in effect, as a hinge between adjacent sides, and
      interconnecting is by the interengageable projections and apertures.
      Moreover, no special tool is necessary for erecting the box or case from a
      collapsed state, in which state, the structure is conveniently flat and
      thus readily stackable or otherwise storable.
PAR  These advantageous features are in strong contrast to certain well-known
      and commercially available boxes or cases wherein adjacent sides are
      hingedly secured together by metal strips riveted to the sides, and
      wherein stiff metal tabs are provided on the sides to project through
      slots formed in the strips. These tabs must then be bent flat, e.g. by a
      blow from a hammer; such a method of assembly is not only time-consuming
      but is also considered unsuitable work for women.
PAR  The most important advantages of the box or case according to this
      invention lie in its strength, rigidity and light weight, and, where
      required, cheapness derived from using waste products and inexpensive
      materials. These advantages are achieved, moreover, without any attendant
      loss in strength of the assembled structure. Furthermore, printing words,
      slogans etc. on the panels is made considerably easier.
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PAR  Three embodiments of the invention are described, merely by way of example,
      with reference to the accompanying drawings, wherein:
PAR  FIG. 1a is a plan view of an end panel for use in the box or case according
      to a first embodiment of the invention;
PAR  FIG. 1b is an end view, taken along the arrow B of FIG. 1a;
PAR  FIG. 2 is a plan view of the blank for use in the box or case according to
      FIG. 1;
PAR  FIG. 3a is a section taken on line 3--3 of FIG. 2 but on a greatly
      exaggerated scale, for the sake of facilitating understanding, while
PAR  FIG. 3b is a section similar to FIG. 3a but of a variant showing a
      metal-covered box;
PAR  FIG. 4 shows an assembled box according to a further preferred embodiment
      of the invention;
PAR  FIG. 5 shows a space frame for an end panel of the box of FIG. 4 and an
      inner skin for the panel;
PAR  FIG. 6 shows a base panel for the box of FIG. 4, its space frame indicated
      by dotted lines;
PAR  FIG. 7 shows a side panel, with stapling positions for an attached inner
      skin;
PAR  FIG. 8 is a composite, part-fragmentary view of a lid for the box of FIG.
      4; and
PAR  FIG. 9 shows an outer skin prior to attachment of the side and base panels
      to form the main blank of the box of FIG. 4.
DETD
PAR  Referring first to FIGS. 1 to 3a of the drawings, there is shown a box or
      case 10 (hereinafter box) comprising three main elements, viz. two
      substantially identical end panels 11 and a blank 12.
PAR  The end panels 11 each comprise a generally square wooden member having on
      each side thereof a pair of spaced apart, rectangular projections or
      tongues 13, the tongues 13 on one side 14 being somewhat longer than those
      on the other three sides, for reasons explained below. As can be seen from
      FIG. 1b, the tongues 13 are less thick than the thickness of the panel 11.
PAR  The blank 12 comprises a flexible covering 15 of sheet material like form
      and four oblong wooden panels 16. The panels 16 are mutually spaced apart
      but each is rigidly secured, e.g. by a suitable adhesive, to the covering
      15.
PAR  In the illustrated embodiment, it is intended that the assembled box 10
      should have a lid; however, if no lid is required, then the blank 12 would
      have three panels 16 only.
PAR  The covering 15 is shown in FIG. 3a as being made up of two pieces
      adjoining at 17 but, if desired, it may be a one-piece member or it may be
      made up of several pieces. In any case, it consists of an outer layer 18
      of rubber secured to an inner or backing layer 19 of linen which itself
      may be interwoven with rubber filaments. Preferably, the covering 15 is
      made from pieces of waste printing cylinder blanket. This material has the
      known properties of good flexiblity, tremendous tear strength and
      inextensibility.
PAR  An end portion or flap 20 of the covering 15 extends beyond the panel 16
      located at one end of the blank 12, and is slotted at 21.
PAR  Each panel 16 is formed at its shorter sides with a respective pair of
      spaced apart, through-going apertures or slots 22, and the covering 15 is
      formed with aligned slots 23, (FIG. 3a). The slots 21, 22 and 23 are
      shaped so as to receive as a snug fit a tongue 13 destined to project
      successively through the slots 22, 23 and slightly beyond the slots 23.
PAR  Moreover, each panel 16 is formed at one of its longer sides with a pair of
      spaced apart locking abutments 24 and at the other longer side with a pair
      of spaced apart recesses 25 of a shape complementary to that of, and
      adapted to co-operate with, the abutments 24.
PAR  The structure described so far may be speedily and simply erected into an
      assembled parallelopipedic box 10 by inserting the tongues 13 on one side
      of each end panel 11 into and through the slots 22, 23 of a panel 16 and
      the covering 15, respectively, then repeating this procedure with the
      other end panel 11 at the other pair of slots 22, 23 associated with the
      same panel 16.
PAR  Thereafter, the remaining panels 16 are folded about the first-mentioned
      panel 16 with the end panels 11 engaged therein to produce a closed box
      structure. In the erected state, the folding or hinging movement is
      limited by the interlocking of the abutments 24 of one panel 16 with the
      recesses 25 of the adjacent panel 16.
PAR  The end flap 20 of the covering 15 is then secured to the assembled
      structure by fitting its slots 21 around the tongues 13. The longer
      tongues 13 from side 14 will then serve as feet for the box.
PAR  The above description essentially applies throughout also to a construction
      shown in FIG. 3b where a metal covering e.g. of aluminium sheet, replaces
      the elastomeric covering, except that on all the panels of FIG. 2 an
      "overhang" is preferably provided as indicated at 26 for one panel, bent
      round the ends of the panels in the finished box.
PAR  It will be appreciated that the elements shown in the drawing may be
      fabricated in a simple manner, involving only straight saw cuts for the
      wood panels, except for the slots which are mortice-cut or routed.
PAR  The method of assembly may be facilitated further by first working out the
      final position of the longer tongues and then appropriately inserting the
      end panels into position. The whole folding operation may then be carried
      out in a single, continuous, unidirectional rolling motion.
PAR  In a non-illustrated variant, the tongues are made of a length such that on
      assembly they are flush with outer edges of the slots in the panels. Thus
      no corresponding slots need to be formed in the covering. If then it is
      desired to provide the box or case with legs, such legs may simply be
      stuck at the desired locations to be covering. The legs may e.g. be in the
      form of members resembling conventional rubber door-stops.
PAR  In another non-illustrated embodiment, the flap of the covering is made of
      double thickness by sticking another piece of linen-backed rubber to the
      existing flap, linen to linen, whereby both visible faces of the flap are
      of rubber. It is found that the inner rubber face of the flap will "stick"
      by friction to the outer rubber face of the covering on the side of the
      box or case to which the flap is to be secured. In this way, stapling is
      rendered unnecessary and any of the usual commercially available adhesive
      tapes e.g. scotch tape, can be used securely to fasten the flap.
PAR  Referring now to FIGS. 4 to 9 of the drawings, the box shown therein is
      built up of panels each of which has a so-called space frame of slats,
      e.g. 2 inches .times. 1/4 inch softwood slats (approx. 5 cm .times. 6 mm),
      as seen in FIG. 5. The space frames consist of cross-slats 101, similar
      for all the panels, and edge slats 102 shaped according to the position
      they will occupy in the assembled box. The slats are cut to a light press
      fit into each other, for easy assembly into frames.
PAR  Each space frame is covered by an inner skin such as 103 in FIG. 7, stapled
      in position at approximately 1 inch (2.5 cm) centres and made of 28 SWG
      aluminium sheet (0.376 mm), and an outer skin of the same material. The
      outer skin of an end panel is shown at 104 in FIG. 5. Tongues 105 are
      formed integrally with the slats of the end panel space frames.
PAR  The base and side panels are very similar to each other. Both have slots
      106 to receive the tongues 105, and recesses 107 are formed in the
      cooperating locking abutments 108 in the sides.
PAR  The lid has a space frame, not shown in FIG. 8, and an inner skin 109. The
      outer skin has flaps 110 bent and then stapled into position, as shown
      "before" and "after" in the right and left hand halves, respectively, of
      the Figure. Wooden locating slats 111 may, if desired, be glued or
      otherwise secured to the inner side of the lid, covering the lines of
      stapling.
PAR  To form the main blank of the box, the outer skin 112 of FIG. 9 is first
      stuck or otherwise secured to a rectangular secondary skin, of the same
      aluminium sheet, within the lines 114 of the Figure. The side and base
      space frames complete with the inner skin 103 are then stuck or otherwise
      secured in position with the edges carrying the recesses 107 and locking
      abutments 108 spaced by the thickness of the slats apart, as in FIG. 2,
      and the flaps 115, 116 are then bent over and stapled.
PAR  To assemble the box the exposed wooden parts of the end panels are coated
      with glue, if desired, and the appropriate tongues of the end panels are
      set into the slits of the base panels of the main blank. The side panels
      of the blank are then bent gently up until the locking abutments and
      recesses, and the rest of the tongues and slots engage, and are clamped in
      position by clips.
PAR  Finally spring steel strengthening clips 125 (FIG. 4) are pressed on;
      pre-drilled lid mounting straps 126 are placed in position and rivetted on
      after drilling the base; and the lid is placed in position and retained by
      removable spring steel clips 127.
PAR  In a non-illustrated variant of any of the above-described embodiments, the
      base panel of the box as well as at least the lower parts of the adjacent
      side and/or end panels may be provided with an additional elastomeric
      covering of the kind described in connection with the embodiment of FIGS.
      1 to 3a. This variant is particularly useful where the box is likely to be
      exposed to excessive wear at the base due to dragging, scuffing etc. The
      upper ends of the covering can be secured in any suitable manner, e.g.
      with the aid of the clips shown in FIG. 4.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A collapsible assembly of panel members capable of being readily
      assembled into a transport box for the storage and transport of relatively
      heavy cargo therein and capable of being disassembled into a flat for the
      efficient storage thereof comprising
PA1  a blank member including at least three rigid side panels engageably spaced
      with respect to one another and a flexible supporting cover to which said
      rigid side panels are fixedly secured in said spaced relationship, said
      side panels being disengaged when said blank member is substantially flat,
      said side panel members having complementary projections and recesses
      adjacent one another and said projections and recesses having a depth
      dimension equal to the thickness of said panel members, said projections
      and recesses of each panel member lockingly engaging one another in
      mutually supportive perpendicular directions when said blank member is
      folded into a box, and
PA1  a pair of end panels having a plurality of projections engageable with
      complementary recesses in the ends of said side panel members, said
      projections of the end panels having a depth dimension at least equal to
      the thickness of said side panels.
NUM  2.
PAR  2. The collapsible assembly of claim 1 wherein said supporting cover
      includes a flexible elastomeric material.
NUM  3.
PAR  3. The collapsible assembly of claim 1 wherein said flexible supporting
      cover includes a plastically deformable shape retaining metallic material.
NUM  4.
PAR  4. The collapsible assembly of claim 1 wherein said end panels are covered
      with said flexible supporting cover material.
NUM  5.
PAR  5. The collapsible assembly of claim 1 wherein at least some of said panels
      include a frame of interlocked slats, each of said slats being covered by
      two layers of metallic sheeting on one side and a single layer of metallic
      sheeting on the other side thereof.
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ABST
PAL  Containers of the open top can type are closed and sealed by a closure
      system comprising an inner lid of thin material such as plastic film and a
      stiff outer cover which grips the container and bears down on the inner
      lid flange to hold it securely in closed, sealing position. Optional
      provision is made for the escape of air during insertion of the inner lid
      and retention of the lid in position pending application of the outer
      cover.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Closures for containers in which materials are packaged for shipment, sale
      and storage pending use must dependably retain the material within the
      container and, especially if the material includes volatile constituents,
      must seal the container against the escape of gases or vapors. Lids of the
      type that are forced down into the circular openings at the tops of cans
      are commonly fabricated from thin steel strip and are strong enough to
      frictionally engage the container at the opening with sufficient pressure
      to ensure against unintended lifting of the lid resulting from internal
      pressure or other forces applied to the inner surfaces of the lids. These
      metal lids are relatively expensive.
PAR  For special purposes, such as the packaging of a material and an applicator
      in a single package unit, space is provided for the applicator in and
      above an inner lid which closes the can containing the material and an
      outer cover is provided to enclose the applicator. In the case, for
      example, of a package for a semisolid car wax, the wax material is
      contained within a can having a large mouth at its top and this can is
      closed and sealed by a lid that is pressed tightly down into the mouth of
      the can. A wax applicator is seated within this inner lid and is, in turn,
      held in the container unit by a stiff outer cover which snaps over the top
      bead of the can but does not necessarily provide a seal closure. The
      physical characteristics of the semisolid wax material are such that the
      tipping and jarring of a can, as in shipment, may cause the body of
      material to flow sufficiently to bear against the lid with the possible
      consequence of pushing it out sufficiently to permit leakage unless the
      lid is strong enough and is forced into the mouth of the can with enough
      force to have securely locked it in position.
PAR  The necessity of the outer cover of such duplex packages offers the
      possibility of relaxing the demands upon the inner lid in serving its
      closing and sealing function. In accordance with the present invention,
      the inner lid is made of relatively inexpensive, thin plastic material
      which, while capable of closing and sealing container cans of the type
      above referred to, is not strong enough to engage the can at its mouth
      with sufficient sustained pressure to hold itself tightly in place pending
      intentional forced removal. Instead of depending upon its own strength for
      this purpose, as in the case of lids made of steel, stops are provided
      around the inner periphery of the outer stiff cover to bear upon the
      flange of the inner lid at spaced locations throughout its periphery as
      the cover is snapped into position upon the can.
PAR  Accordingly, the principal object of the invention is to provide a duplex
      package which employs an inner lid of thin plastic material to close and
      seal the base can and an outer cover which holds the inner lid in its
      sealing position. This object is realized by providing the outer cover
      with detent means which engage the top bead of the can to hold the cover
      firmly down upon the can and spaced stops within the cover which bear
      against the flange of the inner lid when the outer cover has been snapped
      down into position.
PAR  A further object is to provide means for the escape of air as the lids are
      forced down into the mouths of the cans in the high-speed assembly line.
      Another object is to provide detent means on the riser portions of the
      inner lids which serve to hold the lids in position in the openings of the
      cans pending application of the outer covers.
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PAC  DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing:
PAR  FIG. 1 is a bottom view of the inner lid of the duplex package;
PAR  FIG. 2 is a side view of the lid;
PAR  FIGS. 3, 4 and 5 are detail views, in cross section, taken at the lines
      3--3, 4--4, and 5--5, respectively;
PAR  FIG. 6 is a plan view, partly broken away, of the duplex package;
PAR  FIG. 7 is a detail view in cross section taken at the line 7--7 of FIG. 6;
PAR  FIG. 8 is a detail view, in cross section, taken at the line 8--8 of FIG.
      6;
PAR  FIG. 9 is a detail view, in cross section, showing the lid air vent with
      the lid only partly inserted into the mouth of the can;
PAR  FIG. 10 is a view similar to that of FIG. 9 but with the lid in closed,
      sealing position;
PAR  FIG. 11 is a detail view, in cross section, showing the lid detent with the
      lid just entered into the mouth of the can, and
PAR  FIG. 12 is a view similar to that of FIG. 11 with the lid in closed
      position with the detent engaging the can at the opening.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENT
PAR  Although the closure system of the invention is suitable for use in
      packaging solid, semisolid and powder materials, its greatest advantages
      are manifested in the packaging of a flowable material such as a
      pre-whipped car wax mixture which, in the normal upright position of the
      can container, appears to be a soft solid but which, when tipped or jarred
      with a sidewise component of force, will flow and may then engage and
      press on the lid, tending to loosen it. Accordingly, by way of a specific
      example of one of many useful embodiments of the invention, a duplex
      package containing such wax material and an applicator is shown in the
      drawing and will be described herein.
PAR  The package assembly, as shown in FIGS. 6, 7 and 8, comprises a can 1, an
      inner lid 2 and an outer cover 3. The can is of conventional wide mouth
      form and construction, including a flange 4 which is secured to the top of
      the can by upper bead 5 and has a relatively narrow depending flange 6
      which defines the mouth of the can. As shown, the can is filled, in the
      commercial sense, with the wax material 7.
PAR  Lid 2 (FIGS. 1 and 2) has a riser 8 and peripheral flange 9 in addition to
      the planar central portion as is conventional. The lid is advantageously
      thermo-formed from a suitable plastic material, such as 0.015 inch
      polyvinyl chloride film. Preferably, the lid is formed with a very small
      riser draft of, say, two degrees. The lid should be strong and stiff
      enough and dimensioned to continuously exert sealing pressure at the
      engaging surfaces of flange 2 and riser 8 when seated in the mouth of the
      can in fully closed position as shown in FIGS. 7 and 8.
PAR  In the particular embodiment of the invention illustrated in the drawing
      and specifically described herein, outer cover 3 is injection molded of a
      suitable plastic material which will provide a relatively rigid structure.
      It is designed to provide an enclosure above inner lid 2 to accommodate a
      wax applicator 10. At spaced locations throughout the periphery of the
      open bottom of the cover, spaced detent beads 11 are provided to serve as
      latch means engaging the underside of upper bead 5 of the can to hold the
      cover securely down upon the can as shown in FIG. 8. Spaced vertical ribs
      12 (FIGS. 6 and 7), molded with the cover, extend radially inwardly from
      the side of cover 3. Ribs 12 are dimensioned to extend inwardly and
      downwardly sufficiently to engage the flange 9 of inner lid 2, as shown in
      FIG. 7, when the cover has been snapped down over upper bead 5 of the can
      as shown in FIG. 8. With this arrangement and construction of parts, outer
      cover 3 serves to positively hold inner lid 2 in its fully closed and
      sealing position in the mouth of the can.
PAR  As shown in FIG. 7, the bottom edges of ribs 12 engage the flange of lid 2
      outwardly of the can mouth flange 6. This provides a degree of tolerance
      since the flange may bend slightly as the pressure of the rib is brought
      to bear when the cover is snapped onto the can. The rib may, however,
      extend inwardly sufficiently to engage the flange 9 of lid 2 directly
      above the can flange 6 since some tolerance is available, anyway, at the
      latching junctures of detent beads 11 and upper can bead 5.
PAR  Although four detent beads 11 and four vertical ribs 12 are provided in the
      example illustrated in the drawing, the number will depend upon the size
      of the can and other considerations. Usually three or more of each of
      these elements would be provided.
PAR  Although not essential for the operation of the closure system of the
      invention, air escape grooves 13 and what might be termed temporary
      detents are formed in the risers 8 of inner lids 2. In high speed machine
      filling and assembly of the duplex package, insertion of the lids into the
      mouths of the cans is facilitated by providing for the escape of air that
      is displaced by the lids. Grooves 13 extend about half-way up on the lid
      risers so that escape passageways are provided, as is shown in FIG. 9,
      until the sealing upper peripheries of the lid risers engage flanges 6 of
      the can to effect the desired seal when the lid is in fully closed
      position as shown in FIG. 10. The purpose of detents 14 is to hold the
      lids in position in the mouths of the cans pending the placing of the
      applicators 10 upon the lids and the locking of the outer covers 3 upon
      the cans. As is shown in FIG. 11, the detents 14 do not interfere with the
      alignment of the lids with the mouths of the cans since the detents are
      spaced upwardly from the bottoms of the lids. As is shown in FIG. 12, the
      detents engage the under edges of flanges 6 of the cans to hold the lids
      in position pending final assembly of the package.
PAC  ACHIEVEMENT
PAR  When the assembly of the package has been completed by forcing the cover 3
      into latched-on position on top of the can, the inner lid 2 can be lifted
      away from flange 4 in the mouth of the can only after first removing the
      cover. The cover 3 is made with sufficient strength and stiffness to
      require the application of substantial force to remove it. Thus, the can
      remains securely closed and sealed even in the event of the application of
      substantial forces applied internally against the bottom of the lid and
      tending to lift it from its seated position, as by the flow of material
      contained in the can against the lid when the package is tilted or laid on
      its side or jarred in such a way as to bring about contact with the lid.
      Yet, the lid may be easily lifted and removed after removal of the outer
      cover.
PAR  The sealed closure system of the invention makes possible the use of thin
      plastic material for the inner lids rather than steel or other metal as
      heretofore. The cost of the plastic lids is only a fraction of that of
      metal lids. Additionally, the plastic lids are more easily removed for
      access to the contents of the can and may, if desired, be transparent so
      that the contents may be viewed through the lid.
PAR  The combination of air vents and detents on the risers of the inner lids
      prevents the floating off of lids rapidly inserted into the mouths of the
      cans in the filling and assembly machines. Instead of capturing the
      cushion of air in the space above the material in the can, sufficient air
      is permitted to escape to enable the detents to hold the lids in place
      until assembly is completed. This expedient avoids problems and reduces
      the number of imperfect packages delivered from the machines.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a sealed closure system for containers which comprise a large-mouth
      material container can, a flanged inner lid sealingly closing the can, and
      an outer cover removably latched by means of detent beads onto the top of
      the can enclosing the inner lid, the improvement wherein the inner lid is
      made of thin plastic and the outer cover is provided with stop means
      engaging the flange of said lid to hold the same securely in fully closed
      and sealing position upon the can, the mouth of the can being defined by a
      circular flange affixed to the can and the flange of the lid extending
      outwardly beyond said circular flange whereby the outer periphery of the
      lid flange is free for some downward movement, said stop means engaging
      only the outer periphery of said lid flange.
NUM  2.
PAR  2. Structure in accordance with claim 1 wherein the mouth of the can is
      defined by a circular flange affixed to the can and the flange of the lid
      extends outwardly beyond said circular flange whereby the outer periphery
      of the lid flange is free for some downward movement and the stop means
      engages only the outer periphery of said lid flange.
NUM  3.
PAR  3. Structure in accordance with claim 1 wherein the stop means comprises a
      plurality of spaced elements projecting inwardly from the side of the
      outer cover.
NUM  4.
PAR  4. Structure in accordance with claim 3 wherein the spaced elements are
      radial ribs integral with the outer cover.
NUM  5.
PAR  5. In a sealed closure system for containers which comprise a large-mouth
      material container can, a flanged inner lid sealingly closing the can, and
      an outer cover removably latched onto the top of the can enclosing the
      inner lid, the improvement wherein the inner lid is made of thin plastic
      and the outer cover is provided with stop means engaging the flange of
      said lid to hold the same securely in fully closed and sealing position
      upon the can, said inner lid including a riser and air vent grooves
      provided at spaced points around said riser, said grooves extending from
      the bottom of said riser toward but stopping short of the top thereof
      whereby to maintain a complete circular sealing surface along the top of
      said riser.
NUM  6.
PAR  6. In a sealed closure system for containers which comprise a large-mouth
      material container can, a flanged inner lid sealingly closing the can, and
      an outer cover removably latched onto the top of the can enclosing the
      inner lid, the improvement wherein the inner lid is made of thin plastic
      and the outer cover is provided with stop means engaging the flange of
      said lid to hold the same securely in fully closed and sealing position
      upon the can, said inner lid including a riser and spaced detents provided
      at spaced points around said riser to hold said lid in position in the
      mouth of the can, said detents being spaced below the top of said riser
      whereby to maintain a complete circular sealing surface along the top of
      said riser.
NUM  7.
PAR  7. Structure in accordance with claim 6 wherein the detents are spaced
      above the bottom of the riser whereby to maintain a complete circular
      surface along the bottom of the riser for unobstructed initial entry of
      the lid into the mouth of the can.
NUM  8.
PAR  8. Structure in accordance with claim 6 and including air vent grooves at
      spaced points around the riser, said grooves extending from the bottom of
      said riser toward but stopping short of the top thereof whereby to
      maintain a complete circular sealing surface along the top of said riser.
NUM  9.
PAR  9. Structure in accordance with claim 8 wherein the detents are spaced
      above the bottom of the riser whereby to maintain a complete circular
      surface along the bottom of the riser for unobstructed initial entry of
      the lid into the mouth of the can.
NUM  10.
PAR  10. In a lid for closing and sealing a large-mouth material container can,
      said lid having a riser extending upwardly from the bottom of the lid to
      the flange thereof, the improvement wherein the lid is made of thin
      plastic and the riser is provided with air vent grooves at spaced points
      around said riser, said grooves extending from the bottom of said riser
      toward but stopping short of the top thereof whereby to maintain a
      complete circular sealing surface along the top of said riser.
NUM  11.
PAR  11. In a lid for closing and sealing a large-mouth material container can,
      said lid having a riser extending upwardly from the bottom of the lid to
      the flange thereof, the improvement wherein the lid is made of thin
      plastic and the riser is provided with detents at spaced points around
      said riser to hold said lid in position in the mouth of the can, said
      detents being spaced below the top and above the bottom of said riser
      whereby to maintain a complete circular sealing surface along the top of
      said riser and a complete circular entry alignment surface at the bottom
      of said riser.
NUM  12.
PAR  12. Structure in accordance with claim 11 wherein the riser is provided
      with air vent grooves at spaced points around said riser, said grooves
      extending from the bottom of said riser toward but stopping short of the
      top thereof whereby to maintain a complete circular sealing surface along
      the top of said riser.
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ABST
PAL  An improved pull tab mounting arrangement for an easy open end closure
      member, characterized by the provision of improved pull tab positioning
      means for maintaining the pull tab in a desired orientation relative to
      the flap-defining score line. Two protrusions formed in the closure end
      panel prevent rotational displacement of the tab about the attachment
      rivet resulting from contact with the knock out pad during the filling and
      seaming operations or from improper handling subsequent to filling. The
      protrusions, which are symetrically disposed with relation to an end panel
      chord drawn along the axis of the flap, serve as anti-rotation abutments
      and may further serve as spacing means to prevent contact between the tab
      and the knockout pad. The protrusions may be disposed abutting the tab
      legs, interior and tangent to the circle of the interior of the tab ring
      or beneath the ring itself. In the last case, the ring is supported on the
      protrusions, which are nested within the channel formed by the inner and
      outer curls of the ring, the outer curl projecting into a notch formed in
      the walls of the protrusions.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  As is well known, use of the two-piece cans necessitates the fastening of
      the end closure after the cans have been filled. Current high speed
      filling and seaming equipment tends to impart a rotational displacement to
      the tab ring of self-opening end closures resulting from contact between
      the equipment knockout pad and the tab ring. Such a displacement, which
      may also be caused by improper handling of the can subsequent to
      attachment of the end closure, may result in malfunctioning of the closure
      when the user attempts to open the can.
PAR  Accordingly, the primary object of the present invention is to provide an
      improved self-opening end closure wherein the tab ring will consistently
      resist rotational displacement during both end closure attachment and
      subsequent handling.
PAR  This is accomplished by providing a mounting arrangement in which paired
      protrusions formed in the end panel restrain the tab ring against
      rotation.
PAR  It is a further object of one embodiment of the invention to facilitate
      grasping of the tab ring by the user.
PAR  This is accomplished by providing a mounting arrangement in which the tab
      ring is maintained in spaced relation with the end panel by anti-rotation
      protrusions beneath the tab.
PAR  It is another object of the invention to provide an inexpensive, easily
      manufactured anti-rotation device on the end panel which co-operates with
      a conventional tab ring.
PAR  With the above and other objects in view that will hereinafter appear, the
      nature of the invention will be more understood by reference to the
      following description, the claims and the several views illustrated in the
      accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of a self-opening end closure which includes one
      embodiment of the present invention illustrating a plurality of
      protrusions formed under the tab ring.
PAR  FIG. 2 is an enlarged fragmentary sectional view taken generally along line
      2--2 of FIG. 1.
PAR  FIG. 3 is a top view of a self-opening end closure illustrating another
      embodiment of the invention.
PAR  FIG. 4 is an enlarged fragmentary sectional view taken generally along line
      4--4 of FIG. 3.
PAR  FIG. 5 is a top view of a self-opening end closure which shows still
      another embodiment of the invention.
PAR  FIG. 6 is an enlarged fragmentary sectional view taken generally along line
      6--6 of FIG. 5.
DETD
PAC  DESCRIPTION OF THE FIRST PREFERRED EMBODIMENT (FIGS. 1-2)
PAR  FIGS. 1 and 2 illustrate a self-opening end closure comprising a metal end
      panel 1, a rivet 2 integrally formed in said end panel 1 and a metal pull
      tab 3 rotatably attached to said end panel 1 by said rivet 2. A score line
      4 is formed in the end panel 1 and defines an opening flap 5 therein.
PAR  The tab 3 comprises a finger ring portion 6, an intermediate portion 7 and
      a nose portion 8.
PAR  Two frusto-conical outwardly projecting protrusions 9 are formed in the end
      panel 1 beneath the intermediate portion 7, said protrusions 9 being
      symetrically disposed with relation to an end panel chord drawn along the
      axis of the flap 5. The lower surface 3a of the tab 3 is supported on the
      flat top surface 9a of the protrusions 9, thus maintaining said tab 3 in
      spaced relation with the end panel 1.
PAR  The intermediate portion 7 is formed with a substantially U-shaped inner
      curl 10 and a substantially C-shaped outer curl 11. The outer curl 11 has
      a straight, upwardly pointing portion 11a with a square corner 11b. During
      the staking operation wherein the tab 3 is attached to the end panel 1,
      the tab 3 is forced downwardly onto the end panel 1, causing the corner
      11b of the outer curl 11 to form notches 12 in the outer sides 9b of the
      protrusions 9. Any attempt to rotate the tab 3 will result in the corner
      11b of the outer curl 11 being forced into the vertical surface 12a of the
      notch 12 in one of the protrusions 9, while the corner 10a of inner curl
      10 is forced into the inner side 9c of the other protrusion 9, thereby
      interlocking the tab 3 and the protrusions 9. The inward slope of the
      protrusion sides 9b and 9c and the vertical sides 12a of the notches 12
      insure that movement of the tab 3 perpendicular to the plane of the end
      panel 1; as in lifting the tab 3 to break the score line 4, is
      unrestrained.
PAC  DESCRIPTION OF THE SECOND PREFERRED EMBODIMENT (FIGS. 3-4)
PAR  FIGS. 3 and 4 illustrate a self-opening end closure similar to that shown
      in FIGS. 1 and 2. Identical numbers are used to denote identical parts.
PAR  In this embodiment, two sphero-cylindrical protrusions 9, symetrically
      disposed as hereinbefore described, are formed in the end panel 1 abutting
      the double folded edges 13a of the tab legs 13 in the nose portion 8 of
      the tab 3. The tab legs 13 have a slight downward inclination which,
      coupled with the perpendicularity of the protrusion sides 9a, insures that
      the tab legs 13 will not ride up and over the protrusions 9, but rather,
      that the protrusions 9 will effectively block rotation of the tab 3
      through engagement with the tab legs while not restraining lifting of the
      tab 3. The underside of the end panel 1 beneath the protrusions 9 may be
      coined to achieve greater protrusion height.
PAC  DESCRIPTION OF THE THIRD PREFERRED EMBODIMENT (FIGS. 5-6)
PAR  FIGS. 5 and 6 illustrate a self-opening end closure similar to that shown
      in FIGS. 1 and 2. Identical numbers are used to denote identical parts.
PAR  In this embodiment, two frusto-conical protrusions 9 symetrically disposed
      as hereinbefore described, are formed in the end panel 1 interior and
      tangent to the circle of the finger ring portion 6 of the tab 3. The
      protrusions 9 are of a height such that the protrusion tops 9a are above
      the plane of the upper surface of the tab 3. The protrusions 9 thus
      prevent contact between the knockout pad and the tab 3 and further serve
      as anti-rotation abutments preventing rotational displacement of the tab 3
      due to improper handling of the container subsequent to filling and
      seaming while not restraining lifting of the tab 3.
PAR  While several preferred forms and arrangements of parts have been shown in
      illustrating the invention, it is to be clearly understood that various
      changes in details and arrangement of parts may be made without departing
      from the scope and spirit of the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tab ring anti-rotation structure for use on a self-opening end
      closure, said end closure comprising an end panel having an opening flap
      therein and a pull tab rotatably attached to said end panel, said
      anti-rotation structure comprising a plurality of protrusions, each of
      said protrusions comprising a sidewall and a top formed in said end panel
      and disposed in symmetric relation to a chord of said end panel drawn
      along the axis of said flap, said protrusions co-operating with said tab
      parallel to the plane of said end panel, said sidewalls being
      substantially linear and inclined at a non-locking angle relative to said
      tab whereby movement of said tab perpendicular to said end panel to open
      said closure is unrestricted.
NUM  2.
PAR  2. An anti-rotation structure as described in claim 1, wherein said panel
      comprises integral rivet means and said pull tab is attached to said end
      panel by said rivet means.
NUM  3.
PAR  3. An anti-rotation structure as described in claim 2, wherein said
      protrusions are frusto-conical in shape.
NUM  4.
PAR  4. An anti-rotation structure as described in claim 3, wherein said pull
      tab has a top and two depending side curls forming a channel, and said
      protrusions are located beneath said pull tab with said channel.
NUM  5.
PAR  5. A tab ring anti-rotation structure for use on a self-opening end
      closure, said end closure comprising an end panel having an opening flap
      therein and a pull tab rotatably attached to said end panel, said end
      panel comprising integral rivet means and said pull tab being attached to
      said end panel by said rivet means, said pull tab further having a top and
      two depending side curls forming a channel, said anti-rotation structure
      comprising a plurality of protrusions formed in said end panel and
      disposed in symmetric relation to a chord of said end panel drawn along
      the axis of said flap, said protrusions being frusto-conical in shape and
      being located beneath said pull tab within said channel, said protrusions
      further having walls with notches formed therein and one of said curls
      projecting within said notches, whereby said protrusions engage said tab
      in the plane of said end panel while movement of said tab perpendicular to
      said end panel is unrestricted.
NUM  6.
PAR  6. An anti-rotation structure as described in claim 4, wherein said pull
      tab is supported by said protrusions in spaced relation.
NUM  7.
PAR  7. An anti-rotation structure as described in claim 2, wherein said tab
      comprises legs and said protrusions are located on either side of and
      adjacent to the rivet means and abut said legs.
NUM  8.
PAR  8. An anti-rotation structure as described in claim 7, wherein said
      protrusions are sphero-cylindrical in shape.
NUM  9.
PAR  9. An anti-rotation structure as described in claim 7, wherein said legs
      are inclined panelwardly.
NUM  10.
PAR  10. An anti-rotation structure as described in claim 2, wherein said
      protrusions extend above the plane of the top of said pull tab.
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ABST
PAL  An embossed can end construction for full opening, easy opening metal cans
      used for food products that are heat-processed in the closed cans. The can
      end has an embossed formation in the removable panel of the can end
      defined by an endless generally annular score line, either with or without
      a protective fold at the peripheral edge of the removed panel. A ring pull
      tab is riveted to the removable panel portion having a nose with an offset
      tip which engages the can end adjacent the score line to initiate rupture
      of the can end at the score line when the ring of the tab is raised and
      the nose tip moves down. The embossed formation has a general modified
      heart-shape in contour with a depressed groove defining the heart-shape.
      The embossed formation imparts great stiffness to the can end metal. The
      stiffness maintains a planar shape for the can end which resists doming or
      bulging when the end is subjected to pressure inside the can different
      than atmospheric pressure. The planar stiffness imparted by the embossed
      formation assists in directing the initial rupturing force of the
      cooperating pull ring nose tip substantially vertically, that is parallel
      with the axis of the can and the axis of the riveted connection between
      the pull ring and can end. The stiffness also prevents curling of the
      removable panel as the panel is completely pulled away from the can by the
      final lifting of the pull ring from the can.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION AND PATENTS
PAR  The can end and pull ring structures of the invention, either with or
      without protective folds, are improvements on the structures shown in
      copending McKernan and Stargell application Ser. No. 229,678 and Dragomier
      and Zysset application Ser. No. 473,009, now U.S. Pat. No. 3,891,117 and
      also those shown in Stargell U.S. Pat. Nos. 3,838,788 and 3,871,314.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to food product cans provided with can end members
      which may be opened easily by tearing with a ring pull tab, a full opening
      removable panel portion to which the tab is riveted, along an endless
      score line formed in the can end member, particularly a can end of a can
      used for food products that are heat-processed in the closed can; and more
      particularly, to providing stiffness to relatively thin sheet metal can
      end material in the removable panel portion, whether or not the removable
      panel portion is provided with a protective fold at the peripheral edge of
      the removed panel, so as to obtain maximum rupturing force in initiating,
      without tab rivet connection damage, rupture of the score line defining
      the removable panel portion when initially lifting the ring pull tab
      riveted to the panel portion, and also particularly to such a construction
      in which the apparent force required to remove the severed panel is less
      because of the stiffness of the embossed panel.
PAR  2. Description of the Prior Art
PAR  Many prior patents show various kinds and types of embossed formations in
      the can end of a can adapted to be opened by tearing the can end along one
      or more score lines to remove the can end, tear strip fashion, as in U.S.
      Pat. Nos. 2,112,231, 3,195,768, 3,221,923, and 3,416,699; or to remove the
      can end of a full opening can along a circumscribing score line as in U.S.
      Pat. Nos. 3,478,918, 3,712,503, 3,715,050, 3,735,892, and 3,768,692.
PAR  These prior can end structures contain embossed formations in the tear
      strip type of can end for directing the tearing properly along the score
      lines defining the tear strip. The prior structures in the case of full
      opening can ends in which a panel is removed by tearing along a continuous
      circumscribing score line have panel embossed formations to direct,
      control and implement the curling of the removed panel portion as it is
      being peeled from the can.
PAR  No can end structure of which we are aware has been provided with means
      such as an embossed formation in the can end for maintaining the can end
      stiff and in substantially a flat plane during the moment of initial
      application of rupturing force by the nose of a pull tab riveted to the
      removable panel portion to initiate rupture along the score line defining
      the removable portion, so that the rupturing force is applied to the can
      end adjacent the score line in as near to a vertical direction as possible
      so as to shear the metal on the score line, rather than to tear it.
PAR  Further, no prior structure of a full opening can end of which we are aware
      is provided with an embossed reinforcing formation in its removable panel,
      which provides full opening of the can, whether or not the removable panel
      has a protective formation at the edge thereof, in which the removable
      panel is maintained substantially stiff and flat or planar in extent, as
      the panel is pulled upward and removed by severing along the major portion
      of its periphery after an initial segment thereof has been bent inward of
      the can upon initiation of rupture by downward force applied by the nose
      of the pull tab riveted to the removable panel portion.
PAR  The use of easy opening cans in the heat-processed canned food industry has
      resulted in many problems concerning the construction and opening of such
      cans because of the tendency of the can end to dome or bulge outward or
      inward as a result of pressure or vacuum forces occurring in connection
      with heat-processing of the food in the cans. Such doming or bulging may
      affect the manner or direction in which force is applied by a ring pull
      tab to the can end material initially to rupture and later to pull the
      removable panel portion from the can along the score line defining the
      removable panel portion.
PAR  Some of these difficulties may be minimized by providing heavier gauge
      metal for the can ends and ring pull tabs. Such solution of the problems,
      however, is unsatisfactory, not only because of the cost of and use of
      additional metal, but also because it affects the ability to manufacture
      and handle the can ends and pull tabs in the production and manufacture
      thereof in existing tool and die means designed for lighter gauge metals.
PAR  Accordingly, there exists a need for overcoming the deficiencies in prior
      removable panel can end and pull tab structures without increasing metal
      thickness, and at the same time providing for applying maximum rupturing
      force and apparent minimum lifting force by the pull tab to the removable
      panel portion when a full opening, easy opening can is opened.
PAC  SUMMARY OF THE INVENTION
PAR  Objectives of the invention include providing a special location, contour,
      and geometry for embossed formations in the removable panel portion of a
      can end, and the cooperative relation of the embossed panel to a ring pull
      tab riveted to the embossed panel for rupturing the removable panel from
      the can end along an endless score line defining the removable panel to
      form a full opening for the can, whether or not the removable panel
      portion is provided with a protective fold in the peripheral edge of the
      removed panel, so as to apply maximum rupturing force substantially
      vertically by the pull tab nose tip against the can end to initiate
      shearing rupture of the score line when lifting the ring of the pull tab
      to bend a zone of the removable panel inward of the can at the moment that
      rupture is initiated, and so as to then complete the removal of the
      initially ruptured panel portion for complete severence from the can with
      apparent minimum pulling force imparted to the ring of the pull tab
      arising from the stiffness imparted by the embossed formation, which
      maintains the embossed portion of the removable panel substantially flat
      as the panel is pulled upward from the can by the pull tab. Other
      objectives of the invention include providing a construction which
      satisfies the above stated objectives without the necessity of increasing
      the gauge or thickness of the metal from which the can end or ring pull
      tab is formed; providing a construction satisfying such objectives in
      which the cooperative relation of the embossed panel and pull tab
      components inhibit failure of the riveted connection between the
      components; and providing a construction eliminating the described
      difficulties heretofore encountered, achieving the indicated objectives
      simply, efficiently and inexpensively, and solving existing problems and
      satisfying existing needs in the canned food products field.
PAR  These objectives and advantages are obtained by the full opening, easy
      opening metal can, can end and ring pull tab construction and cooperative
      arrangement, the general nature of which may be stated as including in
      metal, preferably aluminum can construction, a can end member having a
      removable panel portion defined by an endless main score line adapted upon
      removal of said panel portion to provide a full open end to a can to which
      the end member is seamed; a ring pull tab having a ring end and an offset
      nose tip at its other end having rivet connection intermediate its ends to
      the removable panel portion; the offset nose tip normally being located
      adjacent the main score line for initiating shear score line rupture upon
      pulling the ring end of the pull tab; an endless heart-shaped groove
      embossed downward in said removable panel portion symmetrical about a line
      passing through the center of the can end member, the center of the
      riveted connection, and the nose tip of the pull tab; and means
      controlling initial and final bending of flap areas of the removable panel
      portion into the can along spaced zones perpendicular to said line,
      respectively, outside and inside of the rivet connection relative to the
      center of the can end, and outside said heart-shaped embossed groove.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Preferred embodiments of the improved embossed can end construction of the
      invention -- illustrative of the best modes in which applicants have
      contemplated applying the principles -- are set forth in the following
      description and shown in the drawings, and are particularly and distinctly
      pointed out and set forth in the appended claims.
PAR  FIG. 1 is a top plan view of a can provided with one form of improved
      embossed can end construction;
PAR  FIG. 2 is an enlarged vertical section taken on the line 2--2, FIG. 1;
PAR  FIG. 3 is an enlarged top plan view of the can end shown in FIG. 1 in its
      stage prior to being seamed to the can as shown in FIG. 2, and with the
      ring pull tab removed;
PAR  FIG. 4 is a section through the can end taken on the line 4--4, FIG. 3;
PAR  FIG. 5 is a greatly enlarged sectional view of the upper left-hand corner
      portion of FIG. 2 after the stage blank of FIGS. 3 and 4 has been seamed
      to the can of FIG. 2;
PAR  FIG. 6 is a fragmentary view similar to a portion of FIG. 5, showing the
      relative position of the can end and pull tab components after the ring
      end portion of the pull tab is pulled upward to initiate rupture of the
      can end along the score line defining the removable can end panel portion,
      but before any rupture has occurred;
PAR  FIG. 7 is a view similar to FIG. 6 but showing the relation of similar
      components in prior art structures;
PAR  FIG. 8 is a view similar to FIGS. 5 and 6 illustrating further pull tab
      manipulation after shearing rupture of the can end material has been
      initiated by downward movement of the pull tab nose which bends into the
      can a small segment of the removable panel located outward of the riveted
      connection between the pull tab and can end;
PAR  FIG. 9 is a view similar to FIGS. 5, 6 and 8 illustrating further
      manipulation of the pull tab to continue to bend another larger segment of
      the removable panel portion inward into the can, along a bend area located
      between the pull tab rivet connection and the center of the can end and
      located in a zone also controlled by lobes of the heart-shaped contour of
      the embossed formation in the can end;
PAR  FIG. 10 is a view similar to FIG. 1 showing a modified form of embossed can
      end construction used when the peripheral edge of the removed panel
      portion is provided with a protective triple fold formation;
PAR  FIG. 11 is an enlarged vertical section taken on the line 11--11, FIG. 10;
PAR  FIG. 12 is a further enlarged top plan view of the can end shown in FIG. 10
      in its stage prior to being seamed to the can as shown in FIG. 11, with
      the ring pull tab removed;
PAR  FIG. 13 is a section looking in the direction of the arrows 13--13, FIG.
      12;
PAR  FIG. 14 is a greatly enlarged sectional view of the upper left-hand corner
      portion of FIG. 11 after the stage blank of FIG. 12 has been seamed to the
      can of FIG. 11;
PAR  FIG. 15 is a view similar to FIG. 14 showing the components after shearing
      rupture at the score line defining the removable panel portion has
      occurred, by initial downward movement of the pull tab nose tip resulting
      from pulling the ring end of the pull tab upward;
PAR  FIG. 16 is a view similar to FIG. 15 but showing further bending of the
      removable panel portion into the can at a zone defined by the lobes of the
      heart-shaped embossed formation in the removable panel portion; and
PAR  FIG. 17 illustrates a further stage in tearing the removable panel portion
      of the can end from the can, upon continuing upward pull of the pull tab
      from the can.
PAR  Similar numerals refer to similar parts throughout the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  First Embodiment
PAR  The invention is illustrated typically in the drawings applied to a small
      sized can, although the can may be of any one of a number of sizes or
      capacities, or of any one of a number of types made by various
      manufacturers and which have a continuous score line in the can end member
      adjacent the double seam between the can body and can end member which
      defines the removable panel portion of the can end which is removed to
      provide the can with the full opening.
PAR  The improved embossed can end construction illustrated in FIGS. 1 to 6 and
      8 and 9, includes a can 1 generally of conventional construction which may
      be formed of aluminum, and has a cup-shaped body with a bottom wall 2
      slightly recessed upwardly, and side walls 3 to which the embossed can end
      member generally indicated at 4 is connected through a seam flange 5 by a
      usual double seam, indicated at 6 in FIGS. 1 and 2 at the upper or open
      end of the can side walls 3. Can end member 4, in its stage before being
      seamed to the can 1 (FIGS. 3 and 4), has a recessed corner 7 at the lower
      end of the flange portion 8 which subsequently becomes a part of the
      double seam 6. The recessed corner 7 preferably is seated on a ledge or
      shoulder 9, formed by an inwardly projecting annular bead 10 located in
      the can side walls 3 below the double seam 6 (FIG. 2).
PAR  A curved score line 11 is formed in the end member 4 very close to the
      recessed corner 7. This score line 11 defines a panel portion generally
      indicated at 12 which is completely removable from the remainder of the
      end member 4, when torn, ruptured, or otherwise severed along score line
      11 to provide a full opening at the top of the can 1.
PAR  A pull ring 13 is connected by a rivet 14 with the removable panel portion
      12 and may have a construction modified from that shown in Henning Et Al
      U.S. Pat. No. 3,490,643. Pull ring 13 is formed of sheet metal, also
      preferably aluminum.
PAR  In accordance with the invention, an embossed formation generally indicated
      at 15 (FIGS. 3 and 4) is provided in the removable panel portion 12 of the
      can end 4. This embossed formation 15 comprises a downwardly formed
      embossment or groove 16 having a modified heart-shape, best illustrated in
      FIG. 3, and having lobes 17 in the heart-shaped contour at either side of
      a central concavity 18. The heart-shaped groove 16 is bounded outside and
      inside of the heart-shape by panel portions 12a and 12b which lie in the
      same plane at the top of the groove 16.
PAR  The panel portion 12 also is embossed centrally downwardly with a relieved
      finger-receiving area 19. This depressed area 19 is also generally
      heart-shaped, and the depth of the embossed portion 19 is less than the
      depth of the heart-shaped groove 16 (FIG. 4). In other words, the
      finger-receiving area 19 is offset vertically from the location of the
      bottom of the groove 16. The finger-receiving area 19 permits a finger or
      thumb to be inserted more readily under the ring end 20 of the pull tab 13
      (FIG. 2).
PAR  The heart-shaped contours of groove 16 and finger-receiving area 19 are
      symmetrical about a radial line indicated by dot-dash line 21 passing
      through the center 22 of the can end 4, the center of the rivet 14, and
      the center of the nose 23 of tab 13. This radial line 21 shown in FIG. 3
      also corresponds to the section line 2--2 of FIG. 1.
PAR  The V-shaped tip 24 of pull tab nose 23 is defined by a V formation and tip
      24 is offset upwardly of the wall portion 25 of pull tab 13 engaged by the
      rivet 14 which provides the riveted connection between the pull tab 13 and
      removable panel portion 12 (FIG. 5). This offset nose tip 24 provides a
      slight clearance between the nose tip 24 and the flat zone 12a of the
      removable panel portion 12, such clearance being indicated at 26 in FIG.
      5, the purpose of which is later described.
PAR  An outer bend score line 27 is formed in the flat panel portion 12a outside
      of rivet 14, and an inner bend score line 28 also is formed in the flat
      panel portion 12a inside of rivet 14, as best shown in FIG. 3. Bend score
      lines 27 and 28 extend perpendicular to the radial line 21 passing through
      the can end center 22 and the center of rivet 14. Inner bend score line 28
      also is aligned with the outer zones of the lobes 17 of heart-shaped
      groove 16, as well shown in FIG. 3.
PAR  Upon initially rupturing the can end metal at the score line 11, a small
      flap portion, indicated at 29, of the removable panel portion 12 is bent
      inward of the can 1 on the outer bend score line 27, as illustrated in
      FIG. 8. Further manipulation of pull tab 13 from the position of FIG. 8 to
      that of FIG. 9 increases the size of the portion bent inward of the can.
      This increased bending occurs on inner bend line 28, as shown in FIG. 9.
      The rivet 14 is located in the additional flap portion 30 which extends
      laterally on either side of the radial line 21 to the score line 11 and
      also extends between the outer and inner bend score lines 27 and 28.
PAR  Since the inner bend score line 28 is aligned with the lobes 17 of the
      heart-shaped groove 16, the shape of the embossed groove and its lobes 17
      thus also control the location of the bending of the additional flap
      portion 30 beyond the ends of the inner bend score line 28 so that the
      bend extends chord-like between the intersection of the ends of the bend
      and the main score line 11, well illustrated by the position of components
      in FIG. 9.
PAR  There are a number of new advantageous results that arise from the embossed
      formations in the panel, their location, contour and geometry, the
      particular pull tab structure, and the cooperative relation or arrangement
      between the pull tab and embossed panel components.
PAR  One result of the embossed formations in the removable panel is that the
      embossment provides stiffness to the can end, despite the thin metal gauge
      thereof, so that when the pull tab 13 initially is lifted to begin the
      rupture operation, the area of the rivet 14 in the can end does not move
      appreciably vertically. This is indicated by comparing FIGS. 5 and 6.
PAR  In this manner, when lifting the tab from the position of FIG. 5 to that of
      FIG. 6 to initiate rupture of the score line, force is applied by the nose
      tip in as close to a vertical direction as possible, as indicated by the
      arrow 31 in FIG. 6. The stiffness imparted by the embossed formations
      maintains the removable panel portion 12 of the can end in a planar
      condition, and the stiff embossed panel portion moves only slightly
      vertically upwardly, illustrated by the slight clearance space 32 in FIG.
      6, when pulling the tab 13. Also, the planar condition of the removable
      panel portion 12 of the can end maintains the axis 33 of the rivet 14
      substantially vertical; and thus, the direction of the force applied by
      the nose tip of the pull tip 13, shown by arrow 31, is parallel with the
      rivet axis 33, and the axis of the can.
PAR  The offset or stepped character of the tip 24 of nose 23, indicated by the
      clearance 26 in FIG. 5, permits a finger or thumb to be inserted under the
      ring end 20 of pull tab 13 (FIG. 2) and thus the pull tab 13 may be moved
      initially to the position of FIG. 6 without much resistance. After such
      movement, the extreme end of the offset tip 24 contacts the flat zone 12a
      of the removable panel portion 12 just inside the main score line 11. Thus
      the force 31 for initiating rupture of the can end metal at the score line
      is applied downwardly as shown in FIG. 6, substantially vertically of or
      perpendicular to the can end wall, causing shearing of the can end metal
      at the score line. Shearing rupture of the metal thus is achieved with
      minimum force or effort required to be exerted by the user in lifting the
      pull tab 13.
PAR  These results of the cooperative relation between or arrangement of the
      embossed can end and pull tab components, and their structure, may be
      compared with prior devices illustrated in FIG. 7 having a construction
      otherwise generally the same as in FIG. 6 but omitting the embossed
      formations.
PAR  In the absence of the embossed formations provided in accordance with the
      concept of the invention, the can end metal may bulge or dome upward, as
      indicated by the curved undersurface 34 of the can end in FIG. 7 when
      pulling the tab. The rivet center line 35 thus shifts to a non-vertical
      position, as shown in FIG. 7. The force applied by the tip of the pull tab
      nose, indicated by the arrow 36, is directed at quite an angle to the top
      surface of the thin end wall metal. This force 36 thus is directed to
      tearing-apart the metal at the score line 11, which may require much
      greater exertion of the user in proceeding to open the can, than with the
      arrangement shown in FIG. 6. In some cases, tab failure or failure of the
      rivet connection between the pull tab and can end wall may occur.
PAR  During initial rupture, the pull tab and end wall move from the position of
      FIG. 6 to that of FIG. 8, and an initial small flap portion 29, extending
      between the outer bend score line 27 and the main score line 11, is bent
      inward into the can 1, as illustrated in FIG. 8.
PAR  Continued manipulation of the pull tab 13 from the position of FIG. 8 to
      that of FIG. 9 ruptures the can end metal in arcuate zones extending
      beyond the ends of the initial rupture along the score line 11, and
      produces bending along the area of the inner bend score line 28 of a band
      comprising the additional flap portion 30.
PAR  The components, upon reaching the position shown in FIG. 9, with the
      rupturing of the can end metal along the main score line 11 extending on
      either side of the radial line 21 (FIG. 3) to the intersection of a
      projection of the inner bend score line 28 with the score line 11, then
      are completely torn apart throughout the entire extent of the main score
      line 11, upon continued pull of the tab 13.
PAR  During this stage of the tearing, the removable panel portion in which the
      embossed formation 15 is present, is maintained stiff and planar by the
      embossment; and the apparent force required to complete the removal of the
      panel is less than when stiffness is not maintained and the removable
      panel portion is permitted to curl, as illustrated in prior art referred
      to, such as in U.S. Pat. Nos. 3,490,643, 3,762,596 and 3,768,692.
PAR  These advantageous new results thus are achieved by the concept of the
      embossed can end and pull tab construction and combination without
      increasing metal thickness of either the can end or the pull tab in order
      to provide the stiffness achieved by the embossed formations 15 and 19 in
      the can end metal.
PAC  Second Embodiment
PAR  The improved embossed can end construction illustrated in FIGS. 10 through
      17 is similar in all respects to that shown and described with reference
      to FIGS. 1 to 6, 8 and 9. The can end of FIGS. 10 through 17, however,
      includes the use of a peripheral protective triple fold formation
      throughout the peripheral edge of the removed panel portion.
PAR  Thus, the triple fold can generally indicated at 37 also has generally a
      conventional construction and may be formed of aluminum. The can 37 has a
      cup-shaped body with a bottom wall 38, and side walls 39 to which the
      embossed can end member generally indicated at 40 is connected through a
      seam flange 41 by usual double seam 42. The can end 40 in its stage before
      being seamed to the can 37 (FIGS. 12 and 13) is substantially the same as
      the stage can end member 4 in FIG. 4, except that a triple fold formation
      43 is formed in the can end wall 40 inside the main score line 44, of the
      types illustrated, for example, in said copending applications Ser. Nos.
      229,678 and 473,009 and also in U.S. Pat. Nos. 3,838,788 and 3,871,314.
PAR  The triple fold 43 which provides a protective edge on the removed panel
      portion, generally indicated at 45, imparts more resistance against
      initial rupture than is present in the can end shown in FIG. 4. Thus the
      can end 40 requires a greater degree of stiffness in order to achieve the
      advantages of the embossed can end construction of the invention.
PAR  This additional stiffness is provided by changing the shape or contour in
      section of the heart-shaped groove 46 so that it has greater width and
      depth than the heart-shaped groove 16, as illustrated in FIGS. 12 and 13.
      The embossed formation in can end 40 also includes a slight ridge 47
      surrounding the interior of the heart-shaped groove 46 (FIG. 13).
PAR  The inner panel wall area 48 within the ridge 47 is depressed downwardly,
      though flat, and is parallel to the flat outer panel wall area 49
      extending outside of and surrounding the heart-shaped groove 46. The
      central area of the removable panel portion 45 also is formed with a
      finger recess 50 whose flat recessed surface is offset below the depth of
      the heart-shaped groove 46.
PAR  The nose tip 51 of the pull tab 52 also is offset or stepped similar to the
      stepped portion 24 of pull tab 13, except that in the normal position of
      the components, best illustrated in FIG. 14, the stepped nose tip 51 lays
      along and contacts the upper layer of the triple fold 43. The stepped
      portion, however, of the tip 51 of the pull tab nose permits the remainder
      of the pull tab wall 53 to be engaged by the rivet 54 against the outer
      panel wall portion 49 which extends from the bottom layer of the triple
      fold 43 and is offset below the top layer of the triple fold. FIG. 14
      illustrates that the zone of the triple fold immediately under the tip of
      the pull tab nose is open or relieved or has a fold clearance between the
      top and middle fold layers, as described in U.S. Pat. No. 3,871,314 and
      also as shown in U.S. Pat. No. 3,838,788.
PAR  During the can opening operation, illustrated in FIGS. 15 to 17, the triple
      fold zone beneath the nose tip 51 of the pull tab 52 becomes compressed,
      as shown in FIGS. 15 and 16.
PAR  The embossed can end 40 is modified from the can end 4 in omitting the
      outer and inner bend score lines 27 and 28, present in the can end 4.
      Instead, the can end is formed, as shown in said copending application
      Ser. No. 473,009, with bend control beads 55 in the outer panel wall
      portion 49 on either side of the rivet 54 and beneath the pull tab 52.
      These control beads 55 define the spaced initial and final bend areas 56
      and 57, as illustrated in FIGS. 15 and 16. The lobes 58 of the
      heart-shaped groove 46 also cooperate with the control beads 55 to define
      the final bend area 57 that develops on rupturing the removable panel
      portion 45 to open the triple fold can 37.
PAR  The manner in which the embossed can end 40 and its pull tab 52 in the
      triple fold can 37 function during the initial and final rupturing stages
      of opening the can is the same as described with respect to the embossed
      can end 4, except that the particular embossment formation of the can end
      40 provides greater stiffness required for a triple fold can end.
PAR  FIG. 17 illustrates the manner in which the embossed portion of the
      removable panel maintains a generally planar condition without curling
      during the final stages of tearing the removable panel portion from the
      can 37. This illustration of the stiff planar condition of the embossed
      portion of the removable panel portion in FIG. 17 also generally
      illustrates the same condition maintained in opening the can 1 of FIGS. 1
      through 6, 8 and 9.
PAR  Accordingly, the improved embossed can end construction, exemplified in
      both embodiments of the invention described, overcomes deficiencies in
      prior removable panel can end and pull tab structures without increasing
      metal thickness, and at the same time provides maximum initial rupturing
      forces and apparent minimum lifting forces when a full opening, easy
      opening can is opened, either with or without a protective triple fold
      bead formation on the periphery of the removable panel portion; and thus,
      provides a construction achieving the indicated objectives simply,
      efficiently and inexpensively and solves existing problems and satisfies
      existing needs in the canned food products field.
PAR  In the foregoing description, certain terms have been used for brevity,
      clearness, and understanding; but no unnecessary limitations are to be
      implied therefrom beyond the requirements of the prior art because such
      terms are used for descriptive purposes and are intended to be broadly
      construed.
PAR  Moreover, the description and illustration of the invention in its several
      embodiments is by way of example, and the scope of the invention is not
      limited to the exact details shown or described, since the features of the
      invention may be applied to different sizes and types of cans.
PAR  Having now described the features, discoveries and principles of the
      invention, the manner in which the improved structures achieve the
      objectives, and the advantageous, new and useful results obtained; the new
      and useful structures, devices, elements, arrangements, parts, components,
      cooperative arrangements of components, combinations and subcombinations
      are set forth in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Easy opening can end construction for a full opening can including a
      metal can end member having a seam flange and a recessed corner below the
      seam flange; an end member wall extending from said corner having a
      removable panel portion defined by an endless main score line located
      adjacent said corner; removal of said panel portion from said wall
      providing a full opening for a can to which the end member is seamed by
      said seam flange; a ring pull tab having a ring end and an offset nose tip
      at its other end; rivet means connecting the pull tab intermediate its
      ends to the panel portion; the nose tip normally being located adjacent
      the main score line for initiating shear score line rupture upon pulling
      the ring end of the pull tab away from said wall; an endless heart-shaped
      groove formation embossed downward in said panel portion symmetrical about
      a line passing through the center of the end member, the center of the
      rivet means, and the nose tip; and means controlling initial and final
      bending of adjacent flap areas of the removable panel portion into the can
      along spaced bend zones extending perpendicular to said line; said spaced
      bend zones being located, respectively, outside and inside the rivet means
      relative to the can end center, and said spaced bend zones both being
      located outside said embossed groove formation.
NUM  2.
PAR  2. The construction defined in claim 1 in which the embossed formation
      imparts stiffness to the metal in said wall, and in which said stiffness
      maintains a planar shape for the embossed portion of the removable panel
PA1  a. which assists in directing initial rupturing force applied by the nose
      tip vertically of the wall to rupture the wall and bend said flap areas
      into the can, and
PA1  b. which prevents curling of the embossed panel portion as the panel
      portion is torn completely from the end member on said main score line.
NUM  3.
PAR  3. The construction defined in claim 1 in which a heart-shaped
      finger-receiving recess is formed in said wall within and spaced from said
      groove, and in which the finger-receiving recess has a depth offset from
      the depth of the groove.
NUM  4.
PAR  4. The construction defined in claim 1 in which the portion of the panel
      outside of and surrounding the endless groove extends in a flat plane, in
      which the pull tab has a wall portion engaged by said rivet means against
      the flat plane portion of said panel, and in which the offset nose tip is
      spaced above said flat plane portion of said panel.
NUM  5.
PAR  5. The construction defined in claim 4 in which the panel portion has two
      flat areas, one surrounding the groove and the other surrounded by the
      groove.
NUM  6.
PAR  6. The construction defined in claim 5 in which the two flat areas are in
      the same plane.
NUM  7.
PAR  7. The construction defined in claim 5 in which the two flat areas lie in
      different planes.
NUM  8.
PAR  8. The construction defined in claim 5 in which the panel portion is formed
      with a heart-shaped ridge connected with and surrounded by said groove.
NUM  9.
PAR  9. The construction defined in claim 1 in which the embossed groove has
      spaced lobes adjacent the rivet means, in which the lobes are located one
      on either side of said line, and in which the spaced lobes assist in
      defining the bend zone inside the rivet means.
NUM  10.
PAR  10. The construction defined in claim 1 in which spaced bend score lines
      are formed in the panel portion extending perpendicular to said line to
      assist in defining said spaced bend zones.
NUM  11.
PAR  11. The construction defined in claim 9 in which spaced bend score lines
      are formed in the panel portion extending perpendicular to said line to
      assist with said lobes in defining said spaced bend zones.
NUM  12.
PAR  12. The construction defined in claim 1 in which angled control beads are
      formed in the panel portion adjacent said rivet means to assist in
      defining the spaced bend zones.
NUM  13.
PAR  13. The construction defined in claim 12 in which the embossed groove has
      spaced lobes adjacent the rivet means, in which the lobes are located one
      on either side of said line, and in which the spaced lobes assist said
      angled beads in defining the bend zone inside the rivet means.
NUM  14.
PAR  14. The construction defined in claim 1 in which the offset nose tip is
      spaced above the wall adjacent the main score line.
NUM  15.
PAR  15. The construction defined in claim 1 in which a triple fold formation is
      provided in the wall extending from said main score line, in which said
      triple fold provides a protective bead on said panel portion when the
      panel portion is severed from the end member, and in which the offset nose
      tip contacts the triple fold formation adjacent the main score line.
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ABST
PAL  A machine for dispensing labels and the like from a backing sheet to which
      the labels are removably adhered, having side plates with guide rollers
      extending therebetween for directing the backing sheet through a discharge
      passage. The end of said discharge passage is provided with a forward
      leading edge about which the backing sheet is downwardly and rearwardly
      directed for withdrawing or parting of the sheet from the applied labels.
      A normally closed microswitch is presented in the path of at least one of
      such labels for switch opening engagement therewith when such label has
      projected a preselected distance beyond such leading edge by reason of the
      parting. A prime mover is in circuit with said switch and is de-energized
      upon opening of the latter to permit the operator an interval within which
      to complete the removal of the labels from the sheet, upon which event the
      switch is restored to closed state and resumption of the backing sheet
      travel through the machine is effected.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates in general to label dispensing, and, more
      particularly, to a machine for facilitating the removal of adhesive-coated
      labels from a backing sheet.
PAR  It is an object of the present invention to provide a machine which
      efficiently and reliably promotes the removal of adhesive labels and the
      like from a backing sheet so that the operator may in a very rapid and
      certain manner complete the removal without the necessity of effecting an
      individual, laborious pulling action upon each such label.
PAR  It is another object of the present invention to provide a machine of the
      character stated which is particularly suitable for use with
      adhesive-coated labels carrying computer supplied intelligence, and being
      mounted upon data processing paper; there having been heretofore a serious
      problem for quickly transferring such labels from data processing paper.
PAR  It is another object of the present invention to provide a machine of the
      character stated which may be of any predetermined width for accommodating
      various types of backing members, and which is useful with such members
      carrying labels arranged in any preselected number of rows as well as with
      labels of varying width.
PAR  It is a further object of the present invention to provide a machine for
      label dispensing which obviates the currently accepted practice of
      transferring such labels through entirely manual operations which are
      tedious, time-consuming, and most uneconomical.
PAR  It is a still further object of the present invention to provide a machine
      of the character stated which will allow an operator to effect dispensing
      of the labels in as rapid a manner as may be commensurate with the speed
      of the machine.
PAR  It is another object of the present invention to provide a machine for
      dispensing labels which is highly durable; which is constituted of a
      marked simplicity of durable parts; which is resistant to breakdown so
      that said machine is both economical in production and in operation; and
      the use of which machine does not require the services of a skilled
      operator.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a label dispensing machine constructed in
      accordance with and embodying the present invention, illustrating a label
      backing sheet fed to the machine.
PAR  FIG. 2 is a top plan view of the machine.
PAR  FIG. 3 is a rear elevational view of the machine.
PAR  FIG. 4 is a side elevational view taken from the left hand side of FIG. 3.
PAR  FIG. 5 is a vertical transverse sectional view taken on the line 5--5 of
      FIG. 1.
PAR  FIG. 6 is a wiring diagram.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now by reference numerals to the drawings which illustrate the
      preferred embodiment of the present invention, A designates a label
      dispensing machine having a frame comprised of a pair of opposed,
      parallel, spaced-apart side plates 1,1' which are of general L-shape
      having rearward portions 2,2', respectively, of relatively greater height
      and less width as considered from front to back of the machine, than
      integral forward portions 3,3', respectively; there being aligned upwardly
      opening recesses 4,4' in the upper rearward edge extremities of said
      forward portions 3,3', respectively, for journalling of trunions 5,5',
      respectively, provided at the opposite ends of a guide or retard roller 6
      extending transversely of machine A. Roller 6 intermediate its length is
      engaged to the lower end of a hold-down or retard plate 7, swingable with
      roller 6, and the plane of which is normal to the axis thereof. Said
      hold-down plate 7 is so dimensioned as to extend to a guide rod 8 fixed at
      its ends in the upper rearward zones of said side plate rearward portions
      2,2', as at 9,9', respectively. Thus, through gravity, plate 7 will be
      normally urged into resting disposition in its upper portion against rod 8
      for purposes presently appearing.
PAR  Extending transversely between the forward portions 3,3' of side plates
      1,1', at their forward upper ends, is a pair of parallel front and back
      guide rods 10,11 which are disposed immediately above a support plate 12
      also extending transversely between said side plates 1,1' and with its
      rearward edge being located slightly rearwardly of back guide rod 11 and
      forwardly of guide roller 6. The forward end of support plate 12 projects
      beyond the forward end edges of side plates 1,1'. Said support plate 12 is
      accordingly substantially parallel to the machine support surface, such as
      a bench, table, or the like, as suggested at s.
PAR  Support plate 12 is mounted upon a bar 13 stably secured upon the forward
      ends of side plates 1,1' and extending between the same. Immediately
      forwardly of side plate 1,1', and in overlying relationship to the
      forwardly projecting portion of support plate 12, and being spaced
      upwardly thereof a predetermined distance, is a top plate 14 which latter
      cooperates with support plate 12 to define an intervening discharge
      passage 15. Top plate 14 is maintained in position by various laterally
      disposed screws 16 which carry spacers 17 upon their stem portions between
      top plate 14 and support plate 12.
PAR  Presented beneath the rearward end portion of support plate 12, between
      side plates 1,1', is a drive shaft 18 being suitably journaled at its ends
      within bearings provided within said side plates 1,1' and being engaged
      beyond plate 1' to a prime mover or motor M carried within a casing 20
      disposed upon the outer face of side plate 1', for purposes of
      convenience. Fixed upon drive shaft 18 in covering relationship thereto is
      a drive roller 18', the outer surface of which is desirably knurled or
      otherwise irregular. Provided for peripheral frictional engagement with
      drive roller 18' is a driven roller 19 mounted upon a shaft 20 which
      latter is supported for rotation at its ends within bearings (not shown)
      formed in the upper ends of arms 22,22'; said latter being located
      proximate the inner face of side plates 1,1', respectively, and being
      swingably mounted at their lower ends upon a common shaft 23 fixed at its
      ends in said side plates 1,1', as at 24, 24', respectively. Within each
      arm 22,22' there is provided a recess 25 upwardly of shaft 23 for
      receiving a spring 26 which bears at its lower end against shaft 23 and at
      its upper end against the adjacent end of said recess 25 thereby
      preventing longitudinal displacement of said arms 22,22' with respect to
      shaft 23. Springs 26 thus assure of abutment of roller 19 against drive
      roller 18' for motion transmission. As may best be seen in FIG. 5, arms
      22,22' together with shaft 20, with roller 19 thereon, may be swung
      forwardly and downwardly away from driving roller 18' for facilitating
      work feeding purposes, as will be described hereinbelow, and may be
      accordingly reciprocally swung upwardly and rearwardly for restoring
      roller 19 and driving roller 18' in frictional engagement. Also extending
      between arms 22,22' is a roller 27 journaled at its ends in bearing (not
      shown) provided in said arms 22,22'; said roller 27 being axially parallel
      to, and normally downwardly of, driven roller 19, and being of reduced
      diameter relative thereto.
PAR  Secured upon side plate 1, as within a socket a, in the forward edge
      thereof, is the rearward end of a mounting rod 28 which extends forwardly
      of machine A, beyond support plate 12, for relatively slidable projection
      through an opening 29 within a block 30 surmounting a switch-housing 31;
      there being an adjustment screw 32 threadedly engaged within said block 30
      for securing said housing 31 in preselected positionment upon rod 28.
      Housing 31 carries a microswitch, indicated m, of conventional type, being
      normally closed, and comprehending an actuating arm 32' which extends
      rearwardly from housing 31 for alignment with discharge passage 15 but
      terminating spacedly from the forward end edge of support plate 12 (see
      FIG. 4). Microswitch m is connected at one side by a conductor 33 to prime
      mover M and at its other side is in circuit through a lead 34 with one
      side of a control switch 35, which latter may be of the toggle type as
      shown in FIG. 4. The other side of control switch 35 is connected to one
      side of a convenient source S of voltage, such as 110 volts, while the
      other side of prime mover M is connected to the other side of such source
      by a lead 36. Accordingly, prime mover M may be provided with electrical
      energy from the usual wall outlet, as customarily found in business and
      residential establishments.
PAR  In operation, a length of backing material, indicated P, having applied
      thereon discrete adhesive-coated labels l, as in a plurality of
      longitudinally extending, side-by-side rows, is fed to machine A. Said
      backing P may be provided in a multiplicity of folded sections as is usual
      with data processing paper, or, of course, may be in roll form, if
      desired; with the degree of adherence of labels l being such as to allow
      removal of the same from said backing P for ultimate adherence under
      pressure to a carrier. Thus, labels l may be of the type having computer
      applied addresses for use upon mailing pieces, etc. However, it is to be
      understood that labels l are merely exemplary of any type of
      adhesive-coated unit removably mounted upon a suitable backing. Also, the
      illustration of backing P having a plurality of rows of labels l is also
      only for purposes of illustration since any desired arrangement of labels
      l may be presented so that machine A is of sufficient versatility for
      accommodating any preselected optional presentation of labels l.
PAR  Backing P is fed to machine A so as to be directed over guide rod 8 and led
      thence downwardly and forwardly beneath guide roller 6; with hold-down
      plate 7 resting against backing P upon guide rod 8 with the force thereby
      applied being sufficient to cause backing P to be in a relatively taut
      condition, but without preventing travel of the same over rod 8. From
      guide roller 6, backing P is directed forwardly onto support plate 12,
      beneath guide rods 10, 11 and thence through discharge passage 15. At the
      forward end of support plate 12, backing P is then directed against the
      forward end edge of said support plate 12 and thence led downwardly and
      rearwardly for contacting the undersurface of a guide block 37 supported
      by bar 13. From block 37 backing P is then led slightly upwardly and
      rearwardly for disposition over driven roller 19; and therefrom forwardly
      over guide roll 27 and thence rearwardly to a suitable point of collection
      (not shown). With arms 22,22' swung upwardly and rearwardly, backing P is
      thus brought into immediate forceful contact against drive roller 18. The
      rearward canting of arms 22, 22' in upward or operational position assures
      of a gravitational force for producing the requisite pressure between
      drive roller 18 and driven roller 19. With backing P so presented to
      machine A, control switch 35 is closed whereupon prime mover M is
      energized and driving roller 18 is caused to rotate, as in a clockwise
      direction as viewed in FIG. 5. Upon rotation of driving roller 18, backing
      P is pulled, as it were, through friction, about driven roller 19 which is
      caused to rotate in a counterclockwise direction, as seen in FIG. 5, so
      that said backing P is thus drawn forwardly through discharge passage 15.
PAR  As backing P is pulled over and about the forward end edge of support plate
      12 the same is drawn or peeled away from the overlying label of labels l
      which continue forward travel beyond support plate 12. The particular
      label l whose forward path is obstructed by switch actuating arm 32 will
      deflectingly engage same to cause microswitch m to open thereby opening
      the circuit through prime mover M which is caused to stop. At such
      juncture it will be seen that the particular label l engaging actuating
      arm 32, and any and all labels l' transversely aligned with said
      particular label l, will be in projected position beyond the forward end
      edge of support plate 12 and hence substantially unsupported and exposed
      for facile grasping by the operator who will thus easily remove same
      manually from backing P. Immediately upon removal, the particular label l
      which had been in contact with switch arm 32', the latter will, through
      its bias, return to switch-closed condition thereby causing a
      re-energizing of prime mover M with the pulling of backing P through
      machine A being resumed for continuation until actuating arm 32' has been
      pushed into switch-open condition by the next successive label. Thereupon,
      again, prime mover M will stop, allowing the operator to readily peel the
      partially parted, exposed labels l in the next transverse row from backing
      P. Accordingly, such cyclic sequence is repeated as long as the operator
      desires, and with the speed of operation being dependent upon the
      dexterity and agility of the operator.
PAR  From the foregoing it will be seen that the operator, of course, will
      remove initially those labels which are not in contact with trigger arm
      32' and removing the one in such contact lastly in view of the fact that
      the same effectively controls the prime mover M. As suggested in FIG. 5,
      the location of actuating arm 32' with respect to the forward leading edge
      of support plate 12 will be determined by many obvious factors, such as
      the size of the labels l, the character of the adhesive, etc. Thus, such
      distance which is easily determined, will allow for sufficient forward
      travel of labels l so that the same are substantially removed from backing
      P, yet are retained thereto by a limited zone of adherence, such as
      suggested at z in FIG. 5 in order that minimum effort is required to
      complete the parting while preventing full displacement of such labels l
      from backing P prior to operator removal.
PAR  From the foregoing, it is quite apparent that machine A provides a very
      simple, but highly efficient automatic means for initiating, as well as
      substantially effecting, the removal of labels l from backing P so that
      the operator may very quickly strip same from backing P in a rapid manner,
      but yet with the operator being able to effectively control the speed of
      the label removing action by virtue of effectively determining the time
      interval utilized for completing same. Also, it should be obvious that
      machine A is extremely versatile, being adapted for effecting the partial,
      or even total, removal of adhesive coated labels from a backing member and
      the use of which thus eliminates the heretofore accepted time-consuming
      practice of manually stripping each individual label from a backing sheet
      which has proved most uneconomical.
CLMS
STM  Having described our invention what we claim and desire to obtain by
      Letters Patent is:
NUM  1.
PAR  1. A label dispensing machine for use with a sheet-like backing having
      discrete label-forming members removably adhesively secured to at least
      one face thereof comprising a frame having spaced apart side plate, having
      aligned forward end edges, a support plate extending transversely between
      the forward portions of said side plates in planar perpendicular
      relationship thereto, said support plate projecting forwardly beyond the
      forward end edges of said side plates, the forward end edge of said
      support plate defining a parting edge, a top plate provided spacedly above
      the forward end portion of said support plate in spaced apart relationship
      to define therewith an intervening discharge passage for said backing, a
      prime mover mounted on said frame, a guide rod extending between said side
      plates in their upper, rearward portions, a roller extending between said
      side plates in their central portion, downwardly of said guide rod and
      rearwardly of said support plate, a hold down plate mounted on said roller
      being of such length as to extend upwardly beyond said guide rod to
      maintain the backing thereover in taut condition, a shaft extending
      between said side plates beneath the rearward portion of said support
      plate and being engaged to said prime mover for rotation upon energization
      of the latter, a driven roller extending between said side plates beneath
      said support plate and peripherally engageable with said shaft, means for
      swinging said driven roller away from said shaft for facilitating backing
      feeding therebetween, an arm fixed to the forward end of one of said side
      plates and projecting forwardly therefrom in elevated relationship to the
      underlying portion of said support plate, said arm extending beyond said
      support plate, a switch housing adjustably mounted upon said arm in its
      extended portion for selected disposition therealong toward and away from
      said support plate, a normally closed control switch carried in said
      switch housing, said switch having an actuating arm for disposition within
      the path of travel of a label-forming member upon movement of the backing
      member downwardly and rearwardly about said parting edge, circuit means
      connecting said prime mover and said switch whereby said sheet-like
      backing member is directed over said guide rod downwardly beneath said
      roller and thence through said discharge passage, thence downwardly and
      rearwardly about the parting edge of the support plate for engagement
      between said shaft and said driven roller with said prime mover being
      controlled by the engagement of a parted label with the said switch
      actuating arm for opening of the switch to stop the prime mover for
      withdrawal of the parted label-forming members.
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ABST
PAL  A vending apparatus includes a plurality of divider members each adapted to
      advance and discharge individual articles disposed upon a shelf by means
      of a feeder assembly including a driveable element having advancing means
      engaging the dividers. Upon actuation, the feeder assembly advances all
      dividers carried thereby until that divider immediately behind the
      forwardmost article reaches a discharge point at which time switch means
      are operated by that divider to cease actuation of the feeder assembly.
BSUM
PAR  This invention relates generally to vending machines and more particularly
      to an improved vending apparatus adapted to deliver selected packaged
      articles upon the actuation of one of a plurality of feeder assemblies
      including divider members selectively engageable with drive means at
      various points and overlying a supporting surface upon which packaged
      articles are disposed.
PAR  Coin-controlled vending machines incorporating driveable members for
      separating, retaining, advancing and discharging articles are generally
      well known and a popular construction has included a helical member, there
      being evidence of such devices in existence over 75 years ago as shown in
      the U.S. Pat. to Kibby, No. 481,280, issued Aug. 23, 1892. More recent
      examples of this general type of vending machine are shown in the U.S.
      Pats. to Krakauer et al, Nos. 3,269,595, issued Aug. 30, 1966, and
      3,344,953, issued Oct. 3, 1967. The basic concept as found in the above
      cited examples and as practiced in many of the presently used vending
      machines of this type comprises the provision of a helical feeder element
      including a plurality of longitudinally spaced apart convolutions between
      which the articles to be vended are disposed such that subsequent driving
      or rotation of the feeder element will advance the thus disposed articles
      sequentially from one end of the feeder element to the other end thereof
      and from which they are discharged and become available for customer
      access.
PAR  Several disadvantages are inherent in such apparatus as above described.
      Noteworthy is the restriction upon the size of the article which may be
      stored, conveyed and discharged by means of such apparatus since the
      convolutions of the helical feeder element are equi-spaced and thereby
      limit the size of the articles which may be placed therebetween to a
      likewise equal dimension, which dimension is relatively thin.
      Additionally, many of the prior known devices require the provision of a
      helical feeder element having helices of relatively large diameter which
      has been necessitated by the requirement to provide adequate support and
      advancement means for the articles contained therebetween.
PAR  By the present invention an improved vending apparatus is provided
      including a feeder member which may be driven and serves to advance a
      plurality of separate dividers or discharge assistants, each of which may
      be selectively inserted into any one of a plurality of available spaces
      formed on the feeder member in a spaced apart manner relative to the next
      adjacent divider according to the dimensions of the packaged articles
      intended to be retained, advanced and discharged by that particular
      divider. In this manner it will be seen that for each feeder element a
      different longitudinal spacing may be provided between each pair of
      adjacent divider members so that for each feeder assembly any number of
      variably dimensioned articles may be associated therewith within the
      restriction of the length or capacity of that feeder assembly. Even if all
      the articles to be controlled by any one feeder assembly are of the same
      dimensions, the novel divider members of the present invention offer a
      unique operation in their cooperation with the feeder element and drive
      means therefor serving to advance and discharge these articles over a
      supporting shelf. A preferred arrangement for retaining and advancing the
      present dividers includes a feeder element comprising an elongated member
      having a helical periphery providing a plurality of convolutions extending
      the depth of the packaged article supporting shelf.
PAR  Accordingly, one of the primary objects of the present invention is to
      provide an improved vending apparatus including one or more driveable
      feeder assemblies, each having a plurality of variably positionable
      divider members removably attached thereto to retain, advance and
      discharge articles located there-adjacent.
PAR  Another object of the present invention is to provide an improved vending
      apparatus having an article storage compartment containing a plurality of
      articles each of which is retained, advanced and discharged therefrom by
      means of a transverse divider member overlying a supporting shelf and
      including drivable feeder means for simultaneously advancing all such
      dividers toward a discharge point, whereupon the forwardmost divider is
      automatically displaced from the storage compartment immediately prior to
      the discharge of the article there-behind.
PAR  Still another object of the present invention is to provide an improved
      article vending apparatus including a helical feeder assembly having a
      plurality of divider members removably insertable between selected
      convolutions of the feeder assembly to provide variable spacing between
      adjacent divider members and wherein the divider members are collected
      following discharge of their respective articles at a common point
      adjacent the distal portion of the feeder assembly.
PAR  With these and other objects in view which will more readily appear as the
      nature of the invention is better understood, the invention consists in
      the novel construction, combination and arrangement of parts hereinafter
      more fully described, illustrated and claimed.
DRWD
PAR  A preferred and practical embodiment of the invention is shown in the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the article vending apparatus of the
      present invention.
PAR  FIG. 2 is a side elevation, partly in section, of the apparatus of FIG. 1.
PAR  FIG. 3 is an enlarged horizontal plan view, partly in section, illustrating
      one of the feeder assemblies of the present invention.
PAR  FIG. 4 is a side elevation, partly broken away, of the forwardmost end of
      one of the feeder assemblies.
PAR  FIG. 5A is a vertical sectional view taken along the line 5A--5A of FIG. 3.
PAR  FIG. 5B is a front elevation illustrating one of the divider members as it
      appears in the forward storage area of the feeder assembly.
PAR  FIG. 6 is a perspective view of one of the divider members which serves as
      a discharge assistant in the present invention.
DETD
PAR  Similar reference characters designate corresponding parts throughout the
      several figures of the drawings.
PAR  Referring now to the drawings, particularly FIG. 1, the present invention
      will be understood to relate to a vending apparatus, generally designated
      1, and having a cabinet or housing 2 which may assume any desirable
      configuration and preferably includes a front door 3 provided with a
      display opening 4 fitted with a transparent window 5 permitting of
      customer observation of the variety of packaged articles 6 located
      therebehind. Appropriate actuating buttons 7 are provided to initiate
      delivery of a selected article 6 to the delivery opening 8 following
      insertion of the required money in the coin slot 9. The specific
      construction of the attendant coin receiving mechanism as well as the
      actuating buttons 7 is immaterial relative the present invention and may
      be of any suitable construction as will be appreciated by those skilled in
      this art. Likewise, the final delivery chute communicating with the
      delivery opening 8 may be of any suitable design such as that shown in the
      above referenced U.S. Pat. No. 3,269,595.
PAR  The essence of the present invention involves the unique structure for
      separating, retaining, advancing and discharging selected articles and is
      shown most clearly in FIGS. 2-6 of the drawings. Disposed within the
      cabinet 2 are a plurality of vertically stacked article supporting shelves
      10 which preferably are mounted in a horizontal plane as shown in FIG. 2.
      Quite obviously, these shelves 10 may be inclined downwardly toward the
      window 5 to enhance the display feature of a plurality of articles 6
      disposed thereupon, particularly if the cabinet 2 is of a rather large
      height although, unlike other known devices, inclination of the shelves 10
      is not required to facilitate the advancement and discharge of the
      articles. Each shelf 10 terminates in a forward edge or discharge point 11
      well spaced rearwardly of the window 5 and is divided into a plurality of
      longitudinally extending article storage compartments 12 by means of the
      vertical partitions 13. Each storage compartment 12 is further divided
      into a feeder element compartment 13' by means of a vertical wall,
      generally designated 14, and which comprises an upper section 15 and lower
      section 16 having their opposed edges spaced apart to provide a
      longitudinal slot 17 as shown most clearly in FIG. 5A. The lateral and
      vertical dimensions of the storage compartments 12 are selected to ensure
      the accommodation, in an unrestricted manner, of all articles which are
      desired to be vended by the apparatus, while the feeder element
      compartment 13' is of a minimal dimension sufficient to house the feeder
      assembly, generally designated 18, and which is shown most clearly in FIG.
      3 of the drawings.
PAR  It will be understood that a feeder element compartment 13' is associated
      with each article storage compartment 12. The dividing vertical wall 14
      extends from rear wall 19 to a forward edge 20 located adjacent the
      forward edge 11 of the shelf 10, while the vertical partition 13 which
      likewise extends from the rear wall 19 projects well forward of the shelf
      forward edge 11 towards the cabinet window 5 and terminates in a front
      flange 21 angled inwardly toward the vertical wall 14 to define a divider
      member storage area 22 between the flange 21 and forward edge 11 of the
      shelf. The feeder assembly 18 includes a rod, shaft or core 23 which is
      suitably journaled in the front flange 21 as at 24 and extends rearwardly
      through the feeder element compartment 13' to project through the rear
      wall 19, at which point the rod 23 is connected to suitable drive means
      25. It is not necesary to discuss in detail the specific construction of
      the drive means since such mechanism is well known to those skilled in
      this art and may comprise any suitable electric motor mechanism adapted to
      impart rotary displacement to the rod 23 of the feeder assembly 18
      following the insertion of the appropriate coin(s) into the slot 9 and the
      subsequent operation of one of the selector buttons 7.
PAR  The rod 23 of the feeder assembly 18 comprises a core or support for a
      continuous or uninterrupted flange or wire 26 radially projecting from the
      rod in a helical manner from a point adjacent the inner surface of the
      rear wall 19 to a forward distal portion 27 disposed adjacent the forward
      edge 11 of the shelf 10. Although the helical convolutions of the feeder
      assembly 18 are disclosed as a flange in the attached drawings, it will be
      readily appreciated that any equivalent structure may be employed such as
      a wire or screw auger which would result in the provision of a similar
      plurality of helical convolutions extending throughout the feeder element
      compartment 13'.
PAR  The packaged articles 6 intended to be vended by the subject invention are
      supported upon the upper surface of the shelf 10 within the confines of
      any one of the article storage compartments 12 and are retained, advanced
      and discharged therefrom by means of the divider members 28.
PAR  The unique cooperation between the divider members 28 and feeder assembly
      18 of the subject invention will be readily appreciated by following the
      procedure employed during stocking of the various storage compartments 12
      with packaged articles 6. The insertion of the divider members 28 into the
      horizontal use position is facilitated by either removably attaching the
      upper section 15 of the vertical wall 14 to the surrounding structure or
      by pivotally attaching its upper edge thereto so that it may be pivoted
      either outwardly into the storage compartment 12 or inwardly into the
      confines of the feeder element compartment 13' while the drive heads 30 of
      the divider members are dropped between adjacent convolutions of the
      feeder assembly 18. The desired articles are placed within any one storage
      compartment 12 in a back-to-back manner from the rear wall 9 towards the
      forward edge 11 of the shelf 10 with but a minimal spacing between each
      pair of adjacent articles being required. A divider member 28 is provided
      behind and in front of each article disposed upon the shelf 10 and will
      appear as shown in FIGS. 3 and 5A wherein it will be seen that each
      divider member 28 comprises a main body 29 serving as an article engaging
      arm or bar and which extends transversely across the majority of the
      dimension of the article storage compartment 12 and above the underlying
      shelf 10. Attached to one end of each divider main body 29 is a drive
      head, generally designated 30, which will be seen to include a hook 31
      defining an angled slot 32 inclined downwardly and toward the main body
      29. The outermost edge of the hook 31 defines a support edge 33 and
      terminates in a foot 34, the purpose of which will be explained
      hereinafter. A substantially horizontal shoulder 35 connects the lower
      portion of the drive head 30 to the main body 29 and is disposed in a
      plane intermediate the top 36 and bottom 37 of the main body.
PAR  The individual divider members 28 are mounted upon the feeder assembly 18
      by lowering the drive head 30 thereof between a selected clearance 38
      formed by any two adjacent convolutions of the flange 26 so that the hook
      31 of the divider member surrounds the rod 23 of the feeder assembly with
      the base of the slot 32 forming a mating fit about the rod 23 as shown
      most clearly in FIG. 5A of the drawings. Each drive head 30 is angled and
      curved to provide a configuration congruent with that of the clearance 38
      provided between two adjacent convolutions of the feeder assembly flange
      26 to provide minimal frictional engagement during rotation of the feeder
      assembly.
PAR  With the foregoing description in mind, it will follow that upon actuation
      of the feed drive means 25 the feeder assembly 18 will be rotated with a
      resultant advancement of the convolutions of the flange 26 thereof
      together with the captive divider members 28 disposed between certain
      adjacent pairs of these convolutions. Quite obviously the axial spacing
      between adjacent convolutions as defined by the clearances 38 is
      coordinated with the thickness of at least the drive head portion 30 of
      the divider members so as to preclude any binding therebetween and to
      ensure an effortless advancement of the article engaging arm 29 of the
      divider members from the rear of the respective storage compartment 12
      toward the forward edge 11 of the adjacent shelf 10. The main body 29 of
      each divider member 28 is normally retained in a substantially horizontal
      position as shown in FIG. 5A by means of the inclined divider support
      plate 39 disposed within each feeder element compartment 13' and which
      extends from the rear wall 19 thereof to a point adjacent the front edge
      11 of the shelf 10. In this manner, the sole support for each divider
      member 18 is provided by the rod 23 of the feeder assembly 18 and the
      sliding engagement between the support edge 33 of the divider member and
      the inclined support plate 39 until such time as actuation of the drive
      means 25 has advanced the divider member to a point juxtaposed the forward
      edge 40 of the inclined divider support plate 39 as illustrated in the
      forward-most divider plate shown in FIG. 3 of the drawings. It will thus
      follow that upon subsequent actuation of the feeder assembly 18 in this
      figure of the drawings, the forward-most divider plate will be moved past
      both the forward edge 11 of the shelf 10 and the forward edge 40 of the
      inclined support plate 39, thereby releasing the divider member support
      edge 33 from its heretofore juxtaposed relationship with the support plate
      39 so that the weight of the main body 29 of the divider member will cause
      the divider member to swing downwardly in a counter-clockwise motion with
      the drive head 30 pivoting about the feeder assembly rod 23 and will
      assume the suspended position as shown in FIGS. 4 and 5B of the drawings.
      Continued subsequent actuation of the feeder assembly 18 delivers
      successive ones of the divider members 28 past the shelf and divider
      support plate forward edges in a similar manner until all of the divider
      members associated within any one article storage compartment 12 are
      disposed in the suspended position upon the rod 23 within the confines of
      the storage area 22 immediately behind the vertical partition front flange
      21. The elongated slot 29' provided in the divider member main body serves
      to reduce the weight of the divider member as well as improves the
      visibility of the article 6 therebehind.
PAR  When vending odd-shaped packages it may be desirable to provide positive
      means adjacent the forward portion of the feeder assemblies to ensure the
      downward displacement of each divider member 28 after being advanced past
      the forward edge of the shelf. In other words, it is conceivable that the
      divider body 29 may engage a particular article in such manner as to
      resist the force of gravity when clearing the forward edge 40 of the
      support plate 39. To counteract such instances, suitable cam means (not
      shown) may be provided within the area adjacent the forward edge of the
      shelf. Such cam means may comprise either a downwardly directed member on
      the upper vertical wall section 15 engageable with the divider top edge 36
      or, an upwardly directed member on the support plate 39 engageable with
      the divider foot 34 which, in either instance, would forcefully urge the
      divider member to be arcuately displaced about the rod 23 as the feeder
      assembly is rotated.
PAR  In many of the prior known devices of this general type, mechanical or
      electrical timing means is usually provided to limit the actuation of the
      feeder assembly following depression of one of the buttons 7. Such
      regulating means usually limits rotation of the feeder assembly to a
      prescribed number of revolutions calculated to discharge the next article
      disposed between convolutions of the helical feeder assembly and since all
      of the articles are usually axially equi-spaced along the length of the
      feeder assembly it is not necessary to provide variable means for
      automatically regulating the amount of rotation of the feeder assembly
      upon the vending of each article. However, since the very objective of the
      present apparatus is to permit vending of articles of different dimensions
      from a same storage compartment 12 by means of the variable spacing
      between the plurality of divider members associated therewith it will be
      apparent that specific regulating means must be provided which is
      responsive to this variable spacing between subsequent divider members 28.
      Such control is achieved by the provision of a separate electrical switch
      41 associated with each feeder element 18 as shown in FIGS. 4 and 5A of
      the drawings. This switch 41 contains a contact 42 located adjacent the
      forward edge 40 of the inclined divider support 39 and is normally
      disposed within the path of the foot 34 of the divider members 28. With
      the foregoing in mind it will be understood that when a coin(s) is
      inserted within the slot 9 and the desired button 7 is depressed, the
      appropriate drive means 25 will be actuated to begin rotation of its
      associated feeder assembly 18 and this rotation will continue until such
      time as the divider member 28 located immediately behind the forward-most
      article 6 has been advanced to the point where its foot 34 engages the
      switch contact 42 which will turn off the drive means 25 so that the
      forward-most divider member which served as the discharge assistant or
      "pusher" for the just vended article will be disposed as shown as the
      forward-most divider member in FIG. 3 of the drawings with its main body
      located immediately above the edge 11 of the shelf 10 and its drive head
      edge 31 still engaging the support plate 39 just short of the edge 40.
PAR  When the vending apparatus 1 is to be serviced, the door 3 is opened and
      any empty space in any one of the compartments 12 may be filled with
      packaged articles 6, each to be sandwiched between a pair of the divider
      members 28. Any of the divider members then located within the storage
      area 23 may be manually lifted from their suspended position about the rod
      23 and placed in the horizontal position with their hook portion 31
      disposed between a pair of adjacent convolutions of the feeder assembly
      flange 26 according to the dimensions of the respective articles adjacent
      thereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. An article vending apparatus including, a shelf adapted to provide the
      full support for a plurality of adjacent aligned articles disposed
      thereon, said shelf having a forward edge defining a discharge point, a
      feeder assembly disposed adjacent said shelf and having a longitudinal
      axis parallel to the alignment of said articles, said feeder assembly
      including an axial element having a helical periphery providing a
      plurality of helical convolutions, a divider member associated with and
      disposed behind each article upon said shelf and having a main body
      overlying said shelf, said divider members each including a drive head
      adjacent said main body laterally of said articles supported on said shelf
      and selectively engageable with said feeder assembly between any pair of
      said helical convolutions thereof to maintain said divider members in a
      fixed selected distance from one another, and driving means engaging said
      feeder assembly to rotate same while concurrently rotating said helical
      convolutions with each said divider member drive head engaged thereby
      advancing to displace said divider member main body toward said shelf
      forward edge until its associated article is pushed along said shelf and
      the forwardmost said article is pushed past said forward edge.
NUM  2.
PAR  2. An article vending apparatus according to claim 1 wherein, said feeder
      assembly axial element includes a rod and said helical periphery comprises
      a continuous flange.
NUM  3.
PAR  3. An article vending apparatus according to claim 1 including, a plurality
      of said feeder assemblies overlying said shelf, a partition adjacent each
      said feeder assembly providing one lateral limit of a storage compartment
      associated with each said feeder assembly, and said articles and said
      divider main bodies are disposed within said compartments prior to
      advancement to said shelf forward edge.
NUM  4.
PAR  4. An article vending apparatus according to claim 1 including, switch
      means associated with said driving means and engageable by each said
      divider member upon its displacement to said shelf forward edge to cease
      actuation of said driving means to retain each said divider member
      adjacent said forward edge following discharge of its respective article
      from said shelf.
NUM  5.
PAR  5. An article vending apparatus including, a shelf adapted to support a
      plurality of adjacent aligned articles, each shelf having a forward edge
      defining a discharge point, a feeder assembly disposed adjacent said shelf
      and having a longitudinal axis parallel to the alignment of said articles,
      said feeder assembly including an axial element provided with a helical
      periphery, a divider member associated with each article upon said shelf
      and having a main body overlying said shelf, said divider member including
      means adjacent said main body engageable with said feeder assembly between
      the helical convolutions thereof, said feeder assembly axial element
      extending forwardly of said shelf forward edge, said feeder assembly
      helical periphery terminating in a free end intermediate said shelf
      forward edge and the forwardmost terminus of said axial element to provide
      a divider member storage area, and driving means engaging said feeder
      assembly to rotate same while advancing its helical convolutions and said
      divider member toward said shelf forward edge until its associated article
      is pushed therepast.
NUM  6.
PAR  6. An article vending apparatus according to claim 5 wherein, said divider
      member means adjacent said main body includes a drive head surrounding
      said feeder assembly axial element, said head pivotally attached to said
      feeder assembly and including a support edge, a support plate adjacent
      said feeder assembly terminating in a forward edge adjacent said shelf
      forward edge, said divider member support edge engaging said support plate
      to maintain said divider members substantially horizontally disposed when
      overlying said shelf whereby, when said divider members are advanced
      forwardly past said shelf forward edge and said head support edge passes
      said support plate forward edge said divider member pivots about said
      feeder assembly to a vertical position.
NUM  7.
PAR  7. An article vending apparatus including, a shelf adapted to support a
      plurality of adjacent aligned articles, said shelf having a forward edge
      defining a discharge point, a feeder assembly disposed adjacent said shelf
      and having a longitudinal axis parallel to the alignment of said articles,
      said feeder assembly including an axial element provided with a helical
      periphery, a divider member associated with each article upon said shelf
      and having a main body overlying said shelf, said divider member including
      means adjacent said main body engageable with said feeder assembly between
      the helical convolutions thereof, said divider member means adjacent said
      main body including a drive head surrounding said feeder assembly axial
      element, and driving means engaging said feeder assembly to rotate same
      while advancing its helical convolutions and said divider member toward
      said shelf forward edge until its associated article is pushed therepast.
NUM  8.
PAR  8. An article vending apparatus according to claim 7 wherein, said drive
      head is provided with a hook defining a substantially downwardly directed
      slot engageable with said axial element.
NUM  9.
PAR  9. An article vending apparatus according to claim 6 including, switch
      means associated with said driving means and engageable by each said
      divider member head upon its displacement to said shelf forward edge to
      cease actuation of said driving means to retain each said divider member
      adjacent said forward edge following discharge of its respective article
      from said shelf.
NUM  10.
PAR  10. An article vending apparatus according to claim 8 including, a wall
      adjacent said feeder assembly atop said shelf and provided with a
      longitudinal opening, said divider members disposed through said opening
      with said main body and said head on opposite sides of said wall.
NUM  11.
PAR  11. An article vending apparatus including, a shelf adapted to support a
      plurality of adjacent aligned articles, said shelf having a forward edge
      defining a discharge point, a feeder assembly disposed adjacent said
      shelf, said feeder assembly having a peripheral surface defining a
      plurality of clearances thereon, drive means operable to actuate said
      feeder assembly to advance said clearances toward said shelf forward edge,
      a divider member associated with each article upon said shelf and having a
      main body overlying said shelf, each said divider member including means
      adjacent said main body selectively engageable with one of said feeder
      assembly clearances, whereby, upon actuation of said drive means all of
      said divider members overlying said shelf are advanced toward said forward
      edge and switch means ceasing activation of said drive means upon the
      advancement of each said divider member to a point adjacent said forward
      edge.
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ABST
PAL  Apparatus for controlling developer efficiency in an electrostatic copying
      machine. A thin film of semi-insulating material is positioned for
      advancement through a development zone indicative of the quality of a
      developer system. Positioned in the path of the film and in the vicinity
      of the development zone are a plurality of conductive members which are
      coupled to sources of potential having a difference in voltage of
      approximately 200 to 600 volts in one embodiment. The difference in
      potential cause the development along the semi-insulating film material
      where the electrostatic fields are greatest. The film is then advanced
      past a detection station which includes an optical sensing device for
      sensing the transmission of the film and supplying signals indicative of
      the transmission characteristics to a control circuit which controls the
      toner dispensing in the developer system. In an alternative embodiment
      three conductive members may be used in place of the two conductive
      members with the middle conductive member being at one electric potential
      and the outer conductive member being at a second potential.
BSUM
PAR  The present invention relates to elecrostatic copying machines and in
      particular to an apparatus for controlling the developer efficiency in an
      electrostatic copying machine.
PAR  It is well known that in electrostatic copying machines that there are
      varying toner consumptions due to varying electrostatic contrasts and
      image areas from one copy to another and that with variations in optimum
      toner concentration for various humidities, developer age, etc. that it is
      extremely important that the copier have a controlled developer system if
      the output quality is to remain at a consistently high level. In the past
      there have been various techniques for detecting or sensing the efficiency
      of the developer system response. Some devices are highly complex and
      others require alteration of components normally used in the electrostatic
      copying machine. Still other attempts have been made at detecting the
      efficiency of the developer by corona charging and then developing a web
      or belt which is then measured as described for example in U.S. Pat. No.
      3,553,464. The present invention is an improvement over the existing
      devices and the foregoing patent in the sense that it is extremely
      reliable in establishing a development characteristic of the development
      system which is being controlled. Furthermore, it does not require any
      alteration in the electrostatic copying machine of existing parts or
      components.
PAR  It is therefore an object of the invention to control the developer
      efficiency of an electrostatic copying machine.
PAR  It is a further object of the present invention to control toner
      consumption of a developer system irrespective of variations in humidity,
      developer age and other factors which contribute to the desired
      concentration of toner.
PAR  It is a further object of the present invention to obtain a quality of
      copies which remains at a consistant high level.
DRWD
PAR  For a better understanding of the invention reference is made to the
      following detailed disclosure of this invention taken in conjunction with
      the accompanying drawings in which:
PAR  FIG. 1 is an isometric view of the invention illustrating one embodiment
      thereof, and
PAR  FIG. 2 is a partial view indicating another embodiment of the invention.
DETD
PAR  As shown in FIG. 1 a thin transparent or translucent film of
      semi-insulating material designated 10 is developed by a representative
      sample of developer material in the vicinity of co-planar electrodes or
      ring members 12 and 14. The co-planar electrodes may take the form of a
      cylinder which is coated with a conductive material which coating is
      separated by about a spaced distance x of about 5 to 50 mils. A source of
      potential 20 is coupled to conductive ring member 12 and another source of
      potential 22 is coupled to conductive ring member 14. The potential
      difference of the two conductive ring members is approximately 200 to
      about 600 volts. It will be understood that either of the potentials can
      be ground potential. It will be appreciated that the semi-insulating film
      material which is threaded to ride taut over the cylinder is exposed to
      the developer material and developed by interposition development
      techniques known by those skilled in the art with a representative sample
      of the developer material in the developer system of the electrostatic
      copying machine.
PAR  For interposition development film thickness desirably is about 1/4 to 4
      mils or about 6 to 100 microns. Surface resistivity should be greater than
      about 10.sup.13 ohms/square. Any suitable semi-insulating transparent or
      translucent material can be used. Preferred materials are Tedlar and
      Mylar, trademarks of duPont Corporation, Wilmington, Del., polyethylene,
      polypropylene and mixtures thereof.
PAR  After development occurs at the boundary the semi-insulating film 10 is
      advanced past a window area 30 which is positioned to intercept the line
      of maximum toner disposition. A lamp 35 and a photocell 37 are arranged to
      measure the optical transmission density of the tape at the window area
      30. A control circuit 40 is coupled to the photocell 37 for supplying
      signals to the toner dispenser servomechanism and toner dispenser 50 for
      controlling the efficiency of the developer quality in a manner well known
      by those skilled in the art. The speed of the film advance and the
      position of the window area 30 is selected so that no more than a few
      copies are made before the toner dispensing mechanism responds to the
      condition of the developer.
PAR  It will now be appreciated that by the above described invention that the
      developer efficiency is controlled at all times irrespective of variations
      in the optimum toner concentration from one copy to another and with
      various humidities, developer age, etc.
PAR  In a second embodiment as shown in FIG. 2 three conductive cylinder members
      are used in place of the two as shown in FIG. 1. Cyliner members 42 and 44
      are coupled to one voltage level and cylindrical member 46 is coupled to a
      second voltage level. In this embodiment the potentials are selected so
      that development will occur in vicinity of cylindrical member 46. It
      should be understood that either of the potential sources can be ground
      potential.
PAR  While there have been shown and described and pointed out the fundamental
      novel features of the invention as applied to a preferred embodiment, it
      will be understood that various omissions and substitutions and changes in
      the form and details of the device illustrated and in its operation may be
      made by those skilled in the art without departing from the spirit of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for controlling developer efficiency in an electrostatic
      copying machine comprising:
PA1  a thin film of semi-insulating translucent material positioned for
      advancement through a development zone indicative of the quality of a
      developer system,
PA1  a plurality of conductive members each member being positioned in the path
      of the film on one side thereof in contact therewith in the vicinity of
      the development zone,
PA1  said conductive members each being coupled to a different source of
      potential having a difference of from about 200 volts to about 600 volts
      to cause development of the film only at the vicinity where potential
      difference is greatest, said conductive members being spaced apart by a
      distance from about 5 to about 50 mils,
PA1  detection means for sensing the optical transmission of the film where
      development occurs where potential difference is greatest and supplying
      electrical signals for controlling toner dispensing in the developer
      system, and
PA1  toner dispensing means for dispensing toner at a predetermined rate in
      response to control signals,
PA1  control means responsive to electrical signals from said detection means to
      generate signals to actuate said toner dispensing means.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said film material has a
      thickness ranging from about .25 to about 4 mils and a surface resistivity
      greater than about 10.sup.13 ohms/square.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said film material is
      transparent.
NUM  4.
PAR  4. Apparatus according to claim 2 wherein said conductive members comprise
      at least three elements, two elements being coupled to one voltage level
      and the third element being coupled to a second voltage level.
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ABST
PAL  Teeming of molten metal from a laden vessel into a receiving vessel such as
      an ingot mould or tundish is accomplished at a controlled rate by
      detecting the changing weight of one of the vessels and deriving a valve
      control signal by comparing a changing weight signal with a presettable
      reference signal, the valve control signal being employed to adjust the
      setting of a sliding gate valve through which molten metal passes as it is
      teemed into the receiving vessel.
BSUM
PAR  The present invention relates to improvements in the casting of molten
      metals, such as steel.
PAR  In many steel and foundry processes, the ability to pour or teem molten
      metal from a container at a controlled flow rate throughout the teeming
      operation would be desirable. It may, for example, be preferred that the
      flow rate remains constant during the greater part of the teeming
      operation. At the beginning and end of the operation, reduced flow rates
      may be desired. Unless the flow rate is suitably controlled, metallurgical
      properties of ingots cast successively from the same melt can vary
      undesirably. In a continuous casting operation, it is also desirable that
      the molten metal in a tundish is replenished continually whilst the
      casting proceeds and that the flow to the mould is constant in order to
      achieve a uniform withdrawal speed of the casting from the mould.
PAR  Hitherto, it has been impossible to achieve, in a simple manner, a
      controlled or constant flow rate from a bottom-pour vessel such as a
      ladle, for two principal reasons. Firstly, the pressure head at a
      discharge orifice continuously changes as molten metal flows out of the
      orifice and the level of the molten metal falls in the ladle. Secondly,
      flow of molten metal through an orifice can erode the orifice, causing it
      to enlarge. The erosion problem can, in principle, be minimised if the
      discharge orifice is made from suitable refractory materials now
      available. However, the problem arising from the change in pressure head
      remains.
PAR  According to one aspect of the present invention, there is provided
      apparatus for admitting molten metal into a receiver vessel at a
      controlled rate, including a charging vessel having a discharge orifice
      controlled by a sliding gate valve, for delivering the melt from the
      charging vessel to the receiver vessel, and means for actuating the
      sliding gate valve to control flow rate therethrough, the said means
      relying solely upon a monitoring of the overall weight of one of the
      vessels and including a load sensor therefor, the apparatus further
      including a control circuit, which solely compares a time-varying signal
      from the sensor with a presettable reference signal representing a given
      flow rate and generates an output signal, the output signal being applied
      to a valve actuator provided to control the setting of the valve. In
      practice, as metal is flowing out of the charging vessel, the overall
      weight thereof falls continuously and the overall weight of the receiver
      vessel rises concomitantly. By determining one of these weights, a measure
      of the actual flow rate through the orifice is gained. The control circuit
      operates to change the valve setting as needed to equalise the actual flow
      rate with the desired flow rate. Thus, it is possible to overcome the
      effect of changing pressure head upon the pouring rate.
PAR  The charging vessel can be a bottom-pour vessel such as a ladle. It could,
      however, be an intermediate holding vessel such as a vacuum degasser, or a
      tundish used in continuous casting plant, in which case flow of melt from
      the tundish to the continuous casting mould may be controlled by weight
      monitoring of the tundish.
PAR  In a conventional casting operation where a bottom-pour ladle charges a
      series of moulds successively, the load sensor is most conveniently used
      to monitor the overall weight of the ladle. The invention makes it
      possible to pour the castings under substantially uniform conditions. For
      a continuous-casting process, however, it may be preferred instead to
      monitor the weight of a receiving tundish. The valve of the charging
      vessel or ladle can then be controlled to keep the tundish weight constant
      and hence to maintain a constant level of melt therein.
PAR  Conveniently, but not essentially, the load sensor comprises one or more
      load cells, preferably of the strain-gauge type. In the embodiment to be
      described in detail, the control circuit first differentiates the load
      sensor output with respect to time. Then the resulting signal is applied
      to a difference amplifier receiving a presettable second input signal
      representing the desired flow rate. The difference amplifier then
      generates an error output signal to control the valve actuator. The valve
      actuator in the preferred example comprises a double-acting hydraulic ram
      controlled by an electrically operated flow-control valve, to which the
      said output signal is fed. The flow-control valve can be servo or solenoid
      operated, and preferably is of a pressure-compensated type. Alternatively,
      the valve actuator could be wholly electrical in nature, the actuator then
      employing, for example, a motor such as a servo motor, a solenoid or the
      like arranged to produce linear movement of the sliding gate valve in
      response to the error output signal.
PAR  The invention also comprehends a method of teeming molten metal into a
      receiver vessel at a controlled rate using apparatus embodying the
      invention.
PAR  The invention also provides a method of teeming molten metal at a
      controlled rate, wherein the molten metal is contained in a charging
      vessel and is discharged therefrom into a receiver vessel by opening a
      sliding gate valve in the charging vessel, the weight of one or the other
      vessel and its contents is monitored during teeming, the weight
      measurements are electrically compared with a presettable reference and a
      control signal is obtained which is employed to vary the setting of the
      valve thereby to control flow of molten metal from the charging vessel.
DRWD
PAR  The invention will now be described by way of example with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic illustration of steel equipment embodying the
      invention, and
PAR  FIG. 2 illustrates a modification of the equipment shown in FIG. 1.
DETD
PAR  The steelworks equipment shown in FIG. 1 includes a container 10 for molten
      metal which is to be poured, for example, into one or more moulds, not
      shown. The container 10 is in the form of a bottom-pour ladle having a
      discharge orifice 11 in its bottom. The orifice 11 is opened and closed by
      a valve 12 of the sliding-gate type. The valve has a discharge nozzle 13
      through which the molten metal passes when the gate 14 is opened. Those
      parts of the gate 14 which are exposed to molten metal are made from an
      erosion-resistant material. A satisfactory material has a high content of
      alumina, normally in the range of 85 to 95% by weight. This material has a
      high density and is high temperature fired. Zirconia could be used
      instead, however. Materials that will help to prevent alumina build-up
      when A1-killed steels are poured can also be used. When pouring some
      steels, it is desirable that the parts of the gate 14 exposed to the
      molten metal be basic. One suitable basic material is magnesite.
PAR  A valve actuator 15 is coupled to the sliding gate 14 for shifting the
      latter between its open and closed positions. As illustrated, the actuator
      is a double-acting hydraulic ram. The actuator is coupled through a pair
      of ducts 16 to a reversible hydraulic control valve 17. In turn, the
      hydraulic valve 17 is connected via ducts 18 and 19 to a source of
      hydraulic pressure and to a reservoir. The hydraulic valve can be either
      servo-controlled or solenoid operated.
PAR  The achievement of a constant rate of flow of molten metal from the ladle
      is attainable by metering the discharge orifice 11 by the gate 14. The
      exact position or registry of the gate 14 with the orifice 11 in this case
      is controlled as a function of the instantaneous weight of the ladle and
      its contents. To this end, a load cell 20 is employed which is interposed
      between a ladle rest 21 and a ladle carriage 22.
PAR  A signal representing the combined weight 1 of the ladle and its contents
      is generated by the load cell 20 and is fed to a differentiating circuit
      23 of a valve control unit 24. The differentiating circuit 23 produces an
      output 1/t, the level of which represents the decrease with time in the
      load on the cell 20 as the molten metal is allowed to flow from the ladle
      10. The output 1/t thus represents the actual flow rate at which metal is
      teemed from the ladle 10. The output 1/t is fed as one input 26 to a
      comparator or difference amplifier 27. The amplifier 27 receives at its
      second input 28 a reference signal obtained from a presettable signal
      generator 30. The reference signal is set to correspond to a desired flow
      rate. When the actual flow rate departs from the desired value, an error
      signal appears at the output of the amplifier 27. The error signal 31 is
      suitably amplified in an amplifier 32 and is fed to the servo or solenoid
      controlling the hydraulic valve 17.
PAR  The sign of the error signal, i.e. whether it is positive or negative, will
      depend upon whether the actual flow rate is larger or smaller than the
      preset desired value. Depending upon the sign and the magnitude of the
      error signal, the valve 17 will operate to move the actuator ram and thus
      the gate 14 by a distance and in such a direction as will bring the actual
      flow rate to the desired value. In practice, to attain a constant flow
      rate, the sliding gate 14 will be opened progressively as metal runs out
      of the ladle 10 and the pressure head at the orifice 11 falls. Clearly,
      were the gate 14 not so opened, the flow rate would fall as the surface
      level of metal in the ladle 10 drops.
PAR  It will be understood that the load cell 20 operates in a compression mode
      in the FIG. 1 illustration. An alternative arrangement is sketched in FIG.
      2. Here, the ladle 10' is suspended from an overhead crane, the load cell
      20' being incorporated in the suspension 33.
PAR  The equipment shown in FIG. 1 is particularly suitable for use when
      charging a series of ingot moulds. The equipment is also useful for
      charging the tundish of a continuous casting plant. However, when used in
      that case, greater sensitivity can be attained by means of a simple
      modification. Instead of sensing the weight change of the charging ladle,
      the load cell is then used to monitor the weight of the tundish and its
      contents. The output of the load cell is used to control the rate of
      discharge from ladle to tundish so as to maintain the overall weight of
      the tundish within desired limits. In this way, a substantially constant
      liquid level in the tundish can be obtained, and the rate of flow from the
      tundish to the mould can also be controlled.
PAR  It will be appreciated that the operation of flow rate control can be
      employed to obtain constancy of flow. Flow rate control can,
      alternatively, be used in a profile teeming operation, especially where
      ingots are to be teemed in chill moulds. In such a teeming operation, it
      may be desired to start teeming at a low rate, to avoid splashing,
      thereafter to teem at a higher, substantially constant rate and finally to
      teem at a low rate towards the end of the pour. Profile teeming can be
      controlled by manually presetting the reference signal generator.
      Alternatively, this generator could be pre-set mechanically be means of a
      suitable programmer.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for admitting molten metal into a receiver vessel, said
      apparatus comprising:
PA1  a charging vessel which has a discharge orifice and includes a sliding gate
      valve for controlling flow of molten metal through said orifice to said
      receiver vessel;
PA1  means for actuating said valve to achieve a controlled flow rate
      therethrough and being reliant solely on a monitoring of the overall
      weight of one of said vessels, said means including:
PA1  a load sensor on said one of said vessels, the weight of which is
      monitored;
PA1  a differentiating circuit connected with said sensor for differentiating a
      load sensor output signal with respect to time;
PA1  a presettable reference signal generator;
PA1  a difference amplifier having inputs connected both to said differentiating
      circuit and to said reference signal generator to receive output signals
      from each;
PA1  said difference amplifier being operative to derive an error output signal
      from the input signals thereto from said differentiating circuit and said
      reference signal generator; and
PA1  a valve actuator connected to said difference amplifier to which said valve
      actuator said error output signal is fed for controlling the setting of
      said valve.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said charging vessel is a bottom
      pour ladle.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said charging vessel is a
      tundish.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein said load sensor is adapted to
      monitor the overall weight of said charging vessel.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein said charging vessel is a
      bottom-pour ladle, equipped with a sliding gate valve, said receiver
      vessel is a tundish of a continuous casting plant, and said load sensor is
      adapted to monitor the overall weight of said tundish, said means for
      actuating said sliding gate valve being adapted to control said valve to
      keep the overall weight of said tundish constant, thereby maintaining a
      substantially constant level of melt in said tundish.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein said load sensor comprises at
      least on load cell.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein said load cell is of the
      strain-gauge type.
NUM  8.
PAR  8. Apparatus according to claim 1, wherein said valve actuating means
      comprises a double-acting hydraulic ram and an electrically-operated flow
      control valve therefor, said error signal being applied to said
      flow-control valve.
NUM  9.
PAR  9. Apparatus according to claim 1, wherein said valve actuating means
      comprises an electric motor to which said error signal is applied.
NUM  10.
PAR  10. A method of teeming molten metal into a receiver vessel at a controlled
      rate employing apparatus as claimed in claim 1.
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ABST
PAL  A hydraulic system comprises an electrically controlled actuator element
      operable to initiate delivery of liquid. The system also includes a
      movable member the movement of which is representative of the amount of
      liquid delivered and sensing means is provided for detecting movement of
      the member. The sensing means provides a control signal which is arranged
      to effect a change in the state of the actuator element when the required
      quantity of liquid has been delivered.
BSUM
PAR  This invention relates to hydraulic systems, and has for its object to
      provide such a system in a simple and convenient form.
PAR  A system in accordance with the invention comprises in combination, an
      electrically controlled actuator element operable to initiate delivery of
      liquid, a movable member the movement of which is representative of the
      amount of liquid delivered, and sensing means for detecting movement of
      said member, said sensing means providing a control signal arranged to
      effect a change in the state of the actuator element.
DRWD
PAR  One example of a hydraulic system in accordance with the invention will now
      be described with reference to the accompanying drawing which shows in
      schematic outline, a fuel injection system for an internal combustion
      engine.
DETD
PAR  Referring to the drawing, there is provided an engine 10, one of the
      combustion chambers of which is supplied with fuel by means of an
      injection nozzle 11. The injection nozzle includes a differential valve
      12, having a central portion of larger diameter than the end portions. The
      valve is loaded in one direction by means of a coiled compression spring
      13, and the remote end of the valve member is shaped to co-operate with a
      seating thereby to control the flow of fuel through orifices 14 into the
      aforesaid combustion space. The other end of the valve member defines a
      piston 15, which is located within a cylinder and the space surrounding
      the spring 13 communicates with a drain.
PAR  Also provided is a valve 16 which includes a piston member 17 and a control
      valve member 18. The control valve member 18 is provided with an extension
      which abuts against the piston member 17. The piston member 17 has a
      stepped periphery, the wider portion contacting the extension and the
      narrower portion being contained within a cylinder 19 which is in
      communication with the cylinder containing the piston 15. The control
      valve member 18 is shaped to co-operate with a seating to control flow of
      fuel through a passage 20 which communicates with the end of the cylinder
      containing the valve member 12, remote from the spring 13. Moreover, the
      end of the cylinder 19 communicates with a space surrounding the end of
      the control valve member 18 remote from the piston member 17. This space
      is additionally in communication with one end of a cylinder 21.
PAR  The cylinder 21 contains a piston like member 22 which is biassed away from
      said one end of the cylinder 21 by means of a light coiled compression
      spring 23. The other end of the cylinder 21 communicates with an
      accumulator 24 in which fuel is stored under pressure, the fuel being
      supplied by a pump 25 conveniently actuated by the engine 10.
PAR  Also provided is a servo valve 26 which includes a spring loaded valve
      member 27. In the position shown, the valve member 27 permits
      communication between the opposite ends of the cylinder 21, but when in
      its alternative position as will be described, interrupts such
      communication. In addition, the valve member is provided with a groove
      which in the position shown, communicates with the passage 20, and places
      said passage in communication with one end of a cylinder 28 containing an
      unloading valve element 29, the latter being spring loaded. In the
      alternative position, the communication with the passage 20 is broken, and
      the cylinder 28 is placed in communication with a drain.
PAR  The end of the valve member 27 remote from the spring is subjected to a
      fluid pressure which is developed by an electrically controlled actuator
      element 30. In the particular example, this comprises a stack of
      piezo-electric crystals 31 which operate a piston 32 contained within a
      suitable cylinder. The aforesaid cylinder communicates with the bore which
      contains the valve member 27 and also with the space intermediate the
      piston member 17 and control valve member 18. Moreover, the valve member
      27 is provided with a passage 33 which in the position shown communicates
      by way of a non-return valve 34 with a source of liquid fuel.
PAR  Electric power is supplied to the stack of piezo-electric crystals 31 by
      means of a control circuit indicated at 35. This control circuit receives
      signals indicative of the position of the engine, and also a further
      signal from a sensing coil 36 which provides a signal indicative of the
      position of the member 22.
PAR  The mode of operation of the system will now be described. As shown in the
      drawings, the various parts of the system have assumed the position which
      they adopt intermediate injections of fuel to the engine. When the system
      is required to inject fuel to the engine, a signal is provided by the
      control circuit 35 which effects expansion of the piezo-electric crystals
      31.
PAR  As a result of this expansion, the piston 32 is moved upwardly as shown in
      the drawing, and this pressurises the fluid contained in the cylinder
      containing the piston 32. The pressure is applied to the valve member 27,
      and moves it against the action of the spring to its alternative position.
      In this position, the communication between the opposite ends of the
      cylinder 21 is broken, and the communication of the passage 20 with the
      cylinder 28 is also broken, the latter however being placed in
      communication with the drain, so that the valve member 29 moves under the
      action of its spring.
PAR  The pressure of fluid developed by the piston 32 is also applied
      intermediate the piston member 17 and control valve member 18. The
      application of such pressure results in axial movement of the piston
      member 17 and the control valve member 18 follows with the result that the
      passage 20 is opened to the end of the cylinder 21. When this occurs, fuel
      from the accumulator moves the member 22 against the action of its spring
      and fuel is displaced from the one end of the cylinder 21, and is applied
      to the end of the valve member 12 remote from the spring 13. As a result
      of this pressure, the valve member 12 lifts away from its seating, and
      fuel flow through the orifices 14 into the combustion chamber of the
      associated engine occurs. The flow of fuel continues until the member 22
      has moved a predetermined extent, whereupon the signal supplied by the
      coil 36 to the control circuit 35 removes the electric supply from the
      stack of piezo-electric crystals 31. When this occurs, the fuel pressure
      between the piston member 17 and control valve member 18 falls, and these
      two components move under the action of the accumulator pressure applied
      to the piston member 17 so as to halt the flow of fuel through the passage
      20. At substantially the same time the valve member 27 moves under the
      action of its spring to place the passage 20 in communication with the
      cylinder 28. The cylinder 28 can expand in volume owing to movement of the
      valve member 29 and thereby a rapid reduction in the pressure in the
      passage 20 and also in the space surrounding the narrower end of the valve
      member 12 remote from the spring, occurs. The accumulator pressure acting
      on the piston 15 therefore effects rapid closure of the valve member 12.
      In addition, the opposite ends of the cylinder 21 are placed in
      communication with each other so that the member 22 returns to the
      position shown under the action of the spring 23. Finally, any fluid which
      may have escaped from the cylinder containing the piston 32 and any of the
      cylinders or bores communicating therewith, is replaced by way of the
      non-return valve 34.
CLMS
STM  I claim:
NUM  1.
PAR  1. An hydraulic system comprising a cylinder, a movable member located in
      said cylinder, a source of liquid under pressure, first and second conduit
      means connecting the ends respectively of said cylinder with said source
      of liquid, first valve means in said first conduit and operable to place
      the ends of said cylinder in communication with each other, resilient
      means acting on said movable member and operable when said valve means is
      open to move the member towards the one end of the cylinder connected to
      said second conduit, a fluid pressure generator, an electrically operated
      actuator element forming part of said generator, said first valve means
      including a surface acted upon by the fluid pressure developed by said
      generator when said actuator element is energised so as to develop a force
      to open said first valve means, a control circuit for said actuator, means
      responsive to the position of said movable member for providing a signal
      to said control circuit when said first valve means is in the closed
      position whereby when said member attains a predetermined position, said
      actuator element will be de-energized to allow said first valve to move to
      the open position, an outlet passage communicating with the other end of
      the cylinder, a control valve for controlling liquid flow through said
      outlet passage, said control valve including a control valve member
      subject to the pressure of liquid in said other end of the cylinder, said
      pressure acting on said valve member to open said control valve, said
      control valve further including means acting on said control valve member
      for applying to said control valve member a force greater than the force
      developed on the control valve member by the pressure in said other end of
      the cylinder, said means defining a further surface which can be subjected
      to the fluid pressure developed by said fluid pressure generator, whereby
      when fluid pressure is developed by said generator the force acting on
      said control valve member is reduced to the extent that the control valve
      member moves to allow fluid flow through said outlet passage, the volume
      of fluid flow depending upon the movement of said movable member.
NUM  2.
PAR  2. A system according to claim 1 in which the means acting on the control
      valve comprises a stepped piston member slidable within a complementary
      cylinder, the narrower end of said cylinder communicating with said other
      end of the cylinder and the wider end of the stepped piston member
      defining said further surface and engaging said control valve member, the
      wider end of the stepped cylinder communicating with an output of said
      fluid pressure generator.
NUM  3.
PAR  3. A system according to claim 2 including a further cylinder, a spring
      loaded unloading valve element located in said further cylinder and second
      valve means operable when said first valve means is in the open position
      to place said outlet passage downstream of the control valve in
      communication with said further cylinder.
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ABST
PAL  Arrangements are disclosed for dispensing liquid in droplet form at timed
      intervals from a receptacle defining a liquid reservoir. The receptacle
      includes openings at opposite ends thereof defined in part by integral
      externally threaded neck portions. One of the openings is employed to fill
      the receptacle and control the venting of the interior of the receptacle
      to atmosphere, thus to control stopping and starting of drop dispensing.
      The other of the openings is a dispensing opening including dispensing and
      timing means through which liquid in the receptacle is dispensed and by
      which the rate of drop dispensing is controlled. Absorbent material may be
      supported beneath the receptacle to receive drops dispensed therefrom to
      facilitate evaporation of the liquid, and fan means may be associated with
      the receptacle and absorbent material to further facilitate evaporation of
      the liquid and entrainment of odoriferous vapors from the liquid into the
      moving airstream caused by fan operation.
PARN
PAR  This is a division of application Ser. No. 226,686 filed Feb. 16, 1972 now
      U.S. Pat. No. 3,804,592 of Apr. 16, 1974.
BSUM
PAR  The present invention relates to the art of dispensing and, more
      particularly, to the dispensing of liquid in droplet form from a
      receptacle or reservoir.
PAR  In the dispensing of liquid in droplet form from a receptacle or reservoir
      it is often desirable to support the receptacle in a fixed disposition for
      the flow of liquid in droplet form therefrom to be achieved at timed
      intervals and over a considerable total period of time so that frequent
      observation of the dispensing operation is not required. For example, it
      is often desired to periodically dispense a drop of deoderizing liquid
      into a room or other enclosure or into sanitary equipment to maintain a
      pleasant aroma in the surrounding atmosphere. As another example, certain
      machinery and apparatus require periodic lubrication which advantageously
      can be provided at timed intervals by drop dispensing devices to eliminate
      the necessity that the machine or apparatus operator personally attend to
      the lubricating function each time it is required.
PAR  Drop applicator devices have, of course, been provided heretofore for the
      purpose of dispensing liquid in droplet form from a receptacle or
      reservoir. Generally, such devices include a reservoir or receptacle
      having an outlet opening provided with absorbent material such as a wick
      device to facilitate transfer of liquid from within the receptacle to a
      point of use exteriorly thereof. While such devices do operate to provide
      for the dispensing of liquid in droplet form they do not facilitate the
      economical production and use of such devices for purposes including those
      specifically mentioned hereinabove. The economical production and use of
      such devices is of extreme importance when it is considered that several
      hundred such units might be required to control an odor problem of a
      single establisment involved in, for example, the poultry industry. Thus,
      it is most desirable to provide a drop dispensing assembly which is
      economical to produce, is readily mountable in its use position and which,
      when mounted, can readily and easily be controlled to initiate or stop a
      dispensing operation and which facilitates replenishment of the liquid
      supply when necessary and modification of the drop dispensing rate with a
      minimum of effort on the part of the user and most often without
      separation or removal of the device from its support. Further, it is
      desirable, especially in conjunction with the dispensing of liquid
      deoderant, to enhance evaporation of dispensed liquid so that deoderant
      vapors are more rapidly entrained in the surrounding atmosphere.
PAR  In accordance with the present invention, the foregoing advantages are
      achieved by providing dispensing arrangements including receptacles having
      structural features which facilitate the filling thereof with liquid to be
      dispensed, the rate at which liquid droplets are dispensed therefrom,
      installation and support of the receptacles and dispersion of the liquid
      droplets dispensed therefrom. More particularly, with regard to one aspect
      of the present invention, a dispensing receptacle is provided having
      axially aligned openings therein each of which is defined in part by an
      externally threaded neck structure integral with the receptacle body. One
      of the openings is adapted to be employed to fill a receptacle with liquid
      and to receive a cap component operable to control the stopping and
      starting of drop dispensing from the receptacle. The other of the openings
      is a dispensing opening including timing and dispensing means which in
      certain embodiments is defined by removable insert means through which the
      liquid is dispensed in droplet form and by which the rate of drop
      dispensing is controlled. Advantageously, in the latter embodiments, a
      variety of inserts can be associated selectively with the dispensing
      opening, thus to provide for selectively choosing or changing the rate of
      droplet flow from the receptacle.
PAR  In accordance with another aspect of the present invention, the neck means
      at opposite ends of the receptacle facilitate the mounting of the
      receptacle relative to a support surface in a position of use, whereby
      stopping or starting of the drop dispensing operation can be achieved
      simply by manipulation of the cap component, and whereby replenishing of
      the liquid supply in the receptacle can be achieved simply by removal of
      the cap component. Therefore, both of these functions can be achieved
      without removal of the receptacle from its support component. Moreover,
      where the timing and dispensing means is defined by insert means, the
      latter can be changed most often while the receptacle is in the mounted
      disposition.
PAR  With regard to a narrower aspect of the present invention, the neck means
      associated with the dispensing outlet opening of the receptacle provides
      means by which absorbent material such as blotter paper or asbestos can be
      supported beneath the dispensing and timing means to receive and disburse
      liquid droplets dispensed from the receptacle. Dispersion of liquid
      droplets relative to the absorbent material advantageously facilitates
      evaporation of the liquid into the surrounding air. Still further, when
      the drop dispensing arrangement is employed in conjunction with a
      deoderizing function, the desired evaporation is advantageously
      supplemented by employing fan means to circulate ambient air relative to
      the absorbent material.
PAR  An outstanding object of the present invention is the provision of drop
      dispensing means in which the components thereof are economical to
      produce, lend to the ease of use of the arrangements and provide for more
      efficient control of drop dispensing functions than heretofore possible.
PAR  A further object is the provision of drop dispensing means of the above
      character including receptacle means having structures which facilitate
      mounting thereof in a use position and control of the starting and
      stopping of a dispensing operation when so mounted.
PAR  Another object is the provision of dispensing means of the above character
      wherein the structure of the receptacle means facilitates the use
      therewith of interchangeable dispensing and timing means through which the
      liquid is dispensed and by which the time interval between drops is
      controlled.
PAR  Yet another object of the present invention is the provision of dispensing
      arrangements of the above character wherein the structure of the
      receptacle means facilitates the support thereby of absorbent material
      onto which the liquid droplets are dispensed thus to facilitate
      evaporation of the liquid dispensed.
PAR  Still a further object of the present invention is the provision of
      dispensing arrangements of the above character in which fan means is
      employed to circulate ambient air past the absorbent material to
      facilitate entrainment of liquid vapor into the ambient air.
DRWD
PAR  These objects and others will in part be obvious and in part more fully
      pointed out hereinafter in conjunction with the description of the drawing
      in which:
PAR  FIG. 1 is an elevation view, partially in section, of drop dispensing
      receptacle means made in accordance with the present invention;
PAR  FIG. 2 is a perspective view of timing and dispensing insert means employed
      with the receptacle means of FIG. 1;
PAR  FIG. 3 is an elevation view, partially in section, of another embodiment of
      receptacle means within the present invention.
PAR  FIG. 4 is an elevation view, partially in section, of yet another
      embodiment of receptacle means within the present invention;
PAR  FIG. 5 is a front elevation view of receptacle means made in accordance
      with the present invention and illustrating a sheet of absorbent material
      supported thereby adjacent the dispensing outlet;
PAR  FIG. 6 is a plan view of the absorbent material and means for attaching the
      material to a receptacle.
PAR  FIG. 7 is a side elevation view of the receptacle means similar to that
      illustrated in FIG. 5 and further illustrates the receptacle means in the
      mounted disposition thereof;
PAR  FIG. 8 is a bottom view of the receptacle and mounting arrangement
      illustrated in FIG. 7 taken along line 8--8 in FIG. 7;
PAR  FIG. 9 is a front elevation view illustrating the receptacle of FIG. 7
      supported within an enclosure together with means for circulating ambient
      air through the enclosure; and
PAR  FIG. 10 is a side elevation view, in section, of the arrangement
      illustrated in FIG. 9, the section being taken along line 10--10 in FIG. 9
     .
DETD
PAR  Referring now to the drawings in greater detail wherein the showings are
      for the purpose of illustrating preferred embodiments of the present
      invention only and not for the purpose of limiting the same, dispensing
      receptacle means 10 is illustrated in FIG. 1 which is comprised of a
      cylindrical body portion 12 defined by side wall means 14 and end wall
      means 16 and 18 at opposite ends of side wall means 14. The receptacle
      means 10 is further defined by cylindrical neck means 20 at one end
      thereof and cylindrical neck means 22 at the other end thereof.
      Preferably, end wall means 16 and 18 are integral with side wall means 14,
      and neck means 20 and 22 are integral with end wall means 16 and 18,
      respectively, whereby an integral receptacle unit is defined thereby. The
      receptacle unit may be produced from any suitable material, preferably a
      plastic material, and in the preferred embodiment the receptacle unit is
      produced from high density polyethylene. Moreover, the receptacle unit can
      be produced in any desired manner such as, for example, by blow molding.
PAR  Receptacle means 10 has opening means 24 in one end thereof defined in part
      by neck means 20 and opening means 26 in the other end thereof defined in
      part by neck means 22. Further, neck means 20 is provided with integral
      external thread means 28 and neck means 22 is provided with integral
      external thread means 30. Opening means 24 serves as an inlet opening
      through which liquid to be dispensed can be introduced into the receptacle
      means. Further, the latter opening is adapted to be closed by closure or
      cap means 32 which is internally threaded for cooperable threaded
      engagement with thread means 28. Cap means 32, in a manner set forth more
      fully hereinafter, also defines means to stop and start the dispensing of
      liquid from receptacle means 10.
PAR  Neck means 22 includes a restricted outer end portion 34 which defines a
      bore 36 which is substantially uniform in cross-sectional dimension along
      the length thereof. Bore 36 is adapted to removably receive dispensing and
      timing insert means 38. As best illustrated in FIG. 2 of the drawing,
      insert means 38 is comprised of a sleeve component 40 and wick means 42
      having one end 44 thereof disposed in sleeve 40 and the other end 46
      thereof extending from the corresponding end of the sleeve. Wick means 42
      may be defined by any suitable material and, preferably, is defined by
      cotton fibers interrelated with wire core means in a manner similar to
      that of a pipe cleaner. Sleeve 40 is substantially uniform in external
      cross-sectional contour along its length and is adapted to be tightly
      received in neck bore 36 so as to prevent unintended displacement of the
      sleeve relative to the bore and to seal the area between the surface of
      the bore and the external surface of the sleeve. Further, wick means 42
      and bore 48 of sleeve 40 are relatively dimensioned so that the end 44 of
      the wick means which is disposed in the sleeve is radially compressed
      thereby. The extent to which wick means 42 is radially compressed
      determines the rate of flow of liquid along the wick means to outlet end
      50 of sleeve 40. Accordingly, by having sleeve means 40 removably
      associated with neck bore 36 it is possible to provide a plurality of
      dispensing and timing insert means each having a sleeve 40 and wick means
      42 and wherein the internal dimension of the sleeves are different to
      provide for different degrees of compression of the wick means, whereby
      different rates of drop dispensing are obtained.
PAR  Sleeve 40 of dispensing and timing means 38 can be of any suitable material
      such as metal or plastic and, preferably, is cylindrical in
      cross-sectional configuration. Further, it is preferred that the end 52 of
      wick means 42 may be axially spaced inwardly of end 50 of sleeve 40 so
      that the end of the wick means adjacent the outlet end of the sleeve is
      not directly exposed to ambient air. This feature advantageously prevents
      end 52 of wick means 42 from becoming clogged during use such as would
      result from exposure of the wet end to ambient air if end 52 were disposed
      axially outwardly from sleeve end 50. Further, in this regard, it will be
      appreciated that the liquid being dispensed saturates the wick means
      whereby the exposed end of the wick means would be wet during the period
      of time between the dispensing of successive drops. Exposure of the wet
      wick to ambient air can, depending on the liquid being dispensed, cause a
      certain amount of the material to dry and adhere to the wick whereby
      eventually, the wick becomes clogged and the dispensing function is either
      completely interrupted or is otherwise undesirably altered. By providing
      for end 52 of the wick to be spaced inwardly from end 50 of sleeve 40 such
      clogging is advantageously avoided even when the time period between the
      dispensing of successive drops is of considerable duration.
PAR  In operation of the dispensing unit illustrated in FIG. 1, cap means 32 is
      removed and the receptacle is filled to a desired level with the liquid to
      be dispensed therefrom. Cap means 32 is then replaced and is screwed into
      tight engagement with end face 21 of neck means 20. This tightly seals
      opening 24 against ingress of ambient air therethrough into the
      receptacle. Such sealing can be further assured, if desired, by the
      provision of a sealing gasket 33 within cap means 32. When cap means 32
      has been screwed into tight engagement with the neck means 20, the
      receptacle unit can be disposed in its use position with neck means 22
      extending downwardly and, because of the sealed relationship, dispensing
      of drops from the receptacle unit will not take place. A dispensing
      operation can be initiated by unscrewing cap means 32 to break the seal,
      whereby ambient air is vented into the receptacle behind the liquid
      therein. To facilitate such venting, thread means 28 may be interrupted
      such as is indicated at 29. The unscrewing of cap means 32 about one-half
      turn is generally adequate to provide the desired venting, and dispensing
      of liquid in drop form begins when the cap seal is broken. From that point
      on, liquid drops are dispensed from the receptacle at timed intervals
      determined, as mentioned hereinabove, by the relative dimensions of wick
      means 42 and bore 48 in sleeve 40. When it is desired to stop the
      dispensing function, it is only necessary to screw cap means 32 into
      sealing engagement with neck means 20. Further, when it is desired to
      replenish the liquid supply in the receptacle, it is only necessary to
      remove cap means 32 and introduce liquid into the receptacle through
      opening 24.
PAR  FIG. 3 illustrates another embodiment of dispensing receptacle means made
      in accordance with the present invention. In this respect, receptacle
      means 60 of suitable plastic material, preferably polyethylene, is
      illustrated which is comprised of cylindrical body portion 64 and end wall
      means 66 and 68 at opposite ends of body portion 64. Cylindrical neck
      means 70 extends axially outwardly from end wall means 66 and cylindrical
      neck means 72 extends axially outwardly from end wall means 68. As in the
      embodiment illustrated in FIG. 1, end walls 66 and 68 preferably are
      integral with the corresponding ends of body portion 64, and neck means 70
      and 72 preferably are integral with the corresponding end walls 66 and 68.
PAR  Receptacle means 60 has an opening 74 at one end thereof defined in part by
      neck means 70 and an opening 76 in the other end thereof defined in part
      by neck means 72. In this embodiment, openings 74 and 76 are substantially
      the same size and neck means 70 and 72 are substantially identical in
      diameter and in axial length relative to the corresponding end wall of the
      receptacle. Moreover, neck means 70 is provided with integral external
      thread means 78 and neck means 72 is provided with integral external
      thread means 80. Thread means 78 and 80 are also substantially identical.
      Further, neck means 70 and 72 are each provided with radially inwardly
      projecting annular lip means 82 and 84, respectively, for the purpose set
      forth more fully hereinafter. Thus, it will be appreciated that the
      receptacle means is provided with substantially identical opening and neck
      means at the opposite ends thereof.
PAR  Receptacle means 60 further includes removable dispensing and timing means
      86 at one end thereof and cap means 88 at the other end thereof.
      Dispensing and timing means 86, in this embodiment, is defined by sleeve
      means 90 and wick means 92. Sleeve means 90 is in the form of a plug 94
      adapted to be releasably interengaged with lip means 84 of neck means 72.
      In this respect, plug 94 includes an annular recess 96 adapted to receive
      lip means 84. Recess 96 is defined in part by a radially outwardly
      extending flange 98 adapted to seat within the outer end of neck means 72
      and against lip means 84. The configurations of recess 96, flange 98 and
      lip means 84 and the dimensional relationship therebetween is such that
      plug 94 is adapted to be snapped into place within neck means 72 in a
      manner whereby it is releasably retained therein and the engaging surfaces
      of the plug and neck means provide a seal against leakage of liquid
      therebetween. Plug 94 includes an axially extending bore 100 having a
      substantially uniform cross-sectional dimension along the length thereof,
      and the portion of wick means 92 disposed within bore 100 is radially
      compressed therein in a manner similar to that hereinbefore described with
      regard to the embodiment of FIGS. 1 and 2. Accordingly, the relative
      dimensions of bore 100 and wick means 92 determine the rate at which
      liquid drops are dispensed from the receptacle. Wick means 92 preferably
      is a wire cored fiber material, and it will be appreciated that the wire
      core advantageously provides rigidity for the wick means to facilitate its
      axial introduction into bore 100. Further, for reasons hereinbefore set
      forth, end 102 of wick means 92 preferably is spaced inwardly from outlet
      104 of plug 94.
PAR  Cap means 88 is similar to cap means 32 described with reference to the
      embodiment illustrated in FIG. 1. In this respect, the cap may be provided
      with an internal sealing gasket 106 to facilitate sealing engagement
      thereof with the outer end of neck means 70. Further, thread means 78 and
      80 at opposite ends of the receptacle may be interrupted in the manner
      described hereinabove to provide a vent passageway thereacross.
PAR  While dispensing and timing means 86 is illustrated as being interengaged
      with neck means 72, and cap means 88 is illustrated as being interengaged
      with neck means 70, it will be appreciated that by providing the
      receptacle means with identical opening and neck means at opposite ends
      thereof the dispensing and timing means and the cap means can
      advantageously be selectively employed at either end of the receptacle
      means. Moreover, the identical end structure feature provides for cap
      means such as cap means 88 to be provided on both ends of the receptacle
      to facilitate shipment or storage of the receptacle with liquid therein,
      if so desired. Accordingly, when it is desired to use the receptacle it is
      only necessary to remove one or the other of the cap means and insert a
      dispensing and timing assembly into the corresponding neck means. The cap
      means at the other end of the receptacle then provides for controlling the
      starting and stopping of a dispensing operation in the manner hereinabove
      described with regard to the embodiment of FIG. 1 and for replenishing the
      liquid supply when necessary.
PAR  FIG. 4 illustrates yet another embodiment of dispensing means in accordance
      with the present invention. In this respect, receptacle means 110 is
      illustrated which is comprised of a body portion 112 and end wall means
      114 and 116 at opposite ends of body portion 112. Neck means 118 having
      integral external thread means 120 thereon extends axially from end wall
      means 114 to define an opening 122 in the corresponding end of the
      receptacle means. Neck means 118 is adapted to receive cap means of the
      character illustrated and described hereinbefore with regard to the
      embodiments of FIGS. 1 and 3. Neck means 124 extends integrally from wall
      means 116 at the opposite end of body portion 112. In this embodiment,
      neck means 124 defines an opening 126 which is substantially uniform in
      cross-sectional dimension along the length of neck means 124. Accordingly,
      opening 126 defines a bore adapted to receive wick means 128 which is
      similar in structure to the wick means described hereinabove. In this
      instance, neck means 124 and wick means 128 define dispensing and timing
      means which are integral with the receptacle and which function in a
      manner similar to the dispensing and timing means described hereinabove
      with regard to the embodiments of FIGS. 1 and 3. In this respect, the
      relative dimensions of opening 126 and wick means 128 determines the
      extent to which the wick means is radially compressed within the opening
      and thus the time interval between the dispensing of successive drops of
      liquid from the receptacle. Stopping and starting of a dispensing
      operation and the filling or replenishing of the receptacle with liquid is
      achieved by cap means 119, illustrated by broken lines, adapted to be
      associated with neck means 118 in a manner similar to that described
      hereinabove with regard to the earlier embodiments. Receptacle means 110,
      as in the earlier embodiments is produced, preferably, from high density
      polyethylene.
PAR  Another feature of the present invention is illustrated in FIGS. 5 and 6 of
      the drawing. In this respect, drop dispensing receptacle means 130 is
      illustrated as having absorbent means 132 supported relative thereto and
      in a position to receive drops dispensed from the outlet end 134 of the
      receptacle means. Receptacle means 130 may be any one of the receptacle
      means described hereinabove and, in this respect, includes cap means 136
      at one end thereof and externally threaded neck means 138 at the end
      thereof from which liquid droplets are to be dispensed. Absorbent means
      132 may be of any desired configuration and material and, preferably, is
      in the form of a sheet of heavy gauge blotter paper or asbestos sheeting.
      Further, the absorbent material may be supported relative to the
      receptacle means in any desired manner and, preferably, is suspended from
      neck means 138 by coil spring means 140 having one end 142 thereof
      interengaged with threaded neck means 138 of the receptacle and the other
      end 144 thereof engaged under the sheet material. For the latter purpose,
      the sheet of absorbent material is provided with an opening 146 positioned
      generally centrally thereof to facilitate threading of the corresponding
      end convolution of the spring through the sheet material. The thread on
      neck 138 of the receptacle advantageously provides for assembling and
      retaining spring 140 in place relative to the receptacle and, accordingly,
      it will be appreciated that the threads on the necks of all of the
      embodiments of receptacles herein described facilitate the attachment of
      absorbent material to the corresponding receptacle unit. The absorbent
      material advantageously provides for dispersing or spreading a liquid drop
      dispensed thereonto, whereby evaporation of the liquid is enhanced. This
      feature is of particular importance when the drop dispensing means is
      employed to provide a deoderizing function in an enclosure such as a room.
      Moreover, suspending of the absorbent material at a point generally
      centrally thereof is preferred in that such support advantageously
      prevents upward distortion of the center area of the material such as
      would occur if the material were perimetrally supported. Such upward
      distortion of the absorbent material undesirably provides for drops to
      collect along the peripheral edges thereof.
PAR  FIGS. 7 and 8 of the drawing illustrate yet another feature of the present
      invention. In this respect, receptacle means 150 is illustrated having
      absorbent material 152 supported relative to the outlet end thereof in a
      manner similar to that illustrated in FIGS. 5 and 6 of the drawing. In the
      embodiment of FIGS. 7 and 8, the receptacle means is supported in its use
      position by bracket means 154 in the form of a C-shaped bracket having a
      base portion 156 and leg portions 158 and 160 extending from opposite ends
      of base portion 156. Base portion 156 is adapted to be interconnected with
      support means 162 in any suitable manner such as, for example, by means of
      threaded fasteners 164. It will be appreciated, of course, that other
      fastening means, such as magnetic holding means for example, could readily
      be employed. Upper leg 158 of bracket means 154 is provided with a
      cylindrical opening 166 through which the cap means and corresponding neck
      means of the receptacle is adapted to project. Bottom leg means 160 is
      provided with an arcuate recess 168 having an entrance thereinto from the
      front end of leg 160, which entrance is defined by outwardly diverging
      side portions 170. Recess 168 has an arcuate contour for an extent of more
      than 180.degree. whereby a throat is defined by the space between points
      172 at which the arcuate line of the recess engages the corresponding side
      portion 170. The diameter of the arcuate portion of recess 168 is
      substantially equal to the diameter of the neck means of the receptacle
      adjacent the corresponding end wall of the receptacle, and the distance
      between points 172 is slightly less than the diameter of the neck means.
      Thus a throat area or restriction is defined past which the neck means
      must be forced to achieve entry of the neck means into recess 168.
      Accordingly, it will be appreciated that this structure provides for snap
      fitting the corresponding neck means of the receptacle into place relative
      to the bracket means. The bracket and receptacle structures accordingly
      cooperate to provide for absorbent means 152 to be applied to the neck
      means of the receptacle, for the receptacle to be filled and for the
      mounting of the receptacle unit in its use position to be achieved simply
      by inserting the cap end of the receptacle upwardly through opening 166
      and then pressing the neck means at the lower end of the receptacle into
      position in recess 168. Further, the structural relationship between the
      receptacle and bracket provides for the cap means at the upper end of the
      receptacle to be exposed when the receptacle is in its mounted position
      whereby stopping and starting of a dispensing function and the
      replenishing of the receptacle with liquid is readily achieved simply by
      manipulating or removing the cap means and without disturbing the mounted
      disposition of the receptacle unit. Moreover, the timing and dispensing
      insert means, where applicable, can readily be changed without removal of
      the receptacle from the bracket.
PAR  FIGS. 9 and 10 of the drawing illustrate yet another embodiment of the
      present invention wherein receptacle means 180 which may be of the
      character of any of the receptacle means hereinabove described is
      supported together with absorbent means 182 by bracket means 184 within
      housing and support means including housing or enclosure means 186. The
      use of housing means is advantageous in situations where it is desired to
      provide for the dispensing assembly to present an attractive appearance.
      Further, the housing and support means provides for the dispenser assembly
      to be provided with air circulating means such as fan means 188 which is
      disposed in the housing or enclosure means and is operable to draw ambient
      air into the housing means and past absorbent means 182 and thence
      outwardly into the room or enclosure in which the assembly is disposed.
      The housing may be of any suitable structural configuration and material
      and, preferably, includes front wall means 190, sidewall means 192 and
      194, top wall means 196 and bottom wall means 198. Wall means 190, 192,
      194, 196 and 198 preferably are suitably interconnected with one another
      to define a unitary structure. Further, the housing and support means
      includes support means which, in the embodiment illustrated, is in the
      form of support plate means 200 which is adapted to be mounted on support
      surface means 201, such as a wall or the like, by means such as threaded
      fasteners 203. Moreover, bottom wall means 198 may be provided with
      support means such as is defined by foot components 202 to provide for the
      assembly to rest on a horizontal surface as opposed to being mounted on a
      vertical surface. Preferably, bracket means 184 and fan means 188 are
      suitably attached to support plate means 200, and the latter is provided
      with flange means 205 to removably support the unitary housing or
      enclosure structure. It will be appreciated, however, that bracket means
      184 may be attached to support means 201 in a manner similar to that
      described in conjunction with the embodiment of FIGS. 7 and 8, and that
      the housing means may be separately attached to support means 201 or
      suitably supported by the bracket means. Further, it will be appreciated,
      that the fan means may also be separately attached to support means 201 if
      so desired. In any event, the fan means will be positioned relative to the
      dispensing unit in a manner whereby operation of the fan means causes
      ambient air to flow past absorbent means 182.
PAR  Fan means 188 may be of any suitable design and structure and in the
      embodiment illustrated includes electric motor means 204 adapted to be
      connected by means of lead 207 to any suitable electric power supply, not
      illustrated. Fan means 188 further includes blade means 206 driven by the
      motor to cause air circulation. Preferably, ambient air is drawn into the
      housing in a direction which is lateral to front wall means 90 and is
      exhausted from the housing through the front wall. In this respect, side
      wall means 192 and 194 may be provided with a plurality of suitable air
      inlet openings 208 and 210, respectively, and front wall 190 may be
      provided with a plurality of air outlet openings 212 in front of blade
      means 206. It will be appreciated, of course, that wall means 196 could
      also be provided with air inlet openings and that such openings could
      function alone or together with openings 208 and 210 in wall means 192 and
      194. Still further, it will be appreciated that air circulating means 188
      could be positioned relative to receptacle means 180 and the inlet and
      outlet openings in the housing in a manner whereby the fan would blow air
      past the absorbent material as opposed to inducing air flow therepast in
      the manner illustrated in FIGS. 9 and 10. The desired flow pattern for air
      circulated by the blower advantageously provides for deoderant vapors
      rising from the surface of absorbent means 182 to be entrained in the
      airstream and carried thereby in a direction which is transverse to that
      of the incoming air, thus to create a circulating air pattern to avoid the
      intake of air which has recently been treated. This air circulating effect
      may be supplemented by providing for the inlet openings 208 and 210 to be
      disposed adjacent the upper end of the housing and for the outlet openings
      212 to be disposed adjacent the lower end of the housing, whereby maximum
      separation of the inlet and outlet openings relative to the housing is
      achieved.
PAR  As many possible embodiments of the present invention may be made and as
      many possible changes may be made in the embodiments herein illustrated,
      it is to be distinctly understood that the foregoing description of
      preferred embodiments is to be interpreted merely as illustrative of the
      present invention and not as a limitation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid drop dispenser comprising a non-metallic receptacle for liquid
      to be dispensed and having a body portion and opposite ends integral with
      said body portion, said receptacle including first and second axially
      aligned openings in said opposite ends defined respectively by first and
      second neck means integral with and extending axially outwardly from the
      corresponding end, drop dispensing means including constricted wick means
      associated with said first opening for dispensing liquid in droplet form
      from said receptacle at predetermined fixed time intervals, said drop
      dispensing means being operable to dispense drops at said fixed time
      intervals whenever the interior of said receptacle is vented to
      atmosphere, said wick means being radially constricted along a length
      thereof to alone provide said predetermined fixed time interval between
      drops dispensed when said interior is vented to atmosphere, a closure cap
      on said second neck means, said closure cap and second neck means being
      cooperably threaded for said second neck means to support said closure cap
      for displacement relative thereto, said closure cap being selectively
      displaceable between said first and second positions on said second neck
      means, said closure cap in said first position sealingly engaging said
      second neck means to seal the interior of said receptacle relative to
      atmosphere to prevent dispensing, said closure cap and second neck means
      in said second closure cap position venting said interior to atmosphere to
      achieve dispensing at said fixed time intervals, and said closure cap
      being removable from said second neck means to facilitate introducing
      liquid into said receptacle through said second opening.
NUM  2.
PAR  2. The drop dispenser according to claim 1, wherein said drop dispensing
      means includes a sleeve releasably interrelated with said first opening,
      said sleeve having a bore of uniform cross section along its length, and
      said wick means being radially compressed within said bore and cooperable
      therewith to provide said fixed time intervals.
NUM  3.
PAR  3. The drop dispenser according to claim 1, wherein said first opening
      includes a cylindrical bore in said first neck means and of uniform
      diameter along its length, said wick means being radially compressed
      within said bore and cooperable therewith to provide said fixed time
      intervals.
NUM  4.
PAR  4. A liquid drop dispenser comprising a nonmetallic receptacle for liquid
      to be dispensed and having a body portion and opposite ends integral with
      said body portion, said receptacle including first and second axially
      aligned openings in said opposite ends defined respectively by first and
      second neck means integral with and extending axially outwardly from the
      corresponding end, drop dispensing means including constricted wick means
      associated with said first opening for dispensing liquid in droplet form
      from said receptacle at predetermined fixed time intervals, said drop
      dispensing means being operable only when the interior of said receptacle
      is vented to atmosphere and said timed intervals being determined by said
      constricted wick means alone, a closure cap on said second neck means,
      said closure cap and second neck means being cooperably threaded for said
      second neck means to support said closure cap for displacement relative
      thereto, said closure cap being selectively displaceable between first and
      second positions on said second neck means, said closure cap in said first
      position sealingly engaging said second neck means to seal the interior of
      said receptacle relative to atmosphere to prevent dispensing, said closure
      cap and second neck means in said second closure cap position venting said
      interior to atmosphere to achieve dispensing, said closure cap being
      removable from said second neck means to facilitate introducing liquid
      into said receptacle through said second opening, said drop dispensing
      means including a sleeve releaseably interrelated with said first opening,
      said sleeve having a bore of uniform cross section along its length, said
      wick means being radially compressed within said bore and cooperable
      therewith to provide said fixed time intervals, said first and second neck
      means being structurally identical, and said closure cap and said sleeve
      being adapted to be selectively associated with either of said first and
      second neck means.
NUM  5.
PAR  5. The drop dispenser according to claim 4, wherein said sleeve of said
      drop dispensing means and the inner surface of said first neck means
      defining said first opening include cooperable interengaging rib and
      groove means.
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ABST
PAL  A hopper or storage bin having an apparatus for promoting the discharge of
      material from the hopper including a generally conical material support
      member with a central discharge opening located beneath the hopper and a
      generally conical baffle on the support member above the discharge
      opening. Both the baffle and the support member are vibrated in the region
      of a resonant frequency of each to promote predominantly natural flexural
      vibration of each.
PARN
PAR  This is a continuation-in-part of my copending application Ser. No. 243,099
      filed Apr. 11, 1972 (now abandoned) which in turn was a continuation of
      Ser. No. 34,349 filed May 4, 1970 (now abandoned).
BSUM
PAR  This invention concerns apparatus for promoting material flow from a
      storage bin or hopper.
PAR  In many industries materials in granular, powdered, or other particulate
      form are stored in hoppers or bins and need to be discharged therefrom in
      a controlled manner as part of an industrial process. The varieties of
      apparatus which have been proposed for promoting the discharge of material
      from a storage bin or hopper are legion. Amongst the most successful types
      of apparatus for this purpose are those which utilise the mechanical
      vibration of certain parts, in the sense that those parts are bodily moved
      in space in a reciprocatory or gyratory manner. Such apparatus has not,
      however, been wholly satisfactory for handling a comprehensive range of
      different materials.
PAR  It is an object of the present invention to provide improved apparatus for
      promoting material flow from a storage bin or hopper, which is capable of
      successful performance with a wide range of different materials.
PAR  According to the present invention, apparatus for promoting material flow
      from a storage bin or hopper comprises a material supporting member having
      a discharge opening therein and adapted to be mounted beneath the outlet
      of the bin or hopper, baffle means disposed in spaced relationship above
      the discharge opening to prevent direct flow of material therethrough,
      means for exciting said material supporting member at or in the region of
      a resonant frequency thereof and means for exciting said baffle means at
      or in the region of a resonant frequency thereof, so as to promote
      predominantly flexural vibration of said material supporting member and
      said baffle means.
PAR  Both here and throughout the specification and claims by "flexural
      vibration" we mean a mode of vibration wherein nodes and antinodes are
      defined on the member being excited as opposed to localised vibratory
      deformation at the position of excitation. It will, of course, be
      understood that such flexural vibration is quite different from vibration
      wherein the member moves bodily in space in a reciprocatory or gyratory
      fashion.
PAR  The invention will be further apparent from the following description with
      reference to the figures of the accompanying drawing which show, by way of
      example only, one form of apparatus embodying the invention.
DRWD
PAR  Of the drawing:-
PAR  FIG. 1 shows a vertical cross-section through a storage bin fitted with the
      apparatus of the invention on the line I--I of FIG. 2;
PAR  and FIG. 2 shows a partially cut-away cross-section of the bin on the line
      II--II of FIG. 1.
DETD
PAR  As can clearly be seen from the drawing, the storage bin, generally
      indicated at 10 comprises a cylindrical shell having a circular outlet 11
      at its lower end.
PAR  A material supporting member 12, generally in the form of an inverted
      truncated conical shell, and provided with a discharge opening 13, is
      mounted beneath the outlet 11. An annular frame member 14 is secured to
      the base of the storage bin 10 thus to define the outlet 11 and provide an
      outwardly directed circumferential flange 14a. Four bracket members 15 are
      secured to the periphery of the material supporting member 12 externally
      adjacent the upper edge thereof, and are angularly spaced from one another
      by 90.degree.. Each of the brackets 15 is rigidly connected with the
      flange 14a by means of a bolt 16.
PAR  A flexible sleeve 17 extends between the lower edge of the annular frame
      member 14 and the upper edge of the material supporting member 12, and is
      secured by means of anchoring strips 18 and 19, thus to form a seal
      between the storage bin 10 and material supporting member 12.
PAR  A baffle in the form of a right conical shell 20 is mounted in spaced
      relationship above the discharge opening 13 and is supported by
      crossmembers 21 whose ends are secured to the frame member 14, there being
      four brackets 22 angularly spaced from one another by 90.degree. extending
      between the underside of the conical shell and the crossmembers 21.
PAR  Means to excite the material supporting member 12 is provided and is
      comprised by two diametrically opposed pole pieces 23 secured to the
      underside of the material supporting member 12 at positions between
      adjacent brackets 15 and in opposed spaced relationship from
      electro-magnets 24 rigidly secured to frame members 25.
PAR  Means to excite the conical shell 20 is provided and comprised by two
      diametrically opposed pole pieces 26 secured to the underside of the shell
      20 at positions between adjacent brackets 22 and in opposed spaced
      relationship from electro-magnets 27 which are rigidly secured to brackets
      28 anchored to ribs 29 extending between the crossmembers 21.
PAR  In use, alternating current is applied to the electro-magnets 24 and 27 at
      frequencies which are sufficiently close to resonant frequencies of the
      material supporting member 12 and conical shell 20 respectively as to
      cause these parts to vibrate in a predominantly flexural mode.
PAR  It will be understood that the material supporting member 12 and conical
      shell 20 must be designed and mounted so as to be inherently capable of
      vibrating flexurally. Thus, whilst the parts will not be of flimsy
      construction, they will be designed to flex between the points at which
      they are mounted. These points will be selected to define nodes on the
      members when they are vibrated and to this extent will, amongst other
      parameters such as the thickness and the diameter thereof, determine the
      frequency at which the members must be excited. It will be understood that
      the members may be vibrated at their fundamental frequency or at a
      harmonic thereof.
PAR  Experimental work has shown that apparatus constructed and adapted to
      operate as described above behaves in a particularly efficacious manner
      and is capable of successfully discharging a wide range of materials
      including those regarded as normally being difficult to handle, such as
      wet sand or carbon black, for example.
PAR  The resonant frequencies of the members 12 and 20 will be affected by the
      load thereon. Means may be provided automatically to vary the frequency of
      excitation as the contents of the storage bin are dispensed. Alternatively
      and preferably, since the expected variation is not high, the excitation
      means are tuned so that the exact resonant conditions are encountered as
      the storage bin is emptied.
PAR  It will be appreciated that it is not intended to limit the invention to
      the above example only, many variations, such as might readily occur to
      one skilled in the art, being possible, without departing from the scope
      thereof.
PAR  Thus, for example, the material supporting member need not be rigidly
      secured to the underside of the storage bin and may be suspended by
      flexible means.
PAR  Again, for example, the means of exciting the material supporting member
      and baffle need not be comprised by electro-magnets but could, for
      example, be constituted by electric motors having eccentric weight mounted
      on their shafts.
PAR  Yet again, for example, when it is possible to design the baffle to have
      the same resonant frequency as the material supporting member the former
      may be excited by means of a rigid mechanical connection between the two.
PAR  Yet again, for example, two excitation means need not be provided for each
      part to be vibrated, one such means will suffice in many applications, and
      more than two such means may be provided if desired.
PAR  It will be understood that when apparatus embodying the invention is
      installed, it will be convenient if mains frequency can be used as the
      excitation frequency, the members to be vibrated being designed and
      mounted with this end in view. In order to achieve exact adjustment it may
      be necessary to "tune" these members and this may be achieved by adding
      weights thereto, cutting slits therein or applying forces thereto by
      springs or other resilient means.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for promoting material flow from a storage bin or hopper
      comprising a material supporting member having material contacting walls
      capable of flexural vibration and having a discharge opening therein,
      means for mounting said member beneath the outlet of a bin or hopper
      comprising means for securing said member to said bin or hopper at least
      at some of an even number of positions around said member, which positions
      are nodal positions when the member is excited at or near resonant
      frequency and there being antinodal regions between said positions, baffle
      means disposed in spaced relationship above the discharge opening to
      prevent direct flow of material therethrough, and vibrator means acting on
      the walls of said member in at least one of said antinodal regions
      exciting said material supporting member at or in the region of a resonant
      frequency thereof so as to promote predominantly flexural vibration of
      said material supporting member.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said material supporting member
      is generally in the form of an inverted truncated conical shell.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said means for exciting said
      material supporting member is comprised by at least one electro-magnet
      mounted externally of the member between adjacent nodal positions where
      the member is mounted.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein each said electro-magnet is
      located in spaced relationship from a pole piece rigidly secured to the
      material supporting member.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein means is provided for securing
      said baffle means to the bin or hopper at least at some of an even number
      of positions around said baffle means, which positions are nodal positions
      when the baffle means is excited at or near resonant frequency, and means
      is provided for exciting said baffle means and is comprised by at least
      one electro-magnet mounted on the baffle means at a position between
      adjacent positions where the baffle means is mounted.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein each said electro-magnet is
      mounted in spaced relationship from a pole piece secured rigidly to the
      baffle means.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein both said material supporting
      member and said baffle means are mounted at four equi-angularly spaced
      locations around their peripheries.
NUM  8.
PAR  8. Apparatus according to claim 1, wherein said material supporting member
      is mounted upon said bin or hopper, said baffle member is mounted on said
      bin or hopper, and a flexible annulus sealingly connects the outlet of
      said bin or hopper to said material supporting member.
NUM  9.
PAR  9. Apparatus according to claim 1, wherein baffle means is mounted in
      spaced relationship above the outlet of the bin or hopper to prevent
      direct discharge of material therethrough and means is provided for
      separately exciting said baffle means at or in the region of its natural
      frequency so as to promote predominantly flexural vibration thereof.
NUM  10.
PAR  10. Apparatus according to claim 9, wherein independent exciting means are
      provided for the material supporting member and the baffle means.
NUM  11.
PAR  11. Apparatus for promoting material flow from a storage bin or hopper
      comprising a material supporting member having a discharge opening therein
      and adapted to be mounted beneath the outlet of the bin or hopper,
      mounting means for said member comprising means fixedly securing the
      periphery of said member at a plurality of positions relative to said bin
      or hopper, baffle means disposed in spaced relationship above the
      discharge opening to prevent direct flow of material therethrough, means
      for exciting said material supporting member at or in the region of a
      resonant frequency thereof, and means for exciting said baffle means at or
      in the region of a resonant frequency thereof, so as to promote
      predominantly flexural vibration of said material supporting member and
      said baffle means, said material supporting member being mounted upon said
      bin or hopper, and said baffle member being mounted on said bin or hopper,
      and a flexible annulus sealingly connecting the outlet of said bin or
      hopper to said material supporting member, said mounting means comprising
      an annular baffle mounting member secured upon and across the outlet of
      said bin or hopper and said baffle being fixed thereupon, said material
      supporting member being rigidly secured to said baffle mounting member,
      and said flexible annulus extending between said baffle mounting member
      and said material supporting member.
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ABST
PAL  The slitting and seaming together of hosiery blanks for producing panty
      hose is carried out by a single operator and during the usual everting,
      inspecting and toe seaming operation. The hosiery blanks are slit as they
      are drawn onto a tubular hosiery form and the upper end engages a heated
      wire slitter supported on one side of the tubular form and a predetermined
      distance from the open free end of the form. The heated wire slitter is
      supported between spaced guide plates which aid in directing the panty
      forming end portion of the hosiery blanks into engagement with the heated
      wire slitter.
PARN
PAR  This is a division of application Ser. No. 502,163, now U.S. Pat. No.
      3,900,899 filed Aug. 30, 1974.
BSUM
PAR  This invention relates generally to apparatus for producing panty hose and
      more particularly to the performance of the everting, inspecting, toe
      seaming, slitting and seaming together of a pair of hosiery blanks by a
      single operator.
PAR  The usual practice in producing panty hose is to knit seamless tubular
      hosiery blanks in right-side-out condition, transport the knit blanks to a
      first sewing operator where the blanks are everted, inspected and the toe
      ends are closed by a seaming operation and then transport the closed toe
      hosiery blanks to another operator where the upper ends are slit in a
      longitudinal direction and the slit edges of pairs of hosiery blanks are
      seamed together, with or without crotch patches or connecting panels, to
      complete the production of the panty hose. This usual method of producing
      panty hose requires unnecessary handling operations, thereby increasing
      production cost, and also increases the likelihood of forming picks and
      snags in the panty hose.
PAR  With the foregoing in mind, it is an object of the present invention to
      provide an apparatus for producing panty hose wherein the slitting of the
      hosiery blanks and seaming together of adjacent hosiery blanks is
      performed immediately following the usual everting, inspecting and toe
      seaming operation and by the same operator to thereby reduce the amount of
      handling required for the production of panty hose.
PAR  In accordance with the present invention, panty hose are produced by
      knitting pairs of seamless tubular blanks in right-side-out condition,
      drawing the panty forming end of a first hosiery blank up and over a
      tubular inspection form to evert the blank while engaging the panty
      forming end of the blank with a heated wire slitter which is fixed on the
      outside of the tubular form to longitudinally slit the first blank a
      predetermined distance from the end thereof as the panty forming end of
      the first blank is drawn up the outside of the tubular form to a
      predetermined location on the form. The toe end of the first blank is then
      sewn to close the same and this blank is turned back to right-side-out
      condition while it is removed from the form. These steps are then
      performed on a second tubular hosiery blank and the two blanks are joined
      together by seaming the corresponding edges of the slits to form the panty
      portion of the garment.
PAR  The apparatus for everting, inspecting and slitting tubular hosiery blanks
      is positioned immediately adjacent a sewing machine and includes an
      elongated tubular form having an open free end with a suction source
      connected to the other end of the tubular form for drawing air inwardly
      through the open end and along the length of the form. A heated wire
      slitter is supported on one side of the tubular form and a predetermined
      distance from the open end thereof. The heated wire slitter comprises a
      pair of guide plates extending longitudinally of the tubular form and
      including portions tapering outwardly and away from the open end of the
      tubular form so that the upper end of a hosiery blank is slit as it is
      drawn upwardly on the form and along the outwardly tapering portions of
      the guide plates to engage the heated wire slitter and slit the hosiery
      blank.
DRWD
PAR  Other objects and advantages will appear as the description proceeds when
      taken in connection with the accompanying drawings, in which
PAR  FIG. 1 is an isometric view of the everting, inspecting and slitting
      apparatus of the present invention and illustrating a fragmentary portion
      of the supporting table and sewing machine supported adjacent the open
      free end thereof;
PAR  FIG. 2 is an enlarged view of the upper end of the apparatus shown in FIG.
      1 and illustrating the manner in which the upper end of a hosiery blank is
      slit by the heated wire slitter as it is drawn up onto the tubular form to
      the proper position;
PAR  FIG. 3 is a fragmentary isometric view of the apparatus illustrating the
      manner in which the toe end of the stocking is closed while a portion of
      the slit end of the hosiery blank is maintained on the tubular form;
PAR  FIG. 4 is a perspective view of the upper end of a panty hose, illustrating
      the manner in which the slit edges of two adjacent hosiery blanks are
      seamed together to complete the panty portion thereof; and
PAR  FIG. 5 is an enlarged isometric view, with parts broken away, of the
      slitting device removed from the tubular form.
DETD
PAR  The everting, inspecting and slitting apparatus includes an elongate
      tubular form 10 having an open free end 11 (FIG. 1). The other end portion
      of the form 10 is suitably supported in spaced relationship above a work
      table 12 by means of a support block 13. The other end of the tubular form
      10 is suitably connected to a convenient suction source, not shown, so
      that air is drawn inwardly through the open free end 11 and along the
      length of the tubular form 10 to create suction currents therein. A
      conventional sewing machine 14 is supported on the work table 12 and in
      spaced apart relationship adjacent the free end 11 of the tubular form 10.
      This sewing machine 14 may be of any conventional type and is preferably
      of the type which is adapted to form an overedged seam and which is
      provided with a trimmer for cutting away the excess material just prior to
      the overedge seam being formed.
PAR  A heated hot wire slitter, broadly indicated at 15, is supported on one
      side of the tubular form 10 and is positioned a predetermined distance
      from the open free end 11. The heated wire slitter 15 includes a pair of
      guide plates extending longitudinally of the elongate tubular form 10 and
      having portions 16, 17 tapering outwardly and away from the open end 11 of
      the tubular form (FIG. 5). A spacer plate 18 maintains the forward ends of
      the guide plates in spaced apart relationship and a spacer block 19
      extends across and between the rear ends of the guide plates 16, 17. Upper
      and lower guard portions 20, 21 extend parallel with the tube 10 and are
      joined to the outwardly tapering portions 16, 17 to define slots
      therebetween.
PAR  As best illustrated in FIG. 5, the heated wire, indicated at 23, is
      U-shaped and the legs thereof extend into and are supported in the spacer
      block 19. Electric wires 24, 25 are connected to the legs of the U-shaped
      heated wire 23 and are suitably connected to any source of electrical
      energy, not shown. The medial portion of the U-shaped heated wire 23
      extends across and between the slots in the guide plates so that the
      heated wire is protected from engagement by the operator. When the upper
      end of a hosiery blank is drawn up the tubular form 10, it is guided up
      the outwardly tapering portions 16, 17 of the guide plates and into
      engagement with the transversely extending medial portion of the wire 23
      so that the fabric is slit. Slots 26 are provided in the guide plates and
      a band 27 extends through the slots and around the tubular form to
      maintain the heated wire slitter 15 in the desired longitudinal position
      on the form 10. A guide band or mark 28 is provided near the end of the
      form 10 as an indication to the operator where the upper end of the
      hosiery blank 50 is to be drawn in order to provide the desired length of
      slit in one side of the tubular hosiery blank.
PAC  METHOD OF OPERATION
PAR  The method of producing panty hose in accordance with the present invention
      includes knitting seamless tubular hosiery blanks in right-side-out
      condition with one end of each blank being adapted to form the toe and the
      other end being adapted to form one-half the panty portion and one-half of
      the waist opening of the panty hose. As is well-known, hosiery blanks are
      usually produced by a hosiery knitting machine with both ends open and it
      is the usual custom to employ a fine denier yarn in knitting the leg
      portion and to employ a heavier denier yarn in the upper portion of the
      hosiery blank which is adapted to form the panty portion of the panty
      hose. The sheer legs of the hosiery blank are indicated at 30 in FIG. 4
      and the heavier denier panty portion is indicated at 31. If desired, a
      turned welt waistband portion, indicated at 32 in FIG. 4, may be formed on
      the knitting machine.
PAR  The knit hosiery blanks are placed near the sewing machine operator and
      panty hose are produced from pairs of the seamless tubular blanks at the
      single operator station illustrated in FIG. 1. The toe end of the first of
      the blanks is positioned adjacent the open end 11 of the tubular form 10
      so that the toe end and a substantial length of the first blank is drawn
      into the tubular form by suction currents therein, as illustrated in FIG.
      1. The upper panty forming portion of the tubular blank is then drawn up
      and over the tubular form 10 to evert this first blank. As the upper end
      of the first blank is drawn up the outside of the tubular form, it engages
      and rides up the tapered portions 16, 17 of the heated wire slitter 15 and
      the fabric is slit by the medial portion of the U-shaped heated wire 23,
      as illustrated in FIG. 2. When the upper end of the blank reaches the
      indicator line or mark 28, the upper end of the hosiery blank has been
      slit to the desired length. While in this condition, the blank may be
      inspected for defects and the upper end of the hosiery blank is then moved
      downwardly on the form 10 to substantially the position shown in FIG. 3
      and the operator proceeds to close the toe end of the hosiery blank by use
      of the sewing machine 14. The closed toe end of the hosiery blank is then
      permitted to be drawn into the form 10 so that the blank is turned back to
      right-side-out condition as the operator withdraws the hosiery blank out
      of the tubular form 10.
PAR  A second hosiery blank is then everted, inspected, slit and the toe closed
      in the same manner as the first blank. The operator then connects the
      corresponding slit edges of the two hosiery blanks together by a seaming
      operation, as by a U-shaped seam, indicated at 33 in FIG. 4. The seam 33
      extends from the rear of the garment at the waist opening downwardly,
      through the crotch of the garment and up the front to the waist opening.
      If desired, a crotch patch or panel may be inserted between the edges of
      the two hosiery blanks to provide increased width in the desired portions
      of the panty of the panty hose.
PAR  Thus, the everting, inspecting, slitting, toe closing and joining together
      of pairs of hosiery blanks is carried out at a single position and by a
      single operator to thereby reduce the number of handlings which are
      required of the stocking blanks in the formation of panty hose. Further,
      the slitting of the fabric by the heated wire 23 tends to fuse the yarn
      ends and aids in preventing runs and the like in the panty hose. Also, the
      configuration of the guide plates above and below the heated wire 23
      protect the operator from engagement with the heated wire as the upper end
      of the hosiery blank is drawn up onto the form 10.
PAR  In the drawings and specification there has been set forth a preferred
      embodiment of the invention, and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. An apparatus for everting, inspecting and slitting tubular panty hose
      blanks, said apparatus comprising
PA1  a. an elongate tubular form having an open free end,
PA1  b. means associated with the other end of said tubular form for drawing air
      inwardly through the open free end and along the length of said tubular
      form to create suction currents therein, and
PA1  c. a heated wire slitter supported on one side of said tubular form and a
      predetermined distance from the open free end thereof, said heated wire
      slitter including a portion extending transversely and outwardly from said
      one side of said tubular form to engage and slit a tubular panty hose
      blank as the blank is drawn onto said tubular form and beyond said heated
      wire slitter.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said heated wire slitter
      comprises a pair of guide plates extending longitudinally of said elongate
      tubular form and including portions tapering outwardly and away from the
      open end of said tubular form, a spacer block connecting said guide plates
      together in spaced apart relationship, and wherein said heated wire
      slitter extends outwardly beyond the outwardly tapering portions of said
      guide plates to engage and slit a hosiery blank as it is drawn upwardly on
      said form and along the outwardly tapering portions of said guide plates.
NUM  3.
PAR  3. An apparatus according to claim 2 wherein said guide plates include
      slots therein and including a band extending through the slots in said
      guide plates and surrounding said tubular form to hold said heated wire
      slitter in position thereon.
NUM  4.
PAR  4. An apparatus according to claim 2 wherein said heated wire slitter is
      U-shaped and the legs thereof are supported in said spacer block.
NUM  5.
PAR  5. An apparatus according to claim 4 wherein said guide plates include
      guard portions extending parallel with said tubular form and being joined
      to said outwardly tapering portions to define slots therebetween, the
      medial portion of said heated wire slitter extending across and between
      the slots in said guide plates.
PATN
WKU  039412865
SRC  5
APN  5835615
APT  1
ART  313
APD  19750604
TTL  One-handed serving tray
ISD  19760302
NCL  16
ECL  1
EXA  Cherry; Johnny D.
EXP  Love; John J.
NDR  2
NFG  3
INVT
NAM  Perkinson; John W.
STR  2104 Forresthill Road
CTY  Alexandria
STA  VA
ZIP  22307
RLAP
COD  72
APN  513067
APD  19741008
PSC  03
CLAS
OCL  224 48C
XCL  206 72
XCL  294  1R
XCL  294 25
EDF  2
ICL  A47G 2306
FSC  294
FSS  1 R;7;3.5;25;32;55
FSC   D7
FSS  23;37;38;39
FSC  206
FSS  1.7;1.8;72
FSC  224
FSS  45 R;45 G;46 R;46 T;48 R;48 A;48 C;48 D;48 E
FSC  229
FSS  28 R;28 BC;30
UREF
PNO  2466636
ISD  19490400
NAM  Bruckner et al.
OCL  224 48C
UREF
PNO  3162344
ISD  19641200
NAM  Sabol
OCL  224 48C
UREF
PNO  3315858
ISD  19670400
NAM  Horner
OCL  224 48A
UREF
PNO  3504832
ISD  19700400
NAM  Corvetti
XCL  206 72
UREF
PNO  R27688
ISD  19730600
NAM  White et al.
OCL  224 48R
LREP
FR2  White; Gerald K.
ABST
PAL  A serving tray, having an opening through which at least a portion of the
      server's hand may be inserted and a support which thrusts upwardly against
      the wrist and/or forearm materially assists in carrying and balancing the
      laden tray, has utility for use in situations in which the server must
      carry and serve from the tray with one hand.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 513,067, entitled "One-Handed Serving Tray," and filed on Oct. 8, 1974
      and now abandoned.
BSUM
PAR  My invention is generally premised upon the discovery that a serving tray
      may be designed in such a manner that the server is able to carry heavily
      laden trays in a balanced manner with use of only one hand. The ability to
      carry heavy loads with one hand both facilitates serving and reduces
      muscular fatigue. Moreover, the tray is easily balanced, thus, minimizing
      potential spillage.
PAR  The prior art has attempted to provide a solution to this problem by
      various manners. Illustrative of such attempts are U.S. Pat. Nos. 219,183,
      Re. Nos. 27,688, 2,100,542, and 2,295,860. However, these inventions, for
      reasons which will become apparent, simply do not provide support in
      accordance with the principle of my invention.
PAR  It is thus, an object of my invention to provide a serving tray that may be
      carried and balanced in one hand and is capable of carrying relatively
      heavy loads.
PAR  It is further objective to provide a tray that is readily stackable or
      nestable with like trays so as to facilitate storage.
PAR  It is yet another objective, to provide a one-handed serving tray that may
      be placed on a flat surface without tilting.
DRWD
PAR  These and additional objectives and advantages of my invention will be
      apparent to those skilled in the art from the following description of the
      invention.
PAR  FIG. 1 is a perspective view of the serving tray of the invention.
PAR  FIG. 2 is another perspective view of the serving tray of the invention.
PAR  FIG. 3 is a schematical view of a serving tray section illustrating an
      angular support member that may be used in the serving tray of the
      invention.
DETD
PAR  The normal mode of carrying a serving tray with one hand is to place the
      thumb on the top surface of the tray and to place the palm of the hand and
      fingers under the tray to support the weight of the tray. By carrying a
      tray in the above described manner, the hand of the server becomes easily
      fatigued because primarily only hand muscles are involved in carrying the
      tray. Muscular fatigue is largely eliminated by using the serving tray of
      the invention.
PAR  The inventive serving tray is structured in such a manner that the server
      is enabled to use the forearm and/or wrist to assist the hand in
      supporting and balancing the tray. This procedure enables the server to
      more easily bear the weight of the tray and its contents. The improved
      effect is obtained by permitting the fingers and at least a portion of the
      palm of the hand to serve as a fulcrum with the weight of the tray being
      balanced by an upward thrust of the tray directed upon the forearm and/or
      wrist of the server. Hence, the weight of the tray and its contents is
      more evenly distributed along the entire arm.
PAR  The tray of the invention may be advantageously employed under conditions
      where the server must rapidly move through a crowded or otherwise
      congested area, because lateral movement of the tray is controlled by
      lateral movement of the arm since the tray is essentially an extension of
      the arm.
PAR  The tray may be also carried in the normal two-handed manner until the
      moment at which a free hand is required for serving. At this time, the
      tray can be easily shifted to a position where the forearm is used to
      assist in supporting the laden tray. This procedure frees the other hand
      for serving.
PAR  FIG. 1 illustrates an embodiment of the invention that is preferred from
      the standpoint that it may be manufactured as a simple, one piece unit and
      is nestable or stackable with like trays during storage. The serving tray
      is generally planar and has a top surface 5 and a bottom surface. Top
      surface 5 is adapted to hold objects 1 and 2. Rim 6 partially follows the
      periphery of the tray and is raised so as to assist in the prevention of
      spillage of the carried items. Opening 4 extends through the top and
      bottom surfaces of the tray and is dimensioned so that a portion of the
      server's hand may be extended through the opening. The tray is supported
      at its bottom by the fingers and at least a portion of the palm of the
      hand when the server's hand and forearm are positioned to be generally
      coplanar with the top and bottom surfaces of the tray. The opening may be
      located at or proximate to either side of the periphery of the tray as
      illustrated by openings 4 and 4', so as to maximize the effective carrying
      area of the tray. Of course, the opening could be located nearer to the
      center portion of the tray in order to increase the ease of tray support.
      It should be further understood that the term periphery, when used in the
      context of the invention, refers to the area bounding the edge of the
      major portion of the serving tray and includes an imaginary line that
      would complete the symmetry of such boundry even though a portion of the
      tray protrudes beyond the imaginary line.
PAR  Although not essential to the operability of the invention FIG. 1
      illustrates a preferred mode of hand insertion. Fingers 7 and a portion of
      the palm are placed upon the tray bottom and thumb 8 is rested upon the
      tray top. Such technique permits thumb 8 to assist in gripping and
      preventing torsional movement of the tray. Support means 9 comprise a
      semi-cylindrical extension of the tray that is integral with the carrying
      portion of the serving tray. The support means is generally parallel to
      the top and bottom planar surfaces and extend beyond the tray periphery
      and is located at a position below the bottom surface of the tray. The
      support means is preferably shaped to conform to the server's wrist and/or
      underside of forearm and wrist 3. When objects 1 and 2 are placed on the
      serving tray, support means 9 is thrust against the underside of the
      server's wrist and/or forearm. Such balancing of forces serves to
      effectively distribute the weight of the tray and its contents over the
      server's hand and forearm; thus, reducing the amount of weight that must
      be supported by hand.
PAR  FIG. 2 illustrates the same tray from a different perspective. This view
      further depicts the positioning of fingers 4 on tray bottom 10 as well as
      the manner in which support means 9 are thrust against the underside of
      the server's forearm and wrist 3. Legs 11 and 12, in combination with
      support 9, form a tripod type of understructure which permits the server
      to rest the tray on a generally level surface without encountering
      tilting. Obviously, legs 11 and 12 should be extended approximately the
      same distance below tray bottom 10 as that of support means 9.
PAR  Support means 9 should be of such a length so as to be adapted to be thrust
      against the underside of the server's wrist and/or forearm. By increasing
      the length of the support means so that it is thrust against the forearm
      as well as the wrist, a greater degree support may be obtained. Such
      procedure would facilitate the carrying of relatively heavy trays and
      loads. This effect is also a function of the location of opening 4. As
      would be apparent to those skilled in the art, the support means length
      and opening location could be varied so as to produce whatever combination
      of weight distribution and effective serving area that is desired. A
      convenient length is one that would extend to somewhat beyond the wrist.
      Significantly longer lengths would tend to be unwieldy.
PAR  The support means may be of any shape or configuration that would
      conveniently conform with the underside of the lower arm or wrist. A
      concave shape, in the form of a half-cylinder is preferred because of the
      ability for one size to be adaptable for use of server's having different
      arm or wrist sizes. A V-shaped angle created by two planar surfaces would
      also be adequate for purposes of the invention. Either of the above
      configurations is amendable to stacking a plurality of trays and, thus,
      promotes the object of nestability.
PAR  The inclusions of legs such as depicted in FIG. 2 also materially enhances
      the ability to stack a plurality of trays and would eliminate the
      occurrence of a skewed stacking configuration. In addition, the use of
      legs is also preferred because the server could then place the tray on a
      flat surface without the danger of tilting. Moreover, the tray could then
      be easily picked up from such position with the use of only one hand. Of
      course, a single rectangular leg of a sufficient size to avoid tray
      tilting could be used instead of the above mentioned two legs.
PAR  It is also possible to provide a tray in accordance with the invention that
      is nestable and may be placed on generally flat surfaces without tilting
      that does not involve the use of legs. Such tray utilizes support means
      somewhat different than that previously described in that the support
      means do not extend below the bottom surface of the tray. Instead, the
      support means are located so as that at least a portion is generally on
      the same plane as the tray bottom or even slightly above the plane of the
      tray bottom. In either case, it may be advantageous to provide a slight
      upward, in relation to the top and bottom planar surfaces of the tray,
      angle or gradient so as to further assist in facilitating the thrusting
      action of the support means when the tray is carried at a level near the
      server's waist. FIG. 3 is a schematical view of a section of a serving
      tray similar to those depicted in FIGS. 1 and 2 which illustrates this
      concept, particularly the angular characteristic of the support member.
      Support member 9 may be located generally on the same plane or at a slight
      angle to tray surface 5. In use, the top portion of support means 9 is
      thrust up against the underside of the server's wrist and/or forearm upon
      insertion of the server's fingers into opening 4 as described previously.
      As would also be apparent from FIGS. 1 and 2, the opening may be located
      completely within the tray periphery, at its periphery or completely
      beyond its periphery and through the top and bottom surfaces of support
      means 9. It is preferred to locate opening 4 at or closely proximate to
      the tray periphery so as to maximize total tray serving area.
PAR  It is preferred to form the serving portion of the tray and the support
      means as a unitary structure. By integrally connecting the two structural
      portions of the invention, it is possible to realize a savings from the
      standpoint of assembly costs. However, the support means could also be
      detachable from the main portion of the tray if desired.
PAR  The tray may be made of any commonly available material such as wood,
      plastic, glass, metal, etc., provided that the material possesses
      sufficient rigidity to support the load.
CLMS
STM  I claim:
NUM  1.
PAR  1. A serving tray, comprising:
PA1  a. a generally planar tray having a top and bottom surface and a periphery;
PA1  b. said tray having an opening extending through said top and bottom
      surfaces, said opening dimensioned so that at least a portion of a hand
      may be inserted through said opening so that fingers and at least a
      portion of a palm of the hand may serve to support said tray when the hand
      is positioned generally parallel to said tray; and
PA1  c. support means connected with and generally parallel to said tray,
      extending beyond said periphery at least to as far as a wrist and below
      the bottom surface of said tray, and shaped so as to generally conform to
      the shape of the underside of the wrist.
NUM  2.
PAR  2. A serving tray as claimed in claim 1, wherein:
PA1  said opening is located within an area bounded by said periphery.
NUM  3.
PAR  3. A serving tray as claim 1, wherein:
PA1  said support means extend beyond said periphery for a distance greater than
      that of the wrist.
NUM  4.
PAR  4. A serving tray as claimed in claim 1, wherein:
PA1  said support means comprise a generally half-cylindrical body.
NUM  5.
PAR  5. A serving tray as claim 1, wherein:
PA1  said support means are an integral portion of said serving tray.
NUM  6.
PAR  6. A serving tray as claimed in claim 1, wherein:
PA1  said serving tray is nestable with other like shaped serving trays.
NUM  7.
PAR  7. A serving tray as claimed in claim 1 which further includes:
PA1  at least one leg connected to said tray bottom and extending below the
      bottom surface of the tray to a distance approximately equal to that of
      said support means.
NUM  8.
PAR  8. A serving tray, comprising:
PA1  a. a generally planar tray having a top and bottom surface and a periphery;
PA1  b. support means having a top and bottom surface, connected with and
      generally parallel to said tray, extending beyond said periphery and below
      the bottom surface of said tray, and shaped so as to generally conform to
      the underside of a wrist; and
PA1  c. said support means having an opening extending through said top and
      bottom surfaces of said support means, said opening dimensioned so that at
      least a portion of a hand may be inserted through said opening so that
      fingers and at least a portion of a palm of the hand may serve to support
      said tray when the hand is positioned generally parallel to said tray.
NUM  9.
PAR  9. A serving tray, comprising:
PA1  a. a generally planar tray having a top and bottom surface and a periphery;
PA1  b. said tray having an opening extending through at least a portion of said
      top and bottom surfaces, said opening dimensioned so that at least a
      portion of a hand may be inserted through said opening so that fingers and
      at least a portion of a palm of the hand may serve to support said tray
      when the hand is positioned generally parallel to said tray; and
PA1  c. support means connected with and generally parallel to said tray,
      extending beyond said periphery at least to as far as a wrist and located
      on substantially the same general plane as the bottom surface of said
      tray, and shaped so as to generally conform to the shape of the underside
      of the wrist for supporting said tray.
NUM  10.
PAR  10. A serving tray as claimed in claim 9, wherein:
PA1  a portion of said support means being at a slight upward angle in relation
      to the top and bottom planar surfaces of the tray.
NUM  11.
PAR  11. A serving tray, comprising:
PA1  a. a generally planar tray having a top and bottom surface and a periphery;
PA1  b. said tray having an opening extending through at least a portion of said
      top and bottom surfaces, said opening dimensioned so that at least a
      portion of a hand may be inserted through said opening so that fingers and
      at least a portion of a palm of the hand may serve to support said tray
      when the hand is positioned generally parallel to said tray; and
PA1  c. support means connected with and generally parallel to said tray,
      extending beyond said periphery to as least as far as a wrist and located
      on a plane slightly above the general plane of the bottom surface of said
      tray, and shaped so as to generally conform to the shape of the underside
      of the wrist for supporting said tray.
NUM  12.
PAR  12. A serving tray as claimed in claim 11, wherein:
PA1  a portion of said support means being at a slight upward angle in relation
      to the top and bottom planar surfaces of the tray.
NUM  13.
PAR  13. A serving tray, comprising:
PA1  a. a generally planar tray having a top and bottom surface and a periphery;
PA1  b. support means having a top and bottom surface, connected with and
      generally parallel to said tray, extending beyond said periphery and
      located on substantially the same general plane as the bottom surface of
      said tray, and shaped so as to generally conform to the underside of a
      wrist; and
PA1  c. said support means having an opening extending through said top and
      bottom surfaces of said support means, said opening dimensioned so that at
      least a portion of a hand may be inserted through said opening so that
      fingers and at least a portion of a palm of the hand may serve to support
      said tray when the hand is positioned generally parallel to said tray.
NUM  14.
PAR  14. A serving tray as claimed in claim 13, wherein:
PA1  a portion of said support means being at a slight upward angle in relation
      to the top and bottom surfaces of the tray.
NUM  15.
PAR  15. A serving tray, comprising:
PA1  a. a generally planar tray having a top and bottom surface and a periphery;
PA1  b. support means having a top and bottom surface, connected with and
      generally parallel to said tray, extending beyond said periphery and at
      least a portion of said support means located slightly above the general
      plane of the bottom surface of said tray, and shaped so as to generally
      conform to the underside of a wrist; and
PA1  c. said support means having an opening extending through said top and
      bottom surfaces of said support means, said opening dimensioned so that at
      least a portion of a hand may be inserted through said opening so that
      fingers and at least a portion of a palm of the hand may serve to support
      said tray when the hand is positioned generally parallel to said tray.
NUM  16.
PAR  16. A serving tray as claimed in claim 15, wherein:
PA1  a portion of said support means being at a slight upward angle in relation
      to the top and bottom surfaces of the tray.
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ABST
PAL  There is disclosed a film pull-down mechanism comprising a four-pivot
      linkage with two additional links attached thereto. The two additional
      links are mounted between a plane containing the film and a plane
      intersecting the drive means of the mechanism.
BSUM
PAR  This invention relates to a film pull-down mechanism comprising seven
      pivots, three of which are stationary, and which comprises a four-pivot
      linkage for generating a compound curve, and two additional links.
PAR  In the known mechanisms of that kind (Opened German Patent specification
      Nos. 2,132,576 and 2,132,577), the shuttle path (which is the pull-down
      curve of the pull-down claw) is determined by the four-pivot linkage so
      that the compound curve and the shuttle path coincide. To obtain an
      approximately satisfactory design as regards the pull-down curve of the
      pull-down claw and the position of the engaging surface of the pull-down
      claw relative to the perforation hole in the film, the driving crank
      mechanism is disposed near the film plane. At the same time, the
      transport-standstill ratio (this is the ratio of the time during which the
      shuttle moves the film strip to the time during which the film strip is
      stationary and can be exposed) should be suitable for the use of a
      high-speed shuttle. For this reason the four-pivot linkage must be
      extended by the provision of two additional links consisting of a slider
      linkage or a double-crank linkage and connected between the four-pivot
      linkage and its drive. In order to ensure an approximately satisfactory
      position of the pull-down claw relative to the film path and of the
      pulling side face of said claw relative to the film, the additional links
      must consist of long levers. For this reason the known film pull-down
      mechanism is not equally well suited for all motion picture cameras
      because some motion picture cameras lack the space required for the
      preceding links and the long links (levers) required for this purpose have
      a high inertia.
PAR  It is an object of the invention to provide a film pull-down mechanism
      which is of the kind defined first hereinbefore and which is compact and
      only by means of pivots and the two additional links members improves not
      only the transport-standstill ratio but also the position of the pull-down
      claw relative to the film path in such a manner that the pulling side face
      of said claw is approximately at right angles to the film plane
      particularly as the claw enters and leaves the perforation hole in the
      film.
PAR  In a film pull-down mechanism of the kind described first hereinbefore,
      this object is accomplished according to the invention in that the two
      additional links succeed the four-pivot linkage and that the additional
      link which carries the pull-down claw is pivoted at one end to the link
      which describes the compound curve and at the other end is connected by
      the second additional link to the third stationary pivot. In the film
      pull-down mechanism according to the invention the compound curve does not
      directly define the pull-down curve of the pull-down claw. The additional
      links which succeed the four-pivot linkage have a dual function and enable
      the provision of a compact mechanism whose members are connected only by
      pivots. The dual function of the succeeding additional links resides in
      that the transport-standstill ratio is improved as well as the position of
      the pull-down claw relative to the film path so that the pulling side face
      of said claw is approximately at right angles to the film particularly as
      the claw enters and leaves the perforation hole of the film.
PAR  As regards the compact structure which enables the use of the film
      pull-down mechanism according to the invention even in motion picture
      cameras using a quickchange cassette, another improvement will be obtained
      if the compound curve is determined by the arrangement of the pivots and
      the length of the links between the film plane and an imaginary plane
      which is parallel to the film plane and extends through the shuttle drive
      shaft. Particularly desirable in this respect is an embodiment of the
      invention in which the compound curve is generated between the film plane
      and the shuttle drive shaft.
PAR  For an improvement of the transport-standstill ratio and of the position of
      the pull-down claw relative to the film plane, the pull-down claw should
      be as nearly as possible at right angles to the film plane as the claw
      enters and leaves the perforation hole in the film strip. All of the
      planes in which the shuttle claw is instantaneously disposed are referred
      to as a set of positions. The curve generated by that point which
      determines the position of the contacting surface of the pull-down claw
      relative to the film path is one locus of said positions. The other locus
      is the side face of the shuttle claw. The point which generates the locus
      of the set must be selected so as to optimize the position of the
      contacting surface of the pull-down claw relative to the film path.
PAR  The invention also comprises a film-stepping mechanism, which comprises a
      film pull-down mechanism of the kind described and a registration member,
      and from this aspect is characterized in that the registration member
      consists of a rocker lever, which is pivoted near the film plane and has a
      registration pin which is arcuately shaped about the pivotal axis of said
      rocker lever, and the latter is connected by a coupling link to an
      additional, phase-displaced additional crankpin of the shuttle drive
      shaft. This film-stepping mechanism according to the invention affords a
      number of advantages. The registration member according to the invention
      is free of noise and wear in operation. It is less expensive, because a
      camwheel is saved, which would involve high manufacturing costs. Owing to
      the use of the pivot in conjunction with the curved registration pin, the
      motion of the registration member can be controlled in such a manner that
      a standstill thereof at its dead centers is avoided whereas there is no
      need of a cam slot control for this purpose. Experience has shown that
      mechanisms which involve a standstill at a point of reversal have a higher
      inertia and for this reason produce more noise. For this reason the
      registration member is pivotally connected also to a crank rather than to
      a camwheel.
DRWD
PAR  The invention will be described hereinafter by way of example with
      reference to the drawing, in which
PAR  FIG. 1 is a basic representation of a film pull-down mechanism according to
      the invention, comprising seven pivot joints, three of which are
      stationary,
PAR  FIG. 2 shows a practical embodiment of such film pull-down mechanism
      according to the invention, and
PAR  FIG. 3 shows a practical embodiment of a film-stepping mechanism according
      to the invention, consisting of a film pull-down mechanism and a
      registration member.
DETD
PAR  The film pull-down mechanism according to the invention pulls down the film
      strip through an angle of, e.g., 120.degree. so that the
      transport-standstill ratio is 1:3.
PAR  From the basic representation of the pull-down mechanism according to the
      invention shown in FIG. 1 it is apparent that the mechanism comprises
      seven pivot joints 1 to 7 and six links 8 to 13. Of the seven pivots,
      those designated 1, 4, and 7 are stationary pivots, which are mounted in a
      housing or frame, which constitutes the fixed link 8. The pivot 1 is the
      drive pivot. The crank pivot 2 connects the crank link 9 to the coupling
      link 10, which is connected by the pivot 3 to the rocker link 11. The
      latte is provided with the stationary pivot 4. The two additional links 12
      and 13 are connected to the other end of the coupling link 10 by the pivot
      5 and are interconnected by the pivot 6. The additional link 12 is formed
      as a unit with the pull-down claw 15. The additional link 13 is pivoted by
      the stationary pivot 7. The four-pivot linkage comprising pivots 1 to 4
      and links 8 to 11 generates a so-called compound curve 14, which is
      described by the pivot 5, which is connected to the two succeeding
      additional links 12 and 13, which together with the pivots 6 and 7 and the
      four-pivot linkage constitute a seven-pivot linkage.
PAR  In accordance with the state of the art, the additional links are connected
      between the drive means and the four-pivot linkage. It is readily apparent
      from FIG. 1 that the two additional links 12 and 13 succeed the four-pivot
      linkage 1-2-3-4 when this is considered from the drive means or from the
      first stationary pivot 1. The film plane is designated 16. The shuttle
      path or the pull-down curve 17 of the pull-down claw 15 differs clearly
      from the compound curve 14, as is apparent from FIG. 1.
PAR  This is due to the positions of the claw tip 21 and of an individually
      determined point 18 relative to the pivot 5. The selection of these
      relative positions results in the pull-down curve 17 shown in FIG. 1 and
      in the set of planes 20 associated with the different positions of the
      pull-down claw 15. The point 18 generates a curve 19, which differs from
      the compound curve 14 and the pull-down curve 17 and which determines the
      successive planes of the set 20, which planes are occupied by the
      pull-down claw 15 in its consecutive positions.
PAR  The small numbers indicate the direction of movement of the crank pivot 2
      and coordinate its positions with respective points of the compound curve
      14, the locus 19 for the set of planes, and the pull-down curve 17 of the
      pull-down claw 15. For this reason the curves of the set 20 between the
      curves 17 and 19 represent the instantaneous angles between the pull-down
      claw 15 and the film plane 16.
PAR  A practical version of this embodiment is shown in FIG. 2. The first
      stationary pivot 1 is constituted by a shuttle drive shaft 22. The pivot 2
      is constituted by a crankpin 23, which is part of the shuttle shaft 22.
      The eccentricity of this crankpin 23 relative to the center of the shuttle
      shaft (pivot 1) corresponds to the length of the crank link 9. The
      coupling link 10 is represented by a double-armed lever 24, which is
      pivoted to the crankpin 23. A rocker lever 25 corresponds to link 11,
      which is connected by the pivot 3 to the left-hand end of the double-armed
      lever 24 (coupling link 10). The right-hand end of the double-armed lever
      24 in FIG. 2 carries the pivot 5, which connects the four-pivot linkage 1
      to 4 to the two succeeding additional links 12 and 13. The center of pivot
      5 describes the compound curve 14, which is represented in FIG. 1. In the
      embodiment of FIG. 2, the additional link 12 is represented by a lever 26,
      which carries the pull-down claw and which is connected by the pivot 6 to
      a lever 27, which constitutes the second additional link 13. The latter is
      pivoted by the third stationary pivot 7. This arrangement has the
      advantage that the lever 26 (additional link 12) made of a suitable
      material is integral with the pull-down claw 15. The film plane is
      designated 16 and the pull-down curve of the pull-down claw is designated
      17. The desired approximately right-angled position of the pull-down claw
      15, particularly as it enters and leaves the film plane 16, in accordance
      with the set of planes 20 shown in FIG. 1, is ensured by the selected
      position of the pull-down claw 15 on the lever 26. It will be readily
      understood that the position of the pull-down claw 15 relative to the
      lever 26 may be changed as has been fully explained with reference to FIG.
      1 so that the set of planes 20 can be changed too. This would be
      equivalent to a change of point 18 in FIG. 1, which point describes the
      curve 19 in FIG. 1. The position of the stationary pivot 4 relative to the
      shuttle shaft 22 can be adjusted to a small extent to determine the exact
      extent of the pull-down stroke of the claw tip 21 relative to the pitch of
      the perforation holes in the film.
PAR  FIG. 3 shows a practical embodiment of a film-stepping mechanism according
      to the invention. That mechanism comprises a film pull-down mechanism
      according to FIG. 2 and a registration mechanism. Reference numbers used
      also in FIG. 2 mean that the structure is identical to that described with
      reference to FIG. 2. The registration mechanism comprises a rocker lever
      28, which carries a registration pin 29, which is precisely shaped in
      accordance with an arc centered on the pivotal axis 30 of the rocker lever
      28. The pivotal axis 30 of the rocker lever 28 is disposed near the film
      plane 16 and vertically adjustable. This adjustment permits of an exact
      positioning of the registration pin 29 relative to the perforation hole of
      the film when the pull-down claw 15 has pulled down the film and reached
      its end position. The rocker lever 28 carrying the registration pin 29 is
      connected by a pivot 31 to a connecting link 32 and the latter is
      connected to a second crankpin 33 of the shuttle drive shaft 22 so that
      the motions of the pull-down mechanism and of the registration mechanism
      are derived from one and the same shuttle shaft 22. The crankpin 33 of the
      registration mechanism belongs to a crank 34 and has such a phase
      displacement relative to the crankpin 23 for driving the pull-down
      mechanism so that synchronous motions and a correct phase relation between
      the pull-down claw 15 and the registration pin 29 are ensured.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A film moving mechanism having seven swivel joints, three of which
      joints are stationery and four of which joints are comprised in a four
      joint linkage which is adapted to generate a compound curve, and a
      rotating drive means, said mechanism comprising:
PA1  two link members, one link member being attached to the four joint linkage
      and said two link members being mounted between a first plane containing
      the film and a second plane parallel to said first plane and intersecting
      the drive means; and
PA1  a film pull-down claw connected to said one link member for engaging
      performations in the film and moving that film.
NUM  2.
PAR  2. The mechanism of claim 1 wherein said pull-down claw comprises a pulling
      flank and is attached to said one link member so that said pulling flank
      engages and disengages from the film perforations at substantially right
      angles to the film.
NUM  3.
PAR  3. The mechanism of claim 2, further including a point on said pull-down
      claw which point generates a generated curve as the drive means rotates,
      said pull-down claw being connected to said one link member so that
      positions assumed by said claw relative to the film correspond to similar
      positions on said generated curve.
NUM  4.
PAR  4. The mechanism of claim 3 wherein said one link member and said film
      pull-down claw form a single unitary element.
NUM  5.
PAR  5. The mechanism of claim 4 wherein the distance of travel of said film
      pull-down claw is adjusted by moving one swivel joint of the three
      stationary swivel joints.
NUM  6.
PAR  6. The mechanism of claim 4, further including a crank pin connected to the
      drive means and wherein the four joint linkage comprises a pivoting lever
      connected to said one stationary swivel joint and a two-armed lever
      hingedly connected to said crank pin having one arm linked to said
      pivoting lever, and the other arm linked to said one link of said two
      additional link members.
NUM  7.
PAR  7. The mechanism of claim 6 further including a registration mechanism
      comprising a rocker lever pivotably mounted at one end on a bearing point,
      a curved registration pin mounted on said rocker lever at the other end
      thereof and disposed adjacent said first plane, said bearing point being
      located at the center of curvature of said registration pin, a second
      crank pin connected to the drive means, a connecting link attached to said
      second crank pin and connected to said rocker lever, said second crank pin
      being connected to the drive means at a position displaced from said first
      crank pin.
NUM  8.
PAR  8. The mechanism of claim 7 wherein the bearing point of said rocker lever
      is adapted to be vertically adjustable.
NUM  9.
PAR  9. The mechanism of claim 4 wherein said single element is made of a hard
      alloy.
NUM  10.
PAR  10. The mechanism of claim 1 wherein the other link of said two link
      members is attached at one end to another one of the stationary joints and
      at the other end to said one link member.
NUM  11.
PAR  11. The mechanism of claim 1 wherein the compound curve is generated
      between said first and second planes.
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ABST
PAL  An apparatus is described for positioning a paper web with respect to the
      print mechanism of a high speed printer. The apparatus includes a rod
      supported by the main frame of the printer and a slide tube is coaxially
      positionable on the rod. A pair of tractors for driving the web across the
      print station are carried upon the slide tube. One of the tractors is
      fixed to one end of the slide tube and the second tractor is positionally
      adjustable upon the slide tube. A clamp is provided for securing the
      second tractor to the slide tube after the spacing between the tractors is
      adjusted in relation to the width of the paper web. The slide tube is
      positioned to locate the type margin on the web at the desired location
      and a second clamp secures the slide tube to the rod.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to an apparatus for positioning a web of
      paper stationery with respect to the print mechanism of a high speed
      printer and more particularly relates to such an apparatus which includes
      means for accommodating various web widths and for positioning the web so
      as to accurately locate the printed type margin thereon.
PAR  The rapid growth of data communications systems, over the last few years,
      has greatly increased the demand for high speed alphanumeric printers
      which print the informational data in readable form upon a paper web. Such
      printers are frequently operated on a continuous basis and require
      operator attendance only for replacement of an exhausted paper supply or
      clearance of a paper jam. The paper stationery used in such printers is
      generally supplied as a continuous sheet with transverse perforations
      facilitating the removal of selected pages. Additionally, extending
      longitudinally adjacent the margins of the paper are a series of spaced
      sprocket holes which are engaged by a drive mechanism provided on the
      printer which drives the paper past the print mechanism.
PAR  A wide variety of stationery sizes are available having various widths to
      accomodate different user requirements. Thus, for greatest versatility, it
      is desirable that the printer include means for adapting to a wide range
      of paper widths. Frequently, during daily operation, the operator is
      required to change the paper in a printer to one having a different width
      to correspond with a new data format. Additionally, the location of the
      print margin on the paper may require a corresponding adjustment. Often,
      one operator is assigned the task of servicing several machines and thus
      it is extremely important that the printers under his supervision be
      adapted to facilitate rapid and convenient replacement of the paper
      therein and adjustment to varying paper size and data format. One such
      device adapted for positioning the paper in a teleprinter is described in
      U.S. Pat. No. 3,799,313 entitled "Adjustable Sprocket Assembly" issued to
      B. L. Shevick on Mar. 26, 1974, having a common assignee with this
      application. As described in this reference, the sprocket drives are
      independently positioned to accommodate the paper width. Margin adjustment
      of the type upon the paper necessitates repositioning both of the sprocket
      drives and is a somewhat cumbersome procedure. J. M. Ostray in U.S. Pat.
      No. 1,938,531, entitled "Adjustable Guide for Paper Plates of Typewriters"
      describes a device which includes two slides for engaging the margins of
      the paper. The paper is positioned at the desired location and each slide
      positioned until the paper nests between them. Once positioned, it is
      relatively difficult to reposition the paper to varying the location of
      the print margin thereon since; to accomplish this end, both of the slides
      must be repositioned. U.S. Pat. No. 2,273,565 issued to J. E. Euth et al.
      on Feb. 17, 1947 and entitled "Stationery-Guide Assembly" is addressed to
      this problem and provides two paper margin guides supported upon a support
      screw. The guides are positioned on the support screw to the desired paper
      width and the support screw turned to simultaneously position both guides
      until the type margin is at the desired location on the paper. The
      apparatus described by Euth et al. is relatively complicated and requires
      considerable operator time to effect adjustment.
PAR  The illustrated embodiment provides a web guide mechanism which is
      relatively simple in construction and may be quickly and accurately
      adjusted to acommodate various web widths and selected margin
      requirements. The apparatus described includes means for conveniently
      shifting the paper location with respect to the print mechanism so that
      the type margin on the paper may be accurately located without disturbing
      the web width setting. All adjustments may be accomplished quickly and the
      apparatus being relatively simple requires little or no maintenance.
PAC  SUMMARY OF THE INVENTION
PAR  An apparatus is described for positioning a web defining two continuous
      edges with respect to the print mechanism of a printer. A main support
      frame carries an elongated support member upon which is positioned a slide
      for movement therealong. First web engaging means are carried upon the
      slide for selective movement therealong. Additionally, second web engaging
      means are provided for engaging the web at a second fixed location
      adjacent an alternate margin of the web. The second web engaging means is
      also mounted upon the slide. Movement of the slide provides selective
      orientation of the web with respect to the print station whereas movement
      of the second web engaging means provides selective adaptation of the
      apparatus to varying web widths.
PAR  More particularly, the support member is in the form of a rod mounted upon
      the support frame and the slide means is in the form of a tube coaxially
      positioned over the rod. The second web engaging means is mounted in a
      fixed position on the tube and first means are provided for releasably
      securing the first web engaging means to the tube to facilitate relative
      spacing between the first and second web engaging means.
PAR  It is a main object of this invention to provide a web positioning
      apparatus which facilitates the adjustment and placement of the web with
      respect to the print mechanism of a printer.
PAR  Other objects, advantages and features of the invention will be more
      readily appreciated after reference to the following description and
      accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a portion of a high speed printer including
      certain features of this invention;
PAR  FIG. 2 is an enlarged fragmentary perspective view of a portion of the
      apparatus of FIG. 1 with certain elements thereof shown by an exploded
      assembly presentation;
PAR  FIG. 3 is an enlarged partial sectional view taken along the line 3--3 of
      FIG. 1;
PAR  FIG. 4 is a sectional view of a component illustrated in FIG. 3 taken along
      the line 4--4 with certain operative features exaggerated for clarity of
      illustration; and
PAR  FIG. 5 is an enlarged fragmentary perspective view of a portion of the
      apparatus illustrated in FIG. 1 with certain elements thereof shown by an
      exploded assembly presentation.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAC  General
PAR  With reference to FIG. 1, an apparatus is illustrated for guiding and
      positioning a paper web 10 with respect to a print mechanism 12 of a high
      speed impact printer 14. A suitable print mechanism is described in U.S.
      Pat. No. 3,822,641 entitled "Impactor Assembly for Printers" by Egon S.
      Babler issued July 9, 1974 and having a common assignee with this
      application. The apparatus of FIG. 1 further includes a pair of drive
      tractors 16 and 18 which serve respectively to drivingly engage sprocket
      holes 20 and 22 located along the longitudinal edges of the web 10 and
      serves to draw the web 10 across the print mechanism 12. Similar drive
      tractors are further described in U.S. Pat. No. 3,825,162 entitled "Feed
      Mechanism" issued to Leo J. Hubbard on July 23, 1974. Additionally, the
      illustrated apparatus includes web width adjustment means in the form of a
      clamp 24 for varying the relative spacing of the tractors 16 and 18 to
      permit adaptation to various web 10 widths. Type margin adjustment means
      in the form of a clamp 26 are also included for positioning both tractors
      16 and 18 in unison and thus the paper web 10 carried by the tractors 16
      and 18 with respect to the print mechanism 12 so as to permit convenient
      adjustment of the type margin upon the web 10.
PAR  More particularly, the printer 14 includes a main frame 28 which supports
      an elongated splined drive shaft 30, the axis of which is parallel to the
      plane of the web 10. The shaft 30 drivingly passes through the tractors 16
      and 18 and is manually driven by a knurled web advance knob 32 secured to
      one end thereof adjacent the main support frame 28. Additionally, the
      splined drive shaft 30 is automatically driven by a suitable motor (not
      shown) through gearing means 34. The drive tractors 16 and 18 slidably
      ride upon the drive shaft 30 and are also positioned with respect to the
      print mechanism 12 by means of a support rod 36, the axis of which is
      parallel to the axis of the drive shaft 30 and which similarly passes
      through the tractors 16 and 18. The ends of the support rod 36 are secured
      to the main support frame 28 so that the axis of the rod 36 is
      substantially parallel to the plane of the paper web 10. The rod 36 in
      conjunction with the splined drive shaft 30, provides a railed path upon
      which the tractors 16 and 18 ride. Coaxially placed over the support rod
      36 is a slide tube 38 to which each of the tractors are detachably affixed
      by the clamps 24 and 26 as will hereafter be more thoroughly described.
PAR  With particular reference to FIG. 2, the tractor 16 includes a pair of
      parallel positioned end plates 40 and 42 through which the drive shaft 30
      and support rod 36 and slide tube 38 pass. Positioned between the end
      plates 40 and 42 and aligned thereby is a continuous flexible belt 44
      carrying a plurality of equally spaced web pull pins 46. The pins 46 are
      spaced to engage the holes 20 defined along the margin of the paper web
      10. The splined drive shaft 30 drivingly engages the belt 44 so that as
      the shaft 30 rotates, the paper web 10 engaged by the pull pins 46 is
      drawn across the print mechanism 12 in a manner well known to those
      skilled in the art. Serving to hold the web 10 against the belt 44 and
      thus assure driving engagement by the pull pins 46 is a door 48 hinged to
      the support plate 40 and movable from a closed position illustrated in
      FIG. 2 to an open position as illustrated in FIG. 3. Maintaining the door
      48 securely in the selected position is an over center toggle mechanism 50
      including a coil spring 52 one end of which is secured to a pin 54 affixed
      to the top of the door 48 and the remaining end of the spring is secured
      to a pin 56 extending from a tab 58 formed on the tractor side plate 40.
      Additionally, the door 48 defines an elongated opening 60 through which
      the pull pins 46 project, thus assuring that the web 10 will remain
      securely engaged by the pins 46. Extending from and formed integrally with
      the side plate 40 is a securing means engagment member 62 one surface of
      the slide tube 38. Serving to receive the type margin clamp 26 is a notch
      66 cut into the side of the member 62 opposite the slide tube 38.
PAC  Type Margin Adjustment
PAR  The type margin clamp 26 includes upper 68 and lower 70 jaws. The lower jaw
      70 is formed to define two L-shaped lugs 72 and 74. The lug 74 is
      slideably positioned within the notch 66 defined by the engagement member
      62. The remaining lug 72 is unused, but is included to minimize the number
      of unique component parts of the apparatus as will be subsequently more
      fully appreciated. The lower jaw 70 defines a curved surface 76 shaped to
      securely engage the lower outer wall of the slide tube 38. Additionally,
      extending upwardly from the rear of the lower jaw 70 is a compression
      ridge 78. The upper jaw 68 similarly includes a single L-shaped lug 80
      slidably positioned within the notch 66 and a downwardly disposed curved
      surface 82 which is positioned within a cut-out 84 machined into the upper
      surface of the tube 38 and into engagement with the outer surface of the
      support rod 36. Serving to permit selective compressive adjustment of the
      jaws 68 and 70 is a compression screw 86 which freely passes through an
      oversized hole 88 defined in the upper jaw 68 and into a threaded hole 90
      in the lower jaw 70. The screw 86 is provided with a fluted finger
      adjustment knob 92 and a split ring lock washer 94 is located upon the
      screw 86 and positioned between the upper surface of the upper jaw 68 and
      a shoulder 96 defined by the shank of the screw 86. Thus, as the screw 86
      is tightened, the jaws of the type margin securing means 24 compress the
      lower wall of the tube 38 against the rod 36 locking the tractor 16, rod
      36 and tube 38 in a preselected fixed position.
PAR  With reference to FIG. 4, as the screw 86 is tightened, the curved surfaces
      82 and 66 of the upper 68 and lower 70 jaws are brought together and the
      jaw pivot on the ridge 78 with the jaws closing as far as the dimension of
      the tube 38 and rod 36 permit. The ridge 78 compensates for any variations
      in the tube 38 and rod 36 tolerances. To shift the tube 38 and tractor 16
      upon the support rod 36, thereby setting the type margin on the web 10,
      the adjustment screw 86 is loosened slightly, releasing the rod 36, but
      not so far as to cause the clamp 24 to fall from the cut-out 84 defined by
      the slide tube 38. Once loosened, the clamp 24, slide tube 38 and tractor
      16 can be slidably positioned to an alternate location on the rod 36 and
      the clamp 24 retightened.
PAC  Web Width Adjustment
PAR  The tractor 18 illustrated in FIG. 5 similarly includes side plates 98 and
      100 and a flexible belt 102 carrying pull pins 104 for engaging the holes
      20 defined adjacent the margin of the web 10. Additionally, hinged to the
      plate 98 is a door 106 having an over center spring loaded toggle
      mechanism 108 secured thereto. The toggle mechanism 108 includes a pair of
      pins 110 and 112 respectively secured to the door 106 and a pin support
      lug 114 projecting from the rearwardly disposed upper end of the side
      plate 98. A spring 116 is secured to the pins 110 and 112. Formed
      integrally with the end plate 98 is a web width securing means engagement
      member 118 defining a curved surface 120 for mating, sliding movement
      along the slide tube 38. The surface of the member 118 disposed away from
      the support tube 38 defines a notch 122 for engagement with the clamp 24.
PAR  The web width clamp 24 is of similar construction as the margin set clamp
      26 previously described and includes a lower jaw 124 defining an upwardly
      disposed curved surface 126 for mating engagement with the outer surface
      of the slide tube 38. Additionally, the lower jaw 124 defines a pair of
      oppositely projecting L-shaped lugs 128 and 130. Lug 128 is slidably
      inserted into the notch 122 defined by the engagement member 118.
      Projecting upwardly from the rear end of the lower jaw 124 is a
      compression ridge 132 providing a pivotal bearing for an upper jaw 134.
      The upper jaw 134 defines a downwardly disposed curved surface 136 shaped
      for mating engagement with the upwardly disposed surface of the slide tube
      38. Serving to selectively compress the jaws 124 and 134 about the slide
      tube 38 and thus secure the tractor 18 to the tube 38 is a web width
      adjustment screw 138 which passes through an over-sized hole 140 in the
      upper jaw 134 and is screwed into a threaded hole 142 in the lower jaw
      124. Fastened to the upper end of the screw 138 is a fluted finger
      adjustment knob 144 which facilitates hand adjustment of the screw 138 and
      a split ring lock washer 146 is placed about the screw 138. Upon
      tightening the screw 138, the lock washer 146 is compressed between a
      shoulder 148 defined by the screw 138 and an upwardly disposed surface of
      the upper jaw 134.
PAC  Operation
PAR  In use, the tractor doors 48 and 106 are opened exposing the pull pins 46
      and 104 and the marginal perforations 20 and 22 of the web 10 are engaged
      with the pull pins 46 and 104. The separation between the tractors 16 and
      18 is adjusted to accommodate the width of the web by loosening the web
      width adjustment screw 138 so as to permit free sliding movement of the
      tractor 18 along the slide tube 38. The tractor 18 is then positioned
      along the tube 38 until the spacing between the pull pins 46 and 104
      corresponds to the distance between the marginal perforations 20 and 22.
      Once positioned, the clamp 24 is tightened, securing the spacing between
      the tractors 16 and 18. The location of the type margin on the web 10 is
      set by positioning the web 10 with respect to the print mechanism 12. To
      set the location of the type margin, the margin adjustment screw 86 is
      loosened releasing the clamp 26 and thereby releasing the frictional lock
      between the slide tube 38 and the support rod 36. The tube 38 is coaxially
      moved over the rod 36 until the desired location of the type margin on the
      web 10 is obtained at which point the margin set screw 86 is tightened,
      locking the position of the tractors 16 and 18 with respect to the main
      frame 28 and the print mechanism 12 carried thereon. It should be noted
      that as the slide tube 38 is moved over the support rod 36, the relative
      positioning of the tractors 16 and 18 is maintained and thus the web width
      setting of the tractors remains undisturbed.
PAR  An apparatus has been described which readily permits adjustment to various
      web widths and of the type margin upon the web without disturbing the web
      width adjustment. Although the invention has been particularly shown and
      described in connection with a preferred embodiment thereof, it will be
      understood that various changes in form and detail may be made without
      departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for positioning a web with respect to the print mechanism
      of a printer, the web defining two parallel continuous marginal edges
      comprising:
PA1  a main support frame carrying an elongated support member in the form of a
      rod mounted upon the support frame, the axis of the rod being
      substantially parallel to the plane of the web;
PA1  slide means in the form of a tube coaxially positioned over said rod for
      selective movement therealong;
PA1  first means for engaging the web at a fixed location adjacent one of the
      margins thereof, said first web engaging means being carried upon said
      slide means for selective movement therealong;
PA1  second means for engaging the web at a second fixed location adjacent an
      alternate margin of the web, said second web engaging means being mounted
      in a fixed position upon said tube; and
PA1  first means for releasably securing said first web engaging means to said
      tube so as to facilitate relative spacing between said first and second
      web engaging means whereby relative movement of said first and second web
      engaging means provides selective adaptation of the apparatus to varying
      web widths and movement of said tube with respect to said rod provides
      selective orientation of the web with respect to the print station.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said first securing means includes a
      first selectively releasable clamp adapted to securely embrace the outer
      surface of said tube thereby selectively maintaining the position of said
      first web engaging means with respect to said second web engaging means.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said first clamp includes a first jaw
      defining a surface for engaging a portion of the surface of said tube and
      a second jaw defining a surface for engaging another portion of the
      surface of said tube and selectively adjustable means for varying the
      spacing between the surfaces defined by said first and second jaws so as
      to selectively, frictionally engage said tube thereby facilitating
      selective positioning of said first clamp along said tube.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said first clamp includes means for
      detachably coupling to said first web engaging means thereby securing said
      first web engaging means in a predetermined position upon said tube as
      determined by said first clamp.
NUM  5.
PAR  5. The apparatus of claim 4 which further includes second securing means
      for selectively maintaining the relative position of said tube on said
      rod, said second securing means including a second clamp having a first
      jaw defining a surface for engaging a portion of the surface of said
      support rod, a second jaw defining a surface for engaging the outwardly
      disposed surface of said tube and selectively adjustable means for varying
      the spacing between the surfaces defined by said first and second jaws of
      said second clamp so as to produce selective, frictional engagement of
      said tube and said support rod.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said tube defines an opening for
      receipt of said first jaw of said second clamp so that the rod engaging
      surface of said first jaw when positioned within said opening is placed
      into contact with said rod.
NUM  7.
PAR  7. The apparatus of claim 1 which further includes second securing means
      for selectively securing the relative position of said tube on said rod,
      said second securing means including a clamp having a first jaw defining a
      surface for engaging a portion of the surface of said support rod, a
      second jaw defining a surface for engaging the outwardly disposed surface
      of said slide tube and wherein said slide tube defines a notched opening
      for receipt of said first jaw of said second clamp so that the rod
      engaging surface of said first jaw of said second clamp is placed into
      selective contact with said rod and selectively adjustable means for
      varying the spacing between the surfaces defined by said first and second
      jaws of said second clamp producing frictional engagement between said
      tube and said rod thereby securing the relative position of said slide
      tube and said support rod.
NUM  8.
PAR  8. The apparatus of claim 1 wherein at least one of said first and second
      web engaing means is in the form of a drive tractor adapted for engaging
      perforations provided adjacent the margin of the web, and means extending
      from said tractor for detachably engaging one of said clamps so that the
      position of this clamp determines the location of said associated tractor.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said first clamp includes a first jaw
      defining a surface for engaging a portion of the surface of said tubular
      slide and a second jaw defining a surface for engaging still another
      portion of the surface of said tubular slide and selectively adjustable
      means for varying the spacing betwen the surfaces defined by said first
      and second jaws so as to frictionally engage said tubular slide, said
      first clamp including means for engaging said detachable engaging means on
      said first tractor so that said first tractor is positionally located on
      said tubular slide by said first clamp.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said second clamp includes a first jaw
      defining a surface for engaging a portion of the surface of said rod, said
      tubular member defining an opening for receipt of said first jaw of said
      second clamp to permit engagement with said rod, said second clamp
      including a second jaw defining a surface for engaging a portion of said
      tubular slide and selectively adjustable means for varying the spacing
      between the surfaces defined by said first and second jaws of said second
      clamp so as to frictionally engage said rod with said tubular slide, said
      second clamp including means for engaging said detachable engaging means
      on said second tractor so that said second tractor is positionally located
      on said tubular slide by said second clamp.
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ABST
PAL  There are disclosed various embodiments of a composite web of pressure
      sensitive labels, method and apparatus for making such embodiments of the
      composite web, and method and apparatus by which a composite web of labels
      is advanced and by which labels are successively printed and applied to
      merchandise.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of copending U.S. patent application Ser. No. 366,919,
      filed June 4, 1973, which is a division of copending U.S. application Ser.
      No. 206,061, filed Dec. 8, 1971, now U.S. Pat. No. 3,783,083, which is a
      continuation-in-part of copending U.S. patent application Ser. No.
      155,740, filed June 23, 1971, now abandoned.
BSUM
PAR  Certain subject matter disclosed in the present application is claimed in
      copending U.S. application Ser. No. 205,854, filed Dec. 8, 1971, now U.S.
      Pat. No. 3,798,106, copending U.S. application Ser. No. 208,035, filed
      Dec. 8, 1971, now abandoned, U.S. Ser. No. 475,728 filed June 3, 1974 and
      U.S. application Ser. No. 508,932 filed Sept. 30, 1974, and which are
      assigned to the same assignee as the present application.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the art of pressure sensitive labels, method and
      apparatus for making and using same, and label printing and applying
      machines.
PAR  2. Brief Description of the Prior Art
PAR  Various U.S. Pat. Nos. 1,642,387, 2,259,358, 2,275,064, 2,502,257,
      2,516,487, 2,620,205, 2,656,063, 3,051,353, 3,265,553, 3,343,485,
      3,440,123, 3,501,365, 3,551,251, and 3,611,929 and British pat. No.
      1,057,126, Feb. 1, 1967 are made of record.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a web feeding apparatus which is compact and
      which adapts itself well for use in a hand-held apparatus. In accordance
      with the invention, the relative position of a ratchet wheel with respect
      to a feed wheel can be selectively varied manually. The driving means for
      the feed wheel preferably comprises the ratchet wheel, a driven gear
      mounted coaxially with respect to the feed wheel, a pawl carried by the
      driven gear and cooperable with the ratchet wheel, a drive gear in driving
      engagement with the driven gear, and means for alternately rotating the
      drive gear in one direction and thereafter in the opposite direction. The
      means for varying the position of the ratchet wheel relative to the feed
      wheel preferably includes a driven member secured to the feed wheel and
      having a plurality of spaced-apart teeth and a driving member having a
      plurality of pawls engaged with less than the total number of teeth. The
      pawls are arranged against the teeth to normally prevent rotation of the
      driving member relative to the driven member in either the driving
      direction or the non-driving direction and a pair of knobs for manually
      rotating the driving member in the non-driving direction relative to the
      driven member.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing method and apparatus by which one
      embodiment of a composite web of labels is advanced and by which labels
      are successively printed and applied to merchandise;
PAR  FIG. 2 is a top plan view of the composite web of labels shown in FIG. 1;
PAR  FIG. 3 is a perspective view of one of the labels, shown in FIGS. 1 and 2,
      applied to merchandise;
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 2;
PAR  FIG. 6 is a top plan view showing the composite web being advanced by a
      toothed driver with the web of supporting material;
PAR  FIG. 7 is a sectional view taken along line 7--7 of FIG. 6;
PAR  FIG. 8 is an exploded perspective view of label printing and applying
      apparatus for carrying out the method of the invention;
PAR  FIG. 9 is a sectional elevational view of the apparatus shown in FIG. 8;
PAR  FIG. 10 is a sectional view taken generally along line 10--10 of FIG. 9;
PAR  FIG. 11 is a sectional view taken along line 11--11 of FIG. 9;
PAR  FIG. 12 is a sectional view taken along line 12--12 of FIG. 9;
PAR  FIG. 13 is a side elevational view of one of the sub-frame sections of the
      apparatus;
PAR  FIG. 14 is a top plan view taken along line 14--14 of FIG. 13;
PAR  FIG. 15 is a side elevational view of the other sub-frame section;
PAR  FIG. 16 is a top plan view showing the manner in which the label core for
      the roll of labels is held and the manner in which braking force is
      applied by the sub-frame sections;
PAR  FIG. 17 is a sectional view taken along line 17--17 of FIG. 16;
PAR  FIG. 18 is a sectional view taken generally along line 18--18 of FIG. 9;
PAR  FIG. 19 is an exploded perspective view of the inking mechanism;
PAR  FIG. 20 is an enlarged sectional view showing a fragmentary portion of the
      apparatus in solid lines, and in particular showing a fragmentary portion
      of the print head and the inking mechanism in both solid and phantom line
      positions;
PAR  FIG. 21 is a sectional view taken along line 21--21 of FIG. 10;
PAR  FIG. 22 is a developed view showing the arrangement of the teeth of the
      detent mechanism;
PAR  FIG. 23 is a sectional view taken along line 23--23 of FIG. 21; and
PAR  FIG. 24 is a sectional view taken generally along line 24--24 of FIG. 21.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the embodiment of FIGS. 1 through 6, and in particular to
      FIGS. 2, 3 and 4, there is shown a composite web 30 of label material 31
      releasably adhered to and carried by supporting or backing material 32.
      The label material 31 is cut transversely by transverse cuts 33 extending
      all the way across the web 31 of label material to the side edges 34 and
      35 of the composite web 30, as best shown in FIGS. 2 and 4. The cuts 33
      known as "butt cuts" separate the web 31 of label material into a series
      of end-to-end labels 36. The side edges of the label material as well as
      the supporting material are straight and the label material is coextensive
      with the supporting material.
PAR  The underside of the web 31 of label material has a coating of pressure
      sensitive adhesive 37 which adheres strongly to the web 31 of label
      material. The adhesive is shown to extend across the entire underside of
      the label material even to the side edges 34 and 35 of the web 30. The web
      32 of supporting material carries a thin film or coating (not shown) which
      allows the labels to be peeled from the web 32 of supporting material.
PAR  Groups 38 of cuts are provided at equally spaced apart intervals along the
      length of the composite web 30. Each group 38 of cuts is shown to extend
      through the supporting material as well as through the label material.
      Each group 38 of cuts is shown to be made in a generally I-shaped
      configuration comprised of a straight longitudinal or vertical bar cut 39S
      in the supporting material and an aligned straight longitudinal or
      vertical bar cut 39L in the label material. Spaced from the one ends of
      the vertical bar cuts 39S and 39L are straight transverse or horizontal
      bar cuts 40S in the supporting material and 40L in the label material.
      Spaced from the other ends of the vertical bar cuts 39S and 39L are
      aligned straight transverse or horizontal bar cuts 41S in the supporting
      material and straight transverse or horizontal bar cuts 41L in the label
      material. The part of the web 32 between the one end of the cut 39S and
      the cut 40S provides a frangible portion 43S and the part of the web 32
      between the other end of the cut 39S and the cut 41S provides a frangible
      portion 42S. In like manner, the part of the label material between the
      end of the cut 39L and the cut 40L provides a frangible portion 43L and
      the part between the other end of the cut 39L and the cut 41L provides a
      frangible portion 42L. As a variation of the illustrated groups 38 of
      cuts, the cuts 40L and 40S can be omitted in which event the cut 39S will
      be extended by tearing as the tooth 48 engages the web 32 at the cut 39S;
      this would result in groups of cuts each having a generally T-shaped
      configuration.
PAR  With reference now to FIG. 1, the composite web 30 is shown to be in the
      form of a roll which can be wound on a core 44, as desired. The core 44
      can receive a shaft 45 about which the roll is free to rotate in the
      direction of arrow 46. The roll is wound in such a manner that the label
      material is on the outside in overlying relationship with respect to the
      web 32 of supporting material.
PAR  A toothed driver generally indicated at 47 is shown to be in the form of a
      driven sprocket having teeth 48 disposed in a plane at equally spaced
      apart angular positions around the circumference of the driver 47. The
      driver 47 is used to advance the composite web first to a printing zone at
      which a printer 48' and a platen 49 are disposed. A relatively sharp peel
      edge 50 is diagrammatically illustrated as being disposed at the terminal
      end of the platen. The web of supporting material 32 is drawn around the
      peel edge 50 by the toothed driver 47. The edge 50 causes the supporting
      material 32 to make an abrupt change in direction, thereby effecting
      delamination or peeling of the supporting material 32 from one label 36 at
      a time as the web of supporting material is concomitantly advanced by the
      toothed driver 47. An applicator 51 is positioned beyond the peel edge 50
      and on the same side of the label as the printer 48'. The applicator 51 is
      shown to take the form of a conventional applicator roll, however, other
      types of applicators such as a plunger, a presser foot, or the like can be
      used, if desired. The composite web 30 approaches the printing and
      applying zones generally in the direction of an arrow 52, and after
      passing around the peel edge 50 the web 32 of supporting material advances
      generally in the direction of arrow 53 and passes partially around a guide
      roller or shaft 54. From the guide roller 54, the web 32 passes partially
      around the toothed driver 47. From there the web 32 passes partially
      around a guide roller or shaft 55 and from there the web 32 is guided by
      means of guides in the direction of the arrow 56. The toothed driver 47 is
      driven stepwise by a pawl and ratchet mechanism so that upon operation of
      this mechanism the composite web 30 is advanced through the appropriate
      distance so that the labels can be printed at one or more stages and so
      that a label is brought to the applying zone at which the applicator 51 is
      effective to apply the dispensed label to merchandise M. The web 32 passes
      between the outer surface of the toothed driver 47 and a guide or hold
      down plate 57 as shown in FIGS. 1, and 6. As the driver 47 rotates,
      successive teeth engage successive groups of cuts in the web 32. As a
      tooth engages the web 32 at a longitudinal cut 39S frangible portions 42S
      and 43S are severed as by tearing to provide a feed hole 58. The feed hole
      58 thus formed receives the tooth 48 and deflects flaps 59 and 59'.
PAR  Referring now to a label printing and applying apparatus generally
      indicated at 210 in the embodiment of FIGS. 8 through 24, and initially to
      FIG. 8, there is shown to be a housing or main frame generally indicated
      at 211. The housing or frame 211 is specifically shown to include a pair
      of frame sections 212 and 213. Disposed within the housing 211 is a
      subframe generally indicated at 214 which comprises a pair of subframe
      sections 215 and 216. The frame sections 212 and 213 mount a platen 217
      which includes a peel edge 218. A print head generally indicated at 219 is
      mounted by the subframe 214. More specifically, the print head 219
      includes a plurality of selectable settable printing members 220 in the
      form of endless printing bands mounted by a print head frame 221.
      Extending from the frame 221 are a pair of flanges 222 and 223. Gear
      sections or specifically racks 224 and 225 are provided at the ends of the
      respective flanges 222 and 223. Opposed tracks 226 and 227 are formed on
      the respective flanges 222 and 223 to receive straight ball bearings 228
      and 229. The subframe sections 215 and 216 have respective tracks 230 and
      231. The ball bearing 228 is received in the track 226 of the flange 222
      and in the track 230, and the ball bearing 229 is received in the track
      227 in the flange 223 and in the track 231. The ball bearings 228 and 229
      have respective balls 228' and 229' rotatably held by respective tangs or
      holders 228" and 229". In this manner, the print head 219 is mounted for
      movement, particularly reciprocating movement, toward and away from the
      platen 217.
PAR  The housing 211 has a handle generally indicated at 232 and particularly
      each housing or frame section 212 and 213 has a respective handle portion
      233 and 234. An operator generally indicated at 235 is shown to comprise a
      pivotally operated lever 236 pivotally mounted by a post 237 at the lower
      end of the handle 232. The lever 236 is normally urged in a
      counterclockwise direction (FIG. 8) by a torsion spring 238 received about
      the post 237. The pivotal movement of the lever 236 is limited by an
      adjustable stop block 239 received by the handle 232 between the handle
      portions 233 and 234. The upper end of the operating lever 235 carries a
      pair of spaced-apart gear sections 240 and 241. The gear sections 240 and
      241 are shown to be in the form of spur gear segments. Gear sections 240
      and 241 are in meshing engagement with respective spur gears 242 and 243.
      The spur gears 242 and 243 are in meshing engagement with respective gear
      sections 224 and 225 carried by the print head 219.
PAR  A roll of pressure sensitive labels, in the form for example of the
      composite web 30 shown in FIG. 2, is mounted by its core 44 by the
      sub-frame 214. As will be described in greater detail hereinafter, the
      composite web 30 is drawn off the roll into overlying relationship with
      respect to the platen 217 and the supporting material 32 is engaged by a
      toothed driver 244. The gear 243 carries an integral pawl 245 cooperable
      with a ratchet wheel 246 which is coupled to the driver 244 by a detent
      mechanism generally indicated at 247. An input or drive member 248 of the
      detent mechanism 247 is shown in FIG. 8. The toothed driver 244 has a
      plurality of equally spaced apart drive teeth 249 arranged about its outer
      periphery. The pawl 245 is integrally joined at but one end to the gear
      243. The pawl 245 is flexible and resilient and can ride on the ratchet
      wheel 246 and deflect into engagement with a tooth 265 of the ratchet
      wheel 246.
PAR  The housing or frame section 213 has an access opening 250. A cover 251 is
      removably connected to the frame section 213 at the access opening 250.
      The cover 251 mounts an inking mechanism 252 cooperable with the printing
      members 220 of the print head 219. The housing sections 212 and 213 mount
      an applicator 253 disposed downstream of the peel edge 218.
PAR  Referring to FIG. 9, the interrelationship of the components of the
      apparatus 210 is shown in detail. The composite web 30 is paid out of the
      roll and passes through a passage provided by subframe sections 215 and
      216 and specifically by groove 254 (FIG. 15) in the subframe section 215
      and a cooperating groove 255 (FIGS. 8, 9 and 13) in the subframe section
      216. From there the composite web 30 passes partly around a roll 256 and
      into overlying relationship with the platen 217. Delamination is effected
      at the peel edge 218 formed at the end of the platen 217. The supporting
      material 32 is drawn around the peel edge 218 beneath the platen 217 and
      passes partly around a roll 257, below the guide 258 and between the
      toothed driver 244 and the mating die wheel 259. As a tooth 249 moves into
      mating cooperation with the die wheel 259, the tooth 249 engages the
      supporting material 32 at the longitudinal cut 39S and effects rupturing
      or bursting of the frangible portions 42S and 43S, whereupon the tooth 249
      which is in mating cooperation with the die wheel 259 (FIG. 24) is
      considered to have formed a feed hole in the supporting material 32. It is
      preferred that there be three teeth 249 in driving engagement with the
      supporting material 32 at all times. The subframe sections 215 and 216
      have respective aligned strippers 260 and 261 which facilitate
      disengagement of the teeth 249 with the supporting material 232 as the
      driver 244 rotates. Opposed guide grooves 262 and 263 formed in the
      subframe sections 215 and 216 guide the supporting material 32 to an exit
      opening 264. Excess supporting material which dangles from the apparatus
      210 can be readily torn off at the exit opening 264.
PAR  With reference to FIG. 9, the print head 219 is shown by solid lines in the
      initial or home position and by phantom lines 219' in the printing zone in
      printing cooperation with the label 36 and the platen 217. The operator
      235 is shown by solid lines in its initial or home position and in phantom
      lines 235' in the fully actuated position. In the fully actuated position,
      the print head 219 has been moved into printing cooperation with the
      labels 36 and the platen 217, and the operator 235 is in abutment with the
      stop block 239. In this position of the operator 235, the flexible
      resilient pawl 245 (FIG. 21), joined integrally at one end to the gear
      243, has moved to the position shown by phantom lines 245' in driving
      cooperation with a tooth 265 of the ratchet wheel 246. When the user
      releases the operator 235, the spring 238 (FIG. 9) returns the operator
      235 against stop 239' to the solid line position shown in FIG. 9. While
      the operator 235 is returning to the solid line position from the fully
      actuated position indicated by phantom lines 235', the gear sections 240
      and 241 (FIGS. 9 and 10) rotate gears 242 and 243 clockwise (FIG. 9) to
      return the print head 219 to the solid line position from the position
      shown by phantom lines 219', and to drive the pawl 245 from the position
      shown by phantom lines 245' to the position shown in solid lines in FIG.
      21. Thus, the pawl 245, which is in engagement with a tooth 265, drives
      the ratchet wheel 246 counterclockwise (FIG. 21). This counterclockwise
      rotation of the ratchet wheel 246 (FIG. 21) causes the driver 244 to
      advance the supporting material 32 to effect substantially complete
      delamination of a label at the peel edge 218. Counterclockwise rotation of
      the ratchet wheel 246 continues until a pawl 266 (FIGS. 8, 13 and 21) in
      the form of a flexible resilient appendage of the subframe section 216,
      moves into engagement with a tooth 265 of the ratchet wheel. This prevents
      the web of supporting material 32 from being accidentally moved in the
      return direction.
PAR  As best shown in FIG. 10, the driver 244 has an annular rim 267 joined to a
      hub 268 by a radial web 269. The hub 268 has a hub section 268' extending
      in one direction and another hub section 268" extending in the opposite
      direction. The hub section 268' terminates at a knob 270, and the hub
      section 268" terminates at a knob 270'. The gear 242 is rotatably
      journaled on and with respect to the hub section 268'. The gear 242 has a
      hub or flange 271 which is rotatably journaled in opening 272 in the frame
      section 212. The hub section 268' extends through an enlarged opening 273
      in the subframe section 215. The hub section 268" provides a stepped pair
      of bearing surfaces 274. The ratchet wheel 246 is formed integrally with
      the drive member 248 of the detent mechanism 247. The ratchet wheel 246
      and the drive member 248 have a hub 276 with a stepped bore 275 into which
      the hub section 268" extends. A hub 276 rotatably receives and mounts the
      gear 243. The gear 243 has a hub 277 rotatably received in a bearing 278
      formed integrally with the housing section 213. As seen in FIG. 10, the
      gears 242 and 243 are in driving engagement with respective gear sections
      224 and 225 carried by the print head 219; the relative position of the
      drive pawl 245 to the ratchet wheel 246 is also shown.
PAR  With reference to FIG. 21, the drive member 248 includes a plurality of
      spring fingers or detent pawls 278. The pawls 278 are of equal length, are
      flexible and resilient, and are continuously urged against teeth 279
      formed on the inside of the annular rim 267. In the illustrated embodiment
      there are 127 teeth 279 at equally spaced-apart intervals. There are 12
      pawls 278 integrally connected to the hub 276 at equally spaced-apart
      intervals. The teeth 279 comprise respective tooth faces 280 and a recess
      between adjacent tooth faces 280 in which the end of a pawl 278 can be
      received. The pawls 278 drive the feed wheel 244 in a driving direction
      (counterclockwise in FIG. 21) but can move in a non-driving direction
      (clockwise in FIG. 21) relative to the feed wheel 244 by manually
      operating the detent mechanism 247. Accordingly, every fifth pawl 278 is
      engaged with the face 280 of a tooth 279. The pawls 278 between every
      fifth set of pawls are out of engagement with their respective tooth faces
      280 by different increments as best illustrated in FIG. 22. Normally, the
      pawls 278 hold the ratchet wheel 246 and the feed wheel or driver 244 in
      fixed relationship with respect to each other. With reference to FIG. 21,
      as the drive pawl 245 moves counterclockwise the ratchet wheel 246 is
      driven counterclockwise and the three pawls 278 which are in driving
      engagement with their respective tooth faces 280 will drive the feed wheel
      244 counterclockwise. Accordingly, there is no relative rotation between
      the ratchet wheel 246 and the feed wheel 244. Should it be desired to
      change the position to which the labels are advanced by the feed wheel 244
      upon actuation of the operator 235, the user will grasp the knobs 270 and
      270' and will rotate the knob 270' counterclockwise (FIG. 8) relative to
      the knob 270. This will cause the input member 248 to rotate
      (counterclockwise in FIG. 8, clockwise in FIG. 21) relative to the feed
      wheel 244 so that the next three successive teeth move into engagement
      with the next three respective tooth faces 280. For example, if it is
      considered that first, fifth and ninth pawls 278 were initially in
      engagement with respective teeth 279, only a very slight rotation will
      cause second, sixth and 10th pawls to move into engagement with their
      respective tooth faces 280, and so on. Although any desired number of
      pawls 278 and teeth 280 can be used, the illustrated embodiment provides
      very minute adjustment of the feed wheel 244 relative to the platen 217
      and the peel edge 218 and the arrangement of teeth 280 and cooperating
      pawls 278 causes the entire input or drive member 248 to be centered
      within the annular rim 267. With respect to the printing function,
      adjustment of the detent mechanism 247 changes the position relative to
      the printing zone between the print head 219 and the platen 217 to which a
      label 36 is advanced. With respect to the delaminating function, operation
      of the detent mechanism 247 also changes the position to which the label
      36 is advanced. Accordingly, it is apparent that the detent mechanism 247
      is useful both in establishing the position to which a label is advanced
      relative to the printing zone and to the delaminating zone. It is
      important that just the correct amount of trailing marginal end edge of
      the label remain adhered to the peel edge so that the label 36 is held in
      that position until it is ready to be applied to merchandise by the
      applicator 253.
PAR  As best shown in FIGS. 21, 23, and 24, the supporting material 32 is
      initially brought into engagement with the feed wheel 244 as it passes
      around the die wheel 259. The die wheel 259 is comprised of an annular
      plastic roll 281 journaled by subframe sections 215 and 216. The roll 281
      has frictional members in the form of rubber O-rings 282 received at
      spaced-apart locations about the periphery of the roll 281. The O-rings
      straddle the teeth 249 and are just spaced apart far enough to act as a
      die wheel with mating teeth 249. As a tooth 249 begins to engage the web
      of supporting material 32 at the cut 39S (FIG. 2), the die wheel 259
      cooperates with the tooth 249 to hold the supporting material 32 on each
      side of the group 38 of cuts in intimate contact with the outer surface of
      the feed wheel 244 as best shown in FIG. 24. This insures that the tooth
      249 properly bursts or forms a hole, facilitated by the group 38 of cuts,
      in the supporting material 32 and that the drive face of the tooth 249 is
      in driving engagement with the leading cut 41S. When the first tooth 249
      registers with the group 38 of cuts in the supporting material 32 the
      composite web 30 is properly registered with the printing zone and the
      delaminating zone. Once such registration is accomplished as the result of
      the tooth 249 cooperating with the die roll 259, correct registration
      continues.
PAR  The platen 217 and the peel edge 218 (FIGS. 8 and 9) are formed from an
      inversely-bent plate having a pair of side-by-side plate portions 283 and
      284 joined by an inversely-bent portion 285. The inversely-bent portion
      285 has a small radius and defines the peel edge 218. The plate portions
      283 and 284 are co-extensive and are secured to each other by weldments
      286. The plate which forms the platen 217 and the peel edge 218, received
      in recesses 286' in subframe sections 215 and 216, is preferably
      constructed of highly polished stainless steel. The sides of the plate
      that forms the platen 217 and the peel edge 218 are received in opposed
      recesses 286' in the subframe sections 215 and 216. A label stopper is
      provided by a pair of aligned plates 218' formed integrally with the
      subframe sections 215 and 216. The plates 218' are disposed beneath but
      are spaced from the plate 217. Should a label 36 attempt to fall onto the
      supporting material 32 after being delaminated at the peel edge 218, the
      labels 36 will be caught by the plates 218'. This will prevent any label
      36 from continuing along the path through which the supporting material 32
      passes after passing the peel edge 218.
PAR  With reference to FIG. 9, the stop block 239 is shown to be slidable on a
      stop surface 287. The stop block 239 has a threaded bore 288 which
      threadably receives an adjusted screw 289. One half of the screw 289 is
      rotatably received in a semi-circular groove 290 and one-half of the head
      291 of the screw 289 is captive in a semi-circular recess 292 in the seat
      293. The handle portion 233 of the frame section 212 provides another stop
      surface (not shown) for the stop block 239 in alignment with the stop
      surface 287, another semi-circular groove (not shown) opposite the groove
      290 for receiving the other one-half of the screw 289, and another
      semi-circular recess (not shown) opposite the recess 292 for receiving the
      other one-half of the head 291. A hole 294, one-half of which is formed by
      each handle portion 233 and 234, enables entry of a tool (not shown) by
      which the head 291 of the screw 289 can be engaged to rotate the screw
      289. Rotation of the screw in one direction will cause the stop block 239
      to move upwardly (FIG. 9) and rotation of the screw 289 in the opposite
      direction will cause the stop block 239 to move downwardly (FIG. 9). It is
      apparent that adjustment of the position of the stop block 239 will adjust
      the limit of the travel of the operator 235.
PAR  With reference to FIG. 19, the inking mechanism 252 is shown to comprise a
      one-piece inker body 295 having an aligned pair of sockets 296 having
      converging openings 297. The sockets 296 extend for more than 180.degree.
      so that the ink roll 298 can be snapped into the sockets 296. The inker
      body 295 has a pair of aligned projections 299 which are capable of being
      snapped into sockets 300 (FIG. 8) in the cover 251. The sockets 300 are
      shaped like the sockets 296. The inker body 295 has an integrally formed
      leaf spring or spring finger 301 which is shown in FIG. 20 to be urged
      against the cover 251. The spring finger 301 normally urges the inking
      mechanism 252 into the solid line position shown in FIG. 20. The ink
      roller 298 is shown in FIG. 20 to be in the path of but slightly spaced
      from the print head 219 because in that position the inker body 295
      contacts the frame 221 of the print head 219. When the print head 219 is
      moved from the solid line position to the phantom line position, the ink
      roll 298 applies ink to the printing bands 220 and the entire inking
      mechanism 252 pivots about projections 299 to the position shown in
      phantom lines. When the print head 219 returns to the solid line position
      shown in FIG. 20, the spring finger 301 returns the inking mechanism 252
      to the solid line position.
PAR  With reference to FIG. 19, the ink roller 298 is shown to comprise a pair
      of hub section 302 and 303. The hub section 302 has an elongated
      projection 304 at one end and a stub end 305 at its opposite end. The hub
      section 302 has an annular flange 306 between the stub end 305 and a
      reduced portion 307. The reduced portion 307 is disposed between the
      flange 306 and the projection 304. The other hub portion 303 has an
      annular flange 308 disposed between a reduced portion 309 and a stub end
      310. The reduced portion 309 has a bore 304' into which the projection 304
      is adapted to be press-fitted. The projection 304 has straight flutes
      which serve to lock the hub portions 302 and 303 together. An
      ink-receptive tubular porous roll 311, composed for example of rubber or
      the like, is received on the reduced portions 307 and 309 of respective
      hub sections 302 and 303. The flanges 306 and 308 abut the ends of the
      roll 311 and prevent the roll 311 from shifting.
PAR  With reference to FIGS. 13, 14 and 15, the subframe sections 215 and 216
      are shown to have respective integral leaf springs 312 and 313. The leaf
      springs 312 and 313 are provided with integral annular brake members 314
      and 315 having respective annular brake surfaces 316 and 317. Brake
      members 314 and 315 are formed integrally with projections or hubs 318 and
      319, surfaces 318' and 319' of which are received in and mount label core
      44. The brake surfaces 316 and 317 cooperate to exert braking forces on
      the label core 44. Neither the hubs 318 and 319 nor the brake members 314
      and 315 contact the composite web 30 which is wound on the label core 44.
      In this manner, any gum or adhesive that may exist at the marginal side
      edges of the composite web 30 will not be transferred to the brake
      surfaces 316 and 317. FIG. 16 illustrates, in exaggerated form, by phantom
      lines, the initial positions of the leaf springs 312 and 313, the brake
      members 314 and 315 and the hubs 318 and 319. The initial canted position
      of the leaf springs 313, the brake members 315 and the hub 319 relative to
      the remainder of the subframe section 216 is also shown in FIG. 14.
      Insertion of the label core 44 onto the hubs 318 and 319 will cause the
      leaf springs 312 and 313 to flex outwardly and the brake surfaces 316 and
      317 will exert a predetermined braking force on the ends of the core 44.
      The braking force applied to the core 44 will insure that there is tension
      in the web 32 of supporting material from the label roll to the printing
      zone, to the peel edge 218, and to the toothed driver 244. As the pawl 266
      (FIG. 21) prevents the reverse rotation of the driver 244, it is seen that
      the apparatus maintains a slight but desirable amount of tension on the
      web of supporting material 32 at all times.
PAR  The frame 211 comprises an essentially closed shell but the rear part
      provides an access opening 211' through which a roll of labels can be
      inserted and a spent core 44 can be removed without even partial
      disassembly of the apparatus 210.
PAR  With reference to FIG. 12, the operator 235 is shown to pivot on the pin
      237. It is preferred to pivot the operator 235 at the lower end of the
      handle 232 in that the user's strongest fingers, namely his index, middle
      and ring fingers engage the operator 235 at substantial distances from the
      pivot pin 237, while the user's relatively weak little finger is close to
      the pivot pin 237. The ends of the pin 237 are undercut as indicated
      respectively at 403 and 404. The ends 401 and 402 are received in sockets
      405 and 406 in respective frame sections 212 and 213. The sockets 405 and
      406 are comprised of respective flexible resilient fingers 407 and 408.
      The operator 235, as best shown in FIGS. 9 and 10, is shown to be
      generally U-shaped in section. Legs 409 and 410 are shown to be rotatably
      received about the pin 237. The spiral or torsion spring 238 is shown to
      be received on pin 237 between the legs 409 and 410.
PAR  It is preferred to mold the driver or feed wheel 244 of a material which
      incorporates a lubricant to diminish the amount of gum or adhesive that is
      transferred to the feed wheel 244 during use to prevent improper feeding.
      By incorporating the lubricant in the feed wheel 244 the surface of the
      feed wheel 244 has a low coefficient of friction. However, the teeth 249
      are adequate to grip and drive the web 32. One specific material to be
      used to mold the feed wheel is an acetal resin combined with
      polytetrafluoroethylene lubricants. One such material is sold commercially
      under the name Thermocomp, Number KL-4030 by Liquid Nitrogen Processing
      Corporation, Malvern, Pa., U.S.A. The remainder of the apparatus in FIGS.
      37 through 69 except for the platen 217, the ball bearings 228 and 229,
      the spring 238, and rubber printing bands 220, are composed of suitable
      lightweight moldable plastic materials, for example, acetal,
      acrylonitrile-butadiene-styrene, or the like, but the ink roll 311 is
      preferably constructed of porous vinyl. Accordingly, the apparatus is very
      light in weight, and easy and convenient to use with a minimum of fatigue.
PAR  Other embodiments and modifications of this invention will suggest
      themselves to those skilled in the art, and all such of these as come
      within the spirit of this invention are included within its scope as best
      defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Web feeding apparatus, comprising: a feed wheel having a plurality of
      teeth for engaging and driving a web, a position varying mechanism
      comprising a driven member secured to the feed wheel and having a
      plurality of spaced apart teeth and a driving member having a plurality of
      pawls engageable with less than the total number of teeth, the pawls being
      urged against the teeth to normally prevent rotation of the driving member
      relative to the driven member in either the driving direction or the
      non-driving direction, means for manually rotating the driving member in
      the non-driving direction relative to the driven member, means for driving
      the driving member, the driving means comprising a pivotally-mounted
      manually operable operating lever pivotal in opposite directions, a drive
      gear carried by the operating lever, a driven gear driven by the drive
      gear, a drive pawl carried by the driven gear, and a ratchet wheel driven
      by the pawl upon rotation of the driven gear and the pawl in one
      direction, and means for drivingly coupling the ratchet wheel and the
      driving member of the position varying mechanism, the position varying
      mechanism being effective to vary the position of the ratchet wheel
      relative to the feed wheel.
NUM  2.
PAR  2. Web feeding apparatus, comprising: a feed wheel for feeding a web, a
      position varying mechanism comprising a driven member secured to the feed
      wheel and having a plurality of spaced apart teeth and a driving member
      having a plurality of pawls engageable with less than the total number of
      teeth, the pawls being urged against the teeth to normally prevent
      rotation of the driving member relative to the driven member in either the
      driving direction or the non-driving direction, means including a ratchet
      and a cooperable pawl for driving the driving member, and means for
      manually rotating the driving member in the non-driving direction relative
      to the driven member to vary the position of the ratchet wheel relative to
      the feed wheel.
NUM  3.
PAR  3. The combination as defined in claim 2, wherein the manual rotating means
      comprises a pair of manually graspable knobs.
NUM  4.
PAR  4. The combination as defined in claim 2, wherein the feed wheel is of
      one-piece molded plastics construction and the teeth are molded integrally
      with the feed wheel.
NUM  5.
PAR  5. The combination as defined in claim 2, wherein the driving means
      comprises an operating lever, a drive gear carried by the operating lever,
      and a driven gear driven by the drive gear, the pawl being carried by the
      drive gear.
NUM  6.
PAR  6. Web feeding apparatus, comprising: a feed wheel for feeding a web, a
      position varying mechanism comprising a driven member secured to the feed
      wheel and having a plurality of spaced apart teeth and a driving member
      having a plurality of pawls engageable with less than the total number of
      teeth, the pawls being urged against the teeth to normally prevent
      rotation of the driving member relative to the driven member in either the
      driving direction or the non-driving direction, means for manually
      rotating the driving member in the non-driving direction relative to the
      driven member, and means including a driven gear for driving the driving
      member in the driving direction to drive the feed wheel.
NUM  7.
PAR  7. The combination as defined in claim 1, wherein the manual rotating means
      comprises a pair of manually graspable knobs.
NUM  8.
PAR  8. The combination as defined in claim 6, wherein the feed wheel is of
      one-piece molded plastics construction and the teeth are molded integrally
      with the feed wheel.
NUM  9.
PAR  9. The combination as defined in claim 6, wherein the driving means
      comprises an operating lever, a drive gear carried by the operating lever,
      and means for drivingly coupling the driven gear and the position varying
      mechanism.
NUM  10.
PAR  10. In combination, a feed wheel for feeding a web, a position varying
      mechanism comprising a driven member secured to the feed wheel and having
      a plurality of spaced apart teeth and a driving member having a plurality
      of pawls engageable with less than the total number of teeth, the pawls
      being urged against the teeth to normally prevent rotation of the driving
      member relative to the driven member in either the driving direction or
      the non-driving direction, means for manually rotating the driving member
      in the non-driving direction relative to the driven member, and means for
      driving the driving member in the driving direction to drive the feed
      wheel.
NUM  11.
PAR  11. Web feeding apparatus, comprising: a feed wheel for feeding a web,
      means for driving the feed wheel comprising a ratchet wheel, a driven gear
      mounted coaxially with respect to the feed wheel, a pawl carried by the
      driven gear and cooperable with the ratchet wheel, a drive gear in driving
      engagement with the driven gear, and means for alternately rotating the
      drive gear in one direction and thereafter in the opposite direction, and
      means for varying the position of the ratchet wheel relative to the feed
      wheel, the position varying means including a plurality of teeth connected
      to the feed wheel, a hub connected to the ratchet wheel, and a plurality
      of other pawls connected to the hub and cooperable with the teeth, but the
      number of other pawls being fewer in number than the number of teeth, the
      disposition of the other pawls being such that in any one position of the
      hub less than all the other pawls cooperate with the teeth.
NUM  12.
PAR  12. Web feeding apparatus, comprising: a feed wheel for feeding a web,
      means for driving the feed wheel comprising a ratchet wheel, a driven gear
      mounted coaxially with respect to the feed wheel, a pawl carried by the
      driven gear and cooperable with the ratchet wheel, a drive gear in driving
      engagement with the driven gear, and means for alternately rotating the
      drive gear in one direction and thereafter in the opposite direction, and
      means for varying the position of the ratchet wheel relative to the feed
      wheel, the position varying means including a plurality of teeth connected
      to the feed wheel, a hub connected to the ratchet wheel, a manually
      graspable knob connected to the hub, a plurality of other pawls connected
      to the hub and cooperable with the teeth, but the number of other pawls
      being fewer in number than the number of teeth, the disposition of the
      other pawls being such that in any one position of the hub less than all
      the other pawls cooperate with the teeth, and another manually graspable
      knob connected to the feed wheel, so that relative rotation of the knobs
      causes different ones of the other pawls to be moved into cooperation with
      the teeth.
NUM  13.
PAR  13. Web feeding apparatus, comprising: a feed wheel for feeding a web,
      means for driving the feed wheel comprising a ratchet wheel, a driven gear
      mounted coaxially with respect to the feed wheel, a pawl carried by the
      driven gear and cooperable with the ratchet wheel, a drive gear in driving
      engagement with the driven gear, and means for alternately rotating the
      drive gear in one direction and thereafter in the opposite direction, and
      means for varying the position of the ratchet wheel relative to the feed
      wheel, the position varying means including a detent mechanism having
      relatively movable parts, and a pair of knobs connected to the parts of
      the detent mechanism by which relative movement between the parts and
      hence the variation of the position of the ratchet wheel relative to the
      feed wheel can be manually effected.
NUM  14.
PAR  14. Web feeding apparatus comprising: a feed wheel for feeding a web, means
      for driving the feed wheel comprising a ratchet wheel, a driven gear
      mounted coaxially with respect to the feed wheel, a pawl carried by the
      driven gear and cooperable with the ratchet wheel, a drive gear in driving
      engagement with the driven gear, and means for alternately rotating the
      drive gear in one direction and thereafter in the opposite direction, and
      means for varying the position of the ratchet wheel relative to the feed
      wheel, the position varying means comprising means coupling the ratchet
      wheel and the feed wheel and including a plurality of teeth providing for
      variation of the positioning of the ratchet wheel with respect to the feed
      wheel.
NUM  15.
PAR  15. Web feeding apparatus, comprising: a feed wheel for feeding a web,
      means for driving the feed wheel comprising a ratchet wheel, a driven gear
      mounted coaxially with respect to the feed wheel, a pawl carried by the
      driven gear and cooperable with the ratchet wheel, a drive gear in driving
      engagement with the driven gear, and means for alternately rotating the
      drive gear in one direction and thereafter in the opposite direction, and
      means for varying the position of the ratchet wheel with respect to the
      feed wheel, the position varying means comprising settable parts, the
      ratchet wheel and one of the parts being comprised of one-piece molded
      plastics material and the feed wheel and another of the parts being
      constructed of one-piece molded plastics material.
NUM  16.
PAR  16. Web feeding apparatus as defined in claim 15, wherein the pawl is
      molded integrally with the driven gear.
PATN
WKU  039412903
SRC  5
APN  5007534
APT  1
ART  313
APD  19740826
TTL  Flexible chart feeding guide or chute
ISD  19760302
NCL  17
ECL  1
EXP  Schacher; Richard A.
NDR  2
NFG  5
INVT
NAM  Bunning; John G.
CTY  Indianapolis
STA  IN
ASSG
NAM  Esterline Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  226 83
XCL  226 89
XCL  226 91
EDF  2
ICL  B65H 2304
FSC  226
FSS  82;83;89;91;196;199
FSC  346
FSS  136
FSC  242
FSS  76
UREF
PNO  2551707
ISD  19510500
NAM  Schnee
XCL  226 82
UREF
PNO  2622476
ISD  19521200
NAM  Ress
XCL  226 83
UREF
PNO  2890619
ISD  19590600
NAM  Waller
UCL  226196
UREF
PNO  3265320
ISD  19660800
NAM  Johnson
XCL  226 91
LREP
FRM  Woodard, Weikart, Emhardt & Naughton
ABST
PAL  A chart recorder has a drawer containing a supply of chart paper fed to the
      chart marking area, and an accumulation of marked chart paper received
      from the chart marking area. A flexible curved guide is connected to the
      drawer and to a permanent fixed guide and assumes different configurations
      when the drawer is moved from the chart accumulating position during a
      recording mode of operation, to a chart loading position when the drawer
      is moved to position for removing an accumulation of marked chart paper
      and installing and threading a new supply of chart paper during the chart
      threading mode. The configuration of the flexible guide aids in threading
      paper onto a drive roll during the threading mode, and aids in guiding the
      paper around obstructions and onto the roll during the recording mode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to chart recorders, and more particularly
      to means facilitating the feeding of chart paper onto a drive roll.
PAR  2. Description of the Prior Art
PAR  Various ways and means have been devised to assist in guiding or threading
      or feeding record media onto rolls, spools, reels, or the like. Some
      patents dealing with this general subject matter, and which are by no
      means representative of all of the art which might exist in this area, are
      as follows:
TBL  2,551,707  Schnee         May 8, 1951                                     
     2,879,993  Scozzafava     March 31, 1959                                  
                et al                                                          
     3,107,836  Van't Veld     Oct. 22, 1963                                   
     3,611,431  Rosmanith      Oct. 5, 1971                                    
     3,713,170  Kaufman        Jan. 23, 1973                                   
PAR  There are instances in which it is desirable to employ a strip chart
      recorder as one component of a large instrument panel. It is desirable
      that such recorder occupy as little vertical space as possible and that it
      not project significantly from the front of the overall panel. A way of
      accomplishing this is to provide a slide-out drawer having a chart supply
      box, and a chart accumulating box immediately in front of the supply box.
      Chart paper in the fan-folded (Z-fold) configuration is stored in the
      supply box and fed upward therefrom, over a chart drive roll, and downward
      therefrom into the accumulator box. This is fine from the standpoint of
      minimizing the overall height, and facilitating a comparatively flush
      front panel configuration, but it necessitates a comparatively great fore
      and aft depth of the drawer. Therefore, if the drawer is pulled out far
      enough for convenient insertion of a new supply of chart paper in the
      supply box, it is very difficult to successfully manipulate the chart so
      as to feed it from the supply box back into the recorder and up around the
      chart drive roll. If the drawer is pushed inward for greater proximity of
      the supply box to the drive roll, there is too little vertical space
      between the drive roll and the top of the drawer to enable convenient
      insertion of the fingers into position to facilitate guiding the paper up
      around the drive roll. While means can be devised to facilitate the
      threading of paper onto a sprocketed drive roll in the chart threading
      mode, such means must be properly located in the recording mode so as to
      not interfere with proper paper feeding. It seems that heretofore the
      means which were devised for convenience in chart threading, would tend to
      interfere with performance in the recording mode. In working with this
      problem, I have reached the conclusion that any permanently affixed,
      inflexible hardware does not lend itself to optimum chart
      threading/feeding, since it interferes in one mode or the other. To
      overcome this disadvantage, I have devised a flexible membrane type of
      guide or chute capable of optimum performance in both modes. The present
      invention solves the problem and facilitates the loading of either the
      Z-fold or roll stored chart onto the drive roll.
PAC  SUMMARY OF THE INVENTION
PAR  Described briefly, in a typical embodiment of the present invention, a
      flexible sheet is mounted at one end adjacent a chart drive roll, and
      extends therefrom to a connection with the chart supply means of a
      recorder. The sheet is flexible so as to adopt a configuration aiding the
      threading of chart media onto the drive roll when the supply means is in
      the chart loading condition. Yet the sheet is flexible to readily adopt a
      different configuration when the chart supply means is moved to another
      position in which it is disposed during the recording mode of operation of
      the recorder and, in that second configuration, continues to aid in the
      feeding of the chart paper onto the roll.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a basic chart recorder employing the present
      invention therein.
PAR  FIG. 2 is a section taken at line 2--2 in FIG. 1 and viewed in the
      direction of the arrows but showing only features pertinent to the present
      invention employed in a model using Z-fold chart paper and in the
      recording mode.
PAR  FIG. 3 is a simplified view similar to FIG. 2 but showing the
      supply-accumulator drawer pulled out for loading the unit with new chart
      paper, this being the chart threading mode.
PAR  FIG. 4 is a fragmentary view similar to FIG. 2 but taken at line 4--4 and
      showing the unit employed with a chart supply roll (instead of Z-fold) in
      the recording mode.
PAR  FIG. 5 is an enlarged section through the connection of the flexible guide
      to the fixed guide.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, the chart recorder 11 includes a
      chassis having front side flanges 12 and 13 turned outwardly from the
      walls 14 and 16, thereof, respectively, inwardly turned side flanges 17 at
      the bottom of each of these walls, and a platform 18 extending between the
      walls. A drawer base plate 15 is affixed to the chassis by screws 19
      secured in the flanges 17, and has a closed ended slot 15A extending
      longitudinally in the front portion thereof and receiving therein a drawer
      slide stop block 21, movable from the position shown in FIG. 2 out to the
      position shown in FIG. 3.
PAR  The drawer 22 includes a drawer slider base 23 having an upwardly turned
      front wall 24 and a longitudinally extending closed ended slot 23A, also
      receiving the block 21 therein. The combination of the upper perimetrical
      flange 21A on the block, and the washer 25 on the bottom of the block and
      retained by screw 25A threadedly received in the bottom of the block,
      serves to retain the block in the slots 15A of the base plate 15 and 23A
      of the slider base 23.
PAR  Base 23 has a pair of bosses or ribs 23B parallel to and on opposite sides
      of slot 23A. Drawer box 26 is mounted on top of these bosses and fastened
      to them by screws (not shown). The drawer box 26 has side walls, one of
      which is shown at 26A, 26B in FIG. 2, portion 26A being between the rear
      wall 27 and intermediate wall 28, and the portion 26B being ahead of the
      intermediate wall. The supply portion or compartment 29 of the drawer is
      between the rear wall and intermediate wall, and the accumulator portion
      or compartment 31 of the drawer is between the intermediate wall and the
      front wall 24. A drawer detent spring 32 is fastened by a screw 33 to the
      drawer base plate 15 and has a detent button 34 therein received in slot
      23A in the drawer slider base 23, just ahead of the portion 23C of base 23
      closing the rear end of slot 23A, to retain the drawer closed in the
      position shown in FIG. 2.
PAR  A chart drive roll 36 is mounted in bearings 37 supported in the walls 14
      and 16, and is driven by a drive belt 38 (FIG. 1) driven by a drive motor
      (not shown) to drive the roll in the direction of the arrow 39 (FIG. 2).
      At each end of the roll is a set of drive roll pins or sprocket teeth 41
      receivable in apertures at each edge of the chart paper 42 to drive the
      paper from the supply portion of the box or drawer to the accumulator
      portion. A chart hold-down and folding wedge assembly 43 has a pair of
      side mounting bracket arms 44 affixed to the walls 14 and 16 of the
      chassis, so that this assembly is fairly rigid. A front cross member 46
      extends between these arms and serves as a support for the chart folding
      wedge 47 which is attached thereto by a pair of screws 48. Curved chart
      hold-down guides 49 extend upwardly and to the rear from the cross member
      46, and have an upper cross member 51 extending horizontally between the
      upper rear ends. Each of these guides 49 has a semicylindrical portion
      with its center at about the axis of rotation of the drive roll, and is
      slotted as at 52 to receive therethrough the drive roll pins. Accordingly,
      with this arrangement, the chart paper is driven from the Z-folded supply
      stack 42A around the top of the chart drive roll sprockets, and between
      them and the chart hold-down guides 49, and downwardly therefrom into the
      chart accumulator portion 31 of the drawer to accumulate in a Z-fold stack
      at 42B. The lower margin of the folding wedge at 53 is directed rearwardly
      so as to encourage the chart descending from the drive roll to move in a
      generally rearward direction, thus encouraging the return to a Z-folded
      stack configuration.
PAR  According to a typical embodiment of the present invention, a rectangular
      sheet of flexible smooth material is fastened to the chart supply box and
      to the chart hold-down assembly. The rear-portion of this sheet is
      fastened to the top of the rear wall of the supply portion of the drawer
      by a pair of screws 54 passing through the sheet 56 and secured in the top
      flange 57 of the rear wall 27 of the drawer. The front edge of sheet 56 is
      passed up through the opening 57 between the lower and upper cross members
      46 and 51 of the hold-down assembly and back around the front edge of the
      upper cross member 51 thereof and is fastened down on top of the rear
      upper cross member 51 by means of a clamping plate 58 which is riveted to
      the upper cross member 51 at three points 59. The width of the flexible
      sheet is preferably the same as the overall width of the chart paper. A
      suitable material for the sheet is "Mylar" in a thickness of 0.005 inches.
      As is shown in FIG. 2, with the drawer in the closed position for the
      recording mode, this curved sheet has assumed a nicely curved
      configuration upwardly and forwardly at 56A under the stationary
      downwardly projecting cross member 61 of the recorder, and then upwardly
      in a nice S-shaped curve 56B-56C to a point of tangency of the curve
      thereof with the curve of the downwardly and forwardly curved side guides
      49 of the rigid hold-down assembly at the upper rear cross member 51.
      Therefore it aids in the passage of the Z-fold chart paper from the supply
      compartment of the box or drawer, forwardly and upwardly around the drive
      roll.
PAR  When the drawer is pulled out to the position shown in FIG. 3 for loading
      the recorder, the flexible guide sheet 56 has assumed a new curved
      configuration upward and to the rear at 156A and then more steeply upward
      at 156B and forward at 156C, again into the attitude of tangency to the
      curve of the side guides of the hold-down, and thereby brings the leading
      edge 42L of the chart paper 42 into a position tangent the drive roll and
      hold-down as it is fed to the rear by the fingers from the supply portion
      of the drawer, with the drawer open in the loading position as shown in
      FIG. 3. When the leading edge has been started onto the roll, the roll can
      be turned whereby the chart driver teeth thereof can pull the paper around
      it until the leading edge can be seen projecting below the wedge 47 (as
      shown in FIG. 3), to verify satisfactory threading. Then the drawer can be
      pushed in until the detent button 34 snaps into slot 23A to retain the
      drawer in the operating position of FIG. 2.
PAR  When the chart is supplied in roll form, it can be used in the front
      portion of the drawer as shown in FIG. 4. When this is done, the stripper
      fingers 62, which aid in the separation of Z-folded chart from the drive
      roll as it comes off the front of the drive roll, are removed. Also, the
      folding wedge 47 is removed. This enables free passage of the roll chart
      64 up from the roll in the front portion of the box or drawer, around the
      drive roll and then down out the front past the front wall 24 of the box
      or drawer as shown at 64A. In this instance too, the smooth curvature of
      the threading chute 56, when the drawer is pulled out for the loading
      position, aids in feeding the chart up to the position of tangency with
      the chart drive roll sprockets and hold-down guides at the upper rear
      cross member 51 of the chart hold-down assembly. The chart guide
      apparatus, and loading and unloading do not interfere with the stylus 66,
      and associated indicator pointer 67 and scale 68 which are above the chart
      drive roll. However, of course, the stylus does extend into the opening 57
      in the chart hold-down assembly for marking the chart as it is driven
      around the roll, the marking being in accordance with the horizontal
      position of the stylus in response to the input signal being applied to
      the recorder.
PAR  From the foregoing description, it can be seen that the present invention
      solves a very difficult problem and is useful regardless of whether the
      roll-type of chart or the Z-folded type of chart is being used.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A flexible chart feeding guide or chute comprising:
PA1  first and second supports at different elevations;
PA1  a chart storage member;
PA1  a sheet spanning a space between said first and second supports and
      supported by said first and said second supports;
PA1  said first support being connected to said sheet in at least two
      horizontally spaced points;
PA1  said second support being connected to said sheet in at least two
      horizontally spaced points;
PA1  said first support being above said second support;
PA1  said sheet being flexible about a line between the two spaced points of the
      upper support;
PA1  said first and second supports being horizontally movable with respect to
      each other in a direction perpendicular to the direction of said line
      between the two points of said first support,
PA1  one of said supports being connected to said storage member and movable
      therewith with respect to the other of said supports when said storage
      member is moved from a chart loading position with respect to said
      supports to a chart use position, and back from said use position to said
      loading position.
NUM  2.
PAR  2. The guide of claim 1 wherein:
PA1  said second support is movable from a position below and behind said first
      support to a position below and in front of said first support.
NUM  3.
PAR  3. The guide of claim 1 wherein:
PA1  said second support is a chart supply and accumulator means.
NUM  4.
PAR  4. A flexible chart feeding guide or chute comprising:
PA1  first and second supports at different elevations;
PA1  a sheet spanning a space between said first and second supports and
      supported by said first and said second supports;
PA1  said first support being connected to said sheet in at least two
      horizontally spaced points;
PA1  said second support being connected to said sheet in at least two
      horizontally spaced points;
PA1  said first support being above said second support;
PA1  said sheet being flexible about a line between the two spaced points of the
      upper support;
PA1  said first and second supports being horizontally movable with respect to
      each other in a direction perpendicular to the direction of said line
      between the two points of said first support,
PA1  said second support being a chart supply and accumulator means,
PA1  said supply and accumulator means including a box having a supply
      compartment and an accumulator compartment with said sheet fastened to the
      upper rear margin of said supply compartment.
NUM  5.
PAR  5. The guide of claim 4 wherein:
PA1  said sheet is plastic about 0.005 inches thick.
NUM  6.
PAR  6. The guide of claim 4 wherein:
PA1  said first support is a rigid upper guide normally above said accumulator
      compartment and tangent said sheet and blending with said sheet to form a
      smooth guide curve.
NUM  7.
PAR  7. The guide of claim 6 wherein:
PA1  said box is movable to a position wherein said accumulator compartment is
      below and in front of said first support.
NUM  8.
PAR  8. The guide of claim 7 wherein:
PA1  said sheet cooperates with said rigid guide in both positions of said box
      to provide a smooth curve into said rigid guide.
NUM  9.
PAR  9. In a recorder having chart supply means and chart drive means, and
      wherein said chart supply means is movable from a position below and
      behind said drive means to a position below and in front of said drive
      means, the improvement comprising:
PA1  a flexible guide means movable from one configuration when said supply
      means is behind said drive means to another configuration when said supply
      means is in front of said drive means to facilitate introduction of chart
      material from said supply means into said drive means from in front of
      said drive means.
NUM  10.
PAR  10. The improvement of claim 9 wherein:
PA1  said drive means is a chart drive roll.
NUM  11.
PAR  11. The improvement of claim 10 and further comprising:
PA1  rigid guide means partially encircling said drive roll,
PA1  said flexible guide means being disposed with a portion of its surface
      tangent a portion of the surface of said rigid guide means.
NUM  12.
PAR  12. The improvement of claim 11 wherein:
PA1  said rigid guide means include a semi-cylindrical guide member having a
      center of curvature at the axis of rotation of said drive roll
PA1  said flexible guide being a sheet of flexible material attached to said
      rigid guide adjacent a point at which a point on said drive roll is moving
      away from said sheet and toward said rigid guide member.
NUM  13.
PAR  13. The improvement of claim 12 and further comprising:
PA1  chart material extending from said supply means around said chart drive
      roll,
PA1  said flexible guide sheet cooperating with said rigid guide to guide said
      chart material from said supply means onto said roll.
NUM  14.
PAR  14. The improvement of claim 13 wherein:
PA1  the one configuration of said guide sheet is upward from said supply means
      and curving forward and then upward again and then curving forward to the
      point of attachment to said rigid guide, when said supply means is behind
      said drive roll.
NUM  15.
PAR  15. The improvement of claim 13 wherein:
PA1  said another configuration of said guide sheet is slightly upward and
      substantially to the rear from said supply means and then curving upward
      to the point of attachment to the rigid guide, when said supply means is
      in front of said drive means.
NUM  16.
PAR  16. The improvement of claim 15 wherein:
PA1  said another configuration includes a forward curve tangent to the curve of
      the rigid guide at the point of attachment.
NUM  17.
PAR  17. The improvement of claim 16 wherein:
PA1  the upward and forward curves and the curve of said rigid guide cooperate
      to form a continuous smooth surface of revolution about the center of
      revolution of said drive roll.
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PAL  An assembly for manufacturing wood pallets including a pair of spaced jigs
      mounted to a table or like supporting frame at a convenient working
      height. Each jig is constructed and arranged to receive the wood
      components of the jig, and an upwardly extending center post is mounted on
      the table between the pallet jigs. A pneumatically operated nailer is
      pivotally mounted from the center post by a pair of swing arms whereby the
      nailer can be moved to any area above either of the pallet jigs for
      securing the pallet together during assembly thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates as indicated to a pallet jig and table, and relates
      more particularly to a jig and table assembly for manufacturing pallets
      which are widely used in industry for various purposes. Generally
      described, the pallets comprise at least one, and normally two supporting
      surfaces or platforms which are spaced by beams or runners which extend
      perpendicular to the supporting surfaces in spaced relation. In the
      manufacture of wooden pallets, the boards which form the supporting
      surfaces at both the top and bottom of the pallet are spaced at desired
      intervals along such surface and nailed to the beams or runners to form a
      rigid frame assembly.
PAR  In order to facilitate handling of the pallets by means of fork-lift trucks
      or similar powered vehicles with lift capabilities, the beams or runners
      and the platform boards are appropriately dimensioned and are cut to such
      dimensions thereby presenting planar sides and ends. It is therefore
      necessary that in the assembly of the boards on the beams or runners, the
      latter must be fairly accurately positioned and aligned so as to properly
      receive the boards which form the platform surfaces. The boards may be
      precut prior to assembly, or cut following the fastening of the boards to
      the beams or runners, with nailing being the usual means for effecting
      such fastening.
PAR  In order to faciliate the manufacture of pallets the type described,
      various assemblies and machines have been proposed all of which have the
      common objective of reducing man power to the extent possible and to
      produce consistently dimensioned pallets which are rigidly held together.
      Examples of prior art techniques of pallet manufacture which provide at
      least partially automatic operation are shown in U.S. Pat. Nos. 3,046,558
      and 3,591,067. Although the stated objectives have been apparently
      achieved in accordance with the structures disclosed in these patents, the
      mechanisms for doing so are quite complicated and expensive.
PAR  U.S. Pat. Nos. 2,749,873 and 2,958,351 relates to jigs for constructing
      wooden units, with the latter patent relating specifically to the
      assembling of skids which are comparable in function to pallets. In both
      of such patents, the jigs are constructed and arranged to receive the
      materials to be assembled in a particularly aligned manner so as to
      facilitate the securing of the components together.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The primary object of the present invention is to provide a jig and table
      assembly in accordance with which the hand assembly of pallets can be more
      efficiently effected. In accordance with the invention, a supporting table
      has mounted thereon a pair of pallet jigs in spaced relation on the table,
      with a supporting post being secured to the table between the jigs and
      extending vertically upwardly therefrom. Pivotally mounted to the support
      post are swinging arms at the end of which is mounted an air nailer for
      securing the wood components of the pallet in their arranged position on
      the pallet jigs. The mounting of the air nailer is such that the same may
      be used at either jig with equal facility.
PAR  A further object of the present invention is to provide a pallet jig and
      table assembly in which certain components of each jig are adjustable so
      as to accommodate stock of varying dimension thereby adapting the jigs to
      construction of various type pallets.
PAR  A still further object of the present invention is to provide a pallet jig
      of the type described in which resilient means bias the beams or runners
      of the pallet to their proper positions on the pallet jig whereby such
      beams or runners are accurately aligned for receiving the top and bottom
      boards or slats which complete the pallet. The resilient biasing means are
      constructed and mounted on the jig so as to accommodate stock of varying
      dimension.
PAR  A still further object of the present invention is to provide a pallet jig
      which is constructed so as to accommodate and align the partially
      completed pallet when the same is inverted so as to receive the second
      series of slabs or boards to complete the other supporting surface of the
      pallet.
PAR  Yet another object of the present invention is to provide a pallet jig and
      table assembly which is simple in construction and which can be
      manufactured at relatively low costs, and which is efficient in operation.
DRWD
PAR  These and other objects of the present invention will be apparent as the
      following description proceeds in particular reference to the application
      drawings.
PAC  BRIEF DESCRIPTION OF THE APPLICATION DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of the pallet jig and table constructed
      in accordance with the present invention, with the air nailer being shown
      fully extended at one side of the apparatus;
PAR  FIG. 2 is an exploded view of the center post and the means for pivotally
      mounting the air nailer on such post;
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 1;
PAR  FIG. 4 is an exploded view of the upper portion of the air nailer housing
      to which is attached an operating handle for facilitating vertical
      movement of the air nailer in use thereof;
PAR  FIG. 5 is a side elevational view, partially fragmented, showing the air
      nailer in a down position just prior to nailing a first row of slats or
      boards to the transverse beams or runners;
PAR  FIG. 6 is a side elevational view similar to FIG. 5 showing the air nailer
      in a relatively raised position just prior to nailing the secondd set of
      boards or slats to the beam or runner after the pallet has been inverted;
PAR  FIG. 7 is a side elevational view similar to FIGS. 5 and 6 showing a nail
      being applied to the pallet when the same is in its FIG. 6 position;
PAR  FIG. 8 is a sectional view of one of the pallet jig units, taken on line
      8--8 of FIG. 9, and
PAR  FIG. 9 is a top plan view of the jig unit shown in FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now in more detail to the application drawings, wherein like
      parts are indicated by like reference numerals, and initially to FIG. 1,
      pallet jigs generally indicated at 10 and 12 are mounted in spaced
      relation on a supporting table generally indicated at 14. The table is of
      generally rectangular frame construction, with only the longitudinal frame
      member 16 being visible in this figure. The table is supported by legs
      commonly designated at 18 provided at each corner of the table, with
      casters 20 being carried at the bottom of each leg to facilitate rolling
      movement of the entire assembly. Although not shown in FIG. 1, the legs 18
      comprise an inner telescoping member to which the casters are carried
      which extends upwardly within the main supporting leg for vertical
      adjustment relative thereto. Both the outer and inner telescoping legs are
      formed with openings which can be aligned, and a headed bolt or pin 22
      extends through such aligned openings for maintaining the telescoping
      members in their vertically adjusted position. In this manner, the working
      height of the table 14 and thus the pallet jigs can be adjusted to
      accommodate the most convenient working height of the person or persons
      assembling the pallets on the jigs.
PAR  Nail pockets commonly designated at 24 are secured to the frame 14 for
      holding a supply of nails 26 for feeding the air nailer. Pockets 24 are
      conveniently located at each corner of the table to supply the assembler
      regardless of his position around the table.
PAR  Mounted on the table 14 between the pallet jigs 10 and 12 is a center post
      generally indicated at 30, which is supported on plate 32 which is in turn
      rigidly mounted to the frame by nut and bolt assemblies 34. A plurality of
      braces commonly designated at 36 are welded or otherwise secured to the
      plate 32 at their lower ends and to the center post 30 at their upper ends
      to rigidify the mounting of the center post, particularly adjacent the top
      thereof.
PAR  The center post 30 is hollow and an air line generally indicated at 40
      extends upwardly through the center post, with the line being housed in a
      sleeve 42 the top of which extends above the top of the center post 30.
      The air line 40 extends to an air nailer generally indicated at 44 for
      operating the same. The nailer 44 is pivotally mounted on the center post
      30 through swing arms 46 and 48, with the structural details of the nailer
      mounting described hereinbelow when particular reference is made to FIGS.
      2-4 of the application drawings.
PAR  Referring now to the construction of the pallet jigs 10 and 12, reference
      is made to FIGS. 8 and 9. Each of the jigs 10 and 12 are identical in
      construction, and the description of the jig 10 as shown in these figures
      will be understood to apply to the jig 12 as well.
PAR  The jig 10 includes longitudinally extending frame members 50, 52 and 54
      rigidly secured to the table 14. The frame member 54 is generally L-shape
      and extends vertically upwardly to form the inner side of the jig adjacent
      the center post 30. The frame member 54 serves as a stop guide or fence
      for the beams when they are positioned in the jig as will be presently
      described.
PAR  L-shaped angle members 56, 58, 60, 62 and 64 extend transversely of the jig
      and are rigidly secured to the longitudinal frame members 50, 52 and 54.
      The vertical leg of the angle member 56 is connected to a transverse frame
      member 66 positioned thereabove by means of braces 68, with the frame
      member 66 being co-extensive at its upper end with the longitudinal frame
      member 54 and defining the rear side of the jig. The frame member 66
      serves as a stop or fence for the boards to be positioned on the beams.
      The transverse members 56-64 can be rigidly secured to the longitudinal
      frame members in any suitable manner, for example by welding or by
      fasteners. It will be noted that the side of the jig opposite the frame
      member 54 is open to facilitate placement of the beams in the jig.
PAR  Angle members commonly designated at 69 are mounted at each corner of the
      jig for supporting the pallet when the same has been inverted following
      the application of the first series of boards to the transverse beams or
      runners. The top surfaces of the angle members 69 terminate in the same
      plane to provide a level support for the pallet when so inverted.
PAR  A resiliently biased keeper is associated with each of the angle members
      56-64 for biasing and retaining the beams or runners in position on the
      jig. Each keeper is commonly designated at 70 and includes a curved end
      portion 72 generally planar with the vertical wall of the adjacent angle
      member, with the opposite end of the keeper being connected to a coil
      spring 74 the opposite end of which is in turn secured to a bracket 76
      mounted on and extending upwardly from the longitudinal frame member 52. A
      plurality of keeper sleeves commonly designated at 78 are mounted on the
      same longitudinal frame member 52 and extend upwardly therefrom for
      contacting the keeper 70 and controlling the position thereof relative to
      the adjacent angle member. It will be seen from FIG. 9 that a beam or
      runner can be inserted from a direction from bottom to top in this figure
      between the curved end surface 72 of the keeper and the vertical leg of
      the angle member 56 with the keeper being cammed clockwise about the
      sleeve 78 against the bias of the spring 74, assuming of course that the
      width of the beam or runner exceeds the normal spacing between the biased
      keeper and the adjacent angle member.
PAR  In the same manner, it will be seen that all the keepers 70 bias the
      transversely positioned beams or runners against the angle members
      supporting the same for precise alignment of the beams or runners for
      application of the surface boards or slats thereto. FIG. 5 shows a
      transverse beam 80 positioned against the adjacent angle member, and a
      slat or board shown at 82 positioned on the beam 80 prior to being nailed
      thereto. It will be understood that similar beams 80 are disposed adjacent
      each of the transverse angle members 56-64. It will also be apparent that
      the transverse beams 80 extend into engagement with longitudinal frame
      member 54, with the opposite ends of the beams terminating relatively
      adjacent the outside edge of the longitudinal frame member 50. The beams
      can be cut and squared at such end if the beams have not been precisely
      cut for length prior to assembly of the pallet.
PAR  After the beams 80 have been positioned on the jig 10 in the manner
      described, the boards or slats 82 are positioned on the beams 80 with the
      first such board being squared against the upstanding longitudinal member
      54 and at its leading end against the transverse frame member 66.
      Additional boards 82 are then positioned in the same manner, with such
      boards being spaced from each other in a predetermined manner. The nailing
      of the individual boards can be effected after each board has been
      positioned on the transverse beams, or the nailing can be completed after
      all the boards have been positioned in place. It will be noted, as viewed
      in FIG. 9, that the right end of the jig is open whereby the ends of the
      boards 82 can be cut and squared as necessary. The spacing of the boards
      82 on the beams 80 is not critical.
PAR  Referring now to FIGS. 2-4, FIG. 2 comprises an exploded view of the center
      post 30 and the supporting assembly for the air nailer. As disclosed, the
      sleeve 42 within which is disposed the air line 40 extends above the
      center post and pillow block bearings 100 and 102 are positioned around
      the sleeve or spindle 42, with the bearings being secured to a mounting
      plate 104 by means of nut and bolt assemblies shown at 106 in FIG. 1. The
      mounting plate is rigidly secured to swing arm 46 the opposite end of
      which is similarly mounted to a mounting plate 106 which carries pillow
      block bearings 108 and 110 through nut and bolt assemblies 112, FIG. 1.
PAR  Swing arm 48 is formed with a generally cylindrical end portion 114 which
      is adapted to be aligned with the pillow blocks 108 and 110 for receiving
      a pin 116 thereby permitting rotation of the swing arm 48 relative to the
      swing arm 46. The opposite end of the swing arm 48 carries a generally
      L-shaped mounting arm 118 the end of which is formed with openings 120.
      The end of the arm 118 extends between brackets 122 and 124 both of which
      are formed with openings commonly designated at 126 which can be aligned
      with the openings 120 but which are generally elongated to permit relative
      vertical adjustment of the swing arm relative to the brackets. The
      brackets 122 and 124 are secured, for example, by welding, to a generally
      square, hollow post 130 which telescopically receives a relatively smaller
      hollow post 132, as shown in section in FIG. 3, which figure also shows
      the nut and bolt assembly 134 for securing the arm 118 to the brackets 122
      and 124.
PAR  A spindle 136 extends from the bottom of the post 132, and a shaft 138
      extends upwardly through the spindle 136 and the posts 132 and 130.
      Positioned at the top of the post 130 is a cap member 140, washers 142 and
      144, a spring 146, and a nut 148 which is adapted to threadedly engage the
      upper end of the shaft 138. The lower end of the shaft is also threaded as
      shown at 150 for threaded engagement with a nut 152 mounted on handle
      plate 154, with a lock nut 156 being provided at the lower end of the
      shaft to secure the same in its locked position.
PAR  When the members just described have been assembled, the spring 146 is
      under compression and normally biases the shaft 138, and thus the handle
      plate 154, upwardly away from the work area. When the handle 158 is
      lowered to effect the nailing of the boards, the spring 146 is tensioned
      and serves to return the plate 154, to which the nailer is mounted as will
      be presently described, to its upper, withdrawn position. A set screw 160
      extends through a threaded opening therefor in the cap 140 to maintain the
      elements in their adjusted position. The cap 140 limits down travel of the
      post 132 thereby to accommodate pallets of varying thickness.
PAR  The post 130 carries a latch assembly which includes a bracket 164 mounted
      on the post, an upper latch member 166 which is biased away from the post
      by means of spring 168, and a lower latch member 170 having a pawl end
      172. Both latch members 168 and 170 are pivotally mounted to the bracket
      164 by pin means or the like so that depression of the latch member 166
      toward the post 130 against the bias of spring 168 serves to release the
      pawl end 172 from engagement with the lower post 132, when it is desired
      to raise or lower these members. The bottom post 132 is provided with a
      projection 173 (FIGS. 5 and 6) for engagement by the pawl 172 to effect
      the desired vertical adjustment of these members.
PAR  Referring now to FIG. 4, the mounting plate 154, to which the operating
      handle 158 is connected through arm 176, is mounted to the top mounting
      plate 178 of the air nailer 44 as follows. A plurality of openings
      commonly designated at 180 are drilled in the mounting plate 154, which
      correspond in diameter and spacing to threaded openings commonly
      designated at 182 formed in the plate 178. A plurality of mounting screws
      commonly designated at 184 extend through the openings 180, downwardly
      through spacers 186 into threaded engagement with the openings 182 in
      plate 178 thereby to firmly mount the plate 154 and thus the operating
      handle 158 to the nailer 44. The mounting of the plate 154 in spaced
      relation to the top of the nailer is desirable in order to leave exposed
      the air outlet ports 188 provided just above the mounting plate 178.
PAR  The manner in which the nailer 44 operates will be apparent by reference to
      FIGS. 5-7. The positioning of the transverse beams 80 and boards 82 has
      been previously described, and in FIG. 5 the nailer 44 is shown just prior
      to the nailing operation. The nailer is of conventional construction and
      includes a nail tube 190 which is adapted to receive and feed nails to the
      discharge end of the nailer in a manner well known in the art. To effect
      nailing, the nailer is pushed down by means of the operating handle 158,
      with engagement of the nailer with the board 82 releasing a safety device
      provided on the nailer at the nose thereof to actuate the air supply for
      driving the nail through the board 82 into the beam 80. The safety device
      referred to is likewise a well known feature on nailers of this general
      type. When the handle 158 is lowered, the spring 146 is tensioned, and the
      nailer 44 is automatically raised when pressure on the operating handle
      158 is released following the nailing operation. The nailer 44 can then be
      moved to the next nailing position, with such movement being permitted
      through the pivotal mounting of the swing arms 46 and 48 as above
      described. The nailer can reach any location on either pallet jig 10 or 12
      owing to such mounting, which constitutes an important part of the present
      invention.
PAR  After all the boards 82 have been nailed in place on the transverse beams
      80, the partially completed pallet is inverted, that is, the boards 82
      assume a bottom position with the beams 80 extending upwardly therefrom as
      shown in FIG. 6. The boards 82 in such position are supported by the angle
      irons 69 previously referred to in the description of FIGS. 8-9. A further
      layer of boards 82' are then positioned on the transverse beams 80, only
      one of which is visible in FIG. 6, and the nailing procedure is duplicated
      for such second row of boards, in the manner above described. It will be
      noted that the posts 130 and 132 in FIG. 6 are vertically adjusted
      relative to their position as shown in FIG. 5 so as to raise the nailer 44
      for operating at the higher level due to the inverting of the partially
      completed pallet. The latch mechanism previously described retains the
      posts 130 and 132 in such adjusted position.
PAR  Referring to FIG. 7, this figure shows the nailing operation on the pallet
      in its inverted, FIG. 6 position.
PAR  It will thus be seen that the objects of the invention have been achieved.
      The pallet jigs permit the transverse beams and boards to be nailed
      thereto to be accurately positioned prior to nailing. The adjacently
      disposed jigs and the air nailer rotatably mounted from the center post
      between such jigs permits efficient nailing at both of such jigs by a
      single operator thereby greatly facilitating production of the pallets.
      The entire jig and table assembly is relatively simple in construction and
      highly efficient in use, with the construction of the component parts of
      the entire apparatus being such that little or no maintenance is required.
CLMS
STM  I claim:
NUM  1.
PAR  1. A jig assembly for manufacturing pallets comprising:
PA1  a. a pair of jigs mounted on a supporting table, each jig being formed with
      longitudinal and transverse frame members for supporting beam components
      of a pallet to be formed prior to nailing of further pallet components
      thereto, resiliently mounted keeper arms pivotally mounted on said frame
      members for biasing said beam components against said transverse frame
      members for accurately aligning said beam components in said jig,
PA1  b. means for supporting said jig at a convenient working height,
PA1  c. a post mounted between said jigs and extending upwardly therefrom,
PA1  d. a nailer means for nailing top and bottom rows of said further pallet
      components to said beams, and
PA1  e. means for pivotally mounting said nailer means for pivotable, swinging
      movement about said post whereby said nailer means can be moved to any
      area above either of said jigs for effecting the nailing operation, said
      mounting means comprising a first swing arm pivotally mounted to said post
      and a second swing arm pivotally mounted at one end to said first arm and
      operatively connected at its other end to said nailer means, said arms
      being disposed in generally horizontal planes above said jigs.
NUM  2.
PAR  2. The jig assembly of claim 1 further including a pneumatic control line
      extending upwardly through said post and connected to said nailer means
      for pneumatically operating the same.
NUM  3.
PAR  3. The jig assembly of claim 1 wherein each of said transverse frame
      members are generally L-shaped in cross section for receiving the pallet
      beams.
NUM  4.
PAR  4. The jig assembly of claim 3 wherein said keeper arms are connected at
      one end to spring means fixedly mounted at their other ends to one of said
      longitudinal frame members, said keeper arms engaging keeper posts
      extending upwardly from said one longitudinal frame member, with said
      keeper arms being biased by said springs about said keeper posts to
      resiliently engage beams positioned between the outer, free end of said
      keeper arms and the adjacently disposed transverse frame members thereby
      to retain said beams in aligned position on said frame members.
NUM  5.
PAR  5. The jig assembly of claim 4 further including support brackets located
      at each corner of said pallet frame and extending vertically above said
      transverse frame members, said support brackets serving to support a
      partially formed pallet when the same has been inverted to permit
      application of the second supporting layer on said transverse beams.
NUM  6.
PAR  6. The jig assembly of claim 1 wherein said operative connection between
      said nailer means and said second swing arm comprises a first generally
      hollow post operatively connected to said swing arm through a bracket
      fixed to the free end of said second swing arm, a second post
      telescopically received within said first post and operatively connected
      to a mounting plate carrying said nailer means, and latch means carried by
      said first telescoping post and including means engageable with said
      second post for maintaining said posts in a relatively adjusted position
      at a predetermined height above said pallet jigs.
NUM  7.
PAR  7. The jig assembly of claim 6 further including spring means operatively
      connected to said second telescopic post for urging the same and thus said
      nailer means upwardly away from said pallet jigs, the lowering of said
      nailer means functioning to compress said spring thereby conditioning the
      same for withdrawal following release of said nailer means subsequent to
      the nailing operation, and handle means provided on said mounting plate
      for said nailer means to facilitate vertical movement of said nailer means
      toward and away from said jigs.
NUM  8.
PAR  8. The jig assembly of claim 7 further including a shaft threaded to said
      mounting plate for said nailer means, said spring extending around the
      upper end of said shaft and being compressed during vertical downward
      movement of said nailer means.
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ABST
PAL  An apparatus for soldering a plurality of flat conductors on a board
      consisting of a head with a soldering element and of a mechanism for
      relative displacement of the board and head. The soldering element has a
      working surface unwetted by the solder wherein, according to the
      invention, there is incorporated an elongated portion wetted by the solder
      and disposed at an angle to the line of relative displacement of the board
      and head. Said portion serves to spread the solder over each lead while
      being moved at a constant rate from lead to lead in succession.
BSUM
PAR  The present invention relates to methods for fabricating electronic
      equipment, and more specifically to apparatus for soldering a plurality of
      flat conductors, leads of integrated microcircuits in particular, on a
      board.
PAR  There are known apparatus for soldering a plurality of flat conductors,
      leads of integrated microcircuits in particular, on a board, comprising a
      head with a soldering element containing a working surface unwetted by the
      solder and a mechanism for relative displacement of the board and head.
PAR  Yet, the known apparatus fail to assure quality soldering because their
      soldering elements, unwetted by the solder, are made of or clad with
      materials such as molibdenum, tungsten, nickel-chromium-iron alloy, tantal
      and other which display poor thermal conductivity and low specific heat.
      To provide the requisite amount of heat to the joints, these soldering
      elements must be heated to a temperature by far exceeding the melting
      point of the solder with the result that burning and spattering of both
      flux and solder take place and pores as well as blowholes are likely to
      occur in soldered joints. Materials exhibiting good heat transfer as
      copper and copper-based alloys are wetted with the solder at the
      temperature employed in soldering and their use as soldering elements in
      the known apparatus brings about the formation of intolerable
      accumulations of solder and bridges between adjacent leads when the
      soldering element is being separated from the joint.
PAR  Another significant disadvantage of the known soldering apparatus is low
      rate of work and sophisticated design which is overcome by moving
      descretely the board with microcircuits (or head), aligning the leads in
      succession with the soldering element, separating and lowering this each
      time a lead has been soldered. The use of soldering elements with the
      working surface extended so as to heat more than one lead at a time gives
      an increase in the rate of work but introduces the danger of damaging
      microcircuits by a thermal shock (this is avoided by employing special
      heat dissipators and cooling the zone of soldering in an inert gas) and
      fails to assure a uniform rate of heat transfer from the soldering element
      to each of the leads separately.
PAR  It is an object of the present invention to provide an apparatus for
      soldering which is free from said disadvantages.
PAR  The primary object of the present invention is to provide an apparatus for
      soldering a plurality of flat conductors on a board which is simple in
      design and assures the possibility of soldering each lead separately while
      the head or board are being moved without stopping.
PAR  This object is attained by the fact that in the apparatus for soldering a
      plurality of flat conductors which comprises a head with a soldering
      element incorporating a working surface in direct contact with the
      conductors soldered and a mechanism for the relative displacement of the
      board and head there is on the working surface according to the invention
      an elongated portion wetted by the solder, disposed at an angle to the
      line of travel of the head relatively to the board and serving to spread
      the solder over each lead while being moved at a constant rate from lead
      to lead in succession.
PAR  It is expedient that the portion wetted by the solder is interposed
      according to the invention between the portions unwetted by the solder.
PAR  It is also expedient that the portion wetted by the solder is given
      according to the invention the form of a removable insert disposed in a
      groove of the soldering element.
PAR  The use of the apparatus for soldering disclosed is conducive to a high
      rate of work while soldering a plurality of flat conductors on a board
      because the soldering can be done while the head is being moved relatively
      to the board without stopping.
PAR  Moreover, the presence of an elongated portion wetted by the solder in the
      working surface of soldering element provides for a constant rate of heat
      transfer from the soldering element to each of the conductors separately
      and the fact that said elongated portion is disposed at an angle to the
      line of travel of the head relatively to the board and also between the
      portions sunwetted by the solder provides for the possibility of
      controlling the process of spreading the solder while soldering.
DRWD
PAR  The present invention will be best understood from the following detailed
      description of the preferred embodiment of the invention when this is
      being read in conjunction with the accompanying drawings in which
PAR  FIG. 1 is a schematic general view of the apparatus for soldering according
      to the invention (the actuating mechanism and soldering element are shown
      in sectional elevation);
PAR  FIG. 2 is a section on line II--II of FIG. 1;
PAR  FIG. 3 is a soldering element according to the invention viewed from the
      working surface;
PAR  FIG. 4 is a schematic diagram illustrating the position of that portion of
      the working surface of soldering element which is wetted by the solder
      according to the invention with respect to leads of a microcircuit at two
      stages of the process of soldering.
DETD
PAR  Referring to FIG. 1, the apparatus for soldering leads of integrated
      microcircuits disclosed consists of a head 1 secured to a mechanism 2
      serving to move same with respect to a board 3 which in the preferred
      embodiment is installed immovably. It goes without saving that the board 3
      can be moved, using any of the known means, with respect to the head 1.
PAR  Disposed on the board 3 are microcircuits 4 with flat leads 5 given a coat
      of a hardened solder 6 in advance.
PAR  The mechanism 2 for moving the head 1 incorporates an electric motor 7
      linked up with a drive screw 9 by means of a coupling 8. Said screw
      engages a nut 10 of a slider 11 fitted to an immovable guide rail 12.
PAR  The head 1 is provided with a pair of soldering elements 13 (FIG. 2)
      embracing each microcircuit 4 at the two opposite sides where the leads 5
      are disposed. The soldering elements 13 are attached to levers 14 which
      are free to pivot in a vertical plane about a tubular fulcrum pin 15 (FIG.
      1) as indicated by the arrows. In certain cases it is expedient to provide
      the apparatus with only one soldering element. The pivotal movement of
      levers is controlled with the aid of an electromagnet 16 whose armature 17
      is abutting against a spring 18 and interacts with an arm of each of the
      levers 14. The levers 14 are exposed to a pulling action exerted by
      springs 19. Rigidly attached to the opposite arms of each lever 14 there
      are soldering elements 13.
PAR  Each soldering element is a rod of rectilinear cross-section heated by an
      internally arranged electric heater 20 connected to a source of power (not
      shown) by wires 21. The material of rods is copper coated with a metal
      unwetted by the solder (chromium for example) and each rod has a working
      surface, i.e., one coming into contact with the soldered leads 5 and given
      the form of a parallelogram (FIG. 3). Disposed at an angle .alpha. to line
      x--x, which is that of relative displacement of the head 1 (FIG. 1) and
      board 3, there is in the working surface of each soldering element a
      groove accomodating a removable insert 22 also in copper but without a
      coat. Arranged flush with the working surface of each soldering element
      13, each insert 22 forms therein an elongated portion 23 (FIG. 3) wetted
      by the solder and interposed between portions 24 and 25 unwetted by the
      solder. Said wetted portion is shown by broken lines in FIG. 2. The width
      of the insert 22 and the angle .alpha. are selected depending on the width
      of the soldered leads 5 and the spacing thereof.
PAR  The apparatus for soldering operates in the following way. The board 2
      (FIGS. 1 and 2) with microcircuits 4 is secured that the leads 5 are
      located under the soldering elements 13 of the head 1. Preparatory to
      soldering, the soldering elements are heated up to the temperature
      recommended for the soldering of the joints. The electromagnet 16 and
      electric motor 7 are cut in simultaneously. At this instant the head 1
      starts moving at a constant rate along the microcircuits 4 while the
      armature 17 of the electromagnet 16 sets the levers 14 free. The soldering
      elements 13 come down on the leads 5 with their working surfaces due to
      gravity and the action of the springs 19. As the head 1 progresses along
      its path, the successive portions 24, 23 and 25 (FIG. 3) of the working
      surfaces of the soldering elements 13 come into contact one after another
      with the leads 5, assuring at first the heating of the solder 6 (this is
      the function of the portions 24) and then a rapid melting of the solder
      through a coat of tin available within the portions 23. Since the portions
      23 wetted by the solder are disposed at an angle .alpha. to line x--x
      which is one of relative displacement of the head 1 and board 3, the
      contact between said portions and each of the successive leads 5 shifts
      gradually while soldering along the lead, assuring a forcible spreading of
      the solder in the same direction. For example, a travel of the soldering
      element by an amount .DELTA. (FIG. 4) brings about a displacement of the
      contact by an amount .DELTA.'. A further travel of the head 1 interrupts
      the flow of liquid solder between the lead 5 and wetted portion 23 (the
      unwetted portion 25 intervenes at this stage) and the soldering elements
      13 (FIG. 1) come into contact with the next lead 5.
PAR  Upon completing the soldering of the leads 5 of the last microcircuit 4,
      the electric motor 7 is cut out manually or automatically, the armature 17
      of the electromagnet 16 is returned back into its original position due to
      the action of the spring 18 and, coming abutting against the levers 14,
      causes the soldering elements 13 to lift clear of the board 3.
PAR  Operating in this way, the disclosed apparatus for soldering assures local
      and successive heating of the joints while the head is being moved without
      stopping with the result that the rate of work is considerably increased
      (up to 1,500 microcircuits per hour) and so is the quality of soldering.
PAR  A combination in the apparatus disclosed of the advantages offered by
      soldering elements wetted and unwetted by the solder enables the
      optimization of the thermal cycle of soldering and high reproducibility of
      the shape of soldered joints.
PAR  The apparatus disclosed is also characterized by a high operational
      reliability and ease of operation, being free from units of sophisticated
      design.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for soldering on a board a plurality of flat conductors and
      leads of integrated microcircuits in particular, comprising: a head, a
      soldering element connected to said head, means for displacing said head
      relative to said board, said soldering element having a working surface
      including a portion unwetted by the solder and an elongated portion wetted
      by the solder, said elongated portion wetted by said solder being bordered
      on two sides by said unwetted portion, means for heating said soldering
      element and spaced from said portions, said elongated portion having a
      longitudinal axis disposed at an angle to the direction of relative
      displacement of said head and said board, said elongated portion spreading
      solder over each lead while being moved by said head at constant rate from
      lead to lead in succession.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 wherein said portion wetted by the
      solder comprises a removable insert, said soldering element having a
      groove in said working surface for holding said removable insert.
NUM  3.
PAR  3. Apparatus for soldering a plurality of flat conductors and leads of
      integrated microcircuits in particular, comprising: a head with an
      electromagnet; a movable lever with two arms, one of said arms being
      connected to said electromagnet; a soldering element rigidly attached to
      the other one of said arms of said lever; means for relative displacement
      of said board and said head consisting of an electric motor, a coupling, a
      drive screw linked to said electric motor through said coupling, a nut
      engaging said drive screw, a slider with said nut rigidly attached
      thereto, an immovable guide rail with said slider moving therealong, said
      head being rigidly attached to said slider; said soldering elements of
      said head having a working surface including a portion unwetted by the
      solder and an elongated portion wetted by the solder, said elongated
      portion wetted by said solder being bordered on two sides by said unwetted
      portion, means for heating said soldering element and spaced from said
      portions, said elongated portion having a longitudinal axis disposed at an
      angle to the direction of relative displacement of said board and said
      head, said elongated portion spreading the solder along each lead when
      said soldering element is being moved by said head at a constant rate from
      lead to lead in succession.
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ABST
PAL  The process is characterized in that hot gas are blown at right angle with
      the front face of the parts to be brazed into the contiguous areas of an
      enclosure. The speed of the hot gas in a first area is regulated in order
      to ensure pre-heating, the speed in a second area is regulated in order to
      increase the temperature to the brazing temperature and the speed in a
      third area is regulated in order to ensure at least a partial cooling of
      the parts before they are withdrawn from the enclosure.
PARN
PAR  This is a division of application Ser. No. 372,945, filed June 25, 1973,
      now U.S. Pat. No. 3,880,578, which is a division of application Ser. No.
      69,593, filed Sept. 4, 1970, now U.S. Pat. No. 3,769,675.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel process for the brazing of radiator cores
      all the parts thereof are made of aluminium or aluminium alloys and a part
      at least thereof are plated with a brazing alloy.
PAR  The invention relates to a non-stop brazing process, which means that the
      cores to be brazed are moved according to a strictly continuous motion or
      according to an intermittent but regular motion, and this with the use of
      hot gas instead of dipping the radiator cores into a melting salt bath.
PAR  Brazing by means of hot gas entails however some inconveniences which are
      well known. As a matter of fact, hot gas used must never be at a
      temperature above melting temperature of aluminium. Now, melting
      temperature of brazing alloys, particularly that of silicon-aluminium, is
      about the same as that of aluminium melting temperature (difference of
      about 30.degree. to 40.degree.C). On account of this small difference
      between the respective melting temperatures of aluminium and of brazing
      alloys thereof, the heating of parts, about the end of the heating, tends
      to an asymptote so that the end of the heating stage has to be long in
      order to reach regularly the brazing temperature.
PAR  It has been verified that the keeping of thin aluminium parts at a
      temperature close to brazing temperature is prejudicial to the making of
      good brazings, due to the flux covering inevitably the parts to be brazed
      is quickly damaged at high temperatures and there is a great risk that
      aluminium will reoxidate as a result of high temperature and the presence
      of oxygen in the hot gas.
PAR  Because of the large number of soldering joints involved in the manufacture
      of a radiator -- a few hundreds or even a few thousands -- it is also
      essential that all the joints be perfectly made, which requires that all
      the radiator parts in process of brazing be heated, at the same time, at
      the same temperature.
PAR  Another serious inconvenience lies in the fact the brazing being carried
      out at a temperature close to the melting temperature of aluminium, it
      follows that the metal when at a temperature close to said soldering
      temperature shows only extremely low strength characteristics, while,
      besides, all the radiator parts must remain pressed one against each
      other. Thereby, radiator manufacturers were heretofore fixed on the horns
      of the following dilemna: either tighten the parts and run the risk of the
      strain thereof when the metal softens, or to leave the parts loose which
      will not still prevent the straining thereof, and, consequently, to be no
      longer in contact one against the other which, as a result, making
      impossible the working out of brazing joints.
PAR  This problem becomes more complicated also with the expansion the core
      parts are subjected to, when heated at brazing temperature. Said expansion
      is, in fact, important and tends to create a play between the parts.
PAR  Another difficulty lies in the fact that the core, which must be tightened
      in a fitting, is necessarily in contact with said fitting. The holding
      fitting having to be rigid at brazing temperature is thus necessarily
      thick and the heating thereof, apart from the fact of its cost, is slow as
      compared with that of the core which results in the cooling of the core
      areas in contact with said fitting and a risk of faulty soldering close to
      said areas notwithstanding a tendency for the flux covering them to flow
      out towards the warmer parts of the core, where it may overflow and
      thereby pour too much soldering alloy into the aluminium which may
      perforate certain parts of the pieces. Moreover, the amount of flux may
      then be insufficient on certain areas of the parts.
PAR  The invention has been conceived and developed to provide means for brazing
      radiator cores with high efficiency and to ensure an improved brazing of
      all the joints.
PAR  According to the invention, the radiator cores, after being covered with
      flux, are moved into the successive areas of an enclosure, contiguous
      streams of hot gas directed at right angles to the front surface of said
      radiators are blown into each of said areas so as to create by themselves
      aerodynamic deflectors for the travelling of said streams in all the parts
      thereof, the velocity of a hot gas stream in one of the areas forming a
      pre-heating area is adjusted so as said velocity is just under the
      velocity limit at which the flux would be blown and carried away, the
      velocity of the hot gas stream in the next area wherein the cores are
      heated at soldering temperature is adjusted at a higher velocity than that
      prevailing in the pre-heating area, and one other area at least is
      arranged wherein the cores are cooled down at a temperature ranging about
      300.degree.C before they are withdrawn from the enclosure.
PAR  The practical implementing of the invention has disclosed that additional
      inconveniences had to be overcomed. In particular, the moving of the
      radiator cores requires a travelling device capable of supporting the heat
      of the successive gas streams, as well as the corrosion resulting from
      flux vapours or being at least partly protected from said vapours.
      Moreover, the operation of said travelling device must obviously not
      disturb the travelling of said gas streams and the leakages of the latter
      must also be as low as possible.
PAR  This invention also answers this problem and provides an equipment for the
      implementing of this process.
PAR  According to this second provision of the invention, the equipment includes
      a number of cells externally similar as concerns the width and the height
      thereof, said cells including, in the aperture of the frame they delimit,
      two sole-plates or pillar-plates substantially parallel, one of which is
      fixed and the other is movable so as it may travel cross-wise to the
      lengthwise direction thereof, the front parts opposite said sole-plates or
      pillar-plates being fitted with thin edge projections between which the
      radiator core is gripped, so that said cores are only connected to said
      cell pillar-plates at a certain distance from said pillar-plates and so
      that by means of spot junctions leaving clear the whole of the front
      surface thereof, said cells being suspensed and moved in an air furnace
      including at least at the inlet and the outlet thereof a chamber locked by
      the cells upon the passage thereof, said furnace being connected with
      separated blowing and exhausting means for at least three air streams
      having different velocities and delimiting pre-heating, brazing and
      precooling areas which are connected between them without break of
      continuity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic sectional elevational view of a furnace designed
      for implementing the invention;
PAR  FIGS. 2 and 2a are cross sectional views taken substantially as indicated
      by line II--II of FIG. 1;
PAR  FIG. 3 is a diagrammatic elevational view, fragmentary sectional, of an
      embodiment of one of the brazing cells travelling in the furnace shown on
      the above FIGS.;
PAR  FIG. 4 is a perspective view, at a larger scale, showing a specific feature
      of brazing cells;
PAR  FIGS. 5 and 6 are perspective views showing particular embodiment details;
PAR  FIG. 7 shows another embodiment of the feature which appears on FIG. 4;
PAR  FIG. 8 shows a different form of the cell shown on FIG. 3, and
PAR  FIGS. 9 and 10 are diagrammatic perspective views showing additional
      features of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As shown by FIGS. 1 and 2, the furnace is made of a long shaped structure 1
      provided with heat insulated material 2. An enclosure 3 is delimited in
      the structure 1 by partitions 4 which may be partly or entirely made of
      ceramic or stainless metal, for example stainless steel, so as to resist
      corrosive effects of vapour and/or projection of highly active flux
      products which are generally used for brazing of aluminium. As shown on
      FIG. 2, partitions 4 hold an insulated duct 5 which shuts the top part of
      the enclosure 3 and forms a conveyor or transporter 6 which may be made of
      a single rail or of an axially mobile unit of the type currently used in
      handling technics. Duct 5, and particularly the bottom part 7 thereof
      forming the top part of enclosure 3, is heat insulated and said bottom
      part 7 bears a narrow lengthwise groove 8.
PAR  Partitions 4 form with structure 1 ducts 9, 9a connected by a duct section
      9b. Partitions 4 are, besides, punched with port-holes 4a which are spaced
      so as to provide an even travelling of hot gas streams transversally to
      the axis of the enclosure 3, said travelling being created by turbines or
      fans 10 set, for instance, in duct 9. The heating of the air contained in
      the structure may be ensured by various means, by electric resistances 11,
      for instance, set into duct 9a, by town gas burners or fuel burners, said
      heating means being in any case properly controlled so as to obtain the
      temperatures hereinafter specified.
PAR  The setting of turbines 10 and port-holes 4a and, in case of need, of means
      for the distribution of the gas flux blown by the turbines, is so fixed as
      to create in enclosure 3 successive areas wherein hot gas travel at
      different temperatures and velocities along gaseous streams not separated
      between each other by partitions projecting in said enclosure. In other
      words, it has been found desirable that the successive hot gas streams be
      delimited by aerodynamic means exclusively in enclosure 3, properly so
      called.
PAR  Chambers 11 and 11a are however set at the inlet and outlet of enclosure 3
      in order to cut down hot gas losses.
PAR  The furnace is intended to house cells 12, 12a . . . 12n which are all
      identical externally at least as concerns the height and the thickness
      thereof. In the case conveyor 6 is a mere fixed rail, then, as shown on
      FIG. 1, cells 12, 12a and so on are in mutual contact and push themselves
      one and another whether or not they are loaded with a core or a radiator
      to be brazed. On the contrary, in the case transporter 6 is mobile itself,
      this arrangement, though advantageous, is no longer necessary.
PAR  In the embodiment shown on FIG. 2, conveyor 6 is set in duct 5, and cells
      12 are carried by suspension parts 13 having a small section which run
      through groove 8 of bottom part 7. Suspension parts 13 may be fitted with
      deflector units 14, 14a respectively set on either parts of bottom 7 so as
      to limit the amount of gas outflowing from duct 5 and entering into
      enclosure 3. It has, in fact, been found advantageous to maintain the
      inside of duct 5 under a slight over-pressure as compared with enclosure 3
      by blowing, into said duct, air from a feeding device 15 fitted, if
      necessary, with a filtering, dehydrating and pre-heating device 16.
      Thereby, the inside of duct 5 which is thermally insulated from enclosure
      3 and ducts 9, 9a, 9b, is at a temperature definitely lower than that of
      the latter hollows and the air it contains is free of flux vapour, which
      makes it possible to use a simple conveyor that cannot be damaged by
      corrosive products or by heat. It appears, moreover, that the air entering
      into enclosure 3 is lead in the direction of arrow f.sub.1 by shutters and
      deflectors 14 and 14a so that the air vein travelling through cell 12 is
      not cooled neither disturbed.
PAR  A similar result is obtained by the embodiment shown on FIG. 2a according
      which duct 5a is built on the top part of the furnace and houses both the
      conveyor 6 and the air supply device 15. In this case, parts 13 which hold
      the cells are longer and run both through the top part of enclosure 3 and
      the furnace wall respectively through slots 8a and 8b. Shutters and
      deflectors 14, 14a of FIG. 2 may then be suppressed.
PAR  FIG. 3 shows an embodiment of cells 12 which each include a rectangular
      frame 17 made for instance of stainless square tubes 18, preferably of
      stainless steel, for instance of Ugine NS 24 steel, and the parts of said
      frame are joined together by boxing preferably, or also by welding
      provided that the welds be so made that they will not corrode more than
      the constituent metal of the frame. Such welding may be carried out in
      some instances by resistance, but, most often it has to be made under a
      neutral or reducing atmosphere, or also, under vacuum, preferably by means
      of electron beams.
PAR  The thickness of the frame and the height thereof correspond to the gaps
      worked out into chambers 11 and 11a, thereby when the frames are
      reciprocally pushed one by the other, there will always be one frame in
      each chamber, which ensures the relative tightness of the latter. When the
      frames are not in contact one with another, the position of chambers 15 is
      so determined that there will always be a cell at right angles with each
      chamber presented by the furnace.
PAR  Should this arrangement be not feasible, temporary shutting means for
      port-holes worked out into chambers 11, 11a will be fitted, said temporary
      shutting means being cleared upon the incoming and the outgoing of any
      cell.
PAR  By referring again to FIG. 3, it appears that the lower longitudinal girder
      19 of frame 17 holds, by means of keys 20, preferable flexible, and made
      for instance of expanded metal or folded corrugated iron sheets, a support
      sole plate 21 which bears on its side opposite to that resting on keys 20
      projections 22 having a small section, at least at the tips thereof. Said
      projections may, for instance, be made of pins relatively close one
      another, the spacing between two projections ranging about 15 to 20 mm.
PAR  Projections 22 are so arranged that they bear at precisely settled points,
      one of the flanges 23 of a radiator core 24 for instance, whereof 25
      represents the pipes, 26 the dissipator parts and 27 the collectors.
PAR  As shown on FIGS. 2 and 2a, when the frame 17 forming the setting of a cell
      is carried by conveyor 6, the core thereof is at right angle with the
      travelling direction of the hot gas, i.e. exactly in the same way a
      complete radiator will be used on an automobile, which means according to
      the best aerodynamic conditions. Thereby, the hot gas travel through all
      the parts of the core, evenly, the core acting as air travelling regulator
      by itself.
PAR  In order to maintain the various parts of the core properly pressed against
      each other, a pillar-plate 30 is fitted which is similar to sole-plate 21
      and bears, like the latter, projections 22 set in the direction of the
      core so as to rest, for instance on the second flange 23a, and
      occasionally, on other parts of the core, for instance, on fixing clips
      which are brazed onto the flanges and, also, to tighten, if necessary, the
      flange tips on collector supports.
PAR  Pillar-plate 30 is vertically movable and is guided, for instance, by means
      of rods 31 running through holes worked out in girder 18, or by means of
      clamps added to said girder, and rods 31 are advantageously fitted with a
      head 32 in order to limit the travel of pillar-plate 30.
PAR  In principle, the weight of pillar-plate 30 is sufficient for maintaining
      properly in contact between them the various parts of the radiator, namely
      the flanges, the pipes and the dissipators in order that the "squeeze" of
      said parts, i.e. the respective position thereof and the pressure they
      exert one against the other, be satisfactory at the time the brazing is
      made. In addition, if so desired, calibrated springs 33 may, also, be set
      between the pillar-plate and the girder 18, for instance, in the case it
      is assumed that the weight of pillar-plate 30 is not sufficient for
      maintaining the required pressure between the various parts of the
      radiator to be brazed, which is particularly the case for large size
      radiators, since it is an important feature of the embodiment of the cells
      of invention that steps be taken with a view that sole-plate 21, as well
      as pillar-plate 30 and projections 22 carried by the latter be light in
      order to show a low thermal inertia, so as to reduce as much as possible
      heat conductivity between core 24 and the parts on which it rests for
      which, besides, it is advantageous that the said parts be not heated up to
      temperature prevailing in the various partitions of the furnace, at least
      in those the temperature thereof is the highest.
PAR  Owing to the fact pillar-plate 30 is pressed either merely by the weight
      thereof onto the core to be brazed, or by means of calibrated springs and
      that, besides, keys 20 which hold sole-plate 21 show, preferably, a
      certain elasticity, the differential expansions between aluminium, basic
      constituent metal of the radiator, and stainless steel, basic constituent
      metal of the various parts of the cell, are compensated by this method,
      the lengthwise differential expansion being, if necessary, compensated by
      a slight sliding of the cell parts and the core one with respect to the
      others.
PAR  Since it often happens that different types of radiator core have to be
      brazed in a same furnace and without modifying the cells, projections 22
      are arranged so as not to be necessarily all used for holding purpose
      during the brazing of a given type of core.
PAR  Since sole-plate 21 is normally fixed and that pillar-plate 30, as well as,
      in case of need, pressing parts 33 are guided into the cell, spacing means
      for said pillar-plate and parts 33 may easily be designed so as to make
      self-acting the loading of the cells by using mechanical means for the
      setting and the extrusion of the cores.
PAR  Projections 22 are not necessarily formed of pin shaped parts, and FIG. 4
      shows that said projections, which are shown on sole-plate 21, may be
      formed of cross-bars 37 the part 37a thereof, coming into contact with the
      core to be soldered, is thinned down and bears advantageously notches 38
      intended to lessen the contact surface. The projections may also be formed
      of U shaped parts 39 with triangular apices 40 or even flat edges 41, the
      shape of the cross-bars or U shaped parts depending chiefly of the core
      parts which have to be held, for instance in the case said parts are
      fragile or when accessories have to be held against core flanges 23 or on
      other parts thereof.
PAR  Sole-plates 21 as well as pillar-plate 30 may also be formed of T shapes as
      shown on FIGS. 5 and 6 and, in this case, the web 42 of the shapes is cut
      out so as to show resting parts 43 and 44 having different forms,
      depending on the core parts over which said parts exert a pressure. FIG. 6
      shows that, in this case also, web 42 may be thinned down at the tip
      thereof, as shown at 45, in order to lessen the contact surface.
PAR  FIG. 7 shows another process for the making of sole-plate 21 and
      pillar-plate 30. In this case, a U shape is used and projections 22 are
      worked out by cutting and cambering, which provides small contact surfaces
      with the radiator core though said contact surfaces may be close to each
      other.
PAR  This arrangement has another advantage. As a matter of fact, by cutting out
      and cambering appropriately projections 22 from a U shape, it becomes
      possible to give them a certain set and, thereby, to pipe hot gas so they
      selectively are directed on certain parts to be brazed or to eliminate
      disturbances in the travelling of said hot gas.
PAR  In the case T or U shapes are used for the making of sole-plate 21 and
      pillar-plate 30, the cell may itself be simplified because these shapes
      have a great rigidity owing to the form thereof. In this case, as shown on
      FIG. 8, the sole-plate 21 constitutes the lower girder of the cell and is
      connected by struts 46 to another T or U shape 47 which constitutes the
      upper girder of the cell whereon is suspended pillar-plate 30, said
      suspension being made as described with reference to FIG. 3.
PAR  It has been found highly desirable not only to limit the heat conductivity
      between the core to be brazed and the cell holding it, but also to take
      such steps as the risks of adherence between the core, once brazed, and
      the projections of the cell be reduced as far as possible, or even
      entirely eliminated. This result may be obtained by following the process
      shown on FIGS. 9 and 10, i.e. that projections 22, 37, 39, when they are
      made of pins, are fitted, at the tips thereof, with bosses 48 or sleeves
      49 made of a non-corrosive refractory material which does not draw the
      soldering; suitable materials are, for instance, ceramic or steatite.
PAR  As it appears from the foregoing, the supporting cells of the cores or
      radiators to be brazed on the one hand, show a low thermal inertia in the
      parts thereof which are close to the core and, on the other hand, include
      means which prevent almost entirely any heat transmission between them and
      the core and, further, allow hot gas to travel under the best aerodynamic
      conditions into all the core parts, thereby making it possible that all
      the core parts be heated at a fully homogeneous temperature.
PAR  The making of cells with a metal resisting to the corrosive action of
      soldering flux results in said cells may be used for the holding in
      position the constituent parts of the core during the course of the
      fluxing work itself, whether said work is made by means of bath or by gun
      spraying.
PAR  In the case the fluxing of the cores to be brazed is made by bath, the
      furnace, as shown on FIG. 1, delimits four areas or compartments A to D.
      On the contrary, in the case the core is fluxed by spraying, area A may be
      suppressed, since said area, which may be separated from the next area by
      a chamber contrarily to areas B to D, is chiefly used as a drying-oven and
      the temperature thereof ranges about 150.degree.C. It, however, is
      possible, even in fluxing by spraying, to maintain area or compartment A
      in the furnace but in this case the furnace must be arranged in such way
      that said spraying fluxing be carried out in said compartment A, i.e. on
      the pre-heated core, the temperature then prevailing in said compartment A
      being close to the flux fluidifyzation temperature.
PAR  The length over which extend respectively the various areas of the furnace
      is settled in ratio to the moving speed of the cells and to the time
      during which the cores contained in the cells have to remain in each area
      for being heated at the desired temperature.
PAR  Compartment A, if any, serves, as indicated above, either as a drying-oven,
      or as a fluxing by spraying compartment and, in the case said compartment
      serves as a drying-oven, it has been found advantageous that the cores
      stay in said compartment during 10 to 60 minutes at a temperature ranging
      about 150.degree.C in order that they become entirely dehydrated.
PAR  Area B is a pre-heating area and the cores to be brazed remain there during
      10 to 20 minutes. The temperature at which are heated the core in this
      area depends directly on the nature of the brazing alloy. In the case said
      brazing alloy is a silicon-aluminium alloy having a 7.5 % silicon the
      temperature in area B is 570.degree. .+-. 5.degree.C; in the case the
      aluminium-silicon brazing alloy has a 12 % in silicon, the temperature may
      be only 550.degree. .+-. 5.degree.C.
PAR  Area C is the brazing area, properly so called, and, as an example, in said
      area the temperature is 615.degree. .+-. 2.degree.C in the case of the
      brazing alloy at 7.5 % in silicon but only 600.degree. .+-. 2.degree.C in
      the case of the alloy at 12 % in silicon.
PAR  Area D is used for pre-cooling and the temperature of the cores is lowered
      therein down to 300.degree.C approximately so as to prevent the cores from
      being subjected to heat strokes which are prejudicial to good brazing.
PAR  As already indicated above, it is also of importance, according to the
      invention, that the travelling speeds of the hot gas in the various areas
      be properly regulated. As a matter of fact, it has been remarked that the
      flux deposited on the parts to be brazed has a tendency to be blown and
      carried away when the travelling velocity of the hot gas is too high.
      Generally, a velocity ranging about 4 m/s is suitable for most of the
      areas, however, it has been noted it is of importance that the brazing
      temperature, i.e. temperature in area C, be quickly reached. It has been
      established, surprisingly, that after the pre-heating in area B wherein
      the melting temperature of the brazing alloy is not reached, but wherein,
      however, the flux itself is molten, has flowed away and has been kept back
      by capillarity in the joints, i.e. just where the brazing can be made the
      best way, it becomes possible to increase fairly the travelling velocity
      of the hot gas.
PAR  To this end, is has been noted that, in area B, the travelling velocity of
      the hot gas should be limited at approximately 4 m/s, but however could
      advantageously reach 6 m/s in area C, enables reducing the time of the
      core in said areas, respectively at a duration ranging between 10 and 20
      minutes for area B, and 3 to 5 minutes for area C, so that, during this
      short space of time, the risk of aluminium reoxidation is eliminated, and
      this all the more as a thin film of molten flux remains on all the surface
      of parts to be brazed thus preventing any oxidation.
PAR  The invention is not restricted to the embodiment examples shown and
      described in details, since various changes may be made which are
      contemplated as may come within the scope of the claims. In particular,
      the connection between ducts 9 and 9a may be executed in a different way,
      for instance, by setting duct 9b or pipes, either under the furnace, or
      laterally.
CLMS
STM  I claim:
NUM  1.
PAR  1. A brazing jig for supporting a radiator to be brazed by progressive
      travel through a gas furnace in which streams of hot gas are blown
      transversely to the direction of travel through the furnace by said jig,
      comprising a rigid, generally rectangular frame, means for connecting said
      frame to a conveyor, a longitudinally extending base plate at the lower
      portion of said frame, said base plate having thin projections adapted to
      make substantially point contact with a radiator to support said radiator,
      and a top plate having thin projections similarly adapted to bear on said
      radiator, one of said plates being guided by said frame to be movable and
      resiliently urged towards said radiator, the front and rear faces of the
      radiator thereby being exposed when in said furnace to said blown hot gas
      blowing therethrough in the same manner as a coolant flows when the
      radiator is in actual use.
NUM  2.
PAR  2. A brazing jig as claimed in claim 1, wherein said thin projections are
      pointed.
NUM  3.
PAR  3. A brazing jig as claimed in claim 1, wherein said projections extend
      transversely with respect to said base and top plates.
NUM  4.
PAR  4. A brazing jig as claimed in claim 1, wherein said projections are formed
      by bending material from said base and top plates.
NUM  5.
PAR  5. A brazing jig as claimed in claim 1, wherein said projections are
      wedge-shaped and disposed parallel to the direction of the streams of hot
      gasses.
NUM  6.
PAR  6. A brazing jig as claimed in claim 1, wherein said projections are made
      of ceramic.
NUM  7.
PAR  7. A brazing jig as claimed in claim 6, wherein said ceramic is a steatite.
NUM  8.
PAR  8. A brazing jig for supporting a radiator to be brazed by progressive
      travel through a gas furnace having inlet and outlet ports of a
      substantially rectangular form and in which streams of hot gas are blown
      transversely to the direction of travel through the furnace by said jig,
      comprising a rigid, generally rectangular frame of a form corresponding to
      that of said inlet and outlet ports whereby said frame is adapted in shape
      and size to form a closure element for the inlet and outlet ports of said
      furnace, means for connecting said frame to a conveyor, a longitudinally
      extending base plate at the lower portion of said frame, said base plate
      having thin projections adapted to make substantially point contact with a
      radiator to support said radiator, and a top plate having thin projections
      similarly adapted to bear on said radiator, one of said plates being
      guided by said frame to be movable and resiliently urged towards said
      radiator, the front and rear faces of the radiator thereby being exposed
      when in said furnace to said blown hot gas blowing therethrough in the
      same manner as a coolant flows when the radiator is in actual use.
NUM  9.
PAR  9. A brazing jig for supporting radiators, each having an upper and a lower
      surface, said radiators adapted to be brazed by progressive travel through
      a gas furnace in which streams of hot gas are blown transversely to the
      direction of travel through the furnace by said jig, comprising a rigid,
      generally rectangular frame, means for connecting said frame to a
      conveyor, a longitudinally extending base plate at the lower portion of
      said frame, said base plate having thin projections adapted to make
      substantially point contact with a radiator to support said radiator, the
      top of said projections delimiting a surface corresponding to said upper
      surface of the radiator, and a top plate having thin projections similarly
      adapted to bear on said radiator, the top of said projections delimiting a
      surface corresponding to said lower surface of the radiator, whereby said
      projections are then shaped to correspond to several types or sizes of
      radiators, one of said plates being guided by said frame to be movable and
      resiliently urged towards said radiator, the front and rear faces of the
      radiator thereby being exposed when in said furnace to said blown hot gas
      blowing therethrough in the same manner as a coolant flows when the
      radiator is in actual use.
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ABST
PAL  A support arm for a wire bonding tool is fixedly mounted at one end on a
      first horizontal X-Y stage and is attached at the other end to a swing
      block by a pair of flexible reeds. The wire bonding tool is mounted on the
      swing block by another pair of flexible reeds. Both pairs of flexible
      reeds are arranged to permit vertical motion of the wire bonding tool
      along a Z-axis toward and away from a workpiece supported beneath the wire
      bonding tool on a second horizontal X-Y stage. A bell crank is coupled
      between the support arm and the swing block and is operated by a push rod
      to control the vertical Z-axis motion of the wire bonding tool. The push
      rod is coupled at one end to the bell crank and at the other end to a
      lower coupling member rotatably mounted on the first X-Y stage as part of
      an Oldham coupling mechanism. An upper coupling member of this Oldham
      coupling mechanism is rotatably mounted on a support bracket adjacent to
      the first X-Y stage. The upper coupling member is operated by a
      cam-controlled linkage mechanism to rotate the lower coupling member and
      thereby move the push rod as required to operate the bell crank and
      control the vertical Z-axis motion of the wire bonding tool.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The subject matter of this patent application is related to that of U.S.
      Pat. application Ser. No. 264,354 entitled WIRE BONDER APPARATUS, filed on
      June 19, 1972, by William Radobenko, issued on May 28, 1974, as U.S. Pat.
      No. 3,813,022 and assigned to the same assignee as this patent
      application.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to assembly tools, such as wire bonding
      machines, and more particularly to an improved mechanism for controlling
      the vertical Z-axis motion of an element such as a wire bonding tool of a
      wire bonding machine.
PAR  In present day transistor manufacturing technology, a transistor die is
      bonded to a base member in a transistor frame or header, a metallic
      terminal member extending out from the base member of the frame serving as
      an electrical terminal for electrical connection to the die. The
      transistor frame is provided with two additional metallic terminal members
      extending from the proximity of the base member. During manufacture of the
      transistor, electrical connections must be made between these two
      additional electrical terminal members and two associated bonding pads on
      the die. The last-mentioned electrical connections are made with thin
      wire, such as one mil gold wire, by an operator manipulating a wire
      bonding machine over the transistor unit as described below.
PAR  A wire bonding tool of the wire bonding machine and the associated wire fed
      to the bonding tool from a spool are initially positioned over a first one
      of the bonding pads on the die and are then lowered to bond the end of the
      wire to the first bonding pad. The bonding tool and the wire are then
      raised from the first bonding pad and moved to the associated first
      terminal member where the bonding tool and the wire are lowered again to
      form a first wire bond to the first terminal member, the wire being fed
      through the bonding tool and looped over the distance between the bonding
      point on the first bonding pad and the new bonding point on the first
      terminal member. Following this first wire bond on the first terminal
      member, the bonding tool and the wire are raised again, moved a short
      distance, and lowered again to form an additional loop and a second wire
      bond to the first terminal member. These two wire bonds to the first
      terminal member with the wire stitched in between provide a high
      reliability electrical contact.
PAR  The wire is then broken or cut to free the wire and permit the bonding tool
      and the wire to be raised and positioned over the second bonding pad on
      the die where the next wire bond is then made by lowering the bonding tool
      and the wire. Thereafter, the bonding tool is moved and the wire looped
      over the associated second terminal member where two wire bonds with a
      wire stitch therebetween are formed in the same manner as described above
      in connection with the first terminal member. The wire is then cut or
      broken and the next transistor unit moved into position to permit the
      desired electrical connections between the two bonding pads on the next
      transistor die and their associated first and second terminal members to
      be formed.
PAR  Wire bonding machines such as that described above require a great deal of
      manual manipulation by the operator in moving the bonding tool and the
      wire from bonding point to bonding point. This is a relatively slow
      process and is very tiring on the operator. In the above-referenced patent
      application a wire bonding machine is disclosed which, once the bonding
      tool is initially positioned over the first bonding pad on the die, will
      thereafter automatically perform all of the aforementioned wire bonding,
      stitching, and breaking operations. Since all of these operations are
      performed automatically, the required electrical connections for each
      transistor unit may be completed very fast and with very little effort on
      the part of the operator once the wire bonding tool is initially aligned
      over the first bonding pad on the die. If the transistor units are
      automatically fed in an indexed manner to the wire bonding machine, a
      great many transistor dice may be bonded without additional manipulation
      on the part of the operator. For example, as many as ten thousand separate
      bonds may be made in 1 hour. In order to achieve such a high bonding rate
      with high reliability, it is very important that the raising and lowering
      of the wire bonding tool along the vertical Z axis of the wire bonding
      machine be precisely controlled due to the small size of the bonding pads
      on the dice and of their associated terminal members.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the preferred embodiment of this invention, an automatic
      wire bonding machine like that disclosed in the above-referenced patent
      application is provided with an improved vertical Z-axis motion control
      mechanism. As disclosed in the above-referenced patent application, a
      support arm is fixedly mounted at one end on a first horizontal X-Y stage
      and is attached at the other end by a pair of flexible reeds to a swing
      block on which a wire bonding tool is mounted by another pair of flexible
      reeds. These pairs of flexible reeds are arranged to permit motion of the
      wire bonding tool along a vertical Z axis towards and away from a
      transistor unit or some other such workpiece supported beneath the wire
      bonding tool on a second horizontal X-Y stage. A bell crank is pivotally
      coupled between the support arm and the swing block and is operated by a
      push rod to control the vertical Z-axis motion of the wire bonding tool.
PAR  In accordance with the preferred embodiment of the improved vertical Z-axis
      motion control mechanism, the push rod is pivotally coupled at one end to
      the bell crank and is pivotally coupled at the other end to a lower
      coupling member rotatably mounted on the first X-Y stage. The lower
      coupling member, an intermediate coupling member, and an upper coupling
      member rotatably mounted on a support bracket adjacent to the first X-Y
      stage form an Oldham coupling permitting movement of the first X-Y stage
      in an X-Y coordinate system to adjust the horizontal position of the wire
      bonding tool without rotating the upper or lower coupling members and,
      hence, without affecting the vertical position of the wire bonding tool
      along the coordinate Z axis. A linkage mechanism is pivotally coupled to
      the upper coupling member and operated by a cam to rotate the lower
      coupling member and thereby move the push rod as required to operate the
      bell crank and control the vertical Z-axis motion of the wire bonding tool
     .
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of a wire bonding machine incorporating a Z-axis
      motion control mechanism according to the preferred embodiment of this
      invention.
PAR  FIG. 2 is a side view of the wire bonding machine of FIG. 1 with the
      micromanipulator and sub-base assembly shown in cross-section.
PAR  FIG. 3 is a top view of a typical transistor unit to which wire bonds are
      to be made.
PAR  FIG. 4 is a plan view of the wire bonding tool, the vertical Z-axis motion
      control mechanism therefor, the horizontal X-Y stage on which the wire
      bonding tool is mounted, and the horizontal X and Y-axes motion control
      mechanism therefor employed in the wire bonding machine of FIGS. 1 and 2.
PAR  FIG. 5 is a side view partly in cross section of the apparatus of FIG. 4.
PAR  FIG. 6 is a cross-sectional view of a portion of one of the reed structures
      employed in the X-Y stage for the wire bonding tool as taken along section
      line 6--6 in FIG. 4.
PAR  FIG. 7 is a side view of the wire holder assembly of the wire bonding tool
      looking from the side opposite that shown in FIG. 5 and illustrating more
      clearly the wire clamping mechanism of the wire bonding tool.
PAR  FIG. 8 is a cross-sectional view of the cam assembly of the control
      mechanisms for the wire bonding tool and the horizontal X-Y stage therefor
      as taken along section line 8--8 in FIG. 4.
PAR  FIG. 9 is a cross-sectional view of the cam arm assembly of the control
      mechanisms for the wire bonding tool and the horizontal X-Y stage therefor
      as taken along section line 9--9 in FIG. 4.
PAR  FIG. 10 is an exploded assembly view of the vertical Z-axis motion control
      mechanism of FIGS. 4 and 5.
PAR  FIG. 11 is a plan view of a typical form of loop cam utilized with the
      vertical Z-axis motion control mechanism of FIG. 10.
PAR  FIG. 12 is a timing diagram for the loop cam of FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2, the wire bonding machine comprises a
      housing, a main base structure 21 of which carries thereon a swivel
      sub-base assembly 22, a micromanipulator mechanism 23 for moving the
      swivel sub-base assembly, a wire bonding tool holder mechanism 24, a
      microscope 25, and an electronic logic control compartment 26. The swivel
      sub-base assembly 22 supports thereon a transistor strip indexing
      mechanism 27 including a transistor strip heater unit and left and
      right-hand transistor strip magazine holders 28 and 29, respectively.
PAR  The operator first places a transistor strip magazine (not shown) holding a
      plurality (for example, 10) multi-unit transistor strips in stacked
      relationship therein on the left-hand transistor strip magazine holder 28
      and places an empty transistor strip magazine (not shown) on the
      right-hand transistor strip magazine holder 29. A first transistor strip
      is fed by the operator onto the transistor strip indexing mechanism 27,
      which is similar to that shown in U.S. Pat. No. 3,695,501 entitled Die
      Bonder Apparatus and issued on Oct. 3, 1972. The operator operates the
      transistor strip indexing mechanism 27 to bring the die of the first
      transistor unit on the first transistor strip under a capillary wire
      bonding tip 163 held by a bonding tool holder 161 of the wire bonding tool
      holder mechanism 24 and operates the swivel sub-base assembly 22 with the
      micromanipulator mechanism 23 to bring the first bonding pad of the die
      directly under the capillary wire bonding tip 163 in preparation for the
      first wire bond.
PAR  The micromanipulator mechanism 23 comprises a handle 61 mounted on a
      spherical bearing 62 in a bearing bracket 63 secured to the upper portion
      of the main base structure 21, the underside of handle 61 being provided
      with a joy stick slide pin 64. Slide pin 64 extends through a central
      cylindrical opening or bore in a spherical bearing 65 carried in an upper
      link 66 that is provided with a pair of spherical bearings 67 and 68 at
      its two ends. One end of the upper link 66 is coupled via a coupling link
      69 and a spherical bearing 71 to a fixed anchor or pivot mounting member
      72 secured to the main base structure 21. The other end of the upper link
      66 is coupled via another coupling link 75 and another spherical bearing
      73 to another fixed anchor or pivot mounting member 74 secured to the main
      base structure 21. The lower ends of the two coupling links 69 and 75 are
      coupled together via a manipulator yoke member 76 and associated pivot
      pins 77 and 78, respectively.
PAR  The lower end of the coupling link 75 is also coupled to a pantograph pivot
      79 having a pivot shaft on which each one of two off-set manipulator links
      or arms 82 and 83 is rotatably positioned at one end thereof. The opposite
      ends of these two manipulator links 82 and 83, which form a portion of a
      pantograph, carry spherical bearings 84 and 85 including shaft portions
      rotatably coupled to the spatially separated ends of two additional offset
      manipulator links 86 and 87, respectively. Each of these two additional
      manipulator links 86 and 87 is rotatably mounted at its opposite end on a
      shaft 88 secured in the main base structure 21. Extension arms 91 and 92
      of the two additional manipulator links 86 and 87, respectively, are
      pivotally secured to two associated manipulator rings 93 and 94,
      respectively, encircling and rotatably mounted upon a hollow cylindrical
      main spindle 44.
PAR  A single typical transistor unit of the type carried on the multi-unit
      transistor strip is illustrated in FIG. 3. It includes a base member 31
      having a transistor die 33 bonded thereto, a terminal member 32 extending
      out from the base member, and two separate terminal members 34 and 35
      positioned adjacent to the base member. The die 33 has two bonding pads 36
      and 37 thereon. A first wire connection 38 is to be made between the
      bonding pad 36 and the terminal member 34, and a second wire connection 39
      is to be made between the bonding pad 37 and the terminal member 35. One
      bond is to be made at each of the bonding pads 36 and 37 and two stitch
      bonds at each of the terminal members 34 and 35.
PAR  The swivel sub-base assembly 22 includes a sub-base plate 40 mounted on a
      manipulator main shaft 41 which is in turn mounted via two spaced-apart
      bearings 42 and 43 in the hollow cylindrical main spindle 44. An annular
      flange 45 is provided at the upper end of the main spindle 44. The lower
      surface of this flange 45 is provided with an annular spindle ring 46
      resting upon a plurality of ball bearings 47 held in a ball retainer ring
      48, the ball bearings in turn resting upon an annular base ring 49 mounted
      on the upper surface of the main base structure 21. The spindle mechanism
      is provided with a pair of X and Y-axes antirotation ring members 51 and
      52 which operate to inhibit rotational movement of the hollow cylindrical
      main spindle 44 on the main base structure 21 while permitting limited
      movement of the hollow cylindrical main spindle 44 and associated sub-base
      plate 40 along coordinate X and Y axes on the main base structure 21 under
      control of the micromanipulator mechanism 23.
PAR  Manipulation of the joy stick handle 61 by the operator in any direction
      about its pivot bearing 62 results in a follower type operation by the two
      manipulator links 86 and 87 about the shaft 88, moving the main spindle 44
      via manipulator rings 93 and 94. This results in an X-Y positioning
      movement of the sub-base plate 40 in the swivel sub-base assembly and a
      positioning of the associated transistor strip indexing mechanism 27 under
      the capillary wire bonding tip 163 as viewed through the microscope 25 by
      the operator. Thus, the movable sub-base assembly 22 follows the
      operator's movement of the joy stick and permits the positioning of the
      heater unit, which carries the multi-unit transistor strip, such that the
      first bonding pad 36 on the die of the first transistor unit on the
      transistor strip may be aligned directly under the capillary wire bonding
      tip 163. Once the first bonding pad on the die of the first transistor
      unit has been properly positioned under the capillary wire bonding tip 163
      by the micromanipulator mechanism 23, the operator initiates operation of
      the wire bonding machine which then proceeds to automatically produce the
      desired wire bonds between the bonding pads 36 and 37 and the terminal
      members 34 and 35, respectively, of the first transistor unit.
PAR  The wire bonding machine automatically indexes each transistor unit on the
      transistor strip in sequence under the capillary wire bonding tip 163 so
      as to bond two wires to each transistor unit, the transistor strip
      automatically moving from the left-hand transistor strip magazine in
      step-wise fashion across the heater unit and into the right-hand
      transister strip magazine. After completion of the wire bonds to each of
      the transistor units on the first transistor strip, the operator feeds the
      second transistor strip from the left-hand transistor strip magazine onto
      the heater unit so as to bond two wires to each transistor unit thereon in
      succession.
PAR  Referring now to FIGS. 4, 5, and 6, the wire bonding tool holder mechanism
      24 includes an X-Y stage comprising a compound reed assembly, a first reed
      structure of this assembly serving to support a rectangular top frame 101
      from a fixed base support structure and a second reed structure of this
      assembly being supported within the top frame 101 and carrying a ram
      mounting plate 102 thereon. Since these two reed structures are very
      similar in construction, the reference numerals used for the elements of
      the first reed structure will also be used for the elements of the second
      reed structure, the latter reference numerals being primed.
PAR  The first reed structure of the compound reed assembly comprises a pair of
      reed hangers 103 and 104 fixedly secured in spaced-apart fashion on a
      support member 105 which is in turn fixedly mounted on the floor 106 of
      the main base structure 21. Two flexible outer reeds 107 and 108 are
      secured at their upper edge portions to the reed hangers 103 and 104,
      respectively, by reed caps 109, the reeds 107 and 108 hanging down from
      their associated reed hangers and carrying at their lower edge portions
      two associated reed spacers 111. These two reed spacers 111 are fixedly
      secured together by means of a spacer separator member 112 and reed caps
      113. Two similar flexible inner reeds 114 and 115 are secured at their
      lower edge portions to the two reed spacers 111, the reeds 114 and 115
      extending upwardly from the reed spacers 111 and being fixedly secured at
      their upper edge portions by reed caps 116 to the outer surfaces of two
      oppositely facing sides 117 and 118, respectively, of the top frame 101.
      By a flexing of the two pairs of reeds 107, 114 and 108, 115 the top frame
      101 may float or move in a direction generally normal to the faces of
      those reeds (i.e., in the X direction).
PAR  The second reed structure of the compound reed assembly comprises two
      flexible outer reeds 107' and 108' hung at their upper edge portions from
      the inner surfaces of the other two oppositely facing sides 121 and 122 of
      the top frame 101. The lower edge portions of these two reeds 107' and
      108' carry two reed spacers 111' and a spacer separator member 112'. Two
      similar flexible inner reeds 114' and 115' extend upwardly from the two
      reed spacers 111' and carry at their upper edge portions the mounting
      plate 102 on which a ram mounting block 123 is fixedly mounted by screws
      124. The mounting plate 102 and, hence, the ram mounting block 123 float
      on this second reed structure and may move in a direction within the top
      frame 101 generally normal to the direction of movement of the top frame
      101 on the first reed structure (i.e., in the Y direction). Thus, the
      compound reed assembly provides for floating movement of the ram mounting
      block 123 in an X-Y coordinate system in any direction depending on the
      relative movements of the top frame 101 on the first reed structure and
      the mounting plate 102 on the second reed structure within the top frame
      101.
PAR  A ram or bonding tool support arm 131 is fixedly secured to the front side
      of the ram mounting block 123 and extends outwardly through an opening in
      the front wall of the housing of the wire bonding machine. Each of a first
      pair of spaced-apart, parallel, flexible reeds 132 and 133 is fixedly
      secured at one end to the ram 131 and fixedly secured at the other end by
      means of a reed bracket 134 to a swing block 135. Each of a second pair of
      spaced-apart, parallel, flexible reeds 136 and 137 is fixedly secured at
      one end to the swing block 135 and extends forwardly therefrom and into
      fixed engagement at the other end with a bonding tool holder fork 138.
PAR  A reed block member 139 extending from the swing block 135 serves to limit
      the downward extent of travel of the bonding tool holder fork 138 on the
      ends of the two reeds 136 and 137. By a flexing of the two reeds 136 and
      137 the bonding tool holder fork 138 may move upwardly from the reed block
      member 139. The outer end of a spring 142 of a spiral spring assembly 141
      mounted on the swing block 135 exerts a yieldable force on the bonding
      tool holder fork 138 urging it to a normal rest position against the reed
      block member 139.
PAR  A push rod 146, movably mounted on the ram mounting block 123 as described
      below, extends out over the top of the ram 131. One end 147 of the push
      rod 146 is pivotally secured to a first pivot pin 148 of a bell crank 149.
      The bell crank 149 is in turn pivotally secured by a second pivot pin 151
      to the free end of the ram 131 and by a third pivot pin 152 to swing block
      135. A vertical Z-axis motion control mechanism coupled to the other end
      of the push rod 146 (see FIG. 10) urges the push rod 146 to a longitudinal
      position for which the bonding tool holder fork 138 is held at a normal
      raised horizontal level.
PAR  The bonding tool holder 161 is fixedly secured on the outer end of the
      bonding tool holder fork 138, the bonding tool holder 161 extending in a
      generally downward direction to a tip portion 162. This tip portion 162
      carries the cylindrical, vertically-extending, capillary wire bonding tip
      163 through which the wire 164 to be bonded is fed vertically downward
      onto the bonding surface. The wire 164 is carried on a wire spool
      mechanism 165 rotatably mounted by a suitable bracket mechanism 166 on the
      front surface of the housing of the wire bonding machine, the wire being
      fed from the rotatable spool mechanism 165, through a wire guide 167, and
      then verticallly downward through the capillary wire bonding tip 163 of
      the bonding tool holder 161.
PAR  A wire clamping mechanism is fixedly secured on the swing block 135. As
      best shown in FIG. 7, this mechanism comprises a horizontally extending
      wire clamp member 168 having a stationary wire clamp member 169 affixed to
      the outer end thereof. The stationary wire clamp member 169 extends
      downwardly and terminates in a clamping tip 171 positioned just above the
      capillary wire bonding tip 163 of the bonding tool holder 161. A flexing
      wire clamp member 172 is hung by a reed mounting from the lower side of
      wire clamp member 168. This flexing wire clamp member 172 terminates in a
      clamping tip 172 designed to engage the clamping tip 171 of the stationary
      wire clamp member 169 to fixedly clamp the wire just above the capillary
      wire bonding tip 163. The flexing wire clamp member 172 is pivotally
      secured to a connecting arm 174, the outer end of the connecting arm 174
      being pivotally secured to the lower end of a lever arm 175 that is
      pivotally mounted on the wire clamp member 168. The upper end of the lever
      arm 175 is pivotally secured to a solenoid rod 176 that is operated in a
      push-pull fashion by an electrical solenoid 177. When the solenoid 177 is
      operated, it moves the clamping tip 173 of the flexing wire clamp member
      172 into engagement with the mating stationary clamping tip 171 to clamp
      the wire. Deenergization of the solenoid 177 relaxes the flexing wire
      clamp member 172 and permits freedom of movement of the wire through the
      capillary wire bonding tip 163.
PAR  Referring again to FIGS. 4 and 5, the horizontal X and Y-axes motion
      control mechanism for the X-Y stage on which the bonding tool is mounted
      and the vertical Z-axis motion control mechanism for the bonding tool
      holder 161 include a motor 181 mounted on a motor riser block 182 on the
      floor 106 of the main base structure 21. A timing belt 183 and a sprocket
      184 driven by the motor 181 drives a Y-axis cam 185, an X-axis cam 186,
      and a Z-axis or loop cam 187. As best shown in FIGS. 4 and 8, these cams
      are fixedly secured on a main shaft 188 rotatably mounted in a bearing
      block 189 carried by two end support members 191 and 192 on the main base
      structure 21 of the wire bonding machine.
PAR  A Y-axis cam arm 193, an X-axis cam arm 194, and a Z-axis or loop cam arm
      195 are rotatably mounted on a pivot pin 196 secured in the main bearing
      block 189 as best shown in FIGS. 4 and 9. A separate bearing 197 is
      rotatably mounted at one end of each of these cam arms and held in
      engagement with the peripheral surface of the corresponding one of the
      cams 185, 186, and 187 by a separate spring 240 so that the cam arms pivot
      about the pivot pin 196 in response to variations in the peripheral
      surfaces of the corresponding cams. The other end of the X-axis cam arm
      194 carries a pivotally mounted slide member 201 that is slidably
      positioned within a corresponding slide way 202 in an X-axis position
      guide 203 fixedly secured to the top frame 101. Pivoting motion of the
      X-axis cam arm 194 about the pivot pin 196 in response to the variations
      in the peripheral surface of the X-axis cam 186 results in a tracking
      movement of the X-axis position guide 203 and, hence, in movment of the
      top frame 101 in the X direction. Similarly, the other end of the Y-axis
      cam arm 193 carries a pivotally mounted slide member 204 that is slidably
      positioned within a corresponding slide way in a Y-axis position guide 205
      fixedly secured to the mounting plate 102. In response to variations in
      the peripheral surface of the Y-axis cam 185, the Y-axis cam arm 193
      serves to move the mounting plate 102 and, hence, the ram mounting block
      123 within the top frame 101 in the Y direction (i.e., normal to the X
      direction movement of the top frame 101).
PAR  As best shown in FIGS. 4 and 10, the other end of the Z-axis or loop cam
      arm 195 is pivotally coupled by a pivot pin 206 and a lock nut 234 screwed
      onto a threaded upper end portion of the pivot pin 206 to one end of a
      link 207. The other end of the link 207 is in turn pivotally coupled by a
      pivot pin 208 and a lock nut 235 screwed onto a threaded upper end portion
      of the pivot pin 208 to one end of a drive arm 209 fixedly secured to an
      upper coupling member 210 by screws 211. This upper coupling member is
      rotatably mounted on a bracket 212 by a pivot pin 213 and a lock nut 214
      screwed onto a threaded upper end portion of the pivot pin 213. Bracket
      212 is fixedly secured to a rigid portion of the wire bonding machine
      adjacent to the X-Y stage supporting the ram mounting block 123 and the
      ram 131 secured thereto. The end of the push rod 146 remote from the bell
      crank 149 is pivotally coupled to a lower coupling member 215 by a pivot
      pin 216. This lower coupling member is rotatably mounted on the ram
      mounting block 123 by a pivot pin 217 and a lock nut 218 screwed onto a
      threaded lower end portion of the pivot pin 217.
PAR  The upper coupling member 210, the lower coupling member 215, and an
      intermediate coupling member 219 form an Oldham coupling mechanism in
      which a pair of slides 224 oriented in the orthogonal X and Y directions
      on the upper and lower surfaces of the intermediate coupling member 219
      are slidably engaged in a corresponding pair of slideways 226 orthogonally
      oriented in the X and Y directions on the lower surface of the upper
      coupling member 210 and on the upper surface of the lower coupling member
      215. This permits the top frame 101 and the mounting plate 102 to be moved
      in the X and Y directions, under control of the X and Y-axes cams 186 and
      185, to adjust the horizontal position of the capillary wire bonding tip
      163 and wire 164 in the X and Y directions without rotating the upper and
      lower coupling members 210 and 215 and, hence, without affecting the
      vertical position of the capillary wire bonding tip 163 and wire 164 in
      the Z direction. Moreover, rotation of the upper coupling member 210 by
      the Z-axis or loop cam arm 195 and link 207, under control of the Z-axis
      or loop cam 187, rotates the lower coupling member 215 and thereby moves
      the push rod 146 in the Y direction as required to pivot the bell crank
      149 about the pivot pin 151, flex the two reeds 132 and 133, and precisely
      adjust the vertical position of the capillary wire bonding tip 163 and
      wire 164 in the Z direction on the end of the ram 131.
PAR  As shown in FIG. 10, the bearing 197 for engaging the peripheral surface of
      the Z-axis or loop cam is rotatably mounted at a bifurcated end of the
      Z-axis or loop cam arm 195 by a mounting pin 227 and a pair of spring
      clips 228 (only one of which is shown). The bearings 197 for engaging the
      peripheral surfaces of the X and Y-axes cams are similarly mounted on
      bifurcated ends of the X and Y-axes cam arms, respectively. The remaining
      previously unmentioned parts shown on FIG. 10 comprise needle bearings
      231, thrust bearings 232, and thrust bearing washers 233 for pivot pins
      196, 206, 208, 213, and 217.
PAR  In addition to driving the cams 185, 186, and 187, the motor 181 drives a
      cylindrical timing drum 221 which has a plurality of light sources 222
      mounted therein and a corresponding plurality of photodetecters (not
      shown) aligned with the light sources and mounted externally of the timing
      drum in a housing 223 (see FIGS. 4 and 5). Horizontal slots positioned in
      the timing drum 221 between the individual light sources 222 and the
      corresponding photodetectors serve to establish optoelectronic circuit
      connections between the light sources and the photodetectors. As the motor
      181 rotates the cams 185, 186, and 187, the timing drum 221 also rotates,
      making and breaking various optoelectronic circuit connections during
      specified segments of each complete revolution of the cams.
PAR  A typical form of Z-axis or loop cam 187 is shown in FIG. 11. The timing
      diagram for this cam is shown in FIG. 12. As can be seen in the timing
      diagram, there are three wire bonding periods within the first 180.degree.
      rotation of the Z-axis or loop cam 187 with a wire looping period between
      the first and second wire bonding periods and another wire looping period
      between the second and third wire bonding periods. A wire bond is made to
      the first bonding pad 36 on the die 33 and stitch bonds are made to the
      first terminal member 34 of the transistor unit shown in FIG. 3 during
      these wire bonding and looping periods. After the third wire bonding
      period there is a dwell period during which the X and Y-axes cams 186 and
      185 operate to move the capillary wire bonding tip 163 and wire 164 from
      the last bond on the first terminal member 34 to a position just above the
      second bonding pad 37 on the die 33 of the same transistor unit. During
      the second 180.degree. rotation of the Z-axis or loop cam 187 there are an
      additional three wire bonding periods with a wire looping period between
      the first and second wire bonding periods and another wire looping period
      between the second and third wire bonding periods. A wire bond is made to
      the second bonding pad 37 and stitch bonds to the second terminal member
      35 during these wire bonding and looping periods. After the third wire
      bonding period of the second 180.degree. rotation of the Z-axis or loop
      cam, there is another dwell period during which the X and Y-axes cams 186
      and 185 operate to move the capillary wire bonding tip 163 and wire 164
      back to a position over the first bonding pad 36. During this dwell period
      the indexing mechanism of the wire bonding machine also moves the next
      transistor unit into place under the capillary wire bonding tip 163 and
      wire 164.
PAR  Referring again to FIGS. 3, 4, and 5, the X and Y-axes cams 186 and 185 are
      specifically designed for the purpose of operating the corresponding X and
      Y-axes cam arms 194 and 193 to move the X-Y stage on which the ram
      mounting block 123 is mounted as required to position the capillary wire
      bonding tip 163 and wire 164 over the bonding areas to which the bonds are
      to be made. The peripheral surfaces of the X and Y-axes cams 186 and 185
      are specially formed to provide the exact direction and distance of
      movement called for by the particular transistor units to be bonded by the
      wire bonding machine and to provide the needed dwell times for bonding.
      For the transistor unit shown in FIG. 3, the first bond is made to the
      bonding pad 36 during a first dwell period. Rotation of the X and Y-axes
      cams 186 and 185 then moves the capillary wire bonding tip 163 and wire
      164 to the first bonding point on the terminal member 34 where the first
      bond to that terminal member is made and thereafter moves the capillary
      wire bonding tip 163 and wire 164 to to the second bonding point on the
      terminal member 34 where the second bond to that terminal member is made.
      At this time, the timing drum 221 functions to close an optoelectronic
      circuit to the wire clamping solenoid 177 which thereupon operates to
      clamp the bonding wire between the clamping tips 171 and 173 just above
      the capillary wire bonding tip 163. Thus, as the bonding tool holder 161
      is raised away from the second bond on the terminal member 34 by the push
      rod 146, the wire 164 is pulled and broken, leaving a short tail portion
      extending below the capillary wire bonding tip 163. This tail portion then
      serves as the wire portion to be bonded to the second bonding pad 37 on
      the die 33 when the capillary wire bonding tip 163 has been properly
      positioned over that bonding pad by rotation of the X and Y-axes cams 186
      and 185. During the second half of the revolution of the X and Y-axes
      cams, the capillary wire bonding tip 163 is moved from the bonding pad 37
      after a bond is made thereto and is successively positioned over the first
      and second bonding points on the terminal member 35 where the stitch
      bonding is performed. After the last bond on the terminal member 35, the
      wire clamping mechanism again operates to clamp the wire so that it is
      broken as the bonding tool holder 161 is raised from the terminal member
      35 and returned to the dwell position over the first bonding pad 36. The
      complete cycle is then repeated to produce the necessary wire bonding on
      the next transistor unit indexed into place. Indexing of each transistor
      unit into the proper position under the wire bonding tool is initiated by
      the time drum 221 and the associated optoelectronic circuit.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus comprising a base structure; holder means mounted on the base
      structure for supporting a workpiece; an X-Y stage mounted on the base
      structure for movement along coordinate X and Y axes; first control means
      coupled to the X-Y stage for controlling movement thereof along the
      coordinate X and Y axes; a support arm fixedly mounted on the X-Y stage; a
      tool mounted on the support arm for movement along a coordinate Z axis
      towards and away from the workpiece supported on the holder means; and
      second control means, including a rotatable coupling mechanism with a
      plurality of positively coupled rotatable members one of which is
      pivotally coupled to the tool, for positively controlling movement of the
      tool along the coordinate Z axis independently of movement of the X-Y
      stage along the coordinate X and Y axes.
NUM  2.
PAR  2. Apparatus as in claim 1 wherein said coupling mechanism includes a first
      coupling member rotatably mounted on the base structure adjacent to the
      X-Y stage; and a second coupling member rotatably mounted on the X-Y
      stage, positively coupled to and driven by the first coupling member, and
      pivotally coupled to the tool.
NUM  3.
PAR  3. Apparatus as in claim 2 wherein said coupling mechanism includes a third
      coupling member positioned between and positively coupled to the first and
      second coupling members; and said first, second, and third coupling
      members include means for positively rotating the second coupling member
      with the first coupling member and for permitting movement of the X-Y
      stage along the coordinate X and Y axes without rotating the first and
      second coupling members.
NUM  4.
PAR  4. Apparatus as in claim 3 wherein said second control means includes a
      first linkage mechanism pivotally coupled to the first coupling member for
      positively rotating the first coupling member; and a second linkage
      mechanism pivotally coupled to both the second coupling member and the
      tool for positively moving the tool along the coordinate Z axis in
      response to rotation of the first coupling member.
NUM  5.
PAR  5. Apparatus as in claim 4 wherein said first linkage mechanism comprises a
      follower arm, and a link pivotally coupled at one end to the follower arm
      and pivotally coupled at the other end to the first coupling member; and
      said second linkage mechanism comprises a push rod pivotally coupled at
      one end to the second coupling member and pivotally coupled at the other
      end to the tool.
NUM  6.
PAR  6. Apparatus as in claim 5 wherein said tool is coupled to the support arm
      by a pair of flexible reeds and by a bell crank; and said push rod is
      pivotally coupled at said other end thereof to the bell crank.
NUM  7.
PAR  7. Apparatus as in claim 6 wherein said means for rotating the second
      coupling member with the first coupling member and for permitting movement
      of the X-Y stage along the coordinate X and Y axes without rotating the
      first and second coupling members comprises a pair of slides orthogonally
      oriented along a pair of oppositely facing surfaces of the third coupling
      member, and a corresponding pair of slideways orthogonally oriented along
      the adjoining surfaces of the first and second coupling members.
NUM  8.
PAR  8. Apparatus as in claim 7 wherein said first control means comprises a
      pair of cam-operated follower arms coupled to the X-Y stage; and said
      follower arm of the first linkage mechanism of the second control means
      comprises a camoperated follower arm.
NUM  9.
PAR  9. Apparatus as in claim 8 wherein said tool comprises a wire bonding tool;
      and said holder means comprises another X-Y stage mounted on the base
      structure beneath the wire bonding tool.
NUM  10.
PAR  10. Apparatus as in claim 9 wherein said bell crank is pivotally coupled to
      a swing block; and said wire bonding tool is coupled to said swing block
      by another pair of flexible reeds.
NUM  11.
PAR  11. Apparatus as in claim 6 wherein said bell crank is pivotally coupled to
      a swing block; and said tool is coupled to said swing block by another
      pair of flexible reeds.
NUM  12.
PAR  12. Apparatus as in claim 3 wherein said means for rotating the second
      coupling member with the first coupling member and for permitting movement
      of the X-Y stage along the coordinate X and Y axes without rotating the
      first and second coupling members comprises a pair of slides orthogonally
      oriented along the coordinate X and Y axes on a pair of opposite facing
      surfaces of the third coupling member, and a corresponding pair of
      slideways orthogonally oriented along the coordinate X and Y axes on the
      adjoining surfaces of the first and second coupling members.
NUM  13.
PAR  13. Apparatus as in claim 3 wherein said tool comprises a wire bonding
      tool; and said holder means comprises another X-Y stage mounted on the
      base structure beneath the wire bonding tool.
NUM  14.
PAR  14. Apparatus as in claim 3 wherein said first control means comprises a
      pair of cam-operated follower arms coupled to the X-Y stage; and said
      follower arm of the first linkage mechanism of the second control means
      comprises a cam-operated follower arm.
NUM  15.
PAR  15. Apparatus as in claim 3 wherein said means for rotating the second
      coupling member with the first coupling member and for permitting movement
      of the X-Y stage along the coordinate X and Y axes without rotating the
      first and second coupling members comprises a first slide and a
      corresponding first slideway oriented along a pair of adjoining
      oppositely-facing surfaces of the coupling members, and a second slide and
      a corresponding second slideway oriented along another pair of adjoining
      oppositely-facing surfaces of the coupling members.
NUM  16.
PAR  16. Apparatus as in claim 15 wherein said first and second slides are
      oriented along a pair of oppositely-facing surfaces of the third coupling
      member, and the corresponding first and second slideways are oriented
      along the adjoining surfaces of the first and second coupling members.
NUM  17.
PAR  17. Apparatus as in claim 16 wherein said first slide and corresponding
      first slidway are oriented along a first axis, and the second slide and
      corresponding second slideway are oriented along a second axis orthogonal
      to the first axis.
NUM  18.
PAR  18. Apparatus as in claim 15 wherein said first slide and corresponding
      first slideway are oriented orthogonal to the second slide and
      corresponding second slideway.
NUM  19.
PAR  19. Apparatus as in claim 3 wherein said means for rotating the second
      coupling member with the first coupling member and for permitting movement
      of the X-Y stage along the coordinate X and Y axes without rotating the
      first and second coupling members comprises means disposed along a pair of
      adjoining oppositely-facing surfaces of the coupling members for
      permitting movement of the X-Y stage along one of the coordinate X and Y
      axes without rotating the first and second coupling members, and means
      disposed along another pair of adjoining oppositely-facing surfaces of the
      coupling members for permitting movement of the X-Y stage along the other
      of the coordinate X and Y axes without rotating the first and second
      coupling members.
NUM  20.
PAR  20. Apparatus as in claim 19 wherein said means for permitting movement of
      the X-Y stage along said one of the coordinate X and Y axes without
      rotating the first and second coupling members is oriented orthogonal to
      said means for permitting movement of the X-Y stage along said other of
      the coordinate X and Y axes without rotating the first and second coupling
      members.
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ABST
PAL  A welding jig is provided for supporting C-shaped and L-shaped sheet metal
      blanks during welding thereof to form a dishwasher housing. The welding
      jig includes a frame against which the panels of the blanks are disposed
      with adjacent edges in positions to be welded, and the blank panels are
      held against the frame by corresponding wall plates during the welding
      operation. Certain members of the frame are disposed along the lines of
      juncture between the blanks and are provided with passageways for
      delivering inert gas to the line of juncture between the blanks during the
      welding operation. One of the frame members is displaceable relative to a
      fixed wall of the jig to facilitate the introduction and removal of the
      blanks, and the remaining walls of the jig are movable relative to the
      frame for the latter purpose.
BSUM
PAR  This invention relates to the art of support structures and, more
      particularly, to a jig for supporting angularly related sheet metal
      workpieces having adjacent edges to be welded together.
PAR  The present invention finds particular utility in connection with the
      construction of a box-like dishwasher housing from a plurality of
      stainless steel sheet metal blanks. Accordingly, the invention will be
      described in detail with regard to such a construction. At the same time,
      it will be appreciated that the invention is readily applicable to the
      construction of other articles.
PAR  In the welding of angularly related metal sheets in the presence of a
      protective gaseous atmosphere, it is necessary to support the wall panels
      during the welding operation and to deliver an inert gas such as argon to
      the weld area during the welding operation. In accordance with the present
      invention, metal blanks to be welded are supported by a jig which includes
      frame members structured to deliver protective gas between adjacent edges
      of the metal blanks from the side thereof opposite the side on which
      welding takes place. This construction avoids the necessity of having to
      use a specialized welding gun including means to deliver protective gas
      from a separate source through the gun and toward the weld area. Moreover,
      the structure assures the presence of inert gas across the seam to be
      welded and which seam, transverse to the wall panels, is of course quite
      thin due to the sheet metal character of the panels.
PAR  In accordance with another aspect of the present invention, a welding jig
      is provided which is comprised of frame and wall components structurally
      cooperable to facilitate the insertion of the metal blanks in position
      relative to the frame and to clamp the blanks in position for welding.
      Once the blanks are clamped in place it is only necessary to open an inert
      gas supply valve or valves to achieve flow of inert gas between adjacent
      edges of the blanks and then weld the adjacent edges together. Likewise,
      upon completion of the welding operation the component parts of the jig
      are readily operable to release the welded blanks for removal from the
      jig. Therefore, the overall time required to assemble the blanks on the
      jig, weld the blanks and remove the welded blanks is minimized.
PAR  In accordance with another aspect of the present invention, the welding jig
      is particularly suited to constructing a box-like sheet metal housing from
      a pair of blanks, one of which is C-shaped and the other of which is
      L-shaped. Therefore, only two blank components have to be positioned on
      the jig, and the number of seams to be welded is minimized. Further in
      accordance with this aspect of the invention, the frame and walls of the
      jig cooperatively clamp panels of the blank therebetween, and one of the
      frame members which delivers inert gas to a seam to be welded is
      displaceable relative to a fixed wall of the jig to facilitate positioning
      the C-shaped blank on the jig with the intermediate panel thereof adjacent
      the fixed wall. When the displaceable frame member is moved to its
      operable position, the intermediate panel of the blank is held
      cooperatively between the fixed wall and frame member, and the inert gas
      passageway in the frame member is properly positioned relative to the seam
      to be welded. Following the welding operation, the frame member is
      displaced away from the fixed wall to facilitate removal of the welded
      article from the jig.
PAR  It is accordingly an outstanding object of the present invention to provide
      a welding jig for supporting angularly related sheet metal workpieces
      having adjacent edges to be welded in a protective gas atmosphere.
PAR  Another object is the provision of a welding jig of the foregoing character
      in which components of the jig serve as support members for the workpieces
      and also to deliver inert gas between adjacent edges of the workpieces
      from the side thereof opposite the sides to be welded.
PAR  Yet another object is the provision of a jig of the foregoing character
      comprised of frame members and wall members cooperable to releaseably
      receive and hold the workpieces in positions for welding and in which
      certain of the frame members provide supply passages for delivering inert
      gas to the weld area.
PAR  Yet another object is the provision of a welding jig for supporting
      C-shaped and L-shaped sheet metal blanks having adjacent edges to be
      welded together for the blanks to form a box-like structure.
PAR  Still a further object is provision of a welding jig of simple construction
      and operation, which is economical to produce and use and which minimizes
      set-up time and welding time in the construction of a box-like housing.
DRWD
PAR  The foregoing objects, and others, will in part be obvious and in part
      pointed out more fully hereinafter in conjunction with the written
      description of the accompanying drawings illustrating a preferred
      embodiment of the invention and in which:
PAR  FIG. 1 is a side elevation view of a welding jig made in accordance with
      the present invention;
PAR  FIG. 2 is an end elevation view of the jig as seen along line 2--2 in FIG.
      1;
PAR  FIG. 3 is a plan view in section of the jig, the view being along line 3--3
      in FIG. 1;
PAR  FIG. 4 is a perspective view of the frame portion of the jig shown in FIGS.
      1-3;
PAR  FIG. 5 is a side elevation view of the frame portion showing details of the
      inert gas supply to the frame members;
PAR  FIG. 6 is a plan view of the frame assembly illustrated in FIG. 5; and,
PAR  FIG. 7 is a perspective view of sheet metal blanks for use with the jig in
      constructing a dishwasher housing.
PAR  Referring now in greater detail to the drawings wherein the showings are
      for the purpose of illustrating a preferred embodiment of the invention
      only and not for the purpose of limiting the same, the welding jig shown
      in FIGS. 1-3 includes a rectangular base portion 10 including a base plate
      12 and a frame support plate 14 spaced thereabove by means of a plurality
      of spacer blocks 16. Plates 12 and 14 and spacer block 16 are suitably
      interconnected, such as by bolts, not illustrated, so that frame
      supporting plate 14 is removable from base plate 12. Preferably, the
      welding jig is portable to facilitate movement thereof between locations
      in a shop or the like and, for this purpose, base plate 12 is provided
      with a plurality of legs 18 having wheels or casters 20 thereon.
PAR  The jig further includes a fixed end wall 22 mounted on one end of base
      plate 12 by means of a mounting plate 24 and gusset plates 26 to which
      wall panel 22 is welded. Preferably, mounting plate 24 is removably
      interconnected with base plate 12 such as by bolts 28. The jig further
      includes an end wall member 30 at the opposite end of base plate 12. Wall
      member 30 is slidable relative to the upper surface of base plate 12 and
      toward and away from fixed wall 22, and a pneumatic motor 32 is provided
      to achieve selected displacement of wall member 30 in opposite directions.
      Motor 32 is mounted on a support bracket assembly 34 which is supported
      relative to base plate 12 by means of a support arm 36 welded to the
      underside of base plate 12. Motor 32 includes a reciprocable piston rod 38
      having its outer end suitably attached to wall member 30 and, in a well
      known manner, motor 32 is provided with inlet and outlet lines 40
      connectable to a source of air under pressure to achieve displacement of
      piston rod 38 and thus wall member 30 in opposite directions. It will be
      appreciated that suitable controls, not shown, are employed to control the
      flow of air to motor 32 to achieve reciprocation of piston rod 38.
PAR  The jig further includes a pair of sidewalls 42 and 44 mounted on the base
      portion for pivotal movement between the solid line and broken line
      positions illustrated in FIG. 2. More particularly, each sidewall is
      mounted on the base portion by means of a corresponding wall pivoting and
      clamping assembly 46 operable to support the wall for pivotal movement
      between the two positions thereof and to releasably clamp the wall in the
      solid line position shown. Any suitable pivoting and clamping mechanism
      can be employed and, in the embodiment shown, assemblies 46 are identical
      and include an arm 48 attached at one end to a corresponding bracket 50
      mounted on the sidewall, and an arm operating handle portion including
      levers 52 pivotally interconnected with a pair of mounting bracket walls
      54 welded on a base assembly 56 which is welded to the underside of base
      plate 12. Each arm 48 is pivotally connected to bracket walls 54 by a pin
      49 and handle levers 52 are pivotally connected to bracket walls 54 by
      means of a pin 58. A link 59 has its opposite ends pivotally
      interconnected with levers 52 and arm 48 by means of pins 59a and 59b,
      respectively. It will be appreciated, therefore, that the handles are
      displaceable downwardly as seen in FIG. 2 to achieve pivotal movement of
      the corresponding sidewall from the solid line to the broken line
      positions thereof. Further, arms 48, levers 52 and link 59 of each
      assembly 46 are structurally operable when pivoted upwardly to provide a
      toggle type clamping action for releaseably holding sidewalls 42 and 44 in
      the upright positions thereof.
PAR  The jig further includes a top wall member 60 completely separate from end
      walls 22 and 30 and sidewalls 42 and 44 and which, as set forth more fully
      hereinafter, is supported between the latter walls at the upper edges
      thereof. Top wall 60 is adapted to be clamped in place with respect to the
      sidewalls and end walls and, for this purpose, sidewalls 42 and 44 are
      provided with releaseable clamp assemblies 62 and end wall 22 is provided
      with releaseable clamp assemblies 64. Clamp assemblies 62 and 64 can be
      identical, and any suitable clamp structure can be employed.
PAR  As best seen in FIGS. 3 and 4, the jig further includes a frame assembly
      within end walls 22 and 30 and sidewalls 42 and 44. The frame assembly
      includes a frame mounting plate 66 overlying frame support plate 14. An
      upright frame member 68 is mounted on plates 14 and 66 by means of bolts
      70 at the corner of the plates corresponding to the corner between
      sidewall 44 and end wall 30. A similar upright frame member 72 is mounted
      on plates 14 and 66 at the corner thereof corresponding to the corner
      between sidewall 42 and end wall 30. Further, a pair of upright support
      members 74 and 76 are mounted on plates 14 and 66 by corresponding bolts
      at locations adjacent the sides of the plates and between upright members
      68 and 72 and fixed end wall 22. The upper ends of upright frame members
      68 and 72 and support members 74 and 76 are interconnected by a horizontal
      plate 78 which is bolted to the upper ends of the latter members.
PAR  The frame assembly further includes a cross member 80 on plate 78 and
      extending between upright members 68 and 72, an upper side frame member 82
      on plate 78 and extending from upright member 68 toward fixed end wall 22,
      and an upper side frame member 84 on plate 78 and extending from upright
      member 72 toward fixed end wall 22. Members 80, 82 and 84 are suitably
      secured to plate 78 and accordingly are fixed relative to the base
      portion.
PAR  The frame assembly further includes an end frame member 86 which, as
      described more fully hereinafter, is movable relative to the remainder of
      the frame assembly. Member 86 has opposite ends each provided with a
      filler frame component 88 mounted thereon such as by bolts 90 for movement
      therewith. The ends of side plate members 82 and 84 are tapered at an
      angle of about 45.degree. and terminate in spaced relationship with
      respect to fixed wall 22. Filler plate members 88 have an upper edge 92
      adapted to fill the latter space, and an end edge 94 extending parallel to
      fixed end wall 22 when the filler plates are in the positions illustrated
      in FIG. 4.
PAR  A support plate 100 extends between support members 74 and 76 and is
      secured thereto such as by bolts 102. A pneumatic piston cylinder type
      motor 104 is mounted on support plate 100 and includes a piston rod 106
      having an outer end secured to a bar 108 suitably attached to end frame
      member 86. Mounting plate 100 is on an angle of about 45.degree. and it
      will be appreciated, therefore, that reciprocation of rod 106 moves end
      frame member 86 and thus filler plates 88 in the direction of arrow 110
      and between the solid line and broken line positions illustrated in FIG.
      4. A pair of guide rods 112 have ends interconnected with bar 108 and
      opposite ends extending through corresponding openings in plate 100. Rods
      112 and the openings in plate 100 prevent rotation of piston rod 106 and
      thus end frame member 86 relative to the piston rod axis.
PAR  For the purpose set forth hereinafter, a clamping bar 114 extends across
      the frame parallel to fixed wall 22 and adjacent the lower edge thereof.
      Clamping bar 114 is supported for movement toward and away from wall 22 by
      means of a pneumatic motor 116 having a reciprocable piston rod 118
      fastened to bar 114. It will be appreciated that motors 104 and 116 have
      air inlet and outlet lines connectable to a source of air under pressure
      and through suitable controls to achieve reciprocation of the
      corresponding piston rods and the components attached thereto. Rotation of
      clamping bar 114 relative to the axis of piston rod 118 is restrained by
      means of a guide rod assembly 120 including a guide rod 122 extending
      through a guide sleeve 124 and having an end suitably attached to clamp
      bar 114.
PAR  As best seen in FIGS. 4, 5 and 6, upright frame member 68 is provided with
      a longitudinal gas passageway 68a, the opposite ends of which are plugged,
      and a plurality of apertures 68b opening from passageway 68a toward the
      corresponding corner of the frame assembly. Similarly, upright frame
      members 72 are provided with a longitudinal gas passageway 72a, the
      opposite ends of which are plugged, and a plurality of apertures 72b
      opening from passageway 72a toward the corresponding corner of the frame
      assembly. Upper side frame member 82 is provided with a longitudinal gas
      passageway 82a and a plurality of outlet apertures 82b opening toward the
      corresponding side edge of the frame assembly, and upper side frame member
      84 includes a longitudinal passageway 84a and a plurality of outlet
      apertures 84b opening therefrom toward the corresponding side edge of the
      frame assembly. Further, passageways 82a and 84a in upper side members 82
      and 84 include portions at the ends thereof which overlie members 68 and
      72. The latter portions extend vertically from the corresponding
      passageways 82a and 84a, as shown for member 82 in FIG. 5 of the drawing.
      Filler frame members 88 are each provided with a gas passageway 88a
      longitudinally aligned with passageways 82a and 84a in members 82 and 84.
      Members 88 further include outlet apertures 88b opening from passageways
      88a toward the corresponding side edge of the frame assembly. Finally, end
      frame member 86 is provided with a longitudinal gas passageway 86a and a
      plurality of outlet apertures 86b extending therefrom toward the
      corresponding end edge of the frame assembly.
PAR  The gas passageways thus defined are adapted to receive an inert gas and to
      direct the inert gas between the adjacent edges of workpieces supported
      between the frame assembly and wall members of the jig as set forth more
      fully hereinafter. In the embodiment shown, inert gas is supplied to the
      several frame members from a manifold component 126 suitably mounted
      beneath base plate 12 and having an inlet 128 connectable to a suitable
      source of inert gas, not shown. Manifold 126 is connected to a valve
      assembly 130 by means of a line 132, a valve assembly 134 by means of a
      line 136, and to a valve 138 by means of a line 140. Valve assembly 130 is
      connected by means of line 130a to passageway 68a in member 68 and by
      means of line 130b to passageway 82a in member 84. Valves 130c and 130d of
      valve assembly 130 respectively control the flow of gas to lines 130a and
      130b. Similarly, valve assembly 134 is connected to passageway 72a of
      member 72 by means of line 134a and to passageway 84a of member 84 by
      means of line 134b. Valve elements 134c and 134d respectively control the
      flow of gas through lines 134a and 134b. Valve 138 controls the flow of
      gas to passageway 86a of member 86 through line 138a. Further, gas
      passageways 82a in member 82 and 88a in the corresponding filler member 88
      are interconnected for flow communication by a line 142, and gas
      passageway 84a in member 84 and gas passageway 88a in the corresponding
      filler member 88 are interconnected for flow communication by means of a
      line 144. Lines 142 and 144 are of a length to accommodate the movement of
      filler members 88 with member 86 relative to side members 82 and 84.
PAR  Use of the welding jig thus described will be best understood by referring
      first to FIG. 7 wherein sheet metal workpieces for use in accordance with
      the preferred embodiment are shown. The sheet metal workpieces shown in
      FIG. 7 include a U-shaped stainless steel workpiece 146 and an L-shaped
      stainless steel workpiece 148. Workpiece 146 includes a center or
      intermediate panel 150 and side panels 152 and 154 extending at right
      angles thereto. Panels 150, 152 and 154 have corresponding upper edges
      150a, 152a and 154a. Further, panels 152 and 154 have corresponding front
      edges 152b and 154b, and panels 150, 152 and 154 have corresponding out
      turned flanges at the lower edges thereof. Workpiece 148 is comprised of
      panels 156 and 158 at right angles to one another. Panel 156 includes side
      edges 156a and end edge 156b, and panel 158 includes side edges 158a and a
      flange at the bottom edge thereof extending rearwardly beneath panel 156.
      Further, panel 158 is provided with dished central portion 160 apertured
      at 162.
PAR  Workpieces 146 and 148 are adapted to be welded together to define a
      box-like dishwasher housing. More particularly, panel 156 of workpeice 148
      is adapted to be disposed with edges 156a adjacent edges 152a and 154a of
      workpiece 146 and with edge 156b adjacent edge 150a of workpiece 146. When
      so positioned, edges 158a of workpiece 148 extend adjacent edges 152b and
      154b of workpiece 146. When the adjacent edges are welded together a
      box-like structure is defined in which the flanges on the workpiece define
      an open side corresponding to the front of the dishwater housing, dished
      portion 160 defines a sump in the bottom wall of the housing and opening
      162 defines a drain opening through the bottom wall.
PAR  In use of the welding jig with the workpieces shown in FIG. 7, motor 32 is
      actuated to displace end wall 30 away from fixed wall 22, and wall
      pivoting and clamping assemblies 46 are manipulated to pivot sidewalls 42
      and 44 outwardly relative to the frame assembly to the broken line
      positions thereof illustrated in FIG. 2 of the drawing. Further, motor 104
      is actuated to displace end frame member 86 and filler members 88
      downwardly and inwardly from end wall 22, and motor 116 is actuated to
      displace clamping bar 114 away from end wall 22. U-shaped workpiece 146 is
      then positioned around the frame assembly with the flanges at the lower
      edges of panels 152 and 154 engaging frame support plate 14 adjacent the
      side edges of frame plate 66. More particularly, panel 150 is disposed
      adjacent fixed end wall 22, panel 152 is disposed adjacent upright member
      68 and side member 82, and panel 154 is disposed adjacent upright member
      72 and side member 84. Motor 104 is then actuated to displace end frame
      member 86 and filler members 88 to the positions thereof illustrated in
      FIG. 4, and motor 116 is actuated to displace clamping bar 114 toward
      fixed end wall 22 to clamp the lower portion of panel 150 against the
      latter wall. Sidewalls 42 and 44 are then displaced to the solid line
      positions thereof illustrated in FIG. 2, whereby panels 152 and 154 of
      workpiece 146 are clamped in place relative to the corresponding side of
      the frame assembly.
PAR  L-shaped workpiece 148 is then positioned on the frame assembly with panel
      156 overlying side frame members 82 and 84 and end frame member 80, and
      with panel 158 overlying upright members 68 and 72 with the flange at the
      lower edge thereof extending beneath frame support plate 14. Motor 32 is
      then actuated to displace end wall 30 into engagement with panel 158 for
      the latter to be clamped against the frame assembly. Top wall 60 is then
      placed on top of the frame assembly to overlie panel 156 of workpiece 148,
      and clamp assemblies 62 and 64 are manipulated to clamp the top wall in
      place. It will be noted at this point that adjacent edges of the walls of
      the jig along the seams to be welded are slightly spaced apart. Moreover,
      the gas outlet passageways in the frame members are disposed in the spaces
      between the wall edges and are aligned with the line of juncture between
      the adjacent edges of the sheet metal panels to be welded. In the
      embodiment shown, the edges of the box-like dishwasher housing are
      rounded, whereby the adjacent edges of the workpiece panels are each
      partially rounded as are the contours of the outer edges of the members of
      the frame assembly along the edges between the workpiece panels.
PAR  The sheet metal workpieces are now securely clamped in place, whereby a
      workman can proceed to weld the adjacent panel edges. In this respect, the
      workman can selectively actuate the flow control valves described
      hereinabove to weld a seam between selected ones of the adjacent edges of
      the blanks, thus to save gas. It will be appreciated, however, that all of
      the valves can be opened so that gas is supplied to all of the frame
      members simultaneously so that welding can proceed continuously without
      interruption. During the welding operation the inert gas, such as argon,
      flows between the adjacent edges of the blank panels from the insides
      thereof toward the outsides, and welding is achieved from outside the jig.
      When the welding operation is completed, clamping devices 62 and 64 are
      released and top wall 60 is removed, motor 32 is actuated to displace end
      wall 30 away from the frame assembly, sidewalls 42 and 44 are released and
      pivoted outwardly relative to the frame assembly, and motors 104 and 116
      are actuated to displace the components controlled thereby away from fixed
      wall 22. The completed dishwasher housing is then lifted upwardly from the
      frame assembly, and the jig is now ready for a subsequent operation.
PAR  While considerable emphasis has been placed herein on the specific
      structure of certain components of the welding jig and on the structural
      interrelationship between components of the preferred embodiment, it will
      be appreciated that many changes can be made in the embodiments shown
      without departing from the principles of the present invention. Moreover,
      it will be appreciated that the frame components and wall members can
      readily be employed to releaseably support a pair of sheet metal
      workpieces in an angular relationship to define a corner therebetween to
      be welded in an inert gas atmosphere without necessarily constructing a
      box-like article. Likewise, it will be appreciated that the wall members
      of the jig can be supported for displacement relative to the frame
      assembly other than by the pivotal and reciprocating support assemblies
      shown and that the fixed end wall could readily be mounted for
      displacement relative to the frame assembly in a manner similar to that of
      the opposite end wall or the sidewalls. It will be further appreciated
      that in a structure in which the fixed end wall is replaced by a removable
      end wall, the end frame member and filler frame components described
      herein as being movable could be fixed relative to the remaining
      components of the frame assembly. As many embodiments of the present
      invention can be made and as many changes can be made in the embodiment
      herein illustrated and described, it is to be distinctly understood that
      the foregoing descriptive matter is to be interpreted merely as
      illustrative of the present invention and not as a limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A jig for welding sheet metal workpieces to define a box-like structure
      having opposed pairs of wall panels and an end panel and lines of juncture
      therebetween comprising, base means, frame means on said base means and
      including frame members extending in the direction of said lines of
      juncture, wall means cooperable with said frame means to receive and
      releaseably support said work pieces therebetween, said frame members
      having gas passageway means therein connectable to a source of inert gas
      and including outlet means for delivering inert gas in the direction of
      said lines of juncture, said wall means including a fixed wall on said
      base means having an edge corresponding to one of said lines of juncture
      and said frame members including a first frame member generally parallel
      to said edge and movable relative to said fixed wall, means supporting
      said first frame member on said base means for reciprocating movement
      between first and second positions along a path toward and away from said
      wall edge, and means to selectively reciprocate said first frame member
      between said positions, said first frame member being adjacent said fixed
      wall when said first frame member is in said first position.
NUM  2.
PAR  2. The jig according to claim 1, wherein said frame members further include
      second and third frame members on said base means and extending generally
      perpendicular to said fixed wall, said second and third frame members each
      having first ends spaced from said fixed wall, and said frame members
      further including filler frame portions movable with said first frame
      member and occupying the space between said first ends and said fixed wall
      when said first frame member is in said first position.
NUM  3.
PAR  3. The jig according to claim 2, wherein said wall means further includes a
      pair of wall members mounted on said base means for movement relative
      thereto between first and second positions relative to a corresponding one
      of said second and third frame members, said wall members in said first
      positions each being cooperable with said corresponding frame member to
      support a workpiece panel therebetween, and means releaseably holding said
      wall members in said first positions.
NUM  4.
PAR  4. The jig according to claim 3, wherein said second and third frame
      members have second ends spaced from said first ends in the direction away
      from said fixed wall, said frame members further including fourth and
      fifth frame members fixed on said base means and each extending between
      said base means and the second end of a corresponding one of said second
      and third frame members, and said wall means including a further wall
      member mounted on said base means for movement between first and second
      positions relative to said fourth and fifth frame members, said further
      wall member in said first position being cooperable with said fourth and
      fifth frame members to support a workpiece panel therebetween, and means
      to selectively move said further wall member between said positions
      thereof.
NUM  5.
PAR  5. A jig for welding C-shaped and L-shaped sheet metal blanks together to
      define a box-like structure comprising, base means having opposite ends
      and opposite sides, frame means on said base means, said frame means
      including upright frame members adjacent said sides at one of said ends
      and side frame members spaced above said base means and parallel to a
      corresponding one of said opposite sides, said frame means further
      including an end frame member at the other of said ends of said base
      means, and wall means on said base means, said wall means including end
      wall members at each of said opposite ends of said base means and sidewall
      members at each of said opposite sides of said base means, each of said
      side wall members and at least one of said end wall members being
      supported on said base means for movement between first and second
      positions relative to said frame means, said side and one end wall members
      in said first positions being cooperable with said frame means to support
      said blanks with adjacent edges thereof defining lines of juncture
      therebetween for welding, said side and one end wall members in said
      second positions thereof being displaced from said frame means for said
      blanks to be received and removed from said frame means, said upright,
      side and end frame members including gas passageway means connectable to a
      source of inert gas and having outlet means for directing inert gas
      between said adjacent edges of said blanks along the lines of juncture
      therebetween.
NUM  6.
PAR  6. The jig according to claim 5, wherein said end frame member is supported
      on said base means for movement between first and second positions
      relative thereto and the end wall member at the corresponding end of said
      base means is fixed on said base means, said fixed end wall member having
      an upper edge, and said end frame member in said first position thereof
      being adjacent said upper edge and cooperable with said fixed end wall
      member to support the portion of said blanks disposed therebetween, said
      end frame member in said second position thereof being spaced from said
      upper edge to release said portion of said blanks.
NUM  7.
PAR  7. The jig according to claim 6, wherein said side wall members are
      pivotally mounted on said base means, and means releaseably holding said
      sidewall members in said first positions against pivotal movement.
NUM  8.
PAR  8. The jig according to claim 7, wherein said at least one of said end wall
      members is reciprocally supported on said base means for movement toward
      and away from said fixed end wall member and means to selectively move
      said one end wall member between said first and second positions thereof.
NUM  9.
PAR  9. The jig according to claim 8, wherein said wall means further includes a
      top wall member removably supported on said frame means, and means for
      releaseably interengaging said top wall member with said sidewall members
      and said fixed end wall member when the latter members are in said first
      positions thereof.
NUM  10.
PAR  10. The jig according to claim 6, wherein said side frame members each have
      an end facing and spaced from said fixed end wall member, said frame means
      further including second side frame members carried by said end frame
      member for movement therewith, each said second side frame members in said
      first position of said end frame member occupying the space between a
      corresponding one of said side frame members and said fixed end wall
      member.
NUM  11.
PAR  11. The jig according to claim 10, wherein said end frame member is
      supported for movement along a path downwardly and away from said upper
      edge, and means to selectively move said end frame member between said
      first and second positions thereof.
NUM  12.
PAR  12. The jig according to claim 11, and clamping means on said base means
      displaceable toward and away from said fixed end wall member at a location
      spaced below said upper edge to releaseably clamp said portion of said
      blanks against said fixed end wall member at said location, and means to
      selectively displace said clamping means toward and away from said fixed
      end wall member.
NUM  13.
PAR  13. The jig according to claim 12, wherein said sidewall members are
      pivotally mounted on said base means, and means releaseably holding said
      sidewall members in said first positions against pivotal movement.
NUM  14.
PAR  14. The jig according to claim 13, wherein said at least one of said end
      wall members is reciprocally supported on said base means for movement
      toward and away from said fixed end wall member, and means to selectively
      move said one end wall member between said first and second positions
      thereof.
NUM  15.
PAR  15. The jig according to claim 14, wherein said wall means further includes
      a top wall member removably supported on said frame means, and means
      releaseably interengaging said top wall member with said sidewall members
      and said fixed end wall member when the latter members are in said first
      positions thereof.
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ABST
PAL  In accordance with the teachings of the instant invention, techniques for
      the manufacture of flexible metal tubing and metal tubing made thereby are
      set forth wherein a plurality of thin walled metal tubes are
      concentrically formed one about the other and subsequently corrugated to
      form continuous lengths of flexible metal tubing capable of withstanding
      substantial pressures. This is achieved in accordance with the teachings
      of the instant invention by forming an inner component tube from the
      continuous forming in a lengthwise direction of a metal band into a tube
      having longitudinal edges which are welded together to form a continuous,
      longitudinal welded joint. Concurrently, at least one further component
      tube is formed concentrically about the inner tube by a lengthwise
      deformation of a second metal band into a second tube having opposed
      longitudinal edges in close proximity to each other. This second tube is
      also welded in a longitudinal direction and immediately thereafter, is
      reduced in diameter through drawing techniques to an appropriate
      dimensional relationship with the inner tube initially being formed. The
      resulting structure is subsequently corrugated in the same manner as a
      single wall structure is corrugated and it has been found that the
      resulting structural configuration is highly flexible, unexpectantly
      simple to corrugate and is capable of withstanding pressures equal to or
      greater than a single thick walled tube designed for a similar purpose.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to techniques for the manufacturing of flexible
      metal tubing capable of withstanding substantial pressures and the metal
      tubing made thereby and more particularly to a process and apparatus for
      manufacturing metal tubing which comprises a plurality of thin walled
      layers concentrically formed and subsequently corrugated.
PAR  Metal tubing capable of withstanding substantial pressures is required for
      applications involving the direct transportation of liquid and gaseous
      media as well as the sheathing of electric cabling or heat insulated
      coaxial conductors. Furthermore, since gaseous pressurized insulating
      media are frequently employed in electric cabling and heat insulated
      coaxial conductors to provide appropriate insulation, the tubing employed
      in the formation of such cabling or conductors is frequently exposed to
      considerable pressure as generated both from internal and external sources
      which must be withstood for the appropriate maintenance of acceptable
      operational characteristics. For instance, in deep sea drilling or well
      logging applications presently taking place, metal sheathed power cabling
      is frequently employed and the metal tubing relied upon to form the metal
      sheath must be able to withstand the substantial ambient pressure loads
      which manifest themselves during such applications. For instance, at
      depths of 4,000 meters, the metal tubes employed to sheath power cabling
      must be able to withstand pressures in excess of 400 atmospheres.
PAR  Conventional techniques for the manufacture of metal tubing capable of
      withstanding pressures of the type encountered in deep sea drilling
      applications and the like, as aforesaid, are disclosed for instance, in
      German DT-OS2 019 362. However, the resulting plain tubing set forth
      therein is highly specialized in nature and can only be formed in
      relatively short lengths because of its rigidity. Thus, in use, tubing of
      this nature is both expensive and time-consuming to employ because a large
      number of specialized fittings are required to join adjacent sections
      together into a resulting configuration which is capable of withstanding
      substantial pressures. Furthermore, if plain metal tubing whose wall
      thickness has been built up to withstand anticipated pressures is
      considered, it will be appreciated by those of ordinary skill in the art
      that the same is rigid in nature and may not be corrugated by conventional
      techniques as known forms of corrugator discs cannot withstand the
      pressure loads generated by such thick walled tubes. Thus even with plain
      tubing purposely thickened to withstand high pressure loads, flexibility
      is not a readily available characteristic and hence the manufacturing
      thereof in continuous lengths is generally precluded.
PAR  The instant invention proceeds from the dual discovery that concentrically
      formed thin walled metal tubes are capable of withstanding pressures equal
      to or greater than those withstood by individual thick walled metal tubes
      and that such concentrically formed thin walled metal tubes may be
      corrugated by substantially the same corrugation techniques employed for
      the corrugation of a single thin walled metal tube or sheath when the
      concentrically arranged tubes are formed in accordance with the teachings
      of the instant invention. The resulting corrugated structure may be
      manufactured on a continuous basis and hence, the length of the
      continuously formed metal tubing manufactured in accordance with the
      teachings of the instant invention is only limited by the amount of
      corrugated metal tubing which may be wound on one or more take-up reels.
      Furthermore, the flexible metal tubing formed in accordance with the
      teachings of the instant invention completely avoids the rigidity and
      multitudinous couplings and transitions associated with the use of thick
      walled tubing previously thought to be necessary for high pressure
      applications by the use of a plurality of concentrically formed thin
      walled tubes, while relying upon corrugation techniques which have been
      previously utilized to enhance the flexibility of cable and the like but
      only under such conditions where thin walled single element metal tubes
      were employed. Accordingly, the novel manufacturing techniques taught by
      the instant invention yield a resulting structure which is flexible and
      available in continuous lengths. This is achieved by certain manufacturing
      techniques usually employed to accomplish the cost reduction associated
      with the use of thin walled structures, while overcoming a previously
      thought to exist, art recognized limitation in the use of corrugation
      techniques to singular thin walled structures.
PAR  Therefore it is a principle object of the instant invention to provide a
      process and apparatus for manufacturing flexible metal tubing in extended
      lengths which is capable of withstanding substantial pressures as well as
      the metal tubing made thereby. Other objects and advantages of the present
      invention will become clear from the following detailed description of an
      exemplary embodiment thereof, and the novel features will be particularly
      pointed out in conjunction with the claims appended hereto.
PAR  In accordance with the teachings of the instant invention, manufacturing
      techniques for the formation of extended lengths of flexible metal tubing
      capable of withstanding substantial pressures are provided wherein a
      plurality of metal tubes are concentrically formed one about the other;
      each metal tube formed, after the first, is immediately drawn down to a
      desired diameter so that a resultant structure comprising a plurality of
      thin walled concentrically formed tubes is achieved; after all of the
      tubes in the desired structure have been formed, the resultant structure
      is corrugated in a transverse-axial direction to render the resultant
      structure formed flexible. Thus, the flexible metal tubes made in
      accordance with the teachings of the instant invention may be wound on
      take-up reels and hence produced according to continuous or endless
      manufacturing techniques to thus avoid the multitudinous couplings and
      transitions required by high pressure, rigid cable heretofore available in
      the prior art.
DRWD
PAR  The invention will be more clearly understood by reference to the following
      detailed description of an exemplary embodiment thereof, in conjunction
      with the accompanying drawings in which:
PAR  FIG. 1 schematically illustrates an exemplary embodiment for the
      manufacture of extended lengths of flexible metal tubing capable of
      withstanding substantial pressures in accordance with the teachings of the
      instant invention;
PAR  FIG. 2 is a longitudinal section through one form of flexible metal tubing
      manufactured in accordance with the techniques of the instant invention;
PAR  FIG. 3 is a cross section of electric cabling manufactured in accordance
      with the teachings of the instant invention; and
PAR  FIG. 4 shows a cross section of a heat insulated conductor manufactured in
      accordance with the teachings of the instant invention.
DETD
PAR  Referring now to the drawings and more particularly to FIG. 1 thereof,
      there is schematically shown an exemplary embodiment according to the
      instant invention for manufacturing flexible cable in extended lengths
      which cable is capable of withstanding substantial pressure. The
      equipments illustrated in FIG. 1 comprise first and second supply rolls 1
      and 8 upon which flat metal material in the form of bands 2 and 9 are
      wound, shaping stations 3 and 10 each comprising shaping elements, not
      shown, capable of progressively forming the metallic material into a
      tubular configuration in a lengthwise direction, welding stations 5 and
      11, transport stations 6 and 14, a reduction station 13, a corrugation
      station 15, and a take-up reel 17 upon which the corrugated cable formed
      may be wound. As illustrated in FIG. 1, the exemplary process for the
      formation of extended lengths of flexible cable capable of withstanding
      substantial pressures initially functions to form an inner tube 4. The
      inner tube 4 is formed through the continuous processing techniques
      illustrated in FIG. 1 by the removal of the metal band material 2 wound on
      the first supply roll 1 and the shaping of the same into a tubular
      configuration at the shaping station 3. The shaping station 3 may employ,
      as illustrated, conventional roller deformation techniques so that the
      metal band 2 is deformed into a tube configuration having adjoining edges
      disposed in an appropriate position for subsequent welding. The thin
      walled tube as thus formed at the shaping station 3 is then passed through
      the welding station 5 wherein adjoining edges of the tube are welded
      together. Thereafter, the finished inner tube 4 is displaced through the
      operation of known transport mechanisms, not shown, of the transport
      station 6 in the direction indicated by the arrow 7.
PAR  At a point subsequent to the transport station 6, a second thin walled tube
      is concentrically formed about the initially formed tube 4. This is
      achieved in the same manner employed in the formation of the inner thin
      walled tube 4. More particularly, a metal band 9 is pulled from the second
      supply roll and deformed into a tubular configuration by shaping station
      10 which again may employ conventional deformation techniques so that a
      second tube is formed about the inner tube 4. After the tube configuration
      is established, this tube is welded at the welding station 11 so that a
      pair of concentrically formed tubes are formed using continuous processing
      techniques. The second tube 12, as initially formed is dimensioned larger
      than the inner tube 4 to facilitate welding. Therefore, immediately
      subsequent to the processing carried out at the welding station 11, the
      diameter of the second tube is reduced, through conventional drawing
      techniques or the like at the reduction station 13. Thereafter, both tubes
      are further displaced in the direction indicated by the arrow 7 by the
      transport station 14 which acts, in this case, to guide the composite
      tubular structure formed into the corrugating station 15 at which stage
      both component tubes are provided with a common transverse corrugation.
      The reduction station 13 should be closely positioned with respect to the
      welding station 11 so that the reduction in the diameter of the outer tube
      12 is quickly achieved subsequent to the formation thereof.
PAR  The conventional corrugating station 15 acts to provide both tubes with a
      common corrugation run in a transverse axial direction as shown in FIG. 2
      so that a dual walled, corrugated metal tube 16 is formed and may
      subsequently be wound on the take-up reel 17, the capacity of which may be
      considered to control the continuous length of the tubing formed although
      a plurality of commonly connected reels may be instead employed to further
      increase the lengths of continuous tubing which may be manufactured. If
      required, an extruder may be positioned subsequent to the corrugating
      station 15 to apply a plastic coating such as polyvinylchloride to the
      outer portion of the tubing formed. A possible alternative however, is to
      employ limited or corrosion proof type metals for the component tube 12
      which would thereby eliminate any need for a plastic coating requirement.
      To prevent intercorrosion between individual component lengths of the
      finished tubing formed, provisions would be preferably made for corrosion
      proofing the surface of each tube formed and/or the ends of each component
      tube to be joined to a subsequent section.
PAR  A surprising aspect of the instant invention lies in the discovery that a
      tubing configuration including several concentrically disposed thin walled
      tubes which are, within limits, mutually displaceable, will corrugate in
      the same manner as a single walled tube whose thickness is acceptable to
      standard corrugator discs. Furthermore, it has been found that the
      flexibility of the resulting corrugated structure formed will approximate
      that of individual corrugated tube members. These results are highly
      significant, as it will be appreciated by those of ordinary skill in the
      art, that one of the well known prior art techniques for enhancing the
      ability of tubing to withstand substantial pressure loads was simply to
      increase the wall thickness of the tube formed. However, when dealing with
      extremely high pressure resistant prerequisites, substantial additional
      deformation work was necessary in the shaping of tubes formed from single
      metal bands having substantial thickness and, as is well known to those of
      ordinary skill in the art, such substantial wall thicknesses would
      virtually preclude a product having substantial flexibility. In addition,
      the corrugation of tubular members whose wall thickness exceeds 1 mm. is
      exceedingly difficult as known corrugator discs cannot withstand pressure
      loads experienced when attempting to corrugate tubes of this type. Thus,
      the instant invention yields the two fold benefit that the shaping
      necessary in the formation of the combination of individual thin walled
      tubular components does not exceed that normally attaching to the
      formation of the single thin walled tubular members which are incapable of
      withstanding substantial pressure loads, while the resulting combination
      structure is capable of withstanding substantial pressure loads and may be
      corrugated through the same techniques utilized to corrugate individual
      thin walled structures.
PAR  The compressibility rating of the resultant flexible metal tubing 16 formed
      in accordance with the teachings of the instant invention, is a function
      of the tubings total wall thickness and, as such, the thickness of each of
      the individual component tubes. Therefore, as will be readily appreciated
      by those of ordinary skill in the art, the number and thickness of each of
      the component tubes employed to form the resulting structure may vary
      accordingly to meet particular requirements. Although only a two component
      tube structure has been illustrated in FIG. 1, it will be appreciated by
      those of ordinary skill in the art, that additional component tubes would
      be formed in precisely the same manner illustrated for the component tube
      12 by the insertion of additional tube forming component stages, such as
      that described in conjunction with outer tube 12, subsequent to the
      transport station 14. Thus, additional tube forming stages may be
      accommodated by employing the continuous processing techniques according
      to the instant invention without a substantial increase in the space
      required for single operating stages. A cross section of the tube
      structure formed by the exemplary processing techniques according to the
      instant invention as detailed in conjunction with FIG. 1, is illustrated,
      partially in cross section, in FIG. 2 and it will be apparent upon a
      review of FIG. 2 that the resulting tubular structure exhibits a flexible
      characteristic and hence may be made according to the continuous
      processing operations described.
PAR  Although the flexible metal tubing illustrated in FIG. 1 is most suitable
      for fluid piping applications, protective sheathing or outer conductors
      for other forms of cabling may be made through similar techniques. For
      instance, referring to FIG. 3, there is shown flexible metal tubing
      suitable in forming protective sheathing or the outer conductor 18 on
      electrical cabling the core of which has been indicated by the reference
      numeral 19. In this case, no modification in the mode of forming the metal
      tubing assembly is necessary except that the diameter of the initial
      component is first reduced to snugly fit about the inner tube component,
      and then the combination of such components is corrugated in such a manner
      as to engage the outer surface of the core.  FIG. 4 illustrates an
      application of the metal tubing formed in accordance with the teachings of
      the instant invention, for heat insulated conductors and the like. Thus,
      turning to FIG. 4, it will be seen that an inner tube 20 and a
      concentrically formed outer tube 21, both of which have been formed in
      accordance with the teachings of the instant invention, have a heat
      insulating layer 22 interposed therebetween. Of course, as will also be
      appreciated by those of ordinary skill in the art, an alternate embodiment
      would be to manufacture cable of this type in such manner that only one of
      the inner 20 or outer 22 tubes are formed according to the multiwall
      manufacturing techniques described above while the other tube is formed in
      accordance with conventional techniques associated with singular wall
      tubes.
PAR  A comparison of the pressure handling ability of multiwall tubes formed in
      accordance with the instant invention and those conventionally
      manufactured according to thick, single wall techniques, resulted in the
      following comparisons which are set forth herein by way of example. A 25
      mm. diameter corrugated tube having a wall thickness of .5 mm. accepted a
      pressure load in excess of 180 atmospheres prior to buckling. This wall
      thickness was subsequently reinforced to .8 mm. and resulted in a boosting
      of buckling strength to 250 atmospheres. A 1.0 mm. wall thickness rated
      tubing specimen could not be corrugated and hence, as will be appreciated
      by those of ordinary skill in the art, flexible tubing of solid wall
      design was limited in possible buckling pressure resistance to values
      below 250 atmospheres. On the other hand, a two tube component structure
      made in accordance with the teachings of the instant invention, was formed
      in such manner that each tube had a wall thickness of .5 mm. and was then
      corrugated. When tested, the onset of buckling did not occur until 360
      atmospheres. Additional boosts in buckling pressure resistance could also
      be obtained by increasing the wall thickness of each component tube
      employed or by increasing the number of component tubes relied upon in the
      resulting configuration. Thus it will be appreciated by those of ordinary
      skill in the art that the manufacturing techniques according to the
      instant invention result in an ability to manufacture extensive lengths of
      flexible cable which can withstand substantial pressures while the
      manufacturing techniques employed do not require highly sophisticated
      forming or corrugating apparatus, but merely a multiplication of
      conventional equipments so that a multiwalled structure is formed in the
      particular manner required by the instant invention.
PAR  While the invention has been described in conjunction with a single
      exemplary embodiment thereof, it will be understood that many
      modifications will be readily apparent to those of ordinary skill in the
      art; and that this application is intended to cover any adaptations or
      variations thereof. Therefore, it is manifestly intended that this
      invention be limited only by the claims and the equivalents thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for manufacturing metal tubing formed of a plurality of
      tubular members and capable of withstanding substantial pressures,
      comprising the steps of:
PA1  deforming a first metal band in a longitudinal direction into a first
      tubular member;
PA1  continuously welding the longitudinal edges of said first tubular member to
      form a first tubular member having a longitudinally welded seam;
PA1  deforming at least a second metal band in a longitudinal direction
      concentrically about said first tubular member and into a second tubular
      member;
PA1  continuously welding the longitudinal edges of said second tubular member
      to form a second tubular member having a longitudinally welded seam;
PA1  reducing the diameter of said second tubular member to form metal tubing
      formed of a plurality of tubular members; and
PA1  corrugating said metal tubing formed in a transverse axial direction.
NUM  2.
PAR  2. The process according to claim 1 additionally comprising the step of
      applying a corrosion proof coating to each tubular member prior to the
      formation of a succeeding tubular member thereabout.
NUM  3.
PAR  3. The process according to claim 1 additionally comprising the step of
      forming a plastic sheathing about the metal tubing formed.
NUM  4.
PAR  4. The process according to claim 1 wherein said step of reducing is
      accomplished by drawing down said second tubular member.
NUM  5.
PAR  5. The process according to claim 4 additionally comprising the step of
      applying a corrosion proof coating to each tubular member prior to the
      formation of a succeeding tubular member thereabout.
NUM  6.
PAR  6. The process according to claim 4 additionally comprising the step of
      forming a plastic sheathing about the metal tubing formed.
NUM  7.
PAR  7. The process according to claim 5 additionally comprising the step of
      forming a plastic sheathing about the metal tubing formed.
NUM  8.
PAR  8. The process according to claim 1 wherein said first tubular member is
      formed concentrically about a heat insulated conductor to form heat
      insulated coaxial cable additionally comprising the step of reducing the
      diameter of said first tubular member about said heat insulated conductor
      prior to deforming said second metal band.
NUM  9.
PAR  9. The process according to claim 1 wherein said first metal band and said
      second metal band are comprised of different metals.
NUM  10.
PAR  10. The process according to claim 1 wherein said first tubular member is
      formed concentrically about but separated from an electrical cable to form
      cabling suitable for electrical application, said second tubular member
      being formed about said first tubular member and being reduced in diameter
      to snugly fit about the first tubular member prior to said corrugating
      step, said corrugating step reducing said metal tubing comprising said
      first and second tubular members so as to reduce the inner diameter of the
      tubing so as to first engage the outer surface of said electrical cable.
NUM  11.
PAR  11. Metal tubing comprising:
PA1  a first corrugated tubular member having a longitudinal welded seam; and
PA1  a second corrugated tubular member having a longitudinal welded seam, said
      second corrugated tubular member being concentrically disposed about said
      first corrugated tubular member, said first and second corrugated tubular
      members being formed in accordance with the process of claim 1.
NUM  12.
PAR  12. The metal tubing according to claim 11 wherein said metal tubing is
      flexible and an interstice is provided between said first and second
      corrugated tubular members.
NUM  13.
PAR  13. The metal tubing according to claim 11 wherein said metal tubing is
      flexible and said first and second corrugated tubular members are formed
      of different metals.
NUM  14.
PAR  14. The metal tubing according to claim 11 additionally comprising a heat
      insulated conductor disposed within said first corrugated tubular member,
      said first tubular member being initially formed about said heat insulated
      conductor and reduced in diameter thereabout prior to forming said second
      tubular member and prior to a corrugation of said first and second tubular
      members.
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ABST
PAL  Method and apparatus are disclosed for concurrently thermocompression
      bonding a plurality of lead frames to a plurality of planar articles. In
      operation, a plurality of lead frames are referenced to a plurality of
      unheated bonding tips and to the associated metallized bonding sites on a
      first side of a plurality of planar articles. The bonding tips are then
      simultaneously activated to independently move the referenced lead frames
      and articles in a first direction to engage the second side of each
      article with a heated thermode, and apply a sufficient compressive force
      to bond the leads of each lead frame to the associated bonding sites on
      the referenced article. The bonding tips are then returned to their
      initial or starting position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to method and apparatus for simultaneously bonding a
      plurality of lead frames to a plurality of planar articles, and more
      particularly, to method and apparatus for simultaneously mass
      thermocompression bonding a plurality of lead frames to a plurality of
      planar articles.
PAR  2. Description of the Prior Art
PAR  The beam-leaded semiconductor device is a recent development which
      comprises a semiconductor element including a chip or die of semiconductor
      material within which is fabricated, by known planar processing
      techniques, either an individual semiconductor component, such as a
      transistor, or a plurality of components suitably interconnected to
      provide a monolithic integrated circuit network. Formed on one of the
      major surfaces of the die, during fabrication of the element, are a
      plurality of beam leads, primarily of gold, which are electrically
      connected to appropriate regions on the semiconductor die and extend
      outward beyond the edges of the die in an array parallel to the major
      surface of the die. The beam leads can be formed in any known manner, such
      as, for example, by plating techniques or by a film strip process as
      disclosed, for example, in U.S. Pat. No. 3,777,365, issued to C. W.
      Umbaugh on Dec. 11, 1973.
PAR  The beam leads provide a means for making contact between the die and the
      metallized portions of a miniceramic substrate, a substrate of a circuit
      board, or a device enclosure on which the semiconductor element is
      mounted. The semiconductor device is placed on the surface of the
      substrate with the beam leads in alignment with the metallized areas of
      the substrate. The beam leads are then bonded directly to the metallized
      areas as by thermal compression bonding, ultrasonic bonding, or welding.
      Thus, the tedious, error-prone, time-consuming prior art process of
      manually bonding lead wires between semiconductor dies and metallized
      areas of substrates is eliminated. See, for example, U.S. Pat. No.
      3,627,190, issued to H. J. Ramsey on Dec. 14, 1971 which discloses
      apparatus for the thermocompression bonding of a beam-leaded device to a
      substrate. It is also known to simultaneously thermocompression bond a
      plurality of beam-leaded devices to a similar plurality of metallized
      patterns on one side of a single ceramic substrate. In this regard see,
      for example, U.S. Pat. No. 3,699,640, issued to B. H. Cranston et al. on
      Oct. 24, 1972 which discloses method and apparatus for compliant bonding
      beam-leaded semiconductor devices to a substrate. Once the beam-leaded
      devices have been bonded to the array of metallized patterns on a
      substrate, the substrate can be machined to separate the plurality of
      bonded devices and metallized patterns into a similar plurality of
      miniceramic substrates having the metallized bonding sites adjacent the
      edges thereof. The bonding sites on each miniceramic substrate can then be
      bonded to a lead frame for subsequent interconnection to other circuits.
PAR  It is known to thermocompression bond the leads of individual lead frames
      to separate substrates in rapid succession for increased productivity. The
      most widely known method for effecting the thermocompression bond is to
      align both the lead frame and the bonding sites on the substrate with each
      other and with the elements of a bonding station, and then to apply a
      heated thermode onto the leads of the lead frame with sufficient
      compressive force and temperature to effect the bonds. It is also known to
      transfer the necessary heat through the substrate and to the bonding sites
      for the thermocompression bond, but under such conditions there has been a
      tendency towards increased cracking in the substrates unless extreme care
      and control are used in the bonding process. It is for this reason that
      the application of the heated thermode to the leads of the lead frame is
      preferred.
PAR  Attempts at applying known methods and apparatus to accomplish the
      simultaneous thermocompression bonding of a plurality of lead frames to a
      similar plurality of substrates has resulted in many problems which have
      tended to discourage further development of a production type mass bonder.
      The problems encountered related, inter alia, to the fact that the details
      on the heated thermode engaging the leads, which are referenced to the
      bonding sites on the substrates, must be accurately placed on the leads to
      effect a proper bond at each bonding site. The details on the thermode,
      and the thermode itself, however, expand as the thermode is heated to a
      particular bonding temperature. It, therefore, became necessary to
      precalculate the amount of thermal expansion that would take place for a
      particular thermode for a predetermined temperature and from such
      calculations accordingly machine the cold thermode. If the bonding
      temperature had to be sufficiently changed, either higher or lower, it
      might become necessary to machine a new thermode. An alternative
      arrangement would be to provide an array of separately heated bonding tips
      capable of being simultaneously activated. Such arrangement, however,
      produced, inter alia, other problems such as (a) the necessity to
      precalculate the dimensions of the pistons, sleeves, and other elements
      which activate and control the movement of each bonding tip in order to
      compensate for expansion from the heat conveyed to each of the elements in
      accordance with its relative position in the array; (b) the ability to
      individually control the plurality of heating units in a manner to achieve
      the same temperature at each bonding tip in the array; and (c) to provide
      a device which simultaneously activates the heated bonding tips and
      applies an equal predetermined pressure to all bonding tips while the
      device is being subjected to an elevated temperature from the heating
      elements associated with each bonding tip. All of the above problems, of
      course, become more insurmountable as the number of lead frames and
      substrates to be simultaneously bonded increases.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention relates to method and apparatus for concurrently
      bonding a plurality of substrates to a plurality of lead frames, and more
      particularly, to method and apparatus for concurrently mass
      thermocompression bonding a plurality of substantially planar articles to
      a plurality of lead frames.
PAR  The invention further relates to method and apparatus for concurrently
      bonding the leads of a plurality of lead frames to respective bonding
      sites on the first faces of a corresponding plurality of substantially
      planar articles where the plurality of lead frames are referenced to
      separate ones of a plurality of bonding tips, and the bonding sites on
      each of the plurality of articles are registered with an associated one of
      the lead frames. Each of the registered bonding tips, lead frames, and
      planar articles are then concurrently and independently moved in a
      direction to engage the second face of the plurality of articles with a
      heated thermode and then apply a substantially uniform bonding force
      concurrently to all of said leads and bonding sites to mass bond the lead
      frames to the associated articles.
PAR  Other and further aspects of the present invention will become apparent
      during the course of the following description and by reference to the
      accompanying drawings and the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring now to the drawings, in which like numerals represent like parts
      in the several views:
PAR  FIG. 1 is a perspective view of apparatus in accordance with the present
      invention for mass bonding a plurality of lead frames to a similar
      plurality of substrates;
PAR  FIG. 2 is a perspective view illustrating certain details of the apparatus,
      specifically the structure of the apparatus for bonding one lead frame to
      one substrate;
PAR  FIG. 3 is a plan view of the apparatus of FIG. 1 with portions broken away
      in order to show certain details;
PAR  FIG. 4 is a side elevation view of the lower section of the apparatus of
      FIG. 1 with portions broken away in order to show certain details; and
PAR  FIG. 5 is a plan view of a lead frame and a substrate as bonded together by
      the apparatus of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention has been described primarily in terms of a mass
      bonder having bonding areas arranged at the intersections of rows and
      columns of an array. However, it will be understood that such description
      is exemplary only and is for purposes of exposition and not for purposes
      of limitation. It will be readily appreciated that the inventive concept
      described is equally applicable to any mass bonding configuration, and
      that the elements described as associated with a row of the array could
      similarly be associated with a column of the array or any other
      arrangement within the mass bonder of the present invention.
PAR  In FIG. 1, a mass bonding apparatus, designated generally as 10, capable of
      concurrently thermocompression bonding a plurality of lead frames to
      bonding sites on a plurality of planar articles, such as, for example,
      substrates, is illustrated. Bonding apparatus 10 includes a lower section
      12, an upper section 14 positioned directly above lower section 12 during
      the mass bonding operation, and a bonding insert assembly 16 (shown in
      phantom) which can be slidably mounted on lower section 12. To make
      maintenance routines for the lower and upper sections 12 and 14 easier, it
      is preferable that upper section 14 be removable from lower section 12, as
      shown, for example, in FIG. 1. There, upper section 14 is shown as hinged
      to lower section 12 by means of an L-shaped bracket 18 which is rotatably
      secured to lower section 12 by a pivotal pin 19. A handle 20 is provided
      to aid in the removal or restoration of upper section 14 to the bonding
      position. Other arrangements for the removal and restoration of upper
      section 14 will occur to those skilled in the art.
PAR  The preferred embodiment of the present invention for the internal
      arrangement of lower section 12, upper section 14, and bonding insert
      assembly 16 can best be seen in FIGS. 2 and 3. There, bonding insert
      assembly 16 is shown as comprising a block 30 having a separate aperture
      32 formed therein at each point of intersection between the rows and
      columns of a particular array corresponding to the bonding areas of mass
      bonder 10, a separate ram 34 mounted for independent axial movement in
      each of apertures 32, and a bonding tip 36 extending from the end of each
      ram 34 adjacent the associated lead frame 22 and substrate 24 to be
      bonded. Block 30 is illustrated as comprising a first plate 40 and a
      second plate 42 secured to the bottom face of first plate 40 such that the
      longitudinal axes of the array of apertures 32 in the first and second
      plates 40 and 42 are in alignment.
PAR  Apertures 32 in block 30 and the associated rams 34 can be of any
      configuration which permits the independent movement of each of rams 34
      along the longitudinal axis thereof. In the preferred embodiment of the
      present invention, rams 34 are each shown as having a stepped cylindrical
      shape with a T-shaped longitudinal cross section. Apertures 32 in block 30
      each have a two-stepped configuration, comprising a sidewall 44 in the
      upper step of first plate 40, and sidewall 46 in second plate 42, which
      limit movement of the associated piston along the longitudinal axis
      thereof. The sidewall 48 of each of apertures 32 in the lower step of
      first plate 40, together with lower plate 42 and the associated ram 34,
      forms a chamber 50 therebetween. The chambers 50 are interconnected by
      ducts 52 which ultimately communicate with a port 54. Port 54 is adapted
      for connection to an external source of vacuum (not shown).
PAR  Each bonding tip 36 is mounted in a recess 56 in the top surface of a
      separate ram 34 and extends thereabove. Bonding tips 36 are preferably
      formed of a material, such as, for example, zirconium oxide, which has
      good thermal insulation properties and sufficient strength to withstand,
      without damage, the temperature and pressure gradients encountered during
      the bonding operation. A separate strip of material 58 accurately retains
      the bonding tips 36 of each row of the array in their respective recesses
      56 in rams 34. Each strip of material 58 has openings 60 formed therein
      which correspond to the exact position of each bonding tip 36 in the
      associated row in the array, each opening 60 having a configuration which
      engages at least a portion of the sides of the associated bonding tip 36.
      Each strip of material 58, therefore, functions to accurately position and
      guide each bonding tip 36 and to deflect, in the immediate area of the
      associated bonding tips 36, to follow the motion of each bonding tip 36
      during the bonding operation. In the assembled position, an aperture 62
      formed in each bonding tip 36 and the associated ram 34 forms a passage
      between the top surface of the bonding tip 36 and the chamber 50
      associated therewith. In the initial or starting position of the operating
      cycle, each of the rams 34 rests on the top step 64 of the associated
      aperture 32 with the bottom of each ram 34 being essentially in line with
      the bottom surface of second plate 42 of block 30. Preferably a washer 66
      is mounted on each top step 64 to avoid increased leakage from chamber 50
      when rams 34 move upward during the bonding operation.
PAR  Bonding insert assembly 16 is adapted for removal from between lower
      section 12 and upper section 14 primarily for loading and unloading lead
      frames 22 and planar articles 24, hereinafter referred to as substrates
      24, both before and after the bonding operation, and also for ease of
      maintenance. Advantageously, means are provided to properly register the
      plurality of lead frames 22 with their respective bonding tips 36. One
      means for properly mounting and registering lead frames 22 adjacent the
      associated bonding tips 36 is shown in FIGS. 2 and 3. There, spaced-apart
      metallic strips 70 are mounted on first plate 40 on either side and
      parallel with each row of bonding tips 36. A strip of lead frames 22,
      having a number of lead frames and a distance between adjacent ones
      thereof which corresponds to the bonding tips 36 of each row of the array,
      is placed on each pair of adjacent metallic strips 70. Aligning pins 72
      extending through each of metallic strips 70 engage referencing apertures
      74, formed in each edge of a lead frame strip, to reference the lead
      frames 22 to the associated bonding tips 36 in a row of mass bonder 10. A
      strip of magnetized material 76 is inlaid along the top surface of each of
      metallic strips 70, and together with a strip of magnetic material 78,
      placed over each edge of a lead frame strip, maintains the lead frame
      strip in its referenced position.
PAR  Lower section 12 comprises, inter alia, a block 100, shown as having
      various sections for ease of maintenance, and a plurality of apertures 102
      extending partially therethrough at the intersection of the rows and
      columns of an array which correspond to the location of apertures 32 in
      the array in bonding insert assembly 16. A separate piston 104 is slidably
      mounted in each of apertures 102, each piston 104 preferably having an
      enlarged base 106 to obtain a pressure amplification between the bottom
      surface of base 106 and the top surface of piston 104. Base 106 of each
      piston 104 is adapted to engage the upper surface of a common diaphragm
      108. A chamber 110 is formed in block 100 beneath diaphragm 108 covering
      the area encompassing bases 106 of pistons 104, chamber 110 being
      connected by a passage 112 to a port 114. Port 114 is adapted for
      connection to a regulatable source of pressurized fluid (not shown),
      whereby to increase the pressure beneath diaphragm 108 and raise pistons
      104 or selectively to decrease the pressure beneath diaphragm 108 and
      lower pistons 104. Chamber 110 can comprise any well-known form, such as,
      for example, a serpentine-shaped channel or a cavity with or without
      supporting members for diaphragm 108. A biasing means 116 is preferably
      provided to ensure that the base 106 of each piston 104 is in continuous
      contact with diaphragm 108, and to assist in returning pistons 104 to
      their initial or starting position. Biasing means 116 can comprise any
      well-known form, and is shown in FIGS. 2 and 3 as comprising a separate
      spring encircling each of pistons 104.
PAR  Means are provided on block 100 of lower section 12 for both mounting
      bonding insert assembly 16 on block 100 and referencing the array of rams
      34 of bonding insert assembly 16 to the corresponding array of pistons 104
      in lower section 12. The mounting and referencing means can comprise any
      well-known form, and are shown in FIGS. 1 and 3 as comprising two
      spaced-apart projections 120 running parallel to each other along the top
      surface on the opposed sides of block 100, and a backstop 122 running
      along the top rear surface of block 100. A slot 124 is formed in the
      inwardly facing surface of each of projections 120, the slots having both
      a separation which corresponds to the width of bonding insert assembly 16
      and a position which references the columns of the array of rams 34 of
      bonding insert assembly 16 with the corresponding columns of the array of
      pistons 104 of lower section 12. Backstop 122 is positioned on block 100
      to reference the rows of the array of rams 34 of bonding insert assembly
      with the corresponding rows of the array of pistons 104 of lower section
      12 when the bonding insert assembly 16 is mounted in slots 124 and against
      backstop 122.
PAR  Upper section 14 comprises a thermode 150 which extends over bonding insert
      assembly 16; heater elements 152 which can comprise any well-known form
      such as, for example, cartridge heaters; and an array of extensions 154
      projecting from thermode 150, the extensions being referenced to the array
      of rams 34 and pistons 104 of bonding insert assembly 16 and lower section
      12, respectively. A predetermined thickness of a rather rigid insulating
      material 156 is preferably positioned between thermode 150 and the
      remaining portion of upper section 14 to substantially reduce the heat
      loss from thermode 150 into upper section 14. A plurality of L-shaped
      brackets 158 fixedly hold thermode 150 against insulating material 156
      after extensions 154 on thermode 150 have been referenced to the array of
      rams 34 and pistons 104 of bonding insert assembly 16 and lower section
      12, respectively.
PAR  Means should preferably be provided to reduce the possibility that the heat
      from thermode 150 might affect the operation of pistons 104 in apertures
      102 of lower section 12. These means can comprise any well-known form, and
      are shown in FIGS. 2 and 3 as comprising a thermal radiation reflection
      shield 130 mounted in a recess 132 formed in the top surface of block 100
      encompassing the area of apertures 102, reflection shield 130 having
      apertures 134 which correspond with the location of apertures 102 in block
      100. Reflection shield 130 can be mounted in direct contact with recess
      132 in block 100, as shown in FIG. 2, or on cooling coils or standoffs 136
      to provide an airspace between shield 130 and recess 132 as shown in FIG.
      3. Thermal-radiation reflection shields 138 can similarly be mounted to
      the sidewalls of L-shaped bracket 18 and lower section 12 as shown in
      FIGS. 1 and 3 to substantially reduce the heat load on the frame members
      of lower and upper sections 12 and 14 for safety reasons.
PAR  The apparatus as described operates to simultaneously thermocompression
      bond a plurality of lead frames 22 to the metallized areas of a plurality
      of substrates 24 in the following manner. With bonding insert assembly 16
      removed from mass bonder 10, a plurality of lead frames 22, preferably in
      strip form, are referenced and mounted adjacent the corresponding bonding
      tips 36 in each row of the array of bonding tips. The metallized bonding
      sites on the plurality of substrates 24 are then referenced and placed in
      contact with the corresponding leads of the associated lead frame 22. A
      source of vacuum (not shown) is selectively applied to port 54, and in
      turn to ducts 52, chambers 50, and apertures 62 in both rams 34 and
      bonding tips 36 to hold the substrates 24 in their referenced position.
PAR  Bonding insert assembly 16 is then inserted into slots 124 of spaced-apart
      projections 120 on lower section 12 and into contact with backstop 122. In
      this position, substrates 24, lead frames 22, bonding tips 36 and rams 34
      of bonding insert assembly 16 are referenced to their respective pistons
      104 in lower section 12 and projections 154 on thermode 150 of upper
      section 14.
PAR  To reduce the possibility of substrates 24 being moved from their
      referenced positions by contacting projections 154 on thermode 150 during
      the insertion of bonding insert assembly 16 in slots 124, means are
      preferably provided which permit bonding insert assembly 16 to be inserted
      well below projections 154 and then moved into close proximity thereof
      once bonding insert assembly 16 is in contact with backstop 122. Such
      means can comprise any well-known form, and is shown in FIGS. 1 and 4 as
      comprising a switch 180, means 182 for longitudinally moving two
      spaced-apart and interconnected cam bars 184 which are located below the
      respective spaced-apart projections 120 on lower section 12, rods 186
      which follow cam surfaces 190 on cam bars 184 for raising and lowering
      projections 120 on lower section 12, and pins 188 for limiting sideways
      motion of projections 120 as projections 120 are raised or lowered. At
      least two rods 186 and associated cam surfaces 190 are provided for each
      projection 120 to ensure parallel movement of projections 120 as they are
      raised or lowered. More particularly, switch 180 is normally in the
      deactivated state with bonding insert assembly 16 removed from mass bonder
      10. The contacting of bonding insert assembly 16 with backstop 122 causes
      switch 180 to attain the activated state and energize means 182 to move
      cam bars 184 in the direction indicated in FIG. 4. The indicated movement
      of cam bars 184 causes rods 186 to move in the direction indicated in FIG.
      4 as a result of following cam surfaces 190 on cam bars 184. The upward
      movement of rods 186 causes projections 120 to be raised and the
      referenced substrates 24 on bonding insert assembly 16 to be elevated
      adjacent the respective projections 154 on thermode 150. Means 182 can
      comprise any conventional form, such as, for example, an air-operated
      piston or electrical solenoid.
PAR  With bonding insert assembly in the elevated position, a fluid at a
      predetermined pressure is selectively applied to port 114 of lower section
      12. The pressurized fluid is in turn applied to chamber 110 through
      passage 112 to raise diaphragm 108 and thereby concurrently and
      independently raising each of the plurality of pistons 104. The
      application of pressurized fluid to port 114 can, of course, be
      accomplished in many known ways. For instance, a second switch 192 can be
      located in upper section 14, as shown in FIG. 1, second switch 192 being
      activated when bonding insert assembly 16 attains its highest position to
      open a valve (not shown) controlling the pressurized fluid to port 114.
PAR  The concurrent and independent longitudinal upward movement of pistons 104
      in lower section 12 concurrently and independently raises the rams 34 and
      bonding tips 36 in bonding insert assembly 16, the lead frames 22, and the
      substrates 24 such that the surface of substrates 24 opposite the
      metallized bonding sites thereon engage the associated heated projections
      154 on thermode 150 to provide the necessary bonding temperature through
      each substrate 24 to each bonding site, while a concurrent equal bonding
      force is applied to the lead frames 22 and the associated bonding sites on
      substrates 24. Once bonding is completed, the pressure to port 114 is
      reduced to deflate diaphragm 108 and lower rams 34 and pistons 104, and
      means 182 is de-energized to move cam bars 184 in a direction opposite
      that shown in FIG. 4, thereby to restore mass bonder 10 to its initial
      state before bonding insert assembly 16 is removed and unloaded. A lead
      frame 22 which has been bonded to the metallized bonding sites on a
      substrate 24 by the present apparatus is shown in the plan view of FIG. 5.
PAR  The present mass bonder 10 provides many advantages over the prior art
      single lead frame bonders. A most obvious advantage is increased
      productivity which can provide ancillary advantages. For instance, where a
      bonding temperature of 300.degree.C would be required at each bonding
      site, prior art single lead frame bonders are generally operated at a high
      temperature as, for example 500.degree.-700.degree.C in order to rapidly
      heat each bonding site for maximum production capabilities. With the
      ability to simultaneously bond, for instance, 120 lead frames to 120
      substrates in a 10 .times. 12 array, the present mass bonder 10 can use a
      bonding cycle which is much longer, e.g., 25 seconds, than is used with
      single lead frame bonders while still improving overall production
      capabilities. The extended bonding cycle permits the use of lower thermode
      temperatures, such as, for example, 350.degree.C, which in turn
      substantially avoids oxidation of the thermode, as found when higher
      thermode temperatures are used, or the need to use thermode material which
      can accommodate the much higher temperatures.
PAR  The present arrangement, prior to bonding, maintains the associated
      plurality of bonding tips 36, lead frames 22, and substrates 24 in their
      referenced state without heat being applied thereto, thereby avoiding
      problems such as, for example, expansion of the lead frame strip.
      Additionally, air is continually being passed between bonding tips 36 and
      the associated substrates 24 in the area between the leads of lead frames
      22 as a result of vacuum being applied to chambers 50 and apertures 62 in
      bonding tips 36, thereby to provide a cooling effect both prior to and
      during bonding while maintaining the substrates 24 in their referenced
      position. Magnetic strip 78 and metallic strip 70 also tend to keep the
      edges of lead frames 22 cooled to prevent buckling of the lead frames
      during bonding.
PAR  During bonding, the raising of pistons 104 in lower section 12, rams 34 in
      bonding insert assembly 16, and bonding tips 36 by the application of a
      pressurized fluid to chamber 110 beneath diaphragm 108 causes lead frames
      22 and substrates 24 to be clamped together, in their referenced state,
      between bonding tips 36 and projections 154 on thermode 150 just prior to
      the development of any significant temperature rise in the lead frame.
      Since lead frames 22 and substrates 24 are in their aligned positions
      prior to substrates 24 contacting projections 154, and since an
      insignificant amount of time actually passes before a bonding pressure is
      applied to the bonding sites on substrate 24, registration of lead frame
      22 with the associated metallized bonding sites on substrates 24 is
      virtually assured, thereby avoiding problems of lead frame expansion, etc.
PAR  The present ability to use a thermode temperature slightly above that
      needed to effect the bond, permits the application of heat to the bonding
      sites through the substrates themselves, rather than by the preferred
      prior art method of applying heat through the leads being bonded. The use
      of lower thermode temperatures permits the substrate to be heated
      throughout at a more uniform temperature, thereby to avoid stresses in the
      substrate and to achieve an ultimate temperature which avoids overheating
      of the substrate and the circuit thereon.
PAR  It is to be understood that the above-described embodiments are simply
      illustrative of the principles of the invention. Various other
      modification and changes may be made by those skilled in the art which
      will embody the principles of the invention and fall within the spirit and
      scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for concurrently bonding the leads of a plurality of lead
      frames to respective bonding sites on the first faces of a corresponding
      plurality of substantially planar articles, each of said articles having a
      second face opposite said first face, said method comprising:
PA1  a. registering the leads of each of said plurality of lead frames with a
      separate associated bonding tip;
PA1  b. registering the bonding sites on each of said plurality of articles with
      the respective leads on the associated one of said plurality of lead
      frames and between the lead frame and a heated thermode;
PA1  c. concurrently and independently moving each of said referenced bonding
      tips, lead frames, and articles in a first direction for engaging the
      second face of each of said plurality of articles with the heated
      thermode; and
PA1  d. thereafter applying a substantially uniform bonding pressure with said
      bonding tips concurrently to all of said leads and associated bonding
      sites, thereby to concurrently bond said plurality of lead frames to the
      respective bonding sites on said plurality of planar articles.
NUM  2.
PAR  2. Method as in claim 1, wherein:
PA1  e in performing step (c), said bonding tips, lead frames, and articles are
      moved in a plane perpendicular to the plane of said thermode.
NUM  3.
PAR  3. Method as in claim 1, wherein each of said bonding tips is mounted on a
      separate piston, all of said pistons being mounted for independent axial
      movement in a plane perpendicular to the plane of said bonding sites on
      the associated article, said method further comprising:
PA1  e. in performing step (c), said pistons are independently moved in a
      longitudinal direction by a means commonly associated with all of said
      pistons.
NUM  4.
PAR  4. Method as in claim 1, wherein:
PA1  e. prior to performing step (c), simultaneously moving all of the bonding
      tips, with the referenced lead frames and planar articles thereon, in a
      first direction and into close proximity to said thermode.
NUM  5.
PAR  5. Apparatus for concurrently bonding the leads of a plurality of lead
      frames to respective bonding sites on the first faces of a corresponding
      plurality of substantially planar articles, each of said articles having a
      second face opposite said first face, said apparatus comprising:
PA1  a. a plurality of independently movable bonding tips, one for each lead
      frame, positioned in a predetermined array of bonding tips and adapted to
      engage the leads of the associated lead frames;
PA1  b. a thermode adapted to simultaneously engage the second faces of all of
      said plurality of articles and to be heated to bonding temperature; and
PA1  c. operating means adapted to concurrently and independently move each of
      the associated bonding tips, lead frames, and planar articles in a first
      direction to engage the second face of each of the plurality of planar
      articles with the thermode and apply a substantially uniform bonding
      pressure through said bonding tips concurrently to all of said lead frames
      and bonding sites.
NUM  6.
PAR  6. Apparatus as in claim 5, further comprising:
PA1  d. registration means to register each of the lead frames with the
      associated bonding tip and bonding sites on the respective planar article.
NUM  7.
PAR  7. Apparatus as in claim 6, further comprising:
PA1  e. means for maintaining the registration of each of said lead frames with
      the respective bonding tip and bonding sites on the associated planar
      article.
NUM  8.
PAR  8. Apparatus as in claim 6, further comprising:
PA1  e. means for simultaneously moving said array of bonding tips, and the
      referenced lead frames and planar articles thereon, in said first
      direction and into close proximity to said thermode.
NUM  9.
PAR  9. Apparatus as in claim 5, further comprising:
PA1  d. a plurality of pistons, each piston adapted to mount a separate one of
      said plurality of bonding tips in one end thereof and to contact said
      operating means at the other end thereof.
NUM  10.
PAR  10. Apparatus as in claim 9, wherein said operating means comprises a
      fluid-pressure expandable means in continuous contact with the other end
      of all of said plurality of pistons.
NUM  11.
PAR  11. Apparatus as in claim 9, wherein each of said plurality of pistons has
      an enlarged base for providing pressure amplification between said other
      end and one end thereof during bonding.
NUM  12.
PAR  12. Apparatus for simultaneously bonding a plurality of lead frames to
      respective bonding sites on a first face of each of a plurality of
      substantially planar articles, said articles having a second face opposite
      said first face, said apparatus comprising:
PA1  a. a plurality of independently movable bonding tips, one for each lead
      frame, positioned in a predetermined array of bonding tips and adapted to
      engage the leads of the associated lead frames;
PA1  b. a plurality of independently movable pistons, adapted to mount a
      separate one of said plurality of bonding tips in one end thereof;
PA1  c. registration means for registering each of the lead frames with the
      associated bonding tip and the bonding sites on the respective planar
      article;
PA1  d. a thermode adapted to simultaneously engage the second face of said
      plurality of articles and to be heated to bonding temperature; and
PA1  e. operating means adapted to concurrently and independently move all of
      said plurality of pistons, and in turn, said plurality of registered
      bonding tips, lead frames and planar articles, in a first direction to
      engage the second face of each of the plurality of planar articles with
      said thermode and apply a substantially uniform bonding pressure through
      said pistons and bonding tips concurrently to all of said plurality of
      lead frames and bonding sites.
NUM  13.
PAR  13. Apparatus as in claim 12, said operating means comprising a fluid
      pressure expandable means in contact with the other end of all of said
      plurality of pistons.
NUM  14.
PAR  14. Apparatus as in claim 12, wherein each of said plurality of pistons has
      an enlarged base for providing pressure amplification between the other
      end and the one end thereof during bonding.
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ABST
PAL  A process characterized in that a linear spare wire conveyed in a tubular
      member has a wire piece fused-off and retained, at the fused-off end of
      the wire piece and the spare wire each there being a sphere fused thereon,
      the wire piece being displaced transverse to the axis of the spare wire
      and then together with the tubular member conveying the spare wire is
      moved forward in the direction of the referred-to axis through a
      predetermined distance in which, during the forward displacement, the
      sphere formed at the end of the spare wire contacts the tubular piece and
      is through the pulling-away from the spare wire moved into a position in
      which this sphere has with reference to a pressing tool for picking up the
      wire piece is located at a predetermined fixed distance in the direction
      of the referred-to axis, the wire piece being conveyed transverse to the
      referred-to axis toward the pressing tool and being picked up by the
      latter, upon which the tubular member while retaining of the spare wire is
      moved back into its outlet position, and at both spheres of the wire piece
      are by means of the pressing tool pressed onto the heated contact
      locations of the semi-conductor element, whereby during the pressing-on of
      the spare wire the subsequent wire piece is fused-off in the
      above-mentioned manner. In a preferred embodiment of the process, the
      tubular member remains stationary, and the spare wire is essentially
      embraced in closely spaced relationship by suitable forceps.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part patent application of Ser. No.
      411,352; filed Oct. 25, 1973, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a process for the continuous production of
      at least one wire connection in semiconductor elements, in which process a
      wire member is prepared and provided at both ends thereof with a fused-on
      sphere, and in which process the wire pieces are connected with contact
      locations of the semi-conductor components through thermal compression, as
      well as to an installation for effecting this process.
PAC  DISCUSSION OF THE PRIOR ART
PAR  It is known that connecting wire pieces for semiconductor elements, prior
      to their connection with a semiconductor plate and a contact pin, by means
      of thermal compression be provided at least at one end thereof with a
      fused-on sphere, on to press these onto the desired heated location on the
      semi-conductor element. Inasmuch as the fusing-on of such a sphere, or
      even of such a sphere onto both ends of the wire piece requires a
      relatively long time, which is at least as long as the duration of the
      inherent pressing-on process, in known processes the desired wire
      connections can be only produced at relatively large time intervals,
      namely at intervals of approximately 1.5 seconds, whereby it is not
      possible to provide more than approximately 1,000 semi-conductor elements,
      for example transistors, with two wire connections per hour.
PAR  Representative of the state of the art are Miller U.S. Pat. No. 3,626,590
      and Moesker U.S. Pat. No. 3,376, 635.
PAR  Miller U.S. Pat. No. 3,626,590 consecutively forms the wire connection on
      the electrical circuit, i.e. a connecting wire piece is not preformed.
      Instead, the free end of the spare wire is bonded to a first contact point
      of the circuit. Then the required length of the connecting wire is
      prepared by fusing-off a wire piece from the spare wire whereupon the
      other end of the fused-off wire piece is bonded to a second contact point
      of the circuit. In the present invention, however, wire pieces of the
      required length are produced far away from the contacting area. Therefore,
      any danger of damaging the circuit to be wired by the heat of the flame is
      strictly excluded. Moreover, in the present invention, there is no
      reliance on a first bonded connection on the circuit for adjusting the
      required position of the connecting wire piece as does Miller. Therefore,
      the invention not only avoids any damage to the circuit by orienting and
      pulling the wire piece one end of which is already fixed to the circuit,
      but also produces two wire connections, i.e. four bonding connections at
      the same time, whereas Miller is limited to producing only one bonding
      connection after the other.
PAR  Moesker discloses the forming of wire pieces of predetermined length and
      conveying the formed wire pieces to a semi-conductive body for producing a
      connection thereon. However, Moesker uses a thermal compression wedge-bond
      for producing the connection whilst in the present invention use is made
      of a thermal compression ball-bond, no balls or spheres have to be formed
      at the ends of a wire piece, and Moesker uses a knife and a spark
      electrode for cutting a spare wire into pieces. However, Moesker clearly
      discloses and only discloses a method using clutch-like means in which two
      axially aligned wire pieces are formed almost simultaneously, and in which
      these wire pieces have to remain axially aligned even in the case where
      only one wire piece is required. For that reason, Moesker cannot bond the
      wire pieces onto the semi-conductive body in an angular relationship
      different from axial alignment. In particular, Moesker does not provide
      the possibility of supplying two wire pieces to the semi-conductive body
      each from an opposite side of the body.
PAC  SUMMARY OF THE INVENTION
PAR  The inventive process, in which this disadvantage is eliminated, is
      characterized that a linear spare wire conveyed in a tubular member has a
      wire piece fused-off and retained, at the fused-off end of the wire piece
      and the spare wire each there being a sphere fused thereon, the wire piece
      being displaced transverse to the axis of the spare wire and then,
      together with the tubular member conveying the spare wire, is moved
      forward in the direction of the referred-to axis through a predetermined
      distance, in which during the forward displacement the sphere formed at
      the end of the spare wire contacts the tubular piece and is, through the
      pulling-away from the spare wire, moved into a position in which this
      sphere with reference to a pressing tool for picking up the wire piece is
      located at a predetermined fixed distance in the direction of the
      referredto axis, the wire piece being conveyed transverse to the
      referred-to axis toward the pressing tool and being picked up by the
      latter, upon which the tubular member while retaining of the spare wire is
      moved back into its outlet position, and at both spheres of the wire piece
      are by means of the pressing tool pressed onto the heated contact
      locations of the semi-conductor element, whereby during the pressing on of
      the spare wire the subsequent wire piece is fused-off in the
      above-mentioned manner.
PAR  In a preferred embodiment of the process for the continuous production of
      at least one wire connection on a semi-conductor element, the process
      contemplates preparing a wire piece, fusing a sphere onto both ends of the
      wire piece, and connecting the wire piece with heated contact locations on
      the semi-conductor element through thermal compression. Herein, the
      improvement consists of providing a linear spare wire supported in a
      stationary tubular guide member and which protrudes therefrom with its
      leading end; gripping the protruding end and fusingoff a wire piece from
      the spare wire whilst concurrently fusing a sphere onto the fused-off ends
      of the wire piece and the spare wire; displacing the wire piece
      transversely to the longitudinal axis of the spare wire from its initial
      position into a first displaced position; embracing the spare wire with
      forceps between the tubular guide member and the sphere formed on the end
      of the spare wire; displacing both the forceps means and the wire piece in
      a direction along the axis for a predetermined distance, whereby upon
      displacement of the forceps means the sphere formed on the end of the
      spare wire contacts the forceps means and by continued displacement of the
      forceps is conveyed through motion of the spare wire into a predetermined
      position along the axis, and whereby the wire piece occupies a second
      displaced position. The wire piece is then conveyed transversely to the
      axis towards a pressing tool, whereby the wire piece occupies a third
      displaced position; the wire piece is taken up by the pressing tool; both
      the spheres are pressed on the wire piece through actuation of the
      pressing tool onto the heated contact locations on the semi-conductor
      element; and concurrent with the pressing-on, the protruding end of the
      spare wire is gripped adjacent the forceps embracing the spare wire, and a
      subsequent wire piece is fusedoff from the spare wire.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Refering to the exemplary embodiments in the drawings of the referred to
      installation, the present inventive process is described in further
      detail, having reference to the drawings, in which:
PAR  FIGS. 1 through 4 illustrate schematically a first embodiment of an
      installation for the carrying out of the inventive process during various
      sequential process steps in which there is disclosed the forward movement
      of a wire, the fusing-off of a wire piece, the movement of the wire piece
      and its transfer onto a stylus, as well as the pressing on of the wire
      piece through the stylus onto a semi-conductor plate.
PAR  FIGS. 5 through 8 illustrate schematically a second embodiment of the
      installation for carrying out a modified process pursuant to the
      invention; and
PAR  FIG. 9 is an enlarged perspective detailed view of a forceps arrangement
      employed in the installation of FIGS. 5 to 8.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the arrangement of FIG. 1 there is illustrated a semi-conductor element
      1 which may be, for example, a transistor, which includes semi-conductor
      plates 4 fastened to a base 2 through a metal layer 3, in which the metal
      layer 3 serves as an electrode connection, for example, as a collector
      connection. For connection of both other electrodes, in effect, the base
      and emitter electrode, the base 2 is provided with two contact pins 5 and
      6, to which the mentioned electrodes are connected through connector wire
      pieces 7' and respectively 8', or are adapted to be attached thereto. For
      connection of the wire pieces with the corresponding locations on the
      semi-conductor plates 4 and with the contact pins 5 and 6, there is
      utilized the so-called thermal compression process, in which a small
      sphere which is fused to each of the wire pieces is pressed onto the
      corresponding heated element.
PAR  The present installation for carrying out of the inventive process, as
      shown in detail in FIGS. 5 to 7, provides for each to-be-connected
      connecting wire piece 7', 8', two styli 9, 10 and, respectively, 11 and
      12, which together are movable toward or away from the semi-conductor
      element 1. The one stylus 9 and, respectively, 11, includes a recess for
      receiving the sphere which is fused to the wire piece 7' and,
      respectively, 8', whereas the other stylus 10 and, respectively, 12
      includes a smooth upper surface, or similarly includes a recess for the
      sphere. The first-mentioned stylus 9 and, respectively, 11 have thereby an
      inclined upper surface which, by means of a groove (not shown) are adapted
      to receive a portion of the wire pieces 7' and, respectively, 8', this
      groove, for example, being provided with an aperture leading to a vacuum
      source so as to retain the wire piece against the stylus. The
      semi-conductor element 1, as shown in FIG. 1 here together with further
      similar elements is provided within a horizontal direction movable
      conveyor arrangement (not shown).
PAR  The described apparatus further is provided with two identical wire infeed
      devices. A wire 13 which is pulled off from a suitable spare wire roll
      (not shown), for example a gold wire, is conveyed through a wire brake 15
      and, respectively, 16 through a capillary arrangement 17 and,
      respectively, 18, and moves from the latter toward a fusing or
      smelting-off installation 19, and, respectively, 20 having a periodically
      wire contacting flame 21, 22. In lieu of the foregoing, there may also be
      provided the formation of a plasma flame or a light arc-forming smelting
      arrangement. For the retention of the wire end there is provided a wire
      holder 23, 24, onto which the wire 13, 14 is clamped fast by means, for
      example, of a vacuum. The capillary installation 17, 18 and the wire
      holder 23, 24 are mechanically interconnected with each other (not shown)
      and are arranged so the capillary installation and the wire holder are
      jointly displaceable in the direction of the axis of the wire 13, 14,
      while the wire holder independently of the capillary installation is
      displaceable in a direction extending vertically to the axis of the wire.
PAR  In FIG. 1 the drive elements, for example, such as cam plates actuated arms
      for the styli 9, 10, 11 and 12, the capillary arrangements 17 and 18 and
      the wire holder 23 and 24 for carrying out of the following described
      actuating processes are not described.
PAR  For carrying out of the present process, the referredto arrangement is
      actuated for example in the following manner as disclosed in FIGS. 1
      through 7.
PAR  According to FIG. 1, at a predetermined time point of the process, the
      styli 9, 10 and, respectively, 11 and 12 press the spheres fused onto the
      ends of the introduced wire pieces 7', 8' as well as the provided
      structure with the position P3, P4, against the semi-conductor plate 4 and
      the upper surface of the contact pins 5, 6. Since the semi-conductor
      element 1 is heated to a temperature of approximately 300.degree.C. to
      360.degree.C., there is formed through the pressure force a rigid
      mechanical and electrical connection of the respective wire pieces with
      the semi-conductor plates 4 and the contact pins 5 and 6.
PAR  Concurrently, the wire which has been pulled off from the spare roll is
      conducted through the wire brake 15, 16 and through the capillary
      installations 17, 18, whose sphere previously fused to the wire end is
      introduced into a predetermined position P1, P2 a fixed distance A1, A2
      from the desired position on the semi-conductor plate 4, the flame 21, 22
      of the smelting arrangement 19, 20 is shut off, and in effect at such a
      distance from the wire end (position P1, P2) so that the wire piece 7, 8
      formed after the fusing-off has at least proximate its required length. At
      the fusing-off there is formed a sphere at both remaining wire portions,
      the wire piece 7, 8 and the spare wire 13, 14, which may be ascertained
      from FIG. 1. The fused-off wire piece 7, 8 is thereby retained by means of
      the wire holder 23, 24, whereas the spare wire 13, 14 is further retained
      through the capillary arrangement 17, 18.
PAR  In the next phase of the operative sequence of the present installation,
      described in FIG. 2, the styli 9, 10, and 11 and 12 are raised and moved
      apart from each other, they are also moved from the previously disclosed
      extended position in accordance with arrows 25 into a new chain-dotted
      illustrated position, which is provided for the following described
      transfer of the fused-off wire pieces 7 and 8. Furthermore, each wire
      holder 23 and 24 is displaced downwardly along arrows 26 from the axis of
      the wire 13 and 14, whereas the position of the capillary arrangement 17
      and 18 remains unchanged. Concurrently through a not described conveyor
      arrangement, the semi-conductor element 1 provided with the wire
      connection as in FIG. 1, is conveyed away and a new semi-conductor element
      which is to be provided with a wire connection is moved into the position
      shown in FIG. 1.
PAR  In the next process step the capillary arrangement 17, 18 is displaced
      along the axis of the wire 13, 14 in the direction toward the styli 9, 10
      and, respectively, 11 and 12 through a predetermined distance B1, B2 (FIG.
      3). The sphere previously fused to the ends of the wire 13, 14 lies at the
      capillary aperture, is taken along by the displacement of the wire by the
      capillary installation 17, 18 and pulled off from the spare wire. The
      length of distance B1, B2 is so determined whereby the sphere at the
      respective wire end moves precisely into the position P1. The
      predetermined forward movement distance B1, B2 of the capillary
      arrangement 17, 18 enables the referred-to sphere to be always brought
      into the equal position P1 although the position of the fused-on sphere
      shown in FIG. 1 in the direction of the axis of the wire 13, 14 may be
      varied on the basis of the fusing sequence. The wire brake 15, 16 rigidly
      retains the wire 13, 14 in its forwardly moved location.
PAR  Upon conveyance forward of the capillary arrangement 17, 18, also the wire
      piece 7, 18 supporting the wire holder 23, 24 which for this movement of
      direction is rigidly connected with the associated capillary arrangement,
      is displaced for the distance B1, B2 and assumes the illustrated new
      chain-dotted position. The length of the forward moving distance B1, B2,
      and upon raising of the styli 9, 10, 11, 12 the following displacement in
      the direction of the axis of the wire 13, 14 are so predetermined with
      respect to each other, whereby the spheres on the ends of the wire pieces
      7, 8, spaced from the capillary arrangements 17, 18 are positioned
      perpendicular to the axis of the wire 13, 14 below the recesses formed on
      the styli 9 and 11.
PAR  In the next process step, which is also shown in FIG. 3, the wire holder
      23, 24 is displaced perpendicularly to the axis of the wire 13, 14 from
      the chain-dotted illustrated position toward the styli 9 and 10, and,
      respectively, 11, 12 so far along the direction of the arrows 27, whereby
      the sphere on the wire piece 7, 8 is positioned in the therefore provided
      recess in the styli 9, and 11. Due to the illustrated simplification the
      end postion of the wire piece 7, 8 parallel to the axis of the wires 13,
      14 is extendedly illustrated. In actuality, however, through the movement
      of the wire holder 23, 24, the wire piece 7, 8 is accurately positioned
      conveyed towards the styli 9, and 10 into the previously mentioned groove
      formed in the inclined upper surface of the cutters 9 and 11, as
      illustrated in chain-dotted lines in FIG. 3. In this position, the wire
      piece 7, 8 is retained by the styli 9, 11 by means of a vacuum, while the
      connection with the wire holder 23, 24 caused by the vacuum is released.
PAR  In the further process steps shown in FIG. 4, at first the wire holder 23,
      24 is again moved away from the styli 9, 11 along arrow 28 and is conveyed
      into the chain-dotted illustrated position which coincides with the
      chain-dotted position illustrated in FIG. 3. Thereby the capillary
      arrangement 17, 18 and the wire holder 23, 24 are displaced rearwardly,
      (arrow 29) so that these elements assume the position shown in FIG. 2,
      whereas the wire 13, 14 is further retained by means of the wire brake 15,
      16. Subsequently, the wire holder 23, 24 is displaced in the direction of
      arrow 30 toward wire 13, 14, which again retains the wire holder by means
      of a vacuum.
PAR  The styli 9, 10, 11, 12 are now moved downwardly towards the previously
      introduced, heated, semi-conductor component (not shown in FIG. 4) in the
      direction of arrow 31. As may be ascertained from FIGS. 2 through 4, in
      the at rest position the styli 9, 12 are raised higher than the styli 9,
      11. Upon lowering of the styli towards the semi-conductor element, at
      first there press the styli 9, 11 supporting the wire piece 7, 8, the
      sphere of the wire piece located in its recesses onto the semi-conductor
      plate 4 (FIG. 1). Only subsequently do the styli 10, 12 press the sphere
      located at the other end of the wire piece against the surface of the
      contact pins 5, 6. Thereby the bent or arcuate arrangement of the wire
      piece 7, 8 illustrated in FIG. 1 is automatically obtained, so that these
      wire pieces do not in any undesirable manner touch any other portions of
      the semi-conductor component 1.
PAR  With the pressing on of the wire pieces 7, 8 onto the semi-conductor plates
      4 and onto the contact pins 5 and 6, the smelting arrangement 19, 20
      (FIGS. 4, 1) is placed into operation, through which the subsequent wire
      pieces 7, 8 inclusive of their two spheres, as well as the first sphere of
      the subsequent wire piece are formed. Thereby there is achieved anew the
      process relationship illustrated in FIG. 1, in view of which the described
      process is continuously repeated.
PAR  The described process may be carried out within an extremely short time
      period, since at each time after the pressing-on of the wire piece, the
      required wire pieces for the subsequent pressing sequence are, in effect,
      readied and need not be prepared in any process step requiring additional
      time intervals. It is further possible that for each 0.6 seconds a
      semi-conductor element is provided with two wire connections.
      Approximately 0.3 seconds are required for the pressing-on of the wire
      piece onto the semi-conductor plates and the contact pins, and for the
      concurrent fusing-off of the subsequent wire piece inclusive of the
      desired fusing-on of the spheres. The remaining 0.3 seconds are utilized
      for material transportation. It is thereby possible to provide, for each
      hour, 12,000 wire connections, in effect, 6,000 semi-conductor elements
      which are each provided with two wire connections.
PAR  The drive elements for the styli 9, 10, 11, 12, the capillary arrangements
      17 and 18 and the wire holder 23 and 24, may incorporate suitable valve
      elements for the in-and-out switching of the vacuum in the styli 9, 11 and
      wire holders 23, 24 as well as for the conveyor arrangement for the
      semi-conductor elements 1 which may be controlled by mechanical,
      electrical, electromagnetic, pneumatic or hydraulic means so as to provide
      a fully automatic sequence of the described process steps without complex
      requirements. In the event that the semi-conductor elements positioned on
      the conveyor arrangement are not identically shaped, there may be provided
      an arrangement in which the elements, prior to the described formation,
      are provided with wire connections. This arrangement may, in a known
      manner, encompass a focal point projector, a stereo-microscope, and a
      manipulator.
PAR  In the described exemplary process provided, for example, in a transistor
      are concurrently two wire connections by means of the wire pieces 7 and 8.
      It is, however, possible to provide for each semi-conductor element only a
      single wire connection, as may be required, for example, in light diodes.
      When two wire connections, as in the described example, are required, then
      the described process has the advantage that the critical distance of both
      connecting points on the semi-conductor plate 4, in effect the defined
      distance which are between positions 3 and 4, is required to be identical
      for each of the sequentially processed semi-conductor elements. Thereby
      this obviates the necessity for various further adjusting operations,
      which are required in known processes, in order to assure that for each
      semi-conductor plate both of the wire connections are positioned at
      exactly the same locations and in precisely the same spatial relationship.
PAR  In FIGS. 1 through 4, the spare wires 13, 14 and the wire pieces 7 and 8
      are illustrated, as well as further organs, in a common plane. However, it
      is to be understood that both of the described wire connections also may
      be formed at angles of less than 180.degree., for example at right angles
      to each other. In contrast to the arrangement shown in FIGS. 1 through 4,
      the axis of a spare wire 13 or 14, including wire brake, capillary
      arrangement and wire holder may oscillate across the axis of the other
      spare wire through any desired angle. Through the same angle it is also
      possible to oscillate the plane of a styli pair 9, 10 or 11, 12 in
      comparison with the plane of the other styli pair. Further, obviously,
      both wire connections and wire pieces 7, 8 may have varied lengths. A
      significant advantage of the present process lies in that at each
      position, the measurement of the required wire connection or connections
      may be correlated and in each instance an unvarying precision is obtained
      with the disclosed wire connection.
PAR  The arrangement of FIGS. 5 through 9 is somewhat similar to that of FIGS. 1
      through 4, and like elements are designated by identical reference
      numerals.
PAR  The described apparatus further is provided with two identical wire infeed
      devices. In this arrangement, however, wire 13 which is pulled off from a
      suitable spare wire roll (not shown), for example a gold wire, is conveyed
      through a wire brake 15 and, respectively, 16 through a stationary
      capillary arrangement 17 and, respectively, 18, and moves from the latter
      toward a fusing or smelting-off installation 19, and, respectively, 20
      having a periodically wire contacting flame 21, 22. In lieu of the
      foregoing, there may also be provided the formation of a plasma flame or a
      light arc-forming smelting arrangement. For the retention of the wire end
      there is provided a wire holder 23, 24, onto which the wire 13, 14 is
      clamped fast by means, for example, of a vacuum. Forceps means having each
      a pair of forceps members 33, 34 and 35, 36, respectively, are shown to
      embrace the wires 13 and 14 in closely spaced relationship near the wire
      ends in a manner described below. The wire holder 23, 24 is arranged to be
      displaceable in a direction extending vertically to the longitudinal axis
      of the wire 13, 14 and in the direction of the axis of the wire 13, 14.
      The forceps members 33, 34, 35, 36 so the members 33, 34 and 35, 36,
      respectively, of each pair are simultaneously displaceable in opposite
      directions vertically to the longitudinal axis of the wire 13, 14 and
      jointly in the direction of the axis of the wire 13, 14.
PAR  In FIG. 5 the drive elements, for example, such as cam plates actuated arms
      for the styli 9, 10, 11 and 12, the wire holder 23, 24 and the foreceps
      members 33, 34, 35, 36 for carrying out of the following described
      actuating processes are not described.
PAR  For carrying out of the present process, the referred-to arrangement is
      actuated for example in the following manner as disclosed in FIGS. 5
      through 8.
PAR  According to FIG. 5, at a predetermined timepoint of the process, the styli
      9, 10 and, respectively, 11 and 12 press the spheres fused onto the ends
      of the introduced wire pieces 7',8' as well as the provided structure with
      the position P3, P4, against the semi-conductor plate 4 and the upper
      surface of the contact pints 5, 6. Since the semi-conductor element 1 is
      heated to a temperature of approximately 300.degree.C. to 360.degree.C.,
      there is formed through the pressure force a rigid mechanical and
      electrical connection of the respective wire pieces with the
      semi-conductor plates 4 and the contact pins 5 and 6.
PAR  Concurrently, the wire which has been pulled off from the spare roll is
      conducted through the wire brake 15, 16 and through the capillary
      installations 17, 18, whose sphere previously fused to the wire end is
      introduced into a predetermined position P1, P2 a fixed distance A1, A2
      from the desired position on the semi-conductor plate 4, the flame 21, 22
      of the smelting arrangement 19, 20 is shut off, and in effect at such a
      distance from the wire end (position P1, P2) so that the wire piece 7, 8
      formed after the fusing-off has at least proximate its required length. At
      the fusing-off there is formed a sphere at both remaining wire portions,
      the wire piece 7, 8 and the spare wire 13, 14, which may be ascertained
      from FIG. 5. The fused-off wire piece 7, 8 is thereby retained by means of
      the wire holder 23, 24 and forceps members 33, 34 and 35, 36, whereas the
      spare wire 13, 14 is further retained through the capillary arrangement
      17, 18.
PAR  In the next phase of the operative sequence of the present installation,
      described in FIG. 6, the styli 9, 10 and 11 and 12 are raised and moved
      apart from each other, they are also moved from the previously disclosed
      extended position in accordance with arrows 25 into a new chain-dotted
      illustrated position, which is provided for the following described
      transfer of the fused-off wire pieces 7 and 8. Forceps members 33, 34 and
      35, 36, respectively, are simultaneously withdrawn from wire pieces 7 and
      8, and then moved in the direction of the axis of wire 13, 14 into the
      position adjacent the capillary arrangement 17, 18 as shown in FIG. 6.
      Furthermore, each wire holder 23 and 24 is displaced downwardly along
      arrows 26 from the axis of the wire 13 and 14. Concurrently through a not
      described conveyor arrangement, the semi-conductor element 1 provided with
      the wire connection as in FIG. 5, is conveyed away and a new
      semi-conductor element which is to be provided with a wire connection is
      moved into the position shown in FIG. 5.
PAR  In the next process step the forceps members 33, 34 and 35, 36 of each pair
      are again moved towards the wire 13, 14 in the direction of the arrows 37
      and 38, and stopped in such position that the wire 13, 14 is not clamped
      by the forceps members 33, 34 and 35, 36, but is free to glide between the
      respective forceps members. Each pair of forceps members 33, 34 and 35, 36
      is then displaced along the axis of the wire 13, 14 in the direction
      toward the styli 9, 10 and, respectively, 11 and 12 through a
      predetermined distance B1, B2 (FIG. 7). The sphere previously fused to the
      ends of the wire 13, 14 lies at the aperture formed by each pair of
      forceps members, is taken along by the displacement of the wire by the
      forceps members and pulled off from the spare wire. The length of distance
      B1, B2 is so determined whereby the sphere at the respective wire end
      moves precisely into the position Pl. The predetermined forward movement
      distance B1, B2 of the forceps members 33, 34 and 35, 36 enables the
      referred-to sphere to be always brought into the equal position P1
      although the position of the fused-on sphere shown in FIG. 5 in the
      direction of the axis of the wire 13, 14 may be varied on the basis of the
      fusing sequence. The wire brake 15, 16 rigidly retains the wire 13, 14 in
      its forwardly moved location.
PAR  Upon conveyance forward of the forceps members 33, 34 and 35, 36, also the
      wire piece 7, 18 supporting the wire holder 23, 24 which for this movement
      of direction is rigidly connected with the associated forceps members, is
      displaced for the distance B1, B2 and assumes the illustrated new
      chain-dotted position. The length of the forward moving distance B1, B2,
      and upon raising the styli 9, 10, 11, 12 the following displacement in the
      direction of the axis of the wire 13, 14 are so predetermined with respect
      to each other, whereby the spheres on the ends of the wire pieces 7, 8 are
      positioned perpendicular to the axis of the wire 13, 14 below the recesses
      formed on the styli 9 and 11.
PAR  In the next process step, which is also shown in FIG. 7, the wire holder
      23, 24 is displaced perpendicularly to the axis of the wire 13, 14 from
      the chain-dotted illustrated position toward the styli 9 and 10, and,
      respectively, 11, 12 so far along the direction of the arrows 27, whereby
      the sphere on the wire piece 7, 8 is positioned in the therefore provided
      recess in the styli 9, and 11. Due to the illustrated simplification the
      end position of the wire piece 7, 8 parallel to the axis of the wires 13,
      14 is extendedly illustrated. In actuality, however, through the movement
      of the wire holder 23, 24, the wire piece 7, 8 is accurately positioned
      conveyed towards the styli 9, and 10 into the previously mentioned groove
      formed in the inclined upper surface of the cutters 9 and 11, as
      illustrated in chain-dotted lines in FIG. 3. In this position, the wire
      piece 7, 8 is retained by the styli 9, 11 by means of a vacuum, while the
      connection with the wire holder 23, 24 caused by the vacuum is released.
PAR  In the further process steps shown in FIG. 8, at first the wire holder 23,
      24 is again moved away from the styli 9, 11 along arrow 28 and is conveyed
      into the chain-dotted illustrated position which coincides with the
      chain-dotted position illustrated in FIG. 7. Thereby the wire holder 23,
      24 is displaced rearwardly, (arrow 29) so that it assumes the position
      shown in FIG. 8, whereas the wire 13, 14 is further retained by means of
      the wire brake 15, 16 and the forceps members 33, 34 and 35, 36.
      Subsequently, the wire holder 23, 24 is displaced in the direction of
      arrow 30 toward wire 13, 14, which again retains the wire holder by means
      of a vacuum.
PAR  The styli 9, 10, 11, 12 are now moved downwardly towards the previously
      introduced, heated, semi-conductor component (not shown in FIG. 8) in the
      direction of arrow 31. As may be ascertained from FIGS. 6 through 8, in
      the at rest position the styli 9, 12 are raised higher than the stlyi 9,
      11. Upon lowering of the styli towards the semi-conductor element, at
      first there press the styli 9, 11 supporting the wire piece 7, 8, the
      sphere of the wire piece located in its recesses onto the semi-conductor
      plate 4 (FIG. 5). Only subsequently do the styli 10, 12 press the sphere
      located at the other end of the wire piece against the surface of the
      contact pins 5, 6. Thereby the bent or arcuate arrangement of the wire
      piece 7', 8' illustrated in FIG. 5 is automatically obtained, so that
      these wire pieces do not in any undesirable manner touch any other
      portions of the semi-conductor component 1.
PAR  With the pressing on of the wire pieces 7, 8 onto the semi-conductor plates
      4 and onto the contact pins 5 and 6, the smelting arrangement 19, 20
      (FIGS. 8, 5) is placed into operation, through which the subsequent wire
      pieces 7, 8 inclusive of their two spheres, as well as the first sphere of
      the subsequent wire piece are formed. Thereby there is achieved anew the
      process relationship illustrated in FIG. 5, in view of which the described
      process is continuously repeated.
PAR  FIG. 9 illustrates in a perspective view the capillary arrangement, the
      fusing or smelting-off installation, the wire holder and the forceps
      members in their respective positions shown in FIG. 5. The wire 13 is
      shown to protrude from the capillary arrangement 17 with its end portion
      on which the sphere has just been formed by the fusing or smelting-off
      installation 19 with the flame 21. The wire piece 7 having spheres formed
      on both ends is gripped in its mid-portion by the wire holder 23 which has
      the form of a tube connected to a vacuum source (not shown). The upper
      open end of the tube 23 is provided with a V-formed groove 39 for
      receiving the wire piece 7 and firmly holding it in the groove 39 by means
      of the vacuum forces. The arrow 26 indicates, as in FIG. 6, the direction
      in which the tube 23 is moved vertically to the axis of the wire 13 to
      displace the wire piece 7.
PAR  At the end of the wire piece 7 opposite the flame 21, two forceps members
      33 and 34 are shown to have the form of slides or plates located in a
      common plane which extends vertically to the axis of the wire piece 7.
      Opposite inner edges of the slides 33, 34 form a gap for guiding the wire
      piece 7. The outer faces of the slides 33, 34 adjacent to the gap are in
      contact with the sphere formed on the end of the wire piece 7. The
      direction in which the slides 33, 34 are moved towards the wire piece 7 is
      indicated by the arrows 37 and 38, in accordance with FIG. 6. As mentioned
      before, it should be noted that the wire piece 7 is not rigidly clamped
      between the slides 33 and 34. Therefore, in the process step leading from
      FIG. 6 to FIG. 7, the slides 33, 34 glide along the wire 13, contact the
      sphere formed on the end of the wire 13 and, with continued movement, pull
      the wire 13 through the capillary arrangement 17 until the sphere assumes
      the position P1 shown in FIG. 7. When in the further step the wire holder
      23 is again approached to the wire 13, as shown by arrow 30 in FIG. 8, the
      wire will necessarily engage the V-formed groove 39 of the wire holder 23
      (see FIG. 9), since the wire 13 is preventing from escaping laterally in a
      direction transverse to the direction of movement of the wire holder 23,
      by the guiding gap formed between the forceps members or slides 33, 34.
PAR  The described processes may be carried out within an extremely short time
      period, since at each time after the pressing-on of the wire piece, the
      required wire pieces for the subsequent pressing sequence are, in effect,
      readied and need not be prepared in any process step requiring additional
      time intervals. It is further possible that for each 0.6 seconds a
      semi-conductor element is provided with two wire connections.
      Approximately 0.3 seconds are required for the pressing-on of the wire
      piece onto the semi-conductor plates and the contact pins, and for the
      concurrent fusing-off of the subsequent wire piece inclusive of the
      described fusing-on of the spheres. The remaining 0.3 seconds are utilized
      for material transportation. It is thereby possible to provide, for each
      hour, 12,000 wire connections, in effect, 6,000 semi-conductor elements
      which are each provided with two wire connections.
PAR  The drive elements for the styli 9, 10, 11, 12, the wire holder 23 and 24,
      and the forceps members 33, 34 and 35, 36, may incorporate suitable valve
      elements for the in-and-out switching of the vacuum in the styli 9, 11 and
      wire holders 23, 24, as well as for the conveyor arrangement for the
      semi-conductor element 1 which may be controlled by mechanical,
      electrical, electromagnetic, pneumatic or hydraulic means so as to provide
      a fully automatic sequence of the described process steps without complex
      requirements. In the event that the semi-conductor elements positioned on
      the conveyor arrangement are not identically shaped, there may be provided
      an arrangement in which the elements, prior to the described formation,
      are provided with wire connections. This arrangement may, in a known
      manner, encompass a focal point projector, a stereo-microscope, and a
      manipulator.
PAR  In the described exemplary process provided, for example, in a transistor
      are concurrently two wire connections by means of the wire pieces 7 and 8.
      It is, however, possible to provide for each semi-conductor element only a
      single wire connection, as may be required, for example, in light diodes.
      When two wire connections, as in the described examples, are required,
      then the described process has the advantage that the critical distance of
      both connecting points on the semi-conductor plate 4, in effect the
      defined distance which are between positions 3 and 4, is required to be
      identical for each of the sequentially processed semi-conductor elements.
      Thereby this obviates the necessity for various further adjusting
      operations, which are required in known processes, in order to assure that
      for each semi-conductor plate both of the wire connections are positioned
      at exactly the same locations and in precisely the same spatial
      relationship.
PAR  In FIGS. 1 through 8, the spare wires 13, 14 and the wire pieces 7 and 8
      are illustrated, as well as further organs, in a common plane. However, it
      is to be understood that both of the described wire connections also may
      be formed at angles of less than 180.degree., for example at right angles
      to each other. In contrast to the arrangement shown in FIGS. 1 through 8,
      the axis of a spare wire 13 or 14, including wire brake, capillary
      arrangement, wire holder and forceps members may be swiveled across the
      axis of the other spare wire through any desired angle. Through the same
      angle it is also possible to swivel the plane of a styli pair 9, 10 or 11,
      12 in comparison with the plane of the other styli pair. Further,
      obviously both wire connections and wire pieces 7, 8 may have varied
      lengths. A significant advantage of the present process lies in that at
      each position, the measurement of the required wire connection or
      connections may be correlated and in each instance an unvarying precision
      is obtained with the disclosed wire connection.
PAR  While there has been shown what is considered to be preferred embodiments
      of the invention, it will be obvious that modifications may be made which
      come within the scope of the disclosure of the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the continuous production of at least one wire
      connection on a semi-conductor element, said process including preparing a
      wire piece, fusing a sphere onto both ends of said wire piece, and
      connecting the wire piece with heated contact locations on the
      semi-conductor element through thermal compression, the improvement
      comprising: providing a linear spare wire supported in a tubular guide
      member and protruding therefrom with its leading end; gripping said
      protruding end and fusing-off a wire piece from the spare wire whilst
      concurrently fusing a sphere onto the fused-off ends of the wire piece and
      the spare wire; displacing the wire piece transversely to the longitudinal
      axis of the spare wire from its initial position into a first displaced
      position; displacing both the tubular guide member supporting the spare
      wire and the wire piece in a direction along said axis for a predetermined
      distance, whereby upon displacement of the tubular guide member the sphere
      formed on the end of the spare wire contacts the tubular guide member and
      by continued displacement of the tubular guide member is conveyed through
      motion of the spare wire into a predetermined position along said axis,
      and whereby the wire piece occupies a second displaced position; conveying
      the wire piece transversely to said axis towards a pressing tool, whereby
      the wire piece occupies a third displaced position; taking up the wire
      piece by the pressing tool, returning the tubular guide member in a
      direction along said axis into its initial position while retaining the
      spare wire supported therein in a fixed position, whereby the spare wire
      again protrudes from the tubular guide member with its leading end;
      pressing both said spheres on the wire piece through actuation of the
      pressing tool onto said heated contact locations on the semi-conductor
      element; and concurrent with the pressing-on, gripping said protruding end
      of the spare wire and fusing-off a subsequent wire piece from the spare
      wire.
NUM  2.
PAR  2. A process as claimed in claim 1, characterized in that two said wire
      connections are concurrently produced on the semi-conductor element.
NUM  3.
PAR  3. A process according to claim 2, characterized in that there are formed
      two wire connections of varied lengths.
NUM  4.
PAR  4. A process according to claim 2, characterized in that there are formed
      two wire connections having a mutual angular displacement deviating from
      180.degree..
NUM  5.
PAR  5. A process according to claim 2, characterized in that there are formed
      two wire connections of varied lengths and having a mutual angular
      displacement deviating from 180.degree..
NUM  6.
PAR  6. A process according to claim 1, characterized in that the first sphere
      formed on the wire piece is connected with a semi-conductor wafer of the
      semi-conductor element and the subsequently formed sphere on said wire
      piece is connected with a contact pin of the semi-conductor element.
NUM  7.
PAR  7. A process according to claim 6, characterized in that said pressing of
      one said sphere of the wire piece onto the contact element of the
      semi-conductor element is delayed with respect to the pressing-on of the
      other sphere of said wire piece onto said semi-conductor element, so as to
      attain an arcuate configuration of the connecting wire piece.
NUM  8.
PAR  8. A process according to claim 2, characterized in that the tubular guide
      member comprises a capillary tube.
NUM  9.
PAR  9. A process according to claim 2, characterized in that, for the
      fusing-off the wire piece and the fusing-on of the spheres, there is
      utilized a flame.
NUM  10.
PAR  10. A process according to claim 2, characterized in that for the
      fusing-off the wire piece and the fusing-on of the spheres, there is
      utilized a light arc.
NUM  11.
PAR  11. A process according to claim 2, characterized in that for gripping,
      displacing and conveying the wire piece there is utilized a vacuum wire
      holder and for taking up of the wire piece by the pressing tool the latter
      is provided with a vacuum.
NUM  12.
PAR  12. A process according to claim 11, characterized in that after taking up
      the wire piece by the pressing tool, the vacuum wire holder is returned
      from the location of the third displaced position of the wire piece into
      the location of the second displaced position of the wire piece,
      subsequently is returned from the location the second displaced position
      of the wire piece into the location of the first displaced position of the
      wire piece concurrent with the returning of the tubular guide member into
      its initial position, and finally is returned into a position for gripping
      the protruding end of the spare wire.
NUM  13.
PAR  13. In a process for the continuous production of at least one wire
      connection on a semi-conductor element, said process including preparing a
      wire piece, fusing a sphere onto both ends of said wire piece, and
      connecting the wire piece with heated contact locations on the
      semi-conductor element through thermal compression, the improvement
      comprising: providing a linear spare wire supported in a stationary
      tubular guide member and protruding therefrom with its leading end;
      gripping said protruding end and fusing-off a wire piece from the spare
      wire whilst concurrently fusing a sphere onto the fused-off ends of the
      wire piece and the spare wire; displacing the wire piece transversely to
      the longitudinal axis of the spare wire from its initial position into a
      first displaced position; embracing the spare wire in closely spaced
      relationship with forceps means between the tubular guide member and the
      sphere formed on the end of the spare wire; displacing both the forceps
      means and the wire piece in a direction along said axis for a
      predetermined distance, whereby upon displacement of the forceps means the
      sphere formed on the end of the spare wire contacts the forceps means and
      by continued displacement of the foreceps means is conveyed through motion
      of the spare wire into a predetermined position along said axis, and
      whereby the wire piece occupies a second displaced position; conveying the
      wire piece transversely to said axis towards a pressing tool, whereby the
      wire piece occupies a third displaced position; taking up the wire piece
      by the pressing tool; pressing both said spheres on the wire piece through
      actuation of the pressing tool onto said heated contact locations on the
      semi-conductor element; and concurrent with the pressing-on, gripping said
      protruding end of the spare wire adjacent said forceps means embracing the
      spare wire and fusing-off a subsequent wire piece from the spare wire.
NUM  14.
PAR  14. A process as claimed in claim 13, characterized in that two said wire
      connections are concurrently produced on the semi-conductor element.
NUM  15.
PAR  15. A process according to claim 14, characterized in that there are formed
      two wire connections of varied lengths.
NUM  16.
PAR  16. A process according to claim 14, characterized in that there are formed
      two wire connections having a mutual angular displacement deviating from
      180.degree..
NUM  17.
PAR  17. A process according to claim 14, characterized in that there are formed
      two wire connections of varied lengths and having a mutual angular
      displacement deviating from 180.degree..
NUM  18.
PAR  18. A process according to claim 13, characterized in that the first sphere
      formed on the wire piece is connected with a semi-conductor wafer of the
      semi-conductor element and the subsequently formed sphere on said wire
      piece is connected with a contact pin of the semi-conductor element.
NUM  19.
PAR  19. A process according to claim 18, characterized in that said pressing of
      one said sphere of the wire piece onto the contact element of the
      semi-conductor element is delayed with respect to the pressing-on of the
      other sphere of said wire piece onto said semi-conductor element, so as to
      attain an arcuate configuration of the connecting wire piece.
NUM  20.
PAR  20. A process according to claim 14, characterized in that, for the
      fusing-off the wire piece and the fusing-on of the spheres, there is
      utilized a flame.
NUM  21.
PAR  21. A process according to claim 14, characterized in that, for the
      fusing-off the wire piece and the fusing-on of the spheres, there is
      utilized a light arc.
NUM  22.
PAR  22. A process according to claim 13, characterized in that said forceps
      means from the sphere formed on the end of the spare wire after fusing-off
      a subsequent wire piece from the spare wire and prior to displacing the
      fused-off wire piece into the first displaced position.
NUM  23.
PAR  23. A process according to claim 13, characterized in that for embracing
      the spare wire there is utilized forceps means including a pair of slides
      located in a common plane transverse to the longitudinal axis of the spare
      wire on opposite sides of the spare wire, said slides being moved in said
      common plane in opposite directions towards the spare wire so as to form a
      gap in which the spare wire is loosely located.
NUM  24.
PAR  24. A process according to claim 13, characterized in that for gripping,
      displacing and conveying the wire piece there is utilized a vacuum wire
      holder and for taking up of the wire piece by the pressing tool the latter
      is provided with a vacuum.
NUM  25.
PAR  25. A process according to claim 24, characterized in that after taking up
      the wire piece by the pressing tool, the vacuum wire holder is returned
      from the location of the third displaced position of the wire piece into
      the location of the second displaced position of the wire piece,
      subsequently is returned from the location the second displaced position
      of the wire piece into the location of the first displaced position of the
      wire piece, and finally is returned into a position for gripping the
      protruding end of the spare wire.
NUM  26.
PAR  26. In a process for the continuous production of at least one wire
      connection on a semi-conductor element, said process including preparing a
      wire piece, fusing a sphere onto both ends of said wire piece, and
      connectiing the wire piece with heated contact locations on the
      semi-conductor element through thermal compression, the improvement
      comprising: providing a linear spare wire supported in a tubular guide
      member and protruding therefrom with its leading end; gripping said
      protruding end and fusing-off a wire piece from the spare wire whilst
      concurrently fusing a sphere onto the fused-off ends of the wire piece and
      the spare wire; displacing the wire piece transversely to the longitudinal
      axis of the spare wire from its initial position into a first displaced
      position; displacing both the spare wire and the wire piece in a direction
      along said axis for a predetermined distance, whereby the wire piece
      occupies a second displaced position; conveying the wire piece
      transversely to said axis towards a pressing tool, whereby the wire piece
      occupies a third displaced position; taking up the wire piece by the
      pressing tool; pressing both said spheres on the wire piece through
      actuation of the pressing tool onto said heated contact locations on the
      semi-conductor element; and concurrent with the pressing-on, gripping said
      protruding end of the spare wire and fusing-off a subsequent wire piece
      from the spare wire.
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PAL  Copper alloy carrier objects are brazed to silver or copper alloy contact
      objects by assembling or positioning the carrier object into direct
      contact with said contact object such that there is defined or presented
      an exposed position or junction where said carrier object and said contact
      object come into direct contact, then placing at said position or junction
      a quantity, such as a pellet or piece, of a brazing alloy and subjecting
      the resulting assembly to furnace brazing at an elevated temperature for a
      sufficient period of time in a non-reactive gaseous atmosphere to cause
      said brazing alloy to melt and to join and braze together said carrier
      object and said contact object.
BSUM
PAR  This invention relates to a method of brazing. More particularly, this
      invention is directed to a method of brazing or bonding copper and copper
      alloy objects to silver, silver alloys and silver cadmium oxide alloys.
PAR  In accordance with one embodiment, this invention is directed to an
      improved method of furnace brazing. In accordance with another embodiment,
      this invention is directed to the production of brazed metal objects and
      to the resulting produced brazed metal objects.
PAR  It is conventional practice in the brazing of metal objects, such as the
      brazing of a silver cadmium oxide alloy contact member to a copper alloy
      backing or carrier member, to place the members to be brazed in the
      position desired in the finished brazed metal object together with brazing
      alloy shims or paste, with or without flux, and then to heat the resulting
      assembly, such as by induction, torches or in a furnace so as to melt the
      brazing alloy and to effect joining or brazing together of the resulting
      assembly. Such conventional practice, however, has not always yielded
      satisfactory brazed joints or a satisfactory brazing of the objects. Such
      conventional practice also possesses limitations with respect to the
      brazing of objects where the braze joint to be accomplished is at a
      difficult-to-reach location because of the complexity of the parts or
      members to be joined. Also, such conventional practice, as indicated
      hereinabove, has not always produced a strong, clean brazed joint of
      desired size and strength.
PAR  Accordingly, it is the object of this invention to provide an improved
      method for brazing metal objects.
PAR  It is another object of this invention to provide an improved method for
      the brazing of copper alloy objects and silver alloy, copper alloy and
      silver cadmium oxide alloy objects.
PAR  Still another object of this invention is to provide brazed products having
      improved brazed joints or connections.
DRWD
PAR  How these and other objects of this invention are accomplished will become
      apparent in the light of the accompanying disclosure made with reference
      to the accompanying drawing wherein
PAR  FIG. 1 illustrates schematically, in an exploded view, an assembly of metal
      objects to be brazed in accordance with the practices of this invention.
PAR  FIG. 2 shows in partial cross-section the resulting finished, brazed
      object.
PAR  FIG. 3 illustrates in perspective an assembly of metal objects to be brazed
      in accordance with the practices of this invention.
DETD
PAR  In accordance with one embodiment of the practices of this invention, at
      least one of the foregoing objects will be achieved.
PAR  In accordance with the practices of this invention, it has been discovered
      that an improved brazing operation and resulting brazed objects is
      achieved by carrying out the brazing in a furnace brazing operation
      wherein the brazing alloy employed to braze or join together the objects
      to be brazed is positioned relative to the objects to be brazed such that
      the brazing alloy, in particle or pellet or wire form, is positioned at or
      along an exposed position or junction where the objects to be joined come
      into direct contact, followed by furnace brazing the resulting assembly in
      a nonreactive gaseous atmosphere to cause the brazing alloy to melt and to
      join and braze and bond together the objects.
PAR  This invention will now be described in accordance with one embodiment of
      the practices of this invention specifically directed to the brazing of a
      copper alloy object to a silver cadmium oxide alloy contact object. More
      specifically, a copper alloy carrier object is brazed to an alloy contact
      object, the alloy contact object being made up of a silver cadmium oxide
      alloy having a cadmium oxide content in the range from about 5  to about
      15% by weight and a fine silver backing. Other alloys, if desired, may be
      employed to make up the contact object, such as silver tungsten alloy,
      silver tungsten carbide alloy, silver nickel alloy, silver iron alloy,
      silver carbon alloy, silver molybdenum alloy, copper tungsten alloy,
      copper molybdenum alloy, copper tungsten carbide alloy, silver copper
      alloy, silver copper nickel alloy or fine silver. In the practice of this
      invention, the copper alloy carrier object and the alloy contact object
      are placed into direct contact such that there is defined an exposed
      position or junction where said carrier object and said contact object
      come into direct contact. Thereupon, there is placed at said position or
      junction a quantity of brazing alloy, such as a brazing alloy analyzing at
      about 56% by weight silver, about 22% by weight copper, about 17% by
      weight zinc and about 5% by weight tin or a brazing alloy having the
      composition of about 65% by weight silver, about 20% by weight copper and
      about 15% by weight zinc. The resulting assembly of the copper alloy
      carrier object, the alloy contact object and the brazing alloy is then
      subjected to furnace brazing or heating at a suitably elevated
      temperature, such as at a temperature in the range from about 1200.degree.
      to about 1600.degree.F., for a period of time in a non-reactive gaseous
      atmosphere to cause the brazing alloy to melt and to join and braze
      together the carrier object and the contact object.
PAR  The non-reactive gaseous atmosphere employed in the furnace brazing
      operation is non-reactive under the conditions of brazing so as not to
      oxidize or reduce or to otherwise substantially adversely affect the
      objects being brazed or the brazing alloy or the resulting finished
      product. In most cases, a suitable gaseous atmosphere for the furnace
      brazing operation is provided by an atmosphere consisting essentially of
      hydrogen. In some instances, however, where one of the objects being
      brazed is susceptible to being reduced, such as is the case where one of
      the objects is made up of silver cadmium oxide alloy wherein the cadmium
      oxide making up the silver cadmium oxide alloy would tend to be reduced
      upon prolonged exposure at an elevated temperature to a gaseous atmosphere
      containing a substantial amount of hydrogen, it is preferred to employ a
      substantially inert atmosphere, such as an atmosphere comprising
      substantially only nitrogen or other suitable non-reactive gases, such as
      helium or argon or mixtures thereof. Such non-reactive atmospheres might
      also suitably contain a minor amount of hydrogen, less then about 20% by
      volume hydrogen, such as the amount of hydrogen in the range 5-10% by
      volume, the remainder being an inert gas such as nitrogen.
PAR  The temperature employed during the furnace brazing operation is
      conveniently suitably elevated sufficient to melt the brazing alloy and,
      of course, not to melt the objects to be brazed or joined. The brazing
      temperature employed should be at least greater than the solidus of the
      brazing alloy employed in the brazing operation. As indicated hereinabove,
      the brazing temperature may be in the range 1200.degree.-1600.degree.F.
      and satisfactory results have been obtained at temperatures in the range
      1350.degree.-1450.degree.F. as determined by actually measuring the
      temperature of the part. The temperature in the furnace may be
      significantly higher (100.degree.-300.degree.F.) depending upon the actual
      furnace operating conditions. A higher brazing temperature for a brazing
      alloy having a given melting point would tend to speed up the furnace
      brazing operation.
PAR  The time the assembly of the alloy carrier object and the alloy contact
      object and the brazing alloy is maintained in the brazing furnace exposed
      to the aforesaid elevated temperatures is desirably a minimum for reasons
      of productivity. The period of time the objects to be brazed are subjected
      to the furnace brazing operation, as indicated hereinabove, depends upon
      the furnace brazing temperature. Satisfactory results have been obtained
      in a short time of about a few minutes, such as about 2 minutes, and
      upwards of about 30 minutes, such as a time in the range 2-20 minutes,
      e.g., 6-14 minutes.
PAR  Reference is now made to the drawings, particularly FIG. 1 thereof.
PAR  In FIG. 1, which is exemplary of the practices of this invention, an alloy
      carrier member or piece 10 is provided with holes 10a. Carrier member or
      piece 10 is shown positioned above contact member or piece 11. Positioned
      above carrier member or piece 10 are pellets 12 of brazing alloy material.
      Pellets 12 are of a size suitable for insertion within holes 10a of
      carrier piece 10.
PAR  In the practice of this invention illustrated in FIG. 1, carrier piece 10
      is placed on contact pieces 11 into direct contact therewith and for
      support thereon. Thereupon, pellets 12 of the brazing alloy are inserted
      within holes 10a of carrier piece 10. The resulting assembly is then
      subjected to a furnace operation in accordance with the invention as
      described hereinabove to produce the resulting brazed product made up of
      carrier member 10 brazed and fixed to contact pads 11. The resulting
      brazed product is shown in partial cross-section in FIG. 2.
PAR  In FIG. 2, the brazing alloy material 12a is shown in solidified form after
      pellet 12 has been melted during the furnace brazing operation. Brazing
      alloy material 12a partially fills holes 10a of carrier member 10, as
      illustrated, and occupies the available interstitial or interfacial space
      between carrier member 10 and contact members 11.
PAR  FIG. 3 shows another embodiment of the practices of this invention. As
      illustrated in FIG. 3, angle carrier member or piece, generally indicated
      by reference 14, made up of legs or portions 14a and 14b, is positioned
      and fitted into jig or holder 15 indicated in dashed outline. Contact
      member or piece 16 is shown positioned at an angle on top of portion or
      piece 14b of carrier member 14, contact piece 16 being supported relative
      to portion 14b of carrier member 14 by jig or holder 15, as illustrated,
      so that contact piece 16 is in direct contact with surface 14bb of portion
      14b. Piece 18, such as an assembly of pellets or a length of wire made up
      of brazing alloy material, as illustrated, is positioned in the crevice or
      angle defined by the juncture of side face 16a of contact piece 16 and the
      exposed or uncovered portion of surface 14bb of carrier member 14 not in
      contact with contact piece 16.
PAR  In accordance with the practices of this invention, the assembly
      illustrated in FIG. 3 is subjected to a furnace brazing operation to melt
      brazing alloy piece 18 such that the resulting molten alloy would seep
      into and flow into the interstitial or interfacial space between contact
      member 16 and covered surface of portion 14b of carrier member 14.
      Depending upon the amount of brazing alloy desired to be employed to
      effect the brazed joint, the size of the pellets or amount of wire form 18
      of brazing alloy material is adjusted.
PAR  The practices of this invention are particularly applicable to the brazing
      of copper alloys to silver alloys or copper alloys. For example, the
      practices of this invention are especially applicable to the brazing of a
      carrier piece or member made up of a copper alloy, such as O.F.H.C.,
      D.L.P.-D.H.P. copper alloys. Heat treatable copper base alloys containing
      additions of Fe, Cr, Cd, Si and/or Ni are also usefully employed in the
      practices of this invention as well as most of the brasses and bronzes,
      save aluminum bronze. Composite materials made up of copper-clad steels
      and the like are also usefully employed. With respect to the
      copper-containing composite materials, the brazing would be directed to
      effecting a bond between the copper-containing surface of the composite
      material to another surface.
PAR  With respect to the other alloy contact member to be brazed or bonded to
      the aforementioned carrier member, contact members made up of silver or
      copper alloys are particularly useful. Contact alloy members made up of
      silver cadmium oxide alloys or fine silver-backed silver cadmium oxide
      alloys, the silver cadmium oxide alloy or component containing cadmium
      oxide in the range 5-15% by weight with a fine silver backing thickness
      range from about 10-20% of the total thickness, are particularly useful.
PAR  Other alloys for the make-up of the alloy contact materials and which are
      suitably brazed in accordance with the practices of this invention include
      the silver tungsten alloys (AG-W), the silver tungsten carbide alloys
      (Ag-WC), the silver nickel alloys (Ag-Ni), the silver iron alloys (Ag-Fe),
      the silver carbon alloys (Ag-C), the silver molybdenum alloys (Ag-Mo), the
      copper tungsten alloys (Cu-W), the copper molybdenum alloys (Cu-Mo), the
      copper tungsten carbide alloys (Cu-WC), as well as the silver copper
      alloys (Ag-Cu), the silver copper nickel alloys (Ag-CU-Ni) and fine silver
      and fine silver alloys.
PAR  The cadmium oxide-containing silver alloys require that the furnace brazing
      operation be carried out in a non-reactive, slightly-reducing atmosphere
      to avoid substantial reduction of the cadmium oxide present in the silver
      cadmium oxide alloy. Accordingly, a suitable substantial slightly-reducing
      atmosphere for use in the furnace brazing of a silver cadmium oxide alloy
      contact material or piece would comprise about 5% by volume hydrogen, the
      remainder being nitrogen. The other aforementioned alloys could be brazed
      in a reducing atmosphere, such as an atmosphere comprising substantially
      only about 100% hydrogen. In the brazing operations, however, a
      non-oxidative atmosphere is to be employed, that is, the brazing operation
      should not be carried out under conditions such that oxidation of the
      metal objects occur, including oxidation of the brazing alloy itself.
PAR  With respect to the brazing alloy, any suitable brazing alloy may be
      employed. Particularly satisfactory results have been obtained employed a
      brazing alloy analyzing about 56% by weight silver, 22% by weight copper,
      17% by weight zinc and 5% by weight tin. Other brazing alloys, such as an
      Ag-Cu-Zn alloy analyzing about 65% by weight silver, about 20% by weight
      copper and about 15% by weight zinc, have been found to yield satisfactory
      results.
PAR  In the actual furnace brazing operation, the assembly of objects to be
      brazed could be placed on a belt and passed through a furnace effecting
      furnace brazing therein, depending upon the furnace temperature employed
      and belt speeds which gave residence times in the furnace for the objects
      being brazed ranging from about 2 minutes to about 14 minutes, have been
      found to give satisfactory results.
PAR  An additional feature of the practices of this invention includes plating
      or coating the brazing alloy with silver or copper, preferably silver,
      prior to assembling the objects and the brazing alloy together for
      brazing. Plating or coating of the brazing alloy with silver or copper is
      desirable, sometimes necessary, to prevent the brazing alloy from becoming
      discolored during the period the alloy is heated to brazing temperature.
      Further, plating or coating the brazing alloy results in improved brazed
      fillets and a more uniform brazed joint.
PAR  By employing the practices of this invention, the porosity of the brazed
      joint, particularly as compared with a brazed joint produced by
      conventional techniques, is signficantly reduced. Further, the percent
      area of bond is greater in brazed joints made in accordance with the
      practices of this invention than by conventional practices. Also, the
      brazed joint fillets offer visual indications and confirmation of braze
      alloy flow across the joint and evidence of a sound brazed joint. Since in
      the practices of the invention the brazing alloy is required to flow
      through the brazed joint to be made, if fillets are observed at the edges
      of the members being joined, such as at the contact member tip, such would
      be an indication that the brazed alloy flowed through the joint and
      accordingly provides a visual method for checking the quality of the
      brazed joint. Additionally, by following the practices of this invention
      which does not require the use of a flux, the brazed joint quality is
      improved because of the elimination of flux. The use of flux is eliminated
      since the furnace atmosphere surrounding the members being brazed does not
      oxidize the members.
PAR  The following example is illustrative of the practices of this invention.
PAR  A 1 .times. 4 .times. 1/4 inch O.F.H.C. copper bar having two 1/4 inch
      holes drilled therethrough at each end is placed on top of two 1 .times. 1
      .times. 3/8 inch silver cadmium oxide pads containing 10% by weight
      cadmium oxide. Into each of the holes drilled through the copper bar is
      inserted a pellet of brazing alloy, Engelhard Industries 3558, analyzing
      about 56% by weight silver, 22% by weight copper, 17% by weight zinc and
      5% by weight tin. An assembly of the pellets, bar and contact pads is
      illustrated in FIG. 1. The resulting assembly is then passed on a moving
      belt through a brazing furnace having an atmosphere therein of the
      composition 95% by volume N.sub.2 and 5% by volume H.sub.2 at a
      temperature in the range 1580.degree.-1620.degree.F. The passage of the
      assembly through the brazing furnace requires not more than about 10
      minutes, sufficient to melt the brazing alloy pellet and to braze and bond
      together the copper bar and silver cadmium oxide contact pads, as
      illustrated in FIG. 2.
PAR  As will be apparent to those skilled in the art in the light of the
      foregoing disclosure, many modifications, alterations and substitutions
      are possible in the practices of this invention without departing from the
      spirit or scope thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of joining by brazing a copper alloy carrier object and an
      alloy contact object, said alloy of said contact object being a silver
      cadmium oxide alloy having a cadmium oxide content in the range from about
      5% to about 15% by weight, which comprises placing said copper alloy
      carrier object and said alloy contact object into direct contact such that
      there is defined an exposed position of junction where said carrier object
      and said contact object come into direct contact, placing at said position
      or junction a quantity of brazing alloy, said brazing alloy being slected
      from the brazing alloys having the composition about 56% by weight silver,
      about 22% by weight copper, about 17% by weight zinc and about 5% by
      weight tin or about 65% by weight silver, 20% by weight copper and 15% by
      weight zinc, maintaining said brazing alloy at said position or junction
      relative to said carrier object and said contact object while subjecting
      the resulting assembly to furnace brazing at a temperature in the range
      from about 1200.degree. to about 1600.degree.F. for a period of time in a
      non-reactive gaseous atmosphere to cause said quantity of brazing alloy to
      melt and to join and braze together said carrier object and said contact
      object.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein said atmosphere is made up
      of a minor amount, less than 20%, by volume hydrogen, the remainder being
      an inert gas.
NUM  3.
PAR  3. A method in accordance with claim 1 wherein said atmosphere comprises
      about 5-10% by volume H.sub.2, the remainder being N.sub.2.
NUM  4.
PAR  4. A method in accordance with claim 1 wherein said temperature is in a
      range 1350.degree.-1450.degree.F.
NUM  5.
PAR  5. A method in accordance with claim 1 wherein said period of time is in a
      range from about 2 minutes to about 30 minutes.
NUM  6.
PAR  6. A method in accordance with claim 1 wherein the copper alloy of said
      copper alloy carrier object is a heat treatable copper base alloy.
NUM  7.
PAR  7. A method in accordance with claim 6 wherein said heat treatable copper
      base alloy contains minor additive amounts of Fe, Cr, Cd, Si and/or Ni.
NUM  8.
PAR  8. A method in accordance with claim 1 wherein said copper alloy of said
      copper alloy carrier object is a O.F.H.C., D.L.P. or D.H.P. copper alloy.
NUM  9.
PAR  9. A method in accordance with claim 1 wherein the copper alloy of said
      copper alloy carrier object is brass.
NUM  10.
PAR  10. A method in accordance with claim 1 wherein the copper alloy of said
      copper alloy carrier object is bronze.
NUM  11.
PAR  11. A method in accordance with claim 1 wherein said copper alloy carrier
      object comprises copper-clad steel.
NUM  12.
PAR  12. A method in accordance with claim 1 wherein said non-reactive
      atmosphere consists essentially of about 5% by volume hydrogen and about
      95% by volume nitrogen.
NUM  13.
PAR  13. A method in accordance with claim 1 wherein said silver cadmium oxide
      alloy is a fine silver-backed silver cadmium oxide alloy, the backing
      thickness of said fine silver comprising from about 10 to about 20% of the
      total thickness of said contact object.
NUM  14.
PAR  14. A method in accordance with claim 1 wherein said brazing alloy is a
      silver-plated brazing alloy.
NUM  15.
PAR  15. A method in accordance with claim 1 wherein said brazing alloy is a
      copper-plated brazing alloy.
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ABST
PAL  A container constructed of plastic or like materials is provided which is
      generally constructed of three separate pieces in a rectangular form. Four
      sides of the container are constructed of a single sheet of plastic which
      has been folded into a sleeve form while the remaining two surfaces are
      constructed of formed plastic or the like. The formed pieces snap fit into
      the sheet plastic portion. The container is ideally made entirely of clear
      plastic and enjoys the property of being easily assembled. The container
      cannot be disassembled without applying appropriate external forces; a
      substantially greater force is required to disassemble the container than
      is required to assemble it.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to plastic and like containers and more
      particularly to plastic sleeve-type containers having end pieces for
      locking engagement therewith.
PAR  2. Description of the Prior Art
PAR  In the prior art, numerous folding cartons are present for packaging
      various kinds of goods to be sold to consumers. Paperboard or cardboard
      has long been used to manufacture such containers and the formation of
      paperboard or cardboard containers by assembling them from folded blanks
      along preformed fold lines has become a highly developed and most
      sophisticated art. The cardboard or paperboard type of container is
      advantageous from several standpoints. It can be rapidly manufactured and
      in fact it has been known to process blanks of cardboard or paperboard
      into boxes or containers at a rate of 120,000 per hour. Additionally,
      cardboard or paperboard is most amenable to the receipt of printed matter
      from high speed printing presses. This permits the use of advertising,
      pictorial representation, and other indicia relating to the product
      contained in the package to be placed on the surface of the package. The
      characteristic of the paperboard to absorb ink has made it most amenable
      to such use.
PAR  More recently, a number of factors have come into play which have made
      clear plastic containers more desirable than paperboard or cardboard for
      the storage and display of consumer products. One factor is that
      diminishing supplies of pulpwood have resulted in shortages of cardboard
      and paperboard, necessitating a search of substitutes for cardboard and
      paperboard as packaging materials. Another factor is that sale of small
      goods in a loose or bulk format has become increasingly more expensive as
      such goods are most vulnerable to pilfering in the store. Accordingly, it
      has been desired to place such goods in individual packages and have the
      goods be visible so that they may be sold in a supermarket type of format,
      while the goods are not amenable to being easily placed in the pocket of a
      purchaser due to the clear plastic packages they are sold in. Still
      further, the waterproof and liquid resistant characteristics of many
      plastics, particularly those of the polyvinylchloride class, have made
      these materials most desirable for the containment of small consumer goods
      such as cigarette lighters. All of the above factors have contributed to
      the substantial displacement of cardboard and paperboard containers by
      clear plastic containers for small items.
PAR  The small plastic containers which have been used heretofore have overcome
      a number of these above enumerated problems. However, certain problems
      have been inherent in the small plastic containers themselves.
      Specifically, the containers have been difficult to assemble and have not
      been amenable to snap-on type of closures. Furthermore, many of the
      containers which have been used do not have a pleasing appearance to the
      eye and utilize bulky closure devices which tend to hide the contents of
      the container. Some containers have had their closure portions constructed
      of cardboard. This has required that the containers be properly oriented
      in order to most attractively display the goods contained therein in a
      retail store. Additionally, some prior art devices have utilized two or
      three portions, each folded of a plastic sheet, secured together by
      interlocking tabs. These boxes have been difficult to assemble and have
      not been readily reassembleable in a store, after they may have been
      disturbed. A further disadvantage present in much of the prior art is that
      the prior art containers are expensive to manufacture, thus making it
      difficult for clear plastic containers to compete effectively with other
      brands of packages.
PAR  Foldability of plastic sheets, such as are used in the present container,
      has been a problem and has been addressed by the invention of U.S. Pat.
      No. 3,727,825, issued to me. The disclosure of that patent is hereby
      incorporated herein by reference.
PAR  It has also been known to manufacture a folded plastic container from a
      single sheet of clear plastic; such a container is shown in my U.S. Pat.
      No. 3,746,242. The disclosure of that patent is also hereby incorporated
      herein by reference. Boxes such as those of my U.S. Pat. No. 3,746,242
      must be assembled by folding the portions together and indeed, in many
      aplications, are most appropriate. However, it is sometimes desired to
      have a box which is easily assembleable and disassembleable by snap-on
      lids. The choice of container is dictated largely by the kind of product
      that the box will be required to contain in a store and by the environment
      in which the product will be sold.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed towards providing a solution to the above
      enumerated and other problems by providing a container utilizing at least
      one portion of sheet plastic construction and having at least one end of a
      formed or molded construction which end can be snapped into engagement
      with said folded plastic portion and be removed from engagement with said
      folded plastic portion.
PAR  It is another object of the present invention to accomplish the above
      object wherein the folded sheet portion has a plurality of tabs extending
      therefrom for snap interlocking with the formed or molded end portion.
PAR  It is a further object of the present invention to accomplish both of the
      above objects, wherein the folded plastic sheet portion snaps into engaged
      relation with two of said formed end portions.
PAR  It is a further object of this invention to accomplish all of the above
      objects, wherein the container is manufactured of a transparent material,
      thereby allowing for the external observation of the item contained in the
      container.
PAR  It is another object of this invention to provide a novel combination
      container wherein one component is of folded sheet material construction,
      folded in a sleeve like arrangement, wherein two components of the
      container are of formed material construction suitably disposed to receive
      snap tabs to fit in secure engagement with the sheet plastic component,
      whereby the container, by engaging the end portions with the clear sheet
      portions, can be easily closed and can be opened but can only be opened
      with greater difficulty than is involved in closing the container.
PAR  Other objects and advantages of the present invention will become readily
      apparent to those skilled in the art from a reading of the following brief
      description of the drawing figures, detailed descriptions of the preferred
      embodiments and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the container of the present invention;
PAR  FIG. 2 is a fragmentary perspective view showing a portion of container of
      the present invention with an end closure member in disassembled
      condition;
PAR  FIG. 3 is a fragmentary longitudinal sectional view of the container of the
      present invention taken generally along the line III--III of FIG. 1,
      showing the container and its end closure in assembled condition; and
PAR  FIG. 4 is a fragmentary exploded longitudinal sectional view taken
      generally along the line III--III of FIG. 1, showing the container and its
      end closure in disassembled condition.
PAR  FIG. 5 is a perspective of an alternative end cap in accordance with this
      invention.
PAR  FIGS. 6 and 7 are, respectively, enlarged sectional views taken through the
      cap of FIG. 5, generally along the line of VI--VI, but wherein
      alternatively positioned inserts are illustrated.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is made to FIG. 1 where the container with snap lid of the
      present invention is shown in a perspective view. The embodiment of the
      container illustrated comprises three pieces, a folded sheet plastic,
      vinyl or like sleeve designated generally as 10 and two vacuum-formed
      plastic, vinyl or the like pieces forming the ends of the container,
      designated generally as 18. The folded sleeve has panels 14 which are the
      sides or outer surfaces of the basic configuration into which the sheet 10
      has been folded. The end portions 18 are preferably molded or
      vacuum-formed or injection molded or otherwise shaped and have flanges 20
      which are are designed for suitable close fitting around the panels 14 of
      the sleeve at ends thereof. Each piece 18 also has a generally transverse
      center portion designated generally as 22 which substantially forms the
      ends or caps of the folded plastic container.
PAR  Reference is now made to FIG. 2 where the structure of the sleeve 10 and
      the end piece 18 are again shown. One end of the container is shown
      disassembled from the sleeve. As noted, the sleeve is fabricated by first
      appropriately scoring a piece of sheet plastic or the like. The sheet
      plastic is die cut to size and then bent on the scores so as to form the
      surfaces 14, the extension tabs 16 and the folding seam tab 12. The
      folding seam tab 12 is then secured to an appropriate panel 14 by any
      suitable means such as a heat seal, glue, transparent tape and the like,
      all of which are well known in the plastic fabricating arts. The folded
      sheet plastic sleeve 10 has a number of extension tabs 16 which extend
      from the surfaces 14. Each tab is bent inwardly, so that the tabs may face
      towards one another. Before they are bent the extension tabs 16 are
      continuous extensions of the panels 14. The tabs 16 may be bent inwardly
      in a processing operation or can be left as straight extensions of the
      panels 14, to be bent inwardly by contact with an end cap 18 upon the
      initial assembly of the cap 18 onto an end of the sleeve 10, or can be
      bent at any other time, by any technique.
PAR  The vacuum formed or molded plastic, vinyl or the like piece 18 which forms
      the end or cap or bottom or top of the container, these terms all being
      used interchangeably herein, has a shape generally of a polygon having the
      same number of sides as there are number of panels 14 of the folded sleeve
      10. Each piece 18 has a flange 20 extending completely around piece 18 and
      has a center portion 22 which also is a polygon having the same number of
      sides as there are to the piece 18. Angularly disposed connecting
      structure 24 connects the center portion 22 to the flange 18. Outwardly
      directed nibs 26 are integrally disposed on the connecting structure 24;
      these nibs or protrusions serve to lockingly engage the edges of the
      extension tabs 16 of the sleeve 10, when the container of the present
      invention is in its assembled condition.
PAR  The container of the present invention is assembled by pushing the end
      pieces 18 into engagement with the sleeve 10, with the end piece 18 being
      moved in the direction of the arrows 29 indicated in FIG. 2.
PAR  FIG. 3 and FIG. 4 together illustrate the means by which an end piece 18
      and the sleeve 10 are retained together when the container of the present
      invention is in its assembled condition. FIG. 3 is a sectional view
      illustrating the piece 18 and the sleeve 10 in the assembled condition of
      the container while FIG. 4 shows sectional views, taken along the same
      section line as FIG. 3, of the piece 18 and the sleeve 10 when the
      container of the present invention is in its disassembled condition.
PAR  FIG. 4 shows each of the extrusion tabs 16 bent away from its corresponding
      integrally connected panel 14 of the sleeve 10 at an angle which has been
      designated as A. In practice, it has been found that angle A should be in
      the neighborhood of 45.degree.. The precise size of angle A is not
      important, rather what is important is the relationship between angle A
      and an angle B. Angle B is the angle between the connecting structure 24
      and the flange 20 of the end piece 18, which is formed when the piece 18
      is drawn or molded. In practice, the piece 18 has been preferably vacuum
      formed with angle B in the neighborhood of 30.degree.; again, what is
      important is not the precise size of angle B but rather the relationship
      between the size of angle A and the size of angle B. The center portion 22
      and two oppositely directed ones of the four nibs 26 of the piece 18 are
      also shown in FIG. 4.
PAR  The sleeve 10 is formed of any suitable plastic, vinyl or the like having
      sufficiently rigid form and having the characteristic of memory; that is,
      once the sheet plastic has been formed to a given angle, such as angle A,
      deflection of the sheet plastic structure so as to change angle A will
      result in the sheet plastic structure attempting to return to its
      configuration and regain the angle A.
PAR  The piece 18 is formed by conventional techniques which are well known in
      the plastic, vinyl and the like fabrication arts. It is to be understood
      that the piece 18 is formed by vacuum forming, molding, by injection or
      other techniques, etc. rather than folded as is the sleeve 10, because
      piece 18 must be made to attain the proper geometric relation between
      flange 20, center portion 22 and the nibs 26.
PAR  The present invention is assembled by pushing the piece 18 into engagement
      with the sleeve 10, thus moving these pieces in the relative directions
      indicated by the arrows 31, 32 in FIGS. 2 and 4. When the piece 18 is
      first placed in contact with the sheet plastic sleeve 10, the extension
      tabs 16 will be contacted by the nibs 26. As piece 18 is pushed onto
      sleeve 10, flange 20 fits closely around the outer surfaces of the panels
      14 and the nibs 26 effect a camming action so as to deflect the extension
      tabs 16 outwardly toward their respectively connected panels 14 thus
      causing a decrease in angle A. As the piece 18 is further pushed into full
      engagement with sleeve 10, the nibs 26 travel past the tips 33 of the
      extension tabs 16 whereupon extension tabs 16 then seek to return to their
      prior position such that angle A is returned toward its original size. As
      the extension tabs 16 move outwardly towards their original position, thus
      increasing the size of angle A, the extension tabs 16 contact the
      connecting structure 24 and their edges 33 enter into abutting engagement
      with transverse nib ledges 34. The connecting structure 24, being rigidly
      retained by center portion 22 and flange 20 of the piece 18, prohibits
      further outward movement of the extension tabs 16 and angle A will remain
      in the neighborhood of 30.degree. or about the same size as angle B. At
      this point, the sleeve 10 and the end piece 18 are in the engaged relation
      shown in FIG. 3. The piece 18 is secured to the sleeve 10 by the nib
      ledges 34 which lockingly engage the edges 33 of the extension tabs 16.
      This prevents the end piece 18 from moving relative to sleeve 10.
PAR  It is to be understood that the container of the present invention may be
      disassembled by removing the piece 18 from engagement with the sleeve 10,
      thus changing the configuration shown in FIG. 3 to the configuration shown
      in FIG. 4. Such disassembly can be affected by grasping the panels 14 with
      one hand, grasping the flange 20 with the other hand and forcibly
      separating piece 18 from the sleeve 10. Due to the contacting relation
      between the nib 26 and the extrusion tabs 16 when the container is in the
      assembled condition shown in FIG. 3, it is to be understood that
      substantially more force is required to disassemble the container than is
      required to assemble it, principally to force the tab edges 33 off the nib
      ledges 34. Upon disassembly, the tabs 16 spring out from their respective
      surfaces 14 and angles A are again approximately 45.degree.; due to the
      memory characteristic of the material used to manufacture the sleeve 10,
      discussed above. Accordingly, the container of the present invention can
      be assembled and disassembled many times, and substantially the same force
      is required each time it is assembled. Another, different, substantially
      greater constant force is required each time it is disassembled.
PAR  It is to be understood that in the preferred embodiment of the present
      invention, which is illustrated in FIGS. 1, 2, 3 and 4, the end pieces 18
      are interchangeable and can be engaged with either end of the sleeve 10.
      It is further to be understood that in the preferred embodiment of the
      invention, each panel 14 of the sleeve 10 can mate with any planar portion
      of the flange 20 and the corresponding connecting structure 24 and with
      any of the nibs 26 of the end piece 18. Specifically, the end piece 18
      illustrated in FIG. 1 could be removed from the sleeve 10, rotated
      90.degree. or 180.degree. or 270.degree. and then reengaged with the
      sleeve, without any substantial change in the container.
PAR  It is also to be understood that the container of the present invention can
      be manufactured in a number of configurations and that the sleeve 10 need
      not be formed as a structure with identical sides. Specifically, the
      sleeve could have sides of unequal size with the end 18 affixed thereto in
      such a manner that the plane of the center portion 20 of end piece 18 was
      not perpendicular to all of the surfaces 14 of the folded sheet plastic
      sleeve 10. Additionally, the sheet plastic sleeve 10 can be made in a
      round, cylindrical, conical, or frusto-conical configuration, so that
      there is only one panel 14, that having a continuous curved outer surface.
      The sleeve 10 could also be folded with different numbers of sides or
      panels 14. Specifically, the sleeve could be folded with three, five, six,
      seven, etc. sides, there being possible as many sides as the fabricator
      desires and in each instance the end piece will have a similar number of
      sides. While it is desirable to have at least one nib on each connecting
      structure 24 to retain an extension tab which extends from any appropriate
      panel of the sleeve, it will be understood that in some instances fewer,
      or even a greater number of nib-tab connections than the number of panels
      that comprise the sleeve will be desirable. Moreover, in some instances
      the end piece and sleeve may be hingedly connected, either integrally
      one-piece or as two fastened pieces, with one or more nib-tab locking
      arrangements for the end piece.
PAR  It will also be understood that the container of the present invention can
      be assembled using only one end piece 18 in conjunction with the folded
      sheet plastic sleeve 10. This will produce a container having an open top.
PAR  In practice, the container has been manufactured by making the folded sheet
      plastic sleeve 10 from a polyvinylchloride material. Polyvinylchloride is
      very suitable for this application because of its "snap-back" or "memory"
      characteristic, whereby once it is formed to a given shape, it seeks to
      retain that shape when forces are applied which deflect it away from that
      shape or configuration. This memory characteristic, in combination with
      the nib-engagement feature provides for the snap open and snap close
      characteristic of the present container. Polyvinylchloride has proven to
      be tough, permitting the container to be opened and closed many times and
      has proven to accept repeated folding, without breakage and without loss
      of the memory characteristic.
PAR  The end pieces 18 are formed by vacuum forming, molding or other suitable
      methods. Such manufacture of the end pieces 18 results in a substantial
      cost saving over, for example, injection molded lids or end pieces and has
      proven to be very successful in the rapid production of large numbers of
      substantially identical pieces 18. The end piece 18 is preferably
      manufactured from 0.010 to 0.040 inch thick polyvinylchloride, depending
      upon the size of the container.
PAR  In constructing the sleeve, folded sheet plastic sleeve 10 is preferably
      die cut from single plastic sheet of 0.005 to 0.015 inch or heavier
      polyvinylchloride and is then scored and bent to the proper shape. The
      seam tab 12 is then secured, thus holding the folded sheet plastic sleeve
      in its proper folded, assembled condition.
PAR  Although the invention has proven to be successful when the fabrication
      techniques and materials described above have been used, it is to be
      understood that the folded plastic container could be manufactured of any
      number of different plastic materials or even of paper, cardboard, metal
      (especially the sleeve), and still be within the spirit and scope of the
      present invention described in the appended claims. Other modifications
      and changes in manufacture, all within the scope of the invention as
      described in the specification herein and in the appended claims will be
      apparent to those of ordinary skill in the art from an inspection of the
      attached drawings, a reading of this specification and study of the
      appended claims.
PAR  With reference to FIG. 5 of the drawings, there is illustrated a modified
      form of end cap, generally designated by 18'. The end cap 18' is
      constructed generally similarly to that 18 illustrated in FIG. 2, of
      substantially the same range of materials, by substantially the same
      techniques, and having the same general structural configuration, except
      that the nibs 26' generally extend across the linear edge of the
      circumference of the central portion 22' thereof, such that the four (4)
      nibs 26' circumscribe the center portion 22'.
PAR  With particular reference to FIG. 6, it will be seen that the transparent
      plastic center portion 22' has disposed thereagainst, and inwardly
      thereof, a cardboard (or other suitable materials of construction) panel
      member 40', with it's peripheral edges in engagement within peripheral
      undercut portion 41' of the nibs 26', as illustrated in FIG. 6. Thus,
      indicia, advertising or the like can be placed upon the cardboard or other
      suitable panels 40', which will be inside the container in the embodiment
      of FIG. 6, but which will be readily visible through the transparent
      center portion 22' of end cap 18'. It will be apparent suitable indicia
      may be utilized, embodying colorings, lettering, instructions, as desired.
      It will also be apparent that the member 40' may be snapped-in, into the
      position illustrated in FIG. 6 being snapped-over the inwardly-directed
      lips 42' of the nibs 26'.
PAR  With reference to FIG. 7, the end cap 18' of FIG. 6 is illustrated, but
      without the panel 40', but with an alternative (or additional, if
      desired,) panel 43', disposed on the outer surface of center portion 22'
      snapped into engagement inside the nib portions 26', with the peripheral
      edges of the panel 43' in engagement with inwardly bent ledge portions
      44', opposite the ledges 34 discussed above, as illustrated in FIG. 7. The
      panels 43' may also bear suitable indicia, instructions, designs, etc.,
      and may be disposed into the container cover 18' even after assembly of
      the cover 18' relative to the container.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A closable container of the re-openable type comprising a sleeve-like
      container portion and a separate closure portion, at least said container
      portion being formed of resilient plastic material having memory
      properties, said closure portion being adapted for generally transverse
      disposition at an end of said container portion, and at least one set of
      snap type locking means for removably securing said closure portion into
      closed engagement relative to said container portion under a greater
      opening force than closing force, said locking means comprising:
PA1  a. tab means of said container member, with a base portion of said tab
      means being carried by a wall portion of said container portion at an end
      portion of said container portion, with said tab means having an initial
      disposition with said wall portion when said closure portion is in
      unassembled disposition relative to said container portion, and
      terminating in a free tab edge of a width adapted when directed
      longitudinally inwardly of said container portion to extend to a
      predetermined depth from the adjacent end of said container portion, and
PA1  b. protrusion means carried by said closure portion and disposed within
      said container portion and being directed toward said wall portion of said
      container portion when said closure portion is in assembled disposition
      relative to said container portion, said protrusion means defining ledge
      means located at substantially said predetermined depth from the adjacent
      end of said container portion when said closure portion is in assembled
      disposition relative to said container portion, said ledge means
      facilitating abutting engagement with said free tab edge, said closure
      means having flange means in overlying relation to an outer surface
      portion of a container wall portion at said end of said container portion
      adjacent said closure portion, said initial disposition of said tab means
      being longitudinally into said container portion at a first acute angle,
      with the free tab edge being directed an of said container portion to said
      predetermined depth in the unassembled disposition of the closure portion
      relative to the container portion, said protrusion means having camming
      surface means facing toward an opposite end of said container portion,
      whereby said tab means is resiliently displaceable to a position at a
      second acute angle with said wall portion after assembly of said closure
      portion and container portion into closed disposition; said second acute
      angle being no greater than said first acute angle, said tab means being
      adapted to be moved toward an lesser angle than said second angle in
      response to ana opening force applied to separate said closure and
      container portions.
NUM  2.
PAR  2. The container of claim 1, wherein said closure portion has a central
      portion that is in recessed relation relative to the adjacent end of said
      container portion when siad closure portion and container portion are
      assembled.
NUM  3.
PAR  3. The container of claim 2, wherein said flange means is disposed in
      overlying relation to an outer surface portion of the container portion,
      entirely about the periphery of an end portion of said container portion,
      when said closure portion and container are in assembled disposition.
NUM  4.
PAR  4. The container of claim 1, wherein said container portion is sleeve-like,
      of generally rectangular configuration and wherein said closure portion is
      of mating rectangular configuration.
NUM  5.
PAR  5. The container of claim 4, wherein there are four said locking means, for
      locking engagement of said closure portion with each wall of said
      container portion.
NUM  6.
PAR  6. The container of claim 1, wherein said container portion is constructed
      of material that is substantially transparent.
NUM  7.
PAR  7. The container of claim 1, wherein said closure portion is constructed of
      material that is substantially transparent.
NUM  8.
PAR  8. The container of claim 1, wherein both said container portion and said
      closure portion are constructed of material that is substantially
      transparent.
NUM  9.
PAR  9. The container of claim 1, wherein a said closure portion of provided for
      both opposite ends of said container portion.
NUM  10.
PAR  10. The container of claim 8, wherein said container portion and said
      closure portion are of thermoplastic material construction.
NUM  11.
PAR  11. The container of claim 1, wherein said tab means is initially generally
      coplanner with said wall portion and is moveably disposable inwardly
      thereof upon assembly of said closure portion and said container portion.
NUM  12.
PAR  12. The container of claim 1, including separate insert panels means in
      engagement with said nib means along an inside portion of said closure
      portion.
NUM  13.
PAR  13. The container of claim 1, including separate insert panel means in
      engagement with said nib means along an outside of said closure portion.
NUM  14.
PAR  14. The container of claim 1, including separate insert panel means in
      engagement with said nib means, along a generally transverse portion of
      said closure portion, and with said panel having indicia means thereon.
NUM  15.
PAR  15. A closable container of the re-openable type comprising a sleeve-like
      container portion and a closure portion, said closure portion being
      adapted for generally transverse disposition at an end of said container
      portion, and at least one set of snap type locking means for securing said
      closure portion into closed engagement relative to said container portion
      under a greater opening force than closing force, said locking means
      comprising:
PA1  a. tab means of said container member, with a base portion of said tab
      means being carried by a wall portion of said container portion at an end
      portion of said container portion, with said tab means having an initial
      disposition with said wall portion when said closure portion is in
      unassembled disposition relative to said container portion, and
      terminating in a free tab edge of a width adapted when directed
      longitudinally inwardly of said container portion to extend to a
      predetermined depth from the adjacent end of said container portion, said
      initial disposition of said tab means being longitudinally into said
      container portion at a first acute angle, with the free tab edge being
      directed inwardly of said container portion to said predetermined depth in
      the unassembled disposition of the closure portion relative to the
      container portion, and
PA1  b. protrusion means carried by said closure portion and disposed within
      said container portion and being directed toward said wall portion of said
      container portion when said closure portion is in assembled disposition
      relative to said container portion, said protrusion means defining ledge
      means located at substantially said predetermined depth from the adjacent
      end of said container portion when said closure portion is in assembled
      disposition relative to said container portion, said ledge means
      facilitating abutting engagement with said free tab edge, said closure
      means having flange means in overlying relation to an outer surface
      portion of a container wall portion at said end of said container portion
      adjacent said closure portion, wherein said protrusion means has camming
      surface means facing toward an opposite end of said container portion, and
      whereby said tab means is resiliently displaceable to a position at a
      second acute angle with said wall portion after assembly of said closure
      portion and container portion into closed disposition, with said second
      acute angle being no greater than said first acute angle, and wherein said
      closure portion has a central portion that is in recessed relation
      relative to the adjacent end of said closure portion when said closure
      portion and container portion are assembled, wherein said flange means is
      disposed in overlying relation to an outer surface portion of the
      container portion, entirely about the periphery of said container portion
      when said closure portion and container are assembled, wherein said
      container portion and closure portion are comprised of separate elements,
      wherein said container portion is sleeve-like, of generally rectangular
      configuration and wherein said closure portion is of mating rectangular
      configuration, wherein there are four said locking means, for locking
      engagement of said closure portion with each wall of said container
      portion, wherein both said container portion and said closure portion are
      constructed of material that is substantially transparent, and wherein
      said container portion and said closure portion are of thermoplastic
      material construction.
NUM  16.
PAR  16. A plastic container comprising:
PA1  a. a first piece of plastic, said first piece being a piece of folded sheet
      plastic, said first piece comprising:
PA2  i. a plurality of surfaces, the number of said plurality of surfaces being
      denominated as N;
PA2  ii. N extension tabs, one each of said N tabs extending from each one of
      said N surfaces;
PA2  iii. A folding seam tab;
PA1  b. a second piece of plastic, said second piece being of vacuum formed
      construction and having the shape of a polygon having N sides, said second
      piece comprising:
PA2  i. a flange, said flange having N sides and being suitably disposed for
      contacting relation with said N surfaces of said first piece, each of the
      N sides of said flange being suitably disposed for contact with any one of
      said N surfaces of said first piece;
PA2  ii. a center portion, said center portion being suitably disposed for
      insertion within said N surfaces of said first piece, when said container
      is in its assembled condition, in an orientation such that said center
      portion is surrounded by said N surfaces of said first piece and such that
      said center portion is substantially perpendicular to each of said N
      surfaces of said first piece;
PA2  iii. connecting structure means connecting said flange and said center
      portion, said connecting structure means having N sides, each one of said
      N sides connecting one side of said flange with said center portion; and
PA2  iv. at least N nibs, at least one of said nibs being oriented on each of
      said N sides of said connecting structure means, for retaining in suitable
      engaged relation said extension tabs of said first piece of plastic, at
      least one said nib being oriented for retaining each of said extension
      tabs;
PAL  wherein said first and second pieces of plastic, when in engaged relation
      respectively form the N sides and a bottom of a container, said bottom
      being formed by said second piece of plastic and said N sides of said
      container being formed by said first piece of plastic, said bottom being
      adapted to be easily attached to said N sides in engaged relation by
      inserting said connecting structure means of said second piece of plastic
      into engagement with said N extension tabs until at least two of said
      extension tabs are securely retained by at least two of said nibs, said
      engagement resulting in a container wherein said bottom of said container
      can only be disassembled from said sides with an effort substantially
      greater than the effort required to insert said bottom into engagement
      with said sides of said container.
NUM  17.
PAR  17. The plastic container of claim 16 wherein:
PA1  a. said first piece of plastic further comprises:
PA2  2N extension tabs, two each of said 2N extension tabs extending from each
      one of said N surfaces, said two extension tabs extending from each said
      surface each extending from opposite edges of said surface;
PAL  and wherein said plastic container further comprises:
PA1  b. a third piece of plastic, said third piece being substantially identical
      to said second piece of plastic;
PAL  wherein said first, second and third pieces of plastic, when in engaged
      relation respectively from the N sides, a bottom and a top of the
      container, said N sides being formed by said first piece of plastic, said
      bottom and top being identical and being interchangeably formed by said
      second piece of plastic and said third piece of plastic, said bottom and
      said top being adapted to be easily attached to said N sides in engaged
      relation by inserting said connecting structure means of said second piece
      of plastic and said connecting structure means of said third piece of
      plastic into engagement with said 2N extension tabs, said second piece of
      plastic being in engagement with at least two of said N extension tabs,
      said N extension tabs being the extension tabs all commonly disposed at
      one end of said first piece of plastic, and said third piece of plastic
      being in engagement with at least two of said N extension tabs, said N
      extension tabs being the extension tabs all commonly disposed at a second
      end of said first piece of plastic, said second piece of plastic and said
      third piece of plastic each being adapted to be easily attached to said
      first piece of plastic by inserting said center portion of said second
      piece of plastic and said center portion of said third piece of plastic
      each into engagement with at least two of said extension tabs until at
      least two of said extension tabs are securely retained by at least two of
      said nibs, said attachment resulting in a structure wherein said bottom
      and said top of said container can only be disassembled from said sides
      with an effort substantially greater than the effort required to insert
      said bottom and said top into engagement with said sides of said
      container.
NUM  18.
PAR  18. The plastic container of claim 16, wherein each of said extension tabs
      extending from said plurality of surfaces extends therefrom at an angle,
      said angle being denominated as angle A, wherein each of said tabs extends
      substantially at angle A in a direction such that in the assembled
      condition of the container, all of said extension tabs are bent at angle A
      in an inward direction all towards each other, wherein said connecting
      structure extends from said flange at an angle B, wherein angle A is
      larger than angle B by an amount suitable to provide for snap retention of
      said extension tabs by said nibs located on said connecting structure when
      said second piece is inserted into said first piece to a distance
      sufficient such that said extension tabs are in engaged relation with said
      connecting structure and are retained by said nibs.
PATN
WKU  039413012
SRC  5
APN  4630203
APT  1
ART  241
APD  19740422
TTL  Stackable packaging container
ISD  19760302
NCL  4
ECL  1
EXP  Moorhead; Davis T.
NDR  1
NFG  4
INVT
NAM  Jorgensen; Arne
CTY  Korsor
CNT  DK
ASSG
NAM  Lever Brothers Company
CTY  New York
STA  NY
COD  02
CLAS
OCL  229 14BE
XCL  206518
XCL  220 74
EDF  2
ICL  B65D  562
FSC  229
FSS  14 BE;32;3.5 MF
FSC  206
FSS  515;518;519;520
FSC  220
FSS  74
FSC   40
FSS  312
UREF
PNO  1892756
ISD  19330100
NAM  Van Horne
OCL  229 43
UREF
PNO  3077284
ISD  19630200
NAM  McLaughlin
XCL  206519
UREF
PNO  3233812
ISD  19660200
NAM  Kennedy
XCL  206518
UREF
PNO  3268144
ISD  19660800
NAM  Gaunt
XCL  220 74
UREF
PNO  3344974
ISD  19671000
NAM  Bostrom
XCL  206518
UREF
PNO  3392874
ISD  19680700
NAM  Peebles
XCL  206518
UREF
PNO  3423004
ISD  19690100
NAM  Christensson
OCL  229 14BE
UREF
PNO  3721367
ISD  19730300
NAM  Fletcher
OCL  206519
UREF
PNO  3785544
ISD  19740100
NAM  Smith
OCL  229 14BE
ABST
PAL  A stackable packaging container having an open top and a body portion
      tapering inwardly from the top to the bottom has a rim formed by an
      outwardly extending peripheral flange and a downwardly dependent flange
      depending from the outward flange to be spaced from the body portion.
      De-nesting recesses are formed in the downwardly dependent flange of the
      rim to prevent the containers jamming inside one another when stacked, the
      recesses not interrupting the smooth inner wall of the body portion.
BSUM
PAR  The invention relates to a stackable packaging container and particularly
      to a stackable packaging container having a top, a base panel and a body
      portion inwardly tapering from the top to the base panel.
PAR  Because the body portion, formed by a side wall or walls, tapers towards
      the base it is possible, with a view to saving space, to stack the empty
      packaging containers in each other telescopically during storage. When
      this is done, however, there is a chance that the packaging containers
      will jam in each other, so causing trouble during the automatic dispensing
      one by one of the packaging containers, in which each time the weight of
      the undermost packaging container causes its release from the stack.
PAR  In order to prevent the above-mentioned jamming in each other of stacked
      packaging containers of the kind at issue, it has already been proposed to
      provide, near the base of the packaging container, inwardly projecting
      recesses in the side wall or side walls so that when the containers are
      stacked in each other the base of a packaging container lying above rests
      on shoulders formed by the recesses in the wall of the packaging container
      lying below it. It has also been proposed to provide, near the open upper
      end of the packaging container, outwardly extending projections in its
      side wall or side walls, so that when the containers are stacked in each
      other the projection of a packaging container come to rest on the upper
      rim of the packaging container lying below it.
PAR  All these known measures for avoiding jamming of packaging containers
      telescopically stacked in each other have the drawback that the inside
      wall of the container is no longer smooth at the position of the recesses
      or projections. This can hamper complete emptying of a filled packaging
      container, particularly if this is intended for packaging highly viscous
      or pasty products, e.g., margarine.
PAR  According to the present invention there is provided a stackable packaging
      container having an open top, a base panel, a body portion inwardly
      tapering from the open top to the base panel, and a rim at the open top
      comprising an outwardly extending peripheral flange and a downwardly
      depending flange outwardly spaced from the body portion of the container,
      a plurality of recesses in the downwardly depending flange extending
      inwardly towards the body portion. When such packaging containers are
      telescopically stacked in each other, a packaging container lying above
      comes to rest with the recesses provided in the downwardly extending
      flange in engagement with the peripheral flange of the packaging container
      lying below it.
PAR  Preferably the recesses have lowermost edges which form shoulders in the
      plane of the lower edge of the downwardly depending flange thereby
      ensuring that there is no overlapping of the downwardly depending flanges
      of adjacent containers in a stack.
PAR  A flange can be provided extending outwardly from the lower edge of the
      downwardly depending flange to stiffen the downwardly depending flange.
PAR  The packaging container can have a body portion which in horizontal
      section, is polygonal with rounded corners, the recesses in the downward
      dependent flange being provided at the rounded corners.
PAR  In a preferred embodiment of the packaging container according to the
      invention an external container is folded from a blank of cardboard or
      similar material to form the body portion and the base panel with an inner
      protective liner inside which is at least locally attached to the inside
      of the external container, the protective liner extending outwardly of the
      external container to form the rim.
PAR  According to another aspect of the invention there is provided a method for
      the manufacture of a packaging container having an external container
      folded from a blank of cardboard or similar material to form the body
      portion and the base panel, and an inner protective liner inside and
      attached at least locally to the inside of the external container, the
      protective liner extending outwardly of the container to form the rim, in
      which the inner liner is of thermoplastic material deep drawn into the
      external container, the rim and recesses being formed when the
      thermoplastic material has been heated to the temperature required for
      deep drawing.
DRWD
PAR  The invention will now be further described with reference to the
      accompanying diagrammatic drawings showing a preferred embodiment of the
      packaging container according to the invention in which:
PAR  FIG. 1 is a perspective view of the packaging container;
PAR  FIG. 2 shows, on a larger scale, a plan view from below of a part of the
      packaging container shown in FIG. 1;
PAR  FIG. 3 shows, on a larger scale, a vertical section along the line III--III
      of FIG. 1, and
PAR  FIG. 4 is a view similar to FIG. 3 showing a vertical section along the
      line IV--IV of FIG. 1.
DETD
PAR  The packaging container shown consists of an external cardboard container
      open at its top and in which a protective liner has been applied by means
      of deep drawing, the protective liner extending outwardly of the external
      container to form a rim.
PAR  The external cardboard container forming the body portion and base panel of
      the packaging container has been erected from a blank with a base panel 1
      with which the side walls 2 and 3 are connected along folding lines. Each
      of the end walls is formed by a panel 4 connected with the base panel
      along a folding line, the panels 4 having been glued to extensions 7 and 8
      of the side walls 2 and 3 to form rounded corners to the body portion. In
      the container formed in this manner the liner 9 has been applied by
      deep-drawing, the liner surrounding the free upper rim of the external
      cardboard container 1-8. The liner 9 has an outwardly extending continuous
      peripheral flange 10 which is extended to form a downwardly depending
      flange 11 spaced from the body portion of the container. Outwardly
      extending from the lower edge of flange 11 is a further flange 12.
PAR  At the position of the rounded corners recesses 13 are formed in the
      downwardly depending flange 11, the lowermost edges 14 of the recesses
      coinciding with the plane of the outwardly extending flange 12. Thus the
      recesses 13 form denesting bosses the edges 14 of which come to rest, when
      the packaging container shown is telescopically stacked with a like
      container, on the peripheral flange 10 of the packaging container lying
      below it and so prevent the packaging containers from jamming in each
      other.
PAR  The recesses 13 of the downwardly depending flange 11 are made therein when
      the plastic material for forming the liner 9 has the temperature required
      for deep-drawing. It is clear that the invention is not restricted to the
      container shown in the figures but can also be used for a container
      consisting entirely of plastic material or of paper pulp.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stackable packaging container comprising an external container folded
      from a blank of cardboard material, the external container having a base
      panel and a body portion having an open top, the body portion inwardly
      tapering from the open top to the base panel, and an inner protective
      liner in close contact with the container and attached at least locally to
      the container, the liner extending outwardly and downwardly of the open
      top to form a rim having a downwardly depending flange outwardly spaced
      from the body portion of the container, a plurality of de-nesting recesses
      in the downwardly depending flange extending inwardly towards the body
      portion, said de-nesting recesses being spaced along said downwardly
      depending flange.
NUM  2.
PAR  2. A container according to claim 2 in which the recesses have lowermost
      edges lying in the plane of the lower edge of the downwardly depending
      flange.
NUM  3.
PAR  3. A container according to claim 2 comprising a flange extending outwardly
      from the lower edge of the downwardly depending flange.
NUM  4.
PAR  4. A container according to claim 3 in which the body portion in horizontal
      section is polygonal with rounded corners, the recesses in the downwardly
      depending flange being provided at the rounded corners.
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PAL  A box made from a single cardboard blank has a lock bottom and partitions
      to isolate articles in the box. Foldup tabs are provided to facilitate
      removing the box from a carton packed with such boxes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a partitioned box. It relates more particularly
      to a box of this type with a lock bottom made from a single cardboard
      blank and which is capable of being knocked down flat for storage.
PAR  Partitioned boxes are used to contain fragile or decorative articles such
      as ampules, vials, perfume bottles, etc. The partitions divide the box
      into a number of compartments, each containing a single article. Thus, the
      partitions protect the articles from contacting one another during
      shipment.
PAR  To minimize manufacturing costs, it is desirable that such boxes be made of
      a single blank of material and to minimize handling costs, it is
      preferable that the boxes be of the knockdown type with a lock bottom so
      that they can be stored in a minimum amount of space and be erected and
      filled quickly. Such partitioned boxes are shown in U.S. Pat. Nos.
      2,785,844 and 2,880,921, the latter patent showing a box of the same basic
      type as the applicant's.
PAR  Prior folding partitioned boxes are disadvantaged because all of their
      partitions cannot extend the full height of the box. There is a gap in a
      wall or walls either at the top or bottom of the box, or at both these
      locations. Consequently, the tops and bottoms of articles on opposite
      sides of one of these short partitions can still contact one another, and
      be disfigured or damaged.
PAR  The reason that the partitions cannot extend the full heights of the prior
      boxes stems from the fact that, when erecting the boxes, certain
      partitions must automatically project through vertical slots in other
      partitions. Thus, with prior constructions if the latter partitions extend
      the full height of the box, the former partitions must be shorter than
      that. Attempts to solve this problem have, in the past, produced boxes
      with relatively weak partitions which tear when the box is erected or
      handled roughly or boxes which are difficult to set up because the
      partitions do not automatically project into the proper slots when the box
      sides are squared up.
PAR  It is a fact also that partitioned boxes of this general type with their
      contents are often shipped in large cartons with each carton containing a
      dozen or more filled boxes. Sometimes these boxes are packed tightly
      without top cover panels so that when the carton is opened, it is rather
      difficult to remove the boxes from the carton because there is no
      convenient way to grasp the box
PAR  It would be convenient, therefore, if some means were provided on boxes of
      this type to facilitate their extrication from such larger cartons.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a
      partitioned box which gives maximum protection to the box contents.
PAR  A further object of the invention is to provide a partitioned box which is
      relatively inexpensive to make and easily erected.
PAR  Still another object of the invention is to provide a lock bottom
      partitioned box all of whose partitions can extend all the way to the
      bottom and/or top of the box.
PAR  A further object of the invention is to provide a box of that type made
      from a single cardboard blank.
PAR  Yet another object of the invention is to provide a partitioned box with
      accessible carrying handles.
PAR  Another object of the invention is to provide a blank for making a box
      having one or more of the above characteristics.
PAR  Other objects will in part be obvious and will in part appear hereinafter.
PAR  The invention accordingly comprises the features of construction,
      combination of elements and arrangement of parts which will be exemplified
      in the following detailed description and the scope of the invention will
      be indicated in the claims.
PAR  Briefly, the present partitioned box has the usual front, rear and two side
      wall panels hinged to form a tube. The bottom of the box comprises a pair
      of trapezoidal panels whose bases are hinged to the lower edges of the
      front and rear wall panels and a pair of generally rectangular panels
      hinged to the lower edges of the side wall panels. When the box is fully
      erected, these four panels interfit to completely close the bottom of the
      box.
PAR  The subject box has a single longitudinal partition which may extend the
      full height of the box and a pair of transverse partitions which also may
      extend the full height of the box to divide the box into six compartments.
PAR  The transverse partitions comprise a pair of rectangular panels hinged to
      the free edges of the rectangular bottom panels parallel to their hinged
      connections to the side wall panels. Each of the transverse partition
      panels has a relatively large tab hinged to its free upper end so that it
      projects up from the panel.
PAR  Also, each transverse partition panel is formed with a slot usually
      extending its entire length. Furthermore, the slot also extends partially
      through the tab and partially through the rectangular bottom panel
      connected to that partition panel. The portion of the slot in the adjacent
      bottom panel is generally triangular in shape with an edge that is
      substantially parallel to the side edge of the nearest trapezoidal bottom
      panel.
PAR  The longitudinal partition in the box consists of a pair of rectangular
      panels hinged to the edges of the trapezoidal bottom panels parallel to
      their bases. Each of these rectangular panels may extend away from its
      hinge a distance equal to the full height of the box. Further each such
      panel has a hinged connection to one of the transverse partition panels
      and projects through the slot in the other transverse partition panel so
      that the two longitudinal partition panels lie flush against one another.
PAR  When the box is erected by squaring up its wall panels, the longitudinal
      partition panels engage in the slots in the adjacent transverse partition
      panels. As the box assumes its shape, the partition panels drive the
      bottom panels downwards where they interfit in a common plane closing the
      bottom of the box. In the process, the triangular-shaped bottom ends of
      the slots in the bottom panels slidabley receive the bottom edges of the
      longitudinal partition panels to provide clearance as the bottom panels
      swing down into place. At the same time, the top edges of those
      longitudinal partition panels are slidably received in the upper ends of
      the slots at the tabs. Thus when the box is fully erected, those
      longitudinal partition panels can extend the full height of the box.
      Still, they are securely retained in place by the tabs which bridge the
      slots in the transverse panels.
PAR  Of course, the box may also include the usual cover flaps. When these flaps
      are folded down in place, the hinged tabs automatically fold down out of
      the way against the tops of the partitions. In some applications, a gap
      may be tolerated between the longitudinal partition portions and the
      bottom of the box. In this event, the slots can terminate short of the
      adjacent bottom panels and the bottom edges of the longitudinal partition
      panels can be sharply rounded or cut back so that they can be received in
      these slots. Likewise if the longitudinal partition panels can terminate
      short of the top of the box in a given case, the slots can be shortened
      correspondingly and the tabs eliminated. Usually however, full height
      partitions are preferred.
PAR  After the box is filled, it can be lifted from a carton and transported by
      grasping the tabs projecting up from the transverse partitions. The tabs
      are connected through the partitions directly to the parts of bottom
      panels at the middle of the box which bear most of the weight of the box
      contents. Accordingly, the filled box can be carried about with little
      danger of articles falling through the bottom of the box, which may not be
      the case if the box is lifted by its side walls.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view from above with parts broken away showing a
      partitioned box made in accordance with this invention;
PAR  FIG. 2 is a sectional view along line 2--2 of FIG. 1;
PAR  FIG. 3 is perspective view of the FIG. 1 box with parts broken away showing
      the box only partially erected;
PAR  FIG. 4 is a top plan view of the blank from which the FIG. 1 box is made;
PAR  FIGS. 5 to 7 are similar views of the blank after successive folds.
PAR  FIG. 8 is a perspective view on a smaller scale showing several FIG. 1
      boxes packed in a carton.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to FIG. 1 of the drawings, a box 8 made in accordance with this
      invention includes a front panel 10, a rear panel 12 and a pair of side
      panels 14 and 16, with adjacent panels being connected along fold lines
      18. The box has the usual auxiliary cover flaps 22 and 24 connected along
      hinge lines 26 to the top edges of the side panels 14 and 16,
      respectively. Also, a main cover flap 28 is hinged at fold line 32 to rear
      panel 12.
PAR  The bottom of box 8 is closed by a bottom assembly shown generally at 36
      and the box itself is divided into six compartments by a partition
      assembly 38. In the usual case, assembly 38 extends the full height of the
      box so that it completely isolates an article in one compartment from
      articles in adjacent compartments.
PAR  A pair of handles in the form of large tabs 42 integral with partition
      assembly 38 project up from the top of the open box to facilitate
      extricating box 8 from a carton such as the one shown at 44 in FIG. 8 and
      carrying the box from one place to another.
PAR  Referring now to FIGS. 1 and 4, bottom assembly 36 comprises a pair of
      trapezoidal bottom panels 52 and 54 having their bases hinged at 56 to the
      bottom edges of the front and rear panels 10 and 12 respectively. Each
      panel 52, 54 extends the full width of the box and one-half its depth.
      Assembly 36 also includes a pair of generally rectangular panels 58 and 62
      hinged at 64 to the bottom edges of the side panels 14 and 16,
      respectively.
PAR  Panels 58 and 62 extend the full depth of the box and their height is
      approximately one-third the length of the box. When the box is fully
      erected as shown in FIG. 1, the bottom wall panels 52, 54, 58 and 62
      interfit to completely close the bottom of the box and support the box
      contents.
PAR  Partition assembly 38 is integral with the bottom assembly 36 and includes
      a pair of transverse partition panels 68 and 72 hinged at 74 to the edges
      of the rectangular bottom panels 58 and 62 respectively parallel to hinges
      64. The panels 68 and 72 extend from those hinges a distance substantially
      equal to the height of box panels 10, 12, 14 and 16 and their width is
      approximately equal to the width of side panels 14 and 16. The tabs 42 are
      hinged at 76 to the edges of panels 68 and 72 parallel to hinges 74.
PAR  As best seen in FIGS. 1 to 4, the transverse panels 68 and 72 are formed
      with elongated diverging slots 78 and 82 respectively, each slot having a
      relatively narrow end portion 78a, 82a extending beyond hinge 76,
      partially through the adjacent tab 42. The slots gradually widen and
      terminate in triangular portions 78b, 82b which project beyond hinges 74
      into the adjacent bottom panels 58 and 62 respectively. Slot portions 78b
      and 82b are generally wedge-shaped or triangular and each has a side edge
      84 which is oriented so that when the box is fully erected, edge 84 lies
      parallel to and abuts the adjacent side edge of the closest trapezoidal
      bottom panel 52, 54.
PAR  Still referring to FIGS. 1 to 4, partition assembly 38 also includes a pair
      of rectangular longitudinal partition panels 86 and 88 hinged at 92 to the
      edges of trapezoidal bottom panels 52 and 54 parallel to their hinges 56.
      The width of each panel 86, 88 is approximately equal to two-thirds the
      length of front and rear walls 10 and 12. Furthermore, these panels extend
      from hinges 92 a distance substantially equal to the height of the panels
      10, 12, 14 and 16 so that they, along with the transverse partition
      panels, divide the box into six compartments which extend the full height
      of the box.
PAR  The longitudinal partition panels 86 and 88 have side extensions 94 and 96
      respectively hinged at 98 which lie flush against and are adhered to the
      adjacent face of transverse partition panels 72 and 68 respectively.
PAR  Referring now to FIG. 3, as the box is squared up, the longitudinal
      partition panels 86 and 88 slide along each other so that their ends are
      guided into the slots in the transverse partition panels. The wedge-shaped
      slot portions 78b and 82b extending into the adjacent bottom panels 58 and
      62 respectively provide clearance for the lower edges of the longitudinal
      partition panels as those bottom panels swing down into place. If slot
      portions 78b and 82b were not present, the longitudinal partition panel
      portions in the end compartments of the box could not extend all the way
      to the bottom of the box.
PAR  Likewise, the slot portions 78a and 82a extending to the tabs 42
      accommodate the top edges of the longitudinal partition panels with the
      tabs bridging the panels 86 and 88, and firmly retaining them. In the
      absence of tabs 42, the longitudinal partition panels could not extend the
      full height of the box and be adequately secured.
PAR  As the box assumes its fully erect condition, the edges 84 of slot portions
      78b and 82b draw parallel to and abut the side edges of the adjacent
      trapezoidal bottom panels so that there are essentially no holes or gaps
      in the bottom of the box.
PAR  As noted above, in addition to strengthening the tops of the transverse
      partitions and providing clearance for the longitudinal partition panels
      during setup, the tabs 42 can function as handles to facilitate lifting
      the box and its contents from a carton 44 (FIG. 8) or to facilitate moving
      the box from place to place, particularly if the box is used without its
      cover flaps as a dispenser type of box.
PAR  Referring now to FIGS. 4 to 7, the box is formed from the single blank
      illustrated in FIG. 4, the various panels, flaps and hinge lines bearing
      the same identifying numerals that were given them in connection with the
      drawing figures discussed previously. A glue flap 102 hinged to the free
      side edge of side panel 16 is arranged to be glued to the free side edge
      of rear panel 12 to maintain the box in its tubular form.
PAR  To form the box from the FIG. 4 blank, the partition and bottom panels are
      folded back flush against the front, rear and side panels as illustrated
      in FIG. 5. To help prevent the partition panels from flopping about during
      the folding operation, the panel extensions 94 and 96 can be hingedly
      connected to the adjacent side edges of the transverse partition panels 72
      and 68 as indicated by the perforated fold lines 106 in FIGS. 4 and 5.
PAR  Next, glue is applied to the exposed surfaces of the panel extensions 94
      and 96 and to the glue flap 102 as illustrated by the stippling in FIG. 5.
      Then rear panel 12 is folded at its hinge 18 onto the adjacent panel 14,
      so that panel extension 96 becomes adhered to the underlying area of
      transverse partition 68.
PAR  Finally, side panel 16 is folded at its hinge line 18 onto panel 10 so that
      panel extension 94 becomes adhered to the overlying portion of the
      transverse partition 72 with glue flap 102 adhering to the free side edge
      of rear panel 12 as shown in FIG. 7, thereby completing the box.
PAR  Of course if it is desired that the glue flap 102 be inside the box, glue
      is applied to the free edge of panel 12 instead of to glue flap 102 and
      then panel 16 is folded before panel 12.
PAR  The box is erected from its flat condition simply by pressing together the
      opposite side edges of the flattened box shown in FIG. 7. This action will
      automatically cause the box to square up and, in the process, the various
      bottom panels and partition panels will automatically assume their
      positions shown in FIG. 1, as described above.
PAR  It will be seen from the foregoing, then, that the provision of means for
      extending the heights of the slots in the transverse partitions in boxes
      of this type permits the use of longitudinal partition panels which extend
      the full height of the box. In addition, this construction provides the
      ancillary advantage of convenient fold-down handles which can be used to
      lift and transport the box and its contents. Yet these benefits are
      attained without any material sacrifice in box strength or increase in the
      cost of making the box.
PAR  Of course it should be understood that the subject box could be arranged
      with a pair of longitudinal partitions and a single transverse partition
      simply by reversing the locations of the longitudinal and transverse
      partition panels in the FIG. 4 blank.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above construction without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      be interpreted as illustrative and not in a limiting sense.
PAR  It is also intended that the following claims are intended to cover all of
      the generic and specific features of the invention herein described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A partitioned box comprising
PA1  A. first and second pairs of parallel wall panels hinged together to form a
      tube,
PA1  B. a first pair of similar bottom panels hinged to the bottom edges of the
      first pair of wall panels,
PA1  C. a second pair of similar bottom panels hinged to the bottom edges of the
      second pair of wall panels, said two pairs of bottom panels interfitting
      to completely close the bottom of the box,
PA1  D. a first pair of similar partition panels hinged to the edges of the
      first pair of bottom panels parallel to their hinges with the wall panels,
PA1  E. a second pair of partition panels hinged to the edges of the second pair
      of bottom panels parallel to their hinges with the wall panels,
PA1  F. means for hingedly connecting a side edge of one partition panel in the
      second pair to one partition panel in the first pair,
PA1  G. means for hingedly connecting a side edge of the other partition panel
      in the second pair to the other partition panel in the first pair,
PA1  H. a substantially vertical slot in each first pair partition panel for
      receiving an opposing second pair partition panel, said slot extending all
      the way to the top of said partition panel, and
PA1  I. a relatively large tab hinged to the upper edge of each first pair
      partition panel for bridging the slot therein to retain the second pair
      partition panel within said slot, said tabs being accessible to function
      as carrying handles for the box and being foldable down against the tops
      of the partition panels when a cover is placed on the box.
NUM  2.
PAR  2. The box defined in claim 1
PA1  A. wherein said slots extend all the way to the bottoms of said first pair
      partition panels and
PA1  B. further including means defining openings in the first pair of bottom
      panels, said openings being contiguous with the slots in the adjacent
      first pair partition panels, said openings being arranged to accommodate
      lower edge portions of the second pair partition panels in said slots when
      the first pair of bottom panels fold down into place as the box is being
      erected.
NUM  3.
PAR  3. The box defined in claim 2 and further including cover flaps hinged to
      the upper edges of the wall panels, said flaps being foldable to close the
      top of the box.
NUM  4.
PAR  4. The box defined in claim 2 wherein each said opening
PA1  A. is generally triangular in shape, and
PA1  B. has one edge generally parallel to an edge of one of the second pair of
      bottom panels.
NUM  5.
PAR  5. A partitioned box comprising
PA1  A. first and second pairs of parallel wall panels hinged together to form a
      tube,
PA1  B. a first pair of similar bottom panels hinged to the bottom edges of the
      first pair of wall panels,
PA1  C. a second pair of similar bottom panels hinged to the bottom edges of the
      second pair of wall panels, said two pairs of bottom panels interfitting
      to completely close the bottom of the box,
PA1  D. a first pair of similar partition panels hinged to the edges of the
      first pair of bottom panels parallel to their hinges with the wall panels,
PA1  E. a second pair of partition panels hinged to the edges of the second pair
      of bottom panels parallel to their hinges with the wall panels,
PA1  F. means for hingedly connecting a side edge of one partition panel in the
      second pair to one partition panel in the first pair,
PA1  G. means for hingedly connecting a side edge of the other partition panel
      in the second pair to the other partition panel in the first pair,
PA1  H. a substantially vertical slot in each first pair partition panel for
      receiving an opposing second pair partition panel, said slot extending all
      the way to the bottom of said partition panel, and
PA1  I. further including means defining openings in the first pair of bottom
      panels, said openings being contiguous with the slots in the adjacent
      first pair partition panels, said openings being arranged to accommodate
      lower edge portions of the second pair partition panels in said slots when
      the first pair of bottom panels fold down into place as the box is being
      erected.
NUM  6.
PAR  6. The box defined in claim 5 wherein each said opening
PA1  A. is generally triangular in shape, and
PA1  B. has one edge generally parallel to an edge of one of the second pair of
      bottom panels.
NUM  7.
PAR  7. The box defined in claim 5 and further including handles hingedly
      connected to the upper edges of the partition panels to facilitate lifting
      the box and its contents.
NUM  8.
PAR  8. A blank for forming a lock bottom partitioned box comprising
PA1  A. a series of four hinged together wall panels, alternate ones of said
      panels of being substantially identical,
PA1  B. a first pair of substantially similar bottom panels hingedly connected
      to the bottom edges of alternate ones of said wall panels,
PA1  C. a second pair of substantially similar bottom panels, hingedly connected
      to the bottom edges of the remaining wall panels in the series,
PA1  D. a pair of transverse partition panels hinged to the edges of the first
      pair of bottom panels parallel to their hinged connections with the wall
      panels,
PA1  E. an elongated slot in each transverse partition panel said slot extending
      from the hinge between that panel and the bottom panel in a direction
      substantially perpendicular to that hinge for an appreciable distance
      along the transverse partition panel,
PA1  F. a slit in each first pair bottom panel, each said slit being parallel
      and contiguous to the slot in the transverse partition panel hinged to
      that bottom panel, and
PA1  G. a pair of longitudinal partition panels hinged to the edges of the
      bottom panels in a second pair parallel to their hinged connections with
      the wall panels, said longitudinal partition panels extending from said
      hinges for a distance slightly less than the length of said slots.
NUM  9.
PAR  9. The blank defined in claim 8 and further including
PA1  A. auxiliary cover flaps hinged to the upper edges of alternate wall panels
      in the series, and
PA1  B. a main cover flap hinged to the top edge of a third wall panel.
NUM  10.
PAR  10. The blank defined in claim 8
PA1  A. wherein each said slot extends all the way from said hinge to the
      opposite edge of said transverse partition panel, and
PA1  B. further including a tab hinged to said opposite edge of each transverse
      partition panel, said tab bridging the end of the slot through that said
      transverse partition panel.
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ABST
PAL  Tops of corrugated shipping cases are routinely severed for price marking
      of package contents, and this process incurs substantial cutting of
      contents, e.g., cereal packages and the like. A corrugated shipping case
      is disclosed which substantially eliminates this kind of damage to the
      contents. In accordance with the present invention, the shipping case
      includes a top panel positioned adjacent the tops of the packaged
      contents, which top panel includes dependent flaps extending downwardly
      along at least three sides of the package, the dependent flaps being free
      of any connection to the body along the entire edge adjacent the top
      panel, and being attached to the body of the case beyond the cutting zone.
      In addition, one of the flaps is formed by an S fold of the corrugated
      material at the top of a side panel, immediately adjacent the top panel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a special shipping case for elimination of cut
      carton contents upon opening the case for price marking and stacking of
      the cartons on the store shelf, for example.
PAR  Considerable problems have been encountered in connection with inadvertent
      cutting of ready-to-eat cereal boxes and the like, for example, by store
      clerks when shipping cases are opened for price marking of the contents.
      Knives having a short blade of pre-set length are customarily used for
      this. Typically, the clerk will run the knife blade along two ends and a
      side of a case immediately below the top of the case in order to pivot the
      top open, and in some instances, the top of the case is severed entirely.
      A long standing problem has been the fact that cartons adjacent an outer
      wall of the case are likely to be cut. In recent investigations of this
      problem, it has been observed in laboratory tests that from 15 to 40
      percent of the vulnerable cartons, that is, cartons immediately adjacent
      the outside of the shipping case, were cut or damaged by the store clerk's
      knife during removal of the shipping case top in preparation of price
      marking of the contents.
PAR  This problem has been found to have become particularly aggravated during
      the present trend towards higher density cereal products. While I do not
      intend to be bound by any theories of operation in connection with this
      invention, it is my belief, based on repeated observation, that in many
      instances a small gap has been provided by the manufacturer between a top
      of a shipping case and the top of the content cartons. If the store clerk
      where to draw the opening knife along the outside of a shipping case in
      that top portion thereof which corresponds to the small gap between the
      top of the contents and the top of the shipping case, it is apparent that
      no substantial damage would occur to the contents of the case. However, it
      has been learned that upon stacking of cases on pallets, and upon stacking
      of loaded pallets on top of one another for storage, the weight forces
      involved generally result in the collapse of the small gap between the top
      of the content cartons and the top of the shipping case. This is
      particularly exaggerated in those instances involving a relatively high
      density product as, for example, a high density natural ready-to-eat
      cereal as distinguished from a low density puffed ready-to-eat cereal.
      When the clerk draws the knife along the outside of the shipping case,
      regardless of how close to the top of the case the blade stays, the knife
      will probably, and in fact does, damage a large percent of the vulnerable
      content containers using heretofore available shipping cases.
PAC  SUMMARY OF THE INVENTION
PAR  The store-cut damage to shipping case carton contents is substantially
      eliminated by providing corrugated board shipping assembly in accordance
      with the present invention.
PAR  In accordance with a preferred aspect of the present invention, the tops of
      the shipping case contents are arranged within a shipping case to be
      adjacent a top panel of the case, the top panel of the case having flaps
      dependent along at least three edges thereof. These flaps, in accordance
      with the present invention, depend from the top panel over the outside of
      the body of the case, and are free from attachment to the underlying body
      of the shipping case along an elongated zone adjacent the edge of the top
      panel. The dependent flaps are secured, for example, by glueing, to the
      body of the case beyond the attachment-free zone. Upon opening the case in
      accordance with the present invention, the drawing of the knife through
      the dependent flaps in the attachment-free zone along three edges of the
      top panel severs the top panel from the remaining portions of the
      dependent flaps which secure the top panel in a shipping configuration,
      permitting the top panel to be hinged upwardly for price marking for the
      cartons inside, for example. If desired, the top panel can be totally
      severed by cutting through the top panel along the hinged side from the
      inside face of the top panel with no risk whatsoever to the contents. In
      accordance with the present invention at least one of the dependent flaps
      is provided by an S fold of the corrugated material along the top of one
      of the side panels of the case immediately adjacent the top panel. In
      accordance with a particularly preferred embodiment of the present
      invention all four edges of the top panel are provided with the outer
      dependent flaps which can be severed without disruption or damage to the
      contents.
DRWD
PAR  The invention will be described in general with the aid of particularly
      preferred embodiments by means of the following description and drawings
      in which:
PAR  FIG. 1 is a perspective cut-away view of the shipping assembly in
      accordance with the "prior art".
PAR  FIG. 2 is a perspective view of a shipping assembly in accordance with the
      present invention.
PAR  FIG. 3 is a fragmentary cross-section elevational view taken approximately
      along the line 3--3 of FIG. 2.
PAR  FIG. 4 is a fragmentary elevational sectional view taken approximately
      through the line 4--4 in FIG. 2.
PAR  FIG. 5 is a fragmentary elevational sectional view of the portion of the
      structure shown in FIG. 2 with components in a moved position.
PAR  FIG. 6 is a fragmentary elevational side view taken approximately through
      the line 6--6 in FIG. 2.
PAR  FIG. 7 is a fragmentary end view of the partially assembled containers
      shown in FIG. 2.
PAR  FIG. 8 is a fragmentary plan view of a partially assembled blank for
      assembling the case shown in FIG. 2.
PAR  FIG. 9 is a fragmentary sectional plan view taken approximately along the
      line 9--9 in FIG. 6.
PAR  FIG. 10 is a perspective view of an alternative embodiment in accordance
      with the present invention.
PAR  FIG. 11 is a fragmentary elevational sectional view taken approximately
      along the line 11--11 in FIG. 2.
PAR  FIG. 12 shows the same structures illustrated in FIG. 11 with some
      components in a moved psotion.
PAR  FIG. 1 is intended to illustrate the typical and very widely used structure
      in accordance with the prior art. A shipping assembly is generally
      indicated by the numeral 20 and includes a shipping case 22 having a
      plurality of packages 24 packed therein. It is noted that packages 24
      normally have indicia 26 imprinted thereon, and that indicia 26 determines
      that one end 28 of package 24 is designated as the "top" of package 24.
      Typically indicia is also provided at the top end 28 to facilitate price
      marking and price checking of the merchandise, namely packages 24.
PAR  Shipping case 22 is typically manufactured from a corrugated paper board
      blank and includes a front panel 32, top panel 34, a rear panel (not
      shown) and a bottom panel 36. Each end wall generally indicated by the
      numeral 38 is made up of a pair of minor end flaps 40 folded and
      integrally hinged from the front panel 32 and from the rear panel (not
      shown), and a pair of major end flaps 42, 44. A glue lap flap 46 is
      integral with and hinged to bottom panel 36 and is glued along a glue lap
      48 to the "bottom" of front panel 32. Thus, in accordance with the prior
      art, glue lap 48 is situated along the "bottom" end of packages 24 and on
      the inside of front panel 32. A single layer of corrugated paper board
      covers packages 24 at the top thereof at the top portion of panel 32 which
      is normally cut by the clerk's knife 52, for example. Upon opening of the
      case 22 with the knife 52 as indicated in FIG. 1 it has been discovered
      that packages 24 which are adjacent to front panel 33 and rear panel 34
      are virtually certain to be damaged by the store clerk's knife 52. This
      damage typically results in a slash 54 in the face of one or more of the
      packages 24.
PAR  Typically the store clerk's will place packages 24 on the store shelves and
      in many instances the damaged cartons are purchased, reluctantly by the
      consumer. In an increasing number of instances, however, the consumer
      refuses to purchase store-cut packages, and, in the absence of any good
      shipping assembly which eliminates the likelihood of store-cut cartons,
      reputable manufacturers, being sympathetic with the difficult position in
      which the store is placed, tend to have policies favoring the buying back
      of store-cut and otherwise damaged merchandise from the store. This is a
      waste of resources, time, effort and material and constitutes an
      undesirable cost factor borne ultimately by all of the consumers.
PAR  From the following description of the shipping assembly in accordance with
      the present invention, and from a comparison of actual test data, it is
      appreciated that the shipping assembly in accordance with the present
      invention substantially eliminates the store-cut package problem.
PAR  In the following detailed description of the figures two preferred
      embodiments will be discussed. A first preferred embodiment is illustrated
      by means of FIGS. 2-9 inclusive, and a second preferred embodiment is
      illustrated with the aid of FIGS. 10-12. The differences between the
      embodiments shown in FIGS. 2 and 10 relate to differences in the S fold
      which will be discussed hereinafter in detail, and, for the sake of
      simplicity and clarity of description, parts and components of the
      shipping assembly shown in FIG. 2 which are identical to parts and
      components of the shipping assembly shown in FIG. 10 will be identified by
      the same numeral in each instance.
PAR  In the figures, a first preferred embodiment of the invention is
      illustrated by a shipping assembly generally indicated by the numeral 60
      (FIG. 2) and a second embodiment of the present invention is illustrated
      in the shipping assembly generally indicated by the numeral 62 (FIG. 10).
PAR  In FIG. 2 a shipping assembly in accordance with the present invention
      comprises shipping case 63 having a plurality of packages identical to
      packages 24 contained therein. The packages contained in case 63, in
      accordance with the present invention also include indicia 26 thereon
      which results in one end of the packages being regarded as the top. Case
      63 comprises a front panel 72, top panel 74, rear panel 75 and bottom
      panel 76.
PAR  The end walls of case 63 are generally indicated by the numeral 78. End
      walls 78 respectively each comprise a pair of minor end flaps 80, 81, top
      major end flaps 82 and bottom major end flaps 84. A glue lap flap 86 which
      is integral with and hinged to top panel 74, in the assembled carton,
      overlays the top edge of front panel 72 and is secured thereto (see FIG.
      4). However, in accordance with a preferred aspect of the present
      invention, the glue lap flap 86 is not secured to front panel 72 along the
      top marginal zone 88 and is secured by glue, for example, along zone 90
      which is parallel to and below or beyond zone 88. Zone 88, therefore, is
      positioned between attachment zone 90 and top panel 74. The width of
      unattached zone 88 is not critical but it is preferred that it extend at
      least 1/4 inch and preferrably 1/2 inch to 5/8 inch from the bottom of top
      panel 74.
PAR  In FIG. 8 a portion of a blank 100 is shown in partially assembled
      condition. The cases, 60, 62 are assembled from a single blank.
PAR  It is essential in accordance with the present invention that top panel 74
      be secured to rear panel 75 throughout the S fold which is generally
      indicated by the numeral 92 in FIGS. 2-9 and by the numeral 92' in FIGS.
      10-12. Referring specifically to respective FIGS. 3 and 11, it is apparent
      that the S folds namely, 92, 92' include an outermost leg 93, 93', a
      middle leg 94, 94' and an innermost leg 95, 95', respectively. It is also
      apparent from consideration of FIGS. 3 and 11 that middle legs 94, 94'
      respectively are glued to innermost legs 95, 95', respectively in glue
      zones 96, 96'  respectively. In the embodiment illustrated in FIG. 3, top
      panel 94 is continuous with the integral with outer leg 93, whereas in the
      embodiment illustrated in FIG. 11, top panel 74 is continuous with an
      integral leg 92'.
PAR  It will also be appreciated from a consideration of FIGS. 3 and 11 that
      outermost fold legs 93, 94' are unattached to the abutting face of the
      opposing middle fold legs 94, 94' of the S fold 92, 92'. It will be
      appreciated that this is essential in accordance with the present
      invention to achieve the separation of top panel 74 from rear panel 75. To
      remove top panel 74, a knife is drawn through outermost legs 93, 93' and
      through the top edge of major end flaps 82, and top panel 74 is pivoted
      upwardly thereby resulting in the configuration illustrated in FIGS. 5 and
      12.
PAR  Thus, the functions of S fold 92, 92' are substantially identical even
      though leg 93 is part and integral with rear panel 75 in the embodiment
      shown in FIG. 11, whereas the outermost leg 93, in the embodiment shown in
      FIG. 5 is integral with top panel 74.
PAR  Referring now specifically to FIG. 8, a portion of a partially assembled
      blank utilizing the present invention is generally indicated by the
      numeral 100. In FIG. 8, top panel 74, rear panel 75, minor end flap 80,
      and major end flap 82 are shown and these portions are delineated by score
      lines 102 and 104. In the illustrated configuration a flattened S fold 92
      has already been incorporated and is pressed in the partially assembled
      structure as shown in FIG. 8. Slit 106 has been cut to separate S fold 92
      at the end portion 112 thereof from major end flaps 82.
PAR  During further assembly of the partially assembled blank 100 the
      configuration shown in FIG. 7 results, in which end portion 112 of the S
      fold 92 is folded with minor end flap 80 to underlay major end flap 82
      after end flap 82 is folded downwardly over minor end flap 80 in the
      configuration illustrated in FIG. 6. It is noted that it is essential in
      accordance with the present invention that respective top major end flaps,
      82, 82' be free of attachment in the upper portion 116 thereof and that it
      be secured to the respective minor end flaps 80 at glue zone 120, for
      example, below unattached zone 116.
PAR  The presence of end portion 112 of S fold between minor end flap 80 and
      major end flap 82 increases the spacing between major end flap 82 and the
      contents of the package, for example, cartons 24. This is illustrated in
      FIG. 9 in which a knife 130 having a relatively short fixed-length blade
      132 is shown cutting through major end flap 82, and incidentally, through
      part of outermost leg 93 of the S fold 92 and marginal portion 112
      thereof. It will be appreciated from consideration of FIG. 9 that the
      presence of the S fold end portion 92 helps assure the wide gap 134.
PAR  Considered from one viewpoint, the present invention provides a shipping
      case assembly for facilitating removal of the shipping case top for price
      marking of content containers of said assembly, in which the corrugated
      paperboard shipping case 63 has a top panel 74 having major end flaps
      dependent therefrom and overlaying the end walls of the case, the end
      flaps being free of attachment to the underlaying end walls at the top
      marginal portion thereof along an elongated zone of non-attachment
      immediately adjacent the connection between the major end flaps and the
      top panel, said end flaps being attached to the end walls of the container
      in a zone below the zone of non-attachment, and wherein the top panel 74
      is connected to a side panel 75 through an S fold 92 in which the
      outermost leg 93, 93' of S fold 92 is unattached at the face thereof
      opposing the middle leg 94, 94'. Thus, in accordance with this broad
      aspect of the present invention the shipping assembly comprises the
      structure and configuration in which the content packages have indicia
      imprinted thereon whereby one end of the packages are designated as the
      top thereof and in which the top of the content packages are positioned
      adjacent the top panel 74 of the case 63. In accordance with this aspect
      of the present invention the end panels major end flaps 72 can be severed
      adjacent the top panel 74 thus separating the connection between top panel
      74 and the end walls generally 78, 78' and along the length of S fold 92
      drawing a knife e.g., 130 through outermost fold 92, 93, 93' severs the
      connection of top panel 74 with the adjacent side panels 75. Thus the top
      panel is severed along end flaps 82 and S fold 92, freeing top panel 74
      along the entirety of three edges thereof, whereby top panel 74 can be
      hinged upwardly.
PAR  In the preferred embodiment of the present invention the glue lap flap 86
      can also be severed by drawing a knife e.g., 130 through the glue lap flap
      86 and non-attached zone 88 thereby totally liberating the top panel 74
      from the remaining portions of case 63. Alternatively, the optional glue
      lap flap 86 need not be provided and the top panel 74, liberated along
      three sides thereof, in accordance with the present invention, can be
      lifted upwardly and severed from the remaining portion of the body 63 by
      cutting through panel 74 with knife 130 along the inside thereof through
      the remaining hinge attachment to body 63.
PAR  The present invention substantially eliminates the cutting of content
      cartons 24 upon severing of the top panel 74 from the remaining portion of
      case 63.
CLMS
STM  I claim:
NUM  1.
PAR  1. A shipping assembly for facilitating store-cut removal of shipping case
      tops for price marking of content containers, and for substantially
      eliminating store-cut damage to containers, said assembly comprising:
PA1  a corrugated board shipping case comprising a top panel and having a
      plurality of containers packed therein; each of said containers having
      indicia imprinted thereon establishing a top and a bottom of the
      respective containers, said containers being arranged within said shipping
      case with the tops of said containers being adjacent the top panel of said
      shipping case; flaps dependent from said top panel of the shipping case
      along at least three edges thereof; an opposing pair of said flaps
      dependent from opposite edges of said top panel free of attachment to the
      body of the case along an unattached marginal zone along an edge thereof
      adjacent the top panel, said pair of flaps being secured to the body of
      the case below the marginal zone, and an intervening edge of said top
      panel between said opposing flaps being attached to a side panel of said
      shipping case through a flat S fold thereof in which an outermost leg of
      the S fold is unattached to an abutting face of a middle leg of the S
      fold.
NUM  2.
PAR  2. The shipping assembly of claim 1 in which said side panel has minor end
      flaps extending from both ends thereof, and in which said S fold extends
      along the top of said minor end flaps, and in which an end portion of the
      S fold resides between the minor end flaps and the major end flaps.
NUM  3.
PAR  3. The shipping assembly of claim 1 in which the fourth edge of the top
      panel opposite said intervening edge is connected to the other side panel
      of the shipping assembly by means of an overlaying glue lap flap integral
      with said top panel, said overlaying end flap being free of attachment to
      the other side panel along a marginal zone extending along the entire top
      portion thereof immediately adjacent said top panel, said glue lap flap
      being attached to the other side panel along a zone below said marginal
      zone.
NUM  4.
PAR  4. A shipping assembly for facilitating store-cut removal of shipping case
      tops for price marking of content containers, and for substantially
      eliminating store-cut damage to the containers, said assembly comprising:
PA1  a corrugated board shipping case comprising a top panel and having a
      plurality of containers packed therein; each of said containers having
      indicia imprinted thereon establishing a top and a bottom of the
      respective containers, said containers being arranged within said shipping
      case with the tops of said containers being adjacent of said top panel of
      said shipping case; at least three flaps dependent from said top panel
      along at least three edges thereof; said flaps being free of attachment to
      the body of the case along an unattached marginal zone adjacent the edge
      of the top panel, said flaps being secured to the body of the case below
      said unattached marginal zone, wherein a middle flap is provided by the
      outermost fold in a "S" fold connecting the top panel and a respective
      adjacent side panel, and wherein said outermost fold is not attached to
      the abutting face of the underlaying middle leg of the S fold.
NUM  5.
PAR  5. A tubular, partially assembled, corrugated shipping container blank
      comprising a top panel, bottom panel, and a pair of side panels, each of
      said panels being delineated by respective score lines; said top panel
      being secured to at least one of said side panels by means of a flat S
      fold in said side panel, said S fold comprising an outermost leg, a middle
      leg, and innermost leg of corrugated material, said outermost leg of the S
      fold being unattached to the abutting face of said middle leg of the S
      fold.
NUM  6.
PAR  6. The tubular, partially assembled, corrugated, blank shipping container
      of claim 5 including respective minor end flaps extending from both ends
      of said side panels and delineated therefrom by score lines therebetween,
      major end flaps extending from both ends of said top and bottom panels and
      being delineated therefrom by respective score lines, and wherein said S
      fold extends along the edge of the adjacent minor end flap destined to be
      adjacent said top panel upon complete assembly of the shipping case.
NUM  7.
PAR  7. The tubular, partially assembled, corrugated, blank shipping case of
      claim 5 having a glue lap flap at the edge of the top panel which is
      opposite an edge thereof adjacent said S fold, said glue lap flap being
      delineated from said top panel by a score line between said glue lap flap
      and said top panel, said glue lap flap overlaying a portion of the other
      side panel, said glue lap flap being unattached to said other side panel
      along a zone adjacent said glue lap flap score line and secured to said
      front panel beyond said zone.
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ABST
PAL  A single lamp bulb is retained within a collapsible open-ended tubular
      sleeve of stiff paperboard by an integral panel that extends within the
      interior of the sleeve and has a medial cut-out which interlockingly
      accommodates a protruding arcuate portion of the lamp bulb. The locking
      panel is slit, scored and secured to only one of the sleeve walls in such
      a manner that it automatically flexes and is pushed into locking position
      when the sleeve is set up for use. The central portion of the panel
      obliquely spans a corner of the erected sleeve and another portion of the
      panel frictionally engages and is wedged against one of the sleeve walls
      to provide a bracing action that inhibits the inherent tendency of the
      sleeve to return to collapsed condition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to the packaging art and has particular reference to
      an improved container for packaging a fragile article such as an electric
      bulb, and to an improved lamp package which utilizes such a container.
PAR  2. Description of the Prior Art
PAR  As is well known in the lamp industry, incandescent and other types of lamp
      bulbs are protected during shipment by inserting the bulb into a wrapper
      or container of stiff paperboard that is open at both ends and can be
      collapsed for bulk shipment from the container manufacturer to the lamp
      factory. Such containers are of tubular configuration and have four walls
      that make a snug frictional fit with the inserted lamp bulb. In order to
      prevent the bulb from slipping out of the container and breaking while the
      lamp package is being handled in the factory or store, it was essential
      that the interior dimensions of the container be precisely controlled in
      order to effect the required tight frictional fit with the inserted lamp
      bulb. Even when the proper fit was obtained, the lamp bulb would still
      frequently slip out of the container and break, especially if the
      container was bent out of shape or damaged. It has also been found that
      the lamp, in transit, will vibrate and cause the fluting to collapse in
      the maximum diameter area of the bulb. This enlarges the inside dimension
      of the wrapper and causes the bulb to slip out at the point of sale.
PAR  Due to the inherent stiffness of the sheet material from which the sleeve
      or container is fabricated, such containers also have a natural tendency
      to return to their collapsed condition even after they have been erected
      into tubular form and loaded with a lamp bulb. This not only reduced the
      frictional grip of the container on the inserted bulb but destroyed the
      "squared-up" configuration of the lamp packages which prevented them from
      being stacked properly on the store shelves.
PAR  A single-lamp open-ended container having a pair of parallel interior
      panels with openings and hinged tab portions that retain the lamp bulb in
      its inserted position and lock the sleeve in tubular configuration is
      disclosed in U.S. Pat. Nos. 3,547,256 and 3,820,707.
PAR  Cartons with closure flaps at each end and a hinged internal panel that
      forms a spaced liner or cell structure which locks the inserted article in
      position with the carton and spaces it from the carton walls are disclosed
      in U.S. Pat. Nos. 2,893,623 - 2,764,337 - 2,732,996 - 2,714,981 and
      2,611,529.
PAR  An open-ended container of corrugated paper having an inwardly-protruding
      planar tab or brace with a curved edge that interlockingly engages an
      inserted lamp bulb and retains it in place is disclosed in U.S. Pat. No.
      3,162,303.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention the retention of the inserted lamp
      bulb within the container and the desired squaring-up of the finished
      packages are both achieved in a very economical and simple manner by
      employing an additional panel which extends within the open-ended sleeve
      and is automatically actuated when the sleeve is set up for use. The panel
      is secured to only one of the four walls of the container and is divided
      by means of two pairs of score lines and a cut line into a corner-spanning
      apertured portion, that interlockingly engages the bulbous part of the
      inserted lamp bulb, and a container-bracing portion that is forced into
      wedged relationship with the walls of the sleeve in a manner which
      counteracts the forces operating to return the container to its original
      collapsed condition. The single additional panel thus serves as an
      dual-function automatically-actuated component of the sleeve that is
      incorporated as an integral part of the container with a minimum amount of
      labor and material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention will be obtained from the
      following description of the exemplary embodiments shown in the
      accompanying drawings, wherein:
PAR  FIG. 1 is a plan view of a precut and prescored blank of corrugated
      packaging material from which the container of the present invention is
      preferably formed;
PAR  FIG. 2 is an enlarged plan view of the locking panel of the container blank
      shown in FIG. 1;
PAR  FIG. 3 is a perspective view of the assembled and erected container with
      the locking panel in bulb-retaining and wall-bracing position, portions of
      the container being broken away for illustrative purposes;
PAR  FIGS. 4 and 5 are perspective views into opposite ends of the lamp package
      that is formed by inserting a lamp bulb into the erected container of FIG.
      3; and
PAR  FIG. 6 is an enlarged plan view of an alternative form of integral locking
      panel.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The single-lamp wrapper or container of the present invention is fabricated
      from stiff sheet material that has the desired cushioning properties and
      can readily be cut and scored on a mass-production basis. As shown in FIG.
      1, it is preferably made from a single piece of single-faced corrugated
      paper that is cut and scored to form a blank B of the type illustrated. As
      will be noted, the blank B is divided into four rectangular wall panels
      10, 11, 12 and 13 and a locking panel 14 by a series of parallel score
      lines 15, 16, 17 and 18. The wall panels 10, 11, 12 and 13 are of
      substantially the same width (dimension w) in contrast to the locking
      panel 14 which has a larger width dimension x. All of the panels are of
      the same length.
PAR  Wall panel 10 has a band or strip 19 of suitable glue or other adhesive
      deposited a small distance inwardly from the end of the blank B to
      facilitate assembly of the blank into the desired tubular form.
PAR  As shown more clearly in FIG. 2, the locking panel 14 is sub-divided by a
      pair of spaced score lines 20, 21 and a second pair of spaced score lines
      22, 23 into a central portion 24 and two end portions 26, 28. End portion
      26 is hingedly connected by score line 18 to wall panel 13 and end portion
      28 constitutes the end of the blank B. A part of the packaging material is
      removed to provide a cutout or opening 25 that extends transversely across
      the central portion 24 of the panel 14 and beyond the two sets of paired
      score lines into the adjacent end portions 26 and 28 of the panel. The
      opening 25 is positioned adjacent one of the side edges of the locking
      panel 14 and the associated pair of score lines 20 and 21 extend
      longitudinally from the opening 25 to the associated side edge of the
      panel 14. The score lines 20 and 21 are also skewed or angled away from
      the free end of the panel 14 and are in substantially parallel
      relationship.
PAR  The other pair of score lines 22 and 23 are similarly skewed but at a
      smaller angle and extend from the opposite side of opening 25 toward the
      other side edge of the locking panel 14. A cut-line or slit 29 extends
      inwardly from that side edge of the panel 14 to the end of score line 22
      and then transversely to the end of the other score line 23, thus
      providing a tongue-like segment 30 that is integral with the end portion
      28 and extends transversely across the associated edge of the central
      portion 24 to the other end portion 26 of the panel 14. Slit 29 thus
      terminates the central portion 24 and the latter is shorter than the end
      portions 26, 28. The width y of the tongue-like segment 30 is equal to or
      just slightly less than the width w of the wall panels 10, 11, 12, and 13.
PAR  The blank B is assembled into wrapper or container form by fastening the
      corrugated surface of wall panel 10 to the smooth non-corrugated surface
      of the locking panel 14 by means of the layer 19 of glue so that the score
      line 18 is approximately coincident with the free end of wall panel 10 and
      the locking panel 14 is located inside of the resulting tubular sleeve or
      container C shown in FIG. 3. The locking panel 14, accordingly, overlies
      and is attached to only one wall of the tubular container C. It also
      extends longitudinally of the container and is so dimensioned that it lies
      flat between the walls when the container is collapsed along score lines
      15, 16, 17 and 18. The resulting container C is thus open at both ends and
      its inner surface is defined by the corrugated side of the packaging
      material with the corrugations extending at substantially right angles to
      the longitudinal axis of the container or sleeve. In FIG. 3 the container
      C is shown in set-up or erected position with the locking panel in the
      position which it occupies just before a lamp bulb is inserted into the
      container.
PAR  As will be noted in FIG. 3, the locking panel 14 is of such dimensions and
      is cut and scored in such a fashion that it automatically flexes along the
      score lines 20, 21, 22 and 23 when the container C is set up and erected
      into squared tubular form -- thereby causing the end portions 26 and 28 to
      lie substantially flat against the sleeve walls 10 and 11, respectively,
      and the central portion 24 to obliquely span the corner that is defined by
      the adjacent walls 10 and 11. Since the tongue-like segment 30 is not
      scored and is thus stiff and integral with the glued end portion 28,
      movement of the panel 14 causes segment 30 to slide along the surface of
      the sleeve wall 10 and be wedgingly forced into frictional and bracing
      engagement with this wall and finally come to rest adjacent the corner
      formed by wall 10 and the adjoining wall 11.
PAR  Insertion of a lamp bulb L into the erected container C produces a
      single-lamp package P of substantially square cross-section such as that
      shown in FIGS. 4 and 5. As will be noted from FIG. 4, the four walls 10,
      11, 12 and 13 of the sleeve snugly and frictionally engage the protruding
      circular portion of the lamp L and the outermost part of the central
      portion 24 of the locking panel 14, by virtue of the resiliency of the
      single-faced corrugated paper, springs back into its corner-spanning
      position and thus interlockingly engages the bulbous portion of the lamp L
      which protrudes through the opening 25 in the panel 14. The end portions
      26 and 28 of panel 14 both overlie and are substantially seated against
      the sleeve walls 10 and 11, respectively, with the free end of the locking
      panel 14 nestingly seated in the corner formed by walls 11 and 12. The
      tongue-like segment 30 at the opposite end of the container C, on the
      other hand, is frictionally wedged against wall 10 adjacent the corner
      defined by this wall and wall 11.
PAR  As shown in FIG. 5, the innermost part of the central portion 24 of the
      locking flap 14 also snaps back into obliquely-spanning relationship with
      the corner of the container C formed by the walls 10 and 11 and thus
      interlockingly engages the arcuate shoulder portion of the inserted lamp
      bulb L adjacent the basal end thereof. While the tongue-like segment 30 of
      the locking panel 14 is slightly contorted, it is not buckled and is thus
      firmly wedged between walls 10 and 12 and has its free end disposed at or
      adjacent to the corner of the sleeve defined by the walls 10 and 11.
PAR  The locking panel 14 is thus automatically actuated when the container C is
      set up for use and produces article-retaining and wall-bracing forces
      which securely locks the inserted lamp bulb L inside the container and, in
      conjunction with the loaded bulb, counteracts the inherent tendency of the
      container C to return to its original collapsed form. Comparative tests
      have shown that the ability of the container C to retain the loaded lamp
      bulb L in place is increased by 3 to 4 times that exhibited by a
      conventional single-faced corrugated wrapper of the same square
      cross-section and internal dimensions but which does not include the
      locking panel.
PAR  To facilitate setting-up of the container C into squared configuration, it
      may be desirable to provide means which will assist the free end of the
      locking panel to glide into its bracing relationship with the corner of
      the container. Such means is illustrated in the alternative form of
      locking panel 14a shown in FIG. 6 and consists of an additional score line
      31 that extends along and adjacent to the end edge of the panel. This
      provides a short flexible lip or tab 32 that can be readily bent and thus
      permit the the free end of panel 14a to glide into the corner of the
      sleeve when the container is being set-up and squared.
PAR  Panel 14a is provided with the same type of cutout 25a, paired score lines
      20a - 21a, 22a - 23a, slit 29a and tongue-like segment 30a previously
      described.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A container for packaging a bulbous-shaped article such as an electric
      lamp, said container comprising;
PA1  four interconnected walls of sheet material that define a collapsible
      open-ended tubular sleeve which has a longitudinal axis, and
PA1  integral means for retaining an inserted article in said sleeve and
      concurrently maintaining the sleeve in erect tubular configuration
      comprising a hinged panel of sheet material within the sleeve that is
      flexible along spaced score lines which divide the panel into a central
      portion and two end portions all of which extend longitudinally of the
      sleeve,
PA1  one of said end portions being fastened to one of the sleeve walls and the
      other end portion and said central portion being unattached and movable
      with respect to the sleeve walls,
PA1  a part of the end portion of the panel that is attached to the sleeve wall
      being separated from the other portions of the panel and constituting a
      tongue-like segment that extends transversely with respect to the
      longitudinal axis of the sleeve,
PA1  the central portion of said panel having a medial opening therein that is
      adapted to receive the bulbous part of an article that is inserted into
      the sleeve,
PA1  said panel being arranged and dimensioned to lie substantially flat within
      the sleeve when said sleeve is in collapsed condition and then be
      automatically moved into article-retaining position when the sleeve is
      erected into its tubular form,
PA1  said score lines being so oriented that erection of the sleeve causes (a)
      the free end of the panel to slide along the wall of the sleeve and engage
      one corner of the sleeve, (b) the two end portions of the panel to lie
      flat against adjacent side walls of the sleeve that define another corner
      of the sleeve, (c) the central portion of the panel to obliquely span and
      thus be spaced from the corner of the sleeve that is defined by the said
      adjacent walls thereof, and (d) said tongue-like segment to overlie one of
      the said adjacent walls of the sleeve and be wedged in frictional
      engagement with the other of the said adjacent walls of the sleeve.
NUM  2.
PAR  2. The container of claim 1 wherein said panel is of substantially uniform
      width and has an additional score line that extends along and is disposed
      adjacent its free end.
NUM  3.
PAR  3. The container of claim 1 wherein said four walls are of substantially
      same width and the sleeve is thus of substantially square cross-section
      when erected and in tubular form.
NUM  4.
PAR  4. The container of claim 3 wherein the width of said tongue-like segment
      is substantially the same as the width of the sleeve walls.
NUM  5.
PAR  5. The container of claim 1 wherein said four walls and panel constitute
      parts of a single piece of sheet material.
NUM  6.
PAR  6. The container of claim 1 wherein;
PA1  the central portion of the panel is shorter than both of said end portions,
      and
PA1  said tongue-like segment is located adjacent and extends along one end of
      the central portion of said panel when the container is in collapsed
      condition.
NUM  7.
PAR  7. The container of claim 1 wherein said sleeve and panel comprise parts of
      a cut-and-scored blank of single-faced corrugated paper the corrugated
      side whereof constitutes the inner surface of the sleeve.
NUM  8.
PAR  8. The container of claim 7 wherein the four walls are of substantially the
      same length and width and said sleeve is of substantially square
      cross-section when erected into tubular form.
NUM  9.
PAR  9. The container of claim 8 wherein;
PA1  said panel is generally rectangular, of substantially the same length as
      the sleeve, and flexible along two pairs of score lines that extend length
      wise of the panel,
PA1  one pair of said score lines extending from the medial opening in the
      central portion to the associated side edge of the panel, and
PA1  the other pair of said score lines extending from the opposite side of said
      medial opening toward the other side edge of the panel.
NUM  10.
PAR  10. The container of claim 9 wherein;
PA1  the score lines in each pair of score lines are substantially parallel to
      one another and skewed away from the free end of the panel, and
PA1  the pairs of score lines are laterally offset relative to one another.
NUM  11.
PAR  11. The container of claim 10 wherein;
PA1  the tongue-like segment of the end portion of said panel is separated from
      the rest of the panel by a continuous slit that extends longitudinally
      from the associated side edge of the panel to the end of the score line of
      one of said pair of score lines and then extends transversely toward the
      medial opening in the central panel to the end of the other score line in
      said one pair of score lines, and
PA1  a layer of adhesive joins the end portion of the panel to the associated
      wall of the sleeve.
NUM  12.
PAR  12. The container of claim 10 wherein;
PA1  said panel has another score line therein that is adjacent and extends
      along the free end of the panel, and
PA1  said medial opening is located adjacent the side edge of the panel that is
      opposite the tongue-like segment and said medial opening is elongated in a
      direction transverse to the longitudinal axis of the sleeve and extends
      beyond the two pairs of score lines.
NUM  13.
PAR  13. A package comprising;
PA1  a fragile article of elongated configuration that has a bulbous-shaped
      portion, and
PA1  a protective container comprising a tubular open-ended sleeve of sheet
      material that has four interconnected walls, is collapsible, and snugly
      encloses said article,
PA1  said sleeve having integral means locking the article within the sleeve and
      concurrently maintaining the walls thereof in erected relationship
      comprising a panel of sheet material within the sleeve that is hingedly
      attached to only one of the sleeve walls and has (a) a central portion
      that obliquely spans one corner of the sleeve and has a medial opening
      therein into which the bulbous-shaped portion of the article protrudes,
      (b) end portions that overlie adjacent walls of the sleeve which define
      the spanned corner of the sleeve, and (c) a tongue-like segment that
      extends from the spanned corner of the sleeve to the oppositely-disposed
      wall of the sleeve and is of such length that said segment is frictionally
      wedged against said oppositely-disposed wall and serves as a brace that
      inhibits the tendency of the sleeve to collapse,
PA1  said locking panel being divided into said central and end portions and
      said tongue-like segment by two pairs of score lines which extend
      longitudinally from opposite sides of said medial opening in the central
      portion of the locking panel toward the respective open ends of the
      sleeve, and by a slit that longitudinally extends from an outer edge of
      the locking panel to one score line in one of said pairs of score lines
      and then extends transversely to the other associated score line.
NUM  14.
PAR  14. The package of claim 13 wherein;
PA1  said article comprises an electric lamp bulb, and
PA1  said sleeve and locking panel constitute parts of a single piece of sheet
      material.
NUM  15.
PAR  15. The lamp package of claim 14 wherein said piece of sheet material
      comprises a cut-and-scored blank of single-faced corrugated paper the
      corrugated side whereof constitutes the inner surface of the sleeve.
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ABST
PAL  There is provided a container which preferably has a "knockdown" type body
      and with closure means characterized by being adapted to strengthen and
      retain the body in a desired shape when the latter is in an assembled
      condition, the closure means being characterized by being hingedly
      connected to the body to provide a reclosable opening for containers.
PARN
PAR  This application is related to copending application Ser. No. 372,490,
      filed June, 22, 1973.
BSUM
PAR  This invention relates to containers.
PAR  More particularly, this invention relates to containers suitable for the
      transportation and storage of commodities; the containers of the present
      invention being characterized as being of a reclosable type having
      improved rigidity characteristics, as well as other advantageous features
      as described hereinafter.
PAR  There are a very large number of different types of shipping and display
      containers well known to those skilled in this art. One category of such
      containers comprises the reclosable type of container, which after
      opening, is adapted to be reused by providing suitable closure means which
      are capable of being removed and then replaced as desired. Reclosable type
      containers are basically one of two different types; first, those in which
      the closure means are adapted to be completely removed and in fact form a
      separate component of the container (they need not initially be a separate
      component, but rather may be connected to the container body by
      appropriate score lines which are adapted to be cut to permit initial
      opening and access to the contents of the container), secondly, a further
      type of reclosable container pertains to those which have closure means
      hingably connected to the container body. This invention pertains
      particularly to the latter type. In the latter type of container,
      different ways have evolved in the past for hingably connecting the
      closure means to the container body - through the use of physical hinges
      which could be of board, metal or the like which are fixed, at spaced
      apart points, to the appropriate closure panel and the container body to
      permit the closure panel to pivot about a fixed axis and thus permit the
      closure means to be opened and closed as desired. A more elementary type
      pertains to the use of closure means which are integrally connected to the
      container body, and generally are in the form of a closure panel pivotable
      about a crease or fold line of the container body. In the first type of
      "mechanical" hinge means, it is obvious that many additional operations
      are required necessitating additional labour and expenses. The second type
      of closable container, while economically advantageous, their
      effectiveness is quite limited for the reasons explained hereinafter.
PAR  Specifically, to provide a reclosable cover or the like for a container,
      the cover portion must include some structure which is capable of
      surrounding the opening of the container body to permit the same to
      "snugly" fit around the opening and be pivotable about the crease or fold
      line, or mechanical hinge. For most containers, this has involved
      providing the closure panel adapted to surround the opening of the
      container body, with downwardly extending panels on all sides of the
      closure panel (except that side which is hingedly connected to the
      container body), and to secure the flaps together by appropriate gluing
      steps, inserts, etc. to form a more or less "rigid" border, which can then
      relatively tightly fit or surround the container opening. Again, the fact
      that such additional means are generally limited to reinforcing the
      downwardly extending panels on three sides of the closure panel, this in
      itself creates additional problems, adds to the expense of the container
      in terms of additional assembly and operations required, etc.
PAR  Still further, most containers of the reclosable type are not of a
      "knockdown" type -- that is, a type of container which may be collapsed
      and shipped in a flattened form to a consumer, and then erected and placed
      in an assembled condition. Obviously, where the closure means for the
      container are modified during manufacture to include additional
      strengthening or structural components to make it reclosable, the closure
      means cannot be readily collapsed without damage to the container.
PAR  However, with this invention, applicant has developed a novel type of
      reclosable container, which container includes a body portion, the body
      having an opening or aperture therein permitting access to the contents of
      the container and, re-openable closure means adapted to close the opening
      of the container. The containers of the present invention have closure
      means in the form of at least one panel hingably connected to the
      container body and located along a portion of the container body
      surrounding the opening therein, strengthening and retaining means
      connected to said closure panel and at least partially surrounding said
      panel with said strengthening and retaining means adapted to at least
      partially surround the opening of said container body, first cooperating
      engaging flanges associated with said strengthening and retaining means
      and extending inwardly thereof adapted to provide a bearing and engaging
      surface, and second cooperating and engaging flanges associated with said
      closure means positioned with respect to said closure panel whereby said
      second cooperating engaging flanges have end margins which are adapted to
      matingly engage said first cooperating engaging flanges of said
      strengthening and retaining means when said latter means is operatively
      mounted in relation to said closure panel whereby when said first and
      second cooperating engaging flanges are in mating relationship, said
      closure panel and said strengthening and retaining member may be opened
      and closed through said panel hingably connected to said container body.
      The strengthening and retaining member is preferably of a one-piece
      construction, and made from a rigid material. In this respect, the term
      rigid is used to describe material which is self-supporting and preferably
      of a substantially non-flexible nature. Typical materials from which this
      member may be made include synthetic materials, such as polypropylene,
      polyethylene, and the like; various metallic materials such as tin, steel,
      aluminum, etc. Again, in describing such materials as substantially
      non-flexible, it is intended to denote the fact that as opposed to
      materials which are capable of flexing under very nominal pressure, the
      material used to form the member, which when mounted in operative
      relationship to the closure panel, is capable of retaining its shape unon
      nominal pressure being exerted. The strengthening and retaining member of
      the closure means, as outlined above, may be characterized as forming one
      of the engaging means for the closure portion of the container, by virtue
      of a flange of the member extending inwardly thereof. To this end, the
      structure of the member includes a continuous side wall having an overall
      outline conforming to the container opening and thus, the strengthening
      member will have a shape or configuration conforming to the container
      opening. In the preferred form where the strengthening and retaining means
      completely surrounds the container opening, as opposed to only partially
      encircling such opening, it may thus have a rectangular, circular,
      hexagonal or the like configuration depending on the configuration of the
      container opening. However, it will be also understood that within the
      scope of this invention, the strengthening and retaining means may only
      partially encircle the container opening.
PAR  A particularly preferred form of the strengthening and retaining member is
      one in which the latter includes a generally U-shaped outline
      characterized by the previously defined side wall member, the previously
      defined flange extending inwardly of the side wall member on the lower or
      bottom edge thereof, and an upper top flange likewise position with
      respect to the side wall and therefore extending inwardly. Both flanges in
      the preferred embodiment will be at substantially right angles to the side
      wall, although it will be understood that this may vary so that the
      inwardly extending flanges may form an acute angle with the side wall. The
      depth of the respective flanges will depend on the characteristics of the
      material forming the strengthening and retaining member, as well as the
      type of material from which the container is made. As outlined above and
      hereinafter, the lower flange forms first cooperating engaging means
      associated with the second cooperating and engaging flange, whereby the
      flange of the strengthening and retaining member forms a bearing and
      engaging surface for the second flange. In the case of the upper flange or
      the additional flange connected to the side wall of the retaining member,
      it will function to position the retaining means in a proper relationship
      to the closure panel of the container. Still further, for aesthetic
      purposes, the width of the respective flanges of the strengthening and
      retaining members may be varied to provide relatively wide borders and
      simulate a wide container opening. Typically, the respective flanges may
      vary anywhere from 1/32 of an inch to 1/2 inch; generally speaking, the
      flanges may vary from 1/16 of an inch to 1/4 inch for a smaller type
      container while in the case of larger type containers, these measurements
      will of course be greater.
PAR  Structurally, and depending on the geometrical configuration of the
      strengthening and retaining member, the flanges of the member may be
      notched or otherwise slit to compensate for the material being formed
      into, e.g., rectangular, pentagonal, circular or the like configurations.
      This will prevent crimping of the material in different angular
      configurations when it is formed into different shapes.
PAR  In one embodiment of the present invention, the closure panel associated
      with the closure means, which is adapted to close-off access to the
      container opening, may form an integral part of the strengthening and
      retaining member. To this end, the strengthening and retaining member may
      have the above described configuration but in which the aperture otherwise
      formed between the sides of the strengthening and retaining member include
      a closure panel integrally connected thereto or formed therewith; for
      example, a panel of suitable material may be fixedly attached to the
      uppermost flange of the strengthening and retaining member by suitable
      means (e.g., adhesives, etc.) which will depend on the type of material
      used to form the closure panel. Alternately, as described and illustrated
      hereinafter in the drawings, the closure panel is preferably integrally
      formed with the container body and upon assembly of the container, it is
      located between the borders defined by the strengthening and retaining
      member with the uppermost flange positioning the strengthening and
      retaining member in juxtaposition with the enclosure panel.
PAR  In a like manner, the height of the side walls of the strengthening and
      retaining member may likewise vary depending on several factors including
      the general size of the container, the desired aesthetic purposes, etc. As
      explained hereinafter, the height of the side wall will correspond
      generally substantially to the depth of the second cooperating and
      engaging flanges. Thus, its heighth or width is not critical except as
      mentioned with respect to the second cooperating and engaging flanges.
PAR  The strengthening and reinforcing member may be made by various different
      types of manufacturing processes and it suffices to say that those skilled
      in the art may readily understand the manufacture of the same upon reading
      the teachings of the present disclosure. In this respect, the
      strengthening and retaining means, as a separate component, will form one
      component of a knockdown type container having the advantageous features
      of the present invention, and due to their nature, they may be shipped
      separately and provided to a manufacturer of the container bodies per se
      for subsequent assembly to an erected container. Normally, for practice
      purposes, and having determined the type of container body and opening to
      which the strengthening and retaining means is adapted to be used in
      conjunction with, the strengthening and retaining members will be
      manufactured and given lengths, or alternately, in a continuous strip
      form, whereafter they may be die-formed into the desired shape and length.
      During the latter operation, the respective free ends of the lengths of
      material forming the strengthening and retaining means may be modified to
      include cooperating engaging means to permit the free ends to be secured
      together. Thus, for example, one free end may be provided with a tongue,
      the other with a notch or aperture therein adapted to receive the tongue
      whereupon the latter when inserted into the aperture, may be bent or
      otherwise secured to the side wall of the retaining means to form an
      assembled unit.
PAR  The body portion of the container of the present invention may be of any
      conventional construction - and to this end, it may be formed of a
      continuous or discontinuous wall structure. In other words, the body
      portion may be of a one-piece sheet material construction in which the
      opposed ends or opposed sides of the sheet are joined together by suitable
      means to form an enclosure adapted to contain or retain at least one
      commodity. In the case of the body per se being made up of several wall
      members, the individual wall members may be joined by suitable means,
      e.g., an adhesive or the like, to form a continuous wall structure. The
      geometrical configuration of the wall structure may be again any
      conventional shape, such as rectangular, triangular or circular. In this
      respect, the structure of the body portion of the container will
      preferably have one or more pairs of opposed fold lines adapted to permit
      the body to be collapsed, which fold lines may define the geometrical
      configuration of the container.
PAR  Conventionally, most containers used today are made of paper, paperboard or
      the like material and, as with conventional containers, the products of
      the present invention may likewise be made of any suitable conventional
      material. In addition to paperboard and the like material, and depending
      on the end use of the container, the containers of the present invention
      may be made of other materials such as resinous materials, e.g.,
      cellophane, polyethylene, polypropylene, copolymers of the latter
      materials, metal foils, or laminates of plastic materials and metal foils
      or paper materials, etc. It will be made of self-supporting materials and
      to this end, the thickness of the different materials which may be
      employed for constructing the containers will vary not only in this
      factor, but also it will depend on other factors such as weight,
      economics, etc. Thus, typical material thicknesses will vary from, e.g., 1
      mil to 10 mils or more. It should also be pointed out, in this respect,
      that when using paper, paperboard or metal foils or the like, fold lines
      in the material forming the container body can be provided by appropriate
      mechanical means well known to those skilled in this art; however, in the
      case of various types of plastic or resinous materials, in which the
      materials have the characteristic of being collapsible without the
      necessity of fold lines, the fold lines need not be applied.
PAR  An advantageous form of the present invention is to provide a container
      body, which is adapted to retain one or more desired commodities, with a
      type of construction permitting knockdown of the container, upon assembly
      of the components forming the body of the container; to this end, the
      above described fold lines may be provided appropriately in the blank for
      the container. However, in the case of other types of material, such as
      polyethylene or various celluloic materials, the containers may be
      collapsed without the necessity of providing fold lines.
PAR  The body of the container may be of any desired configuration and thus,
      rectangular, circular, etc. containers are within the scope of the present
      invention. To this end, and if desired, the body portion, or for that
      matter, the end portion(s) of the container may include one or more
      apertures for permitting visual inspection of the contents of the
      container -- such apertures normally being covered by suitable transparent
      sheet material such as cellophane, plastics, particularly the
      thermoplastic material such as transparent polyethylene, transparent
      polypropylene, etc. To this end, the size and configuration of the
      aperture may vary and any suitable means may be provided for securing the
      transparent window material to the body of the container.
PAR  The products of the present invention may be made on existing equipment
      suitably modified, insofar as the individual components are concerned
      other than the strenghening and reinforcing member. Thus, in the case
      where the body of the container is made from a single piece of continuous
      sheet material, such as paper or paperboard, the appropriate blank for the
      container may be die cut from the sheet material and subsequently
      processed by providing the necessary one or more fold lines, score lines,
      etc. In the case where the body is made of plastic material, the said
      plastic material may be extruded in the form of the container desired --
      or in the alternative, the plastic material when provided in sheet form,
      may be thermo-molded or thermo-formed into the desired configuration.
      Conventional assembly steps may then be employed to assemble the die cut
      blanks, or in the case of non-thermo-formed components, to assemble the
      same into a finished container. In this respect, following assembly or
      formation of the container and placing the same into a knockdown
      condition, the latter may then be re-erected, where and as required, and
      the strengthening member then inserted into juxtaposition into one or both
      ends of the container, depending on how the container is structured.
PAR  The body of the container may have any opening of any desired configuration
      therein and, as such, the structure of the container body surrounding the
      opening need not be described in detail, except to say that the free edges
      of the material define the aperture through which access to the contents
      of the container may be had.
PAR  Although the body and opening in the body of the container may have any
      desired shape and size, a most preferred construction of the present
      invention involves the provision of the closure panel of the closure means
      being integrally connected to the container body. To this end, the body of
      the container preferably includes a first intermediate panel hingedly
      connected along a fold line, crease line or the like to the body, with the
      closure panel being integrally connected to said intermediate panel along
      a fold line and with the provision of the second cooperating and engaging
      flanges integrally connected to the closure panel. Thus, the closure
      panel, second cooperating and engaging flanges, and the body portion of
      the container most desirably form a one-piece integral unit. In this
      preferred construction, the flanges connected to the closure panel will
      normally be dimensioned so as to extend from the panel at a width slightly
      greater than the dimensions of the aperature in the container body, so as
      to at least partially surround exteriorly the opening of the container
      body. Preferably, the flanges connected to the closure panel are
      substantially continuous in the sense that they completely surround the
      opening of the container. On the other hand, they may be intermittent if
      desired, particularly when a continuous length of the strengthening and
      retaining means is provided to otherwise completely surround the opening
      of the container body. The flanges integrally connected to the closure
      panel will normally extend perpendicularly therefrom and as explained
      hereinabove, are adapted to lie in juxtaposition with the side wall of the
      strengthening and retaining member when the latter is placed in an
      assembled condition with respect to the closure panel. To this end, the
      depth of the flanges associated with the closure panel will be generally
      coextensive with the depth of the side wall of the retaining member. When
      continuous flanges are employed to substantially surround the opening of
      the container, the flanges may be "V-notched" at any corners of the
      container to facilitate assembly and prevent gathering of excess material
      at the corners of the container.
PAR  In an alternate embodiment, however, the containers of the present
      invention may include a first intermediate panel hingably connected to the
      container body and preferably integral therewith, with the flanges
      associated with the closure panel being directly connected to the said
      intermediate panel whereby there is utilized a separate closure panel
      associated with the strengthening and retaining member. In this
      embodiment, the flanges emanating from the said intermediate panel, and
      appropriately dimensioned, would be adapted to engage the flanges of the
      strengthening and retaining means and form with the separate closure panel
      associated with the strengthening and retaining means, a closure member.
      Thus, the flanges may be separately connected to the container body.
PAR  In the containers of the present invention, it will be appreciated that to
      form a reclosable container, the dimensioning of the strengthening and
      retaining means will be larger than the opening in the container body. To
      this end, as outlined above, the flanges associated with the closure means
      will likewise have a slightly greater dimension to permit the latter to
      lie in juxtaposition with the side walls of the container when the closure
      means is in a closed position.
PAR  The containers of the present invention can be manufactured in individual
      components -- that is, the body portion, and the closure means, and where
      the containers are of a knockdown type, the separate components may then
      be shipped to a manufacturer or user of the containers. The knockdown body
      portions may then be erected and, the strengthening and retaining members
      may then be snapped into place after one or more commodities have been
      inserted into the container for packaging purposes.
PAR  In general, the containers of the present invention may be used for various
      purposes -- in general, they will find wide application in the consumer
      packaging industry wherein one or more commodities are adapted to be
      retained, shipped and displayed in the same container. Thus, by way of
      specific example, the containers of the present invention may be used for
      shipping and transporting various types of commodities, for display
      purposes, etc.
PAR  The containers of the present invention have many advantageous features
      over the prior art containers in that they provide a very simple and
      aesthetically appealing reclosable container suitable for use for many
      different purposes. The containers have the further advantage that they
      may be readily manufactured on existing equipment and, provide strength
      characteristics combined with the advantageous features of knockdown type
      containers.
PAR  The container construction of the present invention may include a body
      portion having any desired bottom construction where such containers are
      of conventional side wall, top and bottom configurations. Thus, the bottom
      portion between opposed side walls may have inwardly extended flaps from
      the side walls of the body portion secured in any suitable manner.
DRWD
PAR  Having thus generally described the invention reference will now be made to
      the accompanying drawings, illustrating preferred embodiments and in
      which;
PAR  FIG. 1 is a plan view of a box blank which may be used to form a container
      of the present invention;
PAR  FIG. 2 is a perspective view of the strengthening and reinforcing member of
      the present invention;
PAR  FIG. 3 is a fragmentary section taken along the line 3--3 of FIG. 2;
PAR  FIG. 4 is a perspective view of a bottom panel for forming the bottom of
      the container;
PAR  FIG. 5 is a plan view of a horizontal section taken through a typical
      container of the present invention as more specifically illustrated in
      FIG. 6;
PAR  FIG. 6 is a perspective view of a container embodying this invention;
PAR  FIG. 7 is a section taken along the line 7--7 of FIG. 6;
PAR  FIG. 8 is a perspective view of the container of FIG. 7 showing the closure
      means in an "open" position;
PAR  FIG. 9 is a section taken along the line 9--9 of FIG. 8;
PAR  FIG. 10 is a top plan view of a blank for the body of the container;
PAR  FIG. 11 illustrates the container blank being partially formed into the
      body of the container;
PAR  FIG. 12 is a top plan view of an assembled container body;
PAR  FIG. 13 is a partial side elevational view showing folding of the
      projecting flaps on the side panels of the container prior to placement of
      the strengthening and retaining member about the container body;
PAR  FIG. 14 is an exploded view of a typical container according to the present
      invention;
PAR  FIG. 15 is a perspective view of a container according to this invention
      showing it in opened form; and
PAR  FIG. 16 is a section taken along the line 16--16 of FIG. 15.
DETD
PAR  Referring initially to FIG. 1, there is illustrated a blank for forming a
      container of the present invention, which blank is capable of producing a
      rectangular type container. The blank for the container is a one-piece
      sheet material, such as paperboard or the like, and comprises a plurality
      of panels die cut from a single sheet with score lines or crease lines
      defining the respective panels. In more detail, the container of FIG. 6 in
      blank form as illustrated in FIG. 1 includes a rear panel 10, a first side
      panel 12, a front panel 14 and a second side panel 16. Crease lines 18
      show the lines of demarcation between the respective panels, about which
      they are adapted to be folded to form a container body. To this end, panel
      10 includes a side flap 22 integrally connected thereto with additional
      fold line 18 defining the line of demarcation between panels 10 and 22. In
      assembly, adhesive or the like may be used (as indicated by reference
      number 24 in FIG. 1) to secure panel 22 to panel 16 and form a closed body
      portion. Integrally connected to panel 10 is a relatively narrow
      intermediate hinge panel 15 with parallel fold or crease lines 18 defining
      the width of the panel. Connected along one side of panel 15 and integral
      thereto, is a top panel 20.
PAR  Each of the side panels 12 and 16, in the case of the rectangular type of
      container illustrated, include a cutaway portion to facilitate closing of
      the cover. The cut-away portion, indicated generally by reference numeral
      26, tapers at an angle to the rear portions of the respective side panels.
PAR  The blank for the container illustrated in the drawings may be made of
      board material as outlined hereinabove, however other material may also be
      used depending on the end usage of the container.
PAR  In accordance with this invention, a container is characterized by having
      the top closure panel, which is of a reclosable nature, partially formed
      integral with the body of the container as defined by panels 10, 12, 14
      and 16, in combination with a strengthening member illustrated in e.g.,
      FIGS. 2 and 3 in detail. To this end, the top panel 20 of the container
      includes marginal flaps 30 along the three free sides of the top panel,
      and to facilitate the bending of the flaps 30 for the purpose hereinafter
      defined, crease lines 32 are provided.  In the container illustrated, the
      bottom portion of the container is likewise constructed as the top cover
      portion is; and to this end, flaps 34 are provided along the free lower
      edges of each of the panels 10, 12, 14 and 16, with crease or fold lines
      36 being included to facilitate bending of the flaps 34 to form flanges.
      Each flap 34 is of an equal heighth; as is the case with each of flaps 30
      of the top panel 20.
PAR  Referring specifically to FIGS. 2 and 3, there is illustrated a
      strengthening and closure member suitable for using in conjunction with
      the top portion 20 of a container, which strengthening member comprises a
      one-piece unit of (in this case) metallic material. Structurally, it
      includes a continuous side wall 50 and an inwardly extending flange 52
      located at substantially right angles to the side wall 50. The flange 52
      forms a cooperating abutting surface as explained hereinafter. In a
      preferred form, the strengthening member further includes a top flange 54
      likewise preferably located at substantially right angles to the side wall
      50 and extending inwardly therefrom.
PAR  The depth of the side wall 50 corresponds substantially to the depth of the
      flaps 30 so that when the flaps 30 are folded downwardly at substantially
      right angles to the top closure panel 20, they form bearing flanges
      adapted to engage the inwardly extending flange 52 of the side wall 50, as
      illustrated in greater detail in FIGS. 7, 8 and 9. In this respect, the
      upper flanges 54 form bearing surfaces adapted to engage the surface of
      top panel 20 and position the strengthening member about the top panel 20.
      In this manner, the strengthening and reinforcing member may thus be
      positioned about the top panel and its downwardly extending flaps 30 to
      form a rigid top opening member for the type of container illustrated in
      the drawings.
PAR  It should be mentioned, with respect to the strengthening member
      illustrated in FIGS. 2 and 3, and as otherwise depicted in the drawings
      mounted on the container, that the one-piece construction described above
      may actually be a continuous piece of metallic "U"-shaped channel having
      an appropriate length corresponding to a length sufficient to encompass
      the top panel 20. To this end, an appropriate length of such U-shaped
      channel material may be provided, and the respective free ends of the
      channel connected by appropriate means; preferably, one free end is
      provided with a tongue or the like first engaging means while the other
      free end is provided with a recess adapted to receive the tongue and to
      permit the tongue to be inserted therein and engaged in a fixed manner.
      However, other alternate arrangements may likewise be utilized if desired.
PAR  In constructing the container, and for the purposes of making it a
      reclosable-type container, the top panel 20 will normally be dimensioned
      so as to be substantially the same as or slightly larger than the area (in
      configuration) than the body of the container as defined by the side
      walls, 10, 12, 14 and 16. Thus, upon mounting of the strengthening member
      about the top panel, and due to the hinged nature of the container
      struction (that is, hinge 15 connecting top panel 20 by fold or crease
      lines 18 to the back or rear panel 10) the top panel may be opened and
      closed as desired to provide a tight-fitting cover.
PAR  The bottom construction of the container may be any conventional type of
      construction as desired. In the embodiment illustrated, a preferred form
      is shown in which the bottom portion likewise includes a strengthening
      member of the same general character described above with respect to the
      top portion of the container. Thus, the bottom strengthening member
      includes a continuous side wall 60 with a first inwardly extending flange
      62 located substantially at right angles to side wall 60, and a bottom
      flange 64 disposed in a substantially identical manner. There is thus
      formed a further U-shaped channel and, due to the nature of the foldable
      flaps 34 depending from the bottom portion of each of the side panels 10,
      12, 14 and 16, which are adapted to be outwardly folded in the manner
      illustrated in FIG. 7, the flaps 34 are adapted to engage the inwardly
      extending flange 62 of the U-shaped channel so as to provide a
      tight-fitting arrangement. To provide a bottom closure panel, there is
      provided a one-piece sheet material 66 (FIG. 4) which is dimensioned to be
      received within the border as defined by the U-shaped channel for the
      bottom portion of the container, and specifically adapted to be
      dimensioned to fit within the side walls 60 while being supported by the
      bottom flange 64. Thus, in assembly, the bottom panel 66 is initially
      mounted in the U-shaped channel strengthening member and, this latter
      component then assembled or "snapped" onto the bottom portion of the
      container while the flaps 34 are folded in an outwardly and upwardly
      extending manner whereby the flaps 34 lock or otherwise engage with the
      flanges 62.
PAR  Referring now in greater detail to FIGS. 10 to 16, the container body in
      this embodiment is comprised of a one-piece blank of suitable sheet
      material, as for example, cardboard, paper-backed plastic coated board,
      heavy kraft liner, etc.
PAR  In this respect, similar reference numerals as used in the original
      disclosure have been used to designate similar parts.
PAR  Thus, the body includes panels 10, 12, 14 and 16 adapted to form a
      rectangular container, panels 10 and 12 being joined together along a fold
      line 18; panels 12 and 14 along a fold line 18; and panels 14 and 16
      likewise along a fold line 18. In this embodiment, panels 10 and 14 form
      an opposed pair of side panels; likewise panels 12 and 16 form an opposed
      pair of front and back panels respectively for the container body. Panel
      10 includes a side extension indicated generally by reference numeral 80,
      which is adapted to be secured to the panel 16 when the blank is in an
      assembled condition -- attachment being by suitable means such as an
      adhesive, heat sealing (depending on the type of material), etc.
PAR  As will be seen from FIGS. 10, 11, 14 and 15, the panels 80, 10, 12 and 14
      are provided with a separation line which is cut through the material
      forming the panel -- the cut line being indicated generally by reference
      numeral 82. This cut line 82 actually divides the panels 80, 10, 12 and 14
      into two separate portions -- the cut line 82 in panels 10 and 14 being
      substantially mirror images of the other; the cut line 82 in panel 12
      being generally horizontal to the longitudinal axis through the blank for
      the container; and the cut line 82 in panel 80 forming a continuation of
      the cut line 82 in panel 10. The configuration of the cut line 82
      determines the upper and lower portions of the respective panels and the
      type of opening as is desired in the assembled container (see FIG. 15).
PAR  Each of the panels 10, 12, 14 and 16 is provided with a pair of laterally
      extending end flaps indicated generally by reference numeral 84. These
      flaps are connected to the respective panels along fold or crease lines
      86, and each pair of flaps connected to a given panel is of substantially
      the same dimensions -- although this may vary depending on the size and
      type of strengthening and reinforcing member used in conjunction with
      assembly of the body of the container.
PAR  In assembly of the container body, the various panels 10, 12, 14 and 16 are
      folded about fold lines 18 to assume the configuration generally shown in
      FIG. 11, whereafter both portions of the end panel 80 are fixedly secured
      to the panel 16. It is to be understood in this respect that panel 80 may
      be located on panel 16 if desired.
PAR  In this manner, there is thus obtained an assembled container body as shown
      in FIGS. 12 and 14, in which panels 10, 12 and 14 permit the container
      body to be separated into two portions, folding about a fold line 88 in
      panel 16. Fold line 88 may be located at any appropriate heighth
      commensurate with the location of the cut line 82.
PAR  The containers of the present invention utilize a strengthening and
      reinforcing member as described therein -- again, similar reference
      numerals have been used to designate similar components with respect to
      this member. This member, as shown in FIG. 2 and in FIG. 14, includes a
      lateral side wall 50 and opposed inwardly extending lower and upper
      flanges 52 and 54 respectively. In this embodiment, similar strengthening
      and reinforcing members are used for the top and bottom of the container
      body; likewise, again in this embodiment, both of the strengthening and
      reinforcing members may include an insert indicated generally by reference
      numeral 90 which form upper and lower top and bottom closures for the
      container body. These members 90 thus include a one-piece continuous panel
      of suitable material, e.g., the material from which the container body is
      made, and have a continuous flat closure panel portion 92 and a pair of
      optional side flaps 94 connected along a fold line to the panel 92. If
      desired, there may also be provided a further pair of side flaps on the
      other free ends of lateral sides of the panel 92.
PAR  For assembled purposes, and with particular reference to FIG. 14, the end
      closure panels 90 are initially inserted into the strengthening and
      reinforcing members 90 whereby the side flaps 94 engage the upper and
      lower flanges 52 and 54 of the strengthening and reinforcing member (see
      FIG. 16) to position the closure panel 92 therein. Thereafter, the side
      flaps or panels 84 of each of the main panels 10, 12, 14 and 16 are
      outwardly folded in the manner illustrated in FIG. 13 and, the
      strengthening and reinforcing member "snapped" into position about the
      container body to arrive at the configuration illustrated in FIGS. 15 and
      16.
PAR  As described in the original disclosure, preferably the body of the
      container is dimensioned so as to generally substantially tightly fit the
      area bounded by the flanges 52 and 54 of the strengthening and reinforcing
      member whereby the flaps or panels 84 are adapted to engage the inwardly
      turned flanges of the strengthening and reinforcing member. Again,
      preferably these flanges are dimensioned so that the flaps 84 extend in an
      angled manner when in a locked position thereon (as illustrated in FIG.
      16) but it will be appreciated that various modifications can be made on
      this principle.
PAR  It will be understood that various modifications can be made to the above
      described embodiments without departing from the spirit and scope of the
      invention. For example, the rear panel 16 may include two or more
      cut-through or skip lines to facilitate folding of the upper portion of
      the container about the lower portion thereof, such lines being indicated
      generally by reference numeral 96 in FIG. 10.
CLMS
STM  We claim:
NUM  1.
PAR  1. A reclosable container comprising in combination a knockdown body
      portion forming a cavity to retain a commodity therein, said body portion
      having at least first and second body-forming walls, and said body forming
      walls each respectively having first and second end margins thereon, said
      body portion having an aperture communicating with said cavity to permit
      loading of a commodity therein, closure means including a closure-forming
      panel operatively hingedly connected to the first end margin on the first
      of said body-forming walls and capable of being shifted to a closurewise
      position over said aperture, said closure-forming panel having at least
      first and second end margins thereon and being substantially parallel to
      said body-forming walls and being coextensive with at least one of said
      body-forming walls when the closure means is in an open position and
      substantially perpendicular to said body-forming walls when the closure
      means is in the closurewise position, a flap extending from a first of the
      end margins on said closure-forming panel and capable of being struck in a
      direction where it lies substantially in perpendicular relation to the
      exterior surface of said closure-forming panel, a strengthening and
      retaining frame which has a shape substantially conforming to the shape of
      said closure means at least partially surrounding said closure-forming
      panel, said strengthening and retaining frame having a side wall formed of
      a reinforcing material, and first and second flanges extending inwardly
      substantially perpendicularly from said side wall and being spaced apart
      from each other by a distance approximately equal to the length of said
      flap, said side wall of said strengthening and retaining frame being
      substantially parallel to said first and second body-forming walls when
      said closure means is in the closurewise position, said first end margin
      of said closure-forming panel being operatively retained by the first
      flange on said side wall and the outer end of said flap snugly engaging
      the second flange on said side wall when said strengthening and retaining
      frame is assembled with said closure means, said flap being located
      substantially in parallel relationship to one of said body-forming walls
      when the closure means is shifted to the closurewise position, said second
      flange having a bearing surface which faces said first flange and
      retentively engaging the outer end of said flap, said bearing surface
      having a width substantially greater than the thickness of said outer end
      of said flap, said first end margin on said closure-forming panel engaging
      said side wall and being retained by said side wall and said first flange
      when said strengthening and retaining frame is assembled with said closure
      means, whereby said closure means and said strengthening and retaining
      frame may be opened and closed with respect to the aperture in said body
      portion through the hinged operative connction of said closure-forming
      panel to one of said body-forming walls.
NUM  2.
PAR  2. A container, as defined in claim 1, wherein said body portion comprises
      a plurality of body-forming walls forming a generally rectangular body for
      said container, bottom closure means connected to said body portion to
      form a body suitable for retaining at least one commodity therein.
NUM  3.
PAR  3. A container, as defined in claim 1, wherein said body portion is a
      one-piece integral construction.
NUM  4.
PAR  4. A container, as defined in claim 1, wherein said strengthening and
      retaining frame is formed of a rigid reinforcing material which is
      different than the material in the body portion and the closure means.
NUM  5.
PAR  5. A container, as defined in claim 1, wherein said strengthening and
      retaining frame comprises a one-piece continuous substantially rigid body
      including said side wall adapted to encircle the closure means, the
      flanges on said one-piece member being substantially coextensive with the
      aperture in said body portion and being inwardly turned towards the body
      portion of said container when said closure means is in the closed
      position.
NUM  6.
PAR  6. A container, as defined in claim 1, wherein said strengthening and
      retaining frame comprises a continuous member, said member being of
      generally U-shaped configuration characterized by said side wall and said
      pair of spaced-apart flanges inwardly extending from said wall on either
      side thereof, one of said flanges forming a cooperating and engaging
      flange associated with said strengthening and retaining frame, the other
      of said flanges forming a positioning flange adapted to position said
      strengthening and retaining frame with respect to said closure means.
NUM  7.
PAR  7. A container, as defined in claim 1, wherein said closure-forming panel
      is hingedly connected to one of said body-forming walls through an
      intermediate panel.
NUM  8.
PAR  8. A container, as defined in claim 1, wherein said body portion includes a
      plurality of body-forming walls defining a body for containing at least
      one commodities, said body-forming walls being foldable about one or more
      fold lines to provide a knockdown container.
NUM  9.
PAR  9. A container, as defined in claim 1, wherein said closure-forming panel
      is provided with at least a pair of substantially perpendicularly struck
      flaps having a size substantially equal to the distance between the first
      and second flanges on said side wall, said closure-forming panel engaging
      the first of said flanges and the free end margins of said substantially
      perpendicularly struck flaps snugly engaging the second of said flanges on
      said side wall.
NUM  10.
PAR  10. A container, as defined in claim 9, wherein said body portion is
      orthogonal in shape, the first of the end margins on said closure-forming
      panel are upper end margins of said flaps, said first and second flaps are
      struck downwardly to lie substantially in parallel relationship to the
      exterior surfaces of said first and second body-forming walls, and the
      flanges on said strengthening and retaining frame are upper and lower
      spaced apart flanges.
NUM  11.
PAR  11. A container, as defined in claim 9, wherein the flaps attached to the
      closure means of said container are integrally connected to said clousre
      means and with said closure-forming panel completely encircling said
      aperature.
NUM  12.
PAR  12. A container, as defined in claim 11 wherein comprising a body portion
      formed by a plurality of body-forming walls and each of said body-forming
      walls having opposed end margins thereon, the closure-forming panel
      integrally hingedly connected to a body-forming wall of said body portion
      at a point which is not contiguous with the end margins on one side of the
      other body-forming walls.
NUM  13.
PAR  13. A container, as defined in claim 1, wherein said container has a body
      portion suitable for retaining at least one commodity, said body portion
      having said closure-forming panel hingedly connected to one said
      body-forming wall along a fold-line thereon defining a portion of said
      opening, said closure-forming panel having a pair of opposed free end
      portions, a further closure-forming panel extending from another
      body-forming wall and cooperating with said first closure-forming panel to
      form said closure means.
NUM  14.
PAR  14. A container, as defined in claim 1, said container comprising an
      intermediate closure panel being associated with said container body
      through said closure-forming panel hingedly connected to said container
      body, said intermediate closure panel having a plurality of flanges
      extending therefrom on the free edges thereof, said intermediate closure
      panel having a dimension slightly greater than the dimension of the
      opening of said container, said pair of opposed spaced-apart flanges
      having a depth substantially equal to the flanges extending from said
      intermediate closure panel with said latter flanges being adapted to be
      positioned in juxtaposition to said side wall of said strengthening and
      retaining frame when said strengthening and retaining frame is mounted in
      operative relationship to said closure-forming panel.
NUM  15.
PAR  15. A reclosable container comprising in combination a generally
      rectangular shaped knockdwon body portion forming a cavity to retain a
      commodity therein, said body portion having a plurality of rectangularly
      located body-forming walls, and said body-forming walls each respectfully
      having first and second end margins thereon, said body portion having an
      aperture communicating with said cavity to permit loading of a commodity
      therein, closure means including a closure-forming panel operatively
      hingedly connected to the first end margin on the first of said
      body-forming walls and capable of being shifted to a closurewise position
      over said aperture, said closure-forming panel having a first pair and a
      second pair of end margins thereon and being substantially parallel to
      said body-forming walls and being coextensive with at least one of said
      body-forming walls when the closure means is in an open position and
      substantially perpendicular to said body-forming walls when the closure
      means is in the closure-wise position, a flap extending from at least
      three of the end margins on said closure-forming panel and each being
      capable of being struck in directions where they lie substantially in
      perpendicular relation to the exterior surface of said closure-forming
      panel, a strengthening and retaining frame which has a shape substantially
      conforming to the shape of said closure means at least partially
      surrounding said closure-forming panel, said strengthening and retaining
      frame having a side wall formed of a reinforcing material, and first and
      second flanges extending inwardly substantially perpendicularly from said
      side wall and being spaced apart from each other by a distance
      approximately equal to the length of each of said, flaps, said side wall
      of said strengthening and retaining frame being substantially parallel to
      all of said body-forming walls when said closure means is in the
      closurewise position, at least three end margins of said closure-forming
      panel being operatively retained by the first flange on said side wall and
      the outer end of said flaps snugly engaging the second flange on said side
      wall when said strengthening and retaining frame is assembled with said
      closure means, said flaps being located substantially in parallel
      relationship to at least certain of said body-forming walls when the
      closure means is shifted to the closurewise position, said second flange
      having a bearing surface which faces said first flange and retentively
      engaging the outer end of said flaps, said bearing surface having a width
      substantially greater than the thickness of the said outer end of said
      flaps, said last named three end margins on said closure panel engaging
      said side wall and being retained by said side wall and said first flange
      when said strengthening and retaining frame is assembled with said closure
      means, whereby said closure means and said strengthening and retaining
      frame may be opened and closed with respect to the aperture in said body
      portion through the hinged operative connection of said closure-forming
      panel to one of said body-forming walls at a fourth margin on said
      closure-forming panel.
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ABST
PAL  A web of bag blanks, a method of making the web, and apparatus and method
      for filling and sealing the bags in the web. The web is formed as a
      continuous tube having spaced, transverse seal lines extending from a
      lower edge of the web to a point short of the upper edge. The bags are
      filled and sealed on a machine having an elongated filling pipe which is
      threaded into the tube between its upper edge and the upper ends of the
      transverse seal lines. After the bags are filled, a continuous,
      longitudinal, seal line is formed, intersecting the upper ends of the
      spaced seal lines to seal the filled bags. The tube is then severed
      intermediate its upper edge and the continuous longitudinal seal line to
      separate the filled, sealed bags from the filling pipe.
PARN
PAR  This is a division of application Ser. No. 256,769, filed June 23, 1972 now
      U.S. Pat. No. 3,813,845.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The filling and sealing of containers on a high volume basis generally
      requires fairly sophisticated equipment and several patents have issued in
      recent years on machines for this purpose. In the specific field of bag
      packaging, U.S. Pat. Nos. 2,877,609; 2,923,111; 3,269,278; 3,381,446;
      3,462,913; and 3,492,783 are typical of patents disclosing machines and
      methods for filling and sealing bags on a high volume basis.
PAR  In each of the above noted patents a web of flexible packaging material,
      commonly a thermoplastic material, is folded longitudinally and provided
      with spaced, transverse sealing lines, typically heat seal lines, to
      divide the web into a series of interconnected compartments which are
      thereafter filled with the desired product and their open ends sealed,
      again, usually by means of a heat seal.
PAR  In some of these disclosures, for example U.S. Pat. No. 3,492,783, the
      transverse seal lines extend from the bottom edge to a point short of the
      top edge to provide a pair of continuous free edges, apparently to permit
      the upper edges to be spread by a plow-like member to facilitate insertion
      of a filling nozzle into each of the compartments.
PAR  While each of the systems disclosed in the above noted patents would appear
      to offer advantages over a manual packaging operation, it will be apparent
      that such systems are necessarily rather complicated since they require
      fairly precise indexing of the filling mechanisms with the remaining
      components of the apparatus. Additionally, where sterile packaging is
      required, it will be apparent that sterile packaging will be difficult, if
      not, as a practical matter, impossible, to attain where the bags are
      formed initially from an open web which is thereafter folded and sealed.
PAR  Where the product being packaged is a fluent one, such as, but not
      necessarily, a liquid, metering of the correct amount of the product into
      the packages will obviously present technical problems which must be
      resolved to create a successful system. Further, if a package is
      accidentally overfilled, it will be seen that spillage may result
      requiring termination of the packaging operation to permit cleaning the
      apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a web of bag blanks is formed from
      a continuous, closed tube of packaging material. Preferably the tube is
      formed by extrusion and is thereafter flattened to provide upper and
      lower, longitudinally extending edges and transverse seal lines are formed
      in the flattened tube extending from the lower edge thereof to a point
      spaced from the upper edge to define a continuous channel running along
      the upper edge of the tube and interconnecting the compartments formed by
      the spaced, transverse seal lines.
PAR  The resulting web of bag blanks may, of course, be fed directly on an
      in-line process to the packaging machine of the present invention.
      However, it will usually be desirable to accumulate the web of bag blanks
      in some convenient form, such as a roll, which is subsequently used in the
      filling and sealing machine of the present invention.
PAR  In the latter type of operation, the roll of bag blanks is placed on the
      unwind stand of the filling and sealing machine, unrolled, and the above
      noted longitudinally extending channel running along the upper edge of the
      tube threaded onto an elongated filling pipe having an outlet at its
      discharge end adjacent the upstream end of the machine and supported at
      its inlet end adjacent the downstream end of the machine in cantilever
      fashion.
PAR  Means is also provided for continuously feeding the tube from the supply
      thereof on the unwind stand along the filling pipe in a direction away
      from the discharge end of the pipe toward its inlet end. This may include
      conveyors or feed rollers and preferably, a combination of both. Thus, a
      pair of grooved feed rollers may be positioned adjacent the inlet end of
      the filling pipe forming a pressure nip therewith and gripping the tube
      adjacent its upper edge to draw the tube along the filling pipe.
PAR  Additionally, a substantially horizontally oriented bottom conveyor may
      extend from adjacent the unwind stand to the inlet end of the filling pipe
      to support the lower edge of the tube during the filling process and to
      assist in conveying the tube as it moves through the machine in a
      downstream direction. Side conveyor belts having opposed, substantially
      vertically extending reaches are preferably positioned on opposite sides
      of the filling pipe to engage and support the side walls of the tube as it
      is filled and to also assist in conveying the tube through the filling and
      sealing machine.
PAR  In accordance with a further feature of the present invention, the
      horizontal conveyor and the filling pipe may be inclined at a slight angle
      with respect to the horizontal, diverging upwardly with respect to the
      horizontal in a downstream direction. As the product being packaged is
      deposited in a compartment formed in the tube, the excess may spill over,
      back down into following compartments, thereby preventing spillage and
      also serving as an automatic metering system to insure that the correct
      amount of the filling material is deposited in each package.
PAR  In this regard metering plates will be positioned within the loops of the
      side conveyor belts in engagement with the aforementioned vertically
      extending reaches. Thus, by adjusting the spacing between the metering
      plates expansion of the packages may be controlled. By then assuring
      adequate flow through the filling pipe to give some overflow, the
      compartments will be filled to a level determined by the upper ends of the
      transverse seal lines, interconnected as discussed below, with overflow
      passing back into following compartments.
PAR  As the compartment leave the metering area defined by the metering plates,
      the bags may expand, lowering the level of product deposited therein.
      Thereafter, a continuous longitudinally extending seal line is formed
      along the tube intersecting the upper ends of the transverse seal lines
      and sealing the product in individual bags holding the desired quantity.
      Of course, in place of the above described metering system a simple
      metering valve may be provided in the product supply line or conventional
      metering apparatus for measuring on a weight basis may be used.
PAR  Regardless of the type of metering used, after the product is sealed in the
      individual bags, the tube is severed longitudinally intermediate its upper
      edge and the longitudinally extending seal line to free the bags from the
      filling pipe. The filled, sealed bags may, of course, be retained in
      interconnected form if desired, but usually, it will be desirable to
      separate the filled bags from each other.
PAR  With this in mind, the transverse seal lines are preferably formed in
      closely spaced pairs connected at their upper ends in an
      inverted-U-configuration with a line of serrations extending between the
      legs of the U. With this construction it has been found that the bulging
      of the bags upon filling will automatically cause the bags to separate
      from each other, although, it will be apparent that positive separating
      means, such as conveyor at the downstream end of the machine running at a
      higher speed than the rate of tube feed, might also be utilized for this
      purpose. Additionally, by connecting the seal lines at their upper ends
      the product is prevented from seeping between the bags during the filling
      process.
PAR  In accordance with a modified form of the invention, weighing apparatus may
      be associated with the machine adjacent the downstream end thereof for
      weighing each of the filled bags after they have separated from the web of
      bags. The weighing station is connected to a servo-control mechanism which
      operates in response to weight information fed into it to adjust
      automatically the spacing between the metering plates. Therefore, any
      variances in the weight of the filled bags from some preselected value or
      range of values will result in a compensating adjustment of the spacing of
      the metering plates.
PAR  In another modification of the present invention, the filling pipe may in
      fact, include multiple pipes delivering multiple fluent materials at
      spaced locations along the filling line. For example, one of the multiple
      pipes may inject sterilizing gas into the compartments at a point adjacent
      the upstream end of the filling line to sterilize the interior of each of
      the compartments.
PAR  At a location downstream therefrom a food product such as milk, for
      example, is thereafter deposited into the compartments through a second of
      the multiple pipes, displacing the sterilizing gas in the compartment. At
      an additional location additives, such as flavoring or coloring, may then
      be added through additional ones of the multiple pipes.
PAR  It will also be seen that the multiple pipe filling pipe finds utility in
      packaging compounds that interreact in atmosphere by permitting the
      filling of each of the compartments with an inert gas, such as nitrogen,
      and then injecting the chemical compounds into the inert gas filled
      compartment. In its simpliest form this embodiment of the invention may
      include the injecting of several products which it is desired to mix into
      the compartments at the same point along the filling line.
PAR  It will also be seen that the side conveyor belts, in accordance with
      another embodiment of the invention, may be extended upwardly to lie on
      opposite sides of the filler pipe, engaging the tube threaded over the
      pipe. The belts are maintained in engagement with the tube by means of
      rollers bearing against the inside surfaces of the side conveyor belts.
      This not only provides additional support for the tube but eliminates the
      necessity of synchronizing the speeds of the side conveyor belts and
      supporting rollers.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing a filling and sealing system in
      accordance with the present invention;
PAR  FIG. 2 is a side elevational view, with portions removed, of the packaging
      system of the present invention;
PAR  FIG. 3 is a view taken of line 3--3 of FIG. 2;
PAR  FIG. 4 is a view taken on line 4--4 of FIG. 2;
PAR  FIG. 5 is an enlarged fragmentary view of the upstream end of the filling
      nozzle;
PAR  FIG. 6 is a view similar to FIG. 2 of the drawings, but showing a
      modification of the invention wherein a weighing station is utilized to
      control the spacing between the metering plates and the feed pipe is fed
      from multiple product sources;
PAR  FIG. 7 is a plan view of the modification of FIG. 6;
PAR  FIG. 8 is a side view, with parts in section, showing an embodiment wherein
      the filling pipe is formed of multiple pipes feeding the compartments at
      the same point;
PAR  FIG. 9 is a cross sectional view taken on line 9--9 of FIG. 8;
PAR  FIG. 10 is a side view, with parts in section, showing a further preferred
      embodiment wherein the filling pipe is formed as multiple pipes feeding
      the compartments at spaced locations along the filling line; and
PAR  FIG. 11 is a cross sectional view showing a modification of the conveyor
      means for the tube of bags.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A web 10 of bag blanks in accordance with the present invention is formed
      as a continuous, closed tube having upper and lower edges 12 and 14,
      respectively, and transverse seal lines 16 extending from the lower edge
      to a point spaced from the upper edge thereof, thereby dividing the tube
      into a series of interconnected compartments 18.
PAR  The tube may conveniently be formed by extrusion of a thermoplastic such as
      polyethylene or polypropylene, or composites, coextruded or laminated, and
      the transverse seals 16 may be formed as heat seal lines of, as best seen
      in FIG. 5, substantially U-shaped configuration having spaced parallel
      legs 20 joined at their upper ends by a bight portion 22. A line of
      serrations 24 may also be provided extending intermediate the parallel
      legs 20 of each of the transverse seals 16.
PAR  While the formation of the tube is described as preferably being formed in
      an extrusion process, since this offers many advantages such as ease of
      production and the formation of a tube having a sterile interior, it will
      be apparent that the tube might be formed in other ways, such as by merely
      folding a web longitudinally and sealing its upper edge or joining two
      webs with longitudinally extending seal lines.
PAR  Additionally, it will be apparent that the formation of the web of bag
      blanks might be on an in-line process with the filling and sealing
      process. However, it will usually be desired to form the web separately
      from the sealing and filling operation and accumulate the web in some
      convenient form, such as the roll 26 shown in FIGS. 1 and 2 of the
      drawings.
PAR  Regardless of this, however, in the filling and sealing operations, the web
      of bag blanks is thereafter fed into the filling and sealing apparatus
      with the longitudinal channel 28 defined by the upper edge of the tube and
      the upper ends of the transverse seal lines 16 threaded along an elongated
      filling pipe 30. Filling pipe 30 is supported adjacent its inlet end by
      any convenient means, such as that shown somewhat schematically at 32 in
      FIG. 2 of the drawings, to extend in cantilever fashion in an upstream
      direction, and is provided at its discharge end with an outlet 34.
PAR  A pair of grooved feed rollers 36, driven by axles 38, are positioned
      adjacent the inlet end of the filling pipe 30, and form therewith, as best
      seen in FIG. 4 of the drawings, a pressure nip in which the tube is
      gripped adjacent its upper edge. Thus, rotation of the feed rollers will
      cause the tube to be drawn along the filling pipe in a downstream
      direction. In addition to rollers 36, idler rollers 39, also grooved, may
      be rotatably mounted adjacent the upstream end of the machine to provide
      additional support for pipe 30 at its discharge end.
PAR  To assist in conveying the tube through the filling and sealing machine and
      to provide support for the lower edge of the tube, a bottom conveyor 40
      having a substantially horizontal reach 42 extends substantially
      coextensively with the feed pipe through the machine. Additionally, side
      conveyors 44 having substantially vertically extending reaches 46 are
      positioned on opposite sides of the feed pipe to support the tube on
      opposite sides thereof and assist in conveying the tube through the
      filling and sealing machine.
PAR  The product to be packaged is delivered from a supply 48 thereof, FIG. 2,
      to the inlet end of the feed pipe and the product flows through the feed
      pipe for ejection through the outlet 34 thereof into the compartments 18.
      The flow of the product may then be controlled by means of a metering
      valve 50 or some other conventional metering apparatus of, for example,
      the type which weighs the amount of product packaged and controls the
      metering valve to correct for under or overweight packages.
PAR  If desired, however, metering may also be accomplished by means of movable
      back up plates. Thus, the filling and sealing machine may be provided, as
      seen in FIGS. 1 through 3 of the drawings, with metering plates 54 of
      substantially U-shaped configuration provided within the loops of the side
      conveyors in engagement with the vertically extending reaches 46 thereof.
      The spacing between the metering plates 54 is adjustable, as indicated by
      the double headed arrows in FIG. 3 of the drawings, so that by assuring an
      adequate flow of product through the filler pipe 30 and selecting the
      proper size compartments 18, the amount of product deposited in
      compartments 18 may be controlled by adjusting the spacing between the
      metering plates 54.
PAR  Thus, any excess deposited in each of the compartments through the outlet
      34 will run over and flow into adjacent compartments. By inclining the
      side conveyor belts 46, the bottom conveyor reach 42, the sealing
      apparatus, and the filler pipe 30 at a slight angle to the horizontal, as
      seen in FIG. 2, this flow will be in an upstream direction into following
      compartments 18. In this regard it will be noted that by interconnecting
      the transverse seal lines in each pair at their upper ends flow of the
      product into the spaces between the seal lines is prevented.
PAR  As filled compartments leave the metering section 56 defined by the
      metering plates 54 the bags are allowed to relax somewhat, lowering the
      level of the product therein below the upper ends of the transverse heat
      seal lines 16. Thereafter, a longitudinally extending seal line is formed
      in the tube by appartus such as that schematically indicated at 58, which
      may take the form of a band sealer, with the longitudinal seal line 60
      intersecting the ends of the transverse seal lines 16.
PAR  Cutting means, such as cutting wheels 62, may be positioned downstream of
      the sealer 58 to sever the tube intermediate its upper edge and the
      longitudinally extending seal line 60 to free the filled bags from the
      filling pipe. Normally, bulging of the filled bags will cause them to
      separate along the lines of serrations 24 to provide the individual
      filled, sealed bags 64 shown adjacent the downstream end of the apparatus
      in FIGS. 1 and 2 of the drawings. It will be apparent, however, that
      positive separating means may be utilized.
PAR  Turning now to FIGS. 6 and 7 of the drawings, a modification of the present
      invention will be described. Like reference numerals in FIGS. 6 and 7
      indicate the same parts as those shown in FIGS. 1 through 5 of the
      drawings. In addition to these parts, it will be noted that adjacent the
      downstream end of the machine a short conveyor section 66 is provided,
      with the gap between conveyor 66 and bottom conveyor 40 bridged by a plate
      68.
PAR  Conveyor 66 is associated with a weighing device 70 which weighs each
      individual, filled bag as it leaves the bottom conveyor 40. In this
      regard, the conveyor 66 may be operated at a somewhat higher speed than
      the conveyor 40 to insure that only one filled bag at a time passes over
      the weighing device 70.
PAR  The weighing device 70 may be of the conventional, quick registering type
      and signals from device 70 are transmitted over line 72 to a control
      mechanism 74 of, for example, the servo-control type. Control 74 in turn
      controls the rotation of threaded screws 76 extending diagonally on each
      side of the machine adjacent the upstream and downstream ends of the
      metering section 56.
PAR  The metering plates 54 are slidably mounted on the machine and are provided
      with internally threaded blocks 78 receiving the threaded screws 76. With
      the above construction it will be apparent that each filled bag will be
      individually weighed as it passes over the weighing device 70. If the bag
      is underweight the screws 76 will cause the two metering plates 54 to
      separate some small amount allowing a greater charge to be placed in the
      bags.
PAR  If, after some predetermined time interval, bags passing over the weighing
      section 70 are still found to be underweight, the plates 54 will again
      back away from each other some small amount and this process will be
      repeated until the weight of the bags falls within some preselected range
      of values. Conversely, if the bags are found to be overweight, suitable
      adjustment of the spacing between the metering plates will be made,
      causing the plates to move closer together and decreasing the weight of
      the filled bags.
PAR  It will also be noted from FIGS. 6 and 7 of the drawings that filling pipe
      80 is formed as a multiple pipe fed from three separate sources, 82, 84
      and 86, communicating with the compartments 18 through individual pipes
      88, 90 and 92. The multiple pipe arrangement may, as seen in FIGS. 8 and
      9, take the form of individual pipes discharging through a single outlet
      94 into the compartments 18. For example, the pipes may have their
      discharge ends secured in a plate 96 which seals the end of the pipe and
      prevents backflow in the outer pipe 80 through the spaces between the
      pipes 88, 90 and 92.
PAR  In accordance with another modification of the invention, it will be noted
      from FIG. 10 that a filler pipe 98 may include multiple pipes 100, 102 and
      104 feeding through spaced outlets 106, 108 and 110 respectively.
      Preferably the area on either side of each of the outlets is sealed to
      prevent infiltration of the product into the outer pipe 98. In this
      regard, plate 112 is positioned adjacent the outlet 106, plates 114 and
      116 are positioned on either side of the outlet 108 and plates 118 and 120
      are positioned on either side of the outlet 110.
PAR  With this configuration, it will be seen that multiple products may be
      deposited in the compartments at spaced locations along the filling line.
      These products might comprise materials which are to be intermixed in some
      preselected order, or pipe 100 could be used to fill the compartments with
      a sterilizing gas or an inert gas which is later displaced by material to
      be packaged, deposited into the compartments through the pipes 102 and
      104.
PAR  FIG. 11 of the drawings shows another preferred embodiment in accordance
      with the present invention. As seen in FIG. 11, side conveyor belts 122
      extend upwardly on opposite sides of the bottom conveyor belt 40 and the
      metering plates 54. Unlike the conveyor belts 44, however, the vertically
      extending reaches 124 of the belts extend upwardly on opposite sides of
      the filling pipe.
PAR  Rollers 126 are rotatably mounted by means of axles 128 and press the upper
      edges of the conveyor belts against the tube or web 10 and against the
      filler pipe to provide firm support for the web and at the same time
      eliminate the necessity of synchronizing the speed of the side conveyor
      belts with the speed of the feed rollers which regulate the travel speed
      of the film.
PAR  Thus, rollers such as those shown at 36 in FIG. 1 of the drawings are
      eliminated, since they are unnecessary when using extended side conveyor
      belts. At their outer reaches the upper edges of the side conveyor belts
      may be supported in any convenient manner, such as by the longitudinally
      extending channels 130 positioned within the belts as shown in FIG. 11 of
      the drawings.
PAR  From the above it will be seen that the present invention provides a unique
      web of bag blanks, a method of making the web and apparatus and method for
      filling and sealing the bags thereof.
PAR  While the product, process, method and apparatus herein described
      constitute preferred embodiments of the invention, it is to be understood
      that the invention is not limited to the precise examples given herein,
      and that changes may be made therein without departing from the scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A web of bags comprising:
PA1  a. a continuous flattened tube of material,
PA1  b. said flattened tube having opposed upper and lower longitudinal edges,
PA1  c. regularly spaced seal lines extending transversely of said flattened
      tube,
PA1  d. each of said seal lines extending from said lower edge of said flattened
      tube to a point closely adjacent to but spaced from said upper edge of
      said tube,
PA1  e. said transversely extending seal lines dividing said tube into a series
      of interconnected bags with said transversely extending seal lines forming
      sides of said bags, said lower edge of said web forming bottoms of said
      bags and said upper edge of said web defining a continuous conduit
      extending across said bags,
PA1  f. a longitudinally extending seal line intersecting some of said
      transversely extending seal lines,
PA1  g. said longitudinally extending seal line sealing closed those bags the
      transversely extending seal lines of which it intersects,
PA1  h. said seal lines defining with said flattened tube a system consisting of
      interconnected, sealed and unsealed bags and said continuous conduit
      extending across upper ends of each of said interconnected sealed and
      unsealed bags with said unsealed bags communicating directly with said
      conduit, and
PA1  i. means for separating said interconnected bags from each other along the
      sides thereof.
NUM  2.
PAR  2. The package of claim 1 wherein:
PA1  a. said unsealed bags are in communication with each other via said closed
      conduit.
NUM  3.
PAR  3. The web of claim 1 wherein:
PA1  a. each of said transversely extending seals includes a pair of
      transversely extending seal lines and a third seal line interconnecting
      the seal lines of the pair, forming a continuous, substantially U-shaped
      seal line with said pair of seal lines constituting spaced parallel legs
      of said U-shaped seal and said third seal line forming the bight portion
      thereof.
NUM  4.
PAR  4. The web of claim 3 wherein:
PA1  a. said separating means are disposed between said spaced parallel legs of
      said U-shaped seals, extending adjacent to but not beyond said third
      seals, whereby a fluid deposited in one of said bags may flow, prior to
      closing of that bag, from the bag in which it is deposited into an
      adjacent, open bag via said continuous conduit.
NUM  5.
PAR  5. The web of claim 1 further comprising:
PA1  a. a fluid deposited in some of said bags within said system thereof.
NUM  6.
PAR  6. The web of claim 5 wherein:
PA1  a. said fluid comprises a liquid.
NUM  7.
PAR  7. The web of claim 5 wherein:
PA1  a. said fluid comprises a gas.
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ABST
PAL  An envelope assembly of a succession of envelopes each includes a front and
      back panel and extractable insert material contained therein, the insert
      material comprising a top-opening return mailer envelope connected to a
      portion of the envelope by means of a panel forming a portion or chip of
      the return envelope which is separable therefrom, and which is retained
      with the envelope upon extraction of the insert. As an alternative, the
      chip of the return envelope is connected to an insert sheet within each
      envelope.
BSUM
PAR  This invention relates generally to an envelope assembly, and more
      particularly to such an assembly of interconnected sealed envelopes having
      return envelopes with a connected flap contained therein which, after
      extraction, avoids accidental removal of the connected flap.
PAR  In the corresponding assembly of interconnected sealed envelopes of the
      type disclosed by U.S. Pat. No. 3,554,438, commonly owned herewith, insert
      material comprising a top opening return mailer envelope is shown in FIGS.
      17 and 18 thereof. Top and back panels 54x and 55x are secured together
      along three sides and a top glue flap on the back panel is folded over and
      secured to the front face of the top panel upon extraction of the return
      mailer after waste chip 54e is removed and discarded. One of the problems
      with such an assembly is that many recipients of this type return mailer,
      upon extraction thereof, tend to remove not only the waste chip but also
      the rewettable glue flap. The return envelope is therefore left
      unsealable.
PAR  This problem is substantially eliminated by the present invention. The
      return mailer envelope is connected to a portion of the sealed envelope by
      means of this waste chip so that, upon extraction of the insert material,
      the waste chip is retained within the sealed envelope eliminating the need
      for subsequently removing same before top sealing of the return mailer as
      heretofore required. This is an object of the present invention.
PAR  Another object is to provide an envelope assembly of interconnected sealed
      envelopes each having insert material therein in the form of a return
      mailer envelope having an opening along one edge, with one of the upper or
      lower panels of the return envelope having a sealable flap for closing
      over the other panel, a separable portion on this other panel serving to
      connect the return mailer with the sealed envelope, and being retained
      with the sealed envelope upon extraction of the insert.
PAR  A further object of this invention is to provide such an envelope assembly
      wherein the insert material extends into a removable tear strip provided
      along one edge of the envelope, the envelope opening lying perpendicular
      to such edge so that the return mailer envelope is separated from the
      aforementioned portion along a line parallel to the direction of
      extraction.
PAR  A still further object of the invention is to provide an alternative
      envelope assembly of interconnected sealed envelopes each having insert
      material therein in the form of an insert sheet and a return mailer
      envelope having an opening along one edge, one of the panels of the return
      envelope having a sealable flap for closing over the other panel, a
      separable portion of this other panel serving to connect the return mailer
      with the adjacent insert sheet so that such portion remains connected with
      the insert when separated.
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PAR  Other objects, advantages and novel features of the invention will become
      more apparent from the following detailed description of the invention
      when taken in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a fragmentary perspective view, on a slightly reduced scale, of
      an envelope assembly of interconnected sealed envelopes in accordance with
      the invention;
PAR  FIG. 2 is a plan view of one embodiment of an envelope of FIG. 1 shown
      partly broken away;
PAR  FIG. 3 is a plan view similar to FIG. 2 with the insert material contained
      within the envelope shown fully extracted therefrom;
PAR  FIG. 4 is a perspective showing of the return mailer extracted from the
      FIG. 2 envelope;
PAR  FIG. 5 is an expanded sectional view of the sealed envelope containing the
      return mailer taken along line 5--5 of FIG. 2;
PAR  FIG. 6 is a view similar to FIG. 5 showing the process of extracting the
      return mailer insert;
PAR  FIG. 7 is an expanded sectional view of the sealed envelope and its return
      mailer insert taken along line 7--7 of FIG. 2;
PAR  FIG. 8 is a view similar to FIG. 7 showing another embodiment of a sealed
      envelope according to the invention; and
PAR  FIG. 9 is a view similar to FIG. 5 of the other embodiment.
DETD
PAR  Turning now to the drawings wherein like reference characters refer to like
      and corresponding parts throughout the several views, an envelope assembly
      is generally shown at 10 in FIG. 1 as comprising a plurality of sealed
      envelopes 11 interconnected in succession along transverse tear lines 12.
      Feed holes 13 are provided along opposite sides of the assembly which is
      customary for feeding the assembly through a high speed printer, and
      through other web operations.
PAR  Each envelope comprises front and back panels 14 and 15, as shown in FIGS.
      5-7, secured directly together along opposite ends by means of some
      suitable glue as at 16, 17. Each envelope contains insert material
      including a return mailer 18 as shown in FIG. 4. This insert comprises
      lower and upper panels 19 and 21 (FIG. 7) each divided into sections 22,
      23 and 24, 25. As shown in FIG. 4, sections 22 and 24 are interconnected
      along a substantially U-shaped pattern paste configuration 26 so that the
      upper edges thereof are open as at 30. Portions 23 and 25 of respective
      panels 19 and 21 shown in FIG. 7 are of the same size and are superimposed
      over one another, with sections 22 and 23 being interconnected along a
      fold line 27. Sections 24 and 25 of panel 21 are interconnected along a
      tear line 28.
PAR  This return mailer envelope is connected by means of its chip or section 25
      to one of the envelope panels as, for example, 15 shown in FIG. 7 with the
      use of adhesive 29. This may be spots or strips or pattern paste which is
      used in securing the mailer in place. As will be seen hereinafter, section
      23 becomes a return envelope flap for sealing the mailer after extraction.
PAR  One side edge of panels 19 and 21 are secured together and to the front and
      back panels of the envelope by means of adhesive 31 (see FIG. 5). Weak
      tear lines having very keen ties are provided as at 32 for each of the
      return envelope panels 19 and 21.
PAR  As also seen in FIG. 5, the opposite sides of the return mailer panels are
      connected together and to the envelope front and back panels 14 and 15 by
      means of adhesive 33. Keen tear lines 34 having weak ties are likewise
      provided in panels 19 and 21 between adhesive patterns 26 and 33 so as to
      delimit that side end of the return mailer.
PAR  A tear strip 35 is provided for the envelope as defined by tear lines 36
      provided in front and back panels 14 and 15 of the envelope. A thumb tab
      37 extends inwardly of these tear lines to facilitate easier extraction of
      the insert.
PAR  After each sealed envelope 11 is burst from assembly 10 and thereafter
      mailed out, the recipient opens and extracts the return mailer by
      following instructions to grasp tear strip 35 with one hand over the thumb
      tabs, the other hand being placed outwardly of tear lines 32 in much the
      same manner as that described in the aforementioned patent. With a
      snapping action in a direction of the arrows of FIG. 3, return mailer 18
      is extracted from the envelope as the connecting ties are broken along
      tear line 28. The keen ties at opposite sides of the return mailer are
      easily broken during the extraction process, tear strip 35 therefore being
      easily separated from the mailer. And, since the indicia imprinted on each
      envelope extends between opposite feed holes 13, opening 30 is parallel to
      such indicia and therefore defines a top opening. The waste chip or
      portion 25 of the return mailer construction is retained with the envelope
      after extraction so that the recipient is not required to remove this
      waste chip after extraction of the return mailer as before. With such a
      construction, the recipient then merely folds flap 23 down over the outer
      surface of section 24 after adhesive strip 38 is rewetted.
PAR  In addition to a return mailer, the sealed envelope of the FIGS. 2-7
      embodiment may contain one or more insert sheets 41 as shown in FIG. 9
      connected to the envelope along at least one end thereof by a line 42 of
      perforations. End 43 of the insert may be spaced inwardly of adhesive
      strip 33 which interconnects panel 21 of the return envelope 18 with
      envelope panel 14. During the extraction process, similarly as in FIG. 6,
      both the insert sheet and the return mailer envelope are extracted
      together whereafter the insert sheet may be stuffed within the return
      envelope before mailing.
PAR  In the other embodiment of the invention, the return mailer is connected to
      insert sheet 41 rather than to one of the sealed envelope plies. As shown
      in FIG. 8, sections 22 and 23 are interconnected along fold line 27, and
      sections 24 and 25 are interconnected along tear line 28. The waste chip
      or section 25 connects the return mailer with insert 41 by means of
      adhesive 29. Otherwise, the envelope assembly construction of FIG. 8 is
      the same as in the first embodiment.
PAR  Extraction of insert 41 and the return mailer is the same as that shown in
      FIG. 6 with the addition of an insert sheet therein. However, waste chip
      25 is removed along with the insert material upon extraction, rather than
      being retained with the sealed envelope as before. Insert sheet 41 is then
      merely separated from return mailer 18 along line 28, and is stuffed
      therewithin or retained by the recipient as the forms system design
      requires.
PAR  From the foregoing, it can be seen that a simple and economical yet highly
      effective return mailer has been devised wherein its waste chip normally
      provided in such constructions is retained either with the sealed envelope
      or with an insert sheet upon extraction thereof. Any accidental removal of
      flap 23 along with the waste chip is therefore avoided since the return
      mailer is either fully in a condition for mailing immediately upon its
      extraction without the need for removal of any portion thereof, or is
      readied for return mailing by simply separating it from its connected
      insert sheet.
PAR  Obviously, many modifications and variations of the invention are made
      possible in the light of the above teachings as, for example, a top or
      bottom opening return mailer. It is therefore to be understood that within
      the scope of the appended claims the invention may be practiced otherwise
      than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An envelope assembly formed of a continuous web having spaced transverse
      lines of weakening defining a succession of interconnected sealed
      envelopes, comprising: front and back panels, and insert material within
      each sealed envelope; said insert material comprising interconnected upper
      and lower panels forming a return envelope having an opening along one
      edge thereof, one of said return envelope panels being separable along a
      keen line of weakening provided therealong, the other of said return
      envelope panels having a flap foldable along a fold line provided thereon;
      attaching means connecting a portion of said insert material in each said
      sealed envelope with said sealed envelope, said portion comprising a
      section of said one panel which is superimposed over said flap and which
      is separable along said keen line of weakening; and a tear strip on each
      said sealed envelope for opening said sealed envelope and freeing said
      return envelope from said sealed envelope, said section of said return
      envelope being retained with said sealed envelope upon the freeing of said
      return envelope from said sealed envelope.
NUM  2.
PAR  2. The envelope assembly according to claim 1, wherein said tear strip is
      located along one end of said sealed envelope, and said keen line of
      weakening is disposed perpendicular to said tear strip.
NUM  3.
PAR  3. The envelope assembly according to claim 2, wherein said extends along
      said section return envelope between opposite end edges thereof.
NUM  4.
PAR  4. The envelope assembly according to claim 2, wherein said tear strip is
      superimposed on one end of said return envelope and the opposite end of
      said return envelope lies inwardly of the opposite end of said sealed
      envelope to facilitate separation of said return envelope along said keen
      line of weakening as said opposite end of said sealed envelope and said
      tearstrip are moved away from one another.
NUM  5.
PAR  5. An envelope assembly formed of a continuous web having spaced transverse
      lines of weakening defining a succession of interconnected sealed
      envelopes, comprising: front and back panels, and insert material within
      each sealed envelope; said insert material comprising interconnected upper
      and lower panels forming a return envelope having an opening along one
      edge thereof, one of said return envelope panels being separable along a
      keen line of weakening provided therealong, the other of said return
      envelope panels having a flap foldable along a fold line provided thereon;
      said insert material further comprising an insert sheet removably
      connected with said sealed envelope along at least one edge thereof;
      attaching means connecting a portion of said return envelope in each said
      sealed envelope with said insert sheet therein, said portion comprising a
      section of said one panel which is superimposed over said flap and which
      is separable along said keen line of weakening; and a tear strip on each
      sealed envelope for opening said sealed envelope and freeing said insert
      material from said sealed envelope, said return envelope and said insert
      sheet thereby together being freed from said sealed envelope, and said
      return envelope being separable from said insert sheet along said keen
      lines of weakening whereby said section is retained with said insert sheet
      upon separation of said return envelope and said insert sheet.
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ABST
PAL  Business forms structure which comprises continuous envelopes with insert
      material. The envelopes are produced in a series and separated by score
      lines or the like. Within each envelope is at least one element of insert
      material. Image transfer material is included in the business forms
      structure so image transfer can occur from the exterior surface of the
      envelope to the insert material within the envelope. Each element of
      insert material is attached to an element of insert material in the
      adjoining envelopes and is retained in a desired position within its
      respective envelope until the envelope is separated from the series
      thereof. Thus, printing, typing, and the like can be performed upon the
      exterior surface of the envelope and, while the insert material is
      retained in proper location within the envelope, at least a portion of the
      printed or typed information is applied to the insert material in the
      desired location thereupon, prior to separation of the envelope from the
      series thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous business forms structures have been created which comprise a
      series of envelopes and insert material within the envelopes. Each of
      these business forms structures has been produced in a continuous
      operation. The major problem involved in production of such continuous
      envelopes with inserts in a continuous production operation is that of
      retaining the insert material in desired position within the envelopes
      during formation of the envelopes and insert material, and during the
      process of typing or printing thereon, while also permitting the insert
      material to be easily and readily removed from the envelopes by the
      recipients thereof. Various types of means have been provided for solving
      this problem. Some of the known envelope structures are disclosed in U.S.
      Pat. No. 2,149,886, 2,257,766, 3,104,799, 3,339,827, 3,777,971, 3,790,470,
      and 3,830,141.
PAR  Several of the known continuous envelope structures with inserts are rather
      expensive to produce; other such known structures have an undesirable
      appearance; other such known structures are such that the insert material
      is difficult to remove from the envelopes; other such known structures do
      not fold smoothly into a pack; and other such known structures are not
      acceptable for use with high speed printer machines.
PAR  An object of this invention is to provide business forms structure which
      comprises continuous envelopes with inserts therewithin which includes
      means for retaining the insert material in desired position within the
      envelopes until each envelope is separated from the series thereof for
      mailing of the envelope.
PAR  Another object of this invention is to provide such business forms
      structure which can be produced at relatively low costs, which has a good
      appearance, and in which the insert material is easily removable from each
      envelope.
PAR  It is another object of this invention to provide such business forms
      structure which folds neatly and smoothly into a pack for shipment thereof
      and/or for subsequent use thereof and which moves smoothly through high
      speed printer machines.
PAR  Other objects and advantages of this invention reside in the construction
      of parts, the combination thereof, the method of manufacture, and the
      method of use, as will become more apparent from the following
      description.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises a plurality of continuous superposed sheets of
      paper-like material, at least two of the continuous sheets forming a
      series of envelopes, at least one of the continous sheets being an insert
      sheet which extends through the series of envelopes. In the continuous
      structure, the insert material is maintained in desired position within
      the envelopes during construction of the assembly, during travel thereof,
      and during printing or typing operation thereupon. A continuous strip, as
      a portion of the insert material, extends through the entire series of
      envelopes. The continuous structure moves smoothly through high speed
      printing machines and the like. After each envelope is severed from the
      series thereof, the insert material therewithin is freely movable within
      the envelope and is easily and readily removable from the envelope.
DRWD
PAC  BRIEF DESCRIPTION OF THE VIEWS OF THE DRAWINGS
PAR  FIG. 1 is a perspective view illustrating production of a continuous mailer
      envelope assembly with inserts in accordance with this invention.
PAR  FIG. 2 is an enlarged top plan view taken substantially on line 2--2 of
      FIG. 1.
PAR  FIG. 3 is an enlarged bottom plan view taken substantially on line 3--3 of
      FIG. 1.
PAR  FIG. 4 is a top plan view, with portions of the assembly broken away and
      illustrating the manner in which information is applied to the continuous
      sheets of the assembly.
PAR  FIG. 5 is a top plan view showing a portion of the upper sheet of the
      assembly with information applied thereto.
PAR  FIG. 6 is a top plan view, with portions broken away, illustrating a mailer
      envelope unit of the assembly of this invention within which insert
      material is positioned and upon which some of the information carried by
      the upper sheet appears.
PAR  FIG. 7 is a fragmentary perspective view illustrating the method of gaining
      access to the insert material which is within the envelope unit of FIG. 6.
PAR  FIG. 8 is a plan view, illustrating a step in removal of the insert
      material from the envelope unit.
PAR  FIG. 9 is a top plan view, with parts broken away, showing a modification
      in the mailer envelope assembly of this invention.
PAR  FIG. 10 is a top plan view with parts broken away, of another modification
      in the mailer envelope assembly of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a method of production of a continuous mailer envelope
      assembly with inserts according to this invention. A continuous sheet 20,
      as illustrated in FIG. 1, moves from left to right. The continuous sheet
      20 is provided with a longitudinal row of closely spaced feed holes 22
      along each margin thereof. Adjacent each row of feed holes 22 and
      substantially parallel thereto is a longitudinal perforation line 24.
      Spaced slightly inwardly from one of the perforation lines 24 and parallel
      thereto is a longitudinal perforation line 25. The perforation line 25 is
      interrupted by notch perforation lines 23 which extend inwardly therefrom,
      as shown in FIG. 3. Between the perforation lines 24 and 25 is a
      longitudinal row of feed holes 27.
PAR  As illustrated in FIG. 1, a continuous rotating belt 26, at each marginal
      portion of the sheet 20, has feed pins 28 which move into the holes 22 at
      the respective margin of the sheet 20 for movement thereof.
PAR  Also, as illustrated in FIG. 1, a continuous sheet 30 is laid down upon the
      first continuous sheet 20, as the second continuous sheet moves around a
      roller 32 above the first continuous sheet 20. The second continuous sheet
      30 has a lesser width than the width of the continuous sheet 20. The
      continuous sheet 30 has a continuous strip portion 33 at one marginal edge
      thereof. The continuous strip portion 33 of the continuous sheet 30 is
      provided with a longitudinal row of feed holes 35. Adjacent the feed holes
      35 is a longitudinal perforation line 37. By a die cut operation or the
      like, the continuous sheet 30 has form sections or insert sections 36
      which extend laterally from the continuous strip portion 33. As the
      continuous sheet 20 is moved by the belt 26 and the feed pins 28 thereof,
      the continuous sheet 30 moves around the rotating roller 32 and into
      engagement with the first continuous sheet 20.
PAR  As the continuous sheet 30 moves into engagement with the continuous sheet
      20, each of the feed holes 35 becomes vertically aligned with one of the
      feed holes 27 of the continuous sheet 20, and the longitudinal perforation
      line 37 becomes positioned directly above the longitudinal perforation
      line 25 of the sheet 20.
PAR  A continuous annular belt 44 is positioned below the rows of feed holes 27
      and 35, and pins 46 of the belt 44 extend through aligned holes 27 and 35
      in the continuous sheets 20 and 30, respectively, for aligned movement of
      the continuous sheets 20 and 30.
PAR  Spaced from the roller 32 is a roller 48 under which the continuous sheets
      20 and 30 travel. The belt 44 is positioned below the portions of the
      continuous sheets 20 and 30 which are between the rollers 32 and 48. The
      continuous sheet 30 may have printed indicia 49 and column lines 47
      thereupon, as shown in FIG. 2.
PAR  A continuous sheet 50 also travels under the roller 48, as illustrated in
      FIG. 1, and has a lower surface which moves into engagement with the upper
      surface of the continuous sheet 30 and a portion of the upper surface of
      the continuous sheet 20. The lower surface of the sheet 50 is provided
      with areas or regions 54 having image transfer material thereupon, such as
      carbon material, or any other suitable image transfer composition, as
      shown in FIGS. 1 and 3. The upper surface of the continuous sheet 50 is
      shown as having printed material 58 thereupon, including an address
      rectangle 58a. The lower surface of the sheet 50 has longitudinal lines 60
      of adhesive material and transverse lines 62 of adhesive material. As the
      sheet 50 moves into engagement with the upper surfaces of the sheets 20
      and 30, the transverse lines 62 of adhesive are spaced between adjacent
      insert sections 36 of the continuous sheet 30 but are spaced significantly
      therefrom. The lines 60 and 62 are also spaced significantly from the
      continuous strip portion 33 of the continuous sheet 30.
PAR  The continuous sheet 50 has longitudinal perforation lines 66 which are
      positioned directly above the longitudinal perforation lines 24 of the
      continuous sheet 20. The sheet 50 has a longitudinal perforation line 68
      which is positioned directly above the longitudinal perforation line 37 of
      the sheet 30 and the longitudinal perforation line 25 of the sheet 20. The
      longitudinal perforation line 68 is interrupted at regularly spaced
      positions and has thumb notch perforation lines 70 joined thereto, as
      shown in FIGS. 1, 2, and 3. The sheet 50 has rows of marginal feed holes
      69 which are aligned with the marginal feed holes 22 of the sheet 20.
PAR  The lines of adhesive material 60 and 62, in a generally rectangular
      formation, thus attach the sheet 50 to the sheet 20 along the length
      thereof to form a series of envelope pockets. Within each envelope pocket
      is one of the insert sections 36 of the continuous sheet 30. The
      continuous strip 33, which is integral with the insert sections 36,
      extends from each envelope pocket to the adjacent envelope pockets, while
      the continuous sheet 30 remains detached from the sheets 20 and 50 and
      spaced from the lines of adhesive material 60 and 62. Thus, registration
      of the insert sections 36 with the sheets 20 and 50 is assured by the
      continuous integral strip 33.
PAR  The sheets 20, 30, and 50 then continue to move under the influence of the
      rotating belt 26 and the feed pins 28 thereof to a rotating roller 78,
      which directs a continuous sheet 80 upon the upper surface of the sheet
      50, as illustrated in FIG. 1. The lower surface of the sheet 80 is
      provided with areas 82 of image transfer material of any suitable type.
      The sheet 80 has longitudinally extending rows of marginal feed holes 84,
      adjacent longitudinal perforation lines 85. The perforation lines 85 of
      the sheet 80 are positioned directly above the perforation lines 66 of the
      sheet 50 and the perforation lines 24 of the sheet 20. The feed holes 84
      are aligned with the feed holes 69 of the sheet 50 and the feed holes 22
      of the sheet 20. The sheet 80 is releasably attached to the upper surface
      of the sheet 50 by any suitable means such as by crimps or by releasable
      glue or the like. The sheet 80 is shown as having printed material 88
      applied thereto on the upper surface thereof, as shown in FIG. 2.
PAR  The sheets 20, 30, 50, and 80 then move forwardly to perforating rollers 92
      and travel therebetween. The perforating rollers 92 form spaced-apart
      transverse perforation lines or lines of weakening 96 through all the
      sheets 20, 30, 50, and 80. The perforation lines 96 extend through the
      transverse lines of adhesive material 62 which attach together transverse
      portions of the sheets 20 and 50, as each insert section 36 is positioned
      between a pair of adjacent transverse perforation lines 96. Each
      transverse perforating operation performed by the rollers 92 also
      perforates the continuous strip portion 33 which joins one insert section
      36 to an adjacent insert section 36.
PAR  Thus, between each adjacent pair of perforation lines 96 is an envelope
      formed by the sheets 20 and 50, and within each envelope is an insert
      section 36 within a pocket formed within each envelope. Each insert
      section 36 is joined to the insert sections 36 in the adjacent envelopes
      by the continuous strip portion 33 which extends through the series of
      envelopes. The continuous strip portion 33 freely extends through an
      opening at the top and bottom of each envelope, the opening being formed
      between spaced-apart portions of the lines of adhesive material 60 and 62.
PAR  From the perforating rollers 92 the continuous sheets 20, 30, 50, and 80,
      as a continuous web, move forwardly and are shown traveling to a stack
      100, as the sheets 20, 30, 50, and 80 are folded at the transverse
      perforation lines 96. Due to the fact that the series of insert sections
      36 are joined by the continuous strip portion 33 which is free and
      unattached to the envelopes, the continuous web folds smoothly without
      wrinkling or tenting.
PAR  In such a stack 100, the continuous web comprising the sheets 20, 30, 50,
      and 80 can be shipped or moved to a location for further use. The
      continuous web formed by the sheets 20, 30, 50, and 80 is adapted to
      travel from the stack 100 thereof through a printer machine, typewriter,
      or the like. Information is applied to the sheet 80 at desired locations
      thereupon, and at least some of the information is applied by the image
      transfer material in the areas 82 on the lower surfaces of the sheet 80 to
      the sheet 50, and at least a portion of the information which is applied
      to the sheet 80 is also applied to the insert sections 36 of the sheet 30
      by image transfer material in the areas 54 on the lower surface of the
      sheet 50. The sheet 80 thus becomes a record sheet of all information
      applied.
PAR  The sheet 80 is then removed from the sheet 50 and may be maintained as a
      continuous sheet or may be separated into smaller sheets by severance at
      the perforation lines 96.
PAR  The marginal portions of the sheets 80, 50, and 20 having the feed holes
      therein are separated from these sheets by separation of the marginal
      portions along the perforation lines 85, 66, and 24, respectively.
PAR  FIG. 5 shows a portion of a record sheet 80 after the marginal portions are
      removed therefrom and after severance along the perforation lines 96.
PAR  FIG. 6 shows an envelope unit 110 with an insert section 36 therein, formed
      by the sheets 20, 30, and 50. FIG. 6 shows a tab part 33a of the
      continuous strip portion 33 which extends from the insert section 36
      through openings 114 in the upper and lower edges of the envelope unit,
      between spaced-apart portions of the lines of adhesive material 60 and 62.
      The insert section 36, now severed from the continuous strip portion 33,
      is free to shift within the envelope unit 110. A portion of the printed
      information 58 on the surface of the envelope unit 110 comprises postage
      58b and a name and an address within the address rectangle 58a. In this
      condition the envelope unit 110 is ready to be mailed.
PAR  FIG. 7 illustrates the manner in which the envelope unit 110 is opened by
      the recipient thereof. The sheets 50, 30, and 20 are torn at the
      perforation lines 68, 37, and 25, respectively. The portion of these
      sheets thus removed includes the notch portion defined by the notch
      perforation lines 70 of the sheet 50 and by the notch perforation lines 23
      of the sheet 20. Thus, the part of the continuous strip portion 33 of the
      sheet 30 is removed with a part of the sheets 20 and 50, and a part of the
      insert section 36 is visible and accessible through the thumb notch formed
      by tearing at the notch perforation lines 23 and 70 of the sheets 20 and
      50, respectively. Thus, the insert section 36 is readily removed from the
      envelope unit 110.
PAR  It is to be understood that insert material of an assembly of this
      invention may consist of a single sheet, as herein illustrated. The insert
      material may include a return envelope or the like and a plurality of
      sheets or sections of sheets.
PAC  FIG. 9
PAR  FIG. 9 shows a modification in the assembly of this invention. In the
      assembly of FIG. 9 there is a continuous sheet 120, a continuous sheet
      130, a continuous sheet 150, and a continuous sheet 180. Each of these
      sheets is similar to the sheets 20, 30, 50, and 80, respectively, shown in
      the drawings and discussed above. The sheet 130 has a continuous strip
      portion 133 extending the length thereof. However, the sheet 130 is laid
      upon the sheet 120 without the use of feed holes in the continuous strip
      portion 133. Thus, the continuous strip portion 133 does not have feed
      holes therein, and the sheet 120 does not have feed holes below the
      continuous strip portion 133 of the sheet 130, and the continuous sheet
      150 does not have feed holes above the continuous strip 133.
PAC  FIG. 10
PAR  FIG. 10 shows another modification in the assembly of this invention. A
      continuous sheet 200 is provided with longitudinally extending rows of
      feed holes 202. A longitudinal perforation line 204 is adjacent each row
      of feed holes 202. The continuous sheet 200 also has a longitudinal
      perforation line 206 at the left hand portion thereof.
PAR  A continuous sheet 208 rests upon the continuous sheet 200. By means of a
      die cutter or by other suitable means, the continuous sheet 208 has a
      continuous marginal strip 210 at one side portion thereof and a continuous
      marginal strip 212 at the other side portion thereof. Extending laterally
      inwardly from the continuous marginal strip 210 are a series of
      spaced-apart tabs 218 which are joined to spaced-apart insert sections
      220, herein shown as being rectangular in shape and spaced from the
      marginal strips 210 and 212. Within each of the continuous marginal strips
      210 and 212 is a row of feed holes 214, each of which is aligned with the
      feed holes 202 in the continuous sheet 200. a perforation line 222 in the
      tab 218 is positioned directly above the perforation line 206 in the
      continuous sheet 200. A perforation line 224 in the continuous sheet 208
      separates the continuous strip 210 from each tab 218 and is positioned
      directly above the perforation line 204 at the left hand portion of the
      continuous sheet 200.
PAR  A tab 230 extends laterally inwardly from the continuous strip 212 to each
      insert section 220. A perforation line 232 separates each insert section
      220 from its respective tab 230. A perforation line 234 in the continuous
      sheet 208 separates the continuous strip 212 from the tab 230.
PAR  As shown, the insert sections 220 have printed indicia 238 and lines 240
      thereupon.
PAR  Positioned upon the continuous sheet 208 is a continuous sheet 250, which
      is provided with marginal rows of feed holes 252, which are aligned with
      the rows of feed holes 214 in the continuous sheet 208. The continuous
      sheet 250 also has a perforation line 256 which is adjacent each of the
      rows of feed holes 252. Adjacent the left hand portion of the continuous
      sheet 250 is a perforation line 260 which is directly above the
      perforation line 222 in the continuous sheet 208 and above the perforation
      line 206 in the continuous sheet 200. The perforation line 260 in the
      continuous sheet 250 is interrupted at spaced-apart positions by thumb
      notch perforation lines 264. The continuous sheet 250 is shown as having
      printed indicia 268 thereupon.
PAR  The continuous sheet 250 is attached to the continuous sheet 200 by glue
      lines 269 which partially encompass each insert section 220. The glue
      lines 269 are spaced from the insert sections 220 and from the marginal
      strips 210 and 212 and spaced from the tabs 218 and 230.
PAR  Positioned upon the continuous sheet 250 is a continuous sheet 270 which
      has rows of marginal feed holes 272. Adjacent each row of marginal feed
      holes 272 is a longitudinal perforation line 274. The perforation lines
      274 are in vertical alignment with the perforation lines 256 of the
      continuous sheet 250. The continuous sheet 270 is shown as having printed
      indicia and lines 278 thereupon.
PAR  The continuous sheet 270 is releasably attached to the continuous sheet 250
      by any suitable means, such as by releasable adhesive or by crimping, or
      the like.
PAR  Spaced-apart transverse perforation lines 290 are applied to all of the
      sheets 200, 208, 250, and 270 after collating thereof and after attachment
      thereof as described above, and in a manner such as described with respect
      to the rollers 92 shown in FIG. 1.
PAR  The assembly shown in FIG. 10 thus comprises a continuous series of
      envelopes, each of which has an insert section 220 therewithin. The insert
      section 220 is not attached to the envelope within which it is disposed.
      During construction and movement of the continuous assembly, the insert
      sections 220 are maintained in desired position with respect to the
      envelopes by means of the continuous marginal strips 210 and 212 within
      which feed pins extend to maintain alignment between all of the continuous
      sheets of the assembly. After separation of the marginal strips and after
      separation of an envelope unit from the series thereof, an individual
      envelope unit may be opened generally in the manner illustrated in FIG. 7.
PAR  It is to be understood that an assembly similar to that shown in FIG. 10
      may be constructed in which all of the tabs 230 or all of the tabs 218 are
      omitted, and any one tab joins each insert section to a marginal strip.
PAC  SUMMARY
PAR  Thus, it is understood that a continuous mailer envelope assembly with
      inserts of this invention constitutes an assembly which can be produced at
      relatively low costs, in which the insert material is free within the
      envelopes but retained in desired position within each envelope until all
      information is applied thereto and until the individual envelopes are
      separated from the series thereof. The continuous envelope assembly of
      this invention folds smoothly without tenting or wrinkling, can be easily
      opened, and the insert material is freely removable therefrom.
PAR  Although the preferred embodiment of the device has been described, it will
      be understood that within the purview of this invention various changes
      may be made in the form, details, proportion and arrangement of parts, the
      combination thereof, and mode of operation, which generally stated consist
      in a device capable of carrying out the objects set forth, as disclosed
      and defined in the appended claims.
CLMS
STM  The invention having thus been described, the following is claimed:
NUM  1.
PAR  1. A busines form assembly comprising:
PA1  a first continuous sheet of paper material, the first continuous sheet
      having a given width dimension, the first continuous being divided into a
      series of sections extending along the length thereof, each section having
      the given width dimension which is equal to the width dimension of the
      sheet, each section having a given longitudinal dimension,
PA1  a second continuous sheet of paper material, the second continuous sheet
      being positioned upon the first continuous sheet, the second continuous
      sheet having a series of insert portions, there being an insert portion
      positioned upon each section, each insert portion having an area less than
      the area of the section upon which the insert portion is disposed, each
      insert portion having a width dimension less than said given width
      dimension and a longitudinal dimension less than said given longitudinal
      dimension of the section upon which said portion is positioned, the second
      continuous sheet having a plurality of connecting parts, there being a
      connecting part joining each insert portion to the insert portion which is
      positioned upon the section wich is adjacent thereto,
PA1  a third continuous sheet of paper material, the third continuous sheet of
      paper material being positioned upon the second continuous sheet, the
      third continuous sheet being of said given width and having sections equal
      in dimension to said sections of the first continuous sheet, each section
      of the third continuous sheet being positioned above a section of the
      first continuous sheet, with one of said insert portions therebetween,
PA1  and means attaching the first continuous sheet to the third continuous
      sheet along the marginal parts of each section to form a series of
      envelopes, each of which has therewithin one of said insert portions of
      the second continuous sheet,
PA1  the second continuous sheet being free from attachment to either of the
      other sheets.
NUM  2.
PAR  2. A business form assembly comprising:
PA1  a first continuous sheet, the first continuous sheet having a given width
      dimension, the first continuous sheet being divided into a series of
      longitudinally extending sections, each section having the given width
      dimension, each section having a given longitudinal dimension,
PA1  a second continuous sheet, the second continuous sheet being positioned
      upon the first continuous sheet, the second continuous sheet having a
      series of spaced-apart insert portions, there being an insert portion
      positioned upon each section of the first continuous sheet, each insert
      portion having an area less than the area of the section upon which the
      insert portion is disposed, the second continuous sheet including
      connecting means joining together the series of insert portions,
PA1  a third continuous sheet, the third continuous sheet being positioned upon
      the second continuous sheet, the third continuous sheet being of said
      given width and having sections equal in dimension to said sections of the
      first continuous sheet,
PA1  and attachment means attaching the first continuous sheet to the third
      continuous sheet adjacent the periphery of each section to form a series
      of envelopes, each of which has therewithin one of said insert portions of
      the second continuous sheet, the attachment means providing an opening
      through which the connecting means of the second continuous sheet freely
      extend, the second continuous sheet being free from attachment to either
      of the other sheets.
NUM  3.
PAR  3. The business form assembly of claim 2 in which the connecting means
      comprises a relatively narrow tab which extends from each insert portion
      in the direction of the length of the sheet to the adjacent insert
      portion.
NUM  4.
PAR  4. The business form assembly of claim 2 in which the connecting means
      comprises a continuous strip which is laterally positioned with respect to
      the insert portions and in which there is a part which extends laterally
      from each insert portion and joins the insert portion to the continuous
      strip.
NUM  5.
PAR  5. The business form assembly of claim 2 in which the second continuous
      sheet has a continuous marginal portion, a portion of the second
      continuous sheet attaching each insert portion to the continuous marginal
      portion.
NUM  6.
PAR  6. The business form assembly of claim 2 in which the first sheet and the
      third sheet have marginal side portions which are attached together along
      the length thereof and in which the first sheet and the third sheet are
      also attached together along the length thereof at portions spaced
      inwardly from the marginal side portions, the marginal side portions being
      provided with feed holes and being severable from the first and third
      sheets.
NUM  7.
PAR  7. The business form assembly of claim 2 in which the first sheet, the
      second sheet, and the third sheet have marginal feed hole strips along the
      length thereof, and in which the second sheet has a plurality of
      connection parts, there being a connection part which joins the feed hole
      strip to each insert portion.
NUM  8.
PAR  8. The business form assembly of claim 2 in which each of the continuous
      sheets has a continuous marginal portion, portions of the second
      continuous sheet joining each insert portion to the continuous marginal
      portion of the second continuous sheet.
NUM  9.
PAR  9. The business form assembly of claim 1 in which the connecting parts of
      the second continuous sheet which join together the insert parts thereof
      have a row of feed holes therein and the first continuous sheet has a row
      of feed holes therein in alignment with the feed holes in the second
      continuous sheet for aligned movement of the first and second continuous
      sheets.
NUM  10.
PAR  10. The business form assembly of claim 2 in which each of the sheets has
      opposed side marginal portions, with a longitudinal row of feed holes in
      each marginal portion, the series of insert portions being between the
      marginal portions and spaced therefrom, with a tab joining the marginal
      portions to each of the insert portions.
NUM  11.
PAR  11. The business form assembly of claim 2 in which each of the sheets has a
      longitudinally extending row of feed holes in a margin thereof, the insert
      portions of the second sheet being positioned laterally with respect to
      the row of marginal feed holes of the second sheet, with a tab joining
      each insert portion to the margin thereof within which the row of feed
      holes is located.
NUM  12.
PAR  12. A business form assembly comprising:
PA1  a first continuous sheet of paper-like material the first continuous sheet
      having a given width dimension and being divided into sections, each of
      which has the given width and each of which has a given longitudinal
      dimension,
PA1  a second continuous sheet of paper-like material, the second sheet of
      paper-like material being divided into a series of insert portions, there
      being one insert portion positioned upon each section of the first
      continuous sheet, each insert portion having an area less than the area of
      the section upon which the insert portion is positioned, each insert
      portion having a width dimension less than said given width dimension and
      a longitudinal dimension less than said given longitudinal dimension, each
      insert portion being within the confines of the section of the first
      continuous sheet upon which the insert portion is positioned,
PA1  a third continuous sheet of paper-like material, the third continuous sheet
      beng positioned upon the second continuous sheet,
PA1  means attaching together the third continuous sheet and the first
      continuous sheet at the peripheral parts thereof to form envelopes within
      which the insert portions are positioned, the envelopes being severably
      attached in series relation,
PA1  the second continuous sheet having severably connecting parts extending
      from each insert portion to the insert portions in the envelopes adjacent
      thereto, the second continuous sheet being free from attachment to either
      of the other sheets and being free to shift within its respective envelope
      after the connecting parts are severed with severance of the envelope from
      the series thereof.
NUM  13.
PAR  13. The business form assembly of claim 12 in which the second continuous
      sheet has connection parts joining the insert portions together and
      extending therebetween and in which the connection parts are spaced from
      said means attaching together the third continuous sheet and the first
      continuous sheet.
NUM  14.
PAR  14. The business form assembly of claim 12 in which the second continuous
      sheet is free from attachment to the first continuous sheet and the third
      continuous sheet.
NUM  15.
PAR  15. In an elongate continuous envelope assembly including a continuous
      upper sheet and a continuous lower sheet in superposed relation, a series
      of longitudinally spaced cross lines of weakening within said upper and
      lower sheets to define a series of detachably connected envelopes, means
      for attaching said upper and lower sheets together generally around the
      periphery of each of said envelopes to define a pocket therein, an insert
      sheet disposed within each of said pockets and being free to shift within
      said pocket when the corresponding envelope is detached from each adjacent
      envelope, the improvement comprising means connecting said insert sheet
      which is disposed within each envelope with the insert sheet in each
      adjacent envelope while said envelopes remain attached in said continuous
      envelope assembly to provide for precisely registering each insert sheet
      within its corresponding envelope pocket during the application of
      information to the envelopes, said connecting means and said insert sheet
      being free from attachment to the upper and lower sheets within each
      envelope.
NUM  16.
PAR  16. An envelope assembly as defined in claim 15 wherein said means for
      connecting said insert sheet in each envelope with the insert sheet in
      each adjacent envelope comprise a marginal tab portion integrally
      connecting each insert sheet to each adjacent insert sheet, and said means
      for attaching said upper and lower sheets of each envelope is interrupted
      to define a gap for receiving said tab portion.
NUM  17.
PAR  17. An envelope assembly as defined in claim 16 wherein said marginal tab
      portion of each said insert sheet extends longitudinally relative to said
      envelope assembly and across a line of weakening.
NUM  18.
PAR  18. An envelope assembly as defined in claim 16 wherein each of said
      marginal tab portions extends laterally outwardly relative to said
      envelope assembly.
NUM  19.
PAR  19. In an elongate continuous envelope assembly including a continuous
      upper sheet and a continuous lower sheet in superposed relation, a series
      of longitudinally spaced cross lines of weakening within said upper and
      lower sheets to define a series of detachably connected envelopes, means
      for attaching said upper and lower sheets together generally around the
      periphery of each of said envelopes to define a pocket therein, a
      plurality of insert sheet, there being an insert sheet disposed within
      each of said pockets, said insert sheets having integrally connected
      marginal portions for holding each insert sheet in precise registration
      within its corresponding envelope pocket while the envelopes remain
      attached in said continuous envelope assembly, the improvement wherein
      said integrally connecting marginal portions are unattached to said
      continuous upper and lower sheets and provide for releasing each insert
      sheet for shifting within the corresponding said pocket in response to
      detaching the corresponding envelope from each adjacent envelope.
NUM  20.
PAR  20. A method of producing a series of envelope units, each of which has an
      insert element therein, comprising providing a plurality of continuous
      sheets of paper material, forming one of the continuous sheets into an
      insert sheet having a continuous longitudinal strip with a series of
      spaced-apart insert sections extending laterally therefrom, positioning
      said insert sheet between two other continuous sheets so that all of the
      sheets are in superposed relation, attaching together the said two sheets
      to form a series of envelope pockets within which the series of insert
      sections is positioned, while maintaining the insert sheet free from
      attachment to either of the other sheets.
NUM  21.
PAR  21. The method of claim 20 in which the insert sheet is formed into a pair
      of continuous opposed marginal strips, with a series of insert sections
      between the strips and spaced therefrom, and with a tab joining each
      continuous marginal strip to one of the insert sections.
NUM  22.
PAR  22. The method of claim 20 in which each of said two sheets is provided
      with a pair of opposed marginal portions, each of the marginal portions
      having a longitudinal row of feed holes, said two sheets being arranged so
      that the rows of marginal feed holes thereof are in vertical alignment,
      the insert sheet having a row of feed holes, positioning the insert sheet
      so that the feed holes of the insert sheet are laterally arranged with
      respect to the feed holes in said two sheets.
NUM  23.
PAR  23. The method of claim 20 in which said one of the continuous sheets if
      formed into an insert sheet in which each of said insert sections is
      joined to the continuous longitudinal strip along the longitudinal
      dimension of the insert section.
NUM  24.
PAR  24. The method of claim 20 in which said one of the continuous sheets is
      formed into an insert in which each of said insert sections is joined to
      the continuous longitudinal strip by a connecting tab.
NUM  25.
PAR  25. A business form assembly comprising: a plurality of continuous sheets
      arranged in superposed relationship, there being a pair of opposed
      envelope sheets attached together along the length thereof to form a
      series of pockets, there being a continuous insert sheet loosely
      positioned between the pair of envelope sheets, the insert sheet having an
      insert portion within each pocket which is formed by the envelope sheets,
      the insert sheet having connector portions extending from the insert
      portions and joining together the insert portions said insert sheet being
      unattached to said envelope sheets.
NUM  26.
PAR  26. The business form assembly of claim 25 in which the continuous insert
      sheet has a continuous marginal portion, the continuous insert sheet
      having parts joining each insert portion to the continuous marginal
      portion.
NUM  27.
PAR  27. The business form assembly of claim 25 in which the continuous insert
      sheet has parts extending in a longitudinal direction from the pockets and
      joining together the insert portions.
NUM  28.
PAR  28. The business form assembly of claim 25 in which each of the envelope
      sheets has a pair of continuous opposed marginal portions, the insert
      sheet being positioned between the marginal portions and having connecting
      parts extending in a longitudinal direction between the insert portions.
NUM  29.
PAR  29. A business form assembly comprising: a pair of superposed continuous
      envelope sheets, each of which has opposed continuous longitudinally
      extending marginal portions, a pair of longitudinally extending lines of
      adhesive, there being a longitudinally extending line of adhesive joining
      together the envelope sheets adjacent each of the marginal portions, a
      series of spaced-apart transversely extending lines of adhesive positioned
      between the longitudinally extending lines of adhesive so the pair of
      continuous envelope sheets has a series of pockets, each of the transverse
      lines of adhesive having a gap therein which forms an opening between
      adjacent pockets, a continuous insert sheet, the continuous insert sheet
      having a series of insert portions, there being an insert portion within
      each of the pockets, the insert sheet having a series of connector parts
      which extend through the openings between adjacent pockets and join
      together the insert portions said insert sheet being unattached to said
      envelope sheets.
NUM  30.
PAR  30. The business form assembly of claim 29 in which one of the envelope
      sheets has a longitudinal row of feed holes and the insert sheet has a
      longitudinal row of feed holes, aligned with the row of feed holes of said
      envelope sheet.
NUM  31.
PAR  31. The business form assembly of claim 30 in which the row of feed holes
      in the insert sheet is in a marginal part thereof and in which the row of
      feed holes in the envelope sheet is adjacent one of the marginal portions
      thereof, there being a longitudinally extending perforation line in the
      envelope sheets adjacent said one marginal portion of said one envelope
      sheet and separating the marginal portion thereof from the row of feed
      holes therein.
NUM  32.
PAR  32. A business form assembly comprising:
PA1  a first continuous sheet of paper material of indefinite length and uniform
      width, having transverse lines of weakening at uniform intervals along its
      length, said lines of weakening dividing said sheet of indefinite length
      into a series of sections of uniform dimension,
PA1  a second continuous sheet of paper material of essentially the same
      description as said first continuous sheet and positioned in superposed
      relationship above said first continuous sheet so that longitudinally
      extending marginal side portions thereof are in register,
PA1  a continuous insert sheet of paper material of lesser width than said first
      and second continuous sheets, said insert sheet having at least one
      continuous longitudinally extending marginal portion and a series of
      integral insert portions which extend laterally from the continuous
      longitudinally extending marginal portions, each insert portion being
      separated from each adjacent insert portion by a transversely extending
      elongate slot, said slots being positioned along said insert sheet at
      regular intervals substantially equal to the intervals between the lines
      of weakening in said first and second continuous sheets, said insert sheet
      being located between said first and second continuous sheets in a
      position in which both of the side edges of the insert sheet are
      positioned inwardly of the marginal portions of said first and second
      continuous sheets and said elongate slots of said insert sheet are
      substantially aligned with said transverse lines of weakening in said
      first and second continuous sheets,
PA1  means attaching said first continous sheet and said second continuous sheet
      together adjacent the registered longitudinal margins and transverse lines
      of weakening thereof, so that a series of closed envelopes is formed, each
      envelope in the series thereof containing therewithin an insert portion
      held in registration within its respective envelope by the continuous
      marginal portion of said insert sheet which extends continuously through
      the series of envelopes.
NUM  33.
PAR  33. A business form assembly comprising:
PA1  a first continuous sheet of paper material of indefinite length and uniform
      width, having transverse lines of weakening at uniform intervals along its
      length, said lines of weakening dividing said sheet of indefinite length
      into a series of sections of uniform dimension,
PA1  a second continuous sheet of paer material of essentially the same
      description as said first continuous sheet and positioned in superposed
      relationship above said first continuous sheet so that longitudinally
      extending marginal side portions thereof are in register,
PA1  a continuous insert sheet of paper material of lesser width than said first
      and second continuous sheets, said insert sheet having at least one
      continuous longitudinally extending marginal portion and a series of
      integral insert portions which extend laterally from each of the
      continuous longitudinally extending marginal portions, each insert portion
      being separated from each adajcent insert portion by a transversely
      extending elongate slot, said slots being positioned along said insert
      sheet at regular intervals substantially equal to the intervals between
      the lines of weakening in said first and second continuous sheets, said
      insert sheet being located between said first and second continuous sheets
      in a position in which both of the side edges of the insert sheet are
      positioned inwardly of the marginal portions of said first and second
      continuous sheets and said elongate slots of said insert sheet are
      substantially aligned with said transverse lines of weakening in said
      first and second continuous sheets,
PA1  adhesive means within each of the elongate slots attaching together the
      first continuous sheet and the second continuous sheet to form a series of
      pockets.
NUM  34.
PAR  34. The business form assembly of claim 33 which includes means adjacent
      the longitudinally extending marginal side portions attaching the first
      continuous sheet to the second continuous sheet.
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ABST
PAL  A paper product intended for use as an advertising piece or the like and
      capable of being made from a single web of material by a web fed machine
      consists of a multiple paged brochure, a return mailing envelope, and a
      return application or order form combined in a single package adapted in
      one form for non-mailing uses, such as a newspaper drop-in or hand-out,
      and in another form as a mailing package.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to products made of paper or similar sheet material,
      and deals more specifically with such a product consisting of a
      multi-paged brochure, a return mailer, and an order form or other
      detachable page all combined into a single package adapted for use as an
      advertising piece or the like.
PAR  The paper package of this invention may be put to various different uses,
      but is particularly well adapted for use in connection with mail order
      advertising. In such advertising, it is desirable to supply a potential
      customer with information concerning the products or services offered for
      sale, an application or order form to be completed by the customer, and an
      envelope to be used by the customer in returning the application or order
      form to the advertiser. In the past, various different package
      arrangements have been proposed and used wherein two or more of these
      units are combined. The object of this invention is to provide an improved
      package combining an application or order form, a return mailing envelope,
      and space devoted to a printed sales message or presentation of the
      products or services offered by the advertiser. In particular, an object
      of the invention is to provide such a package which, in addition to an
      application or order form and return mailing envelope, includes a
      multi-paged brochure all of which may be used to contain a sales
      presentation or to give other information to the prospective customer. A
      further object of the invention is to provide such a package which is
      readily configured either for use as a newspaper drop-in, hand-out, or
      other non-mailed piece, or for use as a mailing piece.
PAC  SUMMARY OF THE INVENTION
PAR  The invention resides in a paper advertising piece or the like which, in
      addition to a return envelope, also includes a multiple paged brochure
      and, preferably, an additional detachable sheet usable as an application
      or order form. The package consists of a plurality of generally
      rectangular leaves which are joined to one another along one edge of the
      assemblage, some of the leaves forming the brochure and one of the leaves
      being an envelope leaf at least part of which envelope leaf is folded,
      glued and perforated to define an envelope separable from the remainder of
      the envelope leaf. The envelope leaf preferably also includes a portion
      defining an order or application form which is separable from the envelope
      and the remainder of the envelope leaf. When the package is intended for
      use as a mailing piece, it also further has two end leaves one of which
      includes a sealing flap folded over and sealed to the other end leaf to
      seal the package for mailing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a combined brochure and return envelope package
      embodying this invention, the sheets of the brochure being shown partially
      turned to reveal a part of the return envelope.
PAR  FIG. 2 is a view showing the combined brochure and return envelope package
      of FIG. 1 in an open condition and with part of the return envelope being
      shown broken away to better reveal its structure.
PAR  FIG. 3 is a view showing the brochure, return envelope, and order form of
      the package of FIG. 1 separated from one another.
PAR  FIG. 4 is a view showing the successive stages in the method for
      manufacturing packages such as shown in FIG. 1 from a single web of sheet
      material.
PAR  FIG. 5 is a front view of a package forming an alternative embodiment of
      this invention.
PAR  FIG. 6 is a rear view of the package of FIG. 5 and additionally shows the
      package in the process of being opened by an opening implement.
PAR  FIG. 7 is a view showing the package of FIG. 5 in an open condition.
PAR  FIG. 8 is a view showing the brochure, return envelope and order form of
      the package of FIG. 5 separated from one another.
PAR  FIG. 9 is a view showing the successive stages in the method for
      manufacturing packages such as shown in FIG. 5 from a single web of sheet
      material.
PAR  FIG. 10 is a front view of a package comprising still another embodiment of
      this invention.
PAR  FIG. 11 is a rear view of the package of FIG. 10.
PAR  FIG. 12 is similar to FIG. 11 but shows the package partially opened.
PAR  FIG. 13 is a view showing the package of FIG. 10 in an open condition.
PAR  FIG. 14 is a view showing the return envelope, brochure and order form of
      the FIG. 10 package separated from one another.
PAR  FIG. 15 is a view showing the successive stages in the method for
      manufacturing packages such as shown in FIG. 10 from a single web of sheet
      material.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  Embodiment of FIGS. 1 to 4
PAR  First considering FIGS. 1, 2 and 3, these figures show a combined brochure
      and return envelope package 16 made of paper or similar sheet material and
      comprising one embodiment of the invention. The package 16, as shown in
      FIG. 1, contains a number of leaves which are secured to one another along
      the package's left-hand edge 18. Three of the leaves, indicated at 20, 20,
      are of single thickness and defines pages of a brochure on which
      advertising copy or the like may be printed. The leaf 22, when the package
      is in the substantially unopened condition of FIG. 1, is comprised of a
      number of layers of material folded upon themselves and so perforated and
      adhered to one another as to provide both a return envelope 24 and an
      additional page portion 26 which may be used to receive additional
      advertising copy or the like or which may be used to serve as an order
      form or the like to be returned in the return envelope.
PAR  FIG. 2 shows the package 16 opened to the envelope leaf 22 and the leaf 22
      unfolded to better reveal the return envelope 24 and the associated leaf
      portion 26. Although the leaf portion 26 may be used for other purposes,
      it is preferably used as an order form and is hereinafter referred to as
      such.
PAR  The return envelope 24, as best shown in FIG. 2, consists of a rear panel
      28 overlying a front panel 30. At the bottom edge of the envelope the two
      panels 28 and 30 are attached to one another along a fold line 32 and at
      the two ends of the envelope the panels 28 and 30 are secured to one
      another by lines of adhesive 34, 34. An additional line of adhesive 35 is
      used to divide the envelope pocket into a main pocket 33 and a smaller
      pocket 37 which may be used to receive one or more coins, coupons or
      tokens in the return mailing. Connected to the front panel 30 along a fold
      line 36 is a sealing flap 38 containing a line of remoistenable adhesive
      40. The sealing flap is of an elongated shape and has an inner
      longitudinal edge defined by the fold line 36 and an outer longitudinal
      edge defined by a line of weakening such as the illustrated line of
      perforations 42. When the package 16 is in the closed or unopened
      condition of FIG. 1, the return envelope 24 is folded along the fold line
      36 into overlying relationship with the order form 26.
PAR  The return envelope 24 is attached to the order form 26 along the
      perforated line 42 which allows the envelope to be readily detached from
      the order form by tearing along the line 42. After the envelope is so
      removed, it may, of course, be sealed for mailing by moistening the
      adhesive 40 and folding the seal flap 38 into overlying relationship with
      the rear panel 28.
PAR  The order form 26 is connected to the remainder of the package 16 along
      another line of perforation 44. Therefore, by tearing along the line of
      perforation 42 and the line of perforation 44, the package 16 may be
      separated into three separate items, namely the return envelope 24, the
      order form 26 and a brochure 46 made up of the three pages 20, 20. These
      three items as separated from one another are shown in FIG. 3.
PAR  One of the advantages of the above-described package 16 is that it may
      readily be made through the use of a web fed forming machine wherein a web
      of paper or the like from which the package is made is moved continuously
      through the machine. FIG. 4 shows the various steps involved in a method
      of making packages such as the package 16 of FIGS. 1 to 3, the various
      steps of which method, it will be understood, may readily be performed at
      different stations in a web fed machine. Referring to FIG. 4, the
      illustrated method progresses from the left of the figure toward the
      right, in the sequence indicated by the dashed lines and arrows, and the
      illustrated stages of the method are identified as Stage A, Stage B, etc.
PAR  In FIG. 4 the web of sheet material from which the packages are made is
      indicated at 48. Prior to reaching the illustrated Stage A, the web 48 is
      perforated along the longitudinally extending lines 42 and 44,
      remoistenable adhesive is applied and dried along the line 40, and moist
      adhesive is applied along the illustrated lines 34, 34, 35, 35 and 50, 50.
      The broken lines 32, 36, 56, 58 and 60 are fold lines along which the web
      48 is subsequently folded. These fold lines divide the web 48 transversely
      into a number of longitudinally extending strips 62, 64, 66, 68, 70 and
      72. It will, of course, be understood that prior to reaching Stage A, the
      various steps involved in perforating the web along the lines 42 and 44
      and in applying adhesive to the web may be performed in any desired and
      convenient sequence. Also, if desired, some of these steps, such as the
      application of the glue to the lines 50, 50 or the perforation of the
      lines 42 and 44, may be performed subsequently to the illustrated Stage A,
      it being understood that FIG. 4 shows only one of several specific
      sequences by which the various steps of the method may be performed.
PAR  Following the illustrated Stage A of FIG. 4, the web 48 is folded along the
      fold line 32 to bring the strip 62 into overlying relationship with the
      strip 64, as shown at Stage B, and in doing this the two strips 62 and 64
      are secured to one another by the lines of adhesive 34, 34 and 35, 35.
      Next, as shown at Stage C, the web is folded along the fold line 58 to
      bring the strips 70 and 72 into overlying relationship with the strips 68
      and 66, respectively. The lines of glue 50, 50 on the strip 72 are so
      located that as the strip 72 is flattened against the strip 66 the glue
      lines 50, 50 engage the strip 66 within the space between the fold line 56
      and the perforated line 44, thereby securing the four strips 66, 68, 70
      and 72 to one another adjacent the now superimposed fold lines 60 and 56.
PAR  Subsequent to Stage C, the two folded and joined strips 62 and 64 are
      folded along the fold line 36 to bring them into overlying relationship
      with the strip 72, as shown at Stage D. Also, at Stage D the strips 68 and
      70 are separated from one another adjacent the fold line 58, as indicated
      at 74, by cutting away a small marginal portion of both of said strips
      along a line of cut located parallel and close to the line 58.
PAR  Following Stage D, the two strips 68 and 70 are folded along the
      superimposed fold lines 56 and 60, as the final folding stage of the
      method, to define a stack of superimposed strips as shown at Stage E. This
      stack is then cut along transversely extending lines of cut 76, 76, each
      of which is located between a respective pair of closely spaced glue lines
      34, 34 as shown at Stage A, to separate the stack into individual packages
      16, 16, as shown at Stage F.
PAC  Embodiment of FIGS. 5 to 9
PAR  The package 16 of FIGS. 1 to 4 is one primarily intended for use as a
      non-mailed item such as a hand-out or newspaper or magazine drop-in. FIGS.
      5 to 9 show a package 78 comprising another embodiment of the invention
      and adapted for use as a direct mailing piece.
PAR  Referring to FIGS. 5 to 8 which show the structure of the package 78, this
      package includes a plurality of leaves including two end leaves 80 and 82.
      The end leaf 80 includes an extension 84 which is folded about the fold
      line 86, forming one edge of the package and preferably weakened by
      perforations, into overlying relationship with the end leaf 82. The
      extension 84 is adhesively adhered to the end leaf 82 to initially form
      the package 78 into a sealed, closed unit suitable for mailing, as shown
      in FIGS. 5 and 6. The end leaf 80 is taken to be the front panel of the
      sealed unit and preferably, as shown in FIG. 5, includes space for
      receiving a mailing address, a return address and a stamp or mailing
      permit imprint for mailing purposes. As indicated in FIG. 6, the sealed
      package may be opened by inserting an opening implement 88 between the end
      leaves 80 and 82 to sever the end leaf 80 from its extension 84 by tearing
      along the fold line 86.
PAR  FIG. 7 shows the package 78 in an opened condition and from this figure it
      will be noted that the package, in addition to the end leaves 80 and 82,
      also includes an envelope leaf 90 and an additional single thickness leaf
      92, all of the leaves 80, 82, 90 and 92 being joined to one another along
      the left-hand edge 94. The end leaf 80 is joined to the remainder of the
      package 78 by a perforated line 96 located close and parallel to the edge
      94. The leaf 80 may, therefore, be readily removed from the remainder of
      the package by tearing along the line 96 and preferably the inside surface
      of this leaf is printed to serve as an order form or the like as
      illustrated in FIGS. 7 and 8. The envelope leaf 90 is comprised of two
      layers 98 and 100 of material folded upon one another about a fold line
      102 and adhered to one another by adhesive lines 104, 104 to form a return
      envelope 106. As part of the envelope 106 the layer 100 includes a sealing
      flap 108 containing a line of remoistenable adhesive 110. The sealing flap
      108 is of an elongated shape and has an inner longitudinal edge defined by
      a fold line 114 and an outer longitudinal edge defined by a perforated
      line 112. The sealing flap 108 is connected to the remainder of the
      package 78 by the perforated line 112, which directly underlies the
      perforated line 96, so that by tearing along the line 112 the envelope 106
      may be removed from the package. After the envelope 106 is removed from
      the package, the adhesive 110 may be moistened and the sealing flap 108
      may be folded along the fold line 114 to seal the flap to the layer 98 and
      to thereby close the return envelope 106 for mailing.
PAR  FIG. 8 shows the package 78 separated into its separate components obtained
      by first opening the package by tearing along the fold line 86, as shown
      in FIG. 6, and by then tearing along the perforated lines 96 and 112. The
      resulting components are the order form 80, the return envelope 106 and a
      brochure 116 comprised of the two leaves 92 and 82.
PAR  FIG. 9 shows a method by which a continuously moving web of paper or
      similar sheet material may be formed in various stages to produce packages
      similar to the package 78 of FIGS. 5 to 8. Referring to FIG. 9, prior to
      reaching the illustrated Stage A, the web 118 is perforated along three
      longitudinally extending lines of perforation 86, 96 and 112. It is also
      provided with a line 110 of remoistenable adhesive and lines or spots of
      moist adhesive as indicated at 120, 120, 122, 122, and 124, 124. The
      broken lines 126, 128, 130 and 94 are fold lines along which the web 118
      is subsequently folded and they transversely divide the web 118 into a
      number of longitudinally extending strips 132, 134, 136, 138 and 140.
PAR  Progressing from Stage A, the web 118 is first folded along the fold line
      126 to bring the strip 132 into overlying relationship with the strip 134,
      which two strips 132 and 134 are consequently adhered to one another by
      the adhesive lines 120, 120. Next, as shown in Stage C, the web is folded
      along the fold line 130 to bring the strip 136 into overlying relationship
      with the strip 138 and to bring the joined strips 134 and 132 into
      overlying relationship with the strip 140. At this time, the glue spots
      122, 122 which are located on the strip 134 between the perforated line
      112 and the fold line 128 engage the strip 140 between the perforated line
      96 and the fold line 94 to thereby join together the strips 134, 136, 138
      and 140 adjacent the now superimposed fold lines 128 and 94. Also, as
      shown at Stage C, after folding about the fold line 130 the two strips 136
      and 138 are separated from one another adjacent the fold line 130, as
      indicated at 142, by severing them along a line of cut located parallel
      and close to the fold line 130.
PAR  Thereafter, as shown at Stage D, the web is folded about the superimposed
      fold lines 128 and 94, and then the extension 144 of the strip 140 is
      folded about the perforated line 86 to bring such extension into overlying
      relationship with the strip 138 to which it is adhered by the glue spots
      124, 124, as shown at Stage E.
PAR  Finally, as shown in Stage F, the stack of overlying strips represented at
      Stage E is cut along transverse cut lines 146, 146 to separate the stack
      into separate sealed packages 78, 78, one cut line 146 being located
      between each closely adjacent pair of glue lines 120, 120, as shown at
      Stage A.
PAC  Embodiment of FIGS. 10 to 15
PAR  In connection with the package 78 of FIGS. 5 to 9, it should be noted that,
      due to the cut indicated at 142 in Stage C of FIG. 9, the leaves 82 and 92
      are separated from one another along their right-hand edges, as viewed in
      FIG. 7, even before the package is opened as shown in FIG. 6. This
      separation of the two leaves 82 and 92 is not entirely necessary, and if
      desired, the leaves 82 and 92 may be left joined in the sealed package
      with the package being so designed that as it is opened with an opening
      implement the two leaves 82 and 92 are separated from one another
      simultaneously with the package being torn along the perforated line 86.
      FIGS. 10 to 15 show a package 148 of the latter type of construction. The
      package 148 is generally similar to the package 78 of FIGS. 5 to 9 and the
      method by which the package 148 is made may be generally similar to the
      method by which the package 78 is made. Therefore, in FIGS. 10 to 14 parts
      of the package 148 which are basically identical to parts of the package
      78 have been given the same reference numbers as the corresponding parts
      of the package 78 and will not be redescribed in detail. Likewise, in FIG.
      15, showing the method for making the package 148, features of FIG. 15
      which are similar to corresponding features of FIG. 9 have been given the
      same reference numerals as in FIG. 9 and will not be redescribed in
      detail.
PAR  Referring first to FIGS. 10 to 14, the package 148 there illustrated is
      similar to the package 78 except that, as shown best in FIG. 12, in the
      sealed condition of the package the two leaves 82 and 92 are joined to one
      another about a fold line 130 located closely adjacent to and parallel
      with the perforated fold line 86 by which the extension 84 is joined to
      the leaf 80. Therefore, when the package 148 is to be opened, the opening
      may be accomplished by using an opening implement 88 placed between the
      two leaves 82 and 92, as shown in FIG. 12, and moved so as to
      simultaneously tear along the line 130 and along the line 86, thereby
      simultaneously separating the leaves 82 and 92 from one another and
      separating the extension 84 from the leaf 80 to open the package. To
      facilitate the proper insertion of the tool 88 between the two leaves 82
      and 92 the package 148, as shown best in FIG. 11, preferably has a
      quarter-round cutout 150 in the extension 84 and a similar registering
      quarter-round cutout 150 in the leaf 82 adjacent one corner of the package
      so that a portion of the folded edge 130 is made visible.
PAR  Turning to FIG. 15, the illustrated process is similar to that shown in
      FIG. 9 except that prior to arriving at Stage A the web 118 is cut to
      define a series of quarter-round cutouts 150, 150 in the strip 140 and to
      define a similar series of quarter-round cutouts 150, 150 in the strip
      138. The process of FIG. 15 further differs from the process of FIG. 9 in
      that at Stage C the fold line 130 is left intact rather than being severed
      from the web as shown at 142 in FIG. 9.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combined brochure and return envelope package comprising a plurality
      of rectangular leaves of sheet material of approximately the same size
      overlying one another to form an assemblage of said leaves and which
      leaves are joined to one another along one bound edge of said assemblage,
      said plurality of leaves including a plurality of pages made of a single
      thickness of said sheet material and also including at least one envelope
      leaf which envelope leaf throughout at least a portion of its extent
      comprises two overlying panels of said sheet material joined to one
      another to form an envelope, said envelope leaf including an elongated
      sealing flap connected with one of said two overlying panels and forming
      part of said envelope, said sealing flap having an inner longitudinal edge
      along which it is connected to said one of said two overlying panels and
      an outer longitudinal edge parallel to said inner longitudinal edge, said
      envelope leaf also including a first line of weakening arranged parallel
      to said one bound edge of said assemblage and located between said
      envelope and said one bound edge, which first line of weakening is
      colinear with and defines said outer longitudinal edge of said sealing
      flap, to enable said envelope to be separated from said envelope leaf by
      tearing along said line of weakening, said envelope leaf including second
      portion made of a single thickness of said sheet material and located
      between said bound edge of said assemblage and said first line of
      weakening.
NUM  2.
PAR  2. A combined brochure and return envelope package as defined in claim 1
      further characterized by said envelope leaf including a second line of
      weakening extending across said second portion thereof parallel and
      adjacent to said one bound edge of said assemblage, said first line of
      weakening being located farther from said one edge of said assemblage than
      said second line of weakening so as to define between said two lines of
      weakening a single thickness third panel and whereby both said single
      thickness third panel and said envelope may be separated from one another
      and from the remainder of said assemblage by tearing along said two lines
      of weakening.
NUM  3.
PAR  3. A combined brochure and return envelope package comprising a plurality
      of rectangular leaves of sheet material of approximately the same size
      overlying one another to form an assemblage of said leaves and which
      leaves are joined to one another along one bound edge of said assemblage,
      said plurality of leaves including a plurality of pages made of a single
      thickness of said sheet material and also including at least one envelope
      leaf which envelope leaf throughout at least a portion of its extent
      comprises two overlying panels of said sheet material joined to one
      another to form an envelope, said envelope leaf including an elongated
      sealing flap connected with one of said two overlying panels and forming
      part of said envelope, said sealing flap having an inner longitudinal edge
      along which it is connected to said one of said two overlying panels and
      an outer longitudinal edge parallel to said inner longitudinal edge, said
      envelope leaf also including a first line of weakening arranged parallel
      to said one bound edge of said assemblage and located between said
      envelope and said one bound edge, which first line of weakening is
      colinear with and defines said outer longitudinal edge of said sealing
      flap, to enable said envelope to be separated from said envelope leaf by
      tearing along said line of weakening, said envelope leaf including a
      single thickness third panel located between said one bound edge of said
      assemblage and said first line of weakening, and said envelope being
      folded relative to said third panel along one of said longitudinal edges
      of said sealing flap so as to be interposed between said third panel and
      the adjacent one of said pages.
NUM  4.
PAR  4. A combined brochure and return envelope package as defined in claim 3
      further characterized by said sealing flap including a quantity of
      activatable adhesive for sealing said sealing flap to said envelope.
NUM  5.
PAR  5. A combined brochure and return envelope package as defined in claim 3
      further characterized by said envelope leaf including a second line of
      weakening arranged parallel to and adjacent said one bound edge of said
      assemblage, said two lines of weakening being spaced from each other with
      said second line of weakening being closer to said one bound edge than
      said first line of weakening, said third panel extending from said first
      line of weakening to said second line of weakening.
NUM  6.
PAR  6. A combined brochure and return envelope package comprising a plurality
      of rectangular leaves of sheet material of approximately the same size
      overlying one another to form an assemblage of said leaves and which
      leaves are joined to one another along one bound edge of said assemblage,
      said plurality of leaves including a plurality of pages made of a single
      thickness of said sheet material and also including at least one envelope
      leaf which envelope leaf throughout at least a portion of its extent
      comprises two overlying panels of said sheet material joined to one
      another to form an envelope, said envelope leaf including an elongated
      sealing flap connected with one of said two overlying panels and forming
      part of said envelope, said sealing flap having an inner longitudinal edge
      along which it is connected to said one of said two overlying panels and
      an outer longitudinal edge parallel to said inner longitudinal edge, said
      envelope leaf also including a first line of weakening arranged parallel
      to said one bound edge of said assemblage and located between said
      envelope and said one bound edge, which first line of weakening is
      colinear with and defines said outer longitudinal edge of said sealing
      flap, to enable said envelope to be separated from said envelope leaf by
      tearing along said line of weakening, said leaves of said assemblage
      including two end leaves which two end leaves are other than said envelope
      leaf so that said envelope leaf is interposed in said assemblage between
      said two end leaves, one of said two end leaves at the edge thereof
      opposite said one bound edge of said assemblage having a fold line and a
      closing flap connected to the remainder of said one end leaf along said
      fold line and foldable about said fold line into overlying relationship
      with the other of said two end leaves, and means for bonding said closing
      flap to said other end leaf for closing said assemblage along the edge
      thereof opposite to said one bound edge.
NUM  7.
PAR  7. A combined brochure and return envelope package as defined in claim 6
      further characterized by said one end leaf including a line of weakening
      co-linear with said fold line to facilitate tearing along said fold line
      for the purpose of opening said assemblage along said edge opposite from
      said bound edge.
NUM  8.
PAR  8. A combined brochure and return envelope package as defined in claim 6
      further characterized by said plurality of leaves including a single
      thickness leaf directly underlying said other end leaf, said latter single
      thickness leaf and said other end leaf being joined to one another along
      the edge of said assemblage opposite from said bound edge by a fold line
      which fold line is located adjacent to and inboard of said fold line of
      said one end leaf so that when opening said package an implement may be
      placed between said other end leaf and said directly underlying leaf and
      thereafter moved in such a manner as to simultaneously tear both of said
      fold lines to open said package and separate said other end leaf from said
      directly underlying leaf.
NUM  9.
PAR  9. A combined brochure and return envelope package as defined in claim 8
      further chracterized by said assemblage having two spaced end edges
      arranged perpendicular to said one bound edge and to said edge opposite
      said one bound edge, and said closing flap and said other end leaf at the
      corner of said assemblage defined by the intersection of said opposite
      edge and one of said end edges each having a cutout portion extending from
      said one end edge to said opposite edge, said two cutout portions being
      registered with one another to aid in the insertion of an opening
      implement between said other end leaf and said directly underlying leaf.
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ABST
PAL  Air flow volume in a delivery duct is sensed in the form of changes in duct
      pressure and the sensed pressure is fed back to a diaphragm assembly which
      is part of a thermostatic control located in the room to which hot or cold
      air is being delivered. Dependent upon the sensed pressure, the diaphragm
      assembly throttles a bleed opening in the supply line of a pneumatic
      actuator, which actuator determines the position of a damper in the duct
      to thereby control the volume of air flow in the duct. A bellows is also
      part of the thermostatic control and senses room temperature to establish
      a spring force on the diaphragm assembly and against which the sensed
      pressure must act. The bellows is adjustable to afford room temperature
      selection. The bellows and a compression spring act on a master lever, the
      compression spring reacts against the bellows force. The combination
      bellows-spring produces movement of the master lever in two opposite
      directions and this movement is utilized to activate a control for
      continuously switching the system between delivery of cold or hot air. The
      thermostatic control includes a second lever moved in response to the
      bellows-spring movement. The position of the second lever establishes a
      biasing force against which, in the diaphragm assembly, the sensed duct
      pressure must act in establishing the position of the damper. A cam
      arrangement is associated with this second lever and is effective to
      determine the position, and movement, of the lever so as to provide
      selection in the percent of available air capacity which is utilized
      and/or lever movement between maximum and minimum limits as desired.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to air distribution systems and, more particularly,
      to a thermostatic control usable in such systems.
PAR  Variable air volume distribution systems have gained acceptance in the air
      distribution field. Such systems are adapted tp provide different volumes
      of conditioned air to achieve particular temperatures in areas being
      serviced, thus the name variable air volume systems. Some systems go a
      step further and are adapted to provide a constant volume flow of air at
      that particular volume selected to achieve a given temperature condition.
      These are referred to in the air distribution field as constant variable
      volume systems. This invention is concerned with such systems.
PAR  Most often the interior spaces of a building are heated year-round by
      lighting and to a lesser degree, by people and heat loss from other
      electrical apparatus, and it is necessary to remove heat through the
      introduction of cold air. There are, of course, applications where the
      building interior will be furnished with hot air. The desirability of
      constant variable volume air delivery systems in such cooling, and/or
      heating, installations has been well recognized and the problem is to
      achieve overall control taking into account variations in the flow volume
      of delivery air to and variances in temperature in the room being
      serviced. This invention is concerned with that problem.
PAR  Conventional control thermostats usually provide either heating or cooling
      control, i.e. in an air system they  pg,3 regulate the volume of air being
      introduced into the room as a percentage of available air capacity
      starting from a base point. For example, a thermostat set at 74.degree. F.
      may call for 50% more cooling air if the temperature rises to 75.degree.
      F. and 100% more cooling air if the temperature rises to 76.degree. F. In
      a heating application the same is true as the demand for hot air
      increases. Generally, in order to provide heating and cooling in the same
      system two thermostats have been required; calibration of the two
      thermostats is extremely difficult and in most instances overlap of the
      control function between the two thermostats cannot be avoided. In its
      more specific aspects, this invention is also concerned with this problem
      of providing continuous heating and cooling capability in a single
      control.
PAC  SUMMARY OF INVENTION
PAR  Among the general objects of this invention are to provide a variable
      volume flow of conditioned air to achieve a particular desired temperature
      in the area being serviced and to do so with a simple and effective
      control mechanism which also maintains a constant volume flow of air at
      the desired temperature.
PAR  Another object of this invention is to provide a single thermostat unit
      with the capability of providing continuous heating and cooling operation
      of an air delivery system.
PAR  Another more specific object of this invention is to make provision in the
      thermostatic unit for selection in the percentage of available air
      capacity used but to do so compatible with the other functions of the
      unit.
PAR  For the achievement of these and other objects, this invention proposes a
      control arrangement wherein the orientation of a control damper in the air
      delivery duct is established by an actuator the operation of which is
      influenced by a pressure responsive assembly. The pressure responsive
      assembly is part of an overall control positionable in the room being
      serviced and is connected to respond to the internal duct pressure which
      is representative of flow volume in the duct. The control also includes
      temperature sensing capability connected to the pressure responsive
      assembly and effective to establish a variable base condition
      (corresponding to a selected room temperature) against which the sensed
      duct pressure must react. In this manner, a particular temperature to be
      maintained in the room is selected and the diaphragm reacts to control the
      actuator operation establishing the proper damper setting, i.e. the
      necessary air flow volume, to maintain the selected temperature with a
      constant volume of air flow.
PAR  In a preferred embodiment the temperature sensing capability is provided by
      a temperature responsive member which, in response to temperature changes,
      produces motion against a preselected bias to establish the base
      condition. The combination temperature sensing mechanism and biasing means
      produces motion in opposite directions which is utilized, in a single
      thermostatic unit, to provide, in a continuous manner, switching between
      heating and cooling operations.
PAR  Also adjusting means is associated with the means whereby the base
      condition in the pressure responsive assembly is established to permit
      selection in the percentage of the available air capacity which is used.
PAR  Other objects and advantages will be pointed out in or be apparent from,
      the specification and claims, as will obvious modifications of the
      embodiments shown in the drawings, in which:
DRWD
PAR  FIG. 1 is a general schematic illustration of the thermostatic control and
      air delivery system embodying this invention;
PAR  FIG. 2 is a top plan view of the thermostatic control;
PAR  FIG. 3 is a side elevation of the control of FIG. 2;
PAR  FIG. 4 is a section view taken generally along line 4--4 of FIG. 2;
PAR  FIG. 5 is a section view taken generally along line 5--5 of FIG. 2;
PAR  FIGS. 6-9 are a series of views illustrating the various settings of the
      control cam arrangement;
PAR  FIG. 10 is a top plan view of a portion of an alternative embodiment of the
      thermostatic control;
PAR  FIG. 11 is a section taken along lines 11--11 in FIG. 10 and also
      schematically illustrating a control for continuous switching between
      heating and cooling operations;
PAR  FIG. 12 is a side view of the arrangements of FIGS. 10 and 11; and
PAR  FIG. 13 is an exploded view of the prestressed overload spring.
DETD
PAC  Description of Preferred Embodiments
PAR  Throughout the discussion of the preferred embodiment, the system will be
      described as one wherein cold air is being delivered to a room or other
      interior area in a building to maintain a desired temperature. It will be
      appreciated, however, that other applications are possible within the
      scope of the invention.
PAR  With particular reference to FIG. 1, an air delivery duct 1 is
      schematically illustrated as receiving supply air at its left end 2 which
      passes through the duct and is discharged as delivery air at its duct end
      3, e.g. into a room being serviced. In a conventional manner, a damper 4
      is pivotally mounted in duct 1 to control the volume of air flow through
      the duct. In conventional building air distribution systems where this
      invention might be used, the upstream pressure of the supply air, i.e.
      upstream of the delivery point, may vary during operation. The air is
      supplied to the duct at a preselected temperature as is conventional and
      well known and the setting of damper 4 is varied to pass whatever volume
      of air is necessary to maintain a particular desired temperature in the
      room or area in which the air is being discharged. It is desirable that
      once the temperature condition has been selected and damper 4 set
      accordingly, that the delivery air be discharged at a relatively constant
      volume so as to minimize temperature fluxuations in the room or area being
      serviced.
PAR  In general terms, this invention proposes to provide a control arrangement
      which permits selection of the desired temperature, and corresponding
      setting of damper 4, but which will also maintain a constant volume air
      discharge into the room being serviced by monitoring the flow volume and
      providing means which reacts to variations in flow volume to adjust the
      damper as required to return to the constant flow volume to be maintained.
      As is schematically illustrated in FIG. 1, actuator 6 in the form of a
      pneumatic damper actuator includes a piston 7 loaded by spring 8 and
      connected by linkages 9 and 11 to damper 4, in a conventional manner, to
      pivot damper 4 about axis 12 in response to piston movement. Pneumatic
      actuator 6 is connected by line 14 to a source 13 of control air. The air
      flow from source 13 is constant and is introduced into actuator 6 to exert
      pressure on piston 7 against spring 8. When air pressure on piston 7
      exceeds the force of spring 8, the piston moves producing corresponding
      movement of linkages 9 and 11 to pivot damper 4 as required.
      Correspondingly, with a reduction of the air pressure on piston 7, spring
      8 produces piston movement and damper movement in an opposite direction.
PAR  The setting of damper 4 is controlled by providing a bleed port 16 which
      communicates with line 14. When the bleed port is open, an amount of the
      control air from source 13 is bled off preventing build up of air pressure
      on piston 7 and damper 4 maintains an assumed position. Bleed port 16 is
      part of a control mechanism 17 (a thermostatic unit) which includes means
      for closing off bleed port 16, in which event air pressure can then build
      up on piston 7 with the above described results. This means of closing off
      the bleed port takes the form of a diaphragm assembly 18 including a
      conventional, flexible diaphragm 19 and a plug 21 fixed to and movable
      with the diaphragm. The plug extends toward the open end of bleed port 16.
      The spacing of plug 21 with respect to the end of the bleed port will
      determine the volume of air being bled off from line 14. In order that the
      spacing will correspond to the volume of flow of delivery air, diaphragm
      19 is exposed to a pressure condition determined by the pressure within
      duct 1, which pressure is indicative of the volume of flow of delivery
      air. More specifically, restrictor 22 extends across duct 1 and pressure
      sensors 23 and 24 are positioned on the upstream and downstream sides of
      the restrictor. The restrictor does not substantially impede air flow
      through the duct but a pressure drop does occur across the restrictor
      which is dependent upon the volume of air flowing through end 3 of the
      duct. This pressure drop is monitored by sensors 23 and 24. The restrictor
      in effect produces an amplified pressure signal determined by the duct
      pressure.
PAR  Sensor 23 is on the high pressure side of the restrictor and is connected
      by line 26 to chamber 27 in the diaphragm assembly. Similarly, low
      pressure sensor 24 is connected by line 28 to chamber 29 of the diaphragm
      assembly. The difference in pressure between chambers 27 and 29 thus
      causes diaphragm 19, and correspondingly plug 21, to assume a position
      determined by the volume of delivery air flow. Should the volume of
      delivery air increase, the difference in pressure at sensors 23 and 24,
      and similarly between chambers 27 and 29, increases causing plug 21 to
      move toward bleed port 16 thereby reducing the amount of air bled from
      line 14. This causes air pressure on piston 7 to increase and pivot damper
      4 toward a more closed position in duct 1 reducing flow volume to return
      to the previously set volume of flow.
PAR  To achieve a basic flow volume setting and therefore a desired temperature
      condition in the area being serviced, control 17 has temperature
      responsive capability which can be preset to provide that flow of
      conditioned air necessary to achieve a given temperature and will then
      sense any changes in temperature from the preset condition and produce a
      change in the air bled through bleed port 16 so that the temperature
      change can be compensated for. More particularly, control 17 includes a
      conventional, thermostatic charged bellows 31 connected to a pivotally
      mounted lever 32. Spring 33 is seated between lever 32 and plug 21 so that
      spring 33 loads diaphragm 19 and will establish a base position for the
      diaphragm about which the diaphragm will operate to control volume. Lever
      32 is also engaged by compression spring 34, the spring being seated
      between lever 32 and base nut 36 threaded onto a control screw 37. Through
      balancing of the pressure exerted by the charge bellows 31 and the force
      of spring 34, the initial setting of lever 32, and therefore the force of
      spring 33, can be established and by conventional calibrating techniques
      the select temperature point can then be varied by rotating screw 37 to
      vary the spring force 34.
PAR  With this arrangement it can be seen that a particular temperature can be
      selected by setting the bellows spring arrangement. Assuming that the
      system has stabilized at that selected temperature, variations in flow
      volume, due to the variances in pressure and the supply air, will be
      sensed at restrictor 22 and translated into a change in the amount of air
      escaping through bleed port 16 to produce the requisite movement of piston
      7 and the actuator to vary the setting of damper 4 to maintain a constant
      volume flow. As the bellows senses changes in temperature it moves to
      change the spring force on the diaphragm which results in the necessary
      damper movement to either increase or decrease air flow as may be required
      to return to the selected temperature.
PAR  Having thus described the general arrangement of elements and their
      operation, attention will now be directed to FIGS. 2-4 for a description
      of a specific structural embodiment.
PAR  Control 17 includes a base 38, made of suitable material. Diaphragm
      assembly 18 is formed by a part of base 38 and a cap 39 removably attached
      to the underside of base 38. Diaphragm 19 is clamped between annular
      shoulders 41 and 42 provided on base 38 and cap 39. A channel 43 is
      provided in cap 39 and through junction 44 connects with line 26, channel
      43 opens into chamber 27. Similarly, a channel 46 is provided in base 38
      and through junction 47 is connectable to line 28, channel 46 opens into
      chamber 29. Bleed port plug 21 is connected to diaphragm 19 by members 48
      and 49 fixed to the plug and clamping a portion of the diaphragm
      therebetween. The plug also extends through a similar arrangement of a
      pair of clamping members 51 and 52 which clamp onto sealing diaphragm 53
      which seals opening 54 in base 38 through which the plug extends.
PAR  The schematically illustrated lever of FIG. 1, in the specific embodiment
      of FIGS. 2-4 actually takes the form of two separate levers 32a and 32b.
      Bellows 31 is mounted within a generally U-shaped frame including a base
      56 and two pairs of legs 58 and 61. The back, or open end of frame 56 is
      closed by a back plate 62 and the frame is seated in base 38 by means of
      tabs 63 and 64 projecting from the frame into complementary openings in
      the base. One end of bellows 31 is anchored to back plate 62 by a screw
      66, which is connected to the bellows, and nut 67. The opposite or free
      end of bellows 31 abuts lever 32a. Lever 32a has tabs 68 seated in
      complementary openings in base 38 and those tabs are engaged by a leaf
      spring 69 connected to the underside of lower legs 58 and 61 by machine
      screws. Spring 34 engages lever 32a and provides a biasing force against
      which the pressure exerted by bellows 31 must react. Lever 32a is thus
      free to pivot about a generally horizontal pivot defined by tabs 68
      depending on any unbalance in the forces exerted by diaphragm 31 and
      spring 34.
PAR  As is perhaps best illustrated in FIG. 4, the connection between lever 32a
      and 32b is made by an overload spring 72, this spring being connected to
      lever 32a by rivet 73 and engaging an adjustable screw 74 carried on a
      vertical wall 76 which is a part of lever 32b.  In this manner, the
      initial set point determined by the balancing of the forces exerted by
      bellows 31 and spring 34 positions lever 32b and stresses spring 33 to
      produce the biasing force acting on diaphragm 19. Bleed port 16 is
      connected to a mounting plate 77, or can be molded as an integral part
      thereof. The mounting plate is in turn secured to base 38 through screws
      78 which engage posts 79 molded on base 38. With this arrangement bleed
      port 16 is held in a fixed position whereas plug 21 is free to move
      relative to the end of the bleed port to completely close off or vary the
      amount of air being bled off and lever 32b is also free to move to vary
      the spring force against which the diaphragm, and correspondingly, the
      pressure sensed in the duct, must act.
PAR  Control 17 is positionable within the room being serviced. Screw 37 is
      associated in a conventional manner with a thermostat temperature scale,
      not shown but providing selection generally across the usual temperature
      range of 55.degree. F. to 85.degree. F. The screw is manipulated to the
      particular temperature setting thereby setting the force of spring 34
      which balances with the force being exerted by charged bellow 31 to
      establish an initial position of lever 32a. This also establishes the
      position of lever 32b and the force of spring 33 which then determines the
      pressure difference necessary between chambers 29 and 27 of the diaphragm
      assembly to position plugs 21 such that sufficient air is being bled from
      line 14 to maintain a given setting of damper 4. In other words, the
      system will be driven until it reaches the desired temperature in the room
      and will then stabilize with just that amount of air being bled through
      port 16 to maintain actuator 17 inactive and hold the necessary set point
      of damper 14 to provide that volume of air necessary to maintain the
      desired temperature. Should any fluxuations in temperature in the room or
      in pressure of supply air occur, these will be sensed either by the
      bellows in the room, or the pressure sensor 23 and 24 in the duct 1 and
      fed back into the control mechanism for proper compensation.
PAR  For example, in the case of maintaining constant volume for a given
      temperature setting, should the pressure of the supply air increase which
      would thereby increase the volume of air flowing past damper 4, this will
      be sensed at restrictor 22 producing a greater pressure drop between
      sensors 23 and 24 causing the pressure in chamber 27 to increase relative
      to that in chamber 29. This moves plug 21 toward bleed port 16 throttling
      down the amount of air bled thereby allowing the pressure to build up on
      piston 7. This build up of pressure will drive the damper 4 toward a more
      closed position reducing the amount of air flowing past the damper such
      that the volume of air will now be returned to the desired constant value.
      Conversely should the pressure of the supply air drop, this will be sensed
      at the sensors and will be translated into motion of plug 21 away from the
      bleed port causing more air to bleed off reducing the air pressure on
      piston 7 and allowing spring 8 to move the piston and correspondingly open
      the damper to permit more air to flow past the damper and again return to
      the volume of flow to be held constant.
PAR  It has been observed that with this arrangement, a constant volume flow of
      air into a room being serviced can be effectively maintained for a given
      temperature setting.
PAR  In most buildings, as previously stated, the rooms and other areas may be
      heated continuously by the electric lighting and in that case cold air is
      delivered to the room to maintain the constant temperature. Even in such
      installations it may become necessary to switch to introduction of hot air
      should the lighting, etc. be inadequate. In a more specific aspect of this
      invention, the fact that the bellows 31 and spring 34 are capable of
      providing control motion in two opposite directions is utilized to include
      in the thermostatic control not only the provision for control over a
      heating function, i.e. the introduction of cold air to the excessively
      heated area to maintain a constant temperature, but also is utilized to
      switch to and control a heating function.
PAR  More particularly, as has already been described, lever 32a will move
      either to the left or the right as viewed in FIG. 2 depending upon the
      expansion or contraction of the charge in bellows 31. A control
      arrangement 81 is associated with the end of lever 32a which extends
      beyond frame 56. This is illustrated in FIGS. 10, 11, and 12 wherein only
      the additional elements added by this variation are shown with only so
      much of the already described mechanism as is necessary to understand this
      variation. With reference to FIG. 10, a reheat lever 82 includes a body
      portion 83 and leg portions 84 and 86 projecting laterally from opposite
      sides of the body. The lower end of body 83 terminates in pointed tabs 87
      and 88 which rest in V-shaped grooves 89 and 91. With this construction,
      reheat lever 82 is supported for rocking movement in the V-shaped grooves.
      Legs 84 and 86 overlie ports 93 and 94 in base 38. A leaf spring 96
      extends from post 97 on base 38 and engages the upper side of leg 86 to
      bias the reheat lever in such a manner that leg 86 is normally engaged on
      port 94, i.e. port 94 is normally closed and port 93 is normally open. The
      connection between lever 32a and the reheat lever is accomplished by screw
      98 which engages spring 99 connected to the main body 83 of the reheat
      lever.
PAR  In operation, control 81 is associated with a pneumatic actuator 101 which
      is connected to a switch actuating arm 102 through linkages 103 and 104.
      Linkage 104 is connected to actuator piston 106 which is biased by spring
      107. A control source of air 108 is connected to the interior chamber of
      actuator 101 by lines 109 and 111. Port 94 can be a dummy port or used to
      control some other function. Port 93 is connected by line 112 to the
      control source of air and when the control 81 is in its normal position,
      port 93 bleeds air off from lines 109 and 111 so that actuator 101 is
      inactive and lever 102 engages switch 113 calling for a cooling operation
      as has already been described. In the event that the temperature in the
      room being serviced drops to a point where the contraction of bellows 31
      is such that lever 32a drives the reheat lever to close port 93
      (indicating a heating cycle is necessary), the pressure build up on piston
      106 will switch actuator 102 to close heat switch 114 and open cool switch
      113 initiating a heating operation and terminating the cooling operation.
      That is, rather than cool air being transported through ducts 1, hot air
      will now be transported through the duct and the volume of air flow will
      be controlled in the same manner previously described in connection with
      the cooling cycle. This provides in the same unit continuous switching
      between and control of heating and cooling cycles.
PAR  It is recognized that in some cases the contraction of the bellows may be
      such that the full force of spring 34 might be transmitted to reheat lever
      82 thereby exposing the reheat lever and/or the port seats to damage. To
      accommodate this possible excessive force, spring 99 is in the connection
      between levers 32b and 82 and is prestressed. As illustrated in FIG. 13,
      the spring in its free position has two angularly related portions 99a and
      99b and the spring is flattened when it is connected to the reheat lever.
      Flattening of the spring produces an inherent biasing force which is
      selected such that it is sufficient to overcome the normally encountered
      forces acting on lever 32a. However, when excessive forces are
      encountered, the lever through screw 98 will displace the free end of
      spring 99, the spring 99 then acting as overtravel spring accommodating
      the entire motion without transmitting excessive forces to either the
      reheat lever or the port.
PAR  The switchover point between heating and cooling operation can be
      accurately adjusted by manipulating screw 98 and thus a continuous
      switching from either heating to cooling or vice versa is accomplished in
      a single thermostatic unit with a minimum of possible overlap in function.
PAR  In addition to the various adjustments and settings provided for in the
      mechanism already described, an additional adjusting mechanism 121 is
      provided to permit selection of a desired percentage of the available air
      capacity. The adjustment is such as to permit selection from 0 to 100% of
      available capacity.
PAR  More particularly, two cam members 122 and 123 are each made up of a
      cylindrical body 124 and 126 and radially extending wings 127 and 128. The
      construction of cam members 122 and 123 perhaps can be best appreciated
      from viewing FIGS. 2 and 5. Each body includes peripheral, generally
      arcuate groove 129 and 131 which are complementary and have surfaces 132
      and 133 that are mutually parallel, when connected, and are curvilinear
      relative to a radial plane.
PAR  In the assembly cam members are mounted by a screw 137 which is threaded
      through central openings 134 and 136. The screw holds the cam members
      together with grooves 129 and 131 facing each other defining a peripheral
      arcuate notch while permitting them to be moved relative to each other.
      Screw 137 extends through a clearance opening 138 in mounting plate 77 and
      when so positioned the cam members are at the end of lever 32b which
      includes a pin projection 139 fitting into the notch defined by the
      grooves. Spring 140 is attached to plate 77 and extends over screw 137
      exerting sufficient pressure between the screw and plate to hold the screw
      against rotation unless it is turned through its slot 150. With this
      arrangement the cam members can be rotated together and will move pin 139
      up and down and correspondingly lever 32b.  Also, turning the screw will
      move the cams and pin vertically. This will vary the biasing force of
      spring 33 and in so doing it will result in positioning the damper to
      provide a particular percentage of available air capacity.
PAR  As seen in FIG. 2, the cam members are associated with plate 141 which
      carries indicia from 0 to 100%, representative of percentage of air
      capacity. The cam members include vertical wedges 142 and 143 which
      together, and when separated, define pointers. Rotating the cam members
      together can vary the spring bias to select a given percentage of
      available capacity. In FIG. 2 they are set to 50%, and this corresponds to
      FIG. 7, at 0% (FIG. 8) no air is delivered, at 100% (FIG. 9) all available
      capacity is used. Other settings are also possible. This sets a definite
      percent of capacity which is used in achieving the already described
      operation. The volume of air used is thus variable but once selected a
      constant volume is maintained at that value. This adds versatility to the
      overall system operation.
PAR  The adjusting mechanism 121 can also provide for variable delivery volume
      between a wide range of available maximum and minimum settings. This is
      achieved by rotating the cam members relative to each other with cam 127
      setting the minimum and 128 the maximum. For example, pointer 142 can be
      set to 20% and pointer 143 to 80%. Grooves 129 and 131 are now out of
      alignment so that pin 139 is not held in the notch but is free for limited
      movement as the cam surfaces are spaced apart a distance greater than the
      diameter of the pin. Now the control can vary the capacity of available
      air from 20% to 80%, but will maintain constant volume delivery at the
      particular capacity being used. Thus even greater versatility is provided
      for.
PAR  Initial adjustment of lever 32b can be made by turning screw 137 and
      friction between the cams and screw holds the cams in any selected
      position.
PAR  Although this invention has been illustrated and described in connection
      with particular embodiments thereof, it will be apparent to those skilled
      in the art that various changes and modifications may be made therein
      without departing from the spirit of the invention or from the scope of
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an air delivery system including duct means for delivering air to an
      area being serviced, means for supplying air to said duct means, damper
      means in said duct means and mounted to assume any one of a number of
      available positions in said duct means for controlling the volume of air
      flowing therethrough, actuator means connected to and operative to move
      said damper means selectively to one of said positions; the improvement of
      temperature and pressure responsive control means positioned in the area
      being serviced and comprising, in combination,
PA1  pressure responsive means connected to and controlling the operation of
      said actuator means,
PA1  means connecting said pressure responsive means for exposure thereof to the
      interior of said duct means so that said pressure responsive means
      controls said actuator means in accordance with the pressure condition in
      said duct means,
PA1  said pressure responsive means including biasing means producing a bias
      force reacting against the pressure condition to which said pressure
      responsive means is exposed,
PA1  and temperature responsive means engaging said biasing means and
      influencing the magnitude of said bias force and operative to establish
      bias forces in accordance with the temperature ambient said temperature
      responsive means so that the position of said damper means in said duct
      means is determined by the reaction between said biasing means and the
      pressure condition in said duct means and said pressure responsive means
      controls said actuator means and in turn said damper means to maintain the
      volume of flow through said duct substantially constant.
NUM  2.
PAR  2. The combination of claim 1 wherein said temperature responsive means is
      adjustable to select a particular ambient temperature.
NUM  3.
PAR  3. The combination of claim 1
PA1  wherein said pressure responsive means comprises a diaphragm and said
      biasing means produces said bias force on said diaphragm,
PA1  and including means in said duct means for sensing the pressure in said
      duct means and transmitting said sensed pressure to said diaphragm.
NUM  4.
PAR  4. The combination of claim 1 wherein said control means includes
PA1  a base,
PA1  said pressure responsive means includes means defining two chambers in said
      base and a diaphragm separating said chambers,
PA1  means in said duct means for sensing duct pressure and connected to said
      chambers to produce a pressure differential across said diaphragm,
PA1  and wherein said biasing means is connected to said diaphragm.
NUM  5.
PAR  5. The combination of claim 4 wherein
PA1  said actuator is pneumatically operated,
PA1  a source of air is connected to and is operative to energize said actuator,
PA1  a bleed port is included in the connection of said air source to said
      actuator through which air can be bled to control actuator operation,
PA1  plug means positioned at said bleed port and connected to and movable with
      said diaphragm relative to said bleed port to vary the amount of air being
      bled through said port.
NUM  6.
PAR  6. In an air delivery system including duct means for delivering air to an
      area being serviced, means for supplying air to said duct means, damper
      means in said duct means and mounted to assume any one of a number of
      available positions in said duct means for controlling the volume of air
      flowing therethrough, actuator means connected to and operative to move
      said damper means selectively to one of said positions; the improvement of
      temperature and pressure responsive control means positioned in the area
      being serviced and comprising, in combination,
PA1  a base,
PA1  pressure responsive means connected to and controlling the operation of
      said actuator means, said pressure responsive means including means
      defining two chambers in said base and a diaphragm separating said
      chambers,
PA1  means in said duct means for sensing duct pressure and connected to said
      chambers to produce a pressure differential across said diaphragm so that
      said pressure responsive means is exposed to the interior of said duct
      means and said pressure responsive means controls said actuator means in
      accordance with the pressure condition in said duct means,
PA1  said pressure responsive means also including biasing means connected to
      said diaphragm and producing a bias force reacting against the pressure
      condition to which said pressure responsive means is exposed,
PA1  temperature responsive means comprising a charged bellows,
PA1  means connecting said bellows to said base,
PA1  and lever means connecting said bellows to said biasing means so that the
      bias force generated by said biasing means is varied in accordance with
      the expansion and contraction of said bellows and in accordance with the
      temperature ambient said bellows
PA1  whereby said temperature responsive means is connected to said biasing
      means and influences the magnitude of said bias force and is operative to
      establish bias forces in accordance with the temperature ambient said
      temperature responsive means so that the position of said damper means in
      said duct means is determined by the reaction between said biasing means
      and the pressure condition in said duct means and said pressure responsive
      means controls said actuator means and in turn said damper means to
      maintain the volume of flow through said duct substantially constant.
NUM  7.
PAR  7. The combination of claim 6 wherein
PA1  said actuator is pneumatically operated,
PA1  a source of air is connected to and is operative to energize said actuator,
PA1  a bleed port is included in the connection of said air source to said
      actuator through which air can be bled to control actuator operation,
PA1  plug means positioned at said bleed port and connected to and movable with
      said diaphragm relative to said bleed port to vary the amount of air being
      bled through said port.
NUM  8.
PAR  8. In an air delivery system including duct means for delivering air to an
      area being serviced, means for supplying air to said duct means, damper
      means in said duct means and mounted to assume any one of a number of
      available positions in said duct means for controlling the volume of air
      flowing therethrough, actuator means connected to and operative to move
      said damper means selectively to one of said positions; the improvement of
      temperature and pressure responsive control means positioned in the area
      being serviced and comprising, in combination,
PA1  pressure responsive means connected to and controlling the operation of
      said actuator means,
PA1  means connecting said pressure responsive means for exposure thereof to the
      interior of said duct means so that said pressure responsive means
      controls said actuator means in accordance with the pressure condition in
      said duct means,
PA1  said pressure responsive means including biasing means producing a bias
      force reacting against the pressure condition to which said pressure
      responsive means is exposed,
PA1  temperature responsive means,
PA1  lever means connecting said temperature responsive means to said biasing
      means,
PA1  said temperature responsive means producing motion of said lever in one
      direction in response to an increase in temperature ambient said
      temperature responsive means and an opposite direction in response to a
      decrease in said ambient temperature,
PA1  whereby said temperature responsive means is connected to said biasing
      means and influences the magnitude of said bias force and is operative to
      establish bias forces in accordance with the temperature ambient said
      temperature responsive means so that the position of said damper means in
      said duct means is determined by the reaction between said biasing means
      and the pressure condition in said duct means and said pressure responsive
      means controls said actuator means and in turn said damper means to
      maintain the volume of flow through said duct substantially constant,
PA1  and reheat means adjacent to and engageable by said lever means, said
      reheat means connected to and operative to actuate means for switching
      said air delivery system from a heating cycle to a cooling cycle;
PA1  said reheat means having a normal position establishing one of said cycles
      and being moved from said normal position by said lever means to establish
      the other cycle.
NUM  9.
PAR  9. The combination of claim 8
PA1  wherein said pressure responsive means includes a diaphragm,
PA1  including means in said duct means for sensing duct pressure and connected
      to said diaphragm to produce a pressure differential across said
      diaphragm,
PA1  wherein said biasing means is connected to said diaphragm,
PA1  wherein said temperature responsive means comprises a charged bellows,
PA1  and wherein said lever means connects said bellows to said biasing means so
      that the bias force generated by said biasing means is varied in
      accordance with the expansion and contraction of said bellows in
      accordance with the temperature ambient said bellows.
NUM  10.
PAR  10. The combination of claim 9 including means for adjusting the bias force
      produced by said biasing means acting against said bellows.
NUM  11.
PAR  11. The combination of claim 9
PA1  wherein said lever means includes first and second levers,
PA1  wherein said bellows engages said first lever,
PA1  including biasing means engaging said first lever and producing a bias
      force against which said bellows expands, said first lever being moved in
      one direction by bellows expansion and in an opposite direction by said
      biasing means as said bellows contracts,
PA1  said first lever being engageable with said reheat means,
PA1  and wherein said second lever connects said first lever to said biasing
      means producing the bias force on said diaphragm.
NUM  12.
PAR  12. In an air delivery system including duct means for delivering air to an
      area being serviced, means for supplying air to said duct means, damper
      means in said duct means and mounted to assume any one of a number of
      available positions in said duct means for controlling the volume of air
      flowing therethrough, actuator means connected to and operative to move
      said damper means selectively to one of said positions; the improvement of
      temperature and pressure responsive control means positioned in the area
      being serviced and comprising, in combination,
PA1  pressure responsive means connected to and controlling the operation of
      said actuator means,
PA1  means connecting said pressure responsive means for exposure thereof to the
      interior of said duct means so that said pressure responsive means
      controls said actuator means in accordance with the pressure condition in
      said duct means,
PA1  said pressure responsive means including biasing means producing a bias
      force reacting against the pressure condition to which said pressure
      responsive means is exposed,
PA1  temperature responsive means,
PA1  lever means connecting said temperature responsive means to said biasing
      means and through which said temperature responsive means operates on said
      biasing means to influence the magnitude of said bias force and is
      operative to establish bias forces in accordance with the temperature
      ambient said temperature responsive means so that the position of said
      damper means in said duct means is determined by the reaction between said
      biasing means and the pressure condition in said duct means and said
      pressure responsive means controls said actuator means and in turn said
      damper means to maintain the volume of flow through said duct
      substantially constant,
PA1  first and second cam members each including a groove disposed at an oblique
      angle to the axis along which said biasing means acts, said grooves being
      complementary and when registered defining a notch at said oblique angle,
PA1  a projection on said lever means extending into said notch,
PA1  and means mounting said first and second cam members for joint and relative
      movement to establish a preselected position of said lever means.
NUM  13.
PAR  13. The combination of claim 12
PA1  wherein said cam members are generally cylindrical and said grooves are
      provided in the periphery of said cam members and said grooves are at an
      oblique angle to a radial plane perpendicular to the axis of said cam
      members,
PA1  including a scale mounted adjacent said cam members and calibrated in
      percentage of available air delivery capacity,
PA1  and pointers on each of said cam members associated with said scale.
NUM  14.
PAR  14. The combination of claim 13
PA1  wherein said pressure responsive means comprises a diaphragm and said
      biasing means produces said bias force on said diaphragm,
PA1  and including means in said duct means for sensing the pressure in said
      duct means and transmitting said sensed pressure to said diaphragm.
NUM  15.
PAR  15. The combination of claim 14 wherein
PA1  said actuator is pneumatically operated,
PA1  a source of air is connected to and is operative to energize said actuator,
PA1  a bleed port is included in the connection of said air source to said
      actuator through which air can be bled to control actuator operation,
PA1  plug means positioned at said bleed port and connected to and movable with
      said diaphragm relative to said bleed port to vary the amount of air being
      bled through said port.
NUM  16.
PAR  16. The combination of claim 15 wherein said control means includes
PA1  a base,
PA1  said pressure responsive means includes means defining two chambers in said
      base and a diaphragm separating said chambers,
PA1  means in said duct means for sensing duct pressure and connected to said
      chambers to produce a pressure differential across said diaphragm,
PA1  and said biasing means is connected to said diaphragm.
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ABST
PAL  Disclosed is a heating unit consisting of a boiler chamber in which a
      two-phase liquid system is placed under a slight vacuum and supplied with
      a source of thermal energy. The activation of the source of thermal energy
      causes the lower phase liquid to vaporize and percolate through the upper
      phase liquid and circulate into a radiator section made up of finned tubes
      with an air flow being directed thereacross. The air flow absorbs the heat
      of the vapor which then is directed to the areas to be heated. The vapor
      continues to circulate into a header where the vapor is condensed back to
      the liquid state by a plurality of finned condensation tubes inside the
      header. The finned tubes of the radiator section have 90.degree. elbows
      extending upwardly into the header to prevent any condensed liquid from
      returning into the radiator of the system, and directing the vapor toward
      the coldest side of the header so as to enhance the condenation process.
      The liquid is returned to the boiler chamber via a return line with a
      one-way gate, thereby creating a one-way circulation within the system
      which promotes higher efficiency. The two-phase liquid system is made up
      of two non-miscible liquids, the lower one having a higher specific
      gravity, a low specific heat, and a boiling point above 200.degree. F.,
      such a tetrachloroethene. The upper liquid has a lower specific gravity, a
      relatively high specific heat and high boiling point relative to the lower
      liquid such as an oil. The upper phase is kept to a thin layer such that
      it completely covers the lower phase but does not unduly hamper
      percolation of the lower phase therethrough as it is vaporized.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a heating unit utilizing a two-phase liquid heat
      transfer system in a boiler heat exchanger structure to provide greater
      efficiency and thereby save energy. More specifically, the heating unit
      has a boiler chamber in which the lower phase liquid is vaporized and
      percolated through the upper phase liquid into a radiator where heat
      transfer to an airflow thereacross occurs. Thereafter the vapor continues
      its circulation by entering a header where the vapor is condensed back to
      the liquid state and returned to the boiler chamber to repeat the cycle.
PAR  There are available today a large number of differing designs for heating
      units of varying efficiencies, most of which can be grouped into three
      major areas of design concept, mainly the hot water or steam circulation
      type, the forced air type, and the newer heat pump type.
PAR  The hot water or steam circulation type probably is the most efficient type
      available today in over all performance. The most popular is the hot water
      unit where the water is heated and circulated by an electric pump to base
      board radiators or radiant floor panels in the rooms of the structure to
      be heated. Some of the drawbacks of this type of system are: a more
      expensive and complicated installation mechanically and electrically due
      to the added piping, insulation therefore, electric pump and controls
      therefor, and the more numerous thermostatic controlled electric valves on
      the lines leading to various portions of the structure to be heated;
      because of the more complicated design, more maintenance to keep the
      system in operation; a lack of air circulation likely to cause stagnation;
      the noise nuisance of water bumping as the system is fired up; and a lack
      of ability to control the humidity of the air because these systems are
      closed. Because of its economics, this type of heating system finds wide
      acceptance in commercial construction today. Prior art directed toward
      boiler designs in this type of heating system which are of interest
      include U.S. Pat. Nos. 1,898,571, 2,154,021; 2,277,094; 2,508,736;
      2,820,134; and, 3,210,005. Although the foregoing patents are addressed to
      the problems attendant to the use of a boiler, none have achieved the
      results of the present invention.
PAR  The forced air type is probably the most popular type for the residential
      market. Air flow is directed across heating elements or a convector to
      heat the air to a point about 30.degree. above the room temperature and
      then piped through air ducts to the rooms to be heated. Cold air intake
      registers supply this flow such that a complete air circulation cycle is
      set up in the structure to be heated. This type of heating system has the
      advantages of being: simpler to install and maintain, usually cheaper to
      install; able to provide an easy way to control humidity in the structure;
      easily used for both heating in winter and cooling summer with less
      alteration of equipment; able to provide good air circulation to prevent
      stagnation; and are generally quieter in operation. The major drawback of
      this type of heating system is its lower efficiency.
PAR  The newer heat pump type is gaining more acceptance in more temporate
      climates because it employs the advantages of a forced air system at a
      higher efficiency within a given temperature range. The heat pump is
      basically an air conditioner and is sized according to air conditioning
      capacity necessary for the given structure. It has a reversing valve to
      convert it to a heating unit. It operates like an air conditioner in that
      it employs two coils, one on each side of a compressor. The low pressure
      side coil absorbs heat which is emitted from the high pressure side coil.
      Air flow is directed across both coils to affect the heat transfer. The
      reversing valve is operated by a thermostat detecting outside temperature
      and controls which side is the high pressure coil. Also for winter
      operation a defrosting system is necessary on the outside coil because
      during the heating cycle, frost will deposit on the outside coil if the
      temperature of the coil falls below 32.degree. F. If ice is allowed to
      build up the efficiency of the heat pump is significantly reduced. One
      defrost system directs hot gas from the compressor discharge to the
      outside coil long enough to melt any ice formation thereon. During this
      defrost cycle though, no heat is produced in the inside coil to heat the
      structure. This means that when the outside temperature falls much below
      32.degree. F., supplementary electric resistance heaters will be required,
      thereby reducing the efficiency as the temperature decreases. At peak
      efficiency conditions the heat pump can produce 8,500 btu's per kilowatt
      hour of electricity for a Coefficient of Performance of 2.489 based upon 1
      kilowatt hour of electricity producing 3,414 btu's, the standard
      conversion factor. The major drawback of this type of heating system then
      is the narrow temperature range at which it maintains a high efficiency.
      Also, due to the fairly complex nature of this equipment, maintenance
      costs are higiher and the high pressure involved can present a safety
      hazard.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a new heating system
      that consumes less energy to produce a given output to heat either
      residential or commercial structures.
PAR  It is a further object of the present invention to employ the advantages of
      the forced air duct work systems at this higher efficiency.
PAR  It is another object of the present invention to reduce the size of the
      basic unit necessary to produce the necessary heat for a structure.
PAR  It is a still further object of the present invention to provide a heating
      system that will maintain its efficiency and coefficient of performance
      over the entire conceivable temperature range encountered by a heating
      unit.
PAR  It is a further object of the present invention to provide a system with a
      higher safety margin than prior art designs.
PAR  Another object is to provide a simplified system that can be easily
      installed and maintained.
PAR  These and other objects of the present invention, together with the
      advantages thereof over existing and prior art forms which will become
      apparent from the description to follow, are accomplished by the
      improvements hereinafter described and claims.
PAR  In general, a heating unit employing the concepts of the present invention
      includes a boiler chamber in which a two-phase liquid system is placed
      under a slight vacuum and supplied with a source of thermal energy, a
      radiator section having finned tubes communicating between the boiler
      chamber and a header section, the finned tubes terminating in 90.degree.
      elbows inside the header section such that condensed liquid cannot return
      therethrough to the boiler chamber, a condensation system within the
      header section to condense the vapor emitting from the radiator section,
      and a return line with a one-way gate such that only one direction of
      circulation is possible within the heating unit.
PAR  One preferred and one alternate embodiment of the subject heating unit is
      shown by way of example in the accompanying drawings without attempting to
      show all of the various forms and moficiations in which the invention
      might be embodied; the invention being measured by the appended claims and
      not by the details of the specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of a heating unit embodying the concepts
      of the present invention;
PAR  FIG. 2 is a side section of the heating unit taken substantially on line
      2--2 of FIG. 1, depicting the unit and the air flow thereon during the
      operation of the heating unit;
PAR  FIG. 3 is a front elevational sectional view, showing a second embodiment
      of the condensation tube orientation; and,
PAR  FIG. 4 is a top section of FIG. 3 taken substantially along line 4--4 of
      FIG. 3, depicting the condensation tubes in the header.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, a heating unit according to the present
      invention is indicated generally by numeral 10. It is made up of an air
      blower indicated generally by numeral 11 and the heat plant indicated
      generally by the numeral 12. The heat plant 12 has a boiler chamber 13, a
      radiator 14, and a header 15. In the header 15 are a plurality of
      condensation tubes 16 defining air passageways therethrough.
PAR  This type of heating unit can be connected to the conventional air ducts
      systems commonly found in residential forced air furnace installations or
      small units can be placed in individual rooms to be heated such as in the
      rooms of a hotel or motel, thereby eliminating the need for extensive air
      duct systems on a building-wide basis. The units placed in individual
      rooms could easily be mounted in the walls or the ceiling, or built into a
      piece of furniture such as a night stand or a television stand to fit the
      room decor. Also, this unit can be operated with the radiator 14 in a
      horizontal position not shown in the drawings as long as a slight incline
      toward the header 15 is maintained.
PAR  The air blower 11 of the heating unit shown in the drawings contains a
      centrifugal fan 18 which is powered by an electric motor 19 through a set
      of pullies 20 and belt 21. These components may be mounted in the unit in
      any convenient manner consistent with recognized heating and air
      conditioning standards, one example being shown in the drawings. As seen
      in FIG. 1 of the drawings this particular heating unit 10 employs two
      centrifugal fans 18 with an air intake port 22 on each side of the unit to
      supply air to each centrifugal fan 18. A heating unit embodying the
      present invention could just as easily employ only an air intake port so
      as to accommodate the conventional air duct systems found in most
      residential forced air furnace installations today.
PAR  As shown in FIGS. 1 and 2 of the drawings the air output of the centrifugal
      fans 18 is directed into an air duct 23 with a rounded heel 24 and a
      rounded throat 25 so as to direct the air flow through radiator 14 and
      through the condensation tubes 16 to the air outlet register 26. One
      skilled in the art will know that several alternate forms of this
      structure are readily available for a low air pressure system such as the
      use of turning vanes to direct the air flow. Also it is common knowledge
      in the heating and air conditioning trade that if a high air pressure
      system is employed, no internal air ducts are necessary. In this instance
      the only requirement is that the shell of the unit be sealed to act as a
      plenum thereby allowing the air pressure to escape at only the desired
      openings into an air duct system or the room to be heated. In the second
      embodiment shown in FIGS. 3 and 4 of the drawings, the circulation is
      altered slightly to insure airflow through the condensation tubes 16 in
      the header 15.
PAR  Returning to the heat plant 12 as shown in FIGS. 1 and 2 of the drawings,
      it can be seen that the heat plant 12 is a completely sealed system such
      that a vacuum can be pulled through valve 28. The boiler chamber 13 is
      made up of a steel pan 29 with a second sealed casing 30 surrounding the
      boiler to prevent escape of anything contained in the boiler chamber 13.
      This is commonly known in the trade as boiler lagging and is used mainly
      for safety considerations. Contained within the boiler chamber 13 as shown
      in the drawings is a two-phase liquid system 31 and an electrical
      resistance heating element 32. Electrical resistance heating elements are
      employed in the unit as shown to reduce the size of the unit, to eliminate
      the need for an exhaust system to carry off combustion by-products and for
      general convenience in experimentation on the unit. A fired boiler chamber
      as by oil, gas, wood or coal would be capable of accomplishing essentially
      the same results as the heating unit 10 shown and described in detail
      herein.
PAR  The two-phase liquid system 31 is made up of two liquids which are
      relatively non-miscible. The lower phase liquid 33 is the heating fluid of
      the heating unit. It must be a liquid of a higher specific gravity than
      the upper phase liquid 34. It is also desirable that such liquid have a
      relatively low specific heat and heat of vaporization. Another factor to
      be considered is that this liquid have a high enough boiling point as to
      maintain the temperature of the radiator section 14 high enough to cause
      the given air flow thereacross to rise 30.degree. or more in temperature.
      It has been found by experimentation that tetrachloroethene is an
      excellent choice for the lower phase liquid 34. This compound has a
      boiling point of 249.7.degree. F., a specific gravity of 1.619 at
      77.degree. F., a heat of vaporization of 90.2 b.t.u. per pound and a
      specific heat of 0.21 b.t.u. per pound per degree F. This compound is safe
      because it has no flash point and no fire point. The upper phase liquid 34
      must have a lower specific gravity than the lower phase liquid 33 so that
      it will float on top of the lower phase liquid, have a relatively high
      specific heat and have such a high boiling point that the upper phase
      liquid 34 will remain in the liquid state during the operation of the
      heating unit 10 throughout its range of operating temperatures. It has
      been found by experimentation that almost any oil is an excellent choice
      for the upper phase liquid 34.
PAR  During the operation of the heating unit 10, a thin layer of the upper
      phase liquid 34 must completely cover the surface of the lower phase
      liquid 33 so that the lower phase liquid 33 will percolate therethrough
      upon vaporizing. This upper phase liquid 34 then tends to seal the heat of
      the power source in the lower phase liquid 33 to accomplish a
      concentration of heat during the operation of the heating unit 10 and to
      retain the heat remaining in the lower phase liquid 33 when the unit is
      shut down for longer periods of time than would otherwise be expected. The
      use of two organic liquids solves a major drawback of previous hot water
      systems in that the present system eliminates corrosion or coil lining, a
      cause of many breakdowns of the hot water or steam type heating systems.
      It is believed that part of the reason for the unexpected efficiency
      realized by his heating unit is the fact that the tetrachloroethene has a
      specific heat less than that of water at 1.00 or average air at 0.24. In
      addition, the upper phase liquid 34 prevents much heat loss associated
      with other systems as explained above. The compactness of the heating unit
      and its design also help its efficiency.
PAR  Connected to the top of the boiler chamber 13 is the radiator 14 where the
      heat is transferred from the hot vapor of the lower phase liquid 33 to an
      air flow across the radiator 14 powered by the air blower 11 described in
      detail above. The radiator 14 is made up of a plurality of finned tubes 35
      which are connected flush to the top of the boiler chamber so to
      communicate therewith. These finned tubes 35 present the maximum possible
      surface area for heat transfer. At the other end of the radiator 14, the
      finned tubes 35 are connected to the header 15 so as to provide a
      passageway between the boiler chamber 13 and the header 15. Note in FIG. 1
      that each finned tube 35 has a 90.degree. elbow 36 connected thereto and
      extending upwardly into the interior of the header 15 such that condensate
      cannot drop back down into the radiator 14, thereby decreasing the
      efficiency of the present heating unit. Also, these 90.degree. elbows 36
      are used to direct the eminating vapor toward the coldest side wall of the
      header 15 against which the airflow is directed, to greatly enhance the
      condensation process. Usually this will be the header 15 side wall facing
      the airflow from the air blower 11. The bottom 38 of the header 15 is
      slanted slightly toward the return line 39 to enhance the oneway
      circulation within the heat plant 12. Positioned above the outlet,
      90.degree. elbows 36 in the header 15 are condensation tubes 16 which are
      also of the finned tube design. In FIGS. 1 and 2, condensation tubes 16
      are connected between the side walls of the header 15 to provide a
      passageway for air to pass from one side to the other sealed off from the
      atmosphere interior the header 15. As seen in the second embodiment shown
      in FIGS. 3 and 4 of the drawings, these condensation tubes 16 can be run
      across the length of the header 15 instead of the width as shown in FIGS.
      1 and 2 of the drawings to accomplish the same result. The condensation
      tubes 16 cause the lower phase liquid 33 vapor which does not condense on
      the header 15 side wall to condense for return to the boiler chamber 13
      and transfer more heat to the air flow through the heating unit 10.
PAR  The return line 39 is connected to the bottom of the header 15 at its
      lowest point so as to allow drainage of all the condensate into the return
      line 39. At the other end, the return line 39 is connected to the wall of
      the boiler chamber 13 above the liquid level of both phases so as to
      define a passageway between the header 15 and the boiler chamber 13. At
      the point where the return line 39 enters the boiler chamber 13, there is
      a one-way gate 40 which allows the lower phase liquid 33 to flow back into
      the boiler chamber 13 but prevents the migration of any vapor into the
      return line 39 which would disrupt the one-way circulation cycle necessary
      for the efficient operation of the present heating unit 10.
PAR  As stated above, the heat plant 12 operates under a slight vacuum. Through
      experimentation it has been found that for the particular fluid system
      herein described, a vacuum of 15 to 18 inches of water is optimum for
      efficient operation. A higher vacuum of say 24 to 25 inches of water does
      not provide as good a result. The valve 28 can be used to draw the vacuum
      on the heat plant 12 interior.
PAR  A vacuum detection switch 14, of conventional manufacture, is employed in
      the heat plant 12 to automatically shut down the heating unit 10 when the
      vacuum in the system drops to a predetermined level. The switch removes
      the power source from theh boiler chamber 13. This safety device insures
      that no pressure will build up in the heating unit.
PAR  Another safety device employed is a soft plug 42 in the boiler chamber 13
      above the liquid level of both phases, which will release into the sealed
      casing 30 surrounding the boiler chamber 13 upon the build up of a
      predetermined amount of gauge pressure in the heating unit 10.
PAR  Thus, it should be apparent from the foregoing description of the preferred
      embodiment that the device herein described accomplishes the objects of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A heating unit comprising:
PA1  a boiler chamber;
PA1  means for supplying thermal energy to the interior of said boiler chamber;
PA1  a radiator attached to said boiler chamber;
PA1  a header attached to said radiator so as to define at least one passageway
      communicating from said boiler chamber through said radiator, to said
      header;
PA1  a return line connected to said header and said boiler chamber to define a
      passageway communicating therebetween to enable circulation within the
      heating unit;
PA1  said boiler chamber containing a two-phase liquid system to affect heat
      transfer;
PA1  the lower phase liquid of said two-phase liquid system being vaporized by
      said means for supplying thermal energy during operation of the heating
      unit; and,
PA1  the upper phase liquid of said two-phase liquid system being relatively
      non-miscible with said lower phase and remaining in the liquid state
      during operation of the heating unit so that said lower phase will
      percolate therethrough.
NUM  2.
PAR  2. A heating unit according to claim 1, further comprising an air blower to
      promote airflow across said radiator and wherein said radiator further
      comprises a plurality of finned tubes presenting a large surface area for
      transfer of heat to the airflow thereacross.
NUM  3.
PAR  3. A heating unit according to claim 2, wherein said finned tubes are
      connected to said boiler chamber so that vapor of said lower phase liquid
      will enter said radiator and terminate inside said header and such that
      said lower phase liquid cannot return into said finned tubes, thereby
      promoting a circulation of said lower liquid phase from said boiler
      chamber to said header.
NUM  4.
PAR  4. A heating unit according to claim 3, wherein said header has a coldest
      side caused by directing the airflow thereagainst and wherein said finned
      tubes terminating inside said header, direct the vapor toward said coldest
      side of said header to promote more rapid condensation.
NUM  5.
PAR  5. A heating unit according to claim 4, wherein said finned tubes
      terminates in 90.degree. elbows inside said header such that said
      90.degree. elbows prevent backflow of said lower phase liquid and direct
      the vapor of said lower phase liquid against said coldest side of said
      header.
NUM  6.
PAR  6. A heating unit according to claim 1, wherein said return line has a
      one-way gate to permit said lower phase liquid to flow back into said
      boiler chamber while preventing vapor of said lower phase liquid from
      entering said return line.
NUM  7.
PAR  7. A heating unit according to claim 1, wherein said header has a slanted
      bottom to promote drainage of said lower phase liquid to said return line
      for return back into said boiler chamber.
NUM  8.
PAR  8. A heating unit according to claim 7, wherein said return line is
      connected to said header at its lowest point for gravity feed of said
      lower phase liquid back to said boiler chamber.
NUM  9.
PAR  9. A heating unit according to claim 1, wherein said return line is
      connected to said boiler chamber above the liquid level of said two-phase
      liquid system.
NUM  10.
PAR  10. A heating unit according to claim 1, wherein said header has
      condensation tubes inside thereof connected between two walls of said
      header so as to define at least one passageway therethrough, completely
      sealed off from the interior of said header.
NUM  11.
PAR  11. A heating unit according to claim 10, wherein said condensation tubes
      are of a finned design as to present a large surface for condensation
      within said header.
NUM  12.
PAR  12. A heating unit according to claim 11, wherein said condensation tubes
      run the width of said header.
NUM  13.
PAR  13. A heating unit according to claim 11, wherein said condensation tubes
      run the length of said header.
NUM  14.
PAR  14. A heating unit according to claim 1, wherein a slight vacuum is
      maintained within said boiler chamber, said radiator and said header
      during the operation of the heating unit.
NUM  15.
PAR  15. A heating unit according to claim 14, further comprising a valve
      connected to said header to permit evacuation of the interior of said
      boiler chamber, said radiator and said header.
NUM  16.
PAR  16. A heating unit according to claim 14, further comprising a vacuum
      detection switch which shuts down the heating unit upon the loss of vacuum
      to a predetermined level.
NUM  17.
PAR  17. A heating unit according to claim 1, further comprising a soft plug
      which will release upon the build up of a predetermined amount of gauge
      pressure in said boiler chamber, said radiator or said header.
NUM  18.
PAR  18. A heating unit according to claim 1, wherein said lower phase liquid
      consists essentially of a liquid having a specific gravity greater than
      unity, a specific heat less than unity, and a boiling point higher than
      200.degree. F.
NUM  19.
PAR  19. A heating unit according to claim 18, wherein said lower phase liquid
      is tetrachloroethene.
NUM  20.
PAR  20. A heating unit according to claim 1, wherein said upper phase liquid
      consists essentially of a liquid having a specific gravity less than that
      of said lower phase liquid, a relatively high specific heat, and a boiling
      point higher than that of said lower phase liquid.
NUM  21.
PAR  21. A heating unit according to claim 20, wherein said upper phase liquid
      is an oil.
NUM  22.
PAR  22. A heating unit comprising:
PA1  a boiler chamber;
PA1  means for supplying thermal energy to the interior of said boiler chamber;
PA1  a liquid contained within said boiler chamber;
PA1  a radiator connected to said boiler chamber so as to communicate therewith;
PA1  an air blower to promote an airflow across said radiator;
PA1  a header attached to said radiator so as to define at least one passageway
      communicating from said boiler chamber through said radiator, to said
      header;
PA1  a return line connected to said header and said boiler chamber above said
      liquid level so as to communicate therebetween liquid from said header to
      said boiler chamber;
PA1  said return line having a one-way gate to permit only one-way circulation
      of said liquid from said header to said boiler chamber; and
PA1  condensation tubes within said header being of a finned design and
      connected so as to permit airflow therethrough sealed off from the
      interior of said header for condensing the vapor of said liquid eminating
      from said radiator.
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ABST
PAL  A recording unit is disclosed which is provided with a hollow, very small
      nozzle supplied with a liquid imaging material, an electrode plate having
      formed therein a through hole coaxial with the nozzle and disposed
      opposite to the tip of the nozzle and a ring of small diameter disposed on
      the nozzle coaxially therewith in the vicinity of its tip or between the
      nozzle and the electrode plate. A convergent or unfluctuated jet of the
      liquid imaging material produced by a voltage applied between the nozzle
      and the electrode plate disposed opposite thereto is directed through the
      through hole of the electrode plate to a recording member or medium placed
      adjacent to the electrode plate on the opposite side from the nozzle. The
      convergent jet of the liquid imaging material thus produced is made
      intermittent by applying a voltage to the ring, thereby to record images.
PARN
PAR  This is a division of application Ser. No. 418,283, filed Nov. 23, 1973.
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  Reference is made to the commonly assigned, co-pending application U.S.
      Ser. No. 417,543, entitled "Plural Liquid Recording Elements" by Genji
      Ohno et al now U.S. Pat. No. 3,911,448.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a recording unit which records images by jetting
      a liquid imaging material, and more particularly to a recording unit which
      draws images by electrostatic generation of intermittent jetting of a
      liquid imaging material in response to a signal.
PAR  2. Description of the Prior Art
PAR  Facsimile is employed as one method for obtaining a picture in the form of
      an assembly of fine, linear or continuous, dotted line picture elements
      which are intermittent in accordance with a signal. As a recording method
      therefor, use has heretofore been made of, for example, the so-called
      spark printing process in which a surface layer previously formed on a
      recording member or medium such as paper, synthetic resin film or the like
      is ruptured as by discharge to expose a coloring material contained in the
      layer to thereby record images, or of the so-called electrostatic
      recording process in which an electrostatic latent image is formed as by
      corona discharge on the surface of a recording member previously insulated
      and then developed with a dry or liquid toner, electrophotographic
      recording process in which a latent image produced by irradiating the
      surface of a photosensitive recording member by a light beam is developed,
      or thermal development process.
PAR  These conventional methods are disadvantageous in the necessity of some
      previous treatment of the recording member and in involving a troublesome
      developing process. Further, one method that has been used for directly
      recording picture elements in an imaging material is to intermittently
      bring a recording unit such as a ball pen, a glass pen or the like into
      contact with a recording member. With this method, however, since the
      intermittent recording operation is achieved mechanically, it is low in
      response speed and noisy and, further, since recording is made by direct
      contact of the recording unit with the recording member, this method is
      not suitable for use with recording members whose surfaces are uneven and
      not smooth.
PAR  Further, with conventional recording units of the type employing jetting of
      a liquid imaging material, images being drawn are made intermittent by
      deflecting a previously generated jet by the pressure applied to the
      imaging material using an acceleration electrode and a deflection
      electrode, so that it is necessary to provide a removing device for
      receiving the imaging material during suspension of recording. Therefore,
      in the case of recording with one process by closely arranging many
      recording units, apparatus becomes inevitably complicated and bulky in its
      entirety.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a novel recording unit which is
      free from the aforesaid defects of the prior art and is simple in
      construction but high in response speed, and which permits ease in
      selecting the positive/positive or positive/negative mode of operation
      with respect to an input signal and enables stable convergent or
      unfluctuated jetting of a liquid imaging material.
PAR  In accordance with one aspect of this invention, the recording unit
      comprises a hollow, very small nozzle supplied with a liquid imaging
      material, and an electrode plate having a through hole coaxial with the
      nozzle and disposed opposite to the tip of the nozzle and a ring of small
      diameter disposed on the nozzle coaxially therewith in the vicinity of its
      tip or between the nozzle and the electrode plate. A convergent jet of the
      liquid imaging material generated by a voltage applied between the nozzle
      and the electrode plate, is directed through the through hole of the
      electrode plate to a recording member placed adjacent to the electrode
      plate on the opposite side from the nozzle and the convergent jet is made
      intermittent by applying a voltage to the ring, thereby intermittently
      recording an image.
PAR  In accordance with another aspect of this invention, the nozzle, which is
      formed with a very fine pipe and jets out a liquid imaging material having
      a surface tension of 20 to 80 dynes/cm and a viscosity of less than 200
      centipoises, by impressing a high voltage above 1KV, is featured in that
      the radius of curvature of the outer edge portion of the open end portion
      of the nozzle is larger than 0.03mm and the width of the flat marginal
      portion contiguous thereto is less than 0.2mm.
PAR  In still another aspect of this invention, the lower end portion of the
      nozzle including at least the joint portion between the rounded outer edge
      portion and the outer peripheral surface of the nozzle is made
      liquid-repellent with respect to the liquid imaging material. Thus, a
      stable, convergent jet can be produced for a long time.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention will be more fully understood by the following description
      and the attached drawings, in which:
PAR  FIG. 1 is a diagram showing the basic principles of an ink jetting unit of
      this invention;
PAR  FIGS. 2 to 4, inclusive, are diagrams, for explaining positioning of a ring
      for intermittent jetting;
PAR  FIG. 5 is a diagram, for explaining a grounding resistor connected in
      circuit with the ring;
PAR  FIGS. 6 and 7 are diagrams, for explaining a control system employing a
      photoconductive switching element in circuit with the ring;
PAR  FIGS. 8 and 9 are diagrams, for explaining the case of employing an
      insulating dielectric;
PAR  FIGS. 10 and 11 are diagrams, for explaining the case of employing a
      cylindrical resistor as a grounding resistor in FIG. 5;
PAR  FIGS. 12 to 15, inclusive, are schematic diagrams showing various
      configurations of an ink jetting nozzle;
PAR  FIGS. 16 to 18, inclusive, are diagrams, for explaining the state of
      generation of a liquid jet;
PAR  FIGS. 19 and 20 are explanatory diagrams showing the construction of
      examples of the nozzle according to this invention;
PAR  FIGS. 21 to 23, inclusive, are explanatory diagrams for modified forms of
      the nozzle according to this invention;
PAR  FIGS. 24a to 24c, inclusive, are diagrams, for explaining the state of
      jetting with the nozzle according to this invention;
PAR  FIGS. 25 to 27, inclusive, are diagrams illustrating the construction of
      other examples of the nozzle according to this invention and for
      explaining their function;
PAR  FIGS. 28 to 30, inclusive, are diagrams, for explaining the effect of the
      nozzle of this invention;
PAR  FIGS. 31 and 32 are diagrams showing one example of recording apparatus
      embodying this invention and the construction of a recording unit employed
      therein, respectively; and
PAR  FIG. 33 is a schematic diagram of another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, a hollow, very small nozzle 3 is supplied with a liquid imaging
      material 1 from a storage and supply tank 2, and an electrode plate 5,
      which has formed therein a through hole 4 coaxial with the nozzle 3, is
      disposed opposite to the nozzle 3. Adjacent to the electrode plate 5, a
      recording member or medium 6 formed as of paper, cloth, synthetic resin
      film, metal plate or the like is arranged on the opposite side from the
      nozzle. The nozzle 3 and the electrode plate 5 are connected to both
      electrodes of a high-tension voltage source 7, respectively. In the case
      where the liquid imaging material composed, for example, of the following
      materials:
TBL  cyanine blue         0.5 parts                                            
     methanol             10 parts                                             
     glycerine            5 parts                                              
     water                85 parts                                             
PAL  is supplied to the nozzle 3, whose inner diameter is 0.25mm, and an
      electrostatic voltage is applied between the nozzle 3 and the electrode
      plate 5 to make the former positive relative to the latter. When this
      voltage reaches 1.8KV, the so-called liquid jet 8 of about 2000 droplets
      per second is generated from the tip of the nozzle 3. The liquid jet 8
      passes through the through hole 4 of the electrode plate 5 and arrives at
      the recording member 6 and adheres thereto.
PAR  If the recording member 6 is driven or moved by a driving unit (not shown)
      relative to the nozzle 3, the locus of its travel is drawn by the droplets
      of the liquid jet in a linear or continuous dotted-line form on the
      recording member 6.
PAR  The voltage for the applied between the nozzle 3 and the electrode plate 5
      may be a DC, ripple or AC voltage but in the case of the AC voltage, where
      its frequency is high, convergency of the jet is lowered. The polarity of
      the voltage may be positive or negative.
PAR  The imaging material 1 is composed mainly of water as a solvent as
      mentioned previously but may be composed of cyclohexane, toluene, xylene
      or other solvent. In general, any of liquid imaging materials which have a
      surface tension of 30 to 80 dynes/cm, a viscosity of less than 200cps and
      an electric resistance of higher than 10.sup.-.sup.3 .OMEGA.cm can be used
      in this invention. When the surface tension is below 30 dynes/cm, the jet
      is difficult to converge and when it is above 80 dynes/cm, wetting of the
      nozzle is poor to make it difficult to generate a convergent jet. With a
      viscosity of higher than 200cps, response of the intermittent operation is
      poor. An electric resistance of lower than 10.sup.-.sup.3 .OMEGA.cm makes
      it difficult to generate a jet, and hence is not desirable.
PAR  During jetting in the example of FIG. 1, a current of 0.1 to 1.mu.A flows
      between the nozzle 3 and the electrode plate 5 and only a very weak
      current corresponding to 1/100 to 1/500 of the current flows from the
      nozzle 3 to the recording member 6. This corresponds to a charge of the
      droplet adhering to the recording member 6.
PAR  From this fact, it is considered that, in this invention, the liquid jet 8
      of the droplets, which is generated by the electric field between the
      nozzle 3 and the electrode plate 5 together with a corona discharge, is
      converged under the pressure of corona charges and rushes to the electrode
      plate 5 along the electric field.
PAR  Further, it is considered that the corona charges of small mass are
      captured by the electrode plate 5 and that only the droplets of large mass
      pass through the through hole 4 of the electrode plate 5 and arrive at the
      recording member 6 by inertia of the droplets.
PAR  Accordingly, in the present invention, the recording member need not be
      placed in a corona electric field unlike in conventional methods, so that
      an electrode plate, which is disposed immediately below the nozzle in the
      prior art, is unnecessary. Therefore, the recording member 6 may be formed
      of paper, cloth, synthetic resin film, metal plate or the like
      irrespective of its insulating property, conductivity and dielectric
      constant. In addition, since the recording is effected without any
      mechanical contact of the recording unit with the recording member, it is
      possible to use any recording member regardless of uneveness or smoothness
      of its surface.
PAR  Next, as shown in FIGS. 2 to 4, a ring 9, which has an inner diameter of
      4mm, is disposed coaxially with the nozzle 3 between the nozzle 3 and the
      electrode plate 5 or mounted on the nozzle 3 within a range of 5mm from
      its tip. Further, the ring 9 is connected to a terminal 10 through a lead.
PAR  The liquid jet of the imaging material is generated by applying a voltage
      2.1KV between the nozzle 3 and the electrode plate 5 from the high-tension
      voltage source 7. Then, when a voltage 500V of the same polarity as the
      nozzle 3 is applied to the ring 9 through the terminal 10, the non-uniform
      electric field formed at the tip of the nozzle 3 is made uniform and
      weakened, so that the jet start voltage rises to stop the jet immediately.
      Then, upon removal of the applied voltage, jetting is produced again to
      record an intermittent image on the recording member 6. This interruption
      of the jetting can be effected more than several hundred times per second.
PAR  It is necessary that the voltage to be applied to the ring 9 for stopping
      the jet reduces the field intensity at the tip of the nozzle 3 to a value
      lower than that at which the droplets start dropping; but this voltage can
      be made lower than 200V by an appropriate selection of the diameter and
      position of the ring 9. Further, the upper limit of this impression
      voltage may be higher than the jetting voltage. As the diameter of the
      ring 9 becomes smaller, the jet stopping voltage becomes lower. However, a
      diameter of less than 1.0mm is likely to cause a discharge between the
      ring 9 and the nozzle 3, and too large a diameter leads to a rapid
      increase in the stopping voltage. An optimum range of the inner diameter
      of the ring 9 is 1.0 to 10mm.
PAR  It has been found that an increase in the outer diameter of the ring acts
      to make the electric field at the tip of the nozzle uniform so as to
      increase the jet starting voltage thereby reducing the voltage required to
      be applied to the ring for interrupting the jet but a ring outer diameter
      greater than 10 mm does not produce such an effect to any substantial
      degree.
PAR  Where the ring 9 is mounted on the nozzle 3 as depicted in FIG. 3, it is
      not stained by the spattering of the droplets due to impurities contained
      in the imaging material 1. With an increase in the distance between the
      ring 9 and the tip of the nozzle 3, the jet stopping voltage increases and
      when the distance is longer than 5mm, the stopping voltage rapidly
      increases. Even if the stopping voltages reaches the upper limit value of
      the jetting voltage between the nozzle 3 and the electrode plate 5, the
      jet cannot be stopped.
PAR  Where the tip of the nozzle 3 lies inside of the ring 9 as shown in FIG. 4,
      the jet stopping voltage is at a minimum and a change in the stopping
      voltage resulting from the difference in the position of the ring is also
      small.
PAR  In the case of drawing an image through the use of the recording unit of
      this invention, the voltage of the ring 9 may be achieved by a method of
      indirectly applying a voltage by electrostatic induction or by a method of
      connecting the ring directly to the power source and turning it on and off
      by means of by means of a switch. In such a case, however, when the
      circuit is turned off, a residual charge is produced to thereby
      deteriorate the response for intermission. To improve the response, the
      ring 9 is grounded through a resistor 11 as shown in FIG. 5, whereby the
      response for intermission can be significantly enhanced. Too small a
      resistance value of the resistor 11 causes an increase in its power
      consumption, and too large a resistance value increases the decay time of
      the residual charge to result in deteriorated response for interruption.
      An optimum resistance value of the resistor 11 is in the range of 10.sup.3
      to 10.sup.10 .OMEGA..
PAR  FIG. 6 illustrates an example of the recording unit of this invention,
      which is adapted to make the jet intermittent with a light signal by the
      employment of a photoconductive switching element 12. In FIG. 6, a
      photoconductive switching element 12 is connected between the terminal 10
      and the ring 9. The resistance values R.sub.2 and R.sub.2 ' of the element
      12 when not irradiated by light and when irradiated by light,
      respectively, and the resistance value R.sub.1 of a grounding resistor 13
      of the ring 9 are selected such that R.sub.2 &gt;R.sub.1 &gt;R.sub.2 '. The
      terminal 10 is connected to a jet intermitting power source (not shown).
      Upon irradiation of the photoconductive switching element 12 by light, the
      resistance of the element 12 decreases and with no light, the voltage is
      applied to the ring 9 while the residual charge decays through the
      grounding resistor 13. In this case, an image, which is positive/positive
      with respect to the optical image, is recorded.
PAR  Further, even if the grounding resistor 13 is exchanged in position with
      the photoconductive switching element 12 as depicted in FIG. 7, an image
      corresponding to the optical image is obtained but, by contrast to the
      example of FIG. 6, when the photoconductive switching element 12 is
      irradiated by light, the jet is stopped and when the element 7 is not
      irradiated, the jet is generated, so that an image, which is
      positive/negative with respect to the optical image, is recorded.
PAR  The recording unit can be adapted to be actuable for selecting the
      positive/positive or positive/negative mode of operation by selectively
      connecting the jet intermitting voltage source terminal 10 and the ground,
      to the photoconductive switching element 12 connected with the ring 9 and
      the resistor 13 of 10.sup.3 to 10.sup.10 .OMEGA. connected in parallel
      with the element 12. The photoconductive switching element 12 may be
      replaced with some other photo switching element such, for example, as a
      photo thyristor element. FIG. 33 shows a switch 30 arranged to be
      selectively movable between a first and second position, the switch being
      shown in one such position in FIG. 33. As described above, the
      photoelectric switching element 12 and resistor 13 are arranged in
      parallel relationship each having one end connected to the ring 9 and in
      the first position of the switch shown in FIG. 33, the other ends of the
      switching element 12 and resistor 13 are connected to the means for
      applying voltage to the ring and to ground respectively. Movement of the
      switch 30 into the second position, connects the other end of the resistor
      13 to the voltage applying means designated by the number 10 and the other
      end of the switching element 12 to ground.
PAR  Where the corona discharge space, which extends from the vicinity of the
      tip of the nozzle 3 including the ring 9 to the electrode plate 5, is
      shielded with an insulating dielectric 14 disposed coaxially with the
      nozzle 3 as shown in FIG. 8, the convergency of the jet is greatly
      improved, and the upper limit voltage for the convergent jet is also
      raised to provide for enhanced stability in jetting. This effect appears
      to be obtained for the following reason. Namely, one part of the corona
      charge produced simultaneously with jetting is stored on the inner wall of
      the dielectric, and the electric field between the nozzle 3 and the
      electrode plate 5 is thereby repelled to be converged towards the through
      hole of the electrode plate 5, thereby exerting an influence on the jet.
      In our experiment conducted with the unit shown in FIG. 8, a ring 9 having
      an inner diameter of 4 mm and an outer diameter of 5 mm was mounted on a
      nozzle 3 having an inner diameter of 0.25 mm and an outer diameter of 0.5
      mm with the underside of the ring 9 flush with the open end of the nozzle
      3. The distance between the tip of the nozzle 3 and the electrode plate 5
      was 4 mm. The diameter of the jetting space shielded by the insulating
      dielectric 14 was 5.5 mm and an ink jet started at 1.9 KV. However, when
      the insulating dielectric 14 was removed, the jet started at 1.85 KV and
      was intermittently branched at 2.7 KV.
PAR  Such recording apparatus as shown in FIG. 9, in which the jetting space of
      each recording unit is shielded for preventing the influences of the
      electric fields of adjacent recording units, is shown in the
      above-identified, co-pending application. Where a cylindrical conductive
      shield member 15 is provided coaxially with the nozzle 3, the shield
      member 15 serves as an electrode, so that the jet is likely to be sprayed.
      In this case, however, the provision of an insulating dielectric 14 on the
      inside of the shield member 15 in contact therewith remarkedly enhances
      the convergency and stability of the jet.
PAR  An electric resistance of 10.sup.7 to 10.sup.14 .OMEGA. is proper for the
      insulating dielectric 14. A resistance lower than 10.sup.7 .OMEGA. lessens
      the effect of converging and stabilizing the jet, and a resistance higher
      than 10.sup.14 .OMEGA. causes an increase in the jet start voltage and
      deteriorates the response for the intermittent operation.
PAR  The insulating dielectric 14 may be formed of an organic material such as
      phenol resin, polyvinyl chloride, polyethylene, acrylic resin,
      polystylene, ebonite, epoxy resin or the like or an inorganic material
      such as glass, porcelain.
PAR  The response for the intermittent operation can be remarkedly improved by
      grounding the ring 9 through the resistor 11 as described previously with
      regard to FIG. 5, but the connection of the resistance element with the
      external circuit of the ring introduces a complexity in the overall wiring
      and requires consideration for insulation and occupies more space. Thus,
      it is possible to incorporate the resistor in the recording unit and
      directly connect it to a grounded shield member or the electrode plate
      disposed opposite to the nozzle, as will hereinbelow be described in
      connection with FIGS. 10 and 11.
PAR  In FIG. 10, a cylindrical resistor 18 is disposed inside of the cylindrical
      conductive shield member 15 to make conductive contact therewith, in place
      of the insulating dielectric 14 in FIG. 9, and the ring 9 is fixedly
      disposed inside of the cylindrical resistor 18 with its inner wall making
      conductive contact with the outer periphery of the ring 9. The cylindrical
      resistor 18 is a resistor formed of a solid resistance material or a
      semiconductor resistance material, such, for example, as a plastic molded
      resistor, and this resistor presents a resistance value of 10.sup.3 to
      10.sup.10 .OMEGA. between the ring 9 and the shield member 15. Thus, the
      resistor 18 is fixed to the shield member 15 and supports the ring 9 and,
      also, serves as a grounding resistor of the ring 9, providing for enhanced
      response speed for the intermittent jetting, as described previously.
      Further, a cylindrical insulating dielectric 19 is disposed in contact
      with the inside of the cylindrical resistor 18 and the underside of the
      ring 9 to cover the jetting space defined between the nozzle 3 and the
      electrode plate 5, whereby the same results as those obtainable with the
      insulating dielectric 14 in FIG. 9 can be obtained to converge and
      stabilize the jet.
PAR  In FIG. 11, the cylindrical resistor 18 which makes conductive contact with
      the inner wall of the through hole of the electrode plate 5 is provided,
      and the ring 19 is fixedly disposed on the inside of the cylindrical
      resistor 18 with its inner wall making conductive contact with the outer
      periphery of the ring 9. Further, the insulating dielectric 19 is provided
      in contact with the inside of the cylindrical resistor 18 to cover the
      jetting space defined between the nozzle 3 and the electrode plate 5,
      thereby obtaining the same results as those with the construction of FIG.
      10.
PAR  The following will describe first the mechanism for generation of the jet
      and then the shape of the nozzle, the relationship between the desired
      finishing of the nozzle and the jet, and the conditions for generating a
      stable, convergent jet.
PAR  The shape of the nozzle may be such, for example, as shown in FIG. 12 in
      which the inner and outer diameters of the nozzle are constant, in FIG. 13
      in which the lower end portion of the nozzle is tapered, in FIG. 14 in
      which the thickness of the nozzle is reduced as the open end portion is
      approached or in FIG. 15 in which the lower end portion of the nozzle is
      stepped. However, in such an event that the outer margin of the open end
      portion of the nozzle has an edge formed as by ordinary finishing,
      continuing to increase the jet voltage, the jet remains in an unstable
      convergent state for a little while and is then suddenly branched into
      several streaks or sprayed into fog. In some cases, no convergent jet of
      the imaging material is formed and a branched or sprayed jet is formed
      directly after dropping of the droplets.
PAR  The converging voltage for the liquid jet in the electrostatic ink jetting
      is affected by the surface tension and viscosity of the imaging material.
      Even with the nozzle having at its outer margin of the open end portion an
      edge resulting from ordinary finishing, it is possible to converge an
      imaging material having a surface tension of 40 to 60 dynes/cm and a
      viscosity up to 150 centipoises. However, even if nozzles of the same size
      and shape are used, the convergent voltage and its range are different
      according to the nozzles used and vary with the lapse of time, making the
      convergency of the jet extremely unstable.
PAR  With a surface tension of less than 40 dynes/cm, instability of the
      convergency further increases and the jet is branched or sprayed
      immediately following dropping of the droplets started with an increased
      voltage, and the converging voltage range becomes narrow. Even if the jet
      is converged, the number of droplets per second is small and the weight of
      each droplet increases. With a surface tension of larger than 60 dynes/cm,
      wetting of the tip of the nozzle becomes non-uniform, and the jet does not
      advance in a line and tends to be intermittent independently of the
      control for the intermittent operation. Further, a viscosity above 150
      centipoises deteriorates the response for the intermittent operation and
      introduces dispersion in the jet to lower the quality of high-speed
      recording.
PAR  In the case where the tip of the nozzle has an edge at its outer margin and
      the width W of the flat marginal portion of the tip is large as depicted
      in FIGS. 12 to 15, the jet varies and is unstable and, with an increase in
      the voltage, the jet readily becomes branched into several jets or sprayed
      into fog.
PAR  The liquid jet is generated from the inner side of the open end of the
      nozzle as shown in FIG. 16 or from the outer side of the open end wetting
      the flat marginal portion 22 of the nozzle as shown in FIG. 17.
PAR  The jet generated from the inner side usually does not vary as much and is
      stable, but the jet generated from outer side varies greatly, is unstable
      and may be suddenly branched as shown in FIG. 18, in many cases. With the
      unstable jet of great vibration, the branching voltage is very low and the
      range of the voltage for the convergent jet is also narrow, for example,
      100 to 200V in some cases. Further, the jet generated from the outer side
      such as shown in FIG. 17 is often sprayed into non-uniform fog after or
      before being branched.
PAR  Though dependent on the surface tension of the imaging material used, the
      jet generated from the inner side of the open end of the nozzle as shown
      in FIG. 16 also wets the flat marginal portion outwardly usually with the
      lapse of time, and finally it is generated from the outer side of the open
      end of the nozzle 3 as depicted in FIG. 17, if spread of wetting on the
      flat marginal portion transiently becomes non-uniform in a direction of
      its periphery to cause further vibrating of the jet, so that the jet is
      branched or sprayed at an early stage, as depicted in FIG. 18.
PAR  The jet generated from the outer side of the open end of the nozzle 3 is
      remarkedly unstable as compared with that generated from the inner side of
      the open end for the following reasons. Namely, the imaging material
      making contact with the outer edge 20 of the open end of the nozzle 3 in
      FIG. 18 is affected by strong corona discharge generated from the outer
      edge 20. Further, since the outer side 20 attracts dust or other
      impurities due to the electric field of high intensity, the corona
      discharge becomes non-uniform over the entire periphery of the open end of
      the nozzle 3, and the interface of the imaging material making contact
      with the outer edge 20 is made non-uniform by the impurities.
PAR  The present inventors conducted experiments with nozzles whose outer edges
      20 were rounded with various radii of curvature R as shown in FIG. 19. As
      a result of our experiments, it has been found that radii of curvature
      more than 0.03mm extremely decreases the vibration of the jet and its
      branching or spraying to stabilize the jet even in the case of the jet
      being generated from the outer side of the open end of the nozzle 3, as
      shown in Table 1 in connection with one example of a nozzle having an
      inner diameter of 0.2mm and a thickness of 0.15mm.
TBL                Table 1                                                     
     ______________________________________                                    
     nozzle    radius of curva-                                                
                             converging jet                                    
                                        range of                               
               ture R of outer                                                 
                             voltage    voltage                                
               margin                                                          
     ______________________________________                                    
     non-treated                                                               
               less than 0.01mm                                                
                             2.3.about.2.4KV                                   
                                        100V                                   
     chemically                                                                
     polished  0.01.about.0.02                                                 
                             2.3.about.2.4                                     
                                        100                                    
     2 minutes                                                                 
     5         0.02.about.0.03                                                 
                             2.3.about.2.5                                     
                                        200                                    
     8         0.03.about.0.05                                                 
                             2.1.about.2.5                                     
                                        400                                    
     13        0.05.about.0.12                                                 
                             2.1.about.2.6                                     
                                        500                                    
     ______________________________________                                    
PAR  In the case where a nozzle, which was formed of a pipe made of stainless
      steel, having a 0.3mm thickness and a 0.3mm inner diameter, and washed
      with a solvent after barrel finishing in a known manner, was employed in
      the unit of FIG. 1 to produce an electrostatic jet of the aforesaid liquid
      imaging material, droplets started to drop at 2.3KV and the jet was
      suddenly branched at 2.4KV. However, by chemical polishing of the tip of
      the nozzle with a saturated solution of ferric chloride for 8 minutes with
      vigorous stirring to round the outer edge of the open end of the nozzle at
      a radius of curvature of more than 0.03mm, dropping of droplets started at
      2.0KV and an excellent convergent jet was obtained. The convergent state
      continued up to 2.5 KV and no branching occurred at higher voltages. In a
      nozzle subjected to barrel finishing only, a discharge generated from the
      sharp edge of the outer side of the open end caused the jet to be branched
      in the direction of the discharge but in a nozzle whose outer edge of the
      open end was rounded by chemical polishing to have a radius of curvature
      more than 0.03mm, spreading of the imaging material at the tip of the
      nozzle was uniform.
PAR  The radius of curvature R' of the inner edge 23 of the open end of the
      nozzle 3 such as depicted in FIG. 20 does not exert so much influence on
      stabilization of the jet as that of the outer edge but provides good
      results.
PAR  It is preferred that the flat marginal portion of the open end of the
      nozzle is as narrow as possible so as to prevent the aforementioned
      unwanted phenomenon in the period of transition of the jet from the state
      of FIG. 16 to that of FIG. 17.
PAR  According to our experiments, where the width W of the flat portion of the
      open end of the nozzle is less than 0.2mm, preferably less than 0.1mm, the
      jet does not vibrate as much and, where the portion is more than 0.2mm,
      vibration of the jet increases greatly and becomes sprayed or branched at
      a low voltage and the jet start voltage increases.
PAR  As shown in the Table 2, of the jets generated from nozzles which are 0.3mm
      in inner diameter, 0.3mm, 0.2mm, 0.1 mm and 0.05mm in the width of the
      flat portion of their open ends, respectively and 0.03mm in the radius of
      curvature of the outer edge, the jets from the nozzles in which the flat
      portions are wider than 0.2mm vibrate greatly, but the width of less than
      0.2mm rapidly decreases the vibration of the jet and lowers the convergent
      jet starting voltage, too.
TBL                Table 2                                                     
     ______________________________________                                    
     Width of Converging volta-                                                
                            range of stability after                           
     flat porti-                                                               
              ge            voltage  intermitted 100                           
     on                              times                                     
     ______________________________________                                    
     0.3mm    2.3.about.2.4KV                                                  
                            100V     great vibration                           
                                     and intermitt-                            
                                     ent                                       
     0.2      2.2.about.2.5 300      excellent                                 
     0.1      2.1.about.2.6 400      excellent                                 
     0.05     2.1.about.2.6 500      excellent                                 
     less than                                                                 
              2.0.about.2.6 600      excellent                                 
     0.1                                                                       
     ______________________________________                                    
PAR  Further, in the case of the width of the flat portion being less than
      0.2mm, even if an imaging material employing a liquid of low surface
      tension such as methanol, xylene or acetone is used, a stable convergent
      jet can be obtained, so that the range of the surface tension of the
      imaging material used can be enlarged to be 20 to 80 dynes/cm.
PAR  In general, the relationship between the viscosity of the imaging material
      and the jet is such that an increase in the viscosity of the imaging
      material causes an increase in the jetting voltage and a decrease in the
      response speed for the intermittent operation. However, where the width of
      the flat marginal portion of the open end of the nozzle is less than
      0.2mm, the response is greatly improved, so that imaging materials of high
      viscosity in the range of 150 to 200 centipoises can also be used as will
      be apparent from the Table 3.
PAR  With reduced width of the flat marginal portion of the open end of the
      nozzle, the jet starting voltage is lowered, so that an imaging material
      1, for example, methanol, acetone or the like having a surface tension of
      less than 40 dynes/cm can be employed without causing splaying the jet.
PAR  Where the angle .theta. of the flat portion 22 to the inner edge of the
      open end of the nozzle 3 is in excess of 90.degree. as shown in FIG. 21,
      the influence of the flat portion on the jet is slight and where the angle
      .theta. is smaller than 90.degree. as depicted in FIG. 22, the influence
      of the flat portion on the jet is great, as when the angle .theta. is
      larger than 85.degree., but this influence decreases when the angle
      .theta. is smaller than 85.degree..
TBL                Table 3                                                     
     ______________________________________                                    
     viscosity                                                                 
             Width of flat portion                                             
     of imaging                                                                
             0.3mm      0.2mm     0.1mm   0.05mm                               
     material                                                                  
     ______________________________________                                    
     200cps  intermittent                                                      
                        slightly  excellent                                    
                                          excellent                            
             jet        vibration                                              
     100        "       excellent "       "                                    
      30     great      "         "       "                                    
             vibration                                                         
      1        sprayed  "         "       "                                    
     ______________________________________                                    
PAR  Where the width W of the flat portion of the open end of the nozzle 3 is
      nearly zero as in the case of FIG. 23, the jet is very stable but it is
      necessary to consider the influence of the polishing conditions and any
      flaws at the tip of the nozzle on the jet.
PAR  As has been described in the foregoing, by selecting the radius of
      curvature of the outer edge of the open end of the nozzle and the width of
      the flat marginal portion contiguous thereto to be more than 0.03mm and
      less than 0.2 mm, respectively, vibrating, branching and spraying of the
      jet can be avoided and the converging voltage range can be enlarged.
PAR  With a nozzle in which the radius of curvature of the rounded outer edge of
      the open end is more than 0.03mm and the width of the flat portion
      contiguous thereto is less than 0.2mm, the jet is stabilized in any of the
      states shown in FIGS. 24a to 24c. Where the surface tension is large, the
      jet is generated from the inner edge of the open end as depicted in FIG.
      24a in many cases and where the surface tension is small, the jet is
      generated from the outer edge of the open end as shown in FIG. 24c in many
      cases. The jet sometimes changes from the state of FIG. 24a to that of
      FIG. 24c with the lapse of time. But, in the case of the flat portion
      being narrower than 0.2mm, the jet hardly becomes unstable in its
      transient state. If a liquid repellent layer 24 which repels the imaging
      material is formed partly or entirely on the lower end portion including a
      joint 25 between the rounded outer edge of the open end and the outer
      peripheral surface as shown in FIGS. 25 to 27, the jet hardly changes from
      the state of FIG. 24a to that of FIG. 24c and is further stabilized.
PAR  Generally, where no liquid repellent layer is formed on the lower end
      portion of the nozzle 3 including the joint between the rounded outer edge
      of the open end and the outer peripheral surface of the nozzle 3, if a
      voltage higher than a required voltage is applied, the imaging material
      sometimes gradually crawls up the outer peripheral surface over the joint
      25 as shown in FIG. 28. In this case, if the jet is stopped, a droplet is
      formed at the tip of the nozzle 3 as illustrated in FIG. 29, which delays
      the response at the subsequent jetting and disturbs the jet. With the
      provision of the liquid repellent layer 24, however, the imaging material
      is prevented thereby from crawling up and even if it crawls up on the
      layer 24, it reaches only the joint 25 which is greatly affected by the
      electric field. Even in this case, the imaging material having climbed up
      to the joint 25 gathers at the open end portion of the nozzle 3 during
      suspension of the jetting as indicated by a broken line in FIG. 30, so
      that it neither disturbs the subsequent jetting nor delays the response.
PAR  Further, the liquid repellent layer on the rounded edge portion further
      suppresses discharge from the outer edge of the open end portion, so that
      the jetting voltage is centered on the imaging material at the tip of the
      nozzle, and consequently it is possible to start jetting at a voltage
      lower by 100 to 200V than in the case of the nozzle having no liquid
      repellent layer.
PAR  Since the intensity of electric field established at the tip of the nozzle
      3 is the highest at the outer edge of the open end portion and rapidly
      decreases on the outer peripheral surface of the nozzle 3 contiguous to
      the outer edge, it is sufficient to form the liquid repellent layer 24 to
      cover at least the joint 25 between the rounded outer edge portion of the
      open end portion of the nozzle 3 and its outer peripheral surface. The
      liquid repellent layer 24 need not be extended further upwardly of the
      joint 25 for attaining the object of this invention.
PAR  The liquid repellent material for this invention which is suitable for use
      with the liquid imaging material may be such a resin as poly-4 fluoro
      ethylene resin, poly-3 fluoro ethylene resin, polyethylene resin or
      silicone resin, silicone varnish or the like. Any other material may be
      used so long as it decreases the interfacial tension of an imaging
      material having a surface tension in the range of 20 to 80 dynes/cm and
      prevents the imaging material from crawling up the outer peripheral
      surface of the nozzle over the joint between it and the outer edge of the
      open end portion of the nozzle during impression of a voltage.
PAR  The nozzle for ink jetting according to this invention described above can
      easily be made by cutting a fine pipe as of stainless steel, copper, brass
      or iron into predetermined length and cleaning its surface and then
      finishing it by known chemical etching with ferrous chloride, sulfuric
      acid, a mixed solution of nitric acid and hydrochloric acid or the like.
      In the chemical etching, it is necessary to prevent the etchant from
      entering the portion of the pipe where etching is not required, especially
      the inner surface of the pipe. The above metal materials are workable with
      mechanical polishing or electrolytic etching but, in the case of
      mechanical polishing, care should be taken so that the pipe may not be
      clogged with abrasive grains.
PAR  The nozzle according to this invention can also be made of a pipe as of
      glass or plastic, which is produced by subjecting it to a treatment for
      making its interior surface conductive by plating or other known method
      and then extending it by heating. In this case, the outer edge of the open
      end portion of the nozzle is fused by heating to be curved at a
      predetermined radius of curvature.
PAR  The nozzle having formed thereon the liquid repellent layer can be obtained
      by coating and drying a solution of the liquid repellent material on the
      outer peripheral surface and the lower end portion of the pipe or by
      spraying powder of the liquid repellent material on the surface of the
      pipe preheated. Further, it is also possible to employ an electrostatic
      coating method using the pipe as the one electrode or other known coating
      methods.
PAR  In the process of forming the liquid repellent layer, it is necessary to
      prevent the liquid repellent material from entering the inside of the pipe
      as by blowing air into the pipe or other suitable method.
PAR  Where the liquid repellent material does not well adhere to the pipe, the
      surface of the pipe is previously treated with a known primer such, for
      example, as an organic titanate for polyethylene and then the liquid
      repellent treatment is performed.
PAC  EXAMPLE 1
PAR  A nozzle made of a pipe of stainless steel, which had an inner diameter of
      0.25mm and an outer diameter of 0.6mm and in which the rounded outer edge
      of the one open end portion had a radius of curvature of 0.03mm and the
      flat marginal portion contiguous to the rounded edge was 0.15mm wide, was
      used with the apparatus of FIG. 9. The nozzle 3 was supplied with the
      liquid imaging material 1 of the following composition from the storage
      and supply tank 2:
TBL  cyanine blue         0.5 parts                                            
     methanol             10 parts                                             
     glycerine            5 parts                                              
     water                85 parts                                             
PAL  The electrode plate 5 having formed therein a through hole 5mm in diameter
      was disposed adjacent to the nozzle 3 with the through hole being coaxial
      therewith. At the tip of the nozzle 3, the ring 9 having an inner diameter
      of 4mm was disposed coaxially with the nozzle 3. Further, the space
      defined between the tip of the nozzle 3 including the ring 9 and the
      electrode plate 5 was shielded with the cylindrical member 14 made of
      acrylic resin, and the grounded conductive member 15 was disposed on the
      outside of the member 14 to shield it.
PAR  When a voltage of 2.5KV was applied between the nozzle 3 and the electrode
      plate 5, a very stable convergent jet was obtained and a linear image was
      recorded on the record member 6 travelling below the through hole 4. When
      a voltage 500V of the same polarity as the nozzle 3 was applied to the
      terminal 10 connected to the ring 9, the jet was completely stopped and,
      upon removal of the voltage applied to the ring 9, a stable jet was
      generated again which was free from vibration, branching and spraying.
PAR  Further, similar experiments were conducted with applied voltages in the
      range of 2.1 to 2.6KV but the jet never vibrated, branched and sprayed.
PAR  In similar experiments with the apparatus of FIG. 9 which employed a nozzle
      which had an inner diameter of 0.25mm and an outer diameter of 0.6mm and
      the one end of which was smoothed by electrolytic etching for 1 to 3
      seconds after usual barrel finishing, a convergent jet could not be
      produced at a voltage lower than 2.3KV and the jet branched extremely at
      2.5KV.
PAC  EXAMPLE 2
PAR  A pipe of brass which was 0.2mm in inner diameter and 0.6mm in outer
      diameter, was used as the nozzle. The outer edge of its one open end
      portion was rounded to have a radius of curvature of 0.05 mm by means of
      chemical etching with a saturated solution of ferrous chloride.
      Low-molecular weight polyethylene powder was coated on the outer
      peripheral surface and the open end portion of the nozzle to a thickness
      of about 20.mu.m by an electrodepositing and fusing method. In experiments
      similar to those in the example 1, a stable jet free from trembling was
      obtained at a voltage in the range of 2.05 to 3.2KV.
PAC  EXAMPLE 3
PAR  The nozzle of the same type as that in the example 2 was used but the flat
      portion 0.1mm wide which was contiguous to the inner edge of the open end
      portion, was not treated with the liquid repellent material. In
      experiments similar to those in the foregoing examples, a stable jet free
      from vibration was obtained at the impression voltage in the range of 2.1
      to 3.1KV, and the initial stability of the jet was maintained after
      continuous intermittent operation.
PAR  As has been described in the foregoing, in the jet nozzle made of a very
      small pipe by means of which the liquid imaging material having a surface
      tension of 20 to 80 dynes/cm and a viscosity of less than 200 centipoises
      is jetted by the application of a high voltage above 1KV, the outer edge
      of its open end portion is rounded to have a radius of curvature larger
      than 0.03mm, by which corona discharge from the outer edge portion is
      reduced and made uniform, thus ensuring to avoid instability of the jet
      resulting from the corona discharge. Further, by selecting the width of
      the flat marginal portion of the open end of the nozzle contiguous to the
      outer edge to be less than 0.2mm, non-uniform spreading of the imaging
      material towards the flat marginal portion is suppressed, thereby to
      stabilize the basic condition for the convergent jet and enlarge the
      ranges of surface tension and viscosity of the imaging material used.
PAR  Moreover, the lower end portion of the nozzle including at least the joint
      between the rounded outer edge and the outer peripheral surface of the
      nozzle is made liquid-repellent, by which the imaging material is
      prevented from spreading on the outer peripheral surface of the lower end
      portion of the nozzle during the application of the voltage, thereby to
      enhance convergency and durability of the jet and lower the jetting
      voltage.
PAR  FIG. 31 illustrates one example of the recording apparatus in which a
      plurality of recording units 17 of this invention are closely arranged for
      recording a picture in one process. In FIG. 31, the recording units 17 are
      supplied with the liquid imaging material 1 from the liquid imaging
      material storage and supply tank 2.
PAR  Each of the recording units 17 is connected with a photoconductive
      switching element 12 through a lead 16. Each photoconductive switching
      element 12 is properly irradiated by light to cut off a jet intermitting
      power source (not shown), whereby a picture is recorded on the recording
      member 6 travelling relative to each nozzle.
PAR  FIG. 32 is a detailed cross-sectional view of one example of the recording
      unit employed in the example of FIG. 31. The electrode plate 5 having the
      through hole 4 is disposed in opposing relation to the tip of the hollow,
      very small nozzle 3 attached to the bottom of the imaging material storage
      and supply tank 2 and the ring 9 for intermittent jetting is provided
      between the lower end portion of the nozzle and the electrode plate 5. The
      jetting space defined between the tip of the nozzle 3 and the electrode
      plate 5 is shielded with the insulating dielectric 14 coaxially with the
      nozzle 3 and the conductive shield member 15 is disposed outside of the
      dielectric 14 to shield it. The shield member 15 is of particular utility
      when employed for shielding the influence of adjacent ones of the
      recording units 17 arranged close to each other, as described previously.
      The lead 16 corresponds to the lead indicated by the same reference
      numeral in FIG. 31, which is a lead for a signal input to each recording
      unit and is connected to the ring 9 of each recording unit.
PAR  As has been described in the foregoing, the recording unit of this
      invention achieves recording of an image by intermittent jetting of a
      liquid imaging material and hence thus, electrostatically. Neither
      pressure unit such as a pump (or the like) nor auxiliary means such as an
      acceleration electrode (or the like) are required. Further, the jetted
      droplets pass through the through hole of the electrode plate disposed
      opposite to the nozzle and then hit and adhere to the recording member, so
      that the recording member does not lie in the corona discharge space and
      an electrode plate need not always be provided on the underside of the
      recording member. Moreover, since the recording member does not require a
      special insulating property, conductivity, dielectric constant and etc.,
      various materials such as paper, cloth, synthetic resin film, metal plate
      and etc. can be employed as the recording member and, in addition, since
      recording is achieved in a contactless manner, a recording member of
      uneven or rough surface can also be used. Further, since various materials
      can be used as the liquid of the imaging material, especially water and a
      liquid containing water can be employed, such danger and defect as fire,
      poison, odor and so on can be completely avoided.
PAR  In the recording unit of this invention, by disposing the ring of small
      diameter on the nozzle within the range of 5mm from the tip of the nozzle
      or between the nozzle and the electrode plate disposed opposite thereto
      and especially by disposing the open end portion of the nozzle in the
      cylindrical ring of small diameter, a convergent jet can be made
      intermittent by easily without requiring any mechanical operation.
      Further, a device for removing the imaging material during the jet forming
      and any other devices are not necessary, so that the recording unit is
      simple in construction and the recording apparatus comprising many
      recording units can be readily made in a small configuration.
PAR  Moreover, the response speed for intermittent jetting can be remarkedly
      enhanced by connecting with ground the aforementioned ring of the
      recording unit using a grounding resistor having a resistance value of
      10.sup.3 to 10.sup.10 .OMEGA.. By selectively connecting the connection of
      the jet intermitting voltage source and ground to the photoconductive
      switching element connected to the ring and the resistor of 10.sup.3 to
      10.sup.10 .OMEGA. connected in parallel therewith, it is possible to
      easily reverse the relation between the optical image and the picture from
      positive/positive to positive/negative and vice versa.
PAR  Further, the jetting space defined between the lower end portion of the
      nozzle and the electrode plate is shielded by the dielectric disposed
      coaxially with respect to the nozzle, and this remarkedly enhances
      convergency and stability of the jet, coupled with the aforesaid selection
      of the shape of the nozzle.
PAR  It will be apparent that many modifications and variations may be effected
      without departing from the scope of the novel concepts of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hollow nozzle for use in a recording unit wherein said hollow nozzle
      has an open end defining a tip for directing a jet of liquid imaging
      material from said nozzle and said recording unit comprises means for
      supplying a liquid imaging material to said nozzle; an electrode plate
      having a through hole and disposed opposite to said nozzle with said
      through hole being coaxial with said nozzle; means for disposing a
      recording member adjacent said electrode plate on the opposite side from
      said nozzle; a ring having an inner diameter greater than the outer
      diameter of said nozzle disposed in close proximity to said nozzle tip and
      in coaxial relationship therewith; means for applying a voltage between
      said nozzle and electrode plate to create a first electric field
      therebetween having a high intensity, non-uniform component in the
      vicinity of said nozzle tip to form the liquid imaging material in said
      nozzle into a jet and to direct said jet through said hole of said
      electrode plate to said recording member; and means for applying a voltage
      to said ring to generate a second electric field of the same polarity as
      the high intensity component of said first electric field in the vicinity
      of said nozzle tip to reduce the level of said high intensity component
      field and to impart uniformity to said high intensity component field
      thereby raising the voltage level at which jetting of said liquid imaging
      material from said nozzle tip occurs to interrupt said jet for recording
      an image on said recording member, said nozzle comprising:
PA1  a tubular element defining at one end thereof said open end tip of said
      nozzle and having a flat marginal end face at said one end, of a width
      less than 0.2 mm, the outer edge portion of said tubular element adjacent
      said one end and integrally joining said marginal end face being of
      arcuate shape and having a radius of curvature of less than 0.03 mm.
NUM  2.
PAR  2. The hollow nozzle as recited in claim 1, wherein said marginal end face
      forms an angle of less than 85.degree. with respect to the axis of said
      tubular element.
NUM  3.
PAR  3. The hollow nozzle as recited in claim 1, wherein said marginal end face
      forms an angle greater than 90.degree. with respect to the axis of said
      tubular element.
NUM  4.
PAR  4. The hollow nozzle as recited in claim 1, wherein said tubular element
      having an outer surface tapering from a larger outer diameter to a smaller
      outer diameter at said open end tip.
NUM  5.
PAR  5. The hollow nozzle as recited in claim 4, wherein said tubular element
      adjacent said open end thereof includes a short axial portion of a fixed
      outer diameter and a stepped edge connecting said short axial portion of
      fixed diameter to said tapered outer surface.
NUM  6.
PAR  6. The hollow nozzle as recited in claim 1, wherein said tubular element is
      formed of a conductive material.
NUM  7.
PAR  7. The hollow nozzle as recited in claim 1, wherein the inner surface of
      said tubular element is conductive.
NUM  8.
PAR  8. The hollow nozzle as recited in claim 3, wherein the inner surface of
      said tubular element is conductive.
NUM  9.
PAR  9. The hollow nozzle as recited in claim 1, wherein a liquid repellant
      coating is provided on the outer surface of arcuate shape.
NUM  10.
PAR  10. The hollow nozzle as recited in claim 3, wherein a liquid repellant
      coating is provided on said flat marginal end and on said outer surface of
      arcuate shape.
NUM  11.
PAR  11. A hollow nozzle for use in an electrical ink jet recording unit
      comprising: a tubular element having first and second ends and an axially
      extending passage therethrough for transporting liquid imaging material
      from said first end to said second end thereof to form a jet of said
      liquid imaging material from said second end; said second end of said
      tubular element having a flat marginal end face of a width less than
      0.2mm, the outer edge portion of said tubular element adjacent said second
      end and integrally joining said marginal end face being of arcuate shape
      and having a radius of curvature less than 0.03mm.
NUM  12.
PAR  12. The hollow nozzle as recited in claim 11, wherein said flat marginal
      end face forms an angle of less than 85.degree. with respect to the axis
      of said tubular element.
NUM  13.
PAR  13. The hollow nozzle as recited in claim 11, wherein said flat marginal
      end face forms an angle greater than 90.degree. with respect to the axis
      of said tubular element.
NUM  14.
PAR  14. The hollow nozzle as recited in claim 11, wherein a liquid repellent
      coating is provided on the outer surface of said arcuate shape.
NUM  15.
PAR  15. The hollow nozzle as recited in claim 13, wherein a liquid repellant
      coating is provided on said flat marginal end and on said outer surface of
      arcuate shape.
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ABST
PAL  A jet engine is conventionally housed in a streamlined nacelle having a
       rwardly tapering aft-section ending with a trailing edge surrounding the
      jet propulsion nozzle and presenting ahead of it one or more side outlets
      for issuing the engine exhaust flow when laterally deflected from said
      nozzle upon actuation of the thrust-reverser system. This tapering
      aft-section thus presents a rear annular peripheral zone extending between
      its side outlets and its trailing edge and having a continuous outer
      surface subdividable into peripherally alternate segments which lie
      respectively in longitudinal rearward extension of a side outlet and of an
      intermediate solid span between consecutive side outlet edges.
PAL  A controllable nacelle streamlining destroyer is fitted adjacent said solid
      span in order to project outwardly therefrom into the relative boundary
      airflow a thin sheet-like obstacle intercepting stream-lines thereof and
      causing them to separate from the following stretch of the nacelle
      aft-section outer surface.
PARN
PAR  This is a continuation-in-part of my co-pending application Ser. No.
      338,531 filed Mar. 6, 1973.
BSUM
PAR  Jet propulsion engines are currently equipped with a thrust-reverser system
      operable, as during landing of an aircraft immediately after touch-down,
      to deflect the gaseous exhaust flow from its normal axial direction
      towards the rear and have it issue instead with as large a
      forwardly-directed velocity component as possible, in order to produce a
      counter-thrust having a decelerating or braking effect. Such systems are
      well known and early typical embodiments are described, amongst others, in
      Assignee's U.S. Pat. Nos. 2,702,896 to Kadosch et al, 2,797,548 to Marchal
      et al, 2,807,137 to Meulien et al.
PAR  In the initial studies carried at that time on thrust-reverser systems, it
      was envisaged that (in order to ensure perfectly symmetrical deflection
      and thus avoid any risk of upsetting the aircraft attitude) the deflected
      gas flow would be discharged to the atmosphere along a continuous annulus
      coaxially extending all around the encasing structure containing the jet
      engine.
PAR  However, it became apparent that, in the surroundings, there were a number
      of "prohibited" regions in which it was not advisable to have hot motive
      gas, if the following detrimental situations were to be avoided:
PA1  The impact of hot gas upon the airframe (fuselage, wing, tail plane,
      undercarriage, tyres, etc . . . );
PA1  The reingestion by the jet engine of its own exhaust gases after their
      impact upon the ground, this reingestion being moreover frequently
      accompanied by the ingestion of entrained pebbles or other foreign bodies;
PA1  In the case of a multi-jet aircraft and in the event of a failure of one of
      the engines, the development of disturbing torques (in particular yawing)
      difficult to counteract for lack of controlled segmentation of the
      reversed jet.
PAR  The arrangement of a continuous annular discharge path extending all around
      the encasing structure furthermore raises complex design problems of
      strength of material and mechanical hold.
PAR  That is why this type of thrust-reverser system with a continuous annular
      discharge path for the deflected gas, has been discarded and replaced by a
      variant wherein the discharge path is arcuately restricted to "non
      prohibited" regions in which no detriment is to be feared, whereas the
      "prohibited" regions are masked by solid impervious stretches which
      preclude passage of deflected gases. A typical embodiment of such a
      variant is described in Assignee's U.S. Pat. No. 2,797,547 to Meulien et
      al.
PAR  On the other hand, it is now quite current to house jet engines in
      pad-mounted nacelles of streamlined shape designed in normal use for the
      relative flow of boundary air in adherence to its outer surface so as to
      minimize drag. Such nacelles end with a rearwardly tapering aft-section
      which terminates in a trailing edge around the jet propulsion nozzle and
      which presents at a distance ahead of this trailing edge one or, more
      often, several thrust-reversal side outlets for issuing the deflected
      engine exhaust flow when the thrust-reverser system is actuated. This
      tapering aft-section thus presents, between its side outlets and its
      trailing edge, a rear annular peripheral zone having a continuous outer
      surface subdividable into peripherally alternate segments which lie
      respectively in longitudinal rearward extension of a side outlet and of an
      intermediate solid span stretching between consecutive side outlet edges.
PAR  This conventional nacelle design will be better visualized by looking at
      FIG. 6 (labelled "prior art") of the accompanying drawings, which
      illustrates schematically a turbojet engine 1 normally employed to propel
      a vehicle, for example an aircraft which, at a given instant, is flying
      (or taxying) at a speed V.
PAR  The jet engine 1 comprises basically, from front to rear, an air intake 2,
      a compressor 3, a combustion chamber 4, a gas turbine 5 and a jet pipe 6
      terminating in a propulsion nozzle 7. The jet engine is encased in a
      streamlined fairing or nacelle 8 having an aft-section 9 which is
      rearwardly tapered, that is to say has an outline which converges towards
      the rear, and which terminates in a trailing edge 9a around the jet
      propulsion nozzle 7.
PAR  In operation, the jet engine 1 is traversed by an internal gas flow F.sub.i
      which normally exhausts to the rear through the propulsion nozzle 7.
      Simultaneously, a relative boundary air flow F.sub.e flows over the
      streamlined outer surface of the nacelle 8 including its aft-section 9,
      and adheres to this surface.
PAR  Of the thrust-reverser system, FIG. 6 only shows a number of
      arcuately-spaced side outlets 10 for the lateral exhaust after deflection
      of all or at least a major portion of the internal gas flow F.sub.i with a
      forward-directed velocity component. The side outlets 10 extend arcuately
      over only a fraction of the perimeter of the nacelle aft-section 9 and are
      separated by arcuately spaced solid stretches 11 which span the adjacent
      edges of consecutive side outlets 10.
PAR  Adjustable deflector means, such as flaps or the like (not shown), make it
      possible to close off the jet pipe 6 at least partially and thereby
      deflect part at least of the internal gas flow F.sub.i through said
      thrust-reverser side outlets 10.
PAR  In this reverse thrust or braking configuration, the no longer fed nozzle 7
      forms a negative (relatively speaking) or reduced pressure zone (region
      marked with minus signs) which gives rise to substantial base drag.
PAR  The deflected internal gas flow F.sub.i produces a gross counter-thrust
      T.sub.1 which can be defined as the integral of the projections on to the
      axis of the jet engine 1, of the elementary counter-thrusts developed by
      each of the gas stream tubes deflected through the thrust-reverser side
      outlets 10. As far as the external boundary airflow F.sub.e is concerned,
      part of it encounters the deflected internal flow F.sub.i issuing from the
      thrust-reverser side outlets 10 and ceases to skim, and therefore
      separates from, those segments 10a of the aft-section 9 which are located
      to the rear of said thrust-reverser side outlets 10. This breakaway
      phenomenon is responsible for the appearance, on these segments 10a of the
      outer surface of the aft-section 9, of negative or reduced pressure
      regions marked with minus signs.
PAR  By contrast, the remainder of the boundary airflow F.sub.e, i.e. that which
      does not encounter the deflected internal gas flow F.sub.i issuing from
      the side outlets 10, still sticks to the outer surface of the aft-section
      9. Consequently (the flow F.sub.e being assumed to be subsonic), by reason
      of the rearward convergence (taper) of this aft-section 9, local
      recompression of this fraction of the boundary air-flow takes place. This
      recompression materializes by the appearance, on those other
      arcuately-spaced segments 11a of the outer surface of the aft-section 9
      which lie in extension of its solid spans 11, of positive or over pressure
      zones marked with plus signs, the pressures generally increasing towards
      the rear.
PAR  Overall, the aft-section 9 of the nacelle, in the reverse thrust
      configuration, is subjected, by reason of the existence of the
      afore-mentioned reduced pressure and base drag areas, to a substantial
      drag which adds up to the gross counter-thrust T.sub.1 produced by the
      deflected gas flow F.sub.i. In other words, the total drag T of a nacelled
      jet engine, when in the reverse thrust configuration, can be regarded as
      being the sum of two terms T.sub.1 and T.sub.2 which characterize said
      configuration (to simplify matters, no account will be taken of other drag
      factors to which the jet engine is subjected anyway, whether or not it is
      in the reverse thrust configuration):
PA1  the term T.sub.1 is the gross counter-thrust already defined hereinbefore;
PA1  the term T.sub.2, referred to hereinafter as "interference drag" may be
      defined as the algebraic difference between, on the one hand, the drag
      T.sub.a of the aft-section 9 of the nacelle lying behind the side outlets
      10, when the jet engine is in the reverse thrust configuration, and, on
      the other hand, the drag T.sub.b of said aft-section when the jet engine
      is in the normal or direct thrust configuration.
PAR  The drag factors T.sub.a and T.sub.b depend upon the flow conditions of the
      boundary airflow F.sub.e skimming the outer surface of the aft-section 9
      of the nacelle 8, and upon those of the internal gas flow F.sub.i flowing
      through the jet engine. These drag factors can be calculated by forming
      the integral of the elementary drags produced by all the elementary
      surfaces of the aft-section of the nacelle, including those bounding the
      zone 7 through which the internal gas flow F.sub.i passes and which, when
      the jet engine is in the reverse thrust configuration, forms a
      subatmospheric pressure base as illustrated in FIG. 6.
PAR  Considering in particular the drag T.sub.b of the aft-section 9 of the
      nacelle 8 when the engine is in the normal or direct jet configuration, it
      is noted that this drag is in general of low or even negative value, due
      to the rearwardly tapering outline of this aft-section : there is
      developed along said taper, when the aircraft is in subsonic flight (and
      this is the case for an aircraft which is about to land), a re-compression
      of the external airflow which materializes as a positive thrust (or
      negative drag) exerting some propelling action sometimes vividly called
      the "soap-cake" or "cherry-stone" effect.
PAR  Referring back to FIG. 6, it will be seen therefore that the interference
      drag T.sub.2 to which the nacelled jet engine 1 is subjected when in the
      reverse thrust configuration, is roughly the resultant of the drags
      induced by the reduced pressure base 7 and the reduced pressure segments
      10a located right to the rear of the side outlets 10 (regions marked with
      minus signs), and of the counter-drag induced by the over pressure
      segments 11a located between the latter (regions marked with plus signs).
PAR  It has been found that the interference drag T.sub.2 and consequently the
      total braking drag T, of such a nacelled jet engine, is far from
      constituting the optimum desirable value to achieve rapid braking of the
      vehicle to which the jet engine is fitted.
PAR  This deficiency is to be attributed to the maintenance of over/pressure
      (superatmospheric) on the segments 11a marked with plus signs in extension
      of the solid spans 11 when the thrust reverser is actuated, in contrast to
      the remainder of the aft-section which switches to subatmospheric pressure
      as shown by the minus signs.
PAR  In effect, not only do these overpressure segments 11a continue to exert a
      thrust to be deducted from the overall drag but they also "feed" air to
      the low pressure base 7, thereby raising its pressure level and
      correspondingly decreasing its drag effect. The base drag of the jet
      engine is thus not so pronounced as it would have been, had the
      overpressure segments 11a not existed.
PAR  The present invention originates from the determination and location of the
      above deficiency.
PAR  One of its main objects is to avoid such maintenance of overpressure on
      part of the nacelle aft-section when the thrust-reverser system is
      actuated, and even to have this part switch from overpressure to negative
      pressure in consistency with the rest of the nacelle aft-section, so that
      the critical part will not only cease to be the seat of a thrust to be
      deducted from the overall drag, but will itself become the seat of an
      additional drag which adds up to it. In other words, the above defined
      interference drag T.sub.2 increases to T'.sub.2 (FIG. 6) and the overall
      drag T correspondingly increases to T'.
PAR  This main object of the present invention is attained by interfering with
      the boundary airflow along the outer surface of the aft-section of the
      nacelle so as to separate it from the segments thereof to which it would
      otherwise adhere, these segments being those which lie in rearward
      extension of the solid spans between adjacent edges of consecutive side
      outlets for the deflected exhaust flow.
PAR  Another object of the present invention is to provide a drag augmenter
      auxiliary for the thrust-reverser system of a nacelled jet engine. For
      this purpose, a controllable nacelle-streamlining destroyer is fitted on
      or near -- and preferably at the upstream end of -- each solid span in
      order to project therefrom into the boundary airflow a thin sheet-like
      obstacle, whether solid or fluid, acting like a spoiler.
DRWD
PAR  These and other objects will become apparent from the ensuing description
      given with reference to the accompanying drawings in which :
PAR  FIGS. 1 and 1a are perspective views, in two different configurations, of a
      drag augmenter auxiliary in accordance with a first embodiment of the
      invention;
PAR  FIGS. 2 and 2a are perspective views, in two different configurations, of a
      drag augmenter auxiliary in accordance with an alternative embodiment of
      the invention;
PAR  FIGS. 3 and 4 are schematic views, in longitudinal elevation, of a drag
      augmenter auxiliary in accordance with two other alternative embodiments
      of the invention respectively;
PAR  FIG. 5 is a cross-section on the line V--V of FIG. 4; and
PAR  FIG. 6 is a schematic view designed to illustrate the problem set forth
      hereinabove.
DETD
PAR  FIGS. 1 and 1a show the aft-section 9 of the nacelle 8, the nozzle 7 and
      the thrust-reverser side outlets 10 (for example numbering four and at
      90.degree. to each other) which are separated by intermediate solid spans
      11. The thrust-reverser side outlets 10 are equipped with deflecting blade
      cascades (not shown in detail) designed to impart to the internal gas flow
      F.sub.i laterally deflected into said side outlets, a forwardly-directed
      velocity component.
PAR  Two adjustable "eyelid" flaps 12 in the form of man-trap jaws and
      controllable by means of jacks 13, can occupy either one of two positions
      shown respectively in FIGS. 1 and 1a.
PAR  When the jet engine 1 is in the normal or forward-thrust configuration
      (FIG. 1), the eyelids 12 are in retracted position to close off the side
      outlets 10 and open the passage to the nozzle 7. The internal gas flow
      F.sub.i then exhausts towards the rear through the nozzle 7.
PAR  When the jet engine is in the braking or reverse-thrust configuration (FIG.
      1a), the eyelids 12 are swung to close off the nozzle 7 and open the side
      outlets 10. The internal gas flow F.sub.i then exhausts therethrough
      laterally and forwardly, giving rise to a braking counter-thrust.
PAR  The movements of the two eyelids 12 are synchronized by means of meshing
      gears 14.
PAR  The above-described arrangement of FIGS. 1 and 1a is quite conventional in
      the field of nacelled jet engines equipped with a thrust-reverser system,
      and further details appear unnecessary for the proper comprehension of the
      invention, the gist of which lies in a combination of such conventional
      arrangement with a drag augmenter auxiliary designed to come into play
      when the thrust-reverser system is actuated for braking purposes.
PAR  In the embodiment illustrated in FIGS. 1 and 1a, the drag augmenter
      auxiliary of the invention comprises thin slot-like nozzles 15a, 15b, 15c,
      15d (also numberin four and at 90.degree. to each other) extending along
      circular arcs on respective intermediate solid spans 11 of the aft-section
      9 of the nacelle 8, preferably in a same transverse plane located at the
      upstream end of these solid spans 11. The adjective "thin" as used to
      qualify these slot-like nozzles, means that they have a very small
      dimension parallel to the nacelle axis compared to the corresponding axial
      dimension of the conventional side outlets 10. Moreover, while the arcuate
      extent of the nozzles 15 may be of the same order as that of the side
      outlets 10, the area of the nozzles 15 will be much smaller than that of
      the side outlets 10.
PAR  It will therefore be apparent to anyone skilful in the art that the nozzles
      15 are in no way to be confused with or assimilitated to the conventional
      side outlets 10 which are assigned to the thrust-reverser system, form an
      integral part thereof and suffice for exhausting the deflected internal
      flow Fi when the jet propulsion nozzle 7 is closed and therefore
      unavailable. It will also be apparent that the very location of such
      slot-like nozzles 15 requires the pre-existence of solid spans 11
      intermediate the side outlets 10 and, in contrast thereto, impervious to
      the internal flow Fi, which implies the provision of an arcuate succession
      of like geometrical surface portions which are alternately pervious (as at
      10) and impervious (as at 11) to said internal flow Fi.
PAR  The diametrically-opposite slots 15b and 15d are closed off by the eyelids
      12 when the latter are in retracted position corresponding to
      forward-thrust configuration (FIG. 1), and are opened when said eyelids 12
      are swung into the reverse thrust configuration (FIG. 1a).
PAR  The other diametrically-opposite slots 15a and 15c are provided with
      obturators 16 articulated about the respective downstream edges of said
      slots and designed to open when the eyelids 12 occupy their reverse thrust
      position (FIG. 1a). To this end, the obturators 16 are fitted with
      bellcrank levers 17 to which are hinged the yokes 18 of connecting links
      19. The other end of each of these yokes carries a ball joint articulated
      to the toothed gears 14.
PAR  In operation, the four slots 15a, 15b, 15c, 15d, open simultaneously when
      the eyelids 12 are swung into their reverse thrust position. Through these
      slots, sheet-like screens of pressurised fluid are projected into and
      transversely of the boundary airflow F.sub.e. This pressurized fluid is
      but a minor fraction f.sub.i of the internal gas flow F.sub.i which
      essentially exhausts through the much larger side outlets 10. The area of
      the aforesaid slots is small enough compared with that of the side outlets
      so that the mass flow rate (or power) per unit angular extension along the
      periphery of the aft-section, of said fraction f.sub.i issuing from the
      slots 15 is of a much smaller order of magnitude than the mass flow rate
      (or power) per unit angular extension along the periphery of the
      aft-section, of the stream issuing from the conventional side outlets 10.
PAR  This basic difference in nature between the two kinds of lateral openings :
      on the one hand the conventional side outlets 10 and on the other hand the
      novel slot-like nozzles 15, is readily understood when bearing in mind
      that the outlets 10 are designed to exhaust the huge mass flow traversing
      the jet propulsion unit and must therefore be sizable, whereas the slots
      15 are only designed to have a very limited and localized action on the
      boundary layer of the external airflow Fe over the solid spans 11 and are
      therefore largely undersized in comparison with the outlets 10.
PAR  The sheet-like fluid screens issuing from the slots 15 crosswise of the
      boundary airflow F.sub.e create, in each of the aforesaid intermediate
      spans 11, a disturbance which causes separation of said boundary airflow
      from the outer surface of the aft-section 9. This breakaway phenomenon in
      turn gives rise to the development of low-pressure turbulence zones such
      as shown at 21 (FIG. 1a) downstream of the aforesaid slots 15.
PAR  It is noteworthy that the aft-section 9, which theoretically should be
      rather elongated (and therefore have a small angle of taper) in order to
      provide optimum performance in the normal forward-thrust configuration, is
      in practice, for reasons of reduction of mass, designed with a length
      which is reduced (and therefore a taper angle which is increased) up to an
      acceptable limit, consistent with the avoidance, in the forward-thrust
      configuration, of any breakaway of the boundary airflow F.sub.e. This
      obviously implies that said aft-section operates right from the start
      under aerodynamic conditions close to breakaway, so that even a minimal
      disturbance will suffice to trigger and maintain such breakaway when it is
      desired. This is why only a very low energy is required to activate the
      aforesaid thin slots 15 in order to produce the desired effect.
PAR  The result of all this is that when the jet engine 1 is in the
      reverse-thrust configuration, the boundary airflow F.sub.e breaks away
      substantially over the whole of the perimeter of the aft-section 9. The
      over-pressure regions represented at 11a on FIG. 6 then disappear and with
      them the drawbacks which they created.
PAR  An improved jet engine in accordance with the invention thus has an
      interference drag T'.sub.2 and a total braking drag T', which are
      substantially increased (see FIG. 6).
PAR  From the standpoint of drag, therefore, everything happens as if the
      deflected exhaust flow were discharged through a continuous annular path
      extending all around the perimeter of the aft-section 9. It is to be noted
      however that this advantage with regard to drag is not obtained at the
      expense of other drawbacks which would result from the use of a true
      continuous reverse-thrust annular path, by reason of the very small power
      of the jets f.sub.i which escape through the slots 15a, 15b, 15c, 15d.
      These jets, whose sole function is to create a relatively tiny disturbance
      in the boundary airflow F.sub.e, are rapidly diluted in the atmosphere so
      that their impact (if any) upon the ground or the airframe, has no serious
      consequence. In addition, their momentum is sufficiently low not to
      produce any insurmountable imbalance in the event of a sudden failure of a
      symmetrical jet engine.
PAR  FIGS. 2 and 2a illustrate a second embodiment in accordance with the
      invention applicable especially to a jet engine of the needle or plug
      type.
PAR  In these Figures, the nacelle or similar structure 8, the aft-section 9,
      the jet propulsion nozzle 7 and the reverse-thrust side outlets 10 (for
      example here again four in number and at 90.degree. to each other)
      separated by respective intermediate solid spans 11, can be seen. The jet
      propulsion nozzle 7 is here of the needle or plug type, or in other words
      provided with a central body 30, and can be closed off completely by means
      of flaps (not shown) which seat (in the closed position) on said plug or
      central body 30.
PAR  The aft-section 9 comprises a fairing 109 assembled to slide axially
      between two terminal positions illustrated respectively in FIGS. 2 and 2a.
      The axial displacement of the fairing is produced by screw jacks 31 each
      of which has a threaded rod 32 rotated by a transmission gear 33. The
      threaded rod 32 rotates in a threaded sleeve 34 fixed to a hollow tube 35
      itself attached, through the medium of a ball joint 36 and a yoke 37, to a
      structure 38 integral with the fairing 109. As FIG. 2a shows, the tube 35
      is guided through a passage 39 formed in a ring 40 integral with the body
      of the nacelle 8. When the threaded rods 32 are rotated, the fairing 109
      is imparted with a translational movement either forwards or backwards.
PAR  The various gears 33 are interconnected by flexible synchronizing drives 41
      and are rotated by a motor 42, for example a pneumatic motor.
PAR  In accordance with the invention, auxiliary drag augmenter means are
      provided on the aft-section 9, at the aforesaid intermediate solid spans
      11. These auxiliary means, here again, take the form of thin slots 115
      whose major dimension extends circumferentially of the said aft-section 9.
      As FIG. 2a shows, the slots are interrupted only by bridge pieces 116
      which ensure mechanical continuity of the nacelle 8, these bridge pieces
      being streamlined in order to produce as little disturbance as possible to
      the continuity of the sheet-like jets escaping through the slots 115.
PAR  When the jet engine is in the forward-thrust configuration (FIG. 2), the
      fairing 109 closes off both the reverse-thrust side outlets 10 and the
      slots 115. The internal gas flow F.sub.i then exhausts towards the rear
      through the jet propulsion nozzle 7.
PAR  When the jet engine is in the reverse-thrust configuration (FIG. 2a), the
      fairing 109 simultaneously uncovers the reverse-thrust side outlets 10 and
      the slots 115. The internal gas flow F.sub.i then exhausts from these side
      outlets 10 laterally and forwardly, giving rise to a counter-thrust. In
      addition, thin sheet-like jets f.sub.i of pressurized fluid issue from the
      slots 115 and produce breakaway or separation of the boundary airflow
      F.sub.e under conditions and with a result similar to those already
      explained hereinbefore in relation to FIGS. 1 and 1a. It will be observed
      that here again the width of the slots 115 is chosen so that the mass flow
      rate (or power) per unit angular extension along the periphery of the
      aft-section, of the boundary airflow disturbing sheet-like jets f.sub.i,
      is of a much smaller order of magnitude than that of the mass flow rate
      (or power) per unit angular extension along the periphery of the
      aft-section, of the deflected gas stream exhausting through the
      reverse-thrust side outlets 10.
PAR  FIG. 3 illustrates a third embodiment in accordance with the invention, in
      which the basic elements already described hereinbefore are encountered
      once again in particular the reverse-thrust side outlets 10 separated by
      as many intermediate solid spans 11.
PAR  In accordance with the invention, when the jet engine is in the
      reverse-thrust configuration, means are provided to project, into the
      boundary airflow F.sub.e on the intermediate spans 11 of the aft-section 9
      and transversely of said boundary airflow, sheet-like jets of pressurized
      fresh air, the power of which per unit angular extension along the
      periphery of the aft-section is of a much smaller order of magnitude than
      the power per unit angular extension along the periphery of the
      aft-section of the deflected internal gas flow exhausting through the
      reverse-thrust side outlets 10.
PAR  To this end, thin injection slots 215 are formed between the
      thrust-reverser side outlets 10. These slots are supplied with pressurized
      fresh air through pipes 216 connected to an annular manifold 217 itself
      supplied with air tapped from the compressor 3. A valve device 218 ensures
      that the air supply to the manifold 217 (and consequently to the slots
      215) is cut off when the jet engine is in the normal forward-thrust
      configuration.
PAR  The disturbing action produced upon the boundary air-flow F.sub.e by the
      sheet-like jets of air issuing from the slots 215, is similar to that
      produced by the sheet-like jets of hot gas issuing from the slots 15a,
      15b, 15c, 15d (FIG. 1a) or 115 (FIG. 2a).
PAR  FIGS. 4 and 5 illustrate a fourth embodiment in accordance with the
      invention, in which, likewise, the basic elements already described are
      encountered yet again, in particular the reverse-thrust side outlets 10
      separated by the intermediate solid spans 11.
PAR  In accordance with the invention the aft-section 9 is equipped, in said
      intermediate spans 11, with thin mechanical obstacles or spoilers 315
      extending in the peripheral direction and adjustable in position by means
      of a control device 316 whose operation is synchronized with that of the
      thrust-reverse system.
PAR  In the example illustrated, these obstacles are constituted by four
      spoilers. Three of those have been shown in the "out" position, in which
      they project into the boundary airflow F.sub.e on said intermediate spans
      11. The fourth has been shown in the "retracted" position in which it is
      withdrawn into the thickness of the wall of the aft-section 9.
PAR  When the jet engine 1 is in the normal forward-thrust configuration, all
      the spoilers 315 are retracted.
PAR  When the jet engine 1 is in the braking or reverse-thrust configuration,
      the spoilers 315 project into the boundary airflow F.sub.e, exerting a
      disturbing action upon it so that, as in the former cases, it separates or
      breaks away from the outer surface of the aft-section 9 and thus increases
      the interference drag T.sub.2 of the jet engine.
CLMS
STM  I claim:
NUM  1.
PAR  1. A nacelle housing a jet propulsion engine equipped with a
      rearwardly-directed jet propulsion nozzle and a thrust-reverser system
      actuatable to deflect laterally the engine exhaust flow from said jet
      propulsion nozzle, said nacelle having a streamlined outer surface so
      designed that in normal operation the relative flow of boundary air
      adheres thereto along substantially all its fore-to-aft extension
      including a rearwardly tapering aft-section which ends with a trailing
      edge around said jet propulsion nozzle and which presents two successive
      annular peripheral zones, namely:
PA1  a front annular peripheral zone located at a distance ahead of said
      trailing edge and comprising, in peripheral alternation, at least one
      thrust-reversal side outlet bounded circumferentially by two opposite
      arcuately-spaced edges and having a total passage area designed for
      issuing said laterally-deflected engine exhaust flow, and at least one
      solid impervious span between consecutive side outlet edges, extending
      over a sufficient segmentary extension of the periphery of said
      aft-section to shield effectively adjacent environment from said
      laterally-deflected engine exhaust flow, and
PA1  a rear annular peripheral zone extending between said front annular
      peripheral zone and said trailing edge and having a solid continuous outer
      surface subdividable into peripherally alternate first and second segments
      which lie respectively in longitudinal rearward extension of said
      thrust-reversal side outlet and of said solid impervious span, whereby
      said impervious span and said second segment in longitudinal rearward
      extension thereof form together a longitudinally-continuous solid stretch
      of the outer surface of said rearwardly tapering aft-section,
PA1  wherein the improvement comprises a controllable axuiliary device which is
      operatively associated with said solid stretch to act with respect thereto
      as a localized nacelle-streamlining destroyer, said device comprising:
PA1  transiently activatable means located adjacent said solid impervious span
      and extending substantially between said side outlet edges for positively
      causing said relative boundary airflow to separate from said second
      segment lying in longitudinal rearward extension of said solid imperivous
      span, and
PA1  control means for selectively activating said transiently activatable means
      in conjunction with the actuation of said thrust-reverser system, thereby
      switching said relative boundary airflow from an aerodynamic condition of
      flow adherence to said second segment, to an aerodynamic condition of flow
      separation therefrom.
NUM  2.
PAR  2. Nacelle as claimed in claim 1, wherein said transiently activatable
      means comprises means for projecting outwardly from the nacelle outer
      surface and generally transversely to said relative boundary airflow, a
      thin sheet-like obstacle intercepting the stream-lines thereof flowing in
      contact engagement with said outer surface.
NUM  3.
PAR  3. Nacelle as claimed in claim 2, wherein said thin sheet-like obstacle
      extends generally in a transverse plane of said nacelle and is projectable
      in a generally radial direction with respect thereto.
NUM  4.
PAR  4. Nacelle as claimed in claim 3, wherein said transverse plane is located
      adjacent the fore end of said solid impervious span.
NUM  5.
PAR  5. Nacelle as claimed in claim 3, wherein said obstacle comprises a solid
      flat spoiler in the form of a retractable platelet.
NUM  6.
PAR  6. Nacelle as claimed in claim 3, wherein said obstacle comprises a
      screen-like jet issuing from a slot-like nozzle fed with pressure fluid.
NUM  7.
PAR  7. Nacelle as claimed in claim 6, wherein said slot-like nozzle is fed with
      compressed air providing from a fore part of said jet propulsion engine.
NUM  8.
PAR  8. Nacelle as claimed in claim 6, wherein said slot-like nozzle is fed with
      pressure gas providing from a rear part of said jet propulsion engine.
NUM  9.
PAR  9. Nacelle as claimed in claim 6, wherein the total side outlet passage
      area is far larger than the total slot-like nozzle area.
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ABST
PAL  A nozzle for uniformly distributing fluid from a high velocity and high
      pressure zone to a lower pressure and a relatively low velocity zone which
      comprises: an inner wall member that contains a plurality of orifices that
      communicate with an outer wall member containing a plurality of orifices,
      which are laterally offset from the orifices of the inner wall. The fluid
      is passing from the high pressure zone to the low pressure zone must
      impinge upon the outer wall and/or interact with the fluid in the area
      between the inner and outer walls to dissipate the energy from the fluid,
      in order to produce the lower velocity and pressure of the existing fluid.
BSUM
PAR  The present invention relates to a nozzle assembly for distributing fluid,
      and to a vessel equipped with a fluid distributor comprising such nozzles
      for distributing fluid into the vessel.
PAR  A common requirement for a distributor for distributing a fluid into a
      vessel which is to contain a bed of fluidizable solid particles is that it
      should distribute the fluid as evenly as possible into the vessel. To do
      this, it is conventional to ensure that the pressure drop across the
      distributor is a substantial proportion of the pressure drop through the
      bed of fluidizable particles: the pressure drop across the distributor may
      thus be about one-third of the pressure drop through the bed. A common
      means of ensuring that the pressure drop across the distributor is
      adequately high is to employ as the distributor a perforated distributor
      plate, and although such a distributor functions suitably for many uses,
      the high velocity of fluid passing through the perforations in the
      distributor can be distinctly disadvantageous in certain applications.
      Thus, if the fluidizable particles are comprised of soft or otherwise
      relatively easily abradable or attritable particulate material which is to
      be contacted with the fluid passing through the distributor, the high
      fluid velocity in the vicinity of the perforations can cause rapid
      attrition of the particles, and expensive and/or elaborate apparatus may
      be required to separate the resulting fines from the fluid after the fluid
      has passed through the particulate material. A particular, but only
      illustrative example of the contacting of a relatively soft particulate
      material with a fluid is in the partial combustion of a sulphur-containing
      fuel in a bed of lime particles, as described in British Patent No.
      1,183,937. In that partial combustion process, the lime particles are
      fluidized in air or other oxygen-containing gas which is employed for the
      partial combustion of the fuel at 800.degree. C to 1100.degree.C to
      produce, e.g. a sulphur-free fuel gas which may be subsequently burned in
      a boiler or gas turbine. The generation of fines in the bed of lime
      particles necessitates the provision of cyclones operating at high
      temperatures to remove fines from the fuel gas before it is supplied to
      the boiler or turbine.
PAR  It is an object of the present invention to provide means capable of
      distributing fluid with a required pressure drop across the distributing
      means, but which enables the fluid to be distributed at relatively low
      velocities.
PAR  The present invention comprises a nozzle for distributing a fluid
      comprising means providing a combination of two orifices which together
      provide a required pressure drop across the nozzle, there being an
      upstream metering orifice for the passage of fluid into the nozzle and a
      downstream discharge orifice for the distribution of fluid from the
      nozzle, the metering orifice being of such cross-sectional area and
      configuration that it provides a desired resistance to the flow of fluid
      therethrough, and the discharge orifice being of such cross-sectional area
      and configuration along its length that it causes fluid from the metering
      orifice to be discharged at substantially a desired velocity over
      substantially the whole of its cross-sectional area.
PAR  The cross-sectional area and configuration of both the metering and
      discharge orifices will depend on the pressure drop which is required
      through the nozzle to ensure that when a number of the nozzles are
      provided in a distributor, the fluid distribution from each nozzle will be
      the same or approximately the same as that from the other nozzles, and
      also that the velocity of discharge of fluid from the discharge orifices
      is acceptably high for the required fluid/particle contact, but not so
      high as to produce an unacceptably high proportion of fines.
DRWD
PAR  FIG. 1 is a cross-sectional view of a nozzle assembly secured in a
      distributor plate.
DETD
PAR  The nozzle assembly 10 comprises a tube 11, an inner sleeve 12 surrounding
      the tube 11, and an outer sleeve 13 surrounding the upper part of the
      inner sleeve 12.
PAR  The inner sleeve 12 is so formed that its top provides a cap 14 which
      closes the top of the tube 11, and the latter is provided with a number of
      radially extending metering holes or orifices 15, the total area of which
      holes is such as to provide most of the resistance to fluid flow through
      the assembly 10. The outer sleeve 13 is provided with a number of radially
      extending distributing holes or orifices 16 whose combined area is such
      that the flow of fluid through the metering orifices 15 can be discharged
      from the distributing holes 16 at a speed which is acceptable from the
      point of view of avoiding high fluid velocities in the vicinity of the
      holes 16.
PAR  The metering holes 15 and distributing holes 16 are in different transverse
      planes, and the inner sleeve 12 is formed with a number of radial
      apertures 17 which provide a flow path from each metering hole 15 to,
      preferably, one respective distributing hole 16. The kinetic energy of
      fluid passing out of the metering holes 15 is degraded in the radial
      apertures 17 of the inner sleeve 12, e.g., by impact with the inner wall
      of the outer sleeve 13 and/or by interaction with fluid which has already
      so impacted, so that the fluid can pass out of the relatively larger area
      of the distributing holes 16 at a relatively low velocity.
PAR  The tube 11 is closely received in the inner sleeve 12 and maintained
      integral therewith by a weld 18. The outer sleeve 13 fits closely around a
      rebated upper part of the inner sleeve 12 and is maintained integral
      therewith by means of a weld 19.
PAR  As shown in the drawing, the nozzle assembly 10 is received in an aperture
      of a distributor plate 20 which has a mild steel or other metal base 21
      supporting a refractory facing 22. The aperture through the refractory
      facing 22 is of slightly larger diameter than that through the metal base
      21, and the assembly 10 is engaged against the upper side of the metal
      base 21 by a shoulder 24 provided on the inner sleeve 12 and against the
      lower side of the metal base 21 by a nut 25 which is received on threads
      26 provided on a downwardly protruding part of the inner sleeve 12.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A nozzle for distributing fluid from a higher pressure zone to a lower
      pressure zone at a relatively low velocity comprising: a first wall member
      having a plurality of fluid metering orifices, each metering orifice
      having an entrance for the ingress of fluid from the higher pressure zone;
      a second wall member having a plurality of fluid distributing orifices,
      each distributing orifice having an exit for the discharge of fluid to the
      lower pressure zone; and an intermediate means defining a plurality of
      apertures between the first and second wall members, said intermediate
      means and wall members being fixed relative to each other with contiguous
      regions of the wall members substantially parallel to each other and so
      arranged that each aperture of the intermediate means provides
      communication between one metering orifice and a single distributing
      orifice, each metering orifice being laterally offset relative to the
      distributing orifices with which it communicates, whereby, fluid passing
      from the higher pressure zone through the nozzle to the lower pressure
      zone will impinge on the second wall member and interact with the fluid in
      the apertures of the intermediate means to dissipate energy from the
      fluid.
NUM  2.
PAR  2. A nozzle according to claim 1 in which the cross-sectional area of the
      distributing orifices is two to four times the cross-sectional area of the
      metering orifices.
NUM  3.
PAR  3. A nozzle according to claim 2 in which the cross-sectional area of the
      distributing orifices is two and a quarter times the cross-sectional area
      of the metering orifices.
NUM  4.
PAR  4. A nozzle according to claim 1 in which the wall members and the
      intermediate means are of cylindrical shape and concentric with each
      other.
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ABST
PAL  In an extrusion process for making powder paints from a series of batch
      blend units comprising resinous binders and pigmentary solids, interbatch
      contamination can be suppressed by using a same first portable (hopper)
      vessel for transporting, temporarily storing, and feeding extruder feed
      from like particular batch blend units and using a same second portable
      (hopper) vessel for collecting, transporting, and temporarily storing
      comminuted extrudates corresponding to said like particular batch blend
      units and feeding such comminuted extrudates into packages, especially
      when said first portable vessel is used for part or all of the blending
      operation. Like extrudates, corresponding to particular batch blend units,
      can be substantially completely hardened by cooling prior to their
      comminuting, and collected in, transported to, and temporarily stored for
      final comminution in a same third portable (hopper) vessel. Alternatively,
      such particular extrudates can be comminuted before they are substantially
      completely hardened, then completely hardened subsequently by cooling.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improvement in the manufacture of powder
      paints, and more particularly in the manufacture of such paints wherein
      the raw batch ingredients comprising resinous binders and pigmentary
      solids are plasticized, homogenized, and formed into a coherent extrudate
      by mechanical extrusion ("hot extrusion process").
PAR  Powder paints are ostensibly dry ("hardened") and freeflowing at normal
      room temperature. They are applied to a substrate by conventional means
      such as electrostatic spray processes or fluidized bed processes. Because
      there are little or no fugitive components such as solvents or water in
      them, they must depend upon their own melting to coalesce, level out, and
      form a film. The absence in them of the fugitive components, however, is
      quite attractive in many industrial painting operations because
      atmospheric contamination from the volatile solvents, etc., is virtually,
      if not completely, eliminated. Powder paints are applied to hot substrates
      or those subsequently heated to generate the paint film.
PAR  Any single paint plant, including a powder paint plant, generally is
      expected to produce a wide variety of types and shades of paint in various
      volumes. Thus, the operators are working on a series of batch units, even
      though a particular batch unit or like batch units may be run in a
      continuous or semi-continuous manner for a restricted period of time. One
      of the biggest problems in making a powder paint is to obtain quite
      precise uniformity of color (shade) and other properties from batch unit
      to batch unit.
PAR  Accordingly one scheme has been to make the paint up like a traditional
      solvent-based paint, secure the shading, etc., then remove the solvent as
      by spray drying or by the process described in U.S. Pat. No. 3,737,401
      (wherein the solvent is water soluble, and it is extracted by water from
      the rest of the paint which is then collected and dried). Thin film
      evaporation has also been proposed for such removal of solvent from a
      solvent paint preparatory to its comminution into a powder (generally
      passing 200 mesh U.S.S. sieve with a minimum of ultrafine material to
      suppress dusting).
PAR  Another process for producing powder paints is by hot extrusion of the raw
      batch components, which generally contain little or no volatile
      ingredients whatsoever. Such process is shown in U.S. Pat. No. 3,643,874.
      For the most part, color matching and adjustment of other critical
      compositional variables must be accomplished prior to such extrusion. This
      is especially true where thermosetting resinous vehicles are used in
      making such powder paints. Subjecting them to reprocessing with additional
      heat and/or prolonged time tends to advance their crosslinking, and this
      can result in prematurely hardened particles which are of little or no
      practical use as coatings. The thermoplastic vehicle powder paints are, of
      course, less susceptible to damaging from such reprocessing, but,
      nevertheless, it is expensive and they can become somewhat deteriorated.
PAR  A very real problem in the preparation of powder paints by the hot
      extrusion process is the problem of contamination between unlike batch
      units. Thus, even traces of acrylic resin-based particles from a previous
      batch appearing in an epoxy resin-based powder paint often can lead to
      visible specks or other imperfections which render the epoxy resin-based
      batch unsatisfactory. Hence, the problem of cleaning and maintaining all
      equipment in such extrusion process plants to a quite completely clean
      condition between unlike batch units is extremely critical, not only for
      such incompatible imperfections, but also for color matching of like batch
      units and color differentiation between unlike batch units.
PAC  SUMMARY OF THE INVENTION
PAR  The instant improvement is in a process for making a variety of powder
      paints in a series of batch units from raw batch ingredients comprising
      resinous binders and pigmentary solids wherein the raw batch ingredients
      are plasticized, homogenized, and formed into a coherent extrudate by
      mechanical extrusion in an extruding step while upstream of said extruding
      step at least a portion of said raw batch ingredients are intimately
      blended together as a batch blend unit in a blending step and downstream
      of said extruding step said extrudate is cooled, comminuted, and packaged
      in cooling, comminuting, and packaging steps. This improvement helps
      markedly to suppress interbatch contamination and enhances batch unit
      uniformity. It comprises:
PAR  a. as to a particular batch blend unit: transporting it to, storing it as
      extrusing step feed in, and feeding it to said extrusing step from a first
      portable batch unit transporting vessel (hopper) reserved for said
      particular batch blend unit and like batch blend units; and
PAR  b. as to the particular comminuted extrudate from said particular batch
      blend unit: collecting it from said comminuting step, and transporting it
      to, storing it as packaging step feed in, and feeding it to said packaging
      step from a second portable batch unit transporting vessel (hopper)
      reserved for said particular extrudate and like extrudates.
PAR  Reservation of a particular portable batch unit transporting vessel
      (hopper) for a particular batch blend unit or like batch blend units or
      extrudates therefrom can be done using a plurality of hoppers, with
      covering of such hoppers during the times such hoppers are being handled
      or stored. This is particularly effective to suppress interbatch
      contamination and to secure uniformity of color from like batch to like
      batch unit. These hopper vessels can be moved by rolling them on the floor
      or transported by fork lift truck and stored conveniently for use. They
      act as temporary storage for materials in process. While a single high
      volume powder paint is being made, particular hoppers can be reserved for
      that service. When a hopper vessel is thoroughly cleansed, it in effect
      becomes a "new" vessel for handling components of a new and different
      batch blend or extrudate. Cleansing is done conventional by air blowing,
      steaming, scrubbing, solvent or water washing, or the like. The fixed
      items (referring to the drawing) such as high intensity mixer, the top
      unit of the hopper-blender, feeder, extruder, chill rolls, belt, chopper,
      conveyors, mill and its appurtenances, and packager must be scrupulously
      cleaned when changes are made from one batch composition or formulation to
      another one unlike the immediately previous one. The skirts can be cleaned
      or replaced for such changes. Removal and/or disposable liners can be used
      in the various equipment, if desired, wherein abrasion and impact are low.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The drawing is a flow diagram showing the basis of design for a powder
      paint production line producing about 1200 to 1500 lbs. per hour of powder
      paints having approximately 40 to 45 lbs. per cubic foot bulk densities.
      The raw batch ingredients are poured down chute 11 into hopper A (at
      position 12), a portable hopper of 150 cu. ft. capacity to handle a load
      of 4000 to 6000 lbs., usually approximately 5000 lbs., of raw batch
      ingredients. The raw batch ingredients are particulate resinous binder
      (vehicle), opacifying pigment particles such as rutile TiO.sub.2, tinting
      pigments such as carbon black or a phthalocyanine pigment, and filler and
      extender pigments such as clay, talc, mica, silica, and the like. The
      several raw batch ingredients are weighed individually, and the batch in
      total, by scale 13 on which hopper A rests.
PAR  Alternatively, the same ingredients can be weighed on scale 14 and fed
      through chute 16 into high intensity mixer 17. In such instance the
      ingredients of batch blend unit is subdivided into subunits, and 5 loads
      are intensively mixed in mixer 17, and each discharged from outlet 18 into
      hopper A at position 12 to make a single batch blend unit therein. The
      high intensity mixer cycle time is about one minute. This mixer typically
      is a slightly frustroconical (smaller at the top) vessel with an agitator
      assembly (U.S. Pat. No. 3,337,193) which scoops batch materials from the
      bottom of the vessel and forces them outwardly and upwardly toward the top
      of the vessel; the falling particles are guided downwardly through a ring
      on such agitator assembly, then are forced downwardly for recirculation.
      Typical of such mixers is the Wellex Inc., 1000 M, 26 cu. ft., 200
      horsepower intensive mixer (100 Queens Drive, King of Prussia,
      Pennsylvania 19406).
PAR  Portable hopper A is a Gemco Brand portable hopper. It is moved then to fit
      under and is sealed to the top of the Gemco Brand hopper-blender unit 19,
      mounted on trunnions 21. Thus connected, hopper A is shown in position
      12'. Near the junction of this hopper-blender top 19 with hopper A is a
      cantilevered internal agitator unit, not shown, in top 19. Such
      hopper-blender and all the other hoppers depicted in the drawing are alike
      and are made by the General Machine Company of New Jersey, 55 Evergreen
      Avenue, Newark, N.J. 07114, proprietor of the trademark "Gemco." The
      entire hopper-blender unit in connected, sealed condition is rotated on
      the trunnions 21 by drive means not shown until an extremely intimate
      blend of the raw batch blend unit is secured (eg., 10 to 120 minutes). The
      cantilever internal agitator helps to break up lumps and assist in the
      blending. Such hopper-blenders of the sort preferred here can be equipped
      to tolerate reasonable adjustments in balance, internal agitator
      configuration, and hopper construction to accommodate a fair amount of
      variation in batch loads.
PAR  At the end of the blending operation hopper A is disconnected from unit 19
      and raised to position 12 inches above screw feeder 23. The hopper then is
      connected to such feeder by flexible skirt 22 to preclude dusting and
      spillage. All the portable hoppers in this design have spherical discharge
      valves at their conical bottoms. Often it is desirable to feed from hopper
      A into a conventional tramp metal detector and rejector (not shown) to
      remove any stray metal items such as nuts, bolts, etc. (which could damage
      the extruder) before they enter the feeder. These rejecters can operate on
      the principle of induction, magnetism, and/or physical screening.
PAR  Feeder 23 has a three cu. ft. tank, and is equipped with a 4 inch screw
      connected to a variable speed drive, not shown. The feeder gradually
      discharges the batch blend unit from hopper A, at position 12", into inlet
      receiver 24 of screw extruder 26.
PAR  The typical screw extruder for this operation is jacketed and the screw
      internally heated by an indirect heating fluid such as steam, hot water,
      or a synthetic oil such as Union Carbide Corporation's 50HB280X. One form
      of extruder that can be used is a Baker-Perkins Company 4 inch "M. P."
      (trademark) twin screw extruder. Another form is that shown in U.S. Pat.
      No. 3,643,874, a so-called "Buss-kneader" a trademark of Buss A. G. of
      Basel, Switzerland. Extruder temperature is regulated according to the
      type of paint being made, but generally is between about 90.degree.C, and
      150.degree.C, at the heated die outlet.
PAR  In the extruder the batch blend is plasticized and homogenized, then
      expelled through a heated die as coherent extrudate 27.
PAR  This extrudate passes through internally water-cooled rolls 28,
      counter-rotating to draw the extrudate forward and flatten it into a
      ribbon about 1/16 inch thick. Such thin ribbon of plastic extrudate passes
      on to austenitic stainless steel conveyor belt 29, which is cooled with
      water sprays playing on the bottom of the belt below the ribbon. The
      plastic ribbon fully hardens as it is rapidly cooled down to about room
      temperature (70.degree.-80.degree.F). It passes into chopper 31 at the end
      of the belt, this breaking the cooled ribbon into small flakes. Chopper
      unit 31 simply is a counterclockwise rotating spined shaft with the spines
      passing downwardly between fixed projecting fingers that support the
      cooled frangible ribbon as it comes off the belt at the discharge end
      return bend.
PAR  The flakes are dropped into the bottom of inclined screw conveyer 32 and
      are conveyed thereby to portable hopper C (at position 33), of the same
      type as portable hopper A.
PAR  Portable hopper C is raised to position 33' and unloaded into inclined
      screw conveyer 34 to feed a hammer mill 36 at a rate of about 1200 to 1500
      lbs. per hour. Mill 36 is fed with liquid nitrogen to remove heat of
      grinding and to maintain the ground product essentially isothermally at
      about room temperature (and above the dew point of the surrounding
      atmosphere). This prevents moisture from condensing on the resulting
      powder paint. The same temperature restriction is observed in the water
      cooling of the extrudate to prevent atmospheric moisture condensation on
      such extrudate. The powder paint product is ground so that the
      preponderance of it passes a 200 mesh (U.S.S.) seive. The powder passes
      through skirt 37 into receiver 38, then upwardly into classifier 41. This
      is a vertical screen unit; it is equipped with a fan on its discharge side
      which sucks the powder paint of appropriate fineness (-200 mesh) through
      such screen and passes it through discharge 43 into cyclone separator 44.
      Herein it falls downwardly (as shown by particles indicated as item 46)
      into portable hopper B (at position 47). Oversized particles rejected by
      the screen are returned to mill 36 for remilling through line 42. Waste
      gas and extremely fine particles pass out of cyclone separator 44 through
      line 48; the fines in such flow are collected by a bag dust collector (not
      shown), and the gas passes to atmosphere. While these fines can be
      recovered for use, they are in extremely small proportion relative to the
      batch blend unit, and they generally are discharged from the system as
      waste so as not to contaminate the products.
PAR  Hopper B is elevated to position 47' and is discharged through skirt 49
      into automatic packaging unit 51 (typically a 50 lb. Bemis Packaging
      Service weighing sacker). Such sacker weighs out automatically 50 lb.
      increments of the powder paint to an accuracy of 1 oz., and the finished
      powder paint is discharged into cardboard boxes lined with a plastic liner
      such as a polyethylene liner. Such boxes are shown moving from left to
      right on conveyer 56 as unfilled box 53, box being filled 52, and filled
      box 54. The filled boxes are sealed, stacked by means not shown, and
      stored (preferably above the dew point and at a temperature not in excess
      of 75.degree.-80.degree.F to suppress gellation of thermosetting resinous
      or clumping of thermoplastic resinous powder paints).
PAR  In place of the water cooled belt and flaker, the arrangement shown in U.S.
      Pat. No. 3,643,874 can be used wherein the cooled flakes of paint are
      directly fed to the final comminuting operation. When malleable solids
      such as aluminum flakes are to be blended in the batch blend unit, it is
      often useful not to feed them into the feed end of the extruder (item 24)
      where they can be subjected to high shear in the entire extruder
      operation, but rather to fold them gently into the extrudate emerging from
      the hot die at the discharge end. This can be done by adding a further
      screw extrusion unit, not shown, to the normal discharge of primary
      extruder 26, which further unit has much less severe shearing action on
      the entire mass. Such further unit can be in-line with the discharge end
      of extruder 26, or can actually be a so-called "cross-head extruder"
      maintaining a second screw or multiple of screws perpendicular to the flow
      output of primary extruder 26.
PAR  The finished, ground product in hopper B can be further mixed with flow
      agents, metallic pigments, or other pigment additives by connecting hopper
      B at position 12' to the hopper-blender top unit 19 and rotatively
      blending as necessary or desirable to give a dry blend for the ultimate
      finishing. When the powder paint is made with a thermosetting resin, it is
      usually undesirable or impractical to recycle once-extruded extrudate or
      powder back through further heated or heat-generating extrusion
      operations. However, when the powder paint vehicle is simply a
      thermoplastic resin, such recycling can be practiced more freely. The use
      of the portable hoppers permits temporary intermediate collection and
      storage at various stages of the operation, and these hoppers can be
      covered, e.g., with rigid plastic covers, to prevent tramp contamination.
PAR  In place of using an air-cooled or water-cooled belt for chilling the
      extrudate and rendering it frangible, one can, of course, use other
      coolants such as liquid nitrogen to cool the extrudate and harden it in
      the manner of freezing of foods. Direct water cooling on the extrudate
      generally is not practiced (to preclude leaching of water solubles from
      the extrudate), but can be practiced with a certain water-resistant powder
      paint formulations. Certain powder paints such as some thermoplastic vinyl
      resinous powder paints advantageously are comminuted by cryogenic grinding
      (ground very cold by treatment with liquid nitrogen or the like to
      embrittle them); they should be protected from condensation of atmospheric
      moisture until they warm up to above the dew point.
PAR  Where the extrudate can tolerate high enough temperature, heating to render
      it fairly fluid (as distinguished from a putty-like mass), it is, of
      course, possible to subdivide such extrudate, as with a spinning disc-type
      atomizer or the like, then finish the cooling and hardening by dropping
      the particles through a chilling tower (ordinarily countercurrent to
      chilled dry air) for collection directly as powder paint.
PAR  Curiously, in the instance of this hot extrusion powder paint process, we
      have found that substantially lower proportions of pigments are used to
      obtain a given color or tinted finish than when the paint is compounded
      conventionally as corresponding solvent-based paint system.
PAR  Useful pigments include pigmentary-size opacifying agents such as rutile or
      anatase titania, lithopone, titanium calcium, zinc oxide and mixtures of
      same, extenders and fillers (herein included under the broad term
      "pigments") such as kaolinite clay, pigmentary silica, talc, mica,
      Wollastonite, calcium carbonate and barium sulfate also can be used. Many
      other pigmentary materials and extenders also can be used. Other
      pigmentary materials often are used to impart color, for example, brown,
      red, yellow and black iron oxides, raw sienna and burnt sienna, raw and
      burnt umber, chromium oxide green, phthalocyanine green (chlorinated
      copper phthalonitrile), the green iron salt of nitroso beta naphthol,
      copper phthalonitrile blue, ultramarine blue, carbon black, lamp black,
      toluidine red, parachlor red, para toner (red), alkali resistant red, BON
      red and maroon, cadmium reds and yellows, Watchung red, madder lake (red),
      Duratone red, carmine red, chrome yellow (lead chromate), chrome orange,
      and Hansa yellows (which are azo couplings of meta nitroparatoluidine and
      acetoacetanilide). Metal flakes, powders and pastes (preferably
      conventionally treated and coated) also can be used, and these preferably
      are handled specially in the instant extrusion process as described above.
      Latent curing accelerators, catalysts, and cross-linking agents also can
      be compounded in such powder paints.
PAR  Various classes of thermosetting resins for this compounding include: epoxy
      types (which are extruded at an extruder discharge head temperature, for
      example, of 90.degree.-100.degree.C--a typical powder paint being 1/3 by
      weight of such pigmentary solids and 2/3 by weight of such granular
      cross-linkable epoxy resin such as Dow Chemical Company's DER663U, a
      bisphenol A epoxy resin having epoxy equivalent weight of 730-840, mixed
      with 5% of a cross linker, of dicyandiamide or trimellitic anhydride);
      cross-linkable acrylic resin particles such as Farben Fabriken Bayer's
      L2269 acrylate-based copolymer resin having softening range of
      90.degree.-100.degree.C, and made up similarly in pigment and resin ratio
      with a melamine resin cross linker such as hexamethylol melamine resin;
      and polyesters such as terephthalic acid/propylene glycol/glycerine
      polyesters having Acid No. between 6 and 10, which generally is extruded
      at a head temperature of approximately 127.degree.C, using similar weight
      proportion of pigmentation, and a cross linking material such as 10 to 15%
      of a melamine resin, such as hexamethylol melamine resin, basis weight of
      polyester. While higher or lower temperatures can be used, it must be
      understood that substantially lower temperatures without special
      plasticizing agents tends to make it difficult to homogenize and form a
      coherent extrudate of the powder paint batch, and substantially higher
      temperatures (e.g. over 175.degree.C) tend to engender cross linking, as
      do long holding times of any thermosetting resin batch material at any
      elevated temperatures above about 30.degree. or 40.degree.C.
PAR  A convenient test of thermosetting powder paints to determine their utility
      for application is a gel time test. In such test, a few grams of the
      powder paint are put on a metal dish, which is placed on a hot plate
      maintained at 176.67.degree.C. The warm paint is touched with a metal
      spatula and strings are drawn from such paint until the stringing stops.
      The longer the time such paint continues to string, the less advanced the
      cross linking is in the powder paint and generally, the more useful it is
      for powder painting processes. Such gel time of 30 to 200 seconds
      generally is looked for in practical powder painting operations.
PAR  Various thermoplastic vinyl polymers also are useful for making powder
      paints, for example Union Carbide Corporation's E2000, a white, powdery
      vinyl chloride/modified copolymer. Typically these are extruded at about
      90.degree.-100.degree.C, then subjected to cryogenic grinding preparatory
      to their packaging.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for making powder paints from raw batch ingredients of
      resinous binder intimately blended with pigmentary solids within a batch
      blend unit wherein the blend is plasticized and homogenized to form a
      uniform blend, the uniform blend being extruded by mechanical extrusion,
      cooled, comminuted into powder paint, and packaged, the improvement which
      comprises:
PA1  providing a plurality of portable batch blend vessels for avoiding
      contamination between successive batches to collect said uniform blend and
      to collect said extrudate wherein a first portable batch blend vessel
      collects the uniform blend of raw batch ingredients from the batch blend
      unit and a second portable batch blend vessel collects the comminuted
      powder from the extruder;
PA1  moving the first portable batch blend vessel from said batch blend unit to
      the extruder for feeding the uniform blend of raw batch ingredients to the
      extruder; and
PA1  moving the second portable batch blend vessel containing comminuated powder
      from the extruder and transporting the powder paint to the packaging step
      for packaging.
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ABST
PAL  Method and apparatus for comminuting cellulosic materials such as paper and
      destructible constituents of trash and garbage wherein the material is
      supported on a flat wire screen presenting sharp, upwardly directed edges
      and wherein the material is subjected to the force of jets under a high
      enough pressure to impact the material at at least 100 psi. The disclosure
      provides for varying the force of jets to accommodate differing qualities
      of material and to selectively comminute only that which is desired to be
      introduced into a slurry, the force being insufficient to comminute
      materials to be rejected.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 408,595, filed Oct. 23, 1973, for APPARATUS FOR COMMINUTING AND
      EXTRACTING, now abandoned.
BSUM
PAR  This invention relates to comminuting apparatus, and more particularly, the
      invention is directed to apparatus for comminuting cellulosic material by
      subjecting the cellulosic material to water under high pressure.
PAR  The apparatus principally used up to the time of the present invention for
      comminuting cellulosic material is a hydropulper, the hydropulper being
      most commonly used in the papermaking industry for the purpose of reducing
      paper to a slurry of cellulosic fibers. The hydropulper consists of a tank
      of substantial dimensions into which the comminutable material is
      introduced and submerged in an enormous quantity of water. The hydropulper
      has an impeller or agitator which, through its action, subjects the
      mixture to a violent enough agitation to break the comminutable material
      down into fibers of small enough size for further processing in other
      refining apparatus.
PAR  There are two disadvantages to the present practices of hydropulping which
      the present invention seeks to avoid. The first is the relatively high
      horsepower requirement of the hydropulper to comminute a relatively small
      mass of paper. The high horsepower is required because of the need to
      impart such great energy into the water within which the comminutable
      material is submerged.
PAR  Second, the hydropulper necessarily requires a substantial quantity of
      water per unit weight of material being comminuted, and this quantity of
      water creates a substantial disposal problem.
PAR  It has been an objective of the invention to provide a method and apparatus
      for comminuting material wherein the power requirement for comminuting a
      unit weight of material is one-third to one-fourth that required for a
      hydropulper to comminute the same weight of material.
PAR  It has been another object of the invention to provide a method and
      apparatus for comminuting material requiring substantially less water to
      effect the same comminution obtainable from a commercial hydropulper.
PAR  These objectives of the invention are attained by supporting the material
      to be comminuted on a foraminous surface presenting upwardly facing, sharp
      edges as, for example, a flat wire screen belt, and subjecting the
      material to the force of water under high pressure; that is, at least
      approximately 100 psi. The advantage of the invention, insofar as
      horsepower requirements are concerned, is that the energy is applied to
      the pulp process in a much more useful way than is possible in
      hydropulpers, for substantially all of its goes into the direct impacting
      of and reduction of the comminutable material to small particles or
      fibers. In contrast, in the hydropulper the greater portion of the energy
      goes into the movement of great masses of water with a small portion being
      actually useful in the reduction of the material to fibers.
PAR  Further, the invention admits of the use of much smaller quantities of
      water which are effectively employed in the substantially instantaneous
      comminution by impact.
PAR  The flat wire belt or a support structure comparable to it which presents
      rigid sharp edges is critically important to the invention. The small
      exposed area created by the undulating flat wire of the belt provides a
      rigid sharp surface against which the material is crunched by the impact
      of the impacting water jets. Further, the width of the individual flat
      wires is great enough to provide a long-wearing quality to the supporting
      surface. By contrast, a woven wire mesh is not suitable, for it entangles
      the fibers and other materials and, hence, mats and plugs easily.
      Additionally, it tends to give resiliently under the impacting force of
      the jets, thereby absorbing some of the energy of the jets in the flexing
      of the screen rather than pulverizing the material.
PAR  There are two areas of relevant prior practices, aside from the
      hydropulper, which fail to do as effective a job of comminution as the
      present invention. First, it is known to support newsprint, for example,
      on an endless screen conveyor belt and subject it to sprays of water to
      effect some degree of comminution. That apparatus and process contemplate
      a gentle spray wherein enormous quantities of water would be required to
      effect the same degree of comminution as the present invention, and it
      fails to utilize the two critical factors of supporting material on a flat
      wire belt and impacting at high pressure.
PAR  A second approach, likewise not believed to have enjoyed any commercial
      use, involves the introduction of material into a tank of water and
      subjecting the submerged material to the action of high velocity jets.
      This approach, too, lacks the critical factors of the present invention,
      for the energy of the high velocity jets is dissipated quickly upon
      striking the water as contrasted to the process and apparatus of the
      invention wherein the high velocity jets impact the material directly, the
      material being rigidly backed up by the flat wire belt. Thus, the
      impacting force of the water in the present invention has maximum
      comminuting effect.
PAR  Another objective of the invention has been to provide a method of
      extracting desired constituents from a mass of material at least a portion
      of which is comminutable. For example, within the greater purview of the
      invention, it is contemplated that municipal solid wastes such as garbage,
      trash and the like can be processed on the apparatus of the present
      invention with the force of the jets being regulated to selectively
      comminute that which is desired for reuse while rejecting, by applying
      insufficient force to the jets, undesirable constituents. The slurry of
      pulverized matter may be subjected to a water extraction process as, for
      example, that disclosed in my U.S. Pat. No. 3,863,559 and thereafter used
      as a fuel. Where it is contemplated that the useful product will be a
      fuel, the force of the jets may be high enough to comminute combustible
      plastics but insufficiently high to comminute glass and metals which would
      be rejected as solids. On the other hand, if plastic material is regarded
      as an undesirable constituent in the useful product, the jet would be
      maintained at about 100 psi at impact, which is insufficiently great to
      comminute plastic but sufficiently great to comminute the cellulosic
      material.
PAR  It has been another objective of the invention to provide apparatus for
      comminuting material including a longitudinally movable flat wire belt
      supporting the material, a line of jet nozzles overlying the belt and
      means for reciprocating the nozzles to provide complete coverage of
      material on the belt with impacted water from the nozzles.
PAR  The reciprocation of the nozzles, while not as critically important as
      their velocity at impact and the quality of the supporting surface,
      nevertheless does appear to enhance the comminuting capability of the
      system in creating pulsations over the surface of the belt. Additionally,
      the reciprocation of the jets admits of the possibility of using fewer
      jets with consequent greater water efficiency than would be possible with
      a grouping of stationary jets.
DRWD
PAR  The several objectives and features of the invention will become more
      readily apparent from the following detailed description taken in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic side elevational view of apparatus in accordance
      with the present invention;
PAR  FIG. 2 is a diagrammatic side elevational view of modified apparatus;
PAR  FIG. 3 is a fragmentary perspective view of the supporting flat wire belt;
PAR  FIG. 4 is a diagrammatic view of the system for delivering water under
      pressure to reciprocating nozzles.
DETD
PAR  One form of apparatus embodying the invention is illustrated in FIG. 1.
      There, a tank 10 is supported on a base 11, the tank being adapted to
      receive the slurry formed by the comminuted material and water. An endless
      flat wire belt 12 has an upper flight 13 and a V-shaped lower flight 14
      formed by the belt passing over two upper drums 15 and 16 and a lower drum
      17 in the bottom of the tank. The flat wire belt is preferably the type
      formed by undulating flat wire 18 secured together by transverse pins 19
      as illustrated in FIG. 3. The mesh is one inch by one inch, the flat wire
      having approximately 1/2 .times. 1/16 inch dimension. These dimensions may
      be varied within practical limits without departing from the invention.
      Referring to FIGS. 1 and 4, overlying the upper flight 13 of the belt are
      two lines of nozzles 9 mounted in tubes or headers 20 and 21. The nozzles
      are supplied with water under high pressure from piston pumps 22 and 23,
      respectively, the pumps being driven by a hydraulic piston motor 24, the
      motor piston having a direct driving connection to the water pump pistons
      through a cross bar 31 to which all pistons are connected. An electric
      motor 25 drives an oil pump 26 which supplies oil under pressure to the
      piston motors 24.
PAR  The drum 16 is connected through a chain 27 and a gear box 28 to a drive
      motor 29, causing the upper flight 13 of the belt to move toward the right
      as viewed in FIG. 1.
PAR  An inlet 30 for the system is provided at the upstream end of the belt,
      into which material to be comminuted is introduced. A discharge chute is
      provided at the downstream end of the belt through which rejects, that is,
      difficult to comminute or non-comminutable material, are discharged.
PAR  In the operation of the invention thus far described, the material to be
      comminuted is introduced onto the upper flight 13 of the belt and is
      conveyed downstream until it passes under the jet nozzles 9 on headers 20,
      21. The force of the water from the nozzles 9 impacting on the material
      causes it to be broken up and pass through the holes in the belt and into
      the tank 10. In the tank 10, the material forms a slurry with the water
      used in the comminution process and the slurry is continuously withdrawn
      from the tank.
PAR  The precise location, orientation and manipulation of the headers 20, 21 is
      not important as long as the combination of factors is such as to produce
      complete jet coverage of the material passing under the jets with an
      impact force of at least approximately 100 psi on the surface of the
      material. In the form of the invention illustrated in FIG. 4, two headers
      20 and 21 are employed. Each nozzle has a 1/16 inch diameter orifice and
      is spaced twelve inches above the conveyor. The respective headers are
      reciprocated 180.degree. out of phase by a small oil reciprocator 32. The
      reciprocator is fixed to the base 11 and is connected to header 21 to
      reciprocate it. Racks 38 are mounted on each header and are interconnected
      by a pinion 39 so that reciprocation of header 21 causes reciprocation of
      header 20 in the opposite direction. The reciprocation of the headers
      180.degree. out of phase balances the headers and reduces vibration. The
      nozzles are spaced on 6 inch centers, one line of nozzles being offset
      from the other by 3 inches. The reciprocation stroke for each line of
      nozzles is three inches to provide complete coverage of the material.
PAR  Alternatively, one line of jets mounted only on header 21 on three inch
      centers could be employed rather than the illustrated two lines 20 and 21.
      The line of jets would be reciprocated at approximately ten cycles per
      minute on a 3 inch stroke, with each jet being supplied with approximately
      one gallon of water per minute.
PAR  The speed of movement of the conveyor underneath is related to the speed of
      reciprocation of the jets so as to provide complete coverage of the
      material passing underneath. The speed of the belt selected for ten cycles
      would be doubled if the frequency of reciprocation were increased to
      twenty cycles per minute.
PAR  The selection of the nozzle for each jet is important and must be of
      impacting nozzle design. The impacting nozzle creates a relatively thin
      stream of water between the nozzle orifice and the surface of the belt.
      For example, a nozzle having a 1/16 inch diameter orifice spaced
      approximately twelve inches above the belt would create an impact area on
      the belt of approximately one square inch. With such a nozzle, to attain
      the desired 100 lbs. per square inch of force at the belt, the nozzle
      should be supplied with water at approximately 1000 psi. A pressure
      substantially below 1000 psi as, for example, 700 psi, will not have a
      satisfactory impact force and hence will not comminute material such as
      paper to a satisfactory extent.
PAR  The tank as illustrated is V-shaped, having downwardly inclined side walls
      40 and 41 terminating in an apex 42. At the apex is an outlet 43 for the
      discharge of undesirable heavy solids such as grit. Spaced above the grit
      outlet 43 is a slurry outlet 44 through which the slurry is continuously
      withdrawn, the level of the slurry being indicated at 45. An oil reservoir
      37 is located in the bottom of the tank. The oil spent from the motor 24
      is fed to the oil reservoir 37 disposed in the bottom of the tank where
      the oil is cooled by the slurry continuously being created in passing out
      of the tank.
PAR  In the operation of the embodiment of FIG. 1, dry material is introduced to
      the upper flight 13 of belt 12 through the inlet 30 and passes along the
      belt to the jets emanating from the nozzle headers 20, 21. The headers 20,
      21 are reciprocating 180.degree. out of phase so as to provide complete
      coverage of the material to be comminuted. As the material passes under
      any one nozzle, the impact force of the water smashing the comminutable
      material against the flat wire belt breaks the material down into fibers
      or small clusters of fibers which pass immediately through the holes in
      the belt into the tank 10. Large lumps or other undesirable material not
      comminuted by the jets pass over the downstream end of the belt and out
      the discharge chute.
PAR  The combination of water and pulp continuously forms a slurry in the tank,
      that slurry being continuously discharged through the outlet 44.
PAR  Recognizing that different qualities of material require different forces
      to comminute them, it is preferred to have variable controls on the motor
      29 which drives the belt 12 and the motor 25 and pump 26 which creates the
      pressure in the water emanating from the nozzles 90. With these controls,
      it is possible to vary the impact force of the water on the material being
      processed and to vary the length of time that the material is subjected to
      the destructive force of the water.
PAR  The embodiment of FIG. 2 is particularly suitable for extracting in a
      slurry form the comminutable material from trash and garbage. The
      apparatus includes a housing 50 within which a tank 51 is contained
      centrally of the housing. At the upstream end of the housing is a loading
      chamber 53 having an inlet opening 54 through which trash may be dumped
      from a vehicle in which it is collected. The chamber 53 has an inclined
      wall 55 terminating in a swinging plate 56 which engages the material
      introduced into the apparatus and imparts a first leveling force to it. At
      the downstream end of the apparatus is a reject chamber 60 wherein
      rejected materials are segregated, collected and hauled away. A flat wire
      belt 62 of the type described above passes over drums 63, 64, 65, 66 and
      67 to provide an upper flight having an upstream section 68 passing
      through the trash inlet chamber 53 and a downstream section 70 passing
      through the tank 51 and upwardly out of the tank at an angle no greater
      than 30.degree. . The belt is driven by a motor 71 connected through a
      chain 72 to the drum 63.
PAR  The water in the tank is maintained at a level indicated at 74. The
      downstream section 70 of the belt 62 has a first portion 75 which passes
      well below the water level so as to give the trash a good soaking before
      being subjected to the action of the jets of the present invention. The
      apparatus may include low pressure water jets 76 to provide sufficient
      water to drench the incoming material. The drenching of the material
      serves two functions--first, to cause the material to lose some of its
      strength, and second, to compact the cellulosic material against the belt
      so that it will be more susceptible to destruction by impact of the
      downstream jets.
PAR  Overlying the downstream section of the belt which extends above the water
      level are two rows of transverse jets 80 constructed in the manner
      described in connection with the embodiment of FIG. 1 and supplied with
      water under high pressure of approximately 1000 psi as described in
      connection with the embodiment of FIG. 1. These high pressure jets
      comminute all of the garbage and cellulosic material in the trash, driving
      it through the holes in the belt into the water below wherein it forms a
      pump slurry. If plastics are to be comminuted, the water pressure should
      be raised to at least 1200 psi.
PAR  The material which is not destructed passes over the downstream end of the
      belt and into the reject chamber 60. Plastic films such as polyethylene
      will cling to the belt and may be blown off the belt by air jets at 82
      into a reject container. Cans, bottles, plastic containers and the like
      will drop onto a high speed conveyor belt 84 and be flung from the
      discharge end of that conveyor. The action of flinging the articles off
      the discharge end of the conveyor will effect a separation of them into
      different categories in accordance with what their weight may be, the
      heavier materials being thrown farther than the lightweight materials,
      thus separating them into two containers 87, 88.
PAR  The pulp slurry is removed from the tank through an outlet 90 and pumped
      through strainers to a stock vat. From that point, the slurry is subjected
      to further treatment, depending upon the use to which the fibers are to be
      put. One such further treatment would be to introduce the slurry into a
      dewatering press of the type described in my U.S. Pat. No. 3,863,559
      wherein substantially all of the water is squeezed out of the material,
      thus providing flat cakes of material. This material may be burned as fuel
      or may be further processed to form fiberboard or the like.
PAR  While the invention has been described in connection with the extraction of
      pulp from incoming paper or trash, it should be understood that it can be
      employed in other extraction processes, and particularly those wherein
      more easily comminuted materials are separated from other materials; for
      example, the pith is separated from the fibers of water hyacinths. In a
      sugar extraction process, bagasse is depithed. Disposable diapers are
      treated to separate the cellulosic fibers from the plastic films.
CLMS
STM  Having described my invention, what I claim is:
NUM  1.
PAR  1. Apparatus for comminuting cellulosic materials comprising:
PA1  a foraminous bar type conveyor providing substantially rigid sharp edges
      for supporting said materials,
PA1  at least one jet impact nozzle overlying said conveyor,
PA1  means for supplying water under high pressure to said nozzle to impact said
      conveyor with a force of at least approximately 100 psi,
PA1  means for moving said conveyor past said nozzle, and
PA1  means for reciprocating said nozzle in a direction transverse to movement
      of said conveyor.
NUM  2.
PAR  2. Apparatus according to claim 1 further comprising:
PA1  a plurality of laterally spaced nozzles, the length of the reciprocating
      stroke combined with the motion of the conveyor and impact area of the
      water on the conveyor providing complete coverage of the operating area of
      said conveyor with high impact water.
NUM  3.
PAR  3. Apparatus according to claim 1 in which said nozzle has approximately
      the following dimensional relationships with respect to said conveyor:
PA1  1/16 inch diameter nozzle orifice, one square inch impact area on said
      conveyor, the distance between said nozzle and said conveyor being twelve
      inches.
NUM  4.
PAR  4. Apparatus according to claim 3 in which said water supplying means
      supplies water to said nozzle at a pressure of at least approximately 1000
      psi.
NUM  5.
PAR  5. Apparatus according to claim 1 further comprising:
PA1  a first line of laterally spaced nozzles, a second line of said laterally
      spaced nozzles, said first and second lines of nozzles being
      longitudinally spaced from each other, and
PA1  means for transversely reciprocating said nozzles 180.degree. out of phase.
NUM  6.
PAR  6. Apparatus according to claim 1 in which said bar type conveyor has
      approximately a one inch by one inch mesh.
NUM  7.
PAR  7. Apparatus according to claim 1 further comprising:
PA1  a tank disposed below said conveyor, said tank having a V-shaped bottom, a
      grit outlet in the apex of said V-shaped bottom and a slurry outlet spaced
      above said grit outlet.
NUM  8.
PAR  8. Apparatus according to claim 7 further comprising:
PA1  means for discharging rejected material from the downstream end of the
      upper flight of said conveyor.
NUM  9.
PAR  9. Apparatus according to claim 1 further comprising:
PA1  a drenching station located in the path of said conveyor and spaced
      upstream from said nozzle, said drenching station including means for
      thoroughly soaking with water the material on said conveyor.
NUM  10.
PAR  10. Apparatus according to claim 9 in which said drenching station includes
      jets spaced above said conveyor for spraying material on said conveyor
      with water and a tank adapted to contain water at a level substantially
      above said conveyor.
NUM  11.
PAR  11. Apparatus according to claim 1 further comprising:
PA1  means for varying the impact force of said water.
NUM  12.
PAR  12. The method of comminuting cellulosic material comprising the steps of:
PA1  rigidly supporting said material on a backing of sharp edges,
PA1  impacting said materail with water at a force of at least approximately 100
      psi, and
PA1  reciprocating a jet of water directed onto said material in a first
      direction to perform said impacting step and conveying said material past
      said reciprocating jet in a direction perpendicular to the direction of
      reciprocation.
NUM  13.
PAR  13. The method of converting trash, garbage and the like into a useful
      product comprising the steps of:
PA1  supporting the material to be converted on a mesh belt having upwardly
      facing sharp edges,
PA1  impacting said material with jets of water, the force of impact on said
      material being at least approximately 100 psi,
PA1  the impacting force being sufficiently high to comminute the material to be
      converted to a useful form and insufficiently high to comminute the harder
      to destruct, less desirable materials,
PA1  and reciprocating the jets of water in a transverse direction while
      conveying the material underneath the jets in a longitudinal direction.
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      137-139.
LREP
FRM  Pennie & Edmonds
ABST
PAL  A method of disaggregating tissue, particularly those containing relatively
      soft cells of body organs, to component cells, is disclosed as well as
      apparatus for carrying out the method which permits obtaining relatively
      large quantities of single cells or small groups of cells, the membrane
      and contents of which are structurally and chemically intact and not
      adversely affected by the disaggregation process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a wide variety of medical research and treatment techniques, notably
      those related to immunology and cell diseases, a preliminary requirement
      is the availability of relatively large quantities of functional cells,
      either singly or in small aggregates, which cells (parenchyma) have been
      separated from the stroma, i.e., the skeletal or connective cells which
      support them in the particular organ but which do not directly perform the
      function of that organ. The process of treating biological tissue so as to
      remove the stroma and separate out the parenchyma into individual cells
      with intact membranes is called disaggregation.
PAR  Disaggregation has been carried out by a variety of methods. One of them,
      homogenization, involves breaking up the tissue in a vessel by high-speed
      whirling blades. Grinding techniques have been employed wherein the tissue
      is ground between a pestle and a screen to break up the cells. Neither
      method provides a satisfactory yield of intact cells.
PAR  Perfusion is a technique wherein the natural blood vessel structure is
      employed to carry to the cells an agent which breaks down the adhering
      forces between cells and between cells and stroma. However, this changes
      the cell membranes beyond use.
PAR  Certain methods of disaggregation are described in a PhD Thesis of D. L.
      McCollester, entitled "Studies of the Isolation of Cell Membranes With
      Particular Reference to Skeletal Muscle", University of Cambridge,
      November, 1962. As outlined in the thesis, isolation of cell membranes
      first requires cell diaggregation, described as carried out initially on
      certain muscle tissue. Since the cell membrane in muscle tissue is about
      six times as thick as for other tissues, muscle can be disaggregated by
      homogenization without unduly destroying the membranes. However, the
      technique destroys too high a proportion of membrane of other parenchyma
      to permit obtaining useful quantities of cells.
PAR  Mortar and pestle-type apparatus has also been employed for cell
      disaggregation in which cells to be treated are placed on Nylon gauze
      within the mortar and rubbed and pressed vigorously between the pestle and
      the gauze (see Vaage, "A Mechanical Technique for Obtaining High Yields of
      Viable, Dispersed Tumor Cells", Transplantion, Vol. 6, No. 1 (January,
      1968, pp. 137-39). However, the mechanical forces applied to the cells by
      this procedure tend to unduly damage the cell membranes, and the yield of
      intact cells is insufficient for certain purposes, e.g. those described in
      the McCollester Thesis, supra.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, tissues are disaggregated
      substantially without damage to the structure or antigenic properties of
      their parenchymal cell walls in high yield by submerging them in a
      physiologic fluid medium not incompatible with the internal environment of
      the tissues in situ, between two biologically inert screen elements in
      substantial contact with one another over their operative surfaces, and
      moving the screen elements relative to one another while pressing the
      tissues between them. Unlike the action of the hard, smooth surface of the
      mortar against the screen mesh as mentioned in Vaage, which results in
      unduly low yields of intact cells, the co-action of the screens is
      believed to treat the cell membranes more gently during disaggregation,
      resulting in significantly higher yields of intact cells.
PAR  The structural and/or antigenic properties of the cell membranes can be
      damaged by (1) undue turbulence, such as is produced in homogenization;
      (2) passage through an air-water interface; (3) the presence of certain
      heavy metal ions or other complexing macromolecules; (4) pH variations; or
      (5) undue heat. All of the foregoing are to be avoided in carrying out the
      method of the invention.
PAR  An air-water interface tends to denature cell membranes passing through it,
      and is avoided in accordance with the invention by completely submerging
      in the fluid medium the tissue as well as the operative portions of the
      screen elements acting on it. Exposure to heavy metals will denature the
      interior of the disaggregated cells so that the substances comprising the
      interior can no longer be extracted.
PAR  Preferably, the screen elements are made of a biologically inert, medically
      accepted plastic. Exemplary of such materials are Nylon, Teflon, Delrin,
      Kel-F (all trademarks of E. I. duPont deNemours & Co.), acrylics,
      polyethylene and polypropylene. Alternatively, the screen elements may be
      metal screens coated with silicone rubber or with others of the above
      mentioned materials.
DRWD
PAC  DESCRIPTION OF THE INVENTION
PAR  Additional features of the invention will become clear from an examination
      of the accompanying drawings in which:
PAR  FIG. 1 is a side elevation view in partial section of a first embodiment of
      the invention;
PAR  FIG. 2 is a side elevational view in partial section of the device of FIG.
      1 showing the co-active screen elements engaged with each other; and
PAR  FIG. 3 is a side elevational view, in partial section of an alternative
      embodiment of the invention.
DETD
PAR  The embodiment of the invention illustrated in FIG. 1 includes a
      cylindrically shaped mortar 10, open at the top and completely closed at
      the bottom. The mortar may be formed of acrylic or any other conveniently
      moldable material which is nontoxic (biologically inert) to the cells to
      be treated. It may also be formed of other materials which in themselves
      may be toxic providing the interior surface of the mortar is completely
      coated with a non-toxic substance, such as one of the plastics mentioned
      above, or silicone rubber.
PAR  The interior of the mortar, generally designated by numeral 11, openly
      communicates through a passage or tube 12 at the lower end of the mortar
      with a hypodermic syringe 13 or other variable volume element which
      presents to the fluid in it only biologically inert surfaces. As shown in
      FIG. 1, an exterior coupling 14 is provided which may be screwed into the
      base of the mortar and which couples at one end with passage 12 and at the
      other end with a flexible tube 15, the other end of which is coupled to
      the hypodermic syringe. This arrangement permits flushing fluid with the
      disaggregated cells from the mortar for collection in the hypodermic
      syringe.
PAR  The interior of the mortar 10 is provided with a step 16 upon which seals
      annular clamp 17. Annular clamp 17 is further provided with an annular
      closure element 18 dimensioned such that the space between the interior
      surface of the closure element and the exterior surface of the clamp is
      just enough to permit insertion of two screen elements 19 and 20 and to
      clamp both screen elements rigidly into position when assembled as shown.
      A biologically inert glue such as epoxy resin may be employed to fix the
      screens in place. A circumferential slot 21 in the lower exterior surface
      of clamp 17 is provided as an O-ring seat, in which O-ring 22 is placed to
      hold the entire clamp and closure ring along with screens 19 and 20
      rigidly in place.
PAR  A pestle 23 is provided having a head 24 and a handle 25 which may
      conveniently be screwed together, as shown. The outer diameter of the head
      contains at its upper portion a circumferential groove 26 in which is
      provided an O-ring 27, the head 24, groove 26 and O-ring 27 being
      dimensioned such as to provide a substantially water-tight seal. Thus when
      the pestle 23 is moved up and down within the mortar it forces water or
      other fluid within the mortar outwardly through passage 12, and changes in
      volume are compensated by hypodermic syringe 13.
PAR  The lower portion of head 24 is provided with one or more grooves 28, and a
      layer of mesh 29 is placed over the surface 30 of the head and secured in
      place by a nylon cord 31 which fits in groove 28, or some other material
      capable of tightly fastening the mesh to the head.
PAR  The shape of the active surface 30 of head 24 should be such that when the
      mesh 29 covering it engages with mesh 19 provided on the mortar, as shown
      in FIG. 2, the two meshes readily contact one another over their entire
      active surfaces. To accomplish this, it has been found that the central
      portion of surface 30 should preferably have a radius of curvature roughly
      commensurate with the inside diameter of the mortar; for example, if the
      inside diameter of the mortar is 21/2 inches, a radius of curvature of 2
      to 21/2 inches at the central portion of surface 30, with the outer
      portion of surface 30 tapering conically, as shown, provides good contact
      between the upper and lower screens as shown in FIG. 2.
PAR  The lower of the two screens which co-act to disaggregate the cells, i.e.
      screen 19, is stretched or placed between a clamp 17 and closure 18 such
      that its surface is essentially flat and is stretched to conform to the
      shape of head 30 when the screens 29 and 19 are engaged.
PAR  The lower or filter screen 20 is loosely inserted between clamp 17 and
      closure 18 so that it hangs out of contact with screen 19 even when the
      active screens 19 and 29 are in mesh, as shown in FIG. 2.
PAR  A tapped hole 30A and a screw closure 30B therefor are provided in the head
      24 of the pestle to relieve any air bubbles trapped within the motar when
      the tissue to be disaggregated is placed between the screen elements.
PAR  It is essential in accordance with the invention that all materials and
      surfaces of the device which may come into contact with the fluid within
      the mortar be biologically inert. "Biologically inert" as used herein
      includes but is not limited to the requirement of freedom from metals,
      particularly ions of strontium and heavier metals, trivalent metals and
      other complexing macromolecules. Such metals and metal ions inhibit
      strongly later extraction of cell contents, a necessary step in ultimately
      recovering cell surface membranes and their associated antigens.
      Preferably, the entire mortar and pestle may be made of acrylic or an
      equivalent biologically inert medically acceptable plastic which is
      moldable. The active screen elements 29 and 19 and filter screen 20 may be
      similarly formed of Nylon or some other biologically inert, medically
      acceptable material as described above.
PAR  In operation, the pestle 25 is lifted out of the mortar and the latter is
      filled with a physiologic fluid medium which is not incompatible with the
      internal environment of the cells in situ, such as isotonic saline
      solution. The piston of hypodermic syringe 13 may be removed for this
      purpose permitting the fluid to fill passages 12, 14 and 15 and the
      syringe. The piston may then be inserted in the hypodermic syringe. The
      tissue to be disaggregated is then placed on screen 19 and the pestle
      inserted from the top until the active screen elements 19 and 29 mesh with
      one another as shown in FIG. 2. The piston of the hypodermic syringe may
      be removed for part of this operation or simply pulled out, depending on
      the respective volumes involved. The pestle is then rotated with respect
      to the mortar, maintaining downward pressure on the pestle so that the
      cells are disaggregated by the pressure and co-active rotational movements
      of screens 19 and 29. Typical downward pressures involved are on the order
      to 20 pounds.
PAR  The size of screens is generally indicated in terms of the size of the
      openings, specifically the length of one side of the square constituting
      the opening of the mesh. It is generally convenient to make both screens
      19 and 29 the same size, although this is not necessary to the practice of
      the invention. Mesh size may vary generally as a function of the diameter
      of the cells being disaggregated, and should be at least twice and
      preferably at least a few times the cell diameter. The upper limit on mesh
      size is not critical, and disaggregation would take place even with meshes
      several orders of magnitude greater than the cell diameter. For example in
      disaggregating cells having diameters of 20 microns, disaggregation has
      been obtained in accordance with the invention using screens from 50
      microns up to 3,000 microns in mesh size. Nevertheless, very large mesh
      sizes are more likely to pass relatively large aggregates of cells which
      then become trapped between screens 19 and 20 and either cannot be
      recovered or are not small enough to warrant recovery, so that smaller
      mesh sizes are preferred.
PAR  Filter screen 20 may be formed of the same material as the active screen
      elements and its mesh size should be roughly two times the diameter of the
      largest acceptable cell cluster, or group of cells. As an alternative to
      rotating the pestle, the pestle may be clamped stationary and the mortar
      rotated on a turntable. FIG. 2 shows small particles 32 of individual
      cells or groups of cells dropping down into the bottom of the mortar
      through the filter screen 20 as a result of disaggregation. Disaggregation
      may continue for only a few minutes or for longer times, and the optimum
      time may be determined by experience with the particular type of cell
      being disaggregated. The fluid in the unit may then be withdrawn by
      hypodermic syringe 13, by first lifting out or venting the pestle and
      withdrawing enough fluid to suck into the syringe cells and cell clusters
      which have dropped into the conical recepticle provided in the base of the
      mortar.
PAR  FIG. 3 illustrates an alternative embodiment of the invention in which the
      mortar 33 may be in all respects identical with mortar 10. The pestle 35
      differs in certain respects, however, permitting oscillatory in addition
      to rotational movement between screen elements 36 and 37. In order to
      achieve this, the diameter of the pestle head 38 is made smaller than the
      inner diameter of the mortar in which it sits and a flexible rubber collar
      39 is provided which extends from the upper surface of the head 38 about
      the upper rim of mortar 33 where it may be conveniently sealed by an
      annular ring 40. Flexible seal 39 permits a wide range of movement between
      the active screen elements 37 and 36 by both rotating handle 41 and by
      oscillating it from side to side. Collar 39 may include a thickened
      annular center portion 39A; the space between handle 41 and the top of
      pestle head 38 being limited by the screw fitting between them so that
      collar 39 is free to rotate with respect to the pestle, permitting free
      rotation between mortar and pestle.
PAR  In order to load cells into the device of FIG. 3, with pestle 35 removed
      from the mortar, the latter is filled with fluid and the pestle carefully
      inserted to minimize entrapment of air. If air bubbles are formed, they
      may be vented through the outlet line comprising passage 12' coupling 14',
      hose 15' and the hypodermic syringe (not shown) by turning the device
      upside down with the plunger of the syringe removed. The primed numbers in
      FIG. 3 indicate elements corresponding to the same numbers without primes
      in FIGS. 1 and 2. Collar 40 is then placed into position to seal the unit.
      The purpose of collar 39 is to maintain the device fluid tight while
      permitting oscillatory or rotating motion in place of the pure rotational
      motion preferably employed with respect to embodiments 1 and 2. Such
      motion is easily achieved by hand, the upper end of handle 41 describing a
      circle or rocking motion in a horizontal plane as well as rotation during
      disaggregation.
PAR  It has been found that the above described embodiments of the invention are
      particularly useful and convenient for carrying out the method of the
      invention to produce a high proportion of single cells or relatively small
      groups of cells which are undamaged by disaggregation and retain their
      structural, chemical and particularly their antigenic properties. It will
      be apparent to those skilled in the art that various changes may be made
      in the above described preferred embodiments of the invention without
      departing from the scope or spirit of the invention, which is defined
      solely in accordance with the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of disaggregating cells without damaging the structure or
      antigenic properties of their cell membranes, comprising:
PA1  submerging the cells to be disaggregated in a physiologic liquid between
      two screen elements, the surfaces of which are formed of biologically
      inert material free of metal ions poisonous to cell membranes and at least
      one of which permits passage of disaggregated cells through it to a volume
      of such physiologic liquid; and
PA1  moving the screen elements relative to each other to disaggregate the cells
      for passage through said one screen element.
NUM  2.
PAR  2. A method as defined in claim 1 wherein the screen elements have a mesh
      size greater than twice the diameter of the cells being disaggregated.
NUM  3.
PAR  3. A method as defined in claim 2 wherein the mesh size of the screen
      elements is between about four times the diameter of the cells being
      disaggregated and about 2,000 microns.
NUM  4.
PAR  4. Apparatus for disaggregating cells without substantially damaging the
      structure or antigenic properties of their cell membranes, comprising:
PA1  a first screen element;
PA1  means constituting a mortar for holding the first screen element and
      including a vessel within which the first screen element is disposed
      having its interior surface formed of a biologically inert material, said
      means being mounted in the vessel to hold said screen substantially in a
      horizontal plane in said vessel and including a filter screen element for
      passing only those disaggregated cells and clusters thereof that it is
      desired to accept;
PA1  a second screen element;
PA1  means in the form of a pestle for holding the second screen element and for
      moving it in contact with the first screen element such that the first and
      second screen elements are in mutual contact over substantially their
      entire surfaces, said pestle having a downwardly convex head about which
      the second screen element is mounted and including means for sealing the
      circumferential space between said head and the mortar to permit relative
      vertical movement between the mortar and the pestle;
PA1  all of said screen elements having a surface formed of a biologically inert
      material and the first and second screen elements having mesh sizes at
      least twice the diameter of the cells to be disaggregated.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein said means for sealing the
      circumferential space between the pestle and the mortar is an O-ring
      mounted on the circumference of the head of the pestle permitting rotary
      motion between the mortar and pestle and hence between the first and
      second screen elements held respectively thereby to disaggregate cells
      placed between the first and second screen elements.
NUM  6.
PAR  6. Apparatus as defined in claim 5 including means forming a passage
      extending from the bottom of the interior of the mortar and including a
      variable volume chamber for compensating changes in the volume of the
      mortar caused by movement therein of the pestle.
NUM  7.
PAR  7. Apparatus as defined in claim 5 wherein said screen elements have a mesh
      size between about four times the diameter of the cells being
      disaggregated and about 2,000 microns.
NUM  8.
PAR  8. Apparatus as defined in claim 4 wherein the means for sealing the
      circumferential space between the pestle and the mortar is a flexible
      member fastened to the head of the pestle and sealingly engaged about the
      top of the mortar to permit rocking and rotating the pestle with respect
      to the mortar to thereby disaggregate cells placed between said first and
      second screen elements.
NUM  9.
PAR  9. Apparatus as defined in claim 8 including means forming a passage
      extending from the bottom of the interior of the mortar and including a
      variable volume chamber for compensating changes in the volume of the
      mortar caused by movement therein of the pestle.
NUM  10.
PAR  10. Apparatus as defined in claim 4 wherein the interior surfaces of the
      mortar and pestle, the first and second screen elements and the filter
      screen are formed of a biologically inert plastic.
NUM  11.
PAR  11. Apparatus as defined in claim 10 wherein the first and second screen
      elements are formed of flexible nylon mesh.
NUM  12.
PAR  12. Apparatus for disaggregating cells substantially without damaging the
      structure or antigenic properties of their cell membranes, comprising:
PA1  a first screen element;
PA1  means for holding the first screen element;
PA1  a second flexible screen element;
PA1  means for holding the second screen element at its periphery and for moving
      it in contact with the first screen element such that the first and second
      screen elements are in mutual contact over substantially their entire
      surfaces;
PA1  said first and second screen elements having surfaces formed of a
      biologically inert material and having mesh sizes at least twice the
      diameter of the cells to be disaggregated.
NUM  13.
PAR  13. Apparatus as defined in claim 12 wherein the means for holding the
      first screen element includes a vessel within which the first screen
      element is disposed, the interior surface of said vessel being formed of a
      biologically inert material.
NUM  14.
PAR  14. Apparatus as defined in claim 13 wherein the means for holding the
      first screen element is mounted in the vessel to hold said screen element
      substantially in a horizontal plane therein, and including a filter screen
      disposed below the first screen element for passing only those
      disaggregated cells and clusters thereof which it is desired to accept,
      said filter screen element having surfaces formed of a biologically inert
      material.
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ABST
PAL  A system for supplying plastics material to a plastics working machine,
      such as a blow moulding machine comprising automatic means for removing
      waste from a plastics working machine, a conveyor for feeding the waste to
      a comminuting machine, a hopper for comminuted plastics waste, and a
      conveying mechanism for mixing and conveying the plastics waste and fresh
      plastics material to a further hopper that is arranged to supply the inlet
      of the plastics working machine.
BSUM
PAR  This invention relates to systems for the feeding of plastics materials to
      plastics working machines such as, purely by example, blow moulding
      machines. A certain amount of waste of the plastics material takes place
      with all kinds of plastics working machines and the normal practice with
      scraps, sprues, faulty mouldings and the like is to collect them, bring
      them to a workable size by chipping or the like and subsequently to mix
      the small chips or the like with fresh plastics material that is to be
      supplied to the plastics working machine. This slavage operation is
      undertaken as a special job whenever required and involves a strong
      possibility of contamination and some loss of the salvaged plastics scrap
      and the like. An object of the present invention is to overcome, or at
      least reduce, the disadvantages of such known plastics waste salvaging
      techniques by providing a substantially automatic system that will give
      improved material and processing efficiency. The advantages of employing a
      system in accordance with the invention are particularly marked with
      custom moulding operations where articles or components are produced in a
      plurality of different material grades and/or colors.
PAR  According to the invention, there is provided a system for feeding plastics
      materials to at least one plastics working machine, wherein the system
      comprises automatic means for removing plastics waste from the or each
      working machine, a conveyor for feeding the collected waste to a grinding,
      chipping or other comminuting machine, a hopper or other container for
      comminuted plastics waste produced by the comminuting machine, and a
      conveying mechanism for mixing and conveying the comminuted plastics waste
      and fresh plastics material to at least one further hopper or other
      container that is arranged to supply an inlet of the or each plastics
      working machine with mixed plastics waste and fresh plastics material.
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PAR  For a better understanding of the invention, and to show how the same may
      be carried into effect, reference will now be made, by way of example, to
      the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic sketch illustrating the use of a system in
      accordance with the invention in feeding plastics materials to a plastics
      moulding machine, and
PAR  FIG. 2 is a diagrammatic sketch of another embodiment of a system according
      to the invention.
DETD
PAR  Referring to FIG. 1, a plastics moulding machine has a plastics material
      inlet region 1 provided with a hopper 2. The hopper is furnished with a
      level indicator or switch 3. Means, which may be known per se, is provided
      for automatically removing plastics waste, such as scraps, sprues, faulty
      mouldings and the like, from the plastics working machine and, in the
      example which is being described, an air conveyor carries the collected
      plastics waste to a hopper 7. The air conveyor comprises a low pressure
      impeller fan 4 that feeds an air stream to a venturi unit 5 having an
      inlet 6 for plastics waste collected by the automatic removing means (not
      shown) that has been mentioned above. A stream of air containing the
      entrained plastics waste passes through ducting to an inlet of the hopper
      7 which hopper is vented in such a way that the entraining air supplied by
      the fan 4 can escape back to the atmosphere. The fan 4, venturi unit 5 and
      the associated ducting are of such a size as to be able to deal with a
      range of different sizes of plastics waste but it is emphasized that an
      alternative form of conveyor could be employed to that which has been
      described. The conveyor could, for example, take the form of a moving
      conveyor belt or other mechanical conveyor having a region arranged to
      receive the collected plastics waste and a delivery region in
      communication with an inlet of the hopper 7.
PAR  The hopper 7 feeds a plastics grinding machine 8 which may be of a known
      construction that is arranged to divide the plastics waste into granules,
      chips or other comminuted particles. The granulated plastics waste is fed
      from the grinding machine 8 to a hopper or other container 9, such feeding
      preferably taking place, as illustrated, under the action of gravity but
      it being possible to provide a feeding conveyor in any particular
      installation in which a gravity feed is not convenient. The hopper or
      other container 9 is fitted with a level switch 10 arranged to control the
      grinding machine 8 in such a way as positively to prevent overfilling of
      the hopper or other container 9.
PAR  A probe tube 11 is entered in the granular waste material in the hopper or
      other container 9, said probe tube 11 forming part of a pneumatic
      conveying unit 12 comprising a venturi tube with an air inlet directed at
      an acute angle towards the outlet end thereof, so that suction is
      generated at the inlet end and material is drawn through the unit 12. The
      compressed air then carries the material through the pipe. The pneumatic
      conveying unit 12 is fed with air under pressure from an inlet 13 and a
      stream of air containing plastics waste granules entrained from the hopper
      or other container 9 passes along a duct 14 to one branch limb of a
      Y-shaped pipe connection 15 whose other branch limb is connected to a duct
      16 provided, at its far end, with a further pneumatic conveying unit 12
      having a probe tube 11 which is entered in fresh granular or other
      comminuted plastics material contained in, for example, a sack or bag 17.
      Clearly, it is not essential to use sacks or bags and the fresh granular
      plastics material may be fed to the duct 16 from, for example, a bulk
      storage silo or other bulk storage container. The duct 16 may, if
      required, be branched and any appropriate number of the pneumatic
      conveying units 12 may be employed.
PAR  A combined stream of air from both the duct 14 and the duct 16 is fed from
      the third limb of the pipe connection 15 into a small sub-hopper 18 which,
      like the hopper 7, is vented so as to allow the conveying air from the
      ducts 14 and 16 to escape back to the atmosphere. The sub-hopper 18 is
      fitted with a level indicator or switch 19 that is arranged to control the
      supply of granular plastics material through the two ducts 14 and 16 so as
      to prevent overfilling. It will be seen that fresh granular plastics
      material and granulated recovered waste plastics material are mixed
      together in the Y-shaped pipe connector 15 immediately before entering the
      sub-hopper 18, the granulated material collected in the sub-hopper 18 thus
      being substantially homogeneous as regards its "fresh" and "recovered
      waste" constituents.
PAR  The sub-hopper 18 has an outlet 20 from which the thoroughly mixed granular
      plastics material is fed, preferably under gravity, to the hopper 2 that
      communicates with the plastics material inlet region 1 of the moulding
      machine. It will be seen that plastics waste produced by the moulding
      machine is subject to recovery in a closed loop system which automatically
      brings the waste material to a condition suitable for re-working and
      automatically produces a homogeneous mixture of the recovered waste with
      fresh plastics material that is to be moulded into articles or components.
      Once initial controls for the pneumatic conveying units 12 and other
      controls of the system have been set, the whole system will work
      substantially automatically with any predetermined plastics material and
      rate of production of articles and/or components and will only need a
      minimum of supervision and periodic adjustment.
PAR  Referring to FIG. 2, the system shown therein also includes a fan 4,
      venturi unit 5, waste materials inlet 6, hopper 7 and comminuting machine
      8. The system supplies a hopper 2 of an inlet region of a plastics
      moulding machine. These parts of the system are identical to the
      corresponding parts of the system of FIG. 1.
PAR  In the system of FIG. 2, a hopper 29 is divided into two halves, which have
      variable cross-section outlets at the bottom, controlled by sliding gates
      32 and 33. The gates are manually operable by handles 42. However, other
      gate mechanisms could be used, and remote control could be provided.
PAR  The comminuting machine 8 feeds one half of the hopper 29, and the other
      half is kept full of fresh material. The variable outlets are adjacent and
      empty into a conveyor, which is a flexible Archimedean screw 34 rotatable
      within a pipe 35. Adjustment of the gates 32 and 33 causes adjustment of
      the total volume and ratio between the waste and fresh material.
PAR  The other end of the pipe 35 of the conveyor is located within a hopper 38
      and the conveyor feeds the mixed material thereto through a port 36 in the
      wall of the pipe 35. The Archimedean screw is driven by a motor 37. The
      hopper has an outlet 40.
PAR  The speed of the conveyors are controlled by level-sensing switches 30, 31
      and 39, as in the previous embodiment.
PAR  The system that has been diagrammatically illustrated in the accompanying
      drawing is a simple system feeding plastics material to only a single
      plastics moulding machine. It will be realized that it is within the scope
      of the invention to employ a more complicated system in which a plurality
      of plastics working machines are fed with granular or other comminuted
      plastics material a proportion of which is automatically recovered
      plastics waste from those machines. Although the plastics working machines
      will usually be blow or other moulding machines, the system can be applied
      to feeding plastics materials to other forms of plastics working machine.
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for feeding plastics material to the inlet of at least one
      plastics working machine, said system comprising automatic means for
      removing plastics waste from the plastics working machine, a comminuting
      machine, a conveyor for feeding collected waste to said comminuting
      machine, a conveying mechanism for mixing the comminuted plastics waste
      and fresh plastics material, and container means for receiving the mixture
      from said conveying mechanism and for supplying the plastics working
      machine with the mixed plastics waste and fresh plastics material, said
      conveying mechanism comprising a first probe tube, a first container for
      comminuted plastics waste, said first probe tube projecting into said
      first container, a first venturi having one inlet connected to said probe
      tube and a second inlet connected to a source of air under pressure, said
      first venturi having an outlet, a hose connected to the outlet of said
      first venturi, a union connected to said hose, said conveying mechanism
      further comprising a second probe tube, a second container for fresh
      plastics material, said second probe tube projecting into said second
      container, a second venturi connected to said second probe tube and to a
      source of air under pressure, said second venturi being connected to said
      union, said union being coupled to said container means for supplying the
      mixed plastics waste and fresh plastics material to the inlet of the
      plastics working machine.
NUM  2.
PAR  2. A system according to claim 1, wherein said conveyor for feeding the
      collected waste to the comminuting machine is a pneumatic conveyor.
NUM  3.
PAR  3. A system according to claim 1, wherein said conveyor for feeding the
      collected waste to the comminuting machine is a mechanical conveyor.
NUM  4.
PAR  4. A system according to claim 1, wherein said first container for
      comminuted plastics waste, said container means and the inlet of said
      plastics working machine are each provided with a level sensing mechanism
      operatively connected to the conveyor and the conveying mechanism to
      prevent overfilling.
NUM  5.
PAR  5. A system for feeding plastics material to at least one plastics working
      machine, said system comprising automatic means for removing plastics
      waste from the plastics working machine, a conveyor for receiving
      collected waste from the automatic removing means, a comminuting machine
      connected to the conveyor for receiving the waste therefrom and for
      producing comminuted plastics waste, container means for receiving
      comminuted plastics waste produced by the comminuting machine, and a
      conveying mechanism for mixing and conveying the comminuted plastics waste
      and fresh plastics material to an inlet of the plastics working machine to
      supply that inlet with mixed plastics waste and fresh plastics material,
      said conveying mechanism comprising a flexible Archimedian screw, said
      container means comprising a hopper divided into two parts, each part
      having a variable outlet in communication with said conveying mechanism
      containing the Archimedian screw.
NUM  6.
PAR  6. A system according to claim 5 comprising a further container arranged to
      supply the inlet of the plastics working machine with mixed plastics waste
      and fresh plastics material, said further container being connected to the
      end of said conveying mechanism that is remote from the container means.
NUM  7.
PAR  7. A system according to claim 5, wherein said container means for
      comminuted plastics waste and the inlet of the plastics working machine
      are each provided with a level sensing mechanism operatively connected to
      the conveyor and to the conveying mechanism.
NUM  8.
PAR  8. A system according to claim 5 comprising manually manipulable means for
      controlling the sizes of the outlets of said parts of said hopper, said
      manually manipulable means being disposed above the flexible Archimedian
      screw.
NUM  9.
PAR  9. A system for feeding plastics material to at least one plastics working
      machine, said system comprising automatic means for removing plastics
      waste from the plastics working machine, a conveyor for receiving
      collected waste from the automatic removing means, a comminuting machine
      connected to the conveyor for receiving the waste therefrom and for
      producing comminuted plastics waste, container means for receiving
      comminuted plastics waste produced by the comminuting machine, and a
      conveying mechanism for mixing and conveying the comminuted plastics waste
      and fresh plastics material to an inlet of the plastics working machine to
      supply that inlet with mixed plastics waste and fresh plastics material,
      said conveying mechanism comprising a flexible Archimedian screw, a
      conduit connected to said Archimedian screw for carrying the mixture of
      waste and fresh plastics material, said conduit having an end remote from
      said screw with a discharge outlet thereat, and a second Archmedian screw
      in said conduit at said discharge outlet.
NUM  10.
PAR  10. A system according to claim 9, wherein said container means comprises a
      hopper divided into two parts, each part having a variable outlet leading
      into said first Archimedian screw, and means disposed above said first
      Archimedian screw for controlling the sizes of said outlets.
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PAL  A cutting device having concentric counter-rotating cutter rings thereon
      with the outer ring having end members with support members extending
      axially therebetween. Cutter packets are detachably mounted on the
      radially outer side of said support members and are clamped in place by
      spring biased clamping bars. The housing of the device includes motor
      operated lift members engageable with said bars singly in respective
      rotated positions of said outer ring for unclamping said packets for
      replacement. Each packet has a support plate and a cutter blade adjustably
      connected thereto.
BSUM
PAR  The present invention relates to a further development of chip-removing
      machines with cutter rings which machines were previously designated as
      cutter basket chip-removing machines, and relates in particular to
      wood-cutting machines. With cutter ring chip-removing machines, especially
      with wood-cutting machines, it is necessary during a continuous operation,
      approximately every 4 hours to replace the dual cutters or blades by new
      ground cutters or blades. In such an instance, not only the cutters alone
      but also the cutter cover and holding plate in the form of cutter packets
      have to be exchanged as an entirety. With relatively small cutting
      machines as they were used previously, the entire cutter basket or
      segments of the machine was together with the built-in cutter packets
      exchanged because this could be carried out conveniently in view of the
      relatively low weight. In addition thereto, a second cutter packet or
      second segments had to be available all the time.
PAR  With modern larger type of cutting machines, only the cutter packets of the
      respective cutter ring were exchanged. The cutter packets consist of the
      knife plate or holding plate and the cutting knife adjustably fastened on
      the underside of this plate. The knife cover plates are often provided
      with a frequently centrally arranged handle. The cutter rings of these
      types and also those according to the present invention include a carrier
      disc which is nonrotatably mounted on a rotatable shaft, and furthermore
      includes a carrier ring. Said carrier disc and carrier ring are firmly
      interconnected by numerous cutter carriers.
PAR  With these and similar design types, cutter packets are, in order to be
      able to withstand the cutting pressure of the cutters, firmly pressed upon
      the carrier segments and are simultaneously fixed in their respective
      proper position by means of threaded stay bolts inserted into said
      segments, including the pertaining cap nuts which exert the pressure.
      During the exchange of the cutter packets, the cap nuts are loosened by
      means of manually operated or mechanically operated wrenches. After the
      installation of a new cutter packet, the cutter packet is again fastened
      in a corresponding manner. The time employed for such exchange is
      unfavorable when the exchange is effected manually and is more favorable
      when mechanically operated wrenches are employed. However, both methods
      have the drawback that the life span of the stay bolts-cap nut units,
      which have to withstand the cutting pressure, is not satisfactory. With
      mechanical screwing devices there exists the additional disadvantage that
      the cost therefor and the maintenance costs are rather high for an
      economic operation, even if such screwing device can by means of rails be
      used for a plurality of cutting machines.
PAR  This method on the other hand has the advantage that the cutting packets
      during the exchange can be removed in upward or outward direction which
      means perpendicularly with respect to the cutter carriers, after the cap
      nuts have been loosened or when inserting the same in reverse direction
      can easily be placed in their proper place. The entire operation is
      effected through a small lateral housing cover which is then opened and
      can easily be checked by the operator. Interfering soiling can easily be
      removed by the operator from the cutter carrying segment. With this type
      of cutter exchange, the large housing cover in the front of the cutting
      machine neet not be opened and it is not necessary partially to loosen the
      material inlet connection.
PAR  These favorable properties will, as will be set forth further below, be
      increased in the arrangement according to the present invention but not
      the rather unfavorable features that the cutter packets when being screwed
      on are pressed against their carrier segments. The life span of the screw
      mechanism is as mentioned above not favorable, nor are the following
      features.
PAR  The screwing-on of the cutter packets requires longitudinal grooves for the
      passage of the above mentioned threaded stay bolts which longitudinal
      grooves are arranged perpendicularly with regard to the cutting edge of
      the cutters. It is necessary that longitudinal grooves are provided in
      order to make possible that the cutter packets can be adjusted
      perpendicularly to the cutter edge for the correct cutting width. In view
      of these longitudinal grooves, the cutters will for post-grinding have
      only a small width of material left. This is due to the fact that the
      width of the cutters as function of the respective cutter ring is limited.
      This width of material which extends from the cutting edge of the cutters
      to the start of its longitudinal grooves amounts with heretofore known
      designs to frequently not more than 10 millimeters. A frequent
      post-grinding of the cutter and thus a long life of the cutter which
      contsists of high grade steel can in this instance not be assured.
PAR  It is for this reason that further cutter ring cutting machines have been
      designed according to which the cutter packets are not screwed to their
      cutter supporting segment but are firmly pressed into working position
      against the cutter supporting segment or for instance are clamped
      thereagainst. The cutter packets, and as the case may be, also the
      cutters, are in most instances slidably arranged in grooves of cutter
      carrier segments, in the longitudinal direction which means parallel to
      the direction of the cutter axis, and can only in this longitudinal
      direction be pulled out forwardly when the large housing cover is open or
      can for instance by compressed air controlled pressure push rods from the
      rear be ejected toward the front or at least be placed under air pressure.
      The necessary pressing pressures are transmitted by longitudinally movable
      clamping bars partially of wedge-shaped form or by clamping tongues or by
      intermediate members which are partially wedge-shaped and are controlled
      by said clamping bars or clamping tongues.
PAR  The above solutions, especially if they involve automatic machinery,
      require many parts and are liable to considerable soiling. The cutters and
      cutter packet seats have prior to the reinstallation of the cutters to be
      cleaned carefully preferably with compressed air.
PAR  It is, therefore, an object of the present invention to provide a cutting
      machine with cutter ring which will make it possible easily and under good
      observation to remove in upward direction the cutter packets to be
      exchanged after loosening of a simple pressing device and without the
      necessity of post-checking to insert newly adjusted packets in the
      opposite direction while making sure that the cutters and cutter packets
      are inserted in a precise manner.
PAR  In connection herewith, it is also an object of the present invention so to
      design the above outlined machine that the parts of the cutter packet
      pressing device will be simple and can be installed so that they will not
      be soiled while the design of the cutter packets and the cutters is such
      that the cutters will have more than half of their width available for
      post-grinding.
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PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 shows a cutter ring cutting machine in axial section, said section
      being taken along the line I -- I of FIG. 2.
PAR  FIG. 2 is a front view of the cutting machine of FIG. 1 with the cutter
      ring diagrammatically sketched in and with a lateral housing cover adapted
      to be opened up for the exchange of the cutters.
PAR  FIG. 3 shows a diagrammatic longitudinal section through cutter carrying
      segments with parts of the pressing device.
PAR  FIG. 4 shows a cutter carrying segment in a transverse section taken along
      the line IV -- IV of FIG. 3, and also shows a cutter packet pressed on by
      a pressure strip or pressure rail.
PAR  FIG. 5 represents a view of a cutout of a cutter to illustrate the great
      possibility available for post-grinding of the cutter, said view being
      seen in the direction of the arrow E of FIG. 5.
PAR  FIG. 6 illustrates a view of a cutting machine with a cutting ring and also
      diagrammatically illustrates the control mechanism for the pressing
      device.
PAR  The cutter ring for cutting machines according to the present invention, is
      characterized primarily in that for each cutter carrying segment there is
      provided a pressure strip which is adapted to be lifted vertically with
      regard to its adjacent plate, said pressure strip being operable to exert
      a pressure upon a cutter packet which is placed from above upon the cutter
      carrying segment.
PAR  More specifically, the cutter packets which have previously been set in
      conformity with their necessary width are, when occupying their position
      of operation from above, firmly pressed against the receiving surface of
      the pertaining cutter carrying segments which is provided with small
      laterally inserted fixed adjustment plates or fitting members, and this
      pressing operation is carried out by a strong pressure strip or pressure
      rail pressing device. Each pressing strip conveys the pressure upon the
      cutter packets while engaging the same over the entire length in a manner
      to prevent the entering of dust.
PAR  The pressure strips are so designed that their extended ends pass through
      bushings which on one hand are inserted into the carrier disc and on the
      other hand are inserted in the carrier ring. These bushings are provided
      with oblong holes to permit a lifting of the pressure strips and thereby a
      release of their pressure. On the outside of the carrier disc and of the
      carrier ring, there is for each pressure strip fixedly arranged a dish
      spring unit with a housing. The housings are respectively surrounded in a
      dust-tight manner by a dish spring set which conveys its pressure through
      a central pressure push rod in working position upon the corresponding
      free end of the pressure rail to which it is firmly connected.
PAR  For a cutter exchange which is carried out in a certain cutter ring
      position, the cutter housing has a lateral small housing cover which is
      adapted to be opened to such an extent as to permit a cutter exchange. The
      respective cutter carrying segment which carries the cutter packet to be
      exchanged is to be adjusted for the said necessary opening. This setting
      or adjustment is effected by locking engagement of the cutter ring which
      is manually turned to the respective position. On the outside of the large
      front housing cover and on the outside of the cutter housing is in the
      direction of the driving discs furthermore firmly arranged a cutter lifter
      with its housing which in its turn is coupled to an adjusting cylinder.
      Each of the two cutter lifters has an abutment element which is fixedly
      connected to its piston and points to the center of the cutter ring. One
      of said two abutment elements or members extends through a groove in the
      large housing cover and the other abutment member extends through a
      corresponding groove in the housing wall opposite the cover to such an
      extent that both abutment members will in response to a movement of the
      lifter piston in upward direction press from below in the direction upon
      the dish spring units against the free ends of the pressure bar of the
      engaged or latched supporting segment. In this way, the pressure bar is
      lifted and the entire cutter packet made free of cup spring engagement
      pressure can be exchanged.
PAR  The operation during the cutter exchange of a correspondingly already
      latched or engaged cutter ring and of the already opened lateral housing
      cover is therefore effected as follows: The respective front cutter packet
      is not yet clamped in by its pressure strip. The pressure of the two dish
      spring packets safely exceeds the effect of the cutting pressure of the
      cutter during operation of the latter.
PAR  By means of actuating a knob-operable double throw switch arranged on the
      cutter on the cutting machine, a simple pump unit is switched on. The
      lower portion of the adjusting cylinders on both sides will then through a
      fractional feeding line each be subjected to such a pressure that its
      adjusting pistons together with the coupled-on lifting piston move
      upwardly and with the latter also the abutment pieces firmly connected
      thereto. The conveyed pump pressure is so high that through the invention
      of the abutment members abutting against the free ends of the pertaining
      pressure strip, the counter pressure of the two dish spring packets is
      overcome and the pressure strip is lifted. The operator will thus be able
      easily to lift out the front cutter packet and to insert a replacement
      packet. A second pressure upon said double throw switch will suffice in
      order through a second pressure line to change the movement of the
      adjusting and lifter pistons and thereby to change the position of the
      abutment members, in other words, to move the same into the opposite
      direction. Thus, the dish springs will again become fully effective and
      the pressure strip will press the new cutter packet into operative
      position. The cutter ring will subsequently be turned manually to the next
      arresting or latching notch corresponding to the next carrier segment, and
      the next cutter packet will be exchanged. This operation is repeated until
      a complete cutter set is exchanged in this simple manner.
PAR  It will be appreciated that the present invention results in a simple
      cutter packet and in a cutter which can be ground again and again over a
      considerable period of time. The previously customary longitudinal slots
      for the threaded connecting bolts of the cutter packet onto the knife-ring
      support or carrying segments are no longer needed. In view of the pressing
      device according to the invention, it is now possible to design the
      cutters and cutter cover plate in the form of simple substantially plane
      parallel plates which are interconnected in a normal manner by means of
      socket head cap screws. The heads of the screws slide in covered condition
      in customary manner in sliding slots of the cover plates.
PAR  However, for purposes of realizing a maximum post-grinding possibility
      along at least two parallel lines extending perpendicularly with regard to
      the cutting edge of the cutter, a cutter now has two threaded bores
      arranged in spaced relationship to each other for the insertion of the
      above mentioned socket head cap screws. The bores are located close to the
      upper longitudinal edge of the cutter so that in view of the great width
      of the cutter obtained in view of the pressing device, a very great
      post-grinding possibility and thus a long use of the cutter is realized.
      The post-grinding possibility equals the length of the adjusting
      possibility of the socket head cap screws in the sliding slots of the
      cutter plates increased by the distance of the two threaded bores each in
      the cutter. The cutter may by this distance be offset relative to its
      cover plate. In actual practice, it has been found that the arrangement
      according to the present invention yields a post-grinding possibility of
      62 millimeters with a cutter having a width of about 100 millimeters.
PAR  Referring now to the drawings in detail, the FIG. 1 shows in a section
      along line I--I in FIG. 2 arrangement comprising a housing 1 with a large
      housing cover 2. Journaled in said housing 1 is a main shaft 3 journalled
      partially by means of a hollow shaft 4 extending over the main shaft 3.
      The shaft 4 is frictionally connected to a cutter ring 5. Keyed to the
      main shaft 3 is a driving pulley 9. The cutter ring 5 together with the
      hollow shaft 4 are rotatably arranged and only in specific instances are
      driven by a sprocket wheel 7 in clockwise direction indicated by the arrow
      8. The impeller 6, together with the main shaft 3 are when in operation
      driven by the V-belt pulley 9 in the direction of the arrow 10 which means
      in counterclockwise direction. The impeller vanes 11 are equipped with
      impeller strips 12 which are located opposite the cutters 13 of the cutter
      ring. The pressure plate 14 of the cutter and pressing device (shown in
      detail in FIG. 3) covers the cutter holding plate of a cutter packet, only
      the handle 15 of plate 46 being visible. The pressure plate 14 presses the
      knife packet agains the cutter ring 5 but can be lifted (FIG. 3) to
      protrude with its free ends 16 on both sides from the cutter ring 5. The
      free ends 1 are engaged by the cup springs or dish spring pressure units
      34, 36.
PAR  In order to be able to carry out a cutter packet exchange, the housing 1 is
      equipped with an upper lateral housing cover 18 which can be opened in the
      direction 19. The material to be cut is fed through the inlet connection
      20 in the direction 21. This material slides toward the impeller 6, the
      vanes 11 of which drive the material from the inside toward the cutter
      ring 5 as evident from FIG. 3. The material chipped or cut by the blades
      13 is in operation of the device by the mill air flow obtained by the
      impeller 6 expelled through the gaps between the cutter carrier segments
      of the cutter ring 5 into the free width of the housing 1 and further in
      the direction 22 downwardly.
PAR  FIG. 2 shows a front view of the cutter ring comprising cutting device. A
      rotatably and pivotally arranged hand wheel 23 keeps the housing cover 2
      closed during operation and during a cutter exchange. FIG. 1 shows at the
      upper portion thereof the housing cover 18 which is adapted to be opened
      and which opens toward the rear in the direction 19 whereby for purposes
      of a cutter exchange a working chamber of a maximum free width 24 is
      exposed. The center line of this free width 24 as shown in FIG. 2
      expediently forms with the horizontal an angle 25 of 45.degree. . As FIG.
      6 illustrates, this brings about that the cutter lifters 37 indicated in
      FIG. 3 press the pressure strips 14 (FIG. 1) vertically upwardly from the
      respective cutter packet 27 to be exchanged whereby the cutter packet 27
      will be free for removal and for replacement by another cutter packet. The
      cutter ring itself is shown only schematically in FIG. 2 in dash lines
      with a clear width 28 and a central somewhat greater diameter in
      conformity with the outer edges of the cutter holding plates which means
      where the handles 15 are connected. This means with an outer diameter
      which is in conformity with approximately the outer edges of the handles,
      respectively equal to the outer diameter of the cutter ring-carrier disc
      or plate and the cutter ring carrier ring as illustrated. In the cutter
      ring itself there is noted that the cutter ring carrier segments are
      arranged only in the through passage gap for the generated flakes or chips
      of passage material continuously separate from each other (Compare in FIG.
      4 the illustration of a cross sectional drawing of such a segment as the
      cutter ring carrier segment). FIG. 3 shows a diagrammatic cross section
      through an upper, i.e., circumferentially outer cutter ring part with
      built-in cutter carrier segment 29 (See FIG. 4, arrow 30), a cutter ring
      supporting disc 31 and a cutter ring - carrier ring 32, both with one
      inserted bushing 33 each having an oblong hole. The pressure strip 14
      extends through said hole with both ends 16 at both sides. The dish spring
      units 34 which are installed in a dust-tight manner in their housing 35
      exert through bolts 36 the common dish or cup spring pressure.
PAR  In this connection it may be mentioned that the outer circumference (not
      shown) of the cutter ring - carrier disc is for each cutter carrier
      segment provided with a latching or engaging notch into which the
      respective segment with its cutter packet to be exchanged is inserted into
      the cutter exchange FIGS. 1 and 2 position and in this position is
      latched.
PAR  According to the above, a complete cutter lifter 37 with abutment member 38
      and built on double-acting adjusting cylinder 39 are arranged on the outer
      wall of the housing cover 2 and correspondingly on the outer side of the
      housing wall 1.
PAR  If now a pump unit will through the intervention of a double throw switch
      (FIG. 6) convey pressure through feeding line 40 for a cutter packet
      exchange, the piston of the adjusting cylinder 39 presses the piston of
      the cutter lifter 37 with its abutment member 38 upwardly. This operation
      and a further operation are effected on both sides toward the cutter ring
      as is indicated on the right hand side by an abutment member 38 (FIG. 3).
PAR  After the greater stroke 41 has been effected, the abutment members 34 abut
      the free ends 16 of the pressure strip which up to that time has pressed
      on the respective cutter packet and through the intervention of the
      pressure strip pressed the dish spring units 34 together in upward
      direction by the smaller stroke 42.
PAR  In this way the cutter packet with its cover plate is free of pressure and
      can now by one hand operation easily be removed, and a new fixed-up packet
      can as easily be inserted.
PAR  After the insertion has been effected, the pressure from the conduit 40 is
      relieved through the intervention of the above mentioned double-throw
      switch of the pump unit and is conveyed to the conduit 43. The pistons of
      the adjusting cylinder 39 and of the lifter 37 move downwardly. The ends
      16 of the pressure strip through the newly inserted cutter packet and
      under the effect of the dish spring units 34 press now the newly inserted
      packets firmly against the pertaining cutter carrier segment.
PAR  It may be mentioned that the passages provided in the housing wall 1 and
      the housing cover 2 respectively which are intended for the pressure strip
      ends 16 of the abutment members 38 are provided or covered with sliding
      discs 44 (partially not shown). Similar remarks apply to the pressure
      strip ends 16 with regard to their passages through the bushings 33 with
      oblong holes inserted in the carrier ring 32 and the carrier disc 31. Wear
      resistant rings 45 are provided on the inner side of the carrier disc 31
      and carrier ring respectively, said wear resistant rings considerably
      reduce the wear laterally on the cutter gap.
PAR  FIG. 4 shows a cross section through a cutter carrying segment 29.
      According to this arrangement, a cutter packet composed of the cutter 13
      and a cutter cover plate 46 is by means of a pressure strip 14 firmly
      pressed against the carrier segment. The cutter 13 is in this arrangement
      inclined by an angle 48 of 45.degree. relative to the base line 47 of the
      segment which corresponds to the diameter of the clear width 28 of the
      segment so that according to FIG. 2 (26 and 27) a loosening pressure of
      the cutter packets (13 plus 46) is, with the pressing device according to
      the invention, effected in the direction of the arrow 49 which means
      perpendicularly with regard to the cutter packet engaging surface on the
      carrier segment 29, and thus vertically upwardly. This greatly facilitates
      a correct mounting of the lifting cylinder of the pressing device whereby
      occasionally check-ups of a corresponding proper seat are materially
      facilitated.
PAR  The carrier segments are furthermore equipped with wear resistant pressure
      lips 50 for limiting the chip passing gap together with the edge of the
      cutter and further fitting plates 51. These plates 51 serve for a precise
      locating of the cutter packets because the cutter cover plates extend with
      a corresponding groove in installing condition over the fitting surface.
PAR  FIG. 5 illustrates the great post-grinding possibility of the cutters and
      illustrates a view of the cutter part seen in the direction of the arrow E
      (FIG. 4). FIG. 5 thus shows the cutter seen from above. In view of the
      pressing device according to the invention and the thus possible
      elimination of the otherwise necessary threaded bolt units which are used
      for screwing on the cutter packets and which will also require
      longitudinal guiding slots in the cutter packets, the wearing width of the
      cutters is rather large.
PAR  Furthermore, in the line 52 which coincides with the center line of the
      longitudinal slots 53 in the cutter holding plates, the cutters are
      provided with two threaded bores each. Into one of these bores one of the
      cylindrical tap screws 54 is to be screwed which aids in the firm
      connection of the respective cutter with its cover plate and is guided in
      one of the longitudinal slots 53 of the cover plate. Such a screw may be
      displaced in its longitudinal slot and may from the inner threaded bore in
      the pertaining cutter be transferred into the outer bore close to the edge
      of the cutter which corresponds to the distance 56 representing the
      distance of the two threaded bores from each other. Both distances 56 and
      57 together make out the distance 58 which is identical to the large
      post-grinding possibility of the cutters. Already with regard to the
      pressing device, the cutter width may be selected rather wide for instance
      with a width of 100 mm. so that a cutter post-grinding possibility for the
      distance 58 is obtained for instance to the extent of 62 mm.
PAR  FIG. 6 shows the overall diagram of a cutter exchange. A pump unit
      furnishes the necessary water under pressure. The unit comprises a fluid
      container 60 on which the necessary pump with its driving motor 61 is
      mounted. Furthermore mounted on said container 60 is a branch pipe 62 for
      two connecting pressure pipelines 40 and 43 (FIG. 3). The respective
      inflow to one of the two conduits and the simultaneous outflow from the
      other conduit is controlled by the distributing member 62, the latter
      being controlled by a switch 63.
PAR  Switch 63 receives its pulses by means of a double-throw switch 64 through
      an electric connecting line 65, said switch 64 being fitted on the housing
      cover 2.
PAR  The cutter ring cutting device is shown in FIG. 6 in view only
      diagrammatically. The lateral housing cover which frees the working
      chamber for a cutter exchange with the clear width 24 according to FIG. 2,
      is not illustrated. For further clarification, a portion of the large
      housing cover on the exchange spot is shown cut open so that some of the
      dish spring units 34-36 are shown which by means of pressure strips press
      the cutter packets against their cutter carriers. Furthermore, one cutter
      lifter 37 with its coupled-on adjusting cylinder 39 is shown as mounted on
      the large housing cover 2. The above mentioned pressure lines 40 and 43
      connect the adjusting cylinder 39 and also the one mounted on the rear
      housing wall, with the pump-distributing pipe member 62.
PAR  A cutter exchange is effected as follows: the cutting device is stopped,
      the lateral housing cover is opened, and the cutter ring is manually
      turned to a cutter exchange position and is locked against turning. The
      operator first depresses the switch 64 which in its turn in the
      distributing member 62 brings about the connection with the conduit 40.
      The pump unit itself was previously started.
PAR  The pressure which arrives at both sides of the cutting device pushes the
      adjusting cylinder piston 39 with the lifting cylinder piston 37 upwardly
      simultaneously with the abutment members 38. The abutment members 38
      overcome the force of the dish springs 34 and move the pertaining pressure
      strip of the cutter carrying segment upwardly which occupies its cutter
      exchange position. The pressure strip thus frees the cutter packet which
      up to that time was pressed against the carrier segment. The operator
      removes the cutter packet and introduces a newly set packet while the
      latter will by itself occupy the proper position.
PAR  The operator then presses a second time upon the switch 64 whereby the pump
      pressure is now changed to the other line 43. The adjusting cylinder
      piston and the lifting cylinder piston (the latter with its abutment
      members) move back, and the dish spring packets again press with full
      force through the respective pressure switch the newly inserted cutter
      packet against the pertaining carrier segment.
PAR  Thereupon the operator locks the cutter ring in the next carrier segment
      position whereupon a new cutter packet exchange occurs. This operation is
      repeated until all cutter packets, have been exchanged. This total
      exchange takes only a short time.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rotary cutting device; a housing, a pair of counterrotating cutter
      rings in concentric relation in said housing each comprising end members
      and circumferentially spaced axial elements extending between and
      connected to said end members, said elements on the radially outer ring
      comprising axial bar-like supports, a cutter packet on the radially outer
      side of each support, a clamping bar on the radially outer side of each
      packet, spring means urging each clamping bar into clamping pressure
      engagement with the radially outer side of each packet, and release means
      on the housing for engagement with said clamping bars to move the bars
      into packet releasing position to permit exchange of said packets.
NUM  2.
PAR  2. A rotary cutting device according to claim 1 in which each support
      includes a surface on which the respective pocket is mounted, each said
      surface forming an angle of about 45.degree. with the radius of the cutter
      ring which passes therethrough.
NUM  3.
PAR  3. A rotary cutting device according to claim 1 in which the outer ring has
      end members and each clamping bar has end portions extending axially
      through the end members of the outer ring, said end members having slots
      receiving said end portions and said slots extending in the direction of
      movement of the respective clamping bar.
NUM  4.
PAR  4. A rotary cutting device according to claim 3 which includes a spring
      housing on each end member of said outer ring for each clamping bar,
      springs enclosed in said housings, and means connecting the springs to the
      adjacent end of the clamping bar for biasing said clamping bars in
      clamping direction.
NUM  5.
PAR  5. A rotary cutting device according to claim 1 in which each cutter packet
      comprises a cutter blade and a blade support plate, abutment means on the
      support plate for engagement with the respective support to locate the
      respective packet thereon, each plate having slot means formed therein for
      adjustment of the respective blade thereon, and a screw threaded into the
      blade and seated in said slot for adjustably clamping the blade to the
      plate.
NUM  6.
PAR  6. A rotary cutting device according to claim 5 in which each blade has two
      longitudinally spaced threaded holes for receiving said screw to provide
      for adjustment of the blade on the plate beyond the limits provided by
      said slot means.
NUM  7.
PAR  7. A rotary cutting device according to claim 1 in which said housing
      includes a section pivotally mounted thereon and moveable to expose a
      circumferential region of said outer ring for access to the said cutter
      packets thereon.
NUM  8.
PAR  8. A rotary cutting device according to claim 1 in which the end members of
      said outer rings are provided with recesses adjacent each support to
      receive the respective cutter packet, the recesses being inclined at an
      angle of about 45.degree. to a radius of the outer ring passing
      therethrough.
NUM  9.
PAR  9. A rotary cutting device according to claim 1 in which said release means
      comprise lift members reciprocable on said housing, a motor for actuating
      each lift member, said lift members when actuated in one direction by the
      said motors engaging the adjacent clamping bars and moving the said bar
      into packet releasing position.
NUM  10.
PAR  10. A rotary cutting device according to claim 9 which includes means for
      locking said outer ring in predetermined rotated positions for movement of
      said clamping bars individually into release position.
NUM  11.
PAR  11. A rotary cutting device according to claim 9 in which each motor is on
      the outside of the respective end of the housing, each lift member
      extending axially through the respective end of the housing into the axial
      range of the ends of said clamping bars, the ends of said clamping bars
      protruding axially beyond the end members of said outer ring, each end
      member of the outer ring having slots receiving the ends of said clamping
      bars, said slots each being parallel to the direction of travel of said
      lift members in one rotated position of said outer ring.
NUM  12.
PAR  12. A rotary cutting device according to claim 11 in which said housing has
      a slot for each lift member and each lift member has connected thereto a
      cover which slidingly encloses the respective slot.
NUM  13.
PAR  13. A rotary cutting device according to claim 11 in which each motor in
      one end position moves the respective lifting member into position for
      engagement with the adjacent ends of the clamping bars and in the other
      end postion retracts the respective lift member inside the radial range of
      said clamping bars.
NUM  14.
PAR  14. A rotary cutting device according to claim 1 which includes wear
      resistant rings between the end members of said rings to enclose the
      cutting region at the ends.
NUM  15.
PAR  15. A rotary cutting device according to claim 11 in which each said motor
      is a reciprocating fluid motor, a pump, valve means connecting said pump
      in circuit with said motors, and switch means on the housing controlling
      said valve means.
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ABST
PAL  In a coil support frame of a winding machine having a pair of centering
      discs mounted in a position opposing one another and mutually spaced-apart
      so as to clamp a coil core therebetween, there is included a braking
      device operatively connected to at least one of the centering discs and
      actuable to brake rotation of the one centering disc and to apply pressure
      to the one centering disc in direction toward the other centering disc so
      as to reinforce the clamping force exerted by the pair of opposing
      centering discs on a coil core clamped therebetween.
BSUM
PAR  The invention relates to a braking device in coil support frames or cradle
      of winding machines, and, more particularly, in such a coil support frame
      wherein a coil core or bobbin tube is clamped between two centering discs
      mounted in a position opposing one another.
PAR  In winding machines, such as coil or bobbin winders or the like, the
      necessity frequently exists to terminate as quickly as possible the rotary
      motion of the package that is being wound, when the winding operation is
      interrupted or terminated.
PAR  Numerous braking devices for this purpose have heretofore become known.
      They are generally contructed as shoe or disc brakes, and cooperate with
      the bearing or support for the coil tube or coil core mounting device.
PAR  To transmit the braking moment or torque to the wound package, bobbin tubes
      or coil cores have furthermore been known to be formed with cutouts or
      recesses which engage with a correspondingly shaped core or tube mounting
      member and thereby produce a positive locking or form-locking connection.
      Bobbin tubes or coil cores that are of such construction, however, are not
      usable universally and cause centering problems when inserted in the coil
      or yarn package support frame.
PAR  It has also been known heretofore to stop the rotation of the core or tube
      mounting member instantaneously by means of a detent or catch. However,
      this has the disadvantage that very high impact stresses occur, which
      result in rapid wear of all parts, and it is possible that the package
      being wound will become separated from the bobbin tube or coil core
      because it slips or slides therethrough. A further disadvantage of all
      heretofore known braking devices is that relatively large dimensions are
      required to supply the necessary braking forces.
PAR  It is accordingly an object of the invention to provide a braking device in
      coil support frames of winding machines which avoids the aforedescribed
      disadvantages of the heretofore known devices of this general type, and
      which can be accommodated in a minimum amount of space and permits the
      rotation of even the largest wound packages to be stopped reliably in a
      minimum of time without slippage of the coil windings along the core or
      tube and without requiring special cores or tubes or centering discs.
PAR  With the foregoing and other objects in view, there is provided in
      accordance with the invention, in a coil support frame of a winding
      machine having a pair of centering discs mounted in a position opposing
      one another and mutually spaced-apart so as to clamp a coil core
      therebetween, a braking device operatively connected to at least one of
      the centering discs and actuable to reinforce the clamping force exerted
      by the pair of centering discs on a coil core clamped therebetween.
PAR  In accordance with another feature of the invention, the braking device
      comprises a disc brake and a pressure medium acting thereon.
PAR  A particularly space-saving and effective construction wherein the
      introduced braking force can be applied directly, without detours, to the
      end face of a clamped core or tube, is provided in a coil support frame
      according to the invention wherein the one centering disc, has a conical
      clamping surface on the side thereof facing toward the other centering
      disc and is formed with a planar surface on the opposite side thereof, the
      braking device comprising a friction disc, and the planar surface of the
      one centering disc serving as a brake disc and contact surface for the
      friction disc.
PAR  If the effective friction diameter for the disc brake is selected so that
      it is somewhat smaller than the clamping diameter of the bobbin tube or
      coil core and if the coefficient of friction of the disc brake is selected
      so that it is somewhat smaller than the coefficient of friction between
      the bobbin tube or coil core and the one centering disc, no slippage can
      occur between the bobbin tube or coil core and the one centering disc.
PAR  Although the invention is illustrated and described herein as embodied in
      braking device in coil support frame or cradle it is nevertheless not
      intended to be limited to the details shown since various modifications
      and structural changes may be made therein without departing from the
      spirit of the invention and within the scope and range of equivalents of
      the claims.
PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description of specific embodiments when
      read in connection with the single FIGURE of the drawing which is a
      longitudinal sectional view partly diagrammatic, of a braking device in a
      coil support frame of a winding machine in accordance with the invention.
DETD
PAR  Referring now to the drawing, there is shown therein a bobbin tube or coil
      core 1, with a yarn package 2 wound thereon, clamped between centering
      discs 3 and 4 of a conventional coil support frame, which is represented
      in the drawing only by the centering bearings 20 and 30 thereof. A
      centering disc 4 is press-fitted on a shaft 5 and is journalled in a
      roller bearing 6 as well as a ball bearing 7 so as to be readily
      rotatable. The outer race 8 of the roller bearing 6 is fixed in a bearing
      sleeve or bushing 9, but the outer race 10 of the ball bearing 7 is
      disposed so as to be displaceable in the bearing sleeve 9. In the
      illustrated position, the outer race 10 is biased into engagement with a
      spacer ring 13 by a compression spring 11 acting through a support ring
      12. The spacer ring 13 is firmly seated in the bearing sleeve 9 and,
      furthermore, abuts the outer race 8 of the roller bearing 6 which is
      press-fitted in the bearing sleeve 9. The bearing sleeve 9 is seated in a
      compressed-air cylinder 14 wherein it is axially displaceable. The bearing
      sleeve 9 thus constitutes a piston within the cylinder 14, and is sealed
      by a sealing ring 15. A compression spring 16, which is braced at one end
      thereof against a bottom portion 18 of the compressed-air cylinder 14 and
      which, at the other end thereof, exerts a biasing force on the bearing
      sleeve 9 through a cup shaped member 17, provides for normal clamping of
      the bobbin tube or coil core 1. Under the biasing action of the
      compression spring 16, the bearing sleeve 9 together with the shaft 5 and
      the centering disc 4 also therewith can be shifted toward the left hand
      side, as viewed in the FIGURE, until the bobbin tube or coil core 1 is
      clamped between the centering disc 3 and the centering disc 4. The
      compressed-air cylinder 14 is held fast by the retaining ring 19, which is
      disposed in the bore of the centering bearing 20 that forms part of the
      coil support frame of a winding machine. A brake ring 21 is also firmly
      connected to the bearing sleeve or bushing 9 and, in turn, serves to carry
      a friction disc 22 which is suitably fastened thereon. Pressure medium,
      such as compressed air, for example, is supplied through a nipple 23.
PAR  When a bobbin tube or coil core 1 is clamped between the two centering
      discs 3 and 4, a predeterminable spacing exists between the bottom portion
      18 of the compressed-air cylinder 14 and the bearing sleeve 9. The normal
      axially directed clamping force for the bobbin tube or coil core 1 is
      produced by the compression spring 16, as noted hereinbefore. If the
      rotational speed of a bobbin tube or coil core 1 with a wound package 2
      thereon is to be decelerated or braked, a nonillustrated valve can be
      opened, in the conventional manner, to permit pressure to flow into the
      cylinder chamber 24 through the nipple 23. The pressure of the medium that
      is consequently exerted on the surface 25 of the bearing sleeve 9 will
      displace the latter to the left hand side, as viewed in the FIGURE. The
      centering disc 4 cannot be moved farther to the left hand side, because
      the clamped bobbin tube or coil core 1 prevents such added movement.
PAR  The compression spring 11 therefore becomes compressed, instead, and the
      bearing sleeve 9 is accordingly displaced in direction toward the
      centering disc 4. At the same time, the roller bearing 6 is also
      displaced, whereas the ball bearing 7 retains its position. An increasing
      gap is thus formed between the spacer ring 13 and the end face of the
      outer race 10 of the ball bearing 7, which faces the spacer ring 13. The
      bearing sleeve 9 can accordingly be shifted until the friction disc 22
      becomes effective at a planar contact surface 27 of the centering disc 4
      located opposite the clamping cone surface 26 thereof. A holder or
      arresting device 28 mounted on a pin 29 prevents the braking ring 21 from
      turning with respect to the centering bearing 20 due to the action of the
      friction torque. The pressure of the friction disc 22 acting on the
      centering disc 4 is thus added to the original clamping force produced by
      the compression spring 16 and effects, in this manner, rapid braking or
      deceleration of the rotating coil core 1 and wound yarn package 2 without
      slippage. If the braking pressure is removed after the previously rotating
      wound package 2 and bobbin tube coil core 1 have come to a standstill, the
      bearing sleeve 9 is again shifted back, under the effect of the
      compression spring 11, until the outer race 10 of the ball bearing 7 comes
      into engagement with the spacer ring 13.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a coil support frame of a winding machine having a pair of centering
      discs mounted in a position opposing one another and mutually spaced-apart
      means for urging at least one disc of the pair of centering discs toward
      the other so as to exert a clamping force on a coil core therebetween, at
      least said one disc of said pair of centering discs being rotatable, a
      braking device operatively connected to at least said one of the centering
      discs for braking rotation of the one centering disc and for applying
      pressure to the one centering disc in direction toward the other centering
      disc so as to reinforce the clamping force exerted by the pair of opposing
      centering discs on a coil core clamped therebetween.
NUM  2.
PAR  2. In a coil support frame according to claim 1 wherein said braking device
      comprises a disc brake including disc-engaging means and means for
      displacing said disc-engaging means into engagement with said one
      centering disc, said displacing means including a pressure medium.
NUM  3.
PAR  3. In a coil support frame according to claim 2 wherein the one centering
      disc has a conical clamping surface on the side thereof facing toward the
      other centering disc and is formed with a planar surface on the opposite
      side thereof, said disc-engaging means of said braking device comprising a
      friction disc, said planar surface of the one centering disc serving as a
      brake disc and contact surface for said friction disc.
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ABST
PAL  A winding device for endless threads for automatically exchanging a fully
      wound bobbin tube against an empty tube, comprising at least two bobbin
      chucks for taking-up the tubes, and which bobbin chucks are arranged upon
      a pivotable arm. The bobbin tubes are alternately brought into contact,
      during pivoting of the pivotal arm, first with the circumference of an
      accelerating ring and then with the circumference of a friction drive
      drum. The circumferential speed of the accelerating ring exceeds that of
      the friction drive drum. The accelerating ring can be driven independent
      of the friction drive drum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved construction of winding
      device for automatically changing tubes for taking-up endless threads or
      the like.
PAR  Devices of this type are suitable in particular for use in
      spin-draw-winding during the manufacture of man-made fibers.
PAR  Winding devices for endless threads or the like are already known to the
      art wherein a tube placed upon a pivotably arranged bobbin chuck arm is
      pivoted into a winding position. Prior to contacting a friction drive drum
      which is provided for the purpose of driving the tube, the latter is
      accelerated by an accelerating ring provided at one end of the friction
      drive drum so as to possess a slightly higher rotational speed than the
      rotational speed prevailing during the winding operation. With this
      arrangement the accelerating ring is coaxially connected with the friction
      drive drum and its diameter is selected to be larger by a certain amount
      than that of the friction drive drum itself.
PAR  A drawback of such prior art winding device resides in the fact that the
      synchronous motor employed for driving the friction drive drum must be
      designed for winding the bobbin package and for the acceleration of the
      tube which is only required for a short period of time, in other words,
      must fulfill power requirements which are as much as four times greater
      than actually needed for merely driving the friction drive drum, in order
      to insure that the winding of the bobbin package, which is still in
      progress, while the next following empty tube is accelerated for the
      bobbin tube change operation, is not endangered by a reduction in the
      rotational speed or by a falling-out of step of the synchronous motor or
      the friction drive drum respectively.
PAR  A further disadvantage of the aforementioned state-of-the-art system
      resides in the fact that there is present a fixed difference between the
      circumferential speed of the accelerating ring and that of the friction
      drive drum. This drawback is manifested by virtue of the fact that there
      cannot be taken into consideration the differing thread take-up speeds
      generated by different thread traversing speeds at constant rotational
      speeds of the friction drive drum and the differing thread take-up tension
      at the bobbin tube change caused by virtue of the fact that the thread of
      necessity is not traversed during the times that there are formed the
      thread reserve windings. By changing the thread traversing speed with
      constant rotational speed it is possible to accommodate to the momentarily
      prevailing requirements the crossing angles of the threads or the like
      wound onto the bobbin package.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it is a primary object of the present invention to provide an
      improved construction of winding device for automatically changing tubes
      for taking-up endless threads or the like which is not associated with the
      aforementioned drawbacks and limitations of the prior art constructions.
PAR  Another and more specific object of the present invention aims at
      eliminating the previously mentioned disadvantages prevailing with the
      state-of-the-art proposals and to realize the possibility of reducing the
      torque or momentum, which causes the friction drive drum to fall
      out-of-step, to a magnitude required for the winding process and to permit
      a simple adaptation of the rotational speed of the accelerating ring to
      the increased circumferential speed of the bobbin tube needed for the
      bobbin tube change.
PAR  Now, in order to implement these and still further objects of the
      invention, which will become more readily apparent as the description
      proceeds, the invention contemplates the provision of a winding device for
      endless threads or the like for automatically exchanging a fully wound
      bobbin tube against an empty tube, comprising at least two bobbin chucks
      for taking-up or accommodating the tubes and arranged upon a pivotable
      arm. The tubes are alternately brought into contact, during pivoting of
      the arm, first with the circumference of an accelerating ring and
      thereafter with the circumference of a friction drive drum, the
      circumferential speed of the accelerating ring exceeding that of the
      friction drive drum. Means are provided for separately driving the
      accelerating ring from the friction drive drum.
PAR  Moreover, the accelerating ring can be arranged in such a manner that it
      only partially extends beyond the circumference of the friction drive drum
      and specifically in such a way that the circumference of the friction
      drive drum is exceeded at a zone, which, viewed in the pivoting direction
      of the tube, is located in front of a zone at which the tube in its
      winding position contacts the friction drive drum.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other that those set
      forth above, will become apparent when consideration is given to the
      following detailed description there. Such description makes reference to
      the annexed drawings wherein:
PAR  FIG. 1 is an elevational view of an embodiment of winding device or winder
      designed according to the invention wherein the bobbin chucks are shown in
      solid lines in their winding position, i.e., after the bobbin change, and
      in phantom lines in the position which they assume during the bobbin
      change, particularly during acceleration of the empty tube;
PAR  FIG. 2 is a top plan view of the winding device depicted in FIG. 1 and
      illustrating the bobbin chucks in the winding position according to FIG.
      1;
PAR  FIG. 3 is a fragmentary top plan view of the winding device shown in FIG.
      1, and illustrating the bobbin chuck position corresponding to
      acceleration of the empty tube as shown in FIG. 1; and
PAR  FIG. 4 is a vector diagram portraying the speed of the thread, the
      circumferential speed of the friction drive drum, and the speed of the
      thread traversing motion.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, it is to be understood that only enough of the
      structure of the winding device of this development has been shown in the
      drawings to enable those skilled in the art to understand and appreciate
      the underlying concepts of this development. Thus, by referring to FIG. 1
      there will be recognized a winding device or winder 1 which is equipped
      with a carriage 4 which is slidably supported by parallel rails 2 and 3
      which are rigidly mounted at the machine frame. This carriage 4 is
      equipped with a shaft 5 which pivotably supports a pivotal or pivotable
      arm 6 which can be pivoted in the counter-clockwise direction about the
      shaft 5 and arrested in desired position. Bobbin chucks 7 and 7' are
      seated upon the pivotable arm 6, these chucks serving to take-up or
      support a respective tube 8 and 8'. These bobbin chucks 7 and 7' are
      mounted so as to be axially shiftable. A friction drive drum 9 serves to
      selectively drive the bobbin chucks 7 and 7' respectively while
      transferring a thread 11 which is traversed to-and-fro by a traversing
      thread guide 10 for the purpose of building a bobbin package. Means
      suitable for this purpose are well known in the art, for instance as has
      been taught in Swiss patent 513,763, the disclosure of which is
      incorporated herein by reference, so that further discussion thereof can
      be dispensed with.
PAR  At the end face of the friction drive drum 9 which is spaced from the
      pivotal or pivotable arm 6, but in spaced relationship from said end face,
      there is provided an acceleration ring 12, for instance as best seen by
      referring to FIG. 2. This acceleration ring 12 is rotatably supported at a
      support member 13 which is rigidly connected to a base plate 21 of the
      winding device 1. The accelerating ring 12 can be driven by a suitable
      drive means, here in the form of for instance a belt pulley 14 which is
      arranged at its end face, as shown in FIG. 2, and which belt pulley 14 in
      turn is driven by a drive motor 15 equipped with a drive pulley 16 through
      the agency of a belt 17 which is trained about both of the pulleys 14 and
      16. The rotational speed of the accelerating ring 12 can be altered by
      selecting the diameters of the belt pulleys 14 and 16 or by using a drive
      motor 15 which can be regulated as concerns its rotational speed. The
      rotational speed or the circumferential speed respectively, of the
      accelerating ring 12 is chosen in relation to the circumferential speed of
      the friction drive drum 9 such that the thread tension during the bobbin
      tube change is substantially maintained while the thread reserve is formed
      and the thread traversing motion is thus necessarily interrupted, i.e. the
      circumferential speed of the accelerating ring 12 must exceed the
      circumferential speed V.sub.U (FIG. 4) of the friction drive drum 9 by the
      amount .DELTA.V in such manner that the thread take-up speed V.sub.F
      effective during the winding process owing to the thread traversing speed
      V.sub.ch is also maintained during the bobbin tube exchange operation
      during which the thread is not traversed to-and-fro.
PAR  The accelerating ring 12 is arranged with respect to the friction drive
      drum 9 in such a manner that its circumference 18 extends beyond the
      circumference 19 of the friction drive drum 9 at a zone or region
      designated by reference character A in FIG. 1 within which zone A the
      empty tube 8 (FIG. 3) is accelerated, and furthermore that the previously
      mentioned enlarged portion of the circumference 18, however, is zero at a
      point designated by reference character B in FIG. 1 and subsequently the
      circumference 18 of the accelerating ring 12 becomes less than the
      circumference 19 of the friction drive drum 9 at a point designated by
      reference character C in FIG. 1. This point or location C corresponds to
      the point of contact of the tube 8 with the friction drive drum 9 while
      the pivotable arm 6 is in its winding position. The point or location B
      where the empty tube 8 simultaneously contacts the circumference 18 of the
      accelerating ring 12 and the circumference 19 of the friction drive drum 9
      corresponds to a change point at which the empty tube 8 already has taken
      over the thread 11 or the like in any suitable manner which is not really
      essential for understanding the development of the present invention, but
      may be, for instance, as described in the aforementioned Swiss Pat. No.
      513,763, and at which location the thread 11 is again traversed
      to-and-fro.
PAR  During the bobbin tube change operation, the empty tube 8 is brought into
      the position indicated in phantom lines in FIG. 1, i.e. into a position
      where, on the one hand, the thread is still connected with a full bobbin
      20 which is still driven by the friction drive drum 9, and, on the other
      hand, the next following or subsequent empty tube 8 for taking-up the next
      bobbin package contacts the circumference 18 of the accelerating ring 12
      in order to be accelerated. The empty tube 8 is brought into contact with
      the accelerating ring 12 during such time as the bobbin chuck 7, or as the
      case may be for the next following bobbin tube change operation, the
      bobbin chuck 7',  is axially shifted in the direction D (FIG. 3) while it
      is pivoted into the previously mentioned acceleration or accelerating
      position. Upon the elapse of a certain time, predetermined by a control
      device (not shown), as required for accelerating the tube 8, this empty
      tube 8 is further pivoted counterclockwise until reaching the winding
      position, i.e. until the empty tube 8 reaches the position designated by
      reference character C at the friction drive drum 9. While the empty tube 8
      is pivoted, in other words during rolling-off of the empty tube 8 along
      the zone A on the circumference 18 of the accelerating ring 12 up to the
      point or location B, the bobbin chuck is again axially shifted back to the
      position shown in FIG. 2. During this pivoting motion, the thread 11 still
      connected with the full bobbin 20, but no longer traversing to-and-fro, is
      engaged or seized by a thread catching and cutting zone (not shown) of the
      bobbin chuck and is severed and subsequently several reserve winding wraps
      are placed onto the tube 8, and during further pivoting or rolling
      respectively, into the winding position or respectively into the position
      designated by reference character C the normal thread traversing is again
      started.
PAR  Instead of using an axially movable bobbin chuck, there can be used a
      bobbin chuck or a tube which can be extended or lengthened until
      contacting the accelerating ring, in order to render possible contact
      between the tube and the accelerating ring.
PAR  Some of the more notable advantages of the present invention can be
      enumerated as follows:
PAR  a. The motor driving the friction drive drum can be chosen independent of
      the power requirements for accelerating the empty tube and thus there are
      present more favorable frequency converter requirements;
PAR  b. The motor driving the accelerating ring is in operation only during the
      bobbin tube change process and thus can take correspondingly higher loads;
PAR  c. The rotational speed of the accelerating ring can be adapted in
      relatively simple manner to the thread traversing speed, to the
      circumferential speed of the friction drive drum and to the variable
      thread-takeup speed in such a way that the thread tension during the
      thread transfer and during the thread reserve formation can be maintained
      at the same level as during the thread traversing phase;
PAR  d. The accelerating ring can be arranged in relation to the friction drive
      drum such that the accelerating ring circumference extends beyond the
      circumference of the friction drive drum only in the pivoting zone of the
      empty tube during the bobbin tube change operation, at which zone the
      empty tube is to be accelerated and at which zone the transfer of the tube
      from the accelerating ring to the friction drive drum is approximately
      tangential, and thus there is carried out a very gentle transfer
      operation; and
PAR  e. The accelerating ring together with the empty tube already contacting
      such accelerating ring can be accelerated, and thus damage to the cover
      sheet of the tube caused by sliding friction is prevented.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims. ACCORDINGLY,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A winding device for endless threads or the like for automatically
      exchanging a fully wound bobbin tube against an empty tube, comprising a
      pivotable arm, at least two bobbin chucks for taking-up the tubes arranged
      upon said pivotable arm, an accelerating ring and a friction drive drum,
      the circumferential speed of the accelerating ring exceeding that of the
      friction drive drum, means for mounting the accelerating ring relative to
      the friction drive drum wherein the accelerating ring and the friction
      drive drum are arranged axially alongside one another such that the
      circumference of the accelerating ring radially extends partly beyond a
      portion of the circumference of the friction drive drum in the direction
      of the empty tube so as to be engaged thereby, and during the movement of
      the empty tube from a first position of pivotable arm movement wherein the
      empty tube contacts the circumference of the accelerating ring to a second
      position of the pivotable arm movement wherein the empty tube contacts the
      circumference of the friction drive drum, the continued pivoting of the
      pivotable arm from said first position to said second position disengages
      the empty tube from the accelerating ring and engages the empty tube with
      the friction drive drum.
NUM  2.
PAR  2. The winding device as defined in claim 1, wherein the circumference of
      the accelerating ring extends beyond the circumference of the friction
      drive drum at a zone which, viewed in the direction of pivoting of the
      empty tube, is located in front of a zone at which the empty tube in its
      winding position contacts the friction drive drum.
NUM  3.
PAR  3. The winding device as defined in claim 1 including means for driving the
      accelerating ring independently of the friction drive drum.
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PAL  In replacing a completed yarn package by an empty bobbin tube in a yarn
      processing machine, the running yarn delivered to the completed yarn
      package is severed, the severed yarn is delivered to a yarn collection
      zone, the running yarn is engaged with an empty bobbin tube without
      halting delivery of the yarn from the yarn collection zone, the completed
      yarn package is removed from a bobbin tube support and replaced by the
      yarn engaged with the empty bobbin tube while the yarn continues to be
      delivered to the yarn collection zone, and the empty bobbin is rotated to
      wind on yarn delivered to it to form a package thereon. While the running
      yarn is delivered to the yarn collection zone and before the empty bobbin
      tube is placed on the support, the yarn is so engaged with the bobbin tube
      that the running yarn is permitted to continue to pass to the yarn
      collection zone before and after the bobbin tube has been placed on the
      support and without rotation thereof and is so engaged that when the
      bobbin tube rotates the running yarn is constrained to rotate therewith to
      commence winding of the running on the tube. A reserve winding may be
      formed at one end of the empty bobbin from yarn withdrawn from the yarn
      collection zone.
BSUM
PAR  The present invention relates to textile yarn processing and more
      particularly to methods of an apparatus for replacing a bobbin having a
      completed yarn package thereon by an empty bobbin and for forming a
      reserve winding on a bobbin in a yarn processing machine.
PAR  In several types of textile yarn processing machines hitherto proposed it
      has been found desirable to have the facility for replacing a completed
      yarn package by an empty bobbin without interrupting the processing. For
      example, in an open-end yarn spinning process, when a completed yarn
      package is to be replaced by an empty bobbin for subsequent winding of a
      yarn package thereon, it is usual to interrupt yarn delivery from the
      spinning rotor. When the empty bobbin is in place, a length of yarn is
      attached to it and the end of yarn fed back into the spinning rotor where
      it contacts and twists in fibres fed thereto to effect piecing-up of the
      yarn. Such piecing-up is, however, undesirable since the section of yarn
      containing the piecing may not possess the desired characteristics
      required of the yarn.
PAR  In many instances, it is furthermore desirable to form a reserve winding of
      yarn on the empty bobbin at a position outside the axial extent of the
      package before commencing to form the package. This reserve winding is
      utilized in subsequent processing for connection to an end of yarn of a
      further package such that on depletion of yarn from one package delivery
      of yarn is continued by withdrawing yarn from the other package.
PAR  According to a first aspect of the present invention, there is provided a
      method of replacing a completed yarn package by an empty bobbin in a yarn
      processing machine, comprising the steps of severing the running yarn
      delivered to the completed yarn package, delivering the severed running
      yarn to a yarn collection zone, engaging said running yarn with an empty
      bobbin without halting delivery of said yarn to the yarn collection zone,
      removing said completed yarn package and replacing it by said empty bobbin
      whilst continuing the delivery of said yarn to said yarn collection zone,
      severing said yarn at a position following its engagement with the empty
      bobbin and commencing rotation of said empty bobbin to wind on yarn
      delivered thereto to form a yarn package thereon.
PAR  Preferably, the method according to the first aspect of the invention
      includes the further step of forming a reserve winding of yarn at one end
      of the empty bobbin by winding thereon yarn withdrawn from the yarn
      collection zone.
PAR  According to a second aspect of the present invention, there is provided a
      method of winding yarn on an empty bobbin in a yarn processing machine,
      comprising the steps of delivering a running yarn to a yarn collection
      zone, engaging said running yarn with an empty bobbin without halting
      delivery of the running yarn to the yarn collection zone, and rotating
      said empty bobbin to wind the running yarn thereon.
PAR  Preferably, the method according to the second aspect of the invention
      includes the step of forming a reserve winding at one end of the empty
      bobbin from yarn withdrawn from the yarn collection zone.
PAR  The method may according to the second aspect of the invention preferably
      further comprise the step of forming a yarn package on the bobbin.
PAR  Preferably, the bobbin comprises a hollow bobbin tube and the yarn-engaging
      step includes passage of the running yarn through the interior of the
      bobbin tube.
PAR  Preferably, the severed running yarn engages the tube by passing into the
      tube at one open end of the tube, through the tube and out of the tube at
      the other open end thereof.
PAR  According to a third aspect of the present invention there is provided
      apparatus for carrying out the method according to said first or second
      aspect of the invention, comprising a bobbin and bobbin supporting means
      for supporting the bobbin in such a manner as to provide a clearance
      between the bobbin supporting means and the bobbin to permit a running
      yarn which is passing through the bobbin before support thereof to
      continue to pass therethrough.
PAR  According to a fourth aspect of the present invention there is provided a
      bobbin tube formed with a passage or passages whereby when the tube is
      supported on bobbin supporting means a clearance is provided between the
      bobbin supporting means and the bobbin to permit a running yarn which is
      passing through the passage or passages before support thereof to continue
      to pass through the passage or passages during support thereof.
PAR  Preferably the passage or passages comprise a recess or cavity at each end
      thereof, whereby when the tube is supported at each end on bobbin
      supporting means a clearance is provided between the bobbin supporting
      means and the bobbin tube at each end thereof to permit a running yarn
      which is passing through the tube before support thereof to continue to
      pass into the tube at one end thereof, through the tube and out of the
      tube at the other end thereof.
PAR  According to a fifth aspect of the present invention, there is provided
      apparatus for carrying out the method according to the said first or
      second aspect of the invention, comprising bobbin supporting means for
      supporting a bobbin in such a manner as to provide a clearance between the
      bobbin supporting means and the bobbin to permit a running yarn which is
      passing through the bobbin before support thereof to continue to pass
      therethrough.
PAR  According to a sixth aspect of the present invention, there is provided
      apparatus for carrying out the method according to the second aspect of
      the invention comprising yarn collecting means for collecting a running
      yarn delivered thereto, an empty bobbin and bobbin rotating means, the
      empty bobbin being so adapted to engage said running yarn without halting
      delivery of the running yarn that when the bobbin is rotated by the bobbin
      rotating means the running yarn is wound thereon.
PAR  Preferably, the empty bobbin is so adapted to engage said running yarn that
      when the bobbin is rotated by the bobbin rotating means a reserve winding
      of yarn is formed at one end of the empty bobbin from yarn withdrawn from
      the yarn collection means.
PAR  Preferably, the yarn collection means comprises a suction tube in which the
      yarn is entrained in an airstream and a guide is preferably so located
      between the yarn collection means and the rotating bobbin that the yarn is
      constrained to travel in a path in which the yarn is wound at one end of
      the bobbin.
DRWD
PAR  One embodiment of the invention will now be described by way of example
      with reference to the accompanying drawings in which:
PAR  FIG. 1 is a schematic front elevation of a winding head of a multi-station
      yarn processing machine according to the invention at a first stage in the
      replacement of a completed yarn package by an empty bobbin tube,
PAR  FIGS. 2 to 4 are front elevations illustrating the winding head of FIG. 1
      at three subsequent successive stages during bobbin replacement including
      the formation of a reserve winding,
PAR  FIG. 5 is a side elevation of the winding head shown in FIG. 1,
PAR  FIG. 6 is a part sectional front elevation through a bobbin tube mounted in
      position in the winding head of FIG. 1.
DETD
PAR  Referring firstly to FIGS. 1, 5 and 6, at each station of a multi-station
      machine a yarn 1 is delivered by a pair of delivery rollers 2 from, for
      example, an open-end spinning unit (not shown), to be wound on to a yarn
      package 3 with the aid of a yarn traverse guide 4 fixedly mounted on a
      longitudinally reciprocating bar 5 extending along the machine and serving
      also the other stations. Rotation of the yarn package 3 is effected by
      frictional engagement of the package 3 with a driving roller 6 extending
      along the machine and serving also to drive the yarn packages at the other
      stations.
PAR  The package is formed on a bobbin tube 7, which has a groove 8 provided in
      the cylindrical surface at each end thereof for a purpose hereinafter to
      be described. At the ends of the tube, there are formed two cavities 9
      located in diametrically opposed relationship. As best seen in FIG. 6, the
      bobbin tube 7 is supported at each end on bobbin support members 101
      formed with spigots 10 and flanges 11 and rotatably mounted on the ends of
      a pair of pivotal arms 12 and 13 pivotally mounted on a supporting shaft
      102. When the tube 7 is in position between the support members 101, the
      spigots 10 project into the tube 7 by an amount less than the distance
      that the cavities 9 extend along the tube 7, thus providing a clearance
      between the tube 7 and each of the support members 101. A handle 14 is
      provided on one of the arms 12 and guide members 15 may also be provided
      on each of the arms 12 and 13 for a purpose hereinafter to be described.
PAR  Below the winding head a waste yarn collection unit 16 is provided. The
      unit 16 may be portable and brought to a particular winding head when
      required or such a unit may be provided at each winding head on the
      machine. The waste collection unit 16 comprises a waste collection chamber
      17 having a compressed air inlet pipe 18 connected thereto. An upwardly
      projecting branch pipe 19 communicates with the air inlet pipe 18.
PAR  In FIG. 1, the yarn package 3 has reached completion and requires
      replacement by a new empty bobbin type 7', on which the next yarn package
      is to be formed. Firstly, the empty bobbin tube 7' is, as shown in FIG. 1,
      placed over the branch pipe 19 of the waste collection unit 16. The
      compressed air to the unit is switched on, thus creating a suction
      airstream down the branch pipe 19. The yarn is then severed at a point
      following the delivery rollers 2 and the end of yarn emerging from the
      rollers is, as shown in FIG. 2, caused to engage the empty bobbin 7' by
      feeding the yarn through it to the inlet of the branch pipe 19, where it
      becomes entrained in the airstream and accumulates within the collection
      chamber 17. Rotation of the completed yarn package 3 is then stopped by
      disengaging it from the driving roller 6 whereupon the bobbin tube 7 with
      the package 3 is removed from the bobbin support members 101.
PAR  The new bobbin tube 7' is next slid along the yarn 1 and, as shown in FIG.
      3, placed on the bobbin support members 101. Delivery of the yarn from the
      rollers 2 continues and to ensure that it continues to be taken up by the
      collection chamber 17 the yarn is arranged to enter the tube at one end
      through the clearance between one of the cavities 9 and the associated
      spigot 10 and to leave the tube at the other end through the clearance
      between the other cavity 9 and the other spigot 10.
PAR  The arms 12 and 13 are pivotally raised to bring the bobbin tube 7' into
      driving engagement with the driving roller 6, whereupon the yarn extending
      between the delivery rollers 2 and the bobbin tube 7' is automatically
      picked up by the yarn traverse guide 4 and the formation of a new package
      is commenced. Simultaneously, a reserve length of yarn is formed in the
      groove 8 by withdrawing yarn accumulated in the waste collection unit 16.
      To aid in guiding the reserve length of yarn into the groove 8, the yarn
      is held against the surface of the guide member 15, which projects from
      the arm 12 to such an extent that the said surface lies in the same or
      substantially the same plane as the groove 8. When the desired reserve
      length of yarn has been wound in the groove 8, the yarn extending between
      the tube 7' and the waste collection unit 16 is severed. Preferably, the
      grooves 8 cut through the boundaries of the cavities 9 and this aids in
      finding the rail end of yarn in the wound reserve length when the
      completed package is used in a subsequent process.
PAR  Thus, the formation of the reserve length of yarn is achieved in a simple
      manner without the necessity of providing mechanisms for displacing the
      yarn traverse guide outside the limits of its normal traverse. It will be
      appreciated that displacing the traverse guide outside the normal traverse
      is difficult to achieve since it is mounted on a traverse bar common to a
      plurality of winding heads. Only a single groove 8 need be provided, but
      the provision of a groove at each end of the tube ensures that the tube
      cannot be mounted wrongly handed on the bobbin support members 101.
PAR  The invention permits the removal of a completed yarn package and its
      replacement by a new empty tube in a simple manner without the necessity
      of discontinuing the supply of yarn. Thus the invention is suitable for
      application to a yarn producing machine operating on the open-end spinning
      principle, where, previously, it has been necessary to carry out the
      operation of piecing-up the yarn. This has been disadvantageous in that
      the section of yarn containing the piecing is unsuitable for subsequent
      processing since it may not possess the desired characteristics of the
      yarn. The invention overcomes this disadvantage by eliminating the
      piecing-up operation on starting the formation of a new package.
PAR  It will be appreciated that the clearance between the bobbin supporting
      means and the bobbin tube at each end of the tube by means of which the
      yarn can pass into the bobbin tube at one end thereof and out of the
      bobbin tube at the other end thereof may if desired be provided by cutting
      away a portion of or forming a recess in the bobbin supporting means at
      each end of the tube.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of replacing a completed yarn package by an empty bobbin tube
      in a yarn processing machine including the steps of severing the running
      yarn delivered to the completed yarn package, delivering the severed yarn
      to a yarn collection zone, engaging said running yarn with an empty bobbin
      tube without halting delivery of said yarn to the yarn collection zone,
      removing said completed yarn package from a bobbin tube support and
      replacing it by the yarn engaged empty bobbin tube while continuing
      delivery of said yarn to said yarn collection zone and commencing rotation
      of said empty bobbin to wind on yarn delivered thereto to form a package
      thereon, characterized in that during the step of delivering the running
      yarn to the yarn collection zone and before the empty bobbin tube has been
      placed on the support, the yarn is so engaged with the bobbin tube that
      the running yarn is permitted to continue to pass to the yarn collection
      zone before and after the bobbin tube has been placed on the support and
      without rotation thereof and is so engaged that when the bobbin tube
      rotates the running yarn is constrained to rotate therewith to commence
      winding of the running yarn on the tube.
NUM  2.
PAR  2. A method according to claim 1, including the further step of forming a
      reserve winding of yarn at one end of the empty bobbin by winding thereon
      yarn withdrawn from the yarn collection zone.
NUM  3.
PAR  3. A method according to claim 1, including the further step of severing
      said yarn at a position in the path of travel of the yarn between the
      empty bobbin and the yarn collection zone before commencing the rotation
      of the empty bobbin.
NUM  4.
PAR  4. A method of winding yarn on a empty bobbin in a yarn processing machine,
      comprising the steps of delivering a running yarn to a yarn collection
      zone, engaging said running yarn with an empty bobbin without halting
      delivery of the running yarn to the yarn collection zone, rotating said
      empty bobbin to wind the running yarn thereon, and forming a reserve
      winding at one end of the empty bobbin from yarn withdrawn from the yarn
      collection zone.
NUM  5.
PAR  5. A method according to claim 3, comprising the step of continuing
      rotation of said empty bobbin to wind on yarn delivered thereto to form a
      yarn package on the bobbin.
NUM  6.
PAR  6. A method according to claim 4 wherein the bobbin comprises a hollow
      bobbin tube and the yarn engaging step includes passing the running yarn
      through the interior of the bobbin tube.
NUM  7.
PAR  7. A method according to claim 6 wherein the running yarn engages the tube
      by passing into the tube at one open end of the tube, through the tube and
      out of the tube at the other open end thereof.
NUM  8.
PAR  8. A method according to claim 4 wherein the yarn is entrained in an
      airstream in said yarn collection zone.
NUM  9.
PAR  9. Apparatus for winding yarn on an empty bobbin comprising yarn delivery
      means for continuously delivering a running yarn, a bobbin tube, and
      bobbin supporting means supporting the bobbin tube, yarn collection means
      for collecting a running yarn delivered by said delivery means, yarn
      passage means formed in the bobbin tube defining a yarn engaging portion
      and providing means defining a clearance between the tube and the bobbin
      supporting means when the tube is supported thereon for the passage of the
      yarn through the bobbin tube to the yarn collecting means.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein the passage means comprises
      means defining a cavity at each end of the bobbin tube to provide a means
      defining a clearance between the tube and the bobbin supporting means at
      each end to permit a running yarn to pass into the tube at one end thereof
      and out of the other end.
NUM  11.
PAR  11. Apparatus according to claim 9 including a yarn guide located between
      the yarn collection means and the rotating bobbin tube constraining the
      yarn to travel in a path to produce a reserve winding at one end of the
      bobbin tube from yarn withdrawn from the yarn collection means.
NUM  12.
PAR  12. Apparatus according to claim 9 wherein the yarn collection means
      comprises suction means producing an airstream in which the yarn is
      entrained.
NUM  13.
PAR  13. Apparatus according to claim 9, wherein the passage means comprise two
      yarn passages formed in the bobbin tube to provide clearances between the
      tube and the bobbin supporting means to permit a running yarn to pass into
      the tube through one passage and out of the tube through the other
      passage.
NUM  14.
PAR  14. Apparataus according to claim 9, wherein the yarn engaging portion
      engages the running yarn on rotation of the bobbin tube to withdraw yarn
      from the yarn collection means and form a reserve winding at one end of
      the bobbin tube.
NUM  15.
PAR  15. Apparatus according to claim 13, wherein the bobbin supporting means
      include spigots projecting into the ends of the bobbin tube, and wherein
      the yarn passages form clearances with the spigots to permit a running
      yarn which is passing through the tube before support thereof to continue
      to pass through the tube after support thereof.
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ABST
PAL  A device for finding, extracting and temporarily positioning the end of the
      yarn in cops. More particularly, a device that uses single-cop
      compartments, which move forward in steps, and wherein the cops lie
      projecting from both ends of the compartments and already correctly
      oriented. The part on the end of the bobbin is affected by three actions
      to extract the end of the yarn, two of them being mechanical and the other
      being pneumatic. Subsequently all the wound yarn is affected by a sucking
      action so as to pick up the end of the yarn with certainty, wherever it
      may be. The operations are carried out in four successive stations,
      wherein the cops are kept in rotation between suitable mandreltailstock
      groups except in the third station, where the cops are halted.
BSUM
PAR  The present invention relates to a device for finding and extracting the
      end of the yarn in cops and also for temporarily positioning the end when
      extracted.
PAR  To be more specific, the present invention relates to a device suitable for
      eliminating the tail end lying on one end of the bobbin, for finding and
      extracting the end thereof, for positioning it temporarily and keeping it
      so positioned while the cop is moved to the point of its delivery to a
      usage means positioned downstream from the device. Systems are known which
      eliminate the end of the yarn and recover the tail end. Some of these
      systems arrange for the cop to be still during the operation while others
      keep it in a rotating/forward movement. Still other systems arrange for
      the action of mechanical elements acting together with jets of air. Others
      only arrange for jets of air. Yet still others only arrange for a sucking
      action.
PAR  The primary object of the present invention is to offer a high degree of
      reliability as regards finding the end of the yarn and eliminating the
      tail end. This object is all the more important inasmuch as with the
      present automatic machines and with the speed of supply demanded (up to
      one cop every one to two seconds) maximum reliability is necessary as
      regards the pre-arrangement of cops with the end of the yarn found for
      delivery to the kind of usage means contemplated.
PAR  A consequential object, therefore, is to obtain cops, with the end of the
      yarn found and pre-arranged, at the required speed.
PAR  A further object is to eliminate the end of the yarn positioned below the
      wound yarn in cops spooled onto conical bobbins.
PAR  Yet another object is to find the end of the yarn without ruining the wound
      yarn and also to eliminate the tail end even when the tail end is astride
      the wound yarn or when the bobbins have a metal protecting collar.
PAR  Furthermore the present invention tends to find the end of the yarn in any
      temporary position it may occupy along the cop in cases where is has been
      previously separated from the tail end on one end of the bobbin.
PAR  A further object is to arrange a supplementary station for guaranteeing the
      achievement of all of the foregoing objects of the invention. The present
      invention offers many useful features. The first useful feature lies in
      the high degree of efficiency in locating the end of the yarn.
PAR  A second useful feature lies in the exact and temporary positioning of the
      end of the yarn of the cops being delivered to the device which transfers
      them to the usage means.
PAR  A further useful feature lies in the speed with which the prearranged cops
      are delivered, i.e., up to one cop every one to two seconds.
PAR  Furthermore, the cops which undergo the action of the device do not suffer
      breakage in the surface layers of the wound yarn since the cop and its
      relative container are only separated from each other at the time of the
      delivery of the cop, with the end of the yarn found, to the usage means.
PAR  Another useful feature lies in the ability to proceed with the
      pre-arrangement of cops with a conical bobbin and, more particularly, with
      the pre-arrangement of cops with the tail ends positioned on one end of
      the bobbin without the need to ascertain the exact position of the tail
      ends in respect of the wound yarn.
PAR  A further useful feature lies in the simultaneous transferral of a cop and
      the end of the yarn found in a synchronized manner to the point of
      delivery of the cop to the usage means.
PAR  These objects and useful features together with other objects and useful
      features, are realized by a device which finds, extracts and temporarily
      positions the end of the yarn in cops, the cops lying properly oriented in
      the compartments of a conveyor which moves forward in steps. The
      compartments are substantially horizontal and the ends of the cops project
      from the two ends of the compartments. The device is characterized by the
      fact that it presents in reciprocal cooperation and combination:
PA1  a first station with an opposed rotating mandrel and tailstock, of which at
      least one is movable axially, and with extraction grippers which move
      axially and transversely,
PA1  a second station with an opposed rotating mandrel and tailstock, of which
      at least one is movable axially, and with a vibrating eliminating spatula,
PA1  a suction opening, placed below said stations and cooperating with
PA1  a third station with a means for halting the cop, a suction opening, shears
      and a means for detaining the end of the yarn,
PA1  a fourth station with an opposed rotating mandrel and tailstock, of which
      at least one is movable axially,
PA1  and with an axially slotted suction conveyor, which cooperates with
PA1  some shears and with
PA1  a means for positioning the found end of the yarn, and
PA1  a fork for lifting cops which works in association with both the mandrels
      and tailstocks of the first, second and fourth stations and operates by
      the side of the ends of the movable compartments.
DRWD
PAR  The present invention will be made clearer by the following description and
      the accompanying drawings wherein a nonlimitative preferred layout is
      given and in which:
PAR  FIG. 1 shows a cop with a conical bobbin and with the tail end twisted
      round below the wound yarn;
PAR  FIG. 2 shows a partial perspective view of the device of the present
      invention;
PAR  FIGS. 3 and 4 show diagrammatically the working principles of the first and
      second stations;
PAR  FIG. 5 shows a transverse section of the third station;
PAR  FIG. 6 shows a perspective view of the device of the present invention
      complete with the suction conveyor;
PAR  FIG. 7 shows a side elevational view of the driving mandrels with the
      specific devices;
PAR  FIG. 8 shows an elevational view of the first station, and
PAR  FIG. 9 shows an elevational view of the third station from the rear.
DETD
PAR  In the figures the same reference numbers indicate the same parts or parts
      having the same purposes or functions.
PAR  With reference to FIG. 1, cop 10 is formed of a bobbin 11 with its two ends
      12 and 13 and wound yarn 14 with the end of the yarn 15 and with the
      excess coils 16 twisted around the end 13 below the wound yarn.
PAR  In FIG. 2 cops 10 move forward within horizontal or almost horizontal
      compartments 17 of the conveyor 18. The conveyor is activated by any type
      of kinematic movement able to make it move forward in steps. The cops 10
      move forward with the end 13 of bobbin 11 oriented as in FIG. 2.
PAR  The device is composed of four stations, of which the first is 19, the
      second 20, the third 21 and the fourth 22 (see FIG. 7 for greater
      clarity). The four stations attend to different purposes, one completing
      the action of another. The first station 19 serves both to loosen the tail
      end 16 below the wound yarn and to move it away from the wound yarn 14
      towards the edge 13 of the bobbin.
PAR  This station is important both in the case where the tail end 16 is
      positioned too close to the wound yarn 14 and in the case where the tail
      end 16 has been wound too tight and also in the case where the bobbin is
      damaged or has a metal protection collar.
PAR  In station 19 there is a rotating mandrel 23 and, on the same axis
      therewith and on the other side of the compartment 17, a free-turning
      tailstock 24 (a freely rotating roller), which is axially displaceable
      towards 23. Lastly, there are grippers 25, which act in coordination with
      the rotating mandrel 23. The rotating mandrel 23 and the free-turning
      tailstock 24 is the same in the first, second and fourth stations.
PAR  The rotating mandrel 23 is activated by the pulley 26, which receives its
      motion from the motor organ 20 through the play of the belts 27-28-29. The
      free-turning tailstock 24 moves axially owing to the effect of the piston
      31, which by means of the support 32 is able to move the free-turning
      tailstock 24 backwards and forwards, the tailstock being guided by the pin
      33. The rotating mandrel 23 is sustained by the support 34, while the
      pistons 31 are sustained by the plate 35, which also has the respective
      guide holes for the pins 33. In coordination with the rotating mandrel,
      the grippers 25 are axially moved backwards and forwards, while the feeler
      means 36 are activated transversely by the small piston 72. The feeler
      means 36 are made of an elastic material and are four in number, two being
      on one side and two on the other side of the axis of the cop.
PAR  The feeler means 36 close up towards said axis when the grippers 25, which
      have by now moved forwards as far as possible, begin to move backwards.
      The feeler means 36 reopen when the grippers 25 have reached their most
      rearward position and start to move forwards (see FIG. 3).
PAR  During the phase of backwards movement of the grippers 25, the feeler means
      36 are thus closed and press against the part 13 of the bobbin 11, which
      is rotating between the mandrel 23 and the tailstock 24. This causes the
      tail end 16 to tend to slacken off (the rotation being in the opposite
      direction to the winding of the tail end) and to be extracted.
PAR  The feeler means 36 may be of different lengths (see FIGS. 6 and 8), and
      this would cause them to act at different points. The grippers 25 are
      sustained by the support 37, which in turn is sustained and guided by the
      small shaft 38. The small shaft 38 is moved forwards and backwards by the
      lever 39, which is activated by a motor means 40. The small shaft 38 is
      not fixed firmly in a lateral direction but can carry out a small pivoting
      movement, which allows the feeler means 36 to adapt themselves better to
      the area on which they have to act. The cop 10 advances in steps, moving
      from station to station. So as to be positioned between the mandrel and
      the tailstock, it is lifted from the compartment 17 by the lifting means
      41, which is at both sides of the compartments 17, until it is on the same
      axis as the mandrel and the tailstock. The lifting means 41 acts on the
      ends 12 and 13 of the cops through the "V"s 42 which are present therein
      and which coincide with the stations 19-20-22, there coinciding with the
      station 21 a cut-away stretch 43 because, according to the invention, the
      cop has to remain in the compartment here. The lifting means 41 is
      activated by the piston 44 in coordination with the beginning of each
      cycle, a cycle coinciding with the arrival of compartment 17 in successive
      stations or with the forward movement of the compartment 17 to a station.
      When the lifting means 41 has reached top dead center, the tailstock 24
      moves toward mandrel 23 and thus holds the cop 10 between 23 and 24, the
      cop being at once set in rotation by the rotating mandrel 23. The second
      station 20 also has a mandrel 23' and a tailstock 24'. In addition the
      station 20 has a spatula 46, which is activated by the motor means 45
      through a belt 47. In FIG. 7 can be seen how the belt 47 activates the
      pulley, whose axle bears at its end an eccentric pivot. This eccentric
      pivot rotates and causes the spatula to rotate. Again in FIG. 7 can be
      seen the piston, which is placed above and serves to lower the spatula 46
      at the beginning of the phase and to raise it at the end of the phase. The
      spatula 46 moves continuously but is only lowered during the phase itself
      so as to be able to act on any tail end. The spatula 46 (see FIG. 4) moves
      with an almost circular movement, one part of its rotary movement bringing
      it into contact with the bobbin. The generative principle of the spatula
      46 is known.
PAR  While the cop 10 is rotating, the elastic end part of the spatula 46 slides
      against the projection 13 of the bobbin below the wound yarn and carries
      out a violent action against any portion of the tail end not extracted by
      the grippers 25. The spatula 46 rotates continuously and is only lowered
      when a cop 10 has been placed between the mandrel 23' and the tailstock
      24' of the second station 20. The spatula 46 is then raised at the end of
      the cycle. Below both the first two stations 19 and 20 there runs a
      suction opening 48, which serves to collect any tail end extracted by the
      grippers 25 or the spatula 46, together with all threads and/ or remains
      detached from the cop 10 in the stations 19 and 20. The combination of the
      unwinding-extracting action of the grippers 25 with the violent action of
      the spatula has been planned to guarantee maximum efficacy even when the
      bobbins 11 are not new, namely even when it is necessary to work with
      bobbins 11 having a damaged or dented edge, which, added to the negative
      conicity of the area 13 of the bobbin positioned below the wound yarn 14,
      makes very questionable the ability to loosen and extract the tail end 16.
      After the cop 10 has undergone the action of the first two stations 19 and
      20, it passes on to the third station 21. In this station the cop is not
      lifted but remains in the compartment 17. Cop 10 also is kept still in the
      compartment 17 by the arm 49, which bears at its free end the fork 50. Arm
      49 is hinged at 53 and moves on a vertical plane by means of the extension
      51. Cylinder 52 acts on the extension 51 to make arm 49 move. Station 21
      is equipped only on the side where the tail end 16 below the wound yarn 14
      passes by. The equipment of station 21 consists of a suction opening 54
      and shears 55 positioned between opening 54 and the end 13 of the cop 10.
      Shears 55 are activated by a double fork 56. The shears 55 (see FIGS. 5
      and 9) are activated by a lever 57, hinged at 58, which is governed by the
      movement of the double fork 56 during the last stretch of the ascent of
      said double fork. The double fork 56 is activated by a motor organ 59,
      which controls the functioning of the double fork 56 through the lever 60
      hinged at 61. In the block 62, which is in an intermediate position
      between the cop 10 and the suction opening 54, where the shears 55 are
      seated, there is in continuation of the suction opening 54 a channel 63,
      to which there arrives the auxiliary opening 48 and from which there
      departs a slot 64. In front, towards the cop 10, there is the suction
      opening 65. When a new compartment 17 arrives in the station 21, the fork
      50 descends and clamps the cop 10 in the compartment 17. If the internal
      support 73 is present in the compartment 17, it straightens the cop. The
      inner support 73 (see FIGS. 2, 5 and 6) is, as shown in FIG. 5, a support
      which partly covers the container 17. This support 73 owing to the effect
      of the fork 50 which presses the cop from above, permits the cop itself to
      remain separated from the bottom and thus to leave the end of the yarn
      free to unwind over a great length thereof. The clamping is necessary to
      prevent the cop 10 from being sucked away by the suction opening 54. When
      the cop 10 has been clamped in the compartment 17, the double fork 56
      descends and frees the suction passages 54-63. When the cop arrives in
      front of the opening 63, which is prolonged by the suction conduit 54, the
      end of the yarn 15 is sucked inside. Then the forks 56 (one in front of
      and the other behind the opening 63) raise the end of the yarn and insert
      it into the slit 64. When the arm (FIG. 9) which bears the forks 56 has
      almost reached top dead center, it activates the lever 57, which makes the
      shears 55 work, and these latter cut the end of the yarn 15 in such a way
      that the part already inside the passage 54 is drawn away. The forks 56
      are sustained by the arm 60 (FIG. 7) and activated by the piston 59. The
      opening of the passage 54-63 has two effects. The first effect follows
      from the fact that any threads waiting in the suction opening 48 and close
      to the front fork 56 are sucked away. The second effect follows from the
      fact that the end part 13 of the cop 10 and the lower part of the wound
      yarn 14 undergo a violent action of suction, which is concentrated along
      the compartment 17 and thus invests the whole outer part of the cop 10.
      The presence of the internal support 73 in the compartment 17 makes
      possible a better action of suction around the cop and, meanwhile, does
      not allow the end of the yarn 15 to unwind more than a certain amount.
      This sucking action accentuates the effect of the two previous stations
      and is capable of extracting any excess coils below the wound yarn which
      may have escaped the action of the two previous stations.
PAR  The sucking action also serves to find any free ends of yarn 15. When an
      end of the yarn 15 enters the passage 54-63, it is raised by the
      respective "V"s of the two forks 56, which guide it along the slot 64. At
      the end of their course of ascent the two forks 56 activate the shears 55,
      which cut off the end of the yarn 15. The part cut off is sucked away and
      discharged. The remaining part is then sucked in by the auxiliary
      positioning opening 65. The yarn remains in the positioning opening 65 for
      the time required for the cop to pass on to the next station. The
      auxiliary positioning opening 65 has a minimal suction effect. When the
      cop 10 reaches the fourth station 22, it is raised by the lifting means 41
      and placed between the rotating mandrel 23" and the axially movable
      tailstock 24" and is supported by them and set in rotation. Above the cop
      10, placed between the mandrel 23" and the tailstock 24" (see FIG. 6),
      there is an axial suction opening 66, which operates peripherally along
      the axis of the cop 10. The opening 66 has a slit 67 and an air-lock
      shutter 68, which is activated by a motor means 69. The shutter 68 opens
      simultaneously with the fixture of the cop 10 between the mandrel 23" and
      the tailstock 24" and closes at the end of the cycle. The effect of the
      opening 66 on the cop 10 is such that, as the suction effect of 66 is
      greater than that of 65, the end of the yarn 15 present in the auxiliary
      opening 65 is drawn away by the axial opening 66. This withdrawal also is
      simplified by the direction of rotation imparted to the cop 10 by the
      mandrel 23" and the tailstock 24", said direction of rotation tending to
      unwind the end of the yarn 15 from the wound yarn 14. Owing to the effect
      of the sucking action of the opening 66, the end of the yarn is sucked in
      and lies in the conduit of the opening 66 so long as the shutter 68 is
      open and the cop 10 is between the mandrel 23" and the tailstock 24". When
      the cop 10 again drops into the compartment 17, the end of the yarn 15
      comes out of the slit 67 and is positioned as in FIG. 6.
PAR  At the base of the axial opening 66 there are some automatic continuous
      shears 70 and, when the yarn comes between their blades, they cut it so
      that the severed end is discharged, while the remainder, which has been
      kept tight up to that moment, is held by the auxiliary retaining suction
      opening 71. When the end of the yarn is sucked in by opening 66 and has
      just been pulled tight, it comes out of the slit 67 like a cord. In this
      position it passes between the "V" of the suction opening 71; and when the
      shears 70 cut the end of the yarn the part which is already in the conduit
      is sucked away while the part that is towards the cop is held by the
      suction opening 71. At this point the cop 10 is ready and can be
      transferred to a usage means of a known form which, in any case, does not
      concern the essence of the present invention. In accordance with the
      invention, a cop 10 thus undergoes the action of four stations (19 to 22)
      which cooperate, each one of them having its own purpose and being
      complementary to the preceding one.
PAR  With this type of device one can have a cop 10 ready every one to two
      seconds, this being the cycle of treatment which a cop 10 undergoes in
      each single station.
PAR  A preferred layout has been shown which, as said previously, is not
      limitative since it is possible to bring in numerous variants as every
      technician in this field can well understand.
PAR  Thus it is possible to arrange for the feeler means 36 to have a different
      shape and lengths. It is also possible to unify their drive or to apply a
      separate drive to each single feeler means 36. It is also possible to
      replace the driving system 40 with a cam or else to eliminate 39 and 40
      and place the drive in axis with the small shaft 38. Furthermore each
      single rotating mandrel 23 could be activated by its own motor of an
      electric or air type. Again, the spatula 46 can be replaced with a
      multiple rotating spatula. It also is possible to replace the opening 71
      with a ring or other mechanical positioning means. It is further possible
      to arrange in the compartments 17 the internal support 73 with or without
      an additional support to straighten up the cop 10.
PAR  These and other possible variants either in the constructive form or in the
      layout indicated are, therefore, possible without thereby departing from
      the scope and intent of the inventive idea.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for finding, extracting and temporarily positioning the end of
      the yarn in cops, wherein the cops are correctly oriented in the
      compartments of a conveyor which moves forward in steps, the compartments
      being substantially horizontal, and wherein the ends of the cops project
      from the two ends of the compartments, comprising a first station with
      opposed rotating mandrel and tailstock, said tailstock being axially
      movable, and with extraction grippers which move axially and transversely;
      a second station with opposed rotating mandrel and tailstock, said
      tailstock being axially movable, and with a vibrating eliminating spatula;
      a suction means positioned below said stations; a third station
      cooperating with said opening having a means for clamping a cop, a suction
      opening, shears and a means for retaining the end of the yarn; a fourth
      station with opposed rotating mandrel and tailstock, said tailstock being
      axially movable, and having a suction conveyor means, which has an axial
      slit; a means cooperating with said slit for positioning the end of the
      yarn, when found; and a plate means for lifting cops, which operates in
      cooperation with mandrels and tailstocks of the first, second and fourth
      stations and functions in a line outside the ends of movable compartments.
NUM  2.
PAR  2. The device of claim 1, in which the opposed rotating mandrels and
      tailstocks consist of a fixed rotating mandrel and a free-turning
      tailstock, each mandrel and tailstock group being positioned on the same
      axis and at the two ends of the compartments and including a motor means
      for activating the rotating mandrels positioned on one side of the ends of
      the compartments and working in cooperation with the end of the bobbin
      below the wound yarn of a cop.
NUM  3.
PAR  3. The device of claim 1, in which said plate means for lifting cops are
      disposed outside the two ends of the compartments, said plate means having
      V-shaped notches therein which cooperate with the ends of the bobbin that
      project out from the wound yarn of a cop, said notches at the intersection
      of the V being positioned on an axis with the axes of the mandrels and
      tailstocks of the first, second and fourth stations, and has a cut-away
      section in line with the third station.
NUM  4.
PAR  4. The device of claim 1, including an axially movable shaft and a support
      on said shaft, said extraction grippers in the first station being
      anchored in an oscillating manner on said support and placed on the side
      of the device with the rotating mandrel.
NUM  5.
PAR  5. The device of claim 4, including feeler means made of an elastic
      material and cooperating with that end of the bobbin which projects out
      below the wound yarn on a cop that is rotating between the mandrel and the
      tailstock of station 1, said feeler means including a piston-type motor
      means which activates the feeler means perpendicularly to the axis of the
      cop to press against the end of the bobbin during axial movement towards
      the rotating mandrel and to not contact the end of the bobbin during axial
      movement away from the rotating mandrel.
NUM  6.
PAR  6. The device of claim 1, including an eccentric pivot to which is attached
      the vibrating eliminating spatula of the second station and means to raise
      and lower said eccentric pivot, said spatula being made of a flexible
      material and placed on the same side as the rotating mandrel, said spatula
      cooperating against the end of the bobbin of a cop which is rotating
      between the mandrel and tailstock.
NUM  7.
PAR  7. The device of claim 1 including at the third station a double fork for
      lifting the end of the yarn and a transfer conduit working in cooperation
      with said double fork, said means for clamping a cop being vertically
      movable, said shears being located at the end of said transfer conduit,
      said suction means positioned below said first and second stations
      communicating with said suction opening.
NUM  8.
PAR  8. The device of claim 1, including an internal support within the
      compartment cooperating with said means for clamping a cop.
NUM  9.
PAR  9. The device of claim 1, in which the means for clamping a copy are
      vertically movable and includes a fork means for clamping a cop in the
      bottom of a compartment, a controlling shaft means attached thereto which
      pivots in the vertical plane of the fork means and a piston-type motor
      means for driving said means for clamping a cop.
NUM  10.
PAR  10. The device of claim 1, in which at the third station the suction
      opening, lying axially of the axis of a cop placed in the compartment, has
      at its front a supplementary conduit with at least one yarn lifting means
      and a transfer conduit at which end thereof said shears are positioned,
      said yarn lifting means having a "V" notch for guiding the end of the
      yarn, when found, along the transfer comduit.
NUM  11.
PAR  11. The device of claim 7, in which the shears are activated by the yarn
      lifting means.
NUM  12.
PAR  12. The device of claim 1, in which the suction conveyor means is
      positioned axially of the bobbin, in its lower side its axial slit is for
      holding the end of the yarn under tension and has in a rearward position a
      closure shutter.
NUM  13.
PAR  13. The device of claim 12, in which the means for positioning the end of
      the yarn, when found lies in a position below the axial suction conveyor,
      and includes shears at the side of and downstream from the positioning
      means, the shears being placed between said positioning means and the end
      of the slit towards said closure shutter, the slit, shears and positioning
      means being on the same axis and the positioning means being a suction
      opening.
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ABST
PAL  A cable stringing device having a rotating bull wheel operative to take up
      and payout cable is disclosed. The bull wheel is pivotally operated by a
      hydraulic cylinder. A level wind control system includes limit sensing
      pilot valves which are actuated by adjustable cams to actuate a control
      valve to cause the cylinder to oscillate to level wind cable on the reel
      during take up and to cause the bull wheel to track the cable during
      payout.
BSUM
PAR  The present invention relates to a cable stringing apparatus and more
      particularly relates to a cable stringing apparatus having a pivotally
      mounted bull wheel which is automatically controlled to provide positive
      wind take-up and guided payout of cable.
PAR  Electrical transmission lines are normally supported on poles or towers.
      Transmission lines are installed on the towers or poles by connecting a
      messenger or pulling rope to the conductor cable, the cable being on a
      suitable reel mounted on a cable stringing apparatus. The pulling rope is
      taken up by winding the rope on a drum causing the cable to be unwound
      from its storage reel and pulled onto the towers or poles. Generally, the
      cable from the reel is not paid out directly, but rather the transmission
      cable is partially wound about a payout wheel or bull wheel on the wire
      stringing apparatus and then strung or discharged to the towers or poles.
      The operation of the bull wheel is controlled to apply frictional force to
      the cables so that a suitable tension may be applied during installation
      of the cable.
PAR  The same cable stringing apparatus used for installation of transmission
      cables can also be used for winding the transmission cables onto storage
      reels when the transmission cables are removed. As in the case of
      installation of electrical cables, the line removed is received about a
      bull wheel or payout wheel and then wound about a reel for storage and
      handling.
PAR  It is known to pivotally mount the bull wheel to the wire stringing
      apparatus so that as cable is unwound from the reel, the bull wheel
      maintains alignment with the takeoff point of the cable on the reel to
      minimize the fleet angle of the cable. However, prior art devices when
      operating in the take-up or winding mode, do not provide level winding of
      the cable on the reel. Rather, the cable is wound in random fashion on the
      cable reel. The random winding of cable on a cable reel can result in
      difficulties and unbalanced loading of the reel so that removal of the
      cable from the reel is uneven, making it difficult to apply uniform
      tension to the cable. Further, the prior devices for controlling the
      alignment of the bull wheel and the cable during payout have generally not
      been altogether satisfactory as being complex or unreliable.
PAR  The present invention provides a cable stringing apparatus which provides
      level wind operation as cable is wound on the reel. The cable reel is
      supported on a cable spindle. A bull wheel is mounted adjacent to spindle
      and is pivotally attached to the frame of the machine. A linear hydraulic
      cylinder automatically positions the bull wheel about its pivot point. In
      level wind, the bull wheel serves as a pulling wheel and is caused to
      transverse the reel spool to uniformly wind cable on the reel. The
      cylinder is actuated in response to limit sensing pilot valves that are,
      in turn, actuated by cams carried on the rod of the bull wheel control
      cylinder. When one extremity of the reel spool is reached, the pilot valve
      is tripped by the cam and caused to send a pilot signal to reverse the
      direction of operation of the bull wheel cylinder. The hydraulic system
      also includes a manual override control valve which permits the operator
      to intervene and override the automatic operation of the circuit.
PAR  The present invention also provides control of the bull wheel when it is
      operating as a tension wheel. A hydraulically actuated guide mechanism
      automatically maintains alignment between the conductor discharged from
      the supply reel and the bull wheel during payout. This ensures that the
      fleet angle of the conductor between the supply reel and the bull wheel
      will be held to a minimum. This mechanism operates to control the bull
      wheel cylinder by directing pressure fluid to cylinder to maintain the
      bull wheel in alignment with the conductor. The spool of the control valve
      is positioned by a spring biased roller in contact with the cable as it is
      discharged from the reel.
DRWD
PAR  The above and other objects and advantages of the present invention will be
      better understood with the following description and drawings in which:
PAR  FIG. 1 is a perspective view of the bull wheel apparatus of the present
      invention;
PAR  FIG. 2 is a view of one side of the apparatus of the present invention;
PAR  FIG. 3 is a view of the opposite side of the apparatus of the present
      invention;
PAR  FIG. 4 is a rear view of the apparatus of the present invention;
PAR  FIG. 5 is an enlarged side view of the level wind control device;
PAR  FIG. 6 is an end view of the level wind control device;
PAR  FIGs. 7, 8 and 9 are detail views of the cable tension sensing mechanism;
      and
PAR  FIG. 10 is a schematic hydraulic diagram of the hydraulic circuit
      controlling the level wind in payout operations.
DETD
PAR  Referring now to the drawings, FIG. 1 illustrates the cable stringing
      apparatus of the present invention generally designated by the numeral 10.
      Cable tensioning apparatus 10 includes a horizontal chasis or frame member
      12 supported on rear wheel and axle assembly 14 for mobility. The forward
      end of frame 12 has side members 13 which converge at hitch 16 so that the
      apparatus may be towed by a truck or other vehicle. The forward end of the
      frame 12 carries a conventional jack 18 which is extensible to support the
      apparatus whenever the hitch 16 is not connected to the towng vehicle.
      Rear jacks 15 are adjustable to engage the ground to stabilize the
      apparatus in operation.
PAR  Chasis 12 supports superstructure 20 which includes front frame member 22
      and rear frame member 24 and interconnecting transverse and longitudinal
      upper frame members 26 and 28. A conventional prime mover 30 such as a gas
      or diesel engine is mounted on the forward part of frame 12 provide the
      motive power to cable stringing apparatus.
PAR  An operator platform 32 is supported between front frame members 22 at a
      convenient elevation to allow the operator full visual inspection of the
      operation of the apparatus. Control panel 34 houses the control valves of
      the hydraulic control circuit and the controls necessary to operate the
      prime mover.
PAR  Reel spindle mechanism 36 is supported at the rear of the cable stringing
      apparatus 10. The reel spindle device 36 includes opposite arms 38 and 40
      which are pivotally joined at their lower end to opposite rear frame
      members 24 at stub shafts 39. The upper ends of pivot arms 38 and 40
      rotatively support a spindle shaft 42 in appropriate journal bearings. One
      end of spindle shaft 42 carries a sprocket 44 inward of pivot arm 40.
      Cross arm 43 is adapted to engage the reel for common rotation with shaft
      42. Linear hydraulic cylinder 46 is clevis mounted at opposite ends to
      rear frame member 24 and pivot arm 38. Extension of hydraulic cylinder 46
      will accordingly cause spindle shaft 42 to lower into a horizontal reel
      loading or unloading position. In the operational position shown in FIG.
      1, pivot arms 38 and 40 may be pinned to rear frame members 24 to prevent
      inadvertent lowering of the reel spindle.
PAR  The bull wheel support structure 45 includes yoke assembly 48 having front
      yoke arm 50 connected to rear yoke arm 52 by bracket plate 54. Yoke
      assembly 48 is pivotally connected to the superstructure 20 at hinges 56
      and 58 so that the yoke assembly pivots or swings in a generally
      transverse arc.
PAR  Yoke cylinder 60 has a clevis 62 on the blind end of the housing which is
      pivotally mounted to support 64 depending from the superstructure 20. The
      end of cylinder rod 61 of cylinder 60 is pivotally mounted to yoke arm 50
      at hinge connection 66. Level wind control mechanism 68 is carried on yoke
      cylinder 60. The description of operation of the level wind mechanism 68
      will be set forth in greater detail hereafter.
PAR  Bull wheel 70 is suitably mounted on bearing shaft 72 secured in bearings
      to bracket plate 54. A peripheral traction ring 75 extends around the bull
      wheel. Ring 75 is grooved and is of a resilient material having suitable
      frictional characteristics to retard cable wound about the bull wheel. For
      more detailed information relative to specific construction of the bull
      wheel, reference is made to co-pending application Ser. No. 399,082,
      entitled BULL WHEEL, filed Oct. 9, 1973.
PAR  One side of bull wheel 70 carries a large sprocket 74. The lower end of
      yoke 48 supports an appropriate hydraulic motor 76 which drives gear box
      78. The output shaft of gear box 78 carries a sprocket 80 which is in
      driving relationship with sprocket 74 through power transmission chain 82.
      Pressure fluid is supplied to hydraulic motor 76 by a suitable hydraulic
      pump driven by prime mover 30 by conventional interconnecting hydraulic
      systems. The hydraulic lines have not been illustrated for clarity.
PAR  Reel drive motor 84 is similarly supplied with hydraulic motor fluid by
      hydraulic lines connected to a hydraulic pump driven by prime mover 30.
      Again, hydraulic lines have not been shown for purposes of clarity. Reel
      drive motor 84 is coupled to the input shaft of gear reducer 104. Gear
      reducer 104 is mounted on bracket 88 attached to one of the rear frame
      members 24. The output shaft of reducer 104 carries a large sprocket 90
      and smaller outer sprocket 92 (see FIG. 10). Idler sprockets 96 and 98 are
      secured to the inner side of right rear frame member 24. Power
      transmission chain 100 interconnects sprockets 90, 96 and 98. With the
      reel spindle assembly 36 pivoted away from the frame in the reel loading
      condition, chain 100 is loosely wound about the sprockets. When pivot arms
      38 and 40 are swung into the reel loaded position, sprocket 44, carried on
      the outer end of reel spindle 36, engages the portion of chain 100
      intermediate sprockets 96 and 98 to pull the chain taut. Actuation of reel
      drive motor 84 will transmit power to shaft 42 causing it to rotate the
      reel secured with the shaft by bar 43.
PAR  As shown in FIG. 10, sprocket 92 drives hydraulic charging pump 106 which
      supplies the pressure fluid for actuation of the cylinder 60 in the payout
      mode of operaion. Sprocket 92 is interconnected by chain 108 to small
      sprocket 110 which is carried on one side of one-way clutch 112. The
      opposite side of clutch 112 is connected to drive hydraulic pump 106.
      One-way clutch 112 permits driving engagement between chain 108 and the
      input shaft of hydraulic pump 106 only when the output shaft of reel drive
      gear reducer 104 is operating in the direction of rotation to payout or
      discharge line from the reel on the reel spindle shaft. The operation of
      the charging pump will be more fully explained with reference to FIG. 10.
PAR  The cable stringing device also includes appropriate braking apparatus
      utilized to control the rotation of the bull wheel when operating as a
      tension wheel regulating the tension of the cable that is paid out from
      the machine. Preferably, the brake is a caliper type disk brake of the
      type shown in co-pending patent application entitled "Hydraulic Actuator",
      Ser. No. 335,544, filed Feb. 26, 1973. The high mechanical advantage
      supplied by the device as shown in this application facilitates precise
      control over the braking force which is applied to the brake which in turn
      provides precise control over the tension of the line. Similarly, speed
      control of the rotational speed of the reel spindle and bull wheel can be
      achieved by appropriate hydraulic components. For example, the hydraulic
      pumps and motor in the reel drive and bull wheel drive systems can be of
      the variable displacemenet type preferably including an appropriate
      compensator control which alters or changes the displacement of the units
      in response to pressure changes in the system as related to the desired
      pressure settings.
PAR  Referring not to FIGS. 5 and 6, the level wind of mechanism 68 is shown in
      greater detail. Level wind mechanism 68, which serves to positively lay
      the cable on the reel in the take-up mode of operation is carried on yoke
      cylinder 60. The level wind mechanism 68 includes a slider housing 114
      having a "T" shaped slot 116 extending the length of the housing. Slider
      housing 114 is axially aligned with cylinder 60 and secured to the ports
      127 and 129 of cylinder 66 by appropriate brackets 118. "T" slide 120 is
      reciprocable within slot 116 and is connected to rod 61 of hydraulic
      cylinder 60 by drive bracket or drive arm 122. Thus, it will be seen that
      the reciprocation of rod 61 of hydraulic cylinder 66 will in turn
      reciprocate slider 120 within housing 114.
PAR  Cams 124 and 126 are adjustably secured to slide 120 at the upper surface
      of slider housing 114. The cams are secured by means of adjusting screws
      128 projecting through the opening in the upper housing surface at "T"
      slot 116. Small cam actuator pilot valves 130 and 132 are carried on
      brackets 134 and 136 respectively, which are laterally supported on
      housing 114. The plungers 138 and 140, which actuate valves 130 and 132
      respectively, project into the linear path of cams 124 and 126. Thus, it
      will be seen that when cylinder rod 61 is fully extended, cam 126 will
      engage the plunger 140 of valve 132 to actuate the valve. Conversely, when
      the cylinder rod is fully retracted, cam 124 carried on slider 120 will
      engage plunger 138 of valve 130, actuating that valve. The point of
      actuation of the pilot valves 130 and 132 can be varied by varying the
      linear position of the cams on the slider 120. As will be more fully
      explained hereafter, the pilot valves 130 and 132 are, in effect, limit
      switches which position a main control valve to reverse the direction of
      operation of linear cylinder 60. Thus, when the bull wheel reaches the end
      of its swing in one direction laying cable on the cable reel, the
      appropriate cam valve 130 or 132 will be actuated causing reversal of
      direction of operation. Other means such as solenoid valves could be used
      in place of hydraulic valves to effect control of the level wind operation
      68.
PAR  The payout control mechanism is generally designated by the numeral 144 and
      is shown in FIGS. 7, 8 and 9. The payout control mechanism 144 includes a
      support bracket 146 terminating at pivot 147. A parallel leg 150 is
      affixed to bracket 146 and carries pivot 151. The pivots 147 and 151 are
      carried on a pivot pin 152 on the lower rear portion of the yoke arm 52
      where cable from the supply reel engages the bull wheel. A spring 148
      extends between the yoke 48 and bracket 146 on yoke arm 52. A pair of
      spaced-apart horizontal support plates 154 and 156 are secured to the
      outer end of bracket plate 146. Horizontal guide rollers 158 and 160 are
      rotatively supported in the opposiste support plates 154 and 156. Rollers
      158 and 160 are spaced apart to define an opening therebetween to receive
      the cable. Vertical guide roller 162 is positioned behind guide plate 156
      and extends substantially the length of the opening between horizontal
      rollers 158 and 160. Vertical motion sensing roller 164 is mounted on arm
      166 which is pivotally attached to support 168 at the innerside of bracket
      146. The diameter of the sensing roller 164 is varied depending on the
      diameter of cable with a larger roller bearing with smaller diameter
      cable. Changing the rollers is easy only requiring the removal of a
      retainer or cotter pin.
PAR  Hydraulic control valve 170 is suitably mounted on a bracket plate 171
      extending generally perpendicular from bracket 146. Spool actuator 172 of
      hydraulic control valve 170 laterally extends through an opening 174 in
      bracket 146. The outer end of actuator arm 172 is pivotally attached by
      pivot pin 176 to the intermediate portion of arm 166. Compression spring
      178 about actuator arm 172 exerts a biassing force between bracket plate
      146 and fixed washer 180 on arm 172. The spring bias serves to urge arm
      166 and motion sensing roller 164 toward engagement with the cable
      extending through the mechanism. Hydraulic valve 170 is an open center,
      four-way valve and is urged to one of the control positions by the spring.
      Valve 170, in the payout mode of operation, controls flow of pressure
      fluid to yoke cylinder 60 to cause the bull wheel to maintain alignment
      with the cable as it is unwound from the supply spool. The operation of
      the valve 170 will be better understood from reference to the hydraulic
      diagram of FIG. 10.
PAR  Referring now to FIG. 10, both the level wind and payout control circuits
      are shown. The left-hand portion of the schematic level wind control
      system is generally designated by the numeral 182 and is enclosed within
      dotted lines. The level wind system 182 includes a source of hydraulic
      fluid 184 connected to pump 186 across hydraulic filter 188. Pump 186 may
      be any conventional positive displacement type hydraulic pump such as a
      gear or vane pump. Pump 186 is driven by prime mover 30 and may be located
      at any convenient location on the caable tensioning device. The output of
      pump 186 is connected by line 190 to control valve 192. Control valve 192
      is a three-position valve having a normal position as illustrated in FIG.
      10 allowing fluid pressure to pass through the valve to supply the circuit
      with fluid pressure downstream of the valve. Valve 192 may be actuated to
      supply pressure fluid through line 200 to chamber 196 hydraulic cylinder
      60 and interconnect chamber 194 to reservoir 184. In the opposite
      position, valve 192 directs pressure fluid to chamber 194, via line 198
      and connects opposite cylinder chamber 196 with reservoir 184. Normally,
      however, valve 192 is actuated only when it is desired to manually
      override the automatic operation of the level wind system.
PAR  Line 202 connects valve 192 to selector valve 204. Selector valve 204 is a
      two-position valve which in the position shown, places the level wind
      hydraulic circuit in automatic operation. Upward actuation of valve 204
      will place the level wind circuit in an "off" or inactive condition. Valve
      204 is connected to speed control valve 208 by hydraulic line 206. Speed
      control 208 is a flow divider type valve which is infinitely positioned to
      direct fluid delivered to the valve to either reservoir 184 or through
      line 210 to the yoke cylinder 60. As is well known, the rate of flow to a
      linear cylinder controls the speed of operation of the cylinder.
PAR  Line 210 is connected to two-position pilot operated valve 212. Lines 214
      and 216 connect valve 212 to lines 198 and 200 and to opposite cylinder
      chambers 194 and 196 of yoke cylinder 46. Valve 212 is operated by the
      pilot signals received at opposite control chambers 218 and 220 via lines
      222 and 224 respectively. Pilot lines 222 and 224 are respectively
      connected to pilot valves 130 and 132, carried on level wind mechanism 68,
      secured to the yoke cylinder 60. Pilot valves 138 and 140 are normally
      biassed to position shown so that no pressure signal from charge pump 226
      is delivered across the valve to pilot lines 222 and 224. However, when
      one of the cams 124 and 126 comes into contact with the associated plunger
      138 and 140, the respective pilot valve will be moved to a position to
      send a pilot signal to valve 212. In response to the pilot signal, valve
      212 will actuate the yoke cylinder 60 in the reverse direction of
      reciprocation. Thus, when the bull wheel reaches the end of the reel
      spool, the corresponding pilot valve 130 and 132 is actuated to reverse
      the direction of transverse of the bull wheel. Thus, cable is wound on the
      cable reel with the bull wheel operating as a pulling wheel continually
      reciprocating across the reel spool.
PAR  Lock valve 228 is internally piloted to permit flow through either line 214
      and 216 when fluid pressure is applied to either of these hydraulic lines.
      Lock valve 228 may be incorporated within control valve 212.
PAR  The hydraulic circuit controlling the payout mode of operation is shown
      schematically in the right-hand portion of FIG. 10 and is enclosed within
      dotted lines and is generally designated by the numeral 230. Payout
      circuit 230 includes pump 106 which is, as has been described above,
      driven by the reel drive across one-way clutch 112. When the reel drive is
      actuated in the direction of rotation to payout cable, pump 106 is
      operativvely driven across clutch 112 and pressure fluid is delivered
      through line 232. Conventional relief valve 234 serves to protect the
      circuit.
PAR  Control valve 170 is operatively positioned by engagement of motion sensing
      roller 164 with the cable. The sensed cable movements move arm 172 to
      automatically position the yoke cylinder 60 to maintain the bull wheel in
      alingment by directing fluid to the appropriate cylinder chamber.
      Hydraulic lines 236 and 238 communicate valve 170 with opposite cylinder
      chambers 194 and 196 of payout yoke control cylinder 60. Conventional lock
      valve 240 prevents bleeding of pressure fluid from the cylinder chambers
      in a static condition. It will thus be seen that control valve 170
      automatically responds to the lateral movements of the cable as it is
      unwound to accordingly actuate cylinder 46 to pivotally move the bull
      wheel into continuous alignment with the cable. The aligned discharge of
      payout cable results in a smoother operation and reduced wear and stress
      imposed on the cable.
PAR  A more complete understanding of the present invention will be had from the
      following description of operation of the tension stringing device of the
      present invention. The device 10 is connected at hitch 16 behind a
      suitable towing vehicle and is located at the construction site with the
      trailer aligned with the towers or poles. Jacks 15 and 18 are extended to
      engage the ground and stabilize the unit. If cable is to be removed from
      the towers or poles, an empty cable reel will be loaded on the reel
      spindle shaft 42 by lowering appropriate pivot arms 38 and 40 by means of
      hydraulic cylinder 46. Once the reel is loaded on the spindle, hydraulic
      cylinder 46 is retracted and the reel is in operative position with the
      sprocket 44 on the end of spindle shaft 42 opertatively engaged with chain
      100. Prime mover 30 is started to power the hydraulic system and operate
      pump 186. Similarly, the reel drive and bull wheel circuits are powered.
      Selector valve 204 is moved downwardly to direct pressure fluid to main
      control valve 212 and to bull wheel yoke cylinder 60. Valve 212 is
      positoned in response to actuation of pilot valves 130 and 132. The bull
      wheel yoke is controlled by cylinder 60 to positively lay cable on the
      spool in a take-up mode of operation. The cable is discharged from the
      lower portion of the bull wheel at a location adjacent the reel. When the
      lateral end of the reel spool is reached, the appropriate cam 124, 126
      will actuate one of the corresponding pilot valves to send a pilot signal
      to valve 212 reversing the position of valve 212. This will cause pressure
      fluid to be delivered to the opposite cylinder chamber of yoke cylinder 60
      reversing the travel of piston rod 61 and the bull wheel. If it is desired
      to reduce the speed of operation of the level wind circuit, speed control
      valve 208 is moved to a flow restricting position to divert a greater
      quantity of pressure fluid to the reservoir.
PAR  Note that in this mode of operation, the mechanism for laying cable on the
      spool as the cable is taken up is completely automatic and is controlled
      by the level wind mechanisms. However, for some reason the operator wishes
      to manually override the automatic operation of level winding mechanism,
      valve 192 can be appropriately actuated to one of the two overriding
      positions and pressure fluid from pump 186 will be delivered either to
      line 198 or 200 to the appropriate cylinder chamber to actuate bull wheel
      yoke cylinder 60 in a manual mode. If it is desired to stop the bull wheel
      at a desired position, selector valve 204 can be moved upwardly causing
      interruption of the flow of pressure fluid. Lock valve 228 will prevent
      creep of the yoke cylinder 60 in the hold position.
PAR  Cams 124 and 126 are adjustable on slider 120 and can accordingly, be
      positioned to accommodate varying spool widths. This is simply done by
      releasing set screws 128 and sliding the cams 124 and 126 to the
      appropriate linear position on the slider.
PAR  If it is desired to operate the wire tensioning device of the present
      invention in a wire stringing or payout mode of operation, a reel
      containing suitable cable is loaded on the machine at spindle shaft 42.
      With the loaded reel in place, the end of the cable is attached to a pilot
      line. The pilot line, for example, would be a manila or similar rope of a
      non-conductive material which is strung over the transmission towers or
      poles. The pilot line is attached to a second apparatus having an empty
      take-up reel positioned in alignment a distance from the device 10 along
      the transmission line. When the second apparatus is actuated to wind the
      non-conductive rope, tension is placed upon the cable and the cable is
      pulled over the towers, unwinding the cable from the supply reel. As the
      cable is unwound, the lateral movements of the cable will be sensed by
      roller 164. In the payout mode of operation, pump 106 will be powered
      across clutch 112. If as seen in FIG. 8 the cable is moving away from the
      valve 170, the bias of spring 178 will urge arm 172 to the right,
      directing pressure fluid to cylinder chamber 196. The valve will be
      biassed to this position until the bull wheel aligns with the cable and
      the cable again contacts the sensing roller 164 depressing arm 172
      inwardly against the force of the spring. when the cable exerts a
      sufficient lateral force on the sensing roller 164, the valve 170 will be
      moved leftwardly against the biassing spring so the pressure fluid will be
      delivered to the opposite cylinder chamber 194. This will of course cause
      a reversal of the direction of operation of the bull wheel. In this way,
      the bull wheel will follow the movements of the cable and continuos
      alignment will be maintained between the cable as it is discharged from
      the reel and the bull wheel.
PAR  As soon as the payout mode of operations are terminated and the reel drive
      is returned to a level wind mode of operation, pump 106 is de-clutched and
      payout circuit is inoperative. Note that the payout circuit remains
      inoperative during the entire level wind operation.
PAR  Thus, it will be seen that the present invention provides a cable stringing
      apparatus having positive, automatic level wind and guided payout control.
      The bull wheel is operable as a pulling wheel to haul in cable or as a
      tension wheel to retard payout. The device is compact, rugged and
      convenient to operate. The present invention is subject to various
      modifications and changes as will readily occur to those skilled in the
      art. It is not desired to limit the invention to the construction and
      operation shown and described, and accordingly, all such modifications and
      changes are intended to be within the spirit and scope of the present
      invention as claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cable stringing device comprising:
PA1  a supporting mobile frame;
PA1  cable reel support means including a cable reel spindle adapted to mount a
      reel having a cable receiving spool portion and reel drive means for
      rotating said spindle in one direction for payout and the opposite
      direction for take-up;
PA1  a bull wheel pivotally mounted to said frame having its pivotal axis
      substantially perpendicular to said spindle and having a portion adjacent
      said cable reel support means;
PA1  positioning means including a hydraulic cylinder having an extensible rod
      for pivoting said bull wheel about its axis, whereby said bull wheel
      portion transverses said reel spool;
PA1  a level wind mechanism for controlling the laying of cable onto said spool
      including limit sensing means to sense when the cable is wound to a
      predetermined position on said reel spool when said spindle is rotated in
      a cable take up direction and control means responsive to said limit
      sensing means to reverse the pivoting direction of said bull wheel upon
      actuation of said limit means whereby said cable is positively wound in
      reciprocating fashion on said reel spool, said limit sensing means
      including a pair of pilot valves operatively positioned to control flow of
      pressure fluid to said cylinder and further including cam means carried by
      said extensible rod adapted to actuate one pilot valve upon extension and
      the other pilot valve upon retraction of the rod; and
PA1  guide means for moving said bull wheel in response to the cable movement
      along the spool when said cable spindle is rotated in a payout direction
      of operation, said guide means including a control valve operatively
      connected to said cylinder having an extendible arm biased toward
      engagement with said cable, roller means carried on said arm engaging said
      cable, hydraulic pump means adapted to supply pressure fluid to said
      valve, and clutch means operatively connecting said pump to said reel
      drive whereby said guide means is operative only when said reel is
      operated in a payout direction of opeeration.
NUM  2.
PAR  2. A cable stringing device comprising;
PA1  a supporting mobile frame;
PA1  cable reel support means including a cable reel spindle adapted to mount a
      reel having a cable receiving spool portion and reel drive means for
      rotating said spindle in one direction for payout and the opposite
      direction for take-up;
PA1  a bull wheel pivotally mounted to said frame having its pivotal axis
      aubstantially perpendicular to said spindle and having a protion adjacent
      said cable reel support means;
PA1  posistioning means for pivoting said bull wheel about its axis, whereby
      said bull wheel portion transverses said reel spool;
PA1  a level wind mechanism for controlling the laying of cable onto said spool
      including limit sensing means to sense when the cable is wound to a
      predetermined position on said reel spool when said spindle is rotated in
      a cable take up direction and control means responsive to said limit
      sensing means to control said positioning means to reverse the pivoting
      direction of said bull wheel upon actuation of said limit means whereby
      said cable is positively wound in reciprocating fashion on said reeel
      spool; and
PA1  guide means for moving said bull wheel in response to the cable movement
      along the spool when said cable spindle is rotated in a payout direction
      of operation, said guide means including a control means operatively
      connected to said positioning means, and means for rendering said guide
      means operative only when said reel is operated in a payout direction of
      operation.
NUM  3.
PAR  3. The cable stringing device of claim 2 including means for manually
      overriding the operation of said level wind mechanism.
NUM  4.
PAR  4. The cable stringing device of claim 2 wherein said positioning means
      comprises a hydraulic cylinder having an extensible rod and said limit
      sensing means comprise a pair of pilot valves operatively positioned to
      control flow of pressure fluid to said cylinder and further including cam
      means carried by said extensible rod adapted to actuate one pilot valve
      upon extension and the other pilot valve upon retraction of the rod.
NUM  5.
PAR  5. The cable stringing device of claim 4 wherein said guide means includes
      a control valve operatively connected to said cylinder having an
      extendible arm biased toward engagement with said cable, roller means
      carried on said arm engaging said cable, hydraulic pump means adapted to
      supply pressure fluid to said valve, and clutch means operatively
      connecting said pump to said reel drive whereby said guide means is
      operative only when said reel is operated in a payout direction of
      operation.
NUM  6.
PAR  6. The cable stringing device of claim 4 wherein said cam means are
      adjustable to vary the extent of travel of said bull wheel means along
      said reel spool.
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ABST
PAL  A shelf having front and rear ends is adapted to rest on a horizontal bar
      spaced from a wall to which it is attached. A vertical stabilizing member
      extends downwardly from the rear end portion of the shelf between the bar
      and the wall and has an adjusting pin projecting from its back into
      engagement with the wall to hold the shelf horizontal while the back of
      the shelf engages the wall. The pin also projects from the front of the
      stabilizing member and supports a nut that is adjusted forward on the pin
      to engage the back of the bar to hold the rear ends of the shelf and pin
      against the wall.
BSUM
PAR  In my allowed patent application, Ser. No. 356,613, now U.S. Pat. No.
      3,844,500, a similar device is shown, on which the present invention is an
      improvement. In the pending application the stabilizing member always
      engages the back of the supporting bar. This means that the rear end of
      the shelf is spaced from the wall, in view of which it is possible under
      certain conditions for the front end of the shelf to tilt up. A more rigid
      mounting for the shelf is desirable.
PAR  It is among the objects of this invention to provide a holder for a roll of
      paper, which can be quickly and easily hung from a wall without attaching
      it to the wall, which can be located in any desirable position along the
      usual towel bar, which includes a carrier by which a roll of paper can be
      carried to another location temporarily, which has means on the carrier to
      prevent accidental unwinding of the roll of paper, in which part of the
      holder forms a shelf that can support other articles when the roll carrier
      is not resting on it, and in which the shelf is pressed against a wall in
      spite of variations in distance between towel bars and their supporting
      walls.
DRWD
PAR  The invention is illustrated in the accompanying drawings, in which
PAR  FIG. 1 is a front view with parts broken away;
PAR  FIG. 2 is a plan view;
PAR  FIG. 3 is a side view showing the roll carrier lifted from the shelf; and
PAR  FIG. 4 is a fragmentary side view of a modification.
DETD
PAR  Referring to FIGS. 1 to 3 of the drawings, a conventional towel rack is
      shown attached to a wall 1 of a bathroom or kitchen. This rack is formed
      from a horizontal towel bar 2 of any desired cross sectional shape
      supported at its ends by brackets 3 secured to the wall and spacing the
      bar from the wall in the customary manner. Supported by the towel bar is a
      flat shelf 4 that extends several inches in front of the bar. The front
      part of the shelf may be curved in a horizontal plane if desired, as shown
      in FIG. 2, but the back of the shelf is flat for engaging the wall. To
      hold the shelf on the bar, a vertical stabilizing member 5 is rigidly
      secured at its upper end to the bottom of the shelf adjacent the rear end
      of the shelf. This member may be a plastic, hard rubber, metal, or wooden
      block or it can be made of any other suitable material. It extends
      downwardly between the towel bar and the wall of the room and preferably
      is spaced a short distance in front of the rear end of the shelf so that
      it will not prevent the back of the shelf from engaging the wall if the
      wall bulges forward beneath the shelf.
PAR  The stabilizing member is provided with an opening 6 extending through it
      from front to back below the level of the towel bar as shown in FIG. 3.
      Extending through this opening is an adjusting pin 7, the rear end of
      which projects from the back of the stabilizing member and engages the
      surface of the wall. Preferably, the pin is provided with a screw thread
      and the wall of opening 6 also is threaded. The front end of the threaded
      pin extends forward from the stabilizing member and is provided with means
      for turning it, such as a screwdriver slot 8. It is a feature of this
      invention that mounted on the pin in front of the stabilizing member is a
      nut 9, the upper portion of which is disposed between the towel bar and
      the stabilizing member.
PAR  With the rear end of the adjusting pin backed into the stabilizing member
      or projecting only slightly from it, and with nut 9 turned on the pin
      until it is close to the stabilizing member, that member and the pin and
      nut are lowered down between the towel bar and wall until the shelf 4
      rests on the bar. The shelf is moved back against the wall and held there
      firmly while the shelf is tilted on the bar to whatever extent is
      necessary to make it horizontal. Then while still holding the shelf in
      that position, the adjusting pin is turned until its rear end engages the
      wall. Nut 9 now is turned on the pin to move the nut forward until it
      presses against the back of the towel bar. This prevents the shelf from
      moving away from the wall. Also, engagement of the shelf and adjusting pin
      with the wall at two different levels, and engagement of the nut with the
      bar at an intermediate level, prevent the shelf from tilting on the bar
      out of horizontal position.
PAR  It will be seen that since the nut can be adjusted along the threaded pin,
      the shelf can be seated on towel bars where there is considerable
      variation in the spacing betwen bars and walls. To provide for minimum
      spacing, the front of the stabilizing member can be provided around the
      adjusting pin with a circular recess 10 for receiving part of the nut when
      there would not be room for all of it in front of the stabilizing member.
      This is not necessary, however, if the stabilizing member is made
      considerably thinner than shown.
PAR  Such a shelf can be used as additional small shelf space for supporting
      many different articles; such as, for example, rings or a wrist watch
      while a person is washing his hands. If it is desired to permanently
      attach the shelf to a wall, screws can be inserted in openings 11 that are
      located in the stabilizing blocks 5 above the level of the adjusting pin.
      Before doing this, nut 9 is removed as it will not be needed. The
      adjusting pin is used for levelling the shelf and then the screws are
      screwed into the wall.
PAR  The shelf is escpecially suitable for supporting the base 12 of a carrier
      for a roll of paper 13 or the like, "paper" being used herein to cover any
      strip forming a roll. This base preferably is circular as shown in FIG. 2,
      and is provided in its center with a vertical opening. The lower end of a
      post 14 is rigidly mounted at the center of the base as shown in FIG. 3,
      and is tall enough to extend up through the roll of paper encircling it.
      The shelf is provided with upwardly projecting retaining means for
      preventing the roll carrier from moving laterally on the shelf. This
      retaining means may, for example, consist of a locating pin 15 rigidly
      mounted in the top of the shelf and projecting up into a vertical bore 16
      in the lower end of the post. Preferably, a washer 17 clamped between the
      carrier base and the bottom of the post encircles the post to lift the
      roll away from the base 12. The post extends far enough above the roll of
      paper to form a handle that can be gripped in the hand for lifting the
      carrier and roll from the shelf as shown in FIG. 3 so that, if desired,
      they can be carried to another location and set down there temporarily.
      The diameter of the post above the roll is less than the diameter of the
      axial passage through the roll so that the roll can be dropped down over
      the post without removing the post from the base. Preferably, a removable
      disc 18 rests on top of the roll. If this disc is provided with an
      upstanding side wall or rim 19 as shown, it becomes a tray on which small
      articles may be placed temporarily.
PAR  By tapering the front end of nut 9 as shown in FIG. 3, the towel bar 2 will
      be clamped between the nut and shelf 4 so that there will be no chance of
      the shelf being dislodged if bumped from below.
PAR  A further feature of this invention is that to prevent the outer wraps of
      the roll of paper from unwinding and hanging down, the carrier base 12 can
      be provided with means for holding the outer wrap more or less in place.
      This can be done with one or more vertical pins 20 rigidly mounted on the
      carrier base outside of the roll of paper. The pins extend up beside the
      roll and prevent unrestrained unwrapping of the roll, as shown in FIG. 2.
PAR  The holder described herein is simple and inexpensive in construction and
      can be quickly mounted in place by anyone with no more than a screwdriver.
      Once in place, it is seated very firmly and will not change its position.
      It need not be attached to the wall, so it can be removed readily without
      leaving any evidence of its having been there. It provides a definite
      place for a roll of paper towels or facial tissue, and yet the roll can be
      removed from the shelf by the post handle for use elsewhere whenever
      desired, or to leave the shelf free for the reception of other articles.
      The upper end of the post can be provided with a hole 21 through it to
      receive a cord loop by which the carrier base and roll can be suspended
      from a hook or the like at a location remote from the shelf. Or, a screw
      eye may be inserted in the upper end of the post for the same purpose.
PAR  In the modification shown in FIG. 4, provision is made for situations where
      the towel bar is too far away from the wall for nut 9 in FIG. 3 to engage
      it, and also where the rear end of the adjusting pin would not engage
      anything if the shelf rested directly on the bar. Accordingly, a recessed
      filler block 22 is supported by nut 23 and engages a short angle member 24
      resting on the towel bar 25. Seated on top of the angle member is another
      filler block 26 that raises shelf 27 above the bar far enough for
      adjusting pin 28 to engage the wall 29. The wall in this case may be the
      side wall of a wash bowl, to which the towel bar is attached. Of course,
      there may be situations where only one of the filler blocks is needed,
      perhaps with or without angle member 24.
PAR  According to the provisions of the patent statutes, I have explained the
      principle of my invention and have illustrated and described what I now
      consider to represent its best embodiment. However, I desire to have it
      understood that, within the scope of the appended claims, the invention
      may be practiced otherwise than as specifically illustrated and described.
CLMS
STM  I claim:
NUM  1.
PAR  1. An article support comprising a shelf having front and rear ends and
      adapted to be supported by a horizontal bar spaced from a wall to which
      the ends of the bar are attached, a stabilizing member extending
      downwardly from the rear end portion of the shelf, an adjusting pin
      extending rearwardly through said stabilizing member and projecting from
      the front of that member, the pin being adjustable lengthwise in the
      stabilizing member, and a nut mounted on the pin in front of the
      stabilizing member, said stabilizing member and nut being adapted for
      insertion between such a wall and horizontal bar with the shelf above the
      bar, and the nut being adjustable forward on said pin toward the back of
      the bar to hold the rear ends of the shelf and pin against the wall.
NUM  2.
PAR  2. An article support according to claim 1, in which said pin is provided
      with a screw thread and is threaded in said stabilizing member, the front
      end of the pin being formed for turning it, and said nut is threaded on
      the pin.
NUM  3.
PAR  3. An article support according to claim 1, in which the front of said
      stabilizing member is provided with a recess around said pin for receiving
      said nut when necessary.
NUM  4.
PAR  4. An article support according to claim 1, including retaining means
      projecting upwardly from the top of the shelf, a portable carrier base
      resting on the shelf and normally engaged by said retaining means to
      prevent lateral movement of said base on the shelf, a post extending
      upwardly from said base, the carrier being adapted to support a roll of
      paper encircling said post and spaced inwardly from the edge of the base,
      and means extending upwardly from said base adjacent its edge for
      restricting accidental unwinding of a roll of paper on the post.
NUM  5.
PAR  5. An article support according to claim 4, in which said last-mentioned
      means include a plurality of vertical pins secured at their lower ends to
      said carrier base.
NUM  6.
PAR  6. An article support according to claim 1, including means supported by
      said shelf and extending upwardly therefrom for encirclement by a roll of
      paper.
NUM  7.
PAR  7. An article support according to claim 6, in which said upwardly
      extending means extends far enough to project above the upper end of a
      roll of paper thereon, and a tray encircles said upwardly extending means
      for resting on the upper end of the roll of paper.
NUM  8.
PAR  8. An article support according to claim 1, including a spacer block
      adapted to be mounted on the front end of said nut for spacing it from the
      back of the towel bar.
NUM  9.
PAR  9. An article support according to claim 1, including a spacer block
      provided with a recess receiving the front end of said nut.
NUM  10.
PAR  10. An article support according to claim 1, including an angle member
      adapted to rest on the towel bar and extend down behind it between the bar
      and said nut.
NUM  11.
PAR  11. An article support according to claim 10, including a spacer block for
      spacing said shelf from the top of said angle member.
NUM  12.
PAR  12. An article support according to claim 1, in which the front of said nut
      is tapered forward.
NUM  13.
PAR  13. A carrier for a roll of paper or the like that has an axial passage
      extending therethrough, comprising a carrier base, a central post above
      the base rigidly secured at its lower end to the base and extending up
      through the roll passage and above the roll to form a handle, the diameter
      of the post above the roll being less than the diameter of the roll
      passage, all of said carrier base being located below the roll to permit
      unrestricted manual unwinding of the roll by pulling the paper in a
      direction substantially parallel to the base, and at least one rigid
      vertical pin extending upwardly beside the rolll from said base adjacent
      its edge for restricting accidental unwinding of the roll.
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ABST
PAL  The invention relates to methods for increasing the production over a given
      period of time of the finishing of tubular knitted fabric and to the
      semi-automatic control of the batching and doffing thereof.
PAL  Included herewith are methods for enhancing the speed of steam treatment of
      such fabrics by increasing impregnation thereof with steam boxes enclosed
      in a steam chamber, and methods for limiting roll pressure during
      stretching of the fabric to reduce marking.
PAL  Also included is a semi-automatic batching and doffing device incorporating
      controls for sequentially inserting an empty mandrel, cutting, and
      positively controlling the cut loose end of fabric web for engagement with
      the new mandrel, with such sequence being initiated by removal of the
      previous wound-up roll. The cutter and the air jet control for the cut
      loose end of fabric are movable into and out of engagement with the web
      path of movement for enhancing the positioning thereof for action upon the
      web.
PARN
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 348,068, filed Apr. 5, 1973.
BSUM
PAR  In the processing and finishing treatment of tubular knitted fabric, it is
      conventional practice to direct the tubular fabric over an internal
      spreading device. This distends the fabric laterally to a predetermined
      uniform width. While the fabric is held in this condition, it is steamed
      to relax the fibers and enable the fabric to readjust to a laterally
      distended, geometrically uniform condition. The fabric then tends to
      retain this condition as it is delivered off the spreading device. The
      thus treated fabric may then be passed between a pair of calender rolls,
      and subseqeuntly gathered in a convenient manner, as by folding or
      gathering into a roll.
PAR  In general, the procedures outlined in the foregoing paragraph are well
      known. The present invention thus is not directed to the finishing
      procedure in a general sense, but is directed to more specific structural
      and procedural aspects calculated to achieve increased production rates
      along with a superior quality of production.
PAR  The processing system of the invention includes a motordriven,
      substantially tension-free feeding system for delivering tubular knitted
      fabric to the upstream or the entry end of the spreader frame. By
      providing greater uniformity of conditions in the fabric directed onto the
      spreader frame, improved uniformity in the processed fabric delivered
      therefrom is achieved.
PAR  At the discharge end, the system of the invention may include a folder or
      roll-up batcher. In part, the invention relates to an improved form of
      roll-up batcher, which minimizes the shutdown or slowdown intervals when a
      completed roll is removed and a new roll is started. The roll-up batcher
      mechanism of the invention provides an increased degree of automation in
      the cutoff and restarting cycles. The arrangement is such that an
      operator, stationed at the discharge end of the machine, need merely
      initiate a roll removal operation, after which fabric cutoff and the
      restarting of another batch roll takes place rapidly and without further
      operator intervention. This has desirable safety aspects, as well as
      providing for higher production by shortening the change-over interval.
PAC  RELATED APPLICATIONS
PAR  An integral part of the present method for achieving higher production
      rates without compromising quality, is an improved steaming arrangement
      for applying steam to the laterally distended tubular knitted fabric as it
      passes over the spreader frame. The specific structural features of this
      steamer, by itself, form the subject matter of my related copending
      application Ser. No. 355,401, filed Apr. 30, 1973, entitled "High
      Production Steamer.
DRWD
PAR  For a better understanding of the above and other features of the
      invention, reference should be made to the following detailed description
      and to the accompanying drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B, taken together, constitute a side elevational view of
      apparatus embodying and for practicing the invention.
PAR  FIG. 2 is a back elevational view of a fabric infeed stand utilized in the
      apparatus of FIG. 1A-1B, as viewed generally at line 2--2 of FIG. 1B.
PAR  FIG. 3 is a top plan view of a portion of the apparatus of FIGS. 1A and 1B,
      illustrating details of the spreader frame and edge drive arrangements
      therefor.
PAR  FIGS. 4 and 5 are enlarged, fragmentary top plan views illustrating details
      of edge drive pressure control means utilized in the apparatus of the
      invention.
PAR  FIG. 6 is an enlarged, fragmentary cross-sectional view taken generally on
      line 6--6 of FIG. 3.
PAR  FIG. 7 is an enlarged, fragmentary view, partly in section, illustrating
      structural details of the discharge end of the apparatus of FIG. 1A-1B.
PAR  FIG. 8 is a fragmentary back elevational view of the apparatus of FIG.
      1A-1B, as viewed generally at line 8--8 of FIG. 7.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings and initially to FIGS. 1A-1B, the reference
      numeral 10 applies generally to a fabricfeeding stage, which supports a
      supply 11 of unfinished, tubular knitted fabric 12. In the illustration,
      the supply 11 is in the form of a roll, although it could as well be a
      truck or other supply container. The fabric 12 is delivered by the supply
      section to a spreading or distending section 13, where the fabric is
      initially distended to a predetermined uniform width and arranged in a
      flat, two-layered form. The fabric then passes through a steaming section
      14, while still in its distended condition, and it is there subjected to
      the action of jets of steam to warm and moisten the fibers of the fabric.
PAR  In the illustrated system, the fabric being discharged from the spreading
      section 13 passes through a calendering section 15 comprising essentially
      a pair of nip rolls, which may be in pressure-bearing relation or not,
      depending on the desired finishing procedure. The thus-finished fabric
      advances to a gathering section 16, where it is accumulated in a
      convenient manner and in batches of convenient size and weight. In the
      illustrated arrangement, the gathering section comprises a roll-up
      batcher, arranged to collect the fabric in the form of a roll, and to
      sever the fabric and deliver a roll of finished material of predetermined
      length or weight and of uniform width.
PAR  Referring more particularly to FIG. 1B, the supply section 10 of the
      apparatus includes an appropriate frame structure 17 arranged to rotatably
      support a supply roll 11 by means of arms 18. The arms 18, which normally
      are supported in operative positions by latch arms 20, are arranged to be
      folded in close to the frame 17, about pivots 19, to accommodate other
      forms of fabric supplies, such as containers.
PAR  Supply fabric 12 leaving the roll 11 advantageously is first directed
      upwardly about an idler roll 21, and then downwardly underneath and around
      a second idler roller 22. This provides a broad expanse of cloth
      conveniently accessible for visual inspection by the machine operator.
PAR  In the illustrated system, the supply fabric 12, after passing the idler
      roller 22, is guided over and around a driven feed roller 23. In
      accordance with well known principles, the feed roller 23 may be provided
      with a high friction surface so as to have a suitable frictional
      engagement on the fabric surface. After passing around the feed roller,
      the fabric travels downwardly, under and around a floating control roller
      24 and thence upwardly and around an idler roll 25. As will be observed,
      the geometric relationship of the several rollers 22-24 provides for the
      fabric to be in contact with the feed roller 23 over a substantial arc of
      its circumference for good feeding contact.
PAR  In the illustrated apparatus, the feed roller 23 is driven by a chain 26
      from a variable speed electric motor 27. The operating speed of the motor
      27 is controlled by a rotary control device 28, which senses the vertical
      position of the floating roller 24 to effect an increase in motor speed,
      as the floating roller tends to rise, and to effect a slowdown of the
      motor if the floating roller tends to move to a lower position. This
      provides a constantly modulating speed control over the infeeding of the
      fabric.
PAR  With reference to FIG. 2, the floating roller 24 is shown to be supported
      at its opposite end by chains 29 trained over sprockets 29a affixed to
      opposite ends of an equalizer shaft 30. The chains 29 also support
      counterweights 31, which are intended to provide a substantially neutral
      counterbalance to the entire floating roll mechanism. The end extremities
      of the shaft 32 of the floating roll are guided in a vertical slot 33
      (FIG. 1B) which confines the movement of the floating roll and guides it
      in a vertical plane.
PAR  To provide a controlled downward weight bias on the floating roll 24, a rod
      34 is pivoted at 35, at one side of the supply stand, and is connected at
      the other end to one side of the floating roll shaft 32 by means of a
      pivoted connecting link 35a. The rod 34 carries one or more slideably
      adjustable control weights 36, which may be moved toward and away from the
      pivot point 35 to adjust the effective weight applied to the floating
      roll. In this connection, although the adjustable weight is applied at one
      side only, its effect is balanced because of the equalizer shaft 30. A
      suitable chain and sprocket arrangement, generally designated by the
      numeral 37, connects the equalizer shaft 30 to the rotary control device
      28, so that a positive relationship is maintained between the vertical
      position of the floating roll and the rotary position of the control
      device 28. The rotary control device does not significantly alter the
      forces balancing the floating control roller 24, so that the fabric
      supplied from the feeding device of FIG. 1B is at all times under a
      substantially uniform tension, which is maintained at the lowest
      practicable amount.
PAR  Suitable limit switch means (not shown) may be provided to shut down the
      entire line in the event that the floating roller 24 would move to either
      the upper or lower limit of travel provided by the slot 33, reflecting a
      malfunction of the system at some stage. In addition, it is desirable to
      support the initial idler roll 21 to accommodate a limited downward
      movement in response to excessive tension in the fabric leading from the
      supply. Such movement is utilized to trip a safety switch 21a, to shut
      down the entire line.
PAR  Referring now to FIGS. 1A and 3, the numeral 40 designates a frame
      structure for the processing section which supports the edge drive rolls,
      the steamer and the calender rolls. At the upstream or entry side of frame
      40 there are provided brackets 41, which support a pair of guide rods 42,
      43 extending transversely across the machine frame. The guide rods support
      a pair of edge drive roll carriages 44, 45, on which are supported, for
      rotation about vertical axes, a pair of edge drive rolls 46, 47.
PAR  A square or splined shaft 48 is journalled in the brackets 41, extends
      through the carriages 44, 45, and mounts a sprocket 49 at one end. The
      square shaft 48 is driven by a chain 50 from an adjustable speed motor 51.
      The speed of the motor 51 is controlled by the machine operator, using
      conventional controls (not specifically illustrated) such that adjusted
      speed of the edge drive rolls constitutes the basic machine speed of the
      system, and all other speed functions are appropriately related thereto.
      By way of example, the operational speed of the infeed station 10
      automatically is related to the adjusted speed of the edge drive rolls by
      means of the modulating control of the floating roller 24, which
      continually senses the rate at which the fabric is being demanded by the
      edge drive rolls 46, 47.
PAR  Positioned between the edge drive rolls 46, 47 is a spreader frame
      designated by the reference numeral 52. This spreader frame typically
      includes a pair of frame sections 53, 54 extending longitudinally in
      spaced relation, and an adjusting bar 55, which connects the two frame
      sections, advantageously in the region of the edge drive rolls, and holds
      them at a predetermined width dictated by the fabric processing
      requirements.
PAR  When the equipment is to be operated as a tensionless calender (see Cohn,
      et al. U.S. Pat. Nos. 2,589,344 and 2,589,345, for example), the spreader
      frame 52 includes a pair of upstream propeller belts 56, and a pair of
      downstream propeller belts 57, guided by a plurality of rollers 58, so as
      to have longitudinally extending portions exposed at the outer edge
      extremities of the spreader frame for engagement with the internal edges
      of a length of tubular knitted fabric distended over the frame.
PAR  The respective pairs of belts 56, 57 are trained over drive pulleys 59, 60
      located in the mid-region of the spreader frame. The drive pulleys are
      arranged to be positioned in straddling relation to the edge drive rolls
      46, 47 and to contact the rolls through an interposed wall of fabric.
      Thus, when the edge drive rolls are rotated, by the square drive shaft 48,
      the respective propeller belts 56, 57 are driven by the pulleys 59, 60. By
      appropriate design of the pulleys 59, 60, the upstream belts 56 are caused
      to operate at a slightly higher rate of speed than the downstream belts
      57, so that the tubular knitted fabric is slightly "overfed" onto the
      downstream belts. This accommodates lengthwise relaxation of the fabric.
PAR  The two-stage spreader can also be arranged to underfeed the fabric from
      the first to the second stage, if desired. Where the equipment is to be
      operated as a so-called straight line calender, the spreader frame may
      employ a single pair of belts arranged to convey the fabric at constant
      speed over the full length of the spreader.
PAR  Proper entry of the unprocessed tubular knitted fabric 12 onto the spreader
      frame is promoted by an entry end guide bar assembly 61. The guide bar
      assembly includes at each side a rod section 62 which is received in a
      pivotable socket 63 carried at the upstream extremity of the spreader
      frame. The rod sections 62 are connected to second rod sections 64 by
      short springs 65, which accommodate bending action between the first and
      second rod sections. The respective rod sections 64 are in turn connected
      together by a spring 66, which likewise accommodates bending action
      between those rod sections. The entire assembly is covered by a section of
      plastic tubing 67, so that the incoming fabric freely slides over the
      guide bar and is advanced to the propeller belt sections of the spreader
      frame. The described construction of the entry guide bar assembly is
      advantageous in that it accommodates substantial variation in the spacing
      of the spreader frame sections 53, 54 by the bending action of the springs
      65, 66 and the pivoting movement of the sockets 63.
PAR  Transverse adjustment of the edge drive roll carriages 44, 45 is effected
      by means of a threaded shaft 70, which is reversely threaded at opposite
      ends so as to effect simultaneous and equal inward or outward movement of
      the respective carriages 44, 45 upon rotation. In accordance with the
      invention, the threaded shaft 70 is not directly threadedly connected to
      the carriages 44, 45. Rather, there are provided drive nuts 71, 72 which
      have threaded engagement with the shaft 70 and which are connected to the
      respective carriages 44, 45 through a plurality of bolts 73 and
      compression springs 74. The springs 74 normally are precompressed so as to
      urge the carriages away from the drive nuts, in a transversely inward
      direction, until the bolt heads 75 are seated against the outer surfaces
      of the drive nuts.
PAR  For driving the threaded shaft 70, there is advantageously provided a
      stallable drive motor, such as a stall-torque electric motor or, more
      preferably, a low torque air motor 76. The air motor 76 is actuated by
      means of a reversing valve 77 and a variable pressure regulator valve 78.
      Thus, when the valve 77 is actuated to advance the edge drive roll
      carriages 44, 45 in a closing direction, it will continue to operate until
      the edge drive rolls have engaged the spreader frame 52 through the fabric
      walls, and the threaded shaft 70 has met with sufficient resistance to
      further rotation to cause the air motor 76 to stall out. The amount of
      torque resistance required to effect such stalling is controlled by the
      variable pressure regulator 78.
PAR  A substantial advantage is realized in actuating the carriages 44 or 45
      through the compressible springs 74 rather than directly from the threaded
      shaft 70, in that inertia effects of the closing movement can be to a
      large extent absorbed by a slight amount of compression in the springs.
      Likewise, minor irregularities in the fabric can be accommodated between
      the spreader frame and the edge drive roll by slight compression of the
      springs, without significantly increasing the momentary edge pressure of
      the fabric. To even greater advantage, it is feasible to provide a great
      degree of operator control over fabric edge pressure by providing a
      calibrated indicating device to reflect the amount of compression in the
      springs 74. Thus, as shown in FIG. 5, the drive nut 71 may be provided
      with a series of calibrating marks 79 associated with a fixed mark 80
      carried by an indicator bracket 81 extending from the carriage 44. When
      the edge drive rolls are advanced into position, the spring 74 will be
      compressed a predetermined amount before the motor 76 stalls out. The
      extent of the spring compression will be reflected by the relationship of
      the calibration marks 79, 80 and this will accurately reflect the amount
      of the edge pressure on the fabric. The machine operator may then easily
      adjust the pressure regulating valve 78 to achieve a desired degree of
      edge pressure as reflected by the calibrating marks.
PAR  On occasion, the incoming fabric 12 may tend to jam at the upper extremity
      of the spreader frame (as, for examaple, if the fabric were badly twisted
      or torn). In such cases, the driving forces on the fabric may dislodge the
      spreader frame with the potential of causing considerable damage to the
      equipment. This eventuality is effectively prevented by providing a safety
      limit switch 82, mounted on one of the carriages 45 (FIG. 4) by means of a
      suitable bracket 83. The safety switch 82 cooperates with an actuating arm
      84 carried by the associated drive nut 72. One or both of the switch and
      actuating lever 82, 83 are positioned to provide for the switch to be in a
      "deactuated" condition during normal operations of the equipment. However,
      should the fabric 12 snag at the entry end of the spreader frame,
      dislodging the spreader frame, the edge drive roll cases will be moved
      quickly inward by the springs 74, causing the switch 82 to be actuated. By
      appropriate circuit arrangement (not shown but readily providable by
      persons skilled in the art) actuating of the safety switch 82 immediately
      shuts down the entire line for correction of the malfunction.
PAR  As will be appreciated, when the edge drive rolls 46 and 47 are withdrawn
      from the spreader frame, the frame will drop downward unless independently
      supported. Normally, the downstream extremity 85 of the spreader frame
      extends at least slightly between the rolls 86, 87 of the calendering
      stage, so that some support is provided for this end of the frame. For
      support of the upstream end of the frame, it is advantageous to provide a
      support bar 88 which is pivotally mounted on the machine frame by swing
      arms 89. Normally, the bar 88 rests in a position spaced below the
      spreader frame, to be out of contact with the fabric passing thereover.
      However, in preparation for separating the edge drive rolls and releasing
      the frame, the support bar 88 is swung to its upward position, shown in
      phantom lines in FIG. 1A, and secured by a latch 90.
PAR  To great advantage, the system of the present invention incorporates a new
      and improved steaming facility which is the subject of copending
      application Ser. No. 355,401, filed Apr. 30, 1973, entitled "High
      Production Steamer." This steamer, generally designated by the numeral 14
      in FIG. 1A, is described in detail in said copending application and
      reference thereto may be made for supplemental information. In general,
      the steaming apparatus 14 includes a pair of dripless steam boxes 91, 92
      extending transversely across the width of the fabric above and below the
      plane of the spreader 52. The construction of these steam boxes may be
      substantially in accordance with the S. Cohn, et al. U.S. Pat. No.
      2,602,314, granted July 8, 1952.
PAR  As reflected in FIG. 6, the steam boxes 91, 92 may be of similar
      construction, although reversely oriented, to provide pairs of
      transversely extending steam discharge slots 93. Perforated steam inlet
      pipes 94 extend across the width of the steam boxes and are arranged to
      discharge steam toward the closed side of a U-shaped channel 95. Flanged
      lips 96 of the channel extend toward the steam pipes and provide for the
      egress of steam into the main chamber of the steam box formed by an outer
      casing 97. In the case of the upper steam box 91, condensate is collected
      in the bottom of the channel 95, draining through an end opening 98 and
      eventually being extracted through an outlet pipe 99. In the case of the
      lower steam box, condensate is collected in troughs formed by the flange
      lips 96, enabling the condensate to be drained toward the ends of the
      steam box and eventually to be extracted through an outlet pipe 100. The
      outer housing 97 has flanged lips 101 which extend alongside the outer
      walls of the interior channel 95, to provide narrow, vertically extending
      slots 93 for the discharge of steam to the outside. The configuration of
      these slots 93 is such that steam condensate in the outer casing 97 of the
      upper box is collected in troughs 102 and eventually drained through
      outlet pipe 99.
PAR  The arrangement of the steam boxes is such as to enable steam to be
      discharged in full width jets across the width of the fabric both from
      above and from below the plane of the fabric. At the same time, condensate
      formed internally of the steam boxes is trapped and prevented from
      dripping on the fabric to cause spotting or staining. Desirably, at least
      the upper steam box 91 is provided with thermal insulation 103.
PAR  Although the steam boxes constructed in accordance with the beforementioned
      S. Cohn, et al. patent are highly efficient and effective in operation,
      the steaming operation has constituted a "bottleneck" of the finishing
      stage operations performed on tubular knitted fabric. In this respect, it
      is desirable to impart predetermined amounts of moisture to the fabric to
      enable the necessary fiber relaxation and readjustment to occur. With
      equipment heretofore utilized, efforts to increase the rate of production
      or increasing the rate of steam application beyond a predetermined level
      have been relatively ineffective, resulting either in non-uniform
      application of the steam, or in excessive problems from condensation and
      spotting, or both. In the system of the present invention, however, the
      fabric steaming facilities include significant improvements enabling the
      effective rate of steam to be greatly increased and production rates to be
      correspondingly increased, up to as much as two to four times the rates of
      production using conventional equipment.
PAR  The steam boxes 91, 92 are surrounded and substantially enclosed by a steam
      chamber 104. The chamber 104 includes an insulated upper wall 105
      extending over the top of the upper steam box 91, and insulated upper side
      walls 106, 107 extending downward at an angle and terminating
      approximately at the level of the bottom of the steam box 91. The chamber
      also includes a bottom wall 108 disposed below the lower steam box 92,
      bottom side walls 109 and 110 extending upward at an angle from the bottom
      wall, and side wall extensions 111, 112 extending more or less vertically
      upward from the upper extremities of the bottom side walls and terminating
      approximately at the level of the top of the lower steam box 92.
PAR  End walls 113 connect the upper wall structure with the lower wall
      structure and form therewith a substantially totally enclosed steam
      chamber having narrow transverse openings 114, 115 to accommodate the
      spreader frame and the distended fabric being conveyed by the frame.
      Desirably, flexible seals 116, 117 are provided at the openings arranged
      to conform to the operatively positioned spreader frame to substantially
      close off the openings 114, 115 while permitting the free passage of the
      tubular knitted fabric through the chamber. Typically, the flexible seals
      may take the form of soft brushes or the like. In this respect, highly
      effective sealing is not a requirement of the elements 116, 117, but some
      closure facility is preferred to guide and confine the flow of steam and
      air within and about the chamber.
PAR  As will be readily apparent in FIGS. 1A and 3, the "width" dimension of the
      steam chamber 104 -- that is in the longitudinal direction of fabric
      movement -- is substantially less than the length of the spreader frame
      52. In the illustrated system, the upstream-to-downstream dimension of the
      steam chamber is considerably less than the length of the second or
      downstream stage of the spreader frame, and is also considerably less than
      the transverse dimension or "length" of the chamber.
PAR  As reflected in FIG. 6, the steam chamber 104 includes a baffle plate 120,
      having a portion extending underneath the lower steam box 92, and flanges
      121 extending upwardly and outwardly from the bottom portion. The baffle
      plate 120 is mounted by means of spacer posts 122 in spaced relation with
      the bottom wall 108 and bottom side walls 109, 110 of the steam chamber.
      The baffle plate 120 extends substantially to the end walls 113 of the
      steam chamber, but its flanges 121 are spaced away from the vertical side
      walls 111, 112 of the chamber so as to form large, transversely elongated
      passage openings 123 on opposite sides of the lower steam box 92.
PAR  An exhaust duct 124 is connected to the bottom wall 108 of the steam
      chamber so as to be in communication with the flow passage formed between
      the baffle 120 and the adjacent walls of the chamber. The exhaust duct is
      connected by suitable tubing 125 to the intake of an exhaust fan 126
      arranged to direct the exhaust materials to an appropriate discharge
      point.
PAR  As will be understood from the illustration of FIG. 6, the exhaust duct 124
      provides for a downdraft exhaust flow of the steam atmosphere contained in
      the chamber 104. Thus, steam issued in high velocity jets from the narrow
      openings 93 impinges directly on the fabric passing through the chamber,
      disperses into the chamber at large, and then is quickly drawn downwardly
      through the passages 123 and exhausted through the duct 124. This
      arrangement of conventional steam boxes, closely confined within a steam
      chamber of limited volume in relation to the steam boxes and provided with
      a highly effective exhaust facility, enables the rate of application of
      steam from the steam boxes to be greatly increased without undesirably
      affecting the processing operation. More importantly, it increases
      significantly the rate at which the fabric may be processed to a desired
      moisture content. Thus, high quality processing may be achieved at up to
      four times the rates possible with conventional apparatus.
PAR  Most advantageously, the capacity of the exhaust blower 126 is so related
      to the rate of input of steam into the chamber 104 as to maintain a
      substantially neutral to slightly positive pressure condition within the
      chamber, thereby preventing the escape of excessive amounts of steam from
      the chamber, while also preventing the inflow of undesirable amounts of
      fresh air.
PAR  After passing through the steam chamber 104, the fabric is directed through
      calendering rolls 86, 87, which may or may not be closed, depending upon
      the desired treatment to be imparted to the fabric. Where the fabric is to
      be calendered, the rolls 86, 87 are brought into closed, pressure-bearing
      relationship. To this end, the lower roll 87 may be journalled on a fixed
      axis in a bearing block 130, while the upper roll 86 may be journalled in
      a bearing block 131 arranged for vertical guided movement in a guide frame
      132. To advantage, appropriate spring means (not shown) are provided for
      biasing the movable bearings 131 and the upper calender roll 86 to an
      upward or open position. The calender roll may be moved downwardly, in
      opposition to the biasing springs, by means of fluid actuators 133 at each
      side, controlled by a pressure regulator 134. Thus, any degree of
      operating pressure may be applied to the nip of rolls 86, 87 by
      appropriate adjustment of the pressure regulator 134. In the illustrated
      arrangement, the lower calendering roll 87 is driven directly by an
      electric drive motor 135, through a chain 136. The upper calendering roll
      86 is driven in synchronism with the lower roller by means of idler
      pinions 137, 138 mounted on suitable linkages (not shown) or otherwise
      arranged to maintain a constantly meshing relationship while accommodating
      limited vertical movements of the upper roll 86.
PAR  The drive motor 135 for the calender rolls is speed adjustable relative to
      the main drive motor 51 for the edge drive rolls. Thus, as will be
      understood, any change in the speed of the edge drive rolls automatically
      will be reflected in the calender rolls, although the latter may be
      separately adjusted, typically to run at a controllably lower rate of
      speed than the edge five rolls, to accommodate the overfeeding of the
      fabric where desired.
PAR  At the discharge end of the equipment, there is provided a batching stand
      140, which includes a roll-up batcher for the processed fabric, as well as
      fabric cutoff means and means for automatically or semi-automatically
      commencing the start of a new roll batch after fabric cutoff. To
      advantage, the batching stand may also include means for weighing the
      completed roll or batch, and also yardage counting means for recording the
      lengths of materials in the successive batches.
PAR  Referring now to FIGS. 1A, 7 and 8, the batching stage includes a driven
      windup roller 141, which is journalled in the frame and is driven by a
      variable speed electric motor 142 by means of a chain 143 and suitable
      sprockets. The variable speed motor 142 is controllable in relation to the
      drive motor 135 for the calender rolls. Thus, as will be understood, any
      variation in calender roll speed automatically will be reflected by a
      corresponding speed change in windup roll motor 142. In addition, however,
      the motor 142 may be adjusted to operate at a certain percentage of speed
      above or below the speed of the calender drive motor 135. The arrangement
      typically is such that the fabric 145 extending berween the calendering
      stage 15 and the windup stage 16 is maintained under a very slight
      tension, sufficient to maintain the fabric under complete control without,
      however, introducing an excessive degree of longitudinal tension.
PAR  Pivotally mounted on the batching stand 140 is a support bracket 146,
      comprising a pair of support arms at each side of the machine, pivoted by
      a shaft 147 and secured together by suitable bracing (not shown) for
      movement in unison. The bracket 146 is operatively connected to a fluid
      actuator 152 for pivoting movement about an angle of almost 90.degree.,
      from the position shown in full lines in 1A and 7, to the position shown
      in phantom lines in FIG. 7.
PAR  Secured to the bracket 146 are opposed pairs of mandrel guiding channels
      148 and 149. The channels 148 constitute the principal mandrel guides,
      while the channels 149 form a reservoir for a new mandrel, being provided
      with an upwardly opening slot 150 in which a new mandrel may be placed
      during the winding of a roll of fabric on a previous mandrel. In
      operation, a mandrel 151 of appropriate length and diameter is received in
      the main guide channel 148 and arranged to bear against fabric resting on
      the driven winding roll 141. After starting of the windup operations, by
      means to be described, the accumulating roll forces the mandrel 151
      radially away from the windup roll, urging it upward in the guide channels
      148, until the desired roll size has been reached, as reflected in FIG.
      1A. At that point, the actuator 152 is energized by means described below
      and extended to pivot bracket 146 in a counterclockwise direction, to a
      position in which the guide channels 148 are tilted slightly downward. The
      completed roll of fabric then readily rolls downhill, while still
      supported by the ends of the mandrel 151, until the mandrel ends drop into
      V-shaped receiving troughs 153 at the end of windup stand 140. When this
      pivoting action takes place, a new mandrel, held in the feeder channel
      149, rolls down and enters the main guide channel 148 behind the fully
      wound fabric roll and rests there, as reflected at 151a in FIG. 7. When
      the bracket 146 subsequently is pivoted clockwise back to its normal
      position, the new mandrel 151a slides down the main guide channel 148, to
      rest directly on the fabric passing over winding roll 141.
PAR  In the apparatus of the invention, a cutoff facility is provided on the
      downstream side of the winding station. This comprises a pair of
      transversely extending, opposed guide channels 160, 161 (FIG. 8) which
      serve to support and guide for transverse movement a cutter carriage 162.
      The carriage mounts a rotary cutting knife 163 driven by an electric motor
      164. The cutter carriage has a plurality of guide rollers 165 arranged to
      engage channels 160, 161 internally and accommodate the high speed travel
      of the cutter carriage across the full width of the machine. A drive cable
      166 is connected to the carriage 162 by means of a bracket 167. The drive
      cable passes around pulleys 168 at each side of the machine and is
      connected to a moving piston element 169 within an elongated air actuator
      170. When air is introduced into the left hand end of the actuator, as
      illustrated in FIG. 8, the cutter carriage is rapidly driven toward the
      left across the machine. When the cutter carriage engages a traverse limit
      switch 205 at the extremity of its movement, it energizes a carriage
      traverse timer 202. At the end of an adjustable delay period, as
      determined by timer 202, the air supply to the actuator 170 is reversed,
      and the cutter automatically returns to its starting position.
PAR  In this connection, timer 202 provides a sequence of signals through a
      plurality of lines connected thereto for the sequential control of a
      number of operations following cutoff and during the adjustable delay
      period of cutter carriage 162, as will be understood by practitioners in
      the art. Thus, after the predetermined adjustable dwell of cutter carriage
      162 following its actuation of limit switch 205, timer 202 signals an
      appropriate solenoid through line 210 for admitting air to the left hand
      side of piston 169 for returning cutter carriage 162 to its starting
      position. Typically, the cutter motor 164 is electrically driven and, for
      this purpose, a retractable power cord 172 extends from an automatic
      rewind device 173 secured at the side of the windup frame 140.
PAR  In typical operation of the equipment, when a fabric roll has achieved the
      desired size, the machine operator stations himself at the discharge end
      of the machine (left hand end, as viewed in FIG. 1A) to prepare for the
      cutoff and restarting operations. When he desires to remove the completed
      roll, the operator actuates a foot switch 180, which is accessible from
      his station at the end of the machine. This causes a signal to be sent to
      a speed reduction control 221 as through line 222. Speed reduction control
      221 is connected, in turn, to each of motors 142, 135 and 51 for
      selectively reducing speed or stopping the entire line momentarily for the
      web severing sequence to be described below. The actual connections
      between control 221 and each of the drive motors are not shown for
      clarity. At the same time, fluid actuators 152 are energized through
      connection (not shown) to foot switch 180 to pivot roll support brackets
      146 in a counterclockwise direction to the position shown in phantom lines
      in FIG. 7. The fabric roll will then tend to travel down the path formed
      by the downwardly inclined guide channels 148, but typically this movement
      is expedited by the operator manually gripping the exposed ends of the
      mandred 151 (see FIG. 8) and drawing the completed roll toward the end of
      the machine. As the mandrel 151 reaches the end of the guide channel 148,
      it drops into the V-shaped receiving sockets 153 initiating further
      operations.
PAR  When the mandrel ends are in their receiving sockets, a switch 181
      associated with one of the sockets is actuated. The fluid actuator 152 is
      thereby reversed to swing the brackets 146 and guide channels 148
      clockwise back to their normal operating positions. After guide channels
      148 have returned, and thus cleared the path of the cutter assembly
      162-165, that movement trips a switch (not specifically illustrated) to
      energize traverse cylinder 170 and initiate a rapid cutting traverse of
      the cutter carriage. The tubular fabric will at this time be draped over
      the guide channels 160, 161, and the fabric thus will be severed by the
      cutter as it proceeds through its traverse, freeing the completed roll
      from the remainder of the fabric supply.
PAR  When the carriage reaches the end of its cutting stroke, it remains there
      as described above, until timer 202 times out and initiates a return
      movement. During the short "dwell" of the carriage between cutting and
      return strokes, the cut end of the fabric is flipped over and restarted as
      a new roll, as will appear.
PAR  In accordance with one aspect of the invention, the entire cutter
      apparatus, including the carriage 162, its guide channels 160, 161, and
      the related mechanisms is mounted on the arms of the pivotable bracket
      146. As a result, when the bracket 146 is pivoted to discharge a wound
      roll, the entire cutter assembly pivots with the bracket and is thus
      temporarily retracted out of the way of the discharged roll. After the
      wound roll has been received in the sockets 153, the bracket 146 is
      pivoted back to its upright position, returning the cutter assembly to its
      operative position and orientation. By providing for the mementary pivotal
      retraction of the cutter assembly during roll discharge, it is possible to
      locate the cutting system and the cutting line much higher and much closer
      to the winding roll 141 than would be possible otherwise. This has the
      important advantage of reducing to a practical minimum the length of the
      "tail" of fabric which is to be flipped back over the new mandrel to start
      a new roll. By keeping this tail very short, greater reliability and
      uniformity is achieved in the restarting of rolls. In addition, the
      improved arrangement better accommodates the winding and handling of rolls
      of relatively large diameter.
PAR  Upon return of the guide channels 148 to their upright position, the new
      mandrel 151a, having previously rolled into the channel 148, now rolls
      down onto the winding roller 141, where it engages the layer of fabric
      extending over the winding roller in preparation for winding a new roll.
      In the following moments, the cutter carriage 162, as it completes its
      cutting traverse, trips limit switch 205 initiating a further sequence of
      operations through the action of timer control 202. Thus, timer 202
      through line 208 signals solenoid 215 to actuate valve 213 admitting air
      under pressure to one end of a pair of reversible fluid actuated cylinders
      207. Only one cylinder 207 is shown in FIG. 7, but it will be understood
      that there is one cylinder 207 at each side of the apparatus. Cylinders
      207 are supported on verticle brackets 209 which are fixed on horizontal
      brace 219 which in turn, is fixed to the frame of the machine.
PAR  Thus, the upper end of the piston rod of each of cylinders 207, as viewed
      in FIG. 7, has an air manifold pipe 190 affixed thereto. Manifold 190 has
      an elongated horizontal discharge slot 191, which is directed rearwardly.
      By initiation of timer 202, solenoid 215 actuates cylinders 207 for
      raising manifold 190 to its upward position shown in phantom lines in FIG.
      7. Because the tail end of the severed web 145 lies between cutter
      carriage 162 and windup roll 141, it is raised and partially folded
      backward by engagement with manifold 190. When air is supplied to this
      manifold 190 after it has reached its upper position and through a signal
      from timer control 202 the fabric is blown upwardly and rearwardly around
      the newly positioned mandrel 151, coming to rest on the upper surface of
      the fabric, on the upstream side of the mandrel 151 as reflected at 192 in
      FIG. 7. The duration of the raised position and the air supply to pipe 190
      is controlled by timer 202.
PAR  In timed sequence with the action of manifold 190 above, a rotary actuator
      193 is energized by timer 202 through line 226 to pivot, in a
      counterclockwise direction, a pair of tuck-in arms 194. These arms, which
      are of L-shaped configuration, carry positioning rollers 195 at their free
      ends, which are arranged to engage the end extremities of the newly
      positioned mandrel, to serve both as a position stop for the tuck-in arms
      194 and momentarily to apply a controlled amount of pressure to the
      mandrel. Such momentary pressure helps to avoid slippage of the fabric on
      the driven winding roller 141 during the start up of a winding sequence
      when there is little or no inherent weight to the newly started roll.
PAR  Secured to the tuck-in arms 194, and extending across the width of the
      machine, is a tuck-in bar 196. The tuck-in bar has a plurality of
      resilient tucking fingers 197 so positioned that, when the arms 194 are
      actuated to their counterclockwise limit positions, the fingers engage the
      loose upper flap of fabric 192, in the region of the bight between mandrel
      151 and winding roller 141, and cause a portion of the fabric to be tucked
      into this bight.
PAR  Tucking fingers 197 may be movably adjusted along bar 196 to accommodate
      different widths of fabric. Moreover, the holders therefore are reversible
      to provide different length fingers 197. The disclosure of this
      construction is detailed in my co-pending application Ser. no. 494,516,
      filed simultaneously herewith. The combination of this tucking, in
      cooperation with the controlled momentary pressure applied by positioning
      rollers 195, provides for controllably reliable restarting of the winding
      operation, after cutoff and doffing of a completed batch. The flip-over
      and tuck-in operations are normally initiated while the processing line
      remains in a stopped or slow speed condition. However, by an appropriately
      located limit switch 225 the counterclockwise movement of tuck-in arms 194
      to operative positions serves to reactuate the processing line to resume
      its normal operating speed. That is, cam 219 on one of arms 294 engages
      switch 225 which, in turn, sends a signal through line 208 to speed
      controller 221 for re-instituting normal operating speed of the production
      line.
PAR  The clockwise or return movement of the tuck-in arms is controlled by timer
      202 coinciding with the return of cutter carriage 162, and lowering of
      manifold 190 enabling the tuck-in operation to be reliably and effectively
      carried out, while at the same time withdrawing the tuck-in bar 196 before
      the newly winding roll undergoes a significant increase in diameter.
PAR  The completed roll batch, now resting in the sockets 153, may be removed
      and carried away during the interval of the winding of the next successive
      roll, as will be appreciated. When the filled mandrel 151 is received in
      the socket 153, it is also automatically weighed. The specific facility
      for registering the weight is not critical. To advantage, however, it may
      be an appropriate strain gauge or transducers element (not shown) which
      will sense the weight of the ends of mandrel 151 when resting in sockets
      153.
PAR  The apparatus of the invention provides a highly improved form of apparatus
      for carrying out calendering and finishing operations on tubular knitted
      fabrics. While the finishing operations themselves are essentially
      conventional in a general sense, involving lateral distending, overfeeding
      (if desired) for lengthwise relaxation, steaming, calendering and
      batching, the manner in which these operations are accomplished with the
      apparatus of the invention results in important advantages including
      significantly increased production speeds. In particular, the processing
      speed of conventional steam finishing equipment has been inherently
      limited by the ability to carry out the steaming operation effectively.
      Thus, in the steaming operation a desired amount of moisture must be
      imparted to the fabric without causing water spotting or other blemishes
      on the fabric. Heretofore, efforts to increase production speeds by
      increasing the volume and/or velocity of steam application have not met
      with success, partly because the ability to impart moisture to the fabric
      does not appear to be simply a function of velocity or steam, and partly
      because of severe spotting problems from condensing moisture. With the
      system of the present invention, however, by effecting the application of
      steam to the fabric with steam jet means located within a confining
      chamber closely embracing and surrounding the steam outlet means, and
      continuously extracting excess steam from the enclosed chamber, the
      effective production rate of the steaming operation can be greatly
      increased relative to conventional speeds without compromising production
      quality standards.
PAR  The "upstream" portions of the new system may be utilized with various
      batching means, including folders. Nevertheless, the system of the
      invention incorporates to advantage improved yet simplified semi-automatic
      facilities for windup batching and doffing of the fabric, with a minimum
      of operator attention and with a minimum of discontinuity in the operation
      of the equipment. Thus, when the batch roll has reached the desired size,
      the operator initiates the doffing sequence by means of a simple foot
      switch control, after which roll removal, fabric cutoff, and restarting
      operations are carried out in a rapid, automatic sequence without further
      operator intervention. To this end, a novel mechanism is provided for
      tucking in the cutoff fabric end and for applying momentary starting
      pressure to the new mandrel for effectively reliable restarting of the
      windup. Once a few turns of fabric have been made upon the new mandrel,
      the rewinding will continue unaided, and the tuck-in element, the air jet
      manifold and the auxiliary pressure means may be quickly retracted.
PAR  It should be understood, of course, that the specific form of the invention
      herein illustrated and described is intended to be representative only,
      and any changes may be made therein without departing from the clear
      teachings of the disclosure. Accordingly, reference should be made to the
      following appended claims in determining the full scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A semi-automatic batching and doffing means for winding fabric in
      batches, and of the type comprising
PA1  a. a controllably driven winding roll for supporting and driving a roll of
      winding fabric,
PA1  b. tiltable guide means for guiding the opposite ends of a fabric roll
      mandrel generally above said winding roll,
PA1  c. transverse fabric cutoff means on the downstream side of the winding
      roll for severing the fabric web after completion of a roll,
PA1  d. means for restarting the winding of a new roll; the improvement
      characterized by
PA1  e. cutoff transverse limit sensing means,
PA1  f. a vertically moveable air manifold means for vertically engaging and
      directing the cutoff end of the fabric web back and over a newly
      positioned winding mandrel; and
PA1  g. timer control means connected to said vertically moveable air manifold
      means and said sensing means, to actuate the engagement of the cutoff end
      of the fabric web in response to engagement by said cutoff means of said
      sensing means.
NUM  2.
PAR  2. The batching and doffing means of claim 1, further characterized by
PA1  a. said traverse cutoff means including a pair of transverse guide channels
      receiving and guiding a cutter carriage,
PA1  b. said traverse cutoff means additionally forming a fabric support for
      engagement and support of the fabric web during cutting thereof.
NUM  3.
PAR  3. The batching and doffing means of claim 2, further characterized by
PA1  a. said guide channels being positioned to lie closely adjacent the
      peripheral outlines of a fully wound fabric roll supported on said winding
      roll, whereby to minimize the free end length of the fabric following a
      cutting operation.
NUM  4.
PAR  4. The batching and doffing means of claim 1, further characterized by
PA1  a. said air manifold means including an elongated air manifold with a
      longitudinally extending horizontal slot for engaging the cutoff end of
      said fabric web with a substantially horizontal jet of impinging air.
NUM  5.
PAR  5. A semi-automatic batching and doffing means for winding fabric in
      batches, and of the type comprising
PA1  a. a controllably driven winding roll for supporting and driving a roll of
      winding fabric;
PA1  b. tiltable guide means for guiding the opposite ends of a fabric roll
      mandrel generally above said winding roll;
PA1  c. fabric cutoff means on the downstream side of the winding roll for
      severing the fabric web after completion of the roll; and
PA1  d. means for restarting the winding of a new roll; the improvement
      characterized by
PA1  e. said restarting means including vertically movable air jet means movable
      from a position out of engagement with the fabric web to a position
      engaging and raising the cutoff end of the fabric web;
PA1  f. time control means connected to said air jet means and responsive to
      said fabric cutoff means for causing sequentially the raising of said air
      jet means into engagement with the cutoff end of the fabric web, directing
      an impinging jet of air against said engaged cutoff end, and lowering of
      said air jet means.
NUM  6.
PAR  6. The batching and doffing means of claim 5, in which
PA1  a. said air jet means includes an elongated air manifold extending
      transversely of said fabric web;
PA1  b. a pair of spaced reversible fluid operated cylinders with one each
      connected at each end of said air manifold;
PA1  c. said air manifold having a horizontal elongated slot for emitting a
      substantially horizontal air jet transversely against the raised cutoff
      end of said fabric web.
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ABST
PAL  This invention covers means in connection with magnetic recording devices,
      to position, latch and remove reels from a driving hub, and actuation
      means therefor. The hub onto which the tape reel is placed carries an
      elastic sleeve about which the reel is placed. An actuation rod which
      passes through the hollow shaft of the drive motor carries a spool, to
      which three link bars are hinged. These are in radial planes spaced at
      120.degree. to each other. The link bars are attached respectively to
      three shoes which are adapted to press outward against the inside wall of
      the elastic sleeve, which expanded outward against, and securely grips the
      reel hub. Also involved in the linkages between the link bars and the
      shoes are three dogs, which are adapted to press the reel hub against the
      drive hub and/or to lift the reel hub, depending on the position of the
      actuator rod. The actuator rod is adapted to be operated in push-pull
      fashion by a handle on the front face of the mechanism, or by means of a
      vacuum actuator mounted behind the reel drive motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is in the field of magnetic tape recording devices. More
      particularly it relates to devices for holding and driving tape reels and
      the like. More particularly it concerns devices that provide a high
      driving torque to the reel while providing ease of placement and rapid
      locking and removal of the reel. 2. Description of the Prior Art
PAR  Magnetic tape reel drive mechanisms have been in use for many years.
      However, the prior art devices generally lack the desirable combination of
      high driving torque without slippage of the reel on the hub, and rapid
      mounting and dismounting of reels. This is a particular problem in digital
      tape transports, where, in normal practice, reels are changed frequently
      and, in operation, are rotationally accelerated and decelerated rapidly
      and often, all of which tends to cause slippage of the reel on the hub.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a tape reel
      holding, locking and driving device, which is capable of both imparting a
      large driving torque to the reel and provides for fast engagement and
      disengagement of the reel from the device.
PAR  Another object is to provide a reel support and driving device that in
      placement of the reel on the driving hub first presses the reel onto a
      seat on the driving hub before it engages the reel in high-torque driving
      contact, and conversely, on removal of the reel it provides for lifting
      the reel out of its seat after the driving contact is broken.
PAR  These objects are effected by this invention in the following way: A
      central operating rod which can be operated by hand from the front, or by
      a vacuum actuator from the rear, is pushed-in, toward the reel to clamp,
      and pulled out to release, the reel. Three radial links from the rod
      operate three shoes, which are adapted to push out radially against an
      elastic sleeve or ring, about which the reel is placed. Also involved in
      the linkages are three dogs which in the "pushed-in," or "clamped,"
      position press the reel onto the hub, and in the "pulled-out" position
      lift the reel off the hub.
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PAR  These and other objects, and a better understanding of the invention will
      become apparent from reference to the following description taken in
      conjunction with the attached drawings in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows an overall view of the device with a reel mounted thereon.
PAR  FIG. 2 shows a plan view of the device with cover removed.
PAR  FIGS. 3A and 3B show the two elevation views, in section, in the unclamped
      and clamped condition respectively.
PAR  FIGS. 4 and 5 show, respectively, a plan outer view of the vacuum actuator
      and a sectional view in elevation.
PAR  FIG. 6 illustrates a hand operated embodiment.
PAR  FIGS. 7A and 7B show a second embodiment of the clamping dogs in unclamped
      and clamped condition, respectively.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and in particular to FIG. 1, we show an
      overall view of the clamping device 10 of this invention with a reel 12
      mounted on the hub. Shown are the clamping dogs 18 which press the reel to
      the driving hub, and the elastic sleeve 16 which radially clamps the reel
      to the driving hub.
PAR  FIGS. 2, 3A and 3B show the details of the invention, FIG. 2 in plan view,
      and FIGS. 3A and 3B in elevation section. The driving hub 14 has a
      cylindrical wall 21 which forms a support for the elastic sleeve 16. This
      wall 21 is cut away in three large windows to permit placement of the
      shoes 20, which continue the circular arc of the remnants of the wall 21.
      The plastic sleeve 16 also surrounds the three shoes 20 which are locked
      in between the sleeve and (at their tips) by the wall remnants 21. The
      shoes seat on the hub plate 14 and are adapted to slide radially outward
      as will be explained below. The shoes are further held to the hub plate by
      stepped washers 30 that have a flange which overhangs the base 17 of the
      shoe. These stepped washers are held by three screws 29 which as shown in
      FIG. 3B also clamp the hub plate 14 to the flange 28 of the motor shaft
      28A.
PAR  The motor shaft 28A is hollow and an actuating, or operating, rod passes
      through the internal passage. One end of the rod is threaded into a
      central spool 26 that has three radial slots into which link bars 22 are
      hinged on pins 25. The other ends of the link bars 22 are hinged by pins
      23 to operating dogs 18. As shown in FIG. 2, these have milled slots into
      which the link bars pass. The operating dogs 18 are also hinged, by pins
      19 to the shoes 20.
PAR  The geometry of the linkages are such that when the operating rod is in the
      "out" or "forward" position the reel is unclamped and ready to be removed.
      This is shown in FIG. 3A where the lips on the operating dogs are
      withdrawn into slots in the cover 24 and there is adequate clearance for a
      reel hub to be passed over the device to be positioned on, or removed
      from, the hub.
PAR  Now, as the operating rod is moved inward, the apparatus takes the form
      shown in FIG. 3B. As the spool 26 moves in toward the hub plate, the link
      22 pushes on pin 23 and dog 18, rotating it about pin 19, into a position
      where the lip is pressed on the reel 12 (shown dashed).
PAR  As the spool is depressed further pressure outward on pin 19 causes the
      shoe to move outward, compressing the elastic sleeve 16 against the inside
      of the reel hub 12 and gripping it in torque transmitting action. Because
      of the angle of the links 22, there is a magnification of radial force
      outward of 5 to 1 or greater, over the tensile force in the rod 27. Thus a
      relatively weak force will provide secure gripping of the reel hub to the
      elastic sleeve.
PAR  Thus, we see that as the operating rod is moved, the tips of the dog first
      accurately position the reel hub against plate 14, and then clamps it
      radially. In the reverse operation the radial clamping is removed, then
      the dog lips are retracted and the reel can be removed.
PAR  In FIGS. 4 and 5 we show a type of vacuum or pneumatic operating actuator
      for use with this invention. It comprises an adapter plate that is mounted
      behind the operating deck of the magnetic recorder. It is shown as being
      mounted to the back end of the motor 39 that drives the reel. It has a
      central opening 41 through which the actuator rod 27 passes through, from
      the spool on the front end. The back end of the rod 27 is clamped to the
      inner race of the bearing 40, the outer race of which is clamped in a
      piston 42 by means of retainer 44, which also provides an airtight seal
      around the bearing 40. A rolling disphragm 46 is clamped at its inner
      periphery to the piston 42 by clamp ring 48. At its outer periphery it is
      clamped to the adapter plate 38 by the flange of the cylinder housing 50,
      by means of screws 51. A vacuum connection at 53 permits operation by a
      vacuum source. A pressure connection at 54 permits operation by air
      pressure. A compression spring 52 acts to move the piston toward the
      adapter plate on the release of vacuum or pressure.
PAR  Returning to FIG. 3B, the end position of the link bar 22 is shown in the
      clamp condition. This is the case for a vacuum operation, where a
      continuing force on the actuation rod is available. On the other hand, it
      is possible, in the absence of the vacuum actuator, to operate the rod 27
      by hand, as will be shown in connection with FIG. 6. In the case of hand
      operation a continuing force is not available. In that case the spool 26
      and rod 27 are pushed farther until the link has reached the dash position
      22', which is beyond center, thus locking the link in position 22', where
      it remains, and where the shoe 20 remains in its outermost position
      clamping the reel tightly to the elastic sleeve 16.
PAR  In FIG. 6, I show how a short threaded rod 56 can be screwed at end 57 into
      the top of the spool 26 and locked with nut 58. This shaft can pass
      through opening 62 in the cover 24, and can carry a knob 60, attached by
      screws 61. Operation of the rod, and the clamping mechanism can be
      effected by pushing or pulling on the knob 60.
PAR  In FIGS. 7A and 7B we show a variation in the construction of the clamping
      dogs 18 into a new shape 64. These dogs now have the same clamp tip as the
      dogs 18. Also, they have lower extensions 65, of the shape shown, which
      operate in slots 66 in the hub plate 14. When the operating rod 27 is out,
      which retracts the shoes 20 and elastic sleeve 16, and the dog 18 is
      retracted inside the cover 24, then the lower tip 67 of the arm 65 of the
      dog 64 projects up above the plate 14, lifting the reel off its seat on
      the plate 14. On the other hand, when the reel is clamped, as in FIG. 7B,
      the lower tip 67 is retracted below the level of plate 14, permitting the
      reel hub to seat thereon.
PAR  While the invention has been described with a certain degree of
      particularity, it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific embodiment set forth
      herein by way of exemplifying the invention, but the invention is to be
      limited only by the scope of the attached claim or claims, including the
      full range of equivalency to which each element or step thereof is
      entitled.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a tape reel positioning and latching means, in which a reel is
      mounted on a hub plate fastened to the hollow shaft of a driving motor,
      the improvement comprising:
PA1  a. actuation rod means which passes through the central passage of said
      motor shaft, from the front of said motor toward the back thereof;
PA1  b. spool means mounted on one end of said rod at the front end of said
      motor, a plurality of operating links placed in equally spaced radial
      planes and hinged at their first ends to said spool means;
PA1  c. said plurality of operating links hinged at their second ends to a
      corresponding plurality of operating dog means;
PA1  d. said plurality of operating dogs hinged to a corresponding plurality of
      shoe means adapted to slide in a radial direction;
PA1  e. elastic sleeve means surrounding said plurality of shoe means, said
      sleeve further guided so that its outer surface forms a substantially
      circular cylindrical wall of slightly less diameter than the diameter of
      the central opening of the reel hub;
PA1  f. said links, dogs and shoes adapted, in combination, when said spool is
      pressed in toward said motor,
PA2  1. to rotate said dogs so as to press said reel hub to said hub plate, and
PA2  2. to force said shoes radially outward to compress said sleeve against
      said reel hub, to hold it in intimate, torque-transmitting contact.
NUM  2.
PAR  2. The tape reel positioning and latching means as in claim 1, including
      means to apply a longitudinal force to said rod means.
NUM  3.
PAR  3. The tape reel positioning and latching means as in claim 2 in which said
      means to apply a longitudinal force to said rod means comprises vacuum
      means mounted at the back of said motor.
NUM  4.
PAR  4. The tape reel positioning and latching means as in claim 3 in which said
      means to apply a longitudinal force to said rod means comprises pneumatic
      means mounted at the back of said motor.
NUM  5.
PAR  5. The tape reel positioning and latching means as in claim 2, including a
      manual control on said rod, and including means, when said spool is
      pressed toward said motor, to position said spool so that said links are
      locked by toggle action, and said sleeve remains in compressed condition
      until said rod is manually pulled out.
NUM  6.
PAR  6. The tape reel positioning and latching means as in claim 1 in which said
      dog means includes locking tips, which, when said spool is moved inward,
      press said reel hub onto said hub plate and when said spool is moved
      outward has removal tips that lift said reel hub off said hub plate.
NUM  7.
PAR  7. The tape reel positioning and latching means as in claim 1 in which said
      dog means are rotated by said links into clamping position before said
      shoes are moved to clamping position.
NUM  8.
PAR  8. The tape reel positioning and latching means as in claim 2 including
      bearing means between said rod means and said force means, whereby said
      force means may be held stationary while said rod means rotates with said
      motor shaft.
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ABST
PAL  A rotating member, such as a roll of paper is supported by a pair of shafts
      extending into opposite ends of an axial bore in the rotating member. The
      shafts, which have rubber bushings which expand outwardly into tight fit
      within the axial bore, are constructed to enable ready removal of the
      shafts from the roll, for example, to change the roll.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to shafts and, more particularly, to stub
      arbor shafts, which shafts may be attached and detached to and from
      members such as large rolls supported by the shafts.
PAR  One commercially important use for such shafts is in paper mills where a
      plurality of rolls of paper are loaded onto a cutting machine and
      supported on suitable shafts while being cut into sheets. Customarily,
      each roll is mounted on a bearing at each end of the roll. Shafts of the
      subject type support the rolls on the bearings. Conventionally, one of the
      bearings can be reciprocated in the axial direction of the roll and the
      other bearing can be rotated about a vertical axis in order to align the
      rolls. The cutting machine runs essentially continuously and while empty
      rolls are being replaced, the machine is fed from other rolls. On a
      typical machine, there are six rolls disposed in three rows of two each.
PAR  At present it is more time-consuming and a more tedious job to repair this
      shaft, than the shaft of this application. The ends of the shafts, which
      extend into the roll, have outer annular rubber bushings. Provision is
      made in the shaft's construction to compress the bushings axially thereby
      causing them to bow outwardly into tighter fit within the roll. When the
      rubber bushing wears, it is necessary to take the shafts apart to replace
      the bushings. The prior art shafts have the further disadvantage that
      tools are required to fix the shafts, for example, to replace the
      bushings, and this entails further labor expense since it is deemed
      maintenance according to most union contracts, and thus should be done by
      the maintenance staff and not by the machine's normal work force.
PAR  In the existing prior art structure, it is necessary to almost completely
      disassemble the shaft in order to replace the bushing.
PAR  For example, in one prior art shaft structure, snap rings are employed
      which require special plyers for their removal. Then it is necessary to
      remove cotter pins and nuts on a rod which extends through the shaft, and
      then unscrew the cone. Only thereafter can the shaft be disassembled to
      remove the bushing. The use of snap rings is also disadvantageous since
      there is the possibility of snap rings coming out during use if improperly
      installed.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide a new and
      improved support shaft arrangement for rotating rolls and the like.
PAR  Another principal object of the invention is to provide a support shaft
      having a replaceable rubber bushing establishing a connection with a
      rotating member, which bushing may be replaced with a minimum of
      disassembly of the apparatus.
PAR  The above and other objects, features and advantages of the invention will
      in part be apparent and will in part be described below. Briefly, a
      presently preferred embodiment of the invention comprises a roll of paper
      or the like which is supported by a pair of shafts extending into the
      hollow core of the roll. For purposes of illustration, the roll will be
      described as a roll of paper employed on a paper cutting machine in a
      paper mill. The shaft on one side of the roll, referred to as a bearing
      shaft, is mounted in a bearing which may be shifted with the roll in an
      axial direction. The shaft on the other side of the roll, referred to as a
      journal shaft, is supported on a bearing which conventionally can be
      rotated about a fixed vertical axis. The axially shiftable bearing may be
      mounted on a wall, and this represents the shifter side of the cutter or
      sheeter. The other bearing, which can be rotated about a vertical axis, is
      typically also mounted on a wall, called the friction side. The purpose of
      the journal shaft is to support the rolls and put a braking effect on the
      rolls through the journal shafts to prevent the paper sheets from
      wrinkling. For this purpose, a friction wheel is put on the journal shaft
      to control the roll rotation and to keep the paper sheet taut between the
      roll and the cutter.
PAR  The two shafts associated with each roll, although not identical with each
      other, are basically similar. Each shaft has a roll engaging and/or cone
      end which is inserted into a bore in the roll. A rubber bushing is mounted
      at the cone end of the shaft and the bushing may be bowed outwardly to
      engage the walls of the bore in the roll to provide a driving engagement
      between the shaft and the roll. The shafts each have axial bores with an
      adjustment rod extending therethrough and attached to one end, to the cone
      end, and being accessible from the other end of the shaft. Rotation of the
      adjustment rod may move the cone end axially relative to the remainder of
      the shaft to expand or contract the rubber bushing.
PAR  Several embodiments of different structures for facilitating removal of the
      annular rubber bushing from the cone end more quickly than prior art
      devices are illustrated and will be described in detail hereinafter. For
      example, in some embodiments the rubber bushing can be slipped off the
      cone end over an adapter section of the shaft without the adapter section
      being removed from position relative to the adjustment rod. As another
      possibility described hereinafter, the head section of the cone may be
      removed without disrupting the remainder of the apparatus and thereafter
      the rubber bushing, which has been held in place in part by the cone head,
      may be removed at the cone end of the apparatus.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded view of a roll being supported by a pair of shafts
      and bearings in accordance with the present invention.
PAR  FIG. 2 is an exploded view partly in section of the shaft at the left side
      of FIG. 1, showing the manner of assembly of the bearing shaft.
PAR  FIG. 3 is a view primarily in longitudinal section showing the shaft of
      FIG. 2 when assembled.
PAR  FIG. 4 is an exploded view similar to FIG. 2 but of the shaft at the right
      side of FIG. 1.
PAR  FIG. 5 is a view primarily in longitudinal section showing the shaft of
      FIG. 4 when assembled.
PAR  FIG. 6 is a view in longitudinal cross section of a portion of another
      embodiment of the invention showing a modified shaft end structure for
      supporting an annular rubber bushing.
PAR  FIG. 7 is a view similar to FIG. 6 of another embodiment of the invention.
PAR  FIG. 8 is a longitudinal cross sectional view of a modified shaft end
      structure in accordance with another embodiment of the invention wherein
      the rubber bushing may be readily removed.
PAR  FIG. 9 is an exploded view of the end of the shaft in accordance with
      another embodiment of the invention which is designed for ready removal of
      the rubber bushing without disassembling the main portion of the shaft
      unit.
PAR  FIG. 10 is a longitudinal cross sectional view of another embodiment of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings and, more particularly, to FIG. 1, reference
      numeral 10 designates a roll of paper or the like which has a hollow core
      11. A first shaft, referred to as a bearing shaft generally designated by
      reference numeral 12, and a second shaft, referred to as a journal shaft,
      generally designated by reference numeral 14, are adapted to have their
      ends inserted into the hollow core 11 until keys 16 engage in
      complementary recesses 18 in the hollow core. The first shaft 12 has a
      rear end section 18 between rings 20 and 22 which is rotatably supported
      in a bearing 24. The bearing 24 and the shaft 12 may be reciprocated in
      the axial direction of roll 10 via a hand wheel 26.
PAR  The journal shaft 14 similarly has a rear section 28 mounted in a bearing
      30 which is rotatable about a fixed vertical axis as represented by the
      arrow 32. A slot 31 at the rear of the shaft 14 permits the shaft to be
      splined to a friction wheel (not shown).
PAR  FIGS. 2 and 3 illustrate the construction of shaft 12 in detail. As shown
      therein, the shaft is hollow and an adjustment rod 34 extends through the
      shaft. When in place, the right hand end of the rod 34, which has a
      configuration of a hexagon 36, is adapted to be engaged by a suitable tool
      to rotate the rod. The other end of the rod comprises an enlarged head 38
      and a threaded section 40. There is an adaptor stop 42 on rod 34
      intermediate the threaded section 40 and a further threaded section 44
      approximately at the mid-point of the rod. The purpose of the stop 42 is
      to push the adaptor to its seat in the shaft housing and prevent the
      adaptor from moving out of place. The threaded intermediate section 44 is
      threaded into a rod lock 46 which has internal threads 48 and is
      positioned in recess 50 in the shaft. The outer configuration of rod lock
      46 and the inner configuration of recess 50 permit rotation of the rod
      lock.
PAR  An annular rubber bushing 52 is placed onto the annular skirt 54 of shaft
      end piece or cone 56 which is slipped onto the rod from the right hand
      end. There are internal threads 58 in end piece 56 for engagement with the
      threads 40 at the other end of rod 34. Thus, the adjustment rod may be
      attached to cone end piece 56, the adaptor goes over the rod next followed
      by a ball bearing unit 60 and the rod lock 46, which is screwed to the rod
      and pinned by a pin, followed by a belt that wraps around the center of
      the rod lock to keep the pin from falling out. The rubber bushing is slid
      on from right to left until it covers the cone skirt before the whole
      assembly is pushed into the shaft.
PAR  The adjusting rod with all the parts on it are placed into the housing as
      follows. An adaptor 62 is slid along the shaft 12 until one end is pushed
      against a stop 63, by adaptor stop 42 of adjusting rod 34. The adaptor is
      hollow with a circular interior bore but with a hexagonal outer surface
      64. The hexagonal outer surface 64 is located within an enlarged diameter
      cone housing area 66 whereas the remainder of the adaptor is positioned
      within a smaller diameter passage 68 between recess 50 and the housing
      area 66 when the rod is inserted within the shaft housing. There are
      tapered apertures 70 in the passage 68 and corresponding tapered recesses
      72 in the wall of the adaptor 62. Pins 74 extend through the tapered
      apertures 70 into the recesses 72 to lock the adaptor in position. A belt
      76 is placed around the pins to prevent the pins from falling out.
PAR  As seen in FIG. 3, when assembled the portion of the left hand end of
      adaptor 62 which has a hexagonal or non-circular configuration telescopes
      within the skirt 54 within housing area 66 with provision for axial
      movement since the skirt does not extend the entire length of the housing
      area 66. The right hand end of the rubber bushing 52 abuts against the end
      78 of the shaft, and the adaptor stop 42 contacts the end of adaptor 62.
      At the right hand end of the rod 34 a bushing 80 is inserted into a
      counterbore 82 with the reduced diameter section 84 of the bearing
      extending into the axial bore 86 in the shaft 12. Section 84 of the
      bearing has a tapered opening 88 leading to the central passage 90. The
      tapered section enables the rod 34 to be slipped into the bushing 80 so
      that the nut 36 can be passed through the bushing without pushing the
      bushing out of its seat when the unit is being assembled.
PAR  In operation, after the cone end of shaft 12 has been inserted into the
      core 11 or roll 10, the rubber bushing 52 is pushed outwardly into sealing
      engagement with the core 11 by rotating the adjusting nut 36 be means of a
      suitable tool. Because the threaded section 40 of rod 34 engage with the
      threads 58 of the cone head 56, this causes the skirt to move to the right
      so that the rubber bushing 52 is compressed between the cone end 56 and
      the end 78 of the shaft. There would be a tendency for the skirt 54 to
      rotate with rod 34, but this is prevented due to the non-circular
      configuration of the inner surface of skirt 54 and the complementary
      configuration of the section 64 of the adaptor 62. As indicated above, in
      the illustrated embodiment skirt 54 and end section 64 have a hexagonal
      configuration. This prevent rotation of the skirt when the rod 34 is being
      rotated to either expand or contract the rubber bushing 52. Adaptor 62 in
      turn is prevented from rotating by the tapered pins 74 which connect the
      adaptor to the shaft and by the hexagonal shape of the adaptor in area 68
      of the housing (see FIG. 2).
PAR  FIGS. 4 and 5 illustrate the details of the journal shaft 14. Since shaft
      14 is basically similar in construction to the bearing shaft 12, the same
      reference numerals are employed in FIGS. 4 and 5 to designate
      corresponding parts to those described previously in connection with shaft
      12. The manner of connecting shaft 14 to the roll 10 via expansion of the
      rubber bushing 52 is the same as described previously in connection with
      shaft 12.
PAR  FIG. 6 illustrates a modified shaft end structure in accordance with
      another embodiment of the invention. In this embodiment there is an end
      piece or cone 80 with a tubular extension or skirt 82 which telescopes
      within a noncylindrical, for example, a hexagonal passage 84 in an adaptor
      86. The adaptor has a smaller diameter tubular extension 88 which
      telescopes within a housing 90 that is slightly shorter than the housing
      of the previously described embodiments. As shown, the adaptor has an
      annular abutment lip 92 which contacts the outer end of housing 90.
PAR  The outer configuration of extension 88 and the complementary shape of the
      surrounding surface of housing 90 are noncylindrical so that the adaptor
      does not rotate in housing 90. In view of the contact between the end of
      housing 90 and the surface 92 of the adaptor, pulling forces generated
      when a rod 34 is tightened to expand the rubber bushing 52 outwardly are
      not transmitted to the pins which lock the adaptor to the housing. The
      pins of this embodiment are comparable to pins 74 and are now shown in
      this embodiment.
PAR  When an adjustment rod 34 is rotated to draw the end piece 80 towards the
      right as seen in FIG. 6, the rubber bushing 52 is deformed outwardly into
      locking engagement within roll 10.
PAR  FIG. 7 illustrates another modified shaft end structure which comprises an
      end piece 96, and adaptor 98, and a housing 100. End piece 96 has threads
      102 to engage the threads of an adjustment rod 34. The end piece also has
      a tubular extension or skirt 104 whose end telescopes within a slot 106 in
      adaptor 98. Slot 106 is noncircular as viewed in transverse cross section.
      A similar slot 108 in adaptor 98 facing the other direction receives a
      thin extension 110 of housing 100. In this manner, pulling forces are not
      transmitted to the pins (not shown) fastening the housing 100 to the small
      diameter tubular extension 112 of the adaptor.
PAR  It will be appreciated that various other constructions of similar nature
      permitting telescoping movement between the end piece and the adaptor with
      provision for the adaptor and the housing to have abuting interengagement
      are possible within the scope of the invention.
PAR  FIG. 8 illustrates a modified end piece which might be used, for example,
      with the shafts of the FIG. 1 embodiment. This end piece has the advantage
      that the rubber bushing may be removed and replaced without taking the
      entire shaft apart. An end piece 116, has a tubular extension or skirt 118
      and at one end a smaller threaded extension 120 which has both internal
      and external threads. During assembly a rubber bushing 52 is placed onto
      the tubular extension 118 starting from the left side. Then an abutment
      member 121 is threaded onto the external threads of extension 120 followed
      by a lock nut 122. Should it become necessary to replace the rubber
      bushing 52, the adjustment rod 34 is loosened releasing pressure of rubber
      bushing so that lock nut 122 and abutment 121 may be screwed off
      permitting the bushing 52 to be slipped off of the tubular extension 118
      and over the end 38 of the rod 34 (FIG. 2).
PAR  FIG. 9 illustrates another embodiment of the invention designated to
      facilitate removal of a rubber bushing without disassembling the entire
      shaft. An end piece 124 has a tubular extension or skirt 126 to engage the
      adaptor. A rubber bushing (not shown) is intended to be slipped onto the
      tubular extension 126. For holding the bushing in place a spring loaded
      retaining member having an abutment 128 which projects above the surface
      of tubular extension 126 and a housing 130 is attached to support plates
      132 on the end piece, with springs 134 disposed in the housing and
      positioned upon pins 136. An annular steel cap 135 has an arcuate groove
      for receiving and protecting the edge of the rubber bushing. The back of
      cap 135 contacts the abutment 128. An end cap 138 is threaded onto
      threaded extension 142 of the end piece. An adjustment rod (not shown) is
      intended to extend through the central opening 144 in the cap 138 and
      through threaded extension 142 of the end piece.
PAR  FIG. 10 illustrates another embodiment of the invention which includes an
      adaptor 150 disposed in a housing 152. Housing 152 has a noncircular
      passageway 154 between spaced chambers 156 and 158. The adaptor 150 has a
      short, small diameter intermediate tubular portion 160 disposed in
      passageway 154. The adaptor has a larger diameter right end section 162.
      When turned 90.degree. from the position illustrated in FIG. 10, the end
      section 162 may be moved axially in the passageway 154 in the housing.
      When the end section 162 is in the position shown it cannot be moved
      axially since its side contacts the adjacent walls of chamber 158. The
      remainder of adaptor 150 comprises a larger diameter central portion 164
      received within chamber 156 in the housing 152 and a left end comprised on
      a small height octagonal or other noncircular cross section end piece 166
      which projects into a chamber 168 in the housing.
PAR  When the shaft is tightened, an octagonal cone skirt 182 slides onto the
      end piece 166. This helps to prevent the adaptor from turning when the
      shaft is in use. This also prevents turning pressure from being put on the
      pin 74 holding the adaptor in the housing. If there were no locking action
      to keep the adaptor from turning, the forces could snap the pins.
PAR  End piece 166 projects into cone skirt 170. The interior of the cone skirt
      is octangonal or other noncircular shape. The exterior of cone skirt 170
      is circular, so it can be turned in circular chamber 168 during shaft
      assembly and disassembly. When the shaft is tightened an octagonal end
      section 182 of the cone skirt slides to the right on end piece 166 into an
      octagonal chamber 200 in housing 152, which is no wider than the section
      182 of cone skirt. When cone skirt section 182 enters housing chamber 200,
      the end piece 166, the cone skirt, and the housing become locked together.
      If for example, the cone skirt is about 5 inches long, about 1 inch at the
      end section 182 is octagonal. The other 4 inches is round. When octagonal
      section 182 reaches its limit to travel to the right, it meshes with an
      octagonal chamber 200. AT the same time the interior octagonal shape of
      cone skirt 170 is in engagement with the complementarily shaped outer
      surface of end piece 166. This is an added safety feature of the invention
      that helps to prevent the adaptor from turning in the shaft housing. This
      locking effect minimizes the forces being placed upon the pins 74 holding
      the adaptor in the housing from turning. If for example in the case of a
      journal shaft, one puts friction on the housing of the shaft through a
      friction wheel to keep the sheet tight (see FIG. 1). Key 16 that is
      engaged in recess 18 receives pressure as the roll rotates against the
      braking effect. The rubber bushing also receives the same pressure because
      its the driving engagement. If recess 18 was to tear out letting key 16
      rotate (this happens when the axil bore of the roll is a fiber core) the
      rubber bushing would try to rotate with the roll causing the cone skirt to
      also turn. The cone skirt would turn the adaptor which would shear the
      pins. But the locking action that prevents the internal parts from turning
      when the cone skirt moves to the right in FIG. 10 prevents this from
      happening. Thus, if the axil bore tears out and the roll rotates on the
      shaft the worst that can happen is damage to the rubber bushing and the
      core itself. In the case of a steel core this safety feature would not be
      needed.
PAR  From the foregoing description, it will be appreciated that the adaptor
      cannot be assembled the wrong way beacuse only one end is configured to
      mesh with the cone skirt.
PAR  While presently preferred embodiments of the invention have been shown and
      described with particularity, various changes may readily suggest
      themselves to those of ordinary skill in the art upon being apprised of
      the invention. For example, in view of machining problems the housing
      might be manufactured in two pieces which are subsequently bonded
      together. The invention can also be utilized with a thrust ball bearing.
      The disclosed embodiments are to be taken as illustrative only, and it is
      intended to encompass all changes and modifications that all within the
      scope and spirit of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for insertion into an axial bore in a rotating member,
      comprising a shaft housing, an adaptor having a portion disposed within
      said housing, an end piece having a portion in sliding engagement with
      said adaptor, a deflectable rubber bushing disposed about said end piece,
      and adjustment rod extending through said housing, said adaptor and said
      end piece and having an end portion contacting said end piece, means to
      prevent inadverent movement of said adaptor from within said housing, said
      adaptor being disposed essentially completely within said housing, and
      said housing being provided with a chamber for the reception of a portion
      of said end piece in telescoping engagement with said adaptor.
NUM  2.
PAR  2. Apparatus for insertion into an axial bore in a rotating member,
      comprising a shaft housing, an adaptor having a portion disposed within
      said housing, an end piece having a portion in sliding engagement with
      said adaptor, a deflectable rubber bushing disposed about said end piece,
      an adjustment rod extending through said housing, said adaptor and said
      end piece and having an end portion contacting said end piece, means to
      prevent inadverent movement of said adaptor from within said housing, and
      a rod lock provided in a recess in said housing adjacent one end of said
      adaptor, said adjustment rod passing through said rod lock and having
      threads threadably engaging said rod lock.
NUM  3.
PAR  3. Apparatus for insertion into an axial bore in a rotating member,
      comprising a shaft housing, an adaptor having a portion disposed within
      said housing, an end piece having a portion in sliding engagement with
      said adaptor, a deflectable rubber bushing disposed about said end piece,
      an adjustment rod extending through said housing, said adaptor and said
      end piece and having an end portion contacting said end piece, means to
      prevent inadverent movement of said adaptor from within said housing, and
      said housing having a reduced thickness portion having an end in abutting
      engagement with a portion of said adaptor.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein said adaptor is provided with a
      slot, and said housing having an end portion extending into said slot.
NUM  5.
PAR  5. Apparatus for insertion into an axial bore in a rotating member,
      comprising a shaft housing, an adaptor having a portion disposed within
      said housing, an end piece having a portion in sliding engagement with
      said adaptor, a deflectable rubber bushing disposed about said end piece,
      an adjustment rod extending through said housing, said adaptor and said
      end piece and having an end portion contacting said end piece, means to
      prevent inadverent movement of said adaptor from within said housing, a
      threaded extension on said end piece, and an abutment threadably secured
      on said threaded extension to prevent removal of said rubber bushing.
NUM  6.
PAR  6. Apparatus for insertion into an axial bore in a rotating member,
      comprising a shaft housing, an adaptor having a portion disposed within
      said housing, an end piece having a portion in sliding engagement with
      said adaptor, a deflectable rubber bushing disposed about said end piece,
      an adjustment rod extending through said housing, said adaptor and said
      end piece and having an end portion contacting said end piece, means to
      prevent inadverent movement of said adaptor from within said housing, an
      abutment member connected to said end piece to normally prevent removal of
      said rubber bushing, and spring means normally biasing said abutment
      member to operative position and permitting depression of said abutment
      member to allow removal of said rubber bushing.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein said end piece telescopes within
      said adaptor, said adaptor having another end portion disposed within said
      housing.
NUM  8.
PAR  8. Apparatus for insertion into an axial bore in a rotating member,
      comprising a shaft housing, an adaptor having a portion disposed within
      said housing, an end piece having a portion in sliding engagement with
      said adaptor, a deflectable rubber bushing disposed about said end piece,
      an adjustment rod extending through said housing, said adaptor and said
      end piece and having an end portion contacting said end piece, means to
      prevent inadverent movement of said adaptor from within said housing, a
      pair of chambers and a noncircular passageway between said chambers
      provided in said housing, said adaptor having a first end portion disposed
      in one of said chambers, an intermediate portion within said passageway
      and a second end portion within the other chamber, said second end portion
      in one orientation passing through said passageway and in another
      orientation preventing retraction through said passageway, and said first
      end portion being in sliding engagement with said end piece.
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ABST
PAL  This invention relates to an apparatus for winding a cable or a flexible
      tube on winding supports mounted on winding-machines, the apparatus
      comprising at least two winding supports, a guiding and shearing mechanism
      having at least one exit opening, and driving means, the guiding and
      shearing mechanism being disposed facing the winding supports, and the
      driving means being adapted to advance the cable or tube towards the
      guiding and shearing mechanism.
BSUM
PAR  Winding apparatus of this kind are used to wind heavy cables or plastic
      tubes, either so as to form coils on the winding supports which are a
      permanent part of the apparatus, or on drums which are then transported to
      the place where the cable or tube is to be used and then returned once
      empty to be rewound. In most cases, winding is regulated by a traverse
      mechanism which reciprocates parallel to the axis of the drum so as to
      distribute the turns regularly on the winding support. In such apparatus,
      the provision of two winding supports in front of each guiding and
      shearing mechanism facilitates the removal of the full drums and their
      replacement by empty drums, thus saving time because the drums can be
      exchanged or the coil removed while the other winding support is already
      taking up the cable or tube. The main advantage of this arrangement is
      that the production line can work continuously.
PAR  However, the previously known apparatus still require intervals of stoppage
      or slowing down, or else the efforts of numerous personnel, when the cable
      or tube passes from one winding support to the other. For at the moment
      when the cable is cut so as to terminate its winding on one of the rotary
      supports, especially in the case of a thick cable, the new starting end of
      the cable must be led through the traverse mechanism and fastened to an
      empty drum or to the coil support, and the winding support must then be
      started up again. These operations generally require a slowing-down of the
      production line. In certain cases, accumulators are provided for
      temporarily storing the cable or tube produced by the line during the time
      it takes to start up a new drum. However, this solution is expensive and
      burdensome.
PAR  It is the object of this invention to provide a winding apparatus which can
      work continuously at as uniform a speed as possible, even when the cable
      or flexible tubes being produced are of relatively large diameter.
PAR  To this end, the winding apparatus according to the present invention
      further comprises a holding mechanism, control means, and, associated with
      each winding support, a flexible connecting member, a grasping member, and
      traction means, each grasping member being attached to one end of a
      respective connecting member, each traction means being adapted to act
      upon the other end of a connecting member for pulling the respective
      grasping member towards the associated winding support, the holding means
      being adapted to hold any one of the grasping members in front of an exit
      opening, and the control means being adapted to act upon the holding means
      and the traction means for releasing a grasping member and for setting the
      respective traction means in motion.
DRWD
PAR  Two possible embodiments of the invention and several variations thereof
      will now be described in detail with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a diagrammatic plan view of the first embodiment,
PAR  FIG. 2 is a diagrammatic perspective view of the first embodiment,
PAR  FIGS. 3 and 4 are partial perspective views of variations of the embodiment
      as shown in FIG. 2,
PAR  FIGS. 5 and 6 are partial sections of still other variations of the first
      embodiment,
PAR  FIG. 7 is a diagrammatic plan view of the second embodiment,
PAR  FIG. 8 is an elevation, partially cut away, of a drum mounted on a
      winding-machine,
PAR  FIG. 9 is a partial section taken on a horizontal plane containing the axis
      of the winding-machine, and
PAR  FIG. 10 is a partial section taken on the line X--X of FIG. 9.
DETD
PAR  It shall be assumed that the apparatus illustrated by way of example in
      FIG. 1 is intended for winding a plastic tube 1 about 30 mm. in diameter
      which is continuously produced by a production line, the details of which
      need not be described here. The tube 1 moves continuously from left to
      right as viewed in FIG. 1. It is to be wound in sections of a given length
      on drums such as drums 2 and 3. For that purpose, two drums are disposed
      in a manner known per se on two frame elements 4 and 5 equipped with
      motors 12 and 13 capable of rotating the drums 2 and 3 about their axes.
      Situated in front of each of the frame elements 4 and 5 is a traverse
      mechanism 6, 7 for guiding the tube 1 as it is wound on the respective
      drum so that the turns are laid regularly one beside the other and the
      several layers are formed regularly.
PAR  The tube 1 coming from the production line first passes into a driving
      device 8 which may, for example, consist of two opposing caterpillar belts
      or of roller-trains. It then passes into a shearing and guiding mechenism
      9, which will be described in more detail in connection with FIG. 2. It
      will be seen from FIG. 1 that the tube 1 passes through a slanting passage
      17 in the mechanism 9 so as to be directed between the two parallel bars
      of the traverse mechanism 7, then to reach the drum 2. Control elements
      10, 11, and 14 are interconnected circuits which make it possible to
      transfer the tube 1 automatically from the drum 2 to the drum 3. This
      operation may be controlled by means of a push-button 15, as will be seen
      further on.
PAR  In order to understand how this transfer is effected, FIGS. 1 and 2 will
      now be considered, in which the driving device 8, the tube 1, and the
      shearing and guiding mechanism 9 are to be seen. The mechanism 9 comprises
      a fixed guide block 16 through which two cylindrical passages 17 and 18
      run at an angle to one another. A switching block 19 is mounted on the
      rear face of the guide block 16. It is guided by a rib engaged in a
      dovetail slide 20 forming part of a lower extension of the block 16, and
      it is actuated by a jack 21 so as to reciprocate against the rear face of
      the block 16. Through the switching block 19 passes a cylindrical passage
      (not shown) perpendicular to the plane of the block 16 and fitted to the
      size of the tube 1 so that the portion of the tube 1 which is contained
      within this passage is kept perpendicular to the block 16. It will be
      understood, therefore, that if when the drum 2 becomes full, the block 19
      is moved towards the passage 18, the tube 1 will be cut off in line with
      the entry opening of the passage 17, and at the same time the section of
      the tube 1 which is still behind the guiding mechanism 9 will be moved
      over opposite the entry opening of the passage 18 by the switching block
      19. Since the tube 1 is advancing continuously, it will immediately enter
      the passage 18 and come out at the front face of the block 16.
PAR  FIG. 2 shows a support ledge 22 secured to the lower edge of the block 16.
      The ledge 22 is adapted to support two rectangular plates, one of which,
      23, is shown in FIG. 2. In the plate 23, which is slightly wider than the
      diameter of the tube 1, is a hole 24 fitted to the diameter of the tube 1
      and so positioned that the hole 24 is situated immediately in front of the
      exit opening 18a of the passage 18 when the plate 23 is in place on the
      ledge 22. The plate 23 is further equipped with two grasping blades 25,
      the function of which will become apparent further on. It is held in place
      in front of the block 16 by a pivoted catch 26 which can be moved by an
      electromagnet 27, shown diagrammatically, against the force of a spring
      (not shown).
PAR  The plate 23 is fastened to the end of a flexible connecting member 28
      consisting of a wire or a tape, the other end of which is permanently
      secured at a point 29 on the barrel of the drum 3. As a variation, the
      connecting member 28 might be secured instead at some other location on
      the drum, e.g., against one of its cheeks. It will be noted that when the
      plate 23 is disposed as shown in FIG. 2, the connecting member 28 passes
      between the two movable members of the traverse mechanism 6. It will
      therefore have been necessary, when the drum 3 was set in place, to pull
      the wire 28 and the grasping member, i.e., the plate 23, through the
      traverse mechanism 6, then to set the plate 23 on the ledge 22 and fix it
      there by means of the catch 26. The apparatus having been prepared in this
      manner, the transfer of the winding may be carried out virtually
      automatically. When the drum 2 is full, it suffices to cause the block 19
      to move in the slide 20. The tube 1 is then cut off flush with the rear
      face of the block 16, and the portion of the tube 1 which is at that
      moment engaged in the block 19 will be moved over in front of the passage
      18. Continuing to advance, this cut portion of the tube 1 enters the
      passage 18, then passes through the hole 24 in the plate 23. At that
      moment, the drum 3 is set in rotation, and the plate 23 is released by
      means of the electromagnet 27 which causes the catch 26 to pivot. The end
      of the tube 1 is then grasped by the resilient blades 25 of the plate 23,
      so that the connecting member 28 pulls it towards the drum 3. The member
      28 will start to wind up gradually on the barrel of the drum 3. The
      traverse mechanism 6 being set in motion, the turns will be distributed
      between the securing point 29 and one of the cheeks, e.g., the one shown
      at the top right of FIG. 2. At that located, the barrel of the drum 3 has
      a recess 30 intended to receive the plate 23. As soon as the member 28 is
      completely wound on the barrel of the drum 3, the winding of the tube 1
      may commence and continue regularly until the drum 3 is full. While the
      drum is starting up, the part of the tube 1 which has already passed
      through the block 16 will be slightly relaxed, but adjustment of the
      winding-speed makes it possible to restore running conditions where the
      drum turns at the same speed as the caterpillar belt 8.
PAR  When the drum 3 is full, the return of the block 19 to the positon shown in
      FIg. 2 will cause the shearing of the tube 1 and its orientation towards a
      new plate 23 which will meanwhile have been placed in front of the opening
      17a of the passage 17 and which will be connected to a new drum.
PAR  The circuit elements 10-14 shown in FIG. 1 represent a diagram of the
      control elements which are necessary in order that all the operations
      described may be carried out sequentially, without further intervention.
      The push-button 15, which in an automatic installation might be replaced
      by a running-length counter, triggers the entire cycle of operations. The
      circuit element 10 represents the control of the electromagnet 27, which
      is actuated slightly later than the switching block 19. Starting from the
      circuit element 10, the triggering order is likewise transmitted either to
      the circuit elements which control the motor 12 of the drum 2 and the
      traverse mechanism 7, or to the circuit elements which control the motor
      13 of the drum 3 and the traverse mechanism 6. Thus a single command
      triggers the entire cycle of operations. It suffices for the circuit
      element 10 to comprise an emitter which transmits each order coming from
      the push-button 15 alternately to the one circuit (12 and 11) and to the
      other (14 and 15).
PAR  Also shown in FIG. 2 is an auxiliary device which may be used when the
      product to be wound on the drums is a plastic tube. It consists of a clamp
      31 which may be operated at the moment when the tube is to be cut and
      which squeezes the tube together and simultaneously seals it off near the
      cut end so that this free end of the tube is closed. The entire clamp 31
      assembly may be movable in translation with the tube if the operation it
      carries out takes an appreciable amount of time. Where the product to be
      wound is a cable, such a clamp is not necessary.
PAR  It should also be noted that the guiding and shearing mechanism might
      equally well be designed differently from what is shown in the drawing. If
      need be, the shearing of the tube might be carried out at the location
      occupied by the clamp 31 in FIG. 2, e.g., by means of a circular saw
      having its axis parallel to the direction of travel of the tube. This saw
      might also move along with the tube during the cutting operation. In this
      case, the block 19 would serve only to guide the forward end of the
      section of cable to be wound on the empty drum, leading it to the entry
      opening of the corresponding passage.
PAR  In the embodiment illustrated in FIG. 2, the grasping member is a
      rectangular plate 23, and the flexible connecting member 28 is secured to
      one end of that plate. FIG. 3 shows how the plate 23 is pulled by the
      connecting member 28 and the way in which the blades 25 penetrate the
      surface of the tube 1 during the grasping operation. However, other
      designs of the grasping member are also conceivable. FIG. 4 shows a
      grasping member which consists of a V-shaped bent resilient blade 32, each
      arm of which has a hole 33 through which the tube 1 may pass. The
      connecting member 28 is secured to the free end of one of the arms of the
      bent blade 32. As long as the blade 32 is held by the catch 26 and
      supported by the ledge 22, it is kept bent, with its two arms lying flat
      against one another. As soon as the catch 26 is operated, the front arm
      springs forward so that the blade 32 grasps the tube 1 by an arching
      effect.
PAR  FIG. 5 shows a grasping member which takes the form of a cylindrical
      receptacle 34 having near its mouth a resilient washer 35 of a curved
      conical shape, divided into blades. The bottom of this grasping member
      will be attached to the connecting member 28 and supported by one of two
      tubular sleeve elements 36 secured to the front face of the block 16
      coaxially with the passages 17 and 18. The grasping member will be held in
      place by a catch-bolt 37 secured to the end of the rod of a small
      pneumatic jack mounted by means of a support 39 on each of the sleeve
      elements 36. The signal for the grasping member to be released will cause
      the catch-bolt 37 to be raised, thus freeing the receptacle 34.
PAR  FIG. 6 shows still another design of the grasping member. It is composed of
      a cylindrical stem 40, one end of which is attacted to the connecting
      member 28 and bears an adjusting ring 41, the outside diameter of which is
      slightly greater than that of the tube 1. The stem 40 also bears metal
      barbs 42 disposed at an angle in arrowhead fashion so as to enter the tube
      1 easily but to arch against its inner surface if an effort is made to
      withdraw the stem 40 from the tube 1. In this variation, the graspng
      member may be engaged directly in the passage 17 or in the passage 18,
      according to whether it is connected to the drum 2 or to the drum 3, the
      exit opening of each passage having a shallow annular undercut 43 (FIG. 6)
      enabling the stem 40 to be centered. It will be blocked by a small jack
      44, the rod 45 of which is bevelled so that the stem 40 may be put in
      position and is engaged normally on the front face of the ring 41. The
      jack 44 will be secured to the block 16 by a rigid support 46.
PAR  The apparatus described above makes it possible, thanks to the control
      circuits shown in FIG. 1, automatically to start up all the operations for
      accomplishing the transfer, namely, the shearing of the tube and its
      guidance towards the grasping member connected to the empty drum, the
      setting in motion of the empty drum and its traverse mechanism, the
      release of the grasping member, and the stopping of the full drum and its
      traverse mechanism.
PAR  It will be quite obvious, however, that in other embodiments, some of these
      operations may also be non-automatically controlled by separate control
      means. Moreover, while the transfer operations have been described taking
      a plastic tube as an example, it is to be understood that the procedure is
      exactly the same when the product to be wound is a cable; and that instead
      of the drums described, the winding supports might equally well consist of
      cylinders permanently mounted on their supports, the product then being
      wound in the form of coils which are removed from the cylinder when
      winding is terminated.
PAR  In the various forms of the embodiment described above, the grasping member
      is a rigid part attached to the flexible connecting member. However, the
      grasping member might also be designed differently, in the form of a
      simple loop made at the end of the connecting member. In that case, the
      connecting member will preferably consist of a cord, and a loop and a
      clove hitch, for example, may easily be formed near the end of this cord.
      The end of the cord will be held in a clamp, while the loop will be placed
      in front of the exit of the passage through which the cable or tube is
      passing. When the drum is set in motion, the hitch and the loop will be
      tightened about the end of the cable or tube before the cord is released
      from the clamp holding it.
PAR  The apparatus as described above, however, still presents one drawback when
      used for winding electric cable. When a drum or coil has been completely
      wound, the starting end of the cable is buried under the winding and is
      therefore not accessible. Now in the case of electric cable, it is
      generally required that both ends of the length of cable wound on a drum
      be accessible so that electrical measurements for quality-control of the
      cable can be carried out. The embodiment of the winding apparatus
      illustrated in FIGS. 7-10 remedies this drawback by making both ends of
      the cable accessible.
PAR  The apparatus as shown in FIG. 7 comprises some of the same parts as shown
      in FIG. 1. Thus the driving device 8, consisting of a caterpillar belt
      which advances the cable 1 towards the shearing device 19 controlled by
      the jack 21, may be seen in FIG. 7. The shearing device 19 directs the
      cable 1 either towards the passage 17 or towards the passage 18 of the
      guiding device 9, which carries holding means 36 for grasping members 69
      (FIG. 9) intended to draw the end of the cable 1 towards one or the other
      of two drums 47 or 48 mounted on a winding-machine 49 and a
      winding-machine 50, respectively. Associated with each of these
      winding-machines is a traverse mechanism 51, 52. A control device
      comprising a control circuit 10, driving means 53 and 54 for the traverse
      mechanisms, driving means 56 and 70 for the drums, as well as other
      driving means which will be described further on, makes it possible, by
      operating the button 15, to initiate the carrying out of a programme of
      operations which is repeated each time the cable 1 is transferred from one
      drum to the next.
PAR  One of the winding-machines is shown in part, but in greater detail, in
      FIGS. 8 and 9. It comprises a frame 55 bearing the driving motor 56 of a
      shaft 57. Secured to the end of the shaft 57 is a driving arm 58 equipped
      with a driving stud 59. The drum 48 mounted on the winding-machine 50
      comprises a cylindrical barrel 60 with spoke-wheels 61 placed at each end
      of it. The end of the shaft 57 is engaged in the central portion of one of
      the spokes so that when the motor 56 is running, the rotation of the arm
      58 causes the drum 48 to rotate. Mounted at one end of the arm 58 is a
      clamp 62, the body of which is formed by the cylinder of a jack, and the
      jaws of which are formed by a plate 63 (FIG. 10) integral with the rod of
      the jack and by a fixed parallel plate 64 mounted on the body of the jack.
      The control of the clamp 62 is connected to the circuit 10.
PAR  The arm 58 also supports a guide-tube 65. This part, consisting of a bent,
      rigid tube, is secured to the arm 58 in such a way that one end of it is
      situated immediately in front of the jaws 63, 64 of the clamp 62, while
      the other end passes between two spokes of the spoke-wheel 61 into the
      barrel 60 and is situated in immediate proximity to the barrel 60 in the
      vicinity of one of the cheeks of the drum 48, at a point where the barrel
      60 has an opening 66. The guide-tube 65 is intended to guide the cable,
      but as will be seen later on, it might also be dispensed with in a
      variation of this embodiment.
PAR  The frame 55 of the winding-machine 50 further supports a motor-driven
      winch 67 on which there is wound a wire or metal traction-cable 68 which
      constitutes a connecting member between the winding-machine 50 and the
      guiding device 9. The end opposite the one fixed to the winch 67 has a
      grasping member 69, which may be snout-shaped, for example, formed of the
      wires of the cable 68 loosened and spaced from one another.
PAR  It will be seen that FIG. 7 shows the positions of the various elements of
      the apparatus when the drum 47 is practically full and the shearing device
      19 has cut off the length of the cable 1 which will form the winding of
      the drum 47 and has directed the new section of the cable 1 towards the
      exit opening of the passage 17. This opening, made in the holding member
      36, is oriented towards the drum 48. FIG. 9, on the other hand,
      illustrates the positions of the elements of the apparatus at the moment
      when the clamp 62 of the winding-machine 50 is about to seize the new
      section of the cable 1. In the preparatory position of the winding-machine
      50 shown in FIG. 7, the cable 68 has been unrolled from the winch 67, led
      between the jaws of the clamp 62, into the guide-tube 65, through the
      opening 66 in the drum 48, and between the guides of the traverse
      mechanism 52, and the grasping member 69 has been engaged in the holding
      member 36. Immediately after the shearing device 19 has been operated by
      the jack 21, the holding member 36 releases, and the winch 67 is set in
      motion, the motor 56 remaining temporarily stopped. Thus it is the winch
      67 which pulls the new end of the cable 1 through the above-mentioned
      elements, the drum 48 remaining stationary until the grasping member 69
      arrives at the position shown in FIG. 9. At that moment, the clamp 62 is
      operated, so that the end of the cable 1 becomes integral with the members
      driving the drum 48. The member 69 may be detached manually or
      automatically before the motor 56 starts up. However, the apparatus may
      also be adjusted so that the motor 56 starts up immediately after the
      clamp 62 has operated, thus tearing off the member 69 and requiring its
      replacement before the traction-cable 68 is used again. As soon as the
      motor 56 has started running, the cable 1 winds up on the barrel 60 of the
      drum 48, but the end of it remains accessible since it is held by the
      clamp 62.
PAR  In a variation of this embodiment, the winch 67 is mounted on the arm 58 in
      lieu of the clamp 62. With such an arrangement, it is no longer necessary
      to detach the member 69 or to break the traction-cable 68 when the
      winding-machine is started up. It suffices to stop the winch 67 as soon as
      the traction-cable 68 is completely wound up on it and then to set the
      winding-machine in motion.
PAR  The various designs of the grasping member illustrated in FIGS. 3-6 may be
      used with the apparatus according to FIGS. 7-10. The holding mechanism 36
      will be constructed as a function of the shape and arrangement of the
      grasping members. As has been mentioned earlier, the guide-tube 65 may be
      entirely eliminated in all cases where the space crossed by the
      traction-cable 68 between the opening 66 and the clamp 62 or the winch 67
      is sufficient to avoid any risk of catching on the spokes of the
      spoke-wheel or other parts of the apparatus.
PAR  The construction of the semiautomatic apparatus described above is very
      simple. With a limited number of personnel, it enables the production line
      of a large-diameter electric cable to be kept in the continuous operation,
      this cable being wound in successive lengths on drums loaded alternately
      on the winding-machines 49 and 50. What is more, both ends of the cable 1
      are accessible on each drum, thus allowing the necessary tests to be
      carried out.
PAR  The apparatus described may be used to wind not only electric cable, but
      also all kinds of other cable, flexible sections, tubes, or wires of
      plastic material, etc.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for winding a cable or a flexible tube on winding supports
      mounted on winding-machines, said apparatus comprising at least two said
      winding supports, a guiding and shearing mechanism having at least one
      exit opening, and driving means, said guiding and shearing mechanism being
      disposed facing said winding supports, and said driving means being
      adapted to advance said cable or tube towards said guiding and shearing
      mechanism, further comprising a holding mechanism, control means, and,
      associated with each said winding support, a flexible connecting member, a
      grasping member, and traction means, each said grasping member being
      attached to one end of a respective connecting member, each said traction
      means being adapted to act upon the other end of a said connecting member
      for pulling the respective said grasping member towards the associated
      said winding support, said holding mechanism being adapted to hold any one
      of said grasping members in front of a said exit opening, and said control
      means being adapted to act upon said holding mechanism and said traction
      means for releasing a said grasping member and for setting the respective
      said traction means in motion.
NUM  2.
PAR  2. An apparatus in accordance with claim 1, further comprising a
      running-length counter for measuring the length of said cable or tube
      wound on each said winding support, wherein said control means are
      governed by said counter.
NUM  3.
PAR  3. An apparatus in accordance with claim 1 comprising two said winding
      supports, wherein said guiding and shearing mechanism comprises a fixed
      guide block and a movable switching block, said guide block having two
      transverse passages, each with an entry opening and a said exit opening,
      said switching block having a central passage and being movable parallel
      to a face of said guide block between two positions, and said central
      passage communicating with one of said entry openings in each of said
      positions.
NUM  4.
PAR  4. An apparatus in accordance with claim 3, wherein said central passage is
      fitted to the diameter of said cable or tube, the end of said central
      passage facing said guide block comprises a sharp edge, and said switching
      block constitutes a shearing member adapted to cut said cable or tube when
      moved from one of said two positions to the other.
NUM  5.
PAR  5. An apparatus in accordance with claim 3, wherein said holding mechanism
      comprises two support elements and two catches, said support elements
      being mounted on the side of said guide block remote from said switching
      block and each being adapted to support a said grasping member in front of
      a said exit opening, and each of said catches making a said grasping
      member integral with a respective support element.
NUM  6.
PAR  6. An apparatus in accordance with claim 5, wherein said control means
      comprise an electropneumatic jack and an electric switch, said jack being
      adapted to operate a said catch and being controlled by said switch.
NUM  7.
PAR  7. An apparatus in accordance with claim 6, wherein said control means
      further comprise a time delay circuit and a selection circuit, said
      circuits being adapted to start up each of said traction means alternately
      with a predetermined delay after the operation of said catch.
NUM  8.
PAR  8. An apparatus in accordance with claim 1, wherein each said traction
      means comprises means for attaching said other end of a said connecting
      member to the associated said winding support and means for rotating said
      winding support.
NUM  9.
PAR  9. An apparatus in accordance with claim 1, wherein each said traction
      means comprises an opening in the associated said winding support and a
      winch, said opening allowing the passage of a respective said conecting
      member, said other end of said connecting member is attached to said
      winch, and said winch is independent of the associated said winding
      support.
NUM  10.
PAR  10. An apparatus in accordance with claim 9, wherein said winding supports
      are removable drums, each said winding-machine comprises a fixed frame and
      a rotary arm, each said arm being adapted to drive a said drum rotatingly
      and bearing a clamp, and each said winch is mounted on a said frame near a
      said arm, each said clamp being connected to said control means by a
      remote-control connection, and each said connecting member associated with
      a said grasping member held by said holding mechanism being engaged in a
      respective clamp.
NUM  11.
PAR  11. An apparatus in accordance with claim 9, wherein said winding supports
      are removable drums, each said winding-machine comprises a fixed frame and
      a rotary arm, each said arm being adapted to drive a said drum rotatingly,
      and each said winch is mounted on a respective said arm.
NUM  12.
PAR  12. An apparatus in accordance with claim 9, wherein said winding supports
      are removable drums, each said winding-machine comprises a fixed frame and
      a rotary arm, each said arm being adapted to drive a said drum rotatingly
      and bearing a rigid guide-tube adapted to guide said cable or tube and a
      respective said connecting member from said opening in the associated said
      winding support towards a respective said winch.
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ABST
PAL  A safety belt retractor is provided having a frame, a shaft extending
      transversely of the frame and journalled for rotation thereon, a reel
      fixed to the shaft and having one end of a strap secured to the shaft and
      wound about the reel, the other end of the strap extending outwardly of
      the frame and means for rewinding the strap onto the reel. At least one
      ratchet tooth gear is mounted on the shaft and rotatable therewith and a
      lockbar is also mounted on the frame and has at least one locking pawl
      adapted to engage the teeth of the gear, the lockbar being movable between
      positions engaging the teeth and out of engagement therewith. Means are
      provided for moving the lockbar into engagement with the teeth of the
      ratchet tooth gear and releasing the lockbar from engagement with the
      teeth of the ratchet tooth gear upon rewinding of the strap back onto the
      reel. Means are also provided for preventing the reel from rotation in
      either direction when the lockbar is in locking engagement with the gear
      and a load is placed on the strap above a predetermined amount. Although
      the strap cannot now be unwound from or rewound onto the reel, the
      retractor continues to take the load for which it was designed before
      complete failure thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to improvements in safety belt devices, and, more
      particularly, to self-retracting safety belt retractors for use on
      vehicles or the like.
PAR  2. Description of the Prior Art
PAR  Safety belt retractors of the type disclosed herein have been developed
      over the years for use in aircraft, automobiles, and similar vehicles or
      the like. These retractors generally combine a frame having a
      shaft-supported reel thereon with a belt or strap automatically wound
      thereon and unwound therefrom. Such reels normally include a rewind spring
      to wind the belt or strap back onto the reel and cooperating locking means
      acting to lock the reel against rotation. Examples of such retractors are
      those which lock up when extension of the strap off of the reel is
      stopped.
PAR  It has been suggested that, after a crash or the like when portions of such
      retractors might have been rendered unsafe for further use, some means be
      provided for warning the user of this situation. At this time, there is
      nothing to prevent a user from using such retractors after they have been
      subjected to a dangerous load level, such as in a crash, with the
      attendant possibility of subsequent failure of the retractor upon exposure
      to a second crash or the like.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a safety belt retractor which,
      after being subjected in a crash or the like to a load level which renders
      some part of the retractor unsafe for further use, warns the user of this
      situation.
PAR  It is a further object of this invention to provide such a safety belt
      retractor where, after being subjected to a crash or the like, prevents
      the reel thereof from rotation in either direction, i.e., either unwind
      the strap off of the reel or rewind the strap back onto the reel.
PAR  It is still another object of this invention to carry out the foregoing
      objects in a manner whereby the retractor, even though the web or strap
      cannot be unwound from the reel or rewound thereon, continues to take the
      load for which it was designed before complete failure thereof.
PAR  These and other objects are preferably accomplished by providing a safety
      belt retractor having a frame, a shaft extending transversely to the frame
      and journalled for rotation thereon, a reel fixed to the shaft and having
      one end of a strap secured to the shaft and wound about the reel, the
      other end of the strap extending outwardly of the frame and means for
      rewinding the strap onto the reel. At least one ratchet tooth gear is
      mounted on the shaft and rotatable therewith and a lockbar is also mounted
      on the frame and has at least one locking pawl adapted to engage the teeth
      of the gear, the lockbar being movable between positions engaging the
      teeth and out of engagement therewith. Means are provided for moving the
      lockbar into engagement with the teeth of the ratchet tooth gear and
      releasing the lockbar from engagement with the teeth of the ratchet tooth
      gear upon rewinding of the strap back onto the reel. Means are further
      provided for preventing the reel from rotation in either direction when
      the lockbar is in locking engagement with the gear and a predetermined
      load is placed on the strap. Although the strap cannot now be unwound from
      or rewound onto the reel, the retractor continues to take the load for
      which it was designed before complete failure thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical cross-sectional view of one example of safety belt
      retractor illustrating means thereon for carrying out the techniques of
      this invention;
PAR  FIG. 2 is an end view, with portions thereof omitted for convenience of
      illustration, of the safety belt retractor of FIG. 1;
PAR  FIG. 3 is a cross-sectional side view of the reel of FIGS. 1 and 2;
PAR  FIG. 4 is a view similar to FIG. 2 showing a detailed portion thereof;
PAR  FIG. 5 is a side view, similar to FIG. 2, showing the position of the frame
      of the safety belt retractor of FIGS. 1 through 4 prior to placing a load
      thereon.
PAR  FIG. 6 is a detailed view of a portion of the frame of the reel of FIG. 5,
      and
PAR  FIG. 7 is a side view similar to FIG. 5 showing the position of the frame
      after a load is placed thereon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, and more particularly to FIG. 1, the general
      configuration of a seat belt retractor, indicated generally at 10, of will
      be described. It is to be understood that the techniques of this invention
      may be applicable to many types of seat belt retractors, such as those
      with self-locking reels or the so-called inertia reel type. Thus, although
      the invention will be described hereinbelow with respect to an inertia
      reel, the invention is not limited thereto. The retractor 10 thus includes
      a housing, indicated generally at 11, which comprises a base 12 and a pair
      of side walls or flanges 13 and 14. It can be seen with reference to FIG.
      2 that base 12 may include an extension portion 15 for securing retractor
      10 to a desired support in a vehicle or the like, such as the frame of the
      vehicle. Portion 15 may have one or more suitable apertures therein
      (aperture 15' in FIG. 5) to accomplish this.
PAR  The retractor 10 further includes a reel 16 on which a strap 17 is wound
      when retracted and from which the strap may be unwound. The reel 16 of the
      retractor 10 may be rotatably supported relative to the housing 11 through
      a shaft 18 extending through bearings 19 disposed in openings 20 in the
      side walls or flanges 13, 14 of housing 11. It can be seen in FIG. 2 that
      openings 20 are preferably generally centrally located in side walls or
      flanges 13, 14. Also, it is to be understood that the free end of strap 17
      is adapted to extend outwardly of reel 16 for attachment to the user's
      shoulder harness or the like (not shown).
PAR  Reel 16 also carries ratchet wheel means which may comprise a pair of
      spaced ratchet wheels 21, 22 which are keyed for rotation to reel 16 and
      also generally centrally located thereon. As can be seen in FIG. 1, wheels
      21, 22 are generally circular and preferably of an overall diameter that
      they do not extend beyond the outer limits of side walls or flanges 13,
      14. In the exemplary embodiment, such ratchet wheels 21, 22 are adapted to
      prevent rotation of reel 16 in one direction such as in the direction
      which would permit protraction of strap 17 off of reel 16 as will be more
      fully explained hereinafter. The shaft 18 thus passes through reel 16 and
      is secured against axial movement relative to the housing 11 by a spring
      member or retainer 23 (FIG. 3) interposed between the ratchet wheel 21 and
      shaft 18 with a leg portion 24 engaged in a slot 25 provided in wheel 21
      which retains shaft 18 in place within reel 16.
PAR  The retractor 10 also includes a windup spring 26 (FIG. 1) which is secured
      at its inner end to a slot 27 provided in a reduced end portion 28 of
      shaft 18 and by its outer end fixed to the inner wall of a spring cup 29.
      The spring 26 constantly biases the reel 16 in a counterclockwise
      direction, as viewed in FIG. 2, so as to constantly bias the strap 17
      toward full retraction.
PAR  Retractor 10 also includes retractor locking means, indicated generally at
      30 in FIG. 1, which means includes a ratchet wheel pawl 31, engaging tabs
      32, and laterally extending pivot arms 33 received in openings 34 in side
      walls or flanges 13, 14 for pivotal movement of pawl 31. The retractor
      locking means 30 further includes a clutch spring 35 (FIG. 2) surrounding
      the outer periphery of a circular cup member 36. Clutch spring 35 has a
      lug or tab 37 projecting therefrom which tab 37 extends into a slot 38
      formed in a biasing spring lever member 39, to provide a stop as well be
      discussed further hereinbelow, and into an opening 40 formed in side wall
      or flange 13. Lever member 39 is of substantially flat shape and opening
      40 is provided with an inclined portion 41 for conformably receiving
      therein pivot arms 33. An elongated spring member 42 is secured at one end
      in an opening 43 in side wall or flange 13 and extends about and is
      secured at its other end to pivot arm 33. Thus, the tabs 32 of pawl 31 are
      normally biased out of locking engagement with the teeth of ratchet wheels
      21, 22.
PAR  Inertia responsive means, indicated generally at 44, FIG. 2, may optionally
      be provided for actuating clutch spring 35 to thereby lock pawl 31 into
      engagement with ratchet wheels 21, 22. Such inertia responsive means
      includes the aforementioned cup member 36 which has a generally centrally
      located aperture 45 (see FIG. 3) surrounding a reduced portion 18' of
      shaft 18. A stub shaft 46 extends through an aperture in portion 18' and
      is pressfit or the like at one end 47 in a suitable aperture in shaft 18.
      The interior peripheral surface of cup member 36 is provided with ratchet
      teeth 48 (FIG. 3) for reasons to be discussed shortly.
PAR  Stub shaft 46 includes a second portion 49 of larger diameter than end 47
      conformably fitting into a like configured aperture 46' in the hub of a
      generally circular flange member 50 so that flange member 50 turns with
      shafts 18 and 46 in use.
PAR  The inertia responsive means 44 (FIG. 2) further includes an inertia member
      or plate 51 turnably mounted on a cylindrical boss 52 extending from
      flange member 50 and radially offset from the axes of shaft 18. It is to
      be understood that the axis of boss 52 passes through the center of
      gravity of plate 51. A lock washer 53 may be provided on boss 52 to retain
      plate 51 in position thereon.
PAR  A coil calibration tension spring 54 has one end thereof connected to an
      aperture 55 in inertia plate 51 and has its other end connected to a boss
      56 provided on flange member 50 and acts to normally hold inertia plate 51
      in position. As will be discussed further hereinbelow, the tension of
      calibration spring 54 determines the g settings, i.e., the acceleration of
      gravity, of the retractor 10. This may be about 0.7 g's, for example.
      Flange member 50 further includes a stop member 57 for limiting the
      movement of plate 51.
PAR  One or more ratchet teeth 58 are provided on the outer peripheral surface
      of inertia plate 51 and are adapted to engage the teeth 48 of cup member
      36. A housing 78 is secured to side wall or flange 13 to retain the
      various components therein. The operation of the inertia responsive means,
      indicated generally at 44, will now be described.
PAR  The aforementioned clutch spring 35 embraces the outer cylindrical surface
      of cup member 36 and resiliently grips this surface with a definite
      predetermined pressure. Thus, clutch spring 35 and cup member 36
      constitute a preloaded clutch, whereby the clutch spring 35 tends to turn
      with cup member 36 but will slip hereon if held against turning by a force
      exceeding a predetermined amount.
PAR  It can be seen that in the event of a crash resulting in a sudden
      deceleration of the vehicle in which retractor 10 is mounted, the user's
      body tends to be thrown forward suddenly so that the strap 17 starts to
      pay out of reel 16 with acceleration. Depending upon the tension of
      calibration spring 54, if a predetermined dangerous acceleration of the
      user's body is reached, the inertia plate 51 will tend to maintain its
      original velocity and hence will turn with respect to its pivotal support
      on boss 52, thus turning counterclockwise as viewed in FIG. 2 against the
      tension of spring 54 so that its ratchet teeth 58 engage teeth 48 on cup
      member 36 due to the eccentric mounting of plate 51 with respect to shaft
      18 as shown in FIG. 4. Thus, cup member 36 is now caused to turn clockwise
      within reel 16, and clutch spring 35 turning therewith moves via tab 37
      within slot 38 thereby moving lever member 39 and pawl 31. The tabs 32 of
      pawl 31 are thus urged by spring member 42 to lock the ratchet wheels 21,
      22 simultaneously to prevent further payout of strap 17. With reel 16 so
      locked and held firmly at both ends, the shaft 18 is relieved of high
      torsional loads which otherwise would occur were reel 16 locked at one end
      only, so that retractor 10 is capable of withstanding enormous strap loads
      in use.
PAR  Once the force on strap 17 is relieved, then it will retract automatically
      through the action of rewind spring 26. As the spring 26 starts to rewind,
      the flange member 50 will start to turn counterclockwise, as viewed in
      FIG. 2, causing the teeth 58 of inertia plate 51 to disengage from the
      teeth 48 of cup member 36, and calibration spring 54 will turn plate 51
      back to its original position (see FIG. 2) abutting against boss 56. The
      return of inertia plate 51 will also move clutch spring 35 back to its
      original position in FIG. 2 whereby lever member 39 and spring 42 returns
      pawl 31 to its original position. This of course unlocks tabs 32 from the
      teeth of ratchet wheels 21, 22 placing reel 16 in condition for another
      locking operation when required. There is no possibility of retractor 10
      locking during windup of spring 26.
PAR  Of course, inertia responsive means 44 may be eliminated entirely, as
      discussed hereinabove, thus presenting a conventional self-locking reel.
      In either case, as particularly contemplated within the present invention
      reel rotation preventing means are provided, indicated generally at 59,
      for preventing reel 16 against rotation in either direction when pawl 31
      engages the teeth of gears 21, 22 and a predetermined load is placed on
      17. In the exemplary embodiment, as shown in FIG. 5, such reel rotation
      preventing means includes flange connecting means which may comprise one
      or more cross-bars, such as a cross-bar 62, which may be provided on
      retractor 10 interconnecting side walls or flanges 13, 14 (as also shown
      in FIG. 2). Such cross-bar extends generally parallel to shaft 18 and
      beyond the outer periphery of ratchet wheels 21, 22 as shown in FIG. 5. As
      particularly contemplated within the present invention, cross-bar 62 is
      adjacent the outer periphery of ratchet wheels 21, 22 for reasons to be
      discussed shortly.
PAR  As shown in FIG. 5, the reel rotation locking means, indicated generally at
      59, further includes flange deformation means, as for example, a pair of
      crescent-shaped slots 63, 64 cut out of side walls or flanges 13 (only one
      flange being shown in FIG. 5). Slots 63, 64 extend about shaft 18 and are
      spaced therefrom, having their axes generally coincident with the central
      axis of shaft 18. A tab 65 or the like separates slots 63, 64. The slots
      63, 64 may taper generally to a point as shown in FIG. 6, the sides
      thereof forming an angle x of about 45.degree. with respect to a line y
      extending generally normally to the central longitudinal axis of slots 63,
      64. As shown in both FIGS. 5 and 6, a line z extends through both tab 65
      and the spacing 66 formed between the ends of slots 63, 64 opposite tab
      65. Preferably, line z should extend generally normal to the central
      longitudinal axis of strap 17 as it is unwound off of reel 16.
PAR  The width or area of tab 65, which, as will be discussed shortly is the
      shear zone, is determined by the amount of predetermined load desired
      before reel 16 is prevented from rotation in either direction. Thus, both
      the orientation of axis or line z and the area of the shear zone
      determines the design load of the failure point. That is, varying the
      angular relationship or radial location of line z and the width of shear
      zone or tab 65 determines the desired failure point. The optimum point is
      where strap 17 pulls off reel 16 at 90.degree. to the line z. Thus, if
      this angle is 75.degree. instead of 90.degree., the retractor 10 shears at
      a higher load; if the width of tab 65, which may, for example, be about
      0.045 inches tip-to-tip of slots 63, 64 having a flange of about, for
      example, 1/8 inch thick, is reduced about 50%, the retractor 10 shears at
      one-half the load (i.e., the shear load also being reduced about 50%).
      Although an angle x of about 45.degree. is shown, the slots 63, 64 at tab
      65, may be rounded or tapered to a point. However, such slots may be more
      difficult to manufacture and the configuration illustrated has been chosen
      as the most efficient and easily manufactured. Of course, slots 63, 64 may
      take various configurations as long as they are cut out of the portions of
      flanges 13, 14 surrounding shaft 18.
PAR  In operation, pawl tab 32 in FIG. 5 is shown in non-engaging position with
      respect to ratchet wheel 21. With pawl tab 32 engaging the teeth of wheel
      21, as shown in FIG. 7, and heretofore described, when a predetermined
      load is placed on strap 17, flanges 14, 13 will turn or pivot about tab 32
      which forces shaft 18 upwardly, i.e., from the FIG. 5 to the FIG. 7
      position. Under load, the shear area 65 between slots 63, 64 deforms and
      breaks. The force on the area 67, between slots 63, 64 and shaft 18,
      pivots area 67 about area 66 between slots 63, 64 permitting ratchet wheel
      21 to swing up and engage cross-bar 62. Thus, the axis of reel 16 is
      displaced. The teeth of wheels 21, 22 move into locking engagement with
      cross-bar 62 and thus the webbing or strap 17 of retractor 10 cannot be
      unwound from reel 16 or retracted thereon since reel 16 cannot rotate in
      either direction. However, the retractor 10 continues to take the load for
      which it was designed due to the physical engagement of area 67 and the
      face of slot 64. Thus, the reel 16 is prevented from rotation which would
      normally unlock or release pawl tab 32 from engagement with wheel 21 as
      heretofore described.
PAR  The retractor 10 may be designed to take a specified load which may be
      about 3,000 to 4,000 pounds before complete failure thereof. Such failure
      may, for example, take place during an impact at about 30 mph. However,
      the reel rotation preventing means, as discussed hereinabove, may be
      designed to fail at a lesser load level, as for example, at 1,000-1,500
      pounds, That is, the retractor 10 is in a condition that is no longer
      usable since the reel is prevented from further rotation but continues to
      take the load for which it was designed. Of course, the reel rotation
      preventing means could be activated in an impact at speeds as low as, for
      example, 10 to 15 mph; however, the user would not approach the load level
      of the reel rotation preventing means during normal usage.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a safety belt retractor having a frame comprising a pair of spaced
      flanges, a shaft extending transversely of said flanges and journalled for
      rotation thereon, a reel fixed to said shaft and having one end of a strap
      secured to said shaft and wound about said reel, the other end of said
      strap being adapted to extend outwardly of said flanges, a rewind spring
      operatively connected to both said frame and said shaft, at least one
      ratchet tooth gear mounted on said shaft and rotatable therewith, a
      lockbar mounted on said frame and having at least one locking pawl thereon
      adapted to engage the teeth of said ratchet tooth gear, said lockbar being
      movable between positions engaging said teeth and out of engagement
      therewith, the improvement which comprises:
PA1  reel rotation preventing means associated with said frame for permanently
      deforming a portion of said frame in a manner preventing subsequent
      rotation of said reel thereby preventing said reel from rotation in either
      direction when said lockbar is in locking engagement with said gear and
      load is placed on said strap above a predetermined amount.
NUM  2.
PAR  2. In the retractor of claim 1 wherein said reel rotation preventing means
      includes flange connecting means operatively connected to both said
      flanges, and flange deformation means associated with said flanges adapted
      to deform said flange when a load above a predetermined amount is placed
      on said strap when said lockbar is in locking engagement with said gear
      and displace said flanges a distance sufficient to permit said gear to
      engage said flange connecting means.
NUM  3.
PAR  3. In the retractor of claim 2 wherein said flange connecting means
      includes at least one cross-bar interconnecting said flanges and extending
      both generally parallel to the central axis of said shaft and beyond the
      outer periphery of said gear.
NUM  4.
PAR  4. In the retractor of claim 3 wherein said flange deformation means
      includes aperture means extending through at least a portion of the walls
      of said flanges.
NUM  5.
PAR  5. In the retractor of claim 3 wherein said flange deformation means
      includes a pair of arcuate slots extending through the walls of both of
      said flanges and spaced from one another along their central longitudinal
      axes, the central longitudinal axes of said slots being generally
      coincident with each other and generally equally spaced from the central
      longitudinal axes of said shaft.
NUM  6.
PAR  6. In the retractor of claim 5 including a shear area formed between said
      slots.
NUM  7.
PAR  7. In the retractor of claim 6 wherein said shear area is located at one of
      the spacings between said slots.
NUM  8.
PAR  8. In the retractor of claim 7 wherein each of said slots tapers generally
      to a point at said shear area.
NUM  9.
PAR  9. In the retractor of claim 7 wherein a shear axis is formed along a line
      extending both generally normal to the central longitudinal axes of said
      slots and through both said shear area and the spacing formed between said
      slots at the ends thereof opposite said shear area, said shear axis
      extending at an angle of about 90.degree. to the central longitudinal axis
      of said strap as it is extended off of said reel.
NUM  10.
PAR  10. In a safety belt retractor having a frame comprising a pair of spaced
      flanges and a cross-bar fixedly secured to both said flanges and extending
      transversely thereof, a shaft extending transversely of said flanges and
      generally parallel to said cross-bar and jounalled for rotation thereon, a
      reel fixed for rotation on said shaft and having one end of a strap
      secured to said shaft and wound about said reel, the other end of said
      strap being adapted to extend outwardly of said flanges, a rewind spring
      operatively connected to both said frame and said shaft, at least one
      ratchet tooth gear mounted on said shaft and rotatable therewith, said
      ratchet tooth gear being spaced from said cross-bar, a lockbar mounted on
      said frame and having at least one locking pawl thereon adapted to engage
      the teeth of said ratchet tooth gear, said lockbar being movable between
      positions engaging said teeth and out of engagement therewith, the
      improvement which comprises:
PA1  cross-bar engaging means associated with said flanges for pivoting at least
      a portion of said flanges about said lockbar when said lockbar is in
      locking engagement with said teeth of said ratchet tooth gear to a
      position whereby the teeth of said ratchet tooth gear engages said
      cross-bar preventing rotation of said spool when a load above a
      predetermined amount is placed on said strap.
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ABST
PAL  A device, conveniently in the form of a reel, for the housing of apparatus
      which is provided with a flexible or articulated windable element
      comprises a casing having two or more hollow components within which the
      apparatus is housed and around which the windable element is wound in such
      a manner as to constrain the components of the casing in the abutting
      positions which form the casing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to casings and, more particularly but not
      exclusively, to casings in the form of reels for the housing of apparatus
      which apparatus is provided with a flexible or articulated windable
      element.
PAR  It is often desirable to be able to store in a restricted space apparatus
      which is provided with a flexible or articulated windable element. Small
      electrical machines such as shavers and household drills are often
      provided with a cable and in the past monolithic reels have been provided
      for storage of the cable by coiling. Furthermore, it is often required to
      store conveniently a cable to which is attached a grapnel. For example,
      when containers dropped from aircraft are to be recovered at sea they
      often have attached to them a cable on the end of which is a grapnel. When
      ejecting such equipment from an aircraft it is convenient to ensure that
      the cable is coiled up, so that there is less danger of the grapnel
      fouling the aircraft during its ejection. However, the cable must be
      deployed in an uncoiled manner during the time when the container is
      floating on the water and so a storage means which allows the cable to
      uncoil during or immediately after descent is required.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a casing, for the
      housing of apparatus which is provided with a windable element, said
      casing comprising at least two components which may be brought together to
      a closed position of said casing and which may be moved relative to each
      other to an open position of said casing to allow egress of the apparatus
      from within said casing, and wherein there is provided in the said caasing
      an aperture for the passage therethrough when said casing is closed of a
      part of the said windable element whereby when said components of the
      casing have been brought together to close said casing with the apparatus
      within the casing, the said components may be constrained in the closed
      position by winding the said windable element around an outer surface of
      the casing.
PAR  A casing according to the present invention permits the housing in a
      restricted space of apparatus which is provided with a flexible or
      articulated windable element with the minimum bulk, and the automatic
      release of such apparatus if necessary. Furthermore, it is simple to
      produce and does not require any additional locking element.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Conveniently, the casing according to the invention comprises two
      components and takes the form of a central core formed of two hollow
      half-cylinders which can be mated along a plane containing the common
      longitudinal axis of the said half-cylinders and two substantially
      circular cheeks each formed of two half-cheeks having a mean radius
      greater than that of the said half-cylinders, each one of the four said
      half-cheeks being integral with one of the two plane faces of one of the
      two hollow half-cylinders of the said central core, the said central core
      containing at least one aperture formed in its surface of revolution at a
      point where the said aperture intersects the aforesaid plane, which
      aperture allows the passage therethrough of the said element the winding
      of which about the surface of revolution of the central core containing
      the apparatus to be housed effects the closing of the casing.
PAR  According to one embodiment of this convenient form of the invention, when
      the casing is closed the said half-cheeks are contiguous in an identical
      plane to that in which the said half-cylinders are contiguous.
PAR  According to another embodiment of this convenient form of the invention,
      when the casing is closed the said half-cheeks are contiguous in a
      longitudinal plane which is different from the plane in which the said
      half-cylinders are contiguous, which makes it possible to engage the two
      parts of the casing in one another.
PAR  If a casing according to the invention is to be used in the laying of
      mooring lines and/or for the immersion of apparatus such as a grapnel, the
      casing may constitute a float the two parts of which are connected
      together by one or a plurality of articulated joints. The or each such
      articulated joint may be composed of, for example, two staples each
      integral with a half-casing and connected together by at least one ring.
      The float may slide along the windable element and thus serve, for
      example, as a marking buoy. The grapnel, or other apparatus which is to be
      immersed, is housed within the casing, which casing is then closed and
      locked by the turns of the windable element which in this instance would
      normally be a chain or a rope which is secured at the end remote from the
      grapnel. On immersion, the combination of the casing and the grapnel or
      other apparatus to be immersed sinks having no overall floating ability
      and the rope or chain unwinds. When the rope or chain has unwound, the
      grapnel or other apparatus to be submerged is released, thus allowing the
      casing, which on its own has positive floating properties, to move up to
      the surface, sliding along the chain or rope.
PAR  A casing according to the present invention may also be used as part of a
      device for the recovery at sea of containers dropped from aircraft. The
      casing houses a grapnel secured to a windable element, in this instance a
      cable, which cable is wound on the said casing, the free end being
      connected to the container. When the aircraft carries out a dropping
      operation, the cable, casing and grapnel assembly is ejected outside the
      container. The cable unwinds and then releases the casing which separates
      to release the grapnel in its turn. This separation of the casing may be
      facilitated by appropriate design of the junction surface or surfaces of
      the components forming the casing. For example, in the aforementioned
      convenient form of the invention this may be achieved more particularly by
      curving, in the direction of rotation of the casing in its fall, the end
      of the contact surface of the half-cheeks which is diametrically opposite
      relatively to the aperture through which the connecting cable escapes. In
      this convenient form of the invention the unwinding of the cable can be
      braked by one or more members such as breaking wires of predetermined
      strength arranged between the cheeks of the casing through the agency of
      locating means provided for this purposes. After the container has fallen
      into the sea, the grapnel hangs vertically in the water on the end of its
      cable, which then meets the cable of a sweep towed by a ship. The grapnel
      then slides on the cable of the sweep until it encounters the sweep and is
      attached thereto. The container and sweep can then be hauled on board
      without difficulty.
PAR  The casing according to the present invention can be used for the housing
      of apparatus which is provided with a flexible or articulated windable
      element, and more particularly may be used for the housing of electrical
      apparatus such as drilling machines, shaving machines, etc. It can also be
      used for the provision of mooring lines of small bulk and devices for
      recovering containers at sea.
DRWD
PAR  For a better understanding of the invention, reference will now be made, by
      way of example, to the accompanying drawings in which:
PAR  FIGS. 1 to 12 illustrates one embodiment of a casing according to the
      invention, FIG. 1 showing a view in perspective of each of the two
      components of the casing, FIG. 2 being a view in perspective of the casing
      closed by a turn of cable, FIG. 3 showing a longitudinal section through
      the casing taken on line A--A, FIG. 4 being a transverse view of the
      casing, FIG. 5 being a transverse view of two of the half-cheeks, FIG. 6
      being a longitudinal view of a half-cheek, FIG. 7 being a similar section
      of another half-cheek which together with that in FIG. 6 forms a complete
      cheek, FIG. 8 being a transverse view of the half-cheeks not shown in FIG.
      5, FIG. 9 being a longitudinal view of a half-core, FIG. 10 being a
      transverse view from the left of the half-core shown in FIG. 9, FIG. 11
      being a longitudinal view of the other half-core of the casing, and FIG.
      12 being a transverse section taken on line B--B of the half-core shown in
      FIG. 11;
PAR  FIGS. 13 and 14 show views in perspective of other constructional forms of
      components of casings according to the invention; and
PAR  FIGS. 15 to 18 inclusive show diagrammatically a sequence of events which
      occur during the laying of a mooring line.
DETD
     In FIGS. 1 to 12, the casing is formed from a first component comprising
      half-cheeks 2 and 3 integral with the half-core 1, and a second component
      comprising half-cheeks 5 and 6 which are integral with the half-core 4.
      The casing is thus formed of two components each comprising a half-core
      and two half-cheeks. The half-cheeks, 2, 3, 5 and 6 contain respectively
      small apertures 7, 9, 8 and 10 which serve as locating means making it
      possible to arrange between the cheeks 2 and 3 and 5 and 6 members such as
      breaking wires of specific strength.
PAR  The space 14 formed between the two half-cores 1 and 4 allows the housing
      of a grapnel whose connecting cable 11 passes through an aperture of
      appropriate shape 15 and is wound about the two half-cores 1 and 4.
PAR  The separation of the two components of the casing is facilitated by a
      curved shape 13 given to an end of the portion of the half-cheeks 5 and 6
      in contact with the half-cheeks 2 and 3 which also have a curved form 12
      which matches the said curved form 13.
PAR  FIG. 13 is a view in perspective of one of two identical components of a
      casing comprising two half-cheeks 16 and a half-core 17 containing an
      aperture 18.
PAR  FIG. 14 is a perspective view of a first component of a casing in which the
      plane at which two half-cheeks 19 adjoin the corresponding half-cheeks of
      a second component of the casing differs from the plane of junction where
      a half-core 20 adjoins the other corresponding half-core.
PAR  FIG. 15 shows a casing comprised of two components 23, 24 being employed
      for the laying of a mooring line 29, just after immersion in a body of
      water 32. The two components 23, 24 are connected by articulated joints
      having staples 26 and a ring 27. Having negative buoyancy, the casing
      containing the grapnel 22 tends to sink and the mooring line unwinds until
      the grapnel is released.
PAR  FIG. 16 shows the casing, just after opening to release the grapnel 22,
      sliding towards the surface of the body of water on the mooring line 29.
PAR  FIG. 17 shows the casing floating closed and empty on the surface and
      serving as a signalling buoy.
PAR  FIG. 18 shows an articulated joint comprising two staples 26 and a ring 27
      connecting two components 23 and 24 of a casing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A casing, for the housing of apparatus which is provided with a windable
      element, said casing comprising
PA1  a central core with a surface of revolution defining an inner volume for
      said housing of apparatus, said core being formed of two hollow
      half-cylinders, each of said half-cylinders comprising two plane faces,
      said half-cylinders may be brought together to a closed position of said
      casing along a plane containing the common longitudinal axis of said
      half-cylinders and which may be moved relative to each other to an open
      position of said casing,
PA1  two substantially circular cheeks formed of two contiguous half-cheeks
      having a mean radius greater than that of the said half-cylinders, each
      one of the four said half-cheeks being integral with one of the two plane
      faces of one of the two hollow half-cylinders of the said central core,
PA1  an aperture located through the surface of revolution of said central core
      at a point where the said surface of revolution intersects the said plane,
      said aperture emerging in said inner volume, said aperture allowing
      passage of the said windable element the winding of which about the
      surface of revolution of the central core maintaining the casing in its
      closed position enclosing the said apparatus, the unwinding of the said
      windable element allowing the two hollow half-cylinders to break up, which
      allows egress of the said apparatus from within said casing.
NUM  2.
PAR  2. A casing as claimed in claim 1 wherein the half cheeks are contiguous in
      an identical plane to that in which the half-cylinders are continguous.
NUM  3.
PAR  3. A casing as claimed in claim 1 wherein the half cheeks are contiguous in
      a longitudinal plane which is different from the plane in which the
      half-cylinders are contiguous, which makes it possible to engage the two
      parts of the casing in one another.
NUM  4.
PAR  4. A casing as claimed in claim 1 for use in the laying of mooring lines
      wherein the apparatus is a grapnel or other device to be submerged, said
      windable element is a flexible or hinged cable, the casing in said closed
      position having an intrinsic negative floating ability in closed position
      containing said apparatus and an intrinsic positive floating ability when
      it is substantially empty.
NUM  5.
PAR  5. A casing as claimed in claim 4 wherein the two hollow half-cylinders are
      connected by at least one articulated joint for its binding with the other
      half-cylinder, said articulated joint being disposed so that the casing is
      slidably connected to the said windable element, said articulated joint
      being composed of two staples and at least one ring, said staples being
      each integral with one half-cylinder and said ring connecting together the
      said staples.
NUM  6.
PAR  6. A casing as claimed in claim 1 for use in a device for the recovery at
      sea of containers dropped from aircraft wherein the said casing comprises
      said cheeks and wires, said wires linking said cheeks and wires and said
      wires being of a strength such that they break when the windable element
      wound on the casing unwinds at positions such that the surface of
      revolution of the central core of the casing has a maximum radius less
      that that between any one of the said wires and the major axis of the
      casing.
NUM  7.
PAR  7. A casing as claimed in claim 6 wherein said wires are fixed in apertures
      formed in the thickness of the cheeks.
NUM  8.
PAR  8. A casing as claimed in claim 1 wherein the end of the contact surface of
      the half-cheeks diametrically opposite the end adjacent to the aperture in
      the half-core through which the said windable element may issue is curved
      in the direction in which the casing rotates when the windable element
      unwinds.
PATN
WKU  039413322
SRC  5
APN  4931831
APT  1
ART  242
APD  19740730
TTL  Rotational position sensor
ISD  19760302
NCL  2
ECL  1
EXP  Christian; Leonard D.
NDR  6
NFG  13
INVT
NAM  Matula; Jerry
CTY  Culver City
STA  CA
ASSG
NAM  Bell & Howell Company
CTY  Chicago
STA  IL
COD  02
RLAP
COD  74
APN  331371
APD  19730212
PSC  01
PNO  3828188
CLAS
OCL  242189
XCL  242 7552
EDF  2
ICL  B65H 5900
ICL  B65H 5938
ICL  B65H 6302
FSC  242
FSS  189;190;75.51;75.52;75.44
FSC  250
FSS  219 R
UREF
PNO  3470382
ISD  19690900
NAM  Tobey
XCL  242 75.52
UREF
PNO  3731890
ISD  19730500
NAM  Ruoff et al.
XCL  242 75.52
UREF
PNO  3787690
ISD  19740100
NAM  Neff
OCL  242190
LREP
FR2  Walsh; Robert A.
ABST
PAL  A rotational position sensor is disclosed in which the beam from a light
      emitting diode mounted on a rotatable element is directed onto a pair of
      adjacent photocells. The portion of the beam falling upon each of the
      photocells determines the photocell output signal. The output signals are
      combined to form a signal which varies generally linearly with the
      rotational position of the element upon which the light emitting diode is
      mounted. The photocells are disposed in relatively close relation to one
      another, and the light emitting diode is disposed relatively close to each
      of the photocells and a short distance from the axis of rotation of the
      element. By use of appropriate masks the size of the beam from the light
      emitting diode can be varied so as to provide linear response over varying
      angular ranges of movement of the rotatable element.
PARN
PAR  This is a division of application Ser. No. 331,371 filed Feb. 12, 1973 now
      U.S. Pat. No. 3,828,188.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to rotational position sensors, and more
      particularly to sensors of the type in which varying portions of a light
      beam emitted by a light emitting diode or other source of illumination are
      directed onto one or more photoelectric cells to represent angular
      position of a rotatable element.
PAR  2. History of the Prior Art
PAR  Rotational position sensors have found use in a wide range of different
      applications. For example, in the case of magnetic tape decks it is not
      uncommon to provide a pair of arms for sensing tape tension adjacent
      supply and takeup reels on opposite sides of a tape driving mechanism such
      as a capstan. The supply and takeup reels are commonly driven by motors
      coupled to servo systems which are responsive among other things to the
      angular positions of the tension arms. In such situations it is desirable
      to be able to equip each of the tension arms with a rotational position
      sensor capable of producing an output which varies linearly with the
      angular position of the tension arm and which is at the same time of low
      cost and relatively maintenance free construction, has a minimum of moving
      parts, and has low inertia so as not to substantially interfere with the
      operation of the tension arms.
PAR  Rotational position sensors find similar application when used with the
      tension arms in certain cameras such as those of the microfilm type used
      in data processing operations. In such instances it is desirable to drive
      the reel motors for the film in accordance with the behavior of the
      tension arms to prevent stretching of the film. Stretching exposes and
      ruins the film. By the same token it is necessary that the film be sealed
      from exposure to any light sources used in conjunction with rotational
      position sensors for the tension arms, or alternatively that light sources
      be used which do not affect the film such as those within the infrared
      range.
PAR  A number of prior art rotational position sensors having some of the
      desirable properties noted above have been proposed. One such type of
      sensor positions a light emitting diode or other source of infrared
      radiation adjacent the rotatable portion of the tension arm or other
      element so as to direct a beam therefrom onto a mirror mounted for
      rotation with the tension arm. As the tension arm rotates the mirror
      reflects greater or lesser portions of the beam onto one or more
      photocells disposed adjacent the tension arm. Sensors of this type provide
      an output signal which varies generally linearly with the angular position
      of the tension arm. For film applications the infrared light sources do
      not expose the film thereby obviating the need for expensive or cumbersome
      light shielding. However sensors of this type suffer from a number of
      disadvantages which may seriously limit their usefulness for many
      applications. For one thing such arrangements are needlessly complex
      because of the problem of properly aligning the various components
      including the mirror so as to achieve the desired beam reflection. As a
      result frequent maintenance may be required. The presence of the mirror
      adds considerable inertia which may be a highly undesirable factor with
      some tension arms. A still further problem is the space often consumed by
      sensors of this type. Since light intensity is knonw to vary with the
      square of distance it is often necessary to locate the light emitting
      diode or other source and the photocells a substantial distance from the
      mirror so as to provide little change in the total distance of the light
      path from the diode through the mirror to the photocells throughout the
      required angular range of operation.
PAR  Ideally the light emitting diode or other source of illumination should be
      mounted directly on the rotatable element such as the tension arm so as to
      project a beam directly onto one or more photocells. Such arrangement has
      the advantages of simplicity, compactness, low cost, low maintenance and
      low inertia. However arrangements of this type have been considered
      impractical or impossible, among other reasons because of the problem of
      varying light intensity and the consequent problem of producing a linear
      output response.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the invention a rotational sensor having a substantially
      linear output response includes a light emitting diode mounted on a
      tension arm or other rootatable element and a plurality of photocells
      disposed adjacent the diode. It has been found that with the light
      emitting diode or other source of illumination located close to the axis
      of rotation and on the side thereof adjacent the photocells with the
      photocells located relatively close to the light source as well as to one
      another, the combined output of the photocells when properly amplified and
      processed varies substantially linearly with the angular position of the
      rotatable element. With the various distances properly maintained the
      distance between the light source and the plane of the photocells
      undergoes very little change over a relatively wide range of possible
      angular positions of the rotatable element. When such conditions are
      maintained the output of each photocell varies generally linearly with the
      portion of the beam from the light source directed thereon, and this
      despite the fact that the illumination intensity drops off quickly with
      increasing angular distance from the central axis of the light emitting
      diode.
PAR  In one preferred embodiment of a rotational sensor according to the
      invention a pair of generally planar photocells are disposed relatively
      close to one another and within a common plane adjacent the rotatably
      mounted light emitting diode. The distance between the light emitting
      diode and the photocells is relatively small, yet is larger than the
      distance which separates the photocells from one another. Such arrangement
      has been found to poduce an output which varies generally linearly with
      angular position throughout an angular range the opposite extremes of
      which are defined by the angular positions at which the light beam is at
      the edge of one of the photocells.
PAR  In accordance with the invention the useful range of the rotational sensor
      can be extended as desired by increasing the angular width of the light
      beam such as through proper masking. For example use of masking techniques
      which provide for a light beam having an angular width on the order of
      90.degree. have produced a linear response throughout a useful range of
      50.degree. or greater.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of
      preferred embodiments of the invention, as illustrated in the accompanying
      drawings, in which:
PAR  FIG. 1 is a plan view of a portion of a camera of the type in which
      rotational position sensors in accordance with the invention can be used
      to advantage;
PAR  FIG. 2 is a plan view of a magnetic tape deck of the type in which
      rotational position sensors in accordance with the invention can be used
      to advantage;
PAR  FIG. 3 is a perspective view of a rotational position sensor in accordance
      with the invention;
PAR  FIG. 4 is a section view of the sensor of FIG. 3 taken along the line 4--4
      thereof;
PAR  FIG. 5 is a diagrammatic representation of a portion of the sensor of FIG.
      3 useful in explaining the operation thereof;
PAR  FIG. 6 is a diagrammatic plot of the output of a single photocell when
      placed in close proximity to the light emitting portion of the sensor of
      FIG. 3 as a function of angular position of the sensor;
PAR  FIG. 7 comprises diagrammatic plots of the individual outputs of each of
      the photocells in the sensor of FIG. 3 as a function of angular position
      of the sensor;
PAR  FIG. 8 is a diagrammatic plot of the outputs of the photocells of the
      sensor of FIG. 3 as a function of angular position of the sensor when the
      photocell outputs are combined in accordance with the circuit arrangement
      of FIG. 9;
PAR  FIG. 9 is a schematic diagram of one circuit arrangement for coupling the
      photocells of the sensor of FIG. 3 together to produce a single output
      signal;
PAR  FIG. 10 is a schematic diagram of one preferred circuit for combining and
      amplifying the outputs of the photocells of the sensor of FIG. 3 while at
      the same time providing variable gain;
PAR  FIG. 11 is a diagrammatic plot of the outputs of the photocells of the
      sensor of FIG. 3 as a function of angular position of the sensor when the
      photocell outputs are combined in the circuit of FIG. 10;
PAR  FIG. 12 is a secton view of the sensor of FIG. 3 corresponding to the
      section view of FIG. 4 and illustrating an alternative arrangement for
      providing a wider light beam; and
PAR  FIG. 13 comprises four different diagrammatic plots of the outputs of the
      photocells of the sensor of FIG. 3 utilizing the increased beam width of
      FIG. 12 as said photocell outputs are processed by the circuit of FIG. 10,
      each of the four different plots of FIG. 13 corresponding to a different
      gain setting in the circuit of FIG. 10.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates a portion of a camera of the type in which rotational
      position sensors in accordance with the invention may be used to
      advantage. The camera 10 of FIG. 1 is of the type used for microfilming in
      data processing operations and includes a pair of reels 12 and 14 for
      handling a length of photographic film 16 which extends therebetween and
      through an area including a film gate and lens 18. The film 16 is wound
      about a plurality of guide rollers 20 which help to define a path for the
      film 16 between the reels 12 and 14.
PAR  To prevent stretching or other distortion of the film 16 which may result
      in exposure of the film, and to improve the performance of the camera 10
      in general, the film 16 is wound around a pair of guide rollers 22 and 24
      respectively rotatably mounted at the ends of a pair of tension arms 26
      and 28. The arm 26 is mounted for rotation about an axis 30 so as to move
      the guide roller 22 through an arc illustrated by an arrow 32. In similar
      fashion the arm 28 is mounted for rotation about an axis 34 so as to
      permit the guide roller 24 to move through an arc denoted by an arrow 36.
PAR  The reels 12 and 14 are individually driven by reel motors (not shown)
      which are controlled by a servo system responsive to the behavior of the
      film 16. Among other things such servo systems are responsive to film
      tension which is reflected by the rotational positions of the tension arms
      26 and 28. Ideally the arms 26 and 28 are individually provided with
      rotational sensors of the type producing outputs which vary linearly with
      the angular or rotational positions of the arms 26 and 28. In the example
      of FIG. 1 the arms 26 and 28 are respectively provided with rotational
      position sensors 38 and 40 shown in dotted outline and described hereafter
      in connection with FIG. 3.
PAR  FIG. 2 illustrates a further example in which rotational position sensors
      in accordance with the invention are highly useful. The arrangement of
      FIG. 2 is similar to that of FIG. 1 except that it involves magnetic tape
      rather than film. In the FIG. 2 arrangement a length of magnetic tape 42
      is driven by a capstan 44 past a processing region 46 which may include
      magnetic read and write heads between opposite reels 48 and 50. As in the
      case of the FIG. 1 arrangement the reels 48 and 50 are individually driven
      by reel drive motors (not shown) through a servo system responsive to the
      behavior of the magnetic tape 42. Tape tension is determined by a pair of
      arms 52 and 54 respectively rotatably mounted about axes 56 and 58 and
      having guide rollers 60 and 62 respectively rotatably mounted at the
      opposite ends thereof from the axes 56 and 58 for engagement with the
      magnetic tape 42. The tension arm 52 is rotatable about the axis 56 so as
      to move the guide roller 60 through an arc indicated by an arrow 64.
      Similarly the arm 54 is rotatable about the axis 58 so as to allow
      movement of the roller 62 through an arc denoted by an arrow 66. Signals
      which vary linearly with the rotational positions of the arms 52 and 54
      are respectively provided by sensors 68 and 70. The sensors 68 and 70
      which correspond to the sensors 38 and 40 of FIG. 1 are described
      hereafter in connection with FIG. 3 to which attention is now directed.
PAR  FIG. 3 depicts a sensor 80 in accordance with the invention as including a
      generally cylindrical member 82 fixedly mounted to a rotatable element 84
      whose rotational position is to be determined. The cylindrical member 82
      is mounted so that the longitudinal axis thereof coincides with an axis of
      rotation 86 of the rotatable element 84. The sensor 80 includes a pair of
      generally planar photocells 88 and 90 disposed within a common plane
      adjacent the cylindrical member 82. As best seen in FIG. 4 the respective
      photocells 88 and 90 reside on opposite sides of and are generally
      perpendicular to a common radius represented by the dashed line 92 and
      forming a nominal radial axis for the sensor 80. The nominal radial axis
      92 is perpendicular to the axis of rotation 86 as well as to the common
      plane of the photoelectric cells 88 and 90 and lies within a plane which
      extends through the axis of rotaton 86 and which is perpendicular to the
      common plane of the cells 88 and 90. The photocells 88 and 90 include a
      plurality of leads 94 which carry the signals produced by the photocells
      88 and 90 whenever light falls thereupon.
PAR  The cylindrical member 82 serves as a mounting member as well as a mask for
      a light source in the form of a light emitting diode 96. The diode 96 is
      mounted within a circular aperture 98 extending into the member 82 from a
      notched-out portion 100. As seen in FIG. 4 the diode 96 is mounted such
      that its central axis which is perpendicular to the axis of rotation 86
      may coincide with the common radius 92 and may move through a plane which
      is generally perpendicular to the common plane of the photocells 88 and 90
      with rotation of the member 82. While the diode 96 comprises a bulb 102 of
      relatively large size compared with the cross-section of the member 82 as
      seen in FIG. 4, the light generated thereby emanates from an area of the
      diode 96 which is sufficiently small so as to be considered a point source
      104. The diode 96 is preferably mounted so that the point source 104 is
      located close to the axis of rotation 86 and on the side of the axis 86
      adjacent the photocells 88 and 90. A pair of leads 106 extend from the
      base of the diode 96 and are coupled to an appropriate power source.
PAR  The cylindrical member 82 not only mounts the diode 96 but also serves as a
      mask therefor so as to constrain light from the diode 96 into a beam of
      predetermined shape or pattern and of sufficient width to render the
      sensor useful within a desired angular range of operation. In the example
      of FIG. 4 the forward portion of the diode 96 resides within a generally
      cylindrical aperture 108 which is defined by the member 82 and which in
      this instance comprises an extension of the aperture 98 in which the base
      of the diode 96 is mounted. As will be seen from the discussion to follow
      the width of the resulting beam which emanates from the point source 104
      of the diode 96 is generally defined by the mask formed by the aperture
      108. This beam defines an elongated path with rotation of the element 84.
      The photocells 88 and 90 are thus arranged side-by-side within the
      elongated path of the beam so as to be circumferentially spaced apart
      relative to the axis of rotation 86.
PAR  The light emitting diode 96 and its masking aperture 108 are shown greatly
      enlarged in FIG. 5 in conjunction with portions of the photocells 88 and
      90. The particular dimensions shown in FIG. 5 pertain to one example of a
      sensor constructed and successfully tested in accordance with the
      invention. In that example the diode 96 comprises a light emitting diode
      sold as Model M4 by Litronix Corporation. The diode 96 is mounted within
      the aperture 108 of 0.17 inch diameter and has the point source of light
      104 thereof located approximately 0.16 inch from the facing surfaces of
      the photocells 88 and 90. The axis of rotation 86 is located approximately
      0.20 inch from facing surfaces of the photocells 88 and 90.
PAR  Since light intensity varies with the square of distance, the diode 96 is
      mounted relatively close to the photocells 88 and 90 in order to enjoy a
      high light intensity as seen in FIG. 5. For that matter the distance
      between the axis of rotation 86 and the photocells 88 and 90 is less than
      the combined width of the photocells 88 and 90 in the present example. A
      further reason for mounting the diode 96 close to the photocells 88 and 90
      is the realization of a relatively large usable angle as discussed
      hereafter.
PAR  When the central axis of the diode 96 coincides with the common radius 92
      an angle .alpha. which may be defined as the angle between the common
      radius 92 and the central axis of the diode 96 is 0.degree.. If the diode
      96 is now rotated about the axis 86 until the cylinder of the mask 108 is
      at the very edge of the photocell 88, the mask assumes an orientation as
      shown in dashed outline in FIG. 5. The angle .alpha. at this particular
      angular position may be calculated as follows:
EQU  Sin .alpha. = 0.085 inch/0.20 inch = 0.425
PAL  Therefore
PAC  .alpha. = 25.degree. 20'
PAL  Since the diode 96 may also be rotated in the opposite direction to a point
      where the cylinder of the mask 108 is at the edge of the photocell 90, it
      can be determined that there is an angular range of approximately
      50.degree. within which the light from the diode 96 will strike both
      photocells 88 and 90 in varying amounts. As the diode 96 rotates through
      an angle of approximately 25.degree. the distance between the point source
      104 and the adjacent surfaces of the photocells 88 and 90 increases from
      0.16 inch to 0.163 inch, at which point the point source 104 assumes a
      position denoted 104' in FIG. 5. At the same time the distance between the
      point source 104 and the adjacent surfaces of the photocells 88 and 90
      along the central axis of the diode 96 increases from 0.16 inch to 0.18
      inch.
PAR  The intensity of light from the diode 96 varies as a function of angle with
      respect to the central axis of the diode. Thus the light intensity at an
      angle of 45.degree. relative to the central axis is commonly about
      one-fourth that along the central axis in diodes of this type. Yet in
      accordance with the invention it has been found that the combined output
      of photocells 88 and 90 varies substantially linearly with the angular
      orientation of the diode 96 so long as the perpendicular distance between
      the point source 104 and the adjacent faces of the photocells 88 and 90
      undergoes only a relatively minor change. As noted in the present example
      this distance changes only 0.003 inch throughout a 50.degree. range of
      rotation. To verify this a single photocell may be placed in front of the
      diode 96. In one such experiment the output of the single photocell as
      measured with a digital voltmeter was noted for various different angular
      positions of the diode 96. The results are depicted in FIG. 6. As will be
      seen from FIG. 6 the output of the single photocell is substantially
      linear over a 50.degree. range and varies only between 362 millivolts and
      368 millivolts or approximately 2%. This helps to further substantiate the
      fact that the photocell output varies primarily as a function of the
      portion of the light beam which falls upon the photocell and only varies
      slightly due to variations in the distance between the point source of the
      light and the surface of the photocell. Thus in the present example a
      substantially linear response can be achieved over a range of about
      50.degree. as long as the photocells are wide enough. In the example of
      FIG. 5 each of the photocells 88 and 90 must be at least two times 0.093
      inch or 0.186 inch wide. It has been found that photocells approximately 5
      millimeters in width meet this requirement. In one example of a sensor
      constructed and successfully tested in accordance with the invention the
      individual photocells used measured approximately 5 millimeters in width
      by approximately 20 millimeters in height.
PAR  If in the particular sensor of FIGS. 3 and 4 the outputs of the photocells
      88 and 90 are individually measured under a no load condition as the
      sensor is rotated, a plot such as that shown in FIG. 7 results. It will be
      noted from FIG. 7 that in the range between approximately -20.degree. and
      +20.degree. the individual outputs of the photocells 88 and 90 slope
      relatively gradually so as to vary substantially linearly with respect to
      angular position. Outside of this range the curves change sharply due to a
      high increase in the internal resistance of one of the photocells. It is
      for this reason that a series connection of the photocells 88 and 90 is
      often not as desirable as a parallel connection.
PAR  One parallel connection in which the photocells 88 and 90 are used as a
      current source is illustrated in FIG. 9 with the resulting circuit output
      measured as a function of angular position of the sensor being plotted in
      FIG. 8. It will be noted from FIG. 8 that the combined output of the
      photocells 88 and 90 as produced by a parallel connection circuit such as
      that of FIG. 9 varies substantially linearly as a function of angular
      position of the sensor within a range of about 40.degree. or from
      -20.degree. to +20.degree.. This is more than adequate for many
      applications of the sensor such as in the camera of FIG. 1 or the tape
      deck of FIG. 2 where the maximum range of movement of the tension arms is
      often on the order of 25.degree.. It will also be appreciated from FIG. 8
      that the combined output of the sensors 88 and 90 when coupled in parallel
      by a circuit such as that of FIG. 9 is more linear than the individual
      outputs of the photocells 88 and 90 depicted in FIG. 7, indicating that
      some of the nonlinearities present at the outputs of the individual
      photocells are canceled when such outputs are combined.
PAR  A parallel photocell connection of the type shown in FIG. 9 results in
      excellent thermal stability which is an inherent property of solar
      cell-type photocells when connected in short circuit. The internal
      resistance of the configuration undergoes very little variation over an
      angular range of about 40.degree.. The internal resistance in one example
      of the invention varies between 97 ohms at the center (.alpha. =
      0.degree.) and 91 ohms at the opposite extremes (.alpha. = .+-.
      17.5.degree.). This provides substantial temperature stability for very
      large temperature differences.
PAR  FIG. 10 illustrates one circuit which couples the photocells 88 and 90 in
      parallel and which may be advantageously used in the camera of FIG. 1 or
      the tape deck of FIG. 2. In the arrangement of FIG. 10 the maximum gain
      can be calculated by knowing the minimum photocell output which will be
      amplified to 5 volts, taking into account the tolerances of the photocell
      outputs as well as the mechanical tolerances. With a feedback resistance
      of 62 K ohms the desired input resistance can be calculated, and in this
      instance it is conveniently chosen to be 180 ohms. When the circuit
      arrangement of FIG. 10 is used with one of the tension arms in the
      arrangement of FIG. 1 or FIG. 2 the output voltage can be adjusted to vary
      between 0.degree. and +10 volts as the associated tension arm moves
      between opposite extremes. With both photocells 88 and 90 completely short
      circuited, the output is adjusted to 5 volts using the 5 K potentiometer.
      By moving the tension arm the output voltage can be adjusted to +10 volts
      by adjusting the 500 ohm potentiometer. With the arm then placed in the 0
      volt position the 5 K potentiometer is readjusted for  0 volt output, and
      the opposite arm position is then +10 volts.
PAR  FIG. 11 is a plot of the output voltage from the circuit of FIG. 10 as a
      function of angular position of the sensor of FIGS. 3 and 4. It will be
      observed that the response is extremely linear within the range .+-.
      12-1/2.degree.. Since as previously noted the maximum tension arm movement
      in many systems of the type shown in FIGS. 1 and 2 is on the order of
      25.degree., the system can be said to provide substantially complete
      linear response within this range.
PAR  For certain applications it may be desirable to increase the angular range
      over which the system can operate and still provide a substantially linear
      response. One way in which to accomplish this is to increase the width of
      the beam of light from the diode 96 as shown, for example, in FIG. 12. The
      FIG. 12 arrangement is the same as that of FIG. 4 except that the masking
      aperture 108 is partially conical rather than cylindrical in shape and is
      proportioned so as to provide a light beam of at least 90.degree. width.
      Since as previously noted the effect of angular range of the sensor is for
      all practical purposes limited only by the physical extremes at which the
      light beam is at the very edge of one or the other of the photocells, it
      can be readily seen that an increase in the beam width increases the
      effective range of the sensor. This is shown by FIG. 13 which comprises
      plots of the output voltage from the circuit of FIG. 10 for varying
      angular positions of the sensor of FIG. 12, with each of the four
      different plots of FIG. 13 corresponding to a different gain setting of
      the circuit of FIG. 10. The plots or curves of FIG. 13 are respectively
      designated A, B, C and D in the order of decreasing gain as provided by
      adjustment of the 500  ohm potentiometer in the circuit of FIG. 10. At the
      highest gain A, the output voltage increases and decreases rapidly at the
      expense of a limited angular range over which linearity is present. In the
      case of curve A the effective linear range is approximately .+-.
      15.degree. for a total effective range of 30.degree.. At the other extreme
      represented by the curve D the rate of change of the output voltage for a
      given change in angular position is considerably reduced. At the same time
      however the effective angular range is greatly increased, and in the case
      of curve D is effective at least between approximately .+-. 30.degree. for
      an effective range of about 60.degree.. In any event it will be seen that
      widening of the light beam as is done in FIG. 12 provides a generally
      increased effective range over which the sensor response is linear.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A motion picture camera having a rotational position sensor comprising:
PA1  a light emitting diode;
PA1  first means mounting the light emitting diode substantially at an axis of
      rotation for movement about the axis of rotation;
PA1  a pair of generally planar photoelectric cells disposed within a common
      plane which is generally parallel to the axis of rotation and spaced
      therefrom by a distance substantially greater than any distance between
      the diode and the axis of rotation and the distance between the
      photoelectric cells, the photoelectric cells being operative to generate
      varying output signals in accordance with the amount of light from the
      light emitting diode incident thereon as the light emitting diode
      undergoes movement about the axis of rotation; and
PA1  the first means includes a tension arm mounted for rotation about the axis
      of rotation and having the light emitting diode mounted thereon, the
      tension arm comprises part of the motion picture camera having a reel for
      supplying and taking up motion picture film and a servo system including a
      motor for driving the reel in accordance with the output signals from the
      photoelectric cells.
NUM  2.
PAR  2. A magnetic tape transport having a rotational position sensor
      comprising:
PA1  a light emitting diode;
PA1  first means mounting the light emitting diode for movement about an axis of
      rotation and including a mounting member mounted for rotation about the
      axis of rotation and having the light emitting diode mounted therein so as
      to project light generally away from the axis of rotation, the mounting
      member having an aperture extending therein and surrounding the light
      emitting diode to form a mask therefor, said aperture defining the shape
      of a beam of light projected by the diode;
PA1  a pair of planar photoelectric cells disposed adjacent the light emitting
      diode and operative to generate varying output signals in accordance with
      the amount of light from the light emitting diode incident thereon as the
      light emitting diode undergoes movement about the axis of rotation; and
PA1  the first means includes a tension arm mounted for rotation about the axis
      of rotation and having the light emitting diode mounted thereon, wherein
      the tension arm comprises part of the magnetic tape transport having a
      reel for supplying and taking up magnetic tape and a servo system
      including a motor for driving the reel in accordance with the output
      signal from the photoelectric cells.
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PAL  A cartridge for a web comprises a casing having a first casing part for
      enclosing part of a web storage space. This first casing part has an
      access opening for the web storage space. The remainder of the web storage
      space is enclosed by a second casing part and by a door for the mentioned
      access opening. The second casing part is complementary to the first
      casing part whereby the first and second casing parts jointly enclose the
      web storage space. The first and second casing parts are mounted for
      movement relative to each other between two positions. The mentioned door
      is coupled to the second casing part for selectively closing the access
      opening upon relative movement of the first and second casing parts to one
      of the mentioned positions and for alternatively opening the access
      opening upon relative movement of the first and second casing parts to the
      other of the mentioned positions. A device is located in the web storage
      space for receiving a web in a wound condition.
PAL  A cartridge for a web comprises a casing enclosing a web storage space, a
      rotatable device in the web storage space for receiving a web in a wound
      condition, a brake member movably mounted in the web storage space, a
      device for biasing the brake member into braking relationship with the
      mentioned rotatable device, and a device for selectively releasing the
      brake member from the rotatable device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The subject invention relates to web storage and handling equipment and,
      more particularly, to cartridges for webs, notably magnetic recording
      tapes or photographic films.
PAR  2. Description of the Prior Art
PAR  Web cartridges are well known in various fields of endeavor and include
      magnetic recording tape cartridges and motion picture film cartridges.
PAR  Despite a vast number of different existing or proposed web cartridge
      constructions, there persists a need for a web cartridge wherein an access
      opening to the web storage space is effectively and conveniently closed
      and opened at will, wherein a web leader or end portion is conveniently
      and securely retained in place when the web is not in use, and/or wherein
      the web retaining means are securely and automatically braked to avoid
      undesired unwinding of the web in the cartridge.
PAC  SUMMARY OF THE INVENTION
PAR  It is broadly an object of this invention to satisfy the above mentioned
      needs.
PAR  It is a related object of this invention to provide improved cartridges for
      a web, such as a magnetic recording tape or a photographic film.
PAR  It is also an object of this invention to provide a cartridge for a web
      wherein an access opening for a web storage space is conveniently opened
      and closed at will.
PAR  It is a related object of this invention to provide a cartridge for a web
      in which a web leader or web end is conveniently and securely retained in
      place when the web is not in use.
PAR  It is also an object of this invention to provide an improved cartridge for
      a web wherein web receiving or winding means are securely and
      automatically braked to inhibit undesired unwinding of the tape in the
      cartridge.
PAR  It is a related object of the invention to provide a web cartridge wherein
      web winding means are braked and a free end of the web is secured in place
      to prevent tape slack or loss of wrap during transit and storage.
PAR  Other objects of the invention will become apparent in the further course
      of this disclosure.
PAR  From a first aspect thereof, the subject invention resides in a cartridge
      for a web comprising in combination a casing having a first casing part
      for enclosing part of a web storage space, said first casing part having
      an access opening for said web storage space, means for enclosing the
      remainder of said web storage space, including a second casing part being
      complementary to said first casing part whereby said first and second
      casing parts jointly enclose said web storage space, means for mounting
      said first and second casing parts for movement relative to each other
      between two positions, said mounting means including a core, means for
      mounting one of said first and second casing parts on said core, and means
      for mounting the other of said first and second casing parts to said core
      for movement relative to said core, and a door coupled to said second
      casing part for selectively closing said access opening upon relative
      movement of said first and second casing parts to one of said positions
      and for alternatively opening said access opening upon relative movement
      of said first and second casing parts to the other of said positions, and
      means in said web storage space for receiving a web in a wound condition.
PAR  According to a preferred embodiment, the cartridge includes a brake member
      movably mounted in said web storage space, means for biasing said brake
      member into braking relationship with said web receiving means, and means
      for selectively releasing said brake member from said web receiving means.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The subject invention and its objects will become more readily apparent
      from the following detailed description of preferred embodiments thereof,
      illustrated by way of example in the accompanying drawings, in which like
      reference numerals designate like or functionally equivalent parts and in
      which:
PAR  FIG. 1 is a top view of a web cartridge in accordance with a preferred
      embodiment of the subject invention, with parts broken away for better
      visibility;
PAR  FIG. 2 is a bottom view of the cartridge of FIG. 1;
PAR  FIG. 3 is a diametrical section through the cartridge of FIGS. 1 and 2, and
      a section through an adjacent portion of a base; and
PAR  FIG. 4 is a top view, taken along the line 4 -- 4 in FIG. 3, of the
      illustrated web cartridge, together with adjacent parts of a web transport
      and utilization system.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The tape cartridge 10 of FIGS. 1 to 4 serves to take up, retain, and supply
      a web 12, such as a magnetic recording tape or a motion picture film. For
      convenience, the accompanying drawings are herein described in terms of
      magnetic recording tape, without any restrictive intention as to the kind
      or tape of web 12 that may be employed in the cartridge 10.
PAR  The illlustrated cartridge 10 has a casing 13 having a first casing part 14
      for enclosing part of a web storage space 15.
PAR  The first casing part 14 has an access opening 16 for the web storage
      space. Means for enclosing the remainder of the web storage space 15
      include a second casing part 17 being complementary to the first casing
      part 14 whereby the first and second casing parts jointly enclose the web
      storage space 15.
PAR  In the illustrated preferred embodiment, both the first and the second
      casing part 14 and 17 are similarly curved. In fact, the first casing part
      14 has a hollow-cylindrical, pan-like configuration, and the second casing
      part has the form of a circular lid for the pan-like first casing part.
PAR  Means for mounting the first and second casing parts 14 and 15 for rotary
      movement relative to each other between a first position and a second
      position include a core 20 on which the first and second casing parts 14
      and 17 are individually mounted.
PAR  In accordance with the illustrated preferred embodiment, the core 20 is of
      a generally cylindrical configuration.
PAR  Also in accordance with a preferred embodiment of the subject invention,
      one of the casing parts 14 and 17 is affixed to the core, while the other
      of these casing parts is mounted on the core to be movable relative to the
      mentioned one casing part. In particular, the cartridge according to the
      illustrated preferred embodiment has the lid-shaped casing part 17
      attached or affixed to the core 20 by screws 22. The pan-like casing part
      or shell 13, on the other hand, is mounted on the core 20 by shoulder
      screws 23. As best seen in FIG. 2, the casing part or shell 13 has curved
      slots 24, equal in number to the shoulder screws 23. The heads of the
      shoulder screws 23 retain the casing part 13, while the arcuate slots 24
      permit relative rotary movement between the casing parts 14 and 17.
PAR  The above mentioned means for enclosing the remainder of the web storage
      space 15 further include a door 26 coupled to the second casing part 17
      for selectively closing the access opening 16 upon relative movement of
      the first and second casing parts 14 and 17 to one of their relative
      positions as determined by the extent of at least one of the slots 24, and
      for alternatively opening or clearing the access opening 16 upon relative
      movement or rotation of the first and second casing parts 14 and 17 to the
      other relative angular position of the casing parts 14 and 17 as
      determined by the length of at least one of the slots 24.
PAR  Illustrating the latter feature, FIGS. 1 and 2 show how the door 26 closes
      the opening 16 when the relative angular position of the casing parts 14
      and 17 is such that two of the shoulder screws 23 abut corresponding ends
      of the arcuate slots 24. FIG. 4, on the other hand, shows how the door 26
      opens or clears the access opening 16 when the shoulder screws 23 abut
      corresponding opposite ends of the arcuate slots 24.
PAR  Those skilled in the art will recognize that there are many modes of, and
      devices for, coupling the door 26 to the second casing part 17 so that the
      door will selectively open and close the access opening 16 in response to
      or upon relative movement of the casing parts 14 and 17. In the
      illustrated preferred embodiment, the door 26 is shown attached to the
      casing part 17 by screws or rivets 28 shown in FIG. 3. In addition, the
      term "coupled to" as herein employed in connection with the door 26, is
      intended to be broad enough to cover also situations in which the door 26
      is integral with the second casing part 17.
PAR  In accordance with the illustrated preferred embodiment of the subject
      invention, the access opening 16 in the first casing part 17 is
      dimensioned for the passage of the web 12 to and from the web storage
      space 15. It is, however, pointed out that the principles of the invention
      are also applicable to the selective closing and clearance of cartridge
      openings other than the web access opening just referred to.
PAR  For instance, the U.S. Pat. No. 3,334,831 by Gordon E. Bradt, entitled
      "Transport Systems for Limp Magnetic Tapes," and issued Aug. 8, 1967 to
      the subject assignee, discloses in addition to a web access opening also
      an auxiliary opening in a cartridge wall for enabling pressurized air to
      be injected into the cartridge to assist an automatic tape threading
      process.
PAR  The latter Bradt patent is herewith incorporated by reference herein and it
      is understood that the principles of the subject invention may be employed
      to provide selectively openable and closable web access and air injection
      openings in a cartridge usable in the Bradt system. In that case, there
      preferably would be separate doors, similar in function to the door 26 for
      closing and clearing the web access opening and the air injection opening.
PAR  As seen in FIG. 3, the cartridge 10 includes a sheaveless tape reel or web
      winding and retaining annulus 31 which extends around and is rotatably
      mounted on the core 20 by bearing means including two ball bearings 32 and
      33 having their inner races situated on the core 20 and carrying with
      their outer races the reel 31 which has an angular shoulder portion 34 for
      that purpose. A spacer ring 35 and a retaining ring 36 cooperate in
      releasably maintaining the ball bearings 32 and 33 on the core 20. The
      retaining ring 36 is attached to the core 20 by screws 37. The ball
      bearings have balls 38 and 39.
PAR  The reel 31 receives and retains the web 12 in a wound condition. Since the
      reel 31 is of a sheave-less type, special precautions have to be taken to
      prevent tape slack and loss of wrap during transit and storage when the
      cartridge is not in use.
PAR  Accordingly, means are provided in the web storage space 15 for braking the
      web receiving means or reel 31. In particular, an annular brake member 31
      is located inside the first and second casing parts 14 and 17. In
      particular, the annular brake member is located between the casing part 17
      and the web reel 31. In order to preserve the integrity of the web casing
      13, the brake member 41 is distinct from both casing parts 14 and 17 and
      is movable independently thereof.
PAR  The brake member 41 has a brake lining 43 which is preferably of an annular
      configuration and which may include or be made of a conventional brake
      lining material. A Belleville spring 44 or other biasing device is located
      in a groove 45 in the lower wall of the casing part 17 in order to bias
      the brake member 41 with brake lining 43 toward the reel 31 and ball
      bearing 32. In other words, the spring 44 biases the brake lining into
      braking relationship with the rotatable means or reel 31.
PAR  In order to permit normal operation of the web winding process, the
      illustrated cartridge includes means coupled to the braking member 41 for
      selectively releasing the brake lining 43 from the reel structure 31.
PAR  In particular, the cartridge includes at least one brake release member or
      pin 47 which extends through a bore 48 in the core 20 and through one of
      the slots 24 to the outside of the cartridge casing 13.
PAR  In practice, the cartridge 10 is mounted on a transport base 49 by means of
      a so-called cartridge reel hub locking member 51 having a bolt 52
      extending through the core 20 and a threaded end 53 threaded into the base
      49. The locking device 51 has a head 55 for retaining the core 20 securely
      on the base 49.
PAR  In that mounted position of the cartridge 10, the brake release pin 47 has
      its end portion 57 in engangement with the base 49 and is pushed into the
      bore 48 whereby the brake device and lining 43 is lifted off the reel 31.
      In that released position of the brake, the reel 31 can be freely rotated
      about the core 20 via the ball bearings 38 and 39.
PAR  On the other hand, when the locking device 51 is removed from the base 49,
      the cartridge 10 may also be removed, in which case the end portion 57 of
      the brake release pin is no longer pushed towards the cartridge 10.
      Accordingly, the spring 44 is now free to apply the brake lining 43 to the
      ball bearing 32 and reel 31, thereby arresting the motion of the web reel
      relative to the core 20.
PAR  Application of the brake lining 43 to the reel 31 would not necessarily
      prevent tape slack or loss of wrap during transit and storage, as long as
      the outer end of the stored web were free to move about. Accordingly, and
      as best seen in FIGS. 1 and 2, the door 26 and a portion 61 of the first
      casing part 14 adjacent the access opening 16 jointly constitute a means
      for retaining against removal a portion of the web 12 when the access
      opening 16 is closed by the door 26. In practice, this may be accomplished
      by placing the door 26 in close proximity to the first casing part 14.
      Also, both the door 26 and the access opening 16 with adjacent casing
      portions are similarly curved.
PAR  In practice, the portion of the web retained by the door 26 as just
      described may be a stiff leader 63. The expression "web" as herein
      employed is intended to be broad enough to cover not only the actual web
      itself, such as a magnetic recording tape or a photographic film, but also
      other web materials, such as a stiff leader which is frequently employed
      to facilitate automatic threading of the web during use thereof.
PAR  In practice, the cartridge 10 may be placed onto the base 49 with the core
      20 standing on the base as illustrated in FIG. 3. The locking device 51
      may then be applied and threaded into the base 49 as shown in FIG. 3 until
      the core 20 is locked on the base. The casing part or shell 13 is then
      manually rotated relative to the locked casing part or top 17, whereupon
      the access opening 16 is rotated away from the door 26 to the position
      shown in FIG. 4.
PAR  Leader 63 of the web 12 may then be threaded through a web transport block
      71 and rollers 72 and 73.
PAR  A roller 74 is mounted on an arm symbolized by the phantom line 75 and
      pivoted at 76. Another roller 78 is mounted on an arm symbolized by the
      phantom line 79 and pivoted at 81. The roller 78 is biased by suitable
      spring means (not shown) against a wound web supply 83 on a further
      sheave-less wheel 84.
PAR  The roller 78, on the other hand, is biased by suitable spring means (not
      shown) against the wound supply of web 12 on the reel 31. The rollers 74
      and 78 insure a tight wrap of the web on the reels 31 and 84.
PAR  In practice, either of the rollers 72 and 73 may act as a capstan for
      advancing the web 12 past a series of devices, such as magnetic reading,
      erasing and recording heads 91 to 93, in the case of a magnetic recording
      tape.
PAR  After the web 12 has been unwound from the reel 31 to the extent desired,
      the drive may be reversed to rewind the unwound web onto the reel 31 until
      the stiff leader 63 is located in the access opening 16. At that juncture,
      the casing part or shell 13 may be rotated relative to the core 20 and
      fixed casing top 17 until the access opening 16 is moved over the door 26.
      In that case, the stiff leader 63 is pinched in between the door 26 and
      the adjacent portion 61 of the casing cell 13 as shown in FIGS. 1 and 2.
PAR  In the illustrated preferred embodiment, the rollers 74 and 78 are driven
      by conventional means (not shown) to drive the tape reels 31 and 84.
      However, it is to be understood that other conventional means may be
      employed for driving the tape or web reels.
PAR  In order to permit the roller 47 to follow the diminishing thickness of the
      web supply into the cartridge, the access opening 16 has a portion 96
      which cuts into the bottom of the shell 13 and which is selectively closed
      by a corresponding portion or lobe 97 of the door 26.
PAR  While not limited to any particular use, the cartridge of the subject
      invention is particularly suitable for use in automatic web threading
      apparatus, such as those disclosed in U.S. Pat. No. 3,643,893, by Joseph
      J. Neff, entitled "Web-Threading Apparatus" issued Feb. 22, 1972, to the
      subject assignee.
PAR  The subject extensive disclosure will render apparent or suggest various
      modifications and variations within the spirit and scope of the subject
      invention to those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cartridge for a web, comprising in combination:
PA1  a casing having a first casing part for enclosing part of a web storage
      space, said first casing part having an access opening for said web
      storage space;
PA1  means for enclosing the remainder of said web storage space, including a
      second casing part being complementary to said first casing part whereby
      said first and second casing parts jointly enclose said web storage space,
      means for mounting said first and second casing parts for movement
      relative to each other between two positions, said mounting means
      including a core, means for mounting one of said first and second casing
      parts on said core, and means for mounting the other of said first and
      second casing parts to said core for movement relative to said core, and a
      door coupled to said second casing part for selectively closing said
      access opening upon relative movement of said first and second casing
      parts to one of said positions and for alternatively opening said access
      opening upon relative movement of said first and second casing parts to
      the other of said positions; and
PA1  means in said web storage space for receiving a web in a wound condition.
NUM  2.
PAR  2. A cartridge as claimed in claim 1, wherein:
PA1  said access opening in said first casing part is dimensioned for the
      passage of said web to and from said web storage space.
NUM  3.
PAR  3. A cartridge as claimed in claim 2, wherein:
PA1  said door and a portion of said first casing part adjacent said access
      opening jointly constitute means for retaining against removal a portion
      of said web when said access opening is closed by said door.
NUM  4.
PAR  4. A cartridge as claimed in claim 1, wherein:
PA1  said mounting means include means for mounting said casing parts for rotary
      movement relative to each other between two angular positions; and
PA1  said door is coupled to said second casing part for selectively closing
      said access opening upon relative rotary movement of said first and second
      casing parts to one of said angular positions and for alternatively
      opening said access opening upon relative rotary movement of said first
      and second casing parts to the other of said angular positions.
NUM  5.
PAR  5. A cartridge as claimed in claim 4, wherein:
PA1  said door is curved.
NUM  6.
PAR  6. A cartridge as claimed in claim 4, wherein:
PA1  said door and said access opening are similarly curved.
NUM  7.
PAR  7. A cartridge as claimed in claim 4, wherein:
PA1  said first casing part is curved.
NUM  8.
PAR  8. A cartridge as claimed in claim 4, wherein:
PA1  said first and second casing parts are similarly curved.
NUM  9.
PAR  9. A cartridge as claimed in claim 1, wherein:
PA1  said first casing part has a pan-like configuration; and
PA1  said second casing part has the form of a lid for said pan-like first
      casing part.
NUM  10.
PAR  10. A cartridge as claimed in claim 1, wherein:
PA1  said first casing part is cylindrical;
PA1  said second casing part is circular; and
PA1  said mounting means include means for mounting said casing parts for rotary
      movement relative to each other between said two positions.
NUM  11.
PAR  11. A cartridge as claimed in claim 1, wherein:
PA1  said web receiving means include bearing means on said core and annular web
      supporting means on said bearing means and around said core.
NUM  12.
PAR  12. A cartridge as claimed in claaim 1, wherein:
PA1  said door is attached to said second casing part.
NUM  13.
PAR  13. A cartridge as claimed in claim 1, including:
PA1  means in said web storage space for braking said web receiving means; and
PA1  means coupled to said braking means for selectively releasing said braking
      means.
NUM  14.
PAR  14. A cartridge as claimed in claim 1, wherein:
PA1  said web receiving means include rotatable means in said web storage space
      for receiving and retaining a web in a wound condition;
PA1  said cartridge includes means including a brake member distinct from and
      located inside said first and second casing parts for selectively braking
      said rotatable web receiving and retaining means; and
PA1  said door and a portion of said first casing part adjacent said opening
      jointly constitutes means for retaining against removal a portion of said
      web when said access opening is closed by said door.
NUM  15.
PAR  15. A cartridge as claimed in claim 1, including:
PA1  a brake member movably mounted in said web storage space;
PA1  means for biasing said brake member into braking relationship with said web
      receiving means; and
PA1  means for selectively releasing said brake member from said web receiving
      means.
NUM  16.
PAR  16. A cartridge as claimed in claim 15, wherein:
PA1  said brake member is located between said web receiving means and a wall of
      said casing.
NUM  17.
PAR  17. A cartridge as claimed in claim 16, wherein:
PA1  said biasing means are located between said wall of said casing and said
      brake member.
NUM  18.
PAR  18. A cartridge as claimed in claim 16, wherein:
PA1  said brake releasing means have a release member extending through said
      casing at a location opposite said wall.
NUM  19.
PAR  19. A cartridge as claimed in claim 16, wherein:
PA1  said casing has a web access opening;
PA1  said cartridge includes a door structure for selectively closing said
      access opening and for retaining against removal a portion of said web
      when said access opening is closed by said door.
NUM  20.
PAR  20. A cartridge as claimed in claim 19, wherein:
PA1  said casing includes two complementary casing parts and means for mounting
      said complementary casing parts for movement relative to each other;
PA1  said web access opening is located in one of said casing parts; and
PA1  said door is coupled to the other of said casing parts for actuation of
      said door in response to relative movement of said complementary casing
      parts.
NUM  21.
PAR  21. A cartridge as claimed in claim 20, wherein:
PA1  said door is attached to said other casing part.
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ABST
PAL  A variable camber apparatus for the leading edge of an airfoil that is
      operable for lift variation at high airspeeds of a jet aircraft such as
      for maneuvering of fighter aircraft. The cambering apparatus comprises an
      upper surface flexible skin panel which is supported along its inner edge
      by a wing spar assembly and along its outermost edge, by an airfoil edge
      forming structure. A hinged rib member, through a kinematic linkage
      mechanism associated between itself and the structure at the outermost
      edge of the airfoil section, bends and torsionally twists the airfoil edge
      forming structure about a relative spanwise axis. The kinematic linkage
      mechanism is slaved to the actuator of the rib member, for torsionally
      twisting the outermost edge of the airfoil section, upper surface portion,
      the precise amount of rotation so as to flexuously bend the upper surface
      and thereby contour it to conform to an aerodynamically predetermined
      curvilinear plot that will produce the desired camber and the change in
      the lift characteristics of the airfoil surface. Further, the combination
      of a variable camber wing leading edge mechanism with a high lift device,
      such as a leading edge flap, which is stowed within the airfoil envelope.
PARN
PAR  This is a division of application Ser. No. 455,837, filed Mar. 28, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to variable camber airfoils wherein the
      upper surface of the airfoil remains continuously smooth aerodynamically
      with no abrupt changes in curvature during the airfoil contour change in
      order to eliminate the high speed drag associated with simple hinged
      devices that produce an abrupt change in contour and require a space or
      gap in the contour of the upper skin surface. Although it may be desirable
      that the upper skin of the airfoil remain unbroken, an overlapping or
      sliding skin surface could be employed for certain embodiments hereinafter
      described. Through surface flexing applied to both the leading and
      trailing edges, the airfoil contour is varied to obtain optimum
      aerodynamic cruise performance and maneuverability of high performance
      aircraft such as military fighters and interceptors.
PAR  2. Description of the Prior Art
PAR  There have been many devices for changing the camber of an airfoil to
      improve the low speed handling characteristics of an aircraft; however,
      most of these devices would not be operated at the high speed end of the
      aircraft performance spectrum.
PAR  Leading edge flap or slat devices have been employed for changing the
      camber of an airfoil, but these devices are primarily employed during low
      speed flight, such as take-off and landing. Because of the high airloads
      and structural forces imposed, they are not practical at high speed
      flight. If they were structurally capable of use at high speeds they would
      have the disadvantage of producing an excessive amount of drag. Further,
      the airfoil contours that would be produced by a conventional leading edge
      flap or slat system would be dependent upon the fixed wing leading edge
      shape, and therefore, the resulting airfoil contour would be less than
      ideal. Also, these conventional devices generally produce a break in the
      continuity of the airfoil contour or the airfoil envelope which produces
      excessive drag at high speeds. Hinged leading and trailing edges have also
      been employed, as shown in U.S. Pat. No. 2,650,047, issued Aug. 25, 1953
      to Charhart et. al.; and U.S. Pat. No. 2,749,060, issued June 5, 1956 to
      Brady et. al.; to provide a variation in the envelope contour of an
      airfoil. However, the external contour of the airfoil is generally not
      smooth nor streamlined and a sharp break in the contour continuity is
      generally produced at the hinge line. If the upper flexible skin panel is
      pulled down without a programmed torsional twist, most of the curvature
      will take place at one location; e.g., when a rod is bent by gripping one
      end in a vice and applying a bending force on the other end, all of the
      curvature takes place right at the vice and the rest of the rod remains
      relatively straight. This produces a poor aerodynamic surface much like a
      hinged rigid panel. In a sense, it produces two surfaces at an angle to
      one another instead of a smoothly contoured surface, which makes a
      difference in aerodynamic performance. This results in high drag losses
      that are not desirable at cruise flight speeds of present day jet
      aircraft. It is necessary to program the leading or trailing edge
      structure, in order to cause the upper flexible wing skin panel to deflect
      in the desired manner so as to produce the predetermined curvature that
      will meet the aerodynamically desired contour or camber of an airfoil
      section.
PAR  Crank or bent horn type actuating devices have also been employed to
      produce the camber variation in an airfoil; however, their lack of
      stiffness and strength are a problem with this design due to the complex
      angular, rotational, transverse and telescoping motion, that is required
      in each of the crank joints. These joints are necessarily large but the
      supporting crank or bent horn is generally small in cross-section and
      therefore not capable of carrying the high bending loads that would be
      imposed during cruise flight speeds of jet aircraft, as is contemplated
      with the present invention.
PAR  In general, most airfoil cambering devices are limited in their capability
      to provide a predetermined aerodynamic shape. Further, very few prior art
      devices have practical mechanical designs which lend themselves to
      functional hardware. With the apparatus of this invention, a mechanical
      approach to the variable camber airfoil scheme has been disclosed which
      will satisfy both the aerodynamic and the practical mechanical
      construction requirements.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a mechanism for varying the camber of an airfoil in
      order to improve the performance and maneuverability of an aircraft.
PAR  Typical aircraft design requirements generally call for the aircraft to
      meet certain mission requirements. These requirements usually impose
      limitations in other regions of the flight envelope. These limitations can
      be largely overcome by varying the wing camber shape in flight. Dramatic
      performance improvements can be gained through the use of an automatically
      controlled variable camber wing. Wind tunnel testing conducted on the
      variable camber wing design has shown improved aircraft performance
      throughout the flight envelope and particularly in the transonic region
      where the greatest improvement has been obtained. For high speed aircraft
      control and maneuvering, the aerodynamic force generated by deflecting a
      variable camber control surface is from two to three times the aerodynamic
      force produced by an equivalent deflection of a simple hinged control
      surface (e.g., an aileron, rudder or elevator).
PAR  One of the objects of this invention is to solve the problem of changing an
      airfoil contour to obtain the optimum aerodynamic performance from an
      airplane for various combinations of airspeed, altitude and
      angle-of-attack, by providing the means to vary the contours of either or
      both the leading and trailing edge of an airfoil.
PAR  Another object of the invention is to provide a mechanism to vary the
      contour of an airfoil leading edge, which mechanism is compatible with and
      allows the installation of a high lift device, such as a retractable
      variable camber leading edge flap system within the airfoil leading edge
      envelope.
PAR  Another object is to show how the variable camber linkage mechanism of the
      invention is adapted to allow the critical upper skin surface of the
      airfoil to remain unbroken, thereby eliminating the high speed drag and
      skin erosion problems associated with devices that require a break in the
      upper skin surface.
PAR  A further object of the invention, in addition to maintaining the upper
      skin panel continuous, is to remove the actuator from the main load path,
      thereby reducing the large actuator loads encountered with a simple hinged
      aerodynamic surface such as an aileron. This results in helping solve
      power, rigidity and weight problems.
PAR  A further object of the invention, is to provide a further embodiment;
      wherein, slip joint means are disposed along an inner edge of the flexible
      upper skin surface of an airfoil section, in a spanwise direction, so as
      to permit an uninterrupted chordwise extension in the upper surface of the
      airfoil. In this manner, the chordwise foreshortening effect in the net
      effective planform area, that would normally take place in a cambering
      airfoil having a continuous intergral upper skin that is merely bent or
      contoured for varying the camber of the airfoil section, is reduced.
      Although this may appear to be a slight modification, it has a significant
      effect in the overall high cruise speed lifting characteristics of an
      airplane.
PAR  One of the advantages of the variable camber airfoil design of the present
      invention is that it has shown performance improvements in the terms of a
      higher buffet margin. At 0.8 Mach number, the variable camber airfoil
      provides almost twice the C.sub.L capability of a conventional fixed
      camber wing.
PAR  Another advantage of the present invention is decreased drag, which in the
      case of military aircraft, will greatly improve the combat maneuver
      capability through increases in wing efficiency of 25% or more. Also, the
      loiter capability will be improved since the wing will be operating at a
      higher aerodynamic efficiency.
PAR  Another advantage is in the improved lateral directional stability
      characteristics of the aircraft. The spin resistance parameter, C.sub.nb
      dynamic, which includes both directional and lateral stability terms, is
      stable up to at least an angle of attack of 50.degree.; which was the
      highest value tested in the wind tunnel. Substantiation that these
      benefits derived from wind tunnel tests can be achieved under actual
      flight conditions, has been demonstrated in flight tests conducted on
      aircraft which had fixed camber position wing modifications.
PAR  Another advantage of the variable camber airfoil is in the reduction of
      profile drag, especially in a military subsonic, attack aircraft with a
      releaseable heavy armament load. The variable camber airfoil will allow
      the reduction of the profile drag at the high C.sub.L of a fully loaded
      configuration; and then after release of the armament load, the camber can
      be decreased on the return flight, to reduce the profile drag at the
      lighter load condition and lower C.sub.L.
PAR  Another advantage of the variable camber wing in military aircraft, is that
      it permits the reduction in the angle of attack of the fuselage during
      high G maneuvers or when pulling high C.sub.L 's and with synergetic
      advantages in over-the-nose vision and weapons release. In addition, the
      vertical tail height and the size required for directional stability
      during these maneuvers is substantially reduced.
PAR  Another advantage of the variable camber airfoil in military aircraft, is
      that the wing can be better optimized for supersonic flight and supersonic
      dash capability, without as much compromising of the subsonic and
      transonic flight characteristics.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a chordwise cross-sectional view of the mechanism for cambering
      the leading edge of an airfoil with the linkage arranged at the minimum
      cambered or non-deflected angular position;
PAR  FIG. 2 is a view similar to FIG. 1, with the actuation mechanism for
      cambering the airfoil positioned at its maximum cambering position;
PAR  FIG. 3 is a second embodiment of the invention, wherein the cambering
      mechanism is applied to the trailing edge of the airfoil and the linkage
      is arranged at the minimum cambered or non-deflected position;
PAR  FIG. 4 is a view similar to FIG. 3, with the cambering linkage at its fully
      cambered position;
PAR  FIG. 5 is a third embodiment of the invention, showing in a chordwise
      cross-sectional view, the mechanism for cambering the leading edge of an
      airfoil arranged at the minimum camber position, in combination with a
      leading edge flap system shown in the retracted position;
PAR  FIG. 6 is a view similar to FIG. 5, with the actuation mechanism for
      cambering the leading edge of the airfoil positioned at an increased
      camber position;
PAR  FIG. 7 is a view similar to FIG. 5, with the leading edge flap system shown
      in the fully extended position for the takeoff or landing mode of flight
      operation;
PAR  FIG. 8 is a fourth embodiment of the invention, showing in a chordwise
      cross-sectional view, the mechanism for cambering the leading edge portion
      of an airfoil with the linkage arranged at the minimum camber position;
PAR  FIG. 9 is a view similar to FIG. 8, with the actuation mechanism for
      cambering the leading edge portion of the airfoil positioned at an
      increased camber position;
PAR  FIG. 10 is a fifth embodiment of the invention, showing in a chordwise
      cross-sectional view, the mechanism for cambering the trailing edge of an
      airfoil and with the linkage mechanism arranged at the minimum camber or
      non-deflected position;
PAR  FIG. 11 is a view similar to FIG. 10, with the cambering linkage at its
      fully cambered position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 are chordwise cross-sectional views of the preferred
      embodiment of the variable camber leading edge airfoil of the present
      invention and its variable cambering linkage mechanism arranged at
      different stages of operation. The upper surface of the airfoil comprises
      a flexible skin panel 10 which is flexed in a predetermined and controlled
      manner through a series of spanwise sets of linkage mechanisms which are
      arranged and actuated in a chordwise plane. The flexible skin panel 10 is
      attached fixedly along its aft spanwise edge, to a relatively fixed
      structural member 11, such as the front wing spar. The flexible upper skin
      panel 10 can be constructed so as to be free to translate on a slip joint
      in and out, as shown in FIGS. 8 and 9, or the linkage mechanism can be
      kinematically developed as shown in FIGS. 1 and 2, to make it compatible
      with a non-extensible or absolutely fixed panel. The forward spanwise edge
      of the flexible panel 10 is connected to a relatively rigid leading edge
      nose structure 12 having a spanwise nose beam 13. The leading edge of the
      upper flexible skin panel 10 and its attached nose structure 12 are
      supported through link 14 and bellcrank 15, and pivotal connections 16,
      16A, 17, and 17A by a chordwise rib beam 18. The aft end of the chordwise
      rib beam 18, is pivotally connected at 19 through a hinge fitting, to the
      relatively fixed structure 11, or front wing spar.
PAR  A lower skin panel 20 is attached along its inner surface to the rib beam
      18. The lower skin panel 20 has a forward lip 21 and an aft lip 22. The
      forward lip 21 extends under the leading edge nose structure and the aft
      lip 22 extends under the lower, relatively rigid fixed wing skin, at the
      front spar 11. Both the fore and aft lips, 21 and 22, form a sliding
      connection with adjacent structure, to accommodate the lower skin surface
      contraction when the leading edge camber of the airfoil is increased by
      the downward deflection of the nose structure 12. The rib beam 18 could be
      constructed in a spanwise direction as a structural box section,
      comprising: the lower skin panel 20; an upper rib beam skin panel 18A; and
      two side or end closure skin panels 18B forward, and 18C aft; thereby,
      forming a hinged skin-rib, box-member.
PAR  The actuation system for cambering the forward portion of the airfoil
      comprises a linear actuator 23 having its housing pivotally attached to
      fixed wing structure (not shown) and its actuator rod 24 pivotally
      connected at 25 to the upper aft arm 27 of a driving bellcrank 26. The
      driving bellcrank 26 is rotatably mounted at 28 to a hinge fitting in the
      lower portion of the front wing spar 11 and the other forward arm 29 of
      the driving bellcrank 26, is pivotally connected at 30 to the aft arm 32
      of an idler bellcrank 31. The idler bellcrank 31 is rotably mounted at 33
      to the rib beam 18 and the other forward arm 34 of the idler bellcrank 31
      is pivotally connected at 35 to the aft end of link 36. The forward end of
      link 36 is connected at 37 to the driven nose bellcrank 15 which is
      rotatably mounted at 17A to the rib beam 18.
PAR  In the operation of increasing the leading edge camber of the airfoil, from
      the minimum camber position shown in FIG. 1 through to the fully or
      maximum cambered position shown in FIG. 2, the linear actuator 23 extends
      and thereby rotates the driving bellcrank 26 counter-clockwise about its
      structural attachment pivot 28. This, through the common pivotal
      connection 30, rotates the idler bellcrank 31 clockwise about its pivotal
      attachment point 33 on the nose rib beam 18. This rotational movement
      between bellcranks 26 and 31 causes their arms 29 and 32 respectively, to
      move out of alignment with respect to each other, which arms function as
      an extensible link between pivotal connections 33 and 28 to vary the
      distance there between and causes the nose rib beam 18 to rotate
      counter-clockwise about its pivot 19. The downward rotational movement of
      the rib beam 18 pulls down on the nose structure 12 through a kinematic
      linkage mechanism comprising: a connecting link 14 and bellcrank 15, and
      thereby imparts a downward bending force to the upper flexible panel 10.
      Basically, this kinematic linkage mechanism has two mechanical linkages,
      link 14 and bellcrank 15, which are spaced apart chordwise and
      interconnect the nose structure 12 with the rib beam member 18. The
      linkage of the kinematic mechanism comprises: structure of the upper
      flexible skin 10 which is between the chordwise spaced linkages 14 and 15,
      as forming one link; structure of the rib beam member 18 which is between
      the chordwise spaced linkages 14 and 15, as forming another link; and the
      two mechanical linkages 14 and 15, as forming the remainder of the
      kinematic linkage mechanism. This downward movement of the rib beam 18 not
      only pulls down on the nose structure 12 through link 14 and bellcrank 15,
      but also causes the nose 12 and its spanwise nose beam 13 to be given a
      torsional twist about relative spanwise axis. The attachment of the nose
      structure 12 through the kinematic linkage mechanism, and its motion is
      stabilized and programmed through a slaving linkage comprising: the
      interconnecting link 36 which attaches to the idler bellcrank 31 and the
      connection of idler bellcrank 31 to the driving bellcrank 26 for rotating
      the rib beam member 18. The kinematics of the nose torsional linkage is
      such that it rotates the nose structure 12 the exact amount necessary as
      the rib beam is rotated downward, so as to flexuously bend the upper
      surface and give the proper degree of curvature to the upper flexible skin
      panel 10 for producing the desired aerodynamic cambering of the airfoil.
      More particularly, the airfoil has a chord reference plane indicated by
      the dash-dot-dot line A--A. The leading edge nose structure 12 and the
      chordwise rib beam member 18, each have chordwise reference lines, B--B,
      C--C respectively; which lines are coincident with the airfoil chord
      reference plane A--A, when the apparatus for varying the camber of the
      airfoil is at its non-cambering position, as shown in FIG. 1.
PAR  When the actuating mechanism rotates the chordwise rib beam member 18 down,
      then slaved off from this motion is a four-bar linkage mechanism which
      torsionally rotates the nose structure about a spanwise axis. The four-bar
      linkage comprises: the nose structure between pivotal connections 16 and
      17 as one bar; the chordwise rib structure between pivotal connections 16A
      and 17A forms the other bar; and the two links 14 and 15 form the
      remaining bars. One of the links, namely 15, has an arm extending
      therefrom formed between pivotal connections 17A and 37, which crankarm
      receives the slaving motion from interconnecting link 36 that is attached
      to idler bellcrank 31; which is in turn rotably driven by bellcrank 26.
      Through this four-bar linkage arrangement, a firm grip is imposed on the
      nose structure 12 through which it is possible to program exactly the
      amount of flexture desired to produce the exact curvature that has been
      aerodynamically calculated. When the leading edge nose structure 12 and
      the rib beam member 18, are rotated to vary the chamber of the airfoil, as
      shown in FIG. 2, the leading edge nose structure 12 is rotated at a
      greater angular rate and through a greater angle of deflection, with
      respect to the basic airfoil reference chord plane A--A, than that of the
      chordwise rib beam member 18. This is illustrated in FIG. 2 by the
      relationships of the segments B--B and C--C to the basic airfoil chord
      reference plane A--A; and this greater angular deflection of the leading
      edge nose structure 12, imparts a torsional twist to the leading edge
      portion of the flexible upper skin panel 12, so as to controllably bend
      the upper surface about relative spanwise axies for cambering the airfoil.
      Without torsionally controlling the leading edge nose structure 12, the
      cambering of the nose of the airfoil or the deflection of the flexible
      upper skin panel 10, would function similar to the panel being suspended
      in a cantilever fashion; i.e., most of the curvature would take place
      adjacent to its attachment to fixed wing structure such as adjacent to the
      front wing spar 11. Whereas, with the introduction of another member and
      torsionally twisting the leading edge nose structure 12, it becomes
      possible to get the degree of curvature desired. The combination of
      mechanisms shown in the present invention allows for the solution of
      positioning the upper surface of the flexible panel 10 along the
      aerodynamically determined location of points outlining the curvature of
      the upper air foil surface. For a little more hump in the flexible skin
      panel 10 to match a degree of curvature, the length of the depending arm
      formed between pivotal connections 17A and 37 could be made a little
      shorter so that the nose structure 12 would rotate around a little faster,
      relative to the rotation of the rib beam 18, as it rotated in order to
      produce an increase in curvature. That is to say, in summary, that the
      rate of rotation of the leading edge nose structure 12 with respect to the
      pivoting of the rib member 18, determines the curvature of the flexible
      panel 10.
PAR  Should it be deemed important enough or desirable to eliminate the
      chordwise foreshortening effect or the reduction in the net effective
      planform wing area, as the nose (in the case of leading edge cambering) is
      moved downward through a relatively large angular deflection, the linkage
      mechanism could be modified as shown in FIGS. 8 and 9, to satisfy a
      constant net wing area requirement by breaking the upper flexible wing
      panel adjacent to the structural pivotal connection of the hinged rib beam
      supporting it, so as to allow the nose and flexible panel to come forward
      on a slip joint.
PAR  FIGS. 3 and 4 show a second embodiment of the invention associated with the
      trailing edge portion of an airfoil. The cambering mechanism is somewhat
      similar to that described for the leading edge device shown in FIGS. 1 and
      2; however, there are some differences in the type of linkage and their
      arrangement, which results in a slightly different kinematic operation. In
      the chordwise cross-sectional views of FIGS. 3 and 4, the cambering
      mechanism for the rearward portion of the airfoil is shown in two
      positions of operation, i.e., in the uncambered position, and the fully
      cambered position respectively. The upper surface of this rearward portion
      of the airfoil comprises a flexible skin panel 40 that is supported
      spanwise along its forward edge through a fixed joint by a relatively
      fixed structural member such as the wing rear spar 41. Also, should it be
      deemed desirable to reduce the chordwise foreshortening effect due to
      cambering, the upper flexible skin panel 40 could be broken adjacent to
      the structural pivotal connection 67 of the rib beam member 54, and a slip
      joint incorporated as shown in FIGS. 8 and 9 so that the trailing edge
      structure and the upper flexible panel could be made to extend aft as the
      aft portion of the airfoil section is cambered; thereby, substantially
      retaining the planform wing area constant. The trailing edge section of
      the flexible upper panel 40 is assembled into a releatively rigid wing
      trailing edge box structure 42 comprising: a spanwise beam 43 that rigidly
      interconnects the flexible upper skin panel 40 with a lower skin panel 44;
      and the trailing edge terminus 45 formed by the fastening together of the
      merging upper and lower trailing edge skin surfaces 40 and 44
      respectively. The wing trailing edge box structure 42 has a forward
      projecting arm member 46 through which it is supported and torsionally
      twisted about a spanwise axis for imparting a predetermined aerodynamic
      contour to the upper flexible panel 40. The forward projecting arm member
      46 has two pivoted connections: the extreme forward end of the arm is
      pivotally connected at 47 to the link 48 which in turn connects at 49 to
      the idler bellcrank 50; and aft of the forward arm connection 47 is a
      pivoted connection 51 to the upper end of link 52 which in turn is
      connected at its lower end 53 to the aft terminus of the rib beam 54.
PAR  The support and actuation system for cambering the aft portion of the
      airfoil comprises a linear actuator 55 having its housing pivotally
      attached at 56 to fixed wing structure and its actuator rod 57 pivotally
      connected at 58 to the upper arm 61 of a driving bellcrank 60. The driving
      bellcrank 60 is rotatably at 62 to a hinge fitting at the lower portion of
      the wing rear spar 41 and the other aft arm 63 of this bellcrank is
      pivotally connected at 64 to the forward arm 65 of an idler bellcrank 50.
      The idler bellcrank 50 is rotatably mounted at 66 to the rib beam 54. This
      rib beam 54 is rotatably mounted to relatively fixed wing structure at 67,
      through a hinge fitting, to the upper portion of the wing rear spar 41 and
      is supported from the lower portion of this spar by bellcrank arms 63 and
      65. The idler bellcrank 50 has an aft arm 68 which has two pivotal linkage
      connections: the extreme aft end of the arm 68 is pivotally connected at
      49 to a link 48 which in turn is connected at 47 to the forward projecting
      arm member 46 which is integral with the wing trailing edge box structure
      42; and slightly forward or inward of the aft end connection 49, is a
      pivotal connection 69 to a link 70 which in turn is connected at 71 to a
      spanwise stringer 72 that is fastened to the upper flexible skin panel 40.
      In FIGS. 3 and 4, the kinematic linkage mechanism which functions in a
      manner somewhat similar to the four-bar linkage arrangement shown in FIGS.
      1 and 2, comprises: the structure on the forward projecting arm member 46
      of the wing trailing edge box structure 42 between the chordwise spaced
      connections 47 and 51 as forming one link or bar; the structure on the
      chordwise rib beam member 54, between the chordwise spaced connections 66
      and 53, as forming the second link or bar; and the chordwise spaced
      linkage interconnections between the upper surface and the rib member
      forming the remainder of the kinematic linkage mechanism, wherein the link
      52 forms the third link or bar and the series connected linkage elements
      48 and arm 68 form a somewhat variable length link connection that would
      constitute the fourth link or bar in the arrangement shown in FIGS. 1 and
      2. This kinematic linkage mechanism is slaved to the rib member actuating
      means for torsionally twisting the trailing edge portion of the upper
      surface, so as to flexously bend the upper surface and thereby vary the
      camber of the airfoil. More particularly, the airfoil has a chord
      reference plane indicated by the dash-dot-dot line A--A. The trailing edge
      box structure 42 and the chordwise rib beam member 54, each have chordwise
      reference lines, D--D, E--E respectively; which lines are coincident with
      the airfoil chord reference plane A--A, when the apparatus for varying the
      camber of the airfoil is at its non-cambering position, as shown in FIG.
      3. When the trailing edge box structure 42 and the rib beam member 54, are
      rotated to vary the camber of the airfoil, as shown in FIG. 4, the
      trailing edge box structure 42 is rotated at a greater angular rate and
      through a greater angle of deflection, with respect to the basic airfoil
      reference chord plane A--A, than that of the chordwise rib beam member 54.
      This is illustrated in FIG. 4 by the relationships of the segments D--D
      and E--E to the basic airfoil chord reference plane A--A; and this greater
      angular deflection of the trailing edge box structure 42, imparts a
      torsional twist to the trailing edge portion of the flexible upper skin
      panel 40, so as to controllably bend the upper surface about relative
      spanwise axies for cambering the airfoil.
PAR  An intermediate lower skin panel 73 is attached chordwise to the lower
      surface of the rib beam 50 and has a projecting lip portion along its
      forward edge 74 and its aft edge 75; which lip portions extend under the
      lower relatively rigid fixed wing skin at the rear spar 41 and the
      trailing edge box structure 42 respectively, and forms a flexible slip
      joint contact therewith to accommodate the contraction of the lower skin
      surface when the airfoil is cambered.
PAR  In the operation of cambering the aft portion of the airfoil from the
      minimum camber position shown in FIG. 3 through to the fully or maximum
      cambered position shown in FIG. 4, the linear actuator 55 extends and
      thereby rotates the driving bellcrank 60 clockwise about its structural
      attachment pivot 62. This, through the common pivotal connection 64,
      rotates the idler bellcrank 50 counterclockwise about its pivotal
      attachment point 66 on the cantilevered rib beam 54. This rotational
      movement between bellcranks 60 and 50, causes their arms 63 and 65,
      respectively, to move out of alignment with respect to each other, which
      arms function as an extensible link between pivotal connections 62 and 66,
      to vary the distance therebetween and causes the trailing edge rib beam 54
      to rotate clockwise about its structural connection 67. This downward
      rotational movement of the rib beam 54 pulls down on the wing trailing
      edge box structure 42 through link 52 and also causes the wing trailing
      edge box structure 42 with its spanwise beam 43, to be given a torsional
      twist about a spanwise axis through linkage slaved from the actuating
      means of rib beam 54. The attachment of the trailing edge box structure 42
      is primarily stabilized and its motion programmed through a slaved
      kinematic linkage such that the trailing edge box structure 42 is rotated
      the exact amount necessary, as the rib beam 54 rotates downwardly, to give
      the proper degree of curvature to the upper flexible skin panel 40 for
      producing the desired aerodynamic cambering to the airfoil.
PAR  In the design of both the leading and trailing edge cambering apparatus,
      the terminus of either end portion of the airfoil section such as the nose
      and trailing edge, is constructed as a separate structural member or box.
      This structural box has a main support member such as a rotatably actuated
      chordwise rib for deflecting the flexible upper skin panel and the
      attached leading or trailing edge structural box, like a simple hinged
      aileron or flap device; and off of this motion a kinematic linkage
      mechanism is slaved; or in the case of the trailing edge as shown in FIGS.
      1 and 2, a four-bar linkage arrangement. As shown in FIGS. 3 and 4, the
      interconnecting linkages between the trailing edge box structure 42 and
      the rib beam member 54, are spread a little further apart than that of the
      nose cambering apparatus, shown in FIGS. 1 and 2. This is to provide a
      greater moment arm; because, the trailing edge box structure 42 has a
      relatively larger surface area than the nose structure 12. Since the area
      of the flexural surface 40 is large, a spanwise stringer 72 and link 70
      are required. Should the surface area of the leading edge flexible panel
      shown in FIGS. 1 and 2 become large, a stringer and link would likewise be
      added. Further, in the case of a tapered planform wing, at certain
      spanwise locations, as you proceed inboard from the wing tip, the
      chordwise length of the flexible panel could also increase to such length
      (i.e., the leading and trailing edge box structure could extend chordwise
      out from the wing spars such a distance), that it would be advisable to
      add additional links for support of the intermediate portion of the panel.
PAR  FIGS. 5 to 7 show a third embodiment of the invention associated with a
      take-off and landing, leading edge flap system as is more clearly
      disclosed in U.S. Pat. No. 3,504,870 issued Apr. 7, 1970. This combination
      of an airfoil cambering mechanism that will provide precisely cambered
      airfoil contours through exact kinematic positioning of the nose assembly
      and the flexible upper surface skin panel; and a retractable variable
      camber leading edge flap which is stowable within the airfoil envelope of
      a high speed jet aircraft may be desirable in order to achieve the maximum
      performance gain potential of the variable camber concept. Most of the
      known devices are capable of providing only one of the functions, i.e.,
      either a wing cambering means or a retractable leading edge flap, and do
      not lend themselves to a combination.
PAR  Although the cambering mechanism is somewhat similar to that described with
      respect to the preferred embodiment shown in FIGS. 1 and 2, there are some
      differences in the type of linkage and their arrangement which results in
      a slightly different kinematic result, and therefore the elements have
      been identified with different numerals. In the chordwise cross-sectional
      views of FIGS. 5 to 7, the leading edge airfoil cambering mechanism is
      shown in two positions of operation, i.e., in the uncambered position and
      in the fully cambered position; and in addition, the variable camber
      leading edge flap system is also shown in two positions of operation,
      i.e., in the retracted position and in one of the forward extended
      positions for low speed flight. A forward section of the upper surface of
      the airfoil shown in the figures comprises a flexible skin panel 80 that
      is supported spanwise along its aft edge through a slip joint 81 to a
      rigid upper skin panel 82 attached to a support bracket 83 which in turn,
      is relatively fixed to a structural member such as the wing front spar 84.
      The forward spanwise edge of the flexible panel 80 is connected to a
      relatively rigid leading edge nose structure 85 having a spanwise nose
      beam 86. The wing leading edge nose structure has an aft projecting arm
      member 87, rigidly fastened to the spanwise nose beam 86. The leading edge
      of the upper flexible skin panel 80 and its attached nose structure 85,
      are supported through the aft projecting arm member 87, by a forward nose
      link 88 and aft nose link 89. The forward nose link 88 and aft nose links
      89, through their pivotal connections 90, 91, 92, 93, are pivotally
      mounted to the chordwise rib beam 94; and a stablizing link 104 is
      attached at its forward end at 103 to approximately the mid-point of the
      forward nose link 88, and the aft end of the link 104 is attached at 105
      to support bracket 83. The rib beam 94 has its aft end pivotally connected
      at 95 through a hinge fitting to the wing front spar 84.
PAR  The support and actuation system for cambering the airfoil comprises a
      jack-screw actuator 96 having its upper end pivotally attached at 97
      through a hinge fitting to the front wing spar 84, and its lower end
      pivotally connected at 98 to the interconnection of a scissors linkage.
      The scissors linkage comprises: an upper link 99 which is pivotally
      connected at 100 to the cantilevered rib beam 94; and a lower link 101
      which has its lower end pivotally connected at 102 through a hinge fitting
      to the lower portion of the front wing spar 84.
PAR  In the operation of cambering the leading edge portion of the airfoil, from
      the minimum camber position shown in FIG. 5 to the fully or maximum
      cambered position shown in FIG. 6, with the variable camber flap system
      remaining in the retracted or stowed position, the screw-jack actuator 96
      retracts and thereby rotates scissor links 99, 101 out of alignment to
      decrease the distance between pivotal connections 100 and 102, and causes
      the rib beam 94 to rotate counter-clockwise about its structural pivotal
      connection 95. This downward rotational movement of the rib beam 94, pulls
      down on the relatively rigid leading edge nose structure 85 through its
      aft projecting arm member 87 integral therewith, by the links 88 and 89.
      Through this aft projecting arm member 87 the wing leading edge nose
      structure 85 is supported and torsionally twisted about a spanwise axis
      for imparting a predetermined aerodynamic contour to the upper flexible
      panel 80. The nose structure 85 through its attached aft projecting arm
      member 87 is stabilized and its motion programmed through the kinematic
      movement of connecting links 88 and 89. Link 88 at an intermediate
      position is connected at 103 to the forward terminal of a stabilizing link
      104 which swings about a fixed pivot 105 on support bracket 83 forming
      part of the relatively fixed wing structure. The stabilizing link 104 has
      a function similar to that of link 36 shown in FIGS. 1 and 2, such that in
      the process of moving the rib beam 94 down, the kinematic linkage
      mechanism comprising links 88, 89 and stablizing link 104, produces the
      required motion for rotating the nose structure 85 the precise amount
      necessary to give the proper camber to the upper flexible skin panel 80.
      Or stated in another manner, the kinematics of the nose torsional linkages
      is such that it rotates the nose structure 85 the exact amount necessary,
      to give the proper degree of curvature to the upper flexible skin panel 80
      for producing the desired aerodynamic cambering to the airfoil, as the rib
      beam 94 is rotated downward.
PAR  FIG. 7 shows the flexible flap panel 110 with its folding bull nose 111 and
      actuating linkage, in the extended position for takeoff and landing flight
      operation. The first link of the actuating linkage comprises a support arm
      112 having one end 113 fixedly connected to a torque shaft splined to a
      rotary actuator 114 connected to the rib beam 94. Aft of the support arm
      connection 113 is a structural pivotal attachment point 116 for the upper
      end of link 115. The lower end of link 115 is pivotally connected at 117
      to a horizontal link 118. The middle portion of horizontal link 118 is
      pivotally attached at 119 to a middle portion of the support arm 112. The
      forward portion of horizontal link 118 is pivotally connected at 120 to
      the aft end of the flexible flap panel 110, and also at pivotal connection
      121 to a link 122 which is substantially parallel to support arm 112 in
      the extended position. Substantially parallel to horizontal link 118 in
      the extended position, is a link 123 which is pivotally connected at its
      aft end 124 to the lower end of support arm 112. The forward end of link
      123 has two lugs 125 and 126 integral therewith. The lug 126 pivotally
      connects at 127 to the lower end of a short link 128 which is in turn
      connected at its upper end 129 to an intermediate portion of the flexible
      flap panel 110 for precise control of the aerodynamic shape or curvature
      thereof. Adjacent to and below the lug 126 is a pivotal connection 130
      which interconnects the intermediate portion of link 122 with an
      intermediate portion of link 123. The lower end of link 122 is pivotally
      connected at 131 to the forward end of the flexible flap panel 110.
      Connected to the forward end of link 123 at 132 is one end of link 133
      which is connected at the other end 134 to the bull nose 111. The bull
      nose 111 has an arm 135 integral therewith through which it is supported
      and mounted for rotation at 131 on the lower end of link 122.
PAR  FIGS. 8 and 9 are chordwise cross-sectional views of a fourth embodiment of
      the invention; wherein, the chordwise foreshortening effect or the
      reduction of the net effective planform wing area due to cambering of the
      wing, is decreased from that shown in FIGS. 1 and 2. FIG. 8 shows the
      airfoil in the uncambered position of operation and FIG. 9, the fully
      cambered position. The cambering mechanism shown in FIGS. 8 and 9, is
      substantially similar to that shown in FIGS. 1 and 2; except: that the rib
      beam 18, as seen in FIGS. 1 and 2, has its structural pivotal connection
      19 moved nearer to the lower surface of the airfoil, as shown in FIGS. 8
      and 9 by the reference numeral 19A; the upper flexible wing panel 10 has a
      slip joint connection 38 at its inner end so as to allow the leading edge
      nose structure to come further forward, thereby decreasing the
      foreshortening effect when moved to the fully cambered position, shown in
      FIG. 9. As a result of this hinging change to rib beam 18, there is also a
      slight change necessary in the linkage mechanism from the linear actuator
      23 to link 36 interconnecting the four-bar linkage mechanism of the nose
      structure which will now be described; wherein, elements shown in FIGS. 8
      and 9 which are similar in appearance and function to those of FIGS. 1 and
      2, have been given like reference characters.
PAR  In the operation of increasing the leading edge camber of the airfoil, from
      the minimum camber position shown in FIG. 8 through to the fully or
      maximum cambered position shown in FIG. 9, the linear actuator 23A
      contracts and thereby rotates the driving bellcrank 26A counter-clockwise
      about its structural attachment pivot 28A. This, through the forward arm
      29A, of the driving bellcrank 26A and its common pivotal connection 30A,
      to the idler bellcrank 31A, rotates the idler bellcrank 31A clockwise
      about its pivotal attachment point 33A on the nose rib beam 18. This
      rotational movement between bellcranks 26A and 31A, causes their arms 29A
      and 32A respectively, to move out of alignment with respect to each other,
      which arms function as an extensible link between the pivotal connections
      33A and 28A, to vary the distance therebetween. This causes the nose rib
      beam 18 to rotate counter-clockwise about its pivot 19A. This downward
      rotational movement of the rib beam 18: pulls down on the nose structure
      12, through the connecting link 14 and bellcrank 15; and also moves the
      aft edge of the upper flexible skin panel 10, outward on its slip-joint
      38, through pivotal connection 39. In addition to this downward movement,
      a torsional twisting movement is imparted to the nose structure 12 through
      the four-bar linkage mechanism, in a manner similar to that previously
      described with respect to FIGS. 1 and 2, in order that the desired degree
      of curvature is applied to the upper flexible skin panel 10.
PAR  FIGS. 10 and 11 show a fifth embodiment of the invention which
      substantially reduces the chordwise foreshortening effect or the reduction
      in the net effective planform area of the airfoil, that would be present
      in the embodiment shown in FIGS. 3 and 4. In a comparison of the
      embodiments of FIGS. 3 and 4, with that of FIGS. 10 and 11, it will be
      noted that in FIGS. 10 and 11, a slip-joint 78 is incorporated between the
      upper flexible skin panel 40 and the relatively rigid upper skin 39
      fixedly attached to rear spar structure 41. With this slip-joint 78 and a
      modification of the linkage, the trailing edge structure 42 and the
      flexible panel 40, are permitted to extend aft and thereby substantially
      maintain the net effective planform area of the airfoil constant. FIG. 10
      shows the airfoil in the uncambered position of operation and FIG. 11, the
      fully cambered position. The cambering mechanism shown in FIGS. 10 and 11,
      is substantially similar to that shown in FIGS. 3 and 4; except: that the
      rib beam member 54, as seen in FIGS. 3 and 4, has its structural pivotal
      connection 67 moved nearer to the lower surface of the airfoil, as shown
      in FIGS. 10 and 11 by the reference numeral 67A; the upper flexible wing
      panel 40 has a slip-joint connection 78 at its end so as to allow the
      trailing edge structure to move further aft, and thereby decrease the
      chordwise foreshortening effect of the arifoil when it is moved to the
      fully cambered position, shown in FIG. 11. As a result of this hinging
      change to rib beam member 54, there is also a slight change necessary in
      the linkage mechanism from the linear actuator 55 to arm 68 which will now
      be described; wherein, elements that are shown in FIGS. 10 and 11, which
      are similar in appearance and function to those of FIGS. 3 and 4, have
      been given like reference characters. In the operation of increasing the
      trailing edge camber of the airfoil, from the minimum camber position
      shown in FIG. 10 through to the fully or maximum cambered position shown
      in FIG. 11, the linear actuator 55A contracts and thereby rotates the
      driving bellcrank 60A clockwise about its structural attachment pivot 62.
      This, through the forward arm 63A, of the driving bellcrank 60A and its
      common pivotal connection 62A, to the bellcrank 50A, through an
      interconnecting link 76, rotates the bellcrank 50A counter-clockwise about
      its pivotal attachment point 66 on the rib beam member 54. The clockwise
      rotational movement of driving bellcrank 60A causes the downward
      rotational movement of the rib beam member 54 and through a kinematic
      linkage mechanism comprising a connecting link 52 and the series linkage
      connection of link 48 and arm 68, pulls down on the trailing edge
      structure 42. Basically, this kinematic linkage mechanism has two
      mechanical linkages which are spaced apart chordwise and interconnect the
      trailing edge structure 42 with the rib beam member 54. The linkage of the
      kinematic mechanism, comprises: the structure of the upper flexible skin
      40 which is between the chordwise spaced linkages of connecting link 52
      and the series linkage connection of link 48 and arm 68, as forming one
      link; the structure of the rib beam member 54 which is between the
      chordwise spaced linkages 52 and 48, 68, as forming the remainder of the
      kinematic linkage mechanism. This downward movement of the rib beam member
      54, not only pulls down on the trailing edge structure 42 through said
      chordwise spaced linkages, and moves the inner-edge of the upper flexible
      skin panel 40 outward on its slip-joint 78, but also causes the trailing
      edge structure 42 to be given a torsional twisting moment about relative
      spanwise axies by the kinematic linkage mechanism being slaved off of the
      actuating means imparting rotational movement to the rib beam member 54.
      Whereby, the desired degree of curvature is applied to the upper flexible
      skin panel 40.
PAR  While the invention has been disclosed with reference to preferred
      embodiments, it is to be understood that modifications and changes which
      become obvious to a person skilled in the art as a result of the teachings
      hereof, will be encompassed by the following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A variable camber airfoil, comprising: an upper surface; a rib member
      hinged at its inner-end to relatively fixed structure of the airfoil for
      rotation in a chordwise plane and having its free-end extending outwardly
      therefrom toward the edge of the airfoil; means connecting the upper
      surface with the free-end of the rib member for support thereby; means for
      rotating the rib member about its hinged inner-end; means operatively
      associated with the means that impart rotational movement to the rib
      member for controllably bending the upper surface and thereby vary the
      camber of the airfoil; a contractable lower surface comprising a variable
      camber leading edge flap; flap actuating means connected to said rib
      member and independently operable of said rib member actuating means, for
      moving the variable camber flap from a stowed position within a leading
      edge portion of the airfoil envelope to an extended position; whereby, a
      net effective increase in airfoil planform area is provided in combination
      with an increase in camber of the airfoil envelope for a high lift system
      for low speed operation of the airfoil such as for the takeoff or landing
      flight speed of an aircraft.
NUM  2.
PAR  2. A variable camber airfoil, comprising: an airfoil edge forming
      structure; an upper surface flexible skin panel having one end rigidly
      connected to the airfoil edge forming structure; a rib member hinged at
      its inner-end to relatively fixed structure of the airfoil for rotation in
      a chordwise plane and having its free-end extending outwardly therefrom
      toward the airfoil edge forming structure; means connecting the airfoil
      edge forming structure with the free-end of the rib member for support
      thereby; means for rotating the rib member about its hinged inner-end to
      pull down on the airfoil edge forming structure; means operatively
      associated with the means that impart rotational movement to the rib
      member for torsionally rotating the airfoil leading edge structure to
      flexuously bend the upper surface flexible skin panel and thereby vary the
      camber of the airfoil; a contractable lower surface comprising a variable
      camber leading edge flap; flap actuating means connected to said rib
      member actuating means, for moving the variable camber flap from a stowed
      position within a leading edge portion of the airfoil envelope to an
      extended position; whereby, a net effective increase in airfoil planform
      area is provided in combination with an increase in camber of the airfoil
      envelope for a high lift system for low speed operation of the airfoil,
      such as for the takeoff or landing flight speed of an aircraft.
NUM  3.
PAR  3. A variable camber apparatus for an airfoil having a chord reference
      plane, comprising an airfoil upper surface skin panel; and airfoil edge
      forming structure fixedly connected to the outer edge of said panel; a
      chordwise rib beam member connected at one end portion to relatively rigid
      structure of the airfoil and having its free-end portion extending
      outwardly chordwise to the airfoil edge forming structure; said chordwise
      rib beam member and said airfoil edge forming structure each having a
      chordwise reference line coincident with the airfoil chord reference plane
      when the apparatus for varying the camber of the airfoil is at its
      noncambering position; means connecting the airfoil edge forming structure
      with the free-end portion of the rib beam member; means for rotating the
      rib beam member about its aft-end portion in a plane normal to the airfoil
      chord reference plane and about a relatively spanwise axis; means
      operatively associated with the means that impart rotational movement to
      the rib beam member for slaving the rotational movement of the airfoil
      edge forming structure to the rotational movement of the rib beam member
      so that the airfoil edge forming structure is rotated at a greater angular
      rate than that of the chordwise rib beam member such that the chordwise
      reference line of the airfoil edge forming structure is at a greater
      angular deflection from the airfoil chord reference plane than that of the
      chordwise rib beam member thereby imparting a torsional twist about a
      relatively spanwise axis to the outer edge portion of the airfoil upper
      surface flexible skin panel so as to controllably bend said panel and vary
      the camber of the airfoil; a contractable lower surface comprising a
      variable camber leading edge flap; flap actuating means connected to said
      chordwise rib beam member and independently operable of said rib beam
      member and its rotating means, for moving the variable camber flap from a
      stowed position within a leading edge portion of the airfoil envelope to
      an extended position, whereby, a net effective increase in airfoil
      planform area is provided in combination with an increase in camber of the
      airfoil envelope for a high lift system for low speed operation of the
      airfoil, such as for the takeoff or landing flight speed of an aircraft.
NUM  4.
PAR  4. A variable camber airfoil comprising: an upper surface; a rib member
      hinged at its inner-end to relatively fixed structure of the airfoil for
      rotation in a chordal plane and having its free-end extending outwardly
      therefrom toward the spanwise edge of the airfoil; a pair of linkage
      elements interconnecting the upper surface with the free-end of the rib
      member; actuating means for rotating the rib member to bend the upper
      surface; means for slaving the movement of the pair of linkage elements to
      the actuating means that impart rotational movement to the rib member,
      such that the upper surface is controllably bent torsionally about a
      relative spanwise axis to produce an external curvilinear contour to the
      upper surface of the airfoil, which provides an aerodynamically
      predetermined increase in camber to the airfoil; a contractable lower
      surface comprising a variable camber leading edge flap; flap actuating
      means connected to said rib member and independently operable of said rib
      member actuating means, for moving the variable camber flap from a stowed
      position within the leading edge portion of the airfoil envelope to an
      extended position, whereby, a net effective increase in airfoil planform
      area is provided in combination with an increase in camber of the airfoil
      envelope for a high lift system for low speed operation of the airfoil,
      such as for the takeoff or landing flight speed of an aircraft.
NUM  5.
PAR  5. A vaiable camber airfoil having a relatively rigid mid-portion and an
      angular displaceable portion extending outwardly chordwise therefrom,
      comprising: a bendable upper skin panel connected spanwise along its inner
      edge to fixed structure of the airfoil mid-portion; an airfoil edge
      forming structure fixedly connected to the outer edge of the bendable
      upper skin panel; a rib member hinged at one end to the relatively rigid
      mid-portion of the airfoil and having its free-end extending outwardly
      chordwise therefrom; a pair of linkage elements spaced chordwise and
      providing pivotal connections between the airfoil edge forming structure
      and the free-end of the rib member; actuating means for rotating the rib
      member about its hinged connection to swing the free-end of the rib member
      down, and through the interconnecting pair of linkage elements, bend the
      upper skin panel; means for slaving the movement of the pair of linkage
      elements to the actuating means effecting rotation of the rib member, such
      that the upper skin panel is torsionally flexed to provide an
      aerodynamically predetermined external curvilinear contour thereto, for
      increasing the camber of the airfoil; a contractable lower surface
      comprising a variable camber leading edge flap; flap actuating means
      connected to said rib member and independently operable of said rib member
      actuating means, for moving the variable camber flap from a stowed
      position within the leading edge portion of the airfoil envelope to an
      extended position down and forward of said airfoil leading edge forming
      structure; whereby, a net effective increase in airfoil planform area is
      provided in combination with an increase in camber of the airfoil envelope
      for a high lift system for low speed operation of the airfoil, such as for
      the takeoff or landing flight speed of an aircraft.
NUM  6.
PAR  6. A variable camber apparatus for the leading edge portion of an airfoil,
      comprising: an upper surface; a rib member having an aft-end hinged to
      relatively fixed structure of the airfoil for rotation in a chordwise
      plane and having a forward-end extending toward the leading edge of the
      airfoil; means connecting a leading edge portion of the upper surface with
      the forward-end of the rib member; means for rotating the rib member about
      its hinged aft-end; means operatively associated with the means that
      impart rotational movement to the rib member for torsionally twisting the
      leading edge portion of the upper surface about a relatively spanwise
      axis, so as to controllably bend the upper surface and thereby vary the
      camber of the airfoil; a contractable lower surface comprising a variable
      camber leading edge flap; flap actuating means connected to said rib
      member and independently operable of said rib member and its rotating
      means, for moving the variable camber flap from a stowed position within a
      leading edge portion of the airfoil envelope to an extended position;
      whereby, a net effective increase in airfoil planform area is provided in
      combination with an increase in camber of the airfoil envelope for a high
      lift system for low speed operation of the airfoil, such as for the
      takeoff or landing flight speed of an aircraft.
NUM  7.
PAR  7. A variable camber apparatus for the leading edge portion of an airfoil,
      comprising: a leading edge nose structure; a bendable upper surface panel
      having a forward-end fixedly connected to the leading edge nose structure;
      a chordwise rib beam member having an aft-end portion hinged to relatively
      fixed support structure of the airfoil for rotation in a chordwise plane
      about a relatively spanwise axis and having a forward-end portion
      extending to the leading edge nose structure; means connecting the leading
      edge nose structure with the forward-end portion of the rib beam member;
      means for rotating the rib beam member about its hinged aft-end portion;
      means operatively associated with the means that impart rotational
      movement to the rib beam member for slaving the rotational movement of the
      leading edge nose structure to the rotational movement of the rib beam
      member so as to controllably impart a curvilinear contour to the bendable
      upper surface panel and thereby vary the camber of the airfoil; a
      contractable lower surface comprising a variable camber leading edge flap;
      flap actuating means connected to said rib beam member and independently
      operable of said rib beam member and its rotating means, for moving the
      variable camber flap from a stowed position within a leading edge portion
      of the airfoil envelope to an extended position; whereby, a net effective
      increase in airfoil planform area is provided, in combination with an
      increase in camber of the airfoil envelope, for a high lift system for low
      speed operation of the airfoil, such as for the takeoff or landing flight
      speed of an aircraft.
NUM  8.
PAR  8. A variable camber apparatus for the leading edge portion of an airfoil
      having a chord reference plane, comprising: a leading edge nose structure;
      a bendable upper surface having a forward-end fixedly connected to the
      leading edge nose structure; a chordwise rib beam member having an aft-end
      portion connected to relatively fixed structure of the airfoil for
      rotation in a plane normal to the airfoil chord reference plane about a
      relatively spanwise axis and having a forward-end portion extending to the
      leading edge nose structure; said chordwise rib beam member and said
      leading edge nose structure each having a chordwise reference line
      coincident with the airfoil chord reference plane when the apparatus for
      varying the camber of the airfoil is at its noncambering position; means
      connecting the leading edge nose structure with the forward-end portion of
      the rib beam member; means for rotating the rib beam member about its
      aft-end portion; means operatively associated with the means that impart
      rotational movement to the rib beam member for slaving the rotational
      movement of the leading edge nose structure to the rotational movement of
      the rib beam member so that the leading edge nose structure is rotated at
      a greater angular rate than that of the chordwise rib beam member such
      that the chordwise reference line of the leading edge nose structure is at
      a greater angular deflection from the airfoil chord reference plane than
      that of the chordwise rib beam member thereby imparting a torsional twist
      about a relatively spanwise axis to the leading edge portion of the
      bendable upper surface so as to controllably bend said upper surface and
      vary the camber of the airfoil; a contractable lower surface comprising a
      variable camber leading edge flap; flap actuating means connected to said
      chordwise rib beam member and independently operable of said rib beam
      member and its rotating means, for moving the variable camber flap from a
      stowed position within a leading edge portion of the airfoil envelope to
      an extended position; whereby, a net effective increase in airfoil
      planform area is provided, in combination with an increase in camber of
      the airfoil envelope, for a high lift system for low speed operation of
      the airfoil, such as for the takeoff of landing flight speed of an
      aircraft.
NUM  9.
PAR  9. A variable camber apparatus for the leading edge portion of an airfoil,
      comprising: a leading edge nose structure; a bendable upper surface having
      an inner-end connected to relatively rigid structure of the airfoil and an
      outer-end fixedly connected to the leading edge of the nose structure; a
      rib member pivotally mounted about its aft-end to relatively rigid
      structure of the airfoil, nose linkage means interconnecting the leading
      edge nose structure with the rib member; actuating means for rotating the
      rib member about its aft, relatively fixed, pivotal support to bend the
      upper surface; means for slaving the movement of the nose linkage means to
      the rotational movement of the rib member for torsionally rotating the
      leading edge nose structure to control the curvilinear contour of the
      bendable upper surface for providing an aerodynamically predetermined
      increase in camber to the airfoil; a contractable lower surface,
      comprising a variable camber leading edge flap; flap actuating means
      connected to said rib member and independently operable of said rib member
      actuating means, for moving the variable camber flap from a stowed
      position within a leading edge portion of the airfoil envelope to an
      extended position; whereby, a net effective increase in airfoil planform
      area is provided, in combination with an increase in camber of the airfoil
      envelope, for a high lift system for low speed operation of the airfoil,
      such as for the takeoff or landing flight speed of an aircraft.
NUM  10.
PAR  10. A variable camber apparatus for the leading edge portion of an airfoil
      having a relatively rigid mid-portion and an angular displaceable portion
      extending forwardly chordwise therefrom, comprising: a bendable upper skin
      panel connected spanwise along its aft-edge to fixed structure of the
      airfoil mid-portion; an airfoil leading edge forming structure fixedly
      connected to the forward edge of the bendable upper skin panel; a rib
      member hinged at its inner-end to the relatively rigid mid-portion of the
      airfoil and having its free-end extending forwardly chordwise therefrom; a
      pair of linkage elements spaced apart chordwise and providing pivotal
      connections between the airfoil leading edge forming structure and the
      free-end of the rib member; actuating means for rotating the rib member
      about its hinged connection to swing the free-end of the rib member down,
      and through the interconnecting pair of linkage elements, bend the upper
      skin panel; means for slaving the movement of the pair of linkage elements
      to the actuating means effecting rotation of the rib member, such that the
      upper skin panel is torsionally flexed to provide an aerodynamically
      predetermined external curvilinear contour thereto, for increasing the
      camber of the airfoil; a contractable lower surface comprising a variable
      camber leading edge flap; flap actuating means connected to said rib
      member and independently operable of said rib member actuating means, for
      moving the variable camber flap from a stowed position within the angular
      displaceable portion forming the leading edge portion of the airfoil
      envelope to an extended position down and forward of said airfoil leading
      edge forming structure; whereby, a net effective increase in airfoil
      planform area is provided in a combination with an increase in camber of
      the airfoil envelope for a high lift system for low speed operation of the
      airfoil, such as for the takeoff or landing flight speed of an aircraft.
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ABST
PAL  An ejector wing, for an aircraft, having inlet and diffuser doors which
      move from an open take-off configuration to a closed forward flight
      configuration and having hypermixing nozzles and root nozzles for
      supplying primary air into a plurality of channels in the wing structure.
      Apparatus is provided for controlling the air flow from the root nozzles
      in the boundary layer in the channels. A plurality of sensing ports are
      provided in the channels upstream of the root nozzles. The differential
      pressures at the sensing ports are used to divide the flow to the root
      nozzles on opposite sides of the channels.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States for all governmental purposes without the
      payment of any royalty.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a thrust augmentation system for aircraft of the
      type capable of vertical, hovering, transitional and conventional flight
      operation. One such system is described in the patent to von Ohain et al,
      U.S. Pat. No. 3,770,227. The patent to Quinn, U.S. Pat No. 3,834,834,
      describes such a system which provides a plurality of hypermixing nozzles
      together with a plurality of root nozzles.
PAR  In these systems, the wing has a simple airfoil configuration when the
      inlet and diffuser doors are in the closed position. In the vertical
      take-off configuration, both the inlet and the diffuser doors are wide
      open. During the transition from vertical take-off to forward flight, the
      inlet doors are moved forward and the diffuser doors are tilted backward.
      More boundary layer control is then required near the forward portion of
      the channels than near the rearward portion.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to this invention, use is made of the fact that during transition
      the pressure near the forward portion of the channel is lower than near
      the rearward portion of the flow channel. Sensing ports are provided in
      the flow channels upstream of the root nozzles. The pressure differential
      in the ports, on opposite sides of the flow channels, are used to control
      the flow of air to the root nozzles to provide a greater flow through the
      forward nozzles, where a greater flow in the boundary layer is needed. An
      added benefit from this system is that both the ports on the forward and
      rearward portions of the flow channel suck air from the boundary layer
      which leads for further improvement of the boundary layer control
      characteristics.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a schematic diagram showing a thrust augmentor wing system
      according to the invention.
PAR  FIG. 2 shows the wing system of FIG. 1 in its closed configuration.
PAR  FIG. 3 is a schematic diagram showing the boundary layer control system of
      the invention.
PAR  FIG. 4 is a schematic diagram showing one system for supplying control flow
      to the boundary layer for the device of FIG. 1.
PAR  FIG. 5 is a schematic diagram of a modification of the device of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Reference is now made to FIG. 1 of the drawing which shows a wing structure
      10 for an ejector wing aircraft. The wing structure has a plurality of
      hollow spar members 12, 14 and 16 similar to those shown in the von Ohain
      patent. Inlet doors 18 and outlet diffuser doors 20 and 22 may be
      positioned as shown in FIG. 2 to provide an airfoil structure for forward
      flight. Air is supplied to a plurality of hypermixing nozzles 24 through
      the spars 12, 14 and 16 in a conventional manner.
PAR  According to this invention, separate channels 26, 27, 28 and 29 are
      provided to supply air flow to the root nozzles 31, 32, 33 and 34. Sensing
      ports 36, 37, 38 and 39 are provided in thrust channels 40 and 41 upstream
      of the root nozzles 31, 32, 33 and 34 respectively. The pressure levels at
      the sensing ports 36, 37, 38 and 39 may be used to control the flow in
      fluidic control devices 43 and 44 as shown in FIGS. 3 and 4 wherein the
      control ports 45 and 46 are connected to sensing ports 36 and 37
      respectively to direct the flow of air from channel 48 between channels 51
      and 52 as a function of the difference in the pressure at sensing ports 36
      and 37. The flow in channels 51 and 52 is supplied to ducts 26 and 27 and
      to root nozzles 31 and 32. Sensing ports 38 and 39 control the flow in
      fluidic control device 44 in the same manner as described above with
      respect to fluidic control device 43.
PAR  In the operation of the device of the invention in normal vertical take-off
      configuration, shown in FIG. 1, and which will be described with respect
      to channel 40, the pressure at control ports 36 and 37 will normally be
      approximately equal and the flow from channel 48 will be divided between
      channels 51 and 52 to provide approximately equal flow from root nozzles
      31 and 32. During transition as the pressure at sensing port 36 drops and
      the pressure at sensing port 37 rises, the flow from channel 48 will be
      diverted to cause an increase flow from root nozzle 31 and a decreased
      flow from nozzle 32. Thus, the flow during transition will be
      automatically divided between nozzles 31 and 32 as a function of the
      pressure difference at sensing ports 36 and 37. The same operation will
      take place in channel 41.
PAR  For some applications, it may be desirable to control the boundary layer in
      the diffuser portion of ducts 40 and 41, as shown in FIG. 5. In this case,
      sensing ports 66, 67, 68 and 69 are provided to control the flow through
      nozzles 71, 72, 73 and 74 in a similar manner to that described above. The
      movement of the doors will cause no great problem since the control lines
      and output lines of the fluidic control devices would normally be flexible
      conduits.
PAR  While fluidic control devices have been described for controlling the flow
      to the boundary layer nozzles, other apparatus could also be used, such as
      bellows controlled valves.
PAR  There is thus provided apparatus for controlling the flow from root nozzles
      into the boundary layer in an injector wing aircraft during transition
      from vertical take-off to forward flight.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an aircraft ejector wing having a plurality of spar members with air
      flow thrust channel being formed between pairs of spar members; means for
      providing closable inlets to said flow thrust channels; means for
      providing closable outlet diffuser doors for said thrust channels; means
      for providing a primary air flow through said thrust channels to thereby
      entrain a secondary flow through the thrust channels; said means for
      providing a primary air flow including a plurality of nozzles adapted to
      provide a flow of air into the boundary layer adjacent the opposite sides
      of said thrust channels; a plurality of pressure sensing ports in said
      thrust channels upstream of said nozzles; means responsive to the pressure
      at said sensing ports for controlling the flow from said nozzles into the
      boundary layer in said thrust channels.
NUM  2.
PAR  2. The device as recited in claim 1 wherein said means for providing a
      primary air flow through said thrust channels includes a plurality of
      hypermixing nozzles and a plurality of root nozzles, located between the
      hypermixing nozzles; said root nozzles being the nozzles adapted to
      provide a flow of air into the boundary layer adjacent the opposite side
      of said thrust channels; means for supplying an air flow through said spar
      members to said hypermixing nozzles; tubular air supply means within said
      spar members for supplying air to said root nozzles; said means for
      controlling the flow from said nozzles including means for directing a
      flow of air into the tubular air supply means for the root nozzles on
      opposite sides of each thrust channel as a function of the pressure
      difference at the sensing ports upstream of the root nozzles on opposite
      sides of each thrust channel.
NUM  3.
PAR  3. The device as recited in claim 2 wherein said means for directing a flow
      of air into the tubular air supply means includes a fluidic control device
      for each thrust channel; means for supplying an air flow to the fluidic
      control devices; each of said fluidic control devices having first output
      channels connected to the tubular air supply means on one side of said
      thrust channels and second output channel connected to the tubular air
      supply means on the opposite sides of said thrust channels; each of said
      fluidic control devices having a flow splitter between said first output
      channel and the second output channel; each of said fluidic control
      devices having a pair of control ports connected to the sensing ports on
      opposite sides of said thrust channels, for controlling the flow between
      the first output channels and the second output channels of the fluidic
      control devices as a function of the pressure difference at the sensing
      ports on the opposite sides of each thrust channel.
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ABST
PAL  A supersonic two-dimensional intake arrangement for two or more jet
      propulsion engines has a duct for each engine, a mouth region for each
      duct, said mouth regions being positioned in adjacent rearewardly
      staggered rearwardly such that at least one shock wave is common to all
      mouth regions. Preferably one duct wall is common to adjacent intake
      mouths.
BSUM
PAR  This invention relates to air intake arrangements for the jet propulsion
      engines of multi-engined supersonic aircraft.
PAR  In supersonic aircraft, the air intake ducts are formed to produce shock
      waves which bring the speed of the intake air within the duct down to a
      sub-sonic level for delivery to an engine. In general, each intake duct
      for each engine has operated to produce its shock waves substantially
      independently of any other intake duct even when such ducts are positioned
      adjacent one another. Accordingly each intake duct has produced its own
      characteristic drag increment.
PAR  An object of the present invention is to provide an intake arrangement for
      at least two engines in which the total drag increment of the arrangement
      is less than that of the separate intake ducts it supercedes.
PAR  Each intake duct captures most of the air presented to it, but, inevitably,
      some is spilled over certain edges of the intake duct back into the free
      airstream. Where the intake ducts are operated substantially independently
      nearly all of this spillage is lost since it is not collected by other
      intakes.
PAR  A further object of the present invention is to provide an intake
      arrangement in which any spillage from one duct is at least partly
      collected by a further intake duct, and so on.
PAR  In this specification the term "Design Mach Number" is defined as that
      predetermined Mach Number for which the intake arrangement is designed to
      function efficiently.
PAR  These and other objects have been achieved in the preferred embodiments of
      this invention in which a supersonic two-dimensional air intake
      arrangement for at least two jet propulsion engines includes an intake
      duct for each engine, a forward facing mouth region for each duct, one
      mouth region, the leader mouth region, lying ahead of the other mouth
      regions, the follower mouth regions, in adjacent rearwardly staggered
      relationship, and shock wave forming means operative to generate at least
      one generally planar shock wave which, at least at the Design Mach Number
      of the intake arrangement, extends obliquely uninterruptedly across the
      said mouth regions of the intake arrangement.
PAR  It is also preferable that at least the leader intake mouth has a wall
      member with a forward leading edge including a first ramp member extending
      from said forward leading edge, a second ramp member spaced aft from said
      first ramp member on the same wall member, an opposite wall member having
      an aft leading edge positioned rearward of said forward leading edge and
      including a third ramp member positioned to the rear of said aft leading
      edge such that, at the Design Mach Number of the intake arrangement,
      generally planar shock waves generated by said aft leading edge and by
      said third ramp member extend obliquely across the duct to extend between
      the said first and second ramp members.
PAR  Some preferred embodiments of the invention are described with reference to
      the accompanying drawings.
DRWD
PAR  In these drawings:
PAR  FIG. 1 is a part-plan view of an aircraft,
PAR  FIG. 2 is a part-front view of the aircraft of FIG. 1,
PAR  FIG. 3 is a part-plan view of a further aircraft
PAR  FIG. 4 is a part-front view of a further aircraft,
PAR  FIG. 5 is an enlarged front view of the engine intake arrangement of FIG.
      3, and,
PAR  FIG. 6 is a sectional part-plan view of the intake arrangement, the section
      being taken on line VI--VI of FIG. 5.
DETD
PAR  Referring initially to FIGS. 1 and 2, an aircraft has a fuselage 1 and a
      wing 2 on which is carried a nacelle 3 housing two jet propulsion engines
      shown generally at 4 and 5 and mounted in staggered side-by-side
      relationship. The engines are fed by means of side-by-side ducts 6 and 7,
      respectively, which each have mouth regions formed within an intake
      arrangement shown generally at 8. Instead of lying close to the underside
      of the wing as shown in FIG. 2, the nacelle 3 may be spaced therefrom.
PAR  FIG. 3 illustrates a similar aircraft to that of the earlier Figures. The
      same reference numerals apply although the intake arrangement 8 is of
      opposite hand with the duct 6 being positioned inboard of the duct 7.
PAR  FIG. 4 illustrates yet a further aircraft in which the nacelle 3 houses the
      jet propulsion engines one above the other. These engines are fed by ducts
      6 and 7 also mounted one above the other. Although not illustrated, the
      nacelles 3 may be mounted closely adjacent the fuselage 1 or in other
      positions along the wing or fuselage either with the ducts 6 and 7
      side-by-side or one above the other. In each case the intake arrangements
      are generally similar and described with particular reference to FIGS. 5
      and 6.
PAR  Referring now to FIGS. 5 and 6, the ducts 6 and 7 lie between two common,
      planar, parallel spaced wall members 9 and 10 respectively. Between these
      wall members, and lying perpendicular thereto, extend further wall members
      11, 12 and 13 which have leading edges 11a, 12a, and 13a, respectively.
      The wall members 9, 10, and 11, 12 form the boundaries of the duct 7 and
      hence their forward ends also define the mouth region thereof. Similarly,
      the wall members 9, 10 and 12, 13 form the boundaries of the duct 6 and
      hence also define its mouth region.
PAR  The leading edge 11a is located further forward than the leading edges 12a
      and 13a so that at or near the Design Mach Number, it generates at least
      one generally planar shock wave 14 which extends obliquely rearwards over
      the full width of the intake arrangement.
PAR  The leading edges 12a and 13a are positioned to lie just behind the shock
      wave 14 so that this wave is not interrupted thereby. In effect the mouth
      regions of the ducts 6 and 7 are arranged in an adjacent rearwardly
      staggered relationship. The shock wave 14 is common to both ducts 6 and 7.
PAR  The leading edge of wall member 9, referenced 9a, is located forward of the
      shock wave 14, while that of wall member 10, referenced 10a and marked in
      broken outline in FIG. 6 lies rearward of the shock waves. In effect, the
      leading edges 11a, 12a, 13a and 9a 10a form the lips of the mouth regions
      of the intake arrangement.
PAR  In FIG. 1, the intake is arranged such that the mouth region of the
      outboard duct 6 is staggered rearwardly of the mouth region of the duct 7.
      In FIG. 3 the intake is arranged such that the mouth region of the inboard
      duct 6 is staggered rearwardly of the mouth region of the duct 7.
PAR  In FIG. 6, the interior of the intake duct 7 is shown in some detail. That
      of intake duct 6 is shown only in general; it may be substantially
      identical to that of duct 7 but it may be of a different, known type of
      design.
PAR  Referring now to the duct 7, the wall member 11 includes a first ramp
      member 20, whose leading edge is formed by the leading edge 11a. It has a
      trailing edge 21. The first ramp member 20 together with those ramp
      members to which reference is made later, extend across the duct 7 between
      the wall members 9 and 10. The ramp member 20 may present a fixed angle to
      the air flow but, alternatively, it may have a portion pivoted about a
      transverse axis to the fixed structure of the intake arrangement at 22 and
      its angular setting changed by means of a jack 23. Aft of the trailing
      edge 21 is a second ramp member 24 which has a leading edge 25. The
      leading edge 25 is spaced from the trailing edge 21 by a gap 27 which
      leads into a cavity 28. The ramp member 24 has a portion pivoted at 26 to
      the fixed intake structure about a transverse axis; its pivotal movement
      is controlled by a jack 29.
PAR  The wall member 12 includes a third ramp member 30 which is pivoted at its
      leading edge 32 about a transverse axis to the fixed structure. The ramp
      member 30 further has a trailing edge 31. It is controlled by a jack 33.
      Its leading edge lies directly to the rear of the leading edge 12a. Aft of
      the trailing edge 31, and spaced therefrom by a gap 34, is a fourth ramp
      member 35. This ramp member has a leading edge 36 and has a portion
      pivoted at 37 about a transverse axis to the fixed structure. Its movement
      is controlled by means of a jack 38. The gap 34 is in communication with a
      cavity 39.
PAR  At the Design Mach Number, a generally planar shock wave 40 extends
      obliquely upwards and rearwards across the intake duct from the leading
      edge 12a into the gap 27. A similar shock wave 41 also extends from the
      leading edge 32 of the ramp member 30 aft of the leading edge 12a and also
      extends into the gap 27. Also at the Design Mach Number, a shock wave 43
      extends from the leading edge 25 of the ramp member 24 downwards across
      the intake duct into the gap 34. A further shock wave 44 extends from an
      intermediate region of the ramp member 34 across the duct also into the
      gap 34.
PAR  The cavity 28 is provided with a valve means 45 through which boundary
      layer air entering through the gap 27 can be discharged overboard.
      Similarly, the cavity 39 is provided with a valve means 46 through which
      boundary layer air entering through the gap 34 can be discharged overboard
      by way of a duct 47.
PAR  For an engine shut down case in flight, where air entering the intake duct
      cannot pass through the engine in quantity, dump doors, referenced 48, 49
      and 50, are provided in the wall members of the intake duct. These are
      arranged, in known manner, to open automatically to atmosphere when an
      excess of air builds up in the intake duct during engine shut down, as
      before mentioned, or during transient build ups in normal operation.
PAR  A transversely extending aperture 51 is provided in the ramp member 24 in
      the region where the shock wave 44 originates. This aperture is connected
      to a valved flexible duct means 52 through which air entering the aperture
      51 can be passed to atmosphere. The duct means 52 is flexibly formed so
      that any pivotal movement of the ramp member is accommodated.
PAR  Assuming a Design Mach Number of M = 2.0, the intake arrangement
      incorporated in duct 7 reduces the speed of the intake air to M = 0.90 in
      several stages; the shock wave 14 reduces it to about M = 1.7, the shock
      wave 40 reduces it to about M = 1.5, the shock wave 41 reduces it still
      further to about M = 1.1, and the final shock waves 43 and 44 reduce it to
      about M = 0.9.
PAR  To provide these Mach Numbers, the interior surface 20s of the fixed
      portion of the ramp member 20 lies at 7.degree. included angle to the
      exterior wall 11s of the wall member 11 and the interior surface 20t of
      the movable portion lies at a similar angle. Similarly, the interior
      surface 30s of the wall 12, which forms a forward extension of the ramp
      member 30, lies parallel to the surface 11s whilst the interior surface
      30t of the ramp member 30 itself lies at 9.degree. to the surface 30s.
PAR  If the intake arrangement of duct 6 is the same as that of duct 7, that
      ramp member 53 corresponding to that referenced 20 has interior surface
      53s set at an included angle of 7.degree. to the surface 30s.
PAR  The ramp members 24 and 35 have their leading edges set somewhat inboard of
      the trailing edges of the ramps 20 and 30, respectively, so that boundary
      layer can readily flow into the respective cavities.
PAR  In the preferred embodiment described, the drag total of the intake
      arrangement is reduced compared with the sum of the drag increments of
      separate known intake ducts. Amongst others, the main reasons for this are
      that the wall member 12 is shared between the leader and the follower
      intakes so that one drag-producing surface is dispensed with, and the
      leading edges 11a, 12a and 13a have small included angles which present
      their adjacent surfaces at nil or relatively small angles to the
      approaching airstream. Additionally any air spillage from the leader mouth
      region over the leading edge 12a is collected by the next adjacent
      follower mouth region with a consequent improvement in intake efficiency
      over those types of spearate intake ducts where the spillage is lost to
      the free airstream.
CLMS
STM  I claim:
NUM  1.
PAR  1. An air intake arrangement for at least two jet propulsion engines for a
      supersonic aircraft
PA1  the air intake arrangement comprising:
PA1  means defining a first intake duct, including four bounding sidewall means
      in two pairs of opposing sidewall means defining a first forward facing
      intake duct mouth region of generally rectangular shape;
PA1  means defining a second intake duct, including four bounding sidewall means
      in two pairs of opposing sidewall means defining a second forward facing
      intake duct mouth region of generally rectangular shape;
PA1  the intake ducts being arranged in side-by-side relation, with one of said
      bounding side wall means of each of said intake ducts being a bounding
      sidewall means shared in common therebetween;
PA1  said bounding sidewall means terminating forwardly at respective leading
      edges,
PA1  the leading edge of the bounding sidewall means of the first intake duct
      which opposes the shared in common bounding sidewall means leading the
      leading edge of the shared in common bounding sidewall means, and
      therefore constituting a forward leading edge,
PA1  the leading edge of the shared in common bounding sidewall means leading
      the leading edge of the bounding sidewall means of the second intake duct
      which opposes the shared in common bounding sidewall means, and therefore
      constituting an aft leading edge,
PA1  said forward leading edge constituting shock wave forming means operative
      to generate at least one generally planar shock wave which, at least at
      the Design Mach Number of the air intake arrangement, extends obliquely
      and uninterruptedly across both the mouth region of the first intake duct
      and the mouth region of the second intake duct;
PA1  a first ramp member extending aft within the mouth region of the first
      intake duct from said forward leading edge;
PA1  a second ramp member extending aft within the mouth region of the first
      intake duct on the same sidewall means as the first ramp member, aft from
      the first ramp member;
PA1  a third ramp member extending aft within the mouth region of the first
      intake duct on said shared in common sidewall means from said shared in
      common leading edge;
PA1  the first, second and third ramp members being so spatially arranged that
      at the Design Mach Number of the intake arrangement, generally planar
      shock waves generated by said shared in common leading edge and said third
      ramp member extend obliquely across the first intake duct to lie between
      said first and second ramp members;
PA1  a fourth ramp member extending aft within the mouth region of the first
      intake duct on the shared in common sidewall means, aft from the third
      ramp member,
PA1  the second, third and fourth ramp members being so spatially arranged that
      at the Design Mach Number of the intake arrangement, a generally planar
      shock wave generated by said second ramp member extends obliquely across
      the first intake duct to lie between said third and fourth ramp members;
      and
PA1  pivot means respectively pivoting the second, third and fourth ramp members
      to the respective sidewall means on which they are provided, thereby
      permitting increasing and decreasing of angularity between the respective
      ramp members and sidewall means.
NUM  2.
PAR  2. An air intake arrangement for at least two jet propulsion engines for a
      supersonic aircraft,
PA1  the air intake arrangement comprising:
PA1  means defining a first intake duct, including four bounding sidewall means
      in two pairs of opposing sidewall means defining a first forward facing
      intake duct mouth region of generally rectangular shape; means defining a
      second intake duct, including four bounding sidewall means in two pairs of
      opposing sidewall means defining a second forward facing intake duct mouth
      region of generally rectangular shape;
PA1  the intake ducts being arranged in side-by-side relation, with one of said
      bounding side wall means of each of said intake ducts being a bounding
      side wall means shared in common therebetween;
PA1  said bounding sidewall means terminating forwardly at respective leading
      edges,
PA1  the leading edge of the bounding sidewall means of the first intake duct
      which opposes the shared in common bounding side wall means leading the
      leading edge of the shared in common bounding sidewall means; and
      therefore constituting a forward leading edge,
PA1  the leading edge of the shared in common bounding side wall means leading
      the leading edge of the bounding side wall means of the second intake duct
      which opposes the shared in common bounding side wall means and therefore
      constituting an aft leading edge,
PA1  said forward leading edge constituting shock wave forming means operative
      to generate at least one generally planar shock wave which, at least at
      the Design Mach Number of the air intake arrangement, extends obliquely
      and uninterruptedly across both the mouth region of the first intake duct
      and the mouth region of the second intake duct;
PA1  a first ramp member extending aft within the mouth region of the first
      intake duct from said forward leading edge;
PA1  a second ramp member extending aft within the mouth region of the first
      intake duct on the same sidewall means as the first ramp member, aft from
      the first ramp member;
PA1  a third ramp member extending aft within the mouth region of the first
      intake duct on said shared in common sidewall means from said shared in
      common leading edge;
PA1  the first, second and third ramp members being so spatially arranged that
      at the Design Mach Number of the intake arrangement, generally planar
      shock waves generated by said shared in common leading edge and said third
      ramp member extend obliquely across the first intake duct to lie between
      said first and second ramp members;
PA1  a fourth ramp member extending aft within the mouth region of the first
      intake duct on the shared in common sidewall means, aft from the third
      ramp member,
PA1  the second, third and fourth ramp members being so spatially arranged that
      at the Design Mach Number of the intake arrangement, a generally planar
      shock wave generated by said second ramp member extends obliquely across
      the first intake duct to lie between said third and fourth ramp members;
PA1  wherein the leading edge of the shared in common bounding sidewall means
      and the leading edge of the bounding sidewall means of the second intake
      duct which opposes the shared in common bounding sidewall means are
      located closely behind the obliquely extending, generally planar shock
      wave generated by said forward leading edge, at least at the Design Mach
      Number of the air intake arrangement; and
PA1  pivot means respectively pivoting the second, third and fourth ramp members
      to the respective sidewall means on which they are provided, thereby
      permitting increasing and decreasing of angularity between the respective
      ramp members and sidewall means.
NUM  3.
PAR  3. An air intake arrangement for at least two jet propulsion engines for a
      supersonic aircraft
PA1  the air intake arrangement comprising:
PA1  means defining a first intake duct, including four sidewall means in two
      pairs of opposing sidewall means defining a first forward facing intake
      duct mouth region of generally rectangular shape;
PA1  means defining a second intake duct, including four bounding sidewall means
      in two pairs of opposing sidewall means defining a second forward facing
      intake duct mouth region of generally rectangular shape;
PA1  the intake ducts being arranged in side-by-side relation, with one of said
      bounding sidewall means of each of said intake ducts being a bounding
      sidewall means shared in common therebetween;
PA1  said bounding sidewall means terminating forwardly at respective leading
      edges,
PA1  the leading edge of the bounding sidewall means of the first intake duct
      which opposes the shared in common bounding sidewall means leading the
      leading edge of the shared in common bounding sidewall means, and
      therefore constituting a forward leading edge;
PA1  the leading edge of the shared in common bounding sidewall means leading
      the leading edge of the bounding sidewall means of the second intake duct
      which opposes the shared in common bounding sidewall means, and therefore
      constituting an aft leading edge,
PA1  said forward leading edge constituting shock wave forming means operative
      to generate at least one generally planar shock wave which, at least at
      the Design Mach Number of the air intake arrangement, extends obliquely
      and uninterruptedly across both the mouth region of the first intake duct
      and the mouth region of the second intake duct;
PA1  a first ramp member extending aft within the mouth region of the first
      intake duct from said forward leading edge;
PA1  a second ramp member extending aft within the mouth region of the first
      intake duct on the same sidewall means as the first ramp member, aft from
      the first ramp member;
PA1  a third ramp member extending aft within the mouth region of the first
      intake duct on said shared in common sidewall means from said shared in
      common leading edge;
PA1  the first, second and third ramp members being so spatially arranged that
      at the Design Mach Number of the intake arrangement, generally planar
      shock waves generated by said shared in common leading edge and said third
      ramp member extend obliquely across the first intake duct to lie between
      said first and second ramp members;
PA1  a fourth ramp member extending aft within the mouth region of the first
      intake duct on the shared in common sidewall means, aft from the third
      ramp member,
PA1  the second, third and fourth ramp members being so spatially arranged that
      at the Design Mach Number of the intake arrangement, a generally planar
      shock wave generated by said second ramp member extends obliquely across
      the first intake duct to lie between said third and fourth ramp members;
PA1  means defining a first cavity between the first and second ramp members,
      said first cavity communicating with the first intake duct and having an
      interior remote from the first intake duct;
PA1  first duct means for communicating the interior of the first cavity to the
      exterior of the intake arrangement;
PA1  means defining a second cavity between the second and third ramp members,
      said second cavity communicating with the first intake duct and having an
      interior remote from the first intake duct; and second duct means
      communicating the interior of the air intake arrangement.
NUM  4.
PAR  4. The air intake arrangement of claim 3, wherein the leading edge of the
      shared in common bounding sidewall means and the leading edge of the
      bounding sidewall means of the second intake duct which opposes the shared
      in common bounding sidewall means are located closely behind the obliquely
      extending, generally planar shock wave generated by said forward leading
      edge, at least at the Design Mach Number of the air intake arrangement.
NUM  5.
PAR  5. The air intake arrangement of claim 3, further including:
PA1  means on the second ramp member intermediate the forward to aft extent
      thereof, generating a further shock wave extending from intermediate the
      second ramp member, across the first intake duct to lie between the third
      and fourth ramp members.
NUM  6.
PAR  6. The air intake arrangement of claim 5, wherein:
PA1  the second ramp member has means defining an aperture therein in the region
      where said further shock wave is generated; and
PA1  means providing a valved duct between said aperture and the exterior of the
      air intake arrangement.
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ABST
PAL  A stairway for aircraft which will fold into a compact package. The
      stairway is mounted on suitable tracks within the aircraft for alternate
      positioning, either in alignment with a door thereof for extension
      therethrough or for movement as a compact package to one side thereof.
      Such track may be either a standard seat track or a special track provided
      for the purpose. Translation mechanism such as a sprocket supported chain
      or a parallelogram arranged linkage may be provided for moving such
      package translatably and without rotation thereof between a position in
      front of the aircraft door and a position at one side thereof.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to an airplane stairway which consists of several
      sections which can be folded to form a package, and which are connected by
      alternately arranged hinged joints.
PAC  BACKGROUND OF THE INVENTION
PAR  Such stairways are known in many type of constructions. They are in general
      adjusted individually to the respective type of aircraft and are
      structually integrated with same. Differently expressed, this means that
      known passenger planes in many cases have their own stairway or stairs
      which can be transferred only limitedly from one airplane to another.
      Since stairways of this construction are fixedly connected to the
      respective aircraft, they cannot be removed on short notice for use with
      other aircraft.
PAR  This has various disadvantages; in particular the lack of exchangeability
      is an increasing disadvantage because modern passenger aircraft are
      increasingly constructed to be readily and quickly convertible as desired
      from the passenger version to the freight version, and vice versa. In this
      connection it is of a special disadvantage if the stairway is fixed to the
      airplane.
PAR  A further disadvantage of the known airplane stairways consists in that
      these are at times constructed as under-floor stairs or form a single
      structural unit with the respective aircraft door. The first one of these
      two arrangements often represents an obstacle in the freight room which in
      almost all passenger craft is arranged below the cabin floor. Further,
      during installation of an under-floor stairway, in addition to extensive
      structural reinforcements, additional sealing measures must be taken. The
      second one of the above-mentioned arrangements, namely, having the steps
      integrated with the aircraft door, has the disadvantage that during an
      emergency evacuation that particular door cannot be used as an emergency
      exit.
PAR  The basic purpose of the invention is to avoid these disadvantages and to
      provide an autonomous airplane stairway which can be used as a basic unit
      for all passenger airplanes. Such purpose is substantially attained by
      causing, in the case of an airplane stairway of the type described above,
      the stairway section which is to be connected to the airplane to be
      secured for easy release on the cabin floor in the zone of the airplane
      entrance in such a manner that the stairway can be stored in folded
      condition within the airplane alongside the entrance thereof.
PAR  The inventive airplane stairway must thus be understood as an independent
      piece of standard equipment which can be used as a separate unit for each
      passenger airplane. Because of the seats which are to be secured on the
      cabin floor, the structure of the floor in the zone of the airplane door
      is already sufficiently reinforced that additional reinforcing measures
      for the stairway are generally not required. Furthermore the herein
      proposed equipment for an airplane stairway has the advantage that it
      needs to be carried along in the airplane only when airports without
      suitable ground entry and exit possibilities are involved.
PAR  In view of the free accessibility of the door during the flight, which is
      required for safety reasons, it is advantageous to arrange the proposed
      stairway laterally movable and lockable on tracks which extend
      transversely to the entry direction on the cabin floor. The tracks for the
      seats which are already present may be used within the scope of the
      invention as securement tracks. In view of the forces which are
      transmitted from the seat onto the aircraft structure, said tracks are
      already so constructed that they need not be additionally reinforced for
      receiving the inventive stairway instead of, for example, two to four
      seats. However, in such cases that the seat tracks cannot be used as
      tracks or as holding elements for the stairway of the invention, the
      invention provides further that between the stairway and the seat tracks
      suitable track pieces are arranged which can be secured on the seat
      tracks. It is in this connection understood that these track pieces are
      constructed in view of possible emergencies in such a manner that they can
      be tilted up laterally besides the door during the flight.
PAR  According to a further possibility of securing the stairway in the airplane
      which lies within the scope of the invention, it is provided that the
      stairway is secured through rotatably supported arms on the cabin floor,
      which make it possible to store the stairway package during flight beside
      the door so that same is freely accessible for emergency cases.
PAR  The stairway system of the invention has also advantages in that the
      airplane does not absolutely need to carry the stairway along in its
      freight version; it is sufficient to store at the airports in question
      some stairways according to the invention which, if needed, are available
      for the passenger versions. A further advantage of the proposed stairway
      is not the least in that through its use there will be on the whole
      substantial weight savings as compared with common stairways; compared
      with an under-floor stairway, it is for example over 30percent.
PAR  Further advantages and details of the airplane stairway of the invention
      can be taken from the drawings and the following description of the
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side view of the proposed airplane stairway which is arranged
      in various positions in or on an aircraft fuselage;
PAR  FIG. 2 is a top view of a section according to FIG. 1, within the fuselage
      and
PAR  FIG. 3 is a modified embodiment of the securement and the storability of
      the airplane stairway according to the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The stairway 1 of the invention according to FIG. 1 consists in a
      conventional manner of several, in this case five, individual sections 2
      to 6 which are connected by alternately arranged hinged joints 7 to 10.
      This permits in the illustrated example an accordionlike folding of the
      stairway 1 through connected drive linkages 25, the accordian-like folding
      corresponding to the type and manner which is indicated in the upper part
      of FIG. 1 by dash-dotted lines. The result of this folding is a compact
      package 11, the section 6 of which can be secured in an easily releasable
      manner on the cabin floor 13 in the zone of the aircraft entrance 12. As
      can be seen from FIG. 2, the stairway package 11 is arranged on tracks 15
      and 16 which extend transversely to the direction of entrance into the
      airplane. Said tracks can be fixed to the floor or movable and extend
      longitudinally of the aircraft across the entire width of the entrance 12
      and sufficiently beyond said entrance that the stairway 11 including the
      tracks 15, 16 can be stored as a package 11 during the flight at one side
      of the entrance 12.
PAR  A further possibility for securing and storing the stairway package 11
      within the airplane fuselage is schematically indicated in FIG. 3. One arm
      18 is hinged rotatably at point 17 on the cabin floor 13 of the airplane
      fuselage 14, so that the arm 18 is supported rotatably about the point 17
      above the floor 13. At the other, free end of the arm 18, the proposed
      stairway package 11 is secured so that it can be brought from the
      operating or in-use position directly into a position according to the
      dash-dotted lines of FIG. 3 in the zone of the entrance 12 for storage
      during the flight. The point 19 thus moves on the curve 20 of FIG. 3,
      which curve is indicated by a dash-dotted line. If it is preferred to move
      the stairway package 11 only translatably on a curved path, in this case
      on the path 20, this can be assured by an endless chain 21. The chain 21
      is guided over chain wheels 22 and 23 which are arranged centrally
      symmetrically in the points 17 and 19 and can, if desired, be maintained
      in a tensioned condition by a tensioning idler 24.
PAR  The same result is achieved if the stairway package 11 is supported on the
      cabin floor 13 by means of levers arranged as a parallelogram. Also in
      this case the package 11 maintains its positions indicated in FIG. 3,
      namely during movement on the path 20 it does not carry out rotary
      movements, which can be advantageous for reasons of saving space.
PAR  Although particular preferred embodiments of the invention have been
      disclosed above for illustrative purposes, it will be understood that
      variations or modifications thereof which lie within the scope of the
      appended claims are fully contemplated.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An on-board collapsible stairway and a stairway storage installation,
      for disposition transversely of an aircraft passenger cabin structure on
      an aircraft having a door opening thereinto, comprising:
PA1  track means mounted on the floor of said aircraft passenger cabin structure
      and extending in a direction parallel to the longitudinal axis of said
      aircraft and terminating in front of said door opening;
PA1  a collapsed stairway package means mounted on said track means for movement
      therealong between positions in front of said door and longitudinally
      spaced along side thereof in a direction parallel to the longitudinal axis
      of said aircraft, said collapsed stairway package means including
      collapsible stairway means comprising a plurality of elongated and
      straight sections stacked side-by-side in said package means, alternate
      hinge means connecting said plurality of said sections serially together,
      said alternate hinge means comprising a first plurality of hinges
      connecting alternate ones of mutually adjacent one ends of said sections
      and a second plurality of hinges connecting alternate ones of the mutually
      adjacent other ends of said sections not connected together by said first
      plurality of hinges; and
PA1  drive means for moving said collapsible stairway means from a collapsed
      position wherein said first and second sections are side-by-side and
      parallel to a fully extended position wherein said first and second
      sections are positioned end-to-end and extend out of said door down to
      ground level.
NUM  2.
PAR  2. The on-board collapsible stairway installation according to claim 1,
      wherein said track means are movable between positions in front of said
      door and to one side thereof parallel to the longitudinal axis of said
      aircraft.
NUM  3.
PAR  3. The on-board collapsible stairway installation according to claim 1,
      wherein said first and second sections are stored in the collapsed
      position in said aircraft cabin so that the longitudinal axes of each of
      said sections is vertically aligned and the axes of said first and second
      plurality of hinges extend horizontally.
NUM  4.
PAR  4. An on-board collapsible stairway and stairway storage installation, for
      disposition transversely of an aircraft passenger compartment on an
      aircraft having a door opening thereinto, comprising:
PA1  track means mounted on the floor within said aircraft passenger compartment
      and extending in a direction parallel to the longitudinal axis of said
      aircraft and terminating in front of said door opening;
PA1  a collapsed stairway package means mounted on said track means for movement
      therealong between positions in front of said door and longitudinally
      spaced along side thereof in a direction parallel to the longitudinal axis
      of said aircraft, said collapsed stairway package means including a
      collapsible stairway means; and
PA1  drive means for moving said collapsible stairway means between a collapsed
      position and a fully extended position extending out of said door down to
      ground level.
NUM  5.
PAR  5. An on-board collapsible stairway and stairway storage installation, for
      disposition transversely of an aircraft passenger compartment on an
      aircraft having a door opening thereinto, comprising:
PA1  guide means mounted inside said aircraft passenger compartment adjacent
      said door opening;
PA1  a collapsed stairway package means mounted on said guide means for movement
      between positions in front of said door and longitudinally spaced along
      side thereof in a direction parallel to the longitudinal axis of said
      aircraft, said collapsed stairway package means including collapsible
      stairway means; and
PA1  drive means for moving said collapsible stairway means between a collapsed
      position and a fully extended position extending out of said door down to
      ground level.
NUM  6.
PAR  6. The on-board collapsible stairway installation according to claim 5,
      wherein said guide means is comprised of track means mounted on the floor
      of said aircraft passenger compartment and extending in a direction
      parallel to the longitudinal axis of said aircraft and terminating in
      front of said door opening.
NUM  7.
PAR  7. The on-board collapsible stairway installation according to claim 5,
      wherein said guide means is comprised of pivot means secured to the floor
      of said aircraft passenger compartment and means defining a rotatably
      supported arm on said pivot means; and
PA1  wherein said collapsed stairway package means is mounted on said rotatably
      supported arm.
NUM  8.
PAR  8. The on-board collapsible stairway installation according to claim 7,
      wherein said collapsed stairway package means and said rotatably supported
      arm include endless band means and support means therefor for effecting,
      during a translatory movement of said collapsed stairway package means
      with said rotatably supported arm, a simultaneous rotation of said
      collapsed stairway package means about an axis extending therethrough
      parallel to the axis of said pivot means so that said collapsible stairway
      means remains in a fixed oriented relationship relative to said door of
      said aircraft passenger compartment during said translatory movement.
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ABST
PAL  A system is provided for determining the passage of a railroad car wheel
      along a section of track and the direction of movement of the wheel. The
      system includes a first wheel sensor mounted adjacent the track and
      adapted to generate a signal upon the passage of a wheel past the first
      sensor and while the wheel remains within a length of track associated
      with the first sensor. The system further includes a second wheel sensor
      closely spaced along the track from the first sensor and adapted to
      generate a second signal on the passage of the wheel past the second
      sensor and while the wheel remains within a length of track associated
      with the second sensor. The first and second sensors are sufficiently
      closely spaced to each other so as to provide an overlap between the first
      and second signals as a wheel passes. Logic means are connected to the
      outputs of the first and second sensors for determining the direction of
      travel of the wheel by the sequence of output signals from the sensors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to wheel detectors and more particularly to a
      detector adapted to determine the presence of a wheel along a section of
      track as well as the direction of travel of the wheel.
PAR  Wheel detectors are used by the railroad industry for a wide variety of
      applications. They are used to trigger switch signals, automatic car
      identification equipment, switches, gates and the like. Such detectors
      utilize sensors, usually track mounted, which may be in the form of metal
      detectors, treadles, optical devices, etc. which detect the presence of a
      wheel and generate a signal in response thereto. Heretofore, such wheel
      detectors have been insensitive to the direction of motion of the passing
      wheel and the same signal would be generated by a wheel traveling in one
      direction or an opposite direction.
PAR  In view of this, it is the principal object of the present invention to
      provide a directional wheel detector which will detect railroad car wheels
      and also indicate their direction.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other beneficial objects are attained in accordance with the
      present invention by providing a system for determining the passage of a
      railroad car wheel along a section of track and the direction of movement
      of the wheel. The system includes a first wheel sensor mounted adjacent
      the track and adapted to generate a signal upon the passage of a wheel
      past the first sensor and while the wheel remains within a length of track
      associated with the first sensor. The system further includes a second
      wheel sensor closely spaced along the track on the first sensor and
      adapted to generate a second signal on the passage of the wheel past the
      second sensor and while the wheel remains within a length of track
      associated with the second sensor. The first and second sensors are
      sufficiently closely spaced to each other so as to provide an overlap
      between the first and second signals as a wheel passes. Logic means are
      connected to the outputs of the first and second sensors for determining
      the direction of travel of the wheel by the sequence of output signals
      from the sensors.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a fragmentary front elevational view, partly in section, of a
      section of rail, having mounted thereto a directional wheel sensor in
      accordance with the present invention;
PAR  FIG. 2 is a fragmentary side elevational view of FIG. 1;
PAR  FIG. 3 is a schematic block diagram of the directional wheel detecting
      system of the present invention; and,
PAR  FIG. 4 is a series of graphs depicting, on the same time basis, the
      voltages developed at the output of the analog to digital converter.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is now made to the accompanying drawings wherein similar
      components bear the same reference numeral throughout the several views.
      In FIGS. 1 and 2, a section of track rail 10 is depicted carrying a wheel
      12 of a passing railroad car. Attached to the rail by clamp 14 and bracket
      16 is a housing 18 containing a pair of sensors. In this preferred
      embodiment, the sensors are of the magnetic type designed to generate a
      signal in response to the metallic flange 20 of the wheel disturbing the
      normal magnetic field of the sensors.
PAR  As shown in FIG. 2, first and second sensors 22 and 24 are mounted within
      the housing. The sensors may, for example, be of the type marketed by the
      SERVO CORPORATION OF AMERICA of Hicksville, N.Y.
PAR  In virtually all cases, the diameter of a railroad car wheel in the United
      States is between 26 and 48 inches. As will be described in more detail
      forthwith, it is desirable to have the output signals from the sensors 22
      and 24 overlap for some period as wheel 12 passes from one sensor to the
      other. Accordingly, it has been found that in order to obtain this
      overlap, a minimum distance between the sensors of two inches must be
      maintained. As the iron of the car wheel approaches and then departs from
      the magnetic circuits of the sensors 22 and 24 a corresponding signal is
      generated on lines 26 and 28 which connect the sensors with converters 30
      located off the track (for instance, in the bootleg). The converters
      comprise a pair of analog/digital circuits 32 and 34 associated
      respectively with sensors 22 and 24. The converters 32 and 34 convert the
      sensor signals to buffered digital, differential signals which can be
      transmitted in twisted, shielded pairs 36 and 38 a considerable distance
      to logic circuits 40. The converters and sensors are powered as shown.
PAR  The logic circuit 40 comprises, for example, a pair of differential
      amplifiers 41 and 42. The input to differential amplifier 40 as wheel 12
      moves in the direction indicated by the arrow in FIG. 2 is shown by curves
      44 and 46 of FIG. 4. The input to differential amplifier 42 is shown in
      curves 48 and 50 of FIG. 4. The logic circuit 40 also includes means for
      detecting the sequence of outputs from the differential amplifiers.
PAR  Considering the output of differential amplifier 41 as A and the output of
      differential amplifier 42 as B, if the following sequence of outputs from
      the differential amplifiers 41 and 42 is detected, the train is traveling
      in the direction indicated in FIG. 2:
EQU  A = 0, B = 0
EQU  a = 1, b = 0
EQU  a = 1, b = 1
EQU  a = 0, b = 1
EQU  a = 0, b = 0
PAR  if the train wheel is traveling in the opposite direction, the following
      sequence will be detected:
EQU  B = 0, A = 0
EQU  b = 1, a = 0
EQU  b = 1, a = 1
EQU  b = 0, a = 1
EQU  b = 0, a = 0
PAL  the sequence of signals thus provides indication of the direction of
      movement of the wheel.
PAR  Thus, in accordance with the above, the aforementioned objectives are
      attained.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A detecting system for determining the passage of a railroad car wheel
      along a section of track and the direction of movement of said wheel, said
      system comprising: a first wheel sensor mounted adjacent said track to
      generate a first signal upon the passage of a wheel past said first sensor
      and while said wheel remains within a length of track associated with said
      first sensor; a second wheel sensor closely spaced along said track from
      said first sensor to generate a second signal upon the passage of said
      wheel past said second sensor and while said wheel remains within a length
      of track associated with said second sensor; said first and second sensors
      being sufficiently closely spaced to each other so as to provide an
      overlap between said first and second signals as a wheel passes said first
      sensor toward said second sensor; logic circuit means connected to the
      outputs of said first and second sensors for determining the direction of
      travel of the wheel by sequence of outputs from said sensors, and first
      analog to digital converter means interposed between said first sensor and
      said logic means and a second analog to digital converter means interposed
      between said second sensor and said logic means.
NUM  2.
PAR  2. The detecting system in accordance with claim 1 wherein said first and
      second sensors are spaced along the track so that said overlap will occur
      when a wheel travels a minimum distance of 2 inches.
NUM  3.
PAR  3. The detecting system in accordance with claim 1 wherein said logic
      circuit means comprises a first differential amplifier connected to the
      output of said first analog to digital converter and a second differential
      amplifier connected to the output of said second analog to digital
      converter.
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PAL  Akers et al., IBM Tech. Disc. Vol. 17, No. 1, 6-1974 "Noise Reducing
      System."
ABST
PAL  The present invention provides a motor mounting arrangement adapted to
      absorb motor torque vibration and impulses of an electric motor. The
      mounting arrangement converts the torque vibrations of the motor into
      controlled rotational movement caused by motor torque vibration while
      maintaining axial integrity of the motor shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  This invention relates generally to an arrangement for mounting an electric
      motor employed in driving a fan on a support barrier, and more
      specifically to provide a motor mounting arrangement that effectively
      reduces the torque vibrations imposed on the support barrier by the motor
      while eliminating lateral and longitudinal movement of the motor to
      maintain axial integrity of the shaft.
PAR  Due to their comparatively low cost it has become common practice to employ
      shaded pole induction motors for driving fans and blowers in room air
      conditioners. These motors, however, do not produce uniform torque for
      every position of the rotor. When shaded pole electric motors are employed
      in the capacity ranges used for driving room air conditioner fans and
      blowers, they characteristically produce torque pulses or vibrations of
      generally between 60 to 650 Hz. Motor torque vibration of those magnitudes
      cause hums or noise levels that are objectionable, this is especially true
      since air conditioners are generally used in living quarters and quite
      often are installed in sleeping areas.
PAR  The vibration dampening must be effective not only in controlling the noise
      level but as in the case of the present embodiment, when the motor is
      employed to drive a fan, axial integrity or lateral movement of the motor
      shaft from its rotational axis must be also controlled. In order to obtain
      high air moving efficiencies with a given fan size it is common practice
      to orient the fan in an orifice that is relatively close to the extreme
      ends of the fan blades. Accordingly the motor mounting arrangement while
      permitting vibration dampening movement must also prevent axial movement
      of the motor shaft to maintain design clearance and prevent contact
      between the fan and orifice during fan operation.
PAR  2. Description of the Prior Art
PAR  In some prior art attempts to minimize motor vibration, vibration isolating
      members are employed as described in U.S. Pat. No. 3,270,221--P. B.
      Shaffer. While the employment of such members is effective in isolating
      motor vibration they, however, permit lateral movement of the shaft
      relative to its rotational axis. Prior art attempts have also included
      incorporating resilient means on either end of a horizontally oriented
      electric motor as disclosed in U.S. Pat. No. 2,096,139--M. L. Spahr and in
      a vertically oriented electric motor as disclosed in U.S. Pat. No.
      3,270,222 to P. B. Shaffer assigned to General Electric Company, assignee
      of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  By this invention there is provided a mounting arrangement for a motor
      supported in a support barrier. The motor is horizontally oriented with
      its shaft extending through a passageway in the support barrier. A
      mounting member is secured to the motor and includes a collar projecting
      circumferentially from an opening. The collar formed on the mounting
      member extends into the passageway in the support barrier and is
      dimensioned for rotational movement relative thereto. Also formed on the
      mounting member are a plurality of sleeves that are spaced equidistance
      from the collar and extend into complementary apertures in the support
      barrier. The sleeves are smaller in diameter than the complementary
      opening and resilient members are arranged between the sleeve and the
      apertures.
PAR  Accordingly the erratic torque output of the motor is absorbed by the
      resilient members with some rotational movement between the mounting
      member and the support barrier taken place between the collar and
      passageway.
PAR  It should be noted that the elimination of lateral movement of the motor
      shaft relative to its rotational axis, while effectively absorbing
      objectionable vibration permits close design tolerance between the extreme
      outer edges of the rotatably mounted fan and the stationary fan orifice.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  With reference to the accompanying drawings:
PAR  FIG. 1 is a fragmentary side elevational view of an air conditioning unit,
      showing the motor mounting arrangement of the present invention;
PAR  FIG. 2 is an exploded perspective view showing the details of the preferred
      embodiment of the motor mounting arrangement;
PAR  FIG. 3 is an enlarged sectional view of the embodiment of FIG. 2 showing
      details of construction.
PAR  FIG. 4 is a sectional view taken along lines 4--4 of FIG. 3; and
PAR  FIG. 5 is a view similar to FIG. 3 illustrating a second embodiment of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings and more particularly to FIG. 1, an air
      conditioning unit 8 includes a motor mounting arrangement 9 provided for
      an electric motor 10. The motor 10 employed in conjunction with the
      present invention may be of the shaded pole induction type. As shown in
      FIGS. 1 and 3, the motor 10 is supported on a support barrier or wall
      member 12 which may be the wall customarily dividing a room air
      conditioner 8 into indoor and outdoor sections 11 and 13 respectively. The
      motor 10 is arranged horizontally and includes a shaft 14 extending from
      at least one end thereof. The motor 10 in the present embodiment shown is
      mounted on the outdoor side 13 of barrier 12 with the shaft 14 extending
      therethrough to the indoor side 11 of the barrier 12.
PAR  Mounted for rotation with shaft 14 about its horizontal axis 15 is a fan 16
      employed for drawing room air into the air conditioner through an
      evaporator (not shown) and back out into the room. The fan 16 is arranged
      in an orifice 18 in a member 20. The orifice 18 is dimensioned relative to
      the fan 16 so that a specific design clearance 19 is maintained between
      the radial or distal ends 17 of the fan 16 and the orifice 18. For maximum
      air moving efficiency of the fan 16 these clearances 19 are relatively
      small, and as a result axial orientation of the motor shaft 14 and fan 16
      is extremely important. As will be hereinafter explained in detail,
      lateral movement of the shaft 14 from its axis 15 and fan 16 relative to
      the orifice 18 is undesirable in that it may cause the ends 17 of fan 16
      to contact orifice 18 and result in damage to the contacting parts.
PAR  Accordingly by the present embodiments of the invention a motor support
      arrangement is provided that is vibration absorbing while at the same time
      maintaining the rotational axis orientation of the motor shaft. Referring
      to FIGS. 2 and 3 it will be seen that the motor mounting plate or
      arrangement 9 includes a retaining member 22, a mounting plate or member
      24 including a body portion 25 and resilient members 26. The retaining
      member 22 is provided with a hole 28 through which shaft 14 extends and a
      plurality of holes 30 which are spaced and sized to receive support
      elements or studs 32 extending from the motor 10. The motor 10 including
      the member 22 is arranged on the barrier 12 with the support elements 32
      extending through aligned apertures 34 and shaft 14 extending through a
      passageway 36 in the barrier 12. The mounting plate 24 includes openings
      38 which align with opening 34 in barrier 12 and are sized to receive the
      motor support elements 32. The plate 24 also is provided with an opening
      40 through which the motor shaft 14 passes through. It should be noted
      that the centers of members 32, openings 30, 34 and 38 are all in
      alignment and are spaced equidistance from the center of the shaft 14 when
      assembled. In other words, the center of the opening 30, 34 and 38 are all
      on the same radius which is generated from the rotational axis of shaft
      14. The free end of studs 32 are provided with holding fasteners on nuts
      39 which, as will be explained hereinafter, are effective in maintaining
      the member 24 securely against the motor 10. It should be noted (FIG. 3)
      that with the member 22 so secured to the motor 10 the barrier 12 is
      trapped between the retaining member 22 and the body portion 25 of member
      24.
PAR  Means are provided by the present invention to provide spacing between the
      body portion 25 of member 24 and the retainer 22 to accommodate the
      thickness of the barrier 12 in a manner that permits, as will be
      hereinafter explained fully, rotational movement of the member 24 relative
      to the wall 12.
PAR  To this end provided on the inner surface 42 of body portion 25 of member
      24 are projections or sleeve means 44 which are arranged circumferentially
      adjacent the periphery of openings 38 so the openings 38 extend
      uninterrupted through body portion 25 and sleeve 44. The longitudinal
      dimension of sleeves 44 are such that when they are up against the
      retainer 22 as shown in FIG. 3 slight clearance is maintained between the
      barrier 12 and the retainer 22 and member 24. It should be noted that the
      arrangement is such that longitudinal movement of motor 10 relative to
      barrier 12 is prevented by the member 22.
PAR  The diameter of the projections 44 are such, relative to the openings 34,
      that they are spaced from the walls of openings 34 as shown in FIG. 4 of
      the drawing.
PAR  Means are provided by the present embodiment of the invention to isolate
      the motor torque pulses or vibrations of the motor from the wall 12.
      Accordingly, resilient members 28 including a centrally located opening 45
      which is dimensioned to receive the sleeve 44, are arranged between the
      sleeves 44 and the wall of openings 34. The sleeves 44 and more
      particularly the member 24 and motor 10 are isolated from the wall 12 by
      the resilient member 26 and accordingly the motor 10 moves relative to the
      stationary wall 12.
PAR  The motor mounting arrangement of the present invention permits the design
      tolerance 19 between the fan 16 and orifice 18 that provide, as mentioned
      hereinbefore, relatively high air flow efficiencies. Since the design
      tolerance 19 is generally close, the motor mounting arrangement while
      absorbing motor vibrations, must at the same time maintain the axial
      integrity of the shaft, that is lateral movement of the shaft 14 from its
      rotational axis must be prevented.
PAR  Means are therefore provided that are effective in allowing relative
      movement between the motor 14 and the wall 12 through the resilient member
      26 in absorbing the motor torque vibrations and transferring them to
      rotational movement or vibrations about the rotational axis of the shaft
      14.
PAR  To this end projecting longitudinally from the face 42 of body portion 28
      is a collar 46 formed circumferentially adjacent the periphery of the
      opening 40. The collar 46 extends into the passageway 36 and its diameter
      is dimensioned to permit rotational movement of the member 24 relative to
      wall 12 while at the same time preventing lateral movement from the
      rotational axis 15 of the motor. In effect, as best shown in FIG. 4, the
      resilient members 26 have a durometer that is sufficient to absorb the
      motor torque vibrations, but movement between the member 24 and more
      specifically sleeves 44 is transmitted in an arcuate direction with the
      collar 46 rotating in the passageway 36. It should be understood that
      lateral movement of the shaft 14 relative to its rotational axis 15 is
      prevented, while rotational movement of motor 10 is permitted relative to
      wall 12 by the arrangement of collar 46 in passageway 36 and the clearance
      provided for wall 12 between member 22 and face 42 of member 24, with the
      resilient members 26 providing the necessary torque absorbing qualities
      between wall 12 and motor 10 to maintain the noise and vibration levels at
      an acceptable level.
PAR  In the embodiment shown in FIGS. 1-4 it should be understood that the
      retaining member 22 could be individual members positioned on each of the
      elements 32 rather than one member as illustrated. In fact if the face of
      motor 10 were flat the sleeve member 44 could be in engagement with the
      motor face and the wall 12 positioned between the motor and member 24.
PAR  Referring now to FIG. 5 there is shown a second embodiment of the invention
      wherein parts identical to those of the embodiment of FIGS. 1-4 are shown
      by the same numerals. In this embodiment the mounting arrangement between
      the member 24 and more specifically the collar 46 in passageway 36 of wall
      12 and the arrangement of sleeve 44 and resilient member 26 in opening 34
      remain the same. Longitudinal movement of the motor 10 is prevented by the
      retainer 22a in the same manner as retainer 22 in the embodiment of FIGS.
      1-4 with the exception that it is located on the outer side of member 24.
      To this end the member 22a in FIG. 5 is spaced from the wall 12 by a
      plurality of bosses 48 dimensioned to accommodate the thickness of member
      24 and to allow its movement in the manner of the embodiment of FIGS. 1-4.
      The member 22a as shown may be secured to the outer ends of bosses 48 by
      bolts 50.
PAR  It should be apparent to those skilled in the art that the embodiment
      described heretofore is considered to be the presently preferred form of
      this invention. In accordance with the Patent Statutes, changes may be
      made in the disclosed apparatus and the manner in which it is used without
      actually departing from the true spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mounting arrangement for supporting a motor in a wall member
      comprising:
PA1  a. an electric motor having a rotatable shaft disposed in a substantially
      horizontal position and extending through a passageway in said wall
      member, and
PA2  1. a plurality of support elements on said motor extending parallel to and
      spaced equidistance from said shaft,
PA2  2. said support elements extending substantially centrally through aligned
      openings of equal number and spacing in said wall member;
PA1  b. a mounting member including a body portion having a collar projecting
      from said body portion arranged circumferentially around said shaft,
PA2  1. said collar being disposed in said passageway, and of a dimension to
      permit rotational movement of said mounting member relative to said wall
      member,
PA2  2. a plurality of sleeve means of equal number and spacing as said aligned
      openings projecting from said body portion through each said aligned
      opening of said wall into intimate contact with an opposing surface, and
PA2  3. said sleeve means having centrally located holes extending
      longitudinally therethrough for receiving said support elements, and
PA2  4. means arranged on said support elements for securing said mounting
      member against said motor with said wall member arranged between said
      motor and said mounting member;
PA1  c. retaining means being positioned so that said motor and mounting members
      are prevented from moving axially relative to said wall member; and
PA1  d. resilient means arranged between said sleeve means and their respective
      aligned openings for absorbing rotational motor torque vibration.
NUM  2.
PAR  2. A mounting arrangement as recited in claim 1 wherein the retaining means
      comprises:
PA1  a plate mounted on said motor so that said support wall is arranged between
      said plate and said mounting member, said opposing surface that said
      sleeve means is in intimate contact with being said plate.
NUM  3.
PAR  3. A mounting arrangement as recited in claim 1 wherein the retaining means
      comprises:
PA1  a plate mounted on said wall member and being spaced therefrom so that said
      mounting member is arranged between said plate and said wall member, said
      opposing surface that said sleeve means is in intimate contact with being
      said motor.
PATN
WKU  039413403
SRC  5
APN  5045282
APT  1
ART  355
APD  19740909
TTL  Boat flag holder
ISD  19760302
NCL  5
ECL  5
EXP  Schultz; William H.
NDR  1
NFG  6
INVT
NAM  Rankins; Leon B.
STR  6111 Hillside Drive
CTY  El Sobrante
STA  CA
ZIP  04803
CLAS
OCL  248 40
EDF  2
ICL  A01K 9710
FSC  248
FSS  40;41;42;43;293
FSC  403
FSS  96;98;161
UREF
PNO  110434
ISD  18701200
NAM  Clarke
OCL  248 43
UREF
PNO  121735
ISD  18711200
NAM  Thompson
OCL  403161
UREF
PNO  854424
ISD  19070500
NAM  Ketterer
XCL  403 98
UREF
PNO  1036164
ISD  19120800
NAM  Teppert
OCL  403 98
UREF
PNO  2692106
ISD  19541000
NAM  Herrmann
OCL  248 40
UREF
PNO  3540685
ISD  19701100
NAM  Gualano
OCL  248 40
UREF
PNO  3802112
ISD  19740400
NAM  Banner
OCL  248 42
FREF
PNO  632,813
ISD  19491200
CNT  UK
OCL  248 40
LREP
FR2  Zimmerman; Harris
ABST
PAL  A holder for the shaft or pole of a signal pole used in boats to indicate
      that an occupant of the craft, or a water skier being towed by the craft,
      is in the water. The holder is comprised of a pair of relatively rotatable
      disk-like members, the first of which is attached to the boat, and the
      other of which is rotatably secured thereto. The second member receives a
      flag pole or shaft and as the member rotates the shaft is moved between a
      vertical operative position and a horizontal inoperative position.
      Automatic stop means control the rotation so as to readily position the
      shaft in said two positions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the operation of small water craft, it is frequently desirable, if not
      essential, to signal other oncoming craft that one of the boat's occupants
      is swimming in the water, or that a water skier being towed has fallen
      into the water. Such signalling is, of course, to prevent the oncoming
      boat from running into or over the hard-to-see person in the water. Such
      signalling frequently requires the operator to lift and wave a flag and
      then to lay the flag down when no further signalling is required. This is
      tedious and time consuming, and frequently the operator has other chores
      which prevent his handling and raising of a signal flag.
PAR  In accordance with this invention, a simple holder is provided which may be
      permanently (or temporarily) attached to a boat. The holder will receive
      and support the pole or shaft of a signal flag, and is capable of easily
      moving and maintaining the flag either in an operative, raised visible
      position or an inoperative, lowered, invisible position.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a perspective view of a boat with the flag holder of the present
      invention installed thereon;
PAR  FIG. 2 is a perspective view of the holder;
PAR  FIG. 3 is a cross-sectional view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is another cross-sectional view similar to FIG. 3;
PAR  FIG. 5 is a view taken on line 5--5 of FIG. 4; and
PAR  FIG. 6 is a view taken on line 6--6 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The signal flag holder of the present invention generally comprises a pair
      of cooperating disk-like members 10 and 12, the member 10 being adapted
      for securance to a suitable portion of a boat, and the member 12 being
      rotatably secured to the member 10 in a manner and for the purposes
      hereinafter set forth. As should be made clear at the outset, however, the
      member 12 is provided with an opening for receiving the shaft 14 of a flag
      or signal device 16 so that as the member 12 is rotated, the flag may be
      selectively moved between a stowed, inoperative, and generally hidden
      position and a vertically disposed, operative, and highly visible
      position.
PAR  The member 10 includes a flat circular web portion 18 and a continuous
      circumferential annular flange portion 20, the outer edge of the latter
      being positioned against a suitable part 22 of the boat structure. A pair
      of apertures 24 positioned along a diameter of the web 18 permits
      attachment of the member 10 to the boat by means of screws 26. The web is
      also provided with an enlarged central opening 28, and an arcuate slot 30
      which extends adjacent flange 20 through an arc of about 180.degree.. The
      face 32 of the web which is adjacent the boat structure has three
      shoulders or stops 34 positioned along the slot which may be provided by
      drilling radially enlarged bores at the slot for approximately one-half
      the thickness of the web. One such stop is positioned at each end of the
      slot 30 and the third stop is disposed equidistant from the other two
      stops.
PAR  Referring now to member 12, it will be seen to comprise a circular
      plate-like disk 36 of substantially the same diameter as member 10. The
      outermost face 38 of disk 36 is provided with a diametrically extending
      rib 40 which serves as a manually engageable handle for rotating the disk.
      Rib 40 is provided with a bore 42 for receiving the flag shaft 14.
PAR  A pair of apertures 44 extend through the disk which are aligned with the
      apertures 24 in web 18 to permit a screw driver to be inserted through
      holes for screw attaching member 10 to the boat without requiring
      separation of members 10 and 12. Three circumferentially spaced bores 46
      extend into disk 36 from the side 47 opposite the face 38, each bore
      receiving a spring 48 and a teflon bushing 50 which extends beyond the
      face of side 47.
PAR  Side face 47 also has a tapped hole 52 and a central tapped hole 54 merging
      into an enlarged counterbore 56.
PAR  To secure the members 10 and 12 together for relative rotary movement
      therebetween, there is first provided a screw 58 having an enlarged head
      60, a central body 62 of substantially the same diameter as the web
      opening 28, and a threaded shank 64 which enters into the tapped hole 54.
      As best seen in FIGS. 3 and 4, the side face 47 of member 12 is disposed
      adjacent and opposite the web face 66 and resiliently spaced therefrom by
      the bushings 50 therebetween. In order to control the relative rotation of
      the members, a threaded stud 68 is inserted through web slot 30 from the
      web face 32 and engaged with the hole 52 in member 12. The stud has an
      enlarged head 70 and has an outward opening for receiving an Allen wrench.
PAR  With member 10 secured to the boat, manual pressure of member 12 towards
      member 10 compresses the springs 48 and moves the head 70 of the stud away
      from face 32 and thus permits manual rotation of member 12 until the stud
      reaches an end of the slot. Upon nrelease of the pressure, the springs
      again gently urge the members apart, and the stud head will snap into
      position in one of the stops 34, and prevent further rotation until inward
      pressure and rotary force is again applied to member 12 via its handle 40.
      Once the head leaves a stop, the inward pressure may be ceased, and the
      parts rotated until the stud head snaps into the next stop.
PAR  As will be understood, when the handle 40 is in a vertically upright
      position, the flag shaft will also be vertically disposed and the flag
      visible to other boatsmen. Here, the stud head 70 will be in the position
      shown in FIG. 6. When the handle is rotated 90.degree., in either
      direction, to engage a stop at either end of the slot 30, the handle will
      be in a horizontal position and the flag inoperative and invisible to
      other boats, as shown in phantom lines in FIG. 1.
CLMS
STM  I claim:
NUM  1.
PAR  1. A holder for a signal flag, including: a first generally planar member;
      means for attaching said first member to a supporting structure; a second
      generally planar member; means securing said second member to said first
      member for rotation about an axis generally normal to the plane of said
      members; said second member having means for holding therein a signal flag
      shaft so that the shaft is moveable in a plane generally normal to the
      rotational axis between a raised first signal position and a lowered
      second storage position as said second member is rotated about said axis
      with respect to said first member; said second member is rotated about
      said axis with respect to said first member; said second member having a
      rib extending outwardly from the face of said second member opposite from
      said first member, extending diametrically with respect to and
      perpendicular to said axis to constitute handle means for manually
      rotating said second member with respect to said first member; said rib
      further having a blind bore perpendicular with respect to said axis and
      longitudinally with respect to said rib, and constituting said means for
      holding a signal flag shaft; said means adapted for attaching said first
      member including at least two bores parallel to and spaced from said axis
      extending through said first member for receiving therein threaded means
      to engage the supporting structure; and said second member having through
      bores aligned with respective ones of said first member through bores in
      one rotated position of said second member with respect to said first
      member and being of a diameter substantially larger than the diameter of
      said first member bores for completely passing therethrough said threaded
      members and a driver tool for rotating said threaded members.
NUM  2.
PAR  2. The holder of claim 1, wherein said second member is in one piece and
      consists essentially of, in outer configuration, a circular outer
      periphery, a planar face opposing said first member planar face, and an
      outer remaining portion of said rib and planar portions on either side of
      said rib parallel to said faces.
NUM  3.
PAR  3. A holder for a signal flag, including: a first generally planar member;
      means for attaching said first member to a supporting structure; a second
      generally planar member; means securing said second member to said first
      member for rotation about an axis generally normal to the plane of said
      members; said second member having means for holding therein a signal flag
      shaft and moving the shaft in a plane generally normal to the rotational
      axis between a raised first signal position and a lowered second storage
      position as said second member is rotated about said axis with respect to
      said first member; one of said members having an arcuate through slot
      concentric with respect to said axis; a headed member extending through
      said arcuate slot and being rigidly received within the other of said
      members at one end and having its head at its opposite end on the opposite
      side of said slot from said other member; a plurality of enlarged recesses
      along said slot and opening axially away from said other member and of a
      size for receiving therein said head, to constitute means for positively
      preventing relative rotation of said first and second members about said
      axis when said head is received within one of said recesses and permitting
      free relative rotation of said first and second members about said axis
      when said head is axially spaced from said recesses; said securing means
      mounting said first and second members for limited axial movement with
      respect to each other for at least a distance sufficient to permit
      engagement of said head within one of said recesses in one position and to
      provide axial spacing between said head and said recesses in an other
      position; spring means biasing said first and second members away from
      each other and into said one position, and elastically yielding upon
      movement of said first and second members axially from said one position
      to said another position.
NUM  4.
PAR  4. The holder of claim 3, wherein said spring means includes at least three
      blind axial bores in the face of one of said members and opening outwardly
      towards the other of said members, a coil spring compressed within each of
      said blind bores, and a bearing material plunger partially extending
      within each of said blind bores and engaging its respective coil spring at
      one axial end and the face of said other member at its opposite other
      axial end.
NUM  5.
PAR  5. A holder for a signal flag, including: a first generally planar member;
      means for attaching said first member to a supporting structure; a second
      generally planar member; means securing said second member to said first
      member for rotation about an axis generally normal to the plane of said
      members; said second member having means for holding therein a signal flag
      shaft and moving the shaft in a plane generally normal to the rotational
      axis between a raised first signal position and a lowered second storage
      position as said second member is rotated about said axis with respect to
      said first member; said securing means mounting said first and second
      members together for limited axial movement with respect to each other
      between a first position and a second position; axially interengaging
      means between said first and second members for preventing relative
      rotation in said first position and freely permitting relative rotation in
      said second position; spring means biasing said first and second members
      into said first position, and comprising a plurality of axially extending
      blind bores in one of said members opening towards the other of said
      members, a compressed coil spring receiving within each of said blind
      bores; a bearing material plunger partially received within each of said
      blind bores for engaging at one axial end the respective coil spring and
      engaging at its other axial end the adjacent face of the other of said
      members.
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ABST
PAL  A quick attaching and quick releasing roller attachment for aerial ladders
      on fire fighting equipment and the like to support a rope or hose and the
      like on the ladder includes a pair of spaced, rung embracing channels
      carried by an overcenter type linkage, and rope or hose supporting rollers
      arranged such that in a first, expanded position of the overcenter linkage
      the channels are positioned adjacent a selected pair of ladder rungs, and
      in another, latched position of the linkage the channels are moved toward
      one another in secure engagement with the rungs and the rollers are
      disposed in a position to support the rope or hose and the like in spaced
      relation to the rungs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is sometimes necessary to use aerial ladders on fire fighting equipment
      and the like in order to reach the upper floors of multistory buildings to
      effect rescue of persons or to support a hose in an elevated position to
      direct water onto the roof or into the upper stories of multistory
      buildings. If the person being rescued is injured, then a rescue basket is
      used with a rope attached thereto and the rope is strung across one of the
      rungs near the end of the fly section of the aerial ladder, with the
      basket suspended therefrom and the basket is lowered to the ground, using
      the rung as a pulley for supporting the rope and basket. Similarly, when a
      hose is raised to an elevated position to discharge water onto the roof or
      into the upper stories of a building, the hose is supported on an
      uppermost rung of the ladder. The rungs on aerial ladders are typically
      covered with a friction material and, accordingly, it is not practicable
      to support the rope or hose directly on the rung, since damage to either
      the rung or rope or hose, or to both, would probably result.
PAR  Therefore, in the prior art several devices are provided for attachment to
      the rungs of a ladder, which devices have rollers thereon to rollably
      support the rope or hose. Such prior art devices are either expensive to
      manufacture or are difficult and time consuming to apply to and remove
      from the rungs of the ladder or they are subject to being dislodged from
      the rungs during use thereof.
PAR  In accordance with the present invention, a quick attaching and quick
      releasing roller attachment is provided for aerial ladders, which is
      economical to manufacture and is quick and easy to apply to and remove
      from the rungs and which remains in a securely latched position on the
      rungs during use thereof.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a quick attaching
      and quick releasing roller attachment for an aerial ladder, wherein the
      attachment may be quickly and easily applied to and removed from the rungs
      of the ladder and wherein the attachment is securely locked or latched in
      operative position when in use.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an enlarged, fragmentary, perspective view of a portion of a
      ladder showing the attachment in accordance with the invention secured
      thereto on a pair of spaced rungs.
PAR  FIG. 2 is an enlarged, fragmentary view in section taken along line 2--2 of
      FIG. 1, showing the attachment in a latched, operative position in full
      lines and in an intermediate position in phantom lines.
PAR  FIG. 3 is an enlarged, fragmentary, sectional view of the safety latch and
      is taken along line 3--3 in FIG. 2.
PAR  FIG. 4 is a greatly enlarged, fragmentary, perspective view of a portion of
      the latch of FIG. 3.
PAR  FIG. 5 is an enlarged, fragmentary, sectional view similar to FIG. 2,
      showing the attachment in an unlatched position.
PAR  FIG. 6 is an enlarged, fragmentary, perspective view of a portion of the
      attachment of the invention.
PAR  FIG. 7 is a fragmentary, sectional view taken along line 7--7 in FIG. 6.
PAR  FIG. 8 is an enlarged, fragmentary, sectional view taken along line 8--8 in
      FIG. 7.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the drawings, wherein like reference numerals indicate like parts
      throughout the several views, a section of a ladder is indicated generally
      at L in FIG. 1. Typically, this ladder section would comprise the fly
      section or topmost section of an aerial ladder. The ladder has a plurality
      of spaced rungs R1 and R2 and the rungs are covered with a friction
      material F. Additionally, rung R1 is reinforced by means of a
      channel-shaped extension E affixed to the rung, as by a weld or the like,
      and fixed at opposite ends to the inner sides of the risers or side rails
      of the ladder L. The attachment 10 comprises a pair of elongate,
      channel-shaped side links 11 and 12, having end extensions 13 and 14
      thereon, respectively. The extensions 13 and 14 are welded or otherwise
      suitably affixed to a channel-shaped rung hook 15.
PAR  The channel members 11 and 12 are open or face laterally outwardly, and a
      pair of elongate side bars 16 and 17 are slidably nested within the
      channel members 11 and 12. The side bars 16 and 17 have elongate, axially
      extending slots 18 and 19 therein in the portions thereof slidably nested
      in the channel members 11 and 12, and a bolt or other suitable fastening
      device 20 and 21 is secured to the channel members 11 and 12 and extended
      through the slots 18 and 19 in the side bars 16 and 17 to enable axial
      adjustment of the side bars relative to the channel members to compensate
      for variations in the spacing between adjacent rungs of the ladder.
PAR  A pair of angularly shaped roller supporting plates 22 and 23 comprise
      first elongate end portions 24 and 25 and second, intermediate portions 26
      and 27 extending at an angle to the axis of the end portions 24 and 25 and
      third, end portions 28 and 29 extending at an angle to the intermediate
      portions 26 and 27. The roller supporting plates 22 and 23 are pivotally
      connected to the ends of side bars 16 and 17 by means of pivot pins or
      bolts or the like 30 and 31 connected with the ends of the side bars 16
      and 17 and with the end portions 24 and 25 adjacent their juncture with
      the intermediate portions 26 and 27.
PAR  A pair of rollers 32 and 33 are pivotally supported on the plates 22 and 23
      adjacent opposite ends, respectively, of the end portions 28 and 29
      thereof, and the rollers have concave shaped outer surfaces to maintain a
      rope or hose engaged thereon toward the center of the rollers. Also, the
      side plates 22 and 23 have a substantial width and project beyond the
      periphery of the rollers 32 and 33 to provide side guards for preventing
      displacement of a rope or hose from the ends of the rollers.
PAR  A further pair of side bars 34 and 35 are pivotally connected at one end
      thereof to the ends of end portions 24 and 25 of side plates 22 and 23 by
      means of suitable pivot pins or bolts or the like 36 and 37, and a
      channel-shaped, rung engaging hook 38 is welded or otherwise suitably
      affixed to the other end of the side bars 34 and 35 for engagement with
      rung R1 of the ladder L.
PAR  A transversely extending reinforcing bar 39 is welded or otherwise suitably
      affixed to the lower edge of the side bars 34 and 35 between the ends
      thereof.
PAR  In order to positively latch the attachment in its operative position, as
      viewed in FIG. 1, a latch device 40 is supported on the transverse brace
      39 and comprises a pair of upstanding, L-shaped brackets 41 and 42 welded
      or otherwise suitably affixed to the upper surface of the brace 39 and
      having aligned openings therethrough in which a latch pin or bolt 43 is
      slidably received. The latch pin 43 is resiliently urged to the left in
      latching position, as viewed in FIG. 3, by means of a coil spring or the
      like 44 disposed around the bolt 43 and engaged between the bracket 42 and
      a collar 45 suitably affixed on the bolt 43. Suitable finger gripping
      means 46 are provided on the outer end of the latch bolt for facilitating
      manipulation thereof. The inner end of the latch bolt has an inclined
      strike or latch surface 47 extended through an opening 48 in the side bar
      16 and into a latch opening 49 in the end portion 24 of side plate 22. The
      latch bolt 43 and the opening through bracket 42 may have a polygonal
      cross-sectional shape, if desired, to prevent turning movement of the
      latch bolt 43 and thus to maintain the latch strike 47 in properly
      oriented position.
PAR  A modified safety latch 40' is illustrated in FIGS. 5-8, and this latch
      comprises a ratchet and pawl mechanism comprising a pair of laterally
      inwardly projecting spaced apart ears or lugs 50 and 51 on the inner
      surface of side bar 16 pivotally supporting a latch or pawl member 52
      therebetween, which has a pawl 53 extended through an opening 54 in the
      side bar 16 for engagement with a plurality of teeth 55 on the confronting
      side surface of the end portion 24 of side plate 22. The pawl is
      maintained in operative engagement with the teeth 55 by means of a spring
      56 engaged between the side of side bar 16 and the latch 52.
PAR  The roller attachment according to the invention is preferably made of
      aluminum or another suitable, lightweight yet strong material.
PAR  Thus in use, the attachment according to the present invention is first
      opened to the position shown in FIG. 5 and positioned adjacent a pair of
      spaced rungs R1 and R2, and the side plates 22 and 23 are pivoted
      forwardly and downwardly in the direction of the arrows, which results in
      the end portions 24 and 25 thereof swinging to the rear, thus drawing the
      rung engaging hook 38 into engagement with the rung R1. The side plates 22
      and 23 are moved downwardly to their full, latched position, as seen in
      FIGS. 1, 2 and 6, and in this position the latch 40 or 40' engages to
      securely latch the attachment in its operative position.
PAR  As seen in FIG. 2, the end of the side plates 22 and 23 does not project
      below the plane of the ladder, and thus the attachment may be placed on
      the ladder when it is in its stored position on the supporting vehicle,
      and the ladder then extended to an elevated, operative position. This has
      the advantage of enabling the attachment to be placed on the ladder
      without requiring a fireman or other person to climb the ladder and also
      enables a rope or hose or the like to be operatively positioned on the
      roller prior to elevation of the ladder, thus enabling the ladder to be
      used to raise the rope or hose or the like to the desired elevation.
PAR  As this invention may be embodied in several forms without departing from
      the spirit or essential characteristics thereof, the present embodiment
      is, therefore, illustrative and not restrictive, since the scope of the
      invention is defined by the appended claims rather than by the description
      preceding them, and all changes that fall within the metes and bounds of
      the claims or that form their functional as well as conjointly cooperative
      equivalents are, therefore, intended to be embraced by those claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A quick-release roller attachment for supporting a rope or hose and the
      like on an aerial ladder, comprising: a first pair of spaced apart,
      substantially parallel side links; rung-engaging hook means carried by the
      side links at one end thereof; a pair of spaced apart, substantially
      parallel roller-supporting side plates pivotally connected between the
      ends thereof to the other ends of the side links; roller means carried by
      the side plates adjacent one end thereof and spanning the space
      therebetween in a position to support a rope or hose and the like thereon;
      a pair of side bars pivotally connected at one end thereof to the other
      ends of the side plates, and defining with the side plates and side links
      an over-center linkage means; and rung-engaging hook means carried by the
      other ends of the pair of side bars.
NUM  2.
PAR  2. An attachment as in claim 1, wherein a safety latch is carried by the
      linkage means to releasably latch the linkage means in an operative
      position with the hook means securely engaged with the rungs.
NUM  3.
PAR  3. An attachment as in claim 2, wherein the latch comprises a reciprocable,
      yieldably biased latch bolt engageable in aligned holes in said linkage
      means to positively latch the linkage means in its operative position.
NUM  4.
PAR  4. An attachment as in claim 1, wherein the side links comprise a pair of
      axially slidably interengaged links, and fastening means connected between
      the adjustable links so that the length of the side links can be adjusted
      to change the distance between the rung engaging hook means to accommodate
      different spacing between rungs of different ladders.
NUM  5.
PAR  5. An attachment as in claim 4, wherein the hook means comprise
      channel-shaped members.
NUM  6.
PAR  6. An attachment as in claim 1, wherein the hook means comprise
      channel-shaped members.
NUM  7.
PAR  7. A quick-release roller attachment for supporting a rope or hose and the
      like on an aerial ladder, comprising: a pair of elongate, parallel, spaced
      apart side links; first rung-engaging hook means carried by the side links
      at one end thereof; a pair of substantially identical, spaced apart,
      angularly shaped side plates pivotally connected between their ends to the
      other ends of the side links; further linkage means connected to the side
      plates and defining with the side plates and side links an overcenter
      linkage means; second rung-engaging hook means carried by the further
      linkage means in spaced relation to the first hook means, for movement of
      the hook means relatively toward and away from one another into and out of
      engagement with a pair of spaced apart rungs upon operation of the
      overcenter linkage means to releasably support the attachment on a ladder;
      and a pair of parallel, spaced apart rollers extending between and
      rotatably supported on said side plates.
NUM  8.
PAR  8. An attachment as in claim 7, wherein the further linkage means comprises
      a pair of elongate, spaced apart side bars pivotally connected at one end
      thereof to one end of said side plates, said rollers carried by the side
      plates at the other ends thereof, and the second hook means carried by the
      other ends of the side bars.
NUM  9.
PAR  9. An attachment as in claim 8, wherein a safety latch means is operatively
      connected with the side plates to positively latch the linkage means in an
      operative, overcenter position.
NUM  10.
PAR  10. An attachment as in claim 9, wherein the latch means comprises a
      ratchet and pawl mechanism connected between one of the side links and one
      of the side plates.
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ABST
PAL  Adjustable soaker hose support assemblies that are driven or forced into
      the earth in spaced relationship adjacent an area that is to be watered.
      When the assemblies are so disposed a soaker hose having a number of
      longitudinally spaced water discharge openings therein is removably
      secured to the assemblies. The assemblies so support the soaker hose, that
      both the hose and discharge openings therein may be manually adjusted to
      permit a first desired area of the earth to be watered and then
      subsequently other areas likewise watered, upon completion of the watering
      operation the soaker hose is easily separated from the assemblies, and the
      assemblies pulled from the earth and stored with the soaker hose until
      again needed. The assemblies are preferably formed by conventional molding
      operations from a high impact polymercized resin. The assemblies are of
      such structure that they may be easily supported in hard packed earth by
      being driven therein by hammer blows applied to the tops of the
      assemblies.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Adjustable Soaker Hose Support Assembly.
PAR  2. Description of the Prior Art
PAR  For many years soaker hoses that have an elongate transverse cross section
      of narrow width, and with a number of longitudinally spaced water
      discharge openings therein from which fine jets of water flow, have been
      used in the watering of desired areas of the earth, a major problem in the
      use of such soaker hoses, particularly in rolling or inclined areas, is to
      maintain the hose in such relationship to the earth surface that a desired
      area of the latter is watered.
PAR  The primary object in devising the present invention is to supply a number
      of assemblies that are driven into the ground in desired spaced
      relationship adjacent the area to be watered, with the assemblies
      thereafter having the soaker hose removably mounted thereon, and the hose
      after being so mounted being manually adjustable to direct water from the
      discharge openings onto a particular area to be watered.
PAR  Another object of the invention is to supply assemblies capable of
      removably holding soaker hoses of various widths thereon to permit first
      one area of the earth to be watered, and then by manual adjustment of the
      assemblies changing the angular relationship of the hose and discharge
      openings relative to the earth surface to allow other areas of the latter
      to be watered.
PAR  A still further object of the invention is to provide soaker hose support
      assemblies that are simple and easy to use, are of simple mechanical
      structure, are susceptible to being injection molded from a high impact
      polymercized resin, may be driven by a hammer into hard compacted earth,
      require little or no maintenance attention, and will not corrode or
      discolor even after prolonged usage.
PAC  SUMMARY OF THE INVENTION
PAR  In a first form of the invention an elongate rigid member is provided that
      has first and second portions, with the second portion having a pointed
      free end to permit the member to be hammered or forced into the earth.
      Each member has support means operatively associated therewith that is
      capable of removably engaging soaker hose of first, second and third
      widths. Each support means is by first means pivotally supported from the
      first portion of the member to permit the soaker hose to be selectively
      positioned on opposite sides of the member.
PAR  In a second form of the invention the first means is of such structure that
      the supporting means may be not only pivoted to opposite sides of the
      member but to intermediate positions therebetween, and the second form
      further including means for holding the supporting means in the position
      to which it is adjusted. The second form is of such structure that not
      only is the supporting means transversely adjustable relative to the
      elongate member, but is rotatably adjustable thereto.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of two of the adjustable soaker hose support
      assemblies disposed in driven positions in the earth, and removably
      supporting a section of soaker hose therebetween in a desired angular
      position relative to the earth's surface;
PAR  FIG. 2 is a side elevational view of a first form of the invention;
PAR  FIG. 3 is a longitudinal cross-sectional view of the first form of the
      invention taken on the line 3--3 of FIG. 2;
PAR  FIG. 4 is a side elevational view of a second form of the invention;
PAR  FIG. 5 is a longitudinal cross-sectional view of the second form of the
      invention taken on the line 5--5 of FIG. 4;
PAR  FIG. 6 is a fragmentary side elevational view of the upper portion of the
      second form of the invention with a bail partially broken away to disclose
      a serrated surface formed on the rotatable shell;
PAR  FIG. 7 is a top plan view of a second form of the invention illustrating
      the top surface that may be utilized to hammer the second form of the
      invention into the earth, in this view also showing the serrated surfaces
      that cooperate to hold the bail and the soaker support in a desired
      angular position relative to the ground surface;
PAR  FIG. 8 is a side elevational view of a third form of the invention;
PAR  FIG. 9 is a side elevational view of a fourth form of the invention;
PAR  FIG. 10 is an end elevational view of the form of the invention shown in
      FIG. 9;
PAR  FIG. 11 is a side elevational view of a fifth form of the invention; and
PAR  FIG. 12 is an end elevational view of the invention shown in FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The first form A of the adjustable soaker hose support assembly as may best
      be seen in FIGS. 2 and 3 include an elongate member B, that is preferably
      injection molded from a high impact polymerized resin. The elongate member
      B includes a first upper portion B-1 and a second lower portion B-2 that
      may be driven or forced into the earth's surface to support a soaker hose
      E at a desired location thereon. Support means C are provided for
      removably engaging a transverse segment of the soaker hose E which is
      shown in phantom line in FIG. 2. The support means C is pivotally mounted
      by first means D from the upper portion of the elongate member B as
      illustrated in FIGS. 2 and 3.
PAR  The first portion B-1 of elongate member B has a bifurcated upper end 10
      that has two protuberances 12 extending inwardly towards one another. The
      protuberances 12 pivotally engage an aperture 16 formed in a first plate
      14, which plate is pivotally movable relative to the elongate member B,
      and is a specific form of the first means D. A second plate 18 is secured
      to or is formed as a part of the first plate 14, with the second plate
      having first, second and third connected elongate recesses 20a, 20b, and
      20c therein, which recesses vary in length to removably support soaker
      hoses E of various widths and this plate being a specific form of the
      support means C. The soaker hose E is formed with longitudinally spaced
      water discharge openings 22 therein through which fine jets of water 23
      are discharged onto the desired areas of the earth surface S.
PAR  The elongate member B has first and second ribs 24 and 26 that extend
      substantially the length thereof and project outwardly from first surfaces
      24a and 26a. The first surfaces 24a and 26a are oppositely disposed from
      one another and extend between first and second longitudinal edges 28 and
      30 of the elongate member B. The lower portion B-2 as may best be seen in
      FIG. 2 terminates in a pointed lower end 27 to permit the first form A of
      the invention to be forced into the earth surface S either by pushing, or
      in the event that the earth surface is hard by tapping on the upper end of
      the first portion B-1. The first portion B-1 may be longitudinally
      reinforced by outwardly projecting first and second ribs 24b and 26b
      arranged in a box-like configuration as shown in FIGS. 2 and 3.
PAR  The first form A of the unit is used by forcing the second portion B-2
      downwardly a substantial distance below the earth surface S as shown in
      FIG. 2, with the soaker hose E then being removably inserted in an
      appropriate one of the first, second or third recesses 20a, 20b, or 20c.
      In FIG. 2 it will be seen that the soaker hose E is illustrated as such
      width that it is snuggly but removably retained within the third recess
      20c. The support C for the soaker hose E may be either disposed in the
      position shown in FIG. 2, or pivoted transversely to occupy a like
      position on an opposite side of the elongate member B. The lower portion
      of the bifurcated end 10 provides a stop 10a that limits the downward
      pivotal movement of the soaker hose support C below the position shown in
      FIG. 2, irrespective of which side of the elongate member B the soaker
      hose support C is situated on. After the first form A of the invention has
      served its intended purpose, the soaker hose E may be removed therefrom,
      and the first form A of the invention withdrawn from the ground surface
      and stored until further watering of a desired area of the earth's surface
      S is required.
PAR  The second form G of the invention is best seen in FIGS. 1 and 4 to 7
      inclusive, include an elongate member H, an upper portion H-1, and a lower
      second portion H-2. Elongate member H has first and second longitudinally
      extending edges 32 and 34 between which oppositely disposed side surfaces
      33 extend. The lower end of the second lower portion H-2 in FIGS. 4 and 5
      terminate in a pointed lower end 35. First and second elongate ribs 36 and
      38 project outwarldy from the side surfaces 33, with the first and second
      ribs being of such depth that the transverse cross section of the member H
      at any particular longitudinal position thereon is generally that of a
      cross having legs of equal length. At the junction between the first and
      second portions H-1 and H-2, a transverse stop 40 is formed as an integral
      part of member H as best seen in FIGS. 4 and 5. The upper free end of the
      first portion H-1 is defined by a cylindrical head 42, and the first
      portion H-1 intermediate the head 42 and stops 40 having a transverse
      circular guide plate 44 formed as a part thereof.
PAR  A cylindrical shell J is provided that has first and second free end edges
      46 and 48. The second end 48 of shell J is rotatably supported on stop 40
      as best seen in FIG. 5. Two oppositely disposed pins 50 project outwardly
      from the upper external portion of shell J adjacent the first end 46
      thereof. A soaker hose support C that may be identical to the one
      previously described is secured to a transverse web 52 of a bail L. The
      bail L includes two parallel laterally spaced legs 54 secured to the web
      52. The bail L is formed from a resilient material. The bail L has two
      transverse, axially aligned openings 56 therein that pivotally engage the
      pins 50. The shell J adjacent pins 50 has two oppositely flat serrated
      surfaces 60 defined thereon that frictionally engage serrated surfaces 60
      formed on the interior of the legs 54 adjacent the openings 56 therein.
      The serrated surfaces 60 cooperate with the resiliency of the material
      defining bail L to permit the bail and support C secured thereto to be
      disposed on either side of shell J or a position intermediate
      therebetween.
PAR  The head 42, as best seen in FIGS. 4 and 5 has a circumferential groove 62
      formed therein that is engaged by a snap ring 64, which snap ring serves
      to prevent the shell J being inadvertently displaced from the member H.
PAR  The use of the second form G of the invention is substantially the same as
      that of the first form, other than the second form G is more adapted to
      being forced into a ground surface S that is hard or compacted, as the
      upper surface of the head 64 may be hammered without danger of the shock
      being transferred to the shell J.
PAR  The third form K of the invention shown in FIG. 8 is similar to that shown
      in FIGS. 4-7 but provides a soaker hose support C' including three sets of
      hose receiving recesses 20b', 20c' which serve the same functions as the
      previously described recesses 20b and 20c.
PAR  The fourth form M of the invention shown in FIGS. 9 and 10 includes an
      elongate member 100 having a first end portion 102 and a longitudinally
      extending portion 104 of tapered configuration that terminates in a point
      (not shown). First end portion 102 has a plate 120 extending therefrom in
      which three sets of recesses 120b and 120c are defined that serve the same
      functions as the previously described recesses 20b and 20c.
PAR  A fifth form M is shown in FIGS. 11 and 12 that includes a first upper end
      portion 130 that at the lower end terminates in a plate 132 that has a
      tapered member 134 of circular transverse cross section extending
      therefrom. First end portion has a soaker hose support 220 extending
      therefrom in which soaker hose supporting recesses 220b and 220c are
      formed that serve the same function as the previously described recesses
      20b and 20c. The support 220 serves a dual function, first to removably
      hold the soaker hose E, and second, as a handle which a user grasps
      together with first end portion 130 to force the fifth form M of the
      invention downwardly into the ground with a twisting motion. The support
      220 permits easy withdrawal of the fifth form M from the ground when no
      longer needed.
PAR  The use and operation of the invention has been described previously in
      detail and need not be repeated.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a soaker hose having a plurality of longitudinally
      spaced water discharge openings therein, a plurality of support assemblies
      that may removably engage said hose to selectively hold the latter at any
      desired one of a plurality of possible positions relative to the earth
      surface when said support assemblies are partially embedded in the ground,
      each of said support assemblies including:
PA1  a. an elongate member having first and second longitudinal sides and that
      has a first upwardly disposable end portion and a second downwardly
      disposable portion, said second downwardly disposable portion tapering
      longitudinally and terminating in a generally pointed free end, and said
      member formed from a polymerized resin of sufficient strength that said
      second downwardly disposable portion may be at least partially embedded in
      the soil when a longitudinally directed force is applied to said first
      upwardly disposable end portion;
PA1  b. support means that can removably and transversely engage a segment of
      said soaker hose;
PA1  c. first means connected to said support means and pivotally secured to
      said upper portion to permit said soaker hose to be disposed at any
      desired one of a plurality of possible positions relative to said earth
      surface to permit water from said discharge openings to be directed onto a
      plurality of areas of said earth surface, said first means including:
PA2  1. a bail secured to said support means and extending outwardly therefrom,
      said bail having a pair of oppositely disposed co-axially aligned openings
      therein, said bail formed from a resilient material;
PA2  2. a cylindrical shell having first and second ends;
PA2  3. a pair of pins that extend outwardly from said shell and pivotally
      engage said pair of openings, with said bail and shell having contacting
      surfaces, and said contacting surfaces having serrations defined thereon
      that pressure interlock to hold said bail and support means at the angle
      on said shell to which said bail is adjusted;
PA2  4. a stop that extends outwardly from said member at substantially the
      junction of said first upwardly disposable end portion and said second
      downwardly disposable portion, said stop rotatably engaged by said first
      end of said shell;
PA2  5. a cylindrical head on said first upwardly disposable end portion of said
      member, said head rotatably engaing the interior surface of said shell
      adjacent said second end thereof, said head having a circumferential
      groove therein, and said head of sufficient strength to receive hammer
      blows to drive said second portion of said support assembly into the
      earth; and
PA2  6. a snap ring that removably engages said groove to prevent said shell
      from being inadvertently displaced from said first portion of said member.
NUM  2.
PAR  2. A support assembly as defined in claim 1 which in addition includes:
PA1  d. a circular guide plate that extends transversely from said first
      upwardly disposable end portion of said member intermediate said stop and
      said head, said guide plate being rotatably engaged by the interior
      surface of said shell, and said guide plate and head cooperating to
      maintain said shell in an axially aligned position on said first upwardly
      disposable end portion of said member.
NUM  3.
PAR  3. A support assembly as defined in claim 1 in which said soaker hose is
      flat and may be of either a first or second width, and said support means
      is a plate that extends outwardly from said bail, with said plate having
      first and second connected recesses therein that may removably engage said
      soaker hose of said first or second widths.
NUM  4.
PAR  4. A support assembly as defined in claim 3 in which said plate is an
      integral part of said bail.
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ABST
PAL  A bracket support assembly is provided by the combination of a semiflexible
      web having holes therein for operatively receiving and supporting a
      portion of an article holding bracket and having spacing means extending
      away from one face of the semiflexible web, a semiflexible holding member
      disposed on the face of the web opposite the flange, the holding member
      having adjustable means for receiving and retaining a portion of the
      article holding bracket, and adjusting means disposed in the semiflexible
      web for adjusting the adjustable means of the holding member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Subject of the Invention
PAR  This invention relates to a bracket support assembly for supporting article
      holding brackets, such as wire brackets, hooks and the like. More
      particularly, it relates to a supporting member for an article holding
      bracket, having adjustable means for regulating the force with which the
      article holding bracket is retained by the supporting member.
PAR  2. Description of the Prior Art
PAR  Many devices and methods have been devised for supporting article holding
      brackets on perforated or apertured panels. See, for example, U.S. Pat.
      Nos. 2,312,985; 3,037,733; 3,409,260; 3,429,539; 3,452,954; and 3,565,379.
      Many problems are associated with the known types of aperture
      board/brackets: Hooks, pegs and brackets have been devised which are
      supported loosely in holes in the board. In removing articles from them,
      they frequently fall off the aperture-board, necessitating their
      replacement before they can be used again. Many of the hooks, pegs and
      brackets fit only one thickness of aperture-board, rendering them
      unusable, or poorly fitting, on other boards. One of the most vexing
      problems encountered in the use of aperture-boards is that as articles are
      placed upon the brackets and removed therefrom, and as the brackets are
      moved from location to location on the aperture-board, the holes in the
      aperture-board, which operatively receive and support the brackets, become
      worn and are thereby enlarged to such a degree that they no longer support
      the bracket. The end result is, of course, that articles can no longer be
      placed upon the brackets because the brackets are incapable of supporting
      their weight without falling out of the holes in the board. I have devised
      a novel bracket support assembly which overcomes these undesirable
      failings of known aperture-board type brackets.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide an improved bracket
      support assembly for use on virtually any surface, including perforated or
      apertured boards and walls, panels and the like, which is adaptable to
      retain virtually any known type of bracket, hook or hanger.
PAR  In accordance with the present invention an improved bracket support
      assembly, which attains the above object and others, is provided by the
      combination of a semiflexible web having a hole or holes therein for
      operatively receiving and supporting a portion of an article holding
      bracket and having spacing means, such as, for example, a flange extending
      away from one face thereof; holding means, which may also be semiflexible,
      disposed on the face of the semiflexible web opposite the flange having
      adjustable means for operatively receiving and retaining a portion of the
      article holding bracket; and adjusting means disposed in said semiflexible
      web for adjusting the adjustable means of the holding member.
PAR  According to one embodiment of my invention, a bracket supporting member
      comprises a semiflexible web portion having a flange extending
      substantially perpendicular to and away from one face of the semiflexible
      web. The flange need not be continuous around the entire periphery of the
      web, but must be of sufficient extent to support the surface on which the
      bracket support assembly is to be affixed. The semiflexible web has holes
      therein for operatively receiving and supporting an article holding
      bracket, which may be a standard hardware item, and which forms no part of
      my invention per se. A semiflexible holding member is disposed on the
      opposite face of the semiflexible web from which said flange extends, and
      has adjustable slot means capable of operatively receiving and retaining a
      portion of the article holding bracket. Adjusting means are disposed in
      the semiflexible web in the form of a generally cylindrical member having
      a hole therethrough which is adapted to receive an adjustable fastener,
      such as a screw or bolt therein. The generally cylindrical member
      protrudes from the face of the semiflexible web a distance less than the
      distance the flange extends from the face of the semiflexible web. As the
      screw or bolt passing therethrough is tightened to the wall, panel, board,
      or whatever, the semiflexible web and the semiflexible holding member will
      close said slot means somewhat, thereby providing a tighter fit of the
      article holding bracket in the holding means.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of a bracket support
      assembly in accordance with the present invention.
PAR  FIG. 2 is a front elevation view of the bracket support assembly of FIG. 1.
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2.
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 2.
PAR  FIG. 5 is a partial sectional enlarged view of the slot for receiving and
      retaining the article holding bracket.
PAR  FIG. 6 is a front elevation view of another embodiment of a bracket support
      assembly in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 through 4, wherein like numerals refer to like
      elements, there is shown one embodiment of a bracket support assembly in
      accordance with the present invention. A semiflexible web 2 may have holes
      4 for operatively receiving and supporting a portion or portions, of an
      article holding bracket 6 (shown in phantom lines). Spacing means, such as
      a flange 8 for example, extends away from a first face 10 of the web 2.
      Holding means 12, which may also be semiflexible, are disposed on the
      opposite, or second face 14 of the semiflexible web 2. The holding means
      12 have adjustable means for operatively receiving and retaining a portion
      of the article holding bracket 6. The adjustable means may take the form
      of a slot 16 for receiving the bracket 6. Adjusting means 18 are disposed
      in the semiflexible web 2 for adjusting the adjustable means of the
      holding means 12, thereby adjusting the force with which the article
      holding bracket is retained in the holding means 12.
PAR  According to a preferred embodiment of my invention the semiflexible web 2
      has a flange 8 extending substantially perpendicular to and away from the
      face 10 of the semiflexible web 2. It will be understood by those skilled
      in the art that the flange 8 need not extend completely around the
      periphery of the web 2, but only enough to hold the web 2 away from the
      wall surface 20 upon which the support bracket assembly is to be mounted.
PAR  In fact, the spacing means need not be a flange at all. It could be a
      series of spacing members such as, but not limited to, pins 9 around the
      periphery of the web 2 and extending substantially perpendicular to and
      away from the face 10 of the web 2 as shown in FIG. 6. The web 2 has holes
      4 therein for receiving a portion or portions, of the article holding
      bracket 6. It will be understood by those skilled in the art that my
      bracket support assembly may be adapted for use with the many standard
      hardware brackets, which form no part of my invention per se, and that I
      have shown one type of bracket only by way of example. A holding member 12
      is disposed on the opposite, or second, face 14 of the web 2. The holding
      member is preferably semiflexible also. The holding member 12 may have
      slot means 16 therein (seen best in FIG. 5) for receiving the bracket 6.
      The dimension of the opening of the slot means 16 is adjustable so that
      the force holding the bracket 6 therein is also adjustable. The force is
      adjustable as follows: adjusting means 18, which may take the form of a
      generally cylindrical member 18, has a hole 22 therethrough which is
      adapted to receive an adjustable fastener therein, such as a bolt or screw
      24 (shown in FIG. 4). The fastener 24 passes through or into the wall
      surface, depending upon the type fastener and the type wall being
      penetrated. My bracket support assembly can be fastened to virtually any
      wall surface with screws, bolts, studs and stud anchors, bolts or screws
      with anchors, expansion bolts, toggle bolts, etc. The only requirements
      are that the fastener be adjustable; for example, any fastener with
      threads is satisfactory. The critical feature of this embodiment is that
      the cylindrical member 18 extends away from the face 10 of the web 2 a
      lesser distance than the spacing means, or flange 8, extends away from the
      face 10. The reason for this is that the head of the fastener is able to
      pull the web 2 towards the wall surface 20 as it is tightened; if the
      cylindrical member 18 were to meet the wall surface 20, while it still
      might be possible to tighten the fastener into the wall a greater amount,
      the web 2 would be unable to flex towards the wall surface 20. As the web
      2 flexes towards the wall surface 20, the holding means 12 also bows and
      the slot 16 will close slightly. This closing will, of course, provide a
      smaller dimension across the slot opening and, hence, a tighter grasp of
      the article holding bracket 6.
PAR  There has thus been described a preferred embodiment of a bracket support
      assembly in accordance with the present invention. While one article
      holding bracket has been shown for example, it will be understood by those
      skilled in the art that the advantages of my invention can be realized
      with many types of brackets known in the art. Further, while I have shown
      a particular configuration of a bracket support assembly, it will be
      understood by those skilled in the art that the benefits of my invention
      may be derived in many configurations, and are not limited to the
      particular one shown in the preferred embodiment. Therefore, it should be
      understood by those skilled in the art that various changes and omissions
      in the form and detail thereof may be made therein without departing from
      the spirit and scope of the invention, which is to be limited only as set
      forth in the following claims.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A bracket support assembly for an article holding bracket for use on a
      wall surface, comprising:
PA1  a semiflexible web having a first face and second face and having means for
      receiving and supporting a portion of an article holding bracket;
PA1  spacing means disposed on said web extending away from said first face of
      said web for spacing said web from a wall surface;
PA1  holding means disposed on said second face of said web having adjustable
      means for operatively receiving and retaining a portion of an article
      holding bracket; and
PA1  adjusting means disposed in said semiflexible web for adjusting the
      adjustable means of said holding means, said adjusting means comprising a
      boss disposed on said first face of said web, said boss extending a
      distance from said first face less than the distance said spacing means
      extends from said first face, whereby the force with which said holding
      means retains an article holding bracket may be adjusted.
NUM  2.
PAR  2. A bracket support assembly as defined in claim 2, wherein said spacing
      means comprises a flange disposed on at least a portion of the periphery
      of said web.
NUM  3.
PAR  3. A bracket support assembly as defined in claim 2, wherein said holding
      means comprises a member having a slot therein for receiving and holding a
      portion of an article holding bracket, said slot width being adjustable by
      said adjusting means.
NUM  4.
PAR  4. A support bracket assembly as defined in claim 2, further comprising:
PA1  attaching means for attaching said bracket support assembly to a wall
      surface.
NUM  5.
PAR  5. A support bracket assembly as defined in claim 2, wherein said spacing
      means comprises a plurality of spacing members disposed around the
      periphery of said web and substantially perpendicular to said first face
      of said web.
PATN
WKU  039413446
SRC  5
APN  3531635
APT  1
ART  355
APD  19730420
TTL  Motor support
ISD  19760302
NCL  1
ECL  1
EXP  Foss; J. Franklin
NDR  1
NFG  3
INVT
NAM  Paterson; Albert E.
STR  129 Madison
CTY  Twin Falls
STA  ID
ZIP  83301
CLAS
OCL  248351
XCL  115 17
XCL  248  4
EDF  2
ICL  B63H  512
FSC  248
FSS  4;354 R;351;354 P
FSC  280
FSS  179 R;179 B;414 R
FSC  115
FSS  17
UREF
PNO  2772799
ISD  19561200
NAM  Bridinger
OCL  248351
UREF
PNO  2901267
ISD  19590800
NAM  Holsclaw
XCL  280414R
UREF
PNO  2939670
ISD  19600600
NAM  Anderson
OCL  248351
UREF
PNO  2977084
ISD  19610300
NAM  Brown et al.
XCL  248  4
UREF
PNO  3059883
ISD  19621000
NAM  Matthiessen
XCL  248351
UREF
PNO  3693576
ISD  19720900
NAM  Driscoll
XCL  248  4
LREP
FR2  Kraft; John W.
FR2  Kraft, II; Charles L.
ABST
PAL  The motor support comprises a substantially U-shaped yoke, a pedestal which
      is fastened to the base portion of the yoke, a retaining strap which is
      detachably engagable in rings in the yoke, and a swivel coupling which is
      mounted on the end opposite the yoke of the pedestal and which is
      engagable with a swivel mounted on the rearwardmost terminal end of a
      typical trailer frame.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to accessories for boat trailers, and more
      particularly to a support for outboard motors mounted on boats carried on
      boat trailers.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  An outboard motor mounted on a boat is particularly susceptible to damage
      as a result of the motor falling from its carrying position as a result of
      abrupt motions of a boat trailer during road transport. Means have been
      provided on commonly known outboard motor mounts to provide increased
      locking force in the motor mount clamp. These means tend to interfere with
      the typical structure of the motor mount in preparing and maintaining, and
      in controlling the outboard motor. Yokes have been provided both on the
      bost and the boat trailer to restrict movement of an outboard motor. These
      yokes frequently require a clamp means to be fastened to the motor to
      provide means for engaging the yoke with the motor. Some types of motor
      supporting yokes have required that the outboard motor be carried in a
      substantially verticle position during road transport; this requires
      additional lifting of the motor during launching and loading of the boat,
      which would defeat the purpose of tip-up outboard motor mounts. Thus, it
      may be seen that yoke and halter-type outboard motor supports have tended
      to be complicated, difficult to back and handle during launching and
      loading of the boat.
PAR  Accordingly, it is an object of the present invention to provide a simple
      support for outboard motors mounted on boats during road transport.
PAR  It is another object of this invention that the motor support be simple in
      its construction to permit reduced handling during launching and loading
      of a boat.
PAR  These and other objects shall become apparant from the description
      following, it being understood that modifications may be made without
      affecting the teachings of the invention here set out.
PAC  SUMMARY OF THE INVENTION
PAR  The motor support comprises a substantially U-shaped yoke, a pedestal which
      is fastened to the base portion of the yoke, a retaining strap which is
      detachably engagable in rings in the yoke, and a swivel coupling which is
      mounted on the end opposite the yoke of the pedestal and which is
      engagable with a swivel mounted on the rearwardmost terminal end of a
      typical trailer frame.
PAR  A more thorough and comprehensive understanding may be had from the
      detailed description of the preferred embodiment when read in connection
      with the drawings forming a part of this specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a left rear perspective view of the motor support of this
      invention shown in the environment of a boat trailer, boat and outboard
      motor.
PAR  FIG. 2 is a perspective view of the motor support.
PAR  FIG. 3 is a fragmentary, side elevational view of the motor support and
      with portions of its swivel base broken away for illustrative purposes.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and more particularly to the FIG. 1, the
      motor support of this invention is shown to advantage and generally
      identified by the numeral 10. The motor support 10 is intended to be
      employed to support and retain an outboard motor 11 mounted on a boat 12
      when the boat 12 is carried on a boat trailer 13. As shown more clearly in
      the FIG. 2, the motor support comprises a yoke 14 and a pedestal 15, a
      restraining strap 16, and a swivel coupling 17.
PAR  The yoke 14 is a substantially U-shaped member. The pedestal 15 is a shaft
      member which is fastened at one of its terminal ends centrally in the base
      portion of the yoke 14. The yoke 14 has a suitable, predetermined
      configuration operable to slidably engage the lower propeller housing 18
      of the motor 11, as shown in the FIG. 1. It has been found to advantage to
      roll the upper terminal ends of the yoke 14 outwardly with respect to the
      housing 18 to provide guides 19 to direct the propeller housing 18 between
      the legs of the yoke 14. It has also been found to advantage to laminate
      an elastomer to the interior, motor-contacting surfaces of the yoke 14 to
      cushion the housing 18 during tie-down and transport.
PAR  The restraining strap comprises a cord 20, and a hooks 21 secured to the
      terminal ends of the cord 20. The hooks 21 are engagable with rings 22
      which are fastened to the outer terminal sides, distally below the guides
      19 of the yoke 14. It has been found to advantage to fabricate the cord 20
      of an elastic material.
PAR  The coupling 17 is mounted to the terminal end opposite the yoke 14 of the
      pedestal 15, and is engagable with a swivel 23. The swivel 23 comprises an
      angle iron support 24 and a U-bolt 25. The U-bolt 25 is engagable about
      the rearwardmost frame bar 26 of the boat trailer 13, and is intended to
      be secured through one of the legs of the angle iron 24 by bolts 25', to
      secure the angle iron 24 with one of its legs 24' in an upstanding
      position and its remaining leg 24" in a substantially horizontal
      juxtaposition. The horizontal leg 24" is provided with a hole 27.
      Couplings 17 is engagable with the hole 27 and comprises a shaft 28 and a
      collar 29. The shaft 28 is provided with a bend to project the pedestal 15
      at an upward, outward, predetermined angle with respect to the
      rearwardmost terminal end of the boat trailer 13. The collar 29 is
      fastened distally from the lowermost terminal end of the shaft 28 to
      support the shaft 28 in the hole 27.
PAR  Referring again to the FIG. 1 the motor support 10 may be employed to
      support an outboard motor 11 by engaging the couplings 17 with the swivel
      23, then engaging the yoke 14 with the motor propeller housing 18, and
      securing the strap 16 to the yoke 14, as set out above. The motor support
      10 may be disengaged from the motor 11 by the reverse operation.
PAR  Having thtus described in detail a preferred apparatus which embodies the
      concepts and principles of the invention and which accomplishes the
      various objects, purposes and aims thereof, it is to be appreciated and
      will be apparent to those skilled in the art that many physical changes
      could be made in the apparatus without altering the inventive concepts and
      principles embodied therein. Hence, it is intended that the scope of the
      invention be limited only to the extent indicated in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A motor support comprising a substantially U-shaped yoke; a pedestal
      which is fastened to the base portion of said yoke and retaining strap
      having means for detachably engaging said strap to said yoke wherein said
      means for detachably engaging said strap to said yoke includes a ring
      disposed centrally in each of the upstanding legs of said U-shaped yoke
      and a pair of hooks fastened to each of the terminal ends of said strap
      and which are engagable with said rings; and a swivel coupling which is
      mounted on the terminal end opposite said yoke of said pedestal, and
      comprises a substantially horizontally disposed plate fastened centrally
      in the rearwardmost terminal end of a boat trailer and a shaft being
      engagable with a hole in said plate disposed at a predetermined angle from
      the lowermost terminal end of said pedestal to project said pedestal at an
      upward outward predetermined angle with respect to said boat trailer, and
      having a collar disposed distally from the lowermost terminal end of said
      shaft.
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ABST
PAL  A radial arm tracker with a constant drive ratio for use in monitoring the
     osition of a guidance platform during the firing azimuth alignment phase.
      One end of the radial arm is mounted to the rotor of an encoder and a
      telescope is pivotally mounted at the free end of the radial arm through a
      constant ratio drive system to a stator of an encoder. The stator of the
      encoder is coupled to a north seeking device. The missile firing azimuth
      is referenced to the output of the north seeking device through the radial
      arm tracker.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is related to applicants' co-pending application Ser. No.
      328,796, filed February 1, 1973, and now U.S. Pat. No. 3,797,782.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is in the field of azimuth reference alignment systems. Such
      systems may be used effectively on any system which utilizes a guidance
      platform for establishing a firing direction azimuth. Known systems which
      are in present use require at least two theodolites (one of which is
      translated along a lathe bed tripod) plus pre-survey information. One such
      system requires that a third order survey line be established. A
      surveyor's target is emplaced over a stake at one end of the line and an
      orienting station theodolite (OST) at the other end of the line. The
      theodolite is aligned on the target and the pre-survey azimuth number is
      set into the theodolite scale. The OST is then used to align the
      horizontal laying theodolite (HLT). The OST and HLT instruments are
      aligned on each other and the OST operator tells the HLT operator the
      number to set into his theodolite scale. The HLT instrument is then used
      to align the missile guidance platform. The firing azimuth is determined
      during the countdown by a programmer test station (PTS) computer. The
      firing azimuth is transmitted from the PTS operator to the HLT operator.
      The HLT operator turns his theodolite to firing azimuth (actually
      90.degree. to firing azimuth because he is looking onto the side of the
      platform). The HLT operator then uses his control to align the guidance
      platform on firing azimuth. The HLT is manually translated along the lathe
      bed tripod to maintain acquisition of the guidance platform during the
      azimuth alignment process.
PAR  Therefore, it is an object of this invention to overcome many of the
      problems associated with other systems by providing a radial arm tracker
      that has a telescope mounted thereon and is driven by a constant ratio
      drive for tracking the position of the platform within a missile.
PAR  Another object of this invention is to provide a means which offers even
      greater benefits when used in conjunction with a north seeking device by
      eliminating the requirement to translate the north seeking device along a
      lathe bed tripod.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a radial arm tracker with a constant
      ratio drive is used in monitoring the position of a guidance platform
      during the azimuth alignment phase. One end of a radial arm is attached to
      a rotor of an encoder and turns with the rotor about the encoder pivot
      axis (angular measuring axis). A telescope is rotatably mounted at the
      free end of the radial arm. A constant ratio drive system interconnects
      the means pivotally mounting the telescope and a stator of the encoder.
      The constant ratio drive system enables the telescope to track the
      platform position during alignment along the firing azimuth.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawing:
PAR  FIG. 1 is a view of a radial arm tracker according to this invention, and
PAR  FIG. 2 is a graphic illustration of azimuth alignment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a radial arm tracker 10 according to this
      invention is disclosed that is to be used in a system of the type
      disclosed in applicants' co-pending application Ser. No. 328,796, filed
      February 1, 1973. The radial arm tracker according to this invention is
      used in the same manner as that disclosed in applicants' co-pending
      application except that this radial arm device has a constant ratio drive
      system. The radial arm tracker includes an arm 11 that is attached at one
      end to rotor 13 of encoder 15. Stator 17 of encoder 15 is coupled to a
      north seeking device 19 via servo follow-up system (not shown) and
      integrally to pulley 20. Pulley 21 is pivotally mounted on the other or
      free end of arm 11 and telescope 23 is integrally secured to pulley 21.
      Pulley 21 is rotated relative to arm 11 by belt 25. Pulleys 20 and 21 with
      belt 25 constitute a constant ratio drive system. Even though pulleys and
      a belt are illustrated for the constant ratio drive system, constant ratio
      gear means may be substituted for the pulleys and belt.
PAR  The tracker is mechanized to follow the equation
EQU  .beta. = .alpha. - .theta.
PAL  where
PA1  .beta. is the angle between arm 11 and the telescope sighting axis,
PA1  .alpha. is the angle through which arm 11 has turned from a known reference
      position as illustrated,
PA1  and .theta. is the angle made by the line of sight of telescope 23 and the
      known reference position line as illustrated.
PAR  .beta. can be determined by the relationship,
      ##EQU1##
      where l as illustrated is the length of radial tracking arm 11 and L is
      the distance from north seeking device 19 to the vertex of angle .theta..
PAR  Missile 30 has a guidance platform 32 aligned normally along missile axis
      34. The object is to align platform 32 along prescribed firing axis 36. In
      order to align platform 32 in the firing azimuth 36, its initial position
      relative to north must be established. Telescope 23 is aligned relative to
      north to receive an autoreflected image from porro prism 38 located on
      platform 32. Platform 32 is then torqued through an angle .theta. to the
      firing azimuth 36 with the aid of a servo drive system (not shown) and the
      position is verified by telescope 23 in its optical tracking system.
PAR  FIG. 2 shows how azimuth alignment of platform 32 is verified using a
      constant ratio drive system radial arm tracker according to this
      invention. Angles .beta.,.alpha., and .theta. correspond to the angles
      used in FIG. 1. Missile firing azimuth 36 is referenced to the output of
      north seeking device 19 through the radial arm tracker. After establishing
      a true north direction with the north seeking device 19, telescope 23,
      which is mounted on the free end of radial arm 11, is aligned to permit
      autoreflection with porro prism 38 located on the missile guidance
      platform 32. Radial arm tracker 10 (FIG. 1) is located outside missile 30
      at a specified distance (L) from the guidance platform 32. Guidance
      platform 32 (which is now referenced to the north seeking device through
      the radial arm tracker (FIG. 1) and peripheral servo drives (not shown))
      is torqued through angle .theta. to the required firing azimuth 36. As
      radial arm 11 is moved about encoder rotor 13 axis, telescope 23 will
      autoreflect from porro prism 38 for all positions of guidance platform 32
      within the required operating range. Angle .alpha. may be recorded
      directly from encoder 15. Angle .beta. can then be solved by a guidance
      computer using the relationship
      ##EQU2##
      for any values of .theta. of interest.
CLMS
STM  We claim:
NUM  1.
PAR  1. A radial arm tracker for aligning a platform of a missile; said radial
      arm tracker comprising an encoder that has a rotor and a stator, a radial
      arm having one end connected to said rotor and an opposite end with a
      telescope pivotally mounted thereon, and a constant ratio drive system
      interconnecting said telescope and said stator of said encoder for
      pivoting said telescope relative to said encoder stator as said arm is
      rotated relative to said stator.
NUM  2.
PAR  2. A radial arm tracker as set forth in claim 1, wherein said constant
      ratio drive system consists of a pulley integrally connected to said
      stator, a pulley privotably mounting said telescope on said radial arm for
      rotating said telescope, and a belt drive between said pulleys to cause
      said telescope to be rotated at a constant relative rate to said pulleys
      as said radial arm is pivoted about said stator.
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ABST
PAL  A seal member is provided for use in concrete wall form construction which
      sealingly engages with a form bore through which a tie rod supporting the
      seal member and spacer cones passes so as to prevent leakage of wet
      concrete from the form. The seal member of resilient material is
      asymmetrically supported on the tie rod by means of a seal bore within a
      slit along the length of the seal member. The asymmetric placement causes
      the spacer cones to overlap and abut the inner surface of the form walls
      so that they serve as spreaders for location of the wall forms.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is related to tie rods for use in concrete wall form
      construction to hold the walls in spaced relation for placement and curing
      of concrete. More particularly, this invention relates to seal members for
      use with the tie rods.
PAR  In concrete wall form construction, generally plannar walls made of wood
      are oriented in spaced, generally parallel relation to act as a mould for
      subsequent receiving of wet concrete. Steel reinforcing bars may be, and
      in fact often are placed between the walls to add integrity to the
      finished wall structure. The walls are temporarily held together by cone
      and tie assemblies comprised of tie rods, cones or insert members and form
      dogs which are typically wedge shaped structures. The tie rods are
      inserted through aligned bores in the walls so that the ends thereof
      extend exterior to the wall for clamping. Frustoconically shaped insert
      members or cones are located on the tie rods between stops thereon and the
      wall interior surface for the purpose of maintaining spacing of the walls
      as well as forming depressions in the finished wall about the tie rod. The
      depressions thus formed enable breaking off the tie rods within the wall
      and subsequent grouting to the finished surface which is free from
      protruberances or other discontinuities. The forms are locked up by means
      of form dogs or wedges which are inserted between buttons or heads on the
      tie rod ends and wales on the form exterior.
PAR  A number of prior art patents illustrate parts of the structure referred to
      as follows: U.S. Pat. Nos. 2,245,559; 2,370,174; 2,728,127; 2,977,659;
      3,075,272; 3,464,667; 3,482,813; 3,625,471; 3,643,909; and 3,653,628.
PAR  It has been found that one of the most persistent problems encountered with
      concrete wall form construction thus described is that of sealing of the
      wall form bores through which the tie rods pass to prevent egress of wet
      concrete and moisture. Wet concrete is made up of a mixture of cement,
      aggregate, and water in desired proportions. The wet concrete when placed
      between the walls of the form tends to run out the wall form bores,
      producing undesirable results. One such result is the fouling of the
      exterior hardware such as dogs and wedges. The leaked material tends to
      "set up" on the surface of these structures which requires costly remedial
      cleaning procedures. Another result is the degredation in concrete wall
      strength since the moisture is needed for proper curing of the concrete
      during the time after placement. Still another result is the production of
      rough edges around the depressions in the finished wall formed by the
      cones. These rough edges must be laboriously removed by grouting with a
      grouting material. Other expensive post-casting operations in the form of
      finishing and cleaning are also required.
PAR  Some attempts to solve the leakage problem thus described may be found by
      having reference to the following patents; U.S. Pat. Nos. 2,370,174;
      3,643,909; and 3,482,813, above-referenced. These attempts have not been
      entirely successful, however, for various reasons.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  It is therefore the primary object of this invention to provide an improved
      seal member for concrete wall form construction which operates to prevent
      undesired leakage of concrete and moisture from wall forms.
PAR  It is a further object of this invention to provide a seal member which
      includes an offset so that the tie-rod insert or cone performs a spreader
      function to hold the walls of the form a fixed distance apart.
PAR  It is a further object to provide such a seal member device which is
      inexpensive, and yet easily installed and removed.
PAR  The invention is in the form of a generally cylindrical seal member of
      resilient material including a slit along its length and including therein
      an asymmetrically placed seal bore for closely accomodating the tie rod.
      In the preferred embodiment, the seal is expanded against the form bore.
DRWD
PAR  Other objects and advantages will become more readily apparent from a
      review of the following description and drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a transverse cross-sectional view of a concrete wall form showing
      details of a tie-rod and cone assembly installed therein;
PAR  FIG. 2 is a top quarter isometric view in partial cross-section of a first
      embodiment of a seal member of the instant invention;
PAR  FIG. 3 is a side elevational view of the embodiment of FIG. 2;
PAR  FIG. 3A is an end elevational view taken along lines 3A--3A in FIG. 3;
PAR  FIG. 4 is a top quarter isometric view in partial cross-section of a second
      embodiment of the seal member of the instant invention;
PAR  FIG. 5 is a side elevational view of the embodiment of FIG. 4;
PAR  FIG. 5A is an end elevational view taken along lines 5A--5A in FIG. 5;
PAR  FIG. 6 is a top quarter isometric view in partial cross-section of a third
      embodiment exploded in phantom and showing installation details;
PAR  FIG. 6A is an end elevational view taken along lines 6A--6A in FIG. 6;
PAR  FIG. 7 is a side elevational view of the embodiment of FIG. 6;
PAR  FIG. 7A is an end elevational view taken along lines 7A--7A in FIG. 7;
PAR  FIG. 8 is a top quarter isometric view in partial cross-section of a fourth
      embodiment exploded in phantom;
PAR  FIG. 9 is a side elevational view of the embodiment of FIG. 8; and,
PAR  FIG. 9A is an end elevational view taken along lines 9A--9A in FIG. 9.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows the concrete wall form environment of the instant invention
      including tie rod and cone assembly and locking devices. Wall form 10
      includes a pair of spaced, parallel walls 12,14 which may be of plywood
      material. Struts or wales 16,18 serve to back up and otherwise reinforce
      the walls. A pair of axially aligned wall form bores 20,22 of circular
      shape are included for insertion of tie rod and seal assembly 24.
PAR  Tie rod and seal assembly 24 in turn includes a generally cylindrical tie
      rod 26 of steel or other suitable material and having a pair of
      frustoconically shaped cones or insert members 28,30 and seal members
      32,34 located thereon as will be now more fully described hereinafter. It
      should be noted that the term "cones" is meant to describe any number of
      geometric shapes that are suitable for the described purpose and is not to
      be limited to the frustoconical shape shown and described. Bifurcated
      wedges or dogs 36,38 are fitted between the wales and buttons or heads
      40,42 on the tie rod ends to lock up the form. The frustoconically shaped
      cones or insert members 28,30 are positioned to overlap the corresponding
      bores 20,22 so as to provide a spreader function in conjunction with stops
      44,46 on tie rod 26. Annular grooves 48,50 are provided adjacent the stops
      to enable breaking off of the tie rod end within the finished wall in the
      conventional manner. The spreader function serves to position the walls
      12,14 a fixed distance apart, for subsequent placement of concrete 52 in
      the form.
PAR  Turning to FIGS. 2 and 3, there is shown a first, preferred embodiment of
      the instant invention. As with the following embodiments, the seal member
      may conveniently be made of resilient material such as rubber or plastic.
      The frustoconically shaped cone or insert member 30 abuts seal member 34
      and stop 46. With particular reference to FIGS. 3 and 3A, seal member 34
      comprises a generally cylindrical body for sealing within wall form bore
      22. The seal member 34 may be laterally positioned on the tie rod. It
      consists of a symmetrically placed longitudinal slit 54 extending the
      length and from half to almost the full diameter of the body, and leading
      to an asymmetrically placed seal bore 57 which is stepped and dimensioned
      to closely accomodate the tie rod at the forward end thereof. The
      asymmetric placement of the seal bore causes the lower edge of cone 30,
      which is symmetrically placed with respect to the rod, to overlap the
      inner form wall 14 and provide a spreader function.
PAR  As may be best seen in FIG. 3, slit 54 is narrower at its forward end in
      order that cone 30 will serve to obturate the slit and prevent egress of
      wet concrete and moisture from the form. The semicircular relieved portion
      56 of bore 57 provided in the rear end of seal 34 is to accomodate the tie
      rod button (not shown) when the seal is axially at its rearmost position
      on the rod. A ramp shaped projection or bossed portion 58 on the tie rod
      with a larger diameter than seal bore 57 causes the seal to expand due to
      slit 54 or similar accomodation depending on resiliency of material used
      to sealingly engage bore 22 when the seal is in place in the form bore as
      shown.
PAR  In operation, the tie rod with cones thereon is inserted through one of the
      form bores and positioned so that the lower edge of the cones overlaps the
      form. The seal 34 is then moved laterally onto the rod 26 so that its
      accomodating bore 57 receives the rod. The seal is then advanced axially
      on the rod until it abuts the cone 30 and is sealingly engaged within the
      bore 22 by means of the radial expansion imparted thereto by the ramp
      shaped projection 58. The steps are repeated to install the other seal at
      the opposite end of the rod.
PAR  Turning to FIGS. 4 and 5 there is shown a second embodiment of the
      invention wherein seal member 234 is similarly laterally positioned onto
      rod 26 by means of longitudinal slit 254 which extends the length and
      approximately half the width of the body of seal 234. A bore 256 for
      accomodating the rod is included at the innermost portion of the slit and
      asymmetrically placed with respect to the body axis for the reasons as
      aforementioned with the primary embodiment. The generally cylindrical seal
      body has a plurality of annular serrations 260 thereon for sealing within
      form bore 22. The serrations are dimensioned to be of a diameter slightly
      greater than that of the form bore and may be unidirectional, as shown, to
      facilitate installation of the seal within the form bore. Installation is
      similar to that above described with respect to the primary embodiment in
      that the seal 234 is laterally placed and then axially advanced on rod 26
      to its position within the form bore.
PAR  Turning to FIGS. 6 and 7 there is shown a third embodiment wherein, as best
      seen in FIG. 6A, the seal member 334 in its normal, relaxed condition is
      expanded beyond a circular shape. Like the previous embodiments, seal
      member 334 includes a longitudinal slit 354 and an asymmetric bore 356. A
      hollow cylindrical adapter 358 may be used to back up and retain seal 334
      in place when using walers, etc. The seal 334 is laterally placed on rod
      26 and then manually compressed until it attains a circular shape. Adapter
      358 is then placed to abut the seal. The seal is then axially advanced by
      means of the adapter on the rod until it enters the bore. The seal will
      naturally expand to sealingly engage the bore. A chamfered forward edge
      362 may be provided on the forward edge of the seal to aid in insertion.
PAR  FIGS. 8 and 9 show a fourth embodiment which is designed to be used with an
      angled bore 422 in the wall 14. The seal 434 comprises a generally
      cylindrical body having a longitudinal slit which forms a bore 456 along
      the length of the seal. With this embodiment, the generally cylindrical
      seal 434 is forced to assume the shape shown in FIG. 9 by the downwardly
      angled form bore 422. When the offset seal 434 is axially inserted, the
      tie rod is forced downward to position the lower edge of the cone 30 in
      its spreader function, while at the same time sealing pressure is exerted
      upwards against the bore to seal therein.
PAR  The form bore is angled with respect to the wall such that the seal member
      is forced downward to position the cone and deflect the rod. In this
      manner an upward pressure is exerted against the seal to seal the bore.
PAR  It is to be understood that the foregoing description is illustrative of
      preferred and alternate embodiments of the instant invention and that the
      scope of the invention is not to be limited thereto but is to be
      determined by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a pair of spaced apart wall forms, a tie rod and
      seal assembly comprising a generally elongated tie rod defining a pair of
      opposite ends, each end of which extends through a respective wall form
      bore in a respective one of said spaced apart wall forms for positioning
      said wall forms, each end of said rod having mounted thereon a cone for
      forming a depression, said cone being positioned on said rod against the
      interior wall of its respective wall form, and a generally cylindrical
      seal member of resilient material having a means defining a longitudinal
      slit extending the length of said seal member and including therein an
      asymmetrically placed seal bore dimensioned so as to closely accomodate
      said tie rod, said slit leading to said asymmetrically placed seal bore,
      said seal member being located within a respective bore, and further
      including projection means on said rod for expanding said seal member
      against the interior of a respective bore.
NUM  2.
PAR  2. The invention of claim 1 wherein said projection means is a tapered
      projection.
NUM  3.
PAR  3. The invention of claim 1 wherein said means defining a slit further
      comprises an extension of said slit more than half of the diameter of said
      seal member.
NUM  4.
PAR  4. The invention of claim 3 wherein said slit extension is angled so as to
      be obturated by said cone when in adjacent relation.
NUM  5.
PAR  5. The invention of claim 3 wherein said seal member further includes a
      recess therein around said seal bore for accomodating a button on the rod
      end.
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ABST
PAL  A composite pallet for forming the lower end of a concrete pipe cast in a
      vertical position includes a concrete base having an annular portion
      shaped to form the end of the pipe. An outer annular steel ring is bonded
      to the base around the outer periphery of the annular portion of the
      concrete base, and an inner annular steel ring is bonded to the base
      around the inner periphery of the annular portion. The two rings are more
      chip-resistant than the concrete base. The outer ring is shaped to receive
      one end of an outer cylindrical form, and the inner ring is shaped to
      receive one end of an inner cylindrical form so that an annular cavity is
      formed between the two cylindrical forms for casting the concrete pipe.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to apparatus for making concrete pipe.
PAR  2. Description of the Prior Art
PAR  It has long been industrial practice to make concrete pipe by casting a
      concrete mixture or slurry in a mold cavity of suitable shape. U.S. Pat.
      No. 1,591,060 shows apparatus for making such pipe. Typically, a pair of
      cylindrical forms are mounted coaxially on a horizontal steel base, and
      the pipe is cast in the annular space beteen the two cylindrical forms.
PAR  A steel base is expensive because of the high cost of steel and the high
      cost of working it. In relatively large plants for making concrete pipe,
      the steel bases alone require a substantial capital investment. This
      invention provides a base which is relatively inexpensive compared to the
      prior art steel bases, and yet performs as well as the steel bases.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a composite base or pallet for forming the lower
      end of a concrete pipe cast in an upright position. The pallet includes a
      concrete base having an annular portion shaped to form the lower end of
      the pipe. An outer annular ring is bonded to the base around the outer
      periphery of the annular portion of the base. An inner annular ring is
      bonded to the base around the inner periphery of the annular portion of
      the base. The two rings are each of a material which is more
      chip-resistant than the concrete base. Preferably, the rings are made of
      steel. The outer ring is shaped to receive one end of an upright outer
      cylindrical form, and the inner ring is shaped to receive one end of an
      upright inner cylindrical form, which fits coaxially within the outer
      form.
PAR  Preferably, the concrete base is annular, and the rings are embedded with
      lugs in the concrete.
PAR  In the preferred form, an annular boss is formed on the inner periphery of
      the outer ring to provide an outwardly extending annular shoulder or seat
      for the lower end of the outer form. An annular boss is formed on the
      outer periphery of the inner ring to provide an inwardly extending annular
      seat for the lower end of the inner cylindrical form.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary cross-sectional view showing typical bell and
      spigot ends of concrete pipes;
PAR  FIG. 2 is a plan view of the composite pallet of this invention with the
      outer and inner cylindrical forms removed; and
PAR  FIG. 3 is a view taken on line 3--3 of FIG. 2 with the outer and inner
      cylindrical forms in place for casting.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a first section of pipe 10 includes the typical spigot
      end 12 adapted to mate with a typical bell end 14 of a second section of
      concrete pipe 16.
PAR  Referring to FIGS. 2 and 3, an annular concrete base 18 rests on a floor
      (not shown) or other suitable support. A raised annular boss 20 is formed
      integrally with the concrete base on its upper surface. A downwardly and
      inwardly sloping frusto-conical wall 22 joins the inner periphery of the
      concrete boss with the outer periphery of a lower flat central section 24,
      which forms the remainder of the top surface of the annular concrete base.
      A horizontal annular outer steel ring 26 is embedded in the upper edge of
      the outer periphery of the raised annular boss of the concrete base. The
      outer ring includes an upwardly extending annular boss 28 formed
      integrally with the remainder of the ring so that the ring has an annular
      outwardly extending shoulder or seat 30 and a vertical cylindrical wall
      32. An annular gasket 34 is disposed within an outwardly opening
      horizontal annular groove 36 in the cylindrical wall 32 of the raised boss
      on the outer steel ring.
PAR  The lower end of a conventional hollow cylindrical form 38 makes a close
      fit against the vertical cylindrical wall 32. The gasket 36 seals the
      annular space between the inner face of the outer form and the upright
      cylindrical wall 32. The lower end of the outer form is stiffened by a
      relatively short heavy cylindrical outer shoe 40 welded to the outside
      surface of the outer form.
PAR  The outer ring is firmly anchored in the raised concrete boss by a
      plurality of inwardly and radially extending embedment lugs 42 welded at
      equally spaced intervals to the inside face of the outer ring, and by a
      plurality of inwardly and downwardly extending short sections 43 of
      reinforcing bar welded at their respective upper ends to the lower end of
      the junction between the lugs and the inner annular steel ring. Each lug
      is a vertical rectangular steel plate having a height equal to that of the
      outer ring. The upper surface of each lug is flush with the top surface of
      the raised boss on the outer ring, and both of these surfaces are flush
      with the top surface of the raised boss 20 on the concrete base.
PAR  A horizontal inner annular steel ring 44 is embedded in the inner periphery
      of the upper inner edge of the concrete base. The inner ring includes an
      integrally formed annular raised boss 46 on the outer periphery of the
      outer ring so that an inwardly extending annular seat 48 and a vertical
      cylindrical wall 49 are formed at the inner periphery of the inner annular
      ring. The lower end of an inner cylindrical form 50 rests on the inwardly
      extending seat 48. The outer surface of the inner form makes a close fit
      against the vertical cylindrical wall 49. An annular gasket 52 in an
      annular inwardly opening horizontal groove 54 in the vertical cylindrical
      wall 49 seals the annular space between the lower end of the inner form
      and the cylindrical wall 49. The lower end of the inner form is stiffened
      by a relatively short heavy cylindrical inner shoe 55 welded to the inside
      of the inner form.
PAR  The inner ring is firmly anchored in the concrete base by a plurality of
      radially and outwardly extending embedment lugs 56 welded at their
      respective inner ends to the outer face of the inner ring at equally
      spaced intervals, and a plurality of downwardly and outwardly extending
      short sections 57 of reinforcing bar welded at their respective upper ends
      to the lower end of the junction between the lugs and the outer annular
      steel ring. Each embedment lug is a vertical rectangular plate having a
      height equal to that of the total height of the inner ring so that the top
      surface of the raised boss on the inner ring, the top surface of each
      respective lug, and the horizontal surface 24 of the inner portion of the
      cylindrical base lie in the same horizontal plane. Thus, the upper
      surfaces of the rings, the lugs, and the concrete base are disposed to
      shape the spigot end of a concrete pipe (not shown in FIGS. 2 and 3) cast
      in the annular space 60 between the inner and outer forms.
PAR  In using the composite pallet of this invention, the top surface of the
      concrete base is coated with a suitable silicone base sealer which fills
      the surface pores of the concrete and reduces sticking of the cast
      concrete pipe to the concrete base. A wax coating is preferably applied on
      top of the silicone sealer between each casting operation to minimize
      sticking. The pallet and forms are assembled as shown in FIG. 3. Concrete
      mixture or slurry (not shown) is poured into the annular space between the
      inner and outer forms with suitable tamping and vibration. The upper end
      of the concrete pipe is shaped with a conventional top ring (not shown) to
      form the spigot end of the pipe. Of course, the pallet could be shaped so
      that it forms the spigot end of the pipe. This would be achieved by making
      a pallet which is the mirror image of the pallet shown in FIG. 3.
PAR  After the concrete mixture or slurry is sufficiently set for the pipe to be
      self-supporting, the cylindrical forms are removed, and are ready for
      reuse. After the pipe is more fully cured, it is removed from the pallet,
      which is then ready for cleaning and the application of a fresh coat of
      wax or oil before the next pipe is cast.
PAR  The advantages of this invention, particularly for large diameter pipes,
      say, three feet to twelve feet, is that the composite pallet results in
      significant material cost savings and substantially cuts fabricating
      costs. The bulk of the pallet is formed of concrete, which is relatively
      inexpensive, and easily cast in the desired shape. The steel rings on the
      pallet prevent spalling damage to the concrete base which would otherwise
      result from the repeated set-up and removal of the steel wall forms. The
      rings also provide a positive and reliable seal for both the inner and
      outer pipe wall forms.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composite pallet for forming one end of a cast concrete pipe, the
      pallet comprising a concrete base having an annular portion shaped to form
      the end of the pipe, an outer annular ring bonded to the base around the
      outer periphery of the annular portion, and an inner annular ring bonded
      to the base around the inner periphery of the annular portion, the two
      rings each being spaced from each other and of a material more
      chip-resistant than the concrete base, the outer ring being shaped to
      receive one end of an outer cylindrical form, the inner ring being shaped
      to receive one end of an inner cylindrical form.
NUM  2.
PAR  2. Apparatus according to claim 1 in which the concrete base is annular.
NUM  3.
PAR  3. Apparatus according to claim 1 in which the rings are made of steel.
NUM  4.
PAR  4. Apparatus according to claim 1 in which an annular boss is formed on the
      inner periphery of the outer ring to receive the end of the outer form,
      and an annular boss is formed on the outer periphery of the inner ring to
      receive the end of the inner form.
NUM  5.
PAR  5. Apparatus according to claim 4 which includes an outwardly opening
      annular groove around the annular boss on the outer ring, a gasket
      disposed in the groove in the outer ring to seal against the end of the
      outer form, an inwardly opening annular groove around the annular boss on
      the inner ring, and a gasket disposed within the groove around the annular
      boss on the inner ring to seal against the end of the inner form.
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ABST
PAL  A remotely operable safety valve mounted between the swivel and the kelly
      in drilling operation including a spherically-shaped valve element which
      is mounted in a generally tubular housing rotatable with the swivel sub,
      the kelly and the drill string. Hydraulic means move the valve element
      between open and closed positions in order to control flow through the
      drill-string and prevent in-line blow outs. As an additional safety
      feature, spring means move the valve element to a closed position in the
      event of a failure of the hydraulic means.
PARN
PAR  This is a continuation, of application Ser. No. 267,509 filed June 29,
      1972, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The field of this invention is valves, and in one aspect, safety valves for
      regulating flow through rotatable tubular members.
PAR  2. Description of the Prior Art
PAR  A problem in drilling wells, particularly in emergency situations, is
      providing safety valves which can block off flow from the well through the
      rotatable drilling string, kelly and swivel.
PAR  Under normal oil well drilling conditions, drilling mud is pumped from the
      mud pumps at the platform, through the rotating swivel, the rotating
      kelly, and the rotating drilling string, in order to sweep or wash away
      cuttings from the drilling bit and return same to the well bore surface in
      a manner well known. In the event of a sudden increase in downhole
      pressure, such as from a kick, or when a blowout threatens, flow upwardly
      through the drilling string and kelly from downhole must be blocked in
      order to maintain control of the well and prevent drilling mud loss.
PAR  Often, valves are mounted above and below the kelly in order to shut off
      flow through the kelly and the drilling string. However, such valves,
      sometimes referred to as "kelly cocks", have in the past been ball valves
      that must be manually rotated to a closed position by a special or other
      type tool.
PAR  Occasionally, it is necessary to close off flow through the kelly under
      emergency conditions such as, for example, upon the occurrence of an
      offshore platform fire. In such an emergency situation, it may be
      impossible for an operator to get close enough to the kelly cock to close
      the valve and thus the well continues to flow until it can be shut in by
      other means which can be costly relative to the ecology of the area and
      costly economically. In addition, under blowout or downhole increased
      pressure conditions it may be impossible to close the kelly cock because
      of gases, danger of fire or other causes.
PAC  SUMMARY OF THE INVENTION
PAR  A remotely operable in line safety valve is mounted below the swivel in
      order to shut off flow through the kelly and thus through the drilling
      string. The in line safety valve includes a stationary housing and a
      rotating housing which is attached to the swivel sub or kelly spinner sub
      and to the kelly such that the rotating housing rotates with the kelly.
      Under normal conditions, mud is pumped through the swivel, a bore in the
      rotating housing, and through the kelly into the drilling string.
PAR  An actuating sleeve is mounted concentrically outwardly of the rotating
      housing for slidable movement with respect thereto. Gear means operably
      connect the actuating sleeve and a spherically shaped valve element
      mounted in the bore of the rotating housing such that movement of the
      actuating sleeve causes the valve element to open and close the bore in
      the rotating housing. Hydraulic power means are used to move the actuating
      sleeve and thus actuate the gear means and rotate the valve element. The
      use of the hydraulic power means to operate the valve allows operation
      from a remote location, even while the kelly is rotating.
PAR  Resilient means are positioned between the stationary housing and the
      actuating sleeve to urge the actuating sleeve to move the valve element to
      a closed position whereby the resilient means closes the valve in the
      event of failure of the hydraulic power means.
PAR  Another feature of this invention, is that the valve element is mounted in
      the bore of the rotating housing for longitudinal movement or floating in
      the closed position thereby providing two effective sealing zones so that
      one zone may be operable to block off flow through the bore in the event
      of a failure of the other zone. In this manner, flow through the kelly and
      drilling string can be safely controlled in the event of an emergency or
      incipient condition such as a kick or threatened blowout even though it is
      physically impossible to approach the kelly due to a fire or other
      platform danger or damage.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The preferred embodiment of this invention will be described hereinafter,
      together with other features thereof, and additional objects will become
      evident from such description.
PAR  The invention will be more readily understood from a reading of the
      following specification and by reference to the accompanying drawings
      forming a part thereof wherein an example of the invention is shown and
      wherein:
PAR  FIG. 1 is a schematic view illustrating the safety valve of a preferred
      embodiment of this invention mounted at the upper kelly in an oil or gas
      well;
PAR  FIG. 2 is an enlarged view partially in section and partially in elevation
      taken along line 2--2 of FIG. 1 illustrating the safety valve in an open
      position;
PAR  FIG. 3 is a view partially in section and in elevation similar to FIG. 2,
      illustrating the safety valve in a closed position;
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 2 further
      illustrating the valve element and gear means of this invention with the
      safety valve in an open position;
PAR  FIG. 5 is a detailed view of the position of the valve element of this
      invention in the open position; and
PAR  FIG. 6 is a detailed view of the position of the valve element of this
      invention in the closed position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, the letter V generally designates an in line
      safety valve of this invention mounted for operation and use below a
      swivel S of an oil or gas well. The swivel S is suspended from a
      travelling block T which is attached to bail B of the swivel in a manner
      typical of well drilling operations. The safety valve V is mounted below
      the swivel S and above kelly K whereby a portion of the valve V rotates
      with the kelly K and the drilling string (not shown) during normal
      drilling operations. During such normal drilling operations, drilling mud
      is pumped through a mud line M, through the goose neck G attached thereto,
      through the swivel S, the safety valve V of this invention, through the
      kelly K and into the drilling string (not shown) which is attached to the
      kelly K such that cuttings of the drill bit are continually washed away in
      a manner well known to those possessing skills in the drilling field.
PAR  The valve V is actuated by a hydraulic means generally designated as H
      which is illustrated in FIG. 1 as being located at a point remote from the
      valve V, but is connected thereto by hydraulic line L, such that the valve
      V may be actuated to regulate flow through the swivel S, the kelly K, and
      the drilling string by providing hydraulic fluid under pressure to the
      valve V in a manner which will be described in greater detail hereinafter.
      It should be understood that the valve V of this invention may also be
      mounted below a Kelly Spinner which is, of course, mounted below the
      swivel S when utilized.
PAR  Referring to FIGS. 2 - 4, the valve V basically includes a stationary
      housing generally designated as 10. The stationary housing 10 is a
      generally tubular assembly which includes a main cylindrical housing
      portion 10a that has female threads 10b which threadedly mount an adapter
      10c having male threads 10d. The adapter 10c includes an upper recess 10e
      which is adapted to receive any other stationary member such as a portion
      of the swivel S. The adapter 10c further includes a passageway 10f and the
      main cylindrical housing portion 10a includes an aperture 10g for
      receiving hoses such as L1 of the hydraulic Line L.
PAR  The valve further includes a rotating housing section or tubular assembly
      generally designated as 11. The rotating housing section 11 includes a
      main body section 11a having female threads 11b which threadedly mount an
      adapter or sub 12 having male threads 12a. Referring to FIG. 1, in the
      preferred embodiment of this invention, the sub 12 is actually the lower
      rotating sub of the swivel S; however, it should be understood that the
      sub 12 may also be the lower sub of a Kelly Spinner. The main body portion
      11a is threadedly connected at its lower end 11c to an upper kelly adapter
      14. In this manner, the rotating housing section 11 is mounted for
      rotation with both the rotating portion of the swivel S and the kelly K. A
      bore 11d extends through the rotating body portion 11a whereby fluid, such
      as drilling mud, is free to flow through the mud lines M, the goose-neck
      G, the swivel S and the bore 11d in the main body section 11a into the
      kelly and into the drilling string (not shown).
PAR  In order to close off flow through the bore 11d, a bore closure means
      generally designated 15 includes a partially spherical valve element 16
      having an opening 16a therethrough. The valve element 16 is mounted for
      rotation with respect to the body section 11a by a seat means generally
      designated by the number 17. An actuating means generally designated by
      the number 18 is disposed concentrically outwardly of the rotating housing
      section 11 and is operably connected to the stationary housing section 10
      and to the bore closure means 15 for moving the valve element 16 between a
      closed position, which is illustrated in FIG. 3, in which flow through the
      bore 11d of the main cylindrical rotating housing portion 11a is blocked,
      and an open position in which the opening 16a of the valve element 16 is
      substantially aligned with the bore 11d to allow the passage of fluid
      through the kelly and into the drilling string (not shown).
PAR  As mentioned previously the valve element 16 is partially spherical.
      Referring to FIGS. 3 and 6 (where the valve element is in open position),
      the valve element 16 includes an upper outer surface 16b and a lower outer
      surface 16c which are spherical segments. The valve element 16 further
      includes flat side portions 16d and 16e. A slot 16f is cut through side
      16d of the valve element 16 and a slot 16g is cut through side 16e. The
      slots 16f and 16g are utilized in cooperation with the actuating means
      generally designated as 18 (in a member to be described in greater detail
      hereinafter) to rotate the valve element 16 between the open and closed
      position within the bore 11d.
PAR  The valve element 16 is mounted for rotation with respect to the main
      rotating body section 11a in the following manner. A lower shoulder 20 is
      machined in the bore 11d in order to provide a seating recess 23, which,
      as illustrated in FIG. 4, is basically circular in cross-section. A lower
      circular seat ring 24 is mounted for slidable movement within the recess
      23 in the bore 11d and a sealing ring 24a mounts the lower seat ring 24
      for sealable movement in addition to the slidable movement. A concave,
      circular sealing ring or element 25 is mounted onto the lower seating ring
      24 to provide a concave upper sealing surface 25a which is adapted to
      sealably conform to the lower outer partially spherical surface 16c of the
      valve element 16 in the closed position of FIG. 3. Resilient means in the
      form of a wavy spring 26 is mounted onto the lower shoulder 20 of the
      recess 23 and is circular in shape to conform to the lower end 24b of the
      lower seat ring 24 to continually urge the lower seat ring 24 and the
      sealing ring 25 mounted therein into sealable engagement with the lower
      outer partially spherical surface 16c of the valve element 16. As will be
      described in greater detail hereinafter, the valve element 16 is actually
      mounted for slidable longitudinal movement within the recess 23 when the
      valve element 16 is in the closed position of FIG. 3. In such closed
      position, the lower seating ring 24, due to the resilient urging of the
      wavy spring 26, moves upwardly as well as downwardly with the valve
      element 16 in order to continually provide a lower sealing zone between
      the sealing ring 25 and the lower outer partially spherical surface 16c of
      the valve element 16. The concavity of the surface 25a of the sealing ring
      25 also serves to mount the valve element 16 for rotation with respect to
      the main rotating body section portion 11a.
PAR  A circular mounting collar 30 is positioned against the inside wall 11e of
      the rotating main body section 11a and includes an offset portion 30a
      which is formed by the shoulder 30b. The offset portion 30a has an inner
      diameter substantially that of the circular portion of the recess 23 below
      the valve element 16. The mounted collar 30 is secured with respect to the
      inside wall 11e of the rotating body section 11a in a manner to be
      described hereinafter. A seal ring 30c is mounted in a groove 30d in the
      mounting collar 30.
PAR  An upper seat ring 27 generally circular in shape is mounted for slidable
      movement within the offset portion 30a of the collar 30. A seal ring 27a
      is positioned between the seat ring 27 and the offset portion 30a to
      prevent the passage of fluid therebetween so that the seat ring 27 is
      mounted for both slidable and sealable movement with respect to the
      mounting collar 30. A seal ring 28 is mounted on the seat ring 27 and
      includes a concave lower sealing surface 28a which conforms to the upper
      partially spherical outer surface 16b of the valve element 16. A resilient
      means in the form of a wavy spring 29 extends between the shoulder 30b and
      the upper end 27b of the upper seat ring 27 in order to continually urge
      the seal ring 28 into sealable engagement with the upper partially
      spherical outer surface 16b of the valve element 16. In this manner, the
      upper seat ring 27 and the seal ring 28 mounted therein cooperate with the
      partially spherical outer surface 16b of the valve element 16 to provide
      an upper sealing zone to prevent the passage of fluid through the bore 11d
      of the main rotating body section 11a.
PAR  The mounting collar 30 is secured by a threadedly mounted setting sleeve 32
      which has threads 32a at its outer surface in order to threadedly mount
      with the female threads 11b of the main rotating body section 11a. A lower
      circular wedge element 33 is placed against the upper surface 30e of the
      mounting collar 30 and the setting member or sleeve 32 is then threadedly
      mounted to a position slightly above the circular wedge element 33. An
      upper complementing circular wedge element 34 extends downwardly from a
      slot 32b in the setting sleeve 32 and is wedged against the lower circular
      wedge element 33 in order to secure the mounting collar 30 in position.
      Upper and lower set screws 35 and 36 are mounted in threaded holes such as
      37 in the setting sleeve 32 at various points about the setting sleeve 32
      in order to lock the upper circular wedge element 34 against the lower
      circular wedge element 33. In this manner, the valve element 16 is mounted
      in the bore 11d in the main rotating body section 11a for rotation with
      respect thereto.
PAR  The actuating means 18 of this invention includes an actuating sleeve
      assembly generally designated as 50 which is positioned concentrically
      outwardly of the main rotating body section 11a and is mounted for
      rotation with and for slidable, longitudinal movement with respect to the
      section 11a. The rotating body section 11a includes side portions 11f and
      11g. The side portion 11f includes vertically extending flat faces 41 and
      42 which are joined by a vertically extending flat face 43. In a similar
      manner, flat faces 44 and 45 are joined by a vertically extending flat
      face 46. The surfaces 42 and 45 of the rotating body section 11a are
      joined by a convex outer surface 53 and the surfaces 41 and 44 are joined
      by a convex outer surface 54.
PAR  The actuating sleeve assembly comprises opposing partially cylindrical
      segments 51 and 52 which basically conform to cylindrical outer surfaces
      53 and 54, respectively, of the rotating body section 11a. A side housing
      portion 55 is attached by means of bolts 56, which are illustrated in
      broken lines in FIG. 4, to the cylindrical segments 51 and 52. A similar
      side segment 57 is mounted onto the cylindrical segment 51 and 52 by means
      of bolts 58 which are also shown in broken lines in FIG. 4. In this
      manner, the cylindrical segments 51 and 52 cooperate with the side housing
      segments 55 and 57 to form the actuating sleeve 50 which is mounted for
      slidable movement longitudinally with respect to the outer surfaces such
      as 53, 54, 43 and 46 of the rotating body section 11a.
PAR  An upper actuating sleeve 60 includes an outer circular recess 60a and is
      also disposed concentrically outwardly with respect to the rotating body
      section 11a. The upper actuator sleeve 60 is attached to actuator sleeve
      50 by any suitable means such as welding or bolts (not shown) such that
      the actuator sleeves 60 and 50 are both mounted for slidable movement with
      respect to the rotating body section 11a and for rotation with the section
      11a.
PAR  In order to prevent the passage of fluid between the rotating body section
      11a and the actuating sleeve assembly 50, a plurality of seals are
      provided. The seals such as seal 61 are mounted in a vertically extending
      groove 42a in face 42 of the extending side portion 11f of the rotating
      section 11a. The seal 61 extends into sealable engagement with opposing
      face 51a of the partially cylindrical segment 51 of the outer sleeve
      assembly 50. In a similar manner longitudinal or vertically disposed seals
      62, 63, 64, 65, 66, 67 and 68 provide vertically extending sealing areas
      between the rotating body section 11a and the actuator sleeve assembly 50.
PAR  The actuating means 18 further includes a gear means generally designated
      at 70 which is mounted in the side housing portion 55 of the actuator
      sleeve assembly 50 and is operably connected to the valve element 16 in
      order to rotate the valve element between the open and closed position in
      response to slidable, longitudinal movement of the actuator sleeve
      assembly 50. Another gear means generally designated as 80 is mounted in
      the side housing portion 57 of the actuator sleeve assembly 50 in order to
      cooperate with gear means 70 to rotate the valve element.
PAR  The gear means 70 includes a rack 71 which is mounted in a recess 72 in the
      housing side portion 55 and extends vertically therein. A pinion 73 is
      fixedly mounted on a shaft 74 by any suitable means, such as a key (not
      shown). The shaft 74 is mounted for rotation in an opening 74a in the
      rotating body section 11a. The shaft 74 includes a collar portion 74b
      which is provided with stepped shoulders 74c and 74d. Bearings 75a, 75b
      and 75c mount the shaft 74 for rotation within the opening 74a in the body
      section 11a and an O-ring seal 76 is mounted in a groove 76a in the shaft
      74 to prevent the passage of fluid between the shaft and the outer wall of
      the opening 74a.
PAR  Finally a pin 77 is eccentrically mounted for rotation with the shaft 74.
      The pin 77 may be attached eccentrically or off-center with respect to the
      axis of rotation of the shaft 74 by any suitable means such as welding or
      bolts or the pin 77 may be even integral with the shaft 74. The pin 77
      extends into the slot 16f in the face 16d of the valve element 16 whereby
      the pin 77 engages the walls of the slot 16f to rotate the valve 16 as the
      shaft 74 is rotated.
PAR  A gear means 80 is mounted within the side housing portion 57 in a manner
      similar to the gear means 70. The gear means 80 includes a rack 81 mounted
      in a recess 82 in the side housing portion 57 such that the rack extends
      vertically. A pinion 83 is fixedly mounted by any suitable means such as a
      key (not shown) to a shaft 84. The shaft 84 is mounted for rotation in an
      opening 84a in the rotating housing section 11a and includes an enlarged
      portion 84b. The shaft 84 including the enlarged portion, 84b, is mounted
      for rotation by means of bearings 85a, 85b and 85c. A pin 87 is
      eccentrically mounted onto the enlarged portion 84a of the shaft 84 and
      extends inwardly into the slot 16g in the flat side face 16e of the valve
      element 16.
PAR  As the actuator sleeve assembly 50 is moved downwardly, the racks 71 and 81
      move downwardly and cause the pinions 73 and 83 to rotate the shafts 74
      and 84. Rotation of the shaft 74 causes pin 77 to engage a wall of the
      slot 16f and rotate the valve element 16 to the closed position
      illustrated in FIG. 3. Similarly, the pin 87 rotates with shaft 84 and
      engages a side of the slot 16g in the valve element 16 to cooperate with
      shaft 74 to cause the valve element to rotate. For the purposes of
      assembly, it may be mentioned that side housing portion 55 includes an
      opening 88 which allows the assembly of the rack 71, pinion 73 and shaft
      74 combination. In a similar manner, the side housing portion 57 is
      provided with an opening 89 which allows the assembly of the rack 81, the
      pinion 83 and the shaft 84.
PAR  The movement of the upper support sleeve 60 in conjunction with the
      actuating sleeve assembly 50 has been previously described as including
      rotation with the rotating body section 11a. This rotation is partially
      due to the rack and pinion connections provided by the gear means 70 and
      80. The upper support sleeve 60 and the actuating sleeve assembly 50 are
      also mounted for slidable, longitudinal movement with respect to the
      rotating body section 11a. In order to move the upper support sleeve 60
      and the actuating sleeve assembly 50 longitudinally, a supporting collar
      90 is mounted for slidable movement with respect to the inside wall 10h of
      the main cylindrical housing portion 10a. The support collar 90 includes a
      downwardly facing circular shoulder portion 90a which is adapted to fit
      about the upper support sleeve 60. The upper support sleeve 60 is mounted
      for rotation with respect to the support collar ring 90 by means of a
      plurality of bearings 91. Each bearing 91 is mounted in a recess 90b in
      the outside wall 90c in the support collar 90. Each bearing 91 includes a
      shaft portion 91a which extends through an opening 90d radially directed
      through each recess 90b in the support collar 90. A bearing roller 91b is
      mounted for rotation with respect to the shaft 91a of the bearing 91 and
      the shaft 91a and bearing roller 91b are secured in the opening 90b in the
      support collar 90 by the bolt 91c. Each bearing roller 91b extends into
      the recess 60a in the upper support sleeve 60 and engages either upper
      wall 60b or lower wall 60c such that the upper support sleeve 60 and the
      actuating sleeve assembly 50 attached thereto are rotatable with respect
      to the main cylindrical housing portion 10a even as the upper support
      sleeve 60 and actuating sleeve assembly 50 are moved longitudinally
      upwardly and downwardly with respect to the rotating main body section
      11a.
PAR  The valve element 16 is moved between open and closed positions with
      respect to the bore 11d by the operation of a plurality of double-acting
      hydraulic cylinders such as the hydraulic cylinder generally designated as
      100. The hydraulic cylinder 100 basically comprises a hydraulic cylinder
      101 having an upper threaded shaft portion 102 that is threadedly engaged
      in a threaded hole 10i in the adapter 10c. A piston 103 is slidably,
      sealably mounted within the hydraulic cylinder housing 101 in a manner
      well known and, a rod 104, is attached to the piston 103 in any suitable
      manner. The rod 104 includes a threaded end portion 104a which is
      threadedly mounted in a threaded hole 90e in the support collar 90. The
      passageway 10f extending through the top of the adapter 10c and the
      passageway 10f has a threaded end portion 10j which is adapted to receive
      a coupling (not shown) which is connected to a hose (not shown) in the
      hydraulic line L, such that hydraulic fluid water pressure can be supplied
      to the upper chamber portion 101b of the cylinder 101. The hydraulic
      cylinder 100 is double-acting; therefore, another hydraulic hose L1, which
      is a part of the hydraulic line L, is mounted into lower chamber portion
      101a of the hydraulic cylinder 101 by means of a coupling 105 which
      extends through an opening 10g in the main cylinder housing portion 10a.
PAR  Thus whenever hydraulic fluid is applied under pressure through the
      passageway 10f, the hydraulic fluid under pressure enters the upper
      chamber portion 101b of the hydraulic cylinder 101 and displaces the
      piston 103 and the rod 104 downwardly. Conversely, whenever hydraulic
      fluid under pressure enters the hydraulic hose L1 and the lower chamber
      portion 101a of the hydraulic cylinder housing 101, the piston 103 and rod
      104 are moved upwardly. The hydraulic fluid is applied to the double
      acting cylinder 100 as well as the other double acting cylinders (not
      shown) by the remotely located hydraulic means H. The remotely located
      hydraulic means H is illustrated schematically in FIG. 1 where a panel 106
      having dials such as 106a is shown. The panel 106 includes conventional
      controls, which are represented schematically by the knobs 106b, that
      control the application of hydraulic fluid through the hydraulic line L
      into the hydraulic hose L1 or the hydraulic hose that is mounted at the
      threaded portion 10j of the passageway 10f.
PAR  Therefore, the plurality of hydraulic cylinders such as the double-acting
      hydraulic cylinder 100 are mounted between the stationary adapter 10c and
      the support collar 90 which is mounted for slidable movement with respect
      to the inside wall 10h of the stationary housing portion 10a. By operating
      the controls on the panel 106b represented by the knob 106b, hydraulic
      fluid under pressure may be applied through the hydraulic line L into
      either the lower chamber portion 101a of the hydraulic cylinder 101, the
      passageway 10f of the adapter 10c and into the upper chamber portion 101b
      of the hydraulic cylinder 101.
PAR  The valve element 16 is actually moved to the closed position by moving the
      actuating sleeve assembly 50 and the upper support sleeve 60 downwardly to
      the position of FIG. 3. In order to insure that the valve element 16 will
      block off or close the bore 10d in the event of some emergency condition
      such as damage to the remotely located hydraulic means H, a plurality of
      coiled springs 110 are positioned in compression between the mounting
      element 111, which is attached to a lower surface 10k of the adapter 10c,
      and a mounting element 112, which is attached to the upper surface 90e of
      the support collar ring 90. It is understood that the mounting elements
      111 and 112 may be attached to the adapter 10c and the support collar ring
      90, respectively, by any suitable means such as welding or a threaded
      means such as bolts (not shown). The compressed coil springs such as the
      coil spring 110 urge the support collar 90 and thus the support ring 60
      and the actuating sleeve assembly 50 attached thereto downwardly, so that,
      in the event of a failure of the plurality of double acting hydraulic
      cylinders such as 100, the valve element 16 is rotated to the closed
      position.
PAR  In order to limit upward and downward movement of the upper support sleeve
      60 and the actuator sleeve assembly 50, a plurality of limit means as 115,
      116, 117 and 118 are mounted with the main body rotating section 11a and
      extend outwardly therefrom into slots in the partially cylindrical
      segments 51 and 52 of the actuating sleeve assembly 50. The limit means
      115, which is illustrated in FIGS. 2, 3 and 4, includes two bolts 115a
      which extend into threaded holes such as 115b in the cylindrical outer
      surface 54 of the body section 11a and mount a disk element 115c. The disk
      element 115c is of sufficient thickness to extend into an elongated slot
      115d in the partially cylindrical segment 52 of the actuating sleeve
      assembly 50.
PAR  The limit means 115 actually limits the movement of the actuating sleeve
      assembly 50 downwardly. When the actuating sleeve assembly 50 and thus the
      partially cylindrical segment 52 thereof is moved downwardly, the upper
      rounded end 115e of the disk element 115c is engaged by the upper rounded
      end 115f of the elongated slot 115d thereby stopping downward movement of
      the actuating sleeve assembly 50.
PAR  In a similar manner the limit means 118 includes a disk element 118c which
      is secured to the cylindrical surface 53 of the rotating body section 11a
      by means of bolts such as 118a. The disk element 118c extends into a slot
      118d in the partially cylindrical segment 51 of the actuating sleeve
      assembly 50 and is positioned to engage the upper end of the slot 118d as
      the actuating sleeve assembly 51 is moved downwardly. The limit means 118
      and 115 cooperate to limit the downward movement of the actuating sleeve
      assembly 50.
PAR  In a similar manner the limit means 116 includes a disk element 116c
      mounted onto the cylindrical outer surface 54 of the rotating housing
      portion 11a and extends into a slot 116d in the partially cylindrical
      segment 52 of the actuating sleeve assembly 50 to limit upward movement of
      the actuating sleeve assembly. The limit means 117 is mounted in the
      cylindrical outer surface 53 of the rotating body section 11a and
      cooperates with the limit means 116 to limit the upward movement of the
      actuating sleeve assembly 50.
PAC  OPERATION
PAR  The safety valve V of the preferred embodiment of this invention is
      operated or used in the following manner. During normal drilling
      conditions in an oil or gas well, a drilling mud is pumped through the
      goose neck G, the swivel S, the bore 11d in the rotating body section 11a
      of the valve V of this invention, trhough the kelly K and into the
      drilling string (not shown) in order to wash away drilling cuttings
      downhole. Whenever it is desired to close the valve V, such as when a kick
      or a blowout threatens, the valve V of this invention can be closed from a
      remote location in the following manner.
PAR  An operator, utilizing the panel 106, operates the remotely located
      hydraulic means H in order to apply hydraulic fluid under pressure through
      the hydraulic line L and the hydraulic hose (not shown) connected with the
      passageway 10f in the adapter 10c. Hydraulic fluid under pressure thus
      enters the upper chamber portion 101a of the hydraulic cylinder 101 and
      causes the piston 103 and rod 104 attached thereto to move downwardly,
      which moves downwardly the support collar 90. The upper support sleeve 60
      and the actuating sleeve assembly 50 attached thereto will be rotating if
      the rotating body section 11a and the kelly K are rotating. The valve V of
      this invention will operate to close whether the kelly K and the body
      section 11a are rotating or not. In either event, downward movement of the
      support collar 90 causes the bearing rollers 91b of the bearings 91 to
      engage the lower face 60c of the recess 60a in the support ring 60 and
      move the support ring 60 and the actuating sleeve assembly attached
      thereto downwardly.
PAR  As the actuating sleeve assembly 50 is moved downwardly, the racks 71 and
      81 in the side housing portions 55 and 57, respectively, of the actuating
      sleeve assembly 50, engage the pinions 73 and 83 causing them to rotate.
      Rotation of the pinions 73 and 83 rotate the shafts 74 and 84,
      respectively. In this manner, the pins 77 and 87, which are eccentrically
      positioned with respect to the axis of rotation of the shafts 74 and 84,
      respectively, engage the slots 16f and 16g in the valve element 16 and
      move the valve element to the closed position of FIG. 3.
PAR  When the valve element 16 is in the open position illustrated in FIGS. 2, 4
      and 5, a portion 16ff of the slot 16f extends horizontally. Therefore, as
      the pin 77 is moved or rotated with the shaft 74, the pin 77 engages a
      wall of the slot 16f and rotates the valve element 16 until the slot
      portion 16f is positioned vertically. When the slot portion 16ff of the
      slot 16f has been moved to the vertical position, the valve element 16 is
      in the closed position illustrated in FIG. 3. Similarly, the pin 87
      engages the slot 16g and rotates the valve element 16 until this portion
      of the slot having the pin 87 therein is vertical. Further downward
      movement of the actuating sleeve assembly 50, and thus further rotation of
      the valve element 16, is prevented by limit means 115 and 118.
PAR  Whenever it is desired to open the valve V, hydraulic fluid under pressure
      is supplied from the remotely located hydraulic means H through the hose
      L1 into the lower chamber portion 101a of the hydraulic cylinder 101
      thereby moving the piston 103 and the rod 104 attached thereto upwardly.
      Upward movement of the rod 104 moves upwardly the support collar 90 and
      the bearings 91 mounted therein. The roller bearing portions 91b of the
      bearings 91 engage the upper surface 60b of the recess 60a in the upper
      support sleeve 60 thereby moving upwardly the upper support sleeve 60 and
      the actuating sleeve assembly 50 attached thereto.
PAR  As the actuating sleeve assembly 50 is moved upwardly, the racks 71 and 81
      mounted therein engage the pinions 73 and 83 therby causing them to
      rotate. Rotation of the pinion 73 and 83 cause the shaft 74 and 84,
      respectively, to rotate thereby causing the pins 77 and 87 to engage the
      respective slots 16f and 16g in the valve element 16 and move the valve
      element to the open position of FIGS. 2, 4 and 6. With the valve element
      16 once again in the open position, the opening 16a is aligned with the
      bore 11d of the rotating body section 11a such that flow through the bore
      11d is once again unobstructed.
PAR  During emergency conditions, it is possible that the remotely located
      hydraulic means H could be damaged to the extent that the plurality of
      hydraulic cylinders 101 would not be operable. If such a condition were to
      exist, any hydraulic fluid under pressure in the double acting cylinder
      would probably be lost. As discussed previously, the plurality of coil
      springs such as 110 are held in a coiled position by the plurality of
      hydraulic cylinders such as 101 when the valve element 16 is in the open
      position. If pressure is lost in the hydraulic fluid in the lower chamber
      portion 101a of the hydraulic cylinder 101, the force of the plurality of
      compressed coil springs such as 110 is sufficient to move the support
      collar 90 downwardly such that the valve element 16 is rotated to the
      closed position. In this manner the plurality of coil springs 110 function
      as a secondary power supply to insure that the valve V of the preferred
      embodiment of this invention will be automatically closed in the event of
      damage to the remotely located hydraulic power means H.
PAR  The hydraulic cylinder assemblies, such as 100, need not be double acting.
      Single acting hydraulic cylinders may be used to close the valve element
      16. Such single acting cylinder assemblies would be mounted in place of
      the double acting cylinders 100 (the compressed coil springs such as 110
      would not be utilized) and the application of hydraulic fluid through the
      passageway 10f in the adapter 10c would drive the support collar 90
      downwardly. Also, single acting hydraulic cylinders can be used in
      conjunction with the compressed coil springs. For example, such single
      acting cylinder assemblies would hold the coil spring 100 in the
      compressed state. When the pressure in the single acting hydraulic
      cylinder assemblies dropped sufficiently, the spring 100 would move the
      support collar 90 downwardly and rotate the valve element 16 to the closed
      position.
PAR  Any such in line safety valve such as the valve V of this invention is
      continually exposed to flowing drilling mud during drilling operations.
      Continuous exposure to drilling mud may eventually cause a valve to erode
      to the extent that it would be virtually ineffective when called upon to
      block a pressure build-up from the down-hole. Therefore, any such in line
      safety valves such as the valve V should be periodically tested in order
      to insure that the valve has not been damaged to the point that it would
      be ineffectual. In many of the prior art valves, it has been necessary to
      apply a pressurized fluid from a point below or downstream of a valve
      located above the kelly K to test the effectiveness of the valve against
      pressure from downhole.
PAR  However, in the valve V of the preferred embodiment of this invention, it
      is possible to determine the effectiveness of the valve V by applying
      pressurized fluid from above or upstream. Such upstream testing is
      obviously much more convenient than any type of downstream testing
      because, in order to test downstream, it is necessary for the operators to
      actually break in at some point below the kelly K and apply the pressure
      from downstream to test the valve. Of course, upstream testing is much
      easier, since it is simply a matter of running a fluid under pressure
      through already existing lines leading to the gooseneck G of the swivel S.
PAR  The reason that the valve V of this invention can be tested for
      effectiveness from above is due to the floating action of the valve
      element 16 in cooperation with the lower valve seat ring 24 and the upper
      valve seat ring 27. The valve element 16 cooperates with the lower seat
      ring 24 and the upper seat ring 27 to move or float longitudinally between
      shoulders 20 and 30b to provide upper and lower sealing zones. The upper
      sealing zone has already been defined as the sealing zone created by the
      sealing action of the seal ring 28 against the upper partially spherical
      surface 16b of the valve element 16. The lower sealing zone has been
      defined as the sealing zone created by the cooperation of the lower seal
      ring 25 and the lower partially spherical surface 16c of the valve element
      16.
PAR  With the valve element 16 in the closed position, both the upper and lower
      sealing zones are effective such that if the lower sealing zone were to be
      defective for some reason, the upper sealing zone would be sufficient to
      prevent flow from downhole through the bore 11d.
PAR  With the valve element 16 in the closed position and with the presence of a
      pressure exerted downstream such as from downhole, the upper and lower
      sealing zones function in the following manner. The pressure exerted from
      downhole acts against the lower face 24b of the lower seat ring to act
      with the wavy spring 26 to urge the lower seat ring 24 upwardly. Since the
      valve element 16 is positioned such that portions such as 16ff of the
      slots 16f and 16g are vertical when the valve is in the closed position,
      the valve element is free to move or float longitudinally with respect to
      the lower recess 23 and thus is moved upwardly, if only slightly, under
      the urging of the pressurized fluid against the lower partially spherical
      surface 16c of the valve element 16. The lower seat ring 24 moves upwardly
      with the valve element 16 such that the seal ring 25 engages the lower
      partially spherical surface 16c and provides the lower sealing zone.
PAR  The upward force caused by the exertion of the pressurized fluid on the
      lower partially spherical surface 16c of the valve element 16 in
      cooperation with the downward force exerted by wavy spring 29, causes the
      seat ring 28 in the upper seat ring 27 to sealingly engage with the upper
      partially spherical surface 16b thereby providing an upper sealing zone.
      If damage due to errosion or some other cause renders ineffective the
      lower sealing zone, the upper sealing zone will still block the flow from
      downhole through the bore 11d.
PAR  The effectiveness of the upper and lower sealing zones can be tested by
      applying pressurized fluid from upstream or above the valve element 16.
      When pressure is applied from upstream, the pressurized fluid exerts a
      force on the upper face 27b of the upper seat ring 27 and upon the upper
      partially spherical surface 16b of the valve element. As mentioned
      previously, in the closed position the valve element 16 is free to move
      longitudinally due to the vertical position of portions of slots 16f and
      16g; therefore, the exertion of the pressure from upstream causes the
      upper seat ring 27, the valve element 16 and the lower seat ring 24 to
      move or slide at least slightly downwardly. The exertion of the
      pressurized fluid from upstream causes a sealing engagement at the upper
      sealing zone between the upper seat ring 28 and the upper partially
      spherical surface 16b; further, the lower sealing zone is provided by the
      force applied against the upper partially spherical surface 16b such that
      the lower partially spherical surface 16c is in sealing engagement with
      the seal ring 25 in the lower seat ring 24, which is urged upwardly by
      wavy spring 26. If for some reason the upper sealing zone is defective,
      the pressure test will still be good in that pressure will be held from
      upstream by the seal at the lower sealing zone. Therefore, if the valve
      prevents the passage of the test fluid from upstream, then either the
      upper sealing zone or the lower sealing zone or both sealing zones are
      operating effectively to block flow from upstream. And, such a result
      would indicate to the operator or user of this valve V that the valve
      would be effective at either the lower sealing zone or the upper sealing
      zone or both sealing zones to prevent the passage of flow from downstream.
      Thus the valve V may be easily and conveniently tested by the application
      of fluid from the upstream side of the valve in order to determine the
      effectiveness of the valve for blocking off increased downhole pressure.
PAR  The method of this invention is accomplished by the utilization of the
      apparatus of this invention and basically includes the steps of first
      mounting a valve element such as 16 below the swivel S in an oil or gas
      well in line with the kelly K. The valve is moved between open and closed
      positions by rotating the valve element 16 and, in order to operate the
      valve effectively and quickly, the valve element is operated from a remote
      location such as at another point on the well platform by the use of
      hydraulic power means. In this manner flow to the kelly K and drilling
      string (not shown) is regulated from a remote location. The apparatus and
      method of this invention thus removes the necessity of having an operator
      manually turn a valve mounted at the upper kelly K. For such manual
      operation of the upper kelly valves has proven to be time consuming and
      perhaps even dangerous if there is any danger such as fire present about
      the kelly K at the time that the upper kelly valve should be closed.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape and
      materials as well as in the details of the illustrated construction may be
      made without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A remotely operable valve for controlling flow of fluid through a
      rotating tubular member, comprising:
PA1  a stationary housing section comprising a generally tubular assembly;
PA1  a rotatable tubular housing section having a flow passage formed therein,
      said rotatable housing section movably mounted with said stationary
      housing section to enable relative circumferential rotation of said
      rotatable housing section with respect to said stationary housing section;
PA1  bore closure means mounted with said rotatable housing for controlling flow
      of fluid through said flow passage by movement of a flow controlling
      member to and from an open position for enabling flow of fluid through
      said flow passage and a closed position for blocking flow of fluid through
      said flow passage;
PA1  actuating means operably connecting said stationary housing section with
      said bore closure means for moving said flow control member to and from
      the open and closed position, said actuating means including;
PA1  an actuating assembly rotatable with said rotatable housing section and
      mounted for longitudinal movement with respect to said rotatable housing
      section for controlling movement of said flow controlling member, said
      actuating assembly having first and second shafts rotably mounted with
      said rotatable tubular housing section and operably engaging said flow
      controlling member on opposite sides of said member for effecting desired
      flow controlling movement of said flow controlling member when said first
      and second shafts are rotated, each of said shafts mounting a pivot pin in
      an eccentrically position with respect to the axis of rotation of said
      shaft for imparting operating movement to said flow controlling member
      when said shafts are rotated;
PA1  said actuating assembly including:
PA2  an actuating sleeve positioned about said rotatable housing section, said
      actuating sleeve being generally tubular and disposed concentrically
      outwardly of said rotatable housing section and mounted for slidable
      longitudinal movement with respect thereto;
PA2  gear means operably connecting said actuating sleeve with said first and
      second shafts for rotating said first and second shafts upon longitudinal
      movement of said actuating sleeve;
PA2  support means supporting actuating sleeve for rotation with said rotatable
      housing section and for movement longitudinally with respect thereto and
      being disposed concentrically outwardly of said rotatable housing section
      and including bearing means mounting said actuating sleeve for rotation
      with said rotatable housing section wherein said actuating sleeve is
      movable longitudinally with respect to said rotatable housing section and
      rotates therewith so that said gear means moves said flow controlling
      member between said open and said closed positions;
PA1  operating means disposed between said stationary housing section and said
      support means and operably connecting said stationary housing section and
      said actuating assembly for operably moving said actuating sleeve
      longitudinally with respect to said rotatable housing section to rotate
      said first and said second shafts to move said bore closure means to the
      open and closed positions while enabling relative circumferential rotation
      between said operating means and said actuating assembly, said operating
      means including primary power means operable from a point remote from said
      valve for moving said actuating assembly to effect movement of said flow
      controlling member to and from the open and closed position and secondary
      power means for moving said actuating assembly to effect movement of said
      flow controlling member to the closed position when said primary power
      means fails;
PA1  said actuating sleeve including an elongated slot therein; and
PA1  a disc element mounted on said rotating housing section and extending into
      said slot wherein longitudinal movement of said actuating sleeve with
      respect to said rotating housing is limited.
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ABST
PAL  Gate valve apparatus is disclosed for use with holding tanks, such as on
      recreational vehicles, which utilizes electromechanical means to open and
      to close the valve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to gate valves, and, more particularly, to
      electromechanically actuable gate valves for use on holding tanks of
      recreational vehicles.
PAR  2. Description of the Prior Art
PAR  Holding tanks on mobile homes, campers, and other types of recreational
      vehicles have been used for many years. However, heretofore, such holding
      tanks have been drained by hand-operated gate valves. That is, the user of
      the apparatus has to manually open the gate valve from the exterior of the
      vehicle and then flush the holding tank from the interior of the vehicle.
      This requires either two people, one inside and one outside the vehicle,
      or else one individual must accomplish the task by moving the outside of
      the vehicle after the gate valve is opened, to the inside of the vehicle
      to flush the holding tank out, and then moving once again to the outside
      of the vehicle, after the tank has been fully flushed, in order to
      manually close the gate valve.
PAR  Alternatively, the line is opened until the holding tank is drained, then
      the valve is closed. The holding tank is refilled by adding water, then
      the valve is opened to again drain the holding tank. This procedure is
      repeated until the holding tank is sufficiently clean to allow the
      addition of appropriate chemicals.
PAR  When a recreational vehicle drives into a campground, trailer court, or the
      like, a connection is usually available to allow drainage of the holding
      tank. After the connection is made, the gate valve must be opened to allow
      draining and flushing of the holding tank. Since both opening and closing
      of the gate valve has heretofore been accomplished manually, there is an
      added inconvenience when the opening or closing of the valve must be
      accomplished at night in the dark. The necessity for both manually opening
      and manually closing the valve is an additional inconvenience.
PAC  SUMMARY OF THE INVENTION
PAR  The invention described and claimed herein comprises a gate valve
      electromechanically actuable by a solenoid or by a motor to both the open
      and the closed positions of the valve. In addition to the
      electromechanical actuation, means are also provided for manually
      operating the valve. Several embodiments of such valve apparatus are
      described and claimed. The valve apparatus is designed for use in
      recreational vehicles for the draining or flushing of holding tanks.
      Accordingly, the valve must open completely to allow unrestricted flow
      from the holding tank and must present no impairment to any such flow.
PAR  Among the objects of the present invention are the following:
PAR  To provide new and useful valve apparatus;
PAR  To provide new and useful gate valve apparatus;
PAR  To provide new and useful electromechanically actuable valve apparatus;
PAR  To provide new and useful valve apparatus actuated by an electrical
      solenoid;
PAR  To provide new and useful valve apparatus actuable by an electric motor;
PAR  To provide new and useful valve apparatus actuable by a two-positioned
      solenoid; and
PAR  To provide new and useful valve apparatus electrically operable from a
      remote position.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an isometric view of valve apparatus embodying the present
      invention.
PAR  FIG. 2 is a view in partial section of the apparatus of FIG. 1 taken
      generally along line 2--2 of FIG. 1.
PAR  FIG. 3 is a view in partial section of the apparatus of FIG. 1 taken
      generally along line 3--3 of FIG. 1.
PAR  FIG. 4 is a view in partial section of an alternate embodiment of valve
      apparatus comprising the present invention.
PAR  FIG. 5 is a vertical view of the apparatus of FIG. 4.
PAR  FIG. 6 is a view in partial section and partially broken away of an
      alternate embodiment of apparatus comprising the present invention.
PAR  FIG. 7 is a view in partial section of a portion of the apparatus of FIG.
      6.
PAR  FIG. 8 is a view, partially broken away, of alternate valve actuation
      apparatus.
PAR  FIG. 9 is a view illustrating the apparatus of FIG. 8.
PAR  FIG. 10 is an electrical schematic diagram of the apparatus of FIGS. 1-5.
PAR  FIG. 11 is an electrical schematic diagram of the apparatus of FIGS. 6-9.
PAR  FIG. 12 is a plan view of another alternate embodiment of apparatus
      embodying the present invention.
PAR  FIG. 13 is a broken view of the apparatus of FIG. 12 taken generally along
      the line 13-13 of FIG. 12.
PAR  FIG. 14 is an isometric view of a portion of a recreational vehicle,
      partially broken away, showing the apparatus of the present invention in a
      use environment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is an isometric view of valve apparatus 10 embodying the present
      invention. The valve apparatus 10 includes a gate valve and a typical
      employment of such valve is at the holding tank of a recreational vehicle.
      The valve apparatus includes an upper housing 12 and a lower housing 14,
      secured together and to a holding tank by appropriate fastening means. A
      plurality of holes or apertures are shown in alignment with each other in
      FIG. 1. Fasteners, such as bolts, may be inserted through the apertures to
      secure the valve apparatus to the holding tank or at an appropriate
      position with respect thereto.
PAR  The upper housing 12 includes an upper valve boss 16, and the lower housing
      14 includes a lower boss 18. The valve bosses extend away from the
      respective valve housings and may be used to secure a connecting drain
      hose or the like to the valve body. The upper valve boss may extend into a
      matching portion of a holding tank. The valve bosses are generally
      circular or annular in configuration and are preferably several inches in
      diameter. Both the interior and exterior dimensions of the bosses are
      relatively standard in the industry and are designed to mate with
      appropriate drain hoses and fittings. The interior of the valve bosses
      define a channel or passage 28 through which the waste from the holding
      tank flows.
PAR  Within the interior of the bosses, and disposed in matching grooves at the
      juncture of the upper and lower housings in an annular seal 20. The seal
      is disposed about the interior periphery of the valve bosses. The seal 20
      includes an upper annulus 22 and a lower annulus 24, with a groove 26
      disposed between them. The groove 26 receives a slideable valve gate 30.
PAR  When the valve gate is in position, it sealingly is engaged by the upper
      annulus and by the lower annulus to effect a seal to prevent the flow of
      fluid through the channel 28.
PAR  The valve gate is located in an appropriate groove between the upper and
      lower housings. A rod 32 is secured to the valve gate 30 and extends from
      the valve gate to one end of a pivoting actuator rod 34. The rod 34 pivots
      about a pivot point 36 and is connected to a solenoid plunger rod 38 at a
      location remote from the rod 32. That is, the rods 32 and 38 are connected
      to opposite ends of the actuator rod 34.
PAR  The solenoid plunger rod 38 is movable within a solenoid 40. The solenoid
      40 is also located in appropriate matching grooves within the upper and
      lower housings 12 and 14.
PAR  A tension spring 42 extends from the actuator rod 34 adjacent the
      connection with solenoid plunger rod 38 to a fixed location, shown in FIG.
      1, on lower housing 14. The spring serves to provide a bias on actuator
      rod 34 to maintain the valve gate 30 in the closed position. The bias of
      the spring is opposed by actuation of the solenoid to draw the solenoid
      plunger rod 38 within the body of the solenoid 40. As the solenoid plunger
      rod is drawn into the solenoid, the actuator rod 34 pivots about pivot
      point 36 and moves the rod 32, and the valve gate 30 connected thereto,
      outwardly, or away from the groove 26. The groove 26 thus comprises a
      valve seat and movement of the valve gate out or away from the groove or
      seat thus opens the valve to allow the passage of waste water, and
      whatever else may be within the holding tank, to flow through the channel
      28 of the valve bosses.
PAR  When actuated to open the valve, the solenoid plunger rod 38 moves a
      distance sufficient to cause a corresponding movement of the actuator rod
      34 to completely withdraw the valve gate 30 out of the annular seal 20 so
      as to provide for the unimpeded flow of sewage or waste through the
      channel 28 of the valve apparatus. A manual handle 50 is shown in phantom
      connected to rod 32 for manual actuation of the valve.
PAR  The solenoid 40 includes a pair of electrical contacts 44 and 45 to which
      are connected the source of electrical power to operate the solenoid. The
      electrical system will be discussed more in detail below in conjunction
      with FIG. 10.
PAR  FIG. 2 is a sectional view of the apparatus of FIG. 1 taken generally along
      the line 2--2 of FIG. 1. The upper housing 12 and the lower housing 14 are
      shown joined together and the relative locations of the solenoid 40 and
      the seal 20 are shown. The seal 20 is disposed in a groove at the juncture
      of the upper and lower housings. The upper boss 16 and the lower boss 18
      are in alignment and the interior periphery thereof forms a channel 28
      through the valve apparatus for the flow of waste water, sewage, and the
      like.
PAR  Between the upper annulus 22 and the lower annulus 24 of the annular seal
      20 is a groove or seat 26. The valve gate 30 extends into the groove or
      seat 26 to prevent the flow of sewage through the valve apparatus.
PAR  Actuation of the solenoid 40 by appropriate switching action results in the
      movement of the solenoid rod 38 and, through the linkage shown in FIG. 1,
      the valve gate 30 moves into and away from the groove or valve seat 26 to
      open and to close the valve apparatus.
PAR  FIG. 3 is a view of the apparatus of FIG. 1 taken generally along line 3--3
      thereof. The valve apparatus 10 is shown in partial section. Upper housing
      12 and lower housing 14 are shown secured together, with valve gate 30
      extending into the groove or valve seat 26. The valve gate 30, with its
      linkage, such as rod 32 and actuator rod 34, are disposed in matching
      relieved portions 13 in upper housing and 15 in lower housing 14. The
      relieved portions 13 and 15 provide sufficient area to allow free movement
      of the valve gate with its necessary mechanical linkage.
PAR  The seal 20 is disposed at the juncture of the housings 12 and 14, with the
      upper annulus 22 located adjacent the upper valve boss 16 and the lower
      annulus 24 located adjacent lower valve boss 18. The seal 20 receives the
      valve gate 30 within the groove or seat 26.
PAR  There is shown in phantom an optical handle 50 connected to, or extending
      from the rod 32 outwardly from the housings 12 and 14. The handle may be
      used to manually open the valve apparatus in case of electrical failure or
      some other manfunction. Appropriate means may be employed to lock the
      handle 50, and thus the valve gate 30, in the open position as desired.
      When the handle is released, the bias of spring 42 acting on the actuator
      rod 34 will exert sufficient force on the actuator rod 34, and also on rod
      32 through rod 34, to close the valve gate 30 and to maintain it in a
      closed position, sealingly engaged in the groove or seat 26.
PAR  FIG. 4 is a view in partial section of an alternate embodiment of valve
      apparatus comprising the present invention. Valve apparatus 60 includes an
      upper housing 70 and a lower housing 72. The upper housing 70 includes an
      upper valve boss 74 and the lower housing 72 includes a lower valve boss
      76. The valve bosses are circular in configuration and are axially aligned
      to define a channel or passage 80 through which waste water, sewage, and
      the like flows.
PAR  At the juncture of the upper and lower housing at the respective valve
      bosses is a seal 84, circular or annular in shape, and substantially the
      same as the seal 20 of FIGS. 1, 2, and 3. The seal 84 includes an upper
      annulus 86 and a lower annulus 88. Between the upper and lower annuli is a
      valve groove or seat 90 which receives a valve gate 92.
PAR  To secure valve apparatus 60 together, there are a plurality of aligned
      apertures 62 and 64, extending respectively through the upper and lower
      housings 70 and 72. Only a single pair is shown. Well-known, appropriate
      fastening means are inserted therethrough to secure the valve apparatus
      together.
PAR  Within upper housing 70 is a relieved portion 71 and within lower housing
      72 is a relieved portion 73. The relieved portions 71 and 73 are matching
      and aligned, and they receive actuation linkage and a solenoid for
      movement and actuation of the valve gate 92. A solenoid 100 is disposed
      within the matching relieved portions of the housings. Extending through
      the solenoid 100 is a solenoid plunger rod 102 which is connected at one
      end to valve gate 92, and to a handle 94 at its other end. The portion of
      the rod 102 secured to the handle 94 extends outwardly or exteriorally of
      the housings 70 and 72. Appropriate electrical contacts, of which only
      contact 104 is shown in FIG. 4, are provided to supply electric power to
      the solenoid 100 to actuate it.
PAR  A retainer 108 is secured to the solenoid actuator rod 102 adjacent the
      valve gate 92. A compression spring 110 is disposed about the rod 102
      between the solenoid 100 and the retainer 108. The spring urges the valve
      gate, secured to the rod 102, into the valve seat or groove 90 to prevent
      the flow of fluids through the channel or passage 80 of the valve
      apparatus 60. The rod 102, adjacent handle 94, may be provided with
      appropriate dogs or protrusions 95 to hold the handle in place as desired
      for manual actuation. The dogs 95 cooperate with mating catches 97
      extending from the housings 70 and 72.
PAR  FIG. 5 is a top view of the valve apparatus 60 of FIG. 4. Upper housing 70
      is shown with upper valve boss 74 disposed thereon. The channel or passage
      80 extends through the valve apparatus and provides a passageway for the
      flow of sewage, waste water, and the like when the valve apparatus is
      employed in a use environment. The channel 80 is cylindrical in
      configuration and is defined by the respective valve bosses which extend
      through the housings. The valve gate 92 is shown extending most of the way
      across the channel 80. The valve gate 92 is sealed by the annular seal 80
      which is disposed at the juncture of the housings 70 and 72 (See FIG. 4).
PAR  The solenoid 100 is shown in phantom, and the solenoid actuator rod 102 is
      shown extending between the solenoid and the valve gate 92 from one
      portion of the solenoid, and from the other portion of the solenoid the
      actuator rod 102 is shown extending outwardly from the housings and
      terminating in a handle 94. The handle may be employed to manually open or
      close the valve. A dog 95 on the rod 102 is shown adjacent a catch 97 on
      vapor housing 70. In order to engage the dogs on the rod 102 and the
      catches 97 on the housings, the handle and rod must be twisted.
      Accordingly, there is provided some type of articulation between valve
      gate 92 and the rod 102 to allow such relative motion without twisting the
      valve gate.
PAR  Electrical contacts 104 and 105 which are used to connect electrical power
      to the solenoid 100 are shown extending from the upper housing 70. When
      the electrical power is connected to the terminals 104 and 105, the
      solenoid 100 is actuated and the solenoid actuator rod 102 is moved with
      respect to the solenoid to draw the valve gate 92 from the channel or
      passage 80, thus allowing a flow of sewage therethrough. When the
      electrical power is disconnected, the valve gate is seated again within
      the annular seal 84 to close the channel or passage 80. The closing of the
      valve gate is accomplished by the urging or bias of the spring 110 which
      extends between the solenoid and a spring retainer 108 secured to the
      solenoid actuator rod 102. If desired, the valve may be opened and closed
      manually by means of handle 94 which is secured to the valve actuator rod
      102. FIG. 6 is a view in partial section and partially broken away of an
      alternate embodiment of apparatus comprising the present invention. Valve
      apparatus 120 includes a motor actuated gate valve which pivots ninety
      degrees from a fluid passage to completely withdraw itself from the
      circular aperture through which the sewage flows. The valve is contained
      within a housing 122.
PAR  The housing 122 comprises a pair of parallel side walls 124 and 126, a back
      wall 128, which extends between the side walls at the rear of the housing,
      and a curved wall 130 which extends between the side walls 124 and 126 at
      the front of the valve apparatus 120. The housing is closed at the top by
      a top plate 132. A valve boss 134, circular in configuration, extends
      above or upwardly from the top 132. A channel or passage 136 extends
      through the top 132 and within the valve boss 134 and provides for the
      passage or the flow of sewage, waste water, and the like, through the
      valve apparatus. The valve boss and channel, both circular in
      configuration, are disposed toward the front of the top 132 and adjacent
      the front wall 130. The front wall is curved generally parallel to the
      valve boss between the respective side walls.
PAR  On the underside of the top 132 and within the housing 122 is a seal 138
      which cooperates with a movable valve gate 140 to seal the channel or
      passage 136 to prevent the flow of fluids therethrough. The seal is
      generally circular in configuration adjacent the front wall 130, but may
      be other than circular in configuration adjacent the side walls 124 and
      126 and the back wall 128. Thus it may conform to the general
      configuration of the valve gate 140, or, if desired, it may be circular in
      configuration and coaxial with the valve boss 134 and the channel 136, but
      having an enlarged diameter and circumference with respect thereto.
PAR  The valve gate 140 is movable on a pin 142 which extends through, or is
      journaled for movement in, a pair of apertures 144 in the side walls 124
      and 126 of the housing 122. The valve gate accordingly pivots from the
      fully closed situation in the upper position in which it sealingly engages
      the seal 138 on the underneath side of the top 132 of the housing 122, to
      the fully open position, which is substantially ninety degrees from the
      closed position. In the full open position, the valve gate 140 is disposed
      adjacent the back wall 128 of the housing.
PAR  The valve gate 140 is movable by a motor 150 which moves the valve gate
      through a gear train 160. The motor includes terminals 152, 153, and 154,
      which are appropriately connected to a source of electrical power through
      a switch. For convenience, a removable crank 170 may be supplied to move
      the valve gate 140 manually as desired. The open position of the valve
      gate 140 is shown in phantom in FIG. 6.
PAR  FIG. 7 is a view in partial section of a portion of the valve apparatus 120
      of FIG. 6. The view shows the valve gate 140 in the closed position
      against seal 138, thus preventing the flow of sewage through the channel
      or passage 136.
PAR  In FIG. 7, the upper portion of housing 122 is shown, including one side
      wall 126, the rear or back wall 128, the front wall 130, and the top 132.
      Valve boss 134 extends upwardly from the top 132, and the channel or
      passage 136 extends through the valve boss and the top. Seal 138 is
      disposed about the channel 136 on the underside of the top 132. In FIG. 7,
      the valve gate 140 is shown in the closed position against the seal 138.
PAR  The valve gate 140 is moved by motor 150, which may be a reversible motor
      to provide the functions of moving the gate valve both downwardly, and
      away from the passage 138 to the open position shown in phantom in both
      FIGS. 6 and 7, and upwardly from the open position, to the closed position
      as shown in FIG. 7 where the valve gate is shown disposed against seal
      138. The motor 150 moves the valve gate through gearing 160. The gearing
      includes a spur gear 162 keyed to a shaft 151 of the motor 150. The gear
      162 meshes with another spur gear 164 keyed to a shaft 167. Another spur
      gear 166, smaller in diameter than gear 164 and accordingly having less
      teeth, is also keyed to shaft 167 and accordingly moves when the gear 164
      is moved by gear 162. The gear 166 meshes with another spur gear 168 which
      is secured to the valve gate 140 on shaft 142. Thus the movement of the
      motor is transmitted through gear 162 to gear 164, and movement of gear
      164 on a common shaft 167 with gear 166 results in movement of the gear
      166. Gear 166 meshes with gear 168 which is secured to the valve gate 140
      and imparts movement to the valve gate. If desired, the valve gate 140
      could be spring biased in the upper position. Such spring biasing is well
      known in the art and is accordingly not illustrated in FIG. 7.
PAR  FIG. 8 is a view, partially broken away, of valve apparatus 200, also
      actuable by an electric motor. The valve apparatus 200 includes a valve
      shutter 202 which is substantially in the configuration of a semicircle or
      a half moon. The shutter 202 includes a circular aperture 204. When the
      valve apparatus 200 is actuated to move the shutter to the open position,
      the aperture 204 is aligned with a holding tank and with appropriate
      piping, or the like, to allow the flow of sewage therethrough. When the
      valve apparatus is moved to the closed position, the aperture 204 is moved
      out of alignment and the solid portion of the shutter 202 is aligned with
      the piping or a hose and the matching aperture in the holding tank so as
      to prevent the flow of sewage outward from the holding tank. Obviously,
      appropriate seals must be provided about the aperture in the holding tank
      so as to prevent the leakage of fluid from a holding tank around the
      shutter 202 when the valve apparatus is in the closed position.
PAR  The closed position for the apparatus 200 is as shown in FIG. 8, and the
      open position is as shown in phantom in FIG. 8. The aperture 204 and the
      shutter are moved approximately ninety degrees counter-clockwise, as shown
      in FIG. 8, to the open position to align the aperture 204 with a holding
      tank and a pipe or hose through the appropriate housing, not shown, for
      the valve apparatus 200.
PAR  The shutter 202 is moved by a motor 210 on shaft 212. The shaft 212 is
      appropriately secured to the shutter 202 and rotary movement of the motor
      210 accordingly imparts movement through the shaft 212 to the shutter 202.
      If desired, and probably preferably, the shutter 202 will include a spring
      bias to urge the shutter to the closed position so as to maintain the
      shutter in the closed position when there is no electrical power to the
      motor 210. Obviously, as in the case of the embodiment of FIGS. 6 and 7,
      the motor 210 is of the reversible type, controlled through a switch. A
      reversible motor provides movement of the shutter in two directions,
      counter-clockwise, shown in FIG. 8 in phantom in the open position, and
      from the open position shown in phantom to the closed position as
      illustrated by the solid lines in FIG. 8.
PAR  A detachable crank 214 may be used to manually move the shutter as desired.
      The crank 214 includes a square shank 216 which may be inserted in a
      matching socket 218 secured to the shaft 212 and to the shutter 202.
PAR  An alternate embodiment of the apparatus of FIG. 8 is shown in FIG. 9.
      Valve apparatus 220 includes a shutter 222 with an aperture 224 extending
      through one portion of the shutter. The shutter 222 is generally in the
      same configuration as the shutter 202 of FIG. 8, that is, in the form of a
      half circle or half moon, with the aperture 224 located in one of the
      halves of the shutter. The shutter pivots about a point on shaft 226.
PAR  The discussion regarding an appropriate seal or seals, for the shutter 202
      in FIG. 8 is appropriate for the shutter 222 in FIG. 9. Obviously,
      appropriate seal means must be provided to prevent the undesired flow of
      sewage from a holding tank or other source when the shutter 222 is in the
      closed position, as illustrated in FIG. 9. When the shutter 222 is moved
      to the open position, as shown in phantom in FIG. 9, the aperture 224 is
      aligned appropriately with a matching aperture or hole in a holding tank,
      or otherwise, or with a pipe, hose, or the like, to which the valve
      apparatus 220 is secured, and also with an appropriate drain line, hose,
      or the like, to allow the free flow of sewage or other fluid through the
      aperture and through the channel in the housing, not shown, for the valve
      apparatus 220.
PAR  The shutter 222 is moved by an electric motor 230. The motor 230 includes a
      gear 232 which meshes with gear teeth 228 on the exterior periphery of the
      shutter 222. Accordingly, as the motor 230 is actuated, the rotary
      movement of the motor is transmitted through a shaft in the motor to spur
      gear 232 which in turn moves shutter 222 by the external gear teeth on the
      shutter. In the position shown in FIG. 9, the valve apparatus is in the
      closed position. Clockwise movement of gear 232 of the motor 230 results
      in a corresponding counterclockwise rotation of the shutter 222 through
      the gear teeth 228 and the shutter is moved to the open position as shown
      in phantom in FIG. 9. In the open position, the aperture 224 is aligned as
      discussed above.
PAR  The motor 230 includes a square socket 234 which receives a crank
      substantially the same as crank 214 of FIG. 8. The crank may be used to
      manually actuate the shutter 222 as desired.
PAR  The motor 230, similar to motor 210, is a reversible motor which may be
      actuated by appropriate switch means to move the motor in both a clockwise
      and a counterclockwise direction to open and to close the valve apparatus
      220. The shutter 222 may also preferably be spring biased to the closed
      position to maintain the shutter closed when electrical power is
      disconnected from the motor 230.
PAR  FIG. 10 is a schematic representation of the electrical system required for
      the apparatus of FIGS. 1-5. The apparatus of FIG. 10 includes a typical
      solenoid S, which is substantially the same as the solenoid 40 of FIGS. 1
      and 2 and the solenoid 100 of FIGS. 4 and 5. A rod R is shown extending
      from the solenoid S and is substantially the same as the solenoid actuator
      rods 38 of FIGS. 1 and 2 and 102 of FIGS. 4 and 5. The rod R is moved in
      response to actuation of the solenoid S as current flows through the
      solenoid from an electrical source 2 as switch 4 is closed. The electrical
      source 2 is typically a battery, such as a 12volt battery normally used in
      recreational vehicles. When the switch 4 is opened, disconnecting the
      electrical source 2 from the solenoid S, the solenoid rod R is moved by
      spring action, as explained above in conjunction with FIGS. 1-5.
      Appropriate conductors are shown in FIG. 10 extending between the solenoid
      S, the electrical source 2, and the switch 4.
PAR  FIG. 11 is a schematic diagram of the electrical circuitry typical of the
      apparatus illustrated in FIGS. 6-9. It shows a motor M with a shaft T
      extending therefrom. Rotation of the motor results in rotation of shaft T
      which in turn results in rotary movement of the appropriate valve
      apparatus of FIGS. 6 and 7 and of valve apparatus of FIGS. 8 and 9. Since
      the motor M is a reversible motor, which is used to drive the valve
      apparatus, such as either the movable valve gate 140 of FIGS. 6 and 7, or
      the shutters 202 or 222 of FIGS. 8 and 9, an appropriate switch apparatus
      is required which will drive the motor in two directions, represented by
      the "close" position and the "open" position of the apparatus of FIGS.
      6-9. Accordingly, three terminals are provided for the motor M, a common
      terminal connected to an electrical source 6, and a pair of terminals
      extending to switch means 8. The electrical source 6 is typically a
      12-volt battery, as discussed above, and as is normally used in
      recreational vehicles.
PAR  The switch 8 may typically be a three position switch, spring loaded to the
      neutral or N position. When the valve apparatus is to be actuated to the
      open or on position, the switch 8 is moved to the O terminal, and when the
      valve apparatus is to be closed, the switch 8 is moved to the C or closed
      terminal. Connection of the electrical source to the respective O or C
      terminals drives the motor in the direction appropriately desired, either
      open or closed. Once the apparatus has been moved either to the open or to
      the closed position, it will remain in that position until affirmative or
      positive action is taken to cause the motor to rotate in the opposite
      direction to move the valve apparatus oppositely. When the switch 8 is
      released, it moves to the neutral or N position to disconnect the
      electrical current. If the valve apparatus is in the open position, it
      will remain in the open position until the switch is actuated to connect
      the electrical current to the C or closed terminal to rotate the motor in
      the opposite direction. When the valve apparatus is once again closed, the
      spring loaded switch will return to the N or neutral position as desired.
      An appropriate spring bias may preferably be provided to maintain the
      valve in the closed position when the electrical power has been
      disconnected from the motor.
PAR  FIG. 12 is a plan view of another alternate embodiment of apparatus
      embodying the present invention, similar to the apparatus of FIG. 9,
      except that the valve gate is movable on a rack and pinion type gearing
      arrangement and accordingly moves in a straight line. The valve apparatus
      300 includes a housing 302 which is fixed preferably to the holding tank
      of a recreational vehicle. An appropriate hose or the like interfaces with
      the apparatus to allow draining of the sewage from the holding tank
      through the hose. Obviously, appropriate seal means must be employed
      between the holding tank and the apparatus 300, and between the apparatus
      300 and a drain hose or the like.
PAR  A valve gate 304 is slidably mounted in the housing 302. The valve gate 304
      sealingly covers an aperture 306, shown in phantom, which extends through
      the housing 302. The aperture 306 comprises a channel or passage through
      which the sewage and the like from the holding tank flows when the valve
      gate 304 is moved away therefrom. Obviously, as discussed heretofore, the
      valve gate 304 will include appropriate sealing apparatus to prevent the
      undesired flow of waste water, sewage, and the like from the holding tank
      when the valve gate is in the closed position, as illustrated in FIG. 12.
PAR  The valve gate is appropriately guided and held for movement in the housing
      302 in order to allow the valve gate to move in a linear fashion on the
      plate. Movement on the valve gate is accomplished by an electric motor 308
      which includes a pinion gear 310 secured to the shaft of the motor. The
      pinion gear 310 meshes with a rack 312 disposed on one of the edges of the
      valve gate 304. As illustrated, the valve gate 304 is preferably of a
      rectangular configuration, and the rack 312 is disposed along one edge
      thereof.
PAR  While the electrical connections have been omitted from the motor 308
      illustrated in FIG. 12, it will be obvious that the circuitry associated
      therewith is substantially as illustrated in FIG. 11. That is, the motor
      308 includes appropriate switching apparatus to provide for movement of
      the valve gate 304 in two directions, one to open the passageway 306 to
      the flow of fluids and the other to close the aperture or passage 306 by
      the valve gate 304 to prevent the flow of fluids. As previously described
      in conjunction with other embodiments herein, provision may be made
      through either a crank or a cable and crank arrangement to allow the
      manual movement of the valve gate 304, as desired.
PAR  In addition to seal means required with the apparatus, it is obvious that
      appropriate fastening means may be employed to secure the housing 302 to
      the holding tank directly, or to some other member of a recreational
      vehicle associated with the holding tank. Similarly, spring means, such as
      a spiral spring around the shaft of the motor, may be employed to bias the
      valve gate to the closed position.
PAR  While the rack 312 is disposed along one edge of the valve gate 304, the
      opposite edge of the plate is appropriately disposed in a track 316, and a
      plurality of wheels 314 are secured to the plate and journaled for
      rotation within the track 316. Movement of the plate 304 is accordingly
      enhanced by the use of the rollers and the track. Obviously, additional
      guide means, such as another track, substantially parallel to track 316,
      may be provided for supporting and guiding the plate 304 adjacent the rack
      312. Such has not been shown in FIG. 12 or in FIG. 13. Moreover,
      additional bearing or roller system for the plate 304 other than disclosed
      in FIGS. 12 and 13 may be provided. Movement of the plate 304 away from
      the aperture 306 is shown in phantom in FIG. 12, including movement of the
      wheels 314 in track 316.
PAR  FIG. 13 is a view of the apparatus of FIG. 12 taken generally along line
      13--13 of FIG. 12. The valve apparatus 300 is shown in more detail, with
      respect to the plate 302 of a holding tank, and the valve gate 304 secured
      thereto with appropriate seal means disposed between the holding tank and
      the valve gate. Track 316 is secured to the plate 302 and a roller 314 is
      shown secured to the valve gate 304 and disposed guided and movable within
      the track 316.
PAR  Rack 312 is disposed on one edge of the valve gate 304 and it meshes with a
      pinion gear 310 secured to a shaft of motor 308. Movement of the motor
      results in movement of the pinion 310 and accordingly results in movement
      of the valve gate 304 with respect to the plate 302.
PAR  FIG. 14 is an isometric view of a recreational vehicle showing the valve
      apparatus disclosed herein in the use environment. A recreational vehicle
      330 is shown with a portion cut away to disclose a toilet 332 within the
      vehicle. A holding tank 334 is disposed beneath the toilet 332 and holds
      sewage therefrom, and also waste water from a shower, if such is installed
      in the vehicle, and a sink. The valve apparatus 338, of the type disclosed
      herein, is disposed beneath the holding tank 334. The valve apparatus 338
      is of the electromechanical type described herein and is actuable by a
      switch 336 secured to a wall within the recreational vehicle 330. As
      illustrated, the switch 336 is a three-position switch, of which one
      position is the neutral or "off" position. The other two positions are
      accordingly used to open and to close the valve apparatus. If desired, a
      remote controlled manually actuable mechanical crank apparatus may also be
      disposed within the vehicle to allow for the remote actuation of the valve
      apparatus by manual means.
PAR  The valve apparatus 338 shown disposed beside holding tank 334 includes
      housing means, as discussed throughout the specification, and as
      illustrated in some of the embodiments. It will be understood that the
      provision of such housing means is applicable to all embodiments,
      regardless of the specific embodiment, in order to provide a channel
      through which the sewage, waste water, and the like flows between the
      holding tank and an appropriate drain hose, and to thus confine the waste
      water, sewage, and the like as drainage and flushing of the holding tank
      is accomplished.
PAR  While the principles of the invention have been made clear in illustrative
      embodiments, there will be immediately obvious to those skilled in the art
      many modifications of structure, arrangement, proportions, the elements,
      materials, and components used in the practice of the invention, and
      otherwise, which are particularly adapted for specific environments and
      operative requirements without departing from those principles. For
      example, two way solenoids may be employed with the present invention, the
      electric motors illustrated could have automatic stops built into them to
      automatically stop the valve gates at predetermined limits, and cables
      could be used to manually crank the valve gates open from locations.
      Moreover, transformers, rectifiers, and the like may be employed as
      desired to allow use of 110 volt electrical systems in addition to the
      typical 12 volt systems used in recreational vehicles. The appended claims
      are intended to cover and embrace any and all such modifications, within
      the limits only of the true spirit and scope of the invention. This
      specification and the appended claims have been prepared in accordance
      with the applicable patent laws and the rules promulgated under the
      authority thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Electromechanical valve apparatus for use with a holding tank of a
      recreational vehicle, comprising, in combination:
PA1  housing means secured to the holding tank including a passage for the flow
      of fluids therethrough;
PA1  gate means secured to the housing means and movable with respect to the
      passage to control the flow of fluids through the passage, including a
      valve gate, a rod secured to the valve gate and movable relative thereto
      for moving the valve gate, and a handle secured to the rod for manual
      actuation of the gate means;
PA1  locking means including a portion secured to the housing and a portion
      secured to the rod engageable upon relative movement of the rod with
      respect to both the valve gate and the housing to prevent movement of the
      valve gate;
PA1  electromechanical means for moving the gate means, including a solenoid
      disposed about a portion of the rod; and
PA1  switch means for connecting and disconnecting a source of electrical energy
      to the electromechanical means.
NUM  2.
PAR  2. The apparatus of claim 1 in which the housing means comprises an upper
      housing and a lower housing; and the gate valve is slidable within the
      upper and lower housings.
NUM  3.
PAR  3. The apparatus of claim 2 in which the electromechanical means further
      includes spring means for biasing the gate valve to prevent the flow of
      fluids through the passage.
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ABST
PAL  Quieting means for a fluid flow control device is shown in connection with
      a typical pressure relief type valve. The quieting means consists of a
      stack of washer-like members or disks which cooperate to define a large
      number of finely-divided flow paths across the stack of disks. To provide
      a configuration which is very economical of space, the disks are arranged
      such that the flow path turns back and forth through different planes.
      Groups of flow paths are defined by a number of groups of two or three
      perforated disks confined between two imperforate disks. In one
      embodiment, two perforated disks having patterns of small vortical flow
      directors are positioned on opposite sides of a similar disk having a
      pattern of small orifices. By proper juxtaposition of the three disks, a
      circuitous flow pattern is established through a radial passage
      tangentially into a first vortical chamber defined by a first
      cylindrically shaped opening in one disk, axially through a small orifice
      in the orifice disk to a third cylindrically shaped opening and another
      radial passage arranged to produce an oppositely directed flow pattern
      substantially radially through said opening and axially in the opposite
      direction through another small orifice to another such cylindrically
      shaped vortical chamber and continuing in this manner across the stack of
      disks. The dimensions of the passageways and orifices are chosen such that
      the velocity of flow across any orifice never exceeds a desired limit. The
      pressure drop is shared between the vortical effects and the series
      orifices whereby the fluid velocity is reduced and controlled. The vortex
      effect minimizes the approach velocity from one orifice to another. A
      second embodiment does not use the intermediate orifice plate, but places
      two similar disks having the vortical flow-directing pattern adjacent to
      each other but nonaligned such that axial flow occurs through a section
      where the essentially cylindrical portions of the pattern on the plates
      are in registry and radial flow occurs along paths leading to and from the
      cylindrical sections. The radial flow paths are oriented such that a
      reversal in the vortical flow pattern occurs at the end of each
      cylindrical pattern.
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PAC  BACKGROUND OF THE INVENTION
PAR  In a wide variety of applications there is a need for structures to vary
      the fluid-flow rate of flowing fluids and to control pressure without the
      production of noise and vibration. The term "throttling" is generally
      applied to the function of altering or adjusting fluid flow throughout a
      range of flow rates and is generally associated with reduction in
      pressure. The various structures by which the function is performed are
      generally called "throttling valves" to distinguish them from structures
      whose function is to open and close a flow path as a step function. To the
      extent that on-off valves are not opened and closed instantaneously, so
      that throttling noise and vibration may be produced therein at the time of
      opening or closure, the invention described herein is applicable to such
      valves as well, and they are included in the term "throttling valve".
PAR  A typical control valve for handling the flowing of high pressure fluids
      employs a structure in which the cross-sectional area of the flow path is
      altered. This type of structure generally produces substantial noise and
      vibration and is quite subject to damage from cavitation. However, the
      structures employed in this arrangement are, as a class, least expensive
      and most conveniently employed. in general the noise, vibration and
      cavitation generated in orificial valves is an incident to the Venturi
      effect which attends movement of the fluid through the orificial opening.
      When the orifice has reduced cross-sectional area, or is throttled, fluid
      velocity is increased, and its pressure energy is reduced. The energy
      difference results in turbulence following the orifice where it is
      transformed into acoustic energy in the form of noise transmitted through
      the fluid and in vibration in the surrounding structure, some of which
      occurs at audible frequency. In extreme cases involving liquids, the
      turbulence results in localized pressure reductions downstream from the
      orificial restriction sufficient to form vapor spaces or pockets. The
      vapor in these spaces is returned to liquid as the vapor bubble is
      imploded by the pressure of the medium surrounding the bubble. This
      phenomenon is called cavitation and results in noise and occasional
      erosion of adjacent surfaces of the valve structure. It will be
      appreciated that there are many applications for which it is desired to
      substantially reduce both the noise and the effects of cavitation in
      operation of valves. A similar useful effect is produced when the
      resulting noise is of a magnitude and frequency such that it is not
      readily transmitted to or through the surrounding structure.
PAR  There have been many structures devised in an attempt to deal with the
      noise, vibration and possible cavitation resulting from operation of
      valves in high pressure systems. Most of these have involved some form of
      baffling means which operate in one way or another to divide the flow into
      finely divided streams. One such arrangement involves creating a baffle
      consisting of a number of successive layers of fine screen-like material
      which are held tightly together and preferably brazed since it is
      necessary to avoid mechanical vibration of the parts. Another type of
      structure which has been proposed and used to some extent includes baffles
      or sleeves of sintered metal. Both of these latter arrangements have
      proved unsuccessful for severe applications in that the amount of quieting
      provided is insufficient and, in the case of the sintered elements, there
      is some inconsistency in structure which makes the results somewhat
      unpredictable. Another type of structure which has been used consists of a
      stack of disks having tortuous passageways etched on adjacent surfaces to
      thereby provide a large number of discrete flow paths with many turns as a
      means of frictionally inhibiting the flow across the stack. This
      arrangement can provide good quieting, but since it relies essentially on
      frictional losses, performance is quite susceptible to viscosity changes
      which are an inherent result of temperature changes.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a valve using my invention.
PAR  FIG. 2 is a plan view of one of a first group of quieting elements showing
      the pattern of elongated passages therethrough for directing flow into
      vortical flow patterns.
PAR  FIG. 3 is an enlarged, fragmentary view of a stack of quieting elements
      such as those of FIG. 2.
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 3 through one
      group of quieting elements as shown in FIG. 2, including blank disks and
      showing the flow path thereacross.
PAR  FIG. 5 is a plan view of one of a second group of quieting elements showing
      the pattern of orifices therethrough.
PAR  FIG. 6 is an enlarged fragmentary plan view of a stack of quieting elements
      including an orifice disk like that of FIG. 5 positioned between two disks
      like that of FIG. 2.
PAR  FIG. 7 is a sectional view taken along line 7--7 of FIG. 6 through one
      group of quieting elements including blank disks and showing the flow path
      thereacross.
PAR  FIG. 8 is an enlarged schematic representation of a single quieting stage
      of the type shown in FIGS. 3 and 4.
PAR  FIG. 9 is an enlarged schematic representation of a single quieting stage
      of the type shown in FIGS. 6 and 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a form of relief valve used as a back pressure
      regulator is shown generally at numeral 10 having an inlet passage 12 and
      an outlet passage 14. A poppet valve member 16 is urged against a seat 18
      by means of a spring 20 held between retainer members 22 and 24. Poppet
      valve member 16 includes a plurality of openings 16a which permit flow
      into its hollow interior from a chamber 26 downstream of seat 18. As
      poppet valve 16 moves upwardly, greater amounts of registry will occur
      between other openings 16b in its side wall and a plurality of groups of
      quieting elements 28, 30, 32 and 34. Each group consists of a stack of
      disks or washer-like elements which are positioned relative to each other
      such that a number of finely divided flow paths permit flow from inside to
      outside across the disks. The disk structure and flow pattern are
      described in detail below. As the fluid flows across the stacks, it
      reaches outlet passage 14 from whence it will normally flow to a low
      pressure source, such as to a reservoir or the inlet side of a pump.
PAR  Those skilled in the art will recognize that if the valve 10 operates to
      hold fluid pressure at a fairly high level and then suddenly vents fluid
      to a substantially lower pressure, there will be a tendency for operation
      of the poppet valve 16 to be accompanied by a loud noise and, possibly,
      cavitation. In the arrangement shown, however, the resulting flow is
      divided into many fine parallel flow paths each having structure giving
      rise to numerous pressure drops, all of which are limited to pressure
      differentials such that the noise across each pressure drop is very
      slight. At the same time the control of pressure differentials results in
      avoiding cavitation with the usual damage to valve and seat structure.
PAR  Details of the disk structure appear in FIGS. 2-9. FIG. 2 is a plan view of
      a typical disk 36 used to produce the desired vortical flow
      characteristic. It will be observed that each such disk 36 includes a
      plurality of radially aligned ports 38 whose shape is such as to cause
      fluid flow moving radially to be directed into a vortical pattern. A
      better understanding of the flow pattern across a stack of disks 36 may
      result from consideration of FIGS. 3 and 4. FIG. 3 is an enlarged view of
      segments of two disks like disk 36 which are juxtaposed in such manner as
      to define many flow paths from inside to outside. The upper disk 36 is
      positioned relative to the lower disk 36' such as to define a number of
      radial flow paths. Each pair of disks 36, 36' is compressed between a pair
      of solid or blank disks 40 as shown in the sectional view, FIG. 4. Since
      the ports increase in area from inside to outside, it is apparent that the
      arrangement shown is primarily for controlling the flow of gases which
      expand in volume as pressure is reduced. High pressure fluid on the inside
      of the disk will flow into a port 42 where it is directed tangentially
      against the side wall of a cylindrical chamber into a swirling pattern and
      is then directed axially into a similar cylindrical chamber defined by a
      port in disk 38'. Here it is redirected radially along a passage 44 to the
      next cylindrical chamber where the flow is again redirected into a
      vortical flow in the opposite direction from that previously created. As a
      result of this repeated direction into vortical flow and with changes in
      flow direction each time, the fluid flow pattern is subjected to
      measurable and predictable pressure drops at each stage which operate to
      decrease pressure, but at an amount which does not give rise to
      substantial noise.
PAR  The particular flow pattern in the arrangement of FIGS. 3 and 4 is shown in
      FIG. 8 in much larger scale. Flow into an inlet 36a of small effective
      area is directed tangentially into a cylindrical chamber 36b, 36'b where
      it is given a vortical flow pattern. As it approaches the outlet 36'a, it
      is constrained to change direction as shown before exiting to the next
      stage where the pattern is essentially the same, but the vortical flow
      will be in the opposite direction. Each stage is somewhat larger in volume
      to accommodate the larger volume of gaseous flow as the gas expands with
      successive stages.
PAR  In another embodiment described with the aid of FIGS. 5, 6 and 7, the
      vortical flow pattern is modified by means of an orificial pressure drop
      across an orifice plate shown at numeral 50 in FIG. 5. This plate contains
      a plurality of orifices 52 which are positioned between the plates 36, 36'
      with the orifices in registry with the centers of the cylindrical vortical
      flow chambers. This arrangement is shown in detail in FIGS. 6 and 7
      wherein flow, as above, enters at a port 54 on the inside diameter of a
      disk 36 and is directed into a vortical pattern, flows through an orifice
      52 in plate 50 and into a corresponding cylindrical section of a port 58
      in plate 36'. The fluid then flows along the radially oriented part of
      port 58 and into the next cylindrical vortical section. Thus the flow is
      through a port into a vortical chamber in plate 36, across an orifice 52
      in orifice plate 50 into a vortical chamber port in plate 36', across
      another orifice to plate 36, etc. (See FIG. 7). This flow pattern may be
      better understood from consideration of FIG. 9 wherein the scale has been
      enlarged sufficiently to show certain detail not possible in FIGS. 5, 6
      and 7. In FIG. 9 the flow pattern consists of an inlet 36a of
      comparatively small area directing flow tangentially into a cylindrical
      portion 36b wherein a spiral flow pattern is created and which flow is
      then directed through an orifice 56 of comparatively small area. After
      passing orifice 56, flow passes into another cylindrical chamber 36b where
      it tends to flow spirally but is forced to change direction and flow out
      of outlet 36'a which has a somewhat larger area than inlet 36a. Thus the
      fluid pressure is subjected to modification because of the drop across
      orifice 56 and because of the vortical flow pattern which is continually
      reversed in direction on the downstream side of the orifice. In one
      configuration which applicant has tested, it was found that approximately
      half of the pressure modification was attributable to each of these
      effects, although the proportion may be changed with changes in dimensions
      of the respective passages, chambers and orifices.
PAR  It will be apparent that many modifications may be made within the scope of
      the present invention. Obviously, the patterns of the ports in the disks
      may be reversed where necessary so that the flow is from outside to
      inside, although where gas expansion must be provided for this is less
      efficient in terms of the number of flow paths which can be accommodated
      within specific dimensions. The numbers of groups of disks used will
      depend upon the requirements of the given installation, and the number of
      pressure drop stages across the disks will vary with the requirements for
      low noise. Thus it may appear that, for a given installation requiring
      very quiet operation, no less than five or six rows of interconnected
      ports (across the disks) will be required, whereas a requirement for
      protection from cavitation and a lower noise reduction may be satisfied by
      disks having only two or three such rows of ports (stages). And while the
      disks have been described in terms of groups of two or three separated by
      imperforate disks, it is apparent that discrete flow paths can be
      maintained without separating the groups with imperforate disks if the
      patterns are adjusted radially to avoid intercommunication. While a simple
      relief valve has been shown incorporating by invention, many kinds of
      valves, especially spool or piston-type valves, may be usefully combined
      with the quieting disk arrangement to effect quieter operation and to
      avoid or minimize valve wear due to cavitation.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a flow path including an entry opening to said flow path:
PA1  a valve means for closing said opening in variable degrees;
PA1  a means for controlling the flow through said opening comprising a stack of
      laminar members across said opening having abutting faces, including a
      first group of members having elongated passageways therethrough each of
      said passageways defining a substantially cylindrical chamber and a
      radially directed passage intersecting said cylindrical chamber
      tangentially, with adjacent pairs of said first group being positioned
      radially such that the cylindrical chambers in said adjacent members are
      axially aligned and vortical flow patterns are produced in said chambers,
      but with the said radially directed passages being connected oppositely to
      said chambers to produce reversals in direction of flow near the exit of
      each of said pairs of cylindrical chambers; and
PA1  a second group of laminar members which have no communication with said
      chambers and passages and which abut against the opposite faces of said
      first group of members to confine flow to a plurality of generally
      serpentine paths across said stack.
NUM  2.
PAR  2. A valve means as set forth in claim 1 wherein a third group of said
      members is incorporated including a single member interposed between two
      members of said first group, members of said third group having a series
      of orifices therethrough substantially smaller than said elongated
      passageways, each of said two members having the axes of its cylindrical
      chambers in registry with the axes of the orifices in said single members,
      said passages and cylindrical chambers being of cross-sectional areas
      substantially exceeding the area of said orifices.
NUM  3.
PAR  3. A valve means as set forth in claim 2 wherein said opening includes a
      plurality of parallel paths spaced from each other and sequentially
      exposed to flow as said valve means opens, each of said paths including a
      stack of said members.
PATN
WKU  039413519
SRC  5
APN  5308968
APT  1
ART  341
APD  19741209
TTL  Ball type valve with high pressure sealing capability
ISD  19760302
NCL  4
ECL  1
EXP  Weakley; Harold W.
NDR  2
NFG  8
INVT
NAM  Graham; William J.
CTY  Metairie
STA  LA
ASSG
NAM  Texaco Inc.
CTY  New York
STA  NY
COD  02
CLAS
OCL  251161
XCL  251163
EDF  2
ICL  F16K 2500
FSC  251
FSS  160;161;162;163
UREF
PNO  2076839
ISD  19370400
NAM  Heggem
OCL  251163
UREF
PNO  3033513
ISD  19620500
NAM  Vulliez
OCL  251163
UREF
PNO  3473554
ISD  19691000
NAM  King
XCL  251163
UREF
PNO  3625478
ISD  19711200
NAM  Killian
OCL  251163
LREP
FR2  Whaley; T. H.
FR2  Ries; C. G.
FR2  Dearborn; Henry C.
ABST
PAL  An improvement of a ball type valve which includes structure for
      conventional closing by quarter turn rotation of the ball, plus pressure
      sealing of the valve when closed by rocking about a tangential axis. It
      provides structure to permit both the closing and the pressure sealing,
      with less than a half turn of a control handle for each.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention concerns valves, in general, and more specifically deals
      with a ball type valve. In particular it concerns such a valve that is for
      use in high pressure or other severe conditions.
PAR  2. Description of the Prior Art
PAR  Heretofore it has been preposed that a ball type valve may be constructed
      so that the core thereof has two separate movements. One movement is for
      the main opening and closing of the principal valve passageway, and the
      other is for applying a high pressure seal after the valve has been
      primarily closed. Such a known valve structure is exemplified by a U.S.
      Pat. No. 3,515,371 issued to one R. W. King, et al on June 2, 1970.
PAR  It is an object of this invention to improve upon the foregoing prior
      structure, by providing a combination that permits actuating a ball type
      valve in such a manner as to greatly reduce the height of the valve stem
      while at the same time providing for actuating both the primary closing
      function and the pressure sealing action. At the same time it uses less
      than 180.degree. of rotation of the valve handle in accomplishing each
      action. Thus, a valve of the type under consideration is provided by this
      invention. And it is much more compact while it also avoids the necessity
      of multiple turning of the valve handle in manipulating the valve.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, this invention relates to an improvement that is in combination
      with a ball type valve for use in high pressure or severe conditions. The
      valve has a valve handle and a spherical core cooperating with a valve
      seat in a body with a fluid passage therethrough. The said core is
      rotatable about an axis transverse to said fluid passage and has an
      opening there-through for alignment with said passage when in the fully
      open position. The said core is also rotatable a limited amount about
      another axis tangential to said core for forcing the core against the said
      seat. The improvement comprises means for actuating said core with less
      than a half turn of said handle for each of said rotations.
PAR  Again briefly, the invention concerns an improvement that relates to a
      combination with a ball type valve for use in high pressure or severe
      conditions. The said valve has a spherical core cooperating with a valve
      seat in a body with a fluid passage there-through, the said core is
      rotatable about an axis transverse to said fluid passage, and it has an
      opening there-through for alignment with said passage when in the fully
      opened position. The said core is also rotatable a limited amout about
      another axis tangential to said core for forcing it against said seat. The
      invention concerns the improvement that comprises a short stem on said
      core coaxial with said transverse axis and having a diametrical groove
      across the free end thereof, and a toggle mounted in cooperative relation
      with said groove for rotating said core and stem when the toggle is
      coaxial with said stem. The said groove and toggle having matching
      cylindrical curvatures for permitting pivotal movement of the toggle about
      an axis parallel to said tangential axis. The improvement also comprises a
      sleeve for mounting said toggle rotatable therein. The said sleeve has
      pivot bearings for mounting said toggle and sleeve on said valve body, and
      the improvement comprises a valve shaft mounted for axial rotation and for
      limited longitudinal translation. The improvement also comprises a lever
      arm for actuating said shaft in rotation and incorporating an additional
      valve shaft lever for actuating said shaft in translation. The improvement
      also comprises cam means for actuating said toggle in said pivotal
      movement for rotating said core in said limited rotation about the said
      tangential axis, and tongue and groove means on said valve shaft and said
      toggle for engagement when said shaft is translated into engagement with
      said toggle for axial rotation thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and benefits of the invention will be more
      fully set forth below in connection with the best mode contemplated by the
      inventor of carrying out the invention, and in connection with which there
      are illustrations provided in the drawings, wherein:
PAR  FIG. 1 is a longitudinal cross sectional view illustrating a valve
      according to the invention, showing the parts in the positions they take
      when the valve is closed and tightly sealed;
PAR  FIG. 2 is a fragmentary cross sectional view similar to that FIG. 1 but
      showing the parts in the positions they take when the valve is closed
      prior to the tight sealing action;
PAR  FIG. 3 is another fragmentary cross sectional view like FIG. 2 but
      illustrating the valve in its fully open position;
PAR  FIG. 4 is an enlarged exploded view in perspective, illustrating the
      various actuation elements that are mounted in the cooperative
      relationship when assembled as shown in FIGS. 1, 2, and 3;
PAR  FIG. 5 is more enlarged perspective, illustrating, in an exploded
      relationship, the toggle and sleeve elements;
PAR  FIG. 6 is a side elevation of the toggle and the sleeve partly broken away
      in cross section as well as a fragmentary showing of the mounting on the
      body of the valve;
PAR  FIG. 7 is a fragmentary cross sectional view of the upper structure for the
      body of the valve, illustrating a pressure relief element which may be
      incorporated therein; and
PAR  FIG. 8 is a plan view partially broken away in cross section, illustrating
      the principal lever arm and the valve shaft lever which cooperates
      therewith.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As indicated above, there has been proposed heretofore a ball valve
      structure that combines the ordinary action for full opening and closing
      of the rotatable ball (with a 90.degree. turn) plus the action of tipping
      the ball after it is in the closed position. The latter forces a pressure
      seal to maintain the valve tight shut under high pressure or other severe
      conditions. However, such a valve involved the use of a long valve stem
      which included a multiple turn thread on the shaft. It required as many as
      20 turns of a handle to actuate the valve. On the other hand, a valve
      according to this invention is able to accomplish substantially the same
      functions while only employing a quarter turn for each of the separate
      closing and wedging actions.
PAR  Referring to the drawings, it will be noted that the total valve assembly
      is illustrated in FIG. 1. There is a valve body 11 that has a fluid
      passage 12 extending there-through. A spherical valve core 15 is centrally
      located in the passage 12 and, it has a fluid passage 16 which passes
      transversely there through. Passage 16 has substantially the same diameter
      as the passage 12 through the body of the valve.
PAR  The core 15 is rotatable in a conventional manner for 90.degree. about an
      axis that is transverse to the axis of the passage 12. This effects the
      principal opening and closing of the valve passage. Thus, when the valve
      core 15 is in the position illustrated in FIG. 2 the valve passageway 16
      is closed. But, when the core 15 is rotated 90.degree. into the position
      illustrated in FIG. 3 the passageway 16 is fully open.
PAR  Then, in a manner similar to the prior patent mentioned above, after the
      valve core 15 has been rotated to its valve closing position, it may be
      rotated a limited amount about an axis that is tangential to the sphere of
      the core 15. Such axis is parallel to the axis of the passage 16 and
      extends through a central portion of a hub 19 that is integral with the
      bottom of the core 15.
PAR  It will be appreciated that the hub 19 is coaxial with the transverse axis
      about which the core 15 is rotated during the principal opening and
      closing action, described above.
PAR  There is a circular recess 20 in the body 11 of the valve which supports
      the hub 19 and permits free rotation therein. Also, the hub 19 has curved
      surfaces 21, as illustrated in FIG. 1, in order to provide for the limited
      rotation about the tangential axis as described above.
PAR  The core 15 has a short stem 23 that is located opposite the hub 19, and is
      also coaxial with the foregoing transverse axis. The stem 23 has a groove
      24 which lies diametrically across the free end of the stem 23. However,
      it only extends far enough to accomodate the width of an end 25 on a
      toggle 27. At the same time the groove 24 has a cylindrical curved surface
      across its other dimension, which matches a cylindrical outer surface 26
      on the end 25 of the toggle 27.
PAR  It may be noted that the cylindrical curved surface 26 of the toggle 27
      fits snugly into the matching groove 24 so that when the toggle 27 is in
      its upright, or coaxial position, as illustrated in FIGS. 2 and 3, it may
      be rotated on its longitudinal axis and will thus cause the core 15 to
      rotate therewith about the above described transverse axis. On the other
      hand, there is a pivotal axis 28 for the toggle. And, when the toggle is
      pivoted thereabout, the cylindrical surface 26 and matching cylindrical
      surface of the groove 24 permit a sliding action with one another while
      the core 15 is caused to rotate thru its limited rotation about the
      tangential axis.
PAR  The toggle 27 is mounted for support from the body of the valve 11 by means
      of a sleeve 31. This sleeve 31 supports the toggle 27 for free rotation
      therein, as is clearly indicated by FIGS. 5 and 6. However, the toggle 27
      is restrained against longitudinal movement relative to the sleeve 31 by
      means of a circular groove 32 that is shown in FIGS. 5 and 6.
PAR  The sleeve 31 is firmly mounted for support from the superstructure of the
      body 11 of the valve while permitting pivotal movement in conjunction with
      the toggle 27. There is a pair of round tipped bolts 35 and 36 that are in
      threaded engagement with the sleeve 31 through a corresponding pair of
      internally threaded holes 39 and 40 respectively. The bolts 35 and 36 pass
      through holes in a pair of depending webs 43 and 44 that are an integral
      part of a sub-bonnet 45 which makes up part of the superstructure which is
      mounted on the body 11 of the valve.
PAR  The sub-bonnet 45 is firmly mounted in place on the body 11 of the valve by
      a plurality of bolts 48 that engage tapped holes 49 in the body 11 of the
      valve. Of course, the bolts 48 extend through a corresponding plurality of
      holes 50 in the sub-bonnet 45, in order that it may be bolted securely in
      place onto the body 11 of the valve.
PAR  There is a circular bonnet 53 that bolts onto the upper edge of the
      sub-bonnet 45 and is held in place by the heads of the bolts 48, in the
      manner indicated in FIGS. 1, 2 and 3. It will be noted that the heads of
      the bolts 48 are countersunk below the top surface of the bonnet 53 by
      having larger holes 52 bored down from that surface.
PAR  The bonnet 53 has a centrally located, threaded hub 54 which is an integral
      part thereof. This hub engages a pressure cap 57 which applys pressure to
      a sealing ring 58 that surrounds a short valve-shaft 61 the function of
      which will be described in greater detail hereafter.
PAR  The top of the bonnet 53 is covered by a plate 62 that has a superstructure
      65. The superstructure acts as a cap to hold a wrench 64 in place as it
      engages the end of the shaft 61. The wrench 64 has a handle 66 which acts
      as a lever arm for rotating the valve shaft 61. The wrench has a head 69
      which has a hexagonally shaped hole 68 there-through for matching by a
      sliding fit over a hexagonal upper end 70 of the valve-shaft 61.
PAR  The sub bonnet 45 has a hollow interior and there is a centrally located
      hole 73 through the bottom. The toggle 27 extends thru the hole 73 which
      is large enough to permit tipping of the toggle as it pivots about the
      axis 28.
PAR  In the surface of the bottom of the sub bonnet 45, there is a pair of short
      rectangular grooves 74 and 75. These grooves receive a pair of
      protuberances or ears 78 and 79 respectively, that extend down from the
      bottom of a cam disc 82 so as to confine the movement of this disc in a
      diametrical direction.
PAR  The cam disc 82 also has a centrally located hole 83 there-through which is
      shaped to permit the tipping or pivoting movement of the toggle 27. On the
      upper surface of the cam disc 82 there are pair of lugs 86 and 87. These
      may be attached to the cam disc 82 in any feasible manner, e.g. by having
      threaded extensions as illustrated. The lugs 86 and 87 fit slideably into
      a pair of curved cam grooves 90 and 91 respectively which are located in
      the lower surface of a rotatable cam drive member 92.
PAR  It may be noted that the cam drive member 92 fits in a freely rotatable
      manner within the hollow portion of the sub bonnet 45. Also, the cam drive
      member 92 has a concentric raised portion or hub 95, and this hub has a
      hexagonal hole 96 centrally located there-through.
PAR  Hole 96 accommodates a lower hexagonal shaped end 99 of the valve-shaft 61.
      The hexagonal hub 96 extends thru the hub 95 into a recess 100 that is
      eccentrically located relative to the cam drive member 92. The recess 100
      accomodates the upper end of the toggle 27 and also the lower end of the
      valve-shaft 61. Valve-shaft 61 has a tongue 101 that extends diametrically
      across the end of the shaft 61. This tongue is designed to fit into a slot
      104 across the upper end of the toggle 27, when the valve-shaft 61 has
      been rotated into alignment therewith. However, the dimensions of the
      parts are such that when the valve shaft 61 is raised into the disengaged
      position illustrated in FIG. 1 and FIG. 2, the lower end of the tongue 101
      does not contact the upper end of the toggle 27.
PAR  FIG. 7 shows a feasible location for a pressure relief plug 110 that may be
      inserted in the sub bonnet 45 below the bonnet 53 in order to provide for
      pressure relief for safety in disassembling the valve.
PAR  FIG. 8 illustrates the wrench 64 which has the handle 66 to provide the
      leverage for rotational forces at the valve-shaft 61. Such rotational
      force or torque is, of course, applied for both of the separate stages,
      i.e. the principal valve opening and closing operation, as well as the
      pressure sealing of the valve. The handle 66 has a shift lever 114 mounted
      thereon that has a wide handle portion 115 at the free end. The lever 114
      is formed into a yoke 116 at the other end. This yoke 116 fits over the
      inner end of the handle 66. Also, the yoke 116 connects with a pair of
      leverage links 119 and 120. These links are both pivotally supported by a
      through bolt 123 which extends through the wrench head 69. Another bolt
      124 passes thru a pair of elongated holes 126 near the end of the links
      119 and 120. These elongated holes are in alignment with a vertically
      elongated pair of holes 125 thru the wrench head 69 on both sides of the
      hexagonal hole 68 to permit freedom of relative motion between the links
      119, 120 and the bolt 124 as well as the wrench head 69. This is necessary
      because this bolt 124 also goes through a hole in the top end of the
      valve-shaft 61. By means of this arrangement, the the valve-shaft 61 may
      be shifted from the upper or disengaged position thereof to the lower or
      engaged position, relative to the toggle 27.
PAR  The attachment of the shift lever 114 to the links 119 and 120 may be
      arranged for providing disengagement in the manner illustrated, so that
      the lever 114 and its handle 115 may be folded back against the main
      handle 66 after use. Such disengagement involves the use of stud bolts 127
      and 128 that are fastened into the yoke 116. The heads of these studs are
      accomodated by the elongated holes and end slots, as illustrated, so that
      the engagement and disengagement may be carried out by longitudinal
      movement of the shift lever 114.
PAR  It will be appreciated that the valve includes a valve seat 131 which is
      mounted in the body 11 in any feasible manner. Also, if desired the core
      15 may include a hard faced ring 132 for cooperating with the seat 131 as
      the high pressure closing action is applied.
PAC  Operation
PAR  With reference to FIGS. 1, 2 and 3 in particular, the operation of the
      valve may be described as follows.
PAR  Commencing with the valve in its fully open position, as is illustrated in
      FIG. 3, the core 15 stands rotated so that the passage 16 is in alignment
      with the passage 12 through the valve. Consequently the fluid flow is
      unrestricted. Then, in order to carry out the first principal closing
      action, the valve handle 66 is rotated ninety degrees and this turns the
      valve core 15 so as to set its passage 16 across at right angles to the
      passage 12, which substantially closes the valve.
PAR  The foregoing action is accomplished with the valve-shaft 61 in its lower
      position. That position is accomplished by raising the shift lever 114
      when it is in engagement with the links 119 and 120. The links pivot about
      the bolt 123 and so force the bolt 124 down in the elongated holes 125
      while carrying the valve-shaft 61 with it.
PAR  The shifting must, of course, be carried out when the tongue 101 is in
      alignment with the slot 104 in the top of the toggle 27. After the shift
      has been made and the tongue 101 is in engagement with the groove 104 at
      the top of the toggle 27, rotation of the valve handle 66 carries the core
      15 with it.
PAR  Next the tight pressure seal of the valve core 15 is accomplished by
      carrying out limited rotation of the valve core 15 about the tangential
      axis which goes through the hub 19. This follows a shifting back of the
      valve-shaft 61 to disengage it from the toggle. Then when the valve handle
      66 is turned thru another 90.degree. rotation it will, in addition to
      causing the shaft 61 to rotate, also rotate the cam drive member 92
      because it is now engaged with the shaft 61 by the hexagonal hole 96 and
      the hexagonal end surface 99 of the shaft 61.
PAR  When the cam drive member 92 is rotated, it will cause the cam 82 to be
      shifted diametrically as the cam grooves 90 and 91 act on the lugs 86 and
      87. During this action the cam disc 82 is prevented from rotating by
      reason of the ears 78 and 79 which engage the short grooves 74 and 75
      located in the floor of the hollow interior of the sub bonnet 45. The
      lateral movement of the cam disc 82 causes a pivoting action of the toggle
      27. Consequently it is tipped from the position illustrated in FIG. 2
      toward the position illustrated in FIG. 1. Such pivoting of the toggle 27
      takes place about its pivot axis 28 which is fixed relative to the body of
      the valve.
PAR  It may be noted that the sleeve 31 is free to pivot with the toggle but
      otherwise is held securely in place by the webs 43 and 44 through which
      the pivot bolts 35 and 36 pass. However, the toggle may rotate on its own
      axis because of the circular groove 32.
PAR  When the toggle 27 and the sleeve 31 are pivoted together it forces the
      stem 23 of the core 15 over toward the valve seat 131 and thus applys a
      pressure seal to tightly close the valve under high pressure conditions.
PAR  While a particular embodiment of the invention has been described above in
      accordance with the applicable statutes, this is not to be taken as in any
      way limiting the invention but merely as being descriptive thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a ball type valve for use in high pressure or severe
      conditions, said valve having a valve handle and a spherical core
      cooperating with a valve seat in a body with a fluid passage there
      through, said core being rotatable about an axis transverse to said fluid
      passage and having an opening there through for alignment with said
      passage when in the fully open position, and said core being also
      rotatable a limited amount about another axis tangential to said core for
      forcing it against said seat, the improvement comprising
PA1  means for actuating said core with less than a half turn of said handle for
      each of said rotations,
PA1  said core actuating means comprising,
PA1  a short stem on said core coaxial with said transverse axis and having a
      diametrical groove across the free end thereof,
PA1  toggle means mounted in cooperative relation with said groove,
PA1  means for mounting said toggle means for coaxial rotation with said short
      stem,
PA1  means for pivoting said toggle means about an axis parallel to said
      tangential axis in order to force said core against said seat, and
PA1  means for alternatively rotating and pivoting said toggle means to close
      and tighten said valve.
NUM  2.
PAR  2. The invention according to claim 1, wherein said means for alternatively
      rotating and pivoting, comprises,
PA1  lever means for applying said less than half turns, and wherein:
PA1  said means for mounting said toggle means comprises a sleeve incorporating
      pivotal bearing means for said toggle to permit said pivoting, and
      wherein,
PA1  said means for pivoting said toggle means comprises cam means actuated by
      said lever means.
NUM  3.
PAR  3. The invention according to claim 2, wherein said core actuating means
      also comprises,
PA1  a valve shaft actuated by said lever means,
PA1  said valve shaft being mounted for rotation and for longitudinal
      translation into either of two positions,
PA1  means for rotating said toggle means when said shaft is in one position,
      and
PA1  means for actuating said cam means when said shaft is in the other
      position.
NUM  4.
PAR  4. In combination with a ball type valve for use in high pressure or severe
      conditions, said valve having a spherical core cooperating with a valve
      seat in a body with a fluid passage there through, said core being
      rotatable about an axis transverse to said fluid passage and having an
      opening there through for alignment with said passage when in the fully
      open position, and said core being also rotatable a limited amount about
      another axis tangential to said core for forcing it against said seat, the
      improvement comprising,
PA1  a short stem on said core coaxial with said transverse axis and having a
      diametrical groove across the free end thereof,
PA1  a toggle mounted in cooperative relation with said groove for rotating said
      core and stem when said toggle is coaxial with said stem,
PA1  said groove and toggle having matching cylindrical curvatures for
      permitting pivotal movement of the toggle about an axis parallel to said
      tangential axis,
PA1  a sleeve for mounting said toggle rotatably therein,
PA1  said sleeve having pivotal bearings for mounting said toggle and sleeve on
      said valve body,
PA1  a valve shaft mounted for axial rotation and for limited longitudinal
      translation,
PA1  a lever arm for actuating said shaft in rotation and incorporating an
      additional valve shaft lever for actuating said shaft in translation,
PA1  cam means for actuating said toggle in said pivotal movement for rotating
      said core in said limited rotation about said tangential axis, and
PA1  tongue and groove means on said valve shaft and said toggle for engagement
      when said shaft is translated into engagement with said toggle for axial
      rotation thereof.
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ABST
PAL  The embodiment of the invention disclosed herein is directed to a lifting
      jack having an upstanding hollow strut member for rotatably receiving a
      screw rod therein. The strut member has a flat front wall which forms a
      glide surface and inwardly turned portions to form a rear glide surface.
      The inwardly turned portions are spaced apart to provide a longitudinal
      opening through which extends a slide member secured to a load-lifting
      support element. The upper end of the screw rod is provided with a
      non-circular configuration having flat side wall portions and shoulder
      portions extending therefrom to be inserted into a recess formed in a
      washer which is to rotate therewith. The washer bears against a pair of
      thrust disks which are positioned between the upper end of the strut
      member and the washer. The thrust disks provide multiple thrust bearing
      surfaces for increased wearability and ease of turning under heavy loads.
      The lower portion of the screw rod is flattened to prevent unthreading of
      the screw rod from the load-bearing member. The load-lifting support
      element has spaced apart sidewall portions on opposite sides of the strut
      member and a load-bearing front wall portion and a load-bearing rearwall
      portion which are spaced from the strut member by means of glide elements
      positioned therebetween. The glide elements substantially reduce the
      amount of friction existing between the load-lifting support element and
      the strut member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to automobile lifting jacks, and more
      particularly to a screw jack.
PAR  Automobile lifting jacks heretofore have been generally of the single leg
      ratchet type having a strut member provided with ratchet teeth engaging a
      load-bearing movable member which is moved upwardly and downwardly upon
      the strut member by manipulating a ratchet mechanism. While this type of
      automobile lifting jack is generally sufficient, it has the distinct
      disadvantage of providing only incremental adjustment during the lifting
      of the automobile, this adjustment corresponding to the space between the
      teeth formed on the strut member. Furthermore, should one of the teeth
      fracture from the strut member there is the possibility of the entire
      automobile collapsing and injuring someone.
PAR  To provide a more reliable jack arrangement, a screw jack has been
      utilized. The screw jack incorporates a hollow strut member having a
      threaded shaft extending therethrough and which shaft passes through a
      threaded element engaging the load-bearing member of the jack to raise and
      lower an automobile while the threaded shaft is turned. While this type of
      automobile lifting jack provides continuous adjustment between its lower
      and upper limits they have been relatively expensive and complicated to
      manufacture. Also, in some instances screw jacks for automobile use have
      required two or three supporting legs in addition to the strut member for
      sufficient rigidity to prevent the automobile from falling off the jack.
      While single leg screw jack configurations have been developed in the past
      and provide substantial improvements over prior art type bumper jacks of
      both the ratchet and multi-leg screw types, they are relatively expensive
      to manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a new and
      improved automobile lifting jack of the screw type which is efficient and
      reliable in operation and relatively inexpensive and simple to
      manufacture.
PAR  A feature of this invention is the utilization of flat disks as thrust
      bearings and an enlarged washer engaged therewith and which washer has a
      recess formed therein to receive a non-circular configurated upper end
      portion of the screw rod for rotation therewith as the handle of the jack
      is turned.
PAR  Another feature of this invention is the utilization of a fabricated
      load-lifting member having spaced apart wall portions positioned on
      opposite sides of a strut member and front and rear load-bearing wall
      surfaces spaced from the strut member by means of a glide element
      positioned therebetween. The glide element is a relatively small flat
      low-friction material such as plastic, nylon or treated metal or the like.
PAR  Another feature of this invention is the utilization of a foot structure
      for receiving the lower end of the strut member and maintaining the strut
      member at an angle relative to the vertical in the order of about seven to
      nine degrees so that upon placing a load on the strut member the strut
      member will tend to approach the vertical position.
PAR  Still another feature of this invention is the provision of means such as
      by flattening or otherwise deforming the bottom end of the screw rod to
      prevent unthreading of the rod from the jack mechanism.
PAR  Many other objects, features and advantages of this invention will be more
      fully realized and understood from the following detailed description when
      taken in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements of components.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an automobile screw jack constructed
      in accordance with the principles of this invention;
PAR  FIG. 2 is a top view of the screw jack in FIG. 1;
PAR  FIG. 3 is a front view of the upper end of the screw jack of this invention
      illustrating the formation of the cap member thereof;
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 1; and
PAR  FIG. 5 is a detailed view of the load-bearing member and slide elements
      associated therewith for vertical linear movement along the threaded rod.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to the drawings, and particularly to FIG. 1, there is seen a
      screw lifting jack constructed in accordance with the principles of this
      invention and designated generally by reference numeral 10. The screw
      lifting jack 10 includes an upstanding hollow strut member 11 which may be
      formed of rolled steel into a somewhat C-shaped cross-section, as best
      seen in FIG. 4. The strut member 11 has a flat glide surface 11a formed
      along the front portion thereof. End portions 11b and 11c of the strut are
      turned to form a second glide surface arrangement and are maintained
      sufficiently spaced apart to form a longitudinal opening 12. A slide
      member 14 extends through the longitudinal opening 12 and has spaced apart
      circular portions 16 and 17 wrapped about a threaded screw rod 18 and are
      positioned on opposite sides of a threaded nut member 19. As the screw rod
      18 is rotated the threaded nut member 19 moves upwardly or downwardly,
      depending on the direction of rotation of the screw rod, to carry the
      slide member 14 therewith. The slide member 14 is firmly secured to a
      load-lifting member 20 by rivets or bolts or the like. The relatively
      narrow opening 12 helps protect the screw rod 18 from dirt and other
      foreign matter.
PAR  The screw rod 18 is rotatably supported within the strut member 11 at the
      upper end thereof. The upper end 18a is non-circular in configuration,
      preferably having flat sidewall portions 21 and 22 and shoulder portions
      23 and 24, as best seen in FIGS. 1 and 3. The shoulder portions 23 and 24
      are preferably beveled and fit into a non-circular recess 26 formed in a
      washer element 27 and mate with similarly beveled bottom surfaces of the
      recess. The washer element 27 therefore rotates in unison with the screw
      rod and provides a load-bearing element to be urged downwardly against a
      pair of thrust washer elements 28 and 29. The thrust washers 28 and 29 are
      positioned on top of a cap member 30 which is formed to have folded down
      side portions engaging the sidewalls of the strut member 11. A simple and
      efficient means for securing the cap member 30 to the strut member 11 is
      obtained by providing inwardly turned portions 31 and 32 on opposite sides
      of the cap member. These turned portions are bent inwardly to partially
      engage apertures 33 and 34, respectively, formed at the top end of the
      strut member 11. This structural configuration substantially also reduces
      the cost of forming a screw jack while providing means for securely
      holding the screw jack assembly together.
PAR  By providing the pair of thrust washer elements 28 and 29 between the
      washer element 27 and the cap member 30 there is provided three mating
      rotatable surfaces. Therefore, the wearability of the components is
      substantially increased without the need of ball bearings or roller
      bearings. Furthermore, the coefficient of friction between the various
      elements may vary, due to dirt and foreign matter entering between the
      bearing surfaces, and when one mating surface has increased friction
      another mating surface will provide the relative rotation therebetween.
      This provides a simple and inexpensive screw jack capable of lifting heavy
      loads while applying only a minimum amount of pressure to the screw rod.
PAR  While the thrust bearing washers 28 and 29 are free to rotate relative to
      one another and relative to their engaging surfaces of the washer 27 and
      cap member 30, respectively, the thrust washers tend to rotate primarily
      relative to one another. Therefore thrust washer 28 tends to rotate with
      the washer 27 while thrust washer 29 tends to remain stationary with the
      cap 30 so that relative movement occurs primarily only at the interface
      between the thrust washers.
PAR  A crank handle 36 has a bent end portion 37 engaging an aperture 38 formed
      in the upper end portion 18a of the screw rod 18. This handle is provided
      with a knob 39 rotatably positioned upon a bent-up portion 40 and held in
      place by a push-nut 41 inserted through an enlarged diameter recess 42.
PAR  The load-lifting member 20 includes a pad 44 positioned immediately
      adjacent an upwardly directed hook portion 46 which may be fashioned to
      engage the lower turned-in edge of an automobile bumper. The pad 44
      prevents the load-lifting member 20 from scratching or otherwise damaging
      the bumper or other automobile parts. The load-lifting member, as best
      seen in FIG. 4, includes a pair of diametrically opposed spaced apart wall
      sections 47 and 48 which may be secured together at the front end thereof
      by spot welds indicated generally by reference numeral 49, FIG. 1. The
      rear wall portion of the load-lifting member 20 is held together by rivets
      50 and wherein the spaced apart slide members 16 and 18 are secured.
PAR  Most advantageously, the load-lifting member 20 includes a lower front
      glide 52 and an upper rear glide 53 which provide an inexpensive yet
      reliable smooth bearing surface for the load-lifting member as it
      traverses the length of the strut member 11. The glide members 52 and 53
      may be formed of any relatively smooth structurally strong material such
      as nylon, Teflon, or other suitable plastics as well as metal if desired.
      The glides 52 and 53 are inserted into rectangular apertures 54 and 56,
      respectively, and provide still another means of producing a high-quality
      inexpensive screw jack for automobiles. The glide members 52 and 53
      maintain the spaced apart wall sections 47 and 48 of the load-bearing
      member 20 in an aligned condition at all times as it traverses the length
      of the strut 11. This also maintains the slide members 16 and 17 in
      substantial alignment about the screw rod 18 to prevent binding. The glide
      members 52 and 53 are held in place between the spaced apart wall portions
      47 and 48 by tabs formed at the end thereof which are inserted into slots
      formed in the wall members. The glides have enlarged dimension portions
      extending between the spaced apart wall members and are thereby captured
      therein to prevent them from dislodging. The glide member 52 is positioned
      between the front wall 11a of the strut 11 and a wall section 20a of the
      load-lifting member 20. Similarly, the glide member 53 is positioned
      between the inwardly turned rearwall forming portions 11b and 11c and a
      wall forming portion 20b of the load-lifting member 20. The tendency of
      the load-lifting member to pivot about its support engaging surface
      between the threaded member 19 and the upper circular portion 16 will
      cause the glide members 52 and 53 to accept substantial amounts of the
      load exerted on the jack. The load-bearing member 20 therefore is formed
      of an inexpensive stamping welded together as indicated by reference
      numerals 49 and arranged for movement upon the strut member 11 by sliding
      therealong with the glide members 52 and 53 providing a movable
      load-bearing surface therebetween. While the load-bearing member 20 is
      here illustrated as a sheet metal stamping, it will be understood that it
      can be formed by casting or the like. This feature also provides for a
      relatively inexpensive highly reliable jack structure.
PAR  Still another novel feature of this invention is the formation of a
      flattened or otherwise shaped end 18b of the screw rod 18 to deform the
      endmost threads formed therealong for preventing the screw rod from
      unthreading from the threaded nut member 19. This will then prevent
      inadvertent disassembly of the load-bearing member 20 from the support
      strut 11 and the screw rod 18.
PAR  To prevent the lifting jack 10 of this invention from pivoting forwardly,
      rearwardly or from side to side during the normal lifting operation of an
      automobile, the strut 11 bottom end portion is inserted into a foot member
      60 formed from a stamping to have a first recess portion 61 leading into a
      second and lowermost recess portion 62. The bottom of the strut 11 is
      provided with a column brace member 63 and is riveted or otherwise secured
      in place as indicated by reference numeral 64. A crown or cap member 66 is
      positioned over the recess 62 and is secured to the foot 60 by welding or
      the like. An opening 67 is formed in the cap and is of a size to firmly
      hold the strut member 11 relative to the foot 60 and prevent pivotal
      movement therebetween. The lower recess 62 has a slanted bottom wall
      portion 68 which has a rear wall portion 69 formed longer than a front
      wall portion 70. The extended length of the rearwall portion 69 helps
      prevent pivotal movement beyond a predetermined limited amount. In the
      illustrated embodiment the vertical axes of the lower wall 68 is in the
      order of about seven to nine degrees from the axes passing through the
      strut member. By forming the first recess 61 leading into the second
      recess 62 within the foot member improved strength and rigidity is
      obtained. To insure that the proper rearward angle is maintained, the
      depending wall portion 69 is placed forwardly of the rear portion of the
      opening 67.
PAR  What has been described is a simple and efficient high-quality low-cost
      lifting screw jack. Accordingly, it will be understood that variations and
      modifications of this invention may be incorporated without departing from
      the spirit and scope of the novel concepts disclosed and claimed herein.
CLMS
STM  The invention claimed is as follows:
NUM  1.
PAR  1. A lifting jack comprising: an upstanding hollow strut member having a
      longitudinal opening along one side, a screw rod rotatably disposed in
      said strut member, support means at the upper end of the strut member and
      screw rod for supporting the screw rod in the strut member, the support
      means including a cap secured to the top of the strut member and having a
      flat top, first and second flat disk members directly atop the cap each
      having flat bearing surfaces and a washer element directly atop the flat
      disk member, the washer element including a flat bearing surface for
      engaging a disk and a noncircular recess at least partly defined by
      bevelled bottom surfaces, the screw rod being formed with shoulder
      portions bevelled to fit into the washer element noncircular recess and
      mate with the recess bottom surfaces so as to cause the washer element to
      rotate in unison with the screw rod, the support means thereby providing a
      first planar frictional bearing interengagement plane between the directly
      and abuttively interengaging washer element and the first flat disk, a
      second planar frictional bearing interengagement plane between the
      directly and abuttively interengaging first flat disk and second flat
      disk, and a third planar frictional bearing interengagement plane between
      the directly and abuttively interengaging second flat disk and flat cap
      top, the lifting jack further including load-lifting means interconnected
      with the screw rod for movement longitudinally of the screw rod upon screw
      rod rotation, the load lifting means including spaced apart side wall
      members on opposite sides of and exterior to the strut member, and unitary
      planar glide members each fixed in the load lifting means between mounting
      slots in the side wall members and having enlarged portions extending
      between the side wall members to slidably bear against the upstanding
      strut member and encourage easy motion of the load lifting means up and
      down the strut member.
NUM  2.
PAR  2. The lifting jack as set forth in claim 1 wherein said load-lifting means
      includes slide means secured to said spaced apart wall members and
      extending through said longitudinal opening of said strut member to engage
      said screw rod, said slide means including longitudinally spaced apart
      circular portions wrapped about said screw rod, a threaded member
      positioned between said spaced apart circular portions and threadedly
      engaging said screw rod to raise and lower said load-lifting means when
      said screw rod is rotated.
NUM  3.
PAR  3. The lifting jack as set forth in claim 1 wherein said cap has bent
      portions struck therefrom and inserted into openings formed at the upper
      end of said strut member for retaining said cap in position thereon.
NUM  4.
PAR  4. The lifting jack as set forth in claim 1 wherein the bottom portion of
      said screw rod is deformed to prevent unthreading of said screw rod from
      said load-lifting means.
NUM  5.
PAR  5. The lifting jack as set forth in claim 1 wherein one glide member is
      positioned across the lower front portion of said spaced apart wall
      members and the other glide member is positioned across the upper rear
      portion of said spaced apart wall members to extend between said wall
      members and across the longitudinal opening of said strut member.
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PAL  A device for releasably holding a movable body in a given position with
      respect to another body includes a pair of opposed mutually spaced end
      walls and a pair of opposed mutually spaced fixed walls extending between
      the fixed to the end walls to form therewith a frame which surrounds a
      given space. A control plate is situated in the latter space for movement
      between the end walls in a clamping direction or in a non-clamping
      direction, and on opposite sides of the control plate are a pair of
      parallel clamping plates which are parallel to the control plate while
      being spaced therefrom. Situated between the control plate and the pair of
      clamping plates are two rows of tiltable spreading elements which in
      response to movement of the control plate in the clamping direction tilt
      to spread at least one of the clamping plates away from the other while
      maintaining the clamping plates parallel to each other with the tiltable
      spreading elements tilting in an opposite direction in response to
      movement of the control plate in the non-clamping direction to permit at
      least the movable clamping plate to move back toward the other clamping
      plate, with at least this movable clamping plate adapted to press against
      a movable body for releasably holding the latter in a given position when
      the movable clamping plate is spread away from the other clamping plate
      while when the control plate moves in the non-clamping direction the
      movable clamping plate is released for movement to a release position
      adapted to release the movable body for movement. A spring is operatively
      connected at least with the movable clamping plate to urge the latter
      toward its release position, and at least the movable clamping plate is
      completely separate from and unconnected with the frame so as to be freely
      movable with respect thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to devices for releasably holding a movable
      body in a given position with respect to another body.
PAR  Thus, the device of the present invention may be used in machine tools
      which have bodies at least one of which is movable relative to the other,
      for the purpose of releasably holding such a movable body in a
      predetermined position with respect to the other body.
PAR  The present invention relates in particular to that type of device where a
      frame is formed by a pair of opposed end walls and a pair of opposed fixed
      walls which extend between and are fixed to the end walls, with a pair of
      opposed clamping walls extending across the space between the fixed walls
      and being spreadable apart from each other to a holding position pressing
      against bodies as referred to above for releasably holding at least one
      movable body at a given position with respect to the other body.
PAR  Such a device may include between the clamping walls a control plate which
      is shiftable between the end walls in clamping and non-clamping directions
      with two rows of tiltable spreading bodies situated on opposite sides of
      the control plate and engaging the latter as well as inner surfaces of the
      clamping walls. Suitable springs act on the spreading bodies to urge the
      latter to tilt in response to movement of the control plate in a clamping
      direction for spreading at least one of the clamping walls away from the
      other so that the device will assume its position pressing against the
      movable body to releasably hold the latter at a predetermined position.
PAR  A device of the above general type is disclosed, for example, in the German
      publication DAS 16 27 043. With this known holding device the clamping
      walls form a one-piece housing with the end walls and fixed walls which
      extend therebetween. The spreading of the clamping walls apart from each
      other to provide the required clamping action is brought about by
      deformation or bending of these clamping walls which form a unit with the
      remainder of the housing.
PAR  Another type of known clamping device of the above general type is
      disclosed in German patent 1,750,592. With this type of clamping device
      the opposed clamping walls are connected with the remainder of the housing
      either by being bolted or pinned thereto, so that in this case also the
      required clamping action which is achieved by spreading of the clamping
      walls apart from each other results from deformation or bending of these
      clamping walls.
PAR  Both of the above types of known clamping devices have the disadvantage of
      providing, on the one hand, only an extremely reduced clamping force as a
      result of the required deformation of the clamping walls and on the other
      hand of producing a non-uniform clamping force which varies along each
      clamping wall depending upon the extent to which the latter is curved with
      the clamping force being practically zero at the location where the
      clamping walls are connected to the remainder of the housing.
PAR  With the second of the above known devices where the clamping walls are
      connected with the remainder of the housing by being bolted or pinned
      thereto, there is a certain advantage in the ease with which the parts are
      assembled, but on the other hand there is the disadvantage that axial
      movement will provide at the clamping wall a jamming or shearing of the
      connecting bolt or pin. In the event that this latter disadvantage occurs,
      then the spreading elements will no longer return to their initial
      positions after a clamping operation, in readiness for the next clamping
      operation, and the entire device must be completely disassembled, with
      this latter operation in itself providing the possibility of breaking of
      individual spreading elements.
PAR  The first of the above-mentioned known types of clamping devices which are
      representative of the state of the art has the further disadvantage of
      rendering the assembly of the components and in particular the
      introduction of the spring-loaded spreading elements extremely difficult
      to carry out because of the one-piece construction of the unit which
      includes the clamping walls, while the second of the above devices which
      represent the state of the art has the disadvantage of requiring a
      relatively complex construction.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      device which will avoid the above drawbacks.
PAR  In particular, it is an object of the present invention to provide a device
      of the above general type which has a simple construction and which is
      made up of components which can be easily assembled.
PAR  A further object of the present invention is to provide a device of the
      above general type which is capable of achieving a highly effective
      releasable holding force without necessitating deformation or bending of a
      clamping wall.
PAR  Furthermore it is an object of the present invention to provide a device of
      the above general type which can be manufactured as a complete unit which
      is available to be placed in its position of use without requiring
      additional components to aid in the placing of the device in its position
      of use.
PAR  According to the invention the device is adapted to be situated in a
      position of use where it is capable of releasably holding a movable body
      in a given position with respect to another body. The device of the
      invention includes a pair of spaced opposed end walls and a pair of spaced
      opposed fixed walls extending between and fixed to the end walls to form
      therewith a frame which surrounds a given space. A pair of opposed
      clamping walls extend across the latter space between the fixed walls with
      at least one of these clamping walls being completely separate from and
      unconnected to the other walls while being spreadable away from the other
      clamping wall into engagement with the movable body for releasably holding
      the latter in a desired position. These clamping walls are parallel to
      each other and situated therebetween is a movable control plate which is
      also parallel to the clamping walls, this control plate being moved by a
      suitable moving means either in a clamping direction between the end walls
      or in a non-clamping direction between the end walls. The control plate
      has a pair of opposed faces which are respectively directed toward inner
      surfaces of the clamping plates which are directed toward each other, and
      two rows of spreading means, which form mirror images of each other, are
      respectively situated on opposite sides of the control plate in engagement
      with the opposed faces thereof while having distant from the latter faces
      end surfaces respectively engaging the inner surfaces of the clamping
      walls. A plurality of spring means act on the rows of spreading means to
      urge them to tilt, in response to movement of the control plate in a
      clamping direction, in a direction which will spread at least the one
      movable clamping wall away from the other clamping wall, while maintaining
      the movable clamping wall parallel to the other clamping wall, the movable
      clamping wall in this case being spread to a holding position where it is
      adapted to press against the movable body for releasably holding the
      latter in a given position. An urging means is operatively connected at
      least with the one movable clamping wall for urging the latter to a
      release position adapted to release the movable body for movement, in
      response to movement of the control plate in the non-clamping direction
      with the rows of spreading means now tilting in the opposite direction to
      permit at least the one movable clamping wall to be displaced by the
      urging means to its release position.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a partly schematic longitudinal sectional elevation of one
      embodiment of a device according to the invention;
PAR  FIG. 2 is a longitudinal side elevation of part of the device of FIG. 1;
      and
PAR  FIG. 3 is a transverse sectional elevation of the device of FIGS. 1 and 2
      taken along line I--I of FIG. 2.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1-3, the embodiment of the invention which is
      illustrated therein includes a rigid frame 1 made up of a pair of mutually
      spaced opposed end walls 3 and 4 and a pair of opposed parallel fixed
      walls 2 which are also spaced from each other and which extend between and
      are fixed to the end walls 3 and 4. Thus these walls 2-4 form the frame 1
      which surrounds a predetermined space. The end wall 4 is formed with a
      bore passing centrally therethrough and defining a cylinder for a slidable
      piston 6. The right end of the bore which receives the piston 6, as viewed
      in FIG. 1, is fluid-tightly connected with a tubular connector element 5
      adapted to be connected with any suitable source of fluid under pressure
      which flows into the tubular connector 5 from the right toward the left,
      as designated by the arrow shown at the right of FIG. 1. Thus the fluid
      which is under pressure will act on the right face of the piston 6, as
      viewed in FIG. 1, in order to urge the latter toward the left, as viewed
      in FIG. 1, and as is indicated by the small arrows at the right face of
      the piston 6 in FIG. 1.
PAR  The piston 6 carries at its left end, opposite to the face thereof which is
      acted upon by the fluid under pressure, an elongated portion of reduced
      diameter which directly presses against the right end of an elongated
      control plate 7 so that the control plate 7 can be moved to the left, in a
      non-clamping direction, as will be apparent from the description below,
      when the piston 6 is displaced to the left, as viewed in FIG. 1. As is
      schematically indicated in FIG. 1, a compression spring 9 is in a
      compressed condition between the end wall 3 and the left end of the
      control plate 7, as viewed in FIG. 1, so that the spring 9 seeks to expand
      and move the control plate 7, together with the piston 6, to the right, as
      viewed in FIG. 1, in a clamping direction, as will be apparent from the
      description below. Thus the control plate 7 is adapted to move in the
      opposite directions indicated by the double-headed arrow in FIG. 1.
PAR  On both sides of the control plate 7, in engagement with its upper and
      lower faces, as viewed in FIG. 1, are rows of spreader means 10 which are
      tiltable and which are arranged so that the lower row of spreader means 10
      forms a mirrow image of the upper row of spreader means 10. The end
      regions of the plurality of spreader elements 10 which are distant from
      the control plate 7 respectively extend through openings of a pair of
      cages 11 carried, for example, by the end walls 3 and 4 by way of springs
      compressed between these walls and the cages. In line with their
      transverse portions, between which the openings thereof are defined, the
      cages 11 have projections which engage the free ends of a plurality of
      spring means 8 which respectively act on the plurality of spreader means
      10 for urging the latter to tilt in the clamping direction. Thus, the
      upper row of springs 8 of FIG. 1 act on the lower end regions of the upper
      row of spread elements 10 so as to tend to cause the latter to rock in the
      direction displacing the lower ends of the upper row of spreader elements
      10 toward the right, as viewed in FIG. 1, and such action takes place
      during displacement of the control plate 7 toward the right under the
      action of the spring 9 in the clamping direction. In the same way, the
      lower row of springs 8 act on the upper end regions of the lower row of
      spreader means 10 to cause the upper end regions of the latter to rock
      while moving to the right, as viewed in FIG. 1, upon displacement of the
      plate 7 in the clamping direction.
PAR  The end surfaces of the rows of spreader means 10 which are distant from
      the clamping plate 7 respectively engage inner surfaces of a pair of
      opposed clamping walls 12 which are parallel to each other as well as to
      the control plate 7 and which have no connection with the frame 1 so that
      the pair of clamping walls 12 are freely movable with respect to the frame
      1. These clamping walls 12 thus extend across the space surrounded by the
      frame 1 and the clamping walls 12 are shown in the drawings in their
      release or non-holding position where they are closest to each other and
      engage not only the extreme upper and lower end surfaces of the upper and
      lower rows of spreader means 10 but also edge regions extending
      longitudinally of the fixed plates 2, these plates 2 being respectively
      formed with elongated notches at their upper and lower edges for receiving
      the clamping walls 12 in the manner illustrated in the drawings.
PAR  An urging means is provided for urging the clamping plates 12 toward each
      other to the illustrated release position, in opposition to the tendency
      of the plurality of spreader means 10 to spread the clamping plates 12
      apart from each other under the action of the springs 8. In the
      illustrated example this urging means takes the form of a pair of wire
      springs 13 between which the fixed walls 2 are located with these wire
      springs 13 extending along the exterior of the walls 2, respectively, as
      is apparent from FIGS. 2 and 3. Each wire spring 13 has a pair of curved
      springy legs 13' and 13" which respectively terminate in free ends
      respectively received in suitable bores formed in the side edge of each
      plate or wall 12, and these legs 13' and 13" tend, due to their inherent
      resiliency, to move toward each other, as indicated by the arrows in FIG.
      2, so that the springs 13 seek to hold the walls 12 in the release
      position shown in the drawings where they are closest to each other. Thus,
      the pair of springs 13 are stronger than and overcome the force of the
      plurality of spring means 8 so as to hold the walls 12 in engagement with
      the outer ends of the spreader elements 10 and in engagement with the
      frame 1 when the parts are in the position shown in the drawings. The
      notches 14 of the fixed walls 2 which receive the side edge regions of the
      clamping walls 12 are apparent from FIGS. 1 and 2. In addition it will be
      noted that the wire springs 13 hold the clamping walls 12 in positions
      pressing inwardly against the outer ends of the spreader elements 10 so
      that in this way the springs 13 serve to maintain the components of the
      device in their assembled condition.
PAR  As is apparent from FIG. 2, each spring 13 has centrally between the legs
      13' and 13" thereof, symmetrically arranged with respect thereto, a curved
      central region which forms with the legs a pair of loops 15 and 15'. The
      walls 2 are respectively provided at their right end regions, as viewed in
      FIG. 2, with outwardly directed projections 16 and 16' which are fixed to
      the walls 2 and which are respectively received in the loops 15 and 15',
      so that in this way the springs 13 are carried by the frame 1. By way of
      this construction of the wire springs 13 in the form of springs each
      having a pair of springy legs and a pair of loops, on the one hand the
      spring action is achieved to provide the required spring force and on the
      other hand an extremely favorable assembly of the pair of springs 13 with
      the farme is achieved.
PAR  As is apparent from FIG. 3, the free ends of the legs 13' and 13" extend at
      right angles to these legs into the bores formed in the side edge regions
      of the clamping walls 12. In this way a secure connection at the walls 12
      is assured.
PAR  The plurality of spreader means 10 utilized in the device of the invention
      can, for example, advantageously take the form of the clamping or control
      bodies which are customarily used in overrunning, one-way clutches. For
      example, such clutch bodies are described in the German publication DAS
      1,300,743 . These bodies which form the plurality of spreader means 10 are
      respectively formed at their end regions adjacent the control plate 7, at
      the left sides of these end regions, as viewed in FIG. 1, with
      transversely extending grooves which are directed toward the cages 11 and
      which are formed in projecting portions of the bodies 10 which project
      toward the left, as viewed in FIG. 1, so that these parts of the bodies 10
      serve as spacer portions with the grooves serving to receive the
      intermediate bowed portions of the springs 8, as is most clearly shown in
      FIG. 3. The springs 8 have the configuration shown most clearly in FIG. 3
      according to which they have a substantially meander-shaped configuration
      with the central bowed portion of each spring 8 being joined at its free
      ends distant from the groove which receives the bowed portion to a pair of
      transversely extending free ends of each spring 8. These free ends of the
      spring 8 are received against the adjacent cage 11 next to a pair of
      opposed projections thereof. Such springs are shown, for example, in
      German patent 1,231,970 . However, it is to be understood that any other
      type of spreader body and spring arrangement can be used in the device of
      the invention, as appears to the person skilled in the art on the basis of
      his experience.
PAR  When the above-described device of the invention is to be used, it is
      placed between a pair of bodies one of which is movable relative to the
      other, although it can also be placed between a pair of bodies both of
      which move, with one of these bodies being moved relative to the other.
      Thus, the device can be situated between a pair of bodies forming part of
      a machine tool, for example, with the clamping plates or walls 12 situated
      between the bodies at least one of which is movable relative to the other.
      When the parts are in the position shown in the drawings, one or both of
      these bodies of a machine tool or the like can move freely with respect to
      the other. When one of these movable bodies reaches a predetermined
      position, the pressure of the fluid acting on the piston 6 is reduced in
      any suitable way, so that the spring 9 can expand to displace the control
      plate 7 toward the right, as viewed in FIG. 1, in the clamping direction.
      This will release the plurality of spreader means 10 to the force of the
      plurality of spring means 8, causing the plurality of spreader means 10 to
      rock and spread the pair of clamping walls 12 apart from each other as
      shown by the upwardly and downwardly directed arrows of FIG. 1. Thus, if
      both of the bodies between which the device of the invention is located
      are movable, the pair of clamping walls 12 will be spread apart from each
      other into pressing engagement with the bodies for releasably holding the
      latter in the predetermined location. On the other hand, if one of these
      bodies is fixed, then only one of the clamping walls 12 will be spread
      away from the other to a holding position pressing against the body which
      is to be releasably held in the given location. When it is desired again
      to release such a body or bodies for movement, the pressure of the fluid
      acting on the piston 6 is increased to displace the piston 6 toward the
      left, as viewed in FIG. 1, in the non-clamping or release direction, thus
      further compressing the spring 9 and enabling the spreader means 10 to
      rock back to their position shown in FIG. 1 while the springs 13 act to
      return one or both of the clamping walls 12 to the release position shown
      in the drawings. Thus, in order to bring about the clamping action it is
      only necessary to reduce the fluid pressure acting on the piston 6 to a
      value which will enable the spring 9 to expand.
PAR  Of course, it is also possible to reverse the above arrangement and to
      provide the clamping direction of movement of the control plate 7 with an
      increase in pressure of the fluid acting on the piston 6 while the spring
      9 yields and expands to return the control plate 7 in the non-clamping or
      release direction. For this purpose it is only necessary to interchange
      the locations of the walls 3 and 4 and the structure cooperating
      therewith, so that the spring 9 and the wall 3 would in this case be
      located at the right of FIG. 1 while the wall 4 together with the piston 6
      and the connector 5 would be situated at the left of FIG. 1. Also, such an
      arrangement can be provided by simply changing the assembly shown in the
      drawings so that the spreader means 10 are tilted in a direction opposite
      to that shown in FIG. 1 with the several springs 8 acting in this case on
      the right sides of the oppositely tilted elements 10, as viewed in the
      drawings. The particular arrangement which is chosen will depend upon the
      particular requirements at a given installation where the device of the
      invention is used. However the arrangement shown in FIG. 1 is preferred
      inasmuch as if there should be a sudden unforeseen drop of pressure in the
      fluid acting on the piston 6, the spring 9 will immediately act to
      displace the control plate 7 in the clamping direction, thus arresting the
      parts against any relative movement with respect to each other so that
      dangerous situations can be avoided in this way.
PAR  As is apparent from the above description, with the construction of the
      invention one or both of the clamping walls 12 is completely separate from
      the frame 1 so as to be freely movable with respect thereto. Such a
      movable clamping wall 12 is only placed in engagement with the frame 1,
      while being maintained in engagement with the spreader elements 10, by the
      action of the spring 13. It is thus apparent that one or both of the
      clamping walls 12 are capable of being spread away from each other or
      moved back toward each other while remaining parallel to each other at all
      times so that bending or deformation of a clamping wall, as is required by
      the prior art, is avoided with the present invention. Moreover, the
      undesirable influence of the clamping action achieved with such
      deformation is avoided since the holding or clamping force will be spread
      uniformly over the entire exterior clamping surface of one or both of the
      clamping walls 12. On the other hand, as a result of the fact that one or
      both of the walls 12 are separate components unconnected in any way to the
      remainder of the frame, an exceedingly simple assembly of the device is
      assured inasmuch as the separate clamping wall or walls are the last
      element or elements to be assembled with the remainder of the device. In
      this way an easy access is provided to the interior of the frame 1, as a
      result of the separate wall or walls 12, and the springs 13 serve as an
      exceedingly simple and effective means for maintaining the wall or walls
      12 assembled with the remainder of the structure. As a result of the
      forces stored in the plurality of spring means 8, the plurality of
      spreader means 10 are always in a condition of readiness for producing the
      spreading action while the forces of the springs 8 are overcome by the
      forces by the springs 13 for returning the plates 12 to their release
      position shown in the drawings. Thus, the clamping walls 12 also serve to
      maintain the plurality of spreader means 10 in a condition of readiness
      for providing the spreading action. Thus the entire assembly can be
      completed so as to provide the advantage of having a device which is in a
      completely constructed condition ready to be received in the installation
      where the device of the invention is to be used, and the assembled
      condition of the device is maintained and assured without requiring any
      additional tools or the like to be used for holding the device of the
      invention in the condition where it has the minimum dimensions shown in
      the drawing.
PAR  In the case where only one of the clamping walls 12 is unconnected from the
      remainder of the frame 1 so as to provide the releasable holding action on
      only one side of the device, the springs 13 are conveniently connected
      both to the frame and to this one clamping wall 12 which is movable with
      respect to the remainder of the frame. However in a case where both of the
      clamping walls 12 are unconnected from the remainder of the frame 1 and
      are freely movable with respect thereto, as shown in the drawings, it is
      also possible to provide an arrangement where a spring means corresponding
      to the pair of springs 13 is connected only directly between the walls 12
      so as to urge them toward each other.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a device for releasably holding at least one movable body at a given
      position with respect to another body, a pair of opposed end walls which
      are spaced from each other, a pair of opposed elongated fixed walls also
      spaced from each other and extending between and being fixed to said end
      walls for forming therewith a frame which surrounds a given space, a pair
      of opposed parallel clamping walls extending across said space between
      said fixed walls and at least one of said clamping walls being completely
      separate from and unconnected to any of the other walls so as to be freely
      movable away from the other of said clamping walls to a position where
      said one movable clamping wall is adapted to press against the movable
      body for releasably holding the latter, a control plate situated in said
      space between and extending parallel to and being spaced from said
      clamping walls with said control plate having a pair of opposed faces
      which are respectively directed toward inner surfaces of said clamping
      walls which are directed toward each other, a pair of rows of tiltable
      spreading means one of which is a mirror image of the other, said rows
      being respectively situated on opposite sides of and engaging said faces
      of said control plate and having distant from the latter end surfaces
      engaging said inner surfaces of said clamping walls, a plurality of spring
      means respectively cooperating with said spreading means for urging the
      latter to tilt, in response to movement of said control plate in a
      clamping direction between said end walls, in a direction spreading said
      one clamping wall away from the other clamping wall, while remaining
      parallel thereto, to a location adapted to press against a movable body
      for releasably holding the latter, urging means operatively connected at
      least with said one clamping wall for displacing the latter with respect
      to said fixed walls back toward the other clamping wall to a location
      adapted to release the movable body for movement, in response to movement
      of said control plate in an opposite, non-clamping direction between said
      end walls, said urging means being the only structure which maintains said
      one clamping wall assembled with the other structure and in engagement
      with said end surfaces of one of said rows of tiltable spreading means,
      and moving means operatively connected with said control plate for moving
      the latter in said clamping direction or in said nonclamping direction to
      situate at least said one movable clamping wall either in a holding
      position, adapted to hold the movable body against movement, or in a
      release position, adapted to release the body for movement, respectively.
NUM  2.
PAR  2. The combination of claim 1 and wherein said urging means cooperates with
      said movable clamping wall for urging the latter with a spring force away
      from said holding position toward said release position while maintaining
      the inner surface of said one clamping wall in engagement with one of the
      rows of spreading means.
NUM  3.
PAR  3. The combination of claim 2 and wherein said urging means includes a pair
      of wire springs respectively connected to said frame, situated outwardly
      beyond and extending along said fixed walls, and respectively having free
      ends engaging said movable clamping wall for urging the latter toward said
      release position thereof.
NUM  4.
PAR  4. The combination of claim 3 and wherein said frame has a pair of
      projections while said wire springs respectively have loops which surround
      said projections for connecting said wire springs to said frame.
NUM  5.
PAR  5. The combination of claim 1 and wherein both of said clamping walls are
      entirely separate from and freely movable with respect to said frame while
      remaining parallel to each other and both rows of said spreading means
      acting on said clamping walls for simultaneously spreading the same apart
      from each other, while maintaining said clamping walls parallel to each
      other, in response to movement of said control plate in said clamping
      direction, and said urging means being operatively connected with both of
      said clamping walls for simultaneously displacing the same inwardly toward
      each other respectively to release positions in reponse to movement of
      said control plate in said non-clamping direction, said urging means also
      forming the only structure which maintains the other of said clamping
      walls assembled with the remaining elements and in engagement with said
      end surfaces of the other of said rows of tiltable spreading means.
NUM  6.
PAR  6. The combination of claim 5 and wherein said urging means includes a pair
      of elongated wire springs between which said fixed walls are located with
      each wire spring having a pair of free ends respectively connected
      operatively with the pair of clamping walls for urging them toward each
      other.
NUM  7.
PAR  7. The combination of claim 6 and wherein each wire spring has a pair of
      elongated springy legs respectively terminating in said free ends and an
      intermediate portion extending between said legs.
NUM  8.
PAR  8. The combination of claim 7 and wherein said intermediate portion of each
      wire spring is symmetrically situated with respect to said legs thereof
      and forms with said legs a pair of loops, and said frame having
      projections respectively received in said loops for connecting said wire
      springs with said frame.
NUM  9.
PAR  9. The combination of claim 5 and wherein each clamping wall has a pair of
      opposed side edges operatively connected with free ends of said wire
      springs to be urged thereby to its release position.
NUM  10.
PAR  10. The combination of claim 1 and wherein said one movable clamping wall
      when in its release position engages and is pressed against said fixed
      walls by said urging means.
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ABST
PAL  A fail-safe cable cutter device which prevents the release or loss of an
       ect lifted by a cable through a pulley in the event the object
      accidentally strikes the pulley and is lifted beyond its safe load
      condition; i.e., the object is "two-blocked."
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to safety devices for use with power operated
      cargo hoisting equipment and particularly to devices which eliminate the
      hazards involved when the load hook is overwound to the extent that it
      engages the eye of the pulley.
PAR  During the operation of power driven load hoisting equipment, the winch
      operator must control the upper limit of movement of the load hook to stop
      the hook before it is "two-blocked," which is that condition which occurs
      when the hook is drawn into the eye of the pulley. If, through
      inadvertence or carelessness on the part of the winch operator, the load
      hook becomes "two-blocked,"  then either of two results may occur. The
      line may break and the load is dropped or, if the line does not break, the
      overhead boom upon which the pulley is mounted will collapse and both the
      boom and the load will fall. When either of these results occur, the
      safety of personnel in the area is greatly endangered and the load being
      hoisted is usually damaged. If the hoisting operation is being conducted
      over the side of a vessel, such as when raising oceanographic research
      instrumentation, the instrument package is lost over the side of the
      vessel when the line parts upon "two-blocking." In the past, various
      attempts have been made to prevent "two-blocking" by providing electrical
      switches which automatically control the extent to which a load may be
      hoisted. These switches operate to cut off the power to the winch when the
      load reaches a predetermined distance from the pulley. The electrical
      switches of this type have not been proven to be sufficiently reliable
      especially when used on shipboard load hoisting equipment where the
      switches are subjected to a corrosive salt spray which attacks the switch
      contacts and eventually renders the switch inoperative.
PAR  Further, this invention is an improvement over U.S. Pat. No. 3,446,484
      which is directed to a fail-safe cable cutter device for load hoisting
      equipment. In this patent, the safety device must be threaded onto the
      cable before attaching the object to be hoisted which requires
      considerable lost time especially where the object has already been
      attached to the cable necessitating disconnecting and reconnecting the
      cable. Further, the fail-safe device is secured to the cable by use of a
      potting compound or a mechanical clamp, not shown in the patent.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to an improved fail-safe device for load
      hoisting equipment. The device is provided with a slot along its length
      which slot is sufficiently deep to place the cable along the linear axis
      of the device when mounted onto the cable. The fail-safe device is
      automatically provided with an eccentric-anvil clamping lever assembly
      which clamps the fail-safe device onto the cable with the cable positioned
      between the cable cutter and anvil upon assembly of the device onto the
      cable. A chain secured to the lower end of the fail-safe device and to the
      instrument connected onto the cable end prevents loss of the instrument in
      the event the fail-safe device is "two-blocked."
PAR  The device operates substantially as the device of U.S. Pat. No. 3,446,484
      in order to prevent loss of the object secured to the cable. The patent
      exemplifies in FIGS. 1-4 the manner in which the device is "two-blocked"
      and saved. The cutter device of the present invention follows
      substantially the same steps as shown in the patent. Therefore, the
      operation steps, etc., of U.S. Pat. No. 3,446,484 are incorporated herein
      since they are essentially the same. The difference being in the
      construction and operation of the fail-safe cutter device.
PAR  This fail-safe cutter device has been described and shown in an article "A
      Fail-safe System to Prevent the Loss of `Two-Blocked` Oceanographic
      Instruments" by Marshall A. Paige in EXPOSURE Vol. 2, No. 1, pp 1-3, March
      1974 which is incorporated herein by reference.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWIGNS
PAR  FIG. 1 is a side view of an assembled fail-safe cutter device.
PAR  FIG. 2 is a partial cross sectional view toward one half taken along lines
      2--2 of FIG. 1 illustrating the relative parts.
PAR  FIG. 3 is a side view from the opposite direction from that of FIG. 1.
PAR  FIG. 4 is a cross sectional view of one half of the cylindrical device.
PAR  FIG. 5 is a cross sectional view of the other half-section.
PAR  FIG. 6-10 illustrates the method of securing the fail-safe cutter device
      onto the cable near an instrument to be saved.
DETD
PAC  DETAILED DESCRIPTION
PAR  Now referring to the drawings there is shown by illustration a fail-safe
      cutter device made in accordance with the teaching of this invention.
      FIGS. 1-5 illustrate different views of the cutter device, and FIGS. 6-10
      illustrate the manner in which the device is secured onto the cable. Now
      referring to FIGS. 1-5 there is shown different views of the cutter device
      wherein like reference characters represent like parts throughout the
      drawings.
PAR  The fail-safe cable cutter device 10 is formed by use of two substantially
      semi-cylindrical body sections 11 and 12 assembled together by use of
      screws, pins or bolts 13. The upper end of each section is cut at an angle
      to form a conical end section when the sections are assembled together.
      Semi-cylindrical body section 11 is formed with its circumferential
      surface having a radius slightly longer than that of its cross section, as
      shown in FIG. 4, and section 12 has an additional portion toward face 14
      equal to the measure of which section 11 is less than a complete
      semi-cylinder, as shown in sectional view of FIG. 5. Semi-cylindrical body
      section 12 also has one facial surface 15 which has a radius less than a
      semi-cylinder. The face 14 has a width which is less than the width of the
      face 15. Thus, when the two semi-cylindrical sections are secured
      together, a slot 16 is formed in one side with its center on the axis of
      the cylinder and along its length. The depth of the slot is greater than
      the radius of the cylinder in order to assemble a cable 17 along the axis
      of the cutter device. The slot should be at least as wide as the diameter
      of the cable about which the fail-safe cable cutter is secured. Section 11
      is longer in length than section 12.
PAR  Section 11 has a cutout 21 along a portion of its length to provide a flat
      face 22 parallel with the diametrical face 23 and is provided with a hole
      24 near the bottom and top of the cutout. An anvil arm 25 is rotatably
      secured along the face 23 by an eccentric pin 26 that has a hole 27
      through the end thereof to which a clamping arm 28 is secured on the
      cutout side 21 along flat face 22 by a suitable screw or pin. The clamping
      arm rotates the eccentric pin upon which the anvil is secured 180.degree.
      in order to move the anvil in a direction toward the cable when the cutter
      device is secured onto a cable. In this position the clamping arm will be
      within the cutout 21. The anvil is free to rotate about the eccentric pin
      and is held in place within the slot 16 in the device by use of a tapered
      pin 31 that fits into matching holes 24 within sections 11 and 12. Section
      11 is also provided with a U-connector 33 by which the cutter device is
      secured to an instrument by use of a chain 34 or some other suitable
      means.
PAR  Section 12 is shorter in length than section 11 and the extended face 14
      has a cutout 35 with the same depth as the width of the slot formed
      between the two sections. A cutter blade 36 is secured in the cutout
      section by screw 37 and is provided with a rounded facial surface 38 near
      the axis of the device which clamps against the cable that lies between
      the anvil and the cutter blade. The rounded facial surface is an eccentric
      with the radius at "a" less than the radius at "b" so that the frictional
      pull between the rounded surface and the cable will increase as the cable
      is pulled through the device. The cutter is provided with a cutting edge
      41 that is positioned away from the cable about 90.degree.. The cutter is
      rotated 90.degree. by action of the cable so that the cutter blade is
      forced into the cable thereby cutting the cable as the cable pulls through
      the cutter device rotating and forcing the blade to cut the cable. The
      cutter is provided with a hole 42 near screw 37 through which a shear pin
      43 fits in order to hold the cutter in place against accidental movement.
PAR  The fail-safe cutter device may be placed onto the cable near the
      instrument after the cable has been threaded through the pulley and
      connected to the instrument. FIG. 6 illustrates the cutter device placed
      along side the cable near the instrument with the slotted side toward the
      cable, with the cable between the end of the short section 12 and the
      anvil 25. The anvil 25 is substantially parallel with the cable and the
      clamping arm 28 is aligned with the length of the cutter device. The
      cutter device is rotated 90.degree. so that the cable 17 lies along the
      linear axis of the cutter device (FIG. 7). In this position, the rounded
      edge 38 of the cutter will be adjacent the cable. FIG. 8 illustrates the
      anvil being rotated 90.degree. into place within the slot 16, FIG. 9. A
      retaining pin 31 is placed in the hole 24 and through a hole 32 in the
      upper end of the anvil into hole 24 of section 12 to secure the anvil in
      place within the slot. The clamping arm 28 is rotated 180.degree. to the
      closed position within the cutout 21 simultaneously rotating the eccentric
      pin 180.degree. thereby forcing the anvil further into the slot and
      clamping the cable more firmly between the rounded edge of the cutter
      blade and the flat edge of the anvil. The anvil and cutter blade have the
      same width which is equal to or slightly wider than the diameter of the
      cable.
PAR  In use of the fail-safe cutter device, one must be insured that the
      fail-safe cutter device is secured to the instrument to be saved.
      Therefore a safety chain 34 is connected between the U-connector and the
      instrument with sufficient slack in the chain so that the instrument load
      is carried by the cable rather than the chain. Once the cable has been
      cut, there is nothing except the chain to hold the cable to the cutter
      device therefore a requirement for the chain or some such safety means.
      After connecting the chain to the instrument, the fail-safe cutter device
      is then connected to the cable as displayed by FIGS. 6-10.
PAR  The functional operation of this fail-safe cutter device is as described in
      U.S. Pat. No. 3,446,484 and shown in an operational sequence in FIGS. 1-4
      therein. Once the cutter device of this invention is "two-blocked," the
      cutter device is stopped by the pulley and the cable slides through the
      cutter device due to the pull of the winch. As the cable is pulled through
      the cutter device, the friction between the cutter blade and the cable
      causes rotational movement of the cutter blade. As the cutter blade
      rotates, the shear pin breaks permitting free rotational movement of the
      cutter blade. The cutter blade rotates by relative movement of the cable
      until the cutting edge of the blade contacts the cable. Further, movement
      of the cable forces the cutting edge into the cable further until
      sufficient movement of the cable causes the cutting edge to completely
      sever the cable. As the cut cable pulls free of the fail-safe cutter
      device, the instrument pulls the device downwardly away from the pulley
      due to the pull of gravity. The bale is in its normal position below the
      safety device thereby catching the safety device as it falls. The safety
      device is locked-in above the small end of the bale therefore the
      instrument will be suspended from the pulley as shown in U.S. Pat. No.
      3,446,484, FIG. 4.
PAR  The fail-safe cutter device may be connected with the instrument and to the
      cable with the cable already connected to the instrument. The cutter
      device is automatically secured to the cable when placed thereon,
      therefore there is no requirement for any welding, soldering, etc. There
      is no fusion of the cutter device to the cable as in the prior patent.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by letters patent of the United
      States is:
NUM  1.
PAR  1. A fail-safe cutter device for securing onto a cable and preventing loss
      of a payload due to "two-blocking" which comprises:
PA1  a cylindrical elongated member having a conical upper end section;
PA1  a first slot along the length of said cylindrical member along a diameter
      thereof with equal dimensions on each side of the diameter;
PA1  said slot extending from the outer surface through the axis of said member
      to a depth greater than the radius of said cylindrical member thereby
      forming first and second substantially semi-cylindrical sections;
PA1  said first semi-cylindrical section having a length which is less than that
      of said second section;
PA1  a second linear slot having the same width as said first slot extending
      from the opposite outer surface of said cylindrical member toward the axis
      thereof joining said first slot in alignment therewith;
PA1  a cutter secured within said second slot and adapted for rotational
      movement relative to the axis of said cylindrical member;
PA1  an anvil of substantially the same length as said second section secured at
      one end to said second semi-cylindrical section below the lower end of
      said first section for rotational movement into said first slot;
PA1  a clamping arm secured relative to said second semi-cylindrical section
      parallel with said anvil for movement relative to said second section;
PA1  an eccentric pin;
PA1  said eccentric pin securing said anvil to said second section with said
      clamping arm fixedly secured to said eccentric for rotation therewith;
PA1  means for securing said anvil within said first slot relative to said
      cutter;
PA1  whereby a cable along the axis of said cutter device will be clamped
      between said cutter and said anvil.
NUM  2.
PAR  2. A fail-safe cutter device as claimed in claim 1; wherein,
PA1  said cylindrical member is formed by two substantially semi-cylindrical
      members secured together.
NUM  3.
PAR  3. A fail-safe cutter device as claimed in claim 2; wherein,
PA1  said second slot is formed by a cutout in said first substantially
      semi-cylindrical member.
NUM  4.
PAR  4. A fail-safe cutter device as claimed in claim 3; wherein,
PA1  said cutter includes a circular portion which is normally positioned to
      clamp the cable between said circular portion and said anvil; and
PA1  a cutting edge which is normally about 90.degree. removed from said cable
      when in its non-cutting position.
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ABST
PAL  A device for mixing foam ingredients. The device comprises an arrangement
      of lands situated about a cylindrical elongated shaft-like member with
      each land having a slot therein. The slots of alternate lands are
      positioned 180.degree. from each other so that as the ingredients flow
      through the mixing chamber it flows from adjacent one side of the housing
      to the other dividing as such passes around the shaft-like member.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by an employee of the U.S.
      Government and may be manufactured and used by or for the Government for
      governmental purposes without the payment of any royalties thereon or
      therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a mixing device and more particularly to a
      device for mixing two component materials of high viscosity such as the
      components utilized to produce a polyurethane foam.
PAR  It is well known that thorough mixing of properly proportioned foam
      ingredients is essential in order that the foam have consistent and
      uniform properties throughout.
PAR  Devices have been developed for insuring that a homogeneous mixture is
      produced when combining two or more ingredients of high viscosity. One
      such device is disclosed in U.S. Pat. No. 3,361,412 granted to A. Cole,
      III on Jan. 2, 1968. This device discloses a foam mixing head which
      utilizes a plurality of lands longitudinally spaced within a mixing
      chamber with slots provided therein which alternate between adjacent
      lands. Such causes the mixture to take a circuitous path through the
      mixing chamber as the mixture flows therethrough. As can be seen in the
      Cole patent, the mixture merely follows a substantially sinusoidal path as
      it flows through the mixing chamber. While in some instances, such may be
      satisfactory for insuring that ingredients are completely mixed, it is
      often desirable to have a more thorough and tortuous mixing action.
PAC  SUMMARY OF THE INVENTION
PAR  The invention includes an apparatus for mixing ingredients which are
      normally in a fluid state for producing foam. The apparatus includes an
      elongated housing having a cylindrical bore extending therethrough. A
      mixing insert is carried within the cylindrical bore and includes an
      elongated shaft-like member. A series of longitudinally spaced radially
      extending discs or lands are carried on the shaft-like member. Each of the
      discs has a slot extending from an outer periphery thereof for passing the
      ingredients therethrough. The slots of alternate discs are positioned
      180.degree. from each other. Means is provided for supplying the
      ingredients through the elongated housing whereby the ingredients flow
      from adjacent one side of the housing to the other as it flows through the
      slots of alternate discs with the ingredients dividing as such flows
      around the shaft-like member and recombining before passing through the
      next slot.
PAR  Accordingly, it is an object of the present invention to provide an
      improved mixing insert for a foam dispensing apparatus which provides a
      more thorough mixing of ingredients.
PAR  Another important object of the present invention is to provide a mixing
      insert of simple, unitary construction which allows a foam dispensing
      device to be more easily cleaned following the operation thereof.
PAR  Still another important object of the present invention is to provide an
      insert for a foam dispensing apparatus which causes ingredients to flow
      through a tortuous path. Such also causes the mixture to be divided and
      recombined to insure complete mixing thereof.
PAR  These and other objects and advantages of the invention will become
      apparent upon reference to the following specification, attendant claims,
      and drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side, elevational view partially in section illustrating a
      mixing insert carried within a foam dispensing apparatus,
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1, and
PAR  FIG. 3 is an enlarged, perspective view illustrating an insert constructed
      in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring in more detail to FIG. 1, there is illustrated a portion of a
      conventional foam dispensing gun which includes a housing 10 having three
      passages 12, 14 and 16 extending therethrough. The passages 12 and 16 are
      utilized for the insertion of the foam ingredients into the gun. A solvent
      usually flows through the passage 14 for cleaning the gun 10. All of the
      passages 12, 14 and 16 are provided with suitable valving mechanisms, not
      shown, for controlling the flow of the ingredients and solvents
      therethrough.
PAR  The passages 12 and 16 terminate in laterally extending bores 18 and 20,
      respectively. Provided in the bores 18 and 20 are bolts 22 and 24 which
      have threaded portions 26 and 28, respectively. Intermediate portions 30
      of the bolts 22 and 24 have reduced diameters so as to provide a chamber
      between the walls of the transverse bores 18 and 20 and the walls of the
      bolts 22 and 24. A passage 32 extends from the intermediate portion of the
      bolt 22 along the axis thereof into a longitudinal chamber 36 provided
      between the inner ends of the bolts 22 and 24. The bolt 24 has a similar
      passage 34 extending therethrough. As the ingredients pass through the
      passages 12 and 16, through the passages 32 and 34, they are mixed in the
      longitudinal chamber 36. The majority of the mixing of the ingredients
      takes place in this chamber; however, in order to insure complete and
      homogeneous mixing of the ingredients, additional mixing takes place as
      the ingredients pass outwardly through the gun.
PAR  An enlarged, elongated cylindrical bore 38 is provided within a cylindrical
      end portion 40 of the housing 10. External threads 42 are provided thereon
      for accommodating a rotatable nut 44 which is used for securing a nozzle
      46 to the end of the cylindrical housing 40. The nozzle 46 has a
      longitudinal passage 48 extending therethrough which terminates in a
      radially extending flange 50. The rotatable nut engages the flange 50 for
      securing such to the barrel of the gun.
PAR  A mixing insert 52 is carried within the cylindrical bore for insuring
      complete mixing of the ingredients flowing through the gun. The mixing
      insert includes an elongated, metallic shaft-like member 54 which has a
      plurality of longitudinally spaced radially extending discs, or lands 56a
      through 56f provided thereon. Each of the discs 56b through  56f has a
      radially extending slot 58 provided therein which extends from the
      periphery of the shaft-like member 54 to the outer periphery of the disc.
      As can be seen in FIG. 3, the slots of alternate discs 56b through 56f are
      spaced 180.degree.  from each other.
PAR  In order to permit the ingredients from the mixing chamber 36 to flow into
      the mixing insert 52 an inlet passage 60 extends along the longitudinal
      axis of the shaft-like member 54 through the periphery thereof so that the
      mixture flows from the chamber 36 into the area between the first disc 56a
      and the second disc 56b. An exit passage 62 is provided between the last
      disc 56f and an enlarged flange 68 carried on the shaft-like member 54.
      Such is to permit the mixture to flow from the mixing insert 52 out a
      longitudinal bore 70 through the passage 48 provided in the nozzle 46.
PAR  In summarizing the operation of the foam dispensing gun, the ingredients
      which are to be mixed to produce the foam are fed through the passages 12
      and 16 into the first mixing chamber 36 wherein a primary mixing action
      takes place. The mixed ingredients then are fed through the passage 60
      intermediate the lands 56a and 56b. The mixture then divides with a
      portion going clockwise around the shaft-like member 54 and the remainder
      going counter-clockwise until such reaches the slot 58 provided in the
      disc shaped member 56b 180.degree. from the inlet passage 60. At this
      point, the mixture is recombined and then divides again as such is fed to
      the slot 58 provided in the disc 56c. This torturous and circuitous action
      continues until the mixture reaches the outlet passage 62. At this stage,
      the ingredients are completely mixed as a result of the flow stream
      undergoing a plurality of changes in flow direction. As can be seen, such
      mixing takes place without any moving mechanical parts.
PAR  After the mixing gun has been utilized, in order to clean the apparatus,
      the nut 44 is screwed off the barrel 40 and the nozzle 46 removed
      therefrom. The insert 52 can be removed from the longitudinal bore for
      cleaning. Solvent can be supplied through the passage 14 for cleaning the
      intermediate chamber 36.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claim.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for mixing ingredients in a fluid state for producing foam
      comprising:
PA1  an elongated housing having a cylindrical bore extending therethrough;
PA1  a mixing insert being unitary and carried within said cylindrical bore;
PA1  said mixing insert including an elongated shaft-like member;
PA1  a series of longitudinally spaced radially extending discs carried on said
      shaft-like member;
PA1  the outer diameter of each of said discs corresponding to the diameter of
      said bore;
PA1  each of said discs having a slot extending from an outer periphery of said
      disc for fluid passage therethrough;
PA1  said slots of alternate discs being positioned substantially 180.degree.
      from each other;
PA1  the entire space around said shaft-like member between said discs being
      unobstructed whereby said ingredients may flow around said shaft-like
      member in either direction;
PA1  means for supplying said ingredients into said elongated housing whereby
      said ingredients flow from one end of said housing to the other thereof as
      it flows through said slots of alternate discs with said ingredients being
      divided and recombined as it flows around said shaft-like member;
PA1  an inlet passage for said ingredients extending axially from one end of
      said shaft-like member and laterally through the periphery of said
      shaft-like member into the space between the first two discs at said one
      end of said shaft-like member;
PA1  an outlet passage for said ingredients at the other end of said shaft-like
      member beyond the last of said slotted discs extending laterally to the
      center of said shaft-like member and axially out of said other end of said
      shaft-like member.
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ABST
PAL  A method and apparatus for continuous mixing of blood plasma with
      additives, such as alcohol, comprises an elongated cylindrical chamber
      with inner and outer coolant chambers disposed adjacent thereto with an
      intermediate product chamber containing an impeller. Plasma and at least
      one additive are introduced into the product chamber in the vicinity of
      the impeller which mixes the blood plasma and additives. The blood plasma
      and additives then flow through the product chamber where they are cooled
      by a refrigerant flowing in the inner and outer cooling chambers. The
      mixed and cooled blood plasma and additives then flow from an outlet in
      the product chamber. A method is disclosed of continuously supplying a
      flow of blood plasma and desired additives in predetermined proportions
      and mixing and cooling the continuous flow of the combined blood plasma
      and additives.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to mixing, and more particularly, to a method
      and apparatus for continuous mixing of blood plasma with additives and for
      removing the heat of solution. All of this is carried out in continuous
      manner in a completely enclosed system.
PAC  BACKGROUND OF THE INVENTION
PAR  Present methods and apparatus for the mixing of blood plasma and additives
      in a process of fractionation have several important shortcomings. In the
      methods and apparatus of the art existing prior to the present invention,
      the plasma or supernatant is cooled in large jacketed vats. The amounts
      vary from one fractionator to another and several thousand liters can be
      involved at one time. Additions are slowly metered and mixing is achieved
      by stirring.
PAR  This process can taken several hours. The heat of solution is removed by a
      refrigerant which is circulated through a jacket surrounding the vat.
      There are several problems associated with this method of mixing. At the
      beginning of the procedure, there is an imbalance in the mix with the high
      concentrations of the additives being in localized spots in the vat. This
      can cause denaturization of the proteins and possible precipitation of
      unwanted proteins. The high concentrations of alcohol will cause a heat
      problem and possible denaturization of the proteins. In addition, the
      mixing process takes an extensive period of time, as long as 6 hours, and
      the whole batch of plasma is subjected to long-term alcohol
      denaturization, pyrogens and other possible damage that can cause the loss
      of the entire batch. Further, large batches of proper additives must be
      pre-cooled in order to help control the heat of solution.
PAR  Each batch of supernatant must be stored in refrigerated vats while waiting
      for the next fraction to be run. The whole process of batch
      fractionization is slow and cumbersome, requires many refrigerated vessels
      and requires constant attention and adjustment and many man-hours. Still
      another problem associated with batch mixing and handling is that frothing
      and bubbles can cause denaturization of the proteins that should be
      avoided. The system of automatically blending and handling plasma as
      described herein completely eliminates frothing.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to eliminate the
      problems existing in the prior art.
PAR  It is a further object of the present invention to provide a method and
      apparatus for the continuous rather than batch fractionation of blood
      plasma.
PAR  It is still another object of the present invention to limit the
      susceptibility of the plasma to long-term alcohol denaturization, pryogens
      and other possible damages which can occur during batch fractionization.
PAR  It is yet another object of the present invention to decrease the heat of
      the solution resulting from the present batch fractionation methods and to
      eliminate the problem of frothing experienced in batch fractionation
      methods.
PAR  These and other objects are accomplished in the present invention by
      providing a method and apparatus for the mixing and cooling of a
      continuous flow of blood plasma and desired additives, such as alcohol.
      The apparatus comprises an elongated cylindrical product chamber with
      inner and outer coolant chambers disposed internally and externally of the
      product chamber. The product chamber Plasma an impeller. Plasma and
      desired additives are introduced into the product chamber in the vicinity
      of the impeller which mixes the plasma and additives and forces the mixed
      blood plasma and additives through the remainder of the product chamber
      where it is cooled by a refrigerant flowing in the inner and outer cooling
      chambers. The mixed and cooled blood plasma and additives then flow out of
      the outlet in the product chamber.
PAR  The entire apparatus also includes means for continuously supplying the
      blood plasma to the mixing and cooling device and also preferably means
      for supplying desired additives, metered in desired amounts, dependent
      upon the flow of the plasma to the mixing and cooling device, and for
      precooling the plasma and additives prior to entry into the mixing and
      cooling device.
PAR  By using the apparatus of the present invention, a method of continuously
      mixing and cooling plasma and desired additives in a continuous flow in a
      completely enclosed system completely avoids the shortcomings of the
      present fractionators in use.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention can be more fully understood by reference to the
      detailed description of an embodiment of the invention as shown in the
      drawing wherein:
PAR  FIG. 1 shows a top plan view of the mixing apparatus of an embodiment of
      the present invention looking down in plane I--I of FIG. 2.
PAR  FIG. 2 shows a side elevational cutaway view along line II--II in FIG. 1;
PAR  FIG. 3 shows a side elevational cutaway view of a heat exchanger cooling
      apparatus of the present invention; and
PAR  FIG. 4 shows a schematic view of an embodiment of the entire apparatus of
      the present invention used for carrying out the process of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 which shows a top plan view of a mixing and cooling
      apparatus 1 of the present invention, there is shown an outer wall 8 of a
      cylindrical outer coolant chamber 10 with an inner coolant chamber
      refrigerant inlet 20 and outlet 22, and a product outlet 38 extending
      longitudinally upwards through an upper surface 11 of the outer coolant
      chamber 10. Also shown is a base 40 to which the entire apparatus is
      mounted. A product inlet 42, which contains a pair of branches 64 and 66
      for plasma supply and additive supply, is shown to enter the apparatus
      through the outer wall 8 of the outer cooling chamber 10. An outer cooling
      chamber refrigerant outlet 24 extends radially outward from the upper end
      of the cylindrical outer wall 8 of the outer coolant chamber 10.
PAR  Referring to FIG. 2, wherein like numerals indicate the same elements as in
      FIG. 1, a side elevational cutaway view of the mixing and cooling
      apparatus of FIG. 1 shows that the outer coolant chamber 10 is annular as
      defined by an inner wall. An inner coolant chamber 12 consists of an
      elongated cylindrical or tubular body 4 having closed substantially
      conical upper and lower ends.
PAR  A product chamber 6 of annular configuration is formed between the inner
      coolant chamber wall 4 and the inner wall 2 of the outer coolant chamber
      10. The product chamber 6 narrows at the upper end thereof such that the
      wall 2 runs substantially parallel to the conical portion of the inner
      coolant chamber 12 and terminates in a product outlet 38. As shown
      schematically in FIG. 2, the product outlet 38 is connected to a
      centrifugation device which causes the desired fractionization precipitate
      to be separated from the plasma and additive mixture which then continues
      to flow out of centrifugation device outlet 38'. The desired precipitate
      is collected and transported through precipitate outlet 21 to storage.
PAR  The lower end of the product chamber 6 contains an impeller 14 mounted on
      an impeller shaft 28. A product cooling coil 16 extends from the inlet 42
      and passes through the outer coolant chamber 10 to discharge a mixture of
      plasma and additives into the product chamber 6 in the vicinity of the
      impeller 14. The product inlet 18 is constructed to deliver the product
      into the product chamber 6 transversely to the longitudinal axis of the
      product chamber 6 and substantially tangential to the product chamber
      outer wall at the point of entry of the product.
PAR  The inner coolant chamber 12 is cooled by a refrigerant which is delivered
      to the inner coolant chamber through the inner coolant chamber refrigerant
      inlet 20. The refrigerant inlet 20 passes through the product chamber 6
      and therefore, O-ring seals 32, 34 are used to prevent the product in the
      product chamber from contacting the refrigerant in the inner and outer
      coolant chambers 10, 12. The inner coolant chamber refrigerant outlet 22
      consists of an elongated pipe which extends into the inner coolant chamber
      to substantially the lower extremity thereof. As with the refrigerant
      inlet 20, the refrigerant outlet 22 is provided with O-ring seals 30, 36.
      The outer coolant chamber 10 is supplied with refrigerant by the
      refrigerant inlet 24 and the refrigerant exits through an outlet 26.
PAR  In operation, the material to be fractionated and the proper additives are
      introduced into the mixing and cooling coil through the separate
      connections 64 and 66 forming the "Y" shown in FIG. 1. The material may be
      whole plasma or supernatant from a preceeding fractionation stage.
      Additives may be water, alcohol, buffers, or any combination thereof that
      will cause the desired selective precipitation of proteins.
PAR  The mixing and cooling device 1 is operated in the upright position, i.e.
      with the product outlet 38 is above the product inlet 42. This is due to
      the fact that the mixing and cooling device 1 depends to a certain extent
      on gravity to assist in the mixing process and also the fact that having
      the product inlet 42 below the product outlet 38 assures that the mixing
      and cooling device 1 is always full of liquid product. No air, liquid or
      solids can then become entrapped in the mixing and cooling device 1. This
      facilitates start-up since no means are required to insure the system is
      purged of air on start-up.
PAR  As this mixture passes through the cooling coil 16, heat of solution is
      partially removed. The cooling coil 16 is connected to the product chamber
      6 at a height equal to approximately the axial center line of the impeller
      blade 14.
PAR  It will be noted that the cooling coil 16 could be eliminated from the
      mixing and cooling device 1 without significantly modifying the present
      invention. The mixing and cooling device 1, in that event would be less
      efficient; however, since the heat of solution created by joining the flow
      of the plasma and additives in the product inlet 42 is not instantaneous,
      and part of this heat of solution is removed in the cooling coil 16 prior
      to the product entering the product chamber 6 where final mixing and
      cooling occurs. The impeller 14 rotates against the flow of the material
      entering the product chamber 6 and the blades of the impeller 14 may be so
      constructed as to force the entering material down towards the lower
      extremity of the product chamber. Also, the direction of rotation of
      impeller 14 is not essential, however, it has been found that rotation
      against the flow of the entering product provides better mixing.
PAR  It has been found that an eight-blade impeller 14 rotating at a speed of 28
      rpm will give a gentle agitation without causing frothing of the plasma
      which can be detrimental to the proteins. Of course, the impeller 14 could
      have blades constructed so as to force the entering material upwardly
      through the chamber 6 and toward the product outlet 38.
PAR  Coolant flow is directed to the inner and outer coolant chambers through
      the refrigerant inlets and outlets, respectively, 20, 24 and 22, 26. Of
      course, coolant may be introduced into either the inlet or the outlet for
      either of the coolant chambers; however, it is preferred to have the
      coolant flow in an opposite direction to the flow in the product chamber
      6. This gives a better heat exchange characteristic of the heat exchanger
      portion of the mixing and cooling device 1.
PAR  An embodiment of a heat exchanger cooling device 100 of the present
      invention is shown in FIG. 3. The product chamber 76 of the heat exchanger
      cooling device 100 is formed between the inner coolant chamber 85 and the
      outer coolant chamber 80. The inner coolant chamber 85 has an outer wall
      74 and the outer coolant chamber 80 has an inner wall 72, with the product
      chamber 76 being deviced therebetween. Plasma or additive are inserted
      into the heat exchanger cooling device 100 through an inlet 82 and
      extracted therefrom through an outlet 99. The outer coolant chamber 80 has
      an outer wall 78. As in the mixing and cooling device 1 there is a need to
      protect the plasma or additive in the product chamber 76 from the
      refrigerant in the inner and outer coolant chambers 85, 80. O-ring seals
      92, 94 and 96, 98 are therefore provided for respectively the inner
      coolant chamber refrigerant inlet 90 and outlet 86. Plasma or additives
      are supplied from respective sources into a line which forms the inlet 82.
      Refrigerant is supplied to the inner and outer coolant chambers 85, 80 by,
      respectively, the refrigerant inlets 90, 84 and the refrigerant outlets
      86, 88. In this embodiment the refrigerant is shown to flow in the same
      direction as the product flows through the heat exchanger portion of the
      cooling device 100, although refrigerant could flow through the heat
      exchanger cooling device 100 in a direction counter to the flow of the
      plasma or additive if desired.
PAR  In either the mixing and cooling device 1 or the heat exchanger cooling
      device 100 the flow rates of the plasma and additives, the transition time
      of the plasma and additives through the mixing and cooling device 1 and
      the heat exchanger cooling device 100 and the temperatures used within the
      mixing and cooling device 1 and the heat exchanger cooling device 100
      depend upon several variables. The flow handling capabilities of the
      apparatus depend on chamber and pipe sizes and the amount of pressure
      build-up desired to be allowed in the mixing and cooling chamber and the
      heat exchanger cooling device. The transit time in the product chambers 6,
      76 depends on the volume of the product chamber 6, 76 and the flow rate at
      which the plasma-additive mix is being delivered to the mixing and cooling
      device 1 and the plasma or additive are being delivered to the heat
      exchanger cooling device 100. The temperatures used in the device depend
      upon the alcohol content of the mixture. For example, starting plasma
      without any alcohol additives must be kept about freezing. With
      approximately 40% alcohol, however, the mix can be taken to -20.degree.C.
      or lower without freezing.
PAR  FIG. 4 shows an entire system of the present invention. The system is for
      the continuous mixing and cooling of a constant flow of plasma and
      additives in a completely enclosed system. Plasma is supplied from the
      plasma supply vat 44 to the system by the plasma supply pump 46 through
      the plasma supply flow meter 48 and the plasma supply heat exchanger 50.
      The outlet of the plasma supply heat exchanger flows into the plasma
      supply line 64.
PAR  Additives such as buffers, alcohol, or water are supplied from the additive
      supply vat 54 to the system through the additive supply pump 56 through
      the additive supply flow meter 58. The additives are also pumped through
      the additive supply heat exchanger 60 which has an additive supply heat
      exchanger outlet temperature monitor 62. Both the plasma supply heat
      exchanger 50 and the additive supply heat exchanger 60 may be constructed
      similarly to the heat exchanger cooling device 100 of FIG. 3.
PAR  With the use of the continuous flow system of the present invention
      containing plasma heat exchanger 50 and one or more additive heat
      exchangers 60, the need in the existing art to maintain the plasma supply
      vat 44 or the additive supply vat 54 (or plurality of additive supply vats
      59 as desired) at a reduced temperature below room temperature is
      eliminated. The continuous flow method, in addition, eliminates the need
      in the existing art of fractionization process to keep the room
      temperature reduced while the plasma and additives are mixing in the open
      vat normally used in the existing art.
PAR  The outlet of the additive supply heat exchanger 60 flows into the additive
      supply line 66. The plasma supply line 64 and the additive supply line 66
      are joined together to form a product inlet 42 of the mixing and cooling
      cell 1 of the present invention. Also shown in FIG. 4 is the flow ratio
      controller 68. The flow ratio controller has two inputs from the plasma
      flow meter 48 and from the additive flow meter 58. Dependent upon a
      desired ratio between the plasma flow and the additive flow, the flow
      ratio controller will compare the plasma flow and the additive flow to the
      desired proportions and alter the additive flow as necessary by changing
      the speed of the additive flow pump 56.
PAR  The plasma heat exchanger outlet temperature monitor 52, the additive heat
      exchanger outlet temperature monitor 62 and the mixing and cooling device
      outlet temperature monitor 70 can be used to manually or automatically
      control the refrigerant flow respectively to the plasma supply heat
      exchanger 50, the additive supply heat exchanger 60 and the product mixing
      and cooling device 1 in order to maintain desired temperatures in the
      respective parts of the system.
PAR  Of course, the system shown in FIG. 4 can be modified to include a
      plurality of additive supply vats 54 with associated pumps 56, meters 58,
      heat exchangers 60 and temperature monitors 62. In this event, a plurality
      of flow ratio controllers 68 would be provided to control the ratio of
      flow of a particular additive to the flow of plasma.
PAR  This is shown in phantom in FIG. 4 where the additional additive supply
      vats 54, pumps 56, flow meters 58, heat exchanger cooling devices 60,
      additive temperature gauges 62 and ratio flow controllers 68 are indicated
      by primes.
PAR  The process of the present invention using the apparatus disclosed herein
      automatically blends the plasma and additives in a continuous flowthrough
      basis. The pre-set ratios are monitored and maintained by a closed loop
      control system including the ratio flow controller 68. The process
      eliminates the necessity to pre-cool the plasma and additives in the
      storage vats 44, 54 to control the heat of solution. Additives can be
      introduced into the system used in the process at ambient temperatures
      from the additive storage vat 54. This eliminates the need for additional
      refrigerated tanks and refrigerant required in devices and process of the
      existing art. The entire process can be carried out with room temperature
      external to all of the components of the system in contrast to the
      requirement in the existing art that the process of fractionization be
      carried out in a room having reduced temperature.
PAR  It can be readily seen from the above description that the apparatus and
      system of the present invention provides for a system and method of
      continuous flow mixing and cooling of plasma and desired additives which
      avoids the shortcomings of the batch type fractionation systems of the
      prior art.
PAR  It will be obvious to those skilled in the art that various changes may be
      made without departing from the scope of the invention and the invention
      is not to be considered limited to what is shown in the drawings and
      described in the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for the continuous mixing of blood plasma with additives
      such as alcohol and for cooling said mixture comprising;
PA1  a first product chamber having first and second ends;
PA1  a first inner coolant chamber coaxially disposed internal to said first
      product chamber;
PA1  a first outer coolant chamber coaxially disposed external to said first
      product chamber;
PA1  input means for introducing plasma and at least one additive such as
      alcohol into said first product chamber at said first end thereof;
PA1  means for mixing the plasma and the additive, said means being located in
      said first product chamber near the first end thereof;
PA1  first inlet means and first outlet means for creating a flow of refrigerant
      through said first inner coolant chamber;
PA1  second inlet means and second outlet means for creating a flow of
      refrigerant through said first outer coolant chamber; and
PA1  a product outlet connected to said first product chamber at said second end
      thereof.
NUM  2.
PAR  2. The apparatus according to claim 1, wherein said input means includes;
PA1  a plasma supply pipe;
PA1  an additive supply pipe;
PA1  a product cooling coil connected to said plasma supply pipe and said
      additive supply pipe, said product cooling coil being contained within
      said outer coolant chamber and having a discharge opening into said
      product chamber at said one end thereof.
NUM  3.
PAR  3. The apparatus according to claim 2 wherein said discharge end is
      attached to said first product chamber such that the flow of the plasma
      and additive is essentially tangential to the inner surface of said first
      product chamber and essentially transverse to the longitudinal axis of
      said first product chamber.
NUM  4.
PAR  4. The apparatus according to claim 2 further including:
PA1  a plasma supply system connected to said plasma supply pipe;
PA1  an additive supply system connected to said additive supply pipe;
PA1  said plasma supply system including:
PA1  a plasma supply vat;
PA1  a plasma supply pump the inlet of which is connected to said plasma supply
      vat;
PA1  a plasma flow meter having an inlet connected to the outlet of said plasma
      supply pump, and an outlet;
PA1  a plasma heat exchanger having an inlet connect to said outlet of said
      plasma flow meter, and an outlet connected to said plasma supply pipe;
PA1  said additive supply system including:
PA1  an additive supply vat;
PA1  an additive supply pump the inlet of which is connected to said additive
      supply vat;
PA1  an additive flow meter having an inlet connected to the outlet of said
      additive supply pump, and an outlet;
PA1  an additive heat exchanger having an inlet connected to said outlet of said
      additive flow meter, and an outlet connected to said additive supply pipe;
      and
PA1  means, connected to said plasma flow meter and said additive flow meter,
      for regulating the flow of the additive dependent upon the flow of the
      plasma from said plasma supply pump.
NUM  5.
PAR  5. The apparatus according to claim 4 wherein said plasma heat exchanger
      and said additive heat exchanger are each comprised of
PA1  a second product chamber having first and second ends
PA1  a second inner coolant chamber axially disposed internal to said second
      product chamber;
PA1  a second outer coolant chamber axially disposed external to said second
      product chamber;
PA1  inlet means for introducing a fluid into said second product chamber at
      said first end thereof;
PA1  output means for extracting said fluid from said second product chamber at
      said second end thereof;
PA1  third inlet means and third outlet means for creating a flow of refrigerant
      through said second inner coolant chamber; and
PA1  fourth inlet means and fourth outlet means for creating a flow of
      refrigerant through said second outer coolant chamber.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said mixing means comprises an impeller
      rotatably mounted in said first product chamber at said first end thereof
      and driving means for rotating said impeller.
NUM  7.
PAR  7. The apparatus according to claim 6 wherein said impeller has a plurality
      of blades and rotates in a direction opposite to the direction of the flow
      of plasma and additive into said first product chamber.
NUM  8.
PAR  8. The apparatus according to claim 6 wherein said impeller has a plurality
      of blades and rotates in the same direction as the direction of the flow
      of plasma and additive into said product chamber.
NUM  9.
PAR  9. The apparatus according to claim 1 further including at least one heat
      exchanger cooling device comprising:
PA1  a second product chamber having first and second ends;
PA1  a second inner coolant chamber axially disposed internal to said second
      product chamber;
PA1  a second outer coolant chamber axially disposed external to said second
      product chamber;
PA1  inlet means for introducing a fluid into said second product chamber at
      said first end thereof;
PA1  output means for extracting said fluid from said second product chamber at
      said second end thereof;
PA1  third inlet means and third outlet means for creating a flow of refrigerant
      through said second inner coolant chamber; and
PA1  fourth inlet means and fourth outlet means for creating a flow of
      refrigerant through said second outer coolant chamber.
NUM  10.
PAR  10. The apparatus to claim 9 wherein said input means is spaced below said
      product outlet, and
PA1  said inelt means is spaced below said outlet means.
NUM  11.
PAR  11. The apparatus according to claim 9 wherein said at least one heat
      exchanger cooling device includes first and second heat exchanger cooling
      devices; and
PA1  said fluid flowing through said first heat exchanger cooling device is
      plasma, and said fluid flowing through said second heat exchanger cooling
      device is an additive.
NUM  12.
PAR  12. The apparatus according to claim 9 wherein said at least one heat
      exchanger cooling device includes a first heat exchanger cooling device
      and a plurality of second heat exchanger cooling devices; and
PA1  said fluid flowing through said first heat exchanger cooling device is
      plasma, and said fluid flowing through each of said plurality of second
      heat exchanger devices is selected from a plurality of desired additives.
NUM  13.
PAR  13. The apparatus according to claim 1 wherein said input means is spaced
      below said product outlet.
NUM  14.
PAR  14. A method of mixing and cooling plasma and at least one additive
      including the steps of:
PA1  continuously supplying a flow of plasma to the bottom of a vertically
      disposed mixing and cooling heat exchanger having a central coolant
      chamber and an outer chamber, said coolant chambers being separated by an
      annular flow passageway;
PA1  continuously supplying a flow of at least one desired non-gaseous additive,
      in a proportion dependent upon the flow of plasma, to the bottom of said
      mixing and cooling heat exchanger;
PA1  continuously mixing said plasma and said non-gaseous additive;
PA1  continuously feeding the mixture of plasma and additive upwardly through
      said annular flow passageway between said coolant chambers to cool said
      mixture; and
PA1  continuously withdrawing a product, consisting of mixed and cooled plasma
      and said at least one desired additive, from said mixing and cooling heat
      exchanger.
NUM  15.
PAR  15. A device for use in blood plasma fractionation for continuously cooling
      blood plasma without entrapment of air, comprising:
PA1  an annular product passageway having a top end and a bottom end;
PA1  an inner coolant chamber coaxially disposed internal to said annular
      product passageway;
PA1  an outer coolant chamber coaxially disposed external to said annular
      product passageway;
PA1  inlet means at said bottom end of said annular passageway for introducing
      blood plasma into said annular passageway;
PA1  outlet means at the upper end of said annular passage for removing said
      plasma from said annular passageway;
PA1  first refrigerant inlet means and first refrigerant outlet means for
      passing refrigerant into and out of said first coolant chamber; and
PA1  second refrigerant inlet means and second refrigerant outlet means for
      passing refrigerant into and out of said second outer coolant chamber.
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ABST
PAL  A method and apparatus for mixing viscous materials in a double arm mixer
      having a container with a pair of spaced apart shafts pivotably disposed
      through the container and a plurality of mixing plows connected to the
      periphery of each shaft in spaced apart relationship. When the shafts are
      rotated in opposite directions, the working tools force the viscous
      material to the bottom of the container so that at its densest point, it
      interacts between the shafts before it is divided. The velocity of the
      individual particles varies in proportion to their distance from the axis
      from each of the shafts so that the shafts produce a radial inversion on a
      random basis as the particles are moved. The centrifugal force causes a
      radial shifting of the material from the axes of each shaft toward a path
      of higher velocity before the particles are divided. This results in
      uniform shear with a random division of all of the particles being mixed.
BSUM
PAR  The present invention relates to a dual shaft or double arm mixing method
      and apparatus.
PAR  More specifically, the present invention relates to a dual shaft mixer
      (dryer-reactor) which is well suited for mixing (drying-reacting) heavy,
      viscous, tacky materials. More particularly, and additionally, the present
      invention relates to a dual shaft mixer (dryer-reactor) that not only can
      handle heavy, tacky, viscous materials, but also can incorporate fillers
      and fibers into these materials without disadvantage.
PAR  In the U.S. Pat. No. 2,679,385, issued May 25, 1954, a mixing apparatus is
      disclosed which comprises a vessel for receiving the material to be mixed,
      and agitating and impelling means in the form of double-sided
      plough-share-like elements. Each element is tapered towards its front and
      comprises a body of substantially triangular cross section, with a
      peripheral convex face tapered in the direction of the front end. The side
      surfaces are concave and symmetrically disposed.
PAR  In providing application engineering service for over a ten-year period for
      this mixing apparatus, the applicant investigated and found many
      successful applications for this mixer. This was accomplished through a
      field test program in the potential customer's plant with the majority of
      test work being in the area of dry to dry mixing, dry to liquid mixing,
      and some light to medium viscosity liquid mixing. Attempts to mix heavy,
      viscous, tacky materials failed.
PAR  The mixing of viscous materials, where the apparent viscosity exceeds
      100,000 centipoises, has received little attention. Additionally, very
      little work has been done in the area of viscous liquid or semi-solid
      mixing where the apparent viscosity exceeds 1,000,000 centipoises.
      Accepted "selection guides" indicate that mixing apparatus previously used
      for these viscous fluids are limited to extruders, special extruder types,
      roller mills, small heavy duty pony mixers, and double arm mixers. When
      fillers and fibers, such as asbestos, Fiberglas, sisal and the like are
      used, the choice is generally limited to a double arm mixer. For double
      arm mixers, different styles of agitators are offered with either
      overlapping or tangential operation. To provide different mixing
      characteristics, sigma type blades, 135.degree. spiral, 180.degree.
      spiral, double nobben, masticator, wing type, and serrated blades as
      working tools are offered. In all of these cases, mixing and dispersion is
      achieved through a combination of stretching, folding, kneading, and
      tearing actions, primarily as masses of material. For example, in the
      popular sigma blade mixer, the folding and compressing (kneading) action
      is accomplished by pressing the material against the wall of the tank and
      adjacent material. As the mixing tools rotate, they tear loose portions of
      the mix, carrying these portions to other parts of the tank, thus
      redistributing the contents as a small mass. The sigma pitched agitators
      provide movement of the material from each end of the tank to the center.
PAR  The above mixers however have severe limitations. The close tolerances
      required to provide high shear result in the breakdown of fibrous material
      when the fibers are incorporated into viscous semi-solids. For example,
      when resins are reinforced with Fiberglas, broken fibers will reduce the
      strength of the finished product. Additionally, their action is one of
      non-uniform shear, particularly since some material does not circulate
      well, and therefore provides "dead" areas.
PAR  The uniformity of shear for mixing apparatus has been little explored
      because the viscous behavior of most industrial materials is quite complex
      in relationship to other variables and is not readily understood. The vast
      majority of mixed fluids in practically every branch of industry, save the
      petroleum, are non-Newtonian fluids, and they are the rule rather than the
      exception. With non-Newtonians, the apparent viscosity changes with
      changing rates of shear. There is a poor understanding of the relationship
      between mixing, blending, or coalescing action and non-uniform shear with
      resultant variations of the viscosity of end products. The practical
      implications of non-uniform shear, when related to mixing action, are of
      great importance to quality control or the successful manufacture of
      products.
PAR  In examining the design characteristics of mixers presently offered to
      industry, and following particle streamlines, with for example a color
      tracer, some particles follow short velocity paths returning quickly to
      the shearing tool, while others follow longer paths, generally along the
      walls of the tank, and slowly return to the shearing tool. Also, as
      particles, or groups of particles are sheared, the mechanical work input
      is converted into heat energy, thereby raising their temperature. Since
      most fluids become thinner as their temperature increases, with the
      relationship being exponential in nature, the temperature change due to
      higher shear also changes the viscosity of that group of particles. One is
      therefore faced with non-uniform shear, non-uniform work input, and
      temperature and viscosity changes all within the same batch of material,
      thereby affecting its quality in service (applying, coating, dipping), its
      degree of polymerazation, emulsification, or homogenization plus its
      solids content.
PAR  In attempting to add fillers and fibers to viscous fluids, non-uniformity
      of shear affects a mixers ability to separate and wet fibrous materials
      and results in lumps, "fish eyes", or "bird nests". Additionally, as
      mentioned previously, fibers are broken and shortened as a result of the
      compressing action or any other action which tends to break down fibers
      while they are separated, wetted, and dispersed.
PAR  The present invention recognizes the need for the new mixing method and
      apparatus and provides a dual shaft plow mixer to meet the objectives
      described hereinafter. The dual shaft was arranged so that the path of the
      double wedge working tools would overlap, the working tools mounted on one
      shaft coming in proximity to the shaft of the second set of working tools,
      and vice versa. This creates an overlapping zone of interaction. Unlike
      conventional double arm machines, the direction of rotation of each shaft
      was reversed, with each set of working tools moving from the bottom of the
      tank, upward, and overlapping in the centrally located zone of
      interaction. Conventional double arm machines pull the material down in
      the center, work it against the walls, and lift it upward at the outside
      of the tank.
PAR  Previously considered impossible mixing effects could be obtained by the
      functional cooperation of the mixing tools of the dual shaft assemblies of
      the invention when mounted to create an overlapping zone of interaction,
      so that a fundamentally new mixing principle is created. The new mixing
      principle permits extreme accuracy of mixing of all types of materials
      from dry to semi-solid to viscous liquids, with or without fillers or
      fibers, providing a uniform shear, uniform work input, and uniform
      particle temperature. Additionally, this is accomplished efficiently with
      substantially less energy than other machines, or conversely, with the
      same energy, the new dual shaft apparatus can overcome higher viscous
      forces at higher rates of shear. The new principle also permits ease of
      wetability, separation, and dispersion of fillers and fibers since the
      movement of the overlapping plows in the zone of interaction creates a
      lifting and separation effect in comparison to the shearing and
      compressing action of conventional mixing apparatus.
PAR  On characteristic which makes the novel dual shaft mixer and dual shaft
      "mix principle" so effective is "flow division" or particle division. The
      inventive apparatus has two main shafts with four double wedge-shaped
      working tools mounted radially, 90.degree. apart, on each shaft for a
      total of eight working tools. In impelling the materials charged into the
      mixer, each divides the material into two parts. Additionally, if any
      given particle was traced, it would be discovered that by random choice,
      the given particles could be further divided within the zone of
      interaction of the overlapping working tools. This additional division
      increases the total division influences per shaft revolution to 16.
PAR  This action results in a mathematical progression of division as in the
      formula; D = 2.sup.n where D is the total number of divisions (not
      striations), and n is the number of division influences per minute. If the
      main shaft speed of the machine was 90 rpm therefore n equals 16 .times.
      90 or 1440.
PAR  In the above formula, then D equals 2.sup.1440 or 2.75 .times. 10.sup.433.
      This represents an astronomical number of divisions per minute, and gives
      the machine the capability of accurate mixing in a time period in seconds
      for many materials.
PAR  To further consider striations, not divisions, the impelling working tool
      not only divides the material, but also separates the material by a
      temporary void equal to the working tool width, and this void is
      immediately replaced with other material in the batch by the combined
      forces of the force of gravity and centrifugal forces. Therefore, in the
      above formula, if striations are considered, where S equals the total
      number of striations, the formula which applies is:
EQU  S = 3.sup.n, or S = 3.sup.1440 = 1.057 .times. 10.sup.587
PAL  or a number even more astronomical than total divisions.
PAR  The applicants single shaft double wedge mixer in an actual test, was
      recognized as the fastest, most accurate mixing apparatus available,
      having the proven capability of "almost perfect blending" as defined by
      the School of Pharmaceutical Research, University of Michigan in a period
      of time of 30 seconds. Tests of the new dual shaft mixing apparatus, with
      its capability of superior product division, can reduce this time from 30
      seconds to fifteen seconds or less.
PAR  Still another characteristic of this new mixing principle is radial mixing
      and inversion in the overlapping zone of interaction. As described
      previously, and considering each shaft assembly separately, the processed
      materials will rotationally circulate around the main shaft center, or as
      a liquid, around the same point, considered to be its hydraulic center.
      The velocity of individual particles vary in proportion to the distance of
      that particle from the main shaft center. When the shafts are combined to
      form a dual shaft mixing apparatus, the result is a functional cooperation
      of the mixing tools to provide radial inversion of a random basis as
      previously described. The radial inversion creates a new flow path for
      half of the materials which randomly start on a figure eight pattern,
      thereby accelerating the previous low velocity particles in the vicinity
      of the opposite shaft, and vice versa. The ultimate result is an averaging
      of particle velocity. The centrifugal forces also cause a radial shifting
      of material from the main shaft, or hydraulic center, toward the higher
      velocity displaced particles in the path of the working tools. The
      significance of this is an extremely uniform shear on all particles as
      explained later. Also eliminated are tranverse gradients in temperature
      and composition.
PAR  The general material loading of the new mixing apparatus is 60% of total
      capacity. By test, to determine the working capacity for any given
      material, it can be charged from 10% to 100% of total capacity. Another
      characteristic of the new machine is the overlapping zone of interaction,
      and the influence of the forces of gravity on this zone. When the plow
      working tools rotate out of the material (assuming that the tank is
      generally loaded to about 60% of total capacity), coming upward in the
      center of the mixing apparatus, the forces of gravity cause the material
      to fall from the high speed working tools, thereby creating a denser, or
      more active zone in the overlapping region. Additionally, a particle
      coming in contact with the triangular side of the double wedge-like
      working tool is imparted with horizontal and vertical components of a
      resultant force which moves the particle in a transverse direction, and
      imparts a final velocity which is proportional to the distance to the main
      shaft center. This action tends to separate the individual particles with
      the resultant crossflow, or interaction, not only from the double wedge
      working tools on the same shaft, (as in a single shaft mixer) but also
      provides a vigorous interaction of particles of varying velocity in the
      dense overlapping zone of interaction.
PAR  The result of the above mentioned actions, namely particle division, radial
      inversion, uniform work input, and uniform temperature gradient is extreme
      uniformity of shear. To further understand the novelty of the new mixing
      apparatus, particularly as it relates to the handling viscous, tacky,
      semi-solid materials, and with fillers and fibers incorporated, a review
      of "shear" and "viscosity" is helpful.
PAR  Viscosity is a measure of a fluids internal friction. There is a
      measureable resistance when one layer of fluid is made to move in relation
      to another. The force to overcome this resistance is the viscous force. A
      highly viscous, tacky material is one possessing a great deal of internal
      friction. Newton defined viscosity by considering two parallel planes of
      liquid of area "A", separated by a distance "dx", and moving at a velocity
      differential "dv". Newton assumed that the force, F, required to maintain
      this difference in speed, was proportional to the velocity gradient, dv/dx
      through the material. He wrote:
      ##EQU1##
      where n equals viscosity.
PAR  With this in mind, it can be understood why the double wedge shaped working
      tool is capable of overcoming the extremely high internal friction of
      highly viscous materials. The double wedge-like tools and their radial
      arms are spaced either 120.degree. or 90.degree. apart. Double
      wedge-shaped tools alternately enter the material with the triangular tip
      efficiently entering first. For up to four working tools, only one of
      these is fully immersed at any one time.
PAR  Shear stress, by definition, is shear force divided by shear area. Most
      conventional double arm mixers presently in use today have comparatively
      broad surfaced working tools, and these broad areas are generally welded
      or cast as part of the main shaft. Heavy power is required to move viscous
      materials using these broad areas. In comparison, the inventive plow has
      relatively little area, and additionally, it is held in place by a radial
      arm with narrow cross section. Operating alternately, and entering the
      material efficiently, with the same power input of a conventional mixer,
      the result is considerably higher shear stress. Moreover, the working tool
      has the ability to overcome the extremely high internal friction of
      viscous or fibrous materials. Conversely, the new design principle of the
      dual shaft mixing apparatus permits economy of drive by requiring less
      horsepower for mixing the same material as other double arm mixers.
PAR  Furthermore, the machines according to the present invention, are very well
      suited for incorporating fillers and fibers such as asbestos, glass,
      sisal, paper etc. into the highly viscous, tacky materials as hereinbefore
      mentioned. Hitherto, prior steps were required, for instance, to open
      pressure packed bales of pre-expanded asbestos fiber, the bales being
      compressed after willowing to reduce their cubic content for shipping
      purposes. The action of the dual shaft working tools gently opens and
      separates these fibers in extremely short periods, eliminating the need
      for additional equipment. As stated previously, the mixing principle of
      true product division continues to separate the fibers for wet ability and
      produce homogeneity. Uniform shear, as previously mentioned, also promotes
      product homogeneity from the standpoint of its consistency.
PAR  Because of the clearances of the working tool, fibers or fillers are not
      compressed or broken. Also, due to the speed and accuracy of
      incorporation, the undesirable characteristic of defilamentizing, of glass
      fiber bundles, for example, is eliminated. This results in a stronger
      product, and allows the choice of reducing the filler or fiber content for
      cost purposes, while maintaining the same strength in the product, and
      assures a proper mixture bulk for weight handling and proportioning
      requirements of extruders or molding machines.
PAR  Additionally, as in the case of a single shaft plow mixer, for heating or
      cooling purposes, a high "U" value is obtained because of the special
      action of the underside of the working tool which tends to pull material
      from the cylinder walls, thereby resulting in excellent heat transfer.
      With the added capability of the new invention to handle viscous, tacky,
      semi-solid materials while providing heat through a jacketed source, or
      with hot gases, it offers problem solving capability as a dryer or
      reactor, particularly for those materials which require constant,
      positive, uniform shear circulation as the material passes through the
      semi-solid stage prior to becoming dry.
PAR  Accordingly, it is an object of the present invention to provide a dual
      shaft (double arm) mixing machine for viscous, tacky, semi-solid
      materials.
PAR  It is another object of the present invention to provide a mixing machine
      that is capable of mixing viscous, tacky, semi-solids, while providing
      uniform shear through the novel overlapping plow shafts with the
      characteristics of positive and constant circulation, particularly for
      non-Newtonian fluids.
PAR  It is another object according to the invention to provide an improved
      mixing apparatus which is simple in design, reliable in operation and
      inexpensive in cost.
PAR  Other objects and features of the present invention will become apparent
      from the following detailed description considered in connection with the
      accompanying drawings which disclose several embodiments of the invention.
      It is to be understood however, that the drawings are designed for the
      purpose of illustration only and not as a definition of the limits of the
      invention.
DRWD
PAR  In the drawings, wherein similar reference characters denote similar
      elements throughout the several views:
PAR  FIG. 1 is a perspective view of the double mixing apparatus according to
      the invention;
PAR  FIG. 2 is a detailed view of the mixing chamber and its drive having its
      cover removed;
PAR  FIG. 3 is a detailed view of a full mixing plow;
PAR  FIGS. 4 and 5 are cross sectional views taken through the mixing chamber
      for one orientation of the plows;
PAR  FIGS. 6, 7 and 8 illustrate the interaction of the particles during the
      mixing process; and
PAR  FIGS. 9 and 10 are cross sectional views of the mixing chamber showing a
      different orientation of the double mixing tools having lower shear forces
      exerted on the mixing material.
DETD
PAR  Referring to FIGS. 1-3, there is shown a stationary mixing container or
      mixing bowl 10 horizontally mounted between pairs of bearings 11 and 12,
      and 18 and 19. Bearing 11 is coupled to a vertical support 13 whereas
      bearing 18 is coupled to a hydraulic pivot 15 which is operated by a
      hydraulic fluid line 16. The opposite end of hydraulic piston 15 is
      connected to a pivot 17 which is mounted on base 14 of the apparatus.
PAR  At the other end of the apparatus is a motor 24 connected to a gear
      reduction drive 23. The output of gear reduction drive 23 is fed into a
      coupling 21 and drives a double gear within housing 20 which is supported
      by bearings 22 and 36. Double gear housing 20 contains at least a pair of
      gears wherein one of the gears is driven by the shaft connected to the
      output of coupling 21. This is in turn connected to shaft 31 which is
      pivoted within mixing container or bowl 10. The driven gear within housing
      20 is connected to shaft 30 which is spaced apart and parallel to shaft 31
      with respect to each other. Mounted on each of the shafts are a plurality
      of double mixing tools 27 which have relieved edges 28, and are supported
      on the end of arms 29. The double wedge tools 27 are disposed within the
      center portion of shafts 30 and 31, and single wedge tools 32 are mounted
      at the ends of shafts 30 and 31 adjacent to the walls of the mixing
      container. The supporting arms are preferably welded or bolted
      perpendicular to the shafts and are distributed in a helical formation
      about the circumference of each of the shafts. Full double wedge tools 27
      have preferably wedge-shaped or triangularly shaped bodies since mixing
      elements of a paddle design or broad area will not perform effectively
      when operated at the equivalent shaft speeds. The sides of the full plows
      are tapered to merge near their connection to the tool arms.
PAR  The single tool along the walls of the container are arranged to have a
      unilateral action so as to return the material towards the center of the
      mixing bowl. Shafts 30 and 31 are spaced apart and preferably parallel to
      each other, so that the mixing elements consisting of the double and
      single wedges of one shaft will pass in close proximity and overlap the
      tool assemblies of the other shaft. The shaft rotation is towards the
      center of the mixing bowl and upward into the zone of interaction so as to
      provide a radial inversion of the contents. The working tool-like elements
      lift the material from the mixing container walls and divide the material,
      moving it unilaterally and bilaterally. The material is also displaced
      forward into the zone of interaction.
PAR  The double and single plows are designed to have a combined width to cover
      the entire surface of the mixing container so that no surface is uncovered
      by the path of a tool. The tools are designed to withstand high torque and
      high moment forces as they move through extremely viscous materials and
      have to overcome the high internal friction.
PAR  The container is preferably constructed of two cylindrically shaped
      chambers which intersect between the shaft axes to form the bottom. The
      axes of the shafts are preferably coaxial with the cylinder axes.
PAR  The top of the mixing bowl or container can be opened by loosening clamps
      26 which are mounted on pivot bolts at the rim opening of the container.
      After the clamps are opened, a cover plate 27 can be lifted off to expose
      the entire top surface of the mixing container. The container can then be
      pivoted by rotating handle 25 which controls the hydraulic valve so that
      hydraulic cylinder 15 will rotate the mixing container 90.degree. on the
      axis of shaft 31.
PAR  The materials can be mixed on a batch basis, or on a continuous basis
      through a charging opening at the top. For continuous operation the mixing
      bowl is generally lengthened so that one end is charged and the opposite
      end can be used to discharge the mixed materials.
PAR  In another embodiment of the invention, mixing container 10 can be jacketed
      so that a heating or cooling fluid can be inserted through valve opening
      37 to maintain a preferred temperature of the contents within the
      container.
PAR  Referring to FIG. 4 there is shown a cross sectional view of the mixing
      container showing that the container has two cylindrically shaped chambers
      which converge at center 40. Shaft 30 rotates in the direction of arrow 41
      and shaft 31 rotates in the direction of arrow 42. Working tools 27 which
      are connected to the shafts have their leading edge pointed in a direction
      of rotation. As the working tools rotate, the viscous material is moved
      through each of the halves of the mixing chamber. The circular arrows show
      the velocity paths of the particles of material during the mixing. The
      rotation of shafts 30 and 31 are designed to move the material upward from
      the bottom center 40 of the mixing chamber. FIG. 5 shows the interaction
      of the working tools after 90 degrees of rotation wherein each of the
      working tools enters the mixing zone of the opposite working tool so that
      the edges of the plows pass adjacent to each other to maximize the shear
      forces in the material. This position is also shown in the open chamber of
      FIG. 2.
PAR  FIGS. 6, 7 and 8 are particle diagrams showing the movement of particles
      for each of the working tools individually. The velocity of particles
      which are adjacent to the axis of shaft 30 is much slower than particles
      that are moved on the outside edges of the working tools. The velocity
      paths are therefore not uniform for the working tools of either half of
      the mixing chamber. As shown in detail in FIG. 7, a particle 43 which may
      be adjacent to shaft 30 has a 50% probability of being carried on a high
      velocity path along the edge of the working tool driven by shaft 31. There
      is therefore a random division of 50% of the particles so that they will
      undergo a change in velocity within the zone of interaction between the
      axes of shafts 30 and 31. Moreover, there is a centrifugal force which
      moves the particles away from the axes toward the center of the zone of
      interaction as the shafts are rotated. Therefore, a particular particle is
      not only randomly divided during each cycle of mixing, but also shifted
      within the zone of interaction so that it will experience a different
      velocity and path of travel during each of the cycles.
PAR  In FIGS. 9 and 10, shaft 30 has been rotated 90.degree. with respect to
      shaft 31. In this embodiment, the shear forces are not as great since the
      working tools do not interact with each other in the mixing area.
PAR  The double mixer of the present invention has the advantage in that as the
      material enters the zone of interaction between the two shafts, the
      material in front of each of the working tools is at its greatest density
      due to the movement of the working tools and the forces of gravity acting
      on the material. Thus, the working tools elements will lift and divide the
      material while it is under its greatest density providing the best
      possible mixing conditions.
PAR  Where the shafts enter the mixing container, suitable shaft packing or air
      purge seals are provided. The chamber can then be arranged for vacuum or
      pressure operation. The drive can be made with an electric motor or a
      hydraulic means. If a hydraulic means is provided, a constant torque
      hydraulic drive would be efficient since as the material approaches a
      semi-solid stage, the working tool speed is automatically reduced through
      the hydraulic drive at no disadvantage. Then, as the material starts to
      break up, there will be an increase in speed so that there will be a
      fluidizing action that the mixing is designed for. In the present
      invention, the plow shaft speeds are generally higher than other double
      arm mixers by as much as 100%, depending on the nature of the material.
      Therefore the present invention provides higher rates of shear to material
      during their mixing. In an embodiment of the invention, the temperatures
      were measured in all of the eight quadrants of the mixing chamber and
      found to be identical, confirming the fact that there is uniform work
      input to all the particles. A temperature rise of the material having a
      final apparent viscosity of 5,000,000 centipoises was less than 5.degree.F
      which is indicative of the speed of mixing and the efficiency of the
      apparatus.
PAR  While only a few embodiments of the present invention have been shown and
      described, it will be obvious to those skilled in the art that many
      changes and modifications may be made thereunto without departing from the
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for mixing viscous materials comprising:
PA1  a container;
PA1  a pair of spaced-apart shafts pivotably disposed through said container,
      and defining a zone of interaction between the axes of said shafts;
PA1  a plurality of double-wedge working tools each comprising two substantially
      triangular planes inclined relative to each other and connected at one
      edge thereof, said working tools being connected to the periphery of each
      shaft in spaced-apart relationship so as to overlap in the zone of
      interation;
PA1  drive means coupled to each of said shafts for moving the shafts and the
      working tools oppositely with respect to each other so that adjacent
      working tools of the shafts co-act in mixing the viscous material.
NUM  2.
PAR  2. The apparatus as recited in claim 1 wherein said container comprises two
      cylindrically shaped chambers which intersect between the axes of said
      shafts to form the bottom thereof, the axes of said shafts being disposed
      along the axes of said intersected cylinders, said chambers including two
      flat walls at the ends thereof, and a lateral opening on the top surface
      thereof.
NUM  3.
PAR  3. The apparatus as recited in claim 2 wherein said container has flat end
      walls, and said working tools comprise a first plurality of said working
      tools having said two triangular planes having said one edge pointing in
      the direction of rotation, and single wedges having a flat profile and
      mounted on said shafts adjacent to the flat end walls of said container.
NUM  4.
PAR  4. The apparatus as recited in claim 3 wherein the open side of said
      chamber includes a cover and a plurality of clamps for sealing the cover
      to said chamber.
NUM  5.
PAR  5. The apparatus as recited in claim 3 wherein said drive means comprises a
      motor coupled to one of said shafts for rotating said shaft in one
      direction, and a gear drive coupled to the other shaft for rotating said
      other shaft at the same speed in an opposite direction.
NUM  6.
PAR  6. The apparatus as recited in claim 5 wherein said shafts are parallel to
      each other.
NUM  7.
PAR  7. The apparatus as recited in claim 6 wherein said working tools rotate in
      a direction to urge the viscous material into the bottom of the container
      before dividing the material into two paths.
NUM  8.
PAR  8. The apparatus as recited in claim 5 additionally comprising means for
      pivoting said container on the axis of one of said shafts so that its
      contents can be emptied from its top opening.
NUM  9.
PAR  9. The apparatus as recited in claim 8 wherein said pivoting means
      comprises a hydraulic cylinder coupled to said container, and a hydraulic
      pump connected to said cylinder for activating said cylinder to pivot said
      container.
NUM  10.
PAR  10. A method of mixing viscous, shear sensitive materials in a double
      mixing container comprising the steps of:
PA1  interacting the material between a pair of oppositely driven shafts in the
      mixing container, with working tools so that mechanical forces are applied
      through these working tools to move individual particles and layers of
      material, in oblique directions, the resultant force having component
      forces exerted in directions circularly, laterally, and toward the center
      of the container;
PA1  randomly dividing the individual particles by means of the working tool and
      imparting varying velocity and velocity paths to the particles so as to
      promote constant and positive recirculation of all particles of the batch;
PA1  radially inverting the individual particles of the material so as to change
      its direction, path of travel and velocity so that mechanical shear forces
      imparted by the working tool, as well as hydraulic shear forces created by
      the particles of the material slipping on each other by their different
      velocities, are averaged over an extremely short period of time;
PA1  averaging and making uniform the shear stresses resulting from the
      mechanical and hydraulic shear forces, for each particle, whereby as a
      result of the uniform work input, uniform temperature gradient, uniform
      shear stress, a uniform and predictable viscosity throughout the complete
      batch of shear sensitive material is provided.
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ABST
PAL  A device that may be removably secured to a steel plate to guide a cutting
      torch in a circular path of a desired radius to form an opening in the
      plate. The device includes a cutting torch engageable socket, which socket
      is rotatably supported from a radially adjustable carriage. The carriage
      is movably supported from a circular track that is removably securable to
      the steel plate by permanent magnets. A radially disposed scale visually
      indicates when the cutting torch is at the center of the track, as well as
      the radius of the circular path through which the cutting torch travels
      when the carriage is rotated relative to the track.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Cutting Torch Guide.
PAR  2. Description of the Prior Art
PAR  In the fabrication of steel structures involving steel plate, it is
      frequently desirable to cut circular openings on desired centers in the
      latter. Prior to the present invention there has been no device that may
      be centered at a desired location on a steel plate, and after such
      centering used to guide a cutting torch in a circular path to form an
      opening of desired radius in the plate.
PAR  A major object of the present invention is to supply a light weight,
      portable, cutting torch guide that may be centered at a desired location
      on a steel plate, and after which centering the device may be used to
      guide a cutting torch through a circular path of desired radius to form an
      opening in the plate.
PAR  Another object of the invention is to supply a cutting torch guide that is
      of relatively simple structure, can be fabricated from standard
      commercially available materials, and one that is simple and easy to use.
PAC  SUMMARY OF THE INVENTION
PAR  The cutting torch guide includes a circular track that is removably
      securable at a desired location to a steel plate by a number of spaced
      magnets. The magnets are preferably arranged in diametrically opposed
      pairs.
PAR  A frame is rotatably supported by grooved rollers within the frame, and the
      rollers rotatably engage the track. The frame includes a pair of spaced
      parallel guides on which a carriage is mounted for radial movement
      relative to the track. The carriage rotatably supports a socket that
      removably engages the free outer portion of a cutting torch. A scale is
      mounted in a fixed parallel position relative to one of the guides to
      visually indicate when the carriage supported socket is centered relative
      to the circular track, as well as the radius of the opening that will be
      cut in the plate when the torch is moved through a circular path.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the cutting torch guide;
PAR  FIG. 2 is a top plan view of the guide;
PAR  FIG. 3 is a fragmentary transverse cross sectional view of the guide taken
      on the line 3--3 of FIG. 2;
PAR  FIG. 4 is a second fragmentary transverse cross sectional view of the guide
      taken on the line 4--4 of FIG. 2; and
PAR  FIG. 5 is a combined transverse cross sectional and side elevational view
      of the guide taken on the line 5--5 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The cutting torch guide A as may best be seen in FIGS. 1 and 2, includes a
      circular tract 10, which by a number of magnets B, may be removably
      secured to a steel plate C. The cutting torch guide A when so secured to
      the plate C, may be removably engaged by a cutting torch D, as shown in
      FIG. 5. A frame F is provided, which frame as can be seen in FIGS. 1 and
      2, is rotatably supported within the confines of the tract 10 by a number
      of grooved rollers E.
PAR  The frame F is defined by two angularly disposed arms 12 that extend away
      from one another, and these arms at their most adjacent ends develop into
      a pair of parallel guides 14, which guides on the ends 14a thereof are
      secured to opposite sides of a tubular collar 16. The tubular collar 16
      has a longitudinal tapped bore formed therein.
PAR  A vertical shouldered shaft 20 is provided as shown in FIG. 4, which shaft
      on its upper end develops into a threaded extension 20a, which extension
      is normally disposed to the shaft. The shaft 20 has washers 22 and 24
      mounted thereon between which washers a grooved roller E is rotatably
      supported. The free end of the shaft 20 has a transverse bore (not shown)
      formed therein through which a cotter pin 26 extends as may be seen in the
      drawing. The threaded extension 20a engages a tapped bore 18 as may be
      seen in FIG. 4, and extends to the left thereof a substantial distance.
      The projecting end of the extension 20a engages an opening 30 formed in an
      L-shaped heat shield 28, which heat shield is of sufficient width to
      prevent heat from the cutting torch D reaching the shaft 20 and the roller
      E rotatably supported on the latter.
PAR  A nut 32 engages the projecting threaded end portions of the shaft
      extension 20 a, and when tightened into abutting contact with a shield 28
      serves to support the shield in a roller protecting position as
      illustrated in FIG. 4.
PAR  A carriage G, as best seen in FIGS. 2 and 5, is slidably mounted on the
      pair of guides 14. The carriage G includes a ball bearing assembly 34 that
      has an inner rotatable portion 36 that may be removably and frictionally
      engaged by the tip portion 38 of the cutting torch D as shown in FIG. 5.
      The carriage G includes two laterally spaced slides 40 that engage the
      pair of guides 14 as shown in FIG. 5. One of the guides 14 has two spaced
      supports 42 extending upwardly therefrom as may be seen in FIGS. 1, 2 and
      5, which supports have a gradated scale 44 secured to the upper ends of
      the supports by screws 46 or other suitable fastening means. One of the
      slides 40 as can be seen in FIG. 5, has a lug 48 extending outwardly
      therefrom, which lug has a tapped bore 48 a therein that is engaged by a
      thumb screw 50. When the thumb screw 50 is rotated in an appropriate
      direction, the inwardly disposed end thereof is brought into frictional
      contact with one of the guides 14, to maintain the carriage G in a fixed
      position on the pair of guides 14. The scale 44 has gradations 44 a
      defined thereon as shown in FIGS. 1 and 2. Carriage G has an index mark 49
      defined thereon as shown in FIG. 1 that may be transversely aligned with a
      desired one of the gradations 44 a to determine the distance the center of
      the carriage G is located relative to the center 51 of the circular tract
      10. When index mark 49 is moved to the innermost one of the gradations 44
      a, the center of the cutting torch engageable rotatable portion 36 is
      aligned with the center 51. Rigid member 53 extends between the arms 12 as
      shown in FIG. 2, and may be so disposed relative to the center 51, that
      when the carriage G is in the innermost position possible on the guide 14,
      the center of the rotatable portion 36 thereof will be aligned with the
      center 51 of the tract 10. When the center of the rotatable portion 36 is
      aligned with the center 51, the index mark 49 on the carriage will be
      aligned with a zero gradation on the scale 44.
PAR  The magnets B as may best be seen in FIGS. 1 and 2, are preferably arranged
      in diametrically opposed pairs. Each of the magnets B as shown in FIGS. 1
      and 3 includes two laterally spaced legs 52 that are connected by a web
      54. The web 54 has a bore 54 a extending upwardly therethrough. Each bore
      54a is engaged by an upwardly extending bolt 56 that, by a nut 58, is
      removably secured to the web 54. Two nuts 60 are provided that may be
      rotated to a desired elevation on the bolt 56 as shown in FIG. 3, and by
      tightening one of the nuts 60 relative to the other, the nuts are utilized
      to support a bracket 62 that has an arcuate shaped inner portion 64 that
      abuts against an externally disposed section of the tract 10. A screw 66
      is provided for each of the brackets, and extends therethrough to engage
      the tract 10, and support the latter from the brackets.
PAR  The use and operation of the invention is extremely simple. The thumb screw
      50 is loosened and the carriage G is then moved on the guide 14 to a
      position where the center of the rotatable portion 36 is aligned with the
      center 51 of the tract 10, which is achieved when the gradation mark 49 is
      transversely aligned with the zero gradation on scale 44. The thumb screw
      50 is then rotated in a direction to hold a carriage G at the adjusted
      position of guides 14. The cutting torch guide A is then secured to plate
      C by use of magnets B in a position where the center of the rotatable
      portion 36 is aligned with the center on the plate C above which it is
      desired to form an opening of a desired radius.
PAR  The thumb screw 50 is now loosened, and the carriage G is moved on the
      guide 14 until the index mark 49 is aligned with the gradation on the
      scale 44 to the radius of the opening that is desired to be cut in the
      plate C. The thumb screw 50 is then tightened to hold the carriage G at
      the adjusted position on the guides 14. The cutting torch tip 38 is now
      inserted within the confines of the rotatable portion 36 as shown in FIG.
      5, and the frame F is now rotated relative to the tract 10, with the torch
      cutting the plate as the frame is so rotated. After the cutting torch is
      traversed 360.degree. on the plate C, being guided with the cutting torch
      guide assembly A, the opening has been formed in the plate, and the
      cutting torch D is removed from the guide A. The guide A is now removed
      from the plate C for subsequent use in the above-described manner.
PAR  The use and operation of the invention has been previously described and
      need not be repeated.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a cutting torch, a device that is removably
      securable to a steel sheet for guiding said cutting torch in a circular
      path of desired radius to form a circular opening in said sheet, said
      device including:
PA1  a. a ring shaped track;
PA1  b. magnetic means for holding said track at a desired location on said
      sheet and in spaced relationship thereto;
PA1  c. a frame assembly disposed within said track, said assembly including two
      parallel laterally spaced guides that on first ends thereof develop into
      two angularly positioned arms, said two arms on the free ends thereof
      developing into two first shafts disposed within said track, a tubular
      collar disposed between said guides and secured to the ends thereof
      opposite that from which said arms extend;
PA1  d. a second shaft having an extension normally disposed thereto, said
      extension adjustably mounted in said collar;
PA1  e. two first grooved rollers rotatably supported on said first shafts and a
      second grooved roller rotatably supported on said second shaft, said first
      and second rollers in engagement with the interior surface of said track;
PA1  f. first means for selectively locking said second shaft extension at a
      desired position relative said collar to maintain said first and second
      grooved rollers in engagement with said track;
PA1  g. a carriage slidably mounted on said guides;
PA1  h. rotatable means on said carriage that may be engaged by said cutting
      torch;
PA1  i. visual means for indicating the distance of said carriage supported
      rotatable means from the center of said track;
PA1  j. second means for locking said carriage at a position determined by use
      of said visual means to rotate said carriage through a circular path
      relative to said track for said torch to cut an opening of desired radius
      in said sheet; and
PA1  k. heat shield means situated between said second roller and carriage to
      protect said second roller and second shaft from heat from said cutting
      torch.
NUM  2.
PAR  2. A device as defined in claim 1 in which said collar has a longitudinal
      bore therein and said second shaft extension has threads formed thereon,
      said second shaft extension extending through said bore, and said first
      means is a nut that engages said threads and bears against said collar.
NUM  3.
PAR  3. A device as defined in claim 1 in which said rotatable means is a ball
      bearing assembly that includes an inner race that frictionally engages
      said cutting torch when the latter is partially extended therethrough,
      with said inner race rotating relative to said carriage as said cutting
      torch is moved through a circular path.
NUM  4.
PAR  4. A device as defined in claim 1 in which said visual means is a gradated
      elongate scale secured in a fixed parallel position on one of said guides.
NUM  5.
PAR  5. A device as defined in claim 1 in which said carriage has a tapped bore
      in a portion thereof that is in communication with one of said guides, and
      said second means is a thumb screw that engages said tapped bore, said
      thumb screw when rotated in a first direction in said tapped bore having
      an end portion thereof forced into frictional engagement with one of said
      guides.
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ABST
PAL  A method of and apparatus for reducing an oxide of iron such as the oxides
      which occur in mill scale involves mixing particles of the oxide with
      particles of a carbonaceous reducing agent and passing the resulting
      mixing through a conduit disposed in the flue of a furnace, the flue gases
      which pass through the flue having a temperature sufficiently high to
      cause the reduction of the oxide by the reducing agent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is in the field of continuous reduction of iron oxides which
      involves passing a particulate mixture of such oxides with a carbonaceous
      reducing agent through a conduit which is disposed in the path of hot flue
      gases for a time and at a temperature sufficient to cause reduction of the
      iron oxides to a form in which they can be conveniently used as a charge,
      for example, to an electric furnace.
PAR  2. Description of the Prior Art
PAR  The present invention has particular applicability to the economic
      reduction of mill scale to form a commercially usable product. Scale is a
      coating of oxide formed at high temperatures during rolling or forging
      operations. The scale varies according to the composition of the steel,
      the time and temperature of exposure to the oxidizing atmosphere, the
      nature and constancy of the atmosphere, and the manner of rolling. High
      pressure, for example, serves to embed the scale into the surface of the
      steel. When plain carbon steel is heated in an oxidizing atmosphere, the
      scale is made up of three layers. The layer next to the steel is FeO or a
      mixture of Fe and Fe.sub.3 O.sub.4. The outer layer is composed of
      Fe.sub.2 O.sub.3 and the middle layer which is the thickest layer consists
      of Fe.sub.3 O.sub.4.
PAR  This scale has presented a disposal problem in steel plants for many years.
      In plants having an integrated operation, the scale could be disposed of
      by using it as a charge in a blast furnace. In the absence of a blast
      furnace, however, the steel producer usually had to collect the mill scale
      and sell it to persons who could use it as a low grade source of iron. The
      temperatures involved and the cost of the reducing agent make hydrogen
      reduction of mill scale a nonfeasible process commercially.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an economical process and apparatus for reducing
      mill scale and other oxides of iron to a form in which it can be readily
      used in a steel-making plant, namely, as a product consisting
      predominantly of iron and having about 1% carbon, with low residuals
      present. The product of the present invention therefore forms an excellent
      material for blending into an electric furnace feed to produce steel.
PAR  In accordance with the present invention, the mill scale or other oxide
      source of iron in particulate form is mixed with particles of a
      cabonaceous reducing agent such as coal. The particulate mixture is then
      fed continuously through a conduit which extends transversely to the axis
      of a furnace flue through which hot flue gases are passing. Generally, the
      gases are at a temperature of about 1,600.degree. to 2200.degree.F
      (862.degree. to 1192.degree.C). In the preferred form of the present
      invention, the conduit in which the reaction takes place is generally
      elliptical in cross-section which has been found to provide better
      aerodynamic properties as far as the flow of flue gases is concerned and
      also serves to provide a more uniform temperature distribution throughout
      the cross-section than would occur in a circular cross-section. The
      preferred average particle size in the mixture, both for the mill scale
      and the coal is from 8 to 20 mesh (2.4 to 0.84 mm.)
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure, and in which:
PAR  FIG. 1 is a somewhat schematic view in elevation of an apparatus for
      charging a mixture of mill scale particles and coal particles into a
      reaction zone located within a furnace flue;
PAR  FIG. 2 is a plan view of the apparatus shown in FIG. 1; and
PAR  FIG. 3 illustrates a preferred arrangement of reaction chambers extending
      axially of the flue.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, reference numeral 10 has been applied generally to a
      flue being from a steel making furnace or the like in which the waste
      gases passing through the flue are generally at a temperature of
      1,600.degree. to 2,200.degree.F (862.degree. to 1192.degree.C). Extending
      transversely to the axis of the flue 10 is a reaction chamber consisting
      of a conduit 11 composed of an alloy which can withstand temperatures up
      to 2200.degree.F (1192.degree.C) or so. Suitable alloys include titanium
      alloys, high temperature nickel alloys such as "Hastelloy X," or other
      high temperature alloys. A particulate admixture of an iron oxide such as
      mill scale and similarly sized particles of coal is sent to the conduit 11
      by means of hoppers 12, there being three such hoppers illustrated in FIG.
      2. Intermediate the hoppers 12 and the flue 10 may be positioned heating
      coils 13 for preheating the charge before it enters the high temperature
      zone in the flue 10. The charge is propelled into the reaction zone by
      means of a reciprocal piston assembly 14 having a piston rod 15 connected
      to a suitable prime mover.
PAR  The particle size of the mill scale and the coal are not particularly
      critical although we prefer to use an average particle size in the mixture
      of from 8 to 20 mesh (2.4 to 0.84 mm.). Actually, it is practical to use
      particle sizes of from 60 mesh to 1 inch or more.
PAR  It is definitely desirable to use a stoichiometric excess of carbon over
      the iron scale. The presence of excess carbon apparently prevents sticking
      of the mixture in the reaction tube. We recommend from about 11/2 to 5
      times an amount of reducing agent above that stoichiometricly required to
      reduce the iron oxides to metallic iron.
PAR  The throughout is adjusted according to circumstances so that there is
      substantial reduction of the oxides by the time the mixture of coal and
      iron oxides reaches the outlet of the reaction tubes. For elliptical
      reaction tubes having a major axis of about 8 feet and a minor axis of
      about 3 feet disposed in a heating flue having a diameter of 12 feet, we
      found that a throughput of about 3 lineal feet per hour is adequate.
PAR  After the reduction occurs, the reduced iron particles are collected in an
      outlet conduit 16 and are delivered to a furnace such as an electric
      furnace for the production of steel. Some agglomeration may occur in the
      reaction tubes, but this is not harmful in most instances.
PAR  FIG. 3 illustrates a preferred arrangement of reaction tubes 17, 18, 19, 20
      and 21 within a flue 10. As shown, the cross-section of each of the tubes
      17 through 21 is generally elliptical. It has been found that with the use
      of such cross-sections in the reaction tubes, there is less channeling and
      therefore the reaction proceeds more smoothly. Furthermore, the elliptical
      shape is less disruptive to the flow of the high temperature gases, i.e.,
      dynamically it offers less resistance. The use of the elliptical shape has
      been found to promote better temperature control than would be obtained,
      for example, in the use of a circular shape. The staggered arrangement of
      the reaction tubes 17 to 21 as shown in FIG. 3 also provides for a more
      efficient heat transfer condition existing between the high temperature
      gases flowing past the reaction tubes 17 to 21 and the materials contained
      with the tubes.
PAR  While the drawings show the process of the invention as a continuous one,
      it is also possible to operate it as a batch process, if so desired.
PAR  The reduction process described above was performed on several different
      types of feed materials on a laboratory scale. A shaft furnace was
      constructed to utilize waste heat from a laboratory crucible furnace.
      Pellets were made up from powdered materials and placed in the shaft
      furnace for reduction.
PAR  In the first heat, we combined one part of coal with one part of an iron
      sludge containing about 45% iron, and three parts of mill scale. The
      crucible furnace was operated at a temperature of 2,500.degree. to
      2,600.degree.F (1,357.degree. to 1,412.degree.C) for a time of two hours.
      The charge was at a temperature of 1,300.degree.F (697.degree.C). The iron
      percentage of the starting material was 54%, and in the final product it
      was 67.5%.
PAR  In another run, the crucible furnace was held at a temperature of
      2,150.degree.F (1,165.degree.C). The same type of charge as in the
      previous example was used and the furnace was operated for two hours. The
      final product had an iron content of 84.6%.
PAR  In another example, a mixture of 78% mill scale and 22% coal was fed to the
      shaft furnace at a temperature of 1,500.degree. to 2,100.degree.F
      (807.degree. to 1,137.degree.C). The reaction time was approximately one
      hour. The starting material had an iron content of 55% which was increased
      to 71.8% of the final product.
PAR  It should be evident that various modifications can be made to the
      described embodiments without departing from the scope of the present
      invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. An apparatus for reducing oxides of iron which comprises a large
      diameter flue for directing high temperature flue gases therethrough, at
      least one conduit extending transversely through said flue so as to expose
      its entire periphery to the hot gases passing through said flue, said
      conduit having a generally elliptical cross-section with the major axis
      parallel to the axis of said flue, and feeding means for introducing a
      particulate charge of iron oxide and a carbonaceous reducing agent through
      said conduit.
NUM  2.
PAR  2. The apparatus of claim 1 in which a plurality of conduits is arranged in
      axially spaced staggered relation to the axis of said flue.
NUM  3.
PAR  3. An apparatus according to claim 1 which also includes a heating means
      between said feeding means and said flue for preheating said charge in the
      conduit.
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ABST
PAL  A device for removing dross from the surface of molten metal in a furnace
      is disclosed which includes a dross pusher head and means for
      reciprocating the pusher head across the molten metal in the furnace from
      one side of the furnace to the other, in order to push the dross on the
      top surface of the molten metal towards one side of the furnace. A
      pivotally mounted scoop is mounted on or adjacent the furnace along the
      side to which dross is pushed by the pusher head, and has an open side
      which is normally positioned at least partly within the furnace opposite
      the pusher head to receive dross pushed by the head. Means are provided
      for pivoting the scoop from its normal position within the furnace through
      a predetermined angle to a tilted position above the upper edge of the
      furnace, thereby to discharge dross contained in the scoop into a
      receptacle or conveyor located outside of the furnace.
BSUM
PAR  The present invention relates to a mechanical skimmer mechanism for use
      with metallurgical furnaces, and more particularly to a mechanical skimmer
      which is adapted to automatically remove overlying dross or the like from
      the surface of liquid metal in a furnace, before the furnace is poured or
      tapped.
PAR  In the treatment or melting of common metals and alloys, as for example in
      the melting of copper base metals such as brasses, a layer of dross is
      usually formed on the surface of the molten metal in the furnace. This
      typically occurs in air melting operations in electric induction or fuel
      fired furnaces. The nature and amount of dross formed on the molten metal
      varies according to the composition of the metal and is typically
      controlled, to varying degrees, by the use of protective covers and
      atmospheres. However, whatever dross does form under such circumstances
      still must be periodically removed from the furnace, particularly prior to
      pouring of the liquid metal in the case of lip-pour furnaces.
PAR  Heretofore the common method of skimming dross from the furnace is by the
      use of a manual metal skimmer to rake or ladle the dross out of the
      furnace. Such manual skimming operations are difficult and time consuming
      at best. They are also disagreeable because of exposure to heat and
      noxious fumes.
PAR  Although certain types of mechanical skimmer mechanisms have been
      previously proposed, such as for example the rake arrangements shown in
      U.S. Pat. Nos. 3,610,603 and 3,659,833, such mechanisms simply rake or
      push the dross or slag over the edge of the furnace into a receptacle.
      Such arrangements require careful control of the level of molten metal in
      the furnace and require the dross or slag to be moved over the edge of the
      furnace with the possibility of spillage along the sides of the furnace or
      damage to the furnace itself.
PAR  Accordingly, it is an object of the present invention to provide a
      mechanical skimmer for conveniently and automatically removing dross or
      slag from the surface of molten metal in a furnace.
PAR  Another object of the present invention is to provide a mechanical skimmer
      which will collect dross within the confines of the furnace and lift the
      dross therefrom for discharge to an adjacent receptacle or conveyor.
PAR  Another object of the present invention is to provide a mechanical skimmer
      for removing dross from a furnace, which skimmer is relatively simple in
      construction and economical in manufacture.
PAR  A further object of the present invention is to provide a mechanical dross
      skimmer which is durable in operation and simple to manufacture.
PAR  In accordance with an aspect of the present invention, a mechanical skimmer
      for automatically removing dross from the surface of molten metal in a
      furnace having an open upper end includes an adjustably mounted dross
      pusher head which is normally located within the furnace and adapted to
      push dross from one side of the furnace to the other. The pusher head is
      reciprocated across the top of the molten metal, at a predetermined
      elevation with respect to the level of the molten metal in the furnace, by
      means of a pneumatic ram or the like which is movably mounted on the
      furnace. The movable mounting of this ram--and thus of the pusher head--
      allows the vertical position of the head to be varied with respect to the
      level of molten metal in the furnace so the head can be lifted out of the
      dross when it is returned to its initial position after a dross pushing
      operation. The adjustable mounting of the head, on the other hand, allows
      the depth of insertion of the pushing head into the dross to be controlled
      in order that a residual layer of dross is left on the metal during the
      dross removal operation, thereby to protect the molten metal in the
      furnace against oxidation.
PAR  A hollow scoop, having an open side, is pivotally mounted on the furnace at
      a position opposite the pushing head and is normally positioned to extend
      into the furnace with its open side facing the pusher head in order to
      receive dross pushed by the head. Means are provided for pivoting the
      scoop from its position in the furnace through a predetermined angle to a
      tilted position over the upper end of the furnace, thereby to discharge
      the dross contained in the scoop over the upper end of the furnace and
      into an adjacent receptacle or conveyor. This eliminates the need to move
      the dross over the edge of the furnace itself, as is required in the above
      mentioned skimmer patents.
PAR  The skimmer of the present invention is controlled in an automatically
      operable sequence so that the pusher head is moved across the surface of
      the molten metal to push the dross into the scoop and is retracted with
      the head removed from the dross, to its original position, as the scoop is
      pivoted to its tilted position in order to discharge the dross therefrom.
      Timing means holds the scoop in its tilted position for a predetermined
      period of time sufficient to enable the dross to flow therefrom, and the
      scoop returns to its original position, within the furnace, before the
      pusher head begins the next cycle of operation to move dross towards the
      scoop.
DRWD
PAR  The above and other objects, features and advantages of this invention,
      will be apparent in the following detailed description of an illustrative
      embodiment thereof, which is to be read in connection with the
      accompanying drawing, wherein:
PAR  FIG. 1 is an elevational view illustrating the skimmer mechanism of the
      present invention in conjunction with a conventional furnace; and
PAR  FIG. 2 is a schematic plan view of the arrangement shown in FIG. 1.
DETD
PAR  Referring now to the drawing in detail, and initially to FIG. 1 thereof, it
      will be seen that the mechanical skimmer 10 of the present invention
      includes a pusher head 12 which is adapted to be inserted in a layer of
      dross 14 formed on the surface of molten metal 16 in a conventional
      melting furnace 18. The pusher head cooperates with a scoop 20 which is
      pivotally mounted for movement between a first position, shown in solid
      lines in FIG. 1, wherein the scoop is within the furnace 18, and a second
      position, shown in phantom lines in FIG. 1, wherein dross pushed into the
      scoop by the head 12 is discharged over the upper edge of the furnace into
      a receptacle or conveyor 22. The cycle of operation of the apparatus
      preferably is automatically controlled for operation in a predetermined
      sequence, as described hereinafter, by an electrical control system (not
      shown) which, as would be apparent to those skilled in the art, will
      automatically sequence operation of the various pneumatic rams used in the
      apparatus.
PAR  Pusher head 12, as seen in FIG. 2, consists of a generally U-shaped element
      having a bight portion 24 and a pair of side legs or flanges 26 which
      retain the dross in front of the bight portion 24 as the pusher is moved
      across the surface of the molten metal in furnace 18, in the direction of
      the arrow A. The head is operatively connected to the actuator rod 28 of a
      double acting pneumatic cylinder 30. The latter is operable to reciprocate
      the head across furnace 18, towards and away from scoop 20.
PAR  Cylinder 30 is rigidly mounted, in any convenient manner, on a first
      support plate 32 which, in turn, is pivotally mounted at its rear end 34
      on a second support plate 36 by a pivot pin 38 or the like. The plate 36
      is rigidly secured to a shelf 40 on furnace 18 so that the entire pusher
      head assembly is rigidly mounted on the furnace. However, the pivotal
      mounting of the support plate 36 for cylinder 30 allows the position of
      the pusher head to be varied with respect to the level of dross in the
      furnace during the cycle of operation of the apparatus, as described
      hereinafter.
PAR  The vertical movement of head 12 is controlled by a second double acting
      pneumatic ram or cylinder 42 which is pivotally mounted by a pivot pin 44
      or the like on a rigid frame 46. The latter is secured at its upper end 48
      to the lower side of plate 36 and has a frame member 50 at its lower end
      which is secured to the side of furnace 18. The actuator rod 52 of ram 42
      is pivotally connected to a bracket 54 secured to the bottom of support
      plate 32, which bracket extends through an opening 56 in plate 36. By this
      arrangement the plate 32 can be pivoted, upon operation or extension of
      ram 42, during the cycle of operation of the apparatus, in order to
      selectively lift the pusher head out of the dross.
PAR  Thus, when it is desired to move dross 14 into the scoop 20, the pusher
      head 12 is moved in a straight line from the solid line position thereof
      (shown at the right in FIG. 1) to the lower dotted line position 12'
      thereof at the left in furnace 18, by the extension of the actuator rod 28
      upon the operation of the double acting ram 30. This movement of the
      pusher head will push the dross towards the scoop and into the open side
      thereof, as described hereinafter. When the operation is completed the
      head 12 is retracted and returned to its original position by ram 30.
      Preferably, once the pusher head 12 has reached its dotted line position
      12' in FIG. 1, the ram 42 is actuated in order to pivot the entire
      assembly of the pusher head 12, ram 30, and plate 32 about pivot pin 38,
      thereby to raise the lower end 58 of the pusher head out of the layer of
      dross and raise the head to the position 12". Thus, as ram 30 is actuated
      to retract the pusher head to the right, in the direction of arrow B in
      FIG. 1, to its original position, the head 12 does not disturb the
      residual layer of dross remaining in the furnace. Once the ram 30 is fully
      retracted and the pusher head is in the position 12'" in FIG. 1, the
      double acting ram 42 is operated in the reverse direction to lower the
      head 12 to its solid line position, thereby reinserting the lower edge 58
      of the pusher head into the layer of dross.
PAR  Pusher head 12 is adjustably mounted on the ram 30 and plate 32 so that the
      depth of insertion of the head into the layer of dross can be adjusted in
      order to leave a residual layer of dross on the molten metal in the
      furnace, after the pushing operation, in order to prevent or limit
      oxidation of the metal. As seen most clearly in FIG. 2 the pusher head has
      a pair of support plates 60 which are secured to its rear face and extend
      rearwardly towards ram 30. These plates have a series of vertically spaced
      apertures 62 formed therein by which the head 12 is secured to a pair of
      guide rods 64 with bolts 66 or the like. The guide rods are slidably
      mounted on the support plate 32 for movement in the horizontal direction,
      in four roller support assemblies 68 mounted rigidly on plate 32. In this
      manner the guide rods guide and support the head 12 as it is moved across
      the furnace by ram 30.
PAR  Pusher head 12 also includes a pair of L-shaped guide members 70 secured to
      its rear face, which guide members define a slot 72 therebetween. A
      bushing or grooved mounting ring 74, secured to the free end of actuator
      rod 28, is received in this slot to secure the head 12 against movement in
      the horizontal direction with respect to the actuator rod, while allowing
      vertical movement and adjustment of the head with respect to the actuator
      rod. Thus, in order to adjust the vertical position of head 12 with
      respect to ram 30 (and thus with respect to the liquid level in the
      furnace) the bolts 66 are released, the head 12 is moved vertically to the
      desired position, and then the bolts 66 are reinserted and secured to the
      guide rods 64 and the appropriate holes 62 in plates 60. With the bolts
      locked in position by nuts, or the like, in the conventional manner, the
      head 12 is effectively rigidly secured to the actuator rod 28 of ram 30
      for movement therewith. As mentioned, by varying the position of the
      pusher head on the guide rods, the depth of the residual layer of dross
      left on the surface 76 of the molten metal below the lower end 58 of the
      head can be varied.
PAR  It will be appreciated that the stroke length of the ram 30 which drives
      pusher head 12, and the operation of ram 42 can be controlled in various
      ways, such as for example by the use of pneumatic or electrical limit and
      control switches, as will be apparent to those skilled in the art.
PAR  Scoop 20, which receives the dross pushed by head 12, has a base portion 86
      and three sides 88. The fourth side 89 of the generally rectangular scoop
      is open to permit dross contained therein to be poured out of the scoop
      upon tilting, as described hereinafter. As seen most clearly in FIG. 2 the
      base 86 of the scoop is recessed in a generally V-shaped configuration,
      while the vertical sides 88 flare outwardly from the base and the bottom
      side 88 is inclined slightly upwardly (FIG. 1). The front side or face of
      the scoop, opposite base 86, is open and faces the pusher 12. The width of
      the scoop is slightly greater than the width of the pusher head so that
      all of the dross pushed by the head will be received within the scoop.
PAR  Scoop 20 is rigidly secured to a shaft 90 by means of a pair of brackets
      92. The shaft, in turn, is rotatably mounted in bearings 94 or the like,
      which are secured to a support plate 96, rigidly mounted on furnace 18 in
      any convenient manner. The depth of insertion of scoop 20 into the dross
      layer is adjustable in a manner similar to that of pusher head 12. That
      is, the vertical sides 88 of the scoop have a series of vertically aligned
      holes 98 formed therein which receive bolts 100 for securing the scoop to
      the brackets 92. Thus, to vary the vertical position of the scoop all that
      is required is that the bolts 100 be secured in different mounting holes
      98.
PAR  A double acting pneumatic ram 102 is pivotally mounted on the support
      channel 97 along furnace 18 and has an actuator rod 104 which is
      operatively connected to shaft 90 by a crank 106. The latter is rigidly
      secured at one end to shaft 90 and is pivotally connected by a pin 108 to
      the actuator rod 104. Actuation of the double acting ram 102 will cause
      the scoop 20 to pivot between its solid line position in FIG. 1 and its
      dotted line position, wherein the scoop is tilted over the upper edge of
      the furnace 18 to allow dross pushed into the scoop by the pusher head 12
      to be discharged through the open side 89 thereof. The angle of tilt of
      the scoop, i.e. the amount of rotation caused by actuation of ram 102 is
      adjustable, in any convenient manner, as for example by the use of
      electrical limit switches. In the embodiment of the invention shown in
      FIG. 1, a pair of limit switches 110 are vertically adjustably mounted on
      plate 96 and have actuator arms for engaging an actuator plate 112 rigidly
      mounted on shaft 90. It will be apparent that by adjusting the vertical
      position of the switches on plate 96 the angle of tilt of the scoop can be
      varied or adjusted to the desired value.
PAR  In addition, the control means or circuit which controls the operation of
      the various rams, and in particular ram 102, preferably includes timing
      means which will allow a dwell period for the scoop in its tilted phantom
      line position of FIG. 1, during which dwell period dross in scoop 20 will
      flow, under the influence of gravity, into the receptacle or conveyor 22.
      At the end of the selected dwell time period, the ram 102 is again
      actuated to return the scoop to its vertical position.
PAR  In operation the scoop 20 is initially positioned in the vertical solid
      line position shown in FIG. 1 and the pusher head 12 is in its solid line
      position. The relative vertical positions of the scoop and pusher head
      with respect to each other and to the liquid level in the furnace are
      initially adjusted, as desired, by adjusting the mounting of scoop 20 in
      brackets 92 and by adjusting the mounting of head 12 on guide rods 64.
      This adjustment is made so that movement of the pusher head across the
      furnace will leave a residual layer of dross, of a predetermined depth, on
      the molten metal.
PAR  Once the depth of insertion of the head 12 and scoop 20 is adjusted in this
      manner, the air cylinder 30 is actuated to extend actuator rod 28 and move
      pusher head 12 to its phantom line position 12' adjacent scoop 20.
      Movement of the head in this manner pushes the dross on the surface of the
      molten metal ahead of the pusher head into the scoop 20 where it is
      captured between the side walls 88 of the scoop. Once the extreme limit of
      movement of the head 12 is reached, the ram 42 is actuated to pivot the
      head 12 to its phantom line position 12", thereby raising the head 12 out
      of the layer of dross. Once the head 12 is raised in this manner the ram
      30 is actuated to retract the head in the direction B to its initial
      position, as indicated in phantom lines 12'" in FIG. 1. Once the fully
      retracted position of the pusher head 12 is reached, the ram 42 is
      actuated to lower support plate 32 and thus insert the pusher head 12 into
      the layer of dross.
PAR  After the pusher head 12 is retracted, the ram 102 is actuated in order to
      pivot the scoop 20 from its solid line position to its phantom line
      position. Once the scoop has been rotated through the preselected angle,
      as determined by limit switches 110, the scoop remains in its tilted
      position over the edge of the furnace for the preselected dwell time.
      During this period of time the dross pushed into the scoop flows therefrom
      out of the open side 89 into the receptacle 22. Once the dwell time has
      elapsed, the ram 102 is reactivated to return the scoop to its solid line
      position. The skimming mechanism is then in condition for another cycle of
      operation. The cycle of operation can be controlled automatically in any
      desired manner by appropriate control means or electrical circuit as will
      be apparent to those skilled in the art so that the pusher head 12
      commences movement either immediately upon return of the scoop 20 to its
      solid line position or after a preselected time period, depending upon the
      process and metal being treated in the furnace 18.
PAR  It is noted that in the illustrative embodiment of the invention the
      furnace 18 is shown as being generally rectangular in plan with the pusher
      head 12 and scoop 20 mounted in fixed positions adjacent one end thereof.
      This arrangement provides for satisfactory removal of dross from the
      entire surface of the furnace since dross is a flowable material. That is,
      when dross is removed from the end of the furnace upon actuation of head
      12 and scoop 20, some of the dross in the remainder of the furnace will
      flow into the space between the head and the scoop. Thus dross from the
      entire furnace can be continuously removed only at one end of the furnace
      while a satisfactory dross level throughout the furnace is maintained. In
      some furnaces it may be necessary to skim a larger area of the surface to
      obtain proper removal of dross.
PAR  Although an illustrative embodiment of the present invention has been
      described herein with reference to the accompanying drawing, it will be
      apparent that various changes and modifications can be effected therein by
      those skilled in the art without departing from the scope or spirit of
      this invention.
PAR  Accordingly, it will be appreciated that a relatively simple and
      inexpensively constructed mechanical skimmer is provided which, unlike
      manual skimming, removes dross at regular frequent intervals and does so
      without disturbing the molten metal below the dross layer since the
      skimmer can be adjusted to leave any desired thickness of residual dross
      on the melt. Thus, it reduces loss of volatile constituents, such as zinc
      from molten brass. This effects a cost saving and also reduces the amount
      of volatile effluent, which is beneficial in respect to air pollution
      abatement. Moreover, since the skimmer is fully automatic it does not
      require attention by an operator and thus reduces costs since it
      eliminates the need for manual skimming.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for removing dross from the surface of molten metal in a
      furnace comprising, a dross pusher head, means for reciprocating said
      pusher head across the molten metal in the furnace from one side of said
      furnace to the other; a pivotally mounted scoop having an open side and
      being normally positioned at least partially within said furnace opposite
      said pusher head to receive dross pushed by said head; and means for
      pivoting said scoop from said position within the furnace through a
      predetermined angle to discharge dross contained therein outside of the
      furnace.
NUM  2.
PAR  2. The device as defined in claim 1 including means for raising said pusher
      head out of the layer of dross in the furnace after it has pushed dross
      into the scoop to hold the head out of the dross as it is moved away from
      said scoop and returned to its original position.
NUM  3.
PAR  3. The device as defined in claim 2 including means for varying the
      vertical position of said head and said scoop with respect to the level of
      molten metal in the furnace.
NUM  4.
PAR  4. A device for removing dross from the surface of molten metal in a
      furnace having an open upper end; said device comprising, a dross pusher
      head located within said furnace for pushing dross from one side of the
      furnace to an opposite side; means movably mounted on the furnace for
      cyclically reciprocating said pusher head across the surface of molten
      metal in the furnace from said one side to said opposite side and back to
      said one side; means for varying the vertical position of said
      reciprocating means and thus said pusher head with respect to the level of
      molten metal in said furnace; a hollow scoop, having an open side,
      pivotally mounted on said furnace at said opposite side thereof and
      normally positioned to extend into said furnace with its open side facing
      said pusher head to receive dross pushed by said head to said opposite
      side of the furnace; and means for pivoting said scoop from said position
      in the furnace through a predetermined angle to a tilted position over the
      open upper end of the furnace to discharge dross contained therein over
      said upper end of the furnace.
NUM  5.
PAR  5. The device as defined in claim 4 including means for varying the
      vertical position of said scoop with respect to the level of molten metal
      in said furnace whereby the position of the scoop can be adjusted relative
      to the vertical position of the dross pusher head to receive dross pushed
      by said head.
NUM  6.
PAR  6. The device as defined in claim 5 wherein said means for reciprocating
      said pusher head and said means for varying the vertical position thereof
      each comprise pneumatic rams.
NUM  7.
PAR  7. The device as defined in claim 5 wherein said means for pivoting said
      scoop comprises a pneumatic ram operably connected to said scoop.
NUM  8.
PAR  8. The device as defined in claim 5 wherein said means for varying the
      vertical position of said pusher head raises the pusher head out of the
      dross in the furnace when the head is moved from said opposite side of the
      furnace, adjacent the scoop, to said one side of the furnace and lowers
      the pusher head into the dross to a predetermined level when the head is
      returned to its initial position adjacent said one side of the furnace.
NUM  9.
PAR  9. The device as defined in claim 5 wherein said scoop has a pair of
      vertical edge flanges, a bottom edge flange inserted in the dross when the
      scoop is in its normal position in the furnace, and a fourth open edge,
      opposite said bottom edge flange through which dross is poured from the
      scoop when the scoop is in its tilted position.
NUM  10.
PAR  10. The device as defined in claim 9 wherein said pusher head is generally
      U-shaped and has a vertically extending bight portion and a pair of spaced
      vertically extending legs directed towards said scoop; the distance
      between said legs being less than the distance between said vertical edge
      flanges of the scoop.
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ABST
PAL  The entire table frame is a tank. The upper portion of the tank provides a
      working area and the lower portion forms a closed water flow control
      chamber. Removable gratings in the upper portion underlie support rails
      which support steel plates to be cut into desired shapes by an automatic
      profile burning head or a gang of such burning heads. The introduction of
      compressed air into the lower chamber displaces water into the upper
      section to submerge the removable grating. The water subdues the noise and
      smoke of the burning operation, cools the plates being burned, thus
      reducing distortion and catches the slag produced. Small pieces of metal
      falling off the plate being cut are cooled by the water and retained on
      the gratings. Release of air pressure from the lower chamber allows the
      water in the upper portion to return quickly to the lower chamber for
      convienent removal of the metal pieces from the gratings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a water-filled burning table for use in the
      profile burning of steel plates.
PAR  The use of torches to cut steel plates to desired configurations presents
      problems in the support of the plates and in the handling of the slag and
      hot pieces of metal which are cut from the plates. The torches used in
      such operations also produce noise and smoke which are a hazard to the
      health and safety of the operator. Some types of torches discharge a water
      spray which must be delt with.
PAR  Objects of the invention are therefore to provide an improved burning
      table, to provide a burning table which does not impair the health and
      safety of the workmen, to provide a burning table adapted to cool and
      collect smoke, slag and hot pieces of metal cut off from the plates, to
      provide a novel arrangement of water tank for this purpose and to provide
      a burning table having an upper portion which may be flooded with water
      displaced by compressed air from a water chamber underneath without the
      use of water pumps or water valves.
PAC  SUMMARY OF THE INVENTION
PAR  In the present construction the entire table frame is a tank. The upper
      portion of the tank contains removable gratings underlying support rails
      for the work piece. The lower part of the tank contains a closed chamber
      into which compressed air may be introduced for displacing water from the
      chamber into the upper portion to flood the grating.
PAR  Hot slag and hot pieces of metal falling from the work piece are cooled by
      the water with the metal being retained on the gratings. Upon release of
      the air pressure from the lower chamber water in the upper section flows
      back into the chamber.
PAR  The work piece itself may be submerged in the water, if desired, to subdue
      the noise of the torch and collect much of the smoke produced, to benefit
      the health and safety of the workmen.
PAR  The invention will be better understood and the foregoing and other objects
      and advantages will become apparent from the following description of the
      perferred embodiment illustrated in the accompanying drawings. Various
      changes may be made in the details of construction and arrangement of
      parts and certain features may be used without others. All such
      modifications within the scope of the appended claims are included in the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary top plan view of a burning table embodying the
      invention;
PAR  FIG. 2 is a view on the line 2--2 in FIG. 1 with parts broken away;
PAR  FIG. 3 is a view on the line 3--3 in FIG. 1;
PAR  FIG. 4 is a view on the line 4--4 in FIG. 1;
PAR  FIG. 5 is an enlarged view of a portion of the structure shown in FIG. 2;
      and
PAR  FIG. 6 is a view on the line 6--6 in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIGS. 1 and 2, the table comprises a rectangular tank
      having four vertical side walls 9, 10, 11 and 12 and a bottom wall 13.
PAR  A horizontal plate 14 connected and sealed to the side walls divides the
      tank into a lower air-tight pressure chamber 15 and an upper open working
      chamber 16. Extending across the center of the tank in one direction is a
      row of pedestals 17 welded to bottom plate 13. Pedestals 17 support a
      center I beam 18 extending across upper chamber 16 from side to side.
PAR  The I beam 18 supports adjacent side edges of a pair of removable frames 20
      and 21. The other three sides of each frame 20 and 21 are supported on
      brackets 22 welded on the inside of the four vertical side walls of the
      tank. Each frame 20 and 21 comprises a series of spaced apart I beams 23
      welded to vertical end plates 24. On the other two sides of each frame 20
      and 21 is a vertical plate 25, shown in FIG. 4, welded at its opposite
      ends to plates 24.
PAR  Angle irons 26 welded on I beams 23, and plates 25, provide vertical slots
      to receive horizontal burning rails 30 which support the work peice on
      their upper edges. Between each pair of burning rails 30 a removable
      grating 31 is also supported on I beams 23, the outer edge of the marginal
      grating being supported by an angle iron 32 on plate 25.
PAR  A compressed air supply pipe 35 is connected to a solenoid valve 36 and a
      pressure regulating valve 37. Valve 37 is connected to a tee fitting 38
      which communicates with an opening 39 in tank wall 12 as shown in FIGS. 2
      and 5. Opening 39 communicates with the upper end of a chamber 40 which in
      turn communicates at its lower end with an opening 41 in plate 14 whereby
      air from pressure pipe 35 may be blown into the closed bottom chamber 15.
PAR  Lower chamber 15 is filled with water when the table is not in use and a
      quantity of water is normally retained in upper chamber 16. The
      introduction of air pressure into chamber 15 through opening 41 forces
      water out of chamber 15 through an opening 45 in wall 12 at the bottom of
      chamber 15, as shown in FIG. 6. This water flows up through a vertical
      passagewaty 46 and out through an upper opening 47 into the upper chamber
      16 of the tank, submerging the frames 20 and 21 and gratings 31.
PAR  Water can thus flow out of lower chamber 15 until the water level therein
      is depressed to the upper edge of opening 45. Sufficient water is
      displaced from chamber 15 to raise the water level in the upper chamber 16
      to the top edges of burning rails 30. A level control switch 50 in FIG. 1
      operates to close solenoid valve 36 and shut off the air pressure supply
      when the water level in the upper chamber reaches the top edges of burning
      rails 30.
PAR  Tee fitting 38 is also connected to a solenoid valve 51 and a riser pipe 52
      which communicates with an opening 53 in side wall 12. With the compressed
      air supply shut off at solenoid valve 36 the water level in the upper
      chamber may be lowered by opening solenoid valve 51. The opening of
      solenoid valve 51 allows the air in chamber 15 to escape through opening
      41, chamber 40, tee fitting 38, solenoid valve 51, riser 52 and opening
      53. Any water contained in the air discharge is thereby returned to the
      upper chamber.
PAR  The release of air from chamber 15 permits a quick return flow of water by
      gravity from upper chamber 16 through opening 47, passageway 46 and
      opening 45 in FIG. 6 to the lower chamber, lowering the water level in the
      upper chamber to the lower surface of gratings 31. This depressed water
      level permits convenient removal of the pieces of metal which have
      collected on the gratings.
PAR  It will be observed that the valves 36 and 51 are air valves and that there
      are no valves in water passageway 46 to become fouled by pieces of slag in
      the water. These valves may conveniently be controlled by a two position
      toggle switch. In one position the switch opens valve 36 and closes valve
      51 to fill the upper chamber 16. Level control switch 50 closes valve 36
      when the upper chamber is filled. In its other position the toggle switch
      maintains valve 36 closed and opens vent valve 51 to allow water in the
      upper chamber to return to the lower chamber.
PAR  The burning table just described may comprise one section of a much longer
      burning table having a number of such sections, or tanks, placed together
      side by side or spaced apart any desired distance. For this purpose the
      side wall 10 is cut down below the top edges of the other side walls 9, 11
      and 12 and a gutter 60 is provided, as shown in FIG. 3. A pair of bars 61
      welded on the upper edge of side wall 10 provides a vertical slot to
      receive a burning rail 62 of copper or other non consumable material. The
      top edge of burning rail 62 is on the same level as the top edges of
      burning rails 30. Any overflow of water over burning rail 62 displaced by
      slag deposited in chamber 16 is conveyed by gutter 60 to a drain
      connection 63. The water level is normally maintained at the top edges of
      rails 30 and 62.
PAR  Thus, the gutter side of the tank shown in FIG. 3 may be brought adjacent
      to the similar gutter side of another similar tank to double the working
      area of the burning table. If tanks are provided having two opposite sides
      constructed as shown in FIG. 3 any number of such tanks may be added side
      by side to extend the length of the burning table to any desired distance.
      A long work piece is supported on burning rails 62 as well as burning
      rails 30 in the several tanks to provide the neccessary supporting
      surfaces in a common horizontal plane. The burning rails 30 and 62 are not
      fastened to the tanks but are merely loosely supported in the vertical
      slots provided, for convenient replacement when they become severely
      damaged by the overhead cutting torches.
PAR  The cutting torches are directed vertically downward and moved in a
      prescribed path to cut steel plates supported on burning rails 30 and 62
      to desired configuration. Small pieces of metal and scrap cut off from a
      plate are collected on removable gratings 31 and are immediately cooled as
      they are submerged in the water in the upper chamber. The upper chamber
      also collects slag from the burning operations and this may be removed
      from time to time by lifting out removable frames 22 and draining the
      water out of the upper chamber. Both upper and lower chambers are provided
      with removable drain plugs, not shown, for completely draining both parts
      of the tank.
PAR  For under water cutting, to reduce the noise and smoke produced by plasma
      torches, the rail 62 may be omitted and side wall 10 extended to a height
      sufficient to maintain water over the top of the work piece.
CLMS
STM  Having now described our invention and in what manner the same may be used,
      what we claim as new and desire to protect by Letters Patent is:
NUM  1.
PAR  1. A burning table comprising a water tank having a closed pressure chamber
      in its lower portion and an open working chamber in its upper portion,
      means supporting horizontal removable frames in an upper portion of said
      working chamber, means in said frames removably supporting parallel
      horizontal burning rails spanning the top of said working chamber, means
      in said frames removably supporting horizontal gratings between said
      rails, a water passageway connecting a lower portion of said lower chamber
      with an upper portion of said upper chamber just below said gratings, an
      air passageway connecting an upper portion of said lower chamber with an
      upper portion of said upper chamber, an air vent valve in said passageway,
      an air pressure supply pipe connected to said air passageway between said
      air vent valve and said lower chamber, and a valve in said pipe, the
      introduction of air pressure into said lower chamber displacing water from
      said lower chamber through said water passageway into said upper chamber
      to submerge said burning rails and gratings, and the opening of said air
      vent valve discharging air from said lower chamber and any water in said
      air passageway through said air passageway into said upper chamber and
      allowing return of water from only the upper portion of said upper chamber
      through said water passageway to said lower chamber until the water level
      in said upper chamber is just below said gratings.
NUM  2.
PAR  2. A burning table as defined in claim 1, said air vent valve and said
      valve in said pipe being solenoid valves.
NUM  3.
PAR  3. A burning table as defined in claim 1, said means removably supporting
      said burning rails comprising horizontal slots in said frames.
NUM  4.
PAR  4. A burning table as defined in claim 1, one of said burning rails being
      mounted on a side wall of the tank and defining the upper edge of said
      side wall, and a gutter on the outside of said side wall below said one
      rail.
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ABST
PAL  A clamping device having a hollow spindle screwable in a stationary vise
      part and a pressure rod axially slidable in the hollow spindle for
      exerting clamping pressure. A mechanical or hydraulic power amplifier is
      arranged in a cylindrical housing connected to the hollow spindle. The
      secondary or driven member of the power amplifier acts onto a pressure
      rod. The primary member of the power amplifier is acted upon by a driving
      element which itself is arranged in a compressed air cylinder adjoining
      the power amplifier housing. An additional mechanical or hydraulic power
      amplifier is arranged in the compressed air cylinder between the
      compressed air piston and the aforementioned primary member.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention concerns a clamping device, in particular a machine vice,
      having a hollow spindle screwable in the stationary vice part, a pressure
      rod axially slidable in the said hollow spindle for exerting the clamping
      pressure, a mechanical or hydraulic power amplifier arranged in a
      cylindrical housing connected to the hollow spindle, the secondary member
      of the said power amplifier acting on the pressure rod and the primary
      member of the power amplifier being under the force effect of a driving
      element, a compressed-air piston being used as driving element, which
      itself is arranged in a compressed-air cylinder adjoining the power
      amplifier housing.
PAC  BACKGROUND OF THE INVENTION
PAR  In such clamping devices (known for example from German Pat. Specification
      No. 1,289,799), there is provided as driving element as a rule a driving
      spindle operated by means of a crank handle, the forward end of the
      driving spindle acting on the primary member of the power amplifier. This
      power amplifier may be a hydraulic power amplifier equipped with a
      differential piston system.
PAR  The latter comprises a primary piston having a small diameter and a
      secondary piston having a large diameter, the primary piston plunging into
      the cylinder chamber of the coaxially arranged secondary piston.
      Mechanical power amplifiers in this domain are also known, operating
      mostly on the toggle lever principle, the primary member acting on the
      toggle joints of a number of toggle lever pairs supported by their free
      end on the secondary member.
PAR  Although such clamping devices have been successful in practice, they are
      still in need of improvement. The driving spindle of these known clamping
      devices has in fact still to be turned by hand which takes time and is
      fatiguing for the operator.
PAR  To simplify the operation, it is also already known in clamping devices of
      another type to prefer, as driving element, a compressed-air cylinder,
      which itself is arranged in a cylinder adjoining the power amplifier
      housing. Since, on the one hand, the working pressure in the
      compressed-air mains in the finishing shops is comparatively low, while on
      the other hand the working pressure for actuating the primary member is
      comparatively high, the compressed-air piston has to have a comparatively
      large diameter. Owing to this large diameter, the known compressed-air
      clamping device cannot be used in many cases for reasons of space, in
      particular its use in machine vices is limited.
PAR  It is the object of the invention to provide a compressed-air operated
      clamping device of the aforesaid kind, which even with low working
      pressure has a high clamping pressure and a small external diameter, as
      well as being of simple construction.
PAR  This is achieved according to the invention by providing in the
      compressed-air cylinder, between the compressed-air piston and the primary
      member, a second mechanical or hydraulic power amplifier.
PAR  This second hydraulic or mechanical power amplifier enables the
      compressed-air piston to be kept comparatively small, even for a low
      operating pressure, so that the compressed-air cylinder in its external
      diameter is not larger or is only insignificantly larger than the
      cylindrical housing of the first power amplifier. This small external
      diameter enables the clamping device to be fitted in machine vices in
      which it is important to make the latter of as flat a construction as
      possible. Owing to the second power amplifier, the new clamping device can
      be connected to the usual compressed-air mains in workshops. Since for its
      operation, it is merely necessary to open or close valves, the clamping
      device can be operated effortless, and is therefore especially suitable in
      mass production. Despite its small external diameter, a considerable
      clamping pressure can be obtained with the new clamping device.
PAR  In further development of the invention, the mechanical power amplifier has
      at least one lever, preferably however two levers arranged symmetrically
      of the piston axis, each having two lever arms of different lengths, the
      longer lever arm bearing against the piston and the shorter lever arm
      acting on the primary member, the levers being mounted pivotally in an
      abutment connected to the cylindrical housing or to the compressed-air
      cylinder. This mechanical power amplifier is extremely simple in
      construction and permits a power amplification of the force produced by
      the compressed-air piston in the ratio of about 1:4.
PAR  The external diameter of the compressed-air cylinder is then only
      insignificantly larger than the cylindrical housing of the first power
      amplifier. All the levers and their bearings are arranged in the front
      part of the compressed-air cylinder, where they are protected from dust
      and spray water.
PAR  The second hydraulic power amplifier, as is known per se, may also consist
      of a primary piston of small diameter and a secondary piston of large
      diameter, the primary piston plunging into the cylinder chamber of the
      coaxially arranged secondary piston. This hydraulic power amplifier is
      still simpler in its construction, but compared with the mechanical
      modification has the drawback that the hydraulic fluid has to be
      replenished after a lengthy operational period.
PAR  Advantageously, in the hydraulic construction, the compressed-air piston
      and the secondary piston have the same diameter and are mounted spaced
      apart in one cylinder in common, an annular partition, prevented from
      axial displacement, being provided in the cylinder between the two
      pistons, the primary piston passing through the said partition. This
      construction is particularly simple and is also particularly space-saving,
      since the external diameter of the compressed-air cylinder corresponds to
      that of the cylindrical housing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further details of the invention are explained more particularly in the
      following with reference to a number of embodiment examples represented in
      the accompanying drawings, in which:
PAR  FIG. 1 shows in longitudinal section a machine vice with the new clamping
      device a mechanical first power amplifier,
PAR  FIG. 2 shows in longitudinal section the clamping device with a hydraulic
      first power amplifier,
PAR  FIG. 3 shows in part longitudinal section the first embodiment example in
      the inoperative position,
PAR  FIG. 4 shows the same in the clamping position,
PAR  FIG. 5 is a part section on the line V-V of FIG. 3,
PAR  FIG. 6 is a cross-section on the line VI--VI of FIG. 3,
PAR  FIG. 7 shows an embodiment example in part section with hydraulic first and
      second power amplifiers.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the drawings, 1 denotes the entire clamping device, preferably used on a
      machine vice 2. The stationary jaw 4 is rigidly secured to the base-plate
      3 of this machine vice 2. The bearing bracket 5 carrying the spindle nut
      5a is adjustable in different positions, also on the base-plate 3. The
      slide 6, mounted for sliding in the direction A on the base-plate, carries
      the movable jaw 7. The hollow spindle 9 of the clamping device 1, which
      spindle is provided with the external screwthread 8, is adapted to be
      screwed in the spindle nut 5a.
PAR  The hollow spindle 9 has in known manner a pressure rod 10 slidably mounted
      in it, being supported with its front end on the movable jaw 7 and
      exerting the clamping pressure on this jaw. Acting on the rear end of the
      pressure rod 10 is the secondary enlarged head member 11 of a mechanical
      power amplifier 12, known per se. This is a toggle lever power amplifier,
      as disclosed in a similar embodiment by German Pat. No. 1,289,799.
PAR  Instead of this toggle lever power amplifier 12, however, any other
      mechanical power amplifier may be used, or a hydraulic power amplifier 12'
      as shown in FIG. 2. The power amplifier 12 is mounted in a cylindrical
      housing 13. Its primary member is provided with the reference 14.
PAR  Adjoining the power amplifier housing 13 is a compressed-air cylinder 15,
      in which is arranged the compressed-air piston 16. A second mechanical
      power amplifier 17 is provided between the compressed-air piston 16 and
      the primary member 14. In the embodiment example shown in FIGS. 1 to 6,
      this mechanical power amplifier 17 comprises two bell-crank levers 18
      arranged symmetrically of the piston axis having lever arms 18a and 18b of
      different lengths. The bell-crank levers are pivotal on pins 19 which in
      their turn are mounted in an abutment 20 screwed to the cylindrical
      housing 13. To reduce friction, rollingly mounted rollers 21a and 21b are
      provided on the ends of the lever arms 18a and 18b. The two lever arms 18a
      and 18b are arranged approximately at right angles to each other with
      respect to the pivot pin 19. The roller 21a provided on the end of the
      long lever arm 18a lies on a wedge surface 22 extending obliquely to the
      piston axis, while the roller 21b of the short lever arm 18b is supported
      on a pressure plate 23. The latter in turn lies loosely on the spherical
      end of a pressure bolt 24. It can therefore rock slightly with respect to
      the axis of the pressure bolt, whereby production tolerances in the two
      bell-crank levers are balanced out and equal forces are exerted on the two
      bell-crank levers.
PAR  In the embodiment examples shown in FIGS. 1 to 6, the wedge surfaces 22 are
      divergent with respect to the piston 16.
PAR  The pressures exerted by the rollers 21a on the wedge surfaces 22 are
      directed towards the piston axis and thus cancel each other out. The wedge
      25 is thus not subjected to any bending forces. Advantageously, the wedge
      surfaces 22 are slightly curved, their inclination to the piston axis
      decreasing towards the piston 16. The clamping pressure is thereby
      additionally increased when the piston 16 assumes its foremost position.
PAR  A clamping pressure of different values is required according to the nature
      of the workpiece and the nature of the machining. The clamping pressure
      depends on the position of the compressed-air piston 16 at the time. To
      adjust the clamping pressure, therefore, on the free end 26a of a piston
      rod 26 of the compressed-air 16, the said piston rod projecting from the
      compressed-air cylinder 15, there is provided a stop sleeve 27 surrounding
      the piston rod. This sleeve is axially screwable with respect to the
      piston rod 26. To attain an axial length as small as possible, it is
      advantageous for this purpose to connect the free end of the stop sleeve
      27 fast for rotation to a spindle 28 screwable in the interior of the
      piston rod 26. When the piston 16 is acted upon by compressed air, the
      front end 27a of the sleeve 27 is applied in clamping position against a
      cover 29 closing the compressed-air cylinder 15. FIG. 4 shows the most
      advanced position of the compressed-air piston 16, i.e., the position
      corresponding to maximum clamping force. If the sleeve 27 is screwed in a
      direction towards the piston 16, as shown in FIG. 3, then on the admission
      of compressed air, its front end 27a is applied earlier to the cover 29
      and therefore the clamping pressure is limited to a lower value.
PAR  For adjustment of the clamping pressure, the stop sleeve 27 has on its
      external periphery a number of marking rings 30 spaced apart in the axial
      direction. Furthermore, an indicating sleeve 31 surrounding the stop
      sleeve and secured to the cover 29 is provided.
PAR  In the inoperative position of the clamping device, the free end of the
      stop sleeve 27 projects more or less from the said indicating sleeve
      according to the axial adjustment as shown in FIG. 3. The adjusted
      clamping pressure can be read off from the number of working rings
      projecting from the indicating sleeve 31 in the inoperative position. The
      indicating sleeve also serves for checking whether the clamping device is
      clamped or unclamped. In fact, as shown in FIG. 4, the stop sleeve 27
      always enters in its full length the indicating sleeve 31, irrespective of
      what clamping pressure has been adjusted.
PAR  Furthermore, there is advantageously provided on the free end of the
      compressed-air cylinder 15, or a cover 29 closing it, a collar 32 serving
      to set on a driving ring 33 surrounding it. The driving ring is provided
      with a pivotally mounted handle 34 carrying on its bearing end an
      eccentric 35 co-operating with the collar 32. The function of this driving
      ring is described in the following explanation of the mode of operation of
      the novel clamping device.
PAR  For clamping a workpiece, the slide 6 by rotation of the hollow spindle 9
      is first of all adjusted coarsely to the workpiece dimensions. This
      adjustment can be made by rotation of the compressed-air cylinder by
      grasping the compressed-air cylinder 15 directly or rotating the handle
      34. It may happen, however, that for reasons of space, rotation of the
      handle 34 is not possible because the latter, for example, strikes against
      the machine table T. In this case, the handle is turned in the direction B
      into the position shown in FIG. 2.
PAR  The eccentric 35 is thereby released from the collar 32 and the driving
      ring 33 can be withdrawn from the collar. If coarse adjustment of the
      slide 6 has been made, the movable clamping jaw 7 is situated at a
      distance of about 2 to 3 mm from the workpiece. The driving ring 33 is now
      put on the collar 32 again and the handle 34 is turned back into its
      clamping position. The eccentric 35 bears against the collar 32 and
      thereby clamps the driving ring 33 firmly on the collar. If now the
      driving ring is rotated by means of the handle 34 through 180.degree.
      about the principal axis of the entire clamping device, the hollow spindle
      9 is screwed in the spindle nut 5a and the movable clamping jaw 7 bears
      against the workpiece with a relatively small pressure. No appreciable
      expenditure of force is required for turning the handle 34. A valve, not
      shown, is now opened and compressed air is let into the compressed-air
      cylinder 15 through the opening 36. This compressed air is at the pressure
      of about 6 atm usual in works compressed-air pipes. The compressed-air
      forces the piston 16 forward until its movement is limited by the stop
      sleeve 27. The bell-crank levers 18 are rotated outwardly by the wedge
      surfaces 22, whereby a pressure is exerted on the pressure plate 23. This
      pressure is transmitted by the pressure bolt 24 to the primary member 14
      of the power amplifier 12. By means of the mechanical second power
      amplifier 17, the pressure produced by the compressed-air piston is
      amplified by about 1:4. Power amplification again occurs in the first
      power amplifier 12. The secondary member 11 of this first power amplifier
      presses on the pressure rod 10 and thus presses the movable clamping jaw 7
      against the workpiece. In the clamped position, the compressed-air piston
      and the members of the second power amplifier 17 which are associated with
      it have the position shown in FIG. 4.
PAR  If the clamping pressure is to be released, the cylinder space is vented
      through a valve, not shown. By means of the springs 37 of the first power
      amplifier as well as the spring 38 engaging the stop sleeve, all the parts
      of the clamping device are returned to the position shown in FIG. 3. The
      clamping pressure is terminated, but the movable jaw 7 is still applied
      with a slight pressure against the workpiece. If, by operation of the
      handle 34, the hollow spindle is turned back through 180.degree., the
      movable clamping jaw 7 moves away from the workpiece by about 2 to 3 mm
      and the workpiece can be removed unimpeded.
PAR  The embodiment example shown in FIG. 2 differs merely by the use of a known
      hydraulic power amplifier 12' as first power amplifier instead of the
      mechanical power amplifier 12. All the other parts of the clamping device
      are the same, so that repeated description is unnecessary. The primary
      member 14' of the first power amplifier 12' in this case is the primary
      piston.
PAR  In the embodiment example shown in FIG. 7 the second power amplifier 50 is
      in the form of a hydraulic power amplifier. It comprises a primary piston
      51 of small diameter and a secondary piston 52 of large diameter, the
      primary piston plunging into the cylinder chamber 53 of the coaxially
      arranged secondary piston 52. Advantageously, the piston rod of the
      compressed-air piston 54 forms at the same time the primary piston 51 of
      the second power amplifier 50. The compressed-air piston 54 and the
      secondary piston 52 of the second power amplifier 50 expediently have
      equal diameters and are arranged spaced apart in a common cylinder 55.
      Between the two pistons 52 and 54 there is provided an annular partition
      57 prevented by retaining rings 56 from axial displacement, through which
      partition the primary piston passes with the interposition of a suitable
      seal 58. If the first power amplifier 59, as shown in FIG. 2, is similarly
      in the form of a hydraulic power amplifier, the piston rod of the
      secondary piston 52 of the second power amplifier 50 may form at the same
      time the primary piston 60 of the first power amplifier. The mode of
      operation of this clamping device, in so far as concerns the coarse
      adjustment and approach of the movable clamping jaw to the workpiece by
      rotation of the hollow spindle is the same as in the embodiment example
      mentioned at the commencement.
PAR  If the movable clamping jaw 7 lies against the workpiece, compressed air is
      led into the chamber 62 through the bore 61, whereby the compressed-air
      piston 54 is shifted to the left. The primary piston 51 plunging into the
      cylinder chamber 53 filled with hydraulic liquid shifts the secondary
      piston 52 of the first power amplifier by a slight amount also to the
      left. The primary piston 60 of the first power amplifier 59, which primary
      piston is connected to the secondary piston 52, plunges into the cylinder
      chamber 53 filled with hydraulic fluid, and now shifts the secondary
      piston 64 to the left, this piston in its turn exerting the clamping
      pressure on the pressure rod 10.
CLMS
STM  We claim:
NUM  1.
PAR  1. A spindle device for use in a mechanical clamping device having a fixed
      jaw and a movable jaw, comprising:
PA1  a threaded spindle nut secured to said fixed jaw and being spaced
      therefrom;
PA1  hollow spindle means rotatably mounted in said spindle nut, said hollow
      spindle means including a unitary threaded spindle having an axially
      extending hole through the center thereof threadedly engaging said
      threaded spindle nut and a hollow housing member;
PA1  manually operable means connected directly to said hollow housing member
      for applying a positive torque to said hollow housing member to effect a
      rotation of said hollow housing member and said threaded spindle in said
      spindle nut and further effect thereby an axial movement of said hollow
      spindle means relative to said spindle nut and toward and away from said
      fixed jaw;
PA1  means for preventing a relative rotation between said manually operable
      means and said hollow housing member during a use of said manually
      operable means;
PA1  a pressure rod reciprocally mounted in and coaxial with said hole in said
      threaded spindle and movable with said hollow spindle means, an end of
      said pressure rod engaging said movable jaw, an opposite end of said
      pressure rod being located in said hollow housing member and having a head
      member thereon whereby an application of torque to said manually operable
      means will effect a rotation thereof about an axis common to said axis of
      said threaded spindle and an adjustment of said movable jaw toward said
      fixed jaw to clamp a workpiece therebetween;
PA1  external fluid pressure operated force applying means mounted in said
      hollow housing member adjacent said manually operable means for applying
      an axially directed force inside said hollow housing member, said fluid
      pressure operated force applying means having axially reciprocal output
      means thereon; and
PA1  first and second series connected power amplification means symmetrically
      arranged in said hollow housing member about said axis of said threaded
      spindle and rotatable therewith about said axis for transmitting the axial
      force from said output means to said head member on said pressure rod,
      said first and second power amplifier means providing a two-stage
      amplification in the axial force from said output means.
NUM  2.
PAR  2. A device according to claim 1, wherein said fluid pressure operated
      force applying means comprises a cylinder and a piston reciprocally
      mounted therein, said output means being secured to said piston.
NUM  3.
PAR  3. A device according to claim 2, wherein said output member is a wedge;
PA1  wherein said first power amplification means includes a pair of levers
      arranged symmetrically of the piston axis of said piston and each having
      two lever arms of different lengths, a long lever arm bearing on said
      wedge connected to the piston and a shorter lever arm bearing on a first
      output member, the levers being pivotally mounted in said hollow housing
      member.
NUM  4.
PAR  4. A device according to claim 3, including a pressure plate provided
      between said short lever arms and said first output member which loosely
      engages a spherical end on said first output member.
NUM  5.
PAR  5. A device according to claim 2, wherein said second power amplification
      means is a hydraulic power amplifier and comprises a reciprocally movable
      first primary piston and a first secondary piston having a first cylinder
      chamber therein, said first primary piston including first means being
      received into said first cylinder chamber.
NUM  6.
PAR  6. A device according to claim 5, wherein said output means is a piston
      rod; and
PA1  wherein said first power amplification means is a hydraulic power amplifier
      and comprises a reciprocable movable second primary piston and a second
      secondary piston having a second cylinder chamber therein, said second
      primary piston including second means being received into said second
      cylinder chamber;
PA1  wherein said second primary piston has a third cylinder chamber therein
      receiving said piston rod.
NUM  7.
PAR  7. A device according to claim 6, wherein said piston of said force
      applying means and said secondary piston of said second power
      amplification means have equal diameters and are axially spaced apart in
      said hollow housing member, there being provided in said housing member
      between said piston and said secondary piston an annular partition secured
      against axial displacement and having means thereon for permitting a
      passing of said first primary piston therethrough.
NUM  8.
PAR  8. A device according to claim 2, including an axially adjustable stop
      sleeve secured to said piston in said force applying means and movable
      therewith, said stop sleeve being movable into and out of engagement with
      an end cover of said hollow housing member adjacent said force applying
      means.
NUM  9.
PAR  9. A device according to claim 8, wherein the free end of said stop sleeve
      is fixedly connected to a threaded spindle received in the interior of a
      threaded piston rod on the remote side of said piston from said output
      means.
NUM  10.
PAR  10. A device according to claim 8, wherein said stop sleeve has on its
      external periphery a number of axially spaced marking rings and a further
      indicating sleeve surrounding said stop sleeve and secured to said end
      cover, from which indicating sleeve, in an inoperative position, the free
      end of the stop sleeve projects in response to said axial adjustment of
      said stop sleeve.
NUM  11.
PAR  11. A device according to claim 1, wherein said manually operable means
      includes a collar and a drive ring mounted thereon and being coaxial with
      said hollow spindle means, said drive ring having a handle secured thereto
      and having an eccentric engaging said collar to effect a securing of said
      drive ring to said collar.
NUM  12.
PAR  12. A device according to claim 3, wherein said second power amplification
      means is a mechanical power amplifier for amplifying the force from said
      first output member and applying it to said head on said pressure rod.
NUM  13.
PAR  13. A device according to claim 3, wherein said second power amplification
      means is a hydraulic power amplifier and comprises a reciprocally movable
      first primary piston in response to movements of said first output member
      and a first secondary piston having a first cylinder chamber therein, said
      first primary piston including first means being received into said first
      cylinder chamber, said first primary piston having a second cylinder
      chamber therein receiving said first output member.
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ABST
PAL  A positioning clamp for holding a workpiece properly oriented with respect
      to a work station adjacent the clamp. The clamp disclosed releasably holds
      saw chain during an operation such as grinding of a cutter in the chain.
      The clamp is releasable to permit the saw chain to be advanced in steps
      along a channel defined between jaw margins in the clamp. These jaw
      margins include portions which face each other, and that come against
      opposite sides of the saw chain when clamping it, which are shaped to
      complement the shape of the rivet ends usually provided in saw chain to
      hold it together. One jaw member is mounted for pivotal movement toward
      and away from the other to effect clamping and release positioning through
      a ball pivot. The jaw members are biased toward each other to exert a
      clamping pressure, and selectively operable means is provided for swinging
      the jaw members away from each other to produce release.
BSUM
PAR  This invention relates generally to a positioning clamp. More particularly,
      the invention concerns a releasable clamp for holding a workpiece in a
      precisely oriented position while a work operation is performed on the
      workpiece.
PAR  In the manufacture of saw chain, the cutters on the chain may be sharpened
      before the cutters are assembled into the completed chain, or after
      assembly. The latter procedure has some definite advantages, in that it
      minimizes inadvertent dulling of cutters before the chain is packaged for
      distribution. In sharpening an assembled chain, a grinding wheel may be
      brought down at a precise location and angle relative to the cutter. The
      operation requires that successive portions of the chain be held at a
      precise location relative to the work station (which is the station into
      which the grinding wheel is moved). It is also important that after
      sharpening the chain be releasable, to prepare a succeeding portion of the
      chain for sharpening.
PAR  A general object of the invention, therefore, is to provide a novel clamp
      for holding a workpiece with such effective to hold the workpiece in a
      place which is precisely oriented with respect to an adjacent work
      station.
PAR  More specifically, the invention concerns a clamp for holding saw chain,
      including relatively movable jaw members, and opposed face portions in
      said jaw members shaped to complement the shape of portions of the saw
      chain whereby with clamping pressure exerted there is a tendency for the
      chain to move into a precise position with respect to the clamp.
PAR  Another object of the invention is to provide a clamp with jaw members, and
      a novel mounting for one jaw member on the other which enables the same to
      move in a swing direction toward and away from the opposing jaw member,
      and also provides a limited amount of lateral shifting of the jaw member,
      promoting an accurate seating relationship of the jaw members about
      opposite sides of a chain when such is clamped.
PAR  Yet another object is to provide a novel combination of clamp and support
      therefor, which affords adjustments in the position of the clamp with
      respect to the support to accommodate, when necessary, adjustment in the
      position that a portion of a saw chain is held with respect to a work
      station adjacent the clamp.
PAR  A further feature of the invention is the provision of a clamp including
      opposed jaw members having an opposed set of margins that define between
      them a course adapted for the lengthwise travel of chain, such margins
      further including opposed face portions shaped to complement the shape of
      a portion of the saw chain handled promoting proper positioning of the saw
      chain when clamping is produced.
DRWD
PAR  These and other objects and advantages will become more fully apparent as
      the following description is read in conjunction with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a top plan view of a clamp as contemplated herein showing such
      secured to a support;
PAR  FIG. 2 is a side elevation of the clamp illustrated in FIG. 1;
PAR  FIG. 3 is a cross-sectional view, taken generally along the line 3--3 in
      FIG. 2;
PAR  FIG. 4 is a cross-sectional view, taken generally along the line 4--4 in
      FIG. 2;
PAR  FIG. 5 is a cross-sectional view, taken generally along the line 5--5 in
      FIG. 2;
PAR  FIG. 6 is a top view of portions of the clamp and showing a portion of a
      saw chain clamped therein;
PAR  FIG. 7 is a side elevational view of the clamp and chain as pictured in
      FIG. 6; and
PAR  FIG. 8 is a cross-sectional view, taken generally along the line 8--8 in
      FIG. 7.
DETD
PAR  Referring now to the drawings, and first of all more particularly to FIGS.
      1 and 2, indicated at 10 is a support. Such is mounted in a stationary
      position in the equipment with which the clamp of the invention is
      installed. Mounted on the support is clamp mechanism shown generally at
      12. As will be described in greater detail below, the clamp mechanism is
      adapted to clamp onto a portion of a saw chain to hold the same while
      grinding of a cutter therein is performed. The support and clamp
      mechanism, therefore, form part of a grinding machine which further
      includes a power-driven grinding wheel, which is moved into the cutter of
      a tooth held by the clamp mechanism for the purpose of sharpening it. The
      grinding wheel and other particulars of the machine have been eliminated
      from the drawings for reasons of simplicity, and since particulars of such
      machinery form no part of the instant invention. Suffice it to be said
      that the work station, or the region where the grinding wheel performs its
      grinding, is directly above the clamp mechanism and midway between its
      sides, as such as illustrated in FIG. 2.
PAR  Clamp mechanism 12 includes a pair of jaw members indicated at 14 and 16.
      Jaw member 14 lies against support 10, whereas jaw member 16 lies against
      member 14 and forms the outer jaw member in the clamp mechanism. As
      perhaps best illustrated in FIG. 2, the outer jaw member 16 is provided
      with a pair of enlarged bores 18, 20 exposing portions of the inner jaw
      member to the outside of the clamp mechanism.
PAR  Referring now more particularly to FIGS. 1, 2 and 5, the inner jaw member
      14 is secured to support 10 with a screw fastener 22 having a hex recessed
      head 24 (provided for the attachment of a fastening tool). Shank 26 of the
      fastener passes through a slot 28 formed in the jaw member, which slot
      accommodates a limited amount of side-to-side movement in the jaw member
      relative to fastener 22. Access to the hex head at the front of the clamp
      is provided by the bore 20 which exposes this head.
PAR  Referring now to FIGS. 1, 2 and 3, jaw member 14 is also provided with an
      elongate cam opening 30 extending through it exposed to the front face of
      the clamp mechanism by bore 18. A cam fastener shown at 32 including a cam
      head 34 has its cam head lodged within cam opening 30. Shank 36 in the cam
      fastener extends through an accommodating bore in support 10 and receives
      on its threaded end a nut 38. The cam head has a hex recess 40 therein
      adapted to receive the end of a fastening tool. From this, it should be
      obvious that with loosening of the nut and turning of the cam fastener to
      rotate the cam head, side-to-side movement may be imparted to the inner
      jaw member 14.
PAR  Adjacent the base of the inner jaw member, and as perhaps best illustrated
      in FIGS. 2 and 4, is an elongate slot 42. A complementing slot 44 is
      provided in support 10. Fitted within the slots 42, 44 is a key 46. The
      key and slots provide guide means guiding adjustable movement of the jaw
      member 14 relative to support 10 along a substantially horizontal path.
PAR  The outer jaw member in the clamp is mounted on the inner jaw member by
      means accommodating movement of the outer jaw member toward and away from
      the inner one. More specifically, and referring to FIGS. 2 and 4, adjacent
      the base and on the inner face of the outer jaw member is a semispherical
      cavity 48. A similar cavity 50 is provided in the base of the face of jaw
      member 14. Ball member 52 fits within these two cavities and provides for
      pivotal movement of the outer jaw member in a swing direction extending
      toward (and away from) the inner jaw member, about a horizontal axis which
      extends through the center of the ball member.
PAR  With reference to FIGS. 1, 2 and 4, an actuating arm 54 has an upstanding
      end portion 56 extending upwardly along the outer face of jaw member 16.
      Such fits within an accommodating slot 58 formed in this jaw member.
      Passing through this end portion and jaw members 14 and 16 is the shank 59
      of a nut and bolt assembly 60. Bore 62 in jaw member 14 which accommodates
      this shank has a somewhat larger diameter than the shank, to provide a
      degree of clearance for the shank. A compression spring 64 interposed
      between the back of jaw member 14 and nut 66 in the nut and bolt assembly
      constitutes a biasing means functioning to draw shank 60 to the right in
      FIG. 4, thus to urge the outer jaw member toward the inner one.
PAR  The opposed upper margins of the jaw members define between them a course
      adapted for the lengthwise travel of saw chain with the clamp mechanism
      released. Thus, and as can be seen in FIG. 4, along the upper margin of
      member 14 is a shelf region 68, and extending along each of the jaw
      members are elongate recessed channel regions 70, 72. With the jaw members
      opened up, the recessed channel regions move away from each other, to
      permit saw chain, such as that indicated at 74 in FIGS. 6 and 7, to be
      advanced along the course defined at the top of the jaw members. With
      release of actuating arm 54 to permit movement of the jaw members toward
      each other under the urging of spring 64, face portions 76, 78 bounding
      part of the recessed channel regions move toward each other to clamp saw
      chain disposed therebetween.
PAR  As demonstrated by saw chain 74, the usual chain includes a succession of
      links held together in the chain by rivets, such as those shown at 80. Two
      of such rivets hold a cutter link, such as the one shown at 82, one being
      adjacent each end of the cutter link and each rivet having opposite ends
      exposed on opposite sides of the saw chain. These opposite ends are
      rounded, and protrude somewhat from the faces of the links bound by the
      rivets.
PAR  In order precisely to orient a portion of a saw chain (namely, the cutter
      link) when such is clamped by the clamp mechanism, each face portion 76,
      78 is provided with a pair of concave depressions, such as those shown at
      84, 86. These depressions complement in shape the rounded ends of the
      rivets which hold the links in the chain together. Further, they have a
      spacing from each other which corresponds to the spacing between adjacent
      rivets used in the fastening of a link in the chain. As a consequence,
      when the jaw members are brought together, and should a cutter link which
      is to be sharpened be slightly out of line, there is a tendency for the
      rivets holding the link to shift the small degree necessary to produce a
      seating relationship between the concave depressions 84, 86 and the
      rounded rivet ends of the link.
PAR  With reference to FIG. 4, there is indicated a selectively operable means
      for moving the outer jaw member away from the inner one to release the saw
      chain after the saw sharpening operation has been performed. Such
      comprises a cam 88 operated by a selectively operated motor 90 which
      rotates with operation of the motor to bear down on actuating arm 54
      causing the same to rock so as to move jaw member 16 in a counterclockwise
      direction in FIG. 4.
PAR  Ball member 52 provides a mounting for jaw member 16 which accommodates
      swinging of the jaw member in a swing direction which extends toward jaw
      member 14. Additionally, the ball member provides for limited pivotal
      movement of member 16 in a direction extending laterally of this general
      swing direction. There has been described in connection with bore 62 which
      receives shank 36 a limited amount of clearance. As a consequence, when
      jaw member 16 moves toward jaw member 14, on moving up against the rivet
      ends holding a cutter link in place, and should such rivet ends be
      slightly out of properly oriented position, jaw member 16 may shift
      laterally slightly to seek out a properly centered position with the rivet
      ends, thus to promote a finally seated relationship with the cutter link
      finally clamped.
PAR  Explaining the operation of the structure described above, the clamp
      mechanism is placed in a release position, to free movement of saw chain
      along the top of the clamp, by actuating motor 90 to cause the actuating
      arm 54 to rock in a counterclockwise direction in FIG. 4, thus to swing
      jaw member 16 in the same direction with compression of spring 64. The saw
      chain is then advanced along the channel defined at the top of the clamp
      mechanism, as by pulling on the chain in a region of the chain which is
      located to one side of the clamp mechanism. Such ordinarily would be done
      mechanically, with pulling stopped when a cutter link which is to be
      sharpened is positioned with the rivets at its ends substantially in
      registry with concave depressions 84, 86 disposed on either side of the
      cutter link. It should be understood, however, that there is a certain
      amount of slack in any saw chain by reason of slight clearances provided
      between the rivets and the links along the length of the chain, and exact
      positioning of the cutter link in this position cannot be assured through
      the pulling action described. Thus, the positioning action so far
      described is an approximate positioning of the cutter link only.
PAR  With the cutter link approximately positioned, cam 88 is actuated to permit
      arm 54 to rock in a clockwise direction in FIG. 4. This permits coiled
      compression spring 64 to draw jaw member 16 toward member 14 to effect
      clamping of the chain by the clamp mechanism. As jaw member 16 moves
      toward jaw member 14, depressions 84, 86 on either side of the chain move
      against over exposed rivet ends, with the saw chain tending to shift to
      the degree necessary to produce exact alignment of the rivet ends with the
      depressions, and alignment of the depressions on opposite sides of the
      chain with each other. With the chain finally clamped the cutter is held
      in a position which is precisely oriented with respect to the jaw members
      and the adjacent work station.
PAR  The cutter element is now ready for sharpening. With completion of the
      sharpening operation, the clamp mechanism is released to permit the
      positioning of a new cutter element in the manner just described.
PAR  Through loosening of inner jaw member 14 with respect to support 10,
      adjustments in the position of the inner jaw member, and in turn the
      position of the clamp mechanism as a whole, may be made relative to
      support 10.
PAR  While an embodiment of the invention has been described, it should be
      obvious that variations and modifications are possible without departing
      from the invention.
CLMS
STM  It is claimed and desired to secure by Letters Patent:
NUM  1.
PAR  1. In a clamp adapted to hold an elongate workpiece with such indexed
      relative to a work station for the workpiece, said workpiece having an
      irregular contour in a direction extending along the length thereof with
      portions recurring along its length having matching contour,
PA1  a first jaw member,
PA1  releasable means for fixing said first jaw member in different adjusted
      positions relative to said support,
PA1  a second jaw member and means mounting said second jaw member on said first
      jaw member accommodating movement of the second member toward and away
      from the first member to effect clamping and release of a workpiece,
      respectively, said means mounting said second jaw member comprising a ball
      pivot mounting accommodating swinging of the second jaw member in a swing
      direction extending toward the first jaw member and limited pivotal
      movement laterally of said swing direction,
PA1  biasing means urging said second jaw member toward the first jaw member,
PA1  said first and second jaw members having shaped opposed face portions
      complementing the contour of said recurring portions of the workpiece and
      tending to seat over such a portion of the workpiece when clamping onto
      the workpiece thus to orient the workpiece relative to the jaw members.
NUM  2.
PAR  2. The clamp of claim 1, which further includes selectively operable means
      for moving said second jaw member away from said first jaw member against
      the urging of said biasing means.
NUM  3.
PAR  3. The combination of a support,
PA1  a clamp mounted on said support,
PA1  said clamp including first and second jaw members and a ball pivot mounting
      pivotally mounting said second jaw member whereby the latter is movable
      toward and away from the first jaw member through swinging movement of
      said second jaw member in a swing direction which extends toward the first
      jaw member to effect clamping and release positioning by the clamp in an
      opposed set of margins of the jaw members, the ball pivot mounting further
      affording limited pivotal movement of said second jaw member laterally of
      said swing direction,
PA1  said opposed margins defining between them a course adapted for the
      lengthwise travel of saw chain along the course with the clamp in a
      release position,
PA1  said margins including at a region intermediate the ends of said course
      opposed face portions each with paired concave depressions complementing
      the ends of the usual rivet in saw chain which holds links together, and
      said concave depressions seating over such rivet ends with the clamp in a
      clamping position thus to orient the chain relative to the jaw members.
NUM  4.
PAR  4. The combination of claim 3, wherein said clamp is mounted on said
      support therough means fixing said first jaw member to said support, said
      ball pivot mounting pivotally mounts the second jaw member on said first
      jaw member, biasing means is interposed between the first and second jaw
      member urging the second jaw member into a clamping position, and which
      further includes selectively operable means for swinging said second jaw
      member away from said first jaw member against the urging of said biasing
      means.
NUM  5.
PAR  5. The combination of claim 3, wherein said clamp is mounted on said
      support through means fixing said first jaw member to said support, said
      means being releasable to accommodate adjustable movement of said first
      jaw member relative to said support, the mounting of said first jaw member
      on said support further including guide means guiding said adjustable
      movement along a path, and said ball pivot mounting pivotally mounts said
      second jaw member on said first jaw member.
NUM  6.
PAR  6. The combination of claim 3, wherein said clamp is mounted on said
      support through means fixing said first jaw member to said support, said
      means being releasable to accommodate adjustable movement of said first
      jaw member relative to said support, the mounting of said first jaw member
      on said support further including guide means guiding said adjustable
      movement along a path, said ball pivot mounting pivotally mounting said
      second jaw member on said first jaw member, and which further includes
      biasing means interposed between the first and second jaw members urging
      the second jaw member into a clamping position, and selectively operable
      means for moving said second jaw member away from said first jaw member
      against the urging of said biasing means.
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ABST
PAL  An adjustable shaft rest assembly is disclosed for securely clamping a
      workpiece to a fixture table. A clamp including a clamp head which is
      selectively displaceable from a first position to a second position is
      mounted on a base and a pair of bores are defined in the base with the
      axes thereof intersecting the axis of a clamped workpiece for receiving a
      pair of shaft rests which can be selectively axially displaced from first
      positions to second positions. Each of the first and second shaft rests
      includes a threaded central bore which is threadedly received by first and
      second threaded studs which are fixedly secured within the base bores.
BSUM
PAR  The present invention relates to shaft rest assemblies for clamping
      workpieces to fixture tables or the like.
PAR  In drilling, such as where a hole is to be precisely drilled into a
      stationary workpiece, the fixturing must be aligned as accurately as the
      machine. Conventionally, the workpiece is clamped between a V block and a
      toggle clamp and fine adjustments in the location of the axis of the
      workpiece are effected after the workpiece has been unclamped by either
      filing down a supporting surface of the V block or elevating the V-block
      with suitable shims or the like.
PAR  It is an object of the present invention to provide a shaft rest assembly
      which can readily and repeatedly effect fine adjustments in the location
      of the axis of a workpiece to be clamped in the assembly.
PAR  Other objects and advantages of the present invention will become apparent
      from the following portion of this specification and from the accompanying
      drawing which illustrates, in accordance with the mandate of the patent
      statutes, a presently preferred embodiment incorporating the teachings of
      the invention.
DRWD
PAR  Referring to the drawing:
PAR  The sole FIGURE comprises an elevational view of a shaft rest assembly made
      in accordance with the teachings of the present invention.
PAR  The adjustable shaft rest assembly includes a toggle clamp 10, which is
      mounted on a shaft rest base 11. The toggle clamp is secured to a mounting
      bracket 12 by screws 13 or the like is maintained in the desired position
      by screws 14 which extend through the mounting bracket 12 into the shaft
      rest base. When the clamp handle 15 of the toggle clamp is displaced from
      the unclamped position to the illustrated clamped position, the clamp arm
      16 to which the clamp head 18, having a planar work engaging surface is
      secured, is advanced from a retracted position to the illustrated clamping
      position. The clamp head is mounted on the clamp arm via a clamp stud 20
      which is threadedly received in a suitable clamp arm bore and which is
      selectively adjustable from a first axial position (fully illustrated) to
      a second axial positon (partially illustrated) for clamping cylindrical
      shafts 22, which may have a diameter ranging from a minimum diameter
      D.sub.1 to maximum diameter D.sub.3. The lengths of the stud 20 and the
      height of the toggle clamp mounting bracket 12 are selectively chosen to
      permit the desired displacement of the clamp head. The precise position of
      the clamp can be maintained by a suitable jam nut 24 or the like.
PAR  The top surface of the shaft rest base 11 includes a channel 26, which is
      configured to permit proper concentric clamping of shafts having diameters
      within the predetermined range and a pair of bores 28 are defined in the
      shaft rest base with the axes thereof substantially intersecting the
      desired center of a shaft to be clamped. The axis of each bore establishes
      an angle with the other bore as well as with the axis of the clamp head
      18.
PAR  A shaft rest 30 is inserted into each bore and includes an outer casing 32
      having a threaded central bore 34 for threadly receiving a stud 36. The
      stud includes an end portion 38 which is suitably received in a second
      coaxial bore 40 and which is locked in position by a set screw and shoe
      42. A button 44 having a workpiece engaging surface is fixedly secured to
      the outer casing 32 whereby rotation of the shaft rest integral hexagon
      surface 46 will advance or retract the shaft rest, and hence, button 44.
      Once the shaft rest has been located at a desired axial position, further
      axial displacement can be prevented by advancing a set screw 48, (and shoe
      49) into locking engagement with the outer casing 32 of the shaft rest.
PAR  It can be appreciated that with the disclosed shaft rest assembly, the
      center of a supported shaft can be displaced solely in the vertical
      direction by changing the axial position of each of the shaft rests 30 by
      an identical amount or the center of a supported shaft can be shifted any
      selected distance in any compound direction (displacement in X + Y
      directions) by incrementally, individually adjusting the shaft rests 30 by
      different axial amounts until the actual and desired axes coincide.
PAR  All adjustments are reversible in character, and accordingly, the disclosed
      shaft rest assembly can be reused time and time again to properly clamp
      workpieces having a diameter within the predetermined range of the shaft
      rest assembly.
PAR  In the preferred embodiment, two sets of shaft rests are provided. One set
      30 is axially adjustable from the maximum diameter D.sub.3 to an
      intermediate diameter D.sub.2, and the second set 30' is axially
      adjustable from the intermediate diameter D.sub.2 to the minimum diameter
      D.sub.1.
PAR  The adjustable shaft rest assembly may be fixedly mounted on a fixture
      table 50 or the like in any conventional manner, and has particular
      application to the field of gundrilling wherein one end of a workpiece is
      suitably located in a chuck assembly and the free end of the workpiece, as
      well as several intermediate workpiece locations, must be supported with
      the actual axis of the workpiece precisely coinciding with the desired
      axis thereof.
PAR  The adjustable shaft rest assembly can also be utilized to properly align
      workpieces on milling and drilling machine tables, or for inspection or
      layout on surface plates, or for brazing or welding operations.
      Additionally, the adjustable shaft rest assembly can be utilized to align
      workpieces in assembly operations; or wherever similar alignment
      characteristics exist.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adjustable shaft rest assembly for securely clamping a workpiece to a
      fixture table or the like comprising
PA1  a base,
PA1  a clamp mounted on said base and including a clamp head selectively axially
      advanceable from a first position to a second position,
PA1  a first pair of bores defined in said base with the axes thereof being
      angularly related and intersecting the axis of a clamped workpiece, said
      bores including first and second coaxial portions,
PA1  first and second threaded studs including a first threaded portion and a
      second portion selectively configured for insertion into said second base
      bore portions,
PA1  first and second shaft rests,
PA1  said shaft rests being selectively configured for insertion into said first
      portion of said first pair of base bores and including threaded central
      bores for threadedly receiving said first threaded portion of said first
      and second threaded studs,
PA1  said base including a threaded bore angularly intersecting said second
      portion of each of said first pair of base bores and a pair of set screw
      means for selected advancement into said pair of threaded base bores for
      fixedly locating said threaded studs.
NUM  2.
PAR  2. An adjustable shaft rest assembly according to claim 1, wherein each of
      said set screw means comprises a set screw and a shoe adapted to be
      located within one of said threaded base bores intermediate one of said
      threaded studs and said set screw.
NUM  3.
PAR  3. An adjustable shaft rest assembly according to claim 1, further
      comprising means for selectively preventing the rotation of each of said
      shaft rests.
NUM  4.
PAR  4. An adjustable shaft rest assembly according to claim 1, wherein said
      clamp is a toggle clamp.
NUM  5.
PAR  5. An adjustable shaft rest assembly according to claim 1, wherein each of
      said shaft rests further includes a hexagonal surface at the exposed end
      thereof.
NUM  6.
PAR  6. An adjustable shaft rest assembly according to claim 1, wherein the axes
      of said first pair of base bores and the axis of said clamp head intersect
      the axis of a clamped workpiece and lie in a single plane.
NUM  7.
PAR  7. An adjustable shaft rest assembly according to claim 1, further
      comprising
PA1  a second pair of threaded bores angularly intersecting said first portion
      of each of said first pair of base bores and a second pair of set screw
      means for selective advancement into said second pair of threaded bores
      for forcefully engaging and preventing the rotation of said shaft rests.
NUM  8.
PAR  8. An adjustable shaft rest assembly according to claim 7, wherein each of
      said second pair of set screw means comprises a set screw and a shoe
      adapted to be located within one of said second pair of threaded bores
      intermediate one of said shaft rests and said set screw.
NUM  9.
PAR  9. An adjustable shaft rest assembly according to claim 8, wherein said
      clamp is a toggle clamp.
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ABST
PAL  A table is shown suitable for use in supporting, manipulating and
      positioning human bodies or cadavers during examination, diagnosis and
      experimentation involving the spine. A pelvic support and a thoracic
      support are separately slidably mounted on a frame base table. Each
      support is provided with positioning rods which may be placed in
      predrilled holes in the pelvic and thoracic regions respectively. The
      positioning rods are pivoted for rotation so that the cadaver's spine may
      be controllably and adjustably positioned to simulate forward bending
      motion of the spine. The thoracic support is pivoted along two axes to
      provide lateral bending and rotation adjustments. Sensitive plates are
      positioned below and to the side of the cadaver for sequential
      radiographic analysis of the spinal region between the positioning rods
      during various postures controlled by adjustment of the rods and supports.
      Suitable indexing and locking mechanisms are provided so that a series of
      sequential positions may be examined.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a support table for use in examination, diagnosis
      and experimentation with the spinal regions of human bodies and the like.
      The invention further relates to such a table that may be used to
      manipulate the body during examination in order to simulate natural spinal
      motions. In particular, the instant invention relates to a table suitable
      for use in the examination of human cadavers to obtain sequential
      radiographs of portions of the spine in both relaxed and manipulated
      positions.
PAR  2. Description of the Prior Art
PAR  Conventional supporting structures used in radiographic examination provide
      a flat surface, such as a table top, upon which the subject may be placed.
      Certain of the art devices provided for motion of the flat surface about
      its own axes to place the body in a suitable position with respect to
      fixed radiographic equipment. None of the art devices provide means for
      positioning part of the body with respect to other parts except for simple
      restraints to prevent any motion. The conventional solution to the present
      problem of manipulating body posture would be to place objects, such as
      wooden blocks, under part of the body. This technique is obviously
      unsuitable for obtaining accurately repeatable radiographs. A major
      limitation of conventional equipment and practices is related to the
      distortion of the relationship between the discs and vertebra of the spine
      during manipulation and positioning. During life the spine is deflected by
      the combination of forces resulting from muscular tension and external
      forces such as gravity acting on the various body members. These forces
      are applied to the spine at many different points and from many different
      and varying angles. It is highly desirable to examine the spine in
      positions correlating closely to those occuring during life in order to
      collect the most relevant information. It is therefore a distinct
      limitation on the accuracy and usefulness of experimental and dignostic
      data to have obtained it during experimentation using equipment that does
      not closely simulate these various forces nor allow the spine to
      stabilize, i.e. to choose the most natural relationships for its component
      parts in a manipulated position. Conventional practice, where available,
      applies a rigid force, often from an arbitrary direction, to the body at
      points chosen for convenience resulting in a distortion of the
      relationship between the spinal components from that which may occur
      during life.
PAC  SUMMARY OF THE INVENTION
PAR  In order to avoid the difficulties of conventional apparatus and to provide
      a support table suitable for supporting the subject in a natural or
      manipulated position wherein the relationship between the discs and
      vertebra is caused to be close to that occuring during life, the instant
      invention provides a complete table unit as follows. A frame base is
      provided upon which is mounted a pair of tracks. Individually slidable
      upon these tracks are both a pelvic and a thoracic support. An
      interconnect rod is provided so that, after the manipulated subject has
      been stabilized in a desired posture, the supports may be firmly locked
      together to prevent any further motion of the spine. Low friction bearings
      assemblies are provided which allow the subject to stabilize with minimal
      distortion effects from mechanical friction.
PAR  A locking and indexing device is provided to control motion of the support
      pair along the tracks. This device may be used to repeatably position the
      combination of supports along the base table in order to obtain a series
      of radiographs with the subject displaced a controlled amount along the
      axis of the spine.
PAR  The pelvic support is provided with a lifting plate having a controllable
      supply of air so that the subject may be placed upon the plate and then
      easily positioned with respect to the table while partially supported by
      the air pressure. Once the subject is properly aligned the air supply may
      be removed. A pelvic locator is provided which may be firmly affixed to
      the pelvic region of a cadaver by means of screws to locate the cadaver
      with respect to suitable locators affixed to the pelvic support. A drill
      guide is removably mounted on the pelvic support so that mounting holes
      may be precisely drilled through the cadaver's pelvic regions parallel to
      the table and perpendicular to the longitudinal axis of the spine.
      Positioning rods may then be inserted into these holes and secured to an
      assembly rotatably mounted on the support. A handle and locking mechanism
      is provided so that the rods may be rotated and locked into position. This
      arrangement provides a means for causing a controllable and repeatable
      bending motion of the spine. Low friction bearings are provided in the
      rotation mechanism to allow the spine to stabilize and assume a relatively
      natural configuration once rotated a certain amount.
PAR  The thoracic support is also provided with a lifting plate and positioning
      rod assembly similar to the above described devices and used in the same
      manner. A spinal locator is provided which may be affixed to a preselected
      vertebra so that the upper portion of the cadaver may be accurately
      positioned with the respect to the thoracic support by means of a
      corresponding locator affixed thereto.
PAR  The thoracic lifting plate is positioned on a thoracic cradle plate. The
      cradle plate is pivotably mounted to a main plate so that the spine may be
      rotated about its longitudinal axis. The axis of rotation is arranged, by
      the use of a phantom pivot point, to coincide with the effective axis of
      rotation of the spine to insure naturalness of the motion. The cradle
      plate is mounted for motion on a base plate so that the spine may be
      rotated with respect to the pelvic region to provide lateral bending of
      the spine. The pivot point for this lateral bending rotation may be
      adjusted along the axis of the spine to compensate for the differences in
      the height of cadavers used. Locking and indexing means are provided in
      the thoracic support to control the rotation of the cradle plate. Low
      friction bearings are also provided at these points to allow the spine to
      more freely and stabilize before the locking means are activated.
PAR  Radiographic sources may be positioned with respect to the base table so
      that a pair of radiographs of the spine may be simultaneously exposed at
      right angles to each other.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the basic table of the instant invention
      with the radiographic equipment removed for clarity and a cadaver,
      together with the locator mechanisms, shown in an exploded fashion
      vertically above the table.
PAR  FIGS. 2A and 2B are views of one of the eight bearing assemblies used to
      support and align the pelvic and thoracic supports on the runway tracks of
      the table.
PAR  FIG. 3 is an enlarged view of the lower left hand corner of the table, as
      shown in FIG. 1, detailing the table indexing and locking mechanisms.
PAR  FIG. 4 is a side view of the thoracic support of the instant invention.
PAR  FIG. 5 is a front view of the support shown in FIG. 4.
PAR  FIG. 6 is a sectional view of the thoracic support of FIG. 4 taken along
      line AA.
PAR  FIG. 7 is an exploded view of the twisting devices of the instant invention
      including the both pelvic and thoracic threaded rod holders.
PAR  FIG. 8 is a top view of a human skeleton showing the relative positioning
      of the threaded rods and other devices of the preferred embodiment of the
      instant invention shown herein.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A detailed description of a preferred embodiment of the instant invention
      is given herein showing the best mode of construction presently known.
      Because the instant invention is a device in the manner of experimental
      apparatus suitable for many specific experimental purposes in the related
      fields of art, it is necessary to describe the invention in the detailed
      terms of a configuration optimized for a particular type of experiment. It
      must be noted that the specific configuration shown herein is therefore
      not intended to limit the scope of this invention but rather provide a
      teaching of the fundamental concepts so that the invention may be applied
      to the specific requirements of other experiments.
PAR  In particular, therefore, the exact placement of the various threaded rods,
      screws, and other devices intended to be attached in some manner to a
      cadaver are for illustrative purposes and may of course be rearranged for
      use in another type of experiment without deviating from the spirit or
      scope of the instant invention. In addition it would certainly be within
      the ability of a man having ordinary skill in the mechanical arts to add
      simple mechanical refinements of specific features of the preferred
      embodiment shown herein to increase ease of use or efficiency. Such
      refinements have not been added to the embodiment shown herein in order to
      preserve the flexibility of the present arrangement.
PAR  The preferred embodiment described herein is intended for use in a series
      of experiments the object of which is the gathering of sequential
      radiographs, in two perpendicular planes, of the lower spine of a human
      cadaver taken in both relaxed and manipulated positions. One requirement
      is that the relative positions of the vertebrae and discs of interest
      approximate the positions naturally occuring in a living being under
      conditions of forward and lateral bending, and axial rotation. A further
      requirement is that the relative positions of the radiographic source, the
      spine and the radiographic plates are maintained constant. In addition
      radiographs were to be made both in the horizontal and vertical planes at
      the same instant in time under the same controlled restrictions. Further,
      in order to study and correct for the point source distortion inherent in
      this type of Xray experimentation, it may be desirable to take a sequence
      of radiographs of a spine, each set of radiographs displaced by a
      predetermined distance.
PAR  FIG. 1 is a partial view of the device of the instant invention shown
      without the radiographic equipment for ease of explanation. The upper
      portion of the device is shown in an explosed view fashion together with a
      cadaver for ease in explaining the relative positioning of parts of the
      device to the cadaver. The instant invention will be described basically
      with reference to FIG. 1 while the other figures serve to explain and
      clarify details of construction.
PAR  The table 10 of the instant invention is supported by the frame base table
      12 which may conveniently be constructed from drawn tubing or other
      inexpensive standard construction materials. Mounted along the upper
      surface of the table are a pair of runway tracks 14. These tracks serve to
      support and align all equipment mounted on them. The tracks may be
      conveniently constructed of square tubing similar to that used in the
      construction of the table. It is desirable to utilize tubing having a
      cross sectional area in the shape of the letter C so that perpendicularly
      positioned bearings may be utilized to provide increased support and
      alignment accuracy as will be described in greater detail with reference
      to FIG. 2.
PAR  Mounted upon the tracks are a thoracic support 16 and a pelvic support 18.
      Each of these supports is mounted upon the tracks by a suitable number of
      bearing assemblies 20 as shown in FIGS. 2A and 2B. With reference now to
      FIG. 2A, the cross section of the tubing used in constructing runway
      tracks may be clearly seen. Mounted within the opening of the track 14, as
      part of each bearing assembly, is a vertical support bearing 22 and a
      horizontal support bearing 24 mounted for rotation on body 23. The
      vertical bearing 22 serves to support the weight of the superstructure
      (which is shown in FIG. 2A as a portion of the thoracic support 16). In
      addition the horizontal bearing 24 serves to provide an aligning force
      maintaining the superstructure within and on the tracks. For this purpose
      the bearing assemblies 20 are mounted so that the tracks apply a
      compressive force against them. FIG. 2B shows the staggered mounting of
      the horizontal and vertical bearings on body 23.
PAR  These bearing assemblies, normally one in each corner of both the thoracic
      support 16 and the pelvic support 18, allow these supports to slide freely
      and separately along the tracks while maintaining alignment with each
      other. Relative motion between these supports is required to allow
      positioning of the supports for various cadaver sizes and configurations
      and to allow the cadaver to stabilize itself in any particular manipulated
      position.
PAR  It is necessary to allow these supports to have the freedom to move with
      respect to each other, along the longitudinal axis of the spine, to
      prevent distortion of the relationship between the discs and vertebrae of
      the spine during examination. In particular, the supports are shown in
      FIG. 1 moved further apart than necessary for the cadaver shown in order
      to clearly show the details of thoracic support 16. An interconnect rod 26
      is connected to each support by means of a locking device 28. These
      devices may be adjusted so that the rod may move freely through them
      thereby allowing the relative positioning of the supports 16 and 18. These
      locking devices may both be secured to the rod so that the supports are
      mechanically secured together and move as a unit along the tracks.
PAR  As shown in greater detail in FIG. 3, the rod 26 extends across the top of
      the lower most portion of the pelvic support 18 and through the locking
      device 28. This locking device may simply be a metal support having a hole
      through which the rod may pass and a locking screw for preventing motion
      between the rod and the locking device. At one end of the rod a micrometer
      position detecting device 30 may be mounted to the pelvic support 18 in
      order to measure the relative position between the rod and the pelvic
      support. In this manner very careful and precise measurements and or
      adjustments of the distance between the pelvic and thoracic supports may
      be accurately made.
PAR  FIG. 3 also shows in detail the indexing mechanism utilized to allow the
      precise positioning of the locked-together assembly of the pelvic and
      thoracic support with respect to the runway tracks. That is, after the rod
      has been utilized to secure the thoracic support with respect to the
      pelvic support, this entire assembly may still be moved along the tracks.
      This motion of the entire assembly along the longitudinal axis of the
      spine allows sequential examination of particular points along the spine
      without motion of the radiographic or other equipment with respect to the
      table. Such controlled and indexed motion is accomplished by an indexing
      strip 32 which is a flat strip of metal resting upon surface of the pelvic
      support and containing a series of accurately spaced holes 34. The
      indexing strip 32 is mechanically secured to the runway tracks 14 by a
      support lock 36 through which is threaded a rod 38. Directly below the
      indexing strip and aligned with the series of holes is an indexing hole in
      the upper surface of the pelvic support into which a pin 40 may be
      positioned. The pin serves to lock the support assemblies with respect to
      the runway tracks by passing through one of the holes in the indexing
      strip. It is obvious therefore that if it is desirable to move the entire
      cadaver support assembly with respect to Xray equipment affixed to the
      table 12 it is only necessary to temporarily remove the pin and reposition
      the assembly so that a different hole in the indexing strip is aligned
      with the hole in the pelvic support. The pin may then be reinserted to
      secure this new position. In addition the threaded rod 38 which connects
      the indexing strip to the table is available to further position the
      series of indexing holes with respect to the table. This fine adjustment
      by means of the threaded rod 38 allows the index holes to be aligned with
      any predetermined segment of the spine.
PAR  Returning now to FIG. 1 it is appropriate to explain in greater detail the
      mechanisms that have been designated as the pelvic support 18. The purpose
      of this support is to support the weight of the lower portion of the
      cadaver and to provide for mounting of the rod assembly used to secure the
      pelvis as will be described below. In actual operation of this table the
      pelvic support 18 would have to be moved along the tracks toward the
      thoracic support 16 in order to be properly positioned with respect to the
      cadaver shown. This support consists primarily of a lower tray 42 clearly
      visible in FIG. 3. The bearing assemblies 20 are provided in each corner
      of this lower tray to provide connection between it and the runway tracks
      as described above. In addition the locking device 28, the micrometer 30
      and the indexing strip 32 just described are mounted on the lower tray.
      Also mounted upon the lower tray 42 is a height adjustment block 44. This
      block serves only to raise the uppermost surface of the pelvic support
      upon which the cadaver rests to the proper level to match the equivalent
      surface of the thoracic support. Mounted upon this block is an upper tray
      46. Positioned upon upper surface of this upper tray, but not connected
      thereto, is a lifting plate 48 which is partially cut away to show a
      series of holes 50 which extend through the upper tray 46. A source of air
      under pressure, not shown, is connected to these holes so that when air is
      supplied through these holes the lifting plate is forced away from the
      upper tray 46. The pelvic region of the cadaver is placed upon the lifting
      plate 48. To reposition the pelvic portion of the cadaver with respect to
      the pelvic support it is only necessary to provide the supply of air so
      that friction between the lifting plate 48 and the upper tray 46 is
      greatly reduced. Positioning of the cadaver is then extremely easy and
      removal of the supply of air or even the application of a vacuum
      effectively locks the pelvic region of the cadaver into position with
      respect to the pelvic support.
PAR  Vertical threaded rod support pairs 52 and 54 are mounted to the sides of
      the upper tray 46 so that the pelvic region of the cadaver may be
      positioned there between. Once the cadaver is positioned on the pelvic
      support, a cross bar 56 may be secured thereto above the cadaver. The
      cross bar provides a mounting location for a pelvic support locator 68
      which extends along the axis of the spine towards the upper portion of the
      cadaver. The part of the pelvic support locator 58 nearest the head of the
      cadaver is provided with cross hairs 60.
PAR  Before the cadaver is positioned with respect to the pelvic support it is
      necessary to secure to the pelvic region of the cadaver a pelvic locator
      Tee 62. The Tee must be secured to the iliac bone of the cadaver by means
      of screws not shown. These screws affix the pelvic Tee directly to the
      cadaver to align the Tee with the axis of the spine. This pelvic Tee is
      provided with a second set of cross hairs 66 so that the pelvic region of
      the cadaver may be accurately and repeatedly positioned with respect to
      the pelvic support, and therefore the entire assembly, by aligning the
      cross hairs 66 with the cross hairs 60 of the pelvic support locater. The
      positioning of the pelvic locator Tee 62 with respect to the cadaver is
      more clearly shown herein below with reference to FIG. 8.
PAR  It is now convenient to describe the details of the thoracic support 16
      before the remaining pieces of the pelvic support are described. These
      remaining pieces relate to a twisting assembly for rods positioned through
      the body. This assembly is common to both the pelvic and thoracic supports
      so that it may be more clearly described herein below.
PAR  The thoracic support 16 serves to support the upper portion of the cadaver
      in the same general manner as the pelvic support 18 serves the lower
      portion of the cadaver. However, the thoracic support is required to
      perform two additional functions. Namely, to provide the ability to make
      lateral bending and axial rotation adjustments.
PAR  The foundation of thoracic support 16 is base plate 72 which is analogous
      to the lower tray 42 of the pelvic support. Plate 72 is provided with four
      sets of the bearing assemblies 20, described in detail herein above, one
      in each corner so that the thoracic support may slide along the runway
      tracks as noted above. A second locking device 28 is mounted on the corner
      of the plate base 72 nearest the pelvic support 18 to interact with the
      connecting rod 26 in the manner also described above. Positioned directly
      upon the plate 72 is a lateral bending plate 74 which is connected thereto
      only by means of a pin 76. Pin 76 fastens plates 72 and 74 together
      through one of the series of holes 78 so that the pivot point between the
      plates may be adjusted to correct for cadavers of varying heights. It may
      be convenient to provide scale markings and a locking device not shown on
      the base plate 72 so that the relative position of the lateral bending
      plate 74 may be noted and secured. Pivoting of the lateral bending plate
      74 about the pin 76 provides the lateral bending adjustment.
PAR  FIG. 4 is a side view of the thoracic support of FIG. 1 which shows the
      above-mentioned plates 72 and 74 together with pivot pin 76. Mounted upon
      the lateral bending plate 74 are two vertical supports 80 and 82 to be
      described below. These vertical supports provide mounting for a cradle
      plate 84 upon which rests a lifting plate 86. The lifting plate 86
      corresponds to the lifting plate 48 of the pelvic support in that air
      holes and an air supply not shown are provided so that the lifting plate
      86 may operate to facilitate the positioning of the upper portion of the
      cadaver as described above. The cradle plate 84 is mounted so that it may
      be rotated about an axis 88 which corresponds to the anatomical rotational
      axis of the spine of the cadaver. The heights of the vertical supports 80
      and 82 are chosen to correspond to the height of the block 44 so that the
      upper surfaces of the lifting plates 48 and 86 are in the same plane. A
      sector plate 90 is firmly connected to the cradle plate and pinned to the
      vertical support 82 by an axle 92. As clearly seen in FIG. 5, the sector
      plate 90 is provided with a series of holes 94 which together with a pin
      96 positioned in a hole in vertical support 82 may be utilized to control
      and lock the twist of the cradle plate about axis 88. This arrangement
      provides the axial rotation adjustment.
PAR  The cradle plate is required to support approximately one half of the
      weight of the cadaver and a second pivot point along the axis 88 in
      addition to axle 92 is therefore abviously required. The axis 88, however,
      must be vertically above the surface of the lifting plate 86 in order to
      accurately correspond with the effective axis of the spine. The axle 92 is
      easily positioned at this vertical level in the sector plate 90 which is
      beyond the head of the cadaver. The second pivot point must be mounted
      along the length of the upper point of the cadaver and therefore a phantom
      pivot point must be used.
PAR  FIG. 6 is a sectional view of the thoracic support taken along lines AA of
      FIG. 4. In order to provide the phantom pivot point the cradle plate 84 is
      provided with a support plate 95 bolted thereto. Plate 95 is provided with
      a semi-circular slot 96 the center of rotation of which is along axis 88.
      The outside edge of plate 95 is a portion of a circle the center of
      rotation of which is also axis 88. The vertical support 80 is provided
      with a pair of bearings 98 which serve to support the lower edge of the
      plate 95. Similarly the vertical support 80 is provided with bearing 100
      which fits within the slot 96. It can be seen therefore that the cradle
      plate 84 is allowed to pivot about axis 88 and is supported in such
      pivoting by a pivot point at the axle 92 and a phantom pivot point created
      by the bearings described immediately above.
PAR  It is now convenient to describe in detail the thoracic support locating
      assembly which provides the same function as the pelvic support locating
      assembly described herein above. As shown in FIG. 1 the cradle plate 84 is
      provided with two vertical threaded rod pairs 102 and 104 which correspond
      to the rod pairs 52 and 54 mounted on the pelvic support 18. These rod
      pairs lie along the outside edges of the cradle plate so that the upper
      portion of the cadaver may be placed therebetween. After the cadaver is so
      positioned a cross bar 106 is fastened to the rod pairs. This cross bar
      supports a thoracic locater Tee 108 which is provided with cross hairs 110
      in a U-shaped cutout at the end of the thoracic locater Tee nearest the
      pelvic support. These cross hairs 110 may be utilized with a tube 112
      which may be fastened upon a screw 114 in order to align the upper portion
      of the cadaver. This screw may be inserted into the center of the
      uppermost plate of one of the vertebra. The vertebra used and the
      procedure employed depend upon the specific requirements of the actual
      experiment to be performed. Therefore, as with the pelvic locating
      assembly above, the details of these devices need not be described in
      detail herein.
PAR  It may be convenient however to have parallel rods in the cross hairs
      correspond to the expected position of the threaded rods, described herein
      below, which will be inserted into the cadaver. This procedure allows a
      preliminary radiograph to ascertain the position of the cross hair rods
      with respect to the threaded rods.
PAR  It is now convenient to describe in detail the twisting devices refered to
      herein above. Threaded rod pairs 52, 54, 102 and 104 each support an
      extension arm 116 which extends inward toward the center of the table.
      Each of these extension arms is provided with a pair of alignment holes
      118 to be utilized as described below. After the cadaver has been
      positioned and aligned with respect to the table, each of the extension
      arms is provided with a drill jig 120 which is secured to the arm through
      the alignment holes. These drill jigs are utilized to accurately drill a
      pair of holes in both the thoracic and pelvic regions of the cadaver. Each
      of these holes extends through the width of the cadaver and matches the
      corresponding drill jig holes in the other side.
PAR  As noted above, the location of the various mechanical attachments made to
      the cadaver depends primarily upon the details of the particular
      experiment or examination to be made so that the particular arrangement to
      be described below is means for illustrative purposes only and may be
      adjusted as required. The holes drilled in the thoracic region may be
      conveniently drilled through the central portions of adjacent vertebra. In
      the pelvic region holes drilled at this same vertical level would
      encounter a fairly massive bone structure. It is therefore more desirable
      to drill the pelvic holes a few inches higher, toward the front of the
      cadaver. This placement of the drill holes is easily accomplished by
      adjusting the height of the extension arm 118 on the vertical threaded rod
      pairs.
PAR  As shown in FIG. 8, after the holes are drilled, four threaded rods 122 are
      inserted into the holes. In FIG. 8 the skeleton only of the cadaver is
      shown for clarity. The ends of the two rods 122 in the pelvic region are
      secured by two rod holders 124 and the rods in the thoracic region are
      secured by two other rod holders 126 as shown. These rod holders will be
      described below in greater detail with reference to FIG. 7.
PAR  Also shown in FIG. 8 is the pelvic locator Tee 62 affixed to the iliac
      crest by means of screws 128. These screws may be inserted through one of
      a series of holes in Tee 62 depending upon the size of the cadaver. Pelvic
      support located 58 is shown superimposed upon Tee 62 as would be the case
      after proper positioning and alignement of the cadaver. Cross hairs 60
      line up with cross hairs 66 (which are therefore not visible in FIG. 8)
      and also with the threaded rods 122.
PAR  In much the same manner cross hairs 110 of thoracic support locator 108
      line up with the rods 122 in the thoracic region. Since there is no
      convenient bone structure in the thoracic region to mount a device similar
      to pelvic locator Tee 62, a screw, not shown, is inserted into a vertebra
      a fixed distance beyond where the rods are to be positioned. Tube 112,
      which is mounted to locator 108, is positioned over the screw. Since the
      distance from tube 112 to cross hairs 110 can be adjusted to be equal to
      the distance from the screw to be desired position of rod 122, the upper
      portion of the cadaver may be thereby aligned with the table.
PAR  FIG. 7 is an exploded view of one of the four twisting devices 130
      referenced above including the rod holders 126 and 124 which are used in
      the thoracic and pelvic regions respectively. After the holes have been
      drilled through the cadaver and the drill guides 120 have been removed, a
      twisting device 130 is affixed to each of the extension arms 116 using
      alignment holes 118 which correspond to similar alignment holes 118 in
      sector 132.
PAR  Rigidly affixed to lever arm 134 is either the pelvic rod holder 124 or the
      thoracic rod holder 126, depending of course upon the location of the
      twisting device. As described above, it may be convenient to drill the
      holes through the thoracic region which are through the spine. In order
      not to distort the relationships between the vertebra and discs it is
      desirable that the rods in the pelvic region be rotated about the same
      level as the rods in the thoracic region. It is therefore necessary to use
      holder 126 which can be adjusted along slot 140 to compensate for the
      difference in the location of the holes without changing the pivot point
      for lever 134.
PAR  Pelvic rod holder 124 includes lower portion 125 and upper portion 127
      which are secured together by means of screw 129 to hold twisting rods 122
      therebetween. Bolt 131 is mounted through a bearing 136 which fits in
      opening 133 of sector 132 to allow bolt 131 to rotate freely therein. Bolt
      131 also passes through opening 135 in lever arm 134 to secure pelvic rod
      holder 124 thereto so that rotation of lever arm 134 causes rotation of
      rod holder  124, and therefore twisting rods 122, about the longitudinal
      axis of bolt 131. Pin 137 may be provided, affixed to lever arm 134, to
      fit within an opening in pelvic rod holder 124 to asure that holder 124
      rotates with lever arm 134.
PAR  Thoracic rod holder 126 includes lower portion 139 and upper portion 127
      which are secured together by screw 129 to hold twisting rods 122
      therebetween in a manner similar to that described above with reference to
      pelvic rod holder 124. Thoracic rod holder 126 is mounted to bolt 131 in a
      different manner from rod holder 124 in order to allow compensation for
      the difference in the location of the holes drilled in the cadaver as
      described above. To accomplish this, thoracic rod holder 126 further
      includes disc 141 affixed to leverarm 134 by bolt 131 and pin 137. Bolt
      131 extends through disc 141, and slot 140 in lower portion 139, and is
      secured thereagainst by means of nut 143. The desired compensation may
      therefor be provided by unloosening nut 143 and adjusting the position of
      holder 126. Disc 141 includes raised portion 145 which serves to guide
      holder 126 and help secure holder 126 to lever arm 134 for rotation
      therewith.
PAR  It is now convenient to describe, in summary fashion, the various functions
      of the completed unit described above. After the cadaver has been properly
      aligned with the table and the four twisting rods 122 have been inserted,
      the radiographic equipment may be moved into place. Individually or in any
      combination the following manipulations of the cadaver may be made:
PAR  1. The pelvic support may be moved with respect to the thoracic support
      using locking device 28 thereby lengthening or shortening the spine. The
      distance moved will be indicated on the micrometer position detecting
      device 30.
PAR  2. Both the pelvic and thoracic supports may be moved, while locked
      together, by adjustment of threaded rod 38 thereby providing a fine
      adjustment between the position of the cadaver and the external equipment,
      such as the radiographic apparatus.
PAR  3. Both the pelvic and thoracic supports may be moved, while locked
      together, by chaning the pinning of the pin 40 in the series of holes 34,
      thereby providing an accurate and repeatable means of indexing of the
      subject's position with respect to the external equipment.
PAR  4. The threaded thoracic twisting rods 122 may be rotated by motion of the
      corresponding lever arms 134, thereby bending the upper portion of the
      spine forward or backward.
PAR  5. The threaded pelvic rods 122 may be rotated by motion of the
      corresponding lever arms 134 thereby bending the lower portion of the
      spine forward or backward.
PAR  6. The lateral bending plate 74 may be rotated about pin 76 with respect to
      the base plate 72 of the thoracic support 16 thereby bending the spine
      about an axis perpendicular to the table to provide controlled lateral
      bending motion.
PAR  7. The cradle plate 84 may be rotated about axis 88 thereby rotating the
      spine about its own axis to provide controlled axial rotational motion.
PAR  It is important to note that all of the above described manipulations may
      be performed in three different modes. In the first mode the manipulation
      to fixed position or amount of motion may be secured by the proper pinning
      or other locking mechanism. In the second mode the manipulation may be
      performed on the subject and then the subject may be allowed to stabilize,
      that is, to resume its most natural configuration in that position
      subject, of course, to the slight friction present in the low friction
      assemblies used. In the third mode, instead of allowing the cadaver to
      assume its natural position, the forces present tending to cause the
      resumption of the natural position may be measured.
PAR  Turning now to the radiographic equipment itself, it must be remembered
      that as experimental or examinational equipment the configuration of the
      recording equipment such as the Xray apparatus depends greatly on the
      information sought. Therefore, as the radiographic apparatus may be quite
      conventional in configuration, it is only necessary for the purposes of
      this disclosure to point out that the devices described here allow the
      placement of a sensitive radiographic plate or other recording mechanism a
      fixed distance vertically below the exposed portion of the spine free from
      interference. This plate would obviously be positioned in the space above
      the plates 42 and 72 and below plates 46 and 84 of the pelvic and thoracic
      supports respectively. The design disclosed herein is also capable of
      allowing a second sensitive plate to be positioned at right angles to the
      above mentioned sensitive plate so that two radiographs or other records
      may be made simultaneously. A second radiographic source at right angles
      to the first would be required in this instance.
CLMS
STM  I claim:
NUM  1.
PAR  1. A support table for use in supporting, positioning and manipulating a
      body during examination of the spinal regions of said body by means of
      radiographic examination equipment and the like, comprising:
PA1  a rigid base having an elongate runway system thereon;
PA1  a pelvic support for supporting the pelvic regions of the body, said
      support being slidably mounted on said rigid base for motion along said
      runway system;
PA1  a thoracic support for supporting the thoracic regions of the body so that
      a portion of the spinal region of said body between said supports is
      easily accessible for examination purposes, said thoracic support being
      slidably mounted on said rigid base for independent motion along said
      runway system in the same manner as said pelvic support;
PA1  releasable locking means for securing said thoracic support to said pelvic
      support to control relative motion therebetween so that said portion of
      said spinal region may be subjected to axial compression or elongation
      forces; and
PA1  indexing means mounted to said base table for moving at least one of said
      supports so that said spinal region may be accurately and repeatably
      indexed and positioned along said runway system with respect to a fixed
      point on said runway system related to said examination equipment.
NUM  2.
PAR  2. A support table as claimed in claim 1 further comprising:
PA1  a rotatable lateral bending plate assembly positioned upon one of said
      supports for bearing a portion of the weight of said body; and
PA1  adjustable pivot point means connecting said bending plate assembly to said
      one of said supports to provide a pivot point for rotation of said lateral
      bending plate assembly, with respect to said one of said supports, said
      pivot point being positionable along the spine of said body to adjust for
      the size of said body so that rotation about said point will provide
      controllable and lifelike lateral bending motion of said body while
      exposing said spinal region to said examination equipment.
NUM  3.
PAR  3. A support table as claimed in claim 1 further comprising:
PA1  a rotatable cradle plate assembly positioned above one of said supports
      having a surface for bearing a portion of the weight of said body, and
PA1  axial rotation means for providing a first axis of rotation for said cradle
      plate assembly, with respect to the other of said supports, said axis
      being positioned above said weight bearing surface to correspond with the
      approximate anatonical axis of said spine so that rotation of said cradle
      plate assembly about said first axis will provide controllable and
      lifelike axial twisting of the spinal region of said body while exposing
      said spinal region to said examination equipment.
NUM  4.
PAR  4. A support table as claimed in claim 3, wherein said axial rotation means
      comprises:
PA1  a first pivot point above said weight bearing surface along said first axis
      of rotation, said first pivot point being positioned at the extreme end of
      said one of said supports so that said body may be positioned up on said
      weight bearing surface free of interference from said first pivot point,
      and
PA1  second pivot point means beneath said weight bearing surface for providing
      a phantom pivot point along said first axis, said second pivot point means
      being disposed toward the center of said weight bearing surface so that
      said body may be positioned upon said weight bearing surface free of
      interference from said second pivot point means.
NUM  5.
PAR  5. A support table as claimed in claim 1, further comprising:
PA1  twisting means associated with at least one of said supports for rotating
      the portion of said body positioned on said support about a second axis
      perpendicular to said spine at a fixed distance above said support so that
      rotation about said second axis will provide controllable and lifelike
      forward bending motion of said body while exposing said spinal region to
      said examination equipment.
NUM  6.
PAR  6. A support table as claimed in claim 5, wherein said twisting means
      comprises:
PA1  a pair of threaded rod members for side by side insertion into the body
      parallel to said second axis of rotation;
PA1  end plate means for securing said rod members into fixed relationship with
      each other; and
PA1  means for rotating said end plate means about said second axis.
NUM  7.
PAR  7. A support table as claimed in claim 6, further comprising:
PA1  second twisting means associated with the other of said supports for
      rotating the portion of said body positioned on said other support about a
      third axis parallel to said second axis so that rotation about said third
      axis will provide additional forward bending motion of said body while
      exposing said spinal region to said examination equipment.
NUM  8.
PAR  8. A support table as claimed in claim 7, wherein said twisting means
      further includes:
PA1  means for adjusting the vertical location of said pair of rod members so
      that said members may be inserted in any convenient location in the body
      while retaining the fixed vertical distance of the axis of rotation above
      the support.
NUM  9.
PAR  9. A support table as claimed in claim 8, wherein said third axis is
      located at the same fixed distance above the supports as the second axis.
NUM  10.
PAR  10. A support table as claimed in claim 9, wherein said second and third
      axes are positioned above said supports to correspond with the approximate
      center of said spine.
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ABST
PAL  A carriage assembly for automatic face up one way spreading of multiple
      plys of fabric or any other web-like material of a predetermined length,
      which is automated to operate in a continuous manner in the absence of
      operator manipulation at the termination of each fabric spreading cycle.
      The device incorporates a fabric or web-cutting assembly normally
      enclosing a transversely traveling severing blade and means for
      automatically engaging the free end of the fabric after sequenced severing
      so as to maintain the fabric in a fixed relation relative to the assembly
      during return or non-spreading carriage motion thereby preventing
      disturbance or change of position of the free end of the fabric as caused
      by carriage motion airflow, so that upon automatic recommencement of
      spreading, the end of the fabric will be deposited at a predetermined
      position on the spreading surface which will be accurately repeated for
      each subsequent automatically deposited ply of fabric, thereby providing
      maximum fabric utilization. Means is also provided for automatic locking
      or breaking of the fabric positive feed roller during carriage
      non-spreading return travel in such fashion that upon subsequent automatic
      recommencement of fabric spreading, the feed roller drive is engaged prior
      to complete feed roller unlocking so that fabric tension existing between
      the feed roller and supply spool is prevented from causing displacement of
      the free end of the fabric, thereby further insuring position accuracy of
      successive plys. Provisions are also made for preventing the severed edge
      of the fabric from catching within the confines of the cutting assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the field of fabric spreading machines,
      and more particularly to a fabric spreading carriage or an attachment for
      an existing carriage adapted for so-called "face up, one way" operation in
      a completely automatic manner.
PAR  As known in the art, face up operation of the fabric spreading carriage is
      required when the fabric being spread is not identical on both surfaces
      thereof, necessitating a disposition of the fabric with like surfaces
      facing in the same direction. Such is the case when the derived multiple
      ply marker cut fabric sections are loaded into automated stitching systems
      without the need for turning over alternate plies. One way spreading is
      required when, in addition, the face of the fabric being spread consists
      of a longitudinal unilaterally-oriented design or texture, where by virtue
      of marker composition it is necessary that the fabric design or texture be
      oriented in the same direction in all plies of the fabric being spread. To
      meet the face up requirement, it is not posible to deposit the fabric on
      the spreading table as a continuous web, the layers of which are
      interconnected by 180.degree. folds. Instead, with the deposition of each
      play of fabric, the web is severed at the end of the fabric spreading
      movement of the carriage over the table, and the following ply is
      independently positioned to overlie the ply previously spread. Where a
      substantial amount of one way work is required, it is common to provide in
      the carriage a turntable means for supporting the fabric supply, which is
      rotated through 180.degree. at the end of each movement over the table, so
      that fabric may be laid in both directions with the same side facing
      upwardly. Spreading in this fashion is relatively expeditious since fabric
      is being spread in both directions of spreading machine travel. However,
      it does not provide for one way spreading. Where a turntable was not
      present it is common to provide an attachment for the carriage through
      which the fabric web passes. The attachment includes an elongated box
      having a cutting blade mounted for reciprocation transversely of the path
      of movment of the carriage. At the completion of the deposition of a
      singly ply of fabric the cutting means is operative to sever that ply of
      fabric, following which the carriage returns to the opposite end of the
      table, and the free edge of the severed web is manually threaded through
      the cutter box forming a part of the attachment, and a second ply is
      subsequently deposited upon the first one. Care must be exercised to align
      the edge of the web with the edge of the previously laid ply, in order not
      to waste fabric. Where the carriage includes a positively driven driven
      feed roller, it is customary to disengage the clutch connecting the feed
      roller with driving means powered by the movement of the carriage over the
      table, so that the cloth web may be manually adjusted prior to
      commencement of the cloth feed. This operation normally requires the
      opening of the cutter box, the threading of the web therethrough, the
      manual closing of the box, the pulling of fabric down to the table to the
      requisite degree, and the re-engagement of the clutch interconnecting the
      positive drive feed roll with its driving means. At the opposite end of
      the table, a limit switch on the carriage strikes a cam adjustably mounted
      on the table to stop the carriage, which action may automatically activate
      the web cutting blade in the cutter box, but operations at the first
      mentioned end of the table have been performed manually with a
      considerable expenditure of time on the part of skilled personnel.
PAR  It has been known in the art to completely automate fabric spreading
      carriages for continuous web deposition, so that while the device is in
      operation, little if any supervision on the part of an operator is
      necessary.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  Briefly stated, the invention contemplates the provision of face up one way
      operation of automated carriages, in which the clamping of the end of the
      fabric web after severing of the previously spread segment is
      automatically performed on the carriage itself, and in which the positive
      drive roller which provides tensionless feeding of the web is
      simultaneously locked against movement. After the completion of a
      spreading cycle, the carriage returns to the other end of the fabric
      spreading table to commence a subsequent spreading operation. Means is
      provided to prevent loss of phase between the positive drive feed roller
      and the means driving the same upon recommencement of feeding, whereby the
      free end edge of the web is deposited with great accuracy upon the
      corresponding edge of the previously laid segment of fabric. The cutter
      box is provided with movable sides enabling the upper portion of one wall
      thereof to serve as a selective fabric web clamping means, and a lower
      portion containing the cutting trough can selectively move laterally with
      respect to the plane of the fabric web disposed therein to clear any
      potential sticking of the free end of the fabric web in the trough which
      would prevent or interfere with subsequent feeding. In the preferred
      embodiment, the clamping action is mechanical in nature and accomplished
      by the moving of one wall of the cutter box relative to an opposed wall.
      In another embodiment, the clamping and clearing functions are
      accomplished pneumatically.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, to which reference will be made in the specification,
      similar reference characters have been employed to designate corresponding
      parts throughout the several views.
PAR  FIG. 1 is a side elevational view of a cloth laying carriage embodying the
      invention.
PAR  FIG. 2 is a fragmentary top plan view of a cutter box attachment forming a
      part of the disclosed embodiment.
PAR  FIG. 3 is a fragmentary enlarged transverse sectional view as seen from the
      plate 3--3 in FIG. 2.
PAR  FIG. 4 is a sectional view, similar to that seen in FIG. 3, but showing
      certain of the component parts in altered relative position.
PAR  FIG. 5 is a fragmentary vertical sectional view showing the details of the
      actuation of cutter box snap actuating switches.
PAR  FIG. 6 is a fragmentary top plan view showing the details of means for
      driving a positive drive fabric feed roller, and locking same against
      movement during the return stroke of the carriage.
PAR  FIG. 7 is an enlarged sectional view as seen from the plane 7--7 in FIG. 6.
PAR  FIG. 8 is a transverse sectional view of the cutter box showing the cam
      actuating means for moving the movable walls thereof.
PAR  FIG. 9 is a transverse sectional view of the cutter box of a second
      embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DISCLOSED EMBODIMENTS
PAR  Referring to FIG. 1 in the drawings, there is shown a spreading machine 10
      mounted to move along a table 11 to spread a web 12 of fabric or other
      material from a supply roll 13 of such material. The device 10 includes a
      pair of laterally spaced end frames, one of which is indicated by
      reference character 14, which are rigidly interconnected in spaced
      relation by tubular cross members 15 to define a carriage. Riding upon an
      upper pair of members 15 is a carrier 16 supporting in turn a turntable 17
      which mounts a fabric supply spindle 18 carrying the roll 13. The above
      structure is described in greater detail in U.S. Pat. No. 3,233,488
      granted Feb. 8, 1966, and assigned to the same assignee as the instant
      application. Reference is made to said patent for a detailed description
      of this structure.
PAR  In order to properly guide the carriage 10 for movement longitudinally over
      the table, one or more tracks 19 are secured to at least one longitudinal
      edge thereof. The wheels 20 of one of the frames 14 is guided by the track
      19 in well known manner. possible
PAR  To insure contact between the fabric and the positive drive feed roller 24,
      there is provided a swingable frame 21 comprising an opposed pair of end
      frames, one of which is indicated by reference character 22 which are
      interconnected by a tie rod 23 and roller 23a. Roller 23a causes the
      fabric to contact approximately half of the positive feed roller surface.
      The positive drive feed roller 24 receives motion from a left hand wheel
      20 through a sprocket chain 26, the interconnection being a well known
      type which results in rotation of the positive drive feed roller 24 in a
      clockwise direction as seen in FIG. 1, irrespective of the direction of
      movement of the carriage, and causes the feed roller peripheral speed to
      be equal to the speed of the carriage over the spreading surface thereby
      spreading the fabric in a tensionless fashion. Referring to FIG. 6, a
      clutch means 28 permits disengagement of the roll member 27 from
      transmitted movement of the sprocket chain 26. This means includes a
      driven shaft 29 coaxially aligned with the roll 24. A plurality of
      resiliently mounted drive pins 30 project axially of the roll 24 and are
      adapted to be engaged between the teeth 31 of a sprocket 32 on the shaft
      29. As seen in FIG. 7, the pins 30 are three in number, and are positioned
      in even increments unrelated to the pitch of the teeth on the sprocket, so
      that upon re-engagement, one of the pins will be more nearly aligned for
      engagement than the others, and only limited rotation of the sprocket will
      occur before a pin 30 snaps into position in an interstice between the
      teeth. In the case of a sprocket having 16 teeth, the maximum amount of
      lost motion is 3.75.degree. of rotation, with a four inch diameter feed
      roller, will effectively start the spread of each ply of fabric within
      approximately one eighth inch of a reference line on the spreading
      surface, thus insuring maximum utilization of fabric.
PAR  Referring again to FIG. 6, a C-shaped yoke 33 includes a projection 34
      riding in a groove 35 of the hub of the sprocket 32. The yoke mounts a
      laterally extending control shaft 36 support in a bearing 37, the shaft
      having laterally projecting pins 38 engageable with a bell crank member 39
      mounted for pivotal movement about a vertical axis 40. A connecting link
      31 is interconnected to the armature of an operating solenoid 42, and it
      will be apparent that energizing and de-energizing of the solenoid will
      result in shifting of the yoke upwardly and downwardly as seen in FIG. 6
      to engage or disengage the sprocket 32 with one of the pins 30.
PAR  A slideably mounted linkage 43 is urged to the position shown in FIG. 6 by
      a coil spring 44 bearing against a collar 45 secured to linkage 43. The
      linkage 43 includes a laterally extending member 46 having a brake facing
      47 selectively engageable with a corresponding facing 48 on a plate 49 in
      fixed relation to the roll 24. The brake facings consisting of densely
      distributed stiff fibers, permits partial braking prior to complete
      disengagement of the drive pins thus preventing fabric spreading start
      position error due to feed roller rotation caused by fabric tension. A
      manual release 50 permits disengagement of the brake facings 47 and 48
      when free rotation of the feed roller 24 is desired, as, for example, when
      initially threading a fresh roll of fabric prior to commencement of
      spreading. The release 50 includes a pivotally mounted handle 51 rotating
      about a point 52 (see FIG. 6) in a counter clockwise direction, wherein it
      strikes an offset link 53 to move the same upwardly, compressing the
      spring 44. Suitable latching means 54 may be included if desired.
PAR  Referring again to FIG. 1, a pair of U-shaped channel members, one of which
      is indicated by reference character 55 supports a fabric web cutting
      element 56 including a cutter box 57 supporting for transverse
      reciprocation a cutter assembly 58 the details, again, of which are
      disclosed in the above mentioned U.S. Pat. No. 3,233,488, and which form
      no part of the present disclosure. Mounting brackets 59 (FIG. 2) enable
      the cutter box to be detachably supported by the carriage 10.
PAR  Referring to FIGS. 5 and 8, the cutter assembly 58 is supported on first
      and second sets of rollers 63 and 64, respectively, and supports a switch
      tripping bar 65 which progressively actuates at each end thereof first,
      second and third switches 66, 67 and 68, the function of which will be
      described hereinafter.
PAR  Referring to FIGS. 3, 4 and 8, the cutter box includes an angularly
      disposed wall section 70 and vertical wall section 71 forming part of a
      channel through which the cloth web passes. An outer wall assembly
      consists of a movable outer wall 73 including an upper wall member 74
      mounting a resilient clamp 74a, and a lower wall member 75. The upper wall
      member 74 includes an angularly disposed portion 76 symmetrical with the
      wall 70 and a vertical portion 77 symmetrical with the wall 71, as well as
      horizontal portion 78 and short vertical portion 79 forming a part of the
      trough in which the cutting blade of the cutter assembly 58 moves during a
      severing operation. The lower wall member 75 forms the remaining portion
      of the trough, and includes a horizontal portion 80 and a vertical
      outwardly flared portion 81.
PAR  Referring to FIG. 2, a housing 82 encloses a bracket 82a disposed at each
      of the cutter box which mounts a motor or rotational solenoid 83 having an
      output shaft 84 and shaft extension 84a, mounting first, second, third and
      fourth cams 85, 86, 87 and 88, respectively. The cams 85-88 are positioned
      to engage first, second and third switches 89, 90 and 91, respectively, to
      accomplish functions described hereinbelow. The shaft extension 84a mounts
      a crank 92 having a pintle 93 bearing against the surface of an opening 94
      in an internal cam lever 95 as shown in FIG. 8. The motor driven crank 92
      causes the pintle 93 to move in a counter-clockwise circular orbit about
      shaft extension 84a without causing cam lever 94 to rotate, since the
      internal cam surface radius is equal to the outer orbit radius of pintle
      93. As the pintle enters the lower cam notch it causes cam 95 to rotate
      until the opposite internal cam surface is contacted. The crank arm drive
      motor does not require precise control since the pintle may be stopped at
      any position between the lower and upper notches without causing arm lever
      rotation. The cam lever is caused to move in the opposite direction as the
      pintle enters the upper notch. Where the width of the cutter box is less
      than 72 inches, the above structure may be required at only one end of the
      cutter box. Greater widths of the cutter box will require symmetrically
      positioned simultaneously operating structure.
PAR  As shown in FIGS. 2, 3, and 4, the cam lever 95 is mounted upon a shaft 96
      supported in a bracket 97 at each end of the cutter box. An extension of
      bracket 97 supporting the shaft 96 determines a fixed pivot point 99 on
      the same horizontal level as the shaft 96. An upper wall bracket 100 has a
      lower end 101 fixed to the shaft 96 for rotation therewith, and a
      longitudinally extending member 102 having a flange 103 abutting an outer
      surface of the upper wall member 74 to which it is interconnected. A lower
      wall bracket 98 includes a lower end 105 mounting the lower wall member
      75. This bracket includes a first pivot point 106 interconnected to the
      upper wall bracket 100, and a second pivot point 107 interconnected with a
      link 108, the opposite end 109 of which is mounted for rotation about the
      point 99.
PAR  A comparison of FIGS. 3 and 4 illustrates the movement of the upper and
      lower wall members 74 and 75 between the relatively open and closed
      positions. It should be observed that when the cutter box is closed during
      the return stroke of the fabric spreading carriage, elastomeric lamp 74a
      prevents disengagement of the severed fabric end 12a due to carriage
      motion caused air pressure. The cutter box is opened as in FIG. 4 to
      unclamp the fabric and permit unimpeded movement of the fabric. The lower
      wall member 75 is simultaneously moved away from the closed position in
      order to avoid entrapment of the severed fabric end 12a as it descends at
      the commencement of fabric spreading.
PAC  OPERATION
PAR  Assume the carriage 10 to start the commencement of the spreading of a ply
      of fabric with the cutter box 57 in open condition as shown in FIG. 4, the
      clutch means 28 engaged and brake 48 disengaged. The carriage 10 will move
      leftwardly as seen in FIG. 1, to an end of the table 11, where it is
      stopped by contact with cams on the table operating switches on the
      carriage (not shown) as well known in the prior art. In prior art
      constructions, a similar switch causes operation of the cutter assembly
      58. In the present embodiment, the corresponding switch commences
      operation of the motor 83 which rotates the crank 92 through approximately
      180.degree. where actuation of switch 91 removes power from motor 83 and
      where cam lever 95 is caused to close the upper and lower wall members 74
      and 75, resulting in the clamp strip 74a engaging the fabric web 12
      between it and the wall 71, this motion simultaneously closing a switch
      74b. The movement of the output shaft 84 has also caused cam 86 to close
      switch 90. The switch 90 is in series with switch 74b, a completed circuit
      serving to commence operation of the cutter assembly 58 to traverse the
      length of the cutter box in either direction whereby the web 12 is
      severed. As the cutter assembly reaches the end of its stroke, the
      corresponding switches 66, 67 and 68 are closed. Switch 68 reverses the
      direction of current to the motor driving the cutter assembly, thus
      readying it for the subsequent cutting operation. Switch 67 connects
      current to the motor driving the carriage 10 causing it to commence
      movement in an opposite direction (rightward as seen in FIG. 1), and
      switch 66 upon contact opens the circuit to the cutter assembly motor at
      the end of the path of travel of the cutter assembly.
PAR  The actuation of switch 91 having stopped, the motor 83 maintains the wall
      73 and 74 in closed condition. Switch 74c having been actuated by the
      closing of wall 74 operates the solenoid 42 to disengage the clutch means
      28 and engage the brake facings 47 and 48 whereby the web is not only
      clamped by the strip 74a, but the positive drive roll 24 is locked to
      prevent any shifting of phase between spreading cycles.
PAR  With the walls 74 and 75 in closed condition, and the positive drive roll
      24 locked against movement, the carriage 10 returns to the opposite end of
      the table, where corresponding switches (not shown) halt the carriage and
      again energizes the motor 83 which rotates the output shaft 84 through
      approximately another 180.degree. until the fourth cam 88 again contacts
      the third switch 91 and stops the motor 83. During this rotation, cams 85
      and 86 part contact with the followers of switches 89 and 90, the walls 74
      and 75 are caused to open and the clutch means 28 becomes re-engaged. The
      carriage again commences leftwardly as seen in FIG. 1 to resume feeding of
      the fabric web for subsequent ply. This operation continues automatically
      until the supply of fabric is exhausted or the device manually stopped.
PAR  It will be observed that by virtue of the fact that the fabric web is
      intermittently clamped within the cutter box itself, the fabric feed
      roller is prevented from rotating at any time during non-spreading
      carriage motion, and minimal backlash is experienced in engagement of the
      fabric feed roller clutch pins at the start of spreading, so there is no
      requirement for a catcher or other fabric clamping means at one end of the
      table to assure retention of the superimposed fabric plys in proper
      relation. Further, since loss of phase is effectively prevented, there is
      no need to manually align each succeeding cut edge with the edge of a
      fabric ply previously deposited on the table.
PAR  Turning now to the second embodiment of the invention illustrated in FIG.
      9, the device, generally indicated by reference character 20 differs from
      the principal embodiment in the execution of the clamping action within
      the cutter box by pneumatic means rather than mechanical movement of the
      wall members 74 and 75.
PAR  The embodiment includes a fixed outer wall 122, the inner surface 123 of
      which is provided with an inflatable strip 124 forming a clamping means. A
      compressed air manifold 125 supplied air through a tube 126 to the clamp
      124 and operates an air piston 127 operating a switch 128 corresponding to
      the switches 74b and 74c. The switch 128 can also be actuated by the
      closed door, as is switch 74b and 74c. Where this is done, the piston 127
      actuates switches 132 and 133 which are the equivalent of switches 89 and
      90 in FIG. 2 of the principal embodiment.
PAR  A second manifold 129 supplied compressed air to a plurality of jet
      openings 130 which continuously or intermittently supply air to the
      cutting trough, to prevent the catching of a cut edge of the web after a
      severing operation. the wall 122 may be pivoted at 131 and maintained in
      closed condition by manually operated latch means (not shown) whereby the
      wall 122 may be opened for an initial threading operation required at the
      commencement of the loading of a fresh roll of cloth.
PAR  I wish it to be understood that I do not consider the invention limited to
      the precise details of structure shown and set forth in this
      specification, for obvious modifications will occur to those skilled in
      the art to which the invention pertains.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a fabric spreading machine carriage including means for supporting a
      web of fabric for dispensing in successive layers upon the surface of a
      cloth laying table disposed therebeneath, a positively driven roller
      entraining said web, and moving the same in linear correspondence to
      reciprocal movement of said carriage over said table for deposition upon
      said table in successive layers, the improvement comprising: a housing
      generally transversely oriented with respect to the principal axis of
      movement of said carriage over said table, web cutting means disposed
      within said housing and arranged for movement laterally with respect to
      said principal axis to sever a web of fabric positioned within said
      housing, web clamping means on said carriage adjacent said web cutting
      means selectively engaging the cut end of a web entrained on said roller,
      said web clamping means having a first operative position in which it
      engages said web to prevent movement thereof through said housing, and a
      second inoperative position in which movement of said web through said
      housing is in response to movement of said positively driven roller; first
      switch means carried by said carriage and actuated by movement of said
      carriage over said table for controlling the position of said clamping
      means such that movement of said carriage in a first direction results in
      movement of said clamping means to said first position, and movement of
      said carriage in a second opposite direction results in movement of said
      clamping means to said second position; said positively driven roller
      having clutch means for disengaging said roller from driven movement, and
      second switch means controllig operation of said clutch means between
      engaged and disengaged positions, said second switch means being
      controlled by movement of said carriage over said table; the relationship
      between said first and second switch means being such that during movement
      of said carriage in a given direction, said clamping means is in second
      inoperative position, and said clutch means is engaged whereby said
      positively driven roller moves said web through said housing, and during
      movement of said carriage in a direction opposite said given direction,
      said web clamping means is in said first operative condition, and said
      clutch means disengages said positively driven roller from the driven
      movement.
NUM  2.
PAR  2. Structure in accordance with claim 1, further characterized in said web
      clamping means having first and second laterally extending walls defining
      upper and lower openings through said web of cloth may descend when said
      clamping means is in said second inoperative position.
NUM  3.
PAR  3. Structure in accordance with claim 2, including means for moving said
      second wall towards said first wall to effect a cloth web clamping action.
NUM  4.
PAR  4. Structure in accordance with claim 3, further characterized in said web
      cutting means including a trough formed in said second wall, a rotating
      blade slideably disposed at least partially within said trough, movement
      of said second wall away from said first wall serving to locate said blade
      outwardly of said trough.
NUM  5.
PAR  5. Structure in accordance with claim 4, further characterized in said
      second wall including upper and lower pivotally mounted segments, part of
      said clamping means being mounted on said upper segment, and said trough
      being located in said lower segment.
NUM  6.
PAR  6. Structure in accordance with claim 2, further characterized in said
      clamping means including a pneumatically inflatable member mounted on one
      of said first and second walls, and in inflated condition adapted to vary
      the effective distance between said inflatable member and the inner
      surface of the other of said first and second walls.
NUM  7.
PAR  7. Structure in accordance with claim 2, further characterized in one of
      said walls defining a trough, said cutting means including a blade at
      least partially disposed within said trough during a cutting operation,
      and pneumtic jet means for moving outwardly of said trough a free edge of
      cloth entrapped therein at the complete of a cutting operation.
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ABST
PAL  A fabric layering machine for movement along a layering table, comprising a
      frame, mounting means carried by said frame for mounting a supply of
      fabric, a pair of draw-off rollers arranged to provide a nip therebetween
      and readily removable from an operative position on said frame, and power
      means operable to rotate said draw-off rollers in opposite senses to each
      other for pulling through said nip a web of fabric extending from said
      supply of fabric.
BSUM
PAR  This invention relates to a fabric layering machine for movement along a
      layering table.
PAR  German Gebrauchsmuster No. 1,977,821 discloses a fabric layering machine
      for layering single-layer fabric. This machine can be fitted with a
      layering head, for layering in zig-zag configuration, or a web-severing
      device, the two being readily interchangeable.
PAR  There is also known a fabric layering machine suitable exclusively for
      layering tubular fabric, such as circular-knitting fabric, and which has
      for this purpose a pair of calender-like draw-off rollers.
PAR  Heretobefore, to undertake layering of webs of single-layer fabric and webs
      of tubular fabric, it has been necessary to have available two layering
      machines, such as for example those just mentioned.
PAR  By means of the invention it is possible to carry out the layering of
      single-layer fabric and tubular fabric with one and the same fabric
      layering machine.
PAR  The present invention provides a fabric layering machine for movement along
      a layering table, comprising a frame, mounting means carried by said frame
      for mounting a supply of fabric, a pair of draw-off rollers arranged to
      provide a nip therebetween and readily removable from an operative
      position on said frame, and power means operable to rotate said draw-off
      rollers in opposite senses to each other for pulling through said nip a
      web of fabric extending from said supply of fabric.
DRWD
PAR  In order that the invention may be clearly understood and readily carried
      into effect, reference will now be made, by way of example, to the
      accompanying drawings, in which:
PAR  FIG. 1 shows a side elevation of a fabric layering machine and parts of a
      layering table;
PAR  FIG. 2 shows, to an enlarged scale, a side elevation of a draw-off head of
      the fabric layering machine;
PAR  FIG. 3 shows a sectional view corresponding to FIG. 2;
PAR  FIG. 4 shows a view similar to that of FIG. 1 but with the draw-off head
      having been replaced by a layering head;
PAR  FIG. 5 shows a view similar to that of FIG. 1 but with the draw-off head
      having been replaced by a web-severing device;
PAR  FIG. 6 shows, to an enlarged scale, a sectional elevation of the layering
      head of FIG. 4; and
PAR  FIG. 7 shows, to an enlarged scale, a sectional elevation of the
      web-severing head of FIG. 5.
DETD
PAR  Referring to FIG. 1, a layering table has a table top 1 supported by legs 2
      (only one of which is shown). Secured to the legs 2, on each longitudinal
      side of the layering table, are travel rails 3 on which a fabric layering
      machine is arranged to run by way of wheels 4 secured to a frame 5 of the
      machine. On the frame 5 there is provided an operating console 6. A drive
      motor for driving the layering machine along the layering table is
      designated 6a. Releasably coupled to the frame 5 is a follower carriage 5a
      having an operating platform 5b. The carriage 5a is provided with wheels
      5c which run on the rails 3. The follower carriage 5a is also supported by
      at least one support wheel (not shown) having a vertical axis and running
      on a flat rail 5d of the layering table.
PAR  At the right-hand end of the frame 5 (as viewing FIG. 1) there are secured
      two guide rails 7 extending vertically downwardly approximately as far as
      the table top 1 and serving, via a carrier element 8, for guiding a
      draw-off head 28 having a pair of draw-off rollers 9, 10. The draw-off
      head is releasably attached to the carrier element 8 by means described
      further below.
PAR  Disposed at an upper part of the frame 5 is a mounting carriage 12,
      displaceable, by way of wheels 11, transversely of the travel direction of
      the layering machine and carrying mounting means for a fabric supply 13 to
      be laid-up. The mounting means is provided by both a releasable platform
      16 (as shown in FIG. 1) for supporting a flat-folded, i.e. zig-zag, bale
      of tubular fabric forming the fabric supply 13, and bearing members 14 for
      receiving the ends of a pivot shaft 15 of a roll of single-layer fabric
      forming the fabric supply 13 (as shown in FIGS. 4 and 5). The platform 16
      is in the form of a grid.
PAR  The mounting carriage 12 also has upwardly inclined cantilever arms 17
      which (as is shown in FIGS. 4 and 5) can be arranged at both sides of the
      carriage 12 or (as is shown in FIG. 1) at one side only. In the latter
      case, the left-hand arms 17 are replaced by the platform 16.
PAR  Referring to FIG. 1, there is mounted by the arms 17, via spacer members
      18, a guide roller 19 guiding a web 20 of tubular fabric to be laid-up, so
      as to ensure that the web 20 approaches the nip between the rollers 9, 10
      vertically.
PAR  For the purpose of laying-up, the web 20 passes over a lead roller 21,
      mounted on the arms 17 at the right-hand side of the carriage 12, under a
      deflection roller 22 mounted on the frame 5, and then over a power-driven
      feed roller 24 also mounted on the frame 5. In the arrangement shown in
      FIG. 1, there is disposed upstream of the lead roller 21 an intermediate
      roller 25 mounted in the bearing member 14 and serving for imparting
      uniformity to the draw-off of the flat-folded fabric supply 13 on the
      platform 16. Also provided in the arrangement shown in FIG. 1 is a
      pressing-on roller 26 which presses the web 20 onto the feed roller 24 and
      is disposed upstream of the guide roller 19. The pressing-on roller 26 is
      mounted releasably in forks 27, providing a holding means, carried by the
      frame 5, so that the roller 26 is adjustable as to spacing relative to the
      feed roller 24. The rollers 22 and 26 serve for achieving a contact arc
      between the web 20 and the feed roller 24 (corresponding approximately to
      an arc length of .pi./2), in order that effective fabric feed may be made
      possible not only by the draw-off rollers 9, 10 but also by the feed
      roller 24.
PAR  By suitably selecting the speed of rotation of the feed roller 24 relative
      to the draw-off rollers 9, 10, fabric can be laid-up free from tension and
      distortion.
PAR  Referring to FIGS. 1 to 3, in order to make possible the attachment and
      removal of the layering head 28, and in such manner that no special
      securing means, such as retaining screws or the like, require to be
      actuated, the layering head 28 is provided with an inverted-U hook element
      29 engaging from above over a flat attachment bar 30. The attachment bar
      30 is secured to a slide 31 which runs on the rails 7 by way of pairs of
      wheels 32, 33 bearing at opposite sides on a flange 34 of each guide rail
      7. The layering head 28 is vertically adjustable by chains 35, secured to
      the slides 31, as a function of the height of the uppermost web length of
      the web lengths 36 disposed on the table top 1. The spacing of the two
      guide rails 7 is so selected that reliable guiding of the attachment bar
      30 is achieved. Expediently, this spacing is somewhat smaller than the
      width of the frame 5. A locking screw (not shown), or the like, for
      locking the hook element 29 to the bar 30 may be utilised without
      noticeably lengthening the short time required for attachment and removal
      of the layering head 28.
PAR  Secured at an upper part of the layering head 28 are two vertically
      extending retaining rails 37 for a temple (not shown) over which the
      tubular web 20 is pulled-out in order to achieve constant fabric width and
      precise superpositioning of the edges of the web lengths 36. The retaining
      rails 37 are associated with a clamping device 38 with the aid of which
      the retaining rails 37 can, after adjustment to the tubular fabric width
      (and consequently the temple width) required, be locked in position.
PAR  Mounted on the layering head 28 is also an eccentric lever 39 connected
      with an eccentric disc 41 pivotal about a fixed bearing axis 40.
      Articulated to the eccentric disc 41, at 42, is a connecting rod 43 also
      articulated at the pivot axis 44 of the right-hand draw-off roller 10 (see
      FIG. 2). On pivoting the eccentric lever 39 clockwise, the draw-off roller
      10 is displaced towards the right, i.e. away from the draw-off roller 9,
      so that before the commencement of layering the fabric web 20 can be
      passed between the draw-off rollers 9, 10. As soon as the web 20 has been
      passed between the draw-off rollers, the eccentric lever 39 is pivoted
      counter-clockwise, so that both draw-off rollers 9, 10 are in frictional
      engagement with the web 20.
PAR  The left-hand draw-off roller 9 is driven by a drive 45 provided on the
      frame 5, via a releasable drive belt 46, for example a toothed belt,
      providing a transmission means. Drive is transmitted from the draw-off
      roller 9 to the draw-off roller 10 by way of the engagement of gears 47,
      48.
PAR  The belt 46 is associated with a tensioning device 49 mounted on the
      layering head 28 and bearing on the frame 5 at a pivot 50 of a pulley 51
      of the drive 45.
PAR  After the layering head 28 has been disengaged from the attachment bar 30,
      the belt 46 has been removed, and the pressing-on roller 26 has been
      removed, the fabric layering machine, hitherto employed for the laying-up
      of tubular fabric, can be utilised for the laying-up of single-layer
      fabric. For this purpose there is attached to the bar 30 either a layering
      head 52, having plaiting shovels 53 (see FIG. 6), or a web-severing device
      54 (see FIG. 7), each of which is fitted with a hook element 29 the same
      as that of the layering head 28. The web 20 then travels (see FIGS. 4 and
      5) directly from the feed roller 24 between the plaiting shovels 53 or
      into the cutting zone of a power-driven circular knife 55 of the
      web-severing device 54.
PAR  The web-severing device 54 has an inverted U-section rail 56 the length of
      which corresponds substantially to the width of the frame 5. Secured to
      each of the inner faces of the limbs of the U-section rail 56 is a small
      angle-rail 57, 58 each serving for guiding two travel rollers, only one
      travel roller being visible in respect of each rail 57, 58. Secured to the
      travel roller 57, 58 is a plate 61 on the underside of which there is
      provided a drive 62 for driving rapidly the circular knife 55. In the
      cutting zone of the circular knife 55 there is a cylindrical member 63
      extending parallel to the U-section rail 56 and having a longitudinally
      extending cutting slot 64 constituting a counter-blade guideway.
PAR  The plaiting shovels 53 of the layering head 52 are mounted to be pivotal
      about horizontal pivots 65. Running-up cams 66 produce the effect that in
      each particular instance one of the two plaiting shovels 53 pushes the
      folded-back web engaging about its front edge under one of two clamping
      devices (not shown) provided at the two ends of the table top 1.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A fabric layering machine for movement along a layering table,
      comprising a frame, mounting means carried by said frame for mounting a
      supply of a web of fabric, a pair of rotatable draw-off rollers positioned
      in proximity to each other so as to form a fabric-engaging nip
      therebetween and being detachably mounted in an operative position on said
      frame, guide roller means detachably fastened on said frame above said
      draw-off rollers for guiding said fabric web into the nip between said
      draw-off rollers, and power means operable to rotate said draw-off rollers
      in opposite senses to each other for pulling through said nip said web of
      fabric extending from said supply of fabric, a feed roller carried by said
      frame and disposed to feed said web towards the nip between said drawoff
      rollers, further power means operable to rotate said feed roller for
      feedinng forward said web, a deflection roller carried by said frame and
      disposed proximate the surface of said feed roller for causing said web to
      contact said feed roller over an arc of contact, a pressing roller carried
      by said frame for cooperating with said deflection roller when said web
      extends around said feed roller so as to cause said web to contact said
      feed roller, and adjustable holding means for holding the pressing roller
      for adjusting the position of said pressing roller relative to said feed
      roller, said detachably mounted guide roller means and draw-off rollers
      adapted to be selectively removed and replaced by other operative
      components for converting said machine from single-layer fabric to tubular
      fabric operation, and reversely.
NUM  2.
PAR  2. A fabric layering machine as claimed in claim 1, in which said draw-off
      rollers are mounted in a draw-off head carried by said frame, said head
      being detachably mounted on said frame.
NUM  3.
PAR  3. A fabric layering machine as claimed in claim 2, in which said draw-off
      head includes adjustment means for adjusting the position of said draw-off
      rollers relative to each other.
NUM  4.
PAR  4. A fabric layering machine as claimed in claim 2, in which said frame
      includes attachment-bar means extending transversely of the direction of
      movement of the machine along said table, and said draw-off head
      detachably mounted on said frame by hook means engaging over said
      attachment-bar means.
NUM  5.
PAR  5. A fabric layering machine as claimed in claim 1, comprising movable
      slide means connected to said attachment bar means for supporting said
      draw-off rollers so as to be carried by said frame to be raisable and
      lowerable relative to said table.
NUM  6.
PAR  6. A fabric layering machine as claimed in claim 1, in which said power
      means includes transmission means detachably connected to one of said
      draw-off rollers for transmission of drive thereto, and the other of said
      draw-off rollers is drivably coupled to said one of said draw-off rollers.
NUM  7.
PAR  7. A fabric layering machine as claimed in claim 1, in which said guide
      roller means is carried by said mounting means.
NUM  8.
PAR  8. A fabric layering machine as claimed in claim 1, in which said mounting
      means includes platform means for supporting a flat-folded bale of fabric
      forming said supply of fabric.
NUM  9.
PAR  9. A fabric layering machine as claimed in claim 1, in which said mounting
      means includes support means for supporting a roll of fabric forming said
      supply of fabric.
NUM  10.
PAR  10. A fabric layering machine as claimed in claim 1, in which said mounting
      means includes positioning means operable to move said mounting means
      relative to said frame transversely of the direction of movement of the
      machine along the table.
NUM  11.
PAR  11. A fabric layering machine as claimed in claim 1, including a
      web-severing device adapted to be detachably fastened to said frame in
      place of said draw-off rollers.
NUM  12.
PAR  12. A fabric layering machine as claimed in claim 1, comprising a layering
      head adapted to be detachably fastened to said frame in place of said
      draw-off rollers.
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ABST
PAL  A transport mechanism for sheets of X-ray film includes a pair of
      cooperating rollers, at least one of which is hollow, between which the
      top sheet of a stack of sheets in a loading cartridge is transported to a
      location within the associated X-ray machine, where it is exposed. The
      attachment of the sheet of film to the hollow roller is aided by reducing
      the air pressure therein, providing suction to the film through a slot or
      slots in the periphery of the hollow cylinder. The drive assembly for the
      rollers includes various switches and relays, actuated automatically by
      cams or manually, for controlling the transport of the film into the X-ray
      machine and for delivering the exposed film to a developing machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a mechanism for transporting film into the
      interior of an X-ray apparatus and an X-ray apparatus adapted to utilize
      this mechanism.
PAR  The film transport mechanism according to the invention withdraws a sheet
      of film from a package and guides it to an intensifier screen in the X-ray
      apparatus for making an X-ray exposure. Subsequently, it advances the
      exposed film toward a developing machine.
PAR  According to a principal characteristic of the invention, the mechanism
      essentially comprises:
PA1  A loading cartridge in which the film is packaged and wherein at least a
      part of the first sheet of film is accessible for grasping it;
PA1  A hollow control cylinder for grasping and transporting the film, provided
      with at least one longitudinal slot across the outer circumference of this
      control cylinder against which the film sheet to be extracted from the
      loading cassette may be pressed;
PA1  Means connected to the shaft of this control cylinder for evacuation
      thereof;
PA1  A transport roller, cooperating with the control cylinder for the
      mechanical transport of the film once the suction device has been
      uncoupled;
PA1  Drive elements for rotating the cylinder and the roller in opposite
      directions;
PA1  A stop, located near the top of the film cassette, a short distance from
      the cylinder, so that only one sheet film at a time may pass between the
      control cylinder and the stop, whereas the other film sheets are retained
      by the stop;
PA1  Intensifier screens, placed below the cylinder and roller, with the
      transported sheet of film being placed between the screens for making and
      X-ray exposure;
PA1  Means placed vertically below the screens for pushing the exposed film
      sheet back toward the cylinder and roller in order to transport it in the
      opposite direction, toward the developing machine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  By way of a non-limiting example, a detailed description of an exemplary
      embodiment, simplified for clarity, of the mechanism according to the
      invention is given below, to be used with the accompanying drawing. The
      single FIGURE of the drawing is a schematic cross-section of the principal
      parts of the mechanism. In this FIGURE, the mechanism is shown at the
      start of its operational cycle.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The mechanism depicted in the FIGURE includes an open box 1 containing film
      sheets 2 which is placed in an X-ray machine.
PAR  The open box 1 is disclosed in greater detail in my co-pending application
      filed Sept. 16, 1974, entitled "X-ray Film Container."
PAR  The upper edge of the first film sheet 3 lies against a plane surface 4
      provided on the circumference of a hollow control cylinder 5. The lower
      edge 6 of the surface 4 presses against the film sheets 2 during the
      rotation of the control cylinder and pushes them away from the cylinder.
      Only the film sheet 3, nearest to the control cylinder, is bent a little
      bit by suction in order to be easily transported by the cylinder.
PAR  The control cylinder is equipped with elastic bands, for example rubber
      bands 7, which are relatively large and closely spaced. Protrusions or
      teeth 8 are fixed to the frame between the rubber bands and serve to
      detach the film sheet 3 from the control cylinder. Located on the face 4
      are several longitudinal slots 9 disposed one behind the other so as to
      completely transverse the wall of the control cylinder 5 and the rubber
      bands 7. The interior of the control cylinder is connected to a suction
      source which includes a line 10 and a three-way electromagnetic valve 11.
      This valve may place the control cylinder in communication with the
      suction source or with ambient air. A transport roller 12, made of rubber,
      presses against the control cylinder and is rotated thereby. A film sheet
      may be mechanically transported between the cylinder and the roller. A
      fixed stop 13, with a tapering edge 14, is located so that only one single
      film sheet may pass between the edge and the surface of the cylinder. A
      fixed guide plate 15 is intended to guide an exposed film sheet beyond the
      stop 13 toward a developing machine (not shown). A short distance below
      the two cylinders 5, 12 lie the intensifier screens 16 of the X-ray
      machine between which the film sheet 3 is placed for making an X-ray
      exposure. The lower edges of these screens have a vertical slot 17 in
      which a stop 18 may be caused to reciprocate to push out a film sheet
      lying between these screens after the exposure has been made so that it
      may glide between the rollers 5 and 12, for transport toward a developing
      machine, as will be described below. The stop 18 is affixed to a rod 19 of
      a piston 20, which is moved downwardly by a spring 21 located in a
      pneumatic cylinder 22. This cylinder is connected by line 23 to a source
      of compressed air (not shown). The cylinder may be placed in communication
      with the source of compressed air or with exterior atmospheric air by
      means of a three-way valve 24. The shaft of cylinder 5 carries a pinion 25
      meshing with a gear wheel 26 whose diameter is such that the pinion 25 and
      the control cylinder 5 complete four revolutions while the gear 26
      completes one revolution. The shaft 27 of the gear 26 carries three cam
      plates 28, 29, 30, equipped, respectively, with cams 31, 32 and 33. Each
      cam plate cooperates respectively with a contact 34, 35, 36 and a stop 18
      cooperates with a contact 37. Shaft 27 is driven by an electric motor 38
      in either of two directions of rotation through a speed reducer. The
      electrical circuit of this motor is controlled by two contacts 39 and 40
      and a relay 41, as well as a relay 42. The circuit for relay 41 is
      controlled by the contacts 37, 35 and 43 and that of relay 42 by contacts
      34, 44 and 43. The circuit for the three-way valve 11 is controlled by the
      contacts 36 and 43 and that of the valve 24, by the contact 43. The
      contact 43 is operated manually by a push button, whereas the contact 44
      is actuated by a card 45, pushed into a slot 46 of the X-ray machine and
      carrying the information concerning the patient to be examined.
PAR  To make an X-ray exposure, one proceeds as follows. The card 45, containing
      the information on the patient, is inserted into the slot 46 of the X-ray
      machine and closes the contact 44, energizing the relay 42. The contact 40
      of that relay closes the circuit for the motor 38, which begins to turn in
      the sense of the arrow P. Cam 33 of the disc 30, mounted on shaft 27 of
      the motor, closes contact 36, so that the electromagnetic valve 11 is
      energized and the air supply line 10 is opened. Thus, air is aspirated out
      of the control cylinder 5 by the suction source (not shown). The film
      sheet 3 is therefore attracted to the slot 9 in the control cylinder. The
      gears 25, 26 rotate the control cylinder 5 so that the edge of the plane
      surface 4 pushes the film sheets 2 below the stop 13, whereas only the
      film sheet 3, which is attracted by suction, flexes slightly toward the
      cylinder. This facilitates the transport of film sheet 3 by the control
      cylinder along the inclined edge 14 of stop 23, whereas the other film
      sheets are retained by the stop. After the control cylinder 5 has made
      half a revolution, the cam 33 passes the contact 36 and opens it. Thus,
      the control circuit of the electromagnetic valve is interrupted, the valve
      closes and atmospheric pressure returns into the control cylinder and the
      film sheet is no longer aspirated. In the meantime, however, the edge of
      the transported film sheet is grasped between the control cylinder 5 and
      the transport roller 12 and it is transported mechanically due to the
      continued rotation of the control cylinder. When the film emerges from the
      two cylinders, it is lifted from the control cylinder 5 by the teeth 8
      fixed to the housing and is carried further toward the intensifier screens
      16. After the control cylinder 5 has made four revolutions, the cam plates
      28, 29, 30 have made only one revolution and the cam 31 has opened contact
      34. Therefore, the relay 42 is released and its contact 40 switches over.
      In the meantime the contact 35 is closed but, since contact 37 remains
      open, this has no effect. Due to the switchover of contact 40, the circuit
      to electric motor 38 is interrupted and the motor stops. When an X-ray
      exposure has been made on the film located between the reinforcing frames
      16, the card 45 is withdrawn from the slot 46.
PAR  To initiate the development of a film exposed between the frame 16, one
      pushes on the contact 43 so that the circuit for the valve 24 is closed
      and the valve connects the cylinder 22 with a source of compressed air
      (not shown). Thus, the piston 20 moves the stop 18 upwardly and the film
      is again engaged between the cylinders 5 and 12.
PAR  At the end of the movement of this stop 18 in the upward direction, it
      closes the contact 37 and, since contact 35 is still closed, the relay 41
      is energized. The contact 39 switches over and the electric motor 38
      begins to turn in the opposite direction, indicated by the arrow P'. Thus
      the gears 25 and 26 drive the control cylinder 5 and the transport roller
      20 in the opposite sense of that which directed the film toward the
      intensifier screens. Cam 31 on plate 28 releases contact 34 so that it
      closes, but since the contacts 44, 43 are both open, this has no effect.
      Cam 33 closes the contact 36 but, since the contact 43 remains open, this
      also remains without further effect. After one revolution of the gear 26
      and of the cam plate 29 and after four revolutions of the control cylinder
      5, the cam 32 opens the contact 35, causing the release of relay 41. This
      release causes contacts 39 of the relay to switch, so that the motor 38
      stops. In the meantime, the film has been completely withdrawn from the
      screens 16 and has been transported horizontally beyond the stop 13.
PAR  Due to the presence of the guide plate 15, the film follows the desired
      path exactly. Subsequently, it is engaged by another mechanism (not
      shown), which transports it to a developing machine. When the contact 43
      is returned to its original position, the air supply to the valve 24 is
      interrupted so that the valve opens the cylinder 22 to the atmosphere and
      the compressed air flows out of the cylinder. Thus, spring 21 is able to
      push the piston and its cam 18 downwardly and contact 37 opens. Thus, the
      mechanism is ready, as described above, to transfer a new film sheet from
      the container 1 toward the screens 16.
PAR  It is to be understood that the form, the dimensions, and the relative
      disposition of the parts, described above, could be changed and that
      certain of these parts could be replaced by others performing the same
      function, all the while remaining within the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An X-ray film transport apparatus, comprising in combination:
PA1  a. a housing;
PA1  b. a hollow cylinder, arranged to rotate within said housing and equipped
      with means for the evacuation of air therefrom;
PA1  c. a transport roller arranged to rotate within said housing, in
      cooperation with said hollow cylinder;
PA1  d. a film loading cartridge containing sheets of film, placed within the
      housing, adjacent to said hollow cylinder;
PA1  e. drive means for rotating said hollow cylinder to advance the film sheet
      for exposure;
PA1  f. means for initiating the return motion of the sheets of film from the
      apparatus after exposure thereof; and
PA1  g. means for controlling the feed of the sheets of film in said film
      loading cartridge seriatim for exposure whereby the top sheet of film in
      said film loading cartridge is aspirated to the surface of said hollow
      cylinder after evacuation of some air therefrom, and is transported
      between said hollow cylinder and said transport roller to be exposed,
      whereupon said means for initiating the return motion of the film are
      engaged and the motions of said hollow cylinder and said transport roller
      are reversed for transporting the film out of the apparatus.
NUM  2.
PAR  2. An apparatus as defined in claim 1, wherein said hollow cylinder has an
      axially extending plane surface, which merges with the curved cylindrical
      surface and, located therein and extending axially, is at least one slot,
      against which a sheet of film may be aspirated, due to evacuation of some
      air from the interior of said hollow cylinder; whereby, during rotation of
      said hollow cylinder, the one boundary edge formed between said axially
      extending plane surface and said curved cylindrical surface of said hollow
      cylinder tends to displace the stack of film away from the surface of said
      hollow cylinder.
NUM  3.
PAR  3. A film transport apparatus as defined in claim 1, further comprising at
      least one protrusion affixed to said housing, which engages a sheet of
      film entrained on said hollow cylinder to aid in the removal of said sheet
      of film from said hollow cylinder and wherein said hollow cylinder is
      provided with bands of elastic material, said protrusion passing between
      adjacent ones of said bands and wherein said transport roller is covered
      with elastic material.
NUM  4.
PAR  4. A film transport apparatus as defined in claim 1, wherein said means for
      controlling the feed of the film has an edge which is inclined in the
      direction of said hollow cylinder and is so disposed in relation thereto
      that only one sheet of film may pass between said edge and the surface of
      said hollow cylinder.
NUM  5.
PAR  5. A film transport apparatus as defined in claim 1, further comprising a
      plate for guiding a sheet of film out of said apparatus after exposure.
NUM  6.
PAR  6. A film transport apparatus as defined in claim 1, wherein said drive
      means includes an electric motor, a first gear affixed to said hollow
      cylinder and a larger, second gear, meshing with said first gear and
      affixed to the shaft of said motor, the ratio between said gears being one
      to four (1:4).
NUM  7.
PAR  7. A film transport apparatus as defined in claim 1, wherein said means for
      initiating the return motion of the film after exposure includes a
      pneumatic cylinder with a piston on whose rod is affixed a cam on which
      the edge of a sheet of film rests when properly located for an X-ray
      exposure.
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ABST
PAL  Sheet distributing apparatus for a sorter which includes a plurality of
      bins for receiving copy sheets advanced from a processor. Extending along
      the sheet path adjacent to the inlets of the bins are a pair of helical
      screw members which rotatably support and advance a carriage carrying
      deflector members which direct the copy sheets into the bins. The drive
      for rotating the helical screw members include a motor spring which drive
      a single revolution latching device to provide intermittent movement of
      the carriage past the inlets of each of the bins. A clutch which is
      connected to the drive of the sheet transport rewinds the motor spring
      after untensioning thereof after a sorting run.
BSUM
PAR  This invention relates in general to sheet distributing apparatus and in
      particular to an apparatus for distributing copy sheets into sorter bins
      which copy sheets are produced from electrostatographic printing machines
      or the like. The instant application incorporates by reference U.S. Pat.
      No. 3,567,214 issued on Mar. 2, 1971 on a document feeder commonly
      assigned herewith.
PAR  Prior art sheet sorters have encountered increasing demands in the sorting
      of copy sheets fed from high speed electrostatographic printing machines.
      Many of the prior art sorting devices are in the form of modules which are
      added onto the printing machines in sufficient numbers to accommodate the
      job requirements as described, for example in U.S. Pat. Nos. 3,638,937,
      3,774,906 and 3,802,694. While these prior art devices are satisfactory
      for handling a variety of job loads, they are not entirely suitable for
      rigid space requirements necessitating compact design while enabling
      reliable sheet distribution to the sorter bins and ease of access to
      sorter components to clear jams, etc.
PAR  It is an object of this invention to improve sorting apparatus used with
      copier/duplicator machines.
PAR  It is a further object of this invention to improve the production of
      collated copy sets printed by a copy machine.
PAR  It is another object of this invention to provide a compact bin arrangement
      for a sorting apparatus.
PAR  It is another object of this invention to improve the distribution of copy
      sheets into sorter bins.
PAR  These and other objects of the instant invention are achieved generally
      speaking by arranging copy bins along a sheet transport and moving
      carriage to deflect sheets into the bins while opening the spacing
      therebetween.
DRWD
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is had to the following detailed
      description of the invention which is to be read in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 illustrates schematically electrostatographic reproducing system
      including sorting apparatus in accordance with the instant invention:
PAR  FIG. 2 is a front elevation view of the sorting apparatus according to the
      invention;
PAR  FIG. 3 is a view similar to FIG. 2 with the sorting apparatus in an opened
      position;
PAR  FIG. 4 is an exploded view of the sheet distributing mechanism and the
      sorting bins;
PAR  FIG. 4(a) is a sectional view of the pivot mounting of a sorting bin of
      FIG. 4 taken along line 4a--4a;
PAR  FIG. 5 is a top view of the drive for the sheet distributing mechanism of
      the sorting apparatus; and
PAR  FIG. 6 is an elevation of the drive.
DETD
PAR  As shown schematically in FIG. 1 the electrostatographic reproducing system
      comprises a document feeding apparatus 22, positioned on a xerographic
      processor 25 which transport copy sheets to a sorting apparatus 28 for
      sorting in accordance with the invention. A control panel 32 includes the
      usual counters and buttons as well as button S1 for START PRINT, S2 for
      sorter ON and S3 for sorter OFF. The processor includes a drum shaped
      surface 40 including a photoconductive backing. This surface is mounted on
      a shaft journalled in a frame to rotate in the direction of the arrow to
      cause the drum surface sequentially to pass a plurality of xerographic
      processing stations.
PAR  For the purpose of the present disclosure, the several xerographic
      processing stations in the path of movement of the drum surface may be
      described functionally as follows:
PAR  A charging station A, at which a uniform electrostatic charge is deposited
      on the photoconductive layer of the xerographic drum;
PAR  An exposure station B, at which a light or radiation pattern of copies to
      be reproduced is projected onto the drum surface to dissipate the drum
      charge in the exposed areas thereof and thereby form a latent
      electrostatic image of the copy to be reproduced;
PAR  A developing station C, at which a xerographic developing material
      including toner particles having an electrostatic charge opposite to that
      of the electrostatic latent image are cascaded over the drum surface,
      whereby the toner particles adhere to the latent electrostatic image for a
      xerographic powdered image in configuration of the copy being reproduced;
PAR  A transfer station D, at which the xerographic powder image is
      electrostatically transferred from the drum surface to a transport sheet
      material or drum surface;
PAR  A drum cleaning and discharge station E, at which the drum surface is
      brushed to remove residual toner particles remaining thereon after image
      transfer, and at which the drum surface is exposed to a relatively bright
      light source to effect substantially complete discharge of any residual
      electrostatic charge remaining thereon; and
PAR  A fusing station F, at which the powder image is permanently affixed to the
      sheet material which is transported to sorting apparatus 28.
PAR  For a more detailed description of the copy processing stations reference
      is had to U.S. Pat. No. 3,301,126 to Osborne et al which is commonly
      assigned.
PAR  Referring now to FIGS. 2-6 the sorting apparatus 28 includes modular
      assemblies 101 and 103. Assembly 101 is positioned on the outside and is
      hinged to pivot on an axis through a mounting 105 upon turning knob 107.
      Modular assembly 103 is secured inside to the end frame of processor 25.
      Assembly 103 includes bins or trays 110 which receive the copy sheets
      printed from documents fed from document feeding apparatus 22. Also
      included is a main or overflow tray 115 which is used in the non-sort mode
      of operation or as an overflow for the sort-mode of operation as will be
      explained more fully hereinafter.
PAR  Modular assembly 101 houses horizontal transport 120 and vertical transport
      125 which incorporates a vacuum to advance copy sheets from the processor
      into the sorting bins 110. Transport 120 includes belts 121 which are
      driven by a shaft 124. Transport 125 includes belts 126 which are also
      driven by shaft 124. Shaft 124 is driven from a main drive motor 129
      mounted in assembly 101. Transport 120 is mounted to the transport 125 via
      bearings on common shaft 124. Vacuum is provided through holes of
      transport belts 121 and 126 via a centrifical type blower or the like (not
      shown) which is driven by main drive motor 129.
PAR  Bins 110 are closely spaced and are adapted to be raised into an open
      position to enable a reliable feed-in of the copy sheets. The bins 110 are
      vertically positioned one above the other and are angled down and away
      from the transport 125 at an angle of approximately 15.degree.. In this
      manner the copy sheets moving downward on the transport 125 are directed
      into each of the bins by a movably mounted bin feeder and lifting device
      140. Bins 110 are received through slots 132 formed in the frame and are
      secured to the frame by a common retaining plate 133. Plate 133 engages a
      tongue portion 134 of each bin 110 to retain the bins while enabling
      pivotal movement relative to the frame. At the inlet of each bin 110 is a
      pair of pivotal fingers 135 which are received in slides 137 to the bins.
PAR  Bin feeder and lifting device 140 includes a pair of finger actutating cams
      142 which translate along the sheet path between the vertical extent of
      the bins. Cams 142 are secured to a carriage 147 which extends along the
      width of the transport 125. Carriage 147 is driven by two helix screws 150
      and 151 driven by a motor spring (FIG. 6) to guide the carriage from the
      top to the bottom bin. The motion is stepped or intermittent from bin to
      bin upon a single revolution of a latched device 162 which is released by
      a solenoid signal from a switch 165 indicating the trail edge of the sheet
      has passed and the sheet is entering the bin. An electromagnetic clutch
      163 is driven by main drive motor 129 upon a signal from the processor
      provides the opposite direction motion for the reset of the carriage at
      the bin at the bottom. It is during this rewind movement that the motor
      spring 160 is again tensioned. The step rotation of the screws 150, 151
      effects the vertical movement of the carriage and fingers along the
      vertical transport 125 at the inlets of the bins.
PAR  Bins 110 are pivotally mounted and rest on top of fingers 135. Pivoting
      into an opened feed-in position is accomplished by cams 142 as they move
      downwardly causing the previous or upper bin to pivot upwardly as the cams
      strike the fingers 135 which are pivotally mounted resting on stop pins
      136 on assembly 103. Simultaneously each copy sheet is directed into the
      appropriate bin by the action of deflector members 145 mounted on the
      carriage. Cams 142 are pivotable to rotate around the fingers during reset
      of the carriage.
PAR  In operation the sorting apparatus of the invention has two modes of
      operation. Upon depressing switch button S3 the sorter is off with all
      copies delivered to the main tray 115 by deflector fingers 180 on assembly
      101. For the sorting mode of operation deflector fingers 180 are activated
      by pressing switch button S2 on copy sheets exiting from the processor are
      deflected onto the underside of the transport 120. Copy sheets are
      advanced horizontally by the transport 120 and then turned at an angle
      about 80.degree. downwardly onto the transport 125. Copy sheets moving
      downwardly on transport 125 are directed into bins 110 by the bin feeder
      and lifting device 140 which is stepped along the inlets of the bins 110.
      At the same time the previous bin is pivoted open and the copy sheet
      deflected thereon. In the event there is an excess number of copies for
      the bins or a jam the sheets are automatically fed into tray 115 which
      serves as an overflow tray.
PAR  While there have been shown and described and pointed out the fundamental
      novel features of the invention as applied to a preferred embodiment it
      will be understood that various omissions and substitutions and changes in
      the form and details of the device illustrated and its operation may be
      made by those skilled in the art without departing from the spirit of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Sheet sorting apparatus comprising:
PA1  a plurality of bins for receiving copy sheet,
PA1  transport means for advancing sheets along a path past the inlets of the
      bins,
PA1  screw means extending in the direction of said transport means adjacent
      thereto,
PA1  carriage means including a plurality of deflector members supported by said
      screw means and adapted to be moved by rotation thereof,
PA1  drive means for rotating said screw means to advance the carriage means
      past the inlets of the sorting bins,
PA1  said drive means including motor spring means driving a single revolution
      latching device, and clutch means connected to said transport means for
      rewinding said motor spring means for retensioning thereof after a sorting
      run past the bins.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said bins are pivotably mounted
      and wherein camming means mounted on said carriage means pivot finger
      means associated with each of said bins as a copy sheet enters therein.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said camming means moves
      downwardly and pivots open the previous upper bin at the same time that a
      sheet enters the appropriate bin.
NUM  4.
PAR  4. Apparatus according to claim 2 wherein said camming is pivotably
      displaced around said finger means upon reset of said carriage means to
      its starting position.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said transport means and said
      carriage means are supported on a common housing which is pivotable for
      movement away from said bins.
PATN
WKU  039413705
SRC  5
APN  5522889
APT  1
ART  313
APD  19750224
TTL  Sheet glass - conveying, classifying and stacking apparatus
ISD  19760302
NCL  4
ECL  1
EXA  Stoner, Jr.; Bruce H.
EXP  Blunk; Evon C.
NDR  2
NFG  4
INVT
NAM  Martin; John
CTY  Monterrey
CNT  MX
INVT
NAM  Osorio; Enrique Peyrani
CTY  Monterrey
CNT  MX
ASSG
NAM  Fabricacion de Maquinas
CTY  Monterrey
CNT  MX
COD  03
CLAS
OCL  271 64
XCL  198 81
XCL  198187
XCL  214  6D
XCL  271184
XCL  271195
EDF  2
ICL  B65H 2962
ICL  B65H 2932
FSC  271
FSS  64;174;184;185;194;195;196;197;225
FSC  198
FSS  81;187;185
FSC  214
FSS  1 BE;6 DS;6 D
UREF
PNO  3480160
ISD  19691100
NAM  Barradell-Smith et al.
XCL  271195
UREF
PNO  3880297
ISD  19750400
NAM  Martin
XCL  271195
FREF
PNO  116,424
ISD  19300200
CNT  OE
OCL  198187
LREP
FRM  Kemon, Palmer & Estabrook
ABST
PAL  A plurality of transfer conveyors are arranged at right angles to and
      spaced along a main conveyor for transferring selected sheets from said
      main conveyor and either dropping them in a reject bin or stacking them in
      separate piles depending upon the size of the sheets. The transfer
      conveyors overlie the main conveyor and operate to pick up sheets from the
      main conveyor by Bernoulli's principle and permit them to slide by gravity
      to the stacking or reject means while supported in non-contacting relation
      by the nozzles. The nozzles are selectively actuated in groups to achieve
      the pickup, reject and stacking functions.
BSUM
PAC  BACKGROUND OF THE INVENTION AND CROSS REFERENCE TO RELATED ART
PAR  The use of a transfer means operating on Bernoulli's principle and useful
      for stacking material such as freshly silvered glass mirrors where the
      mirrors are advancing along a conveyor is shown in co-pending application
      Ser. No. 450,770 filed Mar. 13, 1974, now U.S. Pat. No. 3,880,297. The
      apparatus disclosed in the co-pending application utilizes a single
      Bernoulli transfer conveyor and the path of travel of the articles on the
      transfer conveyor is in substantially the same direction as their path of
      travel on the feed conveyor which brings them from the manufacturing
      location to the general area of the stacking apparatus. The arrangement
      disclosed in the aforementioned application is limited to a batch type
      operation where the size of sheets on the feed conveyor in a given batch
      are all the same. Where sheets of different sizes are coming off the
      production line and randomly loaded on the same feed conveyor, a
      separating and classifying means is needed to arrange a plurality of
      stacks of different sized sheets with all sheets in any one stack being of
      the same size.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a plurality of conveyors of the
      general type disclosed in the aforementioned application are arranged at
      right angles to the feed conveyor and spaced from each other along the
      path of travel of the feed conveyor. Application of well known sorting
      principles such as employed in mail sorting machines, is effective to
      selectively actuate the transfer conveyors at a time corresponding to the
      arrival at each transfer conveyor of those sheets which it is desired to
      stack at that particular location. A reject bin is also positioned between
      the feed conveyor and the stacking apparatus underneath each transfer
      conveyor so that defective sheets may be prevented from reaching the stack
      with those that are perfect.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a feed conveyor and a pair of transfer
      conveyors in accordance with the present invention;
PAR  FIG. 2 is a view on the lines 2--2 of FIG. 1;
PAR  FIG. 3 is a view on the lines 3--3 of FIG 1; and
PAR  FIG. 4 is a view on the lines 4--4 on FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring first to FIG. 1, the feed conveyor 10 is loaded (by means not
      shown) with sheets of glass of different sizes for travel in the direction
      indicated. Sheets of a given size are arranged on the conveyor 10 in side
      by side relation as indicated. A pair of transfer conveyors indicated
      generally by the numerals 1, 2 and 14 are arranged along the path of
      travel of the conveyor 10 and spaced from each other. Although only two
      such transfer conveyors are shown, it will be readily apparent that any
      desired number could be employed depending on the number of different
      sizes of sheets which it is desired to arrange in stacks of sheets of the
      same size.
PAR  Referring now to FIG. 3 of the drawings, this shows one complete transfer
      conveyor and its relation with the feed conveyor 10, the stacking
      apparatus 15 and the reject bin 16. The transfer conveyor is basically an
      elongated manifold 18 supplied with air under pressure from a blower
      indicated at 20 and supporting a plurality of Bernoulli nozzle members 22
      the details of which are shown in co-pending application Ser. No. 450,770
      filed Mar. 13, 1974. The nozzles 22 are arranged in a common plane which
      is inclined at about a 6.degree. angle to the horizontal in order that
      sheets once removed from the feed conveyor 10 and suspended in
      non-contacting relationship by the nozzles will slide by gravity from a
      position overlying the feed conveyor 10 to a stack supporting means 15.
      Air flow to groups of the nozzles is controlled by a simple valving
      arrangement which includes a plurality of simultaneously actuable valves
      24 to open or close the passageways from the manifold 18 to the nozzles
      22. As shown in this figure, these nozzles are arranged in groups such as
      26, 28 and 30 overlying respectively the feed conveyor 10, the reject bin
      16 and the stack receiving means 15.
PAR  Referring now to FIGS. 2 and 3 it will be noted that the feed conveyor 10
      at the location of the transfer conveyors 12 and 14 is tilted so that the
      plane of the sheets being conveyed thereon is parallel to the plane of the
      nozzles of the transfer conveyors.
PAR  Due to the momentum of sheets on the feed conveyor 10, it is necessary to
      provide a stop means on that side of the transfer conveyors which is
      downstream of the path of travel of the feed conveyor. It was found that a
      stationary abutment for this purpose created a drag against movement of
      the sheets along the transfer conveyors and in order to overcome this, a
      moving abutment in the form of a belt was provided as shown at 32 and 34.
      The linear velocity of the belt is substantially matched to that of the
      sheets as they slide downhill beneath the transfer conveyors and the lower
      edge of the belt is spaced between the upper surface of the feed conveyor
      and the plane of the nozzles.
PAC  OPERATION
PAR  As the different size sheets progress along the feed conveyor 10, the
      nozzles on the transfer conveyors must be programmed to operate at the
      proper time. While conceivably this could be done manually, it would be
      preferable to have an interlocking control circuit which would be
      constantly reprogrammed by means of an operator typing into a keyboard as
      in the well known mail sorting machines. In any event, in referring to
      FIG. 1 of the drawings, the valves in the transfer conveyor 12 should all
      be closed until the two large sheets 36 and 38 are positioned beneath the
      conveyor 12. At that point, and assuming that both sheets 36 and 38 are to
      be stacked, all of the nozzles in the transfer conveyor 12 should be
      actuated by opening all of the valves to permit air under pressure from
      the manifold 18 to flow out of the nozzles 22 to pick the sheets up off
      the feed conveyor 10. Both will then slide by gravity until they are
      positioned over the stacking apparatus at which point in time the valves
      in the section 30 are closed thus permitting the sheets to fall by gravity
      onto the stack. In the event that one or the other of these two sheets had
      been determined to be defective, then when that sheet was positioned over
      the reject bin 16, the valves in section 28 would be momentarily closed to
      permit that sheet to fall into the bin 16. Each of the valve sections are
      automatically closed following passage of a sheet or a group of sheets
      thereover.
PAR  The smaller sheets indicated at 40, 42, 44, 46 and 48 will pass by the
      transfer conveyor 12 on the feed conveyor 10 because the valves in the
      conveyor 12 will all be closed at that time. The valves in conveyor 14,
      however, will be opened upon the arrival of the sheets at that conveyor
      where they will be removed as a group by the first set of nozzles 26. If
      any are defective, they will drop into the bin 16 and the remainder will
      proceed on to the stacking means as before.
PAR  The stacking means 15 automatically lowers with the addition of each sheet
      on the top of the stack as is fully described in the aforementioned
      co-pending application and the control of the height of the stack may be
      photoelectric. As soon as one stack is full, the entire operation is
      stopped to permit the removal of the accumulated stack of sheets and
      resetting of the stack receiving means.
PAR  From the foregoing it will be apparent to those skilled in this art that
      there is herein shown and disclosed a new and useful form of sheet
      stacking apparatus and while a preferred embodiment has been illustrated
      and described, the applicant claims the benefit of a full range of
      equivalents within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Sheet conveying, separating and stacking apparatus comprising:
PA1  a. a feed conveyor for conveying a plurality of sheets horizontally in
      side-by-side relation to each other in a first straight line direction;
PA1  b. at least one transfer conveyor arranged at substantially right angles to
      said feed conveyor overlying said feed conveyor and extending outwardly
      and inclined slightly downwardly therefrom, said transfer conveyor
      including a manifold supporting on its underside, a plurality of nozzles
      in a common plane, each nozzle including passageways for directing air
      under pressure parallel to said common plane and valve means for
      selectively establishing fluid communication between groups of said
      nozzles and the interior of said manifold;
PA1  c. a stack receiving means positioned beneath and adjacent the lower end of
      said transfer conveyor;
PA1  d. a reject bin positioned beneath said transfer conveyor between said
      stacking means and said feed conveyor;
PA1  e. said feed conveyor including means for changing the plane of travel of
      sheets thereon from horizontal to a plane substantially parallel to the
      plane of said nozzles at the location of said transfer conveyor; and
PA1  f. means for pressurizing said manifold; whereby operation of said valve
      means is effective to selectively pick up sheets from said feed conveyor,
      support them in closely spaced non-contacting relation with respect to
      said nozzles and permit them to slide down said incline while so supported
      and to be dropped either into said reject bin or onto said stacking means.
NUM  2.
PAR  2. Apparatus as defined by claim 1 including a plurality of said transfer
      and stacking conveyors spaced from each other along the direction of
      travel of said feed conveyor and a corresponding plurality of stack
      receiving means and reject bins one each associated with each of said
      transfer conveyors respectively.
NUM  3.
PAR  3. Apparatus as defined by claim 1 including a driven endless belt having
      one flight extending along that side of said transfer conveyor which is
      downstream of said feed conveyor, the plane of said flight being
      substantially perpendicular to the plane of said nozzles and having its
      lower edge positioned between the plane of said nozzles and the upper
      surface of said feed conveyor and traveling in the same direction as said
      transfer conveyor.
NUM  4.
PAR  4. Apparatus as defined by claim 2 including in association with each said
      transfer conveyor a driven endless belt having one flight extending along
      that side of said transfer conveyor which is downstream of feed conveyor,
      the plane of said flight being perpendicular to the plane of said nozzles
      and having its lower edge positioned between the plane of said nozzles and
      the upper surface of said feed conveyor and traveling in the same
      direction as said transfer conveyor.
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PAL  A plurality of transfer conveyors are arranged at right angles to and
      spaced along a main conveyor for transferring selected sheets from said
      main conveyor and either dropping them in a reject bin or stacking them in
      separate piles depending upon the size of the sheets. The transfer
      conveyors overlie the main conveyor and operate to pick up sheets from the
      main conveyor by Bernoulli's principle and permit them to slide by gravity
      to the reject bin while supported in non-contacting relation by the
      nozzles. The nozzles are selectively actuated in groups to achieve the
      pickup and reject functions. Sheets not rejected leave the lower end of
      the transfer conveyor and fly free to the stack receiver which is
      positioned in line with the conveyor and spaced outwardly therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION AND CROSS REFERENCE TO RELATED ART
PAR  The use of a transfer means operating on Bernoulli's principle and useful
      for stacking material such as freshly silvered glass mirrors where the
      mirrors are advancing along a conveyor is shown in applicant's co-pending
      applications Ser. No. 450,770 filed Mar. 13, 1974 now U.S. Pat. No.
      3,880,297 and Ser. No. 552,288 filed Feb. 24, 1975. The apparatus
      disclosed in the later of these two prior applications utilizes a
      plurality of Bernoulli transfer conveyors and the path of travel of the
      articles on the transfer conveyors is substantially at right angles to the
      direction of their path of travel on the feed conveyor which brings them
      from the manufacturing location to the general area of the stacking
      apparatus. Each transfer conveyor has one end overlying the feed conveyor
      and the other end overlying the reject bin.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a plurality of conveyors of the
      same type disclosed in the aforementioned application Ser. No. 552,288
      filed Feb. 24, 1975 are arranged at right angles to the feed conveyor and
      spaced from each other along the path of travel of the feed conveyor. In
      this instance, however, the transfer conveyor terminates at about the
      outer boundary of the reject bin. Application of well known sorting
      principles such as employed in main sorting machines, is effective to
      selectively actuate the transfer conveyors at a time corresponding to the
      arrival at each transfer conveyor of those sheets which it is desired to
      stack at that particular location. A reject bin is also positioned between
      the feed conveyor and the stacking apparatus underneath each transfer
      conveyor so that defective sheets may be prevented from reaching the stack
      with those that are perfect. Perfect sheets, on the other hand, leave the
      transfer conveyor and "fly" from the outboard end of the transfer conveyor
      to the stack receiving means. Their flight path is parabolic and for
      reasons which are not clear, a gradually increasing separation between
      adjacent sheets occurs between the time they are picked off the feed
      conveyor and the time they land on the stack receiving means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a feed conveyor and a pair of transfer
      conveyors in accordance with the present invention;
PAR  FIG. 2 is a view on the lines 2--2 of FIG. 1;
PAR  FIG. 3 is a view on the lines 3--3 of FIG. 1; and
PAR  FIG. 4 is a view on the lines 4--4 on FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring first to FIG. 1, the feed conveyor 10 is loaded (by means not
      shown) with sheets of glass of different sizes for travel in the direction
      indicated. Sheets of a given size are arranged on the conveyor 10 in side
      by side relation as indicated. A pair of transfer conveyors indicated
      generally by the numerals 12 and 14 are arranged along the path of travel
      of the conveyor 10 and spaced from each other. Although only two such
      transfer conveyors are shown, it will be readily apparent that any desired
      number could be employed depending on the number of different sizes of
      sheets which it is desired to arrange in stacks of sheets of the same
      size.
PAR  Referring now to FIG. 3 of the drawings, this shows one complete transfer
      conveyor and its relation with the feed conveyor 10, the stacking
      apparatus 15 and the reject bin 16. The transfer conveyor is basically an
      elongated manifold 18 supplied with air under pressure from a blower
      indicated at 20 and supporting a plurality of Bernoulli nozzle members 22
      the details of which are shown in my co-pending application Ser. No.
      450,770 filed Mar. 13, 1974 now U.S. Pat. No. 3,880,297. The nozzles 22
      are arranged in a common plane which is inclined at about a 6.degree.
      angle to the horizontal in order that sheets once removed from the feed
      conveyor 10 and suspended in non-contacting relationship by the nozzles
      will slide by gravity from a position overlying the feed conveyor 10 to
      the end of the transfer conveyor. Air flow to groups of the nozzles is
      controlled by a simple valving arrangement which includes a plurality of
      simultaneously actuable valves 24 to open or close the passageways from
      the manifold 18 to the nozzles 22. As shown in this figure, these nozzles
      are arranged in groups such as 26 and 28 overlying respectively the feed
      conveyor 10 and the reject bin 16.
PAR  Referring now to FIGS. 2 and 3 it will be noted that the feed conveyor 10
      at the location of the transfer conveyors 12 and 14 is tilted so that the
      plane of the sheets being conveyed thereon is parallel to the plane of the
      nozzles of the transfer conveyors.
PAR  Due to the momentum of sheets on the feed conveyor 10, it is necessary to
      provide a stop means on that side of the transfer conveyors which is
      downstream of the path of travel of the feed conveyor. It was found that a
      stationary abutment for this purpose created a drag against movement of
      the sheets along the transfer conveyors and in order to overcome this, a
      moving abutment in the form of a driven belt was provided as shown at 32
      and 34. The linear velocity of the belt is substantially matched to that
      of the sheets as they slide downhill beneath the transfer conveyors and
      the lower edge of the belt is spaced between the upper surface of the feed
      conveyor and the plane of the nozzles.
PAC  OPERATION
PAR  As the different size sheets progress along the feed conveyor 10, the
      nozzles on the transfer conveyors must be programmed to operate at the
      proper time. While conceivably this could be done manually, it would be
      preferable to have an interlocking control circuit which would be
      constantly reprogrammed by means of an operator typing into a keyboard as
      in the well known mail sorting machines. In any event, in referring to
      FIG. 1 of the drawings, the valves in the transfer conveyor 12 should all
      be closed until the two large sheets 36 and 38 are positioned beneath the
      conveyor 12. At that point, and assuming that both sheets 36 and 38 are to
      be stacked, all of the nozzles in the transfer conveyor 12 should be
      actuated by opening all of the valves to permit air under pressure from
      the manifold 18 to flow out of the nozzles 22 to pick the sheets up off
      the feed conveyor 10. Both will then slide by gravity while suspended by
      the nozzle until they are positioned over the reject bin at which point in
      time the valves are opened, they will fly in a parabolic trajectory until
      the sheets come to rest on the top of the stack. In the event that one or
      the other of these two sheets had been determeined to be defective, then
      when that sheet was positioned over the reject bin 16, the valves in
      section 28 would be momentarily closed to permit that sheet to fall into
      the bin 16. Each of the valve sections are automatically closed following
      passage of a sheet or a group of sheets thereover. For reasons that are
      not completely understood, the spacing between the sheets in the direction
      of travel below the transfer conveyors gradually increases which seems to
      add to the rapidity and smoothness of stacking over the arrangement of my
      prior application Ser. No. 552,288 filed Feb. 24, 1975 when the transfer
      conveyor extends all the way to the stack. Also, this gives clear access
      to each stack for visual inspection and removal of any defective sheets
      which somehow got past the reject bin.
PAR  The smaller sheets indicated at 40, 42, 44, 46 and 48 will pass by the
      transfer conveyor 12 on the feed conveyor 10 because the valves in the
      conveyor 12 will all be closed at that time. The valves in conveyor 14,
      however, will be opened upon the arrival of the sheets at that conveyor
      where they will be removed as a group by the first set of nozzles 26. If
      any are defective, they will be dropped into the bin 16 but the remainder
      will proceed on to the stacking means as before.
PAR  The stacking means 14 automatically lowers with the addition of each sheet
      on the top of the stack as is fully described in my aforementioned
      co-pending application Ser. No. 450,770 and the control of the height of
      the stack may be photoelectric. As soon as one stack is full, the entire
      operation is stopped to permit the removal of the accumulated stack of
      sheets and resetting of the stack receiving means.
PAR  From the foregoing it will be apparent to those skilled in this art that
      there is herein shown and disclosed a new and useful form of sheet
      stacking apparatus and while a preferred embodiment has been illustrated
      and described, the applicant claims the benefit of a full range of
      equivalents within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Sheet conveying, separating and stacking apparatus comprising:
PA1  a. a feed conveyor for conveying a plurality of sheets horizontally in
      side-by-side relation to each other in a first straight line direction;
PA1  b. at least one transfer conveyor arranged at substantially right angles to
      said feed conveyor, overlying said feed conveyor and extending outwardly
      and inclined slightly downwardly therefrom, said transfer conveyor
      including a manifold supporting on its underside, a plurality of nozzles
      in a common plane, each nozzle including passageways for directing air
      under pressure parallel to said common plane and valve means for
      selectively establishing fluid communication between groups of said
      nozzles and the interior of said manifold;
PA1  c. a stack receiving means positioned beyond that end of said transfer
      conveyor which is remote from said feed conveyor;
PA1  d. a reject bin positioned beneath said transfer conveyor between said
      stacking means and said feed conveyor;
PA1  e. said feed conveyor including means for changing the plane of travel of
      sheets thereon from horizontal to a plane substantially parallel to the
      plane of said nozzles at the location of said transfer conveyor; and
PA1  f. means for pressurizing said manifold; whereby operation of said valve
      means is effective to selectively pick up sheets from said feed conveyor,
      support them in closely spaced non-contacting relation with respect to
      said nozzles and permit them to slide down said incline while so supported
      and to be dropped either into said reject bin or permitted to fly free
      from the end of said transfer conveyor to said stack receiving means.
NUM  2.
PAR  2. Apparatus as defined by claim 1 including a plurality of said transfer
      and stacking conveyors spaced from each other along the direction of
      travel of said feed conveyor and a corresponding plurality of stack
      receiving means and reject bins one each associated with each of said
      transfer conveyors respectively.
NUM  3.
PAR  3. Apparatus as defined by claim 1 including a driven endless belt having
      one flight extending along that side of said transfer conveyor which is
      downstream of said feed conveyor, the plane of said flight being
      substantially perpendicular to the plane of said nozzles and having its
      lower edge positioned between the plane of said nozzles and the upper
      surface of said feed conveyor and traveling in the same direction as said
      transfer conveyor.
NUM  4.
PAR  4. Apparatus as defined by claim 2 including in association with each said
      transfer conveyor a driven endless belt having one flight extending along
      that side of said transfer conveyor which is downstream of feed conveyor,
      the plane of said flight being perpendicular to the plane of said nozzles
      and having its lower edge positioned between the plane of said nozzles and
      the upper surface of said feed conveyor and traveling in the same
      direction as said transfer conveyor.
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ABST
PAL  Corrugated cardboard sheets are drawn individually from the bottom of a
      stack by two perforated, continuous belts downwardly bounding a receptacle
      space which is bounded in a forward direction by a gate. The front part of
      each belt under the receptacle space travels over a suction box while the
      rear part may be shifted between an operative position in which the front
      and rear parts are longitudinally aligned and an idling position in which
      the rear part is offset from the operative position downward and outward
      of the receptacle space. The suction box and the shifting mechanism for
      the rear part of the belt under the receptacle space are synchronously
      controlled in such a manner that the rear part of the belt is in the
      operative position while the suction box is being evacuated for maximum
      traction effect of the belt on the lowermost sheet in the stack, and the
      rear part is dropped into the idling position while the suction box is
      vented to the ambient atmosphere so that the belts slip under the stack,
      and successively fed corrugated sheets are spaced from each other and do
      not overlap.
BSUM
PAR  This invention relates to apparatus for feeding sheet material, and
      particularly to apparatus for feeding corrugated cardboard sheets.
PAR  Corrugated cardboard is the most common material of construction for
      relatively light packing boxes, and such boxes are made on automatic
      equipment to which blanks of cardboard must be fed in uniform sequence.
      Corrugated cardboard, while very strong in relation to its weight, does
      not offer much resistance to concentrated stresses. The several layers of
      thin paper stock which jointly constitute the corrugated cardboard are
      fragile. It is difficult to convey corrugated cardboard blanks between
      pressure rollers without damage being caused by the rollers. It is almost
      as difficult to convey such blanks by means of pushers acting on one of
      the narrow edges of the blank. Moreover, the material has little bending
      strength transversely to the corrugations.
PAR  Mechanical feeding apparatus presently available to the manufacturer of
      corrugated cardboard boxes leaves much to be desired, and pneumatic
      devices which grip the blanks by means of suction cups or the like have
      not found wide acceptance because the corrugated cardboard carries much
      paper dust which tends to clog the vacuum lines on feeding apparatus of
      the known suction type.
PAR  One of the primary objects of this invention is the provision of improved
      sheet feeding apparatus of the suction type.
PAR  With this object and others in view, as will hereinafter become apparent,
      the invention provides a sheet feeding apparatus in which a continuous,
      perforated, elongated belt is guided on a support in a closed,
      longitudinal loop. A gate arrangement mounted on the support bounds a
      receptacle space in a forward, horizontal direction when the apparatus is
      in its normal working position, the space being adapted to hold a stack of
      sheets. The belt, in a portion of its loop, bounds the receptacle space
      transversely to the first-mentioned direction for supporting the stack and
      has a front part adjacent the gate arrangement and a rear part remote from
      the gate arrangement.
PAR  The guiding mechanism for the belt includes a shifting device which can
      shift the rear part of the belt back and forth between an operative
      position in which the rear part is aligned with the front part in the
      direction of belt elongation, and an idling position spaced from the
      operative position outward of the receptacle space, and normally downward.
      The machine drive continuously moves the belt in the loop in a direction
      from the rear part toward the front part. Air may be drawn from the
      receptacle space through the perforations in the front part of the belt by
      a suction device.
PAR  An automatic control mechanism is operatively connected to the suction
      device and to the shifting device for operating the same in timed
      sequence, said suction device being actuated by the control mechanism when
      the rear part of the belt under the receptacle space is in its operative
      position, and the perforations in the front part of the belt are vented to
      the atmosphere when the rear part is in its idling position.
DRWD
PAR  Other features, additional objects, and many of the attendant advantages of
      this invention will readily be appreciated as the same becomes better
      understood by reference to the following detailed description of a
      preferred embodiment when considered in connection with the appended
      drawing in which:
PAR  FIG. 1 shows a sheet feeding machine of the invention in partly sectional,
      fragmentary side elevation;
PAR  FIG. 2 shows the machine of FIG. 1 in rear elevation;
PAR  FIG. 3 is a top plan view of the sheet feeding machine;
PAR  FIG. 4 illustrates a portion of the machine in rear elevation on a larger
      scale, some elements being broken away to show otherwise concealed
      elements;
PAR  FIG. 5 shows a part of the device of FIG. 4 in side-elevational, enlarged
      section;
PAR  FIGS. 6 to 8 are perspective detail views of elements on the sheet feeding
      machine; and
PAR  FIG. 9 shows another element of the machine in rear-elevational section on
      a scale larger than that of FIG. 2.
DETD
PAR  Referring now to the drawing in detail, and initially to FIG. 1, there is
      seen a sheet-feeding machine whose operating elements are supported on a
      casing 17. A continuous, perforated belt 27 travels in an essentially
      horizontal plane from a first guide pulley 13 over a first suction box 34,
      another guide pulley 14, a second suction box 34', and a third guide
      pulley 15, thereafter back to the first guide pulley 13 on a lower level
      over a tension pulley 16, a driven pulley 11, and a fourth guide pulley
      12. The axes of rotation of the pulleys 11 and 14 are fixed relative to
      the casing 17, and that of the pulley 15 may be shifted horizontally and
      fixed in a desired position to adjust for the length of the belt 27. The
      axis of the pulley 16 is shifted by a non-illustrated weight to keep the
      belt 27 taut in a conventional manner.
PAR  A three-member linkage consisting of arms 19, 20, 21 hingedly connected by
      the shafts of the pulleys 12, 13 secures the last-mentioned shafts to
      those of the pulleys 11, 14. The linkage, together with the pulleys 12, 13
      and the portion of the belt 27 trained over the pulleys 11 to 14, is
      oscillated between the positions shown in FIG. 1 in fully drawn and
      chain-dotted lines respectively, the shafts of the pulleys 12, 13 being
      guided in arcuate slots of the casing 17. A radial control cam 24 is
      continuously rotated in the casing 17 by a shaft 25 connected to the
      machine drive which also rotates the pulley 11. One arm of a rocker 26
      journaled in the casing 17 carries a cam follower pulley 23 which travels
      over the face of the cam 24, while the other rocker arm is pivotally
      fastened to one end of a connecting rod 22 whose other end is fastened to
      the shaft of the fourth guide pulley 12.
PAR  A coupling flap 37 is secured to the underside of the suction box 34 by a
      pivot pin 39 and is connected to a non-illustrated vacuum pump by a
      flexible hose 38. When the rotating cam 24 oscillates the linkage 19, 20,
      21, the flap 37 is swung between a fully drawn actuated position and a
      venting position shown in chain-dotted lines by a link 18' hingedly
      fastened to the flap 37 by a pin 18 and similarly to the shaft of the
      pulley 12.
PAR  The second suction box 34' is permanently connected with the suction pump
      by a branch 38' of the hose 38. The belt 27 is duplicated on the other
      side of the machine, as is evident from FIGS. 2 and 3. The second belt 27
      is trained over a set of driven, guide, and tensioning pulleys coaxial
      with the illustrated pulleys 11 - 15, and over two suction boxes in the
      manner described with reference to FIG. 1.
PAR  As is best understood by joint consideration of FIGS. 1 to 5, two upright
      frame members 1 extend upward from the casing on opposite sides of the
      pair of belts 27 and are fixedly connected by a beam 2. Seven upright flat
      bars 4 are fastened to a common support 5 by a tongue and groove
      arrangement 3 to form a gate. The lower, reduced edge portion of the
      support 5 is movably received in a groove of a guide rail 47 on the beam
      2. A bracket 5' projects forward from the center of the support 5 and
      threadedly receives the upright shaft 9 of a bevel gear 10 axially secured
      on the beam 2. The gear 10 meshes with a gear 8 on a shaft 7 journaled in
      the frame members 1 and provided with a manually operable crank 6. The
      gate 4, 5 may be raised and lowered over a small distance by means of the
      crank 6.
PAR  The beam 2 also carries two upright fences 48 parallel to the belts 27 and
      to each other which may be adjusted manually along the beam 2 and fastened
      in position by clamping spindles 49, the fences and spindles having been
      omitted from FIG. 1 for the sake of clarity. The belts 27 thus form the
      bottom of a receptacle bounded in a forward direction by the smooth faces
      of the gate bars 4 and laterally by the fences 48. The width of a gap
      between the bottom ends of the bars 4 and the belts 27 may be adjusted by
      means of the crank 6.
PAR  As is seen in FIG. 6, each belt 27 is of unitary molded construction. Its
      outer face is formed with two rows of shallow, rectangular recesses 28
      which occupy approximately one half of the outer belt face. A passage 29
      extends from each recess near the longitudinal median line of the belt to
      the inner belt face which carries two rows of uniformly spaced transverse
      ribs or cleats 30 on either side of the paired rows of passages 29. As is
      shown in FIG. 7, the drive pulley 11 carries axial ribs 31 separated by
      grooves which matingly engage the cleats 30 of the belt 27, and the
      reversing guide pulleys 13, 15 at the ends of the generally horizontal top
      strand of the belt 27 are ribbed in the same manner to guide the belt 27
      precisely over the suction boxes 34, 34'.
PAR  The suction box 34 is shown in detail in FIG. 8. Its open top is elongated
      in the direction of belt travel, and small rollers 35 adjacent the
      longitudinal wall of the box cavity engage the smooth part of the inner
      belt face between the cleats 30 and the passages 29. The passages 29
      communicate with the cavity of the box, and the cleats 30 travel outside
      the box, thereby laterally guiding the belt along the outer faces of the
      longitudinal box walls. The rollers 35 are precisely positioned to
      minimize friction between the belt 27 and the top edges of the box walls
      without permitting much air to leak into the box between the belt and the
      top edges when a resilient sealing ring 40 on the coupling flap 37 is
      pressed against the bottom wall of the box 34 by the link 18', thereby
      coupling the suction hose 38 to a port 36 in the box bottom.
PAR  The suction box 34' is identical in structure with the box 34 except for a
      nippel in the orifice 36 which permanently connects the cavity of the box
      34' with the branch hose 38' and the associated, non-illustrated vacuum
      pump.
PAR  Two upright pneumatic cylinders 42 are mounted closely adjacent the
      laterally outer edges of the belts 27 respectively. As is shown in detail
      in FIG. 9, each cylinder 42 is mounted on the stationary supporting
      structure of the machine by means of angle irons 46 and encloses a
      double-acting piston 41. A piston rod 43 extends from the piston 41 out of
      the upper end of the cylinder 42 and carries a horizontal lifting arm 44
      whose top edge is flush with the horizontal upper face of the associated
      belt 27 near the longitudinal center of the suction box 34. The two
      compartments of the cylinder 42 axially separated by the piston 41 are
      alternatively connected to a compressed air line and to the atmosphere by
      a manually operated reversing valve in a well-known manner, not
      illustrated.
PAR  The apparatus described above has been used to advantage for feeding blanks
      of corrugated cardboard to box making machinery.
PAR  A stack of blanks is placed on the belts 27 in the receptacle between the
      gate 4, 5 and the fences 48 with the leading edges of the blanks abutting
      against the bars 4 and the side edges preferably guided by the fences 48.
      The trailing edges of the blanks need not be aligned vertically, and the
      blanks superimposed in the stack may alternate in length to some extent if
      convenient for the box making operation. The gate 4, 5 is raised to only
      slightly more than the thickness of one blank, and the machine drive is
      started.
PAR  During each revolution of the cam 24, the suction box 34 is coupled once to
      the suction hose 38 to evacuate the recesses 29 in the portion of the belt
      27 traveling over the open top of the box while the strand of the belt 27
      is horizontal from the guide pulley 13 to the guide pulley 14. As soon as
      the front portion of the blank comes within range of the second suction
      box 34' and is thus pulled through the gap under the gate 4, 5 by the belt
      27, the suction box 34 is vented and the pulley 13 is dropped into the
      position shown in chain-dotted lines. When the next blank drops to the
      belts 27, the belts slide under the stack without taking the now lowermost
      blank along, the area of full contact pressure between the belts 27 and
      the blank being limited in length to the box 34, and there being no vacuum
      in the box. When the cam 24 again reaches the fully drawn position, the
      entire length of the lowermost blank rests on the belts 27 under the
      weight of the entire stack, and the blank is coupled to the belt by the
      pressure of the ambient air which is not balanced by the low pressure in
      the recesses 29. After traveling beyond the second suction box 34', each
      blank is released from the belt 27 for transfer to subsequent conveying
      and/or processing equipment not itself relevant to this invention.
PAR  When it is desired to interrupt the feeding action of the machine without
      stopping its drive, compressed air is admitted by the non-illustrated
      manual control valve to the two cylinders 42 through the line 45' while
      the upper compartment of each cylinder is vented through the line 45. The
      lifting arms 44 are normally located below opposite edge portions of a
      sheet carried by the belts 27 over the suction boxes 34. When the piston
      rods 43 are expelled from the cylinders 42, the sheet is lifted from the
      belts 27, and ambient air is admitted to the suction boxes 34 through the
      perforations 29 in the belts 27. Although the coupling flaps 37 may still
      connect the cavity of each box 34 to the hose 38, the vacuum in the box is
      broken, and the associated belt 27 slides under the stack of sheets in the
      receptacle space bounded downward by the belts 27.
PAR  An actual embodiment of the sheet feeding apparatus illustrated has been
      found to deliver a constant stream of corrugated cardboard sheets varying
      somewhat in their dimensions in the feeding direction and to handle warped
      and curved sheets without difficulty. No significant difference in
      operating reliability was found between sheets whose corrugations were
      parallel to the feeding directions and to sheets having transverse
      corrugations. No damage whatsoever was caused by the machine to the sheets
      even when they deviated significantly from proper shape and dimensions and
      from proper flatness. Very little paper dust entered the suction hose 38
      from the flap 37.
PAR  While twin belts are preferred for feeding sheets having a width of 18
      inches or more in a transverse direction, a machine of the invention
      having but one perforated belt and trained over a single set of pulleys
      and suction boxes performs well for smaller blanks. A second suction box,
      permanently connected to a vacuum pump or other space under a pressure
      lower than atmospheric pressure, has obvious advantages under some
      conditions, as outlined above, but it is not needed where sheets
      discharged from a single suction box enter a chute, and in other
      arrangements that will readily suggest themselves to those skilled in the
      art.
PAR  It should be understood, therefore, that the foregoing disclosure relates
      only to a preferred embodiment of the invention, and that it is intended
      to cover all changes and modifications of the embodiment of the invention
      chosen herein for the purpose of the disclosure which do not constitute
      departures from the spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Sheet feeding apparatus comprising:
PA1  a. a support;
PA1  b. gate means mounted on said support and bounding a receptacle space in a
      predetermined direction, said space being adapted to hold a stack of
      sheets;
PA1  c. a continuous, perforated, elongated belt;
PA1  d. guide means on said support guiding said belt in a closed, longitudinal
      loop,
PA2  1. said belt in a portion of said loop bounding said receptacle space
      transversely to said direction for supporting said stack and having a
      front part adjacent said gate means and a rear part remote from said gate
      means,
PA2  2. said guide means including shifting means for shifting said rear part
      back and forth between an operative position in which said rear part is
      aligned with said front part in the direction of elongation of said belt,
      and an idling position spaced from said operative position outward of said
      receptacle space,
PA1  e. drive means for continuously moving said belt in said loop in a
      direction from said rear part toward said front part;
PA1  f. suction means for drawing air from said receptacle space through the
      perforations of said front part; and
PA1  g. control means operatively connected to said suction means and to said
      shifting means for operating the same in timed sequence, said suction
      means being actuated by said control means when said rear part is in said
      operative positions, and said perforations in said front part being vented
      to the atmosphere by said control means when said rear part is in said
      idling position.
NUM  2.
PAR  2. Apparatus as set forth in claim 1, wherein said guide means include a
      plurality of pulleys, said belt being trained over said pulleys, and said
      suction means include a suction box open toward said front part and formed
      with a port, one of said guide pulleys being spaced from said suction box
      in a direction away from said gate means, and said shifting means shifting
      said one guide pulley inward and outward of said receptacle space.
NUM  3.
PAR  3. Apparatus as set forth in claim 2, wherein said suction means further
      include a suction hose and a coupling element connected to said hose, said
      control means including means for moving said coupling element toward and
      away from said port and for thereby alternatingly connecting said port to
      said suction hose and venting said port to the atmosphere.
NUM  4.
PAR  4. Apparatus as set forth in claim 3, wherein said means for moving said
      coupling element include a cam member, means for rotating said cam member
      on said support, and cam follower means interposed between said cam member
      and said coupling element.
NUM  5.
PAR  5. Apparatus as set forth in claim 4, further comprising linking means
      linking said shifting means to said cam follower means.
NUM  6.
PAR  6. Apparatus as set forth in claim 1, wherein said front part defines a
      plane extending in said direction, the apparatus further comprising means
      for moving said gate means toward and away from said plane and for thereby
      varying the width of a gap between said gate means and said plane.
NUM  7.
PAR  7. Apparatus as set forth in claim 1, wherein said suction means include a
      first suction box having a side open toward said receptacle space, and
      said guide means include a plurality of guide pulleys for guiding said
      front part over the open side of said suction box, said suction means
      further including means for alternatingly withdrawing air from said
      suction box and for venting said suction box to the atmosphere, the
      apparatus further comprising a second suction box offset from said gate
      means outward of said receptacle space, said second suction box having an
      open side aligned with the open side of said first suction box, and
      engaged by said belt, and means for maintaining a continuous vacuum in
      said second suction box while air is being withdrawn from said first
      suction box and while said first suction box is being vented.
NUM  8.
PAR  8. Apparatus as set forth in claim 1, wherein said suction means include a
      suction box having a side open toward said receptacle space, and said
      guide means guiding said front part over the open side of said suction
      box, said suction means further including coupling means for alternatingly
      withdrawing air from said suction box and for admitting ambient air to
      said suction box, while said front part covers said open side, the
      apparatus further comprising manually operable means for lifting said
      stack from said front part and for thereby admitting said ambient air to
      said suction box through the perforations of said front part while air is
      being withdrawn from said suction box by said coupling means.
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PAL  IBM Technical Disclosure Bulletin, "Sheet Paper Feed System," Cavdill et
      al., Vol. 14, No. 5, Oct. 1971.
ABST
PAL  A sheet feeding device adapted to separate a single sheet from a stack of
      sheets and forward the separated sheet away from the stack for subsequent
      processing. The apparatus includes a feed belt disposed adjacent one edge
      of the stack for contact with the lead edge of the top sheet in the stack
      to separate the sheet therefrom. Gate means biased into engagement with
      the feed belt provide a forward stop for the sheet stack, actuation of the
      feed belt causing the top sheet in the stack to be forced between the low
      friction upper surface of the gate means and the feed belt to move the top
      sheet off from the stack, the biased gate means preventing passage of
      multiple sheets by the feed means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In modern, high speed sheet processing machines such as printers, sorters,
      collators, reproduction machines, etc., a sheet misfeed or multi-fed
      sheets can seriously impair the operation of the machine. Numerous devices
      of the type disclosed in U.S. Pat. Nos. 3,768,803 and 390,277 have been
      proposed to positively separate the top sheet from a stack of sheets and
      prevent feeding of more than one sheet at a time through the apparatus. In
      high speed printing machines, one of the most common methods utilized to
      separate sheets is sniffer tubes which are moved into contact with the top
      sheet in the stack, lift the sheet by vacuum from the stack and forward it
      into take-away rolls. Another common means for separating sheets is to
      employ a feed roll or feed belt in contact with the top sheet in the stack
      to separate the sheet therefrom. To prevent multi-feeds, a retard pad such
      as disclosed in U.S. Pat. No. 3,768,803 or a counter-rotating retard
      roller driven through suitable clutch means may be utilized to prevent the
      passage of more than one sheet to the take-away rolls downstream
      therefrom.
PAR  It is obvious that sniffer tubes require a source of vacuum and a fairly
      complex mechanism to move the tubes into and out of contact with the stack
      for lifting the sheets therefrom and carrying them to the take-away rolls.
      When utilizing a stationary retard pad along with a feed belt or feed
      roller, selection of the retard pad material becomes extremely critical
      due to the possibility of rapid wear of the retard pad or contamination of
      the pad by paper fibers or other materials utilized in the manufacture of
      paper such as clay filler. When utilizing a counter-rotating retard roll,
      it is necessary to provide a separate drive for the retard roll or drive
      the roll through suitable chains or belts from other drive means in the
      apparatus. Further, suitable slip clutch means must also be provided,
      which means are subject to wear, requiring periodic replacement thereof.
PAR  Card feeders of the type utilized for punch cards ordinarily employ a
      stationary gate which is adjusted to provide a slot for passage of cards
      therethrough which is greater than the thickness of the card but less than
      the thickness of two cards to prevent feeding of multiple cards. This
      system is very effective where the thickness of the cards or the sheets is
      closely controlled.
PAR  It is an object of the present invention to provide a sheet feeder which is
      adapted to handle a wide range of paper weights without adjustment
      thereto, which is extremely simple and therefore inexpensive, and which is
      subjected to minimal wear throughout the life of the machine.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an apparatus for feeding and separating
      individual sheets from a stack of sheets including a first feed roll
      disposed adjacent the forward edge of the stack and a second roll disposed
      adjacent thereto, a feed belt being mounted on the first and second rolls
      for movement therearound. A low friction feed gate is disposed adjacent
      the front edge of the stack and biased into engagement with the feed belt,
      the gate acting to maintain the forward edge of the stack in alignment and
      prevent passage of more than one sheet at a time between the gate edge and
      the feed belt.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of the sheet feeding and separating apparatus of the
      present invention;
PAR  FIG. 2 is an enlarged view of the feed beltfloating gate sub-assembly
      utilized in the sheet feeding apparatus of FIG. 1;
PAR  FIG. 3 is an enlarged view of the take-away rolls illustrated in FIG. 1
      along line 3--3 of FIG. 4; and
PAR  FIG. 4 is a top plan view of the sheet feeding and separating apparatus
      illustrated in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 of the drawings, there is illustrated a sheet feeding
      and separating apparatus 1 including a stationary sheet tray 3 adapted for
      receiving a stack of sheets therein. The tray is provided with a back wall
      5 and side walls 7 and 8 (FIG. 4). Wall 8 may be adjustable toward wall 7
      to compensate for sheets of varying widths. A sheet feeding and separating
      belt 9 mounted for movement about rolls 11 and 13 is mounted closely
      adjacent side wall 7 of the apparatus. The axis of rolls 11 and 13 may be
      slightly canted to provide a belt orientation running at a slight angle
      toward the side wall 7 for reasons to be hereinafter explained. It should
      be understood that while a belt-type feeder is illustrated, a single roll
      feeder having an axis at approximately the same location as the axis of
      roll 11 could also be utilized within the context of the present
      invention. In the illustrated embodiment, the rolls 11 and 13 are mounted
      on a suitable carriage 15 adapted for movement along a guide 17. The
      carriage is suitably counter-balanced by means of a cable 19 attached
      thereto adapted for cooperation with pulley 21 mounted on side wall 7
      above the carriage, the cable 19 being connected at its other end to a
      negator spring 23. The negator spring would be selected to compensate for
      the majority of the weight of the carriage 15, the non-compensated weight
      providing a slight downward pressure by feed belt 9 against the top sheet
      in the stack. As the stack of sheets is depleted, the weight of the
      carriage would allow the rolls 11, 13 and the belt 9 thereon to move
      downwardly and remain in contact with the top sheet in the stack. The use
      of a feed mechanism mounted on a "floating" carriage to follow the
      depletion of the stack is particularly suitable for use when "cassette"
      type sheet or paper trays are to be utilized. In the event that a large
      quantity of sheets are to be stacked, it may be desirable to provide a
      substantially stationary feed mechanism for use in conjunction with a
      paper stack elevator adapted to maintain the top sheet adjacent the feed
      mechanism as the stack is depleted. Further, the feed mechanism could be
      inverted and utilized as a bottom feeder to feed sheets from the bottom of
      a stack rather than the top as illustrated.
PAR  A floating gate separator 25 is biased upwardly into contact with belt 9 at
      the forward edge of the sheet stack by suitable spring means 27. Floating
      gate 25 is pivotally mounted on carriage 15 by means of a pivot pin 29 and
      a suitable fastener such as a snap ring 31. Floating gate separator 25 is
      formed of an extremely hard, wear resistant, low friction material and is
      provided with a relieved portion 33 for reasons to be hereinafter
      explained.
PAR  A plurality of take-away roller pairs 40, 41 and roller pair 40, 42 are
      provided immediately downstream from the feed belt 9 for receiving sheets
      separated from the stack and feeding the sheets into subsequent processing
      apparatus with which the sheet feeding and separating mechanism may be
      utilized. For purposes of illustration only, a sheet delivery tray 44 is
      illustrated immediately downstream from take-away roll pair 40, 42 to
      receive the sheets separated and fed by the apparatus 1, it being
      understood that in normal usage, the roll pairs 40, 41 and 40, 42 would
      feed the sheets to a downstream processor such as a xerographic copy
      machine. An upper guide grid 46 is pivotally mounted on the shaft that
      supports rolls 40. The guide grid is provided with a follower tab 48 to
      enable the guide 46 to pivot downwardly as the carriage 15 moves
      downwardly during depletion of the stack to provide an upper guide for
      directing the sheets from the separator mechanism to take-away rolls 40,
      41 and 40, 42. The rolls 40 and roll 13 may be driven by a suitable motor
      50 through a chain 52, sprockets 54, and clutches 56. Since roll 13 is
      adapted for movement with carriage 15 along guide 17, the sprocket 54 and
      clutch 56 associated therewith may be drivingly connected by means of a
      flexible drive shaft 57, although it should be understood that a separate
      drive motor could be utilized to drive the roll 13, the added weight of a
      separate drive motor, however, requiring a stronger negator spring 23 to
      counterbalance the carriage.
PAR  Referring to FIG. 3, which is a view taken along lines 3--3 of FIG. 4, it
      can be seen that the take-away idler roll 42 immediately downstream from
      the separator belt 9, is of a smaller diameter than the remainder of the
      take-away idler rolls 41. Further, by reference to FIG. 3, it can be seen
      that the smaller idler roll 42 is mounted on an axis a short distance in
      advance of the axis of the remainder of the idler rolls 41 for reasons to
      be hereinafter explained.
PAR  Considering the operation of the sheet feeding and separating apparatus,
      upon initial actuation of roller 13 and belt 9, the top sheet in the stack
      will be forced between belt 9 and floating gate separator 25. The upper
      right-hand corner of floating gate separator 25, as illustrated in FIG. 2,
      is provided with a slight bevel or chamfer to aid in directing the lead
      edge of the top sheet between gate 25 and belt 9. The edge 60 of gate 25
      will provide a stop for the remainder of the sheets in the stack and
      prevent more than one sheet from entering the nip between gate 25 and belt
      9. It should be understood that the sheets immediately beneath the top
      sheet being fed are prevented from being dragged along with the top sheet
      due to the forward edge 60 of the gate 25 and that the upper surface of
      gate 25 in contact with the lower surface of the sheet being fed does not
      act as a retard member since it is formed of an extremely hard, low
      friction material. However, the biasing force generated by spring 27 helps
      prevent multiple sheets from being dragged therebetween. Further, by
      providing a biased gate, belt run-out, belt wear, and changes in belt
      surface frictional characteristics have no effect on the ability of the
      floating gate to prevent multifeeds.
PAR  A special feature of the disclosed separating mechanism is the gentleness
      with which the sheets are separated. With normal retard type feeders, a
      substantial force must be exerted on the sheet being fed to overcome the
      drag produced thereon by the retard pad or roll. Further, the abrasive
      action of the retard mechanism does not allow common sheet separating
      devices to handle delicate materials such as film stock. Due to the
      gentleness with which the disclosed device can be handled thereby without
      scratching or marring the delicate film surface.
PAR  As an example of the minimal forces necessary in the operation of the
      disclosed device, excellent results have been obtained in tests wherein
      the normal force of belt 9 against the paper stack is approximately 0.2
      lbs, or less, the force of gate 25 against belt 9 is approximately 0.3
      lbs. or less, and the total driving force necessary to drive belt 9 is
      less than 0.3 in./lbs. torque. When examining these forces one can readily
      appreciate the gentleness of the disclosed separator.
PAR  In the event that it is desirable to provide spacing between individual
      sheets being fed by the apparatus, the take-away rolls may be driven at a
      faster peripheral speed than the belt 9, and the roll 13 may be driven by
      means of a one-way clutch which will allow the belt 9 to speed up when the
      lead edge of the sheet is received in the nip of take-away rolls 40 and 41
      and 40, 42 and accelerated thereby. Irrespective of the relative speed of
      the belt 9 and take-away roll pairs 40, 41, and 40, 42 the disclosed sheet
      separating and feeding mechanism ordinarily would be operated by
      energizing both the belt 9 and the take-away rolls 40, 41 and 40, 42
      substantially simultaneously to feed a sheet from the stack to the
      take-away rolls. After the lead edge reaches the take-away rolls 40, 41,
      and 40, 42 the belt 9 would be deactivated. If the take-away roll pairs
      40, 41 and 40, 42 are to be utilized as a registration station, they may
      also be deactivated at the same time. In any event, as the trailing edge
      of the sheet passes between belt 9 and the separator 25, the belt 9 will
      be moving either under the influence of its drive mechanism or due to the
      force exerted thereon by the sheet as the sheet is pulled forward by the
      take-away rolls. This will cause the succeeding sheet in the stack to
      follow the previous sheet into the nip between the separator and the feed
      roll. As the take-away rolls are moving the sheet away from the belt, once
      the trail edge of the forward sheet reaches the relieved portion of the
      separator, a drag force will no longer be exerted on the belt by the
      sheet, thereby allowing the belt to stop or if it is energized, to
      operated at its normally driven speed. Thus, if the feed belt is not
      energized, the succeeding sheet will only be dragged into the nip between
      the belt and the separator gate a distance equal to the unrelieved area of
      the separator in contact with the belt. This simplifies removal of the
      remainder of the sheets in the stack in the event the operator wishes to
      replace the sheets therein with a different type or size of sheet since
      the top sheet, which is automatically dragged into the nip irrespective of
      whether the belt is actuated or not, is only dragged a minimal distance
      into the nip and is therefore easily removed therefrom. Due to the slight
      angular orientation of the belt relative to side wall 7, and the location
      of the separatar mechanism adjacent the side register edge or wall 8, the
      initial force on the lead corner of the sheet will cause the trail edge
      thereof to be swung into contact with wall 8. Further, the angular
      orientation of the belt will move the lead edge of the sheet forward and
      slightly sidewards into contact with wall 8 so that any skew which may be
      present in the paper is removed as the sheet is fed to the left against
      wall 7 by the angled belt 9.
PAR  To prevent the take-away rolls from inducing skew into the sheet,
      Applicants have provided a take-away roll arrangement whereby the
      take-away roll pair immediately downstream from belt 9 contacts the lead
      edge of the sheet slightly in advance of the remainder of the take-away
      rolls. This is accomplished by providing an axis for the idler roll 42
      downstream from belt 9 slightly in advance of the axis of the remainder of
      the idler rolls 41. Since the lead edge of the sheet if first contacted by
      the roll pair 40, 42 immediately in front of belt 9, there is a tendency
      for this roll pair to exert a force on that corner of the sheet tending to
      force the trail edge of the sheet against the side registration wall 7.
      Thus, the deskewing effect provided by driving the sheet against the wall
      by the angled feed belt 9 is further enhanced by the take-away roll pair
      40, 42 immediately downstream therefrom.
PAR  For optimum registration accuracy, it is necessary to maintain the lead
      edge of the sheet in a planar condition. The idler roll 42 immediately
      downstream from the belt 9 is therefore of a smaller diameter than the
      remainder of the idler rolls to compensate for the advanced placement of
      the roll axis. Stated another way, as the lead edge of the sheet contacts
      the surface of the take-away idler rollers, due to the smaller diameter of
      the leading idler roller 42, the upper surfaces of all of the idler rolls
      first contacted by the lead edge of the sheet lie in a common plane even
      though the idler roll 42 downstream from belt 9 is of a smaller diameter
      and located on a different axis from the remainder of the idler rolls.
      Through this arrangement, skew of the sheet is eliminated. As such, if
      desired, the take-away rolls may be utilized as a registration station for
      feeding the sheets in timed relation to the processing apparatus which
      would be located downstream thereof. To accomplish this, sensors would be
      employed to sense the position of the lead edge of the sheet after
      engagement thereof by the take-away rolls to disengage the drive clutch
      therefore and engage a brake 61 to stop the sheet therein. Subsequently,
      when it is desired to feed the sheet in timed relation to the sheet
      processing apparatus, the clutch would be energized, thus assuring that
      the sheet reaches the required processing station at the desired time.
PAR  The disclosed construction provides a very simple and versatile sheet
      feeder. By mounting the separator mechanism on wall 8, expensive yokes or
      other structure which would be required if the separator mechanism were
      mounted in the middle of the lead edge of the paper are unnecessary.
      Further, the unitary construction of the separator allows for mounting the
      entire structure on guide rails 62 to allow displacement thereof in a
      direction toward the left as viewed in FIG. 4 if the separator is mounted
      in a machine requiring front loading of sheets in the tray.
PAR  In the event it is necessary to center sheets of various sizes relative to
      the processing stations in the printer or copier in which the separator is
      utilized, detents or stops may be built into the guide rails to adjust the
      feeder to the left or right as viewed in FIG. 4 for proper alignment of
      the sheets fed by the separator with the processing stations of the
      printer or copier.
PAR  The novel sheet separating and feeding apparatus disclosed finds particular
      utililty in printing machines or copy machines such as xerographic
      copiers, offset printers, etc. which would be located downstream from the
      take-away rolls.
PAR  While I have described a preferred embodiment of my invention, it should be
      understood that the invention is not limited thereto but may be otherwise
      embodied within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for feeding and separating individual sheets from a stack
      of sheets including:
PA1  a first feed roll disposed adjacent the forward edge of the stack;
PA1  a second roll disposed adjacent said first feed roll;
PA1  a feed belt mounted on said first and second rolls for movement
      therearound;
PA1  a narrow, low friction feed gate disposed adjacent one corner of the front
      edge of the stack adapted to locate the front edges of the sheet in the
      stack; and,
PA1  biasing means adapted to bias said feed gate into engagement with said feed
      belt, movement of said feed belt causing the sheet in the stack in contact
      therewith to be forced between said feed gate and said feed belt for
      movement of a single sheet off from the stack, said feed gate preventing
      passage of multiple sheets between said gate and said feed belt.
NUM  2.
PAR  2. An apparatus for feeding and separating sheets according to claim 1
      wherein said feed gate is pivotally mounted adjacent said feed belt, said
      biasing means being adapted to pivot said gate into engagement with said
      feed belt.
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ABST
PAL  An arrangement for the stackwise depositing of individual sheets of equal
      lengths in a repository or file by means of a conveying arrangement which
      includes one or more vacuum conveyor rolls or webs, adapted to transport
      successive sheets which are introduced in a time sequence from an input to
      the repository at a definite conveying speed, and including a braking
      installation located preceding or ahead of the repository, which deflects
      the end of each sheet downwardly out of the plane of conveyance and
      reduces the conveying speed to a speed which provides for an undisturbed
      deposition, and wherein the aspirating effect of a vacuum conveying roll
      which is located in proximity to the braking installation is interrupted
      during actuation of the braking installation. In an arrangement pursuant
      to the above-mentioned type, the vacuum conveying roll, which is located
      in proximity to the brake arrangement, is perforated for only a portion of
      its periphery, and so rotates in rhythm with the insertion of the sheets,
      that the perforated peripheral portion of the vacuum roll runs
      synchronously with the leading or initial portion of each sheet, and the
      unperforated peripheral portion of the vacuum roll faces towards the end
      or trailing portion of each sheet, when the sheet end is located within
      the effective range of the brake arrangement operating in rhythm with the
      sheet insertion.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an arrangement for the stackwise
      depositing of individual sheets of equal lengths in a repository or file
      by means of a conveying arrangement which includes one or more vacuum
      conveyor rolls or webs, adapted to transport successive sheets which are
      introduced in a timed sequence from an input to the repository as a
      definite conveying speed, and including a braking installation located
      preceding or ahead of the repository, which deflects the end of each sheet
      downwardly out of the plane of conveyance and reduces the conveying speed
      to a speed which provides for an undisturbed deposition, and wherein the
      aspirating effect of a vacuum conveying roll which is located in proximity
      to the braking installation is interrupted during actuation of the braking
      installation.
PAC  DISCUSSION OF THE PRIOR ART
PAR  In a known arrangement of this type, immediately preceding the repository
      and below the plane of conveyance, there are positioned two vacuum rolls
      which are perforated about their entire periphery, and which are connected
      to vacuum blowers including switching elements for the air stream. The
      first vacuum roll located in the conveying direction has its periphery
      tangential to the plane of conveyance and serves as a transport roll, in
      view of which its peripheral speed is equal to the conveying speed of the
      sheets. The second vacuum roll in the direction of conveyance has its
      periphery tangent with the plane of conveyance, or is somewhat downwardly
      offset. This second roll serves as a brake roll, in view of which its
      peripheral speed is lower than the conveying speed of the sheets. The
      switching elements which control the air stream of the vacuum blowers
      connected to these vacuum rolls, are selectively actuatable through the
      intermediary of a control arrangement. Located along the plane of
      conveyance and above the brake roll are blower bars with downwardly
      oriented blowing directions, whose air flow is also actuatable through the
      above-mentioned control arrangement.
PAR  The prior art arrangement operates in the following manner:
PAR  From a conveyor installation which consists of float bars which blow
      against the sheets from downwardly thereof and vacuum conveyor rolls, the
      sheets are transported in succession at a definite conveying speed from an
      inlet to a repository. Along the conveying path, the trailing end of the
      sheet is scanned by means of a light barrier which transmits a control
      signal to the switching elements in the air flow of the vacuum blowers.
      While considering the time which is required by the end of the sheet for
      the extent of movement between the light barrier and the vacuum brake
      roll, through the control installation there is interrupted the aspirating
      effect of the vacuum transport roll, the latter of which is positioned
      immediately ahead of the vacuum brake roll, and the suction or aspirating
      effect of the vacuum brake roll is activated, and concurrently the air
      flow of the blower bar which is located above the vacuum brake roll is
      activated, so that the end of the sheet which is currently located between
      the blower and the vacuum brake roll is downwardly deflected and pressed
      against the vacuum brake roll. Due to the peripheral speed of the vacuum
      brake roll in comparison with the sheet conveyance speed, the speed of the
      sheet from that end thereof is reduced to a magnitude so as to be able to
      be uninterruptedly deposited. Moreover, through the downward deflection of
      the sheet end, the plane of conveyance is freed for the inlet of the
      subsequent sheet, whereby the sheets overlap even before reaching their
      final positions in the repository. The sequential speed of the sheets is
      limited by the switching arrangement of the vacuum blowers and the vacuum
      brake roll, which is controlled by the light barrier, as shown in German
      Laid-Open Pat. Specification No. 2,021,375.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      arrangement for the stacklike depositing of individual sequentially
      transported sheets which permits at even higher, previously unattainable,
      sequential speeds of the sheets, a satisfactory depositing of the sheets.
PAR  The foregoing object is inventively attained in an arrangement pursuant to
      the above-mentioned type, in that the vacuum conveying roll, which is
      located in proximity to the brake arrangement, is perforated for only a
      portion of its periphery, and so rotates in rhythm with the insertion of
      the sheets, that the perforated peripheral portion of the vacuum roll runs
      synchronously with the leading or initial portion of each sheet, and the
      unperforated peripheral portion of the vacuum roll faces towards the end
      or trailing portion of each sheet, when the sheet end is located within
      the effective range of the brake arrangement operating in rhythm with the
      sheet insertion.
PAR  Since at a definite conveying speed of the sheets, the only
      part-peripherally perforated vacuum conveying roll, for example,
      perforated for its semi-periphery, rotates in rhythm with the sheet
      insertion, each of the peripheral sections thereof may be brought into a
      predetermined relative position with respect to each sheet, in which the
      leading or inlet end of equally long sheet is subjected to the
      transporting effect of the vacuum conveying roll, while the end or
      trailing portion of the same sheet is not subjected to the effect of this
      vacuum conveying roll, so that the braking effect and the downward
      deflection of the sheet can be undisturbedly carried out. In-and-out
      switchable means are consequently not required. On the basis of the
      foregoing, the inventive arrangement, in comparison with known
      arrangements, operates at considerably higher sheet sequential speeds.
PAR  Preferably, the braking element is a vacuum roll, whose peripheral speed is
      smaller, for example, 1/8 that of, respectively, the transport speed of
      each sheet imparted thereto by the vacuum conveying rolls.
PAR  For effecting the downward deflection of each sheet there are provided
      different possibilities. Basically, it would be possible that the
      deflection be carried out only through blow air, which becomes effective
      in rhythm with the introduced sheet. Preferably, however, the brake
      arrangement includes, for deflection of each sheet, cams which are located
      above the plane of conveyance and which extend into the plane of
      conveyance during each rotation, which can support blow nozzles, and/or
      may be shaped as spiral discs. In this embodiment of the invention there
      are similarly not required any in-and-out switchable elements, but only
      rotating components, so that from this aspect there is also permitted a
      high sheet sequence speed.
PAR  Suitably, the vacuum conveying roll, which is located in proximity to the
      brake arrangement, is located behind or downstream of the brake
      arrangement in the transporting direction. Such an arrangement permits
      that the sheets, until encountering the effectiveness of the brake
      arrangement, have a definite orientation with respect to the brake
      arrangement running in the same rhythm therewith. For the satisfactory
      operation of the inventive arrangement it is essential that the
      transported sheets, upon reaching the brake arrangement and the final
      vacuum conveying roll, have a predetermined position relative to the
      vacuum conveying roll and the brake arrangement. This predetermines that
      the sheets can be transported at a definite conveying speed from the sheet
      input to the sheet repository. A therefor suited transport arrangement has
      pneumatically operating suspension bars located above the plane of
      conveyance and which extend until over the respository, and a plurality of
      vacuum rolls spaced at about the length of a sheet which rotate at the
      conveying speed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference may now be had to the following exemplary embodiment of the
      invention, taken in conjunction with the accompanying drawings; in which:
PAR  FIGS. 1 through 5 schematically illustrate in side view an arrangement for
      the stacklike depositing of equally long sheets in various operative
      phases thereof;
PAR  FIG. 6 shows the arrangement in the operative phase of FIG. 4, in an
      enlarged scale.
DETD
PAC  DETAILED DESCRIPTION
PAR  At the start of the transport path for the sheet there is provided an input
      in the form of a rotating cross cutter 1, which divides the web material 2
      incoming from the direction of the arrow, through the intermediary of its
      rotating knife 3 and a stationary knife 3' into sheets 4, 5, 6 of equal
      lengths. At a constant infeed speed of the web material 2, the rotating
      cross cutter 1 runs at a constant speed of rotation.
PAR  The rotating cross cutter 1, in effect, conveys the sheets in rhythm into
      the transport path leading to the repository 7. In the region of the cross
      cutter 1, the web material is carried by suspension bars 8, 9 which are
      located beneath the plane of conveyance, having nozzles for blowing air
      against the underside of the web of goods 2. The blowing directions of the
      nozzles has a component directed in the conveying direction, so that the
      web of goods is transported by the blown air in the direction of the
      arrow.
PAR  Located along the conveying direction behind or downstream of the cross
      cutter 1 and above the plane of conveyance are two rotating vacuum
      conveying rolls 10, 11 which rotate at the same peripheral speed. The
      lower apex of the vacuum conveying rolls 10, 11 lies somewhat below the
      plane of conveyance for effecting the secure gripping of the sheets so
      that one can consider a tangent of the surface of the vacuum conveying
      rolls 10, 11 with the plane of conveyance. The spacing of the vacuum
      conveying roll 10 from the cross cutter 1, and the spacing between the
      vacuum conveying rolls 10, 11 is selected to be preferably somewhat
      smaller than a length of sheet, so that the transported sheets 4, 5, 6 are
      conveyed along the entire transport path at a definite speed imparted
      thereto by the vacuum conveying rolls 10, 11. The peripheral speed of the
      two vacuum conveying rolls 10, 11 is equal, and somewhat larger than the
      peripheral speed of the cross cutter 1 and the infeed speed of the web of
      goods 2, so that a spacing 12 is formed between the separate sheets. In
      the region of the transport path there are located suspension bars 13, 14
      adjacent each other, which extend to above the sheet repository 7. From
      the suspension bars 13 emanates blow air which is oriented so as to exert
      on the sheets a transporting effect and concurrently an aspirating effect
      whereby the sheets are conveyed along floating distances.
PAR  The second vacuum conveying roll 11 located along the conveying direction
      is only perforated along a portion of its periphery so as to exert on the
      sheets only a suction-and transporting effect when its perforated portion
      faces towards the sheet. Located in the conveying direction immediately
      preceding the vacuum conveying roll 11 and above the plane of conveyance,
      are a plurality of cams 15 formed of spiral discs, which are mounted on a
      common shaft. The shaft rotates in rhythm with the introduction of the
      sheets and, consequently, in the same rhythm as the vacuum conveying roll
      11. Below the plane of conveyance, and between the vacuum conveying roll
      11 and the cams 15, there is positioned a vacuum brake roll 16 which
      rotates at a substantially lower peripheral speed in comparison with the
      peripheral speed of the vacuum conveying rolls 10, 11. In order that for
      the aspiration of the web of goods by means of the perforations in the
      vacuum rolls there is no loss of unused blow air, within the vacuum rolls
      there are positioned stationary deflectors 17, 18, 19, by means of which
      the suction air is aspirated only from the area of the roll surface
      portion facing towards the web of goods.
PAR  The inventive arrangement operates in the following manner:
PAR  The web of goods 2 is transmitted at a predetermined speed to the cross
      cutter 1, the latter of which rotates at a constant rotational speed. Each
      time when the rotating knife 3 comes into cutting engagement with the
      stationary knife 3', the web of goods sheet is cut through transversely so
      as to separate a sheet 4, 5, 6 therefrom. The cross cutter, in this
      manner, provides the rhythm for the sheets introduced into the conveying
      path. In lieu of the cross cutter there may also be employed a compression
      machine which, in a corresponding rhythm introduces the sheets into the
      conveying path. For the invention the type of sheet insertion is not
      essential as long as equally long sheets are introduced into the conveying
      path at a predetermined rhythm.
PAR  Even before a sheet is cut off, it is already subject to the effect of the
      first vacuum roll 10. As soon as the cut has been carried out, the
      transporting speed of the sheets is slightly increased to a definite speed
      which is determined by the conveying roll 10, so that between the sheet
      trailing end and the leading edge of the successive, still not cut off
      sheet there is formed a small space 12. This space 12 is created in order
      to afford, at a greater degree of assurance, that the portions of the
      arrangement which are responsible for the overlapping and braking actions
      do not concurrently exert an effect on the trailing end of one sheet and
      the leading end of a successive sheet. The sheet 4, which in this matter
      is moved apart from the leading end of the successive sheet so as to form
      a space, is then free-floatingly transported by the suspension bars 13
      towards the vacuum conveying roll 11. Since the vacuum conveying rolls 10,
      11 are located at a smaller mutual spacing than the length of the sheet,
      the leading end of the sheet 4 is engaged by the vacuum conveying roll 11
      before its trailing end has left the range of effectiveness of the vacuum
      conveying roll 10. In this manner there is afforded that the sheet 4 is
      conveyed along its entire transport path at a speed imparted thereto by
      the conveying rolls 10, 11. The conveyance of the sheet with this definite
      speed and the rotation of the vacuum conveying roll 11 in rhythm or
      synchronism with the introduction of the sheets in the conveying path due
      to the cross cutter 1 is necessary so that the initial end of the sheet
      engages with the perforated area of the vacuum conveying roll 11. The
      periphery of the vacuum conveying roll 11 is so dimensioned, and its
      division into the perforated and unperforated portions so calculated, that
      the trailing end of the sheet 4 coincides with the unperforated portion,
      as shown in FIGS. 3 through 5 of the drawings. The unperforated portion of
      the vacuum conveying roll 11 facilitates the detaching of the sheet end
      from the vacuum conveying roll 11.
PAR  As previously mentioned, in spiral disc-shaped cams 15 rotate in same
      rhythm with the vacuum conveying roll 11. As long as the leading end of
      the sheet still stands under the effect of the perforated portion of the
      vacuum conveying roll 11, the cams 15 are located above the conveyor
      plane. However, as soon as the sheet end comes into the region of the
      vacuum conveying roll 11, and the unperforated portion of the vacuum
      conveying roll 11 faces towards the sheet, the cams extend into the plane
      of conveyance, and with their curvilinear backs press the end of the sheet
      downwardly and against the vacuum brake roll 16, which aspirates the sheet
      end and, due to its small peripheral speed, brakes the sheet from the end
      thereof while its leading end still lies under the conveying force exerted
      by the suspension nozzles 14, which is negligibly small as compared to the
      brake force. The downward deflection of the sheet end takes place quite
      easily, since during this sequence, the vacuum conveying roll 11 does not
      exert any aspirating effect on the end of the sheet. The deflection of the
      sheet end and the braking of the sheet is illustrated in FIGS. 3 through
      5. In order to avoid any contact between the back of the cams and the
      sheet end, and in order to lend support to the brake roll 16, the cam back
      may mount blow nozzles, as shown in FIG. 6. In each instance the downward
      pressing of the sheet end is carried out without disturbance of the
      initial portion of the successive sheet, since the cams 15 rotate at a
      peripheral speed which is equal to the transporting or conveying speed.
      Moreover, they may have return-springing backs, as illustrated in the
      drawings.
PAR  When the sheets leave the vacuum brake roll with their ends, they still
      have a residual speed which is adequate to allow them to glide into a soft
      contact with a stop 20 of the repository 7. The removal of the sheet end
      from the surface of the vacuum brake roll 16 may be carried by a comb or
      scraper located downstream thereof.
PAR  As may be ascertained from FIGS. 1 through 5, in the region of the vacuum
      conveying roll 11, the vacuum brake roll 16, and the disc cams 15, the
      leading end of the successive sheet 4 may be slid over the trailing end of
      the presently braked sheet 5, without disturbing these sheets.
PAR  Since in the inventive arrangement no switching elements are provided, but
      only rotating elements, the sheets may be inserted into the arrangement at
      a high sequential infeed speed and stacked undisturbedly. Through the
      location of the vacuum conveying roll 11 in the region of the sheet input,
      the sheets may be transported at a high and definite speed until far above
      the repository, and the braking path and the path having reduced speed be
      selected extremely short that the floating or suspending ability is
      maintained through air lubrication and thin papers will not cause any
      difficulties. Since all of the conveying, deflecting and brake elements
      coming into contact with the sheets do not have any relative motion with
      respect to the sheets which are being transported, the sheets cannot be
      charged electrostatically in response to any metallic construction of
      these elements. The stationary suspension bars cannot cause any
      electrostatic charging, since they maintain the sheets in a suspended
      relationship without contact therewith. The electrostatic charging of the
      sheets caused by previous processing are even reduced upon passage through
      the inventive arrangement. Even from this viewpoint an undisturbed
      stacking of the sheets with mutual overlapping is facilitated during
      depositing. Since the sheet during braking is braked from one end thereof,
      even during depositing no coiling of the material can occur. Finally, and
      of particular importance to the invention, at high speeds there is
      provided an assured separation between the effects of the vacuum conveying
      roll and the brake roll and the therewith associated cams so that in
      itself at high sequential feed speeds only either the conveying elements
      or the brake elements exert an effect on the same sheet.
PAR  Within the scope of the invention it is also possible that in lieu of the
      suspension bars and the first vacuum conveying roll there be employed
      other conveying means, such as belts or webs. In lieu of the second vacuum
      conveying roll there may also be provided one suction conveying web or the
      like. In lieu of the vacuum brake roll there may also be provided another
      brake arrangement, for example, a stationary vacuum box.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an arrangement for the stackwise depositing of separate equally long
      sheets, including a sheet transporting arrangement having at least one
      rotatable vacuum conveying means, said transporting arrangement being
      adapted to convey successively inserted sheets from an input to a
      repository at a predetermined conveying speed and in a predetermined plane
      of conveyance; a brake arrangement located along the path of conveyance
      upstream of said repository for deflecting an end of each sheet downwardly
      out of the plane of conveyance so as to reduce the conveying speed to a
      speed facilitating an undisturbed depositing of said sheets in said
      repository; and means for interrupting the suction effect of the vacuum
      conveying roll located proximate said braking arrangement during effective
      periods of the latter, the improvement comprising: said rotatable vacuum
      conveying means proximate said brake arrangement being perforated along a
      portion of its periphery and being rotated in rhythm with insertion of
      said sheets so that the perforated peripheral portion of said rotatable
      vacuum conveying means rotates in synchronism with the leading portion of
      each said sheet and the unperforated portion thereof faces towards the end
      of each said sheet upon the end of the sheet being in the effective region
      of the operative brake arrangement in rhythm with said sheet insertion.
NUM  2.
PAR  2. Arrangement as claimed in claim 1, said brake arrangement comprising a
      vacuum roll having a peripheral speed lesser than the conveying speed
      imparted to said sheets by said vacuum conveying roll.
NUM  3.
PAR  3. Arrangement as claimed in claim 1, said brake arrangement comprising
      rotatable cam means position positioned above the plane of sheet
      conveyance, said cam means extending into the plane of conveyance upon
      each rotation for effecting downward deflection of each sheet end.
NUM  4.
PAR  4. Arrangement as claimed in claim 3, said cam means comprising
      spirally-shaped discs.
NUM  5.
PAR  5. Arrangement as claimed in claim 3, said cam means supporting blow
      nozzles for directing a stream of air against said sheets.
NUM  6.
PAR  6. Arrangement as claimed in claim 1, said vacuum conveying roll being
      located in the conveying direction of said sheets downstream of said brake
      arrangement.
NUM  7.
PAR  7. Arrangement as claimed in claim 1, said transporting arrangement
      comprising pneumatically operating suspension bars above said plane of
      conveyance extending over said repository; and a plurality of said
      rotatable vacuum conveying means spaced at about the length of a sheet and
      rotating at the sheet conveying speed.
NUM  8.
PAR  8. Arrangement as claimed in claim 1, said rotatable vacuum conveying means
      comprising a roll.
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PAL  A paper transporter for use in conjunction with an optical character reader
      carries a sheet of paper to be read on a rotatable drum driven by a pair
      of opposed belts located at one end of the drum. One of the belts is
      canted slightly in order to steer the paper against a peripherally
      extending reference edge thereby locating the paper longitudinally and
      stabilizing its spatial orientation. The other belt is oriented in a
      direction that is substantially transverse to the longitudinal axis of the
      drum (not canted) so that it drives the drum and the interposed paper at a
      highly uniform speed as it passes a scanning device of the optical
      character reader. Both the steering belt and the drive belt are relatively
      narrow and grip only an edge portion of the page being scanned so that all
      of the printed portion of a typical page is exposed to the scanner. The
      dimensions of the drum and the area of contact between the drum and the
      belts are preferably selected so that the page is controlled alternately
      by the steering belt and the drive belt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to paper handling devices and more specifically to
      paper transporters for use in conjunction with optical character readers.
PAR  It is well known in the art to scan a printed page with an optical
      character reader (OCR) or the like by mechanically transporting the page
      under a scanning pick-up head. One arrangement utilizes a high speed
      shuttle mechanism which reciprocates the page in a tray. Another
      arrangement, having well-known speed, handling, and cost advantages, is to
      carry the page on a rotating drum. As the page rotates under a scanner,
      the OCR reads a narrow section or swath of the page which usually
      corresponds to a single printed line. On successive revolutions, the
      scanner indexes to read an adjacent swath until the entire page is read.
PAR  One method of driving the transporter drum and securing the paper to the
      drum in the desired location and spatial orientation is to utilize two
      belts or sets of belts that substantially encircle the drum at both of its
      ends. The belts rotate the drum and simultaneously grip and transport the
      paper carried on the exterior surface of the drum. It has been found,
      however, that this arrangement has various disadvantages which severely
      limit its effectiveness in reading lines of print, and particularly
      multiple lines of print that extend over substantially the entire surface
      of a page. First, it is difficult to align the paper accurately so that
      each line of print lies in a plane that is substantially normal to the
      longitudinal axis of the drum. Second, if a proper alignment is achieved,
      it is often difficult to maintain this alignment throughout the relatively
      large number of revolutions required to read a standard type or printed
      page. For example, if the paper is initially inserted into the carrier at
      a slight angle, this misalignment will cause the page to advance
      longitudinally with each revolution. This in turn can cause the scanner to
      lose synchronization within a line or between lines, read portions of two
      or more lines in one scan, or completely omit certain lines. Further, even
      if the paper is inserted correctly, slight differences in the speed,
      orientation, or tension of the belts located at opposite ends of the drum
      can cause an objectionable skewing of the paper resulting in the
      progressive longitudinal shift in the paper's position on the drum.
PAR  An alternative arrangement which avoids some of these problems utilizes a
      single belt mounted over a central portion of the rotatable drum and
      substantially encircling the drum except for a relatively small entrance
      and exit clearance formed between the looped belt ends. This arrangement,
      however, is unsuitable for reading pages of printed documents since the
      belt obscures a portion of the print. Another problem is that after a
      period of operation, the belt tends to accumulate the ink or pencil
      material forming the printed characters and transfer it to subsequent
      pages being transported and read.
PAR  It is therefore a principal object of this invention to provide a paper
      transporter that automatically adjusts the page to an accurately
      predetermined location and orientation and transports the paper under the
      scanning pick-up head at a highly uniform speed.
PAR  Another object of this invention is to provide a paper transporter that has
      a rugged and uncomplicated design and operates with a high degree of
      reliability.
PAR  Still another object is to provide a paper transporter that does not
      transfer print material between successive sheets of paper being
      transported and scanned.
PAR  Yet another object is to provide a paper transporter having these
      advantages which obscures only a small edge portion of the page being
      transported and scanned.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a rotatable drum paper transporter driven by a pair
      of opposed, narrow belts that engage the exterior surface of the drum at
      one end. One belt is canted slightly in the direction of rotation of the
      drum towards a reference edge that aligns and locates a page on the drum.
      The other belt is in alignment with the reference edge so that it drives
      the drum and a page gripped between itself and the drum at a highly
      uniform speed as it passes under a scanning device of an OCR. Both the
      steering belt and the drive belt are relatively narrow and grip only a
      correspondingly narrow edge portion of the page. Preferably the steering
      belt is held against the drum with somewhat less tension than the drive
      belt in order to allow a longitudinal slippage of the paper towards the
      reference edge. The dimensions of the drum and the area of contact between
      the drum and the belts are preferably selected so that the page is
      controlled alternately by the steering belt and the drive belt.
PAR  In a preferred embodiment, a set of circumferentially surrounding paper
      guards assist in holding the page on the drum surface and paper inlet and
      outlet passages are provided at the gaps between the belts. Additionally,
      the exterior surface of the drum is sensitized so that the scanner detects
      the presence or absence of the paper thus allowing an unsynchronized
      insertion of the paper onto the transporter.
PAR  These and other features of this invention will be fully understood from
      the following detailed description of the preferred embodiments which
      should be read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a paper transporter constructed in accordance
      with the invention;
PAR  FIG. 2 is a view in front elevation of the paper transporter shown in FIG.
      1;
PAR  FIG. 3 is a view in vertical section taken along the line 3--3 of FIG. 2;
PAR  FIG. 4 is a simplified view corresponding to FIG. 2 showing the location
      and orientation of the drive belt and the page;
PAR  FIG. 5 is a simplified view in rear elevation corresponding to FIG. 4
      showing the canted orientation of the steering belt with respect to the
      reference edge.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1-3 illustrate a paper transporter for use in conjunction with an
      optical character reader (OCR) having a freely rotatable drum 12 carried
      on a shaft 14 journaled in a pair of side support plates 16 and 18 that
      are mounted on a substantially transverse, horizontal base plate 20. A
      steering belt 22 and an opposed drive belt 24 located at the end of the
      drum 12 adjacent to the side plate 16 grip and transport a sheet of paper
      26 on the exterior surface of the drum. The sheet 26 is inserted sideways
      to that as it rotates on the drum a single line of printed characters
      passes under a stopped photo-sensor scanning device 28. After scanning one
      line of print, the scanning device 28 advances horizontally in an
      incremental step to read an adjacent line of print on the subsequent
      revolution of the drum. The scanning device 28 is advanced by a looped
      cord 30 carried on a pair of pulleys 32 and mounted to opposite sides of
      the device 28. The signal generated by the device 28 as it scans the lines
      of print is processed and used as described in a commonly assigned,
      copending application, Ser. No. 477,808, filed of even date herewith.
PAR  The belts 22 and 24 are each carried on a set of four pulleys including a
      drive pulley 34, an idler pulley 36 and a pair of spacer pulleys 38. Each
      pulley is carried on a shaft 40 journaled in the side plate 16 and an
      auxiliary end plate 42 that is spaced apart from the side plate 16 by
      spacer bars 44 (FIG. 2). The two drive pulleys 34 are directly and
      positively linked by a belt 46 carried on a pair of ribbed drive pulleys
      48. Another drive belt 50 connects the lower drive shaft 40 and the
      associated pulleys 34 and 48 with a suitably geared electric motor (not
      shown).
PAR  The pulleys 34 and 36 are located with respect to the surface of the drum
      12 so that the belts 22 and 24 substantially encircle the drum over a
      narrow region proximate to the side plate 16. In addition, the location of
      the pulleys is such that the belts 22 and 24 bear against the surface of
      the drum with sufficient force to rotate the drum and to grip the sheet of
      paper 26 firmly. The belts 22 and 24 are preferably manufactured from a
      conventional belt material such as a neoprene impregnated woven cotton
      belt which offers the desired frictional, flexing, stretching and wear
      qualities.
PAR  The upper and lower gaps between the belts 22 and 24 provide convenient
      sheet input and output passages 52 and 54, respectively. At the input
      passage 52, an inclined, converging chute 56 guides the sheet to be
      scanned to the nip between the belt 22 and the drum 12. Rods 57, secured
      at their ends to the side plates 16 and 18 count the chute 56. The output
      channel 54 is defined by an inclined, parallel walled chute 58 that is
      similarly mounted on rods 57. Located at the mouth of the output passage
      54 proximate the drum 12 is a stripper blade 60 which pivots about a rod
      62 between a transfer position shown in FIG. 3 and a stripper position in
      which the edge 60a of the blade 60 nearly touches the surface of the drum.
      In the transfer position, the top surface of the blade 60 directs the
      sheet of paper 26 from the belt 22 to the nip between the belt 24 and the
      drum. In the stripper position, the edge 60a of the blade 60 enters the
      region between the sheet and the drum and the sheet is diverted along the
      bottom surface of the blade 60 to the output chute 58. A solenoid 64
      periodically actuates the blade 60 to pivot to the stripping position in
      response to a signal from the OCR indicating that the sheet has been
      completely scanned.
PAR  A set of guards 66, 68 and 70 also assist in guiding the sheet of paper
      while it is carried on the drum. These guards each extend longitudinally
      between the side plates 16 and 18 and are closely spaced from the exterior
      surface of the drum. Rods 72 are attached to the outwardly facing surfaces
      of the guards and at their ends to the side plates 16 and 18 to fixedly
      mount the guards in this relationship. The guard 66 extends
      circumferentially over substantially the same angular distance as the
      region of contact between the belt 22 and the drum. The guards 68 and 70
      are similarly located with respect to the belt 24 except that there is a
      gap between the guards 68 and 70 which provides a scanning clearance or
      viewing slot 73 for the photo-sensor device 28. The guards 66, 68 and 70,
      in conjunction with the upper surface of the stripper blade 60 and a lower
      guide portion 56a of the input chute 56, assist the belts in holding the
      sheet 26 on the drum.
PAR  With reference to FIGS. 4 and 5, a principal feature of the invention is
      that the belt 22 is slightly canted towards the side plate 16 in the
      direction of rotation of the drum 12 to provide a component of force on
      the sheet 26 along the axis of rotation of the drum 12 in the direction
      indicated by the arrow 74. This longitudinal component of force causes a
      corresponding longitudinal slippage of the sheet 26 towards the side plate
      16. The slippage continues until the bottom edge of the sheet 26 is in
      full contact with the inwardly directed face of the plate 16. The plate 16
      thus serves as a reference edge or stopping surface which automatically
      aligns the sheet of paper with each line of print lying in a plane that is
      substantially transverse to the axis of rotation of the drum and imparts a
      uniform horizontal-longitudinal location to each sheet of paper carried on
      the drum. It has been found that a cant of only a few degrees is
      sufficient to locate and align a sheet of paper after only one or two
      revolutions. It has also been found that it is desirable to maintain the
      belt 22 under less tension than the belt 24 in order to promote the
      slipping movement of the paper against the reference edge. It should be
      noted that the action of the belt 22 not only provides an initial location
      and orientation of the sheet 26, but also maintains this relationship
      between the paper and the drum through any number of subsequent
      revolutions. The desired canting angle is achieved by a proper selection
      of the spacing between the side plate 16 and the upper pulleys 36 and 38
      and the lower pulleys 34 and 38.
PAR  In contrast to the steering belt 22, the drive belt 24 is substantially
      perpendicular to the axis of revolution of the drum 12. Since the belt 24
      serves primarily to rotate the drum 12 and to carry the sheet 26 past the
      viewing slot 73, this perpendicular orientation results in a highly
      uniform rotational speed of the characters printed on the sheet 26 as they
      pass under the scanning device 28. This in turn increases both the
      accuracy and the reliability of the OCR. It should be noted that both
      belts 22 and 24 are located close to the side plate 16 so that they grip
      only the bottom edge portion of the sheet 26. Moreover, both belts 22 and
      24 are relatively narrow so that they do not cover the lines of print
      located near the bottom of the page being scanned.
PAR  In operation, a sheet of paper is inserted into the input passage 52 with
      its left edge leading and the side to be read facing upwardly. The leading
      edge of the paper is then gripped between the belt 22 and the drum 12
      which pulls the paper onto the exterior surface of the drum. The belts 22
      and 24 (assisted by other members as described above) hold the sheet in a
      predetermined longitudinal location and orientation on the drum throughout
      a complete revolution. Preferably the scanning device is inoperative
      during the first few revolutions of the drum following the insertion of a
      sheet 26 in order to allow the belt 22 to locate and align the sheet
      against the reference edge or side plate 16. During subsequent revolutions
      the scanning device 28 successively scans each line of the sheet beginning
      at the top edge and ending near the bottom edge at a point near the belt
      24. During each revolution of the drum the device 28 scans one line of
      print and then incrementally advances to scan the next lower line on the
      subsequent revolution. When the page has been completely read, the
      solenoid 64 pivots the blade 60 to direct the sheet to the exit passage
      54. The paper transporter is then ready to receive another sheet 26.
PAR  The exterior surface of the drum 12 is perferably coated with a material
      such as optically flat black paint which has different spectral properties
      from the paper 26 so that the scanning device 28 can discriminate between
      a "paper present" and a "paper not present" condition. A signal generated
      by the device 28 in response to this paper detecting function can then be
      used to control the movement of the scanning device itself as well as
      other mechanisms such as the solenoid 64 or an automatic sheet feed
      mechanism (not shown).
PAR  A typical operating speed for the paper transporter described herein above
      is two cycles per second. For illustrative purposes only, typical
      dimensions for the drum are a diameter of 6 inches and a length of 14
      inches. This length allows the paper transporter to process documents up
      to the standard legal size. In view of the standard 81/2 inch width of
      conventional sheets of paper, the diameter dimension of 6 inches has the
      advantage of placing the sheet of paper alternately under the full control
      of either belt 22 or belt 24. Thus, the steering and driving functions of
      these belts do not interfere with one another. It should be noted that
      when this device is operated in a low humidity environment, a mild static
      charge may develop which causes the sheet of paper 26 to adhere to the
      drum. If this occurs, a suitable ionizing device of conventional design
      should be provided near the paper exit passage to neutralize any static
      charge buildup developed during the operation of the paper transporter.
PAR  Although the invention has been described with reference to an opposed pair
      of belts that encircle one end of the drum, various alternative
      arrangements may be used to steer the paper against the reference edge and
      to drive the drum and the paper past a scanning site. For example, these
      functions can be accomplished by means of a series of wheels or rollers
      each of which engages the exterior surface of the drum and is driven at
      substantially the same rotational speed. With this arrangement, the
      steering function of belt 22 can be approximated by skewing the axis of
      rotation of one or more of the wheels with respect to the axis of rotation
      of the drum. Another arrangement employs a single belt having one portion
      thereof canted in the manner of the belt 22 and a second portion thereof
      aligned with the reference edge in the manner of the belt 24.
PAR  Still other variations within the scope of this invention include utilizing
      a pair of opposed belts, as described above, but with both of the belts
      canted to dynamically adjust the paper. This arrangement, of course, may
      offer a somewhat reduced uniformity of the paper speed as it passes under
      the scanning device. Yet another variation utilizes a direct drive of the
      drum, as through a pulley mounted on the shaft 14, rather than the belts
      22 and 24.
PAR  Further, although the reference edge has been described as the side plate
      16, an alternative arrangement is to form a shoulder or flanged portion
      near one edge of the drum. These and various other modifications of the
      invention will become apparent to those skilled in the art from the
      foregoing description and accompanying drawings. Such modifications are
      intended to fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transporter of paper for use in conjunction with an optical character
      reader comprising,
PA1  a drum freely rotatable about its central longitudinal axis,
PA1  a reference edge located proximate one end of the drum and lying in a plane
      that is substantially transverse to said longitudinal axis, and
PA1  means for gripping a narrow edge portion of the paper that is substantially
      free of print, said gripping means dynamically adjusting the paper against
      said reference edge as said drum and said paper rotate over a first
      portion of each revolution of the drum and said gripping means rotating
      said drum and the paper together at a highly uniform speed over a second
      portion of each revolution of the drum.
NUM  2.
PAR  2. A transporter according to claim 1 in which said gripping means
      comprises an opposed pair of narrow belts that bear against said drum, one
      of said belts engaging said drum over said first portion in a direction
      that is canted toward said reference edge in the direction of rotation of
      said drum, and the other of said belts engaging said drum over said second
      portion in a direction that is substantially parallel to said reference
      edge.
NUM  3.
PAR  3. A transporter of paper for use in conjunction with an optical character
      reader comprising
PA1  a drum freely rotatable about its central longitudinal axis,
PA1  a reference edge located proximate one end of the drum and lying in a plane
      that is substantially transverse to said longitudinal axis,
PA1  a first belt engaging said drum and the paper over a first narrow region
      proximate said reference edge, said first belt and the region of
      engagement with said drum surface being canted slightly toward said
      reference edge in the direction of rotation of said belt and said drum
      over said region of engagement to dynamically adjust the paper, and
PA1  a second belt located substantially opposite said first belt and engaging
      said drum and the paper over a second narrow region that is substantially
      parallel to said reference edge so as to drive the drum and the paper
      together at a highly uniform speed, said first and second regions of
      engagement of the paper being substantially free of print.
NUM  4.
PAR  4. A transporter according to claim 3 further comprising a plurality of
      guards spaced closely from the exterior surface of said drum and
      substantially enclosing the exterior surface of said drum.
NUM  5.
PAR  5. A transporter as defined in claim 4 in which said guards are spaced
      apart from one another to form longitudinally extending paper input and
      output passages and a viewing slot.
NUM  6.
PAR  6. A transporter according to claim 3 in which said second belt means is
      engaged tightly to said drum to drive the paper under the viewing slot at
      a highly uniform rate, and said first belt means is engaged to said drum
      slightly less tightly to allow a longitudinal slippage of the paper
      against said reference edge.
NUM  7.
PAR  7. A paper transporter as defined in claim 3 in which the exterior surface
      of said drum has optical characteristics different from those of paper.
NUM  8.
PAR  8. A paper transporter according to claim 3 further comprising means for
      driving said first and second belts at substantially the same speed.
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ABST
PAL  An automatic document handler for supplying documents singly to the platen
      of a processing apparatus such as a copying machine. Following copying,
      each document is returned to the document supply where the used documents
      are kept separated from documents awaiting copying by means of a
      resettable bail bar. To position the documents properly for copying, the
      document handler includes a register against which the document trailing
      edge is abutted through reversal of the platen transport belt. To allow
      the document to be removed and the platen cleared for the next document,
      means are provided to remove the register and lower a document deflector
      into an intercept position, the deflector then serving to guide the
      document into a predetermined return path back to the document supply
      without interfering with movement of the next document forward. The platen
      transport comprises an endless belt conveyor supported for substantially
      single line contact with the platen surface at a point adjacent to and
      parallel with the register.
BSUM
PAR  This invention relates to an automatic document handler, and more
      particularly, to an automatic document handler incorporating an improved
      transport for moving documents over the platen surface of a processing
      machine.
PAR  In handling, automatically, documents, papers, and the like, which are to
      be processed as by a copying machine, it is usually required that the
      document handling device first separate the document to be copied handling
      device first separate the document to be copied from others awaiting
      copying. Following this, the document must be brought into position on the
      machine platen. There, the document is normally located in a certain
      position, or at least within the confines of a given area to assure the
      making of a complete and visually acceptable copy.
PAR  It is clear, therefore, that if, on completion of this process, the entire
      document is not on the platen, the copy made may be incomplete. Or, if the
      document is located in a skewed or canted position on the platen, the copy
      will reflect, to its detriment, the same skew, or cant. And, if during
      handling, the original is torn, or creased, the copy will usually bear
      evidence of this.
PAR  On this latter point, it must also be remembered that the original must
      always be handled with care to avoid tearing, creasing, or other
      mutilation, or damage thereto. This of course is particularly true where
      the original is one of a kind. In summary, therefore, any automatic device
      for handling documents should be capable not only of locating the document
      properly but also of handling the document without damaging the document.
      And later, when copying is completed, the document handler should clear
      the document from the platen in preparation for the next document.
PAR  From this discussion, it is believed evident that the design and operation
      of the platen transport, which serves to move the original onto and off of
      the platen, is critical if a successful automatic document handler is to
      be achieved, and problems such as those alluded to earlier are to be
      avoided.
PAR  It is, therefore, a principal object of the present invention to provide a
      new and improved automatic apparatus for handling documents.
PAR  It is an object of the present invention to provide an improved transport
      for automatic document handlers especially adapted to carry original
      documents over the platen glass of a document processing machine.
PAR  It is a further object of the present invention to provide a platen
      transport for an electrostatic type copying machine adapted to quickly and
      reliably move originals into and out of copying position while avoiding
      damage or mutilation thereof.
PAR  It is an object of the present invention to provide an improved
      low-friction platen transport for the document feeding apparatus of a
      copying machine.
PAR  It is an object of the present invention to provide an improved document
      transport for use with electrostatic type copying machines adapted to
      avoid or at least reduce the build-up of static electric charges on the
      documents as they are moved into and out of copying position.
PAR  It is an object of the present invention to provide an improved document
      transport means for a copying machine arranged to cooperate with a
      document registering device to locate the document to be copied in a
      preset copying position and following copying, to clear the document.
PAR  This invention relates to a document handling apparatus for bringing
      documents into copying positon on the platen of a document copying machine
      for copying purposes, the combination comprising, a flexible document
      transport belt; a pair of interior support rolls about which the belt is
      operatively disposed, the support rolls being spaced apart whereby to
      provide in cooperation with the transport belt a belt operating run
      opposite to and extending across at least a portion of the platen; means
      for rotatably supporting each of the rolls so that the surface of the
      transport belt therearound is spaced slightly above the plane of the
      platen surface whereby the operating run of the belt would ordinarily be
      spaced above and out of document driving relationship with the platen; and
      internal pressure means adapted to force a line of the belt operating run
      downward toward the platen into document driving relationship with the
      platen.
DRWD
PAR  Other objects and advantages will appear from the ensuing description and
      drawings in which:
PAR  FIG. 1 is a side view in cross section showing a document handler
      incorporating the improved document transport belt of the present
      invention in operative association with a document copying machine;
PAR  FIG. 2 is an isometric view of the document handler shown in FIG. 1;
PAR  FIG. 3 is an isometric view showing details of the document separating
      bail;
PAR  FIG. 4 is an isometric view showing the drive details for the main document
      transports of the document handler shown in FIG. 1;
PAR  FIG. 5 is an isometric view showing the drive details for the return
      document transports of the document handler shown in FIG. 1;
PAR  FIG. 6 is an isometric view showing details of the retard roll drive;
PAR  FIG. 7 is a side view in cross section showing details of the document
      register and deflector drive;
PAR  FIG. 8 is a top view of the document register and deflector shown in FIG.
      7;
PAR  FIG. 9 is an enlarged side view showing the improved document transport
      belt of the present invention;
PAR  FIG. 10 is an isometric view of the document transport belt shown in FIG.
      9;
PAR  FIG. 11 is an enlarged side view showing details of the cover locking
      mechanism for the document handler shown in FIG. 1;
PAR  FIG. 12 is a top view of the cover locking mechanism of FIG. 11; and
PAR  FIG. 13 is a control schematic for the document handler shown in FIG. 1.
DETD
PAR  Referring to the drawings, there is shown the document handler, designated
      generally by the numeral 10 incorporating the platen transport of the
      present invention. Document handler 10 may be used with any suitable
      document processing apparatus, such as a copying or reproduction machine
      5, which has a platen 6 on which the document to be copied rests.
PAR  Document handling apparatus 10 includes a supply tray 12 for storing both
      documents 7 to be copied and documents 8 already copied. From tray 12, one
      document at a time is advanced from the bottom of supply 7 by an
      intermittently operated primary feed roll 14 into the nip of retard roll
      pair 16, 17. The lower roll 16 is driven in a document feeding direction
      while the upper roll 17 is driven in the reverse or document reject
      direction (as shown by the dotted line arrow in FIG. 1) through a suitable
      slip coupling which normally enables the lower roll 16 to override the
      reverse drive input to roll 17 and thereby turn roll 17 in the document
      feeding direction. However, if two or more documents enter the nip of roll
      pair 16, 17, the reduced friction between the overlapping documents
      reduces the frictional drive force between roll pair 16, 17, permitting
      the slip clutch to engage and drive roll 17 in the reverse, document
      rejecting direction.
PAR  The document emerging from retard roll pair 16, 17 passes into the nip of
      intermediate roll pair 18, 19, and from there underneath deflector plate
      21 to platen transport 20. Transport 20, which preferably comprises a
      belt-type conveyor, first carries the document forward onto platen 6 until
      the entire document is positioned thereon. Transport 20 is then reversed
      to bring the document trailing edge against register 22. Register 22
      locates the document in copying position following which the copy or
      copies are made by the copying apparatus 5.
PAR  When copying is completed, platen transport 20 is again started in reverse
      to move the document backwards off platen 6, register edge 22 being
      previously retracted for this purpose. Deflector 21, which was previously
      lowered, guides the returning document upwardly into the nip of return
      roll pair 23. Roll pair 23 move the document along suitable return guides
      26 through second and third return roll pairs 27, 28 respectively, and
      back into tray 12.
PAR  To maintain copied documents which have been designated for convenience by
      the numeral 8, segregated from documents 7 awaiting copying, and prevent
      inadvertent or premature refeeding of the returned documents 8 by feed
      roll 14 following feed of the last one of the documents 7, a displaceable
      bail or separator bar 32 is provided. Bail 32 is disposed substantially
      opposite to and above primary feed roll 14 to prevent documents resting
      thereon from contacting roll 14. As will appear, bail 32 may be reset onto
      the top of the documents in tray 12 when it is desired to refeed the
      documents to copying machine 5.
PAR  Referring now to FIGS. 1 and 2, document tray 12 includes a substantially
      flat downwardly inclined base 31 and suitable supporting frame 36 carried
      on copying machine 5 adjacent platen 6. A curved guide 33 leads from base
      31 to platen 6, which in the arrangement shown is substantially
      horizontal. A series of openings 29 in both base 31 and guide 33
      accommodate rolls 14, 16 and 18.
PAR  As best seen in FIG. 2, a tray assembly 30 is provided for holding the
      documents, the tray assembly being comprised of matching right and left
      hand receptacles 41, 41' respectively. Receptacles 41, 41' are arranged in
      facing relationship to one another and supported by their lower ends on
      shaft 42, the receptacle supporting segment of which is rectangular in
      cross section. Shaft 42 is journaled for rotation in bushings 43 on frame
      36 adjacent the bottom of base 31. Shaft 42 carries stop collars 44 at
      each end between bushings 43 and cover supports 45, the latter serving to
      support tray cover 60 from shaft 42 as will appear. Cover supports 45 each
      include a drive lug 45' adapted, following predetermined rotation of the
      cover 60 in the opening direction to engage a mating shoulder 44' on the
      adjoining collar 44 and thereby drivingly couple shaft 42 and receptacles
      41, 41' thereto.
PAR  Receptacles 41, 41' each include a base 46 and outer side 47. The upper
      portion 47' of receptacle sides 47 are preferably flared outwardly to
      provide a slightly enlarged entrance facilitating entry of returning
      documents to the tray assembly 30. The relative narrower sides 47
      therebelow aid in aligning the document side edges with one another.
PAR  Receptacles 41, 41' are preferably supported for lateral adjusting movement
      along the rectangular portion of shaft 42 toward and away from one another
      to accommodate various size documents. For this purpose, the receptacles
      41, 41' are interconnected adjacent their lower end by means of cord 48.
      Cord 48 is supported around pulleys 49 with one terminal end thereof
      secured to one tray 41 and the other to tray 41'. As can be understood,
      movement of cord 48 effects simultaneous movement of trays 41, 41' toward
      or away from one another.
PAR  Suitable detent means (not shown) may be provided to maintain the
      receptacles 41, 41' in preselected positions corresponding to conventional
      document widths. Torsion springs 50 bias receptacles 41, 41' inwardly
      toward base 31 (in the clockwise direction as seen in FIG. 1), it being
      understood that contact between base 31 and the bottom 46 of receptacles
      41, 41'  limits toward movement of receptacles 41, 41'.
PAR  To guide returning documents into the receptacles 41, 41' as well as
      prevent documents from falling out of the receptacles 41, 41',
      particularly when bail 32 is reset, a cover 60 is provided. As described,
      cover 60 is rotatably supported from shaft 42 via supports 45 which enable
      the cover 60 to be swung open for access to the tray assembly 30 during
      loading and unloading of documents.
PAR  Cover 60 includes an exterior wall 62, which may be suitably decorated,
      depending sides 63, and interior wall 64, which together form a hollow
      section or plenum 65. As may be seen in FIG. 2, cover 60 is substantially
      rectangular in shape, and sized to overlay the entire base 31 including
      the tray assembly 30. Interior wall 64 of cover 60 is substantially flush
      with the top edge of receptacle sides 47 when cover 60 is closed, the wall
      64 serving as a guide to help route returning documents into receptacles
      41, 41' as will appear.
PAR  A fan 66 is disposed within the cover plenum 65 opposite outlet 67 in
      interior wall 64. Fan 66 serves to discharge a low pressure stream of air
      downwardly through outlet 67 onto the documents therebelow in tray
      assembly 30. Fan motor 68 is housed in the cover plenum 65 and suitable
      air inlet openings (not shown) are provided in the cover proper for fan
      66.
PAR  Cover 60 carries a depending detent and stop member 70 on each side
      thereof, stop members 70 being slotted at 71 to receive guide pins 72
      supported from each side of the frame 36. See FIGS. 11 and 12. Slots 71
      include an intermediate offset portion 74, offset 74 cooperating with pins
      72 to releasably retain cover 60 in a partially open position sufficient
      to enable documents to be inserted or removed from the tray assembly.
      Where further access to the tray assembly 30 is required, pins 72 may be
      released from the offset portions 74, and cover 60 swung open to a maximum
      open position as defined by the terminal end of slots 71. With such
      further opening movement of cover 60, shoulders 44', 45' abut to couple
      shaft 42 with cover 60 so that receptacles 41, 41' are simultaneously
      turned outwardly to a substantially vertical position.
PAR  To prevent premature or inadvertent opening of door 60 while the document
      handler 10 is operative, a latch mechanism 75 seen best in FIGS. 11 and
      12, is provided. Latch mechanism 75 includes a latch 76 having a hook end
      77 disposed to engage aperture 78 in one of stop members 70 to thereby
      prevent opening of cover 60. Suitable spring means (not shown) biases
      latch 76 toward the unlatched position. A solenoid operator 79 is provided
      having an armature drivingly connected to latch 76. Solenoid 79 serves,
      when energized, to swing latch 76 inwardly into latching position. In this
      circumstance, closure of cover 60 engages latch 76 to prevent reopening
      thereof until solenoid 79 is deenergized. Solenoid 79 is normally
      energized during operation of document handler 10.
PAR  A switch 80 is provided to prevent inadvertent operation of document
      handler 10 whenever cover 60 is open. Switch 80 is disposed for actuation
      by one stop member 70 with closure of cover 60.
PAR  Referring particularly to FIG. 3, the bail 32 is carried by arms 81 which
      are in turn pinned to intermediate links 82. Each link 82 is pivotally
      supported on the frame 36 through an arm 83. Upstanding frame brackets 36'
      are provided for this purpose, arm 83 being in effect pinned between
      brackets 36' and link 82. Intermediate links 82 are also pinned to crank
      arms 84 carried by the transversely extending output shaft 85 of a one
      revolution clutch 180. As will appear more fully herein, engagement of
      clutch 180 turns shaft 85 and crank arms 84 through one revolution.
PAR  On rotation of crank arms 84, and due to the interrelationship of links 82
      relative to supporting arms 82, 83, bail 32 moves through a generally
      rectangular path, initially in a forward direction generally parallel to
      tray base 31, then up away from base 31, then back toward primary feed
      roll 14, and then down toward base 31. With reference to any documents in
      tray 12 which rest on bail 32, bail 32 moves first forward out from under
      the documents, then raises up to a position above the documents, then
      moves back to a position above feed roll 14, and then down onto the
      topmost document. To provide a predetermined bail pressure, springs 86 are
      provided to bias arms 81 in a downward direction toward tray base 31.
PAR  A photocell type detector 88 is provided on bail 32. A light 89 for
      detector 88 is located under base 31 and opposite detector 88, base 31
      being suitably apertured for this purpose. As will appear, detector 89
      responds in certain circumstances to the absence of documents under bail
      32 to actuate clutch 180 and reset the bail 32 as described heretofore.
PAR  To obviate buildup of static electricity on the documents, a suitable ion
      generator 92 is provided adjacent the entrance to the document tray
      assembly 30. Generator 92, which is connected to a suitable source of
      electrical energy (not shown), serves to ionize the air through which the
      documents returning to tray assembly 30 pass to help neutralize any static
      electric charges that may be on the documents.
PAR  Referring now particularly to FIGS. 4-6 of the drawings, a suitable drive
      motor 100 is provided. Motor 100 may be conveniently supported on frame 36
      below tray base 31. Motor shaft 101 is connected by means of toothed belt
      102 with main power takeoff shaft 103.
PAR  The primary feed roll 14, retard roll pair 16, 17, and lower roll 18 of
      intermediate roll pair 17, 18 are preferably operated at a lower speed
      than that of platen belt 20 and return roll pairs 23, 27, 28. To provide
      such low speed drive to rolls 14, 18 and to roll 16 of retard pair 16, 17,
      a toothed belt 104 drivingly connects shaft 103 with clutch 105 on
      transfer shaft 106. As will be understood, clutch 105, when actuated,
      couples power takeoff shaft 103 with transfer shaft 106.
PAR  Transfer shaft 106, which is suitably journaled in frame 36, carries a
      drive pulley 108 on the outside end thereof. A toothed belt 109 drivingly
      connects pulley 108 with gear 110 on shaft 111 of the bottom limiting roll
      16 and with toothed pulley 112 of overrunning clutch 114. Clutch 114 is
      supported on shaft 115 of the bottom intermediate transport roll 18 and
      serves to turn shaft 115 in a document feeding direction unless the high
      speed drive input to shaft 115 is operational, during which period clutch
      114 overruns as will later appear herein.
PAR  Primary feed roll 14 is supported by shaft 118 which in turn is suitably
      journaled in frame 36. Drive belt 117 drivingly connects shaft 118 with
      limiting roll support shaft 111. As will be understood therefore,
      actuation of clutch 105 drives primary feed roll 14, lower retard roll 16,
      and lower intermediate transport roll 18 at low speed in a document
      feeding direction.
PAR  Referring now to FIGS. 1, 4 and 5, power takeoff shaft 103 carries a drive
      pulley 120 on the terminal end thereof. Pulley 120 is connected with
      pulley 121 on stub shaft 122. Gear 123 on pulley 121 meshes with gear 124
      on shaft 125 supporting the lower rolls of return transport roll pair 28.
      A toothed belt 126 drivingly connects shaft 125 with shaft 127 supporting
      the lower rolls of return transport pair 27. A second belt 128 drivingly
      interconnects shaft 125 with shaft 130 supporting the lower rolls of
      return transport pair 23. The upper rolls of the return transport roll
      pairs 23, 27, 28 are supported upon idler shafts 131 suitably journaled in
      return transport sub-frame 36".
PAR  Referring particularly to FIGS. 4 and 6, shaft 125 carries a gear 133 on
      the end thereof which, in turn, drives, through intermediate gearset 134,
      gear 135 of a hysteresis type clutch 136. Shaft 137 of clutch 136 is
      suitably journaled in transport subframe 36". As seen in FIG. 6, the
      retard roll 17 is swingably supported by means of arms 17' from the clutch
      shaft 137. In addition, gear set 138 drivingly couples clutch shaft 137
      with the retard roll 17. As will be understood, therefore, engagement of
      clutch 136 drivingly couples clutch shaft 137 with driven shaft 125 to
      turn retard roll 17 via gearset 138 in the reverse or document rejecting
      direction (shown by dotted arrow in FIG. 6).
PAR  Hysteresis clutch 136 is preset to engage whenever the reverse torque
      applied to shaft 137 generated through contact of roll 16 with retard roll
      17, either directly or through the intermediary of one or more documents
      therebetween, falls below a predetermined level. This normally occurs
      whenever more than one document at a time attempts to pass between the
      retard roll pair 16, 17. At other times, clutch 136 is effectively
      disengaged and retard roll 17 turns with roll 16 in the document feeding
      direction.
PAR  To provide the reversible relatively high speed drive to platen transport
      20, a double clutch 140 is provided on an intermediate transfer shaft 142.
      As will be seen in FIG. 4, one side of clutch 140 carries a forward drive
      gear 145 coupled to power take off shaft 103 by means of gear 148. The
      other side of clutch 140 carries reverse drive pulley 143 coupled to shaft
      103 via toothed belt 144.
PAR  Output pulley 150 on shaft 142 is drivingly coupled by toothed belt 151
      with idler gear 152 on stub shaft 153. A second pulley 154 on shaft 153 is
      coupled by toothed belt 155 with pulley 156 on shaft 157 of platen
      transport roll 231. Gear 158 on stub shaft 153 meshes with gear 159 of
      one-way clutch 160 on shaft 115 of lower intermediate transport roll 18.
      One-way clutch 160 functions to drivingly connect shaft 115 and lower
      intermediate transport rolls 16 with transfer shaft 142 whenever clutch
      140 is engaged in the forward document feeding direction to provide high
      speed drive to roll pair 18, 19. On engagement of clutch 140 in the
      reverse feeding direction, clutch 160 disengages to prevent reverse
      rotation of intermediate transport roll pair 18, 19. The upper
      intermediate transfer roll 19 is supported on idler shaft 161 suitably
      journaled in frame 36.
PAR  The drive ratios between shaft 103 and the pulley and gear input to clutch
      140 are chosen to operate platen transport 20 at a relatively higher speed
      than that of primary feed roll 14. Since the lower intermediate feed roll
      18 is subject to both high and low speed drive input, overrunning clutch
      114 additionally serves to accommodate overrunning of roll 18 when both
      clutches 105 and 140 are simultaneously engaged.
PAR  In summary, high speed drive from motor 100 is conducted by clutch 140 in
      either the forward or reverse direction to platen transport 20. Where
      clutch 140 is engaged in the forward direction, intermediate feed roll
      pair 18, 19 are turned at high speed.
PAR  Referring particularly to FIG. 4, to operate register edge 22 and deflector
      21, power takeoff shaft 103 is drivingly connected by belt 166 with a
      cross shaft 167. Cross shaft 167 is in turn drivingly connected by belt
      169 with the input side of a one-half revolution clutch 170. Clutch 170,
      which is controlled by a suitable solenoid operator, functions when
      actuated to turn clutch output shaft 172 through approximately a half
      revolution as will appear. As seen in FIG. 7, cam 173 on shaft 172 in turn
      works against follower 210 to move the register edge 22 forward onto
      platen 6 or backwards off of platen 6. At the same time, deflector 21 is
      either raised or lowered in response to movement of register edge 22 as
      will appear hereinafter.
PAR  Bail clutch 180 has an input gear 183 drivingly connected by belt 184 with
      stub shaft 186. Gear 187 on shaft 186 is driven from reverse drive gear
      145 through suitable intermediate gears (not shown) designed to drive belt
      184 at the proper speed and in the proper direction. Clutch 180 comprises
      a suitable solenoid actuated one revolution clutch effective when engaged
      to turn crank arms 84 through one revolution and thereby reset bail 32.
PAR  Referring particularly to FIGS. 7 and 8 of the drawings, document register
      22 comprises an elongated plate-like part presenting a substantially
      square registration edge 202 facing platen 6. The width of register 22 is
      slightly greater than the width of platen 6. Register 22, when viewed in
      cross section, is slightly concave to conform to the general shape of the
      platen supporting structure 204. As will appear, edge 202 of register 22
      rides up and down on the supporting structure 204 onto and off of the
      platen 6.
PAR  Register 22 is secured to lower support 205. A mounting rod 206 on support
      205 is slidably journaled in block 208 which in turn is rotatably mounted
      on shaft 172 to provide the requisite up and down swinging motion of
      register 22 about cam shaft 172. A generally U-shaped cam follower 210 is
      secured to one end of rod 206. Bearings 211 on follower 210 straddle cam
      173 such that rotation of cam 173 moves follower 210 together with rod 206
      and register 22 back and forth. Spring 214 maintains register 22 against
      platen 6.
PAR  As described heretofore, rotation of cam shaft 172 is controlled by clutch
      171, each engagement of clutch 17l serving to rotate shaft 172 and cam 173
      through approximately a one-half cycle to advance or retract register 22
      onto or off of platen 6.
PAR  Return document deflector 21 consists of an elongated plate-like part
      pivotally supported from the sides of return transport sub-frame 36" above
      register 22 such that the forward or leading edge 221 thereof is opposite
      register 22. Deflector 21 is mounted so that the upper or guiding surface
      21' of deflector 21 is in operative alignment with the nip formed by the
      first return transport roll pair 23. Springs 224 bias reflector 21
      downwardly toward register 22 therebelow.
PAR  To provide positive raising and lowering movement of deflector 21 in timed
      relationship with advance and retraction of register 22, register 22
      carries a pair of cam-like projections 225 at each outboard end thereof.
      Cams 225 are disposed to cooperate with deflector 21 so that, with
      movement of register 22 forward onto platen 6, projections 225 raise edge
      221 of deflector 21 to a position above the surface of register 22. This
      in turn provides a throat-like passage or opening 226 through which the
      documents may pass unimpeded onto the platen 6.
PAR  On retraction of register 22, cams 225 are moved out from under deflector
      21 allowing the leading edge 221 thereof to drop into contact with the
      upper surface of register 22 and closing the document passage 226. The
      document leaving platen 6 is accordingly routed upwardly by deflector 21
      into the nip of first return roll pair 23.
PAR  Referring particularly to FIGS. 2, 4, 9 and 10 of the drawings, platen
      transport 20 consists of an endless flexible belt 230, the outer surface
      of which is light reflective. One such belt construction is disclosed in
      U.S. Pat. No. 3,482,676 to G.E. Fackler.
PAR  Platen belt 230 is stretched about drive and idler roll pair 231, 232
      respectively, rolls 231, 232 being arranged on opposite sides of platen 6
      with the axis of roll 231 being above register 22 while that of roll 232
      is above the far side of platen 6. Roll shafts 157, 158 are rotatably
      supported in sides 235, 236 of platen transport 20, sides 235, 236
      cooperating with rolls 231, 232 to form a unitary transport sub-assembly.
      Power shaft 157 is extended in length, the ends thereof being journaled in
      supports 238 secured on frame 36. This arrangement permits the platen
      transport 20 to be swung as an assembly about the axis of shaft 157 when
      single document copying is desired or for servicing platen 6.
PAR  Power shaft 157 carries pulley 156 which is drivingly connected to motor
      100 through forward and reverse clutch 140 as described heretofore. Sides
      235, 236 each carry a projection 239 adjacent idler roll 232 cooperable
      with upstanding spring locks 240 on the platen supporting structure 204 to
      releasably retain platen 20 in closed position. Adjustable stops 241 are
      provided to limit downward movement of the platen transport. Suitable
      safety means, exemplified by switch 309 in FIG. 9, is provided to sense
      disposition of platen transport 20 in the closed and operative position.
      Switch 309 serves to prevent operation of the document handler 10 whenever
      platen transport 20 is raised.
PAR  The dimension and mounting of the belt supporting roll pair 231, 232 in
      sides 235, 236 is such that the surface of platen transport belt 230
      therearound is spaced slightly above the level of platen 6 as seen in FIG.
      9. An internal pressure roll 242 is provided, roll 242 engaging belt 230
      proximate the inlet to platen 6 and slightly downstream of the forward or
      operating position of register 22. Roll 242 is rotatably supported by end
      arms 243 which in turn are pivotally carried from cross shaft 244. Shaft
      244 is supported by sides 235, 236. Springs 245 bias arms 243 and pressure
      roll 242 downwardly such that roll 242 forces the portion of belt 230
      opposite thereto against platen 6. As a result, a line-like portion of the
      platen transport belt 230 adjoining register 22 normally rides against the
      surface of platen 6 to assure driving contact of belt 230 with the
      documents and engagement of the document edge with register 22. The
      adjoining portions of platen belt 230 slope upwardly away from platen 6 to
      reduce or minimize frictional drag between the belt 230 and the surface of
      platen 6. This in turn not only reduces power requirements but also the
      tendency of static electric charges to build up on the documents.
PAR  In FIG. 13 of the drawings, a control arrangement for the document handler
      10 is there schematically shown. In that arrangement, a suitable
      controller 301 is provided to integrate operation of the various
      components of the document handler with each other and with the apparatus
      with which document handler 10 is used such as copying apparatus 5. To
      provide the requisite timing intervals controller 301 includes a suitable
      timing or counting device (not shown) driven by means of clock disc 302 on
      power transfer shaft 103, there being a suitable signal generator here
      shown as photocell 304, and light source 305 disposed on opposite sides of
      disc 302. Note FIG. 4. Apertures 303 in disc 302 permit light from light
      source 305 to intermittently strike photocell 304 as disc 302 rotates to
      provide a clock-like input pulse.
PAR  Starting and stopping of document handler motor 100 may be conveniently
      effected by means of a suitable manually operated start-stop control 308.
      In the arrangement shown, operation of the document handler 10 is
      dependent upon enabling signals from copying machine 5, tray cover safety
      switch 80 and platen transport safety switch 309, respectively. Switches
      80, 309 reflect disposition of tray cover 60 and platen transport 20 in
      their closed operating positions. It is understood that other contingency
      controls may be provided.
PAR  In operation, and referring particularly to FIGS. 1, 4 and 13, the
      documents 7 to be copied are placed in tray assembly 30 trailing edge
      down, the document or documents resting atop bail 32. It is understood
      that receptacles 41, 41' are adjusted for proper document size.
PAR  With stop-start control 308 actuated and platen transport 20 lowered,
      closing cover 60 starts document handler motor 100. It is understood that
      return transport roll pairs 23, 27, 28, which are directly coupled to
      motor 100, are driven whenever motor 100 is energized. Further, latch
      solenoid 79 is energized to engage latch mechanism 75 and lock cover 60 in
      closed position.
PAR  At start-up, detector 88 on bail 32 signals the absence of documents
      therebelow. In response thereto, controller 301 engages bail clutch 180 to
      move bail 32 through one cycle from a position below the documents in tray
      12 to a position on top of the documents in the manner explained
      heretofore.
PAR  With bail 32 properly positioned atop the documents 7 in tray assembly 30,
      controller 301, in response to the document demand signal of wait station
      detector 312 at the entrance to platen 6, actuates clutch 105 to drivingly
      couple primary feed roll 14, retard roll pair 16, 17 and intermediate feed
      roll pair 18, 19 with motor 100. Rotation of feed roll 14 advances the
      bottommost document in tray 12 forward through retard roll pair 16, 17
      which guard against feeding of double sheets, and into the nip of
      intermediate roll pair 18, 19 operating at low speed.
PAR  As the leading edge of the first document moves out of roll pair 18, 19 and
      comes opposite detector 312, controller 301 actuates clutch 140 to couple
      gear 145 to drive shaft 142 and thereby operate intermediate feed roll
      pair 18, 19 and platen transport 20 in the forward direction to advance
      the waiting document onto platen 6. It is understood that engagement of
      clutch 140 in the document forward feed direction drives intermediate feed
      roll pair 18, 19 at high speed, overrunning clutch 114 accommodating the
      difference in driving input speed in the event primary feed clutch 140 is
      engaged.
PAR  Following a predetermined interval sufficient to allow the trailing edge of
      the document to pass over and slightly beyond the register 22, controller
      301 switches clutch 140 from forward to reverse drive, the latter coupling
      drive pulley 143 with shaft 142.
PAR  Platen transport 20 is therefore reversed and the document moved backwards
      on platen 6 until the rear or trailing edge thereof abuts against register
      22. Abutment of the document edge with the edge 204 of register 22 locates
      the document in predetermined copying position. With document movement
      prevented by register 22, belt 20 slides across the document surface until
      clutch 140 is disengaged. It is understood that one-way clutch 160
      prevents reversing of intermediate feed roll pair 18, 19 upon reversing of
      platen transport 20.
PAR  Platen transport 20 is operated in reverse by controller 301 for an
      interval sufficient to allow transport 20 to bring the document trailing
      edge against register 22, at which point clutch 140 is disengaged and
      platen transport 20 stopped. With the document in copying position,
      copying apparatus 5 is then enabled to begin the copying cycle.
PAR  As the trailing edge of the first document moves past wait station detector
      312, controller 301 again engages clutch 105 in response to the demand
      signal from detector 312. Rolls 14; 16, 17; and 18, 19 are therefore
      operated to bring the next or second document forward as explained
      heretofore. When the leading edge of that document reaches detector 312,
      controller 301 disengages clutch 105 to prevent feeding of another
      document. At this point therefore, the first document is in copying
      position on platen 6 while the second document is in a waiting position
      adjoining the inlet to platen 6.
PAR  On completion of the copying cycle, controller 301 actuates register drive
      clutch 170 to retract register 22 and lower deflector 21. When retraction
      of register 22 and lowering of deflector 21 has been completed, controller
      30 actuates clutch 140 in the reverse drive mode to couple belt 144 with
      shaft 142. Platen transport 20 is therefore driven in reverse to move the
      document off platen 6. As the document moves off of the platen, deflector
      21 routes the document into the nip of first return transport roll pair
      23. Roll pair 23 cooperate with return guides 26 and roll pairs 27, 28 to
      carry the document back to tray 12 where the document is deposited into
      receptacles 41, 41' atop bail 32.
PAR  As the trailing edge of the returning document passes a return document
      detector 315, controller 301 actuates register drive clutch 170 to bring
      register 22 forward to registering position on platen 6. At the same time,
      deflector 21 is raised. With register 22 in position, controller 301
      actuates clutch 140 in the forward drive mode to couple gear 145 with
      shaft 142 and operate intermediate feed roll pair 18, 19 and platen
      transport 20 in the document feeding direction at high speed. Actuation of
      feed roll pair 18, 19 and transport 20 moves the waiting document onto
      platen 6 and into registered position as described heretofore. And, with
      advance of the next document forward from the waiting station, controller
      301, in response to the demand signal from detector 312, engages clutch
      105 to bring the next document forward from tray assembly 30 into waiting
      position as described.
PAR  The aforedescribed cycle of operation continues until the last document is
      fed from under bail 32. On that event, controller 301, in response to a
      signal from the document detector 88 on bail 32, engages clutch 180 to
      reset bail 32 as described.
PAR  At this point, the last of the documents originally placed in tray assembly
      30 is normally at the waiting station defined by detector 312. If bail 32
      is to be restored to its original position atop the last document of the
      document supply, the bail must be reset again after the last document is
      returned to the tray assembly 30. To effectuate this, controller 301, on a
      last document signal from copying machine 5 and following the elapse of a
      predetermined time interval adequate to allow the last document to reach
      tray assembly 30, again actuates bail clutch 180 to reset bail 32.
PAR  In cases where a single document cycle is desired, resetting of bail 32 may
      be omitted to facilitate removal of the documents from tray 12. Similarly,
      resetting of bail 32 may be omitted on the last cycle of a multiple copy
      cycle for this purpose.
PAR  While the invention has been described with reference to the structure
      disclosed, it is not confined to the details set forth, but is intended to
      cover such modifications or changes as may come within the scope of the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a document handling apparatus for bringing documents into copying
      position on the platen of a document copying machine, the combination of:
PA1  a flexible document transport belt;
PA1  a pair of interior support rolls about which said belt is operatively
      disposed, said support rolls being spaced apart whereby to provide in
      cooperation with said transport belt a belt operating run opposite to and
      extending across at least a portion of said platen;
PA1  means for rotatably supporting each of said rolls so that the surface of
      said transport belt therearound is spaced slightly above the plane of said
      platen whereby said belt operating run would ordinarily be spaced above
      and out of document driving relationship with said platen; and
PA1  internal pressure means adapted to force a line portion of said belt
      operating run downward toward said platen into document driving
      relationship with said platen.
NUM  2.
PAR  2. The apparatus according to claim 1 in which said internal pressure means
      includes a pressure roll interiorly of said belt engageable with the
      inside wall of said belt operating run.
NUM  3.
PAR  3. The apparatus according to claim 1 in which said internal pressure means
      includes spring means to bias said pressure roll toward said platen.
NUM  4.
PAR  4. In an apparatus for supporting a document transport belt of an automatic
      document handling device adapted for use with a copying machine having a
      relatively flat platen surface on which the document to be copied is
      positioned for copying purposes, the combination of:
PA1  internal roller means for supporting said belt therearound such that an
      operating run of said belt is stretched across said platen surface, said
      roller means including at least one belt support roller adjacent the side
      boundaries of said platen surface with said belt operating run extending
      therebetween across said platen surface;
PA1  means for rotatably supporting each of said belt rollers in substantially
      parallel relationship such that the surface of said belt riding against
      the periphery of said rollers is spaced slightly above the plane of said
      platen surface; and
PA1  at least one pressure roller disposed opposite said platen surface between
      said support rollers for contact with said belt operating run to force the
      portion of said belt riding thereagainst downwardly toward said platen
      surface and into document driving engagement therewith, the axis of said
      pressure roll being substantially parallel with the axes of said belt
      support rollers.
NUM  5.
PAR  5. The apparatus according to claim 4 in which said copying machine
      includes abutment means raised above the plane of said platen surface
      against which an edge of the document to be copied is engaged whereby to
      register the document in position on the platen surface, said abutment
      means being disposed between said belt support rollers;
PA1  said pressure roller being spaced adjacent said abutment means to assure
      engagement of the document edge with said abutment means.
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ABST
PAL  Apparatus for simulated skiing having a pair of assemblies each comprising
      a frame, at least two rollers rotatably mounted in parallel for rotation
      in said frame, an endless flexible element mounted on said rollers for
      movement around said rollers, a foot plate, means for transmitting a
      skier's leg movements to said element, an adjustable brake to provide
      adjustable resistance to said movement of said element and one way drive
      means between said brake and said element to permit movement of said
      element free from said adjustable resistance in one direction, said frame
      having stop means restricting movement of said foot plate, said one way
      drive means comprising complimentary teeth on said element and a said
      roller, the teeth being shaped and oriented so as to overide one another
      in said one direction and drivingly to engage one another in the opposite
      direction, said brake acting upon said roller having teeth; and a pair of
      stave assemblies each comprising a frame, at least two rollers mounted in
      parallel for rotation in said frame, an endless flexible element mounted
      on said rollers for movement around said rollers and adapted for movement
      by arm movements of a skier transmitted thereto by staves, said stave
      assemblies each having an adjustable brake to provide adjustable
      resistance to the movement of the belts of that stave assembly.
BSUM
PAR  The invention relates to an apparatus on which it is possible to carry out
      simulated skiing with variable loads. The apparatus is intended as
      physical training apparatus and for training for all types of cross
      country skiing.
PAR  With such an apparatus it is possible to execute movements identical to
      those carried out during cross country skiing with a resultant identical
      load on the various groups of muscles. The apparatus permits a graduated
      muscle load during constant frequency of rhythmic skiing movements.
PAR  Several types of roller skis have previously been constructed, intended for
      simulated skiing on roads. These are constructed such that the wheels on
      the roller skis rotate only in the direction of travel and are locked if
      an attempt is made to move in the opposite direction. This permits a good
      push-off. A deficiency of the said roller ski is that those predominantly
      used at the present time, with small, non-inflatable wheels, permit use
      only on good asphalted and ice-free roads, which have good illumination
      and little traffic. Skis having larger, inflatable wheels, which can be
      used also on gravel roads, are so heavy that a natural, free skiing
      movement is difficult. Simulated ski-run paths have also been proposed
      where an endless belt is used which runs over rollers.
PAR  The object of the invention is to provide an apparatus permitting ski
      training throughout the year, regardless of the geographical, climatic and
      communication conditions, and which can be executed in a minimum of space
      both indoors and outdoors. It is, therefore, an object to provide an
      apparatus suitable for use as training and physical training apparatus in
      small units such as treatment institutions (hospitals, physical
      institutes), ships, prisons, etc.
PAR  According to the invention this is achieved in that the apparatus has at
      least one pair of belts or chains for transmission of the leg movements of
      the skier via a pair of foot plates and/or a pair of belts or chains for
      transmission of the skier's arm movements via a pair of staves, the belt
      or chains being freely movable in one direction (forwardly) and movable
      against an adjustable resistance in the other direction (rearwardly), the
      said resistance being determined by a brake means with adjustable braking
      effect, the frames of the foot belts or chains being provided with an edge
      or the like which restricts the forward movements of the foot plates.
PAR  The advantage of the claimed invention is that it is possible to produce a
      relatively simple apparatus for simulated skiing. The apparatus consists
      of standardized units which will facilitate and rationalize production.
      The apparatus is further formed such that it can be produced in one single
      size, which can be used by all regardless of height and strength. The
      apparatus can be further simplified in that it consists of only two
      stave-grip sections or only two skiing sections.
DRWD
PAR  An embodiment example of the invention is illustrated on the drawings
      where:
PAR  FIG. 1 shows: the apparatus seen from above.
PAR  FIG. 2 shows: a diagrammatically view of the apparatus seen from the side.
PAR  FIG. 3 shows: a section along the line III--III in FIG. 1.
PAR  FIG. 4 shows: a section along the line IV--IV in FIG. 3.
PAR  FIG. 5 shows: a cut-away view of the right end part of FIG. 3 seen from
      above.
DETD
PAR  In the embodiment example illustrated, the apparatus consists of four
      independent sections 1 - 4, two intended for stave grip, and two for the
      actual skiing. Each section has a box-like construction. The sections 1
      and 4 for stave grips are somewhat longer than the sections 2 and 3 for
      skiing. The sections 1 - 4 may be secured to the base by means of suction
      cups (not shown) for indoor use, or spikes (not shown) for outdoor use.
      The sections are open in part at the upper side thereof.
PAR  Principally the sections 1 - 4 are of the same construction and thus only
      the skiing section 3 will be more specifically described.
PAR  As stated, the section 3 has a box-like construction, having a bottom wall
      5, side walls 6 and 7, end walls 8 and 9, and a partly open top wall 10.
PAR  A belt 11 is laid around two rollers 12 and 13, in the box 3. The forward
      roller 12 is mounted regulable in the box, thereby acting as a belt
      tensioning roller, and is also provided with a braking mechanism. The
      inner sides of the side walls 6 and 7 are each provided with a pair of
      protusions 14, 15 and 16, 17 acting as guides for the ends 18, 19
      respectively of a shaft 20. The main part of this shaft 20 is circular
      cylindrical, whereas the shaft ends 18, 19 are square in cross section. A
      cylindrical body 21, preferably of a suitable plast material, is rotatably
      mounted on the cylindrical part of the shaft 20. The cylindrical body 21
      has two circumferentially extending flanges or ridges 22, 23, confining
      between them a roller surface 24 for the belt 11. This roller surface 24
      is as shown in FIG. 3 provided with teeth 25 which coact with
      corresponding teeth 26 on the underside of the belt 11. A brake band 27,
      28 is slung around the cylindrical body 21, between each body end and the
      adjacent flange 22 resp. 23. The brake bands 27, 28 are connected to a
      yoke 29 (FIG. 5). A spindle 30, which is rotatably mounted in an opening
      in the end wall 9, has a threaded section which coacts with a thread bore
      in the yoke 29. Thus, when the belt 11 moves rearwardly, arrow R, the
      cylindrical body 21 is rotated with an adjustable friction against the
      brake bands 27, 28, while the belt, on forward movement, runs freely,
      since the teeth 26 on the belt 11 then slip over the teeth 25 on the body
      21.
PAR  The tension in the belt 11 is regulated by means of two spindles 31, 32,
      each being rotatably mounted in the end wall 9 and having a threaded
      section coacting with a thread bore 33, 34 in the shaft ends 18, 19.
PAR  The roller 13 is preferable comprising a cylindrical body having a smooth
      surface and being rotatably mounted on a shaft secured to the side walls 6
      and 7. The roller 13 may, however, be of the same construction as the
      roller 12 described above.
PAR  The belt assembly in the sections 1 and 4 are as already stated of the
      principal construction. The belts 33, 34 have however, no teeth on the
      underside and consequently the rollers 35, 36 have smooth surfaces
      engaging the belts. This is so because the belts 33, 34 are moved in one
      direction only and it is not necessary to provide for a brake free return
      of the belts 33, 34.
PAR  The belts 33, 34 are disposed with their upper sides freely exposed on the
      upper side of the box with respect to the part of the belt which at all
      times is located between the brake roller in front and the free roller to
      the rear. The belt moves rearwardly against the graduated resistance in
      that the stave spike is stuck into the surface of the belt (within the
      portion which runs freely exposed), and the actual stave holding movement
      conveys the belt rearwardly. The movements are the inverse of those
      normally taking place when skiing; the base moves rearwardly whilst the
      skier remains in the same place. The surface of the belts 33, 34 must be
      of a type such that the belt can withstand repeated piercing by the stave
      spike, and the belt must also provide a good grip for the stave.
PAR  In regard to the skiing sections 2 and 3 located between the two stave grip
      sections 1 and 4, the belt 11 is concealed throughout its length within
      the box. On the belt 11, at a location on its upper outer surface, a
      securing point 35, 36 is provided connected to a rod 37, 38 which, through
      a longitudinal slot 44 on the upper side of the box, is secured to a foot
      plate 39, 40. On the upper side of the said foot plates, the ski boots are
      secured in a cross country binding 41, 42. The foot plate rests on two
      roller sets 43, forming between them the said longitudinal slot 44 from
      which the rod for the foot plate projects. On push-off, the inverse of
      what takes place on skiing is again undertaken; the body is stationary
      whilst the foot moves rearwardly on the base. The movement will be the
      same, however. On push-off, the foot plate 6 is moved rearwardly on the
      roller sets 43. The force is transmitted via the rod 37, 38 to the
      securing point on the belt 11 which is then moved rearwardly against an
      adjustable resistance. The rods 36, 37 are mounted both in the securing
      point 35, 36 on the belt and in the foot plate 39, 40. The rods are
      positioned obliquely downwardly and rearwardly from the foot plates to the
      securing points and, on termination of the push-off, the foot plate can be
      moved up over the base and angled with respect thereto. This allows a
      natural and free terminating movement of the push-off. When the leg and
      the foot plate are again moved forwardly, the belt is also pulled
      forwardly via the securing point, however, this movement is freely carried
      out since the teeth 26 on the belt 11 slip over the teeth 25 on the roller
      body 21. In that the foot, after push-off, is moved forwardly on line with
      the other foot, the push-off of the other leg takes place. The push-off,
      in this manner -- precisely as in skiing -- is undertaken while the feet
      are placed together and the push-off is carried out at the forward end of
      the roller bearing frames since the fore edge of the foot plate will
      strike against an edge 45 in the section top wall.
PAR  The sections 1 - 4 may be bolted together (not shown). Using bolts it will
      be possible to vary the distance between the skiing sections 2 and 3 and
      the distance therebetween and the stave grip sections 1 and 4, depending
      on the skier's height and natural ski track width.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. Apparatus for simulated skiing comprising a pair of assemblies each
      comprising a frame, at least two rollers rotatably mounted in parallel for
      rotation in said frame, an endless flexible element mounted on said
      rollers for movement around said rollers, a foot plate assembly adapted to
      accommodate and support a skier's foot, means for transmitting a skier's
      leg movements from said foot plate to said element, an adjustable brake to
      provide adjustable resistance to said movement of said element and one way
      drive means between said brake and said element to permit movement of said
      element free from said adjustable resistance in one direction, said frame
      having stop means restricting movement of said foot plate.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said one way drive means
      comprises complimentary teeth on said element and a said roller, the teeth
      being shaped and oriented so as to overide one another in said one
      direction and drivingly to engage one another in the opposite direction,
      said brake acting upon said roller having teeth.
NUM  3.
PAR  3. Apparatus according to claim 1 comprising a pair of stave assemblies
      each comprising a frame, at least two rollers mounted in parallel for
      rotation in said frame and an endless flexible element mounted on said
      rollers for movement around said rollers and adapted for movement by arm
      movements of a skier transmitted thereto by staves.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said stave assemblies each have
      an adjustable brake to provide adjustable resistance to the movement of
      the belts of that stave assembly.
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ABST
PAL  A convertible table structure for a bumper pool game, particularly a
      convertible table structure at which persons may be seated for dining or
      other purposes, and in which tray members are provided for collecting
      playing balls passing through apertures in the playing surface of the
      bumper pool game, adjacent the periphery of the latter, wherein the ball
      trays are pivotally supported from the table structure with the tray
      member disposed at the underside of the table top in open communication
      with and directly below the cooperable ball aperture, the respective tray
      members being pivotally movable from a closed position closely adjacent to
      the underside of the table top and the adjacent, peripheral edge of the
      latter. The peripheral edges of the table top defining the bumper pool
      game playing surface are provided with recesses in their lower face
      cooperable with the tray members for receiving and retaining playing balls
      in a storage position when the table is to be used for purposes other than
      the bumper pool game, with each tray being so disposed, when it is in
      closed position, that it does not materially add to the overall thickness
      of the table top and thus will not interfere with adequate leg and knee
      room for occupants seated at the table.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Bumper pool tables as well as convertible tables which may be used for
      playing bumper pool, or card games, or provided with a flat top surface
      for use as dining room table, desk or the like, are known in the art. An
      example of a typical table of this type is illustrated in Milu U.S. Pat.
      No. 3,711,099, which illustrates a bumper pool game table which employs a
      separate reversible top structure which may be disposed and supported by
      the bumper pool table structure to provide, in one position, a flat
      surfaced dining room table top or the like, or reversed to provide a card
      game playing top having recesses for receiving glasses, chips, etc.
PAR  The bumper pool game table is provided with a pair of ball receiving
      apertures in a playing surface thereof whereby a ball entering such
      aperture may drop through the table top and be received in a ball
      collection box. As the ball apertures are disposed adjacent the peripheral
      edges of the table, and the ball boxes disposed directly therebelow, they
      would if left in such positions interfere with the seating of a person at
      the table, as such boxes extend down to a point where they would interfere
      with the normal positioning of a seated person's legs and knees. The
      patentee solved the problem by making such ball collection boxes
      detachable whereby they could be completely removed from the table. While
      this solved the initial problem of providing adequate leg space below the
      table when the bumper pool game is not in use, it has the disadvantage
      that the ball collection boxes and balls therein may be disposed at a
      remote location relative to the table itself, with possible loss, etc.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention is therefore directed to a table construction in which the
      ball retaining means is a permanent part of the table and is not detached
      therefrom, the construction and location of the ball retaining means being
      such that it may be moved from an operative open position, facilitating
      removal of balls therefrom during play on the bumper pool table, to a
      closed position directly below the top thereof, with the peripheral edge
      portions of the table top being provided with recesses therein, opening on
      the bottom face thereof, and adapted to cooperate with the ball retaining
      means, whereby such balls are at least partially disposed within such
      recesses in the table top.
PAR  Such construction enables the disposition of the ball retaining means
      closely adjacent to the table top structure, in particular, adjacent a
      peripheral edge of the table and as such retaining means may be made very
      shallow, the projection of the ball retaining means below the edge of the
      table top is inconsequential, insofar as use of the table for other
      purposes, such means being disposed completely out of the way of persons
      seated at the table, so that no interference with the leg room thereunder
      is created. Consequently, the playing balls for the bumper pool game are
      retained at all times directly with or "in" the table, greatly eliminating
      the possibility of loss of balls and eliminating the use of removable ball
      retaining means and possible misplacement or loss thereof as well. The
      bumper pool game structure thus is completely self-contained with the
      playing balls always readily available for use.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings wherein like reference characters indicate like or
      corresponding parts,
PAR  FIG. 1 is a perspective view of a convertible table embodying the
      invention;
PAR  FIG. 2 is a top plan view of a portion of the table illustrated in FIG. 1
      with the upper top member broken away to show details of the bumper pool
      playing surface;
PAR  FIG. 3 is a sectional view taken approximately on the line III--III of FIG.
      2, with the ball-retaining tray in closed or ball-storing position;
PAR  FIG. 4 is a sectional view similar to FIG. 3 with the ball-retaining tray
      in open position to provide access to the balls contained or received
      therein following their passage through a ball aperture;
PAR  FIG. 5 is a top plan view of the tray structure illustrated in FIGS. 2-4
      with a portion of the table illustrated in section to disclose details of
      the means for maintaining the tray in closed position, such as illustrated
      in FIG. 3; and
PAR  FIG. 6 is a front elevational view of the tray illustrated in FIG. 5, taken
      approximately on the line VI--VI of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAC  General Construction
PAR  Referring to the drawings and more particularly to FIGS. 1-3, the reference
      numeral 1 indicates generally a convertible game table having a table top,
      indicated generally by the numeral 2, which is connected to and supported
      by suitable means, for example, a leg assembly indicated generally by the
      numeral 3. An additional separate top member, indicated generally by the
      numeral 4, which may be supported by the table top 2, is provided with a
      flat upper face 5 whereby it may be used for the same purposes as an
      ordinary table, i.e. dining, etc.
PAR  Preferably the underside 6 of the top 4 may be suitably configured to
      provide a card game top such as that illustrated in the Milu patent
      heretofore referred to, which type of top, being quite old in the art and
      not forming a part of the invention, has not been illustrated.
PAR  The supporting structure 3 may be of any suitable design and configuration,
      that illustrated comprising a plurality of legs 7, four such legs being
      employed in the construction of FIG. 1, with the legs suitably secured at
      their upper ends to the top 2 by any suitable means, for example the usual
      type mounting cleats and the like to which the legs may be screwed or
      otherwise attached.
PAR  In the embodiment of FIG. 1 the legs 7 terminate at and are rigidly secured
      to a shelf member 8, which in turn has depending cleats or feet 9 suitably
      secured to the shelf 8 to form a unitary rigid supporting structure for
      the table 2. Details of the supporting structure form no part of the
      present invention and may assume widely diverging designs. Thus, in lieu
      of the structure illustrated in FIG. 1, four legs could readily be
      employed, comparable to the average four-legged table, or a central
      pedestal could be employed, the particular design utilized being solely a
      matter of choice.
PAR  As illustrated in FIGS. 2 and 3, the bumper pool game table top 2 is
      provided with a bottom wall 10 having peripheral side walls, indicated
      generally by the reference numeral 11, extending upwardly from the
      peripheral edges of the bottom wall 10, the bottom 10 and side walls 11,
      in the embodiment of the invention illustrated, being suitably formed as a
      unitary structure for example by means of a molding operation with the
      actual bumper pool playing surface being formed by a planar member 12
      which is seated upon the bottom 10 and supported thereby. The member 12
      may be of any suitable material, for example such as associated with other
      ball games, i.e. pool or billiard games, preferably an inexpensive
      material that will adequately retain its flat upper surface which may be
      covered with the usual cloth 13 of the type used on pool tables.
PAR  The playing area of the game is defined by respective bumper members 14
      have a resilient corner portion 15, for example of rubber or other
      suitable material, with the bumper being covered with material 16
      generally corresponding to the cover material 13. The respective bumper
      members 14 are secured to the table structure by any suitable means, as
      for example, screws 17 passing through a portion of the peripheral side
      wall structure and extending into the bumper member 14 which, for example,
      may be made of wood or other suitable material. In the construction
      illustrated, the bumper members 14 are adapted to overlie the peripheral
      portions of the member 12 as indicated at 18, thereby simultaneously
      securing the member 12 in fixed relation with respect to the bottom wall
      10. The respective bumper members may be suitably mitered at their
      abutting ends in accordance with standard pool table fabrication or the
      like.
PAR  The playing surface of the bumper pool table is provided with a plurality
      of upwardly extending bumper posts or members 19 which are illustrated as
      being symmetrically arranged at the central portion of the table in
      correspondence to standard bumper pool arrangement, and likewise the
      playing surface is provided with a pair of ball receiving pockets or
      apertures 20 disposed at opposite sides of the table, with each aperture
      20 being spaced a short distance from the adjacent bumper member 14 and
      protected by a pair of bumper posts 19' corresponding in construction to
      the posts 19.
PAC  The ball retaining means
PAR  As illustrated in FIG. 3, the peripheral sidewalls 11 of the bumper pool
      game table 2 are of a generally inverted U-shape configuration having a
      downwardly depending outer wall 21, a downwardly depending inner wall 22
      and a connecting top wall 23 to define a longitudinally extending recess
      24 along each section of the sidewall structure which opens on the bottom
      thereof.
PAR  Disposed directly below the ball aperture 20 is a ball receiving and
      retaining tray member, indicated generally by the numeral 25, which in the
      embodiment illustrated is of a generally T-shape configuration, having a
      cross portion 26 adapted to extend in the same direction as the adjacent
      sidewall 21 of the table top and a transversely extending leg portion 27,
      which in the embodiment illustrated is provided with a pair of trunnions
      28 which are retained in axially fixed relation by a pair of trunnion
      blocks 29, each mounted on a cooperable block 30 integrally formed with
      and secured to the bottom wall 10 of the table top structure. As
      illustrated in FIG. 3, the respective trunnion blocks 29 are fastened to
      the associated cooperable block 30 by suitable means, such as screws 31,
      and the respective blocks 29 are connected by a bail member 32 having a
      horizontally extending portion 33 which terminates at its respective ends
      in an upwardly extending connecting member 34, which in the embodiment
      illustrated is integrally formed with the associated block 29. The ball
      retaining tray 25 thus may be moved from an upper closed position, such as
      illustrated in FIG. 3 to a lower open position illustrated in FIG. 4, in
      which movement the tray pivots about the axis of the trunnions.
PAR  As illustrated in FIG. 4, the extreme end of the leg portion 27 of the tray
      may be provided with an upwardly extending abutment 35, which may suitably
      engage a portion or part of the bottom wall 10 of the table structure. The
      tray member may be thus retained in its open position by engagement both
      with the cross member 34 and with the bottom wall 10.
PAR  As illustrated in FIGS. 3-6, the cross member 26 of the tray 25 is provided
      with a front wall 35 and associated sidewalls 36 having a height slightly
      greater than the diameter of the balls to be supported therein and further
      side and rear wall portions 37 which are illustrated as being of lesser
      height than the front wall 35, and end walls 36. The leg portion 27 of the
      tray member is formed by a continuation of the sidewalls 37, and
      cooperable end walls 38, both of which are formed with horizontally
      extending bottom flange portions 39, whereby the respective structural
      members forming the portion 27 are angle members.
PAR  The front wall 35 of the each tray member is provided with an upwardly
      extending projection 39 which carries a laterally outwardly extending
      detent member 40, adapted to cooperate with a notch 41 disposed in the
      inner face of the outer wall 21 of the peripheral sidewall 11. Thus, when
      the tray member is in its upper or closed position, as illustrated in FIG.
      3, the detent member 40 will latch in the recess 41 and normally retain
      the tray member in such closed position. However, by applying manual
      separating forces between the outer wall 21 of the sidewall and the
      adjacent portion of the wall 35 of the tray member, relative movement of
      the latter with respect to the notch 41 may be effected to release the
      detent member 40 from the notch and permit the tray member to pivot about
      the axis of the trunnions 28 into its open position, as illustrated in
      FIG. 4. In such position of the tray member, balls may pass through the
      aperture 20 as indicated in broken lines in FIG. 4 and roll down the
      inclined bottom wall to position, illustrated in solid lines, with the
      spacing between the top edge of the front wall 35 of the tray member and
      the bottom edge of the outer wall 21 being sufficiently greater than the
      diameter of the balls to enable removal from the tray member.
PAR  The embodiment of the invention illustrated in FIG. 5, is adapted to be
      employed with a standard bumper pool game utilizing 10 playing balls, for
      example 5 for each player and the lateral length of the cross portion 26
      of the tray member along the peripheral sidewall 11 thus has a dimension
      sufficient to accommodate 5 balls along the front wall 35, whereby the two
      tray members will accommodate all of the playing ball. Likewise, the
      recess 24 in the sidewall 11 has a length at least adequate to receive the
      5 balls carried by the tray member whereby the two tray members form
      ball-storage receptacles when the bumper pool game is not in use. In the
      present instance where the peripheral sidewall 11 is of hollow molded
      construction, adequate space will automatically be provided therein to
      accommodate the desired number of balls.
PAR  It will be particularly noted that the construction of the tray member and
      sidewall structure of the table completely eliminates the necessity of
      removing the ball collection means when the table is employed for other
      purposes and the bumper pool game thus is not in use. By utilizing a
      shallow tray member such as the tray member 25, in combination with the
      recessed sidewall structure of the table top, as will be apparent from
      reference to FIG. 3, the tray member extends below the free edge of the
      outer wall 21 only an immaterially short distance whereby the closed tray
      member offers no interference to a person seated at the table. Likewise,
      as it is therefore unnecessary to remove the ball retaining means from the
      table top to a location remote therefrom, for example detaching the ball
      retaining means from the table top as is done in the Milu patent previous
      referred to, the present invention eliminates the possibility of the balls
      and the retaining means therefor being lost or mislaid as a result of
      their separation from the table top. The balls are therefore retained with
      the table top at all times and are always immediately available for use
      when desired.
PAR  As illustrated in FIGS. 3 and 4, the bumper members 14 may have their top
      walls 16 elevated above the top or intermediate wall 23 of the peripheral
      sidewalls, so that the top of the bumper members may function as a support
      for the table top, preventing scratching or other damage to the top wall
      23 of the peripheral sidewalls of the table by frictional engagement with
      the added table top.
PAR  It will be appreciated from the above description that the present
      invention provides a very simple yet highly effective table top structure
      having ball retaining means which is so designed that, in cooperation with
      the peripheral sidewall of the table structure provides storage means for
      the game balls employed with the bumper pool game table top when the
      latter is not in use.
PAR  Having thus described my invention it will be obvious that although various
      minor modifications might be suggested by those versed in the art, it
      should be understood that I wish to embody within the scope of the patent
      granted hereon all such modifications as reasonably, and properly come
      within the scope of my contribution to the art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a bumper pool game table structure, including a plurality of playing
      balls, a generally horizontal table top member and a structure for
      supporting said top member in operative position, particularly a
      convertible table structure in which persons may be seated thereat, for
      dining or other purposes, the combination of said top member having a
      horizontally extending planar playing surface bounded by upwardly
      extending peripheral side walls, at the inner sides of which are disposed
      bumper members defining the operative periphery of the playing area, said
      playing surface having a plurality of bumper posts disposed thereon in
      predetermined relation, and having at least one ball-receiving aperture
      extending through the top member adjacent a peripheral edge of the table,
      a relatively shallow generally flat tray member, disposed below said
      aperture, and adapted to retain a plurality of said playing balls of said
      bumper pool game, said balls being of such a size in relationship to the
      depth of said tray member that when said balls are retained in said tray
      member, their upper portions extend above the peripheral edges of the tray
      member, the latter being supported by said table structure for selective
      movement from a first generally horizontal position in which said tray
      member is disposed closely adjacent the underside of said top member, with
      the laterally outer portion of the tray member disposed directly below the
      adjacent peripheral side wall of the table top, to a second ball return
      position, in which balls passing through said aperture will be received in
      said tray and may move to said laterally outer portion, with the latter
      portion of the tray member disposed in downwardly spaced relation with
      respect to the adjacent peripheral side wall of the table top a distance
      greater than the diameter of the playing balls to provide access between
      said side wall and the tray member to balls so received in the latter,
      said adjacent peripheral side wall of the table top having a recess
      therein opening on and extending upwardly from said underside of said top
      member, said recess being of a size and configuration and said tray member
      being so positioned relative thereto and to said underside of said top
      member such that the upper portions of said balls, when disposed in said
      laterally outer portion of the tray member, are positioned above said
      underside of said top member and in said recess when the tray member is in
      said first position, thus providing storage of said balls in said tray
      member and said recess whereby said tray member, when in said first
      position, while disposed adjacent the peripheral edge of the table top, is
      at a height at which it will not interfere with adequate leg and knee room
      for occupants seated at the table.
NUM  2.
PAR  2. A game table structure according to claim 1, wherein said playing
      surface is provided with two of said ball apertures respectively
      positioned adjacent oppositely disposed bumper members, and a pair of said
      ball tray members, each cooperably disposed with respect to a
      corresponding aperture and adjacent peripheral side wall, each of which is
      provided with a cooperable recess, the laterally outer portions of the two
      tray members and cooperable recesses having respective lengths that all
      playing balls of the bumper pool game may be stored therein when said tray
      members are in their closed positions and the bumper pool game is not in
      use.
NUM  3.
PAR  3. A game table structure according to claim 2, wherein each tray member is
      pivotally carried by said table top for movement about a horizontal axis
      extending parallel to the direction of the cooperable peripheral sidewall
      of the table top.
NUM  4.
PAR  4. A game table structure according to claim 1, wherein the peripheral
      sidewall of said table top is of molded plastic construction and of
      inverted U-shape in transverse cross-section.
NUM  5.
PAR  5. A game table structure according to claim 1, wherein the laterally
      outermost wall of said tray member, when the latter is in closed position,
      extends into the cooperable recess in the peripheral sidewall and is
      provided with detent means cooperable with means on the face of the outer
      wall of said recess, for releasably retaining the associated tray member
      in its closed up position, and adapted to release the tray member by the
      application of separating forces to the cooperable detent means on the
      tray member and cooperable recess wall.
NUM  6.
PAR  6. A game table structure according to claim 1, wherein said tray member is
      of generally T-shape in plan configuration with said laterally outer
      portion forming the cross member of the T in the inner portion thereof
      forming the leg of the T, said pivotal axis being disposed adjacent the
      free end of such leg.
NUM  7.
PAR  7. A game table structure according to claim 1, comprising in further
      combination an abutment rigidly carried by said table top disposed in the
      path of said tray member whereby downward pivotal movement of the latter
      is limited by said abutment.
NUM  8.
PAR  8. A game table structure according to claim 1, wherein said tray member is
      provided with an abutment thereon disposed for engagement with the bottom
      of said table top to limit downward movement of the tray member to open
      position.
NUM  9.
PAR  9. A game table structure according to claim 1, wherein said tray member is
      provided with aligned oppositely disposed integrally formed trunnion
      members pivotally supported in respective trunnion blocks carried by the
      table top, said trunnion blocks being connected by a member carrying a
      tray restricting abutment.
NUM  10.
PAR  10. A game table structure according to claim 1, wherein said tray members
      are each constructed as a unitary plastic structure.
NUM  11.
PAR  11. A game table structure according to claim 1, wherein said table top
      comprises a unitary plastic top base member including said peripheral
      sidewalls, and a planar member supported by said base which forms the game
      playing surface.
NUM  12.
PAR  12. A game table structure according to claim 1, wherein said playing
      surface is bounded by respective bumper members carried by the respective
      sidewalls, said bumper members extending above the intermediate wall
      portion of the associated sidewall, forming resilient supporting means for
      an additional table top adapted to be supported thereon.
NUM  13.
PAR  13. A game table structure according to claim 1, wherein said playing
      surface is provided with two of said ball apertures respectively
      positioned adjacent oppositely disposed bumper members, and a pair of said
      ball tray members, each of which is pivotally carried by said table top
      for movement about a horizontal axis extending parallel to the direction
      of the cooperable peripheral sidewall of the table top and cooperably
      disposed with respect to a corresponding aperture and adjacent peripheral
      sidewall, each of the latter being provided with a cooperable recess, the
      laterally outer portions of the two tray members and cooperable recesses
      having respective lengths that all playing balls of the bumper pool game
      may be stored therein when said tray members are in their closed positions
      and the bumper pool game is not in use, the peripheral sidewall of said
      table top being of molded plastic construction and of inverted U-shape in
      transverse cross-section, the laterally outermost wall of said tray
      member, when the latter is in closed position, extending into the
      cooperable recess in the peripheral sidewall and provided with detent
      means cooperable with means on the face of the outer wall of said recess,
      for releasably retaining the associated tray member in its closed up
      position, and adapted to release the tray member by the application of
      separating forces to the cooperable detent means on the tray member and
      cooperable recess wall.
NUM  14.
PAR  14. A game table structure according to claim 13, wherein said tray member
      is of generally T-shape in plan configuration with said laterally outer
      portion forming the cross member of the T in the inner portion thereof
      forming the leg of the T, said pivotal axis being disposed adjacent the
      free end of such leg.
NUM  15.
PAR  15. A game table structure according to claim 1, wherein said tray member
      is provided with aligned oppositely disposed integrally formed trunnion
      members pivotally supported in respective trunnion blocks carried by the
      table top, an abutment rigidly carried by and connecting said trunnion
      block disposed in the path of said tray member whereby downward pivotal
      movement of the latter is limited by said abutment.
NUM  16.
PAR  16. A game table structure according to claim 15, wherein said tray member
      is provided with an abutment thereon disposed for engagement with the
      bottom of said table top to limit downward movement of the tray member to
      open position.
NUM  17.
PAR  17. A game table structure according to claim 16, wherein said tray members
      are each constructed as a unitary plastic structure.
NUM  18.
PAR  18. A game table structure according to claim 17, wherein said table top
      comprises a unitary plastic top base member including said peripheral side
      walls, and a planar member supported by said base which forms the game
      playing surface.
NUM  19.
PAR  19. A game table structure according to claim 1, wherein said playing
      surface is bounded by respective bumper members carried by the respective
      sidewalls, said bumper members extending above the intermediate wall
      portion of the associated sidewall, forming resilient supporting means for
      an additional table top adapted to be supported thereon.
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PAL  A pin rope control device, in which the pulley provided for the rope is
      completely free to rotate at all times without any mechanical engagement
      of the pulley at any time. Remote movement sensing devices are provided
      along side the pulley, which detect movement of the pulley and deliver a
      predetermined sequence of signals. Suitable circuitry is provided to
      receive the sequence of signals, and to activate the rope tensioning motor
      to reset the pins. In one embodiment, a magnet is mounted to rotate in
      unison with the pulley and actuate in sequence a pair of stationarily
      mounted reed switches to trigger operation of the motor. In a second
      embodiment, the sensing device is in the form of a photocell.
BSUM
PAR  The invention relates to a control device for controlling the ropes of
      bowling pins.
PAC  BACKGROUND OF THE INVENTION
PAR  The setting of bowling pins by means of ropes offers many advantages over
      other systems. However, in the past bowling alleys employing pin ropes
      were found to be less popular with the public. This was due to the fact
      that the rope did not permit the pins to fall as easily as they would fall
      if there were no ropes. As a result, scores on pin rope alleys were
      somewhat lower then on other bowling alleys. Most pin rope setting control
      devices as have been employed in the past, have employed a rope running
      over a pulley. At some time during the cycle of the apparatus the pulley
      was interengaged with some form of control. Either it was simply checked
      entirely, or alternatively it was engaged with some form of mechanical
      clutch system. In either case, the pulleys were never entirely free to run
      at the most critical time i.e. when the bowling pin was falling. At this
      time, it was always necessary in the past for the rope either to slide
      around the pulley, thereby creating a certain amount of friction, or it
      was necessary for the rope to turn the pulley against some degree of
      friction imposed by some mechanical linkage or clutch means. In some
      cases, the bowling pins would not fall in the correct pattern, thereby
      affecting the score of the bowler, and in other cases the pin might simply
      remain standing when, but for the drag on the rope, it would have fallen.
PAR  In addition to these disadvantages, the fact that there was friction either
      between the rope and the pulley, or between some parts of the pulley
      mechanism or clutch mechanism meant that every time the pins fell there
      was a certain degree of wear, and in fact this built up quite rapidly, and
      once the parts became worn the friction force increased and so the wear
      increased. As a result, these types of systems required quite a
      substantial amount of maintenance involving down time of the bowling
      alleys and costly delays while the parts were repaired.
PAR  In all such pin setting machines the pin ropes are tensioned by a common
      rope tensioning mechanism which operates all five pin ropes
      simultaneously, in the case of five pin bowling for example. A separate
      pin rope setting control device is provided for each rope, and it is
      required that the control device shall react to the falling of its
      respective pin so as to procure one cycle of operation of the common
      tensioning apparatus. The pin rope control device also incorporates a
      brake which then jams against the rope of the pin that has fallen and
      holds it up in an inoperative position, while permitting the remaining
      pins to be set once more. After all pins have fallen the tensioning device
      will then reset all five pins simultaneously. In order to perform
      satisfactorily it is essential that each of the five control devices for
      the five pin ropes shall react only when the pin has fallen, and not when
      it is merely brushed against so that it rocks but does not fall.
PAR  In order to achieve this degree of sensitivity in the prior art devices,
      some form of means for stopping the rope pulley at a predetermined point
      was provided.
PAR  A somewhat improved form of control device is shown in Canadian Pat. No.
      844,454. In this device, the movement of the rope pulley is detected by
      means of a reed switch mounted along side the pulley, and a pair of
      magnets in the pulley activate the reed switch.
PAR  In order to preset the wheel, and its associated magnets, in a
      predetermined position each time the pin is reset, a wheel locking device
      is provided which automatically locks the wheel just prior to the pin
      descending in the resetting cycle. Thus, during resetting it is necessary
      for the pin to drag the rope around the pulley, until the pin reaches the
      floor. At this point, the wheel locking device is then deactivated leaving
      the the pulley free to rotate when the pin falls. This device, however, is
      unsatisfactory in that the repeated slippage of the rope over the pulley
      when it is held stationary during the resetting cycle eventually causes
      wear on the pulley, and these must then be replaced with consequent
      additional expense. Furthermore, this device requires the use of two
      electrical solenoids, one to operate the brake for the rope and the other
      to operate the stop device for the pulley thereby doubling the likelihood
      of breakdown, and consequent further delays and expense.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention therefore seeks to provide a pin rope control device, in
      which the pulley provided for the rope is completely free to rotate at all
      times without any mechanical engagement of the pulley at any time. Remote
      movement sensing means are provided along side the pulley, which detect
      movement of the pulley and deliver a predetermined sequence of signals.
      Suitable circuit means are provided to receive the sequence of signals,
      and to activate the rope tensioning means to reset the pins.
PAR  Preferably, the remote sensing means will be in the form of two or more
      reed switches mounted along side the pulley, and a single magnet is
      mounted in the pulley. However, the invention envisions the use of other
      forms of remote sensing such as photo-sensitive means, proximity switches
      and the like, the term remote sensing means being used to include any such
      means for generating a signal responsive to the movement of the pulley,
      without mechanical contact with the pulley.
PAR  According to the invention two such reed switches, or other remote sensing
      means, are provided, and activation of both such reed switches is required
      before the rope tensioning means is activated. In one form of the
      invention a series of holding coils are provided, one for each reed switch
      so that as each switch is activated it is then held closed by its
      respective holding coil, and when all such switches have been activated
      the circuit is complete, thereby delivering a signal to the rope
      tensioning means.
PAR  In another form of the invention a counter is provided for each pulley
      wheel, and it will deliver a signal to the rope tensioning means upon
      receipt of signals from both reed switches. Clearly, if there are more
      than two reed switches on the pulley then the counter will deliver the
      rope tensioning signals upon receipt of the appropriate number of reed
      switch signals.
PAR  Preferably, timer means are incorporated in the circuit to introduce a
      predetermined delay between the detection of movement of a pulley, and the
      actual operation of the rope tensioning means. This then allows sufficient
      time for the pin to fall freely before it is drawn upwardly once more.
PAR  The foregoing and other objectives of the invention will become apparent
      from the following description of a preferred embodiment of the invention
      which is given here by way of example only with reference to the following
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side elevational view of a bowling alley
      installation;
PAR  FIG. 2 is a side elevational view, partially cut away of the rope control
      device according to the invention;
PAR  FIG. 3 is a partial top plan view of the rope control of FIG. 2;
PAR  FIG. 4 is a schematic circuit diagramme of a pin setting control
      installation;
PAR  FIG. 5 is a partial diagramme of an alternate form, and,
PAR  FIG. 6 illustrates another alternate form of sensing.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, it will be seen that this shows in schematic form the
      arrangement of a typical five pin bowling pin setting apparatus. The
      bowling pins P are shown suspended on ropes R, by means of which they are
      reset. The ropes R run upwardly through the pin rope control units
      according to the invention shown as 10, and from there they run rearwardly
      to the rope tensioning mechanism shown generally as T. It will be
      appreciated that the rope tensioning mechanism T is essentially
      conventional, and well known in the art, being controlled by the rope
      tensioning control units 10 in a manner to be described below. The rope
      tensioning unit T will consist of a common transverse tensioning bar 12
      mounted on an endless drive chain 14 running around a predetermined track.
      The track is here shown as being rectangular although in fact in practice
      such a track will have a somewhat different path, the details of which are
      omitted for the sake of clarity.
PAR  Two such chains 14 are provided on opposite sides of the apparatus,
      supporting the two ends of the bar 12, only one such chain 14 being shown.
PAR  The free end of the rope R is fastened as at 16. By means of a motor M and
      a reduction gear drive 18 the chain 14 may be driven in an anti-clockwise
      direction around the track of the chain 14, and such movement will tension
      all five ropes R for all five pins P. As the tensioning bar 12 reaches the
      limit of its forward travel i.e. on the extreme right hand of the track of
      the chain 14, it will come to a halt. The five ropes R will then be found
      to be laying in separate elongated loops, and are therefore completely
      free to run in response to the falling of a pin without any obstruction to
      their movement.
PAR  As stated, all of these basic functions are well known in the art and are
      common to the majority of pin rope setting machines that are presently
      available.
PAR  Each time a pin or pins is knocked down, the entire rope tensioning
      apparatus T goes through the cycle for tensioning all five ropes R.
      However, since two or three of the pins may be left standing, their
      associated ropes are already lying in loops where they have already been
      deposited by the movement of the tensioning bar 12, and accordingly such
      pins as are already standing are simply raised upwardly, and then
      deposited down in the same position once more. However, the pins that have
      already fallen must be removed temporarily, and accordingly these pins are
      withdrawn upwardly, and are then held there while the remaining two or
      three pins are reset. At the completion of the bowler's turn, then all
      five pins must again be reset ready for the next turn.
PAR  In order to provide for these two separate functions, the pin rope control
      units 10 according to the invention are provided, together with associated
      control means as shown in FIGS. 2 to 5.
PAR  Referring now to FIGS. 2 and 3, it will be seen that the pin rope control
      unit 10, according to the invention, comprises a pulley 20 freely
      rotatably mounted on a spindle 22, the spindle 22 being bolted or
      otherwise fastened to a back plate 24. A rope guide 26 fastened to the
      back plate guides the rope around the pulley, and a further rope guide 28
      also mounted on the back plate 24 provides further guidance for the rope.
PAR  In order to check the rope when the pin is in its upper most position, and
      to cause the pin to be suspended in that position, a braking means is
      provided for gripping the rope which comprises the upper brake shoe 30
      attached to the back plate 24 in a fixed position immediately alongside
      the rope passing between the pulley 20 and the rope guide 28. A lower
      movable brake shoe 32 is provided having a camming surface 34, and pivoted
      about a pivot pin 36 for swinging between a lower position as shown, and
      an upper more or less vertical position in which it jams the rope R
      against the upper brake shoe 30. The lower brake shoe 32 is operated by
      means of the electrical solenoid 38, and the operating link 40. Thus,
      operation of the solenoid 38 in one direction will swing the brake shoe 30
      upwardly, jamming the rope between the camming surface 34 and the upper
      brake shoe 30. The shape of the camming surface 34 is such that the weight
      of the pin tends to cause increasing jamming pressure on the rope. Thus,
      even though the solenoid 38 is de-energized, the weight of the pin will
      still maintain the brake 32 in its operative position. The pin is not in
      fact released until the rope is drawn rearwardly by the rope tensioning
      means T, and such rearward movement produces a slight swinging movement of
      the brake shoe 32 thereby releasing it from the rope and permitting it to
      swing freely into its lower position.
PAR  Brake solenoid 38 is attached to the backing plate 24 by means of the
      mounting bracket 42.
PAR  When a pin P is struck during the course of the game, it will draw the rope
      R with it, thereby causing the pulley 20 to rotate in a direction which is
      clockwise in FIG. 2. In order to detect such movement, without any contact
      with the pulley 20, a pair of reed switches 44 and 46 are mounted on a
      support plate 48, the support plate 48 being fastened to the backing plate
      24 by means of bolts 50. Plate 48 is spaced closely adjacent to the side
      of pulley 20, the reed switches 44 and 46 being arranged on opposite sides
      of the centre of rotation of the pulley 20 as shown.
PAR  A permanent magnet 52 is mounted on the pulley 20, and is located so that
      on rotation of the pulley 20 the permanent magnet 52 moves into
      registration successively with reed switches 44 and 46 or vice versa. In
      this way, as the pulley 20 rotates the magnet 52 will successively operate
      the two reed switches in sequence causing them to close.
PAR  In order to prevent the reed switches 44 and 46 from reopening up once they
      have been closed by the magnet 52, holding coils 54 and 56 are provided,
      connected to a suitable source of power. The strength of the magnetic
      field created by the coils 54 and 56 is, by itself, insufficient to close
      their respective reed switches 44 and 46. However, once the magnet 52 has
      closed the reed switches 44 and 46, the field strength of the coils 54 and
      56 is then sufficient to maintain them closed.
PAR  The control circuits, responsive to the signals from the reed switches 44
      and 46 are shown in FIG. 4.
PAR  In FIG. 4, the reed switches are shown as 44a, 44b, 44c and so on,
      indicating the reed switches, and holding coils, of respective pulleys 20.
      Only three such reed switches and associated coils are shown in FIG. 4.
      However, it will be appreciated that the number of such pairs of reed
      switches and coils will correspond to the number of pulleys 20, and the
      number of pulleys 20 will correspond to the number of bowling pins. As is
      shown in FIG. 4, the reed switches 44 and 46 are connected with one
      another in series. Similarly, the holding coils 54 and 56 are also
      connected with one another in series. The reed switches 44 and coils 54
      are connected to a source of power through the normally open contact
      breaker 60, operated by means of the cam control member 62. The cam
      control member 62 is operated by any suitable drive means connected with
      the drive motor M, and the reduction gear 18 (see FIG. 1). The cam control
      62 makes one revolution for each complete cycle of movement of the
      tensioning apparatus T. The other contact of the coils 56 is connected to
      ground. The other contact of the reed switches 46 is connected to a relay
      64, the relay 64 being shown as a, b, and c corresponding to respective
      sets of reed switches a, b, and c.
PAR  Each of the relays 64 is connected to the timer 66, and also to the reset
      logic circuit 68. The timer 66 is also connected with the reset logic 68,
      and is connected to the motor control 70 which is in turn connected to the
      drive motor M.
PAR  The relays 64 are arranged to operate two switches namely the brake
      solenoid switch 72, and a relay holding switch 74, the function of which
      is to hold the relays 64 closed, once they have been operated by their
      respective reed switches 44 and 46. The relay holding switches 74a, b, and
      c, are in turn connected to the reset logic 68, which supplies the power
      to hold the relays 64a, b, and c closed, when the relay holding switches
      74a, b and c are themselves closed.
PAR  The brake solenoid switches 72a, b, and c are connected to the normally
      open brake solenoid contacts 76, operated by the cam control 62.
PAR  The reset logic circuit 68, together with the timer 66, is connected to the
      normally closed reset contacts 78 operated by the cam control 62. A manual
      reset button 80 is provided, and connected to the reset logic 68 and motor
      control 70 for manually resetting the pins if desired.
PAR  The cam control 62 is provided with a lobe 82 for operating the contacts
      60, 76 and 78 as it performs each revolution.
PAC  STATEMENT OF OPERATION
PAR  Two sequences of operations will take place, as has been noted above. The
      first operation is the removal of a single pin or in any event less than
      five pins, and the resetting of the remaining pins.
PAR  The final sequence of operation takes place when the last pin is down. At
      this time, the last pin or pins are then removed upwardly and all five
      pins are then reset ready for the next bowler's turn.
PAR  The first sequence of operation takes place as follows.
PAR  It will be assumed for the purposes of this explanation that the five pins
      are standing in their ready position in the bowling lane, with the five
      pin ropes loosely arranged within the tensioning mechanism T, and the
      tensioning bar 12 will be in its forward position. At this point, the cam
      control 62 is in its at rest position, with the lobe 82 closing the
      contacts 60 as shown in FIG. 4. In this position, the power supply to the
      motor control 70 is on. However, the motor control 70 is rendered inactive
      by the control exercised over it by the timer 66. In addition, power is
      supplied to the reed switches 44a, b, and c, and also to coils 54 and 56
      a, b, and c.
PAR  Contacts 76 are open, thereby preventing any power supply to the brake
      solenoid switches 72a, b and c, and contacts 78 are closed thereby
      supplying power to the timer 66 and reset logic 68.
PAR  At this time, and prior to the falling of any of the pins, the pulleys 20
      themselves may be in any random rotational position with respect to the
      reed switches 44 and 46 fastened to the plates 48. The magnetic field of
      the magnet 52 is such that it is capable of closing either reed switch 44
      or 46 over a relatively wide arc either side of each reed switch. In fact,
      the magnet 52 is ineffective with regard to the reed switches only when
      the reed switches are located more or less along a line perpendicular to
      the magnet 52. Since the pulley 20 will have stopped at a random position,
      in all likelihood the magnet 52 is sufficiently close to one or other of
      the reed switches 44 or 46 to cause them to close while the pulley 20 is
      stationary. Thus, in the start up position, either switch 44a, b, c etc or
      switch 46a, b c etc. will already have been closed. Thus, it will only
      take a partial rotation of the pulley 20 of any particular rope, to close
      the other reed switch.
PAR  In the relatively unusual case where the reed switches 44 and 46 are
      located perpendicular to the magnet 52, then neither of the reed switches
      will have been closed, and it will take approximately two-thirds of a
      rotation to close both reed switches.
PAR  The bowler then bowls his first ball and it is assumed that he knocks down
      one pin. The pin rope will then draw the pulley 20 associated with it
      around, and cause the magnet 52 to pass over the reed switches 44 and 46.
      As described above, one of the reed switches 44 or 46 will already have
      been closed in all probability, so that it will only require less than one
      half of a rotation to close the other reed switch. The closure of the two
      reed switches will then complete the circuit to their associated relay
      64a, b, or c. The relay 64 will then close, closing the brake solenoid
      switch 72 and the relay hold switch 74. The brake solenoid 38 will however
      remain inactive since the solenoid contact 76 is still open at this point
      and therefore there is no power supply to the switch 72.
PAR  Simultaneously, the relay 64 will deliver a signal to the timer 66 and the
      reset logic 68. The signal to the timer 66 initiates a predetermined delay
      after which the timer 66 signals the motor control 70 to start up the
      motor M. As the motor M rotates, it will drive the cam control 72 around
      in a clockwise direction. Movement of the cam control 72 will cause the
      lobe 82 to drop away from the contact 60 thereby opening the contact 60
      and cutting off power to the reed switches 44 and 46, and their associated
      coils 54 and 56.
PAR  The reed switches 44 and 46 will then open, since the coils 54 and 56 are
      deativated, and will then remain open as long as the pulley 20 rotates.
      Since the magnet 52 alone is not strong enough to close the switches 44
      and 46 without the assistance of the coils 54 and 56.
PAR  However, since the particular relay 64 that has initiated the signal has
      already closed its own holding switch 74, such relay 64 will remain closed
      not withstanding the breaking of the circuit by the opening of the reed
      switches 44 and 46.
PAR  The signal from the relay 64 to the reset logic 68 is recorded in a
      suitable memory bank circuit in the reset logic, there being sufficient
      such memory banks for all the bowling pins whether five or more.
PAR  As the cam control 62 continues to rotate the lobe 82 will close the
      contact 76 and thereby activating the appropriate brake solenoid, through
      the switch 72 thereof which has been closed by its associated relay 64.
      The remaining brake solenoids 38 will of course remain inactivated since
      their switches 72 remain open.
PAR  As the cam 62 rotates further the contact 76 is opened once more thereby
      deactivating the brake solenoid 38. However, the brake solenoid 38 will
      only require momentary operation, since once the brake shoe 32 has swung
      firmly into engagement with the rope R, the continued pull of the pin P
      merely causes the brake shoe 32 to jam more tightly against the rope R not
      withstanding deactivation of the brake solenoid 38.
PAR  As the cam 62 continues to rotate the lobe 82 will cause the contacts 78 to
      open thereby breaking the circuit to the timer 66 and the reset logic 68.
      This causes the timer 66 to be reset to 0, and in the reset logic 68, it
      will have no effect during this cycle. The cam 62 then completes its
      rotation with the lobe 82 closing the contacts 60 once more. The closing
      of the contacts 60 signals the motor control 70 to stop, and the motor M
      then stops and the cam 62 comes to rest with the lobe 82 maintaining the
      contact 60 closed.
PAR  Closing of the contact 60 will then again supply power to the reed switches
      44a, b, and c and their coils 54a, b, and c and also the coils 56a, b, and
      c.
PAR  This cycle of operation will be repeated each time a further pin is knocked
      down, until the last pin is knocked down.
PAR  Each time the cycle is repeated the brake solenoids 38 for the pin or pins
      that have already been retracted are momentarily energized so as to retain
      the pins in their upper position.
PAR  The final cycle of operation will then take place. As the last pin is
      knocked down its associated pulley 20 will rotate thereby closing the
      remaining reed switch 44 or 46, and closing its associated relay 64.
      Closure of the last relay 64, by falling of the last pin associated
      therewith, will again signal the timer 66 to start up the motor control
      after a predetermined delay which then starts the motor. At the same time,
      however, the relay also signals the reset logic 68 that the last pin has
      fallen. When the reset logic 68 has received signals indicating that all
      five or more pins have fallen, then it immediately cuts off power to the
      switches 74a, b and c and thereby causes the closed relays 64 to reopen.
      In this way, closing of any of the brake solenoids 38 is prevented, and as
      the rope tension unit T tensions all of the ropes, the weight of the pins,
      which has hitherto maintained the individual brake shoes in their closed
      positon, is taken by the rope rensioning unit T itself. Since there is no
      longer any weight on the brake shoes, they are released and will swing
      into their downward position.
PAR  As the cam continues to rotate, and as the rope tensioning unit continues
      to move, it will then relax the ropes, and permit the pins to descend
      gradually to the pin deck of the bowling lane in their predetermined
      position. As the pins descend, they will of course rotate the pulleys 20,
      and when they come to rest on such floor, the pulleys 20 will come to rest
      in a randomly oriented position as described above.
PAR  When the lobe 82 of the cam control 62 reaches the switch 78, it triggers
      the timer and the reset logic 68 to reset, and clear, respectively ready
      for the next bowler's turn.
PAR  In the conventional game, a bowler's turn is completed after three balls.
      If any pins remain standing, then the final resetting cycle is activated
      by the manual reset button 80 which is connected to the reset logic and
      triggers the initiation of the final reset cycle as described above.
PAR  In this way, it will be noted that the pulleys 20 are at all times
      completely free of any restraint whatever, and may rotate so as to permit
      the ropes to run as freely as possible at all times and minimize wear and
      friction.
PAR  Many variations could be made within the scope of the invention.
PAR  For example, if greater sensitivity is required two magnets could be placed
      on a pulley separated by an arc of approximately 90.degree.. In this way,
      the sensitivity of the device would be greatly increased so as to insure
      commencement of a resetting cycle at an earlier point.
PAR  Similarly, more than two reed switches could be incorporated in the device
      for the same purpose.
PAR  The invention is equally applicable to bowling alleys having either less or
      more than five bowling pins, using essentially the same circuit.
PAR  As mentioned, the remote sensing of the movement of the pulley, by means of
      the reed switches and the magnet, is merely one of several different means
      of remote sensing which would be equally acceptable. Thus, for example the
      pulley could be associated with some form of photo-sensitive means, either
      by a light beam passing through an opening in the pulley for example, or
      through a light beam being reflected off a portion of the pulley by a
      mirror mounted on the pulley. Alternatively, remote sensing may be
      effected by means of the pulley 20 being associated with a separate disc
      86 running between a light source 88 and a photo diode 90, the disc 86
      having suitable openings or transparent portions alternating with opaque
      portions 92, as shown in FIG. 6. Similarly, proximity switches could be
      used, and a variety of other such remote sensing systems will suggest
      themselves to persons skilled in the art.
PAR  According to a still further embodiment of the invention, as shown in FIG.
      5, the holding coils 54 and 56 may be dispensed with, and the two reed
      switches 44 and 46 may be separately connected to any suitable counter
      means 84. The counter means is in turn connected with the timer. The other
      details of the circuit are the same as that shown in FIG. 4.
PAR  In this form of the invention, the counter means is programmed to deliver a
      signal to the timer as soon as it receives a signal from each reed switch
      connected to it.
PAR  The foregoing description of a preferred embodiment of the invention is
      given here by way of example only. The invention is not to be taken as
      limited to any of the specific features as described, but comprehends all
      such variations as come within the scope of the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A pin rope control for use in motorized pin setting apparatus wherein
      said pins are attached to ropes, said control comprising;
PA1  supporting means;
PA1  a pulley wheel mounted thereon around which a said rope runs in both
      forward and reverse directions, said pulley wheel being freely rotatable
      in either direction in response to any movement of said rope either in the
      forward or reverse direction and being free of any interruption by any
      other means thereby permitting the pulley wheel to stop at any random
      position in response solely to said rope and permitting said pulley to
      start rotation freely without restraint in response to movement of said
      rope, and,
PA1  remote sensing means free of any mechanical connection with said pulley and
      responsive only to movement of said pulley wheel from any random at rest
      position to generate at least one signal, said signal being operative to
      trigger operation of said motorized pin setting apparatus and said remote
      sensing means being inoperative to trigger such operation while said
      pulley wheel is at rest.
NUM  2.
PAR  2. A pin rope control as claimed in claim 1, including sequence control
      means connected to be responsive to a signal from said remote sensing
      means to initiate operation of said motorized pin setting apparatus in
      predetermined sequence.
NUM  3.
PAR  3. A pin rope control as claimed in claim 2, including brake means for
      engaging said rope, and electrical means for controlling said brake means,
      said electrical means being responsive to said sequence control whereby to
      procure operation of said brake means at a predetermined point in the
      operation of said motorized pin setting apparatus.
NUM  4.
PAR  4. A pin rope control as claimed in claim 1, including relay means
      connected to said remote sensing means, and responsive thereto to deliver
      a continuous signal so long as any of the pins of said pin setting
      apparatus remain in position, and being deactivated when all said pins
      have been displaced.
NUM  5.
PAR  5. A pin rope control as claimed in claim 4 including logic means connected
      to said relay means for receiving said continuous signal therefrom, and
      said logic means delivering a signal in response to receipt of said
      signals from all said relay means, to deactivate said relay means.
NUM  6.
PAR  6. A pin rope control as claimed in claim 5 including manual reset means
      connected to said logic means for manually triggering the same to deliver
      said signal for deactivating said relay means.
NUM  7.
PAR  7. A pin rope control as claimed in claim 1 wherein said remote sensing
      means comprises magnet means mounted for rotation in unison with said
      pulley, and magnetically sensitive means mounted in fixed relation to said
      pulley adjacent to the circular path of movement of said magnet means,
      when the same is moving in unison with said pulley as aforesaid.
NUM  8.
PAR  8. A pin rope control as claimed in claim 7 wherein said magnetically
      sensitive means comprise at least one reed switch, and including holding
      coil means associated with said reed switch.
NUM  9.
PAR  9. A pin rope control as claimed in claim 7 wherein said magnetically
      sensitive means comprises at least two reed switches operated successively
      by impulses from said magnet means, and including circuit means connected
      with said reed switches and operating in response to operation of a said
      reed switch subsequent to the first such switch operated by said magnet
      means to procure operation of said pin setting apparatus.
NUM  10.
PAR  10. A pin rope control as claimed in claim 1 wherein said remote sensing
      means comprises photo sensitive signal generating means, a light source
      therefor, establishing a light path to said photo sensitive means, the
      same being mounted in fixed relation relative to said pulley as aforesaid,
      and including light interrupter means rotatably mounted in association
      with said pulley for rotation in unison therewith, and passing through
      said light path, whereby to interrupt passage of light to said photo
      sensitive means upon rotation of said pulley.
NUM  11.
PAR  11. A pin rope control for use in motorized pin setting apparatus wherein
      pins are attached to ropes, said control comprising;
PA1  a pulley freely mounted for rotation without mechanical interruption, said
      rope running over said pulley, said pulley being free to come to rest at
      any rotational position thereby insuring free running of said pulley;
PA1  mounting means for supporting said pulley in a desired location;
PA1  magnet means mounted for rotation in unison with said pulley, and at least
      two magnetically sensitive means mounted in fixed relation to said pulley
      adjacent to the circular path of movement of said magnet means, proximity
      of said magnet means to said magnetically sensitive means operating the
      same and initiating signals, and,
PA1  circuit means connected to said magnetically sensitive means for receiving
      signals therefrom and operable to trigger said motorized pin setting
      apparatus after said pulley has moved from a random at rest position in
      response to a signal from a said magnetically sensitive means subsequent
      to the first such magnetically sensitive means, and before it has
      completed one revolution.
NUM  12.
PAR  12. A pin rope control for use in motorized pin setting apparatus wherein
      pins are attached to ropes, said control comprising;
PA1  a pulley freely mounted for rotation without mechanical interruption, said
      rope running over said pulley, said pulley being free to come to rest at
      any rotational position thereby insuring free running of said pulley;
PA1  mounting means for supporting said pulley in a desired location;
PA1  photo sensitive signal generating means, a light source therefor,
      establishing a light path to said photo sensitive means, the same being
      mounted in fixed relation relative to said pulley as aforesaid, and
      including light interrupter means rotatably mounted in association with
      said pulley for rotation in unison therewith, and passing through said
      light path, whereby to interrupt passage of light to said photo sensitive
      means upon rotation of said pulley, thereby generating signals responsive
      to such rotation, and,
PA1  circuit means connected to said signal generating means for receiving
      signals therefrom and operable to trigger said motorized pin setting
      apparatus after said pulley has moved from a random at rest position, and
      before it has completed one revolution.
NUM  13.
PAR  13. A pin rope control for use in motorized pin setting apparatus wherein
      said pins are attached to ropes said control comprising;
PA1  supporting frame means;
PA1  a pulley wheel freely mounted thereon for rotation without mechanical
      interruption, said rope running over said pulley, said pulley being free
      to come to rest at or start from any random rotational position;
PA1  remote sensing means supported on said frame means in fixed relation
      adjacent said pulley for sensing the rotational position of said pulley
      without mechanical contact therewith, and independently of the at rest
      position of said pulley;
PA1  remote actuating means on said pulley for actuating said remote sensing
      means and operable to deliver at least two impulses thereto in sequence
      responsive to at least two rotational positions of the pulley, and,
PA1  circuit means connected to said remote sensing means and responsive to an
      impulse subsequent to the first such impulse to trigger said motorized pin
      setting apparatus after said pulley has moved from a random at rest
      position, and before it has completed one revolution, and being
      inoperative in response to the first such impulse.
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ABST
PAL  A damping mechanism for implements such as tennis rackets, baseball bats
      and the like, comprising an elongated vibratable member formed of an
      elastomeric, energy-absorbing material. One of the ends of the vibratable
      member is attached rigidly to the implement at a point near an anti-node,
      with the longitudinal axis of the member concentric with or generally
      parallel to the longitudinal axis of the implement. The dimensions of the
      member are adjusted such that the natural frequency of vibration of the
      member corresponds generally to the vibration induced in the implement in
      use as a result of striking a game ball or the like.
BSUM
PAR  The present relates to tennis rackets, baseball bats and other similar
      implements.
PAR  When an implement like a tennis racket or a baseball bat is submitted to a
      shock, like the striking of a ball, it begins to vibrate.
PAR  The vibrations noticed vary according to:
PAL  -- the part of the implement and the way in which it is held or attached to
      a supporting element,
PAL  -- the part of the implement which has been struck.
PAR  In current use for the game of tennis, a racket is held by the hand of the
      player near the end of the handle and the ball strikes the stringing near
      its center.
PAR  In this case, one notices mainly two kinds of vibrations which are the
      following:
PAR  1. VIBRATIONS OF RELATIVELY HIGH FREQUENCY (1000 HERTZ FOR EXAMPLE)
      RESULTING FROM THE IMPULSION GIVEN TO THE STRINGS BY THE STRIKING BALL.
      These vibrations which are easily perceived when one brings the racket
      near his ear, soon after the ball has been struck, last normally several
      seconds but one can stop them immediately by placing a finger on any point
      of the stringing. Practically these vibrations do not appear to cause any
      inconvenience to the player.
PAR  2. VIBRATIONS OF A FREQUENCY CLEARLY LOWER THAN THE FORMER (100 HERTZ FOR
      EXAMPLE) WHICH ARE PERCEIVED BY THE EAR BUT ALSO BY TOUCHING CERTAIN PARTS
      OF THE RACKET: THE END OF THE FINGER USED THEN FEELS A CHARACTERISTIC
      TICKLING.
PAR  While the vibrations of the stringing are noticed whatever the spot struck
      by the ball, the vibrations of the frame, negligible if the striking
      happens in the center of the stringing, became very clear as soon as the
      spot struck is several centimeters from the center. The amplitude of these
      vibrations can often exceed 1 millimeter and this gives a disagreeable
      feeling to the player because of the tickle felt at the surface of the
      hand or of the vibration transmitted all along the arm. To fight it, the
      player can be brought instinctively to tighten his grip more then
      necessary which is a cause of more fatigue.
PAR  In current use, for the game of baseball, a bat is held with both hands by
      the player near the end of the handle and the ball strikes the cylindrical
      part of the bat near its center.
PAR  In this case one notices only a principal vibration, the frequency of which
      is comprised between about 150 and 300 hertz according to the kind of bat,
      which is easily audible and the amplitude of which is initially parallel
      to the direction of striking. If the striking of the ball is eccentric,
      the vibration produced gives, as for tennis, a disagreeable feeling in the
      hands of the player, said feeling being even in some cases more unpleasant
      due to the violence with which the ball is struck in the game of baseball.
PAR  While the replacement of wood by some metal to manufacture the structure of
      a racket or of a similar implement, offers indisputable advantages
      concerning its strength, its resiliency and the lower aerodynamical
      resistance, the lower absorption inherent to the metal increases the
      inconveniencies of the vibrations of the implement, to such a degree that
      some manufacturers ask themselves if they should not renounce to use metal
      or adopt structures thicker and less resilient having vibrations with
      higher frequencies, thus less annoying and with a faster amortization.
PAR  The object of the present invention is to reduce as much as possible the
      inconvenience of the vibrations of the implement not by any change in the
      shape or structure of the said implement but by addition of a simple
      amortizing or damping system properly adapted to the characteristics of
      these vibrations.
DETD
PAR  The description which will follow, according to the attached designs, will
      clearly explain how the invention may be achieved.
PAR  FIG. 1 is a schematic view of a racket showing the spots where have been
      attached 4 miniaturized accelerometers used to study the vibrations of
      this racket.
PAR  FIG. 2 is a chart showing, in relation to time, the amplitude of the
      vibrations transmitted by the 4 accelerometers of FIG. 1 to an
      oscilloscope connected with them.
PAR  FIG. 3 is a perspective view and FIG. 4 is a cut out view of the end of the
      frame of a metal racket constituting the handle, with an amortizing system
      according to the invention.
PAR  FIGS. 5 and 6 are views similar to the last ones of a shell made to
      complete the handle of the racket and modified to permit the mounting of
      the amortizing system.
PAR  FIGS. 7 and 8 are charts established like the chart shown by FIG. 2 and
      relating, the first one, to a racket without amortizing system, the other
      one to a racket identical but with the amortizing system shown by FIGS. 3
      and 4.
PAR  FIGS. 9 and 10 are also showing the amplitude of the vibration in relation
      to time but relating, in this case, the first one to a racket with its
      amortizing system set in order to amortize as best as possible the
      vibrations of the racket, the other one to a racket in which the setting
      of the amortizing system has been put out of order by placing the small
      weight a little further away from the supporting element.
PAR  FIG. 11 is a schematic perspective view of an experimental set-up, used for
      systematically studying the characteristics of the amortizing systems and
      of the materials out of which the said systems are made.
PAR  FIG. 12 shows the resonance curve of one of the materials which have been
      studied, the frequency in Hertz being recorded in abscissa and the
      amplitude in g (acceleration of the Earth's gravity) on the ordinate axis,
      according to logarithmic scales.
PAR  FIGS. 13 and 14 are schematic perspective views of two amortizing systems
      fitted to the end of the handle of a tennis racket. On FIG. 13 the
      amortizing system has a variable cross-section. On FIG. 14 it has an
      oblong cross-section, for instance rectangular, with which different
      resonance frequencies can be achieved if the excitation is parallel to the
      greater or smaller axis of the cross-section.
PAR  FIG. 15 is a perspective view of the end of the frame of a metal racket
      fitted with an amortizing system consistent with the present invention,
      and bound to the brace holding together the parallel limbs at the end of
      the frame.
PAR  FIGS. 16 to 20 show the fitting of an amortizing system, according to the
      present invention, on a metal racket, the folded band being kept in place
      by the shells making up the handle of the racket.
PAR  FIG. 21 shows, as a function of time, the amplitude of the vibrations of a
      racket fitted with an amortizing system made of a silicone band fitted as
      described in FIGS. 16 to 20.
PAR  FIGS. 22 and 23 show, one in perspective and one in cut-out view, two
      possible fittings of an amortizing system near the "throat" of a racket.
PAR  FIG. 24 shows in cut out view an amortizing system part of a cap which can
      be adapted to the handle of an implement.
PAR  FIG. 25 shows, in perspective, the brace in the handle of a racket designed
      to protect the amortizing system.
PAR  FIG. 26 shows, again in perspective, a cylindrically shaped amortizing
      system fitted, for example, to the end of a baseball bat.
PAR  FIG. 27 is a sketch showing the location of the amortizing system, of the
      accelerometers and of the shocks applied to the bat, to make the
      recordings shown on FIGS. 28 and 29.
PAR  FIGS. 28 and 29 are recordings showing, as a function of time, the
      amplitude of the vibrations of a metallic baseball bat respectively with
      or without an amortizing system similar to that shown on FIG. 26.  (The
      curves I and II are, in fact, much closer than what has been represented,
      to avoid darkening the drawing).
PAR  FIG. 30 is a partial cut-out view of a hollow baseball bat with an
      amortizing system, for example of a cylindrical shape, which is an
      integral part of the plug fitted to the top of the bat.
PAR  FIG. 31 is a perspective view of this plug.
PAR  The experimental study of the vibrations of the frame of a tennis racket
      can be easily achieved with miniaturized accelerometers (for instance type
      22 made by Endevco Company) giving signals which are analysed with the
      help of an oscilloscope with several channels completed with a Polaroid
      camera.
PAR  Such accelerometers are so light (their weight goes from 0.5gr to 2gr) that
      they hardly disturb the vibrations which one wishes to study while having
      the necessary sensitivity and band width.
PAR  By placing accelerometers at different spots on the frame, it is possible
      to establish the law governing the repartition of the amplitude of the
      vibrations after a given impulsion.
PAR  For example the signals 1, 2, 3, and 4 given by 4 accelerometers glued to
      the frame of the racket 5 at the spots indicated A.sub.1, A.sub.2, A.sub.3
      and A.sub.4 on FIG. 1 are shown by the graphics of FIG. 2 reproducing
      those shown on the oscilloscope connected to the accelerometers. For the
      experiment, the racket was held by its part B at about 18 centimeters from
      the handle end of the frame and the strings were struck at a spot C
      approximately equidistant from the center of the stringing and its top
      end, and the speed of the oscilloscope sweep had been set at 5
      milliseconds for each division.
PAR  If the vibrations of high frequency coming from the stringing are
      disregarded, one notices on this FIG. 2 that the signals 1, 3 and 4 have
      similar amplitudes while the signal 2 has a very low amplitude. One also
      notices that signal 3 has a phase opposed to those of signals 1 and 4.
PAR  Several tests showing similar charts permit one to conclude with certainty
      that the main vibration of the frame is a vibration in which the frame
      flexes in a direction perpendicular to the plane of the strings with two
      "nodes" (or spots of small vibration):
PAR  -- one on a line passing by the center of the stringing (A.sub.2)
PAR  --one at the beginning of the grip, at about 18 cm from the end of the
      handle for most rackets (B)
PAR  and three "anti-nodes" (or spots of high vibration)
PAR  --one at the top of the racket (A.sub.1)
PAR  --one near the throat of the racket (A.sub.3)
PAR  --one at the end of the handle of the racket (A.sub.4)
PAR  The inventor has found that one could successfully amortize this vibration
      by an oscillating system excited by it and placed near one of the 3
      "anti-nodes", the existence of which has just been demonstrated.
PAR  It is possible to achieved this result by attaching to the racket an
      oscillating system having in itself a strong amortization and a frequency
      of oscillation properly set in relation to the frequency of the vibration
      of the frame.
PAR  The theory of the oscillations of such a system is quite classical. Let us
      simply recall that:
PAR  --the amplitudes of the free oscillations decrease exponentially with time
PAR  --the apparent frequency of the free oscillations is not much different
      from the frequency of the non amortized system as long as its inherent
      amortization is not too close to the critical amortization.
PAR  --the amplitude of forced oscillations reach a maximum (resonance) when the
      frequency of the external vibration is the same as the frequency of the
      non amortized system and this maximum being all the higher if the system
      is less amortized.
PAR  --the energy dissipated in the oscillating system is proportionate to the
      square of the amplitudes of the oscillations: it is thus advantageous to
      achieve a system permitting large amplitudes.
PAR  --the amplitude of the forced oscillations, when the system was initially
      at rest, reach its maximum only after a number of periods all the more
      numerous if the system is less amortized.
PAR  The result is that a compromise is necessary regarding amortization if one
      wishes to achieve the greatest absorption of energy in a given time.
PAR  When the initial impulsion is produced by a shock, the movement of the
      amortizer is the combination of:
PAR  --a free oscillation of decreasing amplitude,
PAR  --a forced oscillation of increasing amplitude.
PAR  Here again a compromise is necessary if one wishes to prevent the amortizer
      from striking some adjacent part or from receiving too large stresses.
PAR  The FIGS. 3 and 4 show two views of an amortizing system adapted, in a
      racket 5, at the end of the handle, i.e. at the third anti-node of the
      vibrations.
PAR  This system is made of a steel wire (6) of 1 millimeter diameter, one end
      carrying a small weight 7 of any suitable material such as lead or
      tungsten, weighing about 4.5 gr and the other end being struck into a
      volume (8) made of a mixture of about 100 parts of butyl for 20 parts of
      silicate of aluminium weighing about 4 gr and filling the inside of a
      hollow brace (9) assembling the two ends of the tubing of the frame which
      are used to make the handle in a way well known now.
PAR  The oscillating part of the system, made of the wire and the weight can be
      set in frequency by changes in the length of the wire, while the
      absorption of energy is achieved by the action of the rubber mixture in
      which the wire is stuck.
PAR  On FIGS. 5 and 6 which show from different directions a part of one of the
      plastic shells (11) which are placed on the ends of the frame to complete
      the handle, one will notice the small cutting (12) made on the partition
      (13), which contacts the brace (9), and giving room for the wire.
PAR  To set the frequency of the amortizer itself in relation to the frequency
      of the vibrations of the racket it is easy to search for the quickest
      amortization of the vibrations produced by a light shock of the head of
      the racket on the ground by bringing the weight (7) closer or further from
      the supporting element (8).
PAR  One appraises the speed of the decrease of the vibration by holding lightly
      the handle by two fingers.
PAR  FIGS. 7 and 8 show the signals given by an accelerometer placed at the top
      of a racket (A.sub.1 on FIG. 1) held and struck as for the experiment
      giving the results shown on FIG. 2.
PAR  FIG. 7 relates to a racket without an amortizing system.
PAR  FIG. 8 relates to a racket identical to the former one but completed by the
      system described above, the length of the steel wire between the weight
      and the amortizing mixture being set at about 8 mm.
PAR  The comparison between FIGS. 7 and 8 for which each division represents 50
      milliseconds shows that thanks to the amortizing system the vibration has
      entirely disappeared in less than 250 ms/sec while, without it, the
      vibration is still noticeable after a time twice as long.
PAR  FIGS. 9 and 10 show the signals given by an ultraminiaturized accelerometer
      (weight less than 0.5gr) glued on the small weight of the system, when one
      lets the weight oscillate freely after having drawn it away from its
      equilibrium position.
PAR  FIG. 9 for which each division represents 5 mm sec. has been obtained with
      the amortizer used and set as for the experiment of FIG. 8. One sees that
      the proportion of the amplitude of the vibration from one period to the
      next one is about 1/3.
PAR  One also sees that the frequency of this vibration is about 100 Hertz as
      for the racket itself.
PAR  FIG. 10 for which each division also represents 5 mm sec. has been obtained
      by doubling the distance between the weight and the amortizing mixture. In
      this case the frequency shown is around 45 Hertz, and one finds
      experimentally that the vibration of the racket is not amortized faster
      than in conditions shown by FIG. 7: the difference between the frequency
      of the amortizing system itself and the frequency of the frame is too
      great to permit the amortization to be significant.
PAR  On FIG. 11, the sample 25 of the material to be studied has a cylindrical
      shape and is mounted by a support 26 on a vibration source 27. The
      vibration amplitude at the free end of the cylindrical sample is measured
      by a small accelerometer 28 struck on it.
PAR  The theory of the vibrations of a cylinder is quite classical. Let us
      simply recall that, for a given material, the frequency of the lower
      resonance is proportional to the diameter and to the inverse square of the
      length of the cylinder. Thus the adjustment of the dimensions of the
      cylindrically shaped amortizing system is specially simple to calculate.
PAR  The most interesting characteristic obtained by analysing curves such as
      FIG. 12 is the coefficient of resonance, i.e. the ratio between the
      maximum amplitude recorded at the free end of the sample and the amplitude
      of excitation: by varying this coefficient, it is possible to search for
      the best compromise to achieve the maximum energy dissipation during a
      given time. For an implement having a vibration frequency of about 100
      Hertz as, for example, the tennis rackets studied above, it is
      advantageous to use a material amortizing more, thus having a smaller
      resonance coefficient, than for an implement having a vibration frequency
      of about 300 Hertz as a baseball bat.
PAR  Another characteristic, moreover related to the first one, is the width of
      the resonance curve which indicates in what frequency range the amortizing
      system can act efficiently: the higher the resonance coefficient, the
      narrower the resonance curve and vice-versa. This characteristic gives the
      information necessary to know the tolerance in the dimensions of the
      system for obtaining a reproducible amortizing.
PAR  A last characteristic useful to know is the variation with the temperature
      of the resonance frequency: according to the implement, the temperature
      range inside which the amortizing system must work properly is more or
      less wide (for instance, for tennis or baseball, this range is
      approximately between 5.degree. and 40.degree. centigrade).
PAR  FIG. 12 has been obtained with a RP40 silicone elastomer sample made by
      Rhone Poulenc Company, having a length of 17mm and a diameter of 20mm. The
      resonance coefficient is approximately 5. The width of the resonance curve
      at half amplitude is 130 Hertz. By recording similar curves for different
      temperatures, it is possible to prove that for RP40 silicone the resonance
      frequency changes by less than 10% in the temperature range
      5.degree.-40.degree. centigrade.
PAR  The amortizing system 29 shown on FIG. 13 has been made of ADIPRENE by DU
      PONT de NEMOURS, a synthetic elastomer derived from linear polyurethane,
      sold in France under the same ELADIP 420. This material, less flexible
      than RP40 silicone, has excellent mechanical properties which greatly
      simplify its attachment. The amortizing system 29, which has an axis of
      symmetry, displays a variable cross-section, smaller near its attachment
      point, which makes possible, for a given mass and length, a lower
      resonance frequency than with a cylindrically shaped system. The
      attachment is made by embedding the rod 29b between the shells 30 which
      make the handle of the implement, for instance on tennis rackets.
PAR  If one wishes to obtain a lower resonance frequency, part 29a, at the end
      of rod 29b, can be made of a denser material, for instance lead or
      tungsten.
PAR  The amortizing system 31, shown on FIG. 14, can be made of RP40 silicone.
      For a tennis racket in which the main vibration frequency, of
      approximately 100 Hertz, is accompanied by a secondary vibration
      perpendicular to the first one, of frequency 90 Hertz, the optimal
      dimensions are: length 21 mm (from the attachment point), cross-section 10
      .times. 11 mm, the larger side being perpendicular to the plane of the
      stringing.
PAR  On FIG. 15, the oscillating amortizing system of a metal racket is a band
      15 made of an elastic and damping material such as rubber, for example a
      mixture of 100 parts of butyl rubber and 20 parts of sodium
      aluminium-silicate. This band is folded in the shape of an U and its
      branches by means of binding 16, in a plane perpendicular to the
      stringing, are fastened to the brace 9 which holds together the parallel
      limbs 10 which are part of the handle. The curved part of the U stands out
      of the handle.
PAR  The dimensions of the band and its binding points are chosen so that the
      amortizing is maximum.
PAR  FIGS. 16 to 20 show a very simple way for incorporating an U shaped
      amortizing system in the handle of a racket.
PAR  The band 15 shown in perspective on FIG. 16 and in cut-out view on FIG. 17,
      lying on brace 9, as on FIG. 15 is simply kept in place by the two shells
      11 making up the handle. To this end the aforesaid shells each have a slot
      19 which is easily seen in perspective in FIG. 18. These slots are
      designed so that the shells grip around the band and wedge it against the
      brace as shown in FIG. 19, which is a cut-out view in a plane
      perpendicular to the stringing.
PAR  FIG. 20 shows in perspective the curved part of band 15 standing out of the
      handle of the racket.
PAR  With this example, as with all the precedent ones, remarkable results are
      observed when band 15 is made with a silicone elastomer.
PAR  The tests described in FIGS. 7 and 8 were repeated with a racket fitted
      with a band of silicone elastomer RP40, made by Rhone Poulenc Company,
      having a length of 91 mm, a cross section of 9.5 .times. 5 mm and weighing
      only 5 gramm. This band was assembled as described on FIGS. 16 to 20. The
      part of the U standing out of the handle had a length of 22 mm.
PAR  FIG. 21, obtained in a similar way as in FIG. 8 of the initial application,
      (each division equals 50 msec) shows that the amortizing is even faster.
      The frequency of the amortizing system is about 100 Hertz as that of the
      racket.
PAR  The hardiness of these amortizing systems enables their mounting on
      different parts of the racket.
PAR  On FIG. 22, band 15, U-shaped, is fitted near the middle vibration
      anti-nodes of a metal racket, between the two limbs 10 of the frame near
      the brace 20 which completes it. The curved part of the U faces the brace.
      The band is fastened to the limb 10 by the bindings 16.
PAR  On FIG. 23, band 15 is fastened on the same limbs, after folding on itself
      each branch 21. The fastening is again made by the bindings 16.
PAR  In the two aforesaid examples good results are obtained when the bands are
      made of butyl rubber or silicone elastomer as described above.
PAR  On FIG. 24 the oscillating part 15 is part of a cap 22 designed so that it
      can be fitted on a suitable protrusion inside or outside the implement for
      example on its handle. The oscillating part and the cap itself can be
      conveniently made as a single piece by moulding.
PAR  FIG. 25 shows how the end of the handle can be designed to protect the
      amortizing system. In the example shown the amortizing system is of the
      type described with reference to FIGS. 3 and 4.
PAR  The brace 9 holding together the two limbs 10 of the racket frame and
      inside which is placed the support 8 embodies a protecting part 24 inside
      which the weight 7 can oscillate freely. This protecting part could be
      made by any other means, for example as an extension of shells 11, as
      shown in dotted lines on FIG. 19.
PAR  The amortizing system 32, shown on FIG. 26, can be made of ELADIP 183, a
      softer type of ADIPRENE than ELADIP 420. For a metallic baseball bat 33,
      having a main vibration of frequency 300 Hertz, the optimal dimensions
      are: length 27 mm (from the attachment point) and with a diameter of 20
      mm.
PAR  FIG. 27 shows a baseball bat 33 which was used to record the curves shown
      in FIGS. 28 and 29. The shock was applied according to the arrow F. and
      the vibrations were measured with a first accelerometer 34 along the
      direction of the shock and a second accelerometer 35 along a perpendicular
      direction. On the curves, each square along the abscissa represents 50
      msec. Curve I relates to the vibrations parallel to the shock and curve II
      relates to the vibrations perpendicular to the shock.
PAR  FIG. 28 shows that, because of the amortizing system, all vibration has
      disappeared in less than 100msec while FIG. 29 shows that, without it, a
      sizeable vibration remains after 500 msec.
PAR  The amortizing system shown in FIG. 26 is specially simple to attach. For
      example, it is possible to thread the inside of the cylindrical handle and
      to screw-in the amortizing cylinder. As for the system shown in FIG. 3 it
      is possible to lower the resonance frequency without increasing its length
      by using a denser end.
PAR  If one wished to make a system which does not protrude from the end of the
      handle, which can inconvenience some players, it is possible to fit the
      amortizing system inside the bat, which in most cases is hollow, near one
      of the other antinodes.
PAR  FIGS. 30 and 31 show such a system in the case of a hollow metallic
      baseball bat 33.
PAR  The amortizing system 32 is part of a plug 36 which is crimped at the end
      of the bat opposite to the handle. Because of the large magnitude of the
      shocks applied during play, the material used must have excellent
      mechanical properties which is the case, for example, for the various
      types of ELADIP aforesaid.
PAR  The examples shown above are not in the slightest way restricted to
      implements for tennis and baseball. In particular similar amortizing
      systems could be made for cricket bats or for any other implement subject
      to repetitive shocks.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An elongated sports implement comprising a striking portion at one end
      and a handle portion of lesser breadth than said striking portion at its
      other end, said implement having a longitudinal axis which passes through
      said striking portion and said handle, said implement being subject in use
      to significant vibration extending to said handle portion from impacting
      contact with a game ball at said striking portion, said vibration being
      transverse to said longitudinal axis and having an alternating series of
      two nodes and three antinodes spaced along said axis, one of said
      antinodes being located at each of said ends of said implement, and
PA1  a cantilevered vibration damper comprising an elongated resilient member
      having a longitudinal axis, said member having one end attached to said
      implement at the location of one of said antinodes, with the longitudinal
      axis of said member generally parallel to the longitudinal axis of said
      implement, the opposite end of said member being free to vibrate, said
      member being formed of an energy-absorbing material and being so
      configured and dimensioned that its natural frequency of vibration
      corresponds to the frequency induced in the implement during said
      vibration, whereby said vibration is significantly damped.
NUM  2.
PAR  2. An implement in accordance with claim 1 in which said member has at
      least a portion having a circular cross-section.
NUM  3.
PAR  3. An implement in accordance with claim 1 in which said member has a
      variable cross-section which is smaller at the point of attachment to said
      implement and larger at its free end.
NUM  4.
PAR  4. An implement in accordance with claim 1 in which said member has at
      least a portion having a rectangular cross-section.
NUM  5.
PAR  5. An implement in accordance with claim 1 in which said elongated member
      comprises a weighted relatively non-flexible portion at the free end of
      said member and a flexible connecting portion between said weighted
      portion and the point of attachment of said member to said implement.
NUM  6.
PAR  6. An implement in accordance with claim 5 in which said flexible portion
      is made of a material selected from the group consisting of linear
      polyurethanes, silicone elastomers, or butyl rubber.
NUM  7.
PAR  7. An implement in accordance with claim 6 in which at least part of said
      flexible connecting portion has a circular cross-section.
NUM  8.
PAR  8. An implement in accordance with claim 6 in which at least part of said
      flexible connecting portion has a rectangular cross-section.
NUM  9.
PAR  9. An implement in accordance with claim 5 in which said elongated member
      is integrally formed of a single homogeneous material.
NUM  10.
PAR  10. An implement in accordance with claim 9 in which said material is
      selected from the group consisting of linear polyurethanes, silicone
      elastomers, or butyl rubber.
NUM  11.
PAR  11. An implement in accordance with claim 5 in which said connecting
      portion and said weighted portion of said elongated member are generally
      cylindrical, said weighted portion having a diameter at least equal to
      that of said connecting portion.
NUM  12.
PAR  12. An implement in accordance with claim 5 in which said elongated member
      is formed of different materials, said weighted portion having a greater
      density than that of said connecting portion.
NUM  13.
PAR  13. An implement in accordance with claim 1 in which said member is
      entirely enclosed within said implement.
NUM  14.
PAR  14. An implement in accordance with claim 2 in which said member is
      U-shaped, the arms of the U being attached to said implement and the
      trough of the U being free to vibrate.
NUM  15.
PAR  15. An implement in accordance with claim 1 in which the cross-section of
      said U-shaped member is rectangular.
NUM  16.
PAR  16. An implement in accordance with claim 1 which is a tennis racket having
      a head constituting said striking portion, a handle portion and a throat
      portion interconnecting said head and said handle portion, an antinode
      existing at the free end of said handle and within said heart portion,
      said member being attached to one of said handle free end and said heart
      portion at the location of the antinode present therein.
NUM  17.
PAR  17. A tennis racket in accordance with claim 16 in which said member has a
      circular cross-section.
NUM  18.
PAR  18. A tennis racket in accordance with claim 16 in which said member has a
      variable cross-section which is smaller at its point of attachment to said
      handle and larger at its free end.
NUM  19.
PAR  19. A tennis racket in accordance with claim 16 in which said member has a
      rectangular cross-section.
NUM  20.
PAR  20. A tennis racket in accordance with claim 16 in which said handle
      portion comprises two parallel limbs and a transverse brace
      interconnecting said limbs, said elongated member being attached to said
      brace.
NUM  21.
PAR  21. A tennis racket in accordance with claim 16 in which said member
      protrudes from the free end of said handle, and said handle comprises a
      protective guard surrounding said member.
NUM  22.
PAR  22. A tennis racket in accordance with claim 16 including a cap adapted for
      connection to the free end of said handle, said cap forming the point of
      attachment of said member to said racket.
NUM  23.
PAR  23. An implement in accordance with claim 1 which is a baseball bat
      comprising a handle portion and a ball striking portion connected thereto,
      each of said handle portion and said striking portion having a free end,
      said member being connected to one of said free ends.
NUM  24.
PAR  24. An implement in accordance with claim 1 which is a tubular baseball bat
      comprising a handle portion, a ball striking portion, and a plug closing
      the open end of said ball striking portion, said member being integrally
      formed on said plug and being enclosed entirely within said bat.
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ABST
PAL  An amusement game apparatus has a guide surface, a playing surface and a
      deflecting surface, and a freely movable player piece moved or propelled
      along the guide surface is directed by the deflecting surface onto the
      playing surface. The deflecting surface is curved and the shape varies in
      a direction transverse to the direction of movement of the player piece
      thereby varying the location where the player piece lands on the playing
      surface. The game includes a plurality of indicia-bearing elements such as
      cards for selective placement on the playing surface at different times
      whereby several different types of games, for example hockey, basketball,
      baseball and football, can be played at different times on the same
      apparatus. A manually-operable player element is movably connected to the
      playing surface for blocking or directing movement of the player piece.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to games played for amusement, and more particularly
      to a new and improved tabletop game apparatus in the form of an athletic
      game.
PAR  Various amusement games, based upon the generally recognized rules of
      athletic sports, are known. Usually, these games are of a nature that they
      are for the playing of a single sport, so that separate games must be
      obtained and used for the playing of different sports. In addition, many
      of these games are designed in a manner such that the outcome of the game
      is dependent almost entirely upon the element of chance rather than the
      skill of the players.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a primary object of this invention to provide a new and
      improved amusement game in the form of tabletop athletic game apparatus.
PAR  It is a further object of this invention to provide such a game readily
      adaptable to the playing of different types of athletic games.
PAR  It is a further object of this invention to provide such a game in which
      the skill of the players is a factor in determining the outcome of the
      game.
PAR  It is a further object of this invention to provide such a game which is
      relatively simple in construction and economical to manufacture.
PAR  The present invention provides amusement game apparatus comprising means
      defining a guide surface, a playing surface and a deflecting surface
      between the guide surface and the playing surface. the deflecting surface
      is shaped to direct a player piece moving therealong onto the playing
      surface and the shape varies in a direction generally transverse to the
      path of the player piece to vary the location where the player piece lands
      on the playing surface. A plurality of indicia-bearing elements are
      provided for selective placement on the playing surface one at a time,
      allowing different types of games to be played at different times on the
      apparatus. A player element is movably connected to the playing surface
      for further influencing movement of the player piece.
DRWD
PAR  THE FOREGOING AND ADDITIONAL ADVANTAGES AND CHARACTERIZING FEATURES OF THE
      PRESENT INVENTION WILL BE CLEARLY APPARENT UPON A READING OF THE ENSUING
      DETAILED DESCRIPTION TOGETHER WITH THE INCLUDED DRAWING WHEREIN:
PAC  BRIEF DESCRIPTION OF THE DRAWING FIGURES
PAR  FIG. 1 is a top plan view with parts removed of an amusement game according
      to the present invention;
PAR  FIG. 2 is a side elevational view thereof;
PAR  FIG. 3 is a fragmentary sectional view taken about on line 3--3 of FIG. 1;
PAR  FIG. 4 is a vertical sectional view of a player piece for use in the game
      of the present invention;
PAR  FIG. 5 is a fragmentary top plan view of the amusement game of the present
      invention provided with parts for simulating a basketball game;
PAR  FIG. 6 is a transverse sectional view taken about on line 6--6 of FIG. 5;
PAR  FIG. 7 is a fragmentary sectional view taken about on line 7--7 of FIG. 5;
PAR  FIG. 8 is a fragmentary top plan view of the amusement game of the present
      invention provided with parts for simulating a hockey game;
PAR  FIG. 9 is a fragmentary sectional view taken about on line 9--9 of FIG. 8;
PAR  FIG. 10 is a fragmentary top plan view of the amusement game of the present
      invention provided with parts for simulating a baseball game;
PAR  FIG. 11 is a fragmentary sectional view taken about on line 11--11 of FIG.
      10;
PAR  FIG. 12 is a fragmentary top plan view of the amusement game of the present
      invention provided with parts for simulating a football game;
PAR  FIG. 13 is a fragmentary top plan view of the amusement game of the present
      invention provided with an alternative form of deflecting surface; and
PAR  FIG. 14 is a fragmentary top plan view of the amusement game of the present
      invention provided with an alternative form of deflecting surface.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Referring now in detail to the drawings, there is shown in FIGS. 1-3 a game
      board, generally designated 10, including a guide surface portion or
      element 12, a playing surface portion or element 14 and a deflecting
      surface portion or element 16 operatively located between guide surface 12
      and playing surface 14. In preferred form, board 10 is rectangular having
      a length several times greater than the width thereof, for example about
      three and one-half times greater. Guide surface portion 12 extends along
      board 10 from one end, for example the left-hand end as viewed in FIGS. 1
      and 2, almost along the entire length of board 10 toward the opposite end
      thereof. This end of guide surface 12 meets deflecting surface portion 16
      adjacent the corresponding end of board 10 which is the right-hand end as
      viewed in FIGS. 1 and 2. Guide surface 12 is generally smooth and planar,
      being disposed generally horizontally when board 10 is placed on a
      tabletop or similar supporting surface for use.
PAR  Deflecting surface portion 16 preferably comprises in part a curved
      integral extension of guide surface portion 12, and surface 16 extends
      along the one end of board 10, i.e. the right-hand end as viewed in FIGS.
      1-3, being disposed generally transverse relative to the length of board
      10 and guide surface 12. In accordance with the present invention the
      shape of deflecting surface varies in a direction transverse to guide
      surface 13. In particular, deflecting surface 16 is shaped to include
      different degrees of curvature along its length, i.e. along the transverse
      dimension of guide surface 12. Expressed differently, the curvilinear
      distance along and around surface 16 varies over the lengthwise dimension
      of surface 16. In particular, each end portion of deflecting surface 16 is
      of arcuate, generally semi-circular cross-section thereby shaped to
      include a generally inclined portion leading upwardly and forwardly from
      guide surface 12 followed by an intermediate generally vertical portion
      which, in turn, is followed by a portion curved to provide a return or
      rearward bend relative to guide surface 12. The central portion of
      deflecting surface 16 includes an inwardly curved edge 20, extending along
      surface 16 from one end portion to the other thereby providing a central
      portion of different curvature as compared to the end portions. The
      curvilinear length of the central portion therefore is less than the
      curvilinear length of the end portion. In particular, the central portion
      is of generally arcuate cross-section shaped to include a generally
      inclined portion leading upwardly and forwardly from guide surface 12
      followed by an intermediate generally vertical portion which, in turn, is
      followed by a portion curved to provide a return or rearward bend relative
      to guide surface 12. Adjacent the mid-point of the length of surface 16
      this return portion is relatively short thereby having a relatively small
      degree of curvature. In particular this middle or central portion is of
      minimum curvilinear length and considerably shorter as compared to the
      length or extent of the opposite end portions. Proceeding from the middle
      in opposite directions along surface 16, edge 20 is curved whereby this
      return portion increases gradually in length and degree of curvature in
      directions approaching the opposite end portions of surface 16.
PAR  By virtue of the foregoing construction, a player piece or element moving
      along guide surface 12 and onto deflecting surface 16 is directed by
      surface 16 onto playing surface 14 as shown in FIG. 3 and described in
      further detail presently. Depending upon the portion of deflecting surface
      16 along which a player piece moves it will have a different path or
      trajectory onto playing surface 14 due to the varying shape or curvature
      of surface 16 in a direction transverse to the direction of movement of a
      player piece along surface 12. As shown in FIG. 3, a player piece moving
      along either end portion of surface 16 is given a path or trajectory which
      includes a relatively sharp return bend and which path is relatively low
      as designated by the arrow 24 in FIG. 3. On the other hand, a player piece
      moving along the middle portion of surface 16 is given a path or
      trajectory which has a relatively wider or larger return bend and which
      therefore is relatively higher as designated by the arrow 25 in FIG. 3.
PAR  Playing surface portion 14 preferably is located in game board 10 parallel
      to and spaced from guide surface portion 12 and extending for a portion of
      the length of guide surface 12 and terminating at one end adjacent
      deflecting surface 16. As shown in FIG. 6, game board 10 includes opposite
      side wall portions 26, 28 extending from the opposite side edges of guide
      surface portion 12 and being disposed generally parallel to each other and
      generally perpendicular to the plane of guide surface 12. In preferred
      form, side walls 26, 28 each are of a length substantially equal to the
      length of guide surface 12. Side walls 26 and 28, in turn, each meet an
      inner edge of supporting surfaces 30 and 32, respectively. The supporting
      surfaces or webs 30, 32 extend outwardly or away from guide surface 12 and
      the corresponding one of the side walls 26, 28. Webs 30 and 32 preferably
      are both disposed in planes generally parallel to the plane of guide
      surface 12, and preferably webs 30 and 32 are coplanar. Webs 30 and 32, in
      turn, each meet an upper end of depending side flanges 34 and 36,
      respectively. Flanges 34, 36 preferably are slightly inclined outwardly
      thereby defining a small acute angle with a plane disposed perpendicular
      with respect to the plane of guide surface 12. Flanges 34 and 36 have
      upper edges 38 and 40, respectively, which are located preferably a slight
      distance above the corresponding webs 30 and 32. Flanges 34 and 36 also
      have lower edges 42 and 44, respectively, and flanges 34 and 36 both are
      of a width such that lower edges 42, 44 are spaced slightly above the
      table top or supporting surface 45 on which game board 10 is placed during
      playing thereof. In this connection, supporting elements or pads 46 are
      provided beneath guide surface 12 for supporting game board 10 in a
      cushioning manner.
PAR  The supporting surfaces or webs 30, 32 support playing surface portion 14
      above guide surface 12 in the following manner. At the opposite sides of
      playing surface portion 14 there are provided side walls 48 annd 50 which
      preferably are mutually parallel and each disposed in a plane
      perpendicular to playing surface portion 14. Side walls 48 and 50, in
      turn, meet web portions 52 and 54, respectively, each of which, in turn,
      meet depending side flanges 56 and 58, respectively. Side flanges 56 and
      58 both are inclined slightly outwardly and terminate in lower edges 60
      and 62, respectively. The assembly is dimensioned such that edges 60 and
      62 abut supporting webs 30 and 32, respectively, adjacent or against the
      shoulders provided by the extending or projecting upper edges 38 and 40 of
      side flanges 34 and 36.
PAR  According to a preferred manner of constructing game board 10, the portion
      of deflecting surface 16 including edge 20, i.e. approximately the upper
      half of deflecting surface portion 16, is joined integrally at opposite
      ends of surface 16 to the side walls 48, 50 and webs 52, 54 leading from
      playing surface portion 14 adjacent one end thereof, i.e. at the
      right-hand end as viewed in FIGS. 1-3. This part of deflecting surface
      portion 16 terminates in an outwardly extending flange 64 shown in FIG. 3
      which is supported on a web 66 extending outwardly from the bottom half of
      deflecting surface portion 16. Flange 64 and web 66 preferably are both
      disposed in planes parallel to guide surface 12 and supporting surface 14.
      A latch or hook type member 68 depends from flange 64 and snapfits in an
      opening provided in web 66. Similar latch or hook members are provided
      along the opposite edges 60 and 62 of side flanges 56 and 58,
      respectively, for snap-fitting into corresponding openings provided in
      webs 30 and 32. Forming game board 10 of plastic or light-weight sheet
      metal parts provides flexibility for assembling or removing the parts.
PAR  Playing surface portion 14 is formed to include recesses or pockets 72
      therein for receiving player pieces or elements moving along surface 14 in
      a manner which presently will be described. The relative spacing and
      arrangement of pockets or wells 72 provides adaptability to the playing of
      various games which will be explained in detail presently. Playing surface
      portion 14 also is formed to include bosses or projections 74 which extend
      upwardly from surface 14 and preferably are of frusto-conical shape.
      Projections 74 serve as obstructions or deflecting elements for player
      pieces moving along surface 14 in a manner which will be described.
PAR  The game of the present invention further comprises a player piece adapted
      for free movement along the surfaces of game board 10. At least one but
      preferably a plurality of player pieces are provided with the game
      apparatus, and one such player piece is shown in FIG. 4 and generally
      designated 80. Each player piece 80 comprises a ball element 82,
      preferably of metal, embraced by a ring element 84, preferably of plastic.
      Ring element 84 is substantially rectangular in cross-section, having an
      axial length less than the diameter of ball element 82. Ring element 84
      has an annular inner surface portion 86 of a diameter slightly greater
      than the diameter of ball 82. Ring element 84 also is formed to include
      annualr edges 88 adjacent each axial end thereof projecting inwardly of
      surface portion 86. The inner diameters of edges 88 are slightly less than
      the diameter of ball 82. As a result, ball element 82 is loosely fitted
      but captively retained in ring element 84. As player piece 80 moves along
      a surface, such as along guide surface 12 as illustrated in FIG. 3, ball
      element 82 rotates within ring 84. Sliding friction between the lower end
      surface of ring 84 and the surface along which player piece 80 moves
      eventually causes player piece 80 to come to a stop.
PAR  The game of the present invention further comprises a manually-operable
      player element generally designated 90 as shown in FIG. 6 movably
      connected to playing surface 14 and extending outwardly and upwardly
      therefrom. In particular, player element 90 includes a planar or
      plate-like portion 92 having a peripheral shape or configuration
      simulating an individual member or player on an athletic team which can be
      augmented by indicia or artwork provided thereon. Portion 92 is disposed
      in a plane extending perpendicular to playing surface 14 and transverse to
      the longitudinal axis of game board 10. Playing surface 14 is provided
      with an elongated slot 94 as shown in FIG. 1 having a width slightly
      greater than the thickness of portion 92 and extending transverse to the
      longitudinal axis of game board 10 and having a length extending over a
      significant portion of the width of playing surface 14. Slot 94 preferably
      is located generally centrally between the ends of playing surface 14 and
      extends along about one-half the width of surface 14, being located
      substantially equi-distant from the sides thereof. The lower or bottom end
      of player portion 92 extends through slot 94 and below surface 14 where it
      joins a manipulator or operator member in the form of a lever arm 96 which
      lies below surface 14. The longitudinal axis of lever arm 96 is disposed
      generally parallel to the plane of surface 14. Lever 96 is disposed
      generally perpendicular to the longitudinal axis of game board 10 and
      extends through an opening 98 provided inside flange 58 so that a handle
      portion 100 at the end of lever 96 is externally accessible for manual
      operation.
PAR  The player element 90 comprising portion 92 and lever 96 is movably
      retained and supported in slot 94 by means of an elongated plate-like
      member 102 attached to lever 96 and located below surface 14. Member 102
      has a width greater than the width of slot 94 so that upward or vertical
      movement of player element 90 is limited or restricted. Downward movement
      thereof is limited or restricted by a pair of tabs 104 extending outwardly
      from opposite surfaces of portion 92 and disposed in a horizontal plane
      above surface 14. Tabs 104 are of sufficient length to extend over the
      respective portion of slot 94 and are in sliding contact with surface 14.
      Slot 94 is provided with aligned, oppositely directed enlarged portions
      106 each of a length and width greater than the corresponding dimensions
      of the respective tab 104 permitting convenient assembly and removal of
      player element 90. This is done simply by raising or lowering player
      element 90 as it is moved or drawn along slot in a manner clearing plate
      102 and tabs 104 through the enlarged openings 106.
PAR  The game of the present invention further comprises at least one indicia
      bearing element in the form of a plate or card of suitable material such
      as carboard or plastic and adapted to be placed on playing surface 14 to
      provide the appropriate indicia and other markings on surface 14 for
      playing the game. Each card also has openings located to be in registry or
      alignment with some or all of the pockets 72 provided in playing surface
      14. In addition, each card is provided with a slot allowing portion 92 of
      player element 90 to extend upwardly therethrough and each card has
      openings for receiving projections 74. According to a preferred mode of
      the present invention, plates or cards are available with a single game
      board 10 thereby allowing several different types or varieties of games to
      be played selectively on a single game apparatus.
PAR  By way of illustration, FIGS. 5-7 show the game apparatus fitted with a
      card or plate 110 provided with indicia and markings for a basketball
      game. Card 110 is dimensioned to cover the entire area of playing surface
      14, and the portion of card 110 between player element 90 and deflecting
      surface 16 is solid thereby covering the pockets 72 in that portion of
      playing surface 14. The other half of card 110 is marked to indicate the
      key or 3-second zone and foul line found at each end of a conventional
      basketball court. The middle one of the row of three pockets 72 adjacent
      and along player element 90 is covered by plate 110, and openings 114 are
      provided in plate 110 in registry or alignment with the outer two pockets
      72 as well as the single pocket at the end of surface 14. An accessory in
      the form of a simulated basket 116 is provided, being supported at an
      elevated position above surface 14 and card 110 by a plate-like member
      118. Basket 116 and plate 118 preferably are of plastic, being snap-fit
      together in a suitable manner or even integrally joined, and the bottom
      end of plate 118 is connected to surface 14 such as by tabs or fingers on
      plate 118 which fit tightly but releasably into slots provided in surface
      14.
PAR  The indicia provided on card 110 indicates that a player piece which lands
      or settles in the pocket 72 under basket 116 scores two points, one
      landing in the pocket 72 in the left-hand region as viewed in FIG. 5
      scores one point and one landing in the right-hand pocket draws a foul.
      The game is played by one person propelling or forcing by hand a player
      piece 80 along guide surface 12 toward deflecting surface 16 in the
      direction indicated by arrow 119 in FIG. 3. This person tries to influence
      the path of player piece 80 into playing surface 14 by utilizing the
      variable shape or curvature of surface 16 transverse to the path of player
      piece 80 and by controlling the manual force applied thereto so as to
      control its speed. This person uses his skill and these factors and
      combinations thereof to attempt to land the player piece 80 in the pockets
      or wells 72 on surface 14 marked with scoring points and to avoid the well
      marked "foul." The projections around the pocket below basket 116 increase
      the difficulty of placing the player piece in this pocket. The other
      person playing the game, however, manipulates player element 90 in an
      attempt to block the moving player piece 80 from landing or entering in
      the scoring wells and to guide or allow the player element to enter the
      pocket marked "foul." This is done by moving or recipricating player
      element 90 by means of lever 96 grasped at handle portion 100. After one
      or any predetermined number of tries or runs, the persons playing the game
      switch roles or positions and the score is kept in a conventional manner.
PAR  FIGS. 8 and 9 illustrate the game apparatus provided with a card 124 having
      indicia and markings for a hockey game. Card 124 is of a size covering the
      entire area of playing surface 14, and the portion of card 124 between
      player element 90 and deflecting surface 16 is solid thereby covering the
      pockets in that portion of surface 14. An accessory element 126 simulating
      a hockey goal net is connected to card 124 and surface 14 just behind
      player element 90 so that player element 90 is positioned between
      deflecting surface 16 and the open end of net 126. Net element 126 is
      provided with prongs or fingers 128 which are tightly but releasably
      fitted or received in openings provided in card 124 ad surface 14.
      Movement of portion 92 of player element 90, which simulates the hockey
      goal tender, along slot 94 is in or along a plane parallel to the plane of
      the opening in net element 126. The size of the opening is such that
      reciprocal movement of player element 90 can prevent entry of a player
      piece 80 into the net 126. Board 124 is marked to indicate the
      conventional goal crease area in front of net 126. Openings 130 are
      provided in plate 124 in registry or alignment with the pockets 72 in the
      other portion or half of playing surface 14 with the exception of the
      pocket directly behind net element 126. A player piece which lands in any
      of these pockets incurs one of the various penalties common to the game of
      hockey as specified by the indicia on plate 124 adjacent openings 130. In
      addition, further penalty-indicating markings can be provided adjacent the
      far end of card 124.
PAR  The game shown in FIGS. 8 and 9 is played by one person propelling or
      forcing by hand a player piece 80 along guide surface 12 in a manner
      similar to that of the game previously described but in this instance
      attempting to land the player piece in net 126. This person uses his skill
      in combination with the varying shape of deflecting surface 16 and with
      selective controlled application of manual force to player piece 80 to
      land it in net 126 and to avoid landing it in the pockets or areas marked
      with penalties. The other person playing the game manipulates player
      element 90 simulating the hockey goal tender to attempt to block the
      player piece 80, which simulates the hockey puck, from entering net 126,
      and when possible to allow or guide player piece 80 to land in a penalty
      pocket or area. After one or any predetermined number of tries or runs,
      the persons playing the game switch roles or positions and the score is
      kept in a conventional manner.
PAR  FIGS. 10 and 11 show the game apparatus provided with a card or plate 134
      having indicia and markings for a baseball game. Card 134 is of sufficient
      size to cover playing surface 14, and is marked to indicate a conventional
      baaseball diamond with the corner corresponding to home plate being
      nearest to deflecting surface 16. Card 134 is provided with opening 136 in
      registry or alignment with certain ones of the pockets 72. In particular,
      the pocket nearest deflecting surface 16 is open and card 134 is marked to
      indicate that a player piece landing therein has the effect of a foul
      ball. The surface of card 134 outwardly of the baselines also is marked to
      indicate foul territory according to conventional baseball rules. The
      pocket adjacent player element 90 and on the side thereof facing
      deflecting surface 16 is covered by card 134 in this exemplary
      arrangement. The remaining pockets 72 are open, with the center pocket
      closest player element 90 marked to indicate a triple and the pocket at
      the far end of card 134 marked to indicate a home run. The projections 74
      around this latter pocket or well increase the difficulty of landing a
      player piece therein. A player piece landing in either of the two pockets
      outwardly of the player element 90 or in the adjacent area incurs an out
      as indicated on the face of card 134.
PAR  The game of FIGS. 10 and 11 is played in a manner similar to the previously
      described games. One person propells or forces by hand a player piece 80,
      which simulates a baseball, along guide surface 12 as before, but in this
      instance he attempts to land the player piece in the pockets or wells
      designated "triple" or "home run" while avoiding the areas of card 134 and
      the other pockets designated foul and "out." This person uses his skill in
      combination with the varying shape of deflecting surface 16 and with
      controlled selective application of manual force to player piece 80 to
      cause it to land where he desires. The other person playing the game
      manipulates player element 90 as before to attempt to block the player
      piece from entering the pockets or wells marked triple and home run while
      allowing or guiding movement of the player piece into the out areas. After
      one or any predetermined number of tries or runs, the persons playing the
      game switch roles or positions and the score is kept in a conventional
      manner.
PAR  FIG. 12 shows the game apparatus provided with a card or plate 140 having
      indicia and markings for a football game. Card 140 is of sufficient size
      to cover playing surface 14, and is marked to indicate yard lines and end
      zones similar to a conventional football field. Card 140 is provided with
      openings 142 in registry or alignment with certain ones of the pockets 72.
      In particular, the pocket nearest deflecting surface 16 is open and marked
      to indicate that a player piece landing therein registers a 2 yard advance
      or carry of the football. The pockets 72 on the side of player element 90
      all are open, with the outermost ones each marked to indicate a 5 yard
      advance and the center one, directly behind player element 90, marked to
      indicate a first down. The pocket at the far end of card 140 is marked to
      indicate that a player element landing therein scores a touchdown.
PAR  The game of FIG. 12 is played in a manner similar to the previously
      described games. One person propells or forces by hand a player piece 80,
      which simulates a football, along guide surface 12 as before, and in the
      present instance he tries to land the player piece in any of the pockets
      or wells, preferably the one marked "touchdown" or the one marked "first
      down." This person uses his skill in combination with the varying shape of
      deflecting surface 16 and with controlled selective application of manual
      force to player piece 80 to cause it to land where he desires. The other
      person playing the game manipulates player element 90 as before to attempt
      to block the player piece from entering the pockets or wells. The persons
      switch roles or positions according to conventional football rules and
      play, and the score is kept in a conventional manner.
PAR  FIGS. 13 and 14 illustrate alternative forms of deflecting surface 16 which
      can be included in the game apparatus of the present invention. FIG. 13
      shows a game board 10' similar to board 10 having a guide surface (not
      shown), a deflecting surface 16' and a playing surface 14'. Deflecting
      surface 16'  is curved with end portions of arcuate, generally
      semi-circular cross-section in a manner similar to deflecting surface 16'
      of FIGS. 1-12. However, the central portion of deflecting surface 16'
      shown in FIG. 13 includes an outwardly curved edge 150. As a result, the
      curvilinear length of the central portion of surface 16' greater than the
      curvilinear length of each end portion. A player piece moving along either
      end portion of surface 16' is given a relatively longer path or trajectory
      as compared to a player piece moving along the middle portion of surface
      16'. Furthermore, various deflecting surfaces can be provided according to
      the nature of the particular game apparatus with the curvature of the edge
      of the deflecting surface being selected between and including the
      illustrative edges 20 and 150 shown herein.
PAR  FIG. 14 likewise shows a game board 10" similar to board 10 having a guide
      surface (not shown), a deflecting surface 16" and a playing surface 14".
      Deflecting surface 16" includes two outwardly curved edge portions 152 and
      154 separated in a transverse direction by an inwardly curved edge portion
      156. The portions 152, 154 and 156 thus define a compound curve. A player
      piece moving along the central portion of surface 16" includng inwardly
      curved edge portion 156 is given a relatively longer path or trajectory as
      compared to a player piece moving along either portion of surface 16"
      including the outwardly curved edge portions 152 and 154.
PAR  It is therfore apparent that the present invention accomplishes its
      intended objects. The provision of several indicia-bearing elements with
      the game apparatus, for example cards 110, 124, 134 and 140 enable
      different types of games to be played with a single game board or
      apparatus. While the game of the present invention has been illustrated
      for the playing of different types of athletic games, the principles of
      the present invention can be variously applied to other non-athletic type
      games. The variation in shape of deflecting surface 16 in a direction
      transverse to the direction of movement of a player piece along the guide
      surface together with the manner in which the player piece is moved by a
      person playing the game as well as manipulation of player element 90 by
      the other person playing the game make the skill of the players a factor
      in determining the outcome of the game. While several embodiments of the
      present invention have been described in detail, this is for the purpose
      of illustration, not limitation.
CLMS
STM  I claim:
NUM  1.
PAR  1. An amusement game apparatus comprising:
PA1  a. means defining a playing surface;
PA1  b. a plurality of indicia-bearing elements adapted to be placed on said
      playing surface selectively at different times thereby defining selected
      playing surfaces for a corresponding plurality of different types of
      games;
PA1  c. a player element movably connected to said playing surface and extending
      from said surface and the indicia-bearing element placed thereon, said
      player element including means operable by a person playing the game for
      moving said player element along a portion of said playing surface;
PA1  d. a player piece adapted for free movement onto and along said playing
      surface and the indicia-bearing element thereon; and
PA1  e. means for guiding and deflecting said player piece moved by a person
      playing the game toward and onto said playing surface and the
      indicia-bearing element thereon, said means for guiding and deflecting
      said player piece comprises a guide surface vertically spaced from said
      playing surface and means defining and deflecting surface positioned
      between said guide surface and said playing surface, and deflecting
      surface being shaped in a manner such that said player element moving
      along said guide surface and onto said deflecting surface is directed by
      said deflecting surface onto said playing surface, said deflecting surface
      being curvilinear in transverse cross section and the curvilinear arc
      portions thereof lying in planes substantially perpendicular to the
      longitudinal axis of said deflecting surface and located in the mid
      longitudinal axial portion of said deflecting surface being of shorter
      angular extent than at other portions along the longitudinal axis of said
      deflecting surface, whereby the movement of the player piece along said
      playing surface and the indicia-bearing element thereon is influenced by
      the movement thereof along said guiding and deflecting means and by
      operation of said player element, the nature of the movement of the player
      piece along said playing surface and indicia-bearing element affecting the
      outcome of the game.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said playing surface is
      generally planar and wherein each of said indicia-bearing elements
      comprises a plate dimensioned so as to fit on said playing surface.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein said playing surface is provided
      with recesses therein adapted to receive the player piece and wherein each
      of said indicia-bearing elements is provided with openings therein for
      registry with certain ones of said openings depending upon the particular
      type of game.
NUM  4.
PAR  4. Apparatus according to claim 2, wherein said playing surface is provided
      with projections extending therefrom and each of said indicia-bearing
      elements is provided with openings which fit over said projections, said
      projections serving to deflect the player piece moving along said playing
      surface and said indicia-bearing element.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein said guide surface meets said
      deflecting surface adjacent one end thereof, said playing surface is
      located above said guide surface and spaced from said deflecting surface
      when said game apparatus is in a position of use, and said deflecting
      surface is cylindrically curved so as to direct the player piece onto said
      playing surface in a generally rearward direction relative to the
      direction of movement of the player piece along said guide surface.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein said deflecting surface defines
      an edge along the direction traverse to the movement of the player piece,
      said edge being cut out in the midportion thereof in a manner such that a
      player piece moving along the central axial portion of said deflecting
      surface is given a relatively high trajectory and a player piece moving
      along either axial end portion of said deflecting surface is given a
      relatively low trajectory.
NUM  7.
PAR  7. Apparatus according to claim 1, further including a player element
      movably connected to said playing surface and extending from said surface,
      said player element including means operable by a person playing the game
      for moving said player element along a portion of said playing surface in
      a direction generally transverse to the direction of movement of a player
      piece along said playing surface.
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ABST
PAL  A plurality of marking elements of various shape, color and numerical value
      are connected together, in a row, by flexible straps. The marking elements
      are laid on a playing area and are flexible to remain substantially flat
      against the playing surface area. A basket, made from the particular area
      of a marking element, gives a score according to the number on the marking
      element and this is a measure of the difficulty in making a basket from
      that point. Competitive team scoring can be made by recording the
      occurrence of baskets and numerical value assigned each basket according
      to the player's location.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Basketball as a sport has become too specialized and too much associated
      with a dwindling number of players. What is needed is a basketball game
      which will open up competitive sport to people of all skills.
PAR  By increasing the scope of available players, it will be possible to open
      the game of basketball up to mixed groups including those varying in
      skill, age and sex and make possible competitive as well as individual
      play for all classes of players.
PAR  That is the purpose of the present invention to devise a game which makes
      it possible for a greater number of people to become involved in
      basketball so that all may enjoy the game according to a different set of
      rules while still maintaining the basic principles of basketball.
PAC  OBJECTS OF THE INVENTION
PAR  It is a principal object of the present invention to devise a variation of
      the game of basketball to make it possible for a greater number of persons
      to play for recreation and competition.
PAR  It is another object of the present invention to devise a variation of the
      game of basketball which will sharpen the skills of the player and develop
      basketball playing skills which will encourage players to improve their
      game and the resulting skills will carry over into the conventional
      basketball game.
PAR  It is another object of the present invention to provide an inexpensive and
      readily usable game plan and accompanying equipment which will make it
      possible to play a variation of the game of basketball and to do so on
      various playing areas including those found on hardwood floors, pavement,
      asphalt, etc. so that the game can be employed with or without the use of
      an expensive playing area.
PAR  It is an overall object of the present invention to devise a variation of
      the game of basketball which will sharpen skills used in conventional
      basketball but which is so devised as to enlarge the number of available
      people who can play the sport.
PAR  Other objects and features of the present invention will become apparent
      from a consideration of the following description which proceeds with
      reference to the accompanying drawings wherein a selected example
      embodiment of the invention is illustrated by way of example and not of
      limitation.
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PAC  DRAWINGS
PAR  FIG. 1 is an isometric view of playing area including a basket, a player
      with basketball, and the present invention;
PAR  FIG. 2 is an enlarged exploded view of a portion of the invention
      illustrating the marking elements;
PAR  FIG. 3 is a section view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is a plan view of a playing area having several of the marking
      elements at spaced locations on the playing area;
PAR  FIG. 5 is a plan view similar to FIG. 4 but showing further emplacements
      and uses of the present invention; and,
PAR  FIG. 6 illustrates the scoring card which is used for recording the game
      which can be played with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, a playing area designated generally by reference
      numeral 10 may consist of a hardwood floor when the game is played in a
      gymnasium, it being understood that the present invention is usable at any
      location including driveways for home use basketball courts or any other
      location that the player may choose to employ this game which is a
      modified form of basketball.
PAR  The basic idea of the basketball game is retained. That is, to pitch the
      basketball 13 through the basket 14 either with or without the use of the
      backboard 12. The basket 14 in the particular noted illustration is
      suspended at the designated height by a pole 16. The present invention
      improves the marksmanship of a player by providing a series of markers
      18-36 which are located on the floor 10 and, by their location determine
      the degree of difficulty of making a basket by shooting at the designated
      spot. For example, it is relatively easy to make a basket from the
      position of marker 18 and therefore a successful basket will be counted
      the assigned value of the marker, in this particular instance the value 1.
      Correspondingly, a basket made from marker 20 will have a value of 2 and
      so on until a basket is made from marker 36 which would carry a value 10,
      since it is farther from the basket 14 making it relatively more difficult
      to make a successful shot.
PAR  The various markers are held together by means of straps 38 having notched
      ends 40, 42 which are passed through slits 44 and the strap ends are held
      in place by a tape 46 (FIG. 3) having adhesive thereon. Each indicator
      18-36 may vary in shape, size or color and includes a number either
      embossed, painted or otherwise affixed to the upper surface.
PAR  It should be noted that each indicator is relatively flexible and conforms
      to the playing surface. When it is desired to use the game, the player
      simply rolls out the indicator to the desired location and commences
      taking shots from this location.
PAR  As indicated in FIGS. 4 and 5, the scoring device can be located either in
      line with the basket as indicated by the scoring elements 60 or they can
      be located to the right of the basket as indicated by reference numeral 62
      or the left shown by reference numeral 64. In any event, the player or
      players attempt to make baskets with at least one foot on an individual
      marker and if successful a score is tallied on score sheet 66 (FIG. 6) and
      the score assigned corresponds to the value on the individual marker.
PAR  The player can sharpen his shooting skills from any part of the court by
      moving the marker to the right or the left or to be at an angle to the
      basket as shown by reference numerals 68, 70 (FIG. 5) or transversely to
      the basket as indicated by reference numeral 72. The player or players are
      caused to take shots at virtually every angle and distance from the basket
      and thus their shooting skills are accurately assessed relatively to
      position. The players are constantly scored according to the successful
      shots and the degree of difficulty assigned to such shots. The game score
      is thus a true measure of the shooting skills of the player or players.
PAR  In order to make room for all competitors irrespective of their individual
      skills, it is possible to assign handicaps to individual players so that
      all may participate regardless of their skill.
PAR  The game is especially valuable in encouraging participation regardless of
      the level of skill and it is also valuable in evaluating a given player by
      a coaching staff.
PAR  The present invention contemplates team play as well as individual play in
      that the combined scores of players is utilized as a team score. Thus,
      team can compete against team with each team receiving the cumulative
      scores of its respective players.
PAR  The markers as previously mentioned can be numbered and colored according
      to design preference and the markers, while variable in composition, are
      typically rubber, nitrile and neoprene.
PAR  In another aspect of the game, the game contemplates moving a player from a
      more difficult shot position to a less difficult shot position after each
      miss so that play is always in accordance with the level of skill of the
      player in order to avoid frustration and loss of interest in the game.
PAC  OPERATION
PAR  In operation, the scoring elements 18-36 are laid out at a preferred angle
      on the court and the players each having at least one foot on a given
      marking element take their shots in turn. If the shot is successful, a
      score is reported on the scoring sheet 66 according to the number on the
      marking element which the player touches with his foot when the shot was
      made. Play continues with the players competing against themselves or each
      other, as individuals or teams.
PAR  More than one scoring element or a combination of scoring elements can be
      used, and their position changed from time to time so that the player
      gains familiarity with shooting from all parts of the floor. The player
      learns to appreciate the difficult shots as well as the easy shots since
      scoring is not only on the basis of baskets but from where the basket is
      made. Thus, a truer measure is made in this game because I combine the
      successful shots and difficulty of making such shots.
PAR  A player who is behind can select where he makes his shot so that
      proficiency is developed, taking into account the difficult as well as the
      easy shot and a premium is placed on consistency as well as shooting
      success.
PAR  The game is found to open competition to all players because it takes into
      account the original as well as the improving skills of the players.
PAR  The game is also a useful evaluating means for coaches and physical
      education instructors to evaluate the level of performance of the players.
PAC  ADDITIONAL GAMES
PAR  Another game which can be played with the present marking system is "ten
      ball." In this game, contestants shoot successively and each contestant
      starting from No. 1 continues shooting from one marking element to the
      next until the contestant misses. The next contestant then takes the
      following turn until the second contestant misses. On the second round,
      the first contestant resumes shooting from the spot that his last miss
      occurred and the first player to complete making baskets from all of the
      scoring elements is declared the winner.
PAC  CONCLUSION
PAR  It should be clear from the foregoing description that the games playable
      with the present invention can occur both indoors and outdoors and
      variations of the games described can be improvised, modified or added to,
      all within the teaching of the present invention. By specific reference to
      certain games this should not be construed as a limitation of the
      invention but merely to suggest its scope and versatility.
PAR  Another important feature of the present invention is that the marking
      elements are connected by relatively soft, plastic straps and there is no
      use of staples, screws or other metallic elements which could mar or
      otherwise damage hardwood playing surfaces and for that reason the
      invention is useable on expensive playing surfaces which are prone to be
      damaged, for driveways, and for other playing surfaces in general without
      limitation.
PAR  Although the present invention has been illustrated and described in
      connection with a few selected example embodiments, it will be understood
      that these are illustrative of the invention and are by no means
      restrictive thereof. It is reasonably to be expected that those skilled in
      this art can make numerous revisions and adaptations of the invention and
      it is intended that such revisions and adaptations will be included within
      the scope of the following claims as equivalents of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A basketball game intended for use with a basketball playing floor and
      backboard on which a basket is mounted, comprising a plurality of
      numerically identified marking elements of different sizes and shapes, and
      each bearing a different numerical value thereon, said marking elements
      each having a slot one at each of opposite ends thereof, and a plurality
      of flexible elongated rectangular strips each having a smooth non-abrading
      outer surface and each including notched ends proportioned to be received
      one within a respective slot of adjacent marking elements to locate
      successive adjacent elements relative to each other, said elements being
      individually moveable and moveable together about the playing area in
      relation to the basket to designate locations from which a player makes a
      shot and providing a scoring value when the shot is successful according
      to the marking element at the spot at which the basket is made.
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ABST
PAL  A game having a projectile coated with burr type material and a target to
      which the burr material adheres. In a preferred form the projectile is a
      ball having two wheel elements intersecting in planes at right angles to
      each other and provided with burr coated rims. A single wheel element may
      be used as a dart or slingshot projectile.
BSUM
PAR  This invention is a target game having a projectile with one or more rim
      sections coated with burr type material, an example of which is the
      textile material commercially available under the trademark "Velcro". The
      burr material sticks to a target at the point of impact to provide
      positive scoring information and is easily stripped from the target to
      provide a clean target surface. The production of the projectile is
      adapted to automation.
DRWD
PAR  In the drawing
PAR  FIG 1. is a plan view of an element of a ball,
PAR  FIG. 2 is a plan view of one of the other elements of the ball,
PAR  FIG. 3 is an end view of FIG. 2,
PAR  FIG. 4 is a section on line 4--4 of FIG. 1 with the FIG. 2 element
      assembled thereto,
PAR  FIGS. 5 and 6 are views of targets,
PAR  FIG. 7 is a diagramatic view showing the adherence of the burr coated
      surface to the target,
PAR  FIG. 8 is a side view of another ball element,
PAR  FIG. 9 is an elevation of FIG. 8 element, and
PAR  FIG. 10 is a section on line 10--10 of FIG. 8.
DETD
PAR  In a preferred form illustrated in the drawings, the projectile is a ball
      which consists of three parts adapted to injection molding from impact
      resistant thermoplastics such as high impact styrene, polyethelene,
      polypropylene, nylon, cryolac, etc.
PAR  The part shown in FIG. 1 is in the form of a wheel with a hub 1, a rim or
      felly 2 and a rim supporting means or structure such as disc 3 between the
      hub and the rim. In opposite ends of the hub 1 are non circular sockets 4
      for receiving complimentary projections 5 on the other parts of the ball.
      On the outer surface of the rim is a tire 6 of burr material. There is a
      large body of patent literature describing burr material and adhesives for
      attaching the burr material to various surfaces.
PAR  A convenient form of burr material for the tire 6 is pressure sensitive
      Velcro tape having a width equal to the width of the rim 2. The tape has a
      textile backing coated with a pressure sensitive adhesive and a face or
      pile of closely spaced stiff plastic spines terminating in hook ends. The
      tape can conveniently be applied by rolling the rim 2 over the length of
      tape equal to the outside circumference of the rim. As the rim is rolled
      over the adhesive side of the tape, the required pressure is applied to
      unite the tape and the rim. Alternately the tape could be wound around the
      rim.
PAR  The outer or hook surface of the tape makes gripping contact with many knit
      or tufted textiles and also with special gripping Velcro material having a
      surface or pile consisting of closely spaced plastic loops. The targets
      shown in FIGS. 5, 6 and 7 have a face 8 of knit nylon and a back 9 of
      urethane foam.
PAR  The target of FIG. 5 has printed legends adapting it to baseball scoring.
      The FIG. 6 target has legends for conventional scoring with the winner
      being the first to reach an arbitrary total of, for example, 33.
PAR  The disc or wheel 1 could be used by itself as the projectile for either of
      the targets FIG. 5, 6. It could be thrown as a flying saucer and the part
      of the tire 6 first contacting the target would be immediately gripped to
      indicate the score. For this purpose, the hub 1 and socket 4 would not be
      necessary. The disc 3 and rim 2 could be redesigned to incorporate the
      aerodynamic effects of flying saucer type projectiles. The cylindrical rim
      2 would be retained for ease of application of the burr material and also
      for improved gripping action. The flat tread of tire 6 maximizes the
      gripping contact particularly with a target of flexible material such as
      the foam backed nylon knit of FIG. 7.
PAR  In order to convert the disc or wheel element 1-3 a ball type projectile,
      two of the elements 10 shown in FIGS. 2 and 3 are assembled to opposite
      ends of hub 1. These elements are aligned in planes at right angles to the
      plane of the rim 2 by the non circular projections 5 which seat in non
      circular recesses 4 in opposite ends of hub 1. The elements 10 have rim
      segments 11 of substantially the same curvature as the rim 2 with ends 12,
      13 which when assembled in FIG. 4 abut opposite edges 14 of the rim 2. The
      elements 10 also have circular bosses 15 which when assembled are in
      essentially direct continuation with the hub 1. The rim segments 11 are
      reinforced by a segmental disc section 16. The parts 10 are adapted to
      injection molded thermoplastic in the same manner as the wheel element. A
      mold having three cavities could mold all of the parts for a ball in the
      same molding cycle. The rim segments 11 may be coated with tires 11a of
      burr material in the same manner as the rim 2. These operations are easily
      automated. The use of pressure sensitive adhesive is convenient but is not
      necessary. Other adhesives or fastening means may be used.
PAR  The outer or tread surface of the rim 2 and of segmental rim 11 is such
      that the burr material will easily conform to the backing of the material
      as it is applied. The backing of the Velcro burr material is easily
      bendable but is relatively non stretchable. A flat cylindrical surface 7
      as illustrated is ideal. A slight crowning as in pulleys can be tolerated.
      The curvature of the surface as viewed in FIG. 4 should not exceed the
      ability of the burr material to conform to the surface. The cylindrical
      outer surface of rim 2 and rim segments 11 should be substantially flat in
      an axial direction in the sense that the intersection with any plane
      through the axes of the rim 2 or rim segments 11 is a substantially
      straight line.
PAR  The radius of curvature of the rim 2 and of the segmental rims 11 are the
      same. Because the ends of the segmental rims contact the rim 2 in planes
      spaced on opposite sides of the axis of the hub 1 as shown in FIG. 1, it
      would appear from the section of FIG. 4 that the ball would encounter an
      objectionable bump when rolled on tires 11a. This does not happen and in
      any event is immaterial because the ball never rolls. As soon as the ball
      contacts the target, it sticks and does not roll.
PAR  When either tire 6 or 11a contacts the target squarely the adhesion to the
      target is as illustrated at 17 in FIG. 7. When the tires contact the
      target with the tires in place at an angle of 45.degree. to the target as
      shown at 18 in FIG. 7, the edge adhesion is ample and would be ample if
      only a single tire edge made contact with the target. The result is that
      the ball structure can be thrown or launched like a ball and will stick to
      the target at the point of contact.
PAR  The cost of the ball structure is much less than the cost of truly
      spherical balls with burr material applied to the outer surface. First,
      the burr material can only be applied to a spherical surface in spots or
      in narrow strips where the weakest adhesion is at the edges, the points at
      which the adhesion should be strongest. The burr material therefore tends
      to peel off the ball, a process which accelerates once started. Also
      peeling interferes with the aerodynamic properties destroying the fairness
      of the game. Second, the application of spots or narrow strips must be by
      hand. The result is that the cost of application is on the order of four
      times the cost of complete ball structure of this application.
PAR  In FIGS. 8, 9 and 10 is shown a part which may be used as a disc or flying
      saucer, as a sling shot propelled dart, as the tip or an arrow or dart, or
      which may be assembled with another like part to form a ball. The part has
      a rim or felly 20, and a rim supporting structure such as the web or disc
      21. The angular extent of the rim is 360.degree. minus the axial width of
      the rim. On the outer surface of the rim is a tire 22 of burr material.
      The outer surface of the rim is a flat cylindrical surface substantially
      the same as the surface 7 and the tire 22 may be tape Velcro with a
      backing coated with a pressure sensitive adhesive and a pile of burr
      material. The tape may be applied in the same manner as the tire 6.
      Extending diametrically across the web 21 in a plane 26 extending through
      the axis of the rim 20 midway between the ends 23 of the rim is a slot 24
      having a width substantially equal to the thickness of the web 21. On
      opposite sides of the slot are guideways 25 at an angle of substantially
      45.degree. to the plane 26. The slot 24 is open at the ends 23 of the rim
      and has its other end 27 closed by a catch or detent element 28 having
      detent shoulders 29. When another part identical with that shown in FIG. 8
      is rotated 180.degree. and turned into a plane at right angles to the
      plane 26 with the open ends of the slots 24 aligned and facing each other,
      pushing the parts together causes the catch 28, 29 of each part to be
      snapped beneath the ends 23 of the other part. This results in a ball
      structure assembly having external cylindrical surfaces of burr material
      the same as the ball illustrated in FIGs. 1-4 inclusive. The ball of FIGS.
      8-10 is simpler to make because it is fewer parts. Once assembled the
      balls of FIG. 1, 4 and 8, 10 are functionally identical.
PAR  The part of FIGS. 8-10 may be used alone as a disc or flying saucer. The
      part of tire 22 first contacting the target would be immediately gripped.
      The gripping action would be substantially that illustrated in FIG. 7. The
      disc could be thrown by hand or could be propelled by a launching device
      such as a sling shot. When used with a sling shot the rubber band of the
      sling shot would engage surfaces 30 and would propel the dart to the right
      as viewed in FIG. 8.
PAR  The part of FIGS. 8 to 10 may also be used as a tip of an arrow or dart
      having its shaft suitably fixed in the slot 24. The cylindrical surface of
      the dart provides a highly efficient target gripping surface which is also
      blunt and therefore safer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A game comprising a ball projectile having two intersecting wheel
      elements assembled at right angles to each other and coacting to form a
      ball, each wheel element having a rim with a cylindrical outer surface
      coated with a tread of burr material, the axes of the cylindrical surfaces
      intersecting each other at right angles, each wheel element having a
      recess extending inward from its periphery, the recess in one wheel
      element extending in a direction opposite the direction in which the
      recess in the other wheel element extends, and a target against which the
      projectile is to be propelled, said target being of material to which the
      burr material adheres upon contact so a burr coated surface of the
      projectile is adhered to the target at the point at which the surface
      strikes the target.
NUM  2.
PAR  2. The game of claim 1 in which the rims terminate in axially spaced
      circular edges.
NUM  3.
PAR  3. The game of claim 1 in which each wheel element has a one piece rim.
NUM  4.
PAR  4. The game of claim 1 in which each wheel element is a disc wheel.
NUM  5.
PAR  5. The game of claim 1 in which the wheel elements are of impact resistant
      thermoplastic having rims coated with a tape having a relatively non
      stretchable backing and a burr like pile.
NUM  6.
PAR  6. The game of claim 1 in which the slots have interengaging guide surfaces
      aligning the elements in planes at right angles to each other.
NUM  7.
PAR  7. A game comprising a ball projectile having two intersecting wheel
      elements at right angles to each other, each wheel element having a rim
      with a cylindrical outer surface coated with burr material, the axes of
      the cylindrical surfaces intersecting each other at right angles, one of
      the wheel elements having a one piece rim and the other wheel element
      having a rim in two segmental pieces in a plane at right angles to the one
      piece rim, and a target against which the projectile is to be propelled,
      said target being of material to which the burr material adheres upon
      contact so a burr coated surface of the projective is adhered to the
      target at the point at which the surface strikes the target.
NUM  8.
PAR  8. A game comprising a projectile having a first cylindrical outer surface
      coated with burr material and a target against which the projectile is to
      be propelled, said cylindrical surface being on the felly of a first wheel
      element and said wheel element having a hub integral with the felly and
      with said cylindrical surface, two segmental cylindrical outer surfaces
      concentric with each other and coated with burr material and with ends
      respectively abutting opposite sides of the first cylindrical surface,
      said target being of material to which the burr material adheres on
      contact so a burr coated surface of the projectile is adhered to the
      target at the point at which the surface strikes the target.
NUM  9.
PAR  9. A game comprising a projectile having a cylindrical surface which is
      coated with burr material and a target against which the projectile is to
      be propelled, said cylindrical surface being on the felly of a first wheel
      element, said projectile having in addition two segmental wheel elements
      with fellies in a plane at right angles to the plane of the first wheel
      element with segmental cylindrical outer surfaces coated with burr
      material, a hub on the first wheel element, bosses on the segmental wheel
      elements in line with the hub, interfitting elements on the hub and bosses
      for fixing the segmental wheel elements to the first wheel element, said
      target being of a material to which the burr material adheres on contact
      so a burr coated surface of the projectile is adhered to the target at the
      point at which the surface strikes the target.
NUM  10.
PAR  10. A game comprising a projectile having a first wheel element having a
      rim with a cylindrical outer surface coated with burr material and a
      target against which the projectile is to be propelled, said first
      cylindrical outer surface being on the outer part of a disc, the
      cylindrical surface being interrupted and the disc being recessed inward
      opposite the interruption, the recess cooperating with the ends of the
      cylindrical surface at said interruption to form a first detent element,
      the disc having a slot extending diametrally inward from said recess and
      terminating in a second detent element on the inner surface of said
      cylindrical surface and complimentary to the first detent element and
      extending a right angle to said disc, said target being of a material to
      which the burr material adheres on contact so a burr coated surface of the
      projectile is adhered to the target at the point at which the surface
      strikes the target.
NUM  11.
PAR  11. The game of claim 10 in which two of the projectiles are assembled in
      planes at right angles to each other with the detent elements engaged to
      form a ball.
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ABST
PAL  Equipment for playing hoop ball comprises a hollow inflatable balloon of
      toroidal shape having a central circular opening of sufficient diameter
      for passing a ball through it. A basket which may be somewhat similar to a
      basket used in playing basketball is attached to the balloon around the
      central opening and a tether is attached to the basket and secured to a
      suitable anchoring device which may be placed on the ground so that when
      inflated with a gas lighter than air, the balloon floats upward to an
      extent permitted by the length of the tether and in a position such that
      the central toroidal axis is in a vertical position so that a ball thrown
      upward can drop through the central opening and into the basket.
BSUM
PAR  This invention relates to equipment for use in a hoopball or basketball
      type of sport.
PAR  An object of the invention is to provide such equipment which can easily be
      transported to a park or beach or a picnic ground or the like and set up
      to provide an elevated basket somewhat similar to that used in a
      basketball game into which a ball may be thrown from beneath it.
PAR  The invention is carried out by provision of an inflatable toroidal-shaped
      balloon adapted to contain a lighter-than-air type of gas. A basket or net
      which may be of a fabric somewhat similar to that used in a basketball
      game is fastened to the balloon around its central opening. A tether cord
      arrangement is attached to the equipment and arranged to be attached to a
      base position which may be at the ground. When a ball is thrown upward so
      that it drops through the central opening of the balloon into the basket
      the basket will hold the ball, and the weight of the ball will usually be
      sufficient to carry the balloon down to its base where the ball may be
      retrieved.
DRWD
PAR  The foregoing and other features of the invention will be better understood
      from the following detailed description and the accompanying drawing of
      which:
PAR  FIG. 1 is a side elevation view showing a balloon with a net and tethers,
      according to this invention; and
PAR  FIG. 2 is a top plan view of the equipment of FIG. 1.
DETD
PAR  Referring to the drawing there is shown a balloon 1 in the form of a hollow
      doughnut or toroid, which may be shaped somewhat like an inner tube of an
      automobile or truck tire, containing a gas lighter than air, so that the
      balloon will rise in the air. A basket 2 is hung from, or attached to, a
      circular part of the balloon at a position at or near the inner periphery
      of the balloon, from suitable fastening members 3 which are attached to
      the balloon, as by cement. The basket shown in the drawing is similar to a
      basketball net except that it is substantially closed at the bottom so
      that it will hold a ball of a type likely to be used with it. A tether 4
      is attached to a fastening member 5 at a central position at the bottom of
      the basket and brought down to a base, ordinarily the ground, for
      fastening to a suitable object, for example a brick or the like 8.
PAR  The balloon may be of the permanently inflated type which may be sealed
      with the gas in it. It will generally be more convenient, however, to
      provide for transporting the balloon in a deflated condition, in which
      case the balloon will have a suitable valve through its envelope. As such
      valves for a balloon are well known, no valve is shown in the drawing. The
      process of inflating such a balloon having a valve can be done by use of a
      tank or container of pressurized gas. The preferred gas is helium or other
      light non-flammable gas, but other light gases may be used instead, for
      example hydrogen or a light hydrocarbon gas.
PAR  The material of the wall or skin of the balloon may be of any suitable
      lightweight, flexible gas-retaining fabric or material such as are well
      known in the art. These may include rubber, plastic or other fabrics.
PAR  From the drawing and the foregoing description it is seen that the
      equipment can be carried to a desired place and when the balloon is
      inflated, a suitable length of the tether 4 will be selected for
      attachment to the anchor member 8 and the balloon released. The balloon
      will then float upward until the tether becomes taut. The balloon will
      float in the air in the desired position wherein the area through its
      central opening is horizontal, that is, the central axis is vertical.
CLMS
STM  I claim:
NUM  1.
PAR  1. Equipment for playing hoop ball comprising:
PA1  a balloon having a wall of toroidal shape and having a central circular
      opening of great enough diameter for passage of a ball through it, said
      wall being hollow and filled with a gas lighter than air;
PA1  a basket having a circular upper edge attached around a circular part of
      the balloon encompassing the circular opening, said basket being
      sufficiently closed at its bottom to hold the ball;
PA1  tether means attached to the equipment; and
PA1  means attaching said tether means to a base at a position beneath the
      center of the basket.
NUM  2.
PAR  2. Equipment according to claim 1 in which the tether means attached to the
      equipment comprises a tether attached to the bottom of the basket at a
      central position thereof.
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ABST
PAL  A novel game apparatus and method of play which includes a game board and a
      number of pawns or player elements, certain of which are representative of
      forces of good and others of which are representative of forces of evil
      and which are selectively movable along or over the game board in order to
      achieve a predetermined game objective.
PARN
PAR  This is a continuation of application Ser. No. 278,575, filed Aug. 7, 1972,
      now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, the present invention relates to a method and apparatus
      for playing a game which includes a game board representative of a real or
      imaginary geographical area. As little as two and as many as 57 different
      players can play the game by manipulating a plurality of pawns or player
      elements upon the board. The pawns consist of a first plurality of pawns
      which are representative of forces of good and a second plurality of pawns
      which are representative of forces of evil. The game board has depicted
      thereon a map of a geographical area which is typically divided into
      "east" and "west" sections lying on the opposite sides of a geographical
      boundary, such as a river or other dividing indicia. The various pawns are
      given certain numerical powers ranging from 0 through 10. The power of
      each respective pawn is imprinted directly on the pawn and when the
      various pawns are placed upon the game board or map, the indicia
      indicating the power of the pawn faces toward the player or players who
      are in control of such pawns, with the result that the opposing player
      cannot observe and hence does not know the specific power of each of the
      pawns of the opposite player. The "evil" pawns are initially placed on one
      side of the boundary and the "good" pawns are initially placed on the
      opposite side of the river.
PAR  The actual playing of the game consists of alternate players (in the case
      of two separate persons playing the game) taking alternate turns, with
      each turn consisting of moving one of his respective pawns in a
      predetermined manner. During each turn, any one pawn can be moved in a
      straight line in any direction one or two spaces or sections which are
      defined by a gridwork on the game board. No one pawn may jump over another
      pawn which is lying along its path of movement and certain of the pawns
      may move in a predetermined direction any amount of spaces. In addition,
      as the respective pawns move to certain geographical areas depicted on the
      map of the game board, these pawns may move only one space per turn. For
      example, the pawns may move only one space per turn as they move through
      or across rivers, mountains and certain forested areas of the map.
PAR  When pawns of opposing forces (players) occupy spaces that are directly
      adjacent one another or are obtainable from their respective positions
      during a player's turn, an encounter of the two respective pawns can be
      made. Such encounters occur simply by one player taking his pawn and
      knocking over the opposing pawn with the encountering pawn. When an
      encounter is made, the player making the encounter calls out the pawn's
      name or the power of his pawn and the pawn with the lesser power is
      removed or eliminated from the game. In the event pawns of like power or
      value encounter one another, the pawn striking first is to be considered
      the more powerful one. Certain of the pawns have the characteristic that
      they cannot eliminate an opposing pawn; however, they have the ability to
      "trap" an opposing pawn upon an encounter occurring therebetween. When a
      pawn is trapped by such an opposing pawn, the trapped pawn cannot make any
      further moves until such time as it is released by a pawn that has the
      power to release it (either good or evil) and this occurs at such time as
      another pawn encounters the trapping pawn of the opposing side. Underlying
      the various moves by the pawns of the respective forces of good and evil
      is the object of moving certain of the pawns to a predetermined
      geographical location on the game board and the object of the opposing
      pawns to prevent such movement. The various movements of these pawns,
      along with various additional game objectives, will become apparent with
      the following detailed description.
PAR  It is accordingly a general object of the present invention to provide a
      new and improved game which includes a game board and a plurality of pawns
      or player elements which are adapted to be alternately moved by opposing
      players.
PAR  It is another object of the present invention to provide a new and improved
      game wherein as little as two and as many as in excess of fifty players
      can play.
PAR  It is still another object of the present invention to provide a new and
      improved game of the above character which is extremely easy to understand
      and easy to play.
PAR  Other objects and advantages of the present invention will become apparent
      from the following detailed description taken in connection with the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates a game board which is embodied in the present invention;
PAR  FIG. 2 is a schematic representation of a first plurality of player
      elements or pawns which are used in connection with the game of the
      present invention; and
PAR  FIG. 3 is a schematic representation of a second plurality of player
      elements or pawns which are to be used in connection with the game of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now in detail to the apparatus of the novel game of the present
      invention, as best shown in FIG. 1, such apparatus includes a game board
      or playing area representatively designated by a numeral 10 and which may
      consist of a printed section of cardboard, cloth, leather or other
      structural material having a geographical map depicted thereon. The map on
      the game board 10 includes a first geographical area 12 which is
      representatively designated by the name "The Shire" and which is provided
      with a plurality of adjacent areas 14, 16 and 18 that are respectively
      given the names of Rohan, Gondor and Mordor. A second geographical area,
      representatively designated as "The Forest of Mirkwood" or the "Mirkwood
      Forest" is depicted on the board 10 and is designated by the numeral 20.
      The map is provided with a river or other boundary type indicia designated
      by the numeral 22 and entitled, for purposes of this disclosure, the
      Anduin River. A grid consisting of a series of horizontal and vertical
      lines 24 and 26 are equally spaced upon the map of the game board 10 and
      define a plurality of spaces upon which the player pawns are to be
      situated, in a manner hereinafter to be described. It will be noted that
      the lines 24, 26 define a plurality of square spaces in the game board
      shown in FIG. 1; however, the present invention is in no way to be limited
      to this configuration since the pawn areas may consist of parallelograms,
      triangles or other polygonal areas of uniform or differing sizes.
PAR  Generally speaking, the player elements or pawns, hereinafter to be
      described in detail, are divided into two groups, with a first plurality
      of pawns being representative of forces of good (or some other real or
      imaginary group) and a second plurality of pawns being representative of
      forces of evil. The basic playing field defined by the game board 10 is
      intended to be divided into two essential areas, namely the area on the
      left or west side of the game board 10 and the area on the right or east
      side of the game board 10. The two areas are divided by some imaginary or
      real boundary which, in the present application, consists of the Anduin
      River 22. It will be appreciated, of course, that the present invention is
      not intended to be limited to the specific configuration shown in FIG. 1
      since various geographical or other areas could be depicted thereon and
      the boundary between the two opposing areas upon which the player elements
      or pawns are initially situated could be provided by any one of a number
      of different dividing or boundary structures, such as an imaginary wall,
      forest, or the like.
PAR  Referring now in detail to the player elements or pawns, as best seen in
      FIGS. 2 and 3, the pawns consist of three-dimensional members which may be
      fabricated, for example, of wood, stone, or other natural or synthetic
      materials. These pawns may typically be the size suitable for convenient
      movement upon the game board 10 and are representatively shown as being
      circular-cylindrical in shape, although various other sizes and shapes
      will be found to be satisfactory for purposes of playing the game of the
      present invention. Generally speaking, the plurality of player elements or
      pawns consists of a first plurality of pawns, generally designated by the
      numeral 28, which are representative of good and which may be played by
      one or a first group of players, and a second plurality of pawns,
      generally designated by the numeral 30, which are representative of evil
      and may be played by a second player or group of players. The first and
      second pluralities of pawns 28 and 30, respectively, consist of a
      multiplicity of pawns which have indicia placed thereon indicating the
      power or ranking of the respective pawns ranging from 0 to 10. In
      addition, the indicia on the respective pawns may include the name of the
      various pawns, which names are hereinafter given merely for purposes of
      example.
PAR  In accordance with one preferred form of the present invention, the first
      plurality of pawns 28, representative of good, consists of one pawn having
      a power of at least 10 and entitled Gandalf the Wizard; one pawn having a
      power of at least 9 and entitled Aragorn the King; two pawns having a
      power of at least 8 and entitled Gimili and Legolas; three pawns having a
      power of at least 7 and entitled Merry, Pippin and Sam; five pawns having
      a power of at least 6 and all given the name Dwarf; three pawns having a
      power of at least 5 and entitled Ents; three pawns having a power of at
      least 4 and entitled Men of Rohan; three pawns having a power of at least
      3 and entitled Eagles; six pawns each having a power of at least 2 and
      entitled Elves; one pawn having a power of at least 1 and entitled Bilbo
      and one pawn having a power of 0 and entitled Frodo. The second plurality
      of pawns, generally designated by the numeral 30, consists of one pawn
      having a power of at least 10 and entitled Sauron the Wizard; one pawn
      having a power of at least 9 and entitled Saruman the Wizard; two pawns
      having a power of at least 8 and entitled Balrog; three pawns having a
      power of at least 7 and entitled Nazgul; five pawns having a power of at
      least 6 and entitled Trolls; three pawns having a power of at least 5 and
      entitled Spiders; three pawns having a power of at least 4 and entitled
      Wraith; three pawns having a power of at least 3 and entitled Wargs; six
      pawns having a power of at least 2 and entitled Orcs; and one pawn having
      a power of at least 1 and entitled Gollum.
PAR  In addition to the above apparatus, as best seen in FIG. 1, the game board
      10 is provided with an additional apparatus in a form of a marker element
      32 which is in the form of a stone intended to be representative of a
      mountain, which element 32 is entitled "The Mountain of Doom" and is
      intended to function in a manner hereinafter to be described.
PAR  For purposes of identification, each person playing the game is termed a
      "player" and "the player" is a person who is taking his turn at a
      particular point in the game. Additionally, a player may consist of a
      single individual or a group of individuals and accordingly, a minimum of
      two players can play the game and as many players can play the game as
      there are pawns; however, for purposes of simplicity of disclosure, the
      game of the present invention will now be described as it would be played
      with two players, one of which is representative of good and is in
      control, i.e., is adapted to move, the first plurality of pawns 28, and a
      second player which is representative of evil and is in control of the
      second plurality of pawns 30. Preparatory to initiating an actual game,
      the Mountain of Doom 32 is selectively placed on the game board 10, for
      example, somewhere in the Mordor 18. Thereafter, each of the two players
      is assigned one of the plurality of pawns 28 and 30. The players take
      their respective pluralities of pawns 28 and place them one on each of any
      of the pawn positions 24 located on the opposite sides of an imaginary
      boundary separating the east side of the map on the game board 10 from the
      west side of the map. This imaginary boundary for purposes of
      illustration, consists of the Anduin River 22, as previously described. In
      a preferred playing of the present invention, the first plurality of pawns
      28, representative of good, are placed east of the Anduin River, while the
      second plurality of pawns 30 are placed west of the river 22. The various
      pawns may be located in any desired manner, provided, however, that each
      pawn is placed on a separate pawn position 24. The various pawns 28, 30
      are oriented on the game board 10 such that the player who is in control
      thereof can observe the indicia, i.e., name and power, of his respective
      pawns and such that the opposing player cannot see such indicia. Thus, the
      indicia on the pawns 28 will face to the left side of the game board 10 as
      depicted in FIG. 1, while the indicia on the plurality of pawns 30 will
      face the right side of the game board 10, as shown in FIG. 1. Once the
      pawns have been thus positioned, no further movement can be made until the
      game is initiated.
PAR  The game is initiated by the player who is in control of the forces of
      good, i.e., the first plurality of pawns 28, making a first move.
      Thereafter, the players will alternate turns, with the next turn being
      taken by the player representative of the forces of evil, the following
      move by the player representative of the forces of good, etc.
PAR  A "move," as defined herein, consists of a player taking one of his pawns
      and actually repositioning it on some other pawn position on the board 10.
      The pawns can move in a straight line, in any direction, one or two
      spaces, i.e., pawn positions, during each turn. In addition, the Wizards,
      Elves, Orcs, Gollum and Frodo may move as many spaces in a straight line
      as desired each turn. No pawn may jump over another pawn. In addition, all
      pawns may move only one space per turn as they are moving through or
      across a river, mountain, or forest, or any other predetermined
      geographical location on the game board 10.
PAR  At such time as two pawns of opposing forces, i.e., of the different pawn
      pluralities 28 and 30, occupy pawn positions that are directly adjacent to
      one another, an encounter can be made. It will be noted, however, that
      simply because pawns of different forces occupy such adjacent spaces, an
      encounter need not occur. An "encounter" is defined as one player during
      his turn, moving a selected pawn onto the adjacent pawn position which is
      occupied by the pawn of the opposing player, whereby the occupied pawn is
      caused to be knocked down or to fall over. At the same time, the player
      who is moving his pawn calls out the name of his encountering pawn. As the
      encounter occurs, the opposing pawn is revealed, i.e., the power of a pawn
      which has been encountered, is disclosed. The pawn with the greater power
      is considered to be superior to that of a pawn of lesser power, and the
      less powerful pawn must then be removed from the game. In the event pawns
      of like value or power are encountered, the pawn striking first is
      considered to be the more powerful.
PAR  The pawns which are entitled Ents and Spiders having the power of 5 are
      considered special pawns in that when they are confronted during an
      encountering procedure, they cannot cause the opposing pawn to be
      eliminated; however, they do have the power to trap the opposing pawn.
      Thus, when an opposing pawn is encountered by either an Ent or a Spider,
      the Ent or Spider "traps" the opposing pawn and thereby prevents the
      opposing pawn from making any further movements during subsequent turns.
      The pawns which are entitled Trolls and Dwarfs having a power of 6 are the
      only pawns which have the power to cause a "trapped" pawn to be released
      from an Ent or a Spider. In order to effect such a release, the Troll or
      Dwarf, depending on whether or not an Ent or a Spider has caused an
      opposing pawn to be trapped, is moved so as to effect an encounter with
      the Ent or Spider. When such an encounter does occur, the Ent or Spider
      which has performed the trapping of the opposing pawn is eliminated, thus
      freeing the trapped pawn so that he can be moved during subsequent moves.
PAR  Referring to pawns which have particular power, namely, Gimili which is a
      Dwarf and functions as other Dwarfs function, i.e., in removing Spiders;
      the Gimili pawn has a power of 8 and thus gives him a greater encountering
      power. In addition, Legolas, which is an Elf pawn and can move as other
      Elves move, i.e., as many spaces in one direction as possible; however,
      Legolas has a power of 8 and thus he has a greater power than the
      remaining of the Elves which only have a power of 2.
PAR  The general object of the game is three-fold; the first object is for the
      player representative of the power of good, i.e., the player who is in
      charge of the first plurality of pawns 28, to move Frodo, who has the
      power of 0, to the Mountain of Doom, wherever the member 32 has been
      placed during a particular game. The reason for this is that Frodo is in
      possession of an imaginary ring which must be destroyed, and this
      destruction can only occur at the Mountain of Doom. The second objective
      is that the player or players in control of the force of evil, i.e., the
      plurality of pawns 30, is to find Frodo and return him to the Mountain of
      Doom; the final object of the game is for Gollum to find Frodo and cause
      an encounter to be made therewith, thereby ending the game.
PAR  It is to be noted that the present invention is not limited to the specific
      method and apparatus hereinabove described since varying numbers of pawns
      having different powers may be utilized without departing from the scope
      of the present invention. In addition, the present invention is not
      intended to be limited to the pawns having the names hereinabove described
      which have been presented merely for purposes of example. Also, the
      present invention is in no way to be limited to the specific geographical
      depiction on the game board 10, since various other geographical areas
      could be depicted, which geographical locations could be fictional or
      non-fictional, real or imaginary, as desired. It is also contemplated that
      the present invention could occur, not on a game board, but on an actual
      area of ground wherein the various pawns would be represented by
      individual persons having indicia in the form or a card or placard located
      on their back, with the encountering occurring between individual persons
      and resulting in the elimination of these people by the persons having a
      placard indicating a greater power. Of course, various other related
      apparatus and methods are intended to come within the scope of the present
      invention, as defined by the appended claims.
PAR  While it will be apparent that the preferred embodiment of the invention
      disclosed is well calculated to fulfill the objects above stated, it will
      be appreciated that the invention is susceptible to modification,
      variation and change without departing from the proper scope or fair
      meaning of the subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination, a game apparatus consisting of:
PA1  a game board having means depicting a geographical area including first and
      second irregular, non-symmetrical, non-mirror image geographical sections
      and means defining a boundary between said sections,
PA1  means defining a plurality of generally uniformly distributed pawn
      positions on said geographical area, a predetermined number of pawns
      located on said pawn positions, said predetermined number of pawns
      consisting of a first plurality of pawns each having indicia means on the
      side walls thereof representative of a power of between 1 and 10 and
      oriented on selected pawn positions on said first geographical section
      such that said indicia faces away from said second geographical area, a
      second plurality of pawns equal in number to said first plurality with
      each having indicia means on the side walls thereof representative of a
      power of between 1 and 10 and oriented on selective pawn positions on said
      second geographical section such that said indicia faces away from said
      first geographical section, and a pawn having an indicia of 0 located on
      one of said first and second geographical sections, and
PA1  a movable marker located on the other of said geographical sections and
      defining an objective piece for said last mentioned pawn.
NUM  2.
PAR  2. The invention as set forth in claim 1 wherein at least one of said pawns
      has the power to trap other of said pawns so as to prevent further
      movement of the trapped pawn from one of said pawn positions to another
      thereof, and wherein at least one of said pawns is capable of effecting
      release of said trapped pawn.
NUM  3.
PAR  3. The invention as set forth in claim 1 wherein said first plurality of
      pawns comprises twenty-eight pawns having the following powers: one pawn
      having a power of 10, one pawn having a power of 9, two pawns each having
      a power of 8, three pawns each having a power of 7, five pawns each having
      a power of 6, three pawns each having a power of 5, three pawns each
      having a power of 4, three pawns each having a power of 3, six pawns each
      having a power of 2, and one pawn having a power of 1.
NUM  4.
PAR  4. The invention as set forth in claim 3 wherein said pawn having a power
      of 10 is Gandalf the Wizard, wherein said pawn having a power of 9 is
      Aragorn the King, wherein said pawns having a power of 8 are Gimili the
      Dwarf and Legolas the Elf, wherein said pawns having a power of 7 are The
      Hobbitts, Merry, Pippin and Sam, wherein said pawns having a power of 6
      are the five Dwarfs, wherein said pawns having a power of 5 are Ents and
      the two Walking Trees, wherein said pawns having a power of 4 are the
      three Men of Rohan, wherein said pawns having a power of 3 are the three
      Eagles, wherein said pawns having a power of 2 are the six Elves, wherein
      said pawn having a power of 1 is Bilbo the Hobbit.
NUM  5.
PAR  5. The invention as set forth in claim 3 wherein said pawn having a power
      of at least 10 is Sauron the Wizard, wherein said pawn having a power of
      at least 9 is Saruman the Wizard, wherein said pawns having a power of at
      least 8 are the Balrogs, wherein said pawns having a power of at least 7
      are the Nazguls, wherein said pawns having a power of at least 6 are the
      Trolls, wherein said pawns having a power of at least 5 are the Spiders,
      wherein said pawns having a power of at least 4 are the Wraiths, wherein
      said pawns having a power of at least 3 are the Wargs, wherein said pawns
      having a power of at least 2 are the Orcs and wherein said pawn having a
      power of at least 1 is Gollum.
NUM  6.
PAR  6. The invention as set forth in claim 1 wherein said second plurality of
      pawns comprises twenty-eight pawns having the following powers: one pawn
      having a power of 10, one pawn having a power of 9, two pawns each having
      a power of 8, three pawns each having a power of 7, five pawns each having
      a power of 6, three pawns each having a power of 5, three pawns each
      having a power of 4, three pawns each having a power of 3, six pawns each
      having a power of 2 and one pawn having a power of 1.
NUM  7.
PAR  7. The invention as set forth in claim 1 wherein said pawn having an
      indicia of 0 comprises Frodo the Ringbearer.
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ABST
PAL  A board game in which a playing piece, representing the ball, is moved from
      zone to zone in an attempt to score points as in the actual game of
      basketball. A dial control is provided for each player which may or may
      not stop play upon the advancement of the ball from one zone to another,
      the next step in the resumption of play being decided by the rolling of
      dice.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention, which I have named "Zone Basketball", relates to games, and
      more particularly to the type of game which features the moving of a
      playing piece, or marker, upon a board, the free movements of the marker
      being initially established by the setting on a control dial. Further play
      is decided by the rolling of dice upon the interruption of the free
      movement. There are many games in which the movements of markets are
      controlled by the folling of dice, but in the present invention a dual
      control system has been adopted whereby the playing piece may be directed
      into any of a number of different situations during the course of a game.
PAR  The principal object of the invention is to provide a game board and
      accessories, as will be described herein, which, while affording a means
      of recreation, will introduce an element of risk, varying in each
      particular situation, based on the law of probability.
PAR  A further object of the invention is to provide a game in which a player,
      aware of the risks involved, is free to decide on one of a number of
      possible moves to make, in his attempt to score points, as he moves from
      zone to zone.
PAR  These and other objects of the invention will become apparent during the
      course of the following description and appended claims, taken in
      connection with the accompanying drawings forming a part hereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the "West Goal" half of the game board.
PAR  FIG. 2 is a plan view of the "East Goal" half of the game board.
PAR  FIG. 3 is a transverse cross-section taken on line 3 -- 3 of FIG. 2.
PAR  FIG. 4 is a perspective view of a typical playing piece.
PAR  FIG. 5 is an elevation of a dial which is set to indicate the progress of a
      game by quarters.
PAR  FIG. 6 is a unit score indicator for the home team.
PAR  FIG. 7 is a tens score indicator for the home team.
PAR  FIG. 8 is a unit score indicator for the visiting team.
PAR  FIG. 9 is a tens score indicator for the visiting team.
PAR  FIG. 10 is the rotary part of a zone control indicator.
PAR  FIG. 11 is the base part of the zone control indicator for the east goal.
PAR  FIG. 12 is the base part of the zone control indicator for the west goal.
DETD
PAR  Referring to the drawing in detail, a playing board 30 is illustrated, one
      half on FIG. 1, and the other half on FIG. 2. A match line M-L appears on
      each view. A playing court or area 31 has been laid out on the board and
      is divided into a plurality of longitudinally and transversely aligned
      zones as indicated. In the presently disclosed embodiment there are three
      longitudinal rows of nine zones each; however, this arrangement is not to
      be considered restrictive in either number or pattern. The center row of
      the nine transverse rows does not have the individual zones numbered. The
      remaining 24 zones are numbered consecutively as indicated by the
      encircled numerals appearing on the drawings.
PAR  All zones, with the exception of the central zone, have a series of
      probability numbers indicated thereon, as, for example, zone 12 carries
      the numbers 3. 5. 9. 11. The purpose of these numbers will be explained
      further herein. These probability numbers are arranged as shown, in order
      that they can be easily read from either side of the board. It should be
      noted that some of the zones have more probability numbers than others.
      Zones 2, 5 and 8, and 17, 20 and 23 are considered as high risk zones, and
      have been so identfied by the double encirclement. In the production of
      the commercial model, other means of distinguishing these zones may be
      selected. Also, the probability numbers themselves could be replaced by
      other suitable symbols. It should be further called to attention that
      there is an added significance in the arrangement and frequency of
      occurrence of certain of the probability numbers which is definitely
      related to a similar arrangement of the numbers on the zone control
      indicators.
PAR  Appearing on the board 30, outside of the playing court, are tables 32 to
      36 inclusive, each of which has been suitably captioned. These tables are
      so placed in order that the information they contain is immediately
      available to the participants during play, and their purpose will become
      apparent upon reference to the section headed "RULES OF THE GAME".
PAR  Located at the east end of the playing board 30 is a score board 37. This
      board 37 is illustrated in elevation by FIG. 3. Mounted thereon, in any
      suitable manner, are a series of rotatable dials, as follows: A central
      dial 38, which indicates the progress of the game by quarters, unit and
      tens score indcators 39 and 40, respectively, for the home team, and unit
      and tens indicators 41 and 42, respectively, for the visiting team. The
      only difference between the pairs of score indicators is the fact that
      rotation of the dials for score advancement is always toward the
      respective adjacent end of the score board, dials 41 and 42 being rotated
      clockwise, and dials 39 and 40 being rotated counterclockwise. Details of
      the dials are illustrated by FIGS. 5 to 9 inclusive. Apertures 43, 44 and
      45 are provided in the board 37 through which the numerals can be seen.
      While the score board is an essential part of the combination of the
      complete game, its location is not restricted by the disclosure of the
      present embodiment. It could be entirely separate from the playing board,
      and still serve the purpose for which it is intended.
PAR  Illustrated by FIGS. 10, 11 and 12 are details of the zone control
      indicators. Each indicator consists of a base member 46 or 47, having a
      rotatable disc 49 mounted thereon in the usual manner with such devices.
      This disc 49 is provided with an aperture 50 and also has an arrow 51
      imprinted thereon. When the arrow is brought into register with one of the
      asterisks 48, on the base, the group of three numbers appearing through
      the aperture will be the zone controlling numbers for the start of that
      particular period of play. Although the numbers differ in arrangement
      between the base 46 and the base 47, the frequency of occurrence of
      individual numbers is similar. This frequency of individual numbers is of
      significance relative to the aforesaid arrangement of numbers in the high
      risk zones. In the disclosed embodiment, the numbers 2 and 23 appear most
      often, followed by the numbers 5 and 20, and then the numbers 8 and 17.
      These numbers, which constitute the high risk probability, will be printed
      in red. All others will be printed in black or some other distinguishing
      color.
PAR  The aforesaid risk is explained by the following typical example: East has
      the ball and moves into zone 2, the chances of scoring are then much
      greater than from any other position. This is obvious from the numbers 4,
      5, 6, 7, 8, 9 and 10 listed in this zone, as compared with zone 9, for
      example from which a successful shot can only be made by rolling a 5, a 7,
      or a 9. The attendant risk of play being stopped, however, from the former
      position, is four times as great, the number 2 appearing eight times on
      West's control dial, while the number 9 appears only twice.
PAR  The difference in the said arrangement of numbers, together with the fact
      that each of the zone control indicators has three starting points,
      virtually precludes the possibility of memorization of the numerals. A tab
      or button 52 is attached to the disc 49 to enable the manipulation of said
      disc.
PAR  A form of playing piece 53, presently contemplated, is illustrated on FIG.
      4. This, of course, could be replaced by any suitable small object.
PAR  Object of the game.
PAR  The object of the game is to advance the ball through the zones on the
      playing court or area in such a manner that the probability of scoring,
      each time a shot is made, is optimum. To optimize the probability, a
      player must risk taking the ball into the zones nearest the basket,
      knowing that there is an increased possibility that the opponent may have
      one or more of those zones controlled.
PAR  A typical example of moves toward an opponent's goal is as follows: East
      goal is on the defensive and its zone control dial is set at the center
      point. This setting definitely establishes free movement by West, of the
      ball forward, from tier to tier into any zone except 20 and 23.
      Interruption of the free movement would occur if either of zones 20 or 23
      were entered. Play would then be stopped by the sounding of a buzzer or
      other signal by the defensive team. Further play would then be determined
      by the rolling of the dice, and reference to the table ON ALL BUZZER
      SOUNDS.
PAC  DESCRIPTION OF PLAY
PAR  The game of zone basketball is based on the law of probability. The nearer
      to a basket that the ball is moved, the greater is the probability of a
      successful shot. Such moves, however, increase the risk of play being
      stopped. Players must decide how much risk to take as they approach closer
      to the scoring area. As stated above, play is stopped upon the movement of
      the playing piece into a zone, the identification number of which
      coincides with one of the numbers in the set position of the zone control
      indicator of an opponent. Play is resumed by the rolling of a pair of
      dice, one of which will be colored red, and by reference to tables
      imprinted on the board.
PAR  Step by step rules.
PAR  1. A coin is tossed or dice are rolled to determine "Home Team" and choice
      of goal to defend.
PAR  2. Each player sets his zone control dial at one of the three start points.
PAR  3. A method of keeping time for the quarters is decided upon, and if a
      watch or timer is selected, a setting is made for a period of time which
      conforms to the official current rules of basketball or any agreed upon
      length of time.
PAR  4. The ball is tipped off at center court by a roll of the dice by the
      "Home Team". Data on the "Tipoff Chart" determines which team gets the
      ball.
PAR  5. The team getting the tipoff, which is now the offensive team, takes the
      ball down the court, moving from zone to zone, selecting only one zone in
      each transverse row or tier. As each zone is entered, the number is called
      so that the defensive team can check it against its zone control
      indicator.
PAR  6. If the offensive team arrives safely at a zone from which it wishes to
      attempt a basket, the player calls "Shoot". The dice are then rolled by
      the offensive team to try to match one of the probability numbers in the
      particular zone. If the number is matched, two points are registered on
      the score board. Play continues by turning the ball over to the other
      team. It is then brought back into play from any point behind the basket.
PAR  7. If the offensive team fails to score, a rebound situation results and
      recovery of the rebound is determined by referring to the "Rebounds
      Chart".
PAR  8. If, while taking the ball down the court, the offensive team enters any
      zone controlled by the defending team, the defending team calls out
      "Buzz", or gives some other indication that the referee has ruled the ball
      dead. To determine why play is stopped, reference is made to the chart
      headed "On all buzzer sounds". The offensive team rolls the dice to
      determine the outcome.
PAR  9. Rebound situations are controlled as indicated on the tables imprinted
      on the playing board. The white die determines which team recovers the
      ball, and the red die denotes the zone where the recovery is made.
PAR  10. Play continues back and forth until the end of the quarter.
PAR  Both the white die and the red die are read to determine all dice totals.
      After baskets are made, the ball is put into play from any point behind
      the opponent's goal. From that point, one zone in each tier must be
      entered in moving the ball towards the opposite goal. On out of bounds
      calls, the ball is put in play opposite the tier where it went out. Any
      zone in that tier may be entered in returning the ball to the court. Long,
      half court shots, usually tried in the last seconds of play, are
      permissible only from zones in the opponent's half of the court. These
      zones, namely 2, 5 and 8, and 17, 20 and 23, are included in the areas
      labeled FREE THROW on the board. The small red numbers appearing over the
      words FREE THROW apply.
PAR  Each time a new quarter begins, the zone control dials are set at one of
      the three start points. Whenever the ball changes hands, the defensive
      team immediately rotates the zone control dial clockwise to the next set
      of numbers. Any time the offensive team wishes to challenge a "Buzz" it
      may do so by requiring the defensive team to show the number on its zone
      control indicator.
PAR  From the foregoing it will be apparent that I have provided a game which,
      while affording a means of recreation, will further stimulate interest by
      the introduction of an element of strategic choice whereby any one of a
      number of situations may occur, as in an actual game of basketball. While
      I have illustrated and described a preferred embodiment of my game board
      and appurtenances, it should be understood that further modifications may
      be made within the spirit and intent of Title 35 United States Code,
      Section 112, Par. 3.
CLMS
STM  I claim:
NUM  1.
PAR  1. A game board having a playing area divided into a plurality of
      longitudinally and transversely aligned rows of zones, a playing piece
      adapted to be advanced from zone to zone in a generally longitudinal
      direction, the center transverse row of zones being unidentified by
      numerals, zones on either side of said central row being individually
      identified by number; control means associated with said zone numbering
      system whereby a limited combination of said zone-identifying numbers can
      be set to permit a continuance of movement of said playing piece from zone
      to zone, along one or more of a number of paths, while blocking movement
      along others, all of said zones, except the centrally located starting
      zone, being marked with a series of probability numbers.
NUM  2.
PAR  2. A game board as in claim 1 wherein said board is provided with quarter
      and score indicating means.
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ABST
PAL  The game includes a replica of a race course which is divided into a
      sequence of stations and the players take turns to advance distinctively
      colored markers or playing pieces along the race course. To determine the
      number of stations through which a player in his turn advances his marker,
      the player manually imparts impetus to a metal ball which causes the ball
      to traverse a straight track that has resilient bumpers at its two
      opposite ends. The ball recoils from at least one of the bumpers and comes
      to rest at one of a plurality of sections of the track which indicate the
      number of stations the player is to advance his marker on the course.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to games of the type having path means for
      the advancement of playing pieces and means for determining the relative
      rates of advancement of the playing pieces of different players along said
      path means. More particularly, the invention relates to such games in
      which said means for determining the relative rates of advancement of the
      playing pieces is a function of player skill rather than chance alone.
PAR  Various games have been devised in which players in turn advance markers or
      playing pieces along a course that is laid out on a game board, the course
      being divided into a series of stations. In some instances the number of
      stations to which a marker is to be advanced is determined by chance, for
      example, by rolling dice, no skill being involved in the determination. In
      other examples, each player spins a pointer that traverses a series of
      numbers that indicate the number of stations through which a marker is to
      be advanced. Theoretically, some skill is involved in the spinning of a
      pointer since the degree to which the pointer is accelerated determines
      the particular number at which the pointer stops. In practice, however,
      the resistance to rotation of the pointer is so slight as to preclude any
      significant development of player skill. For increased player interest it
      is highly desirable to provide some type of advance-determining means that
      requires a meaningful degree of player skill as well as the opportunity to
      increase that skill with practice.
PAR  Some games do require substantial skill on the part of a player, and for
      this purpose the players manipulate means including an electric circuit
      with numerous contacts to energize selectively a plurality of indicator
      lamps that represent various values. Unfortunately, electric circuits with
      numerous contacts are vulnerable to failure and such failure immediately
      makes the games inoperative.
PAC  SUMMARY OF THE INVENTION
PAR  A playing board that is a replica of terrain has a tortuous race course
      that is divided into a series of stations. The different players have
      distinctively colored playing pieces or markers which may be small plastic
      representations of contestants in a race. Each player in turn advances his
      marker from station to station along the course as determined by his skill
      in imparting motion to a steel ball on a straight guideway that has
      resilient bumpers at both of its ends. The guideway is divided into five
      sections which are numbered 1 to 5. The player propels the steel ball
      along the guideway to cause the ball to recoil from at least one of the
      two opposite bumpers with the intention of causing the steel ball to come
      to rest in a designated section of the guideway. Each player takes his
      turn and must cause the ball to come to rest in guideway section No. 1
      before he can advance his marker on the race course. Then in his turn the
      player must cause the ball to come to rest at section No. 2 of the
      guideway before he can again advance his marker. The sequence is followed
      from station No. 1 to station No. 5, and then is repeated.
PAR  Each section has two opposite boundary lines and is divided into two parts
      by a middle line. If the ball stops wholly within the designated section
      or touching either of the two boundary lines of the designated section,
      the player advances his marker by one station. If the ball stops at the
      middle line of the designated section, the player is entitled to advance
      his marker on the race course by two stations instead of one station.
      Eventually, one of the players wins the race.
PAR  The features and advantages of the invention may be understood from the
      following detailed description and the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of a game board having a replica of a race course
      that is divided into a series of stations;
PAR  FIG. 2 is a plan view of a device that each player employs in his turn to
      determine the number of stations through which his marker is to be
      advanced along the race course; and
PAR  FIG. 3 is an end elevation of the device as seen along line 3--3 in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, reference numeral 10 generally designates a game board which is
      a replica of terrain that provides a tortuous race course, the race course
      being designated by numeral 12. The race course 12 is divided into a
      sequence of stations which are indicated by a series of transverse lines
      14.
PAR  The various players have distinctively colored playing pieces or markers 15
      which may, for example, represent automotive vehicles. In this instance,
      each of the markers 15 is a small replica of a motorcycle.
PAR  FIGS. 2 and 3 illustrate a device, generally designated 16, which may be
      employed by each player in his turn to determine the number of stations
      through which the player's marker is to be advanced along the race course
      12. In the present embodiment of the invention, the device 16 is simply a
      strip of wood or a strip of plastic which is formed on its upper side with
      a V-shaped groove 18 to serve as a guideway for a heavy metal ball 20.
      Suitable resilient bumpers 22 which may be coiled compression springs, as
      shown, are provided at the opposite ends of the guideway to reverse the
      direction of travel of the ball 20. As indicated in FIG. 3, one end 24 of
      each of the coiled springs 22 may be partially unwound and anchored to the
      corresponding end of the device by a screw 25. The other end 26 of each
      coiled spring 22 is free to permit the traveling ball 20 to compress the
      spring by impact and thus cause the ball to reverse its direction of
      travel by recoil.
PAR  The guideway 18 of the device 16 may be divided in any suitable manner into
      sections where the ball 20 may come to rest to determine the number of
      stations to which the player's marker may be advanced along the race
      course 12. By way of example, FIG. 2 shows the guideway 18 divided into
      five sections which are numbered respectively 1 through 5, as shown. Each
      of the five sections has two opposite boundary lines designated 28 and in
      addition has a middle line 30 that divides the section into two equal
      halves.
PAR  When each of the players employs the device 16 in his turn, the player
      manually accelerates the metal ball 20 towards one of the two bumper
      springs 22. At the player's choice, the acceleration of the steel ball may
      be relatively light to cause the steel ball to recoil from only one of the
      spring bumpers 22 before coming to a stop at one of the five sections. By
      accelerating the steel ball to a greater degree, the steel ball may be
      caused to recoil from both of the bumper springs in turn and then come to
      rest at one of the five sections.
PAR  FIG. 1 represents an intermediate stage in the course of the simulated race
      where the markers 15 of four players are strung out at various stations of
      the race course. Eventually, one of the players wins the race by advancing
      his marker to the finish line of the course, the finish line being the
      starting line 32.
PAR  The preferred rules for playing the game are as follows:
PAC  RULES FOR DETERMINING THE STARTING POSITIONS
PAR  In preparation for employing the device 16, a player holds one end of the
      device to immobilize the device and then manually accelerates the metal
      ball 20 from either end of the guideway. The ball must have sufficient
      acceleration to bounce off the particular bumper spring 22 toward which it
      has been rolled, but the ball may be given sufficient acceleration to
      recoil from both of the two bumper springs 22 in turn. The player whose
      ball stops closest to the middle line 30 of the central section No. 1 has
      the first turn to start the race, and the player whose ball comes to rest
      at the greatest distance from said middle line has the last turn to start
      the game.
PAC  RULES FOR CARRYING OUT THE RACE
PAR  Initially all of the markers 15 are placed at the starting line 32 of the
      race course, and then each player in turn rolls the ball 20 with the
      object of causing the ball to stop at a designated one of the five
      sections of the device. Each player has only one roll per turn.
PAR  The first designated section for all of the players is Section No. 1, and a
      player cannot advance his marker from the starting line until he succeeds
      in having the ball stop in Section No. 1. Thereafter, the designated
      section for the player is Section No. 2. In this manner each player
      progresses through the five sections of the device 16 and then starts over
      again in section No. 1.
PAR  If the ball stops anywhere within the section that is designated for the
      player or stops at a position where the ball touches either of the
      boundary lines 28 of the designated section, the player advances his
      marker one station on the race course 12. If, however, any part of the
      stopped ball touches the middle line 30 of the section that is designated
      for the player, the player advances his marker by two stations.
PAC  SCORING FOR AN OFFICIAL RACE
PAR  An official race comprises three laps of the race course 12. At the end of
      a lap, the winner is credited with 10 points; second place has a value of
      8 points; third place has a value of 6 points; fourth place has a value of
      4 points; fifth place has a value of 2 points; and sixth place is awarded
      1 point. The player with the highest total of points for the three laps is
      the winner.
PAC  SCORING FOR AN UNOFFICIAL RACE
PAR  An unofficial race consists of a single lap, for which points are awarded
      in the manner described above.
PAR  My description in specific detail of the presently preferred embodiment of
      the invention will suggest various departures from that embodiment within
      the spirit and scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Game apparatus comprising:
PA1  a replica of a racecourse having a starting point and a finish point, said
      course being divided into a sequence of stations;
PA1  a plurality of markers representing a plurality of players contesting in a
      race over said course, said markers being distinguished from each other in
      appearance to correspond to the different players of the game, and being
      movable through the sequence of stations; and
PA1  means operable by each player in turn to determine the number of stations
      through which the player is to advance his marker along said course;
PA1  said determining means comprising:
PA2  a guideway divided into sections to determine the advance of a marker from
      station to station along the racecourse, said guideway comprising an
      elongate member with a longitudinal groove of V-shaped cross section
      therein;
PA2  a ball freely movable in said longitudinal groove by impetus manually
      imparted thereto by a player; and
PA1  metal spring means secured to said elongate member at each end of said
      longitudinal groove for impact by said ball to reverse the direction of
      movement of the ball by recoil action.
NUM  2.
PAR  2. Game apparatus in accordance with claim 1 in which said metal spring
      means is a spiral spring.
NUM  3.
PAR  3. Game apparatus in accordance with claim 2 in which the sections into
      which said guideway is divided are numbered so that a player can be
      required to first bring said ball to rest in the lowest-numbered section
      and then consecutively to bring the ball to rest in each higher-numbered
      section during the playing of a game with said apparatus.
NUM  4.
PAR  4. Game apparatus in accordance with claim 3 in which said guideway is made
      of wood.
NUM  5.
PAR  5. Game apparatus in accordance with claim 4 in which said ball is a heavy
      metal ball.
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PAL  A supplement sheet for insertion into a newspaper, magazine, or the like
      and having removable product coupons and a game portion with one or more
      removable card playing pieces. The game sheet includes indicia defining a
      game path with a multiplicity of adjoining segments, grid, ladder or the
      like. The game sheet also includes playing pieces which are separated from
      the sheet and movable along a defined game path, grid, ladder or other
      playing surface. One or more cards or chips may be separated from the
      sheet with each card having thereon instructions for movement of playing
      pieces and references to products of the various coupons. A number of game
      positions or movements are selected by operation of a chance selector or
      indicator which is assembled from parts which are an integral part of the
      sheet or by random selection of printed chips or cards. Preselected
      positions along the game path or within the grid have playing
      instructions, some of which refer to the coupons and/or cards which in
      turn can have further playing instructions thereon. The game is such as to
      attract the attention of a consumer to the coupons and the products which
      they advertise and also provide amusement for the players.
BSUM
PAR  This invention relates to a supplement sheet for enclosing in a newspaper,
      magazine or the like with the supplement sheet having a game portion and
      advertising or value coupons attached thereto. Playing pieces and/or
      movement indicators are a part of the sheet and are used to move along a
      defined game path grid, ladder or the like for play by one or more
      players. The sheet is such as to attract attention to the coupons and the
      products which they advertise and keep that attention for a period of time
      while also amusing the players. In the past, advertising insert sheets
      have been used but have not had continued interest or been retained in the
      home to increase retention of interest in the minds of attracted consumers
      of the particular products or services being advertised.
PAR  The principal objects of the present invention are: to provide an
      advertising supplement sheet having advertising on front and back faces or
      some portions thereof and one or more advertising or value coupons
      removably attached to a game portion; to provide such on a sheet which
      attracts the attention of consumers and provides them with a game to play
      in connection with the coupons to attract their attention to the products
      advertised; to provide such a sheet which has all the necessary parts for
      playing the game as an integral part thereof with the sheet being adapted
      to be inserted into a newspaper, magazine, or the like; to provide
      separation indications or perforations between the coupons, playing pieces
      and cards and the game portion of the sheet so they can be easily
      separated for play and the coupons separately redeemed; to provide such a
      sheet with indicia defining a game path, grid or other playing surface
      having a plurality of game spots or adjoining segments therealong with
      certain of the game spots and cards having game playing instructions
      thereon, some of which refer to certain of the coupons and/or products or
      advertisers; to provide such a sheet with coupons which have playing
      instructions thereon which refer back to the defined game path and
      movement of the playing pieces; and to provide such a sheet which is
      simple in construction and well adapted for its intended purpose.
PAR  Other objects and advantages of the present invention will become apparent
      from the following description taken in connection with the accompanying
      drawings wherein are set forth by way of illustration and example certain
      embodiments of the present invention.
DRWD
PAR  FIG. 1 is a plan view of an advertising insert shown in position in a
      newspaper for distribution.
PAR  FIG. 2 is a plan view of the backside of the sheet showing same with
      playing pieces, cards and with an assembled indicator thereon.
PAR  FIG. 3 is a plan view of the insert sheet showing same with playing pieces,
      cards and with an assembled indicator thereon
DETD
PAR  Referring more in detail to the drawings:
PAR  As required, detailed embodiments of the present invention are disclosed
      herein, however, it is to be understood that the disclosed embodiments are
      merely exemplary of the invention which may be embodied in various forms,
      therefore, specific structural and functional details disclosed herein are
      not to be interpreted as limiting, but merely as a basis for the claims
      and as a representative basis for teaching one skilled in the art to
      variously employ the present invention in virtually any appropriate
      detailed structure.
PAR  The reference numeral 1 designates generally an advertising insert sheet
      adapted to be inserted between the pages of a magazine, newspaper 2 or the
      like, for distribution therewith. The sheet 1 has advertising coupons 3
      thereon and has a game portion 4 also thereon with the game portion having
      a defined game path grid, ladder or other playing surface 5 printed
      thereon. Playing pieces 7 are also on the sheet 1, as is a movement
      selector means 8 which is operative for selecting the number of game
      spaces 9 to be moved by each playing piece 7 along the game path.
PAR  In the illustrated structure the sheet 1 is of a heavy paper such as paper
      stock of adequate rigidity and durability such as paper of a weight of 50
      pounds or greater. The coupons 3 preferably are integral with the sheet 1
      with indications such as weakened lines 10 therebetween so as to
      facilitate detachment of the coupon from the sheet 1 for redeeming same.
      Preferably the coupons 3 are positioned adjacent to edges 11 and 12 of the
      game portion. In the form shown, the coupons 3 have advertising indicia
      thereon and can also have playing instructions as later described.
      Preferably, the coupons 3 are positioned along edges of the game portion 4
      and can be of any desired number.
PAR  The game portion 4 as described above has a defined game path grid, ladder
      or other playing surface 5 printed thereon with a plurality of game spots
      9 positioned therealong. The game path playing surface commences as at 14
      and terminates as at 15. Certain of the game spots have indicia providing
      instructions such as game spots 17 referring to movement or non-movement
      along the playing surface 5 and certain of the game spots, such as game
      spots 18, have indicia thereon which make reference to the coupons 3
      wherein the coupons 3 can be game prizes or the coupons 3 can have indicia
      19 printed thereon providing further playing instructions.
PAR  The playing pieces 7 are preferably an integral part of the sheet 1 and may
      be separated therefrom such as by having same defined by indications or
      perforated lines or can be cut as indicated by the lines 20. The playing
      pieces 7 have symbols 21 such as grocery carts thereon with each of the
      symbols preferably being a different color so as to identify the different
      playing pieces for each player.
PAR  The game selector means 8 can be of any suitable type and in the
      illustrated structure includes an area 23 preferably integral with and
      imprinted on the game portion 4 with the area 23 having a plurality of
      circumferentially spaced numbers as for example the numbers one through
      six each indicating a separate area 24 with the area 23 having a center
      point 25. As shown, an indicator 27 is preferably an integral part of the
      sheet 1 and is separable therefrom such as by cutting or having perforated
      lines defining same with the indicator as shown being in the form of an
      arrow. A center point 28 is marked on the indicator 27 and is adapted to
      have a pin 29 inserted therethrough and into the center point 25 whereby
      the indicator 27 can be positioned above the area 23 and rotated about the
      pin 29 to select the number of game spots to be moved. Indicia 31 is
      printed on the sheet 1 adjacent the indicator 27 providing instructions on
      separating and mounting same above the area 23. Rotation of the indicator
      27 about the pin 29 by each of the players will select the number of game
      spots 5 to be advanced by playing pieces 7 by where the indicator stops.
PAR  Game rules are printed on the game portion 4 as at 32 and provide playing
      instructions for the players. The reverse side 33 of the sheet 1 has
      indicia printed thereon to attract the attention of a possible consumer
      and also has a reverse side of the coupons 3 imprinted thereon.
PAR  Game chips or cards 34 may be a part of the sheet 1 and separable therefrom
      and from each other along lines of separation 35 and 36 respectively. It
      is preferred that the line of separation 35 and 36 be indications,
      perforated, partially cut or otherwise weakened to facilitate separation.
      The cards 34 have indicia 37 on a face thereof that references to the
      brands advertised and shown on the coupons and directions for movement or
      some activity toward winning the game. The cards 34 may be used in place
      of the movement selector 8 or in conjunction therewith for determining the
      various moves of the players' playing pieces. The directions on each card
      34 differs and preferably are used as when a playing piece moves to a
      particular point in the path the player draws a card which will permit a
      move ahead a few points or spots in the name of the advertiser or coupon
      item. In the illustrated structure the cards 34 are arranged along outer
      end edges of the coupons 3 with the lines 35 dividing same, however, it is
      to be understood the cards or additional cards may be arranged along the
      other edges of sheet 1.
PAR  The present invention is more fully understood by a description of the
      operation thereof. The sheet 1 is adapted to be inserted between the pages
      of a newspaper, magazine or the like and can be printed in attention
      attracting colors to further attract the attention of consumers and
      players. The indicator 27 is separated from the sheet 1 and rotatably
      mounted above the area 23 as described above. The playing pieces 7 are
      also separated from the sheet 1 with each of the players receiving a
      respective playing piece. The cards 34 are separated from the sheet 1 and
      from each other and arranged in a stack 38. Actuation of the chance
      selector or indicator 27 determines the number of game spots to be moved
      by each player and the first player to reach the termination 15 of the
      game playing surface 5 is a winner of the game. The game spots 17 provide
      playing instructions by either advancing a playing piece ahead or moving
      same back or other suitable game instructions can be provided. The game
      spots 18 refer to respective coupons 3 and according to the particular
      game rules the coupons can be either prizes or can make reference back to
      the game playing surface 5 providing further game instructions or both.
      Also certain spots may call for drawing a card which in turn will make
      further or additional reference to the advertisers and products and give
      movement instructions. It is to be noted that such a sheet provides both
      an amusing game and increases the interest and attention of a consumer and
      player in the products advertised on the coupons 3.
PAR  It is to be understood that while we have illustrated and described certain
      forms of our invention, it is not to be limited to the specific form or
      arrangement of parts herein described and shown.
CLMS
STM  What we claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A combined advertising insert and game with redeemable coupons for
      insertion as an advertising supplement between parts of a newspaper and
      the like comprising:
PA1  a. a generally rectangular sheet of paper having side and end edges;
PA1  b. said sheet having first and second lines spaced apart and spaced from
      and parallel to respective end edges of said sheet, said sheet having a
      plurality of spaced third lines extending between said first and second
      lines and between the respective end edge and the adjacent first and
      second lines and defining a plurality of separable coupons and a plurality
      of separable cards and a plurality of separable playing pieces;
PA1  c. said first, second and third lines on the sheet are lines of weakness
      for facilitating separation of the coupons, cards and playing pieces from
      the sheet and from each other;
PA1  d. said coupons having indicia thereon referring to different products to
      represent same in the game and indicia referring to terms for redemption
      of said coupons;
PA1  e. said cards having various indicia thereon referring to products
      indentified on the different coupons and giving directions for movement of
      the playing pieces;
PA1  f. said sheet having imprinted thereon a game area and indicia defining a
      game path divided into successive game spots positioned therealong and
      indicia referring to products identified on the coupons and giving playing
      pieces moving directions;
PA1  g. said coupons are positioned adjacent the game area and the cards and
      playing pieces are between the coupons and a respective end edge of the
      sheet whereby the coupons may remain attached after removal of the cards
      and playing pieces, said coupons remaining attached serve as
      identification and association with product indicia on the game area until
      removed for redemption;
PA1  h. said playing pieces when separated being movable from game spot to game
      spot along said path;
PA1  i. a plurality of numbers on said sheet in a circle about a center point,
      said numbers being circumferentially spaced apart; and
PA1  j. an indicator integral with said sheet and separable therefrom for
      rotatable mounting above said sheet adjacent said numbers wherein the
      number indicated by the indicator after rotation is the number of game
      spots to be moved by a said playing piece along said game path.
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ABST
PAL  A plurality of discs of progressively different radii are rotated about an
      upright post by a spinner member having a one-way driving connection with
      the discs. The discs are free to overrun the spinner member when the
      latter is slowed and stopped. The discs are also bodily movable as a group
      axially up and down the post; in their upper position the discs are
      brought into driving engagement with the spinner member and in their lower
      position the discs are freed from the spinner member but their rotation is
      snubbed and eventually halted by stop means. A control member is provided
      for bodily raising and lowering the discs as a group to enable the discs
      to be either rotated by the spinner member while in elevated position or
      braked to a stop while in lowered position. The discs carry different
      indicia on their exposed peripheral margins and designed to represent
      different games. The device includes a cover member which, depending on
      the game, has one or more radial slots in which aligned portions of the
      peripheral margins of the discs are exposed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to games and more particularly to a spinning game
      apparatus including a group of independently rotatable members carrying
      indicia means which, when the members are stopped, assume various
      combinations.
PAR  So far as applicant is aware, his own prior U.S. Pat. No. 2,565,557 for
      SPINNING DISK GAME APPARATUS is the closest prior art. The present
      invention is an improvement over that game apparatus in several important
      respects. In the device disclosed in applicant's aforesaid patent, the
      operator had to perform the compound motion of depressing the spinner
      member while at the same time spinning it to rotate the discs which was
      awkward for the operator. In another respect, the device illustrated in
      the aforesaid patent employed spring members for initially positioning the
      parts which were subject to metal fatigue and consequently their
      resiliency declined over a period of time.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an important object of the invention is to provide an improved
      spinning game device which overcomes certain disadvantages of similar game
      devices and which is composed of parts economical to construct and
      assemble and which is efficient in operation and durable in usage.
PAR  Another important object of the invention is to provide an improved
      spinning disc game device including a plurality of rotatable discs bearing
      circularly spaced indicia thereon which enables the player to apply simple
      manual motions to impart rotation to the discs and to cause the discs to
      come to a halt in upredictable combinations of registering indicia.
PAR  A further important object of the invention is to provide a spinning disc
      game device having improved means for stopping the rotation of the disc
      while concurrently permitting the discs to have limited freedom to move
      independently of one another as they come to a halt.
PAR  A further important object of the invention is to provide a spinning disc
      game device which is designed so that the base and disc spinning portions
      of the device are the same for several different games, leaving only the
      top or cover portion to be varied in manufacture to suit particular games.
PAR  In carrying out these and other objects, the present invention contemplates
      a spinning disc game device composed of parts which are economical to
      fabricate and assemble and which is designed for rugged handling. The
      basic parts of the device are so designed that they may be used for a
      number of different spinning disc games. These parts include a plurality
      of discs of progressively different radii arranged in a stack about an
      upright post for rotation thereabout and bearing indicia on their
      respective exposed peripheral margins. In addition to their rotation, the
      discs are bodily movable axially of the post by movement of a control
      member underlying the disc stack. In one direction of its movement the
      control member elevates the disc stack to a raised level where it assumes
      a one-way drive relationship with a spinner member and when moved in
      reverse direction the control members allow the disc stack to return to
      initial starting position. When raised to their upper level the discs, a
      one-way driving element carried by the spinner member is movable into
      registering apertures in the discs and will impart rotation to the discs
      when the spinner member is rotated in one direction. However, the driving
      element is retractable from the disc apertures when spinning effort is
      discontinued at which time the discs freely overrun the spinner member.
      When the control member is moved in the direction to cause the rotating
      discs to descend to their initial starting position, the discs are
      restrainingly slowed down individually by a stop provision to assume any
      one of a large combination of indicia aligned registrations.
PAR  Most games to which this invention is applicable require a provision for
      concealing much of the discs and the indicia or characters thereon and for
      this purpose a cover member is included in the herein illustrated
      embodiments of the invention. In one embodiment four radial slots are
      formed in the cover member located 90.degree. apart from one another.
      Additionally, each slot is provided with an individual cover approximating
      the dimensions of the slot which is slidable outwardly of the slot to
      expose successively the indicia or characters on the discs registering
      with the slot. This enables the players associated with each slot to
      partially or wholly conceal the value of the indicia registering with
      their slot. In another form of the invention illustrated herein, the cover
      member is provided with a single slot and the players take turns using the
      device.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Various other objects, advantages and meritorious features of this
      invention will appear more fully from the following specification,
      appended claims and accompanying drawing figures wherein:
PAR  FIG. 1 is a top plan view of a game device embodying the invention showing
      four indicia concealable slots in the cover member;
PAR  FIG. 2 is a top view of the base portion of the game device of FIG. 1 with
      the cover member, discs and spinner member removed;
PAR  FIG. 3 is a side view of the embodiment illustrated in FIG. 1;
PAR  FIG. 4 is a top view of the disc stack alone showing the arrangement of the
      indicia on the exposed peripheral margins of the discs for playing a card
      game;
PAR  FIG. 5 is a cross sectional view of the embodiment of FIG. 1 taken along
      line 5--5 thereof;
PAR  FIG. 6 is an enlarged side view of the spinner member and the upright post
      showing the two elements arranged in the order of their telescoping
      assembly;
PAR  FIG. 7 is a top plane view of a modified form of the invention where the
      cover member employs a single slot to expose the radially aligned indicia
      therebelow, the cover member being broken away elsewhere to further show
      the nature and extent of the indicia for the particular game for which the
      indicia is designed;
PAR  FIG. 8 is a fragmentary view a modified form of disc elevating and lowering
      mechanism; and
PAR  FIG. 9 is a detail section view taken along line 9--9 of FIG. 8.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Several embodiments of the invention are illustrated herein for the purpose
      of showing the use of the invention for several different games. However,
      an important feature of the invention is the use of a basic structure
      designed for playing these several games and others for which the
      invention is adaptable. This basic structure of the game device comprises
      a stationary base member 10, preferably circular as shown, and an upright
      shaft or post 12 centrally secured in any suitable manner to the base
      member and rising vertically thereabove. Rotatable about the post is a
      loose assembly of members preferably in the shape of discs 14 which are
      progressively of larger diameter from the top to the bottom so that their
      respective peripheral margins are visible to the eye when viewed from
      above. The discs 14 are also axially movable on the post 12 from a lower
      level position to an upper level position and return as will be explained
      in more detail hereinafter. Indicia means are carried on the exposed
      marginal portions of the discs which are representative of the symbols or
      characters for whatever game the device is intended.
PAR  A spinner control member or knob 16 for imparting rotation to the discs is
      telescopingly received on the upright post when initially assembled and is
      journaled for rotation therearound. Unlike applicant's patented device
      mentioned hereinabove, the knob 16 is not normally slidable for axial
      movement on the post in order to be drivingly coupled to the discs 14.
      Instead, when the group of discs 14 are raised to their upper level
      position, such as shown in FIG. 5, they are then capable of being
      drivingly coupled to the knob 16 for rotation in one direction about the
      post 12. However, the means for forming the one-way driving connection
      between knob and the discs 14 is herein shown as being similar to that
      disclosed in the aforementioned patent and particularly FIGS. 6 and 7
      thereof. Such a one-way driving connection comprises a shoulder 18 on the
      lower end of the knob 16 which is recessed on one side to receive a
      depending driving pin 20 and which pin is pivotally mounted on the knob
      for swinging movements from a vertical position to a horizontal position
      as shown respectively by full and dotted lines in FIG. 6. At the same
      radial distance from the axis of the post 12 as the pivoted pin 20 each
      disc 14 is provided with a similar circular series of arcuate openings or
      slots 22 centered on the axis of the discs as shown in FIG. 4, but
      separated from one another by narrow bridging portions 23 which connect
      the central portion of each disc with the outer portions thereof. The
      slots 22 are both longer and wider than the diameter of the pin 20 to
      permit it to easily enter the apertures when the knob 16 is rotated in one
      direction. The result is the knob is drivingly connected to the assembly
      of discs for rotation in this single direction. It is evident, however,
      that if the knob is rotated in the reverse direction or the discs overrun
      the knob in the driving direction the pin will be raised by the edges of
      the slots 22 to the ineffective horizontal position shown in dotted
      outline in FIG. 6.
PAR  Normally, the group of discs 14 assume, by virtue of gravity, the lowest
      position possible on the upright post 12. When in such position they are
      released from driving connection with the spinner knob 16. To raise them
      to the height for such driving connection a second control member is
      employed. A desirable type of implement for this purpose is illustrated in
      FIGS. 2 and 5 and takes the form of an elongated thin member 24 resting on
      the base support 10 and guided for limited to and fro motion in the
      direction of its longitudinal dimension. The outer end portion 26 of this
      control member extends beyond the base 10 in either of its two controlling
      positions as shown in FIG. 5 by the full and dotted positions of the end
      portion 26. The inner end portion of this second control member is
      longitudinally slotted as at 28 in FIG. 2 to straddle the upright post 12.
      Within the long dimension of this slot the thickness of the body of the
      control member 24 is progressively varied to form a camming surface 30
      which decreases in height in the direction of the inner extremity of the
      control member 24.
PAR  Surrounding the post 12 in underlying relation to the group of discs 14 and
      resting on the top surface of the control member 24 is a ferrule or
      bushing type element generally indicated at 32 which is slidable up and
      down the post 12. As shown in FIG. 6, the ferrule is composed of two
      integrally connected sections, an upper sleeve section 34 which slidably
      fits the post 12 and extends through the axial holes of the discs received
      on the post and a lower cup-shaped section 36 of wider extent which
      overlaps the central area of the discs and is effective in raising the
      discs as a group when the ferrule is likewise raised by the camming action
      performed by the slanting surface 30 of the control member 24 when the
      latter is pushed inwardly of the device. The upper end of the ferrule may
      be outwardly flared as shown at 38 or otherwise appropriately shaped to
      serve as a seat for the lower end of the spinner knob 16 and in this
      manner bear the weight of the spinner member in place of the discs. Thus,
      there is no compressive pressure acting on the stack of discs thereby
      allowing them to freely rotate with respect to one another and the upright
      post 12. It is evident from this description that in its outermost
      position the control member 24 permits the ferrule and the stack of discs
      to assume their lower position where they are restrained from rotation by
      a frictional braking provision to be described hereinafter, but when the
      control member 24 is pushed inwardly its inclined camming surface 30 acts
      through the ferrule to lift the discs above the braking provision where
      the spinner knob 16 has unopposed freedom to rotate the discs.
PAR  If reference will be made to FIG. 2, it will be noted that the control
      member 24 is guided for straight-line motion between its extreme operating
      position by a pair of similar parallel ribs 40--40 which project upwardly
      from the base member 10 and may be formed integrally with the material
      thereof. These two ribs extend past the axis of the upright post 12 on
      opposite sides thereof. In the vicinity of the post 12, each rib 40 is
      outwardly laterally widened as shown in FIG. 2 to form two spaced apart
      similar arcuate segments 42--42. Centered on the upright member 12 and
      bridging the space between the arcuate segments 42--42 is a thin
      annularly-shaped plate member 44 of relatively rigid material which has
      several rounded bulges or protuberances 46 rising above its upper face
      which are evenly circularly spaced at a given radius around the upright
      post 12. The ring-shaped plate 44 is secured against movement in
      surrounding relation to the upright post 12 by the widened portions 42--42
      of the ribs 40--40 and serves as an important element of the earlier
      mentioned braking provision for stopping rotation of the discs.
PAR  At the same radial distance from its axis each disc 14 is similarly
      provided with a number of rounded bulges or protuberances 48 which are
      registrable with those carried by the annular plate 44. However, as
      illustrated in FIG. 4 each disc carries a larger number of such bulges, in
      this instance twelve, than the plate 44 as evident in FIG. 2. Being of the
      same dimensions, it is apparent that the protuberances 48 on the discs 14
      are nestable with one another and that the protuberances 46 on the
      stationary plate 44 are nestable with the protuberances 48 carried by the
      bottom disc of the stack. The result is that when the rotating stack of
      discs is lowered into engagement with the stationary annular plate 44, the
      bottom disc of the stack is retarded in its rotation by bumping over the
      protuberances 46 on the stationary plate and brought shortly to a stop
      when the protuberances of the bottom disc and the stationary plate fully
      nest with one another. Similarly, each higher disc in the stack is brought
      to a stop with the result that it would be an extremely rare occurrence if
      the discs in the stack did not assume a radial alignment at the conclusion
      of their rotation differing from that existing at the start of their
      rotation.
PAR  The description thus far has been devoted to the basic structure of the
      game device which renders it adaptable to various games utilizing spinning
      discs and the combinations of characters and symbols that these discs can
      assume. Usually there is a cover member associated with the basic
      structure and one such cover is generally indicated at 50 in FIGS. 1, 3
      and 5. It comprises a circular side wall section 52 and a top section 54
      which has a central opening through which the control knob 16 and the
      upright post 12 project as illustrated in FIG. 5. The radial dimension of
      the cover member 50 is such that the depending side wall 52 joins the
      peripheral edge of the circular base member 10 and may be adhesively
      bonded or otherwise secured thereto. The material of the cover through
      which the control knob 16 extends may be thickened as shown at 55 in FIG.
      5 for strengthening purposes. Preferably, the base and cover members 10
      and 50 may be formed of molded hardened plastic material. In fact, most if
      not all of the remaining parts of the game device may be made of such
      plastic material.
PAR  The purpose of the cover member for the game device is not only to protect
      its operating parts from damage but also to partially or completely
      conceal the game symbols and characters from one or more of the players
      using the device. For example, the game device may be designed for two,
      three or four players who wish to play with a conventional deck of 52
      playing cards in which a maximum deal of five cards to each player is
      made. An appropriate disc stack for such purpose is illustrated in FIGS.
      1, 4 and 5. The cover is provided with four radial slots 56 in the top
      section equidistantly spaced around the axis thereof through which the
      symbols or characters on the margins of the discs are exposed in the
      manner shown in FIG. 1.
PAR  Mounted in each such slot 56 of the cover 50 is an opaque screen or shield
      58 which is movable outwardly in the direction of the slot for
      progressively exposing the characters on the discs 14. This may be
      accomplished by making each shield 58 wider than its slot 56 and thicker
      than the cover member and grooving the side edges of the shield as shown
      at 60 in FIG. 3 to receive the side margins of the cover forming the slot.
      To releasably hold each shield in adjusted position in its slot, the
      underside of the shield is provided as shown in FIG. 5 with a row of
      rounded bulges or bumps 62 which successively ride over the edge of the
      vertical wall section 52 of the cover where the outer end of each slot
      terminates. The apexes of the bumps 62 are equidistantly spaced apart a
      distance equivalent to the character spaces of the discs so that each
      shield may be releasably held in position in the slot after exposure of
      each successive character on the discs. In doing so, the upper edge of the
      vertical wall section 52 at the outer end of each slot either interfits
      between adjacent pairs of the bumps as shown in dotted outline at 63 in
      FIG. 1 or abuts the sides of the outermost bumps of the row at the
      beginning or ending of this positioning movement of each shield.
PAR  FIG. 7 illustrates a different form of cover member associated with a
      different form of a disc assembly. Instead of five discs 14 in the
      precedingly described embodiment of the invention, the game device of FIG.
      7 employs two discs 64 and 66, one of which may list the names of horses
      encountered in horse racing arranged circularly therearound and the other
      disc showing various odds for winning, place and show. The cover member 68
      in the embodiment illustrated in FIG. 7 contains a single radial slot 70
      which exposes only one combination of horses names and betting odds after
      each rotation by the knob 16. The cover member 68 of FIG. 7 has been
      broken away at 72 to show that the discs continue with similar names and
      odds as those exposed in slot 70, but normally for this type of game
      device only one slot is employed.
PAR  Games based on baseball and football may be played with the use of this
      form of spinner device. For example, a single disc may be used in the
      device bearing notations on radial segments for playing the game of
      baseball which are individually exposed to view through the slot 70 when
      the disc has stopped rotating. The radial segments would bear such
      notations as balls, strikes, various base hits and resulting advancements
      of runners on base, etc. For the game of football, similar radial segments
      on the disc would bear various types of plays and resulting outcomes. In
      order that the players may select the type of play in football the disc is
      divided into concentric circular areas representing a different type of
      play, and the marginal portion of the cover 68 extending along the slot 70
      would bear legends signifying such plays and registering with the circular
      areas on the discs to which they apply. In this manner each player can
      select a football play in advance of rotating the disc, and the disc when
      spun and stopped in response to the call of the play will furnish the
      results of such play through the slotted opening. For other games the
      cover member and one or more discs can be similarly laid out to provide
      each player with a selection of plays the results of which are determined
      by the spin of the disc.
PAR  A second embodiment of the invention is illustrated in FIGS. 8 and 9 which
      instead of the push-pull motion of the control member 24 of the previously
      described embodiment for raising and lowering the discs, this action is
      performed by the rocking or swinging motion of a control arm or member 74
      which is pivotally mounted for swinging motion about an axis represented
      by the pivot pin 76. The outer end 78 of the control arm 74 projects
      through a side opening 80 in the cover which is substantially wider than
      the arm to allow its swinging motion as shown by the dotted and full lines
      of the arm in FIG. 8. By virtue of the bend 82 in the control arm 74 its
      opposite or inner end 84 moves in a slightly arcuate path at the point of
      intersection with the axis about which the discs rotate. This enables the
      inner end 84 of the control arm to be constructed like the inner end of
      the control member 24 with a slot 86 through which the post 88 extends
      which serves as the journal mount for the discs. As in the case of the
      first embodiment the thickness of the control arm 74 in the region of the
      slot 86 is progressively thinned as shown at 90 to form a camming surface
      for raising and lowering the group of discs. In the full line position of
      the arm 74, the slanting surface 90 is retracted to bring the thin end of
      the member under the disc supporting ferrule 92 thus enabling the ferrule
      and the disc to assume their lower braked position in the device. As the
      arm 74 is swung to its dotted position in FIG. 8, the camming surface 90
      progressively lifts the ferrule 92 and the disc group into driving
      position with respect to the spinner knob associated with this embodiment
      of the invention which may be like the knob 16 of the earlier described
      embodiment.
PAR  The slotted inner end 84 of control arm 74 is movable along a slightly
      arcuate path as previously mentioned which may be centered as shown in
      FIG. 8 on the axis of the pivot pin 76. A platform 94 sits astride the
      inner arcuate end 84 of the arm 74 and is shaped internally with a
      similarly curved channel 96 for accommodating the movement of the end
      section 84 of the arm as shown in FIGS. 8 and 9. The platform in this
      modification is preferably a molded plastic body having a circular upper
      face upon which three rounded bulges or protuberances 98 have been molded
      integrally with the body. The three bulges are equidistantly spaced apart
      from one another around the axis about which the discs rotate and function
      as in the case of the bulges 46 of the previously described embodiment to
      brake the discs shortly to a halt. It is understood that the discs are
      similarly formed with rounded bulges which register with one another and
      with the bulges 98 and which in the stopped position are nested with one
      another and with the bulges 98. The plastic material chosen for the
      platform 94 may have a lubricous property to increase the slipperiness of
      the bulges to provide a greater number of revolutions of the discs before
      they are halted.
PAR  A few words may be said about the layout of the characters on the discs 14
      in FIG. 4. As earlier mentioned herein the characters are intended to
      represent a conventional deck of 52 cards, but if a careful count is made
      of the card characters illustrated in FIG. 4 it will be found that there
      are 60 such characters shown. Each disc 14 bears twelve characters
      representing twelve cards and five such discs total a representation of 60
      cards. This is done in order to have five characters show in each of the
      four radial slots 56 in the cover member at the end of every rotation of
      the disc stack. This is accomplished by duplicating a few of the minor
      valued cards and so locating them on their respective discs that only one
      such duplicate card can be exposed in the four slots 96 in any stopped
      position of the discs. In the illustrated arrangement, the three of
      diamonds and the four of clubs are carried twice on the smallest disc of
      the stack, the five of spades is repeated twice on the largest disc, the
      six of clubs and the seven of hearts are twice shown on the middle sized
      disc of the stack, the eight of hearts on the next to the largest disc,
      and the nine of diamonds and the two of spades are repeated twice on the
      next to the smallest disc. Moreover, each duplicate pair of card
      designations are so distributed on their respective discs that only one of
      the two will be exposed in any one of the four radial slots 56 of the
      cover member. This is accomplished in every instance by circumferentially
      spacing such duplicate card designations at angles other than 90.degree.
      or multiples thereof. Accordingly, when each disc is in a rest position
      determined by the nesting of the bulges 46 and 48, only one such
      duplication of a card will appear in the quarterly spaced windows or slots
      56 of the cover assembly.
PAR  In conclusion, it is evident that this invention has provided a spinning
      game device which avoids a compound motion of both spinning and axially
      moving the control knob for imparting rotation to the discs and of
      subjecting the disc members to resiliently imposed compression during
      their rotation such as by the use of springs acting on one or both ends of
      the disc stack. It is also further evident that this invention provides an
      important advantage in the manufacture of game devices of this character,
      i.e., the design and arrangement of the parts which enable the same base
      structure of the device including the disc spinning and stoppage
      provisions to be used for a plurality of different games, leaving only the
      shape of the cover member and the game symbols on the discs to be varied
      appropriately for different games. Other features and advantages of the
      invention are evident from the embodiments thereof which are illustrated
      and described herein.
PAR  While particular embodiments of the invention have been illustrated and
      discussed, it will be understood, of course, that it is not desired that
      the invention be limited thereto since modifications may be made. It is
      therefore contemplated by the appended claims to cover any such
      modifications as fall within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A game apparatus including, in combination:
PA1  an upright post;
PA1  a plurality of discs mounted on said post for rotation thereabout
      independently of one another and for bodily axial movement therealong;
PA1  a control member means movable between first and second positions and
      operable when moved from the first position to the second position to
      raise the discs on the post as a group to a higher level and when moved
      from the second position to the first position to cause the discs to
      descend on the post to a lower level;
PA1  a spinner member rotatably mounted upon the post above the discs, said
      spinner member having means providing a one-way driving connection with
      the discs and being operable upon rotary movement in one direction to
      impart rotation to the discs, said driving connection being operable to
      free the discs for individual rotation movement when the discs overrun the
      driving connection, and
PA1  stop means engageable with the discs when the same have assumed their lower
      level to stop the rotation of the discs.
NUM  2.
PAR  2. The game apparatus as set forth in claim 1 wherein the control member
      means has a camming surface which in its movement from the first position
      to the second position acts on the underside of the lowermost disc to
      raise the discs as a group to their higher level.
NUM  3.
PAR  3. The game apparatus as set forth in claim 1 wherein the discs have
      apertures therein registrable with one another, and wherein the driving
      connection means of said spinner member has a driving element enterable
      into the apertures of the discs to impart rotation thereto when the
      spinner member is rotated in one direction but being capable of
      withdrawing from the apertures when the discs overrun the driving element.
NUM  4.
PAR  4. The game apparatus as set forth in claim 1 wherein the control member
      means has a camming surface which in the movement of the control member
      means from the first position to the second position acts on the underside
      of the lowermost disc to raise the discs as a group to their higher level
      and which in the movement of the control member means from the second
      position to the first position allows the discs to descend as a group to
      the lower level.
NUM  5.
PAR  5. The game apparatus as set forth in claim 1 wherein the stop means
      includes similarly formed bulges on the discs which are registrable with
      one another and ultimately nest with one another as the discs are freed to
      slow their rotation to a halt.
NUM  6.
PAR  6. The game apparatus as set forth in claim 5 wherein the stop means
      further includes a non-rotatable member having protrusions registrable
      with the bulges on the lowermost disc when the discs descend to their
      lower level position.
NUM  7.
PAR  7. A game apparatus including, in combination:
PA1  a base support;
PA1  a vertical post carried by the base support and rising approximately
      centrally thereof;
PA1  a stack of discs of progressively larger diameter from the upper end to the
      lower end thereof and mounted on said post within said enclosed space for
      independent rotation thereabout and for axial movement up and down the
      post;
PA1  a cover member stationarily mounted on the base support and forming a space
      enclosing the stack of discs, said cover member having an aperture
      therethrough aligning with the post and further having at least one slot
      radially disposed with respect to the discs through which the peripheral
      portions of the discs are exposed;
PA1  control means for raising and lowering the discs as a group on the post
      including a control member movable from a first position to a second
      position and means effective when the control member is so moved to raise
      the discs on the post to a higher level is said space and effective when
      the control member is moved from the second position to the first position
      to cause the discs to descend on the post to a lower level in said space;
PA1  a spinner member journaled on the upper end of the post and extending to a
      height above the cover member for manual manipulation, said spinner member
      having means provding a one-way driving connection with the stack of discs
      when the latter assume their higher level in the enclosed space and being
      effective to drivingly rotate the discs in one direction around the post
      but being ineffective to retard or stop the rotation of the discs when the
      discs overrun the driving connection; and
PA1  means for successively bringing the rotation of the discs to a halt when
      they have assumed their lower level in the enclosed space, said means
      including buldged out protuberances on the discs which are nestable with
      one another when the discs are stationary but which when rotated allow the
      discs to separate from one another and assume different rotating speeds,
      and said means further including a stationary member on the base support
      having similar protuberances which partially enter and leave the
      protuberances of the largest diameter disc of the stack as the latter
      rotates thereby until this disc and in a similar manner all remaining
      discs in the stack are brought to a rest.
NUM  8.
PAR  8. The game apparatus as set forth in claim 7 wherein the peripheral
      margins of the discs of the stack are divided into sectors circularly
      spaced around the discs and which are singularly exposed to view through
      any radial slot of the cover member while the remaining sectors are
      concealed from view by the cover member, and wherein the bulged out
      protuberances are so spatially located on the discs and on the stationary
      member that the discs are brought to rest with a sector of each disc
      registration with a radial slot in the cover member.
NUM  9.
PAR  9. The game apparatus as set forth in claim 8 wherein each said radial slot
      in the cover member includes an opaque shield member having means for
      movement toward and away from the axis of the post for successively
      exposing to view those sectors on the peripheral margins of the discs
      which are in registration with said radial slot.
NUM  10.
PAR  10. The game apparatus as set forth in claim 9 wherein means is provided
      for releasably detaining the shield member in its path of movement after
      the exposure of the sector on the peripheral margin of each disc in the
      stack of discs.
NUM  11.
PAR  11. The game apparatus as set forth in claim 10 wherein means is provided
      for guiding the control member for rectilinear motion when moving from
      said first position to said second position and return.
NUM  12.
PAR  12. The game apparatus as set forth in claim 10 wherein means is provided
      for mounting the control member for pivotal motion when moving from said
      first position to said second position and return.
NUM  13.
PAR  13. In a game apparatus, including in combination;
PA1  a stack of disc-like members independently rotatable about a common
      substantially vertical axis and independently axially movable therealong;
PA1  means effective to raise the stack of disc members from a first position on
      the axis to a second higher position on the axis and further effective to
      allow the disc members while rotating to fall toward the first position;
PA1  means for imparting a common speed of rotation to the disc members when the
      same are raised to the second position on the axis;
PA1  means for individually retarding the rotation of the disc members when they
      approach and assume the first position on the axis, said means including
      similar bulged out protuberances which are correspondingly positioned on
      each of the disc members and which are fully nestable with one another
      when the disc members are at rest or rotating at the same speed,
PA1  and said retarding means further including a stationary member in the first
      position on the axis against which the first of the falling disc members
      abuts, said stationary member likewise having one or more similarly shaped
      and radially positioned protuberances which are fully nestable with the
      hollow interiors of the protuberances of the first falling disc only when
      the latter is in stationary abutment therewith, but which because of the
      rotative condition of this first disc member and all succeeding disc
      members these members are all successively frictionally slowed by the
      bumping reaction resulting from the partial nesting of the protuberances
      on each member with the hollow interiors of the bulged out protuberances
      of the next adjacent member until all have been brought to a fully nested
      non-rotative condition.
NUM  14.
PAR  14. The game apparatus as set forth in claim 13 wherein the disc members
      are each divided into sectors around the vertical axis in which different
      indicia relating to the game for which the disc members are designed are
      located, and wherein the bulged out protuberances are so positioned on
      their respective members that they act to bring the rotative motion of the
      disc members to a halt with the individual sectors of the disc members in
      radial alignment with one another.
NUM  15.
PAR  15. The game apparatus as set forth in claim 14 wherein there is provided a
      cover member substantially enclosing the disc members and having one or
      more slots radiating from said vertical axis in which the peripheral
      margins of the disc members are exposed, said one or more slots being so
      located with reference to the bulged out protuberances as to align with
      the sectors of the disc members when their rotative motions are brought to
      a halt by the protuberances.
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ABST
PAL  A golf club head is formed having weighting material of a density greater
      than the density of the parent head material positioned at the sides of
      the club head to increase the inertia effect of the head. The weighting
      material can be arranged to increase the inertia effect of the head and at
      the same time shaped to locate the centre of gravity of the head in
      alignment with the shaft centre line. The invention also contemplates the
      pre-positioning of the weighting material at a specified distance from the
      bottom of the club head whereby the swingweight may be changed without
      either changing the overall weight of the club or the head and/or changing
      the shaft flex. The invention also provides a design of soleplate to
      increase the inertia effect when attached to a golf club head.
PARN
PAR  This application is a continuation-in-part application of my application
      No. 83,501 filed Oct. 23, 1970 now abandoned. This invention relates to
      the manufacture of golf clubs more particularly of the "wood" variety, for
      example, the numbers 1, 2, 3, and 4 woods.
BSUM
PAR  However in some cases sets of golf clubs have been made including number 5
      and 6 woods and it is within the scope of this invention to cover these
      cases, indeed, the invention is applicable to golf clubs generally.
PAR  The greatest problem faced by most golfers is that of controlling the
      direction of their wood shots, most players having a tendency to "hook" or
      to "slice". In many cases, this is due in part to the individual's type of
      swing, but it is also due in part to the design of the club.
PAR  Because the wooden clubs are longer than the iron clubs and more flexible
      they are more difficult to control, consequently the golfer has great
      difficulty in swinging into the ball with the face of the club correctly
      aligned to give a square impact.
PAR  Now, if the club can be designed to give the golfer more room for error in
      returning the club to the ball square, improved results would be obtained.
      In golfing parlance this would mean that the "sweet spot" has been made
      larger, that is, the golfer can hit more off-centre and still obtain
      reasonable results. In engineering parlance, it means that the club must
      be made with a head having a high rotational inertia which, as will be
      later explained can be related to the "area-moment of inertia", an
      engineering quantity designated I in standard engineering textbooks and
      measured in units to the fourth power, for example, in.sup.4.
PAR  It is, therefore, an object of this invention to provide a golf club having
      an increased inertia effect consistent with the traditional shape of golf
      clubs thereby producing a golf club with a minimum tendency to twist due
      to an off-centre impact thereby facilitating directional control.
PAR  This is only part of the problem, however, and further considerations must
      be taken into effect. The forces which act during the golf swing have been
      speculated upon for a very long time but irrespective of what forces are
      acting, be they moments applied by the hands or merely centrifugal forces,
      the effect is the same, that is, the shaft bends under the applied forces.
      That the shaft bends can be shown quite easily by frozen high-speed action
      photographs.
PAR  The effect of this bending, also, is well known, that is, it opens or
      closes the face depending on the particular bend and this produces the
      wayward shot.
PAR  Now, some of the deleterious effects produced by this bending can be
      reduced, by arranging that a vertical plane taken through and along the
      shaft will essentially coincide with the centre of gravity of the club
      head.
PAR  It is therefore an object of this invention to produce a golf club which
      will facilitate greater consistency in directional control.
PAR  Consideration must be given to the relative volumes of parent material and
      the weighting material and consistent with traditional total club head
      weights, it is an advantage to have the maximum amount of weighting
      material available for re-distribution since it is the particular
      distribution of the weighting material, that gives the desired effect. One
      method of achieving this but not necessarily the only one is to adopt a
      shape smaller than the average driver shape, for example, a head
      corresponding to the shape of a 3 wood or at least, smaller than the
      conventional driver head and add sufficient extra weighting material to
      give an equivalent driver total weight.
PAR  This could have important psychological advantages. It is well known that
      golfers when greater accuracy is called for, sometimes resort to a smaller
      wood, for example, a 3 wood instead of a driver and by adopting the above
      procedure therefore, the golfer will have the psychological advantage of
      handling a club of the size and shape with which he connotes accuracy.
PAR  A further psychological advantage accrues in that when the golfer takes up
      a driver he generally connotes this with achieving the greatest possible
      distance and unconciously is physically geared to put out extra effort
      which, unfortunately, is more often than not expended at the wrong time
      and the wrong place. However, on taking up a preferred driver embodiment
      of this invention, his eye will tell him he is playing a 3 wood so that
      this unconcious striving for power is alleviated.
PAR  A further advantage accrues from the adoption of this preferred embodiment
      in that the total volume of the club head, as aforesaid, will be smaller
      than the conventional standard wood and the aerodynamic drag which can be
      considerable at impact speeds of around 100 m.p.h. will be reduced.
PAR  It is therefore a further object of this invention to provide a golf club
      which for the same expenditure of energy will achieve at least equal
      results in terms of length achievement as traditional woods and at the
      same time promote directional control.
PAR  Attempts have been made in the past to improve golf club design. One of
      which is particularly directed to wood clubs is Canadian Pat. No. 280,082
      dated 1928 proposes having the center of gravity of the club coincide with
      the shaft centre line and proposes to do this by placing a single heavy
      block directly in line with the shaft. Obviously this procedure does not
      result in maximized the area moment of inertia and it is notable that this
      very early patent has not come into general use. The invention will now be
      described with reference to the undernoted drawings which are by way of
      being examples only and no limitations are implied or intended.
DRWD
PAR  FIG. 1 is a part sectional plan view of a prior art club showing weight
      distribution thereof.
PAR  FIG. 2 is a part sectional plan view of one aspect of the invention.
PAR  FIG. 3 is a part sectional plan view of a second aspect of the invention.
PAR  FIG. 4 is a sectional elevation taken along the flight line Z--Z of FIG. 1.
PAR  FIG. 5 is a front elevation of a further aspect of the invention.
PAR  FIGS. 6 and 7 are part sectional plan views on 6--6 and 7--7 of FIG. 4.
PAR  FIG. 8 is a part sectional elevation on 8--8 of FIG. 9.
PAR  FIG. 9 is a perspective view of another aspect of the invention.
PAR  FIG. 10 is a perspective view of another aspect of the invention.
PAR  FIG. 11 illustrates the method of calculating "Swingweight."
PAR  FIG. 12 is a perspective view of an iron or putter according to the
      invention.
PAR  FIG. 13 is a part sectional plan view of an embodiment having weighting
      portions extending substantially parallel with the flight line Z--Z.
PAR  FIG. 14 is a part sectional plan view of an embodiment showing weighting
      portions extending parallel with the shaft center-line 4.
PAR  FIG. 15 is a part sectional elevation of an embodiment having weighting
      portions angled one to the other.
PAR  FIG. 16 is a part sectional elevation on 16--16 of FIG. 13.
PAR  FIG. 17 is a sectional elevation taken along the shaft center-line of
      another embodiment of the invention.
PAR  FIG. 18 is a perspective view on the underside of a club head according to
      another aspect of the invention.
PAR  FIG. 19 is a part sectional elevation of a soleplate embodiment according
      to the invention.
PAR  FIGS. 20, 21, 22 and 23 are part sectional elevations of different
      soleplate configurations according to the invention.
PAR  FIGS. 24, 25 and 26 are plan views of soleplates according to the
      invention.
PAR  FIG. 27 is a front elevation of a laminated club head according to another
      aspect of the invention.
PAR  FIG. 28 is an exploded view of the club head illustrated in FIG. 27.
PAR  FIG. 29 is a view looking on 29--29 of FIG. 28.
PAR  FIG. 30 is a part sectional plan view of the club head illustrated in FIG.
      31.
PAR  FIG. 31 is a perspective view of a club head according to another aspect of
      the invention. k
PAR  FIG. 32 is a view looking on the back of a club head showing an external
      cavity.
DETD
PAR  A diagrammatic view of prior art clubs is shown in FIG. 1 where 1 indicates
      the general outline of the head of a wooden club, 2 is the hosel portion
      and 3 represents the shaft attached through the hosel by standard means.
      The axis X--X denotes a plane containing the striking face of the club or
      at least a part thereof and the axis Z--Z denotes the intended flight
      line, generally centrally located with respect to the striking face. For
      ideal conditions the striking face of the club should be perpendicular to
      the flight line at impact. From FIG. 5 it will be seen that the flight
      line Z--Z can, infact be considered a vertical plane since the flight line
      extends depthwise from the top to the bottom of the club head as shown in
      FIG. 5. The center-line of the shaft is denoted by 4 and it will be seen
      from FIG. 1 that by virtue of the placements of the weighting material W1
      or W2 the center of gravity of the club will be displaced away from the
      shaft center-line towards the back end of the club. Obviously if the
      weight is disposed as shown by W2, FIG. 1 then the center of gravity is
      more displaced from the center-line of the shaft.
PAR  This invention envisages an entirely different configuration as shown in
      FIG. 2. The weighting material is inserted in the form of arcuate strips,
      at least one strip per side, having a curvature conforming to the outline
      of the club head and a chosen sectional thickness t see FIG. 2, the outer
      surface of the material being generally blended with the head shape. These
      strips can be inserted at any desired height from the sole line 8 which is
      shown in FIG. 5. Alternatively, the weighting material can be added in
      sheet-metal form and for the sake of achieving an increased area moment of
      inertia or inertia effect the material would be spread over as large an
      area as possible depending on the chosen length of the side portion 6, the
      chosen depth and the amount of the weighting material to be distributed.
      These parameters are chosen as to make the thickness t of the weighting
      portion a minimum, see FIG. 2, in other words the weighting material is
      placed as far away as possible from the flight line Z--Z, consistent with
      the outline of the head, thus the h.sup.2 value in the formula, Inn = Icg
      + Ah.sup.2 is maximized, giving an increased area moment of inertia. In
      practice the length of the side portion 6 will, of course, vary somewhat
      due to the multitude of golf club head shapes available but 50% to 75% of
      the total length from the front should give optimum results. It should be
      realised that a section through a driver or number 1 wood utilising the
      sheet-metal form of this invention could yield a view essentially similar
      to FIG. 2, that is, two arcuate strips, conforming to the outline of the
      club, each strip being the mirror image of the other and having, in this
      case, the chosen thickness t. It has been previously stated in this
      specification that it is an object of this invention to provide a golf
      club wherein a vertical plane passing through the shaft center-line will
      essentially co-incide with the centre of gravity of the club. It will be
      seen from FIG. 3 that by judicious shaping of the inner periphery 7, of
      the weighting material 5, the weighting material can be given a bias
      towards the striking face of the club X--X. Various outlines may be chosen
      to do this, for example the outlines 7a and 7b, shown in FIGS. 6 and 7
      could be adapted to do this, and of course these outlines will also result
      in increasing the area moment of inertia over the prior art clubs.
      However, it is preferred to select the elongate outline as shown in FIG. 3
      which is in the form of what might best be described as an arcuate
      "comet's tail" shape, with a first or head end and second or tail end 32,
      said head end designated 31.
PAR  Of course, if it is desired not to have the centre of gravity of the club
      co-incident with the shaft center-line then the advantages of having an
      increased inertia effect may be achieved as heretofore shown and the
      center of gravity of the club may be positioned nearer the back of the
      club merely by reversing the head of the comet's tail, such that the bulk
      of the weighting material may be between the shaft center-line and the
      back of the club.
PAR  Heretofore in this application the principle of the invention has been
      described generally with reference to what might be called a top plan
      view. However it is well known that the point of impact of the club with
      the ball when viewed side on also has an effect on the quality of the
      shot. For example, if the centre of gravity of the club strikes the ball
      too far below the center of gravity of the ball a "skied" shot results, on
      the other hand if the club strikes the ball too far above the ball the
      tendency is to "top" the ball. (The words skied and top having the
      meanings generally attributed to them in golfing parlance). While a
      certain amount of topspin, produced by hitting above the ball's centre of
      gravity is advantageous in putting, it is believed a more efficient
      transfer of energy takes place when the centre of gravity of the ball and
      the club are in line. Thus, in putting, it is considered an advantage to
      get the ball rolling as quickly as possible which is attained by having
      the centres of gravity in line.
PAR  This invention may also be applied to vary the position of the centre of
      gravity from a fixed horizontal reference line, say, for example, the sole
      line 8, see FIG. 5. In this case the outline perimeter 9 defines the club
      striking face and includes peripheral side portions 6. As before, the
      weighting material 5 is disposed about the plane Z--Z at the extreme edges
      of the club and blended to the general outline. The inner periphery 7 of
      the strips or the sheet is again chosen or so shaped that the distance of
      the centre of gravity from the sole line 8 will be a pre-selected
      dimension d.
PAR  While the fixing of the weighting material may be done by various methods
      known in the art, for example, by screws or suitable adhesives, a
      convenient method is illustrated in FIG. 8 which represents a sectional
      elevation. The weighting material 5 is inserted in a "dovetail" manner, in
      this case in the form of a generally T shaped section, this helps to
      interlock the weighting material into the parent material, but screws may
      also be inserted if desired. The portion, 11 protruding through the parent
      material is blended to conform with the peripheral side portion 6. In this
      particular case, the shape of the weighting material protruding forms, as
      best shown in FIG. 9, a generally parallel strip having a top outline, 12
      and a bottom outline 14 when viewed from the side, and extends a
      pre-selected distance along the peripheral side portion 6. From FIG. 8, it
      will be apparent that the distance of the strip material 5, from the sole
      line, 8 can be selected to pre-determine the position of the centre of
      gravity of the head from the sole line 8, since the weighting material is
      relatively more dense than the parent material, in this case, of course,
      the centre of gravity is in the vertical plane as opposed to FIGS. 1, 2
      and 3 where the positioning of the centre of gravity refers to the
      horizontal plane. It will be appreciated that the inner periphery of the
      strip may be given any of the preferred configurations shown in FIGS. 2
      and 3 or as mentioned above.
PAR  FIG. 10 illustrates an embodiment utilising a different form of weighting
      material. It has been previously stated that to achieve an increased area
      moment of inertia the weighting material 5 should have a constant or
      uniform thickness t see FIG. 2 and FIG. 10 illustrates how the weighting
      material, in this case, can be shaped to bias the horizontal centre of
      gravity towards the striking face, 9 of the club which face can have the
      usual slight wood curvature or be flat as desired.
PAR  In FIG. 10 the weighting material is shaped such that the upper outline, 12
      and the lower outline 14, terminate at the outside surface of the club in
      a shape diverging towards the striking face of the club, thus biasing the
      center of gravity horizontally towards the center line of the shaft, 4,
      conversely, weighting material, 5 may converge towards the face. It will
      be appreciated that the top and bottom outlines 12 and 14 need not diverge
      or converge symmetrically and by choosing differing rates of divergence or
      slopes the position of the vertical center of gravity of the head may be
      influenced to move it either towards or away from the sole line, 8.
PAR  It is also pointed out that it is not strictly necessary to adopt a
      constant thickness t and the inner periphery 7, may be given any of the
      configurations shown in FIGS. 2 and 3 or mentioned elsewhere that is to
      say the shape of the weighting material when viewed side on may be
      combined with any of the inner peripheral configurations previously
      described. In this way the position of the center of gravity of the head
      may be made to be more or less co-incident with the shaft center-line.
PAR  The portions of weighting material 5, shown in FIGS. 9 and 10 are checked
      back slightly from the face of the club as opposed to that shown in FIG. 2
      where the material, 5 is shown taken right through to the face, 9, this is
      merely a further method for achieving a greater fixing effect.
PAR  It will be apparent from FIGS. 9 and 10 that the weighting material need
      not take up the whole of the peripheral side portions 6 but only a part
      thereof. For example the peripheral side portion, 6 may be defined as
      consisting of the area bounded by the beginning of the top part of the
      club represented as the line 10, FIGS. 5, and 10, the line joining the
      points 15 and 16, FIGS. 8, 9 and 10 and, as previously stated, will extend
      backwards along the club for a distance of between 50 to 75% of the
      distance between the front and the back of the club measured from the
      front or striking face of the club depending on the particular
      configuration of the club. It will therefore be obvious that the weighting
      material 5 need not take up all of the area so defined but only a part
      thereof.
PAR  That aspect of the invention concerned with the capability of
      pre-determining the centre of gravity of the head in a vertical plane by
      placing the weighting material at pre-selected heights from the sole line
      on the peripheral side portion 6, constitutes a convenient method of
      adjusting or producing a club having a pre-selected "swingweight". One
      method of finding the swingweight of a golf club is illustrated in FIG.
      11. The club is balanced on a knife-edge fulcrum 17, and the distance from
      the grip end, A to the balance point C, is measured. The point B is
      situated 12 inches from the grip end A and the distance BC is multiplied
      by the total weight of the club to give a quantity in ounces inches which
      will correspond to a swingweight reading on the lorythmic scale as is
      known.
PAR  Now, it will be obvious that if the centre of gravity of the head is moved
      closer to the sole line, 8 then the club will require to be moved to the
      right, as viewed in FIG. 11, to take up a new balancing point C'.
      Conversely if the centre of gravity of the head is moved away from the
      sole-line, 8 then the club will require to be moved to the left to take up
      a new balance point C". In either case the alteration of the distance BC
      will give a slightly different swingweight, further, different
      swingweights may be achieved through the variation in the length BC by
      pre-arranging the distance of the centre of gravity of the head from the
      sole line 8, and at the same time the overall weight of a given club may
      be maintained substantially the same and changes in shaft characteristics
      can be obviated. This may be done as follows:
PAR  Considering FIG. 8 and assuming for the moment that the weighting portions
      5 are omitted, that is, the head is composed wholly of some parent
      material, for example wood. Some of the wood is removed to form a cavity
      18. Further, portions of weighting material may be placed at pre-selected
      distances from the sole-line, 8, and since the weighting material is
      relatively denser than the parent material the particular positioning of
      the weighting material on the peripheral side portions, 6, from the sole
      line 8 will greatly affect the position of the centre of gravity of the
      head in the vertical plane, that is, relative to the sole line 8. A
      further internal cavity or void, 25, may be provided in the hosel portion
      2, or an external cavity may be formed in the rear of the head as shown in
      FIG. 32 thus allowing more weighting material to be placed as desired.
      Alternatively, the head may be pre-formed with the cavity or cavities
      already in it and the weighting material positioned to give the desired
      effect, the amount of weighting material being chosen to keep the total
      weight of the club within desired limits. It should be noted that the
      removal of the parent material in this manner is simply a convenient
      method for allowing more weighting material to be added and distributed as
      desired in all embodiments.
PAR  It should be noted that this balancing of the club is not merely a matter
      of adding or subtracting weight to the head to make the overall weight of
      the club heavier or lighter but is concerned with providing the club with
      a particular "feel." The feel of a golf club is a very difficult term to
      define, but generally speaking it means the impression a golfer gets when
      he uses the club and involves such factors as how heavy the club feels,
      how whippy or stiff it feels, how much the golfer senses the head as he
      swings it and so on and the feel depends primarily on such factors as head
      weight and its distribution, the shaft modulus and weight and how this
      varies along the shaft, the length of the shaft and the material of which
      the shaft is made and changing the feel heretofore normally required
      changing either the head weight and/or shaft characteristics.
PAR  One method of measuring feel is that described above known as
      "swingweighting" and the range of swingweights using the lorythmic scale
      includes from C0 to E5, the most useful range, however, probably lies in
      the range C5 to D7.
PAR  A further method of measuring feel is that disclosed in U.S. Pat. No.
      3,395,571 issued Aug. 6, 1968 to M. L. Murdoch which consists of measuring
      the natural frequency of vibration of the club head when given an impulse
      and the grip end is clamped. The useful range of frequencies according to
      this patent is from 250 to 400 cycles per minute.
PAR  It is therefore pointed out, that when the term feel is used in this
      specification it can refer to either of the two above described methods of
      measuring feel.
PAR  Generally speaking the cavities may be given any suitable configuration,
      however for the cavity in the hosel portion, it is preferred that it be in
      the form of a figure of revolution about the shaft axis 4. It will be
      noted from FIG. 8 that the top portion, 22 of the hosel forms an annular
      surface or seat for a ferrule (not shown) and that bearing portions 23 and
      24 extend lengthwise to form circuferentially extending bearing surfaces
      for supporting and fixing the shaft, 3 against the forces set up during
      play. The cavity 25, lies between an upper limiting position 19 and a
      lower limiting position, 20 and if desired, the cavity or void 25 may
      extend partially into the main body portion, 26. The shaft, 3 may extend
      through to the sole line, 8 and be plugged as known in the art, or it may
      be checked back as shown at 27, again known in the art. The shaft, 3 may
      be force fitted to the hosel and pinned and/or a bonding agent may be
      interposed between the bearing surfaces and the shaft, such methods of
      fixing being known.
PAR  It is pointed out that no particular sequence of steps is necessary but in
      most cases, it is convenient to start by first lightening the head, thus
      the amount of weighting material may be determined and then distributed to
      give the desired effect. It is further pointed out that the formation of
      the various cavities must be done having regard to the structural strength
      of the head in order that the club may withstand the forces to which it is
      subjected during play.
PAR  Heretofore this invention has been primarily directed to clubs of the wood
      type, however clubs of the "iron" type, that is those clubs normally used
      between the tee and the green, and putters which are used on the putting
      green are known where the heads are constructed of dissimilar materials,
      for example U.S. Pat. No. 3,250,536 issued May 10, 1966 to R. C. Moser
      discloses an iron club having a basically aluminum head and wherein
      weighting material of a relatively denser material such as brass or the
      like is used for weighting purposes, it is also known that sets of irons
      made of brass have been made. Obviously, therefore, the principles set out
      herein may be applied to these clubs. In the case of irons however because
      of the relative thinness of the blade compared to the configuration of the
      conventional wood shape, the aforesaid limitations relating to the length
      of the peripheral side portions, would not apply and the weighting
      portions would extend probably through to the rear of the club. It is also
      pointed out that in the case of irons, the Rules of Golf as presently
      framed prohibit the use of iron clubs which have inserts in their faces,
      such clubs are illegal. This does not mean that they are illegal in the
      criminal sense, merely that in any golf competition played subject to the
      rules of golf as presently framed the use of iron clubs having inserts in
      their faces would not be sanctioned and it would be advisable not to have
      the weighting material extend through to the front face. It is also
      pointed out that irons made of the softer metals are much more liable to
      marking and indentation than golf clubs having conventional steel heads,
      this is much more noticable, for example, in the case of putters. It is
      believed, however, that such indentation is not so much due to the impact
      of the club head and ball but is caused primarily because of the collision
      of the various club heads as they are carried about the course during
      play. Such clubs, therefore, preferably should be protected by suitable
      covers such as are used to protect golf woods and putters. FIG. 12
      represents a pictorial view of an iron or putter head according to one
      aspect of this invention. The weighting material 5, is, in this case, in
      the form of a vertical strip, shown hatched, and forms part of the
      peripheral side portion, 6. In this particular case the weighting material
      is embedded in the peripheral side portion and completely surrounded by
      the club head parent material, the weighting material 5, may, however
      extend to the rear portion of the club 28, it also may extend upwards to
      appear at the top portion, 29, and/or downwards to bottom portion 30 which
      in most cases is in the same plane as the sole line, 8. In the FIG. 10,
      however, the weighting material is shown spaced vertically from the sole
      line 8. It is not apparent from the FIG. 12, but the opposite side, that
      is, the hosel side has weighting material inserted therein of a
      configuration similar to that chosen for the "toe" portion, this applies
      equally to FIGS. 9 and 10 where only the weighting portions at the toe
      portions are shown. It will be seen from FIG. 12 that the peripheral side
      portions or the heel and toe are of curvilinear configuration as are those
      of the woods shown in FIGS. 9 and 10, but, and more particularly in the
      case of putter, the heel and toe may be of planar configuration. Also it
      will be appreciated that whereas in the figures the hosel is shown as an
      integral part of the main body portion this may be dispensed with in the
      case of putters and in this case the shaft attachment means simply takes
      the form of a drilled hole. In some cases the curvature mentioned above
      may be double, that is the heel and toe may curve in the horizontal plane
      and in the vertical plane.
PAR  It is pointed out that in the matter of practical golf club manufacture it
      may not always be possible or desirable that the club should have the
      maximum possible area moment of inertia. For example, it has previously
      been shown in this specification how the center of gravity of the club may
      be biased towards any away from the shaft center-line an in this case,
      obviously, the maximum possible area moment of inertia would not be
      achieved. In other cases, for example, very deep faced clubs putting the
      weighting material on the hosel side portion at the same height from the
      sole line as the peripheral side edge portion on the toe may result in
      having the weighting material at a position on the hosel which would
      seriously detract from the strength of the hosel. The terms "maximized
      area moment of inertia" and "maximum possible area moment of inertia"
      therefore, have been used freely and somewhat interchangeably throughout
      this specification, although it is recognised that strictly speaking the
      two terms are not quite synonymous. Therefore, it is pointed out the term
      "maximized area moment of inertia" refers to a club head wherein the
      maximum possible area moment of inertia has been achieved having regard to
      practical design limitations and the attainment of other desirable
      properties in a club.
PAR  FIG. 13 represents a further aspect of the invention in which the weighting
      portions 5 define a major axis 41 longitudinally extending parallel with
      the flight line Z--Z. The cross-section of the weighting portions can be
      circular as shown in FIG. 16 which represents a view looking on the
      striking face of the club head of FIG. 13. It will be appreciated that the
      longitudinal configuration will give a greater inertia effect since from a
      comparison of FIGS. 13 and 16, it will be seen that the centroid distance
      h in both cases is the same but the area of the longitudinally extending
      weighting portion, 5 of FIG. 13 will give an increased area, thus the
      quantity Ah.sup.2 will be greater with this configuration. It will be seen
      from FIGS. 2 and 3 that the weighting portions, 5 also define a major axis
      longitudinally extending substantially parallel with the flight line, at
      least to the extent permitted by the curvature of the side portions 6.
      Further, it will be evident that elongate narrow weighting elements can be
      placed farther from the flight line giving a greater inertia effect.
PAR  In FIG. 13, the weighting portions 5 are stepped back slightly from the
      face 9 and this space may be filled with a covering 42 for appearences
      sake, this may be done throughout all the embodiments if desired.
PAR  FIG. 14 shows an example embodiment where the weighting portions, 5 lie on
      an axis extending parallel, to the shaft center-line, 4. It is not
      neceasary that the weighting portions, 5 be placed exactly on the shaft
      center-line, 4, merely that they are positioned to give the desired
      effect. In all of the embodiments shown in FIGS. 13, 14 and 15, in
      addition to increasing the inertia effect of the club head, the weighting
      portions may, if desired, be arranged to form means whereby the center of
      gravity of the head is positioned in alignment with the shaft axis.
PAR  FIG. 15 shows an embodiment where the weighting portions, 5 are positioned
      at an angle to one another. The weighting portion, 5 adjacent the hosel
      side of the club head being positioned on the shaft center-line, though
      not necessarily to the same diameter as is shown in FIG. 15. This is
      advantageous in that a hole for the shaft, 3 has to be drilled anyway and
      the weighting portions, 5 can be covered by a sole plate, 43 attached by
      standard means during the club assembly.
PAR  FIG. 18 represents a view looking on the underside of a golf club head and
      shows a soleplate generally indicated at 43 on the bottom thereof, the
      major portion of which forms a surface for grounding the club during play.
      Weighting portions, 5 are set into the peripheral side portions 6 and the
      assembly, club head and soleplate can be conveniently assembled together
      using standard means, for example, screws 44, and additional screw or
      screws 45 may be used if desired as additional fixing means for the
      soleplate. It will be seen that the soleplate is not an integral part of
      the weighting portion, 5 or the main body portion 26 of the club head
      being separated therefrom at the junction represented by the line 46 which
      follows the contour of the head and the portion 47 represents the striking
      edge of the soleplate corresponding to the striking face of the club head.
PAR  The soleplate 43 may be made having the weighting portions 5, forming an
      integral part thereof. FIGS. 20, 21, 22, and 23 represent various sections
      which the soleplate may have and they all have the common feature of
      including upstanding thickened portions, 48 in contrast to the main body
      portion 49 which thickened portions serve to give the desired weight
      distribution when the soleplate is attached to the club head. In FIG. 19,
      the weighting portions, 48 are curved in form and situated adjacent the
      peripheral side portions 50 of the soleplate. FIGS. 20, 21 and 22 show the
      thickened portions situated at the peripheral side portions, 50 of the
      soleplate which conform in shape with the peripheral side portions 6 of
      the club head. Outlines 51 and 52, FIG. 20 conveniently form a recess with
      main body portion 49 serving to locate the soleplate laterally on the club
      head. Outlines 51 and 52 can be slotted as at 53, in FIG. 21 to form a
      convenient means for mounting the soleplate on the club head in dovetail
      fashion. FIG. 22 shows a recess 54 which can be made in the thickened
      portions 58 and can serve as a receptacle to contain further weighting
      material, for example, if the parent material of the soleplate is of brass
      or aluminum the further weighting material can be lead. This gives a
      useful method of finally determining the weight distribution of the
      soleplate and thus of the golf club. FIGS. 24 and 25 represent the plan
      views of a soleplate and it will be obvious that the thickened portions 48
      may be given any of the configurations of the weighting portions
      previously described and, also, as for those previously, described
      configurations, FIGS. 24 and 25 show, that for the soleplate, the
      thickened portions 48 corresponding to the weighting portions 5 of the
      club head, are concentrated at a locality adjacent the sides and front
      respectively. FIG. 25 shows how the soleplate, 43 may be produced to have
      a slot therein defined by the inner lines 55 and 56 and the line, 57 which
      is situated just back from the edge 47. The portion or bar 80 of the
      soleplate lying between lines 47 and 57 being just wide enough to
      effectively resist the forces which may arise during play, for example, if
      the golfer accidentally digs into the turf. This configuration increases
      the rotative inertia effect of the soleplate which as previously described
      is increased when the material is displaced away from the central
      longitudinal axis, 60 which corresponds to the flight line Z--Z when the
      soleplate is assembled to the club head. A rectangular slot is shown
      however, it will be appreciated that the bifurcated configuration is not
      restricted to a rectangular outline, moreover it will be observed that the
      bar 80 joining leg portions 93 is considerably less in width than the
      width of the leg portions 93 and the width of the soleplate is greatest at
      about the mid-point of the length.
PAR  As is known in golf club manufacture, heads for wood clubs may be made from
      layers of plastics material laminated together and the technique and
      materials from which this type of head can be made, also, are known, FIGS.
      27, 28 and 29 illustrate a method of practising the invention using this
      type of club head construction. Layers, 61 of suitable plastics material,
      for example, cellulose acetate butyrate or other thermoplastic resin
      material, not restricted to being cellulosic in nature, are formed one
      upon the other in successive layers as will be evident from FIG. 27. These
      layers are treated with a suitable solvent, for example, such as acetone
      or the like which softens them and by the application of suitable pressure
      and temperature the layers are fused together into an integral wood head,
      the hosel portion, 2 being added later, see FIG. 28, the procedure above
      being known in the art. In applying the principle of this invention in
      this particular type of club head construction, weighting portions 5, best
      shown in FIGS. 28 and 29 are attached to pre-selected layers by means of
      dovetail portions, 62 and perforations may be also added which assist in
      the forming of the head into an integral mass. The weighting portions, 5
      in this case can be conveniently formed from sheet metal. As will be
      evident from FIG. 27 although a plurality of weighting inserts are shown
      located in the main body portion each said locality is adjacent the heel
      and toe respectively of the head.
PAR  In addition to heads of laminated plastics material, heads of moulded
      plastics material and the techniques for moulding them are known in the
      art. Briefly this comprises injecting suitable plastics material under
      pressure into a mould and this invention may be practised using such known
      techniques. For example, the addition of a small tab, 79, FIG. 29, to the
      insert forms a conventient means for securing the insert between two
      halves of a suitable mould. The plastics material is then inserted into
      the mould in the known manner resulting in a club head having the
      weighting portions moulded in situ. On removal from the mould the tab may
      be removed and the head, including the insert polished up in a standard
      polishing procedure. If desired and depending on the shape of the mould,
      the inserts can be inserted from the bottom.
PAR  FIG. 30 illustrates a method of providing a golf club head having
      adjustable weighting means.
PAR  A restraining member, generally indicated at 70, extends around the back of
      the head. In this case the restraining member is of resilient material and
      forms a member rather similar to an industrial type spring retaining clip.
      The resilient member 70 may be sprung apart to allow it to pass over the
      two humped portions 71 and because of its inherent resiliency will tend to
      snap back again effectively retaining it against the club head. Attached
      to the member 70 are two basic planar portions 72, best seen in FIG. 31
      which carry springlike prong portions, 73 capable of resiliently holding
      further portions of weighting material, 74. It may be arranged that the
      members 72 can be adapted to give the desired weighting effect and the
      weighting portions 74 can be removed and/or other portions differing in
      weight and/or density may be substituted depending on the desired effect.
      It will be appreciated from FIG. 30 that because of the relative thinness
      of the restraining member 70 the main inertia effect will lie in the
      planar portions 72 and/or the additional weighting portions 74.
      Alternatively the member 70 may be permanently set into the back of the
      head or removed altogether, in this case, the planar portions 72 may be
      hingedly attached to the club head and retained in conformity with the
      peripheral shape of the club by a torsion spring member. In both cases it
      will be appreciated that this provides a club head to be used in the
      construction of a golf club having an adjustable swingweight facility.
      This particular embodiment is useful in that it does not entail having to
      carry special tools such as a screwdriver or the like to unscrew members
      used to retain the adjustable weights in known designs.
PAR  The portions of weighting material may be inserted into the club by
      drilling out or otherwise forming cavities of the desired configuration
      and pouring in lead or such like weighting material, standard fixing
      means, for example screws, being added, if desired for greater security.
      Alternatively the weighting portions may be formed as articles of
      manufacture for example by casting.
PAR  It will be appreciated that the provision of heads as described herein are
      to be used subsequently in the manufacture of golf clubs and it is pointed
      out that it will be the overall weight of the particular golf club which
      will largely determine the desired weight of the basic head. This overall
      weight, of course, depends on such factors as the weight and type of
      shaft, the weight of the grip and soleplate and having determined the
      desired overall weight of the club the weight of the basic head can then
      be decided. Once this basic head weight is known the amount of weighting
      material to be distributed according to the invention is determined and as
      stated earlier it is an advantage to have as much weighting material as
      possible available for re-distribution. It should not be thought that the
      weighting material must necessarily be distributed equally at the
      peripheral side portions. It has been found that in one embodiment, for
      example, of the weighting material available for distribution about 62%
      was placed at the toe and about 38% placed at the heel. These figures,
      however, are guidelines only and other distributions can be chosen
      depending on the particular shape of the head. Moreover it should be noted
      that as shown in FIGS. 1, 2 and 3 and to a lesser extent in FIG. 12 it is
      possible that the bulk of the main body portion may be offset from the
      center-line 4 in a direction rearwardly of the striking face 9 but at the
      same time the center of gravity of the head may be positioned in
      accordance with the invention to be either in substantial alignment with
      the shaft center-line or rearwardly of the shaft center-line towards the
      back of the club head.
PAR  It should be noted that the meaning of inertia as used in this
      specification is the accepted one of the property of an object to remain
      moving in the same direction unless acted upon by some outside source and
      the area moment of inertia I equal to Inn + Ah.sup.2 in so far as it
      relates to the distribution of the weighting material, has been taken to
      be a measure of the club head's ability to resist the tendency to twist
      due to an off-center hit. For example, and by way of further explanation,
      it should be noted that in those cases where the section (or sections)
      concerned are displaced from the main axis the Theorem of Parallel Axes is
      used to determine the Area Moment of Inertia. For example in the case of
      golf club heads one can consider the theoretical or intended flight line
      (Z--Z) to be the axis X--X and the Area Moment of Inertia about this axis
      is given by the formula Icg + Ah.sup.2 where Icg is the self inertia of
      the displaced section, A is the area of the displaced section and h is the
      distance from the axis X--X (in this case the flight line) to the centroid
      of the displaced section. It will be appreciated that the Area Moment of
      Inertia is concerned with plane surfaces such as that shown in FIG. 2
      which can be considered a sectional plan view through the club head.
      However, the depth dimension of the weighting elements can be considered
      to be made up of an infinity of surfaces such as that shown in FIG. 2 and
      the sum total of this infinity of surfaces results in the formation of a
      discrete weighting element. Therefore by ensuring that each sectional
      surface has its own Area Moment of Inertia maximized, the rotational
      inertia, per se, is increased. Since the density of the weighting material
      will be very much greater than the parent material the outward lying
      weighting elements will have a greater effect on the rotational inertia of
      the head notwithstanding the greater area of the parent material at any
      one section.
PAR  With regard to the soleplate it is pointed out that the thickened portions
      48 need not always be spaced from the flight line to thereby increase the
      inertia effect and FIG. 26 illustrates a soleplate having the thickened
      portion 48 extending substantially from one peripheral side to the other
      and parallel with the striking edge 47. If desired it can be taken right
      out to form part of the side edge 50 of the soleplate and can contain
      additional weighting material heavier than the parent soleplate material
      as previously described. The soleplates, of course will be attached in the
      normal method using screws and in the case of the soleplate illustrated in
      FIG. 26 this forms a convenient method of biasing the weight of the
      soleplate towards the striking edge 47 and thus when attached to a golf
      club head can be adapted to align the center of gravity of the golf club
      head with the shaft center-line.
PAR  As previously stated the main body portion 26 of the golf club head may
      have a cavity 18 therein and in those cases where the soleplate 43 is
      bifurcated as shown in FIG. 25 the cavity 18 will open outwards from the
      bottom of the club. This may be objectionable and FIG. 17 shows how this
      cavity may be covered by a closure member 90. The inside periphery of the
      legs 93, FIG. 25, of the soleplate can be shaped to form a spigot,
      generally indicated at 91 in FIG. 17 and which receives a flange piece 92
      formed on the closure member 90. The soleplate will be attached to the
      bottom of the club by screws in the usual manner and of course will also
      retain the closure member in place. It should be noted that it would be
      advantageous if the material of which the closure member 90 is made has a
      low co-efficient of friction since this will help reduce the frictional
      drag when it comes into bearing contact with the turf during playing of a
      shot or during the takeaway initiating the swing. It will be a further
      advantage if the material of the closure member is lighter in density than
      the parent soleplate material since, in this way, the increased rotative
      inertia effect of bifurcating the soleplate will not be completely lost.
PAR  As previously taught the swingweight of a golf club may be altered in
      accordance with the methods outlined herein without changing the weight of
      the golf club head or changing the shaft flex and this may be done by
      pre-determining the position of the center of gravity relative to the
      bottom of the club head. In FIG. 15, for example, the weighting material 5
      may be in the form of screwed inserts, received within a screwed recess
      and retained against the screw by a spring. The inserts may then be
      screwed up or down relative to the bottom of the club and thus effectively
      alter the swingweight.
PAR  In constructing golf club heads and golf clubs according to the invention
      described herein I believe the best method of obtaining the optimum weight
      distribution is by constructing prototypes and assembling and testing the
      resulting clubs on a driving machine. The ball is displaced a
      pre-determined distance from the theoretical flight line and the dispersal
      of the resulting shots is measured for clubs with various weight
      distributions.
PAR  Having described my invention and the best mode and manner of practicing it
      as required by the Patent Statutes, I desire that my invention be limited
      only by the following claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A golf club head comprising:
PA1  a. a main body portion of a parent material of predetermined density having
      shaft attachment means for the attachment of a shaft thereto;
PA1  b. said main body portion having a front striking face, a rear surface, a
      sole surface, a top surface and toe and heel portions;
PA1  c. said heel and toe portions defining peripheral side portions of said
      main body portion;
PA1  d. a plurality of weighting elements having an outer and inner surface with
      said outer surface located adjacent to and forming a part at least of said
      peripheral side portions and blended therewith, said inner surface
      following generally the contour of said outer surface;
PA1  e. each of said weighting elements being of a material having a density
      greater than said parent material;
PA1  f. each of said weighting elements having a similar predetermined shape and
      substantially symmetrically located about a predetermined vertical plane
      substantially centrally located in said main body portion which defines
      the intended flight line, said elements being spaced from said flight
      line;
PA1  g. each of said weighting elements located a predetermined distance from
      said sole surface and extending a predetermined distance rearwardly of
      said striking face; said elements having a cross-section wherein the major
      dimension extends substantially parallel with said flight line and
PA1  h. said weighting elements provide the club head with a center of gravity
      located a predetermined distance above said sole surface and a maximized
      area moment of inertia.
NUM  2.
PAR  2. A golf club head according to claim 1 wherein the center of gravity of
      said head is located in said plane and said weighting elements are
      configured to position said center of gravity relative to said striking
      face.
NUM  3.
PAR  3. A golf club head according to claim 2 wherein said weighting elements
      have a first end and a second end, said first end being heavier than said
      second end, and wherein said second end is located adjacent said striking
      face such that the center of gravity of said head is positioned between an
      extension of said center line and said rear surface.
NUM  4.
PAR  4. A golf club head according to claim 2 wherein said shaft attachment
      means includes a center line substantially coincident with a shaft to be
      fitted thereto and wherein the center of gravity of said head is
      positioned substantially in alignment with an extension of said center
      line.
NUM  5.
PAR  5. A golf club head according to claim 4 wherein said weighting elements
      have a first end and a second end, said first end being heavier than said
      second end, and wherein said first end is located adjacent said striking
      face such that the center of gravity of said head is located substantially
      in alignment with said extension of said center line.
NUM  6.
PAR  6. A golf club head according to claim 2 wherein said outer surface
      diverges towards said striking face.
NUM  7.
PAR  7. A golf club head according to claim 1 wherein said outer surface is
      generally strip like in form and substantially parallel with said sole
      surface.
NUM  8.
PAR  8. A golf club head according to claim 1 wherein said outer surface forms a
      generally elongate strip extending in a plane substantially vertically of
      said sole surface.
NUM  9.
PAR  9. A golf club head according to claim 1 wherein said weighting elements
      have an upper end and a lower end, said lower end being heavier than said
      upper end, and wherein said lower end is located adjacent said sole
      surface whereby the center of gravity of said head is located adjacent
      said sole surface.
NUM  10.
PAR  10. A golf club head according to claim 1 wherein said predetermined center
      of gravity distance is within a range of about 0.8 to 0.85 inches.
NUM  11.
PAR  11. A golf club head according to claim 1 including a restraining member
      extending around said rear surface and connecting said weighting elements.
NUM  12.
PAR  12. A golf club head according to claim 11 wherein said restraining member
      is of resilient material.
NUM  13.
PAR  13. A golf club head according to claim 12 wherein said weighting elements
      are removably attached to said head by means of said restraining member.
NUM  14.
PAR  14. A golf club head according to claim 1 wherein said head is of the wood
      type and wherein said shaft attachment means comprises a hosel member for
      said head, said weighting elements comprising elongate members located
      intermediate said top surface and said sole surface and having
      predetermined cross-sectional dimensions whereby said area moment of
      inertia is maximized.
NUM  15.
PAR  15. A golf club head according to claim 1 wherein said weighting elements
      are of a substantially constant thickness extending into said main body
      portion short of said flight line and being of a predetermined depth.
NUM  16.
PAR  16. A golf club head according to claim 1 wherein said striking face is
      substantially flat.
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ABST
PAL  A recording-reproducing system comprising a flexible jacket containing a
      record disk, a turn table rotating said record disk, an engaging means
      engaged to one end of said record disk in said jacket, a stopping means
      for restricting only the movement of said record disk, and a thrust means
      for transferring said jacket, whereby said record disk can be taken out of
      said jacket within the reproducing system.
BSUM
PAR  This invention relates to a recording-reproducing system using a disk-like
      recording medium, wherein the recording medium in a state of being
      contained in a jacket is inserted in the system and then taken out of the
      jacket automatically to be loaded on a turn table.
PAR  In the conventional reproducing system using a record disk, it has been
      necessary at the time of reproducing the record disk to take the record
      disk out of a jacket which protects it. In one method, loading of the
      record disk into the reproducing system is done after the disk is taken
      out of the jacket. In another method, loading of it into the reproducing
      system is done under the condition that the disk is contained within a
      jacket. In the former method, due to manual loading, there is a
      possibility of touching the recording surface and thereby damaging it. So,
      the disk should be handled very carefully, which is rather troublesome,
      although in this respect, the latter method is favorable, the jacket or
      the protecting case should be made large, accordingly as the diameter of
      record disk increases. Therefore, the size of the reproducing system
      should be made larger than the total size of the record disk and the
      jacket. For a disk with a particularly large diameter, the reproducing
      system becomes impractically large. With use of a flexible record disk
      which could be bent the reproducing system may be smaller, but it is not
      applicable to a disk made of hard material.
PAR  According to this invention, it is intended, regardless of a hard or a
      flexible disk, to remove such a defect where the size of the reproducing
      system should be more than twice that of the record disk, thereby enabling
      the removal of the disk from the jacket within the reproducing system.
PAR  Furthermore, the record disk loading system according to this invention the
      following effects:
PAR  1. Since the record disk in a state of being contained in the jacket is
      loaded in the reproducing system, the disk is free from being touched by
      hand. There is no possibility of it becoming dirty.
PAR  2. That the record disk is kept contained in a jacket makes handling easy.
PAR  3. By accommodating the jacket in the state of being bent after removal of
      the record disk therefrom, the size of the system can be made small.
PAR  4. Since the jacket together with the record disk is loaded in a flat state
      and the jacket alone is then bent, any record disk, either of soft or hard
      material, may be used.
PAR  5. Since it is only within the reproducing system that the record disk is
      taken out of the jacket, there is substantially no possibility that the
      surface of the disk is exposed to dirt, etc.
DRWD
PAR  Embodiments of this invention will be explained hereinafter taken in
      conjunction with the drawings, in which:
PAR  FIG. 1 is a perspective view of the main part of one embodiment of this
      invention;
PAR  FIG. 2 is a cross sectional view of the main part of the above embodiment;
PAR  FIG. 3 is a perspective view showing the external appearance of the
      embodiment of this invention;
PAR  FIG. 4 is a cross sectional view of the main part of another embodiment of
      this invention;
PAR  FIG. 5 is a perspective view of the main part of the above embodiment; and
PAR  FIG. 6 is a perspective view of a jacket used in a further embodiment of
      this invention.
DETD
PAR  FIG. 1 shows the internal structure of one embodiment of this invention.
      Numeral 1 designates a record disk which has been loaded, and 2 designates
      a flexible jacket which, after having the disk removed, is bent and
      transferred to be accommodated. 2' indicates the direction into which the
      flexible jacket is initially loaded in the reproducing system. 3
      designates a turn table, on which the record disk is placed and rotated. 4
      designates a center guide pin which adjusts the rotation center of record
      disk 1 to that of the turn table 3. 5 and 6 are rollers which drive the
      flexible jacket. 7 is a roller which expands the opening of the jacket 2
      to make it easy for the record disk to be accommodated in it and serves
      also as a guide for transferring the jacket. 8 designates a guide member
      which, in this embodiment, acts to bend the flexible jacket 2 in order to
      thrust it under the turn table 3. 9 is meant for stopping the movement of
      record disk 1, i.e. this stopping member 9 holding the disk. The rollers 5
      and 6 begin to drive the jacket 2.
PAR  FIG. 2 is a view of the flexible jacket 2 seen from the direction of
      insertion. 10 designates a motor which rotates the turn table, and 11 is a
      chassis. 1a designates a center hole of the record disk 1, which is
      adjusted to the center hole 3a of the turn table 3 and guided by a center
      guide pin 4. In this embodiment, the periphery of the record disk is made
      thicker than the inner part. The stopping member 9 touches this thick
      peripheral portion to fix the record disk. 2a and 2b designate upper and
      lower surfaces of the flexible jacket 2. In this embodiment, it is assumed
      that only one surface of record disk 1 is reproduced. Therefore, as shown
      in FIG. 3, a cut 2c is provided only in the surface 2a at a possition
      related to the stopping member 9. When both surfaces of record disk 1 are
      to be reproduced, it is necessary to provide cuts on both surfaces.
PAR  Next, explanation will be made of the manner in which this embodiment
      works. When the flexible jacket containing the record disk 1 is loaded on
      the turn table 3, the stopping member 9 and the center guide pin 4 are in
      a position sufficiently above the top surface of the turn table 3. The
      jacket is loaded without being restricted by the turn table 3, the center
      guide pin 4 and the damping member 9. The rollers 5 and 5' are in
      separated state, between which the ends of jacket 2 are placed. Next, when
      the flexible jacket 2 is loaded, the stopping member is lowered and
      catches the thick peripheral portion 1b of record disk 1 through the cut
      2c (see FIG. 2). Then, either of the rollers 5 or 5' is moved in a
      direction pressing each other and driven in rotation, so that only the
      flexible jacket is bent and guided by them under the turn table 3.
      Finally, the rollers 6 transfer the jacket to its end position. When the
      transfer is completed, the center guide pin 4 drops down to adjust and
      guide the centers of record disk 1 and turn table 3. Also, the stopping
      member 9 rises and is in a position sufficiently separated from the record
      disk 1. The preparatory stage of reproduction is thus finished. Although
      not shown in the figures, the contents of the record are reproduced by a
      transducer element, etc.
PAR  When the record disk is to be taken out, the rollers 6 are made to rotate
      in a reverse direction such that the jacket 2 envelopes the record disk 1.
      The opening part of the flexible jacket 2, being engaged with the roller
      7, expands largely by its elasticity, and thus makes it easy for the
      record disk to be contained in the jacket 2. At this step, the center
      guide pin 4 rises upwards. After complete accommodation the flexible
      jacket may be taken out manually.
PAR  FIG. 3 is a view showing the external appearance of the embodiment, where
      12 designates the main body, 13 the opening for inserting the flexible
      jacket, 14 the operation buttons, and 15 indicates the direction of
      entering the jacket into the reproducing system according to the present
      method.
PAR  FIG. 4 shows another embodiment, where the peripheral portion of record
      disk 1 is not thick. What distinguishes this embodiment from the foregoing
      one is that both surfaces of the flexible jacket have cuts at which a
      stopping member 9 and another stopping member 16, opposite thereto, are
      provided. The directions of their movements are indicated by arrow 9' and
      16' respectively. It is intended that the record disk 7 is held between
      the members. As different from the case of FIGS. 1 and 2, the center pin 4
      ejects downwards.
PAR  While in the above embodiments the jacket is flexible, FIG. 5 shows a case
      where it is transferred without being bent.
PAR  In all of the foregoing embodiments, adjustment between the center pin and
      the record disk is done after the movement of the jacket. Since this makes
      the structure rather complicated, in FIG. 6 an opening extending from the
      edge of jacket 2 to the central portion thereof is provided. The center
      hole of record disk 1 is engaged with the center pin, which thus serves as
      the stopping member in the foregoing cases. In order to avoid dirt during
      storage and secure stable transportation, such a double structure may be
      constructed such that the jacket of FIG. 6 constitutes an inner jacket,
      whereby only when the jacket is situated in the system the inner jacket is
      exposed.
PAR  Although in the above embodiments the flexible jacket is transferred in a
      sideward direction and bent, it may be transferred in rearward direction.
      The downward bending may be replaced by an upward one. The center guide
      pin, instead of an upwards direction, may return into the turn table.
      Furthermore, the way of making an opening in the jacket is not limited to
      that described.
PAR  As mentioned above, this invention provide a method for loading the record
      disk in a state of being contained in a jacket into a reproducing system.
      Therefore, the disk protected by the jacket is free from the fear of being
      scratched, etc. Furthermore, since the jacket is bent after the record
      disk is taken out, the size of the reproducing system, which usually
      should be more than twice the diameter of record disk, may be smaller than
      this value.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for loading a record disk contained within a flexible jacket
      into a recording and reproducing apparatus including a turn table for
      rotating said disk, said system comprising
PA1  stopping means secured to said apparatus adjacent said turn table, said
      stopping means engaging said record disk and restricting only the movement
      of said record disk contained within said flexible jacket when said disk
      and flexible jacket are loaded on said turn table, and
PA1  thrust means secured to said apparatus adjacent said turn table for
      transferring said flexible jacket to an interim position under said turn
      table, said jacket being bent in said interim position and while being
      transferred thereto.
NUM  2.
PAR  2. A system according to claim 1, in which said stopping means for stopping
      said record disk engages with a protrusion provided in the periphery of
      said record disk.
NUM  3.
PAR  3. A system according to claim 1 in which said stopping means holds the
      peripheral portion of said record disk, both sides of said peripheral
      portion being exposed by cut portions of said jacket.
NUM  4.
PAR  4. A system according to claim 1 wherein said turn table is provided with a
      center pin and wherein said center pin comprises said stopping means.
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ABST
PAL  An automatic diameter selection device for the pick-up arm of a record
      player. A sensing pin disposed in the turntable is depressed by records
      greater than a given diameter and cooperates with abutment members to move
      a plate between a plurality of locked positions. The plate moves only if,
      after a record has been placed on the turntable, the sensing pin occupies
      a position which differs from its previous position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a record player which is provided with a tone arm,
      a turntable and a displaceable abutment lever which during the inward
      pivoting movement of the arm is contacted by a stop element coupled to the
      arm to limit the movement in accordance with the diameter of a record
      placed on the turntable. The turntable accommodates at least one sensing
      pin which, depending upon the record diameter, is, or is not, depressed
      and cooperates with abutment members which are movable in accordance with
      the displacement of the sensing pin so as to adjust the position of the
      lever.
PAR  2. Description of the Prior Art
PAR  A record player of this type is described in German Patent Specification
      No. 1,202,522. In this known record player, each time a record is placed
      on the turntable at the beginning of the playing cycle the abutment lever
      is pivoted from an inoperative position to an operative position in order
      to move the abutment members into the path of the sensing pin which,
      depending upon whether it is or is not depressed, cooperates with the
      abutment members to place the abutment lever in a position corresponding
      to the diameter of the record. After the arm has thus been enabled
      automatically to select the set-down diameter corresponding to the
      diameter of the record placed on the turntable and the stylus has been
      placed in the lead-in groove of the record, the abutment lever is returned
      to the inoperative position outside the path of the sensing pin.
PAR  The known record player has the disadvantage that the operations of moving
      the abutment lever from the inoperative position to the operative position
      and vice versa require a control mechanism which forms part of a
      conventional control disc, with the result that the use of the known
      automatic set-down diameter selecting device is restricted to record
      players of the type provided with such a control disc. At the beginning of
      each playing cycle the sensing pin and the abutment members are brought
      into contact with one another, which may give rise to troublesome noise.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a record player which
      is provided with an automatic setdown diameter selecting device which can
      be operated in a more simple manner without the need for a control disc,
      and hence can be used in a greater variety of record-player types while
      the occurrence of troublesome noise is reduced to a minimum.
PAR  According to the invention the abutment members of a diameter selecting
      device are movable between a plurality of locked positions which each
      correspond to one of the different diameters of records to be played,
      depending upon the displacement of the sensing pin. Movement from one
      locked position associated with a given record diameter to another locked
      position associated with another record diameter is performed only if the
      pin, after placing of a record on the turntable, occupies a position which
      differs from the position it occupied during the playing of the preceding
      record.
PAR  An apparatus according to the invention provides the advantage that,
      starting from a position in which the abutment members occupy a given
      locked position associated with a given diameter of a record to be played,
      the members are displaced to another locked position only if a record of a
      diameter different from that of the preceding record is placed on the
      turntable. When records of the same diameter are consecutively played the
      abutment members remain in the set locked position associated with that
      diameter.
PAR  In a preferred embodiment of the invention the sensing pin is disposed on a
      rocker which is mounted on the lower surface of the turntable. Two
      abutment elements on the rocker are differently spaced from the turntable
      center and, depending upon the position of the sensing pin, alternately
      are at two different levels relative to the abutment members. When the
      sensing pin is displaced an abutment element which was on a first level
      occupying a raised position relative to the abutment members moves to the
      second level and the other abutment element of the rocker moves from the
      second level to the first level. The first-mentioned abutting element then
      engages one of the abutment members and displaces these members from a
      locked position to an intermediate position. Detent means are provided
      which move the abutment members from said intermediate position to another
      locked position, in which latter position the abutment element which is at
      the second level is clear of the abutment members, with the consequent
      advantage that no reaction forces can be exerted on the sensing pin.
PAR  In the preferred embodiment the position of the pivot axle of the rocker
      relative to the rocker and to the sensing pin is selected so that in the
      non depressed condition of the sensing pin the pin projects above the
      turntable by its own weight, and the force required to depress the sensing
      pin is of the order of one gram. In a further preferred embodiment two
      rockers are mounted on the turntable at different distances from the
      turntable center.
PAR  It is also preferred that the abutment members comprise two abutment
      surfaces which are formed on the abutment lever and coverge in the
      direction of rotation of the turntable. To provide a detent action the
      abutment lever has notches which are equal in number to the locked
      positions. A resilient pawl element engages one of the notches to lock the
      abutment surfaces. The resilient pawl element preferably is in the form of
      a roller mounted for free rotation on an end of a spring-loaded lever
      pivotably mounted in the record player.
PAR  Preferably a contact lever is also provided which is movable in accordance
      with the movement of the abutment members, and in the locked positions of
      said members cooperates with electrical contacts to set the speed of the
      turntable. Simultaneously with the automatic selection of the set-down
      diameter the speed associated with the record to be played is then
      automatically set. The contact lever preferably is disposed on the
      abutment lever.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Embodiments of the invention will now be described, by way of example, with
      reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 is a plan view of a first embodiment of an automatic set-down
      diameter selection device according to the invention provided in a record
      player,
PAR  FIG. 2 is a sectional view taken on the line II--II of FIG. 1,
PAR  FIG. 3 is a plan view of a modified embodiment of a record player having a
      set-down diameter selection device according to the invention.
PAR  FIGS. 4a, 4b and 4c are sectional views taken on the line IV--IV of FIG. 3
      and illustrate positions which the sensing pins occupy when a record
      having a diameter of 17 cm, 25 cm and 30 cm respectively has been placed
      on the turntable, and
PAR  FIG. 5 is a perspective view of an embodiment of a mechanism for moving the
      tone arm which may be used in the record player of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The first embodiment of the invention, shown in FIGS. 1 and 2, comprises a
      tone arm 1 which is pivotable about a spindle 2 and is coupled to a
      plate-shaped element 3 which follows the rotary movement of the arm.
      Element 3 is provided with a stop pin 4 which during inwardly directed
      (clockwise in the drawing) pivotable movement of the arm abuts one of
      steps 5 and 6 of an abutment lever 7 to limit the movement of the arm in
      accordance with the diameter of a record placed on a turntable 8. The
      abutment lever 7 has two steps 5 and 6 which serve as abutment surfaces
      for the pin 4, this embodiment being intended for playing records of two
      different diameters, for example 17 cm and 30 cm.
PAR  The turntable 8 is formed with a hole 9 in which a spring-loaded sensing
      pin 10 is mounted at a distance from the turntable center such that the
      pin 10 is not depressed by a 17 cm record but is depressed by a 30 cm
      record. At its end projecting below the turntable the sensing pin 10 has
      an increased-diameter part 11 capable of cooperating with abutment members
      which in accordance with the displacement of the sensing pin 10 are
      movable to adjust the position of the abutment lever 7 in a manner to be
      described hereinafter.
PAR  The abutment members comprise two bent lugs 12 and 13 of a substantially
      triangular plate 14 pivotable about a spindle 15. The lugs are disposed
      along two sides of the triangle, and the third side of the triangular
      plate 4 is formed with two V-shaped notches 16 and 17, one of which is
      engaged by a resilient pawl element 18. The pawl element 18 has the form
      of a leaf spring one end 19 of which is secured in the record player and
      the other end 20 of which is bent more or less into the shape of a V. The
      pivotal movement of the plate 14 is imparted to the abutment lever 7 which
      also is pivotable about the spindle 15. For this purpose the plate 14 has
      an opening 21 in which a bent lug 22 of the lever 7 fits with a small
      amount of clearance.
PAR  Operation of the device is as follows. FIGS. 1 and 2 show the position in
      which a 17 cm record lies on the turntable. The sensing pin 10 is in the
      raised position and the free bent end 20 of the leafspring engages in the
      notch 16 of the plate 14. On rotation of the turntable the outer
      circumference of the increased-diameter pin part 11 describes paths 23 and
      24 indicated by broken lines. The Figure shows that the pin part 11 moves
      clear above and past the abutment lugs 12 and 13 respectively of the plate
      14. The stop pin 4 will abut the abutment surface 5 of the lever 7 and
      hence the stylus (not shown) will automatically be stopped in a position
      over the lead-in groove of the 17 cm record.
PAR  If after a 17 cm record has been played another record of this diameter is
      played, the entire set-down diameter selection device comprising the
      sensing pin 10, the plate 14 with the abutment lugs 12 and 13 and the
      abutment lever 7 remains in the locked position shown. There is no reason
      for changing the position of any of these components. If after a 17 cm
      record has been played a 30 cm record is placed on the turntable, the
      sensing pin 10 is depressed and the pin part 11 engages the abutment lug
      12, with the result that the plate 14 is pivoted to the right (in FIG. 1).
      Initially the plate 14 assumes an unstable or intermediate position and
      then is pivoted by the bent spring end 20 to the other locked position,
      the spring end 20 snapping into the notch 17. This supplementary pivotal
      movement from the intermediate position to the second locked position has
      the advantage that during the playing of the record the pin part 11 is
      clear of the abutment lug 12 which it had previously engaged. In the
      meantime, during its pivotal movement the plate 14 has pivoted the
      abutment lever 7 to a position such that during the inwardly directed
      pivotal movement of the arm 1 the stop pin 4 abuts the abutment step 6,
      causing the stylus to stop automatically over the lead-in groove of the 30
      cm record.
PAR  If after the 30 cm record has been played another record of said diameter
      is played, the entire set-down diameter selection device remains unchanged
      in the locked position (spring end 20 in notch 17).
PAR  Only when a record of a different diameter, in this case a 17 cm record, is
      to be played will the adjustment be changed. The sensing pin 10 returns to
      the raised position and the pin part 11 strikes the abutment lug 13 of the
      plate 14 so that the latter is pivoted counter-clockwise via the
      intermediate position to the locked position shown in which the pin part
      11 is clear of the lug 13.
PAR  As the above shows, the abutment lugs 12 and 13 are movable between two
      locked positions and this movement is performed, in accordance with the
      adjustment of the sensing pin 10, form one locked position associated with
      a given record diameter to the other locked position associated with the
      other record diameter only if after a record has been placed on the
      turntable the pin occupies a position which differs from the position it
      occupied during the playing of the preceding record.
PAR  FIG. 3 is a plan view of a modified embodiment of a record player according
      to the invention. The player has a tone arm 25 which is pivotable about a
      spindle 26 and is coupled to a bracket 27 which follows the pivotal
      movement of the arm and carries a stop pin 28 which during the clockwise
      pivotal movement of the arm abuts one of steps 29, 30 and 31 of an
      abutment lever 32 to limit the movement of the arm in accordance with the
      diameter of a record placed on a turntable 33. The embodiment of FIG. 3 is
      intended for playing records of three different diameters, namely 17 cm,
      25 cm and 30 cm. In contradistinction to the embodiment shown in FIGS. 1
      and 2, the abutment members in the form of bent lugs 34 and 35 are
      provided on the abutment lever 32 itself, which is pivotable in a plane
      parallel to the turntable about a spindle 36. The lugs 34 and 35 converge
      in the direction of rotation (indicated by an arrow A) of the turntable.
      The lever 32 is formed with three substantially V-shaped notches 37, 38
      and 39, one of which is engaged by a resilient pawl element 40 in the form
      of a roller 41 mounted for free rotation on an end of a spring-loaded
      lever 42 pivotably mounted in the record player. The position of the lever
      32 shown in FIG. 3 in which the roller 41 engages in the notch 39 is the
      position for playing 17 cm records.
PAR  As FIGS. 3 and 4 show, two rockers 43 and 44 are pivotably suspended from
      the lower surface of the turntable. The rocker 43 comprises a sensing pin
      45 which passes through the turntable and two feet 46 and 47 which are
      spaced by different distances from the turntable center and in accordance
      with the position of the pin 45 are at one of two levels n.sub.1 and
      n.sub.2 relative to the abutment lugs 34 and 35 of the lever 32 (see FIG.
      4). The pivot axle 48 of the rocker 43 is positioned so that in the
      non-depressed condition of the pin 45 the pin projects above the turntable
      under the influence of the weight of the rocker and that of the pin. The
      mass distribution relative to the pivot axle 48 is such that the force
      required to depress the pin is of the order of 1 gram.
PAR  The foot 47 of the rocker 43 (on the right in FIG. 4a) which is at the
      first level n.sub.1 is in a raised position relative to the abutment lug
      35 such that when the sensing pin 45 is depressed (FIG. 4b), with
      consequent movement of the foot 47 to the second level n.sub.2 and of the
      other foot 46 from the level n.sub.2 to the level n.sub.1, the foot 47
      engages the lug 35 of the lever 32 and pivots this lug and hence the lever
      32 from the locked position shown (the position for playing 17 cm records
      with the roller 41 engaging in the notch 39) clockwise relative to the
      spindle 36. The lever 32 initially assumes an intermediate position and
      then is pivoted further by the roller 41 to another locked position in
      which the roller 41 snaps into the notch 38. This supplementary pivotal
      movement from an intermediate position to another locked position causes
      the foot 47 to be clear of the lug 35 during playing. The rocker 43 and
      the sensing pin 45 preferably are an integral element made of a synthetic
      material by injection molding.
PAR  The second rocker 44 is constructed similarly to the rocker 43 and
      comprises a sensing pin 49 and two feet 50 and 51 and a pivot axle 52, the
      pin 49 being spaced from the turntable center by a larger distance than
      the pin 45. The said distances are such that when a 17 cm record is placed
      on the turntable neither of the pins 45 and 49 is depressed, when a 25 cm
      record is placed on the turntable the pin 45 only is depressed, and when a
      30 cm record is placed on the turntable both pins 45 and 49 are depressed,
      the described situations being shown in FIGS. 4a, 4b and 4c respectively.
      The circular paths which the feet 46, 47, 50 and 51 describe are indicated
      by broken lines 46', 47', 50' and 51' respectively in FIG. 3.
PAR  FIGS. 3 and 4 show that the displacement or nondisplacement of the sensing
      pins and the consequent tipping or non-tipping of the rockers enable the
      feet of the rockers to engage the abutment lugs 34 and 35 of the lever 32
      so that depending upon the diameter of a record placed on the turntable
      the said lever is automatically pivoted to the position associated with
      the relevant diameter, with the result that the stylus of the arm is
      automatically stopped over the associated lead-in groove of the record
      lying on the turntable. The effect of the automatic set-down diameter
      selection device according to the invention can be summarized as shown in
      the following table.
TBL             Foot                                                           
     Record diameter                                                           
                  46        50        47      51                               
     ______________________________________                                    
     17 cm        .dwnarw.  .dwnarw.                                           
     25 cm                  .dwnarw.  .dwnarw.                                 
     30 cm                            .dwnarw.                                 
                                              .dwnarw.                         
     ______________________________________                                    
PAR  Thus after at most one revolution of the turntable the abutment lever 32 is
      in one of the three possible positions: 17 cm, 25 cm or 30 cm, depending
      upon the record placed on the turntable.
PAR  As FIG. 3 shows, there is secured to the abutment lever 32 a contact lever
      53 which cooperates with electrical contacts 54, 55 and 56 by means of
      which the turntable speed can automatically be set. Hence the speed
      appertaining to the record to be played will automatically be set together
      with the automatic selection of the set-down diameter. The contact 54
      corresponds to the speed of 45 revolutions per minutes (for 17 cm records)
      and the contacts 55 and 56 both correspond to the speed of 33 revolutions
      per minute (for 25 cm and 30 cm records).
PAR  It is an essential feature of the invention that a record placed on the
      turntable itself produces the signal for switching or not-switching the
      diameter selection device and that switching takes place only if a record
      having a diameter different from the diameter of the last record to be
      played is placed on the turntable. This is in contradistinction to the
      known device in which at the beginning of the playing cycle, irrespective
      of the diameter of the record placed on the turntable, the abutment lever
      is always moved from an inoperative position to a position in the path of
      the sensing pins, which requires the use of a special control mechanism
      which forms part of a control disc. Although in a record player according
      to the invention a control disc may be used, it is not necessary, as will
      be illustrated by the mechanism shown in FIG. 5.
PAR  When a record has been placed on the turntable an operating handle 61
      provided with a bracket 62 is set to the starting position shown in FIG.
      5. By means of a switch, not shown, a driving motor, not shown, starts the
      turntable, the rockers 43 and 44 bringing the abutment lever 32 into the
      correct position depending upon the record diameter. Immediately after
      starting by means of the handle 61 a bracket 63 moves from the inoperative
      position, which is shown in FIG. 5 and in which it engages an abutment
      stop 64, towards an abutment stop 66, which movement is damped (by means
      of a dash pot 65). By means of an inclined plane 67 provided on the
      bracket 63 a lifting device 74 and through this the tone arm 25 are
      raised. At the same time the stop pin 28, which is arranged so as to be
      accurately movable in the bracket 27, is moved into the path of the
      abutment lever 32. After a level surface as a continuation of the inclined
      plane 76 has arrived under the lifting device 74, a pin 70 mounted on the
      bracket 63 moves the tone arm inward, i.e. towards the center of the
      turntable, by engaging an edge 71 of a friction element 73. When a 25 cm
      record lies on the turntable the sensing pin 28 will strike the step 30 of
      the abutment lever 32 at the instant at which the stylus is over the
      lead-in groove of the record. The tone arm then stops its inward movement,
      but the bracket 63 continues moving and the friction element 73 slides
      over the spindle 26 of the tone arm until an inclined plane 69, which is
      an extension of the surface 68, causes the lifting device 74 and hence the
      tone arm to descend. The bracket 63 is stopped by the abutment stop 66.
      The sensing pin 28 has descended below the level of the abutment lever 32,
      so that the tone arm is free to play the record. When the stylus enters
      the lead-out groove of the record a switch off mechanism, not shown,
      briefly moves forward a rod 75 which returns the handle 61 and the bracket
      62 to the stop position indicated by broken lines. If desired, the handle
      can be returned to the stop position by hand before the end of the record.
      Thus not only is the motor switched off but also the bracket 63 returns
      towards the stop abutment 64, which return movement is again damped by the
      dash pot 65. During this movement the arm is raised by means of the
      inclined plane 69 and the lifting device 74; when the level area 68 is
      under the lifting device 74, the pin 70 strikes an edge 72 of the friction
      element 73 and the tone arm is moved outward until its bracket 27 strikes
      an abutment stop 79. Subsequently the tone arm will be lowered via the
      inclined plane 67, and the bracket 63 is stopped in engagement with the
      abutment stop 64. During the return movement of the tone arm the stop pin
      28 may strike the abutment lever 32, because the lifting device 74
      together with a supporting bracket 76 coupled to it still is in the raised
      position. This is prevented by the construction of the pin 28 which is
      axially split and can be depressed by a very small force, so that during
      the return movement of the tone arm the pin 28 temporarily slides along
      the lower surface of the abutment lever 32 with a slight spring pressure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for automatically controlling the pick-up arm set-down
      diameter in a record player comprising a turntable having a surface on
      which a record may be placed and an axis perpendicular to said surface
      about which axis the turntable is rotatable; at least one sensing pin so
      connected to the turntable as to be disposed in a raised position
      projecting above said surface in the absence of a record, having a
      diameter less than a first given diameter, on the turntable, and in a
      depressed position in response to placement of a record greater than said
      given diameter on the turntable; a tone-arm assembly, comprising a
      tone-arm, means for mounting the tone-arm for pivotal motion about an axis
      parallel to the turntable axis, and a stop bracket for limiting pivoting
      of the arm toward the axis of the turntable; and abutment means for
      engaging said stop bracket at one of a plurality of bracket positions to
      limit said pivoting, each bracket position corresponding to a set-down
      diameter of the tone-arm corresponding to a pin position, wherein
PA1  said abutment means comprises an abutment plate movable between at least a
      first locked position and a second locked position closer to said
      turntable axis than said first locked position, each locked position
      corresponding to a set-down diameter, said abutment plate comprisng at
      least first and second abutment members; and
PA1  said apparatus further comprises means responsive to the position of said
      sensing pin for engaging at least one of said abutment members when the
      abutment plate position corresponds to a set-down diameter different from
      that corresponding to the sensing pin position, and for moving said
      abutment plate toward the locked position corresponding to that pin
      position, said position responsive means comprising a first abutment
      element for engaging said first abutment member so as to move said first
      member toward the turntable axis thereby moving said abutment plate from
      said first position toward said second position, and a second abutment
      element for engaging said second abutment member so as to move said second
      member away from the turntable axis thereby moving said plate from said
      second plate position toward said first position; and means for releasably
      locking said abutment plate in each locked position.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 wherein said turntable has an
      undersurface, said position responsive means comprises a rocker, pivotally
      mounted on said under surface, comprising end elements spaced from the
      turntable axis by different distances, said end elements being said first
      and second abutment elements, said rocker having positions corresponding
      to said raised and depressed pin positions respectively; in one of said
      pin positions said first abutment element being in a first position clear
      of engagement with said first abutment members, and the second abutment
      element being in a second position for engagement with said second
      abutment member when said abutment plate is in a position corresponding to
      a set-down diameter corresponding to the other pin position; in the other
      pin position the second abutment element being in a first position clear
      of engagement with said second abutment members, and the first abutment
      element being in a second position for engagement with first abutment
      member when said abutment plate is in a position corresponding to a
      set-down diameter corresponding to said one pin position.
NUM  3.
PAR  3. An apparatus as claimed in claim 2 wherein said rocker pivot mounting is
      arranged such that a force of approximately 1 gram is required to move
      said pin from said raised to said depressed position, and in the absence
      of a record on the turntable having a diameter greater than said given
      diameter, said pin projects above the turntable under the influence of
      gravity on unbalanced rocker weight.
NUM  4.
PAR  4. An apparatus as claimed in claim 1, wherein said apparatus comprises two
      sensing pins and position responsive means spaced at different distances
      from the turntable axis, whereby record diameters with respect to two
      different given diameters can be sensed.
NUM  5.
PAR  5. An apparatus as claimed in claim 1, wherein said abutment members
      comprise two inner abutment surfaces on said abutment plate said surfaces
      converging in the direction of rotation of the turntable.
NUM  6.
PAR  6. An apparatus as claimed in claim 5, comprising a vertically movable
      element connected to said pin for movement in response to pin movement,
      and wherein said first and second abutment elements are inner and outer
      portions respectively, with respect to the turntable center, of said
      vertically movable element.
NUM  7.
PAR  7. An apparatus as claimed in claim 6 wherein said plate is pivotally
      mounted for movement toward and away from said turntable axis; and said
      locking means comprises a plurality of notches in said plate, a pawl, and
      means for biasing the pawl into engagement with a corresponding one of
      said notches.
NUM  8.
PAR  8. An apparatus as claimed in claim 1, wherein said apparatus further
      comprises electrical contact means for selecting turntable speed in
      response to the position of said abutment members, each locked position
      corresponding to a given speed.
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ABST
PAL  The spring installed on the sealing element of a seal is positively
      retained during shipping, handling and installation by covering the spring
      and at least adjacent portions of the sealing element with a film of wax.
      In the preferred embodiment of a lip type seal including a metal casing
      and an elastomeric sealing element having a garter spring installed
      thereon, the entire head section and spring of the seal are covered with a
      film of wax by immersing the head section in a melted wax-like substance.
      The wax film positively retains the spring and also provides lubrication
      to the sealing lip during initial installation and start up.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to seals of the type employing a spring installed on
      a sealing element and more particularly to a method and article for
      positively retaining the spring in place during shipping, handling and
      installation of the seal.
PAR  2. Description of the Prior Art
PAR  The problem of positively retaining a spring in place on a seal is an old
      and recurring problem in the oil seal industry both among suppliers and
      users. Many solutions have been attempted, however, none have to date been
      completely commercially satisfactory. For example, U.S. Pat. No.
      2,816,784, assigned to the same assignee as is the subject patent
      application, shows a seal including a resilient tube in which the garter
      spring is positioned, the tube being adhesively fixed into a groove in the
      sealing flange of the seal.
PAR  It is an object of the present invention to provide a simple and
      inexpensive method (and seal produced thereby) wherein the spring of the
      seal is positively retained during shipping, handling and installation.
PAR  It is another object of the present invention to provide a method (and a
      seal produced thereby) for positively retaining the spring by covering the
      spring and adjacent portions of the seal element with a film of wax; in
      the preferred embodiment the entire head section and spring is immersed in
      melted wax to positively retain the spring in place while also providing
      lubrication to the sealing lip during the initial installation and
      start-up.
PAC  SUMMARY OF THE INVENTION
PAR  In the preferred embodiment, the entire head section and spring of an
      annular lip type seal including a metal case and an elastomeric sealing
      element with a garter spring installed in a groove behind the sealing lip,
      is immersed in a melted wax-like substance, and is then withdrawn allowing
      the melted wax to cool and harden covering the entire head section and
      spring of the seal with a unitary and integral wax film to positively
      retain the spring during shipping, handling and installation and to
      provide lubrication to the sealing lip during initial installation and
      start-up. In the immersion step, the seal is brought down such that the
      metal case of the seal is in contact with an upper edge of a vessel
      containing the melted wax and associated with means for heating the wax to
      a temperature sufficient to melt it. The top surface of the melted wax is
      maintained at such a level with respect to the top edge of the vessel and
      with respect to the shape of the metal case, such that the entire head
      section and spring of the seal is immersed within the melted wax. A
      variety of known waxes can be used and the method can be applied to other
      types of seals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be more fully understood by reference to the
      following detailed description thereof, when read in conjunction with the
      attached drawing, wherein like reference numerals refer to like elements
      and wherein:
PAR  FIG. 1 is a cross-sectional view through a seal being immersed in a
      quantity of melted wax according to the method of the present invention;
      and
PAR  FIG. 2 is a partial cross-section view through the seal of FIG. 1 showing
      the film of wax completely around the head section and spring of the seal.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now in detail to the drawings, FIG. 1 shows a well-known lip type
      seal 10 including a metal case 12, an elastomeric sealing element 14
      bonded thereto and having a garter spring 16 installed in a groove thereon
      opposite a sealing lip thereof. According to the process of the present
      invention, the spring 16 and the entire head section 26 of the elastomeric
      sealing element 14 of the seal 10 is covered with a unitary and integral
      film 18 of a wax-like substance, by immersing the spring 16 and the head
      section 26 in a quantity of melted wax inside a vessel 20 (such as a metal
      cup). A hot plate 24 beneath the vessel 20 heats the wax to a temperature
      sufficient to melt it. The level of the top surface of the melted wax 22
      is maintained, with respect to the top edge of the vessel 20 and the shape
      of the seal 10, such that the melted wax is above the entire head section
      26 and spring 16 of the seal 10.
PAR  FIG. 2 shows the seal 10 removed from the vessel 20 and the melted wax
      allowed to cool and harden to form the wax film 18 over the head section
      26 and the spring 16. The film 18 is a single unitary layer that is
      applied simultaneously to both the spring and head section, and the
      portion of the layer over the spring is thus integral with the portion
      over the head section 26.
PAR  The wax used in the present invention can be any of the known waxes used,
      for example, in the prior art to provide lubrication to a sealing lip
      during initial installation and start-up, such as animal, vegetable and
      mineral waxes. When sealing petroleum products, a preferred wax is
      paraffin. The wax film 18 preferably has a thickness in the order of from
      about 0.0005 to 0.0050 inch, although it may be substantially thicker. It
      is very desirable that a wax be used which will blend readily with the
      fluid to be sealed when the seal is put into use.
PAR  It is not essential to this invention that the wax film 18 cover the entire
      head section, because such is not necessary in order to assure positive
      retention of the spring. It is only necessary that at least a part of the
      spring be covered along with a sufficient amount of the adjacent flexible
      sealing element to hold the spring in place. Covering the entire head
      section is preferred because it is easy and because it can provide initial
      lubrication during start-up. Conversely, it is not essential to this
      invention that the wax film be limited to covering part or all of the head
      section. Under some conditions it is preferable to cover the entire seal.
      This can allow reduced production costs and can help to maintain a static
      seal between the seal as installed and an associated machine housing. This
      invention is useful with any sealing element-spring combination; the seal
      need not have a metal case or an elastomeric sealing element, and the
      spring need not be a garter type spring.
PAR  The invention has been described in detail with particular reference to the
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention as described hereinabove and as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A seal having a flexible sealing element and a spring installed thereon,
      and a unitary and integral film of wax covering a sufficient portion of
      both said spring and said sealing element for retaining said spring on
      said sealing element during shipping, handling, and installation of said
      seal.
NUM  2.
PAR  2. The seal according to claim 1 wherein said sealing element includes a
      head portion having a sealing lip and wherein said spring is in contact
      with said head portion and wherein said film of wax covers said spring and
      said head section including said sealing lip, whereby said wax film also
      provides lubrication to said sealing lip during initial start-up.
NUM  3.
PAR  3. The seal according to claim 2 wherein said seal is a lip type seal
      including a metal case and an elastomeric sealing member bonded thereto,
      and wherein said spring is a garter spring installed on said elastomeric
      member.
NUM  4.
PAR  4. The seal according to claim 3 wherein said wax is paraffin.
NUM  5.
PAR  5. The seal according to claim 4 wherein said wax film has a thickness of
      from about 0.0005 to 0.0050 inch.
NUM  6.
PAR  6. The seal according to claim 1 wherein said wax film has a thickness of
      from about 0.0005 to 0.0050 inch.
NUM  7.
PAR  7. The seal according to claim 1 wherein said film of wax covers said
      entire seal.
NUM  8.
PAR  8. A seal having a flexible sealing element, a spring installed thereon,
      and means for retaining said spring in place on said flexible sealing
      element during shipping, handling and installation of said seal, said
      means including a coating of wax over at least a portion of said spring
      and adjacent portions of said sealing element.
NUM  9.
PAR  9. The article according to claim 8 wherein said coating is a unitary and
      integral coating of paraffin wax.
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ABST
PAL  A substantially no-leak rotary end face seal is disclosed. The seal is
      comprised of a pair of spaced primary sealing rings between which a
      rotating mating ring is disposed. A groove in the inboard primary ring
      face collects leakage from the high pressure side of the inboard seal. A
      series of radially outwardly inclined holes in the rotating mating ring
      connect at one end with the groove and at the other end with a radially
      disposed hydropad in the mating ring face. The outboard primary ring face
      extends radially inward of the hydropads to provide a continuous sealing
      surface which is at sub-atmospheric pressure during operation to prevent
      leakage to the atmosphere. The inclination of the holes produces a pumping
      action in the leakage in the holes, which is assisted by the hydropads,
      the pumping action causing the leakage to circulate through a collecting
      chamber and then back to the sump of the sealed equipment. The hydropads
      provide the additional function of separating the radially inner sealing
      faces of the outboard seal which normally would run dry and hence would
      tend to wear rapidly if in running contact.
BSUM
PAR  This invention relates to rotary end face seals which employ two primary
      sealing rings sealing against a common rotating mating ring and which
      provide for fluid flow across the faces of the mating ring, contacted by
      the primary sealing rings.
PAR  In the end-face sealing art, it has been proposed to use the rotating part
      of the seal as a centrifugal pump to promote flow of fluid, usually the
      product being sealed, either across the contacting, relatively rotating
      faces of the seal for lubrication purposes, or away from the contacting
      faces for cleansing or cooling purposes. Such seals are shown in U.S. Pat.
      Nos. 2,835,514; 2,861,895; 3,062,554 and 3,410,565. For efficient sealing,
      however, it is desirable to lubricate the seal, if possible, to reduce
      leakage to zero. The former can be accomplished by providing indentations
      or hydraulic pads on one of the contacting faces to cause fluid to be
      wiped across the other of the contacting faces. The latter is best
      accomplished by a double seal which provides a chamber at less pressure
      than that of the product being sealed.
PAR  It is an object of this invention to provide a lubricated no-leak seal
      which utilizes the rotation of one of the seal parts to promote flow of
      lubricating fluid across the contacting faces of the seal, a pressure drop
      being established across the faces in a direction away from the atmosphere
      or outside of the seal.
PAR  A more specific object of this invention is to provide a double seal of
      simple construction which will cause a flow of lubricating fluid across
      both pairs of contacting faces and at the same time inhibit leakage to
      atmosphere of the product sealed.
DRWD
PAR  These and other objects of this invention will become apparent from the
      following detailed description thereof when taken together with the
      accompanying drawings in which:
PAR  FIG. 1 is a quarter section taken along a plane passing through the axis of
      a preferred embodiment of the seal; and
PAR  FIG. 2 is a fragmentary end elevation of the rotating seat of the seal
      looking in the direction of the arrows 2--2 of FIG. 1.
DETD
PAR  In the preferred form of the invention illustrated herein, the seal is
      comprised of a mating ring secured and sealed to a shaft to be rotatable
      therewith, the mating ring having parallel flat lapped sealing surfaces on
      opposite sides thereof. An inboard primary sealing ring is mounted with
      its flat lapped sealing surface in contact with the inboard sealing
      surface of the mating ring. The inboard primary sealing ring is mounted on
      and sealed to a part fixed to the housing of the device to be sealed. An
      outboard primary sealing ring is mounted with its flat lapped sealing
      surface in contact with the outboard sealing surface on the mating ring.
      The outboard primary sealing ring is likewise mounted and sealed to a part
      fixed to the housing of the device to be sealed. Said part fixed to the
      housing may be a stamping which defines a chamber surrounding the mating
      ring and the two primary sealing rings in which leakage is accumulated and
      from which such leakage is pumped back into the device being sealed.
PAR  The inboard primary sealing ring has a groove in its sealing face into
      which the escaping product to be sealed may flow. The volume of escaping
      product can be controlled by changing the diameter of the groove and the
      width of the inside sealing surface. The rotating mating ring has a series
      of circumferentially spaced holes each of which has an entrance end in
      communication with the fluid in the groove. Said holes extend axially
      across the rotating mating ring, at an angle to its axis of rotation, to
      its opposite sealing surface where their outlet ends are at a greater
      radius from the axis of the seal than their entrance ends so that a radial
      outward centrifugal force will be exerted upon the fluid to be moved
      through the holes to the outboard sealing washer. Hydropads are formed in
      the contacting face of the mating ring around the outlet ends of the
      holes, the hydropads extending to the outer perimeter of the said face to
      communicate with a chamber formed around the seal. A drain empties the
      chamber into the sump of the sealed device.
PAR  Referring now to the drawings for a detailed description of the preferred
      embodiments of the invention, an annular seal cavity in the device to be
      sealed is defined by a shaft 10 and a bore 11 in a housing 12 in which
      shaft 10 rotates.
PAR  The seal itself is preferably a self-contained unit 13 which is comprised
      of a cylindrical retainer 14, an inboard primary sealing ring 15, an
      outboard primary sealing ring 16 and a central rotating mating ring 17
      located between primary sealing rings 14 and 15. Outboard primary sealing
      ring 16 is mounted in a separate retainer 18 of an annular shape and
      having an outer wall 19 pressed into the outer cylindrical wall 20 of
      retainer 14 which, in turn, is press-fitted into bore 11 of housing 12. It
      is intended that the fit between wall 20 and bore 11, and between walls 19
      and 20 will be fluidtight.
PAR  Primary sealing rings 15 and 16 are held against rotation relative to
      retainer 14 by well-known lugs 21 and 22 in retainers 14 and 18,
      respectively, extending radially inward into corresponding notches in the
      outer periphery of said rings 15 and 16. Each ring 15 and 16 is sealed
      with respect to retainers 14 and 18, respectively, by a flexible resilient
      secondary sealing member shown here in the form of an O-ring 23, 24,
      respectively, compressed between an inner surface on each ring and an
      inner cylindrical wall 25 and 26, respectively, of retainers 14 and 18.
PAR  Central rotating mating ring 17 is preferably a rigid solid ring fitting
      loosely over shaft 10 and clamped in place axially on the shaft between
      sleeves 27 and 28 fixed in any suitable manner to shaft 10. Said central
      rotating mating ring is formed with parallel flat surfaces 29 and 30.
      Inboard primary sealing ring 15 has a flat surface 31 in sealing contact
      with surface 29, and outboard primary sealing ring 16 has a flat surface
      32 in sealing contact with surface 30. Springs 33 and 34, compressed
      between a retainer wall and each ring 15 and 16, respectively, serve to
      hold the rings, at least initially, in contact with central rotating
      mating ring 17. The latter is resiliently sealed with respect to shaft 10,
      the seal taking the form of an O-ring 35 of rubber or like material
      between shaft 10 and the bottom of an internal groove 36 formed in mating
      ring 17.
PAR  It may be observed that the sealing faces 31 and 32 on rings 15 and 16 are
      so disposed radially with reference to the outer diameters of their
      respective O-rings 23 and 24 that some of the fluid pressure acting upon
      the ring is used to hold the sealing face of that ring, in contact with
      rotating mating ring 17 and thus assist in balancing any fluid pressure
      developed between the contacting primary ring and mating ring sealing
      surfaces. The product being sealed is contained to the left (FIG. 1) of
      retainer 14 and hence is on the inside of inboard primary sealing ring 15.
      The atmosphere is present to the right of retainer 14 and hence is on the
      inside of outboard primary sealing ring 16. The space in retainer 14
      between rings 15 and 16 is drained back to the sump (not shown) of the
      housing 12 through one or more openings 37 in outer cylindrical wall 20 of
      retainer 14 and then through a collector groove 38 and drain opening 39 in
      housing 12 leading to said sump.
PAR  To prevent any leakage to atmosphere of the liquid being sealed, that is,
      through both inboard and outboard seals to atmosphere, it is necessary to
      establish a decreasing pressure differential from the atmospheric side of
      the outboard seal to the drain. This is accomplished, in the seal
      illustrated, as follows:
PAR  Sealing face 31 of inboard primary ring 15 is formed with a concentric
      groove 40 which is in fluid communication with the ends of a series of
      holes 41 drilled through rotating mating ring 17 at an angle to the axis
      of rotation of said ring 17 to place the outer ends of the openings at a
      greater distance from the axis of said mating ring 17 than the inner ends.
      At the outer ends, and preferably extending around said outer ends, the
      surface 30 of the mating ring 17 is relieved (FIG. 2) or recessed as at 42
      to the exterior surface of rotating mating ring 17.
PAR  Thus groove 40 collects any fluid that may leak across surface 31 from the
      product side of that surface. Holes 41, being angularly disposed to the
      axis of rotation with their outer ends farther from the axis than their
      inner ends, serve as centrifugal pumps to remove the leaked fluid from
      groove 40. Relieved areas 42 around the exit ends of holes 41 serve as
      additional pumps to move the leakage radially out to the drain area in
      retainer 14 and thence, through opening 37, collector groove 38 and drain
      opening 39, to the sump of housing 12. In addition, relieved areas 42
      serve as hydropads to surface 32 of outboard primary ring 16 to assist in
      lubricating this surface. The hydropad action also causes surface 32 to be
      separated slightly from surface 30 on rotating mating ring 17, thereby
      preventing undue wear on that portion of surface 32 which is located
      radially inward of the hydropads and hence likely to be dry due to the
      pressure drop created across surface 32 by the radially outward pumping
      action of the hydropads.
PAR  The double seal design described above is assembled, handled and installed
      as a unit, with mating ring 17 confined in retainer 14 between primary
      sealing rings 15 and 16. It is pressed into bore 11 and held in place
      against the pressure of the fluid being sealed by a snap ring 43.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary mechanical seal for preventing leakage of fluid under pressure
      along a shaft or the like, said seal comprising a rigid rotating mating
      ring having substantially parallel flat sealing surfaces on opposite sides
      thereof, inboard and outboard primary sealing rings each having a sealing
      surface in contact with one of the rotating mating ring sealing surfaces,
      a housing having a bore in which said rotating mating ring and inboard and
      outboard primary sealing rings are disposed, means fixing said inboard and
      outboard primary sealing rings against rotation relative to the housing,
      means sealing said primary sealing rings flexibly to said fixing means,
      resilient means holding said inboard and outboard primary sealing rings
      against the flat sealing surfaces of the rotating mating ring, said
      inboard primary ring sealing surface having a groove therein to collect
      leakage of fluid across said inboard primary ring sealing surface, said
      rotating mating ring having a plurality of holes disposed with their axes
      radially inclined with respect to the axis of said mating ring, the
      radially inner ends of said holes being in communication with the groove
      in the inboard primary ring sealing surface, and the radially outer ends
      of said holes being in communication with the sealing surface on the
      outboard primary ring, means on the rotating mating ring for inducing
      radially outward movement of the fluid in the radially outer ends of the
      rotating mating ring, and means for conducting fluid from around the
      rotating mating ring to a sump.
NUM  2.
PAR  2. A rotary mechanical seal as defined in claim 1, said means for inducing
      radially outward movement of the fluid comprising recesses in the rotating
      mating ring sealing surface surrounding the radially outer ends of the
      holes and communicating with the exterior of the rotating mating ring,
      said recesses producing a radially outward pumping action in the leakage
      fluid and a sub-atmospheric pressure in the radially inner end of the
      outboard primary ring sealing surface.
NUM  3.
PAR  3. A rotary mechanical seal as defined in claim 2, said recesses extending
      radially outward to the exterior of the mating ring to force leakage fluid
      between the sealing surfaces of the rotating mating ring and outboard
      primary sealing ring whereby to lubricate said surface in a zone including
      said recesses and separating said surfaces to avoid contact between said
      surfaces in zones not lubricated by the leakage fluid.
NUM  4.
PAR  4. A rotary mechanical seal as defined in claim 1, said means fixing said
      inboard and outboard primary sealing rings to the housing comprising a
      retainer frictionally held within the bore and sealed thereto, lugs on the
      retainer extending into recesses in the inboard sealing ring, a second
      retainer frictionally held in the first retainer and sealed thereto, said
      outboard primary sealing ring being disposed in said second retainer, and
      lugs in the second retainer extending into recesses in the outboard
      primary sealing ring.
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ABST
PAL  A mechanical seal cartridge applicable for a pump-motor combination which
      cartridge has a stub shaft adapted to be connected at one end to the motor
      shaft and at the other end to the pump shaft and which is enclosed in a
      housing located between the motor and the pump, the housing having an
      opening permitting access to the cartridge whereby it may be replaced as a
      unit.
PARN
PAR  This is division of appliciation Ser. No. 338,807 filed Mar. 8, 1973, now
      U.S. Pat. No. 3,884,482, granted May 20, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The provision of a mechanical seal assembly for preventing leakage along a
      rotary shaft extending into or through a housing, such as a pump housing,
      has involved the utilization of double and tandem seals, each including a
      pair of complemental relatively rotatable seal rings respectively carried
      by the housing and the shaft through suitable mounting means. Where high
      temperature fluids are encountered, the seal assembly, and more
      particularly the seal rings may be cooled by a coolant fluid circulated
      through the seal chamber and through a surrounding heat exchanger. To
      assist in cooling, the heat exchanger may be exposed externally of the
      housing or may be subjected to air flow induced by a fan rotatable with
      the shaft.
PAR  However, such assemblies are, in general composed of sub-assemblies and
      components which require substantial work to assemble and disassemble the
      seal and cooling components, notwithstanding the existence of certain
      cartridges or seal assemblies which are susceptible of preliminary
      assembly and subsequent installation in the seal chamber of the housing as
      a unit.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention involves and has as an object the provision of an
      improved cartridge or mechanical seal assembly which can be more readily
      and easily installed on a pump shaft, without entailing complex and time
      consuming disassembly and assembly procedures.
PAR  The cartridge of the invention is adapted to be completely assembled
      outside of a pump or other device having a rotary shaft, and installed as
      a unit containing a stub shaft connectable to the rotary shaft, a pair of
      mechanical seal sub-assemblies each including a pair of relatively
      rotatable seal rings, one of the rings of each pair being rotatable with
      the stub shaft and the other ring being non-rotatably connected to a
      housing which defines the seal chamber and through which the cooling fluid
      is circulated by an axial flow impeller rotatable with the stub shaft and
      driving the respective rotatable seal rings, whereby fluid friction and
      heat are minimized, and the housing has removably disposed thereon a heat
      exchanger jacket, which is separately replaceable without disassembly of
      the cartridge from the pump shaft. A fan for forcing cooling air over the
      heat exchanger jacket and a fan shroud are adapted to be installed on the
      stub shaft and the jacket. The mechanical sealing structure includes
      sub-assemblies of a seal ring and pre-loading springs that are initially
      held in condition for assembly in the seal housing by novel retainer
      means.
PAR  The cartridge seal of the invention is well suited to installation in the
      usual intermediate support or housing between a pump case and pump drive
      motor through an access opening or window, without requiring disassembly
      of the motor assembly from the pump assembly. The intermediate housing is
      adapted to support a reservoir for the cooling fluid, the reservoir having
      conduits adapted to be easily connected to and disconnected from the seal
      cartridge housing during assembly and disassembly of the cartridge unit
      between and from between the motor shaft and rotary shaft to be sealed.
PAR  The present invention possesses many other advantages, and has other
      purposes which may be made more clearly apparent from a consideration of
      forms in which it may be embodied. These forms are shown in the drawings
      accompanying and forming part of the present specification. They will now
      be described in detail, for the purpose of illustrating the general
      principles of the invention; but it is to be understood that such detailed
      descriptions are not to be taken in a limiting sense, since the scope of
      the invention is best defined by the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view partly in longitudinal section and partly in elevation,
      illustrating a cooled mechanical seal cartridge installed between a pump
      shaft and a motor shaft; and
PAR  FIG. 2 is a longitudinal section through the cartridge assembly, on an
      enlarged scale, showing its mounting on the pump case, with the stub shaft
      shown partially in elevation and partially in broken section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As seen in the drawings, referring first to FIG. 1, the seal cartridge S is
      interposed between a motor housing M and a pump housing P in an elongated
      intermediate housing 10 or other structure located between the motor
      housing M and the pump housing P which connects the housings M and P
      together in spaced relation. In the illustrated structure, the motor
      housing M has an end flange 11 providing an opening 12 through which an
      end 13 of a motor shaft projects. The intermediate housing or support 10
      comprises a cylindrical or other tubular body suitably welded at 14 in the
      opening 12 to the plate 11 and having at its other end a flange 15 adapted
      to be connected by fasteners 16 to an end plate 17 of the pump assembly P.
      At one side, the intermediate housing or support 10 is open, as by the
      provision of a window 18 which provides access to the seal cartridge
      assembly S and to connector means 19 by which the motor shaft 13 is
      adapted to drive the rotary pump shaft 20.
PAR  This connector means 19 comprises a connector sleeve 21 keyed by a key 22
      on the motor shaft 13 and having an internal shoulder 23 for limiting
      downward movement of the sleeve 21 on the shaft 13, but the sleeve 21
      being free for axial upward movement on the shaft 13. On the sleeve 21 is
      a connector flange 24 connectable by fasteners 25 to a coupling 26 which
      is in turn connected by fasteners 27 to an upper flange 28 formed on or
      made a part of a stub shaft 29 which forms part of the seal cartridge S
      and which extends into a socket 30 in the upper end of the pump shaft 20,
      wherein the stub shaft 29 is connected to the pump shaft for rotation as a
      unit by an axially extended key 31 engaging in a keyway 31a on the stub
      shaft 29. The stub shaft 29 has a bolt 32 extending axially therethrough
      and threaded with the pump shaft 20 to releasably hold the stub shaft and
      the pump shaft against axial separation, as will be later described.
PAR  The seal cartridge S comprises a cylindrical body 33, adapted to contain
      the mechanical seal means hereinafter to be described, and about which is
      disposed a tubular jacket 34 defining with the body 33 a helical flow
      passage 34a for cooling fluid which is circulated through the seal
      assembly, as will also be later described. To assist in cooling the jacket
      34 it is provided with radiating ribs 35 and longitudinally extended
      grooves 36 through which air is forced by a fan 37. This fan 37 has blades
      38 carries by a support ring 39 which rests on a radially outwardly
      projecting flange 40 on the stub shaft flange 28, the ring being keyed to
      the flange 28, as at 41, for rotation therewith and being retained in
      place upon connection of the coupling sleeve 26 to the stub shaft flange
      28 by the fasteners 27. A shroud 42 is provided about the fan 37 by a
      longitudinally split body 43 having a lower, inwardly projecting shoulder
      44 adapted to engage in an external groove 45 in the ribs 35 of the jacket
      34 when the split shroud is disposed about the jacket and removably
      secured in place by radially outwardly projecting flanges 45 and fasteners
      46 which provide a clamping means. At its upper end the shroud may be
      provided with a suitable screen 47.
PAR  Cooling fluid is adapted to be supplied to the seal body 33 from a
      reservoir 48 suitably made a part of or connected to the intermediate
      member 10, or otherwise conveniently located. Conduits 49 and 50 lead
      between the reservoir and suitable fittings, such as the fitting 51 on the
      seal body 33 and connectors 52 at the reservoir. The reservoir may be
      appropriately provided with suitable fill and bleed fittings 53 and 54,
      and a drain fitting 55, as well as with a pressurizing fitting or valve
      56, whereby the cooling fluid may be pressurized as desired, depending
      upon the conditions under which the mechanical sealing means are to be
      operated.
PAR  Ordinarily, the pressure of the cooling fluid would be set at a value
      somewhat in excess of the pressure of the fluid in the pump case P, so
      that any leakage through the seal assembly S results in cooling fluid
      passing along the stub shaft 29, rather than in the loss of fluid from the
      pump case.
PAR  By way of example, the seal assembly is shown as applied to a pump assembly
      of the type which may pump high temperature liquid, but wherein a blanket
      of gas may be provided between the pump liquid and the seal assembly S. In
      this illustrative structure, which generally corresponds to that shown in
      U.S. Pat. No. 3,630,529, granted Dec. 28, 1971, a vapor trap designated by
      the general reference numeral 60 is interposed between the shaft 20 and a
      head plate 61 of the pump case P for the purpose of substantially
      preventing the escape of vapor along the shaft 20 and across the head. The
      vapor trap has a stationary member 62 carried by the head 61 and a rotary
      member 63 carried by the shaft 20.
PAR  The rotary member 63 has a cylindrical portion 64 fitted to the shaft
      section 20b. The rotary member 63 is locked to the shaft section by a
      screw 65. A cylindrical section 66 of the rotary member 63 carries axially
      spaced, outwardly projecting, downwardly sloping baffles in the form of
      fins 67, sloped downwardly at an angle at approximately 30.degree. from
      the horizontal. The rotary member 63 has a cap portion 68 with a depending
      skirt 69. The cap overlies the stationary member 62 and is spaced slightly
      therefrom so that it may rotate freely without interference. An O-ring 70
      seals the rotary member to the shaft section 20.
PAR  The stationary member 62 of the trap is welded to the pump head 61 at 71
      and has a plurality of inwardly projecting baffle members 72 positioned
      opposite to the spaces between the fins 67 on the rotary member. The inner
      diameters of the baffle members 72 are slightly greater than the outer
      diameters of the fins 67 of the rotary member; this enables the rotary
      member to be inserted into and removed from the stationary member.
PAR  Above the trap 60 is a domed member 74 which is connected at its outer
      peripheral flange 75, by fasteners the head plate 61, a suitable ring seal
      77 being interposed between the flange and the plate. At the top of the
      domed member 74 is a tubular member 78 which is disposed about the stub
      shaft 29 in circumferentially spaced relation to another tubular member 79
      which, as will later be described, forms part of the seal assembly S. A
      third tubular member 80 projects upwardly from the domed member 74 in
      outwardly, circumferentially spaced relation to the tubular member 78 and
      forms with the latter an annular well 81 into which the lower end of the
      tubular member 79 extends. The height of the outermost tubular body 80 is
      less than the height of the innermost tubular body 78, whereby cooling
      fluid which leaks through the seal assembly will predominantly flow over
      the outermost tubular body 80 and thence to a low groove 82 in the plate
      61 from which the cooling fluid may be periodically drained through a
      drain passage 83 normally closed by a suitable valve 84.
PAR  Above the upper pump plate 61 the intermediate support structure 10 has a
      horizontal member 85, shown as a plate, provided with a central opening in
      which the seal assembly S is mounted by bolts 86. This seal assembly S is
      shown in detail in FIG. 2.
PAR  The body 33 of the seal assembly S is of cylindrical form and has an upper
      end flange 90 and a lower end flange 91, respectively secured to the ends
      of the body 33 by fasteners 92 and 93. A ring seal 94 is disposed between
      the top plate 90 and the upper end of the body 33, and a ring seal 95 is
      disposed between the lower end of the body 33 and the flange 91.
PAR  The top flange 90 has an inner, cylindrical sleeve section 97, in which is
      disposed non-rotatable sealing ring means 98, including a ring 99 having a
      radial seal face 100, the ring 99 being sealed on the sleeve section 97 by
      the usual packing ring 101 which is expanded by an expander and drive ring
      102. The expander and drive ring 102 is suitably keyed to the seal ring
      99, as by coengageable lugs at 103, and the ring 102 is also suitably
      keyed, as by lugs and ribs at 104, to a retainer ring 105, which is in
      turn secured by fasteners 106 to the top flange 90. A number of coiled
      compression springs 102a are disposed between the top flange 90 and the
      expander and drive ring 102 and normally bias the non-rotatable sealing
      ring 99 axially away from the end flange 90.
PAR  In order to enable the sealing ring means 98 to be initially installed as a
      sub-assembly on the end flange 90, before the latter is secured to the
      body 33, the retainer ring 105 has a radially inturned flange 105a
      constituting an abutment engageable by an outstanding abutment 99a on the
      seal ring 99, whereby expansion of the springs 102a is limited and the
      seal ring 99 is retained on the skirt section 97 of the end flange 90.
PAR  The lower end flange 91 corresponds to the upper flange 90 and has a skirt
      197 on which non-rotatable sealing ring means 198 are disposed, including
      the seal ring 199 with a radial seal face 200, the packing 201, the
      expander and drive ring 202 which is keyed to the seal ring 199 and to a
      retainer 205 which is secured to the flange 91 by fasteners 206 and
      initially holds the compression springs 202a and seal ring 199. This lower
      nonrotatable sealing means will, accordingly, be understood to provide a
      sub-assembly with the lower flange 91 in the same manner as described
      above with respect to the upper non-rotatable sealing ring means 98,
      without need for further detailed description.
PAR  Between the opposed radial seal faces 100 and 200 of the non-rotatable
      sealing ring means 98 and 198 are rotatable sealing ring means 110,
      providing a radial seal face 111 opposed to the radial seal face 100 of
      the seal ring 99 and a radial seal face 112, opposed to the radial seal
      face 300 of the seal ring 199. These seal faces 111 and 112 are formed on
      rotatable seal rings, such as carbon rings, 113 and 114, respectively,
      carried in bores 115 and 116 in a common carrier ring 117 which is keyed
      at 118 to the shaft 29 and held against a radial shoulder 119 by a
      threaded collar 120 engaged with companion threads 121 on a reduced stub
      shaft section 122. Static ring seals 122a are disposed between the seal
      rings 113 and 114 and the carrier 117 in the bores 115 and 116 to prevent
      fluid from passing around the seal rings 113 and 114.
PAR  In the illustrative embodiment the collar 120 is locked in place by a set
      screw 123 which engages in a groove 124 in the stub shaft 29. In addition,
      the tubular member 79 previously described is formed as a part of the
      collar 120 for simplicity of construction.
PAR  As will now be apparent, the housing or body 33 and its end flanges 90 and
      91 cooperate with the stub shaft 29 to form a chamber for the mechanical
      sealing ring means comprising the opposed non-rotatable sealing ring means
      99 and 199 and the intermediate rotatable sealing ring means 110. In
      addition the mechanical sealing ring means define with the housing 33 a
      cooling fluid chamber 125 which is in communication at its opposite ends,
      via ports 125a and 125b, with annular spaces 126 and 127 which in turn
      communicate with the helical flow passage 34a within the heat exchanger
      sleeve 34. Cooling fluid is supplied to the chamber 125 from the
      reservoir, as previously described via the conduits 49 and 50, the latter
      communicating with the annular space 127 and the former communicating with
      the chamber 125 via porting 125c in the end flange 90.
PAR  In the present embodiment, cooling fluid is circulated through the cooling
      fluid chamber 125, as shown by the arrow in FIG. 2, by an axial flow
      impeller 128 formed as part of the rotatable ring carrier 117 which has an
      outer peripheral helical ridge 129 to induce flow. Since the rotatable
      sealing ring means 110 is a simple structure and the relatively complex
      structures of the sealing ring means 98 and 198 remain non-rotatable, the
      heat of fluid friction is minimized.
PAR  The cooling jacket 34 is applicable to and removable from the body 33 in an
      endwise manner. To enable this, the body has a cylindrical outer wall 130
      over which the jacket 34 fits, and a lock ring 131 engaged beneath the top
      flange 90 retains the jacket 34 in place. Seal rings 132 and 133 are
      disposed between the body 33 and cylindrical inner walls at the top and
      bottom of the jacket 34. If desired, the jacket and body may be pinned, as
      at 134 to prevent the jacket from rotating on the body.
PAR  In the assembly of the seal assembly S, the upper flange 90, with the
      non-rotatable sealing ring means 98 retained thereon by the retainer 105,
      is placed endwise over the lower end of the stub shaft 29, and, then, the
      rotatable sealing ring means 110 is applied to the shaft and secured in
      place by the collar 120. Thereafter, the body 33, with or without the
      cooling jacket is assembled endwise, over the lower end of the stub shaft
      29 and the sealing ring means 98 and 110, and fastened to the top flange
      90. The lower end flange 91, with the non-rotatable sealing ring means 98
      retained thereon, as above described, is then applied over the lower end
      of the shaft 29 and connected to the body 33. If the jacket 34 was not
      previously applied to the body 33, this is then done to complete the
      cartridge assembly as seen in FIG. 2, which can then be assembled with the
      pump shaft 20 and the support structure 10 by the through bolts 32 and 86.
PAR  This assembly of the seal cartridge S with the pump shaft can be
      accomplished through the side opening 18 in the intermediate support
      structure 10, in the absence of the coupling sleeve 26. The fan 37 and the
      shroud 42 can then be applied. Thereafter the coupling 19 can be completed
      to interconnect the motor shaft 13 with the stub shaft of the seal
      cartridge.
PAR  A reverse dis-assembly procedure is also possible, and therefore, the
      present invention provides for rapid installation, service, replacement or
      repair of the seal assembly S.
CLMS
STM  We claim:
NUM  1.
PAR  1. A mechanical seal cartridge comprising: a rotatable stub shaft adapted
      to be connected at one end to a rotating shaft and at the other end to a
      rotatable shaft, a hollow housing adapted to be connected between spaced
      housings and the like and disposed about said stub shaft, said housing
      having an opening for access to said cartridge whereby said cartridge can
      be replaced as a unit in said housing, end flanges disposed about said
      stub shaft, means releasably connecting said end flanges to said housing,
      each of said end flanges carrying non-rotatable sealing ring means
      including an axially shiftable seal ring having a radial seal face, the
      radial seal face of the respective seal rings being disposed in opposing
      axially spaced relation, rotatable sealing rings means carried by said
      stub shaft for rotation therewith and providing oppositely facing radial
      seal faces for engagement by said radial seal faces of the respective
      axially shiftable seal rings, and spring means interposed between said end
      flanges and said axially shiftable seal rings for biasing the latter
      towards said rotatable sealing ring means to effect said engagement of
      said radial seal faces.
NUM  2.
PAR  2. A mechanical seal cartridge as defined in claim 1, wherein said
      rotatable sealing ring means comprises a carrier ring mounted on said stub
      shaft, said carrier ring having oppositely opening axial bores, seal rings
      in said bores having said radial seal faces thereon, and static sealing
      means between said seal rings in said bores and said carrier ring.
NUM  3.
PAR  3. A mechanical seal cartridge as defined in claim 1, including retainer
      means removably connecting the respective non-rotatable sealing ring means
      to said end flanges.
NUM  4.
PAR  4. A mechanical seal cartridge as defined in claim 1, including retainer
      means removably connecting the respective non-rotatable sealing ring means
      to said end flanges, and means keying said retainer means and said axially
      shiftable seal ring together to prevent rotation of said axially shiftable
      seal ring while allowing axial movement thereof.
NUM  5.
PAR  5. A mechanical seal cartridge as defined in claim 1, including retainer
      means removably connecting the respective non-rotatable sealing ring means
      to said end flanges, and means keying said retainer means and said axially
      shiftable seal ring together to prevent rotation of said axially shiftable
      seal ring while allowing axial movement thereof, said retainer means and
      said axially shiftable seal ring having coengageable abutment means for
      limiting axial movement of said axially shiftable seal ring under the
      influence of said spring means upon connection of said retainer to its end
      flange.
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ABST
PAL  There is disclosed sealing means for effecting a seal between two adjacent
      members, one of which rotates relative to the other, comprising a
      convoluted resilient metal ring bonded to an elastomeric support member;
      the convoluted wall of the ring provides radial resiliency whereby
      dimensional displacement of the sealed members may be accommodated and a
      substantially leak-free fit obtained, thereby preventing fluid leakage
      between the members, while at the same time allowing the seal to tolerate
      high peripheral speeds between the members and to resist and compensate
      for wear. An elastomeric support member acts as a supplemental seal to the
      ring and provides additional elasticity for accomodating lateral
      displacement of the rotatable member, while maintaining an effective
      fluid-tight seal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to sealing means between adjacent relatively
      rotatable members. More particularly, this invention relates to durable
      sealing means for rotating shafts such as crank shafts of diesel engines
      whereby fluid leakage between the rotating shaft and adjacent
      fluid-containing means may effectively be prevented.
PAR  It is well known in the art to provide rotating-shaft seals for preventing
      leakage of fluid, most usually lubricant, between the shaft and an
      associated fluid-containing chamber, as well as for preventing the entry
      of dust or other foreign matter into this chamber. Although many of these
      prior art seals are relatively satisfactory with respect either to
      durability or to sealing characteristics, typical shaft seals in present
      use do not possess both these qualities to a satisfactory degree for many
      applications.
PAR  For example, problems are frequently encountered in providing satisfactory
      front and rear shaft seals for the crankshaft of diesel engines. It is
      important that these seals prevent leakage of lubricating oil from the
      engine compartment, out of which the crankshaft extends, as well as
      prevent entry of foreign matter into the engine compartment. However, both
      the large diameter of the crankshaft and the loads imposed thereupon
      create operating conditions under which conventional sealing means are
      frequently not effective in terms of preventing leakage of lubricant, or
      are not satisfactory in terms of durability.
PAR  The large diameter of the crankshaft, required for adequate strength,
      results in a high peripheral speed between the seals and the crankshaft
      which tends to shorten the life of the seals, particularly the rear seal
      between the crankshaft and flywheel housing. Owing to the time required to
      replace a failed seal because of the necessity of removing various parts,
      such as the flywheel, to gain access to these seals, it is highly
      desirable that these shaft seals be extremely durable, preferably having a
      wear life of at least 20,000 hours of heavy duty engine operation.
PAR  Additionally, as a result of the loads imposed on the crankshaft during
      operation, the crankshaft goes through exursions as great as about 0.020
      radially and at least equal amount axially; if adequate sealing is to be
      obtained, the seal must follow the crankshaft through all of these
      motions. Further, the crankshaft seals are frequently subjected to
      differential pressure caused for example by internal crankcase pressures
      or by a head of oil being built up within the engine. It is highly
      desirable that sealing means be provided which substantially eliminate
      lubricant leakage under all these conditions, whether or not the engine is
      operating.
PAR  Typical shaft seals in present use include piston ring-type seals, such as
      described in U.S. Pat. No. 3,211,467 and lip type seals. In the piston
      ring-type seals, the ring is seated very closely in a groove, whereby
      leakage of lubricant is reduced depending on the closeness of the fit of
      the ring in the groove. Since relative motion must be permitted between
      ring and groove, the fit is never perfect, and some leakage inevitably
      occurs, particularly when the engine is not operating. Such leakage is
      generally undesirable, and in some applications, such as generators, not
      permissible for satisfactory engine operation. In the lip-type seal, an
      elastomeric member is fitted against the crankshaft to provide a generally
      effective seal against lubricant leakage. However, this type of seal has
      minimal durability, and the action of the crankshaft rubbing against the
      elastomer frequently results in early seal failure, thereby necessitating
      time-consuming seal changes. Also, this type of seal is very sensitive to
      pressure differentials between adjoining sealed chambers, such as
      frequently occur, for example, between the crankcase and transmission
      compartment or atmosphere in piston engines because of blow-by pressure
      around the piston rings. The susceptibility of this type of seal to
      leakage under such pressure conditions renders it unsatisfactory for use
      with certain transmissions.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  Broadly, the invention comprises sealing means, including a convoluted
      resilient metal ring bonded to an elastomeric member to provide a seal
      between two members in applications where one such member rotates relative
      to the other. The convoluted wall of the ring provides resiliency whereby
      dimensional displacements of the sealed components may be accommodated,
      thereby preventing fluid leakage between the two members, while at the
      same time allowing the seal to tolerate high peripheral speeds between the
      seal and rotating member, and to resist and compensate for wear. The
      elastomeric member acts as a supplemental seal to the ring and provides
      additional elasticity for accommodating displacement of the rotating
      member while maintaining an effective seal.
PAR  Accordingly, it is an object of the invention to provide sealing means
      between two components, one of which rotates relatively to the other,
      whereby fluid leakage between these components may be substantially
      prevented both during and in the absence of rotation.
PAR  It is an additional object of this invention to provide sealing means
      between two components, one of which rotates relatively to the other,
      whereby fluid leakage in the presence of high pressure differentials
      exerted against the sealing means.
PAR  It is another object of this invention to provide durable, inexpensive
      sealing means having a high resistance to high peripheral speed and an
      extended wear-life for effecting a seal between two components, one of
      which rotates relatively to the other, whereby fluid leakage between these
      components may be substantially prevented.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a rotatable shaft assembly embodying
      sealing means in accordance with this invention, and
PAR  FIGS. 2 and 3 are front and side elevations respectively of the ring member
      of the sealing means of FIG. 1.
PAR  FIGS. 4-7 are elevational views in section of alternate embodiments of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  With particular reference to FIG. 1, a rotatable shaft 10 extends through
      an opening on bore 11 in a housing 12 and is provided with sealing means
      indicated generally at 13 for effecting a seal between shaft 10 and
      stationary housing 12. Sealing means 13 generally includes a metallic ring
      14 having convolutions 15 having an inner sealing surface 16 defining the
      inner diameter of the ring member. The ring member is bonded to a static
      elastomeric diaphragm-like support member 17 so that surface 16 of ring 14
      is slidable against sealing surface 18 which is for example a crankshaft
      wear sleeve of rotatable shaft 10 during rotation thereof. Diaphragm 17
      includes an inner hub or flange 19 bonded to ring 14 and an outer flange
      20 secured to a cup-shaped retainer member 21, and is preferably provided
      with an innerconnecting flexible webbed portion 22. If desired, a garter
      spring 23 may be provided to increase radial loading of ring 14 on surface
      18 of shaft 10.
PAR  With particular reference to FIGS. 2 and 3, ring 14 is shown having a
      substantially circular configuration conforming to shaft 10 defined by a
      radially extending wall 24 having a series of substantially regular
      convolutions 15 which will provide ring 14 with a desired spring-like
      resiliency to accomodate the diameter of wear ring 18 and also any wear of
      the ring 14. The internal dimensions of ring 14 are ground or otherwise
      formed to provide a substantially perfect leak-free fit around wear ring
      18 of shaft 10 when sealing means 13 are in place. Preferably, ring 14 is
      of a metal such as hardened steel or chrome-plated steel to provide a
      predictably extensive wear-life.
PAR  In practice, ring 14 is formed having internal dimensions somewhat less
      than those of shaft 10. Owing to its resilient characteristics, ring 14
      may then be expanded to fit over shaft 10 when sealing means 13 is fitted
      in place. Ring 14 thus acts as a spring loaded against shaft 10 to provide
      a substantially perfect fit therearound. Diaphragm 17 at the same time
      prevents leakage around the periphery of ring 13, even during displacement
      of shaft 10 due to the flexible characteristics of diaphragm 17.
PAR  By these sealing means, radial excursions of the shaft 10 may be
      accommodated by flexure of webbed portion 22 of diaphragm 16, while axial
      motion of shaft 10 is accommodated by either flexure of diaphragm 16 or
      relative axial motion between ring 14 and surface 18 of shaft 10. A
      positive seal is thus obtained, which is minimally susceptible to pressure
      differentials and yet is very durable.
PAR  With particular reference to FIG. 4, an alternate ring mounting means for
      the ring 14 is generally indicated at 26, with identical elements as in
      the previous embodiment designated by the same numeral.
PAR  As illustrated in FIG. 4, the ring mounting means 26 include an elastomeric
      annular member 27 disposed around the shaft 10. The member 27 includes a
      central body portion 27a and a pair of end portions 27b connected thereto
      by means of necked down portions. The member 27 is compressed between the
      stationary housing 12 and a housing cover plate 28, and includes an inner
      circumferential groove 29 for receiving the ring 14 between the member 27
      and the shaft 10. A garter spring 23 may be disposed about the outer
      circumference of the member 27 if it is desired to increase the radial
      forces exerted on the ring 14.
PAR  Radial excursions of the shaft 10 are compensated for by the flexing
      between the central portion 27a and end portions 27b of the elastomeric
      member 27, while axial motion of the shaft 10 is accommodated by relative
      motion of the ring 14 and the surface 18 of the shaft 10.
PAR  As illustrated in FIG. 5, the ring mounting means include an elastomeric
      annular member 30 annularly mounted about the shaft 10 and including an
      inner circumferential groove 31 for receiving the ring 14 between the
      member 30 and the shaft 10. The mounting means include a housing assembly
      disposed within the stationary housing 12 and including a vertical plate
      32 and a cup-shaped retainer member 33 secured to a bellows or static
      elastomeric diaphragm-like member 34. The elastomeric member 30 is molded
      to the housing assembly 32, 33. Radial excursions of the shaft 10 thus
      cause member 30 and bellows 34 to flex in compensation, while axial
      movement of the shaft 10 is compensated for by relative motion of the ring
      14 and the surface 18 of the shaft 10, or by flexing of the bellows 34, or
      both. A ring 35 secured to the bellows 34 secures the assembly within bore
      11a of housing 12.
PAR  With reference to FIG. 6, another alternate embodiment of the seal assembly
      and ring mounting means is generally illustrated. In this arrangement a
      seal ring 14' is arranged to seal at its outer diameters. As illustrated
      in FIG. 6, the ring-mounting means includes an elastomeric annular member
      36 disposed between the ring 14' and a ring member 37 non-rotatably
      mounted on shaft 10. The seal means further includes an annular member 38
      having a cylindrical surface 39 sealingly engaged by the outer diameter of
      ring 14'. An elastomeric annular member 40 mounts ring member 38 with
      respect to a ring member 41. These members are mounted within bore 11a of
      housing 12 and retained in place by means of an end plate 42.
PAR  Turning to FIG. 7, the seal ring 14' is mounted as in FIG. 6 for engagement
      with a seal ring member 43 having an inner cylindrical surface 44. The
      member 43 includes an inclined surface 45 against which an elastomeric
      torus 46 is biased while confined against an inclined surface 47. An end
      plate 48 retains the assembly in place within the housing 12.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A seal assembly for sealing between inner and outer concentrically
      mounted relative rotatable members, comprising in combination:
PA1  inner and outer annular seal members having radially directed sealing faces
      disposed in sealing engagement and mounted for relative rotation
      therebetween; and,
PA1  one of said annular seal members comprising convoluted radially resilient
      metallic ring means for biasing said seal faces into sealing engagement.
NUM  2.
PAR  2. The seal assembly of claim 1 including resilient mounting means for
      mounting one of said seal members for radial displacement thereof.
NUM  3.
PAR  3. The seal assembly of claim 1 comprising resilient mounting means for
      mounting said outer seal member for radial displacement thereof.
NUM  4.
PAR  4. The seal assembly of claim 1 wherein said inner seal member is mounted
      for rotation with a rotatable shaft extending through an opening in a
      housing; and,
PA1  said outer seal member is mounted adjacent said opening in said housing.
NUM  5.
PAR  5. The seal assembly of claim 4 wherein said outer member is said
      convoluted metallic ring means; and,
PA1  resilient mounting means including an elastomeric annular member having a
      groove receiving said convoluted metallic ring.
NUM  6.
PAR  6. The seal assembly of claim 4 wherein said convoluted metallic ring means
      is mounted in an elastomeric ring member.
NUM  7.
PAR  7. The seal assembly of claim 6 wherein said convoluted metallic ring means
      in said inner seal member, and said elastomeric member is mounted on said
      shaft for supporting said convoluted metallic ring member.
NUM  8.
PAR  8. The seal assembly of claim 6 wherein said convoluted metallic ring means
      is said outer seal member.
NUM  9.
PAR  9. The seal assembly of claim 8 wherein said elastomeric member is sealed
      by diaphragm means to said housing.
NUM  10.
PAR  10. The seal assembly of claim 6 wherein outer seal member is supported by
      an annular elastomeric member in said housing.
NUM  11.
PAR  11. Sealing means for effecting a fluid-tight seal between a pair of
      relatively rotatable members, comprising:
PA1  metallic radially resilient ring means having an inner sealing face
      conforming to a cylindrical face of a rotatable member and having
      sufficient resiliency to be expanded over said face of said rotatable
      member and thereby spring-loaded against said face member to obtain a
      substantially leak-free fit between said ring means and said rotatable
      member; and
PA1  an impervious annular elastomeric member secured to said ring means and to
      the other member for preventing fluid leakage around the outer periphery
      of said ring means and for accommodating radial and axial displacement of
      said rotatable member.
NUM  12.
PAR  12. The sealing means of claim 11, further including a garter spring
      radially loaded against said ring means.
NUM  13.
PAR  13. The sealing means of claim 11, wherein said rotatable member is a
      crankshaft and said other member is a crankcase.
NUM  14.
PAR  14. The sealing means of claim 11, wherein said ring means comprises a
      convoluted ring member.
NUM  15.
PAR  15. The sealing means of claim 14, wherein said ring member is defined by
      radially extending wall means having axially extending convolutions.
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ABST
PAL  An apparatus which can be attached to a ski to fulfill three basic
      functions, namely: 1) as an tote for carrying the skis, 2) as a safety
      strap to prevent ski runaway, and 3) as a self contained lock. In addition
      the specification discloses a number of unique features which relate to
      locks, springs and ski bindings generally.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The ever increasing polularity of skiing has led to a rapid increase in the
      number of inventions which relate to this sport, particularly with regard
      to the construction of skis, bindings and locks. For the purposes of
      background information, reference is made to the following prior art
      patents.
TBL  ______________________________________                                    
     Title       Inventor   No.       Date                                     
     ______________________________________                                    
     Ski Lock    N. Chenecko                                                   
                            3,714,803 Feb. 6, 1973                             
     Automatic Brake for                                                       
                 E. Bortoli 3,741,575 June 26, 1973                            
     Skis                                                                      
     Device for Catching                                                       
                 G. Schwarz 3,715,126 Feb. 6, 1973                             
     a Runaway Ski                                                             
     ______________________________________                                    
PAR  The primary object of the present invention is to provide an apparatus
      which can be attached to the skis -- which will serve as a safety strap,
      lock and carrier. It is a further requirement that the device be small,
      lightweight, and that the weight added to each ski be approximately equal.
      In addition, it is desirable to have a safety strap arrangement which can
      be easily attached and detached without bending over. Other objects and
      advantages of the present invention will be gleaned from the summry and
      the detailed description of a preferred embodiment given herein below.
PAC  SUMMARY OF THE INVENTION
PAR  The aforementioned objects of the present invention are realized by the
      preferred embodiment of the invention which comprises a safety clip
      receiver adapted to attach to a ski boot buckle, a snap ring for linking
      the straps of the ski poles together, and a hollow cylindrical shaped
      housing which is pivotally mounted to each ski ahead of the front toe
      piece. Each housing contains a spring wound from a stranded wire cable.
      One end of each spring cable is connected to a safety clip having an eye
      adapted to receive the tip of a ski pole. The other end of one cable is
      attached to the female part of a false slotted multiple dial lock; the
      corresponding end of the other cable is attached to a split shaft male
      counterpart. The end of each housing is fitted with a flange having a
      U-shaped opening for receiving the poles.
PAR  The structure offers the following advantages over all known prior art
      devices.
PA0  1. Taken together with the ring and bootcatch, the device performs three
      distinct functions: locking, carrying and ski runaway prevention.
PA0  2. The skier is relieved from having to carry anything in his pockets -
      everything is attached to the skis, poles and boots
PA0  3. The false slotted multiple dial lock cannot be opened without knowledge
      of the combination. The split shaft allows the lock to be secured
      irrespective of the position of the dials.
PA0  4. The stranded spring cable provides much greater security than that which
      can be achieved with any cable or chain which is flexible enough to wind
      on a small mandrel.
PA0  5. The skier need not bend down and/or fumble in the snow for the safety
      strap fastener. He can engage and disengage the safety strap with no more
      effort than that required to operate a "pole-actuated" step-in binding.
PA0  6. The safety strap will extend a considerable distance thus minimizing the
      possibility of injuries which result when the skis are closely strapped to
      the boot of the skier.
PA0  7. The time required to change functions (lock, carrier or safety strap) is
      nil.
PA0  8. The unit may be sold separately or mounted on an common plate with a
      replacement toe piece. In such a case, it is contemplated that the front
      toe piece include a safety toggle to enhance overall sales appeal.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a perspective view of a preferred embodiment of the invention
      as it would appear when functioning as a safety strap to prevent ski
      runaway.
PAR  FIG. 2 shows a cross-section taken through the plane A--A illustrating the
      position of the elements when the safety clip is disengaged from the boot
      catch.
PAR  FIG. 3 is a cross-sectional view taken through the plane B--B of the female
      portion of the lock showing the false slotted dials.
PAR  FIG. 4 is a cross-section of the lock as it would appear in the locked
      position.
PAR  FIG. 5 is a perspective view showing the details of the boot catch and
      safety clip.
PAR  FIG. 6 is a cross-section of the boot catch showing the position of the
      safety clip when it is secured by the boot catch.
PAR  FIG. 7 is a perspective view illustrating the action of the cable spring in
      preventing ski runaway.
PAR  FIG. 8 is a cross-section taken through the housing with the housing
      oriented in the tote position.
PAR  FIG. 9 shows a perspective view of skis being carried.
PAR  FIG. 10 shows a perspective view of the pole strap linking arrangement.
PAR  FIG. 11 is a perspective closeup of the locking arrangement.
PAR  FIG. 12 shows the skis and poles as they would appear when secured to a
      conventional ski rack.
PAR  FIG. 13 shows an elevation view of the toggle toe piece mounted on a common
      base plate with the other elements of the invention.
PAR  FIG. 14 shows a perspective view of an alternative embodiment which will
      accomplish some of the functions of the preferred embodiment.
PAR  FIG. 15 shows the false slotted locking arrangement for the embodiment
      shown in FIG. 14.
PAR  FIG. 16 shows a cross-section taken through the plane C--C of FIG. 14.
PAR  FIG. 17 shows a cross-section taken through the plane D--D of FIG. 16.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT:
PAR  Adverting to the drawings, and particularly FIGS. 1 and 2, a preferred
      embodiment of the invention comprises a pair of identical cylindrical
      shaped housings 20 and 21, each containing a spring (22 and 23
      respectively), the left end of each being attached to safety clips (e.g.
      clip 24). The only difference between the device of ski 10 and that on ski
      11 is that the right end of spring 23 is attached to the female portion 26
      of a multiple dial lock, and the right end of spring 22 is attached to the
      male counter part 25. Pins 28 and 29 journal housings 20 and 21 to the
      swivel bases 30 and 31 respectively, the latter being freely rotatable
      with respect to the plates 33 and 34 which are attached to the skis by
      screws (as indicated by screws 32 and 37). As best seen in FIG. 2 the
      front top surface 35 of each swivel base slopes downwardly to permit the
      housings to tilt forwardly when rotated to the carrying position as
      explained below - the rear back portion 36 being approximately parallel to
      the top surface of the skis so as to function as a "stop" to keep the
      housing approximately parallel to the ski when the invention is
      functioning as a ski runaway safety device.
PAR  The swivel base 30 can be positioned as shown to provide an access to screw
      32 (using an L shaped tool) or rotated 180.degree. to access screw 37. The
      ball detent arrangement (spring 39, ball 40 and base plate recess 41)
      functions to restrain the orientation of the housing 20 parallel to the
      ski 10. To orient the housing 20 for locking or carrying (as explained
      below) it is only necessary to overcome the bias of the detent spring to
      rotate housing 20 to a right angle position with respect to the ski 10.
PAR  Referring specifically to FIG. 2, it will be seen that the housing 20 is
      flared at each end as indicated by the numerals 42 and 43 in order to
      facilitate the retraction of the spring 22 into the housing. The left end
      of the housing 20 is cut to have a wide mouth V-shaped opening as
      indicated by numeral 44 which funnels the safety clip 24 into the deeper
      parallel slot 45 where it is held in position by the retracting force of
      the attached spring 22. The hole 46 in safety clip 24 is located beyond
      the end of housing 20 so that it can be easily stabbed with the tip of a
      ski pole. The appendage 50 attached to the right end of housing 20 has a
      U-shaped recess 51 of a size sufficient to accommodate the diameter of a
      typical ski pole. It will be understood that the description of the
      assembly shown in FIG. 2 applies equally to the assembly attached to the
      left ski 11 -- the only difference being that the right end of the spring
      23 attaches to the female portion 26 of the lock rather than the male 25.
      In each case however, a tapered guide disk (i.e. disc 47) is used to
      facilitate an accordant, guided slip fit between the lock (25 or 26) and
      the flared right end of the housing (20 or 21).
PAR  An important advantage of the coiled spring arrangement (springs 22 and 23)
      over prior art cable wind up devices, lies in the fact that even a strong
      heavy spring will self retract to occupy a very small space. For best
      results however, the springs 22 and 23 should have a low spring constant
      to facilitate easy withdrawal (particularly when the ski pole is used to
      pull the clips backward to engage the boot catch), and yet be of
      sufficient diameter to discourage tampering when the cables are used to
      effectuate locking. A further requirement is that the springs not be
      permanently stretched (plastically deformed) by the acceleration forces
      which occur when the runaway ski is abruptly stopped as the spring
      approaches the limit of its extension. It was discovered that springs
      wound from stranded wire cables had ideal characteristics. Experiments
      were carried out using stainless steel cables such as 1/6 dia. 7 .times.
      7, and 1/8 dia. 7 .times. 19. The springs were highly of extension -- yet
      very little plastic deformation resulted when much larger forces were
      applied. For minimization of plastic deformation, some (or all) of the
      individual strands could be spring steel rather than stainless or
      galvanized.
PAR  A common shortcoming of most multiple dial locks lies in the fact that the
      projections on the male shaft are not precisely spaced with respect to the
      dials of the female part of the lock. As a consequence, the combination
      can be discovered by rotating the dials while applying a slight opening
      force to withdraw the shaft. By turning the dial which is hardest to
      rotate, one can discover where the dial slot lines-up with the
      corresponding projection on the male shaft. When this position is reached
      the male shaft will slip forwardly slightly so that another dial will be
      in contact with a different projection, and so on -- until each dial slot
      has been aligned with the shaft projections -- thus enabling the lock to
      be opened.
PAR  FIGS. 3 and 4 show the details of the locking device which comprises a
      portion of the present invention. Each wheel is fabricated so as to have a
      plurality of false slots into which the projections 54 on the shaft 25
      will enter when a force is applied to pull the male 25 and female 26 parts
      apart. As a consequence, one cannot rotate either dial 56 or 57 while
      applying a separating force. It is therefore impossible to discover the
      combination by the aforementioned means. A second novel feature of the
      lock lies in the use of a split shaft 25 which allows the user to close
      the lock irrespective of the dial position, i.e., it is not necessary to
      set the combination in order to insert the shaft 25.
PAR  FIGS. 11 and 12 show the operation of the invention as a lock to secure a
      pair of skis to a conventional ski rack. The cables 22 and 23 are extended
      from their respective housings 20 and 21 pulling the male and female
      portions of the lock 25 and 26 outwardly so that each cable crosses over
      the opposite ski, with one cable 23 passing over the top of the ski rack
      56 and the other cable 22 passing under the ski rack 56 to a point behind
      the rack where the male and female portions 25 and 26 can be brought
      together as shown. Although not necessary for security, FIG. 11 shows the
      housings 20 and 21 rotated (via their respective swivel bases 30 and 31)
      so as to be at 80.degree. angles with respect to the skis 10 and 11. In
      FIG. 12, the skis are placed parallel. They could also be positioned and
      secured so that the bottom surfaces are together -- with the cables
      passing through the pole straps thus securing both skis and poles.
PAR  FIGS. 5 and 6 show the details of the boot catch assembly 52 and how it
      functions to retain the safety clip. The leaves 57 and 67 of the boot
      catch spring are normally sprung slightly apart so that the projections 63
      and 62 will snap into the openings 64 and 60 of the boot catch guide 65
      thus securing the entire assembly to the boot buckle 58. In order to
      attach the safety strap, the skier stabs through the hole 46 in clip 24
      with the ski pole 59 -- and draws the clip 24 backward until the pole tip
      59 is positioned above the hole 61 with cable 22 lying between the guides
      69 and 70. When the pole is lifted, the clip 24 will be slid free of the
      pole tip 59 by the bent guide extensions 71 and 72. The coil spring 22
      draws the clip 24 forward between the guides 69 and 70, the sloping under
      lip 75 of the clip riding over the projection 62, until the hole 46 is
      reached. At this point, the spring bias on upper leaf 57 causes projection
      62 to enter the hole 46, thus securing the clip 24 in the boot catch 52.
      To release the clip, the skier need only stab with the pole through hole
      61 to deflect leaf 57 so as to remove projection 62 from hole 46 thus
      releasing the clip 24. When this occurs the stretched spring 22 retracts
      pulling the clip 24 forward between the guides 69 and 70 and free from the
      boot catch -- to the position shown in FIG. 2.
PAR  FIG. 7 illustrates the action of the boot catch in preventing ski runaway.
      Were it not for the boot catch and safety clip, the ski would continue to
      travel down the hill after the safety binding releases. Because of the low
      spring constant, cable spring 22 will easily extend to its maximum length
      of approximately 15 inches thus minimizing the chance of injury which maay
      occur if the ski is closely fastened to skier as is the case with
      conventional safety straps. While the ski runaway devices described in the
      above referenced patents offer a similar advantage, they have a
      shortcoming in that the completely disattached ski may be hazardous to
      others -- particularly to those skiing directly under the path of the
      chair lifts.
PAR  FIGS. 8, 9 and 10 show the operation of the invention as a ski tote. The
      only additional element required is a small snap ring 101 which is
      permanently attached to the strap 100 of one ski pole 102 as shown in FIG.
      10. To set up the carrier, the two straps 100 and 104 are first linked
      together by the snap ring 101. With the skis standing on end, the housings
      20 and 21 are then rotated on their respective swivel bases 30 and 31 so
      as to be perpendicular to the skis 10 and 11 as shown in FIG. 8. The poles
      102 and 103 are then placed behind the standing skis and brought forward
      so that the linked pole straps form a cradle-like suspension for the rear
      of the skis. The poles are next snapped into the U-shaped recesses 51 and
      151 in the housing appendages 50 and 150 just above the baskets 160 and
      161. The skis and poles are then brought to the horizontal position shown
      in FIG. 9 with the poles functioning as the carrying handle.
PAR  FIG. 13 shows how the basic invention can be mounted on the same plate and
      in combination with the toe piece of the boot binding. While it is
      contemplated that the basic invention will be sold separately as an
      "add-on" device, it is possible that some manufacturers will wish to
      utilize a common mounting plate. The toe binding shown in FIG. 13 has
      particular appeal from the standpoint of safety in that it will snap
      forward when the force exceeds a pre-established amount. This feature is
      of considerable importance in preventing injuries which occur before a
      conventional toe piece can swivel to one side to release the skier. The
      toggling function is accomplished by the links 201, 202, 203 and 204, the
      latter being normally biased against the stops 207 and 208 so as to
      maintain the toe piece 210 in the position shown. When the forward force
      on the toe piece 210 exceeds the bias force of spring 211, the toe piece
      is released directly forward, the links 202 and 203 rotating to the
      position indicated by the dotted lines 202' and 203'. The forward movement
      of the toe piece relieves the forces on the toe piece 210 which tend to
      impair swivel -- and in addition allows the rear of the boot to pop free
      of the rear binding.
PAR  FIGS. 14-17 show an alternative embodiment of the basic invention which
      will accomplish some of the functions of the preferred embodiment. The
      locking arrangement utilizes a U-shaped shackle 300 having a T shaped end
      301 which is secured by the dials 302 and 303. Both dials are false
      slotted (304) in a manner analogous to the false slots 53 shown in FIGS. 3
      and 4. To lock the device, the safety clip 305 is withdrawn against the
      force of the spiral negator spring 307 and passed around a post or ski
      rack and then securely by passing the shackle 300 through the hole 309,
      each ski being separately locked to the post. The ski runaway feature is
      the same as that described in connection with the preferred embodiment,
      the additional elements 52 shown in FIG. 5 being also required for the
      alternative embodiment.
PAR  The device shown in FIGS. 14-17 is not easily adapted to carry the skis.
      Moreover, in order to maintain a small physical size, the windup cable 310
      must have a small diameter (1/16 of an inch or less) in order that it will
      be flexible enough to wind on a small mandrel.
PAR  Although the basic concept of the invention has been shown and described in
      connection with a preferred embodiment, it will be understood that
      numerous features may be utilized separately or in combination with other
      devices -- and still be within the spirit of the invention. Moreover, the
      concepts disclosed in connection with the lock are not limited to ski
      devices, but are applicable to locking devices generally. Similarly, the
      basic concept of the toggle toe piece is not limited to use in combination
      with the preferred embodiment of the invention -- but is of equal merit
      standing alone. Nor are the concepts limited to the particular embodiment
      shown and described. It will thus be understood that many changes,
      modifications and substitutions may be made without departing from the
      spirit of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A ski accessory comprising:
PA1  a first housing;
PA1  means for attaching said first housing to one ski;
PA1  a second housing;
PA1  means for attaching said second housing to the other ski;
PA1  a first elastically retractable member within said first housing;
PA1  a second elastically retractable member within said second housing;
PA1  runaway ski prevention means for temporarily attaching one end of each said
      first and second elastically retractable members to the skier so as to
      prevent ski runaway, said runaway ski prevention means comprising a first
      safety clip attached to said first elastically retractable member and a
      second safety clip attached to said second elastically retractable member
      and a first receiver attached to the skier for retaining said first safety
      clip and a second receiver attached to the skier for retaining said second
      safety clip;
PA1  means for locking said first and second elastically retractable members
      together about a ski rack so as to prevent the unauthorized removal of the
      skis.
NUM  2.
PAR  2. The apparatus recited in claim 1 wherein is included:
PA1  a first flange attached to said first housing;
PA1  a second flange attached to said second housing;
PA1  said first and second flanges each having a U-shaped recess of a size
      sufficient to accommodate the diameter of a ski pole;
PA1  means for orienting said first and second housings so that one U-shaped
      recess will engage one ski pole and the other U-shaped recess will engage
      the other pole when the lengthwise axis of said skis and poles are placed
      parallel to each other.
NUM  3.
PAR  3. The apparatus rectied in claim 2 including:
PA1  means for temporarily linking the pole straps of a pair of ski poles
      together whereby the poles may function as a carrying handle with the
      linked pole straps forming a cradle to support one end of the skis and the
      U-shaped recesses hooked over the poles to support the other end of the
      skis.
NUM  4.
PAR  4. The apparatus recited in claim 1 wherein said first housing comprises a
      first hollow tube and wherein said second housing comprises a second
      hollow tube;
PA1  and wherein the first and second elastically retractable members comprise:
PA2  a first stranded wire spring within said first hollow tube and a second
      stranded wire spring within said second hollow tube, each of said first
      and second stranded wire springs having a coil diameter less than the
      inside diameter of its associated hollow tube and a retracted length less
      than the length of its associated hollow tube.
NUM  5.
PAR  5. The apparatus recited in claim 4 wherein one end of said first stranded
      spring is attached to the female part of a false slotted multiple dial
      lock and the other end of said first stranded spring is attached to a
      first safety clip.
NUM  6.
PAR  6. The apparatus recited in claim 5 wherein one end of said second stranded
      wire spring is attached to the split shaft male counterpart of said
      multiple dial lock, and the other end of said second stranded spring is
      attached to a second safety clip.
NUM  7.
PAR  7. The apparatus recited in claim 1 wherein each of said first and second
      safety clips have an eye of sufficient size to accommodate the tip of a
      ski pole;
PA1  and wherein said first clip receiver is adapted to attach to a buckle of a
      first ski boot, and said first receiver has an opening adapted to receive
      said first safety clip, and includes a first catch adapted to engage said
      first safety clip;
PA1  and wherein said second clip receiver is adapted to attach to a buckle of a
      second ski boot, and said second receiver has an opening adapted to
      receive said second safety clip, and includes a second catch adapted to
      engage said second safety clip;
PA1  means responsive to a force applied by the tip of a ski pole for
      disengaging said first and second catches so as to release said first and
      second safety clips from said first and second clip receivers.
NUM  8.
PAR  8. A ski accessory comprising:
PA1  a first housing having a recess of a size sufficient to accommodate the
      diameter of a ski pole;
PA1  swivel means for attaching said first housing to one ski so as to permit
      said first recess to be positioned to receive a ski pole;
PA1  a second housing having a second recess of a size sufficient to accommodate
      the diameter of a ski pole;
PA1  swivel means for attaching said second housing to the other ski so as to
      permit said second recess to be positioned to receive a ski pole;
PA1  means for temporarily linking the pole straps of a ski pole together
      whereby the poles may be placed parallel to the skis to function as a
      carrying handle with the linked pole straps forming a cradle to support
      one end of the skis and the housing recesses hooked over the poles to
      support the other end of the skis.
NUM  9.
PAR  9. The apparatus recited in claim 8 wherein said first housing comprises a
      first hollow tube and wherein said second housing comprises a second
      hollow tube; and wherein is included:
PA1  a first elastically retractable ski runaway prevention means within said
      first housing;
PA1  a second elastically retractable ski runaway prevention means within said
      second housing.
NUM  10.
PAR  10. The apparatus recited in claim 9 wherein one end of said first
      elastically retractable ski runaway prevention means is attached to the
      female part of a multiple dial lock and the other end of said first
      elastically retractable ski runaway prevention means is attached to a
      first safety clip.
NUM  11.
PAR  11. The apparatus recited in claim 9 wherein said first elastically
      retractable ski runaway prevention means comprises a stranded wire spring.
NUM  12.
PAR  12. The apparatus recited in claim 8 wherein said first housing comprises a
      first hollow tube and wherein said second housing comprises a second
      hollow tube and wherein is included:
PA1  a first elastically retractable member within said first housing and,
PA1  a second elastically retractable member within said second housing,
PA1  and including a locking means attached to one end of said first elastically
      retractable member for locking the ends of said first and second
      elastically retractable members together.
NUM  13.
PAR  13. A ski accessory comprising:
PA1  a first housing;
PA1  means for attaching said first housing to one ski;
PA1  a second housing;
PA1  means for attaching said second housing to the other ski;
PA1  a first elastically retractable member within said first housing;
PA1  a second elastically retractable member within said second housing;
PA1  a first safety clip attached to one end of said first elastically
      retractable member, said first safety clip having an opening adapted to
      receive a ski pole tip;
PA1  a second safety clip attached to one end of said second elastically
      retractable member, said second safety clip having an opening adapted to
      receive a ski pole tip;
PA1  a first receiver adapted to retain said first safety clip;
PA1  means for attaching said first receiver to a human being;
PA1  a second receiver adapted to retain said second safety clip;
PA1  means for attaching said second receiver to a human being;
PA1  first release means responsive to a ski pole tip for releasing said first
      safety clip from said first receiver; and
PA1  second release means responsive to a ski pole tip for releasing said second
      safety clip from said second receiver.
NUM  14.
PAR  14. The apparatus recited in claim 13 including:
PA1  a first flange attached to said first housing;
PA1  a second flange attached to said second housing;
PA1  said first and second flanges each having a U-shaped recess of a size
      sufficient to accommodate the diameter of a ski pole;
PA1  means for orienting said first and second housings so that one U-shaped
      recess will engage one ski pole and the other U-shaped recess will engage
      the other pole when said skis and poles are placed to have their
      lengthwise axis parallel.
NUM  15.
PAR  15. The apparatus recited in claim 13 including:
PA1  means for temporarily linking the pole straps of a pair of ski poles
      together whereby the poles may function as a carrying handle with the
      linked pole straps forming a cradle to support one end of the skis and the
      U-shaped recesses hooked over the poles to support the other end of the
      skis.
NUM  16.
PAR  16. The apparatus recited in claim 13 wherein said first housing comprises
      a first hollow tube and wherein said second housing comprises a second
      hollow tube;
PA1  and wherein said first and second elastically retractable members comprise:
PA1  a first stranded wire spring within said first hollow tube and a second
      stranded wire spring within said second hollow tube, each of said first
      and second stranded wire springs having a coil diameter less than the
      inside diameter of its associated hollow tube and a retracted length less
      than the length of its associated hollow tube.
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ABST
PAL  Apparatus for transporting golf clubs including a golf club holder
      comprising an elongate body of foamed plastic material with multiple
      elongate bores defined in said body extending the length thereof and
      separated laterally from one another by partition portions in the body.
      The bores open to the top of the body, and a cover is provided which is
      positionable to provide a covering for the heads of clubs whose shafts are
      lodged within said bores. Reinforcing means in the holder includes a base
      supporting the base of the body and elongate braces extending along the
      outside and longitudinally of said body. Wheeled structure is disclosed
      including wheels which roll over the ground and a handle for manipulating
      the structure.
BSUM
PAR  This invention relates generally to apparatus for transporting golf clubs.
PAR  Various types of golf bags and the like have been proposed in the past for
      the carrying of golf clubs. Many types of bags have been so massive and
      bulky that it has been inconvenient for the player himself to carry the
      bag, requiring either that a cart be used, or that resort be made to the
      services of a caddy. Bags intended primarily to be carried have tended to
      be relatively flimsy and lacking in stiffness, so that when the same are
      secured to a cart as may be desired on occasion, they twist and distort,
      with the result that they ride improperly on the cart, and it is difficult
      to remove a given club as the occasion demands. Furthermore, bags of this
      description rarely have means for keeping the various clubs separated in
      the bag, so that clubs tend to become mixed and it is difficult rapidly to
      make a club selection.
PAR  One general object of the invention is to provide an improved holder for
      clubs, which for a given size is relatively light, and which obviates many
      of the difficulties noted above characterizing conventional constructions.
      The holder may be carried easily, and also is suitable for cart use.
PAR  Another object is to provide apparatus for transporting clubs which
      includes novel divider structure defining separate receptacles for the
      shafts of the different clubs in a set, thus enabling the clubs to be kept
      separate from each other in the holder.
PAR  More specifically, as contemplated herein the apparatus comprises an
      elongate body of foamed plastic material, having elongate bores defined in
      said body with upper ends opening to the top of the body adapted to
      receive the shafts of the various clubs. Within the body the bores are
      laterally spaced from each other by partition portions defined by the
      foamed plastic material making up the body. These partition portions have
      the effect of imparting rigidity to the structure as a whole. Because of
      the foamed composition of the body, the body has relatively light mass,
      and weighs substantially less than conventional bags provided with sleeves
      and the like for holding the shafts of clubs.
PAR  A further feature and object of the invention is the provision of apparatus
      for transporting clubs which includes a cover hinged adjacent the top of
      the body as described, which is positionable over the top end of the body
      to form a closed chamber which houses the heads of the clubs stored in the
      device. With the clubs held in spaced-apart relation by the body of the
      device, and with such cover overlying the heads, the club heads are
      effectively protected from damage and wear, eliminating the need for head
      covers and the like.
PAR  Other objects and features of the invention relate to reinforcing means in
      the holder serving to provide reinforcement at the bottom and adjacent the
      top and along the length thereof, and which may be utilized in mounting
      the hinged cover described, as well as means used in handling the holder,
      whether it be by carrying it, or by attaching it to cart structure.
DRWD
PAR  These and other objects and advantages are attained by the invention which
      is described in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a side elevation of apparatus including cart structure and a
      holder, or golf bag, as contemplated herein;
PAR  FIG. 2 is another side elevation; and
PAR  FIGS. 3, 4 and 5 are cross-sectional views, taken along the lines 3--3,
      4--4 and 5--5, respectively, in FIG. 1.
DETD
PAR  Referring now to the drawings, in the preferred embodiment of the invention
      illustrated, the apparatus comprises a holder or golf bag portion, shown
      generally at 10, mounted on a cart or wheeled structure 12, to enable the
      apparatus as a whole to be rolled over the ground.
PAR  The golf bag portion 10 includes an elongate body 16 made of a foamed
      plastic composition, such as a foamed polyurethane, polyethylene,
      polystyrene, or foamed epoxy material, i.e., a rigid foamed plastic. The
      body may be of a molded, one-piece construction, and by reason of the
      foamed nature of the plastic material, has considerably lighter mass than
      the bodies of known bags of comparable size. If desired, the body may be
      coated with a vinyl overlay or other material if protection of the body is
      desired. Formed in the body of the bag during the manufacture thereof are
      elongate bores, such as those shown at 18 with top ends that open to the
      top end of the body, and ordinarily terminating a slight distance inwardly
      from the base of the body so as to leave closed bottom ends for these
      bores. The bores in the body are separated from each other by partition
      portions 20. The bores constitute elongate receptacles adapted to receive
      the shafts of the various clubs in a golf set. Partition portions 20
      contribute rigidity to the body as prepared. With the bores laterally
      spaced from each other in the body, the shafts of the clubs are held with
      the various clubs separated from one another.
PAR  Body 16 may also be prepared with a cavity, such as that shown at 22, and a
      chamber 24, with cavity 22 adapted to hold balls, tees and miscellaneous
      items, and chamber 24 a stack of beverage containers. In the particular
      embodiment of the invention illustrated, the cavity and chamber described
      open to the top of the body, as well as to the side, at locations
      indicated at 26 and 28. Covers 30, 32 close off the openings. Each cover
      is hinged as by a nylon hinge 34 to the body 16, and is secured in its
      closed position by any suitable means, as with a Velcro type fastener
      shown at 36, the latter being characterized by coacting pieces which press
      together to hold, but which may be pulled apart by flexing and pulling one
      of the pieces from the other.
PAR  By reason of the insulative properties of the foamed plastic making up the
      body, the bag is particularly suitable for holding beverages such as cans
      of beer, or soft drinks. In extreme conditions, and where permitted, the
      cavity for the golf balls may be maintained warmed as with a heater, with
      the insulative properties of the body being effective to retain the heat
      generated.
PAR  The body is reinforced by reinforcing means shown generally at 40. In the
      particular embodiment shown, such comprises a base 42, support braces 44
      extending the length of the bag along the sides thereof joined to the base
      42, a band 46 encircling body 16 adjacent the top thereof with the lower
      margins joined to support braces 44, and a band 47. The reinforcing means
      may be made of a number of different materials such as heavy plastic,
      light metal, etc. By including the reinforcing means, a scuff resistant
      base is imparted to the bag and additional rigidity is added to the sides.
      Furthermore, the reinforcing means may be utilized in securing the bag to
      the wheel structure or cart shown supporting it in the drawings.
PAR  Closing off the top of the holder or bag is a top cover 50. The cover is
      hinged to the bag as by the nylon hinge shown at 52 interconnecting the
      cover to band 46.
PAR  The cover, which may be a molded article, or otherwise constructed of sheet
      material, includes depending margins 50a and a top 50b. With the cover
      positioned as shown in FIG. 1, whereby it closes off the top of the bag,
      the top is spaced from the top end of the body, and there is defined by
      the underside of the cover a chamber at the top of the bag which encloses
      the heads of the clubs seated within the receptacles provided by bores 18.
      With the cover closing off the top of the bag, the heads of the clubs are
      protected from the weather and from damage. By reason of the cover, the
      need for golf head covers is eliminated.
PAR  The cover is held closed by fastener 52 which may be a Velcro type fastener
      as described in connection with covers 30, 32.
PAR  The golf bag may be secured to the cart or wheel structure 12 utilizing, by
      way of example, the strap fastener means 54, 56 extending from the
      reinforcing structure and joined to the framework of the cart. Included in
      the framework of the cart is shaft 58 which parallels one side of the bag.
      The cart or wheeled structure further includes the usual handle 60 for
      manipulating the assembly. Wheels 62 on either side and at the base of the
      cart accommodate movement of the cart over the ground. Stand 64 is
      utilized to hold the cart upright when the cart is not in motion.
PAR  Also part of the reinforcing structure 40 is the strap means shown at 66
      having ends secured to on one of the braces 44. This may be utilized in
      transporting the bag when the same is not to be used with the cart.
PAR  While a particular embodiment of the invention has been described including
      reinforcing structure and fastening means for securing it to the cart, it
      should be obvious that other systems of attachment may be utilized.
      Furthermore, while specific means has been described for holding beverages
      and miscellaneous equipment, it should be obvious that other types of
      pouch arrangements and receptacles can be incorporated with the bag other
      than the specific construction described.
PAR  The bag contemplated in summary is relatively light in mass. It provides a
      means for holding the clubs in the set with such separated from each
      other. The heads of the various clubs are protected by the cover. The bag
      is adapted for use in conjunction with the wheeled structure or cart
      described, or by carrying it, utilizing the strap structure described.
PAR  While a specific embodiment of the invention has been described, it is not
      intended to be limited to the particular details thereof, as variations
      would be apparent to one skilled in the art.
CLMS
STM  It is claimed and desired to secure by Letters Patent:
NUM  1.
PAR  1. A golf club holder comprising an elongate body of rigid foamed plastic
      composition,
PA1  said body having multiple elongate bores defined therein extending
      longitudinally of the body and separated laterally from one another by
      partition portions in said body which contribute rigidity to the body,
      said bores having top ends opening to the top end of said body and being
      adapted to receive the shafts of golf clubs,
PA1  multiple strap portions encircling and snugly encompassing said body at
      regions distributed along the length of said body with the rigid foamed
      plastic composition of said body maintaining the shape of said body and
      thus the snug encompassing relation of said strap portions about said
      body, and
PA1  means secured to said body through said strap portions presented on the
      outside thereof adapting the holder for transport.
NUM  2.
PAR  2. A golf club holder comprising an elongate body of rigid foamed plastic
      composition,
PA1  said body having multiple elongate bores defined therein extending
      longitudinally of the body and separated laterally from one another by
      partition portions in said body that contribute rigidity to the body, said
      bores having top ends which open to the top of said body and are adapted
      to receive the shafts of golf clubs,
PA1  multiple strap portions encircling and snugly encompassing said body at
      regions distributed along the length of said body with the rigid foamed
      plastic composition of said body maintaining the shape of the body and
      thus the snug encompassing relation of said strap portions about said
      body, and
PA1  a cover hinged to a strap portion adjacent the top of said body swingable
      to a position overlying the top of said body with the cover defining a
      chamber between the base of the cover and the top ends of said bores.
NUM  3.
PAR  3. The holder of claim 2 which further includes a reinforcing brace
      extending the length of the body along one side thereof and connected to
      said strap portions.
NUM  4.
PAR  4. The holder of claim 2 and which further includes a compartment in said
      body opening to a side thereof with said foamed plastic material of said
      body forming sides of said compartment.
NUM  5.
PAR  5. Apparatus for transporting golf clubs comprising
PA1  an elongate body of rigid foamed plastic material, said body having
      multiple elongate bores defined therein extending longitudinally of the
      body and separated laterally from one another by partition portions of
      said body contributing rigidity thereto, said bores having top ends which
      open to the top of said body and being adapted to receive the shafts of
      golf clubs.
PA1  multiple strap portions encircling and snugly encompassing said body at
      regions distributed along the length of said body with the rigid foamed
      plastic material of said body maintaining the shape of the body and thus
      the snug encompassing relation of said strap portions about said body,
      said strap portions including one adjacent the base of said body having an
      integral floor portion which extends under the base of the body, a strap
      portion adjacent the top of the body, and a strap portion intermediate the
      first and second-mentioned strap portions,
PA1  a cover hinged to the strap portion adjacent the top of said body swingable
      to a position overlying the top of said body with the cover defining a
      chamber between it and the top of the body for receiving the heads of
      clubs, and
PA1  wheeled means secured to said body through said strap portions including
      ground-supporting wheels adapting the body for transport over the ground
      and a handle provided for the manipulation of said wheeled means.
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ABST
PAL  A wheeled hand truck for barrels, drums, and similar heavy articles is
      disclosed which comprises a selectively pivotably load supporting foot
      plate and an adjustable barrel lip restraining hook which facilitate
      loading of barrels or drums onto the truck, the selectively pivotable load
      supporting plate also facilitating safe, compact storage of the device.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Hand trucks have been in use for decades for moving heavy articles over
      relatively short distances. Such well-known devices typically comprise an
      elongated frame having handles at one end thereof and a pair of wheels at
      the other end, there being some sort of load supporting foot plate rigidly
      attached to the frame at a location generally between the wheels. The
      truck may also include an auxiliary set of wheels pivotably attached to
      the side opposite the foot plate. The truck may be set to roll on the pair
      of wheels located on the frame alone or in combination with the auxiliary
      wheels, as desired to minimize the amount of work to be expended by the
      handler. Copending application Ser. No. 299,563 filed Oct. 20, 1972 by
      Jack Peters and Easton D. New discloses such an auxiliary systems.
PAR  In use, the hand truck is brought to a location adjacent the article to be
      carried and the frame of the truck is raised to an essentially vertical
      location so that the load supporting foot plate may be forced under the
      article to be carried. The hand truck is then pulled back away from the
      article, causing the load supporting foot plate to lift the article and
      cause it to slide back against the hand truck frame.
PAR  Hand trucks of the known type have several disadvantages. In those which
      include some means for attachment to the upper surface or peripheral lip
      of the article to be carried, it is necessary to tip truck frame toward
      the article to be carried so that the restraining means may engage the
      article, during which the load supporting foot is caused to pivot about
      its leading edge, thereby placing the load supporting surface of the foot
      at an angle to the bottom surface of the article to be carried. The
      operator must then manually force the load supporting foot under the
      article to be carried so that the article is caused to move up the
      inclined load supporting foot until contact is made with the frame of the
      hand truck. Obviously, this mode of use requires considerable effort by
      the operator and places the hand truck in a relatively unstable position
      while it is resting on the leading edge of the load supporting foot. In
      addition, the outwardly extending load supporting foot occupies a
      substantial amount of space when the hand truck is not in use,
      particularly when the truck is resting on its auxiliary wheels. Thus, the
      load supporting foot geometry of conventional hand trucks presents a
      hazard to passersby and occupies a considerable amount of storage space.
PAR  An object of applicants' invention is to rectify these deficiencies of
      prior art devices by providing in a hand truck a selectively adjustable
      load bearing foot plate which is attached to the frame of the truck so as
      to permit movement of the truck frame about the foot plate while the foot
      plate remains in total, flat contact with the adjacent supporting surface.
PAR  A further object is to provide resilient means for restraining the upper
      end of the article to be carried while the article is being transferred to
      the truck and moved from place to place.
PAR  Still another object of the invention is to provide a hand truck which may
      be partially collapsed at its load supporting foot, to facilitate storage
      and minimize hazards to the operator and passersby.
PAR  Another object of the invention is to provide a load supporting shoe having
      wedge or ramp surfaces thereon to facilitate loading and unloading of an
      article to be carried.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a perspective view of a hand truck embodying the invention
      taken from an overhead aspect.
PAR  FIG. 2 shows a perspective view of the lower portion of a hand truck
      embodying the invention, indicating the selectively pivotable load bearing
      foot plates.
PAR  FIG. 3 shows an elevation view partially in section taken along line 3--3
      of FIG. 2.
PAR  FIG. 4 shows a perspective view, partially broken away, of the lower
      left-hand portion of the hand truck viewing along a line 4--4 as shown in
      FIG. 2.
PAR  FIGS. 5 and 6 show two views, partially in section, taken along line
      5+6--5+6 of FIG. 2, illustrating alternate positions of the support legs
      and load supporting shoes of the invention.
PAR  FIGS. 7 and 8 show perspective and side elevation views, respectively, of
      the restraining hook and resilient mount, according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  There follows a detailed description of a preferred embodiment of the
      invention, reference being had to the drawings in which like numerals
      designate like elements of structure in each of the several Figures.
PAR  FIG. 1 shows a perspective view of a hand truck embodying the invention,
      taken from an aspect above and slightly to the front of the apparatus. An
      elongated frame 10 includes side rails 12 which are joined by upper and
      lower lateral brace plates 14 and 15 and upper, middle and lower lateral
      brace beams 16, 18 and 20 into a rugged frame suitable use in carrying
      heavy articles such as fifty gallon drums. The side rails may be of square
      steel tubing and the lateral brace plates and beams of bar stock and
      channel configurations which are commonly available. Affixed to one end of
      elongated frame 10 are operating handles 21 which are gripped by the
      handler of the device in use.
PAR  At the end of elongated frame 10 opposite handles 21 are left and right
      wheel support plates 22 and 24 which are welded or otherwise suitably
      fastened to side rails 12 and extend in a generally triangular form to the
      rear of frame 10. Rigidly attached to the rear most portion of wheel
      support plates 22 and 24 is wheel axle 26 upon the outer ends of which are
      rotatably mounted wheels 28. The hand truck of this invention is shown
      with a conventional auxiliary wheeled support attached, as generally
      indicated by numeral 30. The auxiliary support comprises lateral braces 32
      which are pivotably connected to axle 26 at one end and rigidly attached
      to auxiliary wheel assembly 34 at the other end. A support strut 36
      pivotably connects the auxiliary wheel assemblies 34 and lateral braces 32
      to pivot support 38. Support 38 is mounted for movement longitudinally of
      elongated frame 10 on support bar 39, which is rigidly attached to lateral
      brace beams 16 and 20 as indicated. Attached to frame 10 at a location
      just above each wheel 28 is caliper brake assembly 40, shown in phantom.
      The details of brake assembly 40 do not comprise a portion of this
      invention and are set forth in application Ser. No. 486,704 filed July 8,
      1974 by the same applicants. A brake actuating mechanism 41 is pivotably
      attached to handles 21. Between lateral brace beams 16 and 18 is attached
      barrel hook support bar 42 on which barrel hook assembly 44 is slidably
      mounted.
PAR  At the lower end of elongated frame 10 at a location between wheels 28 is
      located barrel cradle 46 fabricated of bar stock and oriented at
      approximately right angles to lower lateral brace plate 15. Barrel cradle
      46 is cut away at the leading edge thereof to form a curved support
      surface 47 which will generally accommodate the exterior shape of barrels
      or casks carried on the hand truck. Removably attached to the edges of
      lower lateral brace plate 15 are leg support elements 48 which may be
      short sections of angle iron as shown. Pivotably connected to the leg
      supports 48 are left and right shoe legs 50 and 52 of suitable plate stock
      to which are pivotably connected load supporting shoes 54 and 56. Shoe
      legs 50 and 52 are resiliently restrained by springs 53 (not shown in this
      view) and 51 and load supporting shoes 54 and 56 are resiliently
      restrained by springs 55 (not shown in this view) and 57. Running between
      shoe legs 50 and 52 and rigidly connected thereto is stabilizing bar 58
      which serves to synchronize the movement of shoe legs 50 and 52 during use
      of the device, as described hereafter. Attached to side rails 12 on each
      side of the hand truck are shoe leg locking mechanisms 60, described more
      fully with reference to FIGS. 2, 3 and 4. A locking mechanism actuating
      handle 62 is attached via pivot links 64 to elongated frame 10 at a
      location convenient for actuation by an operator of the hand truck who may
      move handle 62, thereby pivoting links 64 and pulling cables 66 to actuate
      shoe leg locking mechanisms 60.
PAR  Referring now to FIGS. 2, 3 and 4, the interconnection and operation of
      shoe legs 50 and 52, load supporting shoes 54 and 56 and shoe leg locking
      mechanisms 60 may be understood. Shoe legs 50 and 52, made from elongated
      flat blanks, are pivoted at one end to leg supports 48 by suitable means
      such as bolts 68. Passing through both shoe legs 50 and 52 and leg
      supports 48 are aligned keyways 69 into which extend shoe leg latching
      keys 70 and 72 which are pivoted as shown to the lower end of side rails
      12. The latching keys serve to rigidly hold shoe legs 50 and 52 in a
      preselected position as will be further described with regard to FIGS. 5
      and 6. The latching keys are rotated into and out of keyways 69 by key
      actuating levers 74 and 76 pivoted thereto which, in turn, are actuated by
      pivot links 78 and 80, pivotably attached to side rails 12. The three-bar
      linkage on each side rail 12 comprised of the shoe leg latching keys 70
      and 72, key actuating levers 74 and 76 and the pivot links 78 and 80 are
      spring biased into a position where the latching keys 70 and 72 are
      inserted into aligned keyways 69 in leg supports 48 and shoe legs 50 and
      52. Pivot links 78 and 80 are attached for actuation to cables 66 which,
      as previously discussed, are attached to pivot links 64 at the upper end
      of elongated frame 10.
PAR  With particular reference to FIG. 4, the unique geometry of applicants'
      load supporting shoes may be seen. For ease of discussion, only load
      supporting shoe 54 and its attachment to shoe leg 50 are shown; however,
      it will be understood that load supporting shoe 56 and its attachment to
      shoe leg 52 are identical in function and mirror images in structure to
      the elements shown in FIG. 4. Each load supporting shoe comprises a base
      plate 87 of substantially rectangular configuration. Between the outboard
      leading corner 88 and the inboard corner 90 of each load supporting shoe,
      the leading edge 96 of the shoe tapers from corner 88 to corner 90.
      Attached to the upper surface of base plate 87 is an upstanding
      wedge-shaped element 92 which tapers from approximately the center of
      leading edge 96 to the outboard trailing corner 94 of base plate 87. The
      lower surface of each shoe is flat and lies in a plane extending from the
      leading to the trailing edge of the shoe. Located near the upper most
      portion of wedge element 92 is a bore 93 which provides an attachment
      point for one of biasing springs 55 and 57 which are attached at their
      opposite ends to barrel cradle 46. The load supporting shoe assembly is
      pivotably connected to shoe leg 50 by pivot connector arms 98 and 100. The
      connection of biasing spring 55 between barrel cradle 46 and upstanding
      wedge 92 is so oriented that as load supporting shoe 54 is rotated upward
      relative to leg 50, the biasing spring will pass over the pivot point
      between load supporting shoe and its leg and pull the load supporting shoe
      into connect with stop 102 on leg 50. (See also FIGS. 5 and 6.)
PAR  Referring now to FIGS. 5 and 6, the alternate position and functions of
      shoe legs 50 and 52 and load supporting shoes 54 and 56 may be seen. In
      FIG. 5, the shoe leg 52 is shown in its operating position wherein locking
      key 72 has been located in aligned keyways 69 under the action of spring
      84. In this position, elongated frame 10 may be rotated toward the article
      to be carried, such as the barrel shown in phantom, so that the entire
      weight of the hand truck is borne on shoe legs 50 and 52 and load
      supporting shoes 54 and 56. As shown in FIG. 5, load supporting shoes 54
      and 56 remain in total flat contact with the load supporting surface after
      wheels 28 have left the load supporting surface and will remain in flat
      contact as elongated frame is rotated in the direction of arrow "A" toward
      the article to be carried.
PAR  In FIG. 6, the hand truck is shown in the "at rest" position. Shoe legs 50
      and 52 have been rotated relative to leg supports 48 by disengaging
      latching keys 70 and 72 from keyways 69 via locking mechanism handle 62,
      as previously discussed. To retain shoe legs 50 and 52 in the at rest
      position, the shoe legs are provided with peripherally located stop
      surfaces 106 and 108 which abutt the upper and side surfaces of shoe leg
      latching keys 70 and 72 and the leading edge of barrel cradle 46. Load
      supporting shoe 56 is shown in solid lines in its normal or operating
      position wherein spring 57 biases the rear edge of the base plate 87 into
      contact with peripherally located stop surface 104 and shoe leg 52. In
      this position, the shoe leg may present a hazard to passersby; thus, it
      may be rotated for safety to the position shown in phantom in which the
      pivot connector arms 98 and 100 abutt stop 102. Since wheels 28 extend
      axially beyond the lower end of the frame as shown most clearly in FIGS. 5
      and 6, the truck is supported on the wheels and curved surfaces 105 of
      legs 50 and 52 in the at rest position.
PAR  Referring now to FIGS. 7 and 8, the structure of the barrel hook assembly
      44 may be understood. The barrel hook support bar 42 is of square or
      rectangular cross section and has slidably mounted thereon a barrel hook
      guide sleeve 110 which may be moved via actuating handle 112
      longitudinally along support bar 42 as desired to accommodate barrels or
      other articles of differing vertical heights. Rigidly affixed to guide
      sleeve 110 is angle bracket 114 to which barrel hook 116 is resiliently
      attached. Barrel hook 116 has integrally attached to the base thereof a
      support flange 118 which extends laterally on either side of hook 116.
      Angle bracket 114 and support flange 118 include aligned bores for
      receiving bolts 120 on which are mounted springs 122 and nuts 124 as
      shown. This arrangement of parts permits the barrel hook and its support
      flange to move relative to angle bracket 114 to accommodate movement of
      the barrel or articles to be carried, as indicated in phantom in FIG. 8.
PAR  In operation, the hand truck comprising applicants' invention is wheeled to
      a location adjacent the barrel or article to be carried and shoe legs 50
      and 52 are placed in the operating position indicated in FIG. 5. At this
      time elongated frame 10 may be raised to an essentially vertical position
      moving from wheels 28, to curved surface 105 of support legs 50 and 52,
      and onto shoes 50 and 52. As shown in FIG. 5, the rear surface of each
      load supporting shoe abutts peripheral stop surface 104 in each shoe leg
      and the lower surface of the load supporting shoes remains in total, flat
      contact with the supporting surface. Then, frame 10 may be moved toward
      the barrel or article to be carried until barrel hook assembly 44 is
      situated above the lip or upper surface of the barrel as indicated in FIG.
      8. Contact with the barrel lip is ensured by pressure on handle 112. At
      this point, the operator may either force load supporting shoes to slide
      along the load surface and, through the action of tapered leading edges 96
      and upstanding wedge portions 92, force the load supporting shoes to pass
      beneath the barrel; or he may tip the barrel slightly relative to the hand
      truck so as to permit the shoes to enter more easily beneath it. Then, the
      hand truck is rotated in the opposite direction so that the elongated
      frame 10 pivots back along curved surface 105, while barrel hook assembly
      44 continues to resiliently engage the barrel lip, until wheels 28 contact
      the supporting surface once again. The barrel or other article may then be
      delivered to its desired destination. To unload the barrel from the hand
      truck, the elongated frame is once again raised to the vertical position
      shown in FIG. 5 and barrel hook assembly 44 is disengaged by sliding guide
      sleeve 110 upward along support bar 42. The load supporting shoes may then
      be withdrawn from beneath the barrel, an operation which is eased by the
      sloping portion of wedges 92. If the hand truck is not to be in use for a
      period, the shoe legs 50 and 52 may be rotated to the position shown in
      FIG. 6 by disengaging the shoe leg latching keys 70 and 72 using handle
      62, located at the opposite end of the elongated frame 10. In this
      position of shoe legs 50 and 52, the hand truck of the invention may be
      positioned vertically as shown in FIG. 6 resting on wheels 28 and curved
      surfaces 105 of shoe legs 50 and 52. To minimize any potential hazard to
      passersby due to the outwardly extending leading edges of load supporting
      shoes 54 and 56, the shoes may be rotated on pivot connector arms 98 and
      100 to a safety position as shown in phantom in FIG. 6.
CLMS
STM  Having described our invention in a manner so as to enable one of ordinary
      skill in the art to make and use the same, we claim:
NUM  1.
PAR  1. A hand truck comprising:
PA1  an elongate frame;
PA1  an axle and wheels assembly affixed to one end of said frame for rolling
      the truck on a support surface;
PA1  at least one load supporting shoe having a flat lower surface below the
      level of said axle when the hand truck is in a vertical position, each
      said shoe having a forward toe portion and a rearward heel portion,
PA1  means connecting said shoe to said frame,
PA1  said shoe being pivotally supported on said connecting means, said
      connecting means defining a continuously curved surface extending from the
      heel of said shoe rearwardly in a direction toward said axle to permit
      rocking of said hand truck about pivot points progressively moving along
      said curved surface as said hand truck pivots between a position in which
      said lower surface of the shoe is in contact with the support surface and
      a position in which said wheels contact said support surface,
PA1  whereby no discontinuity is required in the forces required to be exerted
      on said frame to rock said hand truck forwardly or rearwardly between said
      vertical position and a rearwardly tilted position in which a load on said
      at least one shoe is fully supported on said wheels.
NUM  2.
PAR  2. A hand truck according to claim 1, further comprising:
PA1  a restraining hook element for engagement with an upper portion of an
      article to be carried on the hand truck;
PA1  means for mounting the restraining hook element for vertical adjustment
      relative to the elongated frame at a location above the load supporting
      shoe, the mounting means including means for resiliently supporting the
      restraining hook element.
NUM  3.
PAR  3. A hand truck according to claim 2, wherein the hook element includes a
      laterally extending support flange at the base thereof; and the mounting
      means comprises an angle bracket horizontally, movably mounted for
      vertical motion on the frame adjacent the support flange and means for
      resiliently mounting the support flange to the angle bracket.
NUM  4.
PAR  4. A hand truck according to claim 1, wherein the shoe legs comprise
      elongated plate members pivoted at one end to the elongated frame, said
      plate members including keyways therethrough and peripheral, projecting
      stop surfaces thereon; said locking means comprising resiliently biased
      key elements attached to the elongated frame for coaction with said
      keyways in one of said plurality of positions and with said stop surfaces
      in another of said plurality of positions.
NUM  5.
PAR  5. A hand truck according to claim 4, further comprising means attached to
      the elongated frame for selectively removing said key elements from said
      keyways to permit rotation of said shoe legs from said one position and
      returning said key elements to permit said peripheral stop surfaces to
      contact said key elements, in said other position.
NUM  6.
PAR  6. A hand truck according to claim 4, wherein said plate members include
      curved peripheral surfaces located at the other end thereof to facilitate
      pivoting said elongated frame.
NUM  7.
PAR  7. The hand truck of claim 1 wherein said connecting means comprises a pair
      of shoe legs pivotally attached to said one end of said frame at laterally
      spaced locations, and pivot means joining each shoe leg to a respective
      load supporting shoe.
NUM  8.
PAR  8. The hand truck of claim 7, wherein said shoe legs are pivotable to a
      position in which a portion of said curved surface lies in the same plane
      as the bottom portion of said wheels while said hand truck is
      substantially in a vertical position to support said hand truck in a
      free-standing manner on the support surface.
NUM  9.
PAR  9. A hand truck according to claim 7, wherein said connecting means
      comprise elongated plate members pivoted at one end to the elongated
      frame, said plate members including keyways therethrough and peripheral,
      projecting stop surfaces thereon; said locking means comprising
      resiliently biased key elements attached to the elongated frame for
      coaction with said keyways in one of said plurality of positions and with
      said stop surfaces in another of said plurality of positions.
NUM  10.
PAR  10. A hand truck according to claim 9, further comprising means attached to
      the elongated frame for selectively removing said key elements from said
      keyways to permit rotation of said connecting means from said one position
      and returning said key elements to permit said peripheral stop surfaces to
      contact said key elements, in said other position.
NUM  11.
PAR  11. A hand truck according to claim 10, wherein said plate members include
      curved peripheral surfaces located at the other end thereof to facilitate
      pivoting said elongated frame.
NUM  12.
PAR  12. The hand truck of claim 1 wherein there are two load supporting shoes
      extending forwardly at substantially a right angle to said axle, each said
      shoes having an upwardly extending wedge element on the upper surface
      thereof which tapers from a maximum height adjacent said heel portion to a
      minimum height near the toe portion, each said wedge being slanted at an
      acute angle relative to said axle.
NUM  13.
PAR  13. The hand truck of claim 12 wherein each said wedge is slanted so that
      its end adjacent the toe end of the relevant shoe lies inwardly of the
      opposite end of said wedge.
NUM  14.
PAR  14. A hand truck comprising:
PA1  an elongated frame;
PA1  an axle and wheels assembly affixed to one end of the frame for rolling the
      truck on a support surface;
PA1  at least one load supporting shoe having a lower surface;
PA1  a pair of shoe legs pivotably attached to the one end of the elongated
      frame at laterally spaced locations;
PA1  pivot means joining the shoe legs to the load supporting shoe; and
PA1  means attached to the elongated frame for locking the shoe legs in a
      plurality of positions relative to the elongated frame, whereby the frame
      may be pivoted into a position relative to the support surface wherein the
      truck is supported by the load supporting shoe and then pivoted toward an
      article to be carried on the load supporting shoe while maintaining the
      lower surface of the shoe in contact with the support surface.
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ABST
PAL  A dolly for a plow or other utility attachment of the type having a blade
      and a yoke with spaced means for connection to a vertically adjustable
      lift bracket on a vehicle. The dolly is self-supported on wheel means and
      comprises a blade support on which the plow blade may be lowered by
      vertical movement of the lift bracket, and a pair of manually and
      independently adjustable, mutually spaced yoke lift means each engageable
      with the plow yoke for supporting and vertically adjusting the spaced
      means for connection in relation to the lift bracket.
BSUM
PAC  GENERAL DESCRIPTION OF THE PLOW DOLLY
PAR  The Plow Dolly is a three-castered, triangular framework with an adjustable
      yoke support assembly designed to greatly simplify the disconnection,
      movement, storage and reconnection of detachable plow assemblies.
PAR  When attached to utility vehicles, plows designed for snow removal or light
      grading can be operated by one person. However, when detached from the
      vehicle, plow assemblies are too heavy to be moved easily by the operator.
      The fact that the plow yoke is attached to the vehicle frame at two points
      which cannot be seen while operating the vehicle makes reconnection
      especially difficult when the vehicle is driven up to the plow. Dollying
      the plow to the vehicle eliminates both the visual problem and the
      difficulty of matching the drop-off angle.
PAR  The yoke support assembly is the principal unique feature of the Plow
      Dolly. Although the free-standing yoke can be lifted by one person, it is
      virtually impossible to do so while crouching under the front of the
      vehicle attempting to insert a pin. Separate adjusting screws which raise
      each side of the yoke independently (within the range of the vertical
      rotational slack that exists between the blade and yoke) permit precise
      vertical alignment. Having the assembly an integral part of the dolly is
      essential to permit final horizontal alignment without affecting the
      vertical alignment.
PAR  Secondary features of the Plow Dolly include 1) a V channel, and 2)
      provision for mounting the yoke support assembly at different distances
      from the V channel to accommodate different yoke assemblies or different
      vehicle front-end configurations.
DRWD
PAC  SUMMARY OF THE FIGURES
PAR  FIG. 1 is a top plan view of a Plow Dolly as described herein:
PAR  FIG. 2 is a vertical section across the long dimension of the yoke support
      assembly, showing lift-screw detail, etc.;
PAR  FIG. 3 is a vertical section across the short dimension of the yoke support
      assembly at a point which best shows the configuration of the top and
      bottom support members;
PAR  FIG. 4 is a vertical section which shows the relationship between the V
      channel, caster mounting plate and caster.
DETD
PAC  DESCRIPTION OF THE DESIGN
PAR  The Plow Dolly illustrated in FIGS. 1-4 is constructed principally of
      steel, although other materials including wood are suitable for the frame
      and yoke support assembly.
PAR  The base of the Dolly is a triangular frame attached to three casters. The
      V channel 1 (angle iron in this case) in which the plow blade rests is
      welded at each end to the top of the front caster support plates 2, which
      are bolted to the front casters 3. The side rails 4 of the frame are
      bolted to the caster support plates 2 and 6. A towing ring 5 is welded to
      the rear caster support plate 6, which is attached, also by bolts, to the
      rear caster 7. Holes 8 are located at intervals along the rear portions of
      the side rails 4 to permit positioning the yoke support assembly 9 at
      different distances from the V channel 1.
PAR  The yoke support assembly 9 consists of a bottom member 10; a top member
      11; and two lift screw assemblies each consisting of a turning handle 12,
      a threaded rod 13, a collar 14 attached to the rod to support the top
      member 11, and a nut or other threaded piece 15 attached to the bottom
      member 10. Holes 16 are located at intervals along the bottom member to
      match the holes 8 in the side rails 4.
PAC  DESCRIPTION OF USE
PAR  The following use description assumes a plow assembly initially attached to
      a vehicle and in the raised position:
PAR  1. The V channel 1 of the Plow Dolly is centered under the plow blade with
      the yoke support assembly 9 under the plow yoke; the top member 11 is
      adjusted to the lowest position by turning the lift-screw handles 12;
PAR  2. The plow blade is lowered into the V channel 1;
PAR  3. The lift screw handles 12 are turned to raise the top member 11 until it
      just engages the yoke on both sides, then raised slightly more until slack
      is created on the pins which hold each end of the yoke to the vehicle
      frame;
PAR  4. The pins are easily removed; other connecting items such as lift chain
      and hoses are disconnected;
PAR  5. The plow assembly can be moved on the dolly to any convenient storage
      location, and the yoke can be further raised or lowered as desired;
PAR  6. For reconnection, the yoke is re-adjusted by the lift screws to the
      approximate height of the vehicle bracket and the plow assembly is moved
      on the dolly to the vehicle so the ends of the yoke engage the vehicle
      bracket;
PAR  7. Small adjustments of each lift screw permit exact alignment of the pin
      holes so that each pin can be easily inserted;
PAR  8. After other connections are made, the plow can be raised off the Dolly,
      which can then be moved clear.
PAR  The four operations made substantially easier and faster by the Plow Dolly
      are the removal of connecting pins, movement and storage of the plow
      assembly when disconnected from the vehicle, repositioning of the assembly
      for reconnection, and insertion of the pins.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dolly for connection and disconnection of a utility attachment to and
      from a vehicle having vertically adjustable lift bracket means, the
      utility attachment having a yoke with mutually spaced means for connection
      to the bracket means and blade means spaced from and attached to the yoke,
      the blade means extending laterally across a perpendicular bisector of a
      line between said means for connection, said dolly having
PA1  a self-supported, wheeled frame having a pair of side rails, a blade
      support member connecting the side rails and yoke support means secured to
      each of the side rails in spaced relation to the blade support member,
PA1  a plurality of mutually spaced wheel means on the frame substantially
      supporting the blade support member and at least one additional wheel
      means on the frame substantially supporting the yoke support means,
PA1  and a pair of mutually spaced yoke lift means on the yoke support means,
      each engageable with and in lifting relation to a portion of the yoke and
      vertically adjustable manually and independently of the other yoke lift
      means to vary the height of one of said mutually spaced means for
      connection relative to the lift bracket means.
NUM  2.
PAR  2. A dolly according to claim 1, in which the frame is triangular, the
      blade support member forming the base thereof, the yoke support means
      being elongate and extending across a perpendicular bisector of said base
      and being secured to each of the side rails at a point between the angles
      of the frame.
NUM  3.
PAR  3. A dolly according to claim 2, in which said point is adjustable along at
      least one of the side rails.
NUM  4.
PAR  4. A dolly according to claim 1, in which the yoke lift means comprise a
      rigid bottom member secured to the frame, a rigid top member engageable
      with and in lifting relation to the yoke, and a pair of mutually spaced,
      independently extendable lift screw means each extending between the
      bottom and top members.
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ABST
PAL  An independent wheel suspension for a motor vehicle according to the
      present disclosure includes a wheel support member that rotatably supports
      a road wheel, a laterally extending suspension arm connecting the support
      member to vehicle body structure and a vertically extending telescopic
      suspension strut which has its upper end connected to the body structure
      and its lower end connected to the wheel support member. An elastomeric
      sleeve surrounds the lower end of the strut and is enclosed by a C-shape
      clamp that secures the strut to the wheel support member. The elastomeric
      sleeve permits limited relative movement between the wheel support member
      and the strut whereby wheel vibrations and noise are isolated from the
      suspension strut and the vehicle body.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE DISCLOSURE
PAR  The present disclosure is related to independent wheel suspensions for
      motor vehicles, and more particularly to suspensions having telescopic
      suspension struts. Typical of suspension of this general type is the one
      disclosed in U.S. Pat. No. 2,624,592 to Earl S. MacPherson. The present
      disclosure describes an improvement in such suspensions and is directed to
      reducing the transmission of wheel vibrations and road noises from the
      wheel support member through the suspension strut to the vehicle body.
PAC  BRIEF SUMMARY OF THE DISCLOSURE
PAR  According to the presently preferred embodiment of this invention, an
      independent wheel suspension for a motor vehicle includes a wheel support
      member or spindle that is constructed to rotatably support a vehicle road
      wheel. A laterally extending suspension arm has its inner end pivotally
      connected to vehicle body structure and its outer end connected to the
      wheel support member by a ball joint. A vertically extending suspension
      strut has its upper end connected to the vehicle body and its lower end
      connected to the wheel support member by a unique structure.
PAR  The suspension strut has a generally tubular construction at its lower end
      which is surrounded by an elastomeric sleeve. A clamp of generally C-shape
      construction surrounds the elastomeric sleeve and is secured to the wheel
      support member. A pin is interposed between the clamp and the strut to
      limit relative movement between these members.
PAR  The elastomeric sleeve attenuates the transmission of road noises from the
      wheel support member through the strut to the vehicle body. In addition,
      it permits slight movement of the wheel support member independently of
      the strut whereby vibration of the wheel support member induced by an
      imbalance of the wheel will cause the wheel support to oscillate
      independently of the strut and such vibrations will not be transmitted to
      the vehicle body.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The many objects and advantages of a motor vehicle suspension system
      constructed in accordance with this invention will become apparent upon
      consideration of the following detailed description and the accompanying
      drawings, in which:
PAR  FIG. 1 is a front elevational view of an independent front wheel suspension
      for a motor vehicle incorporating a preferred form of this invention.
PAR  FIG. 2 is an enlarged elevational view, partly in section, of the wheel
      support member and its connection with the lower suspension arm and the
      suspension strut.
PAR  FIG. 3 is a sectional view taken along section line 3--3 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, where the presently preferred embodiment of
      this invention is illustrated, FIG. 1 discloses an independently front
      wheel suspension for a motor vehicle that includes vehicle body structure
      10, a road wheel 12 and unique suspension means supporting the body 10
      upon the wheel 12.
PAR  The wheel 12 is rotatably supported upon a wheel spindle or wheel support
      member 14 by conventional wheel bearings. A laterally extending suspension
      arm 16 has its inner end pivotally connected to a frame component 18 of
      the vehicle body structure 10. A ball joint assembly 20 pivotally connects
      the outer end of the suspension arm 16 to the wheel support 14. The ball
      joint assembly 20 has a socket portion 22 that is affixed to the arms 16
      and a ball stud 24 which is secured to an eye formed in an inwardly
      extending portion 26 of the wheel support member 14.
PAR  A telescopic suspension strut 28 is interposed between the vehicle body
      structure 10 and the wheel support member 14. The strut 28 includes an
      outer tubular portion 30 and an inner piston and piston rod assembly 32
      that is constructed to reciprocate within the tube 30. The upper end of
      the piston rod 32 is secured to a sheet metal portion 34 of the body
      structure 10 by means of a rubber element 36 and a nut 38.
PAR  A lower spring seat 40 is welded to the outside of the tube 30. An upper
      spring seat 42 is secured to the piston rod 32. A coil type suspension
      spring 44 is interposed between the lower and upper spring seats 40 and 42
      for the purpose of resiliently supporting the mass of the vehicle body
      upon the wheel support member 14 and wheel 12.
PAR  The lower end of the tube 30 is surrounded by a rubber sleeve 46. The
      sleeve 46, in turn, is surrounded by a generally C-shape clamp 48. The
      clamp 48 has laterally extending flange portions 50 and 52 that are
      positioned on either side of an upstanding portion 54 of the wheel support
      member 14. Upper and lower bolts 56 and 58 secure the flanges 50 and 52 of
      the clamp 48 to the wheel support portion 54.
PAR  In order to align the position of the wheel support member 14 with respect
      to the strut, the lower end of the tube 30 is provided with a transverse
      groove 60. Similarly, the upstanding wheel support portion 54 is formed
      with a transverse groove 62 juxtaposed the groove 60. An aligning pin 64
      is positioned between the groove 60 and 62. The ends of the pin 64 are
      contained between the flanges 50 and 52 of the C-shape clamp 48.
PAC  OPERATION
PAR  The body structure 10 is resiliently supported on the wheel 12 by the
      spring 44. The strut 28 is telescopic and cooperates with the suspension
      arm 16 to define a vertical jounce and rebound path for the wheel. The
      strut 28 contains hydraulic shock absorber components and is constructed
      to dampen such vertical movement.
PAR  The wheel 12 is steerable. The wheel support 14 is free to be angularly
      displaced about an axis extending through the strut 28 and the ball joint
      20 when a force is transmitted thereto by the vehicle's steering linkage
      system (not shown). During a steering maneuver, the tube 30 of the strut
      28 is turned with respect to the piston rod 32.
PAR  When the road wheel 12 traverses road irregularities, noise and vibration
      will be transmitted to the wheel support member 14. In order to attenuate
      the transmission of the noise and vibration to the vehicle body 10, the
      rubber sleeve 46 is interposed between the wheel support member and the
      strut 28. The elastomeric material of the sleeve 46 functions as a
      dampening medium with respect to such disturbances.
PAR  In addition, this suspension construction permits the wheel support member
      14 to move or oscillate to a limited extent with respect to the strut and
      such permitted movement reduces a phenomena known as steering wheel
      nibble. Nibble is the angular osicllation of the steering wheel at the
      rate of one oscillation per revolution of the front wheel. It is a
      resonant vibration and appears in some vehicles in the 40 to 50 per hour
      range. Nibble results mainly from out-of-balance of one or both of the
      vehicle's front wheels. The amount of nibble in a particular car appears
      to be proportional to some extent to the rigidity with which the wheel
      spindle axis is restrained in a vertical plane. The present suspension
      provides a resilient vertical restraint for the wheel support 14 and its
      spindle axis.
PAR  A balanced wheel will rotate about the spindle axis without vibration.
      Unbalancing the wheel results in a shift of location of the rotating axis
      of the mass. When the unbalanced wheel is forced to rotate about the
      spindle axis, high forces are applied to the spindle which tend to deflect
      it into a cone-shape orbit. Vertical deflection of this orbit is normally
      resisted by the suspension linkage. It is probable that restricting the
      vertical amplitude of movement of the spindle amplifies its longitudinal
      excursion. The longitudinal component of the forces on the wheel spindle
      is transmitted into the steering tie rods and to the steering wheel.
PAR  In the present suspension, the wheel support member 14 may be displaced
      vertically with respect to the tube 30 of the strut 28 due to the
      resiliency of the rubber sleeve 46. This reduction in the restraint of
      wheel support movement in the vertical plane will result in a
      corresponding reduction of wheel support member movement in a horizontal
      plane. The reduction in horizontal movement, in turn, will result in a
      reduction of steering wheel nibble.
PAR  The foregoing description presents the presently preferred embodiment of
      this invention. Details of construction have been disclosed for purposes
      of illustration rather than limitation. Modifications and alterations of
      the invention may occur to those skilled in the art that will come within
      the scope and spirit of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An independent wheel suspension for a motor vehicle comprising vehicle
      body structure, a wheel support member, and suspension means
      interconnecting said body structure and said wheel support member,
PA1  said suspension means including an extensible suspension strut having one
      end connected to said body structure,
PA1  connecting means connecting the other end of said strut to said wheel
      support member,
PA1  the camber and caster alignment of said wheel support member being
      determined in part by said strut,
PA1  said connecting means including an elastomeric member operatively
      interposed between said wheel support member and said strut,
PA1  said elastomeric member being constructed to attenuate the transmission of
      vibrations from said wheel support member to said strut.
NUM  2.
PAR  2. An independent wheel suspension according to claim 1 and including:
PA1  said suspension means including a spring connected to said strut and
      constructed to support a portion of the mass of said body structure on
      said strut.
NUM  3.
PAR  3. An independent wheel suspension according to claim 1 and including:
PA1  means interposed between said wheel support member and said strut
      constructed to limit angular movement of said wheel support member
      relative to said strut about a substantially vertical steering axis.
NUM  4.
PAR  4. An independent wheel suspension for a motor vehicle comprising vehicle
      body structure, a steerable wheel support member and suspension means
      interconnecting said body structure and said wheel support member,
PA1  said suspension means including an extensible suspension strut having one
      end connected to said body structure,
PA1  connecting means connecting the other end of said strut to said wheel
      support member,
PA1  the camber and caster alignment of said wheel support member being
      determined in part by said strut,
PA1  said connecting means including an elastomeric sleeve surrounding said
      strut and operatively interposed between said wheel support member and
      said strut,
PA1  said elastomeric sleeve being constructed to attenuate the transmission of
      vibrations from said wheel support member to said strut.
NUM  5.
PAR  5. An independent wheel suspension according to claim 4 and including:
PA1  said suspension means including a spring connected to said strut and
      constructed to support a portion of the mass of said body structure on
      said strut.
NUM  6.
PAR  6. An independent wheel suspension according to claim 4 and including:
PA1  means interposed between said wheel support member and said strut
      constructed to limit relative movement between said wheel support member
      and said strut.
NUM  7.
PAR  7. An independent wheel suspension system according to claim 4 and
      including:
PA1  a coil type suspension spring surrounding said strut and having one end
      secured to said strut,
PA1  said suspension spring being constructed to resiliently support the mass of
      said body structure on said strut,
PA1  means interposed between said strut and said wheel support member
      constructed to limit the relative movement between said wheel support
      member and said strut.
NUM  8.
PAR  8. An independent wheel suspension for a motor vehicle comprising:
PA1  a wheel support member constructed to rotatably support a vehicle road
      wheel,
PA1  an extensible suspension strut having first and second telescopically
      related strut components,
PA1  said first strut component being constructed to be connected to a vehicle
      body structure,
PA1  said second strut component including a generally tubular member,
PA1  an elastomeric sleeve surrounding a portion of said tubular member,
PA1  clamping means positioned about said elastomeric sleeve and secured to said
      wheel support member,
PA1  said elastomeric sleeve being constructed to accommodate limited
      displacement of said clamping means with respect to said tubular member.
NUM  9.
PAR  9. An independent wheel suspension for a motor vehicle comprising:
PA1  a wheel support member constructed to rotatably support a vehicle road
      wheel,
PA1  an extensible suspension strut being first and second telescopically
      related strut components,
PA1  said first strut component being constructed to be connected to a vehicle
      body structure,
PA1  said second strut component including a generally tubular member,
PA1  an elastomeric sleeve surrounding a portion of said tubular member,
PA1  clamping means positioned about said elastomeric sleeve and secured to said
      wheel support member,
PA1  said elastomeric sleeve being constructed to accommodate limited
      displacement of said clamping means with respect to said tubular member,
PA1  a coil spring surrounding said strut and having one end secured to said
      second strut component,
PA1  said coil spring being constructed to resiliently support a portion of the
      weight of a motor vehicle body on said second strut component.
NUM  10.
PAR  10. An independent suspension system for a motor vehicle comprising vehicle
      body structure, a steerable wheel support member and suspension means
      interconnecting said body structure and said wheel support member,
PA1  said suspension means including a generally laterally extending suspension
      arm having its inner end pivotally connected to said vehicle body
      structure,
PA1  a ball joint connecting the outer end of said arm to said wheel support
      member,
PA1  an extensible suspension strut having first and second telescopically
      related strut components,
PA1  said first strut component being connected to said vehicle body structure,
PA1  said second strut component including a generally tubular member,
PA1  connecting means connecting said tubular member to said wheel support
      member,
PA1  a coil spring surrounding said strut,
PA1  means operatively connecting the upper and lower ends of said spring to
      said first and said second strut components, respectively,
PA1  said connecting means including an elastomeric sleeve surrounding a portion
      of said tubular member,
PA1  clamping means positioned about said elastomeric sleeve and secured to said
      wheel support member,
PA1  pin means interposed between said tubular member and said wheel support
      member constructed to limit relative movement between said clamping means
      and said tubular means,
PA1  said connecting means being constructed to accommodate limited movement of
      said wheel support member relative to said tubular member.
NUM  11.
PAR  11. An independent wheel suspension for a motor vehicle comprising vehicle
      body structure, a steerable wheel support member and suspension means
      interconnecting said body structure and said wheel support member,
PA1  said suspension means including an extensible suspension strut having one
      end connected to said body structure and an elongated body coaxial with
      the steering axis of said wheel support member,
PA1  connecting means connecting the other end of said strut to said wheel
      support member,
PA1  the caster and camber alignment of said wheel support member being
      determined in part by said strut,
PA1  said connecting means including an elastomeric sleeve surrounding said
      strut and operatively interposed between said wheel support member and
      said strut,
PA1  said elastomeric sleeve being constructed to attenuate the transmission of
      vibrations from said wheel support member to said strut,
PA1  the longitudinal axis of said sleeve being coaxial with the steering axis
      of said wheel support member.
PATN
WKU  039414027
SRC  5
APN  5544610
APT  1
ART  316
APD  19750303
TTL  Electromagnetic shock absorber
ISD  19760302
NCL  5
ECL  1
EXP  Goodman; Philip
NDR  1
NFG  2
INVT
NAM  Yankowski; Anthony P.
STR  117 Brighton Ave.
CTY  Belleville
STA  NJ
ZIP  07109
INVT
NAM  Klausner; Arnold
STR  151 Luddington Ave.
CTY  Clifton
STA  NJ
ZIP  07011
CLAS
OCL  280124R
XCL  104148MS
XCL  308 10
XCL  267182
EDF  2
ICL  B60G 1100
FSC  280
FSS  124 R
FSC  267
FSS  182
FSC  104
FSS  148 MS
FSC  308
FSS  10
UREF
PNO  3842753
ISD  19741000
NAM  Theodore
OCL  105157R
ABST
PAL  The present invention discloses an electromagnetic shock absorber which may
      be employed to prevent the bottoming of springs in autos during shock
      conditions, or to replace, in its entirety, a shock absorber.
PAL  The present shock absorber includes two electro-magnets, the first having a
      fixed north-to-south field and the second having a field whose polarity is
      reversible dependant upon the direction of the shock which is to be
      absorbed or dampened. Where the undesirable shock involves a movement of
      the car axle toward the auto frame, the polarity of the magnet having a
      reversible field causes a repulsion between the two electro-magnets. Where
      the undesirable motion of the car axle is away from the auto frame, the
      field of the reversible magnet creates an attraction between the two
      electro-magnets.
PAL  Hence, any undesirable motion of the auto axle relative to the auto frame
      is counteracted by virtue of the present system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a suspension and shock absorbing means for
      automotive vehicles, inclusive of cars, trucks, and railway rolling stock.
      More particularly, the present invention relates to an improved damping
      system for the suspension of any vehicle having both a sprung
      weight-supporting section, such as the frame of an automobile, and an
      unsprung surface-contacting portion, such as the axle of an auto.
PAR  The prior art has seen various generalized attempts involving the
      utilization of magnets and electro-magnets in order to serve the purpose
      of suspension and shock absorption within a mechanical system. For
      example, see patents to Thall, U.S. Pat. No. 2,973,963 (1961); and Lyman,
      U.S. Pat. No. 3,243,238 (1966).
PAR  One of the more advanced efforts in the field of suspension dampening
      involving the use of magnetic means appears in the patent to Theodore,
      U.S. Pat. No. 3,842,753 (1974). Said patent discloses the use of
      relatively sophisticated electronic circuitry in order to regulate the
      repulsive forces within a particular electro-magnetic shock dampening
      configuration. As far as is known by the Inventors, the patent to Theodore
      represents the most pertinent art which has heretofore appeared.
PAR  However, said patent differs from the present invention in several areas.
      Firstly, it utilizes only repulsive electro-magnetic forces, rather than a
      combination of both repulsive and attractive forces as is disclosed in the
      hereinafter specification. Further, the patent to Theodore utilizes a
      relatively involved electronic circuit to achieve its purpose. In
      distinction, the present invention utilizes a circuit of extreme
      simplicity which, nonetheless, is wholly adequate in achieving the desired
      shock absorption function.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a first electro-magnetic member having a
      polarity which is normally in a single northsouth direction. Said first
      member is proximally disposed to a second electro-magnetic member having a
      magnetic polarity which reverses as a function of the direction of
      relative movement of two elements, one sprung and the other unsprung, in
      an automotive vehicle. Relative movement of said elements either toward or
      away from each other results in an opposition to the direction of motion
      and to the momentum of the shock incurred by the unsprung element.
PAR  Accordingly, it is an object of the present invention to provide a means
      for the dampening of oscillations between the sprung and unsprung sections
      of an automotive vehicle.
PAR  It is a further object of the present invention to provide an
      electro-magnetic shock dampening means having general utility in shock
      absorbers and suspension systems.
PAR  The above and other objects, features and advantages of the invention will
      become evident from the herinafter set forth description and
      illustrations.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of the present invention, inclusive of
      its associated control circuitry.
PAR  FIG. 2 is a mathematical representation of the solution of a differential
      equation defining the normal movement of a spring-suspended mass in
      response to a mechanical shock.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The operation of the present mechanical system, as in all systems involving
      the suspension of a mass upon a spring, is governed by the following
      differential equation:
      ##EQU1##
      Where: m = mass suspended by the spring,
PA1  c = viscous damping provided by the electromagnetic shock absorber,
PA1  K = spring constant
PA1  F = the impulsive force resulting when a vehicle strikes a pothole or
      protrusion in the road.
PAR  The above equation can be rearranged in order to take the following form:
      ##EQU2##
PAR  The solution for this equation is a dampened sinusoid having the following
      form:
EQU  x = AE - (c/2m) t ' sin wt                                 (3)
PAL  Where:
PA1  A = maximum amplitude of the displacement of the suspended mass, and
PA1  w = the damping frequency of the suspended mass, where
EQU  w = [k/m - (c/2m).sup.2 ]1/2                               (4)
PAR  Shown in FIG. 2 is a graphical representation of a typical solution to the
      above Equation 3.
PAR  As may be noted from said figure, the displacement x of the mass m
      comprises an exponentially damped sinusoid, with the critical aspect of
      the system response being controlled by the equation:
EQU  e - (c/2m) t                                               (5)
PAR  It is to be noted that the viscous damping constant c is, as may be noted
      from Equation 1, associated with the second derivative of displacement,
      that is, the velocity imparted by the shock of the impulsive force. In
      other words, the viscous damping constant represents the primary factor in
      determining the number of cycles or ocillations required in order to damp
      out a particular shock. Accordingly, through a proper choice of the
      viscous damping constant c, any oscillation which may become imparted to a
      system could be essentially damped out within two or less cycles. Such a
      damping would represent a substantial increase in the efficacy of any
      shock absorbing system.
PAR  In accordance with the above, the hereinafter described invention presents
      a circuit which will maximize the critical viscous damping factor in order
      to reduce the imparted velocity and momentum which occur during shock
      conditions.
PAR  Turning now to FIG. 1, it is noted that a linear velocity transducer 10
      senses a relative movement between a sprung-element 12 and an unsprung
      element 14 of a given vehicle. As this occurs an electrical signal
      proportional to the velocity of compression or expansion within a spring
      suspension 16 is fed to a preamplifier 18 and to a polarity sensitive
      circuit 20. The polarity sensitive circuit serves to maintain a current 22
      flowing in the same direction through a first electromagnet 24.
      Resultingly, said first electromagnet 24, which is interiorly disposed
      within a generalized mechanical shock absorbing system 26 which abuts the
      sprung element 12 of the mechanical system, is maintained in a fixed
      magnetic polarity, for example, the south-to-north direction shown in FIG.
      1.
PAR  The current flowing through a second electromagnet 28 will vary in
      direction depending upon the direction of mutual movement of said sprung
      and unsprung elements. For example, the current 22 will flow to the left
      into said second electromagnet 28 when the sprung element moves away from
      the unsprung element. Under this condition, the second electromagnet 28
      will exhibit the same south-to-north polarity as that which said first
      electromagnet 24 maintains at all times. Accordingly, the two adjacent
      poles 30 and 32 of said magnets 24 and 28 will be attracted to each other
      by a force which is directly proportional to the relative velocity away
      from each other of the sprung and unsprung elements of a given system.
      Hence, the greater the velocity with which the spring suspension 16 is
      expanded, the greater will be the force of magnetic attraction between
      said elements 30 and 32. Thusly, the imparted momentum of almost any shock
      incurred by the present system will be almost immediately absorbed or
      canceled out.
PAR  Conversely, when the sprung element 12 moves toward the unsprung element
      14, a current flow 34 will be produced. This is indicated in FIG. 1 as an
      arrow moving from left to right away from the magnet 28. Under this
      condition of current flow, the polarity of the second electromagnet will
      be from north to south, thereby creating a repulsive force between
      elements 30 and 32. Hence, when the spring suspension experiences a
      compression, resulting from any undesirable relative movement of the
      sprung and unsprung elements, a repulsive force between elements 30 and 32
      is immediately generated. This force of repulsion is directly proportional
      to the relative velocity between the sprung and unsprung elements. Thus,
      as in the case of attraction between elements 30 and 32, any unwanted
      impulse momentum, as for example may result from the running over by an
      auto wheel of a stone or other protrusion in the road, can be almost
      immediately damped out.
PAR  It is further noted that through an adjustment of a viscous damping control
      36, the magnitude of the currents 22 and 34 flowing through the second
      electromagnet 28 can be adjusted. Through such adjustment, a desired
      softer or harder ride can be obtained, depending upon the particular needs
      of the vehicle involved as, for example, would depend upon the degree of
      loading of a particular vehicle.
PAR  It is to be noted that the present invention may be practiced through the
      utilization of permanent magnets rather than through the use of
      electromagnets. Such a usage would permit the damping of shocks of only a
      single polarity. However, in certain applications, such a capability is
      all that is required.
PAR  It is to be noted that the mechanical casings 26 and 38 of the
      electromagnets 24 and 28 respectively, represent a conventional spring
      shock absorber system whose primary function is to dampen out those shock
      factors associated with the kx factor in the above Equation 1 as well as
      the pure acceleration factor which, in instances of a particularly sharp
      or severe shock, can affect the system. Also, the mechanical casings 26
      and 38 serve as a limited back-up system to the present invention inasmuch
      as they are capable of providing a limited degree of viscous damping.
PAR  Accordingly, it is seen that the object of obtaining an effective and
      practical means for the damping of oscillations between the sprung and
      unsprung section of a vehicle has been efficiently attained by the above
      described embodiments to the present invention.
PAR  While there have been herein shown and described the preferred embodiments
      of the present invention, it will be understood that the invention may be
      embodied otherwise than as herein specifically illustrated or described
      and that within said embodiments certain changes in the detail and
      construction, and the form and arrangement of the parts may be made
      without departing from the underlying idea or principles of this invention
      within the scope of the appended claims.
CLMS
STM  Having thus described our invention what we claim as new, useful and
      non-obvious and accordingly secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. An electromagnetic shock absorbing system, intended to maintain the
      sprung and unsprung elements of a mechanical system at a fixed distance
      from each other, comprising:
PA1  a. a linear velocity transducer medially coupled between said sprung and
      unsprung elements, said transducer serving to convey A current flow
      proportional in magnitude to the velocity of relative motion between said
      sprung and unsprung elements and, further, having a direction of flow
      which is a function of the direction of relative movement between said
      sprung and unsprung elements;
PA1  b. a first electromagnet having a polarity which, regardless of the
      direction of its input current from said transducer, is arbitrarily
      maintained in a single direction, said first electromagnet being
      longitudinally disposed between said sprung and unsprung elements; and
PA1  c. a second electromagnet, electrically coupled to the output of said
      transducer, having a polarity which is directly proportional to the
      direction of relative movement between said sprung and unsprung elements,
      said second electromagnet longitudinally disposed between said elements
      and, further, disposed upon the same longitudinal axis as said first
      electromagnet,
PAL  whereby said second electromagnet will, under conditions in which said
      sprung and unsprung elements are moving apart, experience a direction of
      current flow about it which will produce an electromagnetic field which
      will attract the adjacent poles of said first and second electromagnets to
      each other, and, conversely, under conditions in which said sprung and
      unsprung elements are moving toward each other will produce an
      electromagnetic field in which adjacent poles of said first and second
      electromagnets will repulse each other, thus creating a desired damping
      and shock absorbing effect within any suspension system into which the
      present system may be incorporated.
NUM  2.
PAR  2. The system as recited in claim 1 in which said sprung element comprises
      the frame of an automotive vehicle and said unsprung element comprises an
      axle or wheel of an automotive vehicle.
NUM  3.
PAR  3. The system as recited in claim 1 in which said system further includes a
      mechanical shock absorbing sub-system within which said first and second
      electromagnets are encased.
NUM  4.
PAR  4. The system as recited in claim 1 in which said system further includes a
      polarity sensitive circuit and a phase inverter interposed between said
      first electromagnet and said linear velocity transducer, said polarity
      circuit and phase inverter serving to maintain the polarity of said first
      electromagnet in an arbitrarily fixed direction.
NUM  5.
PAR  5. The system as recited in claim 4 in which said system further includes a
      pre-amplifier connected in parallel with a viscous damping control in
      which both of said elements are interposed between said second
      electromagnet and said linear velocity transducer.
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ABST
PAL  Herein disclosed is a hydro-pneumatic self-levelling suspension unit for an
      automotive vehicle, serving not only as a shock-absorber responsive to
      jounces and rebounds of a vehicle body and a self-levelling mechanism
      capable of automatically adjusting the height of the vehicle body
      responsive to change in the load applied to the vehicle body but as a
      level selector mechanism which is manually operated to stepwise vary the
      height of the vehicle body. The level selector mechanism comprises means
      stepwise extensible in an axial direction of the suspension unit between a
      fully contracted position and a fully extended position and biased toward
      the fully contracted position. The extensible means is stepwise extended
      to one or more lengths between the fully contracted and extended positions
      by selective application of fluid pressure thereon.
BSUM
PAR  The present invention relates to a suspension system of an automotive
      vehicle and, more particularly, to a hydro-pneumatic vehicle suspension
      system of the self-levelling type. The self-levelling hydro-pneumatic
      vehicle suspension system includes one or more hydro-pneumatically
      operating suspension units or struts each of which is rigidly connected at
      an upper end to a suspended part of the vehicle body structure and at a
      lower end to a wheel axle. When the suspension unit or strut is
      over-compressed responsive to lowering of the vehicle body over road
      surface, fluid under pressure is supplied to the strut and controls the
      strut to be extended to a normal length. When, on the contrary, the
      suspension strut is over-extended responsive to rise of the vehicle body
      over the road surface, then the working fluid is discharged from the strut
      so that the strut is compressed to the normal length. The vehicle body is
      in this fashion automatically level-adjusted in accordance with variation
      in the suspended weight of the vehicle and is constantly maintained at a
      prescribed level over the road surface irrespective of the variation in
      the amount of load applied to the suspension system.
PAR  The suspension unit or strut of the above mentioned general character has
      incorporated therein a self-levelling valve which is responsive to jounce
      and rebound of road wheels of the vehicle as caused when the vehicle
      encounters road irregularities. The self-levelling valve is cooperative
      with a piston slidable in a cylinder and is biased by suitable resilient
      biasing means such as a combination of preload springs toward an
      equilibrium position providing the normal length of the strut.
PAR  In some of the self-levelling suspension systems thus arranged,
      particularly in modernized versions of such suspension systems, the
      suspension unit or strut is further provided with a manual level selector
      mechanism which is adapted to vary the normal length of the suspension
      strut by a manual operation so that the normal height of the vehicle body
      over road surface can be adjusted from the driver's seat depending upon
      the load on the vehicle and/or the conditions of the road surface. A
      typical example of such a level selector mechanism uses a cylindrical
      member engaging the resilient biasing means for the self-levelling valve
      and axially movable in a cylindrical bore which is formed in the piston.
      The cylindrical member is associated with a hydraulic control unit and is
      driven to axially move in the piston when the hydraulic control unit is
      manually actuated by the driver of the vehicle whereby the biasing force
      applied to the self-levelling valve by the resilient biasing means is
      varied.
PAR  Two different design choices are available in the level selector mechanism
      thus arranged. One is an arrangement in which the cylindrical member is
      subjected to a fixed amount of working fluid for being moved a
      predetermined distance and the other is an arrangement in which the
      cylindrical member is formed with an axial bore and slidably receives in
      the axial bore a second or inner cylindrical member so that the two
      cylindrical members are subjected to fluid pressure one after another.
      Drawbacks are encountered in the arrangement of the former design in that
      the level of the vehicle is apt to fluctuate responsive to slight leakage
      of the working fluid to act on the cylindrical member and in that a
      complex combination of mechanical parts must be provided to supply a fixed
      amount of working fluid to the level selector mechanism at all times the
      normal height of the vehicle body is to be changed. Because, on the other
      hand, the two cylindrical members are positioned coaxially in the axial
      bore in the piston in the arrangement of the latter design, the piston and
      accordingly the suspension unit as a whole tend to be disproportionately
      large sized. The present invention contemplates elimination of all these
      problems that have been inhereint in the prior art self-levelling
      hydro-pneumatic vehicle suspension systems having the manual level
      selector mechanisms of the described designs.
PAR  It is, therefore, an important object of the present invention to provide a
      self-levelling hydro-pneumatic vehicle suspension system including at
      least one suspension unit with an improved manually-operated level
      selector arrangement which is capable of reliably and accurately adjusting
      the level of the vehicle body irrespective of fluctuation of the fluid
      pressure to be directed to the selector arrangement and which will
      dispense with strict control of the working fluid to be developed in the
      selector arrangement.
PAR  It is another important object of the present invention to provide a
      self-levelling and manually-adjustable hydro-penumatic vehicle suspension
      system which has a simple and small-sized constructure and which is
      economical to manufacture.
PAR  In accordance with the present invention, these and other objects will be
      accomplished generally in a hydro-pneumatic suspension system which
      includes at least one suspension unit comprising first and second
      cylindrical members which are telescopically connected together and which
      are axially movable relative to each other, self-levelling valve means
      disposed in the first cylindrical member and having a first position
      operative to direct fluid pressure into the first and second cylindrical
      members for causing the first and second cylindrical members to axially
      move relative to each other in directions to axially extend the suspension
      unit and a second position operative to discharge the fluid pressure from
      the first and second cylindrical members for causing the first and second
      cylindrical members to axially move relative to each other in directions
      to axially contract the suspension unit, resilient biasing means disposed
      in the first cylindrical member and engaging the valve means for biasing
      the valve means toward an equilibrium position between the first and
      second positions of the valve means thereby holding the suspension unit in
      a balanced condition, hydro-pneumatic spring means operative to compensate
      for fluctuations in the fluid pressure in the first and second cylindrical
      members, valve actuating means disposed in the second cylindrical member
      and engaging the valve means through the resilient biasing means, the
      valve actuating means being stepwise extensible in an axial direction of
      the second cylindrical member between a fully contracted length and a
      fully extended length for actuating the valve means through the resilient
      biasing means into the first position thereof responsive to extension of
      the valve actuating means and into the second position thereof responsive
      to contraction of the valve actuating means, the valve actuating means
      being biased toward the fully contracted length partly by the resilient
      biasing means and partly by the fluid pressure in the first and second
      cylindrical members, fluid supply means having a plurality of operative
      positions for supplying working fluid to the valve actuating means and
      causing the valve actuating means to be selectively stepwise extended or
      contracted between the fully contracted length and the fully extended
      length thereof, and manually-operated control means for manually actuating
      the fluid supply means selectively into any of the operative positions
      thereof.
PAR  The valve actuating means engaging the self-levelling valve means in the
      hydro-neumatic suspension unit thus constructed substantially in line with
      each other in the second cylindrical member and which are engageable
      end-to-end with each other, each of the plungers being axially movable
      between a first extreme position remotest from the valve means and a
      second extreme position closest to the valve means, the plunger located
      closest to the valve means being connected to the resilient biasing means,
      the fully contracted length of the valve actuating means being achieved
      with all of the plungers held in the first extreme positions thereof and
      the fully extended length of the valve actuating means being achieved with
      the plunger remotest from the valve means held in the first extreme
      position thereof and with the plunger closest to the valve means held in
      the second extreme position thereof, the plunger closest to the valve
      means being stepwise moved between the first and second extreme positions
      thereof by the fluid pressure developed in the valve actuating means by
      the working fluid directed to the actuating means from the fluid supply
      means, the working fluid from the fluid supply means being applied to at
      least one of the plungers which is selected depending upon the operative
      position selected in the fluid supply means.
PAR  The valve actuating means may further comprise cylindrical wall means fast
      on the second cylindrical member and defining a plurality of axial bores
      which are axially arrayed substantially in line with each other in the
      second cylindrical member and in which the plungers are respectively
      axially slidable and lateral wall means including an apertured
      intermediate wall separating axially adjacent two of the axial bores from
      each other, a lateral end wall forming part of the second cylindrical
      member and defining an axial end of the axial bore located remotest from
      the self-levelling valve means and an apertured end wall defining an axial
      end of the axial bore located closest to the valve means, the walls
      providing stop means defining the first and second extreme positions of
      the plungers, the apertured intermediate wall being formed with an opening
      in which the plunger in remoter one of the adjacent two axial bores to the
      valve means is axially slidably received and engageable with the plunger
      in the other of the adjacent two axial bores, the apertured end wall being
      formed with an opening through which the plunger in the axial bore located
      closest to the valve means axially projects toward the valve means and
      connected to the resilient biasing means.
PAR  The valve actuating means may still further comprise wall portions formed
      with fluid passageways leading from the fluid supply means and including a
      first fluid passageway terminating at the axial end of the axial bore
      remotest from the self-levelling valve means for moving the plunger in the
      axial bore from the first extreme position to the second extreme position
      when the working fluid is directed into the first fluid passageway, and at
      least one second fluid passageway terminating intermediate between the
      axially adjacent two of the axial bores for moving the plunger in the
      remoter one of the two axial bores from the valve means from the second
      extreme position to the first extreme position thereof and simultaneously
      moving the plunger in the other of the two axial bores from the first
      extreme position toward the second extreme position thereof when the
      working fluid is directed into the second fluid passageway.
DRWD
PAR  Other features and advantages of the hydro-pneumatic self-levelling
      suspension unit according to the present invention will become apparent
      from the following description taken in conjunction with the accompanying
      drawings in which like reference numerals and characters designate
      corresponding or similar members and in which:
PAR  FIG. 1 is a longitudinal sectional view which shows a first preferred
      embodiment of the hydro-pneumatic self-levelling suspension unit according
      to the present invention, the suspension unit being shown in a fully
      contracted balanced condition; and
PAR  FIGS. 2a, 2b, 2c and 2d are longitudinal sectional views which show lower
      portions of a second preferred embodiment of the hydro-pneumatic
      self-levelling suspension unit according to the present invention, wherein
      FIG. 2a shows a fully contracted balanced condition of the suspension
      unit, FIG. 2b shows a first extended balanced condition of the suspension
      unit, FIG. 2c shows a second extended balanced condition of the suspension
      unit, and FIG. 2d shows a third or fully extended balanced condition of
      the suspension unit.
DETD
PAR  Reference will now be made to the drawings, first to FIG. 1 which shows a
      first preferred embodiment of the self-levelling and manually-adjustable
      hydro-pneumatic vehicle suspension system according to the present
      invention. The suspension system includes a hydro-pneumatically operative
      suspension unit which is connected at an upper end to a suspended part 10
      of a vehicle body structure through a bracket 12 and an elastic support
      member 12' and at a lower end to an axle (not shown) of a road wheel of
      the vehicle through a rigid connecting ring 14.
PAR  The suspension unit comprises a cylinder 16 which has a closed upper end
      wall 18 and an open lower end wall 20 which is formed with a circular
      opening 20a. The cylinder 16 is formed with an axial bore extending
      between the inner faces of the upper and lower end walls 18 and 20. The
      axial bore consists of a cylindrical valve chamber 22 terminating at the
      inner face of the closed upper end wall 18 and a cylindrical piston
      chamber 24 terminating at the inner face of the open lower end wall 20 of
      the cylinder 16. The valve chamber 22 is adjacent to the piston chamber 24
      through a radially outwardly stepped edge portion 26 of the cylinder 16
      and is smaller in diameter than the piston chamber 24 as shown. A
      self-levelling valve member 28 in the form of a spool is axially slidably
      received in the valve chamber 22. The valve member 28 has first and
      second, or upper and lower, cylindrical lands 30 and 32 which have
      substantially equal diameters and which axially spaced apart from each
      other so as to form a circumferential groove 34 therebetween. The valve
      member 28 is formed with an axial passageway 36 extending throughout the
      axial length of the valve member 28 so as to provide constant
      communication between the spaces which are formed on both sides of the
      valve member 28 in the valve chamber 22.
PAR  The cylinder 16 is further formed with fluid inlet and outlet ports 38 and
      40 which are open into the valve member 28. The open ends of the fluid
      inlet and outlet ports 38 and 40 are located and, at the same time, the
      cylindrical lands 30 and 32 of the valve member 28 are arranged in such a
      manner that the open ends of the fluid inlet and outlet ports 38 and 40
      are covered by the first and second cylindrical lands 30 and 32,
      respectively, when the valve member 28 is held in a shown axial position
      (which will be hereinafter referred to as a normal equilibrium position of
      the valve member 28). When the valve member 28 is axially upwardly moved
      in the valve chamber 22 from the equilibrium position illustrated, then
      the first or upper cylindrical land 30 clears the fluid inlet port 38 with
      the fluid outlet port 40 kept closed by the second or lower cylindrical
      land 32 so that the fluid inlet port 38 is open into the circumferential
      groove 34 in the valve member 28. When, conversely, the valve member 28 is
      axially downwardly moved from the equilibrium position illustrated, then
      the second or lower cylindrical land 32 clears the fluid outlet port 40
      with the fluid inlet port 38 kept closed by the first or upper cylindrical
      land 30 so that the fluid outlet port 40 is in communication with the
      circumferential groove 34 in the valve member 28. The valve member 28 is,
      thus, axially movable in the valve chamber 22 between a first axial
      position opening the fluid inlet port 38 and closing the fluid outlet port
      40 and a second axial position closing the fluid inlet port 38 and opening
      the fluid outlet port 40 through the above mentioned equilibrium position.
      The cylinder 16 is formed with a passageway 42 which is adapted to provide
      constant communication between the circumferential groove 34 in the valve
      member 28 and the piston chamber 24. The piston chamber 24 is, thus,
      permitted to communicate with the fluid inlet port 38 when the valve
      member 28 is in the first axial position thereof and with the fluid outlet
      port 40 when the valve member 28 is in the second axial position thereof.
      Because of the provision of the axial passageway 36 which is open at the
      opposite axial ends of the valve member 28 and because of the fact that
      the lands 30 and 32 have substantially equal cross sectional areas, the
      valve member 28 is subjected to no differential pressure when a fluid
      pressure is developed in the valve chamber 22.
PAR  The self-levelling valve member 28 is biased toward the equilibrium
      position thereof by means of first and second preload springs 44 and 46
      which are herein shown as compression springs. The first preload spring 44
      is seated at one end on the inner face of the closed upper end wall 18 of
      the cylinder 16 and at the other end on an end face of the first
      cylindrical land 30 of the valve member 28, urging the valve member 28
      axially away from the upper end wall 18. The second compression spring 46
      is seated at one end on an end face of the second cylindrical land 32 of
      the valve member 28 and axially extends into the piston chamber 24, urging
      the valve member 28 toward the upper end wall 18 of the cylinder 16.
PAR  To the cylinder 16 is rigidly connected a generally spherical container 48
      constituting a pneumatic spring of the suspension unit 10. The spherical
      container 48 is internally divided by a flexible partition member 50 into
      two chambers 52 and 54. One chamber 52 is herein called a fluid chamber
      and is in constant communication with the piston chamber 24 in the
      cylinder 16 through a passageway 56. The other chamber 54, herein called a
      gas chamber, is a fluid-tight enclosure and is filled with air or other
      gas under pressure.
PAR  A cylindrical piston 58 is axially slidably received in the piston chamber
      24 in the cylinder 16. The piston 58 is formed with a plurality of
      passageways 60 extending throughout the axial length of the piston 58,
      providing constant communication between the spaces formed on both sides
      of the piston 58 in the piston chamber 24. The piston 58 has a piston rod
      portion 62 which extends downwardly through the piston chamber 24 and
      which projects axially outwardly from the cylinder 16 through the opening
      20a formed in the lower end wall 20 of the cylinder. In the
      circumferential wall defining the opening 20a in the lower end wall 20 is
      embedded an annular seal element 64 so that the piston chamber 24 is
      hermetically sealed off. The piston 58 is formed with an axial bore which
      is open at an upper end to the piston chamber 24 in the cylinder 16 and
      terminates at an inner face of a lower end wall 66 of the piston rod
      portion 62 projecting from the cylinder 16. The axial bore thus formed in
      the piston 58 consists of first and second or lower and upper bore
      sections 68 and 70 which are separated from each other by an intermediate
      bore section 72. The intermediate bore section 72 has a diameter which is
      larger than the diameter of the first or lower bore section 68 and smaller
      than the diameter of the second or upper bore section 70. The intermediate
      bore section 72 is thus defined by a peripheral wall portion which is
      radially inwardly stepped at its lower axial end adjacent the first bore
      section 68 and radially outwardly stepped at its upper axial end adjacent
      the second bore section 70. The second bore section 70 is longer than the
      first bore section 68 for the reason to be described later. The above
      mentioned peripheral wall portion defining the intermediate bore section
      72 is internally threaded and has screwed thereto a cylindrical member 74
      through an externally threaded bottom portion of the cylindrical member
      74. The cylindrical member 74 thus fixedly positioned in the axial bore in
      the piston 58 axially projects into the second or upper bore section 70
      and has upper and lower end walls 76 and 78, the upper end wall 76 being
      located below the upper end of the axial bore in the piston 58 and the
      lower end wall 78 having an outer face defining an upper end of the first
      or lower bore section 68. The upper and lower end walls 76 and 78 are
      formed with central openings 76a and 78a, respectively, which are
      substantially aligned in an axial direction of the bore in the piston 58.
      The cylindrical member 74 is thus formed with an axial bore 80 extending
      between the inner faces of the upper and lower end walls 76 and 78. The
      axial bore 80 is a diameter equal to the diameter of the first or lower
      bore section 68 in the piston 58 and an axial length larger than the axial
      length of the first or lower bore section 68 as illustrated. The upper end
      wall 76 of the cylindrical member 74 is formed with a plurality of
      apertures 76b providing constant communication between the axial bore 80
      in the cylindrical member 74 and the second or upper bore section 70 in
      the piston 58. Likewise, the lower end wall 78 of the cylindrical member
      74 is formed with a plurality of apertures 78b extending between the faces
      of the end wall 78.
PAR  A first plunger 82 is axially slidably received in the first or lower bore
      section 68 in the piston 58. The first plunger 82 has a rod portion 84
      extending axially upwardly, viz., away from the lower end wall 66 of the
      rod portion 62 of the piston 58 and axially slidably received in the
      central opening 78a in the lower end wall 78 of the cylindrical member 74.
      The length of the rod portion 84 of the plunger 82 is such that the rod
      portion 84 has its leading upper end substantially flush with the inner
      face of the lower end wall 78 of the cylindrical member 74 or, in other
      words, located at the lower end of the axial bore 80 in the cylindrical
      member 74 when the plunger 82 is in a lowermost position in the first bore
      section 68 with the lower end face of the plunger 82 in contact with the
      inner face of the lower end wall 66 of the piston 58 as illustrated. When
      the plunger 82 is moved axially upwardly in the first bore section 68 away
      from the lower end wall 66 of the piston 58, the rod portion 84 of the
      plunger 82 axially projects into the axial bore 80 in the cylindrical
      member 74. Between the sliding surface of the plunger 82 and the inner
      peripheral surface of the piston rod portion 62 defining the first bore
      section 68 is provided an annular seal element 86 which is shown to be
      received in a circumferential race formed in the plunger.
PAR  A second plunger 88 is axially slidably received in the axial bore 80 in
      the cylindrical member 74. The second plunger 88 has a rod portion 90
      extending axially upwardly, viz., away from the lower end wall 78 of the
      cylindrical member 74 and axially slidably received in the central opening
      76a in the upper end wall 76 of the cylindrical member 74. The rod portion
      90 projects axially outwardly or upwardly from the central opening 76a in
      the end wall 76 and terminates above the upper face of the end wall 76 and
      below the upper end of the piston 58 when the plunger 88 is located in a
      lowermost position in the axial bore 80 with its lower end face in contact
      with the upper face of the lower end wall 78 of the cylindrical member 74
      as illustrated. When the second plunger 88 is thus held in the lowermost
      position in the cylindrical member 74, the plunger 88 is engaged at its
      lower end face by the leading end of the rod portion 84 of the first
      plunger 82 which is also held in the lowermost position in the first or
      lower bore section 68 in the piston 58 as shown. When the second plunger
      88 is moved axially upwardly in the axial bore 80 in the cylindrical
      member 74, the rod portion 90 of the second plunger 88 axially projects
      from the upper end of the piston 58 into the piston chamber 24 in the
      cylinder 16 and is moved toward the self-levelling valve member 28 in the
      valve chamber 22 which is located above the valve chamber 24. Between the
      sliding surface of the second plunger 88 and the inner peripheral surface
      of the cylindrical member 74 is disposed an annular seal element 86. The
      second plunger 88 is equal in diameter to the first plunger 82 but is
      axially longer than the first plunger 82 as will be understood from the
      foregoing description.
PAR  The second plunger 88 thus arranged has fixedly carried at the leading end
      of its rod portion 90 a disc-shaped spring seat member 94 which is located
      above the outer face of the upper end wall 76 of the cylindrical member 74
      when the second plunger 88 is held in its lowermost position in the axial
      bore 80 in the cylindrical member 74, as shown. The previously mentioned
      second preload spring 46 seated at one end on the lower end face of the
      self-levelling valve member 28 is seated at the other end on the upper
      face of the disc-shaped spring seat member 94, urging the valve member 28
      and the second plunger 88 axially away from each other across the piston
      chamber 24 against an opposing force of the first preload spring 44 which
      is seated on the upper end face of the valve member 28. When both of the
      first and second plungers 82 and 88 are held in their respective lowermost
      positions as illustrated, the self-levelling valve member 28 is maintained
      in the previously mentioned equilibrium position with its first and second
      cylindrical lands 30 and 32 held in axial positions closing the fluid
      inlet and outlet ports 38 and 40, respectively, by the forces of the first
      and second preload springs 44 and 46 which are in conditions equally
      balanced with each other. The springs 44 and 46 should be designed to
      achieve this effect. When both of the first and second plungers 82 and 88
      are upwardly moved in unison from their respective lowermost positions or
      only the second plunger 88 is upwardly moved from the lowermost positions
      or only the second plunger 88 is upwardly moved from the lowermost
      position with the first plunger 82 held in the lowermost position, the
      spring seat member 94 on the rod portion 90 of the second plunger 88 is
      moved toward the self-levelling valve member 28 so that the second preload
      spring 46 is axially compressed and urges the valve member 28 away from
      the piston chamber 24 by an increased force. As a consequence, the
      self-levelling valve member 28 is axially moved toward the upper end wall
      18 of the cylinder 16 against the opposing force of the first preload
      spring 44. When the valve member 28 reaches the previously mentioned first
      axial position having its first cylindrical land 30 located past the
      leading end of the fluid inlet port 38, communication is provided between
      the fluid inlet port 38 and the fluid passageway 42 through the
      circumferential groove 34 in the valve member 28. Working fluid is thus
      admitted from the fluid inlet port 38 into the axial bore in the cylinder
      16 through the fluid passageway 42 and acts on the piston 58, which is
      consequently moved axially downwardly away from the valve member 28. The
      rod portion 62 of the piston 58 is caused to project downwardly so that
      the suspended unit as a whole is axially extended. The second preload
      spring 46 is thus permitted to extend to its initial length and allows the
      valve member 28 to move axially downwardly away from the upper end wall 18
      of the cylinder 16 under the influence of the biasing force of the first
      preload spring 44. When the second preload spring 46 resumes its initial
      length, the valve member 28 is moved back into its equilibrium position
      and closes the fluid inlet port 38 by the first cylindrical land 30
      thereof. An increased amount of fluid under pressure is now confined in
      the cylinder 16 and the suspension unit is maintained in the extended
      condition by the increased amount of fluid in the cylinder 16.
PAR  The rod portion 62 of the piston 58 is formed with first and second fluid
      passageways 96 and 98. The first fluid passageway 96 is open at the inner
      end of the lower end wall 66 of the piston rod portion 62 and the second
      fluid port 98 is open into an upper end portion of the first or lower bore
      section 68 in the piston rod portion 62. Thus, fluid under pressure
      directed into the first fluid passageway 96 acts on the lower end face of
      the first plunger 82 in the first or lower bore section 68 and urges the
      first plunger 82 to move axially upwardly away from the lower end wall 66
      of the piston rod portion 62, moving the second plunger 88 axially
      upwardly away from the lower end wall 78 of the cylindrical member 74.
      Both of the first and second plungers 82 and 88 are moved upwardly by the
      fluid pressure directed into the first fluid passageway 96. On the other
      hand, fluid directed into the second fluid passageway 98 acts on the upper
      faces of the first plunger 82 and, through the apertures 78b formed in the
      lower end wall 78 of the cylindrical member 74, acts on the lower end face
      of the second plunger 88 in the axial bore 80 in the cylindrical member
      74. As a consequence, the first plunger 82 is urged downwardly and thus
      forced against the inner face of the lower end wall 66 of the piston rod
      portion 62 and, at the same time, the second plunger 88 is axially moved
      upwardly away from the inner face of the lower end wall 78 of the
      cylindrical member 74 and is disengaged from the upper end of the rod
      portion 84 of the first plunger 82. Development of fluid pressure in the
      second fluid passageway 98 brings about upward movement of only the second
      plunger 88. In the absence of working fluid in both of the fluid
      passageways 96 and 98, the first and second plungers 82 and 88 are held in
      their respective lowermost positions and are forced against the inner
      faces of the lower end walls 66 and 78 of the piston rod portion 62 and
      the cylindrical member 74, respectively, partly by the biasing force of
      the first and second preload springs 44 and 46 and partly by the fluid
      pressure which acts on the second plunger 88 through the apertures 76b
      formed in the upper end wall 76 of the cylindrical member 74.
PAR  The first and second fluid passageways thus formed in the rod portion 62 of
      the piston 58 are in communication with fluid supply means through first
      and second fluid feed lines 100 and 102, respectively. The fluid supply
      means comprise a fluid feed pump 104, a fluid pressure accumulator 106, a
      fluid reservoir 108 and a three-position control valve 110 which has first
      and second ports 112 and 114 from which the above mentioned first and
      second fluid feed lines 100 and 102 lead respectively. The three-position
      control valve 110 further has a fluid inlet port 116 in communication with
      the discharge port of the fluid feed pump 104 through the fluid pressure
      accumulator 106 and a drain port 118 leading to the fluid reservoir 108.
      The fluid feed pump 104 is usually driven by the prime mover of the
      vehicle and has a suction port leading from the reservoir 108. The
      discharge port of the pump 104 is also in communication with the fluid
      inlet port 38 in the cylinder 16 through the pressure accumulator 106 and,
      furthermore, the fluid outlet port 40 in the cylinder 16 is in
      communication with the reservoir 108, though not shown in the drawing. The
      three-position control valve 110 has a first operative position having the
      first and second ports 112 and 114 in communication with the drain port
      118, a second operative position providing communication between the first
      port 112 and the inlet port 116 and communication between the second port
      114 and the drain port 118, and a third operative position providing
      communication between the first port 112 and the drain port 118 and
      communication between the second port 114 and the inlet port 116. When,
      thus, the three-position control valve 110 is in the first operative
      position, the first and second fluid feed lines 100 and 102 are drained
      off so that no fluid pressure is developed in the first and second fluid
      passageways 96 and 98 in the piston 58. When the three-position control
      valve 110 is in the second operative position, the fluid supplied from the
      fluid feed pump 104 is directed into the first fluid feed line 100 with
      the second fluid feed line 102 drained off so that fluid pressure develops
      in the first fluid passageway 96 in the piston 58. When the three-position
      control valve 110 is in the third operative position thereof, then the
      fluid from the pump 104 is directed to the second fluid feed line 102 with
      the first fluid feed line 100 drained off so that fluid pressure is
      developed only in the second fluid passageway 98 in the piston 58.
PAR  The three-position control valve 110 is shifted between these three
      different operative positions by manually-operated valve actuating means.
      The valve actuating means comprise an elongate control member 120 which is
      axially slidable through a bore 122 formed in a stationary member 124
      which may form part of the vehicle body structure. The elongate control
      member 120 is formed with three semispherical recesses 126, 128 and 130
      which are arrayed and spaced apart from each other in an axial direction
      of the control member 120. The stationary member 124 thus receiving the
      elongate control member 120 is formed with a cavity 132 which is open to
      the bore 122. The cavity 132 has accommodated therein a spherical locking
      member 134 which is forced against the elongate control member 120 by
      means of a preload spring 136 which is also mounted in the cavity 132.
      When the elongate control member 120 is axially moved through the bore 122
      and one of the three semispherical recesses 126, 128 and 130 in the
      control member 120 is aligned with the cavity 132, the spherical locking
      member 134 in the cavity 132 is forcibly received in the particular recess
      by the force of the preload spring 136 and maintains the control member
      120 in the particular axial position. The elongate control member 120 is
      thus axially movable between first, second and third axial positions
      receiving the spherical locking member 134 in the first, second and third
      semispherical recesses 126, 128 and 130, respectively. The control member
      120 is connected at one end to an actuating element (not shown) of the
      three-position control valve 110 and actuates the valve 110 into the
      previously mentioned first, second and third operative positions when
      moved to the above mentioned first, second and third axial positions,
      respectively. The control member 120 is connected at the other end to a
      control lever 138 through a pivotal pin 140. The control lever 138 is
      pivotally mounted on a stationary support member 142 through a pivotal pin
      144 providing a fulcrum of the lever 138. The control lever 138 is thus
      rotatable about the pivotal pin 144 between three different angular
      position providing the three axial positions of the elongate control
      member 120. The control lever 138 is preferably located in the
      neighborhood of the driver's seat of the vehicle and is manually actuated
      by the vehicle driver when it is desired to vary the level of the vehicle
      body over road surface.
PAR  The operation of the hydro-pneumatic suspension unit thus constructed and
      arranged will be hereinafter described.
PAR  When the vehicle encounters a road irregularity during cruising and the
      road wheels of the vehicle jounce and rebound on the road surface, the
      suspension unit is urged in its entirety to vertically contract or extend
      and accordingly the cylinder 16 and the piston 58 are axially moved
      relative to each other so that the fluid confined in the cylinder 16 is
      subjected to a varied pressure. The varied pressure thus applied to the
      fluid in the cylinder 16 is transferred through the passageway 56 to the
      fluid in the fluid chamber 52 in the spherical container 48 constituting
      the pneumatic spring and is applied to the flexible partition member 50.
      The gas chamber 54 filled with gas, which is compressible, is therefore
      expanded or contracted and compensates for the variation in the pressure
      applied to the fluid in the cylinder 16. In this instance, the
      self-levelling valve member 28 is maintained in the equilibrium position
      closing both of the fluid inlet and outlet ports 38 and 40 because
      substantially no differential fluid pressure is imparted to the valve
      member 28 and because no fluid pressure is being developed in both of the
      fluid inlet and outlet ports 96 and 98 with the control lever 138 held in
      the previously mentioned first angular position. The impacts exerted on
      the cylinder 16 and the piston 58 by the jounce and rebound of the vehicle
      body are dampened out by the flows of fluid across the piston 58 through
      the restricted axial passageways 60 formed in the piston 58. Thus, the
      suspension unit acts simply as a shock absorber responsive to the jounce
      and rebound of the vehicle encountering a road irregularity.
PAR  When, on the other hand, the load exerted on the vehicle body is changed as
      a result of, for example, a change in the number of occupants of the
      vehicle, the suspension unit is also caused to vertically contract or
      extend so that the cylinder 16 and the piston 58 are axially moved
      relative to each other. The piston 58 and accordingly the first and second
      plungers 82 and 88 movable with the piston 58 are consequently axially
      moved relative to the self-levelling valve member 28 with a resultant
      change in the force of the second preload spring 46 which is either
      compressed or extended from the initial condition thereof. If, under these
      conditions, the amount of displacement of the piston 58 relative to the
      self-levelling valve member 28 is greater than a certain limit, then the
      valve member 28 is axially moved out of the equilibrium position into the
      first or second axial position thereof, thereby opening the fluid inlet
      port 38 or the fluid outlet port 40. Either the fluid inlet port 38 or the
      fluid outlet port 40 is thus permitted to communicate with the
      differential groove 34 in the valve member 28. If, in this instance, the
      suspension unit is contracted responsive to lowering of the vehicle body
      as caused by an increase in the load on the vehicle body, the piston 58
      and the self-levelling valve member 28 are moved closer to each other with
      the second preload spring 46 compressed from its initial length so that
      the valve member 28 is axially moved relative to the piston 58 from the
      equilibrium position into the first axial position thereof having the
      first cylindrical land 30 located past the leading end of the fluid inlet
      port 38 and the second cylindrical land 32 held in an axial position
      covering the leading end of the fluid outlet port 40. The fluid inlet port
      38 is thus permitted to communicate with the circumferential groove 34 in
      the self-levelling valve member 28, providing fluid communication between
      the fluid inlet port 38 and the axial bore in the cylinder 16 through the
      circumferential groove 34 in the valve member 28 and the fluid passageway
      42 in the cylinder wall. Additional working fluid is thus admitted into
      the axial bore in the cylinder 16 from the fluid inlet port 38 and causes
      the cylinder 16 and the piston 58 to axially move relative to each other
      in directions to extend the suspension unit to an initial length. When the
      initial length is achieved by the suspension unit, the second compression
      spring 46 also restores its initial length and allows the self-levelling
      valve member 28 to return to the equilibrium position thereof under the
      influence of the biasing force exerted thereon by the first preload spring
      44. The fluid inlet port 38 is consequently closed for a second time by
      the first cylindrical land 30 of the self-levelling valve member 28 and
      ceases to feed the additional working fluid to the cylinder 16. The
      suspension unit is, in this manner, maintained in a first balanced
      condition having a length which is dictated by the first angular position
      of the manually-operated control lever 138. If, conversely, the suspension
      unit is extended responsive to rising of the vehicle body over road
      surface as caused by a decrease in the load on the vehicle body, the
      piston 58 and the self-levelling valve unit 28 are moved away from each
      other so that the second preload spring 46 is extended from the initial
      length thereof. As a consequence, the self-levelling valve member 28 is
      axially moved relative to the piston 58 from the equilibrium position into
      the second axial position thereof having the second cylindrical land 32
      located past the leading end of the fluid outlet port 40 and the first
      cylindrical land 30 held in an axial position covering the leading end of
      the fluid inlet port 40. The fluid outlet port 40 is thus permitted to
      communicate with the circumferential groove 34 in the self-levelling valve
      member 28 and provides fluid communication between the axial bore in the
      cylinder 16 and the fluid outlet port 40 through the fluid passageway 42
      in the cylinder wall and the circumferential groove 34 in the valve member
      28. The working fluid in the axial bore in the cylinder 16 is thus
      discharged from the fluid outlet port 40 and permits the cylinder 16 and
      the piston 58 to axially move relative to each other in directions to
      shorten the suspension unit by means of the suspended weight of the
      vehicle body. When the suspension unit is compressed to the initial length
      thereof, the second compression spring 46 also restores the initial length
      thereof and allows the self-levelling valve member 28 to move back to the
      equilibrium position thereof against the opposing force of the first
      preload spring 44. The fluid outlet port 40 is for a second time isolated
      from the circumferential groove 34 in the self-levelling valve member 28
      and accordingly from the axial bore in the cylinder 16 and ceases to
      discharge the working fluid from the cylinder 16. The previously mentioned
      first balanced condition or length is thus restored by the suspension
      unit. The suspension unit thus operates as a self-levelling mechanism for
      the vehicle body responsive to change in the amount of load exerted on the
      vehicle body.
PAR  With the manually-operated control lever 138 held in the first angular
      position thereof, the elongate control member 120 connected between the
      control lever 138 and the actuating element (not shown) of the
      three-position control valve 110 is maintained in the previously mentioned
      first axial position receiving the spherical locking member 134 in the
      first semi-spherical recess 126. Under these conditions, the
      three-position control valve 110 is maintained in the first operative
      position thereof causing the first and second ports 112 and 114 to
      communicate with the drain port 118. The first and second plungers 82 and
      88 in the piston 58 are, therefore, maintained in their respective
      lowermost axial positions in the absence of fluid pressure in the first
      and second passageways 96 and 98.
PAR  When the manually-operated control lever 138 is driven by the vehicle
      driver to turn clockwise of FIG. 1 about the pivotal pin 144 from the
      first angular position into the second angular position thereof, the
      elongate control member 120 is driven to axially move leftwardly of the
      drawing from the first axial position to the second axial position
      thereof, receiving the spherical locking member 134 in the second
      semispherical recess 128 and locked in the second axial position. The
      three-position control valve 110 is thus shifted from the first operative
      position to the second operative position and provides communication
      between the first port 112 and the fluid inlet port 116 with the second
      port 114 kept connected to the drain port 118. The fluid delivered from
      the pump 104 is directed to the first fluid feed line 100 through the
      fluid accumulator 106 is admitted to the first fluid passage 96 formed in
      the rod portion 62 of the piston 58. The fluid pressure developed in the
      first fluid passageway 96 acts on the lower end face of the first plunger
      82 and moves the plunger 82 axially upwardly in the first or lower bore
      section 68 in the piston rod portion 62. The first plunger 82, in turn,
      moves the second plunger 88 axially upwardly in the axial bore 80 in the
      cylindrical member 74. The rod portion 90 of the second plunger 88 thus
      projects axially upwardly from the upper end wall 76 of the cylindrical
      member 74 and causes the second preload spring 46 to be compressed. The
      upward movement of the first and second plungers 82 and 88 is terminated
      when the first plunger 82, which is shorter than the second plunger 88 as
      previously noted, is brought into abutting engagement with the outer face
      of the lower end wall 78 of the cylindrical member 74. The lower end wall
      78 of the cylindrical member 74 thus serves as stop means for limiting the
      upward movement of the first and second plungers 82 and 88 from their
      respective lowermost positions. The first and second plungers 82 and 88
      being thus moved upwardly a distance substantially equal to the axial
      length of the first or lower bore section 68 in the piston rod portion 62,
      the rod portion 90 of the second plunger 88 axially upwardly projects
      beyond the upper end of the piston 58 and causes the second preload spring
      46 to be compressed and to urge the self-levelling valve member 28 toward
      the upper end wall 18 of the cylinder by an increased force. The
      self-levelling valve member 28 is therefore axially upwardly moved against
      the opposing force of the first preload spring 44 from the equilibrium
      position into the first axial position thereof, having the first
      cylindrical land 30 located upwardly past the leading end of the fluid
      inlet port 38 and second cylindrical land 32 held in the position closing
      the fluid outlet port 40. Communication is now established between the
      fluid inlet port 38 and the axial bore in the cylinder 16 so that
      additional working fluid is directed from the fluid inlet port into the
      axial bore in the cylinder through the circumferential groove 34 in the
      valve member 28 and the fluid passageway 42 in the cylinder wall. It
      therefore follows that the cylinder 16 and the piston 58 are axially moved
      relative to each other in direction to extend the suspension unit. When
      the suspension unit is extended a length corresponding to the axial
      displacement of the first and second plungers 82 and 88, viz., the axial
      length of the first or lower bore section 68 in the piston rod portion 62,
      the second compression spring 46 restores its initial length with the
      first and second plungers 82 and 88 maintained in their raised axial
      positions. The self-levelling valve member 28 is thus allowed to return
      from the first axial position to the equilibrium position thereof by the
      force of the first preload spring 44, closing the fluid inlet port 38 by
      the first cylindrical land 30 thereof. The suspension unit is in this
      manner brought into a second balanced condition supporting the vehicle
      body at a level which is raised from the lowermost normal level achieved
      when the suspension unit is in the first balanced position previously
      mentioned. During the second balanced condition of the suspension unit,
      the first and second plungers 82 and 88 are maintained in their respective
      raised axial positions with the first plunger 82 held in contact with the
      outer face of the lower end wall 78 of the cylindrical member 74 and with
      the second plunger 88 in contact with the leading end of the rod portion
      84 of the first plunger 82 by the fluid pressure acting in opposite
      directions on the first and second plungers 82 and 88 which have
      substantially equal fluid working areas. The raised axial position which
      the second plunger 82 assumes during the second balanced condition of the
      suspension unit is herein referred to as a first axially raised position
      of the second plunger 88.
PAR  When it is desired to have the vehicle body further lifted over road
      surface for one reason or another, the manually-operated control lever 138
      is further rotated clockwise of the drawing about the pivotal pin 144 from
      the second angular position to the first angular position thereof by the
      vehicle driver. The elongate control member 120 is consequently moved
      further leftwardly of the drawing from the second axial position to the
      third axial position thereof, receiving the spherical locking member 134
      in the third semispherical recess 130 therein and thereby locked in the
      third axial position. The three-position control valve 110 is now actuated
      from the second operative position into the third operative position
      thereof and provides communication between the second port 114 and the
      fluid inlet port 116 with the first port 112 left communicating with the
      drain port 118. The working fluid supplied from the fluid feed pump 140 is
      thus directed through the fluid pressure accumulator 106 to the second
      fluid feed line 102 and is admitted into the second fluid passageway 98 in
      the rod portion 62 of the piston 58. Fluid pressure is developed in the
      axial bore section 68 above the fluid working face of the first plunger 82
      so that the first plunger 82 is axially moved downwardly away from the
      outer face of the lower end wall 78 into the lowermost position thereof
      and is forced against the inner face of the lower end wall 66 of the
      piston rod portion 62. The fluid pressure directed from the second fluid
      passageway 98 into the first or lower bore section 68 in the piston rod
      portion 62 is admitted through the apertures 78b in the lower end wall 78
      of the cylindrical member 74 into the lower portion of the axial bore 80
      in the cylindrical member 74 and acts on the lower end face of the second
      plunger 88 which has been held in the first axially raised position in the
      cylindrical member 74. The second plunger 88 is therefore moved axially
      upwardly from the first axially raised position toward the self-levelling
      valve member 28 in the valve chamber 22. The upward movement of the second
      plunger 88 is terminated when the second plunger 88 is brought into
      abutting engagement with the inner face of the upper end wall 76 of the
      cylindrical member 74. The upper end wall 76 of the cylindrical member 74
      thus serves as stop means to limit the upward movement of the second
      plunger 88. The axial position achieved in this manner by the second
      plunger 88 is herein referred to as a second axially raised position of
      the plunger 88. When the second plunger 88 is thus moved into the second
      axially raised position, the second preload spring 46 connected to the
      second plunger 88 is axially compressed from the initial length thereof
      and urges the self-levelling valve member 28 to axially move upwardly from
      the equilibrium position against the opposing force of the first preload
      spring 44. When the self-leveling valve member 28 reaches the first axial
      position thereof, the fluid inlet 38 is permitted to communicate with the
      circumferential groove 34 in the valve member 28 with the fluid outlet
      port 40 kept closed by the second cylindrical land 32 of the valve member
      28. Communication is therefore established between the fluid inlet port 38
      and the axial bore in the cylinder 16 so that the cylinder 16 and the
      piston 58 are axially moved relative to each other in the directions to
      further extend the suspension unit from the second balanced condition,
      allowing the second preload spring 46 to restore the initial length
      thereof. When the second preload spring 46 thus restores its initial
      length, the self-levelling valve member 28 is allowed to return from the
      first axial position to the initial equilibrium position thereof closing
      the fluid inlet port 38 by the first cylindrical land 30 thereof under the
      influence of the biasing force of the first preload spring 44. The fluid
      communication between the fluid inlet port 38 and the axial bore in the
      cylinder 16 is thus interrupted by the first cylindrical land 30 of the
      self-levelling valve member 28 so that the suspension unit is maintained
      in a third balanced condition having a maximum axial length. The vehicle
      body is now lifted to the highest level available over road surface. The
      third balanced condition of the suspension unit is maintained with the
      second plunger 88 held in the second axially raised position because of
      the equal fluid pressures acting in opposite directions on the plunger 88.
PAR  To have the vehicle body lowered from the highest available level achieved
      in this manner, the manually-operated control lever 138 is rotated
      counterclockwise of the drawing about the pivotal pin 144 from the third
      angular position to the second angular position thereof by the vehicle
      driver. The elongate control member 120 is moved rightwardly of the
      drawing from the third axial position to the second axial position thereof
      and receives the spherical locking member 134 in the second semispherical
      recess 128 therein. The three-position control valve 110 is shifted from
      the third operative position to the second operative position thereof,
      providing communication between the first fluid port 122 and the fluid
      inlet port 116 and communication between the second port 114 and the drain
      port 118. The fluid in the second fluid passageway 98 is consequently
      discharged into the fluid reservoir 108 through the second fluid feed line
      102 and the second port 114 and the drain port 118 of the three-position
      valve 110 with the result that the second plunger 88 is cleared of the
      fluid pressure which has been acting on the lower end face thereof and is
      thus moved axially downwardly from the second axially raised position
      thereof. At the same time as the second plunger 88 is thus moved
      downwardly from the second axially raised position thereof, the fluid
      supplied from the fluid feed pump 140 is directed into the first fluid
      passageway 96 in the piston rod portion 62 through the fluid pressure
      accumulator 106, the inlet port 116 and the first port 112 of the
      three-position control valve 110 and the first fluid feed line 100 and
      causes the first plunger 82 to move axially upwardly from the lowermost
      position thereof. The first plunger 82 is thus brought into abutting
      engagement with the outer face of the lower end wall 78 of the cylindrical
      member 74 and receives at the leading or upper end of its rod portion 84
      the lower end face of the second plunger 88 lowered from the second
      axially raised position thereof. The second plunger 88 is consequently
      held in the first axially raised position thereof. Under these conditions,
      the second preload spring 46 is extended from the initial length thereof
      so that the self-levelling valve 28 in the valve chamber 22 is caused to
      move axially downwardly from the equilibrium position thereof by the force
      of the first preload spring 44. When the self-levelling valve member 28 is
      moved into the second axial position thereof, the second cylindrical land
      30 of the valve member 28 is located downwardly past the fluid outlet port
      40 with the first cylindrical land 30 of the valve member 28 in an axial
      position closing the fluid inlet port 38. Fluid communication is now
      established between the fluid outlet port 40 and the circumferential
      groove 34 in the self-levelling valve member 28 and accordingly between
      the axial bore in the cylinder 16 and the fluid outlet port 40 through the
      passageway 42 in the cylinder wall and the circumferential groove 34 in
      the valve member 28. The working fluid in the axial bore in the cylinder
      16 is discharged through the fluid outlet port 40 so that the cylinder 16
      and the piston 58 are axially moved relative to each other by the
      suspended weight of the vehicle body in directions in which the suspension
      unit is vertically contracted from the third balanced condition, causing
      the second preload spring 46 to be compressed toward the initial length
      thereof. When the second preload spring 46 thus restores the initial
      length thereof, the self-levelling valve member 28 is axially moved
      upwardly from the second axial position into the equilibrium position
      thereof and closes the fluid oulet port 40 by the second cylindrical land
      32 thereof, thereby blocking the fluid communication between the axial
      bore in the cylinder 16 and the fluid outlet port 40. The suspension unit
      is in this manner brought into the second balanced condition thereof with
      the first plunger 82 held in the uppermost axial position thereof and the
      second plunger 88 held in the first axially raised position thereof by the
      fluid pressure obtaining in the first fluid passageway 96 in the piston
      rod portion 62.
PAR  If, then, the manually-operated control lever 138 is further rotated
      counterclockwise of the drawing about the pivotal pin 144 from the second
      angular position to the first angular position thereof, the elongate
      control member 120 is moved rightwardly of the drawing from the second
      axial position to the first axial position, receiving the spherical
      locking member 134 in the first semispherical recess 126 therein. The
      three-position control valve 110 is now shifted from the second operative
      position to the first operative position and causes not only the second
      port 114 but the first port 112 to communicate with the drain port 118.
      The fluid which has been directed into the first fluid passageway 96 in
      the piston rod portion 62 is consequently discharged into the fluid
      reservoir 108 through the first fluid feed into line 100 and the first
      port 112 and the drain port 118 of the three-position control valve 110.
      The first plunger 82 is thus cleared of the fluid pressure which has been
      acting on the lower end face thereof and is moved axially downwardly into
      the lowermost position thereof by the second plunger 88 which is axially
      moved downwardly from the first axially raised position into the lowermost
      position thereof by the fluid pressure in the axial bore 80 in the
      cylindrical member 74. With the first and second plungers 82 and 88 thus
      moved into the lowermost positions thereof as illustrated, the second
      preload spring 46 is for a second time extended from the initial length
      thereof and allows the self-levelling valve member 28 to move axially
      downwardly from the equilibrium position into the second axial position
      thereof, opening the fluid outlet port 40 with the fluid inlet port 38
      kept closed by the first cylindrical land 30 thereof. The working fluid in
      the axial bore in the cylinder 16 is consequently discharged through the
      fluid passageway 42 in the cylinder wall, the circumferential groove 34 in
      the self-levelling valve member 28 and the fluid outlet port 40 so that
      the cylinder 16 and the piston 58 are axially moved relative to each other
      by the suspended weight of the vehicle body in directions to have the
      suspension unit contracted from the second balanced condition thereof. As
      the suspension unit is thus vertically compressed, the second preload
      spring 46 is also axially compressed toward the initial length thereof and
      allows the self-levelling valve member 28 to axially upwardly move from
      the second axial position to the equilibrium position thereof against the
      opposing force of the first preload spring 44. The fluid outlet port 40 is
      therefore closed by the second cylindrical land 32 of the self-levelling
      valve member 28 so that the fluid communication between the axial bore in
      the cylinder 16 and the fluid outlet port 40 is blocked. The suspension
      unit is in this manner brought into the first balanced condition as
      illustrated in FIG. 1 and as a consequence the vehicle body is maintained
      at its lowermost normal level.
PAR  It is apparent that the suspension unit thus far described acts as the
      shock absorber or the self-levelling mechanism not only during the first
      balanced condition but during the second and third balanced conditions of
      the suspension unit if impacts are transferred to the suspension unit as a
      result of the jounces and rebounds of the vehicle encountering road
      irregularities or if the load on the vehicle body is changed. Although,
      moreover, the suspension unit is shown in FIG. 1 as having the cylinder 16
      connected to the suspended part 10 of the vehicle body structure and the
      rod portion 62 of the piston 58 connected to the wheel axle, this is
      merely by way of example and, thus, the suspension unit having the
      construction shown in FIG. 1 may be connected at the leading end of the
      piston rod portion 62 to the suspended weight 10 of the vehicle body
      structure through, for example, the rigid bracket 12 and the elastic
      support member 12' and at the leading end of the cylinder 16 to the wheel
      axle (not shown) through, for example, the rigid ring member 14 if
      preferred. In this instance, the expressions "upper," "lower," "raised"
      and "lowered" and the expressions similar to these as herein used to
      explain the various movements and relative positions of the members
      constituting the suspension unit should be construed inversely to the
      meanings inhereint in such expressions.
PAR  The embodiment of the suspension unit which has thus far been described
      with reference to FIG. 1 is adapted to stepwise vary the height of the
      vehicle body between three different levels over road surface by manual
      operations. It will be, however, understood that the embodiment shown in
      FIG. 1 can be readily modified so as to be operative to stepwise vary the
      height of the vehicle body between only two different levels or between
      more than three different levels over road surface. FIGS. 2a to 2d
      illustrate an embodiment of the suspension unit which is adapted to vary
      the height of a vehicle body between four different levels over road
      surface. Thus, the suspension unit shown in FIGS. 2a to 2d can be shifted
      between first to fourth balanced conditions.
PAR  In FIGS. 2a to 2d, only the lower portion of the suspension unit is shown
      for the sake of simplicity of illustration. The upper portion of the
      suspension unit herein shown is entirely similar to that illustrated in
      FIG. 1.
PAR  Referring to FIG. 2a and sometimes back to FIG. 1, the piston 58
      telescopically received in the cylinder 16 is formed with an axial bore
      which has an upper end open to the piston chamber 24 in the cylinder 16
      and a lower end closed by the lower end wall 66 of the rod portion 62 of
      the piston 58 projecting axially downwardly from the opening 20a in the
      lower end wall 20 of the cylinder 16. The axial bore in the piston 58
      consists of a first or lower bore section 146 closed at the lower end by
      the lower end wall 66 of the piston rod portion 62 and a second or upper
      bore section 148 having a lower end joining the upper end of the first or
      lower bore section 146 and an upper end open to the piston chamber 24 in
      the cylinder 16. The second or upper bore section 148 is larger in
      diameter than the first or lower bore section 146 and has its lower end
      defined by an annular face 150 of a radially outwardly stepped wall
      forming part of the piston rod portion 62. The piston rod portion 62 is
      formed with an internally threaded wall portion defining a lower end
      portion of the second or upper bore section 148. In the second or upper
      bore section 148 thus formed in the piston 58 are fixedly and closely
      received first and second or lower and upper cylindrical members 152 and
      154. The first or lower cylindrical member 152 is formed with an
      externally threaded lower end wall portion and is screwed through the wall
      portion to the internally threaded wall portion of the piston rod portion
      62. The first or lower cylindrical member 152 has a lower end wall 156
      which is in close contact with the annular face 150 of the radially
      outwardly stepped wall of the piston rod portion 62 and which has an outer
      face defining the upper end of the first or lower bore section 146. The
      lower end wall 156 of the first or lower cylindrical member 152 is formed
      with a central opening 156a and a plurality of apertures 156b extending
      between the inner and outer faces of the end wall 156 for providing
      communication across the end wall 156. The first or lower cylindrical
      member 152 is formed with an axial bore 158 having a lower end defined by
      the inner face of the lower end wall 156 of the cylindrical member 152 and
      open at its upper end. The second or upper cylindrical member 154 is
      fixedly connected at its lower end to the upper open end of the first or
      lower cylindrical member 152. For this purpose, the first or lower
      cylindrical member 152 has an internally threaded inner peripheral wall
      defining a radially outwardly enlarged upper end section of the axial bore
      158 in the cylindrical member 152 and the second or upper cylindrical
      member 154 has an externally threaded outer peripheral wall at its lower
      end portion so that the two cylindrical members 152 and 154 are conjoined
      or spigoted to each other through engagement between the internally and
      externally threaded wall portions of the members 152 and 154,
      respectively. The second or upper cylindrical member 154 has a lower end
      wall 160 which has an outer face defining the upper end of the axial bore
      158 in the first or lower cylindrical member 152 and which is formed with
      a central opening 160a  and a plurality of apertures 160b extending
      between the inner and outer faces of the end wall 160 and providing
      communication across the end wall 160. The second or upper cylindrical
      member 154 axially upwardly projects from the upper end of the piston 58
      and has an upper end wall 162 which is formed with a central opening 162a
      and a plurality of apertures 162b extending between the inner and outer
      faces of the end wall 160. The second or upper cylindrical member 154 is
      thus formed with an axial bore 164 which extends between the inner faces
      of the lower and upper end walls 160 and 162 of the cylindrical member
      154. The axial bores 158 and 164 in the first and second or lower and
      upper cylindrical members 152 and 154, respectively, and the first or
      lower bore section 146 in the piston rod portion 62 are all axially
      aligned with each other and have diameters which are substantially equal
      to each other. The central opening 156a in the lower end wall 156 of the
      first or lower cylindrical member 152 and the central openings 160a and
      162a in the lower and upper end walls 160 and 162, respectively, of the
      second or upper cylindrical member 154 are all substantially aligned with
      each other in an axial direction of the piston 58. Furthermore, the axial
      bore 158 in the first or lower cylindrical member 152 has a length which
      is larger than the axial length of the first or lower bore section 146 in
      the piston rod portion 62 and smaller than the length of the axial bore
      164 in the second or upper cylindrical member 154. The first or lower bore
      section 146 in the piston rod portion 62 and the axial bore 158 in the
      first or lower cylindrical member 152 and the axial bore 164 in the second
      or upper cylindrical member 154 are longer than each other in this
      sequence.
PAR  A first plunger 166 is axially slidably received in the first or lower bore
      section 146 in the piston rod portion 62 and has a rod portion 168
      extending upwardly through the bore section 146 and axially slidably
      received in the central opening 156a in the lower end wall 156 of the
      first or lower cylindrical member 152. The first plunger 166 is thus
      axially movable in the bore section 146 between a lowermost position
      bearing against the inner face of the lower end wall 66 of the piston rod
      portion 62 and an uppermost position bearing against the outer face of the
      lower end wall 156 of the first or lower cylindrical member 152. The lower
      end wall 156 of the first or lower cylindrical member 152 thus serves as
      stop means for limiting upward movement of the first plunger 166. The
      length of the first plunger 166 is such that the rod portion 168 of the
      plunger 166 has its leading or upper end located substantially flush with
      the inner face of the lower end wall 156 of the first or lower cylindrical
      member 152 when the first plunger 166 is located in the lowermost position
      thereof with its lower end face in contact with the inner face of the
      lower end wall 66 of the piston rod portion 62. In the axial bore 158 of
      the first or lower cylindrical member 152 is axially slidably received a
      second plunger 170 which has a rod portion 172 upwardly extending through
      the axial bore 158 and axially slidably received in the central opening
      160a in the lower end wall 160 of the cylindrical member 154. The second
      plunger 170 is axially movable in the bore 158 between a lowermost
      position seated on the inner face of the lower end wall 156 of the
      cylindrical member 152 and an uppermost position bearing against the outer
      face of the lower end wall 160 of the second or upper cylindrical member
      154. The lower end wall 160 of the first or lower cylindrical member 152
      thus serves as stop means for limiting upward movement of the second
      plunger 170. The second plunger 170 has a length such that the rod portion
      172 of the plunger 170 has its leading or upper end located substantially
      flush with the inner face of the lower end wall 160 of the second or upper
      cylindrical member 154 when the second plunger 170 is held in the
      lowermost position thereof with its lower end face in contact with the
      inner face of the lower end wall 156 of the cylindrical member 152 as seen
      in FIGS. 2a and 2d. A third plunger 174 is axially slidably received in
      the axial bore 164 in the second or upper cylindrical member 154. The
      third plunger 174 has a rod portion 176 which extends upwardly through the
      axial bore 164 and which is axially slidably received in the central
      opening 162a in the upper end wall 162 of the cylindrical member 154. The
      third plunger 174 is axially movable in the axial bore 164 between a
      lowermost position seated on the inner face of the lower end wall 160 of
      the cylindrical member 154 and an uppermost position bearing against the
      inner face of the upper end wall 162 of the cylindrical member 154. The
      upper end wall 162 of the second or upper cylindrical member 154 thus
      serves as stop means for limiting upward movement of the third plunger
      174. The rod portion 176 of the third plunger 174 upwardly projects from
      the upper end wall 162 of the second or upper cylindrical member 154 and
      carries at its leading or upper end the spring seat member 94 previously
      mentioned. On the spring seat member 94 is seated the lower end of the
      previously mentioned second preload spring 46 which is seated at the upper
      end on the self-levelling valve member 28 (FIG. 1). Designated by
      reference numerals 178, 180 and 182 are annular seal element which are
      received in circumferential grooves formed in the sliding wall portions of
      the first, second and third plungers 166, 170 and 174, respectively.
PAR  The rod portion 62 of the piston 58 is formed with first, second and third
      fluid passageways 184, 186 and 188 for directing working fluid into the
      first bore section 146 in the piston rod portion 62 and the axial bore 158
      in the first or lower cylindrical member 152. The first fluid passageway
      184 terminates at the lower end of the first or lower bore section 146 in
      the piston rod portion 62 for urging the first plunger 166 to move axially
      upwardly from the lowermost position thereof when fluid pressure is
      developed in the first fluid passageway 184. The second fluid passageway
      186 terminates at the upper end of the first or lower bore section 146 in
      the piston rod portion 62 for urging the first plunger 166 to move axially
      downwardly, viz., toward the lowermost position thereof when fluid
      pressure is developed in the second fluid passageway 186. The fluid
      pressure developed in the upper axial portion of the bore section 46 in
      the piston rod portion 62 acts on the lower end face of the second plunger
      170 through the apertures 156b formed in the lower end wall 156 of the
      first or lower cylindrical member 152 and urges the second plunger 170 to
      move axially upwardly from the lowermost position thereof. The third fluid
      passageway 188 terminates at the upper end of the axial bore 158 in the
      first or lower cylindrical member 152 for urging the second plunger 170 to
      move axially downwardly, viz., toward the lowermost position thereof when
      fluid pressure is developed in the third fluid passageway 188. The fluid
      pressure developed in the upper portion of the axial bore 158 in the first
      or lower cylindrical member 152 acts on the lower end face of the third
      plunger 174 and urges the third plunger 174 to move axially upwardly from
      the lowermost position thereof.
PAR  The first, second and third fluid passageways 184, 186 and 188 are in
      communication with fluid supply means adapted to be mechanically actuated
      by manually-operated control means. Though not shown in the drawing, the
      fluid supply means for use with the suspension unit illustrated in FIGS.
      2a to 2d includes a four-position control valve having ports respectively
      leading to the first, second and third fluid passageways 184, 186 and 188.
      The manually-operated control means associated with the four-position
      control valve may be readily obtained by modifying the valve actuating
      mechanism shown in FIG. 1 in such a manner that the mechanism has four
      operative positions to enable the four-position valve to selectively
      direct the supplied working fluid to any of the first, second and third
      fluid passageways depending upon the height of the vehicle body desired.
PAR  When, now, no fluid pressure is developed in any of the first, second and
      third fluid passageways 184, 186 and 188, all of the first, second and
      third plungers 166, 170 and 174 are maintained in their respective
      lowermost positions as seen in FIG. 2a by the fluid pressure which acts
      downwardly on the third plunger 174 from the axial bore in the cylinder 16
      through the apertures 162b in the upper end wall 162 of the second or
      upper cylindrical member 154. The suspension unit is consequently held in
      a first balanced condition supporting the vehicle body at a lowermost
      level over road surface.
PAR  When fluid pressure is developed in the first fluid passageway 184 in the
      absence of working fluid in the second and third fluid passageways 186 and
      188, the first plunger 166 is upwardly moved from the lowermost position
      thereof until the plunger 166 is brought into abutting engagement with the
      outer face of the lower end wall 156 of the first or lower cylindrical
      member 152. With the first plunger 166 thus moved into the uppermost
      position thereof, the second and third plungers 170 and 174 are also moved
      upwardly from their respective lowermost positions so that the second and
      third plungers 170 and 174 are axially spaced apart from the inner faces
      of the lower end walls 156 and 160 of the first and second or lower or
      upper cylindrical members 152 and 154, respectively, by distances which
      are substantially equal to the axial displacement of the first plunger
      166, as seen in FIG. 2b. Under these conditions, the first and second
      plungers 166 and 174 axially projects into the axial bores 158 and 164 in
      the first and second or lower or upper cylindrical members 152 and 154,
      respectively, over lengths which are substantially equal to the axial
      displacement of the first plunger 166 and, likewise, the third plunger 174
      axially projects out of the upper end wall 162 of the second or upper
      cylindrical member 154 over a length larger than the outwardly projecting
      portion of the plunger 174 in the lowermost position by a length
      substantially equal to the axial displacement of the first plunger 166.
      The axial positions thus reached by the second and third plungers 170 and
      174 are herein referred to as first axially raised positions. When the
      third plunger 174 is moved into the first axially raised position thereof,
      the suspension unit is brought into a second balanced condition by the
      action of additional working fluid introduced into the axial bore in the
      cylinder so that the vehicle body is raised from its lowermost normal
      position by a distance corresponding to the axial displacement of the
      first plunger 166.
PAR  If the working fluid is then discharged from the first fluid passageway 184
      and is directed into the second fluid passageway 186, then the first
      plunger 166 is moved back into the lowermost position thereof bearing
      against the inner face of the lower end wall 66 of the piston rod portion
      62 in the absence of fluid pressure in the first or lower bore section 146
      in the rod portion 62. The fluid pressure developed into the second fluid
      passageway 186 acts upon the lower end face of the second plunger 170
      through the apertures 156b formed in the lower end wall 156 of the first
      or lower cylindrical member 152 so that the second plunger 170 is upwardly
      moved from the first axially raised position until the plunger 170 is
      brought into abutting engagement with the outer face of the lower end wall
      160 of the second or upper cylindrical member 154. The uppermost axial
      position thus achieved by the second plunger 170 is herein referred to as
      a second axially raised position of the plunger 170. With the second
      plunger 170 thus moved into the second axially raised position, the rod
      portion 172 of the second plunger 170 projects higher into the axial bore
      164 in the second or upper cylindrical member 154 so that the third
      plunger 174 is upwardly moved from the first axially raised position over
      a distance which is substantially equal to the axial displacement of the
      second plunger 170 from the first axially raised position to the second
      axially raised position. The third plunger 174 is thus axially spaced
      apart from the inner face of the lower end wall 160 of the second or upper
      end wall 162 a distance which corresponds to the total axial displacement
      of the second plunger 170 from the lowermost position thereof, as will be
      seen from FIG. 2c. The axial position thus achieved by the third plunger
      174 is herein referred to as a second axially raised position of the third
      plunger 174. With the third plunger 174 moved into the second axially
      raised position thereof, the suspension unit is extended from the second
      balanced condition into a third balanced condition having an axial length
      larger than the initial length of the unit in the first balanced condition
      by a length which corresponds to the axial displacement of the second
      plunger 170. The vehicle body is accordingly raised from the lowermost
      normal level by a distance substantially equal to the axial displacement
      of the second plunger 170 from the lowermost position thereof.
PAR  If the working fluid is then discharged from the second fluid passageway
      186 and is directed into the third fluid passageway 188, the second
      plunger 170 is axially moved back into the lowermost position thereof by
      the fluid pressure downwardly acting thereon so that both of the first and
      second plungers 166 and 170 are held in the lowermost positions thereof as
      illustrated in FIG. 2d. The fluid pressure developed in the third fluid
      passageway 188 acts on the lower end face of the third plunger 174 through
      the apertures 160b formed in the lower end wall 160 of the second or upper
      cylindrical member 154 with the result that the third plunger 174 which
      has been held in the second axially raised position thereof is further
      moved upwardly until the plunger 174 is brought into abutting engagement
      with the inner face of the upper end wall 162 of the second or upper
      cylindrical member 154 as seen in FIG. 2d.  The third plunger 174 now
      projects upwardly from the upper end wall 162 of the second or upper
      cylindrical member 154 over a length which is greater than the length of
      the third plunger 174 in the lowermost position thereof by a length which
      is substantially equal to the axial displacement of the third plunger 174.
      The suspension unit is in this manner brought into a fourth balanced
      condition from the third balanced condition and is operative to raise the
      vehicle body from the lowermost normal position thereof by a distance
      corresponding to the total axial displacement of the third plunger 174.
PAR  When the working fluid is then discharged from the third fluid passageway
      188 and, instead, directed into the second fluid passageway 186, the
      second plunger 170 is for a second time moved upwardly from the lowermost
      position to the second axially raised position thereof with the first
      plunger 166 held in the lowermost position thereof and at the same time
      the third plunger 174 is moved downwardly from the uppermost position to
      the second axially raised position thereof by the fluid pressure
      downwardly acting on the third plunger 174 through the apertures 162b in
      the upper end wall 162 of the second or upper cylindrical member 154 in
      the absence of fluid pressure in the axial bore 164 in the cylindrical
      member 154, as illustrated in FIG. 2c. The suspension unit is thus
      contracted into the third balanced condition so that the vehicle body is
      lowered from the uppermost level by a distance corresponding to the
      downward displacement of the third plunger 174. If the working fluid is
      then discharged from the second fluid passageway 186 and introduced into
      the first fluid passageway 184, the second and third plungers 170 and 174
      are downwardly moved from their second axially raised positions by the
      fluid pressure downwardly acting on the third plunger 174 in the absence
      of working fluid in the axial bore 158 in the first or lower cylindrical
      member 152 and, at the same time, the first plunger 166 is moved upwardly
      from the lowermost position thereof and holds the second and accordingly
      third plungers 170 and 174 in the first axially raised positions thereof,
      as seen in FIG. 2b. The suspension unit is thus further contracted into
      the second balanced condition and supports the vehicle body at the level
      which is higher than the lowermost normal level of the vehicle body a
      distance corresponding to the axial displacement of the second and third
      plungers 170 and 174 from the second axially raised positions to the first
      axially raised positions.
PAR  If the working fluid is discharged from the first fluid passageway 184 in
      the suspension unit which has thus been held in the second balanced
      condition, then all the plungers 166, 170 and 174 are downwardly moved
      into their respective lowermost positions thereof as illustrated in FIG.
      2a so that the suspension unit is brought into the first balanced
      condition thereof, supporting the vehicle body in the lowermost normal
      position thereof.
PAR  Although the first and second cylindrical members 152 and 154 have been
      described as being constructed independently of each other and fixedly
      connected together, the two members may be formed integrally with each
      other or, if possible, with the piston 58. In this instance, the end wall
      160 which has been assumed to form part of the lowermost portion of the
      second or upper cylindrical member 154 may be an intermediate lateral wall
      portion of the integral cylindrical member terminating at the lower and
      upper end walls 156 and 162.
PAR  From the foregoing description it will now be appreciated that, because of
      the fact that the height of a vehicle body is stepwise varied by selective
      displacement of a plurality of plungers which are arranged in series with
      each other in a direction of the suspension unit, the suspension unit has
      a sufficiently slender construction and is capable of accurately varying
      the level of the vehicle body without resort to strict control of the
      fluid pressure in the unit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hydro-pneumatic self-levelling suspension unit for an automotive
      vehicle comprising first and second cylindrical members which are
      telescopically connected together and which are axially movable relative
      to each other, self-levelling valve means disposed in said first
      cylindrical member and having a first position operative to direct fluid
      pressure into the first and second cylindrical members for causing the
      first and second cylindrical members to axially move relative to each
      other in directions to axially extend the suspension unit and a second
      position operative to discharge the fluid pressure from the first and
      second cylindrical members for causing the first and second cylindrical
      members to axially move relative to each other in directions to axially
      contract the suspension unit, resilient biasing means disposed in the
      first cylindrical member and engaging said valve means for biasing the
      valve means toward an equilibrium position between said first and second
      positions of the valve means thereby holding the suspension unit in a
      balanced condition, hydro-pneumatic spring means operative to compensate
      for fluctuations in the fluid pressure in said first cylindrical member,
      valve actuating means disposed in said second cylindrical member and
      engaging said resilient biasing means, said valve actuating means being
      stepwise extensible in an axial direction of said cylindrical member
      between a fully contracted length and a fully extended length for
      actuating said valve means through said resilient biasing means into said
      first position responsive to extension of said valve actuating means and
      into said second position responsive to contraction of the valve actuating
      means, said valve actuating means being biased toward said fully
      contracted length partly by said resilient biasing means and partly by the
      fluid pressure in the first and second cylindrical members, fluid supply
      means having a plurality of operative positions for supply working fluid
      to the valve actuating means and causing the valve actuating means to be
      selectively stepwise extended or contracted between said fully contracted
      length and said fully extended length, and manually-operated control means
      for manually actuating the fluid supply means selectively into any of said
      operative positions thereof.
NUM  2.
PAR  2. A hydro-pneumatic self-levelling suspension unit, in which said valve
      actuating means comprise a plurality of plungers which are axially arrayed
      substantially in line with each other in the second cylindrical member and
      which are engageable end-to-end with each other, each of the plungers
      being axially movable between a first extreme position remotest from said
      self-levelling valve means and a second extreme position closest to the
      valve means, the plunger located closest to the valve means being
      connected to said resilient biasing means, said fully contracted length of
      the valve actuating means being achieved with all of the plungers held in
      the respective first extreme positions thereof and said fully extended
      length of said valve actuating means being achieved with the plunger
      remotest from said valve means held in the first extreme position thereof
      and the plunger closest to the valve means held in the second extreme
      position thereof, the plunger closest to the valve means being stepwise
      moved between the first and second extreme positions thereof by the fluid
      pressure developed in the valve actuating means by the working fluid
      directed to the actuating means from said fluid supply means, the working
      fluid from the fluid supply means being applied to at least one of the
      plungers which is selected depending upon the operative position selected
      in the fluid supply means.
NUM  3.
PAR  3. A hydro-pneumatic self-levelling suspension unit as set forth in claim
      2, in which said valve actuating means further comprise cylindrical wall
      means fast on said second cylindrical member and defining a plurality of
      axial bores which are axially arrayed substantially in line with each
      other in said second cylindrical member and in which said plungers are
      respectively axially slidable and lateral wall means including an
      apertured intermediate wall separating axially adjacent two of the axial
      bores from each other, a lateral end wall forming part of the second
      cylindrical member and defining an axial end of the axial bore located
      remotest from said self-levelling valve means and an apertured end wall
      defining an axial end of the axial bore located closest to said valve
      means, said walls providing stop means defining said first and second
      extreme positions of said plungers, said apertured intermediate wall being
      formed with an opening in which the plunger in remoter one of the adjacent
      two axial bores to said valve means is axially slidably received and
      engageable with the plunger in the other of the adjacent two axial bores,
      said apertured end wall being formed with an opening through which the
      plunger in the axial bore located closest to the valve means axially
      projects toward the valve means and connected to said resilient biasing
      means.
NUM  4.
PAR  4. A hydro-pneumatic self-levelling suspension unit as set forth in claim
      3, in which said valve actuating means further comprise wall portions
      formed with fluid passageways leading from said fluid supply means and
      including a first fluid passageway terminating at the axial end of the
      axial bore remotest from said self-levelling valve means for moving the
      plunger in the axial bore from the first extreme position to the second
      extreme position when the working fluid is directed into the first fluid
      passageway, and at least one second fluid passageway terminating
      intermediate between the axially adjacent two of said axial bores for
      moving the plunger in the remoter one of the two axial bores from the
      valve means from the second extreme position to the first extreme position
      thereof and simultaneously moving the plunger in the other of the two
      axial bores from the first extreme position toward the second extreme
      position thereof when the working fluid is directed into the second fluid
      passageway.
NUM  5.
PAR  5. A hydro-pneumatic self-levelling suspension unit as set forth in claim
      4, in which said self-levelling valve means comprise a valve member
      axially movable in said first cylindrical member between a first position
      directing the fluid pressure into the first and second cylindrical members
      and a second axial position discharging the fluid pressure from the first
      and second cylindrical members and in which said resilient biasing means
      comprise a first preload spring urging the valve member toward the first
      axial position thereof and a second preload spring urging the valve member
      toward the second axial position thereof against an opposing force of the
      first preload spring, said first and second preload springs being balanced
      with each other for urging the valve member toward an equilibrium position
      providing said equilibrium position of said valve actuating means, said
      first preload spring being seated at one end on said valve member and
      connected at the other end to the plunger in the axial bore closest to
      said valve member.
NUM  6.
PAR  6. A hydro-pneumatic self-levelling suspension unit as set forth in claim
      4, in which said fluid supply means comprise a source of fluid under
      pressure, and a control valve having a first operative position directing
      the working fluid into said first fluid passageway from the fluid source
      and a second operative position directing the working fluid to said at
      least one second fluid passageway from the fluid source.
NUM  7.
PAR  7. A hydro-pneumatic suspension unit as set forth in claim 6, in which said
      manually operated control means comprise an elongate control member
      axially movable in an axial bore formed in a stationary member and formed
      with a plurality of recess corresponding in number to the number of
      operative positions of said fluid supply means and accordingly to the
      number of said plungers, a plurality of locking members received in said
      stationary member and engageable with said control member through any one
      of said recesses depending upon the axial position of the control member
      relative to the locking member, biasing means for urging the locking
      member against the control member and holding the locking member in
      locking engagement with the control member when the locking member is
      received in any of said recesses, and a control lever operatively
      connected to said control member and adapted to be manually operated to
      drive said control member to axially moved into an axial position having
      any of said recesses located to receive said locking member.
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ABST
PAL  A protective breastplate rigidly attached to the straps of a vehicle seat
      belt in which fiber reinforced material layers are shaped to form an
      air-tight, hollow chamber anatomically adapted to the upper thorax and
      abdomen of a vehicle occupant; a metal mesh lining is provided on the
      interior of the chamber to prevent pointed objects from piercing the
      protector, and an air intake valve is attached at the bottom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to chest protectors especially designed to
      protect the driver and passengers of a vehicle, with the object of
      palliating, as much as possible, the blows received in case of an
      accident, due to the steering wheel or contusive objects of the
      automobile.
PAR  At the present time, as a safety measure particularly for the driver and
      the passenger in the front seat, the use of safety belts has been promoted
      and even made obligatory for vehicles of various types. Such safety belts,
      in most cases, have proven their effectiveness in keeping the users from
      being thrown out of the seat and injured. Despite this important success,
      such belts have certain drawbacks since they do not avoid injury by impact
      of the steering wheel or even the edge of the dashboard when the accident
      moves them toward the seats, reaching the persons sitting there, with
      serious consequences.
PAC  SUMMARY OF THE INVENTION
PAR  To avoid these drawbacks as much as possible and to palliate their
      consequences, the object of the present application has been developed,
      which consists of a chest protector, in the form of a breastplate,
      connected to safety belts, which has an interior chamber that can be
      filled with air thus forming a protecting pneumatic breastplate, able to
      dampen the blows or impacts from the front, naturally, within certain
      limits, which would otherwise have fatal consequences or at least be very
      serious.
PAR  A particularly important characteristic resides in the fact that the plate
      surrounding the pneumatic chamber has incorporated in all its surface a
      metallic mesh, provided for the double purpose of giving the breastplate
      greater resistance, keeping the pneumatic sack from bursting from the air
      pressure, and to prevent any contusive or piercing object from reaching
      the body.
DRWD
PAR  There will be given below a complete description of a preferred embodiment
      with reference to the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a preferred embodiment of a breastplate according
      to the present invention.
PAR  FIG. 2 is a partial cross-sectional view of the breastplate of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As represented in FIG. 1 the present invention consists of a substantially
      flat, hollow air chamber 1 shaped like a breast-plate and anatomically
      adapted to conform to the thorax and abdomen of a vehicle occupant. The
      pad 1 forms an air compartment 2 (FIG. 2) surrounded and shaped by fiber
      layers 3 made solid at their edges by fusion or other fluid tight means;
      fiber layers 3 include an interior lining 4, made up of a metallic mesh
      which gives great resistance and protection to the unit. In a lower part
      is provided an air intake valve 5 located in superposition with the seat
      belt so as not to bother or interfere with the user.
PAR  The chest pad or protector thus constituted is made solid with the straps
      of the safety belt of a vehicle so that they form a single body. Such belt
      comprises an upper strap 6 which runs diagonally and fastens to the body
      of the automobile. Chamber 1 is attached as an integral, central portion
      of the diagonal belt, of which a lower part 7 has a buckle 8 interposed;
      laterally attached to the chamber is a third strap 9 for fastening to the
      body or floor of the car.
PAR  Both the fastening hardware and the buckle are of the standard type, and
      their arrangement on the chest pad 1 is adapted to the position of the
      user, i.e., the location of straps 6, 7, and 9 are adapted to the left or
      right depending on the seat on which they are to be installed.
PAR  In this way, once the driver or rider has been seated, the safety belts are
      buckled in the usual way, whereby the chest protector 1 covers the thorax
      and abdomen, acting as a pneumatic protective shield, once the air has
      been inflated inside through valve 5.
PAR  Air intake valve 5 is placed on the front 1 so that it is located above the
      lower safety belt strap 7, so that it will not extend into or injure the
      user.
PAR  Finally, it should be pointed out that the chest protector thus described
      may be made in various sizes to be adapted in each case to the size of the
      user and the model of the vehicles.
PAR  The shape, dimensions and materials may vary provided that the essence of
      the object described is not altered, changed or modified.
PAR  The terms in which this description is written are intended to be taken in
      a broad exemplary character and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A chest protector for a vehicle occupant comprising a substantially
      flat, hollow air chamber shaped to conform to the thorax and abdomen of
      the occupant, said chamber having a metal mesh interior lining and a
      fiber-reinforced exterior covering; an air valve on said chamber
      establishing selective communication with the interior of the chamber for
      supplying pressurized air thereto; and seat belts to which said air
      chamber is rigidly secured for protective disposition against the lower
      chest and abdomen when the belts are buckled about the occupant.
NUM  2.
PAR  2. The invention according to claim 1 wherein said seat belts include a
      diagonal shoulder belt having said air chamber as an integral, central
      portion thereof and having a buckle interposed in the diagonal belt
      portion below said chamber; and wherein said seat belts further include a
      lateral belt extending from a side of said air chamber for attachment to
      the body and floor of the vehicle.
NUM  3.
PAR  3. The invention according to claim 2, wherein said air valve is disposed
      in superposition with said diagonal belt portion below said chamber so as
      to be shielded from the occupant.
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ABST
PAL  Apparatus for mounting a sidecar to a motorcycle adapted for adjustment by
      the motorcycle rider during transit to alter the orientation of the
      motorcycle relative to vertical to match the needs dictated by varying
      road conditions by providing pivotal connectors located along an axis
      substantially parallel to the direction of travel for relative pivotal
      motion between the sidecar and the motorcycle and by providing all other
      connectors spaced from said axis with means for adjusting their effective
      length.
PARN
PAC  CROSS-REFERENCE
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 499,969, entitled "Sidecar Frame" filed Aug. 22, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  With the recent advent of increased popularity of motorcycles, both as
      sports vehicles and vehicles for basic transportation, an interest in
      motorcycle sidecars has been renewed. The substantial increase in
      passenger and load-carrying capacity provided by a sidecar enhances the
      utility of the motorcycle. A sidecar also adds an element of stability,
      the lack of which might otherwise discourage would-be users or purchasers
      of motorcycles.
PAR  Unfortunately, a motorcycle with a sidecar attached is not as easily
      handled and as maneuverable as a motorcycle without a sidecar attached.
      This factor has been a principal detraction from sidecar use that has
      prevented an increase in popularity of sidecars to the extent realized by
      motorcycles. The difficult handling characteristics of a motorcycle with a
      sidecar attached are due primarily to the fact that such a vehicle is
      asymmetrical with respect to both its center of gravity and its
      aerodynamic characteristics. The center of gravity of a motorcycle is
      located along the elongate axis of the motorcycle extending between the
      front and rear wheels such that upon acceleration or deceleration, or upon
      going uphill or downhill, there is no tendency for the motorcycle to turn.
      Likewise, a motorcycle without a sidecar is aerodynamically symmetrical
      with respect to the elongate axes or axis of travel such that headwind
      force components tending to move the motorcycle to the left are balanced
      by equal forces tending to move the motorcycle to the right.
PAR  When a sidecar is added, typically by mounting it to the right side of the
      motorcycle, the center of gravity of the combined motorcycle and sidecar
      moves to the right of the motorcycle and is located somewhere between the
      wheels of the motorcycle and the sidecar, depending upon the respective
      loads carried by each. Due to the offset center of gravity, and thus the
      offset center of inertia, and due to the fact that drive is only applied
      to the rear wheel of the motorcycle, a tracking problem exists. For
      example, during acceleration, the combined vehicle tends to pivot about
      the center of gravity and turn right, which must be counterbalanced by the
      motorcycle rider turning the motorcycle wheel to the left. More important
      than acceleration forces, because of the usually greater time duration of
      wind forces than that of acceleration forces, the headwind force
      components tending to move the combined vehicle left and right,
      respectively, do not necessarily counterbalance one another such that a
      net force is often present tending to move the combined vehicle to the
      right. The need to apply continuous counterbalancing forces to prevent the
      combined vehicle from turning to the right can be extremely fatiguing for
      the driver of the motorcycle, and thus substantially detract from the
      desired to use the sidecar.
PAR  There have been basically two approaches to counter the tendency of the
      combined motorcycle and sidecar vehicle to move to the right: the
      provision of toe-in and the provision of leanout. Toe-in refers to the
      slight inward set of the sidecar wheel in relation to the wheels of the
      motorcycle. As would be expected, setting of the sidecar wheel so that it
      is directed to the left counteracts the aforementioned tendency of the
      vehicle to turn to the right. Leanout refers to the orientation of the
      motorcycle wheels with respect to vertical. Leaning the motorcycle to the
      left, away from the sidecar, creates a tendency for the vehicle to turn to
      the left, thus also counterbalancing the aforementioned forces tending to
      move the vehicle to the right.
PAR  While provision for leanout and toe-in adjustment have, to a certain
      extent, solved the tracking problem, partially because of the complicated
      nature of prior motorcycle sidecar mounting arrangements, the adjustments
      thereto needed to set a desired degree of leanout and toe-in have likewise
      been complicated and time-consuming. Such adjustments to known sidecar
      mountings can only be performed while the motorcycle and sidecar are
      stationary and various measurements can be made. Furthermore, because of
      the nature of known mounting arrangements, the adjustment of leanout often
      affects the toe-in adjustment, and vice versa, thus requiring alternate
      multiple adjustments to each. The precise manner by which the adjustment
      to leanout is made, of course, varies depending upon the make and type of
      motorcycle and sidecars, but a brief description of the complicated nature
      of the problem involved can be found in "Principles of Rigging" (a brief
      guide to setting up a sidecar) by Frank Thompson Zuch, Don Spaulding and
      R. L. Carpenter at 86, et seq., of the April 1973 issue of Cycle World. As
      pointed out in this article, in most cases only experimentation will
      divulge the optimum setting for leanout. Detaching the sidecar often
      results in the optimum setting being lost. Thus, the more complicated and
      time-consuming the adjustment procedure, the less likely the user will be
      willing to detach the sidecar once attached, which of course detracts from
      the versatility and user satisfaction which could otherwise be enjoyed.
PAR  More importantly, even in mounting arrangements in which the adjustment
      procedure has been somewhat simplified, such adjustments have always been
      static or fixed, and because of this have only met with partial success in
      solving the tracking problem. The adjustments can only be made when the
      vehicle is stationary, and once made, the adjustment mechanisms are locked
      into place and cannot be altered during transit. An optimum setting is
      selected by experimentation and according to the most likely road and
      driving conditions that will be encountered during travel according to the
      user's judgment.
PAR  For example, in the mounting arrangement shown in U.S. Pat. No. 1,461,759,
      the leanout may be adjusted, but only when the vehicle is stationary. The
      sidecar is partially secured to the motorcycle by two pivotal connectors
      adjacent the bottom of the sidecar to permit relative pivotal motion. The
      mounting further includes two elongate connectors which extend from the
      sidecar adjacent the pivotal connectors to points on the frame of the
      motorcycle vertically spaced from the pivotal connectors. While the
      motorcycle is oriented in the desired pivotal position, nuts on the ends
      of the elongate connectors are screwed tightly against opposite sides of
      the frame of the motorcycle. Tightening of the nuts rigidly secures the
      sidecar to the motorcycle and fixes the desired leanout of the motorcycle.
      A turnbuckle member extending from the sidecar adjacent the pivotal
      connectors to the motorcycle at a point thereon vertically spaced from the
      pivotal connectors is provided to make the leanout adjustment and to hold
      the motorcycle in the desired position while the nuts on the elongate
      connectors are tightened. For all practical purposes, the nuts on the
      elongate connectors cannot be loosened by the motorcycle rider during
      transit. Even if this were possible, to do so would render the mounting
      insecure, and for safety reasons the nuts should not be loosened during
      transit. The turnbuckle is ineffective to adjust leanout when the elongate
      connectors are tightly fastened to the motorcycle during transit.
PAR  The provision of toe-in, even with means to adjust it during transit, is
      insufficient to solve the tracking problem. If the sidecar wheel is toed
      in more than 3.degree., excessive tire wear results, and thus, for all
      practical purposed, 3.degree. is the maximum amount of toe-in which may be
      permitted. This limited range of permissible adjustment to toe-in is
      insufficient to solve the tracking problem for the wide range of operating
      conditions that may be encountered. Thus, if the tracking problem is to be
      resolved, it can only be done by altering leanout as the varying operating
      conditions may dictate.
PAR  While, because of the manner in which adjustments must be made to known
      mounting arrangements, the amount of leanout must be fixed, the conditions
      of wind speed, acceleration, and street and highway grades are constantly
      changing under normal driving conditions. A leanout adjustment for high
      speed highway driving when headwinds are maximum is completely
      inappropriate at a lower speed which might be necessitated. A setting for
      high speed will cause the vehicle to tend to turn to the left at low
      speeds. A setting which may be proper when a passenger is being carried
      will be improper when a passenger is not being carried unless ballast is
      provided. Gravitational forces acting on the vehicle when it is climbing a
      hill will tend to cause the vehicle to turn to the right, whereas those
      same gravitational forces when the vehicle is traveling down the other
      side of the hill will tend to make it go to the left. Likewise,
      acceleration will tend to make the vehicle turn right, and deceleration
      will tend to make the vehicle turn left. Another factor which normally
      cannot be taken into consideration when arriving at an optimum setting for
      leanout is the presence of side winds which may tend to cause the vehicle
      to turn either left or right.
PAR  Clearly, these and many varying conditions cannot all be served by a single
      "optimum" setting, and thus, no matter what the fixed setting may be, the
      motorcycle rider may frequently find himself "wrestling" with the
      motorcycle to maintain a straight course.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is concerned with a motorcycle sidecar mounting
      apparatus which is adjustable to vary the vertical lean of a motorcycle
      and, in particular, to such a mounting apparatus which is adjustable by
      the motorcycle rider during transit as varying conditions dictate
      different degrees of leanout for ease of handling.
PAR  In accordance with the present invention, the motorcycle sidecar mounting
      apparatus comprises only two types of load-bearing connectors: pivotal
      connectors and adjustable connectors. The pivotal connectors, if more than
      one, are all located along a common pivot axis parallel to the direction
      of travel, which coincides with elongate axes of the motorcycle and
      sidecar, and secure the sidecar to the motorcycle for pivotal motion
      therebetween about the axis. The only means other than the pivotal
      connectors for rigidly mounting the sidecar to the motorcycle are the
      adjustable connectors. The adjustable connectors are vertically spaced
      from the pivot axis and adjustable in effective length between the
      motorcycle and the sidecar to vary the relative pivotal position
      therebetween and thus to vary the leanout as operating conditions may
      dictate.
PAR  Most, if not all, motorcycle frames have a trapezoidal shape with first and
      second vertices adjacent opposite ends of the lowermost one of parallel
      sides of the trapezoid, and a third vertex adjacent the rearward end of
      the upper parallel side of the trapezoid. These three vertices are points
      of maximum strength of the frame. In a preferred embodiment of the
      mounting apparatus of the present invention, which comprises only three
      connectors, a pair of pivotal connectors is connected to the motorcycle
      frame adjacent the first and second vertices, respectively. The single
      adjustable connector is connected to the frame adjacent the third vertex
      within easy reach of the motorcycle rider for manual adjustment.
PAR  The adjustment mechanism may be a threaded connection such as a turnbuckle
      that may be manually adjustable or powered by an electric motor or the
      like. Alternately, the adjustment mechanism may comprise a piston and
      pneumatic or hydraulic cylinder arrangement. For maximum mechanical
      advantage, the adjustable connector is substantially horizontally disposed
      and adjustable in length in a direction substantially transverse to the
      elongate axis of the motorcycle.
PAR  In order to minimize the required length of the load-bearing connectors to
      thereby maximize their strength, they are preferably connected to the
      sidecar at points located directly alongside corresponding connection
      points on the motorcycle.
PAR  Likewise, to minimize bending stress forces acting on the adjustable
      connector along its length, when the apparatus is used to mount a sidecar
      having a frame comprising a plurality of interconnected elongate struts,
      at least one of which extends in a direction transverse to the direction
      of travel, the adjustable connector is secured to the end of the
      transverse strut coaxially therewith. This connection to the sidecar frame
      renders adjustable the effective length of the strut. The pivotal
      connectors are mounted to the sidecar along an axis which is vertically
      spaced from the end of the transverse strut.
PAR  A further feature of the present invention is that the adjustable connector
      may employ clevis and pin-type connections so that the sidecar can be
      readily attached and detached from the motorcycle.
PAR  Still a further feature of the mounting apparatus is that the spacing
      between the pivot axis and the adjustable connector is maximized to
      minimize the amount of force needed to make the adjustment.
PAR  Moreover, when the adjustable connector is manually adjustable, it is
      secured to the motorcycle adjacent the top of the frame to facilitate
      accessibility thereto by the rider.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing features and advantages will be made more apparent, and
      further features and advantages will be disclosed, in the following
      description of the preferred embodiment taken in conjunction with the
      drawings, in which:
PAR  FIG. 1 is a rear end view of a motorcycle and sidecar employing the
      adjustable mounting apparatus of the present invention and illustrating
      different degrees of leanout.
PAR  FIG. 2 is a perspective view of a sidecar frame connected at preferred
      locations to a motorcycle frame by means of the pivotal connectors and an
      embodiment of the adjustable connector frame;
PAR  FIG. 3 is a view of a partial section taken along section line 3--3 of FIG.
      2. illustrating the preferred manually operable adjustable connector;
PAR  FIG. 4 is a view of a section of another embodiment of the adjustable
      connector which may be powered by an electrical motor and gear
      arrangement; and
PAR  FIG. 5 is a view of a section of yet another embodiment of the adjustable
      connector comprising a piston and pneumatic cylinder and a controlled
      power source therefor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to FIGS. 1 and 2, the adjustable mounting apparatus 8 is shown
      as employed to connect a sidecar 10 to a motorcycle 12. The sidecar 10
      typically has a sidecar coach 14, which is carried by a sidecar frame 16
      comprising a plurality of interconnected elongate struts. At least one of
      the struts, such as strut 18 or strut 19, lies in a plane substantially
      transverse to the direction of travel and to the elongate axis of the
      motorcycle and sidecar. A sidecar wheel assembly including a sidecar wheel
      20 and a sidecar wheel axle 22 is mounted to one side of the sidecar
      frame, and the other side of the sidecar frame is connected to the
      motorcycle 12 by means of the adjustable mounting apparatus 8.
PAR  The motorcycle includes a frame 24 typically constructed of interconnected
      struts, as best seen in FIG. 2, and front and rear wheels 26, a handlebar
      28, and a seat cushion 30, as best seen in FIG. 1.
PAR  Referring specifically to FIG. 2, the typical motorcycle frame 24 is seen
      to comprise an identical pair of transversely connected frame sections 23
      and 24, each of which comprises a plurality of elongate struts
      interconnected in a substantially trapezoidal shape. The right trapezoid
      frame section 24 has upper and lower parallel elongate struts 32 and 34,
      respectively, and a pair of diagonal struts 36 and 38 which extend between
      the respective opposite ends of struts 32 and 34. Diagonal strut 36
      extends between the forward ends of parallel struts 32 and 34 and
      respectively defines therewith upper and lower forward vertices 40 and 42
      of the trapezoid. Diagonal strut 38 diverges from diagonal strut 36 in the
      upward direction and extends between the rearward ends of parallel struts
      32 and 34, defining therewith upper and lower rearward vertices 44 and 46,
      respectively. Struts 34, 36 and 38 may be integrally formed by bending a
      single piece of tubular stock but they are not necessarily so made. In
      addition to the basic trapezoid frame section, an additional diagonal
      strut 48, substantially parallel to strut 36, may extend from vertex 46 to
      a point 50 on strut 32 intermediate its opposite ends.
PAR  A suspension system is typically provided by means of a dashpot-type shock
      absorber 52 and a swing arm 54. The axle of the rear motorcycle wheel
      extends between axle bearing opening 56 at the ends of the swing arms 54,
      only one of which is shown. While not shown in FIG. 2, the seat cushion 30
      is located above frame member 32 adjacent vertex 44.
PAR  Referring again to FIG. 1, by employing the sidecar mounting apparatus 8,
      the orientation of motorcycle 12 with respect to the vertical, as
      represented by vertical axis slot 60, may be adjusted. The motorcycle, as
      drawn in solid lines, is seen in its vertical position and drawn in broken
      line is shown in an exemplary leanout position to which it may be
      adjusted. While not shown in the drawings, the adjustable mounting
      apparatus could be employed to cause the motorcycle to lean inwardly
      toward the sidecar, if so desired.
PAR  The mounting apparatus 8 may comprise only two pivotal connector assemblies
      62 and 64 and a single adjustable connector assembly 66. The pivotal
      connector assemblies 62 and 64 mount the sidecar to the motorcycle for
      relative pivotal motion therebetween, and the adjustable connector
      assembly 66 includes means to vary its effective length to thereby
      selectably vary the relative pivotal position between the sidecar and the
      motorcycle and, thus, vary the leanout of the motorcycle.
PAR  More particularly, with regard to the pivotal connector assemblies 62 and
      64, each comprises a clevis s female member 68 attached to, or integrally
      formed at the end of, appropriate struts of the sidecar frame 16 and a
      male connector 70, which is received within the slot of the clevis
      connector. The male connector 70 may be secured to the frame of the
      motorcycle by means of a plate 72 mounted to the frame by U-bolts or the
      like, or by means of a weld joint, such as at 74. When the male connector
      70 is mated within the slot of the clevis connector 68, a pin 76 extending
      through both secures them together but permits relative pivotal motion
      about a pivot axis 78. To maximize the strength of the connection, one of
      the pivotal connector assemblies is located adjacent the lower forward
      vertex 42, and the other is located adjacent the lower rearward vertex 46,
      which are points of maximum strength of the motorcycle frame. While only
      two pivotal connector assemblies are shown, it should be appreciated that
      if other pivotal connectors were to be added, they would have to be
      mounted for pivotal motion about the common pivotal axis 78.
PAR  The adjustable connector assembly 66, as seen in FIG. 2, preferably
      connects the sidecar to the motorcycle frame adjacent the upper rearward
      vertex 44 of the trapezoid, which, like the other vertices, is a position
      of maximum strength of the frame. This location facilitates accessibility
      to the adjustable connector by the motorcycle rider. In any event, even if
      connected to the frame elsewhere, it must be connected to a point on the
      frame vertically spaced from pivot axis 78. The greater the spacing
      between the adjustable connector and the pivot axis, the lesser the force
      needed to make an adjustment.
PAR  The relative location on the sidecar of the adjustable connector is
      likewise a matter of importance. Preferably, the adjustable connector is
      secured to the sidecar frame at a point directly alongside the connection
      point on the motorcycle so that the adjustable connector is substantially
      horizontally disposed. This minimizes the length of the adjustable
      connector 66 and thus minimizes the thickness dimension of the elements
      thereof needed to provide the requisite strength to withstand bending
      forces applied thereto. Further, if the adjustable connector assembly 66
      is substantially horizontally disposed, substantially all of the
      adjustment forces are applied in the direction of desired movement. The
      application of bending forces or forces tending to break the connection of
      the sidecar frame and the adjustable connector is also minimized by
      mounting the adjustable connector assembly to the frame, at the end of,
      and coaxial with, a strut thereof, such as strut 18, which is also
      substantially horizontally disposed transverse to the pivot axis 78. The
      adjustable connector assembly 66, in fact, may be considered a means for
      adjusting the effective length of such a sidecar frame strut. Finally,
      without regard to whether the adjustable connector assembly is
      horizontally disposed, connecting the adjustable connector assembly to the
      sidecar frame at a point vertically spaced from the pivotal connector
      makes the mounting between the sidecar and motorcycle more rigid than if
      the adjustable connector assembly were secured to the sidecar frame
      adjacent the pivotal connectors.
PAR  Like the pivotal connector assemblies, the adjustable connector assembly 66
      may be secured to the frame by means of a clevis at the end of a connector
      member 80 and a male connector member 70 that is received within the slot
      of the clevis. The male connector member is secured to the frame of the
      motorcycle by means of a plate 82 and the connection is completed by a pin
      76 that passes through the sides of the clevis and the male connector when
      they are matingly engaged. Preferably, the pivot axis 84 provided by the
      clevis and pin connection is substantially parallel to the horizontal
      pivot axis 78 of the pivotal connector assemblies.
PAR  The principal functional characteristic of the adjustable connector is that
      it may be used to alter the relative pivotal position between the
      motorcycle and the sidecar and rigidly hold the motorcycle and sidecar in
      whatever relative position is selected. Preferably, this function is
      performed by varying the effective length of the adjustable connector.
      Different mechanisms can be used to achieve this result.
PAR  As best seen in FIG. 3, for manual adjustment, the adjustable connector
      preferably comprises a turnbuckle 86 in the form of an elongate handle
      grip with openings at opposite ends 90 and 92 which are internally
      threaded in opposite directions. Secured to the end of connector member 80
      is an elongate externally threaded member 88 which is threaded into
      opening 90. Another externally threaded elongate member 93 is secured to
      the sidecar frame at opening 92. Because the two members are threaded in
      opposite directions, when turnbuckle handle grip 86 is rotated about its
      elongate axis in one direction, the sidecar and the motorcycle are pulled
      closer together at this connection point, and when the handle turnbuckle
      86 is rotated in the opposite direction, the sidecar and motorcycle are
      pushed farther apart at this connection point. Thus, the motorcycle rider,
      by turning the turnbuckle, may pivot the motorcycle about pivot axis 78
      and thereby adjust the orientation of the motorcycle with respect to
      vertical.
PAR  Alternately, as shown in FIG. 1, the adjustable connector assembly 66 may
      comprise a single elongate member 96 which is threaded in opposite
      directions, at opposite ends, into respective openings at the ends of
      transverse strut 18 of the sidecar and connector member 80. A lever 98 may
      be provided to facilitate manual rotation of member 96 by the motorcycle
      rider during transit. Like the turnbuckle arrangement shown in FIG. 3,
      when the member 96 is rotated in one direction, leanout is increased, and
      when turned in the opposite direction, leanout is decreased.
PAR  As shown in FIGS. 4 and 5, the adjustable connector assembly need not be
      manually opperated. As seen in FIG. 4, the adjustable connector may
      include an elongate threaded member 100, one end of which is threaded into
      an opening at the end of connector member 80. Member 100 may be driven at
      its other end by means of bevel gear 102, which, in turn, is driven by
      bevel gear 104 that is powered by an electrical motor 106. The electric
      motor may receive electrical energy through leads 107 from the generator
      or battery of the motorcycle.
PAR  Alternately, as as seen in FIG. 5, the adjustable connector assembly 66 may
      be pneumatically or hydraulically powered. The adjustable connector
      assembly 66 shown in FIG. 5 includes a piston arm 110 secured at one end
      to connector member 80. The other end of piston arm 110 carries a piston
      112 that is laterally positionable within a cylinder 114 secured to the
      sidecar frame at the end of transverse strut 18. A source of pressure 116
      is connectable to opposite sides of the piston by means of pressure lines
      118 and 120 through a valve 122. The rider, by activating valve 122, may
      create a differential pressure between the opposite sides of the piston to
      cause the piston 112 and the motorcycle 12 to move relative to the
      cylinder 114 and thereby selectively adjust the motorcycle leanout.
PAR  It should be appreciated that when the adjustable connector assembly is
      manually operated, it should be located within easy reach of the rider,
      such as adjacent vertex 44 beneath the seat cushion 30, but when the
      adjustable connector assembly is powered by an electrical motor, or
      otherwise, it need not be so located.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for mounting a sidecar to a motorcycle and to adjustably vary
      during transit the lean from vertical of the motorcycle, comprising in
      combination:
PA1  means for securing the sidecar to the motorcycle for pivotal motion about
      an axis substantially parallel to the direction of travel of the
      motorcycle and sidecar; and
PA1  an elongate member secured to both the motorcycle and the sidecar at
      respective locations substantially spaced vertically from the axis of said
      pivotal securing means, and adjustable in length when secured to the
      sidecar and the motorcycle for selectively varying the pivotal position of
      the motorcycle relative to the sidecar, said elongate adjustable member
      being rigid and comprising the only rigid means other than said pivotal
      securing means for mounting the sidecar to the motorcycle.
NUM  2.
PAR  2. The mounting apparatus of claim 1 in which said elongate adjustable
      member is coaxially connected with an elongate strut of a sidecar frame.
NUM  3.
PAR  3. The mounting apparatus of claim 1 in which said elongate adjustable
      member is substantially horizontal.
NUM  4.
PAR  4. The mounting apparatus of claim 1 in which the adjustable means
      comprises an elongate connector having one end fixedly secured to the
      sidecar and the other end secured to the motorcycle for pivotal motion
      about an axis substantially parallel to the direction of travel, and means
      for varying the effective length of the connector.
NUM  5.
PAR  5. The mounting apparatus of claim 4 in which said elongate connector
      includes a cylinder, a piston slidably received therein, and means for
      selectively applying differential pressures on opposite sides of the
      piston to position the piston within the cylinder.
NUM  6.
PAR  6. The mounting apparatus of claim 1 in which said motorcycle has a seat
      and said adjustable member is manually actuatable for effecting said
      adjustment and is adjacent the seat.
NUM  7.
PAR  7. The mounting apparatus of claim 6 in which said elongate adjustable
      means includes another elongate member threadedly interconnected with the
      manually actuatable member, said actuatable member being rotatable
      relative to the other member to adjust the effective combined length to
      the members.
NUM  8.
PAR  8. The mounting apparatus of claim 7 in which said actuatable member is a
      turnbuckle.
NUM  9.
PAR  9. The mounting apparatus of claim 7 in which said other member is an
      elongate strut of a sidecar frame.
NUM  10.
PAR  10. The mounting apparatus of claim 7 including a motor and means linking
      the motor with one of the threaded members to transmit rotary motion
      thereto.
NUM  11.
PAR  11. In combination:
PA1  a sidecar frame having a pair of opposite sides and a plurality of
      interconnected elongate struts at least one of which extends between said
      opposite sides with one end thereof adjacent one of said sides; and
PA1  apparatus for adjusting the angular position of a motorcycle relative to
      the sidecar frame when attached thereto, including
PA2  means adjacent said one of the sides for mounting the sidecar frame to the
      motorcycle for relative pivotal motion therebetween about an axis
      vertically spaced from said one end of the one strut and substantially
      parallel to the direction of travel, and
PA2  means for securing the one end of said one strut to the motorcycle
      including means for adjusting the effective length of the one strut to
      change the angular position of the motorcycle about said axis.
NUM  12.
PAR  12. The adjusting apparatus of claim 11, in which said one strut is in a
      horizontal plane above said pivot axis.
NUM  13.
PAR  13. The adjusting apparatus of claim 11, in which the securing means is
      connected at one end thereof to the one end of the one strut and is
      connected at its other end to the motorcycle and said adjusting means
      comprises means to change the spacing between said one and the other ends,
      the length of said securing means being included in the effective length
      of the one strut.
NUM  14.
PAR  14. The adjusting apparatus of claim 13 in which the adjusting means has an
      axis which is substantially coaxial with the axis of the one strut.
NUM  15.
PAR  15. The adjusting apparatus of claim 11 in which said adjusting means
      includes two interconnected members and has a length defined by the
      distance between respective opposite ends thereof, one of said opposite
      ends being secured to the one end of said one strut and the other one of
      said opposite ends being connected to the motorcycle.
NUM  16.
PAR  16. The adjusting apparatus of claim 15 in which one of said members
      includes a cylinder, and the other of said members comprises a piston
      slidably received within said cylinder and said adjusting means further
      includes means to apply pressures to opposite sides of the piston to
      position the piston within the cylinder.
NUM  17.
PAR  17. The adjusting apparatus of claim 15 in which said two members have
      interconnected threaded portions.
NUM  18.
PAR  18. The adjusting apparatus of claim 17 including a source of rotary power,
      and means for connecting said source of rotary power with one of said
      threadably connected members to rotate it and thereby move it relative to
      the other member.
NUM  19.
PAR  19. The adjusting apparatus of claim 17 in which one of said threaded
      members comprises a turnbuckle.
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ABST
PAL  A multiple bicycle carrying rack comprising a bed or base member having
      raised grooved tracks of alternately staggered heights onto which bicycles
      are rolled and handle-bargripping clamps which are lowered from an
      overlying support to forceably engage the handlebars and thereby restrain
      the movement of the bicycles in any direction. The clamps are staggered
      longitudinally of the rails, which in conjunction with the vertically
      staggered wheel grooves permits very close lateral spacing of the
      bicycles, an important feature inasmuch as the rack will be made into, or
      transported on, a trailer. Double locking of the bicycles is accomplished
      by locks for the handlebar clamps and cables passing from the base member
      through the bicycle frames to the clamp locks.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is a multiple bicycle carrying rack intended to meet the
      needs of cyclists who commute long distances or must pass through
      dangerous or prohibited traffic areas such as freeways to reach a
      destination wherein bicycle use is practical or permitted. The rack is
      preferably provided with wheels and towed behind a mass transit bus or the
      like for commuter use but could also be used to serve the needs of bicycle
      touring groups, which have become increasingly popular in the last few
      years. These groups often travel ensemble to a scenic area by motor
      transportation and conduct the bicycle tour in that area, or bicycle one
      way only to or from home, so that a means of transporting the bicycles is
      needed.
PAR  For bicyclists traveling by bus, there is no rack available that will carry
      the large number of bicycles needed and hold them securely and safely
      throughout the jostling and jarring that they often encounter on the roads
      over which they must be transported to reach the distination.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention meets the above detailed need and provides an
      extremely rugged bicycle rack capable of carrying a large number of
      bicycles very securely and successfully preventing the occurence of any
      chafing or other damage to the bicycles in transit, and at the same time
      permitting immediate access to any one, or any number, of the bicycles in
      the rack without the necessity of first removing other bicycles, and
      providing for the quick loading and unloading of the bicycles.
PAR  The unit may be provided with wheels and serve as a trailer, or left
      without wheels and carried in an existing trailer. A bed or base member
      has a plurality of parallel raised rails thereon and each rail defines a
      trough or groove in its upper side to seat the wheels of a bicycle. A long
      crossbar is supported on the base above the height of the bicycles and
      clamps are mounted in staggered fashion on the bar above the troughs. The
      clamps can be individually lowered over the handlebars and a means of
      forcing the clamps firmly against the handlebars and locking them in this
      position is provided, the embodiment illustrated employing modified jacks
      for this purpose. The jacks may be locked with a padlock, and further
      security against theft is provided by cables installed adjacent each
      bicycle station which can be passed through the bicycle frames and coupled
      to the padlock.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the complete rack assembly as used as a
      trailer;
PAR  FIG. 2 is a front elevation view of the rack with portions cutaway and
      showing the position of two representative bicycles carried in the rack;
PAR  FIG. 3 is a side elevation of the complete rack as used as a trailer;
PAR  FIG. 4 is a section view taken along lines 4--4 of FIG. 3;
PAR  FIG. 5 is a side elevation showing the details of a jack clamp assembly.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The rack comprises a base member 10 which includes a planar panel 12
      composed of plywood or other suitably rigid material, and a series of
      parallel rails or beams 14 each of which defines a trough 16. The panel 12
      may be supported by any suitable frame structure such as the rim 18 and
      whatever underlying crossbeams 19 are needed. The base member may be used
      in an existing flat bed trailer, or by the simple addition of wheel
      structure 20 and hitch structure 22, the unit may itself be made into a
      trailer.
PAR  A support means is established above the level of the bicycles by a cross
      bar 24 supported on braces 26, the braces being welded to the cross bar at
      the top and the rim 18 and to the hitch structure 22 at the bottoms.
      Spaced along the crossbar are jacks 28 which are rigidly mounted thereto,
      and the jack shafts 30 serve as shafts for clamp elements 32, the latter
      each comprising two spaced downwardly open V-brackets 34 connected to the
      respective shaft by a spanner bar 36.
PAR  After the bicycles 38 to be transported are rolled into the troughs, the
      respective clamps 32 are forced down by the jacks, which are of course
      operating upside down from their normal mode, so that the V-brackets 34 of
      each clamp each engage an inner portion of each of the handlebars 40 such
      that the clamp straddles the central steering column 42 as best shown in
      FIG. 5. Although jacks have a built-in catch means to retain the clamps in
      the handlebar-engaging position, if equivalent structure is used in place
      of the jacks, catch means must be incorporated. The clamps should of
      course be padded or coated with a resilient material to prevent marring
      the bicycles, and discretion must be used when operating the jacks to
      avoid crushing the bicycles.
PAR  The jacks are oriented on the crossbar 24 so that the shafts 30 project at
      alternately staggered angles, which in conjunction with the staggered
      levels of the troughs 16 permit the bicycles to be carried with reduced
      lateral separation without the handlebars of adjacent bicycles
      interfering, as shown best in FIG. 2. The depending shafts 30 should be at
      an angle such that the projections thereof fall between the points of
      contact of the two wheels with the trough so that the force produced by
      each jack does not have an unstabilizing component.
PAR  The jack structure is detailed in FIGS. 4 and 5. Each jack mechanism is
      attached to the crossbar 24 by any suitably durable means such as by a
      clamp 44 to which the jack has been welded, and it is preferred that a
      spring 46 be tensioned between the jack and jack shaft or clamp to return
      the shaft to its raised position when the catch is released, and since the
      latter structure will be fairly heavy. The upper end of the spring is
      preferably attached to any upwardly extending rod 47 so that more uniform
      spring tension will be effected at different shaft positions. An eyelet 48
      which serves as the attachment point of the spring to the shaft is also
      used to connect a safety strap 50 which encircles the handlebars to reduce
      the chances of an accident should one of the jacks be improperly secured.
PAR  A portion of each jack mechanism is provided with an aperture 52 which is
      integrated with the working mechanism such that a padlock 54 engaged in
      the aperture will prevent operation of the jack. And for added protection
      against theft a strong cable 56 is anchored to the base member 10 near
      each bicycle station and can be threaded through the bicycle frame and
      secured by the padlock as shown best in FIG. 2.
PAR  The operation of the rack should be clear from the above description. One
      or more bicycles are rolled into the troughs 16, the clamps 32 jacked down
      over the handlebars, and the locking means actuated, no more than 10
      seconds being required to load a bicycle onto or off of the rack. Loading
      and unloading can be accomplished from the handlebar side of the rack,
      which may be stationed curbside for safety, and any individual bicycle can
      be loaded or unloaded without distrubing adjacent bicycles. Any type of
      bicycle can be transported in the unit, including those with "butterfly"
      or high rise handlebars, and ladies' bicycles.
PAR  It is noted that the jack mechanism may be replaced with other structure
      which accomplish the same general purpose, and the seat or other
      structural member of the bicycle rather than the handlebars could
      conceivably be clamped, although it is doubtful that such an arrangement
      would effect the stability, durability, safety, versatility, and ease of
      operation of the illustrated embodiment.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rack for carrying at least one bicycle or the like comprising:
PA1  a. a base member defining a plurality of upwardly open elongated parallel
      troughs each dimensioned to seat the wheels of a bicycle placed in
      longitudinal alignment therein, and said troughs being vertically
      staggered to prevent interference of the handlebars of adjacent bicycles
      carried in said rack;
PA1  b. a plurality of clamp elements and means mounting same to said base
      member in spaced relation above said trough;
PA1  c. each of said clamp elements being staggered relative to adjacent clamp
      elements and capable of securely and releasibly engaging a structural
      member of a bicycle resting in a respective one of said troughs.
NUM  2.
PAR  2. Structure according to claim 1 wherein each of said clamp elements
      includes two spaced generally downwardly open generally V-shaped brackets
      mounted on a jack shank and dimensioned to engage the portions of the
      handlebars of a bicycle adjacent the central steering column thereof, and
      said mounting means includes a plurality of jacks, each of which engages a
      respective one of said shanks, whereby said brackets can be forcibly
      lowered against the handlebars of a plurality of bicycles.
NUM  3.
PAR  3. Structure according to claim 2 and including spring means biasing said
      clamp elements upwardly into said jacks.
NUM  4.
PAR  4. Structure according to claim 2 wherein said jacks have structural means
      permitting the immobilization thereof by a padlock, and including cables
      mounted at one end to said base member, each having an eyelet in the other
      end, and of lengths sufficient to pass through a bicycle frame and reach
      said structural means to permit engagement of said eyelets by padlocks
      secured therein, whereby bicycles carried in the rack can each be doubly
      locked by a single padlock.
NUM  5.
PAR  5. Structure according to claim 1 wherein said troughs are alternately
      vertically staggered.
NUM  6.
PAR  6. Structure according to claim 1 wherein said clamping elements are
      staggered longitudinally with respect to said parallel troughs to prevent
      interference with handlebars of adjacent bicycles carried in said rack.
NUM  7.
PAR  7. Structure according to claim 1 wherein said support means includes an
      elongated bar braced above and parallel to said base member and extending
      perpendicularly to said troughs near one end thereof and said clamp
      elements are mounted on said bar and depend therefrom and are lowerable to
      engage bicycle handlebars.
NUM  8.
PAR  8. Structure according to claim 1 wherein said base member is provided with
      wheels whereby the entire rack can be towed as a trailer.
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ABST
PAL  A fifth wheel trailer hitch has a mounting plate rigidly mountable on a
      supporting surface. A pair of spaced upright ends are removably mountable
      on the mounting plate. The hitch has a cross member pivotally mounted with
      the upright ends. A coupler is mounted on the upper side of the cross
      member to engage a coupler on a trailer.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part application based on my
      presently pending application entitled FIFTH WHEEL TRAILER HITCH, having
      Ser. No. 379,713 filed July 16, 1973, issued as U.S. Pat. No. 3,848,894 on
      Nov. 19, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is related to fifth wheel type trailer hitches which are
      removably mountable on a towing vehicle. More particularly, the invention
      is a fifth wheel type trailer hitch which is mountable on the bed of a
      truck or on the bumper of a truck and which can be easily removed from the
      vehicle.
PAR  Numerous types of fifth wheel trailer hitches are known in the prior art
      for pulling trailers. However, these known prior art hitches are generally
      permanently mounted with the vehicles, however, some are removably
      mounted. Of those hitches which are movably mountable with a vehicle they
      generally require a large or broad base of support for stability. In order
      to have a broad base of support these hitches must have a broad or rather
      large mounting fixture permanently mounted in the bed of a truck. This
      mounting fixture generally not removable from a truck bed because it must
      be permanently secured to the truck to rigidly mount the hitch. Because
      this mount is relatively large it prevents any significant use of the
      truck for carrying other loads when the removable part of the hitch is
      removed. As a rule, the permanently installed mounting fixture extends
      transverse to the truck bed across a center portion of the bed and it
      extends upward from the bottom of the bed. This type of fixture would
      obviously prevent the truck from being used to carry lengthy or large size
      loads to prevent damage to the mounting fixture or the cargo.
PAC  SUMMARY OF THE INVENTION
PAR  The fifth wheel trailer hitch of this invention generally includes a fifth
      wheel type coupling apparatus and a mount therefor wherein the mount
      structure enables the hitching apparatus to be removably mounted with a
      vehicle. More specifically, the hitch of this invention can be mounted in
      the bed of a truck on the floor thereof or it can be mounted on a vehicle
      bumper. The fifth wheel hitch mount has a mounting plate which is rigidly
      mountable on a supporting structure, and a pair of spaced upright end
      portions which are removably mountable with the mounting plate. The hitch
      structure has a cross member with a shaft mounted therethrough with the
      shaft being pivotally mounted in the upright end portion. A coupler is
      mounted on the upper side of the cross member and constructed and adapted
      to receive and mount in towing relation a coupler apparatus such as a king
      pin or the like on a trailer. The mounting plate has a socket and guide
      structure to receive and position the upright ends so they can be rigidly
      secured to the mounting plate. When the trailer hitch is mounted with a
      truck bed it is secured to the chassis of the truck and positioned on the
      floor of the truck bed. When the hitch is mounted with a vehicle bumper
      the mounting plate is rigidly secured to a horizontally disposed portion
      of the bumper structure.
PAR  One object of this invention is to provide a fifth wheel trailer hitch
      structure overcoming the aforementioned disadvantages of the prior art
      devices.
PAR  Still, one other object of this invention is to provide a fifth wheel
      trailer hitch structure having a mounting assembly with a mounting plate
      that is rigidly securable to a supporting surface and a pair of spaced
      upright end portions which are removably mountable with the mounting
      plate.
PAR  Still, another object of this invention is to provide a fifth wheel trailer
      hitch structure which has a mounting assembly for removably mounting same
      with a vehicle wherein the removable portion of the hitch structure has a
      cross member with a coupling apparatus on the upper side thereof to
      receive and mount in towing relation a cooperative coupling apparatus such
      as a king pin on a trailer or the like.
PAR  Yet, another object of this invention is to provide a fifth wheel trailer
      hitch structure for use with a pickup truck or the like wherein the hitch
      is removably mountable in the bed of the truck with only a small
      relatively thin mounting plate being permanently mounted with the truck.
PAR  Still, another object of this invention is to provide a fifth wheel trailer
      structure for use with a vehicle wherein the hitch is removably mountable
      with the bumper of the vehicle and further wherein the hitch has a small
      relatively thin mounting plate permanently mounted with the bumper.
DRWD
PAR  Various other objects, advantages, and features of the invention will
      become apparent from those skilled in the art from the following
      discussion, taken in conjunction with the accompanying drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a portion of the rear of a vehicle having a
      safety bumper with the trailer hitch of this invention mounted thereon. A
      portion of a gooseneck-type trailer connector is shown in dashed lines
      mounted with the hitch;
PAR  FIG. 2 is a side elevation view of the trailer hitch in mounted position in
      the bed of a truck, with portions of the bed and wheel well of the pickup
      truck shown for clarity. A pin box type trailer coupler is shown in dashed
      lines mounted with the hitch;
PAR  FIG. 3 is a top plan view of the hitch and the mount alone;
PAR  FIG. 4 is a front side elevation view of the hitch and the mount therefor;
PAR  FIG. 5 is a rear elevation view of the hitch and the mount with the rear
      portions of the bearing plate cut away for clarity;
PAR  FIG. 6 is a top plan view of the mounting plate alone with the interior of
      the sockets shown in dashed lines;
PAR  FIG. 7 is a side elevation view of the hitch and the mount with the upright
      ends displaced from their mounted position illustrating how they engage
      the mounting plate; and
PAR  FIG. 8 is a bottom plan view of the cross member of the hitch with the
      center portion of the shaft cut away for clarity exposing the jaw and
      locking bolt assemblies of the coupler. The jaw is shown in dashed lines
      in a pivoted position.
DETD
PAR  The following is a discussion and description of preferred specific
      embodiments of the fifth wheel trailer hitch structure of this invention,
      such being made with reference to the drawings, whereupon the same
      reference numerals are used to indicate the same or similar parts and/or
      structure. It is to be understood that such discussion and description is
      not to unduly limit the scope of the invention.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to the drawings in detail and in particular to FIG. 1, wherein
      the trailer hitch structure of this invention is indicated generally at 10
      and shown mounted on a vehicle bumper 11. The fifth wheel trailer hitch
      structure 10 of this invention includes a mount assembly 12 which
      pivotally mounts a cross member 14 on the upper portion thereof. A coupler
      assembly, indicated generally at 16, is mounted on the upper portion of
      the cross member 14. The mount assembly 12 is constructed so that the
      cross member 14 can be removed from the mount assembly. The pivotally
      mounted cross member 14 is in use supported to pivot about a line
      transverse to the elongated axis of the vehicle on which it is mounted.
      The coupler assembly 16 is constructed and adapted to receive and mount a
      king pin or the like of a trailer in a towing connection. FIG. 1
      illustrates, in dashed lines, a gooseneck-type coupler, indicated
      generally at 18, connected with the trailer hitch 10. FIG. 2 shows the
      trailer hitch structure 10 mounted in the bed of a truck and connected
      with a pin box, indicated generally at 20 and shown in dashed lines.
PAR  The mount assembly 12 includes a mounting plate member 22 with socket and
      guide members secured to its upper portion, and upright end members 24 and
      26 removably mountable with the socket and guide members. Each of the
      upright end members 24 and 26 has a sleeve member rigidly mounted
      therethrough to receive and pivotally mount a shaft. The sleeve members 28
      and 30 are secured to the end members 25 and 26 respectively. The socket
      and guide portion of the mount assembly 12 includes socket members 32 and
      34 rigidly secured to one edge portion of the mounting plate 22 and guide
      members 36 and 38 rigidly secured to the opposite side of the mounting
      plate 22 as shown in FIG. 6. The socket members 32 and 34 have generally
      cross-sectionally U-shaped sides which are rigidly secured to the upper
      surface of the mounting plate 22 with their open portion opening toward
      the center portion of the mounting plate. The socket members 32 and 34 are
      covered on the closed end portion of their sides which is the portion
      nearest to the peripheral portion of the mounting plate 22. The guide
      members 36 and 38 are generally U-shaped members which have their sides
      secured to the upper surface of the mounting plate 22 and which open
      toward the center portion of the mounting plate. FIG. 7 shows socket 34
      and guide member 38 in a vertically taken cross section.
PAR  The upright end members 24 and 26 are both constructed essentially the same
      and each has lug members extending oppositely from the lower portion
      thereof. For the upright end member 24 the lugs are indicated at 40 and
      42. For the upright end member 26 the lugs are indicated at 44 and 46. Lug
      members 40 and 44 are each provided with an aperture as shown in FIG. 8.
      The mounting plate 22 is provided with threaded apertures 50 and 52
      located in the confines of the U-shaped guide members 36 and 38. When the
      trailer hitch 10 is secured to the mounting plate 22 then bolts are passed
      through the apertures in the lugs 40 and 44 and connected with the
      mounting plate at the threaded apertures 50 and 52 to secure the upright
      end members 24 and 26 rigidly in place on the mounting plate 22. The
      mounting plate 22 is also provided with a plurality of apertures indicated
      at 54 at its corners and at midpoints on its opposed sides as shown in
      FIG. 6. The apertures 54 are used to receive mounting bolts for securing
      the mounting plate to a suitable supporting structure such as the bumper
      11 as shown in FIG. 1 or the truck bed as shown in FIG. 2.
PAR  The cross member portion of the trailer hitch structure 10 is essentially a
      box-like structure having a front side 58, a rear side 60, and opposed
      ends 62 and 64 which are rigidly secured together. The opposed ends 62 and
      64 extend downward and below the front side 58 and back side 50 as shown.
      A shaft 66 is rigidly secured to the opposed ends 62 and 64 with the
      opposed ends of the shaft extending substantially from the cross members
      ends 62 and 64. The opposed end portions of the shaft 66 are mounted in
      the sleeves 28 and 30 of the upright members 24 and 26. The shaft 66
      extends transversely through the cross member as shown. The cross member
      back 60 has an aperture 68 as shown in FIG. 5 to receive and pass the
      coupler pin of a trailer or the like. The interior of the cross member 14
      encloses the jaw and locking bolt portion of the coupler mechanism 16. The
      top of the cross member is defined by the bearing plate 70. The bearing
      plate 70 is a generally U-shaped plate like member on which a flanged
      portion of a trailer coupler rests when it is connected with the trailer
      hitch 10. The bearing plate 70 has a U-shaped notch or slot 72 which
      extends into its center portion as shown. The slot 72 opens rearward. The
      rearwardly disposed end portions 74 and 76 of the bearing plate 70 are
      turned downwardly as shown. The coupler mechanism 16 includes a jaw member
      78 pivotally mounted on a brace member 80 located inside the cross member.
      The brace member 80 extends between all four sides of the cross member 12
      inside the cross member and it is spaced slightly below the bearing plate
      70. The brace 80 is notched to correspond with the bearing plate notch 72.
      The jaw 78 is pivotally mounted by a bolt 82. The jaw 78 is elongated with
      one end mounted at the bolt 82 and the opposite end thereof having an
      elongated slot 84. The jaw 78 spans the notch 72 in the bearing plate 70
      and brace 80 as shown in FIG. 8 when it is in the locked positioned. A
      locking bolt 86 is slidably mounted in the cross member and supported in a
      sleeve like guide 88. A lever 90 is pivotally secured to the underneath
      side of the bearing plate 70 and pivotally secured on one end to one end
      portion of the locking bolt 86. The handle end of the lever 90 extends
      forwardly preferably beyond the forward end of the bearing plate 70. A
      spring assembly is provided to urge the handle end portion of the lever 90
      outward thus urging the locking bolt 86 toward the locked position. FIG. 8
      shows the locking bolt 86 in the locked position. The spring assembly
      includes a spring guide member 92 pivotally mounted with the handle end
      portion of the lever 90 and slidably mounted in a lug 94 on the cross
      member's forward side 58. A spring 96 is mounted in compression over the
      guide member 92 between the lug 94 and the end portion of the guide member
      92 which is attached to the lever 90. The force of the spring 96 against
      the lug 94 urges the handle end portion of the lever 90 outward and the
      locking bolt 86 toward the locked position.
PAR  The coupling mechanism 16 also has a second locking bolt assembly in
      addition to the first described locking bolt assembly. The second locking
      bolt assembly is provided as a lock or a securing device for the first
      described locking bolt assembly. The second locking bolt assembly has a
      locking bolt 100, preferably in the form of an elongated rod, which is
      mounted with the cross member 14 and resiliently urged toward the first
      locking bolt 86. The locking bolt 100 extends through an aperture in the
      side 58 and it is supported by a lug 102 inside the cross member. Lug 102
      is rigidly secured to side member 62. The locking bolt guide 88 is
      provided with an aperture (not shown) to receive the end portion of the
      locking bolt 100. Accordingly locking bolt 86 is provided with an aperture
      (not shown) in a midportion thereof to receive and hold in a locking
      relation the end portion of locking bolt 100. The aperture in locking bolt
      86 aligns with the aperture in guide member 88 when locking bolt 86 is in
      the locked position so the end of locking bolt 100 can pass through the
      guide 88 into the aperture in locking bolt 86 to secure locking bolt 86 in
      the locked position. FIG. 8 shows the second locking bolt 100 in the
      locked position with the other locking bolt 86. A spring 106 is compressed
      between the front cross member 58 and a stop member 108 rigidly secured on
      the locking bolt 100. The force of the spring between the stop member 108
      and the front member 108 urges the locking bolt 100 to the locked position
      or toward the locking bolt 86. The second locking bolt 100 is provided
      with a handle like portion 110 on its outer end portion which is external
      to the front member 58. The handle portion 110 is generally U-shaped as
      shown. When the second locking bolt 100 is in the locked position the
      extreme end of the handle portion thereof 100 is preferably positioned as
      shown in FIGS. 2 and 4 with the tip of the unattached end portion thereof
      being adjacent to the cross member end 62.
PAR  The novel locking bolt structure of the fifth wheel trailer hitch of this
      invention is an important feature of the invention. The two locking bolts
      86 and 100 function cooperatively to retain the jaw 78 in a secured or
      locked position. When the jaw 78 is in the locked position as it would be
      when towing a trailer the locking bolts 86 and 100 are positioned as
      shown. When the jaw 78 is opened or released from the locked position it
      can be positioned as shown in the dashed lines of FIG. 8. In order to
      release the jaw the second locking bolt 100 is pulled with its handle
      portion 110 being moved away from the member front 58 and the handle end
      portion of the lever 90 being pushed toward the center portion of the
      trailer hitch. It is to be noted that the second locking bolt 100 can be
      rotated so the tip of its handle end portion 100 rests on the cross
      member's front side 58 to position it so that it will not interfere with
      the motion of the first locking bolt 86. It is to be noted that spring 96
      urges locking bolt 86 to the extended position as shown in the solid lines
      in FIG. 8. In use the jaw 78 is positioned as shown in the dashed lines of
      FIG. 8 prior to receiving the coupling pin of a trailer or the like. Once
      the trailer hitch is positioned at the trailer's coupling pin the vehicle
      supporting the trailer hitch is backed into position so the coupling pin
      is passed into the slot 72 in the bearing plate 70 through and the
      aperture 68 in the cross member side 60 and engaged with the slot 84 in
      the jaw 78. As the trailer hitch continues to move rearward the jaw slot
      84 contacts the coupling pin and the jaw 78 rotates to the position shown
      in the solid lines of FIG. 8. When the jaw 78 is in this position the
      locking bolt 86 slides over the ends of the jaw 78 to finally rest in the
      locked position as shown in the solid lines in FIG. 8. Once the locking
      bolt 86 is in position the second locking bolt 100 can be moved to the
      locked position to secure the locking bolt 86.
PAR  In order to secure the trailer hitch 10 to a vehicle for use the mounting
      plate 22 is first secured to the vehicle by any suitable manner and
      preferably as described hereinafter on a vehicle bumper 11 or on a truck
      bed. The mounting plate 22 is preferably positioned with the socket
      members 32 and 34 being on the rearwardly disposed portion of the mounting
      plate. However, it is to be understood that the sockets can be on the
      forwardly disposed portion of the mounting plate 22 if desired. The
      upright end members 24 and 26 are secured to the socket members and guide
      members on the mounting plate by inserting the lugs 42 and 46 into the
      socket members 32 and 34 respectively, and at the same time lowering the
      other lugs 40 and 44 into the guide members 36 and 38 respectively. FIG. 7
      illustrates the relative position of the lugs, socket member 34 and guide
      member 38 with the upright end 26 being in a slightly displaced position.
      To mount the upright end members they are moved downwardly and toward the
      sockets as the lugs are inserted into the socket members and guide
      members. An upward motion is used to dismount the upright ends 24 and 26
      from the mounting plate structure 12. Once the upright ends 24 and 26 are
      in place with the mount 12 they are secured by bolts through the apertures
      in the forwardly disposed lugs 42 and 44.
PAR  FIG. 1 shows the trailer hitch 10 of this invention mounted on a vehicle
      bumper 11. The vehicle bumper is preferably of the type generally referred
      to as a safety bumper and commonly used on small trucks such as pickups
      and on some recreational and utility vehicles. The bumper 11 is normally
      rigidly secured to the chassis of the vehicle on which it is mounted so
      that it provides a rigid mounting structure for a trailer hitch. The
      bumper 11 as illustrated, has a recessed portion with an open top and an
      open back located in the center portion thereof. A plate member 114 forms
      the bottom of the recessed portion. The plate member 114 is preferably
      rigidly secured, by welding, to the bumper structure and it extends
      rearwardly beyond the rear edge portion of the bumper's opposed end
      portions 116 and 118. The plate member 114 is significantly larger than
      the bottom member of a conventional safety bumper because it must
      accommodate the mounting plate 22. Preferably the mounting plate 22 is
      rigidly secured to the bumper plate member 114 by bolts or the like
      passing through the apertures 54 in the mounting plate. The bumper plate
      member 114 is large enough to accommodate the trailer hitch 10 in the
      mounted position so the lever 90 and forward portion of the bearing plate
      70 do not contact any portion of the bumper or the vehicle. The fact that
      the cross member 14 is removably mountable with the mount structure 12 is
      an important feature of the invention when it is used on a vehicle bumper
      because it allows this portion of the hitch to be removed when it is not
      needed. Because the cross member 14 is removable it provides an obvious
      safety feature as well as providing for removal of the operating portions
      of the hitch structure to prevent theft.
PAR  FIG. 2 shows the trailer hitch 10 mounted in the bed of a pickup truck or
      the like. In this installation the mounting plate 22 rests on the floor
      120 of the truck bed and it is bolted to chassis cross members 122 and 124
      extending under the bed floor. The cross members 122 and 124 may be added
      to an existing truck structure by welding them to the sides of the chassis
      as required or they can be provided in new constructions. Preferably the
      mounting plate 22 is bolted to the floor 120 and to the members 122 and
      124 so it can be removed if necessary. It is to be noted that the trailer
      hitch 10 is quite close to the floor 120 of the truck bed and
      substantially spaced below the top of the sides of the bed when it is
      installed in a pickup truck. A wheel well of a pickup truck is indicated
      at 126 to illustrate the relative size of the preferred construction of
      the trailer hitch 10. When the mount assembly 12 is secured to the bed
      portion of a truck as shown the mounting plate 22, the sockets 32 and 34
      and the guides 36 and 38 are relatively close to the upper surface of the
      floor 120, thus, they provide only a very minimal obstacle when the cross
      member 14 is dismounted and removed. Normal conventional pickups as
      currently manufactured have the top of the wheel wells approximately 14
      inches (35.6 cm) above the bed's floor 120 and the top of the sides is
      approximately 22 inches (55.9 cm) above the floor 120. In practice the
      trailer hitch of this invention has been constructed with the top of the
      bearing plate 70 being approximately 9 inches (22.8 cm) above the floor
      120.
PAR  It is to be noted that the trailer hitch 10 of this invention can be
      mounted on the chassis of a vehicle as well as the bumper and bed
      installations described above. For instance, it can be mounted directly on
      the chassis of a tractor type vehicle that is used primarily for pulling
      trailers. Or it can be mounted on a dolly like vehicle that is used in
      pulling multiple trailer vehicles.
PAR  In the manufacture of the fifth wheel trailer hitch 10 of this invention it
      is obvious that same can be easily constructed to achieve the end product.
      The structural features of the fifth wheel trailer hitch are basically
      simple and would present no manufacturing problems. The construction of
      the mount assembly 12 can be easily accomplished by mass production
      techniques so that the upright ends are interchangable while still
      maintaining relatively close tolerances. The basic construction of the
      coupler assembly 16 is relatively simple and can also be constructed by
      mass production techniques.
PAR  In the use and operation of the fifth wheel trailer hitch of this invention
      it is seen that same provides a fifth wheel type trailer hitch which is
      usable with the popular style of the small and intermediate size utility
      and travel trailers which utilize the fifth wheel type hitch. The trailer
      hitch structure 10 has a relatively small mounting plate which can be
      permanently secured to the floor of a truck bed or to the bumper of a
      vehicle. Because the permanently mounted mounting plate is relatively
      small and thin it will not substantially interfere with the use of the
      truck bed for carrying cargo nor will it provide any significant unsightly
      fixture on the vehicle bumper. The structure of the upright ends and cross
      member is such that the major portion of the hitch can be easily removed
      from the mounting plate.
PAR  As will become apparent from the foregoing description of the Applicant's
      fifth wheel trailer hitch, relatively simple means have been provided to
      add a removable feature to a fifth wheel trailer hitch which is often
      normally permanently mounted on a vehicle. The trailer hitch structure is
      simple in construction, thus, economical and easy to manufacture. The
      hitch structure is simple to use because it has a minimum number of moving
      parts. Because the hitch is easily removable from its mount this feature
      enables a truck which has the hitch structure mounted on the floor of the
      bed to be used for carrying cargo when the hitch is not needed for towing.
      Also, because the hitch is easily removable it can be rapidly removed and
      stored to prevent theft or damage from vandalism or other causes.
PAR  While the invention has been described in conjunction with preferred
      specific embodiments thereof, it will be understood that this description
      is intended to illustrate and not to limit the scope of the invention,
      which is defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fifth wheel type trailer hitch, comprising:
PA1  a. a mount means having a mounting plate rigidly mountable on a supporting
      structure and a pair of spaced upright end portions, said mounting plate
      having means to removably mount said upright end portions, and said
      upright end portions each having in the upper portion thereof a pair of
      oppositely extending lugs on a lower portion thereof to pivotally receive
      and mount a shaft, said means to removably mount said upright end portions
      has a socket and guide means to receive and hold said lugs in a mounted
      relation,
PA1  b. a cross member having a shaft mounting means in opposite portions
      thereof and having a shaft mounted in said shaft mounting means and
      extending from said cross member, said shaft being mounted in said means
      to pivotally receive and mount a shaft,
PA1  c. coupling means mounted on the upper side of said cross member and
      constructed and adapted to receive and mount in towing relation a
      cooperative coupling means on a trailer or the like, and
PA1  d. said coupling means has an entrance slot in said cross member, a jaw
      member movably mounted with said cross member, a locking bolt slidably
      mounted to secure said jaw member in an operating position and a second
      locking bolt slidably mounted to in use secure said first named locking
      bolt when said first named locking bolt is securing said jaw member.
NUM  2.
PAR  2. The hitch of claim 1, wherein:
PA1  a. said socket and guide means has a pair of socket members rigidly secured
      to the upper side of said mounting plate on one edge portion thereof, said
      socket members opening toward the center portion of said mounting plate,
      and
PA1  b. said socket and guide means has a pair of guide members rigidly secured
      to said mounting plate on an edge portion thereof opposite to said first
      named edge portion and opposite to said socket members, said guide members
      opening toward said socket members and opening upward.
NUM  3.
PAR  3. The hitch of claim 2, wherein:
PA1  a. said means to removably mount said end portions has an aperture through
      one of said lugs on each of said upright end portions, an aperture through
      said mounting plate, and a pair of bolts mountable through said apertures
      to rigidly secure said upright end members to said mounting plate, and
PA1  b. said guide members are generally U-shaped members.
NUM  4.
PAR  4. The hitch of claim 1, wherein:
PA1  a. said jaw member has an open slot on one side thereof and said jaw member
      is pivotally mounted on the underside of said cross member, said jaw
      member being pivotal between a first position with said slot being
      generally transverse to said entrance slot and a second position with said
      slot opening into said entrance slot in the same general direction as said
      entrance slot,
PA1  b. said first named locking bolt being slidable to an extended position
      having one end thereof contacting said jaw member to prevent rotation
      thereof, and
PA1  c. said second locking bolt being engagable with an end portion of said
      first named locking bolt opposite said first named end thereof to secure
      said first named locking bolt in said extended position.
NUM  5.
PAR  5. The hitch of claim 1, wherein, said hitch is mountable on the bed of a
      truck on the floor thereof.
NUM  6.
PAR  6. The hitch of claim 1, wherein, said hitch is mountable on a horizontally
      disposed portion of a vehicle bumper.
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ABST
PAL  This invention relates to a mechanism for connecting and disconnecting
      service lines between a pair of relatively articulated vehicles, such as
      electrical service lines and service lines for pressurized operating
      fluids, between a tractor and a semitrailer, one of which having a fifth
      wheel and the other a king pin and each having one connector in the
      vicinity of the fifth wheel and the king pin, respectively, for the
      connection of said service lines, one of said connectors being mounted on
      a support which is reciprocably movable along a circular path having its
      center on the common geometrical axis of the fifth wheel and king pin when
      coupled together, whereby said one connector is free to be moved on one
      vehicle by the other connector which is fixed to the other vehicle in case
      of articulation between the tractor and the semitrailer, and one of said
      connectors being movable in relation to the other into and out of
      engagement therewith by means of an operating mechanism for the connecting
      and disconnecting of the service lines.
BSUM
PAR  This invention relates to a mechanism for connecting and disconnecting
      service lines, such as electrical service lines and service lines for
      pressurized operating fluids, between a tractor and a semitrailer which
      are equipped with a fifth wheel and king pin, respectively, for
      mechanically coupling them together, and with at least one connector on
      each vehicle for the connection of the service lines.
PAR  It has already been suggested to provide the connectors for the service
      lines between tractors and semitrailers in the vicinity of the vehicle
      coupling members, i.e. the fifth wheel and the king pin, in such a way
      that the connectors are readily connectable after the mechanical coupling
      has been estabilished. It was decided to combine the connector of the
      semitrailer with the king pin proper and to place the connector of the
      trailer at the center of the fifth wheel below the position occupied by
      the lower end of the king pin after being coupled with the fifth wheel so
      that the connectors are then readily connectable by upward movement of the
      connector in the fifth wheel. By the articulating movements of the
      vehicles during travel the connectors must be able either to effect a
      rotary movement relative to one another with retained connecting
      engagement (for instance according to U.S. Pat. No. 2,924,464), which is,
      however, disadvantageous in several respects, or to follow one another,
      which necessitates making one connector rotatable in relation to its
      support. The latter solution is far superior in that it permits a more
      reliable connection and protects the connector elements against wear (cf.
      U.S. Pat. No. 3,711,122).
PAR  To make said central location of the connectors possible one connector was
      placed in the king pin, which necessitated making the king pin hollow,
      while the other connector was placed in a hollow movable piston in which
      the connector was mounted for rotation.
PAR  However, it has proved desirable to avoid weakening the king pin by making
      it hollow, and still to retain the advantages of connectors one of which
      is rotatably supported and fixedly connected with the other connector to
      take part in its movements upon articulation of the vehicles. In other
      words, it is desirable to retain the advantages gained by the construction
      according to U.S. Pat. No. 3,711,122 and at the same time to use a
      conventional solid king pin and an optional device for locking it.
PAR  To this end, the present invention provides a mechanism for connecting the
      service lines of a tractor-semitrailer combination, in which at least one
      connector associated with the service lines of the semitrailer or the
      tractor and is arranged, respectively, at a distance from the king pin of
      the semitrailer and at a distance from the fifth wheel center for the king
      pin, on a support mounted on the respective vehicle unit, i.e. the
      semitrailer or the tractor, for movement about said king pin and said
      center, respectively, by means of which support the connector is
      reciprocably movable along a circular path about the common geometrical
      axis of the king pin and the center, and said connector and the mating
      connector of the other vehicle unit are carried in the disconnected state
      in such positions as to go free from one another and from the king pin
      upon mechanical coupling of the vehicle units and in such a manner that
      the two connectors, by either connector being movable in relation to the
      other into and out of connection therewith by means of an operating
      mechanism, are engageable after the mechanical coupling of the vehicle
      units has been completed so that the coupled vehicle units are then
      allowed to articulate with retained engagement between the two connectors
      in that one connector takes part in the movement of the other connector.
PAR  By the provision of the mechanism according to the invention the vital
      parts of the mechanical coupling are entirely relieved of the mechanism
      for the connection of the service lines, the connectors will have
      sufficient room and, moreover, a connection will be realized between them,
      which is entirely free from wear in the connected state. According to the
      invention, the electric and pneumatic connector elements of the connectors
      may be constructed in the manner disclosed by U.S. Pat. No. 3,711,122, and
      the connectors may be combined with a fifth wheel and king pin of
      conventional construction. As a consequence, it will be possible in a
      relatively simple manner, to equip also existing mechanical semitrailer
      couplings with a novel connecting mechanism.
DRWD
PAR  The invention will be more fully described hereinbelow and with reference
      to the accompanying drawings in which:
PAR  FIGS. 1-3 diagrammatically illustrate three alternative embodiments of a
      connecting mechanism according to the invention combined with a fifth
      wheel;
PAR  FIG. 4 is a diagrammatic view of an operating mechanism for the connector
      in FIG. 1, 2 or 3;
PAR  FIG. 5 is a more detailed longitudinal section of the mechanical coupling
      means of a tractor and a semitrailer in the coupled state, and of a
      service line connecting mechanism, likewise shown with the connectors in
      the connected state;
PAR  FIG. 6 is a view, similar to FIG. 5, of a modified embodiment;
PAR  FIG. 6A diagrammatically illustrates part of a signal indicating circuit
      which is adapted to be closed upon connection;
PAR  FIG. 7 illustrates the fifth wheel in FIG. 6 with the coupling means in the
      position they occupy before coupling is established with the coupling
      means of the semitrailer;
PAR  FIG. 8 is a somewhat schematized cross section on the line VIII--VIII in
      FIG. 6 and illustrates the cam guiding the ring which is rotatably mounted
      in the fifth wheel and on which one connector is carried;
PAR  FIG. 9 is a detailed view of a device for retaining the ring in an
      approximately correct initial position prior to connection.
DETD
PAR  In FIG. 1, 1 designates a fifth wheel which is substantially of
      conventional construction and equipped with spring-loaded locking jaws 2
      for retaining the king pin 3 of a semitrailer vehicle in coupled position
      in the fifth wheel. The relations of the fifth wheel 1 and the king pin 3
      to a tractor and a semitrailer, respectively, are not shown, as they may
      be considered conventional.
PAR  According to the invention, a connector 4 associated with the service lines
      of the tractor is carried on a circular plate 5 which is mounted for
      rotation in guides (not shown) in the fifth wheel. The plate 5 may be
      located in a recess 6 of the fifth wheel on a level immediately beneath
      the upper side (supporting surface) of the fifth wheel and may reach in
      beneath the upper wall of the fifth wheel. The plate 5 is formed with a
      rearwardly open recess 7 corresponding to the guide opening formed in the
      fifth wheel for the king pin 3, said rearwardly open recess 7 terminating
      inwardly in a circular curved bearing surface 8 against which the king pin
      3 can rest in coupled position. The locking jaws 2 can be arranged to keep
      the king pin 3 engaged with the surface 8 or the plate 5 can be loaded
      towards the king pin 3 so that the circular path of motion of the
      connector 4 is always centered with respect to the axis of the king pin 3.
PAR  The connector 4 in the plate 5 is arranged so as to be raisable and
      lowerable out of and into respectively a position of rest and a connecting
      position relative to the mating connector of a semitrailer by means of an
      operating mechanism which is not shown in FIG. 1 but can be arranged in a
      manner similar to the device for raising and lowering the locking pin in
      the connecting mechanism disclosed by U.S. Pat. No. 3,711,122 (a
      combination of spring and pnuematic bellows) or also for instance in the
      manner illustrated in FIG. 4 or FIG. 5.
PAR  The connector mounted to the semitrailer and adapted to be connected with
      the connectors 4 in FIG. 1, is not illustrated since it may here be
      sufficient to mention that it shall be fixedly mounted in a suitable
      height position so as to permit being moved freely inwardly over the upper
      plane of the fifth wheel into a position opposite the connector 4 when the
      king pin 3 reached its coupling position, and at a sufficiently small
      distance above the connector 4 in order that said connector 4 may be
      raised by as small a distance as possible into the contemplated
      engagement.
PAR  Alternatively, the connector 4 can of course be axially fixed and the
      connector of the semitrailer be axially displaceable downwards to
      establish engagement. It is also conceivable to provide the connector of
      the semitrailer in such a manner that it is movable along a circular path,
      in which case the connector 4 should be fixed in a given position.
PAR  In a modification of the FIG. 1 embodiment the connector 4 is carried on a
      support (not shown) which is mounted beneath the upper wall of the fifth
      wheel 1 and by means of which the connector is reciprocably movable in an
      arcuate semicircular slot (not shown), the center of the slot and that of
      the movement of the support lying in the hub center of the fifth wheel. In
      this instance, the plate 5 is thus replaced by the movable support (not
      shown) described for the connector 4 which in the position of rest
      (disconnected position) is carried with its upper end beneath the upper
      side of the fifth wheel 1.
PAR  As illustrated in FIG. 1 a spring-loaded centering ball or pin 10 is
      mounted in the fifth wheel, and in the position illustrated in FIG. 1 said
      ball or pin 10 engages in a recess in the plate 5 mounted for rotation in
      the fifth wheel and tends to retain the plate in an initial position for
      the connection of the connectors. Upon articulation of the tractor and the
      semitrailer during travel the centering element 10 is readily moved aside
      and does not then prevent the plate 5 from rotating. Further, the plate 5
      may be spring-loaded towards the FIG. 1 position by means of one or more
      springs (not shown) in the fifth wheel 1.
PAR  In the embodiment illustrated in FIG. 2 the connector 4 is placed on a
      movable support (not shown) in a circular guide 9' and is reciprocably
      movable on the support in a circular path of motion the center of which
      lies in the hub center of the fifth wheel 1, i.e. on the geometrical axis
      of the king pin 3 in the position said king pin occupies in its coupled
      state.
PAR  In the embodiment according to FIG. 2 the king pin 3 is retained in coupled
      position by a conventional pivotally mounted locking jaw 11 which is
      pivoted by means of a combination comprising a spring 12 and an operating
      cylinder 13 about a pin 14 to the locking position illustrated and is
      restored into open position (in which it is shown by dotted lines). The
      locking pin 11 can be locked in latched position by means of a latch 16
      operable by a combination comprisng a spring 16 and an operating cylinder
      17 via a linkage 18. The cylinders 13, 17 and an operating cylinder (not
      shown in FIG. 2) for the connector 4 can be remotely controlled from the
      driver's cab. The control mechanism in question may be arranged such that
      the movements take place in a given sequence; the connector should be
      operated last when a connection is established.
PAR  The embodiment in FIG. 3 is a variant of the main embodiment shown in FIG.
      1 and differs therefrom substantially only in that the connector is
      disposed on the plate 5 mounted for rotation in the fifth wheel 1. In this
      embodiment the connector 4 shall be placed, in the position of rest, on so
      low a level that the king pin 3 can be freely moved over the connector 4
      into coupling position, or the connector shall be so arranged, by means of
      an operating mechanism (not shown), that it can be swung or turned
      laterally from the position in FIG. 3 before the king pin 3 is introduced
      into the fifth wheel. This can be realized by means of a combination
      comprising an operating cylinder and a spring.
PAR  In FIG. 3, as in FIGS. 1 and 2, there is shown a connector comprising two
      air supply connecting elements 19 and six electric power supply connecting
      elements 19', but the number may of course be varied, as desired. The
      elements 19 and 19' may be constructed in the manner described in U.S.
      Pat. No. 3,711,122.
PAR  FIG. 4 shows an operating mechanism for the connector of FIGS. 1, 2 or 3
      including a cylinder 20 for raising and lowering a connector 4 via a
      linkage 21 into and out of connecting engagement with a mating connector.
      In the embodiment of FIG. 4 the connector 4 is raisable and lowerable by
      means of a holder 22 which is movable along a guide 23. The guide 23 may
      be connected with the rotary plate 5 in FIG. 1.
PAR  In the embodiment shown in FIG. 5 the fifth wheel 1 is arranged for
      cooperation with a solid conventional standard-type king pin 3 which is
      carried at the front end portion 25 of a semitrailer. A fixed connector 27
      is carried in an obliquely rearwardly inclined position on an elevated
      portion 26 of the semitrailer in front of the king pin 3. The connector 27
      includes a number of electric power supply connecting elements for an
      electric cable 28, and a number of pressurized air supply connecting
      elements for pressurized air supply lines 29. FIG. 5 shows only one half
      of the connector 27 and thus only one electric cable and one pressurized
      air supply line, but actually the connector comprises connecting elements
      for two electric cables and two air supply lines.
PAR  A ring 5' which fundamentally corresponds to the plate 5 in FIG. 1 but has
      a more pronounced ring-shape, is mounted for rotation in the fifth wheel 1
      of the tractor (no part of the actual tractor is shown). The ring 5' is
      mounted in the fifth wheel 1 by means of a bearings 30, 31, of which the
      upper bearing in FIG. 5 also constitutes a supporting bearing on which the
      upper part of the ring 5' is carried in such a position that the upper
      side 32 thereof is carried below the upper side 33 of the fifth wheel 1,
      said latter upper side forming a supporting surface for the front end of
      the semitrailer. A horizontal shaft 34 is mounted in the ring 5', and the
      connector associated with said ring and adapted for cooperating with the
      mating connector 27 of the semitrailer, is carried in such a manner on
      said horizontal shaft 34 that it can be swung from a lower position of
      rest (see FIG. 8) to an upper connecting position in which the connector
      is positioned as illustrated in FIG. 5.
PAR  In the embodiment shown in FIG. 5 the connector 27 and the connector 4 each
      comprise two halves symmetrically placed on opposite sides of a central
      longitudinal vertical plane extending through the hub center 35 of the
      fifth wheel 1, which center is adapted to receive the coupling pin 3. The
      hub 36 of the fifth wheel is carried by the ring 5'. The two halves of the
      connector 4 (only one half is shown in FIG. 5) are mounted on opposite
      sides of a cam 37 which is mounted for rotation on the shaft 34. The
      function of said cam 37 which may constitute a support for the connector 4
      with respect to the shaft 34, shall be described more in detail
      hereinbelow and with reference to FIG. 8.
PAR  In the embodiment shown in FIG. 5 a locking jaw 39 is mounted on a
      horizontal shaft 38 connected to the fifth wheel 1 beneath the hub 36.
      Said locking jaw 39 can be swung on said shaft 38 and is adapted to keep
      the king pin 3 in coupling engagement with the fifth wheel 1 in
      cooperation with a latch 40 which is mounted swingable on a shaft 41
      coupled to the fifth wheel. The locking jaw 39 is pivotally connected at
      42 with a link 43 which in turn is pivotally connected at 44 with the cam
      37. At said linkage the cam 37 can be operated by means of the locking jaw
      39. The locking jaw 39 has a projection 45 which in the coupled position
      of the king pin 3 rests on the front edge of the lower end flange of the
      king pin 3 when the locking jaw 39 is raised from a lower position of rest
      (cf. FIG. 7) to an upper locking position in which it is applied against
      the rear of the king pin 3. In the position of rest of the locking jaw the
      king pin 3 can be freely inserted through the rear opening of the fifth
      wheel 1 and the ring 5' to the coupling position illustrated in FIG. 5. In
      this free position of the locking jaw 39, however, the projection 45 lies
      in the path of motion of the lower end of the king pin 3 so that when
      inserted to coupling position the king pin 3 by striking the projection 45
      automatically swings the jaw 39 to the locking or latching position
      illustrated in FIG. 5, whereby the jaw 39 swings the cam 37 and the
      connector 4 via the link 43 to the coupling position illustrated in FIG. 5
      (cf. also FIG. 7).
PAR  The latch 40 is in the form of a two-armed lever pivoted to the shaft 41.
      After the locking jaw 39 has been swung upwards into locking position, the
      lever can be swung counter-clockwise from a position of rest (cf. FIG. 7)
      to a latching position in application against the rear of the jaw 39. The
      latch 40 can be pivoted into and out of latching position by means of a
      combination comprising an operating cylinder 46 and a spring means which
      may be built into the cylinder 46 (cf. the embodiment shown in FIG. 6).
PAR  In the embodiment of FIG. 5 and the embodiment of FIG. 6 use is made of two
      identical latches 40 which are interconnected by means of a rod 47 and in
      latching position engage seats 48 (cf. FIG. 7) on either side of the jaw
      39. The upper end portion of the jaw 39 is of such a configuration that
      the two latches 40 can be freely pivoted counter-clockwise towards the jaw
      until they enter the seats 48 of said jaw 39. Pivotment of the latches 40
      to latching position preferably takes place by means of the described
      spring load, whereas pivotment into free position takes place by means of
      the operating cylinder 46. The latches 40 can thus be automatically moved
      into and out of latching position by venting of the operating cylinder 46
      and supplying it with air, respectively.
PAR  To permit swinging the connector 4 (and the cam 37) up and down
      independently of the locking jaw 39, the link 43 can be rendered
      selectively ineffective by providing it with a link drive or slot
      permitting the pivot 44 to move longitudinally of the link. In that case a
      separate operating cylinder mounted in parallel with the cylinder 46 can
      be utilized to operate the cam 37 and the connector 4. The mechanical
      coupling in FIG. 5 and the locking device 39, 40 for the king pin can then
      be used for a semitrailer which is not equipped with a connector 27 of the
      type illustrated in FIG. 5, but has conventional means for electric power
      and pressurized air supply. The connector 4 in the fifth wheel can be
      retained in lowered position, and a separate connector disposed on the
      tractor can be used to establish connection with the electric power and
      pressurized air supply lines of the semitrailer.
PAR  It should be observed that the construction of the means 40 for latching
      the locking jaw 39 can be combined with the arrangement of the connector 4
      illustrated in FIG. 3. As a matter of fact, the connector shown in FIG. 3
      can be placed in such a position on the latch 40 that upon pivotment of
      the latch to latching position said connector is swung upwardly into a
      connecting position relative to a connector which is mounted on the
      semitrailer rearwardly of the king pin 3 and is of the same kind as the
      connector 27, it being possible optionally to select an inclined or
      vertical position for the connector disposed on the semitrailer. In that
      case, like in other cases, use may be made of connectors one of which is
      mainly of V-shaped with the ends of the connecting elements situated on
      the inner side of the V while the other connector is of wedge shape with
      the ends of the connecting elements situated on the wedge sides.
PAR  The embodiment illustrated in FIGS. 6 and 7 differs from that of FIG. 5
      mainly in that the link 43 shown in FIG. 5 has been dispensed with and
      that instead of said link use is made of a separate operating cylinder 50
      for upward and downward swinging of the cam 37 and thus of the connector
      4. FIG. 7 also shows a device for keeping the ring 5' in such an initial
      position that the rear opening of the ring 5' allows insertion of the king
      pin 3 to the coupling position in the hub 36.
PAR  Said device (cf. also FIG. 9) comprises a piston 51 mounted in a hole
      formed in the ring 5' and a hole 52 formed in an annular flange 53
      directed vertically downward from the upper wall of the fifth wheel, the
      ring 5' being mounted in said flange by means of the bearings 30, 31. The
      piston 51 is mounted in the ring 5' diametrically to the opening of the
      ring provided for the king pin 3, and the hole 52 is situated in a
      corresponding position in the flange 53. The hole 52, however, is in the
      form of an elongated hole the longitudinal axis of which extends in the
      circumferential direction of the flange 53 in order to provide a certain
      adjustability of the ring 5' for setting the rear opening thereof into
      correct position, should the mechanical coupling of the semitrailer and
      the tractor take place at a certain angle of articulation between said
      vehicles. Mounted on the inner side of the ring 5' is leaf spring 54 which
      is connected with the piston 51 and tends to retract the piston 51 to an
      inoperative position in said ring 5'. From said inoperative position (in
      which the ring 5' is freely rotatable) the piston 51 can be pushed into
      the hole 52 of the flange 53 by means of the cam 37 the front end of which
      always occupies a position opposite the rear end of the piston 51. Said
      front edge is of such a curved shape that the piston 51 can be kept by
      means of the spring 54 in retracted position in said ring 5' when coupling
      has been established and the cam is swung upwards (position in FIG. 6) and
      so that the cam when returned to its lower position of rest urges the
      piston 51 in a forward direction by means of its front edge to introduce
      the piston into the hole 52. It will be understood from this that the
      connector 4 and the cam 37 cannot be restored to their positions of rest
      until the ring 5' has been set into such a position that the king pin 3
      can be moved out of the ring 5' and the fifth wheel 1 upon uncoupling, and
      that the ring 5' is then kept adjusted in an initial position in which a
      mechanical coupling operation can be realized.
PAR  A correct initial position of the ring 5' for the mechanical coupling
      operation does not quarantee that the connector 4 as a result is in
      correct initial position for being connected with the connector 27
      disposed on the semitrailer. However, the ring 5' can be turned to the
      correct position by means of the cam 37 the outer edge of which is of the
      wedge shape illustrated in FIG. 8 to cooperate with a conforming
      longitudinal groove 55 at the underside of the semitrailer in front of the
      king pin 3. When the cam is pivoted in an upward direction the upper
      corner of the cam first reaches and enters the relatively wide mouth of
      the groove 55. The vertical middle plane of the groove 55 and the cam 37
      may make an angle with each other at the beginning of a coupling
      operation, which angle does not exceed the maximum permissible angle of
      articulation between the tractor and the semitrailer for realizing a
      mechanical coupling. The mouth of the groove 55 is dimensioned accordingly
      so that the outer edge of the cam 37 can be introduced with certainty into
      the groove mouth. When the cam 37 is then swung in an upward direction the
      ring 5' is turned into the correct position by power exerted between the
      cam and the boundary surfaces of the groove. To turn the ring 5' into the
      correct position by means of the cam it is only necessary to exert a
      sufficient force to overcome the inertia and friction of the ring 5',
      since the ring 5' is not subjected to any vertical load from the
      semitrailer.
PAR  As illustrated in FIG. 8 axial and radial channels 56, 57 are formed in the
      shaft 34 to which the cam 37 and the two halves 4a, 4b of the connector 4
      are mounted. Said channels join the pressurized fluid lines of the tractor
      to connecting elements for said lines in the connector 4. By coupling the
      pressurized fluid lines with said channels by so-called swivel couplings,
      that is rotary tight couplings, it is possible to prevent the pressurized
      fluid lines from bending at the upward and downward pivotment of the
      connector 4.
PAR  FIG. 6 illustrates a pressurized air supply line 58 joined to the connector
      4 and connected to a source of pressurized air (not shown) in the tractor,
      and a corresponding line 58' (joined to the connector 27) in the
      semitrailer. The electric power supply lines are shown at 59 and 59',
      respectively.
PAR  A control system of the type illustrated in FIG. 6 can be used for the
      actuation of the two cylinders in the embodiment shown in FIGS. 6 and 7.
      The source of pressurized air of the tractor is joined to the incoming
      pressurized air line 58 in the connector 4 via a pressurized air supply
      line 60 which is connected to a control circuit 61 including two
      electromagnetically actuated air valves 62, 63. The outlets of the two
      valves 62, 63 are each connected to one side of the operating cylinder 50
      for the connector 4. One valve 63 besides is connected to one side of the
      operating cylinder 46 for the latch 40. The last-mentioned valve 63
      permits simultaneous venting of the two cylinders 46, 50 and the pistons
      in the cylinders can be moved, also simultaneously, inwardly in the
      respectively cylinder, one cylinder 46 pivoting the latch 40 to the
      position in which it releases the locking jaw 34, while the other cylinder
      50 pivots the connector 4 downwardly into position of rest. The first
      cylinder 46 has a return spring 64 while the second is a double-acting
      cylinder. When both cylinders 46, 50 are supplied by means of the right
      valve the latch 40 is first released and then the locking jaw 39 (the
      piston in the cylinder 46 is operated simultaneously with the piston in
      the cylinder 50 which pivots the cam 27 downwards). Upon release of the
      latch 40 the spring 64 is tensioned, whereupon the latch can be returned
      to latching position by venting of the cylinder 46. Upon upward swinging
      of the connector 4 the locking jaw 39 is pushed in clockwise direction,
      whereupon said locking jaw by its own weight can fall rearwardly and
      downwardly to the releasing position illustrated in FIG. 7, in which the
      projection 45 of the jaw 39 lies in the path of motion of the king pin 3
      when the latter is entered for coupling purposes. Another projection 45'
      of the jaw 39 rests on the lower end of the hub 36.
PAR  FIG. 6 also shows, in a simplified diagram, an electric control circuit 70
      including a switch 71 for the actuation of the two valves. The switch 71
      is shown by full lines in an open position (deenergizing position for the
      solenoids of the two valves 62, 63). In the closed position of the switch
      71 (shown by dash-and-dot lines) the solenoids are energized. In the open
      position of the switch the valves are set into the positions in which they
      are shown in FIG. 6. The right cylinder 46 is then vented by means of the
      right valve 63 and the left cylinder 50 is connected to the pressurized
      air supply line 60 by means of the left valve 62. Upon closure of the
      switch 71 the valves are reset so that the two cylinders are supplied
      simultaneously on the piston rod side via the right valve 63, while the
      left cylinder 50 is vented via the left valve 62. The locking jaw 39 and
      the latch 40 are thereby transferred to the positions in FIG. 7.
PAR  FIG. 6A finally shows a signal indicating circuit comprised in the electric
      power supply line between the tractor and the semitrailer and including
      two short-circuited contact plugs 75, 76 in the connector 27 of the
      semitrailer and two corresponding contact plugs 77, 78 in the connector 4
      of the fifth wheel. When the connectors 4, 27 are interconnected, a signal
      lamp 79 is lighted, which also indicates that the mechanical coupling has
      ben correctly effected.
PAR  The embodiments illustrated in FIGS. 5-9 are preferred because it is
      simpler, for several reasons, to mount the rotatable ring 5' in the fifth
      wheel than on the semitrailer inter alia since tractors usually are
      equipped with a power source which can be exploited for the operating
      cylinders), but it is technically feasible to employ the reverse
      arrangement, and therefore the invention is not restricted to the
      embodiments described and illustrated, but should be interpreted as
      embracing any conceivable variations and modifications that fall within
      the spirit and scope of the appended claims.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A mechanism for connecting and disconnecting service lines, such as
      electrical service lines and service lines for pressurized operating
      fluids, between a tractor and a semi-trailer having a fifth wheel and king
      pin, respectively, comprising at least one connector associated with the
      service lines of the semi-trailer at a distance from the king pin center
      and at least one connector associated with the service lines of the
      tractor at the same distance from the fifth wheel center for the king pin,
      each of said connectors mounted on the respective vehicle units with one
      of said connectors mounted for movement about the respective center
      whereby the connector is reciprocably movable along a circular path about
      the common geometrical axis of the aligned king pin and fifth wheel
      centers, operating means on one of said vehicle units for moving a
      respective one of said connectors relative to the other to connect said
      connectors together whereby after mechanical coupling of the vehicle units
      said units may articulate with retained engagement between the two
      connectors.
NUM  2.
PAR  2. A mechanism as claimed in claim 1 in which the two connectors are
      intended for interconnection by relative displacement towards one another
      along an at least substantially vertical axis, wherein the connector
      disposed on the semitrailer is carried in a substantially fixed height
      position while the connector disposed on the tractor is carried raisable
      and lowerable by means of said operating mechanism for displacement out of
      and into a lower position in which it is moved out of the way, and an
      upper connecting position.
NUM  3.
PAR  3. A mechanism as claimed in claim 1, wherein the connector disposed on the
      tractor is movably guided in a vertical guide associated with the tractor,
      and the operating mechanism comprises a servo-motor connected with said
      connector and adapted to be driven by a power source in the tractor.
NUM  4.
PAR  4. A mechanism as claimed in claim 1, wherein latch means are adapted to be
      brought into an engagement, which is elastically yieldable or releasable
      by positively moving the latch means out of the way, with that connector
      which is reciprocably movable in a circular path, in order to keep said
      connector in an initial position for realizing interconnection with the
      other connector which is carried preferably in a fixed angular position in
      relation to the corresponding vehicle and which can be moved out of the
      way to allow said first mentioned connector to move in the circular path
      after connection has been established.
NUM  5.
PAR  5. A mechanism as claimed in claim 4, wherein two centering means are
      provided, one of which is movably carried together with the connector
      disposed on one vehicle unit and reciprocably movable in a circular path,
      while the other centering means is carried by the other vehicle unit, and
      said centering means are adapted at a connecting operation to be engaged
      and to thereby automatically set the movable connector into a position
      permitting its interconnection with the other connector.
NUM  6.
PAR  6. A mechanism as claimed in claim 5, wherein one centering means is a part
      rotatable about a shaft and the other centering means is a guide having
      guide surfaces for guiding the first mentioned part to a given position in
      relation to the guide upon rotation of said part towards and into
      engagement with the guide.
NUM  7.
PAR  7. A mechanism as claimed in claim 6, wherein one centering means is
      adapted to cooperate with the latch means and automatically to return that
      connector which is reciprocably movable in a circular path, to centered
      position after release, and the circular path of motion of the connector
      is limited to an angle less than 180.degree. on either side of the
      centering position.
NUM  8.
PAR  8. A mechanism as claimed in claim 1, wherein said connector which is
      reciprocably movable in a circular path is mounted on a support, said
      support being mounted on a guide connected to the fifth wheel.
NUM  9.
PAR  9. A mechanism as claimed in claim 1, wherein one of said connectors is
      movably mounted on the tractor by a plate supported by said fifth wheel
      and having such a configuration that it permits unrestricted introduction
      of the king pin to the coupling position in the fifth wheel at least in
      the centered position of the connector carried by said support.
NUM  10.
PAR  10. A mechanism as claimed in claim 1, wherein either of the two connectors
      in fixed position and centered position, respectively, for interconnection
      with the other connector is situated in the rearwardly open recess in the
      fifth wheel which leads to the central cavity formed in the fifth wheel
      for receiving the king pin.
NUM  11.
PAR  11. A mechanism as claimed in claim 1, wherein either of the two connectors
      in fixed position and centered position, respectively, for interconnection
      with the other connector is situated in front of the central cavity formed
      in the fifth wheel for receiving the king pin.
NUM  12.
PAR  12. A mechanism as claimed in claim 1, wherein either of the two connectors
      in fixed position and centered position, respectively, for interconnection
      with the other connector is situated in front of the fifth wheel.
NUM  13.
PAR  13. A mechanism as claimed in claim 1, wherein the connector reciprocably
      movable in a circular path is carried by a support in a position in front
      of the fifth wheel, and the support is guided in relation to the center of
      the fifth wheel by a guide including a circular edge surface on the fifth
      wheel, or in a circular guide associated with the fifth wheel.
NUM  14.
PAR  14. A mechanism as claimed in claim 1, wherein either of the two connectors
      has substantially V-shape and the other connector wedge shape, the
      connecting elements being placed in the angle of the V and on the
      diverging sides of the wedge, respectively, and the wedge-shaped connector
      is adapted to be introduced into the V-shaped connector by a movement
      which at least in the final phase takes place in the wedge direction.
NUM  15.
PAR  15. A mechanism as claimed in claim 1, in which the mechanical coupling
      mechanism associated with the fifth wheel includes a movable device for
      locking the king pin in the coupling position, wherein the locking means
      and the movable connector which is mounted on the fifth wheel and
      preferably is that connector which is reciprocably movable along said
      circular path, are operable by one and the same operating means by which
      the locking of the king pin and the interconnection of the connectors are
      realized simultaneously.
NUM  16.
PAR  16. A mechanism as claimed in claim 1 wherein said connector which is
      reciprocably movable in a circular path is mounted on a support in the
      fifth wheel; said connector is pivoted to a shaft connected with the
      support for swinging movement from a lowered position in which the upper
      end of the connector lies on a level beneath the upper side of the fifth
      wheel, to a raised position; and the connector disposed on the semitrailer
      is fixed in a position in which its outer downwardly facing end lies in a
      suitable position for engagement with the connector disposed on the fifth
      wheel when said lastmentioned connector is raised.
NUM  17.
PAR  17. A mechanism as claimed in claim 16, wherein the connector disposed on
      the fifth wheel is connected by a linkage to a locking jaw pivotally
      mounted in the fifth wheel for locking the king pin in coupled position,
      and the locking jaws or the linkage includes an abutment which is adapted
      to cooperate with the king pin and to this end is situated, in the
      released position, in the path of motion of the king pin when the latter
      is introduced into coupling position, and is adapted, when struck by the
      king pin, to be actuated by said king pin and thereby to swing the locking
      jaw into locking position behind the king pin.
NUM  18.
PAR  18. A mechanism as claimed in claim 17, wherein the locking jaw is adapted,
      at its swinging movement into locking position, to raise the connector
      into connecting position.
NUM  19.
PAR  19. A mechanism as claimed in claim 18, wherein a latch is provided for
      retaining the locking jaw, said latch being pivotally mounted to a shaft
      in the fifth wheel and swung from an inoperative position to a latching
      position in engagement with the locking jaw, in which the latch via the
      locking jaw prevents the interconnected connectors from being moved apart.
NUM  20.
PAR  20. A mechanism as claimed in claim 19, wherein the locking jaw is adapted,
      after the latch has been moved aside, to permit movement of the king pin
      out of the fifth wheel by swinging back to the position of rest and
      thereby to return the pivotally mounted connector into position of rest.
NUM  21.
PAR  21. A mechanism as claimed in claim 20, wherein a spring load and an
      operating cylinder are associated with a latch which is adapted to be
      swung into position of rest by said cylinder against the action of the
      spring load which tends to swing the latch into latching position.
NUM  22.
PAR  22. A mechanism as claimed in claim 1, wherein said connector which is
      reciprocably movable in a circular path is mounted on a support, said
      support being a ring mounted for rotation in the fifth wheel on a level
      beneath that surface of the fifth wheel which is to support a semitrailer,
      the wall of said ring having, at a point corresponding to the opening of
      the fifth wheel for the king pin of the semitrailer, an opening or recess
      for allowing the king pin to enter the cavity of the fifth wheel, and in
      the vicinity of said opening or recess, said ring carries the bearing or
      hub of the fifth wheel for receiving the king pin and further carries the
      connector in front of said bearing or hub.
NUM  23.
PAR  23. A mechanism as claimed in claim 22, wherein the connector is pivotally
      supported on a horizontal shaft in said ring, and said shaft is formed
      with channels for the connection of a pressurized fluid line in the
      tractor with the connector disposed thereon.
NUM  24.
PAR  24. A mechanism as claimed in claim 23, wherein the centering means
      includes a cam which is mounted on said shaft and connected with the
      connector disposed on the tractor and which is rotatable in a vertical
      plane and adapted, upon pivotment of said connector into connecting
      position with respect to the connector disposed on the semitrailer, to be
      moved into a groove in the semitrailer for rotation of the ring into the
      correct position with respect to the connector disposed on the
      semitrailer.
NUM  25.
PAR  25. A mechanism as claimed in claim 24, wherein said cam is rotatable by an
      operating cylinder.
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ABST
PAL  A method and apparatus for the elastic attachment of the exhaust manifold
      to the cylinder head of the motor wherein the manifold is pressed against
      a gasketed mating surface with the cylinder head by elastic means disposed
      between the inclined supporting surfaces of the manifold and the cylinder
      head.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a method and apparatus for attaching
      the exhaust manifold, and more particularly to a method of elastic
      attachment of the exhaust manifold.
PAR  2. Description of the Prior Art
PAR  Exhaust manifolds are conventionally attached by means of flanges and bolts
      in a very rigid manner.
PAR  The cylinder head exhaust manifold assembly consists of parts experiencing
      variations in heating which produce large temperature differences. These
      differences are increased further by pollution control devices. The result
      is a rapid loosening of the currently known fastening methods because of
      the distortions produced by their rigidity and the constraints on
      resulting expansions.
PAR  The problem of resistance to thermal fatique of the manifold because of
      pitting and grinding of the fastening, responsible for starting leaks,
      exists in the case of screws since there is a local concentration of
      pressure.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of this invention is to provide a new and improved
      method and apparatus for simplifying the assembly of the exhaust manifold.
PAR  Another object of the present invention is to provide a method and
      apparatus for attaching the exhaust manifold which allows expansion of the
      flange thereof different from that of the cylinder head without loss of
      sealing.
PAR  Still another object of the present invention is to provide a method of
      attaching the exhaust manifold such that the gasket can be made of more
      plastic material than that in current use which allows the surfaces in
      contact with the gasket to be rough.
PAR  A still further object of the present invention is to provide a method of
      attaching the exhaust manifold in a way that renders it easier to overcome
      the problem of resistance to thermal fatigue of the manifold.
PAR  A still further object of the present invention is to provide a method of
      attaching the exhaust manifold which facilitates the realization of an
      integral air injection device.
PAR  Briefly, in accordance with one embodiment of this invention, these and
      other objects are obtained by providing a method and apparatus for the
      elastic attachment of the exhaust manifold to the cylinder head of the
      motor wherein the manifold is pressed against a gasketed mating surface
      with the cylinder head by elastic means disposed between the inclined
      supporting surfaces of the manifold and the cylinder head.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the invention and many of the attendant
      advantages thereof will become better understood by reference to the
      following detailed description when considered in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is a perspective view illustrating a method of fastening the exhaust
      manifold to the block elastically;
PAR  FIG. 2 is a transverse section through the assembly showing the disposition
      of the elastic element between the inclined supporting surfaces of the
      cylinder head and the manifold;
PAR  FIG. 3 is a variant of the elastic element consisting simply of a flat wavy
      spring; and,
PAR  FIG. 4 shows a variation of the mounting of the manifold on the block.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, it is seen that the motor is denoted by 1 and
      the cylinder head by 2. The rocker arm cover is shown at 3 and the
      manifold at 4. The gasket 5 is positioned between the manifold and
      cylinder head. An elastic element is positioned between the cylinder head
      and manifold at 6 for maintaining essentially constant pressure over the
      gasket. The pins 7 at the two ends of manifold 4 position the manifold on
      the cylinder head.
PAR  The elastic means can have diverse forms, e.g., dowels or tubes which are
      slotted and thus elastic (FIG. 2) or a flat wavy spring (FIG. 3).
PAR  In the example of embodiment in FIG. 4, the elastic supporting means
      consists of at least a bent flat plate 7 held by the fastening means 8.
      The supporting edge of plate 7 rests flat against the sloping face 9 of
      the flange of the manifold 4, thus serving the two functions of retention
      and application of elastic pressure.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims, the present
      invention may be practiced otherwise than as specifically described herein
     .
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. Apparatus for elastically attaching an exhaust manifold to the cylinder
      head of a motor comprising: upper and lower, inclined supporting surfaces
      provided on said exhaust manifold and said cylinder head wherein said
      inclined supporting surfaces are in facing relationship and said surfaces
      of both said manifold and head are defined within transversely disposed
      planes, and
PA1  elastic means disposed between either said upper or lower inclined
      supporting surfaces provided on said exhaust manifold and said cylinder
      head for pressing said exhaust manifold against its gasketed mating
      surface with said cylinder head and wedging said other exhaust manifold
      surfaces into contact against said other cylinder head surfaces.
NUM  2.
PAR  2. Apparatus for the elastic attachment of the exhaust manifold as set
      forth in claim 1 wherein said inclined supporting surfaces are machined
      into retaining flanges of said manifold and said cylinder head.
NUM  3.
PAR  3. Apparatus for the elastic attachment of the exhaust manifold as in claim
      1 wherein the elastic means consist of at least a slotted elastic dowel or
      tube.
NUM  4.
PAR  4. Apparatus for the elastic attachment of the exhaust manifold as in claim
      1 wherein the elastic means consists of at least a flat wavy spring.
NUM  5.
PAR  5. A method for attachment of an exhaust manifold to the cylinder head of a
      motor comprising the steps of:
PA1  providing upper and lower inclined support surfaces on said exhaust
      manifold and said cylinder head, said surfaces of both said manifold and
      head being defined within transversely disposed planes,
PA1  arranging said inclined supporting surfaces on said exhaust manifold in
      facing relationship with said inclined supporting surfaces on said
      cylinder head,
PA1  providing elastic means between either said upper or lower inclined
      supporting surfaces of said exhaust manifold and said cylinder head, while
      disposing said other surfaces of said manifold and head in contact with
      each other,
PA1  pressing said exhaust manifold against its gasketed mating surface with
      said cylinder head by said elastic means disposed between either said
      upper or lower inclined surfaces of said exhaust manifold and said
      cylinder head so as to wedge said other exhaust manifold surfaces against
      said other cylinder head surfaces, and
PA1  retaining said exhaust manifold in the present position.
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ABST
PAL  A sealed, vibration resistant, non-separating joint construction connects
      the plug end of one pipe to the socket end of another pipe. A split lock
      ring, recessed in an internal groove in the the plug end before insertion
      of the plug into the socket, is then contracted and extended from the
      groove into engagement with the outer surface of the plug by set screws on
      the socket spaced circumferentially around the groove. The contracted lock
      ring centers the plug in the socket and axially overlaps a radially
      projecting shoulder or step surface on the plug to prevent axial
      separation. A sealing member is pressed axially into the annular space
      between the inner surface of the socket, the outer surface of the plug,
      and the outer lateral surface of a back-up ring covering the outer lateral
      surface of the lock ring.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a pipe joint construction wherein the plug
      portion of one pipe is inserted in the socket portion of the other pipe
      and a sealing member is pressed into an annular space between the socket
      and plug portions. A principal object of the invention is to provide a
      pipe joint construction which has a vibration resistant effect, which is
      easy to assemble and which prevents the plug from slipping off the socket.
PAR  A pipe joint construction according to the present invention comprises an
      annular groove formed circumferentially in the inner peripheral surface of
      said socket portion and spaced inwardly from the axially outer end
      thereof, a plurality of circumferentially spaced threaded openings
      extending radially between the bottom of said annular groove and the outer
      peripheral surface of the socket portion, a split lock ring fitted in said
      annular groove, screw means engaged in said threaded openings to urge said
      lock ring against the elasticity thereof toward the pipe axis and to
      decrease the lock ring diameter, a step surface extending radially
      outwardly from the outer peripheral surface of said plug portion and
      adapted to be disposed axially inwardly of the socket portion from the
      lock ring position, the arrangement being such that when said lock ring is
      decreased in diameter by said screw means so that the inner periphery of
      the lock ring projects from the annular groove, said step surface of the
      plug portion can engage the inner lateral surface of said lock ring to
      limit axial separating movement between the pipes, a sealing member, and
      means for compressing the sealing member into an annular space bounded by
      the inner surface of the socket portion, the outer lateral surface of the
      lock ring and the outer surface of the plug portion.
PAR  According to such arrangement of the present invention, the split lock ring
      is decreased in diameter in advance against the elasticity thereof and is
      then inserted in the socket portion and the elastic restoring force of the
      lock ring causes it to expand and sink into the inner peripheral annular
      groove. In such conditions, the plug portion is inserted in the socket
      portion so that the separation preventing step surface thereof may be
      positioned inwardly of said lock ring, whereupon the screw means are
      screwed into the threaded openings around the socket portion to urge said
      lock ring toward the pipe axis, causing the inner periphery of the lock
      ring to project from the annular groove and bear against the outer
      peripheral surface of the plug portion. As a result, radial play between
      the socket and plug portions is eliminated and separation of the plug
      portion from the socket portion is reliably prevented by axial abutment
      between the step surface of the plug portion and the inner lateral surface
      of the lock ring.
PAR  Further, in the pipe joint construction described above, a sealing member
      is pressed into a space between the inner peripheral surface of the socket
      portion and the outer peripheral surface of the plug portion at a position
      outwardly of said lock ring, thereby liquid-sealing the pipe joint. A
      liquid flowing in the pipeline can flow into the annular groove in which
      the lock ring is fitted, and in the case where the liquid pressure in the
      pipeline is high, there is the danger of the liquid readily leaking to the
      outside through clearances between said screw means and threaded openings.
PAR  Therefore, it is also necessary to liquid-seal the threaded openings.
      However, simply placing a liquid-sealing washer between the enlarged head
      of a conventional screw and the outer peripheral surface of the socket
      portion would be inadequate, since in order to achieve a proper sealing
      effect by means of such sealing washers, it would be necessary to drive
      such screws into the threaded openings until their heads compress the
      sealing washers to a suitable degree. Therefore, when priority is to be
      given to the sealing effect, it would be impossible to adjust the amount
      of pushing-out of the lock ring to be effected by such screws.
PAR  If there is a dimensional error in the thickness of the socket portion,
      since the length of the screw is constant, the lock ring would be pushed
      out in a greater amount than the predetermined value where the socket wall
      is thinner, whereas where the socket wall is thicker, the amount of
      pushing-out of the lock ring would be insufficient. As a result, the outer
      peripheral surface of the plug would become eccentric with respect to the
      inner peripheral surface of the socket, so that the size of the annular
      space between these two surfaces changes circumferentially. Since the
      sealing member is pressed into said annular space, as described above, the
      sealing effect will be decreased at the wider regions of said space.
      Further, in the regions where the socket wall is thinner, depending upon
      the dimensional errors of wall thickness, there may be cases where the
      screws cannot be tightened until the sealing washers at the screw heads
      are compressed. In such cases, the sealing effect, of course, cannot be
      expected. Conversely, when the amount of pushing-out of the lock ring is
      insufficient where the socket wall is thicker, the engagement between the
      inner periphery of the lock ring and the separation preventing step
      surface of the plug would become insufficient.
PAR  Further, even if the wall thickness of the socket is constant, there may be
      cases where there are dimensional errors in the diameters of the socket
      and plug. In such cases, if the amount of pushing-out of the lock ring
      cannot be adjusted, the lock ring would be pressed against the outer
      peripheral surface of the plug too strongly to permit relative axial
      movement between the socket and plug, with the result that the intended
      vibration preventive effect is not achieved or that the sealing washers at
      the screw heads are not highly compressed, failing to achieve a sufficient
      sealing effect. If, the clearance between the lock ring and the outer
      peripheral surface of the plug becomes too large, insufficient engagement
      between the lock ring and the step surface, or eccentric movement to a
      degree beyond allowable limits becomes possible, causing the danger of
      joint separation or of the sealing effect being decreased.
PAR  Another object of the present invention is to provide a pipe joint
      construction wherein the sealing of threaded openings into which lock ring
      screw means are screwed can be achieved and the amount of pushing-out of a
      lock ring can be freely adjusted.
PAR  Thus, according to the present invention, said screw means is divided into
      a screw having no enlarged head and adapted to be sunk completely in a
      threaded opening and a headed screw adapted to be screwed into the inlet
      portion of said threaded opening for the sealing thereof.
PAR  According to such arrangement of the invention, the amount of pushing-out
      of the lock ring can be optionally determined by the depth to which the
      headless screws are driven so that the annular space between the socket
      and plug into which the sealing member is pressed may be substantially
      constant in width with respect the circumferential direction, and so that
      the lock ring may bear against the outer peripheral surface of the plug to
      a suitable degree; and, the sealing of the threaded opening is effected by
      the sealing screws thereby establishing a satisfactory vibration resistant
      pipe joint condition free from the above described disadvantages.
PAR  Other features and advantages of the present invention will be readily
      understood from the preferred embodiments of the invention to be described
      with reference to the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view in longitudinal section showing the joint
      construction with the components in exploded relation;
PAR  FIG. 2 is a cross-sectional view of the socket portion of the joint showing
      a lock ring fitted therein;
PAR  FIG. 3 is a side view in longitudinal section showing the components of
      FIG. 1 in their assembled relation; and
PAR  FIG. 4 is a side view in longitudinal section showing a modified joint
      construction of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIGS. 1 through 3, the character 1 designates a pipe plug portion and
      the character 2 designates a pipe socket portion. The outer periphery of
      the end of the plug portion 1 is provided with a projection 3 of enlarged
      diameter to define a separation - preventing step surface 4 extending
      radially of the pipe axis.
PAR  The open end 5 of the inner peripheral surface of the socket portion 2 is
      outwardly tapered, and the inner peripheral surface 6 of the socket is
      provided with a circumferential annular groove 7 disposed at a suitable
      distance inwardly from the tapered open end 5. A plurality of
      circumferentially equispaced threaded openings 9 extend radially between
      the bottom of the annular groove 7 and the outer peripheral surface 8 of
      the socket portion 2.
PAR  The character 10 designates a lock ring split or cut through at one point
      so as to be variable in diameter, the size of the cross-section thereof
      being such that it can just be received in said annular groove 7. Thus, by
      inserting the lock ring in the socket 2 with the diameter decreased
      against the elasticity thereof, the lock ring can be fitted in the annular
      groove 7 by the expanding action as it springs back.
PAR  The character 11 designates a screw having no enlarged head, adapted to be
      screwed into a threaded opening 9, and provided at one end with a
      hexagonal opening 12 for receiving a driver. The length of the screw 11 is
      such that when it pushes out the lock ring 10 until the latter bears
      against the outer peripheral surface 13 of the plug 1, the screw has been
      driven to an intermediate position within the threaded opening 9. The
      character 14 designates a screw, for sealing the threaded opening 9,
      provided with an enlarged head 15, and with a sealing member 17 on the
      bottom surface of the enlarged head 15 to surround the shank 16, which is
      adapted to be screwed shallowly into the inlet portion of the threaded
      opening 9 to an extent such that the screw 14 will not readily come off.
PAR  The character 19 designates a backup ring for protecting an annular sealing
      member. By expanding the backup ring against the elasticity thereof, it
      can be fitted over the outer peripheral surface 13 of the plug beyond the
      enlarged projection 3.
PAR  The character 20 designates an annular sealing member for liquid sealing
      the joint between the socket and the plug. It has a substantially
      wedge-shaped cross-section having a tapered portion 21 adapted to bear
      against the tapered open end 5 of the socket 2. By expanding the sealing
      member against the elasticity thereof, it can be fitted over the outer
      peripheral surface 13 of the plug beyond the enlarged projection 3.
PAR  The character 22 designates an intermediate ring circumferentially divided
      into a plurality of segments, the size of one end surface 23 thereof being
      such that it is adapted to bear against substantially the entire area of
      the outer end surface 24 of the annular sealing member 20.
PAR  The character 25 designates a pusher ring having an internal diameter of a
      size allowing the pusher ring to pass over the enlarged projection 3. One
      inner edge of the pusher ring is provided with a recess 26 adapted to be
      fitted over the intermediate ring 22 to backup the latter. The pusher ring
      is also provided with a plurality of circumferentially equispaced openings
      27 each receiving a stud 28 which passes through the opening 27, is
      screwed into a threaded hole the end surface of the socket 2, and has a
      nut 29 screwed thereover to draw the pusher ring 25 toward the socket 2.
PAR  The assembling procedure will now be described.
PAR  As shown in FIG. 1, the pusher ring 25, annular sealing member 20 and
      backup ring 19 are fitted in the order mentioned over the plug 1 in the
      manner described above, and the lock ring 10 is fitted in the annular
      groove 7 of the socket. The plug 1 is then inserted in the socket 2 in
      such a manner that the enlarged projection 3 is positioned inwardly of the
      annular groove 7, whereupon the screws 11 are screwed into the threaded
      openings 9 to urge the lock ring 10 toward the center of the socket to
      decrease the diameter of the lock ring, thereby pushing out the inner
      peripheral portion of the lock ring 10 from the annular groove 7 until it
      bears against the outer peripheral surface 13 of the plug. At this time,
      as described above, the amount of pushing-out of the lock ring effected by
      the screws 11 is adjusted so that an annular space 30 between the inner
      peripheral surface 6 of the socket and the outer peripheral surface 13 of
      the plug may have a substantially uniform circumferential width and so
      that the lock ring 10 may bear against the outer peripheral surface 13 of
      the plug with a substantially uniform suitable circumferential force.
PAR  Thereafter, the sealing screws 14 are screwed into the inlet portions of
      the threaded openings 9 so that the sealing members 17 may be compressed
      to a suitable degree between the enlarged heads 15 and the outer
      peripheral surface 8 of the socket, thereby sealing the threaded openings
      9. At this time, it is desirable that a suitable space be left between the
      outer end of each screw 11 and the inner end of the associated sealing
      screw 14, as shown in FIG. 3.
PAR  Subsequently, the backup ring 19 and annular sealing member 20 on the outer
      surface 13 of the plug are slid axially into the socket 2, and the
      complementary segments of the intermediate ring 22 are interposed between
      the annular sealing member 20 and the pusher ring 25 in an endless ring
      fashion, whereupon the nuts 29 are successively tightened to move the
      pusher ring 25 toward the socket 2. As a result, as shown in FIG. 3, the
      annular sealing member 20 of substantially wedge-shaped cross-section is
      compressed into an annular space defined by the tapered open end 5 of the
      socket 2, the outer peripheral surface 13 of the plug, and the backup ring
      19 bearing against the outer lateral surface of the lock ring 10. Thus,
      the annular sealing member liquid-seals the space between the plug and the
      socket.
PAR  In addition, in the arrangement shown in FIG. 3, the plug 1 is axially
      movable relative to the socket 2 between a first position where the front
      end 31 of the plug bears against the inner end surface 32 of the socket 2
      and a second position where the step surface 4 bears against the inner
      lateral surface of the lock ring 10.
PAR  Alternatively, as shown in FIG. 4, the step surface 4 may be formed by a
      split ring 33 fitted in a circumferential shallow annular groove 34
      provided in the outer peripheral surface 13 of the plug and welded to the
      latter surface 13. Since the ring 33 can be fixed in position after the
      pusher ring 35 is fitted over the plug 1, it is possible to provide the
      pusher ring 35 with a pusher end surface 36 for engaging the outer end
      surface 24 of the annular sealing member 20, without the need to use the
      segmented intermediate ring 22.
PAR  The welding place 37 of the ring 33 is located desirably at the lateral
      surface of the ring 33 opposite to the step surface 4 thereof in order not
      to give an adverse effect on the engagement between the lock ring 38 and
      the step surface 4. However, when the step surface 4 and the lock ring 38
      push against each other, it is necessary to ensure that the ring 33 will
      not be subjected to a force tending to lift it at the side where the step
      surface 4 exists. To this end, the inner lateral surface 39 of the lock
      ring 38 is inwardly inclined so that when said surface 39 and the step
      surface 4 push against each other, the ring 33 is urged into the annular
      groove 34. Of course, it is desirable that the step surface 4 be in the
      convex form as shown.
PAR  In addition, as shown in FIG. 4, the bearing surface 41 of a backup ring 40
      opposed to the lock ring 38 and the bearing surface 42 of the lock ring 38
      opposed to the backup ring 40 are inclined in the opposite direction to
      that of the surface 39 so that when the lock ring 38 and the backup ring
      40 push against each other, the backup ring 40 may not be lifted from the
      outer peripheral surface 13 of the plug.
CLMS
STM  I claim:
NUM  1.
PAR  1. A joint construction between the plug portion of one pipe and the socket
      portion of another pipe, said plug portion having a front end surface, an
      outer cylindrical surface and a step surface extending radially outwardly
      from said outer cylindrical surface at a first axial distance from said
      end surface;
PA1  said step surface of the plug portion being provided by a projecting ring
      having its inner peripheral portion fitted in an annular groove
      circumferentially formed in the outer cylindrical surface of the plug
      portion, said projecting ring being welded to the outer cylindrical
      surface of the plug portion only at the side facing said end surface, the
      lateral surface of said projecting ring at the non-welded side serving as
      said step surface of the plug portion;
PA1  said socket portion having an axially inner end surface opposed to said
      front end surface of the plug portion, an annular groove formed
      circumferentially in the inner peripheral surface of said socket portion;
PA1  a split lock ring fitted in said annular groove and having an inner lateral
      surface opposed to said step surface, said inner lateral surface being
      spaced axially from said inner end surface of the socket portion by a
      second axial distance which is greater than said first axial distance, and
      said inner lateral surface being inclined so as to have a radially inward
      wedging action on said projecting ring;
PA1  a plurality of circumferentially spaced threaded opening extending radially
      between the bottom of said annular groove and the outer peripheral surface
      of the socket portion;
PA1  screw means engaged in said threaded openings to urge said lock ring
      against the elasticity thereof toward the pipe axis and decrease the lock
      ring diameter, the arrangement being such that when said lock ring is
      decreased in diameter by said screw means so that the inner periphery of
      the lock ring projects from said annular groove and engages said outer
      cylindrical surface of the plug portion, said step surface of the plug
      portion overlaps the inner lateral surface of said lock ring to limit
      axial movement between the pipes by the difference between said second and
      first axial distances; and,
PA1  a sealing member, and means for compressing the sealing member into an
      annular space bounded by the inner surface of the socket portion, the
      outer lateral surface of the lock ring and the outer cylindrical surface
      of the plug portion.
NUM  2.
PAR  2. A pipe joint construction as set forth in claim 1 characterized in that
      each of said screw means is divided into a headless screw adapted to be
      sunk completely in one of said threaded openings to decrease the lock ring
      diameter, and a sealing screw adapted to be screwed into the inlet portion
      of the threaded opening to seal said threaded opening.
NUM  3.
PAR  3. A pipe joint construction as set forth in claim 2, wherein said sealing
      screw is provided with an enlarged head and a sealing member is interposed
      between said enlarged head and the outer peripheral surface of the socket
      portion.
NUM  4.
PAR  4. A joint construction between the plug portion of one pipe and the socket
      portion of another pipe, said plug portion having a front end surface, an
      outer cylindrical surface and a step surface extending radially outwardly
      from said outer cylindrical surface at a first axial distance from said
      end surface;
PA1  said socket portion having an axially inner end surface opposed to said
      front end surface of the plug portion, an annular groove formed
      circumferentially in the inner peripheral surface of said socket portion;
PA1  a split lock ring fitted in said annular groove and having an inner lateral
      surface opposed to said step surface, said inner lateral surface being
      spaced axially from said inner end surface of the socket portion by a
      second axial distance which is greater than said first axial distance;
PA1  a plurality of circumferentially spaced threaded openings extending
      radially between the bottom of said annular groove and the outer
      peripheral surface of the socket portion;
PA1  screw means engaged in said threaded openings to urge said lock ring
      against the elasticity thereof toward the pipe axis and decrease the lock
      ring diameter, the arrangement being such that when said lock ring is
      decreased in diameter by said screw means so that the inner periphery of
      the lock ring projects from said annular groove and engages said outer
      cylindrical surface of the plug portion, said step surface of the plug
      portion overlaps the inner lateral surface of said lock ring to limit
      axial movement between the pipes by the difference between said second and
      first axial distances; and,
PA1  a sealing member, a backup ring positioned between the sealing member and
      the lock ring and fitted over the plug portion so as to cover the split
      the region of the lock ring, and means for compressing the sealing member
      into an annular space bounded by an inner surface of the socket portion,
      the outer lateral surface of the backup ring and the outer cylindrical
      surface of the plug portion, the surfaces of said backup ring and lock
      ring which face each other being inclined in such a manner that the
      reaction force resulting from the action of said compressing means urges
      the backup ring against the outer cylindrical surface of the plug portion.
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ABST
PAL  A door latch assembly operable from at least two remote positions including
      a pair of opposed latch arms pivotally supported by a latch bracket for
      engaging a latch bar, a movable link connected to the latch arms for
      pivoting the latch arms alternately toward a latched and unlatched
      position, a release lever for actuating the link to pivot the latch arms
      toward the unlatched position, and means for supporting the release lever,
      preferably a ball and socket connection, for movably supporting the
      release lever in engaging proximity to the link such that the release
      lever in engaging proximity to the link such that the release lever is
      movable about at least two angularly related axes.
BSUM
PAR  This invention relates to closure fasteners and is particularly adapted for
      use in vehicle applications such as automobiles and trucks.
PAR  In vehicle applications, the latching mechanism for the doors must be
      operable from at least two locations relatively remote from the mechanism
      itself. In other words, the door handles for operating the latching
      mechanism are normally located some distance from the latching mechanism.
      In most cases, the outside door handle is located above the latching
      mechanism and the inside door handle is located laterally from the
      latching mechanism toward the hinged side of the door. Therefore, an
      immediate requirement for any vehicle door latch mechanism is the
      capability of operating the same from two remote locations spaced
      generally vertically and horizontally from the latching mechanism.
PAR  All vehicle latching mechanisms also include a locking device for disabling
      the latching mechanism to prevent inadvertent or unauthorized opening of
      the door. The well-known push-button is the standard actuator for such
      locking devices. In recent years, locking devices have been designed so
      that, when the vehicle door is open and the push-button moved to the
      locked position, the door will be locked when subsequently closed. In
      other words, it is unnecessary to manipulate the outside door handle to
      keep the locking device engaged to cause locking of the door. This is
      another required feature of vehicle door latching mechanisms. More
      specifically, the latching mechanism must include a locking device which
      is operable substantially independently of the position of other elements
      of the latching mechanism.
PAR  Moreover, the vehicle door-latching mechanism must positively latch the
      door to the door frame to prevent the door from opening in the event of a
      collision, rollover, or other type of accident. In some vehicle
      door-latching mechanisms currently employed, the forces developed between
      the latch bar and the latch mechanism during an accident oftentimes urge
      the latch mechanism toward the unlatched position. If the forces are great
      enough, the door will open. This of course is an undesirable result at
      best.
PAR  The instant invention provides an improved door latch assembly particularly
      suited for vehicle doors which is operable from two relatively remote
      locations. Accordingly, the instant invention includes latch means for
      engaging a latch bar. The latch means is pivotally supported by support
      means, such as a latch bracket. A movable link means is connected to the
      latch means for moving the latch means alternately toward a latched and
      unlatched position. That is, the movable link moves the latch means toward
      the latched position in response to the engagement thereof by a latch bar
      and toward the unlatched position in response to the engagement thereof by
      a release lever. The release lever includes support means for pivotally
      and rotatably supporting the release lever in engaging proximity to the
      link means such that the release lever is movable about at least two
      angularly related axes. For example, referring to the standard three axis
      spacial co-ordinate system, the release lever is supported by the support
      means for pivotal movement about a vertical axis and rotatable movement
      about one of the horizontal axes. The release lever can, therefore, be
      operated from locations spaced vertically and laterally from the latch
      mechanism.
PAR  The invention also includes a lock lever which is movable into a position
      to prevent actuation of the link means by the release lever thereby
      precluding movement of the latch means toward the unlatched position. The
      lock lever functions relatively independently of the other elements of the
      latch mechanism. Therefore, once the lock lever is moved to the locked
      position by the standard push-button actuator, there is no need to
      manipulate the outside door handle to insure locking of the door.
PAR  Moreover, the latching mechanism effects a substantially positive
      engagement with the latch bar which resists movement toward the unlatched
      position when a force tending to open the door is applied.
DRWD
PAR  Other advantages of the present invention will be readily appreciated as
      the same becomes better understood by reference to the following detailed
      description when considered in connection with the acompanying drawings
      wherein:
PAR  FIG. 1 is a broken-away view of a vehicle including a door having a
      latching mechanism constructed in accordance with the instant invention
      and controls for operating the latching mechanism;
PAR  FIG. 2 is an elevational view of the instant invention broken away from a
      support structure;
PAR  FIG. 3 is a transverse cross-sectional view taken generally along line 3--3
      of FIG. 2;
PAR  FIG. 4 is a longitudinal cross-sectional view taken generally along line
      4--4 of FIG. 2;
PAR  FIG. 5 is a transverse cross-sectional view taken generally along 5--5 of
      FIG. 4;
PAR  FIG. 6 is an enlarged, broken-away view similar to FIG. 5 showing the
      interrelated movement of various elements;
PAR  FIG. 7 is a broken-away plan view of an element of the instant invention;
PAR  FIG. 8 is a transverse cross-sectional view taken generally along line 4--4
      of FIG. 2;
PAR  FIG. 9 is an exploded view of the instant invention including a slight
      modification.
DETD
PAR  Referring to the drawings, and particularly to FIG. 1, a portion of a
      vehicle, in this case an automobile, is generally shown at 10. The vehicle
      includes a vehicle door 12 having the normally provided outside handle 14,
      inside handle 16, door lock push-button 18, and key-operated cylinder lock
      20. These elements are all of standard design and construction and,
      therefore, require no detailed description. Suffice it to say, however,
      that the elements include motion transmitting levers actuated by the
      respective element which are attached to control rods that will be more
      clearly described hereinafter. A door latch assembly, generally shown at
      22, is mounted on the door 12 for latching the door in the closed
      position.
PAR  The door latch assembly 22 includes support means, generally indicated at
      24, comprising an open-sided box-like latch bracket 26. The latch bracket
      26 includes a mounting flange 28 for securing the same to an interior
      surface of the door 12 by suitable fasteners. As will become apparent by
      the following description, the latch bracket 26 supports the various other
      elements of the door latch assembly 22.
PAR  More specifically, and referring to FIGS. 4 and 9, latch means generally
      indicated at 30, comprising a pair of opposed latch arms 32 and 34, is
      pivotally supported by the latch bracket 26 on latch pivot pins 36 and 38.
      Each of the latch arms 32 and 34 includes a hook portion 40 for partially
      wrapping around a latch bar 42. The latch arms 32 and 34 also include a
      wrapped portion 44 for defining a cylindrical sleeve which receives the
      latch pivot pins 36 and 38.
PAR  The latch bracket 26 includes a hole 46 in each end wall thereof. Aligned
      with, and spaced from, each of the holes 46 is a struck-out portion 48 on
      a sidewall 49, each having a hole 50 therein. Each hole 46 cooperates with
      its aligned struck-out portion 48 to receive and support one of the latch
      pivot pins 36 and 38. Retainer bushings 52 are provided for maintaining
      the latch pivot pins 36 and 38 in place. It is noted that the latch pivot
      pins 36 and 38 are supported such that they are relatively displaced in
      the direction of their longitudinal axes and also laterally thereof.
      Consequently, the latch arms 32 and 34 are supported one above the other
      and relatively laterally displaced. The over-under positioning
      accomplished by this arrangement permits the opposed latch arms 32 and 34
      to overlap and partially encircle the latch bar 42 in the latched
      position, as best shown in FIG. 5.
PAR  The door latch assembly 22 further includes link means comprising a latch
      bar striker 54 disposed between the latch arms 32 and 34 for moving the
      latch arms between the latched and unlatched positions. The latch bar
      striker 54 includes a pair of posts 56 and 58, one extending from each
      side thereof, for engaging a lever arm 60 or 60' on the latch arms 32 and
      34. As shown in FIGS. 5 and 6, the lever arms 60 are generally
      elliptically-shaped projections extending from the latch arms which
      include an elongated slot 62 of sufficient size to receive one of the
      posts 56 and 58. In the embodiment shown in FIG. 9, the lever arms 60' are
      generally rectangularly shaped projections extending from the latch arms.
      Each of the lever arms 60' includes a semi-circular opening 64 for
      receiving one of the posts 56 and 58.
PAR  As shown in FIG. 7 through 9, the posts 56 and 58 are formed integrally
      with an elliptically-shaped base 66 which seats in an elongated slot 68 in
      the latch bar striker 54. The outer end of the latch bar striker 54
      includes a concave surface 70 having a radius similar to that of the latch
      bar 42.
PAR  The latch bar 42 includes attachment means 72 comprising a flange for
      attaching the same to the door frame 74 of the vehicle. As shown in FIG.
      9, the latch bar 42 is of a one-piece design wherein a rolled portion
      forms the bar 42 and the remaining material is bent to form the attaching
      flange 72. Rectangular openings 76 are provided adjacent the rolled
      portion to receive the ends of the latch arms 32 and 34. End caps 78 may
      be disposed in the open ends of the rolled portion to cover the same.
PAR  The inner end of the latch bar striker 54 extends through an opening 80 in
      the side wall 49 of the latch bracket 26 so that it may be engaged by a
      release lever 82. The release lever 82 is adapted to move the latch bar
      striker 54 and, consequently, the latch arms 32 and 34 toward the
      unlatched position to release the latch bar 42.
PAR  The release lever 82 is a generally L-shaped member which includes a base
      portion 84 having first and second ends and a finger portion 86 located
      adjacent the second end and extending angularly from the base portion 84.
      The release lever support means generally shown at 88 in FIG. 9 is
      provided for pivotally and rotatably supporting the release lever 82 in
      engaging proximity to the latch bar striker 54. The release lever support
      means includes a ball member 90 which is rigidly secured to the first end
      of the release lever 82 in a suitable opening 92. A ball seat member 94 is
      attached to the back of side wall 49 and includes two parallel,
      spaced-apart plates, the facing surfaces of which have concave depressions
      96 for receiving the ball member 90.
PAR  With the ball and socket arrangement thus described, the release lever 82
      is substantially free to pivot or rotate in a universal fashion. To
      prevent binding or jamming of the release lever 82, it is desirable to
      limit the movement of the release lever 82 to two specific axes.
      Accordingly, an elongated slot 98 is located in one plate of the ball seat
      member 94 which communicates with the concave depression. A pin 100 is
      disposed in a hole in the ball member 90 and extends through the slot 98.
      Consequently, the release lever 82 is capable of pivoting about a vertical
      axis and rotatably about a longitudinal axis extending horizontally
      through the base portion 84. For pivoting about the vertical axis the pin
      100 is the center of rotation, while for rotating about the longitudinal
      axis of the base portion 84, the pin 100 moves in the slot 98. The release
      lever 82, however, is precluded from pivoting about an axis extending
      transversely of the base portion 84, that is, in a vertical direction,
      since the pin 100 is confined by the slot 98.
PAR  To describe the operation of the elements thus far described, reference is
      made to FIGS. 4 through 6. In the unlatched position the latch arms 32 and
      34 are pivoted away from one another. (The unlatched position of the latch
      arm 32 and the position of the latch bar striker 54 are shown in phantom
      in FIG. 6.) As the door 12 is moved toward the closed position, the latch
      bar 42 approaches and engages the latch bar striker 54 thus moving it
      rearwardly, or to the right, as shown in FIGS. 5 and 6. Due to the
      connection between the latch bar striker 54 and the lever arms 60, a
      torsional force is applied to the wrapped portions 44 thereby causing the
      latch arms 32 and 34 to pivot toward one another and engage the latch bar
      42. (The latched positon of the latch arm 32 and the position of the latch
      bar striker 54 are shown in full lines in FIG 6.)
PAR  Since, in the latched position, the hooked portions 40 of the latch arms 32
      and 34 wrap around the latch bar 42, any force tending to pull the latch
      bar 42 away from the latch arms 32 and 34 increases the gripping action of
      the latch arms. Consequently, a positive latching action is produced by
      the door latch assembly.
PAR  To release the latch bar 42, the release lever 82 is actuated. Actuation of
      the release lever 82 moves the latch bar striker 54 forwardly, or to the
      left, as viewed in FIGS. 5 and 6. In the latched position there is a gap
      or space between the outer end of the latch bar striker 54 and the latch
      bar 42. Initial movement of the latch bar striker 54, therefore, begins to
      pivot the latch arms 32 and 34 away from one another before the latch bar
      striker 54 engages the latch bar 42. Without the gap, that is, if the
      latch bar striker directly engages the latch bar, the latch arms 32 and 34
      could not be disengaged due to a force exerted thereon by the latch bar 42
      to the latch bar striker 54. Therefore, initial movement of the latch arms
      toward the unlatched position is necessary before contact is made with the
      latch bar 42 by the latch bar striker 54.
PAR  The release lever 82 includes attachment means 102 for attaching a pair of
      control rods 104 and 106 thereto. It is noted that the attachment means
      102, in this case rivets, are located at positions spaced laterally from
      the axis about which the attached control rod is adapted to move the
      release lever 82. The lateral spacing produces a torsional force or moment
      which is necessary to cause the release lever 82 to pivot or rotate.
PAR  One of the control rods 104 is connected to the outside handle 14 such that
      manipulation of the handle 14 causes the control rod 104 to move
      downwardly. This is accomplished by a standard link-operated lever. As
      best shown in FIG. 4, downward movement of the control rod 104 rotates the
      release lever 82 in a clockwise direction about ball member 90 thereby
      causing the finger portion 86 to move the latch bar striker 54 to the
      left. As described above, movement of the latch bar striker 54 causes
      movement of the latch arms 32 and 34 toward the unlatched position.
PAR  The second control rod 106 is connected to the inside handle 16 such that
      manipulation of the handle 16 causes the control rod 106 to move to the
      left as viewed in FIG. 1. This is also accomplished by a standard
      link-operated lever. As best shown in FIG. 2, movement of the second
      control rod 106 to the left causes rotation of the release lever 82 about
      the pin 100 thereby causing the finger portion 86 of the release lever 82
      to move the latch bar striker 54 outwardly, that is, toward the latch bar
      42. As described above, such movement of the latch bar striker 54 pivots
      the latch arms 32 and 34 toward the unlatched position. The latch
      mechanism may thus be operated from either of two remote locations through
      the release lever 82.
PAR  In order to lock the door latching assembly in the latched position, that
      is, in order to lock the door, the assembly is provided with a lock arm
      108. The lock arm 108 is movable to a position to prevent pivotal or
      rotatable movement of the release lever 82. The lock arm 108 includes a
      body portion 110 which is pivotally connected to the rear surface of the
      side wall 49 of the latch bracket 26 by a suitable fastener 112. The lock
      arm 108 further includes a flange portion 114 supported by the body
      portion 110 at a position displaced from the pivot axis thereof. The
      flange portion 114 extends generally in a direction parallel to the pivot
      axis of the body portion 110 such that it may be brought into side-by-side
      relationship with the latch bar striker 54, as best shown in FIG. 4.
PAR  The lock arm 108 further includes attachment means for attaching a lock
      control rod 116 thereto. The attachment means comprises an aperture for
      receiving a bent section 118 of the lock control rod. The end of the bent
      section 118 may be peened over to provide a relatively permanent
      connection with the lock arm. As shown in FIG. 1, the control rod 116 is
      connected to the door lock push-button 18 and the key-operated cylinder
      lock 20. Upward movement of the control rod 16, which is effected by
      pulling upwardly on the push-button 18 or turning the key in the lock 20,
      rotates the lock arm 108 in a counterclockwise direction. Such rotation
      moves the flange 114 downwardly and away from the finger portion 86 of the
      release lever 82 thereby permitting movement of the release lever 82.
      Reversing this step, that is, moving the lock control rod 116 downwardly,
      rotates the flange 114 into interferring engagement with the release lever
      82. It is particularly pointed out that when the door is opened, and the
      latch bar striker 54 is in the forward, unlatched position, the lock arm
      108 may be rotated into locking position. When the door is closed, the
      latch bar striker 54 merely slides by the flange 114 on the lock arm 108.
      In other words, the lock arm 108 acts independently of the other elements
      of the door latch assembly so that additional manipulation of the outside
      door handle is unnecessary.
PAR  Each of the latch arms 32 and 34 may also be provided with over-center
      spring means generally shown at 120 in FIG. 3. The over-center spring
      means urges the latch arms toward either the latched or unlatched
      positions. In other words, after the latch arm striker 54 has rotated the
      latch arms 32 and 34 partially toward the unlatched position, the
      over-center spring device forces the latch arms 32 and 34 the remaining
      distance to the unlatched position. Furthermore, the over-center spring
      device holds the latch arms 32 and 34 in either the latched or unlatched
      position until the arms are acted upon by the latch bar striker 54.
      Conversely, when the door is being closed, it is only necessary for the
      latch bar 42 to move the latch bar striker 54 a short distance before the
      over-center spring device 120 begins to urge the latch arms 32 and 34 the
      rest of the distance to the latched position.
PAR  The over-center spring device employed in the instant invention includes a
      lever arm 122 attached near the outer ends of the latch arms 32 and 34. A
      spring 123 and washer 124 are supported on a rod 125 which extends between
      the lever 122 and a struck-out tab 126 in the side wall 49 of the latch
      bracket 26. The struck-out tab 126 includes an aperture 128 for receiving
      the end of the rod 125. The rod 125 includes an L-shaped portion 130 which
      is positioned in a hole 132 in the lever 122 to retain the rod 125
      therein.
PAR  The over-center spring device 120 acts in the standard fashion. That is,
      the spring urges rotation of the latch arm in a first direction until the
      latch arm is rotated past a center-point at which the spring urges the
      latch arm in the opposite direction. It is noted that other types of
      over-center spring devices may be employed with equivalent results.
PAR  Moreover, it is contemplated that the latch bar 42 and latch arms 32 and 34
      may be coated with a sound dampening material such as rubber, or the like,
      to prevent rattles.
PAR  The invention has been described in an illustrative manner, and it is to be
      understood that the terminology which has been used is intended to be in
      the nature of words of description rather than of limitation.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is, therefore, to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A door latch assembly comprising: support means; latch means for
      engaging a latch bar, said latch means being pivotally supported by said
      support means; movable link means connected to said latch means for
      pivoting said latch means alternately toward a latched position and an
      unlatched position; a release lever for actuating said link means to pivot
      said latch means toward the unlatched position; and release lever support
      means for movably supporting said release lever about at least two
      angularly related axes in engaging proximity to said link means such that
      said release lever is movable about each said axis to effect pivoting of
      said latch means.
NUM  2.
PAR  2. An assembly as set forth in claim 1 wherein said release lever includes
      a base portion having first and second ends, said release lever support
      means being located adjacent the first end, a finger portion located
      adjacent the second end and extending angularly from said base portion.
NUM  3.
PAR  3. An assembly as set forth in claim 2 wherein said release lever includes
      attachment means for attaching a pair of control rods to said release
      lever, each of which are adapted to move said release lever about one of
      said two axes, said attachment means being located at positions spaced
      laterally from the axis about which the respective control rod is adapted
      to move said release lever.
NUM  4.
PAR  4. An assembly as set forth in claim 3 wherein said release lever support
      means includes a ball member and a ball seat member.
NUM  5.
PAR  5. An assembly as set forth in claim 4 wherein said release lever support
      means includes limiting means for preventing motion of said release lever
      about more than two angularly related axes.
NUM  6.
PAR  6. An assembly as set forth in claim 5 wherein said limiting means includes
      an elongated slot in one of said ball and seat members, and a pin in the
      other of said members extending into said slot.
NUM  7.
PAR  7. An assembly as set forth in claim 5 wherein said limiting means includes
      a ball member supported by said release lever, a ball seat member on said
      support means, an elongated slot in said ball seat member and a pin in
      said ball member extending into said slot.
NUM  8.
PAR  8. An assembly as set forth in claim 7 including a lock arm movable to a
      position to prevent movement of said release lever.
NUM  9.
PAR  9. An assembly as set forth in claim 8 wherein said lock arm includes a
      body portion pivotally connected to said support means and a flange
      portion supported by said body portion at a position displaced from the
      pivot axis thereof, said flange portion extending generally in a direction
      parallel to the pivot axis of said body portion.
NUM  10.
PAR  10. An assembly as set forth in claim 9 wherein said lock arm includes
      attachment means for attaching a lock control rod thereto.
NUM  11.
PAR  11. An assembly as set forth in claim 9 wherein said latch means includes a
      pair of opposed latch arms.
NUM  12.
PAR  12. An assembly as set forth in claim 11 wherein said support means
      includes a pair of latch pivot pins for pivotally supporting said latch
      arms, the longitudinal axes of said latch pivot pins being parallel and
      said latch pivot pins being longitudinally staggered and spaced laterally
      apart such that said latch arms are supported one above the other and
      relatively laterally spaced apart.
NUM  13.
PAR  13. An assembly as set forth in claim 12 wherein said latch arms include
      first lever arms disposed on the adjacent ends of said latch arms, said
      lever arms including connecting means for connecting the same to said link
      means.
NUM  14.
PAR  14. An assembly as set forth in claim 13 wherein said link means is
      disposed between said latch arms and includes a connecting pin extending
      from each side thereof toward said latch arms, said connecting means
      including openings in said lever arms for receiving and connecting pins.
NUM  15.
PAR  15. An assembly as set forth in claim 13 wherein said latch arms include
      second lever arms and over-center spring means between said second lever
      arms and said support means for urging said latch arms toward one of said
      latched and unlatched positions.
NUM  16.
PAR  16. An assembly as set forth in claim 1 wherein said release lever support
      means includes limiting means for preventing motion of said release lever
      about more than two angularly related axes.
NUM  17.
PAR  17. An assembly as set forth in claim 16 wherein said limiting means
      includes a ball member supported by said release lever, a ball seat member
      on said support means, an elongated slot in said ball seat member and a
      pin in said ball member extending into said slot.
NUM  18.
PAR  18. An assembly as set forth in claim 1 including a lock arm movable to a
      position to prevent movement of said release lever.
NUM  19.
PAR  19. An assembly as set forth in claim 18 wherein said lock arm includes a
      body portion pivotally connected to said support means and a flange
      portion supported by said body portion at a position displaced from the
      pivot axis thereof, said flange portion extending generally in a direction
      parallel to the pivot axis of said body portion.
NUM  20.
PAR  20. An assembly as set forth in claim 19 wherein said lock arm includes
      attachment means for attaching a lock control rod thereto.
NUM  21.
PAR  21. A door latch assembly comprising: latch support means including at
      least one wall; means for attaching said latch support means to a door; a
      pair of opposed latch arms pivotally supported on a first side of said
      wall, one above the other and relatively laterally spaced apart; a movable
      link extending through an opening in said wall and connected to said latch
      arms for alternately pivoting said latch arms toward and away from one
      another; a release lever for actuating said link to pivot said latch arms
      away from one another; and release lever support means for movably
      supporting said release lever on the second side of said wall in engaging
      proximity to said link such that said release lever is movable about at
      least two angularly related axes whereby movement of said release lever
      about each said axis against said link moves said link through said wall
      causing said latch arms to pivot away from one another.
NUM  22.
PAR  22. An assembly as set forth in claim 21 wherein said release lever
      includes first attachment means for attaching a control rod thereto to
      pivot said release lever about a first axis and second attachment means
      for attaching a control rod thereto to rotate said release lever about a
      second axis.
NUM  23.
PAR  23. An assembly as set forth in claim 22 wherein said release lever support
      means includes means for preventing movement of said release lever about
      more than two angularly related axes.
NUM  24.
PAR  24. An assembly as set forth in claim 23 wherein said release lever support
      means includes a ball member, a ball seat member, an elongated slot in one
      of said members, and a pin in the other of said members extending into
      said slot.
NUM  25.
PAR  25. An assembly as set forth in claim 24 including a lock arm pivotally
      supported on the second side of said wall of said latch support means
      movable to a position to prevent movement of said release lever toward
      said link.
NUM  26.
PAR  26. An assembly as set forth in claim 25 wherein said lock arm includes a
      body portion pivotally connected to said wall of said latch support means
      and a flange portion supported by said body portion at a position
      displaced from the pivot axis thereof, said flange portion extending
      generally in a direction parallel to the pivot axis of said body portion.
NUM  27.
PAR  27. An assembly as set forth in claim 26 wherein said lock arm includes
      attachment means for attaching a lock control rod thereto.
NUM  28.
PAR  28. An assembly as set forth in claim 27 including over-center spring means
      connected between said latch support means and said latch arms.
NUM  29.
PAR  29. An assembly as set forth in claim 28 including a latch bar and means
      for attaching said latch bar to a door frame.
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ABST
PAL  A hose handling apparatus includes a body of generally U-shaped
      cross-section in which a portion of a hose may be seated. Strap means are
      included, by which the body and hose disposed thereon may be supported,
      and through such supporting thereby, cinching means are actuated to secure
      the hose relative to the body. The cinching means and support means are
      connected to the body so as to allow easy removal and installation of the
      hose relative to the body, meanwhile ensuring simplicity and ease of
      operation.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to hose handling apparatus, and more particularly,
      to a hose saddle and hose securing means associated therewith.
PAR  In the handling of large, relatively flexible hose, it is of course
      important that such hose be properly supported by appropriate apparatus
      where necessary. It will also be understood that, at such point or points
      of support thereof, no kinking of or damage to the hose may occur.
      Meanwhile, it is desirable that such an apparatus be extremely convenient
      for use and simple in design, so as to allow safe, efficient use thereof.
      Such simplicity and efficiency of design is of particular importance when
      it is desirable to secure the hose relative to the apparatus, to provide
      proper stability in the handling thereof.
PAR  Of general interest in this area are U.S. Pat. No. 1,462,897 to Barto, U.S.
      Pat. No. 1,524,444 to Malia, U.S. Pat. No. 2,895,762 to Seving, U.S. Pat.
      No. 2,912,180 to Lindberg, U.S. Pat. No. 3,425,737 to Sutton, and Austrian
      Pat. No. 247,556.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of this invention to provide hose handling
      apparatus which is capable of supporting a portion of a flexible hose
      without kinking or damage thereto.
PAR  It is a further object of this invention to provide hose handling apparatus
      which, while fulfilling the above object, provides extremely convenient
      cinching means for securing a hose portion relative to the body of the
      apparatus, meanwhile allowing extremely efficient and convenient use
      thereof.
PAR  Broadly stated, the invention comprises a hose handling apparatus
      comprising a body, and means connected to the body and by which the body
      may be supported. Force applying means are associated with the body, so
      that upon the supporting of the body by the means connected to the body,
      securing force is applied to a hose positioned on the body, tending to
      secure such a positioned hose relative to the body.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects of the invention will become apparent from a study
      of the following specification and drawings, in which:
PAR  FIG. 1 is an overall perspective view of the apparatus, shown in
      combination with a portion of a hose;
PAR  FIG. 2 is a side elevation of the apparatus shown in FIG. 1;
PAR  FIG. 3 is an end elevation of the apparatus as shown in FIG. 2;
PAR  FIG. 4 is a view taken along the line 4--4 of FIG. 3;
PAR  FIG. 5 is an enlarged view of the area 5--5 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Shown in the drawings is the preferred embodiment of hose handling
      apparatus 10. The apparatus 10 includes a body 12 which is of generally
      U-shaped cross-section, and which is curved in a downward arc on either
      side of its mid-point, along its longitudinal axis, so as to properly seat
      a portion 14 of a hose 16 therein without kinking or damage thereto. The
      body 12 includes reinforcing ribs 18 about the edges thereof for added
      rigidity and strength. The body 12 may with advantage be of molded
      reinforced fiberglass material, and includes flat steel members 20,22
      embedded in the fiberglass material.
PAR  The steel member 20 defines a loop 24 on one side of the body 12, and a
      connecting member 26 defines an aperture 28 through which is secured the
      loop 24 so that the connecting member 26 is non-removable therefrom, the
      connecting member 26 being on one side of the body. Disposed through the
      aperture 28 in the connecting member 26 is a flexible strap member 30
      which is unbroken along its length so as to define a continuous loop.
PAR  The strap member 30 also is disposed through a ring 32. The strap member
      30, it will be seen, is slidable through the ring 32 and aperture 28 of
      the connecting member 26, and is non-removable from the connecting member
      26, which is actually an enclosed member as shown.
PAR  A connecting member 34 is disposed through a loop 36 defined by the other
      end of the steel member 20, so as to be non-removable therefrom. Such
      connecting member 34 is disposed on the other side of the body 12. The
      connecting member 34 defines an upper leg 38 ending in a down-turned end
      portion 40, and an opening 42 for allowing installation of the strap
      member 30 therein, or selective removal of the strap member 30 therefrom.
      The strap member 30, when disposed under the leg 38, is in a sliding
      relation with the connecting member 34.
PAR  The steel member 22 has associated therewith connecting members (one shown
      at 44), similar to connecting members 26,34, on either side of the body
      12, and a flexible strap member 46 is associated with these connecting
      members and disposed through ring 32.
PAR  In the use of the apparatus 10, the strap members 30,46 are removed from
      the connecting members 34,44 through the openings provided, the entire
      apparatus remaining together as an assembly because of the construction
      described above. The body 12 may be disposed under a portion 14 of hose 16
      and the hose portion 14 seated on the body 12. The strap members 30,46 are
      positioned under the legs (as at 38) of the connecting members 34,44 so
      that portions 48,50 of the strap members 30,46 extend generally across the
      body 12 and between the connecting members associated therewith, over the
      hose portion 14. That is, the hose portion 14 is positioned between the
      body 12 and the strap member portions 48,50. Upon lifting of the ring 32,
      the strap members 30,46 are allowed to slide to an extent relative to the
      connecting members, and act as means by which the body 12 and hose portion
      14 may be supported. Upon such lifting, the strap portions 48,50 act as
      force applying means, applying a cinching or securing force to the hose
      portion 14 positioned on the body 12, tending to secure the hose portion
      14 relative to the body 12.
PAR  Upon completion of the hose supporting operation, the hose portion 14 may
      be lowered, and the strap members 30,46 removed from the connecting
      members 34,44 through the openings provided, and the body 12 and structure
      connected thereto may be easily and conveniently moved away from the hose
      16.
PAR  The strap members 30,46 are angled outwardly of the ring 32 in the
      direction of the body 12 to provide a stable carrying of the hose 16, as
      shown in FIG. 1.
PAR  It will be seen that the overall apparatus 10 is extremely convenient and
      simple in use, in that it is maintained as a unit assembly, ready for use
      when appropriate. In such use, the apparatus 10 may be easily positioned,
      and connected up by the means described above, and it will be seen that
      upon lifting of the hose portion by the apparatus 10, an automatic hose
      portion cinching effect is provided, securing such hose portion relative
      to the body 12 of the apparatus 10.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hose handling apparatus comprising:
PA1  a substantially rigid hose saddle curved along its longitudinal axis and
      having a generally U-shaped cross-section adapted to receive a large
      diameter flexible hose;
PA1  a pair of closed hook connecting means fixedly connected at spaced-apart
      locations along one top edge of said hose saddle;
PA1  a pair of open hook connecting means fixedly connected at spaced-apart
      locations along the opposite top edge of said hose saddle so each is
      directly opposite a closed hook connecting means; and
PA1  sling lifting means having two loops, one of said loops passing through one
      of said closed hook connecting means and the other of said loops passing
      through said other closed hook connecting means, whereby a portion of each
      loop may be extended transversely across the hose saddle and detachably
      connected in the open hook connecting means whereby a choking force will
      be applied to a hose in the saddle as the latter is lifted through said
      two loops so connected in said open and closed hook connecting means, and
      said saddle can be quickly detached from said hose by merely disconnecting
      said loops from said open hook connecting means without complete release
      of said saddle from said loops.
NUM  2.
PAR  2. The hose handling apparatus as defined in claim 1, wherein said hook
      connecting means are hinged to better apply choking force to the hose
      within the hose saddle.
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ABST
PAL  A simple, reliable, and fast-acting means for releasing a control element
      and allowing it to be inserted rapidly into the core region of a nuclear
      reactor for scram purposes. A latch mechanism grips a coupling head on a
      nuclear control element to connect the control element to the control
      drive assembly. The latch mechanism is closed by tensioning a cable or rod
      with an actuator. The control element is released by de-energizing the
      actuator, providing fail-safe, rapid release of the control element to
      effect reactor shutdown. A sensing rod provides indication that the
      control element is properly positioned in the latch. Two embodiments are
      illustrated, one involving a collet-type latch mechanism, the other a
      pliers-type latch mechanism with the actuator located inside the reactor
      vessel.
GOVT
PAR  The invention described herein was made in the course of, or under,
      Contract No. AT(04-3)-893, Task 7, with the United States Atomic Energy
      Commission.
PARN
PAR  This is a division of application Ser. No. 476,184, filed June 4, 1974, now
      U.S. Pat. No. 3,905,634.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to control rod drives for nuclear reactors,
      particularly to such drives for "scramming" the control rods should an
      emergency occur, and more particularly to a simple, reliable, fast-acting
      means for releasing a control element and allowing it to be inserted
      rapidly into the core region of a nuclear reactor for scram or fast
      shutdown purposes.
PAR  The use of control rods and asssociated drives to regulate the reactivity
      of a nuclear reactor by varying the location of the control rods with
      respect to the reactive core is well known. Various types of control rod
      drive systems utilizing releasable gripping or latch mechanisms have been
      developed, as exemplified by U.S. Pat. No. 3,139,384 issued June 30, 1964
      and U.S. Pat. No. 3,604,746  issued Sept. 14, 1971. In general, such
      drives are capable, under normal conditions, of gradually inserting and
      withdrawing one or more associated control rods so as to regulate the
      power output of the reactor. With a view toward the possibility of an
      emergency condition arising, as by an unexpected rise in reactivity, such
      drives also generally include arrangements for scramming the control rods,
      i.e., for rapid full insertion of the control rods into the reactive core
      to quickly shutdown the reactor. U.S. Pat. No. 3,089,839 issued May 14,
      1963, and U.S. Pat. No. 3,575,804 issued Apr. 20, 1971 exemplify prior art
      control rod scram systems.
PAR  With the advent of the liquid metal fast breeder reactors (LMFBR), a need
      for faster, less complex, more reliable control rod scram or shutdown
      systems has become apparent, whereby the reactivity of the reactor can be
      quickly controlled by rapid insertion of the control rods into the reactor
      core. Furthermore, the unique friction and wear characteristics of
      structural metals in a high temperature liquid sodium environment require
      that the mechanisms be designed to be insensitive to changes in friction
      coefficient and operate over the widest possible range of friction
      coefficients.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention fulfills the above-mentioned need by providing a
      simple, reliable, and fast-acting means for releasing a control element
      and allowing it to be inserted rapidly into the core region of a nuclear
      reactor for scram purposes, and is particularly adapted for use in an
      LMFBR. This fast shutdown ability is accomplished by utilizing a quick
      release latch mechanism which is closed by tensioning a cable or rod with
      an actuator. The control element is released by de-energizing the
      actuator, providing fail-safe rapid release of the control element to
      effect reactor shutdown. One embodiment of the invention utilizes a short
      stroke collet-type latch with the actuator mounted in a mechanism housing
      above the reactor whereas another uses a pliers-type latch with the
      actuator located inside the reactor vessel.
PAR  Therefore, it is an object of this invention to provide a quick release
      latch mechanism for reactor scram application.
PAR  A further object of the invention is to provide a quick release latch
      mechanism activated through an actuator controlled tensioning cable or
      rod.
PAR  Another object of the invention is to provide a quick release latch
      mechanism for nuclear reactor control rods using a short stroke
      collet-type arrangement.
PAR  Another object of the invention is to provide a quick release latch
      mechanism for control rods of a nuclear reactor using a pliers-type latch
      arrangement.
PAR  Another object of the invention is to provide a quick release latch
      mechanism for control elements of a nuclear reactor having the actuator
      located within the reactor vessel.
PAR  Other objects of the invention will become readily apparent from the
      following description and accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view, partially in cross-section, of an embodiment of the
      invention utilizing a collet-type quick release latch illustrated in the
      locked position;
PAR  FIG. 2 is a cross-sectional view taken along lines A--A of FIG. 1;
PAR  FIG. 3 is a partial view of the FIG. 1 embodiment illustrated in unlocked
      position;
PAR  FIG. 4 is a view, partially in cross-section, of another embodiment of the
      invention utilizing a pliers-type quick release latch illustrated in the
      locked position; and
PAR  FIG. 5 is a partial side view of the FIG. 4 embodiment taken along the
      centerline of FIG. 4 as indicated by the arrows.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention, as pointed out above, involves latch mechanisms of the quick
      release type for reactor scram application, and is particularly adapted
      for use in a liquid metal fast breeder reactor (LMFBR) in that it provides
      a simple, reliable, and fast-acting means of releasing a control element
      and allowing it to be inserted rapidly into the core region of the reactor
      to effect shutdown thereof. Two embodiments of the invention are
      illustrated and described, each having a latch mechanism which is closed
      by tensioning a cable or rod by an actuator, and released by de-energizing
      the actuator, wherein a control element can be provided a fail-safe means
      of release for insertion into the reactor core by gravity and/or other
      forces, such as hydraulic or pneumatic. The first embodiment, illustrated
      in FIGS. 1-3, utilizes a short stroke collet-type quick release latch. The
      second embodiment, illustrated in FIGS. 4 and 5, uses a pliers-type quick
      release latch, with the actuator therefor located inside the reactor
      vessel.
PAR  Referring now to the embodiment illustrated in FIGS. 1-3, the latch
      mechanism generally indicated at 10 is located within a round guide tube
      11 of a hexagonal shaped channel 12 which, as known in the art, contains a
      control rod for insertion into a reactor core, drive system for the
      control rod being normally located externally of the reactor vessel
      containing the core. Latch mechanism 10 comprises a hollow drive shaft or
      member 13 having a diverging-converging lower end portion, which receives
      support from, with minimum friction along, guide tube 11 and within which
      is retained a coupling head 14 of a control rod 15 which is positioned so
      as to be inserted into a reactor core, not shown. Drive shaft 13 is
      provided with a pair of spaced radially inwardly protruding sections 16
      and 17 between which a force translating block or member 18 is movably
      mounted such that block 18 can be moved axially through the spaces
      indicated at 19 or 20 located between block 18 and protruding sections 16
      and 17, respectively. Attached to force translating block 18 is a gripper
      assembly comprising a plurality of collet members or grippers 21 (four
      illustrated in this embodiment). Collet grippers 21 are configured to
      cooperate with the diverging section of drift shaft 13 which defines a cam
      surface 22 positioned at an optimum angle (26.degree. in this embodiment)
      with respect to horizontal. As indicated at 23, each of collet grippers 21
      is provided with a surface which cooperates with cam surface 22. Coupling
      head 14, as shown in FIG. 1, is configured to define along the lower half
      thereof a surface 24 at an optimum angle (26.degree. in this embodiment)
      with respect to vertical, with collet members 21 each having a cooperating
      surface 25. In collet grippers 21 each contain a tapered surface 26
      adapted to cooperate with a tapered surface 27 along the upper half of
      coupling head 14, for reasons described hereinafter. Force translating
      block 18 is secured to a tension member such as cable or rod 28 which is
      connected to an actuator (not shown) of the pneumatic, hydraulic, or
      mechanical type, which may be positioned within or external of the reactor
      vessel (not shown) containing the core. A sensor mechanism, for purposes
      described below, is mounted within drive shaft 13 and connected to
      indicate, through appropriate instrumentation located at higher elevations
      in the control rod drive system, that the coupling head 14 is properly
      registered in the latch mechanism 10. The sensor mechanism includes a
      sensing rod 29 secured through a force transmitting assembly composed of a
      pair of rods 30 and 31 which pass through apertures in force transmitting
      block 18 and secured at opposite ends to members 32 and 33, member 32
      being attached to sensing rod 29 while member 33 is hollow providing for
      passage of tension member (cable or rod 28) therethrough.
PAR  FIG. 1 illustrates the latch mechanism 10 in the locked position
      accomplished by tension member 28 being placed under tension via an
      actuator, not shown, which moves force transmitting block 18 upwardly to
      abuttment with protruding member 17 on drive shaft or member 13 and
      defining the space 19 between protruding member 16 and block 18, which
      action in turn moves collet grippers 21 upwardly into contact with cam
      surface 22 of drive shaft 13 constraining grippers 21 inwardly causing
      surfaces 25 thereof to contact surface 24 of coupling head 14 retaining
      the coupling head therein, as shown.
PAR  To release coupling head 14 from latch mechanism 10 and allow the control
      element or rod 15 to descend into the core region under the action of a
      constantly available force (e.g., gravity and/or other forces, such as
      hydraulic or pneumatic), the tension in the member 28 is released. Upon
      release of the tension in the cable or rod, the grippers 21 are allowed to
      move downwardly and outwardly along surface 22, and the coupling head is
      allowed to move downwardly, as shown in dotted lines in FIG. 2, thereby
      separating the control rod 15 from the latch mechanism 10, allowing the
      control rod to move downwardly into the in-core position for shutting down
      the reactor. Upon release of the tension in member 28, the force
      transmitting block moves only through the small distance of space 19, thus
      providing an extremely short actuation stroke to release the coupling head
      14 from collet grippers 21.
PAR  The pairs of mating surfaces (coupling head to gripper and gripper to
      back-up cam) are carefully designed with proper engagement angles to allow
      latch operation over a wide range of friction coefficients. In the
      embodiment represented in FIGS. 1, 2, and 3, friction coefficients as high
      as 2.05 can be easily accommodated. Thus, a quick and fail-safe release is
      coupled with a short stroke actuation and an insensitivity to change in
      the friction coefficient.
PAR  The extremely short actuation stroke (movement through space 19), which in
      this embodiment is 0.25 inches, is desirable because distortions of the
      drive shaft and mechanism do not impair the ability to achieve scram. It
      is intended that the latch mechanism 10 be located well below the closure
      of the reactor vessel and in fact may be located within the control
      channel. Consequently, the control element could be as short as possible
      and would have to travel the least possible distance. Distortions of the
      drive mechanism and relative motion between the core and closure, both of
      which could be caused by a seismic disturbance have negligible effects and
      do not prevent release of the control element or rod for scram.
PAR  The need for accommodation of a wide range of friction coefficients arises
      because of the uncertainties associated with the prevailing friction
      coefficient under all operating conditions in the reactor. Depending upon
      the available actuating force, the embodiment illustrated in FIGS. 1-3 is
      capable of operating properly with friction coefficients of from near zero
      to on the order of 5.0. This advantage is achieved through correct design
      of the contact surfaces (cam surface 22 and gripper surface 23) and
      between the surfaces 25 of grippers 21 and the surface 24 of coupling head
      14.
PAR  To retrieve the element or rod 15 from the in-core position, drive shaft 13
      is lowered until sensing rod 29 indicates that coupling head 14 is
      properly registered in latch mechanism 10. The tension force is then
      reapplied to tension cable or rod 28 by the actuator, and collet grippers
      are moved upwardly into engagement with cam surface 22 thereby securing
      coupling head 14 therein, whereupon drive shaft 13 is raised pulling
      control rod 15 from the reactor core to the position as shown in FIG. 1.
      This recoupling or retrieving action of latch mechanism 10 could be
      accomplished in other ways without affecting the quick release
      characteristics.
PAR  Referring now to the embodiment illustrated in FIGS. 4 and 5, the latch
      mechanism generally indicated at 40 is located within a round guide tube
      41 inside a hexagonally shaped control channel 42, as described above with
      respect to the embodiment of FIGS. 1-3. Latch mechanism 40 is of a bellows
      actuated pliers-type gripper assembly generally indicated at 43 and 44,
      respectively, mounted within a hollow drive shaft or member 45, with
      gripper assembly 44 positioned to releasably retain a coupling head 46 of
      a control rod 47. Bellows assembly 43 is composed of a lower member or end
      cap 48 fixedly secured to drive shaft 45, an upper member or end cap 49
      slidably positioned within drive shaft 45, a flexible member 50 connected
      at opposite ends to end caps 48 and 49, and a shield or sleeve 51
      positioned around flexible member 50 and connected at the lower end
      thereof to end cap 48 and mounted in sliding relation with a reduced
      diameter surface area 52 of upper end cap 49 to allow for upward expansion
      of flexible member 50 while providing protection thereof. Upper end cap 49
      is provided with a pair of fluid passageways 53 and 54 extending
      therethrough and providing fluid communication between the interior of
      flexible member 50 and a fluid pressure control system, not shown, via
      pressurizing lines 55 and 56. Drive shaft or member 45 is provided at the
      lower end with a diverging-converging section 57 which is in light
      frictional abuttment with the inner surface of guide tube 41 and functions
      as a centering means for latching mechanism 40 as it moves within the
      guide tube. A pair of oppositely spaced openings or apertures 58 are
      positioned in drive shaft 45 directly above diverging-converging section
      57 which allows for movement of pliers-type gripper assembly 44. Gripper
      assembly 44 comprises a pair of tong-like members 59 and 60 pivotably
      mounted to a support member 61 via pins 62, and connected at one end 63
      thereof to a pair of tension members such as cables or rods 64 which pass
      upwardly through apertures in lower end cap 48 of bellows assembly 43 and
      are secured in upper end cap 49 at 65. Upward movement of bellows end cap
      49 tensions cables or rods 64 causing tong-like members 59 and 60 to pivot
      on pins 62 whereby opposite ends 66 of tong-like members 59 and 60 move
      inwardly to retain coupling head 46 therein. Ends 63 of tong-like members
      59 and 60 and the lower ends of tension cables 64 are caused to move
      within openings 58 of drive shaft 45 by the action of fluid entering the
      bellows assembly 43 via either or both of passageways 53 and 54 whereby
      cables 64 are placed under tension by upward movement of bellows end cap
      49 causing pliers-type gripper assembly 44 to retain coupling head 46 of
      control rod 47 in the raised or out-of-core position, as shown in FIGS. 4
      and 5.
PAR  Should a condition arise such that scram or immediate shutdown of the
      reactor were required, the fluid under pressure in flexible member 50
      would be released through one or both of passageways 53 and 54 by
      mechanism not shown, thereby relieving the tension on cable 64 and
      corresponding holding force on plier-like assembly 44. Downward gravity
      and/or hydraulic forces on the control rod or element 47 causes the
      engagement surface 68 of the coupling head to spread the mating surfaces
      of the released plier-like gripper assembly and allow the control rod to
      drop into the core region to scram the reactor.
PAR  To retrieve the control element 47 from the core, as shown in FIG. 4, ends
      66 of tong-like members 59 and 60 are configured to define a surface 67
      which cooperates with a surface 68 on the lower half of coupling head 46,
      which in this embodiment is about 60.degree. with respect to the vertical
      axis. Ends 66 are also provided with a tapered surface 69 which cooperates
      with surface 70 on the upper half of coupling head 46 to accommodate
      reengagement of the latch and coupling head and hence easier retrieval of
      control rod 47 after it has been released from latch mechanism 40. A
      sensing mechanism is located in drive shaft 45 and includes a sensing rod
      or pad 71 connected through upwardly extending members 72 which pass
      through apertures in bellows end caps 48 and 49 to appropriate
      instrumentation, not shown. Support members 61 for tong-like members 59
      and 60 are mounted above and secured to the upper surface of sensing rod
      or pad 71.
PAR  To retrieve the control element after release, the drive shaft or member 45
      is lowered until the sensing rod or pad 71 indicates that the coupling
      head 46 is properly registered in latch mechanism 40. The tension force on
      cables 64 is then reapplied by pressurizing the bellows assembly 43 and
      the pliers-like gripper assembly 44 secures the coupling head 46 therein.
      Again, the quick release feature of the bellows actuated pliers-like
      gripper assembly can be utilized separately from the described sensing
      mechanism.
PAR  As in the embodiment of FIGS. 1-3, the FIGS. 4 and 5 latch mechanism
      provides a compact, reliable and fast-acting means of retaining and
      releasing a control element for rapid insertion into the core region of a
      nuclear reactor for scram purposes. This embodiment has the significant
      advantage that no parts of the release mechanism other than small diameter
      pressure tubing must pass through the reactor top closure, and thus the
      probability of failure to release in the event of a seismic disturbance is
      minimized.
PAR  The bellows assembly is capable of providing a relatively high holding
      force, and the latch linkage will function over a wide range of friction
      coefficients (desirable for liquid sodium cooled service because of the
      uncertainties mentioned earlier).
PAR  The latch mechanism embodied in FIGS. 4 and 5 will function properly with
      friction coefficients up to 3.6 if the coupling head/gripper contact angle
      is 60.degree.. For this geometry, the tension in each of the two cables
      ranges from 350 lb to zero for friction coefficients ranging from 0.2 to
      3.6, respectively.
PAR  It has thus been shown that the present invention provides a quick release
      latch for reactor scram application which is simple, reliable, and
      fast-acting, thereby providing added safety to the operation of nuclear
      reactors, particularly an LMFBR.
PAR  While particular embodiments of the invention have been illustrated and
      described, modifications will become apparent to those skilled in the art,
      and it is intended to cover in the appended claims all such modifications
      as come within the spirit and scope of the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A quick release mechanism for allowing rapid insertion of a control
      element into the core of a nuclear reactor for scram purposes comprising:
      a hollow drive member having a diverging-converging end section, a gripper
      assembly movably positioned within said hollow drive member and adapted to
      cooperate with a coupling head of an associated control element, and means
      including tensioning means for moving said gripper assembly such that
      tensioning said tensioning means causes said gripper assembly to retain an
      associated control element coupling head therein and release of tension on
      said tensioning means allows such a retained associated control element to
      be released therefrom for rapid insertion into an associated reactor core,
      said gripper assembly comprising a pliers-like gripper mechanism, said
      means for moving said gripper assembly comprising a bellows assembly
      movably secured within said hollow drive member, said tension means
      comprising cable means interconnecting said bellows assembly and said
      pliers-like gripper mechanism, whereby expansion of said bellows assembly
      causes tensioning of said cable means and tightening action of said
      pliers-like gripper mechanism about an associated control element coupling
      head retaining same therein, and contraction of said bellows assembly
      releases tension on said cable means allowing loosening action of said
      pliers-like gripper mechanism and release therefrom of such an associated
      control element coupling head.
NUM  2.
PAR  2. The quick release mechanism defined in claim 1, in combination with
      means for sensing the location of such an associated control element
      coupling head with respect to said pliers-like gripper mechanism.
NUM  3.
PAR  3. The quick release mechanism defined in claim 1, wherein said pliers-like
      gripper mechanism comprises a pair of pivotally mounted tong-like members,
      one end of each of said tong-like members being connected to said cable
      means, an opposite end of each of said tong-like members being configured
      to cooperate with a surface on an associated control element coupling head
      for retaining same therein, and wherein said hollow drive member is
      provided with a pair of oppositely located openings allowing for movement
      of said one end of said tong-like members therethrough.
NUM  4.
PAR  4. The quick release mechanism defined in claim 1, wherein said bellows
      assembly comprises a pair of end cap members and a flexible member
      positioned therebetween defining a chamber therein, one of said pair of
      end cap members being fixedly secured to said hollow drive member, the
      other of said pair of end cap members being provided with at least one
      passageway through which fluid is directed into and removed from said
      chamber, said cable means being connected to said other of said pair of
      end cap members.
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ABST
PAL  A camper trailer adapted to be converted from a retracted, trailable
      condition in which it has normal length and width and reduced height which
      does not obstruct the rear view of the driver of the towing vehicle and a
      power-erected, livable condition in which it has normal length and height
      and expanded width whereby the amount of living space within the erected
      camper is increased substantially over the amount of living space
      available in a camper trailer having the corresponding normal length,
      width and height. A feature of the invention involves the provision of
      extension assemblies which are mounted in each side of the camper trailer
      and are slidable to an extended position to increase the width of the
      camper and substantially increase the living space therewithin.
BSUM
PAR  A great variety of convertible camper trailers are known but most of these
      are small compact campers comprising canvas extensions which are unfolded
      manually to provide sleeping facilities for a few occupants. A few solid
      convertible camper trailers of full size are known. A full-size camper
      trailer is one of solid construction having a width approximately that of
      a standard automobile, i.e. from 6 to 7 feet, a length approximating at
      least twice the width, i.e. from 12 to 16 or more feet, and a height of
      from 61/2 to 8 feet and including facilities for living, dining, bath and
      kitchen. The known covertible trailers of this type are difficult to erect
      because of the size and weight of the roof section, and can accommodate
      only a small number of people in comfort because of the relatively narrow
      width of the camper and the necessity to provide space for beds, furniture
      and kitchen and bath facilities.
PAR  It has been proposed to provide convertible camper trailers with extensions
      in the end walls thereof so that the length of the camper can be increased
      to accommodate sleeping facilities, for instance, at each end of the
      camper. This increases the living area within the camper by removing two
      beds into the extensions but does not create a sufficiently substantial
      increase in living space in cases where the camper contains four beds,
      because it does not affect the width of the camper, which is its most
      confining dimension.
PAR  It is the principal object of the present invention to provide a full-size
      convertible camper trailer which is easy to erect in spite of its solid
      construction, and which is expandable to provide comfortable living space
      for a family of from 6 to 8 persons.
PAR  It is another object of this invention to provide a full-size convertible
      camper trailer which has a width which is easily expandable from a
      trailable width of about 7 feet 4 inches to an extended width of about 11
      feet whereby the living space within the camper is substantially
      increased.
PAR  It is yet another object of this invention to provide a convertible camper
      trailer with solid wall extensions which are self-contained pull-out,
      track-mounted members which can be unfolded and attached to the roof of
      the camper to provide self-supporting stable extensions.
DRWD
PAR  These and other objects and advantages of the present invention will be
      apparent to those skilled in the art in the light of the present
      description, including the drawings in which:
PAR  FIG. 1 is a perspective view of a camper trailer in retracted, trailable
      condition according to the present invention.
PAR  FIG. 2 is a perspective view of the camper trailer of FIG. 1, shows in
      erected livable condition.
PAR  FIG. 3 is a side elevational view of the camper trailer of the present
      invention shown in retracted condition, interior elements and the erection
      of the roof element being illustrated by broken lines.
PAR  FIG. 4 is a plan view taken along the line 4--4 of FIG. 3 and illustrating
      the elements of the present camper trailer in retracted position as they
      appear beneath the roof element, not shown.
PAR  FIG. 5 is an enlarged fragmentary sectional view taken along the line 5--5
      of FIG. 8.
PAR  FIG. 6 is a fragmentary sectional view taken along the line 6--6 of FIG. 5.
PAR  FIG. 7 is an enlarged fragmentary sectional view taken along the line 7--7
      of FIG. 2.
PAR  FIG. 8 is a vertical sectional view taken along the line 8--8 of FIG. 1 and
      illustrating the roof section in erect position in broken lines and
      further illustrating the side extensions in different stages of erection,
      also in broken lines.
PAR  FIG. 9 is a side view of an extension panel to be associated with the
      erected side extension of the present camper trailers as an end enclosure.
PAR  FIG. 10 is an enlarged fragmentary sectional view taken along the line
      10--10 of FIG. 5.
PAR  FIG. 11 is an enlarged fragmentary sectional view taken along the line
      11--11 of FIG. 2.
PAR  FIG. 12 is an enlarged fragmentary sectional view taken along the line
      12--12 of FIG. 2.
DETD
PAR  The novel convertible camper trailers of the present invention are best
      described by reference to the drawings in which like reference characters
      in the various views represent like elements.
PAR  As illustrated by the drawings, the present camper trailer comprises a
      rectangular box base 10 having opposed fixed end walls 11 and 12 and
      opposed fixed side walls 13 and 14 and a floor 15, the contacting walls
      being rigidly connected to each other and to the floor by means of
      suitable structural hardware to provide a durable rigid box base 10 as
      shown. The box base 10 comprises the container for the expandable elements
      of the camper when such elements are in the retracted position, as
      illustrated by FIG. 1, and also comprises the support for such elements
      when the latter are in erected position, as illustrated by FIG. 2.
PAR  The box base is built upon and supported by a conventional chassis frame 16
      which includes a spring-mounted wheel assembly comprising axle support bar
      17, springs 18 and 19 and wheels 20 and 21 (shown most clearly in FIG. 8),
      the wheels and tires preferably being of the same size and interchangeable
      with the wheels and tires of the towing vehicle. In addition, the chassis
      frame 16 also comprises a front hitch tongue 22 and support jacks 23 and
      24, and a rear bumper 25, as shown in FIGS. 1 and 2.
PAR  As stated supra, the box base 10 is the container and the support for the
      expandable elements of the present camper and such expandable elements
      comprise upper end wall sections 26 and 27 which are hingedly connected to
      base end walls 11 and 12 respectively and each of which has a pair of
      rollers or wheels, one wheel 28, 29 and 30 and 31 rotatably mounted at
      each corner adjacent the upper edge of each end wall section. The roof 32
      has connected to the underside thereof opposed parallel longitudinal rails
      33 and 34, rail 33 engaging wheels 28 and 30 and rail 34 engaging wheels
      29 and 31, whereby simultaneous movement of upper end wall sections 26 and
      27 from down position in which they lie generally horizontal and
      perpendicular to base end walls 11 and 12 to which they are hingedly
      attached respectively, and erected position in which they are generally
      vertical and coplanar with said base end walls, causes said wheels to
      travel within their respective tracks to move the roof 32 from down
      position, as illustrated by FIG. 3 of the drawings.
PAR  FIGS. 3, 5 and 6 of the drawings also illustrate the power operation system
      for the raising and lowering of the upper end wall sections 26 and 27 and
      simultaneous raising and lowering of the roof 32. This comprises
      electrically-operated telescoping linear power actuators 35 and 36 which
      operate on 12 volts D.C. power from a battery and/or converter by means of
      trunnion mounts 37 and 38 respectively, each of which is supported on a
      cross member 37a and 38a attached to the end walls 11 and 12 respectively
      and to floor support members 37b and 38b which are attached to the floor
      15, as shown more clearly in FIG. 5 of the drawings. The upper end of each
      actuator is attached to the upper end wall sections 26 and 27 respectively
      by means of attachment fittings 39 and 40, the attachment to wall sections
      26 and 27 being adjacent the opening for doors 41 and 42, each of which
      comprises a base door section 43 and 44 and a top door section 45 and 46
      respectively. The base door sections 43 and 44 operate independently of
      the top door sections 45 and 46 when the camper trailer is in the down or
      retracted position so that access can be had to the actuation microswitch
      on each linear actuator 35 and 36 to cause erection of the camper. Each
      linear actuator preferably is provided with a microswitch and with a slip
      clutch and a limit stop. When the microswitches are pushed to activate the
      actuators 35 and 36, the telescoping element of each actuator slowly
      pushes upward against upper wall sections 26 and 27 respectively causing
      them to pivot to the erect position as illustrated by FIG. 3 of the
      drawings. As this occurs, the wheels 28 and 30 travel within roof rail 33
      while wheels 29 and 31 travel within roof rail 34 to cause the roof to be
      raised from its retracted position to its erect position, as shown, in
      which it may be latched to the top of upper wall sections 26 and 27. When
      the roof is fully raised, the clutch of the actuators slips and the
      microswitch is released and returns to the off position.
PAR  At this point, the roof and end walls of the camper trailer are erect and
      the base and top door sections of doors 41 and 42 interlock with each
      other so that each door operates as a unitary element. The next step
      involves the enclosure of the upper sides of the camper trailer, and this
      is accomplished in a manner which substantially enlarges the living area
      within the camper trailer and yet maintains the solid, durable airtight
      and weatherproof structure which is an advantage of the camper trailers of
      the present invention.
PAR  The main body of the upper side structure of the present trailers comprises
      folded slide assemblies 47 and 48, shown in FIGS. 1, 3, 8 and 10, for
      instance, which are rail-mounted within the side walls 13 and 14 of the
      base 10 between closed position in which they are disposed within the base
      10 and flush with walls 13 and 14 respectively, as shown in FIGS. 1 and 8,
      and open position in which they are pulled outward on the telescoping
      rails from side walls 13 and 14 for unfolding and erection.
PAR  Referring to FIGS. 3, 8 and 10 of the drawings, it is noted that slide
      assemblies 47 and 48 are identical in structure, support and operation so
      that any description pertaining to one assembly applies also to the other.
      Thus, slide assemblies 47 and 48, as illustrated by FIGS. 8 and 10, each
      comprise a pair of base panels 49 and 50 respectively, each of which is
      connected to the base 10 by means of four conventional sliding telescoping
      rail or track elements 51 which comprise a wide outer track 52, which is
      fixed to a wall 53 secured to the base 10 and to the wall 13, a center
      floating or sliding track 54 and narrow interior track 55 which is fixed
      to the base panels 49 and 50 respectively of the slide assemblies. As
      illustrated by FIGS. 2 and 8, when the slide assembly 47 is manually
      pulled from the side wall 13, the tracks telescope so that the center
      floating track 54 moves to an intermediate position, shown by broken lines
      in FIG. 8, in which it serves as a brace between the wide track 52 fixed
      to the wall 53 of base 10 and the narrow track 55 fixed to the base panel
      49 of the slide assembly 47.
PAR  When the slide assemblies 47 and 48 are pulled to open position, like
      drawers, they are ready to be unfolded to form the side extensions. Each
      slide assembly 47 and 48 comprises a base panel 49 and 50 respectively
      which, as illustrated, serves as a support for cushions 56, such as of
      foam padding, to provide four convertible beds having a width of about 3
      feet. The base panels 49 are connected to each other for unitary sliding
      movement by means of a face panel 57, while base panels 50 are connected
      to each other for unitary sliding movement by means of face panel 58. Face
      panels 57 and 58 have hingedly attached thereto windowed side extension
      panels 59 and 60 respectively, which in turn have hingedly attached
      thereto roof extension panels 61 and 62, panels 57, 59 and 61 and panels
      58, 60 and 62, respectively being connected to each other so as to be
      foldable to a closed position in which they lie generally horizontal and
      parallel to each other and to their respective base panels 49 and 50 and
      perpendicular to the respective face panels 57 and 58 to which they are
      attached, as illustrated by FIGS. 8 and 10 of the drawings.
PAR  The roof extension panels 61 and 62 are both provided with a multiplicity
      of latches 63 along the upper edge of each, the latches preferably being
      conventional adjustable spring latches and being adapted for clamping
      engagement with the underside of the roof 32 such as by means of rails 33
      and 34, as illustrated by FIG. 12 of the drawings. In this manner, each
      erected slide assembly is supported by the roof as well as by the base 10
      and thus provides a sturdy extension platform, extending about 22 inches
      beyond the side base walls 13 and 14 to increase the overall width of the
      camper trailer from about 7 feet 4 inches at the base to about 11 feet at
      the extensions. Each extension platform supports two cushions 56, each
      having a width of about 3 feet and the forward cushion serving as a sofa
      having a length of about 4 feet while the rear cushion serves as an
      adult's size bed and has a length of about 5 feet 6 inches. If necessary,
      the backrest cushions used during the day to convert the beds to sofas may
      be used during the night as extensions for the beds, for instance by
      placing them between the forward sofas to provide a forward bed across the
      width of the trailer, incorporation both sofas, having a width of 4 feet
      and a length of about 10 feet 9 inches. During the day these cushion
      areas, with the backrest cushions in proper position, serve as seating
      areas for dining or relaxation.
PAR  The extension assemblies are rendered weathertight by means of overhanging
      hardware on the roof and on the assembly panels, as illustrated,
      continuous weatherproof hinges on the assembly panels, and a rubber
      insulating and cushioning strip 64 provided along the length of the upper
      edge of side panels 59 and 60, as shown in FIGS. 10 and 11.
PAR  The completion of the enclosure of the upper side walls of the present
      camper trailer, in erected position, is accomplished by means of four
      corner panels 65, pairs of which are foldingly attached to upper end
      panels 26 and 27 respectively along the side edges thereof by means of
      hinges 66, as shown by FIGS. 3 and 5. The corner panels 65 are folded
      against the inside wall of the upper end panels and latched in place when
      the latter are in the retracted or down position, as shown by FIG. 5, and
      are adapted to be unlatched and rotated 90.degree. on the hinges to
      extended position in which they form corner enclosure walls when the upper
      end panels 26 and 27 are in the raised or erect position, coplanar with
      base end walls 11 and 12, as shown by FIG. 1. The corner panels 65 in
      extended position are latched on the interior of the camper to the upper
      edge of the base walls 13 and 14 and to the underside of the roof 32 to
      form a weathertight seal.
PAR  The final elements to be inserted to complete the assembly operation are
      four extension side panels 67, shown in FIG. 9, which are individual loose
      components which are stored within the camper trailer when the latter is
      in the retracted position. Panels 67 are inserted from the interior by
      sliding them into channel slots 68 present on the upper edge of each side
      of base panels 49 and 59 until they fit into front slots 69 and top slots
      70 present at the corners of side extension panels 59 and 60 and at the
      edges of roof extension panels 61 and 62 respectively, as illustrated by
      FIG. 2 of the drawings, to provide a weatherproof seal. Finally the panels
      67 are latched in place such as by means of conventional spring latches.
PAR  The erected camper trailer has the external appearance illustrated by FIG.
      2 of the drawings, the windowed side dormer extensions being
      self-supporting and requiring no additional jacks or ground supports. The
      extensions increase the cubic footage of space within the trailer by at
      least about 138 cubic feet, or about 20 percent of the cubic footage of a
      trailer having a width and height of 7 feet and a length of 14 feet, and
      by up to as much as about 210 cubic feet, or about 30 percent of the cubic
      footage of a trailer having the aforesaid dimensions. Such a substantial
      increase in living space cannot be obtained in any practical manner by
      extending the front and rear walls of a camper trailer nor could any such
      end extensions be self-supporting because of the dimensions required for
      such a substantial increase in living space.
PAR  Preferably the camper trailer is provided with power vent fans in the
      ceiling area with vent elements on the roof, as illustrated, and with
      conventional jalousie windows on both the side extension panels 59 and 60
      and on the upper door sections 45 and 46.
PAR  The interior of the present trailers can be modified greatly to suit the
      needs of the owner. However, four corner cabinets and two side cabinets of
      sturdy construction are preferably built into the trailer, attached to the
      floor and base walls, to provide walls 53 which support the wide outer
      track 52 of the sliding track assemblies 51 of the side extensions.
PAR  Variations and modifications may be made within the scope of the claims and
      portions of the improvements may be used without others.
CLMS
STM  I claim:
NUM  1.
PAR  1. A convertible camper trailer comprising an oblong box base having
      opposed fixed parallel end walls and opposed fixed parallel side walls of
      substantially greater length than said end walls, a rectangular roof which
      is movable between a lowered position in which it engages the upper edges
      of the fixed walls of said box base and a raised position in which it is
      spaced above said fixed walls, said roof having opposed
      longitudinally-extending tracks on the underside thereof, opposed upper
      end wall sections, the lower edges of which are hingedly attached to the
      upper edges of each of the fixed end walls of said box base to adapt the
      end wall sections to pivot between folded position in which they are
      substantially perpendicular to said end walls when said roof is in lowered
      position and upright position in which they are coplanar with said end
      walls when said roof is in raised position, the upper portions of said end
      wall sections supporting opposed wheel means which engage the opposed
      tracks in the underside of the roof whereby movement of the upper end wall
      sections from folded to upright wall position causes said wheels to move
      in said tracks causing the roof to move from lowered to raised position,
      power means associated with said opposed upper end wall sections for
      moving said sections between folded and upright wall position while
      simultaneously moving said roof from lowered to raised position, and upper
      side wall extension panels hingedly mounted on the inside of said upper
      end wall sections, an extension assembly slidably mounted in each of said
      fixed side walls for sliding movement between closed position in which it
      is disposed within said box base and open position in which it extends
      outside said box base and beyond said fixed side wall, said extension
      assembly having a length less than the length of said fixed side walls and
      being centered within said fixed side walls so that end portions of said
      fixed side walls extend on each side of said extension assembly, said
      extension assembly comprising an extension base which is slidably mounted
      for movement in a direction perpendicular to said side wall, an upper side
      wall extension having a lower edge which is hingedly attached to said
      extension base and an upper edge which is hingedly attached to a roof
      extension panel, fastening means on the upper edge of said roof extension
      panel adapted to engage the roof, whereby when said extension assembly is
      in closed position said side wall extension and said roof extension are
      folded against said extension base and lie substantially parallel thereto
      and to each other and when said extension assembly is in open position
      said side wall extension is adapted to unfold to a position substantially
      perpendicular to said extension base and said roof extension is adapted to
      unfold to a position in which the fastening means thereof engage the roof,
      when the roof is in raised position, to connect the roof extension to the
      roof and support the extension assembly and said upper side extension
      panels are adapted to unfold from said upper end wall sections and to
      engage the upper edge of the fixed side walls and to engage the erect
      extension assembly to form upper side walls corresponding in length to the
      length of said end portions of said fixed side walls.
NUM  2.
PAR  2. A trailer according to claim 1 in which said extension assembly is
      provided with opposed extension end panels to enclose the ends of said
      assembly when the assembly is in said open position.
NUM  3.
PAR  3. A trailer according to claim 2 in which said extension end panels are in
      open position secured to said extension assembly in open position by means
      of channels in said assembly and are adapted to be slidably removed from
      said assembly prior to the conversion of said assembly from open to closed
      position.
NUM  4.
PAR  4. A trailer according to claim 1 in which the extension base of each said
      extension assembly comprises a support adapted to carry two sleeping
      cushions in end-to-end configuration.
NUM  5.
PAR  5. A trailer according to claim 1 in which said extension assembly is
      slidably mounted in said fixed side wall by means of a sliding track
      assembly comprising an inner and an outer track, one of which is secured
      to said extension assembly and the other of which is fixed to said box
      base, and a central floating track which moves to an intermediate position
      when said extension assembly is in open position and functions as a
      support therefor.
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ABST
PAL  A mobile rectangular base constituted by a motor home, trailer, or the like
      is overlain by a congruent cover. A foldable post is provided extending
      between each corner of the cover and the corresponding corner of the base
      so that when unfolded they rigidly support the cover well above the base.
      Walls constituted by a plurality of rigid panels can be pulled from the
      base or from the cover and slid along guides on the posts to enclose the
      structure. Hydraulic cylinders are provided to fold and unfold the posts
      so as to lower and raise the cover. When the walls are locked in place the
      entire assembly is rigid and self-supporting.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a mobile living arrangement. More
      particularly this invention concerns a portable enclosure which is at
      least partially collapsible.
PAC  BACKGROUND OF THE INVENTION
PAR  A camper is known which has a mobile base adapted to be pulled
      trailer-fashion behind an automobile and which can be opened up so as to
      provide living quarters. Such a structure has walls which are made of
      canvas so that they are readily collapsible. The top is also often made of
      canvas and, even when made of rigid material, is manually lifted with
      difficulty into position and maintained with suitable bracing in the
      raised position. Such an uninsulated camper is uncomfortable in a cold or
      windy climate. Furthermore the flimsy structure frequently provides
      inadequate protection from occasional violent storms, and even invites
      entry by thieves and animals.
PAR  Motor homes and trailers are known which provide relatively secure and
      comfortable living quarters, but which are expensive and take up a
      considerable amount of space. Their transport and storage is a problem.
      Such a conventional motor home or trailer is cramped for living space, as
      it must be small enough to travel along conventional highways where height
      clearances are limiting factors.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      mobile living enclosure.
PAR  Another object is the provision of a collapsible and portable enclosure
      which can be set up easily into a rigid and comfortable living
      arrangement.
PAR  A further object is to provide a collapsible mobile living arrangement
      which overcomes the aforesaid disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to the present invention in a mobile
      living enclosure which comprises a polygonal base overlain by a cover of
      similar polygonal shape. A plurality of foldable posts each have a lower
      end secured to the base at a respective corner and an upper end secured to
      the cover at the corresponding corner thereof. Actuating means is provided
      including preferably at least one fluid-operated cylinder connected to the
      posts to displace them between a folded position in which the cover lies
      snugly against the base and an extended position in which the cover is
      spaced from the base and the posts extend straight between their
      respective corners. Each post is provided with a pair of guides and
      respective retractile walls are provided which each are formed of a
      plurality of hinged together rigid panels having ends engageable in the
      guides so that when the posts are extended these walls can slide into
      position along the guides and form rigid side walls for the living
      arrangement. The walls are stored either within the base or within the
      collapsible superstructure.
PAR  Once the cover is lifted and the walls pulled down or up along the guides
      between the unfolded posts the assembly is rigid and stable. The wall
      panels may be insulated so that the living quarters can readily be used in
      cold weather. Furthermore, since these panels, which are advantageously
      made of inherently strong and rigid fiberglass or of an
      aluminum-insulation sandwich, are relatively strong in their own right,
      they can resist high winds easily and make forcible entry difficult. The
      living quarters so constituted are attractive and much more comfortable
      than the flimsy collapsible types known hitherto.
PAR  Such a collapsible living enclosure can be made simply as a towed
      trailer-type camper by providing wheels on the base so that when it is
      folded it does not block rearward view from the towing vehicle and
      presents minimum wind resistance. In addition it is possible to build the
      structure in accordance with my present invention on top of a conventional
      house trailer or motor home so as to provide a comfortable second story.
      Further, access can be provided either by external stairs or through
      congruent registering openings in the vehicle and the enclosure. Stairs or
      ladders can be provided either in the vehicle or in the enclosure. A
      collapsible cabana could be built for pool-side use or could be mounted,
      for example, onto a sailboat or provided with runners for use as an
      ice-fishing house in which case an opening would be provided in the floor
      for access to the ice-fishing hole. The applications are numerous and all
      are intended to be included within the scope of the invention. The
      enclosure according to the invention, for instance, can be carried on the
      back or side of the base structure as well as on the top. This invention
      includes the concept of providing it on the back of a camper so that a
      Murphy bed can fold down into the enclosure, thereby providing an extra
      bedroom in a conventional camper or trailer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages will become more
      readily apparent from the following, reference being made to the
      accompanying drawing in which:
PAR  FIGS. 1 and 2 are side sectional views illustrating a top-mounted
      collapsible living arrangement according to this invention in the
      collapsed and raised positions, respectively;
PAR  FIG. 3 is a section taken along line III--III of FIG. 2;
PAR  FIG. 4 is a perspective view of another type of post in accordance with the
      invention in the raised straight position;
PAR  FIG. 5 is a section through the collapsed enclosure with the walls lowered;
PAR  FIG. 6 is a partly sectional elevational view of the arrangement in the
      erected position of the top with the walls in place;
PAR  FIGS. 7-10 are side elevational views showing top-mounted enclosures
      according to the present invention in use;
PAR  FIGS. 11-13 are perspective views illustrating three rear-mounted
      enclosures according to this invention; and
PAR  FIGS. 14 and 15 are perspective views of the two side-mounted collapsible
      enclosures in accordance with the present invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIGS. 1 and 2 the polygonal top 10 of a house trailer is
      overlain by a rigid polygonal cover 12 made of sheet metal and having a
      downwardly extending lip 13 which can fit snugly down around the upper
      edge of the top 10 to make a watershedding joint. In each of the corners
      of the top 10 and cover 12 there is provided a two-part foldable post 14
      comprising an upper section 15 having an upper end provided with a lug 16
      pivoted at 17 on the cover 12 and a lower section having a lower end
      provided with a lug 19 pivoted at 20 on the base. The sections 15 and 18
      are provided at their other ends with respective lugs 21 and 22 that are
      pivoted together at 23. In addition each of the upper sections 15 is
      provided with a respective transverse pivot pin 24 (See FIG. 3) on which
      is pivoted an end of a long hydraulic cylinder 25 having a piston rod 26.
      Four such posts 14 are operated by a pair of such cylinders 25.
PAR  In the lowered position of the cover 12 as shown in FIG. 1 the sections 15
      and 18 of each post 14 are folded one on top of the other so that these
      sections extend inwardly from the respective corners of the base 10
      parallel to a side thereof. Pressurization of the hydraulic cylinders 25
      by sources not shown pushes the pivot pins 24 apart and thereby forces the
      posts into the straightened position shown in FIG. 2 with the cover 12
      raised above the base 10.
PAR  The arrangement shown in FIG. 4 is identical to that of FIGS. 1 and 2
      except that a single cylinder 28 pivoted on the side wall 29 of the base
      10 has its piston rod 30 pivoted on a lug 31 near the upper end of the
      lower section 18 of the post 14. Thus each post 14 has its own actuating
      cylinder to displace it between the folded and extended positions. All the
      cylinders 28 are ganged to lift the cover 12 parallel to the top 10.
PAR  FIG. 3 shows how each section 15 is formed of a pair of channels 32 and 33
      lying at a right angle to each other and each having one short side 32'
      and 33' and one long side 32" and 33", respectively. The sections 18 are
      identically made.
PAR  Walls 35 shown in FIGS. 5 and 6 each comprise three elongated rectangular
      panels 35 of insulated aluminum provided at their ends with guide rollers
      36 and hinged together by piano hinges 37. A window 38 is provided in the
      center panel 35. When the cover is in the collapsed position shown in FIG.
      1 the panels 35 are held on rails 40 just under the cover 12.
PAR  In order to close the sides of the structure when the cover 12 is lifted
      into the position of FIG. 2 the panels 35 are pulled down so that their
      rollers 36 ride in two facing channels 32 or 33 and they press tightly
      against the long sides 32" and 33" of these channels. In this lowered
      position of the walls 34 shown in FIGS. 5 and 6 the structure is extremely
      rigid, capable of withstanding considerable lateral forces. The posts 14
      must bend inwardly on lowering of the top so that, since the walls 34
      serve to hold these posts out, the double-acting cylinders 25 or 28 need
      only be pressurized to raise and lower the cover 12, the structure holding
      itself up when the walls are dropped down into place.
PAR  While the walls have been described as being stored in the cover when the
      enclosure of this invention is in the collapsed or folded position, the
      walls may be stored in the base and lifted and fastened after the posts
      are extended. While more effort may be required for positioning the walls,
      less effort will be required for lifting the cover. It is also possible to
      place the walls in part in the cover and in part in the base, as the front
      and rear walls in the cover with the side walls in the base.
PAR  FIG. 7 shows how a trailer-type camper base 10a having wheels 42 may be
      modified to support the collapsible enclosure of the invention. A motor
      home, i.e. a self-contained and self-propelled living quarters and
      vehicle, may have its roof serve as a base 10b for the cover 12. An inner
      stairway show in dot-dash lines at 43 serves for access to the upper story
      of the home 10b, this stairway extending from the "downstairs" living
      quarters to the "upstairs" collapsible enclosure.
PAR  Although a self-contained enclosure according to this invention may be
      rendered mobile by wheels, runners 41 on an ice-house base 10c as shown in
      FIG. 9 are also within the scope of this invention.
PAR  A sailboat may constitute a base 10d as shown in FIG. 10. In order to
      provide clearance for the boom 44 so that that the boat may be sailed the
      enclosure is collapsed, while once the sail is furled the enclosure may be
      erected. In any case it is necessary to provide the structure within the
      Thwarts of the boat.
PAR  In all these arrangements the living quarters can be collapsed to
      facilitate transport and storage of the base or to allow it to travel
      better if it is self-propelled as in FIGS. 8 and 10. When erected the
      arrangement according to this invention constitutes a rigid structure
      which can serve as comfortable living quarters for the owner.
PAR  The arrangement shown in FIG. 11 comprises a camper 45 on whose rear end is
      provided a collapsible enclosure referenced with the same numerals used in
      FIGS. 1-6 where structure is identical. A base plate 46 is pulled out of
      the base of the camper 45 and short jacks 47 functioning as legs are
      dropped down onto the ground to support the plate 46 in a level condition.
      In this arrangement, as also shown with reference to a camper 48 in FIG.
      12, the post sections 15 and 18 are interconnected by rigid plates 49 and
      50, respectively, on the same side of the enclosure. Windows 51 are
      provided in the upper plates 50, which are connected via piano hinges 52
      to the lower plates 49.
PAR  FIG. 13 shows the arrangement on the back of a trailer 53 with the side
      walls 49 and 50 locked in place and a back wall 54 pulled down between
      them so as to form a completely closed extension. A Murphy bed 55 standing
      in the rear end of the trailer 53 can then be dropped down into the
      enclosure so that even a small trailer can have adequate sleeping
      facilities. It is possible with this arrangement to add with little
      difficulty a room approximately seven feet on a side to a normally cramped
      camper or trailer. This allows the owner of such a portable or
      self-propelled vehicle to have all the advantages--good roadability, easy
      handling, low wind resistance, low trailer-park fees--of a small camper or
      trailer while still benefiting from the comfort and ease of living offered
      by a larger unit.
PAR  The motor home 56 shown in FIG. 14 has an arrangement identical to those
      shown in FIGS. 11-13, except that the base plate 46 is pulled out of the
      side of the vehicle. Such an extension gives an L-shaped floor plan which
      is much advantageous than the rear-mounted system from a decorating point
      of view, although the thus extended vehicle will fit with more difficulty
      into a conventional trailer-park slot. So long as a square floor area of
      the extension is used the arrangement can readily be adapted to different
      vehicle types.
PAR  In FIG. 15 a truck 57 is shown with a side-mounted extension identical to
      that shown in FIGS. 11-14. In this case it is possible for a cross-country
      trucker to simply pull to the side of the road, open up his living
      extension, and spend the night in a comfortable and familiar bedroom. He
      remains close to his vehicle so that its hijacking is almost completely
      ruled out, and he can start on his way in the morning with little
      difficulty. The expense of a motel room is thus saved. Such an arrangement
      is particularly adapted for the rental trade, as many homeowners who are
      doing their own moving like to remain near their loads for fear of losing
      their possessions.
PAR  The side-mounted or rear-mounted enclosures of the type described can be
      used as field offices, tool sheds, mining or hunting cabins, or even
      emergency medical units. They allow a relatively small vehicle to be
      expanded into relatively spacious quarters. It is also within the scope of
      this invention to provide several such arrangements on a single vehicle.
      Thus the two sides and the top of a camper can be expanded to tripple the
      usable space. When used on a truck body as a simple freight container it
      is possible for the driver to collapse the truck back and return empty
      with all the wind resistance of a flatbed. The base expandable according
      to the present invention is particularly suited for commercial use also,
      as a hotdog stand or for on-the-spot promotions. Similarly mobile
      health-care centers so constructed can provide relatively important
      services from a base which can readily be collapsed and moved from place
      to place. All such uses lie within the scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mobile living enclosure comprising:
PA1  a generally polygonal mobile base having two pairs of sides meeting at
      corners;
PA1  a cover substantially congruent to said base and having a downwardly
      projecting lip engageable over and around said base;
PA1  at least a pair of two foldable posts each post having a laterally open and
      elongated channel-shaped lower section with a lower end pivoted on said
      base at a respective corner thereof, a laterally open and elongated
      channel-shaped upper section having an upper end pivoted on said cover at
      the corresponding corner thereof, and a connecting pivot between the upper
      end of said lower section and the lower end of said upper section, said
      upper and lower sections of each post being pivotally displaceable between
      an extended position forming a straight channel guide extending between
      said base and said cover and opening laterally toward the other post and a
      folded position with said sections generally parallel and opening
      laterally in opposite directions;
PA1  erecting means for each pair of posts including an extensible element
      having one end connected to one of said posts of the respective pair
      adjacent said connecting pivot thereof and another end connected to said
      other post of the respective pair adjacent the said connecting pivot
      thereof for displacing said posts between said folded position with said
      cover lying snugly over said base and fully enclosing said posts and said
      extended position with said cover spaced above said base and supported by
      said posts;
PA1  a retractable wall for each of said pairs of posts and formed of at least
      one rigid panel having opposite end edges, said walls each being
      displaceable between a closed position extending from a respective side of
      said cover to the corresponding side of said base with said end edges
      engaged in said channel guides in the extended positions of said posts and
      a retracted position permitting bending of said posts into said folded
      positions, whereby in said closed position of said walls said posts are
      prevented by said walls from being displaced into said folded positions.
NUM  2.
PAR  2. The enclosure defined in claim 1 wherein said extensible element is a
      fluid-operated cylinder connected to said posts.
NUM  3.
PAR  3. The enclosure defined in claim 1 wherein said wall is formed of a
      plurality of such rigid panels and has at least one hinge interconnecting
      said panels.
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ABST
PAL  A folding chair having a pair of X-shaped cross leg braces wherein the
      front and rear upper end portions of the leg braces are respectively
      connected to the front and rear end portions of a pair of arm rest bars by
      connecting means so as to cause them to swing relative to each other. When
      the folding operation of the chair is performed by each connecting means,
      both arm rest bars can approach each other in a manner that two planes
      including the respective arm rest bar are parallel to each other. The
      inclination of the seat can be varied by manually operating the connecting
      means on the back of the chair.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a folding chair which can be used as a
      simplified chair for outdoor as well as indoor uses. Particularly, this
      folding chair has its frame made of tubular steel and comprises a pair of
      X-shaped cross leg braces in its frame. The chair can be folded by folding
      the leg braces.
PAR  Well-known folding chairs of this type were found to be difficult to mount
      the back rest and arm rest with a sufficiently wide spacing as in the
      unfolding chair in view of the folding mechanism. This is because
      sufficient folding cannot be effected unless the planes including a pair
      of arm rest bars and a pair of seat supporting bars for seat supporting
      can approach each other, keeping parallel to each other. However, it was
      anything but easy to combine parallelism between the arm rest and the seat
      supporting bar with a pair of X-shaped cross braces. That is the main
      reason why the conventional folding chair was structurally incapable of
      sufficient folding or had a complicated folding mechanism and a high
      manufacturing cost.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly the general object of this invention is to provide an improved
      folding chair which is capable of eliminating the drawbacks of the prior
      art folding chair.
PAR  In one of the preferred embodiments of the invention, the front and rear
      end portions of a pair of arm rest bars for arm rest are connected to the
      upper end portions of the leg brace by connecting means. The arm rest bar
      can thus rock relative to the leg brace at and by the connecting means. A
      pair of seat supporting bars for seat supporting bars are L-shaped and
      secured in the slightly inclined L-shape with respect to the corresponding
      arm rest bars.
PAR  The relative position of connecting the rear end portion of the arm rest
      bar to the upper end portion of the leg brace can be displaced (or
      changed) by manually operating the connecting means for connecting the
      rear end portion of the arm rest bar to the upper end portion of the leg
      brace on the back of the chair, thereby varying the inclination of the
      seat for the user's choice.
PAR  Accordingly, the first object of this invention is to provide a folding
      chair of a tubular frame, which is simple in construction and low in
      manufacturing cost.
PAR  The second object of the invention is to provide a functionally excellent
      folding chair which is capable of folding with high degree of accuracy.
PAR  The third object of the invention is to provide a folding chair capable of
      suitably varying the inclinations of its seat and back rest by the user's
      choice.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing a folding chair of the invention with
      its seat partially broken away;
PAR  FIG. 2 is a perspective view illustrating the folding chair of FIG. 1 when
      folded incompletely;
PAR  FIG. 3 is an enlarged view showing the essential parts of FIG. 1 to explain
      connection between the tip of the arm rest bar and the upper end portion
      of the leg brace.
PAR  FIG. 4 is an enlarged view, partially broken away, of the folding chair
      shown in FIG. 1 to explain connection between the rear end portion of the
      arm rest bar and the upper end portion of the leg brace;
PAR  FIG. 5 is a view illustrating the essential parts of FIG. 4 in the
      direction shown by the arrow, taken along the line 5--5 of FIG. 4;
PAR  FIG. 6 is an enlarged view, partially broken away, to explain modification
      of connection between the rear end portion of the arm rest bar and the
      upper end portion of the leg brace; and
PAR  FIG. 7 illustrates the principal parts taken along the line 7--7 of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a folding chair when in use according to this invention. A
      pair of leg braces 10, 11 are made of tubular steel pipe in an angular
      U-shape. Both leg braces 10, 11 are respectively pivotally secured with
      the front sloping portions 10a, 11a and rear sloping portions 10b, 11b
      intersecting at intersections 12, 13 in an X-shape. The upper end portions
      10c, 11c of the front sloping portions 10a, 11a are bent rearward at
      substantially right angles, extending horizontally. The upper end portions
      10d, 11d of the rear sloping portions 10b, 11b are bent forward at
      substantially right angles, extending horizontally.
PAR  A pair of arm rest bars 14, 15 are made of tubular steel pipe. Arm rest
      members 16, 17 are made of plastics material and rigidly secured to the
      sloping portions 14a, 15a by suitable means. In the case of a simpler and
      less expensive chair, however, the arm rest members 16, 17 can be
      dispensed with the front portions 14b, 15b and rear portions 14c, 15c of
      the arm rest bars 14, 15 are bent with respect to the sloping portions
      14a, 15a so as to hang. The front end portions 14d, 15d are bent with
      respect to the hanging front portions 14b, 15b, extending forward in the
      horizontal direction. On the other hand, the rear end portions 14e, 15e
      are bent with respect to the hanging rear end portions 14c, 15c, extending
      backward in the horizontal direction. The horizontal front portions 14d,
      15d of the arm rest bars 14, 15 respectively correspond to the horizontal
      upper portions 11c, 10 c of the leg braces 10, 11.
PAR  Referring now to FIG. 3, a round pinlike projection 18 extending axially
      from the end surface of the leg brace 11 is fixedly attached to the tip of
      its horizontal upper end portion 11c. This projection 18 is fittedly
      inserted from the end surface of the front end portion 14d into a hole 19
      (perforated along the shaft of the front end portion 14d) in the front end
      portion 14d of the arm rest bar 14. The front end portion 14d abuts on the
      end surface of the upper end portion 11c. The front end portion 14d and
      the upper end portion 11c are axially aligned by inserting the projection
      18 into the hole 19. These two portions 14d, 11c can be relatively rocked
      around the shaft so aligned. Exactly the same explanation applies to the
      relationship between the upper end portion 10c of the leg brace 10 and the
      front end portion 15d of the arm rest bar 15. The upper end portions 10c,
      11c of the leg braces and the front end portions 14d, 15d of the arm rest
      bars 14, 15 can thus be swung relatively (or independently) by connecting
      means constructed of the projection 18 and hole 19. Note that a
      modification of the connecting means having the projection 18 from the
      horizontal front end portion and the corresponding hole in the horizontal
      upper portion 10c can be easily designed.
PAR  On the other hand, the horizontal rear end portions 14e, 15e are
      respectively connected to the upper end portions 11d, 10d of the leg
      braces 11, 10 by connecting means 20, 21, as described below.
PAR  A pair of seat supporting bars 22, 23 are constructed of tubular steel pipe
      so that the substantially horizontal portions 22a, 23a and the
      substantially vertical portions 22b, 23b are united in one L-shaped body.
      One bar 22 is fixedly attached to the corresponding arm rest bar 14 by
      means of two bolts 24, 24. More exactly, one bolt 24 fixes the lower end
      of the front hanging portion 14b of the arm rest bar 14 and the horizontal
      portion 22a of the supporting bar 22, while the other bolt 24 fixes the
      rear hanging portion 14c of the arm rest bar 14 and the vertical portion
      22b of the supporting bar 22. Exactly the same explanation applies to the
      bolt 24 which fixes the other supporting bar 23 and the arm rest bar 15.
      For the sake of clarity, therefore, the detailed description is omitted
      here.
PAR  A seat 25 is stretched out between a pair of seat supporting bars 22, 23.
      In greater detail, the seat 25 is attached by folding and sewing on the
      opposite side so as to wind the both sides of the seat about the
      corresponding bars 22, 23. This seat 25 is, for example, made of a
      flexible material, such as a vinyl leather material or canvas material.
      Note that although the seat 25 shown is a single one, including the back
      rest portion, the back rest portion made of a different material may also
      be separately used instead. A head rest 26 is placed on the upper end
      portion of the seat 25 incorporated into the back rest portion, which is
      stretched out between the vertical portions 22b, 23b of the seat
      supporting bars 22, 23. The head rest 26 is detachably mounted on the
      upper end portion of the seat 25 by a hanging band or belt sewed on the
      head rest 26 for the user's choice. This folding chair, when unused, that
      is folded, the head rest 26 is placed in its off-position.
PAR  In the folding chair, when in use, shown in FIG. 1, the seat 25 is fully
      stretched out by the seat supporting bars 22, 23 on both sides. In this
      case, a pair of arm rest bars 14, 15 are parallel to each other in the
      substantially vertical plane. Similarly, a pair of seat supporting bars
      22, 23 are parallel to each other in the substantially vertical plane. And
      the seat supporting bars 22, 23 are of the slightly inclined L-shape from
      the side. Namely, the horizontal portions 22a, 23a are inclined downward
      from the front end to the rear end, while the vertical portions 22b, 23b
      are inclined backward from the lower end to the upper end. Therefore, the
      user can very comfortably sit in the seat 25.
PAR  The inclination of the seat supporting bars 22, 23 and also the inclination
      of the seat 25 can thus be varied by manually operating the connecting
      means 20, 21.
PAR  Referring now to FIGS. 4 and 5, the construction of the connecting means
      20, 21 will be described in greater detail. The connecting means 20 has
      two blind holes 28, 29 with openings in the mutually opposite directions.
      The holes 28, 29 parallel to each other are horizontally extending in the
      axial direction. The horizontal rear end portion 14e of the arm rest bar
      14 is rotatably inserted in the upper hole 28. A round pin 30 is radially
      extending in the direction perpendicular to the axis of the rear end
      portion 14e on the peripheral surface of the horizontal rear end portion
      14d. On the other hand, a recess 31 in succession to a cam surface 32 is
      formed at the end surface of the annular opening of the hole 28 perforated
      in the connecting means 20. The pin 30 normally engages the recess 31 to
      prevent the horizontal end portion 14d from relatively rotating in the
      hole 28. Note that two recesses 31, 31 are formed so as to correspond to
      the diametral direction on the end surface of the annular opening of the
      hole 28, and that the cam surface 32 is formed in half portion of the end
      surface of the annular opening.
PAR  On the other hand, a round pinlike projection 33 rigidly secured by the tip
      of the horizontal upper end portion 11d of the leg brace 11 is rotatably
      inserted in the lower hole 29. The projection 33 extends in the axial
      direction of the horizontal upper end portion 11d. Hence the axis of the
      hole 29 is in alignment with that of the upper end portion 11d.
PAR  In the state of FIG. 4, the horizontal rear end portion 14e is formed
      diagonally in a position higher than the horizontal upper end portion 11d
      with a predetermined spacing. Under this condition, if the user occupies
      the seat 25, a downward force will be exerted through the seat supporting
      bar 22 and bolt 24. Since, however, the pin 30 on the rear end portion 14e
      is sufficiently inserted in the recess 31, the connecting means 20 will be
      maintained in the position shown.
PAR  If, however, the user unidirectionally rotates the connecting means 20
      around the projection 33 while slightly withdrawing the horizontal rear
      end portion 14e from the hole 28 by hand, the pin 30 will be disengaged
      from the recess 31 and slide on the cam surface 32 by cam action.
      Therefore, the connecting means 20 will be displaced from the position
      shown solid to the position shown dotted, while the pin 30 will engage the
      other recess 31. As a result, the horizontal rear end portion 14e will be
      lowered up to the chain-line position. This means to vary the inclination
      of the seat supporting bars 22, 23 and also of the seat 25. The
      inclination of the seat can thus be suitably varied by the user's choice.
      In the construction shown, the inclination can be varied by two steps.
PAR  Note that a similar operation has only to be performed to return the
      connecting means 20 from the chain-line position to the solid-line
      position, and that it is extremely easy to slightly withdraw the
      horizontal rear end portion 14e from the hole 28 because of the slight
      flexibility of the tubular pipe of which the frame of the chair is made.
PAR  This is as true of the other connecting means 21 as of the connecting means
      20 in construction. Namely, the connecting means 21 makes interconnection
      between the horizontal rear end portion 15e of the arm rest bar 15 and the
      horizontal upper end portion 10d of the leg brace 10, securing suitable
      rockability and diagonal arrangement. And the user manually operates both
      connecting means 20, 21 as described above in one connecting means 20
      taken as an example, thereby varying the inclination of the seat 25 in a
      balance on both sides (a balance on one side only will cause inclination).
      Note that the extremely smooth change of these two connecting means 20, 21
      can be made to vary the inclination of the seat 25 by slightly folding the
      chair as shown in FIG. 2. Note also that, although the pin 30 shown in
      FIGS. 4 and 5 is formed in the horizontal rear end portions 14e, it is
      easy in design to form not only a pin 30 on the horizontal upper end
      portion 11d but also the cam surface and recess collaborating with the pin
      30 on the periphery of the opening of the hole 29.
PAR  FIGS. 6 and 7 illustrate another embodiment in which the connecting means
      20 is replaced by a connecting means 120 having a different construction
      and suitable for the folding chair. This connecting means 120 has three
      blind holes 128, 129a, 129b with axes horizontal and parallel to one
      another. One blind hole 128 is open in the opposite direction to the other
      two holes 129a, 129b. As apparent in FIG. 7, these three holes 128, 129a,
      129b are in vertical alignment.
PAR  The horizontal rear end portion 14e of the arm rest bar 14, as inserted in
      the hole 128, is united in one body to the connecting means 120 by
      welding, for instance. On the other hand, a pinlike projection 133
      projects from the tip of the horizontal upper end portion 11d of the leg
      brace 11 so as to extend horizontally as shown in FIG. 4, and is rockably
      detachably inserted in the hole 129a. Namely, the horizontal rear end
      portion 14e is connected to the horizontal upper end portion 11d such that
      it is diagonally located with a predetermined spacing by the connecting
      means 120, as indicated in FIG. 6. The projection 133 can be disengaged
      from the hole 129a by horizontally withdrawing the horizontal rear end
      portion 14e and horizontal upper end portion 11d so as to be receding from
      each other. The connecting means 120, together with the horizontal rear
      end portion 14e, arm rest bar 14, and seat supporting bar 22, are then
      lowered so as to cause the projection in the original position to be
      opposed to, and inserted into, the hole 129b. The inclination of the seat
      25 can thus be varied by inserting the projection 133 into the upper hole
      129b instead of the lower hole 129a, as already explained about the
      connecting means 20 of FIG. 4.
PAR  Although the foregoing description (FIG. 6) refers to the application of
      the connecting means 120 to interconnection between the horizontal rear
      end portion 14e and horizontal upper end portion 11d on one side of the
      chair, needless to say, the same explanation applies to interconnection
      between the horizontal rear end portion 15e and horizontal upper end
      portion 10d on the other side of the chair.
PAR  In the embodiment of FIG. 6, two holes 129a, 129b are formed so as to allow
      the projection to selectively insert into these two holes by making
      two-step change in the inclination of the seat 25. However, a greater
      variation in the inclination of the seat 25 can be attained by perforating
      much more holes in different positions and by selectively inserting the
      projection 133 into each hole.
PAR  It is also easy in design to fix the connecting means 120 to the horizontal
      upper end portion 11d and to mount a projection detachably engaging a hole
      on the part of the horizontal rear end portion 14e.
PAR  The folding chair of the invention so constructed can be folded by shifting
      the unfolded state of FIG. 1 to the incompletely folded state of FIG. 2.
      In the folding operation the horizontal upper end portions 10c and 11c or
      10d and 11d are approaching each other, varying the angle of intersection
      between a pair of leg braces 10, 11. On the other hand, a pair of arm rest
      bars 14, 15 and a pair of seat supporting bars 22, 23 can approach each
      other, forming mutually parallel planes. This is partly because the
      horizontal front end portions 14d, 15d of the arm rest bars 14, 15 can be
      rocked relative to the corresponding horizontal upper end portions 11c,
      10c of the leg braces 11, 10 by the connecting means consisting of the
      aforementioned projection and holes, and partly because the horizontal
      rear end portions 14e, 15e of the arm rest bars 14, 15 can be swung with
      respect to the corresponding horizontal upper end portions 11d, 10d of the
      leg braces 11, 10 by the above-mentioned connecting means 20, 21 or 120.
      When folded completely, therefore, the left- and right-handed arm rest
      bars 14, 15 can approach each other until they make a close contact with
      each other. As a result, the folding chair of the invention has another
      advantage in compactness when unused. In addition, since the connecting
      means at front and rear of the chair is simple in construction, it is less
      expensive and less time-consuming in assembly.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A folding chair comprising:
PA1  a. a pair of generally U-shaped leg braces the legs of which are connected
      together to form a pair of X-shaped cross leg braces, said generally
      U-shaped leg braces each having a front upper end portion and a rear upper
      end portion, said upper end portions each having an axis extending
      substantially horizontally in mutually facing directions;
PA1  b. a pair of arm rest bars, each of said arm rest bars including a front
      section and a rear section, said front section having a front end portion
      with an axis extending forward in a substantially horizontal direction,
      and said rear section having a rear end portion with an axis extending
      backward in a substantially horizontal direction;
PA1  c. a pair of substantially L-shaped seat supporting bars, each of said seat
      supporting bars comprising a substantially horizontally extending portion
      which has front and rear ends and is inclined downward from the front end
      to the rear end, and a substantially vertically extending portion which
      has upper and lower ends and which is inclined backward from the lower end
      to the upper end;
PA1  d. a flexible seat mounted on said pair of seat supporting bars;
PA1  e. first fixing means for fixing said front section of said arm rest bar to
      said substantially horizontally extending portion of said seat supporting
      bar;
PA1  f. second fixing means for fixing said rear section of said arm rest bar to
      said substantially vertically extending portion of said seat supporting
      bar;
PA1  g. first connecting means for connecting said front end portion of said arm
      rest bar with said front upper end portion of said generally U-shaped leg
      brace such that one of the two can rock around its axis relative to the
      other; and
PA1  h. second connecting means for connecting said rear end portion of said arm
      rest bar with said rear upper end portion of said generally U-shaped leg
      brace such that one of the two can rock around its axis relative to the
      other said second connecting means including:
PAR  1. a connecting member having a first hole and a second hole perforated
      substantially in the horizontal direction with a prescribed vertical
      spacing therebetween;
PA2  2. said first hole being engaged with said rear end portion of said arm
      rest bar so that said connecting member is rotatable about the axis of
      said first hole, and said second hole being engaged with said rear upper
      end portion of said generally U-shaped leg brace so that said connecting
      member is rotatable about the axis of said second hole;
PAR  3. a pin radially projecting from at least one of the rear end portion of
      said arm rest bar and the rear upper portion of said generally U-shaped
      leg brace;
PA2  4. said connecting member having a recess formed in the end surface of an
      annular opening of one of said first and second holes in which said one
      portion is inserted, said radially projecting pin normally releasably
      engaging said recess, thereby preventing said one portion from being
      rotated about its axis; and
PA2  5. said pin being adapted to be disengaged from said recess by slightly
      withdrawing said one portion from the inserted hole, thereby permitting
      said one portion to axially rotate in the inserted hole, resulting in
      variation in the relative height of said one portion with respect to the
      other.
NUM  2.
PAR  2. A folding chair according to claim 1 wherein said pair of generally
      U-shaped leg braces, said pair of arm rest bars and said pair of seat
      supporting bars are made of tubular steel pipe.
NUM  3.
PAR  3. A folding chair according to claim 1 wherein said first connecting means
      includes a pin-like projection extending axially from one of the front end
      portion of the arm rest bar and the front upper end portion of the
      generally U-shaped leg brace, and a hole perforated in the other along the
      axis so as to fittedly engage said projection; and wherein said projection
      is rockable around its axis with said projection inserted in said hole.
NUM  4.
PAR  4. A folding chair comprising:
PA1  a. a pair of generally U-shaped leg braces the legs of which are connected
      together to form a pair of X-shaped cross leg braces, said generally
      U-shaped leg braces each having a front upper end portion and a rear upper
      end portion, said upper end portions each having an axis extending
      substantially horizontally in mutually facing directions;
PA1  b. a pair of arm rest bars, each of said arm rest bars including a front
      section and a rear section, said front section having a front end portion
      with an axis extending forward in a substantially horizontal direction,
      and said rear section having a rear end portion with an axis extending
      backward in a substantially horizontal direction;
PA1  c. a pair of substantially L-shaped seat supporting bars, each of said seat
      supporting bars comprising a substantially horizontally extending portion
      which has front and rear ends and is inclined downward from the front end
      to the rear end, and a substantially vertically extending portion which
      has upper and lower ends and which is inclined backward from the lower end
      to the upper end;
PA1  d. a flexible seat mounted on said pair of seat supporting bars;
PA1  e. first fixing means for fixing said front section of said arm rest bar to
      said substantially horizontally extending portion of said seat supporting
      bar;
PA1  f. second fixing means for fixing said rear section of said arm rest bar to
      said substantially vertically extending portion of said seat supporting
      bar;
PA1  g. first connecting means for connecting said front end portion of said arm
      rest bar with said front upper end portion of said generally U-shaped leg
      brace such that one of the two can rock around its axis relative to the
      other; and
PA1  h. second connecting means for connecting said rear end portion of said arm
      rest bar with said rear upper end portion of said generally U-shaped leg
      brace such that one of the two can rock around its axis relative to the
      other said second connecting means including:
PAR  1. a connecting member having at least two holes of different relative
      heights perforated substantially in the horizontal direction with a
      predetermined vertical spacing therebetween;
PA2  2. said connecting member being fixedly attached to one of the rear end
      portion of said arm rest bar and the rear upper end portion of said
      generally U-shaped leg brace so that the axis of said one portion is
      parallel to those of said holes; and
PA2  3. the other of the rear end portion of said arm rest bar and the rear
      upper end portion of said generally U-shaped leg brace normally releasably
      engaging one of the holes in said member, the relative height between the
      rear end portion of said arm rest bar and the rear upper end portion of
      said generally U-shaped leg brace being varied by withdrawing said other
      portion from said engaged hole and inserting it into another hole.
NUM  5.
PAR  5. A folding chair according to claim 4 wherein said pair of generally
      U-shaped leg braces, said pair of arm rest bars and said pair of seat
      supporting bars are made of tubular steel pipe.
NUM  6.
PAR  6. A folding chair according to claim 4 wherein said first connecting means
      includes a pin-like projection extending axially fron one of the front end
      portion of the arm rest bar and the front upper end portion of the
      generally U-shaped leg brace, and a hole perforated in the other along the
      axis so as to fittedly engage said projection; and wherein said projection
      is rockable around its axis with said projection inserted in said hole.
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ABST
PAL  A reclining chair positionable in close adjacency to a room wall in an
      upright sitting position and allowing ready assumption of any of a variety
      of reclining positions without physical contact of any chair component
      with that room wall. The chair envisions a fixed base, a chassis movable
      linearly relative to the base, and a body-support movable between the
      sitting/retracted and reclining/extended positions relative to the
      chassis, a first system of links operatively connecting between the base
      and chassis and body-support for effecting linear movement of the chassis
      relative to the base, and a second system of links connecting between the
      first system of links and the base and chassis and body-support unit for
      effecting reclining movement of the body-supporting unit relative to the
      chassis, said base, chassis, body-support and systems of links
      constituting kinematically speaking, but a single mechanism. The movements
      of the link systems are so coordinated that the chassis moves
      progressively forwardly away from the room wall as transition is made from
      upright sitting position to progressive reclining positions to the end
      that the body supporting unit is concurrently moved forwardly away from
      the room wall. Reversely, with the chassis moving rearwardly and
      progressively toward the room wall as transition is made from progressive
      reclining positions to upright sitting position, the body-supporting unit
      is concurrently moved rearwardly and toward the room wall.
PARN
PAR  This is a continuation-in-part of my copending application Ser. No. 307,176
      filed Nov. 16, 1972.
BSUM
PAR  The invention teaches a reclining chair which can be positioned in close
      adjacency to a wall or to any article of furniture without touching same
      while assuming or maintaining any of its plurality of positions.
PAR  The chair chassis is moved forwardly away from the wall as the chair
      body-support is reclined, thereby permitting the chair back to be placed
      in close proximity to the wall.
PAR  This is accomplished by a novel arrangement of interconnected linkage
      systems for effecting linear travel of the chassis relative to the base
      concomitant with shifting movement of the body-support relative to the
      chassis.
DRWD
PAR  In the drawings:
PAR  FIGS. 1 - 3 are somewhat diagrammatic side elevational views showing the
      chair and its relationship to a room wall or other upright surface as the
      chair is moved between upright sitting position, intermediate reclined or
      TV-position, and fully reclined position, respectively;
PAR  FIG. 4 is a side elevational view of the chair in upright or sitting
      position with portions of the side wall broken away,
PAR  FIG. 5 is a view similar to FIG. 4, the chair being shown in intermediate
      reclined or TV-position;
PAR  FIG. 6 is a view similar to FIG. 4, the chair being shown in fully reclined
      position;
PAR  FIG. 7 is an enlarged, fragmentary, side elevational view of a portion of
      the linear movement mechanism;
PAR  FIG. 8 is an enlarged, fragmentary, side elevational view of another
      portion of the linear movement mechanism and a portion of the reclining
      movement mechanism, with the chair seat and certain other components
      omitted for clarity;
PAR  FIG. 9 is a fragmentary, rear elevational view of the mechanisms of FIGS. 7
      and 8, as viewed from the left of FIG. 8, and including the chair seat;
PAR  FIG. 10 is an enlarged, fragmentary, longitudinal sectional view taken
      along the chair front-to-rear axis with the chair seat cushion, back-rest
      cushion and leg rest cushion removed for clarity, the chair being shown in
      the intermediate reclined or TV-position;
PAR  FIG. 11 is a top plan view of the FIG. 10 structure, with the components
      being shown in chair upright position;
PAR  FIG. 12 is an enlarged, fragmentary side elevational view of a portion of a
      modified form of linear movement mechanism, the chair components being
      shown in an upright, sitting position;
PAR  FIG. 13 is a view similar to FIG. 12, the chair components being shown in
      an intermediate reclined or TV position; and
PAR  FIG. 14 is a view similar to FIG. 12, the chair components being shown in a
      fully reclined position.
DETD
PAC  THE CHAIR IN GENERAL
PAR  As seen in FIGS. 1 - 3, the chair of the invention is adapted to be
      positioned in close proximity to a wall W or other surface, with the
      chassis moving linearly away from the wall to provide a necessary
      clearance for the body-supporting unit as the body-supporting unit is
      moved between upright or sitting/retracted position,
      intermediate-reclined/extended or TV-position and fully-reclined/extended
      position.
PAR  The chair generally comprises a body-support 10 including a seat 12 and
      backrest 14 pivotal relative to each other and relative to a chassis 16
      which is movable linearly relative to a stationary base 18, and a legrest
      20 which is movable between retracted and extended positions in concert
      with movement of the body-support.
PAR  A one-part legrest could easily be employed in lieu of the two-part legrest
      as shown.
PAR  It will also be understood, that the linkages hereinafter to be described
      constitute two pairs, with one pair being located at each side of the
      chair. Kinematically, the assembly of linkages and chair components
      constitute but a single mechanism.
PAR  Since the pairs of linkages are mirror images at each side of the chair,
      only one such pair will be described.
PAC  THE LINEAR MOVEMENT SUBASSEMBLY
PAR  The linear movement subassembly is generally indicated by 22 and is mounted
      for pivotal, swinging movement relative to base 18 for effecting linear
      travel of chassis 16.
PAR  A side wall 24 of chassis 16 is considered to be part of the linear
      movement subassembly and will be referred to hereinafter as chassis link
      24.
PAR  A first mounting link 26 which extends front-to-rear is fixed to the outer
      planar face of chassis link 24 as by screws 28.
PAR  A trio of pivot links is pivoted to mounting link 26 and includes primary,
      secondary and tertiary pivot links 30, 32, and 34 respectively. Primary
      pivot link 30 is pivoted at its lower end at 36 to the rearward end of
      link 26; secondary pivot link 32 is pivoted at its lower end at 38 to the
      approximate midsection of link 26; and tertiary pivot link 34 is pivoted
      at its lower end at 40 to the forward end of link 26.
PAR  The upper end of primary pivot link 30 is pivotally connected at 42 to the
      upper end of a first base link 44 which is pivoted at its lower end at 46
      to base 18 adjacent the rearward end of the latter.
PAR  The upper end of secondary pivot link 32 is pivotally connected at 48 to an
      extension 50 of first base link 44.
PAR  Tertiary pivot link 34 is pivotally connected at its upper end at 52 to the
      approximate midsection of a second base link 54 which is pivoted at its
      lower end at 56 to base 18 adjacent the forward end of the latter.
PAR  A connecting link 58 is pivoted at its upper end at 60 to an extension 62
      of second base link 54 and is pivoted at its lower end at 64 to secondary
      pivot link 32.
PAR  A stop 51 extends inwardly from extension 50 of first base link 44 and is
      adapted to contact the rear edge of secondary pivot link 32 to define the
      chair upright position.
PAR  The linear movement subassembly additionally includes certain components
      located adjacent the inner planar face of chassis link 24 between the
      chassis link and body-support 10.
PAR  As best seen in FIGS. 8 and 10, these components include a second mounting
      link 66 which extends front-to-rear, and is fixed to the inner planar face
      of chassis link 24 as by screws 68.
PAR  A primary drive link 70 is pivoted at its lower end at 72 to a bracket 74
      fixed to and extending upwardly from a rear cross rail 76 of base 18.
PAR  A secondary drive link 78 is pivoted at its upper end at 80 to primary
      drive link 70 and at its lower end at 82 to second mounting link 66.
PAR  A tertiary drive link 84 is pivoted at its upper end at 86 to primary drive
      link 70 and at its lower end at 88 to a control link 90 pivoted at 92 to
      second mounting link 66, the control link 90 serving as the focal point
      for connecting the linear movement subassembly and the reclining movement
      subassembly, as will appear.
PAR  A modified form of linear movement subassembly is shown in FIGS. 12 - 14
      and is generally indicated by 322.
PAR  Linear movement subassembly 322 includes a first mounting link 326 which
      extends front-to-rear and is fixed to the outer planar face of chassis
      link 24 as by screws 328.
PAR  A pair of primary and secondary pivot links, 330 and 332 respectively, is
      pivoted to mounting link 326.
PAR  Primary pivot link 330 is pivoted at its lower end at 334 to the rearward
      end of mounting link 326, and secondary pivot link 332 is pivoted at its
      lower end at 336 to the forward end of mounting link 326.
PAR  A first cross link 338 extends between and connects the upper ends of pivot
      links 330 and 332, being pivoted at one end at 340 to the upper end of
      primary pivot link 330 and at its opposite end at 342 to the upper end of
      secondary pivot link 332.
PAR  A trio of base links is pivoted to base 18 and includes primary, secondary
      and tertiary base links 344, 346, and 348, respectively.
PAR  Primary base link 344 is pivoted at its lower end at 350 to base 18;
      secondary base link 346 is pivoted at its lower end at 352 to base 18
      forwardly of the pivot 350; and tertiary base link 348 is pivoted at its
      lower end at 354 to base 18 forwardly of the pivot 352.
PAR  Primary base link 344 is pivoted at its upper end at the pivot 340 to the
      upper end of primary pivot link 330 and to the rearward end of first cross
      link 338.
PAR  Secondary base link 346 is pivoted at its upper end at 356 to the rearward
      end of a second cross link 358 which is pivoted at its forward end at 360
      to secondary pivot link 332.
PAR  Tertiary base link 348 is pivoted at its upper end at 362 to the
      approximate midsection of first cross link 338.
PAR  A third cross link 364 is pivoted at its rearward end at 366 to the
      approximate midsection of primary base link 344 and is pivoted at its
      forward end at 368 to the approximate midsection of secondary base link
      346.
PAR  A first stop 370 extends inwardly from primary base link 344 and is adapted
      to contact the lower edge of third cross link 364 to define the chair
      upright position.
PAR  A second stop 372 extends inwardly from second cross link 358 and is
      adapted to contact the rearward edge of tertiary base link 348 to define
      the chair fully reclined position.
PAC  THE RECLINING SUBASSEMBLY
PAR  Herefollowing, a specific subassembly for effecting reclining movement of
      the body-support will be described. However, it will be understood that a
      number of reclining subassemblies can be substituted therefor without
      departing from the scope of the invention.
PAR  The reclining subassembly, which is operatively connected to and operates
      in conjunction with the linear movement subassembly, is generally
      indicated by 91 and includes, in common with linear movement subassembly
      22, second mounting link 66 and control link 90.
PAR  A rise bar 94, which extends front-to-rear is pivoted at its forward end at
      96 to a primary actuator link 98 and at its rearward end at 100 to control
      link 90.
PAR  Control link 90 is operatively connected to back rest 14 by a short link
      102 pivoted at its lower end at 104 to control link 90 and at its upper
      end at 106 to a generally L-shaped backrest link 108.
PAR  As best seen in FIG. 10, back rest link 108 is fixed as by screws 110 to a
      side rail 112 of the back rest and is pivoted at 114 at its forward end to
      second mounting link 66.
PAR  A seat bracket 116, also extending front-to-rear of the chair, is
      stationarily secured to transversely-extending front and rear stretchers
      118 and 120 respectively (see FIGS. 9 - 11), of seat 12.
PAR  Control link 90 is operatively connected to the seat by a system of links
      including a slotted link 122 pivoted at 124 at its lower end to control
      link 90 and having a central slot 126 therein in which a pin 128 provided
      on seat bracket 116 is slideable.
PAR  A connecting link 130 is pivoted at its upper end to pin 128 and at 132 at
      its lower end to rise bar 94, thereby effecting an operative connection
      between the seat and leg rest.
PAR  A system of links is provided for raising seat bracket 116 and moving it
      and seat 12 forwardly to clear the chair arms as the body-supporting unit
      is reclined while counter-balancing the chair back to preclude any
      objectionable falling sensation on the part of the chair occupant.
PAR  Said system of links includes a seat link 134 pivoted at 136 at its
      rearward end to seat bracket 116 and pivoted at 138 at its opposite end to
      the upper end of a pivot link 140.
PAR  Pivot link 140 is pivoted at 142 at its approximate midsection to the
      approximate midsection of a first connecting link 144 and is pivoted at
      146 at its lower end to the upper end of a second connecting link 148
      which is pivoted at 150 at its lower end to second mounting link 66.
PAR  First connecting link 144 is pivoted at its rearward end at 152 to second
      mounting link 66 and is pivoted at 154 at its forward end to the lower end
      of a third connecting link 156 which is pivoted at 158 at its upper end to
      rise bar 94.
PAR  In the chair upright and intermediate reclining positions, first connecting
      link 144 rests upon an offset flange 160 provided on second mounting link
      66, this flange acting as a stop to preclude any drooping of the linkage
      mechanism.
PAR  The upper surface of control link 90 also functions as a stop when it is
      engaged with the lower surface of back rest link 108 to limit the degree
      of angularization of the back rest when the chair is in the fully reclined
      position.
PAR  The legrest 20 herein is suspended from seat 12 and is of the two-part
      foldaway type having interconnected major and minor leg rest parts, 163
      and 165 respectively.
PAR  As aforesaid, a one-part legrest can also be employed.
PAR  The legrest is operatively connected to and operates in conjunction with
      the reclining subassembly, with the legrest being mounted relative to the
      forward end of seat 12 for movement between a fully-retracted position and
      a fully-extended position.
PAR  In the fully-retracted position, which is the upright or sitting position,
      major leg rest part 163 is positioned substantially flush with the
      forwardly facing front edge of the seat, while cooperant minor leg rest
      part 165 is positioned so as to extend rearwardly from the lower end of
      the major part and to be concealed from view beneath the seat.
PAR  When the major leg rest part is elevated and advanced to any extended
      position, cooperant minor leg rest part is moved accordingly therewith, it
      being pivotally connected thereto. When the major leg rest part is in
      fully-extended position, the minor leg rest part will have moved to a
      position forwardly thereof and in axial alignment therewith.
PAR  Leg rest 20 is suspended relative to seat 12 by a pair of actuator links,
      namely: primary actuator link 98 and a secondary actuator link 162.
PAR  Primary actuator link 98 is pivoted at its upper end at 164 to seat bracket
      116 and at its lower end at 166 to the lower end of a primary legrest
      drive link 168.
PAR  Secondary actuator link 162 is pivoted at its upper end at 170 to seat
      bracket 116 and at its lower end at 172 to the lower end of a secondary
      legrest drive link 174.
PAR  Primary legrest drive link 168 is pivoted at its upper end at 176 to the
      rear end of a primary legrest propeller link 178 which is pivoted at 180
      at its approximate midsection to the approximate midsection of secondary
      legrest drive link 174 which is pivoted at its upper end at 182 to the
      rearward end of a secondary legrest propeller link 184.
PAR  Primary legrest propeller link 178 is pivoted at 186 at its forward end to
      the lower end of a major leg rest drive link 188 which is pivoted at 190
      at its approximate midsection to the approximate midsection of secondary
      legrest propeller link 184 and at its upper end at 192 to one end of a
      major leg rest support plate 194.
PAR  The forward end of secondary legrest drive link 174 is provided with a stop
      surface which is adapted to contact a stop surface on major leg rest drive
      link 188 to limit the range of extension of the leg rest.
PAR  A minor leg rest drive link 196 is pivoted at 198 at its lower end to the
      forward end of secondary legrest propeller link 184 and is pivoted at 200
      at its upper end to a minor leg rest support plate 202 which is pivoted to
      major leg rest support plate 194 at 204.
PAR  A connecting link 206 is pivoted at 208 at its upper end to major leg rest
      support plate 194 and at its lower end at 210 to minor leg rest drive link
      196 adjacent the forward end of the latter.
PAR  Means is provided for controlling the movement of the leg rest and
      comprises a primary control link 212 pivoted at 96 adjacent one of its
      ends to primary actuator link 98 and to the forward end of rise bar 94,
      and pivoted at 216 at its opposite end to the rearward end of a secondary
      control link 218, which is pivoted at 220 at its approximate midsection to
      the approximate midsection of secondary actuator link 162 and is pivoted
      at its forward end at the pivot 176 to the rearward end of primary legrest
      propeller link 178 and the forward end of primary legrest drive link 168.
PAR  Primary control link 212 is spring-loaded by a tension spring 222 fixed at
      one end to the inner free end of control link 212 and fixed to its
      opposite end to seat bracket 116.
PAR  The control means controls the speed and manner of movement of the leg
      rest, while the spring loading of primary control link 212 ensures that
      the leg rest remains closed while the chair is upright.
PAC  THE INTERREACTION OF THE SUBASSEMBLIES REQUISITE FOR SUCCESSFUL CHAIR
      OPERATION
PAR  The body-support 10 is motivated to reclined position by the chair occupant
      by exerting a rearward pressure on backrest 14 and a forward pressure on
      the chair arms or upper surface of chassis 16 whereupon the seat and
      backrest shift relative to the chassis to assume the intermediate reclined
      or TV position shown in FIGS. 2 and 5, with the legrest extended.
PAR  During the transition from upright to intermediate position, drive links
      70, 78 and 84 exert a forwardly directed force on the chassis, whereupon
      the linear travel subassembly 22 or 322 is activated and swings relative
      to base 18 to move the chassis forwardly, the body-support and legrest
      moving therewith.
PAR  Continued rearward pressure on the chair back and forward pressure on the
      chair arms moves the chair to the fully reclined position shown in FIGS. 3
      and 6, with the drive links 70, 78 and 84 continuing to exert a forwardly
      directed force on the chassis and the linear travel subassembly swinging
      relative to base 18 to move the chassis, body-support and legrest
      forwardly.
PAR  To return the chair from the fully reclined position to the intermediate
      reclined or upright position, the chair occupant need only lean slightly
      forwardly to remove any rearward force from the backrest, and exert a
      downward force on the legrest with his heels whereupon the linear movement
      subassembly and reclining subassembly move in the opposite or rearward
      direction.
PAR  Regardless of the direction of linear travel, the subassemblies operate in
      concert, with the control link 90 being common to both the linear movement
      subassembly and the reclining subassembly.
CLMS
STM  I claim:
NUM  1.
PAR  1. A reclining chair adapted to be positioned in close adjacency to and
      forwardly of a room wall when in the upright sitting position and yet so
      structured as to allow ready assumption of a reclined position without
      physical contact with the same room wall, the reclining chair comprising:
PA1  a base, a chassis supported relative to the base,
PA1  a body-support including a seat and backrest,
PA1  a reclining linkage subassembly for mounting the body-support relative to
      the chassis in movements between upright and reclining positions,
PA1  a linear movement linkage subassembly for mounting the chassis relative to
      the base in linear movements relative to the base as the body-support is
      concomitantly moved,
PA1  means for operatively connecting the reclining linkage subassembly and
      linear movement linkage subassembly wherefore the chassis moves forwardly
      and progressively away from the wall and the body-support relative to the
      wall as transition is made from upright sitting position toward a position
      of reclination and the chassis moves rearwardly and progressively toward
      the wall and the body-support relative to the wall as transition is made
      from a position of reclination toward upright sitting position, with the
      base, chassis, body-support, reclining linkage subassembly and linear
      movement linkage subassembly constituting kinematically but a single
      mechanism.
NUM  2.
PAR  2. An occupant-operated living room type reclining chair positionable
      anywhere on a floor of a room free of attachment to the floor and in close
      adjacency to and forwardly of an object when in upright sitting position
      and yet so constructed as to allow ready assumption of any reclined
      position free of physical contact with the same object and comprising:
PA1  a base resting on the floor, free of permanent attachment to the floor, a
      chassis supported relative to the base,
PA1  a body-supporting subassembly including a seat and backrest,
PA1  a leg-supporting subassembly,
PA1  control means for controlling the pivotal movements of the back relative to
      the seat, and
PA1  pairs of linkage subassemblies operatively connected to each other and
      operatively-interconnecting the body-supporting subassembly and chassis
      and base and leg-supporting subassembly for, first, concurrently moving:
PA2  a. the body-supporting subassembly forwardly relative to the chassis, and
PA2  b. the chassis relative to the base and progressively forwardly away from
      the object,
PA1  as transition is made from upright sitting position to a position of
      reclination by the occupant leaning backwardly against the back and
      exerting a forwardly-pushing force against the chassis, and for, second,
      concurrently moving:
PA2  a. the body-supporting subassembly and leg-supporting subassembly
      rearwardly relative to the chassis, and
PA2  b. the chassis relative to the base and progressively rearwardly toward the
      object,
PA1  as transition is made from a position of reclination to upright sitting
      position by the occupant leaning forwardly away from the back and exerting
      a downwardly-pushing force against the leg-supporting subassembly.
NUM  3.
PAR  3. A reclining chair movable by the occupant between upright sitting and
      intermediate-television and fully-reclined positions and positionable
      anywhere on a floor of a room and free of attachment to the floor and in
      close adjacency to a wall or object when in upright sitting position and
      yet so structured as to allow ready assumption of intermediate-television
      and fully-reclined positions free of contact with the wall or object
      comprising: a base, a chassis, a body-supporting subassembly including a
      seat and back having a pivotal relationship as to each other, a
      leg-supporting subassembly, a reclining linkage subassembly for
      controlling the pivotal movements of the seat relative to the back of the
      body-supporting subassembly and for effecting movement of the
      body-supporting subassembly between upright and intermediate and reclined
      positions concomitant with movement of the leg-supporting subassembly
      between retracted and extended positions respectively, and a linear
      movement subassembly operatively connected to the reclining linkage
      mechanism for effecting movement linkage of both the chassis and
      body-supporting subassembly relative to the base responsively to and
      simultaneously with movement of the body-supporting subassembly relative
      to the chassis.
NUM  4.
PAR  4. A reclining chair adapted to be movable on a floor of a room and into
      close adjacency to and forwardly of an object when in upright sitting
      position and yet so structured as to allow ready assumption of a reclining
      position free of physical contact with the same object, the reclining
      chair comprising: a base, a chassis supported relative to the base, a
      body-supporting unit including a seat and back and leg-support having
      pivotal relationships as to each other, interconnected reclining and
      linear movement linkage subassemblies for controlling the pivotal
      movements of the seat relative to the back of the body-supporting unit and
      for operatively-interconnecting the body-supporting unit and chassis and
      base and leg-support for concurrently moving the chassis relative to the
      base forwardly and progressively away from the object and the
      body-supporting unit forwardly relative to the chassis and the leg-support
      from retracted to an extended position as transition is made from upright
      sitting to reclination positions and for concurrently moving the chassis
      relative to the base rearwardly and progressively toward the object and
      the body-supporting unit rearwardly relative to the chassis and the
      leg-support of the body-supporting unit from an extended to retracted
      position as transition is made from reclination to upright sitting
      positions.
NUM  5.
PAR  5. A reclining chair adapted to be positioned on a floor more particularly
      in close adjacency to and forwardly of an object when in upright sitting
      position and yet so structured as to allow ready assumption of a reclining
      position without physical contact with the same object, the reclining
      chair comprising:
PA1  a base, a chassis supported relative to the base,
PA1  a seat and a back having a pivotal relationship as to each other, a
      legrest, a linear movement linkage subassembly disposed between and fixed
      to the chassis and base,
PA1  a reclining linkage subassembly for controlling the pivotal movements of
      the seat relative to the back and
PA1  operatively-interconnected to the linear movement linkage subassembly, the
      seat and back, and legrest and chassis and base for concurrently
      propelling the chassis relative to the base and forwardly and
      progressively away from the object and the seat forwardly relative to the
      chassis and the legrest from retracted to an extended position as
      transition is made from upright sitting position to a position of
      reclination responsively to an impelling force generated by the occupant
      upon the chassis in one direction with a resultant reaction of the seat
      relative to the chassis in the same direction.
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ABST
PAL  An upholstered seat comprises a supporting structure constituted by rigid
      elements and embedded entirely in a mass of elastic plastic material which
      constitutes the upholstering of said seat.
BSUM
PAR  The instant invention is related to an upholstered seat, and, more
      particularly, to a adjustable upholstered seat which is comfortable and
      which presents a high flexibility in use.
PAR  Many known adjustable seats of this kind are provided with pivotal or
      similar connections and/or structural elements which are not satisfactory
      from an aesthetic point of view.
PAR  The instant invention is consequently aimed at providing an upholstered
      seat presenting a particularly sober design.
PAR  In accordance with one object of the present invention an upholstered seat
      comprises a supporting structure constituted by a plurality of rigid
      structural elements, wherein said elements are entirely embedded in a mass
      of elastic plastic material, which material preferably constitutes the
      upholstering of said seat.
PAR  It is also an object of the present invention to provide an upholstered
      adjustable seat which is constituted by at least two sections pivotally
      connected to each other and adapted to be placed selectively into a
      plurality of predetermined positions wherein said seat presents,
      correspondingly, a plurality of different configurations, the said mass of
      plastic material constituting the upholstering of the seat and being
      adapted to be deformed when said pivotally connected sections are brought
      from one of said predetermined positions into another one of said
      positions.
PAR  It is another object of the instant invention to provide an upholstered
      adjustable seat wherein said mass of plastic material presents the general
      configuration of a comparatively thick elongated mat, while said sections
      constituted by rigid structural elements are pivotally connected to each
      other in such a way that they are enabled to effect relative angular
      displacements about at least one folding axis which is transverse with
      respect to said elongated mat.
PAR  It is a further object of the present invention to provide an upholstered
      adjustable seal wherein the above-mentioned supporting structure
      preferably comprises a substantially rectangular frame and wherein the
      said folding lines are parallel to the shorter sides of the rectangle
      defined by said frame.
PAR  The seat according to the instant invention is advantageous as its
      construction is particularly simple, its manufacturing cost is very low,
      and the cost involved when shipping said seat is also extremely low on
      account of the reduced volume of the novel seat.
DRWD
PAR  These and other features and advantages of the instant invention will
      become apparent from the description herein-below which is related to the
      appended drawings and given by way of example, but not of limitation of
      the scope of the instant invention.
PAR  FIG. 1 schematically shows one end portion of a seat according to the
      instant invention, said Figure illustrating a portion of the supporting
      structure of said seat from which the mass of plastic material wherein
      said portion is normally embedded has been removed; this Figure also shows
      a portion of the covering sheet surrounding said plastic material.
PAR  FIG. 2 shows one embodiment of the supporting structure of the seat
      according to the invention.
PAR  FIGS. 3a and 3b show one position of said supporting structure, when the
      seat is being used, the volume occupied by the mass of plastic material
      constituting the upholstering of the seat being indicated by a dashed
      line; more particularly, FIG. 3a shows the seat in its unloaded position,
      while FIG. 3b shows the seat when supporting the weight of a user.
PAR  FIG. 4 illustrates another embodiment of the supporting structure of the
      seat according to the invention.
PAR  FIG. 5 is a view similar to that of FIG. 3 and shows the same supporting
      structure.
PAR  FIGS. 6, 7 and 8 illustrate schematically the seat of FIGS. 4 and 5 in
      three possible positions of said seat when the latter is being used.
DETD
PAR  As illustrated in FIG. 1 the seat according to the invention comprises a
      supporting structure 10 constituted by metal tubes 12 which are arranged
      to form a frame, said tubes being provided at certain locations with
      articulation elements such as shown at 14. This supporting structure may
      comprise support members 15, and it is embedded in a mass of plastic
      material 16 of a conventional preferably elastic nature, for example a
      plastic material of the polyether type or a plastic material of the type
      known under the commercial designation of "Dacron." In the embodiment
      shown, the mass of plastic material which may have any convenient
      configuration is surrounded by a covering 18. Advantageously, this
      covering 18 has a slit 20 extending over a portion or the entirety of its
      periphery so as to enable the user to extract the mass of plastic material
      from said covering, this slit being advantageously provided with closing
      means, such as a zip fastener, which normally maintains the edges of the
      slit in a juxtaposed position.
PAR  Supporting structure 10 may have any convenient configuration. FIG. 2 shows
      one embodiment wherein said supporting structure has the form of a frame
      constituted by bent metallic tubes, said structure having the general
      configuration of an elongated rectangle. An articulation element 14 is
      arranged in the central region of each one of the tubes constituting the
      respective long sides of said rectangle. Thus the frame may be folded
      about a transverse line which is parallel to the smaller sides of the
      rectangle defined by the frame. Said frame comprises two supporting
      elements 15 constituted by hoop members the respective ends of which are
      attached, e.g. by welding, to the tubes 12 constituting the long sides of
      the rectangular frame.
PAR  The supporting structure is embedded in a mass of elastic plastic material
      the contour of which is illustrated by a dashed line 30 in FIGS. 3a and
      3b. As shown in the Figures, the outer surface of said mass of plastic
      material is flush with the free ends of the supporting members 15.
      Articulation elements 14 advantageously are of a construction which allows
      to vary the angle formed between the two sections of the supporting
      structure. The two ends of the frame may be bent as shown, for instance,
      at 31, thus constituting complementary supporting members.
PAR  In this embodiment one supporting member 15a is attached to the section of
      the frame which constitutes the back of the seat. This member 15a is in a
      position above the ground when the seat is empty; in this position said
      seat rests on the supporting members 15 and 31 arranged underneath the
      main section of the seat (cf. FIG. 3a).
PAR  When a user is sitting on the seat, the latter will effect a pivotal
      movement which is rearwardly directed; this pivotal movement is taking
      place progressively under the effect of the progressive squeezing of the
      mass of plastic material, and it is pursued until the supporting member
      15a engages the ground (cf. FIG. 3b).
PAR  When the user leaves the seat, the latter will come back to its initial
      position as shown in FIG. 3a, on account of the inherent elasticity of the
      mass of plastic material.
PAR  FIGS. 4 to 8 shows another embodiment of the seat according to the
      invention. The supporting structure 10 of this embodiment also has a
      generally rectangular configuration, however, each one of the tubes
      constituting the long sides of the rectangular frame has two articulation
      elements 14. Furthermore, the frame is provided with supporting members
      15; one of the ends of said frame is bent as shown at 31, so as to
      constitute a complementary supporting member, while the other end of said
      frame is bent as shown at 33.
PAR  As in the preceding embodiment the supporting structure is embedded in a
      mass of elastic plastic material, the contour of which is indicated by a
      dashed line at 30.
PAR  The frame constituting the supporting structure may be placed in a
      substantially flat position (cf. FIG. 5), in which case the seat according
      to the invention defines a surface enabling the user to lay down and rests
      on supporting members 15 and 31 the respective ends of which are flush
      with the adjacent surface of plastic material.
PAR  FIGS. 6 to 8 show various positions of the seat according to this
      embodiment of the invention. FIG. 6 shows the seat in a "lying" position;
      FIG. 7 shows the seat in a "relax" position, and FIG. 8 illustrates the
      "low chair" position of the seat.
PAR  The covering 18 constitutes a pocket open at one of its sides, the opening
      of said covering being provided, for instance, with a zip fastener 14.
PAR  A plurality of seats according to the instant invention may provide a group
      of modular units, due to the various positions into which every seat may
      be brought by folding. Each one of such seats may, of course, constitute
      an emergency bed. It is particularly advantageous to provide a seat
      according to the invention with a replaceable covering.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An upholstered seat comprising a mass of elastic plastic material having
      a top surface adapted to receive thereon portions of a user's body, and a
      bottom surface opposite said top surface, said seat further comprising a
      supporting structure including a plurality of rigid structural elements
      which are pivotally connected to each other, at least one supporting
      element adapted to support said seat on the ground, and being rigidly
      attached to at least one of said rigid structural elements, said
      supporting structure and said supporting element attached thereto being
      entirely embedded within said plastic material mass in such a manner that
      the free ends of said supporting element are substantially flush with said
      bottom surface of said plastic material mass.
NUM  2.
PAR  2. An upholstered seat according to claim 1, comprising a plurality of
      additional supporting elements at least some of which are constituted by
      hoop-shaped elements, said supporting structure being a substantially
      rectangular frame structure having short sides and long sides constituted
      by at least two frame sections which comprise each two parallel
      longitudinal frame portions pivotally connected to each other so as to be
      angularly displaceable relative to each other about a line parallel to the
      short sides of said rectangular frame structure, each one of said hoops
      being so arranged that it rigidly connects the long sides of said
      rectangular frame structure along a line parallel to said short sides
      thereof.
NUM  3.
PAR  3. An upholstered seat according to claim 1, wherein said supporting
      structure comprises pivotally connected frame sections forming a
      substantially rectangular frame structure, and wherein at least one end of
      the latter is bent to form a frame end portion extending towards said
      bottom surface of said plastic material mass, and thus to constitute a
      supplementary supporting element for supporting said seat on the ground.
NUM  4.
PAR  4. An upholstered seat according to claim 1, wherein said supporting
      structure is substantially constituted by tubular elements.
NUM  5.
PAR  5. The seat of claim 1, wherein said mass of elastic plastic material is
      arranged within a covering.
NUM  6.
PAR  6. A seat according to claim 1, wherein said plastic material mass is
      arranged within a covering provided with a slit enabling said mass of
      plastic material to be withdrawn from said covering, said covering further
      comprising means for maintaining the edges of said slit in a juxtaposed
      position.
NUM  7.
PAR  7. The seat of claim 1, wherein said mass of elastic plastic material is
      arranged within a covering provided with a slit enabling said mass of
      plastic material to be withdrawn from said covering, the latter further
      comprising means for maintaining the edges of said slit in a juxtaposed
      position, and said slit extending substantially over the entire periphery
      of said covering.
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ABST
PAL  A buckle component of a vehicle occupant restraint belt system is slidably
      disposed on a restraint belt of the system in an improved manner. The
      buckle component may take the form of a female buckle or a male D-ring
      that secures the belt in an occupant restraining position. The buckle
      component includes a housing with an outwardly facing rectilinear locking
      portion extending transversely with respect to the elongated direction of
      the belt. An external lock bar extends alongside the locking portion with
      the belt received therebetween. The lock bar has a slightly greater length
      than the width of the belt and has end portions extending about the side
      edges of the belt and back toward each other in generally U-shaped
      configurations. These end portions are pivotally mounted on the housing of
      the buckle component. When the buckle component secures the belt in an
      occupant restraining position, two sides of the belt extend from the lock
      bar alongside each other and a manually applied tension on one of these
      sides pivots the lock bar away from the locking portion to permit sliding
      adjustment of the belt through the buckle component so that the other side
      is tensioned. This tensioning of the other side of the belt pivots the
      lock bar toward the locking portion and clamps the belt against the
      locking portion so that the buckle component is located along the belt and
      enables the belt to provide its occupant restraining function. The buckle
      component may be used in the restraint belt system to define the belt into
      angularly disposed lap and shoulder belt portions. Due to the external
      condition of the lock bar, the width of the housing may be the same as or
      less than the width of the belt, and the angularly disposed lap and
      shoulder belt portions may extend from their common juncture at the lock
      bar with rectilinear configurations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a vehicle occupant restraint belt
      system, and more particularly toward an improved buckle component that is
      slidably disposed along a belt of the system and used to secure the belt
      in an occupant restraining position.
PAR  Buckle components have been utilized for quite some time to secure
      restraint belts of vehicle occupant restraint belt systems in occupant
      restraining positions. These buckle components may take the form of a
      female buckle or a male latch plate which is generally referred to as a
      D-ring since it has an aperture that gives the plate a configuration much
      like the configuration of the capital letter D. A female buckle receives
      and attaches a complementary male D-ring to provide securement of one or
      more belts attached to either or both of the buckle components. The buckle
      components may be attached to the respective end portions of a pair of
      belts so that after attachment these two belts provide a continuous belt
      loop that encircles a vehicle occupant. Likewise, as shown by the U.S.
      Pat. No. 2,710,649 of Griswold II et al, the buckle component may be
      located intermediate the ends of a single belt so that the belt provides
      both lap and shoulder belt portions, with the buckle component being
      attachable to another belt portion to provide a second lap belt portion
      that cooperates with the first in what is generally referred to as a
      three-point belt system. The U.S. Pat. No. 3,258,293 of Sharp shows a belt
      system similar to the Griswold system in which the buckle component is
      also positioned along an intermediate portion of a belt to provide lap and
      shoulder belt portions.
PAR  The main structural component of these buckle components are referred to as
      housings whether they are of the female buckle or male D-ring type. The
      buckle component housing of the male D-rings may also be referred to as
      latch plates. In the past, both of these types of buckle components have
      been secured to their associated restraint belts in an adjustable manner
      by the use of lock bars. These lock bars have elongated configurations
      approximately equal to the width of their associated belts and have their
      end portions slidably mounted within slots in portions of the buckle
      component housing at each of the ends of the lock bar. This necessarily
      means that the width of the buckle component must be somewhat greater than
      the width of the belt in order that the length of the lock bar can
      accommodate the total width of the belt. The belt is looped over the lock
      bar so that tension on the portion of the belt which provides an occupant
      restraining function causes the lock bar to move the belt against a
      locking portion of the buckle component and thereby to clamp the belt
      against sliding over the lock bar. A manual pull exerted on the other
      portion of the belt pulls the lock bar away from the locking portion so
      that the buckle component may be adjusted along the belt.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a vehicle occupant restraint belt system
      having an improved buckle component that is slidably disposed along a belt
      of the system.
PAR  An important object of the present invention is to provide a restraint belt
      buckle component in which the buckle component housing has a width
      approximately equal to or less than the width of the associated restraint
      belt.
PAR  In carrying out this object and other objects of this invention, the belt
      buckle component of the invention utilizes an "external" lock bar that
      differs from the "internal" type of lock bar that has been utilized in the
      past. The housing of this buckle component does not have portions that are
      located outwardly of the side edges of the belt in order to support the
      ends of the lock bar. Rather, the buckle component housing has an
      outwardly facing surface that provides a locking portion extending
      transversely with respect to the width of the belt and the lock bar has a
      rectilinear confiiguration running alongside this locking portion with the
      belt slidably located therebetween, and the ends of the lock bar extend
      about the side edges of the belt back toward each other so as to be
      supported by the housing. The housing thus does not have to be wider than
      the belt to accomodate the full width of the belt and the belt portions
      which extend from the lock bar may be angularly disposed with respect to
      each other and extend from the lock bar with rectilinear configurations,
      such as when the buckle is utilized to define the juncture between lap and
      shoulder belt portions. Preferably, when so used, a shoulder belt
      retractor windingly receives the shoulder belt portion of the belt on a
      belt reel that is spring biased to a wound condition. This spring bias
      maintains the shoulder belt taut during use. A manual tension applied to
      the shoulder belt portion when it is attached in place across a user
      causes the lock bar to move away from the locking portion of the buckle
      component housing so the buckle component may be adjusted along the belt
      to provide tension in the lap belt portion. This lap belt tension moves
      the lock bar in the opposite direction toward the locking portion of the
      buckle component housing so as to clamp the juncture of the lap and
      shoulder belt portions and thereby locate the buckle component along the
      belt. When the buckle component is utilized at the terminal end of a
      restraint belt, the end portion of the belt is looped through the lock bar
      and is secured to a slide on the belt such that the size of the loop thus
      formed determines the effective length of the belt.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above specified object and other objects, features and advantages of
      the present invention are readily apparent from the following detailed
      description of the preferred embodiments and the drawings in which:
PAR  FIG. 1 is a longitudinal sectional view taken through a vehicle having an
      occupant restraint belt system including an improved buckle component,
      according to this invention, which defines the juncture between lap and
      shoulder belt portions of the belt system;
PAR  FIG. 2 is an enlarged view of the improved buckle component taken generally
      along the line 2--2 of FIG. 1 and illustrates that the buckle component
      shown is of the male D-ring type and is thus adaptable for insertion to
      within a complementary female buckle;
PAR  FIG. 3 is a sectional view of the buckle component shown in FIG. 2 and is
      taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is an exploded perspective view of the portions of the buckle
      component shown by FIGS. 1-3;
PAR  FIG. 5 is a schematic side view of an embodiment of the improved buckle
      component in which it takes the form of a female buckle that is capable of
      receiving and attaching a male D-ring to provide belt securement;
PAR  FIG. 6 is a schematic side view of an embodiment of the improved buckle
      component in which it takes the form of a female buckle and is located on
      the terminal end of a restraint belt instead of between the ends of the
      belt as with the two embodiments respectively shown by FIGS. 1-4 and 5;
      and
PAR  FIG. 7 is a schematic side view of an embodiment of the buckle component in
      which it takes the male D-ring form and is also located on the terminal
      end of a restraint belt like the female buckle embodiment of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring generally to FIG. 1, a vehicle is generally indicated by numeral
      10 and includes a floor 12 including a central transmission tunnel 14
      located inboard of a passenger seat 16. A side pillar 18 extends
      vertically adjacent the rear end of the seat outboard thereof and includes
      a trim panel 20 facing to within the passenger compartment of the vehicle.
PAR  An occupant restraint belt system of the vehicle is generally indicated by
      numeral 22 and utilizes an improved buckle component of this invention
      indicated generally by 24. Belt system 22 includes a belt 26 along which
      the buckle component 24 is slidably disposed to define a lap belt portion
      28 and a shoulder belt portion 30. The lap belt portion 28 has a lower end
      suitably secured to an attachment plate 32 and this plate is secured to
      the floor 12 outboard of the seat 16 by a nut and bolt arrangement 34. The
      upper end of the shoulder belt extends through an aperture 36 in the trim
      panel 20 of pillar 18 and over a slide 38 that is secured to the pillar 18
      by a bolt 40. The shoulder belt portion 30 extends downwardly from slide
      38 to a belt retractor 42 that is suitably mounted on the pillar 18 and
      hidden from sight by the trim panel 20. Inboard of the seat 16, the belt
      system 22 includes a female buckle 44 that is secured to the upper end of
      a belt 46. The lower end of belt 46 is looped through a plate arrangement
      48 that is secured to the transmission tunnel 14 by nut and bolt
      arrangements 50. Belt 46 is encircled by a plastic sleeve 52 so that the
      belt has a semirigid nature and positions the buckle upwardly where it is
      conveniently accessible to an occupant of seat 16. A belt system
      symmetrical to belt system 22 may also be provided on the opposite side of
      transmission tunnel 14 as is suggested by the unnumbered buckle and sleeve
      also shown secured to the transmission tunnel.
PAR  The belt retractor 42 includes a belt reel, not shown, that is spring
      biased so as to normally bias the belt to a wound condition. This reel
      thus normally stores the belt 26 so it extends between the slide 38 and
      the attachment plate 32 in a vertical rectilinear configuration as shown
      by phantom lines in FIG. 1. The buckle component 24 slides downwardly when
      the belt assumes this vertical rectilinear configuration, in a manner that
      will subsequently become apparent, and a suitable stop 54 disposed along
      the lap belt portion 28 of the belt limits this downward sliding movement
      of the buckle component. The buckle component 24 thus is always positioned
      in the same location for an occupant to grasp it and move the belt to the
      solid line indicated occupant restraining position of FIG. 1.
PAR  Referring additional to FIGS. 2 through 4, the buckle component 24 is
      illustrated as including a latch plate or housing 56 with a tongue 58 that
      is inserted into the buckle 44. A locking pawl, not shown, of the buckle
      is received by an aperture 60 in the tongue to secure the buckle component
      24 in a conventional manner. This aperture 60 and the general
      configuration of the tongue 58 gives the housing 56 a configuration
      generally like that of the capital letter D, as best seen in FIG. 2, and
      is thus the reason this buckle component is referred to as a D-ring. At
      the opposite end of the housing 56 from tongue 58, as best seen in FIG. 3,
      the housing defines a downwardly projecting locking portion 61 that has a
      surface 62 facing outwardly with respect to the buckle component. This
      locking portion has a rectilinear configuration as can be seen in FIG. 4
      and extends generally between the opposite sides of the buckle component
      so as to be located transversely with respect to the longitudinal
      direction of belt 26. Adjacent each end of locking portion 62, the housing
      56 includes upwardly extending flange portions 64 that are located at
      90.degree. with respect to the plane of the tongue 58. These flange
      portions 64 define the total width of the buckle component housing 56 and
      this width is approximately equal to or less than the width of belt 26 as
      can be seen in FIG. 2. Also, the flange portions 64, as can be seen by
      referring to FIG. 4, define slots 66 that open toward the direction of the
      tongue 58 of housing 56.
PAR  The buckle component 24 also includes an external lock bar 68 having a
      rectilinear portion 70 extending alongside the locking portion 61. The
      belt 26 extends between the locking portion 61 of the buckle component and
      the rectilinear portion 70 of the lock bar as best seen in FIG. 3. The
      ends of the rectilinear portion 70 of the lock bar are indicated by 72 and
      have generally U-shaped configurations. These end portions extend about
      the opposite sides of the belt 26 back toward each other so as to be
      received by the slots 66 within the flange portions 64 of housing 56.
      These slots are of a larger width than the thickness of the end portion 72
      so that the lock bar can pivot in a manner that will subsequently be
      described. A cover 74 of the buckle component 24 includes flanges 76 and
      78, see FIG. 3, that snap over portions of the housing flange portions 64
      so as to secure the cover to the buckle component housing 56. This cover
      also includes a positioning flange 80 which, as seen in FIG. 3, engages
      enlarged terminal ends 81 of the lock bar end portions 72. This engagement
      maintains the lock bar 68 in position on the housing 56.
PAR  Since the belt 26 assumes a rectilinear configuration in its phantom line
      indicated storage position shown by FIG. 1, the buckle component 24 is
      free to slide down the belt into engagement with the stop 54 positioned
      along the belt. A seated occupant desiring to utilize belt system 22
      manually grasps the buckle component 24 and pulls the belt so that
      retractor 42 allows belt withdrawal and subsequent attachment of the
      buckle component 24 to the buckle 44. The lap belt portion 28 of the belt
      system may then be somewhat slack as it extends across the occupant's lap.
      To eliminate this slack, the occupant grasps the shoulder belt portion 30
      of the belt and pulls on the shoulder belt portion with a manual effort.
      With a combined reference to FIGS. 1 and 3, it will be obvious that this
      shoulder belt pull will cause the lock bar 68 to pivot as a result of the
      looseness with which the end portion 72 are received within the slots 66
      in flange portions 64. This pivoting takes place about an axis A--A, see
      also FIG. 4, extending generally between the ends of the lock bar at the
      closed ends of the flange slots 6 and is in a direction that moves the
      rectilinear portion 70 of the lock bar away from the outwardly facing
      surface 62 on the locking portion 61 of the housing 56. The belt 26 is
      then free to slide through the buckle component 24 between the locking
      surface 62 of the housing and an adjacent edge 82 on the rectilinear
      portion 70 of the lock bar. This eliminates the slackness in the lap belt
      portion 28 and thereby tensions the lap belt portion across the user of
      the belt system.
PAR  As the lap belt portion 28 becomes tensioned, it causes the lock bar 68 to
      pivot about an axis B--B, see FIGS. 3 and 4, that is parallel to axis A--A
      but located at the open ends of flange slots 66. This lock bar pivoting is
      in a direction that moves the edge 82 of the lock bar toward locking
      surface 62 of the housing. This direction is opposite to the direction the
      lock bar 68 pivots upon the pull of the shoulder belt and is due to the
      fact that the lap belt portion 28 is looped over the rectilinear portion
      70 of the lock bar before passing between the locking surface 62 and the
      edge 82 of the lock bar. The edge 82 of the lock bar clamps the belt 26
      against the locking surface 62 of the housing 56 when the lap belt portion
      28 becomes tensioned to a certain degree. This clamping stops the belt
      from sliding through the buckle component 24 and the retractor 42 then
      stores the excess length of belt that then has moved to the shoulder belt
      portion side of the component 24 so that only the required amount of
      shoulder belt is present. Locking of the belt retractor 42 in response to
      abrupt vehicle acceleration or deceleration or in response to a sudden
      pull on the belt, both of which are well known modes of belt retractor
      locking, fixes the length of belt 26 to restrain a suddenly moved seated
      occupant.
PAR  As can be seen best by FIG. 2, the manner in which the end portions 72
      extend around the side ends of the belt 26 permits the housing 56 to have
      a width that is equal to or less than the width of the belt, and gives the
      buckle component a compact construction. If the end portions of the lock
      bar did not extend back toward each other with their U-shaped
      configurations in the manner disclosed, such a narrow and compact belt
      component would not be possible. Also, when the belt system 22 is disposed
      in its occupant restraining position, the lap belt portion 28 and shoulder
      belt portion 30 are angularly disposed with respect to each other as shown
      by FIG. 2. Due to the external condition of this lock bar 68 with respect
      to the housing 56, the belt portions 28 and 30 are then able to extend
      with rectilinear configurations from their juncture at the rectilinear
      portion 70 of the lock bar.
PAR  FIG. 5 discloses a belt system 22' that is similar to belt system 22 of
      FIGS. 1-4. However, this belt system has the external lock bar 68 mounted
      on a female buckle 84 instead of a male D-ring. The belt 26 is slidably
      received between the lock bar 68 and a locking surface 62 of the buckle
      housing to define the lap and shoulder belt portions 28 and 30. The lock
      bar 68 has end portions 72 that extend about the edges of belt 26 back
      toward each other so as to be received within slots 85 in the buckle
      housing. The lock bar 68 clamps the belt in the same way as the lock bar
      of the FIG. 1-4 embodiment previously described and permits the buckle
      housing to have a width equal to or less than the width of the belt. A
      male D-ring 86 secured to a belt 46 is received by the buckle 84 to secure
      the belt portions 28 and 30 in restraining positions.
PAR  FIG. 6 is a schematic view which shows another embodiment of a vehicle
      occupant restraint belt system generally indicated by numeral 88. This
      belt system includes a conventional male D-ring 90 through which a belt 92
      is passed and then stitched to itself to provide securement of the D-ring.
      The belt system also includes a female buckle 94 which has an external
      lock bar 68 pivotally supported on it like the one shown and described in
      conjunction with FIG. 5. However, a portion of the belt 97 that provided
      shoulder belt portion 30 in the FIG. 5 embodiment does not perform a
      restraining function in this FIG. 6 embodiment. Rather, this belt portion
      97 is fixedly secured to a slider 98 that slides along another portion 99
      of the belt to form a belt loop of varying size. Adjustment of the size of
      the loop so formed adjusts the effective length of belt 96 and the
      effective length of the occupant encircling loop which belts 92 and 96
      cooperatively provide with the male D-ring 90 attached to the female
      buckle 94. This belt loop is made larger by pulling on belt portion 97 in
      the same way the shoulder belt portion 30 was pulled in the FIG. 1-4
      embodiment. Upon detachment of buckle 94 from D-ring 90, the belt portion
      99 may be pulled in the opposite direction with respect to the buckle, to
      the right in FIG. 6, so as to make the loop smaller as the belt slides
      through the buckle. The effective length of the belt is longer when the
      loop is smaller and shorter when the loop is larger. Like the other
      embodiments, the width of the buckle 94 is the same or less than the belt
      width due to the configuration of the lock bar 68.
PAR  FIG. 7 shows another embodiment of a vehicle occupant restraint belt system
      that is indicated by numeral 88'. This belt system includes a female
      buckle 100 through which a belt 102 is looped and then stitched to itself.
      This belt system also includes a male D-ring buckle component 24 like the
      one shown by FIGS. 1 through 4. This buckle component 24 includes an
      external lock bar 68 over which a belt 104 is looped and then attached to
      a slider 106 along the belt. Adjustment of the length of the loop so
      formed, in the same manner described in conjunction with FIG. 6, adjusts
      the effective length provided by belts 102 and 104 when the male D-ring
      buckle component 24 is secured to the female buckle 100.
PAR  It should be noted that although the embodiments of the invention have
      shown the locking surfaces 62 of the buckle components as projecting in an
      abrupt fashion from the buckle component housings, such an abrupt
      projection is not necessarily required and a flat surface will function
      equally as well to provide the belt locking. However, the external lock
      bar 68 may be modified so that its end portions are slidably mounted
      instead of pivotally mounted on the buckle component and, in that
      instance, the locking surface 62 should be dislocated from the plane of
      the housing in order to give the bar a surface to lock against. However,
      with the pivoting bar, such an abruptly dislocated locking surface is not
      necessary.
PAR  The foregoing specification thus describes the improved vehicle occupant
      restraint belt system of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vehicle occupant restraint belt system including a flat belt with
      an elongated configuration extending between upper and lower portions of
      the vehicle on one side of an associated seat, the belt having a
      predetermined width between opposite side edges thereof, a belt retractor
      receiving the upper end of the belt so as to store the belt and permitting
      withdrawal of the belt therefrom for use, and a fixed buckle component
      secured adjacent the other side of the seat, an improved sliding buckle
      component slidably disposed along the belt comprising: a metallic housing
      including an attachment portion for selectively securing the sliding
      buckle component to the fixed buckle component so the belt defines
      angularly disposed lap and shoulder belt portions, the housing also
      including a downwardly projecting rectilinear locking portion extending
      transversely with respect to the elongated direction of the belt with
      approximately the same length as the width of the belt, the housing having
      upwardly extending flange portions defining a slot at each side of the
      housing, an external lock bar having a rectilinear portion extending
      alongside the locking portion of the housing with the belt received
      therebetween, the lock bar having a slightly greater length than the width
      of the belt and the housing and having end portions extending from the
      rectilinear portion about the side edges of the belt back toward each
      other in generally U-shaped configurations, the end portions of the lock
      bar being loosely engaged in the slots at each side of the housing and
      having first and second side edges which alternatively provide a pivot
      axis for pivotal movement of the lock bar relative the housing so that a
      manually applied upward pull on the shoulder belt portion when the buckle
      components are secured to each other pivots the lock bar about the first
      side edge of the locking bar end portions and away from the locking
      portion and slides the belt through the buckle component between the lock
      bar and housing to tension the lap belt portion, this tension of the lap
      belt portion pivoting the lock bar about the second side edge of the
      locking bar end portions toward the downwardly projecting locking portion
      of the housing to clamp the belt at the juncture between the angularly
      disposed lap and shoulder belt portions, and the configuration of the lock
      bar and the manner it extends about the edges of the belt permitting the
      lap and shoulder belt portions to extend in generally rectilinear
      configurations from their juncture at the rectilinear portion of the lock
      bar as well as permitting the housing to have a width equal to or less
      than the width of the belt.
NUM  2.
PAR  2. In a vehicle occupant restraint belt system including a flat belt with
      an elongated configuration extending between upper and lower portions of
      the vehicle on one side of an associated seat, the belt having a
      predetermined width between opposite side edges thereof, a belt retractor
      receiving the upper end of the belt so as to store the belt and permitting
      withdrawal of the belt for use, and a fixed female buckle secured adjacent
      the other side of the seat, an improved D-ring slidably disposed along the
      belt comprising: a metallic housing having a flat configuration with an
      apertured tongue that is received by the female buckle so the D-ring
      defines the belt into lap and shoulder belt portions that are angularly
      disposed with respect to each other, one side of the housing having a
      rectilinear surface extending transversely with respect to the elongated
      direction of the belt to provide a locking portion, the housing also
      including a pair of flange portions adjacent the opposite ends of the
      locking portions, the flange portions extending away from the plane of the
      housing in a direction opposite to the direction in which the one side of
      the locking portion faces, an external lock bar having a rectilinear
      portion extending alongside the locking portion of the housing with the
      belt received therebetween, the lock bar having a slightly greater length
      than the width of the belt and having end portions extending from the
      rectilinear portion about the side edges of the belt back toward each
      other on the other side of the housing, the end portions of the lock bar
      defining generally U-shaped configurations, and means pivotally
      interconnecting the end portions of the lock bar and the flange portions
      of the housing so the lock bar is pivotally movable toward and away from
      the locking portion of the plate, a manually applied upward pull on the
      shoulder belt portion when the D-ring is secured to the female buckle
      pivoting the lock bar away from the locking portion and sliding the belt
      through the D-ring to tension the lap belt portion, this tension of the
      lap belt portion pivoting the lock bar toward the locking portion of the
      housing to clamp the belt at the juncture of the lap and shoulder belt
      portions, and the configuration of the lock bar and the manner it extends
      about the edges of the belt permitting the lap and shoulder belt portions
      to extend in generally rectilinear configurations from their juncture at
      the rectilinear portion of the lock bar as well as permitting the housing
      to have a width equal to or less than the width of the belt.
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ABST
PAL  A dumping apparatus for combines for collecting threshed material thereon
      and being adapted to automatically dump the threshed material therefrom
      when a predetermined weight is accumulated thereon. The apparatus
      comprises a bottom wall member which is pivotally mounted on the combine
      below the thresheld material discharge opening. The bottom wall member has
      a pair of upstanding wall members at its opposite sides and has a
      plurality of spaced apart tine members secured thereto and extending
      rearwardly therefrom. The forward end of the bottom wall member has a
      narrower width than the rearward end thereof to aid the threshed material
      in moving therefrom when the bottom wall member moves from its normally
      disposed horizontal position to its dumping position. The means for
      mounting the bottom wall member on the combine is rearwardly and forwardly
      adjustable relative to the bottom wall member so that the size of the
      loads or piles may be selectively varied. A gate means is mounted on the
      combine above the rearward end of the bottom wall memeber to permit larger
      loads to be accommodated on the bottom wall member. The gate includes a
      lower hinge portion which permits the gate to open up when the apparatus
      is dumping.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a combine dumping apparatus and more particularly
      to a dumping apparatus which automatically dumps when a predetermined load
      of threshed material has accumulated thereon and which automatically
      returns to its normal position after the material has been dumped
      therefrom.
PAR  Ordinarily, combines or the like include a straw or threshed material
      spreader apparatus at the rearward end thereof to spread the threshed
      material over a wide area as it is being discharged from the combine. In
      recent years, it has been found that it is desirable to collect the
      threshed material in piles or the like so that the threshed material can
      be collected and fed to livestock. Many dumping apparatuses have been
      substituted for the straw speader apparatuses and ordinarily involve
      elaborate structure which is difficult to install and which is costly.
PAR  Therefore, it is a principal object of the invention to provide an improved
      combine dumping apparatus.
PAR  A further object of the invention is to provide a dumping apparatus for a
      combine which is easy to install and which is economical of manufacture.
PAR  A further object of the invention is to provide a dumping apparatus for a
      combine having means thereon for selecting the size of the load which will
      be accumulated thereon.
PAR  A further object of the invention is to provide a dumping apparatus for a
      combine including a pivotal gate means which permits larger loads of
      threshed material to be accumulated on the dumping apparatus.
PAR  A further object of the invention is to provide a dumping apparatus for a
      combine wherein the forward end of the apparatus has a narrower width than
      the rearward end thereof to facilitate the material dumping therefrom.
PAR  A further object of the invention is to provide a dumping apparatus for a
      combine which is durable in use.
PAR  These and other objects will be apparent to those skilled in the art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention consists in the construction, arrangements and combination
      of the various parts of the device, whereby the objects contemplated are
      attained as hereinafter more full set forth, specifically pointed out in
      the claims, and illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of the apparatus:
PAR  FIG. 2 is a side view of the combine having the apparatus of this invention
      mounted thereon:
PAR  FIG. 3 is a view similar to FIG. 2 except that the apparatus is shown in
      its dumped position:
PAR  FIG. 4 is a top view of the bottom wall member of the apparatus; and
PAR  FIG. 5 is a sectional view as seen on lines 5 -- 5 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The numeral 10 refers generally to the dumping apparatus of this invention
      which is adapted to be positioned or mounted on the combine 12. Combine 12
      includes a shroud or housing 14 at the rearward end thereof through which
      the threshed material is discharged.
PAR  A pair of spaced apart support arms 16 and 18 are secured to the frame of
      the combine and extend rearwardly therefrom beneath the discharge opening
      20 formed in the shroud 14. A shaft 22 is secured to the rearward ends of
      the support arms 16 and 18 and extends therebetween as illustrated in the
      drawings. The opposite ends of the shaft 22 are rotatably mounted in
      bearing elements 24 and 26.
PAR  A bottom wall member or pan 28 is selectively adjustably secured to the
      bearing elements 24 and 26 by means of bolts 30. As seen in the drawings,
      bottom wall member 28 may be selectively moved forwardly or rearwardly
      relative to the bearing elements 24 and 26 to permit various sizes of
      loads to be accommodated thereon as will be described in more detail
      hereinafter. Side walls 32 and 34 extend upwardly from the sides of the
      bottom wall member 28 while a front wall 36 extends upwardly from the
      forward end of the bottom wall member 28. A plurality of spaced apart tine
      elements are secured to and extend rearwardly from side wall 32 while a
      plurality of tine elements 40 are secured to and extend rearwardly from
      the side wall 34. A plurality of tine elements 42 extend rearwardly from
      the rearward end of bottom wall member 28 in a spaced apart relationship.
PAR  The numeral 44 refers to a gate means which is positioned above the
      rearward end of the tine elements 42 as seen in the drawings. Gate means
      44 comprises an upper gate portion 46 which extends upwardly into the
      discharge opening 20 of the shroud 14 and a lower gate portion 48 hingedly
      or pivotally secured to the lower end of upper gate portion 46.
PAR  The normal method of operation is as follows. The bottom wall member 28 is
      normally in the substantially horizontally disposed position illustrated
      in FIG. 1 and the gate means 44 is normally in the substantially
      vertically disposed position illustrated in FIG. 1. As the combine moves
      through the field, the threshed material is discharged through the
      discharge opening 20 onto the bottom wall member 28. The gate means 44
      permits larger loads to accumulate on the bottom wall member 28 since the
      gate means tends to cause the material to build up on the bottom wall
      member 28. When sufficient material has accumulated on the bottom wall
      member 28, the weight of the material positioned rearwardly of the pivotal
      axis of the shaft 22 will be greater than the amount of the weight of the
      material forwardly of the shaft 22 which will cause the bottom wall member
      28 to automatically pivotally move to the dumping position illustrated in
      FIG. 3. The lower gate portion 48 pivots rearwardly as the material is
      discharged from the bottom wall member 28 to facilitate the discharge of
      material therefrom. The fact that the forward end of the bottom wall
      member 28 has a narrower width than the rearward end thereof permits the
      material to easily slide therefrom so it will not become wedged thereon.
PAR  After the material has fallen from the inclined bottom wall member 28, the
      weight of the apparatus causes the bottom wall member 28 to automatically
      return to its normal horizontally disposed position illustrated in FIG. 2.
      The threshed material again accumulates on the member 28 until the weight
      of the material rearwardly of the shaft 22 is sufficiently greater than
      the weight of the material forwardly of the shaft 22 to cause the member
      28 to again dump. As previously stated, bottom wall member 28 may be
      selectively moved rearwardly or forwardly relative to the shaft 22 to
      permit various predetermined sizes of the loads to be selected. In other
      words, if bottom wall member 28 is selectively moved forwardly relative to
      shaft 22, a larger load will accumulate on the member 28 prior to it
      moving to its dumping position. Conversely, if bottom wall member 28 is
      selectively moved rearwardly relative to the shaft 22, the member 28 will
      move to its dumping position upon a lighter load accumulating thereon.
PAR  Thus it can be seen that an extremely simple but yet efficient dumping
      apparatus has been provided for a combine which permits the threshed
      material to be accumulated in piles or dumps. The apparatus of this
      invention insures that the threshed material will automatically dump in an
      efficient manner. Thus it can be seen that the invention accomplishes at
      least all of its stated objectives.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a combine having a threshed material discharge
      opening at its rearward end, comprising,
PA1  a threshed material dumping apparatus mounted on the rearward end of the
      combine adjacent said discharge opening and adapted to receive threshed
      material therein,
PA1  said dumping apparatus comprising a substantially horizontally disposed
      bottom wall member pivotally secured to said combine about a horizontal
      axis so that said bottom wall member may pivot from its normal
      substantially horizontally disposed position to a dumping position,
PA1  said bottom wall member having rearward and forward ends,
PA1  mounting means pivotally mounting said bottom wall member to said combine,
PA1  said mounting means being positioned intermediate the forward and rearward
      ends of said bottom wall member whereby the bottom wall member is normally
      positioned in its substantially horizontally disposed position, said
      bottom wall member automatically moving to its dumping position when the
      threshed material accumulates thereon to a predetermined load, the
      position of said mounting means relative to said bottom wall member
      causing said bottom wall member to automatically return to its
      horizontally disposed position after moving to its dumping position.
NUM  2.
PAR  2. The combination of claim 1 wherein said bottom wall member has opposite
      sides and wherein an upstanding side wall extends upwardly from opposite
      sides of said bottom wall member, and a plurality of spaced apart tines
      secured to the rearward end of said bottom wall member and extending
      rearwardly therefrom, the rearward end of said dumping apparatus being
      substantially flush with the rearward end of said combine.
NUM  3.
PAR  3. In combination with a combine having a threshed material discharge
      opening at its rearward end, comprising,
PA1  a threshed material dumping apparatus mounted on the rearward end of the
      combine adjacent said discharge opening and adapted to receive threshed
      material therein,
PA1  said dumping apparatus comprising a substantially horizontally disposed
      bottom wall member pivotally secured to said combine about a horizontal
      axis so that said bottom wall member may pivot from its normal
      substantially horizontally disposed position to a dumping position,
PA1  mounting means pivotally mounting said bottom wall member to cause said
      bottom wall member to automatically return to its horizontally disposed
      position after moving to its dumping position,
PA1  said bottom wall member having rearward and forward ends,
PA1  and a gate means pivotally mounted on said combine, about a horizontal
      axis, above the rearward end of said bottom wall member, said gate means
      normally being in a closed position relative to said bottom wall member
      and automatically pivotally moving to an open position as said bottom wall
      member moves to its dumping position.
NUM  4.
PAR  4. The combination of claim 3 wherein said bottom wall member has opposite
      sides, an upstanding wall means extending upwardly from the opposite sides
      of said bottom wall member, said forward end of said bottom wall member
      having a narrower width than the rearward end thereof to aid in dumping
      the threshed material therefrom.
NUM  5.
PAR  5. The combination of claim 3 wherein said bottom wall member has rearward
      and forward ends and wherein said mounting means is selectively connected
      to said bottom wall member in a rearwardly and forwardly relationship to
      said bottom wall member to permit the larger or smaller loads to be
      accommodated thereon prior to the weight of the threshed material thereon
      causing said bottom wall member to move to its dumping position.
NUM  6.
PAR  6. The combination of claim 3 wherein said gate means is normally
      substantially vertically disposed in a plane transverse to the direction
      of travel of the combine.
NUM  7.
PAR  7. The combination of claim 6 wherein said gate means has a lower edge
      which is spaced above said bottom wall member.
NUM  8.
PAR  8. The combination of claim 7 wherein said gate means comprises an
      upstanding upper gate portion extending upwardly into said discharge
      opening and a lower gate portion pivotally secured about a horizontal axis
      to the lower end of said upper gate portion.
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ABST
PAL  An in situ oil shale retort in which a cavity filled with broken particles
      of oil shale is formed within the subsurface oil shale formation and air
      is forced down through the cavity to sustain combustion of the top layer
      of oil shale particles. The products of combustion are withdrawn through a
      plurality of transverse exhaust pipes at the bottom of the cavity, the
      exhaust pipes each being provided with a series of holes along the length
      of the pipes within the cavity, the holes being graded in size to
      compensate for the pressure drop along the length of the pipe so as to
      provide substantially equal volume of gas flow through each of the
      openings.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to in situ retorting of oil shale, and more
      particularly, is concerned with equalizing the air flow distribution
      through the cross-sectional area of the retort cavity,
PAC  BACKGROUND OF THE INVENTION
PAR  In situ retorting of oil shale to recover the liquid and gaseous
      carbonaceous values present in the shale has heretofore been proposed. One
      such arrangement is described in U.S. Pat. No. 3,661,423 assigned to the
      same assignee as the present invention. The in situ retorting process
      described in this patent involves forming a cavity in the oil shale
      formation in which the cavity is filled with oil shale particles. Air is
      brought in at the top of the cavity to sustain combustion of the top layer
      of the oil shale particles. The hot products of combustion pass downwardly
      through the lower layers of oil shale particles and are withdrawn at the
      bottom of the cavity. This heats the oil shale particles up sufficiently
      to drive off the liquid and carbonaceous values from the oil shale
      particles. The liquid values accumulate at the bottom of the cavity and
      the carbonaceous values are withdrawn along with the product gases through
      a pipe terminating adjacent the bottom of the cavity.
PAR  While the in situ recovery process described in the patent is effective in
      the recovery of oil from oil shale, it has been found that the flow of air
      and product gases down through the retort may not be evenly distributed
      over the cross-sectional area of the cavity. As a result, the burning rate
      may not be uniform and the retorting may not proceed as efficiently in
      some areas as others. As a result, the entire volume of oil shale
      particles may not be completely retorted, thereby greatly decreasing the
      overall efficiency of the retorting process.
PAC  SUMMARY OF THE INVENTION
PAR  In copending application Ser. No. 496,969, filed Aug. 13, 1974, entitled
      "Gas Collection System for Oil Shale Retort" and assigned to the same
      assignee as the present invention, there is described an arrangement for
      exhausting the product gases from the bottom of the cavity utilizing a
      plurality of parallel pipes adjacent the bottom of the cavity. The present
      invention is an improvement on the arrangement disclosed in the copending
      application in that the series of openings along the length of each of the
      exhaust pipes is graded in size from the largest hole near the closed end
      of the pipe to the smallest hole near the end of the exhaust pipe where it
      exits from the cavity. The size of the holes are graded in a manner which
      provides substantially equal flow rate through the repsective openings
      irrespective of the internal pressure gradient within the pipes resulting
      in a different pressure gradient across the respective openings or
      orifices.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention reference should be made to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a sectional view in elevation of an in situ retort incorporating
      the features of the present invention;
PAR  FIG. 2 is a cross sectional view taken substantially on the line 2--2 of
      FIG. 1; and
PAR  FIG. 3 is a cross-sectional view of one of the exhaust pipes used in
      explaining the operation of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings in detail, number 10 indicates generally a
      subsurface formation of oil bearing shale of the type commonly found in
      the Rocky Mountain region of the United States. An in situ retort is
      provided in the oil shale formation by means of a substantially horizontal
      access tunnel 12 which communicates with the surface of the ground. The
      inner end of the tunnel 12 is excavated and enlarged to form an upwardly
      extending chamber 14. The chamber 14 is blasted or otherwise cut out of
      the oil shale formation, and the shale material excavated in forming the
      chamber is removed through the tunnel 12. A sump 16 is provided in the
      floor of the tunnel 12 outside of the chamber 14 and serves as a
      collection point for the liquids driven off from the oil shale during the
      retorting process.
PAR  After the chamber 14 is formed, pipes for exhausting the gaseous products
      are run into the lower portion of the chamber 14. In the drawings, three
      parallel pipe sections 18, 20 and 22 are shown, but the number of pipes
      may be increased, depending upon the size of the retort chamber. The three
      parallel pipes are brought out through the tunnel 12 where they are
      preferably connected to a common outlet-pipe 24 through a manifold and
      separate control valves 26, 28, and 30, respectively. The three valves can
      be individually adjusted to modify the gas flow in the respective pipes.
      The pipe 24 may be connected to a suitable pump or blower in the manner
      described in copending application Ser. No. 492,923, filed July 29, 1974,
      and entitled "Method and Apparatus for Retorting Oil Shale at
      Subatmospheric Pressure" and assigned to the same assignee as the present
      invention.
PAR  The respective pipes 18, 20, and 22, within the chamber 14, are provided
      with a series of holes, as indicated at 32, distributed along the
      undersides of the pipes. The pipes are supported off the bottom of the
      chamber 14 on mounds of rock fill placed under the pipes to the depth of
      approximately one foot. The lower part of the chamber 14 is then filled
      with oil shale particles to a depth of 4 or 5 feet, completely covering
      over the pipes 18, 20, and 22 with a protective layer of oil shale, as
      indicated at 36. By placing the holes 32 on the underside of the pipes,
      gases are able to enter the pipes through the coarse rock fill 34 on which
      the pipes are supported while, at the same time, the holes are protected
      against being clogged by solid particles or liquids during the retorting
      process.
PAR  Once the exhaust pipes are in place in the manner described hereinabove,
      blasting charges are set in the oil shale formation above the chamber 14.
      An enlarged cavity is formed in the oil shale formation by setting off the
      charges, the enlarged cavity forming an upward extension of the chamber
      14. This enlarged cavity, indicated at 40, is filled with particles of oil
      shale formed during the blasting operation.
PAR  The pipes 18, 20 and 22 are preferably made of an 8 inch diameter pipe
      having a very thick wall, for example, Schedule 80 pipe, to withstand the
      force of the blasting operation. The pipe is further protected from damage
      by the overlying layer 36 of oil shale which is put in place before the
      blasting operation.
PAR  Once the blasting operation is completed, vents are opened to atmosphere in
      the top of the retort cavity to permit air to be drawn into the cavity at
      the top. The oil shale is ignited and burning proceeds. The hot product
      gases are drawn down through the cavity and out the exhaust pipes. By
      adjusting the valves, the flow rate through the respective pipes can be
      balanced to produce uniform burning.
PAR  Referring to FIG. 3, a distributor pipe is shown with a series of orifices
      numbered 1 through i spaced at intervals L along the pipe. According to
      the present invention, the size of the orifices are selected so that the
      mass flow rate M.sub.i through each orifice is made equal to that of all
      the other orifices by changing the orifice diameter D.sub.oi of the
      orifices to compensate for pressure drop along the interior of the pipe.
PAR  The size of the orifices to accomplish this result can be determined as
      follows. The pressure drop .DELTA.P.sub.oi across each orifice i is the
      difference between the external pressure P.sub.s relative to the internal
      pressure P.sub.i inside the pipe at the orifice, namely,
EQU  .alpha.P.sub.oi = P.sub.s -P.sub.i                         (1)
PAL  The pressure P.sub.i at any orifice is the sum of the incremental pressure
      drops .DELTA.P.sub.Lj successive sections of pipe L.sub.1.sub..fwdarw.j
      starting with pressure P.sub.1 at orifice 1. This can be expressed by the
      euation
      ##EQU1##
      Substituting (2) into (1) gives
      ##EQU2##
      Thus by knowing the pressure drop across the first orifice and the
      pressure drops from orifice to orifice, the pressure drop through each
      subsequent orifice can be calculated.
PAR  The term .alpha.P.sub.Lj in equation (3) represents a drop in pressure due
      to flow through an incremental length L.sub.j of the pipe. The volume of
      flow of course increases with each orifice by a unit amount since all
      orifices by definition provide equal flow. Thus the flow between the
      second and third orifices is twice the flow through the pipe between the
      first and second orifices. A standard equation for calculating pressure
      drop due to flow of a gas through a pipe (the Fanning Friction equation)
      is:
EQU  .DELTA.P.sub.L =  2f3/4 .sup.2 .sub..rho. l/gd.sub.i       (4)
PAL  where
PA1  66 p is the pressure drop in lbs/ft..sup.2
PA1  f is the friction factor (a function Reynolds number)
PA1  .mu. is velocity of flow in ft/sec
PA1  L is pipe length
PA1  .rho. is gas density
PA1  g is gravitational constant (32 ft/sec.sup.2)
PA1  d is inside diameter in ft.
PAL  Equation (4) can be rewritten as
EQU  .DELTA.P.sub.L = 3.62 fQ.sup.2 P.sup.2 L/Pa d.sup.5 T      (5)
PAL  where
PA1  .DELTA.P.sub.L is an inches of water
PA1  Q is actual flow rate in cubic feet per minute
PA1  P is initial absolute pressure
PA1  T is absolute temperature
PA1  Pa is average absolute pressure (psi) over length L
PA1  d is inside diameter in inches
PAR  Using equation (5), the pressure drop between any two orifices can be
      calculated since the flow rate Q.sub.Lj is equal to Q.sub.L1 .sup.. j.
      This gives
EQU  .DELTA.P.sub.Lj = 3.62 f(Q.sub.1 j P.sub.j).sup.2 L/Pad.sup.5 T (6)
PAR  the standard orifice equation for determining flow rate M through a
      particular orifice given the pressure drop P.sub.oi across the orifice is
EQU  M.sub.i = 0.61 S.sub.oi (2g .DELTA.P.sub.oi .rho. (.sup.0.5 (7)
PAL  where
PA1  S.sub.oi is orifice area
      ##EQU3##
      g is gravitational constant .rho. is gas density
PA1  D is orifice diameter
PAL  In order that the flow through each orifice is the same
      ##EQU4##
PAR  Using the above equations, the orifice diameters can be determined as
      follows: knowing the total flow required for the process, the number of
      pipes and size of pipes are selected so that the maximum flow per pipe is
      within acceptable limits. The length of pipe is determined by the size of
      the retort cavity. The number of holes is selected to give good flow
      distribution. Assuming equal flow through each orifice, the flow rate M
      per orifice is determined by dividing the total required flow by the total
      number of orifices. A diameter D.sub.1 for the first orifice is then
      selected, e.g., 25 to 50 percent of pipe diameter. Using equation (7),
      .DELTA.P.sub.o1 is then calculated. Using equation (1), P.sub.1 is then
      determined. Knowing P.sub.1, equation (6) is solved for the value of
      .DELTA.P.sub.L1. Using equation (3), the value of .DELTA.P.sub.02 is then
      determined. Knowing .DELTA.P.sub.02, equation (8) is solved for D.sub.2.
      P.sub.2 is then obtained from a solution of equation (2). These steps are
      repeated starting with the solution for .DELTA.P.sub.L2 from equation (6),
      .DELTA.P.sub.03 from equation (3), D.sub.3 from equation (8), and P.sub.3
      from equation (2), et cetera.
PAR  An example of one embodiment for a cavity 35 .times. 35 feet is to use
      three 6 inch pipes (5.761 inchesID) with sets of three holes spaced at 2
      foot intervals, making 18 sets of holes in each pipe. Required gas flow
      per pipe is 1277 cfm or 23.6 cfm per hole. This gives a value of M = .019
      No./sec per hole.
PAR  With a selected diameter of the first set of holes of 2 inch and a static
      pressure in the cavity of P.sub.s = 27.75 inches of H.sub.2 O, the
      following calculated values are determined following the above-outlined
      procedure.
TBL  ______________________________________                                    
     P.sub.i, in. H.sub.2 O                                                    
                 P.sub.Lj in. H.sub.2 O                                        
                             P.sub.oi, in. H.sub.2 O                           
                                         D.sub.oi, in.                         
     ______________________________________                                    
     1.         27.648   0.00078   0.102     2                                 
     2.         27.647   0.00311   0.103     1.99                              
     3.         27.644   0.00699   0.106     1.98                              
     4.         27.637   0.01243   0.113     1.95                              
     5.         27.625   0.01942   0.125     1.90                              
     6.         27.605   0.02797   0.145     1.83                              
     7.         27.577   0.03807   0.173     1.75                              
     8.         27.539   0.04972   0.211     1.67                              
     9.         27.4895  0.06293   0.261     1.58                              
     10.        27.42658 0.07770   0.323     1.50                              
     11.        27.34888 0.09401   0.401     1.42                              
     12.        27.2549  0.11188   0.495     1.35                              
     13.        27.14299 0.13131   0.607     1.28                              
     14.        26.9907  0.15228   0.759     1.21                              
     15.        26.8384  0.17482   0.912     1.16                              
     16.        26.6636  0.19890   1.086     1.11                              
     17.        26.4647  0.22454   1.285     1.06                              
     18.        26.2402  --        1.510     1.02                              
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An in situ oil shale retort comprising:
PA1  a cavity within a subsurface oil shale formation substantially filled with
      broken particles of oil shale;
PA1  a tunnel extending into the cavity adjacent the bottom of the cavity;
PA1  a plurality of gas exhaust pipes traversing the bottom of the cavity;
PA1  means supporting the pipes above the bottom of the cavity, said pipes
      extending into the tunnel, said pipes having a plurality of holes in the
      portions of said pipes traversing the bottom of the cavity, said holes
      being graded in size along the length of said pipes with the smallest
      holes being adjacent the end of the exhaust pipes where the exhaust pipes
      enter the tunnel; and
PA1  means connected to said pipes for withdrawing gas through the pipes from
      the cavity.
NUM  2.
PAR  2. Apparatus of claim 1 wherein the holes are circular and the largest hole
      is substantially smaller in diameter than the internal diameter of the
      pipe.
NUM  3.
PAR  3. Apparatus of claim 2 wherein the diameter D.sub.oi of a hole at one
      location i along the pipe is related to the diameter D.sub.oi.sub.+1 of a
      hole at the next location i+1 in the direction of fluid flow by the
      relation
      ##EQU5##
      when .DELTA.P.sub.oi is the pressure differential at the hole between the
      outside and inside of the pipe.
NUM  4.
PAR  4. Apparatus of claim 2 wherein each pipe includes more than one hole at
      each spaced location along the pipe, the holes at any given location being
      equal in size.
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ABST
PAL  A method of connecting wells for the purpose of producing salt by solution
      mining. Two wells are drilled into the salt bed, one of which is drilled
      in the conventional manner, that is, essentially vertically and the other
      of which is drilled from a point on the surface a selected distance from
      the first well and is deflected in the direction towards the conventional
      well so that the bottom of the deflected well approaches within a selected
      distance of the bottom of the conventional well. After the two wells are
      drilled the salt is fractured by the use of a conventional high pressure
      liquid fracturing technique in one or the other or both of the two wells,
      so that a fracture for fluid flow between the two wells will hopefully be
      obtained. Thereafter the salt is mined by flowing fresh water down one
      well and withdrawing saturated salt solution from the other well, the
      water passing from one well to the other through the fracture zone where
      it dissolves the salt, creating a cavity.
PAL  If it turns out to be impossible to form a fracture between the two wells,
      the deflected well is directionally drilled further towards the vertical
      well.
PAL  If the wells still do not connect each is independently solution mined,
      forming enlarged caverns. When the caverns coalesce the formation can be
      mined by pumping fresh water down one well and removing concentrated brine
      from the other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is in the field of salt recovery by means of solution
      mining. More particularly, it involves an improved method of connecting
      wells for salt production where a greater proportion of the salt present
      in the formation can be recovered efficiently.
PAR  The original method of producing salt by solution mining was to drill a
      vertical hole from the surface into the salt bed, pump fresh water in
      through the casing annulus, contacting the fresh water against the salt
      along the walls of a cavity formed at the base of the well and discharge
      brine up the tubing to the surface.
PAR  Another known method is to drill two spaced apart conventional vertical
      wells into a salt formation. Solution mining is employed in each well,
      creating cavities. Oil is introduced into each cavity which forms a
      nonsoluble pad in the upper surface of each cavity. This causes the
      cavities to form more rapidly in horizontal directions. The flattened
      cavities grow in size until they coalesce, that is, join together, at
      which time the formation can be mined by pumping fresh water into one well
      and removing brine from the other. This method has the disadvantage that
      both wells must be completed for individual mining operation and the
      process to achieve coalescence is slow.
PAR  Still another method is to drill two conventional vertical wells spaced
      apart from each other. One or both of the wells are fractured by high
      pressure by the known procedure frequently employed by the petroleum
      industry. If the fracture operation opens up a flow passageway between the
      two wells, water can then be pumped down one well and brine removed from
      the other. The problem with this method is that there is no way to control
      the direction of fracture. Therefore, to have a good degree of success the
      wells must be drilled closer together. If the wells are drilled close
      enough together to insure connection by fracturing, the resulting cavity
      formation is small and the total salt recovery reduced.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide a method of well
      connection for solution mining. This and other objects are realized and
      the limitations of the prior art are overcome in this invention by the use
      of two wells drilled from the surface down to the salt formation. One of
      the wells is drilled vertically (conventionally). The other is drilled
      from a point displaced on the surface by a selected distance. This well is
      deflected as it is drilled, in the direction towards the conventional
      well. The base of the deflected well will approach within a selected
      distance of the base of the conventional well. The salt formation is
      fractured by use of a high pressure liquid, such as saturated salt
      solution, in one well, or the other, or in both wells, in order to
      hopefully obtain a fracture which will tie together the bases of the two
      wells.
PAR  If the fracture attempt is unsuccessful it is not possible to flow water
      into one well and brine out the other. This problem is overcome by
      drilling the deflected well further towards the bottom of the conventional
      well. One or both of the wells are again fractured, hoping to interconnect
      them. If interconnection is not received, the wells are individually
      solution mined, forming cavities. When the cavities grow until they
      coalesce the salt may be mined by pumping fresh water down one well and
      brine out the other.
PAR  The deflected well is preferably drilled in such a way that the bottom
      segment is as near horizontal as possible and as near the bottom of the
      salt formation as possible. This allows the withdrawal tubing of the
      deflected well to remain on the bottom as the salt is removed without the
      necessity of constantly lowering the well tubing and without the problem
      of the tubing being broken off by cave-in's as the formation is mined.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and advantages of this invention and a better understanding of
      the principles and details thereof will be evident from the following
      description taken in conjunction with the appended drawing which shows a
      vertical cross-sectional view through the earth in a plane passing between
      two wells.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing there is shown the surface 10 of the earth 12
      and a vertical cross sectional view of the earth down to a depth which
      includes the presence of a salt formation 16. The top of the salt
      formation is indicated by 16A and the bottom of 16B.
PAR  The normal procedure is to drill a conventional vertical well (generally
      indicated by the numeral 18) downward to the salt formation 16. A casing
      20 is positioned in the drilled well. Tubing 22 is placed in the casing
      20. Fresh water is pumped from the surface down through the annulus 24
      between the tubing 22 and casing 20. The fresh water will contact the
      salt, dissolving it and forming a cavity and will flow back up, in
      accordance with the arrow through the tubing 20 to the surface. The
      process can be reversed, that is, fresh water can be pumped down the
      tubing 22 and brine up the annulus 24. The saturated salt solution is then
      refined in a process which is well known in the art to obtain the
      dissolved salt.
PAR  The problems with efficient solution mining salt by means of a vertical
      well include: (1) The rate of injection must be limited because a fast
      rate will result in short circuiting of the water, causing unsaturated
      brine to be returned to the surface; (2) The tubing 22 must be
      periodically lowered or replaced to maintain the efficiency of the
      solution mining process; and (3) as salt is dissolved cave-in's occur
      which frequently break off the tubing 22, thus the well must be worked
      over to repair or replace the broken tubing.
PAR  As previously mentioned, improved techniques include the practice of
      drilling two wells, interconnecting the bottoms of the wells in the salt
      formation, pumping fresh water down one of the wells and removing brine
      from the other. Two methods of interconnecting the bases of the two wells
      have been discussed above and their limitations and disadvantages
      mentioned.
PAR  In this invention two wells are drilled. One indicated by 18 is drilled
      conventionally in accordance with the previous description. Another well
      (generally indicated by the numeral 28) is displaced at the surface by
      some considerable distance 30 from the conventional well. The lower
      portion of well 28 is drilled at a deflected angle in the direction
      towards the conventional well, that is, as the base of the deflected well
      28 moves downwardly it moves toward the base of the conventional well 18
      and approaches within a selected distance 32. This distance 32 is selected
      so that it will increase the possibility of successfully using hydraulic
      fracturing techniques to create a fissure or fracture between the bottom
      18A of the conventional well and the bottom 28A of the deflected well.
      Fracturing may be attempted in the conventional well 18, the deflected
      well 28, or in both wells. A successful fracture is indicated at 34.
PAR  If the fracture 34 is obtained between wells 16 and 28 the salt strata 16
      can be mined by flowing fresh water down one well and brine out the other.
      However, with present technology there is no way to control the direction
      a fracture or fractures will take. It is therefore sometimes impossible to
      intersect the deflected well 28 by a fracture from conventional well 16.
PAR  If the fracture step does not interconnect the wells the deflected well is
      drilled further towards the bottom 18A of the conventional well.
PAR  As an alternative, the deflected well may be solution mined to extend the
      cavity 36 in the direction towards the bottom of well 18. To insure the
      fresh water introduced into the formation through tubing 40 forms a cavity
      which primarily grows in the horizontal rather than the vertical
      direction, oil may be introduced in the cavity. The oil forms an upper
      layer or pad 44. Since salt is not rapidly dissolved by oil and the oil
      shields the salt from fresh water, the cavern 36 extends horizontally
      rather than vertically.
PAR  After the deflected well is drilled further towards the conventional well,
      or the cavity of the deflected well is formed, the conventional well may
      again be fractured.
PAR  The formation of cavity 36 has two beneficial effects. First, the cavity
      reduces the distance between the wells, thereby increasing the chance that
      a fracture will interconnect the two wells. In addition and of more
      importance, the cavity 36 provides a much larger target than the
      relatively small diameter, usually 12 inches or less, of the drilled well
      28.
PAR  If interconnection is achieved, the wells are utilized by pumping fresh
      water down one and brine out the other as previously described. If, after
      the formation of cavity 36 followed by fracturing of well 18, no
      interconnection results, the wells can be individually solution mined
      using in each an oil pad 44, until the cavities formed around each well
      grows so large that they coalesce with each other.
PAR  Another feature of this invention is that by flowing fresh water through
      the tubing 40 of the deflected well 28 and directing it more or less in a
      horizontal direction, an elongated narrow cavity is formed in the
      direction towards the conventional well. Thus, it is possible to make the
      initial distance 32 somewhat larger than desired and to extend the well,
      so to speak, by solution mining a more or less cylindrical cavity in the
      direction of the conventional well 18.
PAR  The sequence of steps typically employed in practicing the invention are as
      follows:
PAR  1. Conventional well 18 is drilled, the portion 26 extending into the salt
      formation 16.
PAR  2. The deflected well 28 is drilled. The deflected well may be spaced from
      the conventional well so that distance 30 is about 800 feet at the
      surface. It is understood that the deflected well 28 may be drilled first
      and then conventional well 18 second, since the sequence of drilling the
      two wells is immaterial.
PAR  3. Deflected well 28 is drilled vertically until it is approximately 900
      feet from the bottom 16B of salt formation, at which time directional
      deflected drilling is initiated.
PAR  4. Deflected drilling in the direction towards the bottom of conventional
      well 18 is continued. While the specific rate of deflection may vary it
      has been found that a deflection of approximately six degrees per one
      hundred feet of drilling is satisfactory.
PAR  5. The deflected well 28 is drilled after deflection is initiated
      approximately 1,400 measured feet. This places the lower end 28A of the
      deflected well approximately 22 feet above the bottom of the salt
      formation 16B and approximately 100 feet from the bottom of the target
      well 18A.
PAR  6. Pipe is set in both wells.
PAR  7. Fracturing of the wells is attempted. Fracturing may be employed in
      conventional well 18 or in deflected well 28 or may be employed in both
      wells either simultaneously or sequentially.
PAR  8. If a fracturing connection is completed between the wells the
      coalescence of the wells is complete and salt may be solution mined as
      previously described, that is, by flowing fresh water in one well and
      withdrawing brine from the other.
PAR  9. If step 7 does not result in connection of the wells drilling of the
      deflected well 28 is continued for approximately 100 feet, or until the
      bottom of the formation 16B is encountered. If the direction of drilling
      of the inclined well 28 is perfect this should put the bottom of the
      deflected well directly under the bottom of conventional well 18. However,
      directional drilling is seldom perfect and because of the relatively large
      distance (800 feet as an example as above stated) between the wells
      initially, it is seldom that the wells will interconnect by drilling
      alone.
PAR  10. As an alternative to increased directional drilling of deflected well
      28, the well may be solution mined, using an oil pad 44 to extend the
      cavity 36 towards the bottom of conventional well 18.
PAR  11. One or both of the wells may again be fractured in an attempt to
      connect them. However, if conventional well 28 has been solution mined to
      extend cavity 36 only conventional well 18 will be fractured since it is
      undesirable to attempt a fracture operation out of a cavern. If connection
      is now made the process is completed and the salt may be mined as above
      indicated.
PAR  12. If step 11 does not result in the connection of the wells the deflected
      well 28 is solution mined or both wells may be individually solution mined
      until they coalesce. To improve the chances of connection by solution
      mining, oil padding may be employed. This is done by introduction of oil
      into the cavities so that each cavity will form horizontally rather than
      vertically and thereby increase the chance of coalescence. Solution mining
      is continued until the wells coalesce.
PAR  The invention achieves several improvements over the known processes
      previously discussed. First, it enables wells which are to be joined
      together at the bottom to be spaced further apart. This means that the
      distance 46 between the wells at the top 16A of the salt formation is
      relatively much greater. Since salt is dissolved primarily in the upper
      portion of a cavity, that is, a cavity formed by solution grows in the
      upward rather than the downward direction, the total potential salt
      recovery by use of the two wells is increased compared to that which would
      be achieved by two vertical wells separated only by distance 32.
PAR  The second advantage is that the tubing 40 in the deflected well 28 lies at
      or near the bottom in a substantially horizontal plane which minimizes the
      chance of being broken off by cave-ins.
PAR  A third advantage is that increased chance is obtained for interconnecting
      wells at a minimum of time and expense.
PAR  Nothing has been shown of the surface equipment required to do the pumping
      and handling of the liquids and handling of the fracturing operation.
      However, since this is well known in the art and forms no part of this
      invention, no further description is required.
PAR  While this invention has been described in terms of the solution mining of
      salt this is only by way of example and the method can be applied to the
      mining of other soluble chemical elements or compounds, such as sulfur,
      tar, (as in the tar sands), etc. The invention may also be usefully
      employed in the formation of caverns for use in underground storage of
      liquids.
PAR  While the invention has been described with a certain degree of
      particularity it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific embodiments set forth
      herein by way of exemplifying the invention, but the invention is to be
      limited only by the scope of the attached claim or claims, including the
      full range of equivalency to which each element or step thereof is
      entitled.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of producing a soluble chemical material by solution mining a
      subterranean formation thereof, comprising:
PA1  a drilling a conventional well into the formation;
PA1  b directionally drilling a deflected well, displaced by a selected distance
      at the earth's surface from said conventional well, said deflected well
      being directed toward said conventional well so that the bottom thereof
      approaches within a selected distance of the bottom of said conventional
      well in said formation;
PA1  c solution mining said deflected well to form a cavern in the formation to
      decrease the distance between the well bottoms;
PA1  d fracturing the formation between the bottoms of said two wells to achieve
      a liquid flow connection between said two wells; and
PA1  e flowing a solvent down through one of said wells and a solution out the
      other of said wells.
NUM  2.
PAR  2. The method as in claim 1 in which said formation comprises salt and said
      solvent is water.
NUM  3.
PAR  3. The method as in claim 1 including the step of introducing oil in said
      deflected well while it is being solution mined in step (c) so that the
      cavern grows primarily horzontaly.
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ABST
PAL  Method of and apparatus for extracting oil from oil shale. An excavating
      unit is driven by supplying steam to a plurality of steam engines mounted
      in an annulus between stationary outer and inner casings. A hollow center
      column and apertured screw vane are mounted for rotation in the inner
      casing and helical screw sections are provided outwardly of the inner
      casing at both ends of the apparatus for directing material to and from
      the inner casing. Steam is supplied to the unit for driving the center
      column and helical screws, with the steam supplied to the center column
      emanating through openings in the screw vane mounted in the inner casing
      for separating the oil from the oil shale by pyrolysis. The oil is
      withdrawn in the form of a vapor product by means of a vacuum applied to
      the inner casing for separation and condensation at the surface. Following
      excavation, the unit can be withdrawn to the surface under its own power.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates as indicated to a method of and apparatus for
      extracting oil from oil shale.
PAR  It has long been known that vast quantities of oil are stored in oil shales
      occurring primarily in the western part of the United States. It is also
      common knowledge that the extraction of oil and gas from such oil shale is
      technically feasible, with the primary impediment in the past to
      production of oil and gas from shale being the relatively uneconomic costs
      of extracting the same from the shale. Only relatively recently with the
      substantial increases in the price of crude oil has the extraction of oil
      from shale become economically competitive, and major efforts are
      currently being undertaken in an effort to produce oil from shale as a
      viable alternative source of oil.
PAR  Efforts in the past to extract oil from shale has centered primarily in the
      mining of the oil shale either through conventional underground mining
      operations or by strip mining, where the shale seams are relatively near
      the surface. A continuing problem which has still not been satisfactorily
      resolved is the satisfactory disposition of the spent shale remaining
      following the oil extraction process. Since extractable oil in the oil
      shale constitutes a relatively small percentage in terms of volume of the
      oil shale, the spent shale following oil extraction must be disposed of,
      and major environmental considerations must necessarily be dealt with if
      oil shale is to be processed in the quantities presently envisioned.
PAR  Perhaps the most prevalent thinking in terms of spent shale disposition is
      the provision of specified areas for the spent shale, referred to as
      tailings, in much the same manner as tailings produced in other
      underground mining operations. This proposed solution not only requires
      the handling of vast quantities of material, it also necessitates
      treatment of the tailings after deposition thereof to meet rather
      stringent local environmental legislation. Usually, such legislation
      requires that the areas of deposit be suitably contoured and landscaped,
      which obviously contributes to the high costs of shale oil production.
PAR  More recent suggestions have involved the formation of large underground
      caverns the pressure and temperature of which are controlled so as to
      force the shale oil which is in vapor form as a result of such pressure
      and temperature to the surface while the spent shale remains in the
      cavity. Although this proposed method does apparently solve the tailings
      problem, the technical feasibility is still largely undetermined, as are
      other environmental considerations such as the effect of such operations
      on underground water supplies, etc.
PAC  SUMMARY OF THE INVENTION
PAR  With the above in mind, a primary object of the present invention is to
      provide apparatus in which the oil can be recovered from the shale in situ
      without involving subsequent treatment and disposition of the spent shale
      following oil recovery.
PAR  It is a further, more specific object of the invention to provide oil
      extraction apparatus which is relatively portable and which is constructed
      and arranged to descend through the earth propelled by its own grinding
      action. The apparatus in normal operation descends to the bottom of the
      shale seam and can thereafter be reversed for upward movement to the
      surface with the spend shale remaining in the area as the apparatus
      ascends.
PAR  A further object of the invention is the provision of apparatus in which
      preferably high pressure steam is employed to drive engines mounted on the
      apparatus by which the screw action is effected causing the apparatus to
      descend through the shale bed. Steam, preferably in combination with
      compressed air, is also supplied to the interior of the apparatus at
      temperatures of approximately 900.degree. F for reaction with the
      constituents of the shale to effect pyrolysis of the shale, with the
      separated oil being thereafter directed from the apparatus for treatment
      above surface.
PAR  In accordance with the invention, the shale during the descent of the
      apparatus through the shale seam is directed to the interior of the
      apparatus through a crusher plate which functions to comminute the shale
      in order to facilitate the extraction process. As steam is admitted to the
      interior of the apparatus, the oil is extracted from the shale, due to the
      pressure and temperature conditions resulting from the steam admission,
      with the vaporized shale oil being withdrawn from the periphery of the
      apparatus and conveyed to separation equipment mounted on the surface. The
      remaining, spent shale is forced through an upper grinding plate as the
      apparatus descends whereby the spent shale remains in situ during the
      operation of the apparatus. When the apparatus has descended through the
      shale belt, the drive engines and consequently the screw action is
      reversed and the apparatus is propelled by its own grinding action
      upwardly through the spent shale until the apparatus reaches the surface.
      There is thus no hole or opening formed in the surface as such, and the
      apparatus can be moved to an adjoining area and the operation repeated. As
      will be presently described, several units can be assembled together to
      increase the productivity in a specified area of operation.
PAR  Another object of the present invention is to provide an apparatus of the
      type described in which an alternative form thereof permits the rate of
      descent or ascent to be controlled by mounting the upper and lower
      crushing plates for retraction thereby allowing faster penetration of the
      apparatus through the earth. This feature is of particular importance
      where the apparatus must penetrate a relatively substantial amount of
      overburden before reaching the shale oil seam. When the seam is reached,
      the upper and lower crushing plates can be extended into their crushing
      positions for crushing the shale directed inwardly of the apparatus.
PAR  It will be understood that although the apparatus in accordance with the
      invention is specifically designed for use in the processing of shale oil
      as will be presently described, the apparatus can be used for other
      excavation operations where circumstances warrant. It should also be
      understood and it will become apparent as the description proceeds that
      the apparatus is designed primarily for use in areas where the overburden
      is not excessive and the oil shale can be reached without difficulty. The
      rate of descent of the apparatus will of course depend to some extent upon
      the make-up of the overburden and the degree of compaction of the oil
      shale.
PAR  These and other objects will become apparent as the following description
      proceeds in particular reference to the application drawings.
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PAC  BRIEF DESCRIPTION OF THE APPLICATION DRAWINGS
PAR  FIG. 1 is a perspective view showing a plurality of individual units
      constructed in accordance with the invention arranged together for
      simultaneous operation thereby to increase the production capacity of the
      system. The bottom of each unit is exposed in FIG. 1 for the purpose of
      more clearly illustrating that portion of the apparatus;
PAR  FIG. 2 is a vertical sectional view through one of the units shown in FIG.
      1;
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is a side elevational view, partially fragmented, more clearly
      illustrating the manner in which the bottom crushing plate is rotated;
PAR  FIG. 5 is a sectional view taken on line 5--5 of FIG. 3;
PAR  FIG. 6 is a sectional view taken on line 6--6 of FIG. 5;
PAR  FIG. 7 is a side elevational view of the unit in actual operation, with
      supporting equipment, and
PAR  FIG. 8 is a side elevational view showing the unit excavating laterally.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring initially to FIG. 1, there is illustrated therein an assembly of
      individual units constructed in accordance with the present invention,
      each of which is generally indicated at 10, which are joined to each other
      by flanges commonly designated at 12, with the connection being made by
      any suitable means such as welding or the like. By assembling a plurality
      of individual units 10, a greater quantity of material can be treated
      simultaneously. Each individual unit 10 is separately controlled, with the
      controls being preferably synchronized so that the units descend through
      the material being penetrated at the same rate. The oil recovered during
      the descent of the units 10 is conveyed to treatment equipment stored on
      surface for condensing and separating the oil from the vapor products
      drawn from the units as will be hereinafter described in detail.
PAR  Referring to FIG. 2, which comprises a vertical cross-sectional view
      through an individual unit 10, the unit 10 comprises an outer cylindrical
      casing 14 and an inner casing 16 mounted in spaced relation within the
      outer casing. Supporting skirts 18 and 20 are mounted at the upper and
      lower ends, respectively, of the outer casing and are, as illustrated,
      relatively dish shaped, with the outer flanges commonly designated at 22
      being circular and securely mounted to the outer casing through spacing
      members 24. The rigid connection of the flanges to the outer casing 14
      through the spacer members 24 can be effected by any suitable means such
      as welding, fastening or the like. The skirt members 20 are formed with a
      plurality of radial webs 26, only one of which is visible in the bottom
      portion of FIG. 2, which serve to align and support not only the inner
      casing 16 but the components which rotate therewithin.
PAR  Mounted for rotation within the inner casing 16 is a hollow column
      generally indicated at 30 to which is rigidly mounted a helical screw the
      individual vanes of which are commonly designated at 32. As can be seen in
      cross section in FIG. 2, each vane 30 is hollow and formed in the top and
      bottom surfaces thereof with a multitude of openings commonly designated
      at 34. The inner periphery of the helical screw is open for fluid
      communication with the interior of the column, and the inner periphery of
      the screw can be rigidly secured to the column for rotation therewith by
      any suitable means such as welding or the like. The column 30 is formed
      with vertically and circumferentially spaced openings commonly designated
      at 36 for directing fluid admitted to the column to the screw vanes. The
      diameter of the vanes 32 is such as to permit rotation of the column and
      vanes within the fixed inner casing 16.
PAR  The top of the column 30 is formed with a radial flange 40 which is rigidly
      secured to an upper hub member 42 having a bearing shoulder 44 that is
      contiguous a conical bearing surface 46 formed on the top plate 48 of the
      inner casing 16. A bearing seal 50 is interposed between the lower flange
      52 of the hub 42 and the section of the plate immediately above such
      flange.
PAR  The bottom of column 30 is mounted in the same manner, being formed with a
      bottom flange 60 rigidly mounted to flange 62 of hub 64, with the latter
      being formed with a bearing shoulder 66 for rotatable engagement with
      bearing surface 68 formed on the inner periphery of bottom plate 70 of the
      inner casing 16. A seal 72 is positioned between the flange 62 and the
      plate 70.
PAR  A steam hammer casing member generally indicated at 80 is telescoped around
      the bottom section of hub 64 and secured thereto for rotation therewith by
      keying or the like. The casing 80 includes a circular top plate 82 which
      extends radially between the bottom plate 70 of the inner casing 16 and
      the webs 26 of the skirt member 20. The spacing of these members is such
      as to permit rotation of the top plate 82 relative to the fixed inner
      casing 16 and skirt member 20.
PAR  The casing 80 is diametrically enlarged at its bottom end and rigidly
      secured thereto is a helical screw generally indicated at 84 the sections
      of which gradually increase in diameter from the lower section 86 thereof
      to the upper sections thereof which are contained within the skirt 20. The
      helical screw 84 is of course continuous and, unlike the vanes 32 above
      described, the screw sections are solid. The drive connection between the
      center column 30 and the steam hammer casing 80, through hub 64, results
      in the simultaneous rotation of all the screw members described and
      illustrated whereby the material can be fed upwardly into the interior of
      the inner casing and vertically therethrough in a manner to be hereinafter
      described.
PAR  Both the bottom and top plates 70 and 48, respectively, of the inner casing
      16 are formed with openings 90 and 92, whereby the plates function as
      crushing plates for the material fed upwardly through the unit. The
      openings 92 formed in the upper plate 48 are smaller than the openings 90
      formed in the bottom plate 70 whereby the upper plate functions to finely
      crush the material before the same is discharged from the apparatus.
PAR  The upper portion of the unit, in the orientation of FIG. 2, is constructed
      similarly to the bottom. Thus, a steam hammer casing generally indicated
      at 100 is mounted on the top of the center column 30 for rotation
      therewith. The casing 100 includes a hub portion 102 that is telescoped
      around the hub 42 and secured for rotation therewith by keying means or
      the like. Extending radially from the hub portion 142 is a circular plate
      104 which overlies the top plate 48 of the inner casing 16, and which at
      its outer periphery extends below the webs 106 of the skirt member 18. The
      spacing of these members is such as to permit rotation of the plate 104
      relative to the stationary inner casing 16 and skirt 18. Plate 104 and the
      bottom plate 82 which is integrally formed with the steam hammer casing 80
      are both formed with openings commonly designated at 108 for passing
      material therethrough during the digging operation. A rotatable coupling
      109 is positioned between the casing 100 and the fixed steam conduit 200
      which supplies steam to the unit.
PAR  Integrally secured to the steam hammer casing 100 is a helical screw
      generally indicated at 110 the diameter of which gradually increases from
      the extreme upper end 112 thereof to the lower end 114 thereof which is
      positioned within the skirt 18.
PAR  It will thus be seen that the helical screws 84 and 110 which are secured
      to the steam hammer casing 80 and 100, respectively, rotate simultaneously
      with the center column 30 whereby material is fed into the apparatus
      through the bottom thereof and upwardly through the inner casing 60 for
      discharge from the top of the unit by the helical screw 110. During the
      descent of the unit through the material to be handled, the helical screw
      84 and picks up and conveys the material upwardly toward the skirt 20, and
      to facilitate the coarse crushing of the material before the same reaches
      the inner casing 16, the skirt 20 is provided with a series of ribs
      commonly designated at 120, adjacent pairs of which define grinding
      pockets through which the material must pass and necessarily be comminuted
      before passage upwardly through openings 108 formed in the bottom plate 82
      of the steam hammer casing, and thereafter through openings 90 formed in
      the coarse crushing plate 70. The rotation of the helical screw 84 within
      the fixed skirt 20 facilitates the preliminary grinding or crushing
      affected by the ribs 120, with the material being directed radially
      outwardly due to the rotation of the helical screw 84.
PAR  Mounted within the steam hammer casing 80 is a steam cylinder 130 the top
      of which is rigidly secured to the casing 80 directly beneath the bottom
      face of the column 30. Mounted for reciprocation within the cylinder 130
      is piston 132 having a shaft 134 carrying at its outer end a steam hammer
      136. Simultaneously with the rotation of the column 30 and the components
      operatively connected thereto by steam power, steam is applied through the
      interior of the column 30 to the interior of the cylinder 130 either
      directly through openings formed therein or by a separate line leading
      into the piston chamber. The piston 132 and the steam hammer 136 carried
      thereby are consequently forced downwardly by the steam pressure into
      contact with the material, with the steam hammer 136 being generally
      conical shaped to provide a pointed leading end to facilitate breakup of
      the material. Due to the constant application of steam pressure and the
      resistance encountered in descending through the material, the steam
      hammer 136 due to the steam pressure and material impact essentially
      continually reciprocates thereby enhancing the breaking up of the
      material. If desired, steam could be supplied to and exhausted from the
      cylinder 130 in timed sequence so as to provide positive reciprocating
      movement of the steam hammer.
PAR  Referring to FIGS. 2-4, plurality of steam engines commonly designated at
      140 are mounted on the inner casing 16 in the space between the same and
      the outer casing 14, with the engines comprising four in number in the
      form shown, spaced approximately 90.degree. around the inner casing as
      shown in FIG. 3. The engines 140 are mounted to the inner casing 16 by
      brackets commonly designated at 142.
PAR  As perhaps best shown in FIG. 4, each steam engine 140 comprises a cylinder
      144 having a piston 146 mounted therein connected at its opposite ends to
      piston rods 148 and 150. Pressurized fluid in the form of steam or
      compressed air is supplied to the cylinder 140 through fluid lines 152
      which extend through the cylinder upwardly between the casings to a source
      off pressurized fluid exteriorly of the unit.
PAR  The shaft 148 is pivotally connected to a crank arm 154 which in turn
      pivoted to a connecting arm 156 which carries a shaft 158 to which is
      secured by keying or the like a pinion 160 the teeth of which engage a
      rack 162 which is secured to the top plate 82 of the steam hammer casing
      80 for rotating the same, and thus the center column 30 drivingly
      connected thereto.
PAR  Referring to FIG. 2, the piston rod 150 is similarly connected through
      crank and connecting arms to a pinion for driving a rack rigidly attached
      to plate 104 of the steam hammer casing 100, with the drive components for
      rotating the upper rack being identified by the same reference numerals as
      the lower drive elements. It will thus be seen that reciprocating movement
      of the piston rods 148 and 150 when actuated by fluid pressure delivered
      to the cylinder 144 will effect rotation of the pinions 160 for driving
      the racks operatively connected thereto, thereby driving the top plates of
      the steam hammer casings an the center column 30.
PAR  A bracket 164 is securely mounted to the piston rod 148 for reciprocation
      therewith, and the lateral ends 166 and 168 of the bracket are formed with
      circular openings for receiving impacting tools commonly designated at
      170, which can be pinned or otherwise secured to the bracket ends. Guide
      brackets commonly designated at 172 are secured to the inner surface of
      the outer casing 14 for guiding the impact tools 170 during reciprocating
      movement thereof.
PAR  As clearly shown in FIG. 3, the impact tools 170 can be generally circular
      in cross section and are spaced circumferentially around the unit. As can
      be seen in FIG. 4, the impact tools carry impacting heads at the upper
      ends thereof as well as the bottom to facilitate ascent of the unit
      following excavation. The tips 174 of the tools can be formed of any
      suitable material, such as hardened steel or alloyed steel, or equivalent
      materials, so as to withstand repeated use of the impact tools before
      replacement thereof.
PAR  Referring to FIG. 3, a plurality of vacuum chambers commonly designated at
      180 are mounted in circumferentially spaced relation around and to the
      inner casing 16, with the chambers in the form shown being approximately
      90.degree. apart. As shown in FIG. 5, the chambers extend substantially
      the full height of the inner casing, and the latter in the region of such
      chambers is formed with openings therethrough which are commonly
      designated at 182. The vapors produced during the operation of the device
      are discharged from the inner casing through such openings 182 into the
      vacuum chambers 180, and each such chamber is connected to a vacuum line
      184 which directs the vapor products to separation equipment on the
      surface for condensing and separating the vapor products. As seen in FIG.
      3, the vacuum chambers 80 are interposed between the steam engines 140 in
      the annulus between the inner and outer casings. Referring to FIG. 7,
      there is illustrated therein a typical operating environment for the
      invention. The unit 10 is shown at an excavation level substantially below
      ground level, with the finely crushed tailings indicated at T being
      discharged from the unit above the same as the unit descends through the
      formations. Steam is supplied to the unit through main steam pipe 200
      which supplies steam to the column 30 and through steam lines 152 which as
      described above are in full communication with the cylinders of the steam
      engines. The center steam pipe 200 and steam lines 152 are winched over
      winch drums 202 and 204 for connection to a steam compressor generally
      indicated at 206 mounted on the truck 208 located at the site. As shown,
      the truck 208 also carries a further unit 10 in the event tandem operation
      is desired.
PAR  A retort vehicle generally indicated at 210 is also located on site and
      carries additional equipment needed for oil recovery. For example, the
      vacuum lines 184 leading from the vacuum chambers 180 communicate with a
      unit 212 equipped with vacuum producing means and a separator for
      separating the vapor products into recoverable oil and non-recoverable
      waste products. The recoverable oil is delivered from the unit 212 to a
      storage tank 214 through flow line 216. It will be understood that a pump
      could be provided in such line of necessary. The non-recoverable fluids
      can be vented or otherwise collected for further treatment.
PAR  Compressed air units 218 and 220 are also mounted on truck 10 and are
      employed if the supply of compressed air with the steam is necessary or
      desirable for more efficient operation of the unit.
PAR  It will be understood that the various supporting equipment shown in FIG. 7
      is schematically represented, and that such equipment per se does not form
      part of the present invention. However, the support function provided by
      such equipment permits efficient operation of the unit, and it will be
      understood that conventional equipment may be employed as needed to
      enhance the capabilities of the unit.
PAR  There is illustrated in FIG. 8 an alternative mode of operation of the unit
      10, with the unit in this figure being positioned on its side and shown
      excavating through an oil shale seam 222, with the overburden formations
      being commonly designated at 224. This mode of operation is particularly
      adapted to conditions wherein the shale seal outcrops at the surface as
      illustrated, thereby rendering the operation more efficient since
      excavation through overburden formations is not necessary.
PAR  The operation of the unit should be apparent from the above description. To
      briefly summarize, the unit 10 descends through the formation under steam
      pressure supplied to the center column 30 and the steam engines 140. The
      steam engines drive upper and lower racks 162 through pinion and crank arm
      arrangements thereby rotating the steam hammer casings 80 and 110, and the
      center column 30. The helical screws 84 and 110 which form part of the
      steam hammer casings, and the vanes 32 operatively connected to the center
      column are thereby rotated forcing the material below the unit upwardly
      through the crushing plate provided at the bottom of the casing and into
      the interior of the inner casing 16. The material entering the inner
      casing is subjected to steam which enters the center column 30 and is
      directed to and through openings 34 formed in the vanes 32. The steam
      functions to vaporize the oil contained in the shale and thereby extract
      the same from the shale, with the vapor products being drawn from the
      casing through openings 182 to vacuum chambers 180, which communicate with
      vacuum lines 184 which are directed to surface separator equipment. In the
      excavation, preliminary grinding is provided by ribs 120 formed on the
      skirt 20, with the material being forced between the ribs for comminution
      thereby before passage through the openings in the bottom crushing plate.
PAR  The material passing upwardly through the inner casing is discharged
      through the openings in the top crusher plate and is conveyed by the
      helical screw 110 away from the unit. The treatment of the material within
      the inner casing and the accompanying communition serves to expand the
      material and increase the porosity thereof thereby enhancing ascent of the
      unit after the excavation process. When the oil shale seam has been passed
      through by the unit, the rotation of the helical screws are reversed by
      any suitable mechanical, hydraulic or electrical means or combinations of
      these, well known to those skilled in the art. The unit consequently
      ascends through the opening previously formed during descent. The
      expansion of the material during pyrolysis facilitates the ascent of the
      unit through such material back to the surface for further operation.
PAR  The impact tools operated by the steam engines break up the material at the
      periphery of the unit thereby facilitating movement of such material
      toward the ribs formed on the bottom skirt for preliminary grinding prior
      to passage through the bottom crushing plate to the inner casing. Similar
      impact tools are provided for facilitating ascent of the unit following
      excavation.
PAR  It will be apparent that modifications can be made in the above described
      preferred embodiment without, however, departing from the spirit of the
      invention. For example, steam, compressed air and gas could be supplied to
      the area beneath the unit to effect burning of the material prior to
      passage through the unit. The combustion of such products would in effect
      disintegrate the material below the unit thereby substantially reducing
      the quantity of material passing through the unit. Such disintegration
      would not be accompanied by substantial loss of vapor products inasmuch as
      the vapor products would necessarily ascend through the unit for
      withdrawal through the vacuum chambers. The necessary steam, compressed
      air, and gas lines could be directed to the area beneath the unit by fluid
      lines passing through the spacers 24 which space the skirt 20 from the
      outer casing 14, with nipples directing the fluid through the axis of the
      unit to enhance the combustion process.
PAR  A further modification which would increase production of the unit would be
      to provide both the upper and lower crushing plates in retractable
      sections whereby the same could selectively be retracted for optimum
      efficiency. For example, while digging through overburden, the crushing
      plates could be extracted whereby the material excavated could be directed
      upwardly straight through the unit without undergoing the course and fine
      crushing operation. Once the shale seam is reached, the lower crushing
      plate could be extended whereby the material would pass through the
      crushing openings in the crushing plate for comminution prior to entering
      the inner casing. Such comminution is of course important in extracting
      the oil from the shale within the unit. During descent, the upper crushing
      plate could be retracted to facilitate discharge of the material from the
      unit. Upon ascent, both crushing plates could be retracted to facilitate
      movement of the unit upwardly to the surface, with grinding by the upper
      and lower crushing plates being eliminated in such instances. Preliminary
      grinding may be effected by a skirt having a plurality of integrally
      formed and spaced bosses or teeth rather than separately formed ribs, with
      the grinding in such alternative arrangement being effected by the pockets
      defined by adjacent teeth.
PAR  Although steam has been disclosed and is the preferred form of power for
      the engines driving the helical screws, it will be understood that other
      forms of power could also be employed, such as hydraulic, mechanical, or
      electrical, or any combination of such forms, possibly in combination with
      steam, as desired. For example, where water is available only in limited
      quantities at the site, a diesel electric generator could be employed to
      power electric motors for driving the helical screws. Where availability
      of water is a severe problem at the site, pyrolysis of the oil shale could
      be effected solely by disintegration, as described, below the unit, with
      the vapor products ascending through the inner casing and drawn therefrom
      under vacuum.
PAR  As above noted, the unit is specifically designed to operate in any desired
      excavating environment. In addition to treatment of oil shale as
      described, the unit is ideally suited to the excavation of other
      oil-bearing formations such as tar sands, the importance of which as a
      further source of oil is becoming increasingly recognized. Relatively high
      production rates can be achieved by use of the unit in tar sands due to
      the softer sand formation, in comparison with the relatively tightly
      compacted oil shale.
CLMS
STM  I claim:
NUM  1.
PAR  1. Material processing apparatus comprising:
PA1  a. an outer fixed casing;
PA1  b. an inner fixed casing spaced from said outer casing and defining
      therewith an annulus; said inner, fixed casing being formed with openings
      through which vaporous products within said inner casing can pass,
PA1  c. helical screw means mounted for rotation within said inner casing and
      extending above and below said outer casing for conveying material toward
      and away from said unit;
PA1  d. drive motor means mounted in said annulus,
PA1  e. means operatively connecting said drive motor means and said helical
      screw means for rotating the latter whereby material can be directed to
      and through said unit, and
PA1  f. means fur supplying steam to said inner casing for contact with said
      material directed to and through said unit.
NUM  2.
PAR  2. The excavating apparatus of claim 1 wherein said helical screw means
      comprises a hollow center column positioned centrally within said inner
      casing, a hollow helical screw vane attached to and rotating with said
      center column, and helical screw sections disposed at both ends of said
      inner casing, with said helical sections decreasing in diameter outwardly
      of said unit.
NUM  3.
PAR  3. The excavating apparatus of claim 2 wherein said center column is formed
      with openings for communicating the interior thereof with said hollow
      helical vane for supplying fluid thereto, said helical vane also being
      formed with a plurality of openings on the top and bottom thereof for
      discharging fluid supplied thereto from said center column, and means for
      supplying steam to said center column and thus said helical vane for
      discharge into the interior of said inner casing for directly contacting
      the material fed thereto.
NUM  4.
PAR  4. The excavating apparatus of claim 3 further including a steam hammer
      casing positioned at the opposite ends of said center column and rigidly
      secured thereto, said steam hammer casings carrying said helical screw
      sections positioned exteriorly of said inner casing, the steam hammer
      casing positioned at the bottom of said unit having mounted therein a
      cylinder within which is reciprocatingly mounted a piston carrying a
      piston rod, and an impact hammer carried by said piston rod for engaging
      and loosening the material in advance of said unit, and means for
      directing steam to said cylinder.
NUM  5.
PAR  5. The excavating apparatus of claim 1 further including skirt means
      positioned above and below, respectively, said inner casing and
      interconnecting the same with said outer casing, each of said skirts being
      spaced from said outer casing at its outer most ends by spacer means, and
      a plurality of ribs formed on the lower most skirt defining between pairs
      of such ribs comminuting pockets for preliminary grinding said material
      before entry to said inner casing.
NUM  6.
PAR  6. The excavating apparatus of claim 5 wherein said inner casing includes
      top and bottom plates formed with openings therein, and upper and lower
      crushing plates positioned adjacent said top and bottom plates of said
      casing and rotating relative thereto, said crushing plates being formed
      with crushing openings aligned with said openings in said top and bottom
      casing plates, the material being forced through said crushing openings
      for comminution therein responsive to the rotation of said helical screw
      means and the resultant conveying of material upwardly through said bottom
      crushing plate into said inner casing.
NUM  7.
PAR  7. The excavating apparatus of claim 1 wherein said drive motor means
      comprises a plurality of steam driven engines mounted in said annulus,
      each of the steam engines including a cylinder and piston carrying piston
      rods at the opposite ends thereof, said piston rods being operatively
      connected to pinions engaging rack means disposed at the opposite ends of
      said inner casing and rigidly attached to said steam hammer casings, and
      means for supplying steam to said steam driven engines for driving said
      racks and thus said steam hammer casings, a hollow center column mounted
      for rotation with said steam hammer casings, and means for supplying steam
      to said engines for rotating said racks and thus said helical screw means
      and said center column.
NUM  8.
PAR  8. The excavating apparatus of claim 7 further including impact tools
      operatively connected to said piston rods for reciprocation therewith,
      said impact tools extending exteriorly of said outer casing at the
      opposite ends thereof for engaging the material being excavated at the
      periphery of said apparatus thereby facilitating the breakup of such
      material for conveyance to said apparatus by said helical screw means.
NUM  9.
PAR  9. The excavating apparatus of claim 7 further including a plurality of
      vacuum chambers disposed in the annulus between said inner and outer
      casings and positioned between said steam-driven engines, said inner
      casing being formed with openings in the regions thereof adjacent to said
      vacuum chambers for directing vapor products from said inner casing to
      said vacuum chambers, and vacuum lines interconnecting said vacuum
      chambers with vacuum-producing equipment provided at ground level at the
      site of excavation.
NUM  10.
PAR  10. The excavating apparatus of claim 1 further including means for
      supplying steam, combustible gas and compressed air to an area below said
      apparatus to provide a combustible mixture for disintegrating the material
      below said apparatus, the vapor products produced by such combustion being
      drawn upwardly into said inner casing and being drawn from such inner
      casing to vacuum chambers mounted in said annulus, and vacuum means
      communicating said vacuum chambers with vacuum-producing equipment mounted
      at ground level at the excavation site.
NUM  11.
PAR  11. The excavating apparatus of claim 1 further including retractable
      crusher plates carried by said inner casing for crushing material directed
      to said inner casing by said helical screw means, and means for retracting
      said crushing plates so as to facilitate the upward movement of material
      to and through said inner casing thereby expediting the excavating
      process.
NUM  12.
PAR  12. A method of extracting oil from an oil-bearing formation comprising the
      steps of:
PA1  a. excavating by means of a self-digging excavating apparatus until said
      formation has been reached;
PA1  b. directing the material in the formation inwardly of said apparatus;
PA1  c. directing steam under pressure to the interior of said apparatus for
      extracting oil in the form of a vapor product from said material;
PA1  d. applying a vacuum to the interior of said apparatus for withdrawing said
      vapor product to the surface for condensation, and
PA1  e. withdrawing said apparatus under its own power from the excavating
      opening thereby leaving the tailings in said excavation opening.
NUM  13.
PAR  13. The method of claim 12 wherein said oil-bearing formation is shale, and
      further including the step of disintegrating the shale below said unit as
      it descends by directing and mixing a combustible gas and compressed air
      to the area below said unit, the combustion of said gas and air effecting
      separation of the oil from the shale by pyrolysis, with the oil in vapor
      form ascending through the interior of the apparatus for vacuum
      withdrawal.
NUM  14.
PAR  14. The method of claim 12 wherein said oil-bearing formation is tar sand.
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ABST
PAL  This invention relates to the method of manufacturing a toothbrush adapted
      to be mounted on an automatic toothbrush power handle, and having as a
      power source vibratory energy in the ultrasonic range. The manufacturing
      process includes that of providing a plastic brush having a head portion
      including a plurality of apertures and positioning a bristle cluster
      respectively in each aperture; and effecting a flow of the plastic in the
      head portion into substantially surrounding relationship of the bristles
      in each aperture therein, such that the plastic solidifies in adhesive
      relationship to the bristles to transmit the ultrasonic vibratory energy
      from the brush head portion to the bristles.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 318,430 filed Dec. 26, 1972 now
      U.S. Pat. No. 3,840,932 issued Oct. 15, 1974.
PAR  In a co-pending patent application of Lewis Balamuth, Arthur Kuris, and
      Manual Karatjas, Ser. No. 318,428, filed Dec. 26, 1972, now U.S. Pat. No.
      3,828,770 issued Aug. 13, 1974, for Ultrasonic Method For Cleaning Teeth
      and assigned to the assignee of the present invention, an ultrasonic
      system that may be used as for oral cleaning is shown having a brush
      applicator that may be designed in accordance with the present invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the dental field and more particularly to a
      toothbrush designed for and compatible with an automatic toothbrushing
      system which is powered in the sonic and ultrasonic range for inducing
      vibrations therein.
PAR  The applicants have found that for commercial application of their
      invention it would be desirable for home use to utilize a brush head made
      substantially of plastic and not of a metallic material as disclosed in
      U.S. Pat. No. 3,335,443. In order to achieve the assembly of brushes
      having a plastic body on a mass production basis, they required certain
      novel procedures and designs in order to obtain these results.
PAC  OBJECTS OF THE INVENTION
PAR  One object of the invention is to provide a novel applicator to be used in
      the ultrasonic energy range.
PAR  Accordingly, another object of this invention is to provide a toothbrush
      especially designed for use with a sonic-ultrasonic powered system in
      order that improved cleaning and polishing may be achieved at the same
      time gingival health benefits are obtained.
PAR  Another object of the invention is to provide a toothbrush head designed
      for compatible use from an ultrasonic power source.
PAR  Another object of the present invention is the provision of a brush head in
      which plastic tip bristles and plastic head brushes are coupled together
      for the transmission of ultrasonic and sonic energy for the individual
      bristle elements.
PAR  Other objects of the invention will become apparent as the disclosure
      proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides for an interchangeable toothbrush assembly
      that when coupled to an ultrasonic motor is adapted to be vibrated at an
      ultrasonic rate and simultaneously therewith at a sonic rate while the
      motor may be hand held and the bristle clusters of the brush are utilized
      for the removal of foreign deposits from teeth. In order to assure the
      proper transmission of high frequency energy from the body portion of the
      brush to the individual bristles, appropriate securing means are employed
      such that the relation of the plastic bristles to the plastic body portion
      are properly matched and energy is transmitted.
PAR  As hereinafter discussed, there is a defined relationship between the
      spacing of the bristle clusters and the selection of the material from
      which the body portion of the brush is fabricated so as to assure a proper
      vibratory energy transmission. The applicator means or brushes of the
      present invention may have individual bristle diameters and a resistance
      factor to obtain maximum cleaning efficiency. For example, it has been
      found that a brush having bristle clusters that range in the diameter of
      0.004 inch to 0.020 inch and having approximately 80 bristles per cluster
      at 0.008 diameter generally form a bristle configuration to which the
      energy may be properly transmitted and yet also properly clean.
PAR  Another aspect of the invention resides in the fact that the output end of
      the bristle clusters may be contoured so as to accept the configuration of
      the teeth as same is positioned within the oral cavity for use by the user
      such that the brush may be placed, if desired, in relatively fixed
      position against the teeth so as to maintain it in a relatively fixed
      position as the energy from the bristle tufts is transmitted to obtain the
      cleaning results.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Although the characteristic features of this invention will be particularly
      pointed out in the claims, the invention itself, and the manner in which
      it may be made and used, may be better understood by referring to the
      following description taken in connection with the accompanying drawings
      forming a part hereof, wherein like reference numerals refer to like parts
      throughout the several views and in which:
PAR  FIG. 1 is a diagrammatic view of applicator means in accordance with the
      prior art to help illustrate the theory of the present invention;
PAR  FIG. 2A is a diagrammatic view, similar to FIG. 1, of applicator means
      having a metallic body and vibrated at a particular frequency of
      vibration, to help illustrate the theory of the present invention;
PAR  FIG. 2B is a diagrammatic view, similar to FIG. 2, of applicator means
      having a Lexan body and a representation of the vibration pattern
      associated therewith, to help illustrate the theory of the present
      invention;
PAR  FIG. 3 is a diagrammatic view illustrating an embodiment of the invention
      in which the applicator means has spaced apart body sections with bristles
      extending radially therefrom;
PAR  FIG. 4 is a diagrammatic view illustrating an embodiment of the invention
      in which the applicator means has bristle clusters that extend in radial
      arrays from the body section;
PAR  FIG. 5 is a diagrammatic view of a portion of applicator means in
      accordance with the present invention to illustrate the relation between
      frequency and the various dimensions of the applicator means;
PAR  FIG. 6 is a diagrammatic view of applicator means in which the bristles are
      curled;
PAR  FIG. 7 is a diagrammatic view to help illustrate the present invention;
PAR  FIG. 8 is a diagrammatic view to help illustrate the theory of the present
      invention;
PAR  FIG. 9 is a perspective view of an ultrasonic home oral unit in accordance
      with the present invention;
PAR  FIG. 10 is an enlarged sectional view illustrating applicator means in
      accordance with the present invention;
PAR  FIG. 11 is an end view of the applicator means illustrated in FIG. 10;
PAR  FIG. 12 is a fragmentary elevational view of a portion of the applicator
      means in accordance with the present invention;
PAR  FIG. 13 is an enlarged fragmentary sectional view taken substantially along
      the line 13--13 in FIG. 12;
PAR  FIG. 14 is an enlarged fragmentary sectional view taken substantially along
      the line 14--14 in FIG. 12;
PAR  FIG. 15 is an enlarged fragmentary sectional view illustrating the
      individual bristles secured in position;
PAR  FIG. 16 is an enlarged fragmentary view illustrating the rounded bristle
      ends;
PAR  FIG. 17 is a front view of another form of applicator means in accordance
      with the present invention;
PAR  FIG. 18 is a bottom view of the applicator means in FIG. 17;
PAR  FIG. 19 is a top view of the applicator means in FIG. 17;
PAR  FIG. 20 is an enlarged side view in cross-section of the applicator means
      of FIG. 17;
PAR  FIGS. 21 and 22 are enlarged diagrammatic views of bristle elements;
PAR  FIG. 23 is a view which illustrates the applicator means of the present
      invention in relation to the gingiva and tooth structures of a human to
      obtain a cleansing action, and helpful in explaining the process of the
      present invention;
PAR  FIG. 24 is a view which illustrates the applicator means in position to the
      upper surface of the teeth in the oral cavity;
PAR  FIG. 25 is a view which illustrates the applicator means in positon to the
      front exposed surfaces of the teeth in the oral cavity;
PAR  FIG. 26 is a partial view illustrating the applicator means in positon to
      the surfaces of the teeth and illustrating the components of vibratory
      motion related thereto;
PAR  FIG. 27 is a block diagram illustrating the method of manufacturing the
      brush of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The ultrasonic applicator means of the present invention, as hereinafter
      discussed with respect to FIGS. 1-6, is dependent upon an interrelated
      number of characteristics in order to function in a desired manner.
PAR  Prior art disclosure of ultrasonic toothbrush design requires that the
      ultrasonic activity of each bristle cluster pair diminishes
      proportionately to their position or distance from said bristle holding
      toothbrush section or element. Thus, it was desirable to make the
      applicator means operate at the lowest possible ultrasonic frequency so
      that the wave length of waves in the body section would be as long as
      possible, thereby diminishing the effect of displacement from the free
      end. It was recognized that this frequency limitation seriously hampered
      the freedom to design the most effective brush head for optimal cleaning
      and other effects inherent in the use of ultrasonic energy for the care of
      teeth and gingiva.
PAR  As FIG. 1 shows diagrammatically in accordance with the prior art for a
      toothbrush 10a having a body section 12a of a metallic material which
      forms the bristle cluster base which shows the greater ratio of the
      cluster base, 1, to the loop-node (.tau./4) distance, the more will the
      amplitude of vibration of the bristle cluster base 12a diminish from its
      free maximum vibration end 14a as illustrated by the curve 16a which
      represents the amplitude of vibration from the node at the vertical plane
      at 18a in at which there is no longitudinal vibration to a loop of
      longitudinal vibration where the amplitude of vibration is maximum as
      indicated at the vertical plane 22a.
PAR  Now, the physical demands of toothbrush dynamics require a number of
      bristle clusters 15a each having a bristle base 20a and elements 21a of
      finite size (each cluster might have a base diameter of about 3/32 inch).
      Furthermore, these demands mean that to achieve ordinary toothbrush
      capacity, one must provide a length of vibratory base material which is at
      least of the order of a half inch up to one inch in magnitude. Now
      applicants recognized that conventional electric toothbrushes operating in
      the 60 vibrations per second range do not encounter the above problem
      because the "wave length, " so to speak, becomes relatively infinite or at
      least so large that all the bristle clusters bases move in phase with the
      same reciprocating stroke.
PAR  Now, in order to enjoy the unique advantages and easy adaptability of the
      ordinary tooth form, applicants have discovered a way of designing a
      toothbrush to satisfy these requirements. The essence of applicants'
      invention resides in the discovery that there are acoustically efficient
      plastic materials with extremely low speeds of sound (or what is the same
      thing, low speeds of longitudinal vibrations). For example, a
      polycarbonate such as Lexan, has a speed of longitudinal waves in a rod of
      about one fourth the value of the speed of such waves in steel or aluminum
      at the same high frequency (i.e., above 20 KHz). This results from the
      fact of the extremely low value of the Young's Modulus of this plastic.
      Applicants have further discovered that it is possible to "load" the
      plastic rod with a dispersion of powder or other types of dense filler
      whereby its density may materially increase without a corresponding
      increase in Young's Modulus. This still further lowers the speed of
      longitudinal waves in such an element.
PAR  As a result, an analysis is provided in FIGS. 2A in which a steel rod, or
      body section 12b is illustrated as vibrated, at 40 KHz and compare it with
      a Lexan rod in FIG. 2B or body section 12c at the same frequency. Steel
      has a wave length of about 5 inches at 40 KHz and therefore a .tau./4 of
      1.25 inch.
PAR  The Lexan corresponding .tau./4 will be approximately one fourth of the
      value for steel 1/4 .times. 1.25 inch = 0.36 inch.
PAR  FIGS. 2A and 2B shows the difference of vibration as indicated by curve 16b
      for steel in distribution at 40 KHz for a steel rod with bristles and a
      Lexan rod as indicated by curve 16c with bristles. As will be seen later,
      the presence of the bristle clusters modifies the curves 16a (same as 16b
      ) and 16c in opposite senses, whereby optimal distribution of ultrasonic
      power density in the bristle clusters is favored in the case of curve 16c
      and is worsened in the case of curve 16a. Clearly the steel rod body
      section 12b shows a significant reduction in amplitude of the bases 20b of
      the bristle clusters 15b in going from point B to point A over an
      approximately 3/4 inch distance. The Lexan body section 12c on the other
      hand shows a distribution of nodes and loops of vibration as illustrated
      by curve 16c within the same approximately 3/4 inch section at the same
      frequency. As a result, it is possible to distribute the bristle clusters
      so as to take advantage of such sites as a, b, c and d (see FIG. 2B). In
      fact, it is evident that by simple design it is possible to obtain an
      extended toothbrush complement of bristle clusters 15c so that the
      vibration amplitude (and hence the efficiency of action) of all clusters
      may be monitored at about the same level.
PAR  This is a novel concept to this art and enables one to produce efficient,
      inexpensive toothbrushes operating in the ultrasonic frequency range. In
      addition, new design possibilities arise in relation to the transmission
      line design, which did not exist before, because the distance between
      bristle clusters is of the same order as the .tau./4 of the transmission
      line. It is intended to take advantage of all such possibilities within
      the scope of this invention. For example, consider a structure such as
      FIG. 3, which accomplishes the results desired by the use of a body
      section 12d having enlarged radial sections 24d with bristle clusters 15d
      extending radially therefrom.
PAR  FIG. 4 illustrates the invention in which bristle clusters 15e may be in
      radial arrays from the body section 12e in such a manner that a multiple
      number of clusters exist in each plane of the brush 10e.
PAR  Now, applicants have discovered, that in order to be able to produce a home
      oral device together with its necessary electronic converter, the most
      basic questions to be answered were those permitting increased efficiency
      of operation, adequate safety in home use in the mouth, and especially
      simplicity of design permitting low production costs for a mass-production
      product. One important part of this effort in the case of the applicator
      means or brush head was to guarantee good vibration energy transfer from
      the base to the bristle clusters without having recourse as in the prior
      art to relatively expensive epoxy bonding of such cluster in a metal base.
      Also, the effect shown in FIG. 3, and hereinafter discussed in greater
      detail, was to be made as simply as possible so as to achieve optimum
      spacing of bristle clusters relative to the standing wave pattern set up
      in the base during operation. This was done by a combination of factors
      whereby every element in the design entered into experimental work. For
      example, bristle diameters were selected which would produce a visible
      fog-like spray of water from the wet bristle head when vibrating in the
      motor-converter system of the invention. Also, a maximum number of
      bristles per cluster was used compatible with the cross-sectional
      dimensions of the base portion. In addition, specific advantage was taken
      in ininserting a bristle cluster by employing a well known mass production
      technique which caused a bristle cluster to be composed of a bundle of
      U-shaped plastic filaments, which are pushed into an aperture with the aid
      of a metal staple which stays with the bristle cluster after insertion.
      This mechanical technique is extremely fast and is preferably carried out
      with the thermoplastic base in a heated condition just below its creep
      temperature, so as to minimize static residual stresses due to the
      insertion. But, such mechanical insertion still leaves voids in the region
      of insertion which serve to lessen the transmitting efficiency of the
      bristles to the base insofar as vibration transmission is concerned. This
      difficulty was obviated by the simple expedient of dipping the brush head,
      after being formed, into a solution which acts as a better solvent for the
      thermoplastic base material than for the thermoplastic bristle material.
      For example, a preferred embodiment of the head would include Nylon
      bristles staple-mounted into a Lexan (polycarbonate plastic) base and
      blended with a solution of methylene chloride. The solvent can be applied
      either by a brief dip after mechanical fabrication or can be incorporated
      into the staple mounting operation by addition of a small amount of said
      solvent at that time.
PAR  In any case, the results achieved are typically hereinafter illustrated
      with respect to FIGS. 9-22, which shows the U-shaped bristle elements, in
      place with the cross-section of the metal staple showing. In addition, the
      spaces between the bristles are filled with the base material which has
      flowed into place due to the action of the added solvent, which is
      volatile and vanishes after performing its job. Thus a number of effects
      are simultaneously achieved whereby excellent acoustic or high frequency
      vibration coupling is achieved with minimal losses. For example, in
      practice, it has been found that, when an eight bristle cluster applicator
      head is mechanically coupled onto the motor output, a definitely visible
      spray from the bristles in a water wetted condition may be produced in the
      30KHz range with input of only 2 watts into the motor. This recital of
      facts alone will illustrate to anyone skilled in the art that the instant
      type of brush head and body is extraordinarily efficient.
PAR  In addition, the construction of FIG. 5 serves to bring about in part the
      condition shown in FIG. 3, without the alterations r.sub.0 and r.sub.1 of
      cross-section shown in FIG. 3. This is because the bristle clusters as
      shown, for example, at b in FIG. 6 together with the metal staple, act as
      an increased mass in the section of the transmission line where it is
      inserted.
PAR  In order to understand this matter and its importance, we will consider in
      FIG. 5 a quarter wave transmission line for longitudinal or torsional
      vibrations as composed of two sections 26f and 28f of equal length. The
      line is shown as cylindrical for mathematical convenience, which in no way
      affects the force of the following argument. Now, the radii r.sub.0 and
      r.sub.1 and the length l.sub.0, and the length l.sub.0 are easily shown to
      be connected in the following equation
EQU  tan (2 .pi.l.sub.0 /.tau.) = (r.sub.0 /r.sub.1) = .alpha.
PAL  In the case of a non-cylindrical line, then we may use the cross-sectional
      areas A.sub.0 and A.sub.1, and in this case .alpha. =A.sub.0 /A.sub.1, in
      the above equation. From the equation a simple table of values may be made
      as follows:
TBL                Table I                                                     
     ______________________________________                                    
     .alpha.           (2 .pi.1.sub.o /.tau.)                                  
                       Degrees                                                 
     ______________________________________                                    
     .32               17.8.degree.                                            
     .45               24.3.degree.                                            
     .63               32.3.degree.                                            
     .77               37.6.degree.                                            
     .89               41.6.degree.                                            
     1.00              45.0.degree.                                            
     ______________________________________                                    
PAR  As may be seen from the equation and the table, when r.sub.0 is about one
      third of r.sub.1, then the value of 2.pi.l.sub.0 /.tau. is 17.8.degree. as
      compared with 45.degree. when the two cross-sections are equal. This is
      equivalent to the conclusions that the .pi./2 phase shift shown in FIG. 5
      takes place in a distance which is (17.8/45) = 0.4 of the distance
      required for uniform cross-section. Thus, in the previous example given in
      connection with FIG. 2, at 40 KHz, the value of .tau./4 was shown to be
      0.36 inch in Lexan. With the alternating reduced cross sections of the
      FIG. 5 presentation, the equivalent .tau./4 or .pi./2 shift in phase would
      occur in a distance of 0.4 .times. 0.36 = .144 inch. The bristle clusters
      would still further reduce this phase shift distance. Thus, it is shown
      that the novel design features disclosed herein do in fact allow bristle
      cluster locations at region of uniformly high activity.
PAR  In order to understand better the relation between frequency of operation
      of the disclosed home oral device and the various dimensions of the
      bristle cluster arrangement and the total toothbrush head herein described
      for rigid detachable fastening to the ultrasonic motor, we will take a few
      examples. Let us consider operation first at 30KHz. With a polycarbonate
      (Lexan) thermoplastic head, we have the wave length, .pi., equals 1.86
      inches, and so a quarter wavelength corresponds to 0.46 inches. Now, as
      has been taught herein through FIG. 5 and Table I, the presence of the
      metal staple elements, together with the bristle clusters, produces an
      .alpha. value substantially less than one. This means that the spacing of
      bristle clusters relative to the phase of the standing longitudinal waves
      in the brush head is substantially reduced to a value determined by the
      numerical value of .alpha.. For example, with two bristle clusters, b, as
      shown in FIG. 6, the .alpha.-effect is magnified and it is readily
      possible to reduce the 90.degree. phase shift distance, d, by at least
      fifty percent, which in our 30 KHz example becomes equal to 0.23 inch, or
      about a quarter of an inch. The distance, d, may be still further
      controlled and decreased by varying the cross-section of the thermoplastic
      toothbrush bases 12g and 12h as shown in FIGS. 6 and 7 respectively.
PAR  For a frequency of 40KHz, .tau. equals 1.4 inches and a quarter wavelength
      corresponds to 0.35 inch. In this case, distance, d, between the bristle
      clusters 15g and 15h as described in relation to FIGS. 6 and 7 would be
      about 0.18 in or about 3/16 of an inch.
PAR  If the base were metal, such as aluminum or stainless steel then at 30KHz,
      .tau. = 6.67 inches, .tau./4 = 1.6 inch. But when we consider the
      distance, d, the .alpha.-effect (not considered in the prior patents)
      would be reversed, because the acoustic impedance of the metal is so much
      greater than that of the bristle cluster and its epoxy base. In this case,
      the holes in the metal are filled with a lighter, lower mechanical
      impedance element and the distance, d, is substantially .tau./4 or
      greater, or at 30KHz, equal to or greater than 1.6 inch. Now, it is
      evident that this is greater than the whole length of a brush head
      normally used for toothbrushing and so the novel art disclosed in the
      instant invention may not be practiced in the prior art disclosed
      toothbrushes.
PAR  The correspondence between FIGS. 6 and 7 and the design structure of a
      toothbrush in the present invention may be clearly seen in FIGS. 10-17,
      inclusive, FIG. 6 illustrating bristle elements 21g having a curled like
      configuration.
PAR  As can be seen in FIG. 8, the design has been accomplished whereby the
      toothbrush 10j has bristle clusters 15j in regions on the base 12j, P,
      along the verticle plane defined by line 22j are in regions of peak
      amplitude of vibration as in the curve 16j due to the transmission line
      effects discussed above. In particular radial sections 24j are in effect
      the equivalent of the combined mass at the base or the bristle clusters
      15j. It will be noted that, in order to conform with the theory, it is
      desirable to place the bristle clusters 15j at the very end of the
      toothbrush base 12j so that the portion 30j is shorter in length than the
      portion, 24j as shown. Also the distance D is equal to a half wavelength
      in the thermoplastic toothbrush transmission member, needed to screw on
      the brush to the motor. Accordingly, d' is a quarter wave, which in turn
      as we have shown is larger than the distance, d, which in its turn depends
      on the value of .alpha. which may be chosen in the various ways disclosed.
      For Lexan at 30KHz, a half-wave length, D, is about 0.93 inch. Therefore,
      in making a usable toothbrush according to the teaching of this invention,
      the size and depth of the mouth (oral cavity) must be at least three
      inches, and so must incorporate a number of half-wavelengths (180.degree.
      phase shift) or a number of 90.degree. phase shifts in the node to loop
      distribution in going from the attachment point to the end of the brush
      head. A typical Lexan head with nylon bristles operating at about 30KHz
      would include eleven or twelve 90.degree. phase shift elements in the
      three-inch length of the disclosed detachable toothbrush. A toothbrush
      head having a metallic base is designed and is therein taught as a
      fraction of a 90.degree. phase shift.
PAR  Thus, applicants believe they have shown the sophisticated design features
      of the disclosed invention herein, and have adequately related it to the
      prior art. To summarize, applicants have found the sophisticated approach
      herein described with the whole interrelated combination of production and
      design features to be essential to the creation of an ultrasonic
      toothbrush which can be mass-produced with associated motor-converters
      within a cost basis making possible for the first time to have an
      effective toothbrush at consumer prices. This is the essential step to
      making oral hygiene control in the home possible, with benefits inherent
      in the ultrasonic approach and which benefits cannot be otherwise created.
PAC  PREFERRED EMBODIMENTS
PAR  FIG. 9 illustrates the ultrasonic system 40 which includes instrument means
      42 in combination with converter means 44 that work in unison to perform a
      variety of applications as for example that of tooth brushing. The
      ultrasonic system 40, for example, is designed to permit the daily use by
      a person in the home of a toothbrush, whose bristles are mechanically
      vibrated in a dual frequency in that there is introduced a very low level
      of high frequency mechanical vibration and, the total power level
      introduced into the bristles being considerably less than 1 watt.
PAR  In addition to the functions performed by an ordinary non-electric
      traditional toothbrush, the ultrasonic system 40 provides a local action,
      due to the invisible very low speed microscopic excursions of the
      individual bristles 45. These low speed invisible reciprocal motions, in
      combination with saliva or saliva assisted with a suitable dentifrice,
      provide beneficial stimulation of the gingiva, especially at the
      tooth-gingiva junction regions, as well as a removal of plaque, which is
      generally recognized as a principal source of calculus formation and
      possibly subsequent loss of teeth due to periodental disease.
PAR  Thus, to recapitulate, the purpose of the ultrasonic system 40 when used
      with bristle elements is to provide a person with a device to use in the
      home and thereby assist the dentist in achieving a significant care of the
      teeth and gums, in order to help prevent the onset of periodental disease.
PAR  The instrument means 42 includes handle means 46 adapted to be held by the
      user in a conventional manner, and also having the detachable applicator
      means or assembly 10 containing the bristle clusters or stimulants 15 to
      be ultrasonically vibrated. Extending from one end of the instrument means
      40 thereof is supply means 48 which supplies to the instrument means 42,
      power from the generator or power means 44 which may have an electrical
      cord 49 connected to a plug 50 adapted to be plugged into a standard
      electrical outlet; i.e., 60 cycles per second. Switching means 52 of the
      generator 44 includes a switch 54 for providing power for energizing the
      ultrasonic transducer or motor contained within the instrument casing or
      housing means 46 of the hand held instrument means 42. The energy from the
      generator 44 is transmitted to the ultrasonic motor by wires extending
      through the flexible conduit 56 of the power supply means 44. There exists
      a multi-frequency form of vibrations at the bristle clusters 15 and in the
      high frequency range illustrated by the double headed narrow 60 which
      forms a synergistic cooperation of a number of special properties inherent
      in the total system.
PAR  The complete assembly for use in the home includes the generating means 44,
      for example, a transistorized oscillator capable of producing electrical
      oscillation at a frequency in the ultrasonic range, as defined herein and
      the sonic range as defined herein. In practice, the generator 44 may be as
      small from 1 to 4 watts and generally in the range of 1 to 10 watts, and
      is preferably of the solid state type. It is desired to employ an
      oscillation generator, which automatically adjusts to the resonant
      frequency by reason of the changes occurring in the latter as the
      applicator member 10 is driven and engages the teeth and gums of the human
      being cleaned. Such changes in the resonant frequency of the mechanically
      vibrating unit occur by reason of the fact that the natural frequency of
      the applicator head 10 will vary with the load placed upon it which might
      be water, saliva, dentifrice, etc.
PAR  The electrical assembly 44 automatically activates the ultrasonic motor 45
      in the handpiece housing 46, which in turn transmits modulated high
      frequency ultrasonic vibrations to the bristle clusters 15 at the end of
      the applicator means in the form of a plastic transmission line connected
      detachably to the ultrasonic motor input. The modulation of the high
      frequency vibrations is, for example, a 60 cycle component which is
      supplied through the electric converter assembly 44 directly to the
      bristle clusters 15. The low rate of vibration may be in the range of 10
      cycles to 1,000 cycles per second.
PAR  By way of example for home consumer application in a tooth brush, the power
      drawn by the electric converter assembly 44 may be in the range of 1 to 10
      watts. The power delivered to the ultrasonic reciprocal motor 45 in the
      handpiece is under two watts. The mechanical power delivered to the
      bristles and subsequently into the gingiva and teeth of the user is
      variable depending upon the pressure and movement of the bristles by the
      hand of the user. But, in any case, this power under maximum conditions is
      but a minute fraction of the power delivered to the handpiece is consumed
      in overcoming electrical and mechanical dissipation of the motor
      reciprocal motion and toothbrush element.
PAR  Essentially, the motor construction, as hereinafter described, is designed
      depending upon the use thereof to accept a variety of applicator means 10
      and the magnitude of ultrasonic mechanical vibrations to be imparted
      thereto may be selected by proper motor design. The motor includes a
      transmission member which has a rear section within the housing 46 and a
      front section 62 extending beyond the casing 46.
PAR  The ultrasonic motor in conjunction with the applicator means 10 is
      longitudinally dimensioned so as to have lengths which are generally whole
      multiples of half-wavelengths of the compressional waves established
      therein at the frequency of the combines longitudinal length of the
      components so that longitudinal loops or other components of motion occur
      at the end of the applicator means 10. Thus, the optimum amplitude of
      longitudinal vibration and hyperaccelerations of transmission is achieved,
      and such amplitude is determined by the relationship of the motor and
      applicator means 10.
PAR  Now referring more particularly to FIGS. 10-13, there is illustrated the
      applicator means 10 which is designed to be used with the ultrasonic
      instrument means 40 as previously illustrated with respect to FIG. 9. The
      applicator means 10 includes a base or body section means 12 with a
      longitudinally spaced apart ends 63 and 64 and having a brush head or head
      portion 65 which is the upper section in which the bristle clusters 15 are
      contained and a spaced apart lower portion or end 66 with a middle section
      or portion 68 extending therebetween. The body portion 12 which is
      preferrably made out of a thermoplastic material such as Lexan has
      associated therewith securing means 70 at the lower portion 66 in the form
      of a securing member 72 inserted at one end thereof having a mating
      portion 74 in the form of threads which is adapted to mate with a
      complimentary threaded portion 76 of the lower portion 66. To be
      maintained firmly in place, a bonding material or cement 77 is used to
      secure and maintain intimate coupling between the threaded portion 74 and
      the surrounding lower portion 66.
PAR  The securing member 72 includes a gripping section 78 which is shown to be
      of a hexogonal shape so as to be readily grasped between fingers of the
      user or a wrench for obtaining the disengagement of the applicator means
      10 from the oral device. A stud 80 extends from the opposite end of the
      gripping section 78 and has a thread that may be of a quick type in that
      it is not a fine thread so that a minimal number of turns of the
      applicator means 10 is required before the bottom edge 82 abuts the
      complimentary surface of the instrument means. A sleeve 88 of a plastic
      material is postioned over the gripping section 78 and the lower portion
      66.
PAR  The middle section 68 of the body portion 61 may be designed in a manner in
      which it has an axially extending bore 84 which extends longitudinally
      therethrough such as to properly balance the mass of the brush to maintain
      maximum amplitude of vibration at the output end or tips 85 of the
      respective bristle clusters 15. The bristle clusters 15 are positioned in
      a plane substantially normal to the longitudinal axis of the body portion
      12 but each individual cluster includes a plurality of bristles 21 that
      are essentially folded over as seen in FIG. 13 and retained in place by
      retaining means 90 in the form of a staple 92 having spaced apart prong
      portions 94 with tips 95 and a connecting portion 96.
PAR  Accordingly, each bristle cluster 15 is assembled into an aperture 98
      generally of a circular cross-sectional area having an opening 100 at the
      face surface 102 of the head portion 65 and extending axially the distance
      generally in the range of 0.10 to 0.250 inch in depth such that each
      bristle element 21 is formed in a U-shaped manner and held in place by the
      connecting portion 96 of the staple 92 as the prongs 94 are imbedded into
      the plastic material of the head portions 65. In this manner, by automatic
      assembly equipment, the birstle clusters 45 are inserted within the
      respective apertures 98 and initially held in place. The head portion 65
      may have a rectangular cross-section as seen in FIG. 11 whereas the middle
      portion 68 may be or a circular cross-sectional area with a radius 104
      blending the two sections together.
PAR  Applicants discovered that the mere introduction or retention of the
      bristle clusters 45 within an aperture 98 was not sufficient to permit a
      transmitting of the ultrasonic energy to the respective bristle elements
      or strands 21 so as to affectuate efficient ultrasonic motion at the
      bristle tips 85. It is for this reason that applicants discovered that
      transmitting means 105 was required in order to permit proper acoustical
      transmission of the vibrational energy waves from the head portion 65 to
      the respective individual bristles 21. To accomplish this, applicants
      devised a process wherein the bristles 21 were exposed to a chemical
      solution 106 having the ability to form a bond for transmission of the
      energy waves.
PAR  Accordingly, to obtain the proper transmission of mechanical vibratory
      energy both in the sonic range generally in the frequency range of 0.01
      KHz to 1 KHz and in the ultrasonic range of 5 KHz to 50 KHz, applicants
      utilize the process of manufacture in which the aperture 98 to receive the
      bristle clusters 45 are generally approximately 30% larger than those used
      in standard brush manufacturing procedures to allow for lesser yield of
      the thermoplastic material which may be a polycarbonate of various types;
      i.e. sold under the trademarks, Lexan, Merlon or Polycarbafil. The next
      step of the manufacturing procedure is to elevate the temperature of the
      thermoplastic material to a temperature which prevents fracturing of the
      material upon the insertion of the bristle cluster 15 and the staple 92.
      Applicants have found that for Lexan material, that the Lexan may be just
      heated as by inserting in boiling water prior to the insertion of the
      combined staple 92 and bristle cluster 45 with the temperature of the
      Lexan being at approximately 212.degree. F. Furthermore, applicants have
      found that it is possible to use the highest possible density; i.e.,
      maximum number of bristles per staple bunch to make the tightest fit for
      the insertion thereof. In addition, the staple selected is one having a
      rounded cross-sectional area rather than a cutting type that is used in
      certain conventional toothbrushes. This is important in that it prevents
      partial cutting of the bristles and possible subsequent fatiguing at the
      point of cut and in turn, a fracturing of the bristle thereby reducing its
      energy transmission properties.
PAR  To assure that the energy is transmitted, the coupling agent which may be
      in the form of a solvent which causes a flow of the aperture wall as seen
      in FIG. 15 to the interstices as by the formation of a plurality of
      fingers 106 that secure each bristle 21 for energy coupling. Accordingly,
      the solvent is used and causes a flow of the thermoplastic material in the
      aperture 98 around the staple 92 and bristles 21 thereby assuring proper
      coupling of the vibratory energy. One type solvent used is Methylene
      Chloride which is applied when the brush head 61 is at an elevated
      temperature in the range of 100.degree. F. to 250.degree. F. As seen, this
      flow of the brush head portion 65 causes an interlocking relationship such
      that essentially major air gaps are eliminated. In this way the mechanical
      vibratory energy is properly transmitted to the individual bristles 21
      from the brush head 65.
PAR  A further novel feature of the present invention is that the ends 85 of
      each bristle 21 as seen in FIG. 16 are "rounded" such that the sharp
      points and burrs produced by cutting to size are eliminated. The process
      for eliminating the sharp points can be attained by either abrasive
      blasting in that an abrasive compound driven by air pressure being
      directed against the bristle ends 85 occurs, or another approach is a
      heating of the bristle ends 85 to cause a momentary softening of the
      bristle ends and the bristle ends 85 tends to flow and produce a ball-type
      end 86 to avoid the sharp edge. Applicants have found that the use of
      Nylon material proves to be most satisfactory for the material from which
      the bristles 21 are made. The bristle diameter may be in the range of
      0.004 inch to 0.020 inch and extend from the brush head a length from 0.30
      inch to 0.60 inch. For example, for a bristle cluster that includes eighty
      ends, the bristle element may have a diameter of 0.008 inch and the
      aperture 98 a diameter of 0.093 inch and a depth of approximately 0.120
      inch.
PAR  Now referring more particularly to FIGS. 17-20, there is illustrated the
      applicator means 10j which may be manufactured as by injection moulding
      and is designed to be used with the ultrasonic instrument means as
      previously illustrated. The applicator means 10j includes a base or body
      section means 12j with a longitudinally spaced apart ends 63j and 64j and
      having a brush head or head 65j portion which is the upper section in
      which the bristle clusters 15j are contained and a spaced apart lower
      portion or end 66j with a middle section or portion 68j extending
      therebetween. The body portion 12j which is preferrably made out of a
      thermoplastic material such as Lexan has associated therewith securing
      means 70j at the lower portion 66j in the form of a securing member 72j
      inserted at one end thereof having a mating portion 74 j which is adapted
      to be secured as by moulding in the lower portion 66j. To be maintained
      firmly in place, an annular recess or depression 108j is provided to
      maintain intimate coupling between the portion 74j and the surrounding
      lower portion 66j.
PAR  The lower portion 66j includes a gripping section 78j which is shown to be
      of a shape with indents 110j so as to be readily grasped between fingers
      of the user for obtaining the disengagement of the applicator means 10j
      from the oral device. A stud 80j extends from the securing means 70j
      approximate the gripping section 78j and has a thread that may be of a
      quick type in that it is not a fine thread so that a minimal number of
      turns of the applicator means 10j is required before the bottom edge 64j
      abuts the complimentary surface of the instrument means.
PAR  The bristle clusters 15j may be coupled in position as discussed above.
PAR  Along the line improved efficiency factors belongs the providing on the
      brush head 65j with a material which prevents transmission of high
      frequency vibratory energy into liquids or teeth or gums. This is readily
      accomplished, for example, with a closed cell rubber guard or insulating
      means 115j which may be in the form of a cap 116j. The insulating means
      may be made of a foam polystyrane or closed cell rubber which presents to
      the vibrating surface an acoustic impendance equivalent to that of an air
      film. The acoustic impedance of air is so mismatched (i.e., so much
      smaller) than the acoustic impedance of the brush head 65j that all
      ultrasonic energy waves arriving at the brush head-closed cell film
      interface will be almost totally reflected back into the plastic thereby
      making more energy available to the bristle clusters 15j to do their work.
      The cap 116j may be moulded in place and cover substantially just the
      brush head 65j or the complete brush 10j. If desired the cap or cover 116j
      may be of a snap-fit onto the brush head 65j as shown with spaced apart
      side walls 117j, end walls 118j end top wall 119j integrally formed with
      each other.
PAR  Turning now to FIGS. 21 and 22 we have illustrated one of the desired
      objectives of the invention which relates to the individual bristles of
      each cluster to deliver their ultrasonic vibrational energy to the load
      (i.e., gingival and tooth surfaces) as effectively as possible. This
      means, in detail, that we are trying to deliver a number of types of
      transfers relating to:
PA1  1. Cavitation (for pervasive interproximal effects)
PA1  2. Micromassage (for stimulation of local tissue microstructures)
PA1  3. Other sonochemical and sono - physiological effects (such as
      desensitizing, anaesthetizing, mouth wash "psychological" action, fluoride
      penetration, etc.)
PAR  It is found that the overall effectiveness of a straight bristle 21k as
      illustrated in FIG. 21 in certain instances, is less than a crimped
      bristle 21m of the type illustrated in FIG. 22 for the same basic
      diameter. The technical reasons for the difference in behavior are
      difficult to pinpoint because of the complex character of the vibration
      transfer from the base of the bristle cluster to the individual bristle of
      the cluster. But essentially the longitudinal motion of the brush head 65k
      and 65m as indicated by the double headed arrow 61k and 60m is translated
      into a flexural type motion at the bristle tips as indicated by double
      headed arrows 111k and 111m.
PAR  With respect to cavitation effects, the increase surface area is
      undoubtedly a cause for increased efficiency. The "curliness" also
      provides a more universal field of motional vibration components which
      increases the overall effectiveness of the various actions. Especially in
      connection with cleaning out alba (the white matter between teeth due to
      food) and plaque (the gel-like substance produced by slivary bacteria)
      which are both soft, the crimped or curly cluster of bristles 21m has a
      "spring-back" action characteristic of springy curls or spiral springs,
      which is a combination of the stick-slip effect due to the pulses on-off
      bursts of ultrasonic energy packets and the low frequency action
      consequent on this effect and referenced elsewhere in this specification.
PAR  Thus, although the crimped bristles are not essential to the operation of
      the disclosed invention, they nevertheless represent a novel feature of
      the invention itself, being one of the many disclosed items which
      increases the effectiveness of the tooth hygiene desired.
PAR  Turning now to FIGS. 23-26, there is illustrated the applicator means 10 in
      use in a dental cleaning procedure in accordance with the invention in
      operative position in the oral cavity 120 against the teeth 122. In
      accordance with the invention, the brush bristles 21 of the applicator
      means 10 is positioned against the teeth 122 in the usual manner during
      the brushing operation. That is, the bristle clusters 15 are inserted in
      the mouth and positioned adjacent the tooth surfaces 124 with a relatively
      light pressure. The bristle clusters 15 may be moved manually to pass the
      brush portion across all of the tooth surfaces, the bristles 21 randomly
      assume positions in contact with and displaced from tooth surfaces. Since
      in the case of manual brushing, the bristle tips 85 rarely assume
      positions such that they extend deeply into the interproximal areas 126
      the present brush is designed to approximate the curvature thereof.
PAR  In this manner the action between the sonic motion and ultrasonic motion is
      believed to result in a combination effect such that the beneficial
      features of each frequency is simultaneously obtained.
PAR  Accordingly, the removing of plaque of 128 on the tooth surface 124 and
      foreign deposits 130 are obtainable with the present invention. In FIG. 23
      plaque 128 is illustrated as a layer of material that has adheres to the
      surfaces of the teeth 122. Plaque is a soft gelatinous substance produced
      in the mouth by the action of salivary and sub-gingival bacteria, hardens
      into calculus in a period of from two to twelve days, and is believed to
      be a significant factor in causing periodental diseases.
PAR  In use, the ultrasonic bristles clusters 15 are vibrated so as to introduce
      a micro-motion and a macro-motion to the teeth surfaces as by generating
      ultrasonic vibrations as illustrated by the double-headed arrow 60 in the
      bristle elements 21 at the working end of the hand held ultrasonic motor
      that is in turn coupled to the brush head 65. By amplitude modulating the
      ultrasonic vibrations at a sonic rate there is produced alternating
      periods of ultrasonic vibrating activities at the bristle elements and
      periods of rest or substantially zero ultrasonic vibrations. Then by
      engaging the bristle tips 85 against the teeth surface 124 and maintaining
      a relative moving relationship there is generated sufficient action to
      remove the plaque 128 and interproximal deposits 130.
PAR  This action is generally obtained by providing a fluid film as illustrated
      by the particles 132 which may be in the form of a dentifrice having
      certain characteristics or simply that of saliva. The motion at the
      bristle tips 85 is of sufficient amplitude of vibrations to also produce a
      cavitational action in the fluid film 132 by the bristle elements 21.
PAR  Accordingly, FIGS. 23-26 inclusive are diagrammatic views helpful in
      explaining how the interrelated phenomena are believed to simultaneously
      occur to obtain the improved cleaning results. The user applies the
      applicator means 10 in a manner so as it is longitudinally vibrated in the
      direction of two-headed arrow 60 with respect to microscopic action.
      Mechanical vibratory energy is transmitted to the free ends 85 of bristle
      clusters 15 and through a fluid or other medium 132, or directly by
      contact with teeth surface 124.
PAR  In use then, the applicator means 10 is inserted in the oral cavity of the
      user and may be maintained in fixed position relative to a number of teeth
      as, for example, illustrated in FIG. 23 such that the cavitational and
      other actions may occur as the bristle clusters 15 are maintained in
      relatively light contact with the teeth surface 124 as well as the
      gingival surfaces of the mouth. If the user desired, he may move the
      applicator means 10 across the surface of the teeth as well as the
      gingival surfaces to obtain the desired results. When movement occurs, the
      bristle clusters will assume various positions and, for example as seen in
      FIG. 26, two bristle clusters 15 are in contact with a single tooth 122 so
      that the plaque material 128 may be microscopically removed therefrom. The
      ultrasonic energy introduces the micro-motion in the bristle clusters 15
      which is responsible for certain cavitational effects that will be
      engendered between various clusters 15 depending upon the particular
      fluids 132 in use and the make-up thereof.
PAR  Accordingly, the inducement of the vibrations in the bristle elements are
      at an ultrasonic range of 10KHz to 500KHz to vibrate the bristle elements
      longitudinally and the vibration of the bristle elements at a low sonic
      frequency at the range of 0.01 KHz to 1 KHz produces the cleaning. As the
      brushing occurs there is maintained an amplitude of vibrations at the
      bristle elements 21 sufficient to obtain a cavitational action on the
      teeth surfaces 124.
PAR  The bristle elements 21 as seen particularly in FIG. 26 may have a
      contoured surface configuration that lend themselves to conform to the
      contour of teeth 122 such that the bristle elements form a surface
      consisting of a multiple number of pointed members interproximately to the
      teeth during the brushing thereof which produces peak accelerations in the
      bristle elements.
PAR  One aspect of the present invention is to provide insulating means 115 that
      may surround the toothbrush head 65 to improve efficiency in that the
      insulating means 115 may be of a material which prevents transmission of
      high frequency vibratory energy into liquid or teeth or gums.
PAR  This is readily accomplished, for example, with a closed cell rubber sheet.
      The closed cell material presents to the vibrating surface an acoustic
      impedance equivalent to that of an air film. The acoustic impedance of air
      is so mismatched (i.e., so much smaller) than the acoustic impedance of
      the brush head plastic 65 that all ultrasonic energy waves arriving at the
      brush head-closed cell firm interface will be almost totally reflected
      back into the plastic thereby making more energy available to the bristle
      clusters 15 to do their work.
PAR  For example, a very mild abrasive dentifrice could be used or, if desired,
      saliva or regular water may be used depending upon the contition of the
      user's mouth at the time he starts using the present invention. The
      macro-motion provided by the low sonic frequency energy in a sense permits
      a flushing away aspect in that gross motion is simultaneously obtained
      with respect to the interaction between the various frequencies and
      thereby helps in the manual brushing concept. The low sonic rate also
      helps the user phychologically in knowing that the instrument is working,
      since the ultrasonic aspect is above the audible range of the user.
      Furthermore, a micro-massage of the guns of the user is also obtained. The
      utilization of the applicator means 10 is such that it may be positioned
      against the various surfaces of the teeth as illustrated in FIGS. 24, 25,
      and 26 as would normally be the case with the positionment of a
      conventional cleaning operation.
PAR  The ultrasonic energy available at the bristle tips provide a number of
      beneficial results, which result in the plaque and other foreign deposits
      to be removed from the teeth. Accordingly, the brush of the present
      invention permits stimulation of the gingival tissue by macro-massage and
      micro-massage which has been found beneficial for dental health, and
      massage also results in more blood circulation than is obtained by
      conventional brushing techniques.
PAR  The angular positionment of the bristle clusters 15 with respect to the
      applicator means 10 are substantially normal to the longitudinal mode of
      vibration, but these may be varied, as well as the fact that an
      oscillatory or radial mode of macro-motion may also be applied to the
      applicator means 10 other than pure longitudinal motion. Furthermore, the
      length and stiffness of the various bristles may be varied within the
      confines of the present invention and the beneficial results may still be
      obtained.
PAR  Referring now to FIG. 27, applications herein disclose the method of
      manufacture of the brush previously described and ideally suited for use
      with an instrument that drives it at an ultrasonic as well as sonic rate.
      Initially, the ultrasonic applicator or brush 10 is formed either by
      machining or injection molding such that the brush head portion has a
      plurality of the spaced apart apertures 98 contained therein and adapted
      to receive a plurality of individual bristles therein.
PAR  By conventional equipment well known in the art, the step of inserting and
      stapling the respective bristle clusters 15 in each respective aperture 98
      is accomplished and may be carried on in an automatic process. It has been
      found that, if the stapling operation occurs when the brush head is at
      room temperature, that a certain degree of cracking or crazing will occur
      as the staple is driven into the brush head or more particularly when the
      brush is ultrasonically vibrated. Accordingly, the brush head by heating
      is elevated to a temperature in the range of 100.degree. F to 250.degree.
      F, and for Lexan about 212.degree. F prior to stapling each bristle
      cluster 15 in place. The staple is of a conventional form and, for
      example, may be of 0.024 inch diameter made of 302 stainless steel, 1/4
      hard.
PAR  After this is accomplished, the temperature of the brush head for a brush
      made of Lexan material is raised to and stabilized at approximately
      135.degree. F, and the entire brush or the brush head alone, is dipped in
      a liquid solvent such as methylene chloride, such that the applying of the
      solvent covers the entire brush and particularly seeps into the points
      between the aperture wall and the outer surface of the respective bristles
      of the cluster. After this occurs, the excess solvent may be removed by an
      air jet or other means. The next step in the operation is the drying of
      the brush such that the solvent is removed and this may occur by returning
      the brush to the oven which may be at a temperature of approximately
      150.degree. F and retaining the brush in the oven at that temperature for
      approximately one half hour. As a result of the above steps, there occurs
      a flow of the plastic in the brush head portion into surrounding
      relationship of the bristles in each aperture therein such that the
      plastic solidified in adhesive relationship to the bristles to transmit
      the ultrasonic vibratory energy from the brush head portion to the
      bristles. The fluidized plastic produces intermittent molecular contact to
      fill the interstices and provide an adhesion for acoustical transmission
      of energy. Accordingly, the brush of the present invention is manufactured
      and proper transmission of the vibratory energy is obtained as previously
      explained.
PAR  Generally subsequent to the above, the next step is that of trimming or
      cutting of the bristle clusters to a desired shape as by shearing thereof
      such that the vibratory tips of the bristles may have the configuration
      desired.
PAR  The next step in the manufacture is the finishing of the bristle tips 85 to
      a desired shape or contour and this may occur as by sort of a polishing or
      sand blasting process or, if desired, the tips 85 of the respective
      bristle elements 21 may be exposed to a heat source so, as seen in FIG.
      16, a rounded edge occurs.
PAR  If the brush is designed in that the securing means are coupled to the
      brush as by threads, then prior to elevating the temperature of the brush
      for stapling, the solvent or wetting agent may be applied to the threaded
      portion 74 of the securing member 72 as well as to the thread 76 of the
      brush and then the parts may be screwed together tightly and the
      temperature of the entire brush elevated as discussed above prior to
      dipping of the entire brush in the solvent.
PAR  In addition, the step of applying the sleeving 88 to the brush is
      accomplsihed by using a shrink-type tubing that is axially slipped over
      the body and the securing means 70. Subsequent thereto, the temperature of
      the sleeving may be increased as by applying heat thereto and shrinking
      the tubing in place.
PAR  To acoustically insulate the head portion 65 of the brush 10 from its
      transmission of vibratory energy to the cheek of the user, an insulating
      material may be secured to the head portion as by an adhesive or other
      means.
PAC  CONCLUSION
PAR  Accordingly, the toothbrush hereinabove illustrated is one embodiment that
      may be employed with a power handle so as to properly deliver the
      ultrasonic vibrational energy to the bristle tips and be suitable for
      production on a mass basis. It will be appreciated by those skilled in the
      art that various modifications and devices may occur to the disclosure of
      the present invention, but the same are generally illustrated as being
      secured to the power source by securing means that may vary in shape or
      size and that the means may even be an integral part of the brush itself
      and be molded therewith to eliminate the necessity of another component
      part to be added to the brush.
PAR  While certain novel features of this invention have been disclosed herein
      and are pointed out in the claims, it will be understood that various
      ommissions, substitutions, and changes may be made by those skilled in the
      art, without departing from the teachings of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of manufacturing toothbrush adapted to be mounted on an
      automatic toothbrush power handle having as a power source vibratory
      energy in the ultrasonic range, comprising the steps of:
PA1  A. providing a plastic brush having a head portion including a plurality of
      apertures therein;
PA1  B. positioning of bristle cluster respectively in each aperture;
PA1  C. changing the shape of the aperture by effecting a flow of the plastic in
      said respective aperture into substantially surrounding relationship with
      the bristles in each aperture therein, whereby the plastic solidifies in
      adhesive relationship to the bristles to transmit the ultrasonic vibratory
      energy from the brush head portion to the bristles; and
PA1  D. coupling to said brush securing means adapted to be coupled to said
      power handle.
NUM  2.
PAR  2. A method as defined in claim 1, and further including the step of
      stapling each bristle cluster within its respective aperture.
NUM  3.
PAR  3. A method as defined in claim 2, and further including the step of
      heating said head portion prior to inserting a staple therein.
NUM  4.
PAR  4. A method as defined in claim 3, wherein said head portion is elevated in
      temperature in the range of 100.degree. F. to 250.degree. F.
NUM  5.
PAR  5. A method as defined in claim 1, wherein said step of effecting a flow of
      the plastic in said head portion further includes the steps of
PA1  a. elevating the temperature of said head portion,
PA1  b. applying a solvent to said head portion in the vicinity of said
      apertures, and
PA1  c. drying said head portion.
NUM  6.
PAR  6. A method as defined in claim 5, wherein said brush head is of
      polycarbonate material.
NUM  7.
PAR  7. A method as defined in claim 5, wherein said solvent is methylene
      chloride.
NUM  8.
PAR  8. A method as defined in calim 5, wherein said solvent is applied by
      immersing said head portion and bristles within said solvent.
NUM  9.
PAR  9. A method as defined in claim 8, and further including the step of
      removing any excess solvent from said head portion.
NUM  10.
PAR  10. A method as defined in claim 1, and further including the step of
      rounding the bristle ends.
NUM  11.
PAR  11. A method as defined in claim 10, wherein said rounding is obtained by
      an abrasive material.
NUM  12.
PAR  12. A method as defined in claim 10, wherein said rounding is obtained by
      heating the individual bristles of said bristle cluster.
NUM  13.
PAR  13. A method as defined in claim 1, and further including the step of
      applying a sleeving in axial relation to said securing means.
NUM  14.
PAR  14. A method as defined in claim 1, wherein said bristles are crimped.
NUM  15.
PAR  15. A method as defined in claim 1, and further including the step of
      cutting the bristles to a defined length.
NUM  16.
PAR  16. A method as defined in claim 1, and further including the step of
      drying said brush after effecting said flow of the plastic.
NUM  17.
PAR  17. A method as defined in claim 1, wherein said bristles are of
      polycarbonate.
NUM  18.
PAR  18. The method of manufacturing a toothbrush adapted to be mounted on an
      automatic toothbrush power handle having as a power source vibratory
      energy in the ultrasonic range, comprising the steps of:
PA1  A. providing a plastic brush with an integrally formed brush head portion
      having a plurality of apertures therein,
PA1  B. positioning a bristle cluster respectively in each aperture,
PA1  C. simultaneously inserting a staple in each cluster to the brush head,
PA1  D. elevating the temperature of said brush head,
PA1  E. applying a solvent to said brush head while said brush head is in its
      elevated temperature, whereby said solvent effects a flow of the plastic
      material adjacent each bristle cluster within its respective aperture such
      that the plastic flows and thereafter solidifies in adhesive relationship
      to the bristles to transmit the ultrasonic vibratory energy from the brush
      head to the respective bristles,
PA1  F. drying the solvent off of said brush head,
PA1  G. trimming said bristles to a desired length, and
PA1  H. finishing the respective bristle ends.
NUM  19.
PAR  19. A method as defined in claim 18, wherein said solvent is applied by
      immersing said brush head and bristles within said solvent.
NUM  20.
PAR  20. A method as defined in claim 19, and further including the step of
      removing any excess solvent from said brush head.
NUM  21.
PAR  21. A method as defined in claim 18, and further including the step of
      coupling to said brush securing means adapted to be coupled to said power
      handle.
NUM  22.
PAR  22. A method as defined in claim 18, and further including the step of
      applying to said brush head vibration absorbent material.
NUM  23.
PAR  23. A method as defined in claim 18, and further incuding the step of
      cutting the bristles to a defined length.
NUM  24.
PAR  24. A method as defined in claim 18, wherein said bristle ends are rounded.
NUM  25.
PAR  25. The method of manufacturing a toothbrush adapted to be mounted on an
      automatic toothbrush power handle having as a power source vibratory
      energy in the ultrasonic range, comprising the steps of:
PA1  A. providing a plastic brush having a head portion including a plurality of
      apertures therein;
PA1  B. positioning a bristle cluster respectively in each aperture;
PA1  C. changing the shape of the aperture by effecting a flow of the plastic in
      said respective aperture into substantially surrounding relationship with
      the bristles in each aperture therein, whereby the plastic solidifies in
      adhesive relationship to the bristles to transmit the ultrasonic vibratory
      energy from the brush head portion to the bristles; and
PA1  D. applying to said head portion vibration absorbent material.
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ABST
PAL  An apparatus for handling and transporting a product such as coal as a
      slurry in a mine. The apparatus is used in combination with a digging
      machine which also has included therewith means for conveying the coal or
      material released by the digging machine to a hopper for mixing water
      thereto to form a slurry, and a terminal for taking a slurry to the
      surface of the mine. The apparatus includes a dual flexible hose system
      interconnecting the terminal with the slurry hopper. A plurality of carts
      are spaced along the hose system to support the hose off of the mine floor
      and to provide mobility to the hose. The system further contemplates a
      means for storing a long length of hose and a means for activating the
      support carts to move only that portion of the hose which is not in
      storage. The carts will follow the movements of the coal digging machine
      into and out of the room where the coal is being removed. Further features
      include means for removing the hose system from storage and for making
      turns in the mine passages.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of Ser. No. 389,273 filed Aug. 21, 1973,
      now abandoned, and was a continuation-in-part of Ser. No. 294,720 filed
      Oct. 3, 1972, now abandoned. Related subject matter is disclosed in U.S.
      Pat. No. 3,868,964 entitled "Conveyor for Slurry Hose Transportation
      System"; U.S. Pat. No. 3,886,965 entitled "Linkage Geometry for a Slurry
      System"; U.S. Pat. No. 3,830,325 entitled "Vehicle and Vehicle Control
      System"; U.S. Pat. No. 3,827,454 entitled "Vehicle and Vehicle Control
      System"; and U.S. Pat. No. 3,845,990 entitled "Slurry Hopper System."
BSUM
PAC  BASIC DESCRIPTION OF THE INVENTION
PAR  This invention relates to a combination of apparatus for handling a
      flexible slurry hose system which is connected between a terminal and a
      coal digging machine. The slurry hose system includes two hoses, one for
      transporting water or other fluid, and the second for transporting the
      slurry which consists of the mined material and the fluid mixed together.
      Transportation of the hoses is provided by a plurality of carts spaced
      along the pair of hoses and not only supports the hoses off of the floor
      of the mine, but also provides mobility to the hoses along the axes
      thereof.
PAR  The carts are selectively controlled so that the pair of hoses will follow
      all movements of the coal digging machine into and out of the room where
      the coal is being dug. A certain portion of the total length of the pair
      of hoses is positioned in the mine to provide storage so that the coal
      digging machine can operate for an extended period of time without
      requiring the movement of fixed pipes from the terminal to the beginning
      of the slurry hose system.
PAC  DISCUSSION OF THE PRIOR ART
PAR  The best prior art relating to the above system is found in U.S. Pat. No.
      3,260,548, entitled "Method and Apparatus for Continuously Mining and
      Transporting Coal" by E. H. Reichl. In the patent a coal digging machine
      is connected to a terminal through a pair of flexible pipes. These
      flexible pipes are nonsupported but have a slightly greater length than
      they need to go from the termination of fixed pipes to the coal digging
      machine. Thus some storage is provided by the excessive length of the
      pipes. The invention thus disclosed, however, does not take into
      consideration the excessive wear which will result from pipes or hoses
      which are made principally of steel reinforced rubber. These hoses may
      weigh as much as 100 pounds per foot when full, and movement of a hose of
      this weight over the rough surface of a mine passage floor will result in
      early failure of the hose. Furthermore, when the mining machine makes a
      90.degree. turn, there is noway to successfully move the hose around the
      turn.
PAR  Most mines in the past have incorporated the use of conveyers of one form
      or another to handle the large quantity of coal being produced by the
      automatic digging machine. Many attempts have been made to interconnect
      these conveyers in an effort to form a continuous movement of coal from
      the coal digging machine to a centralized conveyer system. Such a system
      is shown in the patent to Heimaster, U.S. Pat. No. 3,301,599, and the
      patent to Cartlidge, U.S. Pat. No. 2,674,364. These conveyer systems,
      however, have not proved very satisfactory, since no suitable method has
      been devised for storing a conveyer so that as the coal digging machine
      progresses into the room being mined the conveyer cannot follow the
      machine. While efforts have been made to solve the problem of conveyer
      storage, such as yet remains generally unsatisfactory.
PAR  The patent to Densmore, U.S. Pat. No. 3,362,754, conceives the use of a
      pipe supported by wheels which could conceivably follow a coal digging
      machine to a small extent. This patent discloses the concept of using one
      or more telescoping tubes. The patent did not conceive, however, of a
      method whereby the coal digging machine could progress for extended
      periods of time into one or more rooms without requiring the changing or
      reorganizing of the coal removal apparatus.
PAC  BRIEF DESCRIPTION OF THE ADVANTAGES
PAR  The invention disclosed herein provides a means for continuously removing
      coal at a high rate from a coal digging machine and transporting the
      product to a terminal capable of disposing of the removed product. The
      apparatus can follow the continuous movements of a coal digging machine,
      whether the machine is moving inwardly or outwardly in the room being dug,
      or whether it is moving out of the room and into another room including
      the making of one or more 90.degree. turns in order to arrive at the room
      where the coal is next to be removed.
DETD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIGS. 1a through 1d disclose various methods for storing and mobilizing the
      slurry hose hauling system;
PAR  FIG. 2 is a front view of a vehicle used to transport a pair of hoses;
PAR  FIG. 3 is a side view of the apparatus shown in FIG. 2;
PAR  FIG. 4 is a schematic layout of the hose hauling system and its
      interconnection with the digging machine;
PAR  FIG. 5 is a perspective view showing one version of a 180.degree. conveyer;
PAR  FIG. 6 is the top view of the 180.degree. conveyer shown in FIG. 5;
PAR  FIG. 7 is a side view, partly in section, of the 180.degree. conveyer taken
      through lines 7--7 in FIG. 6;
PAR  FIG. 8 is the preferred 180.degree. conveyer shown in perspective view;
PAR  FIG. 9 illustrates a 90.degree. turn for the hose hauling system shown in
      FIG. 8;
PAR  FIG. 10 is a top view of the 180.degree. conveyer shown in FIG. 8;
PAR  FIG. 11 is a sectional view taken through lines 11--11 of FIG. 10;
PAR  FIG. 12 is a mathematical representation used to calculate the linkage
      geometry used to interconnect the vehicles of this invention;
PAR  FIG. 13 is an end view of a powered cart;
PAR  FIG. 14 is a top view of the powered cart shown in FIG. 13;
PAR  FIG. 15 is a perspective view of the powered cart shown in FIGS. 13 and 14;
PAR  FIG. 16 is a schematic representation of the control cables for maintaining
      speed control between the various carts;
PAR  FIG. 16a is a perspective view of the linkage mechanism used in the speed
      control system illustrated in FIG. 16;
PAR  FIG. 17 is an end view of an unpowered cart;
PAR  FIG. 18 illustrates one method for controlling the carts during a
      90.degree. turn;
PAR  FIGS. 19a and 19b illustrate the method for controlling an unpowered cart
      in a 90.degree. turn;
PAR  FIG. 19c illustrates the method of controlling a powered cart during a
      90.degree. turn;
PAR  FIG. 20 is an electrical schematic for a powered cart;
PAR  FIG. 21 is a hydraulic schematic for a powered cart;
PAR  FIG. 22 is a side view of a hopper used to mix water with coal to form a
      slurry and also illustrates the connection of the slurry pump; and
PAR  FIG. 23 is a perspective view of the hopper shown in FIG. 22.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  Unless otherwise noted, the same numbers will be used throughout the
      specification for the same or similar parts.
PAR  A general description of the invention is best understood by referring to
      FIGS. 1a through 1d which illustrate a portion of a typical mine layout
      where a passage 10 is intersected by a second passage 11 and a room 12.
      Along passage 10 is a pair of slurry hoses comprising a storage section
      13a, a 180.degree. turn 13b, and an active section 13c which is connected
      to a product and slurry handling system (not shown) which is attached to
      mining machine 14. The remaining end 15 is coupled to terminal 16, such as
      a fixed pipe system or pump system. The system as described in FIGS. 1a
      through 1d comprises essentially four different concepts for connecting a
      slurry hose from the pumping system 16 to the mining machine 14. For
      simplicity of description room 12 is illustrated as intersecting passage
      10; however, room 12 can be several passages away from passage 10 and at
      some other angle than 90.degree., depending upon the particular mining
      plan used.
PAR  In FIG. 1a the hose is laid out along passage 10 in a storage section 13a;
      formed into a 180.degree. turn at 13b; back along passage 10 at 13c,
      around a 90.degree. curve 17 and into room 12 where it is connected to the
      mining machine 14. In this concept any movement of the mining machine 14
      will require physical movement of the hoses around 90.degree. turn 17,
      active section 13c, and 180.degree. turn 13b. Since the hose is extremely
      heavy and easily damaged, a method which would support the hose is
      preferable to any method for physically moving the hose along the passage
      floor as suggested in FIG. 1a. One method for supporting the hose is shown
      in FIG. 1b where carts 18 are attached to hose portions 13a, 13b, and 13c
      along their length and in sufficient numbers to prevent the hose from
      dragging on the floor of passage 10. As the mining machine 14 moves into
      passage 10, section 13a, which functions as a storage, must get shorter.
      As section 13a gets progressively shorter, at least one cart 18a must move
      from the rest position to an active position along the hose section 13c.
      In order to perform this task the cart must move along a line illustrated
      by dotted line 19.
PAR  Referring to FIG. 1c another possibility is illustrated. Thus as carts 18
      in the active section 13c of the hose move as a consequence of mining
      machine 14 moving progressively deeper into room 12, loop 13b will move
      toward room 12. Eventually cart 18a will move past an idle cart 21
      positioned in the passage 10. As soon as a portion of hose section 13c
      substantially equal to the distance between carts 18 and 18a has passed
      cart 21, cart 21 will be attached to the hose and function as an active
      cart. Naturally, if mining machine 14 reverses and moves out of room 12,
      when cart 21 reaches the stationary location as shown in FIG. 1c, it will
      be detached.
PAR  The systems illustrated in FIGS. 1a, 1b, and 1c all have certain
      limitations. The system as shown in FIG. 1a provides no protection or
      support for the hose. If the hose is heavy, the mining machine must have
      an exorbitant amount of horsepower in order to pull the hose. Furthermore,
      the handling of the hose becomes a nearly impossible task, since the hoses
      may weigh as much as 100 pounds per foot and the length of the total hose
      may be as long as 1,000 feet.
PAR  FIG. 1b requires that cart 18a travel a rather difficult path along
      direction 19 which may overstress the hose, causing damage or failure.
PAR  The system as shown in FIG. 1c presents a serious problem when cart 21 must
      be connected to the hoses. The physical lifting of the hoses will require
      cranes or jacks. Furthermore, the hose is physically dragged for a
      distance until cart 21 is connected and furthermore is dragged an
      additional distance after it is disconnected, thus increasing the wear and
      possible failure of the hose system.
PAR  The preferred embodiment is shown in FIG. 1d. In this embodiment the hose
      is supported along its entire length by carts 18. A 180.degree. conveyer
      22 provides a means for rotating the carts from the storage section 13a
      and to the active section 13c without causing loss of support to the hose
      system, thereby preventing excessive wear on the hoses. The system also
      contemplates some form of guide at the 90.degree. turn 17 to further
      protect the hose from damage resulting in the corner 23 cutting into the
      hose. The conveyer 22 will move forward or backward in the direction of
      the arrow 25 to accommodate the increase or decrease in the length of the
      storage section 13a of the hoses.
PAR  A cart 18 suitable for supporting the hoses is illustrated in FIGS. 2 and
      3. Hoses 30 and 31 are mounted, one above the other, and secured by a
      bracket or clamp 32. A tractor comprising a pair of treads 33 is driven by
      an electric motor 34 which is connected through a cable 35 to a central
      power and control cable 36. Electric motor 34 may be connected in any
      usual means to the treads 33 such as a shaft 37 and gears 38 to drive
      wheel 38a. Each of the treads will have its individual motor 34, and each
      of the motors 34 can individually cause its respective tread 33 to rotate
      clockwise or counterclockwise.
PAR  FIG. 4 provides a more detailed version of the apparatus illustrated in
      FIG. 1d. In addition to those elements shown in FIG. 1d, FIG. 4 includes a
      linkage means 40 interconnecting each of the carts 18. The linkage means
      will be more particularly described in a subsequent portion of this
      specification. The 180.degree. conveyer 22, which will also be more
      particularly described in a subsequent portion of this specification,
      essentially comprises a platform having a center portion 61 and two side
      portions 60 and 62. A plurality of wheels 42 is rotatably attached
      thereto. A tractor 74 provides mobility to the conveyer. The conveyer is
      designed to pick up the carts 18 and move them about the 180.degree. turn
      13b to the active section 13c. At the termination of the hose system one
      hose is connected to a hopper 43, the other to a slurry pump 44. The
      mining machine 14 includes a conveyer 45 which conveys the mined product
      46 over a sizing crusher 47. Crusher 47 deposits its output into hopper
      43. Water is applied through a remotely controlled valve 48 to hopper 43.
      A water level control 49 is electrically connected to valve 48.
PAC  OPERATION
PAR  The operation of the system described in FIGS. 1 through 4 is as follows:
PAR  As the mining machine 14 removes a product, such as coal, the product 46 is
      picked up by conveyer 45 and transferred to crusher 47. Crushers are well
      known in the art and may comprise several varities, such as two- or
      three-jaw crushers, rotary crushers, and the like. The crusher system may
      also include a small particle separator so that the particles already of
      proper size are passed through to the hopper and only those particles
      which are oversized are actually crushed. The water level control 49
      maintains the level of water in the hopper 43 at a predetermined height,
      regardless of the amount of coal passing from crusher 47 into the hopper.
      One of the pair of hoses 30 or 31 (see FIGS. 2 or 3) contains the water
      while the remaining hose contains a fluid product mixture generally
      referred to as a slurry. The latter hose is connected to the output of
      slurry pump 44 which removes the product and water from hopper 43 and
      pumps it down the hose as slurry, until it reaches terminal 16 which, as
      previously stated, can comprise an additional length of fixed line and a
      lift pump, if necessary, to remove the product to the surface. As mining
      machine 14 moves into a new seam of coal, the hopper 43, crusher 47, pump
      44, and pipes 30 and 31 along with carts 18 must respond to this movement.
      The response is carried out by tension being transferred along linkage 40
      to each of the carts on the active section 13c of the slurry system. The
      control system will be completely described in a subsequent portion of
      this specification. As the active section moves in the direction of arrow
      50a, the storage section 13a must become shorter, therefore, conveyer 22
      must move in the direction of arrow 51a. When a cart 18 reaches the
      conveyer, the cart will travel up ramp 60, around ramp 61, to ramp 62. If
      mining machine 14 should back out of the room, the control system along
      linkage 40 will reverse, causing the previously mentioned cart 18 to move
      in the direction of 50b. Since the active section 13a will then be moving
      in the direction of 50b, it will require an increase in the storage
      section 13a. To accomplish this movement, conveyer 22 must move in the
      direction of arrow 51b. Tractor 74 will provide the mobility for the
      conveyer by pushing or pulling the conveyer.
PAR  90.degree. Conveyer 55 provides a guide for the carts and linkage system
      around the 90.degree. turn, thus protecting the slurry hoses 30 and 31
      from damage due to either dragging on the floor of the mine passage or
      cutting into a corner 23 (see FIG. 1d) at the intersection of two passages
      or a passage and a room.
PAR  The system as above described was illustrated with caterpillar-type carts
      as illustrated in FIGS. 2 and 3; however, the carts used in the preferred
      embodiment utilize wheels as will be described in a subsequent portion of
      this specification.
PAC  180.degree. Conveyer
PAR  Two embodiments of a 180.degree. conveyer system as illustrated in FIG. 4
      are described by referring to FIGS. 5 through 11. Referring first to the
      embodiment shown in FIGS. 5 through 7, a conveyer 70 is formed in a
      180.degree. configuration and has side panels 71 and 72. A plurality of
      conveyer rollers 73 are rotatably journaled between side panels 71 and 72.
      Tractor 74, which may be an electrically driven tractor suitable for use
      in mines, has a pair of arms 75a and 75b attached at one end to the
      tractor and connected at the remaining end to a pair of rollers 76a and
      76b. Side panels 71 and 72 are attached to arms 75a and 75b. A disc 77 is
      attached to each end of each conveyer roller 73. A small roller 76c is
      journaled between panels 71 and 72 and supports each end of the conveyer.
      The panels 71 72, and hence the rollers 73, are raised in their central
      portions adjacent the tractor 74 and extend downwardly therefrom toward
      the end rollers 76c.
PAR  The system for hauling the hoses when using the conveyer 70 includes both
      powered and unpowered carts. Each power driven cart 80 comprises a pair of
      wheels 81, a hose clamp 82, an electric cable clamp 83, and a motor 105
      which may be electric and operates a hydraulic pump which drives hydraulic
      motors (not shown) which are coupled to each wheel 81. Each unpowered
      cart, generally referred to by number 90, differs from the powered vehicle
      in that it does not contain a motor coupled to the wheels but does contain
      clamp 82 suitable for rigidly holding slurry hoses generally referred to
      as 13. The operation of the conveyer illustrated in FIGS. 5 through 7, is
      as follows:
PAR  As the conveyer 70 is moved in either direction by the tractor 74, the
      linkage 40 rolls along the rollers 73 between the discs 77 to guide the
      hoses and carts through a 180.degree. turn. Also, the rollers 73 are
      elevated sufficiently in the central portion of the conveyer that the
      wheels 81 of the various carts will be raised off of the mine floor as
      illustrated in FIG. 7, thus facilitating the turning of the carts through
      180.degree..
PAR  In the preferred embodiment, the linkage is designed, and such design will
      be fully described in a subsequent portion of the specification, so that
      the length of the linkage, whether lying straight or whether lying in a
      180.degree. turn, will always have the same length as the axes of the
      slurry hoses 13. The design will thus prevent the preferred slurry hoses
      from buckling because the linkage is too long or too short when it passes
      around the 180.degree. turn. Tractor 74 provides mobility to the conveyer
      by virtue of the wheels 76a and 76b and rollers 76c. As previously
      described, the mobility will provide the conveyer with forward and
      backward movement in accordance with the length of the slurry line being
      utilized at the moment.
PAR  The preferred embodiment of the conveyer is illustrated in FIGS. 8, 10, and
      11 and essentially comprises a first side platform 60, a center platform
      61, and a second side platform 62. Attaching means 63 connect the
      platforms to make a unitary structure. Spring biased ramps 100 are
      connected to the various platforms 60, 61, and 62 and provide a method for
      easing the carts 18 into the platform. An arcuate side panel 101 is
      attached normal to the surface of each of the platforms 60, 61 and 62 and
      functions as a guide rail for the slurry system. Wheels 42 support the
      conveyer off of the passage floor and provide mobility to the conveyer. A
      tractor 74 is connected through arms 75a and 75b to platform 61.
PAR  Linkage 40 has attached to each pivot point a disc 103 which is journaled
      through pin 98. The geometry of the linkage in this embodiment is the same
      as the design of then linkage in the previous embodiment described in
      FIGS. 5 through 7 and will be described in detail in a subsequent portion
      of this specification.
PAR  The operation of this embodiment is as follows:
PAR  Carts 80, whether powered or unpowered, depending upon their direction of
      movement, will pass up spring biased ramps 100 onto platforms 60 and 61 or
      62 and 61. As each disc 103 hits guide 101, the disc 103 will act as a
      roller, controlling the position of linkage 40 as it passes around the
      conveyer.
PAR  The powered carts are servo-controlled in a manner to be described so that
      the linkage will always be under tension and never under comprssion;
      therefore, regardless of the direction of movement of the slurry hose
      system, the linkage 40 will either be in a neutral or tension condition.
PAR  The specific constructions disclosed in the 180.degree. conveyers described
      in FIGS. 5 through 11 are not my invention and are the subject matter of
      copending application entitled "Conveyer for Slurry Hose Transportation
      System," previously identified.
PAC  LINKAGE GEOMETRY
PAR  In the preferred embodiment of this invention the hose for either the
      slurry or the water is approximately 1 foot in diameter, measured across
      the outside of the hose. The hose is made of rubber reinforced with steel.
      The steel prevents collapse of the hose in case a vacuum should be pulled
      on the system accidentally.
PAR  One of the more important restrictions on the operation of the hose hauler
      vehicle system using the preferred hose referred to above is that during a
      turn the one-foot diameter hose must not be bent into a radius less than
      five feet measured to the outside of the hose. The bending raidus is
      dictated by the structure of the hose and can be modified for any
      available hose. The approach chosen to insure that this restriction is not
      violated is to mount the hose 30 or 31 on a linkage 40 which will
      mechanically restrain the hose from bending into a radius less than the
      forbidden value. The linkage also serves to support the hose between carts
      preventing it from dragging on the coal mine floor.
PAR  The linkage geometry in the preferred embodiment is such that the linkage
      length and the hose length are equal when both are bent into a turn. The
      critical case is the 180.degree. turn. The convenient linkage geometry to
      restrain the hose in the desired radius on the 180.degree. turn is based
      on a semidodecagon as illustrated in FIG. 12. Since the outside radius
      R.sub.o of the hose bend is 5 feet (maximum bend permitted for the hose)
      and the outside diameter D.sub.o of the hose is 1 foot, then the inside
      radius R.sub.i is four feet and the mean radius R.sub.m of the bend is 4.5
      feet. A length of hose in a 180.degree. bend is then .pi. R.sub.m = 14.14
      feet.
PAR  From FIG. 12 the geometry is set up so that the linkage 40 is made up of a
      combination of short links (L.sub.s) and long links (L.sub.1) calculated
      so that the centers of the short links always coincide with the center
      line of the hose and so that the total linkage length is always equal to
      the total links of the hose. Further, the hose is always clamped to the
      shortest links.
PAR  Referring to FIG. 12, the following equations can be written:
EQU  3 L.sub.1 + 3 L.sub.s = .pi.  R.sub.m                      (1)
EQU  A + B = .pi./3                                             (2)
      ##EQU1##
PAR  With R.sub.m = 4.5 feet, equations (1) through (5) may be solved by using
      appropriate trigonometric identities to obtain L.sub.s = 1.585 feet and
      L.sub.1 = 3.127 feet.
PAR  Each cart, either powered or unpowered, must occupy a short link to
      minimize lateral movement of the hoses as they are moved through a
      180.degree. turn.
PAR  The preferred 1 foot diameter hose is manufactured in lengths no greater
      than 50 feet. Since the end connections are a significant component of
      hose cost, it is desired that the length of individual hose segments be as
      long as other restraints allow. The hose connections are made with 16 inch
      diameter flanges and connections on the lower hose should not interfere
      with those on the upper hose while connections on both should clear the
      clamping points on the short links.
PAR  Calculations shows that a practical linkage design for a hose length of
      approximately 1,000 feet can form a span of four long links and three
      short links between carts occupying short links. The distance between
      axles of the carts is then 4 (1.585 + 3.127) = 18.85 feet. If each power
      cart is to tow two unpowered carts, and if the hose line is to be capable
      of being reversed (implying a power cart at each end of the hose), then
      the total length of the linkage is divided into units of 3 .times. 18.85 =
      56.55 feet. If the total hose length is not to exceed 1,000 feet, then 17
      units of linkage of 56.55 feet will be used (with 18 powered carts and 34
      unpowered carts) and the total of the linkage will be 17 .times. 56.55 =
      961.4 feet.
PAR  In order to prevent the hose flanges from interfering with one another or
      the clamping points requires that they occur at the midpoints of the long
      links. Since the midpoints of the long links are spaced at increments
      equal to 1.585 + 3.127 = 4.712 feet, the hose length must be in increments
      of this length and no greater than 50 feet. Thus, the hose length is 47.12
      feet. If 21 lengths of hose are used each way, the total length of hose
      would be 989.5 feet, which is 28.12 feet longer than the linkage. It can
      thus be concluded that 38 lengths of hose 47.12 feet long plus 4 lengths
      of hose of the length required to make the end connections will be used.
PAR  The hose lengths over all the length of the sections, cart numbers, types,
      etc., are by way of example only. The above is included to give the length
      of the hose line and the length of each section of a particular embodiment
      calculated to illustrate the application of the invention to a particular
      situation.
PAR  A powered cart is illustrated in FIGS. 13, 14 and 15 and essentially
      comprises a chassis 99 and drive wheels 81, each of which is coupled to a
      hydraulic motor 102 through a shaft 97 as indicated in FIG. 15, although
      only one motor 102 is shown. A hydraulic pump 104 is driven by an electric
      motor 105. A control valve 106 is coupled to the hydraulic pump 104 and
      provides fluid control to the hydraulic motors 102. The valve 106 is
      capable of controlling the speed of motors 102 from a stop position to a
      full power position in either direction. Valve 106 is controlled by a pair
      of cables 107 and 108 which are coupled to the carts in front of and
      behind the cart illustrated, as indicated in FIG. 16. A hose mounting
      bracket 110 for the hose clamp 82 is attached to chassis 99 through shafts
      112 which are in turn journaled in bearings 111. Shafts 112 are secured to
      a housing 114. Springs 113 are positioned concentrically on the shafts 112
      on each side of the housing 114. The hose clamp 82 is mounted through
      screws 116 to the hose mounting bracket 110. Underneath chassis 99 is a
      pair of wheel speed control arms 120 and 121 (see FIG. 13) which are
      pivotally mounted at 122 and 123, respectively. A control cable 124
      extends from control arm 120 to valve 125, and a control cable 126 extends
      from the control arm 121 to a valve 127.
PAR  The basic operation of the powered carts is as follows:
PAR  Power is applied to the electric motor 105 through a suitable electric
      cable 130 (FIG 13), thereby energizing the motor 105 and operating the
      hydraulic pump 104. The pump 104 creates a hydraulic pressure which is
      controlled by the valve 106. Any movement of control cables 107 and 108
      will cause the arm 109 of the valve 106 to pivot forward or backward,
      directing flow of hydraulic fluid to the hydraulic motors 102. Each wheel
      81 has its own hydraulic motor. Thus, as valve 106 is operated, the
      hydraulic fluid will pass to motors 102, causing them to rotate clockwise
      or counterwise and with a horsepower proportional to the number of degrees
      valve arm 109 is moved; and the direction of rotation will be dependent
      upon the direction of movement of arm 109 from neutral. Operation of the
      control arms 120 and 121 will be described below for controlling the
      turning of the powered cart.
PAR  Referring to FIGS. 16 and 16a, carts are shown and will be referred to as
      carts 80a and 80b. If, for example, it is desired to move cart 80b in the
      direction of arrow 128, valve arm 109 will be moved in a clockwise
      direction, applying hydraulic pressure simultaneously to the hydraulic
      motors to drive the wheels, and to cylinder 131 (in a manner to be
      described), which will compress the spring inside the piston and pull
      control rod 132. Hoses 13 and linkage 40, being rigidly connected to the
      carts behind cart 80b, will tend to remain in the same position. Springs
      113 permit a slight movement of cart 80b, even though hoses 13 will not
      move. As control rod 132 conveys the "forward" signal to each cart, moving
      the arm 109, etc., all the carts will commence forward. The yoke 110
      through linkage 133 will increase the flow through arm 109 by the amount
      the yoke 110 lags the neutral or center position with respect to the cart
      80b. Reversal of the carts in the direction of arrow 129 will cause
      pressurization of cylinder 119 (in a manner to be described) for example,
      in cart 80b; and this information will be transferred through control
      cable 115 through linkage 133 to control cable 107 and to arm 109 in a
      similar manner as movement of the carts in the direction of 128.
PAR  Referring to FIG. 16a, linkage 133 is illustrated in detail and comprises a
      mounted pivot 134 attached to housing 114. A first double linkage 135 is
      connected to a second double linkage 137 which is anchored through pin 138
      to frame 110. A linkage 139 is pivoted at 165 to the center of a double
      linkage 163 which is journaled in a slot 164 (one shown). Control rods 132
      and 108 pivotally attached to the top and bottom of the linkage 163
      operate as follows: Any movement of control rod 132 in the direction
      indicated is transmitted directly to control rod 108 through 1:1 linkage
      163. Movement of housing 114 in the direction of arrow 129 will cause the
      linkage 163 to move in the same direction, causing the pivot 165 of
      linkage 163 in slot 164 to move to back of slot, causing additional
      movement of control rod 108 in the desired direction and more power to
      wheels of the cart. As the cart gains speed, the linkage will return to
      normal or centered position and reduce the torque of wheels 81. The
      arrangement of linkages 137 and 139 permits a long movement of housing 114
      for a shortened movement of the center of linkage 163.
PAR  The actual hydraulic circuit used for the above will be disclosed in a
      subsequent section. The control of the powered carts, including the
      hydraulic pump control and electric control system described in a
      subsequent section under the above headings, is the subject matter of an
      application entitled "Vehicle and Vehicle Control System," previously
      identified.
PAC  UNPOWERED CARTS
PAR  An unpowered vehicle is illustrated by reference to FIG. 17 where a chassis
      99 has rotatably attached thereto a pair of wheels 81. A hose mounting
      bracket 82 is secured to one side of chassis 99, and an electrical
      explosion-proof box 317 is mounted on the other side of chassis 99.
      Electrical cable clamps 83 are attached to hose bracket 82 or to chassis
      99. A guide wheel 170 is rotatably attached to the under portion of
      chassis 99. The cart functions to clamp the hoses while giving them
      support. Guide wheel 170 assists the unpowered cart around the 180.degree.
      and the 90.degree. turns as will be described.
PAC  ELECTRIC CONTROL
PAR  The electric control for the carts is illustrated in FIG. 20. The
      electrical components are, in the preferred embodiments of this invention,
      distributed among two carts with a junction box 140, a motor starter 141,
      and relays 142, 143, and 145 mounted on an upowered cart in an
      explosion-proof box 317 as previously mentioned in connection with FIG.
      17. A pressure switch 146, a conveyer switch 144, and emergency stop 147
      are mounted on the powered cart 80. A three-phase a.c. line 130, which
      may, for example, be 575 volts, is used to operate electric motors 105 and
      is transmitted along the hose line in electric cables 150 (see FIG. 5).
PAR  The operation of the above is as follows:
PAR  Starter 141 is energized by closing relay 145 across its starter terminals.
      It is stopped by opening a set of normally closed contacts 142 across its
      stop terminal. A stop signal will override a conflicting start signal.
      Primary control of the starter 141 is by means of two relays, the normally
      closed relay 142 associated with the stop terminal and the normally open
      relay 145 across the start terminals. These relays are controlled from one
      or both ends of the hose lines. At this time it is presumed that the
      primary electric control will be from the fixed end of the hose line, but
      the system accommodates control from the pump vehicle end also. Actuation
      of a switch at the control end of the hose line will actuate all start
      relays 145 or all stop relays 142 simultaneously. This will start or stop
      all electric motors of the powered carts, except those in the storage
      section of the complete hose system.
PAR  Carts in the storage section are parked, and it is not desired that the
      electric motors on these carts be started until they pass over the
      traveling 180.degree. conveyer. A limit switch 159 is mounted on each
      powered cart which is actuated when the cart passes over the central part
      of the 180.degree. conveyer. This switch, which is normally open, has a
      dual set of contacts. One set of contacts is placed across the start
      terminal of the starter. The other set of contacts is used to control an
      impulse relay 143 placed in series with the main stop relay 142. An
      impulse relay is a mechanically latching relay whose contacts open and
      close on alternate actuation pulses; that is, if the impulse relay
      contacts are closed and the voltage is applied to its coil, the contacts
      open. The next time a voltage is applied to the coil, the contacts again
      close. Since latching is mechanical, the impulse relay stays in the
      condition to which it was last actuated even though all electric power is
      turned off. This enables a powered cart to remember which side of the
      180.degree. conveyer it is on. When the cart is on the storage side of the
      system and travels over the conveyer, the conveyer operated switch 159
      closes the impulse relay and a start signal is applied to the starter. On
      coming back, the impulse relay is actuated and its contacts open, shutting
      off the motor.
PAR  The emergency stop switch 147, installed on all powered carts, will be a
      normally open switch, which when manually actuated will send a signal back
      to the main control station which can be used to shut down all electric
      power to the hauler system. The emergency stop switch could also be hooked
      up to shut down all electric power to the working face. With this switch
      in individual anywhere along the line may shut down the whole system if
      difficulty develops.
PAR  A pressure switch 146 will be installed on the charge pump of each
      hydrostatic transmission. This pressure switch, which is normally open,
      closes when the charge pump pressure is at the nominal value. This
      pressure switch transmits a voltage signal back to the main control system
      which can be used to light a panel lamp which will give the operator
      visual indication of the status of the system. He will thus have a primary
      indication that a cart is functional and will also have an indication of
      the location of the traveling 180.degree. conveyer.
PAR  Control of the electric motors will require five lines 160 running the
      length of the system. An additional line 161 running the length of the
      system for each pressure switch will also be required.
PAC  HYDRAULIC PUMP CONTROL
PAR  The hydraulic pump control system is schematically illustrated in FIG. 21.
      The wheels 81 in the schematic are driven through a transmission 136 by
      the variable displacement motors 102. The hydraulic motors are supplied by
      the variable displacement pump 104. The pump is driven by the electric
      motor 105. A charge pump 151 is mounted on the same shaft with the
      variable displacement pump 104 and supplied the makeup flow required in
      the closed-loop circuit between the hydraulic motors and pump. Check
      valves 152 are used to isolate the charge pump output from the high
      pressure side of the pump-motor circuit. The relief valve 153 is used to
      dump the excess charge pump flow from the loop when the hydrostatic
      transmission is in neutral. The pressure switch 146 is used for remote
      monitoring of the charge pump output pressure, producing an electric
      signal which lights a pilot lamp at the fixed end of the hose line and
      gives the operator at this location an indication of those vehicles which
      are powered as previously mentioned. The charge pump is supplied from the
      reservoir through filter 154.
PAR  The cart control system requires a signal which is a measure of the
      hydrostatis transmission flow which is indicative of powered cart speed.
      This signal is obtained by either of two flow sensors 149, each of which
      is functionally equivalent to a relief valve with a very low setting, or a
      check valve. The pressure drop across a flow sensor 149 is approximately
      proportional to the 2/3 power of flow. The pressure drop across one flow
      sensor 149 is applied to control cylinder 119 and the pressure drop across
      the other flow sensor 149 is applied to control cylinder 131 to control
      the rods 115 and 132 previously referred to in connection with FIG. 16.
      Check valves 155 are used to permit return flow in the hydrostatic
      transmission loop without forcing reverse flow through sensor 149.
PAR  If flow is allowed to circulate in the hydrostatic transmission loop
      indefinitely, excessive heating of the oil and components will result.
      Hence, fresh oil must be supplied to the loop. A shuttle valve 156,
      actuated by the pressure differential across the hydrostatic transmission,
      is used to connect the motor input side of the loop to a relief valve 157.
      Hence, when the hydrostatic transmission is operating, excess charge pump
      flow is returned to the reservoir through relief valve 157. Thus fluid is
      continually removed from the hydrostatic transmission loop and is
      continually replaced by fresh fluid from the charge pump 151. Fluid is
      returned to the reservoir through a pump shaft mounted air-cooled oil heat
      exchanger 158 which removes excess heat from the system.
PAC  STEERING AND TURNING
PAR  Control of a train of vehicles which are interconnected is a complex
      problem, particularly when the vehicles attempt a 90.degree. turn. U.S.
      Pat. No. 3,191,754 describes a method for trapping the wheel of a vehicle
      to insure its making a proper 90.degree. turn. U.S. Pat. Nos. 3,301,602
      and 3,397,651 both describe means for cutting trenches on the floor and
      incorporating means on the vehicles to engage the trenches, thereby
      insuring a proper turn. U.S. Pat. No. 2,722,409 discloses a cable control
      system for making a 90.degree. turn. The 90.degree. turn system as
      disclosed in this application operates on a principle different from that
      described in any system in the prior art. The particular system is
      described with reference to FIGS. 9, 13, 17, 18, 19a, 19b, and 19c.
PAR  Referring to FIG. 18, a 90.degree. turn is affected by laying a guide rail
      200 on the floor in the form of a 90.degree. turn. Guide rail 200
      comprises a plurality of individual members which are staked by pins 202
      to the floor. Pin 203 interlocks the rail of each guide member.
PAR  Referring to FIGS. 13 and 19a through 19c, speed control arms 120 and 121
      are adapted to engage guide rail 200 as shown in FIG. 19c. If, for
      example, arm 121 should engage guide rail 200, control rod 124 would
      operate valve 125 (FIG. 13) causing a reduction in hydraulic flow to the
      motor operating the wheel 81 on the inside of the turn and causing it to
      have less torque, hence slowing its speed. As a result of the above, arm
      121 will move away from guide rail 200. If arm 120 should engage guide
      rail 200, control rod 126 would operate valve 127, causing corresponding
      decrease in its wheel speed. Thus the wheels 81 are increased or decreased
      in speed as the powered vehicles pass around the 90.degree. turn, since
      the speed of a particular wheel is controlled by its corresponding control
      arm 121 or 120. An unpowered cart as shown in FIG. 17 has a guide roller
      170 which engages guide rail 200 and is restrained by both sides of the
      guide rail and thereby prevented from straying from the 90.degree. turn
      (See FIG. 19a). The individual short links such as 171 (see FIGS. 18 and
      19b) will also be restrained by an idler wheel 170 such as that on an
      unpowered cart. Both the short linkage and unpowered cart are restrained
      in the 90.degree. turn in the identical fashion.
PAR  FIGS. 19a through 19c illustrate the use of a double-spaced guide rail.
      Since the linkage is under tension at all times, a single guide rail as
      illustrated in FIG. 18 is all that is necessary. The double guide rail is
      provided as an alternative and will function equally well.
PAR  The wheel control mechanism and 90.degree. turn methods and apparatus are
      the subject matter of an application entitled "Steering and Turning
      System," previously identified.
PAC  SLURRY HOPPER APPARATUS
PAR  The preferred embodiment for mixing slurry with water is illustrated in
      FIGS. 22 and 23 and essentially comprises a box having four side walls
      300, 301, 302 and 303. A plurality of dividers 304 is spaced between walls
      300 and 301. A water entry system comprises a manifold 305 which is
      U-shaped and mounted against walls 300, 301, and 302. A plurality of slots
      306 is formed through the walls and into communication with manifold 305.
      The slots are also at the bottom of the walls so that the water will flow
      smoothly from the manifold along the bottom 312 of the hopper under the
      baffles 304. Side walls 300 through 303 are mounted to the bottom 312
      which is tapered to form the deepest portion at a pump outlet 307. Baffles
      308 and 310 form a funnel to the opening 307. A baffle 309 above opening
      307 is also used to complete the funnel structure. A water entry line 313
      is connected through pipes 311 to manifold 305. A water level control 49
      is electrically connected to a water control valve 48 through a pair of
      electric wires illustrated by line 314. A conveyer system 45 (see FIG. 4)
      conveys coal or other product 46 into the hopper which is generally
      referred to as 43. A slurry pump 44 is connected at its inlet end to
      opening 307 and its outlet end 315 to the slurry line 13 (see FIG. 4).
PAR  In its operation the conveyer 45 conveys coal or other product over the
      slurry hopper, dropping it into the hopper. Water from line 13 is applied
      through the valve 48 through pipes 311 to manifold 305. Water from the
      manifold will flow out of the slots and along bottom 312 to pump opening
      307. Water level control 49 continually monitors the level of the water as
      product is added and discharged. As water is needed, a signal through line
      314 will open or close valve 48. Baffles 304 eliminate turbulence caused
      by the adding of the coal and the entry of the water. Water level control
      49 is placed in the hopper where the water has the least turbulence. The
      system as described in FIGS. 22 and 23 solves several problems inherent in
      most hoppers. For example, circular hoppers have tended to cavitate,
      permitting entry of air into the slurry line where air cannot be
      tolerated. The hopper as disclosed in the above figures will accept coal
      in any amount within the design limits (from zero to ten tons per minute
      in a unit successfully tested) and mix the coal with water and pass it to
      the slurry pump without cavitation problems or water level control
      problems.
PAR  The slurry hopper system as herein disclosed is the subject matter of a
      patent application entitled "Slurry Hopper System," previously identified.
PAC  CONCLUSIONS
PAR  A complete slurry hose handling system has been described in this
      application along with the preferred embodiment of the system and several
      variations of the preferred embodiment. It is fully contemplated that
      other systems similar to this device can be constructed and are clearly
      within the teachings of this specification. For example, in lieu of the
      use of carts and a 180.degree. conveyer moving along the floor of the
      mine, the hoses could rest on the mine floor in storage section of the
      slurry system and be lifted by an overhead crane type apparatus for
      turning through the 180.degree. loop section and for movement along the
      active section of the system. Therefore, modifications and changes can be
      made in the system as described and are fully covered by the appended
      claims.
PAC  I claim:
CLMS
NUM  1.
PAR  1.  In an apparatus for transporting product from a mining machine working
      in a mine having a floor, to a terminal having a source of water with a
      slurry inlet, and a source of water; first and second flexible hose means;
      means for interconnecting one end of said first and second flexible hose
      means to said slurry inlet of said terminal and to said source of water,
      respectively; means for mixing the product dislodged by said mining
      machine with said water to form a slurry and having a water inlet and a
      slurry outlet; means for connecting the remaining end of said first and
      second flexible hose means to said slurry outlet and said water inlet,
      respectively; means for maintaining said product mixing means in position
      to receive product from the mining machine; said first and second flexible
      hose means each having the same length, and wherein said length is greater
      than the distance between the terminal and the product mixing means in all
      but the most remote position of the mining machine with respect to the
      terminal, an improvement in said first and second flexible hose means
      comprising:
PA1  means securing said hoses in parallel realtionship along their length;
PA1  means arranging said hoses in a storage section;
PA1  means arranging said hoses in an active section substantially parallel to
      said storage section at least along the length of said storage section;
PA1  a 180.degree. transition section means extending from said storage means to
      said active means;
PA1  means attached to and supporting the active section of said hoses off the
      floor of the mine for lengthwise movement upon movement of said product
      mixing means; and means providing a neutral, or tension force along the
      length of said active section.
NUM  2.
PAR  2. Apparatus for transporting product from a mining machine working in a
      mine having a floor to a terminal located in the mine having a source of
      water, comprising:
PA1  means for incorporating the product dug by the mining machine into a water
      slurry;
PA1  means for maintaining said first-mentioned means in position to receive
      product from the mining machine;
PA1  a slurry pump on said first-mentioned means; a first flexible hose
      connecting the slurry pump to the terminal for conveying the slurry to the
      terminal;
PA1  a second flexible hose connecting the terminal to said first-mentioned
      means for conveying water from the terminal to said first-mentioned means;
PA1  means securing the hoses in parallel relation along their length;
PA1  each of said hoses having the same length, said length being greater than
      the distance between the terminal and said first-mentioned means in all
      but the most remote position of the mining machine with respect to the
      terminal, said hoses being arranged in a storage section extending from
      said terminal, an active section and a 180.degree. transition section
      extending from said storage section to said active section, said active
      section extending substantially parallel to said storage section at least
      between said transition section and the terminal location; means
      supporting the active section of said hoses off the floor of the mine for
      lengthwise movement upon movement of the first-mentioned means; and
PA1  means providing a neutral, or tension force along the length of said active
      section.
NUM  3.
PAR  3. The apparatus defined in claim 2 wherein the storage sections of the
      hoses are parallel to at least a portion of the active sections of the
      hoses with a 180.degree. bend interconnecting the active and storage
      sections, and characterized further to include means for supporting that
      portion of the hoses in the 180.degree. bend portion off of the floor of
      the mine.
NUM  4.
PAR  4. The apparatus defined in claim 2 wherein said hoses are mounted
      vertically in axial alignment.
NUM  5.
PAR  5. The apparatus defined in claim 2 wherein the means for supporting the
      hoses includes a plurality of mobile carts adapted to travel on the floor
      of the mine and support the hoses at spaced points along the lengths
      thereof.
NUM  6.
PAR  6. The apparatus defined in claim 5 wherein at least one of said carts has
      drive means thereon for driving the cart upon movement of the mining
      machine.
NUM  7.
PAR  7. The apparatus defined in claim 6 wherein each cart having drive means
      has wheel means on each side thereof, and wherein said drive means
      functions to individually drive the wheel means on the opposite sides of
      the respective cart for controlling the turning of the respective cart.
NUM  8.
PAR  8. The apparatus defined in claim 5 characterized further to include mobile
      carts supporting the storage section of the hoses.
NUM  9.
PAR  9. The apparatus defined in claim 8 wherein a portion of said carts have
      drive means thereon, and means for energizing said drive means when the
      carts having drive means thereon are supporting the active sections of the
      hoses.
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ABST
PAL  An Apparatus for handling flowable material, such as sludge or granular or
      powder materials, a pneumatically operated annular closure member located
      in an annular casing is retracted to allow the material to flow into a
      space at the bottom of the apparatus and is extended to close this space
      and entrap the material within it. Air pressure is applied to this
      enclosed space to transport the material from that space through an outlet
      tube. Opening and closing of the closure member and the application of air
      under pressure to the material are controlled pneumatically.
BSUM
PAR  This invention relates to apparatus for handling flowable material.
PAR  According to the invention, there is provided an apparatus for handling
      flowable material comprising a base providing an annular valve seat, a
      support plate spaced from the base, having inner and outer concentric
      casings supported thereon, a pneumatically operable annular closure member
      located in an annular chamber defined between the casings and mounted for
      movement between a retracted position in which a material inlet provided
      between said support plate and said base is open and an extended position
      in which the closure member engages said valve seat to close said inlet, a
      material outlet tube opening adjacent said base and extending axially away
      therefrom through the interior of the inner casing, and pneumatic control
      means for controlling the opening and closing of said inlet by the closure
      member, and for directing air under pressure to the space enclosed by the
      closure member, when the closure member is in its extended position to
      transport material from that space through the outlet tube.
DRWD
PAR  Embodiments of the invention will now be described by way of example only
      with reference to the accompanying drawings in which:
PAR  FIG. 1 is a longitudinal section through an apparatus for handling flowable
      material according to the invention.
PAR  FIG. 2 is a longitudinal section through another embodiment of the
      apparatus according to the invention and,
PAR  FIG. 3 is a longitudinal section through a further embodiment of the
      apparatus according to the invention.
DETD
PAR  Referring to FIG. 1, the device 10 includes a base 12 from which extends a
      pair of legs 14 attached at their upper ends to a support plate 16;
      secured as by bolts 18 to plate 16 is an outer annular casing 20 in which
      is housed a pneumatically operable cylindrical closure member 22 operable
      to control the passage into the apparatus of material to be handled.
      Member 22 is movable from a retracted upper limit position (shown in full
      lines) in which material inlet 24 is fully open, to an extended lower
      limit position (shown in dotted lines) in which inlet 24 is fully closed
      and sealed by engagement of member 22 with annular seal or seat 26
      provided on base 12. The upper part 22a of member 22 is enlarged to
      provide a piston which is slidable in an annular cylinder chamber 28
      formed between concentric outer and inner casings 20 and 30 respectively.
      When member 22 is in its closed position, material to be handled is
      entrapped in space 32 defined within member 22, which chamber is in
      communication with an axially extending material outlet tube 34 passing
      through the interior of casings 20 and 30 to an outlet 36 connected to a
      pipeline (not shown).
PAR  In order to transport the entrapped material from space 32 to outlet 36,
      pneumatic control means (not shown) are provided within inner casing 30 to
      supply air under pressure to space 32 via an air control valve (not shown)
      in lower wall 37 of casing 30. The control means is operable to control in
      the correct sequence the operation, and period of operation of the closure
      member 22, and the air supply cycle to chamber 32; the control means may
      be manually or automatically operated.
PAR  For manual operation, the device includes two buttons 40 located at the top
      of casing 30, pressure on one of the buttons causing the member 22 to
      close slowly and at very low force, and pressure on the other button
      causing full air pressure to be applied to member 22 to seal chamber 32
      and to initiate the timed blowing cycle at the end of which the member 22
      rises automatically and the two buttons reset automatically in readiness
      for the next cycle.
PAR  In one modification of the above described embodiment the interior of
      casing 30 acts as a reservoir which when the air control valve is opened
      directs air under pressure to space 32.
PAR  The embodiment of the apparatus for handling flowable material shown in
      FIG. 2 is similar to that described in connection with FIG. 1 and
      therefore only the differences will be described in detail; common parts
      are given the same reference numerals. In this embodiment, the assembly
      consisting of casings 20 and 30 and closure member 22 is mounted on
      support plate 16 and tube 34 for limited relative movement, the tube being
      rigidly secured to, or integral with, the support plate. Disposed between
      plate 16 and the lower wall 37 of casing 30 is a disc 50 of resilient
      material, and provided in the lower wall are a plurality of through
      openings 52 which together with disc 50 provide an air control valve 53.
      During manufacture of the apparatus, the above mentioned assembly is
      dropped over tube 34 on to disc 50 and is secured in position by a
      plurality of spring and bolt units 54 (one only shown).
PAR  The closing force of the air pressure on the closure member 22 and the
      restraining force of the units 54 are such that when the closure member
      engages valve seat 26, the force of the units is overcome to raise the
      casing assembly say 1/8 from disc 50 whereby to open openings 52 to permit
      air to pass from the reservoir within casing 30 to space 32 to "blow" or
      transport material through tube 34.
PAR  The embodiment of the apparatus for handling flowable material shown in
      FIG. 3 is again similar to that described in connection with FIG. 1 or
      FIG. 2 and will therefore only have the differences described in detail;
      common parts are given the same reference numerals and though shown as a
      variant of FIG. 2 might equally have been shown as a variant of FIG. 1. In
      this embodiment, the assembly, consisting of casings 20 and 30 and closure
      member 22, is mounted on a flanged outlet 61 of a feeder pipeline 60A.
      Diametrically opposite the flanged outlet 61 is a base 12 of similar shape
      to that shown in FIG. 2. The outer casing 20 and tube 34 are integral with
      one another and the inner casing 30 is raised against the spring pressure
      when the closure member 22 engages valve seat 26.
PAR  The closing force of the air pressure on the closure member 22 and the
      restraining force of the units 54 are such that when the closure member
      engages valve seat 26 the force of the units is overcome to raise the
      inner casing 30 say 1/8 inch from disc 50 whereby to open openings 52 to
      permit air to pass from the reservoir within the inner casing 30 to space
      32 to blow or transport material through tube 34.
PAR  When the blow has taken place, the controls are reversed to raise the
      closure member 22, when the spring units will ensure that the openings 52
      are closed before the closure member 22 actually leaves seat 26.
PAR  Since these constructions automatically take care of the sequence of first
      closing the space 32, then "blowing" and at the end of the blow making
      sure the air control valve 53 is shut before the space 32 is again opened
      to atmosphere, the rest of the controls can be clearly defined.
PAR  The basic control consists of one four-way air valve (not shown) connected
      to ports 56 and 58 of the chamber 28. Two air entries 62 (one only being
      shown) are provided in the casing 20 passing into the interior of the
      inner casing 30 through a seal 63 to allow the casing 30 to move
      relatively to the outer casing 20. These entries are connected to the
      ports 56 and 58 by any suitable means (not shown) such as by internal
      flexable tubes or by direct porting through a sliding connection into
      holes drilled in casing 30.
PAR  The simplet form of manual control of the above described embodiments will
      be of the one action variety where the air valve is operated by hand to
      close the space 30, and is returned to its original position by the use of
      a known form of adjustable pneumatic timer after, say 10-15 seconds when
      the blow has taken place.
PAR  A fully automatic sequence is equally simple calling only for the addition
      of a second adjustable pneumatic timer set to hold the closure open for
      the few seconds necessary to allow the air reservoir within casing 30 to
      refill.
PAR  These three basic components can be accommodated as a `pack`  within the
      casing 30 or, in a small control cabinet nereby from which only two
      flexible pipes are needed to the device itself.
PAR  The important point is that this automatic sequence is simply achieved by
      pneumatic means only, so that the apparatus can be portable, used
      outdoors, even underwater, or installed in explosive and fire-risk areas
      where electrical power could not be used.
PAR  The automatically controlled apparatus can be used as a sludge pump for
      lowering by eyes 44 to the bottom of a settling tank or sump and to work
      in that position. The device can also be provided with further eyes (shown
      dotted) at its other end to allow the apparatus to be pulled down into a
      bulk of granular and powder materials for use in unloading such materials
      from for example ships, barges, and ground bunkers where the only access
      is from above. The apparatus could also be disposed in, or integrated with
      a bucket 60 for use where smaller quantities of material have to be
      debagged, weighed out or otherwise manually handled in batches, and then
      transported to a hopper, mill or mixer some distance away.
PAR  Furthermore combinations of the embodiments may be achieved to better suit
      the application.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for handling flowable material comprising a base providing
      an annular valve seat, a support plate spaced from the base having inner
      and outer concentric casings supported thereon, a pneumatically operable
      annular closure member located in an annular chamber defined between the
      casings and mounted for movement between a retracted position in which a
      material inlet provided between said support plate and said base is open
      and an extended position in which the closure member engages said valve
      seat to close said inlet, a material outlet tube opening adjacent said
      base and extending axially away therefrom through the interior of the
      inner casing, and pneumatic control means for controlling the opening and
      closing of said inlet by the closure member, and means for directing air
      under pressure to the space enclosed by the closure member when the
      closure member is in its extended position to transport material from that
      space through the outlet tube.
NUM  2.
PAR  2. Apparatus for handling flowable material comprising a base providing an
      annular valve seat, legs extending from the base and secured to a support
      plate spaced from the base, inner and outer concentric casings supported
      on said support plate, a pneumatically operable annular closure member
      located in an annular chamber defined between the casings and mounted for
      movement between a retracted position in which a material inlet provided
      between said support plate and said base is open and an extended position
      in which the closure member engages said valve seat to close said inlet, a
      material outlet tube opening adjacent said base and extending axially away
      therefrom through the interior of the inner casing, and pneumatic control
      means for controlling the opening and closing of said inlet by the closure
      member, and means for directing air under pressure to the space enclosed
      by the closure member when the closure member is in its extended position
      to transport material from that space through the outlet tube.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein the interior of the inner casing
      defines an air reservoir, and wherein an air control valve is provided
      between said reservoir and said space to direct, when opened, air under
      pressure to said space to effect said material transportation.
NUM  4.
PAR  4. Apparatus according to claims 3, wherein said air control valve is
      operable to open automatically in response to the closure member engaging
      the valve seat.
NUM  5.
PAR  5. Apparatus according to claim 2, wherein at least one of said casings are
      mounted for limited movement relative to said support plate, and wherein
      the force of the closure member engaging the valve seat effects said
      limited movement to open an air control valve.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein the air control valve is
      provided by a resilient layer disposed between the support plate and a
      wall of the inner casing, wherein said wall has at least one through
      opening, and wherein at least one of said casings and hence said wall is
      moved away from the resilient layer during said limited movement to allow
      air under pressure to pass through said at least one through opening.
NUM  7.
PAR  7. Apparatus according to claim 6, and including spring biasing means for
      opposing relative movement of said at least one casing in a valve opening
      direction.
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ABST
PAL  An anti-skid braking system for vehicles includes a connection between a
      master cylinder and each wheel brake by-passing a modulator for modulating
      the braking pressure in the event of a skid. Each by-pass connection is
      controlled by a valve and all the by-pass valves are normally maintained
      closed by a single piston responsive to the same fluid pressure which
      operates the modulator. The system may also include valves for isolating
      the modulator from the wheel brakes when the by-pass valves open.
BSUM
PAC  SPECIFIC DESCRIPTION
PAR  This invention relates to hydraulic braking systems for vehicles of the
      kind comprising a pedal-operated master cylinder controlling a supply of
      hydraulic fluid under pressure to a wheel brake, skid sensing means for
      providing a control signal when the deceleration of a braked wheel exceeds
      a predetermined value, and a modulator including a variable volume chamber
      having an inlet controlled by a valve and connected to the master cylinder
      and an outlet connected to the wheel brake, the modulator being responsive
      to the control signal to close the inlet valve and increase the volume of
      the chamber.
PAR  In known systems a modulator has been provided with a by-pass valve which
      automatically opens to allow direct communication with the brake in the
      event of a failure in the normal condition of the modulator. The
      disadvantage of this arrangement is that it tends to make the modulator
      more complex and bulky and there is the possibility of a faulty modulator
      influencing the operation of the by-pass valve.
PAR  According to the present invention a braking system of the kind set forth
      comprises a plurality of modulators interposed between the master cylinder
      and a plurality of wheel brakes, a connection between the master cylinder
      and each wheel brake by-passing the modulator, a normally closed by-pass
      valve controlling each by-pass connection, all the by-pass valves being
      combined in a single valve assembly, and means for opening each by-pass
      valve in response to a malfunction of the associated modulator.
PAR  Thus, the by-pass valves are all advantageously in an assembly separate
      from the modulators which can be standard production units.
PAR  In a system in which the inlet valve of each modulator is normally
      maintained open by a piston biassed by hydraulic fluid from a high
      pressure source, fluid from the same source may be arranged to act on a
      safety piston in the valve assembly for keeping all the by-pass valves
      closed. Therefore, if there is a failure in the high pressure source the
      by-pass valves automatically open and normal braking is available.
PAR  According to another aspect of this invention, in a braking system of the
      kind set forth a normally open isolating valve is located on the downstram
      side of the modulator, and a normally closed by-pass valve controls a
      connection between the master cylinder and wheel brake by-passing the
      modulator, the isolating valve closing and the by-pass valve opening in
      response to a malfunction of the modulator. The by-pass valve and the
      isolating valve may be combined in a single double seat valve. The
      isolating valve ensures that the variable volume chamber of the modulator
      is isolated from the brake when the by-pass connection is open.
DRWD
PAR  Two examples of hydraulic braking systems according to our invention are
      illustrated in FIGS. 1 and 2 of the accompanying drawings.
DETD
PAR  FIG. 1 shows an anti-skid hydraulic braking system in which a tandem master
      cylinder 1 supplies hydraulic fluid from a primary pressure space 2 to the
      brakes on the rear wheels 3 of a vehicle and supplies fluid from a
      secondary pressure space 4 to the front wheels 5. A pressure modulator 6
      is located between the master cylinder 1 and each front wheel brake, and
      in a supply line common to both rear wheel brakes. An inlet valve 7 in
      each modulator is normally held open by an expander piston 8 which is held
      in a forward position by a modulator piston 9. A third piston 10 works in
      a recess 11 in the modulator piston 9 and hydraulic fluid from a pump 12
      and reservoir 13 is continuously applied to this recess 11 to hold the
      modulator piston 9 forward and the third piston 10 rearward against the
      force in a light spring 14. In this inoperative condition the inlet valve
      is open and the brakes can be applied normally.
PAR  In the event of a skid, skid sensing means 15 send an electrical control
      signal to open solenoid control valve 16 which connects the recess 11 to
      the opposite side of modulator piston 9, equalising the differential
      pressure across the piston and allowing it to move rearwardly. The inlet
      valve 7 closes and movement of the expander piston 8 increases the volume
      of the chamber in which it is housed, relieving the braking pressure.
PAR  The primary and secondary pressure spaces 2 and 4 are also connected to the
      wheel brakes by lines by-passing the modulator 6 and controlled by a
      pressure responsive valve assembly 17. This assembly includes two ball
      valves 18 normally held closed by control pistons or plungers 19 each
      engaged by a common safety piston 20. A pressure space 21 behind the
      piston is connected to the modulator supply pump 12 and also to one of the
      front wheel modulators 6.
PAR  In the event of failure of the modulator power supply the pressure of the
      master cylinder supply will open valves 18 to apply the brakes directly.
      With no biassing pressure in recess 11 the only force holding piston 9
      forward is spring 14 and this will be insufficient to keep inlet valve 7
      open when full braking pressure is applied to expander piston 8. In this
      system, even with a by-pass, there will be some modulating effect due to
      the retracting movement of expander piston 8 and satisfactory application
      of the brakes would depend on there being sufficient fluid displacement
      available from the master cylinder. A power master cylinder, for example,
      would obviously be capable of supplying enough fluid. The inclusion of the
      by-pass means that spring 14 can be made much smaller and lighter than
      would be necessary if it were the only means of keeping inlet valve 7 open
      in the event of a power failure.
PAR  A modification of this system is shown in FIG. 2 where equivalent parts
      have given the same reference numerals. The rear section modulator 6, the
      solenoid valve 15 and the power supply 12, 13 have been omitted and only
      one wheel brake and modulator have been shown for each braking circuit.
PAR  In this system the valve assembly 17 comprises two ball valves 22 each
      arranged to co-operate with two valve seats 23 and 24. Seat 23 is located
      between an inlet port 25 connected to the master cylinder and an outlet
      port 26 connected to a wheel brake 3, 5. Seat 24 is located between outlet
      port 26 and a second inlet port 27 connected to the outlet of modulator 6.
      Normally, balls 22 are held in contact with seat 23 by plungers 19 which
      are biassed to the forward position by a safety piston 20 acted upon by
      the modulator power supply. Thus, normally the by-pass connection to the
      wheel brake is closed and fluid from the master cylinder 1 passes through
      inlet valve 7 and valve seat 24 to the brake. In the event of a skid inlet
      valve 7 closes but valve 22 is unaffected and movement of expander piston
      8 enlarges the volume of the chamber downstream of inlet valve 7.
PAR  In the event of the modulator power supply failing inlet valve 7 closes and
      valve 22 moves to engage seat 24 thus opening the by-pass connection to
      the brake and isolating the modulator from the wheel brake i.e. valve 22
      acts as a double seat valve. To assist in opening the by-pass valve,
      biassing springs are provided for ball 22, the plunger 19 and piston 20
      namely springs 28, 29 and 30. The space between the seals on piston 20 and
      plungers 19 is vented to atmosphere.
PAR  It will be clear that in this system movement of the expander piston 8 will
      have no effect on the braking pressure if the modulator power supply
      fails. Thus, there is no need to fit the spring 14 to the modulator.
PAR  Only two valves 22 are shown but the number could be arranged to suit the
      number of modulators which require by-passing.
PAR  Only pressure responsive by-pass valves have been described but they could
      be solenoid valves triggered by a signal from a warning circuit monitoring
      the operation of the modulating means.
CLMS
STM  I claim:
NUM  1.
PAR  1. An hydraulic braking system for a vehicle comprising a plurality of
      wheel brakes, a pedal-operated master cylinder controlling hydraulic fluid
      under pressure to said wheel brakes, skid sensing means for providing a
      control signal when the deceleration of a braked wheel exceeds a
      predetermined value, a plurality of modulators each defining a variable
      volume modulator chamber, a common fluid pressure source for actuating all
      of said modulators, a respective inlet to each of said modulators chambers
      connected to said master cylinder, a respective inlet valve controlling
      each of said inlets and maintained normally open by fluid pressure from
      said common source acting across a respective movable wall, a respective
      outlet from each of said chambers connected to a respective one of said
      wheel brakes, means responsive to said signal for operating said
      modulators each modulator when operated closing a respective one of said
      inlet valves and increasing the volume of its respective modulator
      chamber, a respective connection between said master cylinder and a
      respective one of said wheel brakes by-passing the modulator associated
      with that wheel brake, a respective normally closed by-pass valve
      controlling each of said by-pass connections, a respective normally open
      isolating valve provided on the downstream side of each modulator output,
      each of said isolating valves being combined with a respective one of said
      by-pass valves to define a single double-seat valve, and all of said
      by-pass and isolating valves being combined in a single valve assembly
      comprising a housing, a safety piston working in a bore in the housing and
      subjected to fluid pressure from said common fluid pressure source, a
      respective control piston for each of said double seat valves, said
      control pistons being arranged side by side in bores in the housing
      parallel to the safety piston bore and being acted upon by the safety
      piston, each of said double-seat valves comprising a first valve seat
      located between a respective inlet connected to said master cylinder and a
      respective outlet connected to a respective brake, a second valve seat
      located between a respective second inlet connected to the respective
      outlet of the respective modulator and said respective valve outlet, a
      respective valve member for engagement alternatively with said first and
      second valve seats, all of said valve members normally being held in
      engagement with said first seats and spaced from said second seats by said
      safety piston to hold closed said first by-pass valves and to hold open
      said isolating valves, and resilient means acting on said safety piston in
      opposition to the fluid pressure acting on said piston whereby in the
      event of a failure of said common fluid pressure source the force holding
      said valve members against said first seats is relieved.
NUM  2.
PAR  2. An hydraulic braking system as in claim 1 wherein the valve assembly
      incorporates further resilient means acting on each of said control
      pistons in opposition to the fluid pressure acting on said safety piston.
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ABST
PAL  An air brake system having a brake application valve controlling a relay
      valve by pilot pressure. A wheel lock control portion includes a valve for
      venting a relay valve pilot chamber upon actuation of a solenoid valve
      during antiskid operation of the system. A supply pressure restrictor
      mechanism, held inactive during normal conditions, operates upon closure
      of the solenoid valve to restrict the supply of pressure from the pressure
      source to the relay valve supply port in order to permit a slower brake
      re-application rate upon skid control termination. The pressure restrictor
      mechanism is returned to its normally inoperative state upon release of
      the brake application valve.
BSUM
PAR  The invention relates to an air operated and controlled brake system of the
      type used in trucks. It is a feature of the invention that normal brake
      application and release when no wheel lock is eminent occurs in accordance
      with a pilot pressure acting upon a relay valve to control a supply
      pressure for operating the wheel brakes, while the rate at which the
      operating pressure can be provided during wheel lock control operation is
      set at a lesser rate through a restrictor mechanism controlled by the
      pilot pressure through a restriction and by release of the pilot pressure
      in the relay valve upon release of brake operating pressure due to
      activation of a wheel lock control system. When the system is operating
      normally, the vehicle operator applies and releases the brake by
      controlling a brake application valve which generates pilot pressures from
      the supply pressure. The pilot pressures in turn control the action of a
      relay valve, which admits the necessary amount of operating pressure to
      the vehicle brake actuating chambers to actuate the brakes, and releases
      the operating pressure from the brake actuating chambers when the brakes
      are to be released.
PAR  The invention is embodied in a mechanism which selectively controls the
      application of pilot and supply pressures to the relay valve independently
      of the vehicle operator's demand for brake operating pressure so long as
      the operator holds the brake application valve in a position tending to
      actuate the brake system. A solenoid operated, normally open wheel lock
      control valve is inserted in the pilot pressure line between the brake
      application valve and the relay valve and acts upon receipt of a wheel
      lock control signal from a logic control to close off pilot pressure to
      the relay valve and to vent to atmosphere that portion of the relay valve
      normally receiving pilot pressure, causing the brakes to be released. When
      the logic control signals that incipient wheel lock no longer exists, the
      valve is opened to readmit pilot pressure to the relay valve in a
      controlled manner. The system will continue to cycle in this manner until
      there is no longer a requirement for wheel lock control activation. A
      supply pressure restrictor is actuated by pilot pressure. The restrictor
      includes an actuating piston having one side exposed to pilot pressure
      from the brake application valve through a restriction so that the
      build-up of pilot pressure acting on the actuating piston takes place at a
      slower rate than would occur if no restriction were provided. The other
      side of the actuating piston has a lesser effective area than the first
      noted side and is connected in a less restrictive manner to receive the
      same pilot pressure, if any, that is provided to the relay valve.
      Therefore in normal brake operation the pilot pressure on the smaller
      piston area will build up at a faster rate than the pilot pressure on the
      larger piston area. This, in combination with the application of supply
      pressure to a plunger connected to the actuating piston will hold the
      actuating piston in the inactive position so that no restriction occurs to
      the supply pressure furnished the relay valve during normal operation.
      When the wheel lock control valve has been actuated, the pilot pressure
      furnished to the actuating piston through the restrictor continues to
      exert a force on the actuating piston, while the pilot pressure acting on
      the other side of the actuating piston is vented to atmosphere. This
      causes activation of the actuating piston, moving the plunger so that a
      supply pressure thereafter furnished the relay valve can increase only at
      a predetermined lesser rate than before. This condition is maintained
      until the brake application valve is released and the entire pilot
      pressure conduit, including the section with the restrictor in it leading
      to the actuating piston, is reduced to atmospheric pressure. Pressures
      acting on the piston and plunger will move the actuating piston back to
      the inactive position.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a simplified schematic representation of a truck air brake system
      having portions of the system broken away and in section.
PAR  FIG. 2 is a cross section view of a portion of a supply restrictor
      mechanism illustrated schematically in FIG. 1, with parts broken away.
PAR  FIG. 3 is a cross section view of a valve assembly including the relay
      valve, the wheel lock control valve, and the supply pressure restrictor
      mechanism, with parts broken away and in section.
PAR  FIG. 4 is a cross section view of the valve assembly of FIG. 3 with arrows
      3--3 showing where the section view of FIG. 3 is taken.
DETD
PAR  The schematic illustration of FIG. 1 shows portions of a truck air brake
      system with emphasis on the invention. The brake system includes a brake
      pedal 10 connected to operate a brake application valve 12. Air pressure
      is supplied for the system by a compressor 14 connected through conduit
      16, wet tank 18 and conduit 20 to the supply tank 22. Conduit 24 connects
      the supply tank with the brake application valve 12.
PAR  Portions of the system which are illustrated in mechanical detail in FIGS.
      3 and 4 as an assembly 26 are outlined by a dot-dash line in FIG. 1. The
      truck brake system has a pilot pressure line 28 connecting the brake
      application valve 12 to the assembly 26. Line 28 continues as various
      passages in assembly 26 and is schematically illustrated in FIG. 1 as a
      conduit leading to the normally open valve 30. The connection between
      valve 30 and the relay valve 32 is illustrated in FIG. 1 as a conduit 34.
      The supply pressure restrictor mechanism 36 is illustrated in FIG. 1 as
      being connected by a branch 38 to line 28. Branch 38 leads to a chamber 40
      in housing 42 through a fixed restriction 44. FIG. 1 also illustrates a
      conduit 46 leading from the relay valve 32 to chamber 48 of housing 42. A
      conduit 50 connects with the inlet 52 of the supply pressure restrictor
      mechanism 36 and a conduit 54 connects the outlet 56 of mechanism 36 with
      the relay valve 32.
PAR  The normally open valve 30 has a pilot pressure inlet 58, a pilot pressure
      outlet 60, and an atmospheric vent 62. A valve operating solenoid 64 is
      normally deenergized so that valve 30 provides a connection between inlet
      58 and outlet 60 while closing vent 62. When the solenoid 64 is energized,
      valve 30 is actuated to close inlet 58 and connect outlet 60 with vent 62.
PAR  The relay valve 32 has a pilot pressure inlet 66 to which conduit 34 is
      connected, a pilot pressure outlet 68 to which conduit 46 is connected,
      and a supply pressure inlet 70 to which conduit 54 is connected. The valve
      is illustrated as having delivery outlets 72 and 74 which are respectively
      connected to conduits 76 and 78. These conduits are in turn respectively
      connected to brake actuating chambers 80 and 82, which respectively
      actuate wheel brakes 84 and 86.
PAR  The system of FIG. 1 is also schematically illustrated as having an
      electronic control 88 which is part of a wheel lock control system. As is
      well known in the art, suitable sensors (not shown) are provided to sense
      wheel deceleration and acceleration, and the electronic control acts as a
      logic control to generate signals which selectively energize and
      deenergize solenoid 64 in accordance with the braking requirements of the
      wheel lock control logic.
PAR  The supply pressure restrictor mechanism 36 is schematically illustrated as
      being contained in housing 42 with two parallel passages 90 and 92
      connecting the inlet 52 and the outlet 56. In normal brake operating
      conditions wherein the wheel lock control system is not active the full
      supply pressure provided at inlet 52 passes through passages 90 and 92 to
      outlet 56 with substantially no restriction. It will be recognized however
      that if passage 90, for example, is closed, there will be a restriction to
      the transmission of supply pressure so that a build-up in brake operating
      pressure in brake actuating chambers 80 and 82 under control of the relay
      valve 32 can occur only at a slower rate than if there were no such
      restriction. The restrictor mechanism accomplishes this upon actuation of
      the wheel lock control system. The restrictor mechanism includes a piston
      94 reciprocably mounted in housing 42 so that chamber 40 is on one side
      thereof and chamber 48 is on the other side. A plunger 96 extends through
      chamber 48 and a bore 98 in housing 42, with the end 100 of the plunger
      being exposed to supply pressure in passage 90. The plunger is so
      positioned that when it moves downwardly as seen in FIG. 1 it will
      substantially close off passage 90. The effective area of piston 94
      exposed to chamber 40 is greater than the effective area of the piston
      exposed to chamber 48 due to the area of plunger 96 which is not exposed
      to chamber 48. As will be further described below, the generation of pilot
      pressure in line 28 will cause a build-up of pressure in chamber 40
      through restriction 44. However, in normal brake operation pilot pressure
      also passes substantially without restriction into chamber 48 through
      valve 30, conduit 34, relay valve 32, and conduit 46. Therefore pressure
      builds up at a faster rate during brake application in chamber 48 than in
      chamber 40, and this pressure together with supply pressure acting on the
      plunger end 100, keeps the piston and plunger in the inactive position
      shown in FIG. 1. When the wheel lock control actuates valve 30, pilot
      pressure continues to be exerted in chamber 40, urging piston 94
      downwardly. However chamber 48 is vented to atmosphere because valve 30
      vents conduit 34 to atmosphere through vent 62. The pressure in chamber 40
      acting over a larger effective area of piston 94 overcomes the force
      exerted by the supply pressure acting on plunger end 100, moving the
      piston and plunger downwardly to substantially close passage 90. The
      piston and plunger are held in this position until pressure is released in
      chamber 40 by release of the brake application valve 12 so that pilot
      pressure in line 28 is vented to atmosphere. In this condition pressures
      acting on piston 94 and plunger end 100 will move the piston 94 and
      plunger 96 upwardly to again open passage 90 as explained below in greater
      detail.
PAR  The assembly 26 shown in FIGS. 3 and 4 includes the normally open wheel
      lock control valve 30, the relay valve 32, the restrictor mechanism 36,
      and various passages and conduits connecting them. The relay valve is
      shown in FIG. 3, together with some connections to other portions of the
      assembly. The normally open solenoid operated valve and the restrictor
      mechanism are shown in FIG. 4. The housing 102 has the supply inlet 52
      therein, to which conduit 50 is connected leading to parallel passages 90
      and 92. Passage 90 is intersected by bore 98. Passages 90 and 92 connect
      with outlet 56, which is in turn connected with inlet 70 of the relay
      valve through passage 54. Passage 54 is schematically illustrated in FIG.
      1 as a conduit. The relay valve includes a cylinder 104 having a piston
      106 reciprocably mounted therein with a seal 108 on the outer periphery of
      the piston and dividing cylinder 104 into chambers 110 and 112. A spring
      114, located in chamber 110, urges piston 106 in a direction tending to
      increase the volume of chamber 110 while decreasing the volume of chamber
      112. A centrally disposed annular wall 116, formed as a part of piston
      106, opens radially within and inwardly spaced from an annular valve seat
      118 located on a part of the housing wall defining chamber 110. Another
      valve seat 120 is located on the end of wall 116. A passage 122 maintains
      continuous fluid connection between chamber 110 and a delivery port 72.
      Delivery port 74 is also similarly connected with chamber 110, but is not
      seen in the cross section views. A stepped bore 124 is positioned
      coaxially with annular seat 118 and is larger in diameter than the seat.
      An exhaust valve body 126 is retained in position in the open end of bore
      124 by snap ring 128 and has a seal 130 adjacent its outer periphery to
      provide a seal between the exhaust valve body 126 and bore 124. A
      cylindrical wall section 132 of exhaust valve body 126 extends toward seat
      118 and has a bore 134 receiving an annular modulation tube 136 in
      reciprocal and sealing relation. A radially extending flange 138 on one
      end of tube 136 provides a mount for a seal-like valve 140. This valve is
      axially aligned so as to be engageable in sealing relation with valve
      seats 118 and 120. When piston 106 is in the position illustrated, in
      which the brakes are released, seat 120 is axially spaced from valve 140
      and the valve is in sealing engagement with seat 118. The inner portion of
      tube 136 is connected to atmosphere through restrictive atmospheric vents
      141. These vents are covered by a dust seal 142 which provides
      substantially no restriction to air flow outwardly through vents 62. A
      spring 144 fits about cylindrical wall section 132 with one end acting on
      the exhaust valve body and the other end acting on the modulation tube
      flange 138 so that valve 140 is continually urged toward valve seats 118
      and 120. Chamber 112 is connected with the relay inlet port 66 and outlet
      port 68 so that pilot pressure delivered to the relay valve through
      conduit 34 is received in chamber 112.
PAR  The solenoid assembly 64 and the normally open valve 30 are best
      illustrated in FIG. 4. They are positioned in a stepped bore 146. The
      inner end of the bore provides the inlet 66 which receives pilot pressure
      from the valve through the passage 34. This passage is schematically
      illustrated as a conduit in FIG. 1. The valve 30 is formed as a cartridge
      assembly and includes a retainer or housing 148 fitted in the portion of
      bore 146 adjacent inlet 66. The retainer 148 is generally annular and has
      three spaced lands 150, 152, 154 on its outer periphery. The groove
      between lands 150 and 152 forms a chamber 156, and the groove between
      lands 152 and 154 forms another chamber 158. Chamber 156 is connected with
      the atmospheric vent 62, illustrated in FIG. 4 as a port. Vent 62 opens
      through an air filter as better seen in FIG. 3. Chamber 158 is connected
      with the valve inlet port 58, which in turn is connected with the pilot
      pressure line 28 as schematically illustrated in FIG. 1. The pilot
      pressure line branch 38 is formed in part by a cored chamber and in part
      by an internal passage which leads to chamber 40. The fixed restriction 44
      is provided in branch 38. Chamber 158 is connected through a flow passage
      160 formed in retainer 148 to a chamber 162. This chamber is an enlarged
      portion of a bore 164 in which a spool valve 166 is reciprocably mounted.
      The valve is provided with a large center land 168, a somewhat smaller
      land 170 extending into the closed end of bore 164 so that chamber 162 is
      between lands 168 and 170, and another smaller end land 172 which is
      reciprocably received in a bore 174 formed in a valve retainer 176. This
      retainer is annular and is threaded into an enlarged portion of bore 164
      so that its bore 174 is axially aligned with the portion of bore 164
      receiving land 170. A valve seat 178 is formed by a portion of the wall of
      bore 164 adjacent chamber 162 and engageable with the beveled side 180 of
      land 168. The other beveled side 182 of land 168 is similarly engageable
      with another valve seat 184 formed at the end of retainer bore 174. Valve
      166 is axially recessed near land 170 to receive compression spring 186 so
      that the spring continually urges land beveled side 182 toward seat 184.
      This is the release or open position illustrated in FIG. 4. It can be seen
      that inlet port 58 is connected with outlet 60 through flow passage 160,
      chamber 162, and the open valve section 178 and 180. Similarly, the
      atmospheric vent 62, connected through chamber 156 and a flow passage 188
      to a chamber 190 in bore 174 and between lands 168 and 172, is closed off
      relative to inlet port 58 and outlet 60 by the seating of land side 182 on
      seat 184. The end of valve 166 in bore 174 has a face 192 positioned
      adjacent the solenoid pole piece 194 of the solenoid assembly 64. The
      solenoid assembly has an armature 196 reciprocably mounted in the bore 198
      of the coil assembly 200. Armature 196 has a groove 202 extending
      circumferentially about a portion so that an inwardly turned end 204 of a
      clip 206 mounted in bore 198 limits the amount of axial movement of the
      armature. The clip extends axially so that another inwardly turned clip
      end 208 fits within a similar groove 210 formed in pole piece 194 to
      similarly limit axial movement of the pole piece. A bore extends through
      pole piece 194 and armature extension 212 passes therethrough, with the
      end thereof engaging face 192 of valve 166. Groove 214, formed about the
      end of pole piece 194 adjacent the valve retainer 176, receives one end of
      a spring 216 so that the spring urges pole piece 194 into abutting end
      engagement with retainer 176. The solenoid assembly has a retainer 218
      secured in the open end of bore 146 to hold the assembly in place. The
      electrical wires 220 are connected to the coil assembly 200 through an
      aperture provided in retainer 218. These wires connect the solenoid coil
      assembly to the electronic control 88, as schematically illustrated in
      FIG. 1.
PAR  The supply pressure restrictor mechanism 36 is also illustrated in FIG. 4.
      A retainer 222, secured in the open end of bore 224 in which piston 94 is
      reciprocably mounted, closes one end of chamber 40. Suitable seals 226 and
      228 are provided to seal retainer 222 and piston 94 relative to the wall
      of bore 224. The bottom of bore 224 has an annular seat 230 formed thereon
      and engageable with the piston face seal 232. Port 46 so opens into
      chamber 48 that when seal 232 engages seat 230, the port remains in
      communication with chamber 48. The plunger 96 has a seal 234 on it so that
      it is sealed relative to bore 98.
PAR  The assembly 26 is shown in FIGS. 3 and 4 in the brake released position,
      with the brake application valve released and generating no pilot
      pressure, and normal supply pressure available. When the vehicle operator
      actuates the brake pedal 10 to cause the brake application valve 12 to
      generate pilot pressure in line 28, the pressure is transmitted in a
      substantially unrestricted manner through inlet 58, flow passage 160, past
      valve elements 178 and 180, through outlet 60 and passage 34, to inlet 66
      of the relay valve. This inlet is connected to chamber 112 so that the
      pilot pressure acts on piston 106 in opposition to spring 114. Atmospheric
      pressure exists in chamber 110 since valve 140 and valve seat 118 are
      closed, preventing supply pressure from inlet 52, passages 90 and 92,
      passages 54 and 56, and relay valve inlet 70, from being transmitted
      further. The pilot pressure acting in chamber 112 moves piston 106
      leftwardly, causing seat 120 to engage valve 140 and therefore close off
      chamber 110 from atmosphere. This is a poised position of the relay valve
      wherein valve 140 is seated on both seats 118 and 120. Further movement of
      piston 106 causes the modulation tube 136 to move leftwardly as seen in
      FIG. 3 against the force of spring 144, lifting valve 140 from seat 118
      and controllably admitting supply pressure from inlet 70 into chamber 110
      and then out through delivery ports 72 and 74 to the brake actuating
      chambers 80 and 82. Thus the brakes are actuated by an operating pressure
      generated from the supply pressure in an amount controlled by the amount
      of pilot pressure exerted on piston 112 and at an apply rate of increase
      permitted by the supply pressure and the operation of valve 140 relative
      to valve seat 118. The valve will return to its poised position when the
      operating pressure acting on piston 106 balances the pilot pressure acting
      thereon. It is noted that the pilot pressure acts over a greater area than
      the operating pressure and spring 114 is a light spring. Therefore the
      pilot pressure is somewhat less than the operating pressure when the
      poised position is attained. When the operator decides to release the
      brakes, the brake application valve reduces the pilot pressure to
      atmospheric pressure, and the operating pressure in chamber 110 moves
      piston 106 rightwardly, with modulation tube 136 following it until valve
      140 seats against seat 118. Further rightward movement of piston 106 opens
      seat 120 relative to valve 140, connecting chamber 110 with atmosphere
      through controlled exhaust vents 141. The brake actuating chambers
      therefore vent their operating pressures to atmosphere at a rate
      controlled by the amount of restriction caused by vents 141.
PAR  When the brakes are initially applied as above noted, pilot pressure is
      also transmitted through branch 38 and restriction 44 to chamber 40 of the
      restrictor mechanism. However, chamber 48 is relatively unrestrictedly
      connected by port or passage 46 to inlet 66 so that the pilot pressure
      builds up more quickly in chamber 48 than in chamber 40. Also, supply
      pressure acts on the end 100 of plunger 96 to further urge piston 94 to
      stay in the inactive position shown in FIG. 4.
PAR  When the wheel lock control system senses an incipient wheel lock
      condition, the logic control causes the coil assembly 200 of the solenoid
      assembly 64 to be energized. This causes armature 196 to move rightwardly,
      moving valve 166 by means of armature extension 212 rightwardly against
      the force of spring 186 to open the valve formed by land side 182 and seat
      184, and close the valve formed by seat 178 and land side 180. This closes
      communication between inlet 58 and outlet 60 of the normally open valve,
      and connects the outlet 60 with the atmospheric vent 62. Therefore chamber
      112 of the relay valve is vented to atmosphere and the relay valve
      immediately operates to vent the brake actuating chambers 80 and 82 to
      atmosphere through vents 141. This allows the wheels to begin accelerating
      rather than decelerating, removing the eminent wheel lock condition. The
      venting of relay valve inlet 66 to atmosphere also vents chamber 48 to
      atmosphere through port 46, which is connected to inlet 66. This removes
      some of the pressure supporting piston 94 in the inactive position and the
      remaining pressure acting only on plunger end 100 is insufficient to keep
      the pilot pressure in chamber 40 from moving piston 94. The piston and
      plunger 96 therefore move rightwardly as seen in FIG. 4 so that the
      portion of the plunger between seal 234 and plunger end 100 closes off
      passage 90. Later reactivation of the brake by release of the wheel lock
      control operation, with the brake application valve having been maintained
      in its brake applying position so that pilot pressure is maintained in
      chamber 40, will not move piston 94 back to the inactive position since
      the pilot pressure now acts on an even smaller effective area of piston 94
      as defined by seat 230 in its engaged position with seal 232, and there is
      insufficient force to move the piston in the leftward direction. When the
      vehicle operator releases the brake application valve so that no pilot
      pressure is generated and the pilot pressure in line 28 returns to
      atmospheric pressure, the pressure in chambers 40 and 48 return to
      atmosphere. The supply pressure at inlet 52 acts on the plunger end 100,
      either by slowly leaking past the plunger into the bottom of bore 98, or
      by a small relief passage 236. This pressure will act to move piston 94
      and plunger 96 to the inactive position.
PAR  So long as the brake application valve is generating pilot pressure the
      wheel lock control system will cycle the brakes in accordance with signals
      generated by the logic control until wheel lock is no longer incipient.
      This condition may be reached by virtue of the truck having stopped, the
      tire-to-road surface adhesion having increased, the operator having
      partially released the brakes, or a combination of these circumstances.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an air brake system for an automotive vehicle, said system having
PA1  a source of supply air pressure;
PA1  a brake application valve receiving air pressure from said source and
      operable to generate pilot brake apply pressures from the supply air
      pressure;
PA1  a normally open solenoid closed valve having an inlet and an outlet
      normally in communication with each other, and an atmospheric vent adapted
      to be connected with said outlet with said inlet closed when the solenoid
      is energized to close said valve, said inlet receiving pilot brake apply
      pressure from said brake application valve;
PA1  wheel lock control means for energizing the solenoid while incipient wheel
      lock is present at a wheel being braked;
PA1  a relay valve connected with said normally open valve outlet for receiving
      the pilot brake apply pressures passing through said normally open valve
      and generating corresponding brake apply pressures from the supply air
      pressure, said relay valve having a supply air inlet connected with said
      source and a delivery outlet connected with a wheel brake actuator;
PA1  and a supply air restrictor for selectively restricting air flow from said
      source of supply air pressure to said relay valve supply air inlet;
PA1  the improvement comprising:
PA1  a continuously open restrictive flow conduit receiving pilot brake apply
      pressures from said brake application valve and a relatively less
      restrictive flow conduit connected fluidly intermediate said normally open
      valve outlet and said relay valve;
PA1  said supply air restrictor including a power wall and plunger having one
      power wall side connected to said restrictive flow conduit and the other,
      lesser effective area, power wall side connected to said relatively less
      restrictive flow conduit and a plunger end exposed to supply air pressure;
PA1  whereby when said normally open valve is open and the brake system is
      actuated to apply the brake, pressure builds up at a slower rate on said
      power wall one side than on said power wall other side to hold said
      restrictor inactive, and when said normally open valve is closed to
      connect said normally open valve outlet to atmosphere and so vent said
      power wall other side to atmosphere, said restrictor is activated and
      thereafter held activated until pressure on said power wall one side is
      vented to atmosphere by release of the brake application valve.
NUM  2.
PAR  2. In an air brake system for an automotive vehicle, said system having
PA1  a source of supply air pressure;
PA1  a brake application valve receiving air pressure from said source and
      operable to generate pilot brake apply pressure from the supply air
      pressure;
PA1  a normally open solenoid closed valve having an inlet and an outlet
      normally in communication with each other, and an atmospheric vent adapted
      to be connected with said outlet with said inlet closed when the solenoid
      is energized to close said valve, said inlet receiving pilot brake apply
      pressures from said brake application valve;
PA1  wheel lock control means for energizing the solenoid while incipient wheel
      lock is present at a wheel being braked;
PA1  a relay valve connected with said normally open valve outlet for receiving
      the pilot brake apply pressure passing through said normally open valve
      and generating corresponding brake apply pressures from the supply air
      pressure, said relay valve having a supply air inlet connected with said
      source, a delivery outlet connected with a wheel brake actuator, and an
      exhaust outlet selectively connected in fluid communication with said
      delivery outlet to release brake actuating pressure from the wheel brake
      actuator;
PA1  and a supply air restrictor for selectively restricting air flow from said
      source of supply air pressure to said relay valve supply air inlet;
PA1  the improvement comprising:
PA1  a continuously open restrictive flow conduit receiving pilot brake apply
      pressure from said brake application valve and a relatively less
      restrictive flow conduit connected fluidly intermediate said normally open
      valve outlet and said relay valve;
PA1  said supply air restrictor including a power wall and plunger having one
      power wall side connected to said restrictive flow conduit with a
      predetermined effective area exposed to air pressure delivered thereto
      through said restrictive flow conduit and the other power wall side having
      a lesser predetermined effective area with said other power wall side
      connected to said relatively less restrictive flow conduit and a plunger
      end exposed to supply air pressure;
PA1  whereby when said normally open valve is open and the brake system is
      actuated to apply the brake, pressure builds up at a slower rate on said
      power wall one side than on said power wall other side to hold said
      restrictor inactive, and, when said normally open valve is closed to
      connect said normally open valve outlet to atmosphere and so vent said
      power wall other side to atmosphere, said restrictor is activated and
      thereafter held activated until pressure on said power wall one side is
      vented to atmosphere by release of the brake application valve, said relay
      valve exhaust outlet acting as a flow restriction to release of brake
      actuating pressure from the wheel brake actuator, when said relay valve
      delivery outlet is disconnected from said relay valve supply air inlet and
      connected with said relay valve exhaust outlet, to establish a
      predetermined maximum brake release rate.
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ABST
PAL  Brake control system for vehicles which comprises at least one brake
      pressure control valve for providing a brake pressure corresponding to
      brake actuating force applied to a brake actuating pedal or the like. The
      valve is characterized by the fact that means is incorporated therein for
      controlling the brake pressure in accordance with electrical signal
      representing actual deceleration rate of associated wheel. The brake
      control system is further characterized by the fact that the brake
      mechanisms for the front wheels can be operated by a hydraulic system
      which is independent of that for the brake mechanisms for the rear wheels.
BSUM
PAR  The present invention relates to brake means for motor vehicles and more
      particularly to brake means of such a type in which brake hydraulic
      pressure can be controlled in response to an actuating force applied to
      brake actuating means. More specifically, the present invention relates to
      brake pressure control means by which brake hydraulic pressure can be
      controlled in response to a further signal as well as in response to an
      actuating force applied to brake actuating means.
PAR  Conventional brake pressure control means utilized for the purpose
      comprises independent portions, one for establishing brake hydraulic
      pressure which varies in response to the actuating force applied to the
      brake actuating means, and the other for controlling the brake hydraulic
      pressure in response to an electrical signal. Such an electrical signal
      may be the one generated by wheel skid detecting means employed in an
      anti-skid brake system.
PAR  The present invention has an object to provide brake pressure control means
      which is simple in construction and in which the aforementioned two
      portions are incorporated in one unit.
PAR  Another object of the present invention is to provide vehicle brake means
      in which brakes for left front wheel, right front wheel and rear wheels
      can be independently controlled.
PAR  According to the present invention, the above and other objects can be
      accomplished by a brake pressure control valve comprising a valve housing
      which has an axial bore provided with an inlet port adapted to be
      connected with a hydraulic pressure source, an outlet port adapted to be
      connected with a brake actuating device and a return port adapted to be
      connected with a fluid reservoir, a valve spool slidably disposed in the
      axial bore of the valve housing, said valve spool having first land means
      defining within said valve housing a first control chamber at one side of
      the land means and a second control chamber at the other side, means
      provided in said spool for connecting the inlet port with the outlet port
      when the spool is slidably displaced toward a first direction in said
      axial bore of the housing, means provided in said spool for connecting the
      outlet port with the return port when the spool is slidably displaced
      toward a second direction in said axial bore of the housing, said outlet
      port being so disposed that pressure therein serves to bias the spool
      toward said second direction, said first and second control chamber being
      so disposed that pressure in the first chamber serves to bias the spool
      toward said second direction while the pressure in the second chamber
      serves to bias the spool toward said first direction, said first and
      second control chambers being connected respectively through a first and a
      second restricted passages with the hydraulic pressure source and the
      reservoir so that restricted passages are established from the hydraulic
      pressure source through the first and second control chambers to the
      reservoir, at least one of said first and second passages being provided
      with a nozzle controlled by solenoid valve means. In a preferable
      arrangement, the first and second passages are provided with first and
      second nozzles, respectively, which are controlled by first and second
      solenoid valve means. The first and second solenoid valve means are
      controlled by electrical signals representing rate of deceleration of
      associated wheel so that, when the deceleration rate is below a
      predetermined value, the first solenoid valve means is opened to increase
      the pressure in the first control chamber and, when the deceleration rate
      is higher than the predetermined value, the second solenoid valve means is
      opened to increase the pressure in the second control chamber.
PAR  According to further aspect of the present invention, three brake pressure
      control valves of the aforementioned type are provided, two of them being
      for two front wheels and the remaining one for rear wheels.
DRWD
PAR  The above and other objects and features of the present invention will
      become apparent from the following descriptions of preferred embodiments
      taking reference to the accompanying drawings, in which;
PAR  FIG. 1 is a schematic diagram of the brake control system embodying the
      features of the present invention, in which brake control valves are shown
      by sectional views;
PAR  FIG. 2 is a block diagram of electrical control circuit employed in the
      brake control system shown in FIG. 1;
PAR  FIG. 3 is a diagram showing output characteristics of the brake control
      system; and
PAR  FIG. 4 is a view similar to FIG. 1 but showing another embodiment of the
      present invention.
DETD
PAR  Referring now to the drawings, particularly to FIG. 1, there is shown a
      vehicle brake control system which includes three substantially identical
      brake control valves 13, 113 and 213. The first brake control valve 13
      comprises a valve housing 15 having an axial bore in which a valve spool
      14 is axially slidably received. The valve spool 14 has a left end
      extending leftwardly beyond the valve housing and a right end terminating
      in the axial bore of the valve housing to define an output chamber 16 at
      the right hand end of the bore. The axial bore of the valve housing 15 is
      enlarged at the left hand portion thereof and the valve spool 14 has a
      land 14a disposed in the enlarged portion of the bore to define a first
      control chamber 17 at right side thereof and a second control chamber 18
      at left side thereof.
PAR  The valve housing 15 is formed with an inlet port 15a opening to the axial
      bore of the housing and connected through a check valve 29 with a
      hydraulic pump 28 which draws hydraulic fluid from a fluid reservoir 25
      and supplied pressurized hydraulic fluid to the port 15a through a
      pressure line P. The pressure line P is provided with a pressure
      accumulator 24 as well known in the art. The valve housing 15 is also
      provided at the axial bore thereof with a return port 15c axially spaced
      apart from the inlet port 15a, and an annular groove 15b is disposed
      between the ports 15a and 15c. The return port 15c is connected through a
      return line R with the reservoir 25. The valve spool 14 is formed with two
      axially spaced apart annular grooves 14b and 14c and a land 14d between
      the annular grooves 14b and 14c. The grooves 14b and 14c are respectively
      in communication with the inlet and the return ports 15a and 15c. The
      valve spool 14 is further provided with a flow passage 14e which opens on
      one hand to the outlet chamber 16 and on the other hand to the periphery
      of the land 14d so as to communicate with the annular groove 15b. Thus, it
      will be seen that, when the spool 14 is in a normal position, the outlet
      chamber 16 is connected through the passage 14e and the annular grooves
      15b, and 14c with the return port 15c but, when the spool 14 is displaced
      toward right, the outlet chamber 16 is connected with the inlet port 15a.
PAR  The first and second control chambers 17 and 18 are connected with the
      pressure supply line P through passages 15f and 15h respectively provided
      with restrictions 15e and 15g. The first and second control chambers 17
      and 18 are also opened to the return line through flow restriction nozzles
      19 and 20, respectively, which are respectively controlled by solenoid
      valve means 22 and 23. The solenoid valve means 22 comprises a valve
      member 22a made of a leaf spring member and co-operating with the nozzle
      19. A plunger 22b constituting a solenoid core is secured to the valve
      member 22a and solenoid coil 22c is disposed around the core 22b. Thus,
      when the solenoid is energized by supplying electric current through the
      solenoid coil 22c, the plunger 22b is retracted upwardly to open the
      nozzle 19. The opening of the nozzle can be determined by the amount of
      current supplied to the coil 22c. The solenoid valve means 23 is
      constructed the same as the solenoid valve means 22 and comprises a valve
      member 23a, a plunger 23b and a solenoid coil 23c. The valve spool 14 is
      biased toward left by a coil spring 21.
PAR  The second brake control valve 113 has the same construction as the first
      brake control valve 13 so that corresponding parts are shown by the same
      reference numerals with addition of hundred. Thus, it will not be
      necessary to make further detailed descriptions on the second brake
      control valve 113. The third brake control valve 213 is also substantially
      identical in construction to the first brake control valve 13 and
      corresponding parts are shown by the same reference numerals as in the
      first brake control valve 13 with addition of two hundred. The outlet port
      215a of the third brake control valve 213 is connected in this embodiment
      with a hydraulic pump 34 through a pressure line P' including a check
      valve 35 and a pressure accumulator 30. The pump 34 is driven by an
      electric motor 36 and draws hydraulic fluid from a reservoir 31. The
      return port 215c of the third brake control valve 213 is connected through
      a return line R' with the reservoir 31.
PAR  In the illustrated embodiment, the outlet chambers 16 and 116 in the valve
      housings 15 and 115 of the first and second brake control valves 13 and
      113 are connected through outlet ports 15d and 115d respectively formed in
      the valve housings 15 and 115 with brake actuating cylinders 26a  and 27a
      of brake mechanisms 26 and 27 which are respectively associated with a
      front left and a front right wheels of a vehicle on which the brake system
      is applied.
PAR  Similarly, the valve housing 215 of the third brake control valve 213 has
      an outlet port 215d which is communicating with the outlet chamber 216 and
      connected with brake actuating cylinders 32a and 33a of brake mechanisms
      32 and 33 which are associated with rear wheels of the vehicle.
PAR  The left ends of the valve spools 14, 114 and 214 of the brake control
      valves 13, 113 and 213 extend outwardly beyond the associated valve
      housings 15, 115 and 215 and is in abutting engagement with a force
      divider plate 12. In a preferable arrangement, the valve spools 14, 114
      and 214 engage the plate 12 at positions corresponding to apices of a
      regular triangle, and the plate 12 is provided with a recess 12a at the
      center of the triangle. A brake actuating rod 11 engaging at one end with
      a foot pedal 10 or other brake actuating member engages at the other end
      with the recess 12a in the plate. Thus, when the brake pedal 10 is
      actuated, the actuating force is transmitted through the rod 11 to the
      plate 12 and equally transmitted therefrom to the valve spools 14, 114 and
      214 to displace them toward right by amounts corresponding to the force
      applied to the brake pedal 10. Thus, the pressure line P is connected
      through the inlet ports 15a and 15a, the annular grooves 14b and 114b; 15b
      and 115 b and the passages 14e and 114e with the outlet chambers 16 and
      116 in the first and second brake control valves 13 and 113 to actuate the
      brake actuating cylinders 26a and 27a of the front brake mechanisms 26 and
      27. At the same time, the pressure line P' is connected through the inlet
      port 215a, the annular grooves 214b and 215b and the passage 214e with the
      outlet chamber 216 in the third brake control valve 213 to actuate the
      brake actuating cylinders 32a and 33a of the rear brake mechanisms 32 and
      33.
PAR  The pressure prevailing in the outlet chambers 16, 116 and 216 applies
      reaction forces to the valve spools 14, 114 and 214 and the reaction
      forces are sensed by an operator depressing the brake pedal 10.
PAR  Hydraulic fluid flows are established from the pressure line P through the
      passages 15f and 15h having the restrictions 15e and 15g, the first and
      second control chambers 17 and 18 and the solenoid valve controlled
      nozzles 19 and 20 into the return line R. Thus, there is produced
      hydraulic pressure in each of the chambers 17 and 18 in accordance with
      the opening of the associated solenoid valve means 22 or 23. Similarly,
      hydraulic pressure is also produced in each of the control chambers 117,
      118, 217 and 218 in the second and third brake control valves 113 and 213
      in accordance with the opening of the associated solenoid valve.
PAR  Referring now to FIG. 2, there is shown an electrical control circuit for
      controlling the solenoid valve means for each of the brake control valves.
      The circuit includes a brake applying force sensor 1 for detecting the
      force applied to the brake pedal 10. The sensor 1 may be of such a type
      that detects the brake applying force by means of a strain gauge for
      measuring the strain of the brake pedal 10, the rod 11 or the plate 12.
      The output signal of the sensor 1 is transmitted to a transducer circuit 2
      where the signal is converted into an electric signal having a voltage
      corresponding to the force applied to the brake pedal 10. The transducer
      circuit 2 is connected with a first potentiometer 3a and a second
      potentiometer 3b which are respectively connected with adding circuits 4a
      and 4b. The first adding circuit 4a is supplied with a negative signal and
      the second adding circuit 4b with a positive signal.
PAR  The control circuit further includes a wheel speed sensor 5 which produces
      a sine waved output signal having a frequency corresponding to the
      rotating speed of the wheel. In the arrangement shown in FIG. 1, the front
      wheels and a propeller shaft or a power transmission for driving the rear
      wheels may be provided with such wheel speed sensors 5. The output of the
      wheel speed sensor 5 is transmitted to a digital-analogue converting
      circuit 6 which is connected through a differential circuit 7 with the
      first and second adding circuits 4a and 4b. The digital-analogue
      converting circuit 6 produces an electrical signal having a voltage
      corresponding to the rotating speed of the wheel. This output signal of
      the converting circuit 6 is received by the differential circuit 7 which
      produces a signal having a voltage corresponding to the rate of
      deceleration or acceleration of the wheel. When the wheel speed is
      decreasing, the circuit 7 produces a positive signal but, when the wheel
      speed is increasing it produces a negative signal. During deceleration of
      the associated wheel, the first adding circuit 4a is supplied from the
      differential circuit 7 with a positive signal and the second adding
      circuit 4b with a negative signal.
PAR  Thus, the first adding circuit 4a is connected through a diode D1 with a
      first current supply circuit which supplies electric current to a solenoid
      coil L1 in accordance with the input voltage from the first adding circuit
      4a. Similarly, the second adding circuit 4b is connected through a diode
      D2 with a second current supply circuit 8b which supplies electric current
      to a solenoid coil L2 in accordance with the input voltage from the second
      adding circuit 4b. The solenoid coils L1 and L2 are grounded through a
      brake switch 9 which may be closed when the brake pedal 10 is depressed.
PAR  The first adding circuit 4a receives a negative signal from the first
      potentiometer 3a and a positive signal from the differential circuit 7 and
      produces a differential signal. When the circuit 4a produces a positive
      output, it is transmitted through the diode D1 into the first current
      supply circuit 8a. Thus, electric current is supplied from the circuit 8a
      to the solenoid coil L1 in accordance with the level of the signal from
      the first adding circuit 4a. The solenoid coil L1 corresponds to either of
      the coils 23c, 123c and 223c in the brake control valves 13, 113 and 213
      shown in FIG. 1.
PAR  Similarly, the second adding circuit 4b receives a positive signal from the
      second potentiometer 3a and a negative signal from the differential
      circuit 7 and produces a differential signal. When the circuit 4b produces
      a positive output, it is transmitted through the diode D2 into the second
      current supply circuit 8b whereby electric current is supplied from the
      circuit 8b to the solenoid coil L2 in accordance with the level of the
      signal from the second adding circuit 4b. The solenoid coil L2 corresponds
      to either of the coils 22c, 122c and 222c of the brake control valves 13,
      113 and 213 shown in FIG. 1.
PAR  FIG. 1 shows the brake control system in the brake release position wherein
      the plungers 14, 114 and 214 in the brake control valves 13, 113 and 213
      are in the extreme left positions and the solenoid valve means 22, 23;
      122, 123; and 222, 223 are in the de-energized closed position. In
      operation, as the brake pedal 10 is depressed, the valve plungers 14, 114
      and 214 are displaced toward right by the brake pedal 10 through the rod
      11 and the plate 12. Thus, in the first brake control valve 13, the
      communication between the annular groove 15b and the return port 15c is
      interrupted and the inlet port 15a is connected through the annular
      grooves 14b and 15b with the passage 14e which is in communication with
      the outlet chamber 16. Therefore, hydraulic pressure is applied to the
      brake actuating cylinder 26a of the brake mechanism 26. As previously
      described, the pressure in the outlet chamber 16 applies a reaction force
      to the right end of the valve plunger 14 and the reaction force is
      transmitted through the plate 12 and the rod 11 to the brake pedal 10.
      Thus, it is possible to control the brake pressure in accordance with the
      force applied to the brake pedal 10.
PAR  Similarly, hydraulic pressure is also supplied through the second and third
      brake control valves 113 and 213 into the brake control cylinders 27a, 32a
      and 33a of the brake mechanisms 27, 32 and 33.
PAR  During the operation, for some reasons, for example due to bading of brake,
      if the rate of deceleration of one of the wheels, for example, the front
      left wheel is less than a lower limit which may be determined in
      accordance with the force applied to the brake pedal 10, the positive
      signal supplied from the second potentiometer 3b to the second adding
      circuit 4b exceeds the valve of the negative signal supplied thereto from
      the differential circuit 7 so that a positive output is produced in the
      second adding circuit 4b. The output signal of the second adding circuit
      4b is transmitted through the diode D2 into the second current supply
      circuit 8b whereby electric current is supplied from the circuit 8b to the
      solenoid coil L2 which corresponds in this instance to the solenoid coil
      22c of the solenoid valve means 22. On the other hand, the first adding
      circuit 4a produces a negative signal which is blocked by the diode D1.
      Thus, the solenoid coil L1 which corresponds in this instance to the
      solenoid coil 23c of the solenoid valve means 23 is maintained in
      de-energized condition.
PAR  Thus, the pressure in the first control chamber 17 is decreased to a value
      corresponding to the opening of the solenoid valve means 22 and the
      pressure difference between the first and second control chambers 17 and
      18 increases the force biasing the valve spool 14 toward right. In this
      manner, the brake pressure supplied to the brake actuating cylinder 26a
      can be increased so as to attain a desired deceleration rate.
PAR  When the deceleration rate of the front left wheel exceeds an upper limit
      which may be determined in accordance with the depressing force applied to
      the brake pedal 10, the first adding circuit 4a produces a positive signal
      while the second adding circuit 4b produces a negative signal. Thus, the
      positive signal is transmitted from the first adding circuit 4b through
      the diode D1 to the first current supply circuit 8a. Therefore, electric
      current is supplied from the circuit 8a to the solenoid coil 23c of the
      solenoid valve means 23 in the first brake control valve 13. The solenoid
      valve means 23 is thus opened and the solenoid valve means 22 is
      maintained in the closed position, so that the pressure in the second
      control chamber 18 becomes lower than that in the first control chamber
      17. The valve spool 14 of the first brake control valve 13 is then
      displaced toward left by the difference between the pressure in the first
      control chamber and that in the second control chamber, whereby the
      passage 14e in the valve spool 14 is connected through the annular groove
      15b with the return port 15c resulting in a decrease in the pressure of
      the outlet chamber 16. Thus, the braking effort applied to the front left
      wheel is released or weakened to decrease the deceleration rate. The
      operation is continued until the deceleration rate of the front left wheel
      reaches a desired value which is determined in accordance with the force
      applied to the brake pedal 10.
PAR  When the deceleration rate of the front right wheel becomes lower than a
      lower limit or exceeds an upper limit which are determined in accordance
      with the depressing force applied to the brake pedal 10, the second brake
      control valve 113 and the electric control circuit associated therewith
      operates in a similar manner as described above with respect to the front
      left wheel, to increase or decrease the fluid pressure applied to the
      brake actuating cylinder 27a of the brake mechanism 27 until a desired
      deceleration rate is obtained.
PAR  Similarly, when the deceleration rate of the rear wheels is lower than the
      lower limit or exceeds the upper limit, the third brake control valve 213
      and the electric control circuit associated therewith comes into operation
      in a similar manner as described above with respect to the front left
      wheel so as to attain a desired deceleration in accordance with the
      depressing force applied to the brake pedal 10.
PAR  In the brake system shown in FIG. 1, the third brake control valve 213
      associated with the rear wheel brake mechanisms 32 and 33 has its own
      pressurized fluid supply source 34 which is independent from the hydraulic
      pump 28 for supplying pressurized fluid to the first and second brake
      control valves 13 and 113. Therefore, even when one of the hydraulic pumps
      28 and 34 fails, the brake mechanisms associated with the other hydraulic
      pump can be operated without any problem.
PAR  Referring now to FIG. 4 which shows another embodiment of the present
      invention, the brake control system shown therein includes a first brake
      control valve 43 which comprises a valve housing having an axial bore and
      a valve spool 44 slidably received in the axial bore of the valve housing.
      The valve spool 44 has a left end extending outwardly beyond the valve
      housing 46 and a right end terminating in the axial bore of the valve
      housing 46. A further valve spool 47 is also disposed end-to-end
      relationship with the valve spool 44 in the axial bore of the valve
      housing 46 so that a first outlet chamber 48 is defined in the axial bore
      between the valve spools 44 and 47. A second outlet chamber 51 is defined
      in the axial bore of the valve housing 46 by the right hand end of the
      valve spool 47. The axial bore of the valve housing 46 has an enlarged
      portion at the left end thereof and the valve spool 44 is provided with a
      land 44a which is slidably received in the enlarged portion of the axial
      bore. A first control chamber 49 is defined in the axial bore at the right
      side of the land 44a and a second control chamber 50 is defined at the
      left side of the land 44a.
PAR  The valve housing 46 is provided at the axial bore with a first inlet port
      46a and at the right side thereof there are also provided two axially
      spaced annular grooves 46b and 46e, and a first return port 46c and a
      second inlet port 46d which are disposed between the annular grooves 46b
      and 46e. A second return port 46f is also provided at the right side of
      the annular groove 46e and the valve housing 46 is further provided with
      an outlet port 46h communicating with the second outlet chamber 51. The
      valve spool 44 is provided with two axially spaced annular grooves 44b and
      44c which define a land 44d therebetween. A passage 44e is formed in the
      valve spool 44 and opens on one hand at the periphery of the land 44d and
      on the other hand at the right end of the spool 44. The land 44d is so
      located that it co-operates with the annular groove 46b of the valve
      housing 46 for selectively connecting the passage 44e in the spool 44
      either with the annular groove 44b or the annular groove 44c in response
      to the rightward or leftward displacement of the valve spool 44. The
      annular groove 44b is in communication with the first inlet port 46a and
      the annular groove 44c is in communication with the first return port 46c.
PAR  The valve spool 47 is provided with two axially spaced annular grooves 47a
      and 47b to define a land 47c therebetween. A passage 47d is provided in
      the spool and has one end opening to the periphery of the land 47c and the
      other end opening to the right end of the spool 47. The land 47c of the
      valve spool 47 is so positioned that it co-operates with the annular
      groove 46e of the valve housing 46 to selectively connect the passage 47d
      in the spool 47 either with the annular groove 47a or the annular groove
      47b in response to the rightward or leftward movement of the spool 47. The
      annular groove 47a is always in communication with the second inlet port
      46d and the annular groove 47b is always in communication with the second
      return port 46f.
PAR  The second inlet port 46d is connected with a pressure accumulator 58 and
      also through a check valve 64 with a hydraulic pump 63 which draws
      hydraulic fluid from a reservoir 60. The second return port 46f is
      connected with a return line 46m which leads to the reservoir 60.
PAR  The first control chamber 49 is connected on one hand with the pressure
      supply line through a pressure reducing valve 59 and a line 46j having a
      restriction 46i and on the other hand with the return line 46m through a
      nozzle 54 which is controlled by a solenoid valve means 56. The second
      control chamber 50 is also connected with the pressure supply line through
      a line 46l having a restriction 46k and also with the return line 46m
      through a nozzle 55 which is controlled by a solenoid valve means 57. The
      solenoid valve means 56 and 57 are identical in construction to the
      solenoid valve means 22 and 23 employed in the embodiment of FIG. 1 so
      that their details will not be described. In the first control chamber 49,
      there is disposed a spring 53 for biasing the valve spool 44 toward left.
      A spring 52 is disposed in the second outlet chamber 51 for biasing the
      valve spool 47 toward left.
PAR  The brake control system further includes a second brake control valve 143
      which is substantially identical to the first brake control valve 43.
      Corresponding parts in the second brake control valve 143 are therefore
      shown by the same reference numerals as in the first brake control valve
      43 with addition of one hundred.
PAR  There is also provided a third brake control valve 243 which is similar to
      the first brake control valve 43 except that the valve spool 47, the
      second inlet port 46d, the annular groove 46e, the second return port 465
      and the spring 52 are omitted, and the passage 46j. Therefore, its
      structures will not be described in detail and corresponding parts are
      shown by the same reference numerals with addition of two hundred.
PAR  A hydraulic pump 71 which is driven by an electric motor 70 draws hydraulic
      fluid from a reservoir 67 and supplies pressurized fluid through a check
      valve 72 to a pressure supplyline having an accumulator 65. The pressure
      line is connected with the first inlet ports 46a, 146a and 246a of the
      valves 43, 143 and 243. The pressure line is also connected through a
      pressure reducing valve 66 and passages 246j and 246k with the first and
      second control chambers 249 and 250, respectively. The passages 146j and
      146l leading to the first and second control chambers 149 and 150 are
      supplied with pressurized fluid from the hydraulic pump 63 through the
      check valve 64 and the pressure reducing valve 59. The first return ports
      46c, 146c and 246c of the first, second and third control valves 43, 143
      and 243 are connected through a return line with the reservoir 67. The
      second inlet port 146d and the second return port 146f of the second brake
      control valve 143 are respectively connected with the corresponding ports
      in the first brake control valve 43.
PAR  The left ends of the valve spools 44, 144 and 244 extending outwardly
      beyond the associated valve housings are in abutting engagement with a
      rigid plate 42 of a brake control valve actuating plate assembly 39. A
      leaf spring 40 is attached to the rigid plate 42 with a peripheral spacer
      41. The leaf spring 40 is provided at its center with a recess 40a with
      which a push rod 38 engages. The push rod 38 is actuated by a brake
      actuating member such as a brake pedal 37 as in the previous embodiment. A
      strain gauge 45 is attached to the leaf spring 40.
PAR  The annular groove 46b in the valve housing 46 is connected through a first
      outlet line 46g with a first brake actuating cylinder 61a of a brake
      mechanism 61 for a front left wheel and the outlet port 46h is connected
      with a second brake actuating cylinder 61b of the brake mechanism 61.
PAR  Similarly, the annular groove 146b in the valve housing 146 of the second
      brake control valve 143 is connected through a first outlet line 146g with
      a first brake actuating cylinder 62a of a brake mechanism 62 for a front
      right wheel and the outlet port 146h is connected with a second brake
      actuating cylinder 62b of the brake mechanism 62. The outlet port 246g of
      the third brake control valve 243 is connected with brake actuating
      cylinders 68a and 69a of brake mechanisms for rear wheels.
PAR  In FIG. 4, parts are shown in brake release position. From this position,
      when the brake actuating pedal 37 is depressed, the valve, spools 44, 144
      and 244 are shifted toward right. Thus, in the first brake control valve
      43, the valve spool 47 is also shifted toward right together with the
      valve spool 44. Similarly, in the second brake control valve 143, the
      valve spool 147 is shifted toward right together with the valve spool 144.
PAR  In the first brake control valve 43, due to the rightward movement of the
      valve spools 44 and 47, the first inlet port 46a is brought into
      communication with the annular groove 46b and the second inlet port 46d is
      connected with the annular groove 46e. In the second brake control valve
      143, the first inlet port 146a is similarly connected with the annular
      groove 146b and the second inlet port 146d with the annular groove 146e.
      In the third brake control valve 243, the inlet port 246a is connected
      with the annular groove 246b. Thus, the first brake actuating cylinders
      61a and 62a of the brake mechanisms 61 and 62 of the front left and right
      wheels and the brake actuating cylinders 68a and 69a of the brake
      mechanisms 68 and 69 for the rear wheels are supplied with hydraulic fluid
      under pressure from the hydraulic pump 71 and the accumulator 65. Further,
      the second brake actuating cylinders 61b and 62b of the brake mechanisms
      61 and 62 for the front left and right wheels are supplied with
      pressurized hydraulic fluid from the hydraulic pump 63 and the accumulator
      58. The brake actuating pressure in the first brake cylinder 61a is also
      transmitted through the passage 44e in the valve spool 44 into the chamber
      48 to apply a reaction force to the valve spool 44 for balancing the force
      applied to the spool 44 from the brake pedal 37. Therefore, a pressure is
      established in the chamber 48 and therefore in the first brake actuating
      cylinder 61a in accordance with the force applied to the brake actuating
      pedal 37. The pressure in the chamber 48 also acts to force the valve
      spool 47 toward right and this pressure is balanced by the pressure
      prevailing in the outlet chamber 51 and thus in the second brake actuating
      cylinder 61b. Thus, the pressure applied to the second brake actuating
      cylinder 61b corresponds to that in the first brake actuating cylinder
      61a.
PAR  Similarly, the first and second brake actuating cylinders 62a and 62b are
      supplied with hydraulic pressure which is determined at the second brake
      control valve 143 in accordance with the depressing force applied to the
      brake actuating pedal 37. The brake actuating cylinders 68a and 69a are
      also supplied with hydraulic pressure which is determined at the third
      brake control valve 243 in accordance with the depressing force applied to
      the brake actuating pedal 37.
PAR  During the operation, when it is sensed that the deceleration rate of the
      left front wheel is less than the lower limit which is determined in
      accordance with the depressing force on the brake pedal 37, the solenoid
      valve means 56 is energized to open. Thus, the pressure in the first
      control chamber 49 is decreased in accordance with the amount of opening
      of the solenoid valve 56 and the pressure difference between the chambers
      49 and 50 urges the valve spool toward right to increase the pressure
      applied to the brake actuating cylinders 61a and 61b until a desired
      deceleration rate is attained.
PAR  When it is sensed that the deceleration rate is greater than the upper
      limit determined in accordance with the depressing force on the brake
      pedal 37, the solenoid valve means 57 is energized to open. Thus, the
      pressure in the second control chamber 50 is decreased in accordance with
      the amount of opening of the solenoid valve 57. The pressure difference
      thus produced between the first and second control chambers 49 and 50
      urges the valve spool 44 toward left, whereby the pressure supplied to the
      first and second brake actuating cylinders 61a and 61b is released or
      decreased to decrease the deceleration rate of the front left wheel to a
      desired value.
PAR  The deceleration rate of the front right wheel and the rear wheels can be
      controlled in a similar manner by selectively energizing the solenoid
      valve means 156, 157, 256, and 257 in the second and third brake control
      valves 143 and 243.
PAR  In the embodiment shown in FIG. 4, the brake mechanisms 61 and 62 for the
      front wheels are actuated by two independent hydraulic pressure sources 63
      and 71. Therefore, even when the hydraulic pump 63 fails, the brake
      actuating cylinders 61a, 62a, 68a and 69a can be operated without any
      problem. Further, when the pump 71 fails, it is possible to obtain braking
      operation by the brake actuating cylinders 61b and 62b. The brake
      actuating cylinders 61b and 62b may be designed to provide greater braking
      effort than the cylinders 61a and 62a so that they can provide sufficient
      braking force during failure of the pump 71.
PAR  It is of course possible to provide two independent brake actuating
      cylinders for each of the rear wheels. The pressure reducing valves 59 and
      66 of a known type that produces a constant pressure irrespective of
      change in the output pressure of the associated pump. It should further be
      noted that the embodiments are described that the brake control valves are
      actuated manually through a mechanical means such as a brake control pedal
      but the valves may be electrically actuated to provide an automatic brake
      system. It is also within the scope of the present invention to omit the
      solenoid valve means associated with the first control chamber of each
      valve. In such an instance, the system can operate in such a mode in that
      excessive brake pressure can be released or decreased to avoid wheel
      locking or skidding.
PAR  The invention has thus been shown and described with reference to preferred
      embodiments, however, it should be noted that the invention is in no way
      limited to the details of the illustrated embodiments but changes and
      modifications may be made without departing from the scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Brake control system including a fluid reservoir, hydraulic pressure
      source means, brake control valve means, means for actuating said brake
      control valve means, and brake means including at least one brake
      actuating means connected with said brake control valve means, said brake
      control valve means including at least one brake pressure control valve
      comprising a valve housing having an axial bore provided with an inlet
      port for connection with said hydraulic pressure source means, an outlet
      port for connection with said brake actuating means and a return port for
      connection with said fluid reservoir, a valve spool slidably disposed in
      said axial bore of said valve housing, said valve spool having land means
      defining within said valve housing a first control chamber at one side of
      said land means and a second control chamber at the other side, means
      provided in said valve spool for connecting said inlet port with said
      outlet port when said valve spool is slidably displaced toward a first
      direction in said axial bore of said valve housing, means provided in said
      valve spool for connecting said outlet port with said return port when
      said valve spool is slidably displaced toward a second direction in said
      axial bore of said valve housing, said outlet port being so disposed that
      pressure therein serves to bias said valve spool toward the second
      direction, said first and second control chambers being so disposed that
      pressure in said first chamber biases said valve spool toward the second
      direction while pressure in said second chamber biases said valve spool
      toward the first direction, first and second restricted passages
      connecting, through said first and second chambers respectively, said
      hydraulic pressure source means to said fluid reservoir, means provided in
      at least one of said first and second restricted passages for regulating
      pressure in said first and second chambers, and means for actuating said
      regulating pressure means upon detection of braking force conditions which
      exceed or are below certain predetermined levels, and wherein said means
      for actuating said brake control valve means includes means for actuating
      said valve spool toward the first direction.
NUM  2.
PAR  2. The brake control system in accordance with claim 1 in which said
      pressure regulating means includes first and second outlet nozzles
      provided respectively in said first and second restricted passages, and
      first and second solenoid valve means for controlling, respectively, said
      first and second outlet nozzles, and in which said means for actuating
      said pressure regulating means includes electrical means for energizing
      said first solenoid valve means upon detection of braking force conditions
      exceeding a predetermined level and said second solenoid valve means upon
      detection of braking force conditions below a predetermined level.
NUM  3.
PAR  3. The brake control system in accordance with claim 1 in which said brake
      control valve means includes three brake pressure control valves, and said
      hydraulic pressure source means includes two independent hydraulic pumps,
      one pump being operatively connected to two of said brake pressure control
      valves and the other pump being operatively connected to the remaining one
      of said brake pressure control valves.
NUM  4.
PAR  4. Brake system in accordance with claim 1 in which said valve housing of
      said brake pressure control valve has a second pressure inlet port, a
      second return port and a second outlet port, and said brake pressure
      control valve further includes a second valve spool slidably disposed in
      said axial bore in end-to-end relationship with the first valve spool and
      having means for connecting said second inlet port with said second outlet
      port when said second valve spool is slidably displaced toward the first
      direction in said axial bore of said valve housing and means for
      connecting said second outlet port with said second return port when said
      second valve spool is slidably displaced toward the second direction in
      said axial bore of said valve housing.
NUM  5.
PAR  5. The brake control system in accordance with claim 4 in which said brake
      means includes first and second independent brake actuating means, said
      hydraulic pressure source means includes first and second independent
      hydraulic pumps, and said brake control valve means includes two brake
      pressure control valves, said first and second inlet ports in each of said
      brake pressure control valves being connected independently with said
      first and second hydraulic pumps, respectively, and said first and second
      outlet ports being connected independently with said first and second
      brake actuating means, respectively.
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ABST
PAL  In a load-responsive air braking system for a railway vehicle an electrical
      signal is transmitted from a brake controller actuated by an operator when
      he intends to apply a braking force. The signal is transmitted to a signal
      converter consisting of an electromagnet having a movable armature therein
      which contacts an end of a balance beam with a force corresponding to the
      electrical signal. The balance beam actuates a double valve which has a
      vent to the atmosphere and is connected between the braking cylinder and
      an air reservoir.
BSUM
PAR  The present invention relates to an electrically controlled load-responsive
      air braking system for railway vehicles, more particularly, to such a
      system wherein an electrical signal corresponding to the intended braking
      force directly controls the operation of the braking system.
PAR  Air braking systems for railway vehicles have been provided wherein the
      system is electrically controlled and responsive to the load on the
      vehicle. Such a system generally comprises a signal transmitter for
      transmitting an electrical signal corresponding to the specific intended
      braking force to be applied by the system. A signal converter converts the
      electrical signal into a servo or control pressure. The control pressure
      is then converted by a pressure converter which is adjustable as a
      function of the load on the vehicle and comprises a balance beam one end
      of which is loaded by the control pressure and the other end is loaded by
      a brake pressure force corresponding to the brake pressure introduced into
      the braking cylinder. The balance beam controls a double valve that
      connects a source of pressure such as an air reservoir to the braking
      cylinder when the control pressure is predominant and which vents the
      brake cylinder to the atmosphere when the brake pressure force is
      predominant. The fulcrum support for the balance beam is displaceable in
      order to provide for a load-responsive setting of the pressure converter.
      Adjustment of the fulcrum support may be carried out by means of a servo
      piston which is subjected to a pressure corresponding to the load on the
      vehicle and acting against a spring force.
PAR  In one such air braking system the signal converter consists of a brake
      control valve which communicates with a brake pressure reservoir. The
      brake control valve is actuated by an electrical signal which corresponds
      to the braking force intended by the operator to be applied by the braking
      system. The electrical signal is generated by a corresponding pivoting of
      a control lever on the operator's brake control valve. The brake control
      valve thus produces a control pressure, corresponding to the electrical
      signal, to a first piston whose piston rod connects an end of a balance
      beam of the pressure converter or transducer. The other end of the balance
      beam is connected by the piston rod of a second piston of the pressure
      converter that is subjected to the specific brake cylinder pressure.
PAR  In such a known electrically controlled load-responsive air braking system
      the operator's brake control valve generates an electrical signal which
      corresponds to the specific angle to which the control lever is pivoted
      and this signal is then converted by an electro-pneumatic signal
      transducer into a control pressure. As a function of a specific load of
      the vehicle the loadbrake valve produces an intensified brake cylinder
      pressure corresponding to the control pressure for the purpose of acting
      on the braking cylinder.
PAR  Such an air braking system has the disadvantage that it consists of a large
      number of pneumatic lines and a rather large and complicated assembly of
      apparatus. Further, the response time of the compressed air brake has been
      found to be relatively slow with respect to the operating conditions
      encountered in railroading practice.
PAR  It is therefore the principal object of the present invention to provide a
      novel and improved electrically controlled air braking system for railway
      vehicles.
PAR  It is another object of the present invention to provide an electrically
      controlled air braking system for railway vehicles which has an improved
      and simpler operation and a quicker response time of the air brake while
      at the same time having a simpler structure and being lower in cost.
PAR  It is a further object of the present invention to provide an electrically
      controlled load-responsive air braking system for railway vehicles which
      has a more accurate and precise operation and a shorter response time
      while simplifying and reducing the structure and pneumatic lines required.
PAR  According to one aspect of the present invention a load-responsive air
      braking system for railway vehicles may be provided with a device for
      controlling the air braking system in which there is a balance beam one
      end of which is subjected to the brake cylinder pressure. The balance beam
      actuates a double valve means connecting the brake cylinder to either a
      source of pressure or to the atmosphere. The beam is supported by an
      adjustable fulcrum whose position is varied in response to the load on the
      vehicle in order to vary the conversion ratio of the beam as a function of
      the vehicle load. There are also provided electromagnetic means including
      a movable armature acting against the other end of the beam. The
      electromagnetic means is actuated by an electrical signal transmitted from
      the operator's control valve and corresponding to the specific braking
      force to be applied. When an electrical signal is received such that the
      brake cylinder pressure acting on the beam is predominant the double valve
      is actuated to connect the brake cylinder to the atmosphere. When an
      electrical signal is received such that the force applied by the armature
      is predominant the double valve is actuated to connect the braking
      cylinder to the source of pressure.
PAR  Thus, according to the present invention the signal converter consists of
      the electromagnet whose movable armature contacts an end of the balance
      beam of the pressure converter with a force which corresponds to the
      electrical signal indicative of the braking force to be applied. The
      invention thus eliminates the need for the conventional control valve
      previously employed as a voltage pressure transducer in order to generate
      a control pressure in response to the received electrical signal. The
      corresponding pneumatic lines necessitated by this control pressure are
      also eliminated so as to significantly simplify the structure of the
      braking system.
PAR  It is thus apparent that in place of a piston subjected to the action of
      the control pressure the force produced by an electromagnet and
      corresponding to the received electrical signal acts directly on an end of
      the balance beam of the pressure converter. The present invention thus
      enables a more precise and less expensive operation of the air braking
      system and significantly decreases the response time of the air brakes in
      comparison with known air brakes because of the elimination of the
      intermediate conversion stage previously required to convert the
      electrical signal into a control pressure.
DRWD
PAR  Other objects and advantages of the present invention will be apparent upon
      reference to the accompanying description when taken in conjunction with
      the following drawings, which are exemplary, wherein;
PAR  FIG. 1 is a schematic representation of the circuit of a prior art
      electrically controlled load-responsive air braking system;
PAR  FIG. 2 is a view similar to that of FIG. 1 but showing the circuit diagram
      of the air braking system of the present invention; and
PAR  FIG. 3 is a partial schematic and sectional view of a pressure converter
      according to the present invention and employed in the circuit of FIG. 2.
DETD
PAR  Proceeding next to the drawings wherein like reference symbols indicate the
      same parts throughout the various views a specific embodiment of the
      present invention will be described in detail.
PAR  As shown in FIG. 1, a known electrically controlled load-responsive air
      braking system for a railway vehicle comprises a signal transmitter 1 of
      the operator's brake valve type. The signal transmitter comprises a
      pivotable control lever 1' which when pivoted generates an electrical
      voltage U corresponding to the specific braking force intended by the
      operator to be applied by the air brake. The electrical signal U is
      received by an electro-pneumatic signal converter 2 comprising an
      electrical portion 3 and a pneumatic portion 4 which is connected through
      an air line 5 to a brake pressure reservoir 6 and through a second air
      line 7 to a pressure converter or transducer 8. The brake pressure
      reservoir 6 is also connected through an air line 9 directly to the
      pressure converter 8. The pressure converter 8 is also connected through
      an air line 10 to a brake cylinder 11. The pressure converter 8 is also
      connected through a line 12 to a vehicle load indicator so that the
      pressure converter is subjected to the action of a load-responsive control
      pressure T.
PAR  In operation, a control pressure C.sub.r which is proportional to the
      voltage U is transmitted to signal converter 2 through air line 7 to the
      pressure converter 8 which is additionally subjected through line 9 to a
      pressure R to the reservoir 6 and through line 12 to a load-responsive
      control pressure T. As a function of the control pressure C.sub.r and
      load-responsive control pressure T, the pressure converter will release
      through air line 10 a brake pressure C to the brake cylinder 11. A known
      pressure converter of a pneumatically controlled air brake is disclosed in
      the German Pat. No. 1,279,710.
PAR  By referring to FIG. 2 which illustrates the air braking system of the
      present invention it will be apparent that the present system is simpler
      in that several of the components of the system of FIG. 1 have been
      eliminated. The braking system of the present invention does not require
      an electrical-pressure converter in order to generate a control pressure
      C.sub.r responsive to the electrical signal voltage U. In addition, the
      air lines 5 and 7 leading to the reservoir 6 and pressure converter 8
      respectively and connected to the electro-pneumatic converter 4 are also
      eliminated.
PAR  In the air braking system of the present invention a voltage U transmitted
      by the signal transmitter or operator's brake valve 1 is introduced to an
      electro-mechanical signal converter 13 having a movable armature 14
      therein. The armature 14 acts with a force proportional to the voltage U
      and corresponding to the pressure C.sub.r of the prior art air braking
      system. The pressure converter 8' is additionally subjected to pressures R
      and T through the air lines 9 and 12 respectively similar to that of the
      prior art braking system. An electromagnet whose armature force is a
      function of the current flowing in the magnet has been disclosed in the
      German printed patent specification No. 1,444,316.
PAR  The pressure converter 8' of the present invention is illustrated in
      greater detail in FIG. 3 together with a electro-mechanical signal
      transducer 13 which essentially consists of an armature 14 and a coil 15
      for displacing the armature in the direction of the arrow A when a voltage
      U is applied to the electrical connection 16 of coil 14 to energize the
      coil.
PAR  The electromagnet 13 is mounted on a housing 17 of pressure converter 8' so
      that both components may form a single structural unit. The pressure
      converter 8' includes a balance beam 18 one end of which is contacted by
      the movable armature 14 of the electromagnet 13. The other end of balance
      beam 18 supports a piston rod 19 of a piston 20 which is axially
      displaceable in a cylinder 21 in the direction of the arrow B against the
      force of a spring 22. The cylinder 21 is connected through an air line 23
      to the air line 10 (FIG. 2) which leads to the braking cylinder 11.
PAR  The balance beam 18 actuates a spring-loaded double valve 24, 25 which has
      a vent O therein to the atmosphere and which is connected through line 26
      to the air reservoir line 9 and is connected through pipe 27 to the brake
      cylinder line 10. The balance beam 18 is supported on a displaceable pivot
      bearing or fulcrum 28 which is connected by means of a rod 29 to a bell
      crank lever 30 pivoted at one end on a fixed pin 31 on housing 17. The
      other end of the lever 30 is pivotably and vertically displaceably
      connected to a piston rod 32 extending at almost a right angle to the
      lever 30. The piston rod 32 is attached to an adjusting or servo piston 33
      loaded by pressure T in a cylindrical chamber 34 against the force of a
      spring 35. The cylinder 34 is thus connected to line 12 of FIG. 2.
      Accordingly, the position of the fulcrum 28 under the balance beam 28 is
      shifted as a function of the load on the vehicle as indicated by the
      pressure T. Thus, the conversion ratio of the pressure converter is
      adjusted in accordance with the load on the vehicle.
PAR  The double valve 24, 25 is illustrated in FIG. 3 in its unactuated
      condition wherein the balance beam 18 is in equilibrium. Also, the fulcrum
      28 is in its zero or no-load position in which position the spring 35 is
      relaxed and essentially no force is acting on the piston 33.
PAR  When it is desired to exhaust or vent brake cylinder 11 in order to apply
      the brakes, an electrical voltage U is decreased by pivoting the control
      lever 1' on the signal transmitter 1 by a certain amount corresponding to
      the desired stage of braking. As a result, the force applied by armature
      14 on the balance beam 18 will be decreased correspondingly. The valve 25
      will thus be opened to connect the brake cylinder through line 27 to the
      atmosphere until a new equilibrium is established. At the same time, the
      line 26 to the air reservoir will be closed.
PAR  In order to supply air to the brake cylinder 11 in order to disengage the
      air brakes, the electrical voltage U is increased by a proper movement of
      the control lever 1'. As a result, the force applied by armature 14
      against the balance beam 18 will be correspondingly increased and the
      valve 24 will be opened so as to connect lines 26 and 27 to each other.
      Air will thus be supplied from the air reservoir to the brake cylinder. In
      accordance with the load on the vehicle, piston 33 and correspondingly
      fulcrum 28 will be displaced from their no-load positions into a position
      corresponding to the load on the vehicle. As a result, the conversion
      ratio on the balance beam will be correspondingly changed.
PAR  It is thus apparent that when the force applied by the armature 14 is
      dominant, lines 26 and 27 will be connected so that the brake cylinder 11
      is subjected to pressure R from the air reservoir. When the force applied
      by piston rod 19 on the other end of the beam 18 is predominant, the
      double valve 24, 25 is actuated to open valve 25 to connect line 27 to the
      atmosphere so that the brake cylinder 11 is vented through the lines 10
      and 27 until equilibrium is established and the double valve is moved into
      its shut-off position.
PAR  It should be borne in mind that the present invention is not limited to the
      particular embodiment of the pressure converter or transducer disclosed
      and described herein.
PAR  Instead of operating on the load-current principle as described herein, the
      signal converter may also be constructed to operate on the static-current
      or closed-circuit principle wherein the armature 14 is loaded by a spring
      in the direction of pressure on beam 18. The magnetic coil 15 must then
      exert a force on the push rod which is proportional to the energization of
      the coil and directed opposite to the spring loading. When the magnetic
      coil is fully energized in such an arrangement there is produced a minimum
      brake pressure in the line 10 which may correspond to the atmospheric
      pressure and which will increase with decreasing intensity of energization
      of the magnetic coil.
PAR  It will be understood that this invention is susceptible to modification in
      order to adapt it to different usages and conditions, and accordingly, it
      is desired to comprehend such modifications within this invention as may
      fall within the scope of appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for controlling a load-responsive air brake system on a railway
      vehicle by an electrical signal, and comprising a balance beam having one
      end and another end which is subjected to the brake cylinder pressure,
      double valve means actuated by said beam for connecting the brake cylinder
      to one of a source of pressure or to the atmosphere, an adjustable fulcrum
      supporting said beam, means responsive to the load of the vehicle for
      adjusting said fulcrum to vary the lever arm ratio of forces acting on the
      ends of the beam as a function of the vehicle load, and electromagnetic
      means including a movable armature therein acting against said one end of
      the said beam for receiving an electrical signal whereby when an
      electrical signal is received such that the brake cylinder pressure acting
      on the beam is predominant the double valve is actuated to connect the
      brake cylinder to the atmosphere and when an electrical signal is received
      such that the force applied by the armature is predominant the double
      valve is actuated to connect the brake cylinder to the source of pressure.
NUM  2.
PAR  2. In a device as claimed in claim 1 and further comprising an air
      reservoir and said double valve having a vent to the atmosphere and
      connected between said reservoir and said braking cylinder.
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ABST
PAL  This invention relates to automobile braking systems of the kind that
      employ a device for limiting braking pressure and intended particularly
      for systems which have separate supply circuits for the front and
      rear-wheel brakes. Such limiting devices conventionally comprise a limiter
      body which has an inlet orifice and an outlet orifice with a valve mounted
      therein for cutting off the inlet orifice from the outlet orifice, a
      movable piston subject to the hydraulic pressure at the inlet orifice, an
      inertial mass which is capable of movement with respect to the body,
      load-sensitive means and elastic means for co-operation with the inertial
      mass and the piston. In accordance with the present invention, the load
      sensitive means co-operate via a group of elastic members with the
      inertial mass and with the piston in the direction in which the valve
      opens: moreover, the force of the pressure at the inlet orifice is exerted
      against a working face of the movable piston in opposition to the contrary
      force exerted by a load, and the valve itself is arranged to be closed as
      a result of the effect of hydraulic pressure and inertial force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to inertia-operated devices for limiting
      braking pressure in automobiles, intended particularly for braking systems
      which have separate supply circuits for the front-wheel brakes and the
      rear-wheel brakes of the vehicle.
PAR  The invention relates more particularly to such a limiting device which
      operates to prevent the rear wheels of the vehicle from locking before the
      front ones but which also allows the braking pressure in the supply
      circuit to the rear brakes to be increased when the supply circuit to the
      front brakes is out of action irrespective the load on the vehicle thus
      ensuring adequate deceleration.
PAR  Inertia-operated braking pressure limiters are known in which a
      ball-bearing forming a valve moves along a ramp and cuts off the supply to
      the rear brakes. Devices in which the interruption in the supply depends
      both on the load carried by the vehicle and on deceleration are generally
      mounted so as to be capable of angular movement about a transverse axis
      and the angular position of the device varies in response to means which
      are sensitive to the load on the axle carrying the braked wheels.
PAR  However, such a device calls for pressurised flexible pipes and connectors
      to be used and there is a danger of these being damaged by repeated
      bending strains. For this reason it is essential to use a fixed limiter
      device.
PAR  Such a device has already been proposed in which the support which carries
      the inertia mass is not directly subject to variations in load. To this
      end, the mass is mounted on an elastically deformable support which
      co-operates with a regulating member on which the brake-operating pressure
      acts.
PAR  Although the control pressure for the limiter is higher the more the
      vehicle is loaded, specific levels of both hydraulic pressure and vehicle
      deceleration are required for the supply to the rear brakes to be cut off.
      If the vehicle slows down only well after the hydraulic pressure has been
      applied (braking on wet or icy surfaces), it is possible that the
      hydraulic pressure level at which the support circuit to the rear brakes
      is cut off may be too high. This method of operation is liable to prevent
      the vehicle from being held to a straight path of travel.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the load-sensitive means
      co-operate via elastic members with a piston and with the inertial mass in
      the direction in which the valve opens, and the force of the pressure at
      the inlet orifice is exerted on the face of the piston in opposition to
      the contrary force exerted by the load, the valve being closed as a result
      of the effect of the hydraulic pressure and inertial force.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be more clearly understood, reference will
      now be made to the accompanying drawings which show some embodiments
      thereof by way of example, and in which:
PAR  FIG. 1 shows a schematic view of the braking circuit as a whole,
PAR  FIG. 2 shows a cross-sectional view of one specific embodiment of
      pressure-limiting device, and
PAR  FIG. 3 shows a cross-sectional view of a second embodiment of such device.
DETD
PAC  SPECIFIC DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings,
PAR  FIG. 1 shows a pressure limiter 1 according to the invention having an
      inlet orifice 2 connected by a pipe 3 to a master cylinder 4 that has a
      piston reciprocable therewithin by means of a pedal 5. An outlet orifice 6
      is connected by a pipe 7 to brake cylinders 8 associated with brakes 9, 9a
      on the rear wheels.
PAR  The master cylinder 4 is directly connected to brakes 10, 10a on the front
      wheels by a pipe 11.
PAR  The pressure limiter 1 is controlled by a linkage 12 connected to means
      sensitive to the load on the vehicle. To this end, the linkage 12 is
      connected to an anti-roll bar 13, which is in turn connected to arms 14,
      14a associated with the rear wheels. Arrow S indicates the direction in
      which the anti-roll bar 13 turns when the vehicle is loaded, while arrow D
      indicates the forward direction of movement of the vehicle.
PAR  FIG. 2 shows a specific embodiment of the pressure-limiter 1 in greater
      detail, and in which the limiter comprises a body 15 which contains a
      chamber 16 which is sealed by a screwed plug 17 and into which the inlet
      orifice 2 opens.
PAR  The chamber 16 holds within it a ball-bearing 18 which forms both an
      inertial mass (M) and also a valve which co-operates with a seating 19
      provided at one end of chamber 16. This end of the chamber joins a passage
      20 into which an outlet orifice 6 opens downstream of seating 19, thus
      allowing inlet orifice 2 to be cut off from outlet orifice 6.
PAR  Passage 20 extends into a bore 21 in which a piston 22, which has a sealing
      joint 23, is mounted to slide. At one end the piston 22 has a stem 24
      which co-operates with ball-bearing 18. Between the ball-bearing 18 and
      the piston 22 is arranged a spring 25 which fits over the stem 24 and
      tends to thrust the ball-bearing 18 back towards the plug 17 and to move
      it away from seating 19. Piston 22 has a shoulder 26 which is capable of
      making contact with a corresponding shoulder 27 provided at the end of
      passage 20. At the other end piston 22 bears against the bottom of a cup
      28 of standardised depth which is inserted between the piston and a spring
      29 which bears against an arm 30. One end of arm 30 hinges about a shaft
      31 secured to a fixed support member and its other end is connected to a
      link-rod 32 which is hinged to a lever 33 secured to the anti-roll bar 13.
PAR  In the body 15 is an internally threaded hole 35 into which fits a screw
      34, against which arm 30 is able to abut so as to ensure that spring 29 is
      in an initial state of compression and so as to locate piston 22.
PAR  When the standardised cup 28 is resting against the body 15 of the limiter,
      piston 22 is in the correct position. This arrangement allows the pressure
      limiter to be calibrated at the time of manufacture.
PAR  In normal operation, when the driver wishes to decelerate the vehicle, he
      presses pedal 5 and master cylinder 4 causes an increase in pressure in
      chamber 16. Beginning from a certain pressure level p, which depends on
      the load, the piston 22 is pressed back in the direction of arrow F, as is
      also the cup which was originally resting against the body 15.
PAR  The stem 24 on piston 22 moves away from in front of ball-bearing 18 and
      the shoulder 26 of the piston comes up against the shoulder 27 in the
      body. When this has happened spring 25 is exerting a force Fo on
      ball-bearing 18.
PAR  If the inertial force M.gamma. is greater than force Fo, ball-bearing 18
      comes up against its seating 19 and interrupts the connection between
      inlet orifice 2 and outlet orifice 6 and thus cuts the rear brakes off
      from the rest of the circuit. This happens when the vehicle is subjected
      to at least a minimum deceleration .gamma.o which is dictated by the
      constructional characteristics of the limiter. If the driver releases
      pedal 5, the pressure in chamber 16 drops and ball-bearing 18 lifts off
      seating 19 when the pressure in chamber 16 is substantially equal to the
      pressure at orifice 6.
PAR  Should a fault occur in the circuit to the front brakes, even if the load
      on the vehicle varies, piston 22 will still only be thrust back in the
      direction of arrow F when the pressure in chamber 16 has reached the level
      p appropriate to the load. Ball-bearing 18 will only be able to come up
      against its seating when acted on by an inertial force which is adequate
      to compress spring 25 and is thus equivalent to the minimum deceleration
      .gamma.o.
PAR  FIG. 3 shows another embodiment of pressure-limiter which comprises a body
      36 containing a chamber 37 which is sealed by a screwed plug B and into
      which inlet orifice 2 opens.
PAR  A valve 38 is mounted to slide in chamber 37, this valve being subject to
      the effect of a spring 39 and including a sealing gland 40 which can come
      to bear against a seating 41 provided at the end of chamber 37.
PAR  Chamber 37 extends into a bore 42 into which opens an outlet orifice 6
      situated downstream of seating 41, the said bore holding a sliding piston
      43 which has a sealing joint 44. As in the previous embodiment piston 43
      has a stem 45 capable of coming into contact with valve 38.
PAR  At the opposite end from stem 45, piston 43 has a shaft 46 which fits into
      a slot 47 provided at one end of an arm 48 which has an inertial mass 49,
      the mass of which is M, at the other end, the said arm being mounted to
      pivot about a shaft 50 secured to the body 36 of the limiter.
PAR  At the centre, arm 48 is connected to a lever 33 fastened to anti-roll bar
      13 by a spring 51.
PAR  In addition, a safety spring 52, which fits into a seating 53 in the body,
      bears against arm 48, the said spring 52 ensuring, even without spring 51,
      that valve 38 is opened and that piston 43 is properly located.
PAR  In normal operation, when the driver brakes and presses on pedal 5, master
      cylinder 4 causes an increase in the pressure p in chamber 37. If S is the
      cross-sectional area of piston 43, the conditions under which the piston
      will move in the direction of arrow F are given, ignoring friction, by:
EQU  pS + Fo &gt; K.sub.1 f 1 + K.sub.2 f 2                        1.
PAL  in which Fo = M.gamma.oKo
PA1  f 1 = force exerted by spring 51
PA1  f 2 = force exerted by spring 52
PA1  Ko, K.sub.1, K.sub.2 are constants of force reduction (leverage constants).
PAR  Consequently, it can be seen that the force pS due simply to the hydraulic
      pressure is inadequate to close valve 38 by moving piston 43 back. It is
      therefore necessary for the sum of the forces exerted by the inertial
      means 49 and the hydraulic pressure to be greater than the opposing force
      exerted by springs 51 and 52 against the mass if the valve 38 is to close
      under the prompting of spring 39.
PAR  In the event of a failure in the circuit supplying the front brakes, piston
      43 will be thrust back in the direction of arrow F only when the pressure
      in chamber 37 has reached level p and when deceleration .gamma. = Fo/MKo
PAL  is sufficient for the inequality (1) to be satisfied.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an automobile braking system, a device limiting braking pressure
      comprising a limiter body which has an inlet orifice and an outlet orifice
      and a valve mounted therein for cutting off said inlet orifice from said
      outlet orifice, a movable piston subject to the hydraulic pressure at said
      inlet orifice, an inertial mass disposed within said body for movement
      with respect to said body in response to deceleration of a vehicle
      carrying the system and operatively associated with said valve
      load-sensitive means, and elastic means for co-operation with said
      inertial mass and said piston, said load-sensitive means cooperating via a
      group of elastic members with said inertial mass and with said piston in
      the direction in which said valve opens, and the force of the pressure at
      said inlet orifice being exerted against a working face of said movable
      piston in opposition to the contrary force exerted by a load, said valve
      being closed as a result of the effect of hydraulic pressure and inertial
      force acting upon said inertial mass at a predetermined vehicle
      deceleration, the closure of said valve at said predetermined vehicle
      deceleration being established by the resultant of a plurality of forces
      including the hydraulic pressure force acting on said piston, the inertial
      force acting upon said inertial mass upon deceleration of the vehicle, a
      pre-load force corresponding to vehicle load and applied to said piston
      through one of said elastic members in a direction opposing said hydraulic
      pressure force.
NUM  2.
PAR  2. A pressure-limiting device according to claim 1, wherein said working
      face of said movable piston, incorporates a stem located to prevent said
      valve from closing as long as the sum of the pressure force at said inlet
      orifice and the inertial force is less than the opposing force exerted by
      the load and said group of elastic members.
NUM  3.
PAR  3. A pressure-limiting device according to claim 2, wherein said valve is
      formed by a ball-bearing which constitutes said inertial mass and which is
      arranged in a chamber formed in said body of said limiter, said chamber
      being connected to said inlet orifice and to said outlet orifice via a
      valve seating.
NUM  4.
PAR  4. A pressure-limiting device according to claim 3, wherein one end of a
      spring whose other end co-operates with said ball-bearing forming said
      valve, rests against said working face of said piston.
NUM  5.
PAR  5. A pressure-limiting device according to claim 2, wherein the end of said
      piston opposite said stem rests against a cup which is acted on by a
      spring which bears against an arm, one end of which is mounted to pivot on
      a fixed support member and the other end of which is connected by a
      linkage to load-sensitive means.
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ABST
PAL  A change-over valve including a housing and a slide sealingly guided
      therein is provided for use with a two-line trailer brake system having
      two brake circuits. The slide is retained in a normal position, at which
      supply tubes leading to compressed air supply tanks for the brake circuits
      are closed, by a piston loaded with compressed air from a supply tube, but
      is manually movable to a maneuvering position, at which the brakes of the
      system are released. The slide is provided with two channels and two
      associated check valves arranged so that when the slide is in the normal
      position it closes the supply tubes leading to the compressed air supply
      tanks for the brake circuits and so that when the slide is in the
      maneuvering position it connects those supply tubes via its channels and
      the associated check valves to a common space, which is connected to one
      or more emergency brake chambers for emergency brake pistons of the
      trailer brake system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to trailer brake systems. More
      specifically, this invention relates to a change-over valve for a two-line
      trailer brake system with at least one brake circuit. Such a change-over
      valve includes a housing and a slide sealingly guided therein, the slide
      being moved into a normal position wherein a supply tube leading to a
      compressed air supply tank for the brake circuit is closed and being
      detained in the normal position by a piston loaded with compressed air
      from another supply tube. The slide is manually slideable into a
      maneuvering position wherein the brakes of the two-line trailer brake
      system are released.
PAR  Such a change-over valve is shown and described in published German patent
      application Ser. No. DT-OS 2 135 924, which also discloses a two-line,
      two-circuit trailer brake system with two separate brake valves. One of
      these two brake valves is operatively connected via this change-over valve
      with spring-loaded brake cylinders provided in one brake circuit only.
      Upon the connection and flow of compressed air through the supply tube of
      the trailer brake system, a slide of the change-over valve is moved into
      the normal position and detained there by a piston arranged on the slide,
      unless, of course, the slide was already in the normal position. On
      decoupling of the trailer, the spring loaded brakes are actuated in the
      usual way. For maneuvering purposes the slide of the change-over valve can
      be moved manually into the maneuvering position wherein the supply tube of
      the trailer brake system is disconnected and a cylinder of the
      spring-loaded brakes is charged with compressed air from the supply tank
      of one of the brake circuits.
PAR  In published German patent application Ser. No. DT-OS 2 152 996 two brake
      valves for a two-circuit trailer brake system are shown and described.
      These brake valves are only mounted together and otherwise have two
      emergency brake pistons that cause lock braking of the trailer on its
      decoupling in the usual way. In published German patent application Ser.
      No. DT-OS 2 148 572 there is shown a single trailer brake valve formed as
      a two-circuit device. One of the two brake circuits has an emergency brake
      piston, which acts only on one brake circuit. In published German Patent
      Application DT-OS 2 158 229 there is shown a similarly constructed
      two-circuit trailer brake valve with a single emergency brake piston
      which, however, acts on both brake circuits.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of this invention to provide an improved
      change-over valve of the kind mentioned at the beginning that may be used
      in a two-circuit trailer brake system with at least one emergency brake
      piston to release the wheel-brakes via the supply connection from two
      separate compressed air supply tanks for the two brake circuits without an
      actual connection between the two supply tanks. Furthermore, the
      change-over valve must in any case return to its normal position or be
      detained in it on coupling of the trailer to the driving vehicle in
      preparation for when the supply tube of the trailer brake system is next
      vented.
PAR  This object is accomplished according to the preferred embodiment of this
      invention by providing the slide of a change-over valve for use in a
      two-circuit trailer brake system with two channels and two associated
      check valves arranged so that when the slide is in a normal position it
      closes the supply tubes leading to the compressed air supply tanks for the
      two brake circuits and so that when the slide is in a maneuvering position
      it connects those supply tubes via its channels and the associated check
      valves to a common space, which is connectable to one or more emergency
      brake chambers for emergency brake pistons of the trailer brake system.
PAR  This change-over valve can be utilized advantageously in any of the braking
      systems mentioned above. If necessary, it can also be employed in a
      one-circuit trailer brake system, provided one of the two channels in the
      slide of the change-over valve is shut off.
PAR  In the housing of the change-over valve a connection for the supply tube of
      the trailer brake system is provided and coupled to another connection for
      a supply tube leading via at least one brake valve of the trailer brake
      system to the compressed air supply tanks. A gate valve arranged between
      these connections is opened in the normal position and closed in the
      maneuvering position.
PAR  The gate valve is preferably formed by a protruding edge of the housing of
      the change-over valve and by an adjacent valve plate that encircles the
      slide of the change-over valve, is sealingly guided by a slide, and rests
      upon a spring mounted on a piston formed as part of the slide. It is
      essential that the gate valve be opened in the normal position so that the
      pressure decrease in the supply tube of the trailer brake system upon
      decoupling of the trailer may effect lock braking of the trailer.
PAR  The valve plate is disposed on one side of the piston of the slide and in a
      control chamber formed in the housing of the change-over valve, the common
      space into which the two channels of the slide open being arranged on the
      other side of the piston. Stops limit the maximum travel of the valve
      plate on departing from the piston such that the gate valve is opened only
      when the piston is loaded with compressed air in the control chamber.
PAR  The piston of the slide has an annular collar that releases only the
      overflow from the common space through the control chamber and acts
      therefore as a check valve in one direction. It is obvious to one skilled
      in the art that the common space may also be connected with the control
      chamber by a by-pass line, which in this case would have to be provided
      with the check valve.
PAR  The two channels of the slide open into the common space adjacent to one
      side of the slide. A bellows of resilient material surrounds the slide and
      covers the openings of these two channels into the common space to form
      two check valves therefor.
PAR  The change-over valve can be manufactured and mounted as a single valve. It
      is possible, however, to combine it structurally with a trailer brake
      valve intended for use with a two-circuit trailer brake system, resulting
      in correspondingly short tube connections.
PAR  The invention may be modified and used in many different ways. It will be
      more apparent from the following description of exemplary preferred
      embodiments which should be read in conjunction with the accompanying
      drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional side view of a change-over valve as a component
      of a two-circuit trailer brake valve.
PAR  FIG. 2 is a schematic representation of a two-circuit trailer brake system
      including the change-over valve.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, a change-over valve 1 constructed in accordance
      with one of the preferred embodiments of this invention is mounted on a
      two-circuit trailer brake valve 2 or disposed in a housing thereof.
      Change-over valve 1 includes a housing 3, in which a slide 4 is guided as
      shown in a sealing manner. Slide 4 is adapted to occupy one of two
      positions within housing 3, a normal position as shown in FIG. 1 and a
      maneuvering position into which slide 4 may be raised by manually acting
      on its end 5 protruding from housing 3.
PAR  Slide 4 has a piston 6, the piston packing of which is formed as a
      generally V-shaped annular collar 7 as shown to permit overflow only in
      one direction. Annular collar 7 therefore acts as a check valve. Slide 4
      furthermore has a channel 8 for a first brake circuit and a channel 9 for
      a second brake circuit. Channels 8 and 9 each open at one end into a
      common space 10 within housing 3. In the vicinity of these openings
      channels 8 and 9 are covered by a bellows 11 of resilient material
      surrounding slide 4 and immovably held thereon by a spring 12. Bellows 11
      thus forms two check valves for channels 8 and 9, respectively. It is
      obvious to one skilled in the art that instead of bellows 11 conventional
      check valves may also be provided either in channels 8 and 9 or in the
      course of supply tubes leading to these two channels.
PAR  In housing 3 a connection 13 is provided for connecting a supply tube to a
      compressed air supply tank 27 for one of the two brake circuits of the
      illustrated brake valve 2. Similarly, a further connection 14 provided in
      housing 3 is for connecting a supply tube to a compressed air supply tank
      28 for the other of the two brake circuits of the illustrated brake valve
      2. The openings of connections 13 and 14 to the cylindrical space for
      slide 4 in housing 3, the openings at the other ends of channels 8 and 9
      (i.e., the ends remote from common space 10), and the slide packings 37 on
      opposite sides of those openings are positioned such that connections 13
      and 14 are closed in the normal position of slide 4, as shown in FIG. 1,
      but communicate with channels 8 and 9, respectively, in the raised
      maneuvering position of slide 4.
PAR  Furthermore, housing 3 of change-over valve 1 has a connection 15, which is
      connected to a supply tube 17 from a coupling head 16. A still further
      connection 18 on housing 3 of change-over valve 1 serves to connect
      change-over valve 1 with one or both brake circuits of the brake valve 2
      via supply tube over which the brake circuits of brake valve 2 are fed
      with compressed air (if they are provided with an integrated pressure
      safety mechanism, and the supply tanks for both brake circuits of the
      brake valve 2 are thus connected to those brake circuits). Connection 15
      enlarges to form an annular space 19 and a control chamber 20 on the side
      of piston 6 facing away from common space 10. Between annular space 19 and
      control chamber 20 there is provided a gate valve 21-22, which consists of
      a downwardly projecting edge 21 of housing 3 and an adjacent valve plate
      22. Valve plate 22 is sealingly guided on slide 4 and rests over a spring
      23 mounted on piston 6 around slide 4. The maximum allowable travel of
      valve plate 22 away from piston 6 is limited by stops 24 so as to keep
      gate valve 21-22 open in the illustrated normal position of slide 4. In
      the raised maneuvering position of slide 4, valve plate 22 is resiliently
      urged into abutment upon the edge 21 of housing 3 so that gate valve 21-22
      acts as a check valve.
PAR  The two-circuit trailer brake valve 2 has been chosen only to illustrate a
      possible application of change-over valve 1. Since the trailer brake valve
      2 is constructed for two-circuit trailer braking it has two control
      pistons, at least one of which is loaded with compressed air via a supply
      tube 25 and a coupling head 26. The other control piston is provided with
      an air pressure safety mechanism, the operation of which corresponds to
      that of multicircuit safety valves used for the air supply tanks of both
      brake circuits in conventional two-circuit brake systems. For this reason
      two compressed air supply tanks 27 and 28 for the two brake circuits of
      brake valve 2 are connected with two corresponding connections of trailer
      brake valve 2 over tubes 29 and 30, respectively. Brake cylinder 31 for
      one of the brake circuits of trailer brake valve 2 and brake cylinder 32
      for the other of the brake circuits of trailer brake valve 2 are also
      connected with two corresponding connections of trailer brake valve 2 via
      tubes 33 and 34, respectively. It is essential for the application of
      change-over valve 1 in connection with trailer brake valve 2 that the
      latter be an emergency brake device. In the illustrated trailer brake
      valve 2 the air pressure protection piston also serves at the same time as
      an emergency brake piston. The emergency brake pistons of trailer brake
      valve 2 serve to accomplish a braking of the trailer by applying air
      pressure from air supply tanks 27 and 28 to brake cylinders 31 and 32 for
      the two brake circuits of brake valve 2 when the trailer is decoupled and
      supply tube 17 is thereby vented. The resulting lock braking of the
      trailer has to be released for maneuvering purposes. This is accomplished
      by means of change-over valve 1 as described below.
PAR  Slide 4 of change-over valve 1 is moved manually into the raised
      maneuvering position by acting on the protruding end 5 thereof. In doing
      so connections 13 and 14, which were previously closed, are respectively
      connected to channels 8 and 9 of slide 4. Since connections 13 and 14
      directly communicate with compressed air supply tanks 27 and 28, the air
      supply in these tanks may discharge via bellows 11 into common space 10
      and from there may overflow annular collar 7 into control chamber 20.
      During the movement of slide 4 from the illustrated normal position to the
      raised maneuvering position gate valve 21-22 is also closed by bringing
      valve plate 22 into contact with the edge 21 of housing 3. Valve plate 22
      is pressed into this position by the action of spring 23 to preclude a
      back flow of air into supply tube 17. Air flowing into control chamber 20
      via annular collar 7 from supply tanks 27 and 28 therefore reaches only
      connection 18 of housing 3 and from there the emergency brake chambers of
      the two emergency brake pistons. This controls the emergency brake pistons
      of trailer brake valve 2 to close its inlet valves and to open its outlet
      valves so that brake cylinders 31 and 32 are vented. In this position the
      brakes are released and the trailer can be handled. For again lock braking
      the trailer it is only necessary to move slide 4 of change-over valve 1
      back into its illustrated normal position so that control chamber 20 which
      communicates with connection 18, can be vented via supply tube 17 and the
      emergency brake pistons of trailer brake valve 2 can again initiate
      braking action in brake cylinders 31 and 32.
PAR  However, if moving the slide 4 of change-over valve 1 back into its
      illustrated normal position is forgotten after a handling of the trailer,
      the lock braking operation described above will occur automatically on
      coupling of the trailer to the driving vehicle in preparation for the next
      venting of the supply tube 17 via coupling head 16. Supply air for this
      purpose flows via connection 15, annular space 19, and the opening gate
      valve 21-22 into control chamber 20 to load piston 6. An overflow of this
      air along piston 6 is prevented by the form and arrangement of annular
      collar 7 so that a corresponding pressure may build up in control chamber
      20 and eventually move slide 4 automatically back into its normal position
      and retain it there.
PAR  In FIG. 2 a further possible application of change-over valve 1 is
      illustrated wherein the trailer brake valve 2 may be formed, for example,
      as shown and described in published German Patent Application DT-OS 2 152
      996 mentioned above. In this embodiment the emergency brake pistons are
      loaded on both sides with compressed air furnished by supply tube 17.
      while air is supplied to only one side of the emergency brake pistons via
      change-over valve 1, the other side of the emergency brake pistons is
      connected to a tube 35 branching off from supply tube 17 and provided with
      a check valve 36. In this case the emergency brake pistons also cause a
      lock braking of the trailer if supply tube 17 is vented. By means of check
      valve 36 the air supply on one side of the emergency brake pistons is
      maintained so that the emergency brake pistons may cause a corresponding
      movement and thus a closing of the outlet valves as well as an opening of
      the inlet valves of both structurally combined brake circuits of trailer
      brake valve 2. Also in this case the air supply stored in supply tanks 27
      and 28 for the two brake circuits of trailer brake valve 2 may be directed
      by means of change-over valve 1, when its slide 4 is in the maneuvering
      position, via tubes 29 and 30 and connection 18 to the trailer brake valve
      2 or to the other side of both emergency brake pistons thereof so that the
      brakes may be lifted.
PAR  Change-over valve 1 may be used together with any two-circuit trailer brake
      valve. It is advisable to structurally combine change-over valve 1 and
      trailer brake valve 2 if possible, in order to obtain short connections.
CLMS
STM  I claim:
NUM  1.
PAR  1. A change-over valve for use with a trailer brake system having two brake
      circuits and at least one emergency brake chamber, said change-over valve
      comprising:
PA1  a housing having first and second ports for connection to compressed fluid
      supply tanks for both brake circuits of the trailer brake system and
      having a third port for connection to at least one emergency brake chamber
      of the trailer brake system;
PA1  a slide sealingly guided within said housing for movement between a first
      position and a second position;
PA1  a piston guided within said housing and coupled to said slide for movement
      together therewith;
PA1  a fourth port formed in said housing for supplying compressed fluid to said
      piston to move said slide to said first position;
PA1  a common space formed within said housing and coupled to said third port;
PA1  means for manually moving said slide to said second position; and
PA1  two channels formed in said slide and positioned so that said slide
      connects the first and second ports to the third port via said channels,
      said common space, and a check valve when said slide is moved to the
      second position and disconnects the first and second ports from the third
      port when said slide is moved to the first position.
NUM  2.
PAR  2. A change-over valve as in claim 1 including a gate valve positioned
      between said third and fourth ports and disposed for being opened when
      said slide is moved to said first position and closed when said slide is
      moved to said second position.
NUM  3.
PAR  3. A change-over valve as in claim 2 wherein said gate valve comprises:
PA1  a protruding edge of said housing; and
PA1  a valve plate encircling said slide, sealingly guided by said slide, and
      supported by a spring.
NUM  4.
PAR  4. A change-over valve as in claim 3 wherein:
PA1  said piston is sealingly guided within a chamber formed within said
      housing, coupled to said third port, and coupled to said fourth port via
      said gate valve;
PA1  said spring and said valve plate supported thereon are positioned within
      said chamber, on one side of said piston, and adjacent to said protruding
      edge of said housing; and
PA1  said common space is positioned adjacent to said chamber and on the other
      side of said piston.
NUM  5.
PAR  5. A change-over valve as in claim 4 wherein said piston includes an
      annular collar forming a check valve that permits overflow only from said
      common space to said chamber.
NUM  6.
PAR  6. A change-over valve as in claim 5 wherein:
PA1  each of said channels formed in said slide has an opening at one end
      thereof into said common space; and
PA1  said change-over valve includes a bellows of resilient material encircling
      said slide and covering said openings to form a check valve for each of
      said channels.
NUM  7.
PAR  7. A change-over valve as in claim 1 structurally combined with a brake
      valve of the trailer brake system.
NUM  8.
PAR  8. A change-over valve as in claim 1 wherein:
PA1  each of said channels formed in said slide has an opening at one end
      thereof into said common space; and
PA1  said change-over valve includes a bellows of resilient material encircling
      said slide and covering said openings to form a check valve for each of
      said channels.
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ABST
PAL  A flexible bearing is constructed of layers of elastomer and rigid
      material, alternately stacked and bonded together. The central portion of
      each elastomeric layer, however, is an elastomeric material having a lower
      elastic shear modulus than that of the edge portions. This lowers the
      resistance of the bearing to forces exerted on it in directions parallel
      to the layers of elastomer and rigid material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates broadly to flexible bearings, and more specifically
      to bearings that are constructed of alternate layers of elastomer and
      rigid materials, stacked and bonded together; so that they are flexible in
      directions parallel to the layers, but are relatively unyielding in
      directions perpendicular thereto. This invention described herein was made
      during the course of or under Contract Number N0003072C0108 with the U.S.
      Navy.
PAR  The type of flexible bearing comprising alternate layers of rigid material
      and elastomer has many uses, including applications to motor mounts and
      bridge abutments. More recently, it has been found to be useful for
      mounting a movable thrust nozzle to a rocket, so that the nozzle may be
      rotated from side to side for steering the rocket. A typical arrangement
      of the bearing for this use is shown in FIG. 3 of U.S. Pat. No. 3,429,622
      to R. E. Lee, et al, wherein the bearing is labeled "10."
PAR  Other U.S. Pats. showing this type of flexible bearing are Nos. 3,390,899
      to J. T. Herbert, et al; 3,504,902 and 3,504, 903 to A. S. Irwin; and
      3,504,904 to A. S. Irwin, et al.
PAR  Although this type of bearing functions very well for the above purpose, it
      has been found that the layers of elastomer tend to act as springs that
      resist the torques exerted on the bearing by the nozzle actuators (usually
      hydraulic cylinders, each attached at one end to the rocket nozzle and at
      the other end to the rocket case). These layers of elastomer tend to
      maintain the thrust nozzle in a position of alignment with the axis of the
      rocket and to resist side forces thereon in accordance with Hooke's Law,
      i.e. the resistance increases with the angular distance of the nozzle from
      its axial alignment. This resistance necessitates the use of larger,
      heavier, more powerful actuators than certain other means of mounting the
      nozzle require.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it is a primary object of the present invention to provide a
      flexible bearing that will afford all of the advantages of conventional,
      flexible bearings for mounting movable thrust nozzles to rockets; but that
      will be more yielding to side forces exerted thereon, so that smaller,
      lighter-weight actuators may be used.
PAR  The invention is essentially a flexible bearing constructed of alternate
      layers of rigid material and elastomer, stacked and bonded together,
      wherein the central portion of each elastomeric layer is a low,
      shear-modulus material. This lowers the total shear modulus of the
      bearing, rendering the bearing much more yielding to forces impressed on
      it in directions parallel to the layers.
PAR  In its application as a means for mounting a movable thrust nozzle to a
      rocket case, the bearing is annular in form. Also, the layers of elastomer
      and rigid material are shaped to conform to surfaces of concentric
      spheres, so that the thrust nozzle may be rotated about a fixed point.
      This is desirable for precision control of the rocket.
PAR  Important features of the invention are that it is simple and reliable in
      construction and easy to manufacture.
PAR  Other objects and advantages of the invention may become apparent as the
      following detailed description is read with reference to the drawings. The
      same numbers refer to the same parts throughout the disclosure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of the invention; and
PAR  FIG. 2 is a cross section taken on line 2--2 of FIG. 1, including adjacent
      parts of the rocket to show mounting means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in the Figures, the invention is an annular, flexible bearing 5,
      constructed of alternate layers of elastomer 6 and rigid shims 7, stacked
      and bonded together. As used herein, the term "elastomer" refers to any
      flexible, stretchable material, including natural rubber. Each elastomeric
      layer 6 is made of two materials having different shear properties. A
      preferred material for the edge portions 8 of the elastomeric layers 6 is
      a firm, natural rubber formulation having good elastic and holding
      properties, and a shear modulus of about 20, such as the following,
      wherein the ingredients are listed according to parts by weight:
TBL                 Composition I                                              
                              Composition II                                   
     ______________________________________                                    
     natural rubber   88.5        88-90                                        
     Hycar (synthetic rubber)                                                  
                      17.5        13.12                                        
     zinc oxide       5.0         5.0                                          
     stearic acid     3.0         3.0                                          
     phenyl-.beta.-naphthyl-amine                                              
                      1.2         1.2                                          
     sulfur           1.25        0.5                                          
     benzothiazyldisulfide                                                     
                      0.75        0.75                                         
     methyltuads      0.1         0.1                                          
     carbon black                 1.0                                          
     ______________________________________                                    
PAL  A preferred material for the central portions 9 of the elastomeric layers 6
      is a silicone rubber having an elastic shear modulus of less than 10.
PAR  The embodiment shown in the Figures is adapted for use as a flexible joint
      between a rocket case and a movable thrust nozzle therefor. As such, it is
      annular in form; and the rigid shims 7 conform to surfaces of concentric
      spheres, so that the thrust nozzle (not shown) is rotatable about a fixed
      point. This promotes precision control of steering for the rocket. Hence,
      each rigid shim 7 conforms to the surface of a sphere having its own,
      unique radius. Perferably, these rigid shims are made of a
      high-temperature steel.
PAR  As shown in FIG. 2, the top and bottom layers 6 of elastomer may be bonded
      directly to adjacent parts, such as the thrust-nozzle mounting ring 10 and
      the rocketcase mounting ring 11.
PAR  In manufacture, the rigid shims 7 are formed by any of a number of
      well-known techniques, selected as appropriate for the particular material
      and its thickness. The finished shims 7 may then be coated with an
      appropriate bonding agent to create a firm bond with the layers 6 of
      elastomer. If the elastomer is of such a nature that it may form a tight
      bond with the shims 7 on application of heat and pressure, the adhesive
      coating may not be necessary.
PAR  A plurality of sets of three concentric rings of elastomer are then cut
      from calendered elastomer of uniform thickness. The number of sets depends
      on whether the end layers of the bearing 5 are to be elastomeric (as shown
      in FIG. 2), rigid shims, or one of each. The central ring 9 of each set of
      three rings is of a lower, shear-modulus material than that of the outer
      rings 8. The elastomeric layers 6, each comprising a set of three
      concentric rings, are then stacked alternately with the rigid shims 7; and
      the entire bearing is firmly bonded together by application of heat and
      pressure. Spacers, not shown, are placed between the edges of the rigid
      shims 7 before this operation, to insure uniform thickness of the
      elastomeric layers 6. The outer-edge portion of the flexible bearing that
      contains the spacers is later removed by machining.
PAR  The elastic material used for the edges 8 of the elastomeric layers 6 is
      strong enough to contain the low, shear-modulus material used for the
      central portions 9, and to prevent extrusion thereof from between the
      rigid shims 7 when compressive force is applied to the bearing; e.g., by
      propulsive gases inside the rocket motor.
PAR  Because of the presence of the low, shear-modulus material 9 in the bearing
      5, this bearing is significantly less resistant to side forces or torques
      applied to the bearing. In a rocket, side forces are applied to the
      bearing 5, parallel to the layers thereof, by hydraulic actuators that
      move the thrust nozzle relative to the rocket case to steer the rocket.
      The bearing 5 has substantially the same resistance as conventional,
      flexible bearings to compressive loads impressed thereon by propulsive
      gases of the rocket. However, since the bearing 5 is more yielding to
      torques applied to the thrust nozzle by hydraulic actuators, these
      actuators may be considerably smaller and lighter in weight than would
      otherwise be necessary. The resulting decrease in the weight of inert
      parts permits either an increase in range or payload, or both, for the
      rocket.
PAR  An invention has been described that advances the art of flexible bearings.
      Although the preferred embodiment has been described specifically with
      regard to detail, it should be noted that many details may be altered
      without departing from the scope of the invention, as it is defined in the
      following claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. In a flexible bearing constructed of alternate layers of rigid material
      and elastomer stacked and bonded together, the improvement wherein the
      central portion of each layer of elastomer is of a lower, shear modulus of
      elasticity than the elastomer at the edge portions thereof, whereby the
      bearing is more yielding to forces parallel to the layers.
NUM  2.
PAR  2. The flexible bearing of claim 1 having an annular form.
NUM  3.
PAR  3. The flexible bearing of claim 2 wherein the layers of elastomer and
      rigid material conform to surfaces of concentric spheres.
NUM  4.
PAR  4. The flexible bearing of claim 1 wherein the edge portions of the
      elastomeric layers is a natural rubber and the central portions is a
      silicone rubber.
NUM  5.
PAR  5. A flexible bearing for mounting a movable thrust nozzle to a rocket
      comprising:
PA1  a plurality of rigid, annular shims, axially aligned, uniformly spaced
      apart, and conforming to surfaces of concentric spheres; and
PA1  an annular layer of elastomer between each pair of adjacent shims and
      bonded thereto, each layer comprising a set of three concentric,
      contiguous rings of rubber -- the inner and outer rings of each set being
      of a natural rubber, and the central ring being a silicone rubber having a
      lower, shear modulus of elasticity than the inner and outer rings.
PATN
WKU  039414345
SRC  5
APN  5093228
APT  1
ART  316
APD  19740926
TTL  Hydrostatic bearing
ISD  19760302
NCL  5
ECL  1
EXA  Church; Gene A.
EXP  Wood, Jr.; M. Henson
NDR  1
NFG  2
INVT
NAM  Schurger; Rainer
CTY  Schwanfeld
CNT  DT
INVT
NAM  Burkl; Erich
CTY  Stammheim
CNT  DT
INVT
NAM  Walter; Lothar
CTY  Schweinfurt
CNT  DT
ASSG
NAM  SKF Industrial Trading and Development Company, B.V.
CTY  Amsterdam
CNT  NL
COD  03
PRIR
CNT  DT
APD  19731013
APN  2351494
CLAS
OCL  308  9
XCL  308122
EDF  2
ICL  F16C  124
FSC  308
FSS  9;10;7;122;DIG. 1
UREF
PNO  3101224
ISD  19630800
NAM  Adams
OCL  308122
UREF
PNO  3508799
ISD  19700400
NAM  Gordon
OCL  308122
ABST
PAL  A hydrostatic bearing having a cylindrical sleeve in which a shaft is
      located. The inner surface of the sleeve is formed with a plurality of
      bearing compartments about its periphery separated by axial webs. Each web
      is provided with a recess forming a chamber running parallel to the axis
      of the sleeve and having a radial hole communicating therethrough. Each
      hole is connected in common to a source of bearing media under pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a hydrostatic bearing and in particular to
      a hydrostatic bearing for journalling shafts and the like having improved
      means for distributing the bearing media.
PAR  Hydrostatic bearings for absorbing radial loads are known in which a
      plurality of compartments are formed on the periphery of the inner surface
      of an annular cylindrical sleeve which is adapted to surround the shaft.
      The compartments are separated from each other by web-like portions of the
      housing so that they remain discreet and independent from each other.
      Proper operation of the bearing often requires that different compartments
      be provided with different degrees of pressurized media. As a result, in
      the known bearings, each compartment is formed to receive an independent
      supply of bearing or lubricant media by either separately providing each
      compartment with its own media pump, or by providing a common pump for all
      of the compartments and by simultaneously providing separate supply
      connections to each compartment in which special flow restriction devices
      are included. The flow restriction devices are arranged to counteract
      whatever pressure compensation occurs from the common source and to insure
      that each compartment is pressurized as required.
PAR  Conventionally, in those bearings having a common media source, a supply
      conduit extends through the housing into the center of each compartment
      and the flow restriction devices are in the form of capillary valves,
      diaphragm valves or other similar throttle means. As a result each
      compartment is in effect provided with its own source and pressure. It is
      of course intended that the intermediate webs between the adjoining
      compartments will prevent equalization of pressure between these
      compartments. However, this does not always occur and this objective is
      not entirely obtained since, in order to provide for the movement of the
      journalled shaft a small gap is formed between the shaft and the webs
      through which bearing media escapes. Experiments wherein the web has been
      widened, or its inner diameter decreased, so as to reduce the gap between
      it and the shaft have not furnished satisfactory results because the
      bearing compartments are reduced in size. These attempts have resulted, on
      the other hand, in increased friction, reduced load carrying capacity, and
      the diminishing of the length of operational life of the bearing.
PAR  The object of the present invention is to provide a hydrostatic radial
      bearing overcoming the defects and disadvantages of the prior art
      constructions.
PAR  It is another object of the present invention to provide a hydrostatic
      bearing in which pressure equalization between adjacent bearing
      compartments is prevented.
PAR  It is a further object of the present invention to provide a hydrostatic
      bearing which is simple in design and easily constructed.
PAR  It is still another object of the present invention to provide a
      hydrostatic bearing which has greater stability, rigidity of bearing
      response under radial loads and greater efficiency than those
      constructions heretofore known.
PAR  The foregoing objects, other objects, as well as the numerous advantages of
      the present invention will be seen in the following disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a hydrostatic bearing is provided having
      a cylindrical race sleeve on the inner surface of which a plurality of
      circumferentially spaced compartments are formed. The compartments are
      separated by axial webs. In each of two diametrically opposed webs there
      is provided a groove-like recess which runs parallel to the axis of the
      sleeve and forms a pressure chamber. A radial hole extends through the
      sleeve into each of the chambers and is connected to a source of bearing
      media under pressure.
PAR  Preferably both chambers are connected in common to a source of bearing
      media under pressure. This can be accomplished by employing a common
      source or by connecting the radial holes together to equalize their
      pressure. In the latter instance an annular groove on the exterior of the
      sleeve joining each of the holes, is preferred. Also, it is preferred that
      only two separating webs with pressure chambers are provided and that
      likewise the sleeve is provided with only a pair of compartments similar
      in shape and symmetrically arranged on the periphery of the sleeve.
PAR  Full details of the present invention are set forth in the following
      description and are shown in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a sectional view taken transverse to the axis of a radial
      hydrostatic bearing embodying the present invention, and
PAR  FIG. 2 is an isometric view of the bearing of FIG. 1 taken on line 2--2.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The radial bearing, as seen in FIG. 1, is formed of an outer cylindrical
      race sleeve 1 in which a shaft 2 is adapted to be journalled. The inner
      surface of the sleeve 1 is provided with a pair of uniformly symmetrically
      cut rectangular recesses forming bearing compartments 3, which are
      separated from each other by a pair of diametrically opposed strip-like
      axial webs 4. A radial supply hole 5 is drilled through the sleeve into
      the center of each of the webs 4 and an annular groove 6 is formed on the
      exterior surface of the sleeve 1 joining the holes. Each web 4 is cut out
      with a rectangular groove forming a pressure chamber 7 therein. The inner
      surface of the sleeve 1 is further provided with rims 8 on each of its
      axial edges.
PAR  The webs 4 and the rims 8 are integrally formed with the sleeve as a whole
      and preferably have the same inner radius which thus provides a uniform
      gap between the sleeve 1 and the shaft 2 for the flow of bearing media
      both circumferentially about the shaft as well as axially outward of its
      ends. The webs 4 as well as the pressure chambers 7 formed there in run
      parallel to the axis of the sleeve 1 which is adapted to seat within an
      outer housing or block in conventional manner.
PAR  In the embodiment shown bearing media, preferably a lubricant, is supplied
      to the annular groove from a common pump, to insure equal pressure
      delivery. The bearing media flows through each hole 5 into its
      communicating pressure chamber 7 without appreciable loss of pressure.
      From each chamber 7 the medium flows in the peripheral direction of the
      shaft circumferentially into each of the adjoining bearing compartments 3.
      Since the pressure in each chamber 7 is essentially that of the pump the
      pressure within the chamber is initially greater and is maintained greater
      than the pressure created in the adjacent compartments 3. Under radial
      load however one chamber 7 may have a greater prevailing pressure than
      that of the other chamber. When this occurs, medium flows from the chamber
      having the greater prevailing pressure through the gap between it and the
      shaft to each of the adjoining compartments 3 while the other chambers act
      as a throttle. The pressure in the throttled chamber is reduced until the
      bearing and the shaft are balanced. The reduction in pressure is at a
      maximum only to the level of the adjoining bearing compartments 3 and will
      not fall below the pressure of these compartments.
PAR  During operation, the pressure medium in each of the bearing compartments 3
      is separated from that of the adjoining compartment by the existence of a
      greater pressure in each of the chambers 7 located in the separating webs.
      As a result equalization between the bearing compartments cannot take
      place. The bearing media, can only flow outwardly of the compartments 3
      axially beyond the rims 8. The bearing media can thus not flow
      circumferentially from the compartments themselves. Since there is a
      constant relative movement between the shaft 2 and the sleeve 1, the
      chambers 7 and holes 5 as well as the gaps between the web 4 and the shaft
      are automatically self-cleanable and clogging and fouling of the bearing
      is eliminated.
PAR  The bearing seen in FIG. 1 can only be subjected to radial loads and stress
      in the plane denoted by the section line 2--2. Should installation of a
      shaft be made where stresses are created at right angles (i.e. in the
      radial direction of the webs) an identical bearing may be installed next
      to it in a position rotated by 90.degree.. The source of bearing media can
      be supplied directly to each of the holes 5, either from a common pump or
      from a pair of pumps and in a manner where a common and equal pressure is
      obtained. The groove 6, equalizes the pressure between the holes 5. It may
      also be formed on the interior surface of the surrounding housing rather
      than on the sleeve itself. It will be obvious that as a result of the
      foregoing construction the media pressure in each of the separating
      chambers 7 can be maintained many times greater than the media pressure in
      each of the bearing compartments 3. This entirely prevents the
      circumferential escape of media or pressure equalization between the
      adjoining compartments. Consequently rigidity and load absorption of the
      bearing is greatly increased. The separating webs 4 assume the function of
      a flow throttle or valve and causes the bearing medium to flow through the
      chambers laterally, that is circumferentially about the shaft 2, to each
      of the adjacent bearing compartments supplying these compartments with a
      reduced pressure. A separate supply of bearing media to the bearing
      compartments 3 is thus not necessary.
PAR  A further advantage of the present invention lies in the fact that the
      throttling means created by the chamber 7 and the radial hole 5 are
      constantly self-cleaning due to the continuous relative movement between
      the sleeve and the journalled shaft. Thus the possibility of breakdown or
      faulty operation of the bearing is eliminated. The use of only two bearing
      compartments 3 and two diametrically opposed webs 4 results in the
      advantageous ability to vary the shape and size of the bearing
      compartments to obtain a desirable variation in bearing capacity, although
      maintaining a unidirectional load absorbing capacity. However, the number
      and shape of the bearing compartments as well as the webs can be modified
      as desired.
PAR  Various modifications and changes have been illustrated herein, others will
      be obvious to those skilled in the present art. It is intended therefore
      that the present disclosure be taken as illustrative only of the invention
      and not as limiting of its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hydrostatic radial bearing comprising a cylindrical sleeve, the inner
      surface of which is formed with at least one pair of compartments
      circumferentially spaced about its periphery, adjacent ones of said
      compartments being separated by an axial web, each of a pair of
      diametrically opposed webs having a chamber extending parallel to the axis
      of said sleeve and a hole extending radially through said sleeve
      communicating with its associated chamber for connection to a source of
      bearing media under pressure.
NUM  2.
PAR  2. The bearing according to claim 1 wherein said compartments are
      circumferentially spaced symmetrically about the inner periphery of said
      sleeve and said webs extend parallel to the axis of said sleeve and
      integral with the periphery of said sleeve.
NUM  3.
PAR  3. The bearing according to claim 1 including means for connecting said
      radial holes to a common source of lubricant under pressure.
NUM  4.
PAR  4. The bearing according to claim 1 including an annular groove formed on
      the outer surface of said sleeve communicating with each of said holes.
NUM  5.
PAR  5. The bearing according to claim 2 wherein said webs having a radius
      uniform with that of said inner surface.
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ABST
PAL  Disclosed is a roller with an outer mantle and an inner shaft, the middle
      part outer diameter of the inner shaft being greater than the outer
      diameter of its other parts and the outer mantle having been joined by
      shrinking to the middle part of the inner shaft. The outer mantle parts
      being supported by the greater diameter middle part of the inner shaft and
      consisting of two pipes welded together, the ends of the mantle have been
      thinned on the inside so that their inner diameter is the same as the
      outer diameter of the inner shaft middle part and the combined length of
      the outer mantle is the same as the length of the middle part of the inner
      shaft. In addition the middle part of the inner shaft has been fitted so
      that when said pipes are welded together the middle part is pressed
      between the shoulders of the thinned parts of the outer mantle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a roller with an outer mantle and a hollow
      or solid inner shaft, the middle part diameter of the inner shaft being
      greater than that of its other parts and the outer mantle being joined to
      the middle part of the inner shaft by shrinking.
PAR  Paper machines and other similar machines have a great number of rollers
      which deflect under a load. The deflection disturbs the operation of the
      machine, and for this reason attempts are made to reduce or eliminate it.
      For this reason the conventional roller structure with a hollow cylinder
      which is supported by the shaft at both ends has been replaced by, for
      example, a structure in which the hollow cylinder is supported by the
      shaft at its middle part or close to it. The deflection of such an
      anti-deflection roller under a load is considerably less than that of a
      conventional roller.
PAR  The structure according to Finnish Pat. No. 45 777 can be mentioned as an
      example of an anti-deflection roller. This structure has a mantle shrunk
      over a solid or tubular central shaft so that when the roller, supported
      by the central shaft at the ends, is loaded, the mantle deflects at the
      middle part of the roller at the shrinkage joint according to the shape of
      the inner shaft. Outside the shrinkage joint the mantle is free and bends
      in the manner of a protruding beam. The durability of the shrinkage joint
      is poor owing to friction corrosion, and the roller is heavy and has a
      great diameter. In addition, it is difficult to obtain a straight roller
      free of warpage.
PAR  Also known is a structure according to FIG. 1 of the drawings. In this one,
      the steel mantle tubes have been welded to the inner shaft. It is more
      difficult to make the structure straight and warpage-free but it has a
      better loading capacity. Even in this one the inner shaft can be tubular,
      and a very light structure can be obtained. The welding of the mantle
      tubes, however, causes uneven pulling tension, and it is difficult to make
      the roller straight. If it is straightened by machining on the surface, an
      imbalance which is difficult to rectify is created.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention eliminates the said disadvantages. The
      characteristics of the invention are given in the enclosed patent claims.
      By means of the invention, an axial shrinkage which surpasses the yield
      point is produced in the thinned part of the outer mantle as a result of
      welding, and the large-diameter middle part of the inner shaft is pressed
      between the shoulders of the thinned part of the outer mantle. Thereby a
      very great surface pressure is produced on the surfaces of the shoulders,
      with the result that the roller-shaft combination keeps firm and without
      cracking under any loading. The surface pressure and the tension on the
      surfaces of these shoulders are also very close to constant around the
      roller. The roller remains very straight, for the axial strength and
      stiffness of the inner shaft between the shoulder surfaces of the outer
      mantle are many times those of the thinned part of the outer mantle.
PAR  In addition the parts of the roller can be machined and annealed into
      complete parts which are half the length of the roller. The width of paper
      machines may surpass 10 m. The manufacture of such long parts by, for
      example, casting, is complicated, as is any other handling of the same.
      Installation by welding does not cause distortions in the roller, either.
      The axially resilient shrinkage zone behaves under a wearing load like a
      long screw joining stiff pieces. The variation of tension therein is
      calculated from the sum of the cross section surfaces of the thinned part
      of the outer mantle and the middle part of the inner shaft, whereby it
      remains considerably less than in the weld joint of the known structure
      shown in FIG. 1.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Two embodiments of the invention are described below with reference to the
      enclosed drawings, in which
PAR  FIG. 1 shows, as said above, a previously known roller and
PAR  FIGS. 2 and 3 two embodiments of the roller according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the embodiment according to FIG. 2, the inner shaft 1 consists of two
      pipes. Those ends of these pipes which coincide with the thinned part of
      the outer mantle 2 form the middle part 3, 3 of the inner shaft 1 between
      the shoulders c of the outer mantle. The outer diameter of the middle part
      3, 3 is greater than that of the other parts of the shaft. The outer
      mantle 2 also consists of two pipes the ends 4 of which have been thinned
      on the inside so that their inner diameter is the same as the outer
      diameter of the middle part 3, 3 of the inner shaft 1 and the length e of
      the ends 4 together is the same as the length of the middle part of the
      inner shaft.
PAR  The pipes of the outer mantle 2 have been pushed with a push or compression
      fit over the inner shaft 1. One of the pipes of the outer mantle is
      thinned at its end so that it can be pushed over the middle joint of the
      inner shaft and will direct the parts of the inner shaft to each other
      well. Thereafter the pipes of the outer mantle 2 are pressed against each
      other so that the surfaces of the shoulders c of the thinned part 4, 4 of
      the outer mantle and the greater-diameter ends 3, 3 of the pipes of the
      inner shaft are definitely together. Thereafter the thinned ends 4 of the
      outer mantle are welded together. The welding causes in the thinned part
      4, 4 of the outer mantle an axial shrinkage which possibly surpasses the
      yield point, and a great surface pressure is produced on the surfaces of
      the shoulders c. When needed, additional surface shells can be welded to
      the thinned part of the outer mantle to produce the shrinkage; these
      shells cause both axial and radial welding tensions. The material welded
      on top is later removed by machining.
PAR  The surfaces of the shoulders c of the thinned part 4, 4 of the outer
      mantle must be dimensioned so that no plastic yield occurs in them and
      that the material thickness a of the thinned part of the outer mantle is
      preferably at maximum half the material thickness b of the other parts of
      the outer mantle. The material thickness d of the middle part 3, 3 of the
      inner shaft must be considerably greater than the material thickness a of
      the thinned part 4, 4 of the outer mantle 2. The variation of tension in
      the axially resilient shrinkage zone is calculated from the cross section
      surface a+d. The length e of the thinned part of the outer mantle is
      selected according to the desired shape of the deflection line. The length
      e may be at maximum 1/3 of the entire length of the outer mantle 2.
PAR  As mentioned above, the structure according to the invention can also be
      used in, for example, the roller introduced in Finnish Patent Application
      No. 1669/69, in which the outer mantle is supported, in addition to the
      middle support, at both ends by the inner shaft with a regulable
      supporting force. A couple of examples are given below of such an
      application:
PAR  1. Pressing roller with a regulable deflection:
TBL  Outer diameter of mantle                                                  
                            900 mm                                             
     Length of mantle       7500 mm                                            
PA1  a = 30 mm
PA1  b = 90 mm
PA1  d = 160 mm
PA1  e = 400 mm
PAR  2. Reeling machine supporting roller with a regulable deflection:
     Outer diameter of mantle                                                  
                            650 mm                                             
     Length of mantle       6600 mm                                            
PA1  a = 10 mm
PA1  b = 20 mm
PA1  d = 45 mm
PA1  e = 500 mm
PAR  In the embodiment according to FIG. 3 the pipes of the outer mantle 2 have
      been joined by welding them to the ends of an intermediate member 5 by
      which the surfaces of the inner shaft 1 are supported. The material
      thickness of the middle part of the intermediate member is h, and the
      distance between the inner shaft parts supported by the intermediate
      member is f. The length e/2 of the ends 3 of the middle part of the inner
      shaft 1 under compression is thus shorter than in the embodiment according
      to FIG. 2, and consequently the desired compressive force (shrinkage) can
      be achieved more easily.
PAR  In addition, an example of an embodiment according to FIG. 3 is described
      below:
PAR  3. Breast-roll of paper machine wire part:
     Outer diameter of mantle                                                  
                            700 mm                                             
     Length of mantle       6000 mm                                            
PA1  a = 8 mm
PA1  b = 16 mm
PA1  d = 32 mm
PA1  e/2 = 200 mm
PA1  f = 1000 mm
PA1  h = 20 mm
PAR  The invention is not limited to the above embodiments but its object can be
      varied within the claims. Thus, the inner shaft can be made of one part,
      and it can be solid. The material thickness of the roller can also vary
      considerably.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A roller with an outer mantle and an inner shaft, the middle part outer
      diameter of said inner shaft being greater than the outer diameter of its
      other parts and said outer mantle having been joined by shrinking to said
      middle part of said inner shaft, said outer mantle parts being supported
      by said greater-diameter middle part of said inner shaft, said outer
      mantle consisting of two pipes welded together, have been thinned on the
      inside so that their inner diameter is the same as the outer diameter of
      said inner shaft middle part and the combined length of said outer mantle
      is the same as the length of said middle part of said inner shaft, and
      that said middle part of said inner shaft has been fitted so that when
      said pipes are welded together said middle part is pressed between the
      shoulders of said thinned parts of said outer mantle.
NUM  2.
PAR  2. A roller according to claim 1, wherein an axial shrinkage has been
      caused in said thinned parts of said outer mantle when welding them
      together and that said shoulders of said pipes have been dimensioned so
      that no plastic yield occurs in them.
NUM  3.
PAR  3. A roller according to claim 2, wherein the axial tension caused by the
      shrinkage is the same or less than the yield tension of the material.
NUM  4.
PAR  4. A roller according to claim 3, wherein surface shells have been welded
      to said thinned parts of said outer mantle, and said shells together with
      the welding joint cause an axial shrinkage in said thinned ends of said
      outer mantle.
NUM  5.
PAR  5. A roller according to claim 4, wherein the material thickness of said
      thinned parts of said outer mantle is at maximum half the material
      thickness of the other parts of said outer mantle.
NUM  6.
PAR  6. A roller according to claim 5, wherein the material thickness of said
      middle part of said inner shaft is considerably greater than the material
      thickness of said thinned parts of said outer mantle.
NUM  7.
PAR  7. A roller according to claim 6, wherein the combined length of the
      thinned parts of said outer mantle is at maximum 1/3 of the total length
      of said outer mantle.
NUM  8.
PAR  8. A roller according to claim 7, wherein said inner shaft consists of two
      parts assembled endwise.
NUM  9.
PAR  9. A roller according to claim 8, wherein the pipes of said outer mantle
      have been welded together at a point which is situated in the axial
      direction to one side of the joint of said inner shaft parts.
NUM  10.
PAR  10. A roller according to claim 8, wherein the pipes of said outer mantle
      have been joined by welding them to the ends of an intermediate member by
      which the parts of said inner shaft are supported.
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ABST
PAL  In this bearing for light rotary shafts, a metal receiving plate provided
      with a hemispherical recess of a diameter slightly larger than the outside
      diameter of a spherical bearing metal is formed, an annular felt
      impregnated with a lubricating oil is fitted to said metal receiving
      plate, the intermediate periphery of the spherical bearing metal is fitted
      to said annular felt, further an annular metal pressing plate having the
      edge part of an inner hole formed to be of an arc of a diameter slightly
      larger than the outside diameter of the spherical bearing metal is placed
      on said annular felt, the spherical bearing metal pressing plate by
      leaving a very slight clearance between it and the arc of the inner hole
      of said annular metal pressing plate and between it and the hemispherical
      recess of the metal receiving plate and the metal receiving plate and
      annular metal pressing plate are integrally combined with each other by
      filling an annular groove formed of the peripheral edge step part of the
      annular metal pressing plate and the inner peripheral surface of the metal
      receiving plate with an organic binder.
BSUM
PAR  This invention relates to a bearing to be used for a shaft supporting part
      of a light small diameter shaft of a shaft diameter less than 12 mm. and a
      light load as, for example, a rotary shaft bearing a light load of a small
      motor or the like.
PAR  There is already known a bearing of this kind wherein, as shown in FIG. 3,
      a spherical bearing metal 1 is resiliently pressed and fitted to a metal
      receiving plate 4 with a metal pressing spring plate 12. However, such
      bearing has defects that, as the metal pressing spring plate 12 is
      resiliently pressed in contact with the rough surface of the spherical
      bearing metal 1 made of such porous metal as a sintered alloy, the
      centerability is so low that, when a large force acts instantaneously by
      any chance or a cantilever load is applied as on a shaft in a belted power
      transmitter mechanism, the resilient pressing force of the metal pressing
      spring plate 12 acting on the spherical surface of the bearing metal will
      be unbalanced and the spherical bearing metal 1 will be likely to be moved
      in the direction in which the load acts, thus be caused to rock.
PAR  The present invention is an improvement made to eliminate the defects of
      such a conventional bearing.
DRWD
PAR  The present invention shall be described more particularly with reference
      to the drawings, in which:
PAR  FIG. 1 is a vertically sectioned side view of an embodiment of the present
      invention;
PAR  FIG. 2 is a plan view of the same;
PAR  FIG. 3 is a vertically sectioned side view of a conventional product.
DETD
PAR  A metal receiving plate 4 provided with a hemispherical recess 2 of a
      diameter slightly larger than the outside diameter of a spherical bearing
      metal 1 and with a proper number of holes 3 in the peripheral edge part is
      formed. An annular felt 5 impregnated with a lubricating oil is fitted to
      said metal receiving plate 4. The intermediate periphery of the spherical
      bearing metal 1 is fitted to said annular felt 5. An annular metal
      pressing plate 8 having the edge part of an inner hole 6 formed to be of
      an arc 7 of a diameter slightly larger than the outside diameter of the
      spherical bearing metal 1 is placed on said annular felt 5. The spherical
      bearing metal 1 is held between the metal receiving plate 4 and annular
      metal pressing plate 8 by leaving a very slight clearance between it and
      the arc 7 of the inner hole of said annular metal pressing plate 8 and
      between it and the hemispherical recess 2 of the metal receiving plate 4.
      The metal receiving plate 4 and annular metal pressing plate 8 are
      integrally combined with each other by filling an annular proove formed of
      the peripheral edge step part 9 of the annular metal pressing plate 8 and
      the inner peripheral surface 10 of the metal receiving plate 4 with an
      organic binder 11.
PAR  The present invention is formed as mentioned above. The spherical bearing
      metal 1 has the annular felt 5 which is impregnated with a lubricating oil
      fitted to the intermediate periphery and is held between the metal
      receiving plate 4 and annular metal pressing plate 8 by deeping a very
      slight clearance so as to make about one self-rotation while a rotary
      shaft inserted through the spherical bearing metal 1 makes 100,000
      rotations.
PAR  Further, the bearing of the present invention can be fixed to any required
      place through the holes 3 on the peripheral edge of the metal receiving
      plate 4.
PAR  In short, in the present invention, a metal receiving plate 4 provided with
      a hemispherical recess 2 of a diameter a little larger than the outside
      diameter of a spherical bearing metal 1 is formed. An annular felt 5
      impregnated with a lubricating oil is fitted to said metal receiving plate
      4. The intermediate periphery of the spherical bearing metal 1 is fitted
      to said annular felt 5. An annular metal pressing plate 8 having the edge
      part of an inner hole 6 formed to be of an arc 7 of a diameter larger than
      the outside diameter of the spherical bearing metal 1 is placed on said
      annular felt 5. The spherical bearing metal 1 is held between the metal
      receiving plate 4 and annular metal pressing plate 8 by leaving a slight
      clearance between it and the arc 7 of the inner hole of said annular metal
      pressing plate 8 and between it and the hemispherical recess 2 of the
      metal receiving plate 4. The metal receiving plate 4 and annular metal
      pressing plate 8 are integrally combined with each other by filling the
      peripheral edge step part 9 of the annular metal pressing plate 8 with an
      organic binder 11. Therefore, the spherical bearing metal 1 can be
      smoothly and lightly centered without being uselessly pressed by the metal
      receiving plate 4 and annular metal pressing plate 8. Even if a cantilever
      load is applied, the spherical bearing metal 1 will be supported by the
      annular metal pressing plate 8 without rocking. Further, as the annular
      metal pressing plate 8 is bonded and fixed to the metal receiving plate 4
      through the organic binder 11, the vibration generated by the spherical
      bearing metal 1 can be absorbed by the binder so as to reduce noises.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bearing for light rotary shafts wherein a metal receiving plate
      provided with a hemispherical recess of a diameter slightly larger than
      the outside diameter of a spherical bearing metal is formed, an annular
      felt impregnated with a lubricating oil is fitted to said metal receiving
      plate, the intermediate periphery of the spherical bearing metal is fitted
      to said annular felt, further an annular metal pressing plate having the
      edge part of an inner hole formed to be of an arc of a diameter slightly
      larger than the outside diameter of the spherical bearing metal is placed
      on said annular felt, the spherical bearing metal is held between the
      metal receiving plate and annular metal pressing plate by leaving a very
      slight clearance between it and the arc of the inner hole of said annular
      metal pressing plate and between it and the hemispherical recess of the
      metal receiving plate and the metal receiving plate and annular metal
      pressing plate are integrally combined with each other by filling an
      annular groove formed of the peripheral edge step part of the annular
      metal pressing plate and the inner peripheral surface of the metal
      receiving plate with an organic binder.
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ABST
PAL  A bearing housing for high speed rotating shafts wherein the bearing
      housing is constructed in two parts with the bearing being of the
      semi-floating type. One part of the bearing housing presses against the
      bearing to resist any axial thrust that may be exerted on the bearing
      during high speed operation. The bearing is floating on a lubricant around
      its outer diameter in the other portion of the two part bearing housing.
      With the bearing being stationary in the housing, the only critical
      surface becomes the internal surface between the bearing and the shaft
      itself. By varying the position of the two parts of the bearing housing,
      the passage for the lubricant to enter the bearing housing can be located
      at a near vertical position while permitting desired orientation of the
      end of the bearing housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to bearing housing means and is more particularly
      directed to improved means for providing stationary sleeve bearings and
      bearing housings for shafts rotating at high speeds.
PAR  The present invention was designed and developed in conjunction with
      bearings and bearing housings required for high speed rotating shafts in
      turbochargers. In the production and manufacturing of the bearing housing,
      it previously had to be sand cast with numerous tapped and machined
      surfaces being cut therethrough. By dividing the bearing housing into two
      separate parts, the bearing housing may be die cast with little, if any,
      need for further machining. An inexpensive axial thrust seal may now be
      incorporated in the bearing housing with a substantial reduction in cost.
      Die casting the housing itself is much more economical than the former
      method of sand casting.
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  This invention is an improvement over U.S. Pat. No. 3,043,636 issued on
      July 10, 1962 to one of the same inventors as the present application
      which is hereby incorporated by reference.
PAR  In the early development of high speed rotating shafts the bearings and
      bearing housings were normally water cooled. As the small high speed
      devices became further refined, air cooled housings were developed wherein
      the major portion of the cooling was received from the lubricating oil.
      However, oil adjacent to a lightly loaded high speed rotating shaft would
      cause the phenomenon of oil whirl. In oil whirl the shaft center rotates
      in the same direction as the shaft but at about half the rotational speed
      around a varying axis different from the bearing center. This additional
      rotation often assumes a cardioid path. Oil whirl, particularly in high
      speed lightly loaded shafts, could wipe out a bearing in a matter of
      minutes. One method of preventing this was to make the shaft journals
      extremely hard, extremely smooth and balance the rotating group as a unit
      to very close tolerances.
PAR  Since these early developments, fixed bearings have been replaced with
      floating bearings in an effort to prolong the bearing life. The bearings
      would fit into the bearing housing with about the same clearance as the
      journals fit into the bearings. The bearings are free to rotate and
      actually float between the journal and the bearing housing. In addition to
      giving much longer bearing life, floating bearings do not require journals
      as hard or as smooth as previously required and they have the built-in
      ability to dampen vibrations, thereby making it unnecessary to balance the
      entire unit as a group. Therefore, one portion could be replaced without
      replacing the entire unit.
PAR  However, the floating bearing, as originally developed, would not accept
      thrust along the axis of the shaft. Therefore, a semi-floating bearing was
      developed wherein a flange on one end of the bearing is anchored by means
      of a pin or other suitable device to the bearing housing and the bearing
      is no longer free to rotate. By the use of a snap ring or other snugly
      fitting device, the bearing may now accept an axial thrust along the axis
      of the shaft.
PAR  Since some lubricant is required with either a floating or a semi-floating
      bearing, they must have tapped holes for the inward and outward flow of
      the lubricant. This is normally a standard lubricating oil used in the
      crankcase of an engine. With the flow of the oil through the bearing
      housing and around the bearing itself, a somewhat expensive seal had to be
      developed to prevent the leakage of the oil along the direction of the
      axial thrust. Because this area was periodically exposed to a vacuum
      conditioned by the compressor, a potential leakage path existed. Also, the
      bearing housing had to be sand cast to provide the many cavities required
      therein. With the sand casting method of production, a large amount of
      machining was required to provide good rotating surfaces and seals.
PAR  The foregoing problems are contained in the U.S. Pat. No. (3,043,636)
      incorporated by reference. A further explanation of the background can be
      found in a book entitled "How to Select and Install Turbochargers" by Hugh
      MacInnes published by H. P. Books, P. O. Box 50640, Tucson, Arizona 85703,
      having a Library of Congress Catalog Card No. 70-173701.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides the simplest and most economic bearing
      housing for high speed rotating shafts using a semi-floating axial thrust
      bearing. All surfaces of the bearing housing are now visible from the
      external portion so that a die cast process may now be used. By die
      casting the compressor end of the bearing housing, the thrust seal may be
      made much smaller, and more reliable and economical.
PAR  Therefore, it is an object of the present invention to provide an improved
      bearing housing for a high speed rotating shaft.
PAR  It is a further object of the present invention to provide a bearing
      housing for a high speed rotating shaft that can be economically
      manufactured by such methods as die casting.
PAR  It is still a further object of the present invention to provide a high
      speed bearing housing with an improved sealing means along the direction
      of the axial thrust of a semi-floating type bearing.
PAR  It is an even further object of the present invention to provide an
      improved design to a semi-floating type bearing for high speed rotating
      shafts.
PAR  It is still another object of the present invention to provide a high speed
      bearing housing that may be mounted at any position relative to the
      stationary mount whereby the lubricating oil will continue to flow
      therethrough by the force of gravity.
PAR  It is even another object of the present invention to provide a high speed
      bearing housing and bearing whereby the lubricating oil will flow over the
      bearing and shaft and back to its reservoir through the action of gravity
      without consideration of the position of the turbine housing or compressor
      housing.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal section view of an assembly drawing illustrating a
      device using the present invention.
PAR  FIG. 2 is a longitudinal cross sectional view of the bearing shown in FIG.
      1.
PAR  FIG. 3 is a front view of the bearing shown in FIG. 2.
PAR  FIG. 4 is a cross sectional view of FIG. 2 along section lines 4--4.
PAR  FIG. 5 is a view of the turbine portion of the bearing housing shown along
      lines 5--5 of FIG. 1.
PAR  FIG. 6 is a view of the compressor portion of the bearing housing shown
      along lines 6--6 of FIG. 1.
PAR  FIGS. 7-10 illustrate the flow of the lubricating oil with respect to the
      various mounting positions of the compressor housing.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  While the novelty of the present invention is herein described in
      conjunction with its application to turbochargers, it should be understood
      that the present invention would apply to any invention using high speed
      rotating shafts.
PAR  Since the present invention has incorporated by reference U.S. Pat. No.
      3,043,636, and the drawings of the incorporated reference and the present
      invention are somewhat similar, identical numbers used in the incorporated
      reference will be used in the present invention without the need of
      detailed description with this invention. Since the numbers used on the
      incorporated reference go through number 64, the present invention will
      start with number 70 to designate new components to avoid the possibility
      of confusion.
PAR  As a general background discussion, FIG. 1 shows a turbocharger designated
      generally by the reference numeral 8, having three major sections, the
      compressor section 9, the turbine section 10 and a shaft housing section
      that is divided into a compressor portion 70 and a turbine portion 71. The
      compressor section 9 is secured to the compressor housing portion 70 by a
      suitable means such as screws (not shown). The compressor section 9 is
      provided with a fluid inlet 13 and annular discharge passage 14. A
      compressor impeller 15 is mounted on shaft 16, which is common with the
      turbine impeller means 35. The compressor impeller 15 is secured to the
      shaft 16 by means of a nut 17.
PAR  The turbine section 10 includes an inlet 30 and an annular inlet passage 29
      which communicates with the discharge outlet 28. A heat shield 72 prevents
      the heat of the exhaust of an engine driving the impeller 35 from
      overheating the turbocharger. The turbine portion 71 of the housing is
      secured to the turbine section 10 by any suitable means, such as clamp 34.
      The turbine housing portion 71 has a flange 75 that can be secured in
      clamp 34 to flange 112 of the turbine section 10. A seal 73 between the
      turbine portion 71 of the housing and the turbine section 10 prevents the
      leakage of any exhaust to the atmosphere.
PAR  Inlet passage 76 allows a suitable lubricant such as oil to flow through
      the turbine housing portion 71 to the bearing 77. The oil is further
      communicated to shaft 16 through holes 78 in the bearing 77. Annular
      groove 79 is in line with hole 78 and inlet passage 76 as demonstrated by
      the center line   . Oil entering inlet passage 76 is discharged through
      discharge outlet 80 by means of cavity 81. The oil drains to cavity 81 by
      means of passage 82 and around butting surface 83 of turbine housing
      portion 71 and the flange 86 of bearing 77. Lip 84 of turbine housing
      portion 71 mates with shaft seal 85 to prevent the flow of oil into the
      turbine section 10 and to prevent the fluid medium, normally hot exhaust
      fumes, from flowing to the bearing housing section. The butting surface 83
      of the turbine housing portion 71 abuts the inner portion of flange 86 on
      bearing 77.
PAR  Before describing the compressor housing portion 70, a further look at the
      bearing 77 is appropriate. Referring now to FIGS. 2, 3 and 4 in
      combination with the assembly drawing shown in FIG. 1, a better
      understanding of the bearing 77 can be obtained. There is a cylindrical
      portion 87 and a flange portion 86 of the bearing 77. The previously
      mentioned holes 78 can be best seen in FIG. 4. The cylindrical portion 87
      has a chamfer 88 to permit quick insertion in turbine housing portion 71,
      which also contains a chamfer 89. The forward part 90 of cylindrical
      portion 87 extends slightly forward of the flange 86. This forward part 90
      has V-shaped grooves 91 cut to allow oil to communicate therethrough
      because the forward part 90 stops axial thrust that may be exerted on the
      bearing 77. By flow of oil through the V-shaped grooves 91 into annular
      groove 113, oil will flow over the front of flange 86 into cavity 81 and
      out discharge outlet 80. Tabs 92, when mated with turbine housing portion
      71, will prevent the rotation of bearing 77. Surfaces 93 have to be very
      smooth for rotation of the shaft 16, with V-sshaped grooves 94 allowing
      the flow of a lubricant between the bearing and shaft. The lubricant which
      enters through hole 78, is communicated to a larger diameter part 114 of
      cylindrical portion 87 for further communication to V-shaped grooves 94.
      It also travels along cylindrical portion 87, thereby allowing the bearing
      77 to float on oil. The internal portion of the bearing 77 must be bored
      and the grooves 91 cut to provide proper lubrication and a smooth rotating
      surface 93. The only critical part of the bearing 77 is the portion that
      rubs on shaft 16 becuase all other surfaces are fixed relative to the
      adjacent surface it may touch. The bearing 77 may be die cast to fairly
      close tolerances and bored out to give the further precision desired. This
      is much cheaper than the previous methods of machining the entire bearing
      77.
PAR  Referring back to FIG. 1, washer 95 in conjunction with sleeve 96 combine
      to take the axial thrust on bearing 77. Washer 95 is pressed between
      shoulder 97 of shaft 16 and sleeve 96 to prevent any leakage of the
      lubricating oil through the internal portion of sleeve 96. The compressor
      housing portion 70 has a seal cartridge 98 that is retained by retaining
      ring 99. The forward portion of the seal cartridge 98 abuts the washer 95
      and the rear of seal cartridge 99 slides through an O-ring seal 100 and
      internal flange 101 of compressor housing portion 70. Seal cartridge 98
      also presses against a wave spring 116, which holds O-ring seal 100
      between internal flange 101 and the rear of seal cartridge 98 to prevent
      leakage from the bearing housing to the compressor portion 9 or vice
      versa. Shims 117 are located between sleeve 96 and compressor impeller 15
      to provide spacing and freedom of rotation of the compressor impeller 15.
PAR  Referring now to FIGS. 5 and 6, a better understanding of the bearing
      housing can be obtained. Surface 102 of turbine housing portion 71 is
      pressed against surface 103 of compressor housing portion 70. When the two
      are bolted together with an O-ring 104 being located in mating grooves 105
      and 106, oil is held between the two housing portions 70 and 71. By
      drilling and tapping a number of holes 107 in turbine housing portion 71
      and only enough securing holes 108 in compressor portion 70, once turbine
      section 10 and compressor section 9 have been secured in place, the
      turbine housing portion 71 can be rotated with respect to the compressor
      housing portion 70 so that the inlet passage 76 is in the uppermost
      position. This will allow oil to flow therethrough and out discharge
      outlet 80 by the simple effect of gravity. Since only a flange 75 and
      sleeve 34 holds turbine housing portion 71 to turbine section 10, the only
      restriction would be that the holes 107 must mate with the holes 108.
      Therefore, the turbine housing portion 71 can be located at twelve
      separate positions around a circle, to locate the inlet passage 76 in its
      uppermost position. As a pictorial example of the oil inlet and outlet
      with respect to the relative position of the compressor, look at FIGS. 7,
      8, 9 and 10, which illustrates only four of twelve possible positions. The
      oil inlet is always located at approximately the uppermost portion, with
      the oil outlet being located at the bottom to allow the oil to flow simply
      by the force of gravity. Lugs 109 in compressor housing portion 70 mate
      with tabs 92 and flange 86 to prevent the axial movement of bearing 77.
      Also, slots 110 allow the communication of oil to cavity 81 and out
      discharge outlet 80.
PAR  Prior to the present invention, bearing housings were usually made from
      cast iron, permanent mold cast aluminum or fabricated components. A unique
      feature of the present design is that the bearing housing may be die cast
      in aluminum, zinc or other suitable alloy. The advantages of the die
      casting are low cost and high production made possible by very little need
      for machining and the simplicity and ease of servicing. The present design
      is incorporated with the use of a semi-floating bearing and a unique heat
      shield 72 designed to prevent hot exhaust heat and fumes from reaching
      other parts of the device.
PAR  The heat shield 72 can be stamped from stainless steel or other more
      suitable substance. Prior to the present design, a solid shield was used
      that was more expensive and less effective in shielding the bearing
      housing from hot exhaust fumes.
PAR  Die casting is a precision casting, where a device can be made very close
      to the finished product with very little need for machining or other
      refinement of the various surfaces. A die cast mold is divided into two
      halves, with the cavity between the two halves being filled with a desired
      substance (such as aluminum) that is being cast. All surfaces of the
      device being cast must be visible from the two halves of the die, so that
      when the molten substance has hardened the two halves of the die may be
      removed. By using this method, very smooth surfaces can be obtained.
      Previously, highspeed bearing housings, that were used for floating or
      semi-floating bearings, had to be sand cast because many of the surfaces
      were not exposed to allow die casting. In sand casting with its inherit
      surface roughness, a considerable amount of machining had to take place.
      Basically, the new design of the bearing housing consists of slicing the
      bearing housing in half, with the part nearest the compressor forming the
      compressor housing portion 70 and the part adjacent to the turbine forming
      the turbine housing portion 71. Since the housing is now separated into
      two parts 70 and 71, there is no longer the necessity to leave the large
      opening for inserting a bearing in the housing. An oil cap housing or a
      seal cap housing can be cast integral with and as a part of the compressor
      housing portion 70. By casting the compressor housing portion 70, the
      housing for the seal 100 can be made integral therewith to eliminate a
      potential leakage path. The prior seal, which counteracted a vacuum caused
      by restrictions in upstream flow, was always a critical portion of prior
      assemblies. By reduction of the area of the opening, the seal becomes less
      critical. Also, die casting will reduce the cost of the oil seal by
      approximately half by eliminating the need for a cap ring and allowing the
      thrust of the semi-floating bearing to be taken by the compressor housing
      portion 70 and not the seal. One example of the new design of the bearing
      housing is shown in the preferred embodiment describing the use of the two
      part bearing housing with a turbocharger commonly used in farm tractors or
      small aircraft.
PAR  Another feature of the present invention involves the fact that the oil
      inlet passage 76 can always be located relatively close to the top of the
      bearing housing, with the oil discharge outlet 80 being located at the
      bottom. Assuming the present invention is used in a turbocharger, the
      turbine portion 10 has a fixed position determined by where the
      turbocharger can be connected to the exhaust system of the engine. The
      compressor section 9 also has a relatively fixed position determined by
      the most economic way to connect the annular discharge passage 14 with the
      intake system, thereby injecting compressed air in the cylinders of the
      engine. The position of the compressor housing portion 70, with respect to
      the compressor section 9, is fixed by the mounting holes 111, which bolts
      it to compressor section 9 and is sealed to prevent compressed air leakage
      by seal 115.
PAR  This leaves one major section, the turbine housing portion 71, that does
      not have a relatively fixed position. Since the turbine housing portion 71
      is secured by flange 75 and clamp ring 34 to the turbine section 10, it
      can be freely rotated therewith before tightening into place. In the
      compressor housing portion 70, all of the holes 108 must contain bolts for
      holding the two halves 70 and 71 of the housing together. However, in the
      turbine housing portion, a total of twelve holes 107 are equally spaced
      for mating with three bolts through holes 108. This allows a total of
      twelve positions through which the turbine housing portion 71 may be
      rotated before being secured to a fixed position. In installing, all that
      has to be remembered is that the oil inlet passage 76 should be located as
      close to the top of the device as practical. An example of this is shown
      in FIGS. 7-10. Notice in all of these figures, the oil inlet is located at
      the top and the oil outlet is located at the bottom but the position of
      the turbocharger 8 has been changed. This allows the normal oil flow for
      lubrication and cooling by the force of gravity without the necessity of
      additional oil pumps, etc. In prior turbochargers, which is only one use
      of many for the present invention, a different bearing housing had to be
      used for different engines depending upon the position the turbocharger
      could be mounted upon the engine. This made for additional expense by the
      requirement of a large number of alternative parts.
PAR  The big cost savings of the two-part bearing housing is that it can now be
      die cast rather than sand molded at a tremendous reduction in total cost,
      because it has now eliminated the need for a lot of machining and cleaning
      after the casting operation. In a sand molded housing, internal coring of
      the passages is required. The die cast housing improves the reliability of
      the unit far beyond the previous sand casted units and the scrap rate goes
      way down. The area of the opening in the compressor housing portion 70 has
      been reduced to receive shaft 16, but not bearing 77. Thrust on bearing 77
      is countered by housing portion 70 instead of the seal as was the case in
      prior designs. Because the surfaces of the housing are now fairly uniform,
      oil leakage is substantially eliminated. The finished product is lighter
      in weight, easier to machine (what few surfaces need machining), lower in
      price, cleaner, simpler, more reliable and easier to service.
PAR  Referring to servicing, if a turbocharger was used on a light aircraft,
      which is one of the uses of the design shown in the preferred embodiment
      incorporating the present invention, the bearing housing may be separated
      by taking the three bolts out of holes 107 and 108. The seal components
      could then be replaced rather than replacing the whole seal housing as was
      previously required. The oil seal near the compressor section 9 in the
      previously designed models was tremendously expensive because it had to be
      large enough to allow insertion of flange 86 of the bearing 77 and had to
      withstand the axial thrust on the bearing 77. Since the axial thrust is
      now supported by the compressor housing portion 70, a smaller seal 98 may
      be used. In field servicing, this seal 98 could be replaced (or any other
      seals that may be leaking) without the necessity of having to replace the
      entire seal housing as a unit. Also, if the bearing housing was defective
      due to wear or other conditions, it is possible to replace only half of
      the bearing housing.
PAR  It should be remembered that the present invention is used primarily with
      high speed bearings of the semi-floating type, wherein some type of axial
      thrust can be expected on the bearing. In the prior designs, the axial
      thrust was being taken by the oil seal housing, which was retained into
      position by a snap ring. The present design allows the axial thrust to be
      borne by the compressor housing portion 70, thereby substantially reducing
      the cost of the seal 98 adjacent the compressor portion 9. In the
      manufacture of turbochargers alone, the oil cap and seal assembly of the
      prior design was relatively high with respect to the overall cost. Now the
      seal 98 can be integral with the compressor housing portion 70, still the
      oil seals 98 may be replaced if necessary.
PAR  In the present design it should be remembered that it is easier to service,
      no special tools are required, and the design has no press fits in the
      housing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high speed bearing housing means comprising two parts for receiving a
      shaft and bearing means that circumscribes a portion of said shaft with
      the shaft connecting at least two rotatable thrust load producing members
      in a spaced-apart relation:
PA1  a first part of said two parts of said bearing housing means being adapted
      to receive said shaft and bearing means, said first part having means to
      receive and means to remove a fluid from said first part and a first
      sealing means for sealing said first part around said shaft, said fluid
      lubricating said shaft and bearing means to allow easy rotation of the
      shaft therein;
PA1  a second part of said two parts of said bearing housing means being adapted
      to receive said shaft, said second part being secured to said first part
      and bearing any axial thrust that may be exerted on said bearing means;
      said second part having a second sealing means for sealing said second
      part around said shaft; and
PA1  third sealing means for preventing fluid loss between said two parts of the
      housing;
PA1  the location of said receiving means and removing means in said first part
      being determined by the relative position of said first and second parts,
      said second part being positioned to accomodate the device on which said
      bearing housing means is being used, said first part being rotatably
      positioned to allow fluid flow by gravity.
NUM  2.
PAR  2. The bearing housing as recited in claim 1 wherein said means to receive
      and means to remove said fluid are opposing passages to and from said
      bearing means with an annular groove circumscribing said bearing means to
      allow sufficient fluid communication for proper lubrication, said
      receiving means being located at the top of said bearing housing and said
      removing means being located at the bottom thereof to allow normal fluid
      flow by the force of gravity while in use.
NUM  3.
PAR  3. A high speed bearing housing means comprising two parts for receiving a
      shaft and bearing means that circumscribes a portion of said shaft with
      the shaft connecting at least two rotatable thrust load producing members
      in a spaced-apart relation:
PA1  a first part of said two parts of said bearing housing means being adapted
      to receive said shaft and bearing means, said first part having means to
      receive and means to remove a fluid from said first part and a first
      sealing means for sealing said first part around said shaft, said fluid
      lubricating said shaft and bearing means to allow easy rotation of the
      shaft therein;
PA1  a second part of said two parts of said bearing housing means being adapted
      to receive said shaft, said second part being secured to said first part
      and bearing any axial thrust that may be exerted on said bearing means;
      said second part having a second sealing means for sealing said second
      part around said shaft; and
PA1  third sealing means for preventing fluid loss between said two parts of the
      housing;
PA1  said second sealing means being formed integral with said second part to
      seal around said shaft;
PA1  said bearing means being of the semi-floating thrust type and pushes
      against said second part of said bearing housing which counteracts said
      axial thrust.
NUM  4.
PAR  4. The bearing housing means as recited in claim 3 wherein said second part
      has a fixed position and said first part may be positioned relative
      thereto to allow fluid flow through said receiving and removing means by
      the force of gravity.
NUM  5.
PAR  5. The bearing housing means as recited in claim 4 wherein said bearing
      housing is die cast from a suitable substance with holes being drilled for
      said receiving and removing means.
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PAL  Sleeve type rotor bearings with a wicking arrangement for continuously
      supplying oil to the bearing surface including a feeder wick extending
      from within the bearing housing through a window in the bearing surface to
      contact the rotating shaft, a mass of particulate wicking material in
      close contact with surfaces of the feeder wick and giving up lubricant to
      the feeder wick, and a collector wick that is ring shaped and has a
      surface abutting against an end of the mass of particulate wicking
      material and is exposed to an oil flinger mounted on the shaft; the
      collector wick comprises an open cell foamed plastic material whose
      density and lubricant retentivity is less than either the feeder wick or
      the mass of particulate wicking material. The arrangement provides good
      oil collection without encountering problems of oil runout.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to dynamoelectric machines and, more
      particularly, to fluid lubricant (oil) wicking arrangements for
      maintaining lubricant at the bearing surface.
PAR  In small motors, such as fractional horsepower motors, the practice has
      been to use sleeve bearings in a housing filled with wicking material for
      retaining an appreciable quantity of oil and supplying it as needed to the
      bearing surface. The wicking material may be any of a variety of shredded
      or particleized materials compacted together to a suitable density for oil
      retention. Wool felt has been a widely used material as have cellulosic
      materials such as those made of wood fibers or cotton linters as disclosed
      in U.S. Pat. Nos. 2,966,459 and 3,466,244 respectively. A frequently used
      arrangement is one in which the bulk of the wicking material comprises
      cellulosic fibers as in the referred to patents in combination with a
      feeder wick, such as of wool felt, that extends from the bearing housing
      in intimate contact with the cellulosic wicking material through a window
      in the bearing sleeve for supplying oil to the bearing surface. Such an
      arrangement is shown, for example, in U.S. Pat. No. 3,184,272.
PAR  Another type of wicking material that has been proposed is exemplified by
      U.S. Pat. No. 3,190,842, issued June 22, 1965 which relates to open cell
      foamed plastic material such as polyurethanes. While feasibility of such
      materials as oil wicks is believed to exist, experience by the present
      inventor with open cell plastic material tends to indicate that readily
      available materials are not of sufficient density or do not have
      sufficiently small cell openings for adequate oil retention and therefore
      have not superseded materials such as the cellulosic particulate wicking
      materials referred to above.
PAR  Self-lubricated bearings are those in which provision is made to return oil
      from the shaft to the wicking material so as to require no lubrication or
      very infrequent lubrication during normal operation. This is accomplished
      by having one or more radially projecting elements mounted on the shaft
      that both tend to prevent axial flow of the lubricant away from bearings
      and also as oil builds up, fling it radially outward where it is collected
      by an exposed surface of the wicking material. It is found that such
      lubrication arrangements can sometimes prove defective because wicking
      material from the exposed surface becomes loose and strings of it extend
      from their intended location down to the shaft. As a result, oil can run
      along the shaft away from the oil flinger and the bearing. While most
      likely to occur in vertically mounted motors, this problem can also occur
      in horizontally mounted motors.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, in accordance with the present invention, sleeve type rotor
      bearings are provided with a wicking arrangement for continuously
      supplying oil to the bearing surface including a feeder wick (such as wool
      felt) extending from within the bearing housing through a window in the
      bearing surface to contact the rotating shaft, a mass of particulate
      wicking material (such as cellulosic fibers) in close contact with
      surfaces of the feeder wick and giving up lubricant to the feeder wick,
      and a collector wick that is ring shaped and has a surface abutting
      against an end of the mass of particulate wicking material and is exposed
      to an oil flinger mounted on the shaft; the collector wick comprises an
      open cell foamed plastic material whose density and lubricant retentivity
      is less than either the feeder wick or the mass of particulate wicking
      material. The arrangement provides good oil collection without
      encountering problems of oil runout.
PAR  The arrangement of this invention including the collector wick could be
      used on both the in-board and out-board ends of the bearing. However,
      considerable benefit is achieved by employing the collector wick only on
      the in-board end of the bearing because the molding of a suitable
      collecting surface of particulate wicking material at the out-board end is
      easier to achieve and for reasons of economy a collector wick of open cell
      foam plastic may be omitted at that end of the bearing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The single figure of the drawing is an elevation view, partly in section,
      of a dynamoelectric machine in accordance with an embodiment of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, there is shown a dynamoelectric machine having
      the general characteristics and structural features of conventional small
      AC induction motors and including a cylindrical stator core 10 containing
      windings 12 and mounted within a frame 14. A rotor 16 mounted on a shaft
      18 is located within the stator 10. The shaft 18 is supported by each end
      of the frame by a bearing 20 within a housing 22. The bearing housing 22
      is part of or is supported by an end bell 24 secured to the stationary
      frame 14. The illustrated motor is merely an example of a type of
      dynamoelectric machine which may incorporate the invention. Its general
      features are well known to the art and will not be described in detail.
      Other configurations of dynamoelectric machines with which the invention
      may be practiced will be apparent to those skilled in the art.
PAR  Referring to the portion of the structure more directly related to the
      present invention, the lubrication system is enclosed in each end bell 24
      which provides support to sleeve bearing 20 as well as the housing 22 for
      confining wicking material. The inner cylindrical wall 22A of the housing
      supports sleeve bearing 20 and both have windows through which a feeder
      wick 26 extends to make intimate contact with the shaft 18.
PAR  The major portion of the housing is filled with a mass of particulate
      wicking material 28, such as of cotton linters fibers mixed with oil,
      pumped into the housing to surround and make intimate contact with the
      feeder wick 26. The feeder wick 26 is preferably a compacted member of
      wool felt and is more dense than the mass 28 of particulate wicking
      material so that it is more retentive of oil and causes oil to be
      withdrawn from the wicking material 28 into the feeder wick 26 and
      maintain the feeder wick in a substantially saturated condition.
PAR  The description of U.S. Pat. Nos. 2,996,459, 3,466,244 and 3,184,272 are
      incorporated herein by reference as to suitable particulate wicking
      materials and their use with feeder wicks. As used herein "particulate
      wicking material" includes fibers which are preferred but is not
      necessarily so limited.
PAR  The mass of particulate wicking material 28 maintains its shape when it is
      pumped into the housing 22 and the restrictive tooling is removed. Such is
      the case, for example, at the exposed outer surface 28A which provides
      clearance for the outboard oil flinger 30. The oil flinger disc or ring 30
      picks up oil flowing down shaft 18 and flings it radially and is picked up
      at surface 28A and returned to wicking material 28. In this arrangement
      the outboard oil flinger 30 and wicking surface 28A is essentially as has
      been practiced previously.
PAR  A collector wick 32 is placed in intimate contact with the surface 28B of
      the particulate wicking material in accordance with the present invention.
      The collector wick 32 is of open celled foam plastic material, preferably
      pre-molded, then cut to desired size and shape and is held in position by
      a bearing cap 34 that fits securely within the cavity of housing 22 and
      has a portion bearing against the exposed surfaces of the particulate
      wicking material 28 and the feeder wick 26.
PAR  As shown, the collector wick 32 may contact the feeder wick 26 directly.
      This is not necessary however and the feeder wick may be confined to a
      more limited volume of the housing with the collector wick only contacting
      the particulate wicking material. The illustrated arrangement is preferred
      as it maintains the feeder wick 26 securely in place in the bearing
      window.
PAR  The collector wick 32 has a density which is appreciably lower than that of
      either of the feeder wick 26 or the particulate wicking material 28 which
      means that it will not draw oil from those elements but will give up oil
      that it collects. The collector wick receives oil from an in-board sleeve
      flinger 36 located on the shaft 18 radially inside the collector wick. The
      sleeve flinger 38 is an element encircling the shaft adjacent thrust
      washers 38 and has an edge that will throw oil from the shaft radially
      outward to the collector wick. Oil flingers as used in prior practice may
      be employed in the present invention.
PAR  The foam plastic material from which the collector wick 32 is made may be
      any of numerous commercially available open cell foam plastic materials
      such as polyether-urethane materials sold under the trade designations
      Omalon 3 and Omalon 5 by Crofton Inc. Such materials have a characteristic
      that they cut with an even surface without any protrusion. By contrast,
      Wool felt has a tendency to retain fibers that protrude from the cut
      surface or actually migrate within the mass after cutting and are
      sometimes referred to as whiskers. These whiskers will bridge the lip of
      the bearing cap and cause oil to leak from the system over the lip or will
      defeat the purpose of the oil flinger if they rub the out-board side of
      the flinger near the bearing cap lip.
PAR  Besides returning to the wicking material 28 oil collected from the oil
      flinger 36, the collector wick 32 absorbs free oil that may come from the
      wicking material 28 when the system is heated to an unusually high
      temperature. It will absorb the free oil and return the oil when the
      system cools down to the wicking material.
PAR  The problem of loss of oil not only affects bearing characteristics, but
      also electrical switch components within the motor can be affected by oil
      contributing to premature switch failure.
PAR  In prior practice where the wicking material 28 was molded to perform the
      same function as the collector wick 32, it was very difficult to maintain
      the desired shape. The wicking material would frequently completely fill
      the bearing cap at the lip and leakage could result. At other times free
      particles of wicking material lodged near the lip could migrate and touch
      the oil flinger to result in defeating the purpose of the oil flinger and
      causing leaks.
PAR  It is therefore seen that the present invention provides an improved oil
      wicking system that is relatively simple to implement and yet effectively
      avoids oil leaks.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dynamoelectric machine with an improved lubrication system and
      comprising:
PA1  a stator;
PA1  a rotor within said stator and located on a shaft;
PA1  at least one bearing for permitting rotation of said shaft and rotor, said
      bearing comprising a cylindrical sleeve type bearing surface mounted in a
      housing secured to said stator;
PA1  a wicking arrangement for continuously supplying liquid lubricant to said
      bearing surface, said wicking arrangement comprising a feeder wick
      extending from within said housing through a window in said bearing
      surface to contact said shaft, a mass of particulate wicking material
      within said housing away from said window and in close contact with
      surfaces of said feeder wick, said mass of wicking material being less
      lubricant retentive than said feeder wick, a collector wick that is ring
      shaped and secured within said housing and has a surface abutting against
      an end of said mass of particulate wicking material, said collector wick
      being proximate and exposed to a lubricant flinger mounted on said shaft,
      said collector wick comprising an open celled foamed plastic material
      whose density and lubricant retentivity is less than said feeder wick and
      said mass of particulate wicking material.
NUM  2.
PAR  2. The combination of claim 1 wherein:
PA1  said mass of particulate wicking material comprises fibers of cellulosic
      material.
NUM  3.
PAR  3. The combination of claim 1 wherein:
PA1  said feeder wick comprises wool felt compacted to a greater density than
      said mass of particulate wicking material.
NUM  4.
PAR  4. The combination of claim 1 wherein:
PA1  said housing comprises a cup shaped member integrally associated with an
      end bell secured to said stator.
NUM  5.
PAR  5. The combination of claim 1 wherein:
PA1  said collector wick and said lubricant flinger are located proximate the
      axially inward end of said housing and said arrangement further comprises
      an additional lubricant flinger mounted on said shaft proximate the
      axially outward end of said housing and said mass of particulate wicking
      material has an annular surface exposed to said additional lubricant
      flinger.
NUM  6.
PAR  6. The combination of claim 1 wherein:
PA1  said mass of particulate wicking material substantially fills the space
      within said housing except where occupied by said feeder wick.
NUM  7.
PAR  7. The combination of claim 1 further comprising:
PA1  a bearing end cap is secured to the axially inward end of said housing and
      holds said collector wick compressibly in place against said mass of
      particulate wicking material.
NUM  8.
PAR  8. The combination of claim 1 wherein:
PA1  said collector wick has a density appreciably lower than that of said
      feeder wick or said mass of particulate wicking material.
NUM  9.
PAR  9. The combination of claim 7 wherein:
PA1  said bearing end cap has a first portion bearing axially against said
      collector wick and a second portion bearing axially against a surface of
      said feeder wick.
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ABST
PAL  A shock absorber bearing assembly is disclosed which includes a shaft
      having a pivot end portion with a pivot end, a bearing housing having an
      opening therein through which the pivot end portion of the shaft extends;
      and a bearing mounted on the housing and having an aperture formed therein
      for receiving the end pivot section of the shaft. An enlargement is formed
      on the shaft below the end pivot section and is located in the housing
      opening. The latter has a first cylindrical section and a second tapered
      section between the cylindrical section and the bearing so that side play
      of the shaft between the enlargement and the housing opening decreases as
      the end pivot section moves out of the bearing during a shock load in
      order to automatically keep the shaft end centered with the bearing. In
      addition the shaft enlargement and housing opening are dimensioned to
      prevent the shaft end from engaging the bearing when the shaft end moves
      outwardly of the bearing, thereby to prevent damage to both the bearing
      and the shaft.
BSUM
PAR  The present invention relates to a bearing assembly, and more particularly
      to a bearing and a specially formed shaft end received in the bearing for
      use in a precision instrument such as a watch.
PAR  The bearing assembly of the present invention includes a bearing mount or
      housing having an opening formed therein for receiving the end portion of
      an axle, e.g. the axle or shaft of a watch balance wheel. A bearing
      element is mounted in the assembly housing and has an aperture or recess
      formed therein for receiving the axle pivot. The bearing is capable of
      moving or elastically changing form when affected by a shock transmitted
      by the pivot. The shock-absorber bearing and its associated balance wheel
      shaft are designed in such a way as to prevent the pivot end of the shaft
      from coming out of its support aperture in the bearing.
PAR  With many presently available bearing structures for precision instruments,
      in the event of a violent shock, it happens that the general form of the
      bearing assembly, and particularly the bottom plate, give way or move so
      that the axial distance between the bearings on opposite ends of a shaft
      increases in such a manner that at least one of the ends of the shaft or
      axle can come out of its bearing and bearing housing. After the shock,
      when the axle or shaft returns to its normal position, its pivot end is
      usually no longer aligned with its associated supporting recess in the
      bearing. As a result, at the moment when the pivot penetrates into the
      bearing recess once again, it can damage either the entry wall of the
      bearing or even itself, depending on the type of bearing and hardness of
      the materials used.
PAR  In accordance with the present invention, these drawbacks are overcome by a
      bearing assembly constructed so that the shaft pivot end is precentered in
      relation to its supporting recess or aperture in its associated bearing.
      For this purpose, the bearing assembly according to the present invention
      includes a pivot shaft, e.g. a balance wheel axle, having an extension end
      portion of predetermined configuration including a boss located between a
      cylindrical portion of the extension and a bead portion which connects the
      boss to the pivot end portion of the shaft. In addition the bearing
      housing or mount has an opening formed therein which includes an outside
      cylindrical portion adjacent one side thereof and an interior flared
      portion which is formed as to afford to the shank a side play which
      progressively decreases as the pivot end portion of the shaft moves
      axially away from its normal working position toward the outside of the
      bearing. The difference between the largest diameter of the shaft boss and
      the smallest diameter of the cylindrical portion of the housing opening is
      equal to or less than the difference between (a) the diameter of the
      tapered pivot support aperture in the bearing (which normally receives the
      pivot end of the shaft) at the elevation which the free edge of the pivot
      end of the shaft is at when the largest diameter of the shaft boss is at
      the height of the inside end of the cylindrical portion of the housing
      opening, and (b) the diameter of the pivot end portion of the shaft.
DRWD
PAR  The above, and other objects, features and advantages of the present
      invention will be apparent in the following detailed description of an
      illustrative embodiment thereof which is to be read in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is an elevational view, in section, of a bearing assembly
      constructed in accordance with the present invention showing the normal
      operating positions of the elements thereof;
PAR  FIG. 2 is a sectional view, similar to FIG. 1, but showing the axle or
      shaft of the assembly as displaced by a shock; and
PAR  FIG. 3 is a sectional view similar to FIG. 1 showing another embodiment of
      the invention using a two piece jewel bearing.
DETD
PAR  Referring now to the drawing in detail, and initially to FIG. 1, it is seen
      that a bearing assembly A includes a bearing mounting frame or housing 1
      and a bearing 2 mounted therein. The bearing may be formed, for example,
      as a one piece element from any suitable plastic material. Alternatively,
      the bearing 2 can be formed from two jewel bearing elements 2' and 2", in
      the conventional manner, as seen in FIG. 3. In either case bearing 2 has a
      slightly tapered hole or aperture 3 formed therein which is adapted to
      rotatably receive and support the end of a shaft.
PAR  In the illustrative embodiment of the invention the bearing assembly is
      used with the balance wheel shaft or axle 4 of a watch. The free end of
      the shaft has a recessed shoulder 5 formed thereon and an integral
      extension portion 6. The latter is connected by a smoothly curved
      transition bead portion 11 to the pivot end portion 12 of the shaft. The
      shaft extension 6 includes a cylindrical portion 7 and a boss or
      enlargement B which may be formed, for example, from two axially aligned
      frustro-conical surfaces 8 and 9 separated by a short integral cylindrical
      section 10 which defines the largest diameter of the shaft extension
      portion 6.
PAR  FIGS. 1 and 2 show two possible positions for the bearing elements; FIG. 1
      shows the normal working position and FIG. 2 shows the limit position in
      which the pivot end of the shaft has come right out of the opening 3 in
      bearing 2 or is about to penetrate back into the bearing.
PAR  Housing 1 has a central opening or bore 13 which receives the extension
      portion 6 of the shaft. The upper portion of opening 13 is formed as a
      frusto-conical surface 14 which is generally complementary to and receives
      the frustro-conical surface portion 15 on the lower side of bearing 2.
      When a shock is transmitted to the bearing 2 by the balance wheel shaft 4,
      the bearing can move in axial and radial directions and will return
      immediately to its rest position by the action of some elastic means (such
      as for example, its own elasticity in the case of an elastic bearing or a
      conventional cooperating spring structure 20, which normally overlies the
      two piece jewel-type bearing shown in FIG. 3). The conical corresponding
      surfaces 14, 15 of the housing 1 and of the bearing act as cooperating
      guides to properly return the bearing to its centered position.
PAR  The lower portion of the opening 13 in housing 1 (i.e. the portion through
      which the shaft extends) is formed as a generally cylindrical bore portion
      16, which is followed by an axially aligned flaring or frustro-conical
      portion 17 located in alignment with the guide surface 14.
PAR  The relations required between the different axial and radial dimensions of
      the shaft extension portion 6 and of the opening 13 in housing 1, in order
      to avoid damage to the shaft pivot end 12, are as follows. The difference
      between the diameter D.sub.O min of the cylindrical portion 16 of bore 13
      and the largest diameter D.sub.T max of the shaft extension 6 (at section
      10) is equal to or less than the difference between (a) the diameter
      D.sub.L of the tapered pivot aperture 3 as measured at the elevation at
      which the extreme free edge 22 of the pivot end 12 of the shaft is located
      when the section 10 of the shaft extension 6 is at the elevation of the
      interior end of the cylindrical bore portion 16 in housing 1 (as shown in
      FIG. 2), and (b) the diameter D.sub.P of the pivot end portion 12 of the
      shaft. This relation can be expressed as follows:
EQU  D.sub.O min - D.sub.T max .ltoreq. D.sub.L - D.sub.P
PAR  It will be apparent that with these limitations, when the pivot end 12 of
      the shaft moves downwardly out of recess 3 the section 10 of the shaft
      extension will be within the cylindrical portion 16 of housing bore 13 so
      that any sideward movement of shaft 4 will cause section 10 to engage the
      side wall of bore portion 16 to limit further sideward movement. In that
      position the free end is held spaced from the lower surface portion 28 of
      the bearing bore 3 and damage thereto by sideward movement of the shaft is
      avoided.
PAR  In addition, the difference between the diameter D.sub.O of the flared
      portion 17 of bore 13 and the diameter D.sub.T of the tapered portion 8 of
      enlargement 6, as measured at the same axial elevation in the normal
      working position of the shaft, i.e. with the free end 22 of pivot end 12
      touching the bottom 24 of the recess 3 in bearing 2, is equal to or
      greater than the difference between the diameters D.sub.O min and D.sub.C
      of the cylindrical portions 16 of opening 13 and 7 of extension 6. This
      can also be expressed as follows:
EQU  D.sub.O - D.sub.T .gtoreq. D.sub.O min - D.sub.C
PAR  By this limitation, even upon extreme sideward movement of shaft 4, the
      surfaces 8, 17 will not touch and thus will not damage each other or
      interfere with rotation of the shaft.
PAR  In normal working position of the shaft 4, shown in FIGS. 1 and 3, the
      operation of the bearing assembly at the time of shaft movements inwardly
      toward the bearing 2 is the same as known bearings of this type, i.e.
      shoulder 5 engages housing 1 to limit such inward movement. The inside of
      the flared portion 17 of the housing opening 13 also enables, in this
      case, sideward movement of the shaft until the cylindrical portion 7 of
      the shaft abuts against the cylindrical portion 16 of the housing opening
      13.
PAR  However, if the pivot end portion 12, having been subjected to a violent
      shock, tends to come out of the bottom end 26 of the bearing aperture 3,
      then the cylindrical portion 16 of housing opening 13 and the tapered
      enlargement 6 (particularly surface 8) work together to guide and center
      the pivot end 12 before it returns and reenters bearing aperture 3.
      Moreover, as seen in FIG. 2 the pivot end 12 cannot hit against the flared
      outside surface 28 of the bearing gear opening 3 because the play
      limitations on the different elements are defined as described above. Thus
      damage to the pivot end portion of the shaft is avoided.
PAR  Of course, it will be appreciated that the bearings at opposite ends of the
      shaft 4, and the corresponding end extensions of the balance wheel shaft
      must be formed as described to obtain the effect desired in the two axial
      directions of movement.
PAR  Although an illustrative embodiment of the present invention has been
      described herein with reference to the accompanying drawings, it will be
      understood that various changes and modifications may be effected therein
      by those skilled in the art without departing from the scope or spirit of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shock-absorber bearing assembly comprising, a shaft having a pivot end
      portion including an end pivot section; a bearing housing having an
      opening therein through which said pivot end portion of the shaft extends;
      and a bearing mounted on said housing and having an aperture formed
      therein for receiving the end pivot section of the shaft; said shaft
      having an enlargement formed thereon below said end pivot section and
      located within said opening in the housing, said opening in said housing
      having a first cylindrical section and a second axially aligned tapered
      section between said cylindrical section and the bearing mounted thereon,
      said tapered section tapering from a minimum diameter adjacent said
      cylindrical section to a maximum diameter adjacent said bearing whereby
      side play between said enlargement and the sides of the opening in the
      housing progressively decreases as the end pivot section is moved away
      from the bearing out of the aperture therein.
NUM  2.
PAR  2. The bearing assembly as defined in claim 1 wherein the difference
      between the largest diameter of said shaft enlargement and the diameter of
      said cylindrical section of the housing opening is equal to or less than
      the difference between (a) the diameter of the aperture in said bearing at
      the elevation at which the end of the end pivot section is located when
      the largest diameter of said enlargement is adjacent said cylindrical
      portion of the housing opening and (b) the diameter of said end pivot
      section of the shaft whereby sideward movement of the shaft will be
      limited by engagement of the shaft enlargement with the cylindrical
      portion of the housing opening to prevent contact between and damage to
      the end pivot section of the shaft and the bearing.
NUM  3.
PAR  3. The bearing assembly as defined in claim 2 wherein said shaft
      enlargement comprises a pair of oppositely directed frustro-conical shaft
      sections having their bases located adjacent each other to define the
      largest diameter of said enlargement.
NUM  4.
PAR  4. The bearing assembly as defined in claim 3 wherein said enlargement
      includes a narrow cylindrical section between the bases of said
      frustro-conical shaft section.
NUM  5.
PAR  5. The bearing assembly as defined in claim 3 wherein said shaft, below
      said pivot end portion has a diameter which is larger than that of said
      housing opening and includes a cylindrical section between said
      enlargement and the remainder of the shaft thereby to define an annular
      shoulder on the shaft for cooperating with the housing to limit axial
      movement of the shaft towards the bearing.
NUM  6.
PAR  6. The bearing assembly as defined in claim 5 wherein the difference
      between the diameter of the tapered section of said housing opening and
      the adjacent frustro-conical section of said enlargement measured at the
      same axial elevation in the normal working position of said shaft is equal
      to or greater than the difference between the diameters of the cylindrical
      portion of said housing opening and said cylindrical section of the shaft
      whereby said tapered section of said housing opening will not contact said
      enlargement even on extreme sideward movement of the shaft.
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ABST
PAL  Self-leveling dispenser of the type having an elongated lever which serves
      to balance the spring and platform, with a member being adjustable along
      the lever for altering the ratio of effective moment arms to change the
      effective spring rating of the dispenser. An adjustment feature comprises
      felxible strands connected to opposite sides of the adjustable member. By
      means of a pulley surface, both strands leave the lever at the pivot point
      and proceed to a take-up pay-out device, shown as a dentent-controlled
      reel. For avoiding working against the spring during adjustment the lever
      concavely curves about the line of action of a tension spring acting upon
      the lever. In combination of these features the strands are guided by
      longitudinally convex surfaces of the curved member. The platform and
      spring loads are shown to act in one diagonal direction of a rectangular
      frame with the frame braced by a tension member extending in the opposite
      diagonal direction.
PARN
PAR  This is a continuation of application Ser. No. 379,347, filed July 16,
      1973, now abandoned.
BSUM
PAR  This invention concerns self-leveling dispensers for presenting workpieces
      such as dishware to a user at a convenient height. In particular the
      invention concerns a dispenser intended for stacks of pieces of various
      selected weights.
PAR  The general object of the invention is to improve dispensers of the known
      type having an elevator platform for a stack of pieces to be dispensed, a
      suspension system for the platform and an adjustable spring system
      connected through the suspension system to the platform to progressively
      raise the platform as the load on the platform decreases. By means of an
      elongated lever and an adjustable point for the pivot or either load point
      of this type of dispenser, the ratio of moment arms is variable for
      balancing the selected platform load against the spring load.
PAR  Particular objects of the invention are to provide such a dispenser which
      is more economical to construct and convenient to adjust than those
      heretofore known.
PAR  According to one aspect of the invention, an adjustment device is provided
      comprising flexible strands acting in opposite directions upon that member
      which is to be moved along the lever. At least one of the strands turns
      back about a pulley surface mounted on the lever and both of the strands
      leave the lever in the vicinity of the lever pivot and extend to a take-up
      pay-out device. This device is effective to pay out one while taking up
      the other of the strands, thus to position the member along the lever as
      desired. A locking device locks the positions of the strands and of the
      member when the desired position is achieved.
PAR  In preferred embodiments according to this aspect of the invention: the
      lever is curved to eliminate or reduce lever travel during movement of the
      member; where the member to be moved is the connector for a tension
      spring, this curved portion of the lever is concave about the line of
      action of the tension spring; and preferably the tension spring is
      connected directly at one end to a connector on the lever and at the
      opposite end directly to a pivot on stationary structure of the dispenser,
      with the lever curved concentrically about the pivot of the spring in a
      given position of the lever. It is also preferred that the lever be
      pivoted at one end, the suspension system connector be fixed at the
      opposite end of the connector, and the spring be movable over an
      intermediate portion of the lever; that the lever be concavely curved
      throughout its entire effective length and be a hollow tube convex
      surfaces of which the strands slide; and that the curve of the lever be
      concentric about the point from which the spring acts when the elevator is
      in its uppermost position. It is also preferred that the take-up pay-out
      device by a reel having a detent and that the two be normally biased
      together to prevent movement except when the operator overcomes the bias
      and that the spring and lever system impose a first diagonal tension force
      which is diagonally braced simply by a single diagonal tension member.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of a self-leveling dispenser of the type here
      involved used in dispensing foodservice ware;
PAR  FIG. 2 is a perspective view partially broken away of the dispenser of FIG.
      1 incorporating the preferred embodiment of the invention;
PAR  FIGS. 3, 4 (with parts broken away), and 5 (full) are vertical
      cross-sectional views of the dispenser of FIG. 2, revealing the adjustment
      mechanism shown in dotted lines of FIG. 2;
PAR  FIG. 6 is a side cross-sectional view taken on line 6--6 of FIG. 5; and
PAR  FIG. 7 is a plan view taken on line 7--7 of FIG. 5.
DETD
PAR  Referring to FIGS. 1 and 2, the dispenser according to the preferred
      embodiment of the invention comprises a stationary structure including
      housing 10 mounted on casters 12 and defining a top opening 14 from which
      workpieces may be removed, the stack of workpieces resting upon elevator
      platform 16. The platform is supported at its two sides by arms 18 guided
      on rails 20 by means of rollers 22 and 24. The arms 18 are suspended by
      cables 26 and 28 which are part of a flexible suspension system. The
      cables extend respectively about pulley surfaces 30 and 32 at the top of
      the dispenser thence downwardly to pulleys 34 at the bottom of the
      dispenser and thence to pulleys 36 at the free end of lever 38 and thence
      back downwardly to ground point 40. The elongated lever 38 is pivoted at
      its other end at 42 at the top left of the dispenser as viewed in FIGS.
      3-5. At the right hand of the top of the dispenser in FIG. 5 is a pivotal
      spring ground point 44, from which extends tension spring 46 to connector
      48 on the lever. As shown in FIGS. 3 and 5, the elevator is in its upward
      stopped position defined by stops 50. The lever 38 comprises a circular
      arc of curvature corresponding to the distance from spring ground point 44
      to lever pivot 42 and thus in the up position the curvature of lever 38 is
      centered upon spring ground point 44. In the mid-position generally the
      loads of the adjustment system on the stationary structure are represented
      by arrow L representing the platform load and S the spring load, thus
      imposing a general diagonal tension load acting between the lower left and
      upper right quadrants of the rectangular frame 52 as viewed in FIG. 3. A
      diagonal tension member 54 extending between the opposite two quadrants,
      upper left and lower right, and secured at opposite ends to the frame,
      braces the rectangular structure 52 against these loads.
PAR  A hand operable take-up pay-out device 60 including knob 62 is positioned
      at the top of the dispenser, and is operable to move the spring connector
      48 throughout the adjustment range along lever 38. This is accomplished by
      means of two flexible strands operating in opposite directions upon the
      spring connector 48. The first strand 64, secured to the spring connector
      48, extends outwardly from the connector to pulley surface 66 thence
      inwardly to the vicinity of the pivot 42 of the lever thence to one side
      of the take-up pay-out device 60. The second strand 68 is secured to the
      spring connector 48 and extends directly to the region of the pivot 42
      thence to the other side of the take-up pay-out device.
PAR  More particularly, the arm 38 is provided in the form of a tube of square
      cross section bent in a tube-bending machine to have the desired
      curvature. The strand 64 extends about pulley surface 66 thence throughout
      the interior of the tube, bearing slidably upon the convex, longitudinal
      inner surface of the tube as it proceeds to pivot 42. The second strand 68
      extends along the exterior of the tube, slidably engaging the longitudinal
      convex surface of the tube. Both strands 64 and 68 are of flexible steel
      cable provided with an exterior antifriction coating. The take-up pay-out
      device comprises a reel 70 having one portion adapted to take up and pay
      out cable segment 64 and in vice-versa relation another portion to take up
      and pay out cable segment 68. Thus by rotation in one direction segment 68
      is taken up, and segment 64 is paid out; and, referring to FIG. 4, the
      spring connector 48 is thereby moved to the left along the lever 38, in
      effect shortening the effective moment arm A of the spring, whereby a
      given increment of travel of the elevator platform will be accompanied by
      a lesser extension of the spring, thus adapting the dispensing mechanism
      to a load of workpieces of lesser unit weight.
PAR  The take-up reel 70 has a lower flange provided with spur gear teeth 72. A
      spring 74 urges the reel 70 downwardly, and in its downward stopped
      position the teeth 72 engage detent 76, thus preventing rotational
      movement of the reel in either direction. For operation of the adjustment
      device the operator simply pulls handle 62 upwardly against the resistance
      of spring 74 until the toothed flange 72 is raised above the detent 76.
      Thereupon the reel is free to turn in either direction as desired. Upon
      release of the handle 62, spring 74 immediately forces the reel 70
      downwardly until the other flange 72 engages the detent 76, thus locking
      the reel, the flexible segments 64 and 68, and the spring connector 48 in
      the newly adjusted position.
PAR  It will be observed that when the elevator platform is in its upper
      unloaded position, having no load other than its own tare weight,
      adjustment of the handle 62, thus moving the spring 46 and its connector
      48 throughout the full range of the arc of lever 38, is accomplished
      without imposing or releasing any stress on the spring 46. By slight
      prestressing of the spring so that in the low load position it holds the
      empty platform against the upper stops, the spring can be adjusted
      throughout its range of positions along the lever without any movement of
      the platform. In another form, offcenter positioning of the pivot 44
      relative to the center of the arc of the lever can be employed to create a
      tendency for the spring connector 48 and spring to move unassisted in one
      direction along the lever, thus enabling a push button control or the like
      in one direction, with application of load to the platform to enable
      movement of the connector and spring in the other direction.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a self-leveling dispenser of the type having stationary structure, an
      elevator platform for a stack of pieces to be dispensed, a suspension
      system for the platform, and an adjustable spring system connected through
      said suspension system to the platform, the spring system operable to
      progressively raise the platform as the platform load decreases and
      comprising an elongated lever rotatable about a pivot, a suspension system
      connector on said lever spaced at a first moment arm distance from said
      pivot for application of elevator platform load to said lever at an angle
      thereto, a spring, a spring connector on said lever spaced at a second
      moment arm distance from said pivot for application of spring load to said
      lever at an angle thereto, and an adjustment device for varying the
      position along said lever of at least one of said connectors or said pivot
      to change the ratio of said two moment arms and thereby the load rating of
      said dispenser, the improvement wherein first and second elongated
      flexible strands are secured to the member to be adjusted along said
      lever, and extend in opposite directions therefrom along said lever, at
      least one of said strands turning back about a pulley surface mounted on
      said lever, and both of said strands leaving said lever in the vicinity of
      the lever pivot point and extending to a take-up and pay-out device
      mounted on said stationary structure, said device being operable to take
      up and pay out the respective strands and vice versa, to adjust the
      position of said member and thereby the ratio of said moment arms, and a
      means to secure said strands in a selected position thereby to fix said
      ratio of moment arms.
NUM  2.
PAR  2. The dispenser of claim 1 wherein said pivot is in fixed position
      relative to said lever and the adjustable member is a connector for one of
      said loads.
NUM  3.
PAR  3. The dispenser of claim 2 wherein the lever portion corresponding to the
      range of adjustment movement of said connector thereon is curved to
      eliminate or reduce lever travel during movement of said connector through
      said range.
NUM  4.
PAR  4. The dispenser of claim 3 wherein at least one of said strands slides
      upon a longitudinally curved surface of said lever.
NUM  5.
PAR  5. The dispenser of claim 3 wherein said connector is the spring connector,
      said spring is a tension spring, and said curved portion of said lever is
      concave about the line of action of said tension spring.
NUM  6.
PAR  6. The dispenser of claim 5 wherein said tension spring is connected at one
      end directly to said spring connector and at the opposite end directly to
      a pivot on said stationary structure, at a given position of said lever
      said portion of said lever being substantially concentric about said pivot
      of said spring.
NUM  7.
PAR  7. The dispenser of claim 2 in which said lever is pivoted at one end, said
      suspension system connector is fixed at the opposite end of said lever and
      said spring connector is movable through said range along a portion of
      said lever between said two ends, the first of said strands extending
      directly to the vicinity of said pivot and the second of said strands
      extending outwardly along said lever to a pulley surface, thence back
      along said lever to said pivot.
NUM  8.
PAR  8. The dispenser of claim 7 wherein said spring is a tension spring and
      said lever is concave about the line of action of said tension spring.
NUM  9.
PAR  9. The dispenser of claim 8 wherein said lever is concavely curved
      throughout substantially its entire length providing an extended range of
      adjustment of said spring connector.
NUM  10.
PAR  10. The dispenser of claim 8 wherein said strands slide upon longitudinally
      convexly curved surfaces of said lever.
NUM  11.
PAR  11. The dispenser of claim 10 wherein the lever comprises a hollow tube,
      the first strand slidable upon the exterior longitudinal convex surface
      thereof, and the second strand slidable upon the internal longitudinal
      convex surface thereof.
NUM  12.
PAR  12. The dispenser of claim 8 including a pivot from which the line of
      action of said tension spring acts over the range of adjustment of said
      system, said lever, when the elevator platform is in its uppermost
      position having its curved portion centered substantially about said pivot
      whereby, when said platform is in said position, said spring connector can
      be adjusted through its range with little or no change in the spring load.
NUM  13.
PAR  13. The dispenser of claim 7 wherein said lever is pivoted from its end at
      the top of said stationary structure and said take-up and pay-out device
      is located at the top of said dispenser to receive said strands coming
      from said lever, said device having a rotatable handle at the top of said
      dispenser operable by rotation to adjustably move said connector along
      said lever.
NUM  14.
PAR  14. The dispenser of claim 7 wherein said take-up and pay-out device
      comprises a reel, said means to secure comprises a detent against which
      said reel is resiliently urged, and said handle being movable axially to
      temporarily remove said reel from said detent thereby to permit rotary
      movement of said reel to accomplish said take-up pay-out function.
NUM  15.
PAR  15. In a self-leveling dispenser of the type having stationary structure,
      an elevator platform for a stack of pieces to be dispensed, a suspension
      system for the platform, and an adjustable spring system connected through
      said suspension system to the platform, the spring system operable to
      progressively raise the platform as the platform load decreases and
      comprising an elongated lever rotatable about a pivot, a suspension system
      connector on said lever spaced at a first moment arm distance from said
      pivot for application of elevator platform load to said lever at an angle
      thereto, a spring, a spring connector to said lever spaced at a second
      moment arm distance from said pivot for application of spring load to said
      lever at an angle thereto, and an adjustment device for varying the ratio
      of said two moment arms and thereby the load rating of said dispenser, the
      improvement wherein said lever is pivoted at one end, said suspension
      system connector is fixed at the opposite end of said lever and said
      spring connector is movable through said range along a portion of said
      lever between said two ends, said spring being a tension spring and being
      connected to said spring connector from a pivot on said stationary
      structure and said lever being concave about said spring pivot and the
      line of action of said tension spring therefrom.
NUM  16.
PAR  16. The dispenser of claim 15 wherein said tension spring is connected at
      one end directly to said spring connector and at the opposite end directly
      to said spring pivot, at a given position of said lever said portion of
      said lever being substantially concentric about said spring pivot.
NUM  17.
PAR  17. In a self-leveling dispenser of the type having stationary structure,
      an elevator platform for a stack of pieces to be dispensed, a suspension
      system for the platform, and an adjustable spring system connected through
      said suspension system to the platform, the spring system operable to
      progressively raise the platform as the platform load decreases and
      comprising an elongated lever rotatable about a pivot, a suspension system
      connector on said lever spaced at a first moment arm distance from said
      pivot for application of elevator platform load to said lever at an angle
      thereto, a spring, a spring connector to said lever spaced at a second
      moment arm distance from said pivot for application of spring load to said
      lever at an angle thereto, and an adjustment device for varying the ratio
      of said two moment arms and thereby the load rating of said dispenser, the
      improvement wherein said stationary structure includes a rectangular
      frame, said lever is pivoted at one end in one upper quadrant of said
      frame, the line of action of said spring acting in tension upward
      outwardly toward a point located in the other upper quadrant of said
      frame, a load pulley for said suspension system located in the lower
      quadrant of said frame lying below the pivot point of said lever, strand
      means of said suspension system extending from said platform about said
      pulley, thence directly to the suspension system connector on said lever,
      the effective combined line of action between said pulley and said spring
      extending diagonally of said frame between upper and lower quadrants, and
      said stationary structure including a tension member secured to said frame
      and extending between the opposite pair of upper and lower quadrants,
      opposing the tendency to collapse said frame provided by said spring and
      platform loads.
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ABST
PAL  The specification discloses a drawer interlock system for a drawer assembly
      having a plurality of vertical rows of drawers. Each vertical row is
      provided with an interlock mechanism to prevent opening of more than one
      drawer at a time. Means are provided for interconnecting the interlock
      mechanisms for the different vertical rows of drawers to thereby prevent
      the opening of more than one drawer at one time in any of the adjacent
      rows of drawers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to safety drawer interlock arrangements which
      allow a cabinet user to open only one drawer at a time to thereby prevent
      the cabinet from tipping over.
PAR  In cabinets having a plurality of drawers, particularly relatively narrow
      and high cabinets such as file cabinets containing heavy items in each of
      the drawers, it is desired to prevent more than one drawer from being
      extended at one time. If two or more drawers are opened it is possible
      that the cabinet can topple over. Some prior art interlock systems employ
      a rotatable rod extending vertically in the cabinet and coupled to a
      spring-loaded engaging mechanism. When a drawer is opened the rod rotates
      and locks the remaining drawers in a closed position. Other systems employ
      a flexible ribbon or cable interconnected to each of the drawers and which
      has sufficient slack to permit full extension of one drawer but will not
      allow the remaining drawers to be extended. While such systems are
      satisfactory, the art heretofore known has failed to recognize that such
      mechanisms do not provide suitable interlocking arrangements for cabinets
      having more than one row of drawers. Prior art systems presently known are
      single row systems wherein only one drawer per row can be opened. In
      systems where two or more rows of drawers are provided, drawers can be
      opened in each row simultaneously and can tip forward possibly injuring
      the person standing in front of the cabinet.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention prevents the simultaneous opening of two or more
      drawers in a cabinet assembly having two or more adjacent rows of drawers.
      The invention employs a mechanism which can be fitted within a cabinet and
      on the drawers to provide a durable and yet inexpensive system for
      preventing such opening. The apparatus may be installed as an integral
      part of a new cabinet or can be added to existing cabinet structures.
      Preferably the invention mechanism comprises a continuous cable extending
      from one row to an adjacent row which is fixed at the ends thereof. Means
      are provided on the drawers for operably coacting with the cable whereby
      opening of one drawer takes up the slack in the cable and no other drawers
      can be opened.
PAR  The many important objects and advantages of the invention will become more
      fully appreciated by those skilled in the art upon reading the following
      description with reference to the accompanying drawings illustrating a
      preferred embodiment thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation of a cabinet assembly having two rows of
      drawers;
PAR  FIG. 2 is a fragmentary cross-sectional side elevation view of the
      interlock apparatus as taken generally along the plane II--II of FIG. 1;
PAR  FIG. 3 is a fragmentary side-elevational view of one of the cam members of
      FIG. 2 taken from the side opposite that of FIG. 2 and showing the
      relationship of the cam member to a drawer catch with the drawer
      illustrated in a closed position;
PAR  FIG. 4 is a side-elevational view of the apparatus shown in FIG. 3 with the
      drawer shown in the process of being opened;
PAR  FIGS. 5 and 5a are fragmentary views partially in cross section taken in
      the area of the circles designed V and VA respectively of FIG. 1
      illustrating the interconnection between a first row of drawers and an
      adjacent row of drawers;
PAR  FIG. 6 is a fragmentary top plan view of the apparatus shown in FIG. 5;
PAR  FIG. 7 is a fragmentary exploded perspective view of the interconnecting
      mechanism and an adjustment mechanism for the interconnecting means.
PAR  FIG. 8 is a bottom plan view of the adjustable guide member; and
PAR  FIG. 9 is a cross sectional view of the adjustable guide member taken along
      the plane IX--IX of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The drawer interlock mechanism of the invention is utilized in cabinet
      assemblies 1 having a plurality of drawers 12 and 14 arranged in adjacent
      rows 10 and 13 respectively. The drawer interlock system allows one to
      open only one drawer at a time. With one drawer 12 opened in a row 10 for
      example, one is not only unable to open any drawer 12 in that row but also
      is unable to open any drawer 14 in adjacent row 13. A drawer interlock
      mechanism 20 is positioned adjacent each vertical row of drawers 12 and 14
      within the cabinet 1 (FIG. 2). The interlock mechanisms are connected to
      each other by connecting means as a cable 51 (FIGS. 5, 5a and 7) for
      simultaneous operation.
PAR  The drawer interlock mechanisms 20 adjacent each row of drawers are
      identical and illustrated in FIGS. 2, 3 and 4. The interlock mechanism
      will be described only in sufficient detail for an understanding of the
      invention. For a more detailed discussion, reference may be had to the
      commonly assigned, copending application Ser. No. 281,421, entitled DRAWER
      INTERLOCK SYSTEM, invented by Frederick S. Faiks.
PAR  The interlock mechanism 20 includes a flexible cable 22 mounted vertically
      in a segmented guide 24 secured to the inside wall 26 of the cabinet 1. A
      plurality of cams 28 are rotatably mounted in the open space 27 between
      adjacent segments of guide 24. When a drawer 12 is opened a catch 30
      thereon engages cam 28 and passes thereby. As catch 30 passes, it rotates
      cam 28 to the position of cam 28b shown in FIG. 2. This takes up all
      available slack in flexible cable 22 and prevents other drawers 12 from
      opening. Each cam 28 and catch 30 are designed to cooperate in such a way
      that if one attempts to open two drawers simultaneously all of the slack
      in cable 22 is taken up before either catch 30 is free to pass by its
      associated cam 28.
PAR  Guide 24 is formed integrally with a cabinet re-enforcing and drawer
      suspension mounting bracket 32. Bracket 32 is vertically mounted to the
      interior wall 26 of the cabinet near the front thereof as by spot-welding
      34. Bracket 32 includes a plurality of apertures 36 and flanges 38 for
      supporting drawer suspension members (not shown) for the file cabinet.
PAR  Bracket 32 further includes a wall portion 40 which with guide 24 comprises
      a guide wall 41 extending outwardly from wall 40 and having an overturned
      edge or lip 42. Guide 24 guides cable 22 which extends longitudinally
      therealong. Open spaces 27 between adjacent guide segments are positioned
      at each drawer level location. Guide wall 41 of guide member 24 is
      inwardly bent to form lip 42 on each side of each open space 27. When the
      cable is deflected inwardly by the action of cam 28 lip 42 provides a
      smooth support area.
PAR  Cable 22 may be a wire cable, a metal ribbon, a nylon cord or any other
      suitable ribbon of flexible, stretch resistant material. Hooks 43 are
      fixed or formed at opposite ends of cable 22 and are secured at an upper
      edge of segmented guide 24 over guide wall 41. Cable 22 extends downwardly
      through the guide, to a joining segment 51 which extends across a lower
      surface of the cabinet 1, and to another cable 22 which extends upwardly
      into the next adjacent row of drawers whose end is secured by means of a
      similar hook 43 at the upper portion of a corresponding guide 24 in the
      adjacent row of drawers.
PAR  Cam member 28 molded from a suitable polymeric material includes a center
      sleeve 44 having an aperture therein adapted to receive a screw 45 which
      mounts cam member 28 for rotation.
PAR  Referring to FIGS. 3 & 4 with the drawer closed as shown in FIG. 3 the
      slack in cable 22 is guideably positioned between a guide member 46 of cam
      28 and cam arm 47 is positioned between walls 48 and 49 of catch 30. As
      the drawer is opened as illustrated in FIG. 4, the drawer 12 and catch 30
      move in the direction indicated by arrow B and wall 48 of catch 30 causes
      cam member 30 to rotate in a counterclockwise direction causing the
      sidewalls of cam arm 47 to engage cable 22 and take up slack in the cable.
      The cam is then held in its rotated position to maintain the cable under
      tension. If a second drawer 12 is pulled outwardly, the cam 30 associated
      therewith is restricted from rotating since the taut cable 22 will not
      yield to permit rotation of the cam. Likewise if an attempt is made to
      open two drawers simultaneously the combined partial rotation of two cam
      members will cause the cable to become taut. This prevents further
      rotation of either of the cam members sufficiently to allow the drawer
      catch to clear the cam.
PAR  The interconnecting means of the present invention is illustrated in FIGS.
      5, 5a, 6 and 7. A linking section 51 of cable extends between the cables
      22 in each of interlock mechanisms 20 and is joined to them both. A guide
      member 52 is provided at the base of each vertical interlock mechanism 20
      for purposes of guiding cable linking section 51 therebetween.
PAR  Guide 52 includes a bracket member 53 formed from sheet metal or the like
      to include an upwardly extending apertured tab 54. An opening 55 (FIG. 7)
      through tab 54 receives fastening means as a sheet metal screw 56 by which
      guide 52 is secured to a corresponding mounting tab 57 formed in segmented
      guide 24 proximate a lowermost portion of guide wall 41. Tab 57 is bent
      inwardly from the side wall 26 of cabinet 1 and receives sheet metal
      screws 56 to thereby secure guide 52 relative to segmented guide 24. An
      aperture through the planar surface of bracket 53 is lined with a bushing
      58 to prevent excessive wear on the linking section of cable 51. Bushing
      58 is preferably formed from molded nylon or other suitable lubricious
      material. Guide 52 at the base of row 12 is positioned adjacent an
      aperture 64 (FIGS. 5a and 7) formed in the sidewall or divider partition 2
      of cabinet 1. Guide 52 at the base of row 13 is correspondingly positioned
      adjacent the left hand side wall. Guides 52 at each row of drawers
      therefor serve to guide linking cable member 51 along the lower interior
      of the cabinet assembly.
PAR  In order to adjust the tension of linking cable section 51 and cables 22 of
      adjacent interlock mechanisms 20, an adjuster 70 (FIG. 7) is provided at
      the bottom of row 13 of drawers 14. A guide member 71 is adjustably
      secured to a bracket 72. Bracket 72 includes a plurality of mounting holes
      73 whereby the adjuster assembly can be fixed near the bottom of the
      cabinet at any one of several points by means of screws 78.
PAR  Bracket 72 is formed of sheet metal having sidewalls 72' for rigidity and a
      pair of outwardly extending ears 74 at the front thereof. Ears 74 are
      provided with suitable apertures (not shown) by which it is mounted to the
      lower interior framework of cabinet 1 by screws 79.
PAR  Guide member 71, shown in detail in FIGS. 8 and 9, is similarly formed from
      sheet metal having a body portion 77 through which a pair of spaced apart
      elongated slots 76 are formed to receive screws 78. Screws 78 passing
      through slots 76 and into apertures 73 of bracket 72 provide the means
      whereby the adjuster may be moved toward and away from the front of
      cabinet 1. A channel-like guide 75 is formed at one end of body 77 to
      retain and guide linking cable section 51. Guide channel 75 is formed
      generally centrally of body 77 to extend generally transversely of
      elongated slots 76. Guide channel 75 includes an upwardly extending inner
      wall 80, a top wall 81 and a downwardly formed outer wall 82. The guide
      channel is opened at the bottom to receive linking cable section 51. The
      portion of body 77 adjacent guide channel 75 extends slightly beyond outer
      wall 82 to form a pair of spaced apart outwardly extending retaining legs
      83. Legs 83 engage linking cable section 51 and hold it within guide
      channel 75. When linking cable section 51 is slack it is prevented from
      falling out of channel 75 by legs 83. During preliminary assembly, linking
      cable section 51 is positioned in guide 75 by simply placing cable section
      51 on the outer extremity of legs 83 adjacent outer wall 82. The portion
      of cable section 51 adjacent outer wall 82 is pulled downwardly between
      legs 83 and under outer wall 82 and slipped into the open bottom of guide
      channel 75. The linking cable is then slidably retained in guide channel
      75 and the necessary tension adjustments can be made by moving adjuster 70
      toward and away from the front of the cabinet. The provision of elongated
      slots 76 in adjuster 70 and the plurality of apertures 73 in bracket 72
      allow a wide range of adjustment to thereby facilitate the adjustment of
      the tension on linking cable section 51 and cables 22 as required.
PAR  In operation when any one of drawers 12 or 14 is opened, catch 30 (FIGS. 3
      and 4) engages with its associated cam 28 causing it to rotate thereby
      taking up slack in cable 22 in row 10, in linking cable section 51 and in
      the corresponding cable 22 in adjacent row 12 thereby preventing rotation
      of any other cam 28. This prevents the opening of any other drawer 12 or
      14 in either row of drawers.
PAR  The interconnecting mechanism of the present invention can be installed as
      an integral part of a new cabinet assembly or can be added to existing
      cabinets having an interlock system. Those skilled in the art will also
      recognize that other arrangements of the invention can be provided.
      Accordingly, all modifications of the invention are to be considered as
      included in the appended claims unless these claims by their language
      expressly state otherwise.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a cabinet having at least two adjacent rows of drawers, each row
      including a plurality of drawers, a drawer interlock mechanism for
      allowing only one drawer in both said rows to be opened at any one time,
      said interlock mechanism comprising: first interlocking means located
      adjacent and along said first row of drawers for engaging each drawer in
      said first row; second interlocking means located adjacent and along said
      second row of drawers for engaging each drawer in said second row; each of
      said first and second interlocking means including movement restricting
      means for preventing the opening of all other drawers in said respective
      row when one of said drawers in that row is opened, each of said
      interlocking means being shiftable between a first operative condition in
      which said movement restricting means allow any one of its said associated
      drawers to be opened and a second operative condition in which said
      movement restricting means prevent the passage of the remaining drawers in
      said respective row so that drawers cannot be opened; each said drawer and
      its associated interlocking means including shifting means cooperating to
      shift said interlocking means from its first condition to its second
      condition as one of said drawers is opened; connecting means
      interconnecting each of said first and second interlocking means including
      means for shifting one of said interlocking means when the other of said
      interlocking means is shifted by said first mentioned shifting means
      whereby the shifting of either of said first and second interlocking means
      into its said second operative condition simultaneously shifts the other
      of said first and second interlocking means into its second operative
      condition.
NUM  2.
PAR  2. The cabinet of claim 1 in which said connecting means comprises a cable
      interconnecting said first and second interlocking means.
NUM  3.
PAR  3. The cabinet of claim 2 in which each of said interlocking means
      comprises a cable, each of said cables in each said interlock being
      flexible in its first operative condition and taut in its second operative
      condition, each of said cables of said first and second interlocking means
      being joined to said interconnecting cable of said connecting means.
NUM  4.
PAR  4. The cabinet of claim 3 including adjusting means for adjusting the
      amount of slack available in said interconnecting cable of said connecting
      means.
NUM  5.
PAR  5. The cabinet of claim 4 in which said adjusting means comprises a bracket
      engaging said interconnecting cable and mounting means mounting said
      bracket to said cabinet; said bracket including a plurality of mounting
      locations for operable engagement with said mounting means whereby the
      position of said bracket relative to said cable and said cabinet can be
      altered by positioning said mounting means at alternate ones of said
      mounting locations.
NUM  6.
PAR  6. The cabinet of claim 5 including guide means positioned generally at the
      bottom of each of said first and second rows of drawers, said guide means
      extending generally parallel to its adjacent row of drawers and having an
      aperture therethrough; said interconnecting cable extending through said
      aperture and being guided thereby.
NUM  7.
PAR  7. The cabinet of claim 2 including guide means positioned generally at the
      bottom of each of said first and second rows of drawers, said guide means
      extending generally parallel to its adjacent row of drawers and having an
      aperture therethrough; said interconnecting cable extending through said
      aperture and being guided thereby.
NUM  8.
PAR  8. The cabinet of claim 2 including adjusting means for adjusting the
      amount of slack available in said interconnecting cable of said connecting
      means.
NUM  9.
PAR  9. The cabinet of claim 8 in which said adjusting means comprises a bracket
      engaging said interconnecting cable and mounting means mounting said
      bracket to said cabinet; said bracket including a plurality of mounting
      locations for operable engagement with said mounting means whereby the
      position of said bracket relative to said cable and said cabinet can be
      altered by positioning said mounting means at alternate ones of said
      mounting locations.
NUM  10.
PAR  10. The cabinet of claim 9 including guide means positioned generally at
      the bottom of each of said first and second rows of drawers, said guide
      means extending generally parallel to its adjacent row of drawers and
      having an aperture therethrough; said interconnecting cable extending
      through said aperture and being guided thereby.
NUM  11.
PAR  11. The interlock mechanism of claim 1 wherein said first and second
      interlocking means include elongated, flexible means for extending along
      said first and second rows of drawers and including a predetermined amount
      of slack, said movement restricting means including rigid means adjacent
      each of said drawers for engaging said flexible means to remove said slack
      when the drawer adjacent one of said rigid means is opened, said amount of
      slack being sufficient to allow opening of only one of said drawers in
      either row at one time.
NUM  12.
PAR  12. A cabinet assembly having at least two adjacent rows of drawers and
      interlock system allowing only one drawer in both said rows to be open at
      a time, said interlock system comprising: an elongated flexible member
      extending from a first fixed position adjacent one row of drawers to a
      second fixed position adjacent an adjacent row of drawers, said member
      being positioned to extend from said first fixed position along each of
      the drawers in said one row and extending along each of the drawers in
      said adjacent row to said second fixed position, said member including a
      portion extending between said rows, said member being dimensioned to
      include a predetermined amount of slack when all the drawers in both rows
      are closed; cam means in said cabinet assembly adjacent each of said
      drawers and said flexible member, each cam means movable between a first
      position in which it does not take up any slack in said flexible member
      and a second position in which it takes up generally all the slack in said
      flexible member, said flexible member resisting movement of all said cam
      means except one when said one cam means is in its second position;
      abutment means on each of said drawers, each of said abutment means
      cooperatively engageable with one of said cam means to move said one cam
      means from said first position to said second position into engagement
      with said flexible member as a drawer is moved from a closed position to
      remove said slack from said flexible member in each of said adjacent rows
      thereby resisting movement of the additional cam means and causing said
      additional cam means and said additional abutment means to act as stops to
      prevent movement of any additional drawer.
NUM  13.
PAR  13. A drawer interlock of claim 12 wherein said first fixed point is
      proximate an uppermost drawer in said one of said rows; said second fixed
      point is proximate an uppermost drawer in said adjacent row of drawers;
      and wherein said flexible member extends from said first fixed point
      downwardly along said drawers in said one row, across a lowermost surface
      of said first row and upwardly in said adjacent row to said second fixed
      position.
NUM  14.
PAR  14. The interlock system as defined in claim 13 and further including
      adjustment means in said cabinet assembly for taking up excessive slack in
      said flexible member to thereby adjust the tension thereon.
NUM  15.
PAR  15. The interlock system of claim 14 wherein said adjustment means includes
      a guide member engaging said flexible member, said guide member being
      positioned below said lowermost drawer in said one of said rows.
NUM  16.
PAR  16. In an assembly of two cabinets including a first cabinet having a
      plurality of drawers and a drawer interlock mechanism, said interlock
      including a stop member mounted on the cabinet adjacent a plurality of
      drawers and movable between slack and taut positions; a cam mounted to the
      cabinet adjacent each of said drawers and adjacent said stop member; and
      cooperating means on said cam and said drawer operable to move said cam
      into said stop member when the drawer is moved from a closed position in
      the cabinet, said stop member dimensioned such that movement of one of
      said cams into said stop member takes up the slack in said member and said
      stop member restricts movement of additional cams causing said cooperating
      means to act as a stop preventing movement of an additional drawer, the
      improvement comprising: a like cabinet positioned adjacent said first
      cabinet, said like cabinet having a plurality of drawers and a like
      interlock mechanism positioned adjacent said first mentioned cabinet, said
      like interlocking mechanism including a like stop member, like cams
      adjacent each of said drawers in said like cabinet, and like cooperating
      means on said cams and drawers of said like cabinet; and means connecting
      said stop member of said interlock mechanism in said one of said cabinets
      and said like stop member of said like interlock mechanism in said like
      cabinet for permitting the slack to be taken up from both of said stop
      members upon movement of one of said drawers and cams thereby preventing
      the opening of additional drawers in said first cabinet and in said like
      adjacent cabinet.
NUM  17.
PAR  17. The interlock mechanism of claim 16 wherein said stop member comprises
      a flexible cable member extending from a first fixed position in said
      first mentioned cabinet to a second fixed position in said like cabinet.
NUM  18.
PAR  18. The interlock system of claim 17 and further including adjustment means
      in one of said first mentioned cabinet and said like cabinet for taking up
      excessive slack in said cable member.
NUM  19.
PAR  19. The interlock system of claim 18 wherein said adjustment means includes
      a laterally adjustable guide member engaging said flexible member.
NUM  20.
PAR  20. The interlock system of claim 19 and further including said guide
      member including means forming a channel surrounding said cable and means
      retaining said cable in said channel.
NUM  21.
PAR  21. The interlock system of claim 20 wherein said channel includes a top
      wall and a pair of sidewalls forming an open bottom elongated enclosure
      for said cable and wherein said retaining means includes a pair of legs on
      said guide member adjacent the ends and bottom of said elongated enclosure
      to retain said cable therein.
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ABST
PAL  An electrical connection between spaced and parallel mother and daughter
      boards including terminals secured to the mother board and projecting
      toward the daughter board having a pivot link arm with a daughter
      board-engaging member at the free end of the link arm and a daughter board
      spring contact. A number of terminals are secured to the mother board all
      facing in the same direction so that upon movement of the daughter board
      in a direction parallel to the mother board the links pivot the daughter
      board down toward the mother board and bring contact pads on the daughter
      board in engagement with the spring contacts.
PARN
PAR  This application is a division of my co-pending application for "Daughter
      Board Contact," U.S. Ser. No. 404,290, filed Oct. 9, 1973.
BSUM
PAR  The invention relates to a connection system for two parallel circuit
      boards, commonly referred to as mother and daughter boards. The daughter
      board is removably mounted on the mother board in electrical engagement
      with circuitry on the mother board. Landman, U.S. Pat. No. 3,701,071
      discloses a connector for forming an electrical connection between spaced
      parallel mother and daughter boards. The invention disclosed herein is
      directed to a different type of connection system for parallel mother and
      daughter boards.
PAR  According to the invention, terminals are secured on the mother board and
      include link arms having hooks at the free ends of the arms engagable with
      the daughter board overlying the mother board. The terminals all include
      spring contacts so that when the daughter board is laid on top of the
      terminals and engages the hooks, lateral movement of the board pivots the
      board about the link arms and brings contact pads on the surface of the
      daughter board adjacent the mother board into engagement with the spring
      contacts on the terminals. The hooks hold the daughter board down.
      Additionally, other spring contacts may be secured to the mother board for
      forming electrical connections with other contact pads at desired
      locations on the daughter board. Latches or other types of detents may be
      provided for holding the daughter board in electrical engagement with the
      spring contacts of the terminals and the additional spring contacts.
PAR  Ohter objects and features of the invention will become apparent as the
      description proceeds, especially when taken in conjunction with the
      accompanying drawings illustrating the invention, of which there is one
      sheet.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a perspective view of a terminal used for forming electrical
      connections between spaced parallel mother and daughter boards;
PAR  FIG. 2 is a sectional view taken through the terminal of FIG. 1
      illustrating the mother and daughter boards with the daughter board in
      initial engagement with the terminal;
PAR  FIG. 3 is a view similar to that of FIG. 2 showing the mother and daughter
      boards with a terminal in electrical connection with a pad on the daughter
      board;
PAR  FIG. 4 is a view illustrating the mother and daughter boards with the
      daughter board in position to be mounted on the terminals on the mother
      board; and
PAR  FIG. 5 is a view, partially broken away, taken along line 5--5 of FIG. 3
      illustrating the closed mother and daughter boards.
DETD
PAR  The daughter contact 10 illustrated in FIG.1 forms a physical and
      electrical connection between spaced and parallel mother board 12 and
      daughter board 14. The terminal 10 includes a base 16, a solder tab 18
      extending from the base 16, a pair of supports 20 extending to one side of
      the base 16, a pivot link arm 22 extending at an angle from the edge of
      the base away from tab 18, and a pair of cantilever spring contact arms 24
      to either side of the pivot link arm 22. A daughter board engaging hook 26
      is provided at the free end of the link arm and electrical contacts 28 are
      provided at the free ends of the cantilever spring arms 24. The terminal
      10 is preferably stamp formed from sheet metal stock of high yield
      strength.
PAR  As illustrated in FIG. 4, a number of spaced terminals 10 are mounted on
      the mother board 12 with the solder tabs 18 of the terminals extending
      through circuit board holds 30 in the mother board and secured to printed
      circuit 32 on the bottom of the mother board by solder connections 34. The
      supports 20 of each terminal rest flush on the top of the mother board to
      prevent movement of the base during the formation of the electrical
      connections between the mother and daughter board. The terminals 10 are
      mounted on mother board 12 so that the pivot link arms 22 and cantilever
      contact arms 24 all extend in the same direction. As illustrated in FIG.
      4, the arms all extend to the right hand side of the mother board.
PAR  In addition to terminals 10, a number of individual contact terminals 36
      are also secured to the mother board 12. Each of these terminals includes
      a solder tab 38 extending through a circuit board hole and soldered to
      printed circuitry 40 on the bottom of the circuit board of the mother
      board, and a single cantilever spring arm 42 joining the tab and extending
      away from the top of the mother board in the same direction as the link
      and spring arms of terminals 10. As illustrated in FIG. 4, the contact
      arms 42 also extend to the right of the mother board. Contacts 44 are
      provided at the free ends of the spring arms 42. Spring arms 42 are the
      same length as arms 24.
PAR  Daughter board latches 46 are secured to the edges of the mother board 12
      and include daughter board receiving recesses 48. The terminal arms 22 and
      24 and contact arms 42 normally project above the lower edges of recesses
      48.
PAR  As shown in FIG. 4, the terminals 10 are spaced from each other on the
      mother board 12. Hook-receiving openings 50 are provided in the daughter
      board with an opening above each terminal 10. Contact pads 52 to either
      side of openings 50 are provided for electrical connection with the
      contacts 28 on arms 24. Additionally, a number of contact pads 54 are
      provided on the daughter board in position for forming electrical
      connections with the contacts 44 of contact arms 36.
PAR  The daughter board is brought into electrical connection with the mother
      board by first positioning the daughter board parallel to and above the
      mother board with the hooks 26 of terminals 10 extending through the
      openings 50 so that they engage the top of the daughter board. In this
      posiiton, the daughter board rests lightly upon contacts 28 and 44. The
      daughter board is then pushed to the right so that it pivots about the
      link arms 22 of the spaced terminals 10 and is brought down toward the
      mother board so that the spring arms 24 of terminals 10 and the arms 42 of
      contacts 36 are bent down and stressed and their respective contacts 28
      and 44 are biased against the contact pads 52 and 54 on the daughter
      board. Terminals 10 are bent at each end of link arms 22. Thus, the
      daughter board is pivoted to one side and moved down about the arms 22
      toward the mother board and engages flexible latches 46. The latches are
      bent outwardly from the mother board and then snap back to secure the
      daughter board in the position of FIG. 5 with daughter board contact pads
      52 and 54 in electrical connection with the arms 24 and 36 of the mother
      board. The daughter board may be released from the mother board by opening
      the latches 46.
PAR  While terminals 10 disclosed herein include a single link arm 22 and a pair
      of contact arms 24, it is obvious that connections may be formed between
      the mother and daughter boards as disclosed through the use of a contact
      and connection system having a number of link arms and a number of contact
      arms, whether or not the contact arms are integral with the link arms.
PAR  While I have illustrated and described a preferred embodiment of my
      invention, it is understood that this is capable of modification, and I
      therefore do not wish to be limited to the precise details set forth, but
      desire to avail myself of such changes and alterations as fall within the
      purview of the following claims.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. A daughter board contact terminal comprising a base, circuit contact
      means on the base, a flexible pivot link arm extending away from said base
      in a first direction and having daughter board-engaging hook means on the
      free end thereof, and a pair of flexible cantilever spring contact arms
      spaced apart from said link arm and extending from said base in the same
      direction as said link arm and having contacts at the free ends thereof
      both located adjacent said daughter board-engaging hook means for engaging
      a contact pad on the daughter board, the pivot link arm being located
      between said contact arms.
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ABST
PAL  This invention relates to an electrical terminal system capable of use with
      fully automated assembly equipment. The terminal system includes a circuit
      terminal projecting above a base on which a circuit connection may be
      made. A second terminal projects from an adjacent side of the base forming
      individual component terminals, providing a mounting point for individual
      discrete components. The base contains two opposing parallel rows of the
      terminals and components are mounted between two of such bases. A bus
      strap may be mounted on top of the base and is held in place by a set of
      grooves. Terminals extend from the bus strap and may be connected to the
      individual component terminals. Further an insulating bus may be used
      where multiple buses are employed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to electrical terminals and more particularly
      to an electrical terminal allowing fully automatic assembly.
PAR  2. Description of the Prior Art
PAR  In most electrical systems the printed wiring card has become the primary
      means for mounting the individual components comprising the circuit. While
      the printed wiring cards are attractive in larger electronic systems in
      terms of volume production efficiency, packaging density and ease of
      component mounting, in systems utilizing a small number of cards, or large
      numbers of unique cards, are not especially attractive because of their
      high cost.
PAR  As an alternative to the use of printed wiring cards, individual terminals
      have been inserted into a dielectric terminal board to which circuit wires
      and the individual components are secured. The terminals are organized
      into rows and sometimes machine-tool distorted adjacent to the board to
      secure their positioning. While such an alternative is not as costly as
      the manufacturing of a unique printed wiring card, there are some serious
      disadvantages. In cases where the terminals are physically distorted to
      secure this position, they are not readily removable, and may distort the
      planar board they are inserted into. Further during the terminal
      placement, breaking and chipping of the board may result thereby requiring
      careful examination. Terminal board assemblies are expensive from the
      standpoint thay they are inflexible as to application since boards with
      different terminal spacing would be required to accommodate components of
      different sizes. Further the terminal boards do not readily provide the
      flexibility of individual component mounting and inherent physical
      limitations do not allow the component packaging densities attainable with
      printed wiring. Furthermore terminal boards do not readily adapt
      themselves to a bus strap. Typical prior art terminal boards are described
      in U.S. Pat. No. 3,116,099 which issued to I. M. Miller on Dec. 31, 1963;
      U.S. Pat. No. 2,533,483 to M. A. Losquadro issued Dec. 12, 1950; and U.S.
      Pat. No. 2,935,654 to V. S. Gittens et al which issued May 3, 1960.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  From the foregoing discussion it will be understood that among the various
      objectives of the present invention are:
PAR  To provide a component terminating array allowing for flexibility in
      mounting space as required by variable sized components;
PAR  To provide a component terminating array capable of being used with
      automatic circuit processing equipment;
PAR  To provide a component terminating array block permitting circuit wiring
      and components mounting on the same side of the block;
PAR  To provide a component terminating block permitting the use of a common bus
      located on the block itself.
PAR  These and other objectives of the present invention are efficiently
      achieved by providing a component terminating block in which a plurality
      of electrically conductive circuit terminals project from one surface of
      the component terminating block. The circuit terminals extend below the
      surface of the block and either form or interconnect with the component
      terminals which extend outward from a surface orthogonally oriented in
      respect to the surface the circuit terminals projected from. Each
      component terminal contains a plurality of apertures through which
      individual component lead wires may pass and be secured to.
PAR  Two or more terminal blocks may be placed together with the components to
      be terminated between them. With the use of a plurality of component
      mounting apertures it is possible to establish multiple component mounting
      centers for any fixed spacing between two adjacent blocks.
PAR  The component body projects beyond the block surface from which the circuit
      terminal extends in order to minimize the volume required by the assembly.
PAR  This configuration is particularly well suited to be used with automated
      wiring machines and other automated means of assembly and the
      configuration may be altered to allow the use of other wiring methods as
      they are developed.
PAR  The foregoing as well as other objects, features and advantages of the
      present invention will become more apparent from the following detailed
      description taken in conjunction with the appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a circuit and component terminating terminal geometry and
      placement within the component terminating block.
PAR  FIG. 2 is a perspective view showing a typical block with a plurality of
      terminals.
PAR  FIG. 3 shows an end view of a typical assembly.
PAR  FIG. 4 is an exploded perspective view showing a component terminating
      block with a power bus and bus insulator.
PAR  FIG. 5 is a perspective view of the bus making connection to the component
      terminating terminals.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, the electrically conductive circuit terminal 2
      projects from the top of the block 6. The block 6 forms an insulator and
      may be formed from molded plastic. The electrically conductive component
      terminal 4 which may be formed to a flat strap either from the circuit
      terminal 2 or may be a strap which is affixed to the circuit terminal 2,
      projects from the side of the block 6 from a bottom recessed aperture 8.
      The component terminal 4 contains a plurality of apertures 7 through which
      the component leads passes and to which it is secured.
PAR  FIG. 2 shows a terminal block with a plurality circuit terminals 2 forming
      two parallel rows positioned in the block 6 with the component terminal 4
      extending from the side of the block 6. A main wiring channel X is
      provided by the space on the top of the block 6 between the two parallel
      rows of circuit terminals 2.
PAR  FIG. 3 shows three component terminating blocks with individual components
      5 mounted to the component terminating terminal 4.
PAR  The equivalent of a laminated power bus can be formed as exhibited in FIGS.
      4 and 5. The bus 12 may be formed from a thin sheet of copper, and the bus
      terminals in the form of bars 16 (FIG. 4) or wires 16' (FIG. 5) which may
      be terminated to either of the adjacent component terminals 4. The block
      is provided with notches 22 which allows the bus terminals 16 or 16' to
      extend away from the block to the component terminals 4. The bus insulator
      14 may be used when a number of bus units are to be placed over one
      another, however when only one bus is being used no insulator is necessary
      since the bus contains aperture 18 which allows the circuit terminals to
      pass through without coming into contact with it. Further, the component
      terminating block is provided with an indexing groove 20 in which the bus
      12 and the bus insulator 14 are disposed and which holds them in fixed
      position with reference to the component terminating block.
PAR  From the foregoing it will be seen that the Applicant has provided an
      improvement in terminal blocks whereby the objectives set forth
      hereinabove are efficiently met. Since certain changes in the
      above-described construction will occur to those skilled in the art
      without departure from the scope of the invention it is intended that all
      matter contained in the preceding description or shown in the appended
      drawings shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  Having described what is new and novel and desired to secure by Letters
      Patent, what is claimed is:
NUM  1.
PAR  1. Apparatus for terminating electrical componets, said apparatus
      comprising:
PA1  an electrically insulative block;
PA1  at least one electrically conductive terminal,
PAL  said terminal disposed through through said insulative block, extending
      from a first face thereof to form a circuit terminal and from an adjacent
      face thereof to form a component terminal, whereby a circuit connection
      may be made to said circuit terminal and the component lead terminated at
      said component terminal;
PA1  wherein projecting from said first face of said block are parallel first
      and second rows of said circuit terminals, said second row of circuit
      terminals directly opposite said first row, said component terminals
      forming a first and second row,
PAL  said first row of component terminals projecting from the respectively
      adjacent face of said first face containing said first row of said circuit
      terminals, said second row of component terminals projecting from the
      respective adjacent face of said second row of said circuit terminals; and
      further comprising circuit terminals comprising a metal bar to which said
      circuit connection may be made;
PA1  at least one aperture within said component terminals through which a
      component lead passes;
PA1  a bus strap, said bus strap comprised of electrically conductive material
      and positioned upon said first face of said block;
PA1  a plurality of apertures contained within said bus strap, which allows said
      circuit terminals to pass through said bus strap without making electrical
      contact with said bus strap;
PA1  an indexing groove, wherein said bus strap is positioned inside said
      indexing groove, said groove being used to position and secure said bus
      strap to said block;
PA1  a bus terminal, said bus strap comprising at least one of said bus
      terminal, said bus terminal extending outward from body of said bus strap;
      said block also containing at least one notch, said bus terminal passing
      through said notch and connected to said component terminals; and
PA1  a bus insulator, said bus insulator constructed of electrically insulated
      material of the same size and shape of said bus strap, said bus insulator
      positioned between the faces of said bus strap, when a plurality of bus
      means are employed.
NUM  2.
PAR  2. Apparatus for terminating electrical components as claimed in claim 1
      wherein said component terminals comprise:
PA1  an extension of said circuit terminals, wherein said extension is flattened
      to form a flat strap and perpendicular to said circuit terminals.
NUM  3.
PAR  3. Apparatus for terminating electrical components as claimed in claim 1
      wherein said component terminals comprise:
PA1  a flat strap of electrically conductive material making an electrical
      connection to said circuit terminals.
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ABST
PAL  A hollow sealing member open at one end for receiving an electrical
      connector has at its opposite end, a wall formed with a plurality of
      recesses closed by a frangible base. The shape of the recesses permits a
      relatively wide flat tab to be passed through the wall without reducing
      the sealing effect of the wall around the conductor to which the flat tab
      is crimped.
BSUM
PAR  The present invention relates to sealing members and in particular sealing
      members of resilient, rubber-like material including a hollow body part
      open at one end for receiving an electrical component.
PAR  According to the present invention, a sealing member of resilient,
      rubber-like material comprises a hollow body part at one end for receiving
      an electrical component at its opposite end, the hollow body part has a
      wall which is formed inwardly towards the interior of the body part to
      define on its outer surface at least one first recess which communicates
      with a relatively smaller generally cylindrical second recess coaxial with
      the first recess the transition between the first and second recesses
      defining a shoulder, a base 10 of the second recess being frangible to
      permit the passage of a flat tab contact terminating the end of a
      cylindrical conductor, through the wall, the tearing of the base being
      limited to the material of the second recess which embraces sealingly the
      cylindrical conductor extending rearwardly from the flat tab contact
      through the wall.
PAR  In a preferred embodiment, the first recess is generally cylindrical and a
      pair of diametrically opposed grooves extend substantially the length of
      the first recess.
DRWD
PAR  An embodiment of the invention will now be described, by way of example,
      reference being made to the Figures of the accompanying diagrammatic
      drawings in which:
PAR  FIG. 1 is an end view of a sealing member;
PAR  FIG. 2 is a cross-sectional view on the line II--II of FIG. 1; and
PAR  FIG. 3 is a detail, partly in cross-section of the sealing member of FIG. 1
      assembled to an electrical connector in mating engagement with a
      complementary connector.
DETD
PAR  As shown, the sealing member 1 of resilient rubber-like material includes a
      hollow body part 2 open at a forward end 3 for receiving an electrical
      component in the form of an electrical connector 12. At its end opposite
      the open forward end 3, the hollow body part 2 has a wall 5 which is
      formed inwardly towards the interior of the body part 2 with a plurality
      of generally cylindrical first recesses 6. Each recess 6 communicates with
      a relatively smaller generally cylindrical second recess 8 which is
      coaxial with the first recess 6. The transition between the first and
      second recesses 6 and 8 defines a shoulder 9. The base 10 of each recess 8
      is made of thinner material than the other portions of the wall 5 and is
      thus rendered frangible. Each recess 6 is formed with a pair of
      diametrically opposed grooves 7 which extend substantially the length of
      the recess 6. The recesses 6 are arranged in columns and rows as shown
      most clearly in FIG. 1. The open forward end 3 of the hollow body part 2
      is surrounded by a resilient flange 4 which extends forwardly of the end
      3.
PAR  Referring in particular to FIG. 3, the hollow body part 2 is adapted to
      receive the electrical connector 12 which includes an insulating housing
      13 contaning a plurality of flat tab contacts 14 each of which terminates
      a cylindrical conductor 16 (only one contact and one conductor shown). The
      flat tab contacts 14 are each wider than the diameter of their
      corresponding conductors 16. Each contact 14 is located and maintained in
      the housing 13 by resilient arms 15 integral with the housing 13 and by
      guides (not shown). The connector 12 is releasably mateable with a
      connector 22 which includes complementary tab receptacles 24. The
      connectors 12, 22 are mounted one on each side of a panel 17 and the flat
      tab contacts 14 extend through an aperture 18 in the panel 17. When the
      connectors 12, 22 are assembled, the flange 4 engages the panel 17 around
      the aperture 18 and forms a seal around the connector 12.
PAR  The flat tab contacts 14 are loaded and removed from the housing 13 via the
      rear end of the connector 12 and each flat tab contact 14 passes through
      the wall 5 of the member 1. The recesses 6 are arranged in the wall 5 of
      the member 1 in alignment with a position to be occupied by a flat tab
      contact 14.
PAR  On assembly, the housing 13 is first positioned in the hollow body part 2
      via the forward open end 3 of the body part. The tab contacts 14 are then
      loaded in the housing 13 by passing each contact 14 through a recess 6 so
      that the side edges of the contact travel along the grooves 7. The flat
      tab contacts 14 are then pushed so that their free ends pierce the
      frangible base 10 of their respective recesses 8. Each contact 14 is then
      pushed into the housing 13 until it is latched into its predetermined
      position by the resilient arms 15. The sides of each recess 8 may be split
      slightly during the passage of the flat tab contact 14 through the base 10
      but once the contact 14 has passed completely through the wall 5, the
      sides of the recess 8 close around the cylindrical conductor 16 to form a
      seal around the conductor.
PAR  It has been found, that the material forming the sides of the larger recess
      6 provides the resilience necessary to avoid any excessive tearing effect
      on the material of the wall 5. Further, the material of the smaller recess
      8, in effect, limits the amount of tearing if any which takes place so
      that the material of the shoulder 9 is substantially unaffected by the
      passage of the tab contact 14 through the base 10. The flat shoulder 9
      supplies the necessary tightening effect around the cylindrical conductor
      16.
PAR  The sealing member 1 can be made of vulcanized rubber having a basic
      elastomer of isoprene-isobutylene or copolymer ethylene-propylene or
      butadiene-stirene having a hardness of 35 to 40 Shore.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sealing member of resilient, rubber-like material comprising a hollow
      body part open at one end for receiving an electrical component, at its
      opposite end, the hollow body part has a wall which is formed inwardly
      towards the interior of the body part to define on its outer surface at
      least one first recess which is generally cylindrical and which has a pair
      of diametrically opposed grooves extending substantially the length
      thereof, said first recess communicates with a relatively smaller
      generally cylindrical second recess coaxial with the first recess, the
      transition between the first and second recesses defining a shoulder, a
      base of the second recess being frangible to permit the passage of a flat
      tab contact terminating the end of a cylindrical conductor, through the
      wall, the conductor having a smaller outer periphery than that of the flat
      tab contact, the tearing of the base being limited to the material of the
      second recess which embraces sealingly the cylindrical conductor extending
      rearwardly from the flat tab contact through the wall.
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ABST
PAL  The invention relates to an arrangement for connecting electrical
      installations or equipment to chassis containing electrical apparatus.
      Connectors, identical to those used within the chassis, are located on the
      exterior side walls of the chassis, and cooperate with a series of
      detachable plugs which are slidably guided into aligned cooperation with
      the connectors by means of ribs on the side walls, and latchingly engage
      with the side walls to retain them electrically interconnected with the
      connectors. The height of each plug is a multiple of the pitch between the
      rows of connector pins of the connectors, thus enabling several plugs to
      be plugged, side-by-side, to the same connector.
BSUM
PAR  The invention relates to a device for making electrical connections between
      external apparatus and a chassis fitted with modules containing electronic
      circuits.
PAR  The main application of such devices is in automation systems intended for
      process or plant control, in which information originating from the
      members being controlled, and instructions intended for these members, are
      handled or processed in cabinets in which are mounted chassis containing
      the electronic circuits intended for processing the data.
PAR  There are many known devices or systems which are intended to solve the
      problem of connecting these various units together electrically.
PAR  In one of the known systems, the front faces of printed circuit boards in
      the form of removable modules are provided with contacts onto which fit
      sockets, the leads from which comprise collections of numbers of
      conductors, and run across the front panels of the chassis with which they
      co-operate, and thus mask a considerable proportion of the front panels of
      other chassis.
PAR  Also known, is an electrical connecting device employing sockets which
      connects external apparatus to a chassis which comprises two side walls,
      and an end-wall which is fitted with inter-connectors. At the rear, these
      interconnectors have pins onto which are intended to be wound the bare
      ends of conductors, and at the front they have contacts capable of
      co-operating with removable electrical circuits, such as those formed by
      printed circuits.
PAR  In this arrangement an insulating strip situated below the level of the
      chassis and to the rear thereof contains pins similar to those on the
      connectors. These pins are intended, on the one hand, to be linked to the
      corresponding pins on the connectors and, on the other hand, to take
      externally connected sockets.
PAR  This solution, which takes up an area to the rear which is very large in
      comparison with the effective use made of it, results in a considerable
      loss of useful space. Furthermore, since the sockets are only accessible
      from the rear, it is necessary to provide a special opening or door in the
      equipment.
PAR  It is, therefore, an object of the invention to provide a connecting device
      which is accessible from the same side as that from which the equipment
      contained in the chassis can be reached, but without encumbering the front
      panels of the equipment, the connecting device also being one which is
      compatible with the types of connectors used in the chassis.
PAR  In accordance with the invention, this is achieved as a result of the fact
      that a junction connector, similar to the inter-connectors, is fixed to
      the outer face of at least one of the side walls, this connector being
      intended to receive removable plugs, the depth of which is approximately a
      multiple of the distance between the contact members of the junction
      connector and the parallel faces of which are perpendicular to the plane
      of the side walls, which parallel faces are separated by a distance
      equivalent to the said depth. In a preferred embodiment, which facilitates
      external connections to the chassis, the junction connector is arranged
      parallel to the inter-connectors and perpendicular to series of ribs which
      are arranged on the side-wall to guide the plugs to the contact members.
DRWD
PAR  In order that the invention may be more readily understood, reference will
      now be made to the accompanying drawings, in which:-
PAR  FIG. 1 is a front view of a chassis fitted on one side with plugs;
PAR  FIG. 2 is a side view of the same chassis fitted with a single plug; and
PAR  FIG. 3 is a plan view of one embodiment of the plug.
DETD
PAR  FIG. 1 is a front view of a chassis for holding electronic modules. The
      chassis is basically formed by two parallel side-walls 1 and 2 which are
      joined together by four cross pieces, two of which, 21 and 20, are
      situated at the front of the chassis, and two of which, 30 and 31, are
      situated at the rear. Plane P is the plane in which one of the side-walls
      is situated.
PAR  On the rear cross-pieces are arranged inter-connectors 4, the front parts
      of which contain contact members intended to co-operate with the
      corresponding members of electronic modules, and the rear parts of which
      contain parallel pins capable of accommodating the bared ends of
      electrical interconnecting conductors, which are connected, for example,
      by winding them around the pins. These conductors join together various
      pins of neighbouring connectors, certain ones of which are to be connected
      to external apparatus which supplies signals and receives data in return.
      As will be explained hereinafter, such a connection to external apparatus
      will be effected through a specific connector, which is termed "a junction
      connector" and cooperates with a plurality of plugs adapted to receive
      external conductors.
PAR  In the manner described in my copending Pat. application Ser. No. 458,147
      filed 5th Apr., 1974, for "A Chassis Intended to Hold Electronic
      Circuits", the inter-connectors are held in place by supports 22 and 23
      which contain slide-ways for guiding the electronic modules.
PAR  It will be noted that, at the right hand-side of FIG. 1, a connector termed
      a junction connector is attached externally to the face F of the chassis
      by means of angle brackets 24. This connector 3, which is similar to the
      inter-connectors 4, has, in its front face, contact members 6, the pitch
      of which is p, and on its rear face it has parallel pins 25, certain ones
      of which are electrically connected by conductors 28 to similar pins on
      inter-connectors 4.
PAR  Because of the similarity between them, one and the same method, or piece
      of apparatus, may be used to connect together corresponding pins on
      connectors 3 and 4.
PAR  On the left-hand side of FIG. 1 are shown a certain number of members 5,
      these being plugs which are so positioned as to co-operate with a junction
      connector (not shown) identical to the connector 3. To clarify the Figure,
      it has therefore been assumed that connectors such as 3 are situated on
      the outsides of both side-walls 1 and 2, but it is not absolutely
      essential for such an arrangement to be made.
PAR  FIG. 2 is a side-view of the chassis showing the side-wall 2 and the
      junction connector 3. A single plug 5 is shown in the position in which it
      co-operates with the connector.
PAR  In can be seen from this Figure, as it can from FIG. 1, that the side-wall
      2 contains parallel ribs 9 which extend perpendicularly to the junction
      connector 3. These ribs are intended to guide the plugs 5 so as to ensure
      that they align accurately with the connector 3, and are thus able to plug
      in properly. Between pairs of neighbouring ribs 9 are formed openings 12
      which also contain a tab 13. These members are intended to hold in place
      the plugs 5, such as the plugs shown in more detail in FIG. 3.
PAR  With reference to FIG. 3, one end of each plug 5 has a set of pins 27 which
      co-operate with the contact members 6 in the junction connector 3.
PAR  In order to ensure that the plugs are used to good advantage, each plug is
      made relatively shallow, so that it has a depth e between its two parallel
      faces 7, 8 as shown in FIG. 1. This depth e approximates a multiple of the
      pitch p between the contact members 6, with the result that it is possible
      to fit a number of such plugs next to one another, so as to make
      connections to all the contact members 6 in the connector 3. If the
      junction connector 3 is parallel to the plane P of a side wall, the
      parallel faces 7 and 8 will be perpendicular to this plane P.
PAR  The plug 5, also incorporates a lug 10 and a resilient catch 11 which
      co-operate with one edge of the opening 12 and the tab 13, respectively,
      when the pins 27 are inserted into the contact members 6. For this
      operation, the plug 5 is also slidably guided by and between the two ribs
      9.
PAR  Finally, the plug 5 is provided with fastening members 16 which ensure that
      there is an electrical connection between the pins 27 and the ends of
      externally connected conductors 17. These fastening members 16 are
      arranged in one of the faces 7 and 8 close to the edges 14 or 15,
      respectively, which are formed at the intersection between one of the
      faces 7 and 8 and the walls 26 and 19 perpendicular to that face, i.e. the
      members are arranged along the long or short side of the plug, in either
      the top or bottom face thereof. Part or all of the faces 26 and 19 may be
      occupied by apertures 18, the function of which is to receive the ends of
      the conductors 17. The number of fastening members 16 will naturally
      depend on the number of pins 27, which is itself directly dependent upon
      the depth e of the plug.
PAR  In order to avoid too great a number of plugs being used, e may be made
      equal to 2p, 3p or 4p for example, depending on the number of contact
      members 6. In the extreme case, e be made equal to p if pitch (p) is
      considerable. In all cases the depth (e) will be such that the number of
      plugs capable of being fitted to a junction connector is a whole number,
      will also be such that the fastening members 16 can be fitted without
      difficulty.
PAR  IN FIGS. 1 and 2, the junction connectors 3 have been arranged parallel to
      the inter-connectors 4 which are themselves parallel to the plane of FIG.
      1. The result is that the ribs 9 are perpendicular to the plane of FIG. 1,
      but this arrangement is only exemplary and is not limiting.
PAR  Two additional advantages of using individual plugs are, firstly, that the
      plugs may be reduced in number to suit requirements, and, secondly, that
      it is possible to withdraw only that plug which needs to with withdrawn,
      for example to carry out checks or repairs.
PAR  In addition, the side-by-side arrangement of the plugs means that each plug
      acts as a shield and insulator for the fastening members of the plug
      immediately adjacent to it.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical connection device for making connections between external
      conductors and a fixed chassis supporting a plurality of removable
      electrical circuits, said chassis having two parallel side faces and a
      rear face, the connection device comprising a plurality of interconnector
      members mounted at the rear face, at least one junction connector member
      mounted at one of the side faces, said junction connector and
      interconnector members being of similar construction and each having a
      front face and a rear face and being provided, at their rear face, with
      pins adapted to have wound thereonto the bared ends of conductors and, at
      their front face, with contact members, a plurality of removable plugs
      each having first and second faces perpendicular to the side faces of the
      chassis, said first and second faces being spaced apart by a distance
      which substantially equals a multiple of the pitch of the contact members
      in the junction connector member, said removable plugs being adapted to
      receive the external conductors and having pins adapted to engage the
      contact members of the junction connector member.
NUM  2.
PAR  2. A connecting device according to claim 1, wherein the junction connector
      is arranged parallel to the interconnector members, a plurality of ribs
      being arranged on the side-face, at right angles to the interconnector
      members, said ribs being adapted for positioning the plugs with respect to
      the contact members.
NUM  3.
PAR  3. A connecting device according to claim 2, wherein each plug incorporates
      a lug and a locking member which cooperate with an opening and a stop
      respectively, the opening and stop being formed between two ribs on the
      side face.
NUM  4.
PAR  4. A connecting device according to claim 3, wherein each plug has third
      and fourth faces perpendicular to said first and second faces, said fourth
      face being fitted with the said pins and, on said first face and adjacent
      one edge thereof, a plurality of fastening members and, in said third
      face, a plurality of apertures adapted to receive electrical conductors,
      said fastening members cooperating with said apertures for retaining said
      external conductors therein.
NUM  5.
PAR  5. A connecting device according to claim 3 wherein the side-walls are
      extruded profiled members.
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ABST
PAL  An electrical connector, having a multiplicity of electrical conductors, in
      which pressure, to establish electrical contact between conductors, is
      generated by means of a single external force. Maintenance of adequate
      contact pressure, for all contacts, is determined by incorporating a
      single pressure sensing device which monitors the pressure applied to the
      contacts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the multiple connections of electrical
      equipments. More particularly, this invention relates to a technique for
      providing multiple electrical connections with extremely high current and
      reliability ratings.
PAR  2. Description of the Prior Art
PAR  Current rating and operation reliability of an electrical connection is
      dependent upon the electrical contact pressure between the contacting
      elements. Present multi-pin electrical connectors consist of male-female
      pairs in which each pair has its own spring loading to provide the
      mechanical pressure needed to establish proper electrical connection. To
      hold the over-all size of a multi-pin connector to required dimensions, it
      is often necessary to minimize pin space requirements. In order to
      accomplish this, each pin-spring combination is designed as a fine
      structure and built to tight tolerances. Reduction of spring tension and
      pin wear, which effect these tolerances, results in the most common cause
      of connector failure - loss of electrical contact between male and female
      pins. As the number of pins in the connector is increased, tolerances
      become more critical and its reliability decreases (failure rate
      increases). This decrease in reliability is two-fold; the pins are more
      subject to damage and the over-all reliability decreases with the increase
      in the number of pins. Therefore, it is highly desirable to have an
      arrangement in which a single force assures uniformly high contact
      pressures in a high density multi-contact connector.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to high density multi-pin electrical
      connectors in which extremely high connector current ratings are possible.
      This is accomplished by means of the unique arrangement of electrical
      contacts and the application of a single external force in a manner that
      insures high contact pressure across each contacting pair of conductors.
      The applied force can be made as large as desired to insure good
      electrical contact, thus providing high current ratings and reliable
      operation.
PAR  Since a single force is applied externally, connector failure, due to loss
      of contact pressure, may be determined by including a pressure sensing
      device to monitor the pressure applied to the contact. The external force
      can be applied by means of a system of V-shaped springs, force
      transmitting rods and a cam shaped lever. Pressure generated by this
      system is applied directly to a stack of contact pairs separated by
      appropriate insulators or to a semi-compressible conductor housing which
      provides the necessary insulation between the contacting pairs of
      conductors.
PAR  The invention, as described herein, provides the following advantages over
      present multi-pin connectors:
PAR  1. A uniform force as large as desired can be applied to all contacts, thus
      assuring reliable operation.
PAR  2. The force generating device can be external to the array of contacts,
      thus its proper operation can be readily checked.
PAR  3. Since the force generating device is not an integral part of each
      contact, contacts can be made small and extremely high densities are
      possible.
PAR  4. Since the force can be made as large as required, electrical contact
      resistance is minimized, permitting high current ratings for the
      individual contacts.
PAR  5. The pressure across all contacts may be remotely monitored by a single
      pressure sensing device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a preferred embodiment incorporating
      the present invention. In this configuration, contacting conductor pairs
      are separated by insulating members.
PAR  FIG. 2 is a cross-sectional view of an alternate embodiment of this
      invention. In this configuration, insulation between contacting conductor
      pairs is provided by the connector housing.
PAR  FIG. 3 is a cross-sectional view of another alternate embodiment of this
      invention. In this configuration, conductors are secured to the sidewalls
      of grooves in the conductor housing. The connector housing provides
      insulation between contacting pairs of conductors.
PAR  FIG. 4 is a cross-sectional view of the configuration of FIG. 1 with a
      given force generating system.
PAR  FIG. 5 is a front view of an end plate assembly through which the force is
      applied.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention utilizes a single, external force to provide the
      mechanical pressure needed to establish proper electrical contact between
      corresponding conductors in an electrical connector.
PAR  Referring to FIG. 1, a configuration of the connector 10 may consist of a
      two-part housing 14, a comb-like array of rectangular conductor contacts
      11 inserted in each part, with the contacts in one part of the housing
      interwoven with those of the other part, each contact in the array having
      a corresponding contact in the other array, two such contacts forming a
      pair, and rectangular insulating members 13 to separate pairs of
      contacting conductors. The comb-like array of contacts may be arrayed to
      form a rectangular configuration. Spacing of the conductors within an
      array need not be identical to the spacing of conductors within another
      array and spacing between arrays may also vary. Each part of the housing
      14 can be molded, with rectangular slots for inserting the conductors 11
      therein, using a material such as diallyl phthalate. Conductor 11
      retention within the housing can be provided by barbing the edges of a
      portion of the conductor that is inserted therein or by any other
      conventional method. The insulating members 13 may be affixed to the
      connector housing 14 in a similar manner or secured to the conductor
      contacts 11. Means 19 for connecting the conductor contacts 11 to the
      external wiring 12 can be provided by terminating the conductor contacts
      11 with solder islets or weld tabs.
PAR  A single force, to insure proper electrical contact between contacting
      conductors, is applied by a force generating system which consists of a
      force generator 21, force transmission structure 20 and two end plates 16.
      The force is supplied to the system by the force generator, transmitted to
      the end plates via the transmission structure, and applied to the
      connector by the end plates. A pressure sensing device 17 may be included
      in the system to monitor the force applied. Information concerning the
      sufficiency of the applied force is transmitted through wires 15 to some
      appropriate indicator.
PAR  Proper spacing of the two parts of the housing can be accomplished by means
      of sidewalls, of appropriate height, which are on both sides and run the
      length of each part. These sidewalls abut when proper connection is made.
      To insure that the contacts of one part of the connector mate with their
      corresponding conductor contacts of the other part, a keying mechanism, in
      the form of posts and grooves, may be included along the abutting edges of
      the sidewalls.
PAR  FIG. 4 illustrates a possible method for applying pressure to the contacts.
      This force generating system includes a force generator which is a cam
      shaped lever 21, a force transmission structure 20 which consists of two
      connecting rods 20a and 20b and end plates 16 which consist of two blocks
      16a and 16b to each of which is attached a V-shaped spring 16c and 16d.
PAR  Rod 20a of the force transmission structure connects the two V-shaped
      springs. This is accomplished by attaching one end of rod 20a to the
      spring 16c at an appropriate distance from edge 31, FIG. 5, on the center
      line 30, FIG. 5, that is perpendicular to the V-apex and attaching the
      other end of rod 20a to spring 16d at the same point on the center line of
      spring 16d as the attachment to spring 16c. One end of the other rod 20b
      is attached to spring 16c on the side opposite the V-apex from that rod
      20a at the same distance from the opposite edge and on the same center
      line 30. Rod 20b runs through a hole 32 in spring 16d and is attached to
      the cam-shaped lever 21. The lever 21 is rotatably connected to the rod
      20b, thereby allowing rotation of the lever about an axis which runs
      through the point of attachment 33 and is perpendicular to rod 20b. The
      hole 32 is located on the opposite side of the V-apex of the attachment of
      the rod 20a to the spring 16d and is at the same point on the spring 16d
      as its opposite end's attachment to the spring 16c. When the lever 21 is
      rotated to position its maximum radius in line with the force transmission
      rod 20b, it makes contact with and applies a force to the spring 16d. This
      force is transmitted through rod 20b, spring 16c, rod 20a and spring 16d
      to the blocks 16a and 16b of the end plates 16, through which the force is
      applied to the conductor contacts 11.
PAR  A second version of the invention, shown in FIG. 2, utilizes a two part
      housing 23 wherein the two parts 23 are identical and made of a
      semi-compressible insulating material such as polyurethane. Each part of
      the housing 23 contains rectangular grooves 18 in a linear or rectangular
      arrangement with equal or random spacing. These grooves 18 are
      sufficiently large to accommodate the fixed mounting of one of the
      conductors 11 and the injection of the corresponding conductor 11 of the
      other part of the housing 23 with which it is to make contact when the two
      parts of the housing 23 are connected together. Means 19 for retention of
      the conductors in the housing 23 and means for connection to the external
      wiring 12 are similar to that employed for the connector of FIG. 1. A
      single force supplied by the force generating system consisting of end
      plates 16, force generator 21, and force transmission structure 20 is
      applied directly to the semi-compressible material comprising the housing
      23 and transmitted through the housing 23 to the contacting conductors 11
      to insure proper electrical contact. A pressure sensing device 17 may be
      included to monitor the force applied.
PAR  Another version of the invention shown in FIG. 3, utilizes a two part
      housing 26 which is constructed of a semi-compressible material, which may
      be of the same material employed for the housing 23 of FIG. 2. The housing
      26 containing grooves 28 of appropriate depth. The grooves 28 may form a
      linear or rectangular array with equal or random spacings. Conductors 25
      are secured to the groove sidewalls 29 that are perpendicular to the force
      applied by the force generating system which comprises end plates 16,
      force generator 21 and force transmission structure 20. The grooves of the
      two parts of the housing 26 are interwoven and keyed to insure proper
      mating of conductor pairs. Connection of the two parts of the housing 26
      is made by applying a force perpendicular to the base 27 of the groove 28.
      When the two parts of the housing 26 are connected, force is applied to
      the housing 26 via the end plates 16 of the force generating system,
      through the semi-compressible material comprising the housing 26, to the
      conductors 25 thereby insuring proper electrical contact.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that the words which have been used are words of
      description rather than limitation and that changes may be made within the
      purview of the appended claims without departing from the true scope and
      spirit of the invention in its broader aspects.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical connector comprising:
PA1  a housing means made of electrical insulating material containing two
      mating parts,
PA1  a plurality of electrical conductors contained and arranged in each of said
      housing parts such that each conductor in one of said housing parts mates
      with a corresponding conductor in said other housing part, forming
      conductor pairs,
PA1  insulating means disposed between said conductor pairs,
PA1  means for connecting external circuits to said conductors through said
      housing,
PA1  two end plates, a first end plate and a second end plate, said first end
      plate located at one end of said housing and said second end plate located
      at the other end, said end plates including a rectangular block and a
      rectangular spring shaped to form a V, said spring attached to said block
      at the apex of the V, with said spring of said first end plate having at
      least one hole on one side of said apex,
PA1  a force transmission structure including two sets of rigid rods, a first
      set and a second set one end of each of said rods contained in said first
      set being attached to said spring of said second end plate, the other ends
      extending through said holes of said spring of said first end plate, said
      rods of said second set being attached at one end to said spring of said
      first end plate and at the other end to said spring of said second end
      plate, said second set attachments being on the opposite side of said
      apexes from said first set of attachments and said holes,
PA1  a force generating device including at least one cam shaped lever, and
PA1  means for connecting the ends of said first set of rods which extend
      through said holes of said spring of said first end plate to said cam
      shaped lever whereby movement of said lever in an appropriate direction
      applies an external force that is transmitted to said conductors of said
      conductor pairs.
NUM  2.
PAR  2. An electrical connector as recited in claim 1 further including a
      pressure sensing device to monitor the pressure applied to said contacting
      conductor pairs.
NUM  3.
PAR  3. An electrical connector as recited in claim 1 in which:
PA1  said housing means is made of a semi-compressible insulating material, each
      mating part of said housing means being identical and each containing an
      array of appropriately spaced rectangular grooves, said grooves in one of
      said parts facing a corresponding groove in said other part and aligned
      therewith, said grooves being sufficiently large to accommodate one pair
      of said conductor pairs,
PA1  one conductor of each of said conductor pairs inserted in each of said
      grooves of said mating parts with corresponding grooves containing
      corresponding conductors which form said conductor pairs, and
PA1  said insulating means between said pairs of contacting conductors being
      provided by said semi-compressible insulating material of which said
      housing is made whereby said external force is applied to said housing
      causing compression of said semi-compressible material thereby
      accomplishing electrical contact between corresponding conductors of said
      conductor pairs.
NUM  4.
PAR  4. An electrical connector as recited in claim 1 in which
PA1  said housing means is constructed of a semi-compressible insulating
      material, each part of said housing containing an array of rectangular
      grooves wherein said grooves in one of said parts are interwoven with said
      grooves in said other part in such a manner that a post formed between two
      grooves in one of said parts is aligned with and can be inserted in a
      corresponding groove in said other part,
PA1  said electrical contacts are secured to one pair of opposite walls of said
      grooves in such a manner that one conductor of a pair of corresponding
      contacts in one part of said housing faces its corresponding conductor of
      said pair in said other part, and
PA1  said insulating means between contacting pairs of electrical contacts is
      provided by the insulating material in the form of posts between said
      grooves whereby said external force is applied to said housing causing
      compression of said semi-compressible material thereby accomplishing
      electrical contact between corresponding conductors of said conductor
      pairs.
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ABST
PAL  A camera flash socket, adapted to releasably retain the base of a flash
      unit, has a plurality of resilient fingers for engaging retaining surfaces
      in the base of the flash unit, a projecting portion for preventing
      improper insertion of the base of a flash unit in the socket and a
      plurality of electrical connectors. In a preferred embodiment, the flash
      socket includes three connectors in the form of spring-biased contacts and
      further includes two pairs of opposed resilient fingers, the fingers being
      positioned to retain the base of the flash unit in the socket when the
      base is presented in a proper orientation with respect to the socket.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  Reference is made to commonly assigned, co-pending U.S. application Ser.
      No. 528,527 filed on even date herewith in the name of H. L. Malone for
      CAMERA FLASH SOCKET, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to photographic apparatus and more
      particularly, to a flash socket for receiving a photoflash unit.
PAR  2. Description of the Prior Art
PAR  The use of multilamp flash packages has now become generally accepted in
      the photographic industry. Many types of sockets and multilamp packages
      have been developed, including the camera sockets disclosed in U.S. Pat.
      Nos. 3,407,717 and 3,544,248. Each of these sockets is adapted to receive
      a disposable multilamp flash package that includes a base and a plurality
      of flashlamps, generally four, each with an individual reflector. Each of
      these sockets is adapted to be rotated in response to performance of some
      function of the photographic apparatus in order to advance a fresh
      flashlamp into a firing position within the camera. However, since the
      photographer may desire to take a mixture of flash and non-flash pictures,
      he frequently utilizes one or more lamps of a multilamp package and then
      removes the package. If the used multilamp package is not properly
      positioned when replaced on the camera, it is possible for the automatic
      indexing mechanism to advance a fired flashlamp into the firing position.
      Although many cameras include signaling mechanisms for indicating to the
      operator that an inoperative flashlamp is at the firing position, it is
      still possible to operate many of these cameras with an inoperative
      flashlamp, thereby producing an underexposed frame of film.
PAR  In a more recent development, multilamp arrays utilizing switching
      mechanisms have been developed that include a fresh flashlamp in the flash
      firing circuit without requiring rotation of the array. Such mechanisms
      are operative to select a fresh flashlamp, if available, even through the
      flash package is removed from the camera and later replaced. Several
      structures have been developed for coupling such multilamp arrays with a
      camera. One example discloses magnetic coupling of the flash array to the
      camera and another structure includes a thin blade-like member that is
      inserted in a mating socket. Each of these structures has created problems
      in retaining the multilamp flash array in proper orientation with respect
      to the electrical circuit of the camera.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved flash socket for receiving a multilamp flash unit.
PAR  It is a further object to provide such an improved flash socket that
      retains a received flash unit in position until the photographer desires
      to remove it.
PAR  It is a further object of the present invention to provide such an improved
      flash socket that prevents improper insertion of the flash unit into a
      non-rotatable flash socket.
PAR  It is a further object to provide such an improved flash socket that is
      inexpensive to manufacture and assemble.
PAR  These and other objects and advantages of the present invention are
      achieved by a flash socket that includes a plurality of resilient fingers,
      a projecting portion and electrical connector means. The resilient fingers
      mate with a plurality of surfaces in the base of a received flash unit
      inserted in the socket. In a preferred embodiment, four resilient fingers
      are provided, with two fingers positioned on each of two opposite sides of
      a rectangular socket opening. The distance between the pairs of fingers on
      opposite sides of the socket is different so that a mating base of a flash
      unit will be retained in the socket only if inserted in one orientation.
      The projecting portion cooperates with a mating recess in the base of a
      flash unit to prevent insertion of the base in an improper orientation.
      Electrical connector means are also provided for coupling the unit
      electrical circuit with the electrical circuit of the camera.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the detailed description of the preferred embodiment of the invention
      presented below, reference is made to the accompanying drawings in which:
PAR  FIG. 1 is a general orientation view of a camera incorporating a flash
      socket according to the present invention and showing in phantom a flash
      array adapted for use with the camera;
PAR  FIG. 2 is a front view of a multilamp flash array adapted for use with the
      flash socket of the present invention;
PAR  FIG. 3 is a schematic of the electric circuit of the multilamp flash array
      of FIG. 2;
PAR  FIG. 4 is a perspective view of one end of the multilamp flash array of
      FIG. 2;
PAR  FIG. 5 is a perspective view of a flash socket according to the present
      invention, partially cut away to reveal its inner structure, along with a
      portion of one end of the multilamp flash array of FIG. 2;
PAR  FIG. 6 is a view along the line 6--6 of FIG. 5; and
PAR  FIG. 7, is a view along the line 7--7 of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Because photographic apparatus is well known, this description will be
      directed in particular to elements forming part of, or cooperating more
      directly with, the present invention. Elements not specifically shown or
      described herein are understood to be selectable from those known in the
      art.
PAR  Referring now to FIG. 1, a camera 10 includes a body 12, a shutter release
      14, a lens 16 and a viewfinder 18. Camera 10 also includes a socket, shown
      generally as 20, which is adapted for receipt of a flash unit, shown
      generally in phantom as 30.
PAR  Flash array 30, shown in FIGS. 2-4, for use with socket 20 will now be
      described. Flash array 30 has a body 32, which is generally rectangular
      and in which are included a plurality of individual flashlamps 34 with an
      associated reflector 36. In a preferred embodiment, flash array 30
      comprises eight such individual flashlamps, four of them oriented in an
      upward direction as illustrated in FIG. 2 with four oriented in a downward
      direction, all eight located on one face of array 30. Array 30 further
      includes a base 38, of which, in a preferred embodiment of the array, two
      are formed; one on each of the two opposite ends of body 32. Base 38 is
      generally rectangular in shape and includes a front surface 40 and a rear
      surface 42. Cam surfaces 44 and retaining surfaces 46 are formed in front
      surface 40, which also defines a central recess 48 and a pair of outer
      recesses 50. The inner surfaces defining outer recesses 50 are separated
      by a transverse dimension of d.sub.1 (FIG. 4). Cam surface 52 and
      retaining surface 54 are formed in rear surface 42, which also defines an
      elongated recess 56. The length of recess 56 is d.sub.2 (FIG. 5). Base 38
      further includes electrical contacts 58, 60 and 62 which are positioned
      within central recess 48. Contacts 58 and 62 are generally rectangular and
      extend parallel on a wall that defines recess 48. Contact 60 has a
      generally T-shaped form, with a central portion 64 and an end portion 66.
      Central portion 64 is generally parallel with contacts 58 and 62. End
      portion 66 extends perpendicularly to central portion 64 but is separated
      from the ends of contacts 58 and 62.
PAR  FIG. 3 shows the electrical circuit of array 30. Contact 58 of one base 38
      is connected to one terminal 68 of each of lamps L.sub.1, L.sub.2, L.sub.3
      and L.sub.4 and to contact 62 in the second base 38. Contact 62 of one
      base 38 is connected to one terminal 70 of each of lamps L.sub.1 ',
      L.sub.2 ', L.sub.3 ' and L.sub.4 ' and to contact 58 in the second base
      38. A second terminal 72 of each of lamps L.sub.1 and L.sub.1 ' is
      connected to contact 60. A second terminal 72 of each of the remaining
      lamps 34 is sequentially connected to contact 60 by means of an internal
      switching mechanism. Associated with six of the lamps 34 are switches made
      of a material that is normally not electrically conductive but that
      becomes conductive when illuminated. Preferred are compounds of silver
      such as silver carbonate, silver chlorate or silver oxide but other
      materials may also be used. Switch S.sub.1, associated with lamp L.sub.1,
      mechanically connects contact 60 and terminal 72 of lamp L.sub. 2.
      Similarly, switch S.sub.2 connects contact 60 and terminal 72 of lamp
      L.sub.3 and switch S.sub.3 connects contact 60 and terminal 72 of lamp
      L.sub.4.
PAR  For operation, an electric pulse, of suitable magnitude, is applied to
      contacts 58 and 60 and thereby to terminals 68 and 72 of lamp L.sub.1.
      Lamp L.sub.1 will fire and in so doing, will illuminate and cause switch
      S.sub.1 to close, thereby connecting terminal 72 of lamp L.sub.2 to
      contact 60. In sequence, the four lamps in the top of array 30 will be
      fired by four successive electric pulses. Array 30 may then be inverted to
      secure firing of the other four lamps.
PAR  Socket 20, as may best be seen in FIGS. 5-7, includes a lower section 100
      and an upper section 130, each of which is preferably formed by molding a
      suitable material such as a polycarbonate plastic or similar material
      known in the art. Lower section 100 includes a bottom wall 102, two pairs
      of upstanding resilient fingers 104 and 106 and three electrical contacts
      108, 110 and 112. Each of fingers 104 and 106 extends generally upward
      from bottom wall 102 and terminates in an engaging projection 114,
      including cam surface 116 and latch surface 118. Each of electrical
      contacts 108, 110 and 112, as may best been seen in FIG. 7, is formed of
      an upright section 120, a middle section 122 and an end 124. Upright
      section 120 extends through and is retained by bottom wall 102. Middle
      section 122 is generally triangular in shape and extends into the interior
      of socket 20. End 124 is positioned in engagement with the lower surface
      of upper section 130. Resilient fingers 104 face in a generally parallel
      direction as do resilient fingers 106, with engaging projections 114 on
      resilient fingers 104 being opposed to engaging projections 114 on
      resilient fingers 106. The inner surfaces of resilient fingers 104 are
      separated by a distance d.sub.3, while the outer surfaces of resilient
      fingers 106 are separated by a distance d.sub.4. Distance d.sub.3 is
      slightly greater than distance d.sub.1 on array 30, while distance d.sub.4
      is slightly less than distance d.sub.2.
PAR  Upper section 130 includes a top wall 132, a front wall 134, a pair of side
      walls 136, a rear wall 138 and a bottom wall 140. Front wall 134, side
      walls 136, rear wall 138 and bottom wall 140 form a generally rectangular
      body extending downwardly from top wall 132. Upper section 130 further
      includes a generally rectangular flange 142, formed at the intersection of
      top wall 132 with front wall 134, side walls 136 and rear wall 138. Flange
      142 extends generally upwardly from top wall 132. Access openings 144 in
      bottom wall 140, front wall 134 and rear wall 138 permit access to the
      interior of upper section 130 for resilient fingers 104 and 106 in lower
      section 100. Front wall 132 includes a projecting portion 146, which
      extends into the interior of upper section 130 and above flange 142, which
      terminates in bottom wall 140, and in which are formed access openings 148
      through which electrical contacts 108, 110 and 112 extend.
PAR  During assembly of socket 20 in camera 10, lower section 100 and upper
      section 130 will be assembled together to form socket 20 by insertion of
      resilient fingers 104 and 106 through access openings 144 and electrical
      contacts 108, 110 and 112 through access openings 148. Upper and lower
      sections 100 and 130 can now be releasably connected by screw or rivet
      connectors or permanently bounded together by an adhesive, sonic bond or
      other similar method as is known in the plastics art. Socket 20 can then
      be mounted in camera 10, with top wall 132 flush with the top wall of body
      12. Alternatively upper section 130 of socket 20 could be integrally
      formed with the top wall of body 12, with lower section 100 being
      assembled with and connected to upper section 130.
PAR  When the photographer wishes to take a picture with artificial
      illumination, a flash unit, such as flash array 30, an electronic flash
      unit or any other similar flash unit, is attached to camera 20 by
      inserting base 38 into socket 20. If base 38 is inserted in the proper
      orientation with respect to socket 20, projecting portion 146 is received
      by central recess 48. Cam surfaces 44 and 52 engage cam surfaces 116 on
      resilient fingers 104 and 106 initially move resilient fingers 104 and 106
      laterally outward against their inherent bias. As base 38 is inserted
      further into socket 20, cam surfaces 44 and 52 of base 38 disengage from
      cam surfaces 116, thereby allowing resilient fingers 104 and 106 to move
      inwardly toward each other. Latch surfaces 118 engage retaining surfaces
      46 and 54, as is shown in FIGS. 6 and 7. Due to the inward bias of fingers
      104 and 106 and the slope of surfaces 46, 54 and 118, base 38 is urged
      downwardly into a firmly seated position within socket 20. Array 30 may be
      easily removed by exerting a lateral force on the array, thereby camming
      latch surfaces 118 and fingers 104 and 106 outwardly, out of engagement
      with retaining surfaces 46 and 54 on base 38 of array 30.
PAR  If the operator attempts to insert base 38 in an improper orientation with
      respect to socket 20, the asymmetrical shape of socket 20, include the
      position of projecting portion 146 relative to central recess 48 and the
      positioning and separation of resilient fingers 104 and 106 relative to
      recesses 50 and 56, prevents insertion and retention of base 38 in socket
      20. If array 30 is presented to socket 20 with base 38 in an improper
      orientation, projecting portion 146 will not be received by central recess
      48, thereby preventing easy insertion of base 38 into socket 20. Moreover,
      if the operator forces base 38 into socket 20, cam surfaces 116 on
      resilient fingers 104 and 106 may be initially cammed in an outwardly
      direction but their inward bias will exert a continuing upward force on
      base 38 and latch surfaces 118 will not engage retaining surfaces 46 and
      54 on base 38. Therefore, flash array 30 will not be securely retained by
      socket 20.
PAR  During insertion of base 38 into socket 20, it may be seen that T-shaped
      end portion 66 of contact 60 first comes into contact with all three of
      electrical contacts 108, 110 and 112. This is a desirable configuration of
      the electric circuit, in that the contact 110 may be a ground contact
      within camera 10 and, by means of portion 66, any electrostatic charge on
      the array may be drained off to prevent premature firing of lamps 34. On
      further insertion of base 38 into socket 20, it may be seen that T-shaped
      end portion 66 disengages from contacts 108 and 112 whereas central
      portion 64 of contact 60 remains in engagement with contact 110. Upon full
      insertion of base 38, contacts 58 and 62 will be engaged with contacts 108
      and 112, respectively, with contact 60 engaged with contact 110, thereby
      insuring proper electrical connection of lamps 34 in array 30 with the
      electrical source in the camera. In a preferred embodiment, camera 10
      includes a piezoelectric crystal which is struck synchronously with
      actuation of the shutter mechanism, thereby generating a pulse of
      electrical energy that is applied to one of the lamps in array 30.
      However, it may be seen that socket 20 and base 38 of the present
      invention may be utilized as well with a battery contained within either
      camera 10 or array 30, so long as proper synchronization of flash firing
      and shutter actuation is maintained.
PAR  As has been noted earlier, a preferred embodiment of the array includes a
      base 38 located at opposed ends of body 32. Each base 38 includes
      identical components with the electrical contacts 58 and 60 controlling
      the firing of the four flashlamps located at the opposite end of array 30.
      Thus, it may be seen that the lamps farthest away from lens 16 will be
      fired during each actuation of the camera, thereby minimizing the
      possibility of redeye. By means of the internal switching mechanism in the
      array described earlier, only one of the lamps is fired during each
      actuation of the camera with the internal switching mechanism insuring
      proper sequencing of the lamp firing. Upon completion of the firing of
      four lamps, array 30 may be detached from camera 10, inverted and
      re-inserted with four new flashlamps in proper positioning for firing.
      Thus, the new flash array and socket disclosed herein insure the proper
      positioning of the flashlamps for firing and proper sequencing of each
      flashlamp within the array.
PAR  The invention has been described in detail with particular reference to a
      preferred embodiment thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A camera flash socket adapted to releasably retain a flash unit having a
      base insertable into said camera flash socket in a predetermined
      orientation so that the flash unit is pointed in a predetermined direction
      with respect to said camera flash socket, said camera flash socket
      comprising:
PA1  a body defining a central access opening for receiving the base of such a
      flash unit;
PA1  a projecting member extending into said central access opening to permit
      insertion of such a base in only the predetermined orientation with
      resepct to said camera flash socket; and
PA1  first and second pairs of resilient fingers extending into said central
      access opening and engageable with a base inserted in the predetermined
      orientation to releasably retain such a base in said camera flash socket,
      said first pair separated by a first distance and said second pair
      separated by a second distance, said first and second distances being
      different.
NUM  2.
PAR  2. A camera flash socket according to claim 1 wherein said body further
      includes a first and a second section, said resilient fingers being formed
      on said first section and said projecting member being formed on said
      second section and said first and second sections being joined together to
      form said body.
NUM  3.
PAR  3. A camera flash socket adapted to releasably retain a flash unit having
      an outwardly extending base adapted to be inserted into said camera flash
      socket in a predetermined orientation with the flash unit pointed in a
      predetermined direction with respect to said camera flash socket, said
      camera flash socket comprising:
PA1  a body defining a central access opening for receiving the base of a flash
      unit; and
PA1  first and second pairs of resilient fingers extending into said access
      opening and engageable with a received base to releasably retain such a
      base within said camera flash socket, said first pair separated by a first
      distance and said second pair separated by a second distance, said first
      and second distances being different.
NUM  4.
PAR  4. A camera flash socket according to claim 3 wherein said body further
      includes first and second sections, said resilient fingers being formed on
      said first section and said first and second sections being joined
      together to form said body.
NUM  5.
PAR  5. A camera flash socket for releasably retaining a flash unit having a
      base that defines a recess and that includes a plurality of retaining
      surfaces, said camera flash socket comprising:
PA1  a first section including first and second pairs of resilient fingers, each
      of said resilient fingers comprising an engaging portion having a cam
      surface and a latch surface, each of said latch surfaces being engageable
      with a retaining surface on a received base to retain the base within said
      camera flash socket, said first pair separated by a first distance and
      said second pair separated by a second distance, said first and second
      distances being different; and
PA1  a second section defining access openings through which said resilient
      fingers extend, a central access opening for receiving the base of a flash
      unit and a projecting member extending into said central access opening,
      said projecting member being positioned to extend into the recess in an
      inserted base and said resilient fingers being positioned within said
      central access opening to releasably retain such a base by engagement of
      said latch surfaces with the retaining surfaces.
NUM  6.
PAR  6. A camera flash socket for releasably retaining a flash unit having a
      base, at least two electrical contacts and at least one lamp fireable by
      the application of electrical energy, said camera flash socket comprising:
PA1  a first section comprising a bottom wall and first and second pairs of
      resilient fingers, each of said resilient fingers extending from said
      bottom wall and comprising an engaging portion having a cam surface and a
      latch surface, said first pair of fingers being aligned in a first
      direction and being separated by a first distance and said second pair of
      fingers being separated by a second distance different from said first
      distance and being aligned in a second direction opposed to said first
      direction;
PA1  a second section including a plurality of walls that define a central
      access opening for receipt of the base of a flash unit, access openings
      through which said resilient fingers extend into said central access
      opening into engagement with the base of a received flash unit and
      electrical contact access openings; and
PA1  at least two spring-biased electrical contacts, each extending through said
      bottom wall and through one of said electrical contact access openings
      into said central access opening and into contact with a corresponding
      electrical contact on the base of a received flash unit.
NUM  7.
PAR  7. A camera flash socket for releasably retaining a flash unit having a
      base, at least two electrical contacts and at least one lamp fireable by
      the application of electrical energy, said camera flash socket comprising:
PA1  a body defining a central access opening for receipt of such a base;
PA1  a projecting member extending into said central access opening and
      positioned to permit insertion of such a base in only one predetermined
      orientation with respect to said camera flash socket;
PA1  first and second pairs of resilient fingers extending into said central
      access opening, each of said first and second pairs of resilient fingers
      comprising an engaging portion defining a cam surface and a latch surface,
      said first and second pairs of fingers being oriented in a first direction
      and a second direction, respectively, and said first and second pairs
      being separated by a first distance and a second distance, respectively,
      said first and second directions being different and said first and second
      distances being different; and
PA1  at least two spring-biased electrical contacts adapted to engage
      corresponding electrical contacts in a received flash unit.
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ABST
PAL  A connector block having a first slot extending from one face in a
      direction for receiving the edge of a circuit board, a second slot
      extending from a second face in a direction opposite to the first slot and
      past the first slot for receiving a nose with a ribbon cable wrapped
      around the nose, openings in the body portion between the slots and
      contact terminals confined within such openings such that insertion of the
      nose and ribbon cable into the second slot and insertion of the circuit
      board into the first slot stresses the contacts between the nose and board
      and forms electrical interconnections therebetween.
BSUM
PAR  The invention relates to connector blocks for forming electrical
      connections between the flat thin conductors of a ribbon cable and contact
      pads on one side of a circuit board where the conductors and pads are
      arranged in the same lateral spacing. The block body includes a pair of
      slots extending in opposite directions from front and rear faces past each
      other. Metal spring contacts are confined in openings between two slots. A
      nose with a ribbon cable wrapped around the nose and conductors exposed on
      the nose is inserted into one of the slots and lightly engages the spring
      contacts. Subsequent insertion of a circuit board into the other slot
      stresses the spring contacts to form reliable interconnections through the
      contacts between the pads on the board and the exposed conductors on the
      cable. The body of the block includes a pair of members assembled together
      and having meeting faces defining a stress relief sandwich connection with
      the cable so that when assembled the members tightly sandwich a portion of
      the cable away from the nose and impart a pair of shallow opposite
      direction bends in the cable, thus isolating the cable bent around the
      nose from stresses exerted on the exposed portion of the cable extending
      from the block. In this way, the block is secured to the cable and the
      delicate cable conductors in the block are protected from external
      stresses tending to rupture or injure them.
PAR  The interconnecting metal contacts isolate the ribbon cable conductors from
      lateral frictional forces during insertion of the circuit board. Insertion
      of that circuit board increases the normal force or contact pressure
      between the ribbon cable conductors and the initial contacts without
      injury to the conductors.
PAR  In both disclosed embodiments, the conductors of two ribbon cables are
      connected to contact pads on both sides of a circuit board. One embodiment
      of the invention includes mounting openings extending through the body to
      permit movement of the metal contacts from top and bottom body surfaces
      through one of the openings to a position between the slots. This permits
      rapid and economic assembly of the contacts in the block and further
      provides a visual inspection opening to ascertain the location of the
      ribbon cable conductors on the nose, when the body parts are assembled.
PAR  U.S. Pat. Nos. 3,176,261; 3,218,603; and 3,504,330 disclose connector
      blocks in which interconnecting contacts are used for forming electrical
      connections between contact members. These patents are not directed to the
      problem of forming reliable electrical connections between flat, delicate
      connectors of ribbon cables and contact pads on a circuit board or like
      member.
PAR  Other objects and features of the invention will become apparent as the
      description proceeds, especially when taken in conjunction with the
      accompanying drawings illustrating the invention, of which there are three
      sheets.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a perspective view of a connector block according to the
      invention used to form electrical connections between spaced contacts on
      both sides of an edge of a circuit board and exposed conductors on two
      flat, flexible cables;
PAR  FIG. 2 is a sectional view of one of the members making up the body of the
      connector block;
PAR  FIGS. 3 and 4 are sectional views taken through such block member prior to
      and subsequent to assembling the two block members and inserting the
      circuit board;
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is a perspective view of a contact used in the block;
PAR  FIG. 7 is a perspective view similar to FIG. 1 of a second embodiment of
      the invention;
PAR  FIG. 8 is a sectional view through the block of FIG. 7 after assembly of
      the two block members and insertion of the circuit board; and
PAR  FIG. 9 is a sectional view taken along line 9--9 of FIG. 8.
DETD
PAR  As illustrated in FIGS. 1 through 6, a first embodiment of the invention
      comprises a connector block 10 having a front body member 12 and a rear
      body member 14 which are assembled as in FIG. 4 to form the rectangular
      block 10. The block includes top and bottom surfaces 16 and 18 defined by
      member 12, front and rear faces 20 and 22 and end faces 24 and 26. All of
      these surfaces are defined by the front body member 12.
PAR  Member 12 includes a circuit board receiving slot 28 extending
      longitudinally along front face 20 between the end faces 24 and 26 and
      extending into the block a substantial distance toward the rear face 22.
      Beveled lead-in surfaces 30 are provided in the slot at face 20 to
      facilitate insertion of a circuit board into the slot. A pair of ribbon
      cable-receiving slots 32 are formed in the rear face 22 of body member 12
      and extend into the member from the rear face a distance beyond the bottom
      34 of slot 28. Slots 32 are spaced in body 12 between the top and bottom
      surfaces 16 and 18 and the slot 28. As illustrated in FIG. 3, the portion
      of the member 12 surrounding slot 28 between the slots 32 defines a
      rearwardly facing nose 36. The end of the nose is spaced inwardly of rear
      face 22, so that the ends of the ribbon cable-receiving slots 32 adjacent
      rear face 22 join each other inwardly of the rear face to define a
      U-shaped opening 38 within the interior of body member 12. This opening
      surrounds nose 36.
PAR  As illustrated in FIG. 2, a row of metal contacts 40, shown in FIG. 6, is
      mounted in body member 12 along the length of the top and bottom surfaces
      16 and 18. Each contact 40 includes a flat mounting portion 42 and a
      generally sinuous contact portion 44 which extends at right angles to one
      side of the mounting portion. Contact 40 is preferably stamp-formed from
      flat, uniform thickness sheet metal stock having desirable electrical
      conductivity and spring properties. The mounting portion 42 extends
      laterally beyond the edges of the contact portion 44 to define locating
      shoulders 46 at the junction between the portions. The contact portion
      includes a pair of spaced convex contact bows 48 facing away from the
      contact portion generally in the same direction as the mounting portion
      extends away from the contact portion. One bow 48 joins the mounting
      portion adjacent the shoulders 46 and flat contact portion 50 joins the
      bows.
PAR  Rows of contact mounting and inspection openings 52 extend along the length
      of the top and bottom of the body member 12 and communicate surfaces 16
      and 18 with the slots 32. Similar rows of openings 54 extend along the
      length of the sides of nose 36 and communicate the circuit board-receiving
      slots with the adjacent ribbon cable-receiving slots 32. Each opening 54
      is located in alignment with an opening 52 so that a number of openings
      extend from the top and bottom surfaces through member 12 to the circuit
      board-receiving slot 28. A pair of shoulders 56 are provided on opposite
      sides of such openings adjacent the front face 28 to define a pair of
      connector-receiving grooves 58 extending inwardly from the top or bottom
      surface of body member 12 to stops 60 adjacent the slot 28.
PAR  A metal contact 40 is positioned in each of the openings extending from a
      top or bottom surface of body 12 to the circuit board-receiving slot 28.
      The terminal is moved into the opening through opening 52 with the edges
      of mounting portion 42 located in grooves 58 and with the generally
      sinuous contact portion 44 extending toward the rear face 22. The contact
      is seated in the opening with shoulders 46 abutting stops 60 and with the
      contact portion 42 generally positioned within opening 54 as illustrated
      in FIG. 3. The crests of the contact bows 48 project outwardly of the
      sides of nose 36 and the connecting portion 50 extends slightly into slot
      28. Shoulders 46 and stops 60 assure accurate location of the contacts 40
      in the body member 12.
PAR  As best illustrated in FIGS. 1 and 4, the rear body portion 14 of connector
      block 10 includes an elongate base 62 dimensioned to fit snuggly within
      the bight portion of the U-shaped opening 38 in front body member 12. A
      pair of longitudinally extending spaced noses 64 project outwardly from
      the front face 66 of base 62 and extend longitudinally along the base a
      distance slightly less than the longitudinal extent of the slots 32 in the
      front body member. As illustrated in FIG. 3, noses 64 are spaced apart
      from each other to fit within the slots 32, upon assembly of the two body
      members 12 and 14.
PAR  A pair of ribbon cable-receiving slots 66 extend through the thickness of
      the rear body member at the interior junctions between the noses and the
      base from rear face 68 to front face 66. The ends of flat conductor ribbon
      cables 70 are extended through such slots from base rear face 68 and are
      wrapped tightly around the respective noses 64 with the cable end secured
      to the nose. The individual ribbon conductors 70 in the cables are exposed
      at the adjacent surfaces of the noses for forming electrical connections
      with the contacts 40 in the block.
PAR  Following mounting of the ribbon cables 70 on the rear body member 14, the
      body members are assembled by inserting the rear body member into the
      U-shaped cavity within the front body member. Noses 64 extend into slots
      32 and the exposed contact surfaces of the individual ribbon conductors of
      the cable engage the contact bows 48 of the metal contacts 40 held in the
      front member and, with further assertion, flex the contact portions toward
      the circuit board-receiving slot 28. The contact pressure exerted on the
      exposed ribbon conductors of cable 70 is insufficient to injure the
      relatively delicate conductors. The spring resilience of the metal
      contacts permits flexing of the contact portions. When the rear member 14
      is fully seated in opening 38, latching projections 72 snap into the
      recesses 74 in the top and bottom of the front body member to secure the
      two members together. Both members 12 and 14 are preferably formed of
      somewhat resilient insulating material, such as a molded plastic, and are
      sufficiently deformable to permit flexing during assembly.
PAR  After the two body members have been assembled as in FIG. 4, a circuit
      board 76, or like planar member, having a row of spaced electrical contact
      pads 78 arranged at intervals along each side at one edge thereof is
      inserted into the circuit board-receiving slot 28 so that each pad 78
      engages the connecting portion 50 of a contact 40. Such portions extend
      into the slot 28 further than indicated in FIG. 3 due to engagement
      between the crests 48 and the conductors wrapped around noses 64. The flat
      connecting portions slope away from the entrance of slot 58 so that
      insertion of the circuit board 76 progressively stresses the contact
      portions 44 to stress the same and form a high pressure electrical
      interconnection between the pads 78 and the conductors 71 of cables 70. As
      the metal contact portions 44 are collapsed by insertion of the circuit
      board, the crest 48 away from mounting portion 42 is extended slightly
      toward the rear of the block 10 to form a desired wiped connection with
      the conductors 71. Fitting of the circuit board 76 into slot 28 is
      facilitated by the beveled lead-ins 30 at the mouth of the slot. When
      fully inserted, the edge of the board engages the bottom 34 of the slot.
PAR  The two-step assembly of block 10 assures that the relatively delicate
      conductors of the ribbon cable are not injured when they are secured to
      the block and when brought into engagement with the crests of the metal
      contacts. A wiped, flush connection is formed between the connecting
      protions 50 and pads 78. If desired, conductive coatings may be applied to
      the contacting portions of the contacts 40 to enhance the electrical
      properties of the interconnections between the ribbon cable conductors and
      pads. The ends of contact mounting portions 42, located below the
      respective top and bottom surfaces of the block and may be contacted by
      test probes for circuit diagnostic purposes without injury to either the
      ribbon cable conductors 71 or the circuitry on board 76. Such probe
      contact does not effect the electrical interconnection between the printed
      circuitry and pads as provided by the generally sinuous contact portion
      44.
PAR  In the assembled block 10, each ribbon cable 70 extends along an interface
      75 between the block members which includes a laterally offset portion so
      that the cables are bent through first a shallow bend in one direction and
      then a shallow bend in the opposite direction. After the second shallow
      bend, the cable extends in the same direction it extended in prior to the
      first bend. The cable is tightly confined between the surfaces at the
      interface while passing through the two bends to secure the cable to the
      block and to isolate the portion of the cable wrapped around nose 64 from
      the portion of the cable extending outwardly of the block and prevent
      stresses on the exposed portion from stressing the portion on the noses.
      The two slight bends at the interface 75 are sufficient to provide the
      desired stress relief of the delicate cable and thus assuring that short
      circuits or conductors ruptures do not occur within the block.
PAR  The pair of openings 52 and 54 in the body member 12 permits the metal
      contacts 40 to be moved past the top and bottom surfaces 16 and 18,
      through the slots 32 and into the interconnecting openings 54 between such
      slots and the circuit board-receiving slot 28. During this operation, the
      metal mounting portions of the terminals are seated into the retaining
      grooves 58 to secure the contacts in place. In addition to permitting
      mounting of the terminals between the circuit board and ribbon
      cable-receiving grooves, the openings 52 permit visual inspection of the
      conductors wrapped around the noses 64 to assure proper alignment of the
      conductors before insertion of the circuit board 76. In this way, short
      circuits formed because metal contacts engage two conductors on the cable
      may be eliminated.
PAR  FIGS. 7, 8, and 9 illustrate a second embodiment of the invention
      comprising a connector block 80 having front and rear body members 82 and
      84. The front body member 82 includes a front face 86, a nose 88 extending
      longitudinally along the length of the front face and rearwardly from the
      front face a distance between end walls 90 and 92. A circuit
      board-receiving slot 94 extends from the front face 86 into nose 88 to a
      bottom surface 96. A row of contact-receiving openings 98 extend along the
      length of each side of the nose 88 and communicate the circuit board slot
      94 to the space to either side of the nose. Metal contacts 100, similar to
      contacts 40 shown in FIG. 6, are mounted in body member 82 in a manner as
      described in connection with the connector block 10, and include generally
      sinuous contact portions 102 positioned in openings 98 similar to the
      contact portions 44 of the contacts 40. As shown in FIG. 7, the width of
      end wall 92 is greater than that of end wall 90 and extends beyond the
      upper and lower surfaces of the front face 86. The upper and lower
      surfaces of end wall 90 are flush with the upper and lower surfaces of the
      front face. Longitudinally extending latching projections 104 run along
      the top and bottom of the front body member, adjacent the front surface
      86.
PAR  The rear body member 84 includes a base 106, a pair of spaced
      longitudinally extending and cable-receiving noses 108 extending away from
      the front of the base, and a pair of spaced cover plates 110 spaced
      outwardly of noses 108. Cable-retaining projections 112 extend from the
      cover plates toward the adjacent noses 108 to facilitate holding the end
      of the cable in place during mounting on the nose. Longitudinal
      cable-receiving slots 114 extend through the thickness of the rear body
      member adjacent the junction between the base and noses for reception of
      the flat conductor ribbon cables 116 which are secured to the noses. The
      cover plates 110 extend longitudinally beyond the ends of the noses at the
      end of the rear body member adjacent end wall 90 of the front body member.
PAR  The flat conductor ribbon cables 116 are secured to the rear body member by
      extending a length of cable through each of the slots 114 and positioning
      the end of the cable between the cable-retaining projections 112 and the
      adjacent nose 108. Cover plates 110 may be flexed outwardly slightly to
      facilitate this operation. The conductors in the cable portions wrapped
      around the noses are exposed for engagement with the contact portions 102
      upon assembly of the two body members. With the cables thus secured to the
      rear body member, the member is mounted on the front body member by moving
      the members together so that the nose 88 is fitted within the space
      between the cable holding noses 108. The individual ribbon cable
      conductors engage the contact portions 102 during this operation in the
      same manner as described in connection with the assembly of connector
      block 10. When the assembly is completed, the ends of the cover plates 110
      extend to the front surface 86 of the front body member and the latching
      members 104 snap into longitudinally recesses 118 in the cover plates to
      secure the members together. As with body members 12 and 14 of block 10,
      the body members 82 and 84 of block 80 may be formed of slightly resilient
      insulating materials to permit flexing of the cover plates during both
      attachment of the ribbon cables 116 to noses 108 and assembly of the two
      body members. After assembly has been completed, a circuit board 120 may
      be positioned in circuit board-receiving slot 94 in a manner as previously
      described so that the contact portions 102 form an electrical
      interconnection between the exposed conductors of the ribbon cables 116
      and adjacent contact pads on the board. If desired, the recesses 118 may
      be cut back slightly further from the front face of the block to permit
      contact probes to engage the mounting portions of the metal contacts 100
      for circuit diagnostic purposes. The extension of the cover plates 110 to
      one side of the rear body member rest flush on the top and bottom of end
      wall 90 of the front body member while the edges of the cover plates at
      the other side of the rear body member abutt against front body member end
      wall 92. In this way, the two members may be assembled in only one
      position, thus assuring that the appropriate ribbon cable 116 is in
      electrical connection with contact pads on the appropriate side of the
      circuit board 120. A similar polarizing device may be provided in block
      10. For instance, one nose 64 may be slightly longer than the other nose
      84 and its respective slot 32 would be slightly longer than the remaining
      slot 32 for the other, shorter nose. While both of the connector blocks 10
      and 80 described herein connect the conductors of a pair of ribbon cables
      to contact pads on both sides of a circuit board, or similar member, it is
      contemplated that a connector block within the purview of the invention
      may be used for forming electrical connections between but one ribbon
      cable and contact pads on one side of a circuit board or similar member.
PAR  While I have illustrated and described preferred embodiments of my
      invention, it is understood that these are capable of modification, and I
      therefore do not wish to be limited to the precise details set forth, but
      desire to avail myself of such changes and alterations as fall within the
      purview of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A connector block comprising a body having front and rear body members
      both formed of insulating material; the front body member having spaced
      front and rear faces, an elongate circuit board-receiving slot extending
      along the front face and into the front body member a distance from the
      front face, a circuit board nose surrounding said circuit board-receiving
      slot and facing away from said front face, the nose including a pair of
      side walls extending along the slot, and a plurality of contact-receiving
      openings extending through the thickness of the side walls at intervals
      along the length thereof; the rear body member including an elongate base
      extending along the end of the nose of the front body member when the
      members are assembled, a pair of spaced ribbon cable-receiving noses
      extending from said base toward the front surface and along the outer
      surfaces of said side walls, such noses including cable support surfaces
      overlying the openings in the adjacent side walls, and means for securing
      a flat cable on each such nose with exposed conductors in the cable on the
      respective cable support surfaces and facing the openings in the adjacent
      side walls; and a plurality of metal contacts each located in one of said
      openings, mounting means attached to each contact for securing the contact
      to the front body member, each contact including a surface facing toward
      the adjacent ribbon cable-receiving nose for engaging an exposed conductor
      in the cable on the adjacent ribbon cable-receiving nose and a circuit
      board pad engaging surface facing toward the circuit board-receiving slot
      for engaging a pad on a circuit board positioned in such slot; and means
      for securing said front and rear body members together with the end of the
      circuit board nose positioned adjacent said base so that when a flat cable
      with exposed conductors is mounted on each ribbon cable-receiving nose and
      a circuit board or like member is inserted into the circuit
      board-receiving slot, said contacts form electrical interconnections
      between contact pads on both sides of the circuit board and the cable
      conductors.
NUM  2.
PAR  2. A connector block as in claim 1 wherein said body includes top and
      bottom walls located to either side of the circuit board nose with the
      ribbon cable-receiving noses located between such walls and the circuit
      board nose.
NUM  3.
PAR  3. A connector block as in claim 2 including a plurality of openings
      extending through the thickness of said top and bottom walls at intervals
      along the length thereof, each such opening being located above one of the
      contact-receiving openings in one of the circuit board nose side walls so
      that said contacts may be moved through the openings in the top and bottom
      walls prior to being secured to the front body member in the openings in
      the nose side walls.
NUM  4.
PAR  4. A connector block as in claim 3 wherein said top and bottom walls join
      said front body member.
NUM  5.
PAR  5. A connector block as in claim 1 wherein each contact includes a
      generally sinuous contact portion and a mounting portion having a
      shoulder, said front body member including slot means for receiving the
      mounting portion with a stop for engagement by said shoulder whereby the
      mounting portion is moved into the slot means during positioning of the
      contact into its respective opening and final location of the contact
      member within the opening is determined by engagement between the shoulder
      and the stop.
NUM  6.
PAR  6. A connector block as in claim 1, including ribbon cable-receiving slots
      in said rear body member adjacent said ribbon cable-receiving noses and
      means for forming stress relief connections between the ribbon cable on
      each such nose and the body, such means tightly engaging the cable and
      holding the cables in the body with a pair of shallow bends in each cable.
NUM  7.
PAR  7. A connector block as in claim 6 wherein said stress relief connection
      means includes a surface on each of said body members, such surfaces being
      engagable with said cables to impart said bends into the cables and
      tightly sandwich the cables therebetween.
NUM  8.
PAR  8. A connector block comprising a body having front and rear body members
      both formed of insulating material; the front body member having spaced
      front and rear faces, an elongate circuit board receiving slot extending
      along the front face and into the front body member a distance from the
      front face, a nose surrounding said circuit board receiving slot and
      facing away from said front face, the nose insluding a side wall extending
      along the slot, and a plurality of contact-receiving openings extending
      through the thickness of the side wall at intervals along the length
      thereof; the rear body member including an elongate base extending along
      the nose of the front body member when the members are assembled, a ribbon
      cable-receiving nose extending from said base toward the front surface and
      along the outer surface of said side wall, such nose including a cable
      support surface overlying the openings in the adjacent side wall, and
      means for securing a flat cable on such nose with exposed conductors in
      the cable on the cable support surface and facing the openings in the
      adjacent side wall; and a plurality of metal contacts each located in one
      of said openings, mounting means attached to each contact for securing the
      contact to the front body member, each metal contact being generally
      sinuous in shape and including a pair of contact crests both facing either
      toward or away from the circuit board-receiving slot for engagement with
      either a circuit board pad or a cable connector and a surface located
      between said crests and engagable with the other of said circuit board
      contact pad or cable conductor; and means for securing said front and rear
      body members together with the end of the circuit board nose positioned
      adjacent said base so that when a flat cable with exposed conductors is
      mounted on the ribbon cable-receiving nose and a circuit board or like
      member is inserted into the circuit board-receiving slot, said contacts
      form electrical interconnections between contact pads on the circuit board
      and the cable conductors.
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ABST
PAL  A conductive metal terminal serves to secure a wire conductor to a printed
      circuit board or other circuit panel. The terminal includes a wire
      engaging portion for crimping to the wire conductor, together with a nose
      portion for insertion into a hole in the circuit board. The nose portion
      is generally cylindrical in shape and its leading edge is defined by a
      plane sloped relative to the cylinder axis in order to provide a bevelled
      tip facilitating entry of the nose portion into the panel hole. A slot
      extending axially in the wall of the cylindrical nose portion extends from
      the bevelled tip to permit axial compression during insertion. Forward and
      rear stop means are provided for retaining the terminal in the panel hole
      after insertion, thereby to secure the wire conductor to the panel.
BSUM
PAR  The present invention relates to electrical terminals and more particularly
      to a terminal for securing a conductor to an apertured circuit panel.
PAR  In order mechanically to secure and electrically to connect a conductor to
      a conductive portion of a circuit panel such as a printed circuit board,
      chassis member or the like, it is possible simply to engage the conductor
      with the panel and solder the conductor in place. This approach has
      several disadvantages in modern production techniques. One disadvantage is
      that the wire must be soldered in place at the time of mounting of the
      wire, and difficulties may be encountered for example in assembling
      several wires to a panel prior to a single soldering operation. Another
      disadvantage is the lack of a firm mechanical connection of the wire to
      the panel in addition to the solder connection.
PAR  As a result of such disadvantages, terminals of various types have been
      developed for securing a conductor in position on a circuit panel during
      assembly and for holding the conductor in place until a subsequent
      soldering operation is performed. Typically, such terminals are fastened
      to a wire conductor and then are inserted into a preformed hole in the
      panel. Examples of terminals of this type may be found in the following
      U.S. Pat. Nos. 3,020,520 -- Berg; 3,072,880 -- Olsson; and 3,121,602 --
      Tuchel.
PAR  It is an important object of the present invention to provide an improved
      terminal for securing a conductor to a circuit panel. Other important
      objects are to provide a terminal capable of accommodating a range of
      preformed hole sizes; to provide a terminal capable of easily being
      started in and inserted into a panel hole; to provide a terminal which is
      insertable without excessive resistance; to provide a terminal wherein
      deformation or damage to the panel upon insertion is avoided; to provide a
      terminal which after insertion fits snugly in the panel hole and is
      reliably retained in place until a subsequent soldering operation; and to
      provide a terminal overcoming the disadvantages of prior art structures.
PAR  Briefly, in accordance with the above and other objects of the invention,
      there is provided a terminal for use with an apertured circuit panel. The
      terminal is in the form of a conductive, generally elongated sheet metal
      body and includes a nose portion adapted to be inserted into the panel
      aperture together with a conductor engaging portion axially spaced from
      the nose portion. The nose portion comprises a generally cylindrical
      segment having a length longer than the panel thickness. The cylindrical
      nose portion is formed with a cross section complementary to the cross
      section of the panel aperture. A rear stop structure is provided on the
      terminal for limiting insertion of the nose portion into the aperture. A
      forward stop structure is spaced from the rear stop structure by a
      distance at least as great as the panel thickness and resists withdrawal
      of the nose portion from the panel aperture after insertion.
PAR  In accordance with an important feature of the invention, the leading edge
      of the nose portion is defined in a plane which is sloped relative to the
      cylinder axis. Consequently, there is formed a bevelled tip portion of the
      nose portion facilitating entry of the nose portion into the panel
      aperture. In order to provide for axial compression of the nose portion
      upon insertion, a slot in the cylinder wall extends from the leading edge
      at the bevelled tip in a direction generally parallel to the cylinder
      axis.
DRWD
PAR  The invention together with the above and other objects and advantages may
      best be understood with reference to the following detailed description of
      the embodiments of the invention illustrated in the drawing, wherein:
PAR  FIG. 1 is an elevational view of a terminal constructed in accordance with
      the invention and illustrating the terminal after connection to a
      conductor and after insertion into a circuit panel hole;
PAR  FIG. 2 is a side elevational view of the terminal of FIG. 1 illustrating
      the terminal prior to connection to a conductor and prior to insertion
      into a panel hole;
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 2;
PAR  FIG. 5 is an elevational view of a terminal comprising an alternative
      embodiment of the invention;
PAR  FIG. 6 is a side elevational view of the terminal of FIG. 5 illustrating
      the terminal after connection to a conductor and after insertion of the
      terminal into a panel opening;
PAR  FIG. 7 is an elevational view of a terminal comprising another alternative
      embodiment of the invention, illustrating the terminal after connection to
      a conductor and after insertion into a panel opening; and
PAR  FIG. 8 is a side elevational view of the terminal of FIG. 7 illustrating
      the terminal prior to insertion into a panel hole and prior to connection
      to a conductor.
DETD
PAR  Having reference now to the drawing, and initially to FIGS. 1-4, there is
      illustrated a terminal designated as a whole by the reference numeral 10
      and constructed in accordance with the principles of the present
      invention. The terminal 10 is formed of conductive material, such as tin
      plated brass or the like, and may, for example, be formed from sheet metal
      by a series of punch press operations. In general, the terminal 10
      includes a conductor engaging portion generally designated as 12 serving
      to fasten the terminal to a conductor 14 as well as a nose portion
      generally designated as 16 adapted to be inserted into a hole 18 in a
      circuit panel 20. In accordance with the present invention, the nose
      portion 16 of the terminal 10 is provided with a novel entry tip structure
      designated as a whole by the reference numeral 22 and serving to
      facilitate starting and insertion of the nose portion 16 into the hole 18.
PAR  In the embodiments of the invention illustrated in the accompanying
      drawing, the panel member 20 comprises a printed circuit board including
      an insulating substrate 20A upon a surface of which there is provided one
      or more conductive regions 20B in any suitable pattern. In accordance with
      known practice, the hole 18 may comprise one of several holes preformed in
      the panel 20 at points where conductors such as the conductor 14 are to be
      connected. In the illustrated embodiments of the invention, the panel 20
      is a one-sixteenth inch board and the hole 18 is of 0.071 inch diameter.
      It should be understood that the principles of the present invention may
      be embodied in terminals for securing conductors not only to printed
      circuit boards but also to other circuit panels such as metal chassis
      panels and the like.
PAR  Although the principles of the invention may be applied to terminals having
      other types of conductor engaging portions, the portion 12 of the
      illustrated terminal 10 is intended to be fastened by crimping to a wire
      conductor. Consequently, the conductor engaging portion 12 includes a pair
      of wire crimp flanges 24 adapted as illustrated in FIG. 1 to be crimped
      against the exposed end portion of a conductor wire, as well as a pair of
      insulation crimp flanges 26 adapted to be crimped against the wire
      insulation of the conductor.
PAR  In overall aspect, the terminal 10 comprises a somewhat cylindrical,
      elongated, pin-like body. After crimping of the conductor engaging portion
      12 to the conductor 14, as best seen in FIG. 1, the terminal 10 is
      generally in line with the wire and functions as a post or pin-like tip or
      extension thereof. A connecting portion 28 of the terminal 10 bridges the
      space between and is in line with the conductor engaging portion 12 and
      the nose portion 16.
PAR  Having reference now more specifically to the structure of the nose portion
      16, the nose portion comprises a generally circular cylindrical segment 29
      generally complementary in cross section to the hole 18. As can be seen
      with reference to FIG. 1, the cylindrical segment 29 is longer than the
      thickness of the circuit panel 20.
PAR  After attachment of the conductor engaging portion 12 to the conductor 14,
      the terminal is inserted into the hole 18. In accordance with an important
      feature of the invention, the entry tip structure 22 is provided for
      facilitating this insertion operation. More specifically, the cylindrical
      segment 29 is provided with a leading edge 30 of novel configuration in
      that it is defined by a plane sloped relative to the central axis of the
      cylindrical segment 29. The angle of slope is approximately forty-five
      degrees. As a result, there is provided a somewhat pointed or sharp
      bevelled tip 32 capable of easily being started into the panel hole 18.
PAR  In order to provide for flexible radial compression of the nose portion
      upon insertion, the cylindrical segment 29 is provided with an open seam
      34 extending throughout its length. The seam 34 extends from the leading
      edge 30 of the nose portion, and in accordance with a feature of the
      invention, the seam extends from the bevelled tip 32. Consequently, as the
      nose portion 16 is started into the hole 18, the slot structure provided
      by the seam 32 allows resilient flexibility and compressibility. The
      slanted or bevelled leading edge 30 can engage the wall of the opening 18
      and cam the walls of the seam 34 toward one another. This novel
      arrangement reduces the resistance which might otherwise be encountered
      during insertion of the nose portion 16 into the hole 18.
PAR  In order to avoid the presence of sharp or burred edges at the leading edge
      30, preferably the intersection of the leading edge 30 with the exterior
      surface of the cylindrical segment 29 is coined, as indicated by the
      reference numeral 36. This coining also cooperates with the novel entry
      tip structure 22 to reduce insertion forces.
PAR  In addition to ease of insertion, another important advantage of the
      terminal 10 is that the tendency for the terminal to deform the walls of
      hole 18 or to separate the conductive layer 20B from the substrate 20A of
      a printed circuit board is minimized. Both due to the coined surface 36
      and due to the resilience provided by the combination of the sloped
      leading edge 30 and the seam 34 extending from the tip 32, the nose
      portion 16 moves into position without a tendency to push the conductive
      layer 20A out of position. The bevel of the leading edge 30 also tends to
      hold the tip 32 away from the wall surface of the hole 18 during insertion
      until after the tip 32 is well into or through the hole 18.
PAR  In order to limit insertion of the terminal 10 to the desired position,
      there is provided a rear stop structure. In the arrangement of FIGS. 1-4
      the rear stop structure is provided by a pair of flange members 38
      extending radially outward from the cylindrical nose portion 16. The
      flange members 38 are preferably formed by outwardly bending portions of
      the trailing edge of the cylindrical segment. As shown in FIG. 1, the
      flange members 38 engage the surface of the panel 20 upon full insertion
      to prevent overinsertion of the terminal.
PAR  In order to resist withdrawal of the terminal 10 from the panel 20 after
      insertion, there is provided a forward stop structure which, in the
      arrangement of FIGS. 1-4, takes the form of a pair of protuberances 40
      formed in the side wall of the cylindrical nose portion 16. The
      protuberances 40 preferably have somewhat sloped surfaces so that upon
      insertion, a camming action is provided for resiliently compressing the
      cylindrical segment 29 as the protuberances are moved through the hole 18.
      Upon full insertion, expansion of the nose portion 16 within the hole 18
      moves the protuberances 40 under the surface of the panel so that
      withdrawal of the terminal is resisted.
PAR  After the terminal 10 is attached to a conductor 14 and inserted into the
      panel 20, the terminal serves to hold the conductor until a subsequent
      soldering operation during which the terminal is soldered to the
      conductive layer 20B. Due to the generally cylindrical nature of the nose
      portion 16, the terminal is firmly held in place within the hole 18 and
      there is little tendency for the terminal to wobble and work loose from
      the hole. Preferably the relaxed outside diameter of the cylindrical
      segment 29 is somewhat larger than the hole diameter. In the illustrated
      embodiments, the cylindrical segment has an outer diameter of 0.077 inch.
      The generally cylindrical configuration of the nose portion 16 and the
      open seam 34 make it possible for the nose portion radially to contract
      upon insertion so that a range of preformed hole sizes may be accommodated
      by a terminal of a single size. Radial expansion of the nose portion
      against the wall of the hole 18 serves firmly to hold the terminal in
      place.
PAR  Having reference now to FIGS. 5 and 6, there is illustrated a terminal 50
      comprising an alternative embodiment of the present invention. In many
      respects, the terminal 50 is similar to the terminal 10 illustrated in
      FIGS 1-4 and described above. Similar reference numerals are used in FIGS.
      5 and 6 for similar portions of the structure, and the description thereof
      is not repeated below.
PAR  The terminal 50 differs from the terminal 10 in the configuration of its
      nose portion, designated as a whole by the reference numeral 52. The nose
      portion 52 comprises a generally circular cylindrical segment 54
      complementary in cross section to the hole 18 formed in the circuit panel
      20. As can be seen with reference to FIG. 6, the cylindrical segment 54 is
      longer than the thickness of the circuit panel 20.
PAR  After attachment of the conductor engaging portion 12 of the terminal 50 to
      the conductor 14, the terminal is inserted into the hole 18. In accordance
      with an important feature of the invention, the cylindrical segment 54 is
      provided with a leading edge 56 defined by a plane sloped relative to the
      central axis of the segment 54. As a result, there is provided a somewhat
      pointed or sharp bevelled tip 58 capable of easily being started into the
      panel hole 18.
PAR  As compared with the terminal 10, the terminal 50 exhibits less resistance
      to radial compression during insertion into a panel opening. The
      cylindrical segment 54 is provided with an open seam 60 extending
      throughout its length. The open seam 60 extends from the leading edge 56
      at a point generally opposite to the bevelled tip 58.
PAR  In addition to the seam 60, the nose portion 52 is provided with a slot 62
      which, in accordance with the present invention, extends from the tip 58
      of the leading edge 56. The slot 62 in combination with the bevelled
      leading edge 58 provides a resilient compressibility as the tip 58 is
      started into the panel hole 18. Additional compressibility is provided
      upon insertion by the seam 60 disposed radially opposite the slot 62.
PAR  In order to retain the terminal 50 in position after insertion into the
      hole 18, there is provided a pair of rear stop protuberances 64 and a pair
      of forward stop protuberances 66 on the wall of the cylindrical segment
      54. The protuberances 64 and 66 are disposed in opposed positions along
      the periphery of the cylindrical segment 54 roughly between the seam 60
      and slot 62. As can be seen in FIG. 6, the protuberances 64 and 66 are
      engageable with the opposite surfaces of the panel 20 after insertion to
      retain the terminal 50 in position.
PAR  Having reference now to FIGS. 7 and 8, there is illustrated a terminal 70
      comprising another alternative embodiment of the invention. For the most
      part, the terminal 70 is identical to the terminal 10 illustrated in FIGS.
      1-4 and described above. Identical reference numerals are used for
      identical elements of structure, the description of which is not repeated.
PAR  The terminal 70 differs from the terminal 10 in the configuration of its
      forward structure, designated in FIGS. 7 and 8 by the reference numeral
      72. The forward stop structure 72 comprises a pair of slits 74 extending
      from the seam 34 in opposite directions around the periphery of the
      cylindrical segment 29. The relaxed diameter of the cylindrical segment 29
      between the slits 74 and the bevelled tip 32 is slightly increased
      relative to the remainder of the cylindrical segment 29. As a result, and
      as shown in FIG. 7, after insertion of the terminal 70 into the hole 18,
      withdrawal of the terminal from the panel 20 is prevented by interference
      with the end portion of the cylindrical segment 29.
PAR  While the invention has been described with reference to details of the
      illustrated embodiments of the invention, such details are not intended to
      limit the scope of the invention as defined in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A terminal for use with an apertured circuit panel comprising a
      conductive generally elongated sheet metal body including a nose portion
      for insertion into the panel apertured and a conductor engaging portion
      axially spaced from said nose portion, said nose portion comprising a
      cylindrical segment having a length in excess of the panel thickness and
      having a substantially constant circular cross section complementary to
      the aperture cross section, the part of the nose portion within the
      aperture when the terminal is inserted having a diameter not less than the
      diameter of the aperture, rear stop means on said body for limiting
      insertion of said nose portion into the aperture, forward stop means
      spaced from said rear stop means by a distance at least as great as the
      panel thickness for resisting withdrawal of said nose portion from the
      aperture after insertion, and the leading edge of said nose portion from
      the aperture after insertion, and the leading edge of said nose portion
      lying substantially in a plane slope relative to the axis of said
      cylindrical segment and forming a bevelled tip of said nose portion
      facilitating entry of said nose portion into the panel aperture.
NUM  2.
PAR  2. A terminal as claimed in claim 1, slot means in the wall of said
      cylindrical segment generally parallel to the axis of said cylindrical
      segment and extending from the leading edge of the nose portion.
NUM  3.
PAR  3. A terminal as claimed in claim 2, said slot means being disposed at said
      bevelled tip.
NUM  4.
PAR  4. A terminal as claimed in claim 3, a seam extending the length of said
      cylindrical segment, said slot means being defined by said seam.
NUM  5.
PAR  5. A terminal as claimed in claim 1, the intersection of said leading edge
      and of the exterior suface of said cylindrical segment being coined to
      reduce resistance to insertion of the nose portion.
NUM  6.
PAR  6. A terminal as claimed in claim 1, said rear stop means comprising
      projection means extending radially outward from the wall of said
      cylindrical segment.
NUM  7.
PAR  7. A terminal as claimed in claim 6, said projection means comprising stop
      flanges formed by bending outward portions of the trailing edge of said
      cylindrical segment.
NUM  8.
PAR  8. A terminal as claimed in claim 1, said forward stop means comprising
      protuberance means extending outwardly from said cylindrical segment.
NUM  9.
PAR  9. A terminal as claimed in claim 2, said forward stop means comprising
      slit means extending from said slot means partially around the periphery
      of said cylindrical section.
NUM  10.
PAR  10. A terminal as claimed in claim 1, said conductor engaging portion
      comprising wire crimp structure for crimping to a wire conductor.
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ABST
PAL  The invention relates to a device for recording a matrix of holographic
      lenses such that each lens, upon illumination by a monochromatic parallel
      beam produces a diffracted beam passing by a same common fixed aperture,
      which may be the pupil of a lens. In this device, an appropriate
      two-dimensional diffraction grating creates as many diffracted beams as
      there are lenses to be recorded, which beams interfer with a single
      parallel beam at the level of a photosensitive substrate. It is thus
      possible to carry out simultaneous recording of all the lenses of the
      matrix, which can afterwards be used in the recording of storage planes
      for optical stores.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a device for recording a matrix of
      holographic lenses, said matrix being intended in particular for the
      recording of matrices of microholograms which form the storage planes of
      an optical store.
PAR  It should be pointed out that, here as well as in the whole of the
      remainder of this description, the word matrix is intended to indicate a
      flat assembly of elements having identical dimensions, arranged in the
      forms of rows or columns of uniform spacing or pitch; it should be pointed
      out, too, that the term "light" is utilised in its widest possible
      acceptation and is intended to indicate all kinds of electromagnetic
      radiation, extending, inclusive of the ultra violet, up to the infra red.
PAR  At the present time, for purposes of information storage in optical stores,
      "storage planes" constituted by matrix of microholograms, are used; each
      of these microholograms is the hologram of a data plane made up of a flat
      assembly of light or dark squares, each data plane thus containing a large
      number of data bits in binary form.
PAR  To record these storage planes, each data plane is successively illuminated
      by one and the same main objective lens which produces an object beam, and
      the corresponding hologram is recording upon a photosensitive substrate by
      the additional use of a reference beam. In respect of each microhologram,
      at the same time that the data plane is changed, it is necessary to
      simultaneously displace the reference beam parallel to itself and also the
      beam illuminating the objective lens.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  To avoid the need for this latter operation, it has been proposed that a
      matrix of lenses should be associated with the main objective lens; such a
      matrix comprises then as many elements as there are microholograms in the
      storage plane, each lens being so contrived that when illuminated by a
      parallel beam of fixed direction, it produces a divergent beam covering
      the entry pupil of the main objective lens. A fixed coherent light source,
      coupled to an XY deflector and a beam-splitter, then produces two moving
      beams of fixed direction, one of which successively illuminates each lens
      of the matrix whilst the other is utilised as a reference beam.
PAR  It has also been proposed that this matrix of lenses should take the form
      of a matrix of holographic lenses; each lens is then constituted by the
      recording, upon a photosensitive substrate, of a network of fringes
      produced by interference between two light beams, generally obtained from
      the same coherent radiation source, or by copying such a recording.
      However, if, as is then the case, all the lenses of the matrix have
      different characteristics, the successive recording of each of them
      constrains the operator, with each operation, to adjust the respective
      positions of the two interfering beams; as a consequence, the time
      required to produce a matrix rapidly becomes prohibitive as the number of
      elements involved increases.
PAC  SUMMARY OF THE INVENTION
PAR  It is one object of the invention to overcome this drawback of the prior
      art and to provide a device for carrying out simultaneous recording of the
      whole of the lenses forming the matrix.
PAR  Another object of the invention is to utilise successively, at first for
      the recording of the matrix of lenses and then, for the recording of the
      matrix of microholograms constituting the storage plane, one and the same
      objective lens which, although having a wide field, necessitates only
      minor correction as far as the various aberrations are concerned.
PAR  According to the present invention, there is provided a device for
      recording a matrix of holographic lenses, each of said lenses, when
      illuminated by a monochromatic parallel light beam of fixed direction,
      producing a diffracted beam, the whole of said diffracted beams thus
      produced passing through a same fixed common opening, said device
      comprising:
PAR  a radiation source emitting a beam of coherent light,
PAR  splitting means for splitting said beam into a first and a second beam,
PAR  a plate of photosensitive material,
PAR  first optical means for providing from said first beam a parallel beam
      illuminating on said plate an area at least equal to the area of said
      matrix; and
PAR  second optical means, including stigmatic optical means and diffracting
      means, for providing from said second beam a plurality of converging
      diffracted beams interfering in said plate with said parallel beam.
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      disclosure of the preferred embodiments of the invention taken in
      conjunction with the accompanying drawings thereof, wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are explanatory figures pertaining to the operation of a
      matrix of lenses in accordance with the invention and illustrating its
      possible use for the recording of a matrix of holograms;
PAR  FIG. 3 illustrates a prior art method of recording a holographic lens;
PAR  FIG. 4 illustrates the operation, in accordance with the prior art, of a
      holographic lens;
PAR  FIG. 5 illustrates the diagram of a first optical device designed for the
      successive recording of the lenses which make up the matrix, utilising a
      method in accordance with the invention;
PAR  FIG. 6 illustrates the diagram of a second optical device in accordance
      with the invention, enabling to carry out simultaneous recording of all
      the lenses which constitute the matrix;
PAR  FIG. 7 illustrates a part of the diffraction grating which can be utilised
      in the device of FIG. 6;
PAR  FIG. 8 illustrates the distribution of the diffracted light coming from the
      grating shown in FIG. 7;
PAR  FIG. 9 illustrates a variant embodiment of the optical device shown in FIG.
      6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 describes the operation of a matrix of lenses similar to that which
      can be produced by the device in accordance with the invention, and also
      describes its use for the recording of a storage plane constituted by a
      matrix of a microhologram.
PAR  In this figure, a convergent objective 100 which is called the main
      objective, can be seen, having an optical axis Z.sub.0 Z.sub.1 linking two
      planes P.sub.0 and P.sub.I. A matrix 3 is arranged parallel to P.sub.0 and
      located adjacent this plane; this matrix 3 comprises P .times. P lenses of
      circular contour, diameter d.sub.L, arranged in rows and columns spaced at
      a pitch of p.sub.L ; these lenses will for example be divergent ones. Each
      of them has its focus located in the plane P.sub.0 so that a parallel
      light beam 20 displacing by discrete amounts whilst remaining parallel to
      the fixed direction, and successively scanning all the lenses of the
      matrix 3, will, whatever the lens scanned, produce a divergent beam
      issuing from a virtual point or reel point such as the point O.sub.JK
      located at the plane P.sub.0, this beam covering the pupil of the
      objective lens 100. As FIG. 2 shows, these various lenses can be
      considered as circular portions, such as that 30, cut from a single lens
      330, the majority of them being off-centre.
PAR  To utilise this matrix of lenses and the main objective lens 100 associated
      therewith for the recording of microholograms, in the plane P.sub.I or
      adjacent same, a photosensitive substrate 4 which, after recording, will
      constitute the storage plane, is provided in, or near, the plane P.sub.1.
      A mount 6, arranged adjacent the objective lens 100, is designed to
      receive the variable transparencies 60 constituting the data planes,
      which, once recorded in the form of holograms, will constitute the various
      pages of the storage plane. A parallel light beam 50, known as the
      reference beam, scans the surface of the photosensitive substrate 4,
      displacing by discrete amounts but remaining parallel to a fixed
      direction. The beams 20 and 50 are produced by a conventional device, not
      shown in the Figure, but comprising a coherent light source, a
      two-direction light deflector and a beam-splitter.
PAR  A particular lens of the matrix 3 and a particular position of the beams 20
      and 50 are associated with each variable transparency introduced into the
      mounting 6.
PAR  Let us consider the case where the beam 20 strikes the lens 30; the latter
      produces a divergent beam 301, emanating from the virtual point source
      O.sub.JK, which beam is transformed by the objective lens 100 into a beam
      401, known as the object beam, and converging at I.sub.JK ; the point
      I.sub.JK, being the image of O.sub.JK, is located in the plane P.sub.I.
      The beam 401 illuminates the zone 40 on the photosensitive substrate 4.
      The device producing the beams 20 and 50 is adjusted so that the beam 21
      illuminates this same zone 40 (this adjustment is a simple matter to
      contrive, if, as shown in FIG. 1, the main objective lens magnification
      being equal to -1, the planes 3 and 4 are symmetrical in relation to the
      optical centre of the objective lens).
PAR  The variable transparency, when introduced into the mounting 6, spatially
      modulates the intensity of the object beam 401; the interference pattern
      produced by interference between the object and reference beams is thus
      recorded in the zone 40 on the substrate 4; this interference pattern
      constitutes the hologram of the variable transparency introduced into the
      mounting 6. Thus, by simultaneously displacing the beams 20 and 50, so
      that the beam 20 successively illuminates the different lenses of the
      matrix 3, it is possible to record, in the storage planes, as many
      microholograms or pages, as there are lenses in the matrix; the
      arrangement of pages in the storage plane reproduces the regular row and
      column arrangement of the matrix of lenses.
PAR  FIGS. 3 and 4 illustrates a known method of recording a holographic lens
      similar to those which are produced by the device in accordance with the
      invention, and also illustrate the operation of said lens.
PAR  In FIG. 3, which represents the prior art method of recording, there can be
      seen two coherent light beams 21 and 31 emanating from one and the same
      laser source, not shown in the Figure; the beam 21 is a parallel light
      beam constituted by a plane wave, whilst the beam 31 is a convergent beam
      formed by a spherical wave converging at a point 0. In the zone of
      interference between the two beams, a photosensitive substrate 3 is
      arranged to record the interference zone 30 either in the form of
      variations in the transparency of the photosensitive medium, or in the
      form of variations in the refractive index thereof. Zone 30, constituted
      by fringes whose spacing depends upon the wavelength used and upon the
      angle subtended by the two beams, constitutes, after development of the
      photosensitive medium, the holographic lens proper.
PAR  FIG. 4 illustrates the behaviour of this kind of lens or of a copy thereof,
      when illuminated by a parallel light beam 20 in a direction opposite to
      that taken by the beam 21 which has been used for the recording purpose.
      In this figure, it has been assumed that the thickness of the medium
      containing the fringe network does not exceed one hundred wavelengths of
      the radiation carried by the beam 20, and this is the case with
      conventional photographic emulsions, the thickness of which is in the
      order of some fifty microns; the fringes constituting the holographic lens
      can then be considered as forming a two-dimensional network.
PAR  Under these conditions, the beam 20 gives rise to at least three diffracted
      beams: the parallel beam 300 which forms an extension of the beam 20 and
      is the diffracted beam of order 0, and two divergent beams 301 and 311
      which are the diffracted beams or orders +1 and -1, symmetrical in
      relation to the beam 300. If certain precautions concerning the respective
      intensities of the two beams 21 and 31 are not adopted at the time of
      recording of the lens, other diffracted beams may appear corresponding to
      the higher orders .+-.2, .+-.3 etcetera, etcetera.
PAR  Under these conditions, too, the inclination of the beam 20 in relation to
      the substrate 3 is a matter of arbitrary choice. In the particular case
      which corresponds to FIG. 4, where the beam 20 has the same inclination in
      relation to the substrate, as the recording beam 21, the divergent beam
      301 appears to issue from the point 0 and thus, with the reverse direction
      of propagation, reproduces the beam 31 used for recording and shown in
      FIG. 3.
PAR  If, by contrast, the photosensitive substrate 3 is a thick substrate, the
      interference fringes which are recorded throughout the thickness of the
      material must be considered as forming a three-dimensional diffraction
      grating, whose behaviour vis-a-vis light is very close to that of a
      crystal-line lattice vis-a-vis x-rays, where the BRAGG law applies. It
      will be seen, in this case, that the holographic lens only transmits
      radiation if the illuminated beam 20 has the same wavelength as and an
      inclination, in relation to the substrate 3, very close to, that of the
      recording beam 21. It will also be seen that there is only a single
      diffractive beam and this is the beam 301 of order +1, issuing from the
      point 0.
PAR  FIG. 5 shows the diagram of a device for recording a matrix of holographic
      lenses; this device, in a manner inherent in the invention, employs the
      method of recording a holographic lens, illustrated by FIG. 3.
PAR  A parallel coherent light beam 1, emitted by a laser source which has not
      been illustrated in the Figure, is split into two beams 11 and 21, by a
      beam-splitter, here represented in the form of the semi-transparent mirror
      10. The beam 21 is deflected by the mirror 210 in the direction of a
      photosensitive substrate 3, on which it illuminates an area 30. The beam
      11 is picked up by an objective 2, a microscope objective for example, by
      which it is converted into a beam converging at a point I; this point I
      behaves like a point source from which a spherical wave forming the beam
      41 is produced. The main objective 100, which can have a substantial entry
      pupil, receives the beam 41 and produces the beam 31 which converges at
      the point 0; in FIG. 5, the objective 100 has been illustrated for the
      case corresponding to a magnification of -1, this magnification being
      generally best suited to the particular purpose. The beam 31 illuminates
      on the photosensitive substrate 3 located adjacent the point of
      convergence, the same area 30 as the beam 21. Thus, in the area 30, a set
      of interference fringes is recorded, constituting one of the holographic
      lenses of the matrix.
PAR  The assembly constituted by the main objective 100 and the photosensitive
      substrate 3, is maintained fixed during the recording of the various
      holographic lenses which constitute the matrix. For each successive
      recording, the positions of the beam 1 and of the objective 2, are
      adjusted so that the point I describes the regular matrix points located
      in a plane P.sub.I parallel to the plane of the objective 100; the point 0
      then describes the plane P.sub.0 conjugate with the plane P.sub.1 by the
      main objective 100, and the beam 31, on the substrate 3, illuminates areas
      30 which are regularly arranged in matrix form. Simultaneously, the
      positions of the mirrors 10 and 210, are adjusted so that the beam 21
      interferes with the beam 31 at the substrate 3, in the area 30.
PAR  The significance of the device described hereinbefore, will be better
      understood from a consideration of FIG. 1 again, this showing how the
      matrix of holographic lenses thus created can be utilised to record a
      matrix of microholograms.
PAR  From a consideration of this Figure, it will be seen that if the associated
      matrices (lenses and microholograms) comprise a large number of elements,
      then it is necessary to use beams whose axis O.sub.JK I.sub.JK is highly
      inclined in relation to the optical axis Z.sub.0 Z.sub.1, so that the main
      objective 100 must be a wide-angle objective. In addition, it is well
      known that the quality of the holograms thus obtained depends in large
      part upon the optical quality of the spherical wave constituting object
      beam 401 and this generally presumes that the objective used, although a
      wide angle objective, will be fully corrected as far as aberrations are
      concerned. However, it is easy to show that if, in order to carry out
      recording of the microholograms, the same main objective 100 which has
      previously been used for recording, or an identical objective is
      associated with the matrix of holographic lenses 3, these corrections are
      virtually superfluous.
PAR  Considering indeed FIG. 5, it will be seen that at the time of recording of
      the matrix holographic lenses, the spherical wave issuing from the point
      source I and forming the beam 41 is transmitted from the main objective
      100, if the latter is subject to aberration, in the form of a distorted
      spherical wave forming the beam 31. The network of fringes recorded upon
      the substrate 3 and constituting the holographic lens takes account of the
      morphological alteration in the wavefront surface; so, when a holographic
      lens of the matrix is illuminated with a beam of parallel light 20 in
      order to record a microhologram, in the manner shown in FIG. 1, the
      divergent beam 301 issuing from the holographic lens will be constituted
      by a distorted spherical wave identical in all respects with the distorted
      wave transmitted by the beam 31. On re-encountering the main objective
      100, but this time in the opposite direction of propagation, this
      distorted wavefront is reconstituted, at exit from the objective and by
      virtue of the principle of reciprocal light transmission, in the form of a
      perfectly spherical wave constituting the convergent beam 401.
PAR  The device in accordance with the invention thus enables the use of a
      single objective, instead of two; moreover, this objective can be of quite
      ordinary quality. Effectively, the sole requirement as far as correction
      of the objective aberrations is concerned, is that it should produce
      throughout the whole of the field used, a diffusion spot less than or
      equal to the diameter of the holographic lenses constituting the matrix
      which is to be recorded.
PAR  The device as described in FIG. 5, however, calls for successive recording
      of the different holographic lenses, and, prior to each recording, optical
      adjustment of the respective positions of the two beams interfering upon
      the photosensitive substrate. The production of a matrix comprising a high
      number of elements then becomes an extremely lengthy and delicate
      business.
PAR  In order to overcome this drawback, the invention proposes an improvement
      in the foregoing device: this improvement enables simultaneous recording
      of part or all of the lenses making the matrix, by creating from one and
      the same light source, as many convergent beams, (such as the beam 31
      shown in FIG. 5) as there are holographic lenses to be recorded. To do
      this, a diffraction grating is arranged in the entry pupil of the main
      objective; this grating is constituted by an opaque screen pierced by a
      matrix of transparent openings; it provides, from one and the same
      pinpoint light source, as many convergent beams, constituted by the
      different diffraction orders of the grating, as there are lenses to be
      produced; the assembly of these beams is contrived to interfere with a
      single parallel beam covering that portion of the matrix where
      simultaneous recording of the lenses is required. The operating of this
      improved device is described by FIGS. 6, 7 and 8.
PAR  In FIG. 6, the diagram representing the optical device, corresponding to
      the improvement in accordance with the present invention and enabling the
      simultaneous recording of the whole of the holographic lenses of the
      matrix, can be seen.
PAR  As in FIG. 6, the parallel coherent light beam 1 issuing from a laser
      source 8, is split into two parallel beams 11 and 21 respectively, by the
      beam-splitter 10. The microscope objective lens 110 concentrates the beam
      11 at a point I which behaves as a pinpoint source from which there
      emanates the spherical wave forming the beam 41, this beam covering the
      entry pupil of the main objective (convergent) 100. A photosensitive
      substrate 3 is arranged perpendicularly to the optical axis Z.sub.0
      Z.sub.1 of the objective 100, in the neighbourhood of the plane P.sub.0
      which is conjugated, vis-a-vis said objective lens, with the plane P.sub.I
      containing the point I; in the Figure, the substrate 3 is illustrated
      between the plane P.sub.0 and the objective lens but can equally be
      located at the other side of the plane P.sub.0.
PAR  In distinction from the device illustrated in FIG. 5, the beams 1, 11 and
      21 are in this case fixed beams and beam 11 has as its axis the optical
      axis Z.sub.0 Z.sub.1 of the main objective 100. The beam 21, after
      reflection at the mirror 210, strikes the afocal optical system
      constituted by the objectives 211 and 212, and leaves it in the form of a
      parallel beam 200 whose cross-sectional area is sufficiently large to
      cover the photosensitive surface 3.
PAR  Finally, in the entry pupil of the main objective 100, a prime element of
      this device is arranged, constituted by the diffraction grating 60 which
      is held in a mounting 6. FIG. 7 illustrates a portion of this grating,
      formed for example by a screen made up of a material opaque to the
      radiation carried by the beam 1, in which a matrix of transparent
      openings, of pitch p.sub.R, such as that 600, has been formed. The matrix
      of openings entirely covers the entry pupil of the objective 100. The
      shape of the openings is a matter of arbitrary choice, but their size
      should be small vis-a-vis the pitch; it will be assumed in the following
      discussion that in accordance with FIG. 7 of the drawing, these openings
      are in the form of squares of side length d.sub.R (d.sub.R being small in
      relation to p.sub.R), parallel to the axes of the matrix.
PAR  In the absence of the screen 60, the beam 41 coming from I, after passing
      through the objective lens 100, furnishes a single beam convergent at a
      point 0.sub.oo, the latter being the image of point I and located at the
      intersection of the plane P.sub.0 and the axis Z.sub.0 Z.sub.1.
PAR  When the grating 60 is introduced into the mounting 6, it splits the beam
      41 into an infinity of divergent diffracted beams, each of these appearing
      to stem from a virtual point I.sub.JK. The assembly of points I.sub.JK is
      located in the plane P.sub.I in the form of a regular matrix to which
      there belongs the point I corresponding to the diffracted beam of order
      (0, 0); the axes of this matrix are parallel to the axes of the matrix
      formed by the openings in the screen 60.
PAR  The main objective 100 causes the diffracted beams to converge at a
      corresponding number of points O.sub.JK which are the respective
      conjugates of the points I.sub.JK and are therefore located in the plane
      P.sub.o, where they are distributed in accordance with a matrix which is
      the image of the matrix formed by the points I.sub.JK in the plane
      P.sub.I. Each diffracted beam thus, on the photosensitive substrate 3,
      illuminates a zone such as that 30, where it interferes with the beam 200.
      Outside these zones, the substrate is illuminated only by the beam 200 and
      consequently no interference fringes are produced. The zones 30 have the
      same regular arrangement as the points O.sub.JK and, after development of
      the substrate, form a matrix of holographic lenses. Referring to FIGS. 3
      and 4 as well as to the accompanying commentaries, it will be seen that
      each of these holographic lenses, illuminated by a beam of parallel light
      such as that 20, having the same wavelength and the same angle of
      incidence in relation to the substrate 3, as the beam 200, will produce a
      divergent beam which wholly covers the pupil of the objective 100,
      whatever the position of the lens in the matrix.
PAR  It will be seen, furthermore, that the device illustrated by the diagram of
      FIG. 6, has the advantage, already possessed by the device shown in FIG.
      5, that it makes it possible to use for the main objective, a lens in
      which no more than a very modest correction of the aberrations has been
      effected, provided that said same lens or an identical objective lens, is
      utilised successively for the recording of the matrix of holographic
      lenses and then, in association therewith, for the recording of the matrix
      of microholograms.
PAR  It is also possible, still within the scope of the present invention, to
      arrange the diffraction grating 60 not in the entry pupil of the objective
      lense, that is to say between said objective lens and the plane P.sub.I,
      but in the exit pupil, or in other words between the objective lens and
      the plane P.sub.o. However, in this way the advantage of the interesting
      property referred to hereinbefore, is then lost.
PAR  The recording of the matrix of holographic lenses could be carried out in a
      thin or thick photosensitive medium, in the form of variations in
      transparency or refractive index of said medium (that is to say, as
      hereinabove explained, a medium the thickness of which exceeds about one
      hundred wavelengths of the radiation carried by the beam). Nevertheless,
      if a thick medium is used then the advantage is achieved (and this has
      already been explained in the commentaries which accompany FIGS. 3 and 4)
      that the lenses only produce a single diffracted beam; in this way, it is
      possible to avoid all the precautions which are otherwise necessary, if
      the lenses are recorded in a thin medium, in order to prevent parasitic
      diffractive beams (beams 300 and 311 of FIG. 4) from penetrating into the
      main objective lens. By carrying out recording in the form of variations
      in the refractive index of the photosensitive medium, the benefit of a
      very much better efficiency on the part of the holographic lenses will be
      secured.
PAR  FIG. 8 is a graph illustrating the distrubution of the diffracted intensity
      along a straight line x.sub.o x.sub.1 contained in the plane P.sub.o,
      parallel to the direction of the lines or columns of the matrix formed by
      the transparent openings created in the diffracting screen 60 and passing
      through the point of intersection O.sub.00 of the optical axis Z.sub.0
      Z.sub.1 and the plane P.sub.o. The luminous intensities have been plotted
      upon the ordinates and the length x on the abscissae. The graph, which is
      the well-known curve illustrated in the distribution of the luminous
      intensity diffracted by a linear grating, is symmetrical in relation to
      the ordinate axis and this axis simply carries positive values of x.
PAR  The diffracted energy exhibits a succession of main maxima which are
      regularly spaced and correspond to successive diffracted beams of orders
      (0, 0), (1, 0), (2, 0) etc . . . , converging in the plane P.sub.o at
      points 0.sub.0,0, 0.sub.1,0, 0.sub.2,0, etc . . . ; between these main
      maxima, secondary maxima can be seen whose intensities are negligible in
      relation to those of the main maxima so that the diffracted energy
      occurring outside these main maxima can be considered as zero. The
      interval p.sub.o between two successive diffraction orders is given by the
      well-known relationship:
EQU  p.sub.o = .lambda.r.sub.o /p.sub.R                         (1)
PAL  where .lambda. is the wavelength of the radiation utilised, r.sub.o is the
      distance between the objective lens 100 and the plane p.sub.o, and p.sub.R
      the pitch of the matrix of openings in the screen 60.
PAR  Considering the graph of FIG. 8, it can be seen that the successive
      intensity maxima are arranged in accordance with a curve C given by the
      relationship:
      ##EQU1##
      where I.sub.0,0 is the maximum diffracted intensity in the beam of order
      (0,0) and where d.sub.R is the sidelength of the square openings formed in
      the diffracting screen. The ratio between the maximum diffracted energies
      in the beams of orders (M,0) and (0,0) is thus:
      ##EQU2##
PAR  Putting this expression in a general form, we obtain for the ratio between
      the maximum diffracted energies in the beams of orders (M,N) and (0,0):
      ##EQU3##
      and it will be remembered that the distribution of the diffracted energy
      in the plane P.sub.o by a single square opening of sidelength d.sub.R
      formed in a screen covering the entry pupil of the objective lens 100, is
      given by the relationship:
      ##EQU4##
PAR  The intensity distribution, as far as the centres of the diffracted beams
      are concerned, is thus the same as that which would be obtained using a
      single opening to replace the matrix of openings in the screen.
PAR  If correct recording of the matrix of holographic lenses is to be achieved
      and in particular correct efficiency on the part of all the lenses of the
      matrix, then it is important that the intensities of the different
      diffracted beams should be as close as possible to one another. The
      relationship (2) shows that in order to achieve this result the openings
      must be given a sidelength d.sub.R which is very small compared with the
      pitch p.sub.R.
PAR  The following embodiment enables to see to what extent this result can be
      achieved.
PAR  It is proposed, by utilising the device in accordance with the invention,
      to record a square matrix of around 140mm sidelength, comprising p.sup.2 =
      101 .times. 101 (or in otherwords around 10.sup.4) holographic lenses.
      Thus, the matrix of lenses must be given a pitch:
EQU  p.sub.L = 1.50 mm
PAR  This giving holographic lenses of diameter:
EQU  d.sub.L = 1.00 mm
PAR  To carry out recording, radiation at .lambda. = 6.328 A emitted by a helium
      neon laser is used. The main objective 100 has a focal length of 300 mm
      and a magnification of -1; the plane P.sub.0 is then twice this distance
      from the objective lens, or in other words:
EQU  r.sub.o = 600 mm
PAR  The pitch p.sub.R which the matrix of openings formed in the diffracting
      screen must be given in order to produce a matrix of lenses having a pitch
      p.sub.L can be calculated with the help of the relationship (1); as a
      matter of fact, the photosensitive substrate 3 being located very close to
      the plane P.sub.o, it will be seen, from FIG. 6, that the pitch p.sub.L is
      very close to the pitch p.sub.0 of the matrix constituted by the points
      O.sub.JK in the plane P.sub.o ; we thus have:
EQU  p.sub.o .perspectiveto. p.sub.L
PAL  or in other words:
      ##EQU5##
PAR  The matrix of transparent openings formed in the screen 60 is produced by
      utilising conventional photoreduction techniques, employing a repeating
      camera. At the present state of the art, it is still extremely difficult
      to produce openings having sidelengths substantially shorter than 1.5
      microns. The sidelength d.sub.R of the transparent openings has been set
      at:
EQU  d.sub.R = 1.4 10.sup..sup.-3 mm
PAR  Amongst the diffracted beams utilised to record the matrix of lenses, those
      of higher diffraction order (M,N), and therefore those having the lowest
      intensity, are those for which:
      ##EQU6##
PAR  The relationship (2) thus makes it possible to calculate the intensity of
      these beams in relation to the intensity of the central beam. If we put:
      ##EQU7##
PAR  Then we obtain:
      ##EQU8##
      or in other words:
      ##EQU9##
PAR  The diffracted intensity in the beams furthest away from the central beam,
      is thus around 60% of the diffracted energy in the central beam, so that
      recording of the lenses can be carried out under acceptable conditions.
PAR  This example shows, however, that it is not possible to arbitrarily
      increase the number of lenses in the matrix without aggravating, at the
      time of recording, the problems posed by the differences in luminous
      intensity between the different diffracted beams.
PAR  A problem of the same order is posed by the differences in luminous
      intensity which the parallel lightbeam (beam 1 in FIG. 6) exhibits between
      its centre and its periphery. As a matter of fact, it is well-known that a
      laser beam has a radial energy distribution of Gaussian form. If, to
      achieve maximum luminous intensity, the whole of the beam is utilised, the
      illumination furnished by the beam 200 at the level of the substrate 3
      will also be of much higher intensity at the centre than at the edges.
PAR  To overcome these drawbacks and to make it possible to record the lenses of
      the matrix under identical conditions of illumination, it is proposed in
      accordance with the invention and as an improvement that, as FIG. 6 shows,
      in order to form the beam 200, only the central part of the beam 21 should
      be utilised and that furthermore a variable-transparency plate 7 should be
      located in the neighbourhood of the photosensitive substrate 3, between
      said substrate and the main objective 100. This plate, whose optical
      density is higher at the centre than at the edges, compensates for the
      decreasing intensity of the diffracted beams, from the centre towards the
      edges, and can also compensate for the variation in intensity of the beam
      200.
PAR  The variable-transparency plate 7 will itself be produced from a
      photosensitive substrate (photographic plate for example) introduced into
      the device shown in FIG. 6 at the position which said plate 7 is to
      occupy. The beam 200 is then occulted. The diffracting screen 60 is
      replaced by a screen of the same size containing a single opening of the
      same shape, same size and same orientation as the openings forming the
      matrix in the diffracting screen 60, or, in the example chosen, a screen
      centrally pierced by a single square opening of side length d.sub.R whose
      sides have the same orientation, in relation to the edges of the screen,
      as the sides of the squares which form the matrix. If necessary, the
      illumination of the orifice will be increased by replacing the objective
      110 by an objective of longer focal length. The emulsion and the
      conditions of illumination and development will be chosen so that the
      "gamma" coefficient of the Hurter and Driffield curve is equal to unity.
      The development of the photographic plate thus exposed, results in the
      production of the plate 7 the transmission coefficient T (x,y) of which,
      at each point, varies in inverse proportion to the function I (x,y) given
      by the relationship (3) hereinbefore stated, and thus equalises the
      intensities of the diffracted beams.
PAR  Two variant embodiments of this latter improvement are then possible
      depending upon whether a greater or lesser fraction of the beam 21 is
      utilised.
PAR  The first variant embodiment takes account of the fact that the two
      functions which translate the radial variation in the intensity, on the
      one hand of the different diffracted beams
      ##EQU10##
      and on the other hand of the parallel beam 200 (Gaussian function),
      exhibit variations which differ very little from one another, at least in
      the neighbourhood of their maxima.
PAR  Then, to form the beam 200, a sufficiently large portion of the beam 21 is
      utilised to ensure that in the absence of the variable-transparency plate
      7 the intensity of the beam 200 is substantially equal at all points in
      the plane 3, to that of the diffracted beams. The plate 7 thus strictly
      compensates for the variations in intensity of the diffracted beams and
      approximately compensates for the variation in intensity of the parallel
      beam.
PAR  A second variation of the embodiment consists in utilising only a very
      small portion of the beam 21 in order to achieve a beam 200 which has an
      intensity that is virtually uniform throughout. The action of the variable
      transparency plate 7 on the beam 200 will then be compensated for by
      arranging, in the manner shown in FIG. 6, a second variable-transparency
      plate 70 in the pupil of the objective 212, this plate 70 being the
      photographic negative of the plate 7 and thus having a lower optical
      density at its edges.
PAR  FIG. 9 pertains to a variant embodiment, in accordance with the invention,
      of that part of the device shown in FIG. 6, which makes it possible, from
      the point source I, to produce a plurality of beams convergent in the
      plane P.sub.0. This variant embodiment is designed more especially for the
      case where it is desired, for the recording of the matrix of holographic
      lenses, to utilise diffracted beams which are very steeply inclined in
      relation to the optical axis.
PAR  It will be remembered in this context that a diffraction grating is only
      stigmatic when illuminated with parallel light. When illuminated with
      divergent light, as is the case in the device shown in FIG. 6, from a
      point light source I, the grating in reality produces beams which appear
      to stem not from points such as those I.sub.JK but from spots centred on
      these points and having areas which are the larger the more the diffracted
      beam is inclined in relation to the optical axis. This phenomenon becomes
      critical when the spots in question are wider than the holographic lens is
      which it is proposed to record.
PAR  To obviate this problem, the variant embodiment of the invention purposes,
      as FIG. 9 shows, that the main objective 100 be replaced by two coupled
      half-objectives 101 and 102, between which the diffracting screen 60 is
      arranged; the focus of the objective 101 is at the point I and that of the
      objective 102 at the point 0.sub.00.
PAR  Under these conditions, it will be seen that the diffracting screen 60 is
      illuminated by a flat wave issuing from the objective 101 and produces
      diffracted flat waves which are made by the objective 102 to converge at
      the plane P.sub.0 ; the screen 60 thus operates under conditions of
      stigmatism.
PAR  However, if it is desired to associate the two half-objectives 101 and 102
      with the matrix of holographic lenses produced with their help, in order
      to record a matrix of microholograms, then it is essential in the
      thus-modified device to utilise for the half-objective 101 a wide-angle
      lens which has been properly corrected for aberration.
PAR  As a matter of fact, during the recording of the matrix of lenses, the
      half-lens 101 is illuminated by a point source arranged on its optical
      axis in order for the wave arriving on the grating to be pefectly flat; it
      is then merely necessary for said objective, to be corrected for spherical
      aberrations. For its part, the half-objective 102, which possesses the
      property already explained in relation to the objective lens 100 as
      utilised in the devices of FIGS. 5 and 6, requires no correction for the
      recording of the matrices either of lenses or of holograms; since the
      defects in the spherical wave which it transmits to the plane P.sub.0 have
      been recorded by the holographic lense, when illuminated by a lens of the
      recorded matrix it will reconstitute a wave front which is identical at
      all points with that transmitted to it by the half-objective 101 and the
      screen 60. By contrast, during the recording of the matrix of holograms,
      this perfectly plane wave front may be very steeply inclined in relation
      to the optical axis and this implies that the objective 101 must then be
      corrected for aberrations not only on the axis itself but throughout the
      whole of its angular field.
PAR  Since, in the most usual case, the combination of the two-half-objectives
      101 and 102 operates at a magnification of -1, these half-objectives will
      consequently have the same aperture and focal length. It is therefore also
      frequently a simple matter to combine two identical half-objectives 101
      and 102 which have been corrected aberrations throughout the whole of
      their angular field, by arranging them symmetrically at either side of the
      screen 60.
PAR  Whatever the case, it is essential to correct the two half-objective,
      whatever the extent of the matrix of holographic lenses, if said matrix is
      subsequently to be associated with an objective other than that which has
      been utilised for the recording function.
PAR  The optical devices which have been described thus allows to simultaneously
      record all the holographic lenses which make up a matrix of lenses
      satisfying the following condition: when an arbitrary lens of the matrix
      is illuminated by a parallel beam of coherent light in a fixed direction,
      a diffracted beam is produced which, whatever the lens, passes through a
      fixed aperture which may for example by the pupil of an objective lens.
      This matrix can be utilised for recording matrices each of which
      incorporates as many microholograms as there are lenses and constitutes a
      storage plane of high capacity utilisable in an optical store; it is then
      advantageous to utilise for recording of the matrix of lenses the same
      objective lens which is used for recording the storage plane; under these
      circumstances, it is permissible, if the matrix of lenses is not too
      extensive, to use an objective in which correction of aberrations is of
      very modest level indeed. A device has also been described which makes it
      possible to record a very extensive matrix and to subsequently associate
      said matrix with an objective other than that which has been used for its
      recording.
PAR  The descriptions which have been given hereinbefore have been given purely
      by way of non-limitative examples; other variant embodiments are
      conceivable without departing from the scope of the invention, in
      particular an embodiment which consists in giving the matrix of
      holographic lenses an unequal number of rows and columns and, in
      particular a single row or column, by the utilisation of a diffraction
      grating containing elongated openings or even a unidimensional diffraction
      grating.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for simultaneously recording a matrix of holographic lenses,
      each of said lenses, when illuminated by a monochromatic parallel light
      beam of fixed direction, producing a reconstituted beam, the whole of said
      reconstituted beams thus produced illuminating a same common predetermined
      area, said device comprising:
PA1  a radiation source for emitting a beam of coherent light;
PA1  splitting means for splitting said beam into a first and a second beam;
PA1  optical collimating means for providing for said first beam a parallel
      beam;
PA1  diffracting means for providing from said second beam a plurality of
      diffracted beams;
PA1  a plate of photosensitive material for simultaneously receiving said
      parallel beam and said plurality of diffracted beams; said parallel beam
      illuminating in said plate an area at least equal to the area of said
      matrix; each said diffracted beam illuminating in said plate a distinct
      area, said distinct areas being arranged at the nodes of said matrix; and
      said parallel beam interfering in said plate with said plurality of
      diffracted beams for simultaneously generating said holographic lenses;
PA1  first optical projecting means, said first optical projecting means being
      arranged between said diffracting means and said plate for receiving the
      whole of the light diffracted by said diffracting means and focussing in
      the vicinity of said plate said plurality of diffracted beams; and
PA1  a first non-uniform transparency arranged in front of said plate, said
      first transparency being crossed by said parallel beam and by said
      plurality of diffracted beams so as to equalize the luminous intensities
      of said diffracted beams.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein said diffracting means are
      constituted by an opaque screen in which is contrived a matrix of
      transparent openings.
NUM  3.
PAR  3. A device as claimed in claim 1, further comprising second optical
      projecting means, said second optical projecting means being arranged, in
      relation to said first optical projecting means, at the other side of said
      diffracting means for receiving light originating from said second beam
      and projecting a plane wavefront onto said diffracting means.
NUM  4.
PAR  4. A device as claimed in claim 3, wherein said first and second optical
      projecting means are two identical lenses.
NUM  5.
PAR  5. A device as claimed in claim 1, further comprising a second non-uniform
      transparency arranged on the path of said parallel beam between said
      collimating means and said first transparency for spatially modulating the
      intensity of said parallel beam and, in cooperation with said first
      transparency, equalizing in every point of said plate the luminous energy
      carried by said parallel beam.
NUM  6.
PAR  6. A device as claimed in claim 1, wherein said plate of photosensitive
      material has a thickness at least equal to one hundred wavelengths of said
      coherent light.
NUM  7.
PAR  7. A device as claimed in claim 1, wherein said recording is carried out in
      said plate in the form of variations in the refractive index of said
      photosensitive material.
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ABST
PAL  A stabilizer is disclosed which can alone, or in combination with other
      optics of known magnification, produce stabilized images where ambient
      instrument vibration occurs. An optically transparent liquid of known
      index of refraction is confined to a chamber having at least one freely
      movable transparent wall. A light path is defined into or out of the
      chamber substantially normal to the neutral position of the freely movable
      transparent wall. When the chamber is subjected to accidental angular
      motion, the fluid within the chamber inertially acts upon the freely
      movable transparent wall to move the wall and thereby create a transparent
      fluid wedge. This transparent fluid wedge, either alone or in conjunction
      with other optics of known magnification, produces apparent image movement
      equal and opposite to the image movement produced by ambient accidental
      vibration. Optical stabilization results. Provision is made in an improved
      bellows for support of the freely movable transparent wall with respect to
      the chamber.
BSUM
PAR  This invention relates to optical stabilizers and typically utilizes a
      transparent fluid air interface to produce a fluid wedge from which
      stabilization can occur.
PAC  SUMMARY OF THE PRIOR ART
PAR  Two types of optical instruments for optically deflecting and thereby
      stabilizing are of relevance to this invention. First, fluid chambers
      having a fluid air interface capable of deflecting light have had the
      shape of the chamber changed by exterior motor forces supplied by
      gyroscopes and the like. These apparatus with their relatively bulky motor
      controls or the like are relatively heavy and correspondently complicated
      in their production.
PAR  Another form of stabilizing device is a constant shaped fluid chamber
      having at least one transparent wall with an optically moving element
      contained within the chamber. Dependent upon the inertial forces of the
      optically transparent fluid contained within the chamber, movement of the
      optical element with resultant deflection occurs.
PAR  This constant shaped fluid chamber stabilizer, however, is not as useful
      where a low power or wide field of view is desired in the optical
      instrument. Especially in the case of reflective elements within a
      constant shaped fluid chamber, the returned beam either interferes with
      the incoming beam or is distorted unsatisfactorily in a large angular
      deflection (typicallly in the order of 35.degree. to 40.degree.)
      destroying or deteriorating stabilization in some directions.
PAC  SUMMARY OF THE INVENTION
PAR  An optically transparent liquid of known index of refraction is confined to
      a chamber having at least one freely movable transparent wall. The chamber
      is arranged so that a light path enters the chamber substantially normal
      to the neutral position of the freely movable transparent wall. When the
      chamber is subjected to accidental angular motion, the fluid within the
      chamber inertially acts upon the freely movable transparent wall to move
      the freely movable transparent wall from its neutral position and to
      create a transparent fluid wedge. This transparent fluid wedge, either
      alone or in conjunction with other optics of known magnification, produces
      apparent image movement equal and opposite to the image movement produced
      by accidental angular vibration. Optical stabilization results.
PAR  Provision is made in an improved toroid shaped bellows for an improved
      support of the movable transparent wall. Typically, the toroid shaped
      bellows is captured within an annular concavity fixed either to the
      chamber or the moving transparent wall. The moving transparent wall or
      chamber is biased against the toroid shaped bellows as it is held within
      the annular concavity. Predictable movement of the transparent wall with
      respect to the remainder of the chamber when acted upon by the inertial
      fluid forces interior of the chamber results.
PAC  FURTHER OBJECTS AND ADVANTAGES OF THIS INVENTION
PAR  An object of this invention is to create a stabilizer which can, in the
      absence of any magnification, optically deflect light to effect
      stabilization. Preconditioning or postconditioning optics are not
      required.
PAR  According to one aspect of this invention, a transparent fluid having an
      index of refraction in the range of 2 can be utilized to effect
      stabilization. According to another aspect of this invention, a series of
      more than one movable transparent walls and resultant optic wedges can be
      used to generate stabilizing output.
PAR  An advantage of the unity power stabilization construction of this
      invention is that the stabilizer can be used as the lead element in an
      optical system. Degradation of image clarity, associated with the use of
      either protective covers or preconditioning optics, can be avoided in the
      entirety.
PAR  A further advantage of the unity power stabilizer of this invention is that
      it is adaptable for use with zoom optics. By the expedient of placing the
      stabilizer in front of the remainder of optics of the invention,
      stabilization on a unity basis can first occur. Thereafter, alternation of
      the power of magnification of the instrument can take place.
PAR  A further object of this invention is to create a stabilizer with a degree
      of stabilization that is effectively less than 100 percent. According to
      this aspect of the invention, either the movable transparent wall can be
      provided with limited response to overall instrument movement, or
      alternately a low index transparent fluid can be provided, or both a
      transparent wall with limited movement and a low index transparent fluid
      can be utilized together.
PAR  An advantage of the less than unity power stabilization is that the
      stabilizer is readily adaptable to wide angle stabilization. A further
      advantage of using a fluid having a low index of refraction is that more
      uniform refraction of a wide spectra of light is possible.
PAR  A further object of this invention is to disclose an improved bellows
      support for mounting a transparent wall to other chamber segments of
      constant dimension. A bellows, in the form of a toroid, is captured
      interior of an annular concavity attached to either the movable
      transparent wall or constant shaped chamber, respectively. The constant
      shaped chamber or movable transparent wall, respectively, is biased
      against the toroid shaped diaphragm as it is captured interior of the
      diaphragm. Free movement of the transparent wall with respect to the
      chamber responsive to inertial movement of the transparent fluid within
      the chamber occurs.
PAR  An advantage of the toroid shaped bellows captured within the annular
      concavity is that construction of the bellows can be made so that
      substantially no restoring force associated with movement of the
      transparent wall with respect to the constant shaped chamber occurs.
PAR  A further advantage of this invention is that the bellows can be altered to
      produce a bias on the transparent wall with respect to the constant shaped
      chamber to produce adjustable movement of the transparent wall to and from
      a neutral position.
PAR  Yet another advantage of the toroid shaped bellows of this invention is
      that the effect of the elasticity effects of the material from which the
      bellows is constructed can be reduced to a negligible amount. The elastic
      effect of the material can be neutralized with respect to transparent wall
      movement.
PAR  A further advantage of the bellows construction of this invention is that
      the effect of gravity bias on the transparent wall can be eliminated. By
      the expedient of constructing the surface of the bellows and the surface
      of the transparent wall on a buoyantly integrated moment basis, balancing
      of the gravitational effect and buoyant effect in all attitudes of the
      stabilizer can be achieved. Changed disposition of the instrument with
      relation to gravity forces will not produce changed bias on the freely
      movable transparent wall.
PAR  Yet a further advantage of this invention is that the toroid shaped bellows
      used in this invention can additionally serve as an expansion chamber. For
      varying atmospheric operating temperatures and pressures, the chamber can
      act to variably absorb at least some of the changes in liquid and air
      volumes to produce predictable instrument movement over wide instrument
      ambient operating conditions.
DRWD
PAR  Other objects, features and advantages of this invention will become
      apparent after referring to the following specification and attached
      drawings in which:
PAR  FIG. 1a is a perspective side elevation section of a stabilizer according
      to this invention, the stabilizer having wide angle preconditioning
      optics;
PAR  FIG. 1b is an enlargement of the bellows system utilized with this
      invention;
PAR  FIG. 2 is a perspective side elevation of the apparatus shown in FIG. 1a
      after undergoing accidental angular motion, the motion here being shown
      exaggerated;
PAR  FIG. 3a is an alternate embodiment of the bellows construction shown in
      FIG. 1b;
PAR  FIG. 3b is an alternate embodiment of the bellows construction shown in
      FIG. 1b; and,
PAR  FIG. 4 is a side elevation section in perspective of an alternate
      embodiment of this invention having two successive variable wedge
      stabilizer devices, the device here shown after undergoing accidental
      angular motion.
DETD
PAR  Referring to FIG. 1a, a stabilizer cell in accordance with this invention
      is illustrated. Housing A includes a Galilean wide angle preconditioning
      optics B. A fluid chamber C is illustrated having an interior air chamber
      D. A freely movable transparent wall E supported in such free movement by
      bellows F is shown defining a movable transparent side wall of air chamber
      D. As shown in FIG. 2, accidental angular movement of housing A moves
      transparent wall E. This movement of transparent wall E creates an
      inclined refractive interface which causes the deflection of light.
PAR  Housing A typically comprises cylinder 14. Cylinder 14 houses, at its
      forward end, Galilean preconditioning optics including a negative meniscus
      lens 16 and a convex lens 18 having a magnification of less than 1. The
      rear side 20 of convex lens 18 forms, in conjunction with housing 14, a
      fluid-tight transparent wall for the transparent fluid 22 interior of
      fluid chamber C. Housing 14 had additionally attached to it a transparent
      wall 24. Transparent wall 24 forms the rear fluid-tight transparent wall
      of chamber C. Rear side 20 of convex lens 18 is here shown flat; moderate
      curvature may or may not prove desirable in a detailed optical design.
PAR  Thus, there is defined a fluid-tight volume C interior of housing A.
PAR  Regarding fluid 22, it is required that this fluid be transparent. Fluids
      with various indices of refraction can be used in this instrument,
      provided that the fluid has a different index of refraction than the
      different fluid (typically ambient atmosphere) of air chamber D. It should
      be noted that most practical fluids have an index of refraction of less
      than 2.  Examples of such fluids which can be successfully combined with a
      standard atmosphere of air can be found in The Practical Use of the
      Microscope Including Photomicrography by George Herbert Needham, published
      by Charles C. Thomas, Springfield, Illinois at pages 201-203.
PAR  When housing A undergoes accidental angular motion, the inertial movement
      of the captured fluid 22 from the walls of chamber C reacts on the movable
      wall E to cause deflection of the movable wall. Movement of the fluid in
      fluid paths around air chamber D and in planes parallel to the axis of
      cylindrical housing A is desired. Movement of the fluid to rotate about
      the axis of the cylindrical chamber A is not desired.
PAR  To this end, there is affixed interior of the chamber C a series of vanes,
      vanes 26 through 31, being visible in the perspective sections here shown.
      These vanes are all disposed with their planar surfaces parallel to the
      axis of cylindrical chamber A. These vanes 26-31 permit circular movement
      of the fluid around air chamber D to occur but inhibit rotational movement
      of fluid 22 about the optic axis without corresponding rotational movement
      of the chamber A.
PAR  Mounting of the transparent wall E with respect to air chamber D and fluid
      chamber C can best be understood with simultaneous reference to FIGS. 1a
      and 1b. Fins 26, 27 and 30 support, at their end adjacent chamber D, rim
      32. As can be seen, rim 32 is rigidly attached to chamber A and moves with
      chamber A.
PAR  Fins 28, 29 and 31 support a transparent wall 34. Wall 34 has attached to
      it a rim 36. Rim 36 is smaller in diameter than rim 32, and like rim 32 is
      rigidly affixed to and moves with chamber A.
PAR  Transparent window E is mounted to a circular rim 40 defining an annular
      concavity 42. In section, the annular concavity of rim 40 is U-shaped,
      having rim-shaped walls 43 and 45 forming the sides of the U with rim- or
      washer-shaped wall 44 joining the sides of the U.
PAR  It will be noted that wall 45 forms a rim circularly of the chamber D
      having a diameter greater than rim 32. Similarly, it will be noted that
      wall 43 forms a rim circularly of the chamber D. This rim has a diameter
      greater than rim 36 affixed to chamber A. Additionally, wall 43, in
      forming its rim, has a diameter less than rim 32 affixed to chamber A.
PAR  Finally, the rim 40 defining the annular concavity includes a radially
      extending fluid coupling baffle 50. Fluid coupling baffle 50, together
      with movable transparent wall E and the bellows assembly F, causes
      movement responsive to inertial movement of the fluid 22 interior of the
      chamber C.
PAR  Having set forth in some detail the construction of the chamber of fixed
      rims 32 and 36 and the transparent wall rim 40 defining a concavity,
      attention may now be directed to the bellows members of this invention.
PAR  A first flexible rim-shaped bellows 60 is typically affixed to the outside
      diameter of rim 36 in the vicinity of 62. Bellows 60 defines the boundary
      between air chamber D and the fluid 22 surrounding the chamber. This
      bellows 60, at the opposite end of its rim, is affixed to the outside
      diameter of wall 43 at 63. Bellows 60, in attachment to the outside
      diameter of wall 43 at 63, is folded back upon itself to give the U-shaped
      configuration shown in FIG. 1b.
PAR  Stopping at this juncture, it will be seen that bellows 60, as
      circumferentially attached to the outside of transparent wall E and as
      circumferentially attached to the inside of annular concavity defined by
      walls 36, thus isolates air chamber D from the fluid 22 interior of fluid
      chamber C. Thus, even though relative movement were to occur between wall
      E and chamber C, an airtight fluid volume would be defined interior of the
      air chamber D. This airtight fluid chamber D would remain respective of
      whether transparent wall E moved in one direction or another direction.
PAR  It is emphasized that the preferred configuration of the bellows 60 are
      disposed in a U-configuration with fastening occurring at the upper ends
      of the U. This disposition of the bellows has minimal restoring force with
      regard to the material from which the bellows is constructed. Thus,
      movement of the transparent wall E will be substantially free and
      unrestricted without regard to any residual elastic property of the
      membrane 60.
PAR  Understanding that bellows 60 as affixed to chamber D will define a
      fluid-tight wall, and ignoring for the present the torus shaped bellows F,
      it is useful to discuss the statics of the buoyant forces present on the
      movable wall E as defined by this invention. Broadly, the hydrostatic head
      of the fluid 22 interior of the chamber C will increase from a minimum
      pressure at the top of transparent wall E to a maximum pressure at the
      bottom of transparent wall E. This increase in pressure from a minimum to
      a maximum will tend to bias transparent wall D counterclockwise from the
      disposition shown in FIGS. 1a and 1b. It is this bias which it is the
      function of torus shaped bellows F to avoid.
PAR  Torus or toroid shaped bellows F are placed and preferably fastened
      interior of the concavity defined by the annular rim 40. This torus shaped
      bellows F opens to fluid 22 in the same direction as transparent window E.
      Typically, the medial portion of the torus shaped bellows F is impinged
      upon by the blunt end of ring 32.
PAR  Ignoring air chamber D, it will be seen that the effect of the fluid
      pressure acting on annular concavity 40 is the opposite. Bellows F will
      tend to rotate transparent wall E in a clockwise direction through action
      of the differential pressure.
PAR  By integrating the pressure gradients on the movable transparent wall E on
      one hand, and the torus shaped bellows F on the other hand, with respect
      to the mean hydrostatic pressure of the fluid 22, a bellows system can be
      constructed wherein transparent wall E does not move responsive to the
      differential of hydrostatic pressure within the chamber C.
PAR  Both bellows 60 and torus or toroid shaped bellows F are typically formed
      from neoprene impregnated fabric. Such fabric may be obtained under the
      product name of Bellofram Rolling Diaphragm, a product line of the
      Bellofram Corporation of Burlington, Massachusetts.
PAR  It will be realized that the construction thus far illustrated gives a
      freely movable transparent wall E interior of the chamber C. This wall E
      can typically be biased to a neutral position by the insertion of magnetic
      rings 71, 72.
PAR  Having set forth the mechanical construction of this invention illustrated
      in FIGS. 1a and 1b, attention can now be directed to the operable dynamics
      of the invention as illustrated in FIG. 2.
PAR  Referring to FIG. 2, it will be seen that housing A has suddenly been
      angularly inclined with respect to its disposition illustrated in FIG. 1a
      by accidental angular motion. Parallel light rays 90 impinge upon wide
      angle preconditioning optics B and are transmitted interior of fluid 22.
      Fluid 22 undergoes inertial motion responsive to the sudden angular motion
      of the chamber A. Fluid 22, restricted to a circular path about the air
      chamber D, follows a circular path in the plane of FIG. 2 indicated by
      arrows 93.
PAR  The concave annular ring construction 40, as well as the radial vane 50,
      move responsive to movement of the fluid 22. Just as the fluid moves along
      the path 93 responsive to the movement of the chamber A, transparent
      window E moves responsive to the movement of the chamber E in the
      clockwise direction as illustrated in FIG. 2. It will readily be
      appreciated by those having skill in the art that movement of the
      transparent wall E has created a fluid wedge interior of the chamber C.
      This fluid wedge causes deflection of light 90 parallel to the cylindrical
      walls of chamber A. Camera type stabilization results. That is to say,
      rays 90 exit the stabilizer assembly relative to housing A in the same
      angular alignment in FIG. 2 as they had in FIG. 1a.
PAR  It should be appreciated that for eye stabilized viewing, modification to
      the light exiting the stabilizer and attached optics should be parallel to
      the incoming light. Such modifications can be made by those having
      ordinary skill in the art after referring to my U.S. Pat. Nos. 3,531,176;
      3,532,409; 3,620,594 and 3,677,618.
PAR  Two observations can be made at this juncture. First, the index of
      refraction of the fluid 22 relative to the gas, usually ambient air,
      contained interior of chamber D, will produce the deflection of light
      desired. Change of index will produce correspondent change of deflection.
PAR  Second, the shape of the fluid chamber C, with respect to the movable
      transparent wall E, will have an effect. Typically, where chamber C is
      relatively long with respect to its cylindrical diameter, more movement of
      wall E upon movement of chamber A can be expected. Conversely, where
      chamber C is relatively short with respect to its cylindrical diameter,
      less movement of the transparent wall E with respect to chamber A can be
      expected to occur.
PAR  As the parameters of fluid index of refraction and chamber dimension can
      all be empirically determined by those skilled in the art, they will not
      herein be set forth.
PAR  Referring to the motion of the transparent window E as it defines a
      boundary to the air chamber D, it will be noted that the borders of
      transparent window E follow a generally arcuate path when the window is
      subjected to motion. Referring to FIG. 3a, it can be seen that the
      respective rims 36', 43', 32' and 45'  have all been provided with an
      arcuate section which defines a portion of a sphere. This arcuate section
      allows maximum unobstructed movement about the effective center of
      rotation of the movable transparent wall E with minimum chance of the rims
      coming into sliding and frictional contact one with another.
PAR  Referring to FIG. 3b, an alternate configuration of the bellows wall is
      illustrated. Walls 43" and 45" are each constructed with a V-shaped taper
      to the section of the walls of FIG. 3b. This taper opens outwardly and
      towards the direction of the fluid 22 as illustrated in FIGS. 1a and 2.
      With this construction, increased penetration of the chamber affixed rim
      32" with respect to the V-sectioned annular rim 40" brings on increased
      resistance. Conversely, as transparent wall E moves so that rim 32" moves
      out of the V-sectioned concavity defined interior of rim 40", the torques
      of the bellows tend to restore the neutral position.
PAR  The advantage of this arrangement should be readily apparent. No longer are
      the attractive ring magnets 71 and 72 required to bias the transparent
      wall E to a neutral position. Rather, the bellows with a controlled spring
      force, provided by the tapering rims 43" and 45", can be relied upon to
      accomplish this bias function through their variable cross section on
      torus shaped bellows F.
PAR  It will be appreciated that the taper provided by rims 43" and 45" could be
      placed elsewhere. For example, a taper could be provided between rim 43"
      and rim 36" as well, to provide a buoyant fluid bias of movable
      transparent wall E to a preselected neutral position.
PAR  Referring briefly to the example of the stabilizers of FIGS. 1 and 2, it
      will be realized that in the absence of the preconditioning optics B, the
      percentage of stabilization will be a function of the movement of the
      transparent wall E and the index of refraction of the fluid 22. It has
      been found that fluids having high indices of refraction have a
      substantially uniform index of refraction for relatively narrow light
      spectra. That is to say, if light is to be uniformly stabilized by the
      utilization of a transparent fluid 22 having a high index of refraction,
      the spectrum of light which can be uniformly stabilized is relatively
      narrow. The configuration of FIG. 1 using preconditioning optics B allows
      use of lower index fluids having more desirable color dispersion
      properties.
PAR  Referring to FIG. 4, and assuming that for the reasons just discussed a low
      index of refraction fluid 22 is to be used with relatively large
      stabilization deviation occurring, an alternate embodiment of this
      invention is illustrated. Broadly, two air chambers D.sub.1 and D.sub.2
      having respective movable transparent walls E.sub.1 and E.sub.2 are
      illustrated. These chambers and transparent walls are arranged in tandem
      one behind the other, with the bellows F of construction identical to the
      construction previously described.
PAR  Upon accidental angular deviation, one half the stabilization occurs at the
      air-fluid wedge created by fluid 22, movable transparent wall E.sub.1 and
      chamber D.sub.1. The remaining half of stabilization occurs at the
      air-fluid wedge created by fluid 22, movable window E.sub.2 and air
      chamber D.sub.2.
PAR  The tandem arrangement of the chambers D.sub.1 and D.sub.2 here shown can
      obviously be expanded. More than two air-fluid interfaces and movable
      transparent walls can be used in a stabilizer.
PAR  It should be understood that this invention, as illustrated, will admit of
      a number of modifications. For example, lenses can be substituted at all
      locations where transparent walls are shown. Moreover, gases or fluids
      other than air can be inserted into the instrument, the only requirement
      being that a variable index of refraction occur across the interface
      provided by the freely movable transparent wall. Additionally, various
      portions of the instrument can be supplied with or communicated to
      desiccating agents and fluid reservoirs to prevent respective instrument
      fogging and moisture depletion caused by liquid evaporation or
      vaporization of any sort. Likewise, other modifications can be made
      without departing from the spirit and scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An optical stabilizer comprising: a chamber having at least one rigid
      transparent wall for admitting light to be stabilized into said chamber
      and at least one movable transparent wall; means for effecting a
      fluid-tight seal between said movable transparent wall and said chamber
      for permitting said chamber in the interior to confine between said
      transparent walls a transparent fluid of a first index of refraction
      separate and apart from a transparent fluid on the exterior of said
      chamber of a second and different index of refraction; a transparent fluid
      of said first index of refraction confined within said chamber; a fluid of
      said second and differing index of refraction on the opposite side of said
      freely movable transparent wall without said chamber; a light path defined
      through the rigid transparent wall, the first fluid, said freely movable
      transparent wall and said second transparent fluid; means for defining an
      enclosed pressure-sensitive diaphragm contacting said chamber at one
      boundary, contacting said movable transparent wall at another boundary and
      exposed to said first fluid interior of said chamber, said means for
      defining a pressure-sensitive diaphragm having an area with respect to the
      area of said transparent wall whereby differences in pressure of said
      fluids acting on said movable transparent wall are equally and oppositely
      opposed by pressures in said diaphragm acting from said chamber to said
      movable transparent wall to render said movable transparent wall
      substantial freedom of movement independent of differing incremental
      static fluid pressures on said movable transparent wall; and means for
      biasing said movable transparent wall to a neutral position whereby upon
      accidental angular motion of said chamber the inertia of said fluid within
      said chamber dynamically acts upon said freely movable transparent wall to
      move said wall and generate an angularly inclined refractive wedge for the
      stabilization of light.
NUM  2.
PAR  2. The optical stabilizer of claim 1 and further including a plurality of
      freely movable transparent walls, with each transparent wall having a
      respective means for effecting a fluid-tight seal; means for defining an
      enclosed pressure-sensitive fluid diaphragm; and, means for biasing said
      wall to a neutral position.
NUM  3.
PAR  3. The optical stabilizer of claim 1 further including a transparent fluid
      of preselected index of refraction in the range of 2.
NUM  4.
PAR  4. The optical stabilizer of claim 1 and further including wide angle
      optics in said light path between an object and said freely movable
      transparent wall.
NUM  5.
PAR  5. The optical stabilizer of claim 1 and wherein said means for defining an
      enclosed pressure-sensitive diaphragm includes means for biasing said
      movable transparent wall to a neutral position by changing the area of
      said diaphragm exposed to said fluid upon varying movement of said movable
      transparent wall with respect to said chamber.
NUM  6.
PAR  6. The optical stabilizer of claim 1 and wherein said means for biasing
      said movable transparent wall to a neutral position includes magnets
      attached to said movable transparent wall and magnets attached to said
      chamber, said respective magnets attracting said movable transparent wall
      with respect to said chamber to a preselected neutral position.
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PAL  A new microscope construction wherein the large components may be made in
      quantity using plastic molding techniques. The improved microscope
      comprises a base of inverted dish shape, a bridge comprising a plurality
      of legs, and an eye-piece housing. The lower end of each leg is connected
      to the base and the upper ends of the legs are joined to form a support
      for the eye-piece housing. A stage is supported by a central portion of
      the base for vertical adjustment and a single beam-splitting prism is
      carried by the eye-piece housing, the latter having a pair of diverging
      eye-piece tubes, each having mirrors cooperating with the prism.
PARN
PAR  This is a continuation of application Ser. No. 95,287 filed Dec. 4, 1970
      now abandoned.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  Most of the microscopes of the prior art known to us are made of
      conventional construction, and are made of parts which required accurate
      machining, and thus were relatively expensive to manufacture.
PAR  Our invention enables a reduction in cost of manufacture since major
      components may be made in quantity by plastic molding techniques, yet
      without sacrificing in quality of manufacture.
PAR  Further, our improved microscope possesses stability in support, ease of
      operation and esthetic appeal, not possible with conventional microscopes.
PAR  Accordingly, it is a principal object of our invention to provide new and
      improved microscopes possessing all the advantages of the conventional
      manufacture, but without the disadvantages inherent therein.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings accompanying this description and forming a part of this
      specification, there is shown, for purposes of illustration, an embodiment
      which our invention may assume and in these drawings:
PAR  FIG. 1 is a top plan view of our improved microscope,
PAR  FIG. 2 is a side elevational view thereof,
PAR  FIG. 3 is an enlarged sectional view corresponding to the line 3--3 of FIG.
      2,
PAR  FIG. 4 is an enlarged, fragmentary sectional view corresponding to the line
      4--4 of FIG. 1,
PAR  FIG. 5 is an enlarged fragmentary sectional view of the stage construction,
PAR  FIG. 6 is an enlarged fragmentary view corresponding to the line 6--6 of
      FIG. 4, and
PAR  FIG. 7 is an enlarged fragmentary sectional view corresponding to the line
      7--7 of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Our microscope comprises a base 10, a bridge 11 and an eyepiece housing 12
      which may be formed of any suitable material and are preferably made of a
      high strength, high impact plastic similar to that of which telephone
      housings are made, so as to make it possible to injection mold the same.
      As herein shown, the base is triangular in plan although it may take any
      other suitable shape.
PAR  The base 10 comprises a lower portion 14 formed with feet 15 at the three
      corners, the upper portion of the base being formed by upwardly and
      inwardly sloping walls 16 which merge in a cylindrical neck 17. The bridge
      11 includes three legs 18 (when the base is triangular), each leg being
      generally U-shaped in cross-section. The lower part of each leg is formed
      to closely follow the contour of a respective corner of the base and each
      lower part is connected to the base, preferably by means of a suitable
      plastic cement. The upper parts of the legs 18 merge into an integral boss
      19, as clearly seen in FIGS. 3 and 4. The base and bridge, as thus
      connected, form a sturdy support for the microscope apparatus.
PAR  The boss 19 is formed with a circular recess 20 opening inwardly from its
      upper surface to closely receive a ring 21 formed as an integral part of
      the eye piece housing 12. The ring 21 is held seated within the recess 20
      upon a radially inwardly extending flange portion of said boss by means of
      a ring-like plate 22 which is held to the upper surface of the boss 19 by
      screws 23 and which has its inner peripheral portion overlying the upper
      surface of the ring. The plate 22 is made in two section pieces so that it
      may be easily assembled. The diamensional tolerance between the ring 21
      and the wall of the recess 20 is such that the eye-piece housing 12 is
      held to accurate but relatively free rotation.
PAR  The eye-piece housing includes two integrally formed eye-piece tubes 24, 25
      which are disposed in aligned manner, as seen in FIG. 1, but which extend
      upwardly and diverge from the ring 21, as seen in FIG. 4. The tube 24 has
      a fixed eye-piece 26, whereas the eye-piece 27 is threaded in the tube 25
      for adjustment purposes.
PAR  The eye-piece housing 12 has a central boss 28 which is integrally joined
      to the ring 21 by means of ribs (not shown). A beam splitting prism 29 has
      a lower portion 30 secured within a central opening in the boss 28, as by
      cement or a force fit. Mirrors 31, 32 and 33 are carried by ledges formed
      as integral parts of the eye-piece housing, and are positioned to
      cooperate with the prism 29 to direct light rays in the manner shown by
      the arrows in FIG. 4.
PAR  The undersurface of the boss 19 is formed with a circular recess 34 to
      receive a circular plate 35 which may be formed of a metal, such as
      aluminum. A screw 36 is threaded into the boss 19 and holds the plate 35
      thereto, and also forms the axis of rotation of the plate. A plurality of
      objective lens holders 37, four in number in the present embodiment, are
      carried by the plate 35 and depend therefrom, to provide a range of
      magnification power. The plate 35 may be rotated to axially align any one
      of the lens holders 37 with the prism and with the central aperture in the
      flange portion of boss 19. As seen in FIGS. 6 and 7, the upper surface of
      the plate 35 is formed with four equidistantly spaced recesses 137. A ball
      detent 38 is carried by the boss 19 and is releasably seated in any one of
      the recesses 137 to thereby hold the plate 35 in selected position.
PAR  A stage 39 comprises a circular plate 40 having a flat upper surface upon
      which the specimen to be examined is supported. The plate 40 has a central
      circular boss 41 extending from its undersurface. The boss 41 has a
      central opening 42 in which is secured, as by cementing, a portion of a
      condensing lens 43 which projects into a central recess 44. The recess
      terminates in an annular shoulder against which the periphery of
      condensing lens 45 is clamped by means of a plug 46 which may be formed of
      a suitable material, such as brass.
PAR  The plug 46 is held assembled with the boss 41 by a plurality of screws 47,
      as seen in FIG. 5. The lower end of the plug is recessed and an opaque
      disc 48 is cemented in place in the recess, the disc having a fixed
      aperture 49. The plug is provided with external screw threads 50 which
      engage internal threads formed on a sleeve 51 which is desirably formed of
      brass to be compatible with the brass plug. The sleeve 51 may have ribs or
      lugs (not shown) embedded in the neck 17 to hold the sleeve against
      rotation. Secured to the lower end of the sleeve 51, as by cement or other
      suitable fastening means, is a dispersing lens 52.
PAR  As seen in FIGS. 3 and 5, an electric light bulb 53 is carried by a socket
      54 supported from a bracket 55 on the undersurface of wall 16 of the base.
      The bulb is so disposed that light therefrom passes upwardly through the
      dispersing lens and the remaining optical system of the microscope. A
      transformer 56 is mounted on the undersurface of the base wall 16, as is a
      control switch 57, suitable electrical connections being made to a source
      of electrical power.
PAR  In use, a specimen to be examined is placed on the upper surface of the
      stage to overlie the condensing lens 43. The switch 57 is operated to
      energize the light 53 and the plate 35 is rotated to align the desired
      objective lens 37 in the optical system. A person looking through the
      fixed eye-piece 26 may rotate the stage 39 to lower or elevate the same
      until the specimen is in focus. Thereafter, another person may look
      through the eye-piece 27, and may rotate it for focus, if necessary.
CLMS
STM  We claim:
NUM  1.
PAR  1. A microscope comprising:
PA1  a base formed as a hollow inverted dished pyramidal member, said base being
      substantially triangular in plan and having a central upwardly extending
      tubular portion,
PA1  a bridge extending upwardly from said base and having three legs, each leg
      having its lower end fixedly connected to said base at a corner thereof,
      the upper portions of said legs being joined to a horizontally disposed
      boss having a central opening circular recess aligned with and spaced
      upwardly from said central tubular portion,
PA1  an objective lens mounted in a holder carried by the underside of said
      horizontally disposed boss,
PA1  a stage plate having a central depending externally threaded tubular
      portion engaging internal threads formed in said central tubular portion
      of said base to effect vertical adjustment of said stage plate by rotation
      thereof,
PA1  said depending tubular portion of said stage plate carrying condensing lens
      means aligned with said objective lens,
PA1  a light source mounted inside said base and supported from a wall thereof
      in alignment with said condensing lens means for illuminating a specimen
      on said stage plate,
PA1  an eyepiece housing extending upwardly from said bridge, said eyepiece
      housing having a ring at its lower portion which seats within said
      circular recess for rotation,
PA1  means retaining said ring in said circular recess, and,
PA1  said eyepiece housing having an angled eyepiece tube and an internal prism
      and mirror to direct light from said objective lens to said eyepiece tube.
NUM  2.
PAR  2. The microscope of claim 1 wherein said eyepiece housing includes a
      second angled eyepiece tube and mirror, and said prism is a beam-splitting
      prism to direct light to both eyepiece tubes, said eyepiece tubes being
      disposed at an angle to each other sufficient to permit simultaneous
      respective use of the eyepiece tubes by two persons.
NUM  3.
PAR  3. The microscope of claim 2 wherein one of said eyepiece tubes includes an
      adjustable lens element.
NUM  4.
PAR  4. The microscope of claim 1 wherein said base, bridge, boss and eyepiece
      housing are respectively formed from rigid plastic material.
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ABST
PAL  Molecules with a group X which attracts electrons and comprises
      .pi.-electrons and conjugated therewith a group R which supplies
      electrons, of the formula
EQU  R -- X
PAL  in which X represents --COCF.sub.3, --COC.sub.6 H.sub.5 or --SO.sub.n
      CF.sub.3, n being 0 or 2, and R represents phenyl or (CH.sub.3).sub.2 N,
      as electrooptically active liquid inter alia have the advantage that they
      are achromatic compared with nitrobenzene.
BSUM
PAR  The invention relates to a Kerr cell.
PAR  Kerr cells consist of two e.g. plate-shaped electrodes between which an
      electro-optically active liquid is disposed. In the normal condition, i.e.
      without electric field, the liquid is isotropic and does not influence the
      state of polarisation of a polarised light beam which traverses the Kerr
      capaciter. However, under the influence of an electric field set up
      between the electrodes the liquid will become optically uniaxially
      anisotropic (Internationale Elektronische Rundschau 21 (1967) 167).
PAR  Kerr cells are for example used in the switching stages of digital light
      deflectors to switch linearly polarised light from the direction of
      vibration of the incident light to a direction which is perpendicular
      thereto. When the light beam is polarised at 45.degree. to the direction
      of the applied field, the plane of polarisation of the light beam will be
      rotated through 90.degree. when the voltage U.sub.B between the electrodes
      has reached a certain value. By applying the voltages zero and U.sub.B
      respectively, it is possible to determine whether the beam in the
      following prism is subject to a refractive index n.sub.1 or n.sub.2 and
      accordingly leaves the prism in direction 1 or 2.
PAR  The combination of a Kerr-cell followed by a prism is referred to as
      deflection unit. By adding a second deflection unit whose prism has a
      refracting angle which is twice that of the first unit, the light beam can
      be deflected into four directions by actuation of the two Kerr-cell
      polarisation switches. By adding a third deflection unit with a prism
      having four times the original refracting angle, deflection into eight
      directions is possible. N deflection units enable 2.sup.N directions. Said
      deflection system is of the digital type (Internationale Elektronische
      Rundschau, loc. cit.).
PAR  Until now only nitrobenzene was used as electro-optically active liquid in
      Kerr cells on account of its high Kerr constant. Nitrobenzene in the Kerr
      cells of e.g. digital light deflectors must be subjected to strong
      electric fields. These field strengths should allow of rapid and
      reproducible switching. Under the influence of the required electric field
      strengths of some 10.sup.4 V/cm nitrobenzene exhibits a substantial
      residual conductivity. Its resistance cannot be increased arbitrarily by
      even the most intensive purification. The residual currents, determined by
      polarisation and injection effects at the electrodes, lead to the
      formation of space-charge zones, which may distort or completely break
      down the field in the inter-electrode space. If electro-optically active
      liquids with substantially higher Kerr constants than that of nitrobenzene
      were available, this would allow the light deflectors to be operated with
      a correspondingly lower voltage. Thus, the disturbing effects might
      partially be avoided.
PAR  It is known that nematic substances in their liquid-crystalline phase
      exhibit a stronger Kerr effect than nitrobenzene (German Patent
      Application 2,234,522 which has been laid open for public inspection). The
      high degree of orientation in the electric field which is determined by
      the co-operative alignment of complete swarms of molecules, results in
      said strong Kerr effects.
PAR  On the other hand, said swarms of molecules require comparatively much time
      for alignment in the electric field. Therefore, with Kerr cell
      arrangements which employ nematic substances only low switching rates can
      be obtained (in the previously cited instance up to 2.10.sup.5 Hz). For
      multi-stage light deflectors, however, the Kerr cells should have
      switching frequencies of the order of magnitude of 10.sup.8 Hz.
      Theoretically, switching frequencies to within the range of 10.sup.10 Hz
      can be obtained only with substances whose Kerr effect is a property of
      the isolated molecules. With substances whose Kerr effect is not increased
      by molecular association, it is already extremely difficult to attain the
      Kerr-constant of nitrobenzene.
PAR  In view of the high switching frequencies, it is the object of the
      invention to provide a Kerr cell whose electro-optically active liquid
      consists of highly polar, optically strongly anisotropic and yet as small
      as possible molecules.
PAR  A further drawback of Kerr cells using nitrobenzene as electro-optically
      active liquid is that they must be comparatively thick in the direction of
      radiation (German Patent Application 2,234,522 which has been laid open
      for public inspection). Thicker layers of nitrobenzene are opaque to blue
      and violet light owing to their slightly yellow coloration. In order to
      enable the use of light deflectors in the entire visible and, if possible,
      also in the near ultraviolet spectrum, the invention also has for its
      object to provide a Kerr cell whose electro-optically actice liquid is
      moreover colourless.
PAR  In all, a suitable electro-optically active liquid should comply with the
      following requirements:
PA1  1. great dipole moment
PA1  2. high anisotropy of the optical polarisability
PA1  3. the main polarisability should coincide with the direction of the dipole
      moment
PA1  4. high dielectric constant
PA1  5. high number of active units per unit of volume - low molar volume.
PA1  6. short rotation relaxation time and low viscosity (to ensure sufficiently
      rapid alignment of the molecules in the field during rapid switching)
PA1  7. full transparency in the visible spectrum
PA1  8. the specific resistance of the material should be as high as possible.
PA1  9. The refractive index should as closely as possible approximate that of
      calcite, which is most frequently used for the prism (n = 1.5-1.6). The
      difference in refractive index should be minimized at the transition of
      the light from the electro-optically active liquid to the calcite prism.
PAL  The problem set fort hereinbefore is solved, according to the invention, by
      means of a Kerr cell which is characterized in that its electro-optically
      active liquid consists of molecules with a group X, which attracts
      electrons and comprises .pi.-electrons, and conjugated therewith a group
      R, which supplies electrons, of the formula R -- X, in which X =
      --COCF.sub.3, --COC.sub.6 H.sub.5 or --SO.sub.n CF.sub.3, n being 0 or 2,
      and R = phenyl or (CH.sub.3).sub.2 N.
PAR  The compounds of the above formula are transparent to light to
      near-ultraviolet and have Kerr constants which are comparable with
      nitrobenzene.
PAR  Preferred embodiments of the Kerr cell according to the invention comprise
      at least one of the following compounds:
TBL                    graphic      Kerr constant                              
     name              formula      (e.s.u., 20.degree.C,633                   
     __________________________________________________________________________
                                    .mu.)                                      
                       CH.sub.3 O                                              
     N,N-dimethyltrifluoro acetamide                                           
                       .angle.N--C.angle.                                      
                                    3.1.10.sup..sup.-5                         
                       CH.sub.3 CF.sub.3                                       
                       CF.sub.3                                                
                       .vertline.                                              
     phenyltrifluoromethylsulphone                                             
                       O=S=O        2.7.10.sup..sup.-5                         
                       CH.sub.3 O                                              
                       .parallel.                                              
     N,N-dimethyltrifluoromethyl-                                              
                       .angle.N--S--CF.sub.3                                   
                                    2.5.10.sup..sup.-5                         
                       .parallel.                                              
     sulphonamide      CH.sub.3 O                                              
                       C.sub.2 H.sub.5 O                                       
     N,N-diethyltrifluoroacetamide                                             
                       .angle.N--C.angle.                                      
                                    2.2.10.sup..sup.-5                         
                       C.sub.2 H.sub.5 CF.sub.3                                
                       C.sub.2 H.sub.5 O                                       
                       .parallel.                                              
     N,N-diethylbenzamide                                                      
                       .angle.N--C  1.9.10.sup..sup.-5                         
                       C.sub.2 H.sub.5                                         
                       CF.sub.3                                                
                       .vertline.                                              
     phenyltrifluoromethylsulphide                                             
                       S            1.8.10.sup..sup.-5                         
     __________________________________________________________________________
      (for comparison: nitrobenzene has a Kerr constant of 4.1.10.sup.-.sup.5
      e.s.u.).
PAR  The substances are chemically stable lowviscosity liquids. They can be
      purified satisfactorily. This is an essential requirement for their
      applicability as an electro-optically active liquid.
PAR  Compounds of the above-mentioned formulas are known per se. They may be
      prepared in accordance with known methods or methods analogous thereto.
PAR  The Kerr constants given in the above Table were measured during a high
      voltage pulse. Measurements of the field shape in nitrobenzene immediately
      after application of the voltage have revealed that the field is
      substantially undistorted in a substance of sufficient purity during the
      first few 10.sup.-.sup.4 seconds (Rev. gen. electr. (1965) 499; J.Chim.
      Phys. Physiochim. Biol. 65 (1968), 134). A measuring arrangement with
      pulsating field enables the actual Kerr constants of substances of average
      purity to be determined within this time interval. The Kerr constants
      determined for nitrobenzene of different purity with a stationary and with
      a pulsating external field differ substantially. The Kerr constants
      determined with a pulsating field are independent of the contamination of
      the nitrobenzene over the entire range.
PAR  The measurement of the Kerr constants of the compounds according to the
      invention with pulsating field was conducted with equipment as proposed by
      Lee (Ren. Sci. Instrum. 35 (1964), 1679) and also employed by Pearson (J.
      appl. Phys. 41 (1970), 2576) and Blanchet (in: High Speed Photography
      Proc. 8th Internat. Sympos., Stockholm 1968). The Kerr cells are disposed
      between two crossed polarizers, the plane of polarization of the incident
      light being selected so that it forms an angle of 45.degree. with the
      direction of the external field. When subsequently an exponentially
      decreasing high voltage pulse is applied across the Kerr cell, the light
      intensity in the direction of observation passes through a sequence of
      maxima and minima. These are determined by the phase difference .phi. at
      decreasing voltage according to the equation
EQU  (1) .phi. = 2 .pi. 1 BE
PAL  passing through a sequence of even and odd multiples of .pi.. In this
      equation 1 is the pathlength, B the volume Kerr constant (a material
      constant) and E the electric field strength. When .phi. corresponds to an
      odd multiple of .pi. , this will result in maximum transmission in the
      case of the selected arrangement with the linearly polarised light being
      incident in the x-direction and the direction of observation being the
      y-direction. When .phi. equals odd multiples of .pi. the light vibrates
      parallel to and when .phi. equals even multiplies of .pi. perpendicularly
      to the direction of transmission of the analyzer (in this case: direction
      of observation). The light intensity after the analyzer is given by
EQU  (2) I.sub.y.about.I.sub.y(o)  sin.sup.2 (.phi./2 = I.sub.y(o)  sin.sup.2
      (.pi. BIE.sup.2).
PAL  when, as is common practice, the lowest voltage at which light intensity a
      maximum occurs under the specified conditions is designated the .lambda./2
      voltage.
      ##EQU1##
      (for .phi. = .pi. and .lambda. representing the wavelength of the incident
      light in vacuum) and when said equation is inserted in the relation (2),
      this yields
      ##EQU2##
      The voltages at which further maxima are to be anticipated are
      consequently given by the relation
      ##EQU3##
      and those for the further minima by
      ##EQU4##
      n being 0, 1, 2, . . . etc. Simultaneous monitoring on a double beam
      oscilloscope of the voltage drop across the Kerr cell and the transparency
      after the analyzer enables the voltages which correspond to the extreme
      values to be read directly. With the aid of equation (3) this yields the
      Kerr constant. As the voltage can only be measured with an accuracy of
      .+-. 50 V, the Kerr constants thus determined have an error which in the
      present examples varies between 5-10%. The pulse width is of the order of
      magnitude of 20-40 usecs., the maximum voltage 50 kV and the repetition
      frequency is 50 Hz. The Kerr constants of the substances examined were
      each time determined for several initial pulse voltages. Thus, the
      substances could be checked for sufficient preliminary purity in a simple
      manner. The .lambda./2 voltages of contaminated substances or substances
      which were unstable in the electric field are found to be increasingly
      excessive at an increasing initial pulse voltage. In contradistinction to
      this, the .lambda./2 voltages of sufficiently pure and stable substances
      are independent of the initial pulse voltage.
PAR  Thus, the invention provides Kerr cells with a series of colourless and
      chemically stable electro-optically active liquids, of which
      N,N-dimethyltrifluoroacetamide and phenyltrifluoromethylsulphone are the
      most active substances. Yet, their Kerr constants do not completely reach
      the value of nitrobenzene. However, when taking into account that the
      product of the volume Kerr constant and wavelength B. .lambda. is
      substantially constant and that thicker layers of the fluorinated amide
      are still fully transparent below 400 m .mu.,  it is evident that the
      slightly lower Kerr constant of the fluorinated amide need not be a
      drawback for its applicability as compared with nitrobenzene.
      N,N-dimethyltrifluoroacetamide exhibits the same Kerr effect at 380 m.mu.
      as nitrobenzene at 500 m.mu..
CLMS
STM  I claim:
NUM  1.
PAR  1. A Kerr cell, characterized in that its electro-optically active liquid
      consists of molecules with a group X which attracts electrons and
      comprises .pi. -electrons and a group R which is conjugated therewith and
      supplies electrons, of the formula
EQU  R--X
PAL  in which X = --COCF.sub.3, --COC.sub.6 H.sub.5 or --SO.sub.n CF.sub.3, n
      being 0 or 2, and R = phenyl or (CH.sub.3).sub.2 N.
NUM  2.
PAR  2. A Kerr cell as claimed in claim 1, characterized in that its
      electro-optically active liquid consists of
      N,N-dimethyltrifluoroacetamide.
NUM  3.
PAR  3. A Kerr cell as claimed in claim 1, characterized in that its
      electro-optically active liquid consists of phenyltrifluoromethylsulphone.
NUM  4.
PAR  4. A Kerr cell as claimed in claim 1, characterized in that its
      electro-optically active liquid consists of
      N,N-dimethyltrifluoromethylsulphonamide.
NUM  5.
PAR  5. A Kerr cell as claimed in claim 1, characterized in that its
      electro-optically active liquid consists of N,N-diethyltrifluoroacetamide.
NUM  6.
PAR  6. A Kerr cell as claimed in claim 1, characterized in that its
      electro-optically active liquid consists of N,N-diethylbenzamide.
NUM  7.
PAR  7. A Kerr cell as claimed in claim 1, characterized in that its
      electro-optically active liquid consists of phenyltrifluoromethylsulphide.
NUM  8.
PAR  8. A Kerr cell as claimed in claim 1, characterized in that its
      electro-optically active liquid consists of a mixture of at least two
      compounds of the formula R--X.
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ABST
PAL  In a display device using liquid crystals, including opposed transparent
      insulating plates which define the volume containing said liquid crystals,
      the inner surfaces of said transparent plates are oriented as the result
      of unidirectional rubbing, the direction of rubbing on the opposed plates
      being at 90.degree. to each other. A device using such plates has a
      preferred direction for viewing same.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Liquid crystals have been used in a variety of display devices,
      particularly that type of liquid crystal known as nematic. This type of
      liquid crystal when in the mesomorphic phase is normally transparent.
      However, when a voltage is impressed across the liquid crystal material,
      where the liquid crystal is of the type that has a dipole moment which is
      transverse to the main axis of the liquid crystal molecule, then the
      liquid crystal material becomes light-dispersive, as a result of which it
      loses its transparency. By proper selection of portions of a display panel
      including liquid crystal materials of this type, it then becomes possible
      to make a display which becomes visible as a result of dispersion of
      ambient light.
PAR  Such displays using the more common type of nematic crystal are equally
      visible from all directions. Moreover, in general, they have optical
      activity so that the direction of plane-polarized light can be rotated. As
      is usual, the degree of rotation produced by a display device containing
      an optically active compound depends on the specific rotation of the
      compound itself and the quantity of compound traversed by the light beam
      in question.
PAR  Given a specific device, the rotation of the device will be fixed,
      depending on the construction, i.e., the specific rotation of the compound
      used and the concentration of the material and the length of the light
      path through the device. There is no way of affecting or varying the
      degree of rotation with such a device. However, it would be desirable to
      be able to do so.
PAC  SUMMARY OF THE INVENTION
PAR  Nematic liquid crystals are placed between two transparent plates having
      transparent electrodes on the inner surfaces thereof. The plates have each
      been unidirectionally rubbed. In bringing the plates together, they are
      oriented so that the direction of rubbing is different for the two plates.
      Using liquid crystals of positive dielectric anisotropy, the molecules
      immediately adjacent each surface tend to orient themselves in the same
      direction as the direction of rubbing. The molecules at intermediate
      points orient themselves to a degree which is a function of the distance
      from the two plates. As a result, a continuous spiral is formed between
      the two plates. This spiral has the property of rotating the plane of
      polarized light falling thereon. Further, if a voltage is impressed across
      the liquid crystal material the material loses its optical activity but
      does not become opaque or light-dispersive. Consequently, it can usefully
      be combined with a pair of polarizing plates. A method for preparing such
      devices is presented.
PAR  Accordingly, an object of the present invention is a display device
      utilizing liquid crystals whose optical activity can be controlled.
PAR  Another object of the present invention is a display device useful in
      combination with a timepiece.
PAR  A further object of the present invention is a display device using liquid
      crystals of positive dielectric anisotropy.
PAR  An important object of the present invention is a liquid crystal display
      device utilizing unidirectionally rubbed inner surfaces of transparent
      insulating plates for orienting liquid crystal molecules.
PAR  A significant object of the present invention is a method of preparing a
      liquid crystal display device whose optical activity with respect to
      rotating the plane of polarization of plane-polarized light can be
      controlled.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the features of construction,
      combinations of elements, and arrangement of parts which will be
      exemplified in the constructions hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIGS. 1a and 1b are a pair of unidirectionally rubbed plates in which the
      direction of rubbing is in line with and transverse to the direction of
      observation;
PAR  FIGS. 2a and 2b show embodiments of the present invention in which the
      direction of rubbing on the devices makes an angle of approximately
      45.degree. with a preferred direction of observation;
PAR  FIG. 3 is an embodiment of the present invention including a pair of
      unidirectionally rubbed plates as in FIGS. 2a and 2b in combination with a
      pair of polarizing plates; and
PAR  FIG. 4 is a timepiece incorporating a device in accordance with the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In order to prepare a device in accordance with the present invention,
      advantage is taken of the fact that when a plate of a transparent
      insulating material such as glass is rubbed on the interior surface
      thereof in a single direction, and, when the plate is placed in contact
      with liquid crystal material of positive dielectric anisotropy, the liquid
      crystal molecules adjacent the plate align themselves with the rubbing
      direction of on the inner surface. Further, when two such plates are
      placed together so that the layer of liquid crystal molecules is confined
      between them, and where the rubbing directions on the inner surface is
      different for the two plates, then the orientation of the liquid crystal
      molecules between the plates changes continuously from the orientation of
      one surface to the orientation of the other surface. Accordingly, the
      nematic liquid crystal molecules are arranged along a helix having a
      central axis perpendicular to the plates.
PAR  Liquid crystals arranged in a spiral structure have optical activity. The
      direction of polarization of plane-polarized light passing therethrough
      changes in accordance with the rotation of the spiral structure. When the
      rubbing orientations on the inner surfaces of the two plates are
      perpendicular to each other, then the plane of polarization of linear
      polarized light passing therethrough is rotated by 90.degree..
PAR  Where the nematic liquid crystals used have a positive dielectric
      anisotropy, application of a voltage to transparent electrodes on the
      inner surfaces of the plates, assuming the voltage applied to be
      sufficient, causes the molecules to orient themselves perpendicular to the
      plates so that the spiral structure is extinguished. In consequence, the
      optical activity of the liquid crystal material is destroyed. The effect
      can be observed by placing on either side of the device described two
      polarizers having axes of polarization parallel to each other. That
      portion of the plates to which the voltage is applied will appear to be
      illuminated, and the remainder will be dark.
PAR  The degree to which liquid crystal molecules between the plates orient
      themselves in the direction of an applied electric field varies with the
      applied voltage. The voltage generally used is about 6 volts, preferably
      alternating current, and the saturation voltage is about 15 volts, also,
      alternating current. Where the voltage applied is only about 6 volts,
      complete orientation of the liquid crystal molecules distant from the
      charged plates is not obtained, and consequently, complete extinction of
      the optical activity of the material does not result. Under such
      conditions an unusual optical effect is observed, namely, the appearance
      of the device differs in accordance with the direction from which it is
      observed. In fact, there is generally a direction from which no optical
      inactivation appears to have occurred.
PAR  In the present invention two transparent plates having transparent
      electrodes on the inner surfaces thereof are identified respectively by
      the reference numerals 1 for the upper plate and 2 for the lower plate, in
      FIGS. 1a and 1b. The direction of orientation of the inner surface of the
      lower plate 2 is given the reference numeral 4 and for the upper plate 1
      is given the reference numeral 3. When viewed from the direction indicated
      by the arrow having the reference numeral 5 there appears to be no optical
      inactivation. This is the case whether the spiral structure is
      dextrorotatory or or levorotatory. Conversely, in the direction indicated
      by the arrow 6 the optical inactivation effect appears very clearly.
PAR  As shown in FIGS. 1a and 1b, which is the conventional arrangement wherein
      the orientation of the inner surface is either in line with or transverse
      to the line of sight, the direction 5 where the optical inactivation
      effect does not appear is found to be that indicated by reference numeral
      5. Again, the optical inactivation effect appears clearly in the direction
      indicated by the arrow 6. It should be noted, that another way of
      indicating the directions of orientation of the static charge or the
      orientation of the inner surfaces of the plates is with respect to whether
      the orientation is parallel to or perpendicular to the line connecting
      both eyes of the observer. This, of course, is the case with FIGS. 1a and
      1b. So far as FIGS. 2a and 2b are concerned, the orientations of the inner
      surfaces are oblique to or, roughly at 45.degree. to the line connecting
      the eyes of the observer.
PAR  FIG. 3 shows diagrammatically a set of plates oriented with respect to
      their inner surfaces as shown in FIGS. 2a and 2b. A layer of liquid
      crystals between plates 1 and 2 is indicated by the reference numeral 7.
      The device further comprises polarizing plates 8 on either side thereof.
      Again the indicia displayed by the device are readily seen from direction
      6 but not from direction 5.
PAR  As will be seen from FIGS. 2a and 2b, the preferred viewing direction 6
      makes an angle of about 45.degree. with rubbing direction 3 on upper plate
      1, and an angle of about 135.degree. with rubbing direction 4 on lower
      plate 2. In FIG. 2a both of said angles as measured from the viewing
      direction 6 are traversed in the counterclockwise direction, whereas in
      FIG. 2b both of the corresponding angles correspond to clockwise
      traversal. It will be noted that the same holds for FIGS. 1a and 1b.
PAR  A device in accordance with the present invention is shown in FIG. 4 as
      part of a timepiece 9. As is customary with a right-handed person wearing
      the timepiece on his left hand, the timepiece would normally be viewed
      from the direction 6 as shown by the arrow. Where the plates 1 and 2 are
      charged obliquely to the line of sight as shown in FIG. 2a and FIG. 2b,
      the display panel effectively shows the indicia indicating the time.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A liquid crystal display device, comprising a cell including a nematic
      liquid crystal material of positive dielectric anisotropy sandwiched
      between upper and lower transparent plate members, opposed surfaces of
      which have electrode means thereon for forming characters, a vector from
      the bottom to the top of any character constituting a reference direction,
      each of the opposed surfaces of said plate members having been rubbed in a
      single direction on its inner surface, said single directions being at an
      angle of approximately 90.degree. to one another said reference direction
      and said rubbing directions being so related that, regarding said
      reference direction and said rubbing directions as vectors, the angle from
      said reference direction to said rubbing direction on said upper plate is
      approximately 45.degree. and to said rubbing direction on said lower plate
      is approximately 135.degree., the angles between said reference direction
      and each of said rubbing directions being in the same rotational
      direction, whether clockwise or counterclockwise, and means to apply a
      voltage across said cell which is less than the saturation voltage and
      which generates a character display, the visibility of which is
      angle-dependent.
NUM  2.
PAR  2. The liquid crystal display device as defined in claim 1, wherein said
      device further comprises polarizer plates sandwiching said cell.
NUM  3.
PAR  3. The liquid crystal display device as defined in claim 2 wherein said
      device is a portion of a timepiece.
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ABST
PAL  Bi-stable image storage apparatus for storing, interrogating, and erasing
      two-dimensional binary images represented by arrays of light and dark
      areas. The storage apparatus comprises a pair of image amplifiers,
      preferably, inverting amplifiers, coupled together into a closed loop
      optical circuit such that the output of one device will be read into the
      other device. As long as the gain of the circuit is greater than one the
      circuit will drive itself to saturation and store an image optically
      applied thereon. The system provides a very inexpensive circuit for
      storing images, and can be used in a wide variety of processing and
      display applications.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to an image storage apparatus. More
      particularly, the present invention relates to an inexpensive bi-stable
      image storage apparatus which can be utilized to store, interrogate and
      erase a two-dimensional binary image represented by an array of dark and
      light spots.
PAR  2. Description of the Prior Art
PAR  Although there are light addressable, light readable devices available in
      the prior art which, in themselves, have a memory capability and thus, can
      be used to store binary data optically presented thereto, the present
      state of development of these devices makes them somewhat limited as to
      the number of applications in which they can practicably be used. For one
      thing, they are relatively expensive. For another, they generally are
      manufactured in relatively small sizes, for example, a few square inches,
      and thus cannot readily be used to store large sized images, at least
      without using many small devices joined together in a matrix. Accordingly,
      there is a need for a low cost light addressable, light readable system
      which can store binary images and which can be made in relatively large
      sizes.
PAC  SUMMARY OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  In accordance with the present invention, an improved image storage
      apparatus is provided which consists of a pair of light addressable, light
      readable image amplifier devices coupled together into a closed loop
      optical circuit. Specifically, the output of one of the devices is imaged
      or optically coupled to the input of the second device while the output of
      the second device is optically coupled to the input of the first device.
      As long as such a circuit has a gain of greater than one in some region of
      its operating range, it will quickly drive itself to saturation and lock
      in on an image presented thereto.
PAR  In a presently preferred embodiment, the image amplifiers comprise light
      addressable liquid crystal panels which are operated as inverting
      amplifiers such that the output of one of the panels will be the positive
      of the image applied to the circuit while the output of the other panel
      will be the negative of the image applied.
PAR  An image can be read into the circuit optically by briefly interrupting the
      optical connection between the two panels and then projecting the desired
      image onto one of the panels. When the projected image is removed, the
      image will be locked into the circuit.
PAR  In the presently most preferred embodiment, one or both panels is
      partitioned into distinct spaced areas by a suitable mask positioned
      adjacent to their input or output side. With these masks, image
      registration problems can be minimized while still providing moderate
      resolution images.
PAR  With the storage circuit described above, two-dimensional arrays of binary
      numbers represented by light and dark areas can be read into and stored in
      the circuit for use in image processing applications. Alternatively,
      half-tone pictures can be stored for display and other applications.
PAR  In general, the system provided requires only readily available, low cost
      components and this makes the circuit usable in a wide variety of fields.
      Other features, advantages and uses of the invention will be set forth in
      greater detail hereinafter in conjunction with the detailed description of
      the preferred embodiments.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 schematically illustrates an image latch-up system in accordance
      with a presently preferred embodiment of the invention.
PAR  FIG. 2 schematically illustrates an alternative embodiment of the
      invention.
PAR  FIG. 3 is provided to graphically explain the operation of the systems of
      FIGS. 1 or 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 schematically illustrates an image latch-up or storage system
      according to a presently preferred embodiment of the invention. The system
      includes a pair of light addressable, light readable image amplifying
      devices 11 and 12 optically coupled together into a closed loop optical
      circuit generally designated by reference number 10. Image amplifiers 11
      and 12 can be formed from any one of a variety of light addressable, light
      readable devices such as light addressed electrophoretic display panels,
      electro-optic photosensitive devices utilizing the electro-optic and
      birefringent characteristics of Bismuth Silicon Oxide (although this
      device, itself, has a memory capability) or even a properly connected
      array of photosensors and light emittors. The presently most preferred
      devices, however, comprise light addressed, liquid crystal panels (LALC
      panels) operated to obtain the action of inverting amplifiers. The details
      of the operation of light addressable liquid crystal panels need not be
      described in detail herein inasmuch as they are well understood by those
      skilled in the art. Suffice it to say that LALC panels can be operated as
      inverting amplifiers by using specularly reflected light from the liquid
      crystal side. With such an arrangement, the electrical connections are
      such that a photosensitive element or region on the input side of the
      panel is electrically in series with a corresponding element or region of
      the liquid crystal. When there is little or no light on a given
      photosensitive area, the applied voltage will be mostly across the
      photoresistance and the corresponding liquid crystal area will have little
      voltage across it and thus remain non-scattering to incident light. Light
      can then be specularly reflected from that area of the liquid crystal and
      thus the device is acting as an inverter. When light is applied to the
      photosensitive area, the photoresistance decreases, the voltage across the
      liquid crystal area increases, and the liquid crystal scatters light and
      thus becomes non-useful for specular reflection.
PAR  To complete the circuit of FIG. 1, a pair of field lenses 13 and 14 are
      positioned adjacent to the output sides of amplifiers 11 and 12,
      respectively. These lenses image the readout light from light sources 16
      and 17, respectively, onto imaging lens and mirror combinations 18 and 19,
      respectively, so that only specularly reflected light can reach the input
      of one amplifier from the output of the other. Thus, the output of
      amplifier 11 will be projected via mirror-lens combination 18 to be the
      input of amplifier 12 while the output of amplifier 12 will be projected
      via mirror-lens combination 19 to be the input of amplifier 11, to thus
      form closed loop feed-back circuit 10.
PAR  As long as circuit 10 has a gain of greater than one in some region of its
      operating range, it will rapidly drive itself to saturation in one
      direction or the other depending upon initial conditions. This can,
      perhaps, be better understood by reviewing FIG. 3 which graphically
      depicts the response of two amplifiers coupled in series (open loop). With
      the arbitrary units shown, the dynamic gain of two devices in series is
      less than 1 when the input light level is less than 3 or more than 5. The
      dynamic gain is greater than 1 between light levels of 3 and 5. The d.c.
      gain is less than 1 with an input of less than 4 units and greater than 1
      for an input of greater than 4 units.
PAR  From the above, if the loop were closed, the gain graph could be correct at
      only three points; 0, 4 and 8 units of light. The 0 and 8 levels are
      stable and the 4 level is unstable. If the input light level at one of the
      panels is greater than 4 units, then the action of the loop
      characteristics would be to cause the light level to increase until
      saturation was reached at an input level of 8 units. Conversely, the
      initial input level of the second panel would be less than 4 units (since
      the panels act as inverting amplifiers), and its level would decrease
      until its light input stabilizes at 0 units. Because the d.c. gain will
      remain greater than 1, this will be a stable condition, and the loop will
      remain in that condition. A second stable condition can exist with the
      roles of the two panels reversed. Thus, we have a bi-stable device.
PAR  From the above, if the image of an object were then projected, for example,
      onto the input of amplifier 11, the circuit will rapidly lock onto and
      retain that image even after the object is removed. To accomplish image
      read in, an imaging apparatus 21 is provided. Specifically, in FIG. 1, the
      imaging apparatus for a light transmissive object such as a transparency
      22 is illustrated. This transparency, which contains the information to be
      stored as an array of transparent and opaque (minimally transparent)
      areas, is illuminated by a light source 23 through a field lens 24. The
      information on the transparency is projected onto the photosensitive side
      of amplifier 11 through a projection lens 26.
PAR  The preferred method of setting the information from transparency 22 into
      the circuit 10, is to first reset the circuit 10 to a non-image state by
      momentarily interrupting the light input to panel 11, preferably by
      momentarily turning off light source 17. With no input light, panel 11
      will then be specularly reflective over its entire surface and as a
      consequence, the input to panel 12 will be completely illuminated and its
      output rendered non specularly reflective. Light source 17 can then be
      turned on again with no change taking place. Transparency 22 is then
      projected onto the input of panel 11 and the feedback action causes it to
      be stored. The negative of the image read into amplifier 11 will then be
      read out by light source 16 and imaged onto amplifier 12. The output of
      amplifier 12, which will be the positive of the initial image will then be
      read out by light source 17 and directed back to the input of panel 11.
      The imaging system 21 can then be removed and the information on the
      transparency will remain in the circuit 10 as long as sources 16 and 17
      are left on and the circuit is not interrupted.
PAR  The information stored in the circuit can easily be read out therefrom
      without losing the information stored therein. This can be done by either
      using the scattered light from the amplifier outputs, or by using an
      additional light source which would be imaged by the field lens 13 onto an
      additional projection lens. Either the positive or the negative can be
      read out depending on the portion of the circuit being interrogated. This
      is an important capability in data processing applications. By using
      several light sources, spatially separated, the output of a panel can be
      sensed without interfering with the feedback light. With such structure,
      therefore, the output of one device can be used to interrogate the output
      of another device in another circuit to effect a logical multiplication.
      Other image processing activities such as ANDing, Oring, and shifting can
      also be carried out in ways readily apparent to those skilled in the art.
PAR  If perfect image registration could be maintained in the operation of the
      circuit 10, the structure so far described, would be fully adequate for
      essentially all applications. In other words, it is obviously essential
      that the output image from panel 12 be superimposed directly on top of the
      image initially projected onto panel 11 from imaging system 21. Without
      perfect registration, the image would move further and further out of
      position with every cycle through the circuit and would rapidly
      deteriorate. Because perfect registration would be difficult to attain,
      and at the very least, would necessitate high cost, high precision optics,
      it is preferable to partition the image into an array of discrete spaced
      areas so that some misregistration can be tolerated. This can conveniently
      be accomplished by applying a pair of masking elements 27 and 28 to the
      input (or output) sides of the panels 11 and 12, respectively. These
      masking members comprise a two-dimensional array of spaced apertures of
      any desired shape on an opaque background. By making the spacing between
      the openings of sufficient size, interference between adjacent image areas
      can be prevented, and, as long as at least some light passes through the
      desired aperture, the image can be maintained in the circuit in proper
      registration. The use of a mask serves to disect the optical circuit into
      a large number of independent single element light amplifiers. Although
      two masks are described above for reasons of symmetry, one mask would be
      sufficient. The resolution of the system (i.e., the mask aperture spacing)
      is determined by the resolution of the light amplifying panels and the
      quality and adjustability of the optical elements. In a typical system, if
      panels 11 and 12 are about 1 foot square, a mask having an array of 100 by
      100 openings equally spaced over the input side of the amplifier will
      provide reasonably good resolution while avoiding the registration
      problems.
PAR  FIG. 2 illustrates an alternative embodiment of the invention in which only
      a single light addressed liquid crystal panel need be used. In this
      embodiment, rather than employing two panels, two different areas of the
      same panel are utilized. Specifically, panel 31 is substantially identical
      to those utilized in FIG. 1. An image from an object, herein a reflective
      object 32, for example, is projected onto one half of the panel 31 by
      means of light source 33, field lens 34, and projection lens 36. The
      output of panel 31 is read out by light source 37, (which is imaged onto
      lens 39 by field lens 38 and corner reflector 41). Lens 39 then projects
      an inverted image back onto the other half of the input of panel 31 via
      reflector 42. Following another loop through the optical circuit, the
      image will be reinverted and thus projected back onto itself as in FIG. 1.
      As in FIG. 1, panel 31 is also preferably provided with a mask 43.
PAR  Although, what has been described are presently preferred embodiments of
      the invention, it should be apparent that many additions, omissions, and
      modifications could be made without departing from the scope thereof. For
      example, if desired, a variety of other components such as shutters,
      shifting controls and the like may be added to the circuit for specific
      applications. Accordingly, it should be understood that the invention
      should be limited only insofar as required by the scope of the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Image storage apparatus comprising:
PA1  a. an image storage circuit for storing a desired radiation pattern, said
      image storage circuit including:
PAR  1. first and second image amplifier means, each of said first and second
      image amplifier means comprising inverting amplifier means for generating
      an output radiation pattern that is the negative of an input radiation
      pattern applied thereto;
PA2  2. first transfer means for directing the output radiation pattern of said
      first image amplifier means to said second image amplifier means to be the
      input radiation pattern thereof; and
PA2  3. second transfer means for directing the output radiation pattern of said
      second image amplifier means to said first image amplifier means to the
      input radiation pattern thereof; and
PA1  b. means for optically applying said desired radiation pattern to said
      circuit to be stored therein, said optical applying means comprising means
      for projecting said desired radiation pattern onto said first image
      amplifier means to be the input radiation pattern thereof; such that the
      output radiation pattern of said first image amplifier means will be the
      negative of said desired radiation pattern and the output radiation
      pattern of said second image amplifier means will be the positive of said
      desired radiation pattern.
NUM  2.
PAR  2. Apparatus as recited in claim 1 wherein said radiation patterns comprise
      two-dimensional arrays of light and dark areas.
NUM  3.
PAR  3. Apparatus as recited in claim 2 wherein at least one of said amplifier
      means further includes masking means associated therewith, said masking
      means comprising an array of spaced apertures for partitioning said
      radiation patterns.
NUM  4.
PAR  4. Apparatus as recited in claim 3 wherein said masking means is positioned
      adjacent to the input of said amplifier means.
NUM  5.
PAR  5. Apparatus as recited in claim 2 wherein said first and second amplifier
      means comprise light addressed liquid crystal panels.
NUM  6.
PAR  6. Apparatus as recited in claim 2 wherein said first and second amplifier
      means comprise different portions of a single light addressed liquid
      crystal panel.
NUM  7.
PAR  7. Apparatus as recited in claim 2 wherein said desired radiation pattern
      comprises a half-tone image.
NUM  8.
PAR  8. Apparatus as recited in claim 2 wherein said circuit includes means for
      erasing the radiation pattern stored therein.
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ABST
PAL  A device is described for reducing the granulation during the transmission
      of optical information with a highly coherent radiation beam. The device
      includes a first objective system, a radiation-diffusing element disposed
      in the image plane thereof, a second objective system and a radiation
      refracting element of a medium whose refractive property is variable under
      the influence of an ultrasonic wave.
BSUM
PAR  The invention relates to a device for reducing granulation when
      transmitting optical information by means of a highly coherent beam of
      radiation.
PAR  A known effect associated with imaging by means of a highly coherent beam
      of radiation is the occurrence of granulation. Said granulation always
      occurs when the radiation path includes media which scatter the radiation
      statistically. Such media may for example be constituted by the objects to
      be imaged themselves, or by holographic storage media, such as
      photo-emulsions, or by projection walls on which information is imaged
      with the aid of laser light. The images, line drawings etc. thus formed
      exhibit a statistical distribution of intensity maxima and minima.
      Theoretical studies have revealed that the size of individual maxima or
      minima which are imaged onto the retina of the observer only depends on
      the pupil diameter and on the wavelength of the radiation used. When a
      text is projected onto a screen with the aid of a laser beam, the maxima
      and minima will have an increasing diameter at an increasing observation
      distance. When said diameter is of the order of magnitude of the image
      elements, the effective resolution decreases, so that finally the text is
      no longer readable. Moreover, even for a size of the maxima and minima
      which is substantially below the size of the picture elements, the
      granulation effect is very fatiguing for the observer.
PAR  Various methods have been proposed for reducing the said negative effects
      of granulation. All known methods are based on the idea that granulation
      can be reduced by superposition of several images of the same information
      content but with a statistically independent granulation distribution. The
      constituent images then should not interfere with each other, which means
      that the individual images must be superposed incoherently. This may be
      achieved by the simultaneous superposition of images produced by means of
      mutually incoherent beams. It is alternatively possible to project the
      individual images in rapid succession. Theoretical and experimental
      research has revealed that a satisfactory averaging of the granulation is
      not achieved until 50 to 100 granulation images are superposed.
PAR  The methods of eliminating granulation known to date are effective and in
      part comparatively simple in all cases in which the information content is
      reproduced statically, as for example with the aid of a slide projector or
      a stationary hologram. In such cases it suffices to produce approx. 50
      images in 1/25 second to cause the granulation to disappear for an
      observer. The images may be readily produced for example by disposing a
      radiation-diffusing disk which rotates with relatively low speed at a
      suitable location in the radiation path.
PAR  However, far more difficult is the situation in which information is
      transmitted through the point-by-point scanning of an image with the laser
      beam. In this case the granulation can be eliminated only when during the
      dwell time of the laser beam in an image point the previously stated 50
      independent patterns of granulation are produced consecutively. As the
      dwell time in many applications (e.g. television pictures) is of the order
      of one microsecond or even less, this requirement implies that the
      granulation patterns must change at a rate of approx. 10 to 100 MHz. In
      German Patent Application 21 50 495 a method is described which in
      principle enables a change of granulation patterns at such a frequency.
      According to said method the projected image is first imaged at
      microscopic size on a ground-glass screen with a very fine-grained
      structure. At a very small distance (of the order of magnitude of
      approximately 1 .mu.m) a second similar ground-glass screen revolves, so
      that after a slight rotation of approx. 0.02 .mu.m a new granulation
      pattern is obtained.
PAR  For dwell times of the laser beam of e.g. 2.mu.secs., which correspond to
      deflection frequencies of 500 kHz now attainable with digital light
      deflection, this results in a speed of rotation of the ground-glass screen
      1 m/sec. Said speed combined with the required high precision of the
      movement imposes extremely stringent requirements on the mechanical means
      of such a device.
PAR  It is an object of the present invention to provide a device in which the
      granulation is reduced without intricate mechanical means and without
      macroscopically moved means.
PAR  The device according to the invention is characterized in that it comprises
      a radiation-diffusing element disposed in the image plane of a first
      objective system, a second objective system behind the radiation-diffusing
      element, and at least one radiation refracting element of a medium whose
      radiation-refracting property is variable under the influence of an
      ultrasonic wave, whose wavelength is at least of the order of magnitude of
      the size of a granulation element of the beam of radiation at the location
      of the radiation-refracting element.
PAR  The information to be reproduced is first imaged onto a stationary
      ground-glass screen with a fine-grained structure, the image produced on
      said plate being imaged onto the actual display screen by a second
      objective while behind or in front of the second objective a liquid or
      solid medium is disposed which is excited by ultrasonic waves.
DRWD
PAR  The invention will now be described with reference to the drawing, in
      which:
PAR  FIG. 1 shows a diagram of a laser reproduction system, and
PAR  FIGS. 2 and 3 show schematic embodiments of devices according to the
      invention.
DETD
PAR  FIG. 1 schematically shows the basic arrangement of a laser reproduction
      system, which operates with a digital laser beam deflector. The laser beam
      produced by a laser source G first traverses the digital light deflector D
      and is subsequently focussed by a first objective O onto a
      radiation-diffusing disk S which is disposed in the focal plane of said
      objective. By the operation of the light deflector a primary image of the
      information to be reproduced is obtained in said focal plane. Without the
      radiation-diffusing disk S the laser beam, which is generally of the
      fundamental-mode type, would be focussed onto the screen P by the second
      objective O.sub.2 in accordance with the dashed lines representing the
      beam limitation. The radiation-diffusing disk S widens the laser beam in
      such a way that the scatter cone fills the aperture of the objective
      O.sub.2. A screen disposed in the plane of the aperture, which also
      constitutes the exit pupil of the projection system, exhibits the
      granulation pattern which is characteristic of laser light for any
      position at which the laser beam hits the radiation-diffusing disk. This
      granulation pattern shows that the waveform of the radiation emerging from
      the radiation-diffusing disk is only approximately spherical. The wave
      fronts exhibit substantial, fine-structured phase fluctuations. As a
      result, the intensity distribution within the focal spot F on the screen P
      is also subject to substantial fluctuations and exhibits a granular
      structure. Said structure is finer according as the aperture of the
      objective O.sub.2 is larger. Any change of the phase fluctuations of the
      wave which traverses the objective O.sub.2 will result in a change of the
      granulation in the focus.
PAR  According to the invention, as is shown in FIG. 2, an element T of a liquid
      or solid medium is disposed in the radiation path before or behind the
      objective O.sub.2. One or more ultrasonic waves propagate through said
      medium. As is known, ultrasonic waves cause periodic dilutions or
      densifications of the substance in the transmission medium. Optically this
      results in a corresponding variation of the refractive index. When the
      wavelength of the ultrasonic wave is sufficiently short, the periodic
      variation of the refractive index acts as an optical diffraction grating:
      a light beam which traverses the medium normal to the direction of
      propagation of the ultrasonic wave is subjected to zero-order,
      first-order, second-order etc. diffraction at diffraction angles, as known
      from the conventional grating theory. Said effect, which has been called
      after Debye and Sears, is employed in numerous methods of spatial and
      temporal light modulation. When the wavelength of the ultrasonic wave is
      substantially greater than that of the light, the periodic variation of
      the refractive index no longer acts as a diffraction grating, but a
      periodic "Schlieren" effect is obtained; which means that the effect of
      the "disturbance" on the propagation of the light may be determined
      substantially in accordance with the laws of geometrical optics. If the
      wavelength of the ultrasonic wave is of approximately the same order of
      magnitude as the diameter of the granulation "grains" of the light wave,
      said "Schlieren" effect of the ultrasonic wave may be used to advantage.
      The refractive index gradients caused by the ultrasonic wave result in a
      deviation of the corresponding individual components of the wave from the
      original direction of propagation and thus in an amplitude and phase
      "re-distribution" within the focal spot; which means that the granulation
      pattern changes. The change is continuously dependent on the continuous
      variation of the refractive index gradient caused by the ultrasonic wave.
      Obviously, the directional modulation of the individual components of the
      light wave is accompanied by a certain widening of the focal spot. The
      smaller the diameter of the granulation grains in the focal spot, the
      smaller are the refractive index gradients caused by the ultrasonic wave
      which are necessary for a change of the granulation structure and the
      smaller becomes the widening of the focal spot for a desired degree of
      elimination of the granulation. The degree of elimination of the
      granulation and the diameter of the focal spot are consequently
      interrelated. Moreover, for the same parameters, the elimination of the
      granulation is better as the aperture of the objective O.sub.2 is larger
      at a corresponding widening of the scatter cone. Tests have revealed that
      under practical conditions of large-screen projection with laser
      radiation, granulation can be eliminated to a satisfactory degree at a
      slight enlargement of the focal spot, - approx. 25 to 50%.
PAR  Even more favorable results than with the abovedescribed device can be
      obtained when instead of the periodic ultrasonic wave an aperiodic
      ultrasonic wave is employed, the correlation length of said wave
      corresponding to that of the optical wave. The aperiodic ultrasonic wave
      can be obtained by approximation by exciting further ultrasonic
      frequencies in the same cell or in a second cell disposed behind it.
      Excitation may take place in one or more media. The device according to
      the invention may be improved still further by generating a second
      ultrasonic field in a direction normal to the direction of propagation of
      the light and normal to the direction of the first ultrasonic field. Thus,
      a higher degree of elimination of granulation can be attained at the same
      defocussing.
PAR  The medium in which the ultrasonic waves are generated need not be disposed
      near the exit aperture of the imaging system. The medium may also be
      disposed near the primary image or near the projection screen P. According
      to the above instructions the wavelength of the ultrasonic wave will have
      to be smaller in those cases.
PAR  The fact that the invention has been explained by describing its use in a
      reproduction device in which the image is obtained by scanning by a laser
      beam, does not imply that the scope of the invention is limited to said
      application. The invention may also be used in reproduction devices in
      which spatial laser beam modulation is obtained in a stationary manner,
      for example with the aid of a hologram on a photographic plate. The
      ultrasonic cell may then be disposed in the exit pupil of the system.
PAR  Instead of with the "Schlieren" method, the image on the display screen may
      also be moved over a path which is small relative to the smallest
      perceptible picture detail by means of a body disposed in the radiation
      path near the objective, for example of a prismatic body, whose position
      or contour can be changed by means of ultrasonic waves.
PAR  In the device of FIG. 3 a laser beam generated by a laser generator G is
      deflected so by the beam deflector D that the beam produces an image of
      the information to be displayed in the focal plane of an objective O.sub.1
      disposed behind the deflector. A ground-glass plate M disposed in the
      focal plane widens the laser beam, which is generally in the fundamental
      mode, to a scatter cone. The diffused radiation is intercepted by a second
      objective O.sub.2. Said objective images the primary image onto the actual
      projection screen P, on which the information is to be observed
      subjectively or objectively. The scatter cone which emerges from each
      point of the primary image is approximately a spherical wave, whose phase
      front is subject to certain fluctuations. In the absence of the
      ground-glass plate M the fundamental-mode laser beam will propagate as
      indicated by the dashed bounding lines behind the focal plane of the first
      objective O.sub.1. At the location of the focus F on the projection screen
      P the wave front is then plane and the intensity distribution is
      homogeneous. Owing to the roughness of the screen P the beam is scattered
      back as a broad spatial cone. Since all elementary waves of the scattered
      back wave have statistically different phases, but in general exhibit a
      mutual degree of coherence of approx. 1 the granulation to be observed
      objectively and subjectively occurs.
PAR  The conversion of the fundamental-mode laser beam into a widened diffused
      beam has no direct effect on the granulation effect, but it ensures that
      the intensity distribution in the focal spot on the screen P is no longer
      homogeneous, but exhibits the variations characteristic of granulation.
      Moreover, the wave front is no longer plane, but has an irregular
      structure.
PAR  Because of the described structure of the wave front in the focal spot any
      movement of said spot over the screen over a distance greater than the
      dimension of a granulation point leads to a variation of the granulation
      structure in the far field of the light which is scattered back by the
      screen P. For example, if somebody observes the image produced by the
      laser at such a distance that the granulation elements in the picture
      element are no longer observed separately, the observer receives the
      impression of a continually changing pattern of granulation on his retira
      during the said movements.
PAR  If the image projected onto the screen P through the ground-glass plate M
      is moved at high frequency over a distance which is a fraction of the size
      of a picture element and greater than the diameter of the granulation
      element, i.e. that the amplitude of an ultrasonically-controlled medium is
      employed, this also allows a substantial reduction of the granulation to
      be obtained.
PAR  Behind the objective O.sub.2 a medium is located of a material that can be
      excited by ultrasonic waves of a wavelength of the order of magnitude of
      the objective aperture. A preferred embodiment consists of an oblong
      quartz plate Q, which is excited to acoustic resonance. In this case the
      thickness of the plate in the center varies with maximum amplitude, while
      the amplitude of the thickness variation decreases towards the outside.
      Accordingly, the quartz plate functions as a double prism with variable
      refraction. When the plate is disposed in front of the objective O.sub.2
      with one of the two halves and the thickness is varied periodically, the
      light beam emerging from the objective will be periodically deflected
      through a generally small angle. The focal spot of the laser beam on the
      projection wall P is then moved accordingly. When the amplitude of said
      periodic movement is greater than the average size of the granulation
      elements, an observer at a distance from which the individual intensity
      fluctuations in the focal spot can no longer be perceived, will observe a
      granulation structure which is independent of said movement.
PAR  At a sufficiently high amplitude of the periodic thickness variations and a
      sufficiently small granulation structure in the focal spot the number of
      independent granulation structures observed by the observer becomes so
      high that the observed granulation is averaged at the expense of only a
      slight loss of picture definition.
PAR  The number of independent granulation structures viewed by the observer may
      be increased substantially when the movement of the focal spot occurs in
      two directions. Therefore, elaborating the concept underlying the
      invention, two vibration plates are disposed in the radiation path, one
      plate Q being turned through 90.degree. about the axis of the system
      relative to the other plate Q'.
PAR  According to a further modification a further vibration plate Q" may be
      disposed near the objective 01, with the aid of which the focus of the
      laser beam can be moved over the ground-glass plate M. The two plates Q
      and Q" are caused to vibrate synchronously with such an amplitude and in
      such a direction that the focus F on the projection screen P is
      stationary. Owing to the co-operation of the two vibrations the
      granulation in the focal spot in the projection screen changes with time,
      without a loss of picture definition.
PAR  The device may also be employed in imaging systems with stationary spatial
      laser beam modulation, utilizing for example holograms.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for reducing the granulation when transmitting optical
      information with the aid of a highly coherent beam of radiation, wherein
      it comprises a radiation diffusing element disposed in the image plane of
      a first objective system, a second objective system behind the radiation
      diffusing element, and at least one radiation refracting element of a
      medium whose radiation refracting property is variable under the influence
      of an ultrasonic wave whose wavelength is at least of the order of
      magnitude of the size of a granulation element of the radiation beam at
      the location of the radiation refracting element.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein the radiation-refracting element
      is constituted by a cell with a liquid medium, in which an ultrasonic wave
      propagates in a direction transverse to the direction of propagation of
      the radiation beam.
NUM  3.
PAR  3. A device as claimed in claim 2, wherein the ultrasonic wave is composed
      of several waves of different ultrasonic frequencies.
NUM  4.
PAR  4. A device as claimed in claim 2, wherein a second ultrasonic wave
      propagates through the medium, whose direction of propagation is
      transverse to that of the radiation beam and transverse to that of the
      first wave.
NUM  5.
PAR  5. A device as claimed in claim 2, wherein a second cell with a liquid
      medium is disposed in the radiation path, in which cell an ultrasonic wave
      propagates in a direction transverse to the direction of propagation of
      the radiation beam and transverse to the direction of propagation of the
      ultrasonic wave in the first cell.
NUM  6.
PAR  6. A device as claimed in claim 1, wherein a beam-refracting element is
      constituted by a prismatic body of a solid material, whose beam-refracting
      property is variable under the influence of an ultrasonic wave.
NUM  7.
PAR  7. A device as claimed in claim 6, wherein a second prismatic body is
      provided having the same property as the first prismatic body, and in that
      second body is disposed at 90.degree. relative to the first body.
NUM  8.
PAR  8. A device as claimed in claim 6, wherein a first prismatic body is
      disposed behind the first objective system and before the radiation
      diffusing element, and a second prismatic body is disposed behind the
      second objective system.
NUM  9.
PAR  9. A device as claimed in claim 6, wherein a prismatic body is constituted
      by a stationary plate of an optically refracting material, whose thickness
      is variable in the direction of propagation of the radiation beam.
NUM  10.
PAR  10. A device as claimed in claim 6, wherein a prismatic body is constituted
      by a prism of an optical refractive material of fixed dimensions, whose
      orientation is variable.
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ABST
PAL  A symmetrical type four-component lens system comprises, in the direction
      of incidence of light, a first lens component, a second lens component, a
      stop, a third lens component and a fourth lens component. Each lens
      component is a combination of a positive and a negative lens element, the
      concave surface of each element facing the stop. The surfaces of the first
      and fourth components facing the stop have shorter radii of curvature than
      the surfaces of the second and third components facing away from the stop.
      The first and fourth components have greater focal lengths than the second
      and third components. The second and third components satisfy certain
      conditions relating to the materials forming them.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a symmetrical type four-component lens system for
      use as a photographic lens, reproduction lens or the like.
PAR  2. Description of the Prior Art
PAR  The four-component lenses of the prior art, particularly those which
      satisfy the conditions that the surface of each lens component facing a
      stop be concave with respect to the stop, that the surfaces of the first
      and fourth lens components facing the stop have radii of curvature less
      than the radii of curvature of the surfaces of the second and third lens
      components facing away from the stop, and that the first and fourth lens
      components have focal lengths greater in absolute value than the focal
      lengths of the second and third lens components, have the limitation that
      the width of the axial chromatic aberration in equimultiple magnification
      (1/1) can only be corrected, at best, to a value on the order of 4/1,000
      of the total focal length.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a symmetrical four-component lens
      satisfying the above-mentioned conditions has second and third lens
      components each comprising a combination of a positive lens element and a
      negative lens element, the width of the axial chromatic aberration of the
      lens in equimultiple magnification (1/1) being corrected to a value on the
      order of 4/10,000 of the total focal length by imposing certain conditions
      upon the materials which form the positive and negative elements.
PAR  Description will now be made of how to remove chromatic aberration from a
      lens for light comprising wavelengths E (green: 546.1m.mu.), G (blue:
      435.8m.mu.) and C (orange: 656.3m.mu.). Designating the refractive indices
      of the lens-forming materials for the wavelengths E, G and C as n.sub.E,
      n.sub.G and n.sub.C, respectively, the value K in equation (1) below may
      conveniently be treated as representing the optical properties of the
      lens-forming materials.
      ##EQU1##
PAR  If all the lens-forming materials have equal values of K but different
      dispersive powers, it will be apparent that the chromatic aberration in
      the lens for light comprising wavelengths E, G and C can be completely
      removed. In practice, however, the materials generally used for forming
      lenses have the characteristic that as the dispersive power increases (or
      as the Abbe number
      ##EQU2##
      which is the reciprocal of the dispersive power, decreases), the value of
      K decreases. Combinations of materials which have equal values of K  but
      different dispersive powers are rare, and combinations of materials which
      have greatly different dispersive powers are extremely rare. Therefore,
      the degree of freedom with respect to the index of refraction of
      lens-forming materials is limited and, depending on the construction of
      the lens, correction of aberrations other than chromatic aberration is
      very difficult to attain.
PAR  In accordance with the invention, the chromatic aberration in a lens of the
      above-described type can be removed substantially completely by forming
      each of the second and third lens components as a combination of a
      positive element and a negative element, and by imposing certain
      conditions upon the materials which form those positive and negative
      elements.
PAR  The invention will become more fully apparent from the following detailed
      description taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of a four-component lens system in accordance
      with the invention;
PAR  FIGS. 2(A) and 2(B) show the aberration curves of a first embodiment of the
      invention;
PAR  FIGS. 3(A) and 3(B) show the aberration curves of a second embodiment of
      the invention;
PAR  FIGS. 4(A) - 4(C) show the aberration curves of a third embodiment of the
      invention; and
PAR  FIGS. 5(A) - 5(C) show the aberration curves of a fourth embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 1, a symmetrical type four-component lens in accordance
      with the present invention comprises, in the direction of incidence of
      light, a first positive meniscus lens component L1, a second positive
      meniscus lens component L2, a stop S, a third positive meniscus lens
      component L3 and a fourth positive meniscus lens component L4, each lens
      component being a combination of a positive lens element and a negative
      lens element. In a lens of this type, it is desirable that the indices of
      refraction of the materials forming the first and fourth lens components
      L1 and L4 be greater than those of the materials forming the second and
      third lens components L2 and L3 and that the indices of refraction of the
      materials forming the negative lens elements be smaller than those of the
      materials forming the positive lens elements. However, no commercially
      available glass material provides equal values of K for the positive and
      negative lens elements forming the first and fourth components L1 and L4
      in a lens having a construction which staisfies the foregoing conditions.
      Designating the values of K for the positive lens elements of the first
      and fourth components L1 and L4 as K.sub.p1 and K.sub.p4, respectively,
      and the values of K for the negative lens elements of of the same
      components as K.sub.n1 and K.sub.n4, respectively, the relationship of
      these values is generally expressed by equation (2) below.
EQU  K.sub.p1 - K.sub.n1 &gt; o                                    (2)
EQU  K.sub.p4 - K.sub.n4 &gt; 0
PAL  Consequently, if K.sub.p is the sum of the K values in the glass materials
      forming the positive lens elements of the second and third components L2
      and L3, if .nu..sub.p is the sum of the Abbe numbers of these glass
      materials, if K.sub.n is the sum of the K values in the glass materials
      forming the negative lens elements of the second and third components L2
      and L3, and if .nu..sub.n is the sum of the Abbe numbers of the latter
      glass materials, then the desired relationship of these values is
      expressed as follows:
EQU  K.sub.p - K.sub.n .ltoreq. 0                               (3)
EQU  .nu..sub.p - .nu..sub.n &gt; 10
PAR  Thus, in accordance with the invention, a combination of glass materials is
      selected which will satisfy the two conditions in equation (3)
      simultaneously. If the conditions expressed by equation (3) were imposed
      upon only one of the second and third components L2 and L3, there would be
      provided a lens system having less chromatic aberration than conventional
      lenses, but having more chromatic aberration than a lens system wherein
      the conditions of equation (3) are imposed on both lens components.
PAR  With regard to the condition of equation (3) that .nu..sub.p - .nu..sub.n &gt;
      10, it has been found that for .nu..sub.p - .nu..sub.n &lt; 10 the refractive
      powers of the positive and negative lens elements are too great to provide
      a lens of sufficient F-number.
PAR  The invention will be described in more detail referring to the following
      four examples, wherein
PA1  R = radius of curvature
PA1  d = center thickness of lens and lens spacing
PA1  .nu. = Abbe number of the glass used.
PA1  n = index of refraction of the respective lens elements measured at the
      designated wavelengths.
TBL  Example I                                                                 
     Total focal length f=100, F-number 1:5.6,                                 
     Magnification M-1/1 (Perfect Symmetry)                                    
     ______________________________________                                    
     R.sub.1  =                                                                
            23.285   d.sub.1                                                   
                            = 7.972                                            
                                   .nu..sub.1 = 49.5                           
                                          K.sub.p1 = 0.34551                   
     R.sub.2  =                                                                
            -217.425 d.sub.2                                                   
                            = 1.812                                            
                                   .nu..sub.2 = 44.3                           
                                          K.sub.n1 = 0.34429                   
     R.sub.3  =                                                                
            17.394   d.sub.3                                                   
                            = 1.051                                            
     R.sub.4  =                                                                
            26.816   d.sub.4                                                   
                            = 2.682                                            
                                   .nu..sub.3 = 64.2                           
                                          K.sub.n2 = 0.35599                   
     R.sub.5  =                                                                
            12.901   d.sub.5                                                   
                            = 5.001                                            
                                   .nu..sub.4 = 81.5                           
                                          K.sub.p2 = 0.35403                   
     R.sub.6  =                                                                
            46.384   d.sub.6                                                   
                            = 6.378                                            
     R.sub.7  =                                                                
            -46.384  d.sub.7                                                   
                            = 5.001                                            
                                   .nu..sub.5 = 81.5                           
                                          K.sub.p3 = 0.35403                   
     R.sub.8  =                                                                
            -12.901  d.sub.8                                                   
                            = 2.682                                            
                                   .nu..sub.6 = 64.2                           
                                          K.sub.n3 = 0.35599                   
     R.sub.9   =                                                               
            -26.816  d.sub.9                                                   
                            = 1.051                                            
     R.sub.10 =                                                                
            -17.394   d.sub.10                                                 
                            = 1.812                                            
                                   .nu..sub.7 = 44.3                           
                                          K.sub.n4 = 0.34429                   
     R.sub.11 =                                                                
            217.425   d.sub.11                                                 
                            = 7.972                                            
                                   .nu..sub.8 = 49.5                           
                                          K.sub.p4 = 0.34451                   
     R.sub.12 =                                                                
            -23.285                                                            
     K.sub.p - K.sub.n = - .00392                                              
                        .nu..sub.p - .nu..sub.n = 34.6                         
     ______________________________________                                    
     Indices of Refraction for Example I                                       
     ______________________________________                                    
     n.sub.E1 = 1.69091                                                        
                 n.sub.G1 = 1.70506                                            
                               n.sub.C1 = 1.68344                              
     n.sub.E2 = 1.61595                                                        
                 n.sub.G2 = 1.63012                                            
                               n.sub.C2 = 1.60851                              
     n.sub.E3 = 1.51871                                                        
                 n.sub.G3 = 1.52667                                            
                               n.sub.C3 = 1.51431                              
     n.sub.E4 = 1.48749                                                        
                 n.sub.G4 = 1.49342                                            
                               n.sub.C4 = 1.49424                              
     n.sub.E5 = 1.48749                                                        
                 n.sub.G5 = 1.49342                                            
                               n.sub.C5 = 1.48424                              
     n.sub.E6 = 1.51871                                                        
                 n.sub.G6 = 1.52667                                            
                               n.sub.C6 = 1.51431                              
     n.sub.E7 = 1.61595                                                        
                 n.sub.G7 = 1.63012                                            
                               n.sub.C7 = 1.60851                              
     n.sub.E8 = 1.69091                                                        
                 n.sub.G8 = 1.70506                                            
                               n.sub.C8 = 1.68344                              
     ______________________________________                                    
TBL  Example II                                                                
     Total focal length 9 100, F-number 1:5.6,                                 
     Magnification M=1/1 (Perfect Symmetry)                                    
     ______________________________________                                    
     R.sub.1  =                                                                
            25.425    d.sub.1  =                                               
                             13.597                                            
                                   .nu..sub.1 = 58.6                           
                                          K.sub.p1 = 0.35087                   
     R.sub.2  =                                                                
            -224.347  d.sub.2  =                                               
                             1.700 .nu..sub.2 = 52.8                           
                                          K.sub.n1 = 0.34991                   
     R.sub.3  =                                                                
            17.139    d.sub.3  =                                               
                             0.986                                             
     R.sub.4  =                                                                
            25.514    d.sub.4  =                                               
                             2.515 .nu..sub.3 = 67.2                           
                                          K.sub.n2 = 0.35525                   
     R.sub.5  =                                                                
            11.693    d.sub.5  =                                               
                             4.691 .nu..sub.4 = 94.9                           
                                          K.sub.p2 = 0.35328                   
     R.sub.6  =                                                                
            47.929    d.sub.6  =                                               
                             4.936                                             
     R.sub.7  =                                                                
            -47.929   d.sub.7  =                                               
                             4.691 .nu..sub.5 = 94.9                           
                                          K.sub.p3 = 0.35328                   
     R.sub.8  =                                                                
            -11.693   d.sub.8  =                                               
                             2.515 .nu..sub.6 = 67.2                           
                                          K.sub.n3 =  0.35525                  
     R.sub.9  =                                                                
            -25.514   d.sub.9  =                                               
                             0.986                                             
     R.sub.10 =                                                                
            -17.139   d.sub.10 =                                               
                             1.700 .nu..sub.7 = 52.8                           
                                          K.sub.n4 = 0.34991                   
     R.sub.11 =                                                                
            224.347   d.sub.11 =                                               
                             13.597                                            
                                   .nu..sub.8 = 58.6                           
                                          K.sub.p4 = 0.35087                   
     R.sub.12 =                                                                
            -25.425                                                            
     K.sub.p - K.sub.n = - .00394                                              
                        .nu..sub.p - .nu..sub.n = 55.4                         
     ______________________________________                                    
     Indices of Refraction for Example II                                      
     ______________________________________                                    
     n.sub.E1 = 1.61521                                                        
                 n.sub.G1 = 1.62570                                            
                               n.sub.C1 = 1.60954                              
     n.sub.E2 = 1.52365                                                        
                 n.sub.G2 = 1.53359                                            
                               n.sub.C2 = 1.51830                              
     n.sub.E3 = 1.44786                                                        
                 n.sub.G3 = 1.45443                                            
                               n.sub.C3 = 1.44424                              
     n.sub.E4 = 1.43497                                                        
                 n.sub.G4 = 1.43951                                            
                               n.sub.C4 = 1.43249                              
     n.sub.E5 = 1.43497                                                        
                 n.sub.G5 = 1.43951                                            
                               n.sub.C5 =  1.43249                             
     n.sub.E6 = 1.44786                                                        
                 n.sub.G6 = 1.45443                                            
                               n.sub.C6 = 1.44424                              
     n.sub.E7 = 1.52365                                                        
                 n.sub.G7 = 1.53359                                            
                               n.sub.C7 = 1.51830                              
     n.sub.E8 = 1.61521                                                        
                 n.sub.G8 = 1.62570                                            
                               n.sub.C8 = 1.60954                              
     ______________________________________                                    
TBL  Example III                                                               
     Total focal length f=100, F-number 1:5.6,                                 
     Magnification M=1/2                                                       
     ______________________________________                                    
     R.sub.1  =                                                                
            23.105   d.sub.1                                                   
                            = 7.719                                            
                                   .nu..sub.1 = 49.5                           
                                          K.sub.p1 = 0.34551                   
     R.sub.2  =                                                                
            -219.798 d.sub.2                                                   
                            = 1.827                                            
                                   .nu..sub.2 = 44.3                           
                                          K.sub.n1 = 0.34429                   
     R.sub.3  =                                                                
            17.383   d.sub.3                                                   
                            = 1.061                                            
     R.sub.4  =                                                                
            27.478   d.sub.4                                                   
                            =2.652 .nu..sub.3 = 64.2                           
                                          K.sub.n2 = 0.35599                   
     R.sub.5  =                                                                
            13.043   d.sub.5                                                   
                            = 4.496                                            
                                   .nu..sub.4 = 81.5                           
                                          K.sub.p2 = 0.35403                   
     R.sub.6  =                                                                
            46.285   d.sub.6                                                   
                            = 6.447                                            
     R.sub.7  =                                                                
            -47.601  d.sub.7                                                   
                            = 4.614                                            
                                   .nu..sub.5 = 81.5                           
                                          K.sub.p3 = 0.35403                   
     R.sub.8  =                                                                
            -13.043  d.sub.8                                                   
                            = 2.711                                            
                                   .nu..sub.6 = 64.2                           
                                          K.sub.n3 = 0.35599                   
     R.sub.9   =                                                               
            -26.728  d.sub.9                                                   
                            = 1.061                                            
     R.sub.10 =                                                                
            -17.383   d.sub.10                                                 
                            = 1.827                                            
                                   .nu..sub.7 = 44.3                           
                                          K.sub.n4 = 0.34429                   
     R.sub.11 =                                                                
            219.798   d.sub.11                                                 
                            = 7.796                                            
                                   .nu..sub.8 = 49.5                           
                                          K.sub.p4 = 0.34551                   
     R.sub.12 =                                                                
            -23.258                                                            
     K.sub.p - K.sub.n = - .00392                                              
                        .nu..sub.p - .nu..sub.n = 34.6                         
     ______________________________________                                    
     Indices of Refraction for Example III                                     
     ______________________________________                                    
     n.sub.E1 = 1.69091                                                        
                 n.sub.G1 = 1.70506                                            
                               n.sub.C1 = 1.68344                              
     n.sub.E2 = 1.61595                                                        
                 n.sub.G2 = 1.63012                                            
                               n.sub.C2 = 1.60851                              
     n.sub.E3 = 1.51871                                                        
                 n.sub.G3 = 1.52667                                            
                               n.sub.C3 = 1.51431                              
     n.sub.E4 = 1.48749                                                        
                 n.sub.G4 = 1.49342                                            
                               n.sub.C4 = 1.48424                              
     n.sub.E5 = 1.48749                                                        
                 n.sub.G5 = 1.49342                                            
                               n.sub.C5 = 1.48424                              
     n.sub.E6 =  1.51871                                                       
                 n.sub.G6 = 1.52667                                            
                               n.sub.C6 = 1.51431                              
     n.sub.E7 = 1.61595                                                        
                 n.sub.G7 = 1.63012                                            
                               n.sub.C7 = 1.60851                              
     n.sub.E8 = 1.69091                                                        
                 n.sub.G8 = 1.70506                                            
                               n.sub.C8 = 1.68344                              
     ______________________________________                                    
TBL  Example IV                                                                
     Total focal length f=100, F-number 1:5.6,                                 
     Magnification M=1/2                                                       
     ______________________________________                                    
     R.sub.1                                                                   
         =     25.434   d.sub.1   =                                            
                              13.541                                           
                                    .nu..sub.1 = 58.6                          
                                            K.sub.p1 = 0.35087                 
     R.sub.2                                                                   
         =     -224.569 d.sub.2    =                                           
                              1.648 .nu..sub.2 = 52.8                          
                                            K.sub.n1 = 0.34991                 
     R.sub.3                                                                   
         =     16.735   d.sub.3   =                                            
                              1.001                                            
     R.sub.4                                                                   
         =     25.775   d.sub.4   =                                            
                              2.355 .nu..sub.3 = 67.2                          
                                            K.sub.n2 = 0.35525                 
     R.sub.5                                                                   
         =     12.010   d.sub.5   =                                            
                              4.828 .nu..sub.4 = 94.9                          
                                            K.sub.p2 = 0.35328                 
     R.sub.6                                                                   
         =     48.005   d.sub.6   =                                            
                              4.945                                            
     R.sub.7                                                                   
         =     -48.954  d.sub.7   =                                            
                              5.534 .nu..sub.5 = 94.9                          
                                            K.sub.p3 = 0.35328                 
     R.sub.8                                                                   
         =     -11.728  d.sub.8   =                                            
                              1.707 .nu..sub.6 = 67.2                          
                                            K.sub.n3 = 0.35525                 
     R.sub.9                                                                   
         =     -25.993  d.sub.9   =                                            
                              1.001                                            
     R.sub.10                                                                  
         =     -17.830  d.sub.10 =                                             
                              1.707 .nu..sub.7 = 52.8                          
                                            K.sub.n4 = 0.34991                 
     R.sub.11                                                                  
         =     227.977  d.sub.11 =                                             
                              13.423                                           
                                    .nu..sub.8 = 58.6                          
                                            K.sub.p4 = 0.35087                 
     R.sub.12                                                                  
         =     -25.484                                                         
     ______________________________________                                    
     K.sub.p - K.sub.n = -.00394                                               
                        .nu..sub.p - .nu..sub.n = 55.4                         
     ______________________________________                                    
     Indices of Refraction for Example IV                                      
     ______________________________________                                    
     n.sub.E1 = 1.61521                                                        
                  n.sub.G1 = 1.62570                                           
                                n.sub.C1 = 1.60954                             
     n.sub.E2 = 1.52365                                                        
                  n.sub.G2 = 1.53359                                           
                                n.sub.C2 = 1.51830                             
     n.sub.E3 = 1.44786                                                        
                  n.sub.G3 = 1.45443                                           
                                n.sub.C3 = 1.44424                             
     n.sub.E4 = 1.43497                                                        
                  n.sub.G4 = 1.43951                                           
                                n.sub.C4 = 1.43249                             
     n.sub.E5 = 1.43497                                                        
                  n.sub.G5 = 1.43951                                           
                                n.sub.C5 = 1.43249                             
     n.sub.E6 = 1.44786                                                        
                  n.sub.G6 = 1.45443                                           
                                n.sub.C6 = 1.44424                             
     n.sub.E7 = 1.52365                                                        
                  n.sub.G7 = 1.53359                                           
                                n.sub.C7 = 1.51830                             
     n.sub.E8 = 1.61521                                                        
                  n.sub.G8 = 1.62570                                           
                                n.sub.C8 = 1.60954                             
     ______________________________________                                    
PAR  The spherical aberration and astigmatism of the lenses of Examples I and II
      are shown in FIGS. 2(A) and 2(B) and 3(A) and 3(B), respectively, and the
      spherical aberration, astigmatism and distortion of the lenses of Examples
      III and IV are shown in FIGS. 4(A) - 4(C) and 5(A) - 5(C), respectively.
      It will be apparent that the various aberrations have been well corrected
      and, more particularly, that the chromatic aberration has been removed to
      a negligible extent, that is, the width of axial chromatic aberration has
      been reduced to a value on the order of 4/10,000 of the total focal
      length.
PAR  It is believed that the advantages and improved results furnished by the
      lens systems of the invention will be apparent from the foregoing
      description of several preferred embodiments of the invention. Various
      changes and modifications may be made without departing from the spirit
      and scope of the invention as sought to be defined in the following claims
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A symmetrical type four-component lens system comprising, in the
      direction of incidence of light, a first positive meniscus lens component
      (L1), a second positive meniscus lens component (L2), a stop (S), a third
      positive meniscus lens component (L3) and a fourth positive meniscus lens
      component (L4), each of the lens components being a combination of a
      positive lens element and a negative lens element, the concave surfaces of
      each of the lens components facing the stop, the radii of curvature (R3
      and R10) of the surfaces of the first and fourth components facing the
      stop being less than the radii of curvature (R4 and R9) of the surfaces of
      the second and third components facing away from the stop, the focal
      lengths of the first and fourth components being greater than the focal
      lengths of the second and third components, and the second and third
      components satisfying the following conditions:
PAL  K.sub.p - K.sub.n is in the range of approximately -0.00392 to -0.00394,
      and .nu..sub.p - .nu..sub.n is in the range of approximately 34.6 to 55.4,
      where, if n.sub.E, n.sub.G and n.sub.C are the refractive indices of the
      lens-forming materials for light rays of wavelengths E (546.1m.mu.), G
      (435.8m.mu.) and C (656.3m.mu.), respectively, and if K is the value
      represented by (n.sub.E - n.sub.C)/(n.sub.G - n.sub.C), then K.sub.p is
      the sum of the K values of the materials forming the positive elements in
      the second and third components, .nu..sub.p is the sum of the Abbe numbers
      of the materials forming the positive elements in the second and third
      components, K.sub.n is the sum of the K values of the materials forming
      the negative elements in the second and third components, and .nu..sub. n
      is the sum of the Abbe numbers of the materials forming the negative
      elements in the second and third components.
NUM  2.
PAR  2. A symmetrical type four-component lens system according to claim 1,
      wherein the elements of the system referred to in claim 1 have
      substantially the following values:
TBL       R.sub.1   = d.sub.1   = 7.972                                        
                                .nu..sub.1 = 49.5                              
                                        K.sub.p1 = 0.34551                     
     L1   R.sub.2   = -217.425                                                 
                      d.sub.2   = 1.812                                        
                                .nu..sub.2 = 44.3                              
                                        K.sub.n1 = 0.34429                     
          R.sub.3   = d.sub.3   = 1.051                                        
          R.sub.4   = d.sub.4   = 2.682                                        
                                .nu..sub.3 = 64.2                              
                                        K.sub.n2 = 0.35599                     
     L2   R.sub.5   = d.sub.5   = 5.001                                        
                                .nu..sub.4 = 81.5                              
                                        K.sub.p2 = 0.35403                     
          R.sub.6   = d.sub.6   = 6.378                                        
          R.sub.7   = -46.384                                                  
                      d.sub.7   = 5.001                                        
                                .nu..sub.5 = 81.5                              
                                        K.sub.p3 = 0.35403                     
     L3   R.sub.8   = -12.901                                                  
                      d.sub.8   =  2.682                                       
                                .nu..sub.6 = 64.2                              
                                        K.sub.n3 = 0.35599                     
          R.sub.9   = -26.816                                                  
                      d.sub.9   = 1.051                                        
          R.sub.10 = -17.394                                                   
                      d.sub.10 = 1.812                                         
                                .nu..sub.7 = 44.3                              
                                        K.sub.n4 = 0.34429                     
     L4   R.sub.11 =  217.425                                                  
                      d.sub.11 = 7.972                                         
                                .nu..sub.8 = 49.5                              
                                        K.sub.p4 = 0.34551                     
          R.sub.12 = -23.285                                                   
PAL  where
PA1  R denotes radius of curvature
PA1  d -- the center thickness of the lens and lens spacing, and
PA1  .nu. -- the Abbe number of the glass used.
NUM  3.
PAR  3. A symmetrical type four-component lens system according to claim 1,
      wherein the elements of the system referred to in claim 1 have
      substantially the following values:
TBL       R.sub.1 =  25.425                                                    
                      d.sub.1 =13.597                                          
                                 .nu..sub.1 =58.6                              
                                         K.sub.p1 =0.35087                     
     L1   R.sub.2 =-224.347                                                    
                      d.sub.2 = 1.700                                          
                                 .nu..sub.2 =52.8                              
                                         K.sub.n1 =0.34991                     
          R.sub.3 =  17.139                                                    
                      d.sub.3 = 0.986                                          
          R.sub.4 =  25.514                                                    
                      d.sub.4 = 2.515                                          
                                 .nu..sub.3 =67.2                              
                                         K.sub.n2 =0.35525                     
     L2   R.sub.5 =  11.693                                                    
                      d.sub.5 = 4.691                                          
                                 .nu..sub.4 =94.9                              
                                         K.sub.p2 =0.35328                     
          R.sub.6 =  47.929                                                    
                      d.sub.6 = 4.936                                          
          R.sub.7 = -47.929                                                    
                      d.sub.7 = 4.691                                          
                                 .nu..sub.5 =94.9                              
                                         K.sub.p3 =0.35328                     
     L3   R.sub.8 = -11.693                                                    
                      d.sub.8 = 2.515                                          
                                 .nu..sub.6 =67.2                              
                                         K.sub.n3 =0.35525                     
          R.sub.9 = -25.514                                                    
                      d.sub.9 = 0.986                                          
          R.sub.10 = -17.139                                                   
                      d.sub.10 = 1.700                                         
                                 .nu..sub.7 = 52.8                             
                                         K.sub.n4 =0.34991                     
     L4   R.sub.11 =  224.347                                                  
                      d.sub.11 =13.597                                         
                                 .nu..sub.8 =58.6                              
                                         K.sub.p4 =0.35087                     
          R.sub.12 = -25.425                                                   
PAL  where
PA1  R denotes radius of curvature,
PA1  d -- the center thickness of the lens and lens spacing, and
PA1  .nu. -- the Abbe number of the glass used.
NUM  4.
PAR  4. A symmetrical type four-component lens system according to claim 1,
      wherein the elements of the system referred to in claim 1 have
      substantially the following values:
TBL       R.sub.1   = d.sub.1   = 7.719                                        
                                .nu..sub.1 = 49.5                              
                                        K.sub.p1 = 0.34551                     
     L1   R.sub.2   = -219.798                                                 
                      d.sub.2   = 1.827                                        
                                .nu..sub.2 = 44.3                              
                                        K.sub.n1 = 0.34429                     
          R.sub.3   = d.sub.3   = 1.061                                        
          R.sub.4   = d.sub.4   = 2.652                                        
                                .nu..sub.3 = 64.2                              
                                        K.sub.n2 = 0.35599                     
     L2   R.sub.5   = d.sub.5   = 4.496                                        
                                .nu..sub.4 = 81.5                              
                                        K.sub.p2 = 0.35403                     
          R.sub.6   = d.sub.6   = 6.447                                        
          R.sub.7   = -47.601                                                  
                      d.sub.7   = 4.614                                        
                                .nu..sub.5 = 81.5                              
                                        K.sub.p3 = 0.35403                     
     L3   R.sub.8   = -13.043                                                  
                      d.sub.8   = 2.711                                        
                                .nu..sub. 6 = 64.2                             
                                        K.sub.n3 = 0.35599                     
          R.sub.9   = -26.728                                                  
                      d.sub.9   = 1.061                                        
          R.sub.10 = -17.383                                                   
                      d.sub.10 = 1.827                                         
                                .nu..sub.7 = 44.3                              
                                        K.sub.n4 = 0.34429                     
     L4   R.sub.11 = 219.798                                                   
                      d.sub.11 = 7.796                                         
                                .nu..sub.8 = 49.5                              
                                        K.sub.p4 = 0.34551                     
          R.sub.12 = -23.258                                                   
PAL  where
PA1  R denotes radius of curvature,
PA1  d -- the center thickness of the lens and lens spacing, and
PA1  .nu. -- the Abbe number of the glass used.
NUM  5.
PAR  5. A symmetrical type four-component lens system according to claim 1,
      wherein the elements of the system referred to in claim 1 have
      substantially the following values:
TBL       R.sub.1 = 25.434                                                     
                      d.sub.1 = 13.541                                         
                                 .nu..sub.1 =58.6                              
                                         K.sub.p1 =0.35087                     
     L1   R.sub.2 = -224.569                                                   
                      d.sub.2 = 1.648                                          
                                 .nu..sub.2 =52.8                              
                                         K.sub.n1 =0.34991                     
          R.sub.3 = 16.735                                                     
                      d.sub.3 = 1.001                                          
          R.sub.4 = 25.775                                                     
                      d.sub.4 = 2.355                                          
                                 .nu..sub.3 =67.2                              
                                         K.sub.n2 =0.35525                     
     L2   R.sub.5 = 12.010                                                     
                      d.sub.5 = 4.828                                          
                                 .nu..sub.4 =94.9                              
                                         K.sub.p2 =0.35328                     
          R.sub.6 = 48.005                                                     
                      d.sub.6 = 4.945                                          
          R.sub.7 = -48.954                                                    
                      d.sub.7 = 5.534                                          
                                 .nu..sub.5 =94.9                              
                                         K.sub.p3 =0.35328                     
     L3   R.sub.8 = -11.728                                                    
                      d.sub.8 = 1.707                                          
                                 .nu..sub.6 =67.2                              
                                         K.sub.n3 =0.35525                     
          R.sub.9 = -25.993                                                    
                      d.sub.9 = 1.001                                          
          R.sub.10 = -17.830                                                   
                      d.sub.10 = 1.707                                         
                                 .nu..sub.7 =52.8                              
                                         K.sub. n4 =0.34991                    
     L4   R.sub.11 = 227.977                                                   
                      d.sub.11 =13.423                                         
                                 .nu..sub.8 =58.6                              
                                         K.sub.p4 =0.35087                     
          R.sub.12 = -25.484                                                   
PAL  where
PA1  R denotes radius of curvature,
PA1  d -- the center thickness of the lens and lens spacing, and
PA1  .nu. -- the Abbe number of the glass used.
NUM  6.
PAR  6. A symmetrical type four-component lens system comprising in the
      direction of incidence of light, a first positive meniscus lens component
      (L1), a secoond positive meniscus lens component (L2), a stop (S), a third
      positive meniscus lens component (L3) and a fourth positive meniscus lens
      component (L4), each of the lens components being a combination of a
      positive and a negative lens element, the concave surfaces of each of the
      lens components facing the stop, the radii of curvature (R3 and R10) of
      the surfaces of the first and fourth components facing the stop being less
      than the radii of curvature (R4 and R9) of the surfaces of the second and
      third components facing away from the stop, the focal lengths of the first
      and fourth components being greater than the focal lengths of the second
      and third components, one component of said second and third components
      satisfying the following conditions:
PAL  K.sub.p - K.sub.n is in the range of approximately -0.00392 to -0.00394,
      and .nu..sub.p - .nu..sub.n is in the range of approximately 34.6 to 55.4,
      where, if n.sub.E, n.sub.G and n.sub.C are the refractive indices of the
      lens-forming materials for light rays of wavelengths E(546.1m.mu.), G
      (435.8m.mu.) and C (656.3m.mu.), respectively, and if K is the value
      represented by (n.sub.E - n.sub.C)/(n.sub.G - n.sub.C), then K.sub.p is
      the K value of the material forming the positive element of said one
      component, .nu..sub.p is the Abbe number of the material forming the
      positive element of said one component, K.sub.n is the K value of the
      material forming the negative element of said one component, and
      .nu..sub.n is the Abbe number of the material forming the negative element
      of said one component.
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ABST
PAL  Improved catoptric lens arrangements to form beams from the energy emitted
      by extended sources of wave propagated energy are disclosed. All
      embodiments utilize at least a pair of mirrors disposed along a common
      axis, one of such mirrors being convex and the other concave, the
      generatrices of the reflecting surfaces of such mirrors being curves with
      noncoincident focal points, such generatrices being always divergent. At
      least one source of wave propagated energy is disposed between such
      reflecting surfaces so that all of the wave propagated energy from such a
      source is reflected back and forth between the mirrors in passing to an
      exit aperture defined by the mirrors.
PARN
PAC  CROSS-REFERENCE TO RELATED CASES
PAR  This is a continuation of application Ser. No. 375,563, filed July 2, 1973
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to catoptric lens arrangements and
      particularly to arrangements of such sort used to direct wave-propagated
      energy.
PAR  For convenience, the following definitions will be used in connection with
      the catoptric lens arrangements referred to hereinafter.
PAR  A. FOCAL CURVE -- THE LOCUS OF THE FOCAL POINT OF A GENERATRIX OF A
      REFLECTING SURFACE WHEN SUCH GENERATRIX IS MOVED RELATIVE TO A REFERENCE
      LINE; IF THE GENERATRIX IS ROTATED, OR NUTATED, ABOUT AN AXIS OF SYMMETRY
      NOT PASSING THROUGH THE FOCAL POINT, THE FOCAL CURVE MAY BE REFERRED TO AS
      A FOCAL CIRCLE OR FOCAL ARC; IF THE GENERATRIX IS TRANSLATED WITH RESPECT
      TO ITS AXIS OF SYMMETRY, THE FOCAL CIRCLE MAY BE REFERRED TO AS A FOCAL
      LINE;
PAR  B. MERIDIONAL PLANE -- ANY CROSS-SECTIONAL PLANE PASSED THROUGH NONPARALLEL
      REFLECTING SURFACES HAVING A COMMON AXIS OF SYMMETRY IN A MANNER THAT SUCH
      COMMON AXIS AND THE NORMAL TO THE REFLECTING SURFACES AT ANY POINT ON THE
      LINES OF INTERSECTION BETWEEN THE CROSS-SECTIONAL PLANE AND NONPARALLEL
      REFLECTING SURFACES LIE IN THE CROSS-SECTIONAL PLANE; IF THE REFLECTING
      SURFACES THEMSELVES ARE DIVERGENT PLANES, ANY CROSS-SECTIONAL PLANE
      ORTHOGONAL TO BOTH REFLECTING SURFACES AND TO THE INTERSECTION BETWEEN
      SUCH SURFACES IS A MERIDIONAL PLANE;
PAR  C. NONMERIDIONAL PLANE -- ANY CROSS-SECTIONAL PLANE PASSED THROUGH
      NONPARALLEL REFLECTING SURFACES HAVING A COMMON AXIS OF SYMMETRY TO
      INTERSECT SUCH AXIS AT A POINT, ALL OF THE NORMALS TO THE REFLECTING
      SURFACES ALONG THE LINES OF INTERSECTION BETWEEN SUCH CROSS-SECTIONAL
      PLANE AND SUCH NONPARALLEL REFLECTING SURFACES NOT LYING IN SUCH PLANE;
PAR  D. REFLECTION PLANE -- ANY PLANE DEFINED BY A RAY INCIDENT ON A REFLECTING
      SURFACE AND THE NORMAL TO SUCH SURFACE AT THE POINT OF INCIDENCE; IF ANY
      PARTICULAR REFLECTION PLANE IS COINCIDENT WITH A MERIDIONAL PLANE, ALL
      RAYS IN THAT REFLECTION PLANE MAY BE REFERRED TO AS MERIDIONAL RAYS AND IF
      ANY PARTICULAR REFLECTION PLANE IS COINCIDENT WITH A NONMERIDIONAL PLANE,
      ALL RAYS IN THAT REFLECTION PLANE MAY BE REFERRED TO AS NONMERIDIONAL
      RAYS;
PAR  E. IDEAL RAY -- ANY RAY THAT ACTUALLY OR APPARENTLY ORIGINATES AT, OR IS
      (AFTER REFLECTION) DIRECTED TOWARD, A FOCAL POINT OR A FOCAL CURVE OF A
      REFLECTING SURFACE; IF THE GENERATRIX OF THE REFLECTING SURFACE IS A
      PARABOLA, SUCH A CURVE IS HEREINAFTER DEEMED TO HAVE AN IMAGINARY FOCAL
      POINT, OR FOCAL CURVE, AT INFINITY;
PAR  F. MERIDIONAL PLANE ABERRATION -- THE ANGULAR DIFFERENCE, IN ANY MERIDIONAL
      PLANE, BETWEEN AN IDEAL RAY REFLECTED FROM A POINT ON A REFLECTING SURFACE
      AND ANY MERIDIONAL RAY REFLECTED FROM THE SAME POINT;
PAR  G. NONMERIDIONAL PLANE ABERRATION -- THE ANGULAR DIFFERENCE, MEASURED IN
      ANY REFLECTION PLANE COINCIDENT WITH A NONMERIDIONAL PLANE, BETWEEN AN
      IDEAL RAY REFLECTED FROM A POINT ON A REFLECTING SURFACE AND ANY
      NONMERIDIONAL RAY IN THAT REFLECTION PLANE AND REFLECTED FROM THE SAME
      POINT;
PAR  H. Rambauske mirrors -- at least a pair of mirrors wherein the generatrices
      of the reflecting surfaces are sections of curves having a focal point
      moved relative to a reference line to cause the locus of each one of the
      focal points to be a focal curve as defined hereinbefore; in a catoptric
      lens arrangement, two, or more, Rambauske mirrors may be positioned so
      that their focal curves are coincident, i.e. confocal, or spaced one from
      another in a predetermined manner.
PAR  It is known in the art that a catoptric lens arrangement may be utilized to
      direct substantially coherent wave-propagated energy, as light in a beam
      from a laser, in any desired manner (within limits imposed by the effects
      of diffraction arising out of the finite dimensions of the exit aperture
      of such an arrangement). Thus, as described in detail in the copending
      U.S. application of Werner R. Rambauske, entitled "Catoptric Lens
      Arrangement," Ser. No. 244,393, filed Apr. 17, 1972, (which application is
      assigned to the same assignee as this application) various
      diffraction-limited catoptric lens arrangements are shown. The just-cited
      application shows that a catoptric lens arrangement incorporating at least
      two confocal Rambauske mirrors may direct a laser beam, or a beam of any
      type of wave-propagated energy. In particular, the cited application shows
      that the Rambauske confocal mirrors may have reflecting surfaces whose
      generatrices are portions of any quadratic conic sections (excepting the
      circle) rotated or nutated about axis of symmetry not containing both
      focal points of the selected curve. (As noted hereinbefore in the
      definition of an ideal ray, if the generatrix is a portion of a parabola,
      a virtual focal point at infinity may be deemed to be the second focal
      point). All rays in a beam from an ideal source of coherent
      wave-propagated energy positioned at one focal point of the entrance
      mirror in such an arrangement are, therefore, ideal rays which are
      directed without aberration by such an arrangement.
PAR  As noted, the catoptric lens arrangement shown in the cited application is
      used to direct the rays in a beam from a laser. While such a device may
      ordinarily be considered to be a completely coherent source, i.e. a point
      source producing a narrow beam, it is self-evident that a completely
      coherent source is a physical impossibility. That is, some of the rays
      from even a laser are not ideal rays. Further, it is obvious that the
      positioning of a laser so that its beam apparently originates at a focal
      point of any catoptric lens arrangement may be difficult to achieve.
      Mispositioning of the laser adds to the deviation of the rays in the beam
      from ideal.
PAR  Fortunately, when a laser is used as a source of coherent light, even the
      aberrations (if such are significant) caused by the just-mentioned
      anomalies may be substantially reduced by adjustment of any catoptric lens
      arrangement using Rambauske mirrors. That is, as described in the cited
      application, the relative positions of the Rambauske mirrors may be
      adjusted so that their focal curves are not coincident, but rather are
      spaced apart along the line between the coherent source and such mirrors.
      With proper spacing between such mirrors, at least "narrow field"
      aberrations, i.e. spherical aberration and coma, may be significantly
      reduced to attain diffraction-limited operation. This is so even though
      the source may be not perfectly coherent or positioned.
PAR  While the just-mentioned method of compensating for narrow field
      aberrations is effective when light from an almost completely coherent
      source, as a laser, is passed through any known catoptric lens arrangement
      using Rambauske mirrors, a different situation obtains when light from an
      extended source, as an incandescent or a fluorescent lamp, is to be formed
      into a beam. That is, because the rays from each different point in an
      extended source are spatially different, the compensation technique used
      for eliminating (for all practical purposes) aberrations resulting from
      inherent characteristics or positioning of any known coherent source may
      not lead to totally successful results when light from an extended source
      is to be corrected for aberrations.
PAR  When light from an extended source, as a luminescent filament in an
      incandescent lamp, is to be directed in a beam of any desired shape, it is
      well known to combine reflective and refractive lens elements to form such
      a beam. Thus, for example, conventional headlamps for automobiles usually
      incorporate the combination of a concave paraboloidal mirror and a
      refractive lens disposed over the exit aperture of such a mirror. An
      incandescent light is disposed as near the focal point of the concave
      paraboloidal mirror as possible. Light reflected from such mirror then is
      directed through the refractive lens, along with unreflected light from
      the incandescent light. Obviously, because the light finally passing
      through the refractive lens apparently originates at many different
      points, a simple refractive lens cannot properly direct all of such light.
      The refractive lens in a conventional headlamp, therefore, is made up of a
      number of lenslets, each covering a relatively small portion of the exit
      aperture of the concave paraboloidal mirror. With such design, each
      lenslet may be shaped and oriented so that the finally emergent light is
      directed generally in a desired direction.
PAR  Although an acceptable beam may be formed by a conventional automobile
      headlamp, many difficulties and shortcomings are experienced. For example,
      light falling on the junction between adjacent lenslets cannot be properly
      directed. Such light, if permitted a pass without change, contributes to
      glare in the eye of an observer; on the other hand, if redirected, such
      light contributes little, if any, illumination in the desired field.
      Further, because of the curvature of each lenslet, some of the light
      falling on the surface may be reflected back onto the paraboloidal mirror
      and, after further reflection, either contribute to glare or be lost.
      Finally, and probably most important from the point of view of the optical
      designer, the necessity of using many lenslets, each having its own axis
      of symmetry but required to redirect rays apparently originating at points
      on or off such axis, makes it manifest that the optimum design of each one
      of such lenslets may be, at best, a compromise design. That is, optimum
      design involves balancing the effects of incorrectible deficiencies,
      rather than increasing efficiency or providing a better beam.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a primary object of this invention to provide an improved
      catoptric lens arrangement for forming a beam from the light emitted by a
      source of finite dimensions;
PAR  Another object of this invention is to provide an improved catoptric lens
      arrangement to redirect rays of light emitted by a source not coincidental
      with a focal point, or focal curve, of any element in such arrangement,
      such redirection being effective to cause redirected rays to appear to
      have originated near a focal point, or focal curve, of at least one
      element in such arrangement;
PAR  Another object of this invention is to provide an improved catoptric lens
      arrangement wherein rays of light, initially in any nonmeridional plane,
      are redirected so as to approach a meridional plane within such an
      arrangement;
PAR  Another object of this invention is to provide an improved catoptric lens
      arrangement wherein light is reflected a number, greater than one, of
      times between a pair of divergent reflecting surfaces so that such
      reflected light is redirected in an emergent beam; and
PAR  Still another object of this invention is to provide an improved catoptric
      lens arrangement as just set forth, such arrangement incorporating
      Rambauske mirrors with divergent reflecting surfaces, the generatrix of
      such divergent reflecting surfaces being a portion of selected ones of a
      family of quadratic conic sections.
PAR  These and other objects of this invention are attained generally by
      providing an extended source of light and at least a pair of Rambauske
      mirrors with divergent reflecting surfaces, such source being disposed
      intermediate such surfaces so that all rays of light from such source are
      reflected, in passing toward an exit aperture defined by such surfaces, a
      plurality of times from each one of such surfaces, the direction of each
      ray emergent from the exit aperture thereby approaching the direction of
      an ideal ray.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of this invention, reference is now made
      to the following description of the accompanying drawings, wherein:
PAR  FIG. 1 is an isometric view, partially cut away, illustrating a catoptric
      lens arrangement according to this invention wherein sections of
      nonconfocal parabolas are used as the generatrices of the reflecting
      surfaces and rays from an incandescent filament may be redirected into a
      beam;
PAR  FIG. 1A is a sketch, somewhat expanded, illustrative of any meridional
      plane of any of the catoptric lens arrangements shown in FIG. 1, such
      sketch showing the manner in which meridional rays are redirected to
      approach the direction of ideal rays; and
PAR  FIG. 2 is a sketch showing an alternative form of generatrices which may be
      used in place of those shown in FIG. 1A.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, it may be seen that an embodiment of this
      invention includes a number of nonconfocal Rambauske mirrors 10, 12, 14
      symmetrically disposed around an axis of symmetry, the focal curve of each
      one of such mirrors then being, as indicated, a different circle spaced
      along such axis. As may be more clearly seen in FIG. 1A, the generatrix
      for the reflecting surface of each one of the Rambauske mirrors 10, 12, 14
      is a portion of a parabola, rotated about an axis of symmetry parallel to
      the common principal axis of the parabolas. Rambauske mirrors 10, 14 are,
      respectively, convex and concave. Both sides of Rambauske mirror 12 are
      reflective, so that a concave reflecting surface is opposite the convex
      reflecting surface of Rambauske mirror 10 and a convex reflecting surface
      is opposite the concave reflecting surface of Rambauske mirror 14. It is
      apparent, therefore, that the opposing reflecting surfaces of the
      Rambauske mirrors 10, 12, 14 are always divergent.
PAR  A light source 16, as an incandescent filament energized by any convenient
      electrical power source (not shown) is disposed along the axis of symmetry
      between the Rambauske mirrors 10, 14. It is noted here in passing that any
      conventional support structures may be used to position the Rambauske
      mirrors 10, 12, 14 and the light source 16; here it has been chosen to
      show such mirrors on the surfaces of nesting laminations of a transparent
      material, as glass. It should be noted, however, that the refractive
      properties of the transparent material are not essential to this
      invention.
PAR  Referring now to FIG. 1A, parabolas A, C and E may be deemed to be the
      curves from which the generatrices of the Rambauske mirrors 10, 12, 14 are
      selected. Parabolas B and D are curves from which the generatrices of
      auxiliary Rambauske mirrors (not shown in FIG. 1) may be selected.
      Exemplary rays from point sources S.sub.1, S.sub.2 are shown reflecting
      between various ones of the parabolas in FIG. 1A. Thus, the exemplary ray
      from S.sub.1 is shown first to be reflected between parabolas A and C and
      then between parabolas B and C in passing to the exit aperture (not
      numbered) between the various parabolas. At each reflection point, the
      angle of reflection equals the angle of incidence, such angles being
      measured with respect to the normal at the reflection point. It will be
      observed that, once the exemplary ray passes beyond the semilatus rectums
      (not shown) of the parabolas, the angular difference between a line from
      any reflection point to the various focal points continuously decreases.
      That is, as the exemplary ray passes toward the exit aperture, aberration
      due to the displacement between the focal points f.sub.A, f.sub.B,
      f.sub.C, f.sub.D, f.sub.E decreases. At the same time the slope of the
      normal at each successive reflection point with respect to the principal
      axis increases asymptotically approaching 90.degree.. It follows then that
      the direction of the finally reflected ray approaches the direction of an
      ideal ray. Similarly, the exemplary ray from S.sub.2 is reflected back and
      forth (first between parabolas E and C and then between parabolas D and C)
      to finally emerge from the exit apertures.
PAR  As shown, the lengths of the parabolas A, B, C, D and E are progressively
      longer so that the last reflection point for any ray passing through the
      exit aperture is on a concave surface. It follows then that all rays from
      any point adjacent to the principal axis which pass through the exit
      aperture are directed in generally the same direction as an ideal ray
      reflected from a concave surface, i.e. generally parallel to the principal
      axis.
PAR  The principal of reciprocity may be applied to show that all rays (except
      ideal rays from a source such as S.sub.1 or S.sub.2) are reflected so as
      to be generally parallel to the principal axis. Thus, considering the ray
      shown entering between parabolas D and E, such ray may be deemed to be
      reflected back and forth between constantly converging surfaces. The slope
      of the normal at each successive reflection point is smaller and smaller.
      Therefore, the angle of incidence and the angle of reflection
      correspondingly decreases. Before the ray can reach the vertices of the
      parabolas, the angle of incidence reaches zero. The ray then is redirected
      back toward the exit aperture.
PAR  It will be evident from inspection of FIG. 1A that the aberration of any
      meridional ray finally emerging from the exit aperture is dependent upon
      the number of reflections undergone by such a ray in passing from a source
      to the exit aperture. The number of reflections, in turn, for any ray
      varies directly with the length of the parabolas and inversely with the
      distance between opposing parabolas. It will be obvious, however, that
      diffraction effects limit decreases in the spacing between opposing
      parabolas.
PAR  Referring again to FIG. 1 it may be seen that no ideal rays emanate from
      the light source 16. It will also be seen that, because of the orientation
      of the light source 16 with respect to the Rambauske mirrors 10, 12, 14,
      all rays from such source are meridional rays or, at worst, substantially
      meridional rays. That is, the most skewed reflection plane is almost a
      meridional plane. It follows then that, at worst, a relatively small
      nonmeridional plane aberration may be suffered by any ray. The reflections
      back and forth between the Rambauske mirrors 10, 12, 14 of an initially
      nonmeridional ray serve to reduce any non-meridional aberrations. Thus, as
      a ray in a reflection plane not initially coincident with a meridional
      plane is reflected back and forth between a pair of the Rambauske mirrors
      10, 12, 14, the reflection plane asymptotically "precesses" toward a
      meridional plane. This means that, after a number of reflections, the
      nonmeridional aberration may be reduced to an insignificant amount.
PAR  Referring now to FIG. 2, it may be seen that the generatrices of Rambauske
      mirrors according to this invention may be portions of nonconfocal
      hyperbolas. Thus, in FIG. 2 portions of hyperbolas A and B are shown,
      along with their focal points and portions of asymptotes. An exemplary ray
      from a source S.sub.3 is shown reflecting back and forth between the
      illustrated portions of hyperbolas. In this case, as each successive
      reflection point is (after the first few) always further away from the
      focal points f.sub.A, f.sub.B than the last preceding, the aberration due
      to the separation between such focal points is even less important than
      was the case with the curves shown in FIG. 1A. it will be noted that all
      rays (except initially ideal rays) from source S.sub.3 out of the exit
      aperture (not numbered) apparently originate adjacent to either focal
      point f.sub.a or conjugate focal point f.sub.b(c). If it be desired that
      the rays originate at only one apparent source, the relative lengths of
      the hyperbolas may be changed. Further, if it be desired to increase the
      number of reflections undergone by any ray in passing from a source to the
      exit aperture, portions of additional hyperbolas may be used in the manner
      shown for the parabolas of FIG. 1A.
PAR  Having described a preferred embodiment of this invention, it will be
      apparent to one of skill in the art that many changes and modifications
      may be made without departing from our inventive concepts. Thus, so long
      as the contemplated Rambauske mirrors are arranged so as to subject all
      rays to many reflections in passing toward the exit aperture, the shape
      and position of the source may be changed within relatively wide limits.
      Further, the illustrated embodiments may be combined with conventional
      beam directing or focusing devices, whether such devices are catoptric,
      dioptric or catadioptric in nature. It is felt, therefore, that this
      invention should not be restricted to its disclosed embodiments, but
      rather should be limited only by the spirit and scope of the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A catoptric lens arrangement for directing wave propagated energy from
      an extended source thereof, the arrangement comprising:
PA1  a. at least a pair of divergent mirrors symmetrically disposed about an
      axis of symmetry to define a divergent channel for wave propagated energy,
      one mirror in each such pair having a convex reflecting surface and the
      other one having a concave reflecting surface, the generatrix of each one
      of such reflecting surfaces being a segment of a different parabola having
      a different focal point on a common principal axis spatially separated
      from the axis of symmetry and a different focal point, the generatrix of
      the convex reflecting surface being interposed between the divergent
      channel and the focal point of one of the reflecting surfaces; and
PA1  b. an extended source of wave propagated energy disposed between the at
      least one pair of divergent mirrors adjacent to the axis of symmetry and
      spaced from both focal points of the generating parabolas.
NUM  2.
PAR  2. A catoptric lens arrangement for directing wave propagated energy from
      an extended source thereof, the arrangement comprising:
PA1  a. at lest a pair of divergent mirrors symmetrically disposed about an axis
      of symmetry to define a divergent channel for wave propagated energy, one
      mirror in each such pair having a convex reflecting surface and the other
      one having a concave reflecting surface, the generatrix of each one of
      such reflecting surfaces being a segment of a different hyperbola having a
      different focal point on a common principal axis spatially separated from
      the axis of symmetry and different focal points, the generatrix of the
      convex reflecting surface being interposed between the divergent channel
      and the focal point of one of the reflecting surfaces; and
PA1  b. an extended source of wave propagated energy disposed between the at
      least one pair of divergent mirrors adjacent to the axis of symmetry and
      spaced from both focal points of the generating hyperbolas.
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ABST
PAL  Improved catoptric lens arrangements to form beams from the energy emitted
      by extended sources of wave propagated energy are disclosed. All
      embodiments utilize at least a pair of mirrors disposed along a common
      axis, one of such mirrors being convex and the other concave, the
      generatrices of the reflecting surfaces of such mirrors being curves with
      coincident focal points, such generatrices being always divergent. At
      least one source of wave propagated energy is disposed between such
      reflecting surfaces so that all of the wave propagated energy from such a
      source is reflected back and forth between the mirrors in passing to an
      exit aperture defined by the mirrors.
PARN
PAC  CROSS-REFERENCE TO RELATED CASES
PAR  This is a continuation of application Ser. No. 376,015, filed July 2, 1973
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to catoptric lens arrangements and
      particularly to arrangements of such sort used to direct wave-propagated
      energy.
PAR  For convenience, the following definitions will be used in connection with
      the catoptric lens arrangements referred to hereinafter.
PAR  A. FOCAL CURVE -- THE LOCUS OF THE FOCAL POINT OF A GENERATRIX OF A
      REFLECTING SURFACE WHEN SUCH GENERATRIX IS MOVED RELATIVE TO A REFERENCE
      LINE; IF THE GENERATRIX IS ROTATED, OR NUTATED, ABOUT AN AXIS OF SYMMETRY
      NOT PASSING THROUGH THE FOCAL POINT, THE FOCAL CURVE MAY BE REFERRED TO AS
      A FOCAL CIRCLE OR FOCAL ARC; IF THE GENERATRIX IS TRANSLATED WITH RESPECT
      TO ITS AXIS OF SYMMETRY, THE FOCAL CIRCLE MAY BE REFERRED TO AS A FOCAL
      LINE;
PAR  B. MERIDIONAL PLANE -- ANY CROSS-SECTIONAL PLANE PASSED THROUGH NONPARALLEL
      REFLECTING SURFACES HAVING A COMMON AXIS OF SYMMETRY IN A MANNER THAT SUCH
      COMMON AXIS AND THE NORMAL TO THE REFLECTING SURFACES AT ANY POINT ON THE
      LINES OF INTERSECTION BETWEEN THE CROSS-SECTIONAL PLANE AND NONPARALLEL
      REFLECTING SURFACES LIE IN THE CROSS-SECTIONAL PLANE; IF THE REFLECTING
      SURFACES THEMSELVES ARE DIVERGENT PLANES, ANY CROSS-SECTIONAL PLANE
      ORTHOGONAL TO BOTH REFLECTING SURFACES AND TO THE INTERSECTION BETWEEN
      SUCH SURFACES IS A MERIDIONAL PLANE;
PAR  C. NONMERIDIONAL PLANE -- ANY CROSS-SECTIONAL PLANE PASSED THROUGH
      NONPARALLEL REFLECTING SURFACES HAVING A COMMON AXIS OF SYMMETRY TO
      INTERSECT SUCH AXIS AT A POINT, ALL OF THE NORMALS TO THE REFLECTING
      SURFACES ALONG THE LINES OF INTERSECTION BETWEEN SUCH CROSS-SECTIONAL
      PLANE AND SUCH NONPARALLEL REFLECTING SURFACES NOT LYING IN SUCH PLANE;
PAR  D. REFLECTION PLANE -- ANY PLANE DEFINED BY A RAY INCIDENT ON A REFLECTING
      SURFACE AND THE NORMAL TO SUCH SURFACE AT THE POINT OF INCIDENCE; IF ANY
      PARTICULAR REFLECTION PLANE IS COINCIDENT WITH A MERIDIONAL PLANE, ALL
      RAYS IN THAT REFLECTION PLANE MAY BE REFERRED TO AS MERIDIONAL RAYS AND IF
      ANY PARTICULAR REFLECTION PLANE IS COINCIDENT WITH A NONMERIDIONAL PLANE,
      ALL RAYS IN THAT REFLECTION PLANE MAY BE REFERRED TO AS NONMERIDIONAL
      RAYS;
PAR  E. IDEAL RAY -- ANY RAY THAT ACTUALLY OR APPARENTLY ORIGINATES AT, OR IS
      (AFTER REFLECTION) DIRECTED TOWARD, A FOACL POINT OR A FOCAL CURVE OF A
      REFLECTING SURFACE; IF THE GENERATRIX OF THE REFLECTING SURFACE IS A
      PARABOLA, SUCH A CURVE IS HEREINAFTER DEEMED TO HAVE AN IMAGINARY FOCAL
      POINT, OR FOCAL CURVE, AT INFINITY;
PAR  F. MERIDIONAL PLANE ABERRATION -- THE ANGULAR DIFFERENCE, IN ANY MERIDIONAL
      PLANE, BETWEEN AN IDEAL RAY REFLECTED FROM A POINT ON A REFLECTING SURFACE
      AND ANY MERIDIONAL RAY REFLECTED FROM THE SAME POINT;
PAR  G. NONMERIDIONAL PLANE ABERRATION -- THE ANGULAR DIFFERENCE, MEASURED IN
      ANY REFLECTION PLANE COINCIDENT WITH A NONMERIDIONAL PLANE, BETWEEN AN
      IDEAL RAY REFLECTED FROM A POINT ON A REFLECTING SURFACE AND ANY
      NONMERIDIONAL RAY IN THAT REFLECTION PLANE AND REFLECTED FROM THE SAME
      POINT;
PAR  H. Rambauske mirrors -- at least a pair of mirrors wherein the generatrices
      of the reflecting surfaces are sections of curves having a focal point
      moved relative to a reference line to cause the locus of each one of the
      focal points to be a focal curve as defined hereinbefore such mirrors
      being positioned so that their focal curves are coincident, i.e. confocal,
      or spaced one from another in a predetermined manner.
PAR  It is known in the art that a catoptric lens arrangement may be utilized to
      direct substantially coherent wave-propagated energy, as light in a beam
      from a laser, in any desired manner (within limits imposed by the effects
      of diffraction arising out of the finite dimensions of the exit aperture
      of such an arrangement). Thus, as described in detail in the copending
      U.S. application of Werner R. Rambauske, entitled "Catoptric Lens
      Arrangement," Ser. No. 244,393, filed Apr. 17, 1972, (which application is
      assigned to the same assignee as this application) various
      diffraction-limited catoptric lens arrangements are shown. The just-cited
      application shows that a catoptric lens arrangement incorporating at least
      two confocal Rambauske mirrors may direct a laser beam, or a beam of any
      type of wave-propagated energy. In particular, the cited application shows
      that the Rambauske confocal mirrors may have reflecting surfaces whose
      generatrices are portions of any quadratic conic sections (excepting the
      circle) rotated or nutated about axes of symmetry not containing both
      focal points of the selected curve. (As noted hereinbefore in the
      definition of an ideal ray, if the generatrix is a portion of a parabola,
      a virtual focal point at infinity may be deemed to be the second focal
      point). All rays in a beam from an ideal source of coherent
      wave-propagated energy positioned at one focal point of the entrance
      mirror in such an arrangement are, therefore, ideal rays which are
      directed without aberration by such an arrangement.
PAR  As noted, the catoptric lens arrangement shown in the cited application is
      used to direct the rays in a beam from a laser. While such a device may
      ordinarily be considered to be a completely coherent source, i.e. a point
      source producing a narrow beam, it is self-evident that a completely
      coherent source is a physical impossibility. That is, some of the rays
      from even a laser are not ideal rays. Further, it is obvious that the
      positioning of a laser so that its beam apparently originates at a focal
      point of any catoptric lens arrangement may be difficult to achieve.
      Mispositioning of the laser adds to the deviation of the rays in the beam
      from ideal.
PAR  Fortunately, when a laser is used as a source of coherent light, even the
      aberrations (if such are significant) caused by the just-mentioned
      anomalies may be substantially reduced by adjustment of any catoptric lens
      arrangement using Rambauske mirrors. That is, as described in the cited
      application, the relative positions of the Rambauske mirrors may be
      adjusted so that their focal curves are not coincident, but rather are
      spaced apart along the line between the coherent source and such mirrors.
      With proper spacing between such mirrors, at least "narrow field"
      aberrations, i.e. spherical aberration and coma, may be significantly
      reduced to attain diffraction-limited operation. This is so even though
      the source may be not perfectly coherent or positioned.
PAR  While the just-mentioned method of compensating for narrow field
      aberrations is effective when light from an almost completely coherent
      source, as a laser, is passed through any known catoptric lens arrangement
      using Rambauske mirrors, a different situation obtains when light from an
      extended source, as an incandescent or a fluorescent lamp, is to be formed
      into a beam. That is, because the rays from each different point in an
      extended source are spatially different, the compensation technique used
      for eliminating (for all practical purposes) aberrations resulting from
      inherent characteristics or positioning of any known coherent source may
      not lead to totally successful results when light from an extended source
      is to be corrected for aberrations.
PAR  When light from an extended source, as a luminescent filament in an
      incandescent lamp, is to be directed in a beam of any desired shape, it is
      well known to combine reflective and refractive lens elements to form such
      a beam. Thus, for example, conventional headlamps for automobiles usually
      incorporate the combination of a concave paraboloidal mirror and a
      refractive lens disposed over the exit aperture of such a mirror. An
      incandescent light is disposed as near the focal point of the concave
      paraboloidal mirror is possible. Light reflected from such mirror then is
      directed through the refractive lens, along with unreflected light from
      the incandescent light. Obviously, because the light finally passing
      through the refractive lens apparently originates at many different
      points, a simple refractive lens cannot properly direct all of such light.
      The refractive lens in a conventional headlamp, therefore, is made up of a
      number of lenslets, each covering a relatively small portion of the exit
      aperture of the concave paraboloidal mirror. With such design, each
      lenslet may be shaped and oriented so that the finally emergent light is
      directed generally in a desired direction.
PAR  Although an acceptable beam may be formed by a conventional automobile
      headlamp, many difficulties and shortcomings are experienced. For example,
      light falling on the junction between adjacent lenslets cannot be properly
      directed. Such light, if permitted to pass without change, contributes to
      glare in the eye of an observer; on the other hand, if redirected, such
      light contributes little, if any, illumination in the desired field.
      Further, because of the curvature of each lenslet, some of the light
      falling on the surface may be reflected back onto the paraboloidal mirror
      and, after further reflection, either contribute to glare or be lost.
      Finally, and probably most important from the point of view of the optical
      designer, the necessity of using many lenslets, each having its own axis
      of symmetry but required to redirect rays apparently originating at points
      on or off such axis, makes it manifest that the optimum design of each one
      of such lenslets may be, at best, a compromise design. That is, optimum
      design involves balancing the effects of incorrectible deficiencies,
      rather than increasing efficiency or providing a better beam.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a primary object of this invention to provide an improved
      catoptric lens arrangement for forming a beam from the light emitted by a
      source of finite dimensions;
PAR  Another object of this invention is to provide an improved catoptric lens
      arrangement to redirect rays of light emitted by a source not coincidental
      with a focal point, or focal curve, of any element in such arrangement,
      such redirection being effective to cause redirected rays to appear to
      have originated near a focal point, or focal curve, of at least one
      element in such arrangement;
PAR  Another object of this invention is to provide an improved catoptric lens
      arrangement wherein rays of light, initially in any nonmeridional plane,
      are redirected so as to approach a meridional plane within such an
      arrangement;
PAR  Another object of this invention is to provide an improved catoptric lens
      arrangement wherein light is reflected a number, greater than one, of
      times between a pair of divergent reflecting surfaces so that such
      reflected light is redirected in an emergent beam; and
PAR  Still another object of this invention is to provide an improved catoptric
      lens arrangement as just set forth, such arrangement incorporating
      Rambauske mirrors with divergent reflecting surfaces, the generatrix of
      such divergent reflecting surfaces being a portion of selected ones of a
      family of quadratic conic sections.
PAR  These and other objects of this invention are attained generally by
      providing an extended source of light and at least a pair of Rambauske
      mirrors with divergent reflecting surfaces and a common focal curve, such
      source being disposed intermediate such surfaces so that all rays of light
      from such source are reflected, in passing toward an exit aperture defined
      by such surfaces, a plurality of times from each one of such surfaces, the
      direction of each ray emergent from the exit aperture thereby approaching
      the direction of an ideal ray.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of this invention, reference is now made
      to the following description of the accompanying drawings, wherein:
PAR  FIG. 1 is an isometric view, partially cut away, illustrating a catoptric
      lens arrangement according to this invention wherein sections of confocal
      parabolas are used as the generatrices of the reflecting surfaces and rays
      from an incandescent filament may be redirected into a beam;
PAR  FIG. 1A is a sketch, somewhat expanded, illustrative of any meridional
      plane of any of the catoptric lens arrangements shown in FIGS. 1, 2, 3 and
      4, such sketch showing the manner in which meridional rays are redirected
      to approach the direction of ideal rays;
PAR  FIG. 1B is a sketch, somewhat expanded, of the path of an exemplary
      nonmeridional ray within any of the catoptric lens arrangements shown in
      FIGS. 1, 2, 3 and 4, such sketch showing in particular the manner in which
      the reflection plane in which such ray lies changes, with each successive
      reflection, to approach a meridional plane;
PAR  FIG. 2 is an isometric view, partially cut away, illustrating an
      alternative embodiment of this invention for use with a ring source of
      light, as a fluorescent lamp;
PAR  FIG. 3 is an isometric view of a catoptric lens arrangement according to
      this invention wherein selected portions of confocal parabolas are
      translated and rotated to become the generatrices of reflecting surfaces
      adapted to direct meridional and nonmeridional rays from a line source of
      light;
PAR  FIG. 3A is a partial view of the catoptric lens arrangement shown in FIG. 3
      to illustrate the position of a line source between two reflecting
      surfaces;
PAR  FIG. 4 is an isometric view, partially cut away, of an alternative
      embodiment of confocal Rambauske mirrors to redirect rays from a ring
      source to form emergent beams;
PAR  FIG. 4A is a front view of the alternative embodiment shown in FIG. 4;
PAR  FIG. 4B is a cross-sectional sketch of the alternative embodiment of
      confocal Rambauske mirrors shown in FIG. 4;
PAR  FIG. 4C is a cross-sectional sketch of different confocal Rambauske mirrors
      usable in the embodiment shown in FIG. 4;
PAR  FIG. 5 is a sketch illustrating hyperboloidal generatrices according to
      this invention, such generatrices being selected from a family of confocal
      hyperbolas;
PAR  FIG. 6 is an isometric view, partially cut away, illustrating confocal
      hyperboloidal Rambauske mirrors in combination with divergent conical
      mirrors and beam directing mirrors to form a beam from the light emitted
      by an incandescent lamp; and
PAR  FIG. 6A is a cross-sectional sketch of the confocal hyperboloidal Rambauske
      mirrors anc conical mirrors shown in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, it may be seen that a first embodiment of this
      invention incudes a number of confocal Rambauske mirrors 20, 21, 22
      symmetrically disposed around an axis of symmetry, the common focal curve
      of such mirrors then being, as indicated, a circle in a plane orthogonal
      to such axis. As may be more clearly seen in FIG. 1A, the generatrix for
      the reflecting surface of each one of the Rambauske mirrors is a portion
      of a parabola (labeled, respectively, in FIG. 1A as parabola A, parabola B
      and parabola C), rotated about an axis of symmetry parallel to the common
      principal axis of each such parabola. Rambauske mirrors 20, 22 are,
      respectively, convex and concave. Both sides of Rambauske mirror 21 are
      reflective, so that a concave reflecting surface is opposite the convex
      reflecting surface of Rambauske mirror 20 and a convex reflecting surface
      is opposite the concave reflecting surface of Rambauske mirror 22. It is
      apparent, therefore, that the opposing reflecting surfaces are, as viewed
      from any point between the vertices V.sub.A, V.sub.B, V.sub.C (FIG. 1A),
      always divergent.
PAR  A light source 23, as an incandescent filament energized from any
      convenient electrical power supply (not shown) is disposed along the axis
      of symmetry between the confocal Rambauske mirrors 20, 22. It is noted
      here in passing that any conventional support structure may be used to
      position the confocal Rambauske mirrors 20, 21, 22 and the light source
      23; here it has been chosen to show such mirrors on the surfaces of
      nesting laminations of a transparent material, as glass. It should be
      noted here, however, that the refractive properties of the transparent
      material are not essential to this invention.
PAR  Referring now to FIG. 1A, parabolas A, B and C are shown to extend to a
      common principal axis corresponding to the abscissa X of a set of
      Cartesian coordinates chosen for such parabolas and, for convenience, only
      exemplary rays from point sources S.sub.1, S.sub.2 are shown. It is
      understood that light from a source of finite dimensions, as the light
      source 23 of FIG. 1, may be considered to be the summation of the light an
      infinite number of point sources; the illustrated exemplary rays then are
      indicative of the effect of confocal parabolic surfaces on meridional
      rays. Thus, point sources S.sub.1 and S.sub.2 are shown, respectively, on
      the principal axis and adjacent to such axis to illustrate the manner in
      which meridional plane rays are redirected. Taking exemplary rays (not
      numbered) from source S.sub.1 initially inclined to the principal axis at
      an angle of approximately 60.degree., it may be seen that such rays are
      reflected back and forth between parabolas A and B in passing from the
      source S.sub.1 to the exit aperture (not numbered) between such parabolas.
      At each reflection point, the angle of reflection equals the angle of
      incidence, such angles being measured with respect to the normal at such
      point. After each successive reflection from parabola B (a concave
      surface), the inclination of the reflected ray decreases with respect to
      the principal axis. In other words, the reflected rays approach
      parallelism, as indicated by the equal angles a, a.sub.2, with the
      principal axis. Also, after each successive reflection to the right of the
      semilatus rectum (a convex surface), the reflected rays apparently
      originate from points on the principal axis successively closer to the
      focal point f. To put it another way, the reflected rays change direction
      after each successive reflection to approach, more and more nearly, the
      direction of an ideal ray. The meridional plane aberration of finally
      reflected exemplary rays originating at point source S.sub.1 then are
      represented by the equal angles a and a.sub.2.
PAR  Exemplary rays (not numbered) from source S.sub.2, shown here reflecting
      back and forth between parabolas B and C, travel along differently curved
      paths to the exit aperture (not numbered) between such parabolas. For
      example, the upwardly directed exemplary ray from source S.sub.2 (shown
      initially in the same direction as the upwardly directed ray from source
      S.sub.1) ultimately emerges from between the parabolas B and C at an angle
      b with respect to an ideal ray. The initially downwardly directed
      exemplary ray from source S.sub.2 ultimately emerges from between the
      parabolas B and C at an angle b.sub.2 with respect to an ideal ray, such
      angle being somewhat greater than the angle b.
PAR  It should be noted here that ideal rays from source S.sub.1 and ideal rays
      from source S.sub.2 (meaning the rays initially directed toward or away
      from the focal point, f) are reflected in different ways. Thus, because
      the ideal rays from source S.sub.1 and the normals to the parabolas A and
      B are coincident, the ideal rays from source S.sub.1 are simply reflected
      back and forth between the vertices V.sub.A, V.sub.B. Because the ideal
      rays from source S.sub.2 are not, however, coincident with the normals to
      the parabolas B and A, such rays ultimately pass, without changing from
      their ideal state, from between parabolas B and C.
PAR  From the foregoing it may be deduced that, with an extended source of light
      on the common principal axis of any pair of confocal parabolas, any
      finally reflected meridional ray emerging from between such parabolas is,
      in theory, aberrant to some degree. On the other hand, under the same
      conditions except that the source is spaced from the common principal
      axis, initially aberrant meridional rays emerge with slightly greater
      aberration than would be the case if the source were on the principal
      axis, but, in such a case, there are ideal rays in the emergent beam.
PAR  It will be noted that, if the confocal parabolas have (as shown in the
      upper half of FIG. 1A) the same length, the direction of rays emerging
      from between such parabolas depends upon which one of the surfaces last
      reflects the rays. That is, all rays last reflected from the concave
      surface of parabola B are generally parallel to the principal axis; all
      rays (as ray d) last reflected from the convex surface of parabola A are
      in a divergent beam apparently originating near the focal point f.
PAR  If it is desired that only rays generally parallel to the principal axis
      emerge from between confocal parabolas the length of the parabolas may be
      progressively changed as shown in the lower half of FIG. 1A. All rays
      emerging from between such confocal parabolas are last reflected from a
      concave surface; on the other hand, if it is desired that only rays
      apparently originating near the focal point be permitted to emerge, then
      the lengths of the parabolas would be changed oppositely. In either case,
      a refractive lens may be disposed in the path of the emergent beam.
      Because, as noted hereinbefore, it is not essential to this invention that
      any refractive lens element be used, no such element is shown.
PAR  It will be evident from inspection of FIG. 1A that the angular deviation of
      any ray from an ideal ray is dependent upon the number of reflections to
      which the ray is subjected in passing from either S.sub.1 or S.sub.2. A
      moment's thought will make it clear that the number of reflections may be
      increased by lengthening the parabolas, i.e. increasing their X
      dimensions, or by decreasing the distance between opposing reflecting
      surfaces, i.e. decreasing the difference between the lengths of the
      semilatus rectums of successive parabolas. Diffraction limiting of the
      emergent beam may, however, be experienced if the spacing between
      successive parabolas is made too small. In any event, for any pair of
      concave and convex confocal parabolic reflecting surfaces it may be shown
      that:
PAR  a. for any emergent ray last reflected from a concave reflecting surface,
PAR  e = i + 2[C.sub.x1 + C.sub.x2 . . . C.sub.xn ]-2[C.sub.v1 + C.sub.v2 . . .
      C.sub.vn ]; and
PAR  b. for any emergent ray last reflected from a convex reflecting surface,
PAR  e = (180 - i) + 2[C.sub.x1 + C.sub.x2 . . . C.sub.xn ] -2[C.sub.v1 +
      C.sub.v2 . . . C.sub.vn ]
PAL  where e is the angular deviation of the emergent ray from an ideal ray;
PAR  i is the initial inclination of the emergent ray with respect to the
      principal axis;
PAR  C.sub.x1, C.sub.x2 . . . C.sub.xn is the acute angle between the normal at
      each successive reflection point on the convex reflecting surface and the
      principal axis; and
PAR  C.sub.v1, C.sub.v2 . . . C.sub.vn is the acute angle between the normal at
      each successive reflection point on the concave reflecting surface and the
      principal axis.
PAR  For parabolas A and B of FIG. 1A (assuming V.sub.B the origin,)
PAR  C.sub.x = tan.sup.-.sup.1 [2PA (x - (V.sub.B -V.sub.A))] .sup.1/2 /PA
PAR  C.sub.v = tan.sup.-.sup.1 [2 PB x].sup.1/2 /PB
PAR  Before referring in detail to FIG. 1B, it should be noted that FIG. 1A
      illustrates two confocal paraboloids rather than two confocal Rambauske
      mirrors. Such a difference is, however, immaterial in that confocal
      mirrors of both types are similar in operation when initially
      nonmeridional rays are reflected back and forth in passing from a source
      to the exit aperture. For this reason and because confocal paraboloids are
      more easily and clearly illustrable, confocal paraboloids are shown. It
      should also be noted in respect to FIG. 1B that the XY plane is the
      meridional plane for any ray from the illustrated source. Any such ray is,
      therefore, reflected in the same manner as described in connection with
      FIG. 1A.
PAR  Referring now to FIG. 1B, it may be seen that, in accordance with this
      invention, the direction of initially nonmeridional rays are caused to
      approach the direction of meridional rays. That is, multiple reflections
      between a pair of confocal Rambauske mirrors causes the direction of an
      initially nonmeridional ray to be changed asymptotically toward the
      direction of a meridional ray. Thus, considering an exemplary
      nonmeridional ray from a source S.sub.3 (such source here being for
      convenience shown to be located at a point on the Y axis of a set of
      Cartesian coordinates), such ray is first reflected at a point P.sub.1, in
      the XZ plane, on Rambauske mirror 20. The reflection plane is, initially,
      defined by the normal P.sub.1 N.sub.1 and the ray S.sub.3 P.sub.1. This
      first reflection plane intersects the XY plane along the line S.sub.3
      N.sub.1 and the Rambauske mirror 21 along a curved line, a portion of
      which is indicated as I.sub.1. The just-mentioned curved line is ovate,
      one point thereon being the intersection of the normal P.sub.1 N.sub.1
      (extended) with the Rambauske mirror 21 and two other points thereon being
      the intersections, in the XY plane, of the line S.sub.3 N.sub.1 with such
      mirror. Because the ray reflected from P.sub.1 lies in the first
      reflection plane, such reflected ray must intersect the curved line
      I.sub.1. The exact point of such intersection, P.sub.2, is dependent upon
      the angle of incidence, i.sub.1, of the ray from S.sub.3 with respect to
      the normal P.sub.1 N.sub.1. As in every case of reflection, the angle of
      reflection, r.sub.1, equals the angle of incidence, i.sub.1. Thus, in the
      first reflection plane, the direction of the ray from P.sub.1 to P.sub.2
      is determined. Such ray, when projected toward the XY plane, appears to
      have come from SA.sub.1.
PAR  The normal at P.sub.2, P.sub.2 N.sub.2, and the ray apparently originating
      at SA.sub.1 define a second reflection plane. Such plane intersects the XY
      plane along the line SA.sub.1 N.sub.2 and the Rambauske mirror 20 along an
      ovate line, a portion of the latter being indicated by I.sub.2. The ray
      reflected from P.sub.2, because such ray also lies in the second
      reflection plane, intersects I.sub.2 at P.sub.3. Also, such ray apparently
      originates from a point SA.sub.2 on the line SA.sub.1 N.sub.2 in the XY
      plane.
PAR  The normal at P.sub.3, P.sub.3 N.sub.3, and the ray from P.sub.2 define a
      third reflection plane. Such third reflection plane intersects the XY
      plane along line SA.sub.2 N.sub.3 and the Rambauske mirror 21 along an
      ovate line, a portion of which is indicated as I.sub.3. The ray reflected
      from P.sub.3 appears to have originated at point SA.sub.3, the
      intersection of the ray reflected from point P.sub.3 (projected back to
      the XY plane) and the line SA.sub.2 N.sub.3. Such ray and the normal
      P.sub.4 N.sub.4, in turn, define a fourth reflection plane in which the
      ray reflected from P.sub.4 lies. It will be observed that the intersection
      of each successive reflection plane and the XY plane more and more closely
      approaches the X-axis and that each successive reflection plane is more
      nearly aligned with the XY plane. In connection with the latter point it
      will be observed that, at each successive reflection point after the first
      P.sub.1, the inclination of the normal to the XY plane decreases
      sinusoidally. It follows then that the reflection plane, after a number of
      reflections, approaches the XY plane asymptotically. This concept may be
      made clear by considering the situation which would obtain if, after
      several reflections, the reflection plane were deemed to be such that the
      exemplary ray in FIG. 1B (sometimes now to be referred to as the "assumed"
      ray) could pass through the XY plane in passing from one mirror to the
      other. Upon incidence on either mirror in such a case, the new reflection
      plane would be defined by the assumed ray and a normal which runs from a
      point below the XY plane to a point on the X-axis. Such a normal would
      differ in this respect from any shown in FIG. 1B (where the normals at all
      reflection points run from a point above the XY plane to a point on the X
      axis). Such a difference in the orientation of the normals, in turn, leads
      to an anomolous result: namely that changes in the orientation between
      successive ones of the resulting reflection planes, whether the ray is
      incident on a concave or a convex reflecting surface, are opposite in
      sense than illustrated in FIG. 1B. That is, if the assumed ray penetrating
      through the XY plane is incident on either a concave or a convex
      reflecting surface, the intersection of the resulting reflection plane and
      the XY plane is defined by the point at which the assumed ray penetrates
      the XY plane and the intersection of the normal with the X axis. The X
      coordinate of the latter point is greater than the X coordinate of the
      former and the point of penetration of the assumed ray through the XY
      plane lies on the opposite side of the X-axis from either the source
      S.sub.3 or any of the apparent sources SA.sub.1, SA.sub.2, SA.sub.3
      illustrated in FIG. 1B. The angle between the intersections of successive
      reflection planes of the assumed ray and the X-axis would therefore
      decrease oppositely to the angles shown in FIG. 1B. Such a situation is,
      however, not possible because it would mean that the change in direction
      of the assumed ray with respect to the XY plane is opposite in sense to
      the direction of the illustrated ray in FIG. 1B.
PAR  Referring now to FIG. 2, it may be seen that if a portion of the confocal
      parabolas shown in FIG. 1A (say the portion of each such parabola above
      the line marked "Axis of Symmetry, FIG. 1") is rotated about the line
      marked "Axis of Symmetry, FIG. 2" such curves would be the generatrices of
      three Rambauske mirrors 20a, 21a, 22a with a common focal circle
      orthogonal to such axis. A conventional half-ring mirror 27 is affixed in
      any convenient manner to Rambauske mirrors 20a, 22a to bridge the gap
      therebetween. A ring source of light, as a fluorescent lamp 29, is
      disposed in any convenient manner in a position adjacent to the junction
      between the half-ring mirror 27 and the Rambauske mirrors 20a, 22a. It is
      noted here that the position of the fluorescent lamp 29 is not critical.
      It is noted here further that, in FIG. 2, and in the remaining Figures
      illustrating other embodiments of this invention, supporting structure for
      the various mirrors and light sources and power connections are not shown.
      It is deemed obvious, especially in view of FIG. 1, that such structure
      and connections may be provided in any convenient way.
PAR  All rays of light from the fluorescent lamp 29 fall either on the half-ring
      mirror 27 or on the reflecting surface of one of the Rambauske mirrors
      20a, 21a, 22a. The light falling on the half-ring mirror 27 is reflected
      therefrom and directed in a known manner toward the Rambauske mirrors 20a,
      21a, 22a. Thus (neglecting losses due to reflections) it may be considered
      that all light from the fluorescent lamp 29 is reflected back and forth
      between the Rambauske mirrors 20a, 21a, 22a, finally to reach the
      apertures between such mirrors.
PAR  Light initially in any meridional plane of the Rambauske mirrors 20a, 21a,
      22a is reflected back and forth in the manner described hereinbefore in
      connection with the description of FIG. 1A. Because, however, the
      principal axis of the generatrix of each one of the Rambauske mirrors 20a,
      21a, 22a lies in a plane orthogonal to the axis of symmetry: (a) the
      meridional rays in the emergent beam last reflected from a concave
      Rambauske mirror lie in planes approximately parallel to such plane; and
      (b) meridional rays in the emergent light last reflected from a convex
      Rambauske mirror are divergent, apparently originating at points adjacent
      to the focal circle. As noted in connection with the description of FIG.
      1A, the lengths of the Rambauske mirrors 20a, 21a, 22a here may be made
      different to adjust the amount of light in either of the beams from the
      illustrated arrangement.
PAR  Initially nonmeridional rays reflected back and forth between the Rambauske
      mirrors 20a, 21a, 22a (as illustrated by the exemplary ray, not numbered,
      in FIG. 2) are caused to approach, in the manner discussed hereinbefore in
      connection with FIG. 1B, meridional rays. That is, after each reflection,
      the reflection plane of any initially nonmeridional rays more nearly
      approaches a meridional plane. Therefore, the Rambauske mirrors 20a, 21a,
      21b are effective finally to direct initially nonmeridional rays in
      substantially the same manner as meridional rays, i.e. to cause the final
      direction of all emergent rays to approach the direction of ideal rays.
PAR  Referring now to FIGS. 3 and 3A, it may be seen that Rambauske mirrors
      having focal lines may also be adapted to direct light according to this
      invention. Thus, a pair of confocal Rambauske mirrors 31, 33, the
      generatrices of the reflecting surfaces of such mirrors being a pair of
      confocal parabolas, are translated along a line to form the upper and
      lower portions of such mirrors and are rotated about the ends to form the
      end portions of the illustrated Rambauske mirrors. A light source, as a
      fluorescent lamp 35, is disposed between the Rambauske mirrors 31, 33,
      such lamp being approximately parallel to the focal line.
PAR  It will be noted that meridional planes passing through the arrangement
      shown in FIG. 3 are, in the upper and lower portions between lines X and
      X.sup.1, parallel to each other and to the XZ plane and, in the end
      portions, correspond to opposite halves of the arrangement shown in FIG.
      1. Rays of light passing through the end portions are, therefore, directed
      in the same manner as rays, whether meridional or nonmeridional, in the
      arrangement shown in FIG. 1. Meridional rays through the upper and lower
      portions of the Rambauske mirrors 31, 33 are reflected in the same manner
      as shown in FIG. 1A. The reflection planes of initially nonmeridional rays
      through the upper and lower portions of the Rambauske mirrors 31, 33
      become, after each reflection, more and more closely parallel to the XZ
      plane, i.e. are more and more closely aligned with a vertical meridional
      plane. Finally, those nonmeridional rays that may pass from the upper or
      lower portions of the Rambauske mirrors 31, 33 to either end portion are
      directed in the same manner as rays in the arrangement shown in FIG. 1.
PAR  Referring now to FIGS. 4, 4A and 4B, it may be seen that portions of any
      two of the parabolas shown in FIG. 1A may be utilized as generatrices
      (rotated around an axis of symmetry not intersecting either parabola but
      substantially parallel to their common principal axis) of a pair of
      Rambauske mirrors 41, 43. Such mirrors are adapted to direct light from a
      ring source, as a fluorescent lamp 45. All light from the fluorescent lamp
      45 is reflected back and forth between the Rambauske mirrors 41, 43 in
      passing toward the aperture (not numbered) formed between such mirrors.
      The emergent beam, then, is similar to the emergent beam described
      hereinbefore. That is, the direction of all rays in the emergent beam from
      the aperture of the arrangement shown in FIG. 4 approaches the direction
      of an ideal ray.
PAR  It will be noted that the light emerging from the arrangement shown in FIG.
      4 is contained in a pair of coaxial hollow cylindrical beams and in a pair
      of coaxial conical beams, the rays in all such beams differing, in
      direction, to some degree from ideal rays. To eliminate one or the other
      of such pairs of beams (or to adjust the relative amount of light between
      such pairs), the light of one of the mirrors may, as noted hereinbefore,
      be changed. Also, if it be desired to provide pairs of Rambauske mirrors
      not having coincidental normals, the same technique as shown in FIG. 1 may
      be used. That is, the parabolic generatrices of the reflecting surfaces
      need not contain the vertices of the parabolas. That is, the Rambauske
      mirrors shown in cross-section in FIG. 4A may be modified as shown in FIG.
      4C. Thus, parabolic generatrices 41a, 43a, 47a (having a common focal
      point f.sub.a) and parabolic generatrices 41b, 43b, 47b (having a common
      focal point f.sub.b) are rotated around an axis of rotation. The focal
      points f.sub. a, f.sub.b, then, form two concentric focal circles and the
      reflecting surfaces correspondingly form divergent toric passages. For
      reasons set forth hereinbefore in connection with FIG. 1, there are no
      coincident normals between the reflecting surfaces of the embodiment shown
      in FIG. 4C, so all light from a ring source (as a fluorescent lamp 45)
      disposed between Rambauske mirrors 41a, b and 43a, b passes through such
      divergent toric passages.
PAR  It will be noted here in passing that the number of confocal Rambauske
      mirrors may vary from Figure to Figure. Such change is for convenience in
      illustrating the principles of the invention. In a practical case, the
      number of Rambauske mirrors may be increased as desired (if diffraction at
      the exit aperture may be neglected) to limit the angular divergency
      between an ideal ray and the "most aberrant" emergent ray.
PAR  Referring now to FIG. 5, it may be seen that sections of confocal
      hyperbolas may be used as the generatrices for Rambauske mirrors according
      to this invention. Thus, sections of confocal hyperbolas A and B (which
      have respectively asymptotes A and B) may be assumed. Exemplary rays (not
      numbered) from a source S would be reflected back and forth between
      opposing concave and convex hyperbolas as shown in FIG. 5. In order to
      increase the number of reflections additional sections of hyperbolas C, D,
      E, F, G may be disposed between sections of hyperbolas A, B. It is noted
      again that there is no requirement, other than diffraction or space
      requirements, to limit the number of, or spacing between, the additional
      sections of hyperbolas. In this case the rays last reflected from any
      concave hyperbola appear to originate nearer confocal point f.sub.0 than
      the source S, while rays last reflected from any convex hyperbola appear
      to have originated at a point nearer confocal point f.sub.1 than the
      source S. In either case, divergent beams are obtained. If it be desired
      to have all emergent rays apparently originate at a point near only one of
      the focal points f.sub.0, f.sub.1 the lengths of the hyperbolas may be
      adjusted relative to each other.
PAR  Referring now to FIGS. 6 and 6A, it may be seen that the hyperbolic
      generatrices of FIG. 5 may be modified and the resulting Rambauske mirrors
      may be combined with conventional afocal mirrors. The result of such a
      combination is to produce a slightly divergent beam from an extended
      source. Thus, sections of hyperbolas A and B (FIG. 5) may be rotated about
      an axis of rotation inclined with respect to their common principal axis
      to produce Rambauske mirrors 61a, 61b. A source of light, as an
      incandescent filament S, (FIG. 6) is disposed between the vertices of the
      Rambauske mirrors 61a, 63a. Conical mirrors 61aa, 63aa are faired into the
      ends of the Rambauske mirrors 61a, 63a. Additionally, sections of confocal
      hyperbolas (not shown in FIG. 5) are rotated around the axis of rotation
      to generate, as shown in FIGS. 6 and 6A, Rambauske mirrors 65a, 65b, 65c,
      65d, 65e between Rambauske mirrors 61a, 63a. The intermediate Rambauske
      mirrors are reflective on both sides. Conical mirrors 65 aa, 65ba, 65ca,
      65da, 65ea (each being reflective on both sides are here faired into
      Rambauske mirrors 65a through 65e (rather than the confocal Rambauske
      mirrors which would have resulted had the hyperbolic sections C, D, E, F,
      G (FIG. 5) been used as generatrices). As shown more clearly in FIG. 6A,
      the confocal mirrors 61aa, 63aa, 65aa, 65ba, 65ca, 65da, 65ea are
      divergent from each other and from the conical mirrors 61ba, 63aa. The
      divergence angle between each successive pair of conical mirrors 61ba,
      65aa, 65ba, 65ca, 65da, 65ea, 63aa is such that, if extrapolated as
      indicated for conical mirrors 61a, 65b, 63a in FIG. 6A, the extrapolations
      of all of the conical mirrors being discussed would intersect on a circle
      (not numbered). That circle: (a) is centered on the axis of rotation; (b)
      is in a plane orthogonal to such axis; and (c) has a diameter as indicated
      by points T.sub.0, T.sub.1. These latter points in turn are defined by the
      intersections of the tangents to the Rambauske mirrors 61b, 63a, 65a, 65b,
      65c, 65d, 65e from the points where such mirrors are faired into the
      conical mirrors.
PAR  To complete the contemplated arrangement in FIG. 6 a conventional annular
      mirror 67 and exit mirror 69 are disposed to redirect light emerging from
      between the conical mirrors 61a, 63a, 65a, 65b, 65c, 65d, 65e. Here the
      reflecting surface of the annular mirror 67 is a frustrum of a right
      circular cone and the reflecting surface of the exit mirror 69 is a right
      circular cone. The half-apex angles of the two just mentioned cones are
      calculable knowing the inclination, with respect to the axis of rotation
      of the middle one of the conical mirrors 65aa.....ae, i.e. the inclination
      of conical mirror 65ca. If it be assumed that the half-apex angle of the
      exit mirror 69 is to be 45.degree., then the half-apex angle of the
      annular mirror 67 would be 135.degree. less one-half the inclination of
      conical mirror 65c.
PAR  In the portion of the disclosed arrangement encompassed by the confocal
      Rambauske mirrors 61a, 61b, all rays from the source are reflected at
      least once. Therefore, regardless of the initial direction of any ray,
      after its last reflection from any one of the Rambauske mirrors, the
      apparent origin of the rays is closer to either one of the foci of the
      hyperbolic generatrices. The amount of such shift for any ray is dependent
      mainly upon initial direction, the number of reflections undergone in
      passing between any pair of Rambauske mirrors and the shape (convex or
      concave) of the last reflecting surface from which the ray is reflected.
      The number of reflections, in turn, is determined by the spacing between,
      and the length of, the Rambauske mirrors. In any event, it may be seen
      that all rays, regardless of their initial direction, are reflected to
      pass through one of the exit apertures formed by the Rambauske mirrors,
      the direction of each ray being such that it is a part of a diverging beam
      apparently originating near one of the foci of the Rambauske mirrors.
      During passage between the conical mirrors 61ba, 63aa, 65aa through 65ea,
      rays that appear to have originated adjacent to the focal circle of the
      Rambauske mirrors 61a, 61b, 65a through 65c are reflected back and forth
      between a pair of such conical mirrors. After each reflection, because the
      conical mirrors are always diverging, the direction of each ray approaches
      parallelism with the arrow (not numbered) at the exit aperture between
      each pair of such mirrors. These arrows, if projected backward, intersect
      (FIG. 6A) at points T.sub.0, T.sub.1. Similarly, rays apparently
      originating adjacent to the focal point of the Rambauske mirrors are
      reflected back and forth between the conical mirrors 61ba, 63aa, 65aa
      through 65ea, to approach parallelism with the corresponding arrow shown
      at the exit aperture of such mirrors. It follows then that the rays
      emerging from the exit apertures between the conical mirrors 61ba, 63aa,
      65aa through 65ea apparently originate at points adjacent to the circle
      T.sub.0, T.sub.1. As shown in FIG. 6, such emergent rays are redirected
      into a conical beam having a smaller half-apex angle by the annular mirror
      67 and the exit mirror 69.
PAR  It will be observed that the afocal mirrors shown in FIG. 6 are not as
      effective as the Rambauske mirrors in the causing rays from the source to
      approach the direction of ideal rays. That is, the afocal mirrors are
      relatively ineffective in correcting aberrations. A moment's thought will
      make it clear, however, that if it be desired to reduce aberrations, the
      Rambauske mirrors 61, 63, 65a through 65e could be extended to take the
      place of the conical mirrors 65aa through 65ea and that the annular mirror
      67 and exit mirror 69 could be replaced by one or more appropriate
      Rambauske mirrors. Thus, if the Rambauske mirrors 61, 63, 65a through 65e
      were to be extended so that all of the rays emerging from between such
      mirrors appear to have originated adjacent to the focal circle (FIG. 6A)
      of the generatrices the annular mirror 67 could be replaced by a concave
      Rambauske paraboloidal mirror having a focal circle coincident with the
      focal circle of such generatrices. The exit mirror 69 would then not be
      required because all rays falling on the concave Rambauske paraboloidal
      mirror would be substantially in parallelism with the principal axis of
      such paraboloidal mirror.
PAR  Having described different embodiments of this invention, it will now
      become apparent to those of skill in the art that the principle of using
      Rambauske mirrors with always divergent reflecting surfaces to reflect
      light a number of times in its passage through such mirrors may be
      incorporated in many embodiments, not illustrated. For example, it will be
      evident that the Rambauske mirrors, especially those which are required to
      be reflective on both sides, may be easily formed by application of a
      metallic film on an appropriately shaped transparent base, using any
      conventional technique. Further, it will be obvious that the particular
      light source in any one of the illustrated embodiments may be changed.
      Thus, it is not essential to have a light source disposed along the axis
      of rotation as, for example, the light sources shown in FIGS. 1 and 6, nor
      is it essential that either a light source or a link source be used as
      shown in other Figures. That is, according to this invention a number of
      discrete sources may be used in any embodiment. Further, it will be
      evident that because the principles of reciprocity apply, catoptric lens
      arrangements according to this invention may be used as directional
      receivers of wave propagated energy. That is, the source of light could be
      replaced by appropriate sensors to detect wave propagated energy incident
      on the exit aperture of any of the disclosed embodiments within a given
      solid angle. Still further, it will be evident that, although all
      illustrated embodiments of this invention utilize wave propagated energy
      in the feasibility portion of the electromagnetic spectrum, catoptric lens
      arrangements according to this invention may be used with sources of other
      types of wave propagated energy, as radio frequency energy or sonic
      energy.
PAR  It is felt, therefore, that this invention should not be restricted to its
      disclosed embodiments, but rather should be limited only by the spirit and
      scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A beam forming arrangement for forming a beam of wave propagated energy
      from the energy emitted by a source thereof, such arrangement comprising:
PA1  a. at least a pair of mirrors having a common focal curve disposed around
      an axis of symmetry, one of such mirrors having a concave reflecting
      surface and the other having a convex reflecting surface to define a
      divergent channel for wave propagated energy, one of such mirrors being
      interposed between such channel and the common focal curve of such
      mirrors; and
PA1  b. a source of wave propagated energy disposed between the confocal mirrors
      and within the divergent channel adjacent to the narrowest part thereof.
NUM  2.
PAR  2. A beam forming arrangement as in claim 1 wherein the cross-sectional
      shapes of the reflecting surfaces of each one of the pair of mirrors are
      segments of confocal parabolas having a common principal axis.
NUM  3.
PAR  3. A beam forming arrangement as in claim 2 wherein the principal axis of
      the confocal parabolas is parallel to the axis of symmetry.
NUM  4.
PAR  4. A beam forming apparatus as in claim 3 wherein the principal axis of the
      confocal parabolas is inclined with respect to the axis of symmetry.
NUM  5.
PAR  5. A beam forming arrangement as in claim 3 wherein the lengths of the
      mirrors vary.
NUM  6.
PAR  6. A beam forming arrangement as in claim 1 wherein the reflecting surfaces
      of the mirrors are segments of confocal hyperbolas.
NUM  7.
PAR  7. A beam forming arrangement as in claim 6 wherein the principal axis of
      the confocal hyperbolas is parallel to the axis of symmetry.
NUM  8.
PAR  8. A beam forming apparatus as in claim 6 wherein the principal axis of the
      confocal hyperbolas is inclined with respect to the axis of symmetry.
NUM  9.
PAR  9. A beam forming arrangement as in claim 6 wherein the lengths of the
      confocal mirrors vary.
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ABST
PAL  A sight glass assembly generally including a first housing section having
      an opening therethrough, mountable on a container wall having an opening
      communicating with a fluid contained therein so that the housing section
      opening registers with the container wall opening, the first housing
      section opening having an enlarged section including a lens seating
      surface and a packing bearing surface inclined relative to a longitudinal
      center line of the first housing section opening, a second housing section
      having an opening therethrough registered with the first housing section
      opening, the second housing section opening having an enlarged section
      including a lens seating surface and a packing bearing surface inclined
      relative to the longitudinal center line, disposed in opposed relation to
      the lens seating and packing bearing surfaces of the enlarged section of
      the opening in the first housing section, a lens disposed in the housing
      openings, interposed between the seating surfaces, a packing member
      disposed in the enlarged opening sections, the packing member engaging the
      bearing surfaces of the housing sections and the periphery of the lens,
      and means for urging the packing bearing surfacings of the housing
      sections together whereby the packing is caused to expand laterally to
      place the lens in lateral compression and to provide a fluid tight seal
      between the housing sections and the periphery of the lens.
BSUM
PAR  The present invention relates to a sight glass assembly and more
      particularly to a sight glass assembly suitable for use with large vessels
      containing fluids under high pressures.
PAR  In the prior art, there has been developed a type of sight glass assembly
      which generally includes a housing structure having an opening
      therethrough, which is adapted to be mounted across an opening in a vessel
      containing a fluid under high pressure, and a lens mounted in the opening
      of the housing. In this particular type of sight glass assembly, it has
      been found that the principal source of failure has consisted of fractures
      of the lens resulting in leakage and blowouts. Such cause of sight glass
      failures have been obviated to a large extent by prior art sight glass
      designs wherein a packing member is provided between the wall of the
      housing opening and the periphery of the lens which packing is placed
      under compression causing it to expand laterally and correspondingly place
      the lens in radial compression and form a fluid tight seal between the
      lens and the housing structure.
PAR  Although the aforementioned type of sight glass assembly has been found to
      be highly effective in performance and reliability, it nevertheless has
      been necessary to disassemble such assemblies for inspection, the
      replacement of effective or worn components or routine maintenance
      purposes. Under such circumstances, it has been found to be highly
      desirable to be able to easily and quickly disassemble and reassemble such
      units thus minimizing the amount of manual labor involved and the down
      time of the vessel on which such units are mounted.
PAR  Accordingly, it is the principal object of the present invention to provide
      an improved sight glass assembly.
PAR  Another object of the present invention is to provide and improved sight
      glass assembly for use on vessels containing fluids under high pressures.
PAR  A further object of the present invention is to provide an improved sight
      glass assembly for use in vessels containing corrosive fluids under
      elevated pressures.
PAR  A still further object of the present invention is to provide an improved
      sight glass assembly of the type utilizing a packing member disposed
      between a lens and a housing in which such a lens is mounted, which
      cooperates with other components of the assembly to place the lens under
      radial compression thus preventing a blowout of the lens upon the lens
      becoming fractured, and to form a fluid tight seal between the lens and
      the housing structure.
PAR  Another object of the present invention is to provide an improved sight
      glass assembly utilizing a compressible packing member interposed between
      the lens and housing thereof, which quickly may be disassemblied and
      reassemblied for the purposes of inspecting the components thereof, the
      removal and replacement of defective or worn components and effecting
      routine maintenance operations.
PAR  A further object of the present invention is to provide an improved sight
      glass assembly of the type utilizing a resilient packing member interposed
      between a lens and a housing member in which the lens is mounted, which
      cooperates with other components of the assembly to place the lens in
      radial compression and to form a fluid tight seal between the lens and the
      housing structure, which is simple in design, economical to manufacture
      and highly effective in performance and reliability.
DRWD
PAR  Other objects and advantages of the present invention will become more
      apparent to those persons having ordinary skill in the art to which the
      present invention pertains, from the following description taken in
      conjunction with the accompanying drawing wherein:
PAR  FIG. 1 is a top plan view of an embodiment of the invention;
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 in FIG. 1; and
PAR  FIG. 3 is an exploded view of the embodiment illustrated in FIGS. 1 and 2.
DETD
PAR  The embodiment illustrated in FIGS. 1 through 3 generally includes an inner
      housing section 10 and outer housing section 11, a lens 12, a compressible
      packing member 13 and a clamping assembly 14. Inner housing section 10
      generally has an annular configuration, providing an opening 15 therein
      adapted to register with an opening 16 in a wall 17 of a vessel containing
      a fluid possibly corrosive in nature and at an elevated pressure. As best
      illustrated in FIGS. 2 and 3, the inner housing section is secured to the
      fluid vessel by welding. However, the inner housing section alternatively
      may be secured to the fluid vessel by means of a plurality of bolts
      extendiing through suitable openings circumferentially spaced in the inner
      housing section, which are adapted to register with suitable holes in the
      wall of the fluid vessel. opening 15 in the inner housing section is
      provided with an enlarged section 18 which provides an annular bearing
      surface 19 and a frusto-conically configured packing bearing surface 20.
      Inner housing member 10 further is provided with a laterally projecting
      annular flange portion 21 which includes a mating surface 22 disposed
      substantially perpendicular to the axis of opening 15 and a
      frusto-conically shaped clamp bearing surface 23. It will be noted that
      both packing bearing surface 20 and clamp bearing surface 23 are inclined
      relative to the axis of opening 15. Also, it is to be noted that bearing
      surface 19 is provided with an annular recess 24 in which there is seated
      an annular gasket 25.
PAR  Outer housing section 11 is similar in configuration to inner housing
      section 10 and includes an opening 26 therein which registers with opening
      15 in the inner housing section. Opening 26 is provided with an enlarged
      section 27 having an annular packing, bearing surface 28 disposed in
      opposed relation to seating surface 19 and frusto-conically shaped packing
      engaging surface 29. outer housing section 11 also includes a laterally
      projecting annular portion 30 provided with an annular mating surface 31
      disposed in opposed relation to mating surface 22 and a frusto-conically
      shaped clamp bearing surface 32. Similar to the comparable surfaces on the
      inner housing section, packing bearing surface 29 and clamp bearing
      surface 32 are inclined relative to the axis of opening 26. Also, bearing
      surface 28 is provided with an annular recess 33 for seating a gasket 34.
PAR  As best illustrated in FIG. 2, lens 12 is mounted within the housing
      structure between gaskets 25 and 34, having the peripheral portion of
      inner surface 35 thereof seated on gasket 25, the peripheral portion of
      outer surface 36 thereof seated on gasket 34, and the peripheral side
      surface 37 thereof being spaced from packing bearing surfaces 20 and 29 to
      provide an annular space between the lens and the housing structure.
PAR  Packing member 13 is disposed in the annular space provided between the
      periphery of the lens and the housing structure, and includes an annular
      surface 38 engaging the periphery of the lens, inner and outer annular
      surfaces 39 and 40 engaging the lens seating surfaces and frusto-conically
      shaped surfaces 39a and 40a which engage packing bearing surfaces 20 and
      29 of the housing sections.
PAR  Clamping assembly 14 consists of a pair of arcuately shaped clamping
      members 41 and 42 hinged together at one set of ends by a pair of hinge
      elements 43 and 44 and a connected together at an opposite set of ends by
      a device 45. The inner surfaces 41a and 42a of the clamping members are
      provided with recesses 41b and 42b having converging surfaces engaging
      clamp bearing surfaces 23 and 32 of the housing sections when the clamping
      assembly is mounted on the housing section with the laterally projecting
      portions 21 and 30 thereof received in recesses 41b and 42b of the
      clamping members. The ends of clamping members 41 and 42, opposite the
      hinged ends thereof, are provided with opposed end portions 41c and 42c
      which cooperate with the connecting device 45 to draw the clamping members
      together and correspondingly cause them to engage the housing sections in
      clamping relation. Connecting device 45 includes a strap member 46 having
      a pair of spaced leg portions 47 and 48 pivotally connected to end portion
      41c by means of a pin 49 and interconnected at the opposite ends thereof
      by a web portion 50. Mounted on the outer end of web portion 50 is a
      threaded element 51 in which there is threaded a screw 52 extending
      through the web portion of strap 46. Screw 52 is provided with an enlarged
      end portion 53 which may be turned manually to thread the screw into and
      out of the space between leg portions 47 and 48 of strap 46. It will be
      seen that when clamping members 41 and 42 are mounted on the housing
      sections with flanged portions 21 and 30 received within recesses 41b and
      42b, the connecting device may be manipulated so that end portion 42c of
      clamping member 42 is received within the strap portion of the device, and
      the screw may be turned so that the end of the screw engages clamp end
      portion 42c to draw the clamping members together and correspondingly
      clamp the housing sections together.
PAR  In the assembly of the embodiment as described, initially, inner housing
      section 10 is either permanently secured to the vessel wall by welding or
      detachably secured thereto by bolts so that opening 15 registers with
      opening 16 in the vessel wall. Next, the outer end face of housing section
      11 is placed on a working surface, and gasket 34 is seated in recess 33,
      the lens is inserted in enlarged opening section 27 so that the periphery
      of outer surface 36 thereof is seated on gasket 34 and packing member 13
      also is inserted in enlarged opening section 27 so that inner surface 38
      thereof engages peripheral surface 37 of the lens, surface 40 thereof lens
      seating surface 28 and surface 40a thereof engages packing bearing surface
      29. With the outer housing member, lens and packing member thus
      preassemblied, gasket 25 is seated in recess 24 of housing section 10, and
      the preassemblied unit is mounted on inner housing section 10 so that the
      peripheral portion of inner lens surface 35 engages gasket 25, packing
      surface 39 engages lens seating surface 19, packing surface 39a engages
      packing bearing surface 20 and mating surface 31 is disposed in opposed
      relation to mating surface 22. Under such circumstances, the dimensions of
      the components will permit the mating surfaces 22 and 31 to be disposed in
      space relation.
PAR  With the preassemblied unit thus mounted on inner housing section 10,
      clamping assembly 14 may be mounted. This can be accomplished by holding
      the housing sections together with one hand while manipulating the
      clamping assembly around flange portions 21 and 30 thereof. FIG. 1
      illustrates the simplest method of mounting the clamping assembly which
      consists of placing clamping member 41 on the upper end of the housing
      sections so that the upper portions of flange portions 21 and 30 are
      received in recess 41b. The housing sections with clamping member 41 thus
      mounted may be held intact with one hand while the other hand can be used
      to swing depending clamping member 42 upwardly so that the lower portions
      of flange portions 21 and 30 are received within recess 42b. Connecting
      device 45 then can be manipulated to receive end portion 42c of the lower
      clamping member within strap 45 and the screw may be threaded to draw the
      clamping members together into clamping relation with the flange portions
      of the housing sections.
PAR  As the clamping members are drawn tightly about the mated housing sections,
      the housing sections will be drawn together thus causing the packing
      member to expand radially to place the lens under radial compression and
      correspondingly form a fluid tight seal between the periphery of the lens
      and the housing sections. In this regard, it particularly is to be noted
      that the inclined orientations of packing bearing surfaces 20 and 29 of
      the housing members provide a radially directed, resultant component of
      force when the housing members are drawn together, to place the lens in
      radial compression.
PAR  To protect the packing member from the possible corrosive effects of the
      fluid contained within the vessel on which the assembly is mounted, a
      liner 54 may be used. The liner includes an annular portion 55 interposed
      between the periphery of the lens and the packing member, and an annular
      flange portion 56 interposed between the packing member and the lens
      seating surface of inner housing member 10.
PAR  Whenever it becomes necessary to inspect the components of the sight glass
      assembly, remove and replace any such components or perform a routine
      maintenance operation, the assembly readily may be dismounted and
      disassembled merely by loosening the connecting device 45 of the clamping
      assembly, removing the clamping assembly and then removing the outer
      housing member. The interior of the assembly then may be inspected or
      cleaned, any defective or worn components may be replaced and the unit may
      be reassemblied as previously described.
PAR  Since the inner housing member would be exposed to possible corrosive
      effects of the fluid contained within the vessel, such member should
      either be fabricated of a material impervious to the effects of the fluid
      or provided with a protective coating which will withstand any attack of
      the fluid. Preferably, the packing member should be fabricated of a
      material also impervious to the effects of the fluid within the vessel.
      However, any suitable type of packing material may be used in
      installations where a protective liner is used. Since neither the outer
      housing member or clamping assembly would be exposed to the fluid within
      the container, such components may be fabricated of any suitable materials
      having sufficient strength characterics.
PAR  From the foregoing detailed description, it will be evident that there are
      a number of changes, adaptations and modifications of the present
      invention which come within the province of those persons having ordinary
      skill in the art to which the aforementioned invention pertains. However,
      it is intended that all such variations not departing from the spirit of
      the invention be considered as within the scope thereof as limited solely
      by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sight glass assembly comprising a first housing section having an
      opening therethrough, mountable on a vessel wall having and opening
      communicating with a fluid contained therein so that said housing section
      opening registers with said vessel wall opening, said first housing
      section having an enlarged section including a lens seating surface and a
      packing bearing surface, said packing bearing surface being inclined
      relative to a longitudinal center line of said first housing section
      opening, a second housing section having an opening therethrough
      registered with said first housing section opening, said second housing
      section opening having an enlarged section including a lens seating
      surface and a packing bearing surface, said packing bearing surface being
      inclined relative to said longitudinal center line, said lens seating and
      packing bearing surfaces of the enlarged opening section of said second
      housing section being disposed in opposed relation to the lens seating and
      packing bearing surfaces of the enlarged opening section of said first
      housing section, a lens disposed in said housing openings, interposed
      between said seating surfaces, a packing member disposed in said enlarged
      opening sections, said packing member engaging said bearing surfaces and a
      periphery of said lens and means for urging said packing bearing surfaces
      together whereby said packing is caused to expand laterally to place said
      lens in lateral compression and to provide a fluid tight seal between said
      housing sections and the periphery of said lens.
NUM  2.
PAR  2. A sight glass assembly according to claim 1 wherein said urging means
      are detachable.
NUM  3.
PAR  3. A sight glass assembly according to claim 1 wherein said urging means
      comprise clamping means.
NUM  4.
PAR  4. A sight glass assembly according to claim 3 wherein said clamping means
      are detachable.
NUM  5.
PAR  5. A sight glass assembly according to claim 1 including a liner interposed
      between said lens and said packing member formed of a material impervious
      to the effects of any fluid contained within said vessel wall.
NUM  6.
PAR  6. A sight glass assembly according to claim 5 wherein said liner has an
      L-shaped cross-sectional configuration including a first section
      interposed between said lens and said packing member and a second section
      interposed between said packing member and said first housing section.
NUM  7.
PAR  7. A sight glass assembly according to claim 1 including gaskets interposed
      between the peripheries of end surfaces of said lens and said lens seating
      surfaces.
NUM  8.
PAR  8. A sight glass assembly according to claim 1 wherein said housing
      sections include external peripheral bearing surfaces, converging
      laterally outwardly, and wherein said urging means comprises a clamping
      assembly including a pair of clamping members hinged together at one set
      of ends thereof, said clamping members having laterally inwardly diverging
      surfaces engagable with said laterally outwardly converging bearing
      surfaces of said housing sections, and means for drawing said clamping
      members together whereby upon manipulation of said drawing means said
      housing sections will be drawn together and said packing bearing surfaces
      are urged toward each other in clamping relation to expand said packing
      laterally.
NUM  9.
PAR  9. A sight glass assembly according to claim 8 wherein the periphery of
      said lens, said packing member and said surfaces of said housing sections
      are annular, and said clamping members and said surfaces thereof are
      substantially semi-circular.
NUM  10.
PAR  10. A sight glass assembly according to claim 8 wherein said means for
      drawing said clamping members together comprises a screw assembly.
NUM  11.
PAR  11. A sight glass assembly according to claim 10 wherein said screw
      assembly comprises a connecting strap pivotally connected to the free end
      of one of said clamping members and receiving therein the free end of the
      other said clamping members, and a screw threaded into said strap, having
      and inner end thereof engagable with the end portion of said other of said
      clamping members received within said connecting strap.
NUM  12.
PAR  12. A sight glass assembly according to claim 8 including a gasket
      interposed between the periphery of each end surface of said lens and an
      adjacent one of said lens seating surfaces.
NUM  13.
PAR  13. A sight glass assembly according to claim 8 including a liner
      interposed between said lens and said packing member formed of a material
      impervious to the effects of any fluid contained within said vessel.
NUM  14.
PAR  14. A sight glass assembly according to claim 13 wherein said liner has an
      L-shaped cross-sectional configuration including a first section
      interposed between said lens and said packing member and a second section
      interposed between said packing member and said first housing section.
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ABST
PAL  A lens frame is split to afford mounting of the lens therein and a front
      hinge is attached to the split ends for mounting the temple. A pin aligns
      the split ends of the frame and the front hinge parts which affords
      numerous advantages of strength as well as alignment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The split front hinge is now an accepted form as a device which is
      practical for locking the opening of metallic lens frames. The hinge is
      first riveted to the seamless frame and the frame and hinge together are
      then sawed through to allow the frame to open with two parts of the hinge,
      one part attached to one end and the other part attached to the other end.
      An assembly screw joins the frame and hinge parts back together and the
      front hinge and screw serve as a further lock and guard against
      separation. The problem with this unit has been that all of the locking is
      done in the hinge back and away from the frame itself. Other frames
      provide a screw or cylinder and screw machined in the aluminum frame at a
      place adjacent to the hinge. These frames rely solely on one screw to hold
      them together and this screw being round there is no actual way for them
      to be kept from rotating out of alignment.
PAC  SUMMARY OF THE INVENTION
PAR  In this invention an alignment pin locks the hinge openings in line and
      also serves to securely align the two ends of the frame and prevent the
      two halves of the split hinge from rotating. The hinge cavity for the pin
      is part in the frame and part in the hinge base. The temple is also
      prevented from flopping up and down by locking the hinge halves with each
      other and the frame. This pin also serves to prevent lens breakage by
      frame halves moving when the frame is put on or taken off. The optician is
      also assisted or aided in fitting the lens by keeping the frame in line
      while he is doing a precise job and holding the parts in position while he
      tightens the locking assembly screw and attaches the temples.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view looking at the back side of a portion of a
      lens frame with the front hinge mounted thereon and showing a portion of
      the temple;
PAR  FIG. 2 is a section on substantially line 2-2 of FIG. 1; and
PAR  FIG. 3 is a section along substantially line 3-3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, 10 designates generally the lens rim having an upper temporal
      portion 11 and a lower temporal portion 12 with a split as at 13 which
      provides abutting rim ends 14 and 15 at the so-called split 13.
PAR  The front hinge is designated generally 20 and originally consists of a
      single integral piece which is set into a first recess 25 in the rear face
      of the frame and attached to lens rim 10 by rivets 21 and 22. This hinge
      and lens rim 10 are then sawed through to provide an upper hinge part 23
      and a lower hinge part 24 and at the same time provide the split 13 in the
      lens rim 10 for opening the rim to insert the lens therein, the upper
      temporal portion 14 and lower temporal portion 15 thus formed being
      brought together into abutting relation by screw 40 to hold the lens in
      place. The lens rim is recessed as at 25 so that the base 26 of the hinge
      portion 20 may be inserted therein to come flush with the rear face of the
      lens rim as seen in FIG. 2.
PAR  A temple 30 is attached to this hinge portion 20 by a complemental hinge
      portion 31 which is set into a recess 32 in the temple and has ears 33
      interleaved with the ears 36 and 37 of the front hinge 20. A pin 38 having
      a threaded portion 39 is threaded into the ear 35 and serves as a pintle
      for the operation of the hinge portions 31 and 20. A pin 40 extends
      through the hinge part 23 and is threaded as at 41 into the hinged part 24
      so as to hold the parts 23 and 24 in abutting relation and also hold the
      temporal end portions 14 and 15 in abutting relation as seen in FIGS. 1
      and 2.
PAR  The abutting temporal ends 14, 15 are provided with second recesses 45 and
      46, and cavities 47, 48 extend into the base portions 26, 27 of the hinge
      parts 23 and 24. A pin 49 of a size to closely fit extends into these
      second recesses and cavities and serves to align the two hinge parts 23
      and 24 and the two temporal end portions 14 and 15 thus preventing
      twisting of the lens rim parts 11 and 12 at the split portion 13 and also
      prevents misalignment of the lens rim and holds it in substantially the
      plane of the lens as desired.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination a spectacle frame front having a substantially flat rear
      face portion at the outer edges thereof remote from the central nasal
      portion, first recess means in each of the temporal portions of said rear
      face portion, said temporal portion having a split therethrough and
      through the first recess means, each of the temporal portions thereof
      extending from an outer edge to a lens opening defining an upper temporal
      rear face portion and a lower temporal rear face portion, front hinge
      means having a base received in each of said first recess means, said
      front hinge means comprising two parts with one part secured to a
      respective upper face portion and the other part secured to a respective
      lower face portion, a second recess formed within each of said first
      recesses, an aligning pin means in each of said second recess means, the
      base of each respective front hinge means having a cavity formed therein,
      said pin received in the second recess means and cavity whereby alignment
      of the base in the first recess means is achieved.
PATN
WKU  039414620
SRC  5
APN  5148618
APT  1
ART  211
APD  19741015
TTL  Method and apparatus for transferring wide-band sound signals
ISD  19760302
NCL  15
ECL  1
EXP  Hayes; Monroe H.
NDR  3
NFG  5
INVT
NAM  Reiber; Hans
CTY  Stuttgart
CNT  DT
ASSG
NAM  International Standard Electric Corporation
CTY  New York
STA  NY
COD  02
PRIR
CNT  DT
APD  19731017
APN  2352124
CLAS
OCL  352 12
XCL  352 27
EDF  2
ICL  G03B 3100
FSC  352
FSS  12;26;27;29
UREF
PNO  3774999
ISD  19731100
NAM  Ivestor
OCL  352 12
UREF
PNO  3848978
ISD  19741100
NAM  Wray
XCL  352 12
UREF
PNO  3850513
ISD  19741100
NAM  Wray
XCL  352 29
LREP
FR2  O'Halloran; John T.
FR2  Lombardi, Jr.; Menotti J.
FR2  Van Der Sluys; Peter
ABST
PAL  The invention provides a system for developing sync pulses when PICOR is
      used on sound film systems. The sprocket holes in the feed track of the
      film are used in conjunction with a light source and a photocell to
      develop sync pulses which are required to synchronize a rotating
      electronic switch with periodic sequential information recorded on the
      sound track of the film.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a PICOR system for transferring wide-band sound signals, a sound signal
      is divided into a lower and a higher frequency range and the partial
      signal of the lower frequency range is transferred directly and instead of
      the partial signal of the higher frequency range, the amplitude
      information of partial frequency ranges obtained by splitting up said
      higher frequency range by means of band-pass filters is transferred by
      periodic sequential modulation of a single subcarrier with the amplitude
      information.
PAR  At the reproducing end, said subcarrier is demodulated and the amplitude
      information is separated again by a time selection operating synchronously
      with the sequential modulation at the pick-up end. The amplitude
      information of the partial frequency ranges serves as a modulating signal
      for equivalent signals lying approximately in the center of the individual
      partial frequency ranges. The modulated equivalent sound signals of the
      partial frequency ranges of the higher frequency range are added to the
      directly transferred sound signal of the lower frequency range for
      reproduction of the total signal.
PAR  For such a system using sequential transfer of the amplitude information it
      has already been proposed to transfer the signal serving for
      synchronization together with the sound signal. In that case care must be
      taken that the sync signal is separated from the other signals so as to be
      capable of being unambiguously evaluated and, on the other hand, remains
      inaudible although its frequency lies in the audible range.
PAR  This manner of transfer is advantageous inasmuch as no special time or
      frequency channel is needed for the sync signal.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a PICOR system applied to sound film
      wherein the signal of the partial lower frequency range is recorded on a
      sound track along with the periodic sequentially modulated subcarrier with
      the amplitude information.
PAR  It is the object of the invention to propose a simple manner of
      transferring the sync signal, taking into account the peculiarities of a
      sound film.
PAR  The invention is characterized in that a rotary switch located at the
      reproducing end and serving for time selection is synchronized by
      evaluating periodic information provided on the feed track of the sound
      film.
PAR  The advantage of the invention lies in the fact that use is made of an
      existing, spatial channel in the form of the feed track, which is
      separated from the picture portion and the sound track, and that the
      evaluation itself can be effected at low cost.
PAR  Further advantages and details of the invention will be apparent from the
      following description of the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of a control loop for synchronizing a
      rotating switch and an arrangement for scanning information on the feed
      track using an interposed hole diaphragm.
PAR  FIGS. 2a and 2b show different kinds of information on the feed track.
PAR  FIG. 3 shows the information in the form of a line pattern on the feed
      track.
PAR  FIG. 4 is a schematic representation of the control loop for synchronizing
      the rotating switch and an arrangement for scanning the information on the
      feed track using an interposed scanning diaphragm.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the film F passes through a light barrier consisting
      of the light source LQ and the photocell LP. Of the light emitted from the
      light source LQ, only the portion falling through the aperture of the
      diaphragm BL reaches the photocell LP, and this only if a sprocket hole P
      shown in FIG. 2a of the feed track TS is in front of the aperture. The
      output signal of the photocell LP is fed to a limiter 10. The signal
      generated in the limiter serves to control a monoflop 11 which forms a
      square-wave pulse of constant duration whose repetition frequency is
      determined by the speed of the film F moving in front of the diaphragm BL
      and by the spacing of the holes P. Since the speed of the film F and the
      spacing of the holes P are standardized values, the above repetition
      frequency of the pulses at the output of the monoflop 11 is a fixed value
      also.
PAR  The output of the monoflop 11 is connected to one input of a phase
      comparison circuit 12.
PAR  The function of the monoflop is to utilize only that limit of the hole P
      for the phase comparison which lies at the rear in relation to the film's
      direction of movement because the front limit may easily be damaged by the
      transport members in the projector if the film is used very often. The
      monoflop thus delivers to the phase comparison circuit a square-wave
      voltage of constant pulse length whose front edge is triggered only by the
      light-dark variation at the photocell.
PAR  As also shown in FIG. 1, an oscillator 15 controls a ring counter Z which,
      together with the switches 171 - 179, represents the rotating switch.
PAR  The sequence of amplitude information of the partial frequency ranges, is
      restored in a manner as described in the commonly assigned copending U.S.
      applications Ser. No. 485,865 and 334,525, is fed to the inputs of the
      switches 171 - 179 from a readout and demodulating circuit 18
      substantially as shown in the commonly assigned applications. The switches
      171 - 179 are closed cyclically and successively at the rate of the
      oscillator 15 via the ring counter Z; thus, the time sequence of the
      amplitude information is resolved. The individual bits of amplitude
      information are retained in one of the storages 181 - 189 for one cycle
      each and serve to control modulators as described in the copending
      applications.
PAR  These operations need not be explained in detail within the scope of the
      present invention.
PAR  In order that the time selection of the amplitude information by means of
      the switches 171 - 179 agrees in frequency and phase with the sequencing
      carried out at the pick-up end, i.e., in order that the respective first
      amplitude information of a cycle may be fed to the storage 181, for
      example, the frequency of the oscillator or a subharmonic obtained by,
      e.g., division is compared with the sync signal stored on, and scanned
      from, the feed track TS.
PAR  To this end, as shown in FIG. 1, it is necessary to divide the cycle
      frequency, which is equal to the frequency of the oscillator 15 divided by
      the number of ring-counter position (number of the switches 171 - 179),
      down to the value of the passage rate of the holes P by means of a
      frequency divider 13.
PAR  As indicated above, the two signal voltages to be compared, i.e., the
      output voltage of the oscillator 15, which has been frequency-divided as
      described, and the sync signal serving as the reference signal and derived
      from the moving film, are fed to a phase comparitor circuit 12.
PAR  At its output the phase comparitor circuit 12 provides a voltage whose
      magnitude and polarity depend on the phase difference between the signals
      to be compared. This voltage is passed through a low-pass filter 14 and
      serves as readjustment voltage for the frequency and thus phase
      controllable oscillator 15, which is readjusted until the signals to be
      compared are in phase.
PAR  As also shown in FIG. 1, an adjustable delay circuit 16 is inserted between
      the monoflop 11 and the phase comparison circuit 12. It serves to displace
      the sync signal in time if the sound signal and the sync signal are not
      picked off the optical sound track LT and the feed track TS of the film F
      in parallel manner, i.e. with a spatial displacement, which may be due to
      the design of the film projector, for example.
PAR  FIGS. 2a and 2b show two variants of the representation of information on
      the feed track.
PAR  The feed track TS of FIG. 2a is dark, i.e. opaque, over its entire length,
      and only the holes P allow light to pass through, so that the repetition
      rate of the holes can be evaluated as the reference signal.
PAR  In FIG. 2b the feed track TS is divided into light transparent or
      translucent zones and dark opaque zones equal in area so that the sprocket
      holes are always within the light zones. In this embodiment, the zonal
      limits between light and dark can be utilized for the reference signal;
      this means that, compared with FIG. 2a, the frequency of the reference
      signal is doubled.
PAR  FIG. 3 shows a section of sound film whose feed track TS has a line pattern
      SR. The line sequence is spaced so that during playback a frequency is
      obtained which corresponds to the cycle rate or to a subharmonic of the
      rotating switch (Z, 171 - 179).
PAR  This line pattern could be scanned, like the information of FIGS. 2a and
      2b, by means of a hole diaphragm as shown in FIG. 1, but instead use is
      made of a diaghragm with a reference line pattern which has the same line
      spacing as the film.
PAR  In this manner, a variation in brightness is obtained over a longer
      distance such that, if the two line patterns coincide, light transmission
      will be at a maximum, while in case of the reference pattern coinciding
      with the slits of the line pattern to be scanned, illumination will be at
      a minimum.
PAR  The perforation P causes an undesired brightness variation only if the
      length of the reference pattern is not adjusted to the spacing of the
      perforation P. If, however, the length of the reference pattern is equal
      to the spacing of the holes, the same hole section will always be in the
      portion to be evaluated as the film is passing through. As a result, the
      brightness variation is largely independent of the perforation.
PAR  FIG. 4 shows schematically how the line pattern is evaluated. The film F
      passes with its feed track TS through a light barrier formed by the light
      source LQ and a photocell LP. Inserted in this light barrier is a
      diaphragm BL whose aperture has the length Ls and within which the
      reference pattern VSR is disposed. The length LS, as mentioned above,
      corresponds to the distance between two sprocket holes P on the feed track
      of the film. As the film is passing through, the photocell LP provides an
      output signal whose frequency corresponds to that at which the light
      source was controlled at the pick-up end.
PAR  The circuit arrangement of FIG. 4 differs from that of FIG. 1 in that the
      frequency divider 13 may be omitted if the spacing of the line pattern SR
      (and the feed rate) corresponds to a frequency which is equal to the cycle
      rate of the rotating switch Z, 171 - 179, and that the monoflop 11 is no
      longer necessary.
PAR  Otherwise, the circuit of FIG. 4 works in the same manner as that of FIG.
      1.
PAR  It is to be understood that the foregoing description of specific examples
      of this invention is made by way of example only and is not to be
      considered as a limitation on its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for providing synchronization, in a system for transferring
      wide-band sound signals of the type wherein at the input end of the system
      the sound signal is divided into a lower and a higher frequency range, the
      signal of the lower frequency range is transferred directly while the
      signal of the higher frequency range is divided into partial higher
      frequency ranges, the amplitude of each of said partial higher frequency
      ranges being detected and used to sequentially modulate a single
      subcarrier frequency which is thereafter transferred to a reproducing end
      where the subcarrier frequency is demodulated to obtain the amplitude
      information of each partial high frequency range said sequential amplitude
      information being separated by a time selection operating electronic
      switch said amplitude information being used to modulate an equivalent
      signal lying approximately in the center of the individual partial high
      frequency ranges, said modulated equivalent sound signal being added to
      the directly transferred lower frequency range signal for reproduction of
      the wide-band sound signal, comprising the steps of:
PA1  recording the lower frequency range signal and the sequentially modulated
      subcarrier signal on the sound track of a sound film;
PA1  providing periodic information on another track of the sound film;
PA1  detecting the periodic information at the reproducing end; and
PA1  synchronizing said electronic time selection switch with said periodic
      information at the reproducing end, so that the amplitude information of
      each partial high frequency range is provided to the proper equivalent
      sound signal.
NUM  2.
PAR  2. A method as described in claim 1, wherein the periodic information is
      provided on the feed track of the sound film in the form of perforations
      which serve as sprocket holes in the feed track, said perforations being
      detected by scanning said feed track with a line source and detector.
NUM  3.
PAR  3. A method as described in claim 1, wherein the periodic information is
      provided in the form of a pattern consisting of alternate light
      transmitting and opaque zones.
NUM  4.
PAR  4. A method as described in claim 1, wherein the periodic information is
      provided on the track in the form of a line pattern.
NUM  5.
PAR  5. A method as described in claim 4, in which the line pattern is formed on
      the feed track and is detected by a diaphragm containing a reference line
      pattern having a length equal to the distance between two successive
      sprocket holes of the feed track.
NUM  6.
PAR  6. A method as described in claim 2, additionally comprising the step of
      detecting the rear edge of the sprocket hole as determined in relation to
      the films direction of movement.
NUM  7.
PAR  7. A method as described in claim 1, wherein the step of synchronizing the
      electronic time selection switch comprises the steps of:
PA1  controlling the electronic time selection switch with an oscillator
      frequency;
PA1  comparing the oscillator frequency with the detected periodic information;
      and
PA1  controlling the frequency of said oscillator with a signal derived from the
      comparison between the oscillator frequency and the periodic information.
NUM  8.
PAR  8. A method as described in claim 7, additionally comprising the step of
      dividing the oscillator frequency by the number of partial higher
      frequency ranges.
NUM  9.
PAR  9. A method as described in claim 1, additionally comprising the steps of:
PA1  providing a signal corresponding to the detected periodic information;
PA1  adjustably delaying said signal to compensate for any spatial displacement
      between the recording on the sound track and the periodic information.
NUM  10.
PAR  10. A receiver for use in an information transfer system of the type
      wherein a number of information signals are sampled and thereafter
      sequentially and cyclically recorded on a first track of an elongated
      storage means and a periodic sync signal corresponding to the cyclic
      repetition is recorded on a separate track of said elongated storage
      means, comprising:
PA1  means for sensing and reproducing the periodic sync signal;
PA1  means for sensing and reproducing the recorded sequential information
      signals;
PA1  means for storing a like number of information signals;
PA1  electronic rotary switch means for receiving the sequential information
      signals from said sensing and reproducing means and for distributing said
      signals to the information storing means;
PA1  synchronizing means responsive to the periodic sync signal for
      synchronizing the electronic rotary switch means so that the proper
      information signal is stored in the proper information storage means.
NUM  11.
PAR  11. A receiver as described in claim 10, wherein the elongated storage
      means is a film and the periodic sync signal is recorded in the form of
      alternate light transmitting zones and opaque zones on the separate track
      and the sensing and reproducing means comprises:
PA1  a light source;
PA1  photo-electric means for providing an electric signal corresponding to the
      received light, said means being disposed on an opposite side of said film
      from said light source so that the received light corresponds to the zones
      on said film.
NUM  12.
PAR  12. A receiver as described in claim 10, wherein the synchronizing means
      comprises:
PA1  oscillator means for providing a control signal to said electronic rotary
      switch for controlling the same;
PA1  comparator means for comparing the oscillator signal with the periodic sync
      signal and providing an output signal corresponding to a phase difference
      between said signals, said oscillator being responsive to the output
      signal of the comparator for adjusting the frequency of the control
      signal.
NUM  13.
PAR  13. A receiver as described in claim 12, additionally comprising:
PA1  a frequency divider for dividing the oscillator control signal frequency by
      the number of information signals transferred so that an output is
      provided for each repetition of the cyclic recording, said comparator
      means comparing the divided signal with the periodic sync signal so that
      the frequency of the oscillator is adjusted until the electronic rotary
      switch is properly synchronized.
NUM  14.
PAR  14. A receiver as described in claim 12, wherein the electronic rotary
      switch comprises a number of electronic switches each having a separate
      control input and a ring counter receives the oscillator control signal
      and has a number of outputs for sequentially providing output signals to
      the control inputs of the electronic switches so that the switches
      sequentially and cyclically close.
NUM  15.
PAR  15. A receiver as described in claim 10, additionally comprising an
      adjustable delay means for delaying the reproduced periodic sync signal to
      compensate for any misalignment of the sensing means.
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ABST
PAL  The method of producing a colored film from an exposed black-and-white
      picture and especially from an exposed black-and-white motion picture film
      wherein a black-and-white image is projected onto a surface, opaque pastel
      colors are applied within selected areas of the projected image and the
      reflected colored composite, of the opaque pastel colors and the
      black-and-white image superimposed thereon, is then photographed with
      color-sensitive film.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has long been the appetency of the art to convert a black-and-white
      positive picture, such as an opaque print, a single frame of transparent
      film, or a motion picture film, to a color film having gradations of color
      values.
PAR  Many of the black-and-white motion pictures now in storage are considered
      almost obsolete in the current color-saturated era merely because they are
      black and white. This obsolescence is especially true in the television
      industry where there exists a nearly exclusive demand for colored
      programming of motion pictures and commercials. Stored motion picture
      films such as "Streetcar Named Desire"; "On the Waterfront"; and "Not as a
      Stranger" could be in demand today if they had been originally
      photographed in color or could be converted to a colored film. Likewise,
      many of the black-and white television commercials that received
      particularly high public acceptance could be rerun if they could be
      converted to a colored film.
PAR  One method of adding color to a black-and-white motion picture is disclosed
      by O'Brien in U.S. Pat. No. 2,127,829, wherein the black-and-white image
      from a single motion picture frame is projected through accurately cut and
      accurately positioned colored filters onto a translucent screen and this
      combined image is then photographed with color-sensitive film from the
      opposite side of the screen. Thus, for each object within a frame, and for
      each distinct color within each object, a separate color filter has to be
      accurately cut and accurately positioned in a jigsaw-puzzle manner on the
      translucent screen. Adjacent filters, of the same or of different colors,
      may not overlap because an overlapped combination would produce a new and
      distinct third color between the adjacent filters; nor may the adjacent
      filters be mismatched to leave a gap because the gap would produce a white
      line on the color-sensitive film. Also, the color filters fail to
      transmit, in proportion to the original intensities, a significant portion
      of the gray scale and thus much of the black-and-white detail is lost
      while passing through the color filters and the number of available
      filters does not approach the variety of colors desired to adequately
      color a motion picture. The substitution of transparent paint or ink for
      the filters of O'Brien has been attempted, thus increasing the number of
      available colors, without overcoming the problem of overlapping and
      intermixing of adjacent transparent paint which would result in a third
      and distinctly new color between the originally distinct colors.
PAR  Another method of utilizing a black-and-white motion picture film to
      produce a colored film has been developed for producing colored animated
      cartoons. The first animated cartoons were produced from pictures drawn by
      artists showing sequential positions of moving objects on separate sheets.
      The sheets were then photographed on consecutive frames of a motion
      picture film. With a desire to eliminate a major portion of the artist's
      work, scenes were enacted by the aid of living actors depicting the
      subjects to be displayed by the cartoon and their movements were
      photographically recorded on a motion picture film. The motion picture was
      then projected from underneath a working table onto the underside of a
      ground-glass surface. Upon the upperside of the ground-glass surface was
      placed a piece of tracing paper on which an animation artist traced a
      verge or outline around a component part of the projected image. In
      tracing the projected image, the skillful artist would generally
      exaggerate or modify particular elements or features of the actor in order
      to produce grotesque characteristics on the cartoon character. The tracing
      paper, after being suitably colored, was then removed from the
      ground-glass surface for subsequent sequential photographing on a
      color-sensitive film. The motion picture of the live actors was therefore
      utilized to lend life-like realism of proportion and movement to the
      cartoon character but it was essential that the projected image from the
      black-and-white motion picture film was not photographed in combination
      with the traced cartoon character for the projected scene would tend to
      destroy the comic effect of the cartoon character.
PAR  Still another method of producing animated colored cartoons is where the
      motion picture background image is photographed in combination with an
      opaque cartoon character positioned between the projected image and the
      camera. Thus, the opaque cartoon character is superimposed on the actual
      background image and this combination is subsequently photographed. For
      example, see Gilmartin, U.S. Pat. No. 1,715,230.
PAR  One method of adding color to an opaque black-and-white print is the
      portrait tinting process wherein a photographic retoucher, an artist,
      mixes and applies a large variety of opaque colors directly onto an
      enlarged opaque black-and-white print photograph. Here, the skillful
      artist mixes and selects paints to selectively or completely cover and
      color the black-and-white photograph. The gray scale of any area to be
      colored is not used to produce a gradation of color; rather, additional
      colors are added to shade and accent the photograph to make it more
      natural appearing.
PAC  SUMMARY OF THE INVENTION
PAR  In addition to the economic and illustrative desires of converting a
      black-and-white positive picture to a color positive, the process of this
      invention enables a skilled photographer to purposely photograph in
      black-and-white, to gain artistic effects not possible with
      color-sensitive film, and then subsequently, creatively convert the
      black-and-white positive to a colored positive for aesthetic desires.
PAR  The present invention relates to a method of converting a black-and-white
      picture to a colored film, and more particularly to a method of projecting
      a black-and-white image onto a surface, adding an opaque pastel color
      within a selected area of the projected image, and photographing the
      reflected composite with color-sensitive film wherein the composite
      comprises the projected black-and-white image superimposed on the opaque
      pastel color to thereby produce a gradation of color within the selected
      area.
PAR  It is therefore an object of this invention to provide a novel method or
      producing a colored film from a black-and-white print.
PAR  It is another object of this invention to provide a novel method of
      producing a colored motion picture film from a black-and-white motion
      picture film.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings in which like numerals designate like parts
      throughout the figures and embodiments thereof and wherein:
PAR  FIG. 1 is a perspective view of the apparatus for carrying out the
      invention;
PAR  FIG. 2 shows an outline of a black-and-white image, from a first frame of
      motion picture film, projected onto a working surface;
PAR  FIG. 3 shows opaque pastel colors applied to the working surface in
      accordance with the projected image of FIG. 2;
PAR  FIG. 4 shows the composite of the projected black-and-white image of FIG. 2
      superimposed upon the pastel colors of FIG. 3; and
PAR  FIG. 5 indicates the amount of retouching required upon superimposing the
      projected black-and-white image from a second frame on the colored surface
      of FIG. 3.
DETD
PAR  In the accompanying drawings and descriptions of the embodiment of the
      invention shown, FIG. 1 illustrates the utilization of a motion picture
      projector and a motion picture camera to perform the process of this
      invention. However, any other apparatus that will project an image onto a
      working surface, such as a slide projector or an overhead projector, could
      be substituted for the motion picture projector. Likewise, any other
      apparatus that is sensitive to the reflected colored composite such as a
      single-frame camera could be substituted for the motion picture camera.
PAR  Referring particularly to FIG. 1, which illustrates one embodiment of the
      apparatus which may be used to practice the invention, there is shown a
      motion picture projector 10, a first mirror 12, a second mirror 14, a
      table 16 having a working surface thereon, a third mirror 18, and a motion
      picture camera 20. A black-and-white transparent positive motion picture
      film, such as "The Night of the Iguana", is threadedly positioned within
      the projector so that a first black-and-white image 21, from a single
      frame, is focused onto the working surface via the first and second
      mirrors 12 and 14. An operator, seated at the table 16 having a white
      illustration board 22 and a transparent screen 23 thereon to receive the
      black-and-white projected image, applies opaque pastel colors within
      selected areas of the projected image. The working surface may include the
      board 22 and the screen 23 or may include the board 22 exclusive of the
      screen 23.
PAR  The transparent screen 23, which may be a sheet of polyester film or
      similarly transparent material, is used to expedite the coloring of the
      image when a sufficient number of frames have the same non-moving
      background. The background objects are then colored on the white
      illustration board 22 and the moving object is colored on the screen 23.
      As the object moves across the background, the colored screen is moved and
      retouched therewith and thus the total time to color an image may be
      reduced. It is not always desired to use a transparent screen to practice
      the invention and in many instances only the white illustration board 22
      is used.
PAR  In utilizing the white illustration board 22, exclusive of the transparent
      screen 23, a first black-and-white image 21, as shown in FIG. 2, is
      projected onto the board 22 and the operator applies the opaque pastel
      colors onto the board 22 within the outlines of image 21, as shown in FIG.
      3. After the operator has sufficiently colored the white illustration
      board 22, the composite of the black-and-white image 21 superimposed upon
      the opaque colors, as shown in FIG. 4, is focused on color-sensitive film
      within the motion picture camera 20 via the second and third mirrors 14
      and 18. The motion picture camera 20 then photographs this composite on
      the color-sensitive film. The operator advances the movie projector 10 to
      a second frame and any moving object will then be out of synchronization
      with the colored area of the first image. The operator will then recolor
      portions of the moving object with the identical opaque pastel colors used
      in coloring the moving object of the first frame. The background area
      uncovered by the moving object is also recolored by adding the proper
      opaque pastel color thereto. The black-and-white image is thus again in
      synchronization with the colored areas and again the motion picture camera
      20 photographs the composite image. This cyclic process, as will become
      clear with reference to FIGS. 2-5, is continued throughout the length of
      the motion picture film.
PAR  Referring now to FIGS. 2-5, there is shown in FIGS. 2 and 4 a first frame
      and in FIG. 5 a second frame taken from the black-and-white motion picture
      "The Night of the Iguana".
PAR  FIG. 2 shows an outline of a black-and-white image 21 of a first frame,
      focused on the white illustration board 22, comprising a girl 30 of
      Scandinavian characteristics, dancing with a first male companion 40 and a
      second male companion 45 of Polynesian characteristics, a straw and wood
      roof 60 of a shelter located beside a blue river 65 and green tropical
      trees 70. The scene further comprises a sand floor 66 and an observer 68
      seated at a wooden table 80. The blonde-haired girl 30 is wearing a white
      blouse 34 and blue plaid shorts 32 whereas the first and second male
      companions each have black hair 41 and 42 and white colored trousers 43
      and 44, respectively.
PAR  FIG. 3 shows the various opaque colors that have been applied to the board
      22, by the operator, within the various areas of the projected
      black-and-white image of FIG. 2. Thus, the straw and wood roof 60, the
      table 80, and the sand floor 66 of the shelter have all received the
      identical pastel beige color 50. The topical trees 70 have received a
      light-green color 52. The girl's hair has been colored yellow 54 whereas
      her shorts and the background river 65 have been colored a light blue 56.
      The girl's blouse 34, the trousers 41 and 42 and the clothes on the
      observer 68 have been colored an opaque white 57. The exposed skin of the
      Scandinavian-appearing girl 30, the exposed skin of the first and second
      male companions, 40 and 45, the black hair of the male companions and the
      exposed skin of the observer 68 have received the identical pastel pink or
      flesh color 58. As clearly illustrated in FIG. 3, the colors are not
      shaded, are not accentuated, and many different objects are colored
      identically, e.g., the skin of the human figures. Thus the colored areas
      may be crudely and quickly colored without giving attention to details,
      e.g., in the roof 60, the straw has not been separately colored from the
      wood.
PAR  Referring now to FIG. 4 there is shown the reflected composite of the
      black-and-white image 21, of FIG. 2, superimposed upon the opaque pastel
      colors of FIG. 3. The objects that actually received the same pastel
      color, as shown in FIG. 3, will now appear to have gradations of natural
      appearing colors different from other objects identically colored. In an
      actual color photograph of the composite, clearly showing the gradations
      of colors within a colored object and between identically colored objects,
      certain portions of the grass and wood roof 60 will now appear to be
      differently colored from other grass and wood within the roof 60, the
      tropical trees 70 will range from a light green to a dark green, the
      girl's blonde hair will range from areas of light blonde to areas of dark
      blonde, and the Scandinavian-appearing girl appears light-complexioned
      whereas the first and second male companions appear dark-complexioned and
      the hair on each first and second male companion appears to be black.
      Thus, the skin of the Scandinavian-appearing girl and the Polynesian
      companions, although each received the identical opaque pastel flesh color
      58, as shown in FIG. 3, will now appear naturally shaded and colored for
      the race of each.
PAR  Referring now to FIG. 5, a second black-and-white image 90, from a second
      frame of the motion picture "The Night of the Iguana", has been
      superimposed upon the colored surface of FIG. 3. The figures have now
      moved slightly. The dotted outline portions of the girl and the two male
      companions represent the first image 21, whereas, the solid line outlines
      of the girl and her companions represent the second image 90 from the
      present frame. The girl's right arm has now moved into an area that was
      previously colored green for the tropical trees and into an area
      previously colored, or left white for her blouse. On the illustration
      board 22, the portion of the girl's right arm which now appears green in
      FIG. 5 will be recolored with the same pastel flesh color 58 and the
      portions from which her right arm has moved will be recolored green and
      white to provide proper synchronization between the colored areas and the
      projected image 90. Likewise, the areas associated with her blonde hair,
      her blouse, her shorts and her legs will be similarly retouched to provide
      proper synchronization. Similarly, the first and second male companions
      will be colorably retouched to provide proper synchronization between the
      colored areas and the projected image 90. After the operator has properly
      recolored the figures to synchronize the colored areas with the image 90,
      the motion picture camera 20 is actuated to photograph the new composite
      image and the projector is advanced to the next frame. This cyclic process
      is continued throughout the length of the film.
PAR  While one embodiment of the apparatus for carrying out this invention has
      been shown and described, it will be appreciated that this is for the
      purpose of illustration and that numerous modifications or alterations may
      be made to the apparatus without departing from the spirit and the scope
      of the invention as set forth in the appended claims.
CLMS
STM  What is claimed as the invention is:
NUM  1.
PAR  1. The method of converting a black-and-white picture to a colored film,
      comprising:
PA1  1. projecting a black-and-white image of the black-and-white picture onto a
      surface;
PA1  2. applying color to said surface at selected areas of the projected
      black-and-white image to provide an opaque composite of applied color and
      superimposed black-and-white image; and
PA1  3. while maintaining the projection of the black-and-white image on said
      surface, photographing with color-sensitive film the composite on the
      surface.
NUM  2.
PAR  2. The method of converting a black-and-white picture to a colored film
      according to claim 1, wherein said black-and-white image is projected onto
      said surface from a black-and-white transparent film.
NUM  3.
PAR  3. The method of converting a black-and-white picture to a colored film
      according to claim 1, wherein said black-and-white image is projected onto
      said surface from an opaque black-and-white print.
NUM  4.
PAR  4. The method of converting a black-and-white picture to a colored film
      according to claim 1, wherein a plurality of colors are applied to a
      plurality of selected areas of said projected black-and-white image.
NUM  5.
PAR  5. The method of converting a black-and-white picture to a colored film
      according to claim 1, wherein said surface comprises an illustration board
      and a transparent screen in front of said board, color is applied to the
      board for background objects, and color is applied to the transparent
      screen for foreground moving objects.
NUM  6.
PAR  6. The method of converting a black-and-white motion picture film to a
      colored motion picture film comprising:
PA1  a. projecting a first black-and-white image from a first frame of the
      black-and-white motion picture film onto a surface.
PA1  2. applying color to said surface at selected areas of the projected first
      black-and-white image to provide an opaque first composite of applied
      color and superimposed first black-and-white image;
PA1  3. while maintaining the projection of the first black-and-white image on
      said surface, photographing with color-sensitive film said first
      composite;
PAR  4.  projecting a second black-and-white image from a second frame of the
      black-and-white motion picture film onto the color-bearing surface;
PA1  5. applying opaque color to said surface at selected areas as necessary to
      synchronize the colored areas with said second black-and-white image to
      provide an opaque second composite of applied color and superimposed
      second black-and-white image; and
PA1  6. while maintaining the projection of the second black-and-white image on
      said surface, photographing with the color-sensitive film said second
      composite.
NUM  7.
PAR  7. The method of converting a black-and-white motion picture film to a
      colored motion picture film according to claim 6, wherein said surface
      comprises an illustration board on which background objects are colored
      and a transparent screen in front of said board on which foreground moving
      objects are colored.
NUM  8.
PAR  8. The method of converting a black-and-white picture to a colored medium,
      comprising:
PA1  1. projecting a black-and-white image of the black-and-white picture onto a
      surface;
PA1  2. applying color to said surface at selected areas of the projected
      black-and-white image to provide an opaque composite of applied color and
      superimposed black-and-white image; and
PA1  3. while maintaining the projection of the black-and-white image on said
      surface, photographing the composite on a color-sensitive medium.
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PAL  A small motion picture camera having a telescopic viewfinder enclosed in a
      separate housing which is mounted on the top of the camera body while the
      camera is being used for taking pictures. When not being used for taking
      pictures, the viewfinder housing is shifted to the front of the camera
      where it serves as a protective cover for the camera lens and a portion of
      the driving motor, thus reducing the height dimension of the camera to
      such extent that the camera can easily be slipped into the user's pocket
      of average conventional size. The length of the viewfinder housing is
      equal to the height of the camera body, and the thickness of the
      viewfinder housing from side to side is equal to the thickness of the
      camera body, so that when the viewfinder housing is mounted in the
      transporting position on the front of the camera body, it forms a smooth
      prolongation of the body. Batteries for powering the driving motor of the
      camera are also contained in the viewfinder housing, along with the
      viewfinder telescope.
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a small motion picture camera, especially one
      taking very narrow film (e.g. 8 millimeter film) supplied in a
      conventional film cassette readily available on the market. More
      particularly, the invention relates to such a camera having a telescopic
      viewfinder such as a reversed Galileo telescopic system.
PAR  In the conventional practice, the operating devices of the motion picture
      camera, such as the viewfinder, the range finder (if any) and the exposure
      meter are usually included in the camera housing, in order to render the
      housing smooth and compact. Such operating components are thus largely
      protected by the housing from outside influences. The lens system, with
      its focusing and diaphragm adjustment devices, are still unprotected,
      however, unless they are also incorporated in the housing by making the
      housing still larger. These larger dimensions of the housing, required for
      protecting the various devices and parts above mentioned, are a serious
      drawback even when every attempt is made to reduce the housing dimensions
      to a minimum, since it must be large enough, of course, to accommodate the
      film cassette in addition to the various other devices and parts above
      mentioned. The result is that the camera housing is frequently too large
      to fit conveniently in the user's pocket or in a lady's pocketbook.
PAR  An object of the invention is to provide a motion picture camera using
      narrow film supplied in a conventional cassette, so designed that when the
      camera is in the condition for being transported, it will have smooth
      outer surfaces of minimum dimensions and will enclose and protect the lens
      system and other vital parts which may be subject to damage by external
      contact, and may be rapidly made ready for photographic use when desired,
      with the lens system and the viewfinder in proper operative condition for
      making exposures.
PAC  SUMMARY OF THE INVENTION
PAR  The above mentioned object is achieved by placing the telescopic
      viewfinder, and preferably also the batteries which serve to power the
      motor, in a small housing separate from the main camera housing or body,
      the viewfinder housing being shiftable from a picture taking position
      resting on the upper edge of the camera body, to a transport position
      fitting on the front end of the camera body and forming a protective cap
      for the lens system and other parts or devices at the front of the camera.
PAR  In a particularly suitable and convenient version of the camera the width
      of the supplementary housing containing the viewfinder is identical with
      the width of the main camera housing or body, and the length of the
      supplementary housing is identical with the height of the main camera
      housing, so that when the supplementary housing is placed against the
      front of the camera body, the supplementary housing forms a prolongation
      of the length of the camera and the lateral surfaces of the supplementary
      housing form smooth continuations of the top, bottom, and side walls of
      the camera itself, being substantially flush therewith. A camera having
      these features, and using 8 mm motion picture film in a standard cassette
      commercially available on the market, can be made so small that it will
      fit into the palm of the hand, and can easily be carried in a person's
      jacket pocket of average or customary size, or in a lady's handbag.
PAR  If the supplementary housing containing the telescopic viewfinder contains
      also the batteries, as is preferably the case, then the connecting parts
      which serve to connect the supplementary housing to the camera body to
      hold the supplementary housing in proper position, may serve also as
      electrical conductors to convey the current from the batteries in the
      supplementary housing to the driving motor in the camera body. In one form
      of the invention these connecting parts are in the form of pins on the
      supplementary housing receivable in sockets on the top wall of the camera
      body when the viewfinder housing is in picture taking position on the
      camera, and removable completely from the sockets and placeable in other
      sockets on the front of the camera body when the viewfinder housing is
      mounted in the transport position, placed as a cap on the front of the
      camera body. In this form of the invention, the supplementary or
      viewfinder housing is completely detached from the camera body while it is
      being moved from one mounting position to the other mounting position. In
      another embodiment of the invention, the viewfinder housing is at all
      times physically connected to the camera body, by a sort of loose sliding
      hinge arrangement which permits the viewfinder housing to be slid along
      the top of the camera body and swung downwardly onto the front of the
      camera body, when shifting the supplementary housing from the picture
      taking position to the transporting position.
PAR  According to another advantageous feature of the invention, the base of the
      viewfinder housing is provided with one or more windows which coincide, in
      the operative position, with windows on the top of the camera body and
      through which various measuring values can be read, such as values or
      positions of the diaphragm indicator, the film counter mechanism, etc.,
      and reflecting devices are provided where necessary in the viewfinder
      housing to permit these values to be seen through the eyepiece of the
      viewfinder.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view partly in longitudinal vertical section and
      partly in elevation, of a motion picture camera in accordance with a first
      embodiment of the invention, illustrating the supplementary viewfinder
      housing mounted as a protective cap on the front of the body of the
      camera;
PAR  FIG. 2 is a view partly in side elevation and partly in vertical
      longitudinal section, of the same parts shown in FIG. 1, but with the
      supplementary viewfinder housing now mounted in operative or
      picture-taking position on the top wall of the camera body;
PAR  FIG. 3 is a fragmentary view similar to a portion of FIG. 2, illustrating a
      second embodiment of the invention, where the supplementary viewfinder
      housing is permanently attached to the camera body in a manner which
      permits the viewfinder housing to be slid along the top wall of the camera
      and swung down to a position against the front wall; and
PAR  FIG. 4 is a fragmentary view, partly in front elevation and partly in
      vertical transverse section, showing further details of the embodiment
      illustrated in FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1 and 2, the motion picture camera housing or body
      is indicated in general at 1, and the supplementary viewfinder housing is
      shown at 2. In FIG. 1, the viewfinder housing is mounted in the transport
      or carrying position, in the front of the camera body. In FIG. 2 it is
      mounted in the operative or picture-taking position on the top wall of the
      camera body.
PAR  The main space in the camera body or housing is taken up by the film
      cassette 3. All the devices or parts required for the film drive and the
      film exposure are accommodated in the front chamber 12 of the camera
      housing. These parts or devices include the lens system 4, the exposure
      mechanism 5, the measuring indicator 6, and the mirror 7 for reflecting an
      image of the indicator pointer or needle 6 upwardly through a window 16 in
      the top wall of the camera housing. The small electric driving motor 9
      which drives the film advance and the shutter is also located partly in
      this front chamber 12, but the front end of the motor may stick out
      somewhat forwardly beyond the front wall of the chamber 12, as
      illustrated, in order that this chamber 12 may be made smaller, in a
      dimension parallel to the optical axis, than could be done if the entire
      motor were accommodated within the chamber 12. All of the above mentioned
      parts within the chamber 12 are made extremely small, in order to keep the
      over-all external dimensions of the camera housing as compact and moderate
      as possible.
PAR  Prior motion picture cameras have usually contained a viewfinder device in
      the camera housing, and this has increased the transverse cross sectional
      dimensions of the body. Prior art cameras have also usually had driving
      batteries generally accommodated in a camera handle, with further increase
      of the cross sectional dimensions. This increase in cross sectional
      dimensions is avoided according to the present invention by placing the
      viewfinder, and preferably also the batteries, in a separate supplementary
      housing which is carried on the top wall of the main camera body or
      housing only when the parts are in the operative or picture-taking
      position, at which time the increase in the height dimension of the
      camera, caused by placing the viewfinder housing on the top of the camera,
      is not detrimental and does not matter. When the camera is not in use, the
      supplementary housing containing the viewfinder and preferably also the
      batteries is removed from the top wall of the camera and placed on the
      front of the camera, forming a smooth continuation or prolongation of the
      length of the camera, so that the transverse cross sectional dimensions of
      the camera are now very small indeed, the cross sectional dimensions being
      governed mainly by the size of the conventional standard film cassette
      contained within the camera body. The cross sectional dimensions are so
      small, when the parts are arranged in this transport or carrying
      condition, that the camera may be easily slipped into a pocket of average
      size in a person's jacket, so that the camera may truly be called a
      miniature camera. In the carrying position, the extra length of the camera
      caused by placing the viewfinder housing on the front of the camera
      instead of on the top, is not a serious detriment, because it is the
      transverse cross sectional dimension of the camera which determines
      whether the article can be slid into a pocket of a garment, and the slight
      extra length of the article does not interfere with carrying the article
      safely in the pocket, if the cross section is sufficiently small to slide
      easily into the entrance opening of the pocket.
PAR  According to the invention, the supplementary housing 2 contains the
      viewfinder device 11, preferably in the form of a reverse Galileo
      telescope with a front lens 27. Also in this same supplementary housing 2,
      there are two driving batteries 11, held by the customary resilient
      retaining clips 19 and 20 which serve also as electrical conductors. The
      length of the supplementary housing 2 is equal to the height of the main
      body of the camera, and the width of the supplementary housing is equal to
      the width of the main body, so that when the supplementary housing is
      placed against the front wall 13 of the camera, it forms a smooth
      continuation of the camera body, making a flush prolongation of the top,
      bottom, and lateral side walls of the main camera body or housing.
PAR  Suitable detachable securing means are provided, to enable the
      supplementary housing 2 to be held either against the front wall 13 of the
      camera housing, in the carrying position or transport position shown in
      FIG. 1, or on the top wall of the main camera body, in the operative or
      picture-taking position shown in FIG. 2. In the first embodiment of the
      invention, according to FIGS. 1 and 2, the detachable securing means is in
      the form of pins 14 attached to the supplementary housing 2, and sockets
      or bushings 26 in the main camera housing, into which the pins 14 fit and
      are frictionally retained. Preferably the pins 14 are electrically
      conducting, and are electrically connected to the batteries 10 through a
      finger-operated switch 18 (see also FIG. 4) on the side wall of the
      housing 11. The sockets 26 on the top wall of the camera body are likewise
      electrically conducting, and are connected through electrical connections
      indicated schematically at 25 to the driving motor 9. However, the
      corresponding sockets (not specifically illustrated) on the front wall 13
      of the camera housing are not electrically connected to the motor. This
      arrangement has the advantage that when the viewfinder housing is mounted
      in operative position on the top of the camera, the batteries are
      automatically connected to the motor through the on-off switch 18, but
      when the viewfinder housing is removed from the operative position and
      placed on the front of the camera in the carrying or transport position,
      there is no electrical connection from the batteries to the motor, and the
      battery power will not be wasted nor will the motor be operated if the
      switch 18 is accidentally closed when the parts are in the carrying
      position. Thus no additional safety switch to prevent accidental operation
      is required.
PAR  The light measuring mechanism 5, of conventional known construction,
      receives light through the window 15 in the front wall 13 of the camera,
      when the viewfinder housing is in the operative position illustrated in
      FIG. 2. This light window 15 is provided with a diffusion lens 17. The
      conventional measuring unit 5, responding to the amount of light coming in
      from the subject to be photographed, through the window 15 and diffusing
      screen 17, moves the measuring indicator (pointer) 6 in the conventional
      way, in accordance with the light as measured by a photosensitive cell,
      this pointer or needle 6 being deflected to various positions behind the
      diffusion screen 17. The image of the pointer is reflected by the mirror
      7, upwardly through the previously mentioned window 16 in the top wall of
      the camera, and through a corresponding aligned window in the bottom wall
      of the supplementary housing 2, onto another mirror 8 in the supplementary
      housing, which reflects the image rearwardly to the eyepiece of the
      viewfinder 11. When the user of the camera puts his eye to the eyepiece of
      the viewfinder in order to observe the scene, he sees also, at the bottom
      of his field of view, the image of the needle or pointer 6, and thus can
      determine whether there is sufficient light for photographing the desired
      scene, or whether some adjustment of variable factors may be necessary in
      order to assure a good picture. The diaphragm value, serving as a means
      for verifying the exposure and giving a warning of underexposure, can also
      be read, in known manner, on a diaphragm scale visible through the
      viewfinder window, and reflected by the same mirror arrangement 7, 8 which
      reflects the image of the light value or light intensity measuring pointer
      6.
PAR  When the operator has finished the photographing operation for the time
      being, the supplementary housing 2 can be quickly and easily lifted off of
      the top of the camera, pulling the pins 14 out of the sockets 26, and then
      the supplementary housing can be placed on the front of the camera in the
      carrying or transport position, pushing the pins 14 into corresponding
      sockets (not illustrated) on the front wall 13 of the camera. In this
      position, the supplementary housing 2 serves as a protective cap for the
      front of the camera, protecting the lens system and also the protruding
      front end of the motor 9. As already mentioned, the camera is now of such
      small dimensions in a transverse cross sectional sense that it can easily
      be slipped into an ordinary pocket. It is but the work of a moment to
      remove the supplementary housing 2 from the front wall of the camera and
      place it on the top wall, which automatically establishes the necessary
      electrical connections for driving the motor.
PAR  In this first embodiment of the invention (FIGS. 1 and 2) there is no
      permanent physical connection between the supplementary housing 2 and the
      main camera housing, so that supplementary housing can be completely
      separated from the main camera housing. In the second embodiment of the
      invention, now to be described in connection with FIGS. 3 and 4, there is
      a permanent physical connection between the viewfinder housing and the
      main camera body, so that the viewfinder housing cannot be completely
      separated from the camera, and cannot become lost.
PAR  According to this second embodiment, the top wall of the camera body is
      provided with two grooved bars 21, passing along the outer edges of the
      top wall and worked into the surface and covered over. Two short
      cylindrical guide pins 22 are provided near the eyepiece end (rear end) of
      the viewfinder housing 2, extending into undercut portions of the grooves
      in the bars 21, so that they can slide along the lengths of these grooves,
      but cannot become detached therefrom. At the other or forward end of the
      supplementary housing 2, there are two detent hooks 23, engaging into
      spring catches of conventional kind, schematically shown at 24, after the
      veiwfinder housing has been pushed as far as it will go rearwardly on the
      top wall of the camera; that is, pushed rearwardly until the guide pins 22
      engage with the rear ends of the slots in the bars 21. In this rearward
      position, the engagement of the hooks 23 in the spring catches 24 serves
      to retain the viewfinder housing 2 in its operative position, and at the
      same time the detent hooks 23 and spring catches 24 make electrical
      contact with each other, and are parts of the circuit going from the
      batteries 10 and switch 18 to the motor.
PAR  When the picture taking operation is finished for the moment, and the
      camera parts are to be placed in transport or carrying position, the front
      end of the viewfinder housing 2 is lifted upwardly, disengaging the pins
      23 from the catches 24. Then the viewfinder housing is slid forwardly, the
      guide pins 22 sliding along the grooves 21, until the guide pins reach the
      front end of the grooves, at the corner between the top wall and the front
      wall of the camera housing. When the parts reach this position
      (illustrated in broken lines in FIG. 3) the supplementary housing 2 can
      then be swung downwardly, the pins 22 acting as a hinge when they remain
      at the front ends of the grooves 21. The downward swinging continues as
      illustrated in broken lines in FIG. 3, until a full swing through
      90.degree. has been completed, whereupon the supplementary housing is
      tight against the front wall of the main camera housing, and the pins 23
      are received in spring catches (not illustrated) in the front wall,
      similar to the spring catches 24 in the top wall, thereby retaining the
      supplementary housing in the carrying position.
PAR  Except for this feature of the way the supplementary housing is held in its
      two positions, on the top or on the front of the main camera housing, and
      remains permanently attached to the main camera housing at all times, the
      other features of this second embodiment of the invention are the same as
      the first embodiment above described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A miniature motion picture camera comprising a body housing adapted to
      contain a film cassette, said body housing having a front and having a
      lens defining an optical axis, a viewfinder housing having a reversed
      Galileo optical system viewfinder therein, said viewfinder having an
      optical axis, and means for mounting said viewfinder housing on said body
      housing selectively in either one of two positions, in the first of which
      positions said viewfinder housing is mounted on said body housing with the
      optical axis of the viewfinder substantially parallel to the optical axis
      of the lens, so that said viewfinder may serve effectively as a viewfinder
      for taking pictures through said lens, in the second of which positions
      said viewfinder housing is mounted on the front of said body housing with
      the optical axis of the viewfinder extending transverse to the optical
      axis of the lens and with the viewfinder housing serving as a front
      protective cap for said body housing, the width and length of said
      viewfinder housing being substantially identical with the width and
      height, respectively, of said body housing, so that when said viewfinder
      housing is mounted in said second position on the front of said body
      housing, the lateral surfaces of the viewfinder housing are substantially
      flush with the lateral surfaces of said body housing.
NUM  2.
PAR  2. A camera as defined in claim 1, wherein said body housing has a top
      wall, and wherein said viewfinder housing, when mounted in its said first
      position, is mounted on said top wall.
NUM  3.
PAR  3. A camera as defined in claim 1, wherein said mounting means comprises a
      plurality of mounting members attached to said viewfinder housing, and
      retaining members on said body housing for receiving and retaining said
      mounting members.
NUM  4.
PAR  4. A camera as defined in claim 1, wherein said mounting means comprises
      loose hinge joint means so formed that said viewfinder housing may be
      swung through an angle of 90.degree. while being moved from one of its
      said positions to the other of its positions, and remains attached to said
      body housing during the entire movement from one position to the other
      position.
NUM  5.
PAR  5. A miniature motion picture camera comprising a body housing adapted to
      contain a film cassette, said body housing having a front and having a
      lens defining an optical axis, a viewfinder housing having a reversed
      Galileo optical system viewfinder therein, said viewfinder having an
      optical axis, and means for mounting said viewfinder housing on said body
      housing selectively in either one of two positions, in the first of which
      positions said viewfinder housing is mounted on said body housing with the
      optical axis of the viewfinder substantially parallel to the optical axis
      of the lens, so that said viewfinder may serve effectively as a viewfinder
      for taking pictures through said lens, in the second of which positions
      said viewfinder housing is mounted on the front of said body housing with
      the optical axis of the viewfinder extending transverse to the optical
      axis of the lens and with the viewfinder housing serving as a front
      protective cap for said body housing, said viewfinder housing containing a
      battery mount, an electric driving motor in said body housing, said means
      for mounting said viewfinder housing on said body housing including means
      automatically establishing an electrical connection between said battery
      mount and said motor by the act of mounting said viewfinder housing in its
      said first position.
NUM  6.
PAR  6. A camera as defined in claim 5 further comprising an on-off switch for
      said motor, said switch being mounted on said viewfinder housing.
NUM  7.
PAR  7. A miniature motion picture camera comprising a body housing adapted to
      contain a film cassette, said body housing having a front and having a
      lens defining an optical axis, a viewfinder housing having a reversed
      Galileo optical system viewfinder therein, said viewfinder having an
      optical axis, and means for mounting said viewfinder housing on said body
      housing selectively in either one of two positions, in the first of which
      positions said viewfinder housing is mounted on said body housing with the
      optical axis of the viewfinder substantially parallel to the optical axis
      of the lens, so that said viewfinder may serve effectively as a viewfinder
      for taking pictures through said lens, in the second of which positions
      said viewfinder housing is mounted on the front of said body housing with
      the optical axis of the viewfinder extending transverse to the optical
      axis of the lens and with the viewfinder housing serving as a front
      protective cap for said body housing, indicating means in said body
      housing, window means in a wall of said body housing, window means in a
      wall of said viewfinder housing in a position aligned with said window
      means in said body housing when said viewfinder housing is mounted in its
      said first position on said body housing, and reflecting means in said
      viewfinder housing and said body housing for reflecting a beam of light
      from said indicating means through said window means to an observable
      position in said viewfinder housing.
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ABST
PAL  A control system for a cinematographic film cassette processor/projector
      unit. The control system includes a function programmer comprising an
      operating cycle selector responsive to a processed/unprocessed indicator
      on the cassette to program the control system for either a processed-film
      operating cycle or an unprocessed-film operating cycle and a logic unit
      for programming the sequence and execution of the plural operational modes
      of the apparatus during an operating cycle. The control system further
      includes a reel drive control circuit having plural speed and direction
      drive control modes programmed by the function programmer, a mode change
      actuator circiut responsive to cessation of film movement to actuate a
      change in the operational mode of the processor/projector by changing the
      logic state of the logic disc assembly, and a manually-actuatable replay
      circuit.
BSUM
PAR  This invention relates to film handling and, in particular, to a control
      system for film handling apparatus for film contained in a cassette.
PAR  Recent technological advances have made possible a rapid-process cassette
      system of motion picture photography which permits the photographer
      himself to expose, process, and project a length of motion picture film
      all without removing the film from the cassette. Rapid-process film
      cassettes of the type referred to are described, for example, in U.S. Pat.
      No. 3,608,455.
PAR  In the rapid-process cassette system, the film cassette is internally
      provided with processing means comprising a supply of development fluid
      contained in a rupturable container or pod and an applicator for applying
      the development fluid to the film emulsion. During exposure in a camera
      adapted to receive the cassette, the film is advanced from the cassette
      supply reel to the cassette take-up reel. To process the exposed film, the
      cassette is removed from the camera and inserted into a
      processor/projector unit. The development fluid pod in the cassette is
      ruptured, and a drive system is actuated to transport the exposed film
      from the take-up reel back to the supply reel. As the film is transported
      to the supply reel, the applicator within the cassette deposits a coating
      of the development fluid on the film emulsion surface to effect rapid
      processing of the film. The film may then be projected by actuating a
      projection drive shuttle to advance the film from the supply reel to the
      take-up reel. Following projection, the film may be rewound onto the
      supply reel and conveniently stored in the cassette in readiness for
      subsequent viewing. Such previously processed films may be viewed when
      desired by inserting the cassette into the processor/projector unit and
      operating the unit in the projection mode only.
PAR  It should be understood at this juncture that since the processor/projector
      unit is called upon to perform plural operations and functions, the
      control and sequencing of functions of the unit can present a complex task
      for the operator. Accordingly, it is the principal object of this
      invention to simplify the task of the operator by providing a control
      system for programming and controlling the functions of the
      processor/projector unit.
PAR  The control system of the present invention includes a function programmer
      having plural logic states for programming the sequence and execution of
      plural operational modes of the apparatus, reel drive control means having
      plural drive control modes adapted to be programmed by said function
      programmer, and a mode change actuator responsive to cessation of film
      movement for changing the logic state of the function programmer. The
      function programmer comprises an operating cycle selector for programming
      the control system for either processed-film operating cycle or an
      unprocessed-film operating cycle and a logic unit for programming the
      sequence and execution of the plural operational modes of the apparatus
      during an operating cycle. The operating cycle selector is preferably
      automatically responsive to a processed/unprocessed indicator provided on
      the cassette.
PAR  In an unprocessed-film operating cycle, the function programmer is
      effective to program the apparatus first for execution of a "take-up" mode
      comprising a wind-up onto the take-up reel without projection illumination
      of any remaining film supply. Upon cessation of film movement toward the
      take-up reel, the mode change actuator functions to advance the logic unit
      to direct execution of a "develop" mode in which the film is transported
      from the take-up reel to the supply reel without exposure to ambient light
      for the application of development fluid to the film emulsion. Upon
      cessation of film movement toward the supply reel, the mode change
      actuator operates following a predetermined delay period to advance the
      logic unit to direct execution of a mandatory "project" mode in which the
      film is transported by the projection shuttle from the supply reel to the
      take-up reel with the projection lamp energized for simultaneously drying
      and projecting the film. Upon cessation of film movement toward the
      take-up reel, the mode change actuator functions to advance the logic unit
      to direct execution of a "rewind" mode in which the film is returned from
      the take-up reel to the supply reel. Upon cessation of film movement
      toward the supply reel, the mode change actuator functions to advance the
      logic unit to the "off" mode for apparatus de-energization and cassette
      ejection.
PAR  In response to the insertion of a previously processed cassette, the
      control system directs execution of only the project mode and the rewind
      mode, prior to off mode de-energization and cassette ejection.
PAR  A further feature of the control system of this invention is the provision
      of a replay means which in response to a momentary manual actuation
      operates to interrupt projection to effect rewind of a short length of
      film followed by return to the project mode without interim
      de-energization of the apparatus by simulating the develop mode conditions
      during mode change from rewind to project.
PAR  Other features and objects of the present invention will be apparent from
      the following detailed description considered in conjunction with the
      accompanying drawings.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is an isometric view of a processor/projector unit of the type
      controlled by the system of the present invention;
PAR  FIG. 2 is an isometric view of a rapid-process film cassette;
PAR  FIG. 3 is a schematic diagram of the electrical circuitry in the system of
      the present invention;
PAR  FIG. 4 is a front view in elevation of the logic disc and its associated
      drive assembly and electrical contact assemblies;
PAR  FIG. 5 is a top view partly in elevation and partly diagrammatic of the
      logic disc and its associated drive assembly, cam shaft assembly, and
      electrical contact assemblies;
PAR  FIG. 6 is an enlarged front view in elevation of the logic disc clutch
      assembly;
PAR  FIG. 7 is a side view partly in elevation and partly in cross section of
      the logic disc clutch assembly;
PAR  FIG. 8 is an exploded view of a portion of the logic disc clutch assembly;
PAR  FIG. 9 is a chart of a sequencing of functions in accordance with the
      present invention; and
PAR  FIG. 10 is an alternative form of motor control circuit which may be used
      in the system of the present invention.
DETD
PAR  Referring to FIGS. 1 and 2, processor/projector unit 20 and rapid-process
      type motion picture film cassette 22 are shown in generalized form.
PAR  The cassette 22 includes a casing 24, an internal rotatably-mounted supply
      reel 26, an internal rotatably-mounted take-up reel 28, and a film gate
      30. As previously indicated, the film maintained on the supply and take-up
      reels in the cassette 22 is intended to be exposed, processed, projected,
      and stored without being removed from the cassette. For film processing
      purposes, the cassette is provided internally with a rupturable pod or
      container (not shown) containing processing fluid and an applicator (not
      shown) for applying the processing fluid to the film as the film is driven
      from the take-up reel 28 to the supply reel 26. In order to project
      processed film, the projection light beam is directed through an aperture
      32 in the cassette and reflected by a prism 34 within the cassette through
      the film gate 30 to the projector objective lens systems for imaging on a
      viewing screen. For the purpose of indicating whether the film in the
      cassette 22 is processed or unprocessed, the cassette 22 is provided with
      a suitable indicating means in the form of a suitable internal electrical
      connection (not shown) between two external electrical contacts 35 and 37
      on the casing of the cassette 22. The internal electrical connection
      between contacts 35 and 37 is broken when the film is first rewound back
      onto the supply reel. The existence of an electrical continuity between
      contacts 35 and 37 indicates an unprocessed film while an electrical
      discontinuity between contacts 35 and 37 indicates a processed film. As
      described in detail hereinafter, the control system of the present
      invention includes an operating cycle selector which is responsive to the
      cassette film condition indicating means to condition the control system
      for either a processed-film operating cycle or an unprocessed-film
      operating cycle.
PAR  The processor/projector unit 20 is adapted to receive the cassette 22 in a
      compatibly configured slot or recess 36 for processing and projection
      purposes. The particular processor/projector unit 20 shown includes a
      projection lighting and optics (not shown) and a viewing screen 40. A
      conventional mechanical shuttle system (not shown) is provided in the
      processor/projector unit for driving the film during projection. In
      addition, a suitable drive system is provided for driving the cassette
      take-up reel 28 during shuttle advance of the film in projection direction
      from the supply reel 26 to the take-up reel 28, and for driving the supply
      reel 26 to transport the film in the rewind direction from the take-up
      reel 28 to the supply reel 26. One form of drive system suitable for this
      purpose is shown in the copending application of Kenyon A. Hapke, Ser. No.
      319,828, filed Dec. 29, 1972, entitled Drive System.
PAR  The control system of the present invention includes a function programmer
      which comprises (1) an operating cycle selector for programming the
      processor/projector for either a processed-film cycle or an
      unprocessed-film cycle and (2) a logic unit for programming the sequence
      and execution of the plural operating modes of the processor/projector
      during an operating cycle. The operating cycle selector comprises the
      relay K1 and its associated contacts and circuitry shown in the control
      circuit schematic of FIG. 3. The logic comprises the logic disc assembly
      42 shown in FIGS. 4 and 5 and its associated circuitry in the control
      circuit schematic of FIG. 3.
PAC  THE LOGIC DISC ASSEMBLY
PAR  The logic disc assembly 42 comprises a rotatable logic disc 44 which is
      provided on its face with a concentric set of plural electrical contact
      rings 46. A cooperating set of stationary electrical wiper contact fingers
      F1 through F12 are fixedly mounted at one end and arranged in three
      angularly-spaced assemblies 52, 54, and 56. The wiper contact fingers F1
      through F12 are each arranged and oriented to bear resiliently against the
      face of the disc 44 and to cooperate with one of the contact rings 46 of
      the disc 44 to make or break an electrical continuity as determined by the
      configuration of the associated contact ring and the rotational position
      of the disc 44.
PAR  The logic disc assembly 42 further includes a rotatable cam shaft 58 which
      is keyed to the logic disc 44 for rotation therewith. The cam shaft 58 is
      provided with a set of twelve cams CM1 through CM12. Each of the cams CM1
      through CM12 is configured and provided with a cam follower (CF1 through
      CF12) to open and close a switch or to activate and deactivate a
      mechanical function as diagrammatically set forth in FIG. 5 and as more
      particularly referred to hereinafter.
PAR  As illustrated in FIGS. 6 and 7, the logic disc 44 and cam shaft 58 are
      driven by a gear 62. For this purpose, the circumferential periphery of
      the logic disc 44 is provided with gear teeth meshed with the driving gear
      62. The shaft 66 provides a pivot for driving gear 62, which is an
      integral part of gear 68. Gear 68 engages with the output gear 92 of a
      logic clutch 72. The logic clutch 72, in turn, is driven by the
      processor/projector AC drive motor 74 through a suitable transmission and
      motor output worm gearing 78.
PAR  The logic clutch 72 is controlled by a control pawl 80 which, in turn, is
      controlled by energization and de-energization of an electromagnet coil 82
      in the manner hereinafter described in relation to the circuit schematic
      of FIG. 3.
PAR  The structure of the logic clutch 72 is best shown in FIGS. 6 through 8.
      The logic clutch 72 is a spring-wrapped clutch comprising a supporting
      shaft 84 secured to the frame 50, an input drive gear 86, an input clutch
      disc 88, a helical torsion spring 90, and an output drive gear 92. The
      assembled logic clutch 72 is positioned and retained on the supporting
      shaft 84 by a retainer collar 94 which is secured to the free end of the
      shaft 84. The input drive gear 86 and the output drive gear 92 are both
      rotatably mounted on the shaft 84, and the input clutch disc 88 is
      rotatably mounted on the input drive gear 86. The helical spring is
      wrapped about cylindrical abutting portions 96 and 98 of the input drive
      gear 86 and output drive gear 92, respectively, and is fabricated to have
      an at rest unexpanded internal diameter less than the outside diameter of
      the cylindrical portions 96 and 98. One end 100 of the helical spring 90
      is secured in a slot 102 provided in the input clutch disc 88, and the
      opposite end 104 of the torsion spring 90 is secured in a slot 106 of the
      output drive disc 92. The clutch disc 88 is provided with a detent channel
      108 arcuately extending the majority of its circumferential periphery and
      forming a detent stop 110 at one end. The output drive disc is provided
      with a similar detent channel 112 arcuately extending for approximately
      120.degree. of the circumferential periphery of the output drive disc 92
      and forming a detent stop 114 at one end and another opposingly faced
      detent stop 115 at the other end. The control pawl 80 has a width, as
      shown in FIG. 7, sufficient to engage both the detent stop 110 of the
      clutch disc 88 and the detent stop 114 of the output drive disc 92. As
      depicted in FIG. 6, the pawl 80 is pivotally supported and biased by a
      tension spring 116 to a normally-engaged position. An anti-reverse pawl
      117 is also provided and, as depicted in FIG. 6, is biased to normally
      engage the detent 115 by the spring action of an integral leaf member 119
      bearing resiliently against a stationary post 121.
PAR  When the control pawl 80 is momentarily disengaged from the detent stops
      110 and 114 by energizing the magnet coil 82, the helical spring 90 grips
      the cylindrical portions 96 and 98, effecting transmission of torque from
      the input drive gear 86 to the output drive gear 92. De-energizing the
      magnet coil 82 releases the control pawl 80 to engage the detent stop 110
      as the input clutch disc completes one revolution. When the detent stop
      110 strikes the pawl 80, the spring 90 begins to unwind causing a slight
      diametrical clearance between the spring 90 and the cylindrical portions
      96 and 98 with the result that transmission of torque from the input drive
      gear 86 to the output drive gear 92 terminates. A slight overtravel of the
      output drive gear 92 permits the anti-reverse pawl to engage the detent
      stop 115 just before the detent stop 114 strikes the control pawl 80.
      Hence, the output drive gear 92 is positively latched in position against
      forward or reverse rotation until the magnet coil 82 is again momentarily
      energized. The gear ratio between the logic disc 44 and the clutch output
      drive disc gear 70 is three-to-one with the result that a momentary
      energization of the electromagnet coil 82 will effect an angular rotation
      of the logic disc of 120.degree..
PAR  Each 120.degree. detent or stop position of the logic disc assembly 42
      represents a different logic state of the logic disc assembly. As
      described in greater detail hereinafter, the three logic states or
      positions of the logic disc assembly 42 are off, take-up/project, and
      develop/rewind. When the control system is programmed for an
      unprocessed-film operating cycle by the operating cycle selector, the
      system will command a take-up mode when the logic disc assembly is
      advanced to its take-up/project position followed by a develop mode when
      the logic disc assembly is advanced to its develop/rewind position. The
      logic disc assembly will then be advanced past its off position to its
      take-up/project position again, this time to command a mandatory project
      mode and then advanced to its develop/rewind position to command a rewind
      mode. The undeveloped-film operating cycle is completed when the logic
      disc assembly 42 is advanced to its off position.
PAR  When the control system is programmed for a processed-film operating cycle,
      the take-up and develop modes will not be performed, and the logic disc
      assembly 42 will sequence the system to project mode, to rewind mode, to
      off mode.
PAC  THE CONTROL CIRCUIT
PAR  Considering now the control circuit schematic of FIG. 3, energization is
      provided by a 120 volt AC input adapted to be connected across coil 120
      via switch fuse F1 and either or both switches S1A and S3A. The coil 120
      serves both as an AC motor-former coil for the processor/projector AC
      drive motor and as the primary of a power transformer having a secondary
      winding 121. A tap 122 also provides a 20.5 volt AC supply for the
      projection lighting L1. The secondary coil 121 forms the input for a DC
      power supply 118 which provides output voltage of 12 and 9 volts DC.
PAR  1. The Operating Cycle Selector
PAR  To program the control system for either an unprocessed-film operating
      cycle or a processed-film operating cycle, the control circuit includes a
      relay K1 connected across the 9 volt supply in series with logic disc
      contacts F1/F8, processed/unprocessed film sensor contacts 35 and 37, and
      switch S9. The embodiment shown is adapted to be used with a cassette
      having external film condition indicator contacts 35 and 37 (FIG. 2) which
      present an electrical continuity when the film is unprocessed and an
      electrical discontinuity when the film has been processed. Other suitable
      forms of cassette film condition indicators could also be used -- to
      mechanically close a switch, for example. The insertion of an unprocessed
      cassette energizes the relay K1 to actuate its various contacts (each
      herein denoted by the preface reference characters "K1") to program the
      control circuit for an unprocessed-film cycle. The processor/projector
      unit is otherwise normally programmed for a processed-film cycle.
PAR  2. The Mode Change Actuator Circuit
PAR  The control circuit further comprises a mode change actuator circuit 124
      for energizing the logic clutch magnet coil 82 to advance the logic unit
      in response to a cessation of film movement incident to the completion of
      an operational mode of the processor/projector apparatus.
PAR  The mode change actuator circuit 124 comprises a reed switch S6 which is
      positioned in, and maintained normally closed by, the field of a magnet
      126. A bladed wheel 128 is suitably attached to the take-up reel drive
      (not shown) for rotation therewith. So long as the take-up reel 28 is
      rotating (indicating a movement of film), the blades of the wheel 128
      repeatedly break the magnetic flux path to the reed switch S6 as they pass
      between the reed switch S6 and the magnet 126. The reed switch S6
      momentarily opens with each interruption of the flux path, thereby
      producing a pulsed voltage signal across the resistor R5 of the voltage
      divider network formed by resistors R4 and R5. The pulsating component of
      the voltage signal across R5 is passed by the coupling capacitor C3 and
      resistor R6, and the resultant positive pulsating voltage developed across
      the resistor R7 is effective to repeatedly forward bias the base-emitter
      junction of the NPN transistor Q1 causing a collector-emitter current flow
      through transistor Q1.
PAR  The collector-emitter circuit of the transistor Q1 is connected across
      capacitor C1 and resistor R12. The resistors R2 and R8 form time delay
      charging current paths for the capacitor C1. However, the collector
      current flow through transistor Q1 produced during take-up reel rotation
      is sufficient to maintain capacitor C1 discharged to a low level. Hence,
      so long as the transistor Q1 continues to draw collector current pulses as
      a result of continuing take-up reel rotation, capacitor C1 is prevented
      from being charged to a significant voltage level through either of the
      time delay charging resistors R2 and R8. However, when the take-up reel
      stops rotating incident to the end of a run (or a film jam), the capacitor
      C1 is permitted to charge along an RC charging curve toward the 9 volt
      supply voltage level.
PAR  The mode change circuit includes an NPN driver transistor Q2 in common
      emitter circuit configuration with its base connected through a zener
      diode DZ2 to the capacitor C1 and its collector connected through the
      logic clutch magnet coil 82 to the 12 volt supply. The zener diode DZ2 has
      a predetermined breakdown level. Accordingly, when the charge on capacitor
      C1 incident to cessation of rotation of the take-up reel exceeds the
      breakdown level of the zener diode DZ2, the base-emitter junction of the
      transistor Q2 is forward biased, permitting current flow through the
      collector-emitter circuit and energizing the logic clutch magnet coil 82
      to rotate the logic disc assembly 42 to its next logic state. Upon each
      rotation of the logic disc, the momentary closure of contacts F1/F2 biases
      Q1 into conduction thereby discharging C1, in turn interrupting current
      flow through Q2 and de-energizing the logic clutch magnet coil 82.
PAR  The mode change actuator circuit is also described in the application of
      John P. Bagby, et al., entitled Mode Change Actuator, filed concurrently
      herewith and assigned to the same assignee.
PAR  3. The Reel Drive Control Circuit
PAR  The control circuit further comprises a reel drive motor control circuit
      134 for controlling the speed and direction of the reel drive motor 140
      during the several operational modes of the processor/projector. The motor
      140 is a reversible DC motor coupled to the cassette supply and take-up
      reels 26 and 28 through a suitable transmission (not shown) such as
      described in the aforementioned copending application of Kenyon A. Hapke,
      Ser. No. 319,829.
PAR  During the develop mode, the exposed film is driven from the take-up reel
      28 to the supply reel 26 by the action of the motor 140 driving the supply
      reel 26. In order to insure a uniform application of development fluid to
      the film during this period of time, it may be desirable to drive the film
      a constant lineal speed past the processing fluid applicator. To achieve a
      constant lineal film speed, the DC motor should drive the supply reel at a
      progressively decreasing rate in order to compensate for increasing
      convolution diameter as film is wound onto the supply reel. Accordingly,
      the motor control circuit 134 includes a capacitor discharge circuit
      comprising capacitor C7 and resistors R18, R19, and R28 for providing a
      non-linear, gradually-decreasing motor speed forcing function reference.
      The logic disc contacts F6/F12 are closed except during the develop mode.
      Hence, the capacitor C7 is normally charged to the 9 volt supply level.
      However, during the develop mode, the contacts F6/F12 open to forward bias
      the base-emitter junction of the NPN transistor Q10. The transistor Q10
      functions as an emitter-follower current amplifier. As the capacitor C7
      exponentially discharges, the base-emitter current flow through Q10
      exponentially increases causing a corresponding exponentially-increasing
      collector-emitter current flow through the emitter resistor R57 producing
      an exponentially-increasing voltage across the emitter resistor R57.
PAR  The motor 140 negative-feedback signal is generated by an arrangement
      similar to that used for generating the pulsating voltage input signal for
      the mode change actuator 124. Specifically, a reed switch S8 is positioned
      in the field of a magnet 142, and a five-bladed wheel 144 driven by the
      motor 140 is positioned to repeatedly interrupt and shunt the flux path to
      the reed switch S8 thereby repeatedly opening and closing the reed switch
      S8. The reed switch S8 is connected in series with resistor R15 between
      ground and the 12 volt supply voltage thereby generating a pulsating
      square-wave voltage signal which varies in frequency as a direct function
      of the speed of the reel drive motor 140. The circuit comprising
      capacitors C5 and C6, diodes D9 and D10, and resistors R16 and R17 serves
      as a voltage doubling circuit the output of which is applied to the base
      of the PNP transistor Q7 as a pulsating positive-voltage signal having a
      pulsation frequency proportional to the rotational speed of the motor 140.
      The peaks of the pulses are sufficiently positive to repeatedly back-bias
      the base-emitter junction of the transistor Q7 on each pulse. Hence, the
      motor speed feedback circuit effectively applies a negative-feedback motor
      speed signal to the base of transistor Q7 which turns the transistor Q7
      off and on at a frequency proportional to motor speed.
PAR  It should be noted at this juncture that the base of the transistor Q7
      serves as the summing point input of a three-stage motor current control
      amplifier which further comprises the NPN transistor Q8 and the PNP
      transistor Q3, together with the biasing resistors R23, R24, and R25. The
      three-stage amplifier is biased to normally control at a maximum motor
      speed level, i.e., the transistor Q3 is normally biased for maximum motor
      current flow through its collector-emitter circuit. However, as previously
      noted, the pulsating motor speed feedback signal serves as a
      negative-feedback signal which repeatedly back-biases the base-emitter
      junction of the transistor Q7 thereby turning the normally conductive
      transistor Q7 off and on at a rate proportional to motor speed thereby
      causing the amplifier to control at an equilibrium level at which the mean
      motor current magnitude is less than the maximum motor current level.
      Hence, the motor control system functions as a closed-loop control system.
PAR  During the develop mode, the switch S4B is closed, and the logic disc
      contacts F9/F11 are closed, but the relay contacts K1C and the logic disc
      contacts F9/F10 are open. Accordingly, the exponential motor speed
      reference circuit is effective to present at the base of transistor Q7 via
      coupling resistors R20 and R26 and emitter resistor R57 an impedance which
      gradually increases at an exponential rate as the capacitor C7 is
      discharged thereby modulating the input to the control amplifier at the
      base of the transistor Q7 to cause the speed of the motor to gradually
      decrease at a non-linear exponential rate which is correlated to the
      increasing diameter of the outer film convolution as film is progressively
      wound onto the driven film reel such that the lineal film speed is
      maintained constant.
PAR  A further aspect of the develop mode motor control is a 31/2 second
      subcycle provided at the outset of the develop mode by a subcycle circuit
      143 comprising a pulse former circuit 145 and a pair of conventional
      one-shot multivibrator circuits 146 and 147 in series. The first one-shot
      multivibrator 146 has a 1/2 second unstable period, and the second
      one-shot multivibrator 147 has a 3 second unstable period. The pulse
      former circuit 145 comprises the capacitor C16, resistors R45 and R46, and
      the diode D17. At the beginning of the develop mode, the cam operated
      switch S5B is closed causing the capacitor C16 to begin charging to form a
      negative pulse at the input to the one-shot multivibrator 146. This
      initiates the 1/2 second unstable period of the multivibrator 146.
      Accordingly, the multivibrator 146 delivers a positive pulse of 1/2 second
      duration to the multivibrator 147. The negative-going trailing edge of the
      1/2 second pulse initiates the 3 second unstable period of the
      multivibrator 147, and the multivibrator 147 delivers a positive pulse of
      3 seconds duration to a two-stage amplifier comprising the NPN transistor
      Q17, resistors R53, R54, and R55, and PNP transistor Q18. The two-stage
      amplifier, in turn, delivers the 3 second positive pulse through relay
      contact K1E to the base of the transistor Q7 and forces the motor 140 to
      stop for 3 seconds. This timing combination permits the motor to run for
      1/2 second and stop for 3 seconds at the outset of the develop mode. This
      permits rupturing of the development fluid pod in the cassette during the
      1/2 second period followed by a 3 second delay period for the development
      fluid to saturate the applicator wick inside the cassette. This sequence
      of 1/2 second run followed by 3 seconds off is provided only at the outset
      of the develop mode. During the rewind mode, the relay contacts K1E are
      open.
PAR  During the rewind mode, the discharge capacitor C7 again functions to force
      the motor speed to follow an exponentially-decreasing speed curve.
      However, because both the relay contacts K1C and logic disc contacts
      F9/F11 are closed during the rewind mode, the resistor R22 is inserted in
      parallel with the R57, R20, and R26 resistance network with the result
      that the overall impedance level presented at the base of the transistor
      Q7 is appreciably lower during the rewind mode than during the develop
      mode thereby resulting in a higher overall speed level for the motor 140
      during rewind than during develop. During the take-up and project modes,
      the motor 140 is driven in the forward direction with the switch S4B and
      logic disc contacts F9/F11 open, removing the exponential forcing function
      circuitry from control, and the logic disc contacts F9/F10 closed,
      inserting the resistors R22 and R27 across the base of the transistor Q7
      and ground to serve as a constant reference or forcing function by
      presenting a constant impedance at the base of the amplifier input
      transistor Q7. Accordingly, the feedback motor control amplifier maintains
      the motor speed constant during the take-up and project modes.
PAR   4. The Remote Control Replay Circuit
PAR  The control circuit also provides a remote control replay circuit 152 which
      is coupled to the main circuitry by plug contacts P1, P2, P3, and P4. The
      remote control replay circuit comprises a manually-depressed spring-biased
      switch S7, a pulse former circuit 153, two one-shot multivibrators 154 and
      155 in series, and an output amplifier consisting of coupling resistor R43
      and PNP transistor Q5. As will be described hereinafter, depressing the
      switch S7 results in rewind of a length of film for projection replay.
PAC  OPERATION
PAR  The insertion of a properly oriented cassette into the receiving slot 36 of
      the processor/projector closes switches S1A and S1B and opens a separate
      safety switch S2. A suitable cassette latching mechanism and means for
      effecting the closure of the switches S1A and S1B and opening of switch S2
      is disclosed in copending application of Kenyon A. Hapke, et al., filed
      concurrently herewith and entitled Film Cassette Sensing and Retaining
      Unit. The closure of switch S1A connects the line power to the
      transformer/motor former coil 120. This energizes the processor/projector
      AC drive motor, provides a step-down AC lamp voltage of 20.5 volts via
      winding tap 122, and energizes the DC power supply to provide DC supply
      voltages of 9 and 12 volts.
PAR  The switch S2 is a normally closed safety switch to prevent false starts of
      the processor/projector as might be occasioned by improperly inserting an
      object other than a properly oriented cassette into the
      processor/projector slot 36. In the event that switches S1A and S1B are
      closed in such a manner without coincident opening of the normally closed
      switch S2, the switch S2 and logic disc contacts F4/F5 provide an
      electrical ground return path for the logic disc clutch magnet coil 82 in
      the project and rewind modes which will serve to prevent the logic disc
      from stopping in either the take-up project or the develop rewind
      positions. The logic disc will advance to its off position causing
      actuation of a cassette ejection mechanism and causing the power contacts
      S1A and S1B to open.
PAR   1. Unprocessed Film Cycle
PAR  The operation of the control system can be best understood by considering
      first the unprocessed film cycle. When a cassette containing exposed but
      undeveloped film is inserted into the processor/projector, an electrical
      continuity exists between contacts 35 and 37 providing a ground return
      path to energize the unprocessed-film cycle programming relay coil K1. As
      soon as relay coil K1 is energized, the relay contacts K1A close to form a
      self-latching ground return circuit to retain the relay K1 in its
      energized state.
PAR  The logic disc clutch magnet coil 82 is energized upon closure of the power
      switch S1B through a ground return path completed by logic disc contacts
      F4/F6. Energization of the logic disc clutch magnet coil 82 causes a
      one-third revolution of the logic disc 44, taking the logic disc out of
      its off position and causing rotation of the logic disc 44 toward its
      take-up/project position to initiate a take-up operational mode to wind-up
      onto the cassette take-up reel any remaining unexposed film.
PAR  a. Take-up Mode Conditioning and Actuation
PAR  As the logic disc 44 rotates toward its take-up project position, the logic
      disc contacts F4/F6 are opened to release the stop pawl 80 permitting the
      pawl to engage the detent stops 110 and 114 thereby stopping rotation of
      the logic disc in its take-up/project position after 120.degree. of
      rotation. In addition, the logic disc contacts F1/F2 close to provide jam
      circuit reset action by forward biasing the base-emitter junction of
      transistor Q1 to discharge the capacitor C1 to a very low level. The logic
      disc contacts F1/F3 close to condition the mode change circuit for 3
      second delay actuation. The contacts F9/F10 in the motor control amplifier
      circuit are closed in preparation for project operation.
PAR  In addition, the following logic disc cam shaft actuation events occur
      during this transit period between the logic disc off position and
      take-up/project position. Cam CM1 actuates a drive spindle engagement
      mechanism (not shown) to engage the supply and take-up reels of the
      cassette with the processor/projector drive mechanism. A suitable form of
      spindle engagement mechanism is disclosed in the copending application of
      Raymond E. Clever et al., entitled Drive Interface System, filed
      concurrently herewith and assigned to the same assignee. CM6 closes the
      projection lamp power switch S4A. However, the projection lamp remains
      de-energized since the normally closed relay contacts K1D are open because
      of the energization of programming relay K1. Cam CM11 actuates a snubber
      control mechanism (not shown) for locking a snubber roller in the cassette
      for take-up/project operation. A suitable form of snubber control
      mechanism is disclosed in the copending application of Kenyon A. Hapke, et
      al., entitled Film Snubbing Control System, filed concurrently herewith
      and assigned to the same assignee. CM12 releases a suitable shuttle
      holdback mechanism (not shown) to permit projection shuttle to engage the
      film in the cassette.
PAR  When the logic disc 82 stops in its take-up/project position, the
      processor/projector is conditioned to execute the undeveloped-film cycle
      take-up mode of operation and begins winding up onto the take-up reel any
      remaining unexposed film. The operational time period extended in this
      mode will depend on the amount of unexposed film in the cassette. The
      operational functions during the take-up mode are as follows.
PAR  The film shuttle transports the film away from the supply reel at a film
      rate of 18 frames per second. The projection lamp is off by virtue of the
      fact that the normally-closed relay contacts K1D have been opened by
      energization of the programming relay K1. The cassette take-up reel 28 is
      driven by the DC motor 140 to wind up the slack film provided with each
      cycle of the film shuttle. For this purpose, the take-up reel drive is
      provided with a suitable slip clutch such as shown in the aforementioned
      application of Kenyon A. Hapke, Ser. No. 319,829. The slip clutch
      preferably slips at about 1.25 inch ounces of torque with an input feed of
      about 100 r.p.m. Preferably there is a feed reduction of 15 to 1 between
      the motor 140 and the take-up reel 28. Consequently, during the take-up
      mode, the motor control circuit 134 is programmed to control the speed of
      the motor 140 at the requisite constant 1500 r.p.m. speed. The
      normally-closed relay contacts K1C are open as a result of energization of
      the programming relay K1. The logic disc contacts F9/F11 are also open.
      However, the logic disc contacts F9/F10 are closed, and the switch S4B is
      open. Hence, the motor control circuit functions to maintain constant
      speed control of the motor 140 in the manner previously described.
PAR  Near the end of the film on the supply reel, the film shuttle encounters an
      opening extending three perforations in length and film transport in
      projection direction terminates. This results in a stationary take-up
      spindle condition referred to as an end-of-film condition, bringing the
      mode change actuator 124 into operation. In the mode change actuator
      circuit, the reset contacts F1/F2 which had closed momentarily during the
      transit period from logic disc off position to its take-up/project
      position are now open while the logic disc contacts F1/F3 are closed
      forming a path for application of 9 volt supply voltage to charge the
      capacitor C1 through resistor R8 in parallel with R2. Since the wheel 128
      is stationary, reed switch S6 no longer generates pulsed signals, and the
      transistor Q1 no longer conducts to maintain the capacitor C1 discharged.
      Accordingly, the capacitor C1 begins to charge along an exponential curve
      determined by the RC network comprising parallel resistors R2 and R8,
      charging capacitor C1, and series resistor R12. A delay of approximately 3
      seconds occurs until the capacitor C1 reaches a charging level sufficient
      to break down the zener diode DZ2 and render the mode change actuator
      output transistor Q2 conductive. This 3 second delay is provided as a
      safeguard against a false mode change signal. When transistor Q2 conducts,
      clutch magnet coil 82 is again energized to step the logic disc
      120.degree. to its develop/rewind position.
PAR  b. Develop Mode Conditioning and Actuation
PAR  During the transit period as the logic disc rotates from its
      take-up/project position to its develop/rewind position, the following
      events occur. The logic disc contacts F1/F3 in the mode change circuit
      open, and the logic disc reset contact F1/F2 close to discharge the
      capacitor C1, de-energizing the logic disc clutch magnet coil 82 and
      thereby releasing the stop pawl to stop the logic disc when it reaches its
      develop/ rewind position. In addition, the logic disc contacts F9/F10 and
      F6/F12 in the motor control circuit are open as are the relay contacts
      K1C. Accordingly, the capacitor C7 is conditioned to begin an exponential
      discharge to establish an exponential reference signal which the motor
      control circuit 134 is effective to force the motor speed to follow.
PAR  The logic disc cam shaft is effective during the transit period between
      take-up/project position and develop/rewind position to produce the
      following events. The cam CM5 reverses the power polarity to the DC motor
      to drive it in a clockwise direction for film rewind by switching a
      double-pole-double-throw ganged switch S5A. A diode D11 connected across
      the motor switch S5A functions as a transient suppressor preventing
      inductive kick from the motor armature winding from damaging Q3. The cam
      CM5 also closes a switch S5B to trigger the subcycle circuit 143.
PAR  The cam CM6 is operative to open the projection lamp switch S4A. The cam
      CM6 also closes the switch S4B in the motor control circuit to connect the
      amplifier transistor Q7 to the exponential speed reference circuitry. Cam
      CM10 actuates a cassette blinder and pressure plate lifting mechanisms
      (not shown) to prevent external light from entering the cassette chamber
      and to lift the pressure plate within the cassette away from the film to
      minimize friction on the film during the develop mode. Suitable forms of
      blinder and pressure plate lifting mechanism are shown in the applications
      entitled Film Cassette Sensing and Retaining Unit, by John P. Bagby, et
      al., and Film Cassette Conditioning Mechanism, by Kenyon A. Hapke, et al.,
      both filed concurrently herewith and assigned to the same assignee.
PAR  Cam CM11 is effective to release the snubber within the cassette so that
      the film can be advanced smoothly from the take-up reel to the supply
      reel. Cam CM12 actuates the mechanism (not shown) for retracting the
      shuttle to disengage the shuttle teeth from the film perforations.
PAR  Upon completion of the transit period of the logic disc between its
      take-up/project position and its develop/rewind position, the following
      functions occur. The drive motor 140 begins to rotate to advance film from
      take-up reel to the supply reel. The subcycle circuit 143 is effective to
      permit an initial 1/2 second of motor rotation before delivering a 3
      second motor stop pulse to the base of transistor Q7 via closed relay
      contacts K1E. During the first 1/2 second of film movement, the motor
      advances approximately 8 inches of film during which time the development
      fluid pod is ruptured. During the following 3 seconds of motor stop the
      development fluid applicator wick is saturated. At the completion of this
      31/2 second subcycle period, the motor speeds up to about 2500 r.p.m. to
      advance the remaining approximately 50 feet of film at a constant lineal
      speed of 20 inches per second as controlled by the feedback motor control
      circuit controlling along an exponentially-decreasing speed reference
      curve generated by discharge of the capacitor C7. As the film advances
      from take-up reel to the supply reel, the constant speed of 20 inches per
      second, a uniform application of development fluid to the film emulsion is
      effected by the applicator wick within the cassette. The speed of the
      motor 140 eventually decreases to about 1000 r.p.m. near the end of the
      film advance to the supply reel. At the end of the film, the electrical
      continuity between film condition indicator contacts 35 and 37 is broken.
PAR  During the 30 second period of time required to advance the entire 50 feet
      of film from the take-up reel to the supply reel, the mode change reed
      switch S6 provides a pulses output which maintains the capacitor C1
      effectively discharged. However, when the film reaches its end at the
      take-up reel, the take-up spindle stalls, and the mode change circuit 124
      reacts by causing a discontinuance of pulses from the reed switch S6
      permitting the capacitor C1 to begin charging. It should be noted that
      since neither the logic disc contacts F1/F3 nor the relay contacts K1B are
      closed at this time, the sole charging path for the capacitor C1 is the
      resistor R2. The time constant of the RC network comprising the resistor
      R2, capacitor C1, and resistor R12 is such that the capacitor C1 does not
      charge to the level necessary to break down the zener diode DZ2 until the
      passage of 10 seconds. This 10 second delay provides sufficient time for
      the development fluid to react chemically with the film emulsion on the
      last few feet of film. Upon breakdown of the zener diode DZ2, the mode
      change driver output transistor Q2 is forward biased into conduction,
      energizing the logic disc clutch magnet coil 82 to begin rotation of the
      logic disc toward its off position.
PAR  c. Project Mode Conditioning and Actuation
PAR  During the transit period of the logic disc 44 between the develop/rewind
      position and its off position, the following events occur. Logic disc
      reset contacts F1/F2 close to discharge the capacitor C1 releasing the
      stop pawl 80. The logic disc contacts F1/F8 in the programming relay K1
      circuit open and close again during the transit period to de-energize the
      programming relay K1. When these disc contacts close and re-establish
      connection of the relay K1 to the 9 volt supply, the relay remains
      unenergized because the relay latching contacts K1A have opened, and ho
      other ground return path exists for current flow through the relay coil
      K1. In addition, logic disc contacts F4/F6 close to provide a ground
      return path for the electromagnet clutch coil 82. As described further on,
      this prevents termination of system operation when the logic disc reaches
      its off position.
PAR  The cam CM1 actuates retraction of the engagement of the
      processor/projector drive mechanism with the cassette supply and take-up
      reels. The cam CM4 opens switch S3A. However, switch S1A remains closed
      maintaining the connection to the AC power line closed. Cam CM5 actuates
      the motor switch S5A to condition the motor for project operation. Cam CM5
      also opens the switch S5B to the subcycle circuit 143 to prepare that
      circuit for operation to provide a 31/2 second sequenced motor control
      pulse as previously described when next the switch S5B is closed. Cam CM7
      attempts to actuate the linkage to release the cassette latching
      mechanism. However, when the relay K1 is energized, the disengaging
      linkage for the cassette latching mechanism is disabled, and the sequence
      timing is such that the cam CM7 release of the latching mechanism occurs
      in the transit period between develop/rewind position and off position at
      a point prior to the de-energization of the K1 relay. Therefore, following
      the develop mode, the cassette latching mechanism is not released and the
      switch S1A remains closed. Cam CM8 actuates a cassette eject mechanism and
      exerts forces on the cassette in an attempt to eject the cassette from the
      slot 36. However, since the cassette latching mechanism has not been
      released, the cassette will not be ejected following the develop mode. A
      suitable mechanism for disabling the cassette disengaging linkage while
      the relay K1 is energized is disclosed in the aforementioned application
      of John P. Bagby, et al., entitled Film Cassette Sensing and Retaining
      Unit, filed concurrently herewith. Cam CM10 is effective to actuate a
      retraction of the blinders which are used to preclude entry of light into
      the cassette during the develop mode. Cam CM10 also effects the release of
      the lifter mechanism which maintained the cassette pressure plate lifted
      off the film during the develop mode.
PAR  As indicated, although the logic disc 44 rotates to its off position, the
      cassette does not eject, and the clutch magnet coil 82 is again energized
      by the continued closure of switches S1A and S1B and the closure of
      contacts F4/F6 causing the logic disc to advance to its take-up/project
      position to command a mandatory project mode.
PAR  During the transit period between the logic disc off position and its
      take-up/project position, the following events occur. The contacts F1/F8
      close. However, since the electrical continuity of the unprocessed
      cassette was broken at the end of the develop mode, the K1 relay does not
      energize when the contacts F1/F8 close during the logic disc transit to
      take-up/project position. The logic disc contacts F4/F6 open to break
      power to the logic disc clutch magnet coil 82 to permit the detent pawl 80
      to stop the logic disc when it reaches its take-up/project position. The
      logic disc contacts F1/F2 momentarily close to discharge capacitor C1 and
      reset the mode change circuit 124. Logic disc contacts F1/F3 are closed to
      set up the RC time constant delay period of 3 seconds for mode change
      action. Logic disc contacts F4/F7 are closed to provide a connection from
      the clutch magnet coil 82 to the remote control unit 152 for instant
      replay operation. Logic disc contacts F9/F10 are closed to provide a
      constant current source for the input of the DC motor control amplifier.
      Logic disc contacts F6/F12 are closed to set up a charge on the capacitor
      C7 in the exponential current source circuit of the DC motor control
      circuit 134. In addition, the following events are initiated by rotation
      of the logic disc cam shaft. Cam CM1 actuates the spindle assembly for
      engagement between the spindles and wheel hubs of the cassette. Cam CM6
      actuates switch S4A to turn on the projection lamp. Cam CM6 also opens
      switch S4B to disconnect the exponential current source from the input of
      the DC motor control circuit. Cam CM11 effects the engagement and
      retention of the cassette snubber in a fixed position. Cam CM12 releases
      the retracted shuttle for engagement with the film.
PAR  The mandatory project mode programmed for the undeveloped-film cassette
      cycle is identical to the normal project cycle which is initiated upon
      inserting a processed cassette into the processor/projector. The following
      events occur during the project mode. The logic disc clutch pawl 80 stops
      the logic disc 44 in the take-up/project position. The shuttle mechanism
      is effective to transport film from the supply reel to the take-up reel
      for normal projection. It is important to note at this juncture that as
      the film is advanced by the shuttle from the supply reel to the take-up
      reel, the processed film is dried both by (1) exposure to the radiant heat
      of the projection lamp and (2) by the action of a blower system which
      forces a flow of air into the aperture 32 provided in the cassette to
      assist in drying the film and cooling the prism 34. The project mode
      proceeds in normal manner with the film being projected onto the
      processor/projector screen. At the end of the film, the shuttle encounters
      an opening in the film disabling it from further advancement of film.
      Accordingly, the take-up reel ceases rotating, initiating a charging of
      the mode change capacitor C1. After a delay of 3 seconds, the charge on C1
      reaches a level sufficient to break down the zener diode DZ2 and forward
      bias the transistor Q2 into conduction. This energizes the logic disc
      clutch magnet coil 82, thereby initiating rotation of the logic disc 44
      toward its develop/rewind position.
PAR  d. Rewind Mode Conditioning and Actuation
PAR  During the transit period of the logic disc from its project position to
      its develop/rewind position, the following logic disc contact changes
      occur. The mode change delay contacts F1/F3 open. However, the
      normally-closed relay contacts K1B remain closed thereby retaining 3
      seconds as the mode change actuation delay period. Contacts F1/F2 close to
      maintain the capacitor C1 discharged until the rewind mode is underway.
      The contacts F9/F10 open to disconnect the constant current source bias
      from the DC motor control circuit 134. The contacts F6/F12 open to
      initiate the exponential discharge current source for the DC motor control
      circuit 134. The contacts F9/F11 close to override the effects of the
      exponential DC motor control and to provide a high current input level to
      the DC control drive amplifier to generate a high speed/torque
      characteristic. These contacts are in series with a normally-closed set of
      contacts K1C associated with the de-energized programming relay K1,
      thereby providing the high speed/torque characteristics in rewind only.
PAR  The cams associated with the logic disc cam shaft cause the following
      events to occur during the transit period between the logic disc
      take-up/project position and logic disc develop/rewind position. Cam CM4
      is effective to close power hold-on switch S3A which provides an alternate
      electrical connection between the AC line power and the motor former for a
      carryover type of operation to be described further on. Cam CM4 also
      closes the switch S3B in the output circuit of the remote replay control.
      Cam CM5 actuates the motor polarity switch S5A to condition the motor for
      rotation in the rewind direction. It should be noted that cam CM5 also
      closes the subcycle trigger switch S5B. However, since the relay contacts
      K1E are opened, the 31/2 second pulse subcycle has no effect. Cam CM6
      actuates switch S4A to open the electrical circuit of the projection lamp,
      de-energizing the lamp. Cam CM6 also closes switch S4B in the motor
      control circuit inserting the exponential current source into the input
      circuit of the DC motor control amplifier. Cam CM10 actuates the blinder
      assembly to close the optical ports in the cassette and also actuates a
      lifter assembly to lift the cassette pressure plate away from the film.
      Cam CM11 actuates a retraction of the snubber retainer to reduce film
      friction by permitting free roller action of the snubber. Cam CM12
      retracts the shuttle from film engagement.
PAR  During the rewind mode, the drive motor drives the supply reel at a
      relatively high exponentially-decreasing speed. It should be noted that
      during the normal rewind mode as opposed to the develop mode, the output
      of the exponential RC circuit is presented to the base of the transistor
      Q7 in the motor control amplifier and also connected to ground via
      resistor R22. Accordingly, the base voltage of the transistor Q7 is
      maintained at a generally overall lower voltage level during normal rewind
      mode than during the develop mode, resulting in an overall higher speed
      level during normal rewind mode than during develop mode. Although the
      exponentially-decreasing signal generated by the discharge of the
      capacitor C7 continues to have the effect of forcing the motor to follow
      an exponentially-decreasing speed curve, the exponential speed curve
      during rewind is less pronounced than that during the develop mode and, as
      indicated, results in an overall higher speed level during the rewind mode
      than during the develop mode. Once the film has been completely rewound
      onto the supply reel, the take-up reel stalls. This stall condition is
      sensed by the mode change circuit 124 which, in the manner previously
      described, allows the mode change capacitor C1 to accumulate a charge
      which after a delay of about 3 seconds reaches a level sufficient to bring
      the mode change driver transistor Q2 into conduction to energize the logic
      disc clutch magnet coil 82. This releases the logic disc detent pawl 80,
      initiating rotation of the logic disc 44 from its develop/rewind position
      toward its off position.
PAR  e. Off Mode Conditioning and Actuation
PAR  As the logic mechanism proceeds toward its off position, the logic
      mechanism causes the following events to occur. Contacts F1/F2 close to
      discharge the mode change capacitor C1 causing the logic disc clutch
      magnet 82 to de-energize, thereby releasing the logic disc detent pawl 80
      to stop the logic disc 44 when it reaches its off position. The contacts
      F4/F6 close to present a ground return path for the logic disc clutch
      magnet coil 82 to condition the system for logic disc advancement when the
      next cassette is inserted into the processor/projector. The contacts
      F9//F11 open to disconnect the high current source from the DC motor
      control circuit 134.
PAR  In addition, the cams associated with the logic disc cam shaft cause the
      following events to occur during the logic disc transit to off position.
      Cam CM1 effects a retraction of the drive spindle from engagement with the
      reel hubs of the cassette. The cam CM7 releases the cassette latching
      mechanism opening the switches S1A and S1B of the power supply circuit.
      Cam CM8 actuates the cassette ejection mechanism to displace the cassette
      for ease of removal. Cam CM10 retracts the blinder and pressure plate
      lifter mechanism. Cam CM4 opens switch S3A of the power hold-on switch.
      This breaks the line power continuity to the motor former just prior to
      the off position of the logic disc and just prior to closure of the logic
      disc contacts F4/F6. The inertia of the motor provides completion of the
      rotary action. Also, switch S3B is opened, breaking the output circuit of
      the remote control replay unit. Cam CM5 actuates the switch S5A to reverse
      the polarity connections of the DC motor to prepare the motor for the
      take-up/project mode of operation. The processor/projector is now
      de-energized and conditioned to be properly actuated upon insertion of
      either a processed or unprocessed cassette.
PAR  2. The Processed-Film Operating Cycle
PAR  The processed-film operating cycle is the normally-programmed operating
      cycle of the processor/projector, that is, it is the operating cycle which
      will be executed when the programming relay K1 is not energized.
PAR  As previously indicated, the processed-film operating cycle comprises the
      project mode and the rewind mode which are the same as the corresponding
      modes in the unprocessed-film operating cycle and, hence, need not be
      further described.
PAC  MANUAL CONTROL
PAR  At this juncture consideration may be given to the remote control replay
      unit 152. As diagrammatically depicted in FIG. 3, the replay unit 152 is
      connected to the main circuitry by mating-plug contact pairs P1, P2, P3,
      and P4. The leads from the remote replay unit to the mating plug may form
      a cord of substantial length to enable replay actuation by the operator
      from a remote location. The remote control replay unit 152 comprises a
      pulse former circuit 153 and a pair of conventional one-shot multivibrator
      circuits 154 and 155 in series. The first one-shot multivibrator has a 1/2
      second unstable period, and the second one-shot multivibrator has a 40
      millisecond unstable period. The pulse former circuit 153 comprises the
      capacitor C4 and resistors R10 and R11. The switch S7 is a manually
      actuatable switch which is normally urged to the position shown in FIG. 3
      grounding the pulse former circuit and maintaining a charge on capacitor
      C4. Whenever switch S7 is manually depressed during the project mode, the
      clutch magnet coil 82 is grounded through disc contacts F4/F7 and switch
      S7. This energizes the logic disc assembly to advance to its
      develop/rewind position, and the processor/projector begins rewinding film
      onto the supply reel. The contacts F4/F7 open during logic disc transit to
      its develop/rewind position. Hence, so long as the switch S7 continues to
      be held depressed, the processor/projector will continue to rewind film
      onto the supply reel. Should the end of the film be reached while the
      switch S7 is depressed, the mode change actuator circuit will index the
      logic disc to its off position and eject the cassette. If the switch S7 is
      released prior to the end of the film, the capacitor C4 will couple a
      negative-going voltage pulse to the one-shot multivibrator 154 which
      initiates 1/2 second unstable period causing the multivibrator to deliver
      a positive pulse of 1/2 second duration to one-shot multivibrator 155. The
      negative-going voltage change at the end of the 1/2 second pulse is
      effective to initiate the 40 millisecond unstable period of the one-shot
      multivibrator 155. This causes the one-shot multivibrator 155 to deliver a
      positive pulse of 40 milliseconds duration through coupling resistor R43
      to the base of the NPN transistor Q5 forward biasing the transistor Q5
      into conduction for a period of 40 milliseconds. Since the switch S3B is
      closed when the logic disc is in its develop/rewind position, the
      momentary conduction by the transistor Q5 energizes both the clutch magnet
      coil 82 and the operating cycle selector relay K1 causing the relay K1 to
      latch on via closure of relay contact K1A. Thus, conduction by the
      transistor Q5 causes the control system to simulate the end of the develop
      mode. Hence, the logic disc advances past its off position to its project
      position, and the process/projector again projects providing replay
      viewing.
PAR  Another manually actuatable switch S9 is provided in the control circuit of
      FIG. 3 which is separated from the remote play unit 152. The switch S9
      serves as a manual mode change actuator switch for the operator. The
      switch S9 is normally urged to its position shown in FIG. 3 in which it
      completes the ground return path through the processed/unprocessed film
      indicator contacts 35 and 37. However, when the switch S9 is manually
      depressed momentarily, it energizes the clutch magnet coil 82 to advance
      the logic disc to its next logic position thereby initiating the next
      programmed operating mode of the processor/projector. If the switch S9 is
      maintained depressed for a period greater than 1/3 second, the system will
      reject off mode and eject the cassette.
PAC  ALTERNATIVE MOTOR CONTROL CIRCUIT
PAR  Referring now to FIG. 10, there is shown an alternative form of motor
      control circuit 234 for use in the control system of the present
      invention. The elements bearing the same reference characters as in FIG. 3
      function in the same manner as in the motor control circuit 134 previously
      described.
PAR  The alternative motor control circuit 234 is intended to be used when the
      film processor/projector unit does not require closely controlled
      uniformity of application of processing fluid during the develop mode
      which is provided by the constant lineal speed control of film movement
      achieved by the motor control circuit 134 during the develop mode. The
      alternative motor control circuit 234 applies the 12 volt DC supply
      voltage across the DC motor 140, normally conductive transistor Q118, and
      series dropping resistor R135 during the project mode and the major
      portion of the develop mode thereby providing essentially the requisite
      drive torque without closed loop speed control. During the rewind mode,
      the dropping resistor R135 is shunted by cammed closure of a switch S4B,
      thereby applying a higher level of drive torque to achieve a more rapid
      film movement.
PAR  The motor control circuit 234 also makes use of a different form of
      circuitry for achieving the initial conditioning subcycle at the outset of
      the develop mode. More specifically, two timing circuits are provided, a
      first timing circuit associated with the NPN transistor Q115 and a second
      timing circuit associated with the NPN transistor Q117. At the outset of
      the develop mode, the motor 140 begins rotation in rewind direction in
      response to cam actuation of motor switch S5A. Motor current flows through
      the collector-emitter circuit of NPN transistor Q118 which is normally
      biased into conduction by a base-emitter current flow from the resistor
      R148 connected to the 12 volt DC supply. Also at the outset of the develop
      mode, closure of the contacts F1/F11 initiates charging of the capacitor
      C116 through resistor R146. After approximately 1/2 second, the charge on
      capacitor C116 reaches a level sufficient to break down the zener diode
      DZ14 thereby forward-biasing the base-emitter junction of the NPN
      transistor Q115 to render the transistor Q115 conductive. Since the relay
      contacts K1E are closed during the develop mode, conduction by the
      transistor Q115 effectively grounds the base of the transistor Q118
      rendering the transistor Q118 non-conductive. This interrupts the flow of
      current through the motor 140 to stop the motor. However, initial closure
      of the contacts F1/F11 also initiated charging of the capacitor C117
      through the resistor R147. The charging time constant for the capacitor
      C117 is substantially greater than the charging time constant for the
      capacitor C116. Therefore, at a predetermined time (approximately 3
      seconds) after the first timing capacitor C116 is effective to stop the
      motor 140, the second timing capacitor C117 reaches a charge level
      sufficient to break down the zener diode DZ16 thereby forward-biasing the
      NPN transistor Q117 into conduction. Conduction by the transistor Q117
      causes a voltage drop across the resistor R145 to effectively ground the
      base of the PNP transistor Q116 causing conduction. Conduction by the
      transistor Q116 permits motor current to flow, and the motor 140 begins
      running again in the rewind direction. At the end of the develop period,
      the contacts F1/F11 open, permitting the capacitors C116 and C117 to
      discharge through the resistor R153 to permit transistor Q118 to return to
      its normally conductive state and permitting the transistor Q117 to return
      to its normally non-conductive state. During the rewind mode, the relay
      contacts K1E are open so that conduction by the transistor Q118 is not
      interrupted.
PAR  It will be appreciated by those skilled in the art that modifications and
      changes may be made in the foregoing exemplary embodiment of the control
      system of this invention without departing from the scope or spirit of the
      invention. Moreover, it will be appreciated that where the system is
      applied to a processing unit only, the system may be continuously
      programmed for the unprocessed-film operating cycle and that some logic
      sequences applicable to projection apparatus may be modified or deleted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control system for apparatus adapted for handling film maintained on
      supply and take-up reels contained within a cassette, said control system
      comprising:
PA1  function programming means for programming the sequence and execution of
      plural operation modes of said apparatus, said function programming means
      including a central logic control means having a plurality of logic
      positions and stepping means for advancing said logic unit
      unidirectionally from one logic position to another;
PA1  reel drive control means having plural drive control modes adapted to be
      programmed by said function programmer; and
PA1  mode change actuator means responsive to cessation of film movement to
      actuate said stepping means for changing the logic position of said
      central logic control means.
NUM  2.
PAR  2. The invention defined in claim 1 wherein said central logic control
      means comprises a rotary unit having angularly-spaced logic positions.
NUM  3.
PAR  3. The invention defined in claim 2 wherein said rotary unit has a first
      operating cycle which is completed by one revolution of said rotary unit
      and a second operating cycle which is completed by two revolutions of said
      rotary unit.
NUM  4.
PAR  4. The invention defined in claim 3 wherein said function programming means
      further comprises an operating cycle selector for programming the control
      system for either said first operating cycle or said second operating
      cycle and including means active in response to selection of said second
      operating cycle for preventing termination of operation of said apparatus
      and preventing termination of rotary movement of said rotary unit at the
      end of one revolution of said rotary unit to enable said rotary unit to
      complete a second revolution.
NUM  5.
PAR  5. The invention defined in claim 4 wherein control system is adapted for
      use with a cassette having indicator means for indicating whether the film
      in processed or unprocessed and herein said operating cycle selector is
      responsive to said indicator means to program said control system for said
      first operating cycle for processed film and said second operating cycle
      for unprocessed film.
NUM  6.
PAR  6. A control system for apparatus adapted to process and project film
      maintained on supply and take-up reels contained within a cassette, said
      control system comprising:
PA1  an operating cycle selector for programming the control system for either
      an unprocessed-film operating cycle or a processed-film operating cycle;
PA1  a logic unit having plural logic modes for programming the sequence and
      execution of plural operational modes of said apparatus during an
      operating cycle;
PA1  reel drive control means having plural drive control modes adapted to be
      programmed by said operating cycle selector and said logic unit; and
PA1  mode change actuator means responsive to cessation of film movement for
      changing the logic mode of said logic unit in response to a cessation of
      film movement.
NUM  7.
PAR  7. The control system defined in claim 6 wherein said control system is
      adapted for use with a cassette having indicator means for indicating
      whether the film is processed or unprocessed and wherein said operating
      cycle selector is responsive to said indicator means to program said
      control system for either an unprocessed-film operating cycle or a
      processed-film operating cycle.
NUM  8.
PAR  8. The control system defined in claim 6 wherein said logic unit comprises
      a rotary electrical contact disc and cam shaft assembly for effecting
      logic sequencing, said logic unit having plural logic modes corresponding
      to predetermined rotational positions of said rotary electrical contact
      disc and cam shaft assembly.
NUM  9.
PAR  9. The control system defined in claim 8 wherein said mode change actuator
      means comprises means responsive to cessation of rotation of said take-up
      reel to effect rotation of said electrical contact disc and cam shaft
      assembly to its next logic mode rotational position.
NUM  10.
PAR  10. A control system for apparatus adapted to process and project film
      maintained on supply and take-up reels contained within a cassette, said
      control system comprising:
PA1  an operating cycle selector for programming the control system for either
      an unprocessed-film operating cycle or a processed-film operating cycle,
      said unprocessed-film operating cycle including sequentially the following
      operational modes,
PA2  a take-up mode in which the apparatus is programmed to advance
      unprocessed-film onto the take-up reel,
PA2  a develop mode in which the apparatus is programmed to transport the film
      from the take-up reel to the supply reel for processing in transit to the
      supply reel,
PA2  a mandatory project mode in which the processed-film is transported from
      the supply reel to the take-up reel with a projection lamp energized for
      simultaneously drying and projecting the film, and
PA2  a rewind mode in which the projected film is rewound onto the supply reel
      following which the apparatus is de-energized and the cassette ejected
PAL  said processed-film operating cycle including sequentially the following
      operational modes,
PA2  a project mode in which the film is transported from the supply reel to the
      take-up reel and projected, and
PA2  a rewind mode in which the projected film is rewound onto the supply reel
      following which the apparatus is de-energized and the cassette ejected;
PA1  a logic unit having plural logic modes for programming the sequence and
      execution of plural operational modes of said apparatus during an
      operating cycle;
PA1  reel drive control means having plural drive control modes adapted to be
      programmed by said operating cycle selector and said logic means; and
PA1  mode change actuator means responsive to cessation of film movement for
      changing the logic mode of said logic unit in response to a cessation of
      film movement.
NUM  11.
PAR  11. The control system defined in claim 10 further comprising replay means
      for interrupting projection to rewind a portion of the film in response to
      manual actuation and then simulating the develop mode logic followed by
      projection thereof without de-energizing the apparatus or ejecting the
      cassette subsequent to said rewind of said film portion.
NUM  12.
PAR  12. The control system defined in claim 10 wherein said control system is
      adapted for use with a cassette having indicator means for indicating
      whether the film is processed or unprocessed and wherein said operating
      cycle selector is responsive to said indicator means to program said
      control system for either an unprocessed-film operating cycle or a
      processed-film operating cycle.
NUM  13.
PAR  13. The control system defined in claim 12 wherein said operating cycle
      selector comprises an electrical relay means for completing a circuit to
      energize said relay in response to an unprocessed-film indication by said
      cassette indicator means and switch contacts controlled by said relay for
      programming said control system for an unprocessed-film operational mode
      in response to energization of said relay.
NUM  14.
PAR  14. The control system defined in claim 12 wherein said logic unit
      comprises a rotary electrical contact disc and cam shaft assembly for
      effecting logic sequencing, said rotary electrical contact disc and cam
      shaft assembly having predetermined rotational logic positions
      corresponding to particular operational modes of said apparatus.
NUM  15.
PAR  15. The control system defined in claim 14 wherein said mode change
      actuator means comprises means responsive to cessation of rotation of said
      take-up reel to effect rotation of said electrical contact disc and cam
      shaft assembly to its next rotational logic position.
NUM  16.
PAR  16. A control system for apparatus adapted to process and project film
      maintained on supply and take-up reels contained within a cassette, the
      cassette having indicator means for indicating whether the film is
      processed or unprocessed, said control system comprising:
PA1  an operating cycle selector for programming the control system for either
      an unprocessed-film operating cycle or a processed-film operating cycle;
PA1  a logic unit having plural logic modes for programming the sequence and
      execution of plural operational modes of said apparatus during an
      operating cycle;
PA1  reel drive control means having plural drive control modes adapted to be
      programmed by said operating cycle selector and said logic unit; and
PA1  mode change actuator means responsive to cessation of film movement for
      changing the logic mode of said logic unit in response to a cessation of
      film movement,
PA1  a. in said unprocessed-film cycle programmed by said cycle selector,
PA2  i. said logic unit functions to first condition and actuate said apparatus
      for a take-up mode comprising advancement of exposed film onto the take-up
      reel,
PA2  ii. upon cessation of said film advancement onto the take-up reel, said
      mode change actuator means and said logic unit cooperate to condition and
      actuate said apparatus for a develop mode comprising transport of the film
      from the take-up reel to the supply reel without exposure to ambient light
      for in-transit processing of the film,
PA2  iii. upon cessation of said film transport in said develop mode, said mode
      change actuator means and said logic unit cooperate to condition and
      actuate said apparatus for a mandatory project mode comprising transport
      of the film by a projection shuttle in projection direction with a
      projection lamp energized for simultaneously drying and projecting said
      film,
PA2  iv. upon cessation of said film transport in said project mode, said mode
      change actuator means and said logic unit cooperate to condition and
      actuate said apparatus for a rewind mode to rewind the film onto said
      supply reel, and
PA2  v. upon cessation of said film rewind into said supply reel, said mode
      change actuator means and said logic unit cooperate to condition and
      actuate said apparatus for off mode in which the apparatus is de-energized
      and the cassette is ejected,
PA1  b. in said processed-film cycle programmed by said cycle selector,
PA2  i. said logic unit is effective to first condition and actuate said
      apparatus for a project mode comprising transport of the film by a
      projection shuttle in projection direction with a projection lamp
      energized for the film,
PA2  ii. upon cessation of said film transport in said processed-film cycle
      project mode, said mode change actuator means and said logic unit
      cooperate to condition and actuate said apparatus for a rewind mode to
      rewind the film onto said supply reel, and
PA2  iii. upon cessation of said film rewind in said processed-film cycle rewind
      mode, said mode change actuator means and said logic unit cooperate to
      condition and actuate said apparatus for off mode in which the apparatus
      is de-energized and the cassette ejected.
NUM  17.
PAR  17. The control system defined in claim 16 further comprising remote replay
      means for interrupting projection to rewind a portion of the film in
      response to manual actuation of said replay means followed by projection
      thereof without interim off mode de-energization of the apparatus or
      ejection of the cassette by simulating develop mode logic following said
      rewind of a portion of the film.
NUM  18.
PAR  18. The control system defined in claim 16 wherein said operating cycle
      selector comprises an electrical relay means for completing a circuit to
      energize said relay in response to an unprocessed-film indication by said
      cassette indicator means and switch contacts controlled by said relay for
      programming said control system for an unprocessed-film operational mode
      in response to energization of said relay.
NUM  19.
PAR  19. The control system defined in claim 16 wherein said logic unit
      comprises a rotary electrical contact disc and cam shaft assembly for
      effecting logic sequencing, said logic unit having plural logic modes
      corresponding to predetermined rotational positions of said rotary
      electrical contact disc and cam shaft assembly.
NUM  20.
PAR  20. The control system defined in claim 19 wherein said mode change
      actuator means comprises means responsive to cessation of rotation of said
      take-up reel to effect rotation of said electrical contact disc and cam
      shaft assembly to its next rotational logic mode position.
NUM  21.
PAR  21. A control system for apparatus adapted for handling film maintained on
      supply and take-up reels contained within a cassette, said control system
      comprising:
PA1  function programming means having plural logic modes for programming the
      sequence and execution of plural operational modes of said apparatus, said
      function programming means comprising an operating cycle selector for
      programming the control system for either an unprocessed-film operating
      cycle or a processed-film operation cycle and a logc unit for programming
      the sequence and execution of said plural operation modes of said
      apparatus during an operating cycle;
PA1  reel drive control means having plural drive control modes adapted to be
      programmed by said function programmer; and
PA1  mode change actuator means responsive to cessation of film movement for
      changing the logic mode of said function programmer.
NUM  22.
PAR  22. A control system for apparatus adapted for handling film maintained on
      supply and take-up reels contained within a cassette, said control system
      comprising:
PA1  function programming means having plural logic modes for programming the
      sequence and execution of plural operational modes of said apparatus, said
      operational modes including sequentially
PA2  a take-up mode in which the apparatus is programmed to advance
      unprocessed-film onto the take-up reel,
PA2  a develop mode in which the apparatus is programmed to transport the film
      from the take-up reel to the supply reel for processing in transit to the
      supply reel, and
PA2  a mandatory project mode in which the processed-film is transported from
      the supply reel to the take-up reel with a projection lamp energized for
      simultaneously drying and projecting the film;
PA1  reel drive control means having plural drive control modes adapted to be
      programmed by said function programmer; and
PA1  mode change actuator means responsive to cessation of film movement for
      changing the logic mode of said function programmer.
NUM  23.
PAR  23. The control system defined in claim 22 wherein said function
      programming means includes a rotary electrical contact disc and cam shaft
      assembly for effecting logic sequencing, said operational modes of said
      apparatus corresponding to predetermined rotational logic positions of
      said rotary electrical contact disc and cam shaft assembly.
NUM  24.
PAR  24. The control system defined in claim 23 wherein said mode change
      actuator means comprises means responsive to cessation of rotation of said
      take-up reel to effect rotation of said electrical contact disc and cam
      shaft assembly to its next rotational logic position.
PATN
WKU  039414663
SRC  5
APN  5710340
APT  1
ART  243
APD  19750423
TTL  Vernier carriage control
ISD  19760302
NCL  8
ECL  1
EXA  Mirabito; A. J.
EXP  Aegerter; Richard E.
NDR  3
NFG  5
INVT
NAM  Shah; Rashmikant P.
CTY  Hartford
STA  WI
ASSG
NAM  Bell & Howell Company
CTY  Chicago
STA  IL
COD  02
CLAS
OCL  353 27R
EDF  2
ICL  G03B 2308
FSC  353
FSS  27 R;22;23
FSC   33
FSS  1 M
UREF
PNO  2260551
ISD  19411000
NAM  Boni
OCL  353 27R
UREF
PNO  2469129
ISD  19490500
NAM  Reimann
OCL   33  1M
UREF
PNO  3072013
ISD  19630100
NAM  Pratt
OCL  353 27R
UREF
PNO  3413061
ISD  19681100
NAM  Simpson
OCL  353 27R
UREF
PNO  3781102
ISD  19731200
NAM  Chandler
OCL  353 27R
LREP
FR2  Walsh; Robert A.
ABST
PAL  The disclosure relates to an ultrafiche carriage assembly for use in an
      ultrafiche apparatus of the type which projects a magnified image of a
      selected one of a plurality of film frames on an ultrafiche onto a
      reference surface. Such ultrafiche readers include a light system and
      projection system and the present invention herein disclosed provides a
      carriage assembly allowing vernier control of the position of the film
      frames between the light and projection systems so that a particular film
      frame of a known location on the ultrafiche may be selected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to a reader apparatus of the type which
      projects a magnified image of a film frame onto the rear side of a viewing
      screen to facilitate forward viewing of the magnified image. The invention
      is more particularly directed to an improved ultrafiche reader which
      includes a carriage assembly for positioning a desired one of the film
      frames between the light system and projection system to facilitate
      viewing of the desired film frame.
PAR  Ultrafiche readers are well known in the art. Such devices generally
      comprise a light system and a projection system for magnifying and
      projecting one of the ultrafiche film frames onto a viewing screen.
      Inasmuch as there are a plurality of such film frames on a typical
      ultrafiche, they are extremely small, thus requiring a high order of
      magnification. As a result, only slight movement of the ultrafiche located
      between the light system and projection system causes a number of film
      frames to traverse across the optical axis of the projection system making
      the positioning of a desired film frame within the projection system
      optical axis difficult. It is therefore desirable to provide mechanical
      assistance to an operator so that a desired film frame of a known location
      on an ultrafiche may be more readily positioned within the optical axis of
      the projection system.
PAR  It is therefore a general object of the present invention to provide an
      improved ultrafiche reader apparatus.
PAR  It is another object of the present invention to provide an improved
      ultrafiche reader apparatus which includes an ultrafiche carriage assembly
      which affords a mechanical advantage to an operator so that a desired film
      frame may be selected for viewing.
PAR  It is a still further object of the present invention to provide an
      ultrafiche reader which has an ultrafiche carriage assembly affording
      vernier control of the position of the film frames of an ultrafiche to
      thereby reduce the criticality of operator manipulation while a particular
      film frame of known location on an ultrafiche is selected.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides an ultrafiche reader apparatus of the type which
      includes a light system and a projection system for projecting a magnified
      image of a selected one of a plurality of ultrafiche film frames onto a
      reference surface which has an improved ultrafiche carriage assembly for
      positioning a desired one of the film frames between the light system and
      projection system. The carriage assembly comprises a pair of spaced apart
      and substantially parallel glide members, first and second spaced apart
      and substantially parallel glide bars extending across the pair of glide
      members and transverse to the glide members, the second glide bar
      including a rack on a portion of at least one side thereof, a friction
      surface extending alongside of each of the glide members, first and second
      side supports for coupling the first and second glide bars together in
      fixed spaced apart relation, each of the first and second side supports
      including a rotatable wheel communicating with one of the friction
      surfaces, and an ultrafiche holder adapted for receiving an ultrafiche and
      extending across the first and second glide bars and including a rotatable
      pinion coupled to the rack of the second glide bar so that as the friction
      wheels are rotated, the ultrafiche holder is caused to glide along the
      first and second members in a first direction and as the pinion is rotated
      the ultrafiche holder is caused to glide upon the glide bars in a second
      direction transverse to the first direction to thereby afford positioning
      of a selected film frame between the light system and projection system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention, together with the objects and advantages thereof, may best
      be understood by reference to the following description taken in
      conjunction with the accompanying drawings, and in the several figures of
      which like reference numerals identify like elements and in which:
PAR  FIG. 1 is a side view partially in cross-section of an ultrafiche reader of
      the type embodying the present invention;
PAR  FIG. 2 is a top view of an ultrafiche carriage assembly embodying the
      present invention;
PAR  FIG. 3 is a cross-sectional view taken along lines 3--3 of FIG. 2;
PAR  FIG. 4 is a cross-sectional view taken along lines 4--4 of FIG. 2; and
PAR  FIG. 5 is a cross-sectional view taken along lines 5--5 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the ultrafiche reader thereshown comprises a base
      housing 10 which contains a light system and an upper housing 11 which
      includes a back projection type viewing screen 12. Base housing 10 has a
      bottom panel 13, side wall 14, a rear wall 15 and a front wall 40. The
      base housing 10 also includes feet 16 which are secured to the bottom
      panel 13 and upon which the base housing rests. Openings 42 in rear wall
      15 provide ventilation for cooling the light system within base housing
      10.
PAR  The upper housing includes a back wall 18, a side wall 17 and a top panel
      19 which extends forward of screen 12 to reduce the amount of ambient
      light striking the screen 12. The viewing screen 12 is mounted within
      upper housing 11 in a rearwardly inclined position relative to the
      vertical to afford comfortable viewing.
PAR  The light system of base housing 10 comprises a light source or projection
      lamp 20, a reflector 21, an adjustable mirror assembly designated
      generally at 22 which includes mirror 23 and condensing lenses 24 and 25.
      The adjustable mirror assembly 22 is fully disclosed and claimed in
      co-pending patent application Ser. No. 563,949 filed on Mar. 31, 1975, and
      which is assigned to the assignee of the present invention.
PAR  Projection lamp 20 is mounted in a suitable socket 26 which connects the
      illuminating elements of projection lamp 20 to a suitable power source not
      shown. The reflector 21 concentrates and directs the light emitted from
      light source 20 toward mirror 23 which in turn reflects the light to and
      through the condensing lenses 24 and 25.
PAR  Separating the base housing 10 and upper housing 11 is plate 28 which
      includes an aperture 29 which allows the light emitted from light source
      20 and reflected by mirror 23 to pass from the condensing lenses 24 and 25
      to a selected image film frame on ultrafiche 30.
PAR  On top of plate 28 is an ultrafiche carriage assembly generally designated
      at 31 which embodies the present invention. The carriage assembly 31
      includes an ultrafiche holder which comprises a bottom glass plate 32 and
      a top glass plate 33 for holding the ultrafiche 30 therebetween in a
      single plane between the light system and the projection system to be
      described hereinafter. The ultrafiche holder additionally includes an arm
      34 having a pointer 35 which rides above a grid having location indicia
      for each film frame of the ultrafiche which may be more clearly seen in
      FIG. 2. On top of arm 34 is control knob 36 which may be utilized for
      course adjustment of the location of the ultrafiche film frames relative
      to the light system and projection system. Arm 34 of ultrafiche holder 31
      also includes a pinion 37 which communicates with a rack 38 through idler
      39. Pinion 37 is coupled to fine adjustment control knob 43 so that as
      control knob 43 is rotated, pinion 37 communicates with rack 38 through
      idler 39 to cause the film holder of the carriage assembly to move in one
      direction for fine adjustment of the position of the film frames. This
      feature is described in more detail with reference to FIGS. 2-5
      hereinafter.
PAR  The upper housing in addition to including viewing screen 12, also includes
      a projection system which projects the magnified image of the selected
      image film frame onto viewing screen 12. The projection system includes a
      projection lens assembly generally designated at 44. A preferred form of
      the projection lens assembly is fully disclosed and claimed in the
      aforementioned co-pending patent application Ser. No. 563,949 filed Mar.
      31, 1975 and which is assigned to the assignee of the present invention.
      The projection lens assembly 44 is held in place by plate 45 and includes
      a focusing adjustment knob 46 which when rotated causes the projection
      lens within the projection lens assembly to move vertically to provide
      focusing of the displayed image. The projection lens assembly has an
      optical axis designated at 47 in which the desired film frame is
      interposed for selection and viewing.
PAR  The projection system also includes a plurality of mirrors 48 and 49.
      Mirror 48 is shown schematically because mirrors of this type are well
      known in the art. Mirror 48 reflects the image to be displayed in a
      rearward direction towards mirror 49 which then reflects the image forward
      to the rear side of screen 12 to be displayed. The details of the
      mountings of the mirrors will not be described inasmuch as they are well
      known in the art. Upper housing 11 also includes an aperture 50 which
      allows the image to be displayed to pass from the projection lens assembly
      44 to mirror 48.
PAR  FIGS. 2-5 are detailed views of an ultrafiche carriage assembly embodying
      the present invention. Referring now to FIG. 2, the ultrafiche carriage
      assembly thereshown comprises glide members 60 and 61, glide bars 62 and
      63, friction surfaces 64 and 65, side supports 66 and 67, wheels 68 and
      69, indicators 70 and 71 and ultrafiche film holder 31.
PAR  Glide members 60 and 61 are spaced apart and substantially parallel and are
      secured to plate 28 by suitable L-brackets 72, 73, 74 and 75. Glide bars
      62 and 63 are spaced apart and substantially parallel to one another and
      extend across glide members 60 and 61 in a transverse direction to the
      glide members 60 and 61. Glide bar 63 includes a rack 38 on a portion
      thereof more clearly shown in FIGS. 3 and 4.
PAR  Side supports 66 and 67 couple glide bars 62 and 63 together in fixed
      spaced apart relation and are coupled to extensions 76 and 77 respectively
      which include rotatable wheels 68 and 69 and indicators 70 and 71
      respectively. Friction surfaces 64 and 65 extend alongside of glide
      members 60 and 61 respectively and communicate with the rotatable wheels
      68 and 69 respectively.
PAR  Ultrafiche holder 31 extends across glide bars 62 and 63 so that as wheels
      68 and 69 are rotated the ultrafiche holder and glide bars move in a first
      direction along glide members 60 and 61.
PAR  Referring for the moment to FIGS. 3 and 4, L-shaped brackets 73 and 75 are
      secured to plate 28 by screws 80, 81 and 90, 91 respectively. Glide member
      60 is secured to bracket 73 by threaded screw 82 and glide member 61 is
      secured to bracket 75 by screw 92.
PAR  Side support 66 includes a right angle flange 83 having an opening 84
      adapted to receive glide member 60. Side support 66 includes two such
      right angle flanges, the second flange being behind and in line with
      flange 83 so that as the ultrafiche holder is moved in the first
      direction, it is moved in a guided manner by the coaction of the right
      angle flanges and the glide member 60.
PAR  Side support 67 also includes a right angle flange 93 which rests on top of
      glide member 61. A second right angle flange resting on top of glide
      member 61 is rearward of flange 93 and directly in line with it to provide
      additional support. Because glide member 60 is received by the right angle
      flanges of side support 66 and glide member 61 has the right angle flanges
      of side support 67 resting on top of it, binding of the glide member and
      the side supports during movement of the ultrafiche holder in the first
      direction is obviated.
PAR  Referring again to FIG. 2, the ultrafiche holder 31 comprises arm 34, idler
      39, control knob 43, knob 36, and pointer 35. A portion of the film holder
      and details of arm 34 may be more clearly seen in the cross-sectional view
      of FIG. 5. Pinion 37 includes a shaft 110 which extends through an opening
      within arm 34 to be received by knob 43. Washers 100 and 101 space pinion
      37 and knob 43 from arm 34 to facilitate easier rotation of pinion 37 by
      knob 43. Pinion 37 communicates with idler gear 39 which rotates about
      screw block 103. Idler gear 39 is spaced from arm 34 by block 103 which is
      secured to arm 34 by screw 102. Gear 39 is maintained on block 103 by
      E-ring 106. Gear 39 communicates with rack 38 which is contained within
      and along one side of glide bar 63. Arm 34 includes a downwardly extending
      portion 104 which terminates in a rearwardly extending lip 105 for
      confining the glass plates 32 and 33 which hold ultrafiche 30
      therebetween. When knob 43 is rotated, pinion 37 is caused to rotate and
      because it communicates with gear 39, gear 39 rotates. As gear 39 rotates
      it communicates with rack 38 to cause the ultrafiche holder to move in a
      second direction along glide bars 62 and 63 which is transverse or
      perpendicular to the first direction of movement caused by the rotation of
      rotatable wheels 68 and 69 of FIG. 2.
PAR  Referring once again to FIG. 2, the carriage assembly also includes a grid
      78 comprising a plurality of perpendicular lines defining squares arranged
      in rows and columns. Each of the squares of grid 78 corresponds to a
      respective one of the film frames of the ultrafiche and are spaced in
      relation to the ultrafiche, pointer 35, indicators 70 and 71, and the
      optical axis of the projection lens assembly designated at 47 to thereby
      provide film frame location indicia for each film frame of the ultrafiche.
PAR  In operation, assuming that each film frame is assigned a particular
      location, an operator by using knob 36 will make a course adjustment as to
      the location of the desired film frame by merely pushing knob 36 back and
      forth and side to side to arrive at the general location of the desired
      film frame. Then, the operator rotates wheels 68 and 69 to locate the row
      in which the desired film is. When indicators 70 and 71 point to the
      desired row, knob 43 is rotated to cause pointer 35 to arrive at the
      desired column in which the desired film frame is located.
PAR  Inasmuch as film holder 31 is being moved relative to optical axis 47 which
      is stationary, the location indicia of grid 78 is preferably the mirror
      image of the locations of the various film frames on ultrafiche 30.
      Additionally, in its preferred form, friction surfaces 64 and 65 may be
      made of a cork material assuring frictional engagement between surfaces 64
      and 65 and rotatable wheels 68 and 69.
PAR  Of course, by properly choosing the gear ratios of pinion 37, gear 39 and
      rack 38 any desired mechanical advantage can be obtained. Likewise, the
      diameters of rotatable wheels 68 and 69 may also be adjusted to provide
      any desired degree of control.
PAR  The present invention there provides a means by which mechanical assistance
      can be afforded an operator of an ultrafiche reader for positioning the
      ultrafiche film frames relative to the ultrafiche reader optical axis and
      light system. The present invention also provides course adjustment of the
      position of a desired film frame and additionally, vernier control for
      fine adjustment of the position of the desired film frame relative to the
      light system and optical axis.
PAR  While a particular embodiment of the invention has been shown and
      described, modifications may be made and it is intended in the appended
      claims to cover all such modifications as may fall within the true spirit
      and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an ultrafiche reader apparatus of the type which includes a light
      system and a projection system for projecting a magnified image of a
      selected one of a plurality of ultrafiche film frames onto a reference
      surface, an improved ultrafiche carriage assembly for positioning a
      desired one of said film frames between the light system and projection
      system comprising:
PA1  a pair of spaced apart and substantially parallel glide members;
PA1  first and second spaced apart and substantially parallel glide bars
      extending across said pair of glide members and transverse to said glide
      members, said second glide bar including a rack on a portion of at least
      one side thereof;
PA1  a friction surface extending alongside of each of said glide members;
PA1  first and second side supports for coupling said first and second glide
      bars together in fixed spaced apart relation, each of said first and
      second side supports including a rotatable wheel communicating with one of
      said friction surfaces; and
PA1  an ultrafiche holder adapted for receiving an ultrafiche and extending
      across said first and second glide bars and including a rotatable pinion
      coupled to said rack of said second glide bar, whereby
PA1  as said friction wheels are rotated, said ultrafiche holder is caused to
      glide along said first and second members in a first direction and as said
      pinion is rotated said ultrafiche holder is caused to glide upon said
      glide bars in a second direction transverse to said first direction to
      thereby afford positioning of a selected film frame between the light
      system and projection system.
NUM  2.
PAR  2. An apparatus in accordance with claim 1 further comprising an index grid
      having a location indicia for each film frame on the ultrafiche and
      wherein each said side support includes an indicator in spaced relation to
      said grid, said ultrafiche and the light and projection systems so that
      said indicator indicates on said grid the accurate position of said film
      frames for said first direction of movement.
NUM  3.
PAR  3. An apparatus in accordance with claim 2 wherein said ultrafiche holder
      includes an indicator in spaced relation to said grid, said ultrafiche and
      the light and projection systems so that said holder indicator indicates
      on said grid the accurate position of said film frames for said second
      direction of movement.
NUM  4.
PAR  4. An apparatus in accordance with claim 3 wherein said grid comprises a
      first plurality of parallel lines and a second plurality of parallel
      lines, said second plurality of lines being transverse to said first
      plurality of lines to thereby provide film frame location indicia arranged
      in columns and rows to thereby accommodate an ultrafiche having film
      frames correspondingly arranged in columns and rows.
NUM  5.
PAR  5. An apparatus in accordance with claim 1 wherein one of said side
      supports additionally includes a plurality of guide openings adapted to
      receive one of said glide members to thereby guide the movement of said
      holders in said first direction.
NUM  6.
PAR  6. An apparatus in accordance with claim 5 wherein the other of said side
      supports includes a portion resting on the other of said glide members.
NUM  7.
PAR  7. An apparatus in accordance with claim 1 wherein said pinion is coupled
      to said rack by an idler gear.
NUM  8.
PAR  8. An ultrafiche reader apparatus of the type which includes a light system
      and a projection system for projecting a magnified image of a selected one
      of a plurality of ultrafiche film frames therebetween onto a reference
      surface, an improved ultrafiche carriage assembly for positioning a
      desired one of said film frames between the light system and the
      projection system comprising:
PA1  a pair of spaced apart and substantially parallel glide members;
PA1  first and second spaced apart and substantially parallel glide bars
      extending across said pair of glide members and transverse to said glide
      members, said second glide bar including a rack on a portion of at least
      one side thereof;
PA1  a friction surface extending alongside of each of said glide members;
PA1  first and second side supports for coupling said first and second glide
      bars together in fixed spaced apart relation, one of said side supports
      including guide openings for receiving one of said glide members, the
      other of said side supports including a portion resting upon the other of
      said glide members, and each side support including a rotatable wheel
      communicating with one of said friction surfaces;
PA1  an ultrafiche holder adapted for receiving an ultrafiche and extending
      across said first and second glide bars and including a rotatable pinion
      coupled to said rack of said second glide bar;
PA1  an index grid having a location indicia for each film frame on the
      ultrafiche;
PA1  a location indicator coupled to each said side support in spaced relation
      to said grid, said ultrafiche and the light and projection systems to
      indicate on said grid the accurate position of said film frames in a first
      direction; and
PA1  an indicator coupled to said ultrafiche holder in spaced relation to said
      grid, said ultrafiche and the light and projection systems to indicate on
      said grid the accurate position of said film frames in a second direction;
PA1  whereby as said friction wheels are rotated said ultrafiche holder is
      caused to glide in guided movement along said first and second members in
      a first direction and as said pinion is rotated said ultrafiche holder is
      caused to glide upon said glide bars in said second direction transverse
      to said first direction while said side support indicators indicate the
      accurate position of said film frames for said first direction of movement
      and said holder indicator indicates on said grid the accurate position of
      said film frames for said second direction of movement.
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ABST
PAL  Light from a bulb is projected through the microfiche transparency by a
      condensor and a projection lens system and the projected image therefrom
      is passed through a prism to viewing screen means. The prism has a flat or
      curved, transparent entrant surface for receiving the projected image, a
      flat, transparent exit surface facing the viewing screen means, a first,
      metal coated reflecting surface opposite to the entrant surface and
      forming a predetermined acute angle with the exit surface such that a
      major portion of the light beam passing through the entrant surface is
      reflected by the first reflecting surface to the exit surface at an
      incident angle greater than the critical angle for total internal
      reflection by the exit surface and a second, metal coated reflecting
      surface angularly facing the exit surface for returning the light beam
      reflected internally by the exit surface back to the exit surface at an
      incident angle which is less than the critical angle such that the
      returned light beam passes through the exit surface to impinge on the
      viewing screen means.
PAR  In one preferred embodiment the prism further includes a third, metal
      coated reflecting surface which is co-planar with the exit surface for
      receiving a minor portion of the light beam reflected by the first
      reflecting surface and for reflecting it to the second reflecting surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to apparatus for viewing or recording transparencies
      such as microfilm, microfiche, still and motion pictures as well as images
      produced by a television or microscope.
PAR  In most microfiche systems the photographed image is reduced in size
      twenty-four times or more. In order to be viewed it should be magnified at
      least half that number to be intelligible to the viewer. One problem in
      making viewers for such microfiche transparencies which are portable is in
      "folding" the long optical path necessary to develop this magnification
      factor of twelve or more. Many prior art devices have used mirrors, lenses
      and dovetail prism systems in order to accomplish this result. Such
      devices suffer from a number of disadvantages such as being delicate,
      expensive, bulky and difficult to operate.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other disadvantages are overcome by the present invention of
      apparatus for viewing a transparency comprising means for projecting a
      diverging light beam through the transparency, viewing screen means for
      displaying light projected through the transparency onto the viewing
      screen means. The prism means include a prism having a flat or curved,
      transparent entrant surface for receiving the light beam, a flat,
      transparent exit surface facing the viewing screen means, a first, metal
      coated reflecting surface opposite to the entrant surface and forming a
      predetermined acute angle with the exit surface such that a major portion
      of the light beam passing through the entrant surface is reflected by the
      first reflecting surface to the exit surface at an incident angle greater
      than the critical angle for total internal reflection by the exit surface,
      and a second, metal coated reflecting surface angularly facing the exit
      surface for returning the light beam reflected internally by the exit
      surface to impinge on the viewing screen means. In one preferred
      embodiment the prism further includes a third, metal coated reflecting
      surface which is co-planar with the exit surface for receiving a minor
      portion of the light beam reflected by the first reflecting surface and
      for reflecting it to the second reflecting surface.
PAR  In one preferred embodiment the prism has the cross-sectional shape of a
      trapezium and is made of polymethylmethacrylate. The viewing screen means
      comprise an outer, light diffusing member or screen and a Fresnel lens
      positioned between the light diffusing member and the exit surface. The
      purpose of the Fresnel lens and the diffusing screen is to give an image
      which is substantially uniform in illumination across the area of the
      screen. Such light diffusing panels and Fresnel lenses for accomplishing
      this purpose are well known in the art.
PAR  The light beam projecting means include a low power consuming light bulb,
      which may be powered by a battery, which shines a light beam through two
      condenser lenses at right angles to each other with a 45.degree.
      reflecting mirror between them and then through the microfiche
      transparency.
PAR  The projected image from the transparency passes through a projection lens
      assembly into a small, three-sided reflecting prism which mates with the
      entrant surface of the major prism. The major portion of the light beam
      passing through the transparency is reflected by the smaller prism to the
      first reflecting surface which reflects portions of the light beam up to
      both the third reflecting surface and to the exit surface. The incident
      angle of the light beam portion reaching the exit surface, as stated
      above, is greater than the critical angle and is totally internally
      reflected to the second reflecting surface. The light striking the third
      reflecting surface from the first reflecting surface is typically incident
      at an angle smaller than the critical angle but is also reflected to the
      second reflecting surface by the metal coating. All the light reaching the
      second reflecting surface is then reflected back to, and out of the exit
      surface.
PAR  The light beam projecting means, the viewing screen means and the prism
      means are all contained in a lightweight, plastic housing which is
      provided with a slot in its side to receive the transparency, such as
      still or movie film, which is to be projected.
PAR  By reason of the fact that the projected light beam is reflected at least
      three times by the major prism, greater optical path lengths are obtained
      than in many prior art viewing devices. Furthermore, this path length is
      achieved without the use of delicately aligned mirrors as has been done in
      the prior art. The simplicity of the present invention makes it both
      economical to manufacture and extremely durable. Because of the
      cross-sectional shape of the prism, it is also compact in size in both
      length and thickness.
PAR  A further advantage of the invention is that the light projected through
      the transparency is conserved by virtue of the prism-optics of the
      invention so that a low power consuming, battery operated light bulb may
      be used while maintaining a relatively high intensity in the viewed image.
PAR  The optical projector/reader of the invention is also suitable for viewing
      transparencies other than photographic film and can be used for enlarging
      and projecting the viewing image obtained from a microscope, for example.
      In such an embodiment the slide specimen constitutes the transparency
      which is enlarged and projected. In still other embodiments additional
      devices are coupled to the viewing screen or exit surface of the primary
      prism. Such additional devices can include a camera, especially a camera
      utilizing self-developing film, or a xerographic photocopier. Other
      suitable attachments would include a secondary magnifier.
PAR  Furthermore the apparatus of the invention can be used in the reverse of
      the above described operation, that is, the full size image of a
      transparency can be projected into the "viewing" screen and a reduced
      image obtained at the entrant surface of the primary prism. This reduced
      image can then be stored or transmitted by a suitable medium such as
      photographic film or a fiber optic bundle, respectively, for example.
PAR  It is therefore an object of the present invention to provide a compact
      apparatus for viewing a transparency, such as a microfiche transparency;
PAR  it is also an object of the invention to provide a transparency viewer
      which is economical in cost;
PAR  it is another object of the invention to provide a transparency viewer
      which is durable and not subject to misalignment;
PAR  it is still another object of the invention to preserve most of the
      transmitted viewing light so that low power consuming, battery operable
      projection lamps can be used; and
PAR  it is a still further object of the invention to provide a transparency
      viewer which is simple to assemble.
PAR  The foregoing and other objectives, features and advantages of the
      invention will be more readily understood upon consideration of the
      following detailed description of certain preferred embodiments of the
      invention, taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the optical projector/reader according to
      one embodiment of the invention with portions of the viewing screen broken
      away for illustration; and
PAR  FIG. 2 is a vertical, sectional view taken generally along the lines 2--2
      of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF CERTAIN PREFERRED EMBODIMENTS
PAR  Referring now more particularly to FIG. 1, the preferred embodiment of the
      invention is illustrated in which a frame 10 carrying a film transparency
      12, such as microfilm, is adapted to be slid into a slot 14 in the housing
      16 of the microfilm reader of the invention. The slot 14 is open-ended at
      the sides of the housing 16 so that rectangularly shaped film holders, or
      even continuous film webs, may be inserted lengthwise into the slot. The
      housing 16 has a viewing screen assembly 18 in its top surface thereof and
      the slot 14 is located in one of the shorter sides of the housing 16.
PAR  Referring now more particularly to FIG. 2, the interior of the microfilm
      reader of the invention is illustrated in greater detail. A low power
      consuming light bulb 20 which is powered either from the main line or by a
      battery 22 projects a beam of light illustrated by the dashed line and
      arrows 24 through a condenser lens assembly 26 made up of a first
      condenser lens 28, an intermediate, 45.degree. angled mirror 30 and a
      second condenser lens 32. The condenser lens assembly 26 serves to evenly
      illuminate the transparency 12 when it is placed within the slot 14. The
      projected image from the transparency 12 passes through a projection lens
      assembly 34 which will not be described in detail since such projecting
      lens assemblies are well known in the art. The light beam exiting from the
      projection lens assembly 34 diverges as illustrated by the left, center
      and right dashed lines and arrows, as viewed in FIG. 2, which are numbered
      36, 38 and 40, respectively. It is to be understood that the light beam
      represented by these reference arrows is a continuous, diverging light
      beam and the arrows are only for purposes of illustration.
PAR  The diverging light beam exiting from the projection lens assembly 34
      enters an optional, reflecting prism 42 having the cross-sectional shape
      of a triangle, as viewed in FIG. 2. The reflecting prism 42 has an entrant
      surface 44, opposite to the projection lens assembly 34, which is
      transparent and an exit surface 46 which is also transparent. The third
      face of the prism 42 is a mirror coated surface 48 which is aligned at
      approximately 45.degree. to the optical center axis of the projection lens
      assembly 34. Since the purpose of the prism 42 is primarily to bend the
      diverging light beam at a 90.degree. angle, in other embodiments other
      devices suitable for this purpose may be substituted or the projection
      optics may be realigned to make the 90.degree. bend unnecessary.
PAR  The exit surface of the prism 42 mates with an entrant surface 50 of a
      prism 52. The entrant surface 50 is substantially flat and is transparent.
      The prism 52 has a cross-sectional shape in the form of a trapezium, as
      viewed in FIG. 2, that is, it is a quadrilateral having no sides parallel.
      The prism may be made of a material such as polymethylmethacrylate which
      is highly transparent to light and has an optical index of refraction of n
      = 1.49. It is also relatively light in weight compared to some other
      transparent materials such as glass or quartz. Other highly transparent
      materials can also be used.
PAR  The prism 52, in addition to the entrant surface 50, also has a flat,
      transparent exit surface 54 which faces the viewing screen assembly 18.
      The prism further has a first, metal coated reflecting surface 56 which is
      opposite to the entrant surface 50 and which forms a predetermined, acute
      angle with the exit surface 54 such that a major portion of the light
      beam, as represented by the reference arrows 38 and 36, passing through
      the entrant surface 50, is reflected by the reflecting surface 56 to the
      exit surface 54 at an incident angle which is greater than the critical
      angle for total internal reflection by the exit surface.
PAR  The prism 52 further has a second, metal coated reflecting surface 58 which
      angularly faces the exit surface 54 for returning the light beam, as
      represented by the arrows 36 and 38, which is reflected internally by the
      exit surface 54. The light returned by the reflecting surface 58 strikes
      the exit surface 54 at an incident angle which is less than the critical
      angle for the exit surface 54 so that the returned light beam passes
      through the exit surface 54 to impinge on the viewing screen assembly 18.
PAR  The prism exit surface 54 is co-planar with a third, metal coated
      reflective surface 60 which is located at the distal end of the prism from
      the entrant surface 50. The reflecting surface 60 receives a minor portion
      of the light beam passing through the entrant surface 50, as represented
      by the directional arrow 40, after the light beam portion 40 is reflected
      by the upper portion of the reflecting surface 56, as viewed in FIG. 2.
      The light beam portion 40, reflected by the reflecting surface 60 at an
      angle less than the critical angle, strikes the reflecting surface 58 and
      is returned upwardly and out through the exit surface 54.
PAR  The viewing screen assembly 18 comprises a light diffusing plate 62 which
      is parallel to the exit surface 54 and a Fresnel lens 64 which is also in
      the form of a flat plate and which is parallel to the light diffusing
      plate 62. The Fresnel lens 64 is located intermediate the light diffusing
      plate 62 and the exit surface 54. The light diffusing plate 62 also serves
      as a cover for the Fresnel lens 64. The purpose of the light diffusing
      plate 62 and the Fresnel lens 64 is to give a brighter and more uniformly
      illuminated picture, particularly at the edges. The manner in which these
      two cooperate to produce this result is described more fully in U.S. Pat.
      No. 3,319,517 and is a phenomena well known in the art. It should be
      understood, however, that it is the prism-optics of the invention together
      with the viewing screen assembly which preserve the transmitted viewing
      light and thereby allow the use of low power consuming light bulbs.
PAR  The longitudinal ends of the prism 52 are also provided with reflective,
      metal coatings 66 (see FIG. 1) to minimize light loss.
PAR  By way of example only, the dimensions of the prism illustrated in FIG. 2
      will now be described. The length of the prism 52, that is, the depth into
      the paper as viewed in FIG. 2, is approximately 5 inches, the width of the
      exit surface 54 is 3 inches, the width of the reflecting surface 56 is 1
      1/2 inches, the widths of the reflecting surface 56 and 58 are
      approximately 3 inches and 4 7/8 inches, respectively, the acute angle
      formed at the intersection of the reflecting surfaces 56 and 60 is
      approximately 65.degree., the oblique angle formed between the reflecting
      surfaces 56 and 58 is approximately 90.degree., and the angle between the
      exit surface 54 and the reflecting surface 58 is approximately 25.degree..
PAR  While in the above described embodiment a particular cross-sectional shape
      is given for the prism 52, it should be apparent that in other embodiments
      this cross-sectional shape may be modified slightly. For example, in one
      embodiment the lower corner of the prism, as viewed in FIG. 2, is
      truncated to save space. Moreover, the above recited angles between the
      prism surfaces 54 and 58 and 54 and 56 may be varied in other combinations
      within the limits of 20.degree. to 28.degree. and 62.degree. to
      68.degree., respectively, depending upon such parameters as, for example,
      the distance of the projection optics from the entrant surface, the
      optical index of refraction of the prism material, and the degree of
      divergence of the projected beam. Furthermore, as mentioned above, the
      arrangement of the projection optics with respect to the prism 52 may be
      modified in other embodiments so that the light beam is projected directly
      into the prism 52 through the entrant surface 50 rather than being bent by
      the reflecting prism 42.
PAR  One important factor in determining all of these criteria is that the light
      beam reflected by the reflecting surface 56 strike the exit surface 54 at
      an angle greater than the critical angle so that total internal reflection
      is achieved. This feature allows for a greater optical path length without
      undue light losses than in prior art devices using mirrors and lenses for
      a given amount of space that the prism occupies because one surface
      doubles as both a reflecting surface and an exit or "viewing" surface. The
      device depicted in FIGS. 1 and 2 and described above is capable of
      magnifying the film transparency 12 by approximately twelve times so that
      it is readily intelligible to the viewer.
PAR  The term "critical angle" is well known to those skilled in the optical
      arts as meaning the angle of incidence at which a ray of light incident
      from a dense medium to a less dense medium will produce no refracted ray
      and will be totally internally reflected. The critical angle .theta..sub.c
      is defined by the equation:
PAC  .theta..sub.c = sin.sup.-.sup.1 n.sub.2 /n.sub.1
PA1  where n.sub.1 &gt; n.sub.2
PA1  and n.sub.1 and n.sub.2 are the respective indices of refraction
PAL  Thus for n.sub.2 = 1 (air) and n.sub.1 = 1.49 (polymethylmethacrylate)
PAC  .theta..sub.c = sin.sup.-.sup.1 1/1.49 = 42.14.degree..
PAR  With reference to FIG. 2, n.sub.1 equals the index of refraction of the
      prism 52 and n.sub.2 equals the index of refraction of the light
      transmitting medium adjacent to the exterior of the exit surface 54, which
      in most embodiments is air. For the prism 52 .theta..sub.c is defined as:
PAC  .theta..sub.c = sin.sup.-.sup.1 n.sub.2 /n.sub.1
PAL  where
PA1  n.sub.2 = refractive index of the light transmitting medium adjacent to the
      exterior of the exit surface 54
PA1  n.sub.1 = refractive index of the prism 52.
PAL  By simple geometric analysis it can be easily seen that the predetermined
      acute angle formed between the first reflecting surface 56 and both the
      exit surface 54 and the reflecting surface 60 must be greater than the
      critical angle sin.sup.-.sup.1 n.sub.2 /n.sub.1
PAL  for the exit surface in order for total internal reflection to take place.
      Thus this angle must be greater than the critical angle and less than
      90.degree., i.e., it must be acute. In actual practice, because the light
      beams 36, 38 and 40 are diverging, the practical upper limit for the angle
      is approximately 70.degree..
PAR  The prism 52, the battery 22, the light bulb 20, and the condenser and
      projection lens systems 34 and 26 are, of course, fastened in brackets in
      the housing 16 and these brackets will not be described in detail since
      their function is well known to those skilled in the art.
PAR  As mentioned earlier in this application, the term transparency is to be
      understood as including any semitransparent image forming medium, such as
      a photographic transparency or a specimen slide. The viewing assembly is
      to be understood as including any attachments to the light diffusing plate
      62, such as a camera or a photocopier.
PAR  The remaining terms and expressions which have been employed here are used
      as terms of description and not of limitation, and there is no intention,
      in the use of such terms and expressions, of excluding equivalents of the
      features shown and described, or portions thereof, it being recognized
      that various modifications are possible within the scope of the invention
      claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Viewing apparatus comprising:
PA1  prism means for magnifying a light image passing through it,
PA1  means for projecting a diverging light beam image through the prism means,
PA1  viewing screen means for displaying light projected through the prism means
      onto the viewing screen means, the prism means including a prism having an
      index of refraction n.sub.1, a transparent entrant surface, a flat
      transparent exit surface facing the viewing screen means, a light
      transmitting medium having an index of refraction n.sub.2 interposed
      between the viewing screen means and the exit surface, where n.sub.2 &lt;
      n.sub.1, a first reflecting surface opposite to the entrant surface and
      forming a predetermined, acute angle with the exit surface such that a
      major portion of the light beam passing through the entrant surface is
      reflected by the first reflecting surface to the exit surface at an
      incident angle greater than the critical angle sin.sup.-.sup.1 n.sub.2
      /n.sub.1
PA1  for total internal reflection by the exit surface, and a second reflecting
      surface angularly facing the exit surface for returning the light beam
      reflected internally by the exit surface back to the exit surface at an
      incident angle which is less than the critical angle sin.sup.-.sup.1
      n.sub.2 /n.sub.1
PA1  such that the returned light beam passes through the exit surface to
      impinge on the viewing screen means.
NUM  2.
PAR  2. Viewing apparatus as recited in claim 1 wherein the prism has the
      cross-sectional shape of a trapezium.
NUM  3.
PAR  3. Viewing apparatus as recited in claim 1 wherein the prism is made of a
      highly transparent material.
NUM  4.
PAR  4. Viewing apparatus as recited in claim 1 wherein the prism is made of
      polymethylmethacrylate.
NUM  5.
PAR  5. Viewing apparatus as recited in claim 1 wherein the prism means further
      comprises a reflective, fourth surface which is co-planar with the exit
      surface and is located between the first and exit surfaces of the prism
      means.
NUM  6.
PAR  6. Viewing apparatus as recited in claim 1 wherein the first reflecting
      surface and the exit surface form an acute angle therebetween in the range
      of 60.degree. to 70.degree. and the exit surface and the second reflecting
      surface form an acute angle therebetween within the range of 20.degree. to
      30.degree..
NUM  7.
PAR  7. Viewing apparatus as recited in claim 1 wherein the predetermined acute
      angle formed between the first reflecting surface and the exit surface is
      less than 70.degree. and greater than the critical angle sin.sup.-.sup.1
      n.sub.2 /n.sub.1.
NUM  8.
PAR  8. Apparatus for viewing a transparency comprising:
PA1  means for projecting a diverging light beam through the transparency,
PA1  prism means for magnifying a light image passing through it,
PA1  viewing screen means for displaying light projected through the
      transparency and the prism means onto the viewing screen means, the prism
      means including a prism having a transparent entrant surface, a flat
      transparent exit surface facing the viewing screen means, a first
      reflecting surface opposite to the entrant surface and forming a
      predetermined, acute angle with the exit surface such that a major portion
      of the light beam passing through the entrant surface is reflected by the
      first reflecting surface to the exit surface at an incident angle greater
      than the critical angle for total internal reflection by the exit surface,
      a second reflecting surface angularly facing the exit surface for
      returning the light beam reflected internally by the exit surface back to
      the exit surface at an incident angle which is less than the critical
      angle such that the returned light beam passes through the exit surface to
      impinge on the viewing screen means, and a third, metal coated reflecting
      surface which is substantially co-planar with the exit surface for
      receiving a minor portion of the light beam reflected by the first
      reflecting surface and for reflecting it to the second reflecting surface.
NUM  9.
PAR  9. Optical viewing apparatus comprising means for projecting an image light
      beam, a prism having an index of refraction n.sub.1, a transparent first
      surface through which the light beam may be projected by the light
      projecting means, a flat, transparent second surface, a reflecting third
      surface opposite to the first surface, a light transmitting medium having
      an index of refraction n.sub.2 and located adjacent the prism's second
      surface, where n.sub.2 &lt; n.sub.1, the prism's third surface forming a
      predetermined, acute angle with the second surface such that a major
      portion of a projected light beam passing through the first surface will
      be reflected by the reflecting, third surface to the second surface at an
      incident angle greater than the critical angle sin.sup.-.sup.1 n.sub.2
      /n.sub.1
PAL  for total internal reflection by the second surface, and a reflecting
      fourth surface angularly facing the second surface such that a light beam
      reflected internally by the second surface will be reflected by the fourth
      surface back through the second surface at an incident angle which is less
      than the critical angle sin.sup.-.sup.1 n.sub.2 /n.sub.1
PAL  for the second surface, and viewing means for receiving the light beam
      passing through the second surface of the prism and the light transmitting
      medium adjacent it.
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ABST
PAL  A self-destructing identification card including electrostatically
      deposited identification data sandwiched between two halves of a fold-over
      plastic card, the two halves of which are cohered to each other by a cold
      solvent cement, and the method of and apparatus for manufacturing the card
      including a television camera for taking a picture to be imprinted on the
      card and a cathode ray tube for providing a negative image on a freeze
      frame basis for imprinting on a sensitized portion of the identification
      card during manufacture thereof.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a Continuation-in-Part of application Ser. No. 150,381,
      filed June 7, 1971.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to identification structure such as credit cards,
      driver's license and identification cards for industry, schools and the
      like, and a method of amd structure for manufacturing of such structure.
      Such identification structure now desirably includes a photograph,
      possibly a fingerprint and a signature, together with desired information
      about the individual whose picture, signature and fingerprint are on the
      card.
PAR  2. Description of the Prior Art
PAR  In the past, identification cards have often not included specific
      identification means such as pictures, thumbprints and the like since
      construction of the identification cards with such information thereon has
      been expensive. The construction of such cards in the past has required
      the taking of a separate picture and/or separate thumbprint and the
      inclusion of the picture and fingerprint between two separated cards which
      are then sealed usually about their periphery by heat sealing apparatus.
PAR  Such prior structure has not produced tamper-proof credit and
      identification cards. For example, with such structure it is not difficult
      to open the heat seal adjacent the photograph, usually positioned in a
      pocket in one of the cards heat sealed together, remove the photograph and
      substitute another photograph therefor.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a plastic identification card is
      produced which may include a picture, a thumbprint and a signature, all of
      which may be electrostatically deposited on one half of a fold-over, clear
      plastic sheet, the other half of which is clear and includes a
      cold-setting solvent cement thereon. The electrostatic images are then
      sealed between the two halves of the plastic sheet on folding the sheet to
      provide a sandwich construction in which the engaged surfaces are secured
      together so that any attempt to separate the engaged surfaces will destroy
      the electrostatically deposited images, whereby the card is substantially
      tamper-proof.
PAR  The card is produced by coating one half of the plastic sheet with zinc
      oxide in any predetermined pattern, charging the coated portion of the
      card electrostatically in a dark enclosure, exposing the coated,
      electrostatically charged portion of the card to a light image it is
      desired to provide on the coated portion of the card, and passing the
      coated and exposed portion of the card through an image-setting solution
      of particles charged oppositely to the electrostatically charged, coated
      portion of the card whereby the particles adhere to the electrostatically
      charged surface of the card in accordance with the charge thereon to set
      the desired image on the card, and drying the resulting card.
PAR  The light image may be directly from an object to be copied through a
      mirror image reflection and a photographic lens, or alternatively may be
      from a television camera picture on a cathode ray tube on a freeze frame
      basis with a negative image through a photographic lens.
PAR  Multiple charging and placing of images on different portions of the card
      is possible. Also, multiple charging with repeated placing of identical
      images on the same portion of the card subsequently passed through
      different image-setting solutions which provide colored images may be
      effected.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of an identification card constructed in accordance
      with the invention.
PAR  FIG. 2 is a section view of the identification card illustrated in FIG. 1,
      taken substantially along the line 2--2 in FIG. 1.
PAR  FIG. 3 is a block diagram illustrating the method of producing the
      identification card illustrated in FIG. 1.
PAR  FIG. 4 is a diagrammatic representation of camera structure for producing
      the identification card illustrated in FIG. 1.
PAR  FIG. 5 is a block diagram of alternate light image producing structure for
      use with the camera structure of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with one embodiment of the invention, an identification card
      10 illustrated best in FIG. 1 is produced with a picture 12, a thumbprint
      14 and a signature 16 thereon, together with other required identification
      data such as code numbers 18 and typed material 20 thereon. The picture
      12, thumbprint 14, signature 16 and any other desired material such as the
      distinctive artistic border 22 is produced by electrostatic deposition of
      charged particles on a portion of the card 10.
PAR  The card 10, which may be made of Teflon or other clear plastic, may be of
      any desired dimension and as shown best in FIG. 2 is provided with a
      central fold line 24. The picture, thumbprint, signature and the other
      identification data are placed on the surface 26 of one portion 28 of the
      card 10. A cold solvent cement 30 is placed on the surface 32 of the
      portion 34 of the card 10, and the card is folded about the fold line 24
      so that the surface 32 is secured to the surface 26 by cohesion.
PAR  The card 10 thus produced requires no heat sealing, no separate
      photographic film, and is self-destructing when an attempt is made to
      tamper with the identification data. Thus, the photograph and thumbprint
      will be destroyed if the surfaces 26 and 32 are pulled apart due to this
      identification data being electrostatically deposited, so that part of it
      will be retained on each surface 26 and 32 on their being pulled apart.
PAR  In producing the cards 10, the areas on which electrostatic deposition is
      desired are first coated with a material which is capable of taking a
      uniform electrostatic charge. Thus, the surface may preferably be coated
      with powdered zinc oxide in a lacquer thinner vehicle. Powdered iron oxide
      and selenium may also be used, if desired. Powdered zinc oxide may be
      obtained from the American Zinc Company in St. Louis, Missouri, under
      their designation Azeofax-661. Any lacquer thinner which is a weak solvent
      for the clear Teflon material of which the card 10 is made and which will
      evaporate readily may be used to carry the powdered zinc oxide.
PAR  In production, the zinc oxide in the lacquer thinner vehicle is
      silkscreened on a flat plastic sheet. The silkscreen will normally contain
      several card templates thereon, whereby the zinc oxide will be applied on
      a large, clear Teflon sheet over desired areas on a number of cards 10
      with a single screening. The large plastic sheet will normally be held
      flat on a vacuum table while the zinc oxide is silkscreened thereon, and
      after the lacquer thinner has evaporated leaving the zinc oxide in the
      surface of the Teflon where desired due to the solvent action of the
      lacquer thinner, the large plastic sheet will be cut into small plastic
      sheets which are twice the size of the card 10 illustrated in FIG. 1.
PAR  As indicated previously, only the surface 26 on one side of the fold line
      24 of the card 10 will have the zinc oxide deposited thereon. The other
      portion 34 of the card 10 will have the surface 30 thereof coated with a
      cold solvent cement such as the pressure sensitive solvent cement SC
      4302-9 obtainable from the H. B. Fuller Company of Detroit, Michigan. As
      previously indicated, the cement has solvent properties with regard to the
      Teflon so that when the cement is placed on the Teflon, it tends to soften
      the surface of the Teflon.
PAR  Prior to use of the cards 10 and before they are folded along the fold line
      24, the cement is covered with a waxed kraft paper which may be obtained
      from Beecher, Peck and Lewis of Detroit, Michigan. The kraft paper may be
      stripped off of the surface 30 having the cement 32 thereon over which it
      is applied just prior to use of the cards. The kraft paper prevents
      premature drying of the cement.
PAR  In the production of the cards 10, the cards coated in desired areas are
      delivered to a station at which it is desired to identify individuals and
      at which the camera structure 36 illustrated in FIG. 4 is located.
PAR  An individual to be identified is required to place his thumb on the coated
      zinc oxide surface in the position of the print 14 after the desired
      information 18 and 20 has been typed or otherwise placed on the card 10.
      The card 10 is then placed in the camera structure 36.
PAR  The coated areas such as the area of the picture 12 are electrostatically
      charged positive from power source 38. A positive subject image is
      directed onto the coated, charged area 12 from the front mirrored prism 40
      through the lens 42 and shutter 44, and the portion 24 of the card 10 is
      passed through a tank 46 of image-setting solution, after which the card
      is dried by the roller 48 and removed from the camera.
PAR  Alternatively the subject image may be directed onto the coated, charged
      area through a lens 42 and shutter 44 from a cathode ray tube 45
      displaying a frozen frame from a television camera 47 directed on the
      image. Also, the image-setting solution can be washed over the film
      instead of passing the film through the image-setting solution.
PAR  The person to be identified places his signature 16 on the card 10. The
      kraft paper is then stripped from the portion 34 of the card 10, and the
      card is folded about the fold line 24 so that the clear plastic portion 34
      provides a cover over the electrostatically deposited picture 12 and
      fingerprint 14 and the rest of the identification material on the surface
      26 of the portion 28 of the card.
PAR  In more detail, the camera structure 36 includes an outer lighttight box 50
      in which an individual coated card 10 is positioned through the door 52.
      The portion 34 of the card 10 having the solvent cement 32 thereon and
      protected by waxed kraft paper placed thereover is inserted into the
      camera structure 36 through the door 52 in the lighttight box 50 and
      through the opening 56 in the cylindrical inner case 58 into the yoke 60
      for rotation into and out of a plurality of stations.
PAR  The yoke 60 as shown is U-shaped and is adapted to exactly receive the
      portion 34 of the card 10. The portion 34 of the card 10 is held in the
      yoke 60 by the spring retainer clips 62 secured to the yoke 60 by
      convenient means such as screws 64. The yoke 60 is secured to a plate 66
      which is rotatable through 360.degree. about an axle 68 journaled in end
      plate 70 of the cylindrical inner case 58.
PAR  Rotation of the plate 66 and therefore the card 10 positioned within the
      yoke 60 may be by a manual crank secured to the axle 68 or may be by more
      sophisticated timing and driving structure which are easily within the
      skill of the art to provide.
PAR  The power source 38 may be contained in the lighttight box 50 or may be
      connected thereto, as will be understood by those in the art. The power
      source 38 may be an 8,000-volt direct current power source having an
      amperage of, for example, 6 amps. Charging of the zinc oxide coated
      portions of the card 10 is from the antenna 74 electrostatically, due to
      the well-known corona effect when the power source 38 is turned on and
      connected to the antenna 74 with the antenna 74 adjacent the portion 28 of
      the card 10. In the present case, the zinc oxide is negatively charged by
      the negative power source.
PAR  The camera 36 as shown in FIG. 4 further includes the movable plate 78
      having the lens 42 and shutter 44 secured thereto as shown. The plate 78
      is provided with the marks 80 and 82 thereon which in conjunction with a
      vernier scale on the lighttight box 50 are used to position the plate 78
      relative to a card 10 held in the yoke 60 so that a light image directed
      through the lens on opening of the shutter will strike the desired coated
      and charged portion of the card 10.
PAR  The shutter may be a simple shutter having, for example, a 1.4f opening.
      The lens may be a relatively simple acromatic lens in the example shown
      where colored images are desired. If only black and white images are
      desired, the lens may be a simple double convex lens. In either case, the
      focal length of the lens will be approximately three feet. The lens 42 and
      shutter 44 are secured to the plate 78 in spaced apart aligned relation by
      convenient means, again well known in the photographic art.
PAR  A front mirrored prism 84 is positioned over the lens 42 as shown and is
      movable with respect thereto over the supporting bracket 86 therefor.
      Bracket 86 may be secured to the plate 78 or to the mounting frame for the
      lens 42 and shutter 44 as desired. The prism 84 may be adjusted relative
      to the vernier scale 88 to provide an exact focus of an image directed
      thereto on the desired portion of the card 10 along the path 90 shown in
      FIG. 4. A protecting screen 92 is provided for the prism 84.
PAR  It will be understood that a single mirror positioned in the place of the
      mirrored front surface of the prism 84 may be substituted for the prism
      84, if desired, to provide a positive image on the card 10 from a positive
      subject. In either case, no negative is required in the present process
      since a positive print is prepared directly from a positive subject.
PAR  Alternatively the mirror or mirrored surface prism 84 may be done away with
      entirely and the image 43 may be recorded on a television camera 47 as
      shown in FIG. 5. With the equipment shown in FIG. 5, the image is
      reproduced on the cathode ray tube 45 as a negative from the camera 47.
      When the image is as desired, as may be determined from a positive cathode
      ray tube monitor (not shown), the switch 49 is closed to freeze a single
      frame image on the cathode ray tube. The single frame negative image is
      then passed directly through shutter 44 and lens 42 to card 10 as a
      positive image on card 10.
PAR  All of the television camera 47 and cathode ray tube 45 having freeze frame
      structure 51 associated therewith are available as off-the-shelf items of
      commerce and will not be considered in detail herein. The image 43 may be
      anything such as a person's head, fingerprint, or signature.
PAR  The tank 44 for the image-setting solution again may be positioned within
      the lighttight box 50 or form a portion of the lighttight box 50 and
      supports the roller 46 on the bracket 94. An input coupling 96 and an
      output coupling 98 are provided on the tank 44 which are connected by
      means of hoses, as shown, to a reservoir 102 of an image-setting solution
      and a pump 100 for pumping the image-setting solution through the tank 44.
PAR  Wherein a black and white image is desired on the card 10, the
      image-setting solution may be powdered graphite suspended in alcohol. The
      powdered graphite has a known affinity for the negatively charged zinc
      oxide portions of the card 10 and will be attracted thereto in accordance
      with the charge thereon. The amount of powdered graphite attracted to the
      zinc oxide coating of the card will determine how dark the particular
      portion of the image is so that the tones in the image will be dependent
      upon the degree of charge of particular portions of the card, in
      accordance with known electrostatic reproduction methods.
PAR  If multiple color images are desired on the card 10, separate tanks 44 must
      be provided through which the charged portion of the card 10 is moved or,
      as in the present instance and as shown in FIG. 4, the image-setting
      solution in the tank 44 is changed for each different color by emptying
      the tank 44 of one image-setting solution and filling the tank 44 with
      another image-setting solution between separate charging and exposing of
      the desired portions of the card 10 and subsequent movement thereof
      through the tank 44.
PAR  Such a system is schematically illustrated by the pump 100, reservoirs 102,
      104, 106 and 108 of different image-setting solutions and the directing
      valves 110 and 112. The valves 110 and 112 may, of course, be manually
      operated or, in a more sophisticated camera structure 36, will be
      automatically actuated and timed along with pump 100.
PAR  Appropriate additional colors such as yellow, red and blue which in
      combination may be used with black to produce most desired colors may be
      provided by image-setting of powdered molybdenum metaphosphate, cobalt
      ferricyanide and cupric oxide suspended in alcohol.
PAR  The roller 46 for drying the portion 28 of the card 10 after it has been
      moved through the image-setting solution in the tank 44 is a polyurethane
      roller and acts to squeeze the excess alcohol from the portion 28 of the
      card 10 on its removal from the tank 44 against a drying plate 114 mounted
      on the end plate 70 of the cylindrical inner case 58.
PAR  In overall operation of the camera structure 36, a card 10 which has been
      coated with zinc oxide in the desired areas of the portion 28 thereof and
      which has not yet been folded about the fold line 24 but with the cement
      32 on the portion 34 covered with kraft paper is signed by the subject
      with a zinc oxide ink solution and inserted through the opening 56 in the
      inner case 58 through the open door 52 of the lighttight outer case 50 of
      the camera 36. The portion 34 of the card 10 is held in yoke 60 by means
      of the retaining springs 62, and the plate 66 is rotated from the
      receiving station 116 illustrated in phantom to the charging and
      image-producing or exposing vertical station 118, again illustrated in
      phantom.
PAR  With the portion 28 of the card 10 at the position 118, and with the cover
      52 of the lighttight box 50 closed, the zinc oxide coating on the card 10
      is charged with a negative electrostatic charge by turning on the power
      source 38 due to the juxtaposition of the antenna 74 and the well-known
      corona effect of the high-voltage direct current electrical energy from
      the power source 38 on the antenna 74. The charge will be positioned
      substantially uniformly over the zinc oxide coated portion of the card 10.
PAR  The subject is then positioned at right angles to the lens 42 so that a
      positive light image of the subject strikes the mirrored front surface of
      the prism 84 and is directed toward the card 10. The plate 78 is then
      adjusted vertically and/or horizontally to correctly position the image on
      the prism 84 on the card 10. The prism 84 is adjusted to form the image.
      With the plate 78 and prism 84 correctly positioned, the shutter 44 is
      opened and closed in the usual manner to permit a light image of the
      subject to pass through the lens 42.
PAR  The light image passing through the lens 42 will impinge on the desired
      portion of the card 10 and discharge the zinc oxide coating on the card 10
      in accordance with the amount of light impinging on a particular area of
      the card. An electrostatic image of the subject is thus placed on the
      portion 28 of the card 10.
PAR  The portion 28 of the card 10 attached to plate 66 is then rotated through
      the tank 44 into which an image-setting solution of graphite and alcohol
      has been pumped. The fine graphite particles are attracted to the
      negatively charged zinc oxide surface in proportion to the charge on the
      surface so that a positive reproduction of the subject is provided on the
      desired portion of the card 10.
PAR  The card 10 is then rotated beneath the roller 46 so that the card is dried
      after which the plate 66 is rotated into the initial position 116. The
      card 10 with the image fixed thereon may then be withdrawn through the
      opening 56 in the cylindrical inner case 58 with the door 52 of the
      lighttight case 50 open.
PAR  It will be understood that if it is desired to print the fingerprint 14
      illustrated in FIG. 1, that the light image exposure step may be dispensed
      with since the body oil placed on the zinc oxide coating of the card 10
      will in itself inhibit the collection of graphite on the card 10 so that
      on movement of the card 10 through the image-setting solution in the tank
      44 the fingerprint will be visibly set out.
PAR  In addition, it will be understood that if it is desired for example to
      place two photographs on a single identification card at different times,
      a portion of the card 10 where the second photograph is to be placed later
      may be masked before the card 10 is placed in the camera 36 so that at
      least one of the charging, exposure and image-fixing steps are not
      performed on that portion of the card. After the first image has been
      placed on the card as by the procedure outlined above, the mask may be
      taken from the masked portion of the card and the card recycled at a later
      date to place the second image on the same card with the first image being
      masked.
PAR  If, during the exposure of the coated and charged portion of the card 10,
      the subject moves, sneezes or otherwise presents an undesirable image,
      with the present system it is not necessary to destroy the card 10. In
      such case, the door 52 is merely opened to expose the entire coated
      portion of the card 10 whereby the charge on the zinc oxide portion will
      be completely dissipated. The door 52 is then closed and the charging and
      exposing of the coated portion of the card 10 is repeated as above.
PAR  When it is desired to produce colored images as for example colored
      photographs on an identification card during the initial exposure of the
      charged portion of the card 10, a video tape recording of the image
      impressed on the card 10 is taken at the station 118 in the camera
      structure 36 and after the image is first passed through the tank 44 so
      that a single color image is set on the desired portion of the card 10 and
      the card is dried through the roller 46, the card is again returned to the
      charging and exposure position 118 where the zinc oxide on the desired
      portion of the card is again charged from the power source 38, after which
      the card 10 is rotated into the multiple exposure station 122 and the same
      light image is again directed toward the same portion of the card 10 by a
      replay of the video tape image.
PAR  While the recharging and reexposure of the card is taking place, the first
      colored image-setting solution is pumped out of the tank 44 into its
      reservoir 104, 106 or 108 and a second colored image-setting solution for
      setting an image with a different color is placed in the tank 44. The card
      10 is then recycled into the tank 44 and past the roller 46. This
      procedure may be repeated as many times as necessary to provide the
      desired color in the appropriate positions on the card 10.
PAR  Alternatively it will be understood that if desired the card 10 could be
      maintained in one position while the card is charged, exposed and the
      image-setting solution is flushed over the card. The drying of the card
      could readily be accomplished with the card 10 in the same fixed position.
      Perfect registry would thus be accomplished for production of colored
      images.
PAR  It will be particularly noted that in the above processes no negative is
      required and the cards 10 prior to being charged in the camera structure
      36 may be handled in light without damage. Thus, the usual film handling
      precautions may be dispensed with on use of cards 10.
PAR  In any case, after the card has been imprinted with the required images,
      either black or white or colored as desired, the card 10 is removed from
      the camera 36 through the opening 56 and the door 52 and the kraft paper
      is stripped from the clear plastic portion 34 of the card 10 to expose the
      cold solvent cement 32, and the card is folded along the fold line 24 to
      form a sandwich constructed as illustrated best in FIG. 2 wherein the
      image 12, fingerprint 14 and signature 16 are protected by the clear
      plastic portion 34.
PAR  Further, as indicated above, should anyone try to tamper with the
      identification data on the card 10 after it has been folded and sealed,
      the identification data would self-destruct on pulling the portions 28 and
      34 of the card 10 apart due to the coherence of the portions 28 and 34 of
      the card 10 and the fusing of the electrostatic particles of the
      identification data onto both surfaces 26 and 32 of the portions 28 and 34
      of the card 10.
PAR  While one embodiment of the invention has been considered in detail, it
      will be understood that other embodiments and modifications are
      contemplated by the inventor. Thus, the power source may be a positive
      power source with the coating on the cards of the type that will receive a
      positive charge, in which case the image-setting solutions will have
      particles with an affinity for positively charged particles therein. Any
      ink may be used to place the signature on a zinc oxide coated portion of
      the card since the zinc oxide will be partly on both surfaces 26 and 30 of
      the card on separating portions 28 and 34 and the signature will be
      destroyed. Also, the particular camera structure may be considerably more
      refined than illustrated diagrammatically in FIG. 4. Further, it will be
      understood that the electrostatic methods disclosed herein may be used to
      provide excellent printing plates so that the invention, while having
      particular advantages in the identification field, is not limited thereto.
      It is therefore the intention to include within the scope of the invention
      all modifications and embodiments thereof as are defined by the appended
      claims.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. Structure for producing identification cards or the like having
      electrostatically deposited images thereon including means for receiving
      an identification card and for rotating the card in a vertically oriented
      circle, means operably associated with the means for receiving and
      rotating the card for electrostatically charging the card adjacent the top
      of the vertically oriented circle, means for producing an electrostatic
      image on the charged card, means carrying an image-setting solution
      including particles therein having an affinity for the charged card
      positioned to receive the charged card having the electrostatic image
      thereon at the bottom of the vertically oriented circle through which the
      card is moved, means for passing image-setting solution over the card at
      the lowermost portion of the circle and means for subsequently drying the
      card on movement of the card toward the position in which it was received.
NUM  2.
PAR  2. Structure as set forth in claim 1 wherein the means for producing an
      electrostatic image on the card comprises a camera lens and shutter a
      television camera for taking a picture of the image, and a cathode ray
      tube connected to the television camera for producing a negative light
      image on the cathode ray tube of the picture taken by the television
      camera and projecting it through the shutter and lens onto the charged
      card.
NUM  3.
PAR  3. Structure as set forth in claim 2 and further including freeze frame
      structure connected to the television camera and cathode ray tube, and
      switch means operably associated with the freeze frame structure to hold a
      picture on the cathode ray tube on actuation of the switch means.
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ABST
PAL  A dry type developing device built in a copying apparatus or like apparatus
      for developing an electrostatic latent image formed on a copy sheet by
      means of a magnetic brush wherein the device is provided with sheet guide
      means and receiver means which have the effect of ensuring proper contact
      of the copy sheet with the magnetic brush by keeping the copy sheet from
      invading and moving through, or moving with parts of the image being kept
      out of contact with, the layer of toner particles magnetically held in
      place on the peripheral surface of a toner supply drum in the developing
      station. Soiling of the underside of the copy sheet by toner particles or
      partial non-developing or under-developing of the latent image can be
      prevented, so that the toner image formed is high in quality and free from
      irregularities in density.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a dry type developing device for a copying
      apparatus or like apparatus, and more particularly it is concerned with a
      dry type developing device for developing a copy sheet on which an
      electrostatic latent image is formed by means of a magnetic brush, which
      device is provided with means for ensuring proper contact of the copy
      sheet with the magnetic brush so as to prevent soiling of the underside of
      the copy sheet or partial under-developing or non-developing of the
      electrostatic latent image.
PAR  The magnetic brush developing method is a dry type electrophotographic
      developing method which consists in supplying a magnetic developing agent
      to a magnetic brush forming roller which may be a magnetic roller or a
      non-magnetic roller having magnets built therein so as to form a magnetic
      brush, and rubbing the surface of the copy sheet supporting an
      electrostatic latent image thereon by the magnetic brush to supply toner
      particles to the electrostatic latent image to develop and render the same
      visible.
PAR  When this developing method is employed, an electrophotosensitive sheet,
      electrostatic recording sheet or other sheet (hereinafter referred to as a
      copy sheet) is fed to the magnetic brush and brought into contact
      therewith. It has hitherto been customary to supply the copy sheet
      directly to the magnetic brush, so that the manner in which the copy sheet
      is brought into contact with the magnetic brush may vary depending on the
      firmness of the sheet. When the copy sheet lacks firmness, the copy sheet
      is not brought into contact with the magnetic brush along the full width
      of the sheet and some regions of the latent image may remain non- or
      under-developed, so that there occur irregularities in the density of the
      toner image. When the copy is too firm, the leading end invades the layer
      of toner particles and moves therethrough and some toner particles move to
      the underside of the copy sheet, with the result that the underside of the
      copy sheet is soiled.
PAR  To remove the toner particles adhering to the underside of the copy sheet
      and soiling the same, it has hitherto been customary to employ a pump or
      magnet to draw off the toner particles by suction. This is disadvantageous
      in that the developing device becomes complex in construction and high in
      cost.
PAC  SUMMARY OF THE INVENTION
PAR  This invention obviates the aforementioned disadvantages of the prior art.
      Accordingly, the invention has as its object the provision of a dry
      developing device for a copying apparatus or like apparatus in which
      receiver means is provided for a copy sheet and disposed in spaced
      juxtaposed relation to the peripheral surface of the magnetic brush
      forming roller with a constant clearance being interposed therebetween,
      and in which the copy sheet is moved toward the receiver means by guide
      means and not toward the magnetic brush as has hitherto been practised.
PAR  The present invention has the advantage that the copy sheet is maintained
      with its underside in contact with the receiver means while moving through
      the developing station, so as to ensure proper contact of the upper
      surface of the copy sheet with the surface of the layer of toner particles
      on the magnetic brush forming roller along the entire width without the
      leading end of the copy sheet invading the magnetic brush, thereby
      preventing soiling of the underside of the copy sheet. Another advantage
      obtained is that, because the clearance between the magnetic brush forming
      roller and the receiver means is constant, even distribution of toner
      particles from the magnetic brush to the copy sheet can be ensured, so
      that the visible image obtained by developing the electrostatic latent
      image is free from irregularities in density and therefore high in
      quality.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWINGS
PAR  FIG. 1 is a schematic vertical sectional view of a copying apparatus of the
      dry type incorporating therein the principles of this invention;
PAR  FIG. 2 is a perspective view of the sieve means used in the copying
      apparatus shown in FIG. 1;
PAR  FIG. 3 is a perspective view of the receiver or receiver roller according
      to the invention; and
PAR  FIG. 4 is a sectional view, on an enlarged scale, of the developing station
      of the copying apparatus shown in FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In FIG. 1, a copy sheet 1 comprises an electrically conductive supporter
      which may be a sheet of paper treated to become conductive, for example,
      and a layer of a photosensitive composition disposed on the electrically
      conductive supporter, such layer being principally made up of zinc oxide,
      poly-N-vinylcarbazole or other photoconductive material. Such copy sheet 1
      is delivered by two pairs of delivery rollers 2, 3 and 4, 5 and has its
      entire upper surface or its photosensitive layer electrically charged
      uniformly by charging means 6, 7 interposed between the two pairs of
      delivery rollers 2, 3 and 4, 5 while being delivered thereby.
PAR  The copy sheet 1 which has thus been electrically charged while moving
      reaches a guide plate 8 on which a target glass sheet 9 is disposed. When
      the copy sheet 1 is disposed on the guide plate 8, it is exposed to an
      optical image of an original to be copied through the target glass sheet 9
      by means of a projecting optical system comprising a projection lens 10 as
      its main component. Thus, an electrostatic latent image of the original is
      formed on the photosensitive layer of the copy sheet 1.
PAR  When the copy sheet used in the invention is not an electrophotographic
      photosensitive sheet but a well-known electrostatic recording sheet, an
      electrostatic latent image of the original is formed on the copy sheet by
      transfer printing from an electrostatic latent image formed on a
      photosensitive drum or by impression of a voltage through a contact
      electrode.
PAR  The copy sheet 1 on which the electrostatic latent image is formed as
      aforementioned is delivered by yet another pair of delivery rollers 11, 12
      to guide means 13, 14 which guides the copy sheet 1 in its movement toward
      a developing station 15.
PAR  In the developing station 15, there is disposed a hollow magnetic brush
      forming roller 16 made of aluminum or other nonmagnetic material and
      containing a magnet roller 17 therein. A receiver roller 18 is disposed
      beneath the roller 16 and disposed in spaced juxtaposed relation thereto.
PAR  The magnet roller 17 comprises a number of magnetic poles arranged side by
      side on its peripheral surface and is adapted to rotate at a constant rate
      in the direction of an arrow a. It is to be understood that the magnetic
      brush forming roller 16 is fixed and not rotatable.
PAR  Disposed above the magnetic brush forming roller 16 is a developing agent
      container 19 which contains a dry developing agent 20 therein. The dry
      developing agent 20 may be a mixture of a toner and a carrier which may be
      particles of iron or other ferromagnetic material, or may consist of toner
      particle each comprising therein a ferromagnetic material in powder form
      as its nucleus.
PAR  The developing agent container 19 is funnel-shaped in cross-section and
      formed with a slit-shaped opening 19a at its bottom. A developing agent
      guide and doctor plate 21 disposed immediately beneath the opening 19a
      extends horizontally toward the upper right portion of the roller 16 in
      the figure. The dry developing agent 20 dropping through the opening 19a
      is delivered in a constant amount to the peripheral surface of the roller
      16 as the agent 20 is attracted by the magnetic force of the magnet roller
      17 and moves on the guide and doctor plate 21. The dry developing agent 20
      supplied to the peripheral surface of the roller 16 forms a magnetic brush
      20 thereon, with the dry developing agent 20 moving by rolling motion, in
      virtue of the rotation of the magnet roller 17, along the periphery of the
      roller 16 in a direction b opposite to the direction of rotation a of the
      roller 17. It should be understood that other suitable known means may be
      used for forming a magnetic brush.
PAR  The receiver roller 18 which is made of aluminum, austenite stainless steel
      or other non-magnetic material is rotatably disposed beneath the magnetic
      brush forming roller 16. According to the invention, the clearance between
      the peripheral surface of the receiver roller 18 and the peripheral
      surface of the magnetic brush forming roller 16 is set at a constant
      level. That is, the clearance has a value which is smaller than the sum of
      the average height of the magnetic brush 20a and the thickness of the copy
      sheet 1. For example, when the magnetic brush 20a formed by the doctoring
      action of the plate 21 has a height of 0.4 millimeter, the clearance
      between the two peripheral surfaces is 0.6 millimeter. In order to
      maintain the clearance between the peripheral surfaces of the two rollers
      16 and 18 at a constant level, flanges 18a, 18b are formed at opposite
      ends of the receiver roller 18 and each have a height corresponding to the
      value of the clearance or spacing. By maintaining the flanges 18a, 18b in
      contact with the peripheral surface of the roller 16, the clearance or
      spacing between the two rollers 16 and 18 can be maintained at the desired
      level (See FIG. 3).
PAR  The receiver roller 18 constructed and disposed as aforementioned is
      rotated from a drive source through a gear 25. As shown in FIG. 4, the
      guide means 13, 14 is disposed with respect to the receiver roller 18 such
      that the copy sheet 1 delivered to the developing station 15 by the
      delivery rollers 11, 12 forms an acute angle with the peripheral surface
      of the roller 18. By this arrangement, the copy sheet 1 is permitted to
      move between the rollers 16 and 18 while keeping its underside in contact
      with the peripheral surface of the receiver roller 18. This avoids the
      floating of the copy sheet 1 as indicated at a dash-and-dot line position
      1A and the copy sheet is kept from moving through the layer of toner
      particles on the peripheral surface of the roller 16. Thus, even
      distribution of the dry developing agent 20 to the entire surface of the
      copy sheet 1 is ensured, and the electrostatic latent image thereon can be
      developed into a visible image of high quality. While the guide means 13,
      14 is shown as comprising a pair of plates, it should be understood that
      such means may comprise a pair of rollers within the scope of the
      invention.
PAR  Disposed beneath the receiver roller 18 is a tray 22 which has affixed to
      its bottom through a supporter 24 a pad 23 adapted to come into contact
      with the peripheral surface of the receiver roller 18. The pad 23, which
      may be made of felt, sponge rubber or like material, performs the function
      of cleaning the roller 18 and removing a small amount of dry developing
      agent which might otherwise adhere to the peripheral surface of the roller
      18. There is almost no need to clean the receiver roller 18, however, so
      that it may be a fixed roller instead of being a rotatable roller.
      Alternatively, a receiver in plate form may be employed in place of the
      receiver roller 18 as receiver means.
PAR  Sieve means 28 comprising a net 27 and a support frame 26 supporting the
      net 27 thereon is disposed leftwardly of the receiver roller 18 as shown
      in FIG. 1. The tray 22 has a length such that the sieve means 28 is
      disposed above a portion of the tray 22 that disposed opposite to the
      portion thereof above which the receiver roller 18 is disposed. FIG. 2
      shows the construction of the sieve means 28 in detail. As shown, the
      support frame 26 is formed at one end thereof with an upwardly directed
      inclined portion 26a, and the net 27 includes a string 29 radially wound
      around the frame 26.
PAR  The sieve means 28 is disposed such that the upwardly directed inclined
      portion 26a is disposed on the downstream side along the path of movement
      of the copy sheet 1. Thus, the copy sheet 1 moving along its path of
      movement has its underside rubbed by the sieve means 28 so as to remove
      therefrom the dry developing agent which might otherwise adhere thereto.
      By arranging the string 29 as shown in FIG. 2, it is possible to
      effectively rub the underside of the copy sheet 1 while permitting the
      same to move smoothly thereon. It is to be understood that the invention
      is not limited to the specific form of the sieve means and that any known
      form of sieve means may be employed. For example, the net 27 or string 29
      may be a thin metallic wire or a yarn of synthetic resinous material.
      Since a very small amount of the dry developing agent would adhere to the
      underside of the copy sheet 1, the sieve means 28 may be dispensed with.
PAR  After the electrostatic latent image on the copy sheet 1 is developed into
      a visible toner image, the copy sheet 1 is passed between a heating roller
      30 made of a silicone rubber or like material and having a heating source
      29' built therein and a pressure roller 31 so that the toner image may be
      fixed. Thus, a copy of the original is produced and discharged from the
      apparatus. It is to be understood that any other form of fixing means may
      be employed to fix the toner image on the copy sheet 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dry type developing apparatus or like apparatus wherein an
      electrostatic latent image formed on a copy sheet is developed into a
      visible image by means of a magnetic brush technique, comprising in
      combination:
PA1  a toner supply member;
PA1  means for magnetically forming on the surface of said supply member a toner
      layer functioning as a magnetic brush;
PA1  means for maintaining said toner layer at a predetermined height;
PA1  means for continuously moving said magnetic brush through a developing
      station;
PA1  receiver means of a non-magnetic material disposed in spaced juxtaposed
      relation to said toner supply member and having a surface for receiving a
      copy sheet moving into the developing station and spaced apart from said
      surface of said toner supply member a predetermined distance greater than
      said predetermined height for bringing the electrostatic latent image on
      the copy sheet into contact with the surface of the toner layer in such a
      manner as to prevent the copy sheet from invading the toner layer or
      portions thereof from being kept out of contact with the toner layer; and
PA1  guide means disposed on the upstream side of said receiver means for
      guiding the copy sheet onto said surface of said receiver means in a
      manner such that the copy sheet forms an acute angle with said receiver
      means.
NUM  2.
PAR  2. A dry type developing device as claimed in claim 1 wherein said receiver
      means comprises a roller rotatable in a direction to cause the copy sheet
      to move through the developing station.
NUM  3.
PAR  3. A dry type developing device as claimed in claim 2 further comprising:
PA1  means for cleaning the surface of said roller while it rotates.
NUM  4.
PAR  4. A dry type developing device as claimed in claim 2 wherein said roller
      is formed with a flange at each end maintained in contact with a portion
      of said toner supply member at all times during rotation so as to ensure
      that the surfaces of the toner supply member and the roller are spaced
      apart from each other a predetermined distance.
NUM  5.
PAR  5. A dry type developing device as claimed in claim 1 further comprising
      sieve means disposed downstream of said developing station for receiving
      the rear surface of said copy sheet after development.
NUM  6.
PAR  6. A dry type developing device as claimed in claim 5 wherein said sieve
      means comprises a support frame formed at one end with an upwardly
      inclined portion and a string wound around said support frame.
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ABST
PAL  An apparatus in which a quantity of particles is stored and gradually
      dispensed to a mix thereof. Bridging and caking of the particles is
      prevented by forming grooves and inducing vibrations in the developer mix
      at predetermined intervals of time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an electrostatographic printing
      machine, and more particularly concerns an improved toner dispensing
      apparatus for use therein.
PAR  The art of electrostatographic printing includes both electrographic
      printing and electrophotographic printing. In these processes, an
      electrostatic latent image, which corresponds to the original document
      being reproduced, is recorded. Electrophotography achieves this by
      charging a photosensitive element having a photoconductive insulating
      layer to a substantially uniform potential. The charged photoconductive
      surface is exposed to a light image of the original document. As a
      consequence of this exposure, the charge is selectively dissipated in the
      irradiated areas in accordance with the light intensity reaching the
      photoconductive surface. This creates the electrostatic latent image
      thereon. Electrographic printing differs from electrophotographic printing
      only in that the electrostatic latent image is created without the use of
      photosensitive materials. Hence, the process of electrophotographic
      printing requires the use of a suitable photoconductor whereas
      electrography does not.
PAR  Development of the electrostatic latent image, in electrophotography and
      electrography, is accomplished by contacting the latent image with a
      developer mix. Generally, a suitable developer mix comprises dyed or
      colored thermoplastic particles, known in the art as toner particles,
      mixed with carrier granules, such as ferromagnetic granules. The toner
      particles and carrier granules are triboelectrically attracted to one
      another with the toner particles adhering to the outer surface of the
      carrier granules. As the developer mix contacts the latent image, the
      greater attractive force of the latent image causes the toner particles to
      transfer thereto from the carrier granules. The toner particles adhere to
      the latent image in image configuration.
PAR  It is apparent that during the development cycle, toner particles are
      depleted from the developer mix. Thus, additional toner particles must be
      furnished to the developer mix so as to maintain copy density at a
      substantially optimum level. It is evident that in order to produce an
      efficient printing machine, it is necessary to conveniently and
      effectively replenish the toner particles used in the formation of copies.
PAR  Hereinbefore, various techniques were employed to dispense toner particles
      into the developer mix. For example, U.S. Pat. No. 2,892,446 issued to
      Olden in 1959; U.S. Pat. No. 2,910,964, issued to Stavrakis et al., in
      1959; and U.S. Pat. No. 3,134,849, issued to Frohbach et al. in 1964, all
      disclose various techniques for dispensing toner particles from a hopper
      while the hopper is being vibrated. Another technique is taught in U.S.
      Pat. No. 3,003,703 issued to Hunt in 1969. Hunt teaches the use of a
      reciprocating gate on the bottom of a toner dispenser to discharge
      particles therefrom. Finally, U.S. Pat. No. 3,389,863 issued to Eichorn in
      1968 discloses a toner container adapted to dispense toner particles from
      a block of toner. A plurality of reciprocating blades are mounted in the
      bottom of the container. The block of toner is biased against the blades.
      The blades are bent in a honeycombed configuration to insure complete
      coverage of the toner block and are mounted in a pair of end blocks. As
      the blades move across the surface of the toner block, they produce a
      scraping action which removes portions of the toner material therefrom.
PAR  None of the foregoing patents describe an apparatus adapted to prevent the
      bridging and caking of toner particles in a toner dispenser employed in a
      low-volume printing machine. In low copy volume printing, the toner
      particles frequently bridge and cake over the openings in the container
      preventing toner particle dispensing. This frequently results in light
      copies and customer dissatisfaction. In the past, this condition has been
      corrected by periodically manually stirring the toner particles.
PAR  It is the primary object of the present invention to improve toner particle
      dispensing by preventing bridging and caking of the particles.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated and in accordance with the present invention, there is
      provided an apparatus for dispensing particles.
PAR  Pursuant to the preferred features of the present invention, the apparatus
      includes means for storing a supply of particles. Means are provided for
      vibrating the storing means at predetermined intervals of time. A
      dispensing member is mounted slidably on the storing means. The dispensing
      member has a plurality of apertures therein arranged to permit the passage
      of particles therethrough as it reciprocates. At least one blade member is
      operatively associated with the dispensing member. The blade extends into
      the supply of particles and is arranged to form grooves therein as the
      dispensing member reciprocates.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following detailed description and upon reference to the
      drawings, in which:
PAR  FIG. 1 is a schematic perspective view of an electrophotographic printing
      machine embodying the features of the present invention therein;
PAR  FIG. 2 is a schematic elevational view of the development system employed
      in the FIG. 1 printing machine; and
PAR  FIG. 3 is a schematic perspective view of a particle dispensing apparatus
      used in the FIG. 2 development system.
DETD
PAR  While the present invention will hereinafter be described in connection
      with a preferred embodiment, it will be understood that it is not intended
      to limit the invention to that embodiment. On the contrary, it is intended
      to cover all alternatives, modifications, and equivalents that may be
      included within the spirit and scope of the invention as defined by the
      appended claims.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A general understanding of an electrophotographic printing machine, in
      which the present invention may be incorporated, is had by referring to
      FIG. 1. FIG. 1 schematically illustrates the various components of an
      electrophotographic printing machine adapted to employ the features of the
      present invention therein. Continued reference will hereinafter be made to
      the drawings wherein like reference numerals have been used throughout to
      designate like elements. Although the apparatus of the present invention
      is particularly well adapted for use in an electrophotographic printing
      machine, it should become evident from the following discussion that it is
      equally well suited for use in a wide variety of dispensing devices and is
      not necessarily limited in its application to the particular embodiment
      shown herein.
PAR  With continued reference to FIG. 1, the printing machine employs a drum 10
      having a photoconductive surface 12 entrained about and secured to the
      circumferential surface thereof. A synchronous speed motor (not shown)
      rotates drum 10 in the direction of arrow 14. As drum 10 rotates,
      photoconductive surface 12 passes sequentially through a series of
      processing stations. These processing stations will hereinafter be
      described briefly.
PAR  Initially, drum 10 rotates in the direction of arrow 14 to move
      photoconductive surface 12 through charging station A. A corona generating
      device, indicated generally at 16, is positioned at charging station A.
      Corona generating device 16 extends in a generally longitudinal direction
      transversely across photoconductive surface 12. In operation, corona
      generating device 16 charges photoconductive surface 12 to a relatively
      high, substantially uniform potential. A suitable corona generating device
      is described in U.S. Pat. No. 2,836,725 issued to Vyverberg in 1958.
PAR  After photoconductive surface 12 is uniformly charged, drum 10 rotates to
      exposure station B. At exposure station B, an original document passes
      through chute 18 and is grasped by grippers (not shown) mounted on
      document drum 20. The grippers hold the original document against drum 20.
      Drum 20 rotates in the direction of arrow 22 and pulls the original
      document into the machine under exposure lamps 24. Exposure lamps 24 are
      located above document drum 20 and illuminate incremental areas of the
      document as drum 20 rotates. After exposure, the grippers release the
      original document which passes through chute 26 into a catch tray (not
      shown). The catch tray is situated so as to enable a machine operator to
      readily remove the original document from the printing machine. The light
      image of the original document is reflected by object mirror 28 through
      stationary lens 30 to the image mirror 32. Image mirror 32 reflects the
      light image through exposure slit 34 onto charged photoconductive surface
      12. As the light image irradiates areas of photoconductive surface 12,
      selected portions thereof are discharged to record thereon an
      electrostatic latent image corresponding to the original document.
PAR  After recording the electrostatic latent image on photoconductive surface
      12, drum 10 rotates to development station C. At development station C,
      the electrostatic latent image recorded on photoconductive surface 12 is
      rendered visible by depositing toner particles thereon. In the development
      system, a developer mix of carrier granules, i.e. ferromagnetic granules,
      and toner particles, i.e. heat settable thermoplastic particles, are
      brought into contact with the electrostatic latent image to form a powder
      image on photoconductive surface 12. The apparatus adapted to develop the
      electrostatic latent image is generally referred to hereinafter by the
      reference numeral 36. Numerous types of development systems are suitable
      for rendering the electrostatic latent image visible. However, in the
      electrophotographic printing machine depicted in FIG. 1, a cascade
      development system is employed. Cascade development system 36 will be
      described hereinafter in greater detail with reference to FIG. 2.
PAR  At the proper time during the machine cycle, a pair of feed rollers,
      indicated generally by the reference numeral 38, move from the inoperative
      position spaced from the uppermost sheet of the stack of support material
      to the operative position in contact therewith. The feed rollers advance
      the uppermost sheet into chute 40. A pair of gripper bars mounted on chain
      42 advance past chute 40 and grasp the support material therebetween. The
      gripper bars draw the support material from chute 40 and move it between
      drum 10 and corona generating device 44. Corona generating device 44
      applies an electrostatic charge to the support material to attract thereto
      the toner powder image adhering to photoconductive surface 12. A gripper
      bar continually moves the sheet of support material through transfer
      station D. After the entire toner powder image has been transferred to the
      sheet of support material, the gripper bars advance the support material
      with the toner powder image adhering thereto, to fixing station E. The
      sheet feeding apparatud depicted in FIG. 1 is described in greater detail
      in co-pending application Ser. No. 460,627 filed in 1974, the disclosure
      of which is hereby incorporated into the present application.
PAR  Fixing station E includes a fuser 46 having suitable radiant heating
      elements and control circuits for maintaining the temperature thereof
      substantially constant to permanently affix the toner powder image to the
      sheet of support material advancing therethrough. After exiting fuser 46,
      the support material passes from the electrophotographic printing machine
      to the catch tray. The sheet of support material then enters the catch
      tray where it may be readily removed therefrom by the machine operator.
PAR  Continuing now with the printing process, drum 10 next passes through
      cleaning station F. At cleaning station F, pre-clean corona generating
      device 48 applies a charge potential to photoconductive surface 12. This
      neutralizes the remaining charge on photoconductive surface 12 as well as
      the charge remaining on the residual toner particles adhering thereto. Web
      cleaning system 50, then removes the residual toner particles from
      photoconductive surface 12. Photoconductive surface 12 is now ready for
      the next machine cycle. The foregoing machine cycle is repeated for each
      successive copy being reproduced.
PAR  It is believed that the foregoing description is sufficient for purposes of
      the present application to illustrate the general operation of an
      electrophotographic printing machine embodying the teachings of the
      present invention therein.
PAR  Referring now to FIG. 2, development system 36 is depicted therein in
      detail. As hereinbefore indicated, development system 36 is a cascade
      system. In cascade development, developer mix 66 is transported from a
      sump or lower region 62 to an upper region 66 where it is discharged to
      cascade in a downwardly direction over photoconductive surface 12 forming
      a toner powder image on the electrostatic latent image recorded thereon.
      The cascade system includes a conveyor system, designated generally by the
      reference numeral 52, arranged to advance developer mix 64 from sump 62 to
      the discharge region 66. Conveyor system 52 employs buckets 54 secured to
      an endless belt 56 entrained about a pair of spaced rollers 58 and 60,
      respectively. Buckets 54 pass through sump 62 and are filled with
      developer mix 64 which is transported in an upwardly direction therefrom
      to upper region 66 of the development system. At upper region 66, buckets
      54 discharge developer mix 64 enabling it to pass between flow baffles 68
      and 70, respectively, onto photoconductive surface 12. Guide plate 72
      maintains developer mix 64 closely proximate to photoconductive surface
      12. The denuded carrier particles and the residual developer mix are then
      returned to sump 62 by pick off baffle 74. Toner particle dispenser 76
      contains a fresh supply of toner particles 78 which passes therefrom into
      the stream of developer mix 64. Adding toner particles 78 at this location
      insures a flow in a downwardly direction into sump 62 so as to be mixed
      with the denuded carrier granules. Additional toner particles 78 are added
      to developer mix 64 in order to replace those used in forming the powder
      images. This maintains the concentration thereof substantially constant,
      providing uniform copy quality. Dispenser 76 includes a vibrator 80
      adapted to vibrate the housing of toner dispenser 76 at periodic time
      intervals so as to assist in providing a uniform toner particle flow
      therefrom. Vibrator 80 is excited each time the print button is depressed
      for making new copies in the electrophotographic printing machine. This
      periodic vibration of the toner dispensing housing aids in the prevention
      of bridging and caking of the toner particles within the toner dispenser.
      The detailed structural configuration of toner dispenser 76 will be
      described hereinafter, in greater detail, with reference to FIG. 3.
PAR  Turning now to FIG. 3, toner dispenser 78 is shown therein in greater
      detail. As hereinbefore indicated, development of the latent image on
      photoconductive surface 12 removes toner particles from the developer mix.
      The developer mix is replenished with new toner particles from toner
      dispenser 78. Toner dispenser 76, which is an integral part of the
      development system, holds about one-half lbs. of toner. Toner is dispensed
      into sump 62 (FIG. 2) when sifter 82 moves back and forth across the
      bottom of toner dispenser 78. Developer drive motor 83, when energized,
      turns gears 84 and 86 mounted on motor shafts 88. Gear 84 drives gear 90
      which drives the developer conveyor drive shaft rotating endless conveyor
      belt 56 (FIG. 2) of the development system. Gear 90 rotates in the
      direction of arrow 92. Gear 86 also drives toner dispenser gear 94 in the
      direction of arrow 92. Gear 94 has an eccentric pin 96 secured thereto.
      However, gear 94 is not secured to the developer drive shaft, and is free
      to rotate at a different speed than gear 90. As gear 94 rotates, eccentric
      pin 96 pivots link 98 in the direction of arrow 100. Link 98, which pivots
      about wobble plate shaft 102, has pawl 104 secured thereto. On the upward
      motion of link 98, pawl 104 raises up and away from ratchet 106. This is
      caused by pawl 104 engaging an extension of toner lever 108. On the
      downward motion of link 98, pawl 104 engages (ratchet 106). Ratchet 106 is
      secured to wobble plate shaft 102. As pawl 104 engages ratchet 106, shaft
      102 is turned part of a revolution. A spring loaded stationary pawl 110
      prevents ratchet 106 from being driven in the reverse direction by spring
      loaded plunger 112 pressing against the irregular surface of wobble plate
      114. The downward motion of pawl 104 is controlled by toner level 108. The
      position of toner lever 108 determines the amount of time that pawl
      engages ratchet 106 for each revolution of the toner dispenser gear 94.
      Hence, each time toner dispenser gear 94 makes one revolution, ratchet 106
      makes only a part of a revolution. Wobble plate 114 is secured to shaft
      102 in addition to ratchet 106. As pawl 104 turns ratchet 106, it also
      rotates wobble plate 114. The irregular surface of wobble plate 114
      reciprocates plunger 112. Reciprocating plunger 112 forces sifter 82 to
      move laterally against springs 116 mounted on toner dispenser rods 118. As
      the high lobe on wobble plate 114 passes plunger 112, springs 116 force
      sifter 82 to return to its initial position.
PAR  With continued reference to FIG. 3, hopper or housing 120 holds toner
      particles 78 to be dispensed therefrom. Although hopper 120 may be made
      from any suitable material in any size or shape, preferably, it is
      fabricated from sheet metal into a rectangular open-ended box having
      vertical side walls and end walls. The upper ends of the walls are bent
      outward to form horizontal flanges for attaching the hopper to the
      development housing. At opposite ends of hopper 120 are positioned bearing
      blocks or support members 122 and 124. Support members 122 and 124 have
      rods 118 secured thereto. The bottom of hopper 120 is partially closed by
      sifter 82. Sifter 82 includes a dispensing plate or platform 126
      positioned in a spaced vertical relation below the lower edges of the
      walls of hopper 120. Dispensing plate 126, which is as wide as hopper 120,
      is secured to support members 122 and 124. Dispensing plate 126 combines
      with the walls of hopper 120 to provide a reservoir having narrow
      elongated discharge outlets or discharge passages 128 permitting the flow
      of toner particles therethrough.
PAR  A substantially uniform flow of toner particles is effected through
      passages 128 by a dispensing grid 130 mounted for reciprocating movement
      on rods 118. Grid 130 has a plurality of transverse perforations of slots
      formed therein. Plunger rod 112 is secured thereto. As plunger rod 112
      reciprocates in the direction of arrow 132 grid plate 130 moves in
      conjunction therewith sifting and dispensing the toner particles from
      hopper 120. A plurality of blade members 134 (in this case three) are
      secured to grid 130 and move in conjunction therewith forming grooves in
      the toner particles stored in hopper 120. This prevents the bridging and
      caking of the toner particles and facilitates the dispensing thereof from
      hopper 120. A plurality of stop members 135 (in this case two) are secured
      stationarily to dispensing plate 126. Stop members 135 prevent the
      movement of the toner particles with blade member 134 so as to insure that
      grooves are formed therein. Preferably, stop members 135 in an upwardly
      direction into the supply of toner particles. Stop members 135 have a
      generally planar surface substantially normal to the direction of movement
      of plunger rod 112 as indicated by arrow 132. At periodic time intervals
      vibrator 80 is excited so as to vibrate hopper 120 and the toner particles
      contained therein. This vibration causes the toner particles to fill the
      grooves formed by blades 134. Blades 134 extend in an upwardly direction
      into the supply of toner particles and are preferably S shaped. Vibrator
      80 is excited each time the print button of the electrophotographic
      printing machine depicted in FIG. 1 is excited. Thus, hopper 120 is
      vibrated once per original document.
PAR  By way of example, vibrator 80 vibrates at 3600 cycles per minute from a
      voltage source of 110 volts. One type of suitable vibrator is manufactured
      by Sensonics of Long Island, New York, and is Model No. 606.
PAR  In recapitulation, bridging and caking of toner particles, which prevents
      the uniform dispensement thereof from a hopper, is prevented by the
      apparatus of the present invention. This apparatus includes a plurality of
      blade and associated stop member extending into the supply of toner
      particles so as to form grooves therein. These grooves are filled with
      loose toner particles when the hopper housing the toner particles is
      periodically vibrated. Thus, the apparatus of the present invention
      facilitates the uniform dispensing of toner particles from a hopper by
      preventing toner bridging and caking. This eliminates the heretofore
      required manual operation of stirring the particles at periodic time
      intervals.
PAR  It is, therefore, evident that there has been provided in accordance with
      the present invention, an apparatus for dispensing toner particles that
      fully satisfies the objects, aims and advantages set forth above. While
      this invention has been described in conjunction with a specific
      embodiment thereof, it is evident that many alternatives, modifications
      and variations will be apparent to those skilled in the art. Accordingly,
      it is intended to embrace all alternatives, modifications and variations
      that fall within the spirit and broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrostatographic printing machine of the type having an
      electrostatic latent image of an original document being reproduced
      recorded on an insulating medium, wherein the improvement includes:
PA1  a housing member defining a chamber for storing a developer mix comprising
      carrier granules and toner particles;
PA1  means for vibrating said housing member at predetermined intervals of time;
PA1  a dispensing member mounted on said housing member and having a plurality
      of apertures therein arranged to permit toner particles to pass
      therethrough;
PA1  at least one blade member operatively associated with said dispensing
      member, said blade member having a generally planar surface extending into
      the supply of toner particles in said housing member;
PA1  means for reciprocating said blade member in a direction transverse to the
      planar surface thereof so that said blade member forms a groove in the
      particles preventing the bridging and caking thereof; and
PA1  at least one stop member operatively associated with said dispensing member
      and having a generally planar surface extending into the supply of toner
      particles in a direction substantially normal to the direction of
      reciprocation of said blade member, said stop member remaining
      substantially stationary as said blade member reciprocates to prevent the
      movement of the toner particles therewith.
NUM  2.
PAR  2. A printing machine as recited in claim 1, further including means for
      depositing toner particles onto the electrostatic latent image forming a
      powder image corresponding to the original document being reproduced.
NUM  3.
PAR  3. A printing machine as recited in claim 2, wherein said dispensing member
      is mounted slidably on said housing member for reciprocating movement and
      further includes means for reciprocating said dispensing member.
NUM  4.
PAR  4. A printing machine as recited in claim 3, wherein said housing member
      includes a hopper having end walls and side walls for retaining toner
      particles, said hopper having an open bottom with said dispensing member
      positioned thereat.
NUM  5.
PAR  5. A printing machine as recited in claim 3, wherein said reciprocating
      means includes:
PA1  drive means;
PA1  a plunger rod mounted movably in said storing means and connected to said
      dispensing member; and
PA1  means for connecting said drive means with said plunger rod so that drive
      means moves said plunger rod imparting reciprocating movement to said
      dispensing member.
NUM  6.
PAR  6. A printing machine as recited in claim 5, wherein said dispensing member
      includes:
PA1  support means secured to opposite walls of said hopper;
PA1  a plurality of rod members connected in spaced parallel relation to each
      other on said support means;
PA1  a dispensing platform secured to said support means in spaced parallel
      relation to said hopper; and
PA1  a substantially rigid dispensing grid mounted slidably on said rod members
      for reciprocating movement between opposed walls of said hopper.
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PAL  The copier includes a fixing arrangement for the heat-treatment of copying
      material by means of a heating device, and a blower operative for keeping
      the heat of the fixing arrangement away from heat-sensitive components of
      the copier, particularly the copying drum, by establishing a flow of
      cooling air travelling along a first predetermined flow path. The safety
      arrangement includes a diverting device activatable for diverting at least
      part of the flow of cooling air established by the blower away from the
      first flow path and into a second flow path leading through the interior
      of the fixing arrangement to effect cooling of the interior of the fixing
      arrangement. A detecting device detects copier malfunction. A control unit
      connected to the diverting device and to the detecting device is operative
      in response to detection of copier malfunction for activating the
      diverting device, to prevent copying material in the fixing arrangement
      from becoming damaged or ignited due to overheating.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an electrophotographic copier provided with a
      fixing apparatus for the heat treatment of copying material by means of a
      heating device, and further provided with a blowing device for insulating
      thermally sensitive parts of the copier, particularly the copier drum,
      from the heat in the fixing apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an electrophotographic copier
      of the general type mentioned above so designed that in the case of copier
      malfunction, particularly copying material transport malfunction, damage
      to copying material in the fixing arrangement is prevented. For example,
      if an accumulation of copying material occurs in the fixing arrangement
      due to malfunction, and if the copying material in the fixing arrangement
      is subjected long enough to the high temperature there prevailing, the
      copying material may become ignited, in certain circumstances.
PAR  It is an object of the invention to prevent this and other such damage from
      occurring.
PAR  These objects, and others which will become more understandable from the
      description, below, of preferred embodiments, can be met, according to one
      advantageous concept of the invention, by so designing the copier that in
      the case of malfunction, particularly copying material transport
      malfunction, a control device is automatically activated by means of which
      the air stream of the blower is at least in part diverted into the
      interior of the fixing arrangement.
PAR  An important advantage of this expedient is that the blower which is
      utilized, in the event of copier malfunction, to cool the interior of the
      fixing arrangement and thereby prevent damage to or actual ignition of the
      copying material therein, is the same blower anyway provided in the copier
      for the purpose of keeping the heat of the fixing arrangement away from
      the heat-sensitive parts of the copier, particularly the copying drum,
      during normal operation of the copier. The inventive expedient accordingly
      constitutes a particularly simple and ingenious way of preventing
      excessive heating of the copying material in the fixing arrangement and of
      avoiding the concomitant danger of fire.
PAR  According to a further concept of the invention, the fixing arrangement has
      an opening into which cooling air from the blower is automatically blown,
      in the case of malfunction, and the air-diverting arrangement includes a
      flap which normally closes off this opening. In particular, the flap is
      provided with a biasing spring which tends to move the flap into the
      position unblocking the opening into the fixing arrangement. However, this
      biasing force, during normal operation of the copier, is opposed by the
      force of a holding arrangement which maintains the flap in the position
      closing off the fixing arrangement opening. When copier malfunction is
      detected, the holding arrangement releases the flap, and air is blown into
      the fixing arrangement. The control device which causes the holding
      arrangement to release the flap can, for example, be operative for
      detecting the transport velocity of copying material.
PAR  According to a further advantageous concept of the invention, the holding
      arrangement includes an electromagnet, and the control device which
      cooperates with the electromagnet includes a comparator which compares a
      voltage corresponding to a preselected value against a generated voltage
      having a magnitude proportional to the speed of travel of the copying
      material.
PAR  Advantageously, the generator producing the speed-indicating signal is
      comprised of an operational amplifier provided with a feedback branch
      which includes a capacitor, with a controllable electronic switch being
      connected in parallel with such capacitor, as well as a pulse generating
      device driven by and accordingly synchronized with the means for effecting
      transport of the copying material. The comparator is advantageously
      designed as a threshold circuit, for example a Schmitt trigger circuit.
PAR  In order to guarantee sufficient cooling of the copying material in the
      fixing arrangement in the event that the malfunction of the copier
      involves loss of energizing current, it is contemplated, according to one
      advantageous concept of the invention, to provide the blower arrangement
      with a heavy mass, preferably in the form of a flywheel, so that the
      inertia of the blower flywheel will cause the blower to produce a flow of
      cooling air for a considerable period of time even after energizing
      voltage is no longer being supplied to the blower motor.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic depiction of part of an electrophotographic copier;
      and
PAR  FIG. 2 is a diagram of a circuit for detecting the transport speed of
      copying material and for controlling the flow of cooling air in dependence
      thereon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, reference numeral 1 generally designates a copier comprised of a
      housing section 2 containing a copying drum 3. A fixing arrangement 4 is
      comprised of a heating device 5, a heat reflector 6, guide rods 7 and 8
      and copying paper 9. The housing of the fixing arrangement 4 has openings
      10 and 11.
PAR  A blower 12 is provided in a housing 13. The blower 12, comprised in this
      embodiment of a rotary air impeller, is provided with a flywheel 14.
PAR  The opening 11 of the housing of the fixing arrangement 4 is normally
      closed by a pivotable flap member 15. Normally, flap member 15 is held in
      the solid-line position by means of an electromagnet 16 which is in turn
      controlled by a control device 17. The flap member 15 is biased by a
      schematically depicted biasing spring 18 towards the position thereof
      shown in FIG. 1 in dash-dot lines. It will be understood that the biasing
      spring for the flap member 15 need not have the shape and disposition
      illustrated, and can instead be a torsion spring mounted on the pivot axle
      of the flap member 15, for example. Reference numeral 19 designates a
      profiled member made of sheet material.
PAR  During normal operation of the copier 1, the opening 11 in the housing of
      the fixing arrangement 4 is closed by the flap member 15, so that the
      blower 12, rotating in the direction of arrow A, creates a stream of
      cooling air which is conveyed in the direction of the arrows B through the
      space between the housing section 2 and the fixing arrangement 4. In this
      way, the heat of the fixing arrangement 4 is kept away from the
      heat-sensitive components in the housing section 2, particularly the
      copying drum 3.
PAR  In the event that the copier malfunctions, in this embodiment in the event
      there is a malfunction in the transport of the copying paper in the fixing
      arrangement 4, the electromagnet 16 is deenergized by the control device
      17 and, via the magnetic connection 20, the flap 15 is released. As a
      result, the flap, under the force of its biasing spring 18, moves into the
      position thereof shown in dash-dot lines. The stream of cooling air
      established by the blower now travels into the opening 11 of the fixing
      arrangement 4 and travels through the interior of the fixing arrangement 4
      in the direction indicated by the arrows C. This air is warmed as it
      travels through the fixing arrangement 4 and is exhausted to the ambient
      atmosphere through the opening 10 in the housing of the fixing arrangement
      4.
PAR  FIG. 2 depicts the circuitry of the control device 17, and its connection
      to different parts of the copier 1.
PAR  An electric motor 21 is connected by means of a belt-drive coupling 22, 23,
      24 to a drive roller 25. Arranged above drive roller 25 is a shaft 26
      provided with rollers 27 and 28. The rollers 27, 28 press the copying
      paper 9 against the drive roller 25. Mounted on one end of shaft 26 is an
      impulse contact disk 29, provided around its circumference with
      electrically conductive portions 30 alternating with electrically
      non-conductive portions 31. The impulse contact disk 29 cooperates with
      two springy contacts 32, 33 which ride on the surface of the rotating
      impulse contact disk 29. The contacts 32, 33, together with the conductive
      portions 31 of the disk 29, form a switch connected in series with
      resistor 34. This series connection is connected in parallel to two
      batteries 35, 36. Connected across the switch 32, 33 is a differentiating
      stage comprised of a capacitor 37 and a resistor 38.
PAR  The output of this differentiating stage 37, 38 is connected to the gate
      electrode of a field-effect transistor 39, the source-drain current path
      of which is connected in parallel to an integrating capacitor 40. This
      capacitor 40 is connected in the feedback branch of an operational
      amplifier 41. An adjustable resistor 42 connects the inverting input of
      operational amplifier 41 to the negative terminal of battery 36. The
      output of operational amplifier 41 is connected to the input of a
      threshold detector circuit 43 (e.g., an adjustable Schmitt trigger), the
      threshold voltage of which is adjustable by means of the adjustable
      voltage divider 44, 45. Connected in the output circuit of the threshold
      detector 43 is the electromagnet 16 mentioned above. The circuit 43 is so
      designed that if the input voltage applied to it is below the preselected
      threshold voltage the electromagnet 16 is energized, whereas if the input
      voltage applied to circuit 43 is higher than the preselected threshold
      voltage the electromagnet 16 is deenergized.
PAR  The copying paper 9, transported in the direction indicated by arrow D,
      turns the shaft 26 with a rotary speed corresponding to the transport
      speed of the paper. Accordingly, the switch constituted by spring contacts
      32, 33 is alternately opened and closed with a frequency proportional to
      the paper transport speed. The voltage jumps appearing at the junction of
      components 34 and 37 are differentiated by the differentiator 37, 38 so
      that alternately negative and positive voltage impulses are applied to the
      gate electrode of FET 39. When no voltage impulse is applied to the gate
      electrode of FET 39, the gate electrode of FET 39 is in effect connected
      to the negative terminal of battery 36, via resistor 38, and accordingly
      the transistor 39 is non-conductive. Only when, via the differentiator 37,
      38, a positive voltage impulse is applied to the gate electrode of FET 39
      does the FET become briefly conductive. During the time FET 39 conducts, a
      sawtooth voltage is generated at the output of operational amplifier 41,
      the peak value of which, in the case of proper transport of the copying
      paper 9, is lower than the threshold voltage of circuit 43. Accordingly,
      if the transport speed of the copying paper 9 is at the normal value, the
      electromagnet 16 remains energized, and the flap 15 is held by the magnet
      16, against the opposing force of spring 18, in the position shown in
      solid lines in FIG. 1.
PAR  If now the tranport speed of the copying paper 9 markedly decreases, then
      the peak value of the sawtooth voltage waveform generated at the output of
      operational amplifier 41 will exceed the threshold voltage of circuit 43.
      As a result, electromagnet 16 will become deenergized and the flap 15 will
      be released. The flap 15 will be pivoted by the force of schematically
      depicted spring 18 into the position shown in dash-dot lines in FIG. 1. As
      a result, the stream of cooling air from the blower 12 will enter fixing
      arrangement 4 through opening 11 and will travel through the fixing
      arrangement 4 in the direction of the arrows C. Accordingly, a reliable
      cooling of the contents of fixing arrangement 4, in particular the copying
      paper therein, will be automatically achieved.
PAR  If the copier malfunction involves loss of the supply voltage, this will
      likewise result in deenergization of the electromagnet 16 and swinging of
      the flap 15 from the solid-line position of FIG. 1 to the dash-dot-line
      position of FIG. 1. Although the motor of blower 12 will likewise have
      become deenergized, the provision of the flywheel 14 will assure that the
      blower 12 will continue to rotate for a considerable time, sufficient to
      effect a significant degree of cooling of the interior of fixing
      arrangement 4.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      circuits and constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      copying device in which means are provided for cooling the interior of the
      fixing arrangement in response to improper changes of copying paper
      transport speed, it is not intended to be limited to the details shown,
      since various modifications and structural changes may be made without
      departing in any way from the spirit of the present invention.
PAR  In particular, it is noted that the malfunction which triggers the cooling
      of the fixing arrangement need not be an improper change in copying
      material transport speed and/or need not be detected by the specific means
      illustrated herein. Other known forms of malfunction which could result in
      damage to the contents of the fixing arrangement due to overheating,
      and/or other known methods of detecting such forms of malfunction fall
      within the spirit and scope of the invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that
      from the standpoint of prior art fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
NUM  1.
PAR  1. In an electrophotographic copier of the type comprised of a fixing
      arrangement for the heat-treatment of copying material by means of a
      heating device and a blower operative for keeping the heat of said fixing
      arrangement away from heat-sensitive components of the copier, in
      particular the copying drum, by establishing a flow of cooling air
      travelling along a first predetermined flow path, a safety arrangement
      comprising, in combination, diverting means activatable for diverting at
      least part of the flow of cooling air established by said blower away from
      said first flow path and into a second flow path leading through the
      interior of said fixing arrangement to effect cooling of the interior of
      said fixing arrangement; detecting means for detecting copier malfunction;
      and control means connected to said diverting means and said detecting
      means and operative in response to detection by said detecting means of
      copier malfunction for activating said diverting means.
NUM  2.
PAR  2. The safety arrangement defined in claim 1, wherein said diverting means
      comprises means blocking said second path when said diverting means is
      unactivated and unblocking said second path when said diverting means is
      activated.
NUM  3.
PAR  3. The safety arrangement defined in claim 1, wherein said fixing
      arrangement is provided with an opening for the entrance of cooling air
      from said blower into the interior of said fixing arrangement, and wherein
      said diverting means comprises a flap movable between a first position
      blocking said opening and a second position unblocking said opening,
      biasing spring means operative for tending to move said flap to said
      second position, and holding means operative for holding said flap in said
      first position when said diverting means is unactivated and for releasing
      said flap when said diverting means is activated to permit said biasing
      spring means to move said flap to said second position.
NUM  4.
PAR  4. The safety arrangement defined in claim 3, the copier including
      transporting means for transporting copying material through said fixing
      arrangement, and wherein said holding means is an electromagnetic holding
      means, and wherein said control means includes means operative for
      detecting when the transport speed of said transport means falls below a
      preselected value and in response to such detection activating said
      diverting means.
NUM  5.
PAR  5. The safety arrangement defined in claim 3, the copier including
      transporting means for transporting copying material through said fixing
      arrangement, and wherein said holding means is an electromagnetic holding
      means, and wherein said control means includes detecting means operative
      for detecting when the transport speed of said transport means falls below
      a preselected value and in response to such detection deenergizing said
      electromagnetic holding means.
NUM  6.
PAR  6. The safety arrangement defined in claim 5, wherein said detecting means
      includes means for generating a first signal indicative of said
      preselected value and a second signal indicative of the transport speed of
      said transport means, and comparator means operative for comparing said
      first and second signals to determine when said transport speed falls
      below said preselected value.
NUM  7.
PAR  7. The safety arrangement defined in claim 6, wherein said means for
      generating said second signal includes an energy-storing timing stage and
      means for effecting alternate opposite changes of the energy stored by
      said energy-storing timing stage in dependence upon said transport speed.
NUM  8.
PAR  8. The safety arrangement defined in claim 6, wherein said means for
      generating said second signal comprises means for generating a train of
      pulses having a pulse repetition frequency proportional to the transport
      speed of said transporting means, a sawtooth-voltage generator comprised
      of an operational amplifier having a feedback branch including an
      integrating capacitor and a controllable electronic switch connected
      across said integrating capacitor for discharging the latter, and wherein
      said electronic switch has a control input connected to receive said train
      of pulses and be rendered conductive by successive ones of said pulses,
      whereby there will appear at the output of said operational amplifier a
      sawtooth voltage waveform having peak values proportional to said
      transport speed, and a threshold detecting circuit having an input
      connected to the output of said operational amplifier for receiving said
      sawtooth voltage waveform and having an output connected to said
      electromagnetic holding means and operative for deenergizing the latter
      when the transport speed indicated by the peak value of the sawtooth
      voltage waveform falls below a preselected value.
NUM  9.
PAR  9. The safety arrangement defined in claim 1, wherein said blower is a
      rotary, electrically energized blower, and wherein said control means
      comprises electrically energized means for normally maintaining said
      diverting means unactivated but operative when electrically deenergized
      for activating said diverting means, and further including a flywheel
      coupled to said rotary, electrically energized blower, whereby in the
      event of loss of energizing current of said electrically energized means
      and of said blower said blower will continue to operate until the kinetic
      energy stored in said flywheel is dissipated and said diverting means will
      become activated to cause the stream of air created by said blower to be
      diverted into the interior of said fixing arrangement.
NUM  10.
PAR  10. In an electrophotographic copier comprised of a first section and a
      second section, blower means operative for keeping the heat of said first
      section away from said second section by establishing a flow of cooling
      air travelling along a first predetermined flow path; diverting means
      activatable for diverting the flow of cooling air established by said
      blower means away from said first flow path and into a second flow path
      leading through the interior of said second section to effect cooling
      thereof; detecting means for detecting copier malfunction; and control
      means connected to both said diverting means and said detecting means and
      operative in response to detection by said detecting means of copier
      malfunction for activating said diverting means.
PATN
WKU  039414728
SRC  5
APN  3892263
APT  1
ART  211
APD  19730817
TTL  Photosensitive drum for electrophotographic copying machines
ISD  19760302
NCL  7
ECL  1
EXA  Hutchison; Kenneth C.
EXP  Hix; L. T.
NDR  2
NFG  5
INVT
NAM  Nagahara; Yasumori
CTY  Yokosuka
CNT  JA
INVT
NAM  Suzuki; Kohji
CTY  Yokohama
CNT  JA
ASSG
NAM  Ricoh Co., Ltd.
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19720821
APN  47-83531
CLAS
OCL  355 16
XCL   96  15
XCL  317  2H
XCL  355  3R
XCL  355  3DD
XCL  355 15
EDF  2
ICL  G03G 1522
FSC  355
FSS  16;17;15;3 DD;3 CH;3 R;3 DR
FSC   96
FSS  1.5;1 R
FSC  178
FSS  6.6 DD;6.7 R;7.4
FSC  242
FSS  55
FSC  310
FSS  7
FSC   15
FSS  1.5
FSC  427
FSS  21
FSC  317
FSS  2 H
UREF
PNO  2277013
ISD  19420300
NAM  Carlson
XCL  355  3R
UREF
PNO  2829025
ISD  19580400
NAM  Clemens et al.
UCL   96  1.5
UREF
PNO  3480361
ISD  19691100
NAM  Tatsumi Doi et al.
OCL  355 16
UREF
PNO  3588242
ISD  19710600
NAM  Berlier et al.
OCL  355 16
UREF
PNO  3610749
ISD  19711000
NAM  Madrid
OCL  355 17
UREF
PNO  3611028
ISD  19711000
NAM  Whitmore
OCL  317  2H
UREF
PNO  3728016
ISD  19730400
NAM  Harbour et al.
OCL  355 15
UREF
PNO  3867026
ISD  19750200
NAM  Ogawa
XCL  355 16
LREP
FRM  Cooper, Dunham, Clark, Griffin & Moran
ABST
PAL  An electrically insulated minor portion is provided on the periphery of a
      photosensitive drum comprising a cylindrical supporter, a photoconductive
      strip wound in roll form on a supply reel disposed in the interior of the
      cylindrical supporter and paid out thereof to apply a portion thereof to a
      major portion of the outer periphery of the cylindrical supporter so that
      the portion may serve as a photoreceptor on which an electrostatic latent
      image of an original to be copied is formed. The strip portion on the
      outer periphery is withdrawn and wound on a take-up reel that is also
      disposed in the interior of the cylindrical supporter. The minor portion
      of the outer periphery of the cylindrical supporter has on its surface an
      electrically insulating layer with electrical resistance in the range of 1
      to 5 .times. 10.sup.9 .OMEGA.cm, the layer consisting of a material which
      is not charged by frictional contact with either the magnetic developing
      brush or the cleaning brush.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to photosensitive drums for electrophotographic
      copying machines, and is concerned with a photosensitive drum of the type
      which has a photosensitive strip stored as a supply roll in the interior
      of the drum and paid out therefrom such that a portion of the strip is
      around a major portion of the outer periphery of the drum to serve as a
      photoreceptor on which an electrostatic latent image of an original to be
      copied is formed.
PAR  In the transfer-printing electrophotographic duplication process, an
      electrostatic latent image of an original is formed on a photoconductive
      material layer which is an electrophotographic photoreceptor, and this
      latent image is developed into a visible image with a developing agent
      including electrostatically attracted minuscule particles referred to as
      toner. Then, successive copy sheets are brought into contact with the
      developed toner image to form on each copy sheet an image of the original
      by transfer printing. The photoreceptor on which the electrostatic latent
      image is formed in this type of electrophotography is preferably a portion
      of a pliable photoconductive strip which is wound on a supply reel in a
      cylindrical supporter. It is paid out therefrom to be applied to a major
      portion of the outer periphery of the cylindrical supporter, and is taken
      up by a take-up reel, which is also inside the cylindrical supporter.
PAR  After producing about 5,000 copies by transfer printing, the photoreceptor
      deteriorates. If it is of the type formed by vapor deposition in vacuum of
      a photoconductive material on the outer periphery of the drum, the drum
      itself must be replaced by a new one. When a photoconductivee strip wound
      on a supply reel in the interior of the drum is used and one portion after
      another thereof is successively used as a photoreceptor by paying out the
      same and applying it on the outer periphery of the drum, one has only to
      replace the strip by a new one when all the portions of the strip have
      been used. Thus, the cost involved is very low when a photoconductive
      strip is used by winding on a drum to provide a photosensitive drum.
PAR  A photoconductive strip 1 of this type is shown in FIG. 1, and comprises a
      polyester film base 1a, an electrically conductive material layer 1b
      formed on the base 1a by vapor deposition in vacuum of aluminum, and a
      photosensitive material layer 1c formed on the photoconductive material
      layer 1b by applying a mixture of an organic semiconductor, such as
      polyvinyl carbazole, with a binder and sensitizer. The photoconductive
      strip 1 has a thickness of about 0.1 millimeter, and its electrically
      conductive material layer 1b is suitably grounded. When the
      photoconductive strip 1 is exposed to an optical image of an original, an
      electrostatic latent image is formed on the photosensitive material layer
      1c.
PAR  As seen in FIGS. 2 and 3, a photosensitive drum 2 has a portion of a
      photoconductive strip 1 wound on a major portion (about three quarters) of
      the outer periphery of a cylindrical supporter 4 made of aluminum or other
      conductive material and is rotatably supported by a shaft 3. More
      specifically, the photoconductive strip 1 is secured at one end to a
      supply reel 5 disposed within and parallel to the cylindrical supporter 4
      for rotation and is wound thereon in roll form. The other end of the
      photoconductive strip 1 is pulled out through a slit 4a formed in the
      outer periphery of the cylindrical supporter 4 and disposed axially
      thereof, and is inserted through another slit 4b into the interior of the
      supporter 4 to be wound on a take-up reel 6 disposed in a position
      diametrically opposite to the position in which the supply reel 5 is
      disposed, after a portion of the strip 1 is applied to about three
      quarters, or a major portion of the outer periphery of the cylindrical
      supporter 4. The portion of the strip 1 which is disposed on the outer
      periphery of the supporter 4 serves as a photoreceptor which makes up a
      photosensitive drum 2 together with the cylindrical supporter 4.
PAR  The supply reel 5 and take-up reel 6 are supported by shafts 5a and 6a
      respectively which are supported for rotation by two end walls of the
      cylindrical supporter 4.
PAR  When it is desired to replace the used photoreceptor portion on the outer
      periphery of the cylindrical supporter 4 by a new one, the take-up reel 6
      is rotated in the direction of an arrow a shown in FIG. 4 and the
      photoconductive strip 1 is advanced so that the portion of the
      photoconductive strip 1 disposed on the outer periphery of the cylindrical
      supporter is withdrawn and wound on the take-up reel 6. At the same time,
      the supply reel 5 is rotated in the direction of an arrow b and the
      photoconductive strip 1 wound in roll form thereon is paid out, so that
      the next following portion of the photoconductive strip 1 is pulled out
      through slit 4a and applied to the outer periphery of the cylindrical
      supporter 4 to serve as a new photoreceptor.
PAR  The electrically conductive material layer 1b (see FIG. 1) of the portion
      of the photoconductive strip 1 or the photoreceptor on the outer periphery
      of the cylindrical supportor 4 should normally be grounded. The
      cylindrical supporter 4 as well as the supply reel 5 and take-up reel 6
      disposed in the interior of the supporter 4 are each made of an
      electrically conductive material; they are in electrical contact with each
      other and can be suitably grounded. However, the photoconductive strip has
      a base 1a which is made of an insulating material and it is the only part
      of the strip 1 that comes into contact with the supply reel 5 and the
      take-up reel 6, so that the electrically conductive material layer 1b of
      the strip is insulated.
PAR  For the purpose of electrically grounding the strip 1, as seen in FIG. 5, a
      tongue-shaped portion 1d, at the leading end of the strip 1, is adapted to
      be inserted in a slit 5a formed in the supply reel 5. This portion 1d has
      its electrically conductive material layer 1b exposed to make electrical
      contact with the supply reel 5 when the tongue-shaped portion 1d is
      inserted in the slit 5a. Since the supply reel 5 is electrically connected
      to the cylindrical supporter 4 supported by shaft 3, which is grounded,
      the electrically conductive material layer 1b of the photoconductive strip
      1 can thus be grounded.
PAR  A prior art photosensitive drum 2 constructed as aforementioned can be used
      as follows. Referring to FIG. 4, the photosensitive drum 2 rotates in the
      direction of an arrow c and produces a sequence of copies of an original
      by an electrophotographic duplicating process relying on transfer
      printing. The photosensitive drum 2 is rotated as its support shaft 3 is
      rotated at a constant rate by a synchronous motor (not shown). A cleaning
      brush 7 contacts the photoreceptor and cleans its surface so that the
      photoreceptor may be uniformly charged.
PAR  A charging station is disposed adjacent to the cleaning station. Disposed
      in the charging station is a charging device 10 including an array of a
      corona discharge electrode (or electrodes) 9 disposed across the surface
      of the outer periphery of the drum 2 and enclosed by a shield member 8.
      Being connected to a high voltage power source, the charging device 10 is
      effective to cause the photoconductive material layer to carry a uniform
      static charge thereon.
PAR  An exposure station is disposed adjacent the charging station. As is well
      known, an optical system 11 is disposed in this station to expose the
      surface of the photoconductive strip 1 to an optical image of an original
      to be duplicated. The portions of the surface of the photoconductive strip
      1 which are exposed to the optical image have their charge removed so as
      to form thereon an electrostatic latent image of the original.
PAR  A developing station is disposed adjacent the exposure station and includes
      a developing device 12 for providing a developing agent carrying an
      electric charge opposite to that of the electrostatic image. The
      developing device 12 comprises a developing agent tank 14 containing
      therein a developing agent 13 and a magnetic brush 15 rotatably mounted in
      the tank 14. The developing agent 13 adhering to an outer peripheral
      surface of the magnetic brush 15 rotating in the direction of an arrow d
      is supplied to the electrostatic image on the photosensitive drum 2 so as
      to develop the latent image into a visible toner image. This developing
      process is generally referred to as the magnet brush developing process.
PAR  A transfer printing station is disposed adjacent the developing station. In
      this station, the toner image on the surface of the photoconductive strip
      1 is transferred to and formed on a copy sheet or a supporting surface by
      transfer printing. More specifically, the toner image formed on the
      photoreceptor is transferred to and formed by transfer printing on a copy
      sheet 16 which may be made of paper or other suitable material. The copy
      sheet 16 is automatically fed by a pair of copy sheet feed rollers 17a and
      17b. When the copy sheet 16 is brought into contact with the toner image
      on the photoreceptor on the photosensitive drum 2, the toner image is
      transferred to and formed on the copy sheet 16 by an electrostatic
      transfer printing device 18 which is of the same type as the
      aforementioned charging device 10 and comprises an array of a corona
      discharge electrode or electrodes 19 and a shield member 20. The device 18
      produces a static charge so as to electrostatically attract the toner
      image on the photoreceptor to the surface of the copy sheet 16.
PAR  It is to be understood that the electrostatic transfer printing device 18
      may be replaced by a pressure applying transfer printing device comprising
      a pressure applying roller adapted to apply pressure to the copy sheet in
      contact with the toner image on the photoreceptor, and that both an
      electrostatic and a pressure applying transfer printing device may be used
      in combination.
PAR  Disposed adjacent the transfer printing station is a stripping station in
      which is disposed a stripping device comprising a pick-off claw 21 for
      stripping the copy sheet 16 off the photoreceptor after the toner image is
      formed on the copy sheet. After being stripped off the photoreceptor by
      the stripping device 21, the copy sheet 16 is delivered to an image fixing
      station (not shown).
PAR  The reason why the portion of the photoconductive strip 1 serving as a
      photoreceptor is not applied to the entire outer periphery of the
      cylindrical supporter 4 but is applied to only about three quarters of
      that outer periphery is as follows. In forming an electrostatic image on
      the portion of the photoconductive strip 1 on the outer periphery of the
      supporter 4, a slit exposure optical system (not shown) is used. It moves
      above the photosensitive drum 2 and forms the electrostatic image on the
      photoreceptor through the optical system 11. While the slit exposure
      optical system is being returned to its original position, no
      electrostatic image is formed on the photosensitive drum 2. Thus, the
      presence of the photoreceptor in a portion of the outer periphery of the
      cylindrical supporter 4 above which the slit exposure optical system moves
      in its movement back to the original position is of no avail. On the
      contrary, the presence of the photoreceptor in this portion, designated
      4.sub.o, which occupies about one-fourth the outer periphery of the
      cylindrical supporter 4, does more harm than good. That is, toner powder
      would unnecessarily adhere thereto, to increase the powder consumption and
      to place a burden on the cleaning device. Thus, a photoreceptor is not
      provided on this portion 4.sub.o of the outer periphery of the cylindrical
      supporter 4, but is applied only to the portion of the outer periphery of
      the supporter 4 which is required to have a photoreceptor. An additional
      advantage is the resulting more economical use of the photoconductive
      strip 1, which is expensive.
PAR  It is for the reasons described above that no photoconductive strip 1
      (photoreceptor) is disposed on a minor, e.g., a one quarter portion of the
      outer periphery of the cylindrical supporter, with the photoconductive
      strip being disposed only on a major, e.g., a three quarter portion only.
PAR  The photosensitive drum 2 having its outer periphery constructed as
      aforementioned has a seal member provided at one edge of each of slits 4a
      and 4b so that the developing agent or toner powder may not find its way
      into the interior of the cylindrical supporter 4. The seal members 4c and
      4d are made of rubber or other soft material so that the surface of the
      photoconductive strip 1 would be scratched and damaged by the seals when
      it is pulled out of or withdrawn into the interior of the supporter 4. the
      members 4c and 4d have their bases secured by synthetic resin screws 22
      and 23 to the minor diameter portion 4.sub.o of the cylindrical supporter
      4 on which no photoconductive strip 1 is disposed. The seal members 4c and
      4d are preferably made of rubber having an electric resistance of 10.sup.9
      to 10.sup.10 .OMEGA.cm.
PAR  The aforementioned magnet brush method has the disadvantage of producing a
      fog in the background of the developed copy sheet. In order to obviate
      this, a bias voltage may be impressed on the magnet brush. As shown in
      FIG. 4, the magnetic brush 15 may be connected to a bias power source E to
      impress a bias voltage thereon. However, the impression of such bias
      voltage on the magnetic brush 15 also has a disadvantage; specifically, it
      results in a bias current flowing through the minor diameter portion
      4.sub.o of the outer periphery, and tone adheres thereto when the magnetic
      brush 15 is brought into contact with this portion 4.sub.o. If toner
      powder adheres to this minor portion 4.sub.o of the cylindrical supporter,
      (1) toner is wasted, (2) the cleaning brush (fur brush) is soiled, and (3)
      the charging device 10 and a quenching lamp (not shown) are soiled.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has as its object the provision of a photosensitive
      drum which obviates the aforementioned disadvantages. This is done by
      electrically insulating, in a specified manner, a portion of the outer
      periphery of a cylindrical supporter of the photosensitive drum on which
      no photoconductive strip or no photoreceptor is dispoed.
PAR  According to the invention, there is provided a photosensitive drum for
      electrophotographic copying machines comprising a cylindrical supporter
      including a supply reel and a take-up reel disposed in the interior of the
      cylindrical supporter, and a photoconductive strip made of a pliable
      material and mounted at one end in roll form on the supply reel and at the
      other end on the take-up reel. The cylindrical supporter has an outer
      periphery divided into a major peripheral portion and a minor peripheral
      portion by two axial slits formed in the outer periphery. A portion of the
      photoconductive strip being paid out of the supply reel is applied to the
      major peripheral portion to serve as a photoreceptor. The minor peripheral
      portion of the cylindrical supporter is provided with an electrically
      insulated layer treated and rendered electrically insulated to have an
      electric resistance of 1 to 5 .times. 10.sup.9 .OMEGA.cm and defined
      properties relating to static charging by friction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of a prior art photoconductive strip serving as
      a photoreceptor.
PAR  FIG. 2 is a sectional view of a prior art photosensitive drum showing the
      manner in which the photoconductive strip wound in roll form at one end on
      a supply reel is wound at the other end on a take-up reel after a portion
      of the strip is applied to a major portion of the outer periphery of the
      drum to serve as a photoreceptor.
PAR  FIG. 3 is a perspective view of the prior art photosensitive drum in which
      this invention may be incorporated.
PAR  FIG. 4 is a schematic view showing a process of producing duplicates of an
      original by electrophotographic transfer printing using a photosensitive
      drum in which the invention is incorporated.
PAR  FIG. 5 is a perspective view of the take-up reel for the photoconductive
      strip.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The disadvantages of the pertinent prior art devices discussed above result
      from toner adhering to the minor portion 4.sub.o of the outer periphery of
      the photosensitive drum. The subject invention ingeniously obviates these
      disadvantages by insulating this minor portion in a specified manner.
PAR  In accordance with the invention, it has been found that the following
      parameters are important for obviating the aforementioned disadvantages.
PA1  1. The surface of the minor portion 4.sub.o of of the outer periphery of
      the photosensitive drum 2 should preferably have an electric resistivity
      in the range of from 1 to 5 .times. 10.sup.9 .OMEGA.cm;
PA1  2. Any material used for rendering this minor portion electrically
      insulating should be such that it is not caused to carry a charge when
      engaged frictionally by the cleaning brush 7. Alternately, the material
      should be such that the frictional engagement with the brush 7 gives it a
      charge of the same polarity as that of the toner, to thereby cause it to
      repel toner.
PA1  3. Any material used for rendering the minor portion 4.sub.o electrically
      insulating should be such that it is not electrically charged by
      frictional contact with the iron powder used to form a magnet brush
      employed in the magnet brush developing process. Alternately, the material
      should be such that frictional contact with the iron powder causes it to
      carry a charge of the same polarity as that of the toner, to thereby cause
      it to repel toner; and
PA1  4. Any material used for rendering this minor portion electrically
      insulating should have a strength such that the surface of the minor
      portion is not scratched and damaged by the iron powder in the developing
      agent when that surface is brought into frictional contact with the iron
      powder.
PAR  By taking these requirements into consideration, the material used on the
      surface of the minor portion of the outer periphery of the photosensitive
      drum is selected, in one embodiment of the present invention, from the
      group consisting of almite, enamel, ebonite, methacrylate resins, acetate
      resins and nylon which are not negatively charged (when the toner is
      positively charged).
PAR  In a specific embodiment of the invention, the minor portion 4.sub.o of the
      outer periphery of the photosensitive drum 2 which has no photoreceptor
      applied thereto is coated with hard almite to provide an electrically
      insulated layer 4h that is 50.mu. thick. In actual tests, a photosensitive
      drum made according to this embodiment of the invention proved
      satisfactory in operation. Specifically, the minor portion 4.sub.o of the
      outer periphery of this drum had an electric resistivity of 1 to 5 .times.
      10.sup.9 .OMEGA.cm; the minor portion 4.sub.o was not charged when brought
      into frictional contact with the iron powder of a magnet brush or with a
      cleaning brush made of Teflon. No leakage occurred through this portion;
      no destruction was caused by the frictional contact with iron powder; and
      no toner adhered to the minor portion 4.sub.o when developing of an
      electrostatic latent image was carried out by the magnet brush developing
      process.
PAR  The tests discussed above showed that photosensitive drums incorporating
      the invention successfully obviate the aforementioned disadvantages of the
      prior art, and offer the advantages of simplicity and low cost.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrophotographic copying machine having a rotatable drum, with a
      major portion of the circumference of the drum comprising a photoreceptor
      and at least a substantial portion of the remaining minor portion of the
      circumference of the drum comprising an electrically insulating layer, and
      including a cleaning brush engaging frictionally the circumference of the
      drum as the drum rotates, wherein said electrically insulating material is
      made of a substance which is not electrically charged to a polarity
      opposite a selected polarity by said frictional engagement with the
      cleaning brush during rotation of the drum.
NUM  2.
PAR  2. An electrophotographic copying machine having a photosensitive drum
      comprising a cylindrical supporter including a supply reel and a take-up
      reel disposed in the interior of the cylindrical supporter, and a
      photoconductive strip made of a pliable material and mounted at one end in
      roll form on said supply reel and at the other end on said take-up reel,
      said cylindrical supporter having an outer periphery divided into a major
      peripheral portion and a minor peripheral portion by two axial slits
      formed in the outer periphery, a portion of said photoconductive strip
      being paid out of said supply reel and applied to the major peripheral
      portion of the cylindrical supporter to serve as a photoreceptor, wherein
      the improvement comprises an electrically insulating layer provided on
      said minor peripheral portion of the cylindrical supporter, said
      electrically insulating layer having an electric resistivity of 1 to 5
      .times. 10.sup.9 .OMEGA.cm, and wherein said electrically insulating layer
      is made of a material selected from the group consisting of almite,
      enamel, ebonite, methacrylate resins, acetate resins and nylon.
NUM  3.
PAR  3. An electrophotographic copying machine having a photosensitve drum
      comprising a cylindrical supporter including a supply reel and a take-up
      reel disposed in the interior of the cylindrical supporter, and a
      photoconductive strip made of a pliable material and mounted at one end in
      roll form on said supply reel and at the other end on said take-up reel,
      said cylindrical suporter having an outer periphery divided into a major
      peripheral portion and a minor peripheral portion by two axial slits
      formed in the outer periphery, a portion of said photoconductive strip
      being paid out of said supply reel and applied to the major peripheral
      portion of the cylindrical supporter to serve as a photoreceptor, and
      including a magnet brush developing device with toner charged at a
      selected polarity, said developing device engaging frictionally said minor
      peripheral portion of the cylindrical supporter when the photosensitive
      drum is rotating, wherein the improvement comprises an electrically
      insulating layer provided on said minor peripheral portion of the
      cylindrical supporter, to be engaged frictionally by said magnet brush
      developing device when the drum is rotating, said electrically insulating
      layer having an electric resistivity of 1 to 5 .times.  10.sup.9
      .OMEGA.cm, and wherein said electrically insulating layer is made of a
      material that is not statically charged to a polarity opposite that of the
      toner by said frictional engagement with the magnet brush developing
      device.
NUM  4.
PAR  4. An electrophotographic copying machine as in claim 3 including a
      cleaning brush engaging frictionally the electrically insulating layer
      when the photosensitive drum is rotating, wherein the electrically
      insulating layer is made of a material which is not statically charged to
      said polarity different from that of the toner by said frictional
      engagement with the cleaning brush.
NUM  5.
PAR  5. An electrophotographic copying machine having a rotatable drum, with a
      major portion of the circumference of the drum comprising a photoreceptor
      and at least a substantial portion of the remaining minor portion of the
      circumference of the drum comprising an electrically insulating material,
      and including a magnet brush developing device in frictional engagement
      with the circumference of the drum, said developing device including toner
      electrically charged to a selected polarity, wherein the electrically
      insulating material is made of a substance which is not statically charged
      to a polarity opposite that of the toner by said frictional engagement
      with the developing device during rotation of the drum.
NUM  6.
PAR  6. An electrophotographic copying machine as in claim 5 including a
      cleaning brush frictionally engaging in the circumference of the drum as
      the drum rotates, said insulating material being made of a substance which
      is not statically charged to said polarity opposite that of the toner by
      said frictional engagement with the cleaning brush during rotation of the
      drum.
NUM  7.
PAR  7. An electrophotographic copying maching having a rotatable drum, with a
      major portion of the circumference of the drum comprising a photoreceptor
      and at least a substantial portion of the remaining minor portion of the
      circumference of the drum comprising an electrically insulating material,
      and including a magnet brush developing device having toner charged to a
      selected polarity, said developing device being in frictional engagement
      with the circumference of the drum to develop latent images thereon as the
      drum rotates, wherein said electrically insulating material is made of a
      substance which is not electrically charged to a polarity opposite that of
      the toner by frictional engagement with the developing device during
      rotation of the drum.
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ABST
PAL  An apparatus in which the manual placement of successive original documents
      onto the platen of a reproducing machine is facilitated. A plurality of
      original documents are located on the platen with the lowermost document
      being positioned thereon for reproduction. After being reproduced, the
      lowermost document is removed from the platen while the uppermost document
      is retained thereon enabling it to be subsequently reproduced.
BSUM
PAR  The foregoing abstract is neither intended to define the invention
      disclosed in the specification, nor is it intended to be limiting as to
      the scope of the invention in any way.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an electrophotographic printing
      machine, and more particularly concerns an apparatus for assisting in the
      manual placement of successive original documents onto the platen thereof.
PAR  In the process of electrophotographic printing, for example, as disclosed
      in U.S. Pat. No. 2,297,691 issued to Carlson in 1942, a photosensitive
      element having a photoconductive insulating layer is charged to a
      substantially uniform potential in order to sensitize its surface. The
      charged photoconductive surface is then exposed to a flowing light image
      of the original document being reproduced. Exposing the charged
      photoconductive surface to the light selectively dissipates the charge in
      the irradiated areas in accordance with the intensity of radiation
      transmitted thereto. This records an electrostatic latent image of the
      original document on the photoconductive surface. The electrostatic latent
      image is developed by bringing a developer mix of carrier granules and
      toner particles into contact therewith. The toner particles and carrier
      granules are selected such that the toner particles have the appropriate
      charge relative to the electrostatic latent image recorded on the
      photoconductive surface. When the developer mix is brought into contact
      with the electrostatic latent image, the greater attractive force thereof
      causes the toner particles to be attracted from the carrier granules to
      the electrostatic latent image. The developed toner powder image is then
      transferred to a sheet of support material, such as plain paper, to which
      it may be permanently affixed by the suitable application of heat thereto.
PAR  In electrophotographic printing, the original document is manually placed
      upon the exposure platen located at the top of the printing machine.
      Thereafter, the optical system forms a light image of the original
      document which is projected onto the charged photoconductive surface.
PAR  Document copying, particularly for high speed electrophotographic printing
      machines, requires more rapid handling of the original document being
      reproduced. Hereinbefore, it is known in the art to attach a document
      feeder to the electrophotographic printing machine when a large number of
      discrete documents are to be copied. The document feeder transports the
      original documents in sequence to the exposure platen, actuates the
      electrophotographic printing machine to reproduce the original documents,
      and then advances the original document to an output tray. By way of
      example, U.S. Pat. No. 3,499,710 issued to Sahley in 1967, describes one
      such type of document feeder.
PAR  The document handling art is well developed and includes numerous
      commercial products which provide for automatically advancing successive
      original documents onto the platen of an electrophotographic printing
      machine and for removing them thereafter. Exemplary of the numerous
      patents teaching various features of automatic document handling are U.S.
      Pat. No. 1,894,004, issued to Rose in 1933; U.S. Pat. No. 3,062,110,
      issued to Shepardson et al. in 1962; U.S. Pat. No. 3,136,207, issued to
      Flad et al. in 1964; U.S. Pat. No. 3,416,860, issued to Mihojevich et al.
      in 1968; U.S. Pat. No. 3,506,257, issued to Sackler et al. in 1970; U.S.
      Pat. No. 3,674,363, issued to Baller et al. in 1972; and U.S. Pat. No.
      3,726,589, issued to Difulvio et al. in 1973. Other exemplary patents are
      discussed in co-pending U.S. application Ser. No. 449,307 filed in 1974.
PAR  Although numerous automatic prior art devices have been developed in order
      to obviate the foregoing types of problems, it is highly desirable to
      develop a relatively simple, inexpensive device which facilitates manual
      feeding of original documents onto a platen of an electrophotographic
      printing machine.
PAR  Accordingly, it is a primary object of the present invention to improve the
      manual placement of original documents on the platen of an
      electrophotographic printing machine.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, and in accordance with the present invention, there is
      provided an apparatus for assisting in the manual placement of successive
      original documents onto the platen of a reproducing machine.
PAR  Pursuant to the features of the present invention, the apparatus includes a
      housing member and retaining means. The housing member has an open ended
      compartment arranged to hold a plurality of original documents therein. In
      the preferred embodiment thereof, the housing member is positioned on the
      platen with the lowermost original document being located so that it may
      be reproduced. After being reproduced, the lowermost original document is
      removed from the housing member. As the lowermost original document is
      being removed, the retaining means maintains the uppermost original
      document in the housing member so as to enable the subsequent reproduction
      thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following detailed description and upon reference to the
      drawings, in which:
PAR  FIG. 1 is a schematic elevational view of an electrophotographic printing
      machine incorporating the features of the present invention therein; and
PAR  FIG. 2 is a schematic perspective view of the apparatus employed to assist
      in the placement of successive original documents onto the platen of the
      FIG. 1 printing machine.
DETD
PAR  While the present invention will hereinafter be described in connection
      with a preferred embodiment thereof, it will be understood that it is not
      intended to limit the invention to that embodiment. On the contrary, it is
      intended to cover all alternatives, modifications and equivalents as may
      be included within the spirit and scope of the invention as defined by the
      appended claims.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For a general understanding of an electrophotographic printing machine in
      which the present invention may be incorporated, reference is had to FIG.
      1 which depicts schematically the various system components thereof.
      Hereinafter, like reference numerals will be employed throughout to
      designate like elements. Although the apparatus for assisting in the
      manual placement of successive original documents onto the platen of the
      electrophotographic printing machine is particularly well adapted for use
      therein, it should become evident from the following discussion that it is
      equally well suited for use in a wide variety of devices and is not
      necessarily limited in its application to the particular embodiment shown
      herein.
PAR  As in all electrophotographic systems of the type illustrated, an image
      bearing member having a drum 10 with photoconductive surface 12 entrained
      about and secured to the exterior circumferential surface thereof is
      rotated, in the direction of arrow 14, through a series of processing
      stations. These processing stations will be described briefly hereinafter.
PAR  Initially, drum 10 rotates photoconductive surface 12 through charging
      station A. Charging station A employes a corona generating device,
      indicated generally at 16, to sensitize photoconductive surface 12. Corona
      generating device 16 is positioned closely adjacent to photoconductive
      surface 12 so as to charge it to a relatively high substantially uniform
      potential. For example, corona generating device may be of the type
      described in U.S. Pat. No. 2,836,725 issued to Vyverberg in 1958.
PAR  After being charged, drum 10 rotates photoconductive surface 12 to exposure
      station B. Exposure station B includes a stationary copy board which
      comprises a transparent curved platen member 18 such as glass plate or the
      like, adapted to support an original document placement apparatus,
      indicated generally by the reference numeral 20, thereon. Original
      document placement apparatus 20 will be hereinafter described in greater
      detail with reference to FIG. 2. Briefly, however, placement apparatus 20
      positions successive original documents onto platen 18 so as to enable
      them to be readily reproduced by the electrophotographic printing machine
      of FIG. 1. After the original document is reproduced, the machine operator
      manually removes this document, i.e., the lowermost original document in
      placement apparatus 20 and the next successive original document is
      positioned above platen 18 enabling it to be reproduced. Lamps 22
      illuminate the lowermost original document 24 located in document feeder
      20. Scanning of original document 24 is achieved by oscillating mirror 26
      in a timed relationship with the movement of drum 10. Mirror 26 is
      positioned beneath platen 18 and adapted to reflect a light image of the
      original document through spherical lens 28 onto mirror 30 which, in turn,
      transmits the light image through an apertured slit 32 onto charged
      photoconductive surface 12.
PAR  Turning once again to placement apparatus 20, latch mechanism 34 is adapted
      to secure placement apparatus 20 in position on platen 18. As shown in
      FIG. 1, latch mechanism 34 comprises a pair of L-shaped latches having the
      lower end region thereof mounted pivotably on platen 18. Placement
      apparatus 20 is disposed upon platen 20 and latch mechanisms 34 are
      rotated to the upright position such that the uppermost surface locks
      placement apparatus 20 on platen 18 in a predetermined location optimum
      for reproducing the original documents disposed therein. The light image
      of the original document irradiates charged photoconductive surface 12 to
      selectively discharge the charge thereon recording an electrostatic latent
      image corresponding to the original document.
PAR  After exposure, drum 10 rotates the electrostatic latent image recorded on
      photoconductive surface 12 to development station C. Development station C
      includes a development apparatus 36 comprising a housing having a lower
      sump for accumulating a developer mix of carrier granules and toner
      particles. Bucket conveyor 38 is employed to move the developer mix from
      the lower sump to the upper region thereof, where it is cascaded in a
      downwardly direction over the electrostatic latent image recorded on
      photoconductive surface 12. In this manner, the toner particles are
      attracted electrostatically to the latent image forming a toner powder
      image on photoconductive surface 12.
PAR  With continued reference to FIG. 1, a sheet of support material is advanced
      by the sheet feeding apparatus to transfer station D. At transfer station
      D, a corona generating device indicated generally by reference numeral 40,
      is arranged to spray ions onto the back side of the sheet of support
      material, which may be a plain sheet of paper or a thermoplastic sheet, to
      attract the toner powder image from photoconductive surface 12 thereto.
PAR  Prior to proceeding with the description of the remaining processing
      stations disposed about the periphery of drum 10, the sheet feeding
      apparatus will be briefly described.
PAR  As shown in FIG. 1, the sheet feeding apparatus includes vacuum feeders to
      advance the uppermost sheet of a stack of sheets to roller 42. Roller 42
      cooperates with the belts of paper transport 44 for advancing the sheet of
      support material to sheet registration device 46. Sheet registration
      device 46 is located adjacent to the drum 10 to arrest and align each
      successive advancing sheet of support material. Thereafter, sheet
      registration device 46 advances the sheet of support material into contact
      with photoconductive surface 12, in a timed relationship with the movement
      of drum 10. In this way, corona generator 40 attracts the toner particles
      from photoconductive surface 12 to the sheet of support material forming a
      toner powder image thereon.
PAR  After transfer of the toner powder image to the sheet of support material,
      stripping apparatus 48 develops a flow of periodically pulsated
      pressurized air which separates the sheet of support material from
      photoconductive surface 12. After the sheet of support material is
      separated from photoconductive surface 12, endless belt conveyor 50
      advances it to fusing station E.
PAR  At fusing station E, a suitable fusing apparatus 52, generates sufficient
      heat to permanently affix the toner powder image to the sheet of support
      material. After the toner powder image is permanently affixed to the sheet
      of support material, conveyor 54 advances it to a catch tray 56 enabling
      the machine operator to readily remove the copy from the printing machine.
PAR  Continuing now with the various processing stations positioned about the
      periphery of drum 10, invariably after the sheet of support material is
      stripped from photoconductive surface 12 some residual toner particles
      remain adhering thereto. These residual toner particles are removed from
      photoconductive surface 12 at cleaning station F. Initially, the toner
      particles are brought under the influence of a corona generating device 58
      adapted to neutralize the remaining electrostatic charge on
      photoconductive surface 12 and the residual toner particles. The
      neutralized toner particles are cleaned from photoconductive surface 12 by
      a rotatably mounted fibrous brush 60 in contact therewith.
PAR  Subsequent to cleaning, discharge lamp 62 floods photoconductive surface 12
      with light to dissipate any residual electrostatic charge remaining
      thereon prior to the charging thereof for the next successive cycle.
PAR  It is believed that the foregoing description is sufficient for purposes of
      the present application to illustrate the general operation of an
      electrophotographic printing machine.
PAR  Referring now to the specific subject matter of the present invention, FIG.
      2 depicts placement apparatus 20 disposed upon platen 18 of the
      electrophotographic printing machine depicted in FIG. 1.
PAR  Referring now to FIG. 2, placement apparatus 20 includes a housing member,
      indicated generally by the reference numeral 64. Preferably, housing
      member 64 includes a U-shaped frame 66. U-shaped frame 66 comprises a pair
      of spaced side walls 66a and 66b connected to one another via back wall
      66c. The walls of frame 66 are adapted to extend in an upwardly direction
      substantially normal to platen 18 when positioned thereon. The front
      portion of U-shaped frame 66 is open ended permitting an original document
      to be removed therefrom. A transparent plate 68 is secured to side wall
      66a and side wall 66b. Plate 68 is disposed in the front or open ended
      portion of U-shaped frame 66 and extends inwardly over the front marginal
      region thereof. Plate 66 is adjacent to platen 18 having the generally
      planar surface thereof substantially parallel thereto. Positioned above
      plate 68 is exit ramp or plate member 70. Plate member 70 is also attached
      to side walls 66a and 66b in the front marginal region thereof with a
      portion thereof above plate 68 with the planar surface thereof
      substantially parallel thereto.
PAR  Retaining means or roller 72 is secured to back wall 66c and is journaled
      so as to be capable of rotating in the direction of arrow 74. A suitable
      spring or clutch mechanism may be employed to insure that roller 72 may
      only rotate in the direction of arrow 74. It should be noted that roller
      72 is not adapted to be driven in the direction of arrow 74 but rather, is
      permitted to rotate in that direction when a force is applied to the
      circumferential surface thereof. By way of example, roller 72 may be made
      preferably from a suitable elastomeric material, such as natural rubber,
      synthetic rubber, or mearthane, and have a coefficient of friction
      preferably ranging from about 2.0 to about 3.0.
PAR  Plate member 70 includes aperture 76. Aperture or hole 76 is adapted to
      indicate when the lowermost original document 78 may be removed from
      housing member 66. Hole 76 is located over transparent platen 18. In this
      manner, the operator may see when the exposure lamps have been deactivated
      after illuminating the original document. At this time, the lowermost
      original document 78 may be removed from housing 66 and the next
      successive original document 80 is disposed adjacent to platen 18 so that
      it may be reproduced.
PAR  In operation, two original documents 78 and 80 are placed in housing 66.
      Both of the original documents are positioned under roller 72. The
      lowermost original document, i.e. original document 78, is adjacent to
      platen 18. After the exposure lamps have illuminated original document 78
      and are no longer energized, as noted by the machine operator by detecting
      the light rays transmitted through aperture 76, the uppermost original
      document 80 is raised manually and the lowermost original document is
      removed by passing it over plate 70. Roller 72 retains the uppermost
      original document 80 in housing member 66 inasmuch as it is not free to
      rotate in this direction. Thus, roller 72 exerts a frictional force on the
      uppermost original document preventing it from being removed when the
      operator raises the uppermost original document 80 so as to remove the
      lowermost original document 78 after the reproduction thereof. After the
      first original document is reproduced and the next successive original
      document is in position to be reproduced, the operator manually slides a
      third original document over the second original document. The third
      original document is interposed between roller 72 and the second original
      document. Inasmuch as roller 72 is adapted to rotate in the direction of
      arrow 74 the third original document may be readily positioned in housing
      member 66 and no frictional restraint is exerted thereon preventing the
      positioning thereof. In this manner, placement apparatus 20 provides an
      assist to rapid manual feeding of original documents so as to increase the
      speed of reproduction.
PAR  From the foregoing, it is, therefore, evident that pursuant to the features
      of the present invention, as heretofore described, placement apparatus 20
      is adapted to provide a manual assist for rapid feeding of original
      documents into an operative position wherein they may be reproduced on an
      electrophotographic printing machine. The foregoing is achieved by an open
      ended housing member defining a compartment for receiving original
      documents. The original documents are disposed in the housing member
      manually. Thereafter, the lowermost original document is removed from the
      platen after the reproduction thereof is indicated. This permits the next
      successive original document to be in the operative position for the
      reproduction thereof. The next successive original document is retained in
      position by a one-way roller frictionally maintaining it on the platen. As
      the next successive original document is being reproduced, a third
      document is interposed between the document being reproduced and the
      roller. The roller is adapted to rotate in a direction such that the third
      document may be freely inserted above the second document being
      reproduced. The foregoing cycle is continaully repeated providing a manual
      assist for disposing original documents on the platen of an
      electrophotographic printing machine increasing the speed of reproduction
      thereof.
PAR  It is, therefore, evident that there has been provided, in accordance with
      the present invention, an apparatus for manually assisting positioning of
      original documents on the platen of an electrophotographic printing
      machine for the reproduction thereof. The apparatus of the present
      invention fully satisfies the objects, aims and advantages hereinbefore
      set forth. While this invention has been described in conjunction with
      specific embodiments thereof, it is evident that many alternatives,
      modifications and variations will be apparent to those skilled in the art.
      Accordingly, it is intended to embrace all alternatives, modifications and
      variations as fall within the spirit and broad scope of the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for assisting in the manual placement of successive
      original documents onto the platen of a reproducing machine, including:
PA1  a housing member having an open ended compartment for holding a plurality
      of original documents therein, said housing member being positioned on the
      platen and arranged to locate the lowermost original document in position
      to be reproduced;
PA1  a plate member extending outwardly across the width of the open end of the
      compartment in said housing member and adapted to facilitate the removal
      of the lowermost original document therefrom; and
PA1  a roller mounted in the compartment of said housing member and contacting
      the uppermost original document therein, said roller being rotatable in
      one direction to facilitate the insertion of original documents in the
      compartment of said housing member and being non-rotatable in the opposed
      direction to frictionally prevent the movement of the uppermost original
      document during the removal of the lowermost original document from said
      housing member.
NUM  2.
PAR  2. An apparatus as recited in claim 1, further including means for
      indicating that the lowermost original document may be removed from said
      housing member.
NUM  3.
PAR  3. An apparatus as recited in claim 2, further including means for
      releasably securing said housing member on the platen in a predetermined
      location.
NUM  4.
PAR  4. An electrophotographic printing machine of the type having a platen for
      exposing an original document being reproduced therein, including:
PA1  a housing member having an open ended compartment for holding a plurality
      of original documents therein, said housing member being positioned on the
      platen and arranged to locate the lowermost original document in position
      to be reproduced;
PA1  a plate member for extending outwardly across the width of the open end of
      the compartment in said housing member and adapted to facilitate the
      removal of the lowermost original document therefrom; and
PA1  a roller mounted in the compartment of said housing member and contacting
      the uppermost original document therein, said roller being rotatable in
      one direction to facilitate the insertion of original document in the
      compartment of said housing member and being non-rotatable in the opposed
      direction to frictionally prevent the movement of the uppermost original
      document during the removal of the lowermost original document from said
      housing member.
NUM  5.
PAR  5. A printing machine as recited in claim 4, further including means for
      indicating that the lowermost original document may be removed from said
      housing member.
NUM  6.
PAR  6. A printing machine as recited in claim 5, further including means for
      releasably securing said housing member on the platen in a predetermined
      location.
NUM  7.
PAR  7. An apparatus for assisting in the manual placement of successive
      original documents onto the platen of a reproducing machine including:
PA1  a housing member having an open ended compartment for holding a plurality
      of original documents therein, said housing member being positioned on the
      platen and arranged to locate the lowermost original document in position
      to be reproduced; and
PA1  a roller mounted in the compartment of said housing member and contacting
      the uppermost original document therein, said roller being rotatable in
      one direction to facilitate the insertion of original documents in the
      compartment of said housing member and being non-rotatable in the opposed
      direction to frictionally prevent the movement of the uppermost original
      document during the removal of the lowermost original document from said
      housing member.
NUM  8.
PAR  8. An electrophotographic printing machine of the type having a platen for
      exposing an original document being reproduced therein, including:
PA1  a housing member having an open ended compartment for holding a plurality
      of original documents therein, said housing member being positioned on the
      platen and arranged to locate the lowermost document in position to be
      reproduced; and
PA1  a roller mounted in the compartment of said housing member and contacting
      the uppermost original document therein, said roller being rotatable in
      one direction to facilitate the insertion of original documents in the
      compartment of said housing member and being non-rotatable in the opposed
      direction to frictionally prevent the movement of the uppermost original
      document during the removal of the lowermost original document from said
      housing member.
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PAL  By heat treating a glass member containing at least one kind of cation to
      constitute a modifying oxide in contact with a source of another kind of
      cation to cause ion substitution, a light-conducting glass structure can
      be produced to have a refractive index distribution wherein the index
      varies progressively transversely to the intended light path, which is
      thereby bent toward the direction of increase of the index, such a
      light-conducting glass structure is not accompanied by differences or
      lagging of phase velocities of conducted light rays, spreading of the
      light flux width, and reflection losses.
PARN
PAR  This application is a continuation of application Ser. No. 806,368 filed on
      Mar. 12, 1969, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to light-conducting glass structures and more
      particularly to new light-conducting glass structures having a refractive
      index gradient in a direction transverse to the direction in which light
      is to advance. The invention further concerns a method for producing these
      light-conducting glass structures.
PAR  A light-conducting fibre of known type consists essentially of a core
      structure of a light-conducting substance of relatively high refractive
      index and a cladding layer of a light-conducting substance of relatively
      low refractive index covering the core structure. A flux of light incident
      to one end of the fibre is propagated therealong by being repeatedly
      reflected from the interface between the core structure and the cladding
      layer as described hereinafter and illustrated in FIG. 1 of the
      accompanying drawings.
PAR  However, a clad-type light-conducting fibre of this known character in
      which reflection is utilized is accompanied by the following problems.
      First, as the light flux, the amplitude of which is varying at a very high
      speed, and which has entered the fibre, advances by undergoing repeated
      total reflection, differences in the light path lengths of the individual
      light rays of the light flux occur, and, consequently, staggering or
      differences in phase are produced when the light flux exits from the
      fibre. When such differences in the light flux phase are existent, it is
      difficult to utilize the light-conducting fibre as a path for transmitting
      in a communication system, in which light signals varying at ultra high
      speed are employed.
PAR  Furthermore, as the incident light flux advances as it is reflected by
      curved interface surfaces within the fibre, the width of the light flux
      unavoidably and progressively increases, and, at the same time, there
      arise reflection losses at the aforementioned interface. These phenomena
      are also causes of lowering of the efficiency of photocommunication and
      other light-transmitting systems.
PAR  A light-conducting glass fibre in which the refractive index increases
      progressively from the surface toward the interior has already been
      proposed. The utilization of a glass in which the refractive index
      decreases in proportion to the square of the distance from the centreline
      for a light-conducting path or a part thereof has been proposed in order
      to overcome the above defects. (Proceedings of the IEEE, Vol. 53, pp.
      2148-2149, Dec. 1965, and Uchida, Teiji: Denshi Tsushin Gakkai Soritsu
      50-Shu-Nen Kinen Zenkoku Taikai Symposium, Yoko-Shu "Laser Oyo" - Hen, pp.
      3-4, October 1967, (translation: (Japan) Society of Electronic
      Communication (Engineers) Fiftieth Anniversary National Convention
      Symposium Preprint "Laser Application" edition, pp. 3-4, October 1967 )).
PAR  However, light-conducting glass structures or light-conducting glass fibres
      having such refractive index distributions could not be realised because
      methods of producing such structures have heretofore been unknown.
PAR  Furthermore, so-called "gas lenses" have heretofore been known. For
      example, on pages 465, 466, and 467 of The Bell System Technical Journal,
      March Issue, 1965, it is disclosed that glass structures and other
      transparent structures having a refractive index distributions which
      decrease or increase as the square of the distance from their centre lines
      have a lens effect. However, structures which are transparent lens
      structures having such a refractive index distribution and, moreover, are
      practical have not heretofore been realized.
PAR  We have discovered that a glass structure having a progressively varying
      refractive index can be produced by causing the concentration of certain
      ingredients of the glass to vary with position as described fully
      hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to utilize this
      finding and other findings to provide light-conducting glass structures
      each having a refractive index gradient in a direction transverse to the
      direction in which light is to advance.
PAR  Another object of the invention is to provide a light-conducting glass
      fibre or glass rod in which differences in phases of a light flux, which
      vary at ultra high speed, at the outlet end, spreading of the light flux
      width, and reflection losses are prevented, and which thereby can be
      utilized effectively for photocommunication.
PAR  Still another object of the invention is to provide a method for producing
      light-conducting glass structures of the above stated character.
PAR  A further object of the invention is to provide a method for producing
      light-conducting glass structures of the above stated character which is
      not accompanied by difficulties such as the formation of cracks on the
      surface of the product.
PAR  Other objects of the invention will presently become apparent from the
      following description.
PAR  The foregoing objects have been achieved by the present invention, in one
      aspect of which there is provided a light-conducting glass structure in
      which a principle whereby the refractive index of the glass is varied with
      position by causing the concentration distributions of at least two
      cations constituting modifying oxides within the glass to vary with
      position is utilized.
PAR  Such a light-conducting glass structure according to the invention can be
      produced by a method also of the invention in which a principle whereby
      the cation concentration distributions are varied by a process comprising
      ion substitution due to heat diffusion is utilized.
PAR  According to the present invention in one aspect thereof, briefly
      summarized, there is provided a light-conducting glass structure
      containing at least two kinds of cations constituting modifying oxides
      within the glass and having therewithin a distribution of refractive index
      such that the index varies with position in a direction transverse to the
      direction of light conduction, which is thereby bent toward the direction
      of increase of the index. This glass structure comprises glass forming
      oxides and modifying oxides, and the concentration of the cations within
      the glass varies in the direction in which the refractive index is to
      vary, the concentrations of some cations and those of other cations
      varying in opposite directions thereby to create refractive index
      variation.
PAR  According to the present invention in another aspect thereof, there is
      provided a method for producing light-conducting glass structures of the
      above stated character which method is characterised by the process of
      placing a glass material containing the aforementioned cations in contact
      with a source of other cations capable of constituting modifying oxides
      and heat treating the glass material and cation source at a temperature
      permitting the cations to migrate within the glass thereby to cause at
      least one kind of cation in positions nearer to the glass surface to be
      substituted to a greater degree by the other cation.
PAR  The nature, principles, details, and utility of the invention will be more
      clearly apparent from the following detailed description, beginning with
      general considerations and concluding with specific examples of preferred
      embodiment of the invention, when read in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an enlarged side view, in longitudinal section (taken along a
      plane parallel to the light path), indicating schematically the principle
      of the light propagation through and within a light-conducting glass
      structure known heretofore;
PAR  FIG. 2 is a view similar to FIG. 1 indicating schematically the principle
      of light propagation through and within one example of a light-conducting
      glass structure according to the invention;
PAR  FIGS. 3 through 6, inclusive, are graphical representations indicating the
      characteristics of a specific example of a light-conducting glass
      structure according to the invention;
PAR  FIGS. 7 and 8 are graphical representations indicating the refractive index
      distribution within a specific example of a glass structure of the
      invention;
PAR  FIGS. 9 and 10 are graphical representations respectively indicating
      distributions of ion concentrations within the glass structure indicated
      in FIG. 8;
PAR  FIGS. 11(a) and 11(b) are graphical representations indicating the
      concentration distributions of ions constituting a glass structure in
      radial directions from the centre in cross sections of the structure;
PAR  FIGS. 12(a) and 12(b) are, graphical representations respectively
      indicating refractive index distributions in the same directions;
PAR  FIG. 13 is a schematic elevation, in vertical section, indicating a mode of
      production of a glass structure depending on the rod method and
      constituting a specific example of practice of the invention;
PAR  FIG. 14 is a similar schematic elevation indicating a mode of production of
      a glass structure of the invention depending on the pot method;
PAR  FIG. 15 is cross section of a multiplex light-conducting structure
      according to the invention containing two or more light-conducting
      members;
PAR  FIGS. 16 and 17 are schematic elevations, in vertical section, indicating
      modes of producing the glass structure illustrated in FIG. 15;
PAR  FIG. 18 is a graphical representation indicating the refractive index
      distribution in a radial direction from the centre in a cross section of a
      specific example of a glass structure of the invention;
PAR  FIG. 19 is a schematic elevation, in vertical section, indicating a
      specific example of method for producing a glass structure according to
      the invention; and
PAR  FIG. 20 is a graphical representation indicating the refractive index
      distribution within a specific example of a glass structure of the
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  As conductive to a full understanding of the present invention, a brief
      consideration of the aforementioned light-conducting fibre of heretofore
      known type will be first presented with reference to FIG. 1.
PAR  As shown in FIG. 1, this fibre consists essentially of a core structure 11
      of a light-transmitting substance of relatively high refractive index and
      cladding layers 12a and 12b of a light-transmitting substance of
      relatively low refractive index, interfaces being formed between the core
      structure and the cladding layers. In the operational use of this fibre,
      an incident light flux 13 is caused to enter one end of the core structure
      so as to advance with an angle greater than the reflection critical angle
      of these interfaces and is thereby reflected repeatedly by the interfaces
      to be propagated through and along the fibre core structure 11. A clad
      type light-conducting fibre of this character, however, is accompanied by
      various difficulties as described hereinbefore.
PAR  In general, in a light-conducting glass structure in which the refractive
      index is progressively varied in a direction transverse to that along
      which incident light is to advance, utilization is made of the principle
      whereby the light gradually bends its advance direction toward the
      direction in which the refractive index transverse to the light advance
      direction increases.
PAR  The radius of curvature, .rho. , of the light advance path may be
      represented analytically by the following well-known equation in terms of
      the refractive index .eta. of the transmitting medium and variation
      .delta..eta./.delta.H of the refractive index in a direction normal to the
      light advance path.
      ##EQU1##
PAR  Accordingly, this light-conducting glass structure in one embodiment has a
      refractive index gradient such that the refractive index at the central
      plane or central axis in the direction of light advance is maintained at
      maximum value, and the refractive index progressively decreases with
      increasing distance away from the central plane or axis. At the same time,
      in the case wherein the length along the central plane of axis of this
      structure is relatively large, light which has entered the glass structure
      with an incident angle within a specific range advances along the
      structure in a meandering or undulating path about the central plane or
      axis.
PAR  When an incident light flux 21 is caused to enter one end of a
      light-conducting glass fibre 22 having a refractive index distribution
      such that this index decreases progressively toward the outer surface from
      the centre, this light flux advances through the interior of the fibre
      without being reflected by the fibre outer surface as diagrammatically
      illustrated in FIG. 2. Therefore, it is possible to reduce differences in
      phase velocities of the light flux at the fibre exit end, spreading of the
      light flux, and light reflection losses.
PAR  It is preferable that the refractive index be symmetrical about the central
      part of the fibre in the cross section thereof and moreover, have a
      distribution such that it decreases progressively from the centre to the
      outer surface since, then, the differences in phase velocities of the
      light flux at the fibre exit and the light flux spread can be further
      reduced.
PAR  The most preferable refractive index distribution is such that it can be
      represented by a quadratic curve of a form corresponding to the following
      equation.
EQU  N = No (1 - ar.sup.2),                                     (2)
PAL  where:
PA1  r is the distance from the fibre centre in a radial direction;
PA1  No is the refractive index of the glass at the central part of the fibre;
PA1  N is the glass refractive index at a point at distance r; and
PA1  a is a positive constant.
PAR  When an incident light flux having a constant spacial width and a constant
      time width is introduced with an incident angle within a specific range
      into a glass fibre having a refractive index distribution as defined
      above, the light flux intimately exits from the fibre exit in a state
      wherein, its time width is maintain substantially constant and its spacial
      width is maintained constant without differences in phase.
PAR  When this light-conducting glass fibre is curved with a curvature radius
      less than a certain limiting value of the radius of curvature, the
      incident light flux begins to collide against the fibre surface. This
      limiting radius of curvature is determined by the refractive index
      distribution within the fibre. More specifically, this radius of curvature
      decreases as the refractive index gradient, that is, the value of a in the
      above Equation (2), is increased.
PAR  The refractive index of a glass depends principally on the glass
      composition. Accordingly, a glass structure in which the refractive index
      of the glass interior progressively varies can be produced by causing it
      to have a progressively differing glass composition distribution.
      Furthermore, a light-conducting glass fibre in which the refractive index
      progressively increases is maintained the surface inward can be produced
      by causing it to have a glass composition distribution differing
      progressively inward from the surface.
PAR  However, glass structures, particularly glass fibres, having kind glass
      composition distributions such the their refractive indexes vary
      progressively have, in general, been accompanied by difficulties such as
      the difficulty in selection of the compositions and difficulty in the
      production thereof.
PAR  In general, an oxide glass is composed of one or more glass-forming oxides
      (e.g., SiO.sub.2, B.sub.2 O.sub.3, and P.sub.2 O.sub.5) and other
      modifying oxides (including intermediate oxides). The term "modifying
      oxides" is herein used to designate oxides which, independently, do not
      become glass but are vitrified when they are suitably blended with
      glass-forming oxides.
PAR  As mentioned briefly hereinbefore, we have found that, by causing the
      concentrations of at least two of the oxides among the modifying oxides
      within a glass to vary with position, it is possible to produce a glass
      structure having a glass composition distribution such that the refractive
      index progressively varies therein.
PAR  More specifically, we have found that a glass composition distribution
      wherein the proportions of at least two oxides selected from among oxides
      which can function as modifying oxides are progressively varied is highly
      suitable, Examples of such oxides are Li.sub.2 O, Na.sub.2 O, K.sub.2 O,
      Rb.sub.2 O, Cs.sub.2 O, Tl.sub.2 O, Au.sub.2 O, Ag.sub.2 O, Cu.sub.2 O,
      MgO, CaO, SrO, BaO, ZnO, CdO, PbO, SnO.sub.2, and La.sub.2 O.sub.3.
PAR  In general, the refractive index of a substance has a relationship to the
      molecular refraction and molecular volume which are characteristic of that
      substance, the refractive index increasing with increasing molecular
      refraction and with decreasing molecular volume. Furthermore, the
      molecular refraction is proportional to the polarizability of the
      substance. The molecular refraction of a glass is considered to be
      determinable, as an approximation, by the sum of the individual ionic
      refractions.
PAR  Accordingly, the qualitative effect of the presence of certain ions on the
      refractive index of a glass can be determined by comparing the values of
      electronic polarization per unit volume within the glass of the related
      ions or the values of
      ##EQU2##
      That is, a cation in which this value is large has a tendency to
      contribute greatly to the refraction. When the values of this ratio of
      electronic polarizabity to (ion radius).sup.3 within the crystal are
      calculated for the monovalent ions respectively of lithium, sodium,
      potassium, rubidium, cesium, and thallium as representative cations
      constituting modifying oxides, 0.06, 0.48, 0.57, 0.60, 0.74, and 1.57,
      respectively, are obtained.
PAR  However, the values of this ratio within glasses of certain ions do not
      coincide, strictly speaking, with those within the crystals of these ions.
      For example, the refractive indexes of silicate two-component glasses each
      containing 30 mol percent of an oxide of one of the above mentioned
      monovalent ions and three-component glasses containing 20 mol percent of
      one of the monovalent atoms, 20 mol percent of CaO, and 60 mol percent of
      SiO.sub.2 are as set forth in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
              Refractive index                                                 
                                     SiO.sub.2                                 
                                           60 mol%                             
     Modifying  SiO.sub.2                                                      
                        70 mol%      CaO   20 mol%                             
     oxide      R.sub.2 O                                                      
                        30 mol%      R.sub.2 O                                 
                                           20 mol%                             
     ______________________________________                                    
     Li.sub.2 O    1.53             1.57                                       
     Na.sub.2 O    1.50             1.55                                       
     K.sub.2 O     1.51             1.55                                       
     Rb.sub.2 O    1.50             1.54                                       
     Cs.sub.2 O    1.50             1.54                                       
     Tl.sub.2 O    1.83             1.80                                       
     ______________________________________                                    
PAR  When the monovalent ions respectively of lithium, sodium potassium,
      rubidium, cesium, and thallium as indicated in Table 1 are arranged in the
      order of magnitude of the ratio of electronic prolarisability to (ion
      radius).sup.3 within glass or in the order of degree of contribution to
      increase in refractive index, the resulting order is Tl, Li, K, Na, Rb,
      and Cs, there being almost no difference between K, Na, Rb, and Cs.
PAR  Furthermore, the refractive indexes of silicate two-component Glasses each
      containing 40 mol percent of one oxide selected from PbO, BaO, CdO, SrO,
      CaO, ZnO, BeO, and MgO and 60 mol percent of SiO.sub.2 are as set forth in
      Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
                     Refractive index                                          
     Modifying         SiO.sub.2                                               
                               60 mol%                                         
     oxide             RO      40 mol%                                         
     ______________________________________                                    
     PbO                  1.81                                                 
     BaO                  1.68                                                 
     CdO                  1.64                                                 
     SrO                  1.61                                                 
     CaO                  1.59                                                 
     ZnO                  1.58                                                 
     BeO                  1.54                                                 
     MgO                  1.51                                                 
     ______________________________________                                    
PAR  As indicated by Table 2, when these divalent metal ions are arranged in the
      order of magnitude of contribution to increase in the glass refractive
      index, the resulting order is Pb, Ba, Cd, Sr, Ca, Zn, Be, and Mg.
PAR  The relationship between the magnitudes of the above mentioned contribution
      of the monovalent ions and the divalent ions can be determined by
      comparing the refractive indexes of glasses of compositions wherein a
      monovalent oxide and a divalent oxide have been mutually substituted in
      equal mol quantities, for example, by comparing the refractive index of a
      glass composed of 60 percent of SiO.sub.2 and 40 percent of a divalent
      metal oxide RO and the refractive index of a glass composed of 60 percent
      of SiO.sub.2, 20 percent of a divalent metal oxide RO, and 20 percent of a
      monovalent metal oxide R.sub.2 O, all percentages being mol percents.
PAR  As a result of an actual instance of such comparison, it was found that the
      above mentioned degrees of contribution of the divalent ions of Pb, Ba,
      Cd, Sr, Ca, and Zn are greater than those of the monovalent ions of K, Na,
      and Li, and that this degree of contribution of the monovalent ion of Tl
      is greater than that of any divalent metal ion.
PAR  The relationships of the magnitudes of this degree of contribution to
      increase in refractive index of these cations are also realized in the
      glass compositions other than those recited in Tables 1 and 2.
      Accordingly, since the additivity rule of refractive indexes is
      approximately realized, the relationships of the magnitudes of the degree
      of contribution become evident as the magnitudes of the refractive index
      of a glass containing these cations even in the case of a composition
      other than silicate glass, and even when the component contents differ, as
      long as glasses wherein the mol concentrations of the oxides of the
      cations concerned are mutually equal and, moreover, other constituents are
      of the same kind and have mutually equal mol concentrations, are compared.
PAR  As a general tendency, among ions of homologues (for example, among ions of
      alkaline earths), those of greater ionic radius and atomic number have
      greater degrees of contributions to increase in the refractive index. For
      example, Ba.sup.+.sup.+&gt; Sr.sup.+.sup.+&gt; Ca.sup.+.sup.+.
PAR  Accordingly, when the refractive index of a first glass containing certain
      cations constituting modifying oxides is compared with the refractive
      index of a second glass in a state wherein one part or all of the cations
      within the first glass are substituted in a manner such that the charges
      of ions are balanced with cations having lower degrees of contribution to
      increase in refractive index within the glass than the cations of the
      first glass, the latter is less than the former.
PAR  Accordingly, the light-conducting glass structure according to the present
      invention contains therein at least two kinds of cations constituting
      modifying oxides and comprises these oxides and glass forming oxides,
      within which glass the refractive index has a distribution such that it
      varies progressively with position, more specifically, such that it varies
      progressively in a direction transverse to the direction of advance of
      light propagating through the glass, the direction of light advance being
      bent toward the direction in which the refractive index increases.
PAR  In this glass structure of the invention, in general, the concentrations
      within the glass of the cations vary in the direction in which the
      refractive index is to vary, and the concentration of certain cations and
      the concentration of other cations vary in opposite orientations, the
      resulting concentration variation thereby creating the variation in
      refractive index.
PAR  In accordance with the present invention, the above used term "at least two
      kinds of cations" designates a combination of metal ions of greater
      contribution to increase in the refractive index of the above mentioned
      glass structure and metal ions of less contribution. The concentration of
      the metal ions of greater contribution is higher in a position at which
      the refractive index is to be higher than in a position at which the
      refractive index is to be lower, while the concentration of the metal ions
      of less contribution is lower in a position at which the refractive index
      is to be higher than in a position at which the refractive index is to be
      lower.
PAR  Since the cations constituting the modifying oxides can undergo migration
      within the glass at a relatively lower temperature than the cations
      constituting the glass forming oxides, the light-conducting glass
      structure of the invention, in which the concentration within the glass of
      the cations constituting modifying oxides is varied, can be readily caused
      to have a desired refractive index distribution. Ordinarily, within this
      light-conducting glass structure, the concentration of the cations
      constituting the glass forming oxides does not vary remarkably with
      position or is substantially constant.
PAR  The refractive index of the light-conducting glass structure of the
      invention varies progressively, as described above, and the refractive
      index distribution within a light-conducting glass fibre, which is a
      specific example of embodiment of the invention, is such that the
      refractive index increases from the outer surface of the fibre toward the
      interior. In this case, while a continuous variation or increase in the
      refractive index is preferable, there is no deleterious result even with a
      discontinuous variation or increase of the refractive index provided that
      it is of an order such that the reflection of light at the discontinuous
      surface can be neglected.
PAR  Examples of cations to constitute the above mentioned modifying oxides are
      monovalent cations, for example, alkali metal ions such as Li.sup.+ ions,
      Na.sup.+ ions, K.sup.+ ions, Rb.sup.+ ions, and Cs.sup.+ ions, Tl.sup.+
      ions, Au.sup.+ ions, Ag.sup.+ ions, and Cu.sup.+ ions; divalent cations,
      for example, alkaline earth metal ions such as Mg.sup.+.sup.2 ions,
      Ca.sup.+.sup.2 ions, Sr.sup.+.sup.2 ions, and Ba.sup.+.sup.2 ions,
      Zn.sup.+.sup.2 ions, Cd.sup.+.sup.2 ions, and Pb.sup.+.sup.2 ions;
      trivalent cations, for example, La.sup.+.sup.3 ions and In.sup.+.sup.3
      ions; and tetravalent cations, for example, Sn.sup.+.sup.4 ions and
      Th.sup.+.sup.4 ions.
PAR  Examples of combinations of metal ions for forming at least two modifying
      oxides with metal ions of greater contribution and metal ions of less
      contribution to increase in the refractive index selected from a group of
      specific metal ions as enumerated above are as follows. In each of these
      combinations, the first mentioned ion is a metal ion to exist with a
      higher concentration in a position at which the refractive index is to be
      higher than in a position at which the refractive index is to be lower.
PA0  1). Thallium -- at least one kind of alkali metal ion.
PA0  2). Alkaline earth metal ion having a greater atomic number -- alkaline
      earth metal ion having a smaller atomic number.
PA0  3). Lead ion -- at least one kind of alkaline earth metal ion.
PA0  4). At least one kind of ion selected from the group consisting of lead ion
      and barium ion -- at least one kind of ion selected from the group
      consisting of K, Na, and Li.
PA0  5). At least one kind of ion selected from the group consisting of lead,
      cadmium, zinc, barium, strontium, and calcium -- at least one kind of
      alkali metal ion.
PAR  Among the cations constituting modifying oxides, monovalent ions can
      diffuse through glass at a lower temperature than other cations.
      Therefore, by selecting monovalent cations for both of the two kinds of
      cations of increasing and decreasing concentrations within the glass,
      greater convenience is afforded in the production of glass structures
      including fibres. Furthermore, a combination of Tl.sup.+ ions among
      monovalent cations and at least one kind of ion of another alkali metal
      as, for example, Na.sup.+, Li.sup.+, K.sup.+, Rb.sup.+, and Cs.sup.+ ions
      facilitates the attainment of large refractive index variations and is,
      therefore, most convenient for the light-conducting structure itself and
      also for the method for production thereof as described in detail
      hereinafter.
PAR  The cations constituting the modifying oxides contained within the glass of
      the invention is not limited in number to two kinds but may be of three or
      more kinds. For example, a glass fibre in which, when three kinds of
      cations of different values of the aforementioned ratio which can
      constitute modifying oxides are selected and arranged as A ion, B ion, and
      C ion in the order of magnitude of the aforementioned ratio, the
      concentration within the glass of the B ion decreases inward from the
      surface, while those of the A ion and C ion both increase inward from the
      surface can have a refractive index distribution such that the index
      progressively increases inward from the surface.
PAR  That is, in the case wherein the difference between the aforementioned
      ratios of the C ion and B ion is considerably less than the difference
      between the ratios of the B ion and A ion, or in the case wherein the
      variation of the concentration of the C ion is less than that of the A ion
      or the B ion, the presence of the A ion and B ion counteracts the effect
      of the C ion. As a result, the distribution of the refractive index
      becomes such that the index increases progressively inward from the
      surface. Furthermore, cations constituting other modifying oxides may be
      contained without concentration variation within the glass.
PAR  Thus, a variation in the refractive index is created in the glass structure
      of the invention by the variation with position of the concentrations of
      at least two kinds of cations constituting modifying oxides within the
      glass. This variation in the refractive index is of a magnitude sufficient
      to provide a light-conducting glass structure which does not have the
      disadvantageous features observable in light-conducting structures of
      known clad type.
PAR  More specifically, for example, the difference between the refractive
      indexes at the core and surface of a glass structure or fibre in
      accordance with the invention having a diameter of less than 5 mm., for
      example, from 0.02 to 2 mm., in general, is at least 0.003, for example,
      from 0.01 to 0.3. Furthermore, in a light-conducting glass structure
      having a relatively large diameter (dimension in the direction transverse
      to the direction of light advance) desirably afforded by a "clad type"
      light-conducting glass structure, the difference between the refractive
      indexes at the core and at the surface is of the order of from 0.03 to 0.3
      in the case of a diameter of from 1 to 5 mm.
PAR  Glasses suitable for use in the light-conducting glass structure of the
      invention are silicate glasses, borate glasses, phosphate glasses, and
      other oxide glasses. The desirable ranges of the glass compositional
      quantities are determined by various factors as, for example, the kinds of
      modifying oxides, the refractive index distribution to be created, the
      kinds of oxides to form the glass, the characteristics as a glass material
      required of the this light-conducting glass structure, and the method of
      manufacture.
PAR  More specifically, for example, it is not desirable that the quantity of
      Tl.sub.2 O preferably used in the glass of the invention exceed 50 percent
      by weight. The reason for this is that, when the Tl.sub.2 O quantity
      exceeds 50 weight percent, an undesirable colouration can readily occur in
      the glass. On the other hand, moreover, it is preferable that the Tl.sub.2
      O quantity be greater than 2 percent by weight at the region where the
      refractive index is maximum. The reason for this is that, when this
      quantity is less than 2 weight percent, a concentration variation for
      producing an amply large variation in the refractive index cannot be
      attained.
PAR  Accordingly, one example of the glass structure of the invention contains
      from 2 to 40 percent by weight of Tl.sub.2 O at the region where the
      refractive index is maximum, from 35 to 75 percent by weight of SiO.sub.2,
      and from 0 to 40 percent by weight of one or more alkali metal oxides
      (preferably Na.sub.2 O and/or K.sub.2 O).
PAR  The principal specifications, such as the glass composition (expressed in
      mol percents and, when differing at the centre and surface, so indicated),
      glass structure diameter, refractive indexes at the centre and surface,
      and the value of a in the previously set forth Equation (2) in the
      vicinity of the centre of examples of the glass structure according to the
      invention are set forth in Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
     Glass                                                                     
     structure:                                                                
              1           2          3                                         
                      Sur-          Sur-       Sur-                            
     Part:    Centre  face    Centre                                           
                                    face Centre                                
                                               face                            
     ______________________________________                                    
     Composition                                                               
      (mol %)                                                                  
     Tl.sub.2 O                                                                
              3.3     0.9     5     1    --    --                              
     K.sub.2 O                                                                 
              13.6    17.7    20    28   --    --                              
     Na.sub.2 O                                                                
              3.4     1.7                --    --                              
     Li.sub.2 O                                                                
              --              5     1    --    --                              
      ZnO     --          --         0     9                                   
     BaO      --          --         10    8                                   
     PbO      PbO and SiO.sub.2      35    28                                  
     SiO.sub.2                                                                 
              equal the              55                                        
              balance                                                          
     B.sub.2 O.sub.3                                                           
              --          70         --                                        
     As.sub.2 O.sub.3                                                          
              0.1         --         --                                        
     Diameter,mm.                                                              
              0.3         0.5        0.3                                       
     Refractive                                                                
     index                                                                     
     -- centre:                                                                
              1.60        1.58       1.81                                      
      surface:                                                                 
              1.57        1.55       1.77                                      
     a near                                                                    
     centre cm.sup.-.sup.2                                                     
              62          30         30                                        
     ______________________________________                                    
PAL  In the light-conducting glass structure of the invention, the path of
      advance of light introduced thereinto is bent without the occurrence of
      reflection within the glass structure of the light flux. That is, an
      incident light introduced into the glass structure advances therethrough
      as it curves toward the side of higher refractive index. Therefore, it is
      possible to bend the direction of advance of light through the use of the
      light-conducting glass structure of the invention.
PAR  Furthermore, a light-conducting glass structure having a refractive index
      distribution which is symmetrical about the central axis of the glass in
      the light transmission direction and is of a character such that the
      refractive index decreases or increases approximately proportionally to
      the square of the distance from the axis as the distance increases,
      particularly such a glass structure which has been cut to a specific
      length, can be caused to operate as a convex or concave lens such as to
      cause converging or diverging of a light flux.
PAR  In a light-conducting glass fibre of the invention, since an incident light
      flux introduced thereinto advances therewithin and therealong without
      being reflected, differences or discrepancies in the phases of the rays in
      the light flux exiting from the fibre do not occur, and, moreover,
      spreading of the light flux width is prevented. Therefore, by utilizing a
      light-conducting glass fibre according to the invention in
      photocommunication, it becomes possible to transmit with high efficiency
      light signals which vary at high speeds.
PAR  By providing a light-conducting glass fibre in one part of a light
      transmission path in photocommunication, and by utilizing the flexible and
      bendable property possessed by the fibre, it is possible to adjust as
      desired the position in space and projection direction of light projected
      out of the fibre exit end.
PAR  Particularly when an incident light flux of constant width is introduced by
      a so-called mode-matching or mode-conformity method into a glass structure
      having a refractive index distribution representable by Equation (2) set
      forth hereinbefore, the light flux can be conducted through the structure
      to be projected from the structure exit with the same constant width and
      without differences in phase velocities even when the structure is bent
      with a radius of curvature greater than a certain limiting value of radius
      of curvature. The light flux can also follow a curve within certain limits
      without an accompanying diffraction loss.
PAR  These features of performance can be readily understood through analogy
      from the theory of gas lenses described in the aforementioned references.
      Therefore, glass structures having such a refractive index distribution
      are highly effective for use as transmission lines for laser
      communication.
PAR  Furthermore, in glass structures of plate shape or tubular shape, it is
      possible to establish a refractive index distribution such that the
      internal refractive index decreases in approximate proportion to the
      square of the distance from approximately the central plane. When incident
      light is introduced along the central plane of this glass structure, the
      light advances as it meanders through an undulating path on both sides of
      the central plane. Such a glass structure can be used as a
      light-conducting glass structure in applications such as lenticular
      lenses.
PAR  It has always been necessary for a light-conducting glass fibre of known
      clad type to have a glass cladding layer for reflection. In contrast, a
      cladding layer for reflection is not always necessary for the
      light-conducting glass fibre of the present invention. Accordingly, the
      effective area for light-conduction is relatively large, and the
      manufacture of the fibre is facilitated.
PAR  The light-conducting glass fibre of the invention can, in accordance with
      necessity, also be clad over its surface with a substance which has a
      refractive index different from that of the glass fibre a light-absorbing
      substance, or a light-reflecting substance. It is also possible to
      assemble a plurality of these glass fibres as a fibre bundle or as a
      densely packed bundle structure. Furthermore, the light-conducting glass
      fibre of the invention can be applied to communication by laser and other
      kinds of light, to various kinds of image transmission, and to other
      light-transmission apparatuses and systems.
PAR  It will be readily evident that the articles referred to herein as
      "light-conducting structures" can have shapes and dimensions within very
      broad ranges. The term "fibre" is herein used to designate structures
      having small cross sections in comparison with their lengths irrespective
      of the shapes of their cross sections. The cross section of such a fibre
      can be circular, polygonal, or some other shape.
PAR  A light-conducting glass structure of the above described character in
      accordance with the invention can be produced by a method which includes a
      process of ion substitution by thermal diffusion to cause a variation with
      position of the concentrations of at least two kinds of cations
      constituting modifying oxides within the glass.
PAR  Accordingly, the method according to the invention for producing a
      light-conducting glass structure having a refractive index distribution
      and light-path bending property as described above comprises, in general,
      a greater substitution of the cation constituting a modifying oxide of the
      glass at parts closer to the glass surface with another cation capable of
      constituting a modifying oxide. This ion substitution can be accomplished
      by causing the glass containing the above mentioned cation to contact the
      source of the other cation as the process temperature is maintained at a
      value such that the above mentioned two kinds of ions can migrate within
      the glass. This substitution produces the variation of refractive index
      within the glass.
PAR  The above mentioned source of the other cation can be of various kinds and
      forms. For example, it can be a bath of a salt such as a nitrate or
      sulphate, an oxide, or an elementary simple substance containing this
      cation. This "bath" can be in the state of a solid, liquid, or a vapour.
      Another example of the cation source is a glass containing this ion in a
      form such as an oxide, for example.
PAR  The above mentioned temperature at which the contact with the ion source is
      carried out is, ordinarily, higher than 100.degree. C and, moreover lower
      than the flow point of the glass. When this temperature is below
      100.degree. C, the migratory speeds of the ions are low, whereby the
      practicality of the process is low. On the other hand, when this
      temperature is higher than the glass flow point, it is difficult to avoid
      undesirable deformation of the glass.
PAR  More specifically, this contacting temperature is preferably higher than
      the glass strain point and, moreover, lower than the glass softening
      point. Most preferably, this temperature is slightly higher than the glass
      deformation temperature. For example, this process temperature is most
      preferably in the range of from 450 to 500.degree. C for a glass
      containing 16 percent of Tl.sub.2 O, 24 percent of PbO, 12 percent of
      Na.sub.2 O, and 48 percent of SiO.sub.2 (all percentages by weight) since
      the strain point of this glass is approximately 350.degree. C, and the
      softening point thereof is approximately 565.degree. C.
PAR  Accordingly, in one specific example of method for producing a
      light-conducting glass structure of the invention, the glass structure is
      placed in contact with a salt, and the glass and salt are heated and
      maintained at a temperature at which the salt and the cation in the glass
      can diffuse within the glass. As the cation within the salt diffuses into
      the interior of the glass through the contact surfaces of the salt and
      glass, a portion of the cation hitherto present in the glass diffuses and
      moves out of the glass. As a result, the cation in the glass near the
      contact surface is substituted by the cation previously contained in the
      salt.
PAR  The concentration within the glass of the cation which has diffused from
      the salt into the glass interior is higher at points nearer the contact
      surface and decreases with the distance from the contact surface.
      Inversely, the concentration within the glass of the cation previously
      existing within the glass is lower at points nearer the contact surface
      and increases with the distance from the contact surface.
PAR  When ratio of the electronic polarisability of the cation contained in the
      salt and (ion radius).sup.3 (more precisely, the degree of contribution to
      increase in the refractive index) is lower than that of the cation
      previously contained within the glass, the refractive index of the glass
      after ion substitution is lower at parts nearer the contact surface and
      assumes a distribution wherein the index increases progressively with
      distance from the contact surface to approach the original glass
      refractive index. Inversely, when the above mentioned ratio or degree of
      contribution of the cation contained in the salt is higher than that of
      the cation contained in the glass, the refractive index of the glass after
      ion substitution is higher at parts nearer the contact surface and assumes
      a distribution wherein the index decreases progressively with distance
      from the contact surface to approach the original glass refractive index.
PAR  By selecting a salt and a glass to produce the former distribution and
      causing the salt to contact the surface of the glass in the form of a
      fibre with a solid interior thereby to cause ion substitution, a
      light-conducting glass fibre of the invention in which the refractive
      index increases progressively inward from the surface toward the interior
      can be produced. By selecting a salt and a glass for the latter case,
      causing the salt to contact the inner wall surface of the glass in the
      form of a fibre with a hollow interior to cause ion substitution, and then
      causing the inner wall surface to contract and collapse by heating and
      deforming the glass, a light-conducting glass fibre of the invention
      having a shape with a solid interior can be produced.
PAR  The refractive index within a glass fibre of the invention is determined
      principally by the following conditions. In a glass of fibre form which
      has been subjected to the ion-substitution process, the refractive index
      is determined by conditions such as the composition, dimensions, and shape
      of the fibrous glass, the composition of the salt, and the temperature and
      time duration of the ion diffusion process. Since the quantity of
      diffusion of the ions within the glass is determined by the distance from
      the contact surface of the glass with the salt, particularly in the case
      wherein a glass structure of circular or a concentrically circular cross
      section is used as the glass of fibrous form, the refractive index of the
      glass interior after ion substitution assumes a symmetrical distribution
      wherein the index is determined by the distance from the central part in
      the cross section of the fibre, whereby a desirable result is obtained.
PAR  Furthermore, by carefully selecting the process conditions, it is possible
      to cause the refractive index to approach an ideal distribution
      representable by a quadratic equation. In addition, it is possible, by
      subjecting the processed glass in fibrous form to a deformation
      fabrication process, as necessary, by a treatment such as heating and
      stretching or surface treatment, to render the glass into a
      light-conducting glass fibre having desired dimensions and refractive
      index distribution.
PAR  We have found, for example, that by subjecting a glass rod of a diameter of
      from 0.5 to 2 mm. to ion substitution process and then to a heating and
      stretching process, a light-conducting glass fibre of a cross-sectional
      distribution of refractive index which is uniform in the longitudinal
      direction, of long length, and of a diameter of from 10 to 200 microns can
      be easily produced.
PAR  For the salt to be used as an ion source, any of the specifically
      enumerated salts containing a cation can be used. It is preferable to use
      a salt containing the cation existing within the glass and a cation
      constituting any of the combinations (1) through (5), inclusive,
      enumerated hereinbefore.
PAR  A salt suitable for use in accordance with the invention is a salt
      containing one or more kinds of these ions. Furthermore, it is also
      possible to use a mixture of this salt and a salt containing a kind of ion
      other than that of the above mentioned ion. It is necessary that this salt
      have a suitable melting point since the cation within the salt must
      diffuse into the glass interior at the temperature of the salt-to-glass
      contacting process. Ordinarily, salts such as nitrates and sulphates
      containing the above mentioned cation are suitable.
PAR  In some cases wherein, of the above mentioned cations, Au.sup.+ ions,
      Ag.sup.+ ions, or Cu.sup.+ ions are caused to be contained within the
      glass or salt, the ionic valency of these ions vary during the process,
      undesirable colouration occurring in some instances. Accordingly, in order
      to prevent this variation, it is necessary in such cases to maintain
      conditions such as the glass composition and environmental atmosphere in a
      manner such that an oxidation or reduction reaction does not readily
      occur.
PAR  Tl.sup.+ ions have a relatively higher degree of contribution to increase
      in refractive index than ions of alkali metals such as rubidium and
      potassium. Moreover, the radius of the Tl.sup.+ ion or its ion volume does
      not differ greatly from the ion radius or ion volume of metals such as
      rubidium and potassium. For this reason, when a glass containing thallium
      and a source containing an alkali metal ion such as potassium or rubidium
      are placed in contact with each other at a high temperature, a
      light-conducting glass structure having a large refractive index gradient
      wherein the index increases progressively inward from the surface and
      having relatively low residual stress is produced.
PAR  Since a potassium source is more readily available than a rubidium source,
      a glass containing thallium is ordinarily caused to contact a potassium
      source. While a sodium ion is considerably smaller in ion radius than a
      potassium ion, the aforementioned contributions of these two metals are
      substantially equal. Then, when a glass containing Tl.sup.+ and Na.sup.+
      is placed in contact with a potassium source, the Tl.sup.+ and Na.sup.+
      are respectively substituted by K.sup.+, but the substitution of Na.sup.+
      and K.sup.+ in this case imparts almost no effect with respect to the
      refractive index distribution. On the other hand, this substitution has
      the effect of tending to nullify the development of tensile stress due to
      ion substitution of Tl.sup.+ and K.sup.+ and thereby tends to produce
      highly desirable results.
PAR  While residual stress develops within a glass in which ion substitution is
      being effected, this residual stress, when of large magnitude, tends to
      give rise to deleterious occurrences such as cracks in the glass.
      Accordingly, it is desirable that this residual stress be held below a
      certain value. The value of this residual stress can be lowered by
      expedients such as maintaining the ion diffusion temperature at a high
      value thereby to relieve and lessen strain, subjecting the glass structure
      to a heat treatment after ion substitution, and appropriately selecting
      the compositions of the glass and the salt.
PAR  When the process temperature is set at a value higher than the annealing
      point, the possibility of deformation of the glass being processed
      increases, but the stresses within the glass due to difference in the
      volumes of the ions undergoing substitution can be relieved and removed
      through lengthening the time of treatment sufficiently. We have found,
      furthermore, that differences in coefficients of thermal expansion of
      glass compositions which vary with position due to ion substitution (which
      differences also tend to produce residual stress) are of magnitudes which
      are not deleterious in the practice of this invention.
PAR  The development of this residual stress can be prevented by the following
      specific example of embodiment of the invention.
PAR  A glass structure containing a first cation (e.g., thallium ion) is caused
      to contact an ion source containing a small quantity of the first cation
      and a second cation (e.g., an alkali metal ion) of a ratio of electronic
      polarisability to (ion radius).sup.3 (more correctly, degree of
      contribution to increase in refractive index) which differs from that of
      the first cation thereby to cause contact between the first cation within
      the glass and the second cation within the ion source in regions near the
      contact surfaces and thereby to cause the refractive index to vary
      progressively inward from the glass surface.
PAR  In a process as described above, since a small quantity of the first cation
      in addition to the second cation is contained in the salt or some other
      ion source placed in contact with the glass containing the first cation,
      the presence of the first ion within the ion source has the effect of
      obstructing the diffusion and migration of the first ion previously in the
      glass into the ion source. Then the substitution of the first and second
      ions within the glass near the surface thereof decreases relative to that
      occurring when the first ion is not contained in the ion source. As a
      result, the magnitude of the internal stress is lowered. Therefore, even
      when the contacting process temperature is held at a high value, there is
      no risk of development of fine cracks.
PAR  By thus maintaining the contacting temperature at a high value, the
      diffusing speeds of the first and second ions within the glass are
      increased, whereby it is possible to produce with a short contacting time
      a light-conducting glass structure of a desired refractive index
      distribution.
PAR  Even an extremely small quantity of the first ion contained in the ion
      source is highly effective, ordinarily being of the order of from 0.1
      percent to a number of percent by weight.
PAR  In an actual instance of practice, for example, two pieces of glass rods of
      approximately 0.5-mm. diameter having a glass composition in weight
      percents of Tl.sub.2 0 : 5, Pbo : 20, Na.sub.2 0 : 15, and SiO.sub.2 : 60
      were immersed in a molten bath of KNO.sub.3 at 450.degree.C for 24 and 72
      hours, respectively. Thereafter, the internal refractive index
      distributions of the two glass rods were measured, whereupon values as
      indicated by the intermittent line and continuous line in FIG. 7 were
      obtained.
PAR  A glass rod of the same composition and dimensions as set forth above was
      immersed in the same bath at 480.degree. C, whereupon fine cracks
      developed in the surface of the glass rod. In addition, a glass rod of the
      same composition and dimensions as set forth above was immersed for 24
      hours in molten salt mixture of 99.5 percent by weight of KNO.sub.3 and
      0.5 percent by weight of TINO.sub.3 at 480.degree. C, whereupon the glass
      rod was found to have an internal refractive index distribution coinciding
      with that indicated by the continuous curve in FIG. 7 without any fine
      cracks on its surface. Thus, by using a salt mixture of TINO.sub.3 and
      KNO.sub.3, a glass rod having a refractive index distribution wherein the
      index decreases approximately in proportion to the square of the distance
      from the centre can be produced by a steeping process of relative short
      time duration.
PAR  By the procedure of the above describe example, furthermore, the
      introduction of a large quantity of the first ion, particularly an ion
      constituting a modifying oxide, into the glass structure becomes possible,
      whereby it has become possible to improve greatly the quality of the
      glass.
PAR  That is, more specifically, in order to produce a glass without bubbles and
      striae, it is preferable to cause the glass to contain a quantity of
      modifying oxides sufficient for carrying out the work of uniformising the
      quality of the glass, but an increase in the modifying oxide quantity
      tends to promote development of fine cracks in the glass, wherefore this
      increase has hitherto been limited. By the elimination as described above
      of the risk of this crack formation, it has become possible to adjust the
      quantity of modifying oxides in the glass to a quantity amply large for
      producing a glass of excellent quality.
PAR  The refractive index gradient of the glass structure, particularly the
      preferable internal refractive index distribution in the case of a
      light-conducting glass structure of rod shape or fibre shape can be
      represented by Equation (2), in which the value of the constant a is an
      important factor determining the optical characteristics of the glass
      structure. By this specific example, a glass structure having a desired
      value of a can be obtained merely by appropriately selecting the quantity
      of the aforementioned first ion admixed within the ion source to be placed
      in contact with the glass. The effect of adjustment of the quantity of
      this fist ion contained in the ion source on the refractive index
      distribution is indicated by the following example.
PAR  Glass rod samples of approximately 0.6 mm. diameter having a composition by
      weight of 20 percent of Tl.sub.2 O. 10 percent of PbO, 14 percent of
      NaO.sub.2, and 56 percent of SiO.sub.2 were respectively immersed for 22
      hours in four kinds of single-salt and salt-mixture baths, as follows: (1)
      100 percent of KNO.sub.3 : (2) 99.5 percent of KNO.sub.3 and 0.5 percent
      of TlNO.sub.3 ; NO.sub.3 ; (3) 99.3 percent of KNO.sub.3 and 0.7 percent
      of TlNO.sub.3 ; and (4) 99.1 percent of KNO.sub.3 and 0.9 percent of
      TlNO.sub.3. The resulting refractive index distributions within the glass
      rod samples were as indicated in FIG. 8, in which curves 81, 82, 83 and 84
      correspond to the results of samples immersed in salt baths (1), (2), (3),
      and (4), respectively.
PAR  FIG. 8 indicates that the admixture of only minute quantities of TlNO.sub.3
      causes a great change in the resulting refractive index distribution.
      When, of these distributions, those of the parts near the central parts of
      the glass rods are approximated by Equation (2), the values of a in the
      vicinity of the centres corresponding to salts (1) through (4) are 57, 37,
      26, and 11 cm..sup.-.sup.2, respectively. The value of No in this case is
      1.563 and is commonly equal.
PAR  In this case the curve of the distribution resulting from the process with
      salt (2) is the closest to a quadratic curve. The ion concentration
      distributions of Tl.sup.+, K.sup.+, and Na.sup.+ within the glass after
      processing with salt baths (2) and (4) are respectively indicated in FIGS.
      9 and 10, in each of which the concentration distributions of Tl.sup.+,
      K.sup.+, and Na.sup.+ are indicated by a continuous line, an intermittent
      line, and a dot-and-dash line, respectively. The concentration taken as
      the ordinate in each of FIGS. 9 and 10 is to an arbitrary scale.
PAR  From FIGS. 9 and 10, it can be observed that an increase in the
      concentration of TlNO.sub.3 among the salts from 0.5 percent to 0.9
      percent results in a lowering of the rate of the proportion of decrease in
      the ion concentration of Tl.sup.+ from the glass interior outward toward
      the surface.
PAR  Except for the feature of admixing into the ion source to be placed in
      contact with the glass the same ion as the ion within the glass to be
      substituted, this specific example does not differ essentially from the
      first described specific example. Each of the first and second ions is not
      necessarily limited to a single kind but may contain a plurality of kinds
      of ions. Furthermore, the glass to be processed may contain, in addition
      to the first ion, other ions to be substituted by ions within the salt. In
      the case of this example, also, it is preferable that the glass structure
      contain Tl.sup.+ and, moreover, that the ion source contain alkali metal
      ions.
PAR  In the case wherein a glass fibre containing ions of high degree of
      contribution to increase in the refractive index as, for example, thallium
      ions, is placed in contact with a source of ions of low degree of
      contribution as, for example, alkali metal ions, thereby to cause
      substitution of the ions, the concentration distribution of each kind of
      ion is derivable as a solution of the diffusion equation, and, as a result
      of the process during the time until the ions of the source reach at least
      the centre of the fibre by diffusion, a refractive index distribution
      conforming to an ideal quadratic curve is produced near at least the
      centre of the fibre structure.
PAR  However, in spite of the establishment of a refractive index distribution
      of this nature near the centre, the refractive index of the fibre interior
      nearer the surface tends to deviate easily and more greatly from the above
      described distribution. Since this surface layer accompanied by this
      deviation impairs the light-conducting characteristics of the fibre
      structure, it is preferable to remove this layer. Ordinarily, the
      excellent light-conducting characteristics can be preserved by removing a
      surface layer of a thickness which is approximately 20 percent of the
      radius of the fibre structure.
PAR  While this surface layer removal is carried out along the periphery of the
      fibre as viewed in cross section, it is not necessarily carried out over
      the entire length of the fibre in the longitudinal direction thereof, the
      necessary length of removal being at least .pi./ .sqroot.2a. While this
      surface layer removal is most preferably accomplished by ethcing the fibre
      with an aqueous solution of hydrofluoric acid, the fibre surface
      alternatively may be removed by grinding.
PAR  Another example of the aforementioned "source of another cation" is a glass
      containing this ion. This ion source is caused to contact a base glass
      structure to be subjected to ion exchange by covering the base glass
      structure with this ion source glass, causing the two glasses to fuse
      together, and maintaining the resulting fused structure at a temperature
      at which the two kinds of ions can migrate.
PAR  In one specific example of this case, the base glass structure is thin and
      long and has at least one circular boundary as viewed in its cross
      section, and the region inside of this boundary contains Tl.sup.+ ions,
      while the region outside thereof contains at least one kind of ion from
      among Li.sup.+ , Na.sup.+ , K.sup.+ , Rb.sup.+ , and Cs.sup.+ ions. This
      glass structure is held at an elevated temperature to cause ion exchange
      through the above mentioned boundary. As a result, the glass inside of the
      boundary is caused to have a refractive index distribution wherein the
      index decreases progressively from the centre outward toward the
      periphery.
PAR  The manner in which a refractive index distribution as described above can
      be realized within a glass structure will now be described.
PAR  When two kinds of glasses with different compositions are fused together
      with a smooth boundary interface therebetween and are maintained at a high
      temperature for a long time, an exchange of ions due to concentration
      diffusion occurs through the interface. As a result, a smooth ion
      concentration distribution is produced in the direction perpendicular to
      the interface. The temperature at which the two glasses are thus treated
      is preferably of an order such that there is no severe deformation due to
      softening of the glasses, being ordinarily below the softening temperature
      of the glasses.
PAR  The kinds of ions which undergo such ion exchange with particular facility,
      however, are limited to monovalent metal ions as is apparent from a
      comparison of the degress of ion transmission of the glasses. Specific
      examples of such ions are Li.sup.+ , Na.sup.+ , K.sup.+ , Rb.sup.+ ,
      Cs.sup.+ , and Tl.sup.+ . We have found that in the case wherein, of the
      two kinds of glasses fused together, a first glass contains Tl.sup.+ ,
      while the second glass contains at least one of ion from among Li.sup.+ ,
      Na.sup.+ , K.sup.+ , Rb.sup.+ , and Cs.sup.+ , a refractive index gradient
      which is ample for light conduction can be obtained.
PAR  The ion concentration distribution established in the direction
      perpendicular to a smooth boundary interface by ion exchange through the
      boundary interface assumes the character of a smooth curve, but since a
      diffusion phenomenon is utilized therefor, this distribution may be
      understood as being in accordance with a solution of the so-called
      diffusion equation.
PAR  Then, a combination of the first glass disposed inside of a circle (as
      viewed in cross section) and the second glass disposed outside of the
      circle, which first glass contains an ion of large value of the
      aforementioned ratio of electronic polarizability to (ion radius).sup. 3
      (more more correctly, degree of contribution to increase in the refractive
      index) i.e. Tl.sup.+ and which second glass contains an amply small kind
      of ion, e.g., Na.sup.+ , of the same ratio may be considered. When such a
      glass combination is maintained for a long time at a high temperature at
      which the deformation of the glasses is not severe, the Tl.sup.+ ions
      escape outward into the region outside of the circle, and the Na.sup.+
      ions migrate into the region inside of the circle.
PAR  As a result, the Tl.sup.+ and Na.sup.+ ions in the region of the first
      glass assume concentration distributions wherein the Tl.sup.+ ions are
      most dense at the centre and become progressively less dense with distance
      from the centre, while the Na.sup.+ ions are least dense at the centre and
      become progressively dense with distance from the centre.
PAR  In an actual instance of preparation of a glass rod comprising a first
      glass composed of 30.7 percent of SiO.sub.2 , 52.6 percent of PbO, and
      16.7 percent of Tl.sub.2 O and a second glass composed of 37.2 percent of
      SiO.sub.2 , 50.0 percent of PbO, and 12.8 percent of Na.sub.2 O (all
      percentages being by weight), of heat treating this glass rod at a high
      temperature, and of measurement of the concentration distributions of the
      Tl.sup.+ and Na.sup.+ ions over the cross section by means of an electron
      microprobe X-ray analyzer, results as indicated in FIG. 11 were obtained.
PAR  In FIG. 11 (a), the intermittent line indicates the boundary interface
      between the two glasses, and the distributions of the concentrations of Tl
      ions which were contained in the first glass on the left side of this
      interface and of Na ions which were contained in the second glass on the
      right side after the glasses had been treated at 430.degree. C for 8 hours
      are respectively indicated by continuous lines and dot-and-dash lines. The
      corresponding concentration distributions in the case wherein, at the same
      temperature, the treatment time was increased to 48 hours are indicated in
      FIG. 11 (b). As indicated by these graphical representations, the
      distributions of the Tl.sup.+ and Na.sup.+ ions within the first glass
      progressively become smooth.
PAR  The resulting refractive index distributions of the glass subjected to the
      above described heat treatments are indicated in FIGS. 12 (a) and 12 (b),
      which correspond respectively to FIGS. 11 (a) and 11 (a). As indicated in
      these figures, when heat treatment is carried out thoroughly, a thin glass
      structure having in the neighbourhood of its centre axis a region wherein
      the refractive index decreases with a form approaching a quadratic
      distribution from the centre axis toward the periphery can be produced.
      This region, as stated hereinbefore, is capable of conducting with high
      fidelity a light beam containing a large quantity of information signals.
      That is, it is possible to provide a glass having the capability of
      transmitting pictures and images.
PAR  A glass structure of the above described character according to the
      invention can be produced by the use of apparatuses of the following
      description.
PAR  To produce a glass structure having a boundary interface and a first glass
      within the hollow cylindrical interior of a second glass, a glass
      structure 131 of rod shape and of a first glass composition is encompassed
      by a tubular glass structure 132 of a second glass composition, and the
      two glass structures 131 and 132 are fused intimately together by means of
      a heating device such as a furnace 133 as indicated in FIG. 13, the glass
      structure thus fused together being stretched by rolls 134 thereby to
      produce the desired glass structure.
PAR  Another technique in producing the double glass structure comprises placing
      the glass 141 of the first composition in the inner pot 142 of double
      concentric pots made of platinum and having funnel-like shapes with
      constricted concentric nozzle openings at their bottoms ad shown in FIG.
      14, placing the glass 143 of the second composition in the outer pot 144,
      resistance heating the platinum pots to melt the two glasses, and drawing
      the glasses downward through the nozzle openings.
PAR  In another embodiment of the invention as shown in FIG. 15, a glass
      structure is formed with two or more independent bodies of a first glass
      151a through 151g disposed within a second glass 152. A glass structure of
      this character can be produced, for example, by a method as indicated in
      FIG. 16. Double concentric pots consisting of an inner pot 161 and an
      outer pot 163 made of platinum and having a funnel-like shape with
      constricted nozzle openings at their bottoms are used. The inner pot 161
      has two or more nozzle tips 162 at its bottom, while the outer pot 163 has
      a single annular nozzle tip. A first glass 164 is placed in the inner pot
      161, and a second glass 165 is placed in the outer pot 163. The platinum
      pots are then resistance heated to melt the glasses, which are drawn
      downward through the nozzles similarly as in the example illustrated in
      FIG. 14.
PAR  Furthermore, a plurality of glass structures each fabricated by the method
      indicated in FIG. 13 or FIG. 14 and having a single core can be fused
      together and drawn by holding one end of a bundle of the glass structures
      171 by means of a chuck 172 and pulling the remainder of the bundle by
      means of rolls 173a and 173b as indicated in FIG. 17. As a result, a glass
      structure having a cross section wherein rod-like bodies of the first
      glass are disposed within a plurality of respective rings is obtained.
PAR  In a glass structure produced by any of the above described methods and
      having glasses mutually fused at a fusion interface, a very slight degree
      of ion exchange is obtained through the fusion interface, but this is not
      sufficient for producing the desired refractive index gradient, and a heat
      treatment is ordinarily necessary. Preferably, the glass structure is
      maintained for a long time at a temperature below the softening
      temperatures of the glasses.
PAR  The glass structure of rod shape thus obtained can be rendered into a glass
      of fibrous form by heating the glass structure after ample heat treatment
      thereof to a temperature above the glass softening point and stretching
      the structure thus heated.
PAR  It is important that the two kinds of glass to be used as described above
      be so selected that their coefficients of thermal expansion are
      sufficiently close to each other. However, since the glass structure is in
      the form of a thin rod or a fibre, it is possible to suppress the
      occurrence of double refraction even when the two coefficients are not
      strictly coincident. Furthermore, since the heat treatment time is long,
      it is necessary to select glasses of ample small devitrification tendency.
PAR  Very fine glass fibres produced in the above described manner can be
      assembled to form an optical fibre bundle. We have found that the quantity
      of light transmitted through such a fibre bundle is much greater than that
      transmitted through conventional optical fibres of clad type. The reason
      for this high performance is that loss due to total reflection does not
      arise in the optical fibre of the invention.
PAR  Techniques such as using a tinted glass for the second glass thereby to
      prevent infiltration of light from the outside and effecting light
      insulation mutually between the members of the first glass are effective
      for maintaining contrast of images and signals.
PAR  When, in a composite glass structure comprising a core glass structure and
      a covering glass which, as an ion source, has caused a desired variation
      in the refractive index within the core glass, the refractive index
      variation created also in the covering glass is considered, and the
      refractive index variation across the interface between the two glasses is
      a smooth variation, this composite glass in entirety becomes a
      light-conducting structure according to the invention.
PAR  More specifically, in one specific example of embodiment of the invention,
      there is provided a method for producing a light-conducting glass
      structure in which the refractive index is caused to vary progressively in
      the transverse direction relative to the light advance direction thereby
      to cause the light advance path within the structure is caused to bend,
      the method comprising the steps of combining in laminar disposition glass
      members of at least two different refractive indexes and holding the glass
      members thus combined at a temperature at which diffusion through the
      interface therebetween of ions constituting modifying oxides within the
      glasses on both sides of the interface occur.
PAR  In a glass structure to be thus produced, oxides, including ions which have
      not undergone diffusion, within the two glasses are so selected that in
      the case wherein they mutually have substantially equal mol concentrations
      and are formed into independent glasses, these glasses have substantially
      equal refractive indexes.
PAR  In order to indicate still more fully the nature and utility of the
      invention, the following specific examples of practice constituting
      preferred embodiments of the invention are set forth, it being understood
      that these examples are presented as illustrative only and that they are
      not intended to limit the scope of the invention. Throughout these
      examples, all percentages of quantity are by weight unless otherwise
      specified.
PAC  EXAMPLE 1
PAR  A glass fibre having a 0.2-mm. diameter and composed of 20 percent of Tl
      .sub.2 O, 12 percent of Na.sub.2 O, 20 percent of PbO, and 48 percent of
      SiO.sub.2 was steeped for 4 hours in a potassium nitrate bath maintained
      at 400.degree.C. Thereafter, the glass fibre was removed from the bath,
      cooled, rinsed with water, and dried.
PAR  The refractive index of the surface of the glass fibre thus treated was
      found to be 1.578, which was 0.026 lower than that before the glass fibre
      was treated. The refractive index distribution of this glass fibre after
      treatment is indicated in FIG. 3.
PAR  Next, the concentration distributions respectively of thallium ions, sodium
      ions, and potassium ions with the glass fibre thus treated were measured
      by an electron microproble X-ray analysis method, whereupon results as
      indicated in FIG. 4 were obtained. The concentrations shown in FIG. 4 are
      set forth in accordance with an arbitrary scale.
PAR  From these results, it is apparent that the thallium ions, while being of
      substantially constant concentration in parts deeper than approximately 40
      microns from the surface, decrease in concentration from a depth of 40
      microns to the surface. The sodium ions assume a substantially constant
      concentration in parts deeper than approximately 80 microns and decrease
      in concentration from 80 microns to the surface. In contrast, the
      concentration of the potassium ions increases toward the glass surface and
      decreases inward from the surface, becoming zero (nil) at a depth of
      approximately 80 microns.
PAR  These results indicate and verify that the thallium and sodium within the
      glass were exchanged with the potassium within the bath. Furthermore, it
      may be considered that the refractive index distribution as shown in FIG.
      3 was produced principally by the exchange of thallium and potassium ions.
PAR  A piece of approximately 10-cm. length of this glass fibre was bent to
      assume a radius of curvature of 1 cm., and an incident light flux of a
      width of approximately 0.02 mm. was introduced into the central part of
      one end of the glass fibre piece, whereupon the light flux advanced
      through the glass fibre with an undulating path without being reflected at
      the fibre surface until it reached the other end of the glass fibre. The
      width of the light flux reaching this other end was found to be
      substantially equal to that of the incident light flux.
PAC  EXAMPLE 2
PAR  A glass fibre of the same composition and dimension as that specified in
      Example 1 was steeped for 19 hours in a potassium nitrate bath maintained
      at a temperature of 430.degree.C. Thereafter the glass fibre was removed
      from the bath, cooled, rinsed with water, and dried.
PAR  The refractive index distribution of the glass fibre thus treated was
      measured and found to be as indicated in FIG. 5, which shows the
      refractive index as increasing progressively up to a depth from the glass
      surface of approximately 50 microns.
PAC  EXAMPLE 3
PAR  Samples of glass fibres of 0.2-mm. diameter respectively of 8 different
      glass compositions were prepared and steeped in a bath of potassium
      nitrate. Thereafter, each fibre was removed from the bath, cooled, rinsed
      with water, and dried.
PAR  The refractive index of the surface of each fibre sample was measured
      before and after the above described treatment. The glass compositions
      prior to the steeping process are indicated in Table 4, and the steeping
      process temperatures, the steeping process times, the surface refractive
      indexes before and after the process, and the differences therebetween are
      indicated in Table 5.
TBL                Table 4                                                     
     ______________________________________                                    
     GLASS                                                                     
     SAMPLE   GLASS COMPOSITION (% by weight)                                  
     No.      SiO.sub.2                                                        
                      B.sub.2 O.sub.3                                          
                              Al.sub.2 O.sub.3                                 
                                     PbO   Na.sub.2 O                          
                                                 Tl.sub.2 O                    
     ______________________________________                                    
     1        68      --      --     --    17    15                            
     2        60      --      --     --    15    25                            
     3        64      --      --     10    16    10                            
     4        48      --      --     20    12    20                            
     5        63      9       --     --    18    10                            
     6        56      8       --     --    16    20                            
     7        49      7       --     --    14    30                            
     8        48      --      5      15    12    20                            
     ______________________________________                                    
TBL                                    Table 5                                 
     __________________________________________________________________________
                      SURFACE REFRACTIVE                                       
                      INDEX        REFRACTIVE                                  
     GLASS                                                                     
          PROCESS                                                              
                PROCESS                                                        
                      BEFORE AFTER INDEX                                       
     SAMPLE                                                                    
          TEMP. TIME  PROCESS                                                  
                             PROCESS                                           
                                   DIFFERENCE                                  
     No.  (.degree.C)                                                          
                (hr.) (A)    (B)   (A) - (B)                                   
     __________________________________________________________________________
     1    500   14    1.531  1.513 0.018                                       
     2    450   14    1.554  1.529 0.025                                       
     2    500   14    1.554  1.520 0.034                                       
     3    450   14    1.545  1.535 0.010                                       
     4    500   4     1.604  1.572 0.032                                       
     5    400   3     1.528  1.522 0.006                                       
     5    450   3     1.528  1.517 0.011                                       
     6    400   3     1.551  1.528 0.023                                       
     6    450   3     1.551  1.524 0.027                                       
     7    350   3     1.573  1.558 0.015                                       
     7    400   3     1.573  1.541 0.032                                       
     7    450   3     1.573  1.530 0.043                                       
     8    430   4     1.578  1.548 0.030                                       
     8    480   4     1.578  1.544 0.034                                       
     __________________________________________________________________________
PAR  From the results indicated in Tables 4 and 5, it is apparent that the
      refractive index difference increases with increase in the process
      temperature. It was observed, moreover, that the refractive index of the
      glass fibre after the treatment at the central part was equal to that of
      the surface of the fibre before treatment and that the refractive index
      progressively decreased toward the surface.
PAC  EXAMPLE 4
PAR  A glass fibre having a diameter of 0.6 mm. and composed of 16 percent of
      Tl.sub.2 O, 12 percent of Na.sub.2 O, 24 percent of PbO, 2 percent of CaO,
      and 46 percent of SiO.sub.2 was steeped for 170 hours in a salt mixture
      maintained at 500.degree.C and containing 50 mol percent each of K.sub.2
      SO.sub.4 and ZnSO.sub.4.
PAR  The internal refractive index distribution of the glass fibre thus treated
      was measured and found to be such that in the vicinity of the fibre
      centre, that is, within a circle of 0.25-mm. radius from the center as
      viewed in cross section, the value of the refractive index n was
      representable in terms of the distance r (cm.) from the centre and a = 30
      cm.sup.-.sup.2 substantially in accordance with the following equation.
EQU  n = 1.60 (1 - ar.sup.2)
PAL  In addition, it was verified that this refractive index distribution was
      due principally to the substitution of the thallium ions within the glass
      and the potassium ions within the salt mixture.
PAC  EXAMPLE 5
PAR  A glass rod composed of 5 percent of Tl.sub.2 O, 15 percent of Na.sub.2 O,
      20 percent of PbO, and 60 percent of SiO.sub.2 and having a diameter of 1
      mm. was steeped for 72 hours in a potassium nitrate bath maintained at
      430.degree.C. The rod was thereafter removed from the bath, cooled, rinsed
      with water, and dried. The glass rod thus treated was then heated to
      approximately 650.degree.C and drawn in the longitudinal direction into a
      glass fibre of 0.14-mm. diameter.
PAR  The refractive index of the resulting glass fibre was found to be 1.545 at
      the surface of the fibre and 1.564 at the central part thereof. The
      refractive index distribution of this glass fibre is indicated by the
      continuous line in FIG. 6, which line is close to the quadratic curve
      (intermittent line) of the ideal case.
PAC  EXAMPLE 6
PAR  A glass fibre composed of 16 percent of Tl.sub.2 O, 12 percent of Na.sub.2
      O, 24 percent of PbO, and 48 percent of SiO.sub.2 and having a diameter of
      0.3 mm. was steeped for 36 hours in a bath of sodium nitrate maintained at
      450.degree.C.
PAR  The internal refractive index of the glass fibre thus treated was found to
      exhibit a distribution substantially confroming to the following equation
      in the vicinity of the fibre centre, that is, within a circle of 0.1-mm.
      radius from the centre
EQU  n = 1.60 (1 - ar.sup.2),
PAL  where:
PA1  n is the refractive index at a distance r from the centre, and
PA1  a = 75 cm.sup.-.sup.2.
PAC  EXAMPLE 7
PAR  A glass rod composed of 49 percent of SiO.sub.2, 7 percent of B.sub.2
      O.sub.3, 14 percent of Na.sub.2 O, and 30 percent of K.sub.2 O was steeped
      for 72 hours at a temperature of 450.degree.C in a thallium chloride bath.
PAR  The glass rod thus treated exhibited a refractive index distribution such
      that the index N.sub.o at the centre was 1.50, and the index N at a
      position at a distance r (cm.) from the centre within a circle of
      approximately 0.3-mm. diameter as viewed in cross section satisfied the
      following equation.
EQU  N = N.sub.o (1 + ar.sup.2),
PAL  where:
PA1  a = 90 cm.sup.-.sup.2.
PAR  This glass rod was cut to a specific length, and both cut ends thereof were
      ground to surfaces perpendicular to the longitudinal direction of the
      glass rod, whereupon it was confirmed that this rod had the functional
      effect of a concave lens having an optical axic coincident with the centre
      axis of the rod.
PAC  EXAMPLE 8
PAR  A glass fibre composed of 62 percent of PbO, 12 percent of BaO, and 26
      percent of SiO.sub.2 and having a diameter of 0.3mm. was steeped for
      approximately 200 hours in a ZnCl.sub.2 bath maintained at 400.degree.C.
PAR  The internal refractive index of the glass fibre thus treated had a
      distribution such that in the vicinity of the fibre centre, that is,
      within a circle of a 0.1-mm. radius from the centre as viewed in cross
      section, the refractive index n at a distance r (cm.) from the centre was
      substantially in accordance with the following equation.
EQU  n = 1.81 (1 - ar.sup.2),
PAL  where:
PA1  a = 30 cm.sup.-.sup.2.
PAC  EXAMPLE 9
PAR  A glass fibre composed of 27 percent of Tl.sub.2 O, 10 percent of Li.sub.2
      O, and 63 percent of B.sub.2 O.sub.3 and having a diameter of 0.5 mm. was
      steeped for 48 hours in a potassium nitrate bath maintained at 480 degrees
      C.
PAR  The refractive index of the glass fibre thus treated had a distribution
      wherein, in the vicinity of the fibre centre, that is, within a circle of
      a 0.15-mm. radius from the centre as viewed in cross section, the index n
      at a distance r (cm) from the centre substantially satisfied the following
      equation.
EQU  n = 1.58 (1 - ar.sup.2),
PAL  where:
PA1  a = 30 cm.sup.-.sup.2.
PAC  EXAMPLE 10
PAR  A hollow glass rod composed of 10 percent of K.sub.2 O, 10 percent of
      Na.sub.2 O, 15 percent of CaO, and 65 percent of SiO.sub.2 and having an
      outer diameter of 2 mm. and an inner diameter of 0.5 mm., one end of the
      hollow interior of the rod being closed, was filled with molten thallium
      nitrate and maintained in this state at 400.degree. for 20 hours.
      Thereafter, the thallium nitrate was drained out, and the glass rod was
      rinsed with water.
PAR  Next, this glass rod was heated to and maintained at 650.degree.C and, as
      the hollow interior of the rod in this state was evacuated, was drawn in
      the longitudinal direction thereof. As a result, the hollow interior of
      the rod became progressively smaller until it collapsed, and, finally, a
      glass fibre of 0.2-mm. diameter and solid interior was obtained.
PAR  The refractive indexes of this glass fibre at the surface and central part
      thereof were found to be 1.535 and 1.554, respectively, the refractive
      index decreasing progressively from the central part toward the surface.
PAC  EXAMPLE 11
PAR  A glass rod composed of 20 percent of Li.sub.2 O and 80 percent of
      SiO.sub.2 and having the same dimensions as the glass rod in Example 10
      was subjected to the same treatment as set forth in Example 10, whereupon
      a glass fibre was obtained.
PAR  The refractive indexes at the surface and central part of this glass fibre
      were found to be 1.549 and 1.555, the refractive index increasing
      progressively from the surface toward the interior.
PAC  EXAMPLE 12
PAR  A glass fibre comprising a glass-fibre core composed of 10.2 percent of
      Tl.sub.2 O, 17.6 percent of Na.sub.2 O, 9.0 percent of B.sub.2 O.sub.3,
      and 63.2 percent of SiO.sub.2 (all in mol percent) and having a 0.2-mm.
      diameter and a surface covering layer composed of 10.2 percent of K.sub.2
      O, 17.6 percent of Na.sub.2 O, 9.0 percent of B.sub.2 O.sub.3, and 63.2
      percent of SiO.sub.2 (all in mol per cent) and having a thickness of 0.05
      mm. was prepared. The refractive index of the glass core was 1.625, while
      that of the covering layer glass was 1.494. The glass fibre thus prepared
      was heated to 550.degree. thus maintained for 15 hours.
PAR  The refractive index of the glass fibre thus treated was found to have a
      distribution wherein it increased progressively from the surface toward
      the interior.
PAC  EXAMPLE 13
PAR  A glass fibre comprising a glass-fibre core composed of 4.2 percent of
      Tl.sub.2 O, 12.5 percent of Na.sub.2 O, 33.3 percent of MgO, and 50.0
      percent of P.sub.2 O.sub.5 (all in mol percent) and having a diameter of
      0.3 mm. and a surface covering layer having the same composition as the
      core and having a thickness of 0.15 mm. was prepared. The refractive index
      of the core was 1.53, while that of the covering layer glass was 1.51.
      This glass fibre was heated to a temperature of 400.degree. C and thus
      maintained for 72 hours.
PAR  The refractive index within the glass fibre thus treated was found to
      exhibit a distribution such that, within a circle of 0.2-mm. radius from
      the fibre centre as viewed in cross sections, the refractive index n at a
      distance r (cm.) from the centre satisfied the following equation.
EQU  n = 1.53 (1 - ar.sup.2),
PAL  where
PA1  a = 60 cm.sup..sup.-2.
PAC  EXAMPLE 14
PAR  A glass rod composed of 56 percent of SiO.sub.2, 14 percent of Na.sub.2 O,
      20 percent of Tl.sub.2 O, and 10 percent of PbO and having a 1-mm.
      diameter was prepared and steeped for 24 hours at a temperature of
      500.degree.C in a KNO.sub.3 bath containing 0.2 percent of TlNO.sub.3.
PAR  The glass rod thus treated was found to have a refractive index N at its
      centre of 1.56 and at its surface of 1.53 and a refractive index
      distribution wherein the following equation was satisfied.
EQU  N = N.sub.o (1 - ar.sup.2),
PAL  where:
PA1  N is the refractive index of the central part and
PA1  a = 7.7 cm.sup..sup.-2.
PAR  This glass rod was cut to a speciric length, and its two ends were ground
      perpendicularly to the centre axis thereof, whereupon the glass rod was
      found to exhibit an excellent lens effect.
PAC  EXAMPLE 15
PAR  A glass rod composed of 56 percent of SiO.sub.2, 14 percent of Na.sub.2 O,
      and 30 percent of Tl.sub.2 O and having a 1-mm. diameter and 200-mm.
      length was prepared and steeped for 15 hours at 510.degree. C in a
      KNO.sub.3 bath containing 1.7 percent of TlNo.sub.3.
PAR  As a result, a glass rod having a refractive index distribution such that,
      in the cross section of the rod, the index increased progressively from
      the periphery toward the centre, and a parabolic distribution symmetrical
      about the centre was indicated was obtained.
PAR  This glass and was cut to a specific length, and the two ends thereof were
      ground perpendicularly to the centre axis, whereupon the glass rod was
      found to have an excellent lens effect.
PAC  EXAMPLE 16
PAR  A glass fibre having the same composition as the rod in Example 14 and
      having a 0.5-mm. diameter and a 500-mm. length was formed and steeped for
      22 hours at 475.degree. C in a KNO.sub.3 bath containing 0.5 percent of
      TlNO.sub.3.
PAR  As a result, the glass fibre was found to have a refractive index of
      parabolic distribution symmetrical about the centre of the fibre as viewed
      in cross section, the index increasing progressively from the periphery
      toward the centre.
PAR  The two ends of this glass fibre were ground flat in planes perpendicular
      to the centreline of the fibre, and a gas laser beam was introduced in a
      mode-matched state into one end of the fibre, whereupon the beam was
      conducted with high efficiency along the centre axis of the fibre without
      any impairment of the laser polarisability.
PAC  EXAMPLE 17
PAR  A glass core rod composed of 69.5 percent of SiO.sub.2, 25.5 percent of
      CdO, and 5.0 percent (all in mol percent) of Tl.sub.2 O and a glass
      covering tube composed of 74.8 percent of SiO.sub.2, 20.2 percent of BaO,
      and 5.0 percent of K.sub.2 O and having an inner diameter somewhat greater
      than the diameter of the core rod were prepared.
PAR  Then, as indicated in FIG. 13, the covering tube 132 and the core rod 131,
      maintained in concentric relationship, were gradually passed from above
      through the heating device 133, in which the core rod 131 and covering
      tube 132 fused together. The rod and tube thus fused together were than
      passed between rolls 134, whereupon a covered glass rod was obtained.
PAR  This rod had a core of 0.10-cm. diameter and a covering layer of 0.20-cm.
      outer diameter. The refractive index of the core was 1.645, while that of
      the covering layer was 1.567.
PAR  This covered rod was heat treated for 24 hours in an electric furnace at
      480.degree. C. The components of the rod glass and the covering layer
      glass which annot diffuse at 480.degree. C are SiO.sub.2 -CdO and
      SiO.sub.2 -BaO, respectively, the concentrations of which in this instance
      were both 95 mol percent. Furthermore, in the case where these components
      form glasses independently, the resulting glasses (that is, a glass
      composed of 73.1 mol percent of SiO.sub.2 and 26.9 mol percent of CdO and
      a glass composed of 78.8 mol percent of SiO.sub.2 and 21.2 mol percent of
      BaO) both have a refractive index of 1.565.
PAR  The thallium ions within the core glass and the potassium ions within the
      covering layer glass diffuse respectively within the covering layer and
      the core during heat treatment. The refractive index distribution within
      the covered glass rod after heat treatment in this instance was as
      indicated in FIG. 18. In the regions in the vicinity of the glass rod
      centre, the refractive index decreased substantially in proportion to the
      square of the distance from the centre, but in the peripheral regions,
      particularly in parts at distances exceeding 0.075 cm. from the centre,
      the refractive index deviated greatly from the quadratic curve.
PAR  Accordingly, the peripheral part of this glass rod was removed by
      dissolving with hydrofluoric acid to produce a glass rod of 0.15-cm.
      diameter.
PAR  The refractive index distribution within the glass rod thus produced was
      found to be representable substantially by the following equation.
EQU  N = N.sub.o (1 - ar.sup.2),
PAL  where:
PA1  N.sub.o is the refractive index at the rod cross sectional centre and was
      equal to 1.640;
PA1  r is the distance from the centre; and
PA1  a is a positive constant and was equal to 8.3 cm.sup.-.sup.2.
PAR  Furthermore, the refractive index was found to vary in a continuous manner
      on both sides of the original interface between the core glass and
      covering layer glass.
PAR  A piece of 0.5-cm. length was cut from this glass rod and both cut surfaces
      were ground perpendicularly to the centre axis, whereupon a convex lens
      having a focal distance of 0.16 cm. was obtained.
PAC  EXAMPLE 18
PAR  A covered glass rod obtained by fusion in the heating device in the same
      manner as set forth in Example 17 was steeped for 48 hours in a sodium
      nitrate bath maintained at 430.degree. C.
PAR  The glass rod thus treated was found to have a refractive index
      distribution which conformed to a quadratic curve not only in the central
      part thereof but also throughout the peripheral parts. The reason for this
      can be considered to be that, in addition to the mutual diffusion of the
      thallium ions within the core glass and the potassium ions within the
      covering layer glass, mutual diffusion principally of the potassium ions
      within the covering layer glass and the sodium ions within the bath
      occurred, whereby the refractive index in the vicinity of the outer side
      of the covering layer decreased.
PAR  The internal refractive index N of this rod was found to be representable
      substantially by the following equation.
EQU  N = N.sub.o (1 - ar.sup.2),
PAL  where:
PA1  N.sub.o is the refractive index at the cross sectional centre of the rod
      and was equal to 1.640 in this instance;
PA1  r is the distance from the centre; and
PA1  a is a positive constant and was equal to 4.3 cm.sup.-.sup.2.
PAR  A piece of 0.5-cm. length of this glass rod was cut out, and the two cut
      surfaces were ground perpendicularly to the centre axis, whereupon a
      convex lens of a focal distance of 0.21 cm. was obtained.
PAC  EXAMPLE 19
PAR  Core glass cullet composed of 80.3 percent of SiO.sub.2, 12.7 percent of
      PbO, and 7.0 percent of Tl.sub.2, an intermediate layer glass cullet
      composed of 77.7 percent of SiO.sub.2, 12.3 percent of PbO, 4.0 percent of
      Tl.sub.2 O, and 6.0 percent of K.sub.2 O, and an outer layer glass cullet
      composed of 69.3 percent of SiO.sub.2, 17.7 percent of BaO, and 13.0
      percent of K.sub.2 O (all in mol percent) were prepared and fabricated
      into a triple-lamination glass rod by means of a triple pot, as shown in
      FIG. 19.
PAR  More specifically, the above specified core, intermediate layer, and outer
      layer glass cullets 238, 239, and 240 in molten state were place
      respectively in inner pot 235, intermediate pot 236, and outer pot 237 of
      the triple pot provided respectively with electrodes 241, 242, and 243 for
      electric heating. The three molten glasses thus placed flowed out through
      respective nozzles at the bottoms of the pots and, being guided by guide
      rollers 244, were rendered into a triple-lamination glass rod having a
      cross section of concentric layers of the three glasses.
PAR  The diameter of the core, outer diameter of the intermediate layer, and
      outer diameter of the outer layer were 0.2 cm., 0.4 cm., and 0.6 cm.,
      respectively, and the refractive indexes of these laminations were 1.658,
      1.621, and 1.562, respectively.
PAR  This glass rod was maintained for a specific time within an electric
      furnace at 450.degree. C. The components of the core, intermediate layer,
      and outer layer which cannot diffuse at 450.degree. C are respectively
      SiO.sub.2 -PbO, SiO.sub.2 -PbO, and SiO.sub.2 -BaO, the mol percent
      concentrations of which within the three glasses in this instance were 93,
      90, and 87 percent, which values are approximately equal to 90 percent.
PAR  Furthermore, glasses formed independently by these components which cannot
      diffuse at 450.degree. C (that is, a glass composed of 86.3 percent of
      SiO.sub.2 and 13.7 percent of PbO, a glass composed of 86.3 percent of
      SiO.sub.2 and 13.7 percent of PbO, and a glass composed of 79.7 percent of
      SiO.sub.2 and 20.3 percent of BaO (all in mol percent) all have a
      refractive index of 1.563.
PAR  As a result of the heat treatment within the electric furnace, migrations
      principally of the thallium ions within the core glass and the potassium
      ion within the intermediate layer glass respectively to the intermediate
      layer and core sides occurred through the interface therebetween. At the
      same time, migrations principally of thallium ions within the intermediate
      layer glass and potassium ions within the outer layer glass respectively
      to the outer layer and intermediate layer sides occurred through the
      interface therebetween.
PAR  As a result of these ion migrations, the discontinuities of the
      concentrations of the thallium and potassium ions existing prior to the
      heat treatment on both sides of the interfaces were eliminated, and the
      ion concentrations assumed distributions wherein the thallium ion
      concentration decreased, while the potassium ion concentration increased
      progressively from the center of the glass rod toward the periphery.
      Consequently, the refractive index within the glass rod assumed a
      distribution which decreased in a substantially continuous manner from the
      centre toward the periphery, and which approximated a quadratic curve
      particularly in regions near the centre.
PAR  By removing the peripheral part of this glass rod by uniformly dissolving
      with hydrofluoric acid to obtain a glass rod of 0.5 cm. diameter, cutting
      off a piece of 0.5-cm. length of this glass rod, and grinding both cut
      surfaces perpendicularly to the centre axis, a convex lens of a focal
      distance of 0.71 cm. was obtained.
PAR  The internal refractive index N of this lens was substantially
      representable by the following equation.
EQU  N = N.sub.o (1 - ar.sup.2),
PAL  where:
PA1  N.sub.o = 1.655 and
PA1  a = 0.92 cm.sup.-.sup.2.
PAC  EXAMPLE 20
PAR  A glass fibre composed of 3.3 percent of Tl.sub.2 O, 17.0 percent of
      Na.sub.2 O, 9.5 percent of PbO, 70.1 percent of SiO.sub.2, and 0.1 percent
      of As.sub.2 O.sub.3 (all in mol percent) and having a diameter of 0.3 mm.
      was steeped for 24 hours in a potassium nitrate bath maintained at
      460.degree. C.
PAR  The glass fibre thus treated was found to have, at its central part, a
      refractive index of 1.60 and a composition of 3.3 percent of Tl.sub.2 O,
      3.4 percent of Na.sub.2 O, 13.6 percent of K.sub.2 O, 9.5 percent of PbO,
      70.1 percent of SiO.sub.2, and 0.1 percent of As.sub.2 O.sub.3 (all in mol
      percent) and, at its surface, a refractive index of 1.57 and a composition
      of 0.9 percent of Tl.sub.2 O, 1.7 percent of Na.sub.2 O, 17.7 percent of
      K.sub.2 O, 9.5 percent of PbO, 70.1 percent of SiO.sub.2, and 0.1 percent
      of As.sub.2 O.sub.3 (all in mol percent).
PAR  The refractive index within this fibre thus treated had a distribution as
      indicated in FIG. 20, which conformed approximately to the following
      equation in the cross sectional region within a circle of 0.1-mm. radius
      from the centre.
EQU  n = 1.601 (1 - ar.sup.2),
PAL  where:
PA1  r (mm.) is the distance from the centre;
PA1  n is the refractive index at distance r; and
PA1  a = 0.62 mm.sup.-.sup.2.
CLMS
STM  What we claim and desire to secure by Letters Patent are:
NUM  1.
PAR  1. A glass structure for conducting light comprising: a glass body having a
      center axis and having an entrance surface and an exit surface both
      transverse to said center axis and a side surface surrounding said center
      axis; said glass body including therein SiO.sub.2, thallium oxide and an
      alkali metal oxide having relative concentrations such that the
      concentration of cations which constitute said SiO.sub.2 is substantially
      uniform in each planar cross-section perpendicular to said center axis the
      concentration in said cross-section of thallium ions which constitute said
      thallium oxide decreases continuously from said center axis toward said
      side surface, and the concentration in said cross-section of alkali metal
      ions which constitutes said alkali metal oxide increases continuously from
      said center axis toward said side surface; the variations in
      concentrations of said thallium ions and of said alkali metal ions
      effectively creating within the glass structure a refractive index
      gradient wherein, in said cross-section, the refractive index decreases
      continuously substantially in proportion to the square of the radial
      distance from said center axis, whereby light rays applied to said
      entrance surface are transmitted within the glass structure to said exit
      surface with repetition of refraction and without reflection and
      substantially without loss and without lagging phase velocities.
NUM  2.
PAR  2. A glass structure as claimed in claim 1, in which said planar
      cross-section is substantially in the shape of a circle.
NUM  3.
PAR  3. A glass structure as claimed in claim 2, in which said glass body at the
      center axis thereof contains from 2 to 40 percent by weight of Tl.sub.2 O,
      from 35 to 75 percent by weight of SiO.sub.2, and from 0 to 40 percent by
      weight of an alkali metal oxide; wherein said glass body has a
      cross-sectional diameter less than 5mm.; and wherein the difference
      between the refractive index values at said center axis and said side
      surface is greater than 0.003.
NUM  4.
PAR  4. A glass structure as claimed in claim 2, in which said glass body at the
      center axis thereof contains from 2 to 40 percent by weight of Tl.sub.2 O,
      from 35 to 75 percent by weight of SiO.sub.2, and from 0 to 40 percent by
      weight of an alkali metal oxide; wherein said glass body has a
      cross-sectional diameter of from 0.02 to 2mm.; and wherein the difference
      between the refractive index values at said center axis and said side
      surfaces is from 0.01 to 0.3.
NUM  5.
PAR  5. A glass structure as claimed in claim 2, in which said glass body
      contains at said center axis from 2 to 40 percent by weight of Tl.sub.2 O,
      from 35 to 75 percent by weight of SiO.sub.2, and from 0 to 40 percent by
      weight of an alkali metal oxide; wherein said glass body has a
      cross-sectional diameter of from 0.02 to 2mm.; wherein the difference
      between the refractive index values at said center axis and said side
      surface is from 0.01 to 0.3; and wherein said refractive index
      distribution N, at least in the vicinity of said center axis in a planar
      cross-section perpendicular to said center axis, substantially varies in
      accordance with the equation:
EQU  N = N.sub.o (1-ar.sup.2)
PAL  wherein N.sub.o is the refractive index at said center axis of said glass
      body; r is the radial distance from said center axis; and a is a positive
      constant in the range of from 7.7 to 75 cm.sup.-.sup.2.
NUM  6.
PAR  6. A glass structure as claimed in claim 2, in which the length of said
      glass body along said center axis is substantially equal to or greater
      than the diameter of its planar cross-section.
NUM  7.
PAR  7. A glass structure as claimed in claim 2, in which each of said entrance
      surface and said exit surface lie in a plane perpendicular to said center
      axis.
NUM  8.
PAR  8. A glass structure as claimed in claim 1, in which said glass body at
      said center axis thereof contains from 2 to 40 percent by weight of
      Tl.sub.2 O, from 35 to 75 percent by weight of SiO.sub.2, and from 0 to 40
      percent by weight of an alkali metal oxide.
NUM  9.
PAR  9. A glass structure as claimed in claim 1, in which said alkali metal is
      potassium.
NUM  10.
PAR  10. A glass structure as claimed in claim 1, in which said alkali metal is
      sodium.
NUM  11.
PAR  11. A glass structure for conducting light comprising: a glass body having
      a center axis and having an entrance surface and an exit surface both
      transverse to said center axis and a side surface surrounding said center
      axis, said glass body containing therein a glass forming oxide and at
      least first monovalent ions and second monovalent ions, said first
      monovalent ions and said second monovalent ions each constituting a glass
      modifying oxide and said first monovalent ions having a greater
      contribution to the increase of refractive index of the glass than said
      second monovalent ions; said glass body having a concentration gradient of
      said first monovalent ions and of said second monovalent ions such that
      the concentration of said first monovalent ions in a planar cross-section
      perpendicular to said center axis decreases continuously from said center
      axis towards said side surface of the glass structure and the
      concentration of said second monovalent ions in said cross-section
      increases continuously from said center axis toward said side surface and
      the relative concentrations of both kinds of monovalent ions being uniform
      along said center axis in each cross-section of said glass body; the
      variations in concentration of each kind of monovalent ions effectively
      creating within the glass structure a refractive index gradient wherein,
      in a planar cross-section perpendicular to said center axis, the
      refractive index decreases substantially in proportion to the square of
      the radial distance from said center axis, whereby light rays may be
      transmitted substantially without loss and without lagging phase
      velocities through the glass structure.
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ABST
PAL  A system is disclosed for exposing to ultraviolet light a semi-conductor or
      hybrid substrate coated with photo-resist, in back of a mask having bars
      and very narrow slits, the diffraction patterns ordinarily experienced at
      the substrate being virtually eliminated through use, between the light
      source and the mask, of a light integrator comprised of two successive
      matrixes of very small lenses or lenticules. The lenticules form a large
      number of magnified, superimposed, slightly displaced images of the light
      source in the plane of the substrate; and when the slitted mask is
      interposed, this light forms a large number of diffraction patterns on the
      substrate which, because of their large number, superimposition, and
      slight displacement, results in extreme uniformity of light intensity and
      sharp resolution throughout the pattern of light on the substrate. A
      variable aperture is used in connection with the light integrator, and
      controls the half-angle of collimation by a collimator lens placed between
      the light integrator and the mask. Means are also provided for modifying
      the aperture pattern of this aperture plate changing it, for example, to
      one or more off-axis sub-apertures. a field lens is also used to improve
      superimposition of the lenticule images on the target.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to high resolution photo-resist exposure
      processes and systems for contact or off contact exposure of
      semi-conductor and hybrid photo-resist films to ultraviolet light in the
      0.3 to 0.5 micron region of the spectrum, as practiced in the
      micro-electronic circuit fabrication industry where intimate contact
      between the slit mask and the photo-resist coated substrate may or may not
      exist.
PAC  BACKGROUND OF THE INVENTION
PAR  In the practice of this art, the placement of the mask directly against the
      substrate causes considerable wear on the mask, and accordingly, a small
      separation distance has been tried. However, the light passing through the
      very narrow slits in the mask, as used in the best practice heretofore
      known, is still subject to an unfortunate degree of Fresnel diffraction,
      resulting in non-uniform printing of fine line geometries used in
      microcircuits. This effect is a disturbing problem even at separation
      distances of only 0.0002 to 0.0010 in.
PAR  It is accordingly the major purpose of the invention to virtually eliminate
      or annul Fresnel diffraction patterns in microcircuit printing.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention is incorporated in a known basic system which may be
      described as follows: A compact, high intensity arc, giving ultraviolet
      light in the 0.3 to 0.5 micron region of the spectrum, is used as an
      initial light source, and a collector is used with this source, either a
      condenser lens or a reflector, but preferably an elliptical reflector for
      its better light collecting capacity. A previously known light integrator
      of a special type, sometimes called a "fly's eye," or a lenticular,
      integrator, receives light from the collector. This integrator is composed
      of first and second spaced parallel plates, each comprising a lens matrix
      embodying a substantial multiplicity of small, close-spaced lenses or
      lenticules. A collimating lens receives light from this integrator and
      directs it, after collimation, through fine geometry slits in a mask onto
      the resist-coated substrate in the target plane, the substrate being
      positioned substantially at or very closely adjacent to the mask. The
      lenses in each matrix, in a present embodiment of the invention, are of
      the order of 0.1 inch across, and may be round, square or hexagonal.
PAR  The collector images the arc in the plane of the first lens matrix, filling
      each lenticule with light. The individual lenticules of the second matrix
      image each light-filled lenticule of the first matrix over the entire
      target area on the substrate, and thus images of all lenticules of the
      first matrix are superimposed on the target area, yielding fairly high
      uniformity of irradiation thereof. The size of the superimposed images on
      the target is determined by the size of each lenticule in the first lens
      matrix multiplied by the magnification factor of the lenticules in the
      second matrix.
PAR  Adjacent and relatively close to the integrator, either ahead of or behind
      it, is an aperture plate, and in the basic form of the invention, this
      plate has an aperture which may be just at the perimeter of the lens
      matrix, or it may be somewhat inside it. This aperture will later be seen
      to function as a secondary light source, associated with the light
      integrator, and viewed as a source by the collimator. According to the
      present invention, there are steps and means by which the size or area of
      this aperture, or its configuration and location relative to the optic
      axis, may be selectively varied so as, for example, to selectively
      regulate the area and/or position of the secondary light source. This can
      be done by means of a variable aperture iris or by a simple arrangement
      for interchangeability of aperture plates. The control and refinement made
      possible by this set of features will be described hereinafter.
PAR  Beyond the aperture plate, and shortly ahead of the mask, is the collimator
      lens for collimating the radiation from the light integrator to be near to
      parallel with the optic axis, which is perpendicular to the mask and
      substrate. For reasons described later, an adjustable collimation
      half-angle range of 1.degree. to 4.degree., changeable by half-degree
      steps, has been found to enable optimized resolution in photo printing. It
      does this by permitting close correlation with other significant factors
      such as separation distance between mask and substrate, and the scale or
      fineness of slit geometry. This is an important achievement of the
      invention, and is thus accomplished by regulation, selection or adjustment
      of the secondary light source area and its positioning in the aperture
      plate, which in turn regulates the collimation half-angle, and enables
      optimized diffraction control within the 1.degree. - 4.degree. range.
PAR  As mentioned earlier, the light passing through a narrow slit is subject to
      the phenomena of diffraction, meaning, generally stated, creation of the
      familiar diffraction patterns, and characterized by deflection of the
      radiation partially into the "shadow" area behind the side edges of the
      slit. If there are a number of individual light sources, such as the light
      filled lenticules of the first matrix, a beam from each of these, after
      collimation, spreads across the widths of the narrow slits in the mask
      (e.g., of a typical width of 0.0002 inch, and at a typical collimation
      half angle of 2.degree.). The rays emerging from the slits will contain
      diffraction patterns, one owing to each such source, of which there may be
      more than 100. There will thus be one diffraction pattern behind each slit
      for each light source, i.e., for each of the 100+ lenticules in the first
      matrix. Since the beams from the total number of lenticule sources in the
      first matrix must arrive at different angles relative to the optic axis,
      each unique, the diffraction patterns as they fall on the target area
      under the slit mask will be superimposed, but with minute lateral
      displacements from each to the next. The summation of light intensities
      from the multiple sources from point to point in the image plane on the
      substrate results in high uniformity of radiation intensity if no mask is
      in position, and, when a mask with a pattern of slits is in position, high
      uniformity and sharp demarcation of the elements of the geometric slit
      pattern as imaged on the substrate.
PAR  The system thus does not eliminate Fresnel diffraction, but superimposes a
      large number of diffraction patterns, with minute displacements between
      them, such that they overlap and integrate into uniformity. To
      recapitulate, the system utilizes a large multiplicity of source images
      closely spaced throughout an object plane, each of which, then functioning
      as a source object, being in turn imaged at the target plane at a
      magnification large enough to fill the target area. If the mask were
      removed, the radiation intensity over the target plane would be highly
      uniform from the superimposition of images of the lenticules of the first
      matrix. With the mask, the light from each such lenticule is subject to
      Fresnel diffraction in passing through the narrow slits in the mask, but
      the diffraction patterns under each slit, from the multiplicity of first
      matrix lenticule sources, merge over and into one another in a highly
      uniform blend. The superimposition of these minutely displaced diffraction
      patterns thus provides a high resultant uniformity of irradiation
      intensity throughout the slit geometry imaged on the photoresist substrate
      coating.
PAR  Having available at the target plane this highly uniform blend of
      diffraction light for any narrow slit or bar geometry desired, certain
      selected areas of the beam just beyond, or at, the aperture, can be masked
      out, without interfering materially with the uniformity of irradiation
      intensity at the target plane. In fact, as taught by the present
      invention, the multiple integrations and superimpositions of the light
      make it possible to block out some of the numerous lenses in the second
      matrix without losing significant uniformity. This makes it possible,
      within the scope of the invention, to significantly alter the appearance
      as seen from behind the mask, of the pattern of multiple lenticular
      sources exposed through the aperture plate. For example, by masking out a
      central area of the secondary light source aperture, a range of the rays
      which would be most perfectly collimated, say those of less than 1.degree.
      half-angle, are eliminated, and the remaining rays are proportionately
      increased. There then results a proportionate increase in the more angular
      rays, which modifies diffraction in a manner found to improve final
      uniformity of diffraction light intensity at the target area. This follows
      from the fact that superimposition of the diffraction patterns on the
      target area from the multiple sources results, upon summation, of an
      intensity profile across the target area characterized by some peaking in
      the center. But by taking out a "core" of the highly collimated center
      rays, the intensity profile can be flattened, and even more perfectly
      uniform intensity achieved.
PAR  The fact that the aperture area significantly controls the angle of
      collimation has been mentioned hereinabove. Taking .alpha. as the
      half-angle of collimation, we have
      ##EQU1##
      where D is the diameter of the aperture in the aperture plate, and F is
      the focal length of the collimator lens. From this relation, it can be
      seen that the collimation half-angle is proportional to the diameter of
      the aperture in the aperture plate. The present invention accordingly has
      as one of its important features, as mentioned above, a step-by-step
      control over the aperture diameter, and therefore over the half-angle of
      decollimation. The usefulness of this control will be stressed
      hereinafter.
PAR  A further feature of the invention is a field lens placed just beyond the
      second matrix of the optical integrator, in a position to assure good
      superimposition at the target plane of first matrix lenticule images at
      different distances from the optic axis.
PAR  These and further features and characteristics of the invention will be set
      forth in the ensuing detailed description of present illustrative
      embodiments thereof.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram showing schematically the idealized passage of
      collimated parallel light through narrow slits in a mask onto a
      photo-resist coated substrate;
PAR  FIGS. 2, 3 and 4 show the passage of light from a point source or sources
      through a narrow slit in a mask onto a substrate, and show related light
      intensity profiles on the substrate, FIG. 2 showing a single point source
      and its profile, FIG. 3 two spaced point sources, and one profile
      corresponding to each, and FIG. 4 the same as FIG. 3 but with the profiles
      made by the individual sources added together to show the resultant;
PAR  FIG. 5 is similar to FIG. 4 but with a considerable increase in the number
      of light sources;
PAR  FIG. 6 shows a complete system in accordance with the invention;
PAR  FIG. 6a is a front elevation of a lenticular matrix of seven hexagonal
      lenticules;
PAR  FIG. 7 is a diagrammatic view similar to FIG. 6, but with certain rays
      traced through the system, but with the collimator omitted;
PAR  FIG. 8 shows the system of FIG. 6 from the light integrator down, but to
      larger scale and with rays traced through this lower portion of the
      system;
PAR  FIG. 9 shows the system with an aperture plate pattern comprised of
      multiple holes, spaced radially outward from the optic axis, and with a
      mask having a single pinhole aperture; and
PAR  FIGS. 10 and 11 show alternative aperture plate patterns.
DETD
PAC  DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS OF THE INVENTION
PAR  In FIG. 1, showing diagrammatically the prior art, collimated light L
      passes through slits s in a mask M without diffraction, as represented, to
      expose a layer of photo-resist on a substrate b. The separation distance
      is generally very small, e.g. 0.0005 inch - 0.00075 inch. With such a
      system, in actuality, the light rays passing through the narrow slits are
      diffracted, and instead of sharp resolution at the edges of the light
      pattern cast on the photo-resist, diffraction patterns appear. The highly
      desired sharp demarcation lines between light and dark areas on the
      substrate thus are not forthcoming, and the process suffers accordingly.
PAR  FIG. 2 shows a single light source 10 with a highly collimated beam at a
      small angle .theta. (much exaggerated in the Figures), passing through a
      slit 11 in a mask 12 onto a target T (e.g., a substrate consisting of a
      semiconductor coated with photoengraver's resist) spaced behind the mask
      at a predetermined separation distance of typically 0.0005 inch (also much
      exaggerated in the Figures), and shows a typical light intensity profile P
      on the target area resulting from diffraction by the slit. The pattern
      shown, which is characteristic of a very narrow slit, has a double-peak 14
      in the center, leading to lobes or shoulders 15. The bounding rays from
      the source 10 are seen to be deflected outward, into the shadow, at the
      edges of the slit.
PAR  Assume now two such sources 10a (FIG. 3), each with an angle .theta. on
      opposite sides of the optic axis 0-0'. Two doublepeak diffraction patterns
      with intensity profiles P and P' are now formed, but are laterally
      displaced oppositely relative to the axis 0-0". The combined or resultant
      profile is the summation of profiles P and P', and is seen at P.sub.c in
      FIG. 4. It will be observed that the resultant profile P.sub.c (FIG. 4) is
      wider, taller and flatter, and more uniform across the top. Assume further
      now that a large number of sources such as 10a, say more than 100, are
      added in the plane perpendicular to the optic axis and containing the
      sources 10a, being confined within an area whose center is on the optic
      axis (FIG. 5). Radiation from each of these will pass through the slit 11,
      and after diffraction by the latter, will have a diffraction pattern on
      the target, and an intensity profile P" generally resembling those
      mentioned hereinabove. But, since radiation approaches from many different
      angles, these diffraction patterns, like those of FIG. 4, will be
      superimposed, but laterally displaced very slightly from one another. The
      result is that, owing to the very large number of superimpositions, and
      the very slight displacements of the patterns, the patterns overlap and
      merge into one another sufficiently to yield a nearly uniform irradiation
      intensity profile P" across the target. There will generally, however, be
      some peak or hump left in the center, as represented at P.sub.o. The sharp
      edges of the actual slit in the mask will then be fairly sharply defined
      on the target.
PAR  Before passing on, it should be mentioned that FIGS. 1-5 are much
      exaggerated to illustrate the principles involved. When the angles .theta.
      are reduced to a realistically small magnitude, and the separation
      distance between mask and substrate is reduced to say 0.0005 inch, the
      margins of the numerous superimposed slit patterns are sharp and very well
      resolved.
PAR  With reference primarily now to FIG. 6, which is a general view of the
      complete system, but also to FIGS. 7 and 8, the light source is the
      mercury arc S of an arc lamp, at one conjugate focus of an ellipsoidal
      reflector R, which images the arc S at its other conjugate focus, on the
      first of two lenticular matrixes 15 and 16 of a light integrator I, with a
      magnification ratio as represented by the rays m and n, and x, y and z.
      Beyond the matrix elements 15 and 16 a short distance is, preferably, a
      field lens 20, and immediately beyond that an aperture plate A. The
      aperture plate A may equivalently be located just ahead of the light
      integrator I. A collimator lens C is situated so as to collimate the
      divergent light coming through the aperture plate; and beyond that is a
      mask M with narrow light slits s at very close spacing, e.g., 0.0005 inch
      - 0.00075 inch. The light passing through the slits is diffracted, and
      thence falls on target T, comprised of a substrate coated with
      photoengraver's "resist." The illuminated lenticules 17 of the first
      matrix 15 are imaged on the target T, in back of the slitted mask M, by
      the lenticules 18 of the second matrix 16 of the integrator I. In
      particular, the individual images of the illuminated lenticules of the
      first matrix formed by the corresponding lenticules of the second matrix
      are magnified and superimposed over the entirety of the mask and target
      area.
PAR  The system will now be examined in more detail, reference being had more
      particularly to FIGS. 7 and 8. It will be noted that the collimator C is
      omitted in FIG. 7 for simplicity of illustration, but it would be used in
      practice in the situation shown in FIGS. 6 and 8. Also, only seven
      lenticules are indicated in the lens matrixes in FIGS. 6a and 7, again for
      simplicity of illustration.
PAR  A compact, but finite, intense light source in the form of a mercury arc S
      is situated at a focal point of the collector R, preferably and here shown
      as an elliptic reflector, the arc being located a short distance beyond
      the principal focus of the collector. The convergent beam from the
      collector forms an image of the arc S in the plane I' - I' of the first
      lenticular matrix 15 of the light integrator I, the image being magnified
      to cover the effective area of the matrix. This matrix 15 is made up of an
      assembly of small coplanar lenticules 17, here shown as hexagonal (see
      FIG. 6a), though they may be round or square. In a present actual
      embodiment, the hexagonal lenticules are of a dimension, between opposite
      parallel edges, of 0.1 inch, and are 273 in number. They are in an
      assembly characterized by a pattern of one center lenticule, surrounded by
      successive rings of lenticules in borderline contact or near contact. The
      present simple representative case of FIG. 7 has one center lenticule 17,
      surrounded by a ring of six of the lenticules 17. It will be clear that
      successive rings may be added in predetermined numbers of lenticules
      according to the sequence 19, 37, etc. The numbers useable can extend to
      well above 100 in practice as already mentioned. The arc reflector and
      conjugate foci are so arranged that an image of the arc covers the entire
      first lens matrix 15. Rays from different points along the arc source,
      incident at common points of the reflector, are reflected at different
      angles such as to reach different points of the area of the lens matrix
      15. The system is so designed that of such rays, the rays m and n from
      opposite ends of the arc S are reflected at such angles as to be incident
      on the matrix 15 at opposite edges thereof. Rays from other points on the
      arc are reflected at angles such as to cover the entire area of the lens
      matrix 15. Thus the rays x, y and z, from one edge of the reflector are
      directed along three separate angularly related paths to pass through the
      optical centers of the three representative lenticules of matrix 15, will
      be understood to originate at three separate points along the arc, as
      diagrammed in FIG. 7. This light from the reflector fills the lenticules
      17 of the matrix 15 with light.
PAR  Beyond first lens matrix 15 is situated a second but identical lens matrix
      16, with a number of individual lenticules as in the first matrix 15.
      Individual lenticules 17 of the first matrix are imaged by corresponding
      lenticules 18 of the second matrix on the target T (FIG. 7), each such
      image covering the entire target area, excepting where masked out. Thus,
      there are as many superimposed images on the target as there are
      lenticules in each matrix. To bring the rays close to perpendicular
      relative to the target, a convergent plano-convex collimating lens C
      (FIGS. 6 and 8) is situated just ahead of the slitted mask M, beyond
      which, at a spacing of less than a thousandth of an inch, is the target T.
      This target T comprises a suitable substrate, coated with a layer of
      photo-resist, as known in the art.
PAR  Preferably, as an added or optional feature in the accomplishment of
      uniformity of light radiation on the target area, I use, just beyond the
      second lens matrix, a convergent field lens 20, which acts to tip the rays
      from matrix 15 toward the optic axis. The rays from lenticules near the
      periphery of the matrix are tipped more than those near the center, so as
      to accomplish good superimposition at the target plane of first matrix
      lenticule images whose object lenticules are at different distances from
      the optic axis.
PAR  A primary feature of the invention is the aforementioned aperture plate A,
      with an aperture A' located either just beyond, or just ahead of, the
      light integrator. It coacts in either case with the light integrator to
      act as a second light source, which is viewed by the collimator, and which
      establishes the diameter and angle of the cone of light going to the
      collimator.
PAR  Thus, to review, and neglecting the mask for the moment, there are
      superimposed on the target area a large multiplicity of images of the
      light-filled first matrix lenticules 17, depending upon the number of
      light channels from the lenticules in the first matrix through the
      lenticules in the second matrix to the target plane. The superimpositions
      thus possible are large in number, and the effect is to distribute any
      non-uniformity in the light source area to so many locations on the target
      as to achieve a great boost in uniformity over the target area.
PAR  FIGS. 6-8 show diagrammatically the aperture plate A, which has, in this
      case, a circular aperture A.sub.1, of a diameter equal to, or preferably
      encroaching slightly on, the full diameter of the light from the light
      integrator. The aperture A.sub.1 is variable in diameter, preferably in
      seven discrete half-degree steps, and in the case of FIG. 8, to change
      aperture sizes, the aperture plate A is shown as slidable in a
      diagrammatically designated way 30, and is interchangeable with aperture
      plates A having circular apertures of different diameters or, as will be
      further described presently, with apertures of other shapes,
      configurations and numbers, sometimes off to one side of the optic axis. A
      variable area aperture A.sub.1 can also be provided in the form of a
      conventional iris represented at 32 in FIG. 7, or in the form of a
      multi-aperture wheel, not shown. The invention requires, in all cases, for
      complete usefulness, means for changing or modifying the aperture in the
      aperture plate, in some cases, for modifyings its size, or its position
      relative to the optic axis, and in some, for changing to discontinuous
      aperture patterns, i.e., a pattern of slots or holes in an opaque plate or
      mask, as will be disclosed more fully hereinafter.
PAR  Adverting to specifics, change in circular aperture diameter effects an
      important change in the angle of collimation of the beam by the
      collimating lens C, which is useful for an important purpose to be
      described. Referring again to FIG. 8, the collimation half-angle .alpha.
      is determined by the diameter D of the aperture A.sub.1 of the hole in the
      aperture plate according to the simple trigonometric relation
      ##EQU2##
      where F is the focal length of the collimator lens and the principal focus
      of the collimator lens is at the aperture A'. Divergent rays e and f from
      centrally located lenticules of the second matrix going to the edges of
      the collimator lens are refracted as shown, emerging as perfectly
      collimated (0.degree.) parallel rays e and f. Some rays, as traced in FIG.
      8, however, will emerge divergently, as at angle .alpha.', and some
      convergently, as at .alpha." relative to the parallel rays. The angles
      .alpha.' and .alpha." may be referred to as the half angles of collimation
      (divergent and convergent). It will be seen, however, that these angles
      .alpha.' and .alpha." differ slightly from the half angle of collimation
      .alpha. between axis 0-0' and limiting ray X from the edge of the aperture
      A' to the node of the lens. The maximum angle by which rays diverge from
      the parallel is commonly referred to as the collimation half-angle.
      Divergent outside rays such as g and h going to outer edge portions of the
      collimator lens C, emerge convergently, at which may thus be termed the
      collimation half-angle .alpha." (FIG. 8). Other rays such as i and j
      emerge at the equal half-angle .alpha.' of maximum divergence, inside the
      parallel collimated rays e and f. The convergent beam inside the limiting
      convergent rays g and h is a uniform beam, and the rays outside thereof,
      known as the skirt, are not used in printing through the slits in the mask
      M onto the substrate. This is simply accomplished by dimensioning the
      system so that the mask and substrate are inside the confines of the
      uniform convergent beam defined by the rays g and h. It will be clear,
      from a study of FIG. 8 and from the relation
      ##EQU3##
      that the half-angle of collimation .alpha. which is the angle between the
      optic axis and a ray x from an edge of the aperture A' through the nodal
      point of the lens G, depends directly upon the diameter D of the aperture
      A.sub.1 in the aperture plate. I have discovered that decollimation
      half-angles in a sequence of 1.degree., 11/2.degree., 2.degree.,
      21/2.degree., 3.degree., 31/2.degree. and 4.degree. enable optimum
      resolution of diffraction patterns of fine geometry lines, and adjustable
      or interchangeable apertures to enable that particular series of steps are
      preferred.
PAR  A change in the collimation angle, by change in the diameter of the
      aperture A', produces alterations in the diffraction pattern changing the
      range of angles of the rays emerging from the collimator lens (reducing
      diffraction with increase in the collimation angle). The uniformity and
      resolution of the slit image on the target plane is thus subject to a fine
      degree of regulation. The manufacturer can optimize these conditions for
      any particular mask he may have in hand, for the fineness of the slits, or
      to suit his own processing techniques, or for other purposes, by
      adjustment within the range of 1.degree. to 4.degree., as aforesaid. Thus,
      to recapitulate, a change in the collimation angle, accomplished by
      changing the diameter of the aperture A, provides a means for altering the
      resultant diffraction effects which occur in off contact and contact
      printing. This capability for altering the diffraction effects can be
      utilized to optimize the resolving capability of each particular mask.
      Masks used in semi-conductor manufacture, for example, utilize a very wide
      variety of geometries and sizes.
PAR  It was mentioned in connection with FIGS. 2 to 5 that increase in the
      number of light sources supplying light at different angles to a narrow
      light slit in a diaphragm or mask increases the number of Fresnel
      diffraction patterns beyond, and that these patterns from different
      sources are similar, but laterally spaced from one another. Further, it
      was pointed out that as the number of patterns is increased, their
      characteristic laterally displaced profiles yield, when summed,
      progressively flattened resultant intensity peaks, tending always, with
      increase in the number of sources, toward improved uniformity of intensity
      along the profile across the target plane. With all the lenticules of the
      second matrix cooperating in the superimpositioning of a like number of
      slightly displaced diffraction patterns of the target area, and with the
      number of patterns up to 100 or more, e.g., to 273, as can be practically
      accomplished, the peak value irradiation intensities are very well
      averaged out by the integration process described, and high uniformity of
      irradiation intensity capable of good resolution of relatively fine mask
      slits or holes, is achieved over the target area.
PAR  As foreshadowed by the discussion of FIGS. 2-5, however, the intensity
      profile resulting from integration of a large number of the diffraction
      patterns still may have some peaking in the center, as represented at
      P.sub.o in FIG. 5. This is managed by the invention as now to be
      described.
PAR  Having achieved a high degree of uniformity of irradiation of the target
      area and even though some "peaking" remain, as just mentioned, further
      improvements are available, including a compensation for such peaking.
      Because of the very uniform level of radiation uniformity on the target
      plane, a particular area of the secondary light source established by
      original circular aperture A' in the aperture plate A can be masked or
      blocked out, and while a proportionate degree of all-over irradiation
      intensity is thereby lost, there is no essential degradation of
      uniformity. Now, it is a fact that the strongly parallel rays of the
      collimated beam, along the central axis, i.e., those that make up the
      "core" of the beam, are highly collimated, and "most" parallel, containing
      substantial light at and very near 0.degree. collimation.
PAR  Thus, I may in some cases mask out all or a large proportion of central or
      axial "core" of the printing beam by use, in the modified aperture plate
      A.sub.4 of FIG. 10, of a central solid disc A.sub.2 in the center of the
      main aperture 45, the disk A.sub.2 being mounted by radial struts 46. The
      rays from each lenticule outside the disk A.sub.2 travel angularly through
      the system, rather than parallel with the optic axis, and with the slitted
      mask removed, would uniformly irradiate the substrate or target B. In this
      case, therefore, there is available, at the mask, uniform light from all
      lenticules outside the disk A.sub.2, all at predetermined collimation
      angles beyond the collimating lens, and none of which will be normal to
      the target area.
PAR  Assume now that the slit mask is installed, and the uniform light from the
      collimator lens is diffracted at the light slits. The light from all of
      the active sources will produce superimposed but slightly displaced
      diffraction patterns, as before; but owing to the removal of central
      parallel rays along the optic axis, irradiation intensity in the central
      portion of the target area by rays perpendicular thereto is reduced. This
      results, among other things, in compensating for the peak or hump P.sub.o
      in the intensity profile of the integrated diffraction pattern, as shown
      in FIG. 5, and described earlier. Thus, there is achieved even further
      improvement in the uniformity of the geometric slit pattern falling on the
      photosensitized substrate in the target area.
PAR  For another illustration, refer next to FIG. 9, showing aperture plate A
      containing five round apertures 40 symmetrically distributed about optic
      axis 0-0', and all uniformly spaced from said axis, as illustrated. A
      number of lenticules of the second matrix 16 are visible through each of
      the apertures 40. The usual collimator is shown at C.sub.1 with its
      collimated beam falling on a slitted mask M. Behind the mask, at close
      spacing, is the target or substrate T. From what has gone before, it will
      be appreciated that the lenticules visible through each hole 40 will, or
      would, each cover the entirety of the target area if the mask were
      removed, and thus, from principles described earlier, uniform images of
      the source would be superimposed over the entire target area if the mask
      were removed. And because of the diffraction phenomena described above,
      diffraction patterns produced by any narrow openings in the mask will be
      slightly displaced from one another on the exposed portion of the target
      area (owing to multiple sources at different angles), and the multiple
      diffraction patterns will merge into uniformity of irradiation intensity.
PAR  Rays from the second matrix lenticules exposed by the off-axis apertures 40
      will evidently, in this case, all be at a substantial angle to the optic
      axis, and therefore non-perpendicular to the target area. This makes it
      possible, without degrading uniformity at the target area, to decrease the
      diffraction effect at fine geometry holes, slits or bars by superimposing
      the Fresnel diffracting patterns produced by the apertures 40 in the
      aperture plate.
PAR  It will be seen that a modification such as represented by FIG. 9
      significantly alters the appearance of the light source as viewed from the
      mask or substrate being exposed.
PAR  The ability to use multiple holes, rings or slots, as suggested in FIG. 9,
      without changing the uniformity of irradiation at the target plane, and
      with radiation confined to angular directions, thus makes it possible to
      decrease the diffraction effect of small scale slits and bars in the mask
      by superimposing the Fresnel diffraction patterns produced by each
      off-axis aperture 40 in the aperture plate A (FIG. 9).
PAR  FIGS. 10 and 11 show alternate aperture plates A.sub.4 and A.sub.5. The
      former has, concentric with its round aperture A.sub.4, but annularly
      spaced inside thereof, a disk 45, held in position by strips 46, so as to
      form slots 47. The latter has a series of alternating rings 48 and annular
      slots 49.
PAR  It will be understood that the invention may be practiced in various
      additional physical forms, those here shown being illustrative only. The
      scope of the invention is stated in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an illumination system for exposing a photosensitive target surface
      to ultraviolet light,
PA1  a primary light source in the form of an arc,
PA1  means for collecting light from said source and directing it to a focus in
      a focal plane,
PA1  a fly's eye light integrator with a first lenticular matrix in said focal
      plane, and a second lenticular matrix just beyond said focal plane, the
      lenticules of said second matrix being arranged to form magnified,
      superimposed images of illuminated lenticules of the first matrix on said
      target surface,
PA1  a collimator lens for receiving the image forming rays from said second
      matrix and collimating them into light striking the target surface
      symmetrically about a center optic axis perpendicular thereto,
PA1  aperture plate means located in proximity to the light integrator having an
      aperture therein which acts as a secondary source of the light emerging
      from the light integrator, and which controls the half angle of
      collimation of the beam of light emitted by the collimator lens,
PA1  means for regulating said aperture to adjust the half angle of collimation
      of said beam, and
PA1  a diffraction slit mask immediately in front of said target surface.
NUM  2.
PAR  2. The subject matter of claim 1, wherein said aperture area regulation
      means includes means for selectively changing aperture plates of differing
      aperture characteristics.
NUM  3.
PAR  3. The subject matter of claim 1, wherein said aperture area regulation
      means comprises an iris.
NUM  4.
PAR  4. In an illumination system for exposing a photosensitive target surface
      to ultraviolet light,
PA1  a primary light source in the form of an arc,
PA1  means for collecting light from said source and directing it to a focus in
      a focal plane,
PA1  a fly's eye light integrator with a first lenticular matrix in said focal
      plane, and a second lenticular matrix just beyond said focal plane, the
      lenticules of said second matrix being arranged to form magnified,
      superimposed images of illuminated lenticules of the first matrix on said
      target surface,
PA1  a collimator lens for receiving the image forming rays from said second
      matrix and collimating them into light striking the target surface
      symmetrically about a center optic axis perpendicular thereto,
PA1  aperture plate means located in proximity to the light integrator having an
      aperture therein which acts as a secondary light source for image forming
      light emerging from the light integrator and which has a predetermined
      dimension controlling the collimation of the beam of light emitted by the
      collimator lens,
PA1  an apertured mask immediately in front of said target surface, and
PA1  a convergent field lens immediately downstream of said light integrator
      adapted to superimpose images in the target plane of lenticules of the
      first lens matrix at different radii from the optic axis of the system.
NUM  5.
PAR  5. The subject matter of claim 1, wherein said aperture plate means
      contains a plurality of spaced apertures, located radially outward of the
      center of the aperture plate.
NUM  6.
PAR  6. The subject matter of claim 1, wherein said aperture comprises at least
      one circular aperture concentric with the center of the aperture plate,
      and spaced radially outward from said center.
NUM  7.
PAR  7. The subject matter of claim 1, wherein the means for regulating the
      aperture has a regulation range of collimation half angle adjustment
      between the approximate limits of 1.degree. and 4.degree..
NUM  8.
PAR  8. The subject matter of claim 1, wherein the aperture area in said
      aperture plate means is effectively offset radially outward from said
      center optic axis, and a portion of said plate occupies a centralized
      position relative to said optic axis, in such a manner as to mask out at
      least a substantial proportion of the most collimated rays of light lying
      in the region of said optic axis.
NUM  9.
PAR  9. The subject matter of claim 1, wherein the aperturing in said aperture
      plate is substantially offset from said optic axis.
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ABST
PAL  A system for visually determining the distance to an object includes a lens
      that is adapted to be sighted upon an object, said lens being divided
      equally in a first direction with each half covered by polarizing masks
      arranged at right angles to each other, a flat light transmission analyzer
      positioned in the vicinity of the focal plane of the lens and dividing the
      field of view thereof in a second direction displaced 90.degree. with
      respect to said first direction, each half of the analyzer being covered
      by polarizing elements arranged at right angles to each other, and
      calibrated means to indicate the relative position of adjustment of the
      lens and analyzer when the observed images at the opposite sides of the
      divided field of view are in coincidence.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  This invention relates to an improvement in an optical apparatus for
      visually determining the distance of an object.
PAR  2. Description Of The Prior Art
PAR  Many concepts and techniques have been proposed in the prior art for
      measuring the distance between an optical device and an object upon which
      it is sighted. In one form of such apparatus a pair of images of the
      object are respectively directed along different paths which establish a
      well-known range finder triangle having the object at its apex. The images
      of the object transmitted along the legs of the triangle are compared with
      each other. Thus, such a device includes a pair of optical systems for
      providing the pair of images. The image provided by one of the optical
      systems is adjusted manually with respect to the image provided by the
      other optical system until the images of both systems are in coincidence.
      The adjustment of said one of the images with respect to the other is
      indicated on a scale to provide a measure of the distance between the
      sighted object and the optical device. The accuracy of the measurement
      increases as the width of the base of the triangle is increased. This
      known structure thus is rather bulky and cumbersome. Also, separate
      optical systems are required for receiving the images that have traversed
      different paths from the object to the device.
PAR  The range finder of the present invention is characterized by its response
      to images of the object sighted upon as received along a single path, and
      accordingly, provides a desirable improvement in respect of its
      simplicity, bulk, and in the number of optical components required. This
      result is achieved by the utilization in a novel manner of an image
      splitting plane which allows independent viewing of the object through
      opposite halves of the objective lens and provides a divided viewing field
      having respectively associated viewing surfaces, hereinafter referred to
      as upper and lower viewing surfaces.
PAR  It is known in the prior art to provide image splitting means of this
      general type for indicating an out-of-focus condition of the object
      sighted upon. Such known optical devices, however, employ split image
      prisms which do not provide a true flat focal plane. As a consequence, in
      such prior apparatus irregularities can occur in the images produced at
      said upper and lower surfaces of the viewing field that make it difficult
      for the operator to determine when both images are precisely in
      coincidence.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an improvement in a focus
      system of the split image type which facilitates determination of
      coincidence of the images.
PAR  A further object of the invention is to provide an optical focusing
      arrangement which is characterized by its simplicity and the use of a true
      flat focal plane.
PAR  In accomplishing these and other objects, there has been provided, in
      accordance with the present invention, an improved focus system in which
      the image of the object sighted upon is directed along a path to a single
      lens. The lens is divided equally in a first direction, for example,
      vertically and each half is covered by polarizing elements or masks
      arranged at right angles, respectively. Thus, one half of the lens is
      arranged to transmit light rotated 45.degree. clockwise with respect to
      the vertical and the other half of the lens is arranged to transmit light
      rotated 45.degree. counter clockwise with respect to the vertical. The
      viewing field at the focal plane of the lens also is divided in half but
      in a second direction that is displaced 90.degree. with respect to the
      division of the lens, for example, horizontally. Again, each half of the
      division of the focal plane is covered by a separate flat polarizing
      element arranged and used as an analyzer. The focal plane is re-imaged or
      viewed through a second lens. With this arrangement, the typical split
      image effect similar to that obtained with the above mentioned prior art
      devices will be observed as the first mentioned lens is moved along its
      optical axis with respect to the focal plane. The vertical components of
      the image will be split at the interface of the analyzers and will appear
      to be continuous when the lens system is in best focus. An advantage of
      the focus device of the present invention is its simplicity and the use of
      a true flat focal plane.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention may be had from the
      following detailed description when read in connection with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view illustrating the optical system of the present
      invention;
PAR  FIG. 2 is an optical diagram illustrating the paths of the light rays from
      the object sighted upon through the device of the present invention for
      both in-focus and out-of-focus conditions;
PAR  FIG. 3 illustrates the continuous image produced by the device of the
      present invention for an in-focus condition; and
PAR  FIG. 4 illustrates the discontinuous image that is produced by the device
      of the present invention for an out-of-focus condition.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENT
PAR  The perspective view of FIG. 1 of the drawings shows the interrelations of
      the various components of the focus device or visual range finder
      according to the present invention. More specifically, a lens 1 is
      arranged for sighting upon an object 2 located at a distance. The lens 1
      is divided vertically as seen in FIG. 1, and each half is covered by
      polarizing elements respectively arranged at right angles to each other. A
      flat light transmitting analyzing member indicated at 3 is provided in the
      vicinity of the focal plane of the lens 1 to divide the viewing field of
      the latter in half. Member 3, as shown, is parallel to the focal plane.
      The division of the viewing field of the lens 1 provided by member 3 is in
      direction normal to the direction of the division of the lens 1, that is
      to say, horizontally, as seen in FIG. 1. Each half of the element 3 is
      covered by polarizing elements also arranged respectively at right angles
      to each other. A second lens indicated at 4 is provided for enabling an
      observer whose eye is indicated at 5 to view the object sighted upon. With
      this arrangement the observer will see a typical split image effect as the
      lens 1 is moved along its optical axis with respect to the focal plane.
      The vertical lined elements will be split at the interface and will appear
      to be continuous, as illustrated in FIG. 3 when the lens system is in best
      focus. When the lens system is in an out-of-focus condition, the vertical
      lined elements will appear to be discontinuous as illustrated in FIG. 4.
PAR  By reference to FIG. 2, it will be seen that the principal rays from one
      point on the object are shown as transmitted and focused by each half of
      the lens element. When the range finder is in proper focus, these
      principal rays, shown in full lines, intersect at the plane of the
      analyzers and will appear coincidental as viewed through lens 4. For an
      out-of-focus image, the principal rays, as shown in dotted lines, do not
      intersect at the plane of the analyzers, but will intersect either behind
      or in front of the plane and thus always appear displaced as they pass
      this plane. Thus, vertical lined elements will appear discontinuous when
      these rays do not intersect at the plane of the analyzers.
PAR  In further explanation of the foregoing, it is noted that the halves of
      lens 1 are polarized in first and second directions indicated as P.sub.1
      and P.sub.2, respectively. The directions of P.sub.1 and P.sub.2 are
      displaced 90.degree. from one another and each is displaced 45.degree.
      with respect to the vertical dividing line, as seen in FIG. 1. To this end
      suitable polarizing materials or masks may be placed or coated on the
      surface of the opposite halves of the lens.
PAR  The flat analyzer mask element 3 consists of an upper portion which is
      polarized in the first direction P.sub.1 and a lower portion which is
      polarized in the second direction P.sub.2. Thus, with respect to incident
      light from lens 1, the upper portion of element 3 transmits only light
      polarized in the first direction P.sub.1 and the lower portion transmits
      only light polarized in the second direction P.sub.2. As a result only
      light transmitted by the upper right and lower left quadrants of lens 1,
      as seen in FIG. 1, is transmitted by analyzer 3 to the lens 4. Thus, the
      field of view as seen through lens 4 will appear to be divided by a
      horizontal line above which is the image of object 2 from the upper right
      quadrant of lens 1, and below which is the image of object 2 from the
      lower left quadrant of lens 1. When the image of the object 2 is at the
      focal plane of the lens 1, coincident with the plane of analyzer 3, the
      image of object 2 above the horizontal line will coincide with the image
      below the horizontal line and the image thus will be continuous. When the
      image of the object 2 is not at the focal plane of lens 1 and is either in
      front of or back of the said focal plane, the image of object 2 above the
      horizontal line will not coincide with the said image below the horizontal
      line, and as a result, the image will be discontinuous.
PAR  In accordance with the invention, the lens 1 is arranged for linear manual
      adjustment in position along its optical axis by suitable means not shown,
      but including a knob 5'. Associated with the lens is an indicating member
      shown at 6 which is disposed to move along a scale 7. The scale 7 is
      suitably calibrated in terms of distance, in English or Metric units, as
      desired, whereby adjustment of the lens 1 to the position at which a
      continuous image of the object 2 is visually seen through lens 4 provides
      a direct measurement of the distance to the object 2. As those skilled in
      the art will understand, the lens 1 may be held stationary and the
      relative position of the analyzer 3 and the lens 1 may be made manually
      adjustable along the optical axis of the lens. Indicating member 6 and a
      suitable scale 7 may then be provided in association with analyzer 3 to
      provide the measurement of the distance to the object 2.
PAR  Thus, there has been provided in accordance with the present invention an
      improved optical device for focusing an image and for measuring the
      distance to an object which is characterized by its simplicity and the use
      of a true flat focal plane.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An optical system comprising a vertically divided lens each half of
      which is covered by polarizing elements arranged at right angles with
      respect to each other, an analyzer having polarizing elements arranged at
      right angles with respect to each other and disposed in the viewing field
      of said lens in the vicinity of and substantially parallel to the focal
      plane thereof and arranged to divide said viewing field in half in a
      direction normal to the division of said lens, and means to reimage said
      focal plane.
NUM  2.
PAR  2. An optical focus system comprising a lens adapted to be sighted upon an
      object, said lens being divided equally in a first direction and each half
      thereof covered by polarizing elements arranged at right angles to each
      other, a flat light transmission analyzer at the vicinity of the focal
      plane of said lens dividing the field of view of said lens in a second
      direction displaced substantially 90.degree. with respect to said first
      direction, each half of said analyzer being covered by polarizing elements
      arranged at right angles to each other, means to permit relative movement
      of said lens and said analyzer along the optical axis of said lens, and
      means to observe said field of view.
NUM  3.
PAR  3. A combination as specified in claim 2 including manually adjustable
      means for relatively adjusting said lens and said analyzer in position
      along said optical axis of said lens and including distance calibration
      means to indicate the said relative position of adjustment when the
      observed images at the opposite sides of said divided field of view are in
      coincidence.
NUM  4.
PAR  4. A combination as specified in claim 2 including manually adjustable
      means for adjusting said lens in position along its optical axis and
      including distance calibration means to indicate the position of
      adjustment of said lens when the observed images at the opposite sides of
      said divided field of view are in coincidence.
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PAL  This disclosure relates to an apparatus for measuring flow rates in gas
       sams and includes an optic component and an electronic component. The
      optic component starts with a focussed laser beam which is passed through
      a beam splitting prism so as to define two partial beams which, in turn,
      pass through a lens system so as to have two adjacent remote focal points.
      Particles in the gas stream passing through the focal points, which are
      located therein, reflect light in the form of reflected light beams which
      pass through a further lens system to pulse generators which, when
      actuated, generate a start pulse and a stop pulse with these pulses
      controlling the formation of a saw toothed wave controlling the amplitude
      of the generated wave, and the generated wave being directed to binary
      converter means and collector means which, in conjunction with an
      oscilliscope provides a visual wave having an amplitude indicative of a
      flow rate. The beam splitter is rotatable so as to selectively position
      one of the focal points within the gas stream with respect to the other so
      as to obtain a directional vector of the flowing gases.
BSUM
PAR  The invention relates to a measuring device for the measurement of fluid
      flow rates by ascertaining the rate of optically determinable particles
      present in the fluid flow utilizing a light source emitting a focussed
      beam to a beam splitter together with a lens system arranged in the light
      path from the beam splitter, which lens system focusses two partial rays,
      generated in the ray divider or beam splitter, in the fluid being measured
      at closely adjacent sites, and a photoelectric converter receiving signals
      via a second lens system from the fluid being measured.
PAR  For the measurement of flow rates in gas streams one preponderantly has to
      have recourse to probes projecting into the flowing gas stream to be
      tested. These probes may considerably influence the flow gas stream itself
      and, as a consequence thereof, the value to be measured. Furthermore,
      there are zones of flow e.g. in the field of turbo-machines, which cannot
      be covered generally by measuring techniques with probes.
PAR  Therefore, there have been developed non-contact operating optical
      measurement processes based on the fact that each real fluid contains dust
      particles generally following very strictly the flowing gas current. If
      these particles are irradiated by a light source, they emit scattered
      light to all directions. If particles sized between about 0.1 and 1 .mu.
      are irradiated with a laser beam, the light intensity scattering in the
      direction of the incident laser beam, i.e., the forward radiation, is
      preponderant by far to the intensity scattered in the opposite direction,
      i.e., the backward radiation. The ratio of intensity is in the range of
      10.sup.2.
PAR  In a known process for optical measurement of the flow rate of gases which
      is generally designated as "Laser-Doppler Method" a laser beam is directed
      to a prism and decomposed into two parallel partial beams. The two partial
      beams are focussed by a collector lens, the focal point of which is in the
      flow channel, so that an overlapping takes place. There is formed in the
      overlapping region an interference striated pattern, the bright and dark
      areas of which extend parallel relative to the angle bisector of the two
      partial rays and vertical relative to the plane of the partial rays. If a
      particle present in the gas current passes through this striant system, it
      is alternatingly illuminated or dark. A photo-multiplier directed to the
      measuring volume, records an approximately sine-shaped signal path the
      maxima of which are due to the bright bands and the minima of which are
      due to the dark bands. The signal frequency in association with a known
      width of bands gives a measure of the velocity component of the particle
      at right angles to the striated system. The electronic evaluation of the
      signals is difficult and requires primarily equipment particularly
      developed for this problem. With this equipment the resolution of
      frequency is, however, limited to about 50 MHz as an upper limit.
PAR  The "Laser-Doppler Method" also involves the disadvantage of a difficult
      evaluation of the signals and an additional further disadvantage of equal
      importance with respect to the measurement of high flow rates in narrow
      flow channels. The reason for this is the aforementioned limited frequency
      resolution of the evaluation electronics of about 50 MHz maximum. To keep
      within this limit, the width of the bands in the fluid being measured must
      be very great for the measurement of high speeds. As a result thereof, the
      measured volumina have a diameter in the order of millimeters and the
      intensity distribution is nearly constant in the ambiency of the fluid
      being measured in the direction of the axis of rays. In the case of
      measurement in narrow flow channels, the scattered radiation occurring at
      the channel walls can only be imperfectly eliminated by the scanning
      optics, so that measurements in turbo-machines for constructional reasons
      are nearly impossible near the wall due to the backward scattering of the
      rays.
PAR  Another optical measuring process known as "Laser Dual Beam Method" also
      operates with a laser beam split off in a prism into two partial beams.
      These partial beams do not go in parallel, but are guided, while they
      partly overlap, to two closely adjacent focussing points in the flow
      channel. A particle passing in the flow stream through the focussing
      points, causes two shortly spaced consecutive scattered light pulses which
      are recorded by a photomultiplier via collector optics. The time distance
      between the two pulses is a measure for the flow rate.
PAR  Since in this method, only such particles which effect evaluable pulse
      pairs are those which pass through both of the focussing points. There is
      recorded only such particle flow directions which extend in direction of
      an imaginary straight line passing through the two focussing points. Thus,
      this method is suitable to find the amount and direction of the average
      flow rate. However, with the test sets of this type measurements are only
      possible with a low flow tendency (&lt;  10 percent).
PAR  In view of the foregoing, it is an object of this invention to provide as a
      further development of one of the two aforementioned processes a measuring
      device permitting speed measurements in the region of rotors of
      turbo-machines. In this connection, the following particular difficulties
      must be considered:
PA1  1. High flow rates up to .about. 400 m/sec.
PA1  2. Narrow flow channels (about 10 to 20 mm in direction of the optical
      axis).
PA1  3. For constructional reasons, only the energy-poor backward scattering at
      the dust particles can be utilized.
PA1  4. Due to partly bidimensionally curved casing walls, only windows with
      small dimensions can be utilized.
PAL  To solve this problem, it is proposed, according to the invention, that the
      direction of an straight line passing through the two focussing points be
      changeable by rotating the beam splitter, and that the optical magnifier
      system be so devised that both the focussing points are separately imaged
      on different photoelectric converters and that there is provided in the
      ray path of the focussing system a diaphragm rotatable simultaneously with
      the rotation of the beam splitter.
PAR  In accordance with the invention it is possible to change the position of
      the dot-like focussing points or at least the position of one focussing
      point so that the direction of the straight line passing through the two
      focussing points can be changed in the flow channel. Thus, there is also
      changed the the direction to which the flow measuring devices respond,
      because an evaluation only takes place with respect to the particles which
      pass through both of the focussing points. The electronic evaluation of
      the signals of the photoelectric converter is extremely simple as compared
      to the known processes. Each of the two focussing points being coordinated
      to a separate photoelectric converter, a starting-stopping principle can
      be used in which the converter coordinated to the first focussing point
      generates a start signal, while the converter coordinated to the second
      focussing point generates an appertaining stop signal. The speed
      measurement of the particles in the flow channel is obtained from a time
      measurement whose result is available as a pulse length. Pulse lengths may
      be processed and evaluated much more easily with current electronic
      equipment than different frequencies.
PAR  For measurements within the region of high flow rates, the beam distance,
      i.e., the distance between the two focussing points can be increased in
      the measuring device of the invention in order to ensure that the
      generated pulses are sufficiently long for the evaluation electronics.
PAR  By a simultaneous adjustment or rotation of the beam splitter and
      diaphragm, it is easily possible to determine at any point of the flow
      volume not only the speed vector but also the amount of flow rate. For a
      laminar flow only a few measurements will be required for the
      determination of the speed vector. For a turbulent flow, a few
      measurements will not be sufficient because the speed vector varies not
      only as to its amount but also as to direction. For the accurate analysis
      of the tubulent flow a great number of individual measurements is
      necessary. It would be appropriate to change in eight to ten steps in the
      region of the average current direction the adjustment angle .alpha. of
      the beam splitter and to make up to a thousand measurements for each angle
      position. As will be explained hereinafter, said measurements can be made
      in a few minutes and can be combined electronically to form a distribution
      curve.
PAR  As an advantageous aspect of the invention, there is provided between the
      ray divider and the lens system an obliquely positioned apertured mirror
      through the aperture of which the partial rays are directed to a test
      fluid volume and the mirror surface of which reflects the scattered rays
      coming from the test volume to the second lens system.
PAR  With this arrangement, the scattered rays of the particles in backward
      direction are utilized. On account of the small length extension of the
      focussing points and of the strong focussing of the observation optics,
      the influence of background radiation is eliminated to a great extent. In
      spite of the low intensity of the backward radiation, it is possible to
      measure in close vicinity to walls, etc. and to obtain a relatively
      favorable signal to noise ratio.
PAR  The first lens system positioned between the beam splitter and the test
      volume may be used not only for the focussing of the partial beams
      directed to the test volume, but also for the focussing of the partial
      rays emitted from particles in the test volume so that a double function
      can be achieved.
PAR  It is advantageous for the diaphragm to be designed as a rotary dual hole
      diaphragm having an axis of rotation in which there is one hole while a
      second aperture is arranged eccentrically. With such a dual hole
      diaphragm, the beam splitter used conveniently is a Rochon prism
      generating a partial beam having an axis which is an extension of the axis
      of the incident beam while the second partial ray is in offset parallel
      relation thereto. Not only with the apertured diaphragm, but also with the
      beam splitter, irrespective of the angle of rotation position, there
      exists a continuous partial beam about which the other partial beam is
      circulating during a rotation. In each case the apertured diaphragm must
      be so rotated that it is exactly set relative to the corresponding
      focussing point via the second lens system and, if necessary, the
      apertured mirrow. By utilizing a microscope objective in advance of the
      dual hole diaphragm, the two beams actually lying closely side by side are
      sufficiently spaced to obtain acceptable hole distances at the dual hole
      diaphragm. Moreover, the eccentric partial beam is deviated at an angle to
      the adjacent partial beam.
PAR  The measuring device of the invention for which an apertured mirror can be
      used is advantageous over comparable measuring devices in that all of the
      components are housed in a compact housing where they are adjustable so
      that a compact device is available in which the components of the light
      receiving part are already adjusted to the components to the light
      emitting part or to the measuring point outside the device. A further
      advantage of the paths of ray obtainable with the apertured mirror resides
      in the fact that in the flow channel to which the measuring device is
      applied from the outside, one must have only a relatively small window for
      the light transmission. This is important because the windows for the
      obtention of a light passage must be absolutely plane. Larger windows
      would require stronger sealing beads and the like which have an influence
      on the fluid flow.
PAR  To evaluate the scattered light pulses emitted by the flowing particles,
      there is provided in an advantageous embodiment of the invention, a
      photoelectric converter, which is coordinated to the first focussing point
      in the test fluid volume, is connected with a first pulse former
      generating a start pulse, and a photoelectric converter, which is
      coordinated to the second focussing point, is connected to a second pulse
      former generating a stop pulse, and that the pulse former generating a
      stop pulse, and that the pulse formers are connected with a time pulse
      height converter the output pulses of which, as to their amplitude, always
      correspond to the time between a start pulse and a corresponding stop
      pulse.
PAR  The conversion of pulse lengths into pulse heights is no problem in
      electronics and is possible, in a conventional manner, utilizing a
      conventional saw-tooth generator. The pulse height signals, the amplitude
      of which corresponds to the time of passage of a particle from the first
      focussing point to the second focussing point, are evaluable with other
      known electronic instruments, designated as analyzers, without any
      difficulties. Such an analyzer comprises a series of amplitude filters
      (digital filters) all of which are triggered by amplitude-modulated input
      pulses and among which the filter responds in the region of which the
      pulse height for which the filter is designed. The filters can be followed
      by counters (integrators), which count the number of activations of each
      filter and which store the count for a specific time interval.
PAR  The invention is particularly suitable for flow measurements in running
      turbo machines. To this end, there is conveniently provided a blocking
      device interrupting the ray of light and being released only at a short
      time by a trigger signal, the trigger signals being derived from a signal
      generator controlled by the rotor of the turbo-machine. While the
      particles hit by the laser beam only emit relatively weak reflection
      signals, the blade causes a considerably stronger light reflection,
      whereby the photodetectors, which must be highly sensitive, can be
      overcharged. The blocking device ensures that a ray of light is only
      emitted if no blade reflections are to be expected. Due to the blocking
      device provided in the ray of light, an involved overload protection at
      the photoreflectors which have to respond extremely quickly is avoided and
      the occurrence of spurious signals by the reflection from the blades is
      prevented. A suitable blocking device is for instance a Pockels cell. The
      opening time of the Pockels cell is selected as small as to ensure that
      the measurement takes place in a narrow-spaced area of the flow channel or
      quasi stationarily.
PAR  With the above and other objects in view that will hereinafter appear, the
      nature of the invention will be more clearly understood by reference to
      the following detailed description, the appended claims and the several
      views illustrated in the accompanying drawings:
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a schematic view of the mechanical construction of a measuring
      device according to the invention.
PAR  FIGS. 1A and 1B are enlarged schematic views of ray paths in the encircles
      areas 1A and 1B of FIG. 1.
PAR  FIG. 2 is a block circuit diagram of the evaluation electronics connected
      to the photoelectric converter.
PAR  FIG. 3 is a schematic view of the pulse extensions in the evaluation
      electronics relative to a time axis.
PAR  FIG. 4 shows oscillograms of the frequency distributions of speed at a
      measuring point at various test angles with respect to the average flow
      direction.
PAR  FIG. 5 shows a schematic view of the connection of the measuring device of
      FIG. 1 to the casing of an axial condenser for making measurements within
      the operating condenser, and
PAR  FIG. 6 is an enlarged schematic sectional view along line VI--VI of FIG. 5
      and showing marked flow vectors.
DETD
PAR  With reference to the drawings, it will be seen from FIG. 1 that there is
      used a laser producer 10 to provide a light source, which, in a
      conventional manner, emits a sharply focussed beam 11 of monochromatic
      light. Beam 11 travels through trigger optics or blocking device 12,
      containing, for example, a Pockels cell. Trigger optics are conventionally
      switched to a great extent free of inertia by electrical signals. They are
      capable of selectively interrupting beam 11 and letting it pass for a
      specific determined time upon receipt of a trigger signal. Behind the
      trigger optics 12, there is a l/4-plate 13 and behind it, there is
      provided in the conventionally beam path a Rochon prism 14. The l/4 plate
      causes a circular polarisation of the beam so that with the rotation of
      the Rochon prism both of the rays emitting from the prism 14 have a
      constant intensity.
PAR  The Rochon prism 14 is shown in enlarged detail in FIG. 1A. It is cube
      shaped and acts as a beam splitter with the light beam 11 intercepting the
      cube on one side thereof at right angles. The interface 15 between the two
      prism halves, as shown in FIG. 1B, is a diagonal of the cube.
PAR  The Rochon prism 14 acts as a beam splitter. It generates two partial beams
      16, 17 of which the one partial beam 16 is an extension of the incident
      beam 11, while the other partial beam 17 extends under an angle of
      refraction with respect thereto.
PAR  By a collector lens 18 provided in the light paths behind the Rochon prism,
      the two partial beams 16, 17 are focussed. The axes of rays of the partial
      beams 16, 17 cross at focal points 19, 20 while the beams 16, 17 leave the
      lens 18 in parallel direction with respect to each other with the beams
      16, 17 being focussed by the lens 18 in their second focal plane at the
      respective focal points 19 and 20.
PAR  The two partial beams 16, 17, which in their entirety are shown in FIG. 1
      within the shaded area 21, pass through a central aperture of an apertured
      mirror 22 and are transferred by a lens system 23 of great focal length to
      the actual fluid test volume 24 in a flow channel 25. Here, the partial
      rays 16 and 17 are focussed again at focussing points 26 and 27.
PAR  The focussing points 26 and 27 form a light barrier. If a particle in the
      flow of the fluid test volume passes through one of the focussing points
      26, 27, it is momentarily illuminated and emits in turn a scattered light
      pulse. If such a particle flies through both of the focussing points 26,
      27, it generates two scattered light pulses consecutively in time. From
      the time sequence of these light pulses (at 300 m/s about 2 .mu.s), there
      ensues directly the speed component of the fluid flow in the direction of
      the imaginary straight line through the focussing points 26 and 27. This
      straight line is at right angles relative to the axis of the partial rays
      16, 17.
PAR  A photodetector directed to the test volume 24 is recording the double
      light pulses only where the level, in which the two partial rays are
      present, is in parallel relative to the flow direction. Thus, by the
      determination of the position of the plane, the direction of the particle
      speed can also be found. The angle resolution is subject to the ratio (ray
      diameter: ray distance) and is with a 7.mu. diameter and a 350 .mu.
      distance about .+-. 1.degree..
PAR  To admit the light into the flow channel 25, the flow channel 26 is fitted
      with a planar light-transmissive window 28.
PAR  Through the window 28 the scattered light generated by a particle at the
      focussing points 26 and 27 travels to the outside in the form of partial
      beams 29 and 30. The partial beams 29, 30 pass the first lens system 23,
      the diameter of which is so dimensioned that, in addition to the
      forward-funning beams 16, 17 after passing through the aperture of the
      apertured mirror 22 pass therethrough, the backward moving partial beams
      29, 30 are also transferred therethrough in reverse direction and outside
      the central region of the lens system with the same lens characteristics.
PAR  Partial beams 29 and 30 meet the mirror surface of the apertured mirror 22
      inclined about 45.degree. relative to the ray axis and they are focussed
      on a second lens system 31, conveniently a microscope objective, which is
      in the focal point of the first lens system 23.
PAR  Behind the microscope objective 31, the partial beams 29, 30 are separated
      again. Partial beam 32, emanating from the focussing point 26 leaves the
      microscope objective 31 in a coaxial direction, while a partial beam 33
      emanating from the focussing point 27 leaves the microscope objective 31
      at an angle relative to the axis of the microscope objective.
PAR  Behind the microscope objective 31, there is a dual hole diaphragm 34
      containing a central aperture for beam 32 and an eccentric hole for the
      passage of beam 33.
PAR  Behind the central aperture of the dual hole diaphragm 34 there is an
      oblique mirror 36 deviating partial beam 32 at a right angle relative to
      the axis of the microscope objective 31 and guiding it to a conventional
      photoelectric (light/voltage) converter 37, e.g., a photomultiplier.
PAR  The oblique mirror 36 is so small that it does not cover the second partial
      beam 33, which passes by the mirror 36 and meets a collector lens 38.
      Behind the lens 38, there is a further lens 39 in the path of the beam 33
      and behind it, there is a further oblique mirror 40 conducting the partial
      beam 33 to a further conventional photoelectric (light/voltage) converter
      41.
PAR  The convention light/voltage converter 37 generates an electric start pulse
      while the conventional light/voltage converter 41 generates an electric
      stop pulse. The time difference between the two pulses is used to
      calculate the fluid flow rate.
PAR  The means for effecting the evaluation and processing of the start pulse
      and the stop pulse, according to the invention is illustrated in FIG. 2 in
      the form of a block diagram.
PAR  At the output of the converter 37 for the start pulse, there is connected a
      conventional pulse shaper 42, which upon receipt of an input pulse,
      generates an output pulse of a defined amplitude and form shown as a
      square wave pulse.
PAR  Also, after the photoelectric converter 41 for the stop pulses, there is
      provided a conventional pulse shaper 43 of the same type as the pulse
      shaper 42, which also produces an output pulse of a definite amplitude and
      form, as shown on a square wave pulse.
PAR  The outputs of the two pulse shapers 42 and 43 are fed to the input of a
      conventional time/pulse height converter 44. The time pulse
      height-converter 44 generates an output pulse, the pulse height of which
      is dictated by the time period between the pulses from the pulse shapers
      42 and 43. The mode of operation of the time/pulse height converter 44 is
      illustrated with the pulse diagram of FIG. 3 where the different relevant
      voltages are shown as functions of time. A start pulse 45 from the pulse
      shaper 42 enables the converter 44 which starts to produce a voltage 47
      which, like a ramp function, increases linearly over a period of time. A
      stop pulse 46 from the pulse shaper 43 carries the converter 44 to limit
      the increase of voltage 47 and to maintain it at a constant value
      determined by the period between the start and stop pulses. An output
      pulse 48 supplied thereafter from the time/pulse-height converter 44 has
      the amplitude of the obtained constant value voltage 47. It is the greater
      the greater the time interval between the pulses 45 and 46. If a start
      pulse 45 is generated, but no stop pulse 46 follows thereafter within a
      specific period of time, the voltage 47, upon reaching its maximum value,
      is again automatically returned to zero reference level.
PAR  The output pulse 48 is fed to the input of a conventional
      analog/digital-converter 70, which converts the pulse height into
      binary-coded signals. In a practical execution, a specific region of
      amplitudes which is adjustable, is resolved in ten bits so that the
      amplitude region is resolved into 1024 increments. The ten bits,
      representing amplitude values, are passed on to respective digital filters
      71 of which 1024 exist, and of which each corresponds to a specific
      amplitude value or amplitude interval. The digital filters 71 are
      conventional digital filters (pulse filters) delivering output pulses with
      standard amplitude and standard length, if the amplitude of the input
      pulse 48 is in the amplitude interval to which responds the corresponding
      filter 71. The signal output from all the filters 71 which are
      representative of respecting amplitude regions, cover all of the
      amplitudes of the pulse 48 of interest without a mutual overlapping.
PAR  After each filter 71 there is provided a counter (integrator) 72, the
      counter level of which always shows the sum of the pulses fed via the
      appertaining gate circuit 71. The counters 72 form the "memory" of each
      amplitude channel. The outputs of the counters 72 can be scanned in cycles
      and to simplify matters, this is shown as a symbol by switch 50 in the
      drawing. In practice, the cyclic scanning of the individual channels is
      achieved electronically in a conventional manner. The counter levels are
      transferred either in series or in parallel to a conventional
      digital/analog converter 73, converting the counter levels into voltage
      amplitudes.
PAR  The digital/analog-converter 73 can be connected with an oscilloscope 51
      whose X-voltage is synchronised with the movement of switch lever 50, a
      feature illustrated diagrammatically by a dash-dot line connected between
      the switch 50 and the oscilloscope 51. The Y-deflecting voltage is taken
      from the ouput of the digital/analog converter 73, which corresponds to
      the output of the counters 72. In this manner there is obtained an
      oscillogram of a distribution curve consisting of dots. The number of dots
      corresponds to the number of channels of the analyser 49. In place of the
      oscilloscope 51, there can be also used a mechanical recorder or a
      computer connected to the analyser 49.
PAR  The aforementioned analyser 49 operates digitally. Of course, it is also
      possible, to use other analysers within the scope of the invention. Above
      all, use can be made of merely analogously operating conventional
      analysers in which the amplitude filtering function is effected by
      conventional differential amplifiers.
PAR  In the condition of the optical system illustrated in FIG. 1, in which the
      straight line passing through the focussing points 26 and 27 extends
      parallel relative to the axis of the flow channel 25, the amplitude of the
      flow rate can be easily ascertained with a laminar flow. The peculiarity
      of the device according to the invention resides in the fact that flows
      with other vectors can be simply ascertained. Rotating, for this purpose,
      the Rochon prism 14 about the axis of the incident ray 11, the focussing
      point 20 of the transmissive ray portion remains fixed while the focussing
      point 19 rotates also about the focussing point 20. The straight line
      passing through both the focussing points 19, 20 extends now at an angle
      relative to the axis of the flow channel 25. The photoelectric converters
      37 and 41 being optically oriented to the focussing points, the optical
      alignment of at least one converter must change if the position of one
      focussing point has changed. Therefore, the dual hole diaphragm 34 can be
      rotated simultaneously with the Rochon prism 14. The rotational movements
      of these two elements can be synchronised via a mechanical coupling 74,
      FIG. 1. To simplify matters, it is also possible to manually rotate
      through the same angle both the prism 14 and the diaphragm 34.
PAR  In FIG. 4, the analysis of a current is illustrated with different angles
      of rotation .alpha., such as visible on th screen of the oscilloscope 51
      (FIG. 2). Conveniently, the angle position .alpha. of the plane of the two
      partial rays 16, 17 is changed within the region of the central flow
      direction in eight to ten steps, and up to 1000 measurements are made with
      each angle position .alpha.. The number of measurements is recorded by
      counting the number of start pulses in a counter 52 which counter is
      connected to the pulse shaper 42 and responsive to its output, and after a
      thousand measurements, that is a thousand pulses from the pulse shaper 42,
      the counter 52 produces an output pulse which is fed to the analyser 49,
      causing the analyser to be switched off.
PAR  In FIG. 4, the time is marked on the abscissa, which time is required by
      the particles to pass the distance between the focussing points 26 and 27
      in the test volume. The ordinate indicates the frequency of the time event
      concerned. For each distribution, the same number of starting events,
      i.e., particles entering the test volume, have been taken as a basis.
PAR  The probability that a particle that entered the test volume, will meet
      both of the focussing points 26, 27 is greatest of all in the direction of
      the average fluid flow sense (.alpha. = 0.degree.). The maximum of
      distribution indicates the average speed, while the breadth of
      distribution at the foot corresponds to the greatest fluctuations of
      speed.
PAR  With increasing angle .alpha., the probability for a particle to pass
      through focussing points 26, 27 declines quickly, as expected, and in case
      of .alpha. = 1.5.degree. it is already nearly O. Due to the symmetry of
      the event there are obtained equal distributions with the correspoding
      negative values of .alpha.. By combinations there are obtained
      distributions of frequencies subject to the speed or to the appertaining
      time and the direction of speed.
PAR  For the performance of 8,000 to 10,000 individual measurements to analyse
      turbulent flows, about 3 to 4 minutes are required including the output of
      data subject to the pollution of the flow medium. To obtain correct
      measurements, the flow conditions at the point of measurement must remain
      unchanged in the average during this time.
PAR  A particular advantage of the device of the invention resides in the fact
      that it is excellently suitable for the measurement in running
      turbo-machines. The measuring principle is schematically shown in FIG. 5.
      The flow distribution in an axial condenser shall be measured. The shaft
      of the axial condenser is referred to with 55. The blades 56 are radially
      projecting therefrom and are oblique in axial direction. In the wall 57 of
      the axial condenser there is a plane window 58 to which the device 59
      shown in FIG. 1 is attached.
PAR  The wheel flow recognised by a stationary observer being unstationary,
      there is provided a trigger unit taking care that the flow measurements
      are performed as a kind of dot scanning in the region between the blades
      56, the measurements always being made at the same point in consecutive
      blade periods. By this means, there is obtained a quasi-stationary
      measuring event.
PAR  The triggering is made with a conventional contactless (proximity) switch
      60 which is mounted on the casing wall of the axial condenser and racts on
      the blades 56 or on the marks 61 at the blades. The marks can be magnetic
      strips. Whenever a blade 56 passes by switch 60, it gives a short pulse
      via line 62 to the trigger optics 12 (FIG. 1), they admit the passage of
      ray 11 during the pulse, while it is blocked for the rest of the time.
      Between switch 60 and trigger optics 12, a conventional adjustable
      electric delay member 75 can be fitted. Thus, it is possible to perform
      between two blades 56 measurements in a dot-like manner and to scan the
      same measuring points cyclically between all of the blade pairs passing
      by.
PAR  By rotation of the Rochon prism 14 and of the dual hole diaphragm 34, flow
      vectors can be determined at all of the points between the blades 56.
PAR  FIG. 6 shows an example of the flow distribution between two blades 56 of
      an axial condenser. The space between the blades is resolved into 5
      measuring points. The main flow directions are applied as to value and
      angle position. The direction of the inflow is defined with 0.degree.. The
      change of the direction of main flow between the blades up to a maximum of
      14.7.degree. is clearly evident.
PAR  By shifting the device 59 radially relative to the rotor 55, the depth can
      be easily modified in which the measurements are made between the blades.
PAR  The test interval is dictated by the blade frequency and by the number of
      measuring points between two blades. With ten measuring points, the test
      interval must be less than 1/10 of the blade period, thus with 10 kHz
      blade frequency less than 10 .mu.s. The measurement at the selected point
      of the blade channel is repeated after each wheel rotation until
      sufficient data for the evaluation is available.
PAR  Although it has been stated above that the converters 37, 41; the pulse
      shapers 42, 43; the time/pulse-height converter 44; the
      analog/digital-converter 70; the digital filter 71; the counters 52, 62;
      the switching means 50 and the digital/analog converter 73 are
      conventional, in order to more fully facilitate the understanding of one
      not fully conversant with the electronic components of FIG. 2, the
      following information with respect to these components is provided:
PAR  The converters 37, 41 may be photomultipliers of type 9813 A available from
      EMI Electronic Ltd., 243 Blythroad, Hayes, Middlessex. The pulse shapers
      42, 43 may be constant fraction triggers type CFT-D of Canberra Electronic
      GmbH, Munchen, W. Germany.
PAR  The time/pulse-height converter 44 may be model 437A available from ORTEC,
      100 Midland Road, Oakridge, Tennessee/USA.
PAR  The analyser 49 incl. oscilloscope 51 may be model 8100 "Multi-Channel
      Analyser" available from Canberra Industries Inc., Meriden, Connecticut,
      USA.
PAR  Counter 52 can be a "preset-counter" type 1776 of Canberra Ind.
PAR  Although only a preferred embodiment of the fluid flow measuring apparatus
      has been specifically illustrated and described herein, it is to be
      understood that minor variations may be made therein without departing
      from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Measuring device for the measurement of flow rates of fluids by
      determining the rate of movement of optically detectable particles present
      in the fluid flow, said device comprising a light source means for
      emitting a focussed beam, a beam splitter for receiving said beam and
      dividing said beam into two generated partial beams, a first lens system
      in the path of said partial beams for focussing the two partial beams in a
      fluid test volume at closely adjacent focussing points, a photoelectric
      converter system, a second lens system for directing light beams
      reflecting from particles in the test fluid to said photoelectric
      converter system, means for rotating said beam splitter to selectively
      change the direction of an imaginary straight line passing through said
      two focussing points, said photoelectric converter system including two
      photoelectric converters, said second lens system having means for imaging
      light beams reflected from particles at said two focussing points
      separately on respective ones of said photoelectric converters, said
      second lens system including a dual hole diaphragm for receiving reflected
      light beams from said two focussing points, and means for adjusting said
      diaphragm simultaneously with the rotation of said beam splitter.
NUM  2.
PAR  2. Measuring device according to claim 1 wherein there is provided between
      said beam splitter and said first lens system an oblique apertured mirror
      through the aperture of which the generated partial beams are directed to
      the fluid test volume and the mirror surface of which reflects the
      reflected beams coming from the fluid test volume to said second lens
      system.
NUM  3.
PAR  3. Measuring device according to claim 2, wherein said dual hole diaphragm
      is rotatable and is provided coaxial to the axis of rotation thereof with
      one hole, and there is a second hole positioned eccentrically of said
      axis.
NUM  4.
PAR  4. Measuring device according to claim 3, wherein said beam splitter is a
      Rochon prism capable of generating a first of said generated partial beams
      having an axis which is an extension of the axis of said focussed beam on
      a second of said generated partial beams, and a collector lens travels in
      parallel offset relation to the first generated partial beam.
NUM  5.
PAR  5. Measuring device according to claim 4, wherein there is a first pulse
      shaper means for generating a stop pulse, that one of said photoelectric
      converters coordinated to a first of said focussing points in the test
      volume is connected with said first pulse shaper means, a second pulse
      shaper means for generating a stop pulse, said photoelectric converter
      associated with the other of said focussing points being connected to said
      second pulse shaper means, and a time/pulse-height converter and means
      connecting said pulse shapers to said time/pulse-height converter for
      providing the output pulses which correspond as to their amplitude to the
      time between a start pulse and a stop pulse.
NUM  6.
PAR  6. Measuring device according to claim 5, wherein there is a multi-channel
      analyser containing plural filters with counters, said time/pulse-height
      converter is connected to said multi-channel analyser, and a scanning
      device for cyclically scanning said counters.
NUM  7.
PAR  7. Measuring device according to claim 6, wherein there is a blocking
      device for interrupting said focussed beam and trigger signal means
      connected to said blocking means for temporarily releasing the same.
NUM  8.
PAR  8. Measuring device according to claim 7 wherein said measuring device is
      utilized in conjunction with a turbo-machine having a rotor, and said
      trigger signal means includes means actuated in timed relation to the
      rotation of said rotor.
NUM  9.
PAR  9. Measuring device according to claim 8 wherein said rotor includes
      circumferentially spaced blades, and the time release of said blocking
      device is below 1/n of the blade frequency of said turbo-machine, n being
      the number of intervals into which the blade division is resolved.
NUM  10.
PAR  10. Measuring device according to claim 1, wherein said dual hole diaphragm
      is rotatable and is provided coaxial to the axis of rotation thereof with
      one hole, and there is a second hole positioned eccentrically of said
      axis.
NUM  11.
PAR  11. Measuring device according to claim 10, wherein said beam splitter is a
      Rochon prism capable of generating a first of said generated partial beams
      having an axis which is an extension of the axis of said focussed beam on
      a second of said generated partial beams, and a collector lens travels in
      parallel offset relation to the first generated partial beam.
NUM  12.
PAR  12. Measuring device according to claim 1, wherein said beam splitter is a
      Rochon prism capable of generating a first of said generated partial beams
      having an axis which is an extension of the axis of said focussed beam on
      a second of said generated partial beams, and a collector lens travels in
      parallel offset relation to the first generated partial beam.
NUM  13.
PAR  13. Measuring device according to claim 1, wherein there is a first pulse
      shaper means for generating a stop pulse, that one of said photoelectric
      converters coordinated to a first of said focussing points in the test
      volume is connected with said first pulse shaper means, a second pulse
      shaper means for generating a stop pulse, said photoelectric converter
      associated with the other of said focussing points being connected to said
      second pulse shaper means, and a time/pulse-height converter and means
      connecting said pulse shapers to said time/pulse-height converted for
      providing the output pulses which correspond as to their amplitude to the
      time between a start pulse and a stop pulse.
NUM  14.
PAR  14. Measuring device according to claim 13, wherein there is a
      multi-channel analyser containing plural filters with counters, said
      time/pulse-height converter is connected to said multi-channel analyser,
      and a scanning device for cyclically scanning said counters.
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ABST
PAL  A method and device for determining acentricities in a powder material by
      illuminating the powder with a collimated coherent light beam of given
      wave-length which generates a second harmonic in the material. The second
      harmonic with the fundamental removed by filters is divided by a beam
      splitter and sent to two photomultipliers -- one of which has a narrow
      band filter to select only light of one wave-length. If all the light is
      generated at the second harmonic equal signals are produced by the
      photomultipliers. If non-second harmonic radiation is produced, a larger
      signal will be produced in the unfiltered reference channel.
BSUM
PAR  This invention relates to a method and device for determining acentricities
      in a powder sample. In particular the invention is useful in measuring
      potential electrooptic materials, and determining the absence of a
      crystallographic center of symmetry. The method basically consists of
      irradiating a sample with a high-power laser at a frequency .omega. and
      measuring the power generated at the second harmonic at a frequency 2
      .omega..
PAR  A technique and device for evaluating non-linear optical materials has been
      described in an article entitled "A Powder Technique For The Evaluation of
      Non-Linear Optical Materials" by S. K. Kurtz and T. T. Perry published in
      The Journal of Applied Physics, Vol. 39, No. 8, pp. 3798-3813 (July,
      1968). Further work has shown that a detection sensitivity of at least
      10.sup..sup.-3 of the harmonic from a quartz powder standard is required
      to establish whether a material is acentric or centric at a high (99
      percent) confidence level. This requires working at nominal laser power
      densities of 10.sup.4 to 10.sup.5 W/cm.sup.2 which normally should not
      give rise to unwanted visible optical signals variously referred to in the
      literature as burning, plumes and laser damage. The fact is, however, that
      in a powder these or similar effects occur at the power levels shown to be
      essential for reliable center of symmetry determination. This has limited
      the reliability of this method to date in detecting acentricity to about
      that of the Giebe-Schiebe powder test. Detection of such very small
      acentricities is important in crystal structure determinations as well as
      the study of disorder near phase transitions.
PAR  It is an object of our invention to provide a method of determining whether
      a material is acentric or centric at a high confidence level.
PAR  This and further objects of the invention will appear as the specification
      progresses.
PAR  According to the invention a flash lamp pumped Nd:Glass laser
      (.lambda.=1.06 .mu.m) with an optical energy of 1 joule and a pulse length
      of 300 .mu.s is used in single pulse operation. After the flash lamp
      radiation is removed by a filter, the beam is focused on a powdered
      sample. If the sample is crystallographically acentric, the second
      harmonic (2.omega.) of the laser fundamental frequency (.omega.) will be
      generated. After the fundamental is removed by filters, this second
      harmonic light (SHG) is divided by a beam splitter and sent to two filters
      to select out the green (5300A) SHG light. This dual channel system is
      specially designed so that when all the light collected from the sample
      has wave-length .lambda.= 5300A (SHG), balanced signals will be displayed
      on an oscilloscope from the two photomultipliers. This is accomplished by
      means of a beam splitter which splits the light by a 1/3, 2/3 ratio. The
      1/3 portion goes directly to a photomultiplier. The 2/3 portion is
      directed through a narrow pass filter with 50 percent transmission at the
      second harmonic wave-length before it arrives at a second photomultiplier.
      The signals from the photomultipliers are only equal if all the light
      produced is at the SHG wave-length.
PAR  The dual channel presentation is unbalanced if any of the visible light is
      produced by laser damage mechanisms since in this case a larger signal
      will be detected in the unfiltered reference channel. This technique
      allows one to achieve the required sensitivity of 10.sup..sup.-3 quartz
      required for high reliability while simultaneously guarding against
      spurious signals. Thus, the detector assembly is carefully designed by the
      judicious combination of standard optical components so that it functions
      as a single wave-length spectrometer of high collection efficiency.
PAR  An additional unique feature of the system is the use of an optimum solid
      angle for collecting the second harmonic light at the photomultipliers.
      When the powders are immersed in a liquid having an index refraction equal
      to the crystal at the second harmonic, then the second harmonic light is
      collected with a high efficiency. An added benefit is a noticeable
      decrease in the spurious radiation for a given laser intensity.
DRWD
PAR  The invention will be described with reference to the accompanying drawing
      in which:
PAR  FIG. 1 shows a block diagram of the second harmonic analyzer;
PAR  FIG. 2 shows a sectional view of the analyzer;
PAR  FIG. 3 shows the relationship between the signal intensity and attenuation;
      and
PAR  FIG. 4 shows the relationship of the second harmonic intensity as a
      function of refractive index mismatch.
DETD
PAR  As shown in FIG. 1, a neodymium glass laser 1 produces, when energized, a
      flash of visible light together with infra-red at a wavelength of 1.06
      .mu.m which is collimated by a lens 2. Visible light is removed by filter
      3 leaving only 1.06.mu. and other infra-red radiation which is attenuated
      by neutral density filters 4 which is reflected by a mirror 5 and focussed
      by a lens 6 onto a sample 7 on a sample holder 8 in a sample chamber 9.
PAR  If the sample is crystallographically acentric, the second harmonic
      (2.omega.) of the laser fundamental frequency (.omega.) will be generated,
      i.e., a second harmonic at 0.53 .mu.m will be generated. After the
      fundamental and other infra-red radiation is removed by filter 10, this
      second harmonic (SHG) is divided by a beam splitter 11 and sent to two
      photomultipliers 12 and 13.
PAR  The incident radiation on the beam splitter is divided so that one third is
      directed to photomultiplier 12 (see FIG. 2) while two-thirds is passed to
      photomultiplier 13. Between the beam splitter and photomultiplier 13 a
      narrow pass filter 14 having a 50 percent transmission at 0.53.mu. .+-.
      150A is provided. Thus, if only the second harmonic is present, only
      one-third of the incoming light from the sample is received by
      photomultiplier 13.
PAR  The signals from each of the photomultipliers are displayed conveniently on
      an oscilloscope 15, the signal from photomultiplier 12 being a reference
      signal. When all the light collected from the sample has a wave-length
      .lambda.=5300A (SHG), balanced signals will be displayed on the
      oscilloscope from the two photomultipliers.
PAR  The dual channel presentation is unbalanced if any of the visible light is
      produced by laser damage mechanisms since in this case a larger signal
      will be detected in the unfiltered reference channel.
PAR  For optimum detection of SHG the power density of the laser at the powder
      cannot be arbitrarily increased. FIG. 3 shows the SHG and spurious signals
      as a function of attenuation (neutral density) in the laser beam for
      several different laser beam diameters (at the powder). It is clear that
      an optimum focussing of the beam exists. For the 1 joule, 300.mu.s laser
      used, this optimum is close to 3mm. diameter at the powder sample.
PAR  An additional unique feature of the system is the use of an optimum solid
      angle for collecting the second harmonic light at the photomultipliers.
      When the powders are immersed in a liquid having an index refraction equal
      to the index of the crystal at the second harmonic, then the second
      harmonic light is collected with a high efficiency. An added benefit is a
      noticeable decrease in the spurious radiation for a given laser intensity.
      A plot of second harmonic intensity versus refractive index mismatch is
      shown in FIG. 4 for the quartz reference. The optimum collection solid
      angle is achieved when the active area of the photomultiplier cathode is
      filled by the second harmonic beam from an index matched powder. The high
      sensitivity of this optical configuration to refractive index mismatch
      (.DELTA.n's of 0.02 can be readily detected), as shown in FIG. 4, provides
      a practical means for identification of the material responsible for the
      second harmonic generation. This is an important feature not available in
      other nonlinear optical configurations. It combines in a single function
      both second harmonic generation and refractive index identification of the
      particular compound (for instance in a mixture) which is generating the
      harmonic. It is distinct (in giving more information) than the
      conventional immersion (Becke line) methods of optical crystallography
      which provide no means of distinguishing centric from acentric compounds.
      For instance, in a mixture of two materials A and B, the normal immersion
      method could determine the indices of refraction of A and B separately.
      Conventional SHG as disclosed in the earlier publication could only say
      that A or B (or both) are acentric if SHG was observed. In the present
      analyzer, we can determine which component is acentric (or also both) if
      that is the case by varying the index of the immersion oil and and find
      the peak in the second harmonic intensity. This is especially important in
      mineralogical and industrial samples where unwanted impurities (including
      dirt) may get in the powders and give a misleading result.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of determining crystallographic acentricities in a powder
      sample comprising the steps of exposing the powder sample to a beam of
      collimated coherent radiation of given fundamental wave-length and
      intensity to generate the second harmonic of said radiation in said
      sample, removing the fundamental from the radiation after the sample to
      leave only the second harmonic, dividing the second harmonic into two
      separate beams one of which has a greater intensity than the other, the
      beam of lesser intensity serving as a reference beam, passing the beam of
      greater intensity through a filter having a narrow passband to limit said
      latter beam to the second harmonic only, reducing the intensity of said
      latter beam to balance said beams at the second harmonic frequency,
      detecting and displaying the intensities of each of said beams, and
      comparing the intensities of the respective beams to thereby determine
      acentricities in the powder sample.
NUM  2.
PAR  2. A method as claimed in claim 1 in which the sample is placed in a liquid
      having a given index of refraction producing a maximum signal intensity.
NUM  3.
PAR  3. A method as claimed in claim 2 in which the sample is immersed in a
      liquid having an index of refraction substantially equal to the crystal at
      the second harmonic.
NUM  4.
PAR  4. A method as claimed in claim 3 in which the radiation is pulsed.
NUM  5.
PAR  5. A method as claimed in claim 4 in which the pulse length is 300.mu.s.
NUM  6.
PAR  6. A device for determining crystallographic acentricities in a powder
      sample comprising a source of coherent radiation of a given fundamental
      wave-length and intensity, means to position the sample in the path of
      said radiation to expose the sample thereto, means to remove the
      fundamental after passage through the sample leaving essentially only a
      second harmonic of the fundamental, means to divide the beam after the
      sample into two beams, a narrow pass filter in the path of one of the
      beams to limit the frequency in said beam to substantially only the second
      harmonic, means to balance the intensities of the two beams at the second
      harmonic frequency, means in the path of each of said divided beams to
      detect the intensity thereof, and means to display the relative
      intensities of said beams to thereby determine acentricities in the
      sample.
NUM  7.
PAR  7. A device as claimed in claim 6 in which the sample is immersed in a
      liquid having a given index refraction producing a maximum signal
      intensity.
NUM  8.
PAR  8. A device as claimed in claim 7 in which the liquid has an index of
      refraction substantially equal to the crystal at the second harmonic.
NUM  9.
PAR  9. A device as claimed in claim 8 in which the radiation source is a flash
      lamp pumped Nd:Glass laser.
NUM  10.
PAR  10. A device as claimed in claim 6 in which the narrow pass filter has a 50
      percent transmission characteristic at the second harmonic frequency and
      said dividing means has a one-third to two-thirds beam intensity ratio.
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ABST
PAL  Method and apparatus for analyzing blood or other biological fluids
      containing cells or particles of interest by passing them sequentially
      through a narrow flow chamber where a repetitive physical stimulus, such
      as a plurality of beams of light, is spaced at intervals to form a code
      along the length of the flow chamber to elicit responses from the
      particles. These responses are then decoded and used to classify the
      particles according to type.
BSUM
PAR  This invention relates to a method and apparatus for the analysis of blood
      or other biological fluids in which small particles, such as single cells,
      are detected and classified. The invention provides a means of increasing
      the detection sensitivity for determining the response of particles to a
      physical stimulus, such as light, when the particles are passed through a
      narrow flow chamber. A typical example would be in measuring the intensity
      of fluorescent emission from stained blood cells.
PAR  Since the particles are passed one by one, and usually quite rapidly, thru
      the flow chamber, the response signal is often so weak that adequate
      detection and measurement is difficult. However, if the stimulus is
      repetitively, and periodically applied, and the successive responses
      appropriately detected, then it is possible to add successive responses
      for each individual particle and obtain a single large response which is
      more suitable for detection and classification of the number and types of
      particles present in the sample.
PAC  BACKGROUND OF THE INVENTION
PAR  Analysis of cells, such as blood cells, may be accomplished by staining the
      cells with a fluorescent dye and then detecting a fluorescent emission as
      individual cells pass through a narrow illuminated flow chamber. U.S. Pat.
      Nos. 3,788,744 and 3,819,270 illustrate conventional techniques and U.S.
      Pat. No. 3,788,744 describes apparatus for such photoanalysis. This type
      of photoanalysis is usually performed on several million particles in any
      particular sample. Since it is always desirable for the complete sample to
      be measured in only a few minutes, the measurement time allowed for a
      single particle is in the order of microseconds. As a result, the total
      integrated signal output from a photodetector responsive to the
      fluorescent emissions of individual cells is quite weak. If a more
      substantial signal is required in order to discriminate between different
      classes of particles, it is necessary to increase the measurement time by
      reducing the flow rate of particles through the flow chamber.
      Alternatively, the length of the measurement chamber may be increased and
      the particle concentration diluted to prevent the possibility that two
      particles will be in the measurement area of the flow chamber
      simultaneously. In either case, the total time for analysis of the entire
      sample is increased. The same problem exists whether the cell counter used
      is designed for photometric analysis, or whether it operates on a
      principle of detecting differences other than fluorescent emission. For
      example, commercial blood cell counters are available which operate on the
      principle of distinguishing between cells on the basis of electrical
      conductivity, light scattering, light blockage, or electrical capacitance.
      U.S. Pat. No. 3,811,841 describes a system employing light blockage in
      cell detection.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a flow chamber measurement
      device incorporating pulse code techniques. Practice of the invention
      leads to increased sensitivity and higher counting rates than is currently
      possible with conventional systems.
PAR  It is a further object of the invention to provide increased measurement
      sensitivity without a corresponding increase in the illumination or other
      physical stimulus applied to the measured cells. The most obvious way of
      increasing sensitivity in photometric analysis of blood cells would be to
      simply increase the light source intensity. However, a brighter source is
      more costly, produces extra heat, and requires more careful shielding to
      prevent stray illumination from reaching the fluorescent detector. In
      addition, detrimental side effects accompany an increase in light
      intensity. Undesirable photochemical reactions between the fluorescent dye
      and protein in the cells may be induced by the more powerful illumination
      intensity. This distorts the analysis performed and precludes any
      subsequent study or analysis of the cells after they have been processed
      through the flow chamber.
PAR  An increase in the illumination intensity applied will increase the
      probability of a photochemical reaction for two reasons. First, the
      average lifetime in the excited state for the cells of interest in the
      flow chamber is increased, resulting in a greater possibility of collision
      between the excited particle with another molecule during this time.
      Consequently, the rate of undesired chemical reactions increases. In
      addition, except for rare instances in which there is a 100% conversion of
      the increased level of stimuli upon the particle of interest, the
      increased stimuli will tend to heat the cell, and thereby further promote
      undesired chemical reations.
PAR  Accordingly, utilization of the present invention provides a means to
      obtain increased signal-to-noise ratio from the response detector without
      requiring increased illumination intensity or electrical potential.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In one broad aspect, this invention is an apparatus for distinguishing
      between discrete particles of different materials entrained in a fluid
      which exhibit distinguishable responses to physical stimulus comprising a
      narrow channel through which fluid containing entrained particles of
      material flows, flow regulation means for maintaining a predetermined flow
      rate through said channel, means for exerting a spatially discontinuous
      physical stimulus at positions longitudinally spaced at predetermined
      intervals along said channel on said particles of material entrained in
      said fluid to elicit separate responses from each particle of material at
      each of the aforesaid positions which responses collectively comprise a
      coded response, transducer means for detecting the separate responses from
      said discrete particles of material at each of the aforesaid positions and
      for generating corresponding signals, decoding means connected to said
      transducer means and correlated with the flow rate and the spacing of the
      aforesaid positions to decode said coded response and to combine into a
      single decoded signal the separate signals corresponding to the separate
      responses emanating from each particle of material detected in response to
      the physical stimulus. Particles of different materials may be classified
      according to their responses to the physical stimulus.
PAR  In another aspect this invention is a method of distinguishing between
      discrete particles of interest in a fluid comprising: contacting said
      particles of interest with a fluorescent dye, which will cause them to
      fluoresce under a beam of light, passing a fluid containing said particles
      of interest through a transparent flow chamber, exposing said flow chamber
      to a plurality of transverse beams of light at positions spaced at
      predetermined intervals along the length of said flow chamber to elicit
      coded signals from particles of interest in the form of discrete
      fluorescent emissions therefrom in response to each beam of light,
      detecting said coded signals using a transducer producing outputs for each
      coded signal, decoding said coded signal outputs for individual particles
      of interest by consolidating the signals to produce a composite output
      signal for each particle of interest detected, classifying the particles
      of interest in accordance with differences in the composite output
      signals, and quantitatively tabulating the particles of interest according
      to the classifications selected. A method of treating the particles of
      interest with an appropriate dye is explained in U.S. Pat. No. 3,819,270.
PAR  A further specialized application of the present invention involves the
      application of a plurality of physical stimuli, such as light beams of
      different wavelength, to the particles of interest. Multiple physical
      stimuli may be applied to the particles, either simultaneously or
      sequentially, using one or more code functions to produce multiple
      responses from appropriate transducers. These transducer outputs are
      decoded with appropriate decoding means to provide multiple signals from a
      single particle. Such signals may be combined in appropriate combinations
      and/or ratios so as to provide means of classifying the sample particles
      based on the outcomes of these combinations and ratios. A technique for
      the use of light beams of different wavelength to produce a variety of
      combined responses in order to identify several classes of particles is
      set forth in U.S. Pat. No. 3,822,095.
DRWD
PAR  The invention may be more clearly understood by reference to the
      accompanying illustrations.
PAR  FIG. 1 illustrates typical photodetector response to a plurality of
      individual cells in a conventional photoanalytic detector.
PAR  FIG. 2 illustrates photodetector response to a plurality of individual
      cells in a conventional photoanalytic detector in which the flow rate has
      been increased.
PAR  FIG. 3 illustrates a photodetector plus decoding means output at the flow
      rate of FIG. 2 using the techniques of the present invention.
PAR  FIG. 4 illustrates an apparatus constructed according to the present
      invention.
PAR  FIG. 5 illustrates an alternative embodiment of a portion of the apparatus
      of FIG. 4.
PAR  FIG. 6 is an enlarged view of a portion of FIG. 4.
PAR  FIG. 7 illustrates the ideal photodetector output from a single cell of
      interest utilizing the present invention.
PAR  FIG. 8 graphically depicts the manner in which the coded signal of the
      present invention is decoded.
PAR  FIG. 9 graphically depicts the output of the decoding device of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In a conventional photoanalytic device suitable for determining the extent
      to which cells of different types are present in a given blood sample, the
      cells are made to flow one by one through a small capillary tube which is
      illuminated by imaging a bright source of light through a microscope
      objective lens. A single beam of light passes transversely through the
      capillary tube. By appropriately designing the optics, it is possible to
      obtain a uniformly illuminated region within the capillary tube so that
      when a single cell passes through this region, the fluorescent light
      output appears as a single output pulse. The amplitude of the pulse will
      vary depending upon the extent to which the cell within the region of
      illumination has absorbed fluorescent dye.
PAR  In a typical application of such a conventional photoanalytic device,
      analysis is performed by taking a differential white cell count of a blood
      sample. Prior to analysis, the blood is mixed with a fluorescent stain as
      explained in detail in U.S. Pat. No. 3,819,270. The different types of
      white cells will absorb differently the amounts of stain, and will
      therefore yield fluorescent emissions of varying intensity or wavelength
      when illuminated under a fluorescent microscope. It is thereby possible to
      perform a similar analysis by passing the cells sequentially through a
      narrow flow chamber, as described previously, and to determine which type
      of cell is passing through the capillary tube by noting the amplitude of
      the pulse received from the photodetector. This pulse amplitude from the
      photodetector is directly proportional to the strength of the fluorescent
      emission from the cell which is passed to the photodetector.
PAR  Over a period of time the photodetector output in a differential white cell
      counter using a conventional photoanalytic device will be similar to that
      depicted in FIG. 1. From FIG. 1, the passage of three cells sequentially
      through the flow chamber is noted. The first two cells responded to the
      beam of illumination by fluorescing and producing photodetector outputs 45
      of amplitude level B during the periods of time indicated. The final cell
      which was detected responded by producing a photodetector output 44 of a
      greater amplitude A. Between detected cells, an ambient noise level
      indicated as 43 prevailed.
PAR  From FIG. 1 it can be seen that it is possible, using conventional
      techniques, to count the number of cells producing detector outputs of
      amplitude A separately from the number of cells producing photodetector
      outputs of amplitude B. The difference in cell count is useful for medical
      diagnostic purposes. It should be pointed out, however, that only a
      limited flow rate through the capillary tube can be achieved with
      conventional cell counters. If the flow rate is increased above an upper
      limit, the detector becomes insensitive to the different types of cells
      passing through the capillary tube. The detector output in such a
      situation is illustrated in FIG. 2. In FIG. 2, it is virtually impossible
      to distinguish between cells of one type producing photodetector pulses 41
      and cells of another type producing photodetector responses 40. This is
      because the presence of noise (indicated by the numeral designation 42 in
      FIG. 2) makes it difficult to determine which type of cell is present
      unless the output pulse is long enough in duration so that an accurate
      estimate of its average value can be obtained. This requires the length of
      the illuminated region in the flow chamber and the velocity of the cells
      through this region be adjusted relative to each other in order to obtain
      the necessary pulse duration. To obtain discrimination between the two
      cell types at a higher flow rate, it is necessary to increase the
      amplitude of the fluorescent output signals in some manner so that the
      fluorescent signal differential becomes more pronounced. The most obvious
      solution is to simply increase the source intensity. As previously
      explained, however, this is not practical because of the attendant
      increase in probability of photochemical reaction. Using the pulse coded
      technique of the present invention, however, it is possible to increase
      signal-to-noise ratio without increasing illumination intensity.
PAR  If instead of a uniformly illuminated region the flow chamber contains a
      much longer, randomly structured region of illumination in which a
      plurality of beams of light pass transversely through the flow chamber at
      fixed positions spaced longitudinally at predetermined invervals along the
      length of the flow chamber, a cell passing through the flow chamber will
      produce a different response. More specifically, a cell passing through
      the flow chamber will produce a series of short pulses as in FIG. 7,
      instead of the single long pulse. These pulses occur whenever the cell
      passes through one of the several beams of light. The illumination pattern
      of the beams of light is so structured that there is a uniquely defined
      centroid which may be located even if the output signals from sequential
      particles partially overlap. The illumination pattern formed by the
      plurality of light beams may be considered to be a code that is employed
      in the present invention. The illumination pattern of FIG. 7 is merely an
      illustrative example, and it will be recognized by those skilled in the
      art of signal detection theory that the embodiment described incorporates
      the techniques of pulse code transmission and matched filter signal
      detection; therefore several other possible code patterns exist and are
      well known.
PAR  The embodiment of FIG. 4 is designed to produce the photodetector response
      illustrated in FIG. 7. A light source 1 which may be an arc lamp, laser,
      or other sufficiently bright source, is imaged by an appropriate condensor
      lens 2 to provide uniform illumination of a coding mask 3. This mask
      contains the code function as a transmission pattern. Microscope objective
      lens 4 forms a minified image of the mask 3 in the flow chamber or channel
      14 formed by the capillary tube 13. The flow channel 14 is of sufficiently
      narrow width that discrete particles, such as the cell 12, are forced to
      flow in single file. Were this not the case, coincident signals would
      occur which would confuse the processing of data. The mask 3 results in
      the production of a plurality of beams of light B1 through B7. These
      beams, B1 through B7, pass transversely through the flow chamber 14 at
      fixed positions spaced longitudinally at predetermined intervals along the
      length of the flow chamber. As a single cell 12 passes in the direction of
      flow indicated by the arrow in FIG. 4, it first encounters the beam B1.
      When illuminated by beam B1, the cell 12 emits a fluorescent output which
      produces a photodetector response P1 as in FIG. 7. By the same token, beam
      B2 produces photodetector response P2, beam B3 produces response P3, and
      so on. It is to be understood that suitable flow rate regulation means 48
      of conventional design maintains a constant flow rate through the channel
      14.
PAR  The fluorescent light output of FIG. 7 is collected by a second microscope
      objective lens 15 and is conveyed to a photodetector in the form of a
      photomultiplier tube 17. The presence of a blocking filter 16 prevents
      direct light from the source 1 from passing to the photomultiplier 17. The
      blocking filter 16 interposed between the flow chamber 14 and the
      photodetector 17 selectively blocks the passage of light from the beams B1
      through B7, and preferentially passes light produced by fluorescense of
      the cell 12 in the fluid stream in the flow chamber 14. Blocking occurs
      because the fluorescent output in the form of pulses P1 through P7 is at a
      wavelength different from that of the beams B1 through B7. Blocking filter
      16 is selected to allow the passage of light of the same wavelength as the
      fluorescent emissions, but to block light having a wavelength
      corresponding to that of direct light transmission from the light source
      1. Alternatively, in the case of fluorescent emission, blocking of the
      illumination beam may be effectively accomplished by orienting the
      detector perpendicular to the propagation axis of the illumination light
      in a plane which is both transverse to the direction of flow in the flow
      cell and which also contains the propagation axis of the illumination
      light. In FIG. 4, the decoding means is in the form of a delay line 19
      with delay line taps and amplifiers 21 through 27 feeding into an addition
      circuit 20. The output signals from the decoder are conveyed to an
      electronic processor 28 which counts and classifies the cells in the
      desired manner and stores the tabulated counts of the particles of
      interest according to the classifications selected in the registers 29, 30
      and 31.
PAR  In the embodiment of the apparatus of the invention illustrated, the mask 3
      is interposed between the flow chamber 14 and the light source 1 and has
      apertures spaced therein at coded intervals to allow the beams of light B1
      through B7 to emanate from the apertures and strike the flow chamber 14 at
      predetermined spaced positions 141 through 147 as illustrated in FIG. 6.
      In the embodiment illustrated, the spacing between adjacent light beams
      decreases proceeding in the direction of the flow. More specifically, the
      distance between successive beams is determined by taking the difference
      of the square roots of their respective numbers in the sequence and
      multiplying by a scale factor. Thus the first and second beams are spaced
      by .sqroot.2 - .sqroot.1 times the scale factor, the second and third are
      spaced by .sqroot.3 - .sqroot.2 times the scale factor and so forth. From
      this pattern of spacing of the beams B1 through B7, it can be seen that
      for a constant flow rate through the flow chamber 14, a single cell, 12,
      will produce from detector 17 a train of output pulses as shown in FIG. 7.
      These pulses are amplified by amplifier 18, and then passed to delay line
      19.
PAR  Delay line 19 has N-1 taps, where N is the number of pulses in the code.
      These taps have respective delays which correspond to the spacing between
      illumination beams B6 and B7, B5 and B6, and so forth. In other words, for
      a general code, the taps on the delay line produce a delay which
      corresponds to the pulse spacing obtained by running the code train
      backwards in time. These outputs, from delay line 19, are passed to
      amplifiers as indicated, and the outputs of the lines 21-27 and their
      associated amplifiers 26-27a are passed to adder circuit 20. The decoding
      means of the invention is thereby correlated with the spacing of the beam
      position. It should be noted that no artificial delay exists on line 27.
PAR  The operative effect of the lines 21 through 27 is best illustrated by
      reference to the contents of the adder circuit 20 depicted in FIG. 8. For
      a cell 12 passing through the flow channel 14, a series of pulses is
      generated as illustrated in FIG. 7 and as previously explained. By virtue
      of the line 27 and the delay line taps 21 through 26, each of the pulses
      P1 through P7 is replicated 7 times. Exemplary delays and pulse arrival
      times are indicated on the abscissa of FIG. 8. The replication of the
      pulse P1 from line 27 is the first pulse to reach the adder circuit 20.
      The pulse P1 from delay line tap 26 is the second pulse to reach the adder
      circuit 20. The pulses P2 from line 27 and P1 from line 25 reach the adder
      circuit 27 almost simultaneously to produce a small voltage spike 36 in
      FIG. 9. It should be noted, however, that no more than a maximum of two
      pulses are received simultaneously by the adder 20 until time T.sub.s in
      FIG. 8. At time T.sub.s, the pulses P1 from line 21, P2 from line 22, P3
      from line 23, P4 from line 24, P5 from line 25, P6 from line 26, and P7
      from line 27 all coincide in time. The result is a very large pulse spike
      35 as indicated in FIG. 9. Spike 35 is much greater than the smaller
      spikes 36 produced by incidental coincidences of simultaneous pulses, such
      as the pulse P1 from line 25, and pulse P2 from line 27 as previously
      noted.
PAR  The decoding of the contents of the adder circuit 20 in FIG. 8 to produce
      the adder output of FIG. 9 is known as autocorrelation. Using
      autocorrelation, the response of the decoder has a single narrow voltage
      peak 35 with a position in time determined by the centroid in time of the
      original code. The total signal strength of this peak 35 depends upon the
      number of pulses in the code which is controlled by the length of the flow
      chamber 14, while the width of the peak depends upon the width of the
      beams B1 through B7. These two parameters are essentially independent of
      each other. Thus, successive particles 12 proceeding through the capillary
      tube 13 need only be separated sufficiently so that the narrow peaks of
      their autocorrelated output signals do not overlap, and the flow chamber
      may be increased to any desired length, subject to other practical
      limitations, in order to obtain sufficient signal strength for the desired
      particle discrimination.
PAR  The code employed in the invention is carefully chosen so that no more than
      2 pulses (such as pulse P1 from line 25 and pulse P2 from line 27)
      coincidentally overlap at any time. The peak amplitude or signal strength
      of the voltage spike 35 from adder circuit 20 is proportional to the
      number of pulses in the code. That is, voltage spike 35 (unamplified)
      would have an amplitude seven times as great as any single one of the
      pulses in FIG. 7.
PAR  The decoded photodetector output over a period of time is illustrated in
      FIG. 3. FIG. 3 represents the response of the device to the passage of
      several sequential cells of different types through the capillary tubes
      13. The flow rate employed with the device of the present invention to
      achieve the output of FIG. 3 is approximately the same as that used to
      produce the photodetector output of FIG. 2, which employs a conventional
      apparatus. It can be seen that contrary to the output of FIG. 2, the
      output of FIG. 3 can be resolved so that cells of a type A producing pulse
      spikes 37 can be distinguished from pulses of a type B producing lower
      amplitude pulse spikes 38. The amplitude of spikes 37 is equal to K.sub.n
      .sup.. A, while the amplitude of spike 38 is equal to K.sub.n .sup.. B,
      where K.sub.n is a number greater than 1 and is proportional to the number
      of pulses in the code. A and B are the same amplitudes depicted in FIG. 1.
PAR  While the apparatus depicted in FIG. 4 is probably the preferred
      construction of the invention, an alternative form of the decoding means
      is illustrated in FIG. 5. Codes that contain multiple orders, such as a
      square wave F.M. "chirp," can be designed so that the multiple orders do
      not overlap in frequency. In this case a decoding device can be
      constructed by passing the detector output signal from the amplifier 18
      through a band pass filter 32 which selects one of the orders, usually the
      fundamental order. The output from the band pass filter 32 may be passed
      through a pulse compression means 33 in the form of a dispersive delay
      line to produce autocorrelated output signals for individual particles.
      The low pass filter 32 blocks high frequency output, including most noise,
      from the photomultiplier 17 but passes low frequency outputs such as the
      pulses P1 through P7. That is, the pulse compression means 33 produces a
      signal proportional to an integrated sum of the pulses P1 through P7 for a
      particular particle or cell 12 in the flow channel 14, which signal is
      passed to an amplifier 34.
PAR  In either embodiment, the electronic processor 28 forms a signal
      classification means for classifying the decoded output signals according
      to preselected pulse amplitude ranges. The electronic processor 28 also
      serves as a pulse tabulating means for counting the number of decoded
      output signals in each selected classification, and for tabulating these
      counts in the registers 29, 30 and 31. In this way, different types of
      particles of interest having definitely identifiable fluorescent
      characteristics may be tabulated separately.
PAR  There are a number of different operating conditions under which flow cells
      employing the pulse coding technique of the present invention demonstrate
      significant advantages over conventional flow cell arrangements.
      Conversely, there are some adverse conditions for flow cell measurement in
      which the use of this invention is not likely to produce an improvement,
      although neither will it exhibit inferior performance. Specifically, the
      pulse coded flow cell technique described herein produces a distinct
      advantage where particle discrimination is based on the outcome of several
      different measurements, for example, multiple fluorescence measurements,
      and it is desired to use a single detector for observing all measurements.
      In this instance several measurements may be desired, for example
      fluorescence at different wavelengths, on each particle. The standard way
      of doing this is to image separate channels into the flow cell for each
      wavelength, and then image the output of each channel, thru isolation
      filters, to a separate detector. If instead, a set of orthogonal code
      words are utilized, then they can be imaged into the flow chamber in an
      overlapping pattern. The output signals can then go to a single detector,
      without the need of isolation filters, and the subsequent signals can be
      separated by the orthogonality property. Of course, it is necessary that
      there be no interaction, such as internal energy transfer, from
      simultaneous excitation of the different fluorescent mechanisms.
      Alternatively, the same code word could be used for each channel, and
      simply imaged into the flow cell with a slight offset between channels. By
      time gating with one extra detector, it should be possible to separate the
      output signals for each channel.
PAR  This invention is also particularly advantageous where there is
      insufficient signal because of source or thermal detector noise. There is
      a definite gain in signal-to-noise from using pulse code techniques. The
      signal power per unit bandwidth is increased with increasing length of the
      pulse train, while the noise power per unit bandwidth remains constant.
PAR  Flow cell measurement may be desired under conditions where there is
      essentially no noise, but the signal is a small change from a high bias
      level which may drift slowly in time. If the pulse is short, and
      reasonably intense, then a simple AC coupling of the detector output may
      be adequate for separation of signal from background. If, however, the
      signal pulse is not sufficiently intense, the only to increase signal
      energy is by means of time integration. This results in two disadvantages;
      first the count rate is lowered, and second, a simple AC coupled detector
      is no longer feasible for separating signal from background. By using a
      pulse code technique, the desired signal can be made to appear as a
      wideband signal centered about an offset carrier frequency, thus allowing
      both a high count rate, and easy separation of signal from background. If
      the signal occurs as a short pulse, then a simple AC coupled detector may
      be adequate. If the signal must be kept long and detected by means of time
      integration, then the use of a pulse coded technique allows both a high
      count rate and easy separation of signal and background.
PAR  On the other hand, no significant advantage is realized by employing pulse
      coded techniques where there is insufficient signal because of quantum
      limitations. This may occur where a background level is present or where
      single pulses from individual particles are quantum limited, but
      background is essentially non-existent. In the former case there is no
      gain in signal to noise ratio using pulse coded techniques, while in the
      latter case the signal to noise gain depends upon the count rate. At the
      maximum possible count rate, there is essentially no gain using pulse
      coded techniques, since the constant stream of particles adjacent to the
      one of interest appears as a noise producing background.
PAR  Similarly, there is no particular advantage to pulse coded techniques where
      the signal tends to vary because of changing particle position or
      orientation during the time it is in the flow chamber.
PAR  However, if the pulse train can be made long enough for a good average on
      particle orientation to be obtained, then there is some gain in
      signal-to-noise, especially in combination with detector or source noise.
      In addition, there is the advantage of easy separation of signal and
      background compared to a method which simply integrates in one long pulse.
PAR  Combinations of the foregoing conditions are of course possible, and the
      advantage, if any, of using a pulse code technique would essentially be
      determined by that member of the combination which tends to give the
      smallest gain.
PAR  The form of the invention depicted has been given for purposes of
      illustration only. Other forms of the device and the techniques in the
      practice of a method may be utilized to measure scattered light,
      absorption, or combinations of scattering absorption and fluorescence. In
      addition, other properties besides optical characteristics may be measured
      with appropriate instruments. These properties would include electronic
      charge, dialectric polarization, or electrical conductivity. The
      embodiments of this invention for measuring such characteristics would
      necessarily include appropriate modifications in the flow chamber, form of
      stimulation of a signal dependent upon the desired characteristic, and
      means for detecting the signal so produced.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for distinguishing between discrete particles of different
      materials entrained in a fluid which exhibit distinguishable responses to
      physical stimulus comprising a narrow channel through which fluid
      containing entrained particles of material flows, flow regulation means
      for maintaining a predetermined flow rate through said channel, means for
      exerting an aperiodic spatially discontinuous physical stimulus pattern at
      positions longitudinally spaced at predetermined intervals along said
      channel on said particles of material entrained in said fluid to elicit
      separate responses from each particle of material at each of the aforesaid
      positions which responses collectively comprise a coded response,
      transducer means for detecting the separate stimulus responses from said
      discrete particles of material at each of the aforesaid positions and for
      generating corresponding signals, decoding means comprising a matched
      filter for the aforesaid stimulus responses connected to said transducer
      means and correlated with the flow rate and the spacing of the aforesaid
      positions to decode said coded response and to combine into a single
      decoded signal the separate signals corresponding to the separate
      responses emanating from each particle of material detected in response to
      the physical stimulus.
NUM  2.
PAR  2. An apparatus for distinguishing between discrete particles of different
      materials entrained in a fluid which exhibit distinguishable responses to
      physical stimulus comprising a narrow channel through which fluid
      containing entrained particles of material flows, flow regulation means
      for maintaining a predetermined flow rate through said channel, means for
      exerting a spatially discontinuous physical stimulus at positions
      longitudinally spaced at predetermined intervals along said channel on
      said particles of material entrained in said fluid to elicit separate
      responses from each particle of material at each of the aforesaid
      positions which responses collectively comprise a coded response,
      transducer means for detecting the separate responses from said discrete
      particles of material at each of the aforesaid positions and for
      generating corresponding signals, decoding means comprising a band pass
      filter connected to the transducer output and pulse compression means
      connected to the aforesaid band pass filter to produce a decoded signal of
      amplitude proportional to the cumulative amplitude sum of signals
      emanating from said band pass filter and correlated with the flow rate and
      the spacing of the aforesaid positions to decode said coded response and
      to combine into a single decoded signal the separate signals corresponding
      to the separate responses emanating from each particle of material
      detected in response to the physical stimulus.
NUM  3.
PAR  3. An apparatus for use in detecting the presence of particles of interest
      in a fluid which are treated to fluoresce under the influence of a beam of
      light comprising: a transparent, narrow flow chamber having a length
      significantly greater than its width, a means for directing a plurality of
      beams of light transversely through the flow chamber at fixed positions
      spaced longitudinally at predetermined intervals along the length of said
      flow chamber, means for maintaining a constant flow rate of the fluid to
      be analyzed through said flow chamber, photodetector means viewing said
      flow chamber and generating electrical pulses in response to detected
      light emissions, blockiing filter means interposed between said flow
      chamber and said photodetector means at the aforesaid spaced positions for
      selectively blocking the passage of light directly emanating from said
      beams of light and preferentially passing light produced by fluorescence
      of the aforesaid particles of interest in the fluid to be analyzed in said
      flow chamber, and decoding means correlated with the aforesaid constant
      flow rate and the intervals between the aforesaid spaced positions
      connected to said photodetectors to produce decoded output signals
      indicative of the cumulative light output from fluorescence of particles
      of interest passing through said flow chamber.
NUM  4.
PAR  4. The apparatus according to claim 3 wherein said decoding means comprises
      a pulse delaying means connected to the output of said photodetector
      means, separate output lines respectively corresponding to a single one of
      said fixed positions along said flow chamber wherein a period of delay is
      associated with each output line, each such period being proportional to
      the location of the associated position in the sequence of positions
      encountered by particles of interest in fluid passing through said flow
      chamber.
NUM  5.
PAR  5. The apparatus according to claim 3 wherein said means for directing a
      plurality of beams of light is comprised of a single light source and a
      mask interposed between said flow chamber and said light source and having
      apertures spaced therein at coded intervals to allow the aforesaid beams
      of light to emanate from said apertures and strike said flow chamber at
      the aforesaid spaced positions.
NUM  6.
PAR  6. The apparatus of claim 3 further comprising signal classification means
      for classifying said decoded output signals according to preselected pulse
      amplitude ranges, and pulse tabulating means for counting the number of
      decoded output signals in each selected classification, whereby different
      types of particles of interest having identifiable fluorescence
      characteristics may be tabulated separately.
NUM  7.
PAR  7. An apparatus for distinguishing between discrete particles of different
      materials entrained in a fluid which exhibit distinguishable responses to
      different physical stimuli comprising a narrow channel through which fluid
      containing entrained particles of material flows, flow regulation means
      for maintaining a predetermined flow rate through said channel, means for
      exerting a plurality of spatially discontinuous physical stimuli at
      positions longitudinally spaced at predetermined intervals along said
      channel on said particles of material entrained in said fluid to elicit
      separate responses from each particle of material at each of the aforesaid
      positions which responses to each physical stimulus collectively comprise
      a coded response to that stimulus, transducer means for detecting the
      separate responses to said stimuli from said discrete particles of
      material at each of the aforesaid positions and for generating
      corresponding signals which differ according to the associated stimulus,
      decoding means connected to said transducer means and correlated with the
      flow rate and the spacing of the aforesaid positions to decode each of
      said coded responses and to combine into a single decoded signal the
      separate signals corresponding to the separate responses emanating from
      each particle of material detected in response to each physical stimulus.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said transducer means is constructed to
      further combine all of the aforesaid separate signals corresponding to the
      separate responses to all of said stimuli from each particle of material
      detected to produce a distinguishing composite signal for the associated
      material.
NUM  9.
PAR  9. A method of distinguishing between discrete particles of interest in a
      fluid comprising: contacting said particles of interest with a fluorescent
      dye which will cause them to fluoresce under a beam of light, passing a
      fluid containing said particles of interest through a transparent flow
      chamber, exposing said flow chamber to a plurality of transverse beams of
      light at positions spaced at predetermined intervals along the length of
      said flow chamber to elicit coded signals from particles of interest in
      the form of discrete fluorescent emissions therefrom in response to each
      beam of light, detecting said coded signals using a transducer producing
      outputs for each coded signal, decoding said coded signal outputs for
      individual particles of interest by consolidating the signals to produce a
      composite output signal for each particle of interest detected,
      classifying the particles of interest in accordance with differences in
      the composite output signals, and quantitatively tabulating the particles
      of interest according to the classifications selected.
NUM  10.
PAR  10. The method of claim 8 wherein the coded signal outputs are delayed for
      an interval of time proportional to the relative longitudinal position
      along the flow chamber of the beam of light associated therewith.
NUM  11.
PAR  11. A method of distinguishing between discrete particles of interest in a
      fluid comprising: contacting said particles of interest with a fluorescent
      dye which will cause them to fluoresce under a beam of light in a manner
      determined by the wavelength of the light, passing a fluid containing said
      particles of interest through a transparent flow chamber, exposing said
      flow chamber to a plurality of transverse beams of light of different
      wavelengths at positions spaced at predetermined intervals along the
      length of said flow chamber to elicit coded signals from particles of
      interest in the form of fluorescent emissions therefrom in response to
      each beam of light and distinguished by the wavelength thereof, isolating
      and detecting said coded signals using a transducer producing outputs for
      each coded signal, decoding said coded signal outputs for individual
      particles of interest by consolidating the signals to produce a composite
      output signal for each particle of interest detected, classifying the
      particles of interest in accordance with differences in the composite
      output signals, and quantitatively tabulating the particles of interest
      according to the classifications selected.
NUM  12.
PAR  12. The method of claim 11 wherein beams of light of different wavelength
      are concurrently applied to said particles.
NUM  13.
PAR  13. The method of claim 11 wherein beams of light of different wavelength
      are successively applied to each of said particles.
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ABST
PAL  A work locating system having temperature and other compensation
      capabilities wherein the work member is mounted for controlled movement
      with respect to the work tool. Two sets of two laser interferometers are
      utilized to generate distance measuring light beams such that the beams of
      each set are coaxial and the beams of the respective sets are orthogonal
      and intersect at the work tool reference axis to thereby instantaneously
      and continuously determine the location of four reference points on the
      work member and compensate for all expansions or contractions of the work
      member or changes in the laser measuring system during the programmed work
      operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to work locating method and apparatus and more
      particularly to work locating apparatus and method which include
      provisions for instantaneous and continuous correction of work member
      location errors due to expansion, contraction, or meterological effects
      upon the apparatus or other factors.
PAR  In U.S. Pat. No. 3,622,244, a laser interferometer is used to measure the
      displacement of a work member but the illustrated apparatus has no
      provisions for correcting work member expansion or contracting during the
      work operation. In some prior art patents, however, compensation or
      ennvironmental effects is considered.
PAR  In U.S. Pat. No. 3,520,613, provisions have been made for determining the
      temperature of the part being positioned and repositioning that part in
      accordance with temperature variation so determined and other
      environmental factors such as atmospheric pressure and humidity. In U.S.
      Pat. No. 3,477,789 temperature compensation is derived from temperature
      dependent means and applied to the data produced by the measuring
      apparatus after the data is taken. Such systems depend upon the accuracy
      and the operability of the temperature or other sensors utilized and are
      subject to limitations such as the correspondence between the linearites
      or nonlinearites of the sensor and the system being corrected.
PAC  SUMMARY OF THE INVENTION
PAR  The invention resides in a work positioning apparatus in which a work
      member is mounted for motion along orthogonal X, Y coordinate axes. A work
      tool, such as an optical exposure head, is fixedly positioned above the
      work member and is operative to perform work at the intersection of the
      tool axis and the work member. Programmed control means are operatively
      connected to the work member to cause motion along the X and Y axes and to
      selectively position the tool axis and work member relative to one another
      in a continuously controlled manner. First and second reflecting members
      are positioned at opposite ends of the work member and at opposite sides
      of the tool axis. The reflecting members extend perpendicular to the
      X-axis and first and second interferometer means positioned relative to
      the work axis cooperate respectively with the first and second reflecting
      members to measure the relative position and change of relative position
      of the work member and work axis in the X-axis direction. Third and fourth
      reflecting members are positioned at opposite ends of the work member and
      extend perpendicular to the Y-axis. Third and fourth interferometer means
      positioned relative to the work axis cooperate with the third and fourth
      reflecting members to measure the relative position and change of position
      of the work axis and work member in the Y-coordinate direction. Means are
      provided for connecting the interferometer means to the control means to
      correct the position of the work member with respect to the optical axis
      in accordance with the desired programmed position.
PAR  It is a primary object of this invention to provide work locating method
      and apparatus which compensates for any expansion or contraction of the
      workpiece during the work performing operation due to temperature
      variation or any other cause, and which compensates for meterological
      effects on the laser, such as atmospheric pressure, temperature and
      humidity.
PAR  It is still a further object of the present invention to teach work
      locating method and apparatus in which correction is applied constantly
      and instaneously at an accuracy of one laser bit or fringe pattern.
PAR  It is still a further object of the present invention to disclose work
      locating method and apparatus in which two laser interferometers are
      located on each of two orthogonal axes intersecting the operational axis
      of the work tool and with each set of interferometers generating light
      beams which are coaxial and parallel to their respective orthogonal axes.
      Each set of interferometers continuously monitors the location of opposite
      ends or other selected reference points of the workpiece with respect to
      the work tool axis and are operatively connected to the workpiece control
      computer to instanteously and continuously correct errors of workpiece
      location, including those due to expansion, contraction and humidity and
      atmospheric pressure variations.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing a work locating device utilizing the
      invention.
PAR  FIG. 2 is a top plan view of a work locating device using the invention in
      its preferred embodiment.
PAR  FIG. 3 is a side elevation view of the work locating device of FIG. 2 with
      the portions removed for purposes of illustration.
PAR  FIG. 4 is an enlarged side elevation view corresponding to FIG. 3 to permit
      a simplified showing of the laser-interferometer system on one of the two
      orthogonal measuring axes.
PAR  FIG. 5 is an enlarged side view of a work locating device utilizing the
      invention and illustrating the workpiece dimensions to permit an
      analytical description of the operation of the invention.
PAR  FIG. 6 is a top view of a work locating apparatus using a modification of
      the invention.
PAR  FIG. 7 is a side view of the FIG. 6 modification of the invention, with
      portions removed for purposes of illustration.
PAR  FIGS. 8, 8a and 8b are showings of the invention utilizing a single laser
      interferometer for each measuring axis illustrating the interferometer so
      used on one of the two orthogonal measuring axes.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 we see a work locating unit 10 which includes support
      table 12 positioned and supported by leg members 14 at a convenient
      height. A work tool 16 and a movable workpiece 18 are positioned on the
      table 12. Since the invention is particularly appropriate for use in
      devices used in fabricating printed circuits and other precise graphics,
      it will be described in relation to a plotter in which the work tool 16 is
      an optical exposure head operating a workpiece which may consist of a
      glass plate member having a photosensitive layer thereon. It should be
      borne in mind, however, that the invention is equally applicable to any
      device for locating a workpiece with respect to the work tool.
PAR  In the FIG. 1 structure, the work tool or optical exposure head 16 is
      fixedly mounted from support table 12 by support member 20, which is
      preferably U-shaped so that it can support the optical exposure head 16 in
      spaced relation vertically above table 12 and workpiece 18. Workpiece 18
      is supported from table 12 for motion simultaneously with respect to
      orthogonal X and Y axes shown for purposes of illustration on table 12.
      This is accomplished by first supporting the workpiece 18 from the
      Y-support carriage 22 which includes housings 24 located at the opposite
      ends of table 12 so as to be movable back and forth on ways 26 along the Y
      axis in response to the action of rotating lead screws 28, to which the
      housings are threadably connected. The two lead screws 28 extend along the
      Y axis or parallel thereto and at opposite ends of table 12 to prevent
      lead-lag motions of one end of the carriage 22 relative to the other end
      and are rotatably supported at one end by support members 30 or 32 and at
      the other end by support member 34. A programmed computer 36 controls
      drive motors (not shown) in member 34 to selectively rotate the screws 28
      and thereby cause Y axis carriage 22 to move back and forth along the Y
      axis and hence move the workpiece.
PAR  X axis carriage 40 is supported by spaced, threaded lead screws 42 and 44,
      which extend between housings 24 of the Y axis carriage 22 in parallel
      relation to the X axis and which threadably engage the X axis carriage 40
      to cause motion back and forth along the X axis and hence move workpiece
      18 in the X direction. Lead screws 42 and 44 are also driven by motors
      (not shown) in housing 24 under the control of computer 36.
PAR  Utilizing the construction shown in FIG. 1, it will therefore be seen that
      optical exposure head 16 is fixedly mounted from support table 12, while
      workpiece 18 is supported from the support table 12 and controlled by
      programmed computer 36 for selected planar motion along either the X axis
      or Y axis, or simultaneously along both axes so as to move workpiece 18
      with respect to optical exposure head 16. Exposure head 16 will be
      performing a plotting operation upon the workpiece as it is selectively
      moved with respect to the head to thereby produce desired graphic
      information.
PAR  In view of the fact that workpiece 18 is subjected to temperature variation
      and atmospheric changes, such as changes in humidity and atmospheric
      pressure, as well as other changes some or all of which may cause
      contraction or expansion of the workpiece 18, or variation of the laser
      operation and measurements, it is an important teaching of this invention
      to provide work locating method and apparatus which will correct tool and
      workpiece location errors caused by the environmental factors.
PAR  A plurality of interferometers 50 are fixedly connected to optical exposure
      head 16 and derive their light source from one or more lasers 52, which
      are also fixedly positioned in conventional fashion on support table 12. A
      series of four plane mirrors, 54, 56, 58 and 60 (shown in FIG. 2) are
      positioned about the periphery of workpiece 18 to cooperate with laser 52
      and interferometers 50 in a fashion to be described hereinafter to
      continuously monitor the location of the workpiece 18 and cooperate with
      programmed controlled computer 36 to correct all errors in the location of
      the workpiece caused by expansion and contraction and to also correct
      measurement errors caused by atmospheric changes which affect the
      operating characteristics of the laser 52. The mirrors 54, 56, 58 and 60
      are mounted directly on the workpiece 18; however, if they were mounted
      instead on a carriage platform supporting the workpiece, precise
      correspondence between workpiece position and mirror position could be
      lost. Such correspondence would be preserved to a great extent if the
      workpiece and platform were of the same material and, hence, had the same
      coefficient of expansion. Compensation for workpieces and platforms which
      different coefficients could also be provided in the computer 36 if
      standard anchor points are provided on the platform.
PAR  Referring to FIGS. 2 and 3 we see the preferred embodiment of the invention
      in which workpiece 18, in the form of a rectangular-shaped glass plate
      with photosensitive surface, is positioned as shown in FIG. 1 on support
      table 12 for computer controlled motion along orthogonal X and Y axes with
      respect to exposure head 16 so that the head performs selected plotting
      operations upon the photosensitive surface of the workpiece 18 as it is
      caused to move with respect to the head by the programmed computer 36. The
      plane mirrors 54, 56, 58 and 60 are positioned along the edges of
      workpiece 18 with mirrors 54 and 58 parallel to one another and the Y
      axis. A pair of interferometers 62 and 64, and another pair of
      interferometers 66 and 68, all originally identified by the numeral 50,
      are fixedly supported from optical exposure head 16. The interferometers
      62 and 64 cooperate with one or more lasers, such as laser 52 in FIG. 3,
      to transmit coaxial distance-measuring light beams 70 and 72,
      respectively, between themselves and reflecting mirrors 60 and 56,
      respectively, so as to continuously provide a measurement of the location
      of the opposite ends 74 and 76 of workpiece 18 in the X axis direction
      with respect to the optical axis 86 of optical exposure head 16.
      Similarly, interferometers 66 and 68 cooperate with reflecting mirrors 54
      and 58, respectively, to produce coaxial distance-measuring light beams 78
      and 80 to continuously provide a measurement of the opposite ends 82 and
      84 of workpiece 18 along the Y-axis direction with respect to the axis 86
      of optical exposure head 16. Coaxial light beams 70 and 72 are orthogonal
      with respect to the coaxial light beams 78 and 80 and each intersects the
      optical axis 86 of the optical exposure head 16 so as to eliminate errors
      in workpiece location which would be caused by the rotation thereof with
      respect to the optical exposure head 16.
PAR  Referring to FIG. 4, we see a view similar to FIG. 3 but illustrating in
      simplified form the optical cooperation between laser 52, optical exposure
      head 16, interferometers 62 and 64 and reflecting mirrors 56 and 60. FIG.
      4 illustrates the operation of the work locating apparatus along the
      X-measuring axis parallel to the coaxial light beams 70 and 72. As shown
      in FIG. 4, laser 52 emits a light beam 88, a portion of which may be
      reflected by a beam splitter 90 to proceed along line 92 to the
      interferometer 62. The interferometer 62 directs the beam back and forth
      to the plane mirror 60 twice and then back to a detector in the laser 52.
      Although a double measuring beam 70 is produced between the interferometer
      62 and mirror 60, laser systems producing a single measuring beam can also
      be utilized. The data obtained by the measuring beam 70 provides a
      continuous measurement of the location of one of the ends of workpiece 18,
      specifically station 74, with respect to optical axis 86 in the X-axis
      direction. This measurement will be continuously fed to computer 36 to be
      compared with a programmed location of the station 74, or conversely the
      workpoint at the intersection of axis 86 and the workpiece, at the instant
      in time. Computer 36 will correct the location of workpiece 18 if error is
      so determined.
PAR  Laser 52 as illustrated, or a second comparable laser unit, provides the
      light beam for the interferometer 64 which produces the doubled measuring
      beam 72 and in a similar manner cooperates with plane mirror 56 to
      continuously provide a measurement of the location of the opposite end of
      workpiece 18, specifically station 76, with respect to the optical axis 86
      along the X axis. This measurement is also provided to the computer 36 for
      error detection and correction.
PAR  It should be understood that the FIG. 4 construction is overly simplified
      for purposes of illustration but serves to detect instanteously and
      continuously the location of the opposite ends of workpiece 18 at stations
      74 and 76 with respect to the optical exposure head 16. Any departure from
      a programmed location at any instant in time is corrected by the computer
      36. A system similar to that shown in FIG. 4 is also used to detect the
      location of the work member 18 at its opposite ends along the Y axis and
      in particular, at stations 82 and 84. Similar correction of any detected
      error is also made by the computer 36.
PAR  The operation of lasers, computers and interferometers is well known and
      the components illustrated and described herein are overly simplified in
      form since they operate in conventional fashion when used in part of this
      invention. A more detailed description of this equipment and its operation
      may be obtained by referring to any of the following publications:
PAR  Optics by Smith and Thompson, published by John Wiley & Sons,
PAR  Progress in Optics, Volume VI by Wolf, published by North-Holland
      Publishing Company of Amsterdam,
PAR  Optical Interferometry by Francon, published by Academic Press of New York
      and London,
PAR  Page 930 of Van Nostrand's Scientific Encyclopedia, Fourth Edition,
      Published by D. Van Nostrand Company, Inc. of Princeton, New Jersey,
PAR  Principles of Optics by Born and Wolf, Fourth Revised Edition, 1970,
      published by Pergamar Press, and
PAR  A publication of the Hewlett Packard Company, entitled "5526A Laser
      Measurement System." It will be evident to those skilled in the art that
      the interferometer-mirror combinations disclosed in FIGS. 2-4, may well be
      the plane mirror interferometer shown in page 19 of the last mentioned
      publication.
PAR  The significance of the laser interferometer arrangement as shown in FIG. 4
      will be best appreciated by viewing FIG. 5 where the arrangement is
      analytically explained.
PAR  Referring to FIG. 5 we see workpiece 18 in a view comparable to FIG. 4,
      that is, along the X axis associated with the coaxial measuring beams 70,
      72 of FIG. 2. Consider that the workpiece length L at the initial plotting
      conditions, namely temperature, pressure and humidity, is known, that a
      distance A between the optical axis 86 of the exposure head 16 and one end
      of workpiece 18 at station 74 is known and established at initial
      conditions and that, therefore, a corresponding distance B between the
      optical axis 86 and the opposite end of workpiece 18 at station 76 is
      known. Of course, the distances A and B change for each programmed
      position of the workpiece. For simplicity it is assumed that the A and B
      distances or changes in these distances are measured from the optical axis
      86 when in fact compensation for the relatively fixed offsets of the axis
      and interferometers would be made.
PAR  We establish as our first equation:
EQU  L = A + B                                                  (1)
PAL  at each location of the work tool axis 86 relative to mirrors 60 and 56 at
      the opposite ends of the workpiece 18. Any dimensional change in the
      workpiece due to temperature or other factors, or any operational change
      in the laser 52 due to meterological effects or other operational and
      dimensional changes due to other causes will be reflected in the
      measurements from the interferometers.
PAR  Assuming that, due to workpiece expansion or contraction, the workpiece
      length changes to dimension L.sub.1, we can then set up the following
      equations:
EQU  L.sub.1 = A.sub.1 + B.sub.1                                (2)
PAL  where
PA1  A.sub.1 = the new measured distance along the X axis between the optical
      axis 86 and the station 74, and
PA1  B.sub.1 = the new measured distance along the X axis between the axis 86
      and the station 76.
PAL  If the expansion or contraction of the workpiece is considered to be
      uniform throughout, then the following equations are true:
      ##EQU1##
      Solving for B.sub.1 in equation (4) and substituting in equation (2)
      produces
      ##EQU2##
      Solving for A.sub.1 establishes
      ##EQU3##
      Since C is known from the initial ratio A/B and since L.sub.1 is known or
      can be determined from the new workpiece dimensions measured by the laser
      system, A.sub.1 can be determined from equation (5) by the computer 36 to
      control the positioning servos and establish the correct dimension between
      the optical axis 86 and the reference station 74 at the mirror 60. The
      corresponding dimension B.sub.1 automatically follows by virtue of the
      definition given in equation (2). Effectively, the laser measuring system
      shown in FIG. 5 permits the positioning servos to maintain the constant
      ratios shown in equations (3) and (4) regardless of the contraction or
      expansion experienced by the workpiece.
PAR  It will also be observed that other ambient conditions such as atmospheric
      pressure and humidity which effect the laser itself cause proportional
      changes in the measured distances A and B. However, the maintenance of a
      constant ratio of the measured distances by the computer 36 in the absence
      of other positioning commands holds the same relative positioning of the
      optical axis 86 and the workpiece so that the point on the workpiece
      intersected by the axis does not move relative the workpiece surface.
PAR  Referring to FIGS. 6 and 7, we see another embodiment of the invention in
      which workpiece 18 is similarly supported by support table 12 as shown in
      FIG. 1 with outwardly facing plane mirrors 54', 56', 58' and 60'
      positioned on the periphery of the workpiece. In this configuration the
      interferometers 62' and 64' are located beyond opposite ends of workpiece
      18 so as to cooperate with plane mirrors 60' and 56', respectively, to
      generate coaxial light beams 70' and 72', which when projected intersect
      optical axis 86 of optical exposure head 16. Similarly, interferometers
      66' and 68' are located on opposite sides an outwardly of workpiece 18 so
      as to cooperate with outwardly facing plane mirrors 54' and 58' to produce
      coaxial light beams 78' and 80' which are orthogonal with respect to
      coaxial beams 70' and 72' and also intersect axis 86 of optical exposure
      head 16.
PAR  Other than the location of the interferometers externally of the workpiece
      18 and the reversed positions of the plane mirrors, the FIGS. 6 and 7
      construction operates similarly to the preferred construction of FIGS. 2
      and 3. As best shown in FIG. 7, optical exposure head 16 is supported from
      the support structure 20', which also serves to support interferometers
      62' and 64', and which in turn is supported by the table 12.
      Interferometers 66' and 68' are fixedly positioned by independent support
      means (not shown). It may be desirable to provide an expandable joint 89
      between support member 20' and the support table 12 to permit relative
      motion.
PAR  The FIGS. 8, 8a and 8b illustrate an embodiment of the invention in which a
      single laser unit 91 only is used on each of the orthogonal measuring axes
      previously described. In the FIG. 8 construction, the light beam from the
      laser 91 is directed to interferometer 93 for one of the measuring axes
      and is then divided into two parts with half of the beam so divided being
      reflected by plane mirror 94 as shown in FIG. 8a, located at one end of
      workpiece 18 and returned to a first photocell in the laser 91, while the
      other half of the divided beam is reflected from mirror 96, as shown in
      FIG. 8b, at the opposite end of workpiece 18, and returned to a second
      photocell in laser 91. An arrangement similar to the FIG. 8 construction
      would also be used for the orthogonal measuring axis. Accordingly, single
      interferometers are used to determine workpiece location and expansion and
      contraction along each of the orthogonal measuring axes.
PAR  Although the present invention has been described in several embodiments,
      it will be understood that numerous modifications and substitutions can be
      had in each embodiment without departing from the spirit of the invention.
      For example, although the positioning apparatus has been disclosed in
      conjunction with an optical exposure head and workpiece which are moved
      relative to one another by virtue of carriages associated respectively
      with orthogonal X and Y axes, the invention can also be employed in a
      plotting system in which the relative movements are generated by virtue of
      carriages which move in accordance with a polar coordinate system. In such
      a system, a circular mirror on a rotatable workpiece cooperates with pairs
      of interferometers on the tool head in the same manner as described above,
      to maintain a constant ratio of the A and B measurements affected by
      ambient conditions. Accordingly, the present invention has been described
      in several forms by way of illustration rather than limitation.
CLMS
STM  We claim:
NUM  1.
PAR  1. Work positioning apparatus comprising:
PA1  a work member mounted for motion along orthogonal X and Y axes;
PA1  a tool head fixedly positioned above said work member and operative to
      perform work thereon, and having a tool axis intersecting said work
      member;
PA1  control means operatively connected to said work member and programmed to
      cause motion thereof along said X and Y axes to selectively position the
      work member with respect to said tool axis in accordance with
      pre-determined ratios of distances along the respective axes between the
      tool axis and the ends of the work member and thereby continuously control
      the work being done on the work member by the head;
PA1  first and second reflecting members positioned at opposite ends of said
      work member in spaced relation to said tool axis and on opposite sides
      thereof and extending perpendicular to the X axis;
PA1  first interferometer means fixedly positioned relative to said tool axis
      and oriented to project a first light beam along a measuring axis which is
      parallel to said X axis and intercepts said tool axis, the first light
      beam being reflected by said first reflecting member to thereby measure
      the position, and change of position of the first X-axis end of the work
      member relative to said tool axis;
PA1  second interferometer means fixedly positioned relative to said tool axis
      and oriented to project a second light beam along a measuring axis
      intercepting said tool axis and coaxial with the measuring axis of said
      first interferometer means, the second light beam being reflected by said
      second reflecting member to thereby measure the position, and change of
      position of the second X-axis end of the work member relative to said tool
      axis;
PA1  third and fourth reflecting members positioned at opposite ends of said
      work member in spaced relation to said tool axis and on opposite sides
      thereof and extending perpendicular to the y axis;
PA1  third interferometer means fixedly positioned relative to said tool axis
      and oriented to project a third light beam along a measuring axis which is
      parallel to the Y axis and intercepts said tool axis, the third light beam
      being reflected by said third reflecting member to thereby measure the
      position, and change of position of the first Y-axis end of the work
      member from the tool axis;
PA1  fourth interferometer means fixedly positioned relative to said tool axis
      and oriented to project a fourth light beam along a measuring axis
      intercepting the tool axis and coaxial with the measuring axis of said
      third interferometer means, the fourth light beam being reflected by said
      fourth reflecting member to thereby measure the position, and change of
      position of the second Y-axis end of said work member relative to the tool
      axis, and
PA1  means connecting said interferometer means to said control means to
      correctly position said work member with respect to the tool axis at the
      programmed positions.
NUM  2.
PAR  2. Work positioning apparatus according to claim 1 wherein said
      interferometers means are fixedly positioned outwardly beyond the
      boundaries of said work member.
NUM  3.
PAR  3. Work positioning apparatus according to claim 1 wherein said
      interferometer means are fixedly positioned near or attached to said tool
      head.
NUM  4.
PAR  4. Work positioning means according to claim 3 wherein said work member is
      flat.
NUM  5.
PAR  5. Work positioning means according to claim 4 wherein said work member is
      of rectangular shape and said reflecting members are plane mirrors.
NUM  6.
PAR  6. Work positioning apparatus according to claim 5 wherein said work member
      is mounted for motion in a single plane.
NUM  7.
PAR  7. Work positioning apparatus comprising:
PA1  a work member mounted for motion along orthogonal X and Y axes;
PA1  an optical exposure head fixedly positioned above said work member and
      operative to perform work thereon, and having an optical axis intersecting
      the work member;
PA1  control means operatively connected to said work member to cause programmed
      motion thereof along said X and Y axes to selectively position the work
      member with respect to the optical exposure head and thereby continuously
      control the work being done on said work member by said optical exposure
      head;
PA1  interferometry means operative to generate light beams travelling between
      said optical exposure head and stations on the ends of said work member
      located at opposite ends of orthogonal measuring axes intersecting said
      optical axis to continuously determine the position and change of position
      of said work member ends with respect to said optical exposure head, the
      interferometry means including;
PA2  two sets of two plane mirror interferometers fixedly positioned at said
      optical exposure head, each set located on each of the orthogonal
      measuring axes intersecting the optical axis;
PA2  mirror means cooperating with the sets of interferometers and positioned on
      opposite ends of said work member;
PA2  at least one laser unit including detectors fixedly positioned to emit a
      laser light beam to each of said interferometers for reflection therefrom
      along the measuring axes to the associated mirror means and back therefrom
      and to said interferometer unit to determine changes in the location of
      the respective work member ends; and
PA1  means to transmit work member position signals to said control means to
      correctively position said work member in accordance with a programmed
      ratio of distances between the work member ends and the optical axis.
NUM  8.
PAR  8. Work positioning apparatus comprising:
PA1  a work member mounted for motion along orthogonal X and y axes;
PA1  an optical exposure head fixedly positioned above said work member and
      operative to perform work thereon, and having an optical axis intersecting
      the work member and the orthogonal axes;
PA1  control means operatively connected to said work member to cause motion
      thereof along said X and Y axes to selectively position the work member
      with respect to the optical exposure head in predetermined ratios of
      distances between the optical axis and the sides of the work member and
      thereby continuously control the work being done on the work member by the
      optical exposure head; and
PA1  interferometry means connected with the control means and including;
PA1  a. a plurality of interferometers positioned outwardly of and on opposite
      sides of said work member on each of the two orthogonal axes intersecting
      the optical axis,
PA1  b. mirror means cooperating with the interferometers and positioned on each
      of the sides of said work, member, and
PA1  c. at least one laser-detector unit fixedly positioned to emit a laser
      light beam to each of said interferometers for reflection therefrom along
      the orthogonal axes to the associated mirror means and back to said
      interferometers and the laser detector unit to determine changes in the
      location of the associated work member sides.
NUM  9.
PAR  9. Apparatus according to claim 8 and including means to transmit
      corrective signals from said laser-detector unit to said control means to
      correct the position of said work member.
NUM  10.
PAR  10. The method of continuously correcting the position of a work member
      caused by temperature and other environmental factors affecting the work
      member position measurements comprising the steps of:
PA1  mounting the work member for selected planar motion,
PA1  positioning a tool which is operative to perform work on a work member in
      position with respect to the work member so that an axis of the tool
      intersects the work member;
PA1  moving the work member and the tool relative to one another so as to
      produce the desired work upon the work member;
PA1  determining the relative position of the work member and the tool axis by
      mounting optical interferometer means to generate light beams intersecting
      the tool axis and extending between the tool and the opposite ends of the
      work member to continuously and separately determine both of the relative
      distances of the respective work member ends from the tool axis; and
PA1  continuously repositioning the work member and the tool relative to one
      another in accordance with ratio of the relative distances determined by
      the interferometer means.
NUM  11.
PAR  11. The method according to claim 10 wherein said work member is flat and
      of rectangular shape, wherein said optical interferometer means includes
      two interferometers fixedly mounted adjacent said tool and two
      corresponding plane reflecting mirrors positioned at the opposite ends of
      the work member.
NUM  12.
PAR  12. The method according to claim 10 wherein said work member is flat and
      of rectangular shape and wherein said optical interferometer means
      includes two plane reflecting mirrors positioned at the opposite ends of
      the work member perpendicular to the light beams and wherein two
      interferometers are positioned fixedly outwardly beyond the periphery of
      the work member on opposite sides thereof to direct said light beams
      between the associated plane mirrors and interferometers.
NUM  13.
PAR  13. The method of positioning a work member during the work process
      including the steps of:
PA1  mounting the work member for simultaneous motion along orthogonal X and Y
      axes;
PA1  fixedly positioning a work tool having a reference axis in operative
      position to do work upon said work member;
PA1  providing programmed control means to move the work member with respect to
      the work tool in accordance with specified ratios of distances between the
      work tool reference axis and the ends of the work member to selectively
      accomplish the desired work on the work member;
PA1  mounting two interferometer members on each of two orthogonal axes of the
      work member which axes intersect at the work tool reference axis so that
      each set of interferometer members produce measuring light beams parallel
      with the axis on which they are located and so that the interferometer
      members instantaneously and continuously determine the location and change
      of location of each of the four ends of the work member with respect to
      the tool reference axis;
PA1  causing said work member to follow programmed movement with respect to said
      work tool reference axis in response to control means authority;
PA1  continuously monitoring the distances of the four work member ends relative
      to the work tool reference axis by means of the interferometer members;
PA1  continuously comparing the distances of the work member ends so determined
      with the programmed ratios for the distances for that instant in time to
      determine position errors; and
PA1  sending corrective signals to the control means to correctively position
      the work member with respect to the work tool reference axis.
NUM  14.
PAR  14. The method according to claim 13 wherein the work member is flat and of
      rectangular shape and wherein the interferometer members include four
      interferometers fixedly mounted on the work tool and four plane mirrors
      positioned about the periphery of the work member so that the four
      interferometers and mirrors respectively reflect measuring light beams
      therebetween along the two orthogonal axes intersecting the work tool
      reference axis.
NUM  15.
PAR  15. The method according to claim 13 wherein said work member is flat and
      of rectangular shape and wherein the interferometer members include plane
      mirrors positioned about the periphery of the work member and two
      interferometers positioned outwardly of the work member and on opposite
      sides thereof on each of the orthogonal axes so that the interferometers
      on each orthogonal axis and their associated mirrors generate measuring
      light beams and so that the light beams so generated by both
      interferometer sets on each orthogonal axis produce measuring light beams
      which are orthogonal and which intersect the work at a reference axis.
NUM  16.
PAR  16. Work positioning apparatus including:
PA1  a work member;
PA1  a work tool fixedly positioned above said work member and operative to
      perform work thereon, and having a reference axis intersecting said work
      member;
PA1  control means operatively connected to said work tool and member and
      programmed to cause relative motion of the work member and work tool to
      selectively position the work member with respect to the reference axis of
      said work tool along a coordinate axis and thereby continuously control
      the work being done on the work member by the work tool;
PA1  first reflecting means positioned at selected first and second reference
      stations on said work member in spaced relation to said reference axis and
      on opposite sides thereof;
PA1  first interferometer means positioned on the same side of said reference
      axis as said first reference station and oriented to project a measuring
      light beam parallel to the coordinate axis intersecting said reference
      axis and toward the first reference station to be reflected by said first
      reflecting means at the first station to thereby measure the position, and
      change of position of the first reference station of the work member with
      respect to said reference axis;
PA1  second interferometer means positioned on the same side of said reference
      axis as said second reference station and oriented to project a measuring
      light beam parallel to the coordinate axis intersecting said reference
      axis and toward the second reference station to be reflected by said first
      reflecting means at the second reference station too thereby measure the
      position, and change of position of the second reference station of the
      work member with respect to said reference axis;
PA1  means to continuously compare the position measurements of said reference
      stations so measured to their programmed positions to determine work
      member position error; and
PA1  means connected to said control means to transmit position errors thereto
      to thereby correct the position of said work member with respect to the
      reference axis and to maintain the ratio of the measured positions of the
      reference stations with respect to the reference axis the same as the
      programmed positions along the corresponding coordinate axis.
NUM  17.
PAR  17. Work positioning apparatus as defined in claim 16 further including:
PA1  second reflecting means positioned along another coordinate axis at third
      and fourth reference stations on said work member in spaced relation to
      said reference axis and on opposite sides thereof;
PA1  third interferometer means positioned on the same side of said reference
      axis as said third reference station and oriented to project a measuring
      light beam parallel to the other coordinate axis intersecting said
      reference axis toward the third reference station to be reflected by said
      second reflecting means to thereby measure the position, and change of
      position of the third reference station of the work member with respect to
      the reference axis; and
PA1  fourth interferometer means positioned on the same side of said reference
      axis as said fourth reference station and oriented to project a measuring
      light beam parallel to the other coordinate axis intersecting said
      reference axis toward the fourth reference station to be reflected by said
      second reflecting means to thereby measure the position, and change of
      position of the fourth reference station of said work member with respect
      to the reference axis.
NUM  18.
PAR  18. Work positioning apparatus as defined in claim 16 wherein:
PA1  the first reflecting means comprises a first mirror mounted on the work
      member perpendicular to the coordinate axis at the first reference
      station;
PA1  and a second mirror mounted on the work member perpendicular to the
      coordinate axis at the second reference station.
NUM  19.
PAR  19. A work position measuring apparatus for moving a work tool and a work
      member worked upon by the tool relative to one another in a direction
      perpendicular to an axis of the tool extending toward the work member in
      accordance with a work program comprising:
PA1  first measuring means located along a coordinate axis parallel to said
      direction perpendicular to the tool axis for measuring the distance or
      change of distance between the tool and a first edge of the work member
      along the coordinate axis;
PA1  second measuring means located along the coordinate axis for measuring the
      distance or change of distance along the coordinate axis between the tool
      and a second edge of the work member at the opposite side of the tool axis
      from the first edge; and
PA1  control means connected to move the work member and tool relative to one
      another to maintain the ratio of the measured distances between the tool
      and the edges the same as the ratio of the corresponding distances defined
      by the work program.
NUM  20.
PAR  20. A work position measuring apparatus as defined in claim 19 wherein:
PA1  the first measuring means comprises an interferometer and a cooperating
      reflector positioned to project a measuring light beam between the tool
      and the first edge of the work member; and
PA1  the second measuring means also comprises an interferometer and a reflector
      positioned to project a measuring beam between the tool and the second
      edge of the work member.
NUM  21.
PAR  21. A work position measuring apparatus as defined in claim 20 wherein the
      reflectors of the first and second measuring means are mounted on the work
      member at the first and second edges respectively.
NUM  22.
PAR  22. A work position measuring apparatus as defined in claim 21 wherein:
PA1  the interferometer of the first measuring means is mounted adjacent the
      tool between the tool axis and the reflector of the first measuring means;
      and
PA1  the interferometer of the second measuring means is mounted adjacent the
      tool between the tool axis and the reflector of the second measuring
      means.
NUM  23.
PAR  23. A work position measuring apparatus as defined in claim 21 wherein:
PA1  the interferometer of the first measuring means is mounted at a side
      reflector of the first measuring means opposite the tool axis; and
PA1  the interferometer of the second measuring means is mounted at a side of
      the reflector of the second measuring means opposite the tool axis.
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TTL  Ring laser having elastic wave bias
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PAL  "Acoustic Wave ... Ring Laser"; Buholz et al; IEEE Jr. of Qunntum
      Electronics; Vol. QE3; 11; Nov. 67; pp. 454-459.
ABST
PAL  A ring laser having beams traveling in opposite directions and elastic wave
      biasing means in the form of an element of elasto-optic material through
      which the beams pass in a common optical path. Beam coupling is reduced by
      applying elastic waves to the element such that particles of the elastic
      material vibrate along the common optical path.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to ring lasers and more particularly to internally
      biasing ring lasers.
PAR  2. Description of the Prior Art.
PAR  A ring laser essentially consists of a polygonal array of mirrors, which
      are arranged to enclose an area and form a resonant cavity which includes
      a gain medium. This resonant cavity has two oppositely traveling resonant
      light fields that traverse the same path and oscillate at frequencies
      which are determined by the optical path lengths they travel. Effects
      which are measured using ring lasers cause differences in the optical path
      lengths of the oppositely traveling beams which results in a frequency
      difference between the beams. By monitoring this frequency difference the
      magnitude and direction of the effect are determined. A number of
      applications for which ring lasers have been used are: as gyros having no
      moving parts and unaffected by acceleration or orientation; as highly
      sensitive and accurate fluid flow meters; and in devices for studying
      changes in the refractive index of materials.
PAR  Heretofore ring lasers have experienced beam coupling when the difference
      in beam frequencies was below a certain lock-in frequency. At frequency
      differences below the lock-in level the frequencies would spontaneously
      coincide. This was caused principally by energy exchange between light in
      one beam and back scattered light from the other beam, and also by
      competition effects within the lasing medium. These effects precluded the
      use of ring lasers at frequency differences below the lock-in frequency.
PAR  Energy exchange is generally considered to be caused by back scattered
      light from one beam reinforcing the other beam when the frequencies of the
      two beams are nearly equal. See M. Bass, H. Stotz, and G. A. DeMars, J.
      Appld. Phys., vol. 39, p. 4015-4018, July, 1968. Practical limitations
      seem to prevent total elimination of back scatter; therefore, in the prior
      art a frequency bias was used to separate the frequencies of the two beams
      to prevent beam coupling. The use of a frequency bias also reduced mode
      competition effects within the laser medium.
PAR  Various bias techniques have been used with varying success to overcome
      this beam coupling phenomenon. See J. Kilpatrick, IEEE Spectrum, vol. 4,
      p. 44-55, Oct. 1967. Some of the prior biasing techniques utilized an
      elasto-optic diffraction element as part of the ring laser cavity. These
      elements were used to either amplitude modulate the intensity of the
      oppositely traveling beams or to produce a frequency difference between
      the beams by Brillouin scattering.
PAC  SUMMARY OF THE INVENTION
PAR  A ring laser, according to the present invention, has an element of
      elasto-optic material forming part of the optical beam path of the ring
      laser cavity and force generating means for causing vibration of the
      particles of the elasto-optic element in such a fashion that the vibratory
      motion has a component along the optical path of the beams. For example,
      the elasto-optic element may be a transparent isotropic solid, such as
      fused quartz, and the force generating means may be a piezoelectric
      crystal fixed to said element, and electrically energizable such as to set
      up ultrasonic transverse waves in the element. The transverse waves are
      directed so as to intersect said optical path and to cause particles of
      said element to vibrate such as to have a component of motion along said
      optical path at the ultrasonic frequency. This component of motion along
      said optical path causes a difference in the optical path lengths of the
      oppositely propagating beams, by the Fresnel drag effect, which results in
      a frequency difference between the beams. Since the particle motion is of
      vibratory form, the frequency difference alternates at the ultrasonic
      frequency and the ring laser is biased out of the lock-in region most of
      the time.
PAR  The invention, as summarized above, fulfills various objects of utility to
      various arts such as measuring, testing, navigation, and so on.
PAR  Thus one object of the invention is to provide a ring laser which operates
      at small frequency differences.
PAR  Again, another object of the invention is to provide a ring laser which is
      substantially free of beam coupling.
PAR  Still other objects of the invention will become apparent from the
      following detailed description of my invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram of a ring laser in accordance with my
      invention.
PAR  FIG. 2 shows a modification of the ring laser of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, a typical ring laser is shown in simplified fashion, as mirrors
      1, 2, 3, and laser gain medium 4. A clockwise (CW) beam 5 and a
      counterclockwise (CCW) beam 6 are generated and amplified by the laser
      gain medium 4 and traverse the same path in opposite directions about the
      closed triangular cavity defined by mirrors 1, 2, and 3.
PAR  According to my invention, the ring laser cavity also includes elasto-optic
      element 7, through which the CW and CCW beams pass. Because the beams are
      coincident, they encounter the same particles of element 7. If the
      particles of element 7 move so that the net effect is of particle motion
      in the direction of propagation of only one of the beams, then there will
      be a difference between the optical path lengths of the beams due to the
      Fresnel drag effect, notwithstanding the apparent geometric identity
      between the CW and CCW paths. Because the frequency of each beam is a
      function of its optical path length, the above described particle motion
      can be used to create a frequency difference between the CW and CCW beams
      of the ring laser.
PAR  This particle motion naturally cannot continue indefinitely in one net
      direction, so my invention provides for creating the motion in vibratory
      form, that is to say, such that it alternates in direction. Thus, consider
      element 8 to be an ultrasonic transverse wave transducer fixed to the side
      of element 7, as, for example, a piezoelectric crystal having electrodes
      on opposite faces for applying an alternating voltage to element 8 from a
      source 9.
PAR  In the simplest case, the source 9 would apply a voltage to transducer 8,
      say at an "ultrasonic" frequency that would cause transverse waves to
      propagate through element 7 in the direction indicated by the arrow 10,
      which is shown as perpendicularly intersecting that part of the beams'
      path which is within element 7 (and which is shown as a dashed line within
      element 7). The direction of particle polarization of the transverse wave
      is indicated by double-headed arrow 12, the direction of which is parallel
      to the beams' path. If we now imagine that at the intersection of the
      beams' path and the transverse wave there is a particle 11 of element 7,
      then this particle will move back and forth along the beams' path.
PAR  It is to be understood that the directions indicated by arrows 10 and 12
      are not crucial specifications for the transverse wave. What is crucial is
      that whatever may be the specifications for the transverse wave, they must
      be such that the motion it imparts to particle 11 has a vibratory
      component in the direction indicated by the arrow 12. As a matter of fact,
      this means that the wave need not be "transverse", namely, it could be
      longitudinal, provided it excites motions of particle 11 having a
      vibratory component in the direction indicated by arrow 12.
PAR  In other words, I am not concerned with the character of the energy
      injected into the element 7, nor with such energy's directional sense, and
      so on, but with whether these things are such that there is a component of
      particle motion in accordance with arrow 12. More precisely, the path of
      the beams in element 7 has a finite, more or less definite cross section.
      What is necessary is that the particles of this cross section have a net
      back and forth motion along the path, which motion is "seen" by the beams.
PAR  It is known from classical electrodynamics that the velocity of light in a
      medium is a function of the medium's velocity. See W. D. Jackson,
      Classical Electrodynamics, New York: John Wiley & Sons, Inc., 1962, p.
      362. The optical path length of an element is determined by the velocity
      of light in the element and therefore is a function of the velocity of the
      medium that comprises the element. The frequency difference .DELTA..nu.
      generated between the CW and CCW beams by a particle motion in element 7
      due to the Fresnel drag effect is;
      ##EQU1##
      where .vertline. v .vertline. is the absolute value of the component of
      particle velocity in the direction of propagation of the light beams
      (namely, the direction indicated by arrow 12), d is the length of the path
      of the light beams in the moving medium of element 7, .lambda. is the
      wavelength of the ring laser resonant frequency, L is the optical path
      length of the ring laser cavity, and n is the refractive index of element
      7.
PAR  If the particle motion of element 7 is caused by an ultrasonic wave, the
      particle velocity v is related to the ultrasonic frequency .OMEGA. by:
EQU  V  = .psi..OMEGA. SIN .OMEGA.t                             (2)
PAL  where .psi. is the amplitude of the ultrasonic wave. In particular for n =
      1.47, d = 4 cm, .lambda. =1.mu.M, L = 100 cm, .OMEGA. = 1.1 .times.
      10.sup.6 radian/second, and .psi. = 10.sup.-.sup.2 .mu.M, the maximum
      frequency difference is about 10.sup.3 Hz, which is substantially 10 times
      the lock-in frequency for typical ring lasers.
PAR  The 10.sup.3 Hz frequency difference is an alternating peak value, that is
      to say the bias varies sinusoidally from 10.sup.3 Hz to -10.sup.3 Hz. This
      alternating bias produces an input rate such that the ring laser is biased
      out of the lock-in region most of the time.
PAR  Mirror 3, of the ring laser in FIG. 1, is somewhat transparent so that a
      portion of the CW and CCW beams can pass through. A pair of mirrors 13 and
      14 are arranged to receive light from the CCW and CW beams respectively
      and to reflect the light to a semitransparent mirror 15, where the beams
      are combined and directed to a photodetector array 16. Photodetector array
      16 receives the beams and in response provides an output signal E which is
      used to determine the dynamic phase shift between the two beams per unit
      time. If the signal E is time averaged over one period of the ultrasonic
      wave, the phase shift due to the alternating bias will average to zero,
      while the phase shift due to a relatively continuous rotation of the ring
      laser about an axis perpendicular to a plane formed by the beam paths will
      appear in the average output signal E.
PAR  It is desirable that the laser beams have the same phase across their
      diameters. Thus, when biasing by propagating an ultrasonic transverse wave
      perpendicular to the beam path, it is desirable that the ultrasonic wave
      length be at least twice the diameter of the laser beam width in the
      element 7.
PAR  In FIG. 2 is shown an embodiment of my invention wherein the ring laser
      comprises mirrors 21 and 22, prism 23, and laser gain medium 24. A CW beam
      25 and a CCW beam 26 are generated and amplified by the laser gain medium
      and traverse the same path in opposite directions about the closed
      semitriangular cavity defined by mirrors 21 and 22 and the dashed line in
      prism 23.
PAR  In this form of my invention, prism 23 not only acts as a beam steering
      element of the cavity, but also as an elasto-optic element to which
      ultrasonic waves can be applied by the ultrasonic wave transducer 27,
      fixed to the side 29 of the prism. Transducer 27 consists of a
      piezoelectric crystal with electrodes on opposite faces for applying an
      alternating voltage to the crystal from a voltage source. In the simplest
      case, the source applies a voltage to transducer 27 at an ultrasonic
      frequency which causes longitudinal ultrasonic waves to propagate in the
      direction indicated by arrow 28. These longitudinal waves strike the inner
      side of surface 30 of prism 23 and are reflected so that after reflection
      longitudinal waves propagate to the inner side of surface 31 along a path
      which is colinear with the light beams' propagation path in prism 23.
      Since the particle motion associated with a longitudinal wave is in the
      direction of propagation of the wave, the reflected longitudinal waves
      induce the particles of prism 23 to have a component of motion in the
      direction indicated by double-headed arrow 32. As in the device of FIG. 1,
      this component of particle motion induced by the longitudinal waves along
      the light beams' path in prism 23 produces an alternating frequency
      difference between the beams by the Fresnel drag effect, and can be used
      to bias the ring laser out of the lock-in region most of the time.
      Desirably, but not necessarily, the wave length should be at least twice
      the length of the beam path in the prism.
PAR  Surfaces 30 and 31 of prism 23 are somewhat reflective for the ring laser
      radiation so that a portion of the CW and CCW beams are directed to mirror
      33 and to semitransparent mirror 34 respectively. Light from the CW beam
      is reflected from mirror 33 to semitransparent mirror 34 where it is
      combined with light from the CCW beam and directed to photodetector array
      35, which in response provides an output signal E which is used to
      determine the dynamic phase shift between the beams per unit time.
PAR  It is to be understood that I do not use the term "optical"  to refer just
      to radiation visible to the human eye. Rather, the term is to be
      understood as referring to the entire electromagnetic spectrum. Also,
      "acoustic" is to be taken to refer to elastic waves generally, not merely
      to those audible to the human ear.
PAR  As is well known, particle motion in a given direction can be caused by
      elastic waves in various modes of propagation known as transverse,
      longitudinal, and surface waves. In addition, it is possible to cause the
      same physical device to generate more than one of these modes,
      selectively, and as well, it is also possible to convert one mode to
      another, as by reflecting, refracting, and so forth. It is therefore
      evident that my invention as described and claimed herein, is in no way
      dependant on any particular means for producing elastic waves, nor does it
      depend on the manner in which such means is used to produce elastic waves.
CLMS
STM  Having described my invention in accordance with the requirements of 35
      U.S.C. 112, I claim:
NUM  1.
PAR  1. A ring laser comprising, in combination,
PA1  first means providing a closed optical path;
PA1  second means for providing two laser beams traversing said path
      coincidently and simultaneously, but in opposing directions;
PA1  third means providing bias of the frequencies of the beams for preventing
      said beams from becoming coupled together;
PA1  said third means including an element of elastic material through which
      said path passes, wherein particles of said material define part of said
      path; and force generating means for causing said particles periodically
      to move elastically in one of said directions, substantially in phase, for
      increasing the frequency of one of said beams and decreasing the frequency
      of the other of said beams, by virtue of Fresnel drag.
NUM  2.
PAR  2. The ring laser of claim 1 wherein the said force generating means is
      also for causing said particles periodically to move elastically in the
      other of said directions, for decreasing the frequency of the said one of
      said beams and for increasing the frequency of the said other of said
      beams.
NUM  3.
PAR  3. The ring laser of claim 1, wherein said force generating means is a wave
      generator coupled to said element for propagating transverse waves across
      said part of said path for causing said particles to move as aforesaid.
NUM  4.
PAR  4. The ring laser of claim 1, wherein said force generating means is a wave
      generator coupled to said element for propagating longitudinal waves along
      said part of said path for causing said particles to move as aforesaid.
NUM  5.
PAR  5. The ring laser of claim 1, including fourth means for extracting, from
      said closed path, a portion of the energy in each of said beams for
      providing a measure of the difference between the frequencies of said
      beams.
NUM  6.
PAR  6. The ring laser of claim 5, wherein the force generating means is also
      for causing said particles periodically to move elastically in the other
      of said directions, for decreasing the frequency of the said one of said
      beams and for increasing the frequency of the said other of said beams.
NUM  7.
PAR  7. The ring laser of claim 5, wherein said force generating means is a wave
      generator coupled to said element for propagating transverse waves across
      said part of said path for causing said particles to move as aforesaid.
NUM  8.
PAR  8. The ring laser of claim 5, wherein said force generating means is a wave
      generator coupled to said element for propagating longitudinal waves along
      said part of said path for causing said particles to move as aforesaid.
NUM  9.
PAR  9. The ring laser of claim 5, wherein said fourth means includes a prism
      having first, second, and third surfaces, said first surface being
      oriented for directing longitudinal waves to the inner side of said second
      surface, and said second and third surfaces being oriented so that light
      propagated in said prism and between the inner sides thereof, emerges from
      said prism directed along said path; said force generating means being
      coupled to said first surface for propagating said longitudinal waves.
NUM  10.
PAR  10. The ring laser of claim 9, wherein the said force generating means is
      also for causing said particles periodically to move elastically in the
      other of said directions, for decreasing the frequency of the said one of
      said beams and for increasing the frequency of the said other of said
      beams.
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ABST
PAL  A method for determining the capability and optimum operating parameters of
      alkali halide crystals with anisotropic centers as holographic recording
      media by assessing the dispersion and absorption of polarized light by the
      anisotropic centers through a measurement of the difference in refractive
      index and absorption for light of different polarizations, the former
      through utilization of an ellipsometric technique wherein light passes
      successively through a polarizer, test crystal, analyzer, and detector.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention generally relates to a testing technique and in
      particular to a testing technique involving alkali halide crystals with
      anisotropic centers for capability as holographic media and for
      determining their optimum operating conditions.
PAR  Alkali halide crystals with anisotropic centers have shown promise as
      holographic recording and storage media in U.S. Pat. Nos. 3,580,688,
      3,673,578, 3,720,926, 3,727,194, 3,771,150, 3,814,601, and 3,846,764. The
      advantages of these crystals include an on-line read-write-erase storage
      capability, minimal fatigue, reasonable writing sensitivity,
      nondestructive read, and thermal stability. The response of holographic
      media in wavefront reconstruction is generally characterized by
      diffraction efficiency which is defined as the ratio of diffracted to
      incident light intensity. As the diffraction efficiency increases, the
      reconstructed holograms are brighter.
PAR  Diffraction of light by a crystal is produced through general grating array
      variations of either absorption or refractive index. Phase patterns are
      clearly preferred since they generally give rise to much larger
      diffraction efficiencies in wavefront reconstruction.
PAR  The characterization of absorption differences is easily determined through
      standard spectrophotometric procedures, particularly for anisotropic
      centers which give rise to distinct easily measurable absorption bands in
      the visible, near infrared, and near ultraviolet spectral regions.
      However, the contributions of anisotropic centers to the refractive index
      of a crystal has been extremely difficult to measure because of their
      relative small contribution to the overall refractive index. Thus, it
      becomes difficult to accurately predict the phase contribution of
      anisotropic centers to the diffraction efficiency and therefore to
      properly prepare the crystal and to select the optimum operating
      parameters for use as a holographic recording medium. Techniques to
      determine this contribution such as Faraday rotation are usually
      cumbersome requiring very low operating temperatures and high magnetic
      fields and have been useful primarily in special cases involving highly
      isotropic centers such as F-centers, but not for the class of centers
      which are anisotropic. This lack of a quick and simple technique to
      directly measure the contribution to the index of refraction by
      anisotropic centers and thus their dispersion may very well be the
      underlying reason for the oversight of the predominant effect these
      centers have on the crystal diffraction.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a method for
      measuring the changes in the refraction index or more specifically the
      birefringence produced by oriented anisotropic centers in alkali halide
      crystals.
PAR  Another object of this invention is to correlate this birefringence with
      the degree of anisotropic center alignment from its dichroic absorption as
      determined from standard absorption measurements using linearly polarized
      light.
PAR  And another object of this invention is to provide a method for determining
      the spectral dependence of the diffraction efficiency of a crystal
      containing grating arrays of oriented anisotropic centers in alkali halide
      crystals and more specifically the wavelength for which the diffraction
      efficiency is a maximum.
PAR  A further object of this invention is to provide a method for selecting
      alkali halide crystals with anisotropic centers so that they have maximum
      capability as holographic media, i.e., maximum diffraction efficiency.
PAR  A still further object of this invention is to provide a guide for
      modifying the method of preparing alkali halide crystals in order to
      obtain high diffraction efficiency in holographic wavefront
      reconstruction.
PAR  And a still further object of this invention is to provide a method for
      determining the optimum operating parameters for alkali halide crystals as
      holographic media.
PAR  These and other objects are achieved by measuring the induced birefringence
      of an alkali halide crystal accompanying the alignment of anisotropic
      centers using an ellipsometric method which comprises the steps of
      linearly polarizing light of a given wavelength polarized along an axis of
      the crystal; entering the linearly polarized light in the crystal
      perpendicular to the surface of the crystal; passing the light through the
      crystal whereupon the light in general becomes ellipically polarized due
      to the birefringence of the crystal lattice induced by the previously
      optically aligned anisotropic centers; passing the light successively
      through an analyzer and detector; measuring the intensity of the light by
      rotating the analyzer for polarization parallel and perpendicular to the
      aligned centers; rotating the analyzer to obtain the maximum and minimum
      intensity of the ellipically polarized light passing through the analyzer;
      measuring the angle between the minimum intensity and the perpendicular
      intensity; measuring the optical density for light polarized parallel and
      perpendicular to the alignment of the anisotropic centers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of one particular anisotropic color
      center, the M-center in an alkali halide crystal.
PAR  FIG. 2 is a schematic arrangement of an analysis of light ellipically
      polarized by aligned M-centers.
PAR  FIG. 3 is a schematic diagram of a means for analyzing a crystal
      anisotropic centers according to the practice of this invention.
PAR  FIGS. 4A and 4B are absorption and dispersion spectra of M-centers in
      various stages of alignment illustrated for a particular NaF crystal (0.22
      mm thick) colored with 2 MeV electrons and measured at room temperature.
PAR  FIG. 5 is the variation of the maximum refractive index difference or
      birefringence with maximum optical density.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a schematic section of an alkali halide crystal containing an
      M-center. An M-center consists of two F-centers, or two neighboring anion
      vacancies along a [110] axis each with one trapped electron. FIG. 1 shows
      a M-center with a vacancy axis specifically lying along the [011]
      direction. This center has three symmetry axes along which its optical
      dipole moments lie. One is the [011] vacancy axis which is the optical
      dipole direction for the M-band. The other two are [011] and [100]
      perpendicular to this vacancy axis. These are usually associated with
      M-center transitions lying at energies greater than the M-band in the
      F-band spectral region.
PAR  It is through absorption of light in the F-band spectral region that
      M-centers are reoriented and can be aligned when linearly polarized light
      is used. For example, light which is linearly polarized along [011] and is
      propagating along [100] would align all M-centers along the [011]
      direction. An important consequence of the alignment is that M-center
      transitions can often be distinguished from overlapping absorptions of all
      isotropic and other unaligned anisotropic defects by simply subtracting
      the absorption measured with light of [011] and [011] polarization.
PAR  It now has been discovered that the dispersion of light by M-centers and
      other anisotropic centers can be determined in a similar manner by
      aligning the anisotropic centers and by measuring the variation in the
      differences in refractive index for light polarized parallel and
      perpendicular to the alignment through a simple ellipsometric technique.
      As in most birefringent elements these two directions are analogous to the
      directions which are often referred to as the fast and slow directions.
      The subtraction which results through the method of this invention
      eliminates not only contributions due to other centers, but most
      important, dispersion due to the host lattice. It has further been
      discovered that although the contribution of anisotropic centers to the
      total refractive index is small, the contribution does lead to substantial
      phase variations and thus would result in high diffraction efficiencies in
      holographic storage.
PAR  In order to better disclose the present invention reference is now made to
      FIG. 2. Light of an amplitude a.sub.o entering the crystal is linearly
      polarized along [001]. It is selectively absorbed by the M-centers and
      emerges ellipically polarized with amplitudes a.sub.11 and
      a.sub..vertline. as measured by an analyzer and detector oriented along
      [011] and [011]. The relation between intensity which is determined by the
      detector and amplitude is I = a.sup.2. These amplitudes have a phase
      difference given by .delta. = (2.pi.d/.lambda.) [n.sub.11
      -n.sub..vertline.] wherein n.sub.11 and n.sub..vertline. are the
      refractive indices for light polarized along [011] and [011],
      respectively, .lambda. is the wavelength of light in free space, and d is
      the crystal thickness.
PAR  The amplitudes of the semimajor and semiminor axes of the ellipse, i.e.,
      a.sub.M and a.sub.L, respectively, and the orientation of the ellipse are
      determined by rotation of the analyzer for maximum and minimum transmitted
      intensity. Since the intensity is proportional to the square of the
      amplitude, these are related by the expressions:
EQU  I.sub.M = a.sub.M.sup.2 = (a.sub..vertline.sin.theta.).sup.2 + (a.sub.11
      cos.theta.).sup.2 + 2a.sub.11 a.sub..vertline. sin.theta. cos.theta.
      cos.delta.
EQU  I.sub.L = a.sub.L.sup.2 = (a.sub..vertline.cos.theta.).sup.2 + (a.sub.11
      sin.theta.).sup.2 - 2a.sub.11 a.sub..vertline. sin.theta. cos.theta.
      cos.delta.
PAL  wherein .theta. is the angle between a.sub..vertline. and a.sub.L. The
      expression  for .delta. (phase difference) becomes:
      ##EQU1##
      and for the difference in the refractive indices becomes:
      ##EQU2##
PAR  In H. Kogelnik, Bell System Tech. J. 48, 2902 (1969) an expression for the
      diffraction efficiency of a mixed grating was derived as the sum of a
      phase and absorptive component and is as follows:
      ##EQU3##
      wherein .theta..sub.o is the Bragg angle, D.sub.o ' is the total optical
      density, D.sub.o is the total dichroic optical density modulation, and
      .delta.' is the total phase modulation.
PAR  For purposes of this invention .delta.'=.delta.. At any given temperature
      and for any given crystal and anisotropic center the ratio of .delta. and
      D.sub.o would be a constant depending on .lambda.. It is therefore
      possible to set dn/dD.sub.o = 0 and derive optimum values for both
      dichroic optical density and diffraction efficiency.
PAR  For example, suppose a crystal contains a completely aligned population of
      anisotropic M-centers and no underlying absorptions in the M-band spectral
      region. For this case D.sub.o ' would equal D.sub.o. Defining the
      parameter K as .delta.'/D.sub.o, the expression for the diffraction
      efficiency becomes:
      ##EQU4##
PAR  Neglecting the absorptive component (sinh.sup.2 term), the diffraction
      efficiency would then have a maximum of
      ##EQU5##
      for a value of
      ##EQU6##
PAR  For an identical crystal with incomplete alignment, the corresponding
      expressions are:
      ##EQU7##
      for a value of
      ##EQU8##
PAR  From the above principles the method of this invention was developed. FIG.
      3 shows a schematic diagram of means for carrying out the present
      invention. A light source 11 may be any apparatus capable of producing
      coherent or incoherent light at different selected wavelengths ranging
      over some select portion of the visible spectrum depending primarily on
      the anisotropic center of interest, and the host lattice used. The
      intensity of the light sources must be great enough to be detected after
      passing through all the elements shown in FIG. 3. Examples of suitable
      light sources would be either tunable dye lasers of the appropriate
      spectral output, e.g. for a NaF crystal the spectral output is from about
      450 to about 600 mm, or an ordinary broad spectral region ranging source,
      e.g. tungsten, mercury, or xenon lamp.
PAR  The light passes through a linear polarizer, 12, which polarizes the light
      along a specific axis of the test specimen. Using aligned M-centers, the
      chosen incoming alignment direction would be [001] as depicted in FIG. 2.
      The invention places no limitation on the selection of the linear
      polarizer, although it is preferred that the polarizer have an extinction
      ratio of at least 10.sup.5 :1.
PAR  The crystal, 13, which is being tested may be any alkali halide crystal
      with any aligned anisotropic centers preferably being tested at a
      temperature and spectral range for which the alignment has a
      nondestructive read. M-band excitation at room temperature in NaF is an
      example of one such preferred choice. Alternative anisotropic centers
      other than the M-center are the M.sub.A center which consists of an
      M-center adjacent to an anion impurity and the F.sub.A center which
      consists of an F-center adjacent to an anion impurity. The preferred
      alkali halides are NaF, KCl, and KF. The practice of this invention is not
      limited to any size or shape of the crystal.
PAR  The analyzer, 14, may be any device which like the polarizer, 12, can
      linearly polarize light and can be freely rotated for an accurate
      determination of the polarization angle. Again, it is preferred that
      analyzer, 14, be a high quality, commercially available linear polarizer
      with an extinction ratio of at least 10.sup.5 :1.
PAR  The intensity of the light emerging from the crystal and analyzer is
      measured by a photometer, 15, and correlated with the optical density
      measured over the same spectral region using a spectrophotometer, 16, of
      standard design, e.g., the Cary 14MR spectrophotometer.
PAR  In the practice of this invention the crystal is set in place so that it
      has the proper orientation relative to the polarization of the incident
      light source, e.g., the [110] optical axis of the anisotropic M-center is
      set 45.degree. with respect to the polarization of the incident light and
      the light source is adjusted to emit a light beam with a particular
      wavelength. The light enters and passes through the crystal perpendicular
      to its surface and becomes ellipically polarized. The light then enters an
      analyzer, 14 which can be rotated about an axis parallel to incidence for
      a maximum and minimum intensity determination thus yielding the amplitudes
      of the major and minor axes of the ellipically polarized light. The
      analyzer is then rotated so that its plane of polarization is either
      parallel or perpendicular to the alignment axis of anisotropic centers to
      determine both the angle .theta. between the minor axis and the direction
      perpendicular to alignment axis, and the amplitudes a.sub.11 and
      a.sub..vertline. . These measurements are then repeated using other
      wavelengths until the spectral dispersion is measured for the entire
      spectral range of interest. Finally, the crystal is placed in the sample
      beam of a spectrophotometer, and the optical density is determined for
      light polarized parallel and perpendicular to the anisotropic centers,
      i.e., D.sub.o11 and D.sub.o.sub..vertline., respectively, can be
      determined.
PAR  From the collected data, .eta..sub.max is calculated at the various test
      wavelengths and is plotted against wavelength. Thus, the optimum
      performance capability for the particular alkali halide and anisotropic
      center as a holographic storage medium is quickly and easily determined as
      a function reconstruction read wavelength. The data also yields the
      spectral dependence of the performance capability of any particular
      crystal chosen.
PAR  The optical density is proportional to the product of what the anisotropic
      center concentration and crystal thickness. From the aforementioned
      expressions for diffraction efficiency, the test results provide an
      accurate guide for selecting the exact amount of optical density needed to
      obtain a desired maximum diffraction efficiency. Thus the manufacturing
      process has the flexibility whereby either the crystal thickness be
      adjusted for a given color center concentration or the color center
      concentration be adjusted for a given crystal thickness so that the
      optimum optical density is achieved. By way of example the following
      experiment is given to demonstrate the utility of the present invention.
      It is to be understood the example is given by way of illustration and is
      not intended to limit the specification and the claims to follow.
PAC  EXAMPLE I
PAR  A 0.22 mm thick NaF crystal containing F-centers produced by coloring the
      crystal with 2-MeV electrons was exposed to unpolarized F-light to convert
      the F-centers to M-centers, and then to linearly polarized F-light for
      alignment of the M-centers along [011]. See FIG. 1 for a schematic
      representation of the crystal. Measurements were carried out after
      producing randomly oriented M-centers and after successive exposures to
      [011] F-light to produce increasing M-center alignment along [011].
      Absorption spectra measured were with light propagating along [100] and
      linearly polarized along [011] and along [011]. The crystal was then
      placed in an ellipsometric arrangement wherein the phase angle .delta. was
      determined as a function of wavelength.
PAR  FIG. 4 shows that both the M-band dichroism, [011]-[011] (see FIG. 4(a)),
      and the dispersion (see FIG. 4(b)) are initially zero for the case of
      randomly oriented M-centers (curves 1) but exhibit corresponding increases
      of dichroism and birefringence with each stage of M-center alignment
      (curves 2-4). As is typical for an anomalous dispersion curve of a single
      isolated transition, n.sub.11 -n.sub..vertline. vanishes near the peak of
      the M-band and has maximum values of opposite sign on either side of it.
      FIG. 5 shows that the maximum index change, (n.sub.11
      -n.sub..vertline.).sub.max, varies linearly with D.sub.o /mm (D.sub.o is
      now the maximum peak-to-peak dichroic optical density) over a wide
      M-center concentration range with an average slope of (0.055 .+-. 0.001)
      .times. 10.sup..sup.-3. This linearity indicates that M-centers behave
      with regard to dispersion as a dilute collection of noninteracting damped
      harmonic oscillators.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A method for testing alkali halide crystals with anisotropic centers for
      performance as holographic storage media and for optimum operating
      parameters which comprises:
PA1  passing linearly polarized light of known wavelength through an alkali
      halide crystal with aligned anisotropic centers so that polarization of
      said light is linearly polarized at 45.degree. with respect to the
      alignment direction of said anisotropic centers;
PA1  analyzing said light upon exit from said crystal now ellipically polarized
      in order to determine the maximum and minimum intensities, the angle
      between the minimum intensity and the direction perpendicular to the
      alignment axis, and the intensities of said exited light with polarization
      parallel and perpendicular to the alignment of said anisotropic centers,
      and the optical density of said crystal for light linearly polarized
      parallel and perpendicular to the optical axis of said aligned anisotropic
      centers;
PA1  repeating said analysis of said light for different wavelengths of said
      light; and
PA1  calculating the maximum diffraction efficiency for each of said analyses.
NUM  2.
PAR  2. The method of claim 1 wherein the maximum diffraction efficiency is
      calculated by calculating the phase difference from the equation:
      ##EQU9##
      and by calculating the value of the diffraction efficiency equation:
      ##EQU10##
NUM  3.
PAR  3. The method of claim 1 wherein said alkali halide is NaF and said
      anisotropic center is M-center.
NUM  4.
PAR  4. The method of claim 1 wherein said alkali halide is NaF and said
      anisotropic center is M.sub.A center.
NUM  5.
PAR  5. The method of claim 1 wherein said alkali halide is KCl and said
      anisotropic center is M-center.
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ABST
PAL  Apparatus including discrimination circuitry for reliably identifying a
      target illuminated by a pulsed laser beam is disclosed. Laser energy
      received from objects within a field of view is imaged on one or more
      elements of an optical detector which produces electrical signals
      indicative of the direction of arrival of the laser energy. Signals from
      the detector are selectively passed to a display device by means of
      self-adaptive gating circuitry which blocks signals occuring during
      intervals when valid signals are not expected. Means for discriminating as
      to optical frequency, and for utilizing only the last returned reflection
      of each transmitted laser pulse is also disclosed for further increasing
      reliability.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention herein described pertains generally to electromagnetic energy
      detection, and more specifically to apparatus for sensing and displaying
      the direction of arrival of characterized electromagnetic energy. The
      invention has particular applicability to compact portable apparatus for
      reliably identifying a target illuminated by a pulsed laser beam.
PAR  Since the development of practical laser apparatus, such apparatus has
      taken a variety of forms and is used to perform a rapidly increasing
      number of functions. Continuing developments have led to the use of lasers
      in increasingly sophisticated, complex and compact apparatus. Laser energy
      is uniquely adapted to perform many heretofore impractical functions
      because of its coherent, extremely stable, single frequency
      characteristics, thus making possible the generation and transmission of
      very well defined and characterized beams of energy.
PAR  One of the practical present uses of a laser beam is to mark or identify a
      remote object or target. Since a very narrow laser beam can be produced
      and transmitted, marking or identification can be accomplished with very
      great resolution. Laser energy reflected from the target can then be
      detected by apparatus remote from both the transmitter and target, and
      used to reliably identify the target. Such a system can be used by pilots
      or other users in separate aircraft to provide means whereby those in one
      aircraft can accurately identify a ground target to persons in other
      aircraft.
PAR  One of the problems encountered in such applications is that objects
      between the transmitter and intended ground target, such as clouds and/or
      other airborne particles, may cause a partial reflection or dispersion of
      the laser beam. Laser energy arriving from such particles or objects may
      cause confusion and result in erroneous target identification. Thus, for
      maximum reliability it is necessary to provide means for discriminating
      between energy received from valid and invalid targets. In aircraft
      applications in which space and weight capacity is limited, and in which
      interference with and additional demands placed on an operator must be
      kept to a minimum, it is also necessary that the detection and display
      apparatus be compact, simple to operate, and cause minimum interference
      with other activities.
PAR  The detection and display apparatus of the applicant's invention fulfills
      the noted requirements by means of unique signal discrimination circuitry
      which provides for reliable discrimination between signals resulting from
      valid and invalid targets, and by utilizing signals corresponding to valid
      targets to produce an easily understandable target location display. The
      apparatus is self-contained and compact so that it may be conveniently
      carried on a user's person. The display may be in the form of a virtual
      image before the user's eye so as to provide minimum interference with his
      other visual activities.
PAC  SUMMARY OF THE INVENTION
PAR  The applicant's target identification apparatus basically comprises a
      direction sensitive detector for producing electrical signals in response
      to periodic electromagnetic pulse signals of known repetition rate and
      duration, gating means for passing the electrical signals from the
      detector only during windows defined by periodic gating signals, means for
      producing periodic gating signals having a duration greater than the
      duration of the electromagnetic pulses, and synchronization means for
      synchronizing the windows with electrical signals corresponding to
      electromagnetic pulses from valid targets. The electrical signals passed
      by the gating means are utilized to generate a display indicating the
      arrival direction of the electromagnetic pulses within the field of view
      of the detector.
PAR  The synchronization means may comprise clock means for producing periodic
      gating signals having substantially the same repetition rate as the
      electromagnetic pulses. Additional synchronization circuitry may be
      provided for varying the timing of the windows so that electrical signals
      corresponding to successive periodic electromagnetic pulses occur during
      the same portion of successive windows. An optical filter may be provided
      for passing electromagnetic pulse signals within only a specified band of
      optical frequencies, thereby discriminating against incoming signals of
      undesired frequencies. Last pulse logic may be included for rejecting all
      except the last returned reflection of each illuminating pulse, thereby
      discriminating against reflected pulses received from objects between the
      pulse source and the intended target.
PAR  Accordingly, it is a primary object of this invention to provide compact
      target acquisition apparatus for reliably identifying a target illuminated
      with pulsed electromagnetic energy.
PAR  It is a further object of this invention to provide directional laser
      energy detection apparatus having unique signal discrimination circuitry.
PAR  It is yet a further object to provide unique discrimination circuitry for
      periodic signals of known repetition rate and duration, wherein incoming
      signals are passed through gating means which defines periodic windows
      synchronized with the periodic signals.
PAR  It is yet a further object to provide signal discrimination circuitry for
      rejecting electrical signals corresponding to all except the last
      reflection of a pulse of electromagnetic energy transmitted toward a
      target.
PAR  It is another object to provide compact apparatus for detecting and
      displaying the direction of arrival of electromagnetic energy in a unique
      format wherein virtual directional indicators and a reticle are
      superimposed on a scene being viewed.
PAR  Additional objects of the present invention may be ascertained from a study
      of the disclosure, drawings and appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of target acquisition apparatus including the
      applicant's unique signal discrimination circuitry;
PAR  FIG. 2 is a pictorial representation of an embodiment of the applicant's
      invention intended for use by a pilot, showing optical detection apparatus
      employed therein;
PAR  FIGS. 3A and 3B are schematic diagrams of the detector and preliminary
      signal processing and logic circuitry of the target acquisition apparatus
      shown in FIG. 1;
PAR  FIG. 4 is a schematic diagram of the gating logic of the target acquisition
      apparatus shown in FIG. 1;
PAR  FIG. 5 is a schematic diagram of the last pulse logic of the apparatus
      shown in FIG. 1;
PAR  FIG. 6 is a schematic diagram of the lamp drive circuitry of the apparatus
      shown in FIG. 1; and
PAR  FIG. 7 is an illustration of the direction indicator and reticle image
      utilized in the apparatus shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates target acquisition apparatus according to the
      applicant's invention in generalized functional block diagram format.
      Several types of signal discrimination are utilized in combination to
      provide very reliable target identification. However, some of the types of
      signal discrimination are not necessary to the invention in its most basic
      form.
PAR  The invention can be embodied in a variety of geometrical configurations.
      One such configuration is shown in FIGS. 2 and 7 for illustrative
      purposes. The circuit constants and parameters disclosed in these figures
      and related description pertain to the same embodiment, and are likewise
      utilized solely for illustrative purposes. A variety of other external
      configurations and attendant variations in circuit parameters are within
      the scope of this invention.
PAR  In the block diagram of FIG. 1, reference numeral 10 generally identifies
      target acquisition apparatus in accordance with the applicant's invention.
      Apparatus 10 includes an optical detector 12 which has a predetermined
      field of view as more clearly shown in FIG. 2. As will be described more
      completely in connection with FIG. 2, optical detector 12 includes a
      narrow bandpass optical filter which rejects electromagnetic energy
      outside a narrow band of frequencies. The field of view accepted by the
      filter is imaged onto a detector having a plurality of discrete sensing
      elements. In a typical application, a target of interest is illuminated
      with a pulsed laser beam having an optical frequency which will be passed
      by the filter. If an illuminated target is within the field of view, its
      image will fall on the one or more of the sensing elements in the
      detector.
PAR  Several types of detectors are suitable for use in optical detector 12.
      However, for purposes of the following description, a detector comprising
      a plurality of light sensitive diodes will be assumed. The diodes are
      supplied with a suitable bias voltage by detector bias supply 14. A
      detector which has been found well suited for this application is a
      commercially available four quadrant detector. Each quadrant produces an
      electrical signal in response to electromagnetic energy imaged thereon.
      The electrical signals from optical detector 12 are supplied through
      suitable preamplifiers to a plurality of summing amplifiers. The
      preamplifiers and summing amplifiers are identified by reference number
      16.
PAR  The summing amplifiers sum the signals from optical detector 12 so as to
      produce signals indicating that movement of the detector to the right,
      left, up or down is necessary to center the target in the field of view.
      These signals, identified in FIG. 1 as RIGHT, LEFT, UP and DOWN, are
      supplied to four level detectors identified by reference numerals 18
      through 18'". Summing amplifiers 16 also provide a separate signal to a
      level detector 20 any time a properly illuminated target is within the
      field of view. Level detectors 18 and 20 pass their input signals to gates
      22 and 24 respectively only when the input signals exceed a predetermined
      magnitude.
PAR  Gates 22 and 24 are controlled by gating signals supplied on a conductor 26
      from window logic 28 which will hereinafter be described in greater
      detail. Functionally, window logic 28 produces a gating signal only during
      the time pulsed laser energy reflected from an intended target is expected
      to arrive at optical detector 12.
PAR  Timing of the gating signals produced by window logic 28 is primarily
      controlled by a clock 30 which supplies a clock signal having the same
      repetition rate as the pulse rate of the laser beam. Clock 30 also
      supplies a higher frequency clock signal to synchronization circuitry 32
      which adjusts the clock input to window logic 28 as necessary to keep the
      windows substantially centered around the arrival times of laser energy
      from a valid target. Window logic 28 is also under the control of lock-on
      logic 34 which produces a signal when it is determined that the windows
      are timed to pass energy from a valid target.
PAR  The signals from gates 22 are supplied to last pulse logic 36 which also
      receives an input from gate 24. Last pulse logic 36 functions to reject
      laser energy arriving from objects or particles between the laser
      transmitter and the intended target. The operation of last pulse logic 36
      is based on the assumptions that the same number of reflected energy
      pulses will result from successively transmitted laser pulses, and that
      the last pulse (corresponding to the most distant object) in each of the
      groups of pulses probably represents the intended target. The signal from
      gate 24 is utilized to determine the last pulse. Passage of the proper
      number of pulses through gate 24 permits last pulse logic 36 to pass
      concurrent signals received from gates 22.
PAR  The signals from lock-on logic 34 and last pulse logic 36 are supplied to
      lamp drive circuits 38 and 40 respectively. Lamp drive circuits 38 and 40
      convert short duration pulses into longer duration signals suitable for
      illuminating lamps employed in a display device 42 which will be described
      in greater detail in connection with FIG. 7. Briefly, lamp drive circuit
      38 illuminates a reticle lamp any time lock-on logic 34 determines that
      gating signals from window logic 28 are timed to pass signal pulses from a
      valid target. Lamp drive 40 illuminates one or more right, left, up and
      down cuing lamps which indicate the direction the detector should be moved
      to center the intended target in the reticle. The intensity to which
      display 42 is illuminated is controlled by intensity control circuitry 44.
PAR  FIG. 2 illustrates the external configuration of target acquisition
      apparatus in accordance with the applicant's invention incorporated into a
      pilot's helmet. A pilot (or other observer) 50 is shown wearing a helmet
      52 having a parabolic visor 54. In addition, helmet 52 has mounted thereon
      a housing 56 which supports an optical detector generally identified by
      reference numeral 12 corresponding to the optical detector of FIG. 1, and
      at least a portion of the circuitry shown in FIG. 1. As previously
      indicated, optical detector 12 includes a narrow bandpass optical filter
      58, a multiple element detector 60, and a lens 62 for imaging a field of
      view designated by reference numeral 64 on detector 60. Lens 62 is shown
      as a Fresnel lens. Such a lens is quite satisfactory since image quality
      off the optical axis is not critical. However, a bulkier multielement lens
      could readily be substituted if desired.
PAR  A satisfactory embodiment of the present invention was produced for use
      with a target illuminated by a Nd:YAG laser designator pulsed at a 10 Hz
      rate. Optical filter 58 comprised an interference filter having a
      plurality of optical coatings so as to provide a narrow pass band centered
      on the laser frequency. Such filters are commercially available, the
      present filter having been obtained from Optical Coating Laboratories.
      Lens 62 was designed with a focal length of 0.82 inch or an f number of
      approximately 0.6 to achieve a 30.degree. field of view. It was desired to
      have a dead band of .+-.1.5.degree. to simplify following logic circuitry.
      Therefore, the distance between lens 62 and detector 60 was set to defocus
      the image on detector 60 so that the laser energy would describe a well
      defined 0.020 inch diameter blur circle on the center of the detector.
PAR  Visor 54 carries a miniature display projector 66 including a housing 68 in
      which a plurality of miniature lamps and film for projecting the cuing
      indicators and reticle are mounted. A suitable display configuration is
      shown in FIG. 7 wherein RIGHT, LEFT, UP and DOWN cuing indicators are
      respectively identified by reference numerals 70, 72, 74 and 76. The
      reticle is identified by reference numeral 78. Projector 66 also includes
      a mirror 80 for projecting the display on visor 54. The display pattern is
      a collimated virtual image which appears to user 50 to be superimposed at
      infinity on the scene outside the visor.
PAR  Circuitry for combining signals from the detector to produce UP, DOWN,
      RIGHT and Left cuing controls, as well as illuminating the reticle lamp is
      shown in FIG. 3A. The optical detector, identified by reference numeral 12
      to correspond with the reference numerals in FIGS. 1 and 2, is shown as
      having four discrete quadrant sensors. Each of these sensors produces an
      electrical signal when laser energy is imaged thereon. Assuming that the
      quadrant detector is viewed from behind, imaging of the laser energy spot
      on the upper left quadrant indicates that the energy is coming from the
      observer's lower right. This will illuminate the DOWN and RIGHT cuing
      lamps as follows. Each of the quadrant sensors is connected to a
      preamplifier identified by reference numeral 100 through 100'".
PAR  The outputs of preamplifiers 100 are connected to the inputs of four
      summing amplifiers 102, 104, 106 and 108, each having two inputs.
      Specifically, the output of amplifier 100 is connected to one input of
      summing amplifiers 102 and 108. The output of amplifier 100' is connected
      to one input of amplifiers 102 and 104. The output of amplifier 100" is
      connected to one input of summing amplifiers 104 and 106. The output of
      amplifier 100'" is connected to one input of summing amplifiers 106 and
      108. An electrical signal supplied to either of the inputs of any summing
      amplifier results in an electrical signal at its output. Thus, imaging of
      laser energy on the upper left quadrant sensor results in an electrical
      signal at the inputs of summing amplifiers 102 and 108, which produce a
      DOWN signal and a RIGHT signal, indicating that the observer should move
      his line of sight toward the down-right direction until the cuing lamps
      extinguish. This indicates that the observer is looking directly at the
      illuminated target through the sighting reticle.
PAR  If the laser energy spot is imaged on the division between two quadrants,
      e.g., between the upper two quadrants, then both the RIGHT and LEFT
      signals will appear. Logic, which will be described hereinafter, prohibits
      either the right or left cuing lamp from being illuminated thereby
      indicating that the laser spot is centered in the right/left direction.
PAR  An additional summing amplifier identified by reference numeral 110
      receives signals from amplifiers 102 and 106, and produces a signal any
      time laser energy is being received. Summing amplifiers 102 and 106
      produce signals when laser energy is imaged on the upper and lower halves
      of the detector respectively. Thus, one of these summing amplifiers, and
      consequently amplifier 110, produces a signal at any time a properly
      illuminated target is within the field of view of the optical detector.
      The signal produced by amplifier 110 is of relatively constant magnitude,
      and comprises the input for synchronization circuitry 32 and lock-on logic
      34 as will be described hereinafter.
PAR  The DOWN, LEFT, UP, RIGHT and TOTAL (or RETICLE) signals produced by the
      circuitry of FIG. 3A are supplied to level detectors and gating circuitry
      shown in FIG. 3B. The RETICLE signal is supplied to a level detector 112.
      the UP, DOWN, LEFT and RIGHT signals are supplied to level detectors 114,
      116, 118 and 120 respectively. Level detectors 112-120 are also supplied
      with reference signals which establish the minimum levels of the RETICLE,
      UP, DOWN, LEFT and RIGHT signals required for passage to the gating
      circuitry.
PAR  The gating circuitry comprises a plurality of AND elements 122-130 each
      having one input connected to the output of one of level detectors
      112-120. The second inputs of AND elements 122-130 are supplied with the
      window signal from window logic 28 as shown in FIG. 1. As previously
      indicated, the gating circuitry passes the signals supplied thereto by
      level detectors 112-120 only when receiving a gating signal from window
      logic 28.
PAR  The window logic, lock-on logic and synchronization means comprising
      elements 28-32 in FIG. 1 are shown in greater detail in FIG. 4. Reticle
      pulse signals are supplied to a gate identified by reference numeral 24 to
      correspond to the reference numeral used in FIG. 1. Gate 24 also receives
      a gating signal on conductor 26. If the reticle pulse occurs during a
      gating signal, it is passed through the gate, extended to the duration of
      the gating signal by a latch (not shown), and supplied to the data input
      of an N bit shift register 132. The extended reticle pulse is advanced
      through shift register 132 at a rate determined by clock and
      synchronization circuitry to be described. As the extended reticle pulse
      is shifted out of the shift register, it forms the gating signal for gate
      24. The number of bits in shift register 132 and the clock rate are chosen
      so that the shift register cycle time is equal to the time required for a
      complete cycle of the transmitted laser pulse. Accordingly, once the
      window is locked onto a signal resulting from laser energy returned from a
      valid target, shift register 132 will provide one window for each complete
      shift register cycle.
PAR  The output of shift register 132 is supplied to a resetable counter 134
      labelled as a "count to "one" window". Counter 134 also receives the
      output signal of gate 24. If the window is locked onto the reticle
      signals, counter 134 is alternately caused to count to one by the output
      of shift register 132 and then reset by the output of gate 24. Such
      operation of counter 134 causes a lock-on latch identified by reference
      numeral 136 to internally recirculate the windows through shift register
      132. Since the cycle time of the shift register corresponds to the
      repetition rate of reticle signals, the windows are substantially
      synchronized with the signals.
PAR  However, because the clock in the target acquisition apparatus is not
      slaved to the clock controlling the laser source, slight variations in the
      two clock frequencies may eventually cause loss of synchronization.
      Compensation for such loss of synchronization is provided by means of
      timing sense logic 138 and advance-delay logic 140. Both timing sense
      logic 138 and advance-delay logic 140 receive clock input signals from a
      clock 142. Clock 142 supplies a clock signal at N times the laser
      repetition rate to advance-delay logic 140 which, in turn, supplies
      substantially the same frequency to the clock input of shift register 132.
      The frequency may, however, be varied by an input from timing sense logic
      138.
PAR  Timing sense logic 138 receives a window or gating signal at one input.
      This signal is divided into four portions by means of logic circuitry
      supplied with a clock signal at 4N times the 10 Hz laser pulse rate.
      Timing sense logic 138 also receives the reticle pulses which are
      transmitted through gate 24. If the reticle pulses occur during the second
      or third portions of the gating or window signal, no correction of the
      basic clock signal is required. However, if the reticle pulse occurs
      during the first portion of the window signal, timing sense logic 138
      provides a signal to advance-delay logic 140 which delays the next basic
      clock pulse by one half cycle. Thus, the window is shifted so that the
      reticle pulse occurs during the third portion of the window. Similarly, if
      the reticle pulse occurs during the fourth portion of the window, timing
      sense logic 138 supplies a signal to advance-delay logic 140 which
      advances the basic clock frequency by one half cycle, thus shifting the
      window so that reticle pulses occur during the second portion thereof.
PAR  It will be noted that special provisions must be made for initially locking
      the window onto the reticle signals. This is accomplished by means of a
      one shot multivibrator having a time constant slightly greater than the
      cycle time of shift register 132. The multivibrator and an inverter
      associated therewith designated as "shift in all windows" are identified
      by reference numeral 144. The multivibrator is triggered by a window
      signal from the output of shift register 132. The inverter causes the
      output of the multivibrator to remain low for an interval following each
      window signal shifted out of shift register 132. However, if no window
      signal is produced during a shift register cycle, the multivibrator is not
      triggered and its output becomes high. This causes shift register 132 to
      be filled with windows, one of which will correspond to a reticle pulse,
      thus permitting lock-on to be established.
PAR  It is possible that a reticle pulse will fail to be produced because of a
      momentary obstruction in front of optical detector 12 or for some other
      reason. However, it is assumed that if more than four reticle pulses are
      missing, laser energy is not present within the detector field of view. It
      is then necessary to interrupt shifting of windows through shift register
      132. This is accomplished by means of a resetable counter 146 designated
      as "count to "four"". Counter 146 counts window signals circulated through
      lock-on latch 136 and is reset by reticle pulses transmitted through gate
      24. Normally counter 144 is reset after each window. However, if four
      reticle pulses are missing, counter 144 supplies a signal to lock-on latch
      136 which interrupts recirculation of window signals through shift
      register 132.
PAR  Each single laser pulse may result in reflections from objects or particles
      in addition to the intended target. Optical detector 12 will respond to
      these reflections by producing a series of closely spaced pulses. A group
      of pulses will occur during an interval shorter than the duration of a
      window, and will thus be passed through the gating circuitry. It is
      assumed that the intended target will be the one most distant from the
      laser source and/or target acquisition apparatus. Thus, the last pulse in
      each group of pulses will correspond to the intended target. FIG. 5
      illustrates circuitry for rejecting all except the last pulse in each
      group of pulses so as to provide reliable target identification.
PAR  The reticle pulse from gate 24 is supplied to a counter 148 which counts
      the number of pulses resulting from each repetition of the pulsed laser
      beam. After each repetition, the count in counter 148 is transferred to a
      storage register 150 by means of transfer circuitry 152. During each
      repetition the count accumulating in counter 148 is also compared with the
      count stored in storage register 150 by means of comparison circuitry 154.
      When the number of pulses in the present repetition equals the stored
      count, comparision circuitry 154 provides a gating signal to gates 156
      through 156'". Gates 156 receive UP, DOWN, RIGHT and LEFT pulses from the
      gating circuitry shown in greater detail in FIG. 3B. Accordingly, UP,
      DOWN, RIGHT or LEFT pulses occuring during a gating signal supplied by
      comparison circuitry 154 are passed through gates 156. Such pulses
      comprise the last pulses in the groups of pulses transmitted through the
      gating circuitry.
PAR  Signals supplied by the last pulse logic are used to control four cuing
      lamps. The signals are supplied to latches 158 through 158'" as shown in
      FIG. 6. The outputs of the latches are supplied to holding registers 160
      through 160'" which are used to eliminate undesirable flicker of the lamps
      which would otherwise result from the relatively low frequency 10 Hz
      signals. Holding registers 160 are also supplied with a signal from
      lock-on latch 136 so as to prevent illumination of cuing lamps when the
      windows are not locked onto the reticle signal. The signal from lock-on
      latch 136 is used to control a lamp driver 162 for driving the reticle
      lamp which illuminates reticle 78 shown in FIG. 7. The outputs of holding
      registers 160 are supplied to lamp drivers 164 through 164'" which
      respectively drive UP, DOWN, RIGHT and LEFT cuing lamps identified by
      reference numerals 74, 76, 70 and 72 respectively in FIG. 7.
PAR  Although a specific embodiment of target acquisition apparatus for reliably
      identifying a target illuminated by a pulsed laser beam is shown for
      illustrative purposes, other embodiments which do not depart from the
      applicant's contemplation and teaching will be apparent to those skilled
      in the art. The applicant does not intend that coverage be limited to the
      disclosed embodiment, but only by the terms of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In target acquisition apparatus of the type having a direction sensitive
      detector for producing electrical signals in response to periodic
      electromagnetic pulse signals of known repetition rate and duration
      arriving from a target within a field of view and indicator means for
      providing an indication when the detector is directed so that the target
      is located within a predetermined area of the field of view, improved
      discrimination circuitry comprising:
PA1  gating means for passing the electrical signals from said direction
      sensitive detector to said indicator means only during windows defined by
      periodic gating signals;
PA1  clock means for producing periodic gating signals having substantially the
      same repetition rate as the electromagnetic pulses and each having a
      duration greater than the duration of the electromagnetic pulses;
PA1  means for supplying the gating signals from said clock means to said gating
      means; and
PA1  synchronization circuitry for varying the time of occurrence of said
      windows so that the electrical signals corresponding to the
      electromagnetic pulses occur during a specified portion of the windows.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said direction sensitive detector
      includes an optical filter for rejecting electromagnetic pulses having
      frequencies outside of a predetermined frequency band.
NUM  3.
PAR  3. The apparatus of claim 1 further including level sensitive means
      connecting said direction sensitive detector to said gating means, said
      level sensitive means passing only electrical signals which exceed a
      predetermined magnitude.
NUM  4.
PAR  4. The apparatus of claim 1 further including means for interrupting said
      windows defined by periodic gating signals if electrical signals
      corresponding to more than four consecutive periodic electromagnetic
      pulsee signals are missing.
NUM  5.
PAR  5. The apparatus of claim 1 further including display means comprising a
      transparent parabolic screen through which the target is viewed and
      projection means for projecting a collimated reticle and cuing indicator
      onto said screen from a line passing through the focal point of said
      screen.
NUM  6.
PAR  6. Target acquisition apparatus for identifying a target illuminated by a
      pulsed laser beam having a known optical frequency, pulse duration and
      pulse repetition rate comprising:
PA1  a direction sensitive detector for producing electrical signals in response
      to energy at said optical frequency reflected from objects within a field
      of view;
PA1  level sensitive means for passing only electrical signals above a specified
      level;
PA1  means connecting said level sensitive means to said direction sensitive
      detector;
PA1  gating means for passing electrical signals only in response to gating
      signals;
PA1  means connecting said gating means to said level sensitive means;
PA1  gating control means for producing gating signals defining periodic windows
      having a duration greater than the pulse duration of the laser beam, a
      repetition rate substantially equal to the repetition rate of the laser
      beam, and being timed so as to occur during a predetermined portion of
      each complete pulse repetition interval;
PA1  means for supplying the gating signals from said gating control means to
      said gating means;
PA1  indicator means for producing a display indicative of the target position
      within said field of view in response to the electrical display signals;
PA1  transfer means connecting said gating means to said indicator means, said
      transfer means providing at least a portion of the electrical signals from
      said gating means as the electrical display signals.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said gating control means includes
      means for varying the timing of said windows so that the reflections of
      successive laser beam pulses occur during corresponding portions of
      successive windows.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said gating control means comprises a
      clock for supplying signals having substantially the same repetition rate
      as said pulsed laser beam, timing sense logic for producing a signal
      indicative of the timing of the laser beam pulses relative to said
      windows, and means for varying the timing of said windows in response to
      the signal from said timing sense logic.
NUM  9.
PAR  9. The apparatus of claim 8 further including last pulse logic for passing
      only the last of a series of signal pulses resulting from each laser beam
      pulse.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said indicator means comprises a
      transparent parabolic screen through which the target is viewed and a
      projector for projecting a collimated reticle and cuing lamp pattern onto
      said screen along a line passing through the focal point of said screen.
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ABST
PAL  A high-speed technique for making accurate dimensional measurements of
      objects without physically touching the objects. The technique involves
      generating a low-divergence, collimated light beam which acts to
      silhouette the object to be measured to produce an image thereof that can
      be viewed and analyzed by a programmed electro-optical scanner in a manner
      yielding highly accurate dimensional information substantially independent
      of the location of the object relative to the viewer.
BSUM
PAC  RELATED APPLICATION
PAR  This application is related to application Ser. No. 374,113 of Norman G.
      Altman and Marc G. Dreyfus, filed June 27, 1973, entitled ELECTRO-OPTICAL
      SCANNING SYSTEM FOR DIMENSIONAL GAUGING OF PARTS, now U.S. Pat. No.
      3,854,222 and to a subsequent continuation-in-part of application thereof
      Ser. No. 504,289, filed Sept. 9, 1974, the disclosures of these copending
      applications being incorporated herein by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electro-optical techniques for making accurate
      measurements of objects at high speeds without physically touching them.
      It can be used, for example, to measure objects while they are moving
      along a factory production line at an uncertain distance with respect to a
      remote electro-optical measuring system, and it makes feasible object
      measurements at speeds and accuracies that were heretofore unattainable.
PAR  A technique in accordance with the invention involves illuminating the
      object with a controlled field of radiant energy and then scanning the
      image which results from the interaction of the object and the field by
      means of an electro-optical system which includes a mini-computer. The
      combination of a controlled field and a scanner system yields a range of
      performance capabilities which has significant practical advantages.
PAR  There are many examples in the prior art wherein controlled light fields
      are used in instruments designed for visual observation and for
      electro-optical measurement. Thus, microscope substage illuminators are
      usually designed to deliver light flux through a controlled area
      corresponding to the field of view, with a controlled degree of angular
      divergence corresponding to the numerical aperture of the viewing system.
PAR  The significance of divergence control in microscope illumination on the
      acuity of visual observation has been known for over 100 years. Consistent
      with this knowledge, modern microscope illuminators are typically designed
      to generate a large angular divergence of illumination in order to produce
      high visual resolution. In this regard reference is made to "Technical
      Optics" by L. C. Martin, published by Pittman & Sons Ltd., 1954 (Volume
      II, Chapter III, titled "The Microscope"--pages 80-146).
PAR  With the advent of laser technology and coherent holography, renewed
      interest has been aroused in the study of a controlled light field. But
      the purpose of this study has largely been to improve the resolving power
      of instruments for visual imaging under laboratory conditions, rather than
      to develop electro-optical instruments which yield precise object
      measurements at high speeds in industial environments.
PAR  Another application of controlled light fields in optical instrumentation
      has been the occasional use of collimated illumination in optical
      comparators in order to maintain the apparent size of the visual image
      approximately constant for small longitudinal displacements of the object
      under examination. This type of controlled light field, designated
      "telecentric illumination" has been of limited utility because it
      increases image blurring due to diffractive effects and thereby further
      compromises an already limited precision of dimensional readout due to the
      limitations of human visual contrast perception. In this regard, reference
      is made to "Applied Optics and Optical Engineering" by R.
      Kingslake--Academic Press--1965 (Vol. I, Section 6 III. 4, page 232,
      entitled "Limitations of Ray Bundles--Telecentric Systems").
PAR  There appears, however, to be no prior appreciation of the high accuracy of
      object measurement plus the great freedom of object motion which are
      attainable by using a controlled illumination field in conjunction with a
      properly programmed electro-optical scanner.
PAR  In the copending application Ser. No. 374,113, noncontact dimensional
      measurement of objects is effected by an electronic caliper technique
      wherein an electronic scan acts to determine the distance between opposite
      edges of the object in a manner analogous to that of a mechanical caliper
      whose jaws engage the opposite edges. In the system disclosed in this
      copending application, an outline or silhouette of the object is optically
      projected onto the sensitive face of an electro-optical scanner. A scan
      generator coupled to the scanner develops scan voltages to create a scan
      path which traverses those edges of the image of the object outline which
      constitute the terminal points of a dimension to be measured.
PAR  In the later filed copending application Ser. No. 504,289, which is a
      continuation-in-part of the earlier-filed co-pending application, use is
      made of a coordinatograph technique in which the scanner is directed to
      look only in the vicinity of the edges whose coordinates are to be
      determined. A difficulty experienced with the techniques disclosed in
      these copending applications arises in those situations where a part or
      object being measured is moving toward or away from the scanner, for then
      the image thereof changes in scale and the trace does not reflect the true
      dimensions of the part.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, the main object of this invention is to provide a
      non-contact, dimensional measuring technique wherein a collimated light
      beam acts to silhouette an object to be measured to produce an image
      thereof that can be analyzed by a programmed electro-optical scanner in a
      manner which yields highly accurate dimensional information.
PAR  The improved measurement accuracy gained by an electro-optical technique in
      accordance with the invention results from the use of a low divergence
      collimated light beam which makes possible a simple scanner program
      producing accurate measurements of mean object dimensions independent of
      object location relative to the viewing system.
PAR  Moreover, the use of low divergence acts to substantially reduce the effect
      of system noise on statistical variations in image measurements for
      varying object distance, thereby minimizing the standard deviation of the
      mean object dimension measurements.
PAR  Also an object of this invention is to provide a relatively low cost
      electro-optical system for accurately measuring the dimensions of
      manufactured parts moving on a high-speed production line, which system is
      efficient, reliable and inexpensive to operate.
PAR  Briefly stated, in an arrangement according to the invention the object to
      be measured is illuminated with collimated light and is imaged with an
      optical system having a large numerical aperture (that is to say, a low
      f-number). The image so generated is viewed by a scanning system adapted
      to measure the instantaneous brightness of the edge of the outline of the
      object image and thereby analyze the nature of the Fresnel diffraction
      zone or pattern generated by the edge in the image plane.
PAR  The invention exploits the discovery that with an infinitely small scanning
      aperture and no optical blurring except that due to Fresnel diffraction,
      the point on the image corresponding to the edge which generates the
      Fresnel pattern is that point whose amplitude or brightness is 25% of the
      brightness which would have existed in the absence of the object. In the
      present system, as distinguished from those disclosed in the copending
      applications, the edge position of the object is established not by the
      transition from light to dark but by a "triggering" point action which
      takes place at the 25% brightness point.
PAR  The effect of a finite diameter of the scanning aperture and optical
      blurring due to astigmatism, coma, etc., can be calculated so that the
      "trigger" point on the brightness waveform corresponding to the position
      of the edge being measured can be established analytically in the presence
      of these perturbations.
DRWD
PAC  OUTLINE OF THE DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      description to be read in conjunction with the accompanying drawings
      wherein:
PAR  FIG. 1 is a block diagram of an electro-optical system carrying out
      high-speed, non-contact dimensional measurements, the system being based
      on a technique in accordance with the invention;
PAR  FIG. 2 illustrates schematically a first practical embodiment of an
      electro-optical arrangement according to the invention which makes use of
      a mechanical scanner;
PAR  FIG. 3 illustrates schematically a second practical embodiment of the
      system which employs electronic scanning;
PAR  FIGS. 4A, 4B and 4C illustrate relationships between the scan and the
      object being examined with the video signal yielded in the output of the
      scanner;
PAR  FIG. 5 is a block diagram of the data processor and the associated computer
      adapted to derive dimensional information from the video signal.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAC  General Principles
PAR  Collimated light rays which silhouette an object are roughly comparable in
      behavior to the parallel jaws of a caliper, because the dimensions of the
      silhouette (neglecting diffraction and divergence effects) are constant
      along the light beam and independent of the location of the object. More
      precisely stated, we have found that the following principles apply:
PAR  Principle (A): The true dimensions of an object silhouetted by collimated
      light are given exactly and uniquely by the loci in the edge gradients of
      the silhouette image at which the photometric intensity level is 25% of
      the background level of the unattenuated illumination.
PAR  Principle (B): The edge blur width, designated B, in inches (measured
      between 10% and 90% intensity loci) of an object with distance uncertain
      by .+-. D inches, when back-illuminated by collimated light of wavelength
      .lambda., is given by the equation B = .sqroot..lambda.D/2.
PAR  These principles have been established by extending classical Fresnel
      diffraction zone theory to include the action of an imaging optical system
      on a straight edge. See: Fundamentals of Optics--Jenkins and White--McGraw
      Hill, 2nd Ed., 1950, Section 18.10, pages 365-368, entitled "Fresnel
      Diffraction Straight Edge."
PAR  By means of a scanner in accordance with the invention, programmed to print
      out the locations of the 25% intensity level points in the image edges,
      one can exploit Principle (A) to carry out object measurements. In
      practice, this scanner has been employed to make object measurements
      independent of object location to an accuracy far beyond the capability of
      the human eye/brain structure. In a sense, the use of 25% brightness
      levels employs the radiant energy field in the manner of an element in a
      data processing system--an element which operates on input data (i.e., the
      object dimensions) and converts the data into an especially tractable
      output format.
PAR  The use of low-divergence, silhouetting illumination is important to the
      present technique in that it minimizes image blur due to object location
      uncertainty, and thereby enhances the accuracy of measurement in on-line
      factory applications. In order that the magnitude of this improvement may
      be appreciated, we shall now briefly review those factors which influence
      resolution in a conventional optical system.
PAR  In optical technology (see: The Principles of Optics--Hardy and
      Perrin--McGraw Hill--Chapter VII, pages 121-134, entitled "The Resolving
      Power of Optical Instruments"), it is well known that the resolution of an
      imaging system is inversely proportional to the diameter of its clear
      aperture or, otherwise stated, that resolution is inversely proportional
      to the numerical aperture of the transmitted flux. Also well known is that
      the depth of focus of an imaging system is inversely proportional to the
      numerical aperture of the transmitted flux cone. Consequently, one skilled
      in the art would be led to expect that image resolution is inversely
      proportional to depth of focus in a diffraction-limited optical system.
PAR  But we have discovered that this inverse relationship between resolution
      and depth of focus is no longer true in the special case of a silhouette
      image produced by low-divergence, collimated back illumination. In this
      case, resolution is still approximately inversely proportional to the N.A.
      of the viewing optics, but depth of focus is now approximately inversely
      proportional to the divergence of the incident illumination, with an upper
      boundary dictated by the width of the Fresnel diffraction blur. Hence, the
      depth of focus can now be enlarged substantially for a given image
      resolution.
PAR  This functional separation of depth of focus and resolution is due to the
      non-linear nature of the diffracted flux field in the vicinity of the
      object under examination. It is to be noted that the classic proof
      relating image resolution to depth of focus depends on an implicit
      assumption of linear flux fields and uniform distribution of illumination
      intensity over the collection aperture of the viewing system, whereas our
      new approach to non-contact, electro-optical metrology violates this
      implicit assumption.
PAR  It should also be noted that the use of low-divergence illumination acts to
      increase image blur by a factor of 1.4 as compared with the optimum
      diffraction-limited resolution obtained when the illumination divergence
      matches the acceptance numerical aperture of the viewing system. (See:
      "Principles of Optics"--Born and Wolf--Pergamon Press, 3rd Ed.,
      1964--Section 10.5.2, titled "The Influence of the Condenser on Resolution
      in a Microscope," pages 522-526.) But in compensation for this 40%
      degradation of image resolution, one can realize an increase of more than
      an order of magnitude in the depth of focus. Moreover, the 40% loss in
      acuity can readily be recovered by using a programmed scanner implementing
      the 25% theorem discussed previously. This greatly enlarged tolerance to
      object motion is of major practical value in many industrial applications.
PAR  In a technique in accordance with the invention, system resolution is
      basically limited by statistical fluctuations in the photometric contour
      of the scanned silhouette edge. These fluctuations are due to shot noise
      in the quantized photon count in the instantaneous image area under
      observation. Such noise sets a basic limit on the accuracy to which the
      brightness of a given spot on the edge can be measured in a short period
      of time. This measurement limit, however, is far beyond human visual
      capacity. For example, in an actual embodiment of a system according to
      the invention, one can measure a dimension to an accuracy finer than 50
      micro-inches in a time less than 10 milliseconds.
PAR  In our new technique, the light source can be either incandescent or
      coherent; its divergence can be controlled by an aperture stop;
      collimation can be effected with lenses or mirrors; scanning can be
      accomplished either mechanically or electro-optically; light detection can
      be performed either photomissively or photoconductively; and data
      processing and programming can employ either analog or digital techniques.
      While the invention will be described with visible light as the radiant
      energy source, it is to be understood that the term light as used herein
      encompasses radiant energy in the nonvisible portions of the spectrum,
      such as infra-red energy.
PAC  EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown in block diagram form an
      electro-optical system in accordance with the invention adapted to carry
      out dimensional measurement using a collimated light to produce a
      silhouette of the object under examination. The system comprises a source
      10 of collimated light whose rays illuminate an object 11 which is to be
      imaged in silhouette. Imaging is effected by an optical arrangement 12
      presenting the object image in focus on the sensitive face of a scanner
      13.
PAR  Scanner 13 generates a video signal which is fed into a level detector 14
      adapted to determine the point in the scanning trace wherein the
      brightness is 25% of the average brightness of the illuminated area, the
      output of the detector going to a data processor 15. From the data
      processor, information indicative of the position in space of object 11 is
      derived by means of a processing technique to be later described.
PAR  The mechanical, optical and electronic arrangements by which the blocks in
      the system shown in FIG. 1 are reduced to practice may assume many
      different configurations. In one practical embodiment, as shown in FIG. 2,
      the requisite illumination of object 11 to be silhouetted is effected by
      an incandescent light source 16 whose rays are directed onto an off-axis
      collimating mirror 17. The collimated rays reflected from the mirror are
      directed by the optical element 12 toward a mechanical scanner in the form
      of a rotating disc 18 having appropriate apertures.
PAR  The output of scanner 18 is collected by a condenser lens 19 so that its
      total energy is made available to a suitable photo-conductive sensor 20.
      The output signal of sensor 20 is fed to the level detector 21 which may
      be an analog level-gating circuit whose function is the same as the level
      detector 14 in FIG. 1. The output of the level detector is fed to an
      appropriate data processor which may be a minicomputer programmed to
      derive the desired dimensional information and to carry out control
      functions such as the rejection of objects which fall outside of specified
      tolerances.
PAR  In the second embodiment illustrated schematically in FIG. 3, the
      illumination source is a laser beam generator 22 whose output rays are
      highly collimated in a very narrow beam. This beam is expanded by an
      assembly of lenses 23 and 24 to produce a beam of illumination whose width
      is sufficient to cover the entire area of object 11 being examined. In
      lieu of a mechanical scanner, use in this embodiment is made of an image
      dissecting scanner-tube 25. The laser rays are focused on the sensitive
      surface of the scanner-tube by means of an objective viewing lens 26.
      Suitable scanner tubes for this purpose are disclosed in the
      above-identified copending applications. The video output of the image
      dissector tube is fed into an appropriate level detector 27 for further
      processing.
PAR  The function of the level detector can best be understood by examining FIG.
      4A which shows that the object 11 to be imaged has an edge 11E whose
      position in space is to be established. This edge is scanned by the
      techniques disclosed in the above-identified copending applications to
      produce a scan S. Scan S sweeps from coordinate point X.sub.1, Y.sub.1 to
      point X.sub.3, Y.sub.1, in a path intersecting the edge of interest at
      point X.sub.2, Y.sub.1. This scan is so generated that its position in
      space is a linear function of time, as shown by straight line S.sub.L in
      FIG. 4B, which expresses the linear relationship between the abscissa X
      and time.
PAR  The video wave form, as shown in FIG. 4C, is on the same time base as that
      of line S.sub.L and can be examined as a function of video amplitude
      versus time. The video wave form which will be generated in the absence of
      diffraction effects (taking into explicit account the finite diameter of
      the scanning aperture) is shown as Wa in the plot of video amplitude
      versus time. However, in the presence of diffraction, the video wave form
      is generally of the shape shown by plot Wb. This video wave form achieves
      a value well below that of plot Wa at the time (that is, at the position
      in space), corresponding to the intersection of scan line S and the edge
      11E being measured.
PAR  One of the purposes of the present invention is to extract from a video
      wave form typified by plot Wb information indicative of the position of
      edge 11E in space, independent of the variations in distance from the
      system optics 12 to the object 11. Using collimated light and a large
      numerical aperture imaging system, as described above, the position of
      edge 11E is determined by establishing the time or the X position since
      the two are comparable, corresponding to the amplitude of the video signal
      representing the crossing of edge 11E by scan line S.
PAR  The technique illustrated in FIGS. 4A, 4B, and 4C is an effective way of
      fixing the edge position by a general purpose curve-fitting algorithm. To
      this end, a series of amplitude thresholds A.sub.1 to A.sub.11 are
      established, and the instant at which the video signal crosses each of
      these thresholds is then determined. The instants in time at which the
      video signal crosses these thresholds is shown as t.sub.1, t.sub.2, etc.,
      through t.sub.15 in FIG. 4C. The known values of the thresholds A.sub.1,
      etc., and the developed values of the times t.sub.1 through t.sub.15 will
      completely identify the shape of the video amplitude curve. From this, the
      time and therefore the X position corresponding to the intersection of
      scan line S and edge 11E can readily be established.
PAR  An arrangement for establishing the values of t.sub.1 to t.sub.15 is
      illustrated in FIG. 5. Here a series of electronic comparators Ca to Cn
      are used, each with its own set point or reference Ra to Rn corresponding
      to reference levels A.sub.1, A.sub.2, etc., shown in FIG. 4C. The video
      signal derived from the scanner is fed to all of these comparators in
      parallel relation, so that each comparator compares the video signal with
      a respective reference to provide an output which depends on the
      differences therebetween.
PAR  When the value of the video signal equals or exceeds the reference level
      set for a given comparator, the output of that comparator generates a
      signal which is fed into a computer interface 28.
PAR  Also fed into computer interface 28 is a signal indicating the time or the
      X position of the scan. Thus computer interface 28 generates a signal
      which is fed to a computer 29, the interface signal indicating the time or
      the X position at which the video signal crosses each of the established
      threshold values A1, etc. From this data, the curve of video amplitude can
      be re-established and the position of crossing the edge 11E of interest by
      the scan S can be fixed.
PAR  The algorithms for making this determination are based on an analysis
      fixing the ratio of the video amplitude at the position of crossing with
      the value of the video which would have been obtained had there been no
      object interposed between the illumination source and the scanner. Since
      in practical cases the value of the unobstructed illumination (the
      illumination without any object in place) does not yield a uniform video
      signal over the entire area of interest, it is necessary that the
      processing technique take into account the variations of this video when
      no image is present.
PAR  The general technique outlined above accomplishes this end, for the final
      value achieved by the video signal is a sufficiently accurate
      approximation of the reference video (that is, the value which would be
      obtained without an object) that the algorithm can be implemented by its
      use. If it were possible to obtain an illumination source in conjunction
      with an optical system and detector which produced a uniform video signal
      over the entire field of interest in the absence of an object, then a much
      simpler level detector data processor could be utilized. An available
      compromise (in particular when a computer with sufficient memory is
      available) is to map the entire field of interest to determine the value
      of the video signal throughout the entire field and to store this
      reference value in the computer. This can be done either by means of a
      look-up table or in the form of a polynomial in X and Y. In many cases the
      polynomial form is more convenient, since it normally requires much less
      memory space.
PAR  An alternate method of providing the necessary information of video level
      vs. X position can be employed, this method being based on the use of
      standard A - D (Analog-to-Digital) converters. In a practical system, the
      scan is developed by a DAC (Digital-to-Analog Converter). To achieve
      maximum accuracy, the DAC is operated at a relatively slow rate, i.e., at
      2 microseconds per step. At this rate, the video rise time achieved by a
      standard scanning aperture of 0.001 inch is of the order of 150
      microseconds. Thus making measurements at fifteen amplitude levels allows
      10 microseconds between A - D conversions, which is readily achievable
      with commercially available A - D units having the requisite resolution. A
      reduction to practice using such A - D converters would result in the
      output of the A - D converter being read to the computer interface every
      10 microseconds (i.e., every five steps of the DAC used to generate the
      scan).
PAR  It must be appreciated that the curve-fitting procedures disclosed above
      are extremely powerful and much more general than are realistically
      required in most situations. Since the fixed parameters of the system will
      be known a priori, it should be possible in most cases to lump their
      effects together in such a way that curve-fitting can be accomplished by
      much less than fifteen points. In the majority of practical cases, it is
      believed that curve-fitting can be accomplished with two or three sample
      points on the curve.
PAR  In summary, the present invention is based on the discovery that certain
      classic concepts relating to depth of field, aperture size and, f-number
      of resolution lack validity. All prior analyses have been predicated on an
      integrating-type sensor, such as the human eye or on a sensitive film
      where Fresnel diffraction gives rise to an edge blur that is for the most
      part indistinguishable from a blur caused by de-focussing. These two blurs
      were previously lumped together, thereby leading to the conclusion that an
      increase in resolution caused a decrease in the depth of field.
PAR  But when employing a scanning-type sensor in the manner of the present
      invention which can measure the shape of an edge, it becomes possible to
      separate depth of field and resolution, as now defined. This new
      definition of resolution is an operational one based on the capacity of a
      scanning system in accordance with the invention to divide a Fresnel
      diffraction pattern into its constituent elements. By such scanning means
      one can determine which of these constituent elements corresponds to the
      position of the image plane representing the edge of the object, thereby
      enlarging the operational resolution of the system well beyond that
      achievable by eye or film.
PAR  Thus we find that by exploiting this new operational definition of
      resolution, one can operate with images that have very large diffraction
      patterns at their edges and yet precisely determine the position on the
      image plane corresponding to the object of interest. One can separately
      control depth of field by the f-number (i.e., the divergence) of the
      illumination system. Using a highly-collimated illumination source, we can
      make the depth of field almost as great as we wish. And using a long
      enough period to process the information obtained by scanning the edge so
      illuminated, we can increase the operating resolution of the system to
      almost any arbitrarily desired degree.
PAR  Although the embodiments of the invention have been described in connection
      with a light beam which is collimated, the invention is not strictly
      limited to the use of collimated light. More generally one may use a beam
      with a small degree of convergence or divergence (i.e., a low divergence
      light beam) in measuring certain types of objects in order to limit the
      effect of certain geometric conditions, such as side wall reflection or
      taper angle, on the desired dimensional measurement. In these instances,
      the scanner program yielding object dimensions must include a correction
      term that depends on the interaction of flux decollimation and object
      motion.
PAR  As noted previously, the effect of the finite diameter of the scanning
      aperture and of the optical blurring due to coma and other factors can be
      calculated so that the "trigger" point on the brightness waveform which
      corresponds to the edge position can be established analytically in the
      presence of these perturbations. This calculation can be performed by
      convoluting the classic Fresnel diffraction integral with the perturbation
      transfer functions (such as finite diameter of scanning aperture, etc.).
      If these transfer functions are present to an extent significantly
      affecting the measurement of object dimension, then two trigger points
      must be used, such as 25% and 50% brightness, in order to compensate for
      their effects on interacting with Fresnel diffraction due to object motion
      toward or away from the electro-optical scanner.
PAR  While there have been shown and described preferred embodiments of an
      electro-optical system, it will be appreciated that many changes and
      modifications may be made therein without, however, departing from the
      essential spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electro-optical technique for the non-contact gauging of an object,
      said technique comprising the steps of illuminating the object with a
      low-divergence light beam acting to silhouette the object to produce an
      image thereof whose outline is defined by a Fresnel diffraction.
NUM  2.
PAR  2. A technique as set forth in claim 1, wherein said beam is collimated.
NUM  3.
PAR  3. A technique as set forth in claim 1, wherein said signal is analyzed to
      determine the point in the zone whose brightness is about 25% of the
      brightness which would exist in the absence of the object.
NUM  4.
PAR  4. An electro-optical system for the non-contact gauging of an object, said
      system comprising:
PA1  A. means to illuminate the object with a low-divergence beam acting to
      silhouette the object to produce an image thereof whose outline is defined
      by a Fresnel diffraction zone;
PA1  B. means to scan said image along a given path to produce a video signal
      representing the varying brightness of the zone intersected by said path;
PA1  C. level detection means to analyze said video signal representing the
      varying brightness of the zone intersected by the scan path to fix the
      point in the zone whose brightness is about 25% of the brightness which
      would exist in the absence of the object to produce a data signal; and
PA1  D. data processing means responsive to said data signal to derive
      information therefrom regarding a dimension of said object.
NUM  5.
PAR  5. A system as set forth in claim 4, wherein said beam is collimated.
NUM  6.
PAR  6. A system as set forth in claim 5, wherein said means to illuminate said
      object with a collimated beam includes an incandescent light source whose
      rays are collected by an off-axis collimator mirror whose rays are
      directed toward the object.
NUM  7.
PAR  7. A system as set forth in claim 5, wherein said means to illuminate said
      object with a collimated beam includes a laser source producing a narrow,
      collimated light beam directed toward the object and beam-expanding
      collimator lenses to broaden the beam to encompass the area of the object
      to be silhouetted.
NUM  8.
PAR  8. A system as set forth in claim 4, wherein said scan means includes an
      apertured rotating disc operating in conjunction with a light-sensitive
      detector.
NUM  9.
PAR  9. A system as set forth in claim 4, wherein said scan means includes an
      image dissecting scanner-tube.
NUM  10.
PAR  10. A system as set forth in claim 4, wherein said means to determine the
      brightness of the zone includes an analog level-gating circuit.
NUM  11.
PAR  11. A system as set forth in claim 4, wherein said means to determine the
      brightness of said zone includes a bank of comparators to which the video
      signal is applied, each comparator having a different reference level.
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ABST
PAL  There is disclosed in the present application apparatus for continuously
      measuring a dimension such as the gage of a strand on the thickness of a
      web by a plurality of reflections of light focused on points at varying
      distances from the normal center line of the path of the strand or web.
      The light is conveyed to the various points of a set from a common light
      source through fibrous light guides and if reflected by the strand or web
      at a specific point, the light is conveyed to a display board through a
      light guide of a second set to indicate the size of the strand or web.
BSUM
PAR  The present invention relates generally to improvements in apparatus for
      continuously measuring a dimension such as the gage of a strand or the
      thickness of a web and generally but not necessarily while the strand or
      web is in motion. Dimensions which may be measured by the apparatus
      include the gage of strands ranging from metallic wire and rod, extruded
      rods of various plastics, monofilament and multifilament yarns, non
      twisted tows in early textile processing, and cords and ropes of either
      synthetic or natural fibers. Among the webs whose thickness may be
      measured by the apparatus according to the invention are paper, cloth and
      films of various synthetic materials and coatings applied to such webs. In
      addition, the present apparatus is also applicable to liquid and
      incompletely solidified streams. More particularly, the present invention
      is directed to continuous measuring apparatus in which measurements are
      obtained by the reflection of light without imposing any stress upon the
      strand or web which may be fragile and easily distorted or otherwise
      changed by the stress.
PAR  In various manufacturing processes including wire drawing, papermaking,
      film blowing and extrusion, spinning of natural and synthetic fibers and
      the like, a constant check on the diameter or thickness of the product is
      highly desirable in order to avoid a defective product, either one having
      a very temporary defect or one in which a change in machine adjustment
      introduces a dimension which drifts gradually outside its normally
      acceptable range. Such a check which may be continuously observed is
      sometimes very difficult to obtain in a usable and reliable form. One of
      the problems is that many such measuring devices include parts which are
      subject to wear and to a consequent loss of accuracy which renders them
      unreliable for the intended purpose. Another problem which is frequently
      encountered is that some of the measuring devices require physical contact
      with the product and that as a result the product is either marked or in
      some other way damaged in an unacceptable manner.
PAR  It is accordingly an object of the present invention to improve the
      durability and reliability of measuring devices applicable to the
      continuous checking of dimensions.
PAR  Another object is to provide for the continuous measurement of product
      dimensions without subjecting the product to objectionable distortion or
      marking.
PAR  Yet another object is the checking of dimensions on a product while the
      product remains in motion.
PAR  Still another object is the measurement of dimensions in a plurality of
      steps while establishing readily observable indicia of maximum and minimum
      limits of the measured dimension in the product.
PAR  The foregoing objects are achieved in accordance with the present invention
      by a measuring device in which measurement is accomplished by means of
      light beams focused upon and reflected from points on and adjacent to the
      product. According to a feature of the invention, light is transmitted
      from a common light source through a first set of light guides and focused
      by projection lenses upon points on and adjacent the product. A second set
      of light guides is associated with a second set of lenses to conduct light
      which impinges upon the product back to a display panel which indicates
      continuously the dimension being measured. When a particular beam fails to
      impinge upon the product, the light is not reflected and accordingly does
      not appear at the display panel thereby indicating that the product
      dimension is smaller than necessary to reflect the light from a given
      projection lens to a related position on the display panel.
DRWD
PAR  The foregoing objects, features and numerous advantages of the present
      invention will be more fully understood from a detailed description of an
      illustrative embodiment taken in connection with the accompanying drawings
      in which:
PAR  FIG. 1 is a view in perspective and shown partly schematically of a
      measuring apparatus according to the present invention, including a
      multiple lens carrier forming part of a lens assembly and a display panel;
PAR  FIG. 2 is an exploded view in perspective of clamps for holding light
      guides at the lens assembly of FIG. 1;
PAR  FIG. 3 is an exploded view of the display panel of FIG. 1;
PAR  FIG. 4 is a view in longitudinal section taken through one set of lenses
      either projection or reflection at the lens carrier;
PAR  FIG. 5 is a transverse section showing a related pair of projection and
      reflection lenses and associated light guides; and
PAR  FIG. 6 is a view in cross-section showing the details of one of the lenses
      depicted in FIG. 5.
DETD
PAR  Turning now to the drawings, there is depicted an apparatus including a
      light box indicated generally at 10 and enclosing a common light source in
      the form of an appropriate lamp (not shown). For many applications, an
      ordinary incandescent lamp may be used. For difficult environments in
      which there is a high level of illumination, however, the light source may
      be a projection lamp or a high intensity lamp such as that sold by
      American Optical Company of Southbridge, Mass. as Catalog No. EJY for its
      11-80 Illuminator. A plurality of projection light guides 12 is shown
      schematically directing light to clamp and lens assemblies indicated
      generally at 14 and 16 respectively. Reflection light guides shown
      schematically at 18 direct light to a display panel indicated generally at
      20. The light guides 12 and 18 may be of any conventional form either
      multifilament employing glass or plastic fibers or the less expensive
      monofilament guides. The choice depends on the tolerance, the product and
      the environment.
PAR  In the drawings, there is shown an apparatus for directing light from a
      common source to five distinct points at or near a product which may be
      thought of as a strand 22. From left to right are schematically shown
      projection beams 24, 26, 28, 30 and 32 and reflection beams 34, 36, 38, 40
      and 42. As depicted in FIG. 1, the projection beam 28 is aimed at the
      center line of the strand 22 and accordingly whenever a workpiece of any
      size is present will show reflected light at a first indicator 44 on the
      display panel 20, It is seen from FIG. 1 that beams 26, 30, 24 and 32 are
      aimed at points progressively farther away from the center line of the
      strand 22. Accordingly, as the projection beam 26 is reflected, light
      appears at a second indicator spot 46 showing an increment in the
      thickness of the strand 22 as measured by the apparatus. Similarly, the
      projection beam 30 when reflected from the strand 22 produces light at a
      third indicator spot 48 thereby indicating a second increment of the
      observed dimension. Finally, the reflections of the beams 24 and 32 show
      light at indicator spots 50 and 52 respectively to indicate third and
      fourth size increments of the strand 22. In practice, the projection beams
      24, 26, 28, 30 and 32 are aimed to divide the tolerance band applicable to
      the product so that when the dimension is running at approximately the
      mid-range of its band, three beams are reflected and accordingly there is
      light showing at 44, 46 and 48. When the light then appears at 50, this is
      taken as a signal to the operator that the dimension is increasing and
      will exceed its tolerance when light appears at 52 as a result of the
      projection light beam 32 being reflected from the strand 22. Similarly,
      when the light no longer appears at the location 48, this is a signal to
      the operator that the dimension of the strand 22 is decreasing toward the
      lower limit of the tolerance band which will be reached when the light at
      46 disappears.
PAR  It is obvious that the above-described arrangement in which the dimension
      is measured in four increments may be altered to suit circumstances such
      as the degree of precision required by the nature of the product. If more
      precision is required, it may be obtained by a larger number of beams
      dividing the tolerance band into a greater number of increments and
      similarly a smaller number of beams may be used if the measurement
      requires less precision obtained in fewer increments.
PAR  In the measurement of the width of a tape for example, essentially the same
      type of arrangement as above-described is employed. However, for measuring
      a dimension such as a thickness of a web, it is preferable to focus the
      beams in a line at a roll over which the web is trained. Each successive
      beam is aimed at a greater distance from the roll over which the web
      passes. Thus, the nearest projection beam is focused generally tangent to
      the roll and is accordingly not reflected if no web is passing over the
      roll. Successive beams are at greater distances and by showing light at
      successive positions on the display panel indicate added increments in the
      thickness of the web in accordance with a predetermined arrangement.
PAR  A typical light guide 12 is fitted with a metal end tip which may
      conveniently be gripped at the light box 10, at the clamp assembly 14, and
      at the display panel 20. At the light box 10, a plurality of appropriately
      directed perforations in the box may be employed for receiving individual
      metal end tips of individual light guides 12 aimed at the lamp and
      appropriately clamped. The other end of the projection guides 12 is
      secured by the clamp assembly 14 in alignment each with its related lens.
      The clamp assembly 14 comprises a plurality of like blocks 58 formed on
      each side with a pair of grooves for orienting projection and reflection
      light guides. Thus grooves 60 in adjacent blocks are used to align a
      projection light guide while grooves 62 of adjacent blocks are employed
      for directing a reflection light guide. As is seen from FIG. 2, the set of
      blocks 58 consisting of six blocks is clamped together by means of a screw
      64 and a nut 66 to secure two sets of light guides, five projection guides
      12, and five reflection guides 18. Each of the blocks 58 is additionally
      notched at 58 to receive a lens carrier 70 forming a part of the lens
      assembly 16.
PAR  The lens carrier 70 is in the form of a block, the upper surface of which
      is shaped with a slot 72 and a pair of opposed inwardly directed integral
      strips 74 adapted to fit the notches 68 of the blocks 58 fixedly to
      suspend the lens assembly 16 from the clamp assembly 14. For each beam
      whether a projection beam or a reflection beam, there is provided in the
      carrier 70 a lens couple comprising a pair of planar-convex lenses 76
      forming a condenser to gather and concentrate light first from the
      projection guides 12 to direct the light in a beam converging narrowly at
      the product to be measured and then to gather the light reflected from the
      product and direct it toward the reflection guide 18. As best seen in FIG.
      6, each condenser lens arrangement is inserted in a counterbore 78 of an
      opening 80, the bottom of the counterbore providing a nest for the
      lowermost of the lenses 76. The two lenses 76 of the condenser couple are
      separated by a tubular spacer 82 and are secured in position by a ring 84
      which is frictionally retained in the counterbore. It is altogether
      possible that in some applications different optical arrangements would be
      employed. For instance, the lens couples which have already been described
      as alike may be different in some applications to suit the circumstances
      of product cross-section and reflectivity, the environmental illumination
      and the tolerance to be measured. However, regardless of the lenses
      employed, it will be appreciated that there is provided according to the
      invention a plurality of projection light paths and a plurality of
      reflection light paths leading to a location where an observer may
      determine the magnitude of a workpiece dimension from the number of beams
      reflected to the location.
PAR  For convenience in the presentation of the indicators, the display panel
      includes a pair of clamp bars 88 each formed with a plurality of
      spaced-apart locating notches 90. The bars are appropriately drilled and
      secured together by screws 92 so as to hold the metal end tips of the
      reflection light guides between notches of the two bars 88. In order to
      improve the visibility of the indicator reflections 44, 46, 48, 50 and 52,
      an elongated convex magnifier 94 is provided at the front face of the
      clamp bars 88 to enlarge the image of the ends of the light guides. The
      magnifier 94 is retained by undercut lips 96 on the forward face of the
      bars 88.
CLMS
STM  Having thus disclosed my invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. Apparatus for continuously measuring a narrow work-piece in motion along
      a pre-determined linear path comprising a common light source, means for
      projecting a plurality of light beams toward points spaced longitudinally
      along and at varying distances laterally from the center of the path,
      visual display means for exhibiting a plurality of discrete light beams
      reflected from the work-piece, means for conducting light from the light
      source to the means for projecting each light beam and means for directing
      reflected light from the work-piece to the visual display means whereby
      the width of the work-piece is determined in steps by the number of light
      beams appearing at the visual display means.
NUM  2.
PAR  2. Apparatus according to claim 1 further characterized in that the light
      conducting means comprises a set of light guides one between the light
      source and each projecting means.
NUM  3.
PAR  3. Apparatus according to claim 2 further characterized in that the
      reflected light directing means comprises a second set of light guides
      interposed between the work-piece and the visual display means.
NUM  4.
PAR  4. Apparatus according to claim 1 further characterized in that each light
      projecting means and each light directing means includes at least one
      lens.
NUM  5.
PAR  5. Apparatus according to claim 1 further comprising lens means for
      gathering reflected light and focussing it upon the light directing means.
NUM  6.
PAR  6. Apparatus according to claim 3 further characterized in that the visual
      display means comprises means for clamping in separated relationship the
      ends of the light guides remote from the work-piece.
NUM  7.
PAR  7. Apparatus according to claim 6 further characterized in that the visual
      display means includes a lens magnifying the ends of the light guides.
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ABST
PAL  A thermocompression, tailless wire bonder which permits the bonding
      operation to take place at any location along the path of the bonding tool
      without affecting the length of wire protruding below the bonding tool or
      the location of the end of the wire relative to the torch. A
      non-frictional wire tensioning device is employed to produce a constant
      and adjustable tension on the bonding wire. A virtual image, parallax
      free, optical positioning system is utilized to position the bonding tool.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to wire bonders in general and, more
      particularly, to tailless wire bonders.
PAR  Heretofore, tailless wire bonders have suffered from various deficiencies
      limiting their performance or requiring complex and costly mechanisms to
      circumvent the problems. One such machine which is described in U.S. Pat.
      No. 3,643,321, overcomes some of the problems encountered in earlier
      machines by a mechanism which clamps the wire during the second bond,
      raises the bonding tool a predetermined distance while the clamping device
      remains stationary, and then raises both the bonding tool and the clamping
      device together to break the wire at the bond leaving a tailless bond and
      a predetermined length of wire protruding below the bonding tool.
      Subsequently the bonding tool & clamping device rise to a fixed position
      and a torch is moved close to the protruding wire to melt the end of the
      wire forming a small spherical ball.
PAR  It is most important to the subsequent bonding step that this ball is
      consistent in size. An important factor in controlling the ball size is
      the length of wire protruding below the bonding tool and the location of
      the end of the wire relative to the position of the torch. Precise control
      of these variables in the referenced machine requires that the final
      bonding operation take place at a fixed and predetermined position along
      the path of motion of the bonding tool. A machine adjustment must be
      provided for this purpose and extreme care must be taken to hold the
      workpiece at the correct position.
PAR  The present invention provides a means for achieving a tailless final bond
      whereby the bonding operation may take place at any location along the
      path of the bonding tool without affecting the length of wire protruding
      below the bonding tool or the location of the end of the wire relative to
      the torch. A substantial simplification in the workholder results from
      this improvement. A further advantage of the invention is that the length
      of wire protruding below the bonding tool is determined by only one
      (adjustable) member, rather than several cams and linkages, whereby a
      precise wire length can be achieved without requiring many precision
      parts.
PAR  Thermocompression wire bonders generally use some means of providing a
      controlled amount of drag or tension in the wire feeding into the bonding
      tool in order to control the size and shape of the wire loop between the
      first and final bonds. Some machines use a simple friction pad squeezing
      the wire. Others use a combination of a friction pad and a spring to
      maintain tension in the wire in case the bonding tool is moved in a
      backwards direction tending to shorten the wire. It is desireable to
      maintain constant tension in the wire during formation of the loop
      regardless of the motion of the bonding tool and to be able to adjust the
      tension conveniently to the desired amount.
PAR  Devices employing friction are notoriously variable in their
      characteristics and generally unreliable for producing small, precise
      forces. Furthermore, spring devices heretofore used are unable to provide
      an adjustable force that then remains constant over a reasonably large
      deflection. The present invention overcomes both of these difficulties
      providing a constant and adjustable tension without the use of frictional
      devices.
PAR  Wire bonders used in the semiconductor industry generally use manual
      positioning by an operator of the workpiece relative to the bonding tool.
      The machines are provided with various devices to assist the operator such
      as a micropositioner, a viewing stereo microscope and in some cases an
      optical device, (such as shown in U.S. Pat. No. 3,661,316) projecting a
      spot of light onto the workpiece at the location where the bonding tool
      will make contact. The optical spot projector suffers from the defects of
      parallax error since the projected beam of light must be several degrees
      from vertical, low spot brightness, a rather large, bulky structure and a
      shimmering instability of the spot position caused by the heated air
      rising from the workpiece. The present invention provides an optical
      positioning aid of comparable effectiveness but free of all of these
      deficiencies.
PAR  It is a general object of the present invention to provide an improved
      tailless wire bonder.
PAR  It is a specific object of the invention to provide a tailless,
      thermocompression wire bonder which permits wire bonding at any location
      along the path of the bonding tool.
PAR  It is another specific object of the invention to provide a tensioning
      device for thermocompression wire bonders which produces a constant and
      adjustable tension without utilizing frictional means.
PAR  It is still another object of the invention to provide an improved optical
      positioning apparatus for wire bonders.
DRWD
PAR  These objects and other objects and features of the invention will best be
      understood from a detailed description of a preferred embodiment thereof,
      selected for purposes of illustration and shown in the accompanying
      drawings, in which:
PAR  FIG. 1 is a view in side elevation of the wire bonder bonding tool and wire
      clamping device of the present invention;
PAR  FIG. 2 is a plan view of the device illustrated in FIG. 1;
PAR  FIG. 3 is an end-on view of the device of FIG. 1 showing the stop
      mechanisms for the bonding tool;
PAR  FIGS. 3A through 3D diagrammatically illustrates the sequential operation
      of the tailless bonder.
PAR  FIG. 4 is a view in side elevation of the wire tensioning device of the
      present invention;
PAR  FIG. 5 is a plan view of the wire tensioning device of FIG. 4;
PAR  FIG. 6 is a diagrammatic view illustrating the force relationships of the
      wire tensioning device;
PAR  FIG. 7 is a diagrammatic view in perspective of the optical positioning
      device of the present invention;
PAR  FIG. 8 is an alternative version of the optical positioning device which
      employs a circular, cylindrical mirror;
PAR  FIG. 9 is a greatly enlarged projected view of the light path through the
      device of FIG. 8 reviewed from a direction paralled to the axis of the
      cylinder;
PAR  FIGS. 10 and 11 illustrate in plan and side elevational views respectively,
      the preferred mounting system for the light source.
DETD
PAR  Turning now to the drawings, FIG. 1 shows a preferred embodiment of the
      invention. A bonding tool 10 is mounted at one end of bonding arm 12 which
      is pivotally mounted at the other end to the frame of the machine 14 by
      means of a leaf spring bearing 16. The bonding tool 10 may be moved along
      substantially a vertical, linear path by a rotation of arm 12 through a
      small angle. The position of arm 12 is controlled by a motor driven cam 18
      and linkage comprising a lever 20 pivotally mounted by bearing 22. One end
      of lever 20 has a roller 24 in contact with motor driven cam 18 which
      causes lever 20 to oscillate forward and backward in a precise manner. The
      other end of lever 20 has a cam shaped surface 26 in contact with roller
      28 mounted on arm 12. The shapes of cam 18 and 26 are designed to provide
      the most suitable motion of the bonding tool.
PAR  A wire clamp, indicated generally as 30, comprises two clamping pads 32,
      rigid arm 34 and movable clamping arm 36 mounted directly above bonding
      tool 10 such that the bonding wire 38 coming from a suitable wire supply
      (not shown) passes between the clamping pads and through the axial hole in
      the bonding tool. The wire is urged upward by a tensioning device
      (indicated generally as 40 in FIGS. 4 and 5) but it is restrained from
      moving either by the ball shaped end of the wire pressing against the tip
      of the bonding tool, by the wire clamp or by a bond to the workpiece. One
      clamping pad is mounted on rigid arm 34 and the other is mounted on a
      flexible member 42 attached to arm 34. The moveable clamping arm 36 is
      pivotally mounted with respect to arm 34 and it applies pressure to
      flexible member 42 to squeeze the clamping pads together when the wire is
      to be clamped.
PAR  The wire clamp 30 is pivotally mounted on the bonding arm 12 by means of
      leaf spring bearing 44 attached to the rigid arm 34. The motion of arm 34
      is restrained in a downward direction by a fixed stop 46 and in the upward
      direction by an adjustable stop 48 both mounted on bonding arm 12. The
      motion of arm 34 causes the wire clamping pads 32 to move substantially in
      a vertical direction along the extended axis of the bonding tool 10.
      Normally arm 34 is urged upward against adjustable stop 48 with a preset
      force by the reaction of leaf spring bearing 44. As will be explained
      subsequently, the length of wire protruding from the bonding tool is
      exactly equal to the movement of the wire clamping pads as arm 34 moves
      from the adjustable stop 48 to the fixed stop 44, independent of all other
      machine parameters.
PAR  The wire clamp 30 is actuated by a cam and linkage comprising a second
      motor driven cam 50 mounted on the main cam shaft 52 and accurately phased
      relative to cam 18, a pivotally mounted cam follower arm 54 in contact
      with cam 50, a push rod 56 moved by cam follower arm 54 and a coupling
      link 58 between push rod 56 and movable clamping arm 36. Push rod 56
      passes through the bonding arm bearing axis 60 so that the clamping force
      transmitted along push rod 56 from cam follower 54 exerts substantially no
      torque on bonding arm 12. Thus the forces, motion and timing of the
      bonding arm mechanism and of the wire clamp mechanism are substantially
      independent of each other.
PAR  The force transmitted by the push rod through coupling link 58 to the
      movable clamping arm 36 causes the arm to move slightly and apply pressure
      to the clamping pads 32. However, the point of application of the force to
      the movable clamping arm 36 is a short distance above the axis of the leaf
      spring bearing 44. After the clamping pads close the continued motion of
      the push rod causes the wire clamp assembly to move downward from the
      adjustable stop 48 to the fixed stop 46. Since the push rod can now move
      no further, the cam follower arm 54 lifts free of the cam 50 allowing the
      force of spring 62 to apply a fixed force to the clamping pads.
PAR  The action of the wire clamp mechanism to form a tailless final bond and
      leave a constant length of wire protruding from the tip of the bonding
      tool can now be described. The machine is normally in the "reset"
      condition with the bonding arm raised to its maximum position and the wire
      clamp closed. The operator moves the workholder to bring the first bond
      location directly below the bonding tool and depresses the bond
      pushbutton. The drive motor turns the camshaft through a fixed angle
      causing the bonding arm to be lowered to its minimum position and raised
      again to the "loop" position.
PAR  The wire clamp is opened by the action of cam 50 at the beginning of the
      descent of the bonding arm and held open until later in the complete
      cycle. The bonding tool may make contact with the workpiece at any
      location along its descent path but the workpiece is usually located near
      the bottom of the descent path. The shape of cam 50 is such that the
      bonding arm is descending at a constant velocity during the final 10% of
      its travel in order to produce a constant impact force when the bonding
      tool strikes the workpiece for any position of the workpiece within that
      region.
PAR  After the machine has stopped in the loop position, the operator positions
      the workpiece for the final bond and releases the bond pushbutton. The
      drive motor turns the cam shaft 52 through another fixed angle causing the
      bonding arm to be lowered again to its minimum position and raised to the
      reset position. The wire clamp is closed (FIG. 3A) and depressed relative
      to the bonding arm (FIG. 3B) by the action of cam 50 as previously
      described when the bonding arm reaches the minimum position and the wire
      clamp is held in that position for the duration of the cycle. The bonding
      tool will make contact with the workpiece and stop the descent of the
      bonding arm at some position above the minimum position. This bonding
      position is usually located near the minimum position for the reason
      previously described but it may be located at any position along the
      descent path.
PAR  The wire is normally stretched straight above the bonding tool by the
      tensioning device. When the wire clamp 30 is closed and moved downward
      relative to the bonding arm by cam 50 the wire between the clamp and the
      bonding tool 10 deflects sideways forming a small slack loop (FIG. 3B).
      When the bonding arm 12 ascends to the reset position, the wire clamp
      remains closed and depressed relative to the bonding arm and the wire
      between the clamp and the final bond is stretched straight again (FIG. 35)
      and then broken at the final bond (FIG. 3D). The method of causing the
      wire to break at the final bond rather than elsewhere along its length is
      well known in the art. The excess length of wire forming the slack loop
      between the wire clamp and the bonding tool, which is exactly equal to the
      downward movement of the wire clamp relative to the bonding arm, is pulled
      through the bonding tool just before the wire is broken and remains as the
      tail protruding below the tip of the bonding tool.
PAR  When the bonding arm reaches the reset position, which is a fixed location
      relative to the frame of the machine, a torch (not shown) is caused to
      move close to the end of the wire protruding from the bonding tool melting
      the wire to form a small ball on the end of the wire.
PAR  When the wire clamp push rod moves backwards to release the clamp it first
      would allow the clamp mechanism to move upwards relative to the bonding
      arm before opening the clamp. This motion might break the wire when the
      ball comes in contact with the tip of the bonding tool. In order to
      prevent wire breakage a flexible stop 64 is attached to the machine frame
      to hold the wire clamp mechanism in the depressed position while the
      bonding arm is in the reset position until the wire clamp opens.
PAR  The preferred embodiment of the wire tensioning device of the present
      invention is illustrated in FIGS. 4 and 5. The wire 38 from a suitable
      wire supply (not shown) passes partially around a circular drum 66, then
      around the circular channel 68 attached to the end of tension arm 70 and
      directly downward between the wire clamping pads 32 to the bonding tool
      10. Tension arm 70 is pivotally mounted by bearing 72, located behind drum
      66 such that the extended bearing axis passes through the cirumference of
      drum 66. A second wire clamp 74, located between the wire supply and drum
      66 is normally closed to prevent the wire from sliding around the drum. A
      spring 76 urges the tension arm upwards in a manner to be described to
      produce a constant tension in the wire.
PAR  Bonding tool 10 and wire clamps 32 are mounted on the bonding arm which
      moves downward and then upward in a vertical direction when a bond is to
      be made. The tension arm 70 is pulled by the wire to follow the motion of
      the bonding arm and to supply wire for the loop as it is needed, always
      maintaining constant tension in the wire. It is advantageous to construct
      the tension arm to have a minimum amount of inertia about its axis of
      rotation in order to minimize the force due to acceleration of the tension
      arm.
PAR  As wire is consumed in making bonds the tension arm 70 acquires a permanent
      downward displacement superimposed on the oscillatory motion caused by the
      movement of the bonding arm. The mechanism is designed to provide
      sufficient movement of the tension arm to make several bonds before
      restoring the tension arm to its original position. However, the preferred
      form of the invention restores the tension arm when the bonding arm
      returns to its normal (reset) position after each final bond. A linkage
      from the torch mechanism (not shown) momentarily opens clamp 74 allowing
      the tension force to pull additional wire from the wire supply until the
      tension arm is restrained from further upward motion by a fixed stop 78.
PAR  The tensioning device is designed to provide a range of motion of the
      tension arm 75 equally upwards and downwards from a horizontal position.
      Furthermore, when the tension arm is horizontal the wire touches the drum
      66 tangentially at the location of the extended axis of the tension arm.
      It can readily be seen that with this design the wire wraps and unwraps
      from the drum without sliding on the drum and with substantially no
      sliding on circular channel 68 for small angular displacements of the
      tension arm from horizontal, preferrably less than 15.degree.. Thus it can
      be seen that substantially no frictional forces are present during the
      bonding and looping portion of the machine cycle. Certainly any residual
      frictional forces are negligible compared to the tension force produced by
      the spring.
PAR  FIG. 6 is a diagram further explaining the action of the spring 76 to
      produce constant tension. One end of the spring is pivotally attached to
      the tension arm 70 at point C. The other end is pivotally attached to the
      supporting frame 80 at point B which is directly above the tension arm
      bearing 72 located at point A on the supporting frame. The wire is in
      effect attached to the tension arm at point D and extending directly
      downward substantially parallel to the line AB. The spring is designed to
      generate a force F' proportional to the distance BC between the two points
      of attachement, i.e. F' = K .times. BC. It can easily be proven by a
      simple geometric analysis of the forces in the mechanism that the force F
      produced at point D in a direction parallel to AB is equal to
      ##EQU1##
      i.e., the force F is completely independent of the angular position of the
      tension arm as it rotates about its axis and hence is constant for all
      angular positions. Furthermore, the force F is proportional to the
      distance AB, the distance of the stationary supporting point of the spring
      above the tension arm axis, consequently the wire tension can be adjusted
      conveniently over a reasonable working range by moving the stationary
      supporting point of the spring along line AB and its extension.
PAR  The diagrammatic perspective of FIG. 7 illustrates the principle of the
      optical positioning system of the present invention. A workpiece 82 is
      observed through a stereo microscope 84 at some convenient viewing angle
      through a semitransparent mirror 86. A miniature incandescent lamp 88 is
      located relative to the mirror such that a virtual image 90 of the lamp
      filament 92 is observed by reflection from the mirror superimposed on the
      workpiece at the precise location where the bonding tool will touch the
      workpiece.
PAR  The lamp filament can be constructed to have any shape suitable for judging
      the relative location of the filament image and the desired bonding
      position to enable the operator to move the workpiece to bring the bonding
      position into coincidence with the filament image and hence in the path of
      the bonding tool. It has been found convenient and preferable to construct
      the lamp filament from a straight piece of tungsten wire approximately
      0.001 inch in diameter and 0.150 inch long. When an electric current is
      passed through the filament it becomes incandescent over a portion of its
      length midway between the supporting leads. The virtual image of the
      filament thus appears as a short, straight, narrow line of light. The
      location and orientation of the mirror and lamp are adjusted to produce a
      virtual filament image perpendicular to and intersecting the plane of the
      workpiece at the precise point where the bonding tool will touch the
      workpiece. Many suitable locations and orientations of the mirror and lamp
      are possible. It is convenient to locate the lamp directly above the
      workpiece with the lamp filament collinear with the bonding tool axis and
      the mirror in a horizontal plane.
PAR  An alternative form of light source to substitute for the incandescent lamp
      88 and capable of producing a virtual line image having more precisely
      controlled dimensions is illustrated in FIGS. 8 and 9. A highly polished
      mirror in the form of a short, small diameter, circular cylinder 94 is
      mounted on a suitable support 96 such that the cylinder axis is
      approximately in the same location as lamp filament 92. Light from a small
      coiled filament lamp 98 is directed against cylinder 94 by a mirror 100
      and reflected from the cylinder and semitransparent mirror 86 into stereo
      microscope 84 as before. FIG. 9 is a greatly enlarged projected view of
      the path of the light through the system viewed from a direction parallel
      to the axis of cylinder 94.
PAR  The virtual image of lamp filament 102 appears as a long narrow line 104
      within the cylinder parallel to the cylinder axis. The diameter of the
      line image 104 appears as a greatly reduced image of the diameter of
      coiled filament 102 formed by the convex mirror surface of cylinder 94
      hence the diameter may be adjusted in size by a suitable choice of
      filament size, cylinder diameter and lamp distance. The length of the line
      image 104 can be controlled by painting or otherwise covering the mirror
      surface of cylinder 94. In particular the line image can take the form of
      one or more short, collinear segments separated by a convenient distance
      in order to assist the operator further in judging the relative position
      of the image and the workpiece.
PAR  The lamp 88 or alternative light source must be mounted firmly but
      adjustably to the machine frame to enable the operator to make fine
      adjustments in lamp position. FIGS. 10 and 11 illustrate the preferred
      form of the lamp adjustable mounting. A vertical screw 106 threaded into a
      fixed support 108 has a concentric bearing shaft 110 extending above a
      shoulder 112. Arm 114, which is rotatably mounted on shaft 110, has a
      vertical bearing 116 near one end and bears against the end of an outer
      adjusting screw 118. A second arm 120 rotatably mounted on bearing 116
      bears against the end of an inner concentric adjusting screw 122. Spring
      124 attached to arm 120 urges both arm 120 and arm 114 firmly against the
      ends of the adjusting screws. Lamp 88 is adjustably mounted in a sleeve
      126 attached to arm 120. A second spring 128 attached to arm 120 urges the
      arm and arm 114 firmly upward against shoulder 112 and laterally against
      bearings 110 and 116 to prevent undesireable movement due to any residual
      looseness in said bearings.
PAR  A rotation of screw 106 will raise or lower arm 114 and hence lamp 88 which
      causes the virtual filament image 90 (see FIG. 7) to move downwards or
      upwards perpendicular to the workpiece. This "focus" adjustment selects
      that portion of the filament image which is most convenient for the
      operator to be in sharp focus at the plane of the workpiece. A rotation of
      concentric adjusting screws 118 and 122 causes the lamp to move in a
      horizontal plane. The location of bearings 110 and 116 relative to lamp
      filament 92 is such that the motion of filament produced by adjusting
      screw 118 is substantially perpendicular to the motion produced by
      adjusting screw 122 over the small adjusting range required. These
      "position" fine adjustments are used by the operator to move the lamp and
      hence the virtual filament image parallel to the plane of the workpiece to
      place the image precisely at the point of contact.
PAR  Since the virtual image 90 is substantially a straight line perpendicular
      to the workpiece which straight line is also the descent path of the
      bonding tool, the image is a precise indicator of the bonding position
      free from parallax error for any vertical displacements of the workpiece
      surface.
PAR  The brightness of the lamp filament can be adjusted throughout a very wide
      range. Even though the light intensity is reduced by the reflectivity of
      mirror 86, preferably in the range of 5-10%, the filament brightness can
      easily be adjusted to any practical level or even increased beyond a level
      that the eye can tolerate since the filament is viewed directly through
      the microscope.
PAR  Having described in detail a preferred embodiment of my invention, it will
      now be apparent to those skilled in the art that numerous modifications
      can be made therein without departing from the scope of the invention as
      defined in the following claims.
CLMS
STM  What I claim and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. An optical positioning apparatus for a tool which is movable along a
      path with respect to the surface of a workpiece, said optical positioning
      system comprising:
PA1  means for generating a virtual image of a straight line reference pattern
      superimposed on the surface of the workpiece, said virtual image being
      perpendicular to the surface of the workpiece; and, means for maintaining
      a predetermined physical relationship between the movement path of the
      tool and the virtual image generated by said image generating means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said straight line reference pattern is
      a light generating incandescent lamp filament.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said virtual image generating means
      includes a cylindrical mirror and wherein said reference pattern straight
      line is a virtual image of a light generating incandescent lamp filament
      formed by said cylindrical mirror.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said straight line reference pattern
      includes a reference point along its length.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said reference point comprises an
      interrupted segment in said line.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said straight line is a light
      generating means.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said virtual image has a uniform
      cross-section.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said reference pattern produces a
      virtual image which has a uniform cross-section for intersecting planes
      parallel to a planar workpiece surface whereby the reference pattern is
      free of parallax error for a plurality of parallel workpiece surfaces.
NUM  9.
PAR  9. The apparatus of claim 6 wherein said straight line reference pattern
      includes a reference point along its length.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said reference point comprises an
      interrupted segment in said line.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said interrupted segment is the
      sufficient length that the virtual image of the reference pattern appears
      as two spaced illuminated dots.
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ABST
PAL  A light beam is passed through a cuvette, through which flows liquid to be
      analyzed optically for concentration of color reacted amino acids. The
      emergent beam is directed through a series of dichroic beam separators and
      pass band filters to produce three beams of substantially three different
      wavelengths. Photoelectric detectors produce electrical signals
      corresponding to each of the three wavelengths. Two of the signals are
      characteristic of the substance to be detected. The third is subtracted
      from the other two wavelength signals to produce a pair of output signals
      from which base line noise has been substantially eliminated.
PARN
PAR  This is a continuation of application Ser. No. 351,431 filed Apr. 16, 1973,
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Transparent and translucent samples have been analyzed by means of
      colorimeters or spectrophotometers which ascertain absorbance and/or
      transmittance at various wavelengths of the sample. Liquids and
      substances, which are capable of being dissolved or carried in suitable
      liquids, may be analyzed by passing the liquid through a cuvette which is
      mounted in the path of a light beam of a colorimeter. In order that
      analyses may be accomplished quickly, it is desirable, in the case of
      fluid analysis, to provide means for making continuous indications of the
      absorbance or transmittance at various wavelengths of light through the
      sample as the liquid flows through the cuvette. In the case of amino acid
      analysis, for example, the effluent from a liquid chromotograph
      instrument, where the amino acids are separated, is carried by the buffer
      solution into a mixing chamber or tube where a ninhydrin solution is
      introduced. The amino acid sample, buffer solution and ninhydrin are
      heated to bring out the color characteristics. The reacted effluent,
      carrying the separated amino acids, is then caused to flow through the
      cuvette of a colorimeter.
PAR  The analysis in the cuvette is accomplished by ascertaining the
      transmittance or absorbance at three different wavelengths such as 440
      millimicrons, 570 millimicrons and 690 millimicrons. However, in the past,
      when making analyses of this type for the analysis of amino acids and also
      for similar colorimetric analyses of other liquids, it has been necessary
      to make separate determinations for the different wavelengths or to use
      separate cuvettes with separate colorimeters and this has required
      redundancy of apparatus greatly increasing the expense and complicating
      the operation of the apparatus.
PAR  It is an object of the invention to provide a colorimeter suitable for use
      in the analysis of amino acids which employs a single cuvette.
PAR  It is also an object to overcome the effect of base line noise or changes
      in base line caused by variations in flow rate, particulate matter in the
      cuvette, variations in metering rate, etc.
PAR  It is another object of the invention to provide absorbance signals as
      contrasted with transmittance signals in order to permit the signals to be
      ranged electrically on a recoder utilizing a simple "universal" linear
      scale. Thus, it is an object of the invention to avoid the necessity for
      employing multiple cuvette systems with long and short path lengths to
      achieve differing scale ranges.
PAR  A further object of the invention is to provide optical systems which
      permit the use of small volume cuvettes with diameters as low as 0.030
      inches and relatively long path lengths through optimized collection and
      conservation of the shorter wavelength radiations passing from the source
      through the cuvette.
PAR  Other and further objects, features and advantages will become apparent as
      the description proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out the invention in accordance with a preferred from thereof,
      especially as applied to the analysis of amino acids which have been
      treated to bring out the color characteristics of a flowing fluid
      effluent, a single cuvette is provided through which flows the fluid
      stream to be analyzed. The cuvette is placed in the optical path of a
      photometer which analyzes the flowing stream from a liquid chromotograph
      instrument at three distinct wavelength bands. Individual output signals,
      each continuous, are produced for recording or other processing. The
      output signals are linear in optical absorbance units with multiple
      ranging from full scale of 0.1 absorbance units to 2.0 absorbance units
      thereby permitting use with simplified linear scale recorders and
      automatic integrators.
PAR  A unique optical and electronic arrangement is utilized which provides
      two-channel/dual-wavelength per channel operation. The optical arrangement
      effects a large reduction in analyzer base line noise and extends the
      basic sensitivity capability of the chromotographic analyzer.
PAR  An incandescent light source is employed to pass a light beam through the
      cuvette carrying the sample. The beam emerging from the sample is
      separated into several different light beams, each containing luminous
      energy within a relatively narrow band of wavelengths. In the case of an
      amino acid analyzer, two beams are produced having wavelengths centered in
      one case on 440 millimicrons and in the other case on 570 millimicrons. A
      third light beam is produced in which the wavelengths are centered on 690
      millimicrons. This third beam is employed to produce an optical absorbance
      signal representative of system noise which is subtracted from the signals
      representing optical absorbances of the other two light beams.
PAR  The wavelength separation is accomplished by the use of dichroic mirrors
      and interference filters, that is filters which pass only narrow bands of
      wavelengths. The first dichroic mirror is provided with a suitable coating
      so that it reflects approximately 98% of the light impinging thereon in
      the range of wavelengths to approximately 520 millimicrons and transmits
      the remaining luminous energy. The transmitted beam, containing the
      remaining luminous energy above approximately 520 millimicrons, is
      projected to a second dichroic mirror which has a coating serving to
      reflect 98% of the luminous energy up to approximately 635 millicrons and
      to transmit the remaining luminous energy. The first reflected beam is
      projected through a narrow band interference filter which has a band
      width, at half peak height, of approximately 19 millimicrons centered on
      440 millimicrons and thence projected onto a photoelectric detector, which
      produces an electrical signal representative of the transmittance through
      the curvette of 440 millimicron light. In a similar manner, the second
      reflected beam is transmitted through a filter of the interference type
      passing a narrow band of wavelengths, at half peak height, of
      approximately 8.5 millimicrons in width centered upon 570 millimicrons
      wavelength and finally projected to a photoelectric detector which
      produces an electrical signal representative of transmittance at 570
      millimicrons.
PAR  The light beam transmitted through the second dichroic mirror is projected
      through a third narrow band interference filter of approximately 10
      millimicrons bandwidth at half peak height centered on 690 millimicrons
      and thence projected onto a third photoelectric detector to produce a
      signal representative of sample transmittance at 690 millimicrons.
PAR  Preferably, the three electrical signals are amplified. Then each of the
      three amplified signals is supplied to converting means, including
      logarithmic type operational amplifier, which invert the signals to
      produce signals representative of absorbance at the wavelength in question
      instead of transmittance. The converting means then produces output
      signals representative of the difference between the optical absorbances
      between the 440 millimicron signal and the 690 millimicron signal and
      between the 570 millimicron signal and the 690 millimicron signal. Since
      the 690 millimicron signal is a signal representative of those inputs in
      the cuvette which contribute to base line noise, the subtraction of this
      optical absorbance signal has the effect of substantially reducing base
      line noise in the output signals.
PAR  Thence the outputs representative of the 440 minus 690 millimicron and the
      570 minus 690 millimicron wavelength bands are supplied to a ranging and
      channel selection unit with outputs to recorders or to other signal
      processing apparatus. In some instances it is desirable to provide a
      summation amplifier which produces a signal representing the sum of the
      outputs of the 440 minus 690 millimicron and 570 minus 690 millimicron
      signals. The output of the summing amplifier is also supplied to the
      ranging and channel selection unit so that this additional information may
      be recorded for analysis of the sample.
PAR  Preferably means are also provided for achieving substantially uniform
      temperature of the optical head and the sample flowing through the
      cuvette. This is accomplished by providing an input field line with a coil
      thermally lagged to the optical head so that the fluid and the optical
      head reach a uniform temperature.
PAR  It has also been found that the light energy output of the light source
      reduces as the temperature of the device increases. Accordingly, a lamp
      housing for the light source is provided which has a temperature sensing
      device, such as a thermistor, lagged to it which, in turn, is connected to
      a power input control circuit of the lamp so as to increase or reduce the
      power to the lamp as the temperature rises or falls thereby achieving
      substantially uniform light output independent of variations in ambient
      temperature.
PAR  A better understanding of the invention will be afforded by the following
      detailed description considered in conjunction with the accompanying
      drawing.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a schematic diagram of the optical elements in an embodiment of
      the invention;
PAR  FIG. 2 is a block diagram of electronic elements employed to convert
      electrical signals representative of optical outputs of the optical
      apparatus at various wavelengths into useful form for accomplishing
      analysis and recording to the information;
PAR  FIG. 3 is a graph illustrating the optical density properties of various
      specimens including specimens of ninhydrin reacted amino acids and a blank
      specimen for comparison in which the optical density at various
      wavelengths is plotted along the ordinate against wavelengths plotted
      along the abscissa;
PAR  FIG. 4 is a schematic diagram of the optical elements arranged in another
      embodiment of the invention;
PAR  FIG. 5 is a plan view partially in cross-section illustrating an embodiment
      of the optical head employed in the embodiment of FIGS. 1, 2, and 3 and
      illustrating the location of the curvette holder;
PAR  FIG. 6 is a side elevation view taken partially in cross section of the
      optical head shown in FIG. 5;
PAR  FIG. 7 is an elevation of the cuvette holder and mounting yoke as employed
      in FIGS. 5 and 6 taken along line 7--7 of FIG. 6;
PAR  FIG. 8 is a partial view of the optical head and curvette taken along line
      8--8 of FIG. 7 illustrating the manner in which the collar supports the
      cuvette within the cavity of the optical housing;
PAR  FIG. 9 is an exploded view, in cross section, of the cuvette holder and
      cuvette assembly employed in the embodiment of the apparatus illustrated
      in FIGS. 5 and 6; and
PAR  FIGS. 10, 10A and 10B, together, are a circuit diagram of electronic
      circuits of the apparatus.
DETD
PAR  Like reference characters are utilized throughout the drawing to designate
      like parts.
PAC  DETAILED DESCRIPTION
PAR  As shown in FIG. 1, the optical head employs a lamp 1 represented in the
      drawing by a filament connected to a 6-volt direct-current source of
      power. The lamp 1 is preferably a tungsten lamp of the quartz iodine type
      supplying visible light which is collected by an aspheric condensing lens
      2. There is an infrared absorbing filter 3 interposed in the optical path
      from the condensing lens 2 with a curvette 4 mounted in the optical path
      beyond the infrared absorbing filter 3. Apertures 23 and 25 with diameters
      slightly less than the cuvette bore are provided to restrict the
      transmitted illumination to the liquid within the cuvette 4. Lens 13, at
      its focal distance from aperture 25, collimates the light beam for passage
      through the remainder of the system.
PAR  To maximize the energy, a dichroic mirror 5 preferentially reflects
      wavelengths shorter than approximately 520 millimicrons, with 98% minimum
      efficiency at 440 millimicrons, onto narrow band interference filter 6.
      For amino acid analysis, using ninhydrin color reaction, filter 6 has 50%
      transmission centered at 440 millimicrons with a half peak width not
      greater than 19 millimicrons. A lens 14 concentrates the light passing
      through the filter 6 onto a photoelectric receiver, such as a photo diode,
      7. Light above 520 millimicrons is transmitted through mirror 5 along the
      original light path.
PAR  A second dichroic mirror 8 preferentially reflects wavelengths shorter than
      approximately 630 millimicrons, with 98% minimum efficiency at 570
      millimicrons, onto narrow band interference filter 9. For amino acid
      analysis, using ninhydrin color reaction, filter 9 has a 50% transmission
      centered at 570 millimicrons and a half height band width of 8.5
      millimicrons. Lens 15 concentrates the light on photoelectric receiver 10.
PAR  The remainder of the light, not reflected by dichroic mirrors 5 or 8,
      consisting of at least 70% of the visible light of wavelength greater than
      630 millimicrons continues along the first path and falls on narrow band
      interference filter 11. Filter 11 has a 50% transmission centered at 690
      millimicrons and a half height bandwidth of 10 millimicron. Lens 16
      concentrates the beam on photoelectric receiver 12.
PAR  Because the output of the lamp is sensitive to ambient temperature, means
      are preferably provided for maintaining the filament of the lamp 1 at a
      constant color temperature. This may take the form of a temperature
      sensing device, such as a thermistor 17, which is connected in the circuit
      of the lamp power supply.
PAR  The long path length of the curvette 4 induces a significant sensitivity of
      the instrument to variations in refractive index of the flowing liquid,
      such as are due to slight temperature differences between the cuvette and
      the entering liquid steam. In order to alleviate, as much as possible,
      differences in temperature between the cuvette 4 and the entering liquid,
      a coil 19 receiving the fluid before it enters the cuvette 4 is preferably
      mounted in intimate contact with the optical head. This tends to bring the
      liquid to the temperature of the optical housing which, of course, is
      approximately the same as the cuvette.
PAR  From FIG. 1 it will be observed that the light, projected from the lamp 1
      through the condensing lens 2, the infrared absorbing filter 3, cuvette 4
      and the focusing lens 13 along a first optical path, 21, has a portion
      below a selected wavelength reflected by the dichroic mirror 5 along a
      second optical path 22 and the remainder thereof transmitted along the
      main or original optical path 21. A portion of the remaining light below a
      selected wavelength which travels along the optical path 21 in turn is
      reflected by the dichroic mirror 8 along a third optical path 24 and the
      remainder again transmitted through the mirror 8 along optical path 21.
      The photoresponsive detectors 7, 10 and 12 are thus in the second, third
      and first optical paths 22, 24 and 21, respectively, as a result of the
      action of the dichroic mirrors 5 and 8.
PAR  The use of the infrared absorbing filter 3 eliminates the longitudinal heat
      gradient caused by infrared absorption by the liquid in the cuvette 4. In
      addition, the stream entering the cuvette 4 is maintained in thermal
      equilibrium with the mass of the photometer owing to the presence of the
      coil 19 thermally lagged to the body of the optical head. Also, slight
      changes in the spectral output of the light source 1 with variations in
      ambient temperature are avoided by compensation of voltage to the lamp 1.
PAR  Electronic circuitry is represented schematically in FIG. 2. Preferably the
      output signals from the photoelectric detectors 7, 10 and 12 are supplied
      to buffer amplifiers 26, 27 and 28, respectively. The outputs of the
      amplifiers 26, 27 and 28 vary linearly with the transmittance of light
      through the cuvette 4 at the wavelengths 440, 570 and 690 millimicrons
      respectively. Preferably, however, these signals are converted into
      signals proportional to absorbance at the wavelengths in question. This is
      accomplished by suitable means represented in the drawing by converting
      means 31 and 32, which include logarithmic operational amplifiers 31a and
      32a (see FIG. 10A) having inverting input terminals connected to the
      outputs of buffer amplifiers 26, 27 and 28, respectively. The converting
      means 31 receives the 440 and 690 millimicron signals and converting means
      32 receives the 570 and 690 millimicron signals. The logarithmic
      operational amplifiers of converting means 31 and 32 are designed so as to
      compare the signals from the 440 wavelength detector 7 with the 690 signal
      from the detectors 12 and, similarly the 570 signal with the 690 signal.
      The converting means produce outputs which are equal to the optical
      absorbances of the 440 minus the 690 signal and the 570 minus the 690
      signal. In order that adjustments of the base line may be made,
      potentiometers 34 and 35 are interposed in the feedback circuits of
      amplifiers 26 and 27 (schematically illustrated in FIG. 2 and shown in the
      circuit of FIG. 10). A similar ranging feedback adjustment 36 (located
      internally) is provided for the 690 millimicron signal.
PAR  A recorder 37 may be provided which receives signals from the outputs of
      the converting means 31 and 32. For ranging and channel selection, a unit
      or selector circuitry 38 may be interposed between the converting means 31
      and 32 and the recorder 37. As shown, a summation device or summing
      amplifier 39 may be provided having input terminals also connected to the
      outputs of the converting means 31 and 32 and having an output line 41
      also supplied to the ranging and channel selection unit 38. The selector
      38 includes suitable selector switches so that pens in the recorder 37 may
      record the signals which correspond to absorbance at 440 minus 690
      millimicrons and 570 minus 690 millimicrons or, alternatively, may record
      a single signal representing the sum of the absorbances at 440 minus 690
      and 570 minus 690 millimicrons. This is accomplished by connecting the
      output of the summing amplifier 39 through line 41 instead of the outputs
      of converting means 31 and 32 to the recorder 37.
PAR  The graph of FIG. 3 is introduced to illustrate the advantage of utilizing
      the selected wavelengths of 440, 570 and 690 millimicron for amino acid
      analysis in the instance of the use of the ninhydrin color reaction. It
      will be understood by those familiar with amino acid analysis by column
      chromatography that the buffer plus ninhydrin in fixed ratio is flowing
      through the cuvette at a more or less constant rate and, in the absence of
      an amino acid, the absorbance of this mixture forms the base line (curve
      a) output from the photometer. The segments of amino acids (curves a, b
      and c), which react with the ninhydrin to give the characteristic color,
      are required to be detected and quantitized by the photometer. It will be
      noted that the absorbances due to color (curves b and c) are relatively
      very small at 690 millimicrons which is used as the reference for nulling
      variations due to stream pulsation, vibration of the lamp filament,
      particles passing through the cuvettes and so on. It will also be noted
      that the absorbance due to color at 570 millimicrons is quite strong and
      while that at 440 (curve d) is, though far from the peak at 410, quite
      significantly above base line (curve a). Position 440 is used rather than
      410 because of the very strong absorbance of the buffer unreacted
      ninhydrin mixture. That is, the spectral absorbance of the "blank"
      ninhydrin-buffer solution is shown as curve a in FIG. 3. The spectral
      absorbance of three major groups of ninhydrin reacted amino acids are
      shown as curves b, c, and d. It will be noted that the absorbances of
      curve a is relatively flat throughout the spectrum from 440 millimicrons
      to 690 millimicrons; also the absorbance of curves b, c, and d are
      relatively close to that of curve a at 690 millimicrons. By selecting 690
      millimicrons as a reference, variations in base line caused by stream
      pulsations, reagent metering variations, or particulate matter passing
      through the curvette may then be largely eliminated. It will also be noted
      that analyzing the contents of the curvette for optical absorbance at 570
      millimicrons referred to 690 millimicrons will net the maximum signal for
      those ninhydrin reacted amino acids included in curves b and c. For curve
      d, the shoulder at 440 millimicrons provides an absorbance maximum that
      may still be referred to the 690 millimicron reference, even though the
      absorption of the "blank" (curve A) is beginning to rise slightly above
      the 690 millimicron value. By electrically subtracting the absorbance at
      690 from that at 440 and 570 base line noise is very largely eliminated.
PAR  The physical structure of the colorimeter is illustrated in FIGS. 5 and 6.
      There is a lamp holder 42, adjustably mounted in finned housing 44, in
      turn adjustably mounted on optical tube 46. Removably cover 18 provides
      protection from air drafts and from accidental burn hazard to personnel.
      By using relatively low conductivity material such as stainless steel for
      the tube 46, conduction of heat to the main body 45 in turn minimizing
      heating of the cuvette and the optical and electro optical elements. Thus,
      the tube 46 serves not only as a mount for the light source but also holds
      the aspheric condensor lens 2 and provides a high resistance thermal path
      between the lamp housing 42 and the optical housing 45. Moreover, the tube
      46 carries an infrared heat absorbing filter 3 mounted inside the tube
      well 46a and removed from the focal point of the aspheric condensor lens
      2. There is a cavity 47 in the optical housing 45 which provides clearance
      for mounting a cuvette holder 48 on the tubular piece 43 which also serves
      as a mirror mount, relay end holder and cuvette holder mount. The dichroic
      mirrors 5 and 8 are mounted within the piece 43 in the optical line of
      sight through the aspheric condensor lens 2, the heat absorbing filter 3,
      the aperture 23, the cuvette 4, the aperture 25, the relay lens 13, the
      interference filter 11 for the 690 millimicron beam, the collector lens 16
      and the photoelectric detector 12 for the 690 millimicron beam.
PAR  Optical tubes 49 and 50 are mounted laterally in the optical housing 45 to
      enclose light paths from the reflecting surface of the mirror 5 to the
      photoelectric detector 7 (not shown in FIG. 5) and from the reflective
      surface of the dichroic mirror 8 to the photoelectric detector 10 (not
      shown in FIG. 5) for the 440 and 570 millimicron signals, respectively.
      The optical tubes 49 and 50 as well as optical tube 51 are not shown
      seated in their mounting aperture in order to illustrate the flexibility
      available by this arrangement for mounting these members. Set screws (not
      shown) through the optical housing provide means for securing optical
      tubes 49, 50 and 51 in place.
PAR  As shown in FIGS. 5 and 6, the thermistor 17 or other suitable temperature
      sensing device for controlling the output of the lamp 1 is mounted on the
      heat dissipating fin structure 44 in order to respond to the temperature
      surrounding the lamp 1.
PAR  Excellent results have been obtained utilizing the optical arrangement
      illustrated in FIGS. 1, 5 and 6. It will be understood, however, that the
      invention is not limited to this precise optical arrangement and that
      satisfactory results may be obtained also be rearranged optical structure.
      For example, as illustrated in FIG. 4, the dichroic mirrors may be of a
      type which transmit the greater portion of the light in wavelengths up to
      a predetermined or selected maximum wavelength and reflect the balance of
      the luminous energy. Thus, in the case of FIG. 4 the dichroic mirror 5a
      transmits approximately 80% of the light wavelengths up to 440
      millimicrons and somewhat beyond while reflecting light above
      approximately 440 millimicrons along the light path 24a. The transmitted
      energy, including 440 millimicron light, passes along the light path 22a.
      Then, the dichroic mirror 8a tramsits approximately 85% of the luminous
      energy up to 570 millimicrons and somewhat beyond along the light path 24a
      and reflects the remaining luminous energy along the light path 21a. In
      this embodiment, the 440 millimicron photo-optical detector 7 is mounted
      in the direct line of the optical path from the condensing lens 2. The
      dichroic mirror 8a is mounted at one side of mirror 5a in light path 24a
      extending transversely from the optical housing to the photoelectric
      detector 10 which will again receive the 570 millimicron signal. Then the
      filter 11, collecting lens 16 and 690 millimicron photoelectric detector
      12 are mounted in the optical path 21a which is, in part, parallel to the
      optical path 22a.
PAR  It will be seen from FIG. 4 that visible light from the lamp 1 collected by
      the aspheric condensing lens 2 passes through the infrared absorbing
      filter 3 and through the aperture 23. Consequently, the energy incident
      upon the cuvette 4 is limited very nearly to the visible spectrum. Liquid
      flowing through the cuvette 4 absorbs light energy in proportion to the
      concentration of material in the stream being analyzed. The beam leaving
      the cuvette 4, passes through aperture 25, through relay lens 13, falls
      upon the dichroic mirror 5a which transmits incident radiation of
      wavelengths up to 440 millimicrons and somwhat beyond along the optical
      path 22a and reflects the longer wavelengths along the optical path toward
      mirror 8a. The light in this transverse beam impinges on the mirror 8a and
      the incident light in wavelengths up to 570 millimicrons and somewhat
      beyond is transmitted along the light path 24a and the longer wavelengths
      are reflected along the light path 22a. Since filters 6, 9 and 11 are
      interposed in the light paths 22a, 24 a and 21a, the emergent beams are in
      narrow bands of 440 millimicrons, 570 millimicrons and 690 millimicrons,
      respectively, impinging upon the corresponding photoelectric detectors 7,
      10 and 12, respectively. The outputs of the detectors 7, 10 and 12 are
      directly proportional to the transmittance at the three different
      wavelengths and are utilized to produce amplified proportional signals in
      the amplifiers 26, 27 and 28 (see FIG. 2) respectively. The transmittance
      proportional signals are converted to absorbance signals in the converting
      means 31 and 32 so that the recorder 37 may be calibrated in terms of
      absorbance.
PAR  As represented in section in FIG. 5, the temperature equalizing coil 19 is
      in a pancake spiral form and is clamped in a suitable manner by a holder
      19a against the optical housing block 45. Inlet tube 51 is at outside of
      spiral while outlet tube 52, at center of spiral passes through block 45
      and connects to bottom inlet of cuvette 4 (see FIG. 6).
PAR  The manner in which the cuvette 4 is mounted in a cuvette holder 48 is
      illustrated in greater detail in FIG. 9. As best seen in FIG. 9, the
      cuvette holder 48 is in the form of a cylinder having a bore 53 to receive
      the cuvette. The cuvette holder 48 also has lateral bores 54 and 55. The
      bore 55 is at the inlet end and is adapted to receive means for making
      connections with tubing 52 (see FIG. 6) from the temperature equilibrating
      coil 19 through which the fluid to be analyzed is supplied. The bore 54 is
      at the opposite end and is adapted to receive means for making
      connections, as shown, to the outlet tubing 56 which exits from the
      colorimeter and may go to a waste receiver.
PAR  As shown in FIG. 9, the cuvette 4 comprises a length of tubing 58 with
      lateral grooves 59 and 60 at right angles on the opposite ends thereof.
      The groove 59, in cooperation with optical window 29, forms a passage
      adapted to communicate with tubing 56 and, similarly, groove 60 with
      optical window 30 form a passage leading to tube 52. The tube 58 and
      windows 29 and 30 may be composed of any suitable material such as glass
      or fused quartz. Window pieces 29 and 30 are fused to the ends of tube 58.
      It will be observed from FIGS. 5 and 6 that the main portion of the tube
      58 extends longitudinally within the holder 48 in the optical axis of the
      optical housing 45 so that it will have the maximum absorbance effect upon
      the light beam traveling along the optical axis of the apparatus from the
      lamp 1.
PAR  The upper portion of the bore 54 is threaded to receive an externally
      threaded bushing 61 and a packing nut 62. There is a hollow fitting 63
      having a concical upper end 64, a collar 65 and a lower end 66. The lower
      end 66 of the fitting 63 is adapted to press an O-ring 67 against the
      upper surface of the cuvette 4 forming a connection with the lateral
      outlet passage, formed by groove 59 and window 29 of the cuvette, for
      sealing the fitting 63 to the outlet end of the cuvette. The bushing 61 is
      adapted to bear against the shoulder 65 to hold the fitting 63 in place in
      the bore 54 and maintain compression on the O-ring 67 to seal with the
      cuvette 4. In order to facilitate sealing, the upper and lower surfaces of
      the tube 58 are ground flat to provide a convenient sealing surface for
      the "O" ring 67.
PAR  For connecting the outlet tube 56 to the conical portion 64 of the fitting
      63 a ferrule 68 is provided and the lower end 69 of the tube 56 is flared.
      It will be understood that the tube 56 is inserted through the hollow
      packing nut 62 and the ferrule 68 before the end 69 is flared. After the
      end 69 has been flared it is sealed to the conical surface 64 of the
      fitting 63 by means of the packing nut 62 which presses the ferrule 68
      against the flared end 69 which, in turn, is pressed against the conical
      surface 64. Similar connecting means (not shown) are provided in the bore
      55 of the cuvette holder 58 for retaining inlet tubing 52 from the coil
      19.
PAR  As will be noted in FIGS. 5, 7 and 8, the cuvette 4 and its holder 48 are
      supported on the end 43a of the mirror support piece 43 which extends into
      the cavity 47. The end 43a is provided with a frusto-conical spigot 43b
      which fits beneath a semicircular clamping collar 70 attached to one end
      of the cuvette holder 48. Collar 70 is supported on the holder by a pair
      of draw bars 71, threaded into the collar 70 and extending into smooth
      bores 72 in the cuvette holder 48. A restoring spring 73 tends to force
      the draw bars out of the smooth bores 72. Through a threaded opening 74,
      formed substantially normal to each of the smooth bores 72, is inserted a
      conical pointed actuating screw 75, the conical point 75a extends into
      beveled hole 71a formed in the draw bar 71. When threaded screw 75 is
      turned down into the threaded opening 74 the pointed end 75a pulls the
      draw bars 71 into the smooth bore 72 and draws the end or seating surface
      48a of the cuvette holder 48 up tight against the frusto-conical spigot
      43b. In order to make accurate adjustment of the position of the collar 70
      to assure a tight fit against the spigot 43b the draw bars 71 may be
      screwed inwardly or outwardly within the threaded holes of the collar 70.
      A counter force screw 76 abuts against the upper surface of cuvette holder
      48 and serves to retain a uniform space between the collar and the end
      surface 48a of the holder 48.
PAR  As illustrated in FIGS. 10, the amplifiers 26, 27 and 28 constitute a
      reamplifier section. Each amplifier may take the form of an integrated
      circuit such as those sold by Analog Devices under the designation AD504J
      having a plurality of terminals designated as indicated in FIG. 10. All
      three amplifiers are connected in the same manner as will be apparent from
      an explanation of the connections of amplifier 26. In this case the
      integrated circuit terminals numbered 2 and 3 are connected to the
      photodiode 7, integrated terminals numbered 7 and 4 are connected
      respectively to positive and negative 15 volt sources of supply derived
      from a power supply 81 shown in FIG. 10B. Amplifier offset bias adjustment
      is provided by potentiometer 82, connected between terminals 1 and 5 of
      amplifier 26. Offset voltage is derived from the -15 volt supply via wiper
      83 of potentiometer 82. Gain adjustment is provided by a voltage divider
      comprising potentiometer 34 and resistor 34a. This divider network (as
      shown in FIG. 10) connected between the output (terminal 6) of amplifier
      26 and ground, provides an adjustable voltage at the wiper 85 of
      potentiometer 34 which is connected by feedback resistor 86 to the
      inverting input (terminal 2) of amplifier 26. Capacitor 83 is connected in
      the conventional manner across the feedback network to provide noise
      filtering. Output terminal number 6 of the amplifier 26 is connected
      through a resistor 84 to the inverting input terminal A of the converting
      means (see logarithmic amplifier 31a shown in FIG. 10A). The same
      connections are provided for the amplifiers 27 and 28 as for the amplifier
      26. In the case of the amplifier 28 the connections are also the same,
      although if desired the gain control potentiometer 36 may be mounted
      within the converting means 31 and 32 (see FIG. 2) instead of externally.
PAR  For simplicity the converting means 31 and 32 are shown as block diagrams
      in the schematic of FIG. 2. However, in FIG. 10A, converting means 31
      comprises the amplifier 31a, amplifier 31b and dual transistors
      operational network 105. Similarly amplifier 32 (of FIG. 2) corresponds in
      FIG. 10A to amplifier 32a, amplifier 32b and transistors or operational
      network 106.
PAR  The connections to the logarithmic amplifiers 31a and 32a are such as
      illustrated in greater detail in connection with logarithmic amplifier
      31a. The logarithmic amplifiers may comprise one half of an integrated
      circuit sold under the trade designation IC747. The other half is employed
      for the amplifier 31b which has integrated circuit terminals 7, 6 10 and 9
      brought out corresponding to the terminals numbered 1, 2, 12 and 13 of the
      integrated circuit 31a and has a negative 15 volt power supply terminal
      number 4 brought out. The amplifier 31a has a capacitive feedback
      connection comprising the capacitor 87.
PAR  In FIG. 10A, converting means 31 including amplifiers 31a and 31b plus
      operational network 105 are so interconnected as to provide the
      operational function required, plus the required signal ranging and
      temperature compensation. Similarly the interconnections for converting
      means 32 including amplifiers 32a, 32b, and network 106 are idential to
      those between amplifiers 31a, 31b and network 105; hence the latter are
      detailed in FIG. 10A and will be described.
PAR  Amplifiers 31a and 31b may comprise two halves of an integrated circuit
      package sold under the trade designation of IC747 having pin connections
      designated as shown in FIG. 10A. In FIG. 10A, transistor 101 is the
      feedback element for amplifier 31a, and transistor 91 is the feedback
      element for amplifier 31b. Overall gain adjustment plus temperature
      compensation is provided by returning the base of transistor 91 to point
      95 in the voltage divider network comprising resistors 96, 97, and 98,
      plus thermistor 99.
PAR  The physical package of feedback network 105 comprises transistor pair 91
      and 101 plus thermistor 99 mounted in thermal contact with transistors 91
      and 101. Capacitors 87 and 88 are connected across amplifiers 31a and 31b
      to provide noise filtering. Resistors 89, 96, 97, and 98 are selected so
      as to provide a net output of 1 volt per decade; i.e. O.D. is zero volts
      and 2 O.D. is 2 volts. Subsequent circuitry and recorder ranges are
      selected to give a maximum span of 0 to 2 O.D. units.
PAR  The summing amplifier 39 is shown as having its noninverting input terminal
      connected through resistors 107 and 108 to the output terminals of the
      amplifiers 31a and 32a respectively. The amplifier 39 may take the form of
      an integrated circuit such as those sold under the trade designation 741
      having terminal designations as shown in FIG. 10A. As shown, amplifier 39
      is connected as a noninverting summing amplifier. Resistors 109 and 110
      comprise a feedback network with values selected to set unit gain for this
      stage.
PAR  The ranging and channel selection unit 38 of FIG. 2 comprises, as shown in
      FIG. 10A, a pair of selector switches 111 and 112 plus two range selector
      switches 113 and 114. The selector switch 111 comprises a movable contact
      115 and three stationary contacts 116, 117 and 118. The stationary
      contacts 116, 117 and 118 are connected respectively to the output
      terminals of the 440 millimicron logarithmic amplifier 31a, the summing
      amplifier 39 and the 570 millimicron logarithmic amplifier 32a to provide
      signal selection to the first channel of the recorder output 37. The
      switch 112 has similar connections for the second channel of the recorder
      output 37.
PAR  For range adjustor 113 comprises a range adjustor switch 123 for connection
      to taps on the voltage divider resistor 122. The arrangement is such that
      the output terminal 124 to the number 1 channel of a two pen recorder may
      be connected to various taps on the voltage divider resistor 122 for
      different scale ranges. For example, in the embodiment illustrated the
      switch 123 has a movable contact 125 connected to the terminal 124 adapted
      to make connection with any one of a plurality of stationary taps 126,
      127, 128, 129 and 130 to provide a full scale of 0.1, 0.2, 0.5, 1.0, and
      2.0 absorbance units or optical density. To provide the ratios between the
      full scale values suggested by way of example, suitable resistance ratios
      are provided in the portions of the resistor 122 between the successive
      taps. Thus, for example, if 2,000 ohms is chosen as the resistance between
      taps 126 and 127, then the total resistance would be 4,000 ohms with 1,200
      ohms between taps 127 and 128, 400 ohms between taps 128 and 129, 200 ohms
      between taps 129 and 130 and 200 ohms again between tap 130 and the ground
      connection. Similar connections are provided for the second channel range
      adjustor 114.
PAR  The amplifier 39 may be one of the type known by the trade designation
      IC741C.
PAR  As illustrated in FIG. 10B, power for energizing the lamp 1 may be obtained
      from a conventional power supply comprising a full wave rectifier 132
      connected to 110 volt terminals 133 through a transformer 134. However,
      voltage regulator 135 is provided with connections through a power
      amplifier transistors 136 to the full wave rectifier 132 and temperature
      responsive control connections to the thermistor 17 shown in FIG. 6. As
      shown the voltage regulator 135 is in the form of an integrated circuit
      such as sold under the trade designation TCA723 having integrated circuit
      terminals brought out numbered as follows: 5, 6, 3, 4, 12, 11, 2, 10, 13,
      and 7. A voltage divider resistor 137 is connected between the integrated
      circuit terminal numbers 6 and 7 of the voltage regulator 135 with an
      adjustable tap 138 to the integrated circuit terminal 5. The transistor 17
      is connected between the integrated circuit terminal 6 and the tap 139 of
      the resistor 137. Essentially load current to lamp 1, regulated by power
      transistor 136, flows through lines U and S in FIG. 10B. The lines V and T
      are connected to lines U and S at the lamp filament, and provided the load
      voltage sensing input to regulator 135 (terminal 3, 4, and 7).
PAR  The lamp 1 is connected on one side through a resistor 141 to the
      integrated circuit terminals numbered 2 and 10 of the voltage regulator
      135 and on the other side of the integrated circuit terminal number 7 of
      the amplifier 135.
PAR  The power transistor 136 is connected between the integrated circuit
      terminals numbered 12 and 10 of the voltage regulator 135 with its base
      connected through the integrated circuit terminal number 11 of the
      ampliier 135 and a resistor 142 is connected between the omitter and base
      of the transistor 136. The terminals numbered 3 and 4 of the amplifier 135
      are also connected to the lamp 1 through a direct connection 143.
PAR  The thermistor 17 is so connected in the control circuits of the voltage
      regulator 135 that with increasing temperature of the lamp housing 42 to
      which the thermistor 17 is attached the voltage output from the regulator
      135 to the lamp 1 is increased to compensate for the fact that luminous
      output of the lamp 1 falls with increasing ambient temperature. As seen in
      FIG. 10B, voltage reference for the power supply is derived within
      regulator 135 and appears across terminals 6 and 7. This reference is
      impressed across the network comprising thermistor 17 (connected to Y and
      Z in FIG. 10B) and the voltage divider comprising the potentiometer 138
      and resistors identified generally by the reference numeral 137. The wiper
      of the potentiometer 138 is connected as an adjustable reference input to
      regulator 135 and serves as the means to adjust the output signal of the
      regulator (terminal 11). Thermistor 17 is in series with resistor 144, and
      connected across the resistor network 137 serves to modify the reference
      voltage appearing at terminal 5 by causing it to increase slightly as the
      temperature of thermistor 17 (mounted in thermal contact with the lamp 1)
      increases.
PAR  It is apparent that the present invention provides colorimetric analysis
      which is substantially free from base line noise effects and provides
      simultaneous outputs at various wavelengths. It also permits the use of
      automatic integrators at high degrees of sensitivity and permits analysis
      of small volume samples. Although particular components, structure and
      form have been discussed in connection with a specific embodiment of a
      color-responsive photometer constructed in accordance with the teachings
      of the present invention, others may be utilized. Furthermore, it will be
      understood that although an exemplary embodiment of the present invention
      has been disclosed and discussed, other applications and circuit
      arrangements are possible and that the embodiments disclosed may be
      subjected to various changes, modifications and substitutions without
      necessarily departing from the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A colorimeter responsive to color properties of a fluid comprising:
PA1  a cuvette;
PA1  means for flowing a fluid through the cuvette and projecting a light beam
      through the cuvette and the fluid to be analyzed along a first path;
PA1  detector means responsive to the energy of the light beam;
PA1  converting means comprising logarithmic amplifier means connected to said
      detector means;
PA1  a first dichroic beam separator interposed after said cuvette in said first
      path for deflecting light below a first selected wavelength in a second
      beam along a second path and transmitting light above said selected
      wavelength along said first path;
PA1  a second dichroic beam separator interposed after said first beam separator
      in said first path for deflecting light below a second selected wavelength
      in a third beam along a third path and transmitting the remaining light
      above said second selected wavelength along said first path;
PA1  the detector means comprising detectors interposed in each of said first,
      second and third paths responsive to the energy of the light beams therein
      for producing first, second, and third electrical output signals
      corresponding to the intensity of the energy of light in said first,
      second and third paths; and
PA1  said converting means being connected to receive said signals from said
      first and third detectors and from said first and second detectors, said
      converting means comprising logarithmic operational amplifiers whereby the
      signals representing transmittance of light are converted into signals
      proportional to absorbance at the wavelengths in question to produce
      electrical output signals representative of the difference of the optical
      absorbances within said cuvette of light between said third beam and said
      first beam and of the optical absorbances within said cuvette of light
      between said second beam and said first beam.
NUM  2.
PAR  2. A colorimeter as described in claim 1 wherein a source of polychromatic
      light is provided with means for projecting such light through a sample to
      be analyzed to produce the beam along the first path.
NUM  3.
PAR  3. A colorimeter as described in claim 2 wherein interference filters are
      interposed in the first, second and third light paths, each filter being
      designed to pass light of predetermined wavelengths with a relatively
      narrow pass band centered on a wavelength differing from the band of
      either of the other two filters.
NUM  4.
PAR  4. A colorimeter as described in claim 3 wherein photodetectors are
      provided each mounted in one of the light paths beyond the interference
      filter therein, means are provided for producing signals proportional to
      the outputs of said photodetectors with means for opposing the signal from
      the detector in the first light path to the signals from the
      photodetectors in the second and third light paths.
NUM  5.
PAR  5. A colorimeter as described in claim 1 wherein said converting means
      includes a summation amplifier for summing the signals from said
      logarithmic amplifiers.
NUM  6.
PAR  6. A colorimeter as described in claim 3 wherein the pass band for the
      filter in the first light path corresponds to a wavelength higher than the
      principle absorbing wavelengths in characteristic optical absorption
      curves for amino acid-ninhydrin reaction products, and the pass band
      wavelengths of the filters in the second and third light paths are in the
      regions in which the characteristic optical curves for amino
      acid-ninhydrin reaction products tend to peak.
NUM  7.
PAR  7. A colorimeter as described in claim 6 in which the filter in the second
      light path has a pass band centered on approximately 440 millimicrons
      (m.mu.), the filter in the third light path has a pass band centered in
      approximately 570 millimicrons (m.mu.) and the filter in the first light
      path has a pass band centered on approximately 690 millimicrons (m.mu.).
NUM  8.
PAR  8. A colorimeter as described in claim 1 wherein the logarithmic
      operational amplifier responsive to the signal from the photodetector in
      the first light path has an output applied in opposition to the output of
      the logarithmic amplifiers responsive to the photodetectors for the second
      and third light paths.
NUM  9.
PAR  9. A colorimeter as described in claim 1 wherein an adder is provided
      having inputs from the logarithmic operational amplifiers responsive to
      the photodetectors in the second and third light paths.
NUM  10.
PAR  10. A colorimeter as described in claim 1 wherein a light source for the
      beam is provided which has a controlled power input responsive to
      variations in temperature of the light source to maintain the light output
      from the light source constant.
NUM  11.
PAR  11. A colorimeter as described in claim 10 wherein the light source is
      mounted in a housing, a temperature sensing device is mounted on the
      housing responsive to temperature thereof and the power input of the light
      source has a control circuit responsive to said temperature sensing device
      to vary the power input to said light source in accordance with variations
      of the temperature of the light source housing.
NUM  12.
PAR  12. A colorimeter as described in claim 1 wherein a cuvette is mounted in
      the first light path for receiving a liquid to be analyzed and a fluid
      circuit is provided for supplying liquid to be analyzed to said cuvette.
NUM  13.
PAR  13. A colorimeter as described in claim 12 wherein an optical head is
      provided containing the cuvette and the light beam separators and a
      portion of the fluid circuit is lagged to said optical head for
      accomplishing substantial uniformity of temperature of the fluid sample
      and the optical head.
NUM  14.
PAR  14. A colorimeter as described in claim 1 wherein the light beam separators
      comprise dichroic mirrors, each having a coating which reflects a large
      portion of the light beam for wavelengths up to a predetermined limit and
      transmits the remainder of the light beam.
NUM  15.
PAR  15. A cuvette holder for use in the measurement of fluid properties
      comprising a cylinder having a coaxial bore, a substantially radial bore
      at one end of the axial bore and a second substantially radial bore at the
      opposite end of the axial bore whereby a cuvette extending longitudinally
      and having transverse openings at the ends may be mounted in the axial
      bore and have fluid connections brought through the radial bores in said
      cylinder, wherein the improvement comprises sealing means in each radial
      bore for forming fluid tight junctures with the transverse openings of the
      cuvette, said sealing means each including a packing nut having an inner
      end;
PA1  a ferrule fitting against said inner end of said packing nut and having a
      bore countersunk at the inner end of the ferrule;
PA1  a tube extending through said packing nut and said ferrule with a flared
      inner end;
PA1  a connector fitting with a collar intermediate the ends of the connector
      fitting;
PA1  said connector fitting having a conical outer end and said radial bore in
      the cuvette holder being counterbored to receive said connector fitting,
      whereby said packing nut is adapted to clamp said flared end of said tube
      between said countersunk ferrule bore and said connector fitting outer
      end, and said connector includes an O-ring at its end opposite said
      conical end, said O-ring abutting said cuvette to form a fluid tight
      junction with a transverse opening of said cuvette.
NUM  16.
PAR  16. In combination, a cuvette holder as described in claim 15 and a cuvette
      mounted in the axial bore of the cuvette holder, said cuvette having a
      longitudinal portion composed of tubular member extending coaxially with
      the axial bore of the cuvette holder and a pair of transverse passages at
      the opposite ends of the longitudinal portion of said tubular member
      communicating therewith, each passage extending in the direction of one of
      the radial bores of the cuvette holder, said cuvette having flat-ground
      surfaces surrounding the outer ends of each passage with an O-ring
      interposed between each such flat ground surface and the inner end of a
      connector fitting.
NUM  17.
PAR  17. A combination as described in claim 15 wherein means are provided for
      mounting the cuvette holder coaxially with the line of sight of apparatus
      for measuring optical properties of fluids.
NUM  18.
PAR  18. Apparatus for measuring optical properties of a fluid having an optical
      line of sight from a light source to a light responsive element
      comprising:
PA1  a cuvette for receiving fluid the properties of which are to be measured,
      said cuvette including an elongated chamber extending along said optical
      line of sight;
PA1  an optical head surrounding said line of sight and said cuvette;
PA1  a fluid circuit for supplying fluid sample to said cuvette, said fluid
      circuit including a coil of tubing in thermal relation to said optical
      head, said cuvette and coil positioned in close proximity to each other so
      that the liquid in the cuvette and the optical head are brought into
      thermal equilibrium.
NUM  19.
PAR  19. The apparatus described in claim 18 wherein a housing is provided for
      the light source, a temperature responsive device is mounted in thermal
      relation to said housing, and a power source is provided for said light
      source with a regulator responsive to said temperature responsive device
      for regulating the power input to the light source in response to
      variations in temperature of the housing.
NUM  20.
PAR  20. A colorimeter for analyzing the absorbance of a fluid flowing through a
      cuvette comprising:
PA1  a cuvette;
PA1  means for flowing a fluid through the cuvette and projecting a light beam
      through the cuvette and the fluid to be analyzed along a first path;
PA1  a first dichroic beam separator interposed after said cuvette in said first
      path for transmitting a portion of the light in said first path along said
      first path and for deflecting the remainder of the light in said first
      path, said dichroic beam separator acting selectively to transmit or
      deflect light of a wavelength above or below a first selected wavelength,
      the deflected light being in a second beam along a second path;
PA1  a second dichroic beam separator in one of said light beam paths, said
      second dichroic beam separator acting selectively for transmitting a
      portion of the light along the path in which it is located and deflecting
      the remaining light in a beam along a third path, the second dichroic
      separator acting selectively with respect to transmission and deflection
      of light according to whether light in the path in which the second
      dichroic separator is located is of a wavelength above or below a second
      selected wavelength;
PA1  first, second and third detector means positioned respectively in each of
      said first, second and third light paths responsive to energy of said
      light beams; and
PA1  converting means including logarithmic amplifier means connected to receive
      output signals from said first, second and third detectors representing
      transmittance of light through said cuvette and converting said signals
      into signals proportional to absorbance, said logarithmic amplifier means
      producing output signals representing the difference between the optical
      absorbances within said cuvette of light in the highest selective
      wavelength from the optical absorbances of light in the lower selected
      wavelengths.
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ABST
PAL  A marker system that employs an erasing unit that can couple and uncouple
      readily from its marker to facilitate the use of specific chemical
      reagents to "erase" their associated indicator dye inks without the use of
      non-discriminating bleaches. This erasing unit or anti-marker marker can
      be mounted in the marker cap, alternately in the marker barrel or used as
      a separate erasing unit.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a complete marker system that employs a marker,
      its cap and a separate erasing unit with indicator dyes/reagent chemicals
      to accomplish marking and erasure in a convenient manner.
PAR  The inks used for the marker would be of a wide range of chemicals known as
      indicator dyes dissolved or combined in suitable chemical vehicles to
      bring out their individual characteristic colors. The erasing fluid would
      be the specific chemical reagent that would react with the indicator dyes
      to return them to their neutral colorless condition.
PAR  The indicator dyes would be used to impregnate a wick of glass wool or
      other suitable material and dispensed through a porous tip the whole
      enclosed in a hollow tube. The erasing unit, or anti-marker marker, would
      be similar in construction to the marker except that the wick would be
      impregnated with the erasing reagent.
PAR  In the preferred arrangement the marker cap would act as the connecting
      device for the marker and the erasing unit. They would both be mounted in
      the cap at opposite ends with a plastic diaphragm to prevent any premature
      co-mingling of the chemicals when both tip ends are inserted in the cap.
      Both marker and erasing unit can be reversed in the cap as usage dictates.
PAR  In an alternate arrangement the erasing unit would fit into the marker tube
      opposite the porous tip end with a plastic diaphragm interposed to prevent
      premature co-mingling of the chemicals. The erasing unit could be
      positioned point up or down as usage would dictate. No separate cap for
      the erasing unit would be necessary since in this arrangement the marker
      barrel itself would in effect act as a protective cap.
PAR  In both arrangements a marker cap, with an optional clip, would be
      necessary to protect the marker from evaporation of the chemical fluids.
PAR  The erasing unit could be furnished as a completely separate entity or as a
      refill for the original erasing unit if it should be exhausted or if the
      chemical reagent has been allowed to evaporate.
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description of the invention which is to be taken in
      conjunction with the accompanying drawings illustrating preferred
      embodiments of the invention, as well as an alternate arrangement and
      refill capabilities of the erasing unit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an exploded view showing the basic components of the
      marker/anti-marker marker system of the present invention including a
      marker, a cap therefor and a separate compatible erasing unit in sectional
      detail;
PAR  FIG. 2 is a side view of the system showing the marker, the cap and eraser
      unit in section with both the writing tip and the eraser tip inserted into
      the cap;
PAR  FIG. 3 is a view of the eraser unit used outside of the marker and held by
      the fingers;
PAR  FIG. 4 is a view of the system of FIG. 2 with the marker barrel and eraser
      unit barrel inserted into the cap and the writing and eraser tips in
      position for use;
PAR  FIG. 5 is a side view of an alternate form of the system with the eraser
      unit and tip inserted into the back end of the marker barrel and the cap
      covering the eraser unit barrel, both barrels being in section;
PAR  FIG. 6 is a view of the marker assembly of FIG. 5 with the marker barrel
      covering the writing tip and the eraser unit tip projecting from the back
      end of the marker barrel in position for use;
PAR  FIG. 7 is a view of the eraser unit with the tip covered with a cap;
PAR  FIG. 8 is a view of the eraser unit and cap of FIG. 7 with the tip
      projecting from the cap in position for use; and
PAR  FIGS. 9a through 9e inclusive illustrate various forms of eraser tips.
DETD
PAC  DESCRIPTION OF THE SYSTEM
PAR  In FIG. 1 the complete marker unit assembly is designated as 1. The details
      are: the marker barrel 1a; porous tip 1b; a wick 1c of glass wool or other
      suitable material impregnated with an indicator dye in a suitable vehicle
      as the marker ink; the end plug 1d cemented in position. The complete cap
      assembly is designated as 2. The details are: the cap barrel 2a; the
      optional clip 2b; the plastic diaphragm 2c to keep chemicals from the
      marker tip 1b and the erasing unit tip 3b from co-mingling when both are
      inserted into the cap 2. The erasing unit complete assembly is designated
      as 3. Details are: the enclosing barrel 3a; the porous dispensing tip 3b;
      the wick 3c of glass wool or other suitable material impregnated with the
      corresponding reagent to react with the indicator dye to turn it into its
      colorless mode; the end cap 3d cemented in place to close up the barrel
      3a.
PAR  The preferred embodiment of these components is shown in FIGS. 2, 3 and 4.
      In FIG. 3 the aforementioned components are assembled to protect the
      porous tip 1b of the marker 1 and the porous tip 3b of the erasing unit 3
      in a fashion to protect them and their associated chemicals from
      evaporation. FIG. 3 shows the erasing unit 3 removed from the assembly and
      held in the fingers ready to erase. FIG. 4 shows the marker unit 1 with
      the porous tip 1b exposed for writing and inserted into the cap 2 with the
      porous tip 3b exposed for erasing. After erasure, the erasing unit 3 can
      be immediately reversed and inserted into the cap 2 for protection from
      undue evaporation of the contents.
PAR  An alternate arrangement of components 1, 2 and 3 is shown in FIGS. 5 and
      6. In FIG. 5 the erasing unit is positioned in the end of the marker
      barrel 1a opposite the tip end 1b. In effect the marker barrel 1a is the
      cap for the erasing unit 3. Note insertion of plastic diaphragm 1e in the
      marker barrel 1a to keep chemicals from inadvertantly co-mingling. The cap
      2 is only open at one end and does not need a separator diaphragm in this
      arrangement. FIG. 6 shows the erasing unit 3 reversed in the marker barrel
      1a to expose the erasing tip 3b.
PAR  FIG. 7 shows the erasing unit 3 in a separate cap 4 which can be used as an
      individual entity or as a refull for either arrangement previously
      mentioned.
PAR  FIG. 8 shows how the cap 4 can be used to extend the length of erasing unit
      3 if desired.
PAR  FIGS. 9a - 9e illustrate various forms of eraser tips which can be used
      with the pen of the present invention, as follows:
PA0  9a -- point
PA0  9b -- ball
PA0  9c -- chisel
PA0  9d -- angle
PA0  9e -- 0185 flare
PAR  Obviously, those skilled in the art with the foregoing disclosure in mind
      can derive many indicator/reagent coupling systems. Examples of such
      systems might be thymolphthalein (blue) or phenolphtholein (red) dissolved
      in a suitable alkaline vehicle as the marking liquid; and the eraser or
      anti-marking liquid could be such reagents as citric acid or acetic acid.
      In this manner, the system of the present invention need not resort to
      non-discriminating bleaches such as sodium hypochlorite which not only
      bleaches many inks but any color present in the writing paper or clothing
      and furnishings if accidently dropped thereon.
PAR  Thus, among others, the several aforenoted objects and advantages are most
      effectively attained. Although several somewhat preferred and alternate
      embodiments of the invention have been disclosed and described in detail
      herein, it should be understood that this invention is in no sense limited
      thereby and its scope is to be determined by that of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1.  An indicator/reagent coupled marking system comprising:
PA1  a marker having a barrel containing a marking liquid, a writing tip at one
      end of the marker barrel and means to feed the marking liquid from the
      said barrel to the said tip;
PA1  an eraser coupled with the marker having a barrel containing a liquid
      capable of erasing marks made by the said marking liquid, an erasing tip
      at one end of the eraser barrel and means to feed the erasing liquid from
      the said eraser barrel to the said eraser tip;
PA1  a unitary one-piece cap and support means for both the marker and the
      eraser, the cap and support means being open at both ends and hollow, one
      end being adapted to receive either end of the marker and the other end
      adapted to receive either end of the eraser whereby the tips can be
      inserted into the cap and support means for protection or exposed for use
      and the cap and support means adapted to support both the marker and
      eraser simultaneously as a unitary one-piece structure whether one or both
      of the marker and eraser are capped or exposed for use; and
PA1  a diaphragm sealingly positioned in the cap and support means intermediate
      the ends thereof to separate one end portion from the other end portion
      and thereby preventing communication between the portion of the cap and
      support means containing the marker and the portion of the cap and support
      means containing the eraser.
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ABST
PAL  A dispensing holder for cosmetic stick product and the like, comprising an
      outer casing which is completely cylindrical and has an opening at one
      end. A circular rim surrounds the opening and has an annular shoulder at
      its underside. Cooperable with the shoulder is a thin, curved wafer-like
      closure member disposed in the casing and movable from a retracted
      position closely underlying the cylindrical casing wall to an advanced
      position wherein it spans the open end of the casing so as to engage the
      shoulder and form a tight, dust-proof seal therewith. The circular rim
      lies in a plane which is substantially perpendicular to the casing axis,
      such that the casing has the especially pleasing external appearance of a
      perfect cylinder. The closure member is carried by a flexible, push-pull
      actuator strap which is guided for movement along diametrically opposite
      longitudinal portions of the casing by a tubular internal guide member. A
      product-carrying cup is disposed in the guide member and is movable
      between advanced and retracted positions respectively, as the closure
      member is moved between its retracted and advanced positions. A finger
      piece extends through a longitudinal slot in the casing and is connected
      to the strap. The closure member is thin and yieldable such that in its
      retracted position it has a curved cross-sectional configuration which
      enables it to nest immediately inside the cylindrical casing wall. As the
      closure member is moved toward its advanced position, it undergoes tilting
      movement and at the same time flattens somewhat such that when it spans
      the open end of the casing it has a substantially planar configuration and
      sealingly engages the circular rim shoulder.
BSUM
PAC  BACKGROUND
PAR  This invention relates generally to cosmetic stick holder and applicator
      devices such as lipstick cases, and more particularly to devices of this
      type which employ a flexible strap operator to actuate a movable
      product-carrying cup.
PAR  Prior strap operated lipstick dispensers have been of square or rectangular
      cross-section wherein the strap or band was fastened at one end to the
      product-carrying cup and at its other end to a finger piece which extended
      outwardly through a slot in the wall of the casing. The strip travelled
      along an internal guide having a 180.degree. bend, such that sliding
      movement of the finger piece in a direction away from the open end of the
      casing caused advancement of the cup and stick product whereby the latter
      would partially protrude through the open casing end. Frequently the free
      end of the actuator strip was made sufficiently long and wide (just
      slightly narrower than the width of the rectangular casing) to extend
      across the casing open end, so as to constitute a closure therefor when
      the cup was moved to its retracted position.
PAR  There were several distinct disadvantages and drawbacks in these outmoded
      or unsuccessful prior dispensers. In virtually all prior constructions,
      the cases were difficult to manipulate and use, since they could not be
      easily twirled in the manner of a cylinder, when in the hand of the user
      during application. It is well recognized that such rolling or twirling
      movement is desirable to facilitate the application of lipstick wax, for
      example.
PAR  In addition, many of the prior devices were frequently complex and
      difficult to assemble. In some instances, the insertion of the strip and
      cup into the casing was somewhat awkward and as a result, the assembly
      time often became excessive. Finally, the prior devices were large and
      cumbersome in a relative sense, and were not in keeping with the aesthetic
      requirements of this type of cosmetic article. Also, the filling of the
      product cup with the cosmetic material or lipstick was often difficult,
      since after assembly the cup was disposed inside the casing and was not
      always directly accessible for such a filling operation.
PAC  SUMMARY
PAR  The above drawbacks and disadvantages of prior cosmetic holder devices of
      the kind indicated are obviated by the present invention, which has for
      one object the provision of a novel and improved holder and applicator of
      the flexible push-pull strap type, wherein the casing need not be of
      square or rectangular cross section but instead has the configuration of a
      perfect cylinder with a flat-top closure, the latter providing a dustproof
      seal of the dispenser contents. The perfectly cylindrical exterior
      facilitates the twirling or rolling movements found to be desirable by the
      average user. Also, the cylindrical shape of the casing and a separate
      circular rim carried thereby makes it possible to stamp or decorate the
      exterior by means of a hot-roll process. Therefore, different exterior
      ornamentations can be employed, so as to attract the diverse mass market.
      A related object of the invention is the provision of a holder-applicator
      device as above characterized, which has but a single moving part, and
      which is constituted of a minimum number of separate pieces capable of
      being molded of plastic in simple mold cavities. Another object is the
      provision of a cosmetic holder device of the kind indicated, which can be
      readily assembled with a minimum of time and effort and with virtually no
      interference between the various parts during assembly. Still another
      object of the invention is the provision of a cosmetic holder which can be
      readily filled with cosmetic product in liquid form after the assembly of
      the dispenser has been completed, wherein such filling is capable of being
      accomplished in an extremely simple and efficient manner, without
      spillage, loss or waste of the material. A further object of the invention
      is to provide a holder and applicator as above set forth with a perfectly
      cylindrical casing and an interchangeable top or upper ring therefor, thus
      enabling different ring styles to be employed and different exterior
      decorations to be roll hot stamped on the casing so as to satisfy the
      requirements of diverse mass markets. Still another object of the
      invention is the provision of a dispenser as above characterized which is
      smooth and reliable in operation, and is virtually maintenance free.
PAR  The above objects are accomplished by providing a lipstick holder and
      applicator which comprises a hollow, essentially cylindrical casing having
      an opening at one end and a substantially circular rim surrounding the
      opening, in combination with a unique, thin and flexible, rounded closure
      member which is movable between an advanced position engaging the rim so
      as to span the open end of the casing and seal the same, and a retracted
      position closely underlying the cylindrical casing wall. The device has a
      product-carrying cup that is movable longitudinally in the casing between
      advanced and retracted positions, and a very narrow, flexible push-pull
      actuator strap having one end attached to the cup. Guide means in the
      casing, including a direction-reversing portion, confine the strap for
      movement. Because the push-pull strap is very narrow, the casing can be
      made essentially perfectly cylindrical on the outside. The casing has a
      longitudinal slot which guides a finger piece, the latter being attached
      to the push-pull strap at a point thereon adjacent the closure member. The
      arrangement is such that the closure member can move along the inside
      surface of the casing, from a retracted position intermediate the casing
      ends to an advanced, tilted position wherein it extends across and closes
      the open end of the casing in response to sliding of the finger piece
      along the casing slot in a given direction. By virtue of the closure
      member being thin and flexible, it can assume a curved, concavo-convex
      configuration closely underlying the casing wall when in its retracted
      position, and a substantially flat, planar configuration when moved to its
      advanced position engaging the rim of the casing, to thereby provide a
      tight, dust-proof seal of the casing and prevent contamination of the
      stick product therein.
PAR  Other features and advantages will hereinafter appear.
DRWD
PAR  In the drawings, illustrating a preferred embodiment of the invention:
PAR  FIG. 1 is a side elevational view of the cylindrical, flat top cosmetic
      holder and dispenser of the present invention, comprising a casing having
      an internal guide member and a closure member, with the latter being shown
      in the fully closed, sealing position.
PAR  FIG. 2 is a front elevational view of the holder and dispenser of FIG. 1.
PAR  FIG. 3 is a rear elevational view of the holder and dispenser of FIGS. 1
      and 2.
PAR  FIG. 4 is a top plan view of the holder and dispenser of FIGS. 1-3.
PAR  FIG. 5 is a bottom plan view of the holder and dispenser.
PAR  FIG. 6 is a vertical section taken on line 6--6 of FIG. 3.
PAR  FIG. 7 is a vertical section of the holder and dispenser of FIGS. 1-6,
      showing the dispenser in its open condition and illustrating a product cup
      carried therein and disposed in the fully advanced position.
PAR  FIG. 8 is a section taken on line 8--8 of FIG. 6.
PAR  FIG. 9 is a section taken on line 9--9 of FIG. 3.
PAR  FIG. 10 is a section taken on line 10--10 of FIG. 3.
PAR  FIG. 11 is a section taken on line 11--11 of FIG. 7.
PAR  FIG. 12 is a view like FIG. 6, except illustrating the closure member in an
      intermediate position just prior to its being advanced to the fully
      closed, sealing position.
PAR  FIG. 13 is a section taken on line 13--13 of FIG. 1.
PAR  FIG. 14 is a rear elevational view of the casing portion per se of the
      holder and dispenser of FIGS. 1-13.
PAR  FIG. 15 is a rear elevational view of the internal guide member per se of
      the holder and dispenser of FIGS. 1-13.
PAR  FIG. 16 is a side elevational view of the internal guide member of FIG. 15.
PAR  FIG. 17 is a front elevational view of the internal guide member of FIGS.
      15 and 16.
PAR  FIG. 18 is a section taken on line 18--18 of FIG. 17.
PAR  FIG. 19 is a bottom plan view of the internal guide member of FIGS. 15-17.
PAR  FIG. 20 is a front elevational view of a one-piece push-pull actuator strap
      and product carrier cup carried thereby as employed in the dispenser of
      the present invention.
PAR  FIG. 21 is a side elevational view of the strap and cup of FIG. 20, wherein
      the strap has been bent to simulate its position during movement inside
      the casing of the dispenser.
PAR  FIG. 22 is a section taken on line 22--22 of FIG. 21.
PAR  FIG. 23 is a section taken on line 23--23 of FIG. 14.
PAR  FIG. 24 is a section taken on line 24--24 of FIG. 23.
PAR  FIG. 25 is a front elevational view of the rim portion of the casing of
      FIG. 1, the rim portion being constituted as a separate piece.
PAR  FIG. 26 is a bottom plan view of the rim portion illustrated in FIG. 25.
PAR  FIG. 27 is a section taken on line 27--27 of FIG. 26.
PAR  FIG. 28 is a section taken on line 28--28 of FIG. 26.
PAR  FIG. 29 is a section taken on line 29--29 of FIG. 1.
PAR  FIG. 30 is a fragmentary view of the top of the dispenser illustrating the
      closure member in an intermediate position wherein the leading edge of the
      member is just beginning to engage part of the underside of the circular
      rim and undergoing slight tilting movement in response to such engagement.
DETD
PAR  FIGS. 1-7 illustrate a cosmetic stick dispenser and holder generally
      designated by the numeral 10, comprising an essentially circular or
      cylindrical outer casing 12 having an opening 14 at one end, and a strap
      operated product-carrying cup 16 disposed in the casing and longitudinally
      movable therein between advanced and retracted positions illustrated
      respectively in FIG. 7 and FIG. 6. The cup carries a lipstick or other
      cosmetic stick 18 as shown. Attached to the cup 16 is one end of a
      push-pull actuator strap 20 which is flexible and capable of bending as it
      moves within the casing. The strap is guided and confined by an internal
      guide member 22 which has a 180.degree. reversing guide portion 24. The
      guide member is illustrated particularly in FIGS. 15-19.
PAR  Referring to FIGS. 6 and 7 and in accordance with the present invention
      there is provided a thin and flexible, wafer-like closure member 28 of
      generally curved configuration carried on the other end of the strap 20,
      and a substantially circular rim 32 disposed on the open end of the casing
      12. The closure member 28 is movable between an advanced or sealing
      position (FIG. 6) wherein it spans the top or opening of the casing, and a
      retracted position (FIG. 7) wherein it partially fills a curved space
      between the outer casing 12 and the internal guide member 22. The curved
      space is designated by the numeral 30 in FIGS. 8-10, and in FIG. 11 the
      closure member 28 is shown occupying this curved space. A resilient,
      bendable hinge 29 connects the strap 20 and member 28, enabling limited
      flexing movement between the two parts.
PAR  As shown in FIGS. 1 and 2, the rim 32 is annular and generally lies in a
      plane perpendicular to the axis of the casing 12. The rim is illustrated
      as being constituted of a separate piece, particularly illustrated in
      FIGS. 25-28, the piece being assembled to the casing after insertion of
      the internal guide member 22 and the strap-cup assembly shown in FIG. 21.
      FIG. 26 shows an annular shoulder 34 on the underside of the rim,
      comprising a pair of oppositely disposed shelves 36, 38, which are both
      co-planar and coextensive with one another, and comprising a pair of
      sloped surfaces 40, 41 one of which (41) constitutes a camming surface for
      effecting initial tilting movement of the closure member 28 as it is moved
      from its retracted position toward its advanced position (from position of
      FIG. 7 toward position of FIG. 12). The shelves 36, 38 engage a pair of
      oppositely disposed abutment surfaces on the closure member to effect
      further tilting movement of the latter after it has passed the camming
      surface 41.
PAR  Referring to FIGS. 3, 6, 7 and 14, the casing 12 is seen to be elongate and
      has a longitudinal slot 42 extending substantially along its entire length
      and being of generally uniform width. The actuator strap 20 has a finger
      piece 48 which extends through the casing slot and is externally
      engageable by the fingers of the user to effect advancing and retracting
      movement of the product cup and simultaneous actuation of the closure
      member 28. The finger piece 48 is attached to the strap by a bridge 50
      (FIGS. 20, 21).
PAR  Referring now particularly to FIGS. 15-19, the internal guide member 22 is
      elongate and comprises an annular wall portion 52 extending substantially
      for 360.degree., and a direction-reversing guide portion 24 disposed near
      one end. The guide member 22 has a longitudinal slot 56 extending
      substantially the entire length thereof. The annular wall 52 has a series
      of longitudinal positioning ribs 58, 60, 62, 64 and 66, 68, on its
      exterior surface which are adapted to engage the inside wall of the outer
      casing, and thus space the internal guide member therefrom, the ribs
      tending to maintain it in a centralized position. Also disposed on the
      exterior surface of the guide member is a pair of longitudinal guide ribs
      70, 72 extending substantially parallel to the slot 56 and disposed on
      opposite sides thereof. The ribs 70, 72 together with the annular wall 52
      on either side of the slot 56, and the inner surface of the casing 12,
      define a channel 74 (FIG. 11) to closely confine a portion of the strap
      along its path of movement. The guide ribs 70, 72 also serve to help
      maintain the internal guide member centralized with respect to the casing
      12.
PAR  FIGS. 8-11 and 14 illustrate two elongate positioning ribs 71, 73 on the
      inner surface of the outer casing 12 which also extend substantially the
      entire length thereof. The ribs 71, 73 are adapted to engage the external
      ribs 58, 64 respectively on guide member 22 to thereby maintain the latter
      in a fixed position in the casing and prevent relative rotation with
      respect thereto.
PAR  FIGS. 15-19 also show the details of the direction-reversing guide portion
      24. This guide portion is curved as shown, extends through an arc of
      180.degree., and has a pair of spaced-apart flanges 76, 78 which provide
      centralization for a particular portion of the actuator strap to be
      described later. The guide has a hole 80 at its center, the center of the
      hole being substantially in alignment with the major axis of the guide
      member. This hole facilitates filling of the product cup from the bottom
      of the dispenser after the latter has been fully assembled. The additional
      holes 82, 84 result from the molding of the guide member.
PAR  Referring now to FIGS. 6, 7, 12 and 21, it can be seen that the actuator
      strap is fastened to the product cup 16 by means of a bridge 86.
      Preferably, the product cup 16, actuator strap 20, finger piece 48 and
      closure member 28 are molded as a single, integral piece as in FIGS. 20,
      21. The bridge 86 is adapted to be received in the slot 56 of the internal
      guide member (from the open end thereof), such that the product cup 16 can
      freely slide longitudinally therein. To minimize friction and eliminate
      any tendency toward bending of the strap and cup, there is provided on the
      exterior surface of the guide member a pair of longitudinal bearing slide
      ribs 88, 90 disposed closely adjacent and on opposite sides of the slot
      56. These engage the strap at only limited points and thus minimize the
      contact area between it and the guide member.
PAR  Referring again to FIGS. 20-22, the product cup has a rectangular portion
      92 at the periphery of its bottom, which is adapted to be extended
      partially past the area of the annular wall adjacent the annular bead 79
      and into the hollow space 94 inside the direction-reversing guide. This
      arrangement permits the cup, when in its retracted position, to be as
      close to the bottom end of the casing as possible, thus minimizing the
      required overall length of the casing. The cup also has a hole 96 in its
      bottom which enables it to be filled by means of a long tube extending
      therethrough and through the bottom of the casing after the latter has
      been completely assembled. A series of projections 98 extending into the
      interior of the cup are adapted to secure a solidified cosmetic stick
      after it has been injected into the cup in liquid form and allowed to
      harden.
PAR  The bottom wall of the casing 12 has a small hole 102 (FIG. 5) which
      facilitates filling of the product cup 16 after the dispenser is
      completely assembled. As shown in FIGS. 6, 7, 12 and 14, the interior
      surface of this bottom wall has a curved reversing track 103 adapted to
      engage and confine intermediate portions of the actuator strap 20 as it
      moves along the direction-reversing guide portion 24 (FIGS. 6, 7).
PAR  The above construction is extremely well adapted for maximum ease of
      assembly and minimum assembly time. Referring to FIGS. 20 and 17, the
      product cup 16 is first inserted into the open end of the guide member 22
      such that the bridge 86 is received in the slot 56, with the actuator
      strap 20 extending toward the direction-reversing guide portion 24. The
      strap 20 is then bent around the reversing guide portion and the closure
      member swung to a position adjacent the guide member annular wall 52
      diametrically opposite the location of the slot 56. This assembly is then
      inserted into the casing 12 through the open top end thereof with the
      separate rim piece removed, such that the bridge 50 of the finger piece 48
      is received in the outer casing slot 42, and the ribs 58, 64 of the
      internal guide member 22 engage the ribs 71, 73 on the inner surface of
      the casing 12. The relative positions of the ribs for the assembled
      condition of the dispenser are shown in FIGS. 8-11.
PAR  Referring to FIGS. 25-28 and in accordance with the present invention the
      circular rim piece 32 has a pair of depending lugs 106, 108 which lie
      along a radius slightly smaller than the inside radius of the outer
      casing, such that they can be received therein when the rim is assembled
      to the top of the casing as in FIGS. 1-3, 6, 7, or 12. As shown in FIGS.
      29, these lugs occupy a portion of the annular space between the internal
      guide member 22 and the casing 12. The top end of the casing has an
      internal annular shoulder 110 which is engaged by and constitutes a seat
      for a cooperable external shoulder 112 on the rim when the two pieces are
      assembled together.
PAR  Referring now particularly to FIGS. 17 and 25-26, the lugs 106, 108 have
      tapered end portions 114, 116, respectively. These end portions
      respectively engage a pair of oblique ribs 118, 120 on the internal guide
      member 22 so as to retain the latter in a fully seated position in the
      casing following assembly. In addition, the lugs 106, 108 also engage the
      end portions 122, 124 of the ribs 70, 72 (FIG. 17) to prevent looseness
      between the guide member 22 in the casing 12. Following assembly of the
      dispenser, the rim piece 34 is held in place on the casing by means of a
      sonic-weld, cement or the like.
PAR  In operation, the product cup 16 is movable between an advanced position
      illustrated in FIG. 7 and a retracted position illustrated in FIG. 6, by
      means of the strap 20, which is in turn actuated by the finger piece 48.
      It will be understood that as this is done, the end portions of the strap
      20 move in opposite but substantially parallel directions, with the
      intermediate portion of the strap extending through a bend of
      approximately 180 degrees as it traverses the reversing guide portion 24.
      During its movement along the reversing guide, the strap is confined by
      the same and by the hollow, inner surface 104 of the casing bottom. By the
      above arrangement, an especially convenient, smooth, one-hand operation is
      achieved, with a perfectly cylindrical lipstick casing.
PAR  In order to insure smooth operation, I have found that it is desirable to
      maintain as small as possible the required curvature of the closure member
      28 when the latter occupies its retracted position (FIG. 7). In
      accomplishing this, the internal guide member 22 is provided with a relief
      aperture 23 (FIGS. 15 and 16) which can receive broadside the center
      portion of the closure member in its fully retracted position. The
      aperture is sufficiently large to enable the closure member to have a
      somewhat flattened configuration, but small enough so as not to interfere
      with its sliding movement. Such an arrangement prevents the member from
      taking a hard "set", and thus facilitates its virtually complete
      flattening as it assumes the fully advanced position. In addition, the
      inner surface of the casing has relieved portions 13, 15 extending about
      60.degree. on either side of the slot 42 (FIGS. 8-11 and 14). Also, the
      outer surface of the internal guide member 22 has a relieved or flatted
      portion 25 (FIGS. 18, 19). These relieved surfaces reduce the required
      curvature of the closure member as it is moving along the casing wall and
      thus provide smoother operation when the member is required to flatten
      from its concavo-convex shape.
PAR  FIG. 20 shows bevelled edges 31, 33 on the closure member adjacent the
      location of the hinge 29. These edges can flex somewhat when the closure
      member is being retracted. Thus, any tendency for the latter to become
      caught on the rim of the internal guide member during retraction is
      greatly minimized.
PAR  It is to be noted that the closure member 28 is molded as a flat piece and
      has a generally circular outline. By the present invention a portion of
      the periphery is relieved, providing a pair of abutment shoulders 126,
      128. These shoulders engage a portion of the rim as will be explained
      below to effect tilting of the closure member as it is moved from a
      retracted position toward its advanced position spanning the open end of
      the casing. Also in accordance with the present invention the closure
      member has a hinge or a bending line of weakness 129 extending
      substantially the full width of the member and having its end portions
      adjacent the shoulders 126, 128. The hinge 129 thus separates the member
      into two parts, and enables easy relative bending movement of these two
      parts with respect to one another as the member moves from its retracted
      position toward its advanced position. Such bending movement is shown
      particularly in FIG. 12 and facilitates smooth sliding movement of the
      closure member to its fully advanced position spanning the open end of the
      casing.
PAR  As shown in FIGS. 8-13, the member 28 is flexible, and can assume a
      concavo-convex shape when disposed in its retracted position (FIG. 7) to
      occupy a portion of the annular space 30 between the casing 12 and
      internal guide member 22. From the position of FIG. 7, as the member is
      moved toward its advanced position, the leading edge 130 of the closure
      member first engages the camming surface 41 of the shoulder on the rim
      piece (FIG. 26). Such engagement initiates the first tilting movement of
      the member which still has a concavo-convex configuration for this
      position. The above mentioned bending movement of the parts of the closure
      will now commence. After the leading edge passes this surface 41, the
      shoulders 126, 128 on opposite sides of the closure member 28 engage the
      shelves 36, 38 respectively and slide therealong for a short distance
      (toward the right in FIG. 12). The closure members now begins to flatten
      somewhat, due to its resilience and due to the fact that it is no longer
      confined in the curved annular space 30 between the internal guide member
      22 and the casing 12. Continued actuation of the finger piece in an upward
      direction causes further tilting of the closure member until it reaches
      the position of FIG. 6. The abutment shoulders 126, 128 remain engaged
      with the shelves to prevent the closure member from extending outward
      through the opening in the rim. For the fully advanced position, the
      leading edge 130 engages the oppositely disposed camming surface 40 which
      guides it in a slightly downward direction in FIG. 6 such that the closure
      member lies essentially in a horizontal plane perpendicular to the axis of
      the casing. For this position, the closure member is only slightly
      concavo-convex, or essentially flat. In the working model which has been
      constructed, the member retains a slightly curved cross sectional
      configuration.
PAR  In accomplishing a bottom fill of the assembled container, the actuator
      strap 20 is provided with an offset portion 132 in the form of an
      enlargement with an opening 134. It will be understood that the actuator
      strap 20 can be moved to a position wherein the opening 134 is in exact
      alignment with the hole 80 in the reversing guide portion 24, and with the
      hole 102 in the bottom of the dispenser. The spaced apart flanges 76, 78
      of the direction-reversing guide portion 24 centralize the opening 134 of
      the strap with respect to the hole 80 in the reversing guide portion. This
      "fill" position would be identical to the fully advanced position (FIG. 7)
      of the product cup of the dispenser. Note that for this condition, part of
      the product cup 16 extends beyond the rim 32 such that a molding cap can
      be temporarily applied thereto. Suitable filling apparatus (not shown)
      then applies liquid product from a tube inserted through the holes in the
      closure plug, strap, and guide member reversing guide portion, and through
      the opening or hole 96 in the bottom of the product cup 16. Following
      completion of the filling, the tube is withdrawn. Upon solidification of
      the cosmetic stick, the cap is removed from the cup 16, and the latter
      fully retracted to the position of FIG. 6, which is suitable for storage,
      shipping or display, etc.
PAR  It will be noted in FIGS. 20-22 that the strap 20 has an opening
      immediately adjacent the finger piece 48. This results from molding, and
      enables the cup, strap, and finger piece to be constituted as a single
      piece.
PAR  The above construction is seen to have a number of distinct advantages. The
      dispenser consists essentially of four separate parts which can be easily
      and economically molded in simple mold cavities. The unique arrangement of
      the flexible closure member and circular rim enable the realization of a
      perfectly cylindrical casing having a strictly flat-top configuration. The
      dispenser operates smoothly and is easy and convenient to use.
PAR  Assembly of the dispenser is greatly facilitated due to the special
      configuration of the internal guide member, in combination with an outer
      casing which is adapted to receive the guide member from its top end. By
      virtue of the longitudinal bearing slide ribs 88, 90 on the outer surface
      of the guide member, an especially friction-free and smooth advancing
      movement of the product cup is realized. I have found that this
      arrangement is not at all susceptable to binding or seizing, and thus the
      reliability of the dispenser under adverse conditions of use has been
      found to be exceptional. In addition, the capability of filling the
      assembled dispenser through the one end greatly minimizes the time
      required and results in a minimum spillage or waste of stick product.
PAR  From the foregoing it can be seen that I have provided a novel and improved
      lipstick dispenser which is extremely simple in construction and
      economical to manufacture, while providing highly reliable performance.
      The dispenser is thus seen to represent a distinct advance and improvement
      in cosmetic stick dispenser technology.
PAR  Variations and modifications are possible without departing from the spirit
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dispensing holder for lipsticks and the like, comprising, in
      combination:
PA1  a. a substantially cylindrical casing having an open top end which is
      substantially perpendicular to the longitudinal axis of the casing,
PA1  b. an elongate, hollow, cylindrical, internal guide member received in said
      casing, said guide member having a smaller outside diameter than the
      inside diameter of said casing thereby providing an annular space
      therebetween,
PA1  c. a substantially circular, thin, wafer-like closure member disposed in
      said annular space and adapted to span the open end of said casing,
PA1  d. a flexible push-pull strap connected to said closure member and having
      an exposed finger piece,
PA1  e. cooperating guide means on said casing and said guide member to guide
      said strap and closure member for movement between a retracted position
      wherein said closure member is removed from said open end and is received
      in an enlarged portion provided in said annular space thereby permitting
      said closure member to expand radially to assume a decreased
      concavo-convex shape in the direction of the longitudinal axis of said
      casing and said guide member, and an advanced position wherein the closure
      member spans the open casing top end in a plane substantially
      perpendicular to the longitudinal axis of said casing and closes said open
      top end,
PA1  f. said open top end of the casing having a substantially circular,
      inwardly extending rim provided with an annular shoulder at its underside,
      and
PA1  g. said closure member being concavo-convex in the direction of the
      longitudinal axis of the casing and guide member in its retracted
      position, and substantially less concavo-convex in its advanced position
      so as to closely fit against said shoulder and constitute a tight seal
      therewith.
NUM  2.
PAR  2. The invention as set forth in claim 1, and further including:
PA1  a. cooperable guide means on the shoulder of the rim and on the closure
      member for guiding the latter to effect tilting movement thereof as it is
      shifted from an intermediate position to its fully advanced position.
NUM  3.
PAR  3. The invention as set forth in claim 1, wherein:
PA1  a. said cooperable guide means includes a pair of oppositely disposed
      shelves on said annular shoulder,
PA1  b. said closure member having oppositely disposed abutment surfaces
      engageable with said shelves for effecting said tilting movement as the
      member is moved from an intermediate position to its fully advanced
      position.
NUM  4.
PAR  4. The invention as set forth in claim 3, wherein:
PA1  a. said shelves are coextensive and coplanar with one another.
NUM  5.
PAR  5. The invention as set forth in claim 2, wherein:
PA1  a. said cooperable guide means includes a camming portion on said annular
      shoulder for effecting initial tilting movement of the closure member as
      it moves from an intermediate position to its fully advanced position,
      spanning the open end.
NUM  6.
PAR  6. The invention as set forth in claim 3, wherein:
PA1  a. said shelves are coextensive and coplanar with one another,
PA1  b. said guide means includes a camming portion on said annular shoulder for
      effecting initial tilting movement of the closure member as it moves from
      an intermediate position to its fully advanced position, spanning the open
      end,
PA1  c. said camming portion being adjacent to but displaced circumferentially
      from said shelves.
NUM  7.
PAR  7. The invention as set forth in claim 2, wherein:
PA1  a. said cooperable guide means comprises a pair of oppositely disposed
      shelves on said annular shoulder,
PA1  b. said shoulder further having a pair of oppositely disposed sloped
      surfaces circumferentially spaced from the locations of said shelves,
PA1  c. one of said sloped surfaces constituting a camming portion engageable
      with the closure member for effecting tilting movement thereof as the
      latter is moved from an intermediate position to its fully advanced
      position.
NUM  8.
PAR  8. The invention as set forth in claim 1, wherein:
PA1  a. said casing has an annular wall,
PA1  b. said circular rim being constituted as a separate piece adapted to be
      received in abutting relation by the open top end of the casing wall,
      whereby there is maintained access to the casing interior through the open
      top to enable insertion of the closure member and strap therethrough
      during assembly, said separate piece being applied after said insertion.
NUM  9.
PAR  9. The invention as set forth in claim 8, and further including:
PA1  a. said guide member having an annular wall with a positioning rib thereon,
      and
PA1  b. said circular rim having projecting means engageable with said
      positioning rib to hold captive the guide member and prevent turning
      movement thereof with respect to the casing and rim.
NUM  10.
PAR  10. The invention as set forth in claim 9, wherein:
PA1  a. said positioning rib being disposed on the exterior surface of the guide
      member wall and extending into said annular space, and
PA1  b. said projecting means comprising a lug depending from said rim and
      receivable in said annular space for engaging said rib.
NUM  11.
PAR  11. The invention as defined in claim 8, wherein:
PA1  a. said annular wall of the casing has an annular shoulder adjacent the
      casing open end, and
PA1  b. a cooperable shoulder on the separate rim piece, engageable with and
      adapted to abut the casing shoulder, the latter constituting a seat to
      position and retain the piece on the casing.
NUM  12.
PAR  12. The invention as set forth in claim 1, and further including:
PA1  a. said guide member providing a channel for confining portions of said
      actuator strap along its path of movement.
PA1  b. said guide member having a direction-reversing guide at its end opposite
      the location of the rim, and
PA1  c. said casing having a bottom disk portion with a sloping surface for
      engaging said strap in the vicinity of said direction-reversing guide, to
      thereby direct the movement of the strap around the latter.
NUM  13.
PAR  13. The invention as set forth in claim 1, wherein:
PA1  a. said closure member has a part of its periphery relieved to thereby form
      at least one abutment shoulder,
PA1  b. said abutment shoulder engaging a portion of the rim for effecting
      tilting of the closure member as it moves from an intermediate position to
      a fully advanced position.
NUM  14.
PAR  14. The invention as defined in claim 1, wherein:
PA1  a. said closure member has a part of its periphery relieved to thereby form
      two abutment shoulders,
PA1  b. said abutment shoulders engaging a portion of the rim for effecting
      tilting of the closure member as it moves from an intermediate position to
      a fully advanced position.
NUM  15.
PAR  15. The invention as defined in claim 1 wherein:
PA1  a. said closure member is flexible and has a curved cross sectional
      configuration with a radius of curvature larger than the radius of
      curvature of said casing when disposed in its retracted position and a
      substantially flat configuration when in its fully advanced position
      spanning the open end of the casing.
NUM  16.
PAR  16. The invention as defined in claim 1, and further including:
PA1  a. said casing having an annular wall, and
PA1  b. said enlarged portion in said annular space being provided by the inner
      surface of said casing wall and the outer surface of said guide member
      having relieved portions respectively, enabling the closure member to
      maintain a somewhat flattened configuration when in its retracted
      position.
NUM  17.
PAR  17. The invention as defined in claim 1, and further including:
PA1  a. said guide member having an annular wall portion, and
PA1  b. said wall portion having an oval aperture constituting a relief area to
      receive part of the closure member so as to enable it to flatten somewhat
      from its concavo-convex shape when it is disposed in its retracted
      position.
NUM  18.
PAR  18. The invention as defined in claim 1, wherein:
PA1  a. said closure member has a bending line of weakness constituting a hinge
      extending substantially across its width, enabling different parts of the
      member to undergo limited bending movement as it travels from an
      intermediate position toward the fully advanced position.
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ABST
PAL  This application relates to a ball point pen and more particularly to a
      mechanism for turning or rotating the ink cartridge each time the plunger
      is depressed to project the ball point from the pen into the writing
      position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ball point pens are normally held in the same relationship to the writer's
      hand at each time they are used. The pressure of the writer's hand causes
      the ball to wear the top of the nib until a gap is formed between the ball
      and the side of the ball holder. Ink will leak through the gap into the
      pocket of the wearer. Further, the ball can get hung up on a corner when
      the wear of the nib is excessive. This freezes the ball, keeping it from
      rotating and picking up ink, thus rendering the pen useless.
PAR  I have invented a mechanism for use on any ordinary plunger type ball point
      pen which rotates the cartridge and ball holder each time the point is
      projected into the writing position. This mechanism has the further
      advantage of increasing the useful life of each refill by a factor of
      three. Project-retract mechanisms for ball-point pens to which this
      invention is applicable are well known in the art as exemplified by U.S.
      Pat. Nos. 3,137,276 and 3,652,173.
PAC  OBJECT OF THE INVENTION
PAR  It is the primary object of this invention to provide an apparatus for
      reducing the wear on the ball holder by rotating the ball cylinder into a
      different orientation at each time the pen is used.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  This and other objects will become more readily apparent by reference to
      the following detailed specification and the appended drawing in which:
PAR  The single FIGURE is an elevational cross-section of a ball point pen in
      accordance with my invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the FIGURE, the pen 10 includes a case or housing
      comprising an upper housing section 12 and a lower housing section 14
      which are threadedly engaged at 16. A generally tubular ink reservoir 18
      is centrally situated within the case. From the lower end of the reservoir
      protrudes a feed tube 22, which in turn carries a nib 24 which holds a
      writing ball 26 at its lower end. These parts constitute replaceable
      cartridge unit 28. A pair of flattened shoulders 30 are provided near the
      lower end of the tubular reservoir, and a second pair of shoulders 32 are
      provided near the upper end of the reservoir. A coil compression spring 34
      disposed around reservoir 18 bears against the bottom of lower section 14
      of the case and against the lower shoulders 30 normally urging the point
      and the cartridge unit 28 upwardly to a retracted position within the
      case. The upper section 12 of the housing carries a stem or plunger 36
      which protrudes therethrough, and has a series of annular grooves 40 and
      44 alterating between a deep retracted position groove 40 and a shallow
      writing position groove 44. The plunger 36 carries a series of bosses 38
      at its lower end which engage deep grooves 40 on the inside of case insert
      42 and prevent it from rotating. The plunger is engaged, on its underside,
      by a gear 42 which is adapted for alignment with the longitudinal axis of
      plunger 36 as well as for mating engagement by teeth 47 on the underside
      of the plunger. Gear 43 carries on its circumference a number of bosses
      49, each having a beveled upper edge. The bosses 49 engage either slots 40
      or 44 within insert 42. When the plunger is released, the pressure of
      compression spring 34 causes gear 43 to remain in shallow grooves 44, thus
      the cartridge remains in the writing position. When the plunger is
      depressed a second time, a beveled edge on the boss 38 causes the gear to
      rotate through a very small angle to allow boss 49 to be aligned with
      grooves 44, and the plunger 36, the intermediate member 43 and the
      cartridge 28 retract.
PAR  An upper compression spring 46 is disposed about the reservoir 18 between
      the upper flanges or shoulders 32 and the bottom or bearing surface of the
      gear 43. The spring 46 may be in contact with any enlargement of the
      cartridge in place of flanges 32. In operation, when the plunger is
      depressed, it compresses both the upper and the lower springs. The upper
      spring, bearing against flanges 32 and the bottom of rotatable gear 43,
      twists the cartridge in the case according to the amount of rotation of
      gear 43, depending on the amount of compression that has been
      preintroduced to the spring.
PAR  By providing all cartridges with these upper shoulders or some form of
      enlargement, and an upper compression spring, any plunger-type pen can be
      made to twist upon releasing of the plunger. This results in more even
      wear of the ball.
PAC  ALTERNATIVE EMBODIMENTS
PAR  It will be understood by those skilled in the art that alternatively,
      shoulders 32 can be replaced by a collar, as long as upper compression
      spring 46 is caused to bear on or grip some portion of cartridge unit 28.
      This will also result in the desired rotation of the cartridge on release
      of the plunger, or depression of the plunger, depending on the mechanism
      for rotating gear 43.
PAC  SUMMARY OF THE ACHIEVEMENT OF THE OBJECT OF THE INVENTION
PAR  It will be recognized by those skilled in the art that the object of this
      invention has been achieved by providing an upper compression spring
      between the cartridge and plunger of a ball point pen whereby partial
      rotation of the cartridge is accomplished upon each occasion of release of
      the plunger, thus resulting in more even wear of the ball and nib and
      longer life of the cartridge.
PAR  While in accordance with the patent statutes a preferred (and alternative)
      embodiment of this invention has been illustrated and described in detail,
      it is to be particularly understood that the invention is not limited
      thereto or thereby.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for projecting and retracting an elongated article in a
      housing having a project-retract mechanism including a non-rotatable stem
      for projecting said article, a rotatable intermediate member engaging said
      stem and said article, and spring biasing means bearing against said
      article and said housing for retracting said article, the improvement
      comprising a coil spring in compression disposed between and bearing
      against said article and said intermediate member, said spring having its
      longitudinal axis coincident with that of said article and said stem,
      whereby said coil spring causes said article to rotate incrementally
      through a portion of a circle each time said stem is depressed.
NUM  2.
PAR  2. A ball point pen comprising:
PA1  an upper housing;
PA1  a lower housing removably engaging said upper housing to form a case having
      a longitudinal opening therethrough;
PA1  an ink-bearing cartridge centered in said case having a ball-carrying
      writing point at its lower end and an enlarged portion at its upper end,
      said cartridge being adapted to be projected and retracted through the
      opening in said lower housing;
PA1  spring biasing means in said lower housing adapted to urge said cartridge
      into a retracted position within said case;
PA1  a project-retract mechanism having a plunger adapted to protrude through
      the opening at the upper end of said upper housing and to move
      longitudinally in said upper housing;
PA1  a rotatable intermediate member adapted to engage the lower face of said
      plunger and the upper end of said cartridge, and to rotate incrementally
      through a portion of a circle upon actuation by said plunger;
PA1  a coil spring in compression disposed between and engaging said enlarged
      portion of said cartridge and said rotatable intermediate member, whereby
      rotation of said intermediate member causes rotation of said coil spring
      and concomitant rotation of said cartridge in said housing.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said spring surrounds said
      cartridge and engages said cartridge by exerting compressive force on the
      outside of said cartridge.
NUM  4.
PAR  4. Apparatus according to claim 2 wherein said cartridge includes a
      flattened shoulder near its upper end, and said spring engages said
      cartridge by partial insertion of said shoulder into said spring.
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PAL  The cap of a fountain pen is releasably locked to the barrel by spherically
      arcuate projections in the bore of the cap engaging a groove in the barrel
      which is bounded by a circumferential sealing rib on the barrel in a
      direction inward of the cap when the latter is in the closed position.
      Three, equiangularly distributed, axial ribs in the cap guide the barrel
      during insertion of the barrel into the cap and bound capillary ducts in
      the assembled pen which collect condensate from the air chamber
      surrounding the nib and prevent contamination of the condensate with
      coloring matter from the ink. The sealing rib on the barrel engages a
      cylindrical face portion of the cap between the projections and the outer
      ends of the guide ribs.
BSUM
PAR  This invention relates to writing implements, and particularly to a
      fountain pen.
PAR  In its more specific aspects, this invention is concerned with an
      improvement in writing implements, such as fountain pens, in which a
      writing tool projects from one axially terminal portion of an
      ink-containing, elongated barrel and may be covered by a cap whose bore is
      dimensioned for relative coaxial, translatory movement of the cap and
      barrel toward and away from a closed position in which the writing tool is
      received in the bore.
PAR  Fountain pens in which the cap is not threadedly mounted on the barrel are
      difficult to seal hermetically so that ink in the barrel, which
      communicates with the nib, may not dry out during extended idle periods.
      To be effective, the successful pens of this type rely on resilient
      sealing elements remote from the open end of the cap and close to the nib
      in the closed pen. During closing of the pen, ink is likely to be
      transferred to the sealing element from the nib, and thereafter to the
      axial barrel wall by the engaged sealing element. If water evaporates from
      the ink in the closed end of the cap under suitable conditions of external
      temperature, it dissolves dried residual ink from the sealing element and
      the colored liquid collects on the barrel wall to soil the fingers of the
      user during subsequent use.
PAR  It is an important object of the invention to provide a writing implement
      of the type described in which colored liquid cannot reach the portion of
      the barrel gripped by the user's fingers during writing unless there is a
      major leakage of ink in the closed pen.
PAR  Another object is the provision of a fountain pen in which the cap is
      hermetically sealed to the barrel in the closed condition, the same
      elements of the pen providing the locking and sealing function so that the
      structure of the pen is simple.
PAR  With these and other objects in view, the writing implement of the
      invention has a writing tool projecting from one axially terminal portion
      of an elongated barrel, the barrel being formed with a cavity normally
      containing ink. The cap of the implement has an axial bore open in one
      axial direction and closed in the other axial direction which is
      dimensioned for relative, coaxial, translatory movement of the cap and
      barrel toward and away from a closed position in which the writing tool is
      received in the cap bore. In that position, an air chamber separates the
      tool from the cap in all directions other than toward the open bore end.
PAR  The barrel is guided into the closed position by three circumferentially
      spaced, axially elongated guide ribs which project from the cap into the
      bore and radially engage the barrel in the closed pen position. An annular
      sealing rib radially projects from the barrel which is formed with a
      circumferential, annular groove offset from the sealing rib in an axial
      direction away from the writing tool. The sealing rib sealingly engages an
      annular face portion of the cap between the outer ends of the guide ribs
      and several radial projections which lockingly engage the annular barrel
      groove in the closed pen.
PAR  Other features, additional objects, and many of the attendant advantages of
      this invention will readily be appreciated as the same becomes better
      understood by reference to the following detailed description of a
      preferred embodiment when considered in connection with the appended
      drawing in which:
DRWD
PAR  FIG. 1 shows a fountain pen of the invention in fragmentary
      side-elevational sections; and
PAR  FIGS. 2 and 3 illustrate the pen of FIG. 1 in rear elevational section on
      the lines II--II and III--III respectively.
DETD
PAR  In the closed position illustrated, the pen of the invention is of
      conventional appearance, presenting to the viewer the reservoir portion 1
      of a barrel whose sealed cavity is adapted to contain ink, a cap 2, and a
      clip 3, the clip having been omitted from FIGS. 2 and 3. The barrel and
      cap are of generally circular cross section about a common longitudinal
      axis and consist of molded synthetic resin composition or plastic. The
      clip 3 is of metal as is the pen nib 4 which projects from a tubular
      plastic carrier portion 5 of the barrel in the cap 2, the carrier portion
      being threadedly mounted in the reservoir portion 2. The structure
      described so far is conventional.
PAR  As is better seen in FIG. 3, three integrally molded, axial guide ribs 6
      project from the inner axial wall of the cap 2 in equiangularly spaced
      relationship. The ribs 6 extend over most of the axial length of the
      carrier portion 5 to a point near the open end of the bore 7 in the cap 2
      and taper in this direction. In the closed pen, the inner wall surface of
      the cap 2, the outer wall surface of the barrel portion 5 and the three
      guide ribs 6 seal three ducts 8 in all directions transverse to the pen
      axis. Each duct 8 is circumferentially wider than the combined
      circumferential width of the three guide ribs 6, and the radial height of
      each duct is but a small fraction of its circumferential width even where
      the ducts 8 are highest near the nib 4. The ducts 8 are axially open
      toward an air chamber 9 bounded, in the illustrated closed position of the
      pen, by the cap 2 and the nib 4 and separating the nib from the closed end
      of the cap and from the inner axial wall of the cap. The ducts 8
      communicate with the air chamber 9.
PAR  The ribs 6 merge with the approximately cylindrical inner face of the cap 2
      a short distance from the open end of the cap 2, and are separated by an
      axially narrow, annular portion of the inner cap face from three
      projections 10 arranged in a common radial plane contiguously adjacent the
      open end of the bore 7. The projections 10, best seen in FIG. 2, are of
      spherically arcuate shape and merge with the inner cap face at a small
      acute angle.
PAR  The nib carrier portion 5 of the barrel is smaller in diameter than the
      reservoir portion so that the assembled barrel has a shoulder 11 whose
      annular radial face abuttingly engages the annular radial end face of the
      cap 2 about the open end of the bore 7 in the closed position of the pen.
PAR  An integral, circumferential, sealing rib 12 projects radially outward from
      the nib carrier portion 5 spacedly adjacent the shoulder 11. Its two
      conical flanks taper toward the open and closed ends of the cap 2
      respectively in the illustrated closed position of the pen, and merge in
      an angular ridge. The rib 12 and the shoulder 11 thus axially define a
      circumferential, annular groove 13 in the barrel 1, 5 whose bottom is
      formed by a cylindrical face of the nib carrier portion 5, and whose axial
      width is approximately equal to the corresponding dimension of the
      projections 10, axial clearance, if any, being much smaller than the axial
      width of the sealing rib 12.
PAR  The thermoplastic material of the cap 2 and of the barrel 1, 5 is slightly
      resilient. When the cap 2 is placed on the barrel 1, 5, the nib carrier
      portion 5 and the nib 4 are guided into the bore 7 by the ribs 6 which
      hold the nib 4 out of contact with the inner face of the cap 2. Toward the
      end of the closing stroke, the sealing rib 12 enters the bore 7 of the
      cap.
PAR  In the relaxed condition, the projections 10 define an orifice of the bore
      7 which is smaller in available diameter than the ridge of the sealing rib
      12. The resiliency of the cap 2 and of the rib 12 is sufficient to permit
      the projections 10 to slide over the rib 12, and to drop into the groove
      13 when the radial end face of the cap 2 abuts against the shoulder 11.
      The annular, inner face portion of the cap 2 axially separating the ribs 6
      from the projections 10 has the same or a slightly smaller diameter than
      the ridge of the sealing rib 12, so that the ridge engages the face
      portion over the entire inner circumference of the cap 2, the narrow ridge
      of the sealing rib yielding to compensate for unavoidable minute
      manufacturing tolerances.
PAR  As is conventional, the cavity of the reservoir portion 1 normally contains
      a body of liquid ink, not shown, and the nib carrier portion 5 is shaped
      in a non-illustrated manner to connect the reservoir portion with the nib
      4 so that ink may be dispensed from the nib in a controlled manner.
      Because the nib is held out of contact with the inner face of the cap 2 by
      the ribs 6 while entering the bore 7, any residual ink on the nib 4 cannot
      be transferred from the nib to the inner cap face and thence to the barrel
      portion 5 to soil the fingers of the user during subsequent use.
PAR  The air chamber 9 in the closed pen is hermetically sealed from the ambient
      atmosphere by the sealing rib 12, some sealing effect also being provided
      by the abuttingly engaged annular faces of the shoulder 11 and the cap 2
      due to the camming interaction of the projections 10 with the outwardly
      directed flank of the sealing rib 12. As is evident from FIG. 1, that
      flank is steeper than the flank directed toward the closed end of the cap
      2, whereby the force required to unlock the cap 2 is greater than that
      which will push the projections 10 over the rib 12 to lock the cap 2 in
      the closed position.
PAR  Under unfavorable temperature conditions, water may evaporate from the ink
      in the barrel and nib and condense on the inner face of the cap 2. The
      condensate cannot mix with ink on the nib 4 and is drawn by capillary
      action into the ducts 8. If the amount of condensate is small, as is
      usual, it is contained in the narrowest parts of the ducts 8 nearest the
      sealing rib 12. When the nib 4 is moved out of the cap 2 prior to use of
      the pen, the thin ring sections of condensate on the inner wall of the cap
      2 are not touched by the nib 4, and the barrel is not contaminated with
      coloring matter. Condensate on the barrel may evaporate completely before
      being touched by the user's hand.
PAR  While the invention has been described with reference to ink wetting the
      inner wall faces of the reservoir portion 1, the invention is equally
      useful for fountain pens employing ink cartridges. The shape and function
      of the nib 4 is not directly relevant to this invention, and its full
      advantages are available in drafting pens employing a thin tubular rod as
      a writing tool. In an analogous ball pen, the smooth guided entry of the
      barrel into the cap of the invention and the easy locking and unlocking of
      the cap are convenient to the user though few of the afore-discussed
      problems associated with liquid writing ink are important in a ball pen.
PAR  The three plastic elements 1, 2, 5 of the illustrated pen are preferably
      made by injection molding of suitable thermoplastic material, but the
      reservoir portion 1 may be made of metal at low cost. It is more difficult
      to shape the nib carrier portion 5 and the cap 2 with the necessary
      precision and the desired low weight from presently available materials
      other than thermoplastic synthetic resin composition.
PAR  Three guide ribs 6 are necessary for properly centering the nib 4 in the
      cap 2, but more may be provided although they do not offer significant
      advantages and reduce the available capacity of the ducts 8. Similarly,
      the number of the spherically arcuate projections 10 may be increased
      beyond the three specifically shown. If more projections are provided,
      they should be angularly interposed between the guide ribs 6 in the manner
      evident from joint consideration of FIGS. 2 and 3 to make best use of the
      resilient properties of the sealing rib 12. The greatest possible radial
      width of the air chamber 9 surrounding the nib 4 should be maintained, and
      it is preferred for this reason axially to offset the inner ends of the
      ribs 6 from the nib 4. However, an adequate spacing between the nib and
      longer guide ribs 6 may be maintained by limiting the angular positions
      that the barrel may assume in the bore 7.
PAR  It should be understood, therefore, that the foregoing disclosure relates
      only to a preferred embodiment of the invention, and that it is intended
      to cover all changes and modifications of the examples of the invention
      herein chosen for the purpose of the disclosure which do not constitute
      departures from the spirit and scope of the invention set forth in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A writing implement comprising:
PA1  a. an elongated barrel having a longitudinal axis and formed with a cavity
      adapted to contain ink;
PA1  b. a writing tool projecting from one axially terminal portion of said
      barrel and communicating with said cavity for dispensing said ink;
PA1  c. an elongated cap having a longitudinal axis and formed with an axial
      bore open in one axial direction and closed in the other axial direction,
PA2  1. said bore being dimensioned for relative coaxial translatory movement of
      said cap and of said barrel toward and away from a closed position in
      which said writing tool is received in said bore,
PA2  2. said writing tool and said cap in said position bounding an air chamber
      separating said tool in said bore from said cap in said other axial
      direction and in all radial directions;
PA1  d. three circumferentially spaced, axially elongated guide ribs projecting
      from said cap in said bore and radially engaging said barrel in said
      closed position;
PA1  e. a plurality of circumferentially spaced radial projections on said cap
      in said bore adjacent the axially open end of said bore; and
PA1  f. an annular sealing rib projecting from said barrel in a radial plane,
      the barrel being formed with a circumferential annular groove offset from
      said sealing rib in an axial direction away from said writing tool,
PA2  1. said projections and said guide ribs axially bounding therebetween an
      annular face portion of said cap in said bore, said face portion being of
      circular cross section,
PA2  2. said sealing rib sealingly engaging said face portion in said closed
      position.
NUM  2.
PAR  2. An implement as set forth in claim 1, wherein said guide ribs and
      respective opposite axial faces of said cap and of said barrel in said
      bore define three axially elongated ducts communicating with said air
      chamber and sealed by said sealing rib in said other axial direction in
      the closed position of said implement.
NUM  3.
PAR  3. An implement as set forth in claim 2, wherein the combined
      circumferential width of said guide ribs is smaller than the
      circumferential width of each of said ducts.
NUM  4.
PAR  4. An implement as set forth in claim 3, wherein the radial height of each
      of said ducts is smaller than the circumferential width thereof and
      decreases in said one axial direction.
NUM  5.
PAR  5. An implement as set forth in claim 1, wherein said barrel has an annular
      radial face, and said cap has an annular radial face about the open end of
      said bore, said radial annular faces being contiguously adjacent each
      other in said closed position.
NUM  6.
PAR  6. An implement as set forth in claim 5, wherein said annular radial face
      of said barrel and said sealing rib axially bound said circumferential
      groove, said groove being dimensioned to receive said radial projections
      in said closed position with an axial clearance smaller than the axial
      width of said sealing rib.
NUM  7.
PAR  7. An implement as set forth in claim 6, wherein said sealing rib has two
      axially juxtaposed, annular faces tapering conically in said one axial
      direction and said other axial direction respectively.
NUM  8.
PAR  8. An implement as set forth in claim 1, wherein said cap, said guide ribs,
      and said radial projections jointly constitute a unitary body of synthetic
      resin composition sufficiently resilient to permit axial movement of said
      sealing rib into a position of sealing engagement with said annular face
      portion.
NUM  9.
PAR  9. An implement as set forth in claim 1, wherein said tool is axially
      spaced from said guide ribs in said other axial direction.
NUM  10.
PAR  10. An implement as set forth in claim 1, wherein each of said projections
      is angularly offset from each of said guide ribs.
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ABST
PAL  In a tripod with adjustable telescoping legs wherein each of said legs
      comprise an inner and outer leg, both being of prismatic configuration and
      a polygonal cross-section. Said inner and outer legs are adapted to be
      wedged together in a locking position by a releasable, spring-biased,
      roller bar disposed between said legs.
BSUM
PAR  This invention relates to a tripod with extensible tripod legs consisting
      of telescopic, closed profile members of a prismatic cross section,
      wherein the profile members have a base surface, followed by lateral
      surfaces which extend preferably at a right angle.
PAR  Conventional profiles of this type consist of quadrilateral tubes of a
      normally square cross section, wherein the inner section is pressed with
      one face thereof against the outer section. To prevent the sections,
      especially when the inner section has been extended, from assuming a
      mutually inclined position after the clamping action has been established,
      the inner section may have only a small amount of play in the outer
      section. As a consequence, the dimensions of both parts must be maintained
      very accurately. The contacting surfaces must furthermore be fashioned
      very planar to ensure satisfactory mutual contact.
PAR  This invention is based on the problem of providing a profile wherein, in
      spite of a low dimensional accuracy of the tripod parts, a high degree of
      tripod stability is attained. This is made possible by providing that
      respectively one clamping [gripping] surface adjoins the lateral surfaces
      of the profile members, this clamping surface forming an obtuse angle with
      the lateral surface, and that the obtuse angles of two telescoping
      sections deviate from each other. This angle can be relatively small and
      can be on the order of about 5.degree.. The profile members are pressed
      against each other from the direction of the base surface. Thus, they
      contact each other respectively along a line determined by the angle of
      inclination of the clamping surface. Since the two contact surfaces are
      disposed on both sides of a plane of symmetry imagined through the base
      surface, a mutual inclination of the two profile members is effectively
      prevented after the parts have been clamped into position, even if the
      inner profile member, in the unclamped condition, has a large amount of
      play with respect to the outer profile member. The dimensional tolerances
      can, therefore, be large.
PAR  According to a particularly simple and advantageous further development of
      the invention, the feature is provided, for the fixing of the two profile
      members in position, that a portion of the base surface of the outer
      profile member extends at an acute angle to the remaining base surface,
      and forms a contact surface for a roller inserted in the wedge-shaped
      space formed by the contact surface and the base surface of the inner
      profile member and forced in the direction toward the narrowed portion of
      this space by the bias of a spring.
PAR  According to an advantageous further development of the invention, the
      roller is displaceable against the force of the spring by means of a
      release device. This unlocking device can essentially comprise a lever
      pivotable about a kingpin, at least one wedge-shaped lug being attached to
      the inside of this lever. The lug penetrates openings in the contact
      surface and contacts the roller. By impressing the lever in the direction
      toward the tripod leg, the wedge-shaped surface causes the roller to move
      in the direction of the widened portion of the wedge-like space present
      between the contact surface and the base surface of the profile member,
      and thus releases the fixed positioning of the two profile members
      effected by the roller. The displacement of the roller can also be
      accomplished by a push button movable along the outer profile member.
PAR  According to an especially advantageous embodiment of the clamping means,
      the base surface of the outer profile member is bent open in a wedge-like
      configuration, and a clamping element is disposed therein which has a slot
      in which the roller is inserted; this clamping element can be displaced
      against the force of a spring by means of a release lever.
PAR  In accordance with a further development, the clamping element has at least
      one inclined contact surface on its end edge which can be brought into
      engagement with a corresponding recess in the lever, which latter is
      pivotable at right angles to the axis of the tripod legs. The release
      lever can furthermore have an annular bead held in a cover housing, which
      latter is connected with the outer profile member. In this arrangement,
      the cover housing can have a recess permitting the pivoting of the lever
      by a certain angle. The pivot lever can furthermore be provided with a lug
      engageable by a notch in the cover housing.
PAR  The thus-constructed clamping means has the advantage that it is simple in
      structure and handling.
DRWD
PAR  Additional details and advantages of the invention can be derived from the
      examples illustrated in the drawings, to wit:
PAR  FIG. 1 shows a longitudinal section through part of a tripod leg according
      to this invention;
PAR  FIG. 2 shows a cross section through the tripod leg illustrated in FIG. 1
      along line II--II;
PAR  FIG. 3 shows a view of a tripod leg in the zone of the clamping point;
PAR  FIG. 4 shows the view illustrated in FIG. 3, with the release lever having
      been pivoted;
PAR  FIG. 5 shows the clamping means shown in FIGS. 3 and 4 in a vertical
      section;
PAR  FIG. 6 shows a cross section through the tripod leg of this invention along
      line A--A in FIG. 3;
PAR  FIG. 7 shows a vertical section through the tripod leg of this invention
      along line B--B in FIG. 5;
PAR  FIG. 8 shows a sectional view corresponding to FIG. 7 with an additional
      device to prevent overburdening of the clamping means.
DETD
PAR  In the embodiment shown in the drawings, only one tripod leg is
      illustrated, consisting of two telescopable sections, the upper section
      being denoted by 1 and the lower by 2. As can be seen from FIG. 2, both
      sections have similar profiles, with a base surface 1a and 2a,
      respectively, lateral surfaces 1b and 2b extending at a right angle
      thereto, and clamping surfaces 1c and 2c, adjoining under an obtuse angle.
      The angle .alpha..sub.1 between the lateral surface 1b and the clamping
      surface 1c of the outer profile member is approximately 135.degree.. The
      angle .alpha..sub.2 between the lateral surface 2b and the clamping
      surface 2c of the inner profile member is approximately 130.degree..
PAR  The profile members are closed off by an end face 1d and 2d, respectively,
      which likewise form obtuse angles with the clamping surfaces 1c and 2c.
PAR  The base surface 1a of the outer profile member has, at the lower end, a
      contact [abutting] surface 3 punched out on one side and bent open toward
      the outside. A roller 4, consisting preferably of steel, is inserted
      between this surface 3 and the base surface 2a; this roller is pressed by
      two springs 5 in the direction of the apex of the wedge formed by the
      contact surface 3. The springs 5 are held on extensions 6 connected with a
      bearing element 7 attached to the base surface 1a of the outer profile
      member. A lever 9 is pivotably mounted by means of a kingpin 8 in the
      bearing element 7. This lever carries lugs 10 on the side facing the
      tripod leg which loosely contact the roller 4 with their edges 10a. The
      inner profile member 2 is provided on its upper end with an outwardly bent
      tongue 14 on its base surface 2a. When the profile members 1, 2 are
      extended, the edge of the tongue 14 is in contact with the edge of a
      corresponding, inwardly bent tongue 15 disposed in the base surface 1a at
      the lower end of the profile member 1. This arrangement prevents a
      complete separation of the extended profile members 1 and 2.
PAR  By the pressure of the springs 5, the roller 4 is forced against the base
      surface 2a of the inner profile member 2 and the contact surface 3 of the
      base surface 1a of the outer profile member 1. Thereby, the clamping
      surfaces 2c of the inner profile member are pressed along the line 11
      against the clamping surface 1c of the outer profile member 1. By exerting
      pressure on the tripod leg along the arrow 12 from the top toward the
      bottom, the two profile members are more firmly wedged against each other
      and thus the locking action is further increased. To telescope the two
      profile members into each other, the lever 9 is pressed in the direction
      of arrow 13 toward the tripod leg. The edge 10a of the lug 10 then presses
      the roller 4 downwardly against the bias of the spring 5 and lifts the
      roller off the contact surface 3 and/or off the base surface 2a. Then, the
      two profile members can be retracted into each other. The extension of the
      two profile members is also possible without pressing on the lever 9.
PAR  In the clamping arrangement shown in FIGS. 3-8, the outer profile member
      has a wedge-shaped bent-open section 1e in the zone of its base surface, a
      clamping element 23 being inserted in this bent-open section. The clamping
      element 23 is provided with a slot 23b and is forced upwardly by a spring
      24. A roller 21 is inserted in the slot 23b of the clamping element 23; by
      the upward shifting of the clamping element 23, this roller comes into
      contact with the wedge-shaped bent-open section 1e. Thereby, the roller 21
      is pressed, with one surface line, against the outer base surface 2a of
      the inner section 2, and the two profile members 1 and 2 are pressed
      against each other at the points denoted by 25 and held in mutual contact
      without the possibility of displacement.
PAR  The clamping connection is released by a release lever 26 having a
      disk-shaped extension 26a wherein a wedge-like recess 27 is disposed. The
      annular extension 26a of the release lever 26 is mounted by means of a
      cover housing [box] 28 attached with detents 29 in the base surface 1a of
      the outer section 1. The cover housing 28 is provided with a sector-shaped
      recess 20 permitting a pivoting of the release lever 26 into the positions
      shown in dot-dash lines in FIG. 3 and in full lines in FIG. 4.
PAR  When the release lever 26 is pivoted into the position illustrated in FIG.
      4, the edge 27a of the recess 27 presses on the wedge-shaped upper end
      face 23d of the clamping element 23 and forces this end face downwardly.
      Thereby, the clamping element 23 is shifted downwardly in its entirety,
      entraining the roller 21. The clamping action effected by the roller is
      thereby released.
PAR  The tripod of this invention is assembled by first inserting the clamping
      element 23 with the roller 21 from the inside in the wedge-shaped section
      1e of the outer tube 1. Thereafter, the inner part 2 is inserted and the
      compression spring 24 is mounted in the spring well 23c of the clamping
      element 23. The release lever 26 is then passed through the cover housing
      28, and both parts together are locked into the corresponding recesses of
      the outer tripod part 1 by means of the locking lugs 29.
PAR  The manipulation of the tripod of this invention is particularly simple
      since, when the tripod is being folded up, i.e., when parts 1 and 2 are
      telescoped into each other, the release lever 26 need only pivot into the
      position shown in FIG. 4, where it remains in a self-locking position
      without having to be restrained. Therefore, the person using the device
      has his hands free for holding the tripod and pushing the sections 1 and 2
      together. Due to the large torsional moment of the release lever 26, it is
      readily possible to turn the lever against the force of the spring 24.
PAR  In order to hold the release lever 26 in an exactly defined locking
      position, the annular extension 26a can be provided with a lug 26b which
      can engage a corresponding recess 28a of the cover housing 28.
PAR  The clamping device shown in FIGS. 3-7 operates safely and reliably and
      does not permit a mutual displacement of the two profile sections even
      under maximum loads. However, as a result, in case of extraordinarily
      great stresses, the base surface 2a of the inner profile member 2, or the
      contact surface 1e can be permanently deformed because, for weight
      reasons, thin and easily deformable material must normally be utilized for
      these parts.
PAR  In order to avoid such a deformation, a further development of this
      invention provides an additional device as indicated on an enlarged scale
      in FIG. 8, which corresponds to FIG. 7. An intermediate plate 30 is
      inserted between the base surface 2a of the inner profile member and the
      clamping element 23 and/or the roller 21; this plate consists preferably
      of a metal and has a synthetic resin coat 30a on the side facing the base
      surface 2a. This intermediate plate has, on one end, two right-angled
      bent-open sections 30c displaceable in a recess 1f of the outer profile
      member 1. The central portion 30b of the bent-open section is bent by
      another 90.degree. and extends parallel to the clamping plate 30, serving
      as a guidance for a relatively strong retraction spring 31.
PAR  This additional device operates as follows: During a normal load on the
      outer profile member 1 in the direction of arrow C, a mutual clamping of
      the two profile sections 1 and 2 is attained in the manner described above
      by the movement of the roller 21 along the wedge-shaped contact surface
      1e, the roller 21 being wedged between the intermediate plate 30 and the
      contact surface 1e, whereby the intermediate plate 30 is pressed against
      the base surface 2a of the inner profile member 2. At the beginning of the
      clamping step, the clamping plate 30 can move from the position shown in
      dashed lines in FIG. 8, against the force of the spring 31, into the
      position shown in full lines wherein the bent sections 30c are in contact
      with the end edge of the recess 1f of the outer profile member 1. When a
      specific force has been exceeded, which can be set by the selection of the
      type of coating 30a on the intermediate plate 30 and the surface of the
      base face 2a of the profile member 2, the intermediate plate 30 slides
      along the base surface 2a of the inner profile member. Thereby, the
      profile member 2 is gradually displaced, together with the entire clamping
      device, toward the profile member 1.
PAR  Upon the actuation of the release lever 26, the clamping element 23 -- as
      described above -- is moved downwardly and entrains the roller 21. As a
      result, the clamping action is released, and the intermediate plate 30 is
      again returned into its initial position by the force of the spring 31,
      wherein the bent-open section 30c contacts the other edge of the recess 1f
      of the profile member 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a tripod with adjustable telescoping legs, each of said legs
      comprising an inner prismatic leg and an outer substantially similar
      prismatic leg, said legs having cross-sections which are polygonal, each
      of said legs having a base surface with lateral surfaces extending
      therefrom to surfaces forming obtuse angles with said lateral surfaces,
      said outer leg having surfaces with obtuse angles slightly greater than
      the obtuse angles of said inner leg surfaces, said base surface of said
      outer leg comprising an outwardly extending section, a spring-biased
      roller member disposed transversely between said outwardly extending
      section and said base surface of said inner leg whereby said roller member
      upon extension of said legs to any position can be wedged between said
      outwardly extending section and said inner leg base surface thereby
      forcing said inner leg obtuse surfaces against said outer leg obtuse
      surfaces to secure said legs in a clamped position, and release means for
      depressing said roller member away from said outwardly extending section
      to thereby release said legs from said clamped position.
NUM  2.
PAR  2. The tripod of claim 1 wherein said inner and outer surface obtuse angles
      have a difference of about 5.degree..
NUM  3.
PAR  3. The tripod of claim 1 wherein said release means comprises outer
      pivotable lever means adapted to move through said outer base surface and
      depress said roller member.
NUM  4.
PAR  4. The tripod of claim 1 wherein said outwardly extending section comprises
      outwardly extending lip means.
NUM  5.
PAR  5. The tripod of claim 1 wherein a spring-biased clamping element is
      disposed through and on said outer leg base surface, said clamping element
      comprising a transverse slot adapted to contain said roller member and
      lever means adapted to be pivotally turned to thereby depress said roller
      member.
NUM  6.
PAR  6. The tripod of claim 1 wherein a plate member is disposed between said
      inner surface and adapted to contact said roller member.
NUM  7.
PAR  7. The tripod of claim 6 wherein said plate member comprises an
      antifriction material on its surface.
NUM  8.
PAR  8. The tripod of claim 6 wherein said plate member comprises an end section
      adapted to move within slot means in said inner portion of said outer leg
      base surface.
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PAL  This device for retaining the ball-shaped ends of piston-rods in the
      corresponding cavities of a swash or impeller plate of a rotary
      cylinder-barrel hydraulic machine. The device comprises a clip provided in
      turn with spaced radial stardisposed loops, each adapted to co-act with
      one portion of the surface of the relevant ball-shaped end, the upper or
      outer portion of each loop being retained by an axial abutment element
      rigid with said swash or impeller plate, the segment of said clip which
      interconnects the adjacent loops being adapted to co-act with a retaining
      member rigid with said swash or impeller plate.
BSUM
PAR  The present invention relates in general to means for retaining a
      swivelling ball-shaped member in a cavity and has specific reference to a
      device adapted to retain the ball-shaped ends of piston rods in
      corresponding spherical cavities of the swash or impeller plate of a
      hydraulic machine of the rotary cylinder barrel type.
PAR  More particularly, this invention provides a device for simultaneously
      fastening and retaining a plurality of such ball-shaped ends of piston
      rods in angularly spaced cavities formed in the impeller or swash plate of
      a hydraulic machine of the rotary cylinder-barrel type.
PAR  In machines of the above-mentioned type, as described notably in the U.S.
      Pat. No. 3,589,244, the frictional resistance encountered by the pistons
      in the relevant cylinder bores tends to separate the ball-shaped
      piston-rod ends from the corresponding cavities of the impeller or swash
      plate during the suction stroke. Now the efforts thus created may be
      relatively great when starting from cold pumps intended for operation at
      relatively high pressures, for in these pumps the clearance between
      pistons and cylinder bores in the cylinder barrel have a relatively low
      value in order to limit or reduce leakages.
PAR  Under these conditions, some means must be provided for retaining the
      ball-shaped ends of the piston rods, and these means must be capable of
      withstanding relatively considerable efforts while having enough
      flexibility to compensate the differences in coplanarity between the
      centres of said ball-shaped ends and the angular discrepancies between
      these ball-shaped ends, due to the necessary machining tolerances in the
      manufacture of said balls and cavities.
PAR  It is the primary object of the present invention to simultaneously retain
      the piston-rod spherical ends in their cavities by means of a device
      adapted to take up the angular and coplanarity discrepancies between the
      centres of said cavities, without exerting unduly high stress on this
      device, which is to construct simple and economical.
PAR  According to this invention, the retaining device for the ball-shaped ends
      of piston-rods of hydraulic cylinder-barrel machines is characterised in
      that it comprises angularly spaced star-disposed radial loops. The loops
      are interconnected to form a clip wherein each loop is adapted to engage
      one portion of the surface of a ball-shaped end. The upper or outer
      portion of each loop is retained by an axial abutment or shoulder formed
      integrally or solid with the swash or impeller plate and, the segments
      interconnecting said loops are adapted to coact with another retaining
      member rigidly connected to the swash or impeller plate.
DRWD
PAR  A typical form of embodiment of this invention will now be described by way
      of example with reference to the attached drawing, in which:
PAR  FIG. 1 is a fragmentary part-sectional view of a hydraulic pump to which
      the present invention is applicable;
PAR  FIG. 2 is a separate view showing the clip as seen in front view, in its
      simplest form, and
PAR  FIGS. 3 to 6 inclusive illustrate on a larger scale details of the clip
      positioned in operative relationship with respect to one of the
      ball-shaped ends of a piston-rod.
DETD
PAR  In FIG. 1, the ball-shaped ends 10 of the piston-rods are retained against
      the impeller or swash plate 11 of the hydraulic cylinder-barrel pump by
      means of a clip 12 constituting the essential object of this invention. In
      this example, the clip 12 has the general configuration shown in FIG. 2,
      and comprises a star-like arrangement of a plurality of loops 13 made of
      flexible metal wire, the number of loops in each clip 12 corresponding to
      the number of ball-shaped ends to which they are substantially centered.
PAR  The plate 11 comprises an axial abutment shoulder 14 adapted to retain the
      upper or outer portions 15 of the clip loops 13, i.e. the clip portions
      lying on the major diameter thereof and being adapted to be resiliently
      engaged behind this abutment shoulder 14.
PAR  The clip segments 16 interconnecting the successive loops 13 of clip 12 are
      retained on a common minor diameter by another abutment shoulder 17 formed
      by an out-turned lip of a retaining member 18 fastened to the plate 11.
      This retaining member 18 is adapted to be screwed to a tapped central
      aperture of the plate 11 or, as shown in FIG. 1 or 4, secured by crimping
      its end 19 opposed to said out-turned lip or shoulder 17 in a groove 20 of
      said plate.
PAR  This crimping operation, if used, is carried out during the pump assembling
      operation.
PAR  The shape or configuration of the loops 13 of clip 12 is not necessarily
      that illustrated. Thus, an ordinary arrangement is illustrated in FIGS. 3
      and 4; the axis Ox is that containing both the projection O of the pump
      shaft axis onto plane of FIG. 3 (clip plane) and the projection 1 of the
      centre of a ball-shaped piston-rod end 10 also onto the plane of FIG. 3.
PAR  The circle 21 designates the outer diameter of ball-shaped end 10. It will
      be assumed that the clip 12 partially engages the ball-shaped end 10 at
      least at two points A and B disposed on a circle 22, in a plane parallel
      to the clip. It will also be assumed that the geometry of the parts is
      perfect, and that points A and B are symmetric in relation to the axis Ox.
      The points M, N, C, E, D and F are selected in FIG. 3 for the purpose of
      giving a particular but not compulsory definition of the geometric shape
      of each loop 13. From A to M, the radius of curvature of this loop is
      greater than that of the circle 22, and from M to P the radius of
      curvature of the loop is smaller than that of said circle 22. Thus, the
      loop between A and P (as well as between P and B, for obvious reasons of
      symmetry) does not contact the relevant ball-shaped end 10. Between A and
      C, the radius of curvature of the loop increases gradually to attain
      infinity at C. From C to D, the curvature is in the opposite direction.
      Thus, the loop from A to D (as well as between B and F for reasons of
      symmetry) does not contact the ball-shaped end 10. In fact, since the loop
      13 is contained in a plane, all the points a lying on said ball-shaped end
      and of which the projection a.sub.1 onto the plane of FIG. 3 lies
      externally of the circle 22 will be located beneath the clip (FIG. 3) or
      to the right thereof (as seen in FIG. 4). When assembling the pump, the
      piston-rod ball-shaped ends 10 are presented in front of their relative
      cavities formed in the plate 11 and the piston rods 23 are slipped into
      the loops 13 of said clip 12.
PAR  By causing the elastic distortion of this clip 12 the loop ends 15 are
      introduced into the groove 24 of plate 11, behind the shoulder 14. Thus,
      the retaining ring member 18 can be inserted so that its shoulder or
      out-turned lip 17 engages the segments 16 interconnecting the loops,
      whereby the clip itself is forcibly caused to engage the ball-shaped end
      10 at points A and B, and also the shoulder 14 of plate 11. Finally, the
      other end 19 of ring member 18 is crimped in position in said groove 20.
PAR  The chief advantage derived from this device lies in the fact that its
      inherent elasticity permits compensation of during the assembling
      operation the errors, whether in angular relationship or in depth, likely
      to arise in the position of said ball-shaped ends 10.
PAR  During this assembling operation, the relative angular shift between a
      given ball-shaped end 10 and the axis of symmetry of a loop will cause the
      contact to take place either at A or at B, according to the direction in
      which the shift exists.
PAR  Thus, assuming that during this assembling operation the contact is
      produced firstly at A. By depressing the ring 18, the loop segment AD will
      yield, thus enabling the ring 18 to move forwards, i.e. towards the plate
      11. The other segment BF will then yield until the mutual engagement
      between the loop 13 and the ball-shaped end 10 takes place at B.
PAR  More generally, if during the assembling one loop of clip 12 engages the
      corresponding ball-shaped end 10 before the other loops, the flexion of
      arms such as DA and BF will permit the movement of ring 18 until all the
      other loops contact their corresponding ball-shaped ends 10. It is thus
      clear that the device of this invention permits of compensating
      automatically any coplanarity error in the centres of the various
      ball-shaped members 10.
PAR  The angular shift of these spherical members 10 may thus be compensated by
      a corresponding angular shift of the clip loops. This will take place
      during the assembling operation, of course, when pushing the shoulder 17
      against the segments 16 interconnecting the various clip loops with one
      another, due to the inclination of the plane (T) tangent to the point of
      contact A or B, according to the direction of the defect or shift, as will
      be seen in FIG. 5. The first contact occurring at A, the reaction R will
      have a horizontal component R.sub.1 tending to recentre the clip on the
      ball-shaped member 10 in the direction of the arrow F.
PAR  Instead of the points of contact A and B between the clip 12 and
      ball-shaped member 10, a line of contact may be contemplated which imparts
      a radius of curvature equal to that of the above-defined circle 22 to the
      loop along a segment surrounding A and B. This line of contact will be
      assimilated in this case to a circular arc.
PAR  The contact between the ball-shaped members 10 and the clip may be further
      improved by forming a part-spherical surface 12a of the same radius as the
      ball-shaped member 10 in the clip wire, as illustrated diagrammatically in
      FIG. 6.
PAR  It would not constitute a departure from the basic principles of this
      invention to use an open or closed clip, and to make this clip from a
      sheet-metal blank, so as to form a clip having a square or rectangular
      cross-sectional contour, the clip also being adapted to be formed from
      wire sections with or without their ends connected end to end.
PAR  Although a specific form of embodiment of this invention has been described
      hereinabove and illustrated in the accompanying drawing, it will readily
      occur to those skilled in the art that various modifications and changes
      may be brought thereto without departing from the scope of the invention
      as set forth in the appended claims.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. In a rotary cylinder-barrel hydraulic machine having a plate including
      cavities, piston rods with ball-shaped ends mounted in the cavities, an
      elastically deformable annular clip having an undulating peripheral
      configuration and having:
PA1  a plurality of arcuately spaced radial loops about said clip each
      comprising a central portion coacting with a respectively corresponding
      ball-shaped end to be retained by said clip, an outer portion coacting
      with axial abutment provided on the plate to retain said loop, and an
      inner portion interconnecting said loop to adjacent loops and coacting
      with a retaining member cooperating with the plate, each of said loops
      coacting with a respective ball-shaped end to retain each of those ends in
      the corresponding cavities while deforming to compensate for errors in the
      positioning of the ball-shaped ends.
NUM  2.
PAR  2. Device as set forth in claim 1, wherein the loop section contacting said
      ball-shaped piston-rod end is of circular arc configuration.
NUM  3.
PAR  3. Device as set forth in claim 1, wherein said clip has a contact surface
      shaped for partially accomodating the curvature of said ball-shaped
      piston-rod end.
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ABST
PAL  A device suitable for being clamped about a pipe has a tubular collar for
      receiving the pipe. A clamping member mounted on the exterior of the
      collar includes at least one depending jaw for engaging the pipe. A bolt
      fastened to the collar extends through the clamping member and a nut on
      the bolt draws the jaw and pipe into engagement.
BSUM
PAC  SUMMARY
PAR  Metal pipe forms a common structural element since it combines desirable
      columnar and flexural strengths with light weight, low cost and wide
      availability. However, the tubular nature of pipe often renders it
      difficult to join other elements to the pipe, on either a temporary or
      permanent basis. While piercing the pipe may provide joinder, special
      tools or guides may be required. Such joints usually lack the
      adjustability required in structural applications. Drilling the pipe also
      reduces its strength or other structural properties.
PAR  As a result of the foregoing, various types of clamps have been utilized in
      the past to grip the pipe without piercing it. The other structural
      elements are then secured to the clamp. Typically, such clamps employ set
      screws to grip the pipe. When used in load bearing structures, set screws,
      with their limited contact area against the pipe, often require a higher
      quality pipe to secure satisfactory attachment and leave much to be
      desired in terms of holding strength under various types of loads,
      resistance to vibration and deterioration and other factors.
PAR  It is, therefore, the object of the present invention to provide an
      improved pipe clamp suitable for permanent or temporary affixation to the
      exterior of a pipe. The clamp provides a means by which other structural
      elements may be attached to the pipe. The salient feature of the invention
      is the exceedingly high strength by which the device grips the pipe. The
      pipe clamp of the invention exhibits a high resistance to vibration and
      deterioration. The invention is thus suitable for use in load bearing
      structures. Such usage is further enhanced by the inclusion of a positive
      stop means which limits movement of the pipe through the clamp in the
      event the grip on the pipe should fail because of faulty application,
      excessive loading, or for other reasons.
PAR  The device is simple and economical in construction and manufacture and is
      easy and rapid to apply, release, or adjust.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of the improved pipe clamp
      of the present invention.
PAR  FIG. 2 is an end view taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a side view of the improved pipe clamp of the present invention.
PAR  FIG. 4 is an exploded, perspective view of another embodiment of the
      improved pipe clamp of the present invention.
PAR  FIG. 5 is a side view of the embodiment of the pipe clamp shown in FIG. 4.
PAR  FIG. 6 is an end view of the embodiment of the improved pipe clamp shown in
      FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to the Figures, there is shown in FIG. 1 one embodiment of the
      device of the present invention indicated by the numeral 10. While the
      device of the present invention has numerous uses, it is shown in FIG. 1
      as a means for joining wooden stringer 12 to upright pipe standard 14 as
      in a scaffolding, pier or dock.
PAR  Device 10 includes tubular collar 16 which surrounds pipe 14. The clearance
      between collar 16 and pipe 14 depends on the particular application of the
      pipe clamp and on the dimensions of the commercially available plumbing
      pipe sizes from which collar 16 and pipe 14 are usually formed. The
      clearance varies with pipe size and manufacturing tolerances and is
      typically a radial clearance of 1/32 inch on the smaller pipe sizes
      through 3/16 inch on the larger pipe sizes. Collar 16 may include one or
      more stud welded bolts 18 suitable for joining stringer 12 to collar 16 by
      nuts or other appropriate fastener means.
PAR  A clamping member 20 is provided on collar 16 to secure the collar and
      stringer 12 against axial movement along pipe 14. Clamping member 20
      includes a first end 22 which is bent to generally the same curvature as
      collar 16 so as to lie on the exterior surface of the collar when device
      10 is in use.
PAR  The other end of clamping member 20 has a flattened central portion 24,
      shown most clearly in FIG. 2 through which extends bolt 26. Bolt 26 may be
      stud welded near the edge of collar 16. Flanges 28 which slant downward
      from either side of central portion 24 serve to resist deflection of
      clamping member 20 when device 10 is in use. Jaw 30 depends from the end
      of central portion 24 to engage pipe 14. Jaw 30 depends toward pipe 14 a
      distance in excess of the thicknesses of clamping member 20 and collar 16,
      plus the height of any weld fillet on bolt 26 and the necessary size and
      bending tolerances. The radial curvature of jaw surface 32 which engages
      pipe 14 is less than the radius of the pipe so that the pointed corners 34
      of jaw 30 initially engage pipe 14. The radius of curvature of jaw surface
      32 may be 1/8 to 1/4 inch less than the radius of pipe 14. The width of
      central portion 24 and the upper portion of jaw 30 is at least as great as
      the distance between pointed corners 34. As shown in FIG. 3, a slight
      clearance, on the order of 1/8 inch or more, exists between the inner
      surface of jaw 30 and the end of collar 16.
PAR  Flange nut 36 is threaded on bolt 26 and received by central portion 24 of
      clamping member 16. Preferably the diameter of the flange of nut 36 is
      equal to or greater than the distance between pointed corners 34 of jaw
      30.
PAR  To clamp device 10 on pipe 14, nut 36 is tightened on bolt 26 to move
      clamping member 20, and specifically jaw 30, into engagement with the
      exterior surface of pipe 14. Since the radius of curvature of jaw 30 is
      less than that of pipe 14, the compressive engagement of jaw 30 and pipe
      14 is accomplished incrementally. The corners 34 of jaw 30 first engage
      pipe 14 achieving the initial affixation of clamping device 10 to pipe 14
      as by cutting small keyways into the exterior of pipe 14. The action of
      jaw corners 34 on pipe 14 is facilitated both by the incremental
      engagement of pipe 14 and jaw 30 and by the mechanical advantage evidenced
      by the ratio of the greater movement of nut 36 along bolt 26 to the
      smaller displacement of the pipe metal in a direction perpendicular to the
      movement of the nut.
PAR  As the compressive engagement continues, the entire surface 32 moves into
      engagement with pipe 14. The flexual stresses generated in jaw 30 and the
      edge of central portion 24 along which jaw 30 depends are absorbed by the
      greater depth of jaw 30 that exists above corners 34 than at the center of
      jaw 30. The edge of flattened central portion 24 and the adjacent portions
      of jaw 30 assume a beam loading which is resisted by the flange and body
      of nut 36 and by bolt 26. By placing bolt 26 close to the edge of collar
      16 beam loading in the direction parallel to the axis of collar 16 is
      minimized and is resisted by flange nut 36 acting in conjunction with bolt
      28. Side flanges 26 resist deflection of clamping number 20 so as to
      maximize the compressive force. As noted supra, the depth of jaw 30 from
      central portion 24 to surface 32 is such as to convert essentially all of
      the tensile force in bolt 26 into the compression of jaw 30 into pipe 14
      around substantially all of the perimeter of jaw 30.
PAR  Under conditions of compressive loading, such as commonly encountered in a
      scaffold or pier, any movement of jaw 30 toward collar 16, responsive to
      loads tending to move collar 16 downward along pipe 14, would be
      terminated when the inner surface of jaw 30 strikes the end of collar 16.
      This prevents any loss of strength which might occur if unlimited jaw
      deflection of a pivotal nature were permitted in response to such loading.
PAR  FIG. 4, shows another embodiment of the clamping device of the present
      invention suitable for joining a pair of members to the pipe against
      movement in either direction along the pipe. Clamping device 50 of FIG. 4
      includes tubular collar 16 which surrounds pipe 14. Collar 16 includes
      angle bracket 52 for joining sheet metal stringers 54 and 56 to collar 16
      as by means of carriage bolts 58 extending through holes 60 and
      cooperating nuts 62.
PAR  A clamping member 64 is provided on collar 16 to secure the collar and
      stringers 54 and 56 against axial movement along pipe 14. Clamping member
      64 has a depending jaw 30 at either end which engages pipe 14 beyond the
      extremities of collar 16. The clamping member and jaws may be generally
      formed as described above in connection with clamping device 10 of FIG. 1.
      Clamping member 64 includes flattened central portion 24 and stiffening
      flanges 28. Inasmuch as improper positioning of clamping member 64 may be
      easily detected by its orientation with respect to collar 16, the
      clearance of the inner surface of jaw 30 with the extremities of collar 16
      may be approximately 1/16 inch at either end of the collar.
PAR  A stud welded bolt 26 is provided adjacent each end of collar 16 as shown
      in FIG. 5. When nuts 36 are tightened, jaws 30 are moved into engagement
      with the exterior surface of pipe 14 in the manner described above in
      connection with clamping device 10. Clamping member 64 does not contact
      the outer surface of collar 16.
PAR  For safety reasons, it is deemed desirable to reverse one of bolts 58 as
      shown in FIG. 6 so that it extends across the line of movement of pipe 14
      should the grip of pipe clamp 50 fail. This limits the amount of movement
      in the event of such failure. A stud welded bolt or other interferring
      member mounted on bracket 52 may be similarly employed.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device affixable to the exterior surface of a pipe, said device
      comprising:
PA1  a tubular collar suitable for internally receiving the pipe in close
      proximity thereto;
PA1  a clamping member having a jaw adapted to engage said pipe depending
      therefrom and extending radially toward the pipe;
PA1  means coupling said clamping member to said collar for drawing said jaw
      radially into engagement with said pipe for securing said pipe against
      movement within said collar; and
PA1  a bracket mounted on said collar having bolts extending therethrough for
      joining other structural elements to said bracket, at least one of said
      bolts being so located as to extend through said bracket into the path of
      the pipe through said collar to comprise a means for limiting the movement
      of the pipe through said collar.
NUM  2.
PAR  2. The device according to claim 1 wherein said clamping member is formed
      of a bent sheet material.
NUM  3.
PAR  3. The device according to claim 2 wherein said jaw is integrally formed
      with the clamping member and said clamping member includes stiffening
      flanges along the sides thereof.
NUM  4.
PAR  4. The device according to claim 1 wherein said coupling means includes a
      radially extending bolt mounted on said collar adjacent an end thereof and
      extending through said clamping member, and a nut radially movable along
      said bolt into abutment with said clamping member to move said jaw into
      engagement with said pipe.
NUM  5.
PAR  5. The device according to claim 1 wherein said jaw has a curved surface
      for engaging said pipe, said curved surface having a radius of curvature
      less than the radius of said pipe.
NUM  6.
PAR  6. The device according to claim 5 wherein said curved surface of said jaw
      has a radius of curvature 1/8 to 1/4 inch less than the radius of the
      pipe.
NUM  7.
PAR  7. The device according to claim 1 wherein said jaw is integrally formed
      with the clamping member as an extension bent along a crease normal to the
      axis of said collar and to the central radius of the curved surface of
      said jaw.
NUM  8.
PAR  8. The device according to claim 1 wherein said jaw has a length in the
      radial direction sufficient to provide the desired engagment with the pipe
      while avoiding contact between said clamping member and said collar.
NUM  9.
PAR  9. The device according to claim 1 wherein said clamping member has a first
      end and a second end, said first end being adapted to mate with the
      exterior surface of said tubular collar, said second end having said jaw
      depending therefrom.
NUM  10.
PAR  10. The device according to claim 9 wherein said first end of said clamping
      means is semi-circular in cross section for mating with the exterior
      surface of said tubular collar.
NUM  11.
PAR  11. The device according to claim 1 wherein said clamping member has a
      first end and a second end each having a flattened central portion from
      which a said jaw depends and wherein said collar means include radially
      extending bolts mounted on said collar adjacent the ends thereof and
      extending through the flattened central portions of said clamping member
      and flange nuts movable radially along said bolts into abutment with the
      flattened central portions of said clamping member.
NUM  12.
PAR  12. The device according to claim 11 wherein said jaws have a length in the
      radial direction sufficient to provide the desired engagement with the
      pipe while avoiding contact between said clamping member and said collar.
NUM  13.
PAR  13. The device according to claim 1 wherein said clamping member has a
      flattened central portion from which said jaw depends, said central
      portion having a width at least as great as said planar projection of the
      curved surface of said jaw.
NUM  14.
PAR  14. The device according to claim 13 wherein said coupling means includes a
      radially extending bolt mounted on said collar adjacent an end thereof and
      extending through said clamping member, and a nut radially movable along
      said bolt into abutment with said clamping member to move said jaw into
      engagement with said pipe, said nut including a flange abutting said
      flattened central portion having a diameter at least as great as the
      planar projection on the surved surface of said jaw.
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ABST
PAL  A ball and socket joint of the type having a plastic ball portion which
      would interfere with the socket on assembly, has the ball portion molded
      to an arm concentric with the socket. In making the ball and socket joint,
      the arm is positioned in a mold and concentrically referenced to the
      socket. Then the plastic ball portion is molded on the arm using the
      inside of the socket as the outside spherical surface of the mold. Upon
      shrinkage of the molded plastic ball, a perfect bearing clearance is
      obtained, all of the socket inside surface is used as a bearing area and
      burrs from cuts on the socket to accommodate the interference fit are
      eliminated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in ball and socket joints,
      particularly in the making of such joints of the type having a ball
      portion which cannot be assembled within the socket, other than by cutting
      slots in the socket.
PAR  2. Description of the Prior Art
PAR  The prior art on which this invention improves is illustrated in FIGS. 1
      and 2 of the attached drawing. A ball and socket joint is formed of a ball
      10 and a socket 12, the socket being machined on the end of a link 14. An
      arm 16 is machined to be attachable in a bushing portion 18 of the socket.
      The link and arm are useful in a number of applications, including
      actuators on guided missiles. The ball 10 is molded of suitable plastic
      material and includes a part spherical surface 20 and flat faces 22 as
      well as the drilled hole forming a bushing portion 18. The link 14 is
      formed of machinable metal and is drilled and machined to provide a socket
      hole 24 having a part spherical inner surface 26 matching the spherical
      surface of the ball 20. The link also has flat faces 28. In order to
      insert the ball 10 into the socket hole 24, it is further necessary to cut
      out portions 30 at diametrically opposite portions of the cylindrical
      surface 26 and of such a diameter that the ball can be turned sideways as
      shown in FIG. 2 inserted halfway into the socket and turned, in order to
      allow it to fit. The link 16 is then inserted into the ball placed within
      the socket, shown in FIG. 1, and secured. In order to have good bearing
      surfaces, the ball 10 of plastic must itself be machined. A typical
      plastic used is Delrin acetyl resin.
PAR  The disadvantages of the prior art include the fact that there is a burr
      left on the edges between the cylindrical surfaces 26 and the transverse
      cuts 30 and 32, and this burr increases friction and can cut into the
      plastic ball. Additionally, just forming the cuts 30 and 32 (called
      Messerschmett's in the trade) creates a complicated machining problem.
      Moreover, the space of the cuts 30 and 32 is space removed from the
      spherical bearing surface.
PAC  SUMMARY OF THE INVENTION
PAR  This invention eliminates the disadvantage of the prior art listed above by
      providing a complete solid spherical surface on the socket and integrally
      molding the plastic ball to an arm which is held concentric with the
      socket during the molding so that the inside of the socket furnishes a
      portion of the mold. On shrinking of the plastic, a perfect clearance is
      obtained between the outer surface of the ball and the inside surface of
      the socket. Moreover, because the socket has not been cut by the
      transverse cuts, as in the prior art, the bearing surface between the ball
      and socket is increased considerably, machining on the socket is
      eliminated and burrs created by such machining which ordinarily tear up
      such precision equipment, are also eliminated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a prior art construction of a ball and
      socket joint, utilizing a machined socket and a separately attached arm
      for the ball.
PAR  FIG. 2 is an exploded perspective view showing the ball and socket of the
      prior art in a disassembled condition in order to illustrate how assembly
      is made.
PAR  FIG. 3 is a perspective view of the ball and socket joint of this
      invention.
PAR  FIG. 4 is an elevation view with the socket and mold shown in section,
      illustrating the mold and how the ball and socket joint of this invention
      is made.
PAR  FIG. 5 is a view similar to FIG. 4 showing the mold in position and the
      molding of the ball onto the linkage arm.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The same reference numerals are used in FIG. 3 and portions of FIG. 4 and
      FIG. 5 as in the prior art of FIGS. 1 and 2. It can be seen, however, that
      the socket 12 of this invention does not have the transverse cuts 30 and
      32. The socket has pre-machined therein, the bearing surface 26 and the
      link 16 has a ball retaining groove 34 adjacent its end, so that the
      plastic ball 10 may be directly molded onto the end of the link.
PAR  As shown in FIGS. 4 and 5, a simple plastic mold, consisting of two mold
      parts 38 and 40, has a bore therethrough for referencing and holding the
      arm 16. Concentric with the axis of arm 16 there is a blind circular hole
      for positively referencing and holding the end of socket 12. The inside
      surface of socket 12 thus functions as one of the mold surfaces and the
      outside surface of the end of arm 16 functions as another mold surface.
      Mold parts 38 and 40 provide the other two mold surfaces. Mold part 38 has
      a hole therein for referencing it on the end of arm 16. Plastic is
      injection molded through suitable sprue 44 and the plastic material may be
      an acetyl resin, such as Delrin. After molding, the plastic shrinks so as
      to further grip the end of the link or arm 16, and create a bearing
      clearance at the inside surface of the socket 12. This surface will be
      exactly the same completely around the bearing as the shrinkage will be
      uniform. The sprue portion is broken off and the ball and socket joint
      with the link 16 is ready to use.
PAR  It can be seen that there is now no burr on the cylindrical surface 16 to
      tear the bearing, that machining is much simplified, because there is no
      need to cut the slots 30 and 32, and that the bearing surface is increased
      by the area of the slots 30 and 32 of the prior art, which is
      approximately 25 to 30%. There is no need to machine the ball, and in
      fact, it will have a perfect fit.
PAR  The invention has been successful in use in ball and socket joints of high
      precision nature, such as are used in guided missiles.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making a ball and socket bearing joint of dimensions such
      that the ball cannot be assembled within the socket without interfering
      with a portion of the socket, the method comprising: positioning a
      complete bearing socket having a link portion and a bushing portion having
      a socket hole with a continuous inner part spherical surface in a mold and
      supporting the socket so that the inside surface of the socket can
      function as an outer wall of a mold for the ball, supporting a ball
      support in the mold so that it is concentric within the socket, the mold
      defining the edges of cavity having its outer surface defined by the part
      spherical surface of the socket bushing and an inner surface defined by
      the ball support and molding a plastic resin which shrinks upon setting
      within the mold and socket inner surface on the ball support to form the
      entire ball, the shrinking of the plastic resin providing a uniform
      bearing clearance between the socket and the ball.
NUM  2.
PAR  2. A method as in claim 1 wherein a single mold part concentrically aligns,
      holds, supports the socket and ball support.
NUM  3.
PAR  3. A method as is claim 2 wherein the ball support is an arm molded
      integrally into the center of the ball.
NUM  4.
PAR  4. A pushrod having a ball and socket bearing joint of the type having a
      rotatable ball with a center passage for an arm, a socket with a part
      spherical inner surface therein, and of dimensions such that the ball
      cannot be assembled within the socket without interfering with the socket
      inner surface, comprising: a metallic socket having a link portion and a
      bushing portion having a socket hole of part spherical shape with a
      continuous machined inner surface, a rotatable plastic ball molded
      entirely of plastic resin which shrinks upon setting in situ within the
      continuous machined inner surface, to create a bearing clearance
      therebetween upon shrinking of the plastic.
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ABST
PAL  A drilling machine for drilling holes in plaster casts or models has a
      frame which supports a stationary drilling platform having an opening
      therethrough. A motor housing is positioned below the drilling platform
      and is vertically movable between a rest and a drilling position on two
      laterally disposed top guide shafts and a centrally disposed bottom guide
      pin. A motor is mounted in the housing and supports a drill chuck and
      drill bit which penetrates through the opening to drill a hole in a cast
      or model on the drilling platform when the housing is moved upwardly to
      its drilling position. A U-shaped handle pivotally mounted on the frame
      and engageable with the housing permits manual raising of the housing.
      Alternately, a pneumatic system is described which includes a piston
      arrangement for raising the housing to the drilling position independently
      of the position of the handle. During pneumatic operation, the handle may
      be locked in its rest position. In each case, the handle is disposed in
      the region of the drilling platform so that the handle and the cast or
      model may be simultaneously gripped to secure the model during drilling.
      An overhanging locating light assembly is spaced over the opening of the
      drilling platform and vertically aligned therewith so that an indication--
      a lit portion where the light beam impinges on the model -- is provided
      where the hole will be drilled. The beam of light from the locating light
      assembly can also be used for purposes of dental surveying.
PARN
PAR  This is a division of application Ser. No. 320,275 filed Jan. 2, 1973 now
      U.S. Pat. No. 3,854,836.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to power driven drills, and more particularly
      to a drilling machine for drilling holes in plaster casts or models.
PAR  Various power-driven drilling machines are already known. Such drills
      typically include a motor drive which is connected, by means of a chuck
      assembly, to a drill bit which is suitable to form a hole in a work piece
      when the drill is turned by the motor and simultaneously advanced into the
      work piece. While some power-driven drills are hand held, numerous known
      types are available which provide a drilling surface on which a work piece
      may be securely positioned. While the known machines are frequently
      satisfactory for the purposes for which they are intended, the machines of
      the prior art have frequently lacked one or more features which would make
      them particularly suitable for drilling holes in plaster casts or models
      frequently used in the field of dental prosthodontics. The exacting
      specifications and features which are desirable in connection with such
      work include precise location of the holes which are drilled in the model
      as well as precise control over the depth to which the holes are drilled.
      Also of great importance is the characteristic that the holes be drilled
      in precise normal directions to the surfaces of the model which abut on
      the drilling surface or platform of the machine.
PAR  Many of the machines have not been adaptable for the drilling of numerous
      holes in a model with great speed and facility. Also, because of the
      irregular shapes of plaster casts or models, as well as the softness and
      brittleness of such models, it has not been feasible or practical to
      rigidly secure the same to the drilling platform and thereby prevent
      movement of the model during drilling. It has been observed that a
      suitable approach to prevent movement of the model during drilling is to
      have the technician performing the drilling hold the model with both hands
      while urging the same in pressure relationship against the drilling
      platform. The holding of the model with both hands has not been possible,
      however, with most prior art drilling machines since one hand has
      frequently been required to be used for purposes of actuating the machine
      or for purposes of effecting drilling operations of the machine. For
      example, according to a one prior art machine, a lever was provided on one
      side of the machine which required the operator of the machine to grip the
      same and move the same during the drilling operation. Clearly, such design
      prevents the technician from using both hands to securely hold the model
      on the drilling platform.
PAR  With respect to drilling machine models of the prior art which included
      other actuating means, e.g. foot-actuated means, most of these machines
      have been relatively complex in construction and costly to manufacture.
      Also, many of the models which have been actuated by means other than hand
      actuation have not provided the degree of control desirable for
      controlling the speed with which the drill bit is advanced in the
      direction of the work piece.
PAR  With respect to all of the above-mentioned known drilling machines, none of
      these have provided simple and effective locating means for indicating the
      precise locations where the holes were to be drilled. In most instances,
      the precise locations were not known until the hole to be drilled was
      actually initiated.
PAR  A drilling machine of the type under discussion utilized in the dental arts
      has not, in the past, been suitable for dental surveying. This has been a
      drawback of the known machines.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a drilling
      machine suitable for drilling holes in plaster casts or models which does
      not possess the disadvantages associated with such prior art machines.
PAR  It is another object of the present invention to provide a drilling machine
      the type under discussion which is simple in construction and economical
      to manufacture.
PAR  It is still another object of the present invention to provide a drilling
      machine as above described which includes an actuating handle which
      permits a technician to simultaneously actuate the machine and securely
      grip the model or cast with both hands.
PAR  It is yet another object of the present invention to provide a drilling
      machine for drilling holes in plaster casts or models which includes
      pneumatic actuating means for effecting drilling of the cast which does
      not require manual manipulations.
PAR  It is a further object of the present invention to provide a drilling
      machine as above which permits selective operation of the drilling machine
      whereby drilling may be effected by manual manipulations or by pneumatic
      means which may be, for example, foot-operated -- the controls in each
      case being such as to permit the technician to fully grip the work piece
      while the latter is being drilled.
PAR  It is still a further object of the present invention to provide a drilling
      machine which includes a drilling platform and a motor housing positioned
      below the drilling platform and movable in vertical directions towards and
      away from said platform while being guided by two upper laterally disposed
      guide shafts and a lower centrally disposed guide pin.
PAR  It is yet a further object of the present invention, in connection with a
      drilling machine which may be both manually and numatically operated, to
      provide locking means which locks the position of a manually manipulatable
      handle so that the latter may be secured in place and utilized by a
      technician as an anchoring point for anchoring the hands while holding a
      work piece being drilled.
PAR  It is an additional object of the present invention to provide a drilling
      machine as above described which includes a locating light disposed above
      or overhanging the drilling platform which transmits a beam of light
      normal to the plane of the drilling platform and in vertical alignment
      with the drill bit so as to provide a precise indication of where a hole
      will be drilled in underside of the plaster cast or model abutting against
      the drilling platform.
PAR  It is still another additional object of the present invention to provide a
      drilling machine which includes a light indicator device so disposed above
      the drilling platform which makes it suitable for dental surveying.
PAR  It is yet an additional object of the present invention to provide a
      drilling machine of the type under discussion which includes stop means
      disposed between a movable drill or motor housing and a drilling platform
      which both precisely limits the depth of a hole drilled in a plaster cast
      supported on the drill platform while also preventing injury to a
      technician's fingers should they be interposed between the movable motor
      housing and the drill platform.
PAR  In order to achieve the above, as well as other objects which will become
      apparent hereafter, a drilling machine for drilling holes in a plaster
      cast in accordance with the present invention comprises a frame having a
      stationary horizontal drilling platform. Said drilling platform has an
      opening therethrough and a top surface adapted to support a cast which is
      positionable over said opening. Drilling means are provided which are
      mounted on said frame and positioned below said drilling platform and
      vertically movable between two spaced vertical positions. Said drilling
      means is adapted to receive and support a drill bit, said drill means
      being arranged to maintain the drill bit below said top surface in one of
      said positions while passing the drill bit through said opening and above
      said top surface in the other of said spaced positions. In this manner, a
      hole is drilled in the plaster cast positioned on said top surface
      covering said opening. Actuating means are provided for moving said
      drilling means from one of said positions to the other of said positions.
      According to one embodiment of the actuating means, the latter comprises a
      handle pivotally connected to said frame and engageable with said drilling
      means. Said handle extends at least partially adjacent the periphery of
      said drilling platform. In this manner, both said handle and the plaster
      cast to be drilled can be simultaneously manually gripped and said
      drilling means can be moved by moving said handle while securing the
      position of the plaster case during drilling of the latter.
PAR  According to another embodiment of the actuating means, the latter
      comprises a hydraulic system having a fluid cylinder connected to said
      drilling means. Said fluid cylinder has a movable piston with a shaft
      movable relative to said cylinder and engageable with said frame in an
      extended position. Fluid regulating means are provided for selectively
      supplying fluid to said cylinder to extend said shaft from said cylinder
      into engagement with said frame. Advantageously, both said handle as well
      as said hydraulic system are provided -- each actuating means being
      capable of effecting drilling independently of the other actuating means.
PAR  According to another feature of the present invention, adjustable depth
      limiting means are provided which cooperate with said housing and said
      drilling platform for adjustably limiting the movement of said housing in
      the direction towards said drilling platform. In this manner, the depth of
      the holes drilled in the plaster cast can be closely controlled.
PAR  According to still another feature of the present invention, a locating
      light is provided which is spaced from and vertically aligned with said
      opening. said locating light is adapted to generate a beam of light
      directed normally to said top surface and through the center of said
      opening. In this manner, said beam of light impinges on a portion of the
      cast and the lit portion provides an indication of the location where a
      hole will be drilled when said drilling means moves from one to the other
      of said spaced positions.
PAR  According to yet a further feature of the present invention, said drilling
      means comprises a housing and guide means are provided for vertically
      guiding said housing. Said guide means comprises two downwardly extending
      guide shafts extending from said drilling platform to each side of said
      opening. Corresponding holes in the top of said housing are provided which
      are adapted to receive respective ones of said guide shafts. Also, an
      upwardly extending guide pin extends from said frame and a corresponding
      hole in the bottom of said housing is adapted to receive said guide pin.
PAR  In connection with the hydraulic system, means are provided for regulating
      the speed with which hydraulic fluid is permitted to enter the fluid
      cylinder to thereby regulate the speed at which said shaft extends from
      said cylinder.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  With the above and additional objects and advantages in view, as will
      hereinafter appear, this invention comprises the devices, combinations and
      arrangements of parts hereinafter described and illustrated in the
      accompanying drawings of a preferred embodiment in which:
PAR  FIG. 1 is a front elevational view of the drilling machine in accordance
      with the present invention;
PAR  FIG. 2 is a cross-section of the drilling machine of FIG. 1 taken along
      line 2--2;
PAR  FIG. 3 is a top plan view of the motor housing of the drilling machine of
      FIG. 2, showing the manner in which the actuating handle is disposed about
      the periphery of the motor housing cover;
PAR  FIG. 4 is a side elevational view of the actuating handle shown in FIGS. 1
      and 3;
PAR  FIG. 5 is a fragmented side elevational view of an interior portion of the
      handle of FIG. 4, showing a depression in the handle which engages pivot
      standoffs projecting from the motor housing cover;
PAR  FIG. 6 is a fragmented cross-section of the machine of FIG. 1 along line
      6--6, showing the details of the upper guide means for guiding the motor
      housing in vertical directions;
PAR  FIG. 7 is a rear elevational view of the machine shown in FIG. 1, a section
      of the back cover being removed to indicate the arrangements of electrical
      and pneumatic components in the frame of the machine;
PAR  FIG. 8 is a schematic representation of the hydraulic system utilized in
      conjunction with the machine shown in FIG. 1 for actuating the latter as
      an alternate to the manually actuatable handle;
PAR  FIG. 9 is a electrical schematic diagram of the electrical components
      utilized in the drilling machine of FIG. 1, showing connections to both a
      motor as well as to a lamp; and
PAR  FIG. 10 is a top plan view of the top of the frame of the drilling machine
      as shown in FIG. 1 with the drilling platform removed, showing a
      linkage-operated locking device including left and right stops which are
      movable between free and locking positions for respectively permitting the
      handle to pivot about the frame or for preventing such movement thereof.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the FIGURES, in which similar or identical parts have been
      designated by the same reference numerals, and first referring to FIGS. 1
      and 2, a drilling machine 10 includes a cast frame 12 which is generally
      L-shaped. The frame 12 includes an upright portion 12a as well as a pair
      of horizontally extending base legs 14 disposed at each side of the frame
      12.
PAR  Extending between the base legs 14 is a frame ledge 16 which extends a
      distance from the upright portion 12a for reasons to be described
      hereafter.
PAR  Extending substantially parallel to the base legs 14 is a protruding member
      18 which protrudes a distance approximately equal to the length of the
      base legs, as best seen in FIG. 2.
PAR  The drilling machine 10 is stationary during normal operation and can be
      supported on a flat surface by positioning the base legs 14 thereon.
      Another component of the drilling machine 10 comprises drilling means
      which includes those components and members associated with the movement
      of a rotary member which is to perform the drilling function. The drilling
      means includes a motor housing 19 which is, in the presently described
      embodiment, a substantially rectangular enclosure as seen in FIGS. 1 and
      2. The upper open end of the motor housing 19 is closable by a motor
      housing cover 20. Extending to the left and right sides of the motor
      housing cover 20, as viewed in FIG. 1, are pivot standoffs 22, also shown
      in FIG. 3. The function of the pivot standoffs 22 will be described
      hereafter.
PAR  The motor housing 19 is provided with a bottom wall 85 which is
      approximately centrally provided with a projection 88 in which a sleeve or
      bearing 90 is mounted. The sleeve or bearing 90 may either be in the form
      of a roller bearing for linear motion or may consist of an elastomeric
      material such as "Teflon" or "Nylon". A guide pin 24 is fixed in the
      protruding member 18, as best seen in FIG. 2, and extends through the
      sleeve or bearing 90 in sliding relation.
PAR  Shown in FIG. 1 are the electrical leads 26 which extend from the upright
      portion 12a to the interior of the motor housing 19.
PAR  Also provided at the bottom of the motor housing 19 is a nut 27 which is
      utilized to fasten an air cylinder 86, shown in FIG. 2, whose function
      will be described hereafter. The air cylinder 86 includes a piston rod or
      shaft 28 which moves relative to the motor housing 19 and extends
      downwardly in an activated state of the air cylinder 86 to abut against
      the frame ledge 16. A depression 29 may be provided in the frame ledge 16
      to permit the motor housing 19 to fully move downwardly when the air
      cylinder 86 is not activated. In the event that the piston rod 28 extends
      excessively in its retracted position, the depression 29 permits the motor
      housing 19 to fully move downwardly to the extent permitted by a rubber
      stop 30.
PAR  Extending from the motor housing 20, in an upward direction, is a drill bit
      32 which is connectable to a chuck assembly 34, best seen in FIG. 2.
PAR  Positioned to each side of the chuck assembly 34 are guide means in the
      form of guide shaft supporting portions 36, 38 which extend downwardly
      from a drilling platform 40. The drilling platform 40 is positioned above
      the motor housing 19 and includes a horizontal top surface 40' and an
      opening 41 through which the drill bit 32 can pass when the motor housing
      19 is moved upwardly, as to be described hereafter. Extending along each
      of the sides of the drilling platform 40 are skirts 42 which function as
      abutment portions engageable with a right stop 44 and a left stop 46
      respectively, as viewed in FIG. 1. The stops 44, 46 cooperate with each
      other by means of linkages, as to be more fully described in connection
      with FIG. 10. The stops 44, 46 may be used as a locking mechanism which is
      interposed between the abutment portions 42 and a handle 50. The normally
      movable handle 50 is thereby prevented from moving upwardly by virtue of
      having the stops 44, 46 respectively interposed between the handle and the
      stationary abutment portions 42. The conditions under which such locking
      may be desirable will be described hereafter in connection with the
      description of operation of the drilling machine 10.
PAR  Although to be more fully described in detail hereafter, the handle 50 is
      shown in FIGS. 1 and 2 as having elongated ribs 52 extending along the
      lower portion of the handle 50. The ribs 52 are provided to facilitate the
      gripping of the handle 50, as will become apparent hereafter.
PAR  Also extending from the motor housing cover 20 is a depth limiting means in
      the form of a stop 56 whose height above the motor housing cover 20 is
      adjustable. The drilling depth stop 56 is arranged to engage the lower
      surface of the drilling platform 40 when the motor housing 19 has reached
      its desired upward position. Clearly, the more the stop 56 initially
      projects from the motor housing cover 20, the less distance will the motor
      housing 19 be capable of moving upwardly prior to engagement of the stop
      56 and the drilling platform 40. By limiting the upward movement of the
      motor housing 19, the extent to which the drill bit 32 extends above the
      top surface 40' of the drilling platform 40 and the depth of the holes
      drilled in a work piece, e.g. a dental cast or model, is correspondingly
      limited.
PAR  Guide shafts, shown in FIG. 6, extend downwardly from each of the guide
      shaft supporting portions 36, 38 and into suitable openings of the motor
      housing cover 20, as best seen in FIG. 3. To prevent dust as well as drill
      shavings or chips from interfering with the smooth operation of the upper
      guide shafts, dust boots 58 are disposed about each guide shaft and extend
      between the guide shaft supporting portions 36, 38 and the motor housing
      cover 20. The vertical extent of the dust boots 58 is best shown in FIGS.
      2 and 6.
PAR  As best seen in FIG. 2, the drilling platform 40 is disconnectable from the
      upright frame portion 12a by any suitable or conventional means.
      Separation of the drilling platform 40 from the upright frame portion 12a
      exposes an upper horizontal portion 45 along which extends a stop link 45a
      associated with the left and right stops 46, 44 respectively, as best
      shown in FIG. 10.
PAR  An overhanging locating light assembly 60, best shown in FIG. 2, supports a
      lense housing 62 in which is movably mounted a lense assembly 64. A lense
      assembly 64 is upwardly and downwardly movable in the lense housing 62 so
      that a beam of light passing through a lense in the lense assembly 64 may
      be focused on the drilling platform 40 or a work piece supported on the
      latter. The lense housing 62 as well as the lense aseembly 64 is disposed
      above the opening 41 and is vertically aligned therewith so that a light
      beam eminating from the lense assembly 64 is in vertical alignment with
      the drill bit 32 and passes through the opening 41.
PAR  An indicating light 66 is frontally provided on the light assembly 60 to
      provide an indication to a technician operating the drilling machine that
      the machine is electrically energized, as to be more fully described in
      connection with FIG. 9. The light indicator 66 may comprise a transparent
      or translucent plastic portion which extends through the frame of the
      light assembly 60 and is proximately positioned to a bulb 68. The bulb 68,
      when lit, simultaneously provides the light indication at the light
      indicator 66 as well as provides a light beam which passes through the
      lens assembly 64 towards the drilling platform opening 41. The bulb 68 is
      mounted in a lamp holder 70 which is slidably mounted on the light arm 60
      by means of a spring clip 72. The lamp holder 70, consequently, is movable
      from the normal position shown in FIG. 2 towards the rear of the light
      assembly. When the lamp holder 70 is totally withdrawn from the confines
      of the spring clip 72, the lamp holder 70 and the bulb 68 may be withdrawn
      from the light assembly 60, for example, for purposes of changing a
      defective bulb 68. A gripping member 74 may be provided which is is
      connected to the lamp holder 70 which facilitates the gripping of the lamp
      holder 70 for purposes of rearward movement as above described. The light
      arm assembly 60 defines an open cavity or compartment 74 which is closable
      by a cover 74a. An electrical wire 76 which supplies the bulb 68 with
      electrical energy may extend from the lamp holder 70 through the
      compartment 74 for connection with the electrical components of the
      circuit, as to be more fully described in connection with FIG. 9.
PAR  Referring to FIGS. 2 and 3, the drilling machine 10 is provided with a
      motor 80 which is enclosed in the motor housing 19 and which is securely
      mounted to the motor housing cover 20 by means of screws 82 or in any
      other conventional manner. A motor shaft shield or bearing 84 is disposed
      between the opening in the motor housing cover 20 and the drill shaft for
      reducing friction therebetween. The shield 84 may be in the form of a
      roller bearing or any elastomeric material which does not develop high
      frictional forces such as Teflon or Nylon. The details of the chuck
      assembly 34 may be conventional and do not form an important feature of
      the present invention. Any suitable chuck assembly may be utilized.
PAR  The upright front portion 12a defines a cavity or compartment 92 which has
      one side thereof closable by a back cover 94. The compartment 92 is
      suitable for housing most of the electrical as well as pneumatic
      components which will be described in more detail hereafter. For example,
      a capacitor 96, which is relatively large in size, may be mounted on the
      upright cast frame portion. An air regulator 98 may be mounted, for
      example, on the back cover 94 and an external air supply input 100, in
      communication with the air regulator 98, thereby becomes easily excessible
      exteriorly. It should be made clear at this point that the arrangement of
      electrical and pneumatic components in the manner described is merely
      illustrative and is not intended to be limiting of the many different
      possible ways in which the electrical and pneumatic components may be
      arranged while still achieving the objects of the present invention. Other
      equivalent arrangements or positions of the components will become readily
      clear to one skilled in the art once provided with the teaching of the
      present application.
PAR  Referring to FIGS. 2 and 3, four screws 104 are each disposed at another
      corner of the motor housing cover 20 -- the screws 104 being utilized to
      clamp the motor housing cover 20 to the motor housing 19. As described
      above, the screws 82 are utilized to fasten the motor 80 to the underside
      of the motor housing cover 20. Also as shown in FIG. 3 is the adjustable
      stop 56 which projects from the motor housing cover 20 as above described.
      In accordance with the presently preferred embodiment, the adjustable stop
      56 is provided with an upper groove which may be engaged by a screw driver
      tip inserted through an opening in the drilling platform 40 (not shown)
      disposed directly above the groove or slot of the adjustable stop 56.
      Alternately, the adjustable stop 56 may be manually gripped and adjusted.
      Adjustable stop 56 is advantageously provided with a lower part of the
      screw portion (not shown) which is meshingly engaged with a threaded
      portion in the motor housing cover 20. By turning the adjustable stop 56
      either with a screw driver or manually, the degree to which the adjustable
      stop 56 meshes with the motor housing cover 20 determines the extent to
      which the adjustable stop 56 extends above the motor housing cover 20.
PAR  Still referring to FIG. 3, drill platform guide bearings 120 are shown
      disposed at each side of the chuck assembly 34. The guide bearings 120 may
      merely consist of bushings such as the shield 84 or the sleeve or bearing
      90, or may consist of bearings for linear motion which minimize the
      friction encountered by a guide shaft (not shown) which moves vertically
      through the bearings 120.
PAR  Referring to FIGS. 1-5, an important feature of the present invention is
      the provision of the handle 50 which is disposed adjacent the drilling
      platform 40 and which can be gripped to manually advance or raise the
      drill bit 32 while simultaneously gripping with both hands the work piece
      or dental cast or model which is disposed on the drilling platform. In the
      presently preferred embodiment, the handle 50 is substantially U-shaped as
      best shown in FIG. 3. The handle 50 comprises two spaced substantially
      parallel members and a transverse member in the form of a front gripping
      portion 116. Each spaced parallel member includes a pivot arm 112 at the
      free end of which is provided a hole 114. A moment arm portion 110 extends
      between the pivot arm portions 112 and the front gripping portion 116.
      Intermediate the pivot arm portion 112 and the moment arm portion 110 on
      each parallel member is provided a depression 54. The depression 54 on
      each parallel member is provided on an inwardly facing surface which faces
      the other parallel member or which faces the motor housing cover 20 when
      the handle 50 is mounted on the assembled drilling machine 10. The details
      of the holes 114 as well as of the depressions 54 are shown in FIGS. 4 and
      5. As clearly shown in FIGS. 1 and 3, the dimensions of the depressions
      54, in substantially vertical planes, are greater than the dimensions of
      the pivot standoffs 22. More particularly, as best shown in FIGS. 1 and 3,
      each depression 54 is provided with a lower abutting surface 54a and an
      upper abutting surface 54b. The spacing of the abutting surfaces 54a and
      54b are greater than the vertical dimensions of the pivot standoffs.
      Consequently, the pivot standoffs are permitted limited freedom of
      movement while projecting into their respective depressions prior to
      engaging one or the other of the abutting surfaces. The handle 50 is
      pivotally connected to the upright frame portion 12a by means of screws
      (not shown) which pass through the holes 114 into the frame. The screws,
      or other projections, which pass through the holes 114 form pivotting
      means about which the handle 50 may pivot in response to raising or
      lowering of the front gripping portion 116. In the normal, or lower
      position of the front gripping portion 116, the pivot standoffs 22 are
      positioned inside the depressions 54 at points intermediate the abutting
      surfaces 54a, 54b.
PAR  The motor housing 19 is vertically movable between a rest, normal or first
      lower position and an upper drilling position. In the lower position of
      the housing, the drill bit 32 is disposed below the top surface 40' while
      extending above said surface when the motor housing is moved upwardly to
      the drilling position. The motor housing 19 normally reverts to its rest
      or lower position under its own weight. Actuating means, either in the
      form of the manually operable handle 50 or the pneumatic system to be
      described, is effective for moving the motor housing 19 from its lower
      rest position to its upper or drilling position. The dimensions of the
      depressions 54 must so selected so that upward movement of the front
      gripping portion 116, or pivotting of the handle 50, causes the lower
      abutting surface 54a to abut against the pivot standoffs 22 and urge the
      motor housing 19 to move upwardly or vertically while pivotting relative
      to the handle. Consequently, the abutting surface 54a must be provided at
      a point which permits full movement of the motor housing 19 from its rest
      to its uppermost drilling position when the handle 50 is moved within a
      predetermined pivotting range.
PAR  As will be more fully described hereafter, the motor housing 19 can also be
      actuated or raised by pneumatic means independently of the handle 50. In
      this mode of operation, the handle 50 is advantageously locked by means of
      the right and left stops 46, 44. The interposition of the stops between
      the abutment portions 42 and the moment arm portions 110 of the arm 50
      clearly prevents the upward movement of the front gripping portion 116.
      Thus, the dimensions of the depression 54 must be so selected so that the
      motor housing 19 with its pivot standoffs 22 can move upwardly to its full
      drilling position without interference from the handle 50. More
      specifically, the upper abutting surface 54b must be so positioned so that
      the pivot standoffs may move upwardly while extending into the depressions
      54 without engaging the abutting surfaces 54b until the motor housing 19
      moves to its uppermost drilling position. It should be clear from the
      above, that the spacing between the lower and upper abutting surfaces 54a
      and 54b should at least be equal to the vertical distance travelled by the
      motor housing 19 while moving from its rest to its upper or drilling
      position. Advantageously, the spacing between the abutting surfaces is
      selected to be slightly greater than the last described spacing in order
      to insure that the handle does not interfere with pneumatic actuated
      operation.
PAR  By disposing the handle 50 adjacent the substantial periphery of the
      drilling platform 40, it should be clear that a technician operating the
      drilling machine may simultaneously grip the handle 50, either in the
      front or on the sides, and a work piece or dental model or cast which is
      disposed on top of the drilling platform 40 to thereby secure the model
      while it is being drilled. This is a particularly advantageous feature in
      connection with dental models which are typically made from plaster and
      therefore are soft and brittle and irregular and not suitable to be
      gripped or clamped by conventional mechanical means. Also, since many
      holes are commonly drilled in dental models, the fact that the model or
      work piece need not be mechanically clamped speeds up the drilling
      operation.
PAR  By providing the depth limiting stop 56, the depth of the holes drilled in
      the dental model can be closely regulated. The depth limiting stop 56 also
      prevents upward movement of the motor housing cover 20 sufficient to come
      into contact with the lower surface of the drilling platform 40. By always
      maintaining a space between the motor housing cover 20 and the drilling
      platform 40, injury to a technician's fingers which inadvertently are
      positioned between the stationary drilling platform 40 and the upwardly
      movable housing cover 20 is thereby prevented.
PAR  Referring to FIGS. 1, 3 and 6, the details of an upper guide are shown in
      connection with a slightly different embodiment of the guide means. The
      guide shaft supporting portion 36 depends from the drill platform 40 and
      an upper guide shaft 37 is fixedly mounted in the guide shaft supporting
      portion in any conventional manner. A bushing 122 secured to the motor
      housing cover 20 by any suitable means, e.g. a retaining ring 39,
      functions to minimize the friction between the guide shaft 37 and the
      motor housing cover 20 when the latter moves with respect to the drilling
      platform 40. Although a bushing 122 is shown in FIG. 6, it is clear from
      the description of FIG. 3 that bearings for linear motion may similarly be
      used. Also shown in FIG. 6 is the manner in which the dust boot 48 fully
      encloses the otherwise exposed portions of the shaft 37 to prevent
      drilling shavings and chips from entering the bushing or bearing and
      thereby interfere with the operation of the latter.
PAR  In FIG. 7, similarly to FIG. 2, possible electrical and pneumatic component
      positions are shown. However, as before, these positions are merely
      illustrative and the components may be arranged in any other suitable
      manner. In FIG. 7, a switch 121 is shown mounted on the side of the
      upright frame portion 12a while a transformer 122 and an electrolytic
      capacitor 124 are positioned interiorly of the compartment 92 closable by
      the cover back cover 94. External valve pneumatic switch connectors 104,
      106 are provided for purposes to be described. A flow or speed control
      valve 108 is connected to the air cylinder 86, shown mounted in the motor
      housing 19 of FIG. 2 by means of a tubing section 110. The manner of
      connection and the details of the pneumatic as well as the electrical
      systems will be more further described in connection with respective FIGS.
      8 and 9.
PAR  As above described, one mode of operation of the drilling machine 10 is the
      manual mode whereby the handle 50 is utilized to initiate drilling by
      raising the motor housing 19 to its drilling position. Another mode of
      operation which is possible with the drilling machine in accordance with a
      presently preferred embodiment is a pneumatic mode. Referring to FIG. 8,
      the cylinder 86 mounted in the motor housing 19 in FIG. 2 is shown to have
      an extendable shaft or piston rod 28 in FIG. 1 which is engageable, in an
      extended position of the latter, with a frame ledge 16 of the frame. The
      air cylinder 86 may be of any conventional type known to those skilled in
      the art which includes a piston to which the piston rod 28 is connected.
      The piston (not shown) and consequently the piston rod 28, are movable in
      response to filling the cylinder 86 with air. At such time, the piston
      rods 28 extends outwardly from the cylinder 86 from its normally retracted
      position and engages the frame ledge 16. Since the frame ledge 16 is
      stationary, the tendancy of the piston rod 28 to move downwardly is
      translated into an upward movement of the motor housing 19. The cylinder
      86 is selected and the extent to which the piston rod 28 extends is so
      regulated so that the motor housing 19 may move from its lower or rest
      position to its upper or drilling position, similarly as with manual
      operation of the handle 50.
PAR  Although the pneumatic system being described in connection with the
      present invention intails the use of air, it should be clear that any
      other type of hydraulic system utilizing any other fluid may similarly be
      used as will be evident to those skilled in the art.
PAR  The manner of regulating the flow of air into the cylinder 86, and
      consequently the regulation of movement of the motor housing 19 towards
      its drilling position, will now be described with reference to FIG. 8.
      Connected to the external air supply input 100 mounted on the back cover
      94 is a "Tee" connector or fitting 130 which has an opening 132
      connectable to an external supply of air pressure. Connected to another
      opening of the connector 130 is a cotton covered hose 136 by means of a
      hose coupling and clamp 134. A blow gun 138 is connected to the cotton
      covered hose 136 by means of a hose coupling and clamp 140. The provision
      of the blow gun 138 is optional and provides a source of blown air which
      may advantageously be used to blow the drill shavings and chips off of the
      drilling platform as well as from the model itself. However, the external
      source of air pressure may, if desired, be directly connected to the
      external air supply input 100.
PAR  On the other side of the external air supply input 100, is provided an
      elbow 144 connected to an air pressure regulator 98. Air pressure
      regulation is controlled by a regulator nut 142. The construction of the
      pressure regulator 98 is well known to those skilled in the art and does
      per se form an important feature of the present invention.
PAR  The elbow 146 is connected to a foot air valve or open-close air valve 154
      in a conventional manner, e.g. by means of tubing 148, connector 106,
      tubing 151 and male connector 152. The foot-operated air valve 154 is
      connected to a flow or speed control valve 166 in any conventional manner
      e.g. male connector 156, tubing 157, connector 104, tubing 160 and hose
      clamp sleeve 162. The flow or speed control valve 166 is connected to the
      air cylinder 86 by means of hose clamp sleeve 170 and tubing 110.
PAR  The desirable pneumatic components in the system of FIG. 8 include the air
      pressure regulator 98, the foot operable air valve 154, the flow control
      valve 166, and the air cylinder 86. The specific hardware and manner of
      connection of these components to each other is conventional and well
      known to those skilled in the art.
PAR  The air pressure regulator 98 converts the external air pressure at the
      input 132 to a desired air pressure in the tubing 148 and 151.
PAR  Normally, the foot air valve or open-close air valve 154 prevents
      communication between the tubings 151 and 157 so that the regulated
      pressure in the former is not transmitted to the latter. Consequently, the
      air pressure in the tubings 157, 160, and 110 is low and the piston as
      well as the piston rod 28 may move to its contracted position under the
      weight of the motor housing 19. When the foot air valve 154 is operated,
      the tubings 151 and 157 are placed into communication with one another and
      the regulated air pressure and the tubing 151 is transmitted to the
      tubings 157, and 160. The purpose of the flow or speed control valve 166
      is to prevent the instantaneou appearance of the regulated pressure
      transmitted to the tubing 160 to the tubing 110 since such instantaneous
      pressure build up would cause the piston rod 28 to extend very rapidly
      with consequent rapid upward movement of the motor housing 19 to its
      ultimate drilling position. Such rapid movement of the motor housing 19 is
      undesirable since this may result in the drill bit 32 or the plaster
      dental cast being damaged. Thus, after the regulated pressure has been
      applied to the tube 160, the speed control valve 166 permits the gradual
      build up of the pressure in the tubing 110 until the pressure in the
      latter reaches or becomes equal to the regulated pressure. At such time,
      the piston rod 28 is extended in its outermost position.
PAR  Advantageously, the foot-operated air valve 154 is of the type which places
      the tubing 157 in communication with the atmospheric pressure or vents the
      tubing 157 when the air valve 154 is released or disengaged. In this
      manner, the pressure built up in the hydraulic lines between the foot air
      valve 154 and the air cylinder 86 can be reduced by expelling the
      compressed air in those lines into the atmosphere. Thus, the foot air
      valve 154 essentially places the lines 151 and 157 in communication with
      each other in its actuated state while placing the tubing 157 in
      communication with the atmosphere in its deactivated state. Any other
      known or conventional means for venting the air as above described may
      equally be utilized.
PAR  The electrical circuit utilized in connection with the drilling machine 10
      is shown in FIG. 9. The motor 80 is shown disposed in the dashed box 18
      designating the motor housing. On the other hand, a fuse 196, a capacitor
      96, the transformer 122 and the switch 121 are shown grouped in the frame
      compartment 92. As suggested above, this distribution of electrical
      components is purely arbitrary and any other suitable arrangement may be
      used.
PAR  A plug assembly 180 is shown which has a grounding wire 180a connected to
      the ground potential of the circuit. One of the AC plug leads is connected
      to the fuse 196 while the other lead of the AC plug assembly is connected
      to a stationary "on" switch contact 186. Another stationary switch contact
      184 is left floating. A movable contact 182 of the switch 121 is movable
      between the contacts 184 and 186. The switch 121 may be of a single
      pole-double throw type.
PAR  The primary winding 188 of the transformer 122 is connected on the other
      side of the fuse 196 and to the movable contact 182. Also connected to the
      other side of the fuse 182 is a capacitor 96 which is connected to one
      winding lead of the motor 80. The lead of another winding of the motor 80
      is connected directly to the other side of the fuse. The other terminals
      of the two windings of the motor are connected to the movable contact 182
      of the switch 121. The case of the motor 180 is shown grounded. The
      connections and operation of the motor 80 is well known to those skilled
      in the art and need not be described in the subject application.
PAR  A secondary winding 190 is coupled to the primary winding 188 and has
      connected thereto the lamp 68 and a current limiting resistor 192
      connected in series with the lamp.
PAR  When the AC plug assembly 180 is plugged into an AC outlet, the electrical
      circuit is initially deenergized when the movable contact 182 is engaged
      with the "off" stationary contact 184. However, when the movable contact
      182 is moved to the on stationary contact 186, the AC line voltage is
      applied across the primary winding 188 and simultaneously applied to the
      windings of the motor 80 both directly and through the capacitor 96
      respectively. The application of the AC line voltage across the primary
      winding 188 causes a voltage to be induced in the secondary winding 190
      with consequent lighting of the bulb or lamp 68. The resistor 192 simply
      prevents excessive currents to flow through the lamp 68 which may damage
      the latter.
PAR  It should be clear that whenever the switch 121 is turned to the on
      position, the motor 80 is energized as is the lamp 68. Accordingly, the
      motor 80 continuously turns and the lamp 68 is continuously lit so long as
      the switch 121 is in the on position.
PAR  Referring to FIG. 10, the horizontal frame portion 45 is shown when the
      drilling platform normally resting thereon is removed. The details of the
      stops or locking means are shown. Although depressed portions 200 and 206
      have been shown opposite sides of the vertical frame portion, the
      provision of such depressed portions is not critical and the same or
      similar handle-locking means may be provided and mounted directly on the
      top surface of the horizontal frame portion. Pivotally mounted in the
      depressed portion 200 is the arm 48 which has a circular portion which
      extends beyond the end of the horizontal frame portion 45. In this manner,
      the arm is readily accessible exteriorly of the drilling machine, as shown
      in FIG. 1. The rounded or circular portion of the arm 48 is advantageously
      provided with notches or serrations 204 which facilitate the manual
      gripping of the arm and for pivotting the arm 48 about a vertical axis.
      Connected to the arm 48 is the right stop 44 described above. On the other
      side of the vertical frame portion 45, there is provided in a depressed
      portion 206 a lever 208 which is pivotally mounted in a similar manner as
      is the arm 48. A linkage 45a connects opposite ends of the arm 48 and the
      lever 208. Thus, the linkage 45a is connected to the arm 48 in front of
      its pivot point while being connected to the lever 208 rearwardly of the
      pivot point of the latter. Connected to the lever 208 is a left stop 46
      above described. The locking mechanism shown in FIG. 10, including the
      linkage 45, is so arranged so that when the arm 48 is pivotted in a
      clockwise direction, as viewed in FIG. 10, the linkage 45a is urged
      towards the left -- this causing the lever 208 to pivot in a
      counterclockwise direction. The locked position of the handle is
      represented by the right and left stops 44, 46 in FIG. 10 -- the stops
      respectfully extending or being interposed between the abutting portions
      42 of the drilling platform 40 and the moment arm portions 110 of the
      handle 50. Accordingly, the handle 50 is prevented from being urged
      upwardly, When the arm 48 is pivotted in a counter-clockwise direction by
      engaging the notches 204, the right stop 44 moves to the dashed stop
      position designated by the reference numeral 44'. At this time, the
      linkage 45ahas caused the lever 208 to pivot in a counter-clockwise
      direction -- bringing the left stop 46 to its unlocking position
      represented by the reference numeral 46'. Thus, it will be noted that the
      linkage arrangement permits simultaneous locking or unlocking of the
      handle at both ends thereof by manipulation of the locking mechanism at
      only one side.
PAR  The operation of the drilling machine, to the extent to which it has not
      been described above, will now be described. When drilling of the dental
      model is to be effected, the dental model is placed on the top surface 40'
      of the drilling platform 40 over the opening 41. The electrical switch 121
      is turned to the on position -- this causing the motor 80 to start turning
      and simultaneously lighting the bulb 68. The depth limiting stop 56 may be
      adjusted to limit the penetration of the drill bit 32 and to select the
      depth of the holes drilled. The lense assembly 64 may be moved upwardly or
      downwardly in the lense housing 62 so as to focus the beam of light
      eminating downwardly therefrom on that portion of the model where a hole
      is to be drilled. Once the model has been properly positioned by suitable
      alignment with the light beam, a technician may grip the handle 50
      frontally or laterally while simultaneously gripping the model and urging
      the same onto the drilling platform 40. For manual operation, the arm 48
      is manipulated so as to move the stops to their dashed or unlocking
      positions as shown in FIG. 10. Now the handle 50 is pivotted upwardly
      about the holes 114 in the handle until the depth limiting stop 56 engages
      the lower surface of the drilling platform 40 and prevent further upward
      movement of the motor housing 19. At such time, the handle 50 is released
      and the motor housing 19, under its own weight, can move vertically
      downwardly by means of the guide shafts and guide pin. The cast model may
      now be moved on the drilling platform 40 until the light beam is again
      focused on another portion which is to be drilled. The identical steps may
      be followed in drilling a second and subsequent holes.
PAR  When pneumatic operation is desired, the handle 50 is advantageously locked
      and prevented from moving. At such time, the handle 50 plays no part in
      raising the motor housing 19, but merely serves as a member which may be
      gripped conveniently while simultaneously gripping the dental model as
      before for purposes of securing the model during drilling. Consequently,
      the arm 48 is pivotted to move the stops outwardly in interposed
      relationship between the abutting portions 42 and the moment arm portions
      110 of the handle 50.
PAR  Now, with the connector opening 132 in communication with an external
      source of air pressure, when the foot operable air valve 154 is actuated,
      air pressure build up in the air cylinder 86 causes the piston rod 28 to
      extend downwardly and, as a result, cause the motor housing 19 to move
      upwardly along the guide shafts and guide pin. As described above, the
      pivot standoffs 22 do not interfere with such operation since the abutting
      surfaces 54b are sufficiently upwardly disposed so that the motor housing
      19 may attain its fully upward drilling position without having the pivot
      standoffs engage the upper abutting surfaces 54b.
PAR  Release of the foot air valve 154 removes the air pressure from the air
      cylinder 86 and the air pressure in the latter drops as a result of
      venting to the atmosphere through the valve 154. Consequently, the motor
      housing 19, under its own weight, again moves downwardly to its rest
      position. During pneumatic actuation, the technician may grip the handle
      50 and the dental model as before to thereby secure the latter during
      drilling.
PAR  An important feature of the present invention is the provision of a focused
      light beam which is downwardly directed and normal to a horizontal
      drilling platform. The provision of such a light beam, in addition to
      locating those portions where holes are to be drilled in precise places,
      permits dental surveying, as well known to those skilled in the art.
PAR  Numerous alterations of the structure herein disclosed will suggest
      themselves to those skilled in the art. However, it is to be understood
      that the present disclosure relates to a preferred embodiment of the
      invention which is for purposes of illustration only and is not to be
      construed as a limitation of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drilling machine for drilling holes in a plaster cast comprising a
      frame having a stationary horizontal drilling platform, said drilling
      platform having an opening therethrough and a top surface adapted to
      support a cast which is positionable over said opening; drilling means
      positioned below said drilling platform and vertically movable between two
      spaced vertical positions, said drilling means being adapted to receive
      and support a drill bit, said drill means being arranged to maintain the
      drill bit below said top surface in one of said positions while passing
      the drill bit through said opening and above said top surface in the other
      of said spaced positions to thereby drill a hole in the plaster cast
      positioned on said top surface covering said opening; hydraulic actuating
      means for moving said drilling means from one of said positions to the
      other of said positions, said hydraulic actuating means comprising a fluid
      cylinder connected to said drilling means, said fluid cylinder having a
      movable piston with a shaft movable relative to said cylinder and
      engageable with said frame in an extended position, fluid regulating means
      for selectively supplying fluid to said cylinder to extend said shaft from
      said cylinder into engagement with said frame; said drilling means
      including a motor housing, said frame having a lower ledge at least
      partially disposed below said motor housing, said air cylinder being
      mounted on said housing, said shaft normally being in a retracted position
      and being movable to an extended position in response to filling said
      cylinder with a fluid, said cylinder being arranged to have said engage
      said lower ledge when fluid is forced into said cylinder, whereby said
      housing is moved towards said other position.
NUM  2.
PAR  2. A drilling machine as defined in claim 1, wherein said fluid cylinder is
      an air cylinder and wherein said hydraulic actuating means comprises a
      pneumatic line being adapted to be connected at one free end to a source
      of air pressure and connected to said air cylinder at another free end.
NUM  3.
PAR  3. A drilling machine as defined in claim 2, further comprising an
      open-close air valve connected in said pneumatic line for connecting and
      removing said source of air pressure from said air cylinder.
NUM  4.
PAR  4. A drilling machine as defined in claim 3, further comprising a speed
      flow control valve connected in said pneumatic line between said
      open-close air valve and said air cylinder for regulating the rate of flow
      of air into said air cylinder when connected to said source of air
      pressure.
NUM  5.
PAR  5. A drilling machine as defined in claim 4, further comprising an air
      pressure regulator connected in said pneumatic line between said
      open-close air valve and said free end adapted to be connected to said
      source of air pressure for regulating the magnitude of air pressure
      applied to said air cylinder.
NUM  6.
PAR  6. A drilling machine for drilling holes in a olaster cast comprising a
      frame having a stationary horizontal drilling platform, said drilling
      platform having an opening therethrough and a top surface adapted to
      support a cast which is positionable over said opening; drilling means
      positioned below said drilling platform and vertically movable between two
      spaced vertical positions, said drilling means being adapted to receive
      and support a drill bit, said drill means being arranged to maintain the
      drill bit below said top surface in one of said positions while passing
      the drill bit through said opening and above said top surface in the other
      of said spaced positions to thereby drill a hole in the plaster cast
      positioned on said top surface covering said opening; hydraulic actuating
      means for moving said drilling means from one of said positions to the
      other of said positions, said hydraulic actuating means comprising a fluid
      cylinder connected to said drilling means, said fluid cylinder having a
      movable piston with a shaft movable relative to said cylinder and
      engageable with said frame in an extended position, fluid regulating means
      for selectively supplying fluid to said cylinder to extend said shaft from
      said cylinder into engagement with said frame; a handle pivotally
      connected to said frame and engageable with said drilling means, said
      handle extending at least partially adjacent the periphery of said
      drilling platform and adapted to move said drilling means from one to the
      other of said positions independently of the position of said piston
      shaft, whereby both said handle and the plaster cast to be drilled can be
      simultaneously manually gripped and said drilling means can be moved by
      moving said handle while securing the position of the plaster cast during
      drilling of the latter.
NUM  7.
PAR  7. A drilling machine as defined in claim 2, wherein said handle includes
      pivoting means adapted to permit movement of said drilling means towards
      the other of said positions with said handle stationary, and further
      including stop means for selectively locking the position of said handle,
      said handle extending adjacent to the major portion of the periphery of
      said drilling platform, whereby said handle, when locked, and the plaster
      cast can be simultaneously gripped and said plaster cast can be secured in
      position on said drilling platform while said hydraulic means moves said
      drilling means towards the other of said positions.
NUM  8.
PAR  8. A drilling machine as defined in claim 6, wherein said drilling means
      comprises a motor housing, and further comprising adjustable depth
      limiting means cooperating with said housing and said drilling platform
      for adjustably limiting the movement of said housing in the direction
      towards said drilling platform, whereby the depth of the holes drilled in
      the plaster cast can be closely controlled.
NUM  9.
PAR  9. A drilling machine as defined in claim 8, wherein said depth limiting
      means comprises a screw threaded stop meshingly mounted on a surface of
      said housing facing said drilling platform and having an extended portion
      which is engageable with the said drilling platform and projects from said
      housing surface variable distances independent on the extent of meshing
      engagement of said limiting means and said housing.
NUM  10.
PAR  10. A drilling machine as defined in claim 6, further comprising a locating
      light spaced from and vertically aligned with said opening, said locating
      light being adapted to generate a beam of light directed normally to said
      top surface and through the center of said opening, whereby said beam of
      light impinging on a portion of the cast provides an indication that a
      hole will be drilled in the lit portion when said drilling means moves
      from one to the other of said spaced positions.
NUM  11.
PAR  11. A drilling machine for drilling holes in a plaster cast comprising a
      frame having a stationary horizontal drilling platform, said drilling
      platform having an opening therethrough and a top surface adapted to
      support a csat which is positionable over said opening; drilling means
      positioned below said drilling platform and vertically movable between two
      spaced vertical positions, said drilling means being adapted to receive
      and support a drill bit, said drill means being arranged to maintain the
      drill bit below said top surface in one of said positions while passing
      the drill bit through said opening and above said top surface in the other
      of said spaced positions to thereby drill a hole in the plaster cast
      positioned on said top surface covering said opening; hydrauliuc actuating
      means for moving said drilling means from one of said positions to the
      other of said positions; said hydraulic actuating means comprising a fluid
      cylinder connected to said drilling means, said fluid cylinder having a
      movable piston with a shaft movable relative to said cylinder and
      engageable with said frame in an extended position, fluid regulating means
      for selectively supplying fluid to said cylinder to extend said shaft from
      said cylinder into engagement with said frame; said drilling means
      including a housing and guide means for vertically guiding said housing,
      said guide means comprising two downwardly extending guide shafts
      extending from said drilling platform to each side of said opening, and
      corresponding holes in the top of said housing adapted to receive
      respective ones of said guide shafts, and an upwardly extending guide pin
      extending from said frame and a corresponding hole in the bottom of said
      housing adapted to receive said guide pin.
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ABST
PAL  Tool holder with controlled tool movement, comprising two members adapted
      to be moved angularly away from each other against a resilient force, one
      member carrying the tool and being movable away from the other, a push
      member adapted to control this movement extending through one of said
      members, at least one lever being interposed between said push member in
      order to scale the control action between said push member and said tool
      holder, said lever being housed longitudinally within the central passage
      of a tubular bore machining bar. The machining bar in conjunction with a
      corresponding tool-bit constitute the aforesaid members that are movable
      away from each other.
BSUM
PAR  This invention relates in general to tool-holders of the type wherein the
      wear take-up movement of the tool is controlled by acting upon the tool
      proper.
PAR  More particularly, this invention is concerned with a specific application,
      as a wear take-up device for a bore-machining tool bar, of the device
      disclosed in the U.S. Pat. No. 3,686,964 issued Aug. 29, 1972.
PAR  Basically, the tool holder having automatically controlled rod adjustment
      described and illustrated in the aforesaid U.S. Patent, comprises two
      members that are away from each other due to resilient force, one member
      for supporting the tool. This arrangement has a push member for
      controlling this movement that extends across one of said members, and has
      at least one lever interposed between the push member and a pair of
      closely spaced bearings for said members, to scale the adjustment of the
      tool holder by introducing a lever combination into the control mechanism.
PAR  According to the present invention, the fixed portion of the tool holder
      consists of a bore machining bar and the member to be moved away from the
      other consists of a tool-bit, a reduction lever being housed
      longitudinally within the bore machining bar. Moreover, the push member
      may consist of a screw held against axial movement and adapted, when
      rotated, to cause said reduction lever to pivot by means of a captive nut
      coupled to said lever.
PAR  This arrangement is characterized by two essential features:
PAR  A. THE POSSIBILITY OF DISPOSING END TO END A PLURALITY OF DEVICES OF THIS
      TYPE WITHIN A BORE MACHINING BAR IN ORDER TO USE A MAXIMUM NUMBER OF TOOLS
      FOR A GIVEN BAR LENGTH, AND
PAR  B. THE POSSIBILITY OF CONTROLLING AUTOMATICALLY THE WEAR TAKE-UP
      SIMULTANEOUSLY FOR ALL THE TOOL DEVICES INCORPORATED IN THE BORE MACHINING
      BAR WITH THE ASSISTANCE OF ELECTRICALLY DRIVEN SPINDLES PROVIDED ON
      MEMBERS PIVOTING ABOUT A BAR PARALLEL TO THE BORE MACHINING BAR. The
      spindles are provided with adequate end pieces registering with adjustment
      screws in the bore machining bar. This bore machining bar is provided with
      positioning means such that the adjustment can be accomplished either by
      means of a pulse-energized step-by-step motor or as a function of time by
      using timing means controlling the rotation of a conventional electric
      motor.
PAR  Other features of this invention will appear from the following description
      with reference to the attached drawing illustrating an embodiment of the
      invention. In the drawing:
DRWD
PAR  FIG. 1 is an axial section showing one portion of the bore machining bar
      illustrating one of several tool bits and associated adjusting devices;
PAR  FIG. 2 is a fragmentary axial section showing a modified embodiment of the
      resilient return means urging the tool insert carrier member against the
      bore machining bar;
PAR  FIG. 3 is a cross-sectional view of the same detail, the section being
      taken along the line III--III of FIG. 2, and
PAR  FIG. 4 illustrates in vertical section automatic wear take up control
      means, the bore machining bar being shown in a cross-section taken along
      the line IV--IV of FIG. 1, at the level of the adjustment screw.
DETD
PAR  Referring first to FIG. 1 of the drawing, the tool insert 1 is mounted in a
      tool bit 2 having one end secured by means of screws such as 2a in an
      externally facing cavity formed in the bore machining bar 3 and comprising
      an intermediate slot 4 permitting the flexion of said bit 2 under the
      control of a ball 5. A strap 6 screwed to the bit 2 locks the tool insert
      1 to said bit 2. The latter is constantly urged against the bore machining
      bar 3, at its other end, by a hairpin spring 7 held in its stressed
      condition within the bore machining bar by means of a fastening screw 8 so
      disposed that turning this screw 8 in one or the other direction permits
      of adjusting the compression stress exerted by said hairpin spring 7.
PAR  Mounted inside the bore machining bar 3 is a forked lever 9 having a pair
      of opposite, partially overlapping off-set blind holes 10a and 10b formed
      therein at one end (FIG. 1). A bearing pin 11 secured by a screw to the
      bar 3 engages hole (10b) and a thrust pin 12 adapted to engage the ball 5
      with a tapered cavity formed in the outer face of pin 12 engages hole 10a.
      Pin 11, 12 have their inner ends shaped and dimensioned to match the
      bottom of the corresponding holes 10b, 10a; preferably, these pins 11, 12
      have a gradually decreasing cross-sectional area (a tapered shape is shown
      by way of example in this embodiment) to accomodate the angular movements
      to be accomplished by the lever 9 with respect to the pins. Furthermore, a
      relatively thin plate 13 of resilient deformable material is inserted
      between these pins 11 and 12, as shown.
PAR  The ends of the forked arms of lever 9 engage a cylindrical stop 14 rigid
      with an intermediate lever 15 adapted to pivot at 17 within a strap 16
      secured by means of set screws to the bore machining bar 3. The strap 16
      also comprises a tapped hole 16a concentrical with the bore machining bar
      3 so that, by using a screw-rod not shown in the drawing, this part of the
      mechanism can be introduced into the bore of the machining bar, or removed
      therefrom.
PAR  The lever 15 has its opposite end trunnioned to the strap 16 by engaging
      shouldered portions of a captive nut 18. A screw 19 having a pointed tip,
      held against axial movement by means of a cover 20 (fastened by screws, as
      shown) in a tapered cavity formed in the bore machining bar 3, is adapted
      when rotated to impart a movement of translation to said captive nut 18 so
      that the lever 15 is caused to pivot about its pin 17.
PAR  FIGS. 2 and 3 illustrate a modified and preferred embodiment of the
      resilient return means for urging the tool bit 2 against the bore
      machining bar 3. In this preferred embodiment, the general cross-sectional
      dimensions of the wear take-up device within the bar 3 are reduced by
      substituting for the hairpin spring 7 a compression-stressed annular
      spring 21. As in the preceding embodiment the compression of this annular
      spring 21 can be adjusted by means of the screw 8.
PAR  FIG. 4 illustrates in vertical section a mechanism for automatically
      controlling the wear take-up means and, in cross-section, the
      corresponding portion of the bore machining bar 3. This bar 3 is so
      located that when it is stopped the adjustment screw 19 is disposed
      vertically with the head up. The adjustment mechanism 22 is retracted
      during the tool operation and when the bore machining bar 3 is stopped
      this mechanism pivots about a bar 23 parallel to the bore machining bar 3.
PAR  This adjustment mechanism 22 comprises a spindle 24 supporting a chuck 25
      receiving a screwdriver tip 25a provided with a lower or depending tenon
      25b engageable into the slot of the adjustment screw 19, and an upper
      tenon 25c extending in a plane perpendicular to that of said depending
      tenon 25b; this upper tenon 25c normally engages a slot formed in chuck 25
      so as to be rotatably solid therewith. This coupling between the tool bit
      and the chuck comprises a slight play and the depending or lower tenon 25b
      has bevelled edges to facilitate its engagement into the slot of the
      adjustment screw 19. The spindle 24 is normally urged against an axial
      stop in the casing of mechanism 22 by means of a coil compression spring
      26 engaging a cam member 27 secured by a cross pin to the spindle 24, as
      shown, and adapted to engage and actuate a spring-loaded control roller 28
      of an elevator-type switch 29. The spindle 24 is adapted to be rotatably
      driven from a motor 30 via a cogged-belt transmission 31 and this spindle
      is connected to the hub of one of the cogged wheels 32 of this
      transmission by means of splines. Thus, during the wear take-up operation
      the spindle 24 is brought into vertical or axial alignment with the
      adjustment screw 19 and rotated by the motor 30 whereby the screwdriver
      tip 25a is resiliently urged against the screw head and "seeks" the slot
      thereof while compressing the spring 26; thus, cam member 27 releases the
      spring-loaded roller 28 of switch 29. When the screwdriver tip 25a
      eventually registers with the screw slot, it engages same while the
      spindle assembly moves downwards, this movement being assisted by the
      force of spring 26. During this downward movement of the spindle the means
      for detecting the engagement of the screw slot by said screwdriver tip 25a
      become operative, these means consisting primarily of cam member 27 which,
      through the spring-loaded roller 28 engaging its cam contour, actuates the
      elevator-type switch 29 to control through delay-action means the electric
      motor 30 and thus produce a predetermined adjustment of the screw. To
      perform this adjustment the electric motor 30 is either a step-by-step
      pulse motor or a conventional electric motor responsive to timing means.
PAR  Although a specific form of embodiment and modified details thereof have
      been described and illustrated herein, it will readily occur to those
      skilled in the art that various further modifications and changes may be
      brought thereto without departing from the scope of the invention as set
      forth in the appended claims.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. A bore machining bar comprising an internal channel and at least one
      externally facing cavity, a tool bit mounted in said cavity so as to be
      movable radially away from said bar, a passage provided between said
      cavity and said channel, a tool adjustment device comprising first bearing
      means movably disposed in said channel to coact with said tool bit through
      said passage, and second bearing means secured within said channel in a
      radially opposed and axially offset position relative to said first
      bearing means, a scaling lever extending longitudinally in said channel
      and having one of its ends engaging said first and second bearing means,
      means for adjusting the position of the other end of said scaling lever in
      a direction transverse to said channel and substantially in a radial plane
      passing through said first and second bearing means, said adjusting means
      comprising a control screw penetrating radially into said channel and
      being held against axial movement in the bar, a nut cooperating with said
      screw, and intermediate means disposed in said channel cooperating with
      the other end of said scaling lever and said nut, the rotation of said
      screw causing displacement of said intermediate means, said displacement
      of said intermediate means causing the scaling lever to pivot on said
      second bearing and bear against the first bearing to obtain tool bit
      adjustment.
NUM  2.
PAR  2. Tool holder as set forth in claim 1, comprising automatic wear take up
      means including for each push member a powered spindle carrying an end
      piece adapted to co-act with said screw, said spindle being carried by a
      member pivoting about a bar parallel to said bore machining bar, in order
      to bring said end piece into driving engagement with said screw head when
      a wear taking-up step is required.
NUM  3.
PAR  3. Tool holder as set forth in claim 2, wherein the automatic wear take-up
      device comprises means for detecting the mutual driving engagement between
      said end piece and the slot of said screw and controlling power means for
      driving said spindle step by step.
NUM  4.
PAR  4. Tool holder as set forth in claim 2, wherein the automatic wear take-up
      device comprises means for detecting the proper driving engagement between
      said end piece and the head of said screw, said means controlling an
      electric motor responsive to delay-action means for producing the proper
      degree of rotation and therefore the required adjustment of said spindle.
NUM  5.
PAR  5. A bore machining bar according to claim 1, including a spring provided
      in said channel for exerting a resilient force biasing said bit against
      radial movement away from said bar, said spring comprising a portion
      contacting the inner surface of said channel and another portion movable
      within said channel, and a member passing through the bar for connecting
      the movable portion of said spring to said tool bit.
NUM  6.
PAR  6. A bore machining bar according to claim 1, wherein said scaling lever is
      provided with a pair of opposed blind passages having partially
      overlapping cross-sectional contours, a wafer of resilient plastic
      material is disposed within said passages, said first and second bearing
      means extending into said passages to bear against said wafer, said first
      bearing means including a bearing ball disposed in said passage to
      cooperate with said tool bit.
NUM  7.
PAR  7. A bore machining bar according to claim 1, wherein said intermediate
      means includes an intermediate scaling lever interposed between said nut
      and said scaling lever, and a strap pivotally supporting said intermediate
      scaling lever and secured to the bar within said channel.
NUM  8.
PAR  8. A bore machining bar comprising an internal channel and a plurality of
      externally facing cavities, a tool bit mounted in each cavity so as to be
      movable radially away from said bar, a passage provided between each
      cavity and said channel, a plurality of tool adjustment devices each
      comprising first bearing means movably disposed in said channel to coact
      with one said tool bit through one said passage, and second bearing means
      secured within said channel in a radially opposed and axially offset
      position relative to said first bearing means, a scaling lever extending
      longitudinally in said channel and having one of its ends engaging said
      first and second bearing means, means for adjusting the position of the
      other end of said scaling lever in a direction transverse to said channel
      and substantially in a radial plane passing through said first and second
      bearing means, said adjusting means comprising a control screw penetrating
      radially into said channel and being held against axial movement in the
      bar, a nut cooperating with said screw, and intermediate means disposed in
      said channel cooperating with the other end of said scaling lever and said
      nut, the rotation of said screw causing displacement of said intermediate
      means, said displacement of said intermediate means causing the scaling
      lever to pivot on said second bearing and bear against the first bearing
      to obtain tool bit adjustment.
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ABST
PAL  A centrifugal type impeller pump has a restricting valve to control the
      inlet area of the collector for reducing recirculating flow from the
      collector to the impeller. The restricting valve includes a ring mounted
      upon the pump housing for rotary and axial motion. Rotary motion is
      imparted to the ring by an actuator. Cam slots in the ring and pins
      secured to the housing produce axial motion of the ring as the ring
      rotates. Precise positioning of the ring is possible because large motions
      of the actuator can be utilized to provide small changes in ring position.
      The axial position of the ring is determinative of the inlet area of the
      collector.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fluid pumps and more particularly to a
      centrifugal type of fluid pump. The invention also relates to fuel
      controls for gas turbine engines.
PAR  A problem with centrifugal impeller pumps, which operate during low flows,
      is the recirculation of flow from the collector thereof back into the
      impeller section. This flow recirculation contributes significantly to a
      reduction in pump efficiency and increases undesirable heating of the
      fluid being pumped.
PAR  Prior art devices which restrict the impeller discharge area or collector
      inlet area have demonstrated that a reduction in recirculating flow
      engenders a noticeable improvement in pump efficiency. However, the
      available mechanical systems in the prior art for controlling the inlet
      area on the collector do not allow for precise positioning of the valve
      which dictates the inlet area. Hence, the mechanical systems of the prior
      art which are employed to regulate the collector inlet area have not been
      adapted for the precise control to render them suitable for certain
      applications, such as aircraft applications.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed to a restricting valve for the inlet of the
      collector of a centrifugal type pump. A restricting valve of the invention
      is adapted to be precisely positioned so that a pump incorporating the
      restricting valve may be suitably employed in applications having the
      aforementioned requirements.
PAR  A pump of the invention comprises a restricting valve in the form of a ring
      mounted on the pump housing such that rotation of the ring controls the
      inlet area of the collector. Rotary motion of the ring is produced by a
      suitable actuator (such as an electric or fluid motor); and axial motion
      of the ring, which affects either a reduction or an enlargement of the
      inlet area of the collector, is beget by a cam means which imparts a small
      axial motion to the ring for a larger rotary motion in thereof. In a
      preferred embodiment of the invention slots in the ring receive pins which
      are fixedly secured to the housing such that rotary motion of the ring
      produces a corresponding axial movement of the ring. In yet another
      preferred embodiment to the invention, the ring may serve not only to
      restrict the collector inlet area but also to reduce the volume of the
      collector itself.
PAR  Accordingly, it is a primary object of the invention to provide a
      centrifugal type impeller pump with a restricting valve for the inlet area
      of the collector wherein the valve is capable of being precisely
      positioned.
PAR  This and other objects and advantages of the invention will become more
      readily apparent from the following detailed description, when taken in
      conjunction with the accompanying drawings, in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view, in cross section, of a centrifugal type
      impeller pump of the invention.
PAR  FIG. 2 is a sectional view of the pump of FIG. 1 taken along the line 2--2
      of FIG. 1.
PAR  FIG. 3 is a view taken along the line 3--3 of FIG. 1 showing the engagement
      between the ring and a pin.
PAR  FIG. 4 depicts an alternative form of ring which restricts not only the
      collector inlet area but also the collector volume.
PAR  FIG. 5 is a block diagram depicting a pump of the invention incorporated in
      a fuel control system for a gas turbine engine.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a centrifugal type impeller pump 8 of
      the invention having an impeller housing 10, an actuator housing 12 and a
      bearing housing 14, the latter being depicted in phantom. The various
      housings are complimentary sections which together form the pump body. A
      plurality of bolts 16 extend through passages in their respective housings
      to engage nuts 18 for maintaining the assembled relationship. The impeller
      housing 10 is constituted by an inlet section 10a, a main section 10b
      having an impeller chamber 20 formed therein, and a peripheral section 10c
      in which is defined a peripheral manifold or collector 22 which receives
      the impeller fluid.
PAR  A rotatable shaft 24 is mounted in concentric relationship to the impeller
      chamber 20 and carries upon its end an impeller 26 securely mounted
      thereupon in the conventional manner by an impeller nut 28. The impeller
      26, which is of a well known type, comprises a web section 29 with
      radially extending vanes 30 fashioned thereupon. The impeller 26 also
      includes the usual suction eye 32 which lies radially inwardly of the
      vanes. In addition, the impeller 26 carries labyrinth seals to furnish a
      pressure breakdown means to minimize leakage through the running clearance
      which must necessarily be provided between the impeller and the impeller
      housing, the labyrinth seals being designated 34 and 36. A sealing element
      38 comprises threads 40 on the rear portion thereof so that it may be
      secured in threaded engagement to the bearing housing 14 with its interior
      periphery engaging the labyrinth seal 36. A flange 38a on the sealing
      element 38, together with an intermediate cylindrical surface of the
      sealing element 38, functions to position a cylindrical valve seat 42
      adjacent the inlet of the collector 22.
PAR  As best shown in FIGS. 1 through 3, the restricting valve of the invention
      is constituted by a cylindrical sleeve or ring 44 mounted upon a portion
      46 of the outside surface of the section 10b of the impeller housing 10 in
      coaxial relationship with the impeller housing and the impeller 26. The
      portion 46 of the outside surface of the impeller housing 10 serves as a
      bearing and a guide for the rotational and axial movement of the ring 44.
      As is shown in FIG. 3, the ring 44 comprises three helical slots 44a which
      are spaced in an equidistant manner around the ring 44. Three pins 48 are
      fixedly connected to the main section 10b of the impeller housing 10 and
      are spaced in an equidistant manner around the impeller housing so as to
      define angles of 120 degrees therebetween. A bearing 50 surrounds each pin
      48 beneath an upper flange 22 (FIG. 1) integral with the pin to thereby
      define a roller which is received in the slot 44a. The rear face 44b of
      the ring 44 is in confronting relationship to the valve seat 42 such that
      the spacing therebetween is determinative of the inlet area of the
      collector 22.
PAR  Rotation of the ring 44 relative to the impeller housing 10 in a clockwise
      direction as viewed from the inlet results in a progressive reduction in
      the inlet area of the collector 22 and conversely a rotation of the ring
      44 in a counterclockwise direction affects a progressive increase in the
      inlet area of the collector 22. It will be noted that the portion 46 of
      the outer surface of the impeller housing performs the combined functions
      of acting as a cylindrical guide member for axial movement of the ring 44
      as well as serving as a bearing for supporting the ring 44 during rotation
      thereof.
PAR  A preferred actuator for rotating the ring 44 is illustrated in FIG. 2
      under the general designation 54. The actuator 54 comprises a piston 56
      mounted for axial sliding movement within a bore 58 in the actuator
      housing 12. The mouth of the bore 58 is covered by a plug 60 having a
      conduit 62 for the admittance of a control pressure generated by an
      appropriate control device. A spring 64 functions to bias the piston 56 to
      the left wherein the inlet area of the collector 22 is at a maximum value.
      Attached to the right side of the piston 56 in concentric relationship
      thereto is a shaft 66 which is slideably mounted within a smaller bore 68
      in the actuator housing 12. A link 70, having universal couplings 72 and
      74 at its ends, interconnects the end of the shaft 66 with the ring 44
      such that axial movement of the piston 56 and the shaft 66 imparts rotary
      motion to the ring 44. An adjustable stop abuttment 76 is arranged within
      the actuator housing 12 to contact a radial projection 78 integral with
      the ring 44 to limit the minimum size of the inlet area when a control
      pressure is applied to the underside of the piston 56, which is not
      balanced by the opposite force exerted by the spring 64.
PAR  FIG. 4 shows an alternative version of the ring which controls the inlet
      area of the collector. In this modification the ring includes a flange 80
      having a sliding seal on its upper edge whereby the ring may not only
      control the inlet area to the collector but also the collector volume
      itself. This is advantageous because the recirculation of flow within the
      collector is reduced, and thereby the frictional loss in the fluid is also
      reduced, and the efficiency of the pump is increased.
PAR  A fuel control application, for which the pump of the invention is
      particularly well suited, is outlined in FIG. 5. For the purposes of
      describing the operation of the illustrated pump, assume that the pump is
      adapted to supply fuel to a gas turbine engine of an aircraft and hence
      constitutes a part of a fuel control therefor. A gas turbine engine, which
      is operated at a high altitude, has far lower fuel flow requirements than
      at sea level. When the fuel flow rate falls below a predetermined level at
      which recirculation problems are encountered in the pump, a pressure
      generating device, which may assume many forms, increases the pressure
      applied to the lower face of the piston 56. Assuming that the engine has a
      fuel control in which a constant head is always maintained across a
      metering valve 84 (which is in series flow relationship with the impeller
      pump 8) by a pressure regulator 86, the position of the metering valve 84
      may be utilized to control the pressure generating device 82 since valve
      position is an indication of the flow to the engine and hence the flow
      through the pump. Typical metering valves and pressure regulators are
      shown in FIG. 1B of U.S. Pat. No. 3614269. The increase in pressure in the
      lower face of the piston 56 is sufficient to cause the piston to be driven
      against the bias of the spring 64 until the projection 78 contacts the
      abuttment 76. During the stroke of the piston 56 the ring 44 rotates and
      simultaneously moves in an axial direction towards the seat 42. When the
      projection 78 establishes contact with the abuttment 76, the inlet area of
      the collector 22 will have been reduced to a predetermined extent whereby
      recirculation in the impeller cavity is ameliorated. As long as flow
      through the pump remains below the predetermined level, pressure is
      continuously applied to the lower face of piston 56, thereby to maintain
      the projection 78 in contact with the abuttment 76. However, when the flow
      to the pump exceeds the predetermined level, the pressure generating
      device 82 relieves the pressure on the lower face of piston 56, thereby
      permitting the spring 64 to force the piston back to its original position
      wherein the inlet area of the collector is at its maximum value. During
      the return stroke of piston 56, the ring 44, of course, rotates in the
      opposite direction and the face 44a withdraws from the valve seat 42.
PAR  It should be noted that certain applications may make it necessary for the
      ring 44 to be capable of assuming a plurality of intermediate positions in
      which the inlet area of the collector (or collector volume) is somewhere
      between its maximum and minimum values. In such a situation, a
      proportional position control system may be utilized in such a manner that
      the ring position is a linear (or non-linear) function of the flow rate
      whereby the ring may be continuously positioned as the sensed flow rate
      varies. Moreover, other ring positioning schemes are also within the ambit
      of the invention.
PAR  Obviously, many variations and modifications are possible in light of the
      above teachings without departing from the invention as defined in the
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an impeller-type pumping arrangement, the combination comprising:
PA1  a housing having an impeller chamber and a collector with an inlet
      encircling the impeller chamber;
PA1  an impeller mounted for rotation within the impeller chamber for forcing
      fluid into the collector via the inlet thereof;
PA1  a ring mounted upon the housing in coaxial relationship to the impeller for
      rotation and for axial movement toward and away from the collector such
      that the inlet area of the collector is respectively reduced and
      increased;
PA1  cam means responsive to rotation of the ring to axially move the ring such
      that the inlet area is reduced and increased in accordance with the sense
      of rotation of the ring;
PA1  an actuator responsive to a control signal operatively connected to the
      ring for rotating the ring to reduce the inlet area of the collector for
      low flow rates;
PA1  a metering means in fluid connection with the collector for regulating the
      rate of flow therethrough irrespective of the inlet area of the collector
      as determined by the position of the ring;
PA1  means responsive to the rate of flow through said metering means to
      generate a rate of flow signal indicative of the flow through the impeller
      chamber and the collector; and
PA1  means responsive to the rate of flow signal to generate the control signal
      for the actuator when the rate of flow falls below a predetermined level.
NUM  2.
PAR  2. The combination of claim 1, wherein the cam means comprises:
PA1  a slot in the ring; and
PA1  a pin fixedly secured to housing and received in the slot such that the pin
      axially displaces the ring during rotation thereof.
NUM  3.
PAR  3. The combination of claim 2, wherein the actuator comprises:
PA1  a piston;
PA1  a shaft connected to the piston;
PA1  a link;
PA1  a first universal coupling interconnecting the link and the shaft; and
PA1  a second universal coupling interconnecting the link and the ring.
NUM  4.
PAR  4. The combination of claim 1, further including:
PA1  means to stop the rotation of the ring to define a predetermined minimum
      inlet area.
NUM  5.
PAR  5. The combination of claim 1, wherein the ring comprises:
PA1  a flange thereupon extending into the collector such that movement of the
      ring also controls the collector volume.
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ABST
PAL  In order to raise the degree of compression without unduly increasing the
      dimensions a compressor having at least two stages includes a first
      centripetal stage and a last centrifugal stage mounted upon the same
      shaft. The diameter at the centripetal stage inlet does not exceed the
      diameter at the outlet of the centrifugal stage and the air flows radially
      inwards in the first stage, and radially outwards in the last stage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A centrifugal compressor is a simple and reliable machine element when
      designed as a single stage unit, and is extensively used in gas turbine
      power plants, turbocharger units and the like, where a compression of 4:1
      to 6:1 is satisfactory. In order to obtain a higher degree of compression
      two or more centrifugal stages will have to be arranged in series, but
      this means a complication as well as an undesirable increase of weight and
      requirement for space. The latter consequence is mainly caused by return
      bends between the individual stages.
PAR  It has also been proposed to use one or more axial stages ahead of the
      centrifugal stage, which may be attractive i.a. with respect to the
      reduction of costs and weight. In order to obtain any noticeable increase
      of the pressure with a few axial stages it will however be necessary to
      design these with a mean diameter which is considerably greater than the
      outer diameter of the inlet to the compressor. This means a high
      centrifugal speed in the axial stages and a radial variation of the air
      distribution and the Mach-number at the centrifugal stage inlet. At the
      same time the length of the unit will be increased due to the length of
      the passageway between the axial and the radial parts of the compressor
      being extended.
PAR  A simpler, more compact plant having a high efficiency is desirable with
      many installations, where a compression ratio of between 6:1 and 12:s is
      needed. The high compression ratio and the wide operating field of a two
      stage centrifugal compressor would be advantageous combined with the
      compactness and the high efficiency of a simple stage axial compressor
      preceeding a centrifugal compressor. With a wide field of operation this
      has hitherto been possible with complicated two stage centrifugal
      compressors only.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention refers to a simple compressor having at least two
      stages, of which the first one is a centripetal stage and the last one is
      a centrifugal stage mounted upon the same shaft, the outlet of the
      centripetal stage merging into the inlet of the centrifugal stage either
      directly or by way of an axial intermediate stage, in such a manner that
      the flow will occur radially inwards in the first stage and radially
      outwards in the last stage, the rotor of the centripetal stage having a
      diameter not exceeding the diameter at the outlet of the centrifugal stage
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an axial section through part of a two stage compressor according
      to the invention
PAR  FIG. 2 shows a portion through the vane system of the centripetal
      compressor
PAR  FIG. 3 is a section corresponding to that in FIG. 1 of a modified twostage
      compressor, and
PAR  FIG. 4 shows a corresponding section through a threestage compressor.
DETD
PAC  BRIEF DESCRIPTION OF SOME PREFERRED EMBODIMENTS
PAR  In the two stage compressor shown in FIG. 1 the last stage is a centrifugal
      compressor 10 of conventional disc type, i.e. having a rotor with
      substantially radially directed vanes open to one side of the rotor, a
      centrally located inlet and an outlet along the perephery of the rotor. On
      the same shaft 11 as this centrifugal compressor a centripetal compressor
      is mounted, said compressor including a rotor 12, which along its rim is
      provided with a ring of axially directed vanes 13.
PAR  The centripetal vanes, as well as their supporting annuli 13b, 13c are
      arranged cantileverwise with respect to the disc and are connected thereto
      by means of resilient members 13a. The vanes are designed with a very
      small radius ratio between the outlet and inlet, whereby the centrifugal
      action will be quite unimportant, while the aerodynamic action
      predominates. The outlet end 14 of the centripetal compressor is formed
      within the housing 15 common to both stages and includes outlet guide
      vanes 20. The shaft 11 is journalled within this portion of the housing.
      As is evident from the drawing the air will flow radially inwards in the
      first stage, and radially outwards in the second stage, performing a soft
      bend therebetween, whereby the air passage, as viewed in a cross section
      will simulate a U.
PAR  The centripetal compressor is provided with axial, adjustable inlet guide
      vanes 16 and the centrifugal compressor has adjustable outlet guide vanes
      17. The latter will be needed with very high compression ratios only
      and/or when a very wide field of operation is required. The mechanisms 18
      and 19 for operating the guide vanes are interconnected and may be
      adjusted by a common governing member. By designing the vanes at the
      inlet, 16, of the centripetal compressor rotor 13, at the outlet, 20,
      thereof with the same profile over the full length of the pertaining vanes
      it will be possible to maintain ideal flow conditions during varying
      operating conditions, as well as to obtain the same Mach-number all along
      the vane, which has hitherto been impossible with known, combined
      centrifugal compressors.
PAR  FIG. 1 also shows an arrangement for the supply, during use, of a fluid for
      washing the compressor and/or for making possible a temporary boost with
      automotive or industrial gas turbines. The shafts to at least some of the
      inlet guide vanes are provided with an axial bore 16a. An annular channel
      member 16b is fitted to the compressor housing and is connected to a
      supply conduit 16c. The vanes are slotted at 16d so the fluid, whenever
      desired, may be sprayed into the stream of air.
PAR  FIG. 2 shows a section through a portion of the vane system of the
      centripetal compressor, illustrating two different positions for the
      adjustable inlet vanes 16.
PAR  Depending upon the position of these vanes the centripetal compressor will
      deliver air of different pressures, and it may even be possible to make
      the compressor act as a turbine, which means a reduction of the totally
      delivered air volume, as well as of compression ratio and of the power
      required for driving the unit.
PAR  The external diameter of the centripetal compressor is selected so as to be
      noticeably smaller than the external diameter of the centrifugal
      compressor, preferably less than the mean value between the outlet
      diameter and the outer inlet diameter.
PAR  With the embodiment shown in FIG. 3 the plant also includes a centrifugal
      compressor 10 as the last stage. The centripetal compressor 21 is here
      designed in such a manner that its vanes 22 and the radially inward wall
      23 of the outlet part are formed in its rotor. Hereby it will be easier to
      reduce the inlet diameter of the centripetal compressor, so it on occasion
      may be about the same as the outer inlet diameter of the centrifugal
      compressor.
PAR  The front end of shaft 11 carries the centripetal compressor stage 21,
      which is preceeded by inlet guide vanes 16. When the inlet vanes 16 are
      closed to a high degree the air will rotate substantially in the same
      direction as the rotor vanes and no compression at all will be obtained in
      the centripetal stage. This means a reduction of the air weight without
      the usual throttling losses. If the rotation in the same direction is
      increased this stage will cease to operate as a compressor and will start
      to work as a centripetal turbine. This feature is expecially attractive
      with gas turbines where rapid changes in the power output is desired with
      small or no changes in the rotational speed.
PAR  The centripetal compressor is also provided with inlet guide vanes 16, and
      furthermore the compressor housing 15 is provided with inlet guide vanes
      25 upstream of the centrifugal compressor. This is, as with the embodiment
      above described, provided with an outlet diffusor, which may be of the
      fixed type, or possibly including adjustable components.
PAR  Intermediate these two stages, as seen in FIG. 4, there is an axial stage
      30 surrounded by fixed stator rings 31 and 32. In connection thereto there
      are passages 33 and 34 for sucking away the boundary layer. The diameter
      of the axial stage does not exceed the external diameter at the inlet to
      the centrifugal stage.
PAR  The end of the shaft is carried by a front supporting, or dampening journal
      36, which (FIG. 4) preferably is designed for air lubrication and then is
      connected to the high or the intermediate stage of the compressor.
PAR  In all embodiments shown the rotor diameter of the centripetal compressor
      does not exceed the diameter at the outlet of the centrifugal compressor,
      which is advantageous with respect to the Mach-number and to the strength
      and will provide fine flow properties, a higher efficiency and a wide
      field of operation.
PAR  When the demand upon the compression ratio is not too high and the required
      field of operations is not especially broad the centrifugal stage may be
      designed with fixed inlet guide vanes, or possibly completely without such
      vanes.
PAR  When designing the centripetal compressor, and selecting the material
      therefore, the questions about costs, moment of inertia, maximum rotating
      speed and strength will be deciding. In order to obtain the highest
      strength the vane ring should be provided with self a supporting end
      annuli carried by flexible membrane 13a.
PAR  This may for instance be slotted according to different patterns in order
      to obtain the desired flexibility and may be attached to the rotor disc
      for instance by electron beam welding. When used at high rotational speed
      the supporting annuli may be manufactured by composite material with baked
      in fibres or other reinforcing members. When a low moment of inertia is
      required the vane ring, and possibly also the rotor disc is made of light
      metal, titanium, carbon fibres, glass fibres, ceramic material or the like
      and is surface treated in order to reduce wear by contaminmants in the air
     .
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a two stage compressor, of which the first stage is a centripetal
      stage, and the second one is a centrifugal stage of the disc type, mounted
      upon a common shaft and together forming a flow path where the fluid to be
      compressed flows radially inwards the first stage and radially outwards in
      the second stage, the improvement being that the first centripetal stage
      is provided with adjustable inlet guide vanes as well as with outlet vanes
      immediately downstream of the rotor vanes, said inlet, rotor and outlet
      vanes, respectively, being individually formed with the same profile over
      the full length of the respective type of vane.
NUM  2.
PAR  2. The compressor according to claim 1 in which at least some of the
      adjustable guide vanes are provided with axial bores and slots
      communicating therewith, a peripheral passage supplying a liquid for
      washing the compressor being connected to the said bores.
NUM  3.
PAR  3. The two stage compressor according to claim 1 in which the rotor vanes
      of the centripetal compressor extend cantilverwise in the axial direction
      with respect to the periphery of the rotor and are connected to the said
      rotor by means of a flexible membrane.
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ABST
PAL  A simplified interstage seal assembly for a turbomachine utilizing an
      abradable semicircular seal slidably held radially inwardly of a stator
      shroud by a pair of semicircular seal holders. The seal holders are
      retained between radially depending flanges of shroud segments, with each
      holder having a key portion projecting through radial slots in the flanges
      for guided radial expansion or contraction. The holders, after insertion
      of the keys in the slots, are spatially separated a predetermined distance
      and maintained in the separated and engaged position by engagement of a
      seal ring which is supported in the seal holders, in a track and channel
      arrangement, with a portion of the seal ring disposed in the space between
      the opposed seal holders to prevent axial displacement of the seal holders
      and thereby retain the key portions thereof within the slots of the
      flange.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation in part of copending application Ser. No. 478,129,
      filed June 10, 1974 and assigned to the same assignee as this application,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to turbomachines, and more particularly to
      an interstage seal assembly for a turbine or a compressor.
PAR  2. Description of the Prior Art
PAR  Turbomachines having bladed diaphragms with inner shroud segments
      supporting seal assemblies between stages of the rotor are well known in
      the prior art. Generally such sealing structure accommodates large
      transient thermal growths inherent in the machine, by being mounted to the
      shroud segments in a manner that constrains the seal to remain concentric
      with the rotor (i.e., prevents the sealing assembly from floating) yet
      permits concentric expansion and contraction. This is readily accomplished
      by having the seal holding structure define a plurality of cooperating
      radially extending guide slots angularly separated so that the seal
      holders having keys matingly received within the slots are prevented from
      floating movement. In practice it is preferred to have at least three such
      angularly disposed slots for receiving three mating keys in each separate
      arcuate segment of the seal holders.
PAR  Since the mating guide slots and keys engage only when they are properly
      concentric, they are, of necessity, assembled by placing them in such
      concentric orientation and then moving them towards each other axially to
      assume their engaged position. The seal holder in turn defines structure
      cooperating with a seal ring so that the seal ring can be slid
      circumferentially to its proper position and locked there as by a set
      screw or indexing pin.
PAR  As each half of the shroud is assembled in this manner, a complete circular
      seal holder and seal ring is provided when the two halves are secured
      together.
PAR  Seal holding assemblies typical of the above are shown in U.S. Pat. Nos.
      3,529,904 and 3,829,233 having a common assignee as the present
      application. However, in each of the structures shown by these patents it
      is seen that the axial retention of the key or pin, associated with the
      seal holder so that it remains within the radial slot of the flange to
      prevent unrestrained circumferential movement of the seal holder and
      radial displacement to a position permitting non-concentricity with the
      rotor, requires separate structure specifically and solely for this
      purpose, i.e., pin 51 in U.S. Pat. No. 3,529,904 patent, which results in
      a multiplicity of parts and complexity of assembly eliminated by the
      present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a pair of axially opposed seal holders
      disposed between axially opposed radially directed flanges of the inner
      shroud segments. Each flange contains a plurality of radial slots and each
      seal holder defines a flange-abutting face having axially outwardly
      extending keys for receipt within the slots. In such position the opposed
      seal holder define a definite space dimension between them. The seal
      holders also define axially open channels for receipt, by circumferential
      sliding, of engaging tongue portions of a mating seal ring. The seal ring
      also includes an intermediate spacing rib sized so as to be received
      within the space of the opposed seal holders so that the seal ring itself
      prevents axial movement, to a disengaged position, of the assembled seal
      holders.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal partial sectional view of an inner shroud area of
      a turbomachine having an inner seal assembly in accordance with the
      present invention;
PAR  FIG. 2 is a view taken along lines II--II of FIG. 1; and
PAR  FIG. 3 is an isometric view of a portion of the seal assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring initially to FIG. 1, the structure shown therein comprises a
      portion of an axial flow turbomachine 10 which may be a turbine or a
      compressor. The turbomachine 10 includes an annular array of
      circumferentially spaced stationary blades or vanes 12, secured between
      arcuate outer shroud segments 14, and arcuate inner shroud segments 16.
      The outer shroud segments 14 are mounted in a stator blade ring, not shown
      disposed inside with the turbomachine casing, also not shown, which is
      generally circular in cross section.
PAR  An annular row of rotor blades may be disposed intermediately downstream
      from the stationary blades 12. The rotor blades 18 are suitably attached
      to the periphery of a rotor disc 20. The rotor disc 20 is secured to a
      shaft, not shown, rotatably mounted in the turbomachine. The stationary
      blades 12 and the rotor blades 18 constitute one stage of the turbomachine
      10, which may also include other rotary blades 22 and stationary blades,
      similar to the ones shown, thereby providing a multistage turbine or
      compressor.
PAR  An elastic fluid is supplied to the turbomachine 10, from suitable
      combustion chambers if the turbomachine is a turbine, or from an inlet
      orifice if the turbomachine 10 is compressor. The elastic fluid passes
      through an annular passageway 24, guided by and acting in conjunction with
      the stationary rotor blades 12 and 18 of the turbomachine 10.
PAR  The inner shroud segment 16 has the function of preventing the elastic
      fluid from escaping from the annular passageway 24 and bypassing the
      stationary blades or vanes 12.
PAR  The inner shroud segment 16 comprises a platform portion 26 having a pair
      of radially inwardly directed annular flanges 28, 30 in axially opposed
      spaced relationship of predetermined axial dimension d between the facing
      portions 28a, 30a.
PAR  Referring now to FIG. 1 in conjunction with FIGS. 2 and 3 it is seen that
      each flange defines a plurality of radially inwardly open slots 44
      equiangularly positioned about the annular extent thereof. (It is evident
      that for interchangeability of the components of the top half with the
      components of the lower half of the shroud each respective semicircular
      portion should contain at least two such slots, however, in the preferred
      embodiment, such slots are provided on 15.degree. intervals.)
PAR  A pair of axially opposed seal holders 32, 34 are disposed within the space
      between the opposed flanges 28, 30, with one seal holder being the mirror
      image of the other and comprising a generally planar face 41 for abutting
      engagement with the innerface 28a of the flange and having a portion 42
      projecting axially therefrom for guided receipt in the respective slots
      44. The lower portion of the face 41 is notched as at 46 to provide, over
      its arcuate extent, a channel. Each seal holder 32, 34 further defines a
      portion 35 extending axially from the face 41 which terminates in a step
      configuration 48 providing an arcuate tongue portion.
PAR  The respective seal holders are mounted on the flanges 28, 30 by first
      circumferentially and radially aligning the projections 42 with the slots
      44 as shown in dotted outline H, and then moving them axially to their
      final engaged position. It is evident that to accomplish this, first one
      seal holder can be inserted and then the second seal holder inserted with
      the only requirement being that the overall axial dimension L of the last
      to be inserted cannot exceed the distance between the terminal end 48 of
      the first inserted holder and the opposite face 30a of the flange to allow
      sufficient space for the last inserted to be moved into position. Once
      both seal holders are in their respective proper positions, there is
      defined between their respective opposed terminal ends a space of
      predetermined dimension S.
PAR  A seal ring 36 is mounted on and supported from the seal holders 32, 34
      through a seal mounting member 38 extending across the axial extent of the
      opposed seal holders, and terminating in upwardly directed flanges 39
      having inturned tongue portions 47 for circumferential sliding receipt in
      the channels 46.
PAR  The seal mounting portion also includes an intermediate upwardly directed
      rib 45 that abuts the respective terminal ends 48 of the seal holders to
      prevent the axial displacement of the seal holder subsequent to the
      mounting portion being assembled thereto. In the instant embodiment the
      rib is undercut as at 49 to provide a track for sliding receipt of the
      tongue 48 of the seal holders to provide an interengagement that generally
      assures proper alignment of the assembled parts and prevents a skewed
      assembly. The seal ring also includes a sealing portion 40 seated within
      the mounting member 38. In this preferred embodiment the sealing portion
      is an abradable member in facing sealing engagement with the rotor disc.
PAR  Thus, it is seen, a seal assembly is shown that includes a pair of seal
      holders properly sized for insertion between opposing flanges of the inner
      shroud segments, with the holders defining projections received in slots
      in the flanges for insuring concentric expansion or contraction, and the
      projecting portions of the holders maintained in such engagement within
      the slots, against axial displacement, by a portion of the seal ring,
      which when circumferentially slid into place, generally locks the assembly
      together through cooperating tongue and channel engagement and a center
      rib abutting the spaced terminal ends of the seal holders. To complete the
      assembly prior to bolting or securing the two halves of the shroud
      together, a well known pin or set screw 50 is used to secure the seal ring
      to at least one seal holder to prevent relative circumferential movement
      between them.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In an axial flow turbomachine having an annular array of stator vanes
      with inner shroud segments secured to said vanes, a rotor disc radially
      inwardly of said shroud segments and supporting an annular array of rotor
      blades disposed axially adjacent said stator vanes, and a seal assembly
      disposed between said inner shroud segments and said rotor disc, said
      assembly comprising:
PA1  a pair of opposed flange members extending radially inwardly from said
      shroud segments, and separated a predetermined axial dimension, with each
      of said flange members defining radially extending slots;
PA1  a pair of seal ring holding members disposed within the axial dimension
      between said opposed flange members, each holding member having a face
      defining an axially extending key portion for receipt within an aligned
      slot in said flange with said face abutting said flange, and an opposite
      terminal end, with said terminal ends of each pair being axially spatially
      separated a predetermined distance;
PA1  a seal ring comprising a sealing member for facing contact with said rotor
      disc and means for mounting said sealing member on said holding members,
      said mounting means in cooperation with said seal ring holding members
      providing complimentary track and channel engagement, said mounting means
      further defining a radially extending portion disposed between the opposed
      terminal ends of said seal ring holding members to limit the axial
      movement of each holding member to less than the axial dimension of the
      key portion;
PA1  whereby, after the seal ring is circumferentially slid into position on
      said seal holding members, said keys of said seal holding members are
      prevented from axial disengagement from within the slots of said flanges;
      and,
PA1  means for attaching the seal ring to at least one of said seal holding
      members to prevent circumferential movement of one with respect to the
      other.
NUM  2.
PAR  2. Structure according to claim 1 wherein said radially extending portion
      of said mounting means has an axial dimension substantially equal to the
      predetermined distance between said terminal ends of said seal ring
      holding members in axial alignment for receipt therein to maintain said
      face of each of said holding members in abutting relation with the
      adjacent flange member.
NUM  3.
PAR  3. Structure according to claim 2 wherein the adjacent portions of each of
      the terminal ends of said holding member and said radially extending
      portion of said mounting means are cooperatively contoured to provide an
      interengaging tongue and groove relationship therebetween.
NUM  4.
PAR  4. Structure according to claim 3 wherein said holding members are
      dimensioned such that the combined axial extent of said opposed pair of
      members, from said face to the terminal end of each, is less than said
      predetermined axial dimension by at least the axial extent of said key
      portion whereby the last-to-be-inserted holding member can be moved into
      proper aligned orientation between said opposed flanges without
      interference and subsequently moved axially into proper position with said
      face abutting said adjacent flange and said key portions received within
      said slots.
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ABST
PAL  A two-stage diffuser is disclosed which is intended to be used with a high
      pressure ratio centrifugal compressor. The first stage comprises a
      vaneless diffuser passage having rotating sidewalls that freely turn on
      bearings mounted coaxially with the compressor rotor. The second stage
      comprises a stationary vaned-type diffuser. In combination, the two stages
      provide a compact diffuser having improved efficiency. Gas flow leaving
      the compressor from the periphery of the impeller at supersonic speed
      contacts the moving sidewalls of the rotary diffuser stage. By having
      these walls travel at nearly half the speed of the impeller, relative
      difference in speed between the gas and the walls is subsonic, hence, no
      shock wave occurs. Expansion of the gas in the first rotary diffuser stage
      makes it possible to deliver subsonic gas to the vaned second stage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in diffusers used with centrifugal
      compressors. Of particular concern are the diffusers and compressors used
      in gas turbine engines of small to medium size. In these engines, it is
      common practice to configure a high pressure ratio compressor which
      delivers a compressible fluid, usually air, at high velocity to a diffuser
      wherein the fluid is decelerated to produce a pressure rise.
PAR  Many different types of diffusers have been built over the last 50 years.
      U.S. Pat. No. 2,157,0002 is an example of an early diffuser. French Pat.
      No. 977,357 shows a double walled rotary diffuser wherein both side walls
      are supported on bearings mounted on the hollow shaft which drives the
      rotor. Friction transmitted via the bearing race helps to drive the French
      rotary diffuser. U.S. Pat. No. 3,460,748 discloses a compressor having
      disks which extend radially beyond the compressor blades to form a
      rotating vaneless diffuser passage which is followed by a vaned stationary
      diffuser. However, since the rotary vaneless section in U.S. Pat. No.
      3,460,748 has walls which are integral with the blades of the compressor,
      they will be traveling at the same speed as the compressor. As a result,
      the periphery of the rotary diffuser section is traveling at high speed
      with respect to the stationary vaned second stage.
PAR  The present invention solves this problem by utilizing a rotating vaneless
      stage which turns at a fraction of the speed of the compressor rotor.
      Energy to turn the rotary stage comes from three sources. First, driving
      torque for the rotating diffuser element comes from bearing and oil film
      friction between the rotary element and the drive shaft of the compressor.
      Second, gas molecules striking the walls of the rotary diffuser section at
      an angle impart a torque couple force. Third, air striking the struts
      which connect one sidewall with the other imparts a driving force until
      the design speed of rotation is reached. As a result, a diffuser built
      according to the invention enables one to efficiently match a compressor
      rotor delivering gas at supersonic velocity to a stationary diffuser by
      introduction of a rotating stage having sidewalls which travel at a speed
      which is in a range that is approximately midway between that of the
      periphery of the impeller and the stationary vanes of the diffuser second
      stage.
PAC  SUMMARY OF THE INVENTION
PAR  This invention pertains to a diffuser which has two stages. There is first
      a rotary vaneless inner stage which closely surrounds the periphery of the
      impeller of a centrifugal compressor. The rotary stage is
      circumferentially surrounded by a second vaned-type stationary diffuser
      stage. Both stages are configured to lie in radial alignment with the
      impeller rotor of the compressor. At the output of the vaned second stage
      of the diffuser, there is an annulus which collects the compressed gas and
      redirects it along the length of the engine coaxially with respect to the
      turbine drive shaft.
PAR  The rotary first stage of the diffuser is configured so that gas delivered
      radially outward from the compressor impeller passes between sidewalls
      which are both parallel and rotating. Speed of rotation is an appreciable
      fraction of that of the impeller. The rotating sidewalls consist of two
      disks connected together at the periphery by a mulitplicity of struts. The
      disk on the upstream side of the compressor impeller is ring shaped with
      an inner diameter that closely surrounds the periphery of the impeller.
      The disk on the downstream side of the impeller extends all the way
      outward from a support hub mounted on the axial shaft. As such, it serves
      both as one sidewall of the rotary first stage of the diffuser and as the
      downstream end wall of the compressor. The ring shaped disk on the
      upstream side is physically connected to the axis mounted disk on the
      downstream side by a multiplicity of small struts. These struts are of
      streamlined cross section and also serve to properly space the distance
      between the two disks.
PAR  The disk assembly making up the rotary diffuser stage is free to turn on
      the shaft which drives the compressor. Bearing and oil film friction
      provide some energy for turning. Additional torque comes from the gas flow
      coming from the impeller. This gas, leaving the periphery of the impeller
      in a generally tangential direction, strikes the sidewalls of the vaneless
      diffuser section in such a way as to cause the assembly to turn.
PAR  Properly configured, the rotary diffuser stage can be made to rotate at
      about 40 percent of the speed of the impeller. As a result, even under
      full load conditions, the relative velocity between the gas molecules
      leaving the impeller and the sidewalls remains at subsonic levels. This
      accomplishes two things. First, it prevents the formation of efficiency
      robbing shock waves. Second, it helps to impart a more radially outward
      trajectory to those gas molecules which were closest to the front and back
      shrouds of the impeller. These wall-clinging gas molecules actually leave
      the impeller at a rather low velocity even though those in midstream are
      traveling supersonic. As a result, the slow gas molecules which strike the
      sidewalls of the rotary diffuser stage are given an accelerative boost.
      The result is that there is imparted to the gas stream coming from the
      impeller a sort of smoothing function. The low velocity molecules which
      leave the impeller at an angle almost tangent with the periphery are
      speeded up and given a radially outward acceleration. Those gas molecules
      leaving at a high angle and at supersonic velocity are slowed down as they
      penetrate into the expanding volume of the diffuser.
PAR  The vanes second stage can thus be configured so that the central axis of
      each passage is more nearly radial than would be the case for a
      configuration where only a stationary vaned diffuser was used. The net
      result is that use of the two-stage concept enables one to build a compact
      and efficient diffuser.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Having generally described the invention, the accompanying drawings are
      shown by way of illustration of a preferred embodiment thereof, in which:
PAR  FIG. 1 shows, in part, the longitudinal cross section of the arrangement of
      the compressor, the diffuser and one stage of the gas turbine when
      constructed in accordance with the invention; and
PAR  FIG. 2 is a cross section along line 2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 there is shown a centrifugal impeller rotor 10 keyed via spline
      teeth 12 to driving shaft 14. The impeller may form part of an aircraft
      engine compressor and, in FIG. 1, it is shown as succeeding an axial
      compressor having blade 16. Circumferentially surrounding the impeller
      rotor is an exterior housing member 18. Housing member 18 extends radially
      beyond the impeller rotor such that it forms forward annular end plate 34
      of a diffuser which completely surrounds the periphery of the impeller.
PAR  The diffuser consists of two stages, a rotary first stage mounted within
      recesses in the forward and rear annular end plates and a vaned second
      stage that remains stationary. The rotating stage is vaneless and slightly
      expanding. Its main function is to provide boundary layer control in that
      fluid from the impeller strikes rotating walls. Thus, fluid coming from
      impeller rotor 10 in a generally tangential direction will pass between
      rotating sidewalls 26 and 28. Sidewall 28 is integral with and forms one
      face of disk 20. Disk 20 mounts via bearing races 22 and 24 directly on
      driving shaft 14. Elastic web 30 connects the outer part of the disk which
      forms sidewall 28 with the axially supported portion of disk 20. The
      opposite sidewall 26 is formed from a ring-shaped disk member which mounts
      via a multiplicity of struts 32 to the axially supported disk 20. Elastic
      web 30 serves to keep the rotating diffuser stage rotating in a plane
      perpendicular to the axis of shaft 14 even though the speed of the rotary
      diffuser stage exceeds 10,000 rpm.
PAR  Compressible fluid leaving the rotary vaneless first stage enters into a
      plurality of passages comprising forward annular end plate 34, rear
      annular end plate 36 and a multiplicity of vanes 38 (see FIG. 1). FIG. 2
      shows a cross-sectional view of the diffuser and its relation to the
      impeller.
PAR  As seen in FIG. 2, impeller 10 is closely surrounded by rotary diffuser
      sidewall 26. The circular section of the disk having face 26 is supported
      by means of a multiplicity of struts 32 to bearing supported disk 20.
      Struts 32 are of thin cross section and have their major cross-sectional
      axis arranged so as to be tangent to a common circle 39 whose radius 40 is
      a specified fraction of the outside radius 43 of impeller 10. Struts 32
      can be of small cross section because the rotary diffuser stage is free
      running and, hence, has very gradual acceleration and deceleration forces
      present. Further, as the speed of revolution increases, both disks tend to
      expand equally due to the presence of elastic web 30 (shown in FIG. 1).
PAR  Compressible fluid leaves the rotary diffuser stage and enters the passages
      of the stationary diffuser stage. Wedge-shaped vanes 38 serve to define
      the passageways between the forward and rear walls of the diffuser. The
      orientation of vanes 38 are such that they form passages whose centerlines
      are tangential to a common circle 41 whose radius is less than the radius
      43 of the impeller.
PAR  Vanes 38 can be at a more nearly radial pointing angle than would be the
      case for a vaned diffuser of conventional design. This is because the
      rotary diffuser stage tends to impart an outward bending moment to the
      flow of gas. Calculation shows that for the case where the outer radius 44
      of the rotary diffuser stage is 1.35 times that of the radius of impeller
      43, a gas exit angle of about 15.degree. above tangential is achieve from
      an impeller having a rotative speed of 45,000 rpm.
PAR  Returning now to FIG. 1, pressure at the periphery of the rotary diffuser
      (zone 45) will be higher than at the output of the impeller (zone 46) due
      to the action of the diffuser. This pressure difference assures that there
      will be an air bearing along the outside wall of the ring disk having
      sidewall 26. Pressure from zone 45 will also leak along the outside wall
      of disk 20 into plenum 58. On the impeller side of disk 20 (zone 62),
      operating pressure will be below that in plenum 58. This is beneficial in
      that the air pressure in plenum 58 will help to correct any tendency of
      disk 20 to cup, to the right as viewed in FIG. 1, due to the outward
      expansion of the ring-shaped disk supported by means of struts 32.
PAR  Rotary seal 60 prevents leakage of pressure from plenum 58 into other parts
      of the engine. Seal 60 is kept at a small radius to minimize wear and
      leakage.
PAR  Gas from the vaned second stage of the diffuser is collected in annulus 48.
      The curved external engine shroud 50 directs the high pressure gas into
      plenum 52. From there it passes via ducting 53 to a combustion chamber,
      not shown. Hot gas 54 from the combustion chamber drives turbine blades
      56. Heat shield 57 serves to protect the compressor and diffuser sections
      and, at the same time, serves to insulate and maintain lubricant
      temperatures at reasonable levels near the drive shaft.
PAR  Structural members 70 and 72 help support the engine and serve as mounts
      for various other units.
PAR  It is to be understood that the invention is not limited to the specific
      embodiment illustrated in the accompanying drawings. Changes in
      dimensional ratios may be required as the capacity of the diffuser is
      matched to a particular turbine. Bearings and seals can also be varied
      without departing from the spirit of the invention. The number and
      dimensions of the passages in the stationary diffuser stage can likewise
      be varied to suit design requirements.
PAR  It will be further understood that the diffuser configuration disclosed,
      while presently shown in cooperative arrangement with a centrifugal
      compressor, could function equally well in diffusing fluid flow from other
      devices wherein velocities range from subsonic to supersonic.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a centrifugal compressor of the type having a shaft-driven rotary
      radial-flow impeller for delivering compressible gas at a supersonic
      velocity, a multistage diffuser comprising:
PA1  a rotary stage having a pair of annular axially spaced front and back
      walls, each of said walls having an inner and an outer circumference, said
      inner circumference closely surrounding said impeller, the annular space
      between said walls defining a vaneless flow passage for receiving gas
      radially discharged from said impeller, means for rotating said rotary
      stage concentric with said impeller, said means comprising a disk
      rotatably supported on said impeller shaft, an elastic web interconnecting
      said disk with the back wall of said rotary stage, said web being
      positioned at a radius approximately equal to the radius of said impeller,
      and means for supporting the front wall of said rotary stage from said
      back wall, said means comprising a multiplicity of equi-angularly spaced
      struts of streamlined cross section connected between said walls at the
      outer peripheries thereof; and
PA1  a fixed stage having a pair of axially spaced front and back walls, said
      walls having an inner periphery closely surrounding the outer periphery of
      said rotary stage, and having a plurality of symmetrically arranged vanes
      mounted between said spaced walls of said fixed stage; the annular space
      between said walls and said vanes defining flow passages for receiving gas
      discharged by said rotary stage.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein said impeller is provided
      with front and back shrouds and wherein said front and back walls of said
      rotary stage are aligned with said front and back shrouds, respectively.
NUM  3.
PAR  3. The invention as defined in claim 2 wherein the front wall of said fixed
      stage is integral with the front shroud of said impeller.
NUM  4.
PAR  4. The invention as defined in claim 3 wherein the surface of said integral
      wall and shroud is recessed, and wherein the front wall of said rotary
      stage is rotatable within said recess, whereby said front shroud and the
      front walls of said fixed and rotary stages are in a single plane.
NUM  5.
PAR  5. The invention as defined in claim 1 wherein the magnitude of the outside
      diameter of said rotary stage is approximately equal to 1.3 times the
      diameter of the periphery of said impeller.
NUM  6.
PAR  6. The invention as defined in claim 1 wherein each of said vanes comprises
      a wedge at its radial inward end.
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ABST
PAL  A screw propeller assembly comprising a propeller shaft rotatable
      co-axially with a swash member, a propeller having a hub connected to the
      propeller shaft by way of a universal joint wherein the hub is mounted to
      the universal joint indirectly through jointing members, the jointing
      members and swash plate co-operating to cause the axis of rotation of the
      hub to move at an incline to the axis of rotation of the propeller shaft
      thereby providing a paddle action to the propeller in addition to the
      rotary motion thereof.
BSUM
PAR  THIS INVENTION relates to screw propeller assemblies and more particularly
      but not exclusively to such assemblies for use in marine propulsion.
PAR  In my British Pat. No. 1,290,664 I disclosed a screw propeller assembly in
      which a normal propeller action is combined with a paddling action to
      achieve a higher thrust efficiency than is achieved with conventional
      screw propellers. The assembly consists essentially of a hub having a set
      of blades and forming part of a universal joint driven by a propeller
      shaft and means capable of rocking the hub through a predetermined angle
      to cause the axis of rotation of the propeller hub to describe a conical
      locus.
PAR  The hub proposed in my said British Patent, forming part of the universal
      joint is expensive to manufacture and has been found to give rise to an
      undue amount of vibration in use.
PAR  It is an object of this invention to provide an assembly of the above kind
      in which the above disadvantages are at least reduced.
PAR  According to this invention there is provided a screw propeller assembly
      comprising a propeller shaft having associated therewith a universal
      joint, a blade hub adapted to be driven by the propeller shaft through the
      universal joint and means for moving the axis of rotation of the blade hub
      at an incline to the axis of rotation of the propeller shaft to provide a
      paddle action of the blades, the invention being characterized in that the
      blade hub is independant of, and indirectly connected to the universal
      joint through suitable jointing members which may themselves form part of
      the universal joint.
PAR  Further features of the invention provide for the universal joint to be
      formed by a ball and a pair of jointing members having part-spherical
      surfaces shaped to partially embrace the ball wherein lugs are located to
      transmit rotary motion from the ball to the jointing members, the latter
      being adapted to support the balde hub for the jointing members and blade
      hub to be clamped together releasably by means of bolts, for the blade hub
      to be a ring having a terminal transverse flange carrying a set of blades
      and for the said means to be a swash member mounted for rotation about the
      propeller shaft and having a bearing surface inclined to the axis of the
      propeller shaft.
PAR  Still further features of the invention provide for the lugs to be
      pivotally supported by the jointing members and to extend into keyways cut
      in the ball in a plane including the axis of the propeller shaft, for the
      jointing members to abut each other and a diameter of the ball and for a
      split ring to hold the hub and jointing members relative to the swash
      member, the split ring further providing a housing for a ring seal action
      between the ring and swash member.
PAR  Preferably, the universal joint comprises a ball secured to an end of a
      propeller shaft to rotate in unison therewith. The jointing members abut
      along a diameter of the ball and provide an inner part spherical surface
      co-operating with the ball, and rotatable lugs carried by the jointing
      members extend into grooves in the ball which extend in a plane including
      the axis of the propeller shaft. Thus the jointing members and
      consequently the hub carried thereby rotate in unison with the propeller
      shaft.
PAR  The swash member may have a swash-surface in the form of an annular end
      face surrounding a part spherical recess in the swash member which
      receives part of the ball. The swash-member further may define an end of a
      hollow drive shaft within which the propeller shaft is rotatably mounted
      and two shafts are preferably arranged to be rotated in opposite
      directions.
PAR  The above and other features of the invention will become apparent from the
      following description of a preferred embodiment of the invention. In this
      description, reference will be made to the accompanying drawings in which:
DRWD
PAR  FIG. 1 is a longitudinal sectional elevation of a screw propeller assembly;
PAR  FIG. 2 is a rear elevation of the assembly, and
PAR  FIG. 3 is a sectional elevation taken along line III of FIG. 2.
DETD
PAR  In this embodiment of the invention the screw propeller assembly is one
      suited for marine propulstion but it is considered that it might be
      adapted for use in certain types of aircraft as well.
PAR  The assembly comprises a propeller shaft 1 and a ball joint formed by a
      ball 2 fast on the shaft 1 and a pair of jointing members 3. The latter
      have part-spherical surfaces 4 adapted to particularly embrace the ball,
      the arrangement preferably being one in which the surfaces 4 encompass a
      relatively small area of the ball. It will be understood that the jointing
      members abut in this case abut along a diameter of the ball. However, this
      could be shaped to abut transversely in other embodiments of the
      invention. Motion is transmitted from the ball to the jointing members
      through a pair of lugs 5 projecting inwardly from the part-spherical
      surfaces 4 of the jointing members and seating in grooves of keyways 6
      extending partway around the circumference of the ball in a plane through
      the center thereof and including the axis of the propeller shaft 1. In
      this case there are provided two such keyways and lugs diametrically
      opposed to each other. The lugs are rotatably mounted in the jointing
      members and have enlarged plate-like formations extending into the keyways
      to provide for better wearing of the lugs.
PAR  The jointing members 3 having flanges 7 on their outer surfaces and spaced
      apart for retaining a blade hub 8 between them. The blade hub is
      preferably formed as a ring 9 with a terminal transverse flange 10
      carrying the blades 11, which are in this case integral with the hub. The
      ball joint described above is thus independent of the hub 8, motion being
      transmitted from the jointing members 3 to the hub 8 through a plurality
      of bolts 12 releasably clamping these parts together. The jointing members
      are preferably secured together independently as well by means of bolts
      13. The assembly includes an end cap 14 forming the nose of the assembly
      the end cap being secured to the jointing members and hub by means of the
      bolts 12 which secure the hub to the jointing members. The end cap is
      basically part spherical in shape so as to receive the protruding portion
      of the ball therein.
PAR  Means for moving the axis of rotation of the hub and jointing members
      assembly at an incline to the axis of the propeller shaft, is provided in
      the form of a swash member 15 mounted for rotation about the propeller
      shaft. The swash member has a planar annular bearing or swash surface 16
      inclined to the axis of the propeller shaft, the surface 16 being arranged
      to bear against the nearer jointing member 3 so that rotation of the swash
      member relative to the propeller shaft will cause the desired paddle
      action of the assembly.
PAR  A suitable roller or ball bearing may be embodied in the assembly to reduce
      friction between the bearing surface 16 and the hub and jointing member
      assembly. However, it is preferred that the surface 16 simply abuts a side
      surface 17 of the adjacent jointing member. A locating ring 18 split
      diametrically to enable it to be installed, is bolted to the jointing
      members by means of the bolts 12 securing the latter together the locating
      ring being positioned against the outer portion of the said adjacent side
      surface 17 of the jointing member nearer the swash or bearing surface. The
      inner surface of the locating ring is provided with two circumferentially
      extending grooves 19, 20 therein, the groove 19 nearer the bearing surface
      receiving a locating flange 21 integral with the swash member and the
      other 20 housing a sealing ring 22 co-operating with a cylindrical portion
      of the outer surface of the swash member.
PAR  In use, the propeller shaft 1 is driven in one direction to rotate the
      blade hub through the ball joint described above. In this way the normal
      propeller action will result but with the axis of rotation inclined to the
      propeller shaft axis when the swash member is stationary. At the same time
      the swash member is driven in the opposite direction to the shaft 1 to
      cause the said axis of rotation of the hub to describe a conical locus.
      Thus there is superimposed on the normal propeller action a paddling
      action and this has been found to give a propeller action of greater
      efficiency than conventional propeller action.
PAR  The blades 11 will be designed to present a maximum surface area to the
      water upon rearward motion of the blades and a minimum area of resistance
      upon forward motion thereof for the paddling motion. Any suitable gearing
      arrangement may be used to drive the propeller shaft and swash member and
      the latter will preferably be geared to enable it to be rotated at
      different speeds relative to the propeller shaft. The optimum speed of
      rotation of the swash member relative to that of the propeller will depend
      on the blade design and the angle of inclination of the swash or bearing
      surface relative to the axis of the propeller shaft.
PAR  In a simple arrangement illustrated the hollow shaft and propeller shaft
      are fitted with bevel gears driven by a single bevel gear located between
      them.
PAR  The separate parts of the assembly described above are relatively easy to
      manufacture and the assembly has been found to give rise to lesser
      vibration than is the case with the previous assembly described above.
PAR  The invention is not limited to the embodiment described above and may be
      carried out in different ways without departing from the scope of the
      invention. For instance, the ball joint described above may be replaced by
      a suitably modified Hooke's joint. Also means may be provided for
      adjusting the inclination of the bearing surface of the swash member and
      the latter may be replaced by any suitable device capable of producing the
      desired rocking motion of the blade hub. The invention may also be applied
      to screw propellers in fans, helicopters air conditioners, pumps, or other
      apparatus employing screw propellers.
CLMS
STM  I claim:
NUM  1.
PAR  1. A screw propeller assembly comprising a propeller shaft having
      associated therewith a universal joint defined by a ball rotatable in
      unison with the propeller shaft, a pair of jointing members connected
      together with one of these jointing members being located on each side of
      a diametrical plane through the ball and having internal surfaces shaped
      for co-operation with the ball, and at least one lug for transmitting
      rotation of the ball to the jointing members, a blade hub carried by the
      jointing members and a swash member co-operating with the jointing members
      to hold the axis of rotation of the hub at an incline to the axis of
      rotation of the propeller shaft, means for rotating the swash member in a
      direction opposite that of the propeller to cause said axis of rotation of
      the hub to describe a conical locus and thereby impart a paddle action to
      the blades.
NUM  2.
PAR  2. A screw propeller assembly as claimed in claim 1 in which the pair of
      jointing members are connected to the ball by a plurality of lugs
      extending from the jointing members into grooves provided in the surface
      of the ball to transmit rotary motion from the latter to the jointing
      members.
NUM  3.
PAR  3. A screw propeller assembly as claimed in claim 1 in which the jointing
      members are bolted together to abut each other on a diameter of the ball.
NUM  4.
PAR  4. A screw propeller assembly as claimed in claim 1 in which the blade hub
      is in the form of a ring having blades extending therefrom, said ring
      having an inner portion located between outwardly extending flanges on the
      jointing members.
NUM  5.
PAR  5. A screw propeller assembly as claimed in claim 4 in which the hub is
      secured to the jointing members by means of bolts and said hub is provided
      with an outer transverse flange carrying the blades.
NUM  6.
PAR  6. A screw propeller assembly as claimed in claim 1 in which the swash
      member is mounted for rotation about the propeller shaft and has a bearing
      surface inclined to the axis of rotation of the propeller shaft.
NUM  7.
PAR  7. A screw propeller assembly as claimed in claim 6 in which the swash
      member is carried on a rotatable tube through which the propeller shaft
      extends.
NUM  8.
PAR  8. A screw propeller assembly as claimed in claim 6 in which a
      diametrically split ring holds the hub and jointing members relative to
      the swash member by means of an outwardly directed co-operating tongue and
      groove arrangement.
NUM  9.
PAR  9. A screw propeller assembly as claimed in claim 8 in which the split ring
      provides a housing in the form of a groove for a ring seal acting between
      the split ring and swash member.
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ABST
PAL  A helicopter rotor hub is provided with a center plate and a plurality of
      arms projecting from the center plate. Each of the projecting arms has a
      slot for receiving a flexible element that is connected to a spindle and
      grip that supports the rotor blades. The rotor blades can accomplish the
      movements of flapping and lag by allowing the center plate to have a low
      stiffness in the vertical plane when the center plate lies in a horizontal
      plane, and the flexible element a low stiffness in the horizontal plane
      when the flexible elements lie in the vertical plane, thereby acting as
      virtual hinges. This allows for the possibility of locating the vertical
      hinges at an equal distance from the rotor axis, and the pitch variation
      hinge a small distance from the other hinges, allowing for a relatively
      small dimension of the hub.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known to the art that helicopters may be classified into three
      general types having:
PAR  A. Rotor with articulated hub;
PAR  B. Rotor with semi-rigid hub.
PAR  C. Rotor with rigid hub.
PAR  To the first type (a) pertain rotors the blades of which can perform three
      classes of movement, around hinges viz: "lag", "flapping", and "pitch
      variation"; or "feathering"in the second type of rotor (b) the blades can
      perform the second and third types of movement while in rotors of the
      third type (c) the blades can perform pitch variation only.
PAC  SUMMARY OF THE INVENTION
PAR  The helicopter rotor hub forming the object of this invention belongs to
      the first type (a).
PAR  The rotor hub essentially consists of and is characterized by a center
      plate which is flexible in the vertical plane and rigid in the horizontal
      plane, the plate being provided with slots so as to receive elements which
      are flexible in the horizontal plane and rigid in the vertical plane
      respectively, the elements being in turn connected to the blade attachment
      spindles. The elements thus constitute virtual hinges in substitution of
      the drag hinges and flapping hinges which are normally used in their
      place.
PAR  This particular construction is a substantial improvement in the art to
      which the invention pertains, inasmuch as it affords the following
      advantages:
PAR  A. THE POSSIBILITY OF LOCATING THE VIRTUAL LAG AND FLAPPING HINGES
      PRACTICALLY AT AN EQUAL DISTANCE FROM THE ROTOR'S AXIS OF ROTATION AND THE
      PITCH VARIATION HINGE AT A GREATER DISTANCE FROM THE AXIS OF ROTATION WITH
      RESPECT TO THE OTHER TWO BUT ONLY IN A SMALL MEASURE, WITH A RESULTING
      CONSIDERABLE REDUCTION OF THE HUB OVERALL DIMENSIONS.
PAR  B. THE POSSIBILITY TO IMPART INDIVIDUALLY AND WITHIN CERTAIN LIMITS THE
      REQUIRED FLEXIBILITY TO THE STRUCTURAL COMPONENTS MAKING UP SAID VIRTUAL
      HINGES;
PAR  C. THE POSSIBILITY ACHIEVING AS A RESULT OF THE ABOVE, THE OPTIMUM
      CONFIGURATION FOR A HELICOPTER ROTOR OF THE HINGE TYPE, FROM THE
      STANDPOINT OF BOTH STRUCTURAL LOAD ON THE CONTROLS AND REDUCED LEVEL OF
      VIBRATION;
PAR  D. LASTLY, THE POSSIBILITY, OF DOING AWAY WITH ANY BLADE MOVEMENT LIMITING
      DEVICES HERETOFORE ADOPTED SUCH AS STATIO STOPS AND BUMPERS.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The helicopter rotor forming the object of this invention and showing one
      of its preferred embodiments, is illustrated by way of example in the
      attached drawings in conjunction with the following description:
      Specifically,
PAR  FIG. 1 is an exploded view of the rotor assembly according to the
      invention;
PAR  FIG. 2 is a side view in partial cross section;
PAR  FIG. 3 is a general plan view.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It will be noted from the drawings that the helicopter rotor hub in
      question consists of a flexible center plate 1 and vertical flexible
      elements 2.
PAR  Center plate 1 is provided with 4 projecting arms, as shown, one for each
      blade, and is connected to the main drive shaft (not shown) preferably by
      means of a splined coupling or other suitable means.
PAR  The ends of the projecting arms of center plate 1 are joined by pins or
      calibrated bolts 6 to the outer ends of vertical flexible elements 2 which
      are in turn fitted into slots 7 provided for this purpose in the
      projecting arms of the center plate.
PAR  The opposite ends of vertical flexible elements 2, closest to the main
      driving shaft are in turn joined to spindles 3, also by means of pins or
      calibrated bolts 8.
PAR  Grips 4 for attachment of the rotor blades (not shown) are connected to
      spindle 3 in the conventional manner by means of roller bearings or
      equivalent devices so as to permit pitch variation rotation as well, as by
      skeins of wire ropes, laminae or equivalent means having a low torsional
      stiffness, so as to withstand the axial load deriving from centrifugal
      force.
PAR  A blade damper 5 connected to spindle 3 by attaching means 10 and center
      plate 1 by pins or calibrated bolts 9 provides the damping action for the
      lag movement.
PAR  The operation of the rotor hub according to this invention is evident from
      the above description. The movement of the individual rotor blades on the
      vertical flapping plane is made possible by the low stiffness of plate 1
      in that direction while movement on the horizontal lag plane is permitted
      by the low stiffness of related element 2 to bending stress in that
      direction. The load originating from the blades practically does not give
      rise to any deformation on the horizontal plane, due to the very high
      rigidity of center plate 1 in that plane, nor on the vertical plane,
      because of the rigidity of vertical element 2 in that plane.
PAR  The centrifugal force resulting from rotation of the rotor, produces a
      mainly tensile stress on the projecting parts or arms of plate 1, while it
      causes a prevalently compressive stress on vertical elements 2.
PAR  As already stated, the form herein described and illustrated is only a
      perferred embodiment of the invention and those skilled in the art will
      readily realize that variations are possible without departing from the
      spirit and scope of the invention. Accordingly, while the hub contemplated
      in this invention is for a 4 blade rotor, it may obviously be applied
      conveniently also to rotors with three or more blades, simply by modifying
      the configuration of the center plate.
PAR  The center plate contemplated in this invention is set horizontally with
      vertical elements fitted into the slots of its projecting parts but it may
      also be set vertically, with horizontal elements fitted into the slots of
      its projecting parts.
PAR  It goes without saying that the above considerations on the operation of
      the various components should in such case be subject to modification
      accordingly.
CLMS
STM  I claim:
NUM  1.
PAR  1. A helicopter rotor hub for mounting a plurality of rotor blades to be
      driven by a main drive shaft of a helicopter comprising:
PA1  a center plate having a middle portion for connection to the main drive
      shaft of the helicopter, said center plate having a generally flat planar
      configuration lying in a plane extending generally perpendicularly to said
      main drive shaft;
PA1  a plurality of projecting arms spaced equiangularly about said middle
      portion;
PA1  means defining a radially extending slot in each of said projecting arms,
      said slot extending radially along the middle length of said projecting
      arm;
PA1  a plurality of flexible elements each having a generally flat planar
      configuration lying in the plane extending perpendicularly to said
      projecting arms, each of said flexible elements being fitted into one of
      said slots of said projecting arms;
PA1  means defining a first end of each of said flexible elements located
      adjacent to said middle portion of said center plate;
PA1  means defining a second end of each of said flexible elements located
      remote from said middle portion of said center plate;
PA1  means defining an end of each of said projecting arms located at the
      terminal portion thereof furthest away from said middle portion;
PA1  means connecting each of the second ends of each of said flexible elements
      to one end respectively of each of said projecting arms;
PA1  a plurality of spindles each having a first end proximate said middle
      portion of said center plate and a second end remote therefrom,
PA2  each of said spindles being connected at said first end thereof to said
      first end of one of said flexible elements; and
PA1  a plurality of grips, each of said grips connected to said second end of
      one of said spindles, said grips mounting the rotor blades of said
      helicopter.
NUM  2.
PAR  2. A helicopter rotor hub according to claim 1 wherein said center plate is
      arranged to lie in a substantially horizontal plane, with each of said
      flexible elements lying in a substantially vertical plane, said center
      plate being configured to be flexible in directions extending generally
      perpendicularly to said horizontal plane and rigid in directions extending
      generally perpendicularly to said vertical plane, with each of said
      flexible elements being configured to be generally flexible in directions
      extending generally perpendicularly to said vertical plane and
      substantially rigid in directions extending substantially perpendicularly
      to said horizontal plane, said center plate and said flexible elements
      being interconnected in such a manner that the rotor blades attached to
      said grips have imparted thereto flapping and lag movements.
NUM  3.
PAR  3. A helicopter rotor hub according to calim 1 wherein said center plate is
      arranged to lie in a substantially vertical plane with each of said
      flexible elements being arranged to lie in a substantially horizontal
      plane, said center plate being configured to exhibit flexibility in
      directions extending generally perpendicularly to said vertical plane,
      with said flexible elements being configured to exhibit flexibility in
      directions extending generally perpendicular to said horizontal plane and
      rigid in directions extending generally perpendicular to said vertical
      plane, said center plate and said flexible elements being interconnected
      in a manner to impart to said rotor blades attached to said grips ability
      to attain lag and flapping movements.
NUM  4.
PAR  4. A helicopter rotor hub according to claim 1 wherein said center plate
      and said flexible elements are configured and interconnected to operate as
      virtual hinges, the flexibility thereof being capable of accurate
      proportioning in order to provide flexible mounting for blades of a
      helicopter rotor of the articulated-joint type.
NUM  5.
PAR  5. The helicopter rotor according to claim 1, further comprising a
      plurality of blade dampers, each of said blade dampers having one end
      connected to said center plate and the other end to one of said spindles,
      whereas the lag movement of the blades is damped.
NUM  6.
PAR  6. The helicopter rotor hub according to claim 1, wherein each plurality of
      projecting arms, flexible elements, spindles, and grips is four in number.
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ABST
PAL  An omni-directional windmill device comprising a plurality of blades
      circumferentially symetrically disposed with respect to each other. Each
      of the blades is generally helicoidal in shape. Also, a sleeve and ball
      type mounting device for a windmill device is disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to wind powered rotating devices generally
      referred to as windmills, and more particularly to windmills which are
      omnidirectional, i.e. the windmill will rotate no matter which direction
      the wind is blowing without having to be rotated or specially set.
PAR  The harnessing of wind power to produce useful work is one of the oldest
      endeavors of mankind. There have been many prior art proposals for wind
      powered devices which will perform useful work such as pumping water,
      driving generators or turbines, and just generally operating machines.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a windmill device is provided which has
      a plurality of circumferentially symetrically spaced blades, each of which
      blades has a wind catching surface which is arcuate in transverse cross
      section, and which is generally helicoidal or spiral vertically.
      Preferably the device is mounted by means of a rod extending into a sleeve
      with a single ball member disposed between the end of the sleeve and the
      end of the rod to provide almost frictionless rotation.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top plan view of a windmill device according to this invention;
PAR  FIG. 2 is an elevational view taken looking substantially along the plane
      designated by the line 2--2 in FIG. 1; and
PAR  FIG. 3 is a longitudinal sectional view taken substantially along the line
      3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, the windmill device of the present invention
      includes a rotating device 10 which includes a plurality of blades 12. In
      the preferred embodiment there are three blades shown, but it is
      understood that four or more blades can also be equally well employed and
      in fact it is possible, although not desirable, to have only two blades.
      The blades, whatever their number, must be circumferentially symetrically
      disposed with respect to each other so that the device is properly
      balanced. They must also be symetrically shaped with respect to each other
      to provide proper balance.
PAR  Each of the blades 12 is formed with a lower edge 14 and upper edge 16, the
      lower edges 14 and upper edges 16 lying on vertically spaced parallel
      planes. Each of the blades also has an inner edge 18 and an outer edge 20.
      The blades are each formed to provide a generally helicoidal wind catching
      surface 22. This is done by forming the lower edges 14 of the blades so
      that together they are arranged in generally a circular pattern, and
      securing these blades by means of a circular lower plate 24. The blades
      are then bent so that one corner of the upper edges 16 are each secured to
      a cylindrical tubular sleeve member 26 which is disposed centrally but
      axially spaced from the lower plate 24, the center of which member 26 lies
      on the axis of the circle defined by the plate 24 normal to the center
      thereof. The upper edges 16 of the plates then spiral outwardly from this
      sleeve member 26 so that the overall effect of the configuration is a
      blade which has a surface 22 which is helicoidal or spiral in shape.
PAR  The device is preferably mounted for rotation on a pole 30. The mounting is
      by means of a single ball 36 disposed within the sleeve 46 which rests on
      the horizontal end surface 32 of the pole 30 and allows the end surface 34
      of the sleeve 36 to rest thereon. This provides a nearly frictionless
      mounting of the device and allows free rotation. If desired, to provide
      stability, a ball bearing 38 can be inserted in the lower plate 24 in an
      appropriate aperture (unnumbered) through which the pole 30 extends and
      inserts into the sleeve 26. Alternatively, a sleeve could be employed
      which is of sufficient length to extend through the lower plate 34 and the
      ball bearing 38 would be inside the sleeve.
PAR  Suitable power takeoff means (not shown) can be provided to translate
      rotating motion of the device into mechanical power.
PAR  It has been observed that windmills constructed according to the present
      invention very effectively utilize any available wind quickly attaining a
      very high velocity with a substantial amount of power generated. In fact,
      comparison to other omni-directional windmill devices has shown that a
      windmill device constructed according to the present invention attains a
      significantly higher rotational velocity in the same wind when mounted in
      a similar fashion. The reason for this is not understood, although it is
      believed that the helicoidal shape of the blades effectively catches and
      utilizes to the maximum extent the force and velocity of the blowing wind
      providing an exceptional rotating wind powered device.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An omni-directional windmill device comprising, a plurality of blades
      circumferentially symetrically disposed with respect to each other,
PA1  each of said blades having a lower edge and upper edge, each of said blades
      having a wind reaction surface being arcuate in transverse cross section
      and helically formed longitudinally from said lower to said upper edge,
      said lower edges lying on a circle, said upper edges having one end which
      terminates at a common location within a projection of said circle on the
      plane of said edges, each of the upper edges curving arcuately from said
      common location to a point, the locus of which points lie on a circle
      radially spaced from said common location, and means to mount said device
      for rotation.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein the inner termination of the
      upper edges are secured to a member.
NUM  3.
PAR  3. The invention as defined in claim 1 wherein said member includes means
      to support said device for rotation.
NUM  4.
PAR  4. The invention as defined in claim 1 further characterized by a disc
      member securing said lower edges.
NUM  5.
PAR  5. The invention as defined in claim 1 wherein the circle of the locus of
      said points of the ends of the upper edges is larger than the circle of
      said lower edges.
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ABST
PAL  Method and apparatus for pumping fuel to jet engines and the like utilizing
      at least two stages, the first of which is a main stage including a
      centrifugal pump, together with a secondary stage including a positive
      displacement pump. The two pump stages are driven from a common drive
      means. In the new system, the positive displacement pump is used as a
      startup pump and the centrifugal pump is the sole pumping means employed
      during conditions of higher fuel demand. Speed responsive means are
      provided in conjunction with the positive displacement pump, which means
      are responsive to the speed of the centrifugal pump, the speed responsive
      means being used to terminate pumping action by the positive displacement
      upon the centrifugal pump reaching a predetermined speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is in the field of multi-stage pumping systems
      particularly designed for use with modern jet aircraft engines. It
      includes a centrifugal pump which characteristically has a long life and a
      positive displacement pump to meet cranking suction requirements.
PAR  2. Description of the Prior Art
PAR  As gas turbine engine technology advances, the requirements for engine
      accessories such as engine pumps are considerably more demanding. Engine
      manufacturers now require engine pumps which are light, compact, very
      efficient, capable of operating with contaminated and low lubricity fuels,
      long-lasting, reliable, easy to maintain and inexpensive. Experience with
      conventionally designed engine pumps such as positive displacement, gear
      or vane, or variable displacement vane pumps has demonstrated that
      conventional designs are not capable of meeting the ultimate demands of
      the aircraft engine industry.
PAC  SUMMARY OF THE INVENTION
PAR  The pumping assembly of the present invention provides a combination of a
      centrifugal main stage pump operating at a high speed and a positive
      displacement pump such as a vane or gear pump protected by a filter which
      satisfies dry lift and cranking flow requirements. In a preferred
      embodiment of the invention, a system of valves and a simple pressure
      operated clutch are used to unload and disengage the vane pump after
      startup, thereby requiring only the centrifugal stage to satisfy engine
      operating requirements including the handling of contaminants in the fuel.
PAR  With the new system, the pump size and weight are minimized because of the
      high operating speeds and resultant small pump stage sizes. Since the vane
      pump operates only for short intervals, only minimal filter capacity is
      required to insure clean fuel to the vane pump and a continuous supply of
      clean lubricant for the bearing journals. The life of the vane pump will
      be prolonged because of the low loads encountered and the complete
      deactivation of the vane pump after the engine is started. Due to such low
      loads, the vane stage operates satisfactorily with low lubricity fuels.
      The system of the present invention takes advantage of the fact that a
      centrifugal pump has a high immunity to contaminants and low lubricity
      fuels. With the system of the present invention, the main centrifugal
      stage is automatically self-limiting upon rises in pressure, so that no
      pressure relief valve is required. Furthermore, the temperature rise at
      conditions of low through-flow is significantly reduced as compared with
      the fixed positive displacement pumps.
PAR  In a particularly preferred embodiment of the present invention, these
      advantages are obtained by providing the combination of a commonly driven
      centrifugal pump and a vane pump, with a filter being located at the inlet
      of the vane pump. A relief valve is disposed across the vane pump, the
      relief valve being responsive to the pressure differential between the
      inlet and the outlet of the vane pump. A pressure actuated clutch is
      arranged to engage and disengage the vane pump at a predetermined output
      pressure of the centrifugal pump. A discharge port is provided for
      discharging pressurized fluid from the pumping assembly and a resistance
      valve is located between the output of the vane pump and the discharge
      port. A clutch actuation valve is connected between the relief valve and
      the pressure actuated clutch to actuate the clutch upon establishment of a
      predetermined pressure in the relief valve. When operating pressures are
      achieved in the system, a check valve between the filter and the discharge
      port is opened permitting substantially the entire output flow of the
      centrifugal pump to be directed to the engine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure, and in which:
PAR  FIG. 1 is a partially schematic representation of an improved pumping
      assembly embodying the improvements of the present invention;
PAR  FIG. 2 is a vertical cross-sectional view through a type of vane pump
      assembly which can be used for the purpose of the present invention and
      which employs a centrifugally responsive means for mechanically
      deactivating the vane pump;
PAR  FIG. 3 is a vertical cross-sectional view of the rotor and vane assembly of
      the pump shown in FIG. 2;
PAR  FIG. 4 is a front elevational view of the assembly shown in FIGS. 2 and 3;
      and
PAR  FIG. 5 is a schematic representation of another pump assembly in accordance
      with the present invention which relies upon a throttling type fuel
      control for unloading the positive displacement pump after the engine is
      started.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, reference numeral 10 indicates generally a combined centrifugal
      pump - vane pump assembly for use in accordance with the present
      invention. The centrifugal pump portion or main stage includes an impeller
      11 driven by an input shaft 12, from a suitable prime mover (not shown)
      and arranged to drive the impeller 11 at a speed typically on the order of
      24,000 rpm. An inlet 13 directs the fuel into the centrifugal stage to be
      directed to an outlet 14 to a heater (not shown). A heater bypass valve
      consisting of a valve element 15 biased into closed position by means of a
      spring 16 is optionally included. Heated fuel returning from the heater is
      directed through an inlet 17 and flows through a filter generally
      indicated at numeral 18 of the drawings. A check valve consisting of a
      valve element 19 biased by a spring 20 controls the ingress of fuel into a
      discharge port 21 which is in fluid communication with the engine.
PAR  Filtered fuel during the cranking operation is directed into an inlet port
      22 which feeds a vane pump including pumping vanes 23 mounted on a shaft
      24 which rotates at the same speed as the impeller 11 of the centrifugal
      pump assembly. A pressure actuated clutch assembly 25 is provided to
      actuate or deactuate the vane pump depending on the output of the
      centrifugal stage.
PAR  Regulation of the pressure of the vane pump is accomplished by means of a
      relief valve assembly including a valve element 26 biased by means of a
      spring 27. Fluid under pressure from the vane pump operates against the
      valve element 26 through a passage 28.
PAR  A passage 29 at the output side of the relief valve communicates the latter
      to a clutch actuation valve element 30 which is biased by means of a
      spring 31.
PAR  A discharge passage 32 communicates the output of the vane pump to a
      resistance valve element 33 under a biasing pressure provided by a spring
      34 and communicating with the discharge port 21. A small vent hole 35 is
      provided in the resistance valve to allow air to be pumped by the vane
      stage during dry lift cranking. Completing the assembly is a body valve
      element 36 located in a return flow port 37, the valve element 36 being
      normally biased in a closed position by means of a spring 38. Fluid
      flowing through the valve element upon opening of the valve is directed by
      means of a passage 39 into the inlet 13 of the centrifugal pump assembly.
PAR  In operation, the fuel entering the pump inlet 13 is pressurized by the
      centrifugal pump impeller 11 and directed through the fuel heater, if
      used, and into the filter 18. Filtered fuel flows into the vane pump stage
      and is pressurized for delivery to the engine during the cranking
      operation. At low speeds, the vane pump provides a pressure rise typically
      up to 300 psi above its inlet pressure as regulated by the relief valve
      26. During cranking, the centrifugal stage acts only as a boost pump to
      overcome losses in the heater, filter and in the passages in providing
      flow to the vane stage inlet 22. The discharge valve 20 remains closed to
      flow during this low speed cranking period because of the higher pressure
      in the discharge port 21.
PAR  The relief valve 26 limits the pressure rise across the vane stage and has
      its pressure set point reduced as pressure from the centrifugal stage
      increases. By means of the valve 26, the vane stage is unloaded as the
      speed increases and the centrifugal stage pressure approaches 300 psi at
      about 13,500 rpm. At speeds above 13,500 rpm, the centrifugal stage
      pressure will exceed the engine pressure requirements of 300 psi in the
      discharge port 21 and the valve 19 opens, allowing flow to the engine to
      take place.
PAR  After reaching 13,500 rpm and a pressure of 300 psi across the centrifugal
      stage, the clutch actuation valve 30 opens and allows flow to be delivered
      to the pressure actuated clutch 25. The clutch 25 operates to disengage
      the vane stage pump. The vane stage rotor and associated clutch members
      come to a stop and operation is sustained by the centrifugal stage alone.
      Filter flow under these conditions is reduced to that required to maintain
      the pressure operated clutch 25 deactuated, and to satisfy bleed flow
      requirements through the resistance valve 33 which is closed because the
      spring 34 provides a pressure which is slightly higher than the pressure
      of the biasing spring 20 acting on the check valve member 19. The vent
      hole 35 in the resistance valve allows air to be pumped by the vane stage
      during dry lift cranking. This vent hole is small enough to limit fuel
      flow to approximately 1 gallon per minute after the vane stage stops.
PAR  The body valve member 36 offers a resistance to return flow as required to
      eliminate air recirculation during the priming operation and to provide an
      effective interstage pressure above the pump inlet pressure for the fuel
      control.
PAR  Under no circumstances does the vane stage pressure exceed the 300 psi
      relief valve setting for the valve element 26. It should also be noted
      that the vane pump pressure rise diminishes to nearly zero as the pump
      speed approaches the 13,500 rpm transition speed. In this way, the vane
      pump loads are minimized and the cutout transition is made with the blade
      loading removed. In addition, the vane stage relief valve 26 and the
      clutch actuation valve 30 and the clutch 25 itself are afforded protection
      against fuel contaminants at all times by the filter 18.
PAR  Operation of the vane pump is reestablished when the speed is reduced and
      the centrifugal stage pressure drops below 300 psi. The reaction of the
      vane stage occurs with essentially no pressure load since the relief valve
      26 is biased to the fully open position at the time the clutch 25 engages.
      The operation of this relief valve thereby assures a smooth transition in
      pump operation with no pressure transients being introduced into the fuel
      control.
PAR  The embodiment of the invention shown in FIGS. 2 through 4 illustrates a
      centrifugally activated vane latching mechanism for deactuating the vane
      pump when the centrifugal pump reaches a predetermined speed. The vane
      pump there illustrated includes a stator housing 41 including inlet ports
      42 and 43 as well as outlet ports 44 and 45 (FIG. 3). The pump includes
      four symmetrical vane blades 46 which ride in a circular rotor 47
      positioned in the ellipsoidal or similarly shaped stator housing 41. Each
      of the blades 46 has a ramped tang 48 which extends radially inwardly
      toward the center of the rotor 47. At low speeds, the rotor blades 46
      slide in and out of their rotor slots to maintain a seal between the rotor
      47 and the stator housing 41. A pair of centrifugal governor weights 49
      and 50 are hinged to the rotor by means of a shaft 51. The weights 49 and
      50 swing radially outwardly at high speeds and move a sliding retainer 52
      axially against the action of a spring 53 until the sliding retainer 52
      engages with the tangs 48. After engagement, the blades 46 are retracted
      into their inward radial position, and the pump no longer displaces fluid.
      The rotor 47 continues to rotate at high speeds, but no sliding or wearing
      of the blades 46 takes place. When the speed is sufficiently reduced, the
      spring 53 overcomes the centrifugally induced forces of the weights 49 and
      50, causing the blades 46 to be moved outwardly into their pumping
      position, and pumping resumes. The symmetrical arrangement of the system
      shown in these figures eliminates any unbalance forces which might
      otherwise result at high rotational speeds.
PAR  The embodiment illustrated in FIG. 5 of the drawings makes use of a
      throttling type fuel control at the pump discharge to provide for high
      efficiency and low temperature rise and to build cranking pump pressure. A
      fluid flow inlet line 61 delivers fuel by means of a line 62 to a
      centrifugal pump generally indicated at reference numeral 63. The
      centrifugal pump 63 includes a shaft 64 which drives a positive
      displacement pump indicated at reference numeral 65 in the drawings. Fluid
      flow in the line 61 is partially diverted by means of a line 66 to a
      biased relief valve generally indicated at reference numeral 67 including
      a valve element 68 biased by means of a spring 69. A filter 70 receives
      fuel from the discharge of the centrifugal pump 63 through a line 71. The
      discharge of the positive displacement pump 65 is taken through a line 72,
      a portion of which goes to the biased relief valve 67 by means of a line
      73 and another portion by means of a line 74 is directed to a discharge
      outlet 75. A check valve consisting of a ball element 76 biased by a
      spring 77 is provided between the discharge line 71 of the centrifugal
      pump and the outlet line 75.
PAR  At low cranking speeds, the centrifugal stage pressure rise is very low and
      the discharge pressure in the discharge line 75 is supplied by the
      positive displacement pump 65 through the line 72. When the centrifugal
      stage pressure rises to the pressure in the line 61, the discharge
      pressure in the line 75 is controlled by the setting of the spring 69 in
      the relief valve. As the pump speed increases, the centrifugal stage
      pressure will rise above the input pressure in the line 61 and a net force
      which opposes the spring force provided by spring 69 is developed across
      the relief valve element 68. The pressure rise across the positive
      displacement pump 65 will therefore be held to a lower value. When the
      speed further increases, the centrifugal stage pressure will reach the
      value of the discharge pressure in the line 75 and the spring forces
      provided in the relief valve spring 69 will be completely overcome, and
      all of the positive displacement pump flow from pump 65 is bypassed with
      no pressure rise. At this point, the positive displacement pump 65 is
      unloaded and only the centrifugal pump 63 supplies engine demands.
PAR  The check valve element 76 remains closed in the system when the pressure
      in the discharge line 75 is greater than the centrifugal stage pressure
      and the centrifugal pump 63 feeds the positive displacement pump 65. When
      the positive displacement pump 65 is unloaded, the centrifugal stage
      pressure will equal or exceed the discharge pressure, and flow will pass
      through the check valve 76 from the centrifugal pump 63 into the discharge
      line 75.
PAR  From the foregoing, it will be evident that the improved fuel pump assembly
      of the present invention provides the combination of a centrifugal main
      stage operating at high speed and a positive displacement pump which
      satisfies dry lift and cranking flow requirements. The positive
      displacement type pump is self-sealing and is capable of displacing air in
      the lines and the pump to develop a suction head which draws fuel from the
      tank. Once fuel has entered the pump and the engine is started, however,
      the positive displacement type pump is disengaged at high operating
      speeds. The fuel requirements are then supplied by the centrifugal pump
      which is virtually insensitive to contaminants. The bypass valve
      arrangement allows the positive displacement pump to be disengaged and
      re-engaged with essentially no pressure rise or load on the pump or clutch
      at the time the transition takes place. Since the positive displacement
      stage operates only for short intervals, only minimal filter capacity is
      required to insure clean fuel to this stage.
PAR  It should be evident that various modifications can be made to the
      described embodiments without departing from the scope of the present
      invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A fuel pumping system comprising a main stage including a centrifugal
      pump, a secondary stage including a positive displacement pump, a common
      drive means for said main stage and said secondary stage, speed responsive
      means associated with said positive displacement pump and responsive to
      the speed of said centrifugal pump to terminate pumping action by said
      positive displacement pump upon said centrifugal pump reaching a
      predetermined speed, and a valve means to remove load from the positive
      displacement pump prior to terminating operation.
NUM  2.
PAR  2. The pumping system of claim 1 in which said positive displacement pump
      is a vane or gear pump.
NUM  3.
PAR  3. The pumping system of claim 1 in which said speed responsive means
      includes a hydraulically actuated clutch.
NUM  4.
PAR  4. The pumping system of claim 2 in which said speed responsive means
      includes a centrifugally actuated vane latch mechanism for disabling said
      vane pump.
NUM  5.
PAR  5. A fuel pumping system comprising a centrifugal pump, a vane pump, a
      common drive shaft for said centrifugal and said vane pumps, pressure
      relief means across said vane pump responsive to the output pressure from
      said centrifugal pump, and a hydraulically actuated clutch actuated by a
      buildup of pressure in said pressure relief means to disengage the vane
      pump into a non-rotating condition at a predetermined output pressure of
      said centrifugal pump, said pressure relief means functioning to maintain
      the vane pump in unloaded condition at the time of engagement and
      disengagement of said clutch.
NUM  6.
PAR  6. A fuel pumping assembly comprising a centrifugal pump, a vane pump, a
      common drive means for said centrifugal pump and said vane pump, a filter
      in the inlet of said vane pump, a relief valve disposed across said vane
      pump and responsive to the pressure differential between the inlet and the
      output of said vane pump, a pressure actuated clutch arranged to engage
      and disengage said vane pump, a discharge port for discharging pressurized
      fluid from said pumping assembly, a resistance valve responsive to the
      pressure differential between said discharge port and the output of said
      vane pump, a clutch actuation valve connected between said relief valve
      and said pressure actuated clutch to actuate the same upon establishment
      of a predetermined pressure in said relief valve, and a check valve
      between said filter and said discharge port.
NUM  7.
PAR  7. The method of supplying fuel to an engine which comprises directing fuel
      during engine startup to a centrifugal pump, filtering the discharge of
      the centrifugal pump, directing the filtered discharge into a positive
      displacement pump, pressurizing fuel in said positive displacement pump
      and deactivating said positive displacement pump to a stop when the speed
      of the centrifugal pump increases sufficiently to provide a sufficient
      pressure on the pumped fuel to meet engine requirements, said displacement
      pump being activated and deactivated while in an unloaded condition.
NUM  8.
PAR  8. The method of claim 7 in which said positive displacement pump is a vane
      pump.
NUM  9.
PAR  9. The method of claim 7 in which said positive displacement pump is
      deactivated hydraulically.
NUM  10.
PAR  10. The method of supplying fuel to an engine which comprises directing
      fuel during engine startup to a centrifugal pump, filtering the discharge
      of the centrifugal pump, directing the filtered discharge into a positive
      displacement pump, pressurizing fuel in said positive displacement pump
      and centrifugally deactivating said positive displacement pump when the
      speed of the centrifugal pump increases sufficiently to provide a
      sufficient pressure on the pumped fuel to meet engine requirements.
NUM  11.
PAR  11. The method of claim 7 wherein the step of deactivating occurs when
      speed is sufficient to activate a mechanical clutch or detent means.
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ABST
PAL  An impeller and shaft assembly suitable for use in an overhung compressor
      for facilitating mounting and rearranging impellers upon a shaft. A stud
      is threaded into the end of the shaft and the impeller slidably mounted
      thereon. An elongated key is inserted between the stud, the shaft, and the
      impeller to cojoin the three elements. In another embodiment, a second
      impeller is mounted upon the stud adjacent the first impeller with the two
      impellers being locked to the stud by a common key.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a rotor assembly and, in particular, to an
      impeller drive shaft arrangement wherein the number and order of impellers
      mounted upon a single drive shaft can be arranged or rearranged without
      having to remove the shaft from its support structure. More specifically,
      this invention relates to an impeller mounting arrangement for use in a
      centrifugal compressor for providing wide flexibility in compressor
      staging whereby a number of different flow ranges can be attained
      utilizing a common base frame machine configuration.
PAR  Compressors, particularly those operating in a flow ranges between 700 and
      3000 cfm, are being called upon by industry to perform an increasing
      number of tasks. As a result, the trend in this type of compressor has
      been towards "packaged" units capable of being modified to meet specific
      application requirements. One approach has been to package the rotor and
      coacting stationary compressor components in a cartridge. The cartridge is
      receivable in a base frame containing common machine components such as
      the intercoolers, oil supply, drives, controls and the like. This concept
      is disclosed in U.S. Pat. No. 3,802,795. Although the cartridge approach
      provides for some commonality in the base frame parts, it nevertheless
      requires that a new and relatively different cartridge be employed for
      each flow range serviced.
PAR  In order to overcome some of the disadvantages found in the cartridge
      concept, a modular approach has been developed providing for greater
      commonality between interchangeable parts. The apparatus of the present
      invention plays an important part in this modular approach in that it
      permits the compressor impellers to be interchangeably supported upon an
      impeller drive shaft that is carried within a common base frame. Impeller
      mounting is accomplished in a manner wherein the drive shaft does not have
      to be removed from its support journals or otherwise decoupled from the
      machine drive.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to improve centrifugal
      compressors and, in particular, packaged compressors capable of delivering
      flows of between 700 and 3000 cfm.
PAR  Another object of the present invention is to provide an impeller mounting
      mechanism whereby the number and order of impellers mounted upon a common
      drive shaft can be readily changed.
PAR  A still further object of the present invention is to improve a base frame
      compressor by providing means for mounting a series of impellers in
      various predetermined orders upon a common drive shaft without having to
      remove the drive shaft from the base frame structure.
PAR  These and other objects of the present invention are attained by means of
      an impeller and drive shaft assembly including a drive shaft journaled for
      rotation within a drive frame housing, a stud having a male thread
      receivable in at least one end of the shaft for supporting the stud in
      axial alignment with the shaft, an impeller mounted upon the stud, and a
      key insertable between the drive shaft and the stud and being arranged to
      engage the impeller whereby the shaft, the stud, and the impeller rotate
      in unison as the shaft is turned, and means for preventing the impeller
      from moving axially upon the stud. In another embodiment of the invention,
      a second impeller is mounted upon the stud in tandem with the first
      impeller and a key is inserted between the stud and the two impellers thus
      operatively locking the impellers to the drive shaft.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For a better understanding of the present invention, as well as other
      objects and further features thereof, reference is had to the following
      detailed description of the invention to be read in connection with the
      accompanying drawing illustrating a shaft and impeller assembly embodying
      the teachings of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The machine generally referenced 10, illustrated in the drawing, is
      basically a multi-stage overhung centrifugal compressor consisting of a
      stationary base frame 11 for housing the machine drive and two compressor
      sections 12 and 13 suspended from the base frame upon two end plates 14
      and 15 secured to the base frame structure as by bolting or welding. A
      main drive gear 17 is supported within the base frame and is driven by
      suitable means known and used in the art such as an electrical motor,
      turbine, combustion engine, or the like. A pinion shaft 20 is also
      journaled within the base frame upon bearings 21, 22 with the centrally
      located pinion gear 25 being mated with the driving gear 17. The body 26
      of the pinion shaft is arranged to extend outwardly through a shaft
      opening 27 formed in the base frame and the two end plates so that the two
      ends of the shaft pass into the compressor sections 12 and 13. Positioned
      outboard of the two shaft bearings are a pair of shaft seal assemblies 29,
      30. Each assembly supports a plurality of bushings which serve to prevent
      the working fluids contained within the compressor sections from moving
      into the drive section or oil vapors from moving from the drive into the
      compressor section.
PAR  As shown in the drawing, a first stage impeller 32 is supported within
      compressor section 12 hung upon the lefthand end plate 14. In assembly,
      the impeller is slidably mounted upon an elongated stud 33 that is
      threaded into the end face 35 of the shaft in axial alignment therewith.
      The hub of the impeller is provided with an axially extended shoulder 37
      that is press fitted into a complementary opening 38 formed in the end
      face of the impeller shaft. The shoulder serves to prevent radial shifting
      of the impeller and also facilitates seating of the impeller against the
      end face of the shaft to reduce fretting under operational loads.
PAR  A key 40 is positioned in engagement with the shaft 26 and the stud 33 to
      insure that the members rotate in unison. The key is further elongated to
      extend beyond the end face of the shaft to securely engage the hub of the
      impeller thus locking the impeller to both the stud and the shaft. A lock
      nut 42, arranged to act against a recessed washer 43, is threaded upon the
      free end of the stud; the nut acting to force the impeller into seating
      contact against the end face of the shaft and to prevent axial shifting of
      the impeller upon the stud.
PAR  Referring now to the opposite end of the shaft, there is shown a second
      embodiment of the present invention wherein two impellers are supported in
      tandem upon the pinion shaft. In this particular arrangement, an outboard
      impeller 53, making up part of the second compressor stage, and an inboard
      impeller 54, making up part of the third compressor stage, are both
      supported upon a common elongated stud 55 threaded into the end of the
      shaft in the same manner as described above. As previously noted, the
      inboard impeller 54 is secured to the shaft by press fitting extended
      shoulder 57 into recess 58 and keying the impeller to both the stud 55 and
      the shaft by means of a common key 59.
PAR  As illustrated, the backside of the second stage impeller abuts against the
      end of the extended hub of the third stage impeller. Here again, the
      second stage impeller is provided with an extended shoulder 68 which is
      press fitted into a recess 69 formed within the hub 60 of the third stage
      impeller. A second key 65 is carried within the stud and engages both
      impeller hubs thus locking the two impellers to the stud for rotation
      therewith. To reduce stresses in the stud and to facilitate balancing of
      the assembly, the two keys 59 and 65 are offset 180.degree. in assembly.
      The entire two impeller assembly is secured against axial movement by
      means of lock nut 70 threaded to the free end of stud 55 which, acting
      through recessed washer 71, forces the third stage impeller into seating
      contact with end face 72 of the shaft and the second stage impeller into
      seating contact against the extended hub of the third stage impeller.
PAR  As can be seen, the assembly herein described permits the individual
      impellers to be conveniently mounted or rearranged upon the shaft without
      having to remove the shaft from the base frame. To assemble an impeller
      upon the shaft, a stud of predetermined length is threaded into the shaft
      and the two keyed together. The key is elongated and extends beyond the
      end face of the shaft. Next, the impeller is moved onto the stud and the
      key aligned with a key slot formed in the impeller hub. The impeller is
      then press fitted into the shaft which in turn seats the key in the slot.
      Finally, the lock nut is secured to the end of the shaft and tightened
      down thus securing the entire assembly in place. In the case where more
      than one impeller is mounted upon a common stud, the first impeller is
      secured as described above. However, before securing the lock nut to the
      stud, a second elongated key is inserted between the first impeller hub
      and the stud and the second impeller is press fitted into the first
      impeller as disclosed thus seating the key in the second impeller hub. In
      this arrangement, the two impellers, the shaft, and the stud are all
      cojoined for rotation.
PAR  Although the present invention is described in reference to a base frame
      machine utilizing three stages of compression, it should also be clear
      from the disclosure that the impeller mounting structure herein disclosed
      can be utilized to mount any number of impellers upon a common shaft and
      that the order of arrangement can be altered without departing from the
      present invention. Accordingly, the present mounting structure, when used
      in a modular base frame machine, provides for ease of interchangeability
      between components and considerably reduces the number of modular parts
      that are required to construct machines of different capacity from a
      single base frame.
PAR  While this invention has been described with reference to the structure
      herein disclosed, it is not confined to the details as set forth, and this
      application is intended to cover any modifications or changes as may come
      within the scope of the following claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A rotor assembly for use in an overhung rotary machine wherein the rotor
      components are cantilevered from the end of a shaft including
PA1  a drive shaft operatively connected to the machine drive and rotatably
      supported in a base frame with at least one end of the shaft extending
      outwardly beyond said frame, the extended end face of the shaft having an
      aperture formed therein,
PA1  a stud secured to the shaft and extending outwardly beyond the end face
      thereof in axial alignment with the shaft,
PA1  a rotor member slidably mounted upon the stud having an axially extended
      shoulder thereon which is press fitted into the aperture formed within the
      end face of the shaft to support the rotor member in axial alignment with
      the stud and the shaft, and
PA1  a key positioned to engage the shaft, the stud and the rotor member.
NUM  2.
PAR  2. The assembly of claim 1 having further locking means engaging the free
      end of the stud to prevent axial movement of the rotor member.
NUM  3.
PAR  3. Apparatus for supporting a series of rotor elements upon a shaft
      including
PA1  a drive shaft operatively connected to a drive means and being rotatably
      supported in a frame with at least one end of the shaft extending
      outwardly beyond said frame, the end face of said extended portion of the
      shaft having an aperture formed therein,
PA1  an elongated stud being secured within the shaft in coaxial alignment
      therewith extending outwardly from said end face,
PA1  a first impeller slidably mounted upon said stud having a shoulder thereon
      which is press fitted into the aperture formed in the end face of the
      shaft,
PA1  a first key engaging the shaft, the stud and the first impeller,
PA1  a second impeller slidably mounted upon said shaft in contiguous relation
      with the first impeller having an extended shoulder press fitted into a
      receiving aperture formed in said first impeller, and
PA1  a second key engaging the stud and said first and second impellers.
NUM  4.
PAR  4. The apparatus of claim 3 further including securing means operatively
      associated with the free end of the stud to prevent axial movement of said
      impellers.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said stud is threaded into said shaft.
NUM  6.
PAR  6. The apparatus of claim 4 wherein said first and said second keys are
      offset 180.degree. in relation to the stud.
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ABST
PAL  A sump containing a conventional sump pump has a battery operated emergency
      pump. A trapped air pressure operated switch turns the emergency pump on
      when the water level rises excessively in the sump and an alarm signal is
      given. If the trapped air operated switch fails to turn the pump on, a
      non-mechanical float switch does so after a further rise in the liquid
      level in the sump and at the same time an emergency warning signal is
      produced. The float switch also turns on the emergency pump if that pump
      had not previously been turned on due to a malfunction in the trapped air
      switch. When the emergency pump turns on, a battery charger is energized
      from the alternating current supply so as to prevent depletion of the
      battery so long as the alternating current is available. Normally, the
      battery charger is turned on periodically by a timer to maintain adequate
      battery charge on a regulated basis. If battery power fails alarm is
      actuated. An alarm is actuated when alternating current power failure
      occurs. Low level of battery electrolyte is indicated by an alarm.
      Provision is made for connection of sensors for other detrimental
      conditions, e.g., fire, burglar, freezer temperature, etc. Included in the
      alarm signals available is the actuation of an automatic telephone dialer
      to summon assistance.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  For many years sump pumps have been employed in low locations, e.g.,
      basements of homes and business buildings, to protect against undesired
      accumulations of water such as may occur as a result of heavy rains, sewer
      blockages, etc. It is not uncommon for these sump pumps to fail either by
      reason of electrical power failure, such as often occurs as a result of a
      bad storm, or by reason of a functional failure in the pump or its motor.
      To guard against such malfunctions supplemental, battery operated, pumps
      are employed in the sump to take over when the primary pump fails. One
      such apparatus is described in my prior U.S. Pat. No. 3,634,842. However,
      it is still possible for failures to occur in the supplemental pump or its
      power supply. While the likelihood is small that failure of both the main
      pump or its power supply and the supplemental pump or its power supply
      will occur, there are often situations where it is important to guard
      against that unlikely possibility. For example, a suburban bank may have
      its computer located in the basement. That computer and the data stored
      therein represents a very sizeable investment and it is just unthinkable
      to permit it to be subjected to water damage, or being put out of
      operation by reason of water in the basement. In such situations it is
      extremely important that any malfunction in either the pumps or their
      power supply be brought to the attention of appropriate personnel so that
      remedial action can immediately be taken.
PAR  The necessity for such supervisory protection against detrimental
      conditions is not limited to commercial buildings. For example, there are
      many homes that have expensively furnished recreation or family rooms in
      the basement. Owners of such homes are desirous of having the same degree
      of protection.
PAR  Furthermore, in both homes and commercial establishments there is
      increasing use of other devices for protecting against detrimental
      conditions, e.g., fire alarms, burglar alarms, freezer temperature alarms,
      etc. Often these devices are sold and installed as individual units;
      however, this will usually involve some redundancy of components. In the
      present invention provision is made for connecting the sensors for such
      malfunctions, etc., e.g., heat or smoke detectors, burglar alarm switches,
      freezer temperature detectors, etc. This eliminates the redundancy of
      components since only the sensors for such other malfunctions, etc., are
      required, along with the associated wiring, and usually will effect a
      monetary saving since the redundancy has been eliminated. Furthermore, it
      results in a centralization of the alarm indications. The present
      invention also makes provision for remote indication of the malfunctions,
      etc. One of such indications is in the form of an automatic telephone
      dialer which can summon assistance by means of an appropriate message.
PAR  Thus, the present invention relates to a sump protective apparatus which
      supervises the equipment involved and supplies suitable alarm indications
      by reason of the malfunction of the various components and which also can
      signal the existence of various other undesired conditions in a building.
PAR  Further objects and advantages will become apparent from the following
      description taken in conjunction with the drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of a sump showing the primary and secondary
      pumps therein; and
PAR  FIG. 2 is a schematic wiring diagram of an embodiment of the invention.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The following disclosure is offered for public dissemination in return for
      the grant of a patent. Although it is detailed to ensure adequacy and aid
      understanding, this is not intended to prejudice that purpose of a patent
      which is to cover each new inventive concept therein no matter how others
      may later disguise it by variations in form or additions or further
      improvements.
PAR  FIG. 1 illustrates a sump pit 10 located, for example, below a basement
      floor 11. Within this sump pit is a conventional sump pump 12 connected by
      wires 13 to 110 volt A.C. supply. The pump discharges through a pipe 14 to
      a suitable location for disposing of the water. A secondary or back-up
      pump 15 is employed which is operated by a 12 volt D.C. motor 16. Pump 15
      likewise discharges through a pipe 17 to a suitable location for disposing
      of the water. As thus far described, the illustrated apparatus is
      representative of conventional installations.
PAR  Extending downwardly from the pump 15 is a bell or housing 19 which is open
      at the bottom and otherwise fluid tight. A plastic tube or pipe 20
      communicates with the interior of bell 19. Referring to FIG. 2, it will be
      seen that tube 20 communicates with a pressure sensitive actuator 21 which
      operates an electrical switch 22 in the sense such that switch 22 is
      normally open and is closed with an increase in air pressure (as compared
      to ambient) within the actuator 21. As the water level in the sump 10
      raises above the bottom of the bell 19, there is an increase in the
      pressure of the air trapped in the bell. As the water level rises to
      approximately the level indicated by line 23, the air pressure is
      sufficient to close switch 22. The switch remains closed until the water
      level drops nearly to the bottom of the bell, as indicated by line 24.
      Switch 22 then opens. As hereinafter described, switch 22 is employed to
      energize motor 16.
PAR  In prior art apparatus float switches have been employed for this purpose.
      Float switches have the disadvantages that there is very little difference
      between the liquid level that will turn the motor on and the level that
      turns the motor off. This results in a comparatively rapid cycling of the
      motor on and off. By the use of the bell and the pressure actuated switch,
      there can be a substantially greater difference in water level between
      what will turn the motor on and that which turns it off. This results in
      the motor running for longer periods of time and longer lapses of time
      between each occurrence of motor operation.
PAR  Extending downwardly from pump 15 is an intake tube 26 open at the bottom.
      This tube should terminate above the bottom of the sump (so that sediment
      from the bottom will not be drawn in) and below the level at which the
      regular pump 12 will operate (so as to prevent floating debris from
      entering the intake tube and causing a malfunction). Also illustrated in
      FIG. 1 is a float 27 which incorporates and operates an electrical switch
      28, illustrated in FIG. 2. As there described, its function is to serve as
      a backup switch to sound an alarm in the event of failure of the latter,
      failure of the pumps to keep up with the incoming water, etc. Thus, float
      27 is located above the normal high water line 23, as seen in FIG. 1.
PAR  Referring to FIG. 2, power supply wires 30 and 31 are connected to a normal
      A.C. power source 29, e.g., a wall receptacle. Actual embodiments will
      include a third wire which connects to ground (to ground the various
      components), but this has not been illustrated since it is conventional
      and would unnecessarily add to the complexity of the wiring diagram. Wires
      30 and 31 are connected to the primary 32a of a stepdown transformer 32.
      The voltage at secondary winding 32b is 12 volts A.C. A plug-in timer 33
      is employed. It has three plugs 34-36 (suitably polarized) which are
      received in sockets 37-39. Wires 30 and 31 connect to sockets 38 and 37. A
      wire 40 connects to socket 39. Wires 41 and 42 connect to the timer. Wires
      42 and 43 connect to the two sides of a switch 44 which is operated by the
      timer.
PAR  Sockets 47 and 48 are connected to wires 40 and 31 respectively and are
      associated with plugs 49 and 50. Wires 51 and 52 connect plugs 49 and 50
      to a battery charger 53. Charger 53 is connected by wires 54 and 55 to a
      12 volt rechargeable battery 56. An electrolyte level sensor 57 is
      employed in battery 56 and closes a switch 58 when the electrolyte in the
      battery is low.
PAR  Three relays 61, 62 and 63 are employed. It will be apparent to those in
      the control art that solid state electrical switches, e.g., silicon
      controlled rectifiers, could be substituted. Fluidic control systems would
      also be substituted. Relay 61 forms the heart of an A.C. supervisory
      circuit and has an operating solenoid 61a (a control element) and three
      normally closed switches 61b, 61c and 61d. Relay 62 is the heart of a D.C.
      supervisory circuit and has a solenoid 62a (a control element) and four
      normally closed switches 62b, 62c, 62d, 62e. Relay 63 has solenoid 63a (a
      control element) and two normally open switches 63b and 63c. Relay 63
      functions to turn on the D.C. pump motor 16 when energized.
PAR  There is a fire detector 65 (heat or smoke sensitive) which operates a
      normally closed switch 66 when a fire is detected. There are signal lights
      67-72 of various colors and types. Audible signals are provided by horns
      73 and 74 and buzzers 75 and 76. There is a normally open test switch 77
      and a circuit breaker 78. There is a double-pole double-throw switch 79
      having contacts 79a, 79b, 79c, 79d and switch arms 79e and 79f. Two
      terminal boards 80 and 81 are employed. Terminal board 80 has terminals
      80a through 80j. Terminal board 81 has terminals 81a through 81m. A fuse
      82 is employed for the external signaling circuit.
PAR  Wire 54 connects to solenoid 63a, switch 63b, switch 62e, solenoid 62a,
      switch 61c, switch 61d, terminal 81l and terminal 80i. Power supply wire
      55 connects to switches 22 and 77, circuit breaker 78, signal light 70,
      switch 62d, signal light 69, switch arms 79e and 79f, signal light 72,
      terminal 80b and terminal 81m. A wire 85 connects secondary 32b to switch
      66, buzzer 75 and terminal 81d. A wire 86 connects secondary 32b to switch
      62e and terminal 80d. A wire 87 connects switch 66 to solenoid 61a. A wire
      88 connects switch 61d to fuse 82, signal light 68 and terminal 81a. A
      wire 89 connects switch 61c to horn 73. A wire 90 connects switch 61b to
      switch 62b and terminal 80f. A wire 91 connects solenoid 61a to terminal
      80c. A wire 92 connects signal light 68, fuse 82 and terminal 81b. A wire
      93 connects switch 61b, switch 62b and terminal 80e. A wire 94 connects
      solenoid 62a and terminal 80g. A wire 95 connects horn 73 to contact 79a.
      A wire 96 connects switch 62e with horn 74, signal light 70 and contact
      81g. A wire 97 connects horn 74 with contact 79b. A wire 98 connects
      switch 62e, buzzer 75 and terminal 81c. A wire 99 connects terminal 80h
      and terminal 80e to buzzer 76, motor 16, signal light 71 and circuit
      breaker 78. A wire 100 connects terminal 80j, signal light 72 and terminal
      81j. A wire 101 connects contacts 79c and 79d to terminal 81k. A wire 102
      connects terminal 81f to buzzer 76, motor 16, signal light 71 and switch
      63b. A wire 103 connects switches 22 and 77, solenoid 63a and switch 62d.
PAR  At a remote location is a sensible signaling device 107, such as a horn,
      buzzer, light, etc. It is connected by wires 108 and 109 to terminals 80a
      and 80b. If it is desired to use various other malfunction or alarm
      sensors, such as fire detector 110, freezer high temperature alarm 111,
      burglar alarm 112, etc., with the sensors having normally closed switches
      113, 114 and 115, respectively, the switches are connected in series with
      terminals 80c and 80d by wires 116 and 117. An automatic telephone dialer
      118 is connected across terminals 80e and 80f by means of wires 119 and
      120. This dialer is also connected to the telephone lines (not shown). It
      may be of the type that provides a recorded message after it dials a
      selected number. Switch 28 is connected across terminals 80g and 80h by
      wires 121 and 122. Switch 58 is connected across terminals 80i and 80j by
      wires 123 and 124. If external sensors 110, 111, 112, etc., are not
      employed a jumper 125 is placed between terminals 80c  and 80d. Similarly,
      if switches 28 or 58 are not employed a jumper (e.g. 126) is placed across
      the respective terminals.
PAR  Terminal board 81 is employed if desired to provide sensible signals, e.g.,
      sound or light, at a remote location. Thus the remote panel 128 includes a
      light 129 connected by wire 130 and 131 to terminals 81a and 81b; a buzzer
      132 connected by wires 133 and 134 to terminals 81c and 81d; a light 135
      connected by wires 136 and 137 to terminals 81e and 81f; a buzzer 138 and
      a light 139 connected by wires 140 and 141 to terminals 81g and 81m; a
      light 142 connected by wires 143 and 141 to terminals 81i and 81m; a light
      144 connected by wires 145 and 141 to terminals 81j and 81m; and a light
      146 connected by wires 147 and 148 to terminals 81k and 81l. It is to be
      understood that various forms of sensible signals can be employed
      alternatively with those of the described embodiment. A buzzer or light
      could be used in place of a horn and vice versa. The lights would be
      various colors so that they could be readily distinguished. All of this
      would depend upon the desires and the preferences of the particular
      manufacturer and/or user.
PAC  NORMAL STANDBY OPERATION
PAR  FIG. 2 illustrates the situation with neither A.C. nor D.C. power being
      applied. With battery 56 having a reasonable charge and alternating
      current applied to wires 30 and 31 the normal standby operation would be
      as follows. Relay coil 61a of the A.C. supervisory circuit is energized
      from transformer secondary 32b, the energizing circuit including switch 66
      and the normally closed switches connected across terminals 80c and 80d.
      The energizing of this relay holds relay switches 61b, 61c and 61d open.
      Relay coil 62a of the D.C. supervisory circuit is energized, one side of
      the coil being connected to D.C. supply wire 54 and the other side of the
      coil being connected to D.C. supply wire 55, through wire 94, terminal
      80g, wire 121, closed switch 28, wire 122, terminal 80h, wire 99, and
      closed circuit breaker 78. This opens relay switches 62b, 62c, 62d and
      62e. Relay coil 63a of the circuit for operating pump motor 16 is
      deenergized because switches 22 and 77 are open. The timer 33 is
      operating, but because switch 44 is open the battery charger 53 is
      deenergized. Periodically, depending upon the interval which the user has
      set into the timer 33, switch 44 will be closed by the timer for a given
      period of time. When switch 44 is closed, this energizes battery charger
      53 and the battery is charged for a preselected period of time (as
      determined by the timer setting) to maintain the charge in the battery.
      The fact that the charger is operating is indicated by light 67. The
      charger is one which has a built-in regulator to reduce the charging rate
      when the battery is high and vice versa. However, by turning it off
      completely for a substantial part of each 24 hours eliminates excessive
      battery charging.
PAC  SECONDARY SUMP PUMP OPERATION
PAR  When the primary sump pump 12 fails or is unable to keep up with the demand
      and the water level in the sump rises approximately to the level indicated
      by line 23, the air pressure in bell 19 closes switch 22. This energizes
      relay coil 63a, resulting in the closing of relay switches 63b and 63c.
      Switch 63b connects motor 16 across the two power supply wires 54 and 55
      to put the auxiliary sump pump into operation. The fact that it is
      operating is signaled by light 71 and buzzer 76. Also, light 135 on the
      remote panel will indicate that the pump is in operation. Switch 63c is in
      parallel with timer switch 44 so that its closing has the same effect of
      energizing battery charger 53. This means that in normal operation the
      motor 16 will, in effect, be operating from the battery charger and will
      not result in any significant dissipation of the charge in battery 56. The
      fact that the battery charger is operating will be signaled by light 67.
      Switch 77 is a test switch. If it is desired periodically to test the
      operation of the emergency pump, switch 22 being open, it is only
      necessary to manually close switch 77 to achieve the same result as would
      occur by reason of the closing of switch 22. When both switches 22 and 77
      are open this deenergizes relay coil 63a turning off lights 71 and 135,
      motor 16, buzzer 76, battery charger 53 and light 67.
PAC  FAILURE OF SECONDARY SUMP PUMP
PAR  There are two provisions for possible detection of failure of the secondary
      sump pump 15, 16. One of these is that if the water level in the sump 10
      rises sufficiently high to actuate float 27, this will open switch 28. The
      opening of switch 28 will deenergize relay coil 62a of the D.C.
      supervisory circuit, since the connection from that relay coil to power
      supply wire 55 is through wires 94 and 121, switch 28, wires 122 and 99
      and circuit breaker 78. This results in relay switches 62b, 62c, 62d and
      62e all closing. The closing of switch 62c energizes horn 74 and light 70
      to thereby produce sensible signals. The light 70 identifies which horn is
      operating. The horn can be silenced by changing the position of switch 79,
      and this causes light 146 to be turned on to warn of the fact that the
      horn has been silenced. The closing of switch 62e energizes buzzer 75 to
      also produce a sensible signal. The latter is A.C. energized while the
      horn is D.C. energized. Thus a failure in one or the other of the power
      supplies will still result in a signal being produced. On the remote panel
      the buzzers 132 and 138 will be energized along with light 139. The
      closing of switch 62b actuates automatic telephone dialer 118 to call for
      assistance. Incidentally, this provides for a person away from home
      checking on the condition of the system. If he calls his telephone number
      and gets a busy signal this would be an indication that the automatic
      telephone dialer is using the line. In some installations switch 62b (and
      switch 61b) may be connected directly across the telephone lines to close
      the circuit therebetween with the same result as though the telephone were
      in use.
PAR  Switch 62d is in parallel with switches 22 and 77. The closing of switch
      62d energizes relay coil 63a so as to energize motor 16 in the event that
      switch 22 failed to operate properly to turn on the motor.
PAR  The second check on the operation of the secondary sump pump is provided by
      circuit breaker 78. Should, for example, motor 16 be overloaded and thus
      draw excessive current, the circuit breaker 78 will open. This has the
      same effect as if switch 28 opened as described in the preceding paragraph
      (since they are both in the same series circuit for energizing relay coil
      62a).
PAC  POWER FAILURE
PAR  Should the A.C. power fail, this would deenergize relay coil 61a of the
      A.C. supervisory circuit causing switches 61b, 61c and 61d to close. The
      closing of switch 61b actuates the automatic telephone dialer 118, as
      previously described with respect to switch 62b. The closing of switch 61c
      energizes horn 73 and light 69. It also energizes light 142 on the remote
      panel 128. Switch 61d energizes external signal 107. This external circuit
      is protected by fuse 82. Should fuse 82 fail, light 68 will be illuminated
      as well as light 129 on the remote panel.
PAR  Should the D.C. power fail, or become inadequate for effective operation,
      this lack of power will not energize relay solenoid 62a of the D.C.
      supervisory circuit sufficiently to hold the switches 62b-62e open and
      these latter switches will then close. The closing of switch 62e will
      result in buzzers 75 and 132 being energized (from the A.C. source). The
      closing of switch 62b will actuate the automatic telephone dialer 118.
PAR  It should be noted that even if both the A.C. and D.C. power fails,
      switches 61b and 62b still will close to actuate the automatic telephone
      dialer. Thus, the failure of both the power sources will still result in
      an emergency signal being produced so long as the automatic telephone
      dialer is effective.
PAC  LOW BATTERY ELECTROLYTE
PAR  Should the electrolyte in the battery decrease in volume to an extent such
      that there is a need for the addition of distilled water to the battery,
      switch 58 will close. This will energize lights 72 and 143 thereby
      identifying the need for attention to the battery.
PAC  FIRE OR OTHER EMERGENCY CONDITION
PAR  Fire detector 65 is a part of the main unit with the sensor being mounted
      on an external face of the housing for the main unit. Should a fire
      thereby be detected, switch 66 will be opened. This will deenergize relay
      coil 61a of the A.C. supervisory circuit to close the switches of that
      relay. Switch 61b will operate the automatic telephone dialer. Switch 61c
      will energize horn 73, light 69 and light 142, as previously described.
      Likewise, switch 61d will energize remote emergency signal 107.
PAR  Assuming that one of the remote emergency detectors 110, 111, 112, etc.,
      identify the existence of one of the other emergency conditions, the
      respective switch will be opened. For example, assume that switch 113
      opens. This likwise breaks the circuit through relay coil 61a of the A.C.
      supervisory circuit so as to allow the switches of that relay to close.
      There will be the same result as described in the preceding paragraph.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for use with a sump in which there is an emergency sump
      pump driven by a direct current emergency sump pump motor operated from a
      rechargeable battery charged by a battery charger from an alternating
      current power source, and including sensor means to detect the level of
      liquid in the sump at which said motor should be operated, and direct
      current circuit means connecting said motor, said power source, and said
      sensor means, the improvement comprising:
PA1  said direct current circuit means including a switch which is closed when
      said motor is energized;
PA1  wiring means connected to said alternating current power source, to said
      battery charger and to said switch to energize said battery charger for
      the charging of said battery when said motor is energized.
NUM  2.
PAR  2. In an apparatus as set forth in claim 1, including timer means connected
      to said alternating current power source and having a switch opened and
      closed at timed intervals, wiring means connected to said alternating
      current power source, said timer means switch and the battery charger for
      energizing the battery charger to charge the battery when the latter
      switch is closed.
NUM  3.
PAR  3. In an apparatus as set forth in claim 2, wherein said sensor means
      comprises water depth sensing means adapted to be positioned in said sump
      for producing an increased fluid pressure as the water level in the sump
      rises above the water depth sensing means, a fluid pressure actuator, a
      conduit connecting said water depth sensing means and said actuator for
      transmitting fluid pressure therebetween, and switch means connected to
      the actuator to be rendered effective by an increase in fluid pressure in
      the water depth sensing means, said switch means being connected in said
      direct current circuit means for energizing said motor when said switch
      means is rendered effective.
NUM  4.
PAR  4. In an apparatus as set forth in claim 3, wherein said water depth
      sensing means comprises a bell having an open bottom only, whereby the air
      pressure in the bell increases as the water level in the sump is above the
      bottom of the bell.
NUM  5.
PAR  5. In an apparatus as set forth in claim 4, wherein said switch means
      comprises a normally open switch which is closed and thus rendered
      effective by an increase in pressure in the actuator, said apparatus
      including a manually operable, normally open, test switch connected in
      parallel with the switch of the sensor means.
NUM  6.
PAR  6. In an apparatus as set forth in claim 4, wherein the bell is mounted on
      said sump pump and the sump pump has an intake tube extending to a level
      substantially below the bottom of said bell.
NUM  7.
PAR  7. In an apparatus as set forth in claim 3 including:
PA1  first relay means comprising a first control element and a first, normally
      closed, signaling switch means operable to switch open condition when
      power is applied to said control element;
PA1  wiring means connecting said first control element to said alternating
      current power source to maintain said first signaling switch means open
      when power is supplied to said first control element from said alternating
      current power source;
PA1  second relay means comprising a second control element and a second,
      normally closed, signaling switch means operable to switch open condition
      when power is applied to the control element thereof;
PA1  wiring means connecting said second control element to said battery to
      maintain said second signaling switch means open when power is supplied to
      said second control element from said battery;
PA1  first sensible signaling means operable from alternating current;
PA1  second sensible signaling means operable from direct current;
PA1  wiring means connecting said battery, said first signaling switch means and
      said second sensible signaling means whereby a sensible signal is produced
      when the alternating current power source fails; and
PA1  wiring means connecting the alternating current power source, said second
      normally closed signaling switch means and said first sensible signaling
      means whereby a sensible signal is produced when the battery power is
      inadequate.
NUM  8.
PAR  8. In an apparatus as set forth in claim 7, including:
PA1  a second water level sensor means positioned in said sump for detecting
      water level in the sump higher than the water level detected by the first
      mentioned sensor means, said second water level sensor means including a
      switch actuated to effective condition by said higher water level in the
      sump, and
PA1  wiring means connecting direct current circuit means to the last mentioned
      switch to energize the motor when said last mentioned switch is in the
      effective condition.
NUM  9.
PAR  9. In an apparatus as set forth in claim 8, wherein
PA1  said second relay means includes a normally closed, motor control switch
      means operable to switch open condition when power is applied to the
      control element thereof,
PA1  said effective condition of said switch of said second water level sensing
      means being a circuit closed condition,
PA1  said last mentioned wiring means and said wiring means for said control
      element of said second relay means forming a series circuit including said
      control element of said second relay means, said switch of said second
      water level sensing means and said battery whereby said normally closed
      motor control switch means is in circuit closed condition when said switch
      of said second water level sensing means is open, said normally closed
      motor control switch means being connected in parallel with said switch
      connected to the actuator.
NUM  10.
PAR  10. In an apparatus as set forth in claim 9, wherein said direct current
      circuit means includes a circuit breaker for producing an open circuit and
      stopping the motor when there is an overload through the motor, said
      series circuit including said control element also including said circuit
      breaker whereby when the latter produces an open circuit said control
      element of said second relay means is deenergized.
NUM  11.
PAR  11. In an apparatus as set forth in claim 10,
PA1  wherein said second relay means includes a third normally closed signaling
      switch means, and
PA1  including a third sensible signaling means operable from direct current,
      and wiring means connecting said third normally closed signaling switch
      means, said battery and said third sensible signaling means whereby the
      latter is energized when the control element of the second relay means is
      deenergized.
NUM  12.
PAR  12. In an apparatus as set forth in claim 11,
PA1  wherein said first relay means includes a fourth normally closed signaling
      switch means,
PA1  including a fourth sensible signaling means operable from direct current,
      and wiring means connecting said fourth normally closed signaling switch
      means, said battery source and said fourth sensible signaling means
      whereby the latter is energized when the control element of the first
      relay means is deenergized,
PA1  one of said first and fourth sensible signaling means being located at a
      remote location whereby the wiring means therefor extends to said remote
      location and thereby is more subject to damage and short circuiting, and
PA1  said wiring means for said remotely located sensible signaling means
      including a fuse and a sensible signaling means in parallel with the fuse
      whereby it is rendered effective when the fuse is blown.
NUM  13.
PAR  13. In an apparatus as set forth in claim 12,
PA1  including a remote panel having sensible signaling means as a counterpart
      of each of said previously mentioned sensible signaling means except for
      said remotely located sensible signaling means, and
PA1  including wiring means connecting each of said sensible signaling means of
      said remote panel with its counterpart to be rendered effective when its
      counterpart is effective.
NUM  14.
PAR  14. In an apparatus for use with an alternating current power source and a
      sump in which there is an emergency sump pump driven by a direct current
      emergency sump pump motor operated from a direct current power source, and
      including sensor means to detect the level of liquid in the sump and
      having a switch which is then rendered effective to operate said motor,
      and direct current circuit means connecting said motor, said direct
      current power source, and said sensor means, the improvement comprising:
PA1  first relay means comprising a first control element and a first, normally
      closed, signaling switch means operable to switch open condition when
      power is applied to said control element;
PA1  wiring means connecting said first control element to said alternating
      current power source to maintain said first signaling switch means open
      when power is supplied to said first control element from said alternating
      current power source;
PA1  second relay means comprising a second control element and a second,
      normally closed, signaling switch means operable to switch open condition
      when power is applied to the control element thereof;
PA1  wiring means connecting said second control element to said direct current
      power source to maintain said second signaling switch means open when
      power is supplied to said second control element;
PA1  first sensible signaling means operable from alternating current;
PA1  second sensible signaling means operable from direct current;
PAR  wiring means connecting said direct current power source, said first
      signaling switch means and said second sensible signaling means whereby a
      sensible signal is produced when the alternating current power source
      fails; and
PA1  wiring means connecting the alternating current power source, the second
      normally closed signaling switch means and the first sensible signaling
      means whereby a sensible signal is produced when the power of said direct
      current power source is inadequate.
NUM  15.
PAR  15. In an apparatus as set forth in claim 14, including:
PA1  a second water level sensor means positioned in said sump for detecting
      water level in the sump higher than the water level detected by the first
      mentioned sensor means, said second water level sensor means including a
      switch actuated to effective condition by said higher water level in the
      sump, and
PA1  wiring means connecting said direct current circuit means to the last
      mentioned switch to energize the motor when said last mentioned switch is
      in the effective condition.
NUM  16.
PAR  16. In an apparatus as set forth in claim 15, wherein
PA1  said second relay means includes a normally closed motor control switch
      means operable to switch open condition when power is applied to the
      control element thereof, said effective condition of said switch of said
      second water level sensing means being a circuit closed condition,
PA1  said last mentioned wiring means and said wiring means for said control
      element of said second relay means forming a series circuit including said
      control element of said second relay means, said switch of said second
      water level sensing means and said direct current power source whereby
      said normally closed motor control switch means is in circuit closed
      condition when said switch of said second water level sensing means is
      open, said normally closed motor control switch means being connected in
      parallel with the switch of the first mentioned sensor means.
NUM  17.
PAR  17. In an apparatus as set forth in claim 16, wherein said direct current
      circuit means includes a circuit breaker for producing an open circuit and
      stopping the motor when there is an overload through the motor, said
      series circuit including said control element also including said circuit
      breaker whereby when the latter produces an open circuit said control
      element of said second relay means is deenergized.
NUM  18.
PAR  18. In an apparatus as set forth in claim 17,
PA1  wherein said second relay means includes a third normally closed signaling
      switch means, and
PAR  including a third sensible signaling means operable from direct current,
      and wiring means connecting said third normally closed signaling switch
      means, said direct current power source and said third sensible signaling
      means whereby the latter is energized when the control element of the
      second relay means is deenergized.
NUM  19.
PAR  19. In an apparatus as set forth in claim 18,
PA1  wherein said first relay means includes a fourth normally closed signaling
      switch means,
PA1  including a fourth sensible signaling means operable from direct current,
      and wiring means connecting said fourth normally closed signaling switch
      means, said direct current power source and said fourth sensible signaling
      means whereby the latter is energized when the control element of the
      first relay means is deenergized,
PA1  one of said first and fourth sensible signaling means being located at a
      remote location whereby the wiring means therefor extends to said remote
      location and thereby is more subject to damage and short circuiting, and
PA1  said wiring means for said remotely located sensible signaling means
      including a fuse and a sensible signaling means in parallel with the fuse
      whereby it is rendered effective when the fuse is blown.
NUM  20.
PAR  20. In an apparatus as set forth in claim 19,
PA1  including sensible signaling means connected in parallel with said motor to
      be energized when said motor is energized.
NUM  21.
PAR  21. In an apparatus as set forth in claim 20,
PA1  including a remote panel having sensible signaling means as a counterpart
      of each of said previously mentioned sensible signaling means except for
      said remotely located sensible signaling means, and
PA1  including wiring means connecting each of said sensible signaling means of
      said remote panel with its counterpart to be rendered effective when its
      counterpart is effective.
NUM  22.
PAR  22. In an apparatus as set forth in claim 19 for use with an automatic
      telephone dialer, the further improvement comprising:
PA1  one of said relay means including a normally closed, automatic dialer
      switch means, and wiring means for connecting the latter switch means with
      said automatic dialer to actuate the latter when the control element of
      said one relay means is deenergized.
NUM  23.
PAR  23. In an apparatus as set forth in claim 14,
PA1  wherein said second relay means includes a third normally closed signaling
      switch means, and
PA1  including a third sensible signaling means operable from direct current,
      and wiring means connecting said third normally closed signaling switch
      means, said direct current power source and said third sensible signaling
      means whereby the latter is energized when the control element of the
      second relay means is deenergized.
NUM  24.
PAR  24. In an apparatus as set forth in claim 23,
PA1  wherein said first relay means includes a fourth normally closed signaling
      switch means,
PA1  including a fourth sensible signaling means operable from direct current,
      and wiring means connecting said fourth normally closed signaling switch
      means, said direct current power source and said fourth sensible signaling
      means whereby the latter is energized when the control element of the
      first relay means is deenergized,
PAR  one of said first and fourth sensible signaling means being located at a
      remote location whereby the wiring means therefor extends to said remote
      location and whereby is more subject to damage and short circuiting, and
PA1  said wiring means for said remotely located sensible signaling means
      including a fuse and a sensible signaling means in parallel with the fuse
      whereby it is rendered effective when the fuse is blown.
NUM  25.
PAR  25. In an apparatus as set forth in claim 14,
PA1  including a plurality of remote sensors for at least one detrimental
      condition, said remote sensors each including a normally closed switch
      which is opened when the respective detrimental condition is detected by
      that sensor, and
PA1  wherein the wiring means connected to the control element of one of said
      relay means includes the switches of the remote sensors in a series
      circuit whereby said control element of one of said relay means is
      deenergized when a detrimental condition is detected by one of said remote
      sensors, thereby energizing the signaling means connected to said one
      relay means.
NUM  26.
PAR  26. In an apparatus as set forth in claim 25 for use with an automatic
      telephone dialer, the improvement comprising:
PA1  said one relay means including a normally closed, automatic dialer switch
      means, and wiring means for connecting the latter switch means with said
      automatic dialer to actuate the latter when the control element of said
      one relay means is deenergized.
NUM  27.
PAR  27. In an apparatus as set forth in claim 25, wherein said one of said
      relay means is said first relay means.
NUM  28.
PAR  28. In an apparatus as set forth in claim 27,
PA1  wherein said direct current circuit means includes third relay means
      comprising a third control element and a normally open switch means
      operable to switch closed condition when power is applied to said third
      control element, said normally open switch means being in series with said
      motor;
PA1  wherein said second relay means including a normally closed motor control
      switch means operable to switch open condition when power is applied to
      said second control element; and
PA1  including wiring means connecting said motor control switch means, said
      direct current power source and said third control element to close said
      normally open switch means of said third relay means and energize said
      motor when said motor control switch means is closed.
NUM  29.
PAR  29. In an apparatus as set forth in claim 14,
PA1  wherein said direct current circuit means includes third relay means
      comprising a third control element and a normally open switch means
      operable to switch closed condition when power is applied to said third
      control element, said normally open switch means being in series with said
      motor;
PA1  wherein said second relay means including a normally closed motor control
      switch means operable to switch open condition when power is applied to
      said second control element; and
PA1  including wiring means connecting said motor control switch means, said
      direct current power source and said third control element to close said
      normally open switch means of said third relay means and energize said
      motor when said motor control switch means is closed.
NUM  30.
PAR  30. In an apparatus as set forth in claim 29,
PA1  wherein said switch of said sensor means is connected in parallel with said
      motor control switch means;
PA1  including a second water level sensor means for detecting water level in
      the sump higher than the water level detected by the first mentioned
      sensor means, said second water level sensor means including a normally
      closed switch opened by said higher water level in the sump; and
PA1  wherein said wiring means connecting said second control element includes
      said switch of said second water level sensor means whereby when the
      latter switch is open said normally open switch means is closed for
      energizing said motor.
NUM  31.
PAR  31. In an apparatus as set forth in claim 24,
PA1  including a remote panel having sensible signaling means as a counterpart
      of each of said previously mentioned sensible signaling means, and
PA1  including wiring means connecting each of said sensible signaling means of
      said remote panel with its counterpart to be rendered effective when its
      counterpart is effective.
NUM  32.
PAR  32. In an apparatus as set forth in claim 14 and for use with an automatic
      telephone dialer, the further improvement comprising:
PA1  one of said relay means including a normally closed, automatic dialer
      switch means, and wiring means for connecting the latter switch means with
      said automatic dialer to actuate the latter when the control element of
      said one relay means is deenergized.
NUM  33.
PAR  33. In an apparatus for use with power source means including an
      alternating current power source and a direct current power source, and
      for use with a sump in which there is an emergency sump pump driven by a
      direct current emergency sump pump motor operated from said direct current
      power source, and including sensor means to detect the level of liquid in
      the sump and having a switch which is then rendered effective to operate
      said motor, and direct current circuit means connecting said motor, said
      direct current power source, and said sensor means, the improvement
      comprising:
PA1  first relay means comprising a first control element and a first, normally
      closed, signaling switch means operable to switch open condition when
      power is applied to said control element;
PA1  wiring means connecting said first control element to said alternating
      current power source to maintain said first signaling switch means open
      when power is supplied to said first control element from said alternating
      current power source;
PA1  second relay means comprising a second control element, a second, normally
      closed, signaling switch means operable to switch open condition when
      power is applied to the control element thereof, and a normally closed
      motor control switch means operable to switch open condition when power is
      applied to said second control element;
PA1  wiring means connecting said second control element to said direct current
      power source to maintain said second signaling switch means open so long
      as said second control element is energized;
PA1  said direct current circuit means including third relay means comprising a
      third control element and a normally open switch means operable to switch
      closed condition when power is applied to said third control element, said
      normally open switch means being in series with said motor;
PA1  wiring means connecting said motor control switch means, said direct
      current power source and said third control element to close said normally
      open switch means of said third relay means and energize said motor when
      said motor control switch means is closed;
PA1  sensible signaling means;
PA1  wiring means connecting said power source means, said normally closed
      signaling switch means and said sensible signaling means whereby a
      sensible signal is produced when power is not being applied to said
      control elements of said first and second relay means.
NUM  34.
PAR  34. In an apparatus as set forth in claim 33 and for use wherein the direct
      current power source includes a rechargeable battery charged by a battery
      charger, the further improvement,
PA1  wherein said third relay means includes normally open charger switch means
      operable to switch closed condition when power is applied to said third
      control element; and
PA1  including wiring means connected to said alternating current power source,
      to said battery charger and to said charger switch means to energize said
      battery charger for the charging of said battery when said switches of
      said third relay means are closed and the motor is energized.
NUM  35.
PAR  35. In an apparatus as set forth in claim 33, wherein said direct current
      means includes a circuit breaker for producing an open circuit and
      stopping the motor when there is an overload through the motor, said
      wiring means connected to said second control element also including said
      circuit breaker whereby when the latter produces an open circuit said
      control element of said second relay means is deenergized.
NUM  36.
PAR  36. In an apparatus as set forth in claim 35,
PA1  wherein said switch of said sensor means is a normally open switch closed
      by the sensor detecting excess water in the sump, said sensor means switch
      being connected in parallel with said normally closed motor control switch
      means;
PA1  including a second water level sensor means for detecting water level in
      the sump higher than the water level detected by the first mentioned
      sensor means, said second water level sensor means including a normally
      closed switch opened by said higher water level in the sump; and
PA1  wherein said wiring means connecting said second control element includes
      said switch of said second water level sensor means whereby when the
      latter switch is open said normally open switch means is closed for
      energizing said motor.
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ABST
PAL  This gas pressure control system is intended primarily for testing gauges
      by providing an accurate static gas pressure over a wide range, preferably
      from zero to 10,000 pounds per square inch. The system is equipped with a
      pressure intensifier that operates automatically to raise the delivery
      pressure above the supply pressure when necessary. The supply may be a
      bottle of nitrogen under pressure of two thousand two hundred pounds per
      square inch, and the pressure intensifier is preferably a
      cylinder-and-piston motor-pump combination with a displacement ratio such
      as 70 to 1.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The pressure control system of this invention is connected with a test port
      at which successive gauges are connected with the system and supplied with
      pressure of different values to calibrate the accuracy of the gauge.
PAR  Pressure is supplied to the system from a source of gas supply such as a
      bottle or high pressure storage cylinder. A flow control valve or pressure
      regulator receives the gas from the supply source and delivers it to the
      system at a controled pressure which depends upon the loading of the
      regulating chamber of the control valve. This loading depends on
      adjustable signals supplied to the control valve and such signals are
      preferably electric signals to solenoids that change the loading on the
      control valve and the resulting delivery pressure from the control valve.
PAR  For pressures in the lower part of the range of the system, the changes can
      be controlled from the control valve or pressure regulator that receives
      the gas from the supply source. For higher pressures in excess of those
      which the control valve can supply, there is a pressure intensifier
      located between the output of the first control valve and the test port to
      which gauges are connected.
PAR  In the preferred embodiment of the invention, the pressure intensifier
      includes a pump having a piston which reciprocates to permit entry of gas
      into the pump from the control valve. The piston then moves in the
      opposite direction to discharge the gas at a higher and controlled
      pressure to the test port. In the simplest construction of the invention,
      the pump piston is connected directly with a piston of a motor of
      substantially greater displacement than the pump so as to obtain high pump
      discharge pressure with relatively low pressure supply to the intensifier
      motor. A displacement ratio of 70 to 1 may be used, by way of example.
PAR  A second control valve, referred to as a "mode selector" valve is
      responsive to pressures at different part of the system and operates to
      determine when the intensifier becomes necessary in order to maintain
      desired outlet pressures to the test port.
PAR  An auxiliary supply of gas under pressure is controlled by a third control
      valve which supplies working fluid to the pump for the pressure
      intensifier and this third control valve is responsive to pressure at
      other parts of the system in order to make its operation automatic.
PAR  The system preferably controls pressure by using a transducer in the test
      port circuit to generate a feedback signal of low voltage that controls a
      comparator circuit that regulates the first control valve and indirectly
      the operation of the pressure intensifier.
PAR  Other objects, features and advantages of the invention will appear or be
      pointed out as the description proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  In the drawing, forming a part hereof, in which like reference characters
      indicate corresponding parts in all the views:
PAR  FIG. 1 is a diagrammatic view of a system for controlling pressure in
      accordance with this invention; and
PAR  FIG. 2 is a sectional view through one of the control valves shown in FIG.
      1, all of the control valves being preferably of similar construction.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  A first flow control valve or regulator 10 has a port 12 to which gas under
      pressure is supplied from a source 14. The port 12 communicates with a
      valve chamber 16 in which there is a valve element 18 which is urged
      against a seat 20 at the left hand end of the chamber 16 by a spring 22.
      The spring 22 is located in a socket in a threaded cap 24 which screws
      into the housing of the control valve 10.
PAR  The pressure of the spring 22 against the valve 18 can be adjusted by
      screwing the cap 24 one way or the other in the threads which connect it
      with the housing of the valve 10. The stem of the valve 18 extends through
      a wall at the right end of the chamber 16 and this stem, designated by the
      reference character 26 is sealed around its circumference by an O-ring to
      prevent leakage of gas from the chamber 16 along the stem 26.
PAR  The portion of the chamber 16 beyond the valve seat 20 communicates with a
      port 30, and when the valve 18 is open fluid flows from the port 12
      through the valve chamber 16 and out through the port 30 to tubing 32 that
      communicates with a passage 34 in a control block 36.
PAR  The valve 18 has a stem 38 which extends beyond the valve seat 20 and which
      carries another valve element 40 that normally contacts with a seat 42 at
      the end of a piston rod 44.
PAR  This piston rod 44 extends into a loading chamber designated by the
      reference character 46 and there is a piston 48 which forms a movable wall
      in the loading chamber 46 with a seal 50 which prevents leakage of
      pressure from one side of the movable wall 48 to the other side. The
      loading chamber 46 on the right side of the piston or movable wall 48 is
      always in communication with the port 30 through a connecting passage 52.
PAR  The spring 22 holds the valve 40 against the seat 42 whenever the valve 18
      is open. As the valve stem 38 moves to the left in FIG. 1, and the valve
      element 18 contacts with the seat 20, then the spring 22 can no longer
      exert any force to hold the valve 40 in contact with the seat 42 if there
      is any movement of the piston rod 44 toward the left. Such further
      movement of the piston rod 44 toward the left will move the seat 42 away
      from contact with the valve 40 and vent the portion of the chamber 16
      which is to the left of the valve seat 20, and also vent the portion of
      the chamber 46 which is to the right of the piston 48, and also vent the
      tubing 32, port 30 and such other passages as are downstream from the port
      30, through the hollow interior of the valve stem 38 and out through a
      port 54 in the cap 24.
PAR  The housing of the control valve 10 has another port 56 communicating with
      the chamber 46 on the right hand side of the piston or movable wall 48.
      This port 56 is connected by tubing 58 which leads to a passage 60
      extending through the control block 36 and communicating at its other end
      with other tubing 62 that leads to a port 30a of a second control valve
      10a which is similar to the control valve 10 in structure but connected in
      the circuit in a different way.
PAR  Because of the fact that the second control valve 10a is of similar
      construction to the first control valve 10, corresponding parts are
      indicated by the same reference character with a letter "a" appended and
      it is not necessary to repeat the description of the structure of the
      valve 10a.
PAR  The loading chamber port 56a is connected by tubing 64 with the port 12 of
      the first control valve 10 and with the source of gas 14 so that the
      pressure at the port 56a of the valve 10a is at all times the same as the
      pressure at the inlet port 12 of the first control valve 10. Thus the
      loading pressure on the upper side of the piston 48a is always equal to
      the pressure of the gas supplied from the source 14. This makes the
      loading of the valve 10a responsive to the supply pressure available to
      the first control valve 10; and the valve 10a senses any reduction in
      pressure below that necessary to supply gas under pressure to the test
      port without use of the pressure intensifier. The second control valve 10a
      is referred to as the "mode selector" valve since it determines when
      operation of the pressure intensifier is necessary.
PAR  The pressure intensifier is designated generally by the reference character
      66 and it includes a pump 68 with supply tubing 70 connected with the
      passage 34 at the end of that passage opposite to the tubing 32. The pump
      68 has its discharge outlet connected with tubing 72 which leads to other
      tubing that connects with a test port 74 to which the gauges are connected
      for testing. There are check valves 76 and 78 on the inlet and outlet
      sides respectively of the pump 68.
PAR  Within the control block 36, there are three passages 81, 82 and 83 through
      which the longitudinal passages 34 and 36 communicate with one another
      within the block 36.
PAR  The middle passage 82 is always open but is throttled by a needle valve 86
      which can be adjusted to control the rate of flow through the passage 82.
PAR  Passage 81 contains a check valve for preventing flow from the passage 60
      to the passage 34 and this check valve is loaded by a spring so that
      pressure cannot flow from the passage 34 to the passage 60 through the
      communicating passage 81 unless the pressure is sufficient to open the
      check valve against the pressure of its spring; and the adjustment of the
      spring force is effected by a threaded plug 88 in the side of the block
      36. Even when there is sufficient pressure to open the check valve in the
      passage 81, the rate of flow is throttled by a needle valve 90 which is
      adjustable in the same way as the needle valve 86.
PAR  The passage 83 also contains a check valve which operates in the opposite
      direction of that in the passage 81. No flow from the passage 34 to the
      passage 36 can take place in the direction of the passage 60 because of
      this check valve; but gas can flow from the passage 60 toward the passage
      34 if the pressure is sufficient to open the check valve in the passage 83
      against the force of its spring which is adjusted by a threaded plug 92 in
      another wall of the block 36. There is also a needle valve 94 threaded
      through one side of the block 36 in position to throttle flow from the
      passage 60 into the passage 83.
PAR  The circuit for flow of gas from the source of gas 14 to the test port 74
      is through the first control valve or regulator 10 and through the tubing
      32, passage 34 and tubing 70 to the pressure intensifier pump 68. If no
      intensifying of pressure is necessary, the supply fluid flows through the
      check valves 76 and 78 and through the tubing 72 to other tubing 96 which
      connects directly with the test port 74.
PAR  The pump 68 has a cylinder 98 and a piston 100 which reciprocates in the
      cylinder 98 when the pump 68 is in operation. The pump 68 is operated by a
      cylinder-and-piston motor designated by the reference character 102. This
      motor 102 contains a piston 104 which reciprocates in a cylinder 106. The
      piston 104 has piston rods extending from both sides. One of the piston
      rods is the piston 100 of the motor 68 and the other piston rod,
      designated by the reference character 108, connects the piston 104 with a
      valve 110 which is moved between different positions by movement of the
      piston 104. The connection of this valve 110 to the piston rod 108 is
      shown diagrammatically in FIG. 1 and it is actually connected with the
      piston rod 108 by a lost motion connection so that the valve 110 moves in
      one direction or the other in response to arrival of the piston 104 at one
      end or the other of its stroke. Such valve actuators are well known and no
      detailed illustration of the construction appears necessary for a complete
      understanding of this invention.
PAR  There is tubing 112 connecting the upper end of the cylinder 106 with the
      valve 110. There is other tubing 114 connecting the lower end of the
      cylinder 106 with the valve 110. These respective tubings 112 and 114
      communicate with the housing of the valve 110. Other tubing 116 and 118
      connects with the other side of the valve 110.
PAR  When the pressure from the gas supply 14 drops below a predetermined value,
      the combined force of the pressure from the tubing 62 exerted against the
      underside of the piston 48a and the force of the spring 22a is sufficient
      to move the valve seat 42a away from the valve 40a so that gas in the
      upper part of the chamber 16a flows through the center opening in the
      valve stem 38a and out through the port 54a and through the tubing 116 to
      the valve 110. The normal or recycled position of the motor 102 is with
      the piston 104 near the bottom end of its stroke. Thus when gas under
      pressure begins to flow through the tubing 116, the valve 110 is in
      position to admit working fluid through the tubing 114 into the lower end
      of the cylinder 102. At the same time the tubing 112 is connected with the
      tubing 118 which is the exhaust from the motor 102.
PAR  When the piston 104 reaches the upper end of its stroke, the piston rod 108
      moves the valve 110 into the position indicated by the lower half of the
      block diagram so that the passages in the valve connect the tubing 116
      with the tubing 112 leading to the upper end of the cylinder 102; and
      connect the exhaust line 118 with the tubing 114 leading from the lower
      end of the piston 102. The piston 104 then travels downward and when it
      reaches the lower end of its stroke the valve 110 is again shifted into
      its original position.
PAR  Because of the large area of the piston 104 and the small area of the
      piston 100, a comparatively low pressure exerted under the piston 104 will
      compress the gas in the cylinder 98 to a very substantial pressure. If the
      piston 100 raises the pressure in the cylinder 98 to the desired pressure
      for the test port, the motor 102 stalls because the pressure supplied by
      the control valves to the tubing 116 is regulated so that the motor will
      stall when it reaches the intended pressure in the tubing 72 which is
      desired at the test port 74.
PAR  A third control valve indicated by the reference character 10b controls the
      return stroke for recycling of the pressure intensifier; that is, it
      brings the pressure intensifier pump 68 back into position for a new
      stroke when needed. This third control valve 10b is similar in
      construction to the valves 10 and 10a and corresponding parts are
      indicated by the same reference characters with a letter "b" appended. The
      control valve 10b has an inlet port 12b through which relatively low
      pressure gas is supplied from a source indicated by the reference
      character 14b. Gas which flows past the valve element 18b, and over the
      seat 42b, flow to the outlet port 30b; and gas also flows through
      connecting chamber 52 to exert pressure against the right hand side of the
      piston 48b in the loading chamber 46b. Acting as an ordinary pressure
      regulator, the control valve 10b supplies gas at contant and reduced
      pressure through the outlet port 30b and through a check valve 124 to
      tubing 126 which communicates with the tubing 116 leading to the pressure
      intensifier motor control valve 110.
PAR  The pressure intensifier motor 102 requires more gas flow during the return
      and recycle operation than can be provided by the control valve 10a. The
      control valve 10b provides this additional flow. The output or delivery
      pressure of the valve 10b is reference to the test circuit pressure
      through tubing 130 which connects the tubing 96 with a special loading
      chamber 132 that loads the area of a special piston 134 connected to and
      extending from the piston 48b into the chamber 132 which is sealed from
      the left hand side of the loading chamber 46b.
PAR  The preferred embodiment of the invention operates with a 70 to 1 ratio of
      the area of piston 104 to piston 100; and the pressure intensifier is not
      used below a test circuit pressure of 800 psi. This creates a minimum of
      10 psi to recycle the drive piston 100 of the pressure intensifier.
PAR  The control valve or regulator 10b is biased so as to supply pressure which
      is just below that required to increase the pressure in the test circuit.
      Thus the delivery pressure to the tubing 126 from the control valve 10b is
      not enough to operate the piston 104 on an upward stroke against the force
      of the pressure against the piston 100 when there is no pressure supplied
      from the control valve 10a. However, the pressure required to operate the
      piston 104 on a downward stroke where the pump piston 100 is not operating
      against a load, is much smaller and thus the pressure supplied by the
      third control valve 10b brings the piston 104 back on return strokes at
      substantially higher velocity than could be obtained with the rate of flow
      which can be supplied by the control valve 10a.
PAR  The test pressure for which the system is adjusted is maintained by a
      transducer, shown in FIG. 1, connected with the test line tubing 72, which
      controls a feedback to a comparator circuit (not shown). A controller
      regulates the pressure in response to a zero to 5 volt direct current
      input signal which in turn controls the main flow regulator 10. The
      comparator circuit and feedback connections are not illustrated since such
      electronic control mechanism is well known and illustration and
      description of it are not necessary for a complete understanding of this
      invention.
PAR  It is sufficient to understand that the signals from the controller operate
      two solenoids 140 and 142 connected with the housing of the main control
      valve 10. An armature 144 located between the solenoid 140 and 142 is
      connected with an extension 146 leading from the piston 48.
PAR  When the solenoid 142 is energized, it attracts the armature 144 with a
      force dependent upon the current supplied to the solenoid 142 and this
      changes the loading on the piston 148 so as to change the delivery
      pressure of the control valve or pressure regulator 10.
PAR  When the other solenoid 140 is energized, instead of the solenoid 142, the
      armature 144 is pulled toward the left in FIG. 2 and this pulling force
      increases with the amount of current supplied to the solenoid 140 until
      the valve seat 42 moves away from the valve 40 and permits some of the
      pressure in the chamber 46, on the right hand side of the piston 48, to
      vent through the center opening in the valve stem 38 and through the
      outlet port 54. This not only vents the chamber 46, on the right hand side
      of the piston 48 but it also vents the control block and the tubing 62 and
      the passages 34 and 60. It will also vent the test pressure line 96 by
      back flow through the pressure control valve 10a.
PAR  For low flow rates, the center passage 82 in the control block 36 is used.
      For high flows, the appropriate ball spring bypass opens and allows higher
      flow rates for rapid pressure changes in either direction. Each of these
      ball spring bypasses is adjustable for orifice size and pressure by
      adjusting the springs loading the balls and by adjusting the orifice size
      by means of the needle valves 90 and 92.
PAR  FIG. 2 is a sectional view through the first control valve or pressure
      regulator 10 which is shown diagramatically in FIG. 1. The parts are
      indicated in FIG. 2 by the same reference characters as in FIG. 1 since
      they represent the same parts that are shown diagrammatically in FIG. 1.
      The extension 146 which carries the armature that is located between the
      solenoids is shown in FIG. 3 but the solenoids and armature are not shown
      since they seem to be adequately illustrated in FIG. 1.
PAR  The only differences in the control valves 10a and 10b as compared with the
      structure of the valve 10 shown in FIG. 2, is that the ports leading into
      and out of the valve housing are differently connected in the different
      control valves. In the case of the valve 10b, some of the ports are not
      used. For example, the port 56b has no tubing connected with it and it
      opens into the ambient atmosphere since a different arrangement for
      loading this valve is used as shown in FIG. 1. Also the vent port 54b is
      closed off by a plug 150.
PAR  The preferred embodiment of the invention has been illustrated and
      described, but changes and modifications can be made and some features can
      be used in different combinations without departing from the invention as
      defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressure supply system for supplying adjustable and controlled outlet
      pressure selectively lower or higher than a gas supply pressure, including
      in combination a first pressure regulator connected on its upstream side
      to a supply source for gas under pressure, a port on the downstream side
      of the first pressure regulator from which gas under controlled and
      reduced pressure is supplied to the system, a first passage connected with
      said port of the first regulator for connection with an ultimate delivery
      outlet, a pressure intentsifier pump connected at an intermediate location
      along the course of said first passage, an activator for operating the
      pressure intensifier pump to increase the delivery pressure from said
      first passage to the ultimate delivery outlet when the pressure necessary
      at the ultimate delivery outlet is in excess of the delivery pressure of
      the first regulator, a controller that operates the actuator, a connection
      between the first regulator and the controller for making the controller
      responsive to the pressure at the first pressure regulator, a second
      pressure regulator with an upstream port for connection with a source of
      intermediate pressure fluid, and means connected with the downstream side
      of the second pressure regulator for restoring the pressure intensifier
      pump actuator to position for a successive operation when the actuator has
      been operated by said controller through a stroke that intensifies the
      pressure delivered to the ultimate delivery outlet.
NUM  2.
PAR  2. The pressure supply system described in claim 1 characterized by
      connecting means, between the activator and the pressure intensifier pump,
      that provide a large mechanical advantage for the activator, whereby the
      activator can operate the pump with the working fluid pressure supplied to
      the actuator substantially lower than the delivery pressure against which
      the pump delivers gas to the ultimate delivery outlet.
NUM  3.
PAR  3. The pressure supply system described in claim 2 characterized by the
      activator including a cylinder-and-piston motor, and the pressure
      intensifier pump being a cylinder-and-piston pump, the cylinder of the
      activator being of substantially larger diameter than that of the pump to
      provide a mechanical advantage.
NUM  4.
PAR  4. The pressure supply system described in claim 3 characterized by the
      activator piston and the pressure intensifier pump piston having areas
      related to one another by a ratio of approximately 70:1.
NUM  5.
PAR  5. The pressure supply system described in claim 3 characterized by an
      automatic valve connected with the activator and which controls working
      fluid to the actuator, said valve being movable in response to movements
      of the actuator piston for reversing the direction of movement of the
      motor and pump at either end of the motor stroke.
NUM  6.
PAR  6. The pressure supply system described in claim 3 characterized by the
      second regulator having connections to the actuator motor for supplying
      working fluid to the motor to operate the motor in the direction that
      moves the pump on its suction stroke, and an additional working fluid
      supply device that supplies working fluid at lower pressure than the
      second regulator for operating the activator motor in a direction to move
      the pump on its delivery stroke.
NUM  7.
PAR  7. The pressure supply system described in claim 2 characterized by the
      controller including apparatus responsive to decrease in the pressure at
      the first regulator for starting operation of the actuator and the
      pressure intensifier.
NUM  8.
PAR  8. The pressure supply system described in claim 7 characterized by said
      apparatus responsive to decrease in the pressure at the first regulator
      also having means responsive to the pressure at the ultimate delivery
      outlet, and a regulating device that is adjustable to respond to different
      ratios of ultimate delivery outlet pressure to the pressure supplied by
      the first regulator.
NUM  9.
PAR  9. The pressure supply system described in claim 7 characterized by the
      apparatus responsive to decrease in pressure at the first regulator
      including valve means operably connected with a loading element comprising
      a movable wall, chambers on both sides of the movable wall, the first
      chamber connected to the gas supply source of the first pressure
      regulator, a second passage connecting the other of the chambers with a
      loading pressure chamber that controls the delivery pressure of the first
      regulator.
NUM  10.
PAR  10. The pressure supply system described in claim 9 characterized by a
      first bleed connection between said first passage that leads from the
      downstream port of the first regulator to the ultimate outlet and to said
      second passage.
NUM  11.
PAR  11. The pressure supply system described in claim 10 characterized by an
      adjustable needle valve located in position to control the flow of gas
      through the first bleed connection.
NUM  12.
PAR  12. The pressure supply system described in claim 10 characterized by two
      other bleed connections in parallel with said bleed bleed connection, one
      of said other bleed connections having a loaded check valve therein for
      preventing flow in one direction and permitting flow in the other
      direction when pressure across the check valve is sufficient to overcome
      the loading thereof, and the second of said other bleed connections having
      a loaded check valve therein oriented in the opposite direction from the
      first check valve.
NUM  13.
PAR  13. The pressure supply system described in claim 1 characterized by
      adjustable means for loading the first regulator to control its delivery
      pressure at said downstream port, and means for sensing the pressure at
      the ultimate delivery outlet, the sensing means being connected with the
      adjustable loading means to change the loading of the first regulator when
      the supply pressure to the first regulator is as great as the intended
      pressure at the ultimate delivery port.
NUM  14.
PAR  14. The pressure supply system described in claim 13 characterized by the
      means for sensing the pressure at the ultimate delivery outlet being a
      transducer, and the adjustable loading means being an electromagnetic
      device that supplies a pressure in proportion to the power supplied to the
      electromechanical device.
NUM  15.
PAR  15. The pressure supply system described in claim 14 characterized by the
      electromagnetic device having elements that make it a double-acting
      apparatus that moves a part of the first regulator to adjust the delivery
      pressure when the electromagnetic device moves in one direction and that
      moves parts of the first regulator to vent the downstream side of the
      first regulator and the passages connected therewith when the
      electromagnetic device moves in another direction.
NUM  16.
PAR  16. The pressure supply system described in claim 1 characterized by at
      least one of the pressure regulators having a poppet valve controlling
      flow of gas through the regulator, and a loading device that closes the
      valve when necessary to maintain substantially constant pressure at the
      delivery outlet, the loading device being movable further, when the poppet
      valve closes, and a vent passage which is opened by the further movement
      of the regulator loading means.
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ABST
PAL  Liquid is pumped from a relatively small submerged tank in pumping cycles
      by discharging a gas at relatively high pressure from a relatively large
      tank into the submerged tank. When the submerged tank is emptied of
      liquid, the high pressure gas which fills it is reclaimed by exhausting
      the same into a second relatively large tank maintained at low pressure.
      Gas is reclaimed into the second large tank after the next and each
      subsequent pumping cycle until the resulting pressure differential impedes
      further transfer. Tanks filled with reclaimed gas are connected to the
      inlet of the air compressor to reduce the pressure thereacross and lessen
      the power required to compress the gas required for the pumping.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the use of compressed gas in the batch pumping of
      a liquid and, more particularly, to a method and apparatus for reclaiming
      the gas used in pumping the liquid by exhausting the gas into receiving
      tanks separate from the tank used to store the high pressure gas used in
      the pumping.
PAR  It is the primary object of the present invention to provide a method and
      apparatus for using compressed gas in the batch pumping of liquids wherein
      portions of the gas used in the pumping can be reclaimed.
PAR  It is a further object of the present invention to provide such a method
      and apparatus wherein the reclaimed gas used in the pumping can be used to
      minimize the pressure across an air compressor, thereby to lessen the
      power required to compress the air to the necessary pumping pressure.
PAR  Other objects and advantages will be apparent from the following
      specification when read in conjunction with the drawings which form a part
      thereof.
PAC  SUMMARY OF THE INVENTION
PAR  The method of our invention comprises discharging gas from a first
      relatively large tank filled with gas at a relatively high pressure into a
      relatively small tank filled with a liquid which is to be pumped, the
      discharge of gas into the small tank simultaneously pressurizing the same
      with the gas at the relatively high pressure. When the small tank is
      emptied of the liquid, the high pressure gas remaining therein is
      exhausted into a second relatively large tank maintained at a relatively
      low pressure, thereby to reclaim the gas used in pumping the liquid from
      the small tank.
PAR  The gas used in pumping is reclaimed after each pumping cycle until the
      pressure increases in the second large tank sufficiently to cause the
      transfer to become inefficient.
PAR  Gas at low pressure in the reclaiming tank may be discharged into the inlet
      of the air compressor to reduce the pressure head thereacross and
      effectively lessen the power required to compress the air in the first
      large or pumping tank.
PAR  The apparatus of our invention comprises a gas compressor and a plurality
      of relatively large gas impervious tanks in communication with the outlet
      of the compressor. A relatively small gas impervious tank is disposed in
      communication with each of the relatively large tanks, the relatively
      small tank being capable of being filled with a liquid to be pumped.
PAR  First valve means are provided for discharging gas under relatively high
      pressure from a selected one of the relatively large tanks into the
      relatively small tank to force liquid out therefrom against a pressure
      head and simultaneously to pressurize the small tank with high pressure
      gas from the selected one of the large tanks.
PAR  Second valve means are provided for exhausting the relatively high pressure
      gas remaining in the small tank back into another one of the relatively
      large tanks to reclaim the same.
PAR  The relatively large tanks are maintained in communication with the inlet
      of the compressor and third valve means are provided for discharging gas
      from a selected one of such relatively large tanks into the inlet of the
      compressor to reduce the head thereacross.
PAR  The relatively small tank may desirably be used in the pumping of liquid
      from a reservoir or other body in which such small tank is submerged.
      Fourth valve means are then provided for refilling the small tank with
      liquid from the reservoir after exhausting the gas used in pumping the
      liquid therefrom.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE schematically illustrates apparatus for pumping liquid in
      accordance with the present invention and wherein the small tank is
      submerged in a reservoir from which liquid is to be pumped therefrom.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the drawing, the system of the present invention includes an
      air compressor 10, which may, for example, comprise a reciprocating
      compressor in which the air is compressed very nearly adiabatically,
      having an inlet 11 and an outlet 12, and a plurality of relatively large,
      gas impervious pumping and reclaiming tanks 13, 14, 15 and 16, four of the
      same being illustrated herein, each of which has, for example, a capacity
      of 1250 cubic feet. The tanks 13, 14, 15 and 16 are connected to the
      compressor outlet 12 by lines 13a, 14a, 15 a and 16a, respectively, as
      shown, in which are disposed valves 13b, 14b, 15b and 16b, respectively.
      The tanks are further connected to the compressor inlet 11 by lines 13c,
      14c, 15c and 16c, respectively, in which are disposed valves 13d, 14d, 15d
      and 16d, respectively. The compressor inlet 11 is provided with an air
      intake filter 17 and an intake valve 18.
PAR  The system further includes a relatively small gas impervious tank 20,
      which may, for example, have a capacity of 50 cubic feet, and, when the
      system is used in the batch pumping of a liquid from a reservoir 21, is
      disposed in the water in the reservoir and is provided with a discharge
      line 22 having a valve 23. The tank is further provided with a filling
      valve 24, as shown.
PAR  The pumping and reclaiming tanks 13, 14, 15 and 16 are connected to the
      small tank 20 by lines 13e, 14e, 15e and 16e, respectively, in which are
      disposed valves 13f, 14f, 15f and 16f, respectively, as shown. The tanks
      13, 14, 15 and 16 are further connected to the tank 20 by reclaim lines
      13g, 14g, 15g and 16g, respectively, in which are disposed valves 13h,
      14h, 15h and 16h, respectively. An additional valve 25 is provided in a
      main reclaim line 26, which is further provided with an air vent 27 having
      a valve 28.
PAC  Operation
PAR  In the pumping of water from the reservoir 21 against a pressure head as,
      for example, to a higher level through the discharge line 22, the
      compressed air pumping and reclaiming tanks 13, 14, 15 and 16 are
      initially pressurized, for example, with compressed air to pressures of
      atmospheric pressure, 50 psi, 50 psi and 150 psi, respectively. The cycle
      is initiated with the submerged tank 20 filled to approximately 90 percent
      capacity with water from the reservoir 21 and with all valves closed.
PAR  To pump the water out of the tank 20, the valve 16f in the line 16e is
      opened to pressurize the tank 20 from the tank 16, and with the air
      compressor 10 operating to maintain the 150 psi pressure in the tank 16
      through the valve 16b in the line 16a, the valve 23 in the discharge line
      22 is opened to permit water to flow therethrough at a velocity which will
      be determined by the applied pressure, the head to be overcome and the
      line friction losses. Compressed air thus flows from the tank 16 into the
      tank 20 until the latter is emptied, whereupon the valve 23 is closed. The
      tank 20 is then pressurized with the high pressure air (150 psi) from the
      tank 16.
PAR  The valve 16f is then closed and the valves 13h and 25 are then opened to
      permit the high pressure air in the tank 20 to flow through the lines 26
      and 13g into the tank 13, which is at atmospheric pressure. Practically
      all of the compressed air in the tank 20 is exhausted into the reclaiming
      tank 13 because of the tremendous difference in pressure and size
      therebetween. When the pressure between the tanks 13 and 20 is balanced,
      the valves 13h and 25 are closed, and the valves 24 and 28 are opened to
      refill the tank 20. The head of water in the reservoir 21 refills the tank
      20, exhausting all residual air through the valve 28, whereupon the valves
      24 and 28 are closed, preparing the tank 20 for repressurizing and another
      pumping cycle.
PAR  Pumping cycles can continue until the pressure differential between the
      tanks 13 and 20 is reduced to a point that impedes further transfer of
      air, as, for example, until the tank 13 is pressurized to 50 psi. At this
      point, another tank, either one of tanks 14 or 15, is used for reclaiming
      the air used in pumping.
PAR  To achieve increased efficiency in the operation of the compressor 10, a
      tank, for example tank 14, pressurized with reclaimed air to 50 psi, is
      connected to the inlet 11 of the compressor through valve 14d in line 14c,
      thereby to reduce the pressure across the compressor and reduce the power
      required to maintain the high pressure in the tank being filled, for
      example, tank 16. Once the tank 14 so connected is exhausted to
      approximately atmospheric pressure, it is connected to the tank 20 as
      above described for partial repressurization. Using the minimum working
      pressure, for example 50 psi as noted above, applied to the inlet 11 of
      the compressor 10, markedly lessens the power required to compress the air
      in the high pressure tank 16. All tanks, after reaching the predetermined
      efficiency decline point in reclaiming, can be pumped to the maximum
      pressure, 150 psi in the instant example, by the air compressor 10 as
      required to maintain the pumping activity. Controlled rotation of the use
      of each tank can maintain appropriate balance therebetween, thus to
      maintain one or more of the tanks 13, 14, 15 and 16 continually ready to
      operating the tank 20.
PAR  Pumping between tanks by connection of a tank at low pressure to the
      compressor inlet 11 may be either an intermittent or a continuous
      operation, depending on the physical characteristics of the system. A
      typical system will make it possible to reclaim approximately 70 percent
      of the air actually used in pumping, leaving approximately 30 percent of
      the compressed air required to be compressed directly from atmospheric
      pressure. To eliminate thermal inefficiency, compression of the air is
      done isothermally, as, for example, by use of water cooling jackets to
      cool the air before entering a receiving tank.
PAR  As an example of the power saving obtained by discharging reclaimed air
      into the compressor inlet 11, it is noted that for adiabatic compression
      the power required to compress, for example, a given quantity of air from
      25 psig to 100 psig is less than half that required to compress the same
      quantity of air from atmospheric pressure to 100 psig. Corresponding
      savings are obtainable at every level of reclaimed pressure.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the use of a compressed gas in pumping a liquid against a pressure
      head,
PAL  the improvement comprising the steps of:
PA1  a. compressing a gas using a compressor to a first predetermined relatively
      high superatmospheric pressure in a first relatively large tank;
PA1  b. discharging said gas from said first relatively large tank into a
      relatively small tank filled with a liquid to force said liquid out of
      said small tank against a pressure head and simultaneously to pressurize
      said small tank with said relatively high pressure gas from said first
      tank;
PA1  c. exhausting said relatively high pressure gas from said small tank into a
      second relatively large tank filled with gas at a substantially lesser
      pressure than said gas in said first relatively large tank to reclaim said
      gas in said small tank;
PA1  d. refilling said small tank with liquid and repeating steps b and c until
      said second relatively large tank is brought to a second predetermined
      superatmospheric pressure less than said pressure maintained in said first
      relatively large tank; and then
PA1  e. connecting said second relatively large tank to the inlet of said
      compressor to reduce the pressure head thereacross and thereby reduce the
      power required to compress said gas in said first relatively large tank to
      said first predetermined relatively high superatmospheric pressure.
NUM  2.
PAR  2. The improvement of claim 1 further comprising exhausting said relatively
      high pressure gas from said small tank into a third relatively large tank
      filled with gas at a substantially lesser pressure than said gas in said
      first relatively large tank while said second relatively large tank is
      connected to said inlet of said compressor.
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ABST
PAL  An apparatus for retrieving oil from a producing zone after the bottom hole
      pressure has decreased to such an extent that artificial lift is required
      for production. An accumulator is provided by casing sealed off with a
      packer, or an accumulation chamber located in the area of the casing where
      oil accumulates. The uppermost portion of the accumulator is vented to
      atmosphere to allow oil flow therein. A floating piston-type device may be
      located immediately above the accumulator with a bypass from the
      accumulator to the top of the floating piston. Pressure is subsequently
      applied through the vent line to the accumulator to force oil from the
      accumulator through a stinger tube above the floating piston and
      subsequently raise the oil and floating piston to the surface. Without the
      piston, a stinger tube and standing valve may be used to accumulate oil in
      the production tubing. The vent line may be located inside the production
      line with the upper casing being used as a pressure storage tank.
PARN
PAR  This is a division of application Ser. No. 496,173, filed Aug. 9, 1974, now
      U.S. Pat. No. 3,894,583.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to oil recovery devices and, more specifically, to
      an artificial lift for recovering oil from wells that do not have
      sufficient bottom hole pressure to raise the oil to the surface. The
      apparatus includes an accumulator to receive the oil in the casing and a
      vent line to the surface which may subsequently be pressurized to raise
      the oil contained in the accumulator into the production tubing and,
      subsequently, to the well head. The upper casing may be pressurized for
      gas lift of a piston type device (or plunger), or used as a pressure
      storage tank.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  This invention is an improvement over U.S. patent application Ser. No.
      476,212 filed on June 4, 1974 and having the same inventor as the present
      application.
PAR  There are several stages in the productive life of an oil well that should
      be reviewed before going into the details of the present invention. When a
      hydrocarbon producing well (oil well) is drilled, the initial stage of
      production normally does not require any type of lift mechanism to raise
      the oil from the producing formation to the well head. The pressure on the
      oil itself is normally sufficient to raise the petroleum (gas and oil) to
      the well head. As oil is produced from the oil reservoir, the bottom hole
      pressure will continue to drop until it reaches a point where the bottom
      hole pressure is no longer sufficient to raise the column of oil to the
      well head.
PAR  Once the bottom hole pressure has reduced to such an extent that it will no
      longer raise the column of oil to the well head, steps can be taken to
      reduce the weight of the column. A column of fluid from the oil reservoir
      to the well head that does not contain gas weighs more than a column that
      does contain gas. Therefore, a system called gas lift and commonly used by
      the petroleum industry is to bubble gas up through the column of oil
      thereby reducing the weight of the column and causing the oil from the
      well to continue to flow. Now the bottom hole pressure is sufficient to
      raise the lightened column to the well head for a normal production flow.
      This continues until the bottom hole pressure is again reduced to a
      greater degree so that it is no longer sufficient to raise the lightened
      column to the surface of the well.
PAR  The next stage in the productive life of an oil well under present day
      operating conditions would be to allow the oil to accumulate in the tubing
      and then to pressurize the casing. By having a gas lift valve below the
      oil accumulated in the tubing, a blob of oil could be raised to the
      surface. Thereafter, the pressure on the casing would be relieved and oil
      would be allowed to accumulate again in the tubing. This process is
      repeated again and again by allowing oil to accumulate in the tubing,
      pressurizing the casing and raising the blob of oil to the well head and
      relieving the pressure to allow oil to accumulate again in the tubing.
      This process has been aided somewhat by the use of swabs or subsurface
      plungers (commonly called free floating pistons) with the swabs or
      plungers allowing the oil to accumulate above their location in the
      production tubing. Thereafter, further pressure increases in the casing
      would raise both the oil and the swab or plunger to the surface.
      Subsequently, the swab or plunger would be allowed to fall back to its
      original position in the tubing and the cycle repeated.
PAR  Because the casing, which is alternately pressurized and depressurized, can
      only stand a certain amount of pressure, even the type of gas lift just
      described has limited application. At this stage of the productive life of
      the well, some type of subsurface pump is needed to raise oil to the
      surface of the well. Bottom hole pumps are very expensive, wear out and
      must be replaced periodically. It becomes a matter of economics as to when
      the bottom hole pressure is no longer sufficient to discharge enough oil
      from the well to justify the cost of maintaining the costly well
      equipment. At this point in time, the well is usually abandoned unless
      other drastic steps such as flooding the production zone are used. At this
      particular point the bottom hole pressure has dropped to substantially
      zero.
PAR  Some production has occurred in old petroleum fields by drilling holes
      below the productive zone. Actions such as latent water drives, formation
      compression, gravity and many other contributing factors may cause oil to
      gradually fill the holes drilled below the productive zone. However, to
      remove the oil that has accumulated in the hole drilled below the
      productive zone (commonly called sump bores) is very costly, again
      requiring some type of subsurface pump to raise the oil to the surface of
      the well. Such production is normally economically unfeasible.
PAR  It should be noted in the previously described gas lift systems that a gas
      source may be necessary. Because all the gas cannot be recovered, gas lift
      systems are costly to run because the gas lost is the same as lost income,
      or operating costs. Atmosphere could not be used because mixing of
      atmosphere and oil will cause an emulsion that is very detrimental to the
      oil produced.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed towards an economical means and apparatus
      for continuing production of an oil well after it becomes economically
      unfeasible using normal production techniques. An accumulator is
      positioned in the oil that naturally drains into the oil well. A vent line
      allows the accumulator to be at the same pressure as atmosphere so that
      the oil will fill the accumulator. Thereafter, the accumulator is
      pressurized through the vent line, forcing the oil through a standing
      valve and stinger tube into the production tubing. The vent line is
      located inside the production tubing with a crossover device being
      provided above the accumulator. Packers seal off the upper casing which
      can be used as a storage tank. Packers also may seal off a sump area of
      the lower casing to be used as the accumulation chamber.
PAR  In the embodiment using a floating piston or swab, a bypass line moves the
      oil above the free floating piston or swab. By using a crossover type
      device and packer, the upper casing may be pressurized. As the pressure of
      the column of oil increases, a differential pressure valve will operate
      allowing the pressurized air in the upper casing to rapidly move the
      piston to the well head. The oil accumulated above the piston will also
      rise to the surface of the well. Once the piston has reached the top of
      the well and pressure in the production tubing is vented, the piston is
      allowed to fall back into its position above the accumulator. As oil again
      collects in the accumulator, the previously mentioned cycle is repeated.
PAR  A ball float valve in the air line tells an electronic control circuit
      through an associated pressure switch when the accumulator has been
      filled; therefore, it is time to pressurize the accumulator and raise the
      oil to the surface. An appropriate clock mechanism is used to time the
      cycle to control the compressed air in and out of the accumulator.
PAR  In another embodiment, the stinger tube simply feeds through a crossover
      seal area above the accumulator into the accumulator. The accumulator is a
      lower sump area sealed off by packers. Upon pressurizing the accumulator,
      oil moves through the standing valve, stinger tube and crossover into the
      production tubing. Pressure is then relieved and oil again collects in the
      accumulator with the standing valve preventing the previous collected oil
      from feeding back from the production tubing into the accumulator. By
      alternately venting and pressurizing the accumulator, the oil is moved up
      the production tubing to the well head. Once the oil has been collected in
      the accumulator, it is never lost, and once the oil enters the production
      tubing, it never reenters the accumulator. The upper casing, if strong
      enough, may be used as an air storage tank.
PAR  Therefore, it is an object of the present invention to provide an apparatus
      for gathering oil from a well once the well has stopped flowing due to a
      decrease in pressure of the reservoir.
PAR  It is a further object of the present invention to provide artificial lift
      for an oil well that utilizes the minimum of equipment so that is is
      economically feasible to continue production from an oil well in ranges of
      approximately 1 barrel per day.
PAR  It is still another object of the present invention to position an
      accumulator in oil that would naturally accumulate in the bottom of the
      well, vent the top of the accumulator to the atmosphere to allow oil to
      flow through a check valve into the accumulator. Subsequently, the
      accumulator is pressurized, thereby forcing oil up through a stinger tube
      and bypass tube to a position above a free floating piston or swab. A
      differential gas lift valve will raise the free floating piston or swab
      with the oil contained thereabove to the well head.
PAR  It is yet another object of the present invention to use a ball float valve
      in the vent line in combination with a pressure switch and choke located
      at the surface to give a signal indication when the accumulator is full of
      oil. The signal is then used to trigger control circuitry that would be
      used to pressurize the accumulator.
PAR  It is still another object of the present invention to use a differential
      gas lift valve underneath the free floating piston or swab so that the
      pressure differential between the column of oil above the piston and in
      the upper casing (blocked off from the producing zone by a packer) reaches
      a given point, the differential gas lift valve will operate and the free
      floating piston or swab will begin to rise to the surface.
PAR  It is yet another object of the present invention to provide a retrievable
      apparatus to allow direct access to the accumulator and to the bottom of
      the well.
PAR  It is yet another object of the present invention to provide a system that
      can be used in the production of an oil field wherein each of the wells in
      the oil field have a low volume output and require some type of artificial
      lift.
PAR  Yet another object of the present invention is to provide an accumulator
      located in the oil that collects in the casing, the accumulator being
      alternately vented to the atmosphere to collect oil and pressurized to
      force the oil through a standing valve in a stinger tube into the
      production tubing, the oil column in the production tubing continually
      increasing until it reaches the well head and flows with each cycle.
PAR  Even another object of the present invention is to provide an artificial
      lift mechanism wherein a packer is contained between the casing and the
      production tubing so that the upper portion of the casing may be used as
      an air storage tank. A crossover type of device is located near the packer
      and immediately above the stinger tube so that only one tubing extends
      through the packer with the other tubing being contained therein. An
      accumulator chamber may be formed below the producing zone by having
      another packer located below the oil producing zone with a standing valve
      allowing the oil to flow into the lower region. A stinger tube would then
      extend into the lower region which acts as an accumulator so that upon
      pressurization the oil is forced up through the stinger tube and the
      crossover device, and the oil may be subsequently raised to the surface of
      the well.
PAR  Another object of the present invention is to use a differential pressure
      valve in conjunction with the crossover device so that when the pressure
      differential between the column of oil above the piston and the pressure
      in the casing decreases below a given point the differential pressure
      valve will operate thereby forcing the plunger to the surface of the well.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1a is an elevated sectional view of the well head portion of the
      artificial lift apparatus of the present invention and the associated
      control mechanisms.
PAR  FIG. 1b is an elevated sectional view of the down-in-the-hole portion of
      the artificial lift apparatus of the present invention.
PAR  FIG. 2 is an elevated sectional view of an alternative embodiment of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1a and 1b in combination, there is shown a
      hydrocarbon producing well represented generally by the reference numeral
      10. Because the present invention is directed towards hydrocarbon
      producing wells that produce oil, it will hereinafter be referred to as
      oil well 10. The oil well 10 has the normal casing 12 that extends into
      the earth formation 14 and is held in place by cement 16 as is the case in
      most oil wells. The casing 12 extends down into the oil producing zone 18.
      Inside the casing 12 a production tubing 20 also extends down to the oil
      producing zone in a manner common in the oil producing industry.
PAR  The oil well 10 is the type wherein the well head is sealed by means of
      plate 22 extending around the production tubing 20 to the casing 12.
      Located in the earth formation 14 just above the oil producing zone 18 is
      a packer 24 that again seals the production tubing 20 to the casing 12.
      Therefore, the space between production tubing 20 and casing 12 from the
      plate 22 to the packer 24 may be used as a pressure tank and is
      represented generally by the reference numeral 26. A vent/pressure line 28
      extends through the plate 22 and seals therewith. The vent/pressure line
      28 also extends down inside the oil well 10 to a point just above packer
      24 where the vent/pressure compressor line 28 is connected to the
      production tubing 20 through opening 30.
PAR  In the lower portion of the production tubing 20 immediately above packer
      24 is located a plunger 32 that is free floating inside of the production
      tubing 20. The plunger 32 may be a swab type or a free floating piston
      commonly referred to as the McMurray piston. The plunger 32 will allow a
      small amount of flow therethrough, but stop all flow therethrough upon
      sensing a large pressure differential across plunger 32. Immediately below
      the plunger 32 is a spring 34 to absorb the shock of the plunger 32 as it
      falls to its lowermost position, such position being shown in FIG. 1b.
      Immediately below the spring 34 is located a hook 36 that may be used to
      retrieve apparatus contained in the production tubing 20 as will be
      subsequently described. The hook 36 is attached to housing 38 having slots
      40 contained therein for communication with the space in the production
      tubing 20 immediately below plunger 32. Attached to housing 38 below slots
      40 are hold downs 42 and 44 that rest against seating nipples of the
      production tubing 20. The seating nipples of the production tubing 20 are
      not illustrated due to close tolerances, but are commonly used in the oil
      producing industry. Inside of the hold downs 42 and 44, which form a good
      seal with the production tubing 20, is located a differential pressure
      valve 46. The upper portion of the differential pressure valve 46 has a
      bellows 48 that is in communication with chamber 50 located inside housing
      38 by means of hole 52. The valve element 54 normally rests against seat
      56. The valve element 54 and seat 56 are contained inside of housing 58
      with chamber 60 being in communication with annulus 62 by means of cross
      bore 64. Annulus 62 is in turn in fluid communication with pressure tank
      26 by means of holes 66. Hence the pressure developed across differential
      pressure valve 46 is the difference between the pressure immediately below
      the plunger 32 and the pressure inside of casing 12 represented by
      pressure tank 26. As this differential pressure decreases below a
      predetermined amount, the differential pressure valve 46 will open as will
      be subsequently described.
PAR  Immediately below the differential pressure valve 46 and housing 58 are
      located hold downs 68 and 70 that again mate with seating nipples of the
      production tubing 20. Inside of the hold downs 68 and 70 is located a cap
      72 of housing 58 that seals the lowermost portion of chamber 60 so that
      pressure inside of the production tubing above hold downs 68 and 70 is not
      reflected below hold downs 68 and 70. Immediately below hold down 70 is a
      housing 74 having slots 76 but therein so that fluid communications can be
      transmitted through vent/pressure line 28, opening 30 into chamber 78.
PAR  Immediately below chamber 78 is located a float valve 80 which comprises a
      ball float 82, seat 84 and chamber 86. Chamber 86 is formed by hold downs
      88 and 90 that rest against appropriate seating nipples in the production
      tubing 20. Chamber 86 is always in communication with crossover line 92
      due to the slots 94 cut in flange seat 96. The crossover line 92 extends
      through chamber 98 that has slots 100 cut therein for fluid communication
      with annulus 102. From annulus 102 a bypass 104 communicates through
      openings 106 and 108 so that oil contained in chamber 98 may be moved
      around plunger 32 and other apparatus contained in production tubing 20
      via bypass tubing 104 and back into the upper portion of production tubing
      20 as will be described in more detail subsequently.
PAR  Crossover 92 communicates directly with production tubing 20 and the
      annulus 110 formed between the production tubing 20 and the stinger tube
      112. Chamber 98 communicates with stinger tube 112 via tubing 114 which
      extends through hold downs 116 and 118 that rest on seating nipples of the
      production tubing 20. The crossover line 92 and the tubing 114 both extend
      through the hold downs 116 and 118 to form the crossover portion of the
      present invention represented generally by the reference numeral 120. The
      reason for having the crossover portion 120 is because of the packer 24
      that isolates the upper internal portion of casing 12 from the lower
      internal portion so that the upper portion may be pressurized without
      having any effect on the lower portion that is located in the oil
      producing zone 18.
PAR  The lower portion of the casing 12 has perforations 122 to allow oil from
      the oil producing zone 18 to flow into the lower part of casing 12.
      Attached to the bottom of production tubing 12 and in the oil producing
      zone 18 is located an accumulator 124 that extends some distance along the
      lower portion of the casing 12. The length of the accumulator 124 could be
      as much as 100 feet or even more. The stinger tube 112 extends to almost
      the bottom of accumulator 124 and has a check valve 126 located therein
      represented generally by a ball 128 and seat 130. In the bottom of the
      accumulator 124 is a retrievable standing valve 132 having a fishing neck
      134, housing 136 with slots 138 cut therein and ball 138 with the mating
      seat 140. Standing Valve 132 allows flow upward in a manner very similar
      to a check valve, but not vice-versa. The entire retrievable standing
      valve 132 is maintained in position by hold downs 142 and 144 with
      corresponding seating nipples for lower extension 146 of accumulator 124,
      the lower extension being of approximately the same radius as the
      production tubing 20 or less. Upon attaching a line to the fishing neck
      134 the entire apparatus contained in lower extension 146 may be retrieved
      to the surface of the oil well 10. Also, immediately above the accumulator
      124 and directly below the packer 24 is located a gas vent valve 148 which
      allows the flow of gas inside of the casing 12 into the production tubing
      20 by lifting the ball 150 off of seat 152. The gas vent valve 144 allows
      for additional venting of gas from the oil producing zone 18 so that the
      oil and gas may be more readily separated before entry into the
      accumulator 124.
PAR  Referring back to FIG. 1a, the upper production casing 154 extends above
      plate 122 with a pneumatic bellows 156 being located at the top thereof.
      The pneumatic bellows 156 may be pushed upward and air forced out through
      hole 158 by the plunger 32 as will be subsequently described.
      Simultaneously, a sliding valve 160 will be moved upward, thereby
      establishing communications between tubing 162, hole 164 and the internal
      portion of production tubing 20. Also, a tubing 166 which has a check
      valve 168 located therein receives oil from the production tubing 20 and
      delivers it to the oil tank as will be subsequently described.
PAR  The vent/compressor line 28 is connected via a three-way solenoid valve 170
      that is operated by means of winding 172 and core 174. The three-way valve
      170 has a lever arm 176 that is pivotally connected at pivot point 177.
      When the winding coil 172 is not energized, the three-way valve 170 will
      be in the position as shown with ball 178 resting against seat 180. When
      the winding coil 172 is energized, ball 178 will move away from seat 180
      and ball 182 will seal against seat 184.
PAR  In the embodiment shown in FIGS. 1a and 1b vent/compressor line 28 is in
      communication through three-way valve 170, conduit 186 through choke 188
      to atmosphere. A pop-off valve 190, common in the petroleum producing
      industry, is also connected to conduit 186 to relieve pressure above a
      predetermined point in addition to the venting through choke 188.
PAR  The casing 12 is connected to a source of pressurized air via conduit 192
      which has a branch conduit 194 that extends to the three-way valve 170 and
      ball 178 and seat 180. The source of pressurized air would normally be a
      compressor with the casing 12 being the storage tank 26 to provide a large
      volume of compressed air.
PAR  Located in conduit 186 is a pressure switch 196 that is connected to a
      source of power that may be used to operate the three-way valve 170. The
      source of power is connected through pressure switch 196 to a clock
      mechanism 198 and timer 200 to a pressure switch 202 that is responsive to
      pressure in conduit 192. If the contacts in pressure switch 196 that are
      responsive to pressure in conduit 186 are closed, and the contacts in
      pressure switch 202 are closed, the winding coil 172 of three-way valve
      170 will be energized for a predetermined period of time as controlled by
      timer 200.
PAC  METHOD OF OPERATION
PAR  During the normal operation of the present invention, the storage tank 26
      inside of casing 12 will be pressurized by compressed air from a
      compressor through conduit 192 until pressurized to a predetermined point.
      During initial pressurization vent/pressure line 28 and production tubing
      20 must be blocked at the well head. Once the casing 12 is pressurized to
      a predetermined point, the blocking of vent/pressure line 28 and
      production tubing 20 is removed to practice the present invention.
      Referring now to FIGS. 1a and 1b in combination, the plunger 32 is located
      in the position as shown and oil from oil producing zone 18 flows through
      perforations 122 into the casing 12. The oil in the casing 12 then flows
      up through standing valve 132 into accumulator 124. Excess gas pressure
      may enter either through standing valve 132 or gas vent valve 148 into
      accumulator 124. The gas in accumulator 124 is vented through
      vent/pressure line 28 via crossover line 92 and float valve 80. Since the
      vent/pressure line 28 is connected at the well head through three-way
      valve 170 (as shown) to conduit 186 and choke 188 to atmosphere, the
      pressure inside of the accumulator is only slightly higher than
      atmospheric pressure with the difference being controlled by the choke
      188. Once the oil from the oil producing zone 18 enters the casing 12 and
      the accumulator 124 through standing valve 132, it is trapped. As the oil
      continues to collect in accumulator 124, it will fill the accumulator 124
      and begin to fill production tubing 24 up to float valve 80. As the oil
      accumulates in float valve 80, the ball 82 will come to rest against seat
      84, thereby preventing a further venting through vent/pressure line 28,
      three-way valve 170 and choke 188 to atmosphere. Once the ball 82 comes to
      rest against the seat 84, the small remaining pressure in vent-pressure
      line 28 and conduit 186 will be vented through choke 188 to atmosphere,
      thereby causing pressure switch 196 to close. Pressure switch 196 is set
      to close when the small amount of pressure contained in conduit 186 is
      lost, which occurs when float valve 80 closes, thereby indicating the
      accumulator 124 is full of oil.
PAR  Upon the closing of the pressure switch 196 and pressure switch 202, as was
      previously closed when casing 12 was pressurized to fill storage tank 26,
      power is fed through the clock 198 and timer 200 to energize the three-way
      valve 170. Upon energization of the three-way valve 170 the core 174
      inside of winding 172 moves downward thereby raising lever 176 to seat
      ball 182 against seat 184 and unseat ball 178 from seat 180. Now the
      vent/pressure line 28 is connected to the pressure tank 26. The pressure
      from pressure tank 26 flows directly through conduit 192 and branch
      conduit 194, through the three-way valve 170 into the vent/pressure line
      28. The pressurized air pushes against the oil inside of float valve 80
      and forces it back down through crossover 92 into accumulator 124. At the
      same time the oil in accumulator 124 is being forced up through check
      valve 126 and into stinger tube 112. From the stinger tube 112 the oil is
      being forced upward through chamber 98, bypass tubing 104 and back into
      production tubing 20 at a location above plunger 32. The pressurized air
      through vent/pressure line 28 continues to force the oil up through the
      stinger tube 112 in the manner just previously described until the timer
      200 has expired, thereby changing the position of three-way valve 170.
PAR  As previously described, any pressure inside of pressure tank 26 is felt
      immediately below differential pressure valve 46 by means of cross bore 64
      and holes 66. The plunger 32, which may be the McMurray type, allows the
      oil contained in production tubing 20 to flow through the plunger 32 at a
      very slow rate. Therefore, the weight of the column of oil generates a
      pressure which will be reflected below plunger 32 through chamber 50 and
      hole 52 to bellows 48 of differential valve 46. Once the weight of the
      column of oil above plunger 32 reaches a predetermined amount so that a
      given pressure differential exists across differential pressure valve 46,
      the valve 46 will be open for any pressure differential below that
      predetermined pressure differential. Upon opening the pressure
      differential valve 46, pressurized air inside of casing 12 will force the
      plunger 32 and the column of oil to the surface of the oil well 10. The
      valves inside of plunger 32 close when hit by a large amount of
      pressurized air, thereby forcing the plunger 32 and the column of oil to
      the well head without the oil flowing down through the plunger 32. At the
      surface of the oil well 10 the oil immediately above the plunger 32 will
      flow through check valve 168 and tubing 166 into the oil storage tank. The
      plunger 32, however, will continue beyond tubing 66 of the upper
      production casing 154 to hit pneumatic bellows 156 thereby opening sliding
      valve 160. The sliding valve 160 would then vent any air below the plunger
      32 to a separator through tubing 162. The plunger 32 will be held into
      position against the pneumatic bellows 156 until essentially all the
      pressurized air has been removed from production tubing 20.
PAR  It is important that the timer 200 be set so that just enough time will be
      allowed to raise the column of oil and the plunger to the well head upon
      deenergizing the three-way valve 170. Once the three-way valve 170 is
      deenergized, it will return to the position shown in FIG. 1a thereby
      terminating the connection between the vent/pressure line 28 and storage
      tank 26, and reestablishing the communication between vent/pressure line
      28 and atmosphere. After the pressure in production tubing 20 has been
      relieved, the plunger 32 will fall back to its position shown in FIG. 1b
      and the cycle will begin to repeat itself by oil collecting in the
      accumulator 124.
PAC  ALTERNATIVE EMBODIMENT
PAR  Referring now to FIG. 2 of the drawings, there is shown an alternative
      embodiment of the present invention with the control portion not being
      shown in detail because it is substantially identical to the controls
      shown and described in conjunction with FIG. 1a. Numbers that were used in
      conjunction with the previous description of FIGS. 1a and 1b will be used
      in FIG. 2 where appropriate. Again the oil well 10 has casing 12 that is
      located in the earth formation 14 and held in place by means of cement 16
      and extends all the way to the oil producing zone 18. Inside of the casing
      12 is located production tubing 20 with the area between the production
      tubing 20 and the casing 12, and above packer 24, being pressure storage
      tank 26. Again the top of the oil well 12 is sealed by means of a plate 22
      so that only the production tubing 20 extends therethrough. Internal to
      the production tubing 20 is located vent/pressure line 28 that was
      contained on the outside thereof in FIGS. 1a and 1b. The vent/pressure
      line again connects to three-way valve 170 in the manner previously
      described in conjunction with FIGS. 1a and 1b.
PAR  The vent/pressure line 28 extends down through the production tubing 20 to
      the float valve 80 which has a ball float 82 contained inside of housing
      204 and a seat 84 contained at the top thereof. The lower portion of the
      housing 204 is connected to a crossover line 92 by means of a flange seat
      96 having slots 94 cut therein so that chamber 86 will be in continual
      communication with crossover line 92. Immediately below chamber 86 is a
      chamber 98 having slots 100 cut therein to allow communication with
      annulus 102. From annulus 102 there is direct communication with the
      annular space between production tubing 20 and the vent/pressure line 28.
PAR  The crossover line 92 extends through hold downs 116 and 118 that rest
      against seating nipples of the production tubing 20. Also, chamber 98
      communicates through the hold downs 116 and 118 via tubing 114.
      Immediately below the crossover portion 120 is located the packer 24. The
      packer 24 should be located at or near the top of the oil producing zone
      18. Immediately below the packer 24 is a standing valve 206 that is
      represented pictorially by ball 208 and seat 210. The standing valve 206
      allows communication from the oil producing zone 18, annulus 212 into the
      production tubing 20. Near the bottom of the oil producing zone 18 is
      located another packer 214 that seals off the lower portion 216 of the oil
      well 10. The lower portion 216 can now serve as the accumulator that was
      previously described in conjunction with FIG. b. Though the production
      tubing 20 will probably extend to the bottom of the lower portion 216 it
      contains perforations 218 to allow free flow of oil through the production
      tubing 20. The casing 12 will extend to the bottom of the oil well 10.
PAR  Also extending from the crossover portion 20 and through packers 24 and 214
      is stinger tube 112. The stinger tube extends to substantially the bottom
      of the accumulator formed by the lower portion 216 and has a check valve
      126 located therein that is represented pictorially by ball 128 and seat
      130.
PAC  METHOD OF OPERATION OF THE ALTERNATIVE EMBODIMENT
PAR  In the alternative embodiment again the casing 12 is pressurized to provide
      pressure in the pressure storage tank 26 formed by the upper portion of
      the casing 12. Again the accumulator represented by lower portion 216 is
      vented to atmosphere via vent/pressure line 28 and crossover line 92 in a
      manner previously described in conjunction with FIGS. 1a and 1b. Oil from
      the oil producing zone 18 flows through the perforations 122 into annulus
      212. From annulus 212 the oil flows through standing valve 206 into
      production tubing 20 and down into the accumulator formed by the lower
      portion 216 of the casing 12. Once the lower portion 216 is filled with
      oil, the oil will begin to fill production tubing 20 until it reaches
      float valve 80 located immediately above packer 24. The ball float 82 will
      float on top of the surface of oil and come to rest against seat 84,
      thereby terminating the venting through vent/pressure line 28. In a manner
      previously described in conjunction with FIGS. 1a and 1b, the three-way
      valve 70 will now be energized thereby unseating ball valve 178 and
      seating ball valve 182. Pressure from the pressure tank 26 now flows
      through the vent/pressure line 80 to force the oil back down through
      crossover line 92, production tubing 20 and up through stinger 112. In
      this case the timer is set so that enough time is allowed to force
      essentially all of the oil contained in lower portion 216 up into stinger
      tube 112. Thereafter the three-way valve 170 is deenergized and the
      pressure contained in the lower portion 216 is vented through
      vent/pressure line 28 and oil is again allowed to accumulate from oil
      producing zone 18. Notice that check valve 206 does not allow the
      pressurized air to be felt against the oil producing zone 18. Once enough
      oil has again accumulated in the lower portion 216 and production tubing
      20 to shut the float valve 80 the cycle will be repeated. Again the oil
      will be forced up through the stinger tube 112 in the manner previously
      described for the earlier cycle. This process is repeated again and again
      until the column of oil in the production tubing 20 will reach the surface
      of the oil well 10. Thereafter, for each cycle of operation, oil will flow
      through tubing 166 to the oil storage tank. Once oil has been received in
      the stinger tube 112, it cannot flow back into the lower portion 216
      because of check valve 126.
PAR  As the oil well 10 is brought into production, the cycle of the timer may
      have to be adjusted due to the increased weight of the oil column
      contained in production tubing 20. As the weight of the column of oil
      increases additional time will be necessary to insure that essentially all
      of the oil contained in the lower portion 216 has been forced into the
      stinger tube 112.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An artificial lift apparatus for a hydrocarbon producing well having a
      well head and a well casing therein, said apparatus comprising:
PA1  production tubing extending from the well head into the casing to a level
      below which the hydrocarbon will naturally fill from a hydrocarbon
      producing zone through perforations in the casing;
PA1  accumulator means attached to the bottom of the production tubing for
      collecting hydrocarbon in the well;
PA1  gas tubing means extending from the well head into the accumulator means
      for communication therewith from the well head;
PA1  piston means located in said production tubing and normally positioned
      above said accumulator means, said piston means being free to move up and
      down said production tubing;
PA1  path means communicating with said accumulator for moving hydrocarbon above
      said piston means when said piston means is in its normal position;
PA1  first check valve means for only allowing flow of hydrocarbon into said
      accumulator means;
PA1  control means for alternately venting and pressurizing said accumulator
      means via said gas tubing means, hydrocarbon being allowed to collect in
      said accumulator means via said first check valve means during venting,
      thereafter, in response to said pressurizing, said hydrocarbon is moved
      through said path means above said piston means in said production tubing
      and raised to the well head with said piston means;
PA1  sealing means for sealing the top of said casing;
PA1  packer means for sealing said casing above said perforations in said casing
      to form a tank means from the upper portion of said casing means
      pressurizing said tank with gas;
PA1  said pressurized gas means being used to pressurize said accumulator means
      fluidly communicating said tank with the lower face of said piston means
      so that said piston means moves up and down in response to pressure within
      said tank.
NUM  2.
PAR  2. The artificial lift apparatus as recited in claim 1 further includes a
      crossover means connected to said gas tubing means and said path means
      below said crossover means said path means being in said tubing means.
NUM  3.
PAR  3. The artificial lift apparatus as recited in claim 2 wherein said means
      communicating said tank with the lower face of said piston includes a
      differential valve means that operates off a pressure differential between
      a column of oil in said production tubing and the pressure of said
      pressurized gas in said tank means, said differential valve means raises
      said piston means by providing said lift pressure.
NUM  4.
PAR  4. The artificial lift apparatus as recited in claim 3 wherein pressure
      from said tank means is communicated to one side of said differential
      valve means via perforations in said production tubing.
NUM  5.
PAR  5. The artificial lift apparatus as recited in claim 3 further includes a
      valve means at the well head to vent said production tubing to a separator
      means after said piston means is raised to the well head.
NUM  6.
PAR  6. The artificial lift apparatus as recited in claim 5 includes a pop-off
      valve means to directly connect said gas tubing to atmosphere after each
      cycle to rapidly reduce pressure in said accumulator means.
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ABST
PAL  An apparatus for retrieving oil from a producing zone after the bottom hole
      pressure has decreased to such an extent that artificial lift is required
      for production. An accumulator is positioned in the area of the casing
      where oil accumulates with the uppermost portion being vented to
      atmosphere to allow oil flow therein. A floating piston-type device may be
      located immediately above the accumulator with a bypass from the
      accumulator to the top of the floating piston. Pressure is subsequently
      applied through the vent line to the accumulator to force oil from the
      accumulator through a stinger tube above the floating piston and
      subsequently raise the oil and floating piston to the surface. Without the
      piston, a stinger tube and standing valve may be used to accumulate oil in
      the production tubing.
PARN
PAR  This is a division of application Ser. No. 476,212, filed June 4, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to oil recovery devices and, more specifically, to
      an artificial lift for recovering oil from wells that do not have
      sufficient bottom hole pressure to raise the oil to the surface. The
      apparatus includes an accumulator to receive the oil in the casing and a
      vent line to the surface which may subsequently be pressurized to raise
      the oil contained in the accumulator into the production tubing and
      subsequently the well head.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  There are several stages in the productive life of an oil well that should
      be reviewed before going tinto the details of the present invention. When
      a hydrocarbon producing well (oil well) is drilled, the initial stage of
      production normally does not require any type of lift mechanism to raise
      the oil from the producing formation to the well head. The pressure on the
      oil itself is sufficient to raise the petroleum (gas and oil) to the well
      head. As oil is produced from the oil reservoir, the bottom hole pressure
      will continue to drop until it reaches a point where the bottom hole
      pressure is no longer sufficient to raise the column of oil to the well
      head.
PAR  Once the bottom hole pressure has reduced to such an extent that it will no
      longer raise the column of oil to the well head, steps can be taken to
      reduce the weight of the column. A column of fluid from the oil reservoir
      to the well head that does not contain gas weighs more than a column that
      does contain gas. Therefore, a system called gas lift and commonly used by
      the petroleum industry is to bubble gas up through the column of oil
      thereby reducing the weight of the column and to cause the oil from the
      well to continue to flow. Now the bottom hole pressure is sufficient to
      raise the lightened column to the well head for a normal production flow.
      This continues until the bottom hole pressure is again reduced to a
      greater degree so that it is no longer sufficient to raise the lightened
      column to the surface of the well.
PAR  The next stage in the productive life of an oil well under present day
      operating conditions would be to allow the oil to accumulate in the tubing
      and then to pressurize the casing. By having a gas lift valve below the
      oil accumulated in the tubing, a blob of oil could be raised to the
      surface. Thereafter, the pressure on the casing would be relieved and oil
      would be allowed to accumulate again in the tubing. This process is
      repeated again and again by allowing oil to accumulate in the tubing,
      pressurizing the casing and raising the blob of oil to the well head and
      relieving the pressure to allow oil accumulated again in the tubing. This
      process has been aided somewhat by the use of swabs or subsurface plungers
      (commonly called free floating pistons) with the swabs or plungers
      allowing the oil to accumulate above their location in the production
      tubing. Thereafter, further pressure increases in the casing would raise
      both the oil and the swab or plunger to the surface. Subsequently, the
      swab or plunger would be allowed to fall back to its original position in
      the tubing and the cycle repeated.
PAR  Because the casing, which is alternately pressurized and depressurized, can
      only stand a certain amount of pressure, even the type of gas lift just
      described has limited application. At this stage of the productive life of
      the well, some type of subsurface pump is needed to raise oil to the
      surface of the well. Bottom hole pumps are very expensive, wear out and
      must be replaced periodically. It becomes a matter of economics as to when
      the bottom hole pressure is no longer sufficient to discharge enough oil
      from the well to justify the cost of maintaining the costly well
      equipment. At this point in time, the well is usually abandoned unless
      other drastic steps such as flooding the production zone are used. At this
      particular point the bottom hole pressure has dropped to substantially
      zero.
PAR  Some production has occurred in old petroleum fields by drilling holes well
      below the productive zone. Actions such as latent water drives, formation
      compression, gravity and many other contributing factors may cause oil to
      gradually fill the holes drilled below the productive zone. However, to
      remove the oil that has accumulated in the hole drilled below the
      productive zone (commonly called sump bores) is very costly, again
      requiring some type of subsurface pump to raise the oil to the surface of
      the well. Such production is normally economically unfeasible.
PAR  It should be noted in the previously described gas lift systems that a gas
      source may be necessary; however, most of the gas used in lifting can be
      recovered through a tank separator. Air could not be used because of the
      mixing of the air and oil to cause an emulsion.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed towards an economical means and apparatus
      for continuing production of an oil well after it becomes economically
      unfeasible using normal production techniques. An accumulator is
      positioned in the oil that naturally drains into the oil well. A vent line
      allows the accumulator to be at the same pressure as atmosphere so that
      the oil will fill the accumulator. Thereafter, the accumulator is
      pressurized through the vent line, forcing the oil through a standing
      valve and stringer tube into the production tubing. In the embodiment
      using a floating piston or swab, a bypass line moves the oil above the
      free floating piston or swab. As the pressure further increases in the
      accumulator, a gas lift valve below the free floating piston or swab will
      open, thereby causing the piston and oil accumulated avove the piston to
      rise to the surface of the well. Once the piston has reached the top of
      the well, pressure in the accumulator is vented through the oil line to
      further kick the oil into the oil tank and, simultaneously, the piston is
      allowed to fall back into its position immediately above the accumulator.
      As oil again collects in the accumulator the previously mentioned cycle is
      repeated. A ball float valve in the air line tells an electronic control
      circuit and an associated pressure switch when the accumulator has been
      filled; therefore, it is time to pressurize the accumulator and raise the
      oil to the surface. An appropriate clock mechanism is used to time the
      cycle to control the compressed air in and out of the accumulator.
PAR  In another embodiment, the stinger tube simply feeds through a seal area
      above the accumulator into the production tubing. Upon pressurizing the
      accumulator, oil moves through the standing valve and stinger tube into
      the production tubing. Pressure is then relieved and oil again collects in
      the accumulator with the standing valve preventing the previous collected
      oil from feeding back from the production tubing into the accumulator. By
      alternately venting and pressurizing the accumulator, the oil is moved up
      the production tubing to the well head. Once the oil has been collected in
      the accumulator, it is never lost, and once the oil enters the production
      tubing, it never reenters the accumulator.
PAR  Therefore, it is an object of the present invention to provide an apparatus
      for gathering oil from a well once the well has stopped flowing due to a
      decrease in pressure of the reservoir.
PAR  It is a further object of the present invention to provide artificial lift
      for an oil well that utilizes the minimum of equipment so that it is
      economically feasible to continue production from an oil well in ranges of
      approximately 1 barrel per day.
PAR  It is still another object of the present invention to position an
      accumulator in oil that would naturally accumulate in the bottom of the
      well, vent the top of the accumulator to the atmosphere to allow oil to
      flow through a check valve into the accumulator, subsequently pressurizing
      the accumulator, thereby forcing oil up through a stringer tube and bypass
      tube to a position above a free floating piston or swab, and by continued
      pressurization operating a gas lift valve to lift the free floating piston
      or swab with the oil contained thereabove to the well head.
PAR  It is yet another object of the present invention to use a ball float valve
      in the vent line in combination with a pressure switch and choke located
      at the surface to give a signal indication when the accumulator is full of
      oil. The signal is then used to trigger control circuitry that would be
      used to pressurize the accumulator.
PAR  It is still another object of the present invention to use a gas lift valve
      underneath the free floating piston or swab so that pressure in the
      accumulator must exceed a certain point before the free floating piston or
      swab will begin to rise to the surface. The gas lift valve should be set
      for a sufficiently high pressure so that almost all of the oil in the
      accumulator is raised above the free floating piston or swab before the
      gas lift valve opens.
PAR  It is yet another object of the present invention to provide a retrievable
      apparatus immediately above the accumulator to allow direct access to the
      accumulator and to the bottom of the well.
PAR  It is yet another object of the present invention to provide a system that
      can be used in the producing of an oil field wherein each of the wells in
      the oil field have a low volume output and require some type of artificial
      lift.
PAR  Yet another object of the present invention is to provide an accumulator
      located in the oil that collects in the casing, the accumulator being
      alternately vented to the atmosphere to collect oil and pressurized to
      force the oil through a standing valve in a stinger tube into the
      production tubing, the oil column in the production tubing continually
      increasing until it reaches the well head and flows with each cycle.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevated sectional view of the artificial lift apparatus of
      the present invention and the associated controls.
PAR  FIG. 2 is an elevated partial view of FIG. 1 showing an alternative
      embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 of the drawings in conjunction with the following
      specification, a better understanding of the invention can be obtained. A
      hydrocarbon producing well represented generally by the reference numeral
      10 is shown in a sectional view with the casing of the well being
      represented by reference numeral 12. The casing 12 of the well 10 extends
      down through the earth 14 to a hydrocarbon producing zone 16 located some
      distance below the earth's crust. The casing 12 is usually cemented into
      place by cement 18 near the surface of the well. In the hydrocarbon
      producing zone 16 the casing 12 has perforations 20 to allow a substance
      such as oil from the hydrocarbon producing zone 16 to flow into the casing
      12. At the top of the casing 12 there is located a casing head clamp 22
      that may or may not seal off the well head according to the circumstances
      of the individual well. In conjunction with the present invention, the
      casing head clamp 22 is shown with a vented well head through opening 24.
PAR  From the well head production tubing 26 and vent/compressor line 28 is run
      into the well. It should be noted that the vent/compressor line 28 is a
      fairly small diameter line with an inside diameter of probably less than 1
      inch; however, the production tubing 26 could be several inches in
      diameter. The bottom of the production tubing 26 has an expanded diameter
      to form an accumulator 30 which may be located in the hydrocarbon
      producing zone 16. However, accumulator 30 need only be inserted in the
      well 10 to such a depth that oil from the hydrocarbon producing zone 16
      will accumulate therein. This depth may be above or below the hydrocarbon
      producing zone 16. At the bottom of the accumulator 30 is a check valve 32
      that allows oil to enter through opening 34 into accumulator 30. Check
      valve 32 prevents the oil from draining from accumulator 30 once it has
      been collected therein. The check valve 32 may be constructed as a
      standing valve so that it may be retrieved from the surface and access be
      obtained to the bottom of the well 10 without removing the accumulator 30.
PAR  The vent/compressor line 28 extends down inside of accumulator 30 through
      opening 36 in an airtight manner. Opening 36 is attached to the
      vent/compressor line 28 by any conventional means such as welding.
      Immediately inside of accumulator 30 the vent/compressor line 28 is
      attached to a ball float chamber 38. The ball float chamber 38 has a ball
      valve 40 inside of housing 42 which has perforations 44 in the side and
      bottom thereof. The ball float chamber 38 is designed so that the ball 40
      will begin to float as fluid in accumulator 30 collects to such an extent
      that it begins to enter ball float chamber 38 through the perforations 44.
      As ball valve 40 reaches the top of housing 42 it will seat against the
      opening between vent/compressor line 28 and housing 42, thereby
      terminating the venting of accumulator 30 through the vent/compressor line
      28.
PAR  Immediately above the accumulator 30 in the production tubing 26 is located
      a seal disc 46, space 48 and another seal disc 50. The seal discs 46 and
      50 are made in one integral unit though not shown as such in FIG. 1 for
      illustration purposes. Seal disc 50 rests against shoulder 47 of casing
      26. The circumference of the seal discs 46 and 50 is expandable to form
      retrievable seal 49. Retrievable seal 49 may be expanded after positioning
      to very rigidly seal the seal discs 46 and 50 to casing 26 in a manner
      common to the petroleum industry. Hook 124 attached to the upper surface
      of seal disc 46 provides a means by which seal discs 46 and 50 and
      components connected thereto may be retrieved from the well 10.
PAR  Extending through seal discs 46 and 50 is a pressure line 52 which has a
      gas lift valve 54 connected to the lower end thereof. The gas lift valve
      54 is of the traditional type having a ball 56 pushed against seat 58 by a
      bellows 60 which receives external pressure through opening 62. The gas
      lift valve 54 is designed with the bellows 60 having a larger pressure
      area inside of valve 54 than ball 56 so that once a certain pressure
      external to the gas lift valve is reached the ball 56 will unseat thereby
      allowing the pressure to flow through pressure line 52 and past seal discs
      46 and 50.
PAR  A stinger tube 64 extends from space 48 through seal disc 50 to a point
      near the bottom of accumulator 30. At the bottom of stinger tube 64 is a
      standing valve 122 to allow oil collected in accumulator 30 to flow into
      the stinger tube 64. The standing valve 122 operates in much the same
      manner as a check valve to allow flow in one direction.
PAR  Seal discs 46 and 50, along with the associated pressure line 52, gas lift
      valve 54, stinger tube 64 and standing valve 122, can be made integrally
      as one element so that they may be retrieved from production tubing 26 in
      a manner very similar to a retrievable tubing stop commonly used in the
      petroleum industry. By making the seal discs 46 and 50 in the form of
      retrievable tubing stop, direct access may be obtained to the accumulator
      30 from the well head. Seal discs 46 and 50 are used for illustration
      purposes.
PAR  From space 48 a bypass tubing 66 extends upward and reconnects with
      production tubing 26. The purpose of the bypass tubing 66 is to extend
      around free floating piston or swab 68 which is contained in the
      production tubing immediately above seal disc 46 with a heavy spring 70
      located therebetween. The free floating piston 68 may be of a type
      manufactured by McMurry Oil Tools Inc. of Houston, Texas, having a trade
      name of McMurry Plunger. Other types of free floating pistons or swabs
      could be used in place of free floating piston 68 as long as a good seal
      is maintained between the free floating piston 68 and the internal walls
      of production tubing 26.
PAR  At the surface of the hydrocarbon producing well 10 is located the control
      portion 72 of the artificial lift apparatus previously described as
      located in the well 10. The production tubing 26 has the typical extended
      portion 74 to receive the free floating piston 68 while simultaneously
      routing the oil through horizontal tubing 76 to the oil tank. In the
      horizontal tubing 76 is located a check valve 78 that will prevent oil
      from flowing back into the well through production tubing 26 once it has
      been received in horizontal tubing 76.
PAR  The vent/compressor line 28 is connected through a three-way solenoid
      operated valve 80 to either compressed air or atmosphere. As schematically
      shown in the present invention, the three-way solenoid operated valve has
      a coil 82 and core 84 that moves with respect thereto according to the
      magnetic flux generated by the coil 82. To the core 84 is connected a
      lever arm 86 which is pivotally connected to housing 88 by pivot pin 90.
      On the opposite end of lever arm 86 is connected pressure valve 92 and
      vent valve 94. Pressure valve 92 operates against seat 96 while vent valve
      operates against seat 98. As shown in the drawing, a three-way solenoid
      operated valve 80 is energized, thereby forcing pressure valve 92 against
      seat 96 to stop the flow of compressed air through compressed air tubing
      100. The compressed air may be received from any conventional means such
      as a compressor and associated storage tank that may be used for the
      entire oil producing field or for the individual hydrocarbon producing
      well 10. The other side of the three-way solenoid operated value (which is
      shown as being in fluid communication with the vent/compressor line 28) is
      connected to vent line 102. Vent line 102 is connected through pressure
      regulator 104 and (if necessary) choke 106 to atmosphere.
PAR  Pressure regulator 104, which may be the typical "Big Joe Regulator"
      commonly used in the petroleum industry is installed in the reverse of its
      normal operation. Therefore, if a pressure at point "A" in vent line 102
      exceeds a predetermined amount (25 pounds being typical) the regulator 104
      will close, thereby preventing flow therethrough; however, any amount of
      pressure at point B in vent line 102 would not effect the operation of the
      pressure regulator 104 unless the pressure is reflected at point A. While
      the three-way solenoid operated valve 80 is in the position shown in FIG.
      1 so that the accumulator 30 is being vented, the pressure regulator 104
      will remain open because the pressure at point A never exceeds the
      operation point of the pressure regulator 104.
PAR  Interconnecting tubing 108 connects vent line 102 with horizontal tubing 76
      that transports the oil to the oil tank. In the interconnecting tubing 108
      is a check valve 110 that allows flow from interconnecting tubing 108 into
      horizontal tubing 76 but not vice versa. Therefore, if a greater pressure
      is reflected in interconnecting tubing 108 and than in horizontal tubing
      76, check valve 110 will open allowing flow therethrough. An additional
      check valve 112 in horizontal tubing 76 may be necessary between
      interconnecting tubing 108 and production tubing 26 as will be
      subsequently described.
PAR  To operate the three-way solenoid operated valve 80, a clock 114 and timer
      116 are necessary. The clock 114 and timer 116 may be of a typical type so
      that energy to the three-way solenoid operated valve 80 is interrupted by
      terminating the power source for a predetermined period of time. Connected
      to the compressed air tubing 100 and vent line 102 are pressure switches
      118 and 120, respectively. Pressure switch 118 is designed to close when
      compressed air of a predetermined value is available in compressed air
      tubing 100. Pressure switch 120 is a normally open type of pressure switch
      so that upon losing pressure the pressure switch will close, thereby
      forming a closed series circuit with timer 116 to start the time period.
      As long as the vent/compressor line 28 is venting from the accumulator 30,
      a slight pressure will be felt by pressure switch 120 because of the choke
      106 in the vent line 102. Pressure switch 120 is a standard off-the-shelf
      item that can sense as extremely low pressure difference created by the
      normal venting through choke 106. Once enough oil has collected in the
      accumulator 30 to reach the ball float chamber 38, the ball valve 40 will
      raise with the oil level to interrupt the vent through vent/compressor
      line 28. Since no venting is now taking place, the pressure inside of vent
      line 102 will drop to zero and pressure switch 120 will close, thereby
      starting the operation of the timer 116. Timer 116 will then interrupt the
      power that is being supplied through clock 114 to the three-way solenoid
      valve 80 causing the pressure against pressure valve 92 to force lever arm
      86 downward which in turn connects the compressed air to the
      vent/compressor line 28, and terminate the connection between the
      vent/compressor line 28 and atmosphere.
PAC  METHOD OF OPERATION
PAR  Once the artificial lift apparatus has been inserted in the hydrocarbon
      producing well 10, oil begins to collect in the accumulator 30 by entering
      through opening 34 and check valve 32. Once the oil in the accumulator 30
      has raised to such a level that ball valve 40 seals off the
      vent/compressor line 28, no more air can be vented from the accumulator
      30. At the surface pressure switch 120 will sense a very small drop in
      pressure that will occur when the vent compressor line 28 has been shut
      off. The amount of change in pressure reflected in vent line 102 and,
      consequently, at pressure switch 120 is very small. As the remaining
      pressure in vent line 102 vents to atmosphere through choke 106 to
      approach zero pressure, the pressure switch 120 will close to activate the
      timer 116. Since pressure switch 120 is connected in series with pressure
      switch 118, compressed air must be connected to compressed air tubing 100
      before the timer 116 is activated. Pressure switch 118 is necessary where
      using a system of wells operated by a single tank and compressor to insure
      there is sufficient pressure before triggering the timer 116.
PAR  When timer 116 is activated, the power source received through clock 114
      and timer 116 to three-way solenoid operated valve 80 is terminated,
      thereby allowing the core 84 to move between the coil 82. Movement of the
      core 84 moves the lever arm 86 down and unseats pressure valve 92 and
      seats vent valve 94. During the unseating of pressure valve 92 and the
      seating of vent valve 94 a small pressure may be felt at point A and vent
      lines 102 causing the pressure regulator 104 to momentarily close or
      chatter.
PAR  The compressed air is now fed through compressed air tubing 100, three-way
      solenoid operated valve 80, vent/compressor line 28 into accumulator 30.
      Check valve 32 prevents the pressurized air from forcing any of the oil
      back into the earth formation 14 or the hydrocarbon producing zone 16. As
      pressure builds up in the top of the accumulator 30, the oil will be
      forced downward and up through stinger tube 64, space 48, bypass tubing 66
      into production tubing 26. As the pressure continues to increase in
      accumulator 30, more of the oil will move up through stinger tube 64. Once
      a predetermined pressure level has been reached, the gas lift valve 54
      will open, thereby introducing pressurized air immediately above seal disc
      46 and below free floating piston 68. The point at which the gas lift
      valve 54 opens should be just before all of the oil in accumulator 30 has
      moved up through stinger tube 64. Otherwise, the pressurized air entering
      accumulator 30 through the vent/compressor line would start to bubble
      through the stinger tube 64, thereby creating an emulsion in the oil. Once
      the gas lift valve 54 has been set to the approximate pressure this can be
      controlled by controlling the flow rate of the compressed air into the
      accumulator 30. A more rapid flow of compressed air into accumulator 30
      would trigger the gas lift valve 54 at an earlier point in time before as
      much of the oil has had a chance to move up through stinger tube 64 into
      production tubing 26.
PAR  As the pressurized air now moves into the zone between seal disc 46 and
      free floating piston 68, the free floating piston will start to move
      towards the surface of the hydrocarbon producing well 10. The free
      floating piston 68 which has seals around the inside surface of the casing
      12 to prevent the oil from escaping back to the lower portion of the
      production tubing 26 begins moving upward. As the pressure is further
      increased all of the oil above free floating piston 68 and the free
      floating piston 68 moves to the surface of the well 10. As the oil reaches
      the surface it is vented out through horizontal tubing 76 into the oil
      tank. The extended portion 74 allows the free floating piston 68 to be
      captured (if necessary) for entry into the well. Extra venting (not shown)
      may be necessary for the extended portion 74 as is common in conjunction
      with the use of free floating pistons or swabs.
PAR  The oil that is above the free floating piston 68 lifts check valves 112
      and 78 while flowing through the horizontal tubing 76 into the oil tank.
      Once the present time of timer 116 has expired (said preset time should be
      sufficient to raise the piston 68 to the well head), the three-way
      solenoid operated valve 80 will reenergize to close pressure valve 92 and
      open vent valve 94. The pressure contained in accumulator 30 and the
      vent/compressor line 28 is now felt in vent line 102. Since point A of
      vent line 102 now has a pressure that exceeds the pressure that the
      regulator 104 is attempting to control, the pressure regulator 104 will
      close. Therefore, the only path left for all of the air pressurized in
      accumulator 30 is through check valve 110 into horizontal tubing 76. This
      pressure will force check valve 112 to close and check valve 78 to remain
      open. The air pressure discharged from accumulator 30 will now force the
      air in horizontal line 76 to move into the storage tank. If sufficient
      pressure was available in production tubing 26 and accumulator 30, check
      valve 112 may not in fact be necessary. However, to insure that the
      pressurized air moves towards the oil tank instead of back into the well
      10, check valve 112 has been included. As the pressure in accumulator 30
      and the vent/compressor line 28 continues to decrease, it will reach the
      set point for the pressure regulator 104. Once the set point has been
      reached at point A, the regulator 104 will again open, thereby allowing
      the accumulator 30 to vent to atmosphere. Unless the free floating piston
      68 is caught in the extended portion 74, it will be allowed to fall back
      down the production tubing 26 until it hits heavy spring 70. Heavy spring
      70 will absorb the impact of free floating piston 68 to prevent damage to
      the apparatus contained therebelow.
PAR  It should be realized that the three-way solenoid operated valve 80 could
      be replaced with two independent solenoid operated valves, with a normally
      closed valve being in compressed air tubing 100 and a normally open valve
      being in vent line 102. Then the timer 116 would simultaneously energize
      both valves upon receiving the signal from pressure switches 118 and 120.
PAR  Also, the three-way solenoid operated valve 80 has been described as being
      continuously energized when in fact it may be reverse type wherein the
      lever arm 86 is biased upward and additional force of current flowing
      through the coil 82 is necessary to overcome the bias against the lever
      arm 86.
PAR  There are various modifications of the artificial lift apparatus described
      in the present invention such as the seal casing head, or packers above
      and/or below the production zone. The accumulator 30 may be of varying
      lengths with a typical length being possibly 100 feet. How the artificial
      lift apparatus is used will depend upon the characteristics of the
      individual well. Because of the extreme simplicity of the apparatus
      located at the bottom of the well, the life expectancy of that portion of
      the apparatus located in the well is extremely long. Therefore, it now
      becomes economically feasible to continue to operate the hydrocarbon
      producing well 10 much longer than previously possible. Another reason
      that the productive life of the well is now extended is because the
      pressure being fed into the well is applied to a much smaller diameter
      area than the casing 12 as was the case in the previous method of gas lift
      using a swab or free floating piston. Because the area of the casing 12 is
      much greater than the area of the vent/compressor line 28 and production
      tubing 26 it will withstand much less pressure than is possible with the
      present artificial lift apparatus. Assuming that surface power is lost on
      the control portion 72 or it is shut off due to production requirements
      for the field, oil may accumulate in the production tubing 26 to form an
      oil column of a substantial height. Because of the smaller area of the
      production tubing 26 and the vent/compressor line 28, and due to special
      construction of the accumulator 30, a rather substantial pressure can be
      built up below free floating piston 68 to raise a rather substantial
      column of oil in the production tubing 26 to the well head. Depending upon
      the characteristics of the individual well, a number of different methods
      may be used to bring a well back into production.
PAR  The first and most obvious method is to use a portable compressor to
      increase the pressure in the well to such an extent it will raise the
      entire column of oil to the well head. During normal production a much
      smaller and less expensive compressor may be used.
PAR  The second method would be to use a swab and line to swab out the well by
      lowering the swab part of the distance into the accumulated oil and
      pulling the swab and oil to the well head by the line. This would be
      repeated until the column of oil is reduced and normal production may be
      resumed.
PAR  A third and more costly method would be to raise the accumulator in the
      column of oil, and gradually lower the accumulator as the column of oil is
      decreased until normal production resumes.
PAR  If the alternative embodiment (subsequently described) is utilized, the
      methods immediately above of resuming normal production do not apply.
PAR  The particular stage in the productive life of a hydrocarbon producing well
      wherein the present artificial lift apparatus becomes economically
      feasible will vary. However, it could be used in the second stage in place
      of gas lift especially when a ready source of gas is not available. The
      present apparatus which does not bubble the air through the oil does not
      create an emulsion which is harmful to the end product.
PAR  In the present artificial lift apparatus, by venting the accumulator to the
      atmosphere, the hydrocarbon producing well may be economically feasible to
      operate until the bottom hole pressure has reached zero. In wells that
      have a sump bore below the pay zone, it may even be economically feasible
      to use the present artificial lift apparatus in wells where the bottom
      hole pressure has decreased below zero. This type of production will
      depend upon latent water drive, changes in the earth, underground
      formations, gravity, contributions from other zones not completely
      depleted, etc. By using the present artificial lift apparatus, hydrocarbon
      producing wells can be continually produced on an economical basis almost
      exponentially. In the petroleum industry, it is not economically feasible
      to continue to operate the well beyond some minimum product per day
      depending on the individual well characteristic. Using the present type of
      artificial lift apparatus the well can be operated long after other
      devices are no longer practical. Most hydrocarbon producing wells are
      abandoned when they still have approximately 40 or 50 percent of their
      theoretical productive capacity remaining. The present artificial lift
      apparatus is designed primarily for getting that extra 40 or 50 percent
      from the well plus decreasing the cost for artificial lift at earlier
      stages in the productive life of the well.
PAC  ALTERNATIVE EMBODIMENT
PAR  Referring now to FIG. 2 of the drawings, there is shown an alternative
      embodiment of the present invention. In the alternative embodiment, which
      is much simpler than the preferred embodiment, the piston 68 and spring 70
      have been eliminated. Gas lift valve 54, pressure line 52 and bypass
      tubing 66 are no longer necessary so they have not been shown in FIG. 2.
      To change from the preferred embodiment to the alternative embodiment, the
      piston 68 should be trapped in extended portion 74. Thereafter, a line can
      be run into the well and hooked on hook 124 to retrieve the apparatus
      connected to discs 46 and 50. By sealing gas lift valve 54 shut the same
      apparatus may be lowered back into the well 10. Because discs 46 and 50
      now function as a single disc, they are incorporated in disc 51 of FIG. 2.
PAR  It should be realized that FIG. 2 shows only the essential components in
      the well 10 rather than how it would have looked if the preferred
      embodiment of FIG. 1 had been changed to the alternative embodiment of
      FIG. 2. Since the control portion above the well 10 is essentially the
      same, it has not been shown again in FIG. 2.
PAR  In the alternative embodiment of FIG. 2, the accumulator 30 is vented to
      atmosphere through ball float valve 38. Same as previously discussed, when
      the ball float valve 38 blocks vent/compressor line 28 indicating the
      accumulator 30 is full of oil, the control portion 72 (see FIG. 1a) starts
      pressuring the accumulator 30 through vent/compressor line 28.
      Essentially, all the oil in accumulator is forced through the standing
      valve 122 and stinger tube 64 into the production tubing 26. Now the cycle
      of the timer 116 is decreased so that the movement of the oil into the
      production tubing 26 is the function accomplished. Afterwards, the
      accumulator 30 is again vented to atmosphere to allow further collection
      of oil in the accumulator 30. The cycle is repeated when the accumulator
      30 is full. This cycle is repeated again and again until the column of oil
      in the production tubing 26 reaches the well head. Standing valve 122
      prevents the reverse flow of oil back into the accumulator. Further cycles
      will now cause oil to flow in horizontal tubing 76 on each cycle.
PAR  It may be necessary to increase the time of each cycle while bringing a
      well into production because of the increased pressure necessary to force
      the increasingly long oil column up the production tubing. Once the well
      starts flowing, the time cycle may be fixed. Otherwise, for a fixed
      pressure, either the pressure will not be enough to bring the well into
      production, or an emulsion between the air and oil will be created during
      the initial cycles.
PAR  The stinger tube 64 could be a simple extension of the production tubing 26
      into the accumulator 30 without the necessity of seal disc 51. The only
      limitation on the alternative embodiment is the amount of pressure that
      can be exerted on vent/compressor line 28, accumulator 30, and production
      tubing 26. Because of the decreased diameter when compared to casing 12, a
      tremendously increased pressure can be exerted that could not be exerted
      on casing 12 of previous artificial lift system. A typical diameter of the
      production tubing 26 could be 2 inches, that diameter combating flow
      resistance due to friction for smaller diameters.
PAR  In utilizing the present invention, a packer is not necessary. However, if
      circumstances of the well so dictate, such as a water zone above the oil
      zone or casing that has been blown off, a packer may be used. By using a
      packer, many wells that have been blown and plugged may be brought back
      into production using the present invention on an economic basis.
PAR  The individual characteristics of the well will dictate which of the
      embodiments of the present invention should be utilized. Because the
      alternative embodiment raised the entire column of oil to the well head, a
      much larger pressure is necessary than required for the preferred
      embodiment utilizing a piston. Therefore, if the well is too deep (also
      considering the other characteristics), the piston type of the preferred
      embodiment may be more practical because of the small compressor necessary
      for operating the well or system of wells. This determination should be
      made before initial installation, though the present embodiments may be
      changed later with a minimum of effort.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An artificial lift apparatus for a hydrocarbon producing well having a
      well head and a well casing therein, said apparatus comprising:
PA1  production tubing extending from the well head into the casing to a level
      below which the hydrocarbon will naturally fill through perforations in
      the casing;
PA1  accumulator means attached to the bottom of the production tubing for
      collecting hydrocarbon in the well;
PA1  gas tubing means extending from the well head into the accumulator means
      for communication therewith from the well head;
PA1  piston means located in said production tubing and normally positioned
      above said accumulator means, said piston means being free to move up and
      down said production tubing;
PA1  path means communicating with said accumulator for moving hydrocarbon above
      said piston means when said piston means is in its normal position;
PA1  first check valve means for only allowing flow of hydrocarbon into said
      accumulator means;
PA1  means fluidly communicating said accumulator with the lower face of said
      piston means so that the piston moves up and down in response to the
      pressure within said accumulator;
PA1  control means for alternately venting and pressurizing said accumulator
      means via said gas tubing means, hydrocarbon being allowed to collect in
      said accumulator means via said check valve means during venting,
      thereafter, in response to said pressurizing, said hydrocarbon is moved
      through said path means above said piston means in said production tubing
      and raised to the well head with said piston means as pressure in said
      accumulator continues to increase.
NUM  2.
PAR  2. The artificial lift apparatus as given in claim 1 further includes
      conduit means for receiving and handling said hydrocarbon at said well
      head.
NUM  3.
PAR  3. The artificial lift apparatus as given in claim 2 includes means in said
      accumulator to prevent pressure from said accumulator from building up
      under said piston means until a predetermined pressure level has been
      reached.
NUM  4.
PAR  4. The artificial lift apparatus as given in claim 3 wherein said path
      means includes stinger tube means extending to approximately the bottom of
      said accumulator means, said path means being a bypass around said piston
      means for raising hydrocarbon above said piston means via said stinger
      tube means in response to said pressurizing of said accumulator means.
NUM  5.
PAR  5. The artificial lift apparatus as given in claim 4 wherein said means for
      preventing pressure from building up includes a gas lift valve in said
      accumulator, said gas life valve opening in response to said predetermined
      pressure.
NUM  6.
PAR  6. The artificial lift apparatus as given in claim 5 includes second check
      valve means to prevent hydrocarbon in said conduit means from reentering
      said production tubing and spring means for absorbing the impact of said
      piston means upon falling to said normal position.
NUM  7.
PAR  7. The artificial lift apparatus as given in claim 1 wherein said control
      means includes a normally open valve connecting said gas tubing means to
      atmosphere, and a normally closed valve connecting said gas tubing means
      to a source of pressurized gas, said normally open valve and said normally
      closed valve switching in response to a control signal.
NUM  8.
PAR  8. The artificial lift apparatus as given in claim 7 wherein said control
      signal is generated by a first pressure switch in a vent line from said
      normally open valve to atmosphere, said vent line having a choke therein
      to measure small pressures from said accumulator means, the lower end of
      said gas tubing means having a float valve for closing upon the filling of
      said accumulator means with hydrocarbon, said control signal being
      generated upon closing said float valve and subsequent loss of pressure on
      said first pressure switch.
NUM  9.
PAR  9. The artificial lift apparatus as given in claim 8 wherein said normally
      open valve and said normally closed valve are parts of a three-way valve
      means operated by said control signal, said control signal being
      maintained for a given time period by a timer, said time period being
      sufficient to raise hydrocarbon to the well head.
NUM  10.
PAR  10. The artificial lift apparatus as given in claim 7 further includes a
      pressure regulator between said normally open valve and atmosphere for
      maintaining pressure in said gas tubing means, alternative conduit and
      third check valve means connecting said normally open valve to a conduit
      means for receiving and handling said hydrocarbon at said well head, after
      termination of said control signal said pressurization of said accumulator
      means is discharged through said third check valve means to move
      hydrocarbon further along the conduit means, fourth check valve means in
      said conduct preventing said hydrocarbon from flowing back into said well.
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ABST
PAL  A steam flow vacuum pump has a grooved cylindrical pump body surrounded by
      a housing having a radius slightly greater than the pump body and a
      high-power ventilator pulsating the air in the housing. The housing is
      provided with vents on the opposite side to the ventilator. The swirling
      flow of the air causes a great cooling of the pump body.
BSUM
PAR  The invention relates to a steam flow vacuum pump comprising a cylindrical
      pump body cooled by an air current produced by a ventilator. Steam flow
      pumps are generally used as secondary pumps and enable high vacuums to be
      obtained.
PAR  It is known that in these pumps, the driving of gaseous molecules to be
      removed is provided by diffusion of these molecules in a steam current
      which flows from a hot source or boiler, where a suitable liquid is
      brought to boiling point, to a cold zone constituted by the inside wall of
      the pump body, where the steam formed is condensed.
PAR  To keep the cold condensing zone at a suitable temperature, a cooling fluid
      is made to flow on the outside of the pump body. Although water is good
      cooling fluid, for convenience's sake, attempts have been made to
      manufacture air-cooled pumps. Air-cooled pumps comprise large cooling fins
      welded on the outside wall of the pump body as well as a lateral
      ventilator blowing, on these fins, a horizontal air flow. These air-cooled
      pumps have the disadvantage of being much more bulky than water-cooled
      pumps and allow only a relatively low power to be removed; that is, why
      only low-power pumps have been produced for this application.
PAR  Moreover, these pumps cannot operate in a hot atmosphere, for the
      temperature of the cold wall follows the temperature of the ambient air,
      this disturbing the operation of the pump as soon as the ambient
      temperature reaches 40.degree.C., thus rendering them often unsuitable for
      use on pumping frames where the atmosphere is confined.
PAR  The pump according to the invention enabling these disadvantages to be
      overcome comprises a cylindrical pump body whose axis is vertical, cooled
      by an air flow obtained by a ventilator, characterized in that the pump
      body is provided, on its outside surface, with grooves and is surrounded,
      on the greater part of its height, by a cylindrical housing having the
      same axis and a slightly larger radius fixed at its upper part and at its
      lower part by two annular segments to the pump body, the said housing
      comprising an opening through which arrives the air pulsated by the
      ventilator and by the vents, placed on the opposite side to the
      ventilator, through which the air is driven out.
PAR  In the pump body according to the invention, the air flow is no longer
      laminar, as in known pumps, but has a swirling configuration.
PAR  Indeed, in the pump according to the invention, the air flows at high speed
      in a cylindrical space having slight thickness comprised between the
      housing and the grooved wall of the pump body; the presence of grooves
      causes the swirling of the flow, this causing a high degree of cooling.
PAR  The pump according to the invention has the advantage of being less bulky
      than known air-cooled pumps and may be used in a confined atmosphere where
      the temperature is relatively high.
PAR  According to an improvement of the invention, a pipe enabling the air to be
      sucked in from a certain distance, at points where it is the coolest, is
      fitted to the ventilator blowing into the space comprised between the
      housing and the pump body.
DRWD
PAR  The following description with reference to the accompanying drawings will
      make it easier to understand how the invention may be embodied.
PAR  FIG. 1 shows air-cooled pump of known type;
PAR  FIG. 2 shows diagrammatically the pump according to the invention;
PAR  FIG. 3 shows a preferred arrangement of the vents in the housing;
PAR  FIGS. 4a and 4b show different embodiments of the grooved surface of the
      pump according to the invention.
PAR  FIGS. 1 and 2 are on the same scale and show pumps having the same
      discharge rate (250 1/second A.V.S., American Vacuum Society standards).
PAR  The air-cooled steam flow vacuum pump of known type such as shown in FIG. 1
      comprises a cylindrical pump body 1 in which is formed a cylindrical
      chamber 2 having a vertical axis communicating at its top 3 with a vacuum
      enclosure 4, whereas its bottom 5, which constitutes the boiler and is
      heated by an electrical resistor 6, contains a liquid 7 having low vapor
      pressure, such as mercury or oil. The chamber 2 also contains ejectors 8
      designed for collecting the steam which forms above the liquid 7 to direct
      it in jets towards the upper part 9 of the lateral wall 10 of the chamber,
      that upper part 9 constituting the cold condensing zone. A cross-head 11
      connected to the lateral wall 10 between the zone 9 and the boiler 5 is
      connected up to a primary pump (not shown) which has the function of
      removing the gas molecules driven by the stream current going from the
      boiler 5 to the zone 9.
PAR  The lateral wall 10 of the pump body is made of a metal having average
      conductivity such as stainless steel.
PAR  An aluminium sleeve 12 fitted with large cooling fins 13 is welded, in the
      casting stage, to the outside of the pump body so as to surround the zone
      9 to be cooled. A lateral ventilator 14 blows onto the fins 13 an air flow
      which runs in a laminar way along these fins 13.
PAR  The cross-head 11 is also fitted with fins 15 enabling, by cooling of the
      fins 15, the scavenging of the drive fluid to be achieved thoroughly.
PAR  The pump according to the invention such as illustrated in FIG. 2 comprises
      a cylindrical pump body 101 whose wall is fitted, on the outside, with
      grooves 113 and a cross-head 111 also fitted with grooves 115.
PAR  The cold condensation zone 109 placed on the level of the ejectors 108 is
      surrounded on the outside by a cylindrical housing 120 fixed to its lower
      part and to its upper part by two annular segments 121. The housing 120
      has the same axis as the cylindrical body and a slightly larger radius.
PAR  A high-power helical ventilator 114 placed in a casing 122 fixed to the
      housing 120 and communicating with the inside space 123 comprised between
      the housing 120 and the pump body 101 by an opening 124.
PAR  The casing 122 also comprises a suction hole 125 to which is fitted a pipe
      126 enabling air to be drawn off from a zone where it is the coolest.
PAR  The housing 120 is provided with vents 127 through which air is driven out
      and goes to cool the end of the cross-head 111. These vents are arranged
      on the opposite side to the ventilator 114. The housing 120 is constituted
      by or coated with a thermally insulating material 130, as shown in partial
      illustration in FIG. 2, protecting the space 123 from the influence of
      ambient radiations and the ambient air.
PAR  The air sucked in from a zone where it is the coolest is projected by the
      high-power ventilator 114 into the space 123. The air flows at high speed
      in the space 123 by reason of the small dimensions of the latter and, in
      contact with the flow grooves, starts to swirl, this causing a high degree
      of cooling of the pump body and proper operation of the pump even in an
      atmosphere at a relatively high temperature.
PAR  A secondary housing 128 bearing against the housing 120 and used for
      directing the air leaving the vents 127 at the grooved end of the
      cross-head 111 may be added. An air bleed hole 129 is provided in the
      secondary housing on the opposite side to the vents 127.
PAR  FIG. 3 shows the preferred arrangement of the vents 127 in the housing 120.
PAR  The number of vents 127 decreases from the bottom of the housing 120
      towards the top, so that the air flow current is at its maximum near the
      bottom of the housing and decreases progressively, from the top to the
      bottom of the housing 120. The best cooling is therefore obtained at the
      level of the lower ejector, this improving the pump output.
PAR  FIGS. 4a and 4b, respectively, show different arrangements of the grooved
      surface of the cylindrical pump body 101. For example, in FIG. 4a the
      grooves 113 are circular with respect to the cylindrical pump body 101,
      while in FIG. 4b the grooves are helical with respect to the cylindrical
      pump body 101.
PAR  Although the pump which has just been described may appear to afford the
      greatest advantages for putting the invention into effect, it will be
      understood that various modifications may be made thereto without going
      beyond the scope of the invention, it being possible to replace certain of
      its elements by other elements capable of fulfilling the same techincal
      function or an equivalent technical function therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. in a steam flow vacuum pump cooling means for cooling the pump by an air
      flow comprising a cylindrical pump body provided with grooves on at least
      a portion of the outer surface thereof, a cylindrical housing coaxially
      mounted on said pump body to enclose at least the portion thereof
      containing said grooves, said cylindrical housing having a radius which is
      only slightly larger than the radius of said pump body, and ventilator
      means connected to an intake opening in said cylindrical housing for
      supplying an air flow to said housing, said housing also including a
      plurality of vent holes to permit escape of said air flow, characterized
      in that the vent holes are disposed in successive circumferential rows in
      said housing and the number of vent holes in each row decreases from the
      bottom of the pump towards the top thereof.
NUM  2.
PAR  2. A steam flow vacuum pump according to claim 1, wherein said vent holes
      are disposed in said housing at a position diametrically opposite said
      intake opening.
NUM  3.
PAR  3. In a steam flow vacuum pump cooling means for cooling the pump by an air
      flow comprising a cylindrical pump body provided with grooves on at least
      a portion of the outer surface thereof, a cylindrical housing coaxially
      mounted on said pump body to enclose at least the portion thereof
      containing said grooves, said cylindrical housing having a radius which is
      only slightly larger than the radius of said pump body, and ventilator
      means connected to an intake opening in said cylindrical housing for
      supplying an air flow to said housing, said housing also including a
      plurality of vent holes to permit escape of said air flow, characterized
      in that said pump includes a cross-head communicating with the interior of
      said pump body and having, towards its end disposed outside the pump body,
      a plurality of grooves around which the air leaving said vent holes flows,
      and characterized in that the air leaving said vent holes is directed
      towards the grooves of the cross-head by means of a secondary housing
      surrounding the grooved end of the cross-head and fixed to the housing
      surrounding the pump body and provided with an air discharge hole on the
      opposite side to the vent holes.
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ABST
PAL  A variable displacement pump control assembly as for an axial piston pump
      having a swash plate actuating piston characterized in that the control
      assembly is embodied in the pump housing to provide a pressure compensated
      pump, or to provide a pressure compensated pump having an auxiliary
      modulator to control the pressure applied to the swash plate actuating
      piston to maintain a predetermined pressure drop across a variable area
      metering orifice embodied as in a directional control valve for a fluid
      motor, or to provide a pressure compensated pump having a horsepower
      modulator with or without the auxiliary modulator, said horsepower
      modulator providing desired control of horsepower in relation to pump
      delivery pressure and displacement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Axial piston variable displacement pumps with hydraulic swash plate
      actuators are well known in the art but in known constructions when it is
      desired to provide for pressure compensation with or without auxiliary
      modulation or to provide for pressure compensation with horsepower
      modulation (with or without auxiliary modulation), it has been necessary
      to provide a corresponding number of different pump housings or pump
      control assemblies with attendant substantially increased production and
      inventory costs.
PAC  SUMMARY OF THE INVENTION
PAR  The variable displacement pump control assembly herein is embodied in a
      single form of pump housing to selectively provide for pressure
      compensation, for pressure compensation with auxiliary modulation, for
      pressure compensation with horsepower modulation, or for pressure
      compensation with both auxiliary and horsepower modulation.
PAR  Other objects and advantages will appear from the ensuing description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevation view, partly in cross-section, of a variable
      volume pump in which the housing thereof embodies the pump control
      assembly;
PAR  FIGS. 2, 3 and 4 are cross-section views taken substantially along the
      lines 2--2, 3--3, and 4--4 of FIG. 1; and
PAR  FIG. 5 is a fragmentary cross-section view similar to FIG. 2 illustrating a
      modification.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The pump 1 herein shown by way of illustrative example is an axial piston
      pump such as that shown in U.S. Pat. No. 3,726,093 in which the
      displacement is varied by changing the angular position of the swash plate
      2, such change in swash plate angle being hydraulically effected by
      control of fluid pressure in the bore 3 in which the swash plate actuating
      piston 4 is axially movable. The pump housing 5 has an intake port 6
      leading into the intake chamber 7 and has an outlet or delivery port 8
      from which fluid under pressure is delivered upon driving of the drive
      shaft 9 which is journaled in said housing 5 in well known manner.
PAR  The pump 1 illustrated in FIGS. 1 to 4 provides for pressure compensation,
      auxiliary modulation, and horsepower modulation, all of which functions
      are accomplished in the unitary pump housing 5 and, as hereinafter
      explained in detail, the auxiliary modulation and/or the horsepower
      modulation may be omitted without any changes in the pump housing 5 other
      than plugging unused passages.
PAR  In the use of FIGS. 1 through 4 pump 1, the outlet port 8 may be connected
      to the inlet port of a directional control valve V assembly and, in turn,
      the motor ports of the directional control valve V assembly will be
      connected to a fluid motor M. In a preferred form of application of the
      pump 1, the directional control valve V assembly may define therewithin a
      variable area orifice O which is of size depending upon the extent of
      movement of the valve member thereof to an operating position thus to vary
      the speed of actuation of the fluid motor M irrespective of load pressure.
      Accordingly, the pump 1 control should maintain a predetermined pressure
      drop across such variable area orifice O.
PAR  The pump housing 5 herein is provided with high and low signal passages 10
      and 11 which respectively sense the pressures upstream and downstream of
      such variable area orifice O, the high signal passage 10 communicating
      with the outlet port 8, and the low signal passage 11 being communicated
      by conduit 13 with the downstream side herein and of the variable area
      orifice O as shown, for example, in said U.S. Pat. No. 3,726,093 and in
      the copending U.S. application of John C. Paul, Ser. No. 394,560, filed
      Sept. 6, 1973.
PAR  Within a stepped bore 12 in the pump housing 5 is an auxiliary modulator 14
      which is urged to the position shown in FIG. 2 by a spring 15 which is
      adjusted to desired compression by the adjusting screw 16. The high signal
      pressure in the passage 10 is conducted to the chamber 17 at the right end
      of modulator 14, and through the modulator bore 18 and orifice 19 into the
      chamber 20 at the left end of modulator 14 whereby the high signal
      pressure acts on the annular area A tending to urge the modulator 14
      toward the left.
PAR  The low signal pressure in the passage 11 is conducted to the chamber 21 of
      annular area A to tend to move the modulator 14 to the position shown
      together with the assistance of the spring 15 when the pressure
      differential between the high and low signals is less than desired
      predetermined value hence indicating a flow through a variable area
      orifice O less than demanded thereby. Accordingly, the high signal
      pressure in passage 10 and chamber 17 is conducted to the piston bore 3
      via the modulator orifice 23 to move the swash plate actuating piston 4 in
      displacement increasing direction. When the pump 1 displacement satisfies
      the flow demand set by the variable area orifice O, the pressure drop
      therethrough has increased and, hence the pressure differential in the
      chambers 17 and 21 has increased whereby the modulator 14 will be urged to
      the left against the spring 15 with metered bleeding of the piston bore 3
      to the drain port 24 via the metering slot 25 in the modulator 14 thus to
      maintain the pump 1 displacement to satisfy the demanded flow.
PAR  The chamber 20 at the left end of the modulator 14 which has communication
      with the high signal pressure passage 10 via the bore 18 and orifice 19,
      is normally closed, but under certain conditions of operation of the pump
      1, said chamber 20 is communicated with the drain port 24 either by a
      constant pressure pilot valve assembly 26 (FIG. 3) disposed in a bore 27
      which interconnects the parallel bores 28 and 29 leading respectively to
      the chamber 20 and to the drain port 24 as shown in FIGS. 2 and 3, or by a
      horsepower control pilot valve assembly 30 (FIG. 4) disposed in a bore 31
      which also interconnects the parallel bores 28 and 29.
PAR  Referring now to FIGS. 1, 2 and 3 it can be seen that when the high signal
      pressure in chamber 20 increases to value sufficient to unseat the pilot
      valve member 32 against the force of the spring 34, the chamber 20 will be
      communicated with the drain port 24 via passages 28, 27, and 29 and hence
      the pressure in the chamber 20 will decrease with respect to the pressure
      in chamber 17 by reason of the pressure drop across the orifice 19 in the
      modulator 14 whereby the predominant pressure in chamber 17 acting on the
      right-hand end of the modulator 14 will force the same toward the left to
      bleed the swash plate piston chamber 3 through slot 25 thus to decrease
      the capacity of the pump 1. When the pressure in the modulator chamber 20
      decreases below such predetermined value the pilot valve member 32 closes
      whereby the movements of the modulator 14 are then controlled by the high
      signal and low signal pressure differentials to maintain the flow demanded
      by the variable area orifice O associated with the directional control
      valve V for the fluid motor M. The constant pressure pilot valve 26
      comprises a body 35 having adjustable screw threaded engagement with the
      pump 5 housing and is provided with a seat with which the pilot valve
      member 32 is engaged. By reason of the screw threaded engagement of the
      body 35 in the pump housing 5, the compression of the spring 34 may be
      adjusted to vary the opening pressure of the pilot valve member 32.
PAR  With reference to FIGS. 1, 2 and 4 the horsepower control pilot valve 30 is
      similar to the constant pressure pilot valve 26 in that it also comprises
      a body 35 having an adjustable screw threaded connection with the pump
      housing 5 and is provided with a seat engaged by the pilot valve member
      32. In this case, the spring 36 is compressed between the pilot valve
      member 32 and a ball 37 which has engagement with a cam surface 38 on the
      swash plate piston 4, the cam surface 38 being shaped to provide desired
      characteristics in the horsepower curve of the pump 1. As the displacement
      of the pump 1 decreases, i.e. as the swash plate piston 4 moves toward the
      right as viewed in FIG. 1, the ball 37 is urged radially outward (see FIG.
      4) to increase the compression of the spring 36 and thus to increase the
      pressure at which the horsepower control pilot valve member 32 opens, and
      as just described in connection with the constant pressure pilot valve 26,
      the opening of the horsepower control pilot valve 30 will communicate the
      modulator chamber 20 with the drain port 24 via passages 28, 31, and 29
      whereby the modulator 14 can then again move to the left as viewed in FIG.
      2 to bleed off the pressure in the chamber 3 of the swash plate piston 4.
      It is to be understood that the cam surface 38 may be provided with a
      straight taper as shown or a concave or convex taper to provide any
      desired characteristics in the horsepower curve of the pump 1.
PAR  It is to be understood that if the pump 1 is to be pressure compensated
      with auxiliary modulation but without horsepower modulation it is a simple
      matter to omit the entire horsepower control pilot valve 30 and to screw
      in a plug to close the bore 31 between the bores 28 and 29. Similarly, if
      the pump 1 is to be pressure compensated with horsepower modulation but
      without auxiliary modulation, a plug is installed into the pump housing 5
      to close the low signal passage 11 and no adjustment mechanism 16 need be
      provided for the spring 15, i.e. a plug may be substituted for the spring
      adjusting mechanism 16 shown in FIG. 2.
PAR  A still further modification of the pump control mechanism is contemplated
      in FIG. 5 wherein the pump 1 is pressure compensated without either
      auxiliary modulation or horsepower modulation and in that case plugs are
      provided in the outer ends of the horsepower and constant pressure pilot
      valve bores 31 and 27 and also in the low signal port of passage 11, the
      pilot valves 26 and 30 being omitted. In this case, a constant pressure
      pilot valve 39 is installed in the modulator bore with the end of the body
      40 engaging the modulator spring 15 without adjustment and within the
      pilot valve body 40 is an adjusting screw 41 for adjusting the opening
      pressure of the pilot valve member 42. When the pilot valve member 42 is
      opened by the pressure in chamber 20 reaching a predetermined value, the
      chamber 20 is communicated with the drain port 24 via the passages 28, 31,
      27 and 28 to decrease the pressure in the chamber 20 with respect to the
      pressure in the chamber 17 to urge the modulator 14 to the left to bleed
      off the swash plate piston chamber 3 to thus provide the pressure
      compensation feature. When the pressure in chamber 20 drops to desired
      value, the pilot valve member 42 closes for equalization of the pressure
      in the chambers 17 and 20 to urge the modulator 14 toward the right to
      subject the swash plate piston 4 to the higher pressure via the orifice 23
      to tend to increase the displacement of the pump 1.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Pressure compensating means for a variable displacement pump of the type
      including a housing having pump means, high and low fluid pressure zones,
      and a fluid pressure operated number operatively engaged with said pump
      means to vary the displacement thereof, said fluid pressure operated
      member having restricted fluid communication with said high pressure zone;
      said pressure compensating means comprising a valve member movable in said
      housing to open and close a bleed passage from said fluid pressure
      operated member to said low pressure zone and having first opposed areas
      including an area on one side thereof exposed to fluid pressure in said
      high pressure zone and an area on the other side exposed to fluid pressure
      in said high pressure zone via orifice means; spring means in said housing
      biasing said valve member to bleed passage closing position; said valve
      member having second opposed areas respectively exposed to said high
      pressure zone and to a pressure sensing passage which is communicated with
      the downstream side of a variable area orifice in the pressure feed path
      from said high pressure zone to a fluid motor actuated by fluid under
      pressure flowing through said variable area orifice from said high
      pressure zone; and a pilot valve in said housing opened upon increase of
      fluid pressure in said high pressure zone to predetermined magnitude to
      bleed fluid pressure acting on the area on said other side of said valve
      member to said low pressure zone whereby predominant fluid pressure
      upstream of said orifice means acting on the area on said one side of said
      valve member is effective to move said valve member to a position to open
      said bleed passage to said low pressure zone thus to decrease the fluid
      pressure acting on said fluid pressure operated member via said restricted
      communication for movement of said fluid pressure operated member in a
      direction to decrease the capacity of said pump means until the fluid
      pressure in said high pressure zone decreases to less than such
      predetermined magnitude to permit closing of said pilot valve and
      consequent equalization of the fluid pressures acting on the first opposed
      areas of said valve member and movement of said valve member to close said
      bleed passage; said valve member, while said pilot valve is closed, being
      moved to bleed passage opening position against said spring means when the
      fluid pressure differential acting on said second opposed areas exceeds a
      predetermined value.
NUM  2.
PAR  2. The pressure compensating means of claim 1 wherein said valve member is
      a valve spool movable in a bore in said housing, said spool having said
      orifice means therein and having another orifice means providing such
      restricted communication between said high pressure zone and said fluid
      pressure operated member.
NUM  3.
PAR  3. The pressure compensating means of claim 2 wherein said spool has a
      groove which, when said sppol is moved as aforesaid by opening of said
      pilot valve, forms said bleed passage.
NUM  4.
PAR  4. The pressure compensating means of claim 3 wherein said pilot valve is
      disposed in said housing bore adjacent said other side of said spool; and
      wherein said spring means is compressed between said pilot valve and said
      other side of said spool to bias the latter to tend to close said bleed
      passage when said pilot valve is closed.
NUM  5.
PAR  5. The pressure compensating means of claim 1 wherein said valve member
      defines a metering bleed passage to adjustably meter the flow of fluid
      through said bleed passage to seek to maintain such pressure differential
      at such predetermined value.
NUM  6.
PAR  6. The pressure compensating means of claim 5 wherein said housing has
      adjusting means for said spring means to change the pressure differential
      at which said valve member is thus moved to bleed passage metering
      position.
NUM  7.
PAR  7. The pressure compensating means of claim 6 wherein said valve member is
      a valve spool movable in a bore in said housing; wherein said adjusting
      means is disposed in the end of said bore adjacent said other side of said
      spool; and wherein said pilot valve is disposed in another bore in said
      housing, said housing having passages leading from the respective upstream
      and downstream sides of said pilot valve to said area on the other side of
      said spool and to said low pressure zone.
NUM  8.
PAR  8. Pressure compensating means for a variable displacement pump of the type
      including a housing having intake, delivery, and drain ports, pump means
      in said housing operative to deliver fluid under pressure from said intake
      port to said delivery port, and a piston reciprocable in a first bore in
      said housing exposed to fluid under pressure in said delivery port via
      first orifice means in said housing and being engaged with said pump means
      to vary the displacement of said pump means according to the magnitude of
      the pressure in said delivery port; said housing having a second bore
      intersected by passages communicating with said delivery port, with said
      first bore, and with said drain port; said pressure compensating means
      comprising a valve member reciprocable in said second bore between first
      and second positions closing and opening communication between said first
      bore and said drain port, said valve member having one end portion exposed
      to fluid pressure in said delivery port and an opposite end portion
      exposed to fluid pressure in said delivery port via second orifice means
      in said housing; spring means in said housing biasing said valve member to
      said first position; and a pilot valve in said housing opened responsive
      to increase in fluid pressure in said delivery port to predetermined
      magnitude to bleed fluid pressure acting on said opposite end portion to
      said drain port whereby predominant fluid pressure in said delivery port
      acting on said one end portion is effective to move said valve member to
      said second position to provide a bleed passage to said drain port from
      said first bore thus to decrease the fluid pressure in said first bore for
      movement of said piston in a direction to decrease the capacity of said
      pump means until the fluid pressure in said delivery port and acting on
      said pilot valve is less than such predetermined magnitude to permit
      closing of said pilot valve with consequent equalization of fluid pressure
      acting on said end portions of said valve member and movement of the
      latter to said first position; said valve member having opposed areas
      respectively exposed to fluid pressure in said delivery port and to fluid
      pressure in a sensing passage which intersects said second bore and which
      is communicated with the downstream side of a variable area orifice in the
      pressure feed path from said delivery port to a fluid motor actuated by
      flow of fluid through said variable area orifice from said delivery port
      to said fluid motor; a predetermined fluid pressure differential acting on
      said opposed areas being effective to move said valve member to said
      second position against said spring means to bleed said first bore to said
      drain port thus to decrease the fluid pressure in said first bore for
      movement of said piston in a direction to decrease the capacity of said
      pump means.
NUM  9.
PAR  9. The pressure compensating means of claim 9 wherein said pilot valve is
      in said second bore with said spring means being compressed between said
      pilot valve and said other end portion of said valve member; and wherein
      said housing has a passage which, when said pilot valve is open, conducts
      fluid from said other end portion to said drain port.
NUM  10.
PAR  10. The pressure compensating means of claim 8 wherein said valve member,
      when moved as aforesaid by fluid pressures acting on said opposed areas,
      adjustably meters the flow of fluid through said bleed passage thus to
      tend to maintain a predetermined pressure differential between fluid
      pressure in said delivery port and in said sensing passage.
NUM  11.
PAR  11. The pressure compensating means of claim 10 wherein said housing has
      adjusting means for said spring means to change the pressure differential
      at which said valve member moves toward said second position.
NUM  12.
PAR  12. The pressure compensating means of claim 11 wherein said adjusting
      means is in said second bore; and wherein said pilot valve is in a third
      bore in said housing, said housing having passages respectively leading
      from said opposite end portion to the upstream side of said pilot valve
      and from the downstream side of said pilot valve to said drain port.
NUM  13.
PAR  13. Pressure compensating means for a variable displacement pump of the
      type which includes a pressure chamber to which fluid pressure from the
      high pressure zone of said pump is conducted by way of a restricted
      passage to act on a pump displacement varying means in said chamber; said
      pressure compensating means comprising a pilot operated valve assembly
      having a pilot valve member which opens and closes communication between
      the high and low pressure zones of said pump responsive to the fluid
      pressure in said high pressure zone being greater than or less than
      predetermined magnitude, and a main valve member in said pump having first
      opposed areas respectively exposed to said high pressure zone and to said
      high pressure zone via orifice means in said main valve member, said main
      valve member being moved upon opening of said pilot valve to provide a
      bleed passage from said chamber to said low pressure zone when said pilot
      valve is open and to close said bleed passage when said pilot valve is
      closed, said bleed passage when open decreasing the fluid pressure in said
      chamber for movement of said pump displacement varying means for decreased
      displacement of said pump; spring means in said pump biasing said main
      valve member to bleed passage closing position when said pilot valve is
      closed, said main valve member moving against said spring bias means to
      open said bleed passage when said pilot valve is open; said main valve
      member having second opposed areas respectively exposed to said high
      pressure zone and to a fluid pressure sensing passage in said pump which
      is communicated with the downstream side of a variable area orifice in the
      pressure feed path from said high pressure zone to a fluid motor actuated
      by fluid under pressure flowing through said variable area orifice from
      said high pressure zone; said main valve member being moved to bleed
      passage opening position while said pilot valve is closed when the
      differential between fluid pressure in said high pressure zone and fluid
      pressure in said sensing passage exceeds the bias force of said spring
      means.
NUM  14.
PAR  14. The pressure compensating means of claim 13 wherein said main valve
      member meters the flow through said bleed passage to tend to maintain a
      substantially constant differential between fluid pressure in said high
      pressure zone and fluid pressure in said sensing passage.
NUM  15.
PAR  15. The pressure compensating means of claim 13 wherein said pump is
      provided with spring adjusting means to vary the bias force of said spring
      means on said main valve member for adjusting the pressure differential at
      which said main valve member is thus moved to open said bleed passage
      while said pilot valve is closed.
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ABST
PAL  A torque limiting control for a pair of variable displacement hydraulic
      pumps having displacement varying means and servo means including springs
      urging each of the displacement varying means to a position for maximum
      pump displacement and fluid operated means acting in opposition to the
      springs to shift said displacement varying means for reduction in pump
      displacement, said control including means for summing the fluid pressures
      generated by both pumps and controlling the servo means for the two pumps
      to progressively move the displacement varying means for reduction of pump
      displacement as the sum of the fluid pressures rises above a predetermined
      value at a certain pump displacement and thereby limit the sum of the
      torques required by said pumps.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to torque limiting controls for a plurality of
      variable displacement hydraulic pumps. The sum of the torques required by
      said pumps is determined by sensing the sum of the pressures generated by
      both pumps. The strokes of the hydraulic pumps are reduced when the sum of
      the pressures exceeds a predetermined value for a predetermined
      displacement of the pumps. Such a torque limiting control is of particular
      utility wherein large volumes of oil are supplied to reduce cycle time for
      operations performed by fluid operated motors but it is not practical to
      supply enough power to keep this flow at high pressure. By the control
      disclosed herein, high pressure can be developed at lower flows reducing
      the power required to drive the pumps and with the reduction in flow of
      the pumps occurring as the sum of the pump loads equals the power
      available for driving the pumps.
PAC  SUMMARY
PAR  In operating two separate hydraulic circuits from a common prime mover, it
      is desirable to limit the sum of the torques required by the pumps of the
      two circuits to a predetermined value and, thus, limit the torque required
      by the hydraulic pumps to that available from the prime mover. Each of the
      hydraulic circuits has a variable displacement hydraulic pump and a
      primary feature of the control is to provide a means for summing the
      pressures generated by the two pumps and equally reducing the displacement
      of the pumps as the sum of the pressures progressively rises above a
      certain value for a particular rate of displacement in order to limit the
      torque required by the two circuits. Thus, a relation between pump
      pressures and displacements is maintained to have control of the total
      torque required by the pumps.
PAR  More particularly, the control for the displacement of the pumps operates
      to reduce displacement of both pumps equally at approximately the same
      rate even though the pressures generated by the two pumps are not equal.
      With such a control, two separate functions can be caused to slow down in
      phase, which is desirable for driven devices such as a dual-track vehicle
      wherein there is a hydraulic drive circuit associated with each track and
      wherein, if one track becomes stalled, the other track will also stop. As
      another example, one hydraulic circuit could drive a propulsion system and
      the other circuit could drive an elevator (conveyor) of an excavator.
PAR  A particular feature of the invention is to provide a torque-limiting
      control for a pair of axial piston hydraulic pumps each in circuit with
      their respective motor and with servo means for varying the position of
      the swashplates and, therefore, the displacement of the pumps with said
      control including a pair of control valves associated one with each pump
      for controlling the delivery of pressure to the servo means in response to
      a sum of the pressures delivered by both pumps. A feedback means
      associated with each pump swashplate and the associated control valve
      operates to feed back the angle of the swashplate (and thus pump
      displacement) to the control valve and also bring the control valve and
      swashplate to an equilibrium condition. The swashplates of both pumps
      adjust to the same angle even though the pressures generated by the two
      pumps are of different values.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic view of a portion of two hydraulic circuits with
      parts of the pumps broken away and with parts shown in section;
PAR  FIG. 2 is a vertical, longitudinal, central section of a control valve for
      one of the pumps; and
PAR  FIG. 3 is a graph showing the relation between pump displacement and the
      sum of working pressures for the two pumps of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A pair of hydraulic circuits are shown partially in FIG. 1 wherein each
      circuit includes a variable displacement hydraulic pump delivering fluid
      under pressure to a motor (not shown) and with the two pumps being driven
      from a common prime mover. Although two circuits are illustrated, it will
      be obvious that two or more circuits and, therefore, two or more pumps can
      be driven from the same prime mover and with the control applied thereto
      to limit the torque required by the circuits.
PAR  As shown in FIG. 1, a shaft 10 driven from a prime mover, such as the
      engine of a crawler-type tractor, has a gear 11 engaging gears 15 and 16
      on pump drive shafts 17 and 18, respectively, for driving the cylinder
      block of a pair of variable displacement hydraulic pumps, indicated
      generally at 20 and 21. As shown, the pumps are of the axial piston type.
      Each of these pumps has a plurality of axially-disposed pistons 25 and 26,
      respectively, which are stroked relative to the cylinder block of the pump
      during rotation of the block by swashplates 27 and 28, respectively, which
      constitute displacement varying means for the pumps. The pump 20 has an
      inlet 30 connected to a source of hydraulic fluid through a line 31 and an
      outlet 32 with a line 33 extending to a line 34 which connects to a motor
      (not shown). The pressure compensated pump delivers fluid under pressure
      through lines 33 and 34 to a motor with the flow of fluid to the motor
      being controlled by valve means (not shown) and with forward and reverse
      controls also being provided by control valving (not shown). The pump 21
      has an inlet 40 connected to a source of fluid by a line 41 and an outlet
      42 connecting to lines 43 and 44 corresponding to lines 33 and 34 of pump
      20 for delivery of fluid to a motor (not shown).
PAR  The swashplates 27 and 28 are each shown at a maximum angle to provide for
      maximum displacement from the pumps. The position of the swashplate is
      controlled by servo means. For pump 20, one part of the servo means
      includes a cylinder 50 housing a spring 51 operable against a plunger 52
      movable in the cylinder and which is connected by a link 53 to an arm 54
      affixed to the swashplate 27. The spring 51 functions to urge the arm 54
      and, therefore, the swashplate 27 to a maximum angle for maximum
      displacement from the pump. A second part of the servo means for the
      swashplate 27 includes a fluid cylinder 55 having a fluid pressure
      operated piston 56 therein which is connected by a link 57 to the arm 54.
      Delivery of fluid under pressure to the cylinder 55 exerts a force on the
      arm 54 in a direction opposite to the force exerted by the spring 51 and
      acts to move the swashplate to a reduced angle and toward a position to
      destroke the pistons 25 and reduce the flow from the pump 20.
PAR  The structure above described with respect to the pump 20 is the same for
      the pump 21 including a cylinder 60 having a spring 61 urging a plunger 62
      outwardly and which is connected by a link 63 to an arm 64 secured to the
      swashplate 28. A fluid cylinder 65 has a piston 66 connected by a link 67
      to the arm 64 to act in opposition to the spring 61.
PAR  The control for limiting torque operates in response to a sum of the
      pressures generated by the pumps 20 and 21 at any particular pump
      displacement. The control includes a pair of control valves 70 and 71
      shown diagrammatically in FIG. 1 in their positions when the swashplates
      are at their maximum angle for maximum displacement from the pumps. Each
      of these valves is of the same construction, with the valve being shown
      more particularly in FIG. 2. The control valve components are positioned
      as shown in FIG. 2 when the swashplate is at a minimum displacement
      position. The control valve 70 will be described particularly and, as
      shown in FIG. 2, this valve has a housing 72 with a bore 73 having a
      pressure port 74, a servo port 75 and a drain port 76 communicating with
      said bore and said communication therebetween controlled by a valve member
      77 movable in the bore. The pressure port 74 is supplied with pressure
      from the outlet 32 of the pump 20 by a line 78 extending from the line 33.
      The servo port 35 connects to the servo cylinder 55 through a line 79. In
      maximum displacement position of the swashplate 27, the servo port 75
      communicates with the drain port 76 as permitted by the position of a land
      80 on the valve member 77. At the same time, a land 81 blocks
      communication between the pressure port 74 and the servo port 75. In this
      position of the control valve, pressure is not directed to the servo
      cylinder 55 with the result that the spring 51 is effective to maintain
      the swashplate 27 at its maximum angle position for maximum displacement
      from the pump.
PAR  For control valve 70, the pressure generated by pump 20 is directed from
      the pressure port 74 through a passage 84 in the valve housing (shown
      diagrammatically in FIG. 1) for delivery to a chamber 85 housing a piston
      86. The piston 86 has a step whereby a pressure-responsive differential
      area is provided to have the pressure of pump 20 act on the piston 86 in a
      direction to move the piston toward the left, as viewed in FIG. 2.
      Additionally, pressure generated by the pump 21 is applied to the piston
      86 through an interconnect line 90 between the two hydraulic circuits and
      which extends between the line 43 leading from the outlet of pump 21 and a
      line 91 connected into an end of the control valve 70. This pressure
      signal is delivered to a chamber 92 where it acts upon an end 93 of the
      piston 86. This defines a second pressure-responsive area whereby the
      piston 86 functions to sum the pressures generated by the pumps of both
      circuits. The force generated as a result of application of pressure to
      the pressure-responsive areas tends to move the piston 86 toward the left,
      as viewed in FIG. 2, and against a pin 94. The pin 94 extends into an
      opening in the end of the valve member 77 to provide a loose connection to
      avoid transmission of lateral forces from the piston 86 to the valve
      member. The force applied through the pin 94 to the valve member 77 acts
      in a direction to shift the valve member 77 toward the left and against
      the force of a spring 95 positioned within the bore 73. The spring 95 is
      engaged between a spring guide 96 movable in the bore and engageable
      against the left-hand end of the valve member and a movable piston 97
      forming part of a feedback means to be described.
PAR  The spring 95 is shown under maximum loading in FIG. 2 and with minimal
      loading in FIG. 1. Referring to FIG. 1, the initial force of the spring 95
      is established to determine the threshold value of the sum of pressures
      from the two pumps which will begin to reduce the displacement of the
      pumps by movement of the swashplates 27 and 28 from their maximum angle
      position.
PAR  In FIG. 3, a graph of values for one particular system is shown wherein the
      abscissa represents swashplate angle from minimum pump displacement to
      maximum pump displacement with increasing angle of the swashplate and the
      ordinate represents the sum of working pressures for both pumps.
PAR  With the control valve 70 as shown in FIG. 1 positioned corresponding to
      the maximum angle of the swashplate 27, it will be seen that the sum of
      the working pressures of the two pumps will exceed 4,000 p.s.i., as
      indicated by the solid line A of the graph, before any adjustment of the
      swashplate angle occurs. As the pressure increases above this value, there
      will be forces created by the pressures acting on the piston 86 sufficient
      to shift the valve member 77 toward the left against the spring 95 and
      cause land 80 to block the servo port 75 from the drain port 76 and
      connect the servo port to the pressure port 74 whereby pressure delivered
      by the pump is applied to the servo motor 55.
PAR  Feedback means are provided in order to bring the system back to
      equilibrium, including a cam 100 rotatable on an eccentrically-mounted pin
      101 and having a peripheral cam surface operable on the piston 97 between
      the two extremes of rotatable movement of the cam, as shown in FIGS. 1 and
      2. The position of the cam is controlled by the position of the swashplate
      and, more particularly, by connection of the arm 54 to the cam 100 through
      a pivotally interconnecting link 102. The eccentrically-mounted pin 101
      can be rotated to shift the path of the cam 100 relative to the control
      valve to change the loading of the spring and result in an adjustment
      range for adjustment of the swashplate angle with respect to the sum of
      working pressures, as illustrated in the graph of FIG. 3. The gross
      adjustment range is indicated by an area lying between the broken lines B
      and C.
PAR  The feedback means functions to bring the system back to equilibrium
      whereby as the swashplate angle is reduced from that shown in FIG. 1, the
      cam 100 functions to increase the loading on the spring 95 to bring about
      a balance between the force of the spring urging the valve member 77 to
      the right and the forces created by pressure urging the valve member to
      the left. When balanced, other than at full displacement, the servo port
      75 supplies adequate fluid to replace leakage to maintain a certain
      pressure in the servo cylinders 55 and 65. The maximum loading of the
      spring 95 resulting from positioning of the cam 100 and representing
      minimum swashplate angle is shown in FIG. 2.
PAR  Referring to FIG. 3, assume that the swashplates are positioned at
      12.degree. after destroking from full displacement. When the sum of pump
      pressures exceeds approximately 6600 p.s.i., there will be a further
      decrease in swashplate angle and, therefore, in pump displacement.
PAR  All of the structure of the control valve 70 and structure associated
      therewith is the same for control valve 71 and corresponding parts have
      been given the same reference numeral with a prime affixed thereto. The
      control valve 71 has the pressure generated by pump 21 applied to the
      stepped piston 86' through a passage 84' and with the pressure generated
      by pump 20 also applied to the piston at a chamber 92 by means of a line
      110 connected to an end of the control valve 71 and having an
      interconnection 111 to the line 33 extending from the outlet of the pump
      20. Control valve 71 also sums the pressures of the two pumps and, through
      delivery of fluid under pressure, to the servo motor 65 controls the
      position of the swashplate 28.
PAR  Inasmuch as both control valves 70 and 71 receive a pressure signal from
      both pumps, both pumps will change strokes at approximately the same rate
      and will reach the same adjusted displacement through the feedback means
      associated therewith, even though the pressures generated by the two pumps
      may be of different values. With the control disclosed herein, it will be
      recognized that in a crawler tractor vehicle with a pair of tracks each
      driven separately from a hydraulic circuit, the control would sense a
      rapid increase in pressure if one track were to become stalled which would
      function to destroke the pumps and, thus, result in also stopping the
      other track.
PAR  Each of the curves A, B, and C of the graph of FIG. 3 has a point, as point
      D, representing the point at which maximum loading is imposed upon the
      spring 95 of a control valve. This is shown by the legends indicating cam
      displacement of the spring as an ordinate at the right-hand side of the
      graph and with maximum cam displacement of the spring being indicated at
      the level of point D. The shape of the curve in defining the relationship
      of swashplate angle to the sum of working pressures can be varied by
      changing the geometry of cam 100.
CLMS
STM  We claim:
NUM  1.
PAR  1. A torque limiting control for a pair of variable displacement hydraulic
      pumps each having displacement varying means, comprising, means for urging
      each of said displacement varying means to a position for maximum pump
      displacement, fluid operated means operable to shift said displacement
      varying means against said urging means to reduce pump displacement, a
      first control valve responsive to the sum of the fluid pressures generated
      by both pumps for directing fluid pressure to said fluid operated means
      for one of the pumps, a second control valve responsive to the sum of the
      fluid pressures generated by both pumps for directing fluid pressure to
      said fluid operated means for the second of said pumps, and a pair of
      feedback means associated one with each of said control valves for
      feedback of the positioning of the pump displacement varying means.
NUM  2.
PAR  2. A torque limiting control as defined in claim 1 wherein each of said
      control valves is connected to the outlet of the associated pump to
      provide a source of fluid pressure for direction to said fluid operated
      means.
NUM  3.
PAR  3. A torque limiting control as defined in claim 1 wherein each of the
      control valves includes a housing having a bore with a pressure port, a
      drain port and a servo port communicating with said bore, a valve member
      in said bore urged to a position to connect said servo port with the drain
      port, a pair of pressure-responsive areas associated with said valve
      member for said summing of the fluid pressures generated by both of said
      pumps to move the valve member in a direction to close said drain port and
      open the servo port to said pressure port, and means connecting the servo
      port to said fluid operated means.
NUM  4.
PAR  4. A torque limiting control as defined in claim 3 wherein a stepped piston
      has said two pressure-responsive areas and is disposed in end to end
      relation with the valve member.
NUM  5.
PAR  5. A torque limiting control as defined in claim 4 wherein passage means in
      said housing connects said pressure port to one of said piston
      pressure-responsive areas, and a connecting line from one pump outlet to
      the other control valve and in communication with the second of said
      piston pressure-responsive areas.
NUM  6.
PAR  6. A torque limiting control as defined in claim 3 wherein said valve
      member is urged to said position by a spring in said bore, and said
      feedback means includes a movable cam operable to progressively increase
      the force on said spring as the displacement varying means moves to reduce
      pump displacement.
NUM  7.
PAR  7. A torque limiting control as defined in claim 6 including means to shift
      the path of movement of the cam relative to the valve member to vary the
      initial loading of said spring.
NUM  8.
PAR  8. A torque limiting control for a pair of variable displacement axial
      piston pumps each having a swashplate for controlling the stroke of the
      associated pump pistons, each of said pumps having a fluid inlet and a
      fluid pressure outlet for connection of said outlets to separate motors,
      servo means for positioning each of said swashplates including means
      urging said swashplates to a full stroke position and pressure-responsive
      means to position said swashplates at a position other than full stroke,
      and control means for summing the fluid pressures generated by said pumps
      and controlling said servo means to progressively move the swashplates
      from their full stroke positions as the sum of the pressures rises above a
      predetermined value to limit the sum of the torques delivered by said
      pumps including a pair of control valves with each control valve having a
      pressure port connected to the outlet of an associated pump, each control
      valve having a housing with a bore, said pressure port, a drain port and a
      servo port communicating with said bore, a valve member in said bore urged
      to a position to connect said servo port with the drain port, a pair of
      pressure-responsive areas associated with said valve member for said
      summing of the fluid pressures generated by both of said pumps to move the
      valve member in a direction to close said drain port and open the servo
      port to said pressure port, and means connecting the servo port to said
      servo means whereby outlet pressure of a pump is applied to the servo
      means of the same pump for positioning the swashplate.
NUM  9.
PAR  9. A torque limiting control as defined in claim 8 wherein said valve
      member is urged to said position by a spring in said bore, and feedback
      means including a movable cam operable to progressively increase the force
      on said spring as the swashplate moves to reduce pump displacement.
NUM  10.
PAR  10. A torque limiting control as defined in claim 9 including means to
      shift the path of movement of the cam relative to the valve member to vary
      the initial loading of said spring.
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ABST
PAL  A centrifugal fluid pump comprising a driven rotary assembly having at
      least two pumping stages operatively associated therewith and rotatable
      therewith as said rotary assembly is driven, each stage including a
      plurality of circumferentially spaced hydraulic cylinders operatively
      interconnected between a fluid supply tank that furnishes the respective
      hydraulic cylinders with the fluid and a pressure tank adapted to receive
      fluid under pressure from the respective hydraulic cylinders as the rotary
      assembly is driven. In operation, fluid is drawn into the hydraulic
      cylinders, and as the rotary assembly is driven the respective pistons of
      the hydraulic cylinders are driven radially outward causing fluid disposed
      on the outer sides thereof to be forced outwardly from the hydraulic
      cylinders under the influence of the centrifugal force generated by the
      rotary assembly. The pressure of the output fluid system is compounded by
      connecting the individual cylinders in series wherein the output of one
      cylinder is the input of an adjacently series connected cylinder. During
      this process, fluid is pumped from a supply tank through respective
      hydraulic cylinders of the pumping system, into a fluid pressure tank, the
      pressure of the fluid in the pressure tank being substantially greater
      than the pressure of the fluid in the supply tank as a result of the
      centrifugal force applied against the fluid as the rotary assembly is
      driven. It follows that the energy associated with the pressurized fluid
      can be harnessed by any suitable means, such as by pumping the pressurized
      fluid through a conventional hydraulic motor or using the pressurized
      fluid to drive some other fluid operated power generating mechanism.
BSUM
PAR  The present invention relates to power generating systems, and more
      particularly to a centrifugal fluid pump adapted to generate by
      centrifugal force a system of pressure fluid flow.
PAR  Energy is presently the focal point of many private and public discussions.
      The scarcity and cost of energy has prompted people to seriously consider
      methods of energy conservation and more efficient power generating devices
      and systems.
PAR  The present invention relates to a more efficient power generating system.
      More particularly, a series of hydraulic cylinders are mounted about a
      driven rotary assembly, and as the rotary assembly is driven the hydraulic
      cylinders are carried thereby. The hydraulic cylinders are arranged in
      stages and the cylinders of each stage are connected in series, and
      respective cylinders of each stage are connected to other respective
      cylinders of another stage in such a manner that fluid can be pumped not
      only between cylinders of a stage but can be pumped from one stage to
      another stage.
PAR  In operation, fluid is supplied to the individual hydraulic cylinders, and
      as the hydraulic cylinders are driven in a circular path by the rotary
      assembly, the centrifugal force present causes the pistons in the
      individual hydraulic cylinders to exert a force against the fluid within
      the cylinders and to expel the fluid from respective cylinders under
      pressure. The hydraulic cylinders are in effect connected in series and a
      pumping action is achieved and fluid is pumped from one cylinder to
      another as the rotary assembly is driven. Because of the centrifugal force
      of the piston against the fluid within any hydraulic cylinder, it is
      appreciated that this force increases the pressure of the fluid while
      pumping the fluid through the system. Because of the series connections,
      it is seen that the pressure of the fluid as it is pumped through the
      series network of hydraulic cylinders is compounded and it is this
      compounded pressure of the final flow of fluid from the system that gives
      rise to a great energy source, and the very high pressure fluid flow being
      pumped from the network of hydraulic cylinders can be used to drive a
      hydraulic pump or some other fluid operated power source.
PAR  It is, therefore, an object of the present invention to provide a very
      efficient fluid power generating system.
PAR  Another object of the present invention is to provide an efficient fluid
      power generating system that converts simple mechanical energy into a form
      of fluid energy, the fluid energy being in a system of fluid flow wherein
      the pressure of the fluid flow is substantially increased by the power
      generating system during the energy conversion.
PAR  Another object of the present invention is to provide a centrifugal pump or
      power generating system that is capable of converting simple mechanical
      energy into a readily usable form of fluid energy.
PAR  A further object of the present invention is to provide a rotary pumping
      mechanism wherein a series of fluid pumping hydraulic cylinders are
      rotatively driven in a circular path by a rotary assembly, and wherein
      said hydraulic cylinders are normally disposed in radial alignment with
      respect to said rotary assembly such that respective pistons within said
      hydraulic cylinders are urged outwardly by the influence of centrifugal
      force as said rotary assembly is driven, whereby fluid disposed outwardly
      of the respective pistons is expelled under pressure from the hydraulic
      cylinders.
PAR  Still a further object of the present invention is to provide a rotary
      pumping mechanism of the type referred to above wherein there is provided
      means for rotating the respective hydraulic cylinders with respect to the
      rotary assembly in order that the hydraulic cylinders may be recharged
      when the respective pistons reach the outer radial extremity of the power
      stroke during the pumping process.
PAR  Another object of the present invention is to provide a power generating
      system or rotary pumping mechanism wherein the hydraulic cylinders
      comprising the pumping system are effectively connected in series wherein
      the output of anyone hydraulic cylinder may be the input of another
      hydraulic cylinder so as to effectively compound the pressure of the fluid
      as it is pumped through the network of series connected hydraulic
      cylinders.
PAR  A further object of the present invention is to provide a power generating
      system of the type having a main rotary assembly wherein the rotary
      assembly is adapted to generate a plurality of relative spin movements
      that may be used to actuate and control the various hydraulic cylinders
      and the pumping process during operation.
PAR  Other objects and advantages of the present invention will become apparent
      from a study of the following description and the accompanying drawings
      which are merely illustrative of the present invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simple flow chart showing how the centrifugal fluid pump of the
      present invention operates within a total system environment.
PAR  FIG. 2 is a partial longitudinal sectional view of the centrifugal pump and
      drive assembly of the present invention, this view illustrating what is
      referred to as generally the left side of the centrifugal pump and drive
      assembly.
PAR  FIG. 3 is another partial longitudinal sectional view of the centrifugal
      pump and drive assembly, this view generally being a continuation of FIG.
      2 and generally referred to as the right side of the centrifugal pump and
      drive assembly (It will be appreciated that any desired number of pumping
      stages may be provided between each pumping stage shown in FIGS. 2 and 3).
PAR  FIG. 4 is a fragmentary sectional view of a portion of a respective pumping
      stage, particularly illustrating in section the structure of a hydraulic
      fluid cylinder assembly.
PAR  FIG. 5 is a view taken generally along the line 5--5 of FIG. 4.
PAR  FIG. 6 is a generally schematic view illustrating the cylinder rotating
      drive assembly utilized by each of the pumping stages for recharging.
PAR  FIG. 7 is a schematic fluid flow diagram illustrating the fluid flow in
      pumping system having four stages, three cylinders per stage; and
PAR  FIG. 8 is a schematic view illustrating a flow control mechanism for
      controlling the rate of fluid flow between the centrifugal pump and a
      hydraulic drive motor or the like.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  With further reference to the drawings, particularly FIGS. 2 and 3, the
      centrifugal pump or rotary power generating mechanism of the present
      invention is shown therein and indicated generally by the numeral 10.
      Viewing the rotary power generating mechanism 10, it is seen that the same
      basically comprises a rotary assembly 12 including an elongated
      cylindrical outer hub 14 supported by a plurality of axially spaced hub
      support members 16, the outer hub 14 being rotatively journaled within
      each of said hub support members 16. Fixed to the outer hub 14 and
      rotatable therewith is a drive gear 18 that is operatively driven via a
      meshing gear by a conventional power source such as an internal combustion
      engine (not shown) or the like. Disposed on each end of the cylindrical
      outer hub 14 is an end cap 20.
PAR  Rotatively journaled interiorly of the outer hub 14 is an inner cylindrical
      hub 22 that extends a predetermined distance outwardly from each end of
      the outer hub 14, as best illustrated in FIG. 2. Also, it should be
      pointed out that the inner hub 22 includes an end cap 24 secured on the
      outer ends thereof. Rotatively journaled interiorly of the inner hub 22 is
      a cam shaft 26, the cam shaft being co-axially aligned with both hubs 14
      and 22 and extending outwardly beyond the respective ends of the inner hub
      22. It should be appreciated that the outer hub 14, the inner hub 22, and
      the cam shaft 26 are all rotatively journaled with respect to the other
      such that any one may be driven independently of the others.
PAR  From a complete reading of the present disclosure and an understanding of
      the present invention, it will be seen that the rotary assembly 12 of the
      present invention is designed to generate three distinct relative spin
      movements that are used to perform various mechanical functions. The first
      relative spin movement is achieved between the outer hub 14 and the inner
      hub 22. This is accomplished by the provision of a drive gear 28 fixed to
      and rotatable with the outer hub 14 and meshed with a double transfer gear
      30 that is rotatively journaled in a gear housing 32 that is supported by
      the hub support 16 disposed on the left-side of the rotary assembly 12 as
      viewed in FIG. 2. Double transfer gear 30 is operative to mesh with driven
      gear 34 that is in turn fixed to the extended portion of the inner hub 22.
      Therefore, it is appreciated that the torque generated by the outer hub 14
      as it is driven by gear 18 is transferred to the inner hub 22. By
      selecting certain size gears, a desired relative spin movement between
      outer hub 14 and inner hub 22 can be realized.
PAR  A second relative spin movement is accomplished by the provision of a
      second drive gear 36 also fixed to the outer hub 14 and meshed with a
      second double transfer gear 38 also rotatively journaled within housing
      32. As the second double gear 38 is rotatively driven, the driving torque
      associated therewith is transferred to a driven gear 40 that is fixed to
      the outer extending end of the cam shaft 26 and accordingly drives the
      same as the outer hub is driven, as illustrated in FIG. 2. Therefore, it
      is appreciated once again that by selecting the particular size of gears
      to be used, that a particular relative spin movement can be realized
      between the outer hub 14 and the cam shaft 26.
PAR  Turning now to the other end of the rotary assembly 12 and to the third
      relative spin movement, it is seen that a rotary collar sub-assembly is
      provided on that end of the rotary assembly and indicated generally by the
      numeral 41. Viewing the rotary collar sub-assembly 41 in detail, it is
      noted that the same comprises an internal gear 42 fixed to the extended
      portion of the inner hub 22 and rotatable therewith. Meshed with the
      internal gear 42 is a double gear 44, the double gear including a small
      gear 44a directly meshed with the internal gear 42 and a larger gear 44b
      that is meshed with an internal carrier gear 48. Carrier gear 48 is in
      turn rotatively journaled around a gear holder 46 which is bearinged
      around cam shaft 26 and includes openings formed in a flange area thereof
      for receiving and rotatively journaling the double gear 44.
PAR  Fixed to the carrier gear 48 about the exterior thereof is an inwardly
      extending support 50 which has a cam plate 52 fixed thereto and extending
      around the rotary assembly 12. The cam plate 52 has a circular groove 52a
      formed therein and particularly shaped to actuate a hydraulic valve 54
      which as will become apparent from subsequent portions of the present
      disclosure is adapted to apply a breaking force to individual hydraulic
      cylinders utilized within the various pumping stages of the present
      device. Consequently, it is appreciated that there is distinct relative
      spin movement between the cam plate 52 and the outer hub 14 of the rotary
      assembly, and that the particular relative spin relationship between the
      two is determined by the specific arrangement and gear size just
      discussed.
PAR  Disposed inwardly of the left side of the rotary assembly as viewed in FIG.
      2, is provided a pressure tank indicated generally by the numeral 56. The
      pressure tank 56 is of a double-half section type of construction and as
      such includes an inner-half section 60 fixed to the outer cylindrical
      surface of the outer hub 14 and rotatable therewith. Extending interiorly
      of the inner-half section 60 is an outer-half section 58, the outer-half
      section being bearinged around the outer hub 14 closely adjacent the
      inner-half section 60. It is intended that the outer-half section 58
      remains generally stationary with respect to the outer hub 14 as the
      inner-half section 60 rotates therewith. Between the sliding surfaces of
      the outer and inner-half sections 58 and 60, there is provided appropriate
      fluid seals and appropriate bearings to allow for movement of one-half
      section while the other half section remains stationary. As particularly
      illustrated in the drawings, it is seen that the two half sections 58 and
      60 join together to form an internal fluid tank therebetween.
PAR  Disposed inwardly of the right side of the rotary assembly 12 is a supply
      tank indicated generally by the numeral 62. The supply tank 62 is of the
      same basic type of construction as the pressure tank 56 just described,
      with the exception that the supply tank is disposed outwardly of a transit
      collar 64 innerposed between the tank and the outer hub 14. Transit collar
      64 includes openings that extend generally parallel with the axis of the
      rotary assembly 12 that allows various lines, wires, etc., to be extended
      adjacent the rotary assembly 12 underneath the supply tank 62. Although
      details of the supply tank will not be undertaken herein because of its
      basic similarity to the pressure tank 56 just discussed, it should be
      pointed out that the same includes outer and inner-half sections 66 and
      68, respectively.
PAR  Between the pressure tank 56 and the supply tank 62, there is disposed a
      plurality of what is referred to as pumping stages, each pumping stage
      being indicated generally by the numeral 70 and housed between two spaced
      apart rotary plates 72 fixed to the outer hub 14 and rotatable therewith
      as the hub is driven. The embodiment illustrated herein includes four
      pumping stages, but it will be appreciated that any number of pumping
      stages greater than two could be utilized for the power generating
      mechanism or centrifugal pump 10 of the present invention. In each pumping
      stage, there is provided at least two circumferentially spaced hydraulic
      cylinder assemblies 74, the cylinder assemblies being equally spaced about
      a circular path within the two rotary plates 72 for the purpose of
      balancing each stage. It should be pointed out that each stage could be
      spin balanced by the use of counter weights, etc. Also, it should be
      pointed out that the hydraulic cylinder assemblies 74 of each stage are
      innerconnected such that the fluid output of one hydraulic cylinder
      assembly may serve as the input to an adjacently connected hydraulic
      cylinder. In addition, respective hydraulic cylinder assemblies of each
      stage are operatively innerconnected such that it is possible for fluid to
      be pumped through each hydraulic cylinder within the total system of the
      pumping stages, except those hydraulic cylinders that may be undergoing
      the recharging process as will be understood from subsequent portions of
      the disclosure.
PAR  Because all of the hydraulic cylinders 74 are essentially the same, the
      following discussion will deal with only one, and it will be understood
      that the structure and operation of the one will be essentially the same
      for all others. Thus, viewing the structure of a particular hydraulic
      cylinder assembly 74, it is noted that the same, as best illustrated in
      FIG. 4, comprises a hydraulic fluid cylinder 76 having opposite ends 78
      and 80, each end having a port formed therein, 78a or 80a, to allow fluid
      to flow therefrom. Slidably mounted within the hydraulic cylinder 76 is a
      piston 82, the piston being movable between the ends 78 and 80 and
      generally along the longitudinal axis of the hydraulic cylinder structure
      76. Extending from the ports 78a and 80a formed in the ends of the
      hydraulic cylinder 76 is a pair of outlet tubes 84 and 86 that connect to
      respective lateral openings 84a and 86a extending through the stub axle
      88. The function and utility of these outlet tubes will be discussed in
      somewhat greater detail in subsequent portions of the disclosure and
      consequently at that time a better understanding of the purpose of such
      will be appreciated.
PAR  Each hydraulic cylinder 76 is suspended between respective rotary plates 72
      and in normal operation, the hydraulic cylinders 76 are radially aligned
      with the rotary assembly 12. By being radially aligned, it is meant that
      the piston 82 of the hydraulic cylinders 76 move along a radial line with
      respect to the longitudinal axis of the rotary assembly 12 or the cam
      shaft 26. To properly suspend the hydraulic cylinder 76 between the rotary
      plates 72, there is provided a stub axle 88 that is fixed within the
      rotary plate 72 and extends inwardly therefrom. Also, a stub axle 90 is
      fixed to the opposite side of the hydraulic cylinder 76 and extends
      outwardly therefrom where the same is rotatively journaled in an axial
      housing 92. The other side of the hydraulic cylinder 76 is provided with a
      rotatable collar 94 that is journaled about the stub axle 88.
      Consequently, hydraulic cylinder 76 is rotatively supported about the
      longitudinal axis extending through the stub axles 88 and 90.
PAR  Disposed between the hydraulic cylinder 76 and a respective rotary plate 72
      is a stop disc 96 which is fixed to the rotatable collar 94 and rotatable
      therewith. Stop disc 96 includes two 180.degree. spaced apart openings 98
      formed therein for receiving the locking pin 102 associated with a
      solenoid actuated stopping mechanism 100 that is mounted to a respective
      rotary plate 72 at a predetermined location that properly aligns the
      stopping pin 102 with the radial position of openings 98.
PAR  The solenoid actuated stopping mechanism 100 is normally closed, i.e., the
      locking pin 102 is extended into a respective opening 98. In the
      recharging of each individual hydraulic cylinder 76 it becomes necessary
      to rotate the hydraulic cylinder 180.degree. with respect to the rotary
      plates 72. Also, it is important to hold the hydraulic cylinder in radial
      alignment with the rotary assembly 12 during the pumping operation, and
      this is precisely the function of the engagement of the locking pin 102
      with the opening 98 within the stop disc 96. So, therefore, in the
      recharging process, at the time a particular hydraulic cylinder 76 is to
      be rotated and recharged, it is seen and appreciated that it becomes
      necessary to withdraw the locking pin 102 from the opening 98. To achieve
      this function, there is provided on the right-hand side of the rotary
      assembly 12, as best viewed in FIG. 3, a disc 104 fixed to the outer hub
      14 and rotatable therewith. Disc 104 includes a plurality of particularly
      spaced conductors 106 that engage the inward end of a solenoid actuating
      assembly 108 fixed to the extension support 50. The solenoid actuating
      assembly 108 is electrically connected to the solenoid switching
      mechanisms 100 so as to unlock the locking pin 102 from the stop disc in
      time relationship to a predetermined recharging cycle or sequence. In
      other words, at the appropriate time the hydraulic cylinders 76 is to be
      recharged, the solenoid actuating assembly 108 is actuated by the disc 104
      to send a current to solenoid mechanism 100 which in turn withdraws the
      locking pin 102 for an instant of time in order that the hydraulic
      cylinders 76 and the stop disc 96 may rotate 180.degree. for purposes of
      recharging. After the hydraulic cylinders 76 and associated stop disc 96
      have begun to rotate, the solenoid switching mechanism 100 is deactivated
      and the pin 102 is spring biased to its outer position at which time it
      engages the stop disc 96 during rotation. As the next preceding opening 98
      registers with the position assumed by the stopping pin 102, it follows
      that the spring will bias the locking pin into the opening 98 and the
      hydraulic cylinder will be locked into its correct radial aligned
      position.
PAR  To provide the mechanical force for rotating each hydraulic cylinder 76,
      there is provided a gear wheel 110 fixed to the stub axle 90 and rotatable
      therewith. The gear wheel 110 includes a circular break drum 112 and there
      is provided adjacent thereto a breaking mechanism 118 that is of a
      conventional breaking design and which is operated through the fluid valve
      54 controlled by the groove 52a formed in the plate 52, as seen in FIG. 3.
      This valve is preferably mechanically actuated and is fixed on outer hub
      14 such that the valve can be actuated by a mechanical linkage or arm
      operatively connected between groove 52a and the valve itself. There would
      be a separate valve 54 for each pump stage.
PAR  In order to rotate each hydraulic cylinder 76 during the recharging
      process, there is provided a mechanical gear system for rotating and
      recharging all of the hydraulic cylinders in one stage simultaneously,
      this mechanical gear system is indicated generally by the numeral 130 and
      particularly shown in FIG. 6.
PAR  For each pumping stage, there is provided a certain mechanical gear system.
      Each gear system comprises a cam 120 formed on the cam shaft 26 at a
      position generally aligned with the radial position of the particular
      pumping stage involved. Cam 120 engages a cam follower 122 that is spring
      biased against the cam shaft and generally disposed in an opening formed
      within the inner hub 22. When cam 120 engages cam follower 122 the outer
      end of the cam follower is adapted to move radially pass the outer
      circumference of the inner hub 22 and to engage the internal teeth of a
      central gear 124 rotatively mounted between the outer hub 14 and inner hub
      22 at particular axial spaced locations along the rotary assembly 12. The
      central gear 124 includes outer teeth that mesh with any number of
      satellite intermediate gear 126 that extend through window openings in the
      outer hub 14. The intermediate gears 126 are rotatively supported by
      respective rotor plates 72 and also mesh with the gear wheel 110 that in
      turn rotates the respective hydraulic cylinders 76. As the cam shaft
      turns, there is relative spin movement between the cam shaft 26 and the
      outer hub 14 and inner hub 22. Consequently, this relative spin movement
      can be predetermined to be a value that is necessary to actuate the
      mechanical gear system 130 at proper time intervals to effectuate
      recharging for that particular pumping stage. Generally, the rotation of
      the cam shaft 26 will be slightly greater or less than the rotation of the
      outer and inner hubs 14 and 22, respectively, such that periodically the
      cam follower 122 will be actuated by the cam 120 and caused to engage the
      central gear 124. Engagement of the central gear 124 with the cam follower
      122 causes the central gear to be rotated in unison with the inner hub 22
      which because of the relative spin movement between the inner hub 22 and
      the outer hub 14 will cause the intermediate gears 126 to be actuated and
      turned, which in turn rotates the gear wheel 110 and effectuates
      recharging by rotating the hydraulic cylinders 76 approximately
      180.degree.. The shape of the cam and the rotation speed of the cam shaft
      26 can be designed especially to limit the rotation of the hydraulic
      cylinders to precisely 180.degree.. It will be understood and appreciated
      that each of the gear systems 130 just described will be axially spaced
      along the rotary assembly 12 and for each of the pumping stages 70 there
      will be provided a gear system 130 for purposes of recharging each
      individual hydraulic cylinder 76.
PAR  As the rotary assembly 12 is rotatively driven, each of the hydraulic
      cylinders 76 will at some time in the pumping operation include a volume
      of fluid therein. At the beginning of each pumping cycle for each
      hydraulic cylinder 76, the piston 82 will be spaced inwardly adjacent the
      inward end and as the rotary assembly 12 is rotatively driven, the piston
      82 will be forced outwardly under the influence of centrifugal force.
PAR  As the piston 82 is pushed outwardly by the influence of centrifugal force,
      the fluid disposed outwardly thereof is expelled from the outer end of the
      hydraulic cylinder 76 under pressure. Because the various hydraulic
      cylinders 76 of the total pumping system are connected in a series
      network, the output of anyone hydraulic cylinder may be the input of
      another such hydraulic cylinder. In this way, the pressure of the fluid
      expel lead from respective hydraulic cylinders as the fluid is pumped
      through the entire system is compounded, thereby increasing the potential
      energy associated with this fluid. Finally as the fluid moves from the
      supply tank 62, through the respective hydraulic cylinders 76 of the
      pumping system, and into and through the pressure tank 56, the pressure of
      the fluid is continually built-up and has substantial energy associated
      therewith that can be utilized by a conventional hydraulic motor or some
      other conventional energy generating system that is adapted to be driven
      by fluid flow.
PAR  It is appreciated that during the pumping operation that the hydraulic
      cylinders 76 in any respective stage will have to be recharged by rotating
      the hydraulic cylinders 76 by 180.degree. with respect to the rotors 72.
      By rotating said hydraulic cylinders, the net effect is to reverse the
      position of the fluid within the cylinder in relationship to the piston
      82. In other words, it is proper to recharge the hydraulic cylinders 76
      when the piston has moved outwardly adjacent the outer end of the
      hydraulic cylinder and the fluid previously within the hydraulic cylinder
      has been expelled while fresh fluid has been received in the hydraulic
      cylinder as the piston moved outwardly. Consequently, by rotating the
      cylinder 180.degree. the piston then assumes a position adjacent the
      innermost end of the hydraulic cylinder and fluid is disposed on the outer
      side thereof. So, therefore, once recharging is accomplished by rotation,
      the piston is on a position to be influenced by centrifugal force and to
      be driven against the outwardly disposed fluid so as to expel the same
      from the hydraulic cylinder under pressure.
PAC  FLOW THROUGH PUMPING STAGES AND THE RECHARGING PROCESS
PAR  With reference to the schematic drawing illustrated in FIG. 7, there is
      shown a plurality (four) of operatively connected pumping stages 152, 154,
      156 and 158. Each stage as represented in the schematic drawings consist
      of three hydraulic cylinders, such as hydraulic cylinder 76 described
      above. It, however, should be understood that each pumping stage could
      include various numbers of hydraulic cylinders as long as the various
      hydraulic cylinders comprising each stage are generally equally and
      circumferentially spaced around each pair of respective rotor plates 72 to
      effectively yield a balance pumping system.
PAR  As had already been indicated, it is basic to the present invention that
      the individual hydraulic cylinders of each stage be operatively connected
      together such that the fluid output of any one cylinder may be the fluid
      input of an adjacently connected cylinder. In addition, it is further
      basic to the present invention that at least one hydraulic cylinder of a
      particular stage be operatively connected to at least one hydraulic
      cylinder of another stage. Consequently, by providing such a series
      connected network of hydraulic cylinders, it is seen that fluid can be
      pumped through individual stages and that the same fluid pumped through
      that individual stage can be pumped through another stage and so forth and
      so on. This effectively compounds the pressure as the fluid moves through
      the multiplicity of stages comprising the pumping system.
PAR  Each pumping stage has operatively associated therewith four fluid control
      valves. One valve is a one-way check valve indicated by the numeral 140
      and is generally connected between the fluid supply tank and the initial
      hydraulic cylinder of that particular stage. This one-way check valve 140
      is not an actuated valve but always allows flow in one direction as
      indicated by the symbol while rejecting flow in the other direction. Also,
      as illustrated in FIG. 7, each stage includes two simple two positional
      valves 142 and 144 that are actuated by a valve actuating disc 148 fixed
      to the rotatable collar 94 of only one of the hydraulic cylinder
      assemblies 74 of each stage. Valve actuation disc 148 includes one or two
      grooves for actuation valves 142 and 144 according to a predetermined
      actuating sequence that will be discussed subsequently herein. The final
      valve associated with each stage is a two position multi-line inlet valve
      146, that as illustrated in FIG. 7 includes three inlet lines and one
      outlet line. This allows flow from three different lines into the valve
      while the vale is open and flow therefrom can integrate from all three
      inlet lines and leave the one line extending from the valve or flow can
      enter the valve from any one of the inlet lines and leave through any
      other of the inlet lines. These various valves may be fixed to a
      respective rotor 72 and rotatable therewith as the pump 10 is driven.
PAR  For purposes of explanation, assume that during the pumping operation all
      stages 152, 154, 156 and 158 could be and are performing a direct pumping
      function and neither stage is being recharged. In such a situation, as the
      rotor assembly 12 is rotatively driven the respective pistons of each
      stage are being urged outwardly under the influence of centrifugal force
      (for the sake of explanation, assume that in FIG. 7, outward movement
      corresponds to movement of the pistons from the lower end to the upper end
      of the cylinder). Fluid from the fluid supply tank 62 is sucked through
      line 160 into line 162, through the one way check valve 140 into the
      L-compartment of hydraulic cylinder 76a. Fluid within compartment M of
      hydraulic cylinder 76a is expelled therefrom through line 164 into
      compartment N of hydraulic cylinder 76b. The fluid in compartment O of
      hydraulic cylinder 76b is expelled therefrom, again due to the centrifugal
      force of the rotary assembly 12 and out line 166 into compartment P of
      hydraulic cylinders 76c. Fluid in compartment Q of hydraulic cylinders 76c
      is expelled therefrom through line 168 through the normal open (i.e., flow
      may move through) valve 142 and on through line 168 where the fluid
      thereof enters line 170 because valve 144 is normally closed. From line
      170, the fluid is transmitted through one way valve 140 (of stage 154)
      into compartment R of hydraulic cylinders 76d disposed within the second
      stage 154. Fluid is pumped from hydraulic cylinders 76d into hydraulic
      cylinders 76e, and so on through the second stage 154 into the third and
      fourth stages 156 and 158 just as described for stages 152 and 154.
      Therefore, it is appreciated that in the normal pumping mode, valves 144
      and 146 of each stage are normally closed, while valve 142 is normally
      open and the one-way check valve 140 is, of course, open in the one
      direction indicated by the valve symbol.
PAR  It is appreciated that at any time during the pumping operation that it is
      important for one of the stages, either 152, 154, 156 or 158, to be
      experiencing the recharging process which as explained hereinbefore
      entails the rotation of each hydraulic cylinder 180.degree. so as to
      reorient the radial position of the pistons. The valve actuating disc 148
      and the groove 150 in gear wheel 110 is adapted to actuate valves 142, 144
      and 146 during the recharging process.
PAR  For the purpose of controlling recharging, there are three phases of
      control during the recharging of the hydraulic cylinders associated with
      any one stage. The first phase of control exists as the hydraulic
      cylinders of the stage are rotated from their normal radial aligned
      position through an angle of 45.degree. or any other desired or selected
      angle increment of tilt. During this first phase, the valve control system
      functions to open the two-position valve 144 while maintaining valve 146
      closed and valve 142 open. If we assume that stage 152, as schematically
      illustrated in FIG. 7, is being recharged, it is seen that a loop flow of
      fluid around stage 152 is obtained, i.e., fluid will generally flow around
      the particular hydraulic cylinders 76a, 76b and 76c of that stage. In
      particular, fluid could flow from compartment M of 76a through line 164
      into compartment N of 76b, from compartment O of 76b through line 166 into
      compartment P of cylinder 76c, and from compartment Q of the same
      hydraulic cylinder 76c through line 168 through open valve 142, back to
      line 168, through open valve 144, and through the one-way check valve 140
      into compartment L of hydraulic cylinders 76a, thereby completing the
      fluid loop around stage 152.
PAR  It is also seen that in this part of the recharging process as far as stage
      152 is concerned, that fluid from the supply tank 62 can enter compartment
      R of cylinders 76d of stage 154 through a main inlet line 182, through
      one-way check valve 184 and through the one-way check valve 140 of stage
      154. Consequently, the fluid can completely by-pass the recharging stage
      152 and be received by stage 154 where the fluid can be properly pumped
      therethrough and on through the succeeding stages 156 and 158 as described
      above while the first stage or stage 152 is experiencing the recharging
      process. It should be pointed out that during this first phase of
      recharging, i.e., through the first 45.degree. (or less), that the
      individual pistons associated with the hydraulic cylinders 76 could
      possibly continue some pumping function if they have not reached the outer
      disposed end of the hydraulic cylinder at the time recharging is initiated
      since fluid could flow from line 168 into line 170, and on into cylinders
      76d of stage 154. It is also this first phase of the recharging process
      that allows the individual piston to finally move towards the outermost
      end of the hydraulic cylinders of that stage.
PAR  During the second phase of recharging stage 152, i.e., from the 45.degree.
      to 90.degree. rotation of the hydraulic cylinders, valve 144 remains open
      while valve 142 is closed, and valve 146 is open. From a close study of
      FIG. 7, this allows for fluid flow in individual loops around respective
      hydraulic cylinders of the stage being recharged. For example, in the case
      of hydraulic cylinders 76b, any fluid in compartment O may be expelled
      through line 166 into line 186, through valve 146 and back through line
      188 and into compartment N of the same hydraulic cylinder 76b via line
      164. Consequently then, it is seen that a closed fluid loop exists around
      cylinders 76b and by close examination with the valves 142, 144 and 146 in
      this particular mode of operation during this second phase of control, it
      will be seen that likewise hydraulic cylinders 76a and 76c also have a
      closed loop therearound that allows fluid to flow from one compartment
      thereof to another.
PAR  The third and final phase of the recharging process of stage 152 occurs as
      each hydraulic cylinder is rotated from 90 degrees to the 180.degree.
      position. In this mode, valve 144 remains open and valve 142 remains
      closed, and valve 146 is actuated to a closed position. The effect of this
      is that fluid flow is essentially blocked from the recharging stage, or
      stage 152. It is seen that fluid cannot flow from the stage because valve
      142 is closed in the one direction and fluid cannot flow through closed
      valve 146. Also, fluid cannot flow in the direction opposite the
      transmitting direction of the one-way check valve 140. But still it is
      seen that fluid from the fluid supply tank can easily by-pass the
      recharging stage 152 as fluid may enter compartment R of hydraulic
      cylinders 76d of stage 154 in either of two ways. First, fluid may move
      from the fluid supply tank into line 182 and through one-way check valve
      184, through one-way check valve 140 of stage 154 into compartment R of
      hydraulic cylinders 76d. On the other hand, fluid may move through the
      line 160, through line 192, through open valve 144 into line 170 and from
      there into compartment R of hydraulic cylinders 76d. So, therefore, this
      completes the general description of the valve control for recharging a
      particular stage of the pumping system of the pump or power generating
      system 10 of the present invention. It will be appreciated that in
      operation the various stages are timed such that the stages recharge
      sequentially, that is one stage recharges right after another and that a
      stage is recharging at all times. The effect of this is that the system
      comprising the operatively interconnected network of hydraulic cylinders
      continuously pump fluids therethrough and has the capacity to even receive
      fluid from a recharging stage or to completely by-pass the same during the
      recharging process.
PAC  FLOW CONTROL SYSTEM
PAR  As the rotor assembly 12 is rotatively driven and fluid is pumped from the
      fluid supply tank, through the various stages of the pump and on through
      the pressure tank, it is quite important to maintain a constant relative
      flow in order that the pump operate as efficiently as possible (constant
      relative flow meaning in relationship to the operating characteristic of
      the pump at any time). In order to provide flow control and particularly
      to provide for a constant fluid rate output from the various pumping
      stages of the system, the present invention envisions the utilization of
      some form of flow control to be operatively connected between the pump 10
      and the fluid power drive mechanism being driven by the pump such as a
      hydraulic motor or the like.
PAR  In this regard and with reference to FIG. 8, there is provided a type of
      flow control system that would generally control the fluid flow from the
      pump 10 and would maintain a constant relative flow therefrom. Viewing
      this flow control system in detail, it is seen that from the pump 10 there
      extends a line 200 that leads into a chamber of a pressure responsive
      control cylinder 202 that includes a piston 204 reciprocally mounted
      therein. Disposed between the piston 204 and the lower end of the cylinder
      202 is a coil spring 206 that biases the piston towards the upper portion
      of the cylinder 202. Fixed to the piston 204 and extending therefrom
      through the lower portion of the cylinder is an extension member 208 that
      is operatively connected to a linkage mechanism 210 which is in turn
      operative to actuate a variable opening flow fluid control valve 212.
      Extending between the inlet side of the variable flow valve 212 and the
      pump 10 is line 214. Therefore, it is appreciated that cylinder 202 is
      pressure responsive to the pressure in line 200 in order to actuate the
      valve 212 in order that the fluid passing opening therein varies according
      to pressure so as to enable a constant flow to flow between the pump 10
      and through the variable flow control valve 212.
PAR  Extending from the outlet side of the valve 212 is a pair of lines 216 and
      218, line 216 being connected to a normally open chamber 220 formed in a
      main control valve indicated generally by the numeral 224. So, therefore,
      normally in this position, as illustrated in FIG. 8, the flow of fluid is
      through line 216, through chamber 220 and on through line 222 which leads
      to the fluid supply reservoir.
PAR  As the fluid pressure of the fluid leaving the pump 10 increases, this
      fluid pressure is transmitted through line 228 to actuate spool 230 within
      the main control valve 224, causing the valve spool 230 to be shifted
      towards the right, as viewed in FIG. 8, so as to close the opening between
      line 216 and the chamber 220 of valve 224. The shifting of the valve opens
      line 234 of the valve to chamber 232 and allows for flow of fluid from the
      variable control valve 212 through the main control valve 224, through
      line 234 into inlet side of the hydraulic motor 236 (or other type of
      fluid drive motor) and on therethrough through line 244 and back to the
      fluid supply reservoir. It is seen that this causes the drive shaft of the
      hydraulic motor 236 to be rotated and accordingly, it is seen that the
      fluid being pumped by the centrifugal pump 10 is now being utilized to
      drive the fluid motor 236.
PAR  As is well appreciated, at the start-up of the hydraulic motor 236, the
      flow therethrough will be relatively slow and accordingly, to maintain a
      constant rate of fluid flow, there must be provided some means to by-pass
      the hydraulic drive motor 236 during initial operation. This is
      accomplished by the provision of the double actuating valve indicated
      generally by the numeral 238 and schematically illustrated in FIG. 8. So,
      therefore, during the initial operation of the hydraulic drive motor 236,
      the pressure in line 234 will be great enough to open spool 240 and allow
      fluid flow from line 234 into line 242. As the hydraulic motor 236 begins
      operation and increases in speed, and fluid flow means therethrough, the
      fluid pressure in line 234 will decrease and as the pressure decreases
      spool 240 will in the process move toward its closed position, thereby
      decreasing the flow of fluid by-passing the hydraulic motor 236. As the
      hydraulic motor 236 gains speed and has the ability to accommodate the
      flow in line 234, it is seen that the pressure therein will decrease to a
      point where spool 240 is completely closed and all the flow in line 234
      moves through the hydraulic motor 236. In this closed position, it is
      thusly appreciated that the relative constant rate fluid flow flowing
      through valve 212 will pass through main valve 224 into line 234 and on
      through the hydraulic drive motor 236 supplying energy and driving force
      to the same in the process. Consequently, it is seen that the fluid flow
      control system just described provides a continuous and constant rate flow
      from the pump 10 and consequently allows the same to operate at a very
      optimum efficiency level.
PAR  From the foregoing specification, it is seen that the centrifugal pump 10
      of the present invention is of great utility in view of its capacity to
      convert simple mechanical energy into a readily usable form of fluid
      energy wherein by the use of centrifugal force the input energy is greatly
      amplified during the pumping process. In addition, it should be
      appreciated that the centrifugal pump 10 of the present invention could be
      utilized in a simple pumping operation wherein fluid such as water is
      pumped from one locality to another.
PAR  The terms "upper", "lower", "forward", "rearward", etc., have been used
      herein merely for the convenience of the foregoing specification and in
      the appended Claims to describe the centrifugal fluid pump and its parts
      as oriented in the drawings. It is to be understood, however, that these
      terms are in no way limiting to the invention since the centrifugal fluid
      pump may obviously be disposed in many different positions when in actual
      use.
PAR  The present invention, of course, may be carried out in other specific ways
      than those herein set forth without departing from the spirit and
      essential characteristics of the invention. The present embodiments are,
      therefore, to be considered in all respects as illustrative and not
      restrictive, and all changes coming within the meaning and equivalency
      range are intended to be embranced herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A centrifugal rotary powered fluid generating assembly comprising:
PA1  a rotary assembly having a longitudinal axis about which the same may
      rotate;
PA1  means for rotatively driving said rotary assembly about said longitudinal
      axis;
PA1  cylinder mounting means secured to said rotary assembly and rotatable
      therewith;
PA1  fluid cylinder means secured to said cylinder mounting means and rotatable
      therewith as said rotary assembly is driven;
PA1  a supply tank including a source of fluid operatively connected to said
      cylinder means wherein fluid can be supplied to the cylinder means of said
      rotary assembly;
PA1  piston means slidably mounted in said fluid cylinder means;
PA1  means for normally maintaining said cylinder and piston means in radial
      alignment with said rotary assembly wherein in radial alignment said
      piston means tend to move along a radial axis within said cylinder means
      relative to the axis of said rotary assembly, such that as said rotary
      assembly is rotatively driven said piston means under the influence of
      centrifugal force tends to be forced radially outwardly and away from an
      inward end portion of said cylinder means to an outer end portion thereof,
      forcing and expelling fluid under pressure from the outer end portion of
      said cylinder means while inducing fluid to enter the inward end portion
      of said cylinder means, whereby the energy associated with the pressurized
      fluid flow being expelled from the cylinder means can be selectively
      directed and harnessed and used; and
PA1  recharging means for recharging said cylinder means after the piston means
      has completed its power stroke and is disposed in the outer end portions
      of said cylinder means, said recharging means including means for rotating
      said cylinder means and the piston means associated therewith
      approximately 180.degree. relative to said cylinder mounting means to a
      position where said cylinder and piston means are radially aligned with
      said rotary assembly and said fluid within said cylinder means is disposed
      generally outwardly of the position assumed by said piston means.
NUM  2.
PAR  2. The centrifugal rotary power fluid generating assembly of claim 1
      wherein said cylinder mounting means comprises at least two pairs of
      axially spaced apart rotor plates fixed to said rotary assembly and
      rotatable therewith; and wherein said fluid cylinder means includes a
      plurality of circumferentially spaced cylinders rotatively mounted between
      said pair of rotor plates.
NUM  3.
PAR  3. The centrifugal rotary powered fluid generating assembly of claim 2
      wherein said fluid supply tank is disposed on said rotary assembly
      generally adjacent at least one pair of said rotor plates; and wherein a
      pressure tank is also disposed on said rotary assembly and communicatively
      connected to said fluid cylinder means for receiving fluid under pressure
      therefrom.
NUM  4.
PAR  4. The centrifugal rotary powered fluid generating assembly of claim 3
      wherein both said fluid supply and pressure tanks are of a double unit
      construction, one unit being rotatively mounted around said rotary
      assembly and held generally stationary relative thereto, and a second unit
      fixed to said rotary assembly and rotatable therewith, said second unit
      being disposed in a sealed relationship relative to said first unit so as
      to define a fluid holding chamber therebetween.
NUM  5.
PAR  5. The centrifugal rotary powered fluid generating assembly of claim 2
      wherein said rotary assembly comprises: a cylindrical outer hub driven by
      said means for rotatably driving said rotary assembly, an inner
      cylindrical hub rotatively journaled within said outer hub, and an
      elongated cam shaft rotatively mounted within said inner hub and extending
      through said rotary assembly in co-axial relationship with both said inner
      and outer hubs.
NUM  6.
PAR  6. The centrifugal rotary powered fluid generating assembly of Claim 5
      including gear means operatively interconnected between said outer and
      inner hubs and between said outer hub and said cam shaft extending through
      said rotary assembly for generating a first relative spin movement between
      said outer and inner hubs and a second relative spin movement between said
      outer hub and said cam shaft extending through said rotary assembly.
NUM  7.
PAR  7. The centrifugal rotary powered fluid generating assembly of claim 6
      wherein said rotary assembly includes a rotary collar sub-assembly having
      a gear assembly operatively connected to said inner hub for generating a
      third relative spin movement.
NUM  8.
PAR  8. The centrifugal rotary powered fluid generating assembly of claim 7
      wherein there is provided a support structure for supporting said rotary
      assembly to the outer hub of said rotary assembly being rotatively
      journaled within said support structure.
NUM  9.
PAR  9. The centrifugal rotary powered fluid generating assembly of claim 8
      wherein there is provided a transit collar fixed to said outer hub along
      the rotary assembly adjacent said fluid supply tank, said transit collar
      having openings formed in the outer portions thereof for allowing
      connecting wires and the like to be channeled therethrough.
NUM  10.
PAR  10. The centrifugal rotary powered fluid generating assembly of claim 5
      wherein each of the plurality of circumferentially spaced cylinders
      rotatively mounted between respective pairs of said rotary plates have a
      gear wheel operatively connected thereto; and wherein there is provided a
      gear system operatively interconnected between said rotary assembly and
      said gear wheel for rotating said cylinders in a predetermined sequence.
NUM  11.
PAR  11. The centrifugal rotary powered fluid generating assembly of claim 10
      wherein each gear system comprises: a cam fixed to said cam shaft and
      rotatable therewith; a cam follower disposed generally about the inner hub
      of said rotary assembly; a central gear radially spaced outwardly from
      said cam follower and adapted to be engaged by said cam follower when the
      latter is actuated by said cam; and an intermediate gear operatively
      meshed with both said central gear and said gear wheel fixed to each
      respective cylinder, whereby said gear wheel and consequently the
      respective cylinder is rotated for purposes of recharging in response to
      said cam engaging said cam follower, resulting in said central gear being
      rotatively driven by said cam follower.
NUM  12.
PAR  12. The centrifugal rotary powered fluid generating assembly of claim 11
      wherein each hydraulic cylinder is provided with a stop disc, and wherein
      there is provided locking means for engaging said stop disc and for
      holding the same stationary such that the individual hydraulic cylinders
      of any stage will be disposed in radial alignment with respect to the
      longitudinal axis of said rotary assembly.
NUM  13.
PAR  13. The centrifugal rotary powered fluid generating assembly of claim 12
      wherein said locking means includes a locking pin associated with solenoid
      switch structure fixed to a respective rotary plate adjacent the stopping
      disc, said stopping disc including at least two circumferentially spaced
      openings for receiving said locking pin.
NUM  14.
PAR  14. The centrifugal rotary powered fluid generating assembly of claim 2
      wherein the respective cylinders disposed between respective pairs of
      rotary plates are operatively connected together such that the fluid
      output of one cylinder serves as the fluid input for another adjacently
      connected cylinder, whereby as the fluid is pumped from one cylinder to
      another the fluid pressure therein is compounded.
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ABST
PAL  A water well pump assembly designed for operation within a well casing and
      embodying a pump cylinder having the usual foot valve and traveling
      plunger valve, together with a novel head valve which is disposed at the
      upper end of the cylinder above the plunger valve and which functions when
      an excess quantity of air enters the cylinder through the foot valve to
      prevent the hydrostatic column of liquid in the liquid outlet pipe above
      the plunger from following the latter during its downstroke. By such an
      arrangement, the resultant partial vacuum which is established by downward
      movement of the plunger causes the foot valve to become seated and the
      traveling valve to become unseated so that upward movement of the plunger
      causes unseating of the head valve and passage of the excess air upwardly
      into the liquid outlet pipe. Continued reciprocation of the plunger causes
      the pump assembly to function in the manner of a gas pump until such time
      as the excess air is discharged from the cylinder, after which the pump
      assembly resumes its function as a water pump.
BSUM
PAR  The improved pump assembly comprising the present invention has been
      designed for use primarily in connection with water well pumping
      operations. The invention is however capable of other uses and pump
      assemblies embodying the principles of the invention may, if desired, with
      or without modification as required, be employed in connection with oil
      well or other pumping operations involving the pumping of a liquid from a
      well casing. Irrespective however of the particular use to which the
      invention may be put, the essential features thereof are at all times
      preserved.
PAR  Heretofore, in connection with conventional water well pumping operations,
      it has long been the practice to provide a pump assembly in the form of a
      cylinder having a foot valve at its lower end and within which there is
      provided a plunger which reciprocates within the cylinder and which has
      associated therewith the usual traveling valve. The cylinder is lowered
      within a well casing to the desired depth and the plunger with its
      associated traveling valve is connected by means of the usual pump shaft
      and cable to a suitable ground supported well driller's rig. Upon
      reciprocation of the plunger, as the latter moves downwardly within the
      cylinder, the hydrostatic head or column of liquid above the plunger
      follows the plunger so that the combined weight of such liquid column,
      plunger and pump shaft exerts a compressional force on the liquid beneath
      the plunger, thus causing the foot valve to become seated while the
      traveling valve becomes unseated so that the entrapped liquid above the
      foot valve passes through the traveling valve and is admitted to the space
      above the plunger. During the return or upward stroke of the plunger, this
      liquid above the plunger is forced upwardly in the well casing, or through
      a water outlet or drop pipe which may be employed within the casing so
      that it eventually is discharged from the casing at ground level.
PAR  Pump assemblies of this general character are possessed of certain
      limitations, principal among which is the fact that they do not operate
      satisfactorily when an undue amount of air or other gaseous media enters
      the pump cylinder through the foot valve. In the absence of excess gas,
      such pump assemblies ordinarily function satisfactorily to raise measured
      quantities of liquid successively to ground level but when an excessive
      amount of gas enter the cylinder, the weight of the liquid column above
      the plunger, which invariably follows the plunger during its downward
      motion, compresses the gas within the cylinder thus causing the foot valve
      to become seated. If the gas within the cylinder is thus compressed to
      such an extent that the upward stroke of the plunger does not relieve the
      pressure of the gas within the cylinder to a degree which will allow the
      foot valve to become unseated when the plunger reaches the top of its
      stroke, no fresh gas or liquid will enter the cylinder and further
      reciprocation of the plunger will be without effect, the plunger merely
      bouncing up and down on the entrapped pocket of gas within the cylinder so
      that no pumping action will be attained.
PAR  The present invention is designed to overcome the above-noted limitation
      that is attendant upon the construction and use of conventional water well
      and other pump assemblies and, toward this end, the invention contemplates
      the provision of a pump assembly which has associated therewith the usual
      foot valve and traveling plunger valve, together with a novel means for
      arresting the hydrostatic head or column of liquid which is disposed
      within the well casing above the level of the plunger so that it does not
      follow the plunger during downward movement of the latter, but instead
      remains elevated so that its weight has no effect upon the pressure of gas
      within the cylinder immediately above the foot valve. By such an
      arrangement, compression of the gas within the cylinder is a function
      solely of the weight of the plunger and its associated pump shaft. Thus,
      the reduction of pressure within the cylinder, as compared to conventional
      well pumps, is such that during upward movement of the plunger, expansion
      of the compressed gases is adequate to allow the foot valve to become
      unseated and thus admit fresh gas or liquid into the cylinder.
PAR  Briefly, in carrying out the invention, it is contemplated that, in
      addition to the usual foot valve and traveling piston valve, a third valve
      assembly which will hereinafter be referred to as the head valve, is
      provided at the upper end of the cylinder and consequently above the level
      of the plunger and its associated traveling valve. This head valve remains
      normally closed or seated so that it seals off the upper end of the
      cylinder, supports the hydrostatic head or column of liquid in the upper
      region of the well casing, and prevents such liquid column from entering
      the cylinder during downward movement of the plunger. As a consequence,
      such downward movement of the plunger creates a partial vacuum above the
      latter and below the head valve, thereby unseating the traveling valve
      which is associated with the plunger and drawing gas through the traveling
      valve so that upon the succeeding upward movement of the plunger the valve
      will become seated and the plunger will force gas upwardly through the
      head valve and into the upper region of the well casing for ultimate
      discharge at ground level, while at the same time creating a vacuum deep
      within the well casing below the level of the pump assembly. By such an
      arrangement, the present pump assembly functions as a liquid pump when no
      appreciable amount of gas is present in the cylinder, and functions as a
      gas pump when an excessive amount of gas enters such cylinder, the
      transition from liquid to gas and vice versa taking place automatically
      and requiring no attention on the part of an operator.
PAR  The provision of a pump assembly such as has briefly been outlined above,
      and possessing the stated advantages, constitutes the principal object of
      the present invention.
PAR  The provision of a pumping apparatus which is relatively simple in its
      construction and which therefore may be manufactured at a low cost; one
      which is comprised of a minimum number of moving parts and which therefore
      is unlikely to get out of order; one which is rugged and durable and which
      therefore will withstand rough usage; one which is capable of ease of
      assembly and disassembly for purposes of inspection of parts or removal
      thereof for replacement or repair; one which is fully automatic in its
      operation and requires little or no attention on the part of an operator;
      and one which, otherwise, is well adapted to perform the services required
      of it are further desirable features which have been borne in mind in the
      production and development of the present invention.
PAR  Other objects and advantages of the invention, not at this time enumerated,
      will become readily apparent as the nature of the invention is better
      understood.
DRWD
PAR  In the accompanying single sheet of drawings forming a part of this
      specification, one illustrative embodiment of the invention has been
      shown.
PAR  In these drawings:
PAR  FIG. 1 is a fragmentary sectional view taken substantially centrally and
      longitudinally through a well casing within which the pump assembly of the
      present invention is operatively installed, the parts being shown in the
      positions which they assume during the downstroke of the pump plunger;
PAR  FIG. 2 is a fragmentary sectional view, similar to FIG. 1, and in which the
      parts are shown in the positions which they assume during the upstroke of
      the pump plunger; and
PAR  FIG. 3 is a sectional view taken substantially on the line 3--3 of FIG. 2.
DETD
PAR  Referring now to the drawings in detail, the pump assembly of the present
      invention is designated in its entirety by the reference numeral 10 and it
      is shown as being operatively disposed in a well casing 12 which, for
      purposes of discussion herein will be regarded as being associated with a
      water well although the principles of the invention are equally applicable
      to oil well pumping operations.
PAR  The pump assembly 12 involves in its general organization a vertically
      elongated cylinder 14, the upper end of which communicates with an
      enlarged diameter section which establishes a cylindrical valve housing
      16. The juncture between the lower end of the valve housing 16 and the
      upper end of the cylinder 14 is established by the provision of an
      internal annular ledge which establishes a valve seat 18, the nature and
      function of which will be set forth presently. The upper rim region of the
      valve housing 16 is provided with internal threads 20 which are designed
      for mating engagement with external threads 22 formed on the enlarged
      lower end region 24 of a water outlet pipe or drop tube 26 by means of
      which the entire pump assembly 10 may be suspended within the well casing
      12 at the proper pumping depth.
PAR  A vertically reciprocable pump shaft 30 projects downwardly through the
      upper end of the outlet pipe 26 and carries at its lower end a combined
      plunger and traveling valve assembly 32, the function of which is to
      repeatedly raise water or other liquid within the cylinder 14 and force
      the same, together with any air or other gases which may be captured
      within the cylinder, upwardly and into the outlet pipe 26, all in a manner
      and for a purpose that will be set forth in detail subsequently.
PAR  The combined plunger and traveling valve assembly includes a piston or
      plunger proper 33 in the form of an inverted cup-shaped body having a top
      wall 34 and a depending cylindrical side wall 36 which is provided with a
      series of circumferentially spaced ports 38 therein. A threaded opening 40
      which is formed centrally in the top wall 34 receives the lower threaded
      end of the pump shaft 30. The lower open end of the plunger 33 threadedly
      receives therein the hollow tubular stem portion 42 of a seat-forming
      clamping nipple 44, the latter being provided with a head portion 46 by
      means of which a rubber or other elastomeric cup-shaped lip seal 48 is
      held in position on the plunger 32 for cooperation with the wall of the
      cylinder 14. Projecting completely through the nipple 44 is a lift valve
      element or member 50 which includes a valve stem 52 and a frusto-conical
      valve head 54, the latter being designed for cooperation with and normally
      resting on the upper open rim of the nipple 44 which thus establishes a
      valve seat for the valve member 50.
PAR  The lower end of the cylinder 14 is preferably, but not necessarily,
      provided with the usual foot valve arrangement which, in the illustrated
      form of the invention, is comprised of a valve member 56, similar to the
      valve element 50 which seats within an inlet fort or opening 58 provided
      in a circular bottom wall 60 for the cylinder 14. The stem portion of the
      valve element 50 is guided in a transverse strut 62 which extends across a
      short lower cylinder extension 64 below the bottom wall of the cylinder
      14, while a cotter pin 66 serves to maintain the valve element 50 captured
      in position within the opening 58. The cylinder extension 64 is provided
      with a series of external threads 68 for attachment thereto of a ballast
      pipe section (not shown) or other ballast member which may be used under
      certain circumstances to increase the overall weight of the pump assembly
      for hold down purposes as will be described subsequently.
PAR  The arrangement of parts thus far described are more or less conventional
      since well pumping apparatus embodying a combined piston and traveling
      valve arrangement similar in function to the assembly 32, and also
      embodying a foot valve similar in function to the illustrated foot valve
      arrangement 56, 58, 60 are well-known. Therefore, no claim is made herein
      to any novelty associated with the heretofore described traveling plunger
      and valve assembly 32, whether these assemblies be considered singly or in
      combination with each other, the novelty of the present invention residing
      rather in the association with the traveling plunger and valve assembly 32
      of a head valve assembly 70 which includes the aforementioned cylindrical
      valve housing 16 and which will now be described in detail and
      subsequently claimed.
PAR  As clearly shown in FIGS. 1 and 2, the head valve assembly 70 is disposed
      above the level of the traveling plunger and valve assembly 32 and, in
      addition to the valve housing 16, it is comprised of a floating valve
      member 72 consisting of an annular disk-like valve body 74 to the
      underneath face of which there is bonded or otherwise secured an
      elastomeric sealing ring or element proper 76 which normally rests upon
      the aforementioned valve seat 18. The valve body 74 and sealing ring 76
      encompass the pump shaft 30, are slidably disposed thereon, and are
      sealingly disposed relative thereto by means of a chevron packing gland 78
      which is contained within an upstanding cylindrical wall 80 integrally
      formed on the valve body 74 and which has associated therewith a gland nut
      82. A helical compression spring 84 is interposed between the valve body
      74 and the enlarged lower end 24 of the outlet pipe 26 and serves to
      yieldingly urge the sealing ring 76 against its seat 18.
PAR  It will be understood that in the operation of the herein described pump
      assembly 10, during well pumping operations the upper end of the pump
      shaft 30 will be operatively connected by a conventional cable socket or
      the like (not shown) to the cable of a well driller's rig by means of
      which the cable, and consequently the pump shaft 30, may be raised or
      lowered to the desired pumping level and then reciprocated vertically.
      During the downstroke of the pump shaft 30, the liquid column acting on
      the head valve assembly 70, coupled with the force of the spring 84, will
      maintain the elastomeric sealing ring 76 seated on the valve seat 18 so
      that as the shaft slides axially through the packing gland 76 the liquid
      column in the water outlet pipe 26 will be held in check and will not
      follow the downward movement of the plunger 33. Such downward movement of
      the plunger 33 will thus create a partial vacuum within the cylinder 14
      above the plunger so that the valve element 50 of the combined plunger and
      traveling valve assembly 32 will be lifted from its seat as shown in FIG.
      1 to admit liquid through the nipple 44 to the interior of the plunger 33
      and from thence radially outwardly through the ports 38 to the space
      surrounding and above the plunger and within the cylinder 14. At the same
      time, the foot valve member 56 will remain seated so that the liquid in
      the lower region of the cylinder 14 below the plunger 33 will be
      positively forced through the traveling valve assembly 32. In the absence
      of any appreciable amount of air or other gaseous fluid in the liquid
      undergoing pumping, at such time as the plunger reaches its lowermost
      position within the cylinder 14 the portion of the cylinder 14 above the
      plunger 33 will thus become substantially filled with liquid.
PAR  During the subsequent upstroke of the pump shaft 30, all of this liquid
      which is disposed above the piston will be carried bodily upwardly within
      the cylinder 14 due to the fact that the lift valve member 50 of the
      traveleing valve assembly 32 will become seated on the nipple 44 as shown
      in FIG. 2. This solid column of liquid will then cause the floating valve
      element 72 to be lifted from its seat 18 against the yielding action of
      the spring 84, thus consolidating this column of liquid with the column of
      liquid above the valve seat and within the outlet pipe 26 and moving such
      combined column of liquid upwardly so as to effect an outflow of liquid at
      ground level. At the same time, as the liquid column is thus shifted
      upwardly by reason of the upward movement of the plunger 33, the foot
      valve element 56 will be lifted from its seat as shown in FIG. 2 so that
      additional liquid within the casing 30 will be drawn into the cylinder 14.
      The operation is, of course, repetitious during reciprocation of the pump
      shaft 30.
PAR  It is to be noted at this point that where little or no air or other
      gaseous media are encountered within the casing 30, the function of the
      head valve assembly 70 is of secondary importance, the valve element
      proper or sealing ring 76 merely becoming seated at such time as the
      plunger 33 commences its downward movement and becoming unseated at such
      time as it commences its upward movement. In the absence of such head
      valve assembly 70 with a full solid head or column of liquid closure of
      the foot valve element 56 would ordinarily prevent the liquid column in
      the liquid outlet pipe 26 from following the downward movement of the
      plunger 33. The importance of the novel head valve assembly 70 of the
      present invention becomes evident when an excessive amount of air or other
      gas enters the cylinder 14 through the foot valve as the plunger 33 moves
      upwardly. Under such circumstances, where an excessive amount of gas is
      disposed within the cylinder below the traveling valve assembly 32 and
      above the foot valve element 56, downward movement of the plunger 33 will
      cause such gas to be compressed and, in the absence of the present head
      valve assembly 70, the liquid column above the plunger will follow the
      latter downwardly and thus hold the valve element 50 of the traveling
      valve seated so that such gas cnnot escape upwardly into the outlet pipe
      26. During the return or upward stroke of the plunger 33, the gas below
      the plunger will expand but because of the excessive amount of gas the
      foot valve element 56 will remain seated so that no fresh gas or liquid
      may enter the cylinder. Under such circumstances reciprocation of the pump
      shaft will merely effect a bouncing action on the plunger 33 and no
      pumping action will take place, the gas within the cylinder merely
      becoming alternately compressed and expanded.
PAR  However, by reason of the presence of the novel head valve of the present
      invention at a region above the level of the combined plunger and
      traveling valve assembly 32, the liquid column within the outlet pipe 26
      is prevented from following the plunger 33 downwardly as previously
      described so that as the plunger 33 moves downwardly and away from the
      then seated head valve element 76, the partial vacuum which is created
      above the plunger and within the cylinder 14 causes the traveling valve
      element 50 to be lifted from its seat so that the plunger and valve
      assembly 32 then functions as a gas pump to carry the excess gas upwardly
      and into the outlet pipe 26. With the pressure of gas within the cylinder
      above the foot valve element 56 thus relieved, the latter may be raised
      from its seat to admit fresh gas or liquid to the cylinder for pumping
      purposes. Moreover, such a process is conducive to the creation of a
      vacuum below the pump, this being a phenomena which has long been
      recognized as being important in well development.
PAR  The invention is not to be limited to the exact arrangement of parts shown
      in the accompanying drawings or described in this specification as various
      changes in the details of construction may be resorted to without
      departing from the spirit of the invention. For example, although the
      present water well pump assembly 10 is disclosed herein in a well
      environment wherein it is maintained at the desired level within the well
      casing 12 by means of an outlet pipe or drop tube such as the pipe 26, the
      use of such a drop tube is not essential, providing of course that
      suitable means be provided for sealing the pump assembly to the wall
      casing so that the open upper end of the cylinder 14 communicates directly
      with the upper region of the well casing, in which case the head valve
      will discharge liquid or gas directly into the liquid column within such
      casing above the cylinder. Furthermore, although no connection has been
      disclosed herein by means of which the pump assembly may be locked in
      position at the desired pumping level within the well casing in the
      absence of a drop tube such as the tube 26 various locking devices are
      capable of being employed for this purpose, one such device being shown
      and described in my prior U.S. Pat. No. 2,638,851, granted on May 19, 1953
      and entitled "Well Driller Cleanout Pump Assembly." Finally, it should be
      understood that various forms of foot valve assemblies and traveling
      plunger valve assemblies may be substituted for the specific forms of
      valve assemblies shown and described herein, the only criterion being that
      they perform substantially the same function as those performed by the
      valve elements 56 and 50. Therefore, only insofar as the invention has
      particularly been pointed out in the accompanying claims is the same to be
      limited.
CLMS
STM  Having thus described my invention, what I claim and desire to secure by
      Letters Patent is:
NUM  1.
PAR  1. A pump assembly adapted to be supported at a selected pumping level
      within a tubular well casing and effective to repeatedly withdraw
      quantities of liquid and gas from said casing and discharge the same at
      ground level, said pump assembly comprising an elongated vertically
      disposed cylinder having a circular bottom wall provided with a central
      inlet port for the admission of gas and liquid upwardly into the cylinder,
      a unidirectional foot valve normally seated upon said port and closing the
      same, said foot valve being responsive to differential fluid pressure on
      opposite sides of said bottom wall and being effective to admit gas and
      liquid upwardly through said port when fluid pressure beneath said bottom
      wall exceeds the fluid pressure within the cylinder, a pump shaft
      reciprocal vertically within said cylinder and coaxial therewith, a
      combined plunger and traveling valve assembly within said cylinder and
      including an inverted cup-shaped plunger having a top wall fixedly secured
      to the lower end of said pump shaft and a depending cylindrical side wall
      provided with circumferentially spaced ports therethrough, a tubular
      clamping nipple threadedly received within the lower rim region of said
      side wall, an elastomeric sealing ring interposed between said nipple and
      the lower rim of said plunger and establishing a lip seal with the
      cylinder, and a lift valve normally closing the upper end of said tubular
      nipple, said lift valve being responsive to pressure of fluid beneath said
      plunger during the downstroke of the latter to bypass such fluid upwardly
      through said nipple and plunger, and being responsive to pressure of fluid
      above said plunger to prevent such upward passage of fluid, the upper end
      of said cylinder being formed with an enlarged diameter extension which
      establishes a valve housing, the juncture region between said cylinder and
      extension providing an annular ledge which establishes a valve seat, a
      floating head valve member disposed within said valve housing and
      encompassing said pump shaft, said head valve member including an annular
      disk-like valve body and an upstanding cylindrical wall concentric with
      the pump shaft, a packing gland disposed within said cylindrical wall and
      effective between the pump shaft and wall, a gland nut threadedly received
      in the upper end of said cylindrical wall, an elastomeric sealing ring
      mounted on the underneath side of said disk-like valve body and normally
      seated on said valve seat, a cylindrical drop tube encompassing said pump
      shaft and having its lower end threadedly received in the upper end of
      said cylindrical wall, and a compression spring interposed between the
      lower end of said drop tube and disklike valve body exteriorly of the
      cylindrical wall and serving to yieldingly bias said valve member against
      said valve seat.
NUM  2.
PAR  2. A pump assembly as set forth in claim 1, wherein said foot valve is
      provided with a depending stem which passes through its associated port, a
      strut extends diametrically across a short lower cylindrical extension of
      the cylinder below said circular bottom wall, and the stem is slidingly
      guided in an opening which is formed in said strut.
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ABST
PAL  A hydraulic pump is disclosed, which comprises a first permanent magnet
      magnetized alternately with positive and negative polarities and
      surrounding a rotary shaft, and having a pump casing provided in opposed
      relation to said first permanent magnet, and a second permanent magnet
      provided within a pump chamber in said pump casing on the side opposite
      said first permanent magnet and magnetized with alternately positive and
      negative polarities like said first permanent magnet, and a rotor having
      blades and provided within said pump casing in rotatable relation on the
      other side thereof, whereby the rotation of the rotor may be automatically
      stopped in case an excessive load is applied to the rotor and, in
      addition, different kinds of liquid may be completely mixed therein.
BSUM
PAR  This invention relates to a novel but improved hydraulic pump adapted to
      deliver liquid.
PAR  The objects of the invention is to provide a hydraulic pump, wherein a
      rotor and a rotary shaft rotate in a synchronous relation but in a
      floating fashion under attracting and repulsing actions of a pair of
      permanent magnets positioned in an opposed relation to each other and
      magnetized so as to provide alternately opposite polarities, said rotor
      being independent of said rotary shaft, thereby effecting the feeding
      action of liquid, and wherein troubles are prevented beforehand by
      automatically stopping the rotation of the rotor, in the event that an
      unreasonable load is exerted on the rotor.
PAR  Hitherto, with a hydraulic pump for use in delivering water, oil and other
      kinds of liquid in a given amount, a rotor is directly coupled to a rotary
      shaft for rotation together with the latter. Accordingly, if for some
      reason or another, an unreasonable load is applied on the blades of the
      rotor during its high speed rotation in the course of delivery of liquid,
      the load will be directly imposed on the blades or rotary shaft, resulting
      in rupture of a pump or rotary shaft which in turn leads to the
      interruption of delivery of liquid. The inventor has proposed to avoid the
      aforesaid shortcomings by causing the rotor to rotate in a synchronous
      manner with the rotary shaft, rather than by directly coupling the rotor
      to the rotary shaft, with the aid of permanent magnets disposed in facing
      relation to each other so as to present opposite polarities alternatively.
      However, such an attempt resulted in the failure to obtain normal rotation
      of the rotor, because the rotor was inclined and considerable degree of
      wear was caused to the bearing. This is because there is provided opposed
      permanent magnets, each having only one pair of opposite polarities, so
      that the resulting strong attracting force attracts the rotor towards the
      rotary shaft side, resulting in a non-uniform magnetic force to be exerted
      on the entire surface of the magnet.
PAR  It is accordingly an object of the present invention to provide a hydraulic
      pump, wherein an annular permanent magnet magnetized alternately with a
      plurality of positive and negative polarities in a common plane is
      directly coupled to the rotary shaft, and an annular permanent magnet
      magnetized alternately with a plurality of positive and negative
      polarities as the former permanent magnet is placed in opposed relation to
      said former permanent magnet and journaled within a pump casing, whereby a
      rotor may smoothly rotate in a floating and synchronous fashion under
      attracting and repulsing actions of the permanent magnets, and whereby the
      rotation of the aforesaid rotor may be stopped automatically, in case an
      excessive load is applied to the aforesaid rotor.
PAR  It is another object of the present invention to provide a hydraulic pump,
      wherein there is provided agitating grooves in parallel cross-shaped
      grooves formed in the inner surface of a cover plate forming one side wall
      of the pump casing, in which the rotor of the aforesaid construction is
      housed and journaled, with at least one of the aforesaid agitating grooves
      communicating with a suction port for a liquid of a different kind,
      whereby at least two different kinds of liquid may be completely mixed
      with each other within the pump casing to deliver one phase of liquid.
PAR  These and other objects and features of the present invention will be
      apparent from a reading of the ensuing part of the specification in
      conjunction with the accompanying drawings which indicate the preferred
      embodiments of the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view of the invention.
PAR  FIG. 2 is an exploded view of the invention.
DETD
PAR  In the drawings, FIG. 1 is a longitudinal cross-sectional view, partly
      broken, of a hydraulic pump according to the present invention and FIG. 2
      is an exploded perspective view of the essential part of the hydraulic
      pump. Like parts are designated like reference numerals throughout FIGS. 1
      and 2.
PAR  Shown at 1 is a rotary shaft which is rotated at a high R.P.M. by means of
      a suitable electric motor 2. The rotary shaft 1 is directly coupled to the
      electric motor 2. Shown at 3 is an attaching member which is removably
      attached to the end portion of the rotary shaft 1 and made of non-magnetic
      metal or synthetic resin and the like. The attaching member 3 contains
      therein an annular permanent magnet 4 magnetized with positive polarities
      and negative polarities arranged alternately. A pump casing 5 is attached
      by the medium of several attaching means 6 to the electric motor 2, with
      the attaching member 3 facing the electric motor 2. The pump casing 5
      consists of a body portion 7 and a cover plate 8 made of non-magnetic
      metal or synthetic resin, and a hollow pump chamber 9 is defined inwardly
      of the body portion 7 and the cover plate 8. Defined in the body portion 7
      on one side thereof is a concave chamber 10 in which is fitted the
      permanent magnets 4. Rotatably provided in the pump chamber 9 is a rotor
      11 which is journaled in bearings 12, 13 provided in the body portion 7
      and the cover plate 8, respectively. Provided on one side of the aforesaid
      rotor 11 is an annular permanent magnet 14 magnetized with positive and
      negative polarities arranged alternately, which faces the former permanent
      magnet 4. Integrally anchored in one side of the permanent magnet 4 are
      blades extending radially outwardly. Integrally or separately provided in
      the outer surface of the cover plate 8 are a suction path 16 for
      delivering liquid, such as for instance, liquid fuel therethrough and a
      suction pipe 17 for delivering a liquid different from the former liquid,
      such as water or other liquid fuel and the like. Suction ports 18, 19 of
      the suction path 16 and suction pipe 17 are located close to an eccentric
      portion of the pump chamber 9. On the other hand, provided in the inner
      surface of the cover plate 8 are agitating cross-shaped grooves 20, with
      at least one of the agitating grooves 20 being in communication with the
      liquid suction ports 18, 19. In passing, the aforesaid suction ports 18,
      19 may be spaced a distance from each other in a manner that the suction
      ports 18, 19 communicate with the agitating grooves in different
      positions. Shown at 21 is a liquid delivery port provided in one side of
      the pump chamber 9, through which a mixture of the different kinds of
      liquids is delivered through a liquid delivery pipe 22 which communicate
      with the liquid delivery port 21.
PAR  Accordingly, if a hydraulic pump is provided on the side opposite to the
      rotary shaft 1 as shown in FIG. 1, the rotor 11 will be in an attracted
      condition due to an attracting force of the permanent magnets 4 and 14
      alternately having positive and negative polarities. Thus, if the rotary
      shaft 1 starts to rotate by means of the electric motor 2 and the like,
      permanent magnet 14 on the side of the rotor 11 will be attracted or
      repulsed by the magnet 4, with the rotation of the permanent magnet 4 on
      the side of the rotary shaft 1, thereby presenting the so-called floating
      condition. This floating condition takes place at the start of the
      rotation of rotary shaft 1 until normal rotation speed is attained. Thus,
      as the rotary shaft 1 gradually increases R.P.M. in one direction, the
      rotor 11 will maintain its floating condition, whereby the liquid which
      has been introduced by way of a liquid suction path 16 and a liquid
      suction pipe 17 into a pump chamber 9 will be delivered through a liquid
      delivery port 21 and a liquid delivery pipe 22 to a desired position.
      Meanwhile, if for some reason or other, if a load is applied overcoming
      the attracting magnetic force created between the permanent magnets 4 and
      14, the rotation of the rotor 11 will be automatically stopped, despite
      the rotation of rotary shaft 1, with the resulting interruption of
      delivery of liquid, so that troubles will be prevented beforehand, and the
      rotary shaft 1, pump casing 5 and rotor 11 will not have an unreasonable
      load applied thereto.
PAR  Under such a condition, if different kinds of liquid are introduced under
      suction by way of liquid suction ports 18, 19 of liquid suction path 16
      and liquid suction pipe 17 into the pump chamber 9, then the different
      kinds of liquids which have been introduced under suction from a number of
      directions along agitating grooves 20 into the pump chamber 9 will be
      agitated for mixing by means of blades 15 and agitating grooves 20 to
      thereby present a completely mixed liquid, since the aforesaid liquid
      suction ports 18, 19 are in communication with one of the cross-shaped
      agitating grooves 20 defined in the inner surface of the cover plate 8. In
      this respect, particularly in case where liquid fuel and water are to be
      mixed, there will result an emulsion containing fine foam therein which
      will be splashed under the centrifugal force of the blades 15 against the
      peripheral wall, whereby it will be delivered through the liquid delivery
      port 21 into the liquid delivery pipe 22, and then to the exterior.
PAR  Accordingly, even if different kinds of liquids are such as will hardly be
      mixed, then will be agitated and mixed in the pump chamber 9, presenting a
      completely mixed liquid mixture which is delivered at a constant flow
      rate.
PAR  In short, according to the present invention, the pump casing 5 is provided
      independently of but in opposed relation to the permanent magnet 4 having
      alternately different positive and negative polarities and adapted to be
      rotated at a high R.P.M. by means of the rotary shaft 1, and in addition,
      there is provided within the pump chamber 9 in the pump casing 5 on one
      side thereof a plurality of permanent magnets 14 having alternately
      different positive and negative polarities like the aforesaid permanent
      magnet 4, while a rotor 11 having a radially extending blades 15 is
      provided within the pump chamber 9 on the other side thereof in rotating
      relation, whereby the rotor 11 may effect acurate synchronous rotation in
      a floating condition under the attracting and repulsing forces of
      permanent magnets 4 and 14 without being displaced to one side, thereby
      effecting an efficient delivery action. In this respect, if for some
      reason or another, an excessive load is applied to the rotor itself, then
      the rotation of rotor 11 will be instantaneously stopped, with the
      accompanying interruption of the liquid delivering action. As a result,
      the present invention precludes the possibility of rotor 11 being rotated
      under an excessive load, so that not only rotary shaft 1 but also rotor 11
      will not be damaged, thus eliminating troubles such as experienced with
      the conventional devices of this kind. In addition to this, since the
      rotor 11 is positively journaled on a shaft within the pump casing 5, the
      leak of liquid through a shaft hole may be completely prevented, while
      providing efficient delivery action, despite simple and less costly
      construction.
PAR  Furthermore, according to the hydraulic pump of the present invention, the
      different kinds of liquid which have been forced out through the liquid
      suction ports 18, 19 under suction created due to the rotation of the
      blades 15 will be introduced under suction into the pump chamber 9 from
      every direction along the agitating grooves 20 for agitation and mixing by
      means of blades 15 and agitating grooves 20, thereby delivering a single
      phase liquid to the exterior.
PAR  If the hydraulic pump according to the present invention is used as a
      burner, liquid such as kerosene may be completely mixed with water, so
      that water is used as part of liquid fuel for complete combustion.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic pump for agitating different kinds of liquid, comprising:
PA1  a drive shaft,
PA1  first permanent magnet means having alternately different positive and
      negative polarities and surrounding and attached to said drive shaft,
PA1  a pump casing provided in opposed relation to said first permanent magnet
      means and defining a pump chamber therein,
PA1  a cover plate forming one side wall of said pump chamber,
PA1  a rotor rotatably provided in said chamber,
PA1  second permanent magnet means fixed to said rotor on a side facing to said
      first permanent magnet means and having alternately different polarities
      arranged similar to those on said first permanent magnet means,
PA1  blades provided on said rotor on the side opposed to said second permanent
      magnet means,
PA1  agitating cross-shaped grooves formed in the inner surface of said cover
      plate forming one side wall of said pump chamber,
PA1  a pair of inlet ports formed in said cover plate and communicating with at
      least one of said agitating grooves for introducing under suction
      different kinds of liquid, and
PA1  an outlet port formed in said pump casing and communicating with said pump
      chamber.
NUM  2.
PAR  2. A magnetic pump for agitating different kinds of liquid, comprising:
PA1  a drive shaft,
PA1  first permanent magnet means having alternately different positive and
      negative polarities and surrounding and attached to said drive shaft,
PA1  a pump casing provided in opposed relation to said first permanent magnet
      means and defining a pump chamber therein,
PA1  a cover plate forming one side wall of said pump chamber,
PA1  a rotor rotatably provided in said chamber,
PA1  second permanent magnet means fixed to said rotor on a side facing to said
      first permanent magnet means and having alternately different polarities
      arranged similar to those on said first permanent magnet means,
PA1  blades provided on said rotor on the side opposed to said second permanent
      magnet means,
PA1  agitating cross-shaped grooves formed in the inner surface of said cover
      plate forming one side wall of said pump chamber,
PA1  an inlet port formed in said cover plate and communicating with at least
      one of said agitating grooves for introducing liquid, and
PA1  an outlet port formed in said pump casing and communicating with said pump
      chamber.
PATN
WKU  039415180
SRC  5
APN  5507057
APT  1
ART  343
APD  19750218
TTL  Steam-spray iron
ISD  19760302
NCL  9
ECL  1
EXA  LaPointe; G. L.
EXP  Freeh; William L.
NDR  2
NFG  8
INVT
NAM  Eaton; John L.
CTY  Delanco
STA  NJ
INVT
NAM  Fagan; John C.
CTY  Philadelphia
STA  PA
INVT
NAM  Eeckhout; Roger V.
CTY  Warminster
STA  PA
ASSG
NAM  SCM Corporation
CTY  New York
STA  NY
COD  02
RLAP
COD  74
APN  363965
APD  19730525
PSC  01
PNO  3881265
CLAS
OCL  417442
EDF  2
ICL  F04B 2100
FSC  417
FSS  442;234;470;471;572;437
UREF
PNO  288030
ISD  18831100
NAM  Dean
OCL  294 65
UREF
PNO  2016503
ISD  19351000
NAM  Kenworthy
OCL  417442
UREF
PNO  2531980
ISD  19501100
NAM  Johnson
OCL  417442
LREP
FRM  Leitner, Palan & Martin
ABST
PAL  An electric steam-spray iron having a pump and a bi-stable valve in a
      single housing for drawing water from a reservoir and delivering it to
      either a spray nozzle or a steam generating chamber which communicates
      with steam ports in the sole plate. The valve's stable state is changed by
      rocking movement of the pump's piston.
PARN
PAR  This is a divisional of application Ser. No. 363,965, filed May 25, 1973,
      now U.S. Pat. No. 3,881,265.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the electric iron art and more
      specifically to the combination steam and spray electrical irons.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In the field of electric irons, there have been many devices combined in
      the housing of the electric iron to provide moisture to the item to be
      ironed. These devices have included a nozzle to spray water droplets onto
      the object to be ironed in the path of the iron. Also, many irons have
      provided a needle valve which allows small droplets of water to enter a
      steam generating chamber to provide a continuous steam through steam ports
      in the sole plate of the iron. Along with the water spray and the
      continuous steam, irons have been developed which include a deep
      penetrating steam produced by introduction of a large amount of water into
      a steam generating chamber to produce a high velocity steam for the
      removal of stubborn wrinkles or for deep penetration of thick fabrics.
PAR  The moisture producing electric irons fall within two basic categories,
      i.e. steam pressure-type and the manual pump-type. In the steam pressure
      type, some of the normal steam is diverted by a valve up to the spray
      nozzle and this steam flow aspirates water from the tank so that a spray
      of water and steam emerges from the nozzle.
PAR  The second type of moisture producing iron, namely the manual pump type,
      has become more popular in the marketplace and is the subject of the
      present invention. In this type of iron, water which is withdrawn from a
      reservoir by a manual piston pump is delivered to either a spray nozzle or
      to a steam generating chamber which communicates with the steam outlets in
      the sole plate. The manual pump irons of the prior art (for example, U.S.
      Pat. Nos. 3,599,357 and 3,691,660) have involved rotation of a member to
      operate multiple valves or to relocate a sliding sleeve port.
PAR  In utilizing the iron of the prior art, one must either hold the iron with
      one hand and make the selection of mode of moisture delivery with the
      other hand, or else must place the iron in its rest position and make this
      selection. Thus, in order to make a moisture mode selection, the user must
      interrupt her normal ironing process. This interruption for selecting the
      state of the moisture to be delivered is annoying and time consuming.
PAC  Objects and Summary of the Invention
PAR  Thus it is a primary object of the present invention to provide a pump and
      moisture selection means in a single housing with a reduced number of
      parts.
PAR  Another object of the invention is to increase reliability by reduction of
      the number of parts.
PAR  A further object of the invention is to provide a steam-spray iron which is
      easy to use and uncomplicated to the normal user.
PAR  Still another object of the present invention is to provide an improved
      electrical steam-spray iron having a combined pump and valve mechanism
      wherein rocking movement of the piston selects the path of discharge,
      either to the spray mechanism or into the steam generating chamber.
PAR  An even further object of the invention is to provide steam-spray iron
      which has a bi-stable valve mechanism operable without interruption of the
      ironing process.
PAR  The objectives outlined above, as well as other objects and features of the
      present invention, are accomplished by an improved steam-spray iron
      wherein a bi-stable valve and a manual piston pump share a common housing
      whereby movement of the pump handle provides a selection of the bi-stable
      valve's stable state and also provides the manual pump action. The
      bi-stable valve determines whether the water drawn from the reservoir by
      the pump is distributed to the spray nozzle or down into a steam
      generating chamber to produce a high velocity steam through steam ports in
      the sole plate. Rocking movement of the manual pump handle is transmitted
      to a valve rocker by a spring biased actuator telescopically received
      within the face of the piston. The valve rocker sits in the base of the
      combined pump and valve housing and has a center fulcrum which causes the
      rocker to have only two stable positions. The outlets in the base of the
      combined housing directs the water either to the spray nozzle or into the
      steam generating chamber to produce high velocity steam. The lateral
      selection movement of the pump handle may be made by the user with a
      single finger, preferably the same finger which operates the pump, and may
      be made without interruption of the ironing process.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view showing the manner in which the steam spray
      device of the invention is mounted within the body of an electric iron;
PAR  FIG. 2 is a sectional view of parts broken away, showing on a larger scale
      the combined pump valve housing communicating with the spray and steam
      producing devices;
PAR  FIGS. 3a and 3b are perspective and sectional views, respectively, of the
      combined pump and valve housing base;
PAR  FIGS. 4a and 4b are perspective and side views, respectively, of the valve
      rocker;
PAR  FIG. 5 is a sectional view of the combined check valve and water filter;
PAR  FIG. 6 is a sectional cut-away view showing the pump handle in the down
      position and the bi-stable valve in the second stable state.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, an electrical steam-spray iron 10 is shown
      incorporating the combination pump and valve mechanism of the present
      invention. The iron 10 includes a sole plate 11 having a plurality of
      steam ports (not shown) therein. Supported above the sole plate 11 is case
      13 and handle 14. A continuous steam switch 15 is shown in the top part of
      the casing 13 which is used to control a needle valve (not shown) which
      provides a small gravity flow of water from the reservoir into a steam
      generating chamber to produce a continuous steam through the steam ports.
      The assembly to produce this constant steam has been eliminated from the
      drawings in order to avoid confusion with the present invention.
PAR  The front of the housing having a temperature selection switch 16 which
      controls a thermostatically controlled switch in the body, also is not
      shown. Conduit 17 provides a means for inserting water through the face of
      the iron down into reservoir 18.
PAR  The combined pump and valve housing 19 contained within the handle has a
      button 20 which is used to manually activate the pump and to select the
      position of the bi-stable valve. A tube or pipe 21 connects the reservoir
      18 with the inlet to the combined pump valve housing 19. The two outlets
      for the pump and valve housing 19 are connected to a steam generating
      chamber by tube 22 and to spray nozzle 24 by tube 23. At the end of tube
      21 which rests within reservoir 18, a combined filter and check valve 25
      is provided. Also, on the end of tube 22 connecting the combined pump and
      valve housing 19 with the steam generating chamber, a unique check valve
      26, discussed in more detail later, is used. It should be noted that spray
      nozzle 24 also has a unique check valve enclosed therein which will also
      be discussed later.
PAR  Iron 10 in FIG. 1 operates in four basic modes. The first mode is a dry
      mode wherein switch 15 is switched to the dry position which closes a
      needle valve to prevent water dripping into a steam generating chamber.
      The second mode is a steady, continuous steam produced by moving switch 15
      to the steam mode and allowing water to drip one drop at a time into a
      steam generating chamber. The third and fourth modes are selected by pump
      button 20 through the operation of combined pump and valve housing 19. The
      third mode is the production of water from spray nozzle 24 selected by
      lateral or rocking movement of pump button 20. Once the button 20 has been
      moved left, as viewed in FIG. 1 to move the bi-stable valve to a first
      stable position, upward movement of the pump button draws water from
      reservoir 18 through filter 25 to tube 21 into the housing 19 and downward
      movement forces the water out of the housing through tube 23 to spray
      nozzle 24. The fourth mode of operation produces a high velocity steam in
      which button 20 is rocked in the opposite direction to move the bi-stable
      valve to a second stable position so as to allow water to be withdrawn
      from reservoir 18 through filter 25, tube 21, and into valve housing 19 by
      an upward movement and then to be delivered through tube 22 and check
      valve 26 into a steam generating chamber by a downward movement. It is
      apparent from FIG. 1 that the selection of the third or fourth mode may be
      made by the user's thumb, which may be the same finger used for the
      up-down pump action. Both of these motions of the thumb are made
      simultaneously with the use of the iron and without interruption of the
      ironing process.
PAR  A more detailed explanation of the workings and contents of the combination
      pump and valve mechanism in relationship to the spray nozzle, the
      reservoir and the steam generating chamber will be described with
      reference to FIGS. 2-4. The pump button 20 is shown as having an inverted
      U-shaped section with a center member 28. The center member 28 has a bore
      27 for receiving piston rod 33 of piston 32 therein. Secured to the top of
      pump button 20 may be a metal plate 29 which exhibits indicia for aiding
      the user in selecting spray or high velocity steam modes.
PAR  The combined pump and valve housing 19 is composed of two members, i.e.
      pump housing 30 and pump base 40. The two pieces are press fitted together
      to provide a tight seal therebetween. The housing 30 has an aperture 31 in
      the top thereof for receiving piston rod 33 and for permitting the rocking
      motion of the piston rod. Piston 32 is preferably formed of a single piece
      of material having a piston rod 33 and a head 34. The head 34 has a
      circumferential recess in which rests C-ring or any other sealing medium
      35 which provides a seal between the piston head 34 and the pump housing
      30. The O-ring may be coated with a lubricant to facilitate the movement
      of the piston within the pump housing.
PAR  In the face of the piston head 34, an aperture 36, which continues into the
      piston rod 33, receives the actuator 37 therein. The diameter of the
      actuator 37 is smaller than the diameter of the aperture 36 such that the
      actuator 37 is telescopically received within the piston 32 and moves
      freely therein. The actuator 37 is shown as having a modified conical head
      38 with sides cooperating to form angular surfaces having a partially
      rounded tip.
PAR  It is the shape of actuator head 38 which forms an important camming
      surface to be used in combination with valve rocker 70 to provide the
      bi-stable operation of the valve to be explained hereafter. Spring 39
      between the face of piston head 34 and the base of actuator conical head
      38 provides a biasing means which urges the separation of the actuator 37
      from the piston 32. It should be obvious that the biasing means 39 may
      also be placed in aperture 36. Besides keeping the actuator 37 in contact
      with valve rocker 70, biasing means 39 also produces the upward or return
      movement of the pump button 20. As mentioned previously, the aperture or
      bore 36 in the piston 32 is deep enough so as to allow the piston to
      travel its full stroke while telescopically receiving the valve actuator
      37 as shown in FIG. 6.
PAR  In the internal bottom of pump base 40 lies tapered valve seats 41 and 42,
      the openings of which communicate with external outlets 43 and 44,
      respectively. Inserted into outlet 43 is tube 23 leading to the spray
      nozzle 24 and in outlet 44 is inserted tube 22 leading to the steam
      generation chamber. Internal to pump housing 30 is inlet 45 communicating
      with an external inlet 46 having tube 21 inserted therein which
      communicates with the reservoir 18. As the pump moves up, water is drawn
      from the reservoir through tube 21, inlets 46 and 45 into the combined
      pump and valve housing 19. On the downstroke, the water in the housing is
      forced through one of the openings of valve seats 41 or 42 and into its
      respective tubes 23 or 22. The outlet through which the water exits the
      pump base 40 is determined by the position of bi-stable rocker 70. As
      shown in FIG. 2, the water will exit out of opening 42, outlet 44, and
      down into tube 22 to the steam generation chamber.
PAR  An examination of FIGS. 3a and 3b will reveal the precise relationship of
      the inlet, outlets, and openings and tapered valve seats of the pump base
      40. The pump base 40 has an internal structure or member 47 having a slot
      or recess 48 therein. The valve seats 41 and 42 are in the bottom of said
      slot or recess and the inlet 46 communicates with the internal inlet 45 at
      the top of internal member 47. The slot or recess 48 provides a seat for
      rocker 70 and also provides a stop for actuator head 38, thereby limiting
      the movement of the combination actuator and thus the piston to lateral
      movement within the slot or recess 48. The recess does not interfere or in
      any way limit the vertical pumping action.
PAR  The spray nozzle 24, as shown in FIG. 2, comprises a base or body 50 which
      threadably receives nozzle 54 which has an aperture 58 therein. A gasket
      55 provides a water-tight seal between the nozzle 54 and the nozzle base
      50. On one side of the nozzle base 50 is an inlet 51 for receiving tube 23
      which brings water from the combination pump and valve housing 19. Tube 23
      and inlet 51 communicate with a duct 52 in the center of the nozzle base
      50. Encompassing the end of said duct is a flexible cap valve 53,
      preferably made of an elastomeric material. The cap valve 53 surrounds the
      projected exterior of the base at the circumferal surface 56. This cap
      functions as a check valve, allowing water to flow from duct 52 into the
      interior of the nozzle 54 and out of aperture 58 on the downward stroke of
      the pump and sealing the end of duct 52 on the reverse stroke of the pump,
      thus preventing air from being conveyed through tube 23 into the pump and
      valve housing.
PAR  To be more specific, in the pressurized or downward movement of the piston,
      water is forced from the tube 23 into duct 52. The water being pressurized
      forces the flexible cap 53 to deform and separate from base 50 at
      circumferal surface 56 and water will flow therefrom. On the inside of
      nozzle 54, there are channels 57 which allow the water that flows out at
      the circumferal surface 56 to exit from nozzle 58. Upon the reverse stroke
      of the piston, the cap 53 is sucked or moved back into contact covering
      duct 52, thereby re-establishing an airtight surface 56 between the cap 53
      and the housing 50. Though valve cap 53 is used in the present spray
      nozzle 24, any other check valve system may be employed to allow water to
      enter the nozzle in the downstroke of the pump and to seal the nozzle to
      prevent air from being injected into the pump during its upstroke.
PAR  Another novel check valve 26, shown in FIG. 2, is mounted on the end of
      tube 22 leading from the housing into the steam generation chamber. The
      interior of the check valve 26 consists of an upper internal bore 60 and a
      lower internal bore 62 separated by diaphragm 61. The diameter of upper
      bore 60 is smaller than the diameter of the lower bore 62. Diaphragm 61
      has a slit across its diameter. Due to the relative size of the upper and
      lower bores, 60 and 62, and the flexibility of diaphragm 61 with a slit
      therein, the diaphragm deforms and opens allowing water under pressure to
      proceed from tube 22 into a steam generating chamber and it resumes its
      normal shape and closes the slit upon reverse pressure to prevent water or
      steam from re-entering tube 22 during the reverse action of the pump. The
      total body of check valve 26 is comprised of a flexible material and the
      exterior is shaped so as to provide a water-tight seal with the steam
      generating chamber. Obviously, any standard check valve may be utilized on
      the end of tube 22.
PAR  A coupling 65 is mounted on the end of tube 21 to receive and maintain the
      combination filter and check valve 25. The filter and check valve, which
      is more fully discussed below, functions to allow water to be drawn from
      the reservoir into the pump and valve housing 19 during the upstroke of
      the pump and to prevent water from leaving the pump housing 19 and
      re-entering the reservoir. It also prevents residue in the water from
      leaving the reservoir.
PAR  The major component of the bi-stable valve is rocker 70, shown in FIG. 2
      and shown still more explicitly in FIGS. 4a and 4b. The rocker 70 has a
      body including a fulcrum surface 71 which lies upon the bottom of the slot
      or recess 48 in the pump base 40. On either side of fulcrum 71 are two
      hemispherical protuberances 72 and 73 extending from the body. These
      protrusions are received in openings 41 and 42 of the pump base 40 which
      are tapered to form seats for the rocker protruberances 72 and 73. On the
      top surface of the rocker 70 is an angular cam surface or protrusion 74
      having the form of an obtuse angle. As can be seen from FIG. 4b, the
      rocker 70 is of the same shape as the slot or recess 48 of the pump base.
      This allows the rocker to sit in the base and teeter therein while
      preventing angular movement of the rocker. It should be noted that the
      protrusions 72 and 73 project from the angular surfaces of the body which
      form the fulcrum 71.
PAR  When the rocker 70 is placed within the recess of the pump base, it will
      not naturally assume a position other than tilted fully in one direction
      or the other because of the tapered seats 41 and 42 and the fulcrum 71.
      Only a force applied perpendicular to horizontal at the apex of cam
      surface 74 will allow the rocker to assume a totally horizontal position
      where neither of the protrusions 72 or 73 are fully seated within openings
      41 or 42. To revent the rocker from being held in this horizontal
      position, or to allow the rocker to assume only its two stable states,
      thereby being purely bi-stable, the actuator 37 has the conical head 38
      which continuously engages angular cam surface 74 because of the action of
      biasing member 39. Since cam surface 74 and actuator head 38 both form
      angular surfaces, the two members when forced together cannot assume a
      stable state with their respective apexes' mating. Consequently, the
      conical head 38 must rest on one side of the apex of cam surface 74 or the
      other. Thus, the interaction of the spring biased actuator against the
      rocker 70 provides a truly bi-stable valve switching mechanism.
PAR  As can be seen clearly in FIG. 2, by moving the pump button or handle 20
      laterally to the right, the spring biased actuator slides to the left of
      cam surface 74 and forces protrusion 72 into opening and seat 41 thereby
      sealing outlet 43. The actuator 37 and its head 38, and rocker 70, retain
      this position during the up-down motion of the pump handle. To change the
      valve to its other bi-stable state, the pump button 20 is moved laterally
      to the left whereby actuator head 38 rides over the apex of cam surface 74
      and slides down on the right side of cam surface 74, forcing protrusion 73
      to seat in opening 42, thereby sealing outlet 44. This position is shown
      in FIG. 6. As in the other position, actuator 37 is received
      telescopically within aperture 36 of the piston of the pump. The valve
      rocker 70 remains in this stable state during the pumping action of the
      pump button. FIG. 6 also shows the pump button 20 surrounding the pump
      housing 30 when the pump button is in the fully down position of the pump
      action.
PAR  It can be plainly seen from FIGS. 2 and 6 that the valve of the present
      invention is truly bi-stable, having its stable position selected by
      lateral movement of the pump handle or button by the ironer using a single
      finger. Thus the present bi-stable valve in a combined pump housing
      reduces the number of movable parts and also the number of individual
      selectors and dials that the user must actuate during the operation of the
      iron.
PAR  FIG. 5 shows the combination filter and check valve 25 which is received on
      coupling 65 at the end of tube 21. The combination filter and check valve
      has a housing 80 with a bottom 89 which is adjacent the bottom of the
      reservoir 18. Parallel to the bottom 89 is a bore 85 extending
      diametrically through the housing 80. Location of bore 85 at the bottom of
      the housing 80 allows for all the water in the reservoir to be received
      within the filter-check valve for use in the moisture systems of the
      present iron. Communicating with horizontal bore 85 is a vertical bore 84
      which communicates with the seat 82 of the check valve formed by an
      inclined surface narrowing the diameter of major bore 81. A sphere 83 is
      contained within bore 81 and is received at seat 82 to seal bore 84.
      Functioning as a check valve, an upward force draws sphere 83 up and
      allows water to be drawn up through bore 81 into tube 21. Upon a downward
      pressure, the ball 83 is seated in seat 82 and seals bore 84 to prevent
      water from re-entering the reservoir through horizontal bore 85.
PAR  One of the novel features of the present combination check valve and filter
      is the use of a spiral wire 88 surrounding the body of the check valve 80
      for preventing debris in the reservoir from entering the check valve and
      the follow on system including the pump housing. The wire coil has a
      plurality of turns wherein the top turn 87 is received within notch 86 of
      the check valve housing 80. The spiral wire has smaller or tighter turns
      at the top and thus tapered assumes a substantially constant diameter
      later on which is displaced and parallel to the body 80. The spring rests
      on bottom 89 of the check valve body 80. The space between the spiral
      elements 88 is sufficient to allow water to enter horizontal bore 85, yet
      small enough to prevent large pieces of debris from entering the check
      valve.
PAR  The present combination filter and check valve 25 may be replaced by
      standard filters and check valves and check valve 26 and valve cap 53 may
      also be replaced by standard check valves. Though those three mentioned
      check valves may be replaced by standard check valves, they provide three
      novel approaches to inexpensive and effective check valves which have a
      function other than merely regulating the flow, thus reducing the number
      of parts and the amount of space needed.
PAR  As mentioned previously, the present steam-spray iron provides four modes
      of operation. These modes are dry, constant steam, atomized spray, and a
      high velocity steam. The inventive combination pump and bi-stable valve of
      the present invention allows for selection between the atomized spray and
      the high velocity steam by mere lateral movement of the pump handle or
      button. Also included herein are three novel check valve systems for use
      in combination with the pump-bi-stable valve.
PAR  Although the invention has been described and illustrated in detail, it is
      to be clearly understood that the same is by way of illustration and
      example only and is not intended to be taken by way of limitation, the
      spirit and scope of this invention being limited only by the terms of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pump comprising a housing, a piston within said housing, an actuator
      having a first end telescopically engaging said piston and a second end, a
      biasing means between said piston and said actuator for urging separation
      of said telescopic engagement, a plurality of outlets on the inside bottom
      of said housing, a rocker means within said housing for covering and
      uncovering said plurality of outlets individually in response to said
      actuator's second end, and an inlet.
NUM  2.
PAR  2. A pump as in claim 1 wherein said rocker means comprises a body, a first
      protrusion extending from a first side of said body for engagement with
      said housings' inside bottom, and a second protrusion extending from a
      side opposite said body's first side for engagement with said actuator's
      second end.
NUM  3.
PAR  3. A pump as in claim 2 wherein said first and second protrusions are
      substantially triangular and said actuator's second end is substantial
      conical.
NUM  4.
PAR  4. A pump as in claim 3 wherein said biasing means comprises a spring
      having a first end engaging a face of said piston and a second end
      engaging a base of said actuator's conical end.
NUM  5.
PAR  5. A pump as in claim 2 wherein said outlets are two, said rocker body
      having two valve closing means for closing said outlets.
NUM  6.
PAR  6. A pump as in claim 5 wherein said valve closing means comprises a
      protruberance.
NUM  7.
PAR  7. A pump as in claim 5 wherein said second protrusion and said actuators
      second end are cooperating angular surfaces rendering said rocker means
      bi-stable.
NUM  8.
PAR  8. A pump as in claim 7 wherein said rocker and said actuator's second end
      are disposed in a recess in said housing so as to limit said rocker means'
      and said actuator's motion to a single plane, and said two outlets being
      in the bottom of said recess.
NUM  9.
PAR  9. A pump as in claim 8 wherein said inlet is external to said recess.
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ABST
PAL  A reciprocating type pump has a pair of body members with complementary
      concave and convex surfaces which clamp a flexible sheet means
      therebetween to hold the same in curved configuration. The member having
      the convex surface has a pump chamber opening toward the flexible sheet
      means and the concave member has inlet and outlet passages opening toward
      the flexible sheet. The flexible sheet has portions overlying such inlet
      and outlet passages and the overlying portions have free edge portions
      extending in the direction of curvature of the flexible sheet and adapted
      to be flexed toward said convex surface member by fluid pressure from said
      passages whereby the overlying portions of the flexible sheet are
      reversely curved under the force of said fluid pressure and return
      resiliently to original passage closing condition when such pressure is
      not acting thereagainst.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to reciprocating fluid pumps and particularly to
      novel one-way valve means for such pumps.
PAR  A common weakness of one-way valves or check valves such as are used in
      fluid pumps is the likelihood of the valves to become clogged with solid
      foreign matter, particularly when such pumps are used as bilge pumps or in
      other instances where the fluid being pumped may contain debris of one
      kind or another.
PAR  When such valves of the prior art are clogged by foreign matter they fail
      to close and the output of the pump is greatly reduced or may cease
      altogether.
PAR  Similar difficulties are encountered in the case of check valves which are
      urged to closed position by mechanical springs. If the spring breaks or
      becomes fouled in some way the output of the pump is similarly reduced or
      ceased entirely.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention the valve element itself comprises a sheet of
      rubber or similar flexible material which may be flat in its free state
      but which is clamped between a pair of complementary members which are
      transversely arched to dispose the valve sheet in a transversely arcuate
      disposition.
PAR  As will appear more clearly from the ensuing detailed description of a
      principal embodiment of the invention, certain edge portions of the
      arcuately disposed rubber sheet member are free to flex inwardly toward
      the axis of the arcuate formation under fluid pressure. This reverse
      flexure of the sheet member at its valving portions is such that the sheet
      member returns quickly to its initial arcuate disposition when the fluid
      pressure thereagainst ceases or is reversed due to the resiliency of the
      valve sheet and the reverse curvature which is produced therein by fluid
      pressure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view with the lower portion thereof in cross
      section as indicated by the line 1--1 of FIG. 2;
PAR  FIG. 2 is a view at right angles to FIG. 1, again partly in cross section
      as indicated by the line 2--2 of FIG. 1; and
PAR  FIG. 3 is a horizontal cross sectional view taken as indicated by the lines
      3--3 of FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  In FIGS. 1 and 2 the numeral 10 designates a body member which seats upon a
      base member 12 and is provided with a cover member 13. Body member 10,
      base member 12 and cover member 13 are retained in assembled position by a
      pair of screw members 14 which extend downwardly through registering lugs
      on the body, base and cover members.
PAR  A diaphragm pump assembly is mounted upon cover member 13 and in the
      present instance includes a block 17 which has an arcuate lower face which
      seats in a depression in cover member 13, the depression having a
      complementary arcuate upper surface portion as clearly shown in FIG. 1
      whereby a flexible diaphragm member 20 is held between the complementary
      arcuate faces just described. Block 17 is secured to cover member 13 by a
      pair of screws 22 which clamp the marginal portions of the diaphragm 20
      between the complementary arcuate faces of cover member 13 and block 17.
PAR  Block 17 includes, or has fixed thereto, bearing member 24 in which is
      journaled a shaft 25 having an eccentric formation 26 at its left-hand end
      as viewed in FIG. 1. A connecting rod 27 is rotatable at its upper end on
      eccentric formation 26 and is attached to the mid portion of diaphragm 20
      by a screw 28 as clearly shown in FIGS. 1 and 2.
PAR  Block 17 includes an upwardly extending wall 30 to which is mounted an
      electric driving motor 31. The drive shaft 32 of driving motor 31 and the
      right-hand portion of eccentric shaft 25 as viewed in FIG. 1 are provided
      with mating sprockets 35 and 36 which are connected by a toothed belt
      member 37.
PAR  The mid portion of diaphragm 20 is thus reciprocated in a generally
      vertical direction and diaphragm 20 together with the opening in cover
      member 13 lying directly beneath the diaphragm form an expansible pump
      chamber 38. The body member 10 includes a fluid inlet chamber 40 and an
      outlet chamber 41 the latter chamber comprising an outlet passage
      extension beyond the flexible sheet means. Connections to the inlet and
      outlet chambers are shown in FIG. 3 and are designated 42 and 43,
      respectively.
PAR  The lower face of cover member 13 is convexly arcuate in transverse cross
      section, as clearly shown in FIG. 1, and the upper face of body member 10
      is of complementary arcuate form. A valve member 45 comprises a normally
      flat sheet of rubber or similar elastic material which is clamped into the
      transversely arcuate form shown in FIG. 1 by the complementary arcuate
      surfaces of body member 10 and cover member 13. Valve member 45 is
      provided with a pair of rectangular openings 46 and 47 as shown in FIG. 3.
PAR  Valve member 45 is attached to the arcuate lower face of cover member 13 by
      a pair of arcuate rail members 50 and 51 which are screwed to the lower
      arcuate face of the cover member with the valve sheet 45 clamped
      therebetween.
PAR  An arcuate passage 54 extends upwardly from inlet chamber 40 to the under
      side of valve 45 and it will be noted, by reference to FIGS. 2 and 3, that
      the left-hand side of passage 54 as viewed in FIG. 2 is defined by a
      series of tongue and groove formations 55 which are provided to give
      additional support to the under side of valve 45 while still permitting an
      adequate fluid flow area through the passage, and the tongue and groove
      formations also channel the flow of fluid through passage 54 to avoid
      concentration of the fluid flow toward the mid point of the passage as it
      would ordinarily tend to do.
PAR  A second arcuate fluid passage 57 extends from pump chamber 38 to the under
      side of the portion of valve 45 which is adjacent to the left-hand arcuate
      clamping bore 51 and, as likewise illustrated in FIGS. 2 and 3, the lower
      surface of passage 57 is defined by arcuate tongue and groove formations
      58. The tongue and groove formations 58 are for the same general purposes
      as the formations 55 at the inlet passage 54.
PAC  OPERATION
PAR  From the foregoing, it will be noted that the portions of valve sheet 45
      which are immediately to the right of the openings 46 and 47 therein, such
      portions being designated 60 and 61, respectively, act in the nature of
      flap valves or lip portions which are adapted to flex outwardly from their
      normal abutting positions with respect to the underlying top surface
      portions of valve body member 10. Thus, when diaphragm 20 is moving
      upwardly to create suction in chamber 38 differential pressure above lip
      portion 61 of the valve 45 retains the same in closed position with
      respect to body member 10 while pressure in passage 54 at the inlet side
      causes the lip portion 60 of the valve to be flexed upwardly as shown by
      dash lines in FIG. 2 to establish fluid flow from inlet chamber 40 of body
      member 10 to pump chamber 38.
PAR  Conversely, when diaphragm 20 moves downwardly and creates superatmospheric
      pressure in pump chamber 38 lip portion 60 of valve 45 immediately closes
      and the pressure of fluid in outlet passage 57 against the underside of
      lip portion 61 raises this portion of the valve member to establish fluid
      flow from pump chamber 38 to outlet chamber 41.
PAR  The tendency of the fluid flow to be accentuated at the center of the
      passage, considered along its length, as mentioned heretofore in
      describing the tongue and groove formations 55 and 58, is due at least in
      part to the nature of the buckling action of the valve lips 60 and 61 as
      they curve reversely under pressure therebeneath at both the inlet and
      outlet passages. The channeling of the fluid flow by the tongue and groove
      formations 55 and 58 substantially minimizes this tendency to
      centralization and causes the valve lips 60 and 61 to open more uniformly
      along their lengths under the influence of fluid pressure. The tongue
      formations also provide additional support for the valve lips 60 and 61
      without interfering with free flow therethrough.
PAR  By reference to FIG. 2 particularly, it will be noted that base member 12
      is provided with a pair of cavities 64 and 65 which directly underlie the
      inlet and outlet chambers 40 and 41, respectively, and a continuous
      diaphragm 66 of rubber or other elastic material is interposed and clamped
      between body member 10 and base member 12. The cavities 64 and 65 act
      somewhat in the nature of surge chambers since the diaphragm 66 tends to
      flex toward and away from the cavities 64 and 65 under variations in the
      fluid pressure in the inlet and outlet chambers 40 and 41. This tends to
      smooth the fluid flow into the pump and out of the outlet connection 43.
PAR  A preferred embodiment has been described herein and shown in the
      accompanying drawings to illustrate the underlying principles of the
      invention but it is to be understood that numerous modifications may be
      made with departing from the broad spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an expansible chamber pump, a pair of body members having opposed
      complementary concave and convex curved faces in transverse cross section,
      said faces being rectilinear in longitudinal cross section, flexible sheet
      means clamped between said faces to be held in curved configuration
      thereby, said convexly curved member having a pump chamber therein and
      reciprocable means for alternately expanding and contracting the same,
      said pump chamber opening toward said flexible sheet means, pump inlet and
      outlet passages in said concavely curved member and opening toward said
      flexible sheet means, said flexible sheet means having portions overlying
      said inlet and outlet passage openings, said overlying portions being
      connected to the flexible sheet means proper but having substantially
      rectilinear free edge portions extending in the direction of curvature of
      said flexible sheet means and adapted to be flexed toward said convexly
      curved member by fluid pressure from said inlet passage toward said pump
      chamber and by fluid pressure from said pump chamber toward said outlet
      passage.
NUM  2.
PAR  2. A pump according to claim 1 wherein said complementary curved faces are
      arcuate.
NUM  3.
PAR  3. A pump according to claim 1 wherein said flexible sheet means comprises
      a single sheet having openings therein providing said free edge portions.
NUM  4.
PAR  4. A pump according to claim 1 wherein said inlet and outlet passages are
      laterally elongated to approximate the lengths of said free edge portions.
NUM  5.
PAR  5. A pump according to claim 4 wherein said laterally elongated passages
      are provided with a series of parallel channels extending in the direction
      of fluid flow to maintain lateral distribution of said fluid to said
      passage overlying portions of said flexible sheet means.
NUM  6.
PAR  6. A pump according to claim 2 wherein said flexible sheet means comprises
      a single sheet having openings therein providing said free edge portions.
NUM  7.
PAR  7. A pump according to claim 3 wherein said inlet and outlet passages are
      laterally elongated to approximate the lengths of said free edge portions.
NUM  8.
PAR  8. A pump according to claim 1 wherein said pump outlet passage has an
      extension beyond said flexible sheet means.
NUM  9.
PAR  9. A pump according to claim 8 having a pair of surge chambers adjacent to
      said inlet passage and said outlet passage extension, and flexible sheet
      means dividing said surge chambers from said inlet passage and said outlet
      passage extension.
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ABST
PAL  A method and a device for injecting liquid into a screw compressor is
      disclosed which allow the injected cooling liquid to move through the
      compressor in a pure axial movement. Through this a more even distribution
      of the liquid in the compression chambers is achieved resulting in
      improved cooling of the working medium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a method and a device for injecting liquid in a
      screw compressor comprising a screw cam rotor and a screw thread rotor
      enclosing the screw cam rotor which rotors are rotatably journalled in a
      housing for rotation around mutually sideways displaced rotation axes and
      thereby form chambers for a working medium between their screw cam means
      and screw thread means which chambers during rotation move from a low
      pressure end to a high pressure end of the rotors while decreasing their
      volumes.
PAR  In such screw compressors of which suggestions are shown e.g. in Swedish
      patent specification No. 85,331 and U.S. Pat. specification Nos. 1,892,217
      and 2,553,548 practical operation at high pressures and simultaneous
      cooling through liquid injection has not yet been realized.
PAC  SUMMARY OF THE INVENTION
PAR  The invention has as its purpose to create a method and a device for
      injecting cooling liquid in a screw compressor of the above mentioned type
      in which liquid injection as a pre-requisite for obtaining a high pressure
      level is realized such that the liquid droplets during their passage
      through the compressor are not exposed to disturbing accumulation caused
      by change of direction or centrifugal action. At the same time compression
      and letting out of the liquid carrying working medium should together be
      performed during several rounds of the screw cam rotor through which the
      available time for heat absorption is extended in a way which has not been
      possible before so that the number of revolutions can be chosen high.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is described more in detail in connection with the
      accompanying drawings in which
PAR  FIG. 1 shows a longitudinal section through a screw compressor according to
      the invention.
PAR  FIG. 2 is a cross section according to line II--II in FIG. 1.
PAR  FIG. 3 is a cross section according to line III--III in FIG. 1.
PAR  FIGS. 4a - 4e are plane expansions which schematically show side views of
      the helicoidal working chambers formed between the rotors during their
      rotation straightened out in one plane.
PAR  FIGS. 5a and 5b show the opposite rotor chambers in FIG. 4a (FIG. 4e)
      helicoidally in perspective when the rotors are in a position
      corresponding to FIG. 3.
PAR  FIGS. 6a and 6b show corresponding perspective pictures when the screw cam
      rotor has turned 180.degree. and the screw thread rotor 90.degree..
PAR  FIGS. 7a and 7b are corresponding perspective views where the respective
      rotors have turned 360.degree. and 180.degree., respectively.
PAR  FIGS. 8a and 8b are corresponding perspective views of the chambers where
      the rotors have turned 540.degree. and 270.degree., respectively.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The screw compressor in the figures has a transversely divided housing 1, 2
      which at flanges 1.sup.1 are fastened to other components in a
      conventional compressor aggregate, not shown. The housing parts 1 and 2
      are kept together by means of screws 3 and enclose a chamber 4 for the
      compressible working medium e.g. air. The air enters into the housing part
      2 via an inlet opening 5 after it has passed a not shown filter. The
      housing parts 1, 2 carry in the chamber 4 coaxially arranged rolling
      bearings 6, 7. A gate or screw thread rotor provided with screw threads is
      divided transversely and comprises two mutually by means of screws
      10.sup.1 fixed hollow rotor parts 8, 9 which at their ends are fastened to
      end parts 11, 12. The end part 11 is fixed by the screws 10.sup.1 and has
      a tubular neck of shaft 13 with a reduced diameter which is carried by the
      rolling bearing 7. The end part 12 is fixed by screws 10.sup.11 to the
      rotor part 8 and has a similarly reduced neck of shaft 14 which is carried
      by the rolling bearing 6. Through this arrangement the screw thread rotor
      8, 9 is journalled for rotation around a fix rotation axis 15 in the
      chamber 4.
PAR  Rolling bearings 17, 18 are arranged in the housing parts 1, 2,
      respectively and carry rotatably a screw cam rotor made with two axially
      after each other following cam rotor parts 19, 20 and which by means of
      gudgeons 22, 23 is introduced into the rolling bearings 17, 18 and rotates
      around a fix rotation axis 16 which is situated eccentrically at the
      distance a from and parallelly to the rotation axis 15. The screw cam
      rotor 19, 20 can if needed by dynamically balanced by means of eccentric
      weights 44, 45 which are freely rotatable in hollow spaces in the end
      parts 11, 12. The screw cam rotor 19, 20 is driven by an external motor,
      not shown, and gear change over a toothed wheel 24 which outside the
      housing part 2 is keyed to the gudgeon 22. As will be more closely
      described in the following, screw cam means on the cam rotor parts 19, 20
      are during rotation in engagement with screw thread means in the hollow
      rotor parts 8, 9 so that the latter are driven around the axis 15 with a
      gear change depending on the chosen type of screw engagement. The working
      medium flows from the chamber 4 via the neck of shaft 14 and the end part
      12 into the screw thread means of the screw thread rotor 8, 9. The screw
      cam means of the screw cam rotor 19, 20 cooperate with the screw thread
      means so that the working medium is compressed during its passage through
      the rotor parts 8 and 9. The compressed working medium enters into the end
      part 11 and continues via the neck of shaft 13 to a pressure chamber 26 in
      the housing part 1 from which it is carried off under pressure via a high
      pressure outlet 27.
PAR  The pressure chamber 26 is via the rolling bearing 17 open towards a
      cylindrical guidance 28 which is coaxial with the rotation axis 16 and
      rotatably carries a balancing piston 29. The piston 29 is by means of a
      nut 31 together with the inner race of the rolling bearing 17 fastened to
      the gudgeon 23. Oil under pressure is supplied from a suitable, not shown,
      pressure source in the compressor aggregate via a conduit 32 to channels
      33, 34 in the housing part 1 of which the channel 33 emerges into a
      circumferential groove 35 around the piston 29 while the channel 34
      emerges into a corresponding circumferential groove 36 around the neck of
      shaft 13 and coaxial with the rotation axis 15. The circumferential
      grooves 35, 36 form liquid pressure seals through which the pressure
      chamber 26 is sealed off in relation to the rotating rotor parts. The
      guidance 28 is covered by a cover 37 and provided with a not shown
      drainage channel outside the piston 29.
PAR  The screw cam means of the cam rotor part 19 comprises in the shown example
      a single-thread-screw which is circularly profiled with the radius R. The
      radius R is suitably chosen such in relation to the distance a between the
      rotor axes 15 and 16 that the relation a/R amounts to a value between 0.2
      and 0.4. The cam rotor part 19 is given a wrap angle of approximately
      720.degree. and a lead which is defined by the condition that the length
      of the rotor should be 3-8 times the radius R. The cam rotor part 19 forms
      a right-hand thread if it is desired to drive the toothed wheel 24
      counter-clockwise.
PAR  The hollow rotor part 8 of the screw thread rotor 8, 9, FIG. 2, has two for
      glidable cooperation with the cam rotor part 19 identically formed
      opposite screw threads 52, 53 which are half-circular and joined mutually
      through straight flanks 54 to a hollow profile enclosed by the contour
      line 38. The cooperation with the cam rotor part 19 requires a play of
      about 0.1 mm or less between the hollow profile 38 and the cam rotor part.
      The direction of the thread of the hollow profile 38 is the same as for
      the cam rotor part but the wrap angle is half as large i.e. approximately
      360.degree.. This means that the hollow rotor part 8 has double the lead
      of the cam rotor part 19 and when it is driven by the cam rotor part it
      will rotate with half the number of revolutions of the screw cam rotor 19,
      20.
PAR  In compressor applications it is desirable to achieve inner compression of
      the working medium between the rotors before it is introduced into the
      pressure chamber 26. A continuously decreasing lead would make this
      possible but results in an undesirable complication of the manufacturing
      of the rotors. In order to avoid this the lead of the cam rotor part 19 is
      suddenly changed without changing the profile at a leap plane 25 which is
      transverse to the rotors so that the cam rotor part 20 is given an
      essentially smaller constant thread lead suitably between 2-10 times
      smaller lead. The cam rotor part 20 acting as a high pressure part is
      given a wrap angle of approximately 720.degree.. The hollow rotor part 9
      is made divided at the leap plane 25 in relation to the hollow rotor part
      8 and its screw threads form a continuation of the screw threads 52, 53
      but with a smaller constant lead which has been decreased in proportion to
      the cam rotor part 20 and with a wrap angle of approximately 360.degree..
      Through this arrangement the rotor parts 9, 20 will act as gates damming
      the working medium axially and which during the rotation of the rotors
      make inner compression of the working medium between the rotor parts 8 and
      19 possible. This is illustrated more in detail in FIGS. 4a - 4e which for
      0.degree., 180.degree., 360.degree., 540.degree. and 720.degree. turning
      of the screw cam rotor 19, 20 respectively show how the chambers V.sub.1 -
      V.sub.5 formed between the hollow rotor parts 8, 9 and the cam rotor parts
      19, 20 move in the figures from the low pressure end towards the right in
      direction towards the high pressure end. In these figures the hollow rotor
      parts 8, 9 are, through a thought turning, straightened out to a plane
      expansion and represented by straight lines on opposite sides of the cam
      rotor parts 19, 20 which are straightened out in the same plane. Since the
      high pressure parts 9, 20 of the rotors have essentially smaller leads
      than the low pressure parts 8, 19 the tangent points representing the
      sealing lines 58 - 64 in FIGS. 4a-4e and which confine the working medium
      chambers V.sub.1 -V.sub.5 axially will during rotation move axially at a
      slower rate in the high pressure parts than in the low pressure parts. The
      transverse sealing lines 59 - 64 will, therefore, be moved together
      axially from a value determined by the length of the low pressure rotor
      part 8 to a minimum value determined by the length of the high pressure
      rotor part 9 which with wrap angles according to the figures determines
      the inner compression of the rotors.
PAR  In FIGS. 5a, 5b onwards to 8a, 8b the real shape of and movement of the
      working medium chambers V.sub.1 -V.sub.5 within the low pressure parts 8,
      19 of the rotors in correspondence to FIGS. 4a-4e respectively are
      illustrated. The axially strongly compressed but otherwise analogously
      helicoidally running high pressure rotor chambers have for better
      clearness been excluded. In FIGS. 5a, 5b and the subsequent figures the
      longitudinal sealing lines between the rotors have been designated 56 and
      57. The axial movement of the transverse sealing lines 60 - 63 towards the
      high pressure side during the turning of the rotors is clearly shown. The
      working medium passes through and is compressed in the working chambers
      V.sub.1 -V.sub.5 during a pure axial movement without change of direction
      i.e without rotation around the rotation axes 15, 16, FIG. 1, which
      because of the analogous build-up of the high pressure parts 9, 20
      evidently also is valid for the passage of the working medium through
      these.
PAR  It is clear from FIGS. 4a-4e from the constantly axially moving engagement
      that the speed of the working medium at the inlet to the low pressure
      rotor parts 8, 19 is constant. In the same way it is clear that the speed
      at the outlet to the high pressure parts 9, 20 also is constant but of
      course essentially lower in proportion to the smaller lead.
PAR  Because of the high number of revolutions in the present embodiment which
      for the screw cam rotor can amount to 15,000 rpm and the high flow speed
      of the working medium resulting therefrom it is possible to decrease the
      length of the low pressure parts 8, 9 or their wrap angles so that
      compression in the working chambers V.sub.1 -V.sub.5 can start before the
      following transverse sealing line 62, 63, 64 of respective chamber has
      been formed at the inlet of the rotor parts 8, 19, FIGS. 4a, 5b and 4c,
      7a. This fact derives from the lag arising from the backwards propogation
      over the axial length of the low pressure parts of the compression wave
      created at the high pressure parts 9, 20 and gives a possibility to
      overload the working medium chambers V.sub.1 -V.sub.5 with working medium
      before they are closed at the low pressure end. This is used through
      choosing the wrap angles of the low pressure parts approximately equal to
      540.degree. for the screw rotor part 19 and approximately equal to
      270.degree.  for the hollow rotor part 8. This means a shortening of the
      screw rotor part 19 and the hollow rotor part 8 with 25 % with practically
      unchanged compressor capacity. This rotor shortening is illustrated in
      FIGS. 4a - 4e by the dotted line 65.
PAR  In order to improve the driving engagement and the sealing between the
      screw cam rotor 19, 20 and the screw thread rotor 8, 9 and for cooling the
      working medium during the compression liquid is injected into the working
      medium preferably oil in finely divided form. Oil can be injected into the
      neck of shaft 14 via a nozzle device 66 carried by the housing part 2 so
      that the interior of the screw thread rotor 8, 9 forms a receiver for the
      injected liquid. The nozzle device 66 is supplied with oil under pressure
      via a conduit 67 and is directed towards the interior of the screw thread
      rotor 8, 9 on that side of the rotation axis 15 which is opposite to the
      rotation axis 16 i.e. in line with the axial path of movement of the
      chambers V.sub.1 -V.sub.5. While the screw cam rotor rotates a number of
      rounds the injected liquid cools the working medium in the chambers
      V.sub.1 -V.sub.5 during their entire axial movement. The liquid or oil is
      carried by the compressed medium via the outlet 27 to a not shown
      conventional oil separator and an oil cooler which are incorporated in the
      compressor aggregate.
PAR  Alternatively the oil can be injected via a nozzle device 68 in form of one
      or more openings in the screw cam rotor 19, 20 to which oil is supplied
      via an oil channel 69 through the cover 37 and a rotatably but sealingly
      to the oil channel connected central axial rotor boring 70 through the
      parts 23, 20 and 19 of the screw cam rotor. Since the oil after the oil
      cooler can have a temperature of up to 50.degree., it is suitable to place
      the openings 68 in axial positions where a compression temperature exists
      between the rotors within the area for beginning compression in the
      chambers V.sub.1 -V.sub.5 for the working medium which is close to the oil
      temperature.
PAR  It is clear from the above description that the liquid is injected into the
      interior screw threads 52, 53 of the screw thread rotor 8, 9 with the
      screw thread rotor as an envelope for the liquid carrying working medium
      whereby this as described in connection with FIGS. 5a, 5b, 8a, 8b is
      carried through the screw thread rotor 8, 9 axially essentially without
      change of direction and without rotation. Compression and letting out of
      the liquid carrying working medium in the screw thread rotor 8, 9 is
      carried out during several rounds of the screw cam rotor 19, 20, FIGS. 4a
      - 4e, through which an extended effective heat absorption is achieved by
      means of the liquid.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method for injecting cooling liquid in a screw compressor of the type
      including a screw cam rotor and a screw thread enclosing the screw cam
      rotor, which rotors are rotatably journalled in a housing for rotation
      around mutually sideways displaced rotation axes and thereby form chambers
      for a working medium between their screw cam and screw threads, which
      chambers during the rotation of the rotors move from a low pressure end to
      a high pressure end of the rotors while decreasing their volumes, without
      exposing the liquid droplets to accumulation caused by change of direction
      or centrifugal action in their passage through the compressor, comprising
      injecting cooling liquid continuously into the interior screw threads of
      the screw thread rotor utilizing the screw thread rotor as an envelope for
      the liquid carrying working medium, choosing a rotational speed
      ralationship between the rotors to eliminate the centrifugal action
      therein, passing the liquid carrying working medium through the screw
      thread rotor essentially axially without change of direction or rotation.
NUM  2.
PAR  2. A method according to claim 1, wherein compression and letting out of
      the working medium is done in the screw thread rotor during several rounds
      of the screw cam rotor whereby an extended effective heat adsorption is
      achieved by means of the cooling liquid.
NUM  3.
PAR  3. In a screw rotor machine for a compressible working medium including a
      screw cam rotor, a screw thread rotor enclosing the screw cam rotor, the
      screw cam rotor and screw thread rotor being rotatably journalled in a
      housing for respective rotation around parallel mutually displaced
      rotation axes, the rotors forming chambers for the working medium between
      their screw cam and screw threads which chambers move from a low pressure
      end to a high pressure end of the rotors during their rotation while
      decreasing their volumes, the improvement enabling improved cooling of the
      working medium by more even distribution of a cooling liquid comprising
      nozzle means for continuously injecting cooling liquid into the screw
      threads of the screw thread rotor, the screw thread rotor defining an
      envelope for the liquid carrying working medium, the screw threads having
      axially open ends, the rotors being journalled for rotation around
      stationary rotation axes and having a rotational speed relationship to
      eliminate the centrifugal action therein for obtaining an axial passage of
      the liquid carrying medium through the screw threads essentially without
      change of direction or rotation.
NUM  4.
PAR  4. A screw compressor according to claim 3 wherein the cam rotor is a
      single-thread-screw while the screw thread rotor comprises a pair of
      oppositely situated and mutually connected screw threads enclosing the
      single-thread-screw to form the chambers therebetween.
NUM  5.
PAR  5. A screw compressor according to claim 3 wherein the rotors at a leap
      plane transverse to the rotors are separated in a low pressure part and a
      high pressure part whereby the leads of the screw cam means and the screw
      thread means of the low pressure part at the leap plane suddenly are
      decreased to smaller leads in the high pressure part.
NUM  6.
PAR  6. A screw compressor according to claim 3 wherein a nozzle device is
      arranged for injecting liquid into that area between the rotors which is
      situated on that side of the rotation axis of the screw thread rotor which
      is opposite to the rotation axis of the screw cam rotor.
NUM  7.
PAR  7. A screw compressor according to claim 3 wherein the nozzle device is
      arranged in the housing and directed towards the axial inlet at the low
      pressure side of the screw thread rotor.
NUM  8.
PAR  8. A screw compressor according to claim 3 wherein a nozzle device in form
      of one or more openings if formed in the screw cam rotor for injecting
      liquid into the area for beginning compression in the working medium
      chambers.
NUM  9.
PAR  9. A screw compressor according to claim 3 wherein the total wrap angle
      from the low pressure end to the high pressure end of the screw thread
      means of the screw thread rotor amounts to such a value that compression
      and letting out of the liquid carrying working medium require several
      rounds of rotation of the screw cam rotor.
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ABST
PAL  A rotary compressor having a pair of rotatable impellers in mating
      engagement in working chambers, each impeller having a plurality of
      constant cross-sectional profiles, each profile having a plurality of
      lobes and wells, the trailing well region of each profile communicating
      with the leading well region of an adjacent profile, an inlet
      communicating with the working chambers and an outlet located out of the
      plane of at least one of the profiles on each impeller.
BSUM
PAR  The present invention relates to rotary compressors and, more particularly,
      to a rotary compressor so constructed and arranged as to provide an
      efficiency increasing precompression of the fluid in each of the working
      chambers prior to the fluid's exposure to the discharge passage.
PAR  Presently, there are generally two types of rotary compressors that have
      noncontacting working members which act upon the fluid. These are of the
      roots-type and the screw-type. The main advantages of both of these
      apparatus is that there is no need for lubrication and the fluid
      compression process may be absolutely oil free. However, both the
      roots-type and the screw-type of compressor have undersirable intrinsic
      characteristics which are overcome according to the teachings of the
      present invention. The roots compressor has a simple two-dimensional
      impeller profile but because there is no precompression of the fluid the
      compression process is relatively inefficient, being only 75% at a
      compression ratio of two and 65% at a compression ratio of three even if
      all tare and leakage losses are neglected. The screw compressor, on the
      other hand, has a complicated three-dimensional contour which is very
      expensive to manufacture and which gives rise to high internal leakage
      losses.
PAR  The foregoing disadvantages of the prior apparatus are overcome according
      to the teachings of the present invention which provides a rotary fluid
      compressor that is efficient and inexpensive to manufacture.
PAR  In copending U.S. application Ser. No. 441,929, filed Feb. 12, 1974 for
      Rotary Compressor now U.S. Pat. No. 3,844,695 and assigned to the assignee
      of the present invention, there is disclosed various embodiments for
      obtaining a precompression of the working fluid prior to its exposure to
      the discharge passage. One of these embodiments depicts a pair of
      impellers each having two profiles, one in the plane of the discharge port
      and the other in a plane spaced therefrom. One profile in the plane of the
      discharge port functions to cyclically seal the discharge port to thereby
      permit fluid in both working chambers to experience a simultaneous
      increase in pressure prior to exposure to the discharge port. A
      precompression is thereby achieved simultaneously in both working
      chambers.
PAR  The present invention, on the other hand, provides apparatus which permits
      the fluid in each working chamber to undergo separate precompressions.
      Thus, fluid is precompressed in each working chamber independently of the
      action in the other working chamber. Moreover, the discharge port is
      always receiving fluid from one of the two working chambers. In this
      manner the flow of discharge fluid is continuous resulting in an increased
      compressor efficiency and smoother operation.
PAR  Basically the present invention provides a pair of coacting impellers each
      having two or more constant cross-sectional profiles at least one of which
      is out of the plane of the discharge port. Each profile has one or more
      lobes and one or more wells, with the lobes of any one profile angularly
      displaced from those of the profile immediately adjacent thereto. The
      arrangement is such that inlet fluid sequentially passes through and is
      progressively trapped in the decreasing total well volume of the profiles
      prior to exposure to the discharge port. The pressure of the fluid is
      therefore increased above that of the inlet prior to communication between
      the well or wells of the profile in the plane of the discharge port and
      the discharge port.
DRWD
PAR  For a fuller understanding of the present invention reference should now be
      had to the following detailed description thereof taken in conjunction
      with the accompanying drawings wherein:
PAR  FIG. 1 is a plan sectional schematic of the compressor impellers taken
      along line 1 -- 1 of FIG. 2;
PAR  FIG. 2 is a sectional view taken along line 2 -- 2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken along line 3 -- 3 of FIG. 1; and
PAR  FIG. 4 is a sectional view taken along line 4 -- 4 of FIG. 1.
DETD
PAR  Referring now to the drawings, a housing 10 provides a pair of working
      chambers 12 and 14 which, respectively, receive a pair of rotatable,
      mating impellers 16 and 18. Impeller 16 is suitably mounted for rotation
      in the direction of arrow A and is comprised of a plurality of two
      dimensional or constant cross-sectional profiles 20, 22 and 24. Similarly,
      impeller 18 is suitably mounted for rotation in the direction of arrow B
      and is comprised of a plurality of two dimensional or constant
      cross-sectional profiles 26, 28 and 30. Profiles 20 and 26, 22 and 28 and
      24 and 30 are complimentary and are in mating engagement. Although three
      profiles are shown on each impeller, this is for illustrative purposes
      only and it is within the purview of the present invention to provide a
      lesser or greater number of profiles. Impellers 16 and 18 may be driven
      and timed by a pair of gears 32 and 34, as is conventional.
PAR  An inlet passage 36 communicates with each working chamber substantially
      along the entire depths thereof by means of a slot or the like 38, whereas
      a discharge port or passage 40 communicates with each working chamber only
      in the plane of impeller profiles 24 and 30 as illustrated in FIG. 4.
PAR  Profile 20 is comprised of a plurality of lobes 42 and 44 with a plurality
      of wells 46 and 48 therebetween. The lobes 42 and 44 are sealingly engaged
      with the interior surface of working chamber 12 and are joined to the
      wells 46 and 48 by concave transition surfaces 50 and 52. Similarly,
      profile 26 is comprised of a plurality of lobes 54 and 56 with a plurality
      of wells 58 and 60 therebetween. The lobes 54 and 56 are sealingly engaged
      with the interior surfaces of working chamber 14 and are joined to the
      wells 58 and 60 by concave transition surfaces 62 and 64. Lobes 42 and 44
      respectively engage and mate with wells 58 and 60 whereas lobes 54 and 56
      respectively engage and mate with wells 46 and 48.
PAR  Profile 22 adjacent profile 20 is comprised of a plurality of lobes 66 and
      68 with a plurality of wells 70 and 72 therebetween. The lobes 66 and 68
      are sealingly engaged with the interior surfaces of working chamber 12 and
      are joined to the wells 70 and 72 by concave transition surfaces 74 and
      76. Similarly, profile 28 is comprised of a plurality of lobes 78 and 80
      with a plurality of wells 82 and 84 therebetween. The lobes 78 and 80 are
      sealingly engaged with the interior surfaces of working chamber 14 and are
      joined to the wells 82 and 84 by concave transition surfaces 86 and 88.
      Lobes 66 and 68 respectively engage and mate with wells 82 and 84 whereas
      lobes 78 and 80 respectively engage and mate with wells 72 and 70.
PAR  Profiles 20 and 26 are angularly displaced from profiles 22 and 28 such
      that trailing regions of wells 46 and 48 and 58 and 60 overlap and
      communicate respectively with the leading regions of wells 70 and 72 and
      82 and 84. As used herein the term "trailing region" means the region or
      well volume that is last to pass under the cusp 90 at the joinder of the
      two working chambers whereas the term "leading region" means the region or
      well volume that is first to pass under the cusp 90.
PAR  Profile 24 adjacent profile 22 is comprised of a plurality of lobes 92 and
      94 with a plurality of wells 96 and 98 therebetween. The lobes 92 and 94
      are sealingly engaged with the interior surfaces of working chamber 12 and
      are in the plane of and pass under discharge port 40 to deliver thereto
      the fluid contained in wells 96 and 98. The lobes 92 and 94 are joined to
      the wells 96 and 98 by convex transition surfaces 100 and 102. Similarly,
      profile 30 is comprised of a plurality of lobes 104 and 106 with a
      plurality of wells 108 and 110 therebetween. The lobes 104 and 106 are
      sealingly engaged with the interior surfaces of working chamber 14 and are
      in the plane of and pass under discharge port 40 to deliver thereto the
      fluid contained in wells 108 and 110. The lobes 104 and 106 are joined to
      the wells 108 and 110 by convex transition surfaces 112 and 114.
PAR  Profiles 24 and 30 are angularly displaced from profiles 22 and 28 such
      that the trailing regions of wells 70 and 72 and 82 and 84 overlap and
      communicate respectively with the leading regions of wells 96 and 98 and
      110 and 108.
PAR  Moreover, the degree of overlap or relative angular displacement between
      profiles 24 and 20 is such that when leading transition surface 100
      becomes exposed to the discharge or outlet, transition surface 52 will
      have already gone through the mating position. The same relationship is
      true for profiles 30 and 26.
PAR  Although each profile has been depicted as having two lobes and two wells,
      it is to be understood that this has been for illustrative purposes only
      and additional lobes and wells can be provided.
PAR  In the operation of the apparatus according to the present invention, inlet
      fluid is delivered via port 36 and slot 38 to each of the wells or well
      volumes of each profile as they become exposed to the inlet region. Thus,
      as shown in FIG. 2, well 60 has just about fully charged with inlet fluid
      whereas well 84 (FIG. 3) is in the process of being filled and well 108
      (FIG. 4) has not yet become exposed to the inlet. The wells 58, 82 and 110
      all contain fluid at inlet pressure trapped therein. It is therefore clear
      that in the illustrated position of impellers the well volumes of each
      profile contain trapped fluid at inlet pressure. As well 58 passes under
      cusp 90 and mates with lobe 42 the fluid contained therein is forced into
      well 82 of the adjacent profile via the overlap between the two profiles
      26 and 28. Since the same amount of fluid now occupies a smaller volume
      the pressure of the fluid increases above that of the inlet. A second
      precompression of the fluid similarly occurs when well 82 passes under
      cusp 90 and mates with lobe 66 in that the fluid in well 82 is now forced
      into well 110 of the adjacent profile via the overlap between the profiles
      28 and 30. Thus the fluid at inlet pressure in the three well volumes now
      exists at an elevated pressure in only one well volume. As the fluid in
      well 110 is exposed to the outlet 40 and well 110 coacts with lobe 94 the
      gas is forced out of the discharge in a conventional manner.
PAR  Although the foregoing operation has been described with respect to one
      well of each profile of each impeller it should be apparent that the same
      action occurs in the other well of each profile and in each well of the
      profiles of the other impeller. Thus for the illustrated apparatus there
      are four separate total precompressions of the fluid, prior to its
      exposure to the outlet, for each cycle or revolution of the impellers. It
      should be further apparent that the precompressions occur in each working
      chamber independently. There is no need or requirement that fluid be
      transferred from one working chamber to the other in order to achieve the
      efficiency increasing precompression.
PAR  It is important to note that the transition surfaces 50, 52; 62, 64; and
      74, 76 on the profiles which are out of the plane of the outlet 40 are
      substantially concave in shape whereas the transition surfaces 100, 102
      and 112, 114 on the profile in the plane of the outlet can be more
      arbitrary in shape and are shown to be substantially convex. The reason
      for the concave transition surfaces is explained as follows: When the
      wells of profiles 24 and 30 are exposed to the high pressure outlet, as is
      well 108 in FIG. 4, it is necessary to prevent high pressure fluid leaking
      back to low pressure well 72 through well 108 as leading edge 88 mates
      with trailing edge 74. As can be seen in FIG. 3 due to their concave shape
      the tip of edge 74 seals throughout the entire side face of surface 88 to
      thereby block flow from well 108 to well 72. If edge 88 was not concave
      such a sealing action could not be attained and there would be an
      interstage leak. Likewise edges 50, 64 and 76 must also be concave to
      provide this interstage sealing action.
PAR  Although a preferred embodiment of the present invention has been disclosed
      and described, changes will obviously occur to those skilled in this art.
      It is therefore intended that the scope of the present invention be
      limited only by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary compressor, comprising;
PA1  a. a housing defining two working chambers,
PA1  b. mating impellers rotatably mounted in each of said working chambers,
PA1  c. each impeller having at least two constant cross-sectional profiles,
PA1  d. each of said profiles comprised of at least one lobe and at least one
      well,
PA1  e. the lobes and wells of any one profile being angularly displaced from
      those of the profile immediately adjacent thereto,
PA1  f. inlet passage means extending substantially the entire length of said
      working chambers for communication with substantially all of said
      profiles, and
PA1  g. outlet passage means having a port located in the plane containing
      substantially one pair of profiles.
NUM  2.
PAR  2. A rotary compressor, comprising;
PA1  a. a housing providing a pair of working chambers,
PA1  b. an inlet port communicating with an inlet region of said working
      chambers,
PA1  c. an outlet port communicating with an outlet region of said working
      chambers,
PA1  d. an impeller rotatably mounted in each of said working chambers for
      rotation in opposite directions,
PA1  e. each impeller having at least two constant cross-sectional profiles,
PA1  f. adjacent ones of said profiles on each impeller being angularly
      displaced with respect to each other,
PA1  g. at least one of said profiles being out of the plane of said outlet port
      and at least one of the others of said profiles being in the plane
      thereof, and
PA1  h. said inlet region communicating substantially with all of said profiles.
NUM  3.
PAR  3. The compressor according to claim 2, wherein;
PA1  i. each of said profiles comprise at least one lobe and at least one well,
      and
PA1  j. the lobes and wells of any one profile being angularly displaced from
      those of the profile immediately adjacent thereto whereby, as said
      impellers rotate, fluid is transferred sequentially from the wells of one
      profile to the wells of adjacent profiles and experiences an increase in
      pressure prior to the establishment of communication between said outlet
      port and the wells of the profiles in the plane thereof.
NUM  4.
PAR  4. The compressor according to claim 3, wherein;
PA1  k. said lobes and wells of each profile have substantially cylindrical
      outer peripheral surfaces.
NUM  5.
PAR  5. The compressor according to claim 4, wherein;
PA1  l. at least said lobes and wells of the profiles out of the plane of said
      outlet port being joined by substantially concave transition surfaces.
NUM  6.
PAR  6. A rotary compressor, comprising;
PA1  a. a housing
PA1  b. mating impellers rotatably mounted in said housing for rotation in
      opposite directions,
PA1  c. each impeller having at least two constant cross-sectional profiles.
PA1  d. each of said profiles comprised of at least one lobe and at least one
      well,
PA1  e. the lobes and wells of any one profile being angularly displaced from
      those of the profile immediately adjacent thereto,
PA1  f. inlet passage means communicating with said housing providing fluid
      communication with substantially all of said profiles and direct
      communication with at least more than one of said profiles,
PA1  g. outlet passage means communicating with said housing, and
PA1  h. at least one of said profiles being out of the plane of said outlet
      passage means and at least one of the others of said profiles being in the
      plane thereof.
NUM  7.
PAR  7. The compressor according to claim 6, wherein;
PA1  i. said lobes and wells of each profile having substantially cylindrical
      outer peripheral surfaces.
NUM  8.
PAR  8. The compressor according to claim 7, wherein;
PA1  j. at least said lobes and wells of the profiles out of the plane of said
      outlet passage means being joined by substantially concave transition
      surfaces.
NUM  9.
PAR  9. A rotary compressor, comprising;
PA1  a. a housing
PA1  b. a pair of mating impellers rotatably mounted in said housing for
      rotation in opposite directions,
PA1  c. each of said impellers comprised of a plurality of constant
      cross-sectional profiles,
PA1  d. each profile comprised of at least one lobe and at least one well
PA1  e. each of said wells having a leading well volume and a trailing well
      volume,
PA1  the trailing well volumes of any profile on any impeller overlapping and in
      fluid communication with the leading well volumes of the profile on the
      same impeller with is adjacent thereto whereby as the impellers rotate
      fluid is sequentially transferred from the well volumes of one profile to
      the well volumes of adjacent profiles,
PA1  g. inlet passage means communicating with said housing for providing fluid
      communication with substantially all of said profiles and direct
      communication with at least more than one of said profiles,
PA1  h. an outlet communicating with said housing and located out of the plane
      of at least one of said profiles and located in the plane of at least one
      of the others of said profiles.
NUM  10.
PAR  10. The compressor according to claim 9, further comprising;
PA1  g. an inlet communicating with said housing for delivering inlet fluid to
      each of said wells, and
PA1  h. an outlet communicating with said housing and located out of the plane
      of at least one of said profiles and located in the plane of at least one
      of the others of said profiles.
NUM  11.
PAR  11. The compressor according to claim 9, wherein;
PA1  i. said lobes and wells having substantially cylindrical peripheral
      surfaces.
NUM  12.
PAR  12. The compressor according to claim 11, wherein;
PA1  j. at least said lobes and wells of the profiles out of the plane of said
      outlet being joined by substantially concave transition surfaces.
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ABST
PAL  A rotary compressor in which a slice is cut back under one rotor flank and
      continuous groove is cut in the rotor housing cover adjacent the slice and
      intersecting it. The two adjacent rotor flanks can be ported to prevent
      pressure buildup therein. This arrangement permits the volume under the
      modified rotor flank to be in constant communication with the compressor
      output and produce a true sinusoidally varying pressure output.
GOVT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the Government for governmental purposes without the payment to me
      of any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the field of rotary compressors. In particular it
      encompasses a modification to such a compressor of the type particularly
      useful in the area of cryogenic coolers, such as the one found in U.S.
      Pat. No. 3,853,437 which is incorporated by reference, which, for maximum
      efficiency, requires a square or sinusoidal pressure wave.
PAR  The standard piston-type compressor, while providing a sinusoidal output
      pressure, has inherent limitations to efficiency because a
      rotary-to-linear motion conversion is necessary. The rotary compressor
      concept eliminates the necessity for such conversion. However, the porting
      and sealing techniques applied to rotary compressors of the prior art do
      not yield a true sinusoidal pressure wave. The novel modifications to the
      rotary compressor hereinafter described do yield the desired sinusoidal
      pressure output.
PAC  SUMMARY
PAR  The technique of the disclosed invention involves modifying the rotor by
      the removal of a slice of material in the region of one rotor flank
      adjacent a compressor housing side cover and providing a
      passageway-forming groove in this side cover, with the groove in
      communication with a pressure outlet port. The modified rotor flank
      compressor volume, then, is always in communication with the groove and
      the outlet. Consequently, the pressure wave seen at the outlet port is a
      sinusoidal pressure variation. The configuration of this side cover groove
      is determined by the inner envelope of the particular rotor; the groove
      always being located within this boundary. The width and location of the
      groove are also governed by the dimensions of the slice of material
      removed from the rotor.
PAR  The compressor geometry can be determined in the following manner. By
      rotating the rotor of the configuration to be used in the mathematically
      appropriate manner, an inner and outer envelope are generated. The outer
      envelope is the housing that was desired for use with this rotor and the
      inner envelope yields the boundary condition for the side surface groove
      to be used in the presently disclosed device.
PAR  Of course, the chamber configuration could be first determined, and the
      rotor configuration thereby fixed. The inner envelope of the rotor would
      still determine the limit of the groove circumference to be used. The
      advantages of this compressor over prior art piston-type or rotary
      compressors include the production of a true sinusoidal pressure output
      with the absence of a rotary-to-linear conversion with an attendant high
      energy conversion efficiency.
PAR  By way of example, the configuration disclosed utilizes the well-known two
      lobe housing and three flank rotor combination. Three revolutions of the
      drive shaft would yield one revolution of the rotor resulting in two
      maxima and minima or two pressure pulses. In general, however, the rotary
      compressor can take on any one of a variety of compressor housing and
      rotor configurations derived from the family of trochoidal curves;
      particularly the peritrochoid, epitrochoid and hypotrochoid. More
      specifically, the combinations of housings generated by a peritrochoid,
      epitrochoid or hypotrochoid with the respective inner envelopes of each as
      the rotor generating function, could be utilized.
PAR  The driving means, including the rotor internal gear, fixed eternal gear
      and the relation between eccentricity and the drive shaft for rotary
      machines of the type disclosed, are well-known in the art and the
      description thereof is not necessary here for a complete understanding of
      this invention. See, for a description of drive means, the book by Kenichi
      Yamamoto entitled Rotary Engine, published by Toyo Kogyo Co., Ltd.
PAR  The only limitation to the possible configurations employable in the
      present invention is that if sealing means are required between chamber
      regions, the configuration should be of the form in which these
      interchamber seals are carried at the rotor apices and not fixed at the
      chamber housing walls.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view showing the rotor and chamber geometry of a rotary
      compressor embodying the invention;
PAR  FIG. 2 is an isometric view of the rotor modified according to the
      invention;
PAR  FIG. 3 is an isometric view of the reverse side of the rotor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, we see the arrangement of components of the rotary
      compressor, including the modification of the disclosed invention.
PAR  The rotary compressor includes a housing 10, in which is formed the two
      lobe chamber 11 having the configuration shown by the outermost closed
      curve 12. As described above, this curve is the outer envelope of the
      three flank rotor 13 associated therewith and which rotates therein in the
      known manner. The rotor flank 14 modified according to the present
      invention shows a slice 15 removed from that portion of the rotor. Since a
      side seal (not shown here) is normally placed on the rotor side surfaces,
      the slice 15 removed from the rotor side along the flank 14 would normally
      entail the removal of a portion of the seal along with a portion of the
      rotor material. It should also be recognized that, under certain
      circumstances, it might only be necessary to slice a depth which would
      remove rotor seal material without cutting into the rotor material itself
      to produce the desired slice along the modified flank.
PAR  The groove 16 in the side cover of the compressor, located just inside the
      dashed line 17 which is the inner envelope generated by the rotor 13, is
      shown intersecting a region of the slice 15. At the position shown, the
      region of intersection is about a maximum. As can be readily seen, the
      rotation of the rotor 13 in the chamber 11 causes a varying degree of
      intersection between the groove 16 and the slice 15. It must be made clear
      that all that is necessary for the present invention is that there be at
      least a point of intersection at all times as the rotor turns.
PAR  An outlet port 18, positioned at any convenient location between the groove
      16 and any associated output location, provides an outlet for the
      sinusoidal pressure waves generated by the operation of this device.
PAR  In FIG. 2 can be seen an isometric view of the rotor 13. The slice 15 is
      shown in the flank 14 of the rotor. Seals 20, 21 and 22 isolate the
      chamber formed under the flank 14 from the chambers under flanks 23 and
      24.
PAR  Additional modification is made to the rotor in order to keep the power
      consumption to a minimum. While the net volume under all three flanks is a
      constant, the net volume under the two unused flanks 23 and 24 is not.
      Therefore, work would be required to compress the gas in these regions
      during the operation of the device. To eliminate this unnecessary work,
      the unused flanks 23 and 24 are shorted to the crankcase region 25 of the
      device by passage means 26 and 27 or to some other common volume. However,
      to minimize gas flow through the crankcase 25, the unused flanks 23 and 24
      may also be shorted directly to each other by passage 28. Alternatively,
      the seal 22 could be modified to short the regions between flanks 23 and
      24.
PAR  While only one embodiment of the contemplated invention has been described,
      it is to be understood that many variations, substitutions and alterations
      may be made while remaining within the spirit and scope of the invention
      which is limited only by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a rotary compressor device in which substantially trochoidal curves
      form the inner surface of the working chambers and the configuration of
      the internally placed rotary piston of said device and wherein side
      surfaces close the device to complete the working chambers, the
      improvement comprising:
PA1  a volume formed along a flank of said rotary piston in communication with
      the compression volume under said flank and adjacent a side surface;
PA1  passageway means associated with said side surface for constantly
      communicating with said volume as said rotary piston revolves; and
PA1  porting means communicating with said passageway means for providing an
      outlet for sinusoidally varying pressure generated by said device.
NUM  2.
PAR  2. The device according to claim 1 wherein the trochoidal curves are
      selected from the group of curves consisting of the peritrochoid,
      epitrochoid, and hypotrochoid.
NUM  3.
PAR  3. The device according to claim 2 wherein the passageway means are within
      a boundary prescribed by the inner envelope of the rotor revolving
      according to the trochoidal curve utilized.
NUM  4.
PAR  4. The device according to claim 3 wherein means for shorting the regions
      under the unused rotor flanks to a common volume are provided to reduce
      power consumption by the device.
NUM  5.
PAR  5. The device according to claim 4 wherein said common volume comprises the
      crankcase region of the device and wherein the shorting means comprise
      passage means from the unused rotor flanks to said crankcase region.
NUM  6.
PAR  6. The device according to claim 5 further comprising further passage means
      directly connecting the unused flanks.
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ABST
PAL  A rotary piston of a rotary piston internal combustion engine has radially
      and inner and outer annular seals carried within grooves of the rotary
      piston thrust surface axially facing the engine casing sidewall with the
      axial end face of the oil seal tapering radially outwards relative to the
      engine sidewall and forming lip angles between the tapered end wall of the
      seal such that the lip angle for the outer seal is between 1.degree. and
      3.degree., the lip angle for the inner seal is between 3.degree. and
      5.degree., and the spring biasing force acting on the radially outer seal
      is less than that acting on the radially inner seal. Preferably, an oil
      removal bore is formed in the land portion between the grooves for return
      of the oil delivered thereto by action of the oil seal to the oil pan of
      the engine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to oil seal for rotary piston internal
      combustion engines, and more particularly to an improved dual oil seal
      arrangement.
PAR  Description of the Prior Art
PAR  Oil seal arrangements for rotary engines serve to prevent the oil which
      acts to cool the rotor and lubricate the same during its rotation relative
      to the fixed engine casing from leaking into the combustion chamber and to
      collect the surplus oil which is supplied from a metering pump and
      lubricate the apex and side seals, to the radial inside area thereof, for
      removal purposes.
PAR  In order to meet these requirements, conventionally oil seals of a dual
      nature as shown in FIG. 1 have been employed which comprise the formation
      of radially inner and outer annular oil seal grooves 2 and 3 which are
      formed within a thrust surface 11 of a rotor 1 which faces the fixed
      sidewall 10 of the rotary piston engine casing. The grooves 2 and 3 in
      this case carry identical annular metal oil seals 4 which are respectively
      provided with annular recesses 43 within their radially inner and outer
      surfaces 41, 42 within which are mounted O-rings 5. Springs 6 are
      conventionally mounted within the grooves behind the annular oil seals 4,
      providing a spring biasing force tending to press an axial end face of
      each of the annular oil seals 4 into contact with the casing sidewall 10.
      These axial end faces are beveled, that is, they taper away from the
      planar sidewall 10 and form therebetween lip angle .alpha. which generally
      are on the order of 2.degree. and are equal for both the radially inner
      and outer seals.
PAR  As may be best seen by reference to FIG. 2, due to the eccentric movement
      of the rotor with respect to the casing, a semi-circular portion A of the
      oil seals 4 scrape the oil having cooled the rotor and residing on the
      radially inner side of the oil seals 4, to prevent the oil from leaking
      radially out from the oil seal. At the same time, the remaining
      semi-circular portion B of the oil seals 4 serve to invite the oil
      residing at the radially outer side of seals 4 into that portion of the
      gap formed between casing sidewall 10 and the lip surface or end face of
      the oil seals 4 with this invited oil exerting a pressure which causes the
      oil seal to float slightly away from the casing end wall 10 so that the
      oil moves to the radially inner side of each seal 4, particularly the
      radially outermost seal 4.
PAR  The conventional seals as at 4 which are identical in form and arrangement
      employ lip angles which have been selected to be on the order of two
      degrees so that the inside and outside oil seals perform not only an oil
      scraping function as the seals move radially inward with respect to the
      fixed casing surface 10, but each functions to invite oil to float between
      the end face of the seals 4 and the fixed casing wall 10 when the rotor 1
      and the seals move radially outward as evidenced in FIG. 2 relative to the
      fixed casing. However, this value for the lip angle produces rapid wear of
      the lip surface and consequently a rapid increase in the contact area
      between the seals 4 and the sidewall 10 of the engine casing, and this
      leads to deterioration in the oil scraping function of the seals. This, of
      course, results in increased lubricating oil comsumption.
PAR  The present invention is directed to providing a solution for this problem.
PAC  SUMMARY OF THE INVENTION
PAR  The rotary piston of the present invention which rotates eccentrically
      relative to the engine casing and which has an axial thrust surface which
      faces the casing sidewall, is provided with radially inner and outer
      annular oil seal grooves within the thrust surface which face the casing
      sidewall separated by a narrow annular thrust surface land portion, each
      groove receives an annular metal oil seal in ring form, and the groove is
      provided with a spring which is positioned behind the annular oil seal and
      biases the oil seal axially out of the groove and into contact with the
      sidewall of the engine casing. The axial end face of each groove which
      contacts the sidewall tapers in a radially outward direction away from the
      sidewall to form a lip angle, the lip angle for the radially outer seal is
      between 1.degree. and 3.degree., and that for the radially inner oil seal
      is between 3.degree. and 5.degree.. The spring biasing force acting on the
      radially outer oil seal is less than that for the radially inner oil seal.
      The land portion of the thrust surface is preferably provided with an oil
      removal bore for communicating the area between the grooves with the oil
      pan of the engine for collecting accumulated oil.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal, sectional view of a portion of a rotary piston
      internal combustion engine showing a conventional dual annular oil seal
      arrangement.
PAR  FIG. 2 is a transverse sectional view of the rotary engine of FIG. 1
      showing the nature of operation of the dual oil seal arrangement thereof.
PAR  FIG. 3 is a longitudinal sectional view of a rotary piston internal
      combustion engine similar to that of FIG. 1 but incorporating the improved
      dual annular oil seal arrangement of the present invention.
PAR  FIG. 4 is a plot of the rate of lubricant returned to the oil pan by action
      of the radially inner oil seal of the present invention against the oil
      seal lip angle.
PAR  FIG. 5 is a plot of the rate of oil return to the oil pan by the radially
      outer oil seal of the present invention against oil seal lip angle with
      and without the oil recovery bore.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning to FIG. 3 of the drawings, wherein like elements are given like
      numerical designations to the prior art arrangement of FIG. 1, the
      radially outer oil seal groove 3 within rotor 1 carries the radially outer
      oil seal in the form of an annular metal element as at 401 having a lip
      angle .beta. between 1.degree. and 3.degree. and is provided with an oil
      seal spring 601 which is mounted behind the oil seal 401 and presses the
      tapered axial end face of the seal against the sidewall 10 of the engine
      casing. The seal 401 projecting axially outwardly of the thrust surface 11
      of rotor 1. On the opposite side of land 7 which constitutes a thrust
      surface portion intermediate of the grooves 2 and 3, the radially inner
      oil seal groove 2 carries an annular, radially inner oil seal 402 which in
      like fashion to seal 401 is of modified rectangular cross section and is
      provided with a tapered axial end face which defines with the planar
      sidewall 10. A lip angle .beta.' of between 3.degree. and 5.degree., the
      oil seal 402 being likewise formed of metal and being spring biased by
      means of biasing spring 602 which is positioned within the groove 2 and
      behind the annular oil seal 402 so as to force the oil seal 402 in contact
      with casing sidewall 10. In similar fashion to the prior art arrangement
      of FIG. 1, O-rings 5 are carried within radially inner recess of oil seal
      401 and radially outer recess of annular seal 402.
PAR  To the contrary of the prior art arrangement, the radially inner oil seal
      spring 602 exerts a biasing force on oil seal 402 which is greater than
      the biasing force exerted on oil seal 401 by the radially outer oil seal
      spring 601.
PAR  In the oil seal arrangement of the present invention, the lip angle of the
      radially inner oil seal is selected to be from 3.degree. through
      5.degree., this selection improving the oil scraping function of the
      radially inner oil seal 402. By experimentation, it has been proven that
      this range of lip angle provides maximum return of the oil to the oil pan
      by oil scraping operation.
PAR  During the experiment, a plurality of oil seals were manufactured, that is,
      radially inner oil seal 402 of different lip angles, i. et., 1.degree. ,
      2.degree. , 3.degree. , 4.degree. , 5.degree.  and 6.degree., were
      employed. The radially inner oil seals were incorporated in an actual
      engine to seek the relationship between the quantity of oil returned to
      the oil and the lip angles of the radially inner oil seals. The engine
      employed in the test and the conditions of the test were as follows:
     THE ENGINE USED FOR THE TEST                                              
     __________________________________________________________________________
     1. TYPE:       Water Cooled RE Engine Having Two Rotors                   
     2. VOLUME:     982 cc                                                     
     3. MAXIMUM OUTPUT POWER:                                                  
                    100 PS/ 7,000 r.p.m.                                       
     4. MAXIMUM TORQUE:                                                        
                    13.5 Kg-m/ 3,500 r.p.m.                                    
     CONDITIONS                                                                
     1. ENGINE SPEED AND LOAD:                                                 
                    5,000 r.p.m. at Full Load                                  
     2. HOURS UNDER OPERATION:                                                 
                    5 hours                                                    
     __________________________________________________________________________
PAR  The results of the test are shown in FIG. 4. Reference to that Figure shows
      that the amount of oil returned to the oil pan is large when the lip angle
      lies between 3.degree. and 5.degree., and the conclusion is reached that
      the lip angle within the above range provides an oil return due to the
      excellent oil scraping function in contrast to lip angles outside of this
      range.
PAR  Turning next to the radially outer oil seal, the lip angle thereof is
      selected to be between 1.degree. and 3.degree. for improving oil inviting
      function of the radially outer oil seal as also evidenced from the test
      result employing the engine described above. Oil seals were manufactured
      for use as the radially outer oil seal having different lip angles, i.e.,
      0.degree. , 30' .degree., 1.degree. , 1.degree. , 3.degree. , 4.degree. ,
      5.degree. and 6.degree. respectively, and the radially outer oil seals
      were incorporated in the same actual engine to determine the relationship
      between the lip angle and the quantity of oil returned to the oil pan. At
      the same time, tests were made to compare the rotor having the oil
      escaping bore at the land portion between the grooves with a rotor having
      no oil escaping bore, and wherein the oil between the radially inner and
      outer oil seals was forced to move radially inward by floating the
      radially inner oil seal such as seal 402. The engine employing the test
      and the conditions of the test were the same as the test described above
      providing the results illustrated in FIG. 4.
PAR  The results of these tests are shown in FIG. 5. Reference to that Figure
      indicates that the amount of oil returned to the oil is large when the lip
      angle of the radially outer oil seal 401 lies within the range of
      1.degree. to 3.degree.. The conclusion reached is that the lip angle for
      the radially outer oil seal provides excellent oil inviting function over
      all other ranges of lip angle; in the plot of FIG. 5, the lower plot
      indicated at A shows the rate of removal of oil for a radially outer oil
      seal having various lip angles without the inclusion of bore 8. Plot B on
      the other hand, within the same Figure, illustrates the improvement in the
      rate of oil return by the combination of the oil removal bore within land
      7 and a radially outer oil seal having different oil seal lip angles.
PAR  The invention is featured further by the realization that the oil seal
      spring for the radially inner oil seal should be stronger than that for
      the radially outer oil seal. Thanks to this arrangement, both the oil
      escaping and oil inviting functions are enhanced, that is, the function of
      the radially inner oil seal 402 is to scrape the oil off the engine casing
      sidewall 10 where it moves radially inward as indicated by the arrow,
      while during movement of the rotor such that oil seal 401 is moving
      radially outwards relative to this fixed sidewall 10, the oil tends to
      float the oil seal 401 against the spring bias of spring 601 which is
      relatively weak and a large amount of the oil is returned through bore 8
      to the engine oil pan. Thus, the relatively weak oil seal spring 601
      allows the radially outer oil seal 401 to be lifted from the wall 10 of
      the engine casing by the pressure of the oil, thereby enhancing the oil
      inviting function of the radially outer oil seal, whereas the relatively
      strong spring 602 which biases the radially inner oil seal 402 against the
      sidewall 10 of the engine casing answers the contact pressure thereby
      improving the oil scraping function of this radially inner oil seal.
PAR  As will be understood from the foregoing description, the present invention
      provides a dual oil seal arrangement having individual oil seals of
      specific lip angles and oil seal springs of different biasing force, that
      is, different strnegths. This specific arrangement insures that the oil
      having cooled the rotor is scraped from the engine sidewall 10 and
      prevented from leaking radially outward of the radially inner oil seal. At
      the same time, the oil fed from a metering pump for lubricating the apex
      and side seals and lying on the casing sidewall 10 is invited by the
      radially outer oil seal to move to the inside of that seal, where it is
      conveniently collected and removed through the oil escaping bore 8 formed
      within the land portion 7 of the rotor thrust surface 11, thereby
      considerably improving lubricating oil consumption. The reduced
      lubricating oil consumption prevents the sticking of the apex side seals
      which is likely to occur due to excessive supply of lubricating oil and
      prevents generation of harmful exhaust emissions.
PAR  Furthermore, it is noted that the lip angle of between 3.degree. and
      5.degree. of the radially inner oil seal provides a reduced contact area
      between the radially inner oil seal and the sidewall 10 as compared to the
      conventional oil seal means in which the lip angle is typically 2.degree.,
      so that the oil seal arrangement of the present invention can perform good
      oil scraping function insofar as oil seal 402 is concerned for a longer
      period of time. In addition, the oil seal spring for the radially outer
      oil seal which is intended only for inviting oil to flow between the oil
      seal and the side wall is relatively weak so that wear of the radially
      outer oil seal is reduced. Even an increased contact area of the outer oil
      seal resulting from wearing down of this member does not adversely affect
      the oil inviting function.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and details may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rotary piston internal combustion engine having a rotary piston
      mounted for rotation eccentrically about the rotor axis within an engine
      casing with an axial thrust surface of the rotor axially facing the engine
      casing sidewall, and wherein the thrust surface carries radially inner and
      outer annular oil seal grooves axially facing the casing sidewall and
      separated by a narrow, annular thrust surface land portion, and wherein
      each groove carries an annular metal oil seal in ring form and a spring
      behind the oil seal and biasing the oil seal axially out of the groove
      such that an axial end face of the oil seal contacts the sidewall of the
      engine casing, and wherein each oil seal has that axial end face tapering
      in a radially outward direction away from the engine casing sidewall to
      form a lip angle therebetween, the improvement wherein:
PA1  an oil removal bore is formed within the thrust surface land portion for
      removing oil accumulating between the radially inner and outer seals,
PA1  the lip angle of the radially outer oil seal is between 1.degree. and
      3.degree.,
PA1  the lip angle of the radially inner oil seal is between 3.degree. and
      5.degree., and
PA1  the spring biasing force of the spring acting on the radially outer oil
      seal is less than that of the spring acting on the radially inner oil
      seal.
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ABST
PAL  This invention relates to an improvement in a rotary piston machine
      comprising a jacket and two side parts forming a housing, inlet and outlet
      means on said housing, a piston patterned after a saddle-free epitrochoid
      1:1 mounted in said housing for rotation on an eccentric shaft,
      annularly-closed axial seals on the sides of the piston in proximity to
      the piston edge, and a pair of oppositely-positioned radial seals in said
      housing, the improvement comprising that the axial seal on each side of
      the piston is composed of two seal means equidistant with respect to each
      other and being closed within themselves, and lubricant opening means in
      said side parts in proximity to at least one of said radial seals, said
      openings being located essentially in the interstice between said two seal
      means in any position of the piston, or being covered temporarily at least
      in part by one of said two seal means.
BSUM
PAR  The present invention relates to a rotary piston engine having a piston
      which rotates in a jacket between two side parts on an eccentric of an
      eccentric shaft, and which is patterned after a saddle-free epitrochoid
      1:1. The piston has annularly-closed axial seals on the sides thereof and
      two radial seals are positioned in the jacket diametrically opposite with
      respect to each other.
PAR  The axial seals in the piston are generally subdivided into two seals
      positioned within each other, but are separated from each other by a
      relatively large distance, and are closed within themselves. The
      outwardly-positioned axial seal serves in this case as a gas check with
      respect to the working chamber and is therefore located as closely as
      possible to the piston edge. It customarily follows a curve path which is
      equidistant relative to the piston contour and generally is composed of
      two parallel sealing strips or sealing rings. The inwardly-positioned seal
      positioned at a relatively large distance therefrom is intended to carry
      out a sealing action in proximity to the eccentric shaft against oil
      leaking out at the eccentric shaft.
PAR  Known from German Offenlegungsschrift No. 1,551,094, is an arrangement in
      which specific bores are in the side parts of a rotary piston internal
      combustion engine of trochoidal construction for the purpose of guiding
      off waste oil which leaks out and is retained by the inwardly-positioned
      seal. These bores are so positioned that the inlet cross-sections thereof
      will be positioned within the outer seal in any position of the piston. A
      specific lubrication of the axial seal, such as is already known for
      example for the radial seals, does not take place here, however. Operation
      heretofore, if necessary, utilized the lubricating effect of the leaking
      oil reaching the outer axial seals due to centrifugal force, or if
      necessary, in internal combustion engines, with a mixture lubrication in
      which case a small lubricant portion reaches from the working chamber to
      the bordering axial seal. Yet it is necessary for many cases to provide a
      good lubrication also at the axial seals. This is required, for example,
      in internal combustion machines which suction- in only pure air, and in
      which therefore no mixture lubrication is possible. But even for various
      types of pumps, particularly in high-pressure pumps, or in pumps which
      feed dangerous gases, for example, a lubrication of the axial seal is
      required; if necessary even with an explosion-free lubricant.
PAR  It is the object of the present invention to provide for a lubrication of
      the axial seal in rotary piston engines of the type referred to
      hereinabove. In this connection it is intended to consider only the
      aforementioned outer seals, whereas the inner seals positioned in
      proximity to the eccentric shaft will not be included as genuine oil
      seals.
PAR  This object is obtained, in accordance with the present invention, by
      virtue of the fact
PAR  that the axial seal is composed of two seals extending equidistantly with
      respect to each other and being closed within themselves,
PAR  and that in the side parts in proximity to at least one of the radial seals
      and in the plane of the radial seals are openings for a lubricant at such
      a distance with respect to the radial seal that these openings terminate
      -- in any position of the piston -- essentially into the interstice
      between the two seals, or are covered temporarily at least in part by
      either one or the other adjacent seal.
PAR  In this connection it is possible for the two seals to extend either
      equidistantly with respect to the piston edge, or else -- according to a
      further embodiment of the present invention -- are circular and extend
      concentrically about the mathematical form center of the epitrochoid. Due
      to the trochoidal movements of the piston, the circular axial seals will
      assume different positions, during the rotation of the piston, with
      respect to the lubricant openings. As a result, and depending upon the
      dimensions chosen, lubricant will be introduced with certainty between the
      axial seals, being closed within themselves in a circular fashion, and
      furthermore, the supply openings for the lubricant will at least be
      temporarily covered either by the inner or the outer axial seal. In this
      manner, lubricant is supplied to the two seals positioned within each
      other. It is important above all in this connection that lubricant
      penetrates into the interstice between the two axial seals since from
      there it can flow into the outer sealing ring due to the centrifugal
      effect and there perform the required lubrication. Moreover, the sealing
      effect with respect to the working chambers is improved. The inner axial
      seal receives its lubrication by virtue of the fact that, during rotation,
      it slides at least temporarily over the feed opening of the lubricant. The
      arrangement may be made so that the openings for the lubricant supply are
      positioned within the area of one radial seal, and the openings for the
      discharge of the lubricant within the area of the other radial seal.
      Accordingly, the supply opening and the discharge opening are positioned
      diametrically opposite each other.
PAR  According to another embodiment of the engine, the supply and discharge
      openings also may be positioned directly next to each other within the
      area of a radial seal. In this case, the opening located on the
      running-off side -- viewed in the direction of rotation of the piston --
      is a supply opening, and the opening located on the running-up side is a
      discharge opening. In each case it is possible to perform the lubrication
      in a manner known per se in a dosed or metered fashion. In this connection
      one can use the various methods for a metered lubricant supply that are
      already known in the art, and hence they are not further described herein.
DRWD
PAR  One embodiment of the present invention now will be further described
      hereinbelow with reference to the accompanying drawings, wherein
PA1  Fig. 1a illustrates a piston in the upper dead-center position thereof;
PA1  Fig. 1b illustrates the piston in an intermediate position thereof at
      90.degree. of crankshaft rotation;
PA1  Figs. 2a and 2b are axial cross-sectional views relative to FIGS. 1a and 1b
      taken along lines A--A;
PA1  Figs. 3a and 3b represent a view, and an axial cross-sectional view of a
      lubricant opening, at an enlarged scale;
PA1  Figs. 4a and 4b are modifications of FIGS. 3a and 3b with paired lubricant
      openings, and
PA1  Figs. 5a and 5b are further modifications of the shape of the lubricant
      openings.
DETD
PAR  Shown in FIGS. 1a and 2a, in a greatly simplified illustration, is a piston
      1 which has the shape of a saddle-free epitrochoid 1:1. The jacket or
      shell surrounding the piston 1 is identified with reference numeral 2 and
      contains the radial seals 3. The drive shaft of the engine is identified
      herein with reference letters M.sub.W, and the piston center is identified
      with reference letters M.sub.K. During operation of the engine, the piston
      center M.sub.K moves on the crank circle, which has been shown in
      dash-dotted lines, in the direction of rotation W. The piston 1 itself
      moves at that time in the opposite direction, as has been indicated by the
      arrow K. Reference letters M.sub.F designate the mathematical form center
      of the piston 1 and of the epitrochoid. In the piston side walls are two
      annular axial seals 4 and 5 being closed within themselves. These axial
      seals do not follow the outer piston contour, as is otherwise frequently
      customary, i.e., as an equidistant curve path relative to the trochoid,
      but they are here circular, whereby the center of the circle is positioned
      in the mathematical shape center M.sub.F of the trochoid. In the shape of
      the saddle-free epitrochoid 1:1 which has been selected, the deviations of
      the circle shape from the exact trochoidal shape, or a curve path
      equidistant with respect thereto, are so slight that the different gap
      widths have no influence upon the sealing effect. The maximum arising gap
      widths remain of an order still smaller than the expansion joints of the
      piston rings customary in reciprocating engines.
PAR  As is apparent from FIG. 2a, the bores 7 are positioned in the upper
      portion of the side parts 8, which bores serve for the supply of
      lubricant. The direction of supply is indicated by arrows. From these
      bores 7 extend the transverse bores 6 to the side wall of the side parts 8
      and terminate -- as shown in FIG. 2a -- for example between the two axial
      seals 4 and 5. The precise position of the transverse bore 6 is apparent
      from FIG. 1a. The supply opening 6 is positioned in the connecting plane
      of the two radial seals 3 and is located in the near-axis zone of the
      jacket or shell 2, i.e. in proximity to the radial seals 3.
PAR  In the lower portion of the side parts 8 are the corresponding bores 7' for
      the discharge of the lubricant. From these bores 7' the small transverse
      bores 6' extend to the side wall. These transverse bores 6' also terminate
      here in the embodiment shown between the two axial seals 4 and 5. In this
      embodiment it has been assumed that, in the dead-center position of the
      piston, the lubricant supply at 6, and the discharge of the lubricant at
      6', are positioned precisely between the two axial seals 4 and 5.
PAR  Shown in FIGS. 1b and 2b is the situation which will result when the piston
      has been rotated out of the dead-center position by 90.degree.. It is
      apparent therefrom that the supply opening 6 and the discharge opening 6'
      are covered by the inner axial sealing ring 5. Accordingly, the axial
      seals 4 and 5 travel to and fro, in comparison with FIGS. 1a and 2a,
      relative to the two lubricant openings 6 and 6'. At that time, the
      openings can be covered by either one or the other axial seal in the
      extreme positions of the piston 1.
PAR  In FIGS. 3a and 3b, the supply openings for the lubricant have been shown
      in a greatly enlarged manner. Within the jacket or shell 2 is the radial
      seal 3 which touches the piston 1. The piston 1 is shown in the
      dead-center position thereof. In the piston side wall are the two circular
      axial seals 4 and 5. Between the two, in the dead-center position, the
      lubricant supply opening 6 is free. Therefore the interstice between the
      two axial seals can be filled with lubricant. The dashed lines in FIG. 3a
      indicate the position of the piston in the other dead-center position.
      This position is designated with reference numeral 1'. Correspondingly,
      also the position of the axial seals is shown in dash-dotted lines and
      designated with reference numerals 4' and 5'. As is apparent from FIG. 3a,
      the lubricant supply opening 6 is positioned in both cases in the
      interstice between the two sealing rings. In the intermediate positions of
      the piston 1, during the travel thereof from one dead-center position into
      the other dead-center position thereof, the axial seals 4 and 5 will be so
      displaced that the opening 6 is covered at least temporarily by the inner
      axial seal 5, either partially or completely. As a result, a lubrication
      of this seal takes place. The lubrication of the outer axial seal 4 is
      effected from the interstice by centrifugal force. As is apparent from the
      axial cross-sectional view of FIG. 3b, the supply opening for the
      lubricant contains, at the orifice thereof, rounded-off portions in order
      that the lubricant can there emerge, and so that no accumulation is
      produced there. These rounded-off portions extend in the direction of
      rotation of the piston.
PAR  Further, in the dead-center position, the supply opening 6 also may be
      covered either entirely or partially by the outer axial seal 4. This will
      result in an additional direct lubricating effect at this seal.
PAR  As has been shown in FIGS. 1a and 1b, the supply opening 6 for the
      lubricant is located in proximity to one radial seal, and the discharge 6'
      is located in proximity to the other radial seal. They are, accordingly,
      positioned diametrically opposite each other. FIGS. 4a and 4b, in contrast
      thereto, illustrate an arrangement in which the supply and the discharge
      openings are positioned closely adjacent each other. In the dead-center
      position of the piston 1 shown in FIG. 4a, a supply opening 6b and a
      discharge opening 6a are positioned side-by-side in the interstice between
      the axial seals 4 and 5. The operations during the rotation of the engine
      are in the same manner as has been described above in connection with FIG.
      3. Here again, rounded-off portions may be provided at the openings 6a and
      6b, these portions being positioned in the direction of rotation of the
      piston 1.
PAR  In FIG. 4b, the direction of rotation K of the piston is indicated by an
      arrow, and accordingly, the bore 6b is used as an inflow opening, and the
      bore 6a as a discharge opening for the lubricant. The supply opening is
      positioned on the running-off side, and the discharge opening is
      positioned on the running-up side of the connecting plane for the two
      radial seals.
PAR  The construction mentioned above in which the axial seals extend
      equidistantly with respect to the piston edge is not specifically
      illustrated herein. It differs from the embodiment described above in
      connection with FIGS. 1 and 2 only by reason of the fact that the axial
      seals merely change the position thereof, or expressed more precisely, the
      inclination thereof, with respect to the lubricant openings and the
      connecting plane of the two radial seals, but not their distance from the
      radial seal or from the openings, for as a consequence of the equidistance
      with respect to the piston edge, the axial seals follow the genuine
      trochoidal movement. As a result, the axial seals will not cover or sweep
      over the openings during rotation of the engine, if the openings
      terminate, in the dead-center position of the piston, precisely in the
      interstice between the two seals. The openings therefore advantageously
      will have an elongated form in a manner such that they extend
      approximately in a slot-like manner in the connecting plane of the two
      radial seals, and are thus covered at the outer and inner ends thereof by
      the adjacent axial seals. In this manner, the lubricant here again can
      directly reach the axial seals.
PAR  This configuration of the openings is schematically illustrated in FIGS. 5a
      and 5b. FIG. 5a is a fragmentary view, and FIG. 5b is a fragmentary
      cross-sectional view taken along line B--B of FIG. 5a. The piston again is
      identified with reference numeral 1 therein. In the side surface thereof
      are the seals 4 and 5 equidistantly to the piston edge. The opening 6 in
      the side part 8 terminates in the interstice between the two seals 4 and
      5. The opening 6 is widened -- for example by milling -- to form a slot 9
      which extends toward the radial seal 3. The two ends of the slot 9 are
      covered at all times during rotation of the engine by the two adjacent
      seals 4 and 5 so that an excellent lubricating and sealing effect at the
      axial seals is attained.
PAR  All of the features enumerated herein may be exchanged with each other and
      used in any combination desired.
PAR  It will be obvious to those skilled in the art that many modifications may
      be made within the scope of the present invention without departing from
      the spirit thereof, and the invention includes all such modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rotary piston machine comprising a jacket and two side parts
      forming a housing, inlet and outlet means on said housing, a piston
      patterned after a saddle-free epitrochoid 1:1 mounted in said housing for
      rotation on an eccentric shaft, annularly-closed axial seals on the sides
      of the piston in proximity to the piston edge, and a pair of
      oppositely-positioned radial seals in said housing,
PA1  the improvement which comprises that the axial seal on each side of the
      piston is composed of two seal means equidistant with respect to each
      other and being closed within themselves,
PA1  and lubricant opening means in said side parts in proximity to and in the
      plane of at least one of said radial seals,
PA1  said openings being located in the interstice between said two seal means
      or being covered temporarily at least in part by one of said two seal
      means as the piston rotates.
NUM  2.
PAR  2. A rotary piston machine according to claim 1 in which said two seal
      means are equidistant with respect to the piston edge.
NUM  3.
PAR  3. A rotary piston machine according to claim 1 in which said lubricant
      opening means have an elongated shape extending between said two seal
      means.
NUM  4.
PAR  4. A rotary piston machine according to claim 1 in which said two seal
      means are concentric with the mathematical shape center of the
      epitrochoid,
PA1  said lubricant opening means, in the dead-center position of the piston,
      being located in the interstice between said two seal means, and, during
      rotation of the piston, said two seal means move with respect to said
      lubricant opening means so that at least the inwardly-positioned seal
      means temporarily and partially covers said lubricant opening means.
NUM  5.
PAR  5. A rotary piston machine according to claim 1 including means for
      metering a supply of lubricant to said lubricant opening means.
NUM  6.
PAR  6. A rotary piston machine according to claim 1 in which one lubricant
      opening means is in proximity to one radial seal and acts as a supply
      opening, and another lubricant opening means is in proximity to the other
      radial seal and acts as a discharge opening.
NUM  7.
PAR  7. A rotary piston engine according to claim 6 in which said lubricant
      opening means have rounded-off portions in the direction of rotation of
      the piston, both in the direction of the running-off part and the
      running-up part.
NUM  8.
PAR  8. A rotary piston machine according to claim 1 in which said lubricant
      opening means are a pair of openings in tandem in the area of one radial
      seal, the opening on the running-off part of the piston being a supply
      opening, and the opening on the running-up part of the piston being a
      discharge opening.
NUM  9.
PAR  9. A rotary piston machine according to claim 8 in which said supply
      opening has a rounded-off portion in the direction of rotation of the
      piston, and the discharge opening has a rounded-off portion in the
      direction of the running-up part of the piston.
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ABST
PAL  A rotary piston engine of the trochoid type is provided with a housing
      having two end pieces and a shell having a multi-arcuate interior surface
      in which the piston is rotatably mounted on the eccentric of an eccentric
      shaft. An internal seal for the piston includes at least one scraper ring
      arranged to be axially movable in a concentric annular groove in one face
      of the piston, revolving with the piston, and pressed by spring action
      against the adjacent end wall of the housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Scraper rings are intended to seal the piston of a rotary piston engine in
      relation to the end wall of the housing so as to prevent coolant or
      lubricant from passing radially outward into the working chamber. To
      perform this function known scraper rings act essentially to scrape off
      the oil adhering to the end wall of the housing and bring it back radially
      inwardly. For this purpose, the scraper rings on their face adjacent to
      the end wall of the housing exhibit at least one concentric annular
      scraping edge, generally sharp edged radially inwardly, while a flat bevel
      is provided radially outwardly. Owing to this conformation, in centrifugal
      movements of the scraper ring in a radially outward direction the oil
      clinging to the end wall of the housing is run over through formation of a
      hydro-dynamic supporting wedge, and in centripetal movements it is scraped
      off and brought back radially inwardly.
PAR  In known manner, the scraper ring revolving with the piston traverses equal
      areas of the end wall of the housing inwardly and outwardly alternately in
      the course of a full revolution. In the phase of inward-directed motion
      the scraper ring will indeed scrape the traversed area clear, but some of
      the oil brought inwardly may cling along the scraping edge assisted by
      centrifugal forces. Now, although a certain quantity of oil may be
      circulating radially within the scraper ring in the ensuing phase of
      outward-directed motion the scraper ring must lift off, running over and
      bring back more oil clinging to the end wall of the housing despite the
      oil being entrained centrifugally outwardly. It follows from this cycle
      that if the design of the scraping edge is not efficient, dependable
      functioning of a scraper ring will cease to be assured. A durable and
      dependable seal will therefore depend very substantially on the
      conformation of the scraping edge; it may also be adversely affected by
      manifestations of wear and dimensional errors, as well as by warping of
      the end wall of the housing.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide an internal seal for a piston of
      a rotary piston engine that shall be capable of bringing the oil adhering
      to the end wall of the housing predominantly radially inwardly, and of
      performing its function as a sealing member at all times, even in case of
      dimensional divergences between the piston and the end wall of the
      housing.
PAR  This object is accomplished, according to the invention by having the
      scraper ring exhibit spaced scraper edge segments evenly distributed over
      the circumference of the scraper ring and in contact with the adjacent end
      wall of the housing, which segments are set oblique radially outwardly in
      the direction of rotation of the piston.
PAR  Thus, the scraper ring can effectively sweep a comparatively extensive
      region of the end wall of the housing in its inward movement and run over
      the end wall of the housing without lifting off because of the clear
      intervals formed between the scraper ring segments in its outward
      movement. Even in case of manifestations of wear and dimensional
      inaccuracies of the scraper ring or the end wall of the housing, the
      scraping edge segments are able to perform their function unimpaired.
PAR  The oblique setting of the scraping edge segments relative to the
      perpendicular central rays of the scraper ring is expediently chosen such
      that even scraper ring segment is so arranged that in its outward motion
      from its position nearest the axis, it stands approximately tangential to
      the epitrochoid being described by it. The result of this is that it is
      only in this position and in the brief phase following that the scraping
      edge segments run over a narrow area of the end wall of the housing in the
      direction of the epitrochoid being described, i.e. radially outwardly
      without pushing oil adhering to the end wall of the housing radially
      outwardly, while in the remaining region of the end wall of the housing,
      viz. even during the ensuing outward motion they can perform a
      transporting function directed radially inward. The oblique setting of the
      scraping edge segments can thus have the favorable result that the scraper
      ring can strip clinging oil off the end wall of the housing and transport
      it radially inwardly during the predominant portion of its cycle of
      motion.
PAR  The oil stripped off the end wall of the housing by the scraping edge
      segments may, however, owing to the centrifugal forces at work creep
      outward on the insides of the obliquely set scraping edges. To avoid this
      insofar as possible the scraping edge segments of the scraper ring may
      each be provided at the radially outer end with a hook-shaped projection
      directed radially inwardly. The oil stripped off may thus be retained by
      the hooked end of each individual scraping edge segment, detach itself
      from the scraper ring by inertia from the scraper ring in its phase of
      inward-direction motion in the region of its position nearest the axis,
      and drain off inwardly. If any oil nevertheless passes radially outward by
      way of a scraping edge segment, it can be picked up by the next scraping
      edge segment during the revolution owing to the mutual overlap.
PAR  For purposes of fabrication simplicity the scraper ring may consist of a
      flat metal strip folded into a zig-zag shape. The star shape thus formed
      depending on the direction of rotation, may have the scraper edge segments
      on the face side of its elements directed obliquely inwardly, while the
      neighboring elements directed outwardly which have no transporting
      function to perform, may be cut back on the face side.
PAR  Alternatively an embodiment contemplated by this invention might have the
      scraper ring consisting of a flat ring, and the scraper edge segments
      formed by a rib-like elevations on one face of the ring. In this
      modification the profile of the scraping edge segments in contact with the
      end wall of the housing may be produced by machining out of solid stock,
      or alternatively by forging, pressing or sintering, in which latter cases
      a saving of machine shop work may result.
PAR  Another proposed solution provides that the scraper ring consist of a flat
      ring having tabs separated from each other by indentations on its outer or
      inner strip, running perpendicular to the plane of the ring towards the
      adjacent end wall of the housing, their outer edges directed oblique to
      the direction of rotation of the piston and forming the scraping edge
      segments. In this embodiment, the scraper ring may consist of a sheet
      metal strip formed into a ring and bearing the scraping edge segments. A
      scraper ring produced in this way can adapt itself with special advantage
      to possible unevennesses in the end wall of the housing, because of its
      articulated character.
PAR  In order to maintain an effective seal even when the engine is not running
      despite the use of a scraper ring with scraping edge segments between the
      end wall of the housing and the piston, it is provided that the scraper
      ring may have an uninterrupted annular scraping edge radially outside or
      inside for scraping edge segments. The annular scraper edge may, for
      example, be formed by an additional flat ring arranged in the annular
      groove, its narrow face side in sealing contact with the end wall of the
      housing.
PAR  Alternatively, however, such auxiliary seal may be provided by turning up
      the inner or outer edge of the sheet metal ring towards the adjacent end
      wall of the housing to form the uninterrupted annular scraping edge.
PAR  According to the invention, it is further provided that the scraper ring
      with its scraping edge segments may be arranged in a supporting ring of
      U-shaped cross-section open towards the adjacent end wall of the housing,
      with at least one flange exhibiting an uninterrupted annular scraping
      edge. The proposed supporting ring may serve both to lodge and to maintain
      contact of the sheet metal scraper ring provided with scraping edge
      segments, and to provide the auxiliary seal effective when the machine is
      not running. In this instance, the radially outer or inner or both annular
      scraping edges may be in sealing contact with the end wall of the housing.
PAR  The axial contact force of the internal seal may be exerted by a spring
      pressing the supporting ring and scraper ring against the adjacent end
      wall of the housing. The spring may, for example, be a corrugated spring
      bearing against the bottom of the annular groove on one side and the back
      of the supporting ring and/or scraper ring on the other side.
PAR  In a further refinement of the invention, it is proposed that an annular
      diaphragm of resilient metallic material may be provided for sealing the
      scraper ring and/or the supporting ring in relation to one wall of the
      annular groove. The annular diaphragm may, for example, be L-shaped or
      U-shaped in cross-section and perform a twofold function as a sealing and
      spring member.
PAR  The proposed scraping edge segment may be either straight or convex
      outwardly. With a convex scraping edge segment a larger capacity for oil
      that has been stripped off can be achieved.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  Embodiments of the invention will be illustrated below with reference to
      the drawings in which:
PAR  FIG. 1 is a schematic view of a rotary piston combustion engine of trochoid
      type with one end piece of the housing omitted;
PAR  FIG. 2 shows the settings of a 15.degree. sector of a conventional annular
      scraper ring at intervals of 30.degree. eccentric shaft rotation over half
      a piston revolution;
PAR  FIG. 3 is a pictorial representation of a scraper ring folded zig-zag
      according to the invention;
PAR  FIG. 4 is a section to a larger scale through a piston face of the one
      embodiment of an internal seal according to FIG. 3 taken along the line 4,
      9, 14-4, 9, 14 in FIG. 1;
PAR  FIG. 5 shows the settings of an obliquely set scraper edge segment occupied
      by it at intervals at 30.degree. eccentric shaft rotation over half a
      piston revolution.
PAR  FIG. 6 shows the superposition of areas except by three scraping edge
      segments as in FIG. 5;
PAR  FIG. 7 is a partial view of a cut-out strip of material for a second
      embodiment of scraper ring;
PAR  FIG. 8 is a partial view of a scraper ring formed out of a strip of
      material as in FIG. 7;
PAR  FIG. 9 is a section to a larger scale through a piston face and an internal
      seal according to FIG. 8 in a modified arrangement taken along the line 4,
      9, 14-4, 9, 14 in FIG. 1;
PAR  FIG. 10 is a partial view of a third embodiment of a scraper ring according
      to the invention;
PAR  FIG. 11 is a cross-section of the scraper ring of FIG. 10;
PAR  FIG. 12 is a partial view of a fourth embodiment of a scraper ring
      according to the invention;
PAR  FIG. 13 is a cross-section of the scraper ring of FIG. 12; and
PAR  FIG. 14 is a section to a larger scale through a piston face and the
      internal seal as in FIG. 10 in another modified arrangement taken at the
      line 4, 9, 14-4, 9, 14 in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring initially to FIG. 1, a rotary piston engine of trochoid type is
      represented having a housing 1 consisting of a shell 2 and two end pieces
      3. The interior surface 4 of shell 2 has the shape of a biarcuate
      epitrochoid. The housing 1 is traversed by an eccentric shaft 5 on the
      eccentric 6 of which a piston 7 is rotatably mounted. Each face 8 of the
      piston carries an axial internal seal 10 in a concentric annular groove 9,
      pressed against the adjacent end wall 11 of the housing by spring action.
PAR  In order to prevent passage of coolant or lubricant from the region of the
      eccentric shaft 5 radially outwardly, the internal seals 10 are provided
      with at least one concentric scraping edge on the side towards the end
      wall 11 of the housing. As the piston 7 rotates in the direction of the
      arrow D, the internal seal 10 follows the motion described by the piston
      7, scraping off oil adhering to the end wall 11 of the housing and
      bringing it radially inwardly.
PAR  FIG. 2 shows the movement executed by any 15.degree. scraper ring sector 12
      of an internal seal 10 by representing the positions occupied by the
      scraper ring in single steps of 30.degree. eccentric shaft rotation each
      within half a piston revolution. The typical motion of a scraper ring
      sector 12 in the direction of the arrow D may thus be divided into four
      phases. In the phase marked I, the scraper ring sector 12 slips gradually
      inward, scraping a certain area of the end wall of the housing clear. It
      is only in phase II that the scraper ring sector 12 swings radially
      inwardly and can exert its main action, in phases III and IV, the sector
      12 moves outwardly, and so must lift off from the end wall of the housing
      and run over any oil adhering to it. It is clear that the picture that
      each scraper ring sector 12, and hence the entire inner seal 10 sweeps
      equal areas of the end wall of the housing inwardly and outwardly. The
      effectiveness of such an internal seal is therefore determined largely by
      the form of the scraping edge.
PAR  FIG. 3 shows a zig-zag folded scraper ring 13 whose elements directed
      obliquely outward in the direction of rotation D form scraping edge
      segments 14. Their neighboring elements 15 have a relief 16 such that the
      scraping edge segments 14 in contact with the end wall of the housing
      exhibit a hooked end 17. In rotation of the scraper ring 13 in direction
      D, the scraping edge segments 14 serve to transport the oil adhering to
      the end wall of the housing.
PAR  In FIG. 4, one side 7' of the piston 7 has face 8 which bounds an annular
      space 18 together with the face 11 of the adjacent end piece 3 of the
      housing. In the wall 7' of the piston, an annular groove 9 is provided in
      which an axially movable internal seal is inserted and consists of a
      scraper ring 13, a supporting ring 19 and a diaphragm ring 20. The scraper
      ring 13 is accommodated on its outer and inner peripheries by the two
      flanges 21 and 22 directed axially towards the end wall 11 of the housing;
      and it is centered and backed up on its reverse side in axial direction by
      a circumferential convexity 23 inside the supporting ring 19. The
      supporting ring 19 together with the scraper ring 13 is sprung against the
      end wall 11 of the housing by the diaphragm ring 20. The scraper ring 13
      is able to bring back the oil adhering to the end wall 11 of the housing
      into the annular space 18 while the flange 21 or 22 or both together can
      form annular scraping edges with scrape ring action when the engine is not
      running. The spring action diaphragm ring 20 is for example U-shaped in
      cross-section, with a radially turned-in edge 24 resting on the face 8 of
      the piston. One adjacent peripheral wall 25 parallel to the axis is in
      sealing contact with one wall of the annular groove 25, and embraces the
      supporting ring 19. The outer peripheral wall 26 parallel to the axis is
      in sealing contact with the flange 21 of supporting ring 19 and also
      prevents passage of coolants or lubricants from the annular space 18
      through the annular groove 9.
PAR  FIG. 5 shows the cycle of motion of scraping edge segment 14 of an internal
      seal according to the invention, representing the positions it occupies
      (as in FIG. 2) in single steps of 30.degree. eccentric shaft rotation each
      within half a piston revolution. It will be seen that the scraping edge
      segments 14 owing to their obliquity, sweep a region of end wall of
      approximately uniform width in phases I and II of their motion in the
      direction of rotation D. Oil stripped off may indeed creep radially
      outward along the scraping edge because of centrifugal action, but it will
      be retained by the hooked end 17 and carried along to the end of phase II,
      where the scraped off oil is detached from the scraping edge 14 by inertia
      upon change of direction at this point, and flows inward. In phase III the
      scraping edge segment 14 moves outward along an epitrochoid path. The
      obliquity of the scraping edge segments 14 is chosen such that they lie
      approximately tangential to the trajectory described in this region, so
      that in this phase III a very narrow area of end wall is swept, and but
      little oil is transported radially outward. In phase IV, likewise directed
      outward the scraping edge segment 14 again becomes operative as a
      transporting member. The picture shows that in the phase III directed
      radially outward, no oil is transported from the end wall of the housing,
      whereas in the further inward and outward motion, adhering oil can be
      scraped off the end wall of the housing and transported radially inward.
PAR  FIG. 6 shows how the end wall of the housing is swept by a scraper ring
      having for example three out of 24 obliquely set scraping edge segments
      over half a piston revolution in direction D. In FIG. 5, those positions
      are shown which the scraper ring occupies in single steps of 30.degree.
      eccentric shaft rotation each. The phase III of FIG. 5 beginning at the
      position 45 nearest the axis during which the scraper ring does not do any
      transporting work, is in each instance traversed by the following scraping
      edge segments, so that oil is continually being scraped off the end wall
      of the housing throughout the region.
PAR  In the prefabricated strip of material shown in FIG. 7, oblique tabs 28 are
      formed by means or cut-outs 27. The obliquely set scraping edge segments
      are formed by turning over the projection 30 into a hooked end and bending
      the tabs 28 at the line 29. As FIG. 8 shows, the cut-outs 31 enable the
      strip of material to be formed into a scraper ring 32 according to the
      invention complete with scraping edge segments 33 and their hooked ends
      30.
PAR  In FIG. 9, the same reference numerals as in FIG. 4 have been used for like
      or similar parts. In departure from the embodiment of FIG. 4 a scraper
      ring 32 with scraping edge segments 33 as in FIGS. 7 and 8 and an
      auxiliary scraper ring 34 with an uninterrupted annular scraping edge, are
      pressed into contact with the end wall 11 of the housing in axial
      direction by a corrugated spring 35 inside the annular groove 9. For
      sealing within the annular groove 9, an L-shaped diaphragm ring 36 is
      provided, its radial flanges 37 bearing on the face 8 of the piston and
      its flange 38, directed axially into the annular groove 9 and having for
      example a circumferential sealing lip in sealing contact with one
      peripheral wall of the annular scraper ring 34. To return the oil scraped
      off the end wall 11 of the housing by the scraping edge segments 33 into
      the interior of the piston, additional oil return passages 39 may be
      arranged in the floor of the annular groove 9.
PAR  FIG. 10 shows another embodiment of a scraper ring 40 according to the
      invention with obliquely set scraping edge segments 41 and their hooked
      ends 42, as well as an uninterrupted annular scraping edge 43 arranged
      radially within. The section shown in FIG. 11 shows how the scraper ring
      40 may be of once connected piece.
PAR  FIG. 12 shows a scraper ring 44 produced in the same manner as the scraper
      ring represented in FIG. 10. In this embodiment, however, the
      uninterrupted annular scraper ring 43 lies radially without, while the
      obliquely set scraping edge segments 41 have their hooked ends 42 arranged
      radially within. As FIG. 13 also shows, the scraper ring 44 is made in one
      piece. The scraper ring 40 and 44 may consist either of solid stock or of
      sheet metal.
PAR  In FIG. 14, the same reference numerals as in FIG. 4 have been used for
      like or similar parts. In departure from the embodiment of FIG. 4, for
      example, a scraper ring 40 is held in contact in axial direction with the
      end wall 11 of the housing by a spring diaphragm ring 20 inside the
      annular groove 9. The diaphragm ring 20 bearing firstly against the face 8
      of the piston by a radial rim 24 and on one wall of the annular groove 9
      by a circumferential wall 25 parallel to the axis, and secondly makes
      sealing contact with the periphery of the annular scraping edge 43 by its
      second peripheral wall 26 parallel to the axis. The diaphragm ring 20
      performs a function as a spring element, and at the same time seals off
      the annular groove 9 from the annular space 18. The scraper ring 44 of
      FIG. 12 may be arranged in an annular groove 9 in similar manner.
PAR  Thus the several aforenoted objects and advantages are most effectively
      attained. Although several somewhat preferred embodiments have been
      disclosed and described in detail herein, it should be understood that
      this invention is in no sense limited thereby and its scope is to be
      understood by that of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An internal seal for the piston of a rotary piston engine or trochoid
      type with a housing having two end pieces and a shell with multi-arcuate
      interior surface in which the piston is rotatably mounted on the eccentric
      of an eccentric shaft, said internal seal having at least one scraper ring
      arranged axially movable to a concentric annular groove in one face of the
      piston, said scraper ring is axially movable and adapted to revolve with
      the piston while being pressed against the adjacent end wall of the
      housing by spring action, said scrpaer ring comprising spaced scraping
      edge segments uniformly distributed over the circumference of the scraper
      ring and adapted to be in contact with the adjacent end wall of the
      housing, which segments are set obliquely radially outwardly in the
      direction of rotation of the piston, and the segments being a plurality of
      individual elastic scraper edge portions of sheet metal.
NUM  2.
PAR  2. An internal seal according to claim 1, wherein such scraper ring segment
      is so arranged that in its outward movement from its position nearest the
      axis, it stands approximately tangential to the epitrochoid described by
      it.
NUM  3.
PAR  3. An internal seal according to claim 1, wherein the scraping edge
      segments of the scraper ring each exhibit a hook-shaped projection
      directed radially inwardly at their radially outer ends.
NUM  4.
PAR  4. An internal seal according to claim 1, wherein the scraper ring is a
      flat strip of metal folded zig-zag.
NUM  5.
PAR  5. An internal seal according to claim 1, wherein the scraper ring is a
      flat ring, and the scraping edge segments are formed by rib-like
      elevations on one face of said ring.
NUM  6.
PAR  6. An internal seal according to claim 1, wherein the scraper ring is a
      flat ring having tabs separated from each other by indentations on one of
      its edges, which tabs run perpendicular to the plane of the ring towards
      the adjacent end wall of the housing and their outer edges being directed
      oblique to the direction of rotation of the piston and forming the
      scraping edge segments.
NUM  7.
PAR  7. An internal seal according to claim 1, wherein an annular diaphragm of
      resilient metallic material seals at least one of the scraper rings
      adjacent one wall of the annular groove.
NUM  8.
PAR  8. An internal seal according to claim 1, wherein the scraper ring has an
      uninterrupted annular scraping edge radially offset relative to the
      scraping edge segments.
NUM  9.
PAR  9. An internal seal according to claim 8, wherein the ring is of sheet
      metal and one of the edges of the sheet metal ring is turned up towards
      the adjacent end wall of the housing to form the uninterrupted annular
      scraping edge.
NUM  10.
PAR  10. An internal seal according to claim 1, wherein the scraper ring with
      its scraping edge segments is arranged in a supporting ring of U-shaped
      cross-section open towards the adjacent end wall of the housing, at least
      one of the legs of the legs of the U exhibiting an uninterrupted annular
      scraping edge.
NUM  11.
PAR  11. An internal seal according to claim 9, wherein a spring presses the
      supporting ring with scraper ring into contact with the adjacent end wall
      of the housing.
NUM  12.
PAR  12. An internal seal according to claim 10, wherein an annular diaphragm of
      resilient metallic material seals at least one of the supporting rings
      adjacent one wall of the annular groove.
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ABST
PAL  A rotary combustion engine having a completely die cast aluminum housing
      assembly wherein one of two end housings is rigidly secured and sealed to
      one open end of an outer barrel housing in which either one rotor housing
      or two or more rotor housings separated by an intermediate housing are
      radially confined. The other end housing is secured and sealed to the
      other open end of the outer housing to clamp the radially confined housing
      or housings with a predetermined load within the tolerance stack-up of the
      clamped parts. With this arrangement the outer housing grows with the
      clamped parts in the axial direction as a result of heat expansion during
      engine operation to prevent an excessive change in the clamp load while
      good sealing is maintained.
BSUM
PAR  This invention relates to a rotary engine assembly and more particularly to
      a die cast rotary engine assembly empolying an outer barrel housing.
PAR  In a currently produced two-rotor rotary engine, for example, a pair of die
      cast aluminum rotor housings are separated by a cast iron intermediate
      housing and these parts are clamped between a pair of cast iron end
      housings by bolts which extend through the rotor housing and the
      intermediate housing. While this arrangement has proven satisfactory it is
      known that a completely die cast aluminum housing arrangement could
      possibly offer weight and cost savings and enhance cooling provided the
      arrangement can be made sufficiently rigid with die castable parts yet
      compliant with the higher thermal rate of expansion of aluminum without
      excessive clamping loads. Furthermore, a simply constructed cooling
      circuit requiring less sealing is also desirable.
PAR  The rotary combustion engine construction according to the present
      invention accomplishes these goals with a completely die castable aluminum
      housing assembly wherein there is provided a main or outer barrel housing
      having a cylindrical opening extending longitudinally therethrough. A pair
      of rotor housings having cylindrical outer peripheries closely fit in the
      cylindrical opening of the outer housing and are separated by an
      intermediate housing which also has a cylindrical outer periphery that
      closely fits in the outer housing. In addition, a pair of end housings
      having cylindrical shoulders closely fit in and close the opposite ends of
      the cylindrical opening of the outer housing with each end housing having
      a flange extending radially outward from its shoulder. Bolts rigidly
      secure one of the end housings at its flange to one end of the outer
      housing and a simple flat gasket is located between this flange and the
      outer housing for sealing this end. The other end housing is secured by
      bolts to the other end of the outer housing with clearance therebetween to
      clamp the rotor housings and intermediate housing between the end housings
      with a predetermined load within the tolerance stack-up of the clamped
      parts. At this latter end there is provided an O-ring that provides
      sealing between the shoulder of this end housing and the outer housing in
      all relative positions of this end housing due to varying stack-up and
      relative heat expansion. With this arrangement the outer housing grows
      with the clamped parts as a result of their heat expansion in the axial
      direction during engine operation to thereby prevent an excessive change
      in the clamp load. Furthermore, a simply constructed coolant circuit is
      provided by forming coolant passages in the outer periphery of the clamped
      parts which are covered by the outer housing when these parts are clamped
      in place therein. As a result, there is provided a very compact
      arrangement of parts of simply die castable housing parts whose
      arrangement with the provision of the barrel assembly has high radial
      rigidity while the clamping arrangement provides compliance in the axial
      direction for heat expansion while limiting the load and sealing is
      maintained with the heat growth. In addition, access to the working
      chambers of the engine through the outer housing and the cooling circuit
      is simply provided by plugs that accommodate the required spark plugs and
      exhaust passages.
PAR  An object of the present invention is to provide a new and improved rotary
      combustion engine assembly.
PAR  Another object is to provide a new and improved completely die cast rotary
      engine housing assembly.
PAR  Another object is to provide a completely die cast rotary engine housing
      arrangement that is very rigid in the radial direction yet is compliant in
      the axial direction to accommodate heat growth in addition to tolerance
      stack-up within a predetermined load limit.
PAR  Another object is to provide a completely die cast rotary engine housing
      arrangement having an outer barrel housing in which one or more rotor
      housings are rigidly held and clamped between a pair of end housings that
      are secured to opposite ends of the barrel housing with one of the end
      housings secured so as to provide a clamping load within a tolerance
      stack-up of the clamp parts while the outer housing grows with the clamped
      parts as a result of their heat expansion during engine operation to
      prevent excessive change in the clamp load.
PAR  Another object is to provide a completely die cast rotary engine housing
      arrangement having an outer barrel housing in which one or more rotor
      housings are rigidly held and clamped between a pair of end housings that
      are secured to opposite ends of the barrel housing with one of the end
      housings secured so as to provide a clamping load within the tolerance
      stack-up of the clamped parts while the outer housing grows axially with
      the clamped parts as a result of their heat expansion during engine
      operation to prevent an excessive change in the clamp load and wherein
      there is provided sealing that operates to seal the one end housing to the
      outer housing in all relative positions due to stack-up and relative heat
      expansion.
PAR  Another object is to provide a completely die cast rotary engine housing
      arrangement having a main outer barrel housing in which one or more rotor
      housings are rigidly held and clamped between a pair of end housings that
      are secured to opposite ends of the barrel housing with one of the end
      housings secured so as to provide a clamping load within the tolerance
      stack-up of the clamped parts while the outer housing grows with the
      clamped parts in the axial direction as a result of their heat expansion
      during engine operation to thereby prevent an excessive increase or
      decrease in the clamp load and wherein there is provided sealing that
      operates to seal the one end housing to the outer housing in all relative
      positions and wherein coolant passages are formed in the outer peripheries
      of the clamped parts with these otherwise open coolant passages closed on
      installation of these parts in the outer housing.
DRWD
PAR  These and other objects of the present invention will be more apparent from
      the following description and drawing in which:
PAR  FIG. 1 is a longitudinal elevational view with parts in section of a rotary
      combustion engine constructed according to the present invention.
PAR  FIG. 2 is a front elevational view of the engine taken along the line 2--2
      in FIG. 1.
PAR  FIG. 3 is a sectional view of the engine housings taken along the line 3--3
      in FIG. 1.
PAR  FIG. 4 is a partial plan view of the engine taken along the line 4--4 in
      FIG. 1.
PAR  FIG. 5 is a sectional view of the engine housings taken along the line 5--5
      in FIG. 1.
PAR  FIG. 6 is a development view of the outer peripheries of the rotor
      housings, intermediate housing and end housings of the engine in FIG. 1.
PAR  FIG. 7 is a sectional view of the engine taken along the line 7--7 in FIG.
      1.
PAR  FIG. 8 is an exploded view of the engine in FIG. 1.
DETD
PAR  The invention is disclosed in a two-rotor rotary combustion engine
      arrangement whose basic housing components as shown in FIGS. 1 and 8
      comprises an outer or main barrel housing 10, a pair of identical rotor
      housings 12, an intermediate housing 14 and front and rear end housings 16
      and 18. All of these housings are die cast aluminum parts of relatively
      simple configuration as will now be described. As best shown in FIGS. 1,
      3, 5 and 8, the outer housing 10 has a drum or barrel shape with a
      cylindrical bore or opening 20 extending longitudinally therethrough and
      flat radially extending annular end faces 22 and 24 at the opposite ends
      thereof. As shown in FIG. 1, the intermediate housing 14 is located
      between the two rotor housings 12 and these parts all have identically
      dimensioned cylindrical outer peripheries 26 and 28, respectively, which
      closely fit in the cylindrical opening 20 of the outer housing. The front
      end housing 16 has a cylindrical shoulder 30 with the same dimension as
      the peripheries of the rotor housings and intermediate housing that
      closely fits in the front end of the outer housing opening 20. In
      addition, the front end housing 16 has a radially outwardly extending
      annular flange 34 that is rigidly clamped by a plurality of short bolts 36
      to the front end 22 of the outer housing 10. The rotor housings 12 and
      intermediate housing 14 stack up against the previously assembled front
      end housing 16 and thereafter the rear end housing 18 is assembled. The
      rear end housing 18 has a cylindrical shoulder 38 with the same dimension
      as the peripheries of the rotor housings and intermediate housing so as to
      closely fit in the rear end of the outer housing opening 20 to thus close
      this end. However, the securing and sealing of the rear end housing 18 is
      considerably different than that of the front end housing in that while it
      also has a radially outwardly extending annular flange 40 that faces
      opposite the outer housing's rear end 24, it has controlled axial
      dimensions such that on tightening short bolts 42 which secured the flange
      to the outer housing an axial clearance 44 is maintained between the
      flange 40 and outer housing end face 24 so that the rotor housings 12 and
      intermediate housing 14 are actually clamped between the oppositely facing
      flat radial walls 45 and 47 of the two end housings 16 and 18 with a
      predetermined load within the tolerance stack-up of the clamped parts.
      With this arrangement, the outer housing 10 thus connects the two end
      housings 16 and 18 and is therefore an active part of the clamp on the two
      rotor housings 12 and intermediate housing 14. As a result, the outer
      housing grows with the clamped parts in the axial direction with the same
      rate of heat expansion during engine operation because they are made of
      the same metal; however, their dimension change will be slightly
      different, of course, because of their different dimensions and masses.
      However, their dimensional change differences can be determined to be
      insubstantial or at least much smaller than where the conventional long
      steel bolts are used with their much lower rate of heat expansion as
      compared with aluminum. As a result there is no substantial change in the
      clamp load as the engine heats up. For example, the outer housing can grow
      very slightly larger or smaller than the clamped parts which has the
      effect of very slightly decreasing or increasing the clamp load with the
      initial bolt tightening determined accordingly to allow for a proper clamp
      load during engine operation. Thus, at assembly and regardless of the
      tolerance stack-up of the parts to be clamped against the front end
      housing 16, the application of a predetermined torque on the bolts 42
      determines the initial clamp load on these parts wherein the flange 40
      does not bottom out on the end housing 18 and because of the active part
      of the outer housing 10 in clamping the rotor housings 12 and intermediate
      housing 14, the clamping load thereon is prevented from changing an
      excessive amount during engine operation. On the other hand, the radial
      positioning of the rotor housings 12, intermediate housing 14 and both the
      end housings 16 and 18 is maintained by dowels 43 as shown in FIGS. 3, 5,
      7 and 8 while the outer housing 10 traps these parts about their
      circumference in the radial direction and grows with them in the radial
      direction.
PAR  As shown in FIGS. 1, 5, 6 and 8, the rotor housings 12 have an inwardly
      facing inner peripheral wall 46 with the shape of a two-lobe epitrochoid
      or a curve parallel thereto and radially extending parallel walls 48 which
      extend outward from the opposite ends of the wall 46 to form the rotor
      housing's cylindrical outer periphery. The rotor housings 12 have
      strengthening ribs 49 between the walls 48 and are also provided with a
      pair of spark plug bosses 50 and an exhaust port boss 52 which extend
      outwardly from the peripheral wall 46, the rotor housing 12 being
      otherwise hollow and open looking radially inwardly from its circumference
      as described in more detail later so as to also permit it to be readily
      die cast.
PAR  As shown in FIGS. 1, 3, 6 and 8, the intermediate housing has a central
      opening 54 therethrough and radially extending parallel side walls 56 with
      reinforcing ribs 57 therebetween. The side walls 56 extend outward to the
      intermediate housing's cylindrical outer periphery with the intermediate
      housing being otherwise hollow and open looking radially inwardly from its
      circumference as described in more detail later so as to also permit it to
      be readily die cast.
PAR  As shown in FIGS. 1, 6, 7 and 8, both the end housings 16 and 18 also have
      a central opening 58 and 60 therethrough and radially extending side walls
      61, 62 and 63, 64 with reinforcing ribs 65 and 66 therebetween
      respectively. The respective inner walls 45 and 47 of the end housings 16
      and 18 extend outward to form the shoulders 30 and 38 with these housings
      otherwise hollow and open looking radially inwardly from their
      circumference as described in more detail later so as to also permit them
      to be readily die cast.
PAR  With the housings thus assembled, the walls 56 of the intermediate housing
      14 cooperate with the oppositely facing inner flat walls 45 and 47 of the
      end housings 16 and 18 to form two-lobe cavities 67 and 68. A crankshaft
      69 extends through the housing openings 54, 58 and 60 and cavities 67 and
      68 and is rotatably supported near its ends in sleeve bearings which are
      secured in collars 70 and 71 that are bolted in the front and rear end
      housings in the openings 58 and 60 as shown in FIG. 1, the crankshaft axis
      being coincident with the center line of the two-lobe cavities and at
      right angles to the radial walls and parallel to the peripheral walls
      thereof. The crankshaft 69 is provided in cavities 67 and 68 with
      eccentrics 72 and 74 whose centers are 180.degree. apart. Three-lobe
      triangularly shaped rotors 76 and 78 having hubs with sleeve bearings
      secured therein are received on the respective eccentrics 72 and 74 so
      that the rotors are thereby supported in their respective cavities for
      rotation about the eccentrics' center lines.
PAR  The rotors 76 and 78 cooperate with the walls of the respective cavities to
      provide three variable volume working chambers 80 and 82 that are spaced
      about and move with the rotors as they rotate. Sealing of these chambers
      is effected by sealing means comprising three apex seals 84 which are each
      mounted in an axially extending slot at each apex corner of each rotor and
      extend the width thereof. In addition, three arcuate side seals 86 are
      mounted in accommodating grooves in each rotor side and extend adjacent
      the rotor faces between two of the apex seals. Three cylindrical corner
      seals 88 are mounted in holes in each rotor side contiguous with the apex
      seals slots with each corner seal having a slot receiving one end of the
      apex seal and providing sealing between the ends of two side seals and one
      apex seal. The apex seals are spring biased to engage the opposing
      peripheral wall and both the side seals and corner seals are spring biased
      to engage the opposing side walls of the cavity with the complete gas seal
      arrangement acting to seal the chambers. In addition, a circular oil seal
      90 is mounted in an accommodating groove in each side of the rotor and is
      spring biased to engage the opposing side wall to prevent the oil used for
      lubrication from passing further radially outward.
PAR  With the two-lobe peripheral walls and the three-lobe rotors, the chambers
      about each rotor are forced to expand and contract in fixed relation to
      the housing assembly and also in sequence with respect to the chambers
      about the other rotor by gearing between each of the rotors and housing
      assembly. In the case of the front rotor 76, an external tooth stationary
      phasing gear 92 concentric with the crankshaft 69 is formed on the inboard
      end of the front collar 68 and meshes with an internal tooth rotary
      phasing gear 94 which is formed on or is provided as a separate piece
      attached to the outboard side of the front rotor 76 concentric with the
      rotor center. The rotary phasing gear 94 has one and one-half times the
      number of teeth of the stationary phasing gear 92 with the result that
      this gearing enforces a fixed cyclic relation such that the crankshaft
      makes three complete revolutions for every single revolution of the rotor
      and in fixed relation to the housing assembly. Similarly, there is formed
      a stationary phasing gear 96 on the inboard end of the rear collar 71 that
      meshes with a rotary phasing gear 98 on the outboard side of the rear
      rotor 78, but with their mesh at a location diametrically opposite that of
      the front phasing gears 92 and 94. Thus, the chambers 80 and 82 move with
      the respective rotors 76 and 78 as they revolve about their axes while
      also revolving about the crankshaft axis with each chamber twice
      undergoing expansion and contraction during each revolution and with the
      chambers about the respective rotors phased 60.degree. apart.
PAR  A carburetor, not shown, delivers a combustible air-fuel mixture to an
      induction passage arrangement in the housing assembly that includes three
      radially projecting apertures 100, 102 and 104 that are cored in the outer
      housing 10 and align with intake passages 106, 108 and 110 cored in the
      respective front end housing 16, intermediate housing 14 and rear end
      housing 18. The intake passages 106, 108 and 110 terminate as identical
      intake ports 112 in the respective oppositely axially facing rotor cavity
      side walls 62, 48 and 48, 63 as seen in FIGS. 3, 7 and 8. Upon rotor
      rotation the combustible air-fuel mixture is admitted to the chambers 80
      and 82 as they are expanding by the traversing motion of the rotor sides
      relative to the respective intake ports whereafter the chambers then close
      to the intake ports and then contract the thus trapped air-fuel mixture in
      readiness for ignition. Combustion by spark ignition is provided by a
      suitable ignition system including a crankshaft driven distributor 113
      which applies voltage at the proper time to pairs of spark plugs 118 which
      are mounted directly on the rotor housings 12 and 14 with their electrodes
      open to the chambers through their respective peripheral walls 46, the
      plugs in each pair being angularly spaced from each other with respect to
      the passing chambers. The mounting of the spark plugs is accomplished by
      coring aligned openings or holes 120 and 122 in the respective rotor
      housings 12 and 14 and the outer housing 10 and then bolting plugs 124 in
      the outer housing hole 122. The plugs 124 at their inner ends seat and are
      sealed through the medium of O-rings 126 on shoulders in the rotor housing
      holes 120. The spark plugs 118 are then simply inserted into the plugs 124
      and threaded into the smaller diameter inner end 128 of the rotor housing
      spark plug holes 120 whereby their electrodes are exposed to the passing
      chambers through the rotor housing peripheral walls 46 while the plugs 124
      seal out the water that is circulated therearound as described in more
      detail later. In such an arrangement each pair of plugs is fired at the
      same or different times or only one plug is fired according to certain
      engine operating conditions as is well known. With combustion the
      peripheral walls take the reaction to force the rotors to continue
      rotating and eventually each working chamber following the power phase is
      exhausted during the exhaust phase by an exhaust passageway which includes
      an exhaust port 129 that is cored in the boss 52 of the rotor housings 12.
      The exhaust gases are then conveyed outwardly of the engine by a plug 130
      which is bolted in an opening 131 in the outer housing that aligns with
      the respective exhaust port 129 with the plug seating at its inner end on
      a step in an exhaust hole 132 in the boss 52 of the rotor housings 12
      contiguous with the exhaust port 129 as shown in FIG. 6, there being
      provided washers 134 to seal the inner and outer end joint.
PAR  Coolant circulation within this housing assembly or arrangement is very
      simply provided with cored passageways including holes 138 and 140 in the
      side walls of the rotor housings 12, intermediate housing 14 and end
      housings 16 and 18 that align on assembly and provide for coolant flow in
      the axial direction fore and aft of the engine with the coring of these
      housings between their radial walls covered by outer housing 10 and
      providing for confined peripheral circulation thereabout and to various
      extents while the coolant is being directed from one housing to another.
      Similarly, the engine's oil circuit which includes passages 144, 146 and
      148 in the front, intermediate and rear housings are readily cored and
      communicate with the other portions of the system in the completed
      assembly as shown in FIG. 1. The oil circuit further includes an axially
      extending vent passage 150 in the top of the outer housing 10 and an oil
      tank 152 which is bolted to the underneath side of the outer housing.
      Furthermore, with such an arrangement it is then easy to seal the
      different fluids, namely the gas in the chambers, the oil in the
      lubrication system and the coolant in the coolant system by O-rings which
      fit in grooves in their respective parts at the different joints. For
      example, the rotor cavities are simply sealed by large O-rings 160 that
      fit about the rotor cavity in mating grooves formed in the interfaces of
      the rotor housings and the intermediate and end housings as shown in FIGS.
      1 and 8. On the other hand, small O-rings 162 are mounted in grooves about
      the oil passages 144, 146 and 148 in the front, intermediate and end
      housings to seal against the cylinder 20 of the outer housing 10 but there
      is no need for sealing between the peripheries of the housings within the
      outer housing inboard of the respective end joints since any such leakage
      would be merely to an adjacent coolant cavity or passage in the engine's
      coolant system.
PAR  The housings' end joints from which there should be no leakage are simply
      sealed respectively by a gasket 165 which fits between the bolted flange
      34 of the front end housing 16 and the front end 22 of the outer housing
      10 and an O-ring 166 which fits in an annular groove in the periphery of
      the outer wall 64 of the rear end housing 18 and engages the cylinder 20
      at the rear end of the outer housing. Thus, there is provided for the rear
      main joint a seal which permits different relative axial positions between
      the outer housing and rear end housing to accommodate the tolerance
      stack-up and also any relative heat expansion of the clamped parts.
PAR  Furthermore as to the sealing, it will be appreciated that the plugs for
      the spark plugs and exhaust passages extend through the coolant circuit
      and need only be bolted to the exterior of the outer housing leaving their
      inner end free for limited shifting while the end washers maintain a tight
      joint. This permits some misalignment because of a tolerance stack-up on
      assembly and in addition permits relative radial and axial heat expansion
      of the associated housings.
PAR  The above described embodiment is illustrative of the invention which may
      be modified within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A completely die castable rotary combustion engine housing assembly
      comprising an outer housing having a cylindrical opening extending
      longitudinally therethrough, a rotor housing having a cylindrical outer
      periphery closely fitting in said cylindrical opening of said outer
      housing, a pair of end housings having cylindrical shoulders closely
      fitting in and closing the opposite ends of said cylindrical opening of
      said outer housing, means for rigidly clamping one of said end housings to
      one end of said outer housing, a gasket between the flange of said one end
      housing and said one end of said outer housing, fastener means for
      securing the other of said end housings to the other end of said outer
      housing with clearance therebetween within the tolerance stack-up of the
      clamped parts to clamp said rotor housing between said end housings with a
      predetermined load whereby said outer housing grows with the clamped parts
      in the axial direction as the result of heat expansion during engine
      operation to prevent substantial change in the clamp load, and seal means
      for providing sealing between said other end housing and said outer
      housing in all positions of said other end housing relative to said outer
      housing.
NUM  2.
PAR  2. A completely die castable rotary combustion engine housing assembly
      comprising an outer housing having a cylindrical opening extending
      longitudinally therethrough, a rotor housing having a cylindrical outer
      periphery closely fitting in said cylindrical opening of said outer
      housing, a pair of end housings having cylindrical shoulders closely
      fitting in and closing the opposite ends of said cylindrical opening of
      said outer housing, each of said end housings having a flange extending
      radially outward from its shoulder, means for rigidly clamping one of said
      end housings at its flange to one end of said outer housing, a gasket
      between the flange of said one end housing and said one end of said outer
      housing, fastener means for securing the other of said end housings at its
      shoulder to the other end of said outer housing with clearance
      therebetween within the tolerance stack-up of the clamped parts to clamp
      said rotor housing between said end housings with a predetermined load
      whereby said outer housing grows with the clamped parts in the axial
      direction as the result of heat expansion during engine operation to
      prevent substantial change in the clamp load, and seal means for providing
      sealing between the shoulder of said other end housing and said outer
      housing in all positions of said other end housing relative to said outer
      housing.
NUM  3.
PAR  3. A completely die castable rotary combustion engine housing assembly
      comprising an outer housing having a cylindrical opening extending
      longitudinally therethrough, a pair of rotor housings having cylindrical
      outer peripheries closely fitting in said cylindrical opening of said
      outer housing, an intermediate housing located intermediate said rotor
      housings having a cylindrical outer periphery closely fitting in said
      cylindrical opening of said outer housing, a pair of end housings having
      cylindrical shoulders closely fitting in and closing the opposite ends of
      said cylindrical opening of said outer housing, each of said end housings
      having a flange extending radially outward from its shoulder, means for
      rigidly clamping one of said end housings at its flange to one end of said
      outer housing, a gasket between the flange of said one end housing and
      said one end of said outer housing, fastener means for securing the other
      of said end housings at its shoulder to the other end of said outer
      housing with clearance therebetween within the tolerance stack-up of the
      clamped parts to clamp said rotor housings and intermediate housing
      between said end housings with a predetermined load whereby said outer
      housing grows with the clamped parts in the axial direction as the result
      of heat expansion during engine operation to prevent substantial change in
      the clamp load, and O-ring means for providing sealing between the
      shoulder of said other end housing and said outer housing in all positions
      of said other end housing relative to said outer housing.
NUM  4.
PAR  4. A completely die castable rotary combustion engine housing assembly
      comprising an outer housing having a cylindrical opening extending
      longitudinally therethrough, a pair of rotor housings having cylindrical
      outer peripheries closely fitting in said cylindrical opening of said
      outer housing, an intermediate housing located intermediate said rotor
      housings having a cylindrical outer periphery closely fitting in said
      cylindrical opening of said outer housing, a pair of end housings having
      cylindrical shoulders closely fitting in and closing the opposite ends of
      said cylindrical opening of said outer housing, each of said end housings
      having a flange extending radially outward from its shoulder, means for
      rigidly securing one of said end housings at its flange to one end of said
      outer housing, a flat gasket between the flange of said one end housing
      and said one end of said outer housing, fastener means for securing the
      other of said end housings at its shoulder to the other end of said outer
      housing with clearance therebetween within the tolerance stack-up of the
      clamped parts to clamp said rotor housings and intermediate housing
      between said end housings with a predetermined load whereby said outer
      housing grows with the clamped parts in the axial direction as the result
      of heat expansion during engine operation to prevent substantial change in
      the clamp load, and O-ring means for providing sealing between the
      shoulder of said other end housing and said outer housing in all positions
      of said other end housing relative to said outer housing.
NUM  5.
PAR  5. A completely die castable rotary combustion engine housing assembly
      comprising an outer housing having a cylindrical opening extending
      longitudinally therethrough, a rotor housing having a cylindrical outer
      periphery closely fitting in said cylindrical opening of said outer
      housing, a pair of end housings having cylindrical shoulders closely
      fitting in and closing the opposite ends of said cylindrical opening of
      said outer housing, means for rigidly clamping one of said end housings to
      one end of said outer housing, a gasket between the flange of said one end
      housing and said one end of said outer housing, fastener means for
      securing the other of said end housings to the other end of said outer
      housing with clearance therebetween within the tolerance stack-up of the
      clamped parts to clamp said rotor housing between said end housings with a
      predetermined load whereby said outer housing grows with the clamped parts
      in the axial direction as the result of heat expansion during engine
      operation to prevent substantial change in the clamp load, seal means for
      providing sealing between said other end housing and said outer housing in
      all positions of said other end housing relative to said outer housing and
      coolant passages that are cored in the exterior of said rotor housing and
      said end housings are covered by said outer housing.
NUM  6.
PAR  6. A completely die castable rotary combustion engine housing assembly
      comprising an outer housing having a cylindrical opening extending
      longitudinally therethrough, a rotor housing having a cylindrical outer
      periphery closely fitting in said cylindrical opening of said outer
      housing, a pair of end housings having cylindrical shoulders closely
      fitting in and closing the opposite ends of said cylindrical opening of
      said outer housing, each of said end housings having a flange extending
      radially outward from its shoulder, means for rigidly clamping one of said
      end housings at its flange to one end of said outer housing, a gasket
      between the flange of said one end housing and said one end of said outer
      housing, fastener means for securing the other of said end housings at its
      shoulder to the other end of said outer housing with clearance
      therebetween within the tolerance stack-up of the clamped parts to clamp
      said rotor housing between said end housings with a predetermined load
      whereby said outer housing grows with the clamped parts in the axial
      direction as the result of heat expansion during engine operation to
      prevent substantial change in the clamp load, seal means for providing
      sealing between the shoulder of said other end housing and said outer
      housing in all positions of said other end housing relative to said outer
      housing and coolant passages cored in said end, intermediate and rotor
      housings that are covered by said outer housing and communicate with each
      other to provide axial coolant flow through said housing assembly.
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ABST
PAL  A rotary steam engine comprising a hollow cylindrical housing, a
      cylindrical rotor mounted concentrically within the housing having
      radially extending vanes rigidly secured thereto projecting between the
      rotor and the housing to form chambers therebetween in conjunction with
      the rotor and housing, a plurality of rotary valves carried in the housing
      and spaced angularly around the periphery of the rotor in rolling
      engagement with the rotor and having pockets therein for receiving the
      vanes as they pass through the valves, a gear train for synchronizing the
      rotation of the rotor and valves, means for passing fluid into the
      chambers between the rotor and housing and exhausting fluid therefrom
      positioned adjacent each of the valves, a rotation selector plate for
      porting the fluid under pressure into and exhausting the fluid from the
      chambers for selecting direction of rotation of the rotor, and a separate
      cutoff plate associated with each of the valves synchronized with the
      rotation of the valves for shutting off flow of fluid into the engine
      while the vanes pass through the valves.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to engines and refers more specifically to a positive
      displacement rotary steam engine in which a cylindrical rotor having
      radially extending vanes rigidly secured thereto is caused to rotate in a
      hollow cylindrical housing by fluid passed into and out of the chambers
      formed by the rotor, vanes and housing through inlet and exhaust ports and
      wherein valve means adjacent the inlet and exhaust ports to the separate
      chambers seal the chambers and allow the vanes to pass through the valve
      means, which engine is completely reversible and is particularly simple
      and therefore economical to produce and efficient in operation.
PAR  2. Description of the Prior Art
PAR  In the past, rotary engines have often required the machining of
      particularly exotic shapes. Further, the parts of rotary engines in the
      past have generally not been symmetrical or have not been rotated about
      the center line thereof whereby rotation between the members of the
      engines has produced substantial vibration and excessive wear. Further,
      rotary engines have not all been reversible in the past. Also, a
      substantial amount of friction has been generated in prior rotary engines
      whereby heat and wear has been a particular problem in rotary engines of
      the past.
PAR  Wherein positive displacement rotary engines having a concentric housing
      and rotor have been produced in the past, the valving and porting of such
      engines has been particularly complicated and therefore expensive and
      often inefficient.
PAC  SUMMARY OF THE INVENTION
PAR  The rotary steam engine of the invention includes a hollow cylindrical
      housing, a cylindrical rotor mounted concentrically with the hollow
      cylindrical housing having a plurality of radially extending, angularly
      spaced vanes rigidly secured thereto forming chambers between the rotor,
      vanes and housing and porting structure for passing fluid under pressure
      into and out of the chambers at selected positions around the periphery of
      the rotor. The porting structure includes a selector plate which may be
      selectively positioned to provide forward, reverse or no operation of the
      engine.
PAR  Valves are provided at the selected positions for sealing the chambers and
      permitting passage of the vanes through the valves. In addition, a cutoff
      plate is provided in conjunction with each of the valves for preventing
      fluid input into the chamber associated with the valves while the vanes
      pass through the valves. The valves are synchronized for rotation with the
      rotor and are in rotary contact with the rotor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a section view of a rotary steam engine constructed in accordance
      with the invention and taken substantially on the line 1--1 in FIG. 2.
PAR  FIG. 2 is another section view of the rotary engine of the invention taken
      substantially on the line 2--2 in FIG. 1.
PAR  FIG. 3 is an elevation view of the selector plate of the rotary engine
      taken substantially on the line 3--3 in FIG. 1.
PAR  FIG. 4 is an elevation view of the cutoff plate of the rotary engine
      illustrated in FIG. 1 taken substantially on the line 4--4 in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The rotary engine 10 illustrated in FIG. 1 includes a rotor housing 12, an
      engine rotor 14, valve structures 16, and means 18 for synchronizing
      rotation of the valve structures with the rotation of the rotor 14 in the
      housing 12.
PAR  The rotary engine 10 further includes inlet and exhaust means 20 for
      passing fluid into and exhausting fluid from the engine 10, selector
      structure 22 is provided for selecting the direction of rotation of the
      engine 10 while cutoff structure 26 is operable to cut off the fluid input
      to the engine 10 at valve structures 16 as the rotor vanes 24 pass through
      the valve structures 16.
PAR  More specifically, the housing 12 includes a hollow cylindrical member 28
      having cooling fins 30 thereon as necessary. The housing 12 further
      includes the end plates 32 and 34 which are secured to the cylindrical
      member 28 by convenient means such as bolts 26.
PAR  Engine rotor 14 includes a cylindrical rotor body 38 to which radially
      extending rotor vanes 24 are rigidly secured by convenient means such as
      slots 40. The rotor 14 is mounted for rotation within the housing 12 and
      concentric therewith on the driven output shaft 42 by spline means as
      shown. Drive shaft 42 is journalled for rotation in the end plates 32 and
      34 by the roller bearings 44 and 46. The bearings 44 and 46 are held in
      position by the bearing caps 48 and 50 and convenient bolts such as bolts
      52 and 52. Seal 55 is provided adjacent bearing 46.
PAR  The valve structures 16 of which there are three as shown best in FIG. 2,
      positioned annularly about the rotor 14, each includes a rotor valve 56
      mounted for rotation on a shaft 58 to which it is connected by spline
      means as shown. The shaft 58 is journalled for rotation in bearings 60 and
      62 in the housing end plates 32 and 34. The bearing 60 is secured in the
      plate 32 by means of the bearing cap 64 and bolts 66. The bearing 62 is
      secured in the end plate 34 by the housing member 68 and convenient bolts
      70. Spacers 71 and 73 are provided in conjunction with bearings 60 and 62
      as shown in FIG. 1.
PAR  As shown best in FIG. 2, the rotor valves 56 are provided with a pair of
      oppositely disposed pockets 72 which receive the vanes 24 as the vanes
      pass through the valve structures 16. In operation, the rotor valves 56
      are in rotary sealing engagement with the engine rotor 16 except when the
      vanes 24 pass through the valve structures in the pockets 72.
PAR  The rotation of the rotor valves 56 is synchronized with the rotation of
      the engine rotor 14 so that the vanes 24 pass through valve structures 16
      only when the pockets 72 and vanes 24 are in alignment. The synchronizing
      of the rotation of the engine rotor 14 and the valve structures 16 is
      accomplished by the synchronizing means 18. The synchronizing means 18
      includes the gear 74 in mesh with separate gears 76 associated with each
      valve structure 16. The gears 74 and 76 are keyed to the shafts 42 and 58
      for rotation therewith by means of keys 78 and 80 and are secured to the
      shafts 42 and 58 by the nut and washer assemblies 82 and 84. Cover plate
      84 is secured to end plate 32 over gears 74 and 76 by bolts 87 as shown.
PAR  Sealing is provided between the rotor body 38 and the end plates by the
      gasket members 86 and 88 and the annular seals 90 and 92 carried therein.
      The seals 90 and 92 are urged toward the rotor by wavy, that is, non-flat,
      spring means 94 and 96 in annular pockets in the seals 90 and 92.
PAR  The inlet and exhaust means 20 for pressing fluid such as low pressure
      steam into the engine 10 and providing exhaust for the engine 10 comprises
      the housing member 68, which as indicated before is secured to the end
      plate 34 by convenient means such as bolts 70, has inlet passages 98 and
      outlet passages 100 extending therethrough which are aligned with ports
      102 and 104 in the end plate 34 adjacent each of the valve structures 16
      as shown in FIG. 2.
PAR  The structure 20 further includes the cover plate 106 secured to the
      housing member 68 by convenient means such as the bolts 108 and has an
      annular inlet passage 110 and an annular outlet passage 112 therein
      aligned with the passages 98 and 100 in the housing member 68. Convenient
      coupling means 111, shown diagrammatically, may be provided for feeding
      low pressure steam or other motive fluid into the passage 110 through the
      passage 98 and passage 102 or 104 for driving the engine and out of the
      ports 102 or 104 and passages 100 and 112 for exhaust from the engine 10.
      Again, a sealing gasket 114 is provided between the end plate 106 and
      housing member 68.
PAR  The structure 22 for selecting the direction of rotation of the engine 10
      includes the rotor selector plate 116 shown best in FIG. 3. The annular
      plate 116 includes a radially extending lever arm 118 secured thereto by
      convenient means such as pin 120 and may be connected to a shifting
      linkage 122 by pin 124.
PAR  The selector plate 116 includes a plurality of openings 124, 126 and 128
      therethrough, as shown in FIG. 3, in conjunction with each of the valves
      16 and pair of ports 102 and 104. The openings 124, 126 and 128 are
      operable in one angular position of the selector plate 116 to prevent
      fluid flow to the engine 10. On rotation of the selector plate in one
      direction as, for example, shown in phantom in FIG. 3, the openings 124,
      126 and 128 align so as to pass fluid into port 104 in the end plate 34
      and out of port 102 to provide clockwise rotation of the engine rotor 14.
      On rotation of the plate 116 in the opposite direction, fluid is caused to
      pass into the engine 10 through the port 102 and out of the engine 10
      through port 104 to drive the engine in a reverse direction.
PAR  The selector plate 116 is mounted for rotation between the end plate 34 and
      the housing member 68 on the bearing 130. Sealing gaskets 131 and 132 are
      provided in conjunction with openings 124, 126 and 128 in selector plate
      116 as shown in FIGS. 1 and 3.
PAR  The cutoff structure 26 includes the annular cutoff plate 132 as shown in
      FIG. 4 and which has one side 134 and 136 including portions which are
      sloped as shown best in FIG. 1 to provide an inlet passage for fluid to
      drive the engine 10 from the passage 110 to the passage 98 during most of
      the angular rotation of the cutoff plate 132. During that time when the
      vane is passing through the rotor valve pocket 72, the portions 138 or 140
      of the cutoff plate 132 prevent drive fluid from entering the engine 10.
PAR  The cutoff plate 132 is mounted for rotation on the bearings 141 and 142 in
      the housing member 68 on shaft 144. The shaft 144 is driven in synchronism
      with the shaft 58 through the pin and slot structure 146 while the cutoff
      plate 132 is rigidly secured to the shaft 144 by the pin 148. A gasket 143
      and the gasket 114 seals the opposite sides of the cutoff plate 132.
PAR  In overall operation of the engine 10, when the selector plate is in a
      neutral position, no drive fluid is permitted to pass between the passages
      110 and 98 and the passages 102 or 104. In this state, the engine rotor 14
      does not rotate with respect to the housing 12.
PAR  On rotation of the selector plate in one direction, fluid is allowed to
      pass from the structure 111 into the annular passage 110, through the
      passage 98 and through the aligned passage 124, is caused to pass into,
      for example, the ports 104 and into the chambers between the rotor 14 and
      housing 12. At the same time, fluid is permitted to pass out of the ports
      102 through the aligned passage 126 and into the opening 100 and is
      exhausted through the opening 112. Thus, a positive displacement drive is
      provided for the rotor in a clockwise direction as long as the selector
      plate is in the position shown in FIG. 3.
PAR  As the rotor 14 rotates, the valve rotors 56 are driven through the gear
      train including the gears 74 and 76 to permit the vanes 24 to pass through
      the rotor valves 56 in the pockets 72. As the vanes pass through the rotor
      valves 56, the cutoff plate 132 is rotated to place the portions 138 or
      140 in registry with the passage 98 to prevent feeding of fluid under
      pressure to the engine while the vanes 24 are passing through the pockets
      72.
PAR  Should rotation of the engine in the opposite direction be desired, the
      selector plate 116 is rotated in the opposite angular direction to reverse
      the feeding of the ports 102 and 104 associated with the valve structures
      16. At this time, fluid enters passage 124 and is exhausted through
      passage 128.
PAR  From the above disclosure it can be seen that the rotary steam engine of
      the invention is a positive displacement constant torque engine which
      provides a true rotary motion with parts which are easily machinable and
      which can be assembled without difficulty to provide required operating
      parameters inexpensively. In this regard, it should be noted that all
      rotating parts of the engine are symmetrical, bores are circular and ball
      bearings are provided on the driven shaft and all valves to reduce wear
      and friction. Further, the rotary steam engine disclosed herein may be
      produced from non-critical materials due to low operating temperature as
      compared to most turbine operation. Also, the engine 10 has a low noise
      level as a result of the use of low pressures and low velocity exhaust in
      the engine. Further, the engine of the invention has minimum power loss
      due to integral manifolding and the engine is 100 percent reversible with
      no reverse gears or clutch and transmission required. The engine has only
      four basic moving parts. Also, the engine rotor of the engine disclosed
      possesses inherent flywheel characteristics eliminating the need for a
      separate flywheel. In addition, in the engine disclosed, at least two
      rotor vanes are driving the rotor at all times and due to the diameter
      ratios of the engine rotor 14 and rotor valves 56 and the ratio of gears
      74 and 76 the rotors are in one to one rolling contact to effect a
      friction-free rolling seal, the efficiency is equal in either direction of
      rotation of the engine 10, and the sealing is such as to not only reduce
      friction but to also reduce emissions.
PAR  While one embodiment of the present invention has been considered in
      detail, it will be understood that other embodiments and modifications
      thereof are contemplated. It is the intention to include all embodiments
      and modifications of the invention as are defined by the appended claims
      within the scope of the invention.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. A rotary engine comprising a hollow cylindrical housing having a
      circular opening therethrough, separate end plates secured to the housing
      over the opposite ends of the circular opening therethrough, a drive shaft
      journaled for rotation in the end plates and extending axially of the
      circular opening through the cylindrical housing, a cylindrical engine
      rotor concentrically mounted in the housing on the drive shaft for
      rotation in the cylindrical opening through the housing between the end
      plates with the drive shaft, a plurality of vanes mounted on the rotor
      extending radially outwardly therefrom and connected rigidly thereto to
      form a plurality of separate chambers between the rotor, housing, end
      plates and vanes, a plurality of rotary valve structures journaled for
      rotation in the end plates positioned angularly about the periphery of the
      rotor for sealing between the rotor and housing and permitting passing of
      the vanes therethrough, fluid inlet and outlet passages in one end plate
      adjacent the valve structures for permitting intake and exhaust of driving
      fluid into and out of the separate chambers, a separate housing member
      secured to the one end plate and a cover plate secured to the separate
      housing member, said separate housing member and cover plate together
      forming further inlet and outlet passages for driving fluid in
      communication with the inlet and outlet passages in the one end plate, a
      selector plate positioned between the one end plate and further housing
      member, said selector plate being rotatably mounted and having additional
      inlet and exhaust passages extending therethrough for reversing flow
      between the further inlet and exhaust passages in the cover plate and
      further housing member and the inlet and exhaust passages in the one end
      plate, and separate cutoff plates secured to and associated with each of
      the valve structures for rotation therewith and operably associated with
      the further inlet passage in the further housing member for cutting off
      the further inlet passage in the further housing member associated with
      the associated valve structure during passage of a vane through the
      associated valve structure, and drive means connected to the drive shaft
      and the individual valve structures for synchronizing the rotation of the
      individual valve structures and the rotor, and means for introducing fluid
      under pressure into the further inlet passage whereby the rotor, drive
      shaft, valve means and cutoff plate are synchronously driven.
NUM  2.
PAR  2. Structure as set forth in claim 1 wherein the selector plate includes
      two exhaust passages therein having their end radially displaced from each
      other and converging toward each other radially inwardly of the selector
      plate and a single inlet passage having spaced apart opposite ends at the
      same radial position as the radially outer ends of the exhaust passages
      and between the outer ends of the exhaust passages associated with each
      separate valve structure whereby the radially outer end of one exhaust
      passage and the end of the inlet passage furthest removed from the
      radially outer end of the one exhaust passage are in engagement with the
      inlet and exhaust passages of the one end plate at each valve structure
      for permitting rotating the rotor in one angular direction and wherein the
      other end of the inlet passage and the radially outer end of the other
      exhaust passage are in engagement with the inlet and exhaust passages of
      the one end plate with the selector plate angularly positioned to permit
      rotating the rotor in a direction reverse to the one angular direction.
NUM  3.
PAR  3. Structure as set forth in claim 1 wherein each cutoff plate is rigidly
      secured to a shaft journaled for rotation in the cover plate and housing
      member and includes recesses in the sides thereof operable to permit flow
      of fluid through the further inlet passage in the further housing member
      with the cutoff plate in predetermined angular positions and intermediate
      portions around the periphery of the cutoff plate having no recesses in
      the sides thereof whereby the further inlet passage in the further housing
      member is blocked in predetermined angular positions of the cutoff plate.
NUM  4.
PAR  4. Structure as set forth in claim 1 wherein the valve structures are
      cylindrical members having longitudinally extending recesses therein for
      receiving the vanes therein in sealing engagement as the vanes pass
      through the valve structures.
NUM  5.
PAR  5. Structure as set forth in claim 4 wherein there are four vanes on the
      rotor and three valve structures positioned 120.degree. apart around the
      periphery of the rotor.
NUM  6.
PAR  6. Structure as set forth in claim 5 wherein the drive means are engaged
      bevel gears having a drive ratio whereby the cylindrical body members of
      the valve structures and the rotor are driven in one to one rolling
      sealing engagement.
NUM  7.
PAR  7. Structure as set forth in claim 6 wherein the vanes are substantially
      flat members extending longitudinally of the opening through the
      cylindrical housing between the cylindrical housing and rotor, one side of
      which are in sealing engagement with the cylindrical housing and the other
      side of which has a generally circular cross section positioned within a
      longitudinal slot in the rotor having a similar circular cross section at
      the bottom thereof.
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ABST
PAL  Heat-expandable beads of thermo-plastic material such as polystyrene are
      moulded by steam heating in a metal mould and venting the interior of the
      mould through apertures in plugs set into ports in the wall of the mould.
      The plugs are made of low heat conductivity material, for example nylon,
      to prevent the apertures being blocked by fusion of the beads in contact
      with the plugs due to heat conduction from the wall of the mould. The
      steam may be introduced into the mould through apertures in nylon plugs
      set in ports in the wall of the mould, the low heat conductivity of the
      nylon preventing the steam raising the plugs to a temperature at which the
      beads would burn onto the plugs. The same plugs may be used to introduce
      steam into the mould and then vent the interior of the mould.
PARN
PAR  This application is a division of my copending application Ser. No.
      198,766, filed Nov. 15, 1971, now U.S. Pat. No. 3,809,735, which was, in
      turn, a continuation-in-part of my copending application Ser. No. 860,760,
      filed Sept. 24, 1969, now abandoned.
BSUM
PAR  This invention relates to the moulding of heat-expandable thermoplastic
      material, for example expandable polystyrene.
PAR  Expandable polystyrene is produced by incorporating pentane or other
      volatile hydrocarbon blowing agent into beads of polystyrene. When such
      beads are heated, the pressure of the blowing agent confined within the
      beads is increased and the polystyrene softens, so that the beads expand.
      The degree of expansion and therefore the density is governed by the
      temperature and duration of heating. The expandable beads of polystyrene
      are moulded by first pre-expanding the beads to the required density of
      the finished article, completely filling a mould with the beads, closing
      the mould, and then heating the beads within the mould. The heat increases
      the pressure of the gases within the beads and softens the material so
      that the beads expand to fill the voids between them and fuse together to
      form a cellular structure. The mould can conveniently be heated by placing
      it in an autoclave and then introducing steam into the autoclave, the wall
      of the mould having apertures for the passage of steam from the autoclave
      into the interior of the mould. Special automatic opening and closing
      moulding machines are generally provided for large scale manufacture, the
      formers of the mould being mounted on jaws which incorporate steam chests,
      each former serving as one wall of a steam chest and having apertures for
      passage of steam from the steam chest into the mould when closed.
PAR  The moulds at present in general use with expandable thermo-plastic
      material are made of aluminium alloy, since this metal is excellent for
      casting into shapes and has good thermal conductivity. Steam heating of
      such moulds has however the disadvantage that it tends to produce articles
      which have a fused outer crust and a centre of unfused beads, and such
      articles have poor structural properties. This is particularly the case
      with articles which have a relatively thick section, for example three
      inches or more thick. It is believed that the steam in contact with the
      outside surface of the walls of the mould heats up the walls which in turn
      heat the beads in the peripheral areas of the mould, and the expansion and
      fusion of the beads in the peripheral areas forms a barrier which prevents
      further entry of steam through the apertures in the mould walls and also
      traps air, gas and condensate in the central areas of the mould.
PAR  The object of the invention is to provide moulding apparatus in which air,
      gas and condensate in the mould are free to escape from the mould until
      after the beads in the central areas of the mould have fused.
PAR  According to the present invention there is provided in apparatus for
      moulding articles from heat-expandable beads of synthetic thermoplastic
      polymeric resinous material such as polystyrene, which apparatus is of the
      type comprising a mould having metal walls formed with inlet apertures
      therein, the internal surfaces of the mould defining a cavity in which
      beads can be confined, the cavity conforming to the shape of the article,
      means defining a chamber surrounding said mould, means for introducing a
      hot gaseous medium under pressure into said chamber and thereby apply the
      hot gaseous medium to the outside surfaces of the mould walls, and means
      for venting the cavity in the mould so that the hot gaseous medium in the
      chamber flows through said inlet apertures and into said cavity to expand
      and fuse the beads therein, means for preventing beads in the interior of
      the moulded article from being unfused, comprising:
PA1  plugs in the mould walls that define outlet apertures through which heated
      gaseous medium is vented out of the cavity, said plugs
PA1  a. having inner surfaces which surround said outlet apertures and
      co-operate with the internal surfaces of the metal mould walls in defining
      the cavity
PA1  b. being of nonmetallic material adapted to withstand the temperatures and
      pressures arising in the moulding of an article in thermoplastic material
      using steam at 20 pounds per square inch as the heated gaseous medium and
      having a thermal conductivity substantially lower than that of the metal
      of the mould wall, so that said plugs do not conduct sufficient heat from
      the metal walls to beads adjacent to said outlet apertures to fuse said
      beads, thus insuring that gaseous medium can readily pass out of the
      cavity until beads at the interior of the mould have fused.
PAR  The plugs can conveniently be made of plastics material. The thermal
      conductivity of many suitable plastics material, for example nylon and
      polytetrafluoroethylene, have a co-efficient of thermal conductivity
      within the range 2-8 .times. 10.sup.-.sup.4
      cal./sec./sq.cm./1(.degree.C/cm.) as measured by the C177 ASTM Test Method
      (see Modern Plastics Encyclopaedia Volume 47/No. 10A 1970-1971). This
      range of co-efficients of thermal conductivity is very small compared to
      that for Aluminium which is approximately 4920 .times. 10.sup.-.sup.4
      cal./sec./sq.cm./1(.degree. C/cm.).
PAR  In the operation of the apparatus of the invention the apertures in the
      plugs remain open until after the gaseous medium has passed through the
      mould and fused the beads in contact with the plugs. The flow of the hot
      gaseous medium through the mould expands and fuses the beads in the centre
      of the mould before exhausting through the apertures in the plugs,
      together with air, gas, and moisture displaced from the mould by expansion
      of the beads. The resultant article has a substantially more even density
      with better structural properties than could be obtained with the
      previously practised method of steam heating. This in turn enables a much
      denser product to be produced than was previously possible for a given
      thickness of section.
PAR  The gaseous medium may be hot air, but is preferably steam at a pressure
      of, for example, 14-20 lbs. per square inch, and the interior of the mould
      may be vented to atmosphere or to a region at sub-atmospheric pressure.
PAR  Hitherto, the inlet apertures in moulds for expandable thermoplastic
      material have been formed by axial bores or slots in metal plugs set in
      ports in the mould walls. Such plugs are generally formed of aluminium
      alloy, approximately half an inch in diameter, and spaced apart at two
      inch centres, the plug being formed with several narrow slots for passage
      of steam. When a mould fitted with such inlet plugs is vented through
      plugs of low heat conductivity material in accordance with the present
      invention, for example by placing the mould in a steam autoclave and
      connecting the vent plugs to an exhaust manifold system leading outside
      the autoclave to atmosphere, the flow of steam through the inlet apertures
      prevents immediate fusion of the beads adjacent these apertures for a time
      long enough for the steam to heat the beads in the centre of the mould.
      After the inlet apertures are sealed by expansion and fusion of the beads
      at the walls of the mould, the beads at the centre of the mould continue
      to expand due to the heat of the steam within the mould, and the air, gas,
      condensate and steam displaced by expansion of the beads are expelled to
      atmosphere through the vent plugs. The apertures in the vent plugs remain
      open for a short time after closure of the apertures in the inlet plugs
      since there is little or no heat conduction from the walls of the mould to
      the beads in contact with the vent plugs, in accordance with the teaching
      of the invention.
PAR  It has however also been discovered that appreciable advantages are
      obtained if the hot gaseous medium is introduced into the mould through
      apertures in plugs of low heat conductivity material set into the wall of
      the mould and forming part of the internal surface of the mould. The inlet
      apertures do not then become blocked due to "burning on" of the
      thermoplastic material, as occurs with metal inlet plugs, so that there is
      no time wasted in cleaning the plugs between moulding operations. Also,
      the low heat conductivity inlet plugs do not leave burn marks or
      impressions on the finished article, and the article is easier to release
      from the mould walls than with moulds having metal inlet plugs. This
      results in a shorter time for the moulding operation.
PAR  The inlet plugs, like the vent plugs, are preferably formed of nylon, but
      may be of any suitable material capable of withstanding the temperature
      and pressure of the gaseous medium without degradation and having a low
      enough co-efficient of thermal conductivity to ensure that the inside
      surfaces of the plugs do not reach a temperature sufficient to burn the
      thermoplastic material in contact with the plugs prior to fusion of the
      beads in the centre of the mould due to introduction of the hot gaseous
      medium into the mould.
PAR  The venting of the mould in accordance with the invention may take place
      immediately after introduction of the gaseous medium into the mould, and
      the same plugs of low heat conductivity may thus be used both for the
      introduction of the gaseous medium into the mould and for subsequent
      venting of the mould. This method is particularly applicable to automatic
      moulding machines in which the steam chests supplying steam to the inlet
      apertures in the walls of the mould are of relatively small capacity and
      can be quickly vented.
DRWD
PAR  Embodiments of the invention will now be described, by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a sectional view of a mould mounted in a steam autoclave and
      vented to atmosphere by a manifold system,
PAR  FIG. 2 is a perspective view of one of the plugs fitted in the wall of the
      mould of FIG. 1,
PAR  FIG. 3 is a fragmentary view of part of a wall of the mould fitted with two
      of the plugs shown in FIG. 2, one plug permitting passage of steam into
      the mould and the other plug connected to the manifold system,
PAR  FIG. 4 is a perspective view of another construction of plug adapted to
      serve either as an inlet or a vent,
PAR  FIG. 5 is a fragmentary view of part of a wall of a mould fitted with two
      of the plugs shown in FIG. 4, one plug serving as an inlet plug and the
      other plug connected to a manifold system to serve as a vent plug, and
PAR  FIG. 6 is a sectional view of an automatic moulding machine adapted to
      carry out the method of the invention.
DETD
PAR  The mould shown in FIG. 1 comprises upper and lower formers 10, 11 having
      side flanges 12, 13 respectively which are bolted together to define
      between the formers a space 14 corresponding to the dimensions of an
      article to be moulded in expandable polystyrene by the method of the
      invention. The two formers have end walls (not shown) which co-operate to
      close the ends of the mould. The formers are made of aluminium alloy, and
      nylon plugs 15 are set in ports 16 in the walls of the formers.
PAR  The plugs 15 are all identical in construction and, as shown in FIGS. 2 and
      3, each plug comprises a cylindrical tube 20, approximately 11/4 inches in
      diameter, which is a force fit in its port 16, the outer end of the tube
      having a collar 21 which engages against the outside wall of the former
      surrounding the port. The collar 21 is provided with apertures for screws
      22 securing the plug to the former. The inner end of the cylindrical tube
      20 is closed by an end wall 23 which is flush with the inside wall of the
      former, this end wall 23 having several parallel slots 24 for passage of
      fluid through the plug. The plugs are distributed evenly over the walls of
      the formers and spaced approximately 7 inches apart. The plugs are made of
      nylon of the grade marketed under the trade name "Nylon 66" by Combined
      Insulations and Plastics Ltd of London, but any other grade of nylon or
      any other material which has a comparable low co-efficient of thermal
      conductivity and which can withstand the temperature and pressure of steam
      used in the moulding operation would be suitable. The inside wall of the
      tube 20 is provided with a screw thread 25.
PAR  An exhaust manifold system 28 is connected to a selected number of the
      plugs 15, the selected plugs being spaced evenly over the walls of the
      formers. The manifold system comprises a common manifold tube 29,
      individual pipes 30 leading from the tube 29 and connected one to each of
      the selected plugs, and an exhaust pipe 31 leading from the manifold tube
      29. The pipes 30 are formed with external screw threads which are screwed
      into the screw threads 25 on the selected plugs, as shown in FIG. 3. The
      selection of the plugs to be connected to the manifold system will depend
      on the shape and thickness of the article to be moulded, but in practice
      it has been found that satisfactory results are obtained if one in 12 of
      the plugs are connected to the manifold system. It may however be
      necessary to connect a larger number of plugs to the manifold system at
      parts of the mould having abrupt changes in shape or thickness. For
      convenience, the plugs connected to the manifold system will hereinafter
      be referred to as the vent plugs 35, and the other plugs will be referred
      to as the inlet plugs 36.
PAR  In operation, the mould is assembled with the two formers bolted together
      and the space between the formers is then packed with beads of expandable
      polystyrene which have been pre-expanded to the required density. The
      mould is then placed in an autoclave 37, as shown in FIG. 1 with the
      exhaust pipe 31 of the manifold system extending through an opening in the
      wall of the autoclave and open to atmosphere. The autoclave is then closed
      and steam at 14-20 pounds per square inch introduced into the autoclave.
      The steam in the autoclave flows into the mould through the inlet plugs 36
      and heats up the beads in the mould, and air, gas, condensate and steam
      exhausts to atmosphere through the vent plugs 35 and the manifold system.
      The manifold system may be connected to a region of sub-atmospheric
      pressure to increase the rate of flow of steam into the mould.
PAR  The steam in the autoclave heats up the walls of the mould which conduct
      heat to the beads in the peripheral area of the mould. The beads in
      contact with the plugs however receive very little heat by conduction from
      the walls of the mould due to the low heat conductivity of the plugs. The
      slots 24 in the vent plugs 35 thus remain open until the beads adjacent
      these plugs are fused by heat from steam within the mould. This steam also
      heats the beads in the interior of the mould which thus expand and fuse at
      approximately the same time as the beads in contact with the vent plugs.
      The continual passage of steam through the inlet plugs 36 prevents
      immediate fusion of the beads adjacent these plugs for a time long enough
      to complete the process of expansion and fusion. Also, due to the low heat
      conductivity of the plugs, the temperature of the inlet plugs does not
      rise to a value which would cause burning of the polystyrene in contact
      with the plugs before the moulding operation is completed.
PAR  FIGS. 4 and 5 illustrate another construction of plug marked 40 which can
      be used either for introducing steam into the mould or for venting the
      interior of the mould. The plug 40 comprises a cylindrical tube 41,
      approximately three-fourths inch in diameter, open at one end and having
      an end wall 42 extending across the other end, the wall 42 having several
      parallel slots 43 for passage of fluid through the plug. The external wall
      of the plug is screw threaded, and the plug is screwed into a screw
      threaded port in the wall of the mould with the end wall 42 flush with the
      internal wall of the mould. The plugs 40 can conveniently be spaced three
      inches apart throughout the wall of the mould, and selected plugs can be
      connected to the pipes 30 of the manifold system by internally screwed
      sleeves 44 screwed on the outer ends of the plugs and onto the ends of the
      pipes 30, as shown in FIG. 5. The plugs 40 are preferable made of a
      material which, in addition to having the necessary low co-efficient of
      thermal conductivity, is also resilient so that the screw threads on the
      plug conform to the screw thread on the port in the mould wall to provide
      a substantially fluid tight seal. Nylon 66,  referred to above, is a
      suitable material.
PAR  The automatic moulding machine shown in FIG. 6 comprises a fixed jaw 45
      fitted with a mould former 46 which co-operates with the jaw 45 to define
      a steam chest 47, and a movable jaw 48 fitted with another mould former 49
      which co-operates with the jaw 48 to define a steam chest 50. The jaw 48
      is movable between a closed position, shown in FIG. 6, in which the
      formers enclose a space 51 corresponding to the dimensions of an article
      to be moulded, and an open position in which a moulded article can be
      withdrawn from between the formers 46, 49. The two steam chests 47, 50 are
      connected by pipes 52, 53 to a common two-way valve 54 adapted to connect
      the pipes simultaneously to either a steam supply pipe 55 or to a pipe 56
      open to atmosphere. The pipe 53 has a flexible section 57 to permit
      movement of the jaw 48. Each steam chest is fitted with a water spray
      device 58 arranged to spray cooling water on the mould formers. Each
      former 46, 49 is provided with ports each fitted with a nylon plug 40 as
      shown in FIG. 4, the plugs being arranged with their end walls 42 flush
      with the wall of the former constituting the inside wall of the mould. All
      the plugs 40 are open to the associated steam chest.
PAR  In operation, the jaws of the machine are closed and the space between the
      formers is packed with beads of expandable polystyrene which have been
      pre-expanded to the required bulk density. The beads are supplied through
      openings in the formers, in known manner. Steam is then supplied
      simultaneously to the steam chests 47, 50 through the common valve 54, and
      the steam passes into the mould through the plugs 40. After a short period
      of time to allow the steam to expand the beads in the centre of the mould,
      the steam chests are connected to atmosphere through the valve 54. Due to
      the expansion of the beads and the presence of steam within the mould, the
      interior of the mould is at a higher pressure than atmosphere, and air,
      gas, condensate and steam are forced outwards through the plugs 40 into
      the steam chest and out to atmosphere through the valve 54. The formers
      46, 49 are then cooled by the spray devices 57 before lowering the jaw 48
      to remove the moulded article.
PAR  The period of time required to heat the beads in the mould is dependent
      upon the size and shape of the mould and can only be determined by trial
      and error. Irrespective of the time required however, the low heat
      conductivity material of the plugs ensure that the beads in contact with
      the plugs are not fused due to heat conduction from the walls of the mould
      and the plugs remain open until air, gas and condensate have been vented
      from the mould.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for moulding relatively thick articles from heat expandable
      beads of synthetic thermoplastic resinous material such as polystyrene,
      said apparatus comprising a mould having metal walls which define a cavity
      wherein beads can be confined and the cavity surfaces of which correspond
      to the shape of an article to be moulded, means cooperating with the walls
      of the mould to define a chamber external to said cavity, means for
      introducing a hot gaseous medium under pressure into said chamber so that
      the medium is applied to the walls of the mould for heating the same, and
      means for conducting hot gaseous medium from said chamber through the
      mould walls and into the cavity for expanding and fusing beads therein,
      said apparatus being characterized by means for assuring good fusion of
      beads within the interior of articles moulded in the apparatus
      notwithstanding that such articles may have substantial thickness and,
      when finished, may have a substantially hard external crust, the last
      mentioned means comprising:
PA1  means for assuring continued venting of hot gaseous medium out of the
      cavity to enable continued flow of hot gaseous medium from said chamber
      into the cavity, comprising a plug set into a metal wall of the mould,
      said plug
PA2  1. having an inner surface defining part of the cavity surface of the
      mould,
PA2  2. having an aperture therethrough which is surrounded by said inner
      surface and through which fluid can pass out of the cavity, and
PAR  3. being made of a nonmetallic material capable of withstanding a pressure
      of 20 p.s.i. under a temperature equal to that of steam at said pressure,
      and having a coefficient of thermal conductivity substantially lower than
      that of the metal of the mould wall to ensure that beads in contact with
      said plug are not fused due to heat conduction therethrough prior to
      fusion of beads in the center of the cavity.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means for conducting hot gaseous
      medium from said chamber into the cavity comprises another plug set into a
      metal wall of the mould and having the characterizing features of the
      first mentioned plug.
NUM  3.
PAR  3. The apparatus of claim 1, wherein said plug is made of a synthetic
      polymeric resinous material having a co-efficient of thermal conductivity
      within the range 2-8 .times. 10.sup.-.sup.4
      cal./sec./sq.cm./1(.degree.C/cm.).
NUM  4.
PAR  4. The apparatus of claim 3 wherein said plug is made of nylon.
NUM  5.
PAR  5. Apparatus for moulding articles from heat expandable beads of synthetic
      thermoplastic polymeric resinous material, which apparatus is of the type
      comprising a mould having metal walls formed with internal surfaces
      defining a cavity that conforms to the shape of an article to be moulded
      and in which beads can be confined, means cooperating with said mould to
      define a chamber that substantially surrounds the mould and is
      communicable with the cavity through inlet apertures in the mould walls,
      means for introducing a hot gaseous medium into said chamber under
      pressure so that the mould walls can thereby be heated from their outer
      surfaces, and means for venting the cavity so that gaseous medium can be
      circulated therethrough from said chamber, by way of said inlet apertures,
      and in passing through the cavity can expand and fuse beads confined
      therein, said apparatus being characterized by means for assuring good
      fusion of beads within the interior of articles moulded in the cavity
      notwithstanding that such articles may have substantial thickness and,
      when finished, may have a substantially hard external crust, the last
      mentioned means comprising:
PA1  plugs in the mould walls that define outlet apertures through which the
      cavity is communicated with said means for venting the same, said plugs
PA2  a. having inner surfaces which surround said outlet apertures and cooperate
      with the internal surfaces of the metal mould walls in defining the
      cavity, and
PA2  b. being of nonmetallic material capable of withstandng pressures up to at
      least 20 pounds per square inch under a temperature equal to that of steam
      at said pressure, and having a thermal conductivity substantially lower
      than that of the metal of the mould walls, and on the order of that of
      nylon, so that said plugs do not conduct sufficient heat from the metal
      walls to beads adjacent to said outlet apertures to fuse said beads, thus
      ensuring that gaseous medium can continue to pass out of the cavity until
      beads at the interior of the mould have fused.
NUM  6.
PAR  6. The apparatus of claim 5, further characterized in that said inlet
      apertures are formed in inlet plugs set into the metal walls of the mould,
      said inlet plugs being of a nonmetallic material capable of withstanding a
      pressure of at least 20 p.s.i. under a temperature equal to that of steam
      at said pressure and having a coefficient of thermal conductivity
      substantially lower than that of the metal of the mould walls to ensure
      that beads do not "burn on" to said inlet plugs and block said inlet
      apertures.
NUM  7.
PAR  7. The apparatus of claim 5, wherein said venting means includes exhaust
      duct means connected to said plugs and extending to the outside of said
      chamber, further characterised by:
PA1  A. each of said plugs comprising:
PA2  1. a tubular portion set into a port in a wall of the mould and open at one
      end, the tubular portion projecting beyond the outer surface of the metal
      wall of the mould at said end thereof,
PA2  2. an apertured end wall extending across the other end of that tubular
      portion and lying substantially flush with the interior surface of the
      mould wall; and
PA1  B. screw threaded means connecting the tubular portion of the plug, at the
      first mentioned end thereof, with the exhaust duct means.
NUM  8.
PAR  8. The apparatus of claim 7 further characterised by: each of said plugs:
PA1  1. being made of plastic material having substantial resilience, and
PA1  2. having its tubular portion screwed into the wall of the mould, the
      resilience of the plug insuring a fluid tight fit between it and the wall
      of the mould.
NUM  9.
PAR  9. The apparatus of claim 5, wherein said plugs are made of nylon.
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ABST
PAL  Apparatus is disclosed for molding foamed thermoplastic articles
      characterized by a cellular core and a substantially non-cellular integral
      peripheral shell comprising:
PAL  A. extruder means adapted to flux a thermoplastic material;
PAL  B. Disperser means connected to said extruder means for producing a
      dispersion of fluid blowing agent in the fluxed thermoplastic material
      comprising a cylindrical barrel having therein at least one ratatable disc
      dispersion unit with an alternating spaced series of perforated-solid
      rotating discs; said perforated disc, providing a high shear mixing zone,
      having outer edge surfaces in close rotating clearance with the inner
      walls of said barrel; the outer edge surface of said rotating disc being
      spaced from the inner walls of said barrel to form an intense shear mixing
      zone; and wherein said blowing agent is dispersed when passed through the
      apertures of said perforated disc and is intimately dispersed throughout
      the thermoplastic material when passed through said intense shear zone;
PAL  C. accumulation chamber means in communication with said disperser adapted
      to receive the mixture from said disperser and to maintain said mixture in
      the molten state and at a pressure above the foaming pressure of said
      mixture;
PAL  D. mold means adapted to be maintained at a pressure no greater than the
      pressure at which said mixture foams and expands;
PAL  E. means for establishing and terminating communication between said mold
      means and said accumulation means at a point where the pressure in above
      the foaming pressure of said mixture; and
PAL  F. means connected to said accumulator for rapidly forcing said mixture out
      of said accumulations means and into said mold when communication is
      established therebetween.
PARN
PAR  This is a division of my earlier application Ser. No. 42,317, filed June 1,
      1970 which is a continuation-in-part of my original U.S. patent
      application Ser. No. 704,639, filed Feb. 12, 1968, both of such prior
      applications now being abandoned.
BSUM
PAC  BACKGROUND
PAR  The present invention relates to an improved apparatus for randomly
      dispersing a fluid blowing agent throughout a thermoplastic material of
      high viscosity in the molding of foamed thermoplastic articles
      characterized by a cellular core and a substantially non-cellular,
      integral peripheral shell.
PAR  In order to obtain a foamed thermoplastic article, it is necessary that a
      fluid blowing agent be mixed with the foamable thermoplastic material. In
      the conventional operation of molding foamed thermoplastic articles, as
      described in U.S. Pats. Nos. 3,268,636 and 3,436,446 the fluid blowing
      agent is introduced into an extruder containing foamable thermoplastic
      material and maintained at a temperature above the melting temperature of
      the thermoplastic and at a pressure above the foaming pressure of the
      fluid blowing agent. The mixture is passed into an accumulation zone and
      thereafter foamed and molded in a mold. The mixing of the fluid blowing
      agent and the foamable thermoplastic occurs only as the materials are
      passed through the extruder.
PAR  It is desirable that foamed thermoplastic articles characterized by a
      cellular core and a substantially non-cellular peripheral shell have
      uniform cell structure of controllable size. Such products require uniform
      dispersion of the fluid blowing agent throughout the foamable
      thermoplastic materials. However, the incompatibility of the fluid blowing
      agent and the thermoplastic material makes uniform dispersion in an
      extruder extremely difficult.
PAR  An improved extrusion apparatus is disclosed in U.S. Pat. No. 3,329,882.
      This invention provides in combination with an extruder an apparatus
      adapted to provide high and low shearing force. This apparatus has been
      found desirable when used to mix solids, as when color blends are used and
      uniform color dispersion is desired. Also, when working with high density
      or linear polyethylene which is to be extruded in the form of thin films,
      this apparatus prevents gel particles or fish eyes (particles which have
      not melted or been plasticized) from being extruded. However, this
      apparatus has not been suitable for mixing low viscosity fluid blowing
      agents with high viscosity thermoplastic melts such as in the molding of
      foamed thermoplastic wherein a low viscosity blowing agent has to be
      dispersed throughout a high viscosity thermoplastic material. This
      apparatus does not provide a means for breaking up the low viscosity fluid
      and it has been found that simply subjecting a mixture to shearing force
      without first breaking up the low viscosity fluid is inadequate for
      obtaining thermoplastic articles characterized by uniform cell structure
      of controllable size.
PAR  This invention providea apparatus for mixing a low viscosity fluid blowing
      agent with a high viscosity thermoplastic melt which is relatively simple
      in construction for accomplishing the same.
PAC  SUMMARY
PAR  The apparatus of the invention comprises:
PAR  a. extruder means adapted to flux a thermoplastic material;
PAR  b. disperser means comprising a cylindrical barrel having therein at least
      one rotatable disc dispersion unit with an alternating spaced series of
      perforated-solid rotating discs; said perforated disc, providing a high
      shear mixing zone, having outer edge surfaces in close rotating clearance
      with the inner walls of said barrel; the outer edge surface of said solid
      rotating disc being spaced from the inner walls of said barrel to form an
      intense shear mixing zone; and wherein said blowing agent is dispersed
      when passed through the apertures of said perforated disc and is
      intimately dispersed throughout the thermoplastic material when passed
      through said intense shear zone;
PAR  c. accumulation chamber means in communication with said disperser adapted
      to receive the mixture from said disperser and to maintain said mixture in
      the molten state and at a pressure above the foaming pressure of said
      mixture;
PAR  d. mold means adapted to be maintained at a pressure no greater than the
      pressure at which said mixture foams and expands;
PAR  e. means for establishing and terminating communication between said molds
      and said accumulation means at a point where the pressure is above the
      foaming pressure of said mixture; and
PAR  f. means for rapidly forcing said mixture out of said accumulation means
      and into said mold communication is established therebetween.
PAR  As employed herein, the following terms are understood to have the
      following meanings:
PAR  "Thermoplastic material" means any synthetic organic thermoplastic mass
      which is flowable under the temperature and pressure conditions employed
      in the present invention, such mass being stable above its softening point
      under the conditions of extrusion, mixing and molding.
PAR  "High viscosity" is understood to mean a viscosity greater than about 1000
      centipoises.
PAR  "Low viscosity" is understood to mean a viscosity in the range from about
      0.01 centipoises to about several centipoises it being understood that the
      ratio of viscosity of the high viscosity thermoplastic material to that of
      the low viscosity fluid blowing agent is 1000:1 or higher.
PAR  "Intimate dispersion" is understood to mean that the low viscosity fluid
      blowing agent phase of the dispersion contains particles of the order of
      about 10-100 microns in size.
PAR  "Low shear mixing zone" is understood to mean a mixing zone in which shear
      gradients are not sufficiently intense to exceed the characteristic
      relaxation rate of the thermoplastic mass being mixed. Such low shear
      mixing zone may be defined, in one case, as a shear rate of the order of
      magnitude of about 10 sec. .sup.-.sup.1.
PAR  "High shear mixing zone" is understood to mean the mixing zone in which
      shear gradients are sufficiently intense to further subdivide and reduce
      the randomly-distributed low viscosity fluid blowing agent regions
      (bubbles) dispersed in the high viscosity polymer in size to provide a
      finer dispersion. Such shear rates, in one case, were of the order of
      magnitude of about 100 sec. .sup.-.sup.1.
PAR  "Intense shear mixing zone" is understood to mean a mixing zone in which
      the shear gradients are sufficiently intense to exceed the characteristic
      relaxation rate of the thermoplastic mass being mixed. Such shear rates,
      for one case, were of the order of magnitude of about 1000 sec.
      .sup.-.sup.1.
PAR  It should be noted that, whereas the shear rates indicated with respect to
      the case of one specific thermoplastic material and viscosity fluid
      present a ratio of approximately 10:100:1000 for low, high, and intense
      shear mixing zones, these shear ratios will be found to vary based on the
      low viscosity fluid and high viscosity polymer or polymer solution to be
      mixed. However, whereas the value of shear rates obtained in each of the
      low, high, and intense shear mixing zones will vary depending upon the
      selection of the low viscosity fluid and polymer or polymer solution mass,
      the ratio of the shear rates for these mixing zones will follow
      essentially the approximately 10:100:1000 ratio obtained in the specific
      case, which is set forth merely by way of example.
PAR  "Foaming pressure" is understood to mean that pressure above which the
      mixture of thermoplastic material and fluid blowing agent is maintained
      substantially unexpanded (in volume).
PAR  "Low viscosity fluid regions" or "bubbles" is understood to mean the
      distributed gaseous or liquid phase dispersed in the high viscosity
      polymer-containing mass.
PAR  It is important that the intimate dispersion produced by the mixing steps
      of the process of the present invention be properly handled, subsequent to
      its formation, in order to prevent coalescence of the low viscosity fluid
      blowing agent of the intimate dispersion. This may be accomplished in a
      number of ways so as to randomize and make more homogeneous the entire
      dispersion and re-direct its flow so as to prevent coalescence.
PAR  The present invention may be carried out by providing six separate zones or
      regions of mixing. Gross pre-mixing is first effected in a first low shear
      mixing zone by the injection of the low viscosity fluid blowing agent as
      bubbles into the high viscosity flowable thermoplastic melt. A second zone
      of high mechanical shear is provided (which may comprise the perforations
      or aperture means of a perforated spinning disc) to effect a subdivision
      of the low viscosity fluid blowing agent bubbles in the thermoplastic
      melt, thereby forming a finer dispersion. The third mixing zone provided
      is a mixing region characterized by viscoelastic secondary flow patterns
      which direct the dispersion mass toward a region of intense shear
      gradients. The fourth mixing zone of intense shear gradient causes the
      characteristic relaxation rate of the polymer-containing mass to be
      exceeded and to thereby effect multiple fracture (melt fracture) of the
      mass and produce an intimate dispersion of the low viscosity fluid blowing
      agent in the high viscosity melt. It is understood that the fracture or
      subdivision of the thermoplastic melt in this zone is such that the melt
      is subdivided and the low viscosity fluid bubbles fill the voids caused by
      the subdivision of the melt. This results in the production of a very
      intimate dispersion which may then be randomized and redirected in flow in
      a succeeding fifth low shear mixing zone (similar to the pre-mixing region
      discussed hereinabove). The intimately dispersed mass is then forced
      through a sixth mixing zone of high mechanical shear (which may again
      comprise the performations or aperture means of a rotating perforated
      spinning disc). The passage of the intimately dispersed mass through these
      last two zones of low shear (simple) mixing and high mechanical shear
      mixing causes a redirection of flow of the mass, thereby preventing
      coalescence of the dispersion mass, i.e., return to a less finely divided
      dispersion.
PAR  The apparatus of the present invention will become readily apparent from
      the following description taken in conjunction with the following drawing
      wherein:
DRWD
PAC  DRAWING
PAR  FIG. 1 is a partly broken away side elevational view of the preferred
      spinning disc disperser employed in connection with extruder and
      accumulator for the production of foamed thermoplastic articles.
PAR  FIG. 2 is a cross-sectional view of the spinning disc disperser of the
      invention taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a cross-sectional view of the spinning disc dispenser of the
      invention taken along line 3--3 of FIG. 1.
DETD
PAR  The preferred apparatus of the present invention for the molding of foamed
      thermoplastic articles characterized by a cellular core and a
      substantially non-cellular, integral peripheral shell as illustrated in
      FIG. 1, is shown to include an extruder 10 having attached thereto a line
      12 for feeding a liquid or compressed gas blowing agent directly into the
      barrel of the extruder. A valve 14 is provided on line 12 to control the
      feeding. Line 16 connects the extruder 10 to the cylindrical barrel 22 of
      the spinning disc dispenser 20 and line 18 feeds the low viscosity fluid
      into the annulus between a rotating shaft 24 and the cylindrical barrel 22
      of the dispenser 20. The rotating shaft 24 is located coaxially within the
      stationary, preferably smooth walled barrel 22 and comprises at least one
      spinning or rotating disc dispersion unit 26 comprising an alternating
      series of perforated 30-solid 32-perforated 30 discs. The head 40 of the
      shaft is preferably tapered to about 45.degree. to minimize coalescence of
      the mixture at that point.
PAR  The outer surface of the discs are spaced from the inner wall of the
      stationary cylindrical barrel in such a manner that in intense shear
      region 34 is formed in the space between the outer edge of the solid disc
      32 and the inner wall of the barrel 22 and close sliding contact 36 is
      provided between the perforated discs 30 and the inner wall of the barrel
      22. The perforated discs 30 have several axially oriented apertures 38
      located preferably in close proximity to the shaft surface. The number of
      apertures 38 in the perforated discs 30 depend upon the polymeric material
      being processed. Normally, the perforated discs have from 4 to 24
      apertures located around the disc surface.
PAR  Although only one disc dispersion unit would be required, when working with
      certain high viscosity polymer melts, it is preferred that the shaft 24
      have two or three disc dispersion units. As illustrated in FIG. 1, each
      additional disc dispersion unit 28 other than the first unit 26 comprises
      only a solid 32 and perforated disc 30. When additional units are
      employed, they are positioned in such a manner on the shaft that the first
      disc and the last disc are perforated and the continuity of
      perforated-solid-perforated is maintained.
PAR  It is preferred that the discs be spaced either approximately one-half to
      one inner barrel radius apart or such that the axial separation between
      discs approximately equals the shortest distance from the cylindrical
      barrel to the shaft surface to optimize viscoelastic polymer mixing. The
      thickness of the perforated disc is not critical provided sufficient
      thickness exists to maintain the mechanical integrity of the perforated
      disc. However, the solid disc should have a thickness from about 1/4th to
      1/24th the diameter of the barrel, and preferably from 1/8th to 1/12th the
      diameter of the barrel. Although the exactness of these dimensions are not
      absolutely critical, it has been found that if the solid discs are too
      thin, there is slippage of the low viscosity phase past the disc without
      efficient dispersion.
PAR  The disc dispersion units may be formed as an integral part of the shaft or
      they may be mounted thereon. It is understood that to meet the different
      requirements of the various materials which could be processed, the widths
      of the shearing regions, the thickness of the solid discs and the number
      of disc dispersion units may be varied as desired by having
      interchangeable shafts and/or disc dispersion units depending whether the
      disc dispersion units 26 and 28 are mounted or an integral part of the
      shaft 24.
PAR  Extending from the head 40 of the disperser is a line 42 having a surge
      valve 43 thereon and connecting the dispenser 20 to the internal conduit
      44' of a base member 44 which is shown resting on a support member 46.
      Extending upward from the base member 44 is an accumulator device which
      includes a cylinder 50 and a piston 52 reciprocally movable therein. The
      piston 52 is shown having a frusto-conical head 52' and a conventional
      O-ring 54 positioned around the piston 52 to provide a seal between the
      cylinder 50 and the piston 52. Attached to the rear of piston 52 and
      extending upward therefrom is a shaft 56.
PAR  A flange member 58 is attached to the other end of the shaft 56 and a
      piston 60 is located on the shaft at a position intermediate the piston 52
      and the flange 58. The piston 60 is adapted to reciprocate within a piston
      housing 62. It should be noted that flange 58 is located at the uppermost
      functional end of the shaft 56 and need not be located at the actual
      physical end thereof. The configuration of the flange 58 is important only
      to the extent that it must extend from the shaft 56 and contact switches
      64 and 66 during the reciprocal movement of the shaft 56.
PAR  Alternatively, photoelectric switches may be employed, if desired, thus
      eliminating the need for a projecting member on the shaft 56. A pair of
      photoelectric units may be positioned such that the shaft 56 blocks the
      light path of lower unit when the shaft moves upwardly from its lowest
      position and blocks the light path of an upper unit when it reaches the
      desired upper position.
PAR  Leading from the internal conduit 44' of the base member 44 is a line 70
      which is connected to an internal conduit 72' of a second base member 72
      which is also resting on the support member 46. Extending downward from
      the base member 72, and through the support member 46 is a filling nozzle
      74. A plurality of filling nozzles may be employed to mold one or more
      foamed articles. The lower end of the nozzle 74 extends to and is flush
      with a mold cavity defined by a male mold half 76 and a female mold half
      78. Mold half 78 is conveniently affixed to the support member 46 and the
      mold half 76 is supported by a reciprocating bed 77 adapted to provide for
      easy separation of the mold halves 76 and 78 to facilitate product
      removal. Slidably mounted in the nozzle 74 and the base member 72 is a rod
      80. The upper end of the rod 80 is provided with a piston 82 which
      reciprocates within a piston housing 84. The housing 84 is provided with a
      pair of conduits 85 and 86 which are alternately connected to a source of
      gas under pressure.
PAR  The operation of the preferred apparatus shown in FIG. 1 is as follows:
      Thermoplastic material is fluxed in an extruder 10. A fluid blowing agent
      is admitted under pressure directly into the barrel of the extruder by
      means of line 12. The melted thermoplastic and fluid blowing agent which
      is passed from the extruder 10 is maintained at a temperature above the
      glass transition temperature of the thermoplastic and under a pressure
      substantially above the foaming pressure of the blowing agent. The
      extruder 10, which is in continuous communication with an annular zone 17
      of the disperser 20 defined by the cylindrical barrel 22 and the rotating
      shaft 24, continuously extrudes the premixture through line 16 and into
      annular zone 17. Fluid blowing agent may alternatively or additionally be
      introduced separately into the annular zone 17 to be mixed with the
      premixture from the extruder 10. The premixture is forced through the
      dispenser 20, while the dispenser 20 is also maintained at a temperature
      and pressure above the foaming temperature and pressure of the fluid
      blowing agent. The shaft 24 is rotated by any suitable drive means such as
      an electric motor, at speeds of from 10 to 1,000 rpms. The shaft may
      therefore be operated at the same speeds as the extruder, or faster as
      desired.
PAR  The dispenser 20 is provided with heating means (not shown) to maintain the
      mixture in the molten state and thus prevent solidification of the
      thermoplastic material therein. Heating of the mixture in the dispenser 20
      is not required. Heat is applied to the mixture in the extruder 10 and the
      temperature is maintained in the dispenser.
PAR  The low viscosity blowing agent is grossly broken up when passed through
      the high shear zone of the first rapidly-rotating perforated disc. the
      secondary flow patterns in the low shear mixing zone between the first
      perforated disc 30 and solid disc forces the low viscosity blowing agent
      to migrate to a position at the outer edge of the leading edge of the
      solid disc 32. The mixture is subjected to an intense shear gradient in
      passing into the intense shear region wherein the thermoplastic cavities
      and the blowing agent fills the areas abandoned by this cavitation. The
      shear gradient is such that the rate at which the polymer melt or solution
      flows from the mixing region after the first perforated disc to the
      intense shear region is greater than the characteristic relaxation time of
      the polymer melt or solution. Mixing further occurs in the low shear
      mixing zone 35 between the intense shear region and the second perforated
      disc. The apertures of the second perforated disc advantageously employs
      the viscoelasticity of the polymer to enhance the mixing characterized by
      viscoelastic secondary flow patterns, wherein the blowing agent is
      randomized throughout the melted thermoplastic. This cycle is then
      repeated when more than one disc dispersion units are provided in the
      disperser.
PAR  The phase "break up" is defined herein to mean the reduction in size of the
      bubbles or drops of the minor or low viscosity phase.
PAR  It is not critical to the present invention that melted thermoplastic and
      fluid blowing agent be introduced as a premixture from the extruder. Fluid
      blowing agent may be introduced separately into the dispersing unit from a
      line especially adapted for such purpose. Furthermore, the disperser of
      this invention may be incorporated directly into an extruder wherein
      random dispersion occurs within the extruder. In such application, the
      disc dispersion unit would be mounted on the extruder screw or would be an
      integral part thereof and the extruder would then be in direct
      communication with the accumulation zone.
PAR  The disperser 20, which is in communication with the expanding accumulation
      zone 45 defined by the cylinder 50, the piston 52 and the base member 44,
      continuously conveys the mixture of thermoplastic material and blowing
      agent through line 42, into the zone 45, and against the piston 52. A
      surge valve 43 is provided on line 42 to prevent significant pressure drop
      in disperser 20 during molding operation. As the mixture is fed from the
      disperser into the zone 45, the piston is forced from its lower-most
      position to an upper, predetermined position. The lower-most position of
      the piston 52 is reached when the piston 52, comes in contact with the
      base member 44. The upward travel of piston 52 and piston 60 is resisted
      by means of a gas under pressure in the region 51 above the piston 60 in
      the piston housing 62. The phase "gas under pressure" is intended to
      include any suitable hydraulic fluid conventionally used in such
      apparatus. In addition, the region 51 in the piston housing 62 is provided
      with a conduit 63 which is in communication with a source of gas under
      pressure. As the material from the disperser 20 forces piston 52 upward,
      and at the same time forces piston 60 upward, the gas in region 51 is
      compressed. Since the charging of the zone 45 is opposed by the piston 52,
      the filling of the zone 45 cannot start until the disperser pressure
      exceeds the back-pressure of the piston. As the piston moves upward, the
      gas volume in region 51 is decreased and the gas pressure is increased.
      The disperser pressure must continuously exceed the increasing piston
      pressure during the expansion of the zone 45. It must be noted that the
      disperser pressure is maintained by the constant pressure from the
      extruder which is in continuous communication with the disperser.
      Alternatively, during the expansion of the zone 45, the pressure of the
      gas in region 51 can be regulated so that a substantially constant force
      is applied to the piston 60. In any case, the mixture being charged into
      the expanding zone 45 must be maintained at a pressure above the foaming
      pressure thereof. While a pressure of as low as about 500 psi will
      normally prevent foaming of the mixture, pressure of at least 1,500 psi
      have been found to give best results. Pressures in excess of 10,000 psi
      are usually not required for proper operation of the accumulator device
      and normally should be avoided because operating expenses increase with
      increasing pressures.
PAR  In addition, the cylinder 50 is provided with heating means (not shown) to
      maintain the mixture in the molten state and thus prevent solidification
      of thermoplastic material therein. It should be noted, however, that
      similarly to the disperser 20, no heating of the mixture in the cylinder
      50 is required. Heat is applied to the mixture in the extruder 10 and is
      only maintained in the cylinder 50 as in the disperser 20.
PAR  The piston 52 travels upward until the flange 58, carried by the shaft 56,
      contacts, the switch 66 located at a predetermined position. In a manner
      well known in the art, the activation of the switch 66 causes gas under
      pressure to enter piston housing 84 through conduit 85 and produces an
      upward motion of the piston 82. The lower end of the rod 80 is thereby
      withdrawn from the nozzle 74 until it reaches a position indicated by the
      reference numeral 87. Communication between the mold defined by mold
      halves 76 and 78 and the zone 45 is thus established. As the instant
      communication is established, the mixture is forced from the accumulation
      zone 45 into the mold because the pressure within the region 51, which has
      now become greater than the pressure within the zone 45, causes the
      downward motion of the piston 52 until it reaches its lower-most position.
      If necessary, the line 70 and the base member 72 can be provided with
      heating means, not shown, to prevent solidification of thermoplastic
      material therein. Normally however, the short molding cycles used in the
      present invention eliminate the need for any additional heating.
PAR  When the piston 52 reaches its lower-most position, the zone 45 is
      essentially collapsed and the flange 58 contacts the switch 66, and in a
      manner well known in the art, gas under pressure is caused to enter the
      piston housing 84 through conduit 86 thereby producing a downward movement
      of the piston 82 and the rod 80. At the instant the rod 80 enters the
      nozzle 74 at the point 73, communication is terminated between the mold
      and the accumulation zone 45 at a point where the pressure is above the
      foaming pressure of the mixture. As the rod travels downward, it forces
      the mixture in the nozzle 74, that is, between the point 73 and the mold,
      into the mold and the bottom of the rod comes flush with the molded
      article 79. In this manner, a sprue-free molded article is produced and
      the formation of an unfoamed slug in the system is prevented. It should be
      evident that the foamed articles can be molded according to the present
      invention having either a sprue or a depression simply by adjusting the
      rod 80. While it is preferred to mold sprue-free articles, the
      configuration of certain molded articles will be able to tolerate a sprue
      or a depression. It should be evident that the apparatus of this invention
      can be employed to mold solid thermoplastic articles
PAR  Because of the great pressure differential between the mold and the
      accumulation zone, the mixture rapidly foams and expands in the mold. The
      filling of the mold, which is caused by the action of the piston 52, the
      rod 80, and the expansion of the mixture in the mold, should preferably
      involve a period of approximately 1 to 15 seconds.
PAR  The flow of gas under pressure through conduits 85 and 86 is controlled by
      means of a valve system actuated by the switches 64 and 66 in a manner
      well known in the art.
PAR  The switch 66 is positioned in accordance with the amount of material which
      is required to be charged into the mold. The greater the distance between
      the switches 66 and 64, the greater will be the upward travel of the
      piston 52. Consequently, a larger amount of material will be stored in the
      accumulation zone 45 and subsequently forced into the mold. Conversely,
      decreasing the space between the switches 66 and 64 decreases the amount
      of material which will be forced into the mold.
PAR  The apparatus of this invention is capable of rapidly and completely
      filling a mold to produce a foamed article which is substantially free of
      orientation and internal stresses (isotropic) comprising a foamed core and
      a substantially non-cellular integral peripheral shell. Problems common to
      solid injection molding such as incomplete filling of the mold due to
      premature solidification of the thermoplastic material and high residual
      internal stresses due to flow resistance in the mold are not encountered.
      The results obtained from practice of the present invention are believed
      to be a function of the desired weight of the finished foamed article, the
      temperature of the molten thermoplastic mixture, the amount of blowing
      agent in the mixture, the pressure required in the extruder and
      accumulation zone to prevent foaming of the mixture therein, mold
      temperature, and mold configuration. When the molten mixture in the
      accumulation zone, which is under a pressure greater than the foaming
      pressure thereof, is rapidly transferred to the mold, the pressure
      differential that exists between the accumulation zone and the mold causes
      the mixture to rapidly expand into a cellular mass or, in some instances,
      to explode into small cellular particles that fuse together in the mold,
      thereby rapidly filling the mold. Once the mold is initially filled with
      this cellular mass, more mixture is still entering the mold and its rapid
      expansion creates an outwardly acting pressure which forces the peripheral
      portion of the cellular mass against the surface of the mold thereby
      destroying its cell structure and forming a dense, non-cellular peripheral
      shin having a thickness of at least about 20 mols surrounding a cellular
      core. The blowing agent that is expelled during the destruction of the
      peripheral cells is vented out through suitable openings in the mold such
      as the miter or parting line in a two-part mold. The blowing gas in the
      act of venting is believed to create the unique mottled surface described
      above. Skin thickness is controlled by the temperature of the mixture and
      the pressure employed in the extruder and accumulation zone.
PAR  The temperature of the mold is not critical. Cold molds, e.g., at room
      temperatures, above 20.degree.C. can be used to produce foamed articles
      having a dull mottled surface similar to the texture and appearance of
      wood. Lower mold temperatures are preferred since the time required for
      cooling the article in the mold is shorter. Higher mold temperatures
      permit more flow of the molten mixture in the mold prior to cooling than
      with a cooler mold and thus produce a smooth, glossy or glazed mottled
      surface. When molding high density polyethylene, mold temperatures of at
      least about 265.degree.F. are used to produce a glossy mottled surface.
PAR  Molds which cause sharp pressure drops to take place therein, due to a
      complex configuration, or sharp corner or the like, require the use of a
      greater amount of blowing gas in order to achieve a particular degree of
      foaming than a mold which has, for example, a simple configuration like
      that of a bowling pin and which produces a more gradual pressure drop.
PAR  From the foregoing description, it is evident that the apparatus of the
      present invention can be employed to rapidly, efficiently, and
      automatically mold foamed thermoplastic articles on a batch,
      semi-continuous or continuous basis.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for molding foamed thermoplastic articles characterized by a
      cellular core and a substantially non-cellular integral peripheral shell
      comprising:
PA1  a. extruder means adapted to flux a thermoplastic material;
PA1  b. disperser means connected to said extruder means for producing a
      dispersion of fluid blowing agent in the fluxed thermoplastic material
      comprising a cylindrical barrel having therein at least one rotatable disc
      dispersion unit with an alternating spaced series of perforated-solid
      rotating discs; said perforated disc, providing a high shear mixing zone,
      having outer edge surfaces in close rotating clearance with the inner
      walls of said barrel; the outer edge surface of said rotating disc being
      spaced from the inner walls of said barrel to form an intense shear mixing
      zone; and wherein said blowing agent is dispersed when passed through the
      apertures of said perforated disc and is intimately dispersed throughout
      the thermoplastic material when passed through said intense shear zone;
PA1  c. accumulation chamber means in communication with said disperser adapted
      to receive the mixture from said disperser and to maintain said mixture in
      the molten state and at a pressure above the foaming pressure of said
      mixture;
PA1  d. mold means adapted to be maintained at a pressure no greater than the
      pressure at which said mixture foams and expands;
PA1  e. means for establishing and terminating communication between said mold
      means and said accumulation means at a point wherein the pressure is above
      the foaming pressure of said mixture; and
PA1  f. means connected to said accumulator for rapidly forcing said mixture out
      of said accumulation means and into said mold when communication is
      established therebetween.
NUM  2.
PAR  2. The device of claim 1 wherein said discs are spaced at least one-half
      inner barrel radius apart.
NUM  3.
PAR  3. The device of claim 1 wherein said solid disc has a thickness of from
      1/8 to 1/12 the diameter of said barrel.
NUM  4.
PAR  4. Apparatus of claim 1 wherein means are provided for removing the mixture
      between said means for establishing and terminating communication and said
      mold after communication is terminated between said mold accumulation
      chamber.
NUM  5.
PAR  5. Apparatus of claim 1 wherein means are provided for rapidly forcing the
      mixture between said means for establishing and terminating communication
      and said mold into said mold when communication is terminated between said
      mold and said accumulation chamber.
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PAL  Nonwoven fabric is fed at a first rate into the bite between a first
      shredding element and a stationary working surface. The first shredding
      element has a plurality of projections which penetrate the fabric and at
      least substantially shred the fabric as the first shredding element is
      moved past the working surface at a second rate substantially greater than
      said first rate. The at least substantially shredded fabric then passes
      between the first shredding element and a second shredding element, the
      latter being driven at a third rate substantially different from said
      second rate to effect additional shredding and to separate the resulting
      staple fibers. A forced draft fan pulls air past the fabric as the fabric
      is being worked, to maintain the fabric temperature below the fusion
      temperature of the fibers.
BSUM
PAR  This invention relates to method and apparatus for converting nonwoven
      fabric into staple fiber.
PAR  Nonwoven or bonded fabrics have been widely accepted for numerous
      applications because of the simplicity in manufacturing and the low cost.
      However, one of the problems encountered in maintaining the low cost has
      been the difficulty of finding uses for the scraps of nonwoven fabric,
      such as the selvages formed in timing the initially formed nonwoven
      fabric. If an adhesive is used to bond the fibers together, the adhesive
      can be removed from the nonwoven fabric through the utilization of a
      material which is a solvent for the adhesive but not for the fibers.
      However, the use of solvent is an expensive operation. When a
      thermoplastic bond is employed in the production of the fabric, solvents
      cannot be employed and the only solution has been to cut or shred the
      fabric. However, the shredding equipment employed for such purposes
      generates a substantial amount of heat, frequently resulting in fusion of
      fibers.
PAR  Accordingly, it is an object of the invention to provide a new and improved
      method and apparatus for converting nonwoven fabric into staple fibers. It
      is an object of the invention to effectively shred a nonwoven fabric
      without causing a significant degree of fusion of the fibers. Another
      object of the invention is to provide a high quality staple fiber product
      from nonwoven fabric scraps. Other objects, aspects and advantages of the
      invention will be apparent from a study of the specification, the drawings
      and the appended claims to the invention.
DRWD
PAR  In the drawings,
PAR  FIG. 1 is a diagrammatic representation of a system for making a nonwoven
      fabric which incorporates the present invention;
PAR  FIG. 2 is a front elevational view of a selvage shredder in accordance with
      the present invention;
PAR  FIG. 3 is a side elevational view of the inlet end of the shredder of FIG.
      2, with most of one of the drive motors being omitted;
PAR  FIG. 4 is a partial vertical cross-sectional view taken along line 4--4 in
      FIG. 3;
PAR  FIG. 5 is a side elevational view of the inlet end of the shredder of FIG.
      2 with the covers removed and part of the inlet guide plate broken away;
      and
PAR  FIG. 6 is an enlarged fragmentary cross-sectional view of the first
      shredding element, taken along line 4--4 in FIG. 3.
DETD
PAR  Referring now to FIG. 1, staple fibers 10 having lengths in the range of
      1/4 to 9 inches, preferably in the range of 1/2 to 6 inches, and formed of
      a suitable fiber-forming thermoplastic material, e.g., a polyolefin such
      as polypropylene, a polyamide such as nylon 6,6, a polyester such as
      polyethylene terephthalate, a halogenated vinyl polymer such as polyvinyl
      chloride, or blends of two or more such fibers, are fed to a carder 11 to
      form random fibrous structure, or web, 12. Staple fibers 13, having
      lengths in the range of 1/4 to 9 inches, preferably in the range of 1/2 to
      6 inches, and formed of a suitable thermoplastic material which can be the
      same as or different from fibers 10, are fed to a carder 14 to form a web
      15. Webs 12 and 15 are fed to crosslapper 16, wherein one of the webs is
      crosslapped over the other web to form a multiple layer batting 17. The
      batting 17 is passed through needle puncher 18 to increase the coherency
      of the batting. The needle punched batting 19 is heated on one or both
      surfaces in thermal bonding station 21 to thermally fuse the fibers on the
      heated surface or surfaces. The resulting bonded nonwoven fabric is passed
      through trimmer 23 wherein the edges are cut off to produce a trimmed
      fabric 24 having the desired width. The resulting selvages 25 are passed
      to shredder 26 which cuts and breaks the nonwoven selvages into staple
      fibers 27. The staple fibers are withdrawn from shredder 26 by blower 28
      and passed to the inlet of carder 29 to form a batting 31 of staple fibers
      and/or passed to the inlet of carder 11 and/or carder 14 as part of the
      fibers used to form webs 12 and/or 15. While this process has been
      described in terms of the preparation of a thermally bonded nonwoven
      fabric of thermoplastic staple fibers, the invention is also applicable to
      the preparation of nonwoven fabrics which employ an adhesive, a chemical
      binder, or a thermoplastic binder which is applied to the fibers to bond
      the fibers. The invention is also applicable to the production of staple
      fibers from the selvages of nonwoven fabric formed from continuous
      filaments or a blend of continuous filaments and staple fibers.
PAR  Referring now to FIGS. 2 to 5, the two selvage strips 25 resulting from the
      trimming of opposite sides of fabric 22 in trimmer 23 are simultaneously
      fed side by side through the opening 32 in guide 33 and passed between
      feed roll 34 and feed plate 35. Feed roll 34 is mounted on shaft 36 along
      with sprocket 37. Motor 38 drives sprocket 39 mounted on shaft 41 through
      gear reduction box 42. Chain 43 engages sprockets 37 and 39, so that shaft
      36 and feed roll 34 are driven by motor 38. The selvage strips 25 are
      gripped between feed roll 34 and feed plate 35 and then passed into
      contact with Garnett wire covered beater roll 44. Roll 44 is mounted on
      shaft 45 and is driven by motor 46 by means of pulleys 47 and 48 and belt
      49. As shown in FIG. 6, roll 44 is a hollow cylinder 51 having spiral
      grooves in the outer cylindrical surface into which is fitted at least one
      wire 52 having a repetitive sawtooth configuration with alternative points
      projecting outwardly. In general the density of projecting teeth on roll
      44 will be in the range of about 20 to about 200 per square inch,
      preferably in the range of about 40 to about 100 per square inch. These
      teeth extend outwardly from roll 44 at a distance of at least equal to
      preferably at least twice, and more preferably at least four times, the
      thickness of selvage strip 25. A smaller worker roll 53 is mounted on
      shaft 54 and is similarly provided with at least one wire 55 having a
      repetitive sawtooth configuration spirally wound on the cylindrical
      surfaces of roll 53. In general the density of projecting teeth on roll 53
      will be in the range of about 20 to about 200 per square inch, preferably
      in the range of about 40 to about 100 per square inch. The teeth on roll
      53 extend outwardly for a distance of at least equal to, preferably at
      least twice, more preferably at least four times, the thickness of selvage
      25. Shafts 45 and 54 are parallel to each other and are positioned so that
      the outer teeth points of wire 55 just clear each other. Shaft 36 is also
      parallel to shaft 45, and is preferably positioned so that roll 34 just
      clears the outer teeth points of wire 52 on roll 44.
PAR  Sprocket 56 is mounted on shaft 54 and engages chain 43 so shaft 54 and
      roll 53 rotate in the opposite direction to that of roll 44, while feed
      roll 34 rotates in the same direction as roll 44. Thus, the adjacent
      surfaces of rolls 34 and 44 move in opposite directions while the adjacent
      surfaces of rolls 44 and 53 move in the same direction. Feed plate 35 is
      provided with an inlet section 57 which faces and converges with feed roll
      34. The intermediate section 58 of feed plate 35 has a curvature
      substantially corresponding to the curvature of roll 34 and is positioned
      closely adjacent roll 34 in a mating relationship to provide an enlarged
      area wherein the selvage strips 25 are gripped between roll 34 and feed
      plate 35. The outlet section 59 of feed plate 35 has a working surface
      with a curvature substantially equal to the curvature of the cylindrical
      surface formed by the outer teeth points of wire 52 and is positioned
      adjacent roll 44 so that the clearance between the outer teeth points of
      wire 52 and the mating working surface of outlet section 59 gradually
      decreases from a first value at the inlet end to a second value at the
      outlet end of the working surface of outlet section 59 with the second
      value being in the range of about 10 to about 80 percent of the thickness
      of selvage strip 25, preferably in the range of about 20 to about 60
      percent, and more preferably in the range of about 25 to about 50 percent
      of the thickness of an individual selvage strip 25. The feed plate 35
      extends into the bit between feed roll 34 and beater roll 44 so that the
      strips 25 make a sharp turn at the junction of sections 58 and 59. The
      angle of the junction of sections 58 and 59 will generally be less than
      90.degree. and preferably will be less than 80.degree.. The teeth in wire
      52 on roll 44 are inclined in the direction of rotation of roll 44, while
      the teeth in wire 55 on roll 53 are inclined in the direction opposite to
      the direction of rotation of roll 53. The angle of inclination of the
      outer teeth in wire 52 to a radius of roll 44 through the base of the
      leading side of the respective tooth will generally be in the range of
      0.degree. to about 10.degree., will preferably be in the range of about
      1.degree. to about 9.degree., more preferably in the range of about
      3.degree. to about 8.degree.. Similarly, the angle of inclination of the
      outer teeth in wire 55 on roll 53 to a radius of roll 53 through the base
      of the leading side of the respective tooth will generally be in the range
      of about 0.degree. to about 20.degree., preferably in the range of about
      1.degree. to about 15.degree., and more preferably in the range of about
      5.degree. to about 12.degree..
PAR  Beater roll 44 is driven with a peripheral speed substantially in excess of
      the peripheral speed of feed roll 34. The ratio of the peripheral speed of
      beater roll 44 to the peripheral speed of feed roll 34 generally will be
      in the range of about 20:1 to about 1000:1, preferably will be in the
      range of about 25:1 to about 500:1, and more preferably will be in the
      range of about 30:1 to about 200:1. The decreasing clearance between roll
      44 and outlet section 59 of feed plate 35 progressively forces the teeth
      in wire 52 on roll 44 into the nonwoven fabric selvages 25. The rate of
      penetrations of selvage 25 by the teeth on roll 44 will generally be in
      the range of about 500,000 to about 2,000,000, preferably in the range of
      about 750,000 to about 1,750,000, and more preferably in the range of
      about 1,000,000 to about 1,600,000, penetrations per linear inch of fabric
      per minute. With the forward inclination of the teeth in wire 52 and the
      higher peripheral speed of roll 44, the teeth in wire 52 shred the
      nonwoven fabric selvages 25 into a batting of individual fibers of varying
      lengths and small clumps of bonded fibers. This batting is carried into
      the bite between rolls 44 and 53 where the reversely inclined wire teeth
      on roll 53 and the slower peripheral speed of roll 53 tends to retard the
      batting while the forwardly inclined wire teeth on roll 44 and the higher
      peripheral speed of roll 44 continues the shredding action on the
      remaining clumps of bonded fibers during the time that the teeth on roll
      44 and the teeth on roll 53 simultaneously engage the fibrous material.
      The ratio of the peripheral speed of beater roll 44 to the peripheral
      speed of worker roll 53 will generally be in the range of about 20:1 to
      about 1000:1, preferably in the range of about 25:1 to about 500:1, and
      more preferably in the range of about 30:1 to about 200:1.
PAR  Rolls 34, 44 and 53 are enclosed within a housing formed by the triangular
      framework members 61 and 62, hood 63, worker roll cover 64, cowling 65,
      and outlet section 66, such that the primary air inlets are opening 32 in
      guide plate 33, openings 67 in cover 64 above roll 53, openings 68 in
      cover 64 below roll 53, and openings 69 in cowling 65. Each of triangular
      framework members 61 and 62 can be formed of three pieces of angle iron
      with a plate to close the space between the pieces of angle iron, as
      shown. A duct 71 connects the outlet section 66 to air blower 28. Air
      entering openings 67 cools the batting leaving outlet section 59 of feed
      plate 35 to minimize any fusion of fibers. The air entering openings 68
      aids in stripping loose fibers from the bottom side of roll 53, and
      together with the air entering through openings 69, convey the shredded
      material through duct 71 to blower 28 and then to one or more of carders
      11, 14 and 29. Cover 63 is connected to outlet section 66 by hinge 72 so
      that cover 63 can be opened to permit access by the operator to rolls 34
      and 63. Similarly, cover 64 can be readily removed to permit access to
      roll 53. Safety covers 73 and 74 can be provided over chain 43 and belt
      49, respectively. If desired, a baffle can be placed against cover 63 over
      roll 44 to aid in removing loose fibers from roll 44. Similarly, a plate
      can be employed just above the bite of rolls 34 and 44 to force any loose
      fibers on roll 44 to pass between rolls 34 and 44.
PAR  While the shredder 26 has been described in terms of the presently
      preferred embodiment, which employs projections on rolls 44 and 53 in the
      form of Garnett wire having a repetitive sawtooth configuration, it is
      possible to employ other types of projections, such as needles, extending
      outwardly from the cylindrical surface of the rolls.
PAR  Reasonable variations and modifications are possible within the scope of
      the foregoing disclosure, the drawings and the appended claims to the
      invention.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. Apparatus suitable for shredding nonwoven fabric comprising a first
      shredding element having a large number of projections, each of said
      projections extending outwardly from a first surface of said element for a
      distance of at least one fourth of the thickness of the material to be
      shredded; a plate having a working surface; means for positioning said
      plate such that said working surface is adjacent said first surface of
      said first shredding element with the distance between the outer ends of
      said projections and said working surface gradually decreasing from a
      first value at the inlet end of said working surface to a second value at
      the outlet end of said working surface, said second value being less than
      the thickness of the material to be shredded; feeding means for supplying
      the material to be shredded to the opening between the inlet end of said
      working surface and said first surface of said element at a first rate;
      means for moving said first shredding element past said working surface at
      a second rate, said second rate being sufficiently greater than said first
      rate to permit said projections to at least substantially shred said
      material as said material passes between said first shredding element and
      said working surface; a second shredding element having projections
      extending from a first surface thereof; means for positioning said second
      shredding element such that a part of the first surface of said second
      shredding element is adjacent to and spaced from a part of the first
      surface of said first shredding element at a location downstream of said
      plate to enable projections on said first and second shredding elements to
      simultaneously engage the at least partially shredded material passing
      from said outlet end of said working surface; means for moving said second
      shredding element substantially slower than that of said first shredding
      element; a housing surrounding said first and second shredding elements
      and said feeding means and having at least one air inlet opening therein
      between said feeding means and said second shredding element to direct air
      on the at least partially shredded material passing from said working
      surface to said second shredding element; and at least one air inlet
      therein below said second shredding element to direct air on the shredded
      material passing from between said first and second shredding elements;
      and fan means for withdrawing air and the thus shredded material from said
      housing.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said plate has a feeding
      surface upstream of said working surface; and wherein said feeding means
      comprises a feed roll positioned so as to cooperate with said feeding
      surface to grip the material to be shredded and means for rotating said
      feed roll with the rate of movement of the periphery of said feed roll
      being said first rate.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 wherein each of said first surface
      of said first shredding element, said first surface of said second
      shredding element and said feed roll has a cylindrical configuration, with
      the elongated axes thereof being parallel to each other, wherein said feed
      roll is positioned in close proximity to said first shredding element,
      wherein said feeding surface and said working surface have substantially
      arcuate configurations which are at least substantially mateable with the
      cylindrical configuration of said feed roll and said first shredding
      element, respectively, and wherein said feeding surface and said working
      surface are joined together at an angle of less than 90.degree..
NUM  4.
PAR  4. Apparatus in accordance with claim 3 wherein the projections on said
      first shredding element are in the form of at least one wire bent in a
      repetitive sawtooth configuration and wrapped about the cylindrical first
      surface of said first shredding element with alternate teeth extending
      outwardly therefrom.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 wherein the outwardly extending
      teeth are inclined in the direction of rotation of said first shredding
      element.
NUM  6.
PAR  6. Apparatus in accordance with claim 5 wherein the projections on said
      second shredding element are in the form of at least one wire bent in a
      repetitive sawtooth configuration and wrapped about the cylindrical first
      surface of said second shredding element with alternate teeth extending
      outwardly therefrom.
NUM  7.
PAR  7. Apparatus in accordance with claim 6 wherein the outwardly extending
      teeth of said second shredding element are inclined in the direction
      opposite to the direction of rotation of said second shredding element;
      wherein said feed roll and said first shredding element rotate in the same
      direction, and said second shredding element rotates in the opposite
      direction.
NUM  8.
PAR  8. Apparatus in accordance with claim 7 wherein said first shredding
      element has from 20 to 200 of said outwardly extending teeth per square
      inch of said first surface of said first shredding element.
NUM  9.
PAR  9. Apparatus suitable for shredding nonwoven fabric comprising a first
      shredding element having a large number of projections, each of said
      projections extending outwardly from a first surface of said element for a
      distance of at least one-fourth of the thickness of the material to be
      shredded; a plate having a working surface; means for positioning said
      plate such that said working surface is adjacent said first surface of
      said first shredding element with the distance between the outer ends of
      said projections and said working surface gradually decreasing from a
      first value at the inlet end of said working surface to a second value at
      the outlet end of said working surface, said second value being less than
      the thickness of the material to be shredded; feeding means for supplying
      the material to be shredded to the opening between the inlet end of said
      working surface and said first surface of said element at a first rate;
      means for moving said first shredding element past said working surface at
      a second rate, said second rate being sufficiently greater than said first
      rate to permit said projections to at least substantially shred said
      material as said material passes between said first shredding element and
      said working surface; a second shredding element having projections
      extending from a first surface thereof; means for positioning said second
      shredding element such that a part of the first surface of said second
      shredding element is adjacent to and spaced from a part of the first
      surface of said first shredding element at a location downstream of said
      plate to enable projections on said first and second shredding elements to
      simultaneously engage the at least partially shredded material passing
      from said outlet end of said working surface; means for moving said second
      shredding element substantially slower than said first shredding element;
      said plate having a feeding surface upstream of said working surface; said
      feeding means comprising a feed roll positioned so as to cooperate with
      said feeding surface to grip the material to be shredded and means for
      rotating said feed roll with the rate of movement of the periphery of said
      feed roll being said first rate; each of said first surface of said first
      shredding element, said first surface of said second shredding element and
      said feed roll having a cylindrical configuration, with the elongated axes
      thereof being parallel to each other; said feed roll being positioned in
      close proximity to said first shredding element; said feeding surface and
      said working surface having substantially arcuate configurations which are
      at least substantially mateable with the cylindrical configuration of said
      feed roll and said first shredding element, respectively; said feeding
      surface and said working surface being joined together at an angle of less
      than 90.degree.; the projections on said first shredding element being in
      the form of at least one wire bent in a repetitive sawtooth configuration
      and wrapped about the cylindrical first surface of said first shredding
      element with alternate teeth extending outwardly therefrom inclined in the
      direction of rotation of said first shredding element; the projections on
      said second shredding element being in the form of at least one wire bent
      in a repetitive sawtooth configuration and wrapped about the cylindrical
      first surface of said second shredding element with alternate teeth
      extending outwardly therefrom inclined in the direction opposite to the
      direction of rotation of said second shredding element; wherein said feed
      roll and said first shredding element rotate in the same direction, and
      said second shredding element rotates in the opposite direction; said
      first shredding element having from 20 to 200 of said outwardly extending
      teeth per square inch of said first surface of said first shredding
      element; a housing surrounding said first and second shredding elements
      and said feed roll and having at least one air inlet opening therein
      between said feed roll and said second shredding element to direct air on
      the at least partially shredded material passing from said working surface
      to said second shredding element; and at least one air inlet therein below
      said second shredding element to direct air on the shredded material
      passing from between said first and second shredding elements; and fan
      means for withdrawing air and the thus shredded material from said
      housing.
NUM  10.
PAR  10. Apparatus comprising means for converting staple fibers into a batting,
      means for needle punching said batting, means for heating at least one
      surface of the thus needle punched batting to thermally fuse the fibers in
      the thus heated surface to thereby form a nonwoven fabric, means for
      trimming the edges of the thus produced nonwoven fabric to form a trimmed
      fabric and severed selvages, a first shredding element having a large
      number of projections, each of said projections extending outwardly from a
      first surface of said element for a distance of at least one-fourth of the
      thickness of the material to be shredded; a plate having a working
      surface; means for positioning said plate such that said working surface
      is adjacent said first surface of said first shredding element with the
      distance between the outer ends of said projections and said working
      surface gradually decreasing from a first value at the inlet end of said
      working surface to a second value at the outlet end of said working
      surface, said second value being less than the thickness of the material
      to be shredded; feeding means for supplying the material to be shredded to
      the opening between the inlet end of said working surface and said first
      surface of said element at a first rate; means for forwarding said severed
      selvages to said feeding means as said material to be shredded; means for
      moving said first shredding element past said working surface at a second
      rate, said second rate being sufficiently greater than said first rate to
      permit said projections to at least substantially shred said material as
      said material passes between said first shredding element and said working
      surface; a second shredding element having projections extending from a
      first surface thereof; means for positioning said second shredding element
      such that a part of the first surface of said second shredding element is
      adjacent to and spaced from a part of the first surface of said first
      shredding element at a location downstream of said plate to enable
      projections on said first and second shredding elements to simultaneously
      engage the at least partially shredded material passing from said outlet
      end of said working surface; means for moving said second shredding
      element substantially slower than that of said first shredding element; a
      housing surrounding said first and second shredding elements and said
      feeding means and having at least one air inlet opening therein between
      said feeding means and said second shredding element to direct air on the
      at least partially shredded material passing from said working surface to
      said second shredding element; and at least one air inlet therein below
      said second shredding element to direct air on the shredded material
      passing from between said first and second shredding elements; fan means
      for withdrawing air and the thus shredded material from said housing; and
      means for receiving the thus shredded material withdrawn from said
      housing.
NUM  11.
PAR  11. Apparatus in accordance with claim 10 further comprising means for
      passing at least a portion of the shredded material from said means for
      receiving the thus shredded material withdrawn from said housing to said
      means for converting staple fibers into a batting as part of the staple
      fiber feed to said means for converting staple fibers into a batting.
NUM  12.
PAR  12. A process for shredding nonwoven fabric formed from thermoplastic
      fibers which comprises passing said fabric at a first rate between a first
      shredding element and a stationary working surface, said first shredding
      element having a large number of projections extending outwardly therefrom
      a distance at least as great as the thickness of the nonwoven fabric to be
      shredded; moving said first shredding element past said working surface at
      a second rate substantially higher than said first rate so that said
      projections penetrate said nonwoven fabric and at least substantially
      shred the nonwoven fabric into staple fibers, said second rate being such
      that the penetration of said fabric by the projections of said first
      shredding element is in the range of about 500,000 to about 2,000,000
      penetrations per linear inch of fabric per minute; passing the thus at
      least substantially shredded fabric between said first shredding element
      and a second shredding element having a plurality of projections
      projecting outwardly therefrom; moving said second shredding element at a
      third rate substantially slower than said second rate such that the
      projections of the first and second shredding elements are simultaneously
      engaging said at least substantially shredded fabric but are moving at
      substantially different rates to thereby further shred the fabric and
      separate the resulting staple fibers; causing air to pass into contact
      with the at least substantially shredded fabric leaving said working
      surface to maintain the temperature of said at least substantially
      shredded fabric below the fusion temperature of the fibers thereof;
      causing air to pass into contact with the fibers being separated between
      said first and second shredding elements; and recovering the thus
      separated fibers.
NUM  13.
PAR  13. A process in accordance with claim 12 wherein the linear flow rates of
      the air pressing into contact with said at least substantially shredded
      fabric and of the air passing into contact with said fibers being
      separated are substantially greater than said second and third rates.
NUM  14.
PAR  14. A process in accordance with claim 12 wherein the ratio of said second
      rate to said first rate is in the range of about 30:1 to about 200:1, and
      the ratio of said second rate to said third rate is in the range of about
      30:1 to about 200:1; wherein said nonwoven fabric is formed of fibers of
      synthetic organic thermoplastic polymer thermally bonded together; wherein
      the distance between the downstream end of said working surface and said
      projections on said first shredding element is in the range of 25 to 50
      percent of the thickness of said nonwoven fabric.
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ABST
PAL  A foamable synthetic plastic composition such as a polyurethane is foamed
      in place around a pipe within a tubular former disposed concentrically
      about the pipe while the former moves longitudinally along the pipe.
      Conditions are regulated to form an external skin on the foam. A hot melt
      glue or similar composition is applied as an outer sealer onto the foam
      within the tubular former. Preferably a spiral wrapping of polyethylene
      film or the like is applied while the sealer is still hot and adhesive,
      and an aluminum jacket may be applied on top of the spiral wrapping.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to applying coatings to the exterior of pipe,
      and more particularly to a method of foaming a synthetic plastic in place
      about a preformed pipe employing a tubular former which is disposed
      concentrically about the pipe.
PAR  It is known to apply coatings to pipes to increase the useful life of the
      pipes by protecting the pipes from environmental factors, and it is also
      known to utilize coatings to insulate pipes.
PAR  However, there are many problems associated with obtaining relatively
      uniform, weather resistant coatings on pipes, particularly on large
      diameter pipes intended to be employed in oil pipelines and similar
      applications. The application of exterior foam coatings to relatively
      large pipes is a particular problem when the pipe has been preformed and
      when it is necessary for the foam coating to withstand the rigorous
      operating conditions encountered in pipeline usages.
PAC  SUMMARY OF THE INVENTION
PAR  According to a presently preferred embodiment of the invention, a tubular
      former or sleeve mounted upon a wheeled carriage or other transporting
      device is positioned concentrically about the pipe to be coated. A
      foamable composition is pumped to discharge outlets within the sleeve.
      Preferably the foamable composition is a foam-forming polyurethane
      composition which expands when leaving the discharge conduits to fill the
      annular gap between the pipe and the sleeve. A water proofing sealant such
      as a hot melt glue is distributed around the inner periphery of the sleeve
      in order to apply a waterproof coating to the exterior surface of the foam
      while within the sleeve. In a presently preferred embodiment of the
      invention, a pool of sealant is maintained behind an annular flexible
      coating orifice lip so that a thin film of sealant is applied over the
      entire surface of the foam. A two component butyl rubber composition is
      also suitable for use as the sealant composition.
PAR  The sleeve is moved longitudinally along the pipe via the carriage which
      may engage the periphery of the pipe. In this fashion, the foam layer may
      be applied to a preformed pipe, for example, pipelines for in situ
      application of the foam. The tubular sleeve may have an inner
      polytetrafluoroethylene coating to inhibit sticking of the foam to the
      sleeve. Heating means may also be provided for the sleeve to facilitate
      application of the sealer.
PAR  A primary object of the present invention is to provide an improved method
      for efficiently and economically applying a foam jacket onto a preformed
      pipe. Another principal object of the invention is to provide novel
      apparatus capable of applying an insulating foam jacket to a preformed
      pipe. Another object of the invention is to obtain a pipe having a foam
      insulating jacket with a water barrier on the exterior of a foam
      insulation layer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view, partly in section, of a presently preferred
      embodiment of the invention.
PAR  FIG. 2 is a left hand end view of the apparatus shown in FIG. 1 with the
      foam layer omitted.
PAR  FIG. 3 is a view taken on the line 3--3 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, reference numeral 10 generally designates
      apparatus for applying coatings to a preformed pipe 12. The apparatus
      comprises a wheeled carriage 13 having a suitable drive system 14 for
      traversing longitudinally along the pipe as the pipe is coated with an
      upper guide wheel 15 contacting the top of pipe 12. The coating apparatus
      includes a rigid, metal tubular former or sleeve 16 disposed
      concentrically about pipe 12 and connected to a vertical metal support
      plate 18. The support plate has a central opening of a size corresponding
      to the outside diameter of pipe 12 to enable the pipe to pass
      therethrough.
PAR  A flexible arcuate annular baffle or coating lip 20 has its inner surface
      sealed to support plate 18 adjacent the inner peripheral edge of the
      support plate. The lip 20 has a free edge 22 which is biased towards
      contact with the inside of sleeve 16.
PAR  Foam forming chemicals are supplied to a header 23 through an inlet conduit
      24 from a supply tank 26. Header 23 supplies the foamable mixture to a
      plurality of discharge ducts 28 which communicate with the angular gap
      between the sleeve 16 and pipe 12. When the polyurethane or other foamable
      composition which has been under pressure is discharged from ducts 28 into
      the atmosphere; foam formation commences and the foam expands filling the
      gap between the pipe and the inner surface of sleeve 16. The inner surface
      of the sleeve 16 preferably has a coating to prevent the foam sticking to
      it, for example, a polytetrafluoroethylene coating. As a result an
      insulating layer or jacket 30 is produced around pipe 12.
PAR  A sealant composition is supplied from a supply tank 33 through inlet
      conduit 32, a header 34 and to discharge ducts 36 to form a pool of hot
      sealant in an annular region behind coating lip 20. The sealant
      accumulates forming a mass 38 which, when it fills the area behind lip 20,
      forces its way along the inner surface of sleeve 16 past the free edge 22
      of the coating lip 20 to apply a continuous moisture proof barrier or
      coating 40 of the sealer to the newly expanded foam 30. The lip 20 is
      sufficiently resilient to be deflected away from the surface of sleeve 16
      by the force of the flowing sealant so that a coating orifice is formed.
      The sealant may be a hot melt glue or wax, for example, a hot melt
      paraffin wax or a butyl rubber composition which is commercially available
      and is supplied in the form of two compounds which are mixed at the time
      of application.
PAR  It is presently preferred that the operating conditions be regulated to
      produce a thin external skin or non-foamed surface on the exterior of foam
      layer 30 as a protective measure to function in conjunction with the
      sealant layer 40. Production of a skin on a foamed body is a known
      expedient and the skin formation may be facilitated by heating sleeve 16
      via a heating element 42. Any suitable heating element may be employed.
      Presently a resistance type heater comprised of a belt of silicone rubber
      containing resistance type heater wires embedded therein wrapped around
      the outer periphery of sleeve 16 has been found to be suitable. Heating
      the sleeve 16 also facilitates the application of the sealant layer 40 to
      the foam.
PAR  Polyurethane foams are well known in the art and such foams may have
      various physical properties depending upon the specific components,
      fillers and method of foaming. It is presently preferred that a flexible
      polyurethane foam be formulated in view of the good heat insulating
      properties as well as other desirable physical properties of such foams.
      Present day flexible polyurethane foams are generally based on
      polyoxypropylene diols or triols with the latter generally formed from
      glycerin, and are produced by reaction with a diisocyanate in the presence
      of catalysts and other additives.
PAR  The density of the foam may vary considerably. A density of about 2 pounds
      per cubic feet is presently preferred. The temperature of the foam forming
      composition at the time of application may vary depending, for example,
      upon the atmospheric temperature and the temperature of the pipe. For
      example, at a pipe temperature of about 80.degree. F, the foam should
      initially be at about 145.degree. F. Sleeve 16 may be heated to about
      205.degree.-225.degree. F when the foam has a density of about 2 pounds
      per cubic foot. The sleeve may be heated to higher temperatures at higher
      foam densities. For a foam having a density of about 2 pounds per cubic
      foot, when the sleeve is heated above about 225.degree. F, the foam starts
      to stick and there is a tendency for the skin on the foam to tear. Below
      about 205.degree. F, the surface of the foam is rough and no skin is
      formed.
PAR  As diagrammatically illustrated in FIG. 1, conventional spiral wrapping
      apparatus 44 may be employed to spirally wrap a polyethylene film or
      similar material onto the layer of sealant 40 while the sealant is still
      hot. If desired, a metal, for example, an aluminum jacket (not shown) may
      be applied over the spirally wrapped film layer.
PAR  While presently preferred embodiments of the invention have been shown and
      described with particularly, it will be appreciated that various changes
      and modifications may suggest themselves to those of ordinary skill in the
      art upon being apprised of the present invention. It is intended to cover
      all such changes and modifications as fall within the scope and spirit of
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for coating a preformed pipe, comprising a rigid tubular
      sleeve adapted to be positioned around a pipe with an annular gap between
      the pipe and the inner wall of said sleeve, support means for said sleeve,
      drive means connected to said support means for moving said sleeve
      longitudinally relative to said pipe, means separate from said drive means
      for supplying a foamable composition to fill the gap between the pipe and
      said sleeve as said sleeve moves along said pipe and means cooperating
      with the inner wall of said sleeve to apply a layer of a sealant to the
      external surface of foam produced from said foam forming composition while
      within said sleeve.
NUM  2.
PAR  2. Apparatus according to claim 1, further comprising heating means to heat
      said sleeve.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said means to supply said foam
      forming composition comprise a plurality of discharge ducts disposed
      within the gap between the pipe and said sleeve.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein said means for supplying said
      sealant comprise a flexible baffle having a free edge adjacent the inner
      surface of said sleeve which is deflectable to enable sealant to flow out
      between said free edge and said inner surface of said sleeve onto the
      external surface of said foam.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein said support means comprise a
      vertical plate attached to one end of said sleeve, said plate being
      provided with an opening for the pipe to pass therethrough.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein said drive means comprise a
      wheeled carriage disposed concentrically about the pipe.
NUM  7.
PAR  7. Apparatus according to claim 1, wherein said sleeve has a diameter such
      that said gap has a width approximately corresponding to the thickness of
      the foam layer desired in the end product.
NUM  8.
PAR  8. Apparatus according to claim 1, wherein said means for supplying a
      foamable composition comprises at least one discharge duct discharging
      into said gap.
NUM  9.
PAR  9. Apparatus according to claim 8, wherein said discharge duct projects
      through a flexible baffle comprising said means to apply a layer of a
      sealant.
NUM  10.
PAR  10. Apparatus according to claim 1, further comprising a non-stick coating
      provided on the inner surface of said sleeve, and means to supply
      sufficient sealant to form a distinct outer layer on the foam layer.
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ABST
PAL  Disclosed is a method for fabricating semiconductor devices and apparatus
      that can be used in the practice thereof. A plurality of sets of lead
      wires is mounted in a reusable primary lead frame. While supporting the
      lead frame, and thus the lead wires, a pellet is attached to one wire of
      each of the sets and appropriate flying leads are bonded in place. The
      sets of lead wires are then transferred to a reusable segmented lead
      frame, that includes a plurality of elements which are resiliently mounted
      with respect to each other. Each element supports one set of lead wires. A
      plurality of cup-shaped mold cavities defined by the mold are filled with
      a curable fluid encapsulant. The mold is adapted to cooperate with the
      segmented lead frame as hereinafter set forth. The ends of the lead wires
      supporting the pellets are immersed in the encapsulant. Alignment pins on
      the segmented lead frame made with the alignment openings in the mold,
      thus insuring proper alignment of the sets of lead wires and the
      cup-shaped mold cavities.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to semiconductor device manufacture and, more
      particularly, to a method and apparatus for supporting lead wire sets
      during the pellet mount and encapsulation steps of plastic encapsulated
      semiconductor device manufacture.
PAR  Semiconductor devices generally require environmental protection. To insure
      reliable operation, protection must be provided against many effects, such
      as, for example, mechanical abuse, water and water vapor, solvents, oils,
      greases and acids. Of course, it is rare that a single semiconductor
      device is exposed to, and thus requires protection from, all of the
      aforementioned hazards. Nevertheless, it is economically desirable to
      provide protection against most or all common potential hazards while
      utilizing only a single packaging approach. In this way mass production is
      facilitated and costs are reduced.
PAR  Plastic encapsulation has been found to be an effective way of physically
      and electrically protecting semiconductor devices at a relatively low
      cost. Plastic encapsulation has the further advantage of providing
      physical support for the several component parts forming the semiconductor
      device thus allowing the header assembly, which conventionally provides
      mechanical support, to be eliminated. However, the potential advantages of
      plastic encapsulation have not heretofore been fully realized as
      consideration of the following examples will indicate.
PAR  One method of manufacturing plastic encapsulated semiconductor devices
      begins with the step of punching a strip of copper to partially define
      leads. Thus, in the manufacture of transistors the copper strip is punched
      so that portions of three leads are formed. A sufficient portion of the
      copper strip is left intact to maintain the integrity of the strip and
      subsequent manufacturing processes are preferably performed in a batch
      process or mass production manner. After semiconductor pellets are affixed
      to the sets of three leads and electrical connections are provided, the
      portion of each device around the pellet is encapsulated. Typically, the
      portion of the copper farthest from the pellets supports the leads during
      the aforementioned steps. Following encapsulation that portion is removed
      thus separating the individual transistors and the leads from the strip.
      Often the leads thus formed are subjected to a rounding operation to
      remove the corners that are formed by the punching of the copper strip.
      The disadvantages of this system include the high number of steps required
      and the substantial amount of material wasted. Waste occurs because only a
      small portion of the original copper strip ultimately serves as part of
      finished devices. The remaining portion of the strip is waste material.
PAR  Another method of manufacturing plastic encapsulated transistors utilizes
      sets of lead wires that pass through small plastic beads and are thus
      coupled together. During fabrication, the sets of wires are individually
      handled as pellets and flying leads are affixed thereto. Ultimately,
      several sets of wires are placed in a rack that cooperates with a mold to
      facilitate plastic encapsulation. Following the encapsulation step, the
      plastic beads must be removed from the leads and discarded. The primary
      disadvantages of the system outlined immediately above include the waste
      of the bead material which at least partially offsets the cost saving
      realized from the elimination of the header. Furthermore, handling is
      complex and requires many steps inasmuch as each bead and set of wires is
      handled individually for most of the fabrication operations.
PAR  It is, therefore, an object of this invention to provide a method and
      apparatus for manufacturing plastic encapsulated semiconductor devices at
      a low cost, with a minimum number of steps and with a minimum waste of
      material.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is characterized by a method for manufacturing plastic
      encapsulated semiconductors and by apparatus suitable for the practice
      thereof. In accordance with the subject invention there is provided a
      segmented reusable lead frame that includes a plurality of elements in a
      linear array. The elements are resiliently connected such that the spacing
      therebetween can vary. Each element includes a face from which two
      substantially parallel rows of tabs project. The tabs define two
      substantially parallel rows of lead wire retaining slots. Also provided in
      accordance with the subject invention is a mold that defines a linear
      array of cup-shaped mold cavities. The cavities are spaced to permit
      approximate alignment with wire leads held in the lead retaining slots.
PAR  Projecting from each element of the segmented lead frame is an alignment
      pin. A plurality of alignment openings is defined by the mold, with one
      opening adjacent each cup-shaped mold cavity. Inasmuch as each element
      includes a pin, each mold cavity is associated with an alignment opening
      and the spacing among the elements is variable, insertion of the alignment
      pins in the alignment openings provides accurate alignment of lead wires
      clamped in the lead wire retaining slots and the cup-shaped mold cavities.
      Thus it will be appreciated that by properly selecting the lead wire
      length, accurate positioning of one of the lead wires in the cup-shaped
      cavities can be assured. Consequently, if a semiconductor device is
      fabricated on the ends of the lead wires, accurate encapsulation of the
      device is greatly simplified by the cooperation of the segmented lead
      frame and the mold.
PAR  Also provided in accordance with the invention is a primary reusable lead
      frame comprising two generally parallel elongated members that are
      spatially separated and define a plurality of lead retaining slots which
      are spaced substantially identically with the lead retaining slots in the
      segmented lead frame. The separation of the elongated members is slightly
      less than the separation of the parallel rows of projections on the
      segmented lead frame. As a result of this and other features the elongated
      members can partially slide between the projections on the segmented lead
      frame and facilitate transfer of sets of lead wires from one lead frame to
      the other lead frame as hereinafter described. This is considered
      advantageous inasmuch as the primary lead frame is particularly adapted
      for retaining sets of lead wires during such steps as pellet mount and
      ball bonding, while the segmented lead frame is particularly adapted for
      retaining sets of lead wires during an encapsulation process. The
      particular features resulting in the aforementioned adaptations will
      become apparent below.
PAR  During practice of the preferred method a plurality of sets of lead wires
      is mounted in the resuable primary lead frame. While supporting the lead
      frame, and thus the lead wires, a pellet is attached to one wire of each
      of the sets and appropriate flying leads are bonded in place. The sets of
      lead wires are then transferred to the reusable segmented lead frame, with
      each element supporting one set of lead wires. The cup-shaped mold
      cavities defined by the mold are filled with a curable fluid encapsulant.
      The ends of the lead wires supporting the pellets are immersed in the
      encapsulant. The alignment pins on the segmented lead frame made with the
      alignment openings in the mold, thus insuring proper alignment of the sets
      of lead wires and the cup-shaped mold cavities.
PAR  It should be stressed that the mold and both of the lead frames are
      reusable. Thus, there is no material waste comparable to the waste of the
      excess portions of the copper strip discussed above. Therefore costs are
      kept at a minimum. Furthermore, as will be apparent below, both of the
      lead frames and the mold particularly lend themselves to automated
      manufacture thus further reducing device cost.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other features and objects of the present invention will become
      more apparent upon a perusal of the following description taken in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 illustrates a plastic encapsulated transistor as is manufactured in
      accordance with the subject invention;
PAR  FIG. 2 is a front elevation view of the transistor illustrated in FIG. 1;
PAR  FIG. 3 is a side elevation view of the transistor illustrated in FIGS. 1
      and 2;
PAR  FIG. 4 is an isometric view of a portion of a primary reusable lead frame
      with several sets of lead wires therein;
PAR  FIG. 5 is a sectional plan view of the lead frame depicted in FIG. 4;
PAR  FIG. 6 is a sectional diagramatic elevation view of apparatus utilized to
      insert lead wires into the lead frame depicted in FIGS. 4 and 5;
PAR  FIG. 7 is a front sectional view of the apparatus shown in FIG. 6;
PAR  FIG. 8 is a detail of a portion of FIG. 7;
PAR  FIG. 9 is an isometric view of a portion of KOVAR strip with semiconductor
      pellets mounted thereon;
PAR  FIG. 10 is an elevation view of an apparatus utilized to bond portions of
      the KOVAR strip to lead wires in the primary lead frame;
PAR  FIG. 11 is a front elevation view of a resilient segmented lead frame for
      supporting lead wires during certain processing steps;
PAR  FIG. 12 is a top plan view of the lead frame of FIG. 11;
PAR  FIG. 13 is a bottom view of the segmented lead frame;
PAR  FIG. 14 is an isometric view of the lead frame shown in FIGS. 11-13;
PAR  FIG. 15 illustrates one step of a method for transferring lead wires from
      the primary lead frame to the resilient segmented lead frame;
PAR  FIG. 16 illustrates a subsequent step in the method partially depicted in
      FIG. 15;
PAR  FIG. 17 illustrates a resilient plastic mold used for encapsulating devices
      manufactured in accordance with the subject method;
PAR  FIG. 18 is a side elevation sectional view of the mold shown in FIG. 17;
PAR  FIG. 19 is a bottom plan view of the mold shown in FIG. 17 and 18;
PAR  FIG. 20 illustrates the juxtaposition of the segmented lead frame and the
      mold prior to insertion of the sets of lead wires into the mold cavities;
PAR  FIG. 21 shows the segmented lead frame and the mold with the sets of lead
      wires immersed in the mold cavities;
PAR  FIG. 22 is a side sectional view that corresponds to FIG. 20;
PAR  FIG. 23 is a side elevation view showing a juxtaposition that corresponds
      to that shown in FIG. 21;
PAR  FIG. 24 illustrates a first step in removing the completed transistors from
      the mold; and
PAR  FIG. 25 illustrates a subsequent step employed when removing the completed
      transistors from the mold cavities.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1-3 there is shown a transistor 21 of the type
      that can conveniently be manufactured utilizing the subject method. A
      molded plastic body consists essentially of an upper cylindrical portion
      22 with a flattened side 23. At the base of the transistor 21 is a
      circular flange 24. Three lead wires 25 project from the bottom of the
      circular flange. As an example, fabrication of transistor 21 will be
      described below.
PAR  Referring now to FIGS. 4 and 5 there is shown a primary reusable metallic
      lead frame 31 consisting essentially of two spatially separated, generally
      parallel, elongated metallic members 32 and 33. The metallic members are
      made of a resilient metal such as phosphor bronze and are separated by a
      predetermined distance and each defines a plurality of sets of wire
      retaining slots 35. When phosphor bronze is used, the members can simply
      be stamped from metal strips. The sets of slots 35 are separated by
      slightly wider separating slots 36. The lead frame 31 comprises several
      sets of slots. For example, for the apparatus and method to be described,
      it has been found that 25 sets of slots (75 slots) can conveniently be
      included on one lead frame. Thus, a preferred lead frame comprises 25 sets
      of slots 35 shown in FIG. 4. The opposite, unshown, end of the lead frame
      31 is simply a mirror image of the end shown in FIG. 4.
PAR  Connecting the two members 32 and 33 on each end of the lead frame 31 is an
      indexing connector assembly 37. The indexing connector assembly 37 is
      shown most clearly in FIG. 5. A pin 38 passes through openings in each of
      the members 32 and 33. Grooves cut near each end of the pin 38 receive
      retaining "C" rings 39. To assure proper separation of the members 32 and
      33, the pin 38 passes through an outer indexing sleeve 41. The length of
      the sleeve corresponds to the desired separation between the members 32
      and 33. Preferably, one of the rings 39 is dished as shown in FIG. 5 to
      provide a spring effect. It will, of course, be appreciated that the
      sleeve 41 and pin 38 may be a single body of material.
PAR  It is preferable to choose a sleeve size such that the periphery of the
      sleeve 41 is tangent to the end of the elongated members 32 and 33 as is
      shown in FIG. 5. This is so because the end of the lead frame 31 is used
      for indexing as will hereinafter be described. Tangency provides a greater
      end surface area for indexing.
PAR  As shown in FIG. 4, each of the sets of wire retaining slots 35 receives a
      set of lead wires 42 a,b,c. It will be noticed that each wire has one
      flattened end which facilitates steps such as ball bonding and pellet
      mounting. The metallic members 32 and 33 are slightly resilient to
      facilitate the insertion of the wires 42a-c in the slots 35. Furthermore,
      the separator slots 36 insure that room is provided for adequate lateral
      motion of the fingers defining the slots.
PAR  Referring now to FIGS. 6 and 7 there is shown a wire loading apparatus 45
      for loading the lead wires 42a-c into the lead wire retaining slots 35. A
      roll 46 of wire 42 is passed through two straightening and guiding
      apertures 47 and 48 toward a loading point over a base member 50. Between
      the apertures is a flat bed portion where the wire 42 is exposed. A wire
      feed system, diagrammatically illustrated as a pawl 49 on a solenoid 51,
      rests on the wire 42 on the flat bed portion. When the solenoid 51 is
      activated the pawl 49 moves to the right and carries therewith the wire
      42. Upon deactivation of the solenoid 51, the pawl 49 moves to the left
      but the wire remains stationary. It should be appreciated that the roll 46
      is just one of 75 rolls of wire 42, because a separate wire is supplied to
      each of the 75 lead wire retaining slots 35. Commercially available
      devices for sequentially advancing many parallel wires include wire
      feeders sold under the name RAPIDAIR by Machine Tools and Engineering
      Company of Rockford, Ill. The solenoid 51 and pawl 49 can, of course, be
      replaced by such devices.
PAR  Shown in FIG. 7 is an elongated member 52 that is vertically movable by a
      shaft 53 and a ram 54. As best seen in FIG. 6, the member 52 defines a
      channel 55 that is partially bounded by two shoulders 56 that interact
      with the ends of the pins 38 such that primary lead frames 31 are
      slideably retained in the channel as shown. The upper wall of the channel
      55 is defined by a vertically slideable platen 43 that is urged against
      the upper portion of the elongated members 32 and 33 by springs 44 (only
      two of which are shown). A plurality of springs 44 is included to insure
      that the platen 43 remains substantially parallel to the base member 50
      and does not jam during vertical sliding motion while inserting and
      removing lead frames 31.
PAR  As shown most clearly in FIG. 7, the elongated member 52 is approximately
      the length of two lead frames 31 butted end to end. On the right end is a
      hinged, selectively releasable latch 57 which, when in the position shown
      in FIG. 7, prevents lead frames 31 from sliding out of the right end of
      the member 52. However, when the latch 57 is rotated to the position shown
      in phantom in FIG. 7, the lead frames 31 freely slide out of the right end
      of the member 52. Control over the latch member 57 can be by any
      conventionally available system.
PAR  It will be observed from FIG. 8 that the channel 55 is slightly flared on
      the left end to facilitate insertion of primary lead frames 31.
PAR  Referring now to FIG. 6 it is seen that the wire 42, upon passing out of
      the aperture 48, passes a cutting station 58 where a cutting blade portion
      59 on the member 52 will cut the wire during downward vertical motion of
      the member 52. The end of the wire rests between two flattening dies 63
      and 64. Observation of FIG. 8 shows that the 75 wires 42 pass through a
      plurality of slots 65 that are defined by a plurality of ribs 66.
      Furthermore, it will be appreciated that the slots 65 align with the wire
      retaining slots 35 in a lead frame 31 when the frame is properly
      positioned.
PAR  Approximate lead frame positioning is provided by utilizing two lead frames
      31 in the member 52. When the right lead frame (FIG. 7) is urged against
      the latch 57 and the left lead frame is abutted against the end of the
      right lead frame, approximate alignment is provided.
PAR  More precise alignment is provided by a positioning cylinder 67 with a
      notched upper surface. The cylinder is loaded by a spring 69. As is shown
      most clearly in FIG. 8, when the apparatus supports the lead frame 31 in
      its upper position the indexing sleeve 41 is separated from the cylinder
      67 and thus the lead frames 31 can slide in the elongated member 52.
      However, upon activation of the ram 54 and subsequent lowering of the
      elongated member 52, the sleeve 41 engages the cylinder 67 (FIG. 7) and
      provides a precise alignment between the lead retaining slots 35 and the
      slots 65. When the sleeve 41 is fully engaged in the V shaped top of the
      cylinder 67, further downward motion of the lead frame 31 is compensated
      for by the spring 69.
PAR  It will be appreciated that utilization of a rigid lead frame permits all
      the slots 35 to be properly positioned by indexing only the sleeve 41 or
      the end of the lead frames 31. Thus assembly equipment can be of a
      relatively simple design.
PAR  The solenoid 51 and the ram 54 are controlled by conventional systems that
      need not be described herein.
PAR  Loading the lead wires 42a-c into the resuable primary lead frame 31
      proceeds as follows. With the elongated member 52 in the upper position
      (FIG. 8) two lead frames 31 are placed end to end in the channel 55. With
      the latch member 57 in the position shown in FIG. 7 approximate alignment
      of the positioning cylinder 67 and the sleeve 41 is obtained.
PAR  The solenoid 51 (or other wire feed system) is activated to extend the
      wires 42 to the position shown in FIG. 6. Following that, the ram 54 is
      activated. During the downward motion of the elongated member 52, the two
      members 32 and 33 comprising the lead frame 31 engage the wires 42 and,
      due to the resiliency of the members 32 and 33 and the restraint on the
      downward motion of the wires caused by the base 50, the wires 42 are
      gripped by the primary lead frame. Inasmuch as the slots 65 are slightly
      wider than the thickness of the wires, there will be no restraint on the
      lifting of the wires during the subsequent upward motion of the elongated
      member 52.
PAR  Shortly following the receipt of the wires 42 in the lead retaining slots
      35, the cutting blade 59 shears the wires 42 to the appropriate length.
PAR  Following cutting, while the cutting blade 59 completes its overtravel into
      the groove in the base surface, the flattening dies 63 and 64 approach
      each other to form the flattened portions on the ends of the lead wires
      42a-c that are shown in FIG. 4.
PAR  After the flattening operation, the ram 54 retracts and the now severed
      lead wires are lifted out of the slots 65 during the upward motion of the
      elongated member 52.
PAR  Following the vertical retraction of the ram 54, a machine operator moves
      the latch member 57 to the position shown in phantom in FIG. 7. The two
      lead frames 31 are then moved toward the right and the lead frame that was
      previously on the right is removed from the channel. This lead frame
      motion is most easily achieved by inserting another lead frame 31 into the
      channel 55 from the left. When the right lead frame 31 is removed from the
      channel, the operator moves the latch member 57 back to the position shown
      in FIG. 7. The lead frame 31 that has just received the sets of lead wires
      42a-c now provides approximate indexing for the new lead frame that has
      been inserted. The wire loading cycle is now repeated. Each cycle provides
      a lead frame 31 with 25 sets of lead wires for the production of 25
      semiconductor devices.
PAR  Referring now to FIG. 9 there is shown a portion of a strip of metallic
      material 71 that is used in the subsequent stages of transistor
      manufacture in accordance with the subject method. The strip may be
      fabricated from materials such as, for example, KOVAR. At spaced intervals
      along the strip 71 are semiconductor device chips 72 that will form the
      active elements of the semiconductor devices. Between the chips 72, at
      spaced intervals, are indexing dimples 73 that have been formed in the
      strip. The KOVAR strip 71 can be dimpled and have the chips 72 mounted
      thereon by conventional apparatus.
PAR  Referring now to FIG. 10 there is shown an apparatus 75 for welding
      portions of the strip 71 to the lead wires 42b. A base 76 supports two
      ribs 77 and 78 that define a channel that slideably retains a primary lead
      frame 31. Indexing for positioning the lead frame 31 is preferably similar
      to the indexing system depicted in FIGS. 6-8. Furthermore, it should be
      realized that what is shown is but a portion of the apparatus 75.
      Actually, 25 similar systems feed 25 strips 71, one strip for each of the
      lead wires 42b.
PAR  A pedestal 79 comprises one electrode of a spot welder 81 that is coupled
      to a second electrode 82. It will be observed that the flattened end of
      the lead wire 42b and the end of the strip 71 are disposed between the
      electrodes 79 and 82. The strip 71 is supplied from a roll 70 of the
      material shown in FIG. 9. A positioning member 83 cooperates with a cutter
      84 that is driven by a solenoid 85 to position the strip 71 and sever a
      portion of the strip following the welding of that portion to the lead
      wire 42b. A platen 86 cooperates with a solenoid 87 and pawl 88 in a
      configuration similar to that depicted in FIG. 6. The pawl 88, when moving
      to the right (as viewed in FIG. 10) is urged against a dimple 73 and moves
      the strip 71 a predetermined distance (determined by the solenoid travel)
      to the right. The dimples 73 are spaced apart by a distance slightly less
      than the solenoid travel. Thus, following the solenoid return stroke the
      pawl 88 comes to rest just to the left (as viewed in FIG. 10) of a dimple.
      Consequently, very early in each stroke, the pawl encounters a dimple.
PAR  During the operation of the apparatus 75, a lead frame 31 is slideably
      inserted into the position depicted in FIG. 10. The solenoid 87 is
      activated by a conventional system to move the end of the strip 71 so that
      it overlaps the flattened portion of the wire 42b. Next, the welder 81 is
      activated to weld the end of the strip 71 and the flattened portion of the
      lead wire 42b. Finally, the solenoid 85 is activated by conventional
      apparatus and the welded portion of the strip 71 is severed from the
      remainder of the strip. Following the cutting operation, the primary lead
      frame 31 is slideably removed from the apparatus 75. Slideable removal is
      preferable inasmuch as any vertical motion of the lead frame 31 while near
      the welding electrodes 79 and 82 could damage the weld or the pellet 72 on
      the strip 71. Similar indexing is used to ball bond appropriate leads to
      the devices with conventional equipment.
PAR  Referring now to FIGS. 11-14, there is shown a resilient segmented reusable
      lead frame 91 with a plurality of elements 92 that are resiliently mounted
      with respect to each other and form a linear array. Each element 92 is
      adapted as hereinafter set forth to support a set of lead wires 42a-c. The
      sets of wires 42a-c are transferred to the lead frame 91 following the
      application of flying leads to electrically couple the pellet 72 to the
      leads 42a and 42c. The flying leads are attached by conventional methods
      while the lead frames 31 are supported and indexed by methods similar to
      those shown above.
PAR  The frame 91 is molded of a resilient plastic and, due to the arrangement
      of slots 93 between the elements 92, they can be forced closer together or
      separated. Two generally parallel rows 94 and 95 of projecting tabs 96 on
      the face of each element form two groups of three lead wire retaining
      slots 97 on each element. The rows 94 and 95 are spaced a predetermined
      distance apart which is different than the separation of the metallic
      members 32 and 33 of the lead frame 31. The lead wire retaining slots 97
      are spaced substantially identically with the lead wire retaining slots 35
      in the lead frame 31. Thus, a transfer of sets of lead wires from the
      primary lead frame 31 to the segmented lead frame 91 as hereinafter set
      forth is facilitated.
PAR  A plurality of alignment pins 98 project from the frame 91 in a direction
      that is substantially parallel to sets of lead wires 42a-c when in the
      lead frame. The function of the alignment pins 98 shall hereinafter become
      apparent. As shown most clearly in FIG. 13, a positioning tab 99 projects
      from each element 92 for purposes hereinafter set forth.
PAR  The segmented lead frame 91 was depicted above with the lead wires in place
      to clearly point out how the wires are retained. Following is an
      explanation of the system by which the sets of lead wires are transferred
      from the primary lead frame 31 to the segmented. lead frame 91.
PAR  Shown schematically in FIGS. 15 and 16 is an apparatus 101 for transferring
      sets of lead wires from the primary lead frame 31 to the segmented lead
      frame 91. First, the segmented lead frame is inserted in one member 102 of
      the apparatus 101. The member 102 (a portion of which is shown in FIG. 15)
      has a plurality of Y-shaped slots that receive the support positioning
      tabs 99. The angled portions of the slots aid in guiding the tabs and the
      straight portions grip the tabs such that they are well supported. The
      spacing of the Y-shaped slots is carefully chosen so that the wire
      retaining slots 97 are spaced substantially identically to the lead wire
      retaining slots 35 of the lead frame 31. The resilient coupling among the
      elements 92 permits the Y-shaped slots to establish accurate spacing.
PAR  After the segmented lead frame 91, without wires, is inserted in the member
      102, a primary lead frame 31, with sets of lead wires that have received
      pellets and been ball bonded is positioned in notches 104 of members 111
      as shown in FIGS. 15 and 16. The Y-shaped slots and the notches 104 in the
      member 102 assure that the wire retaining slots 35 and 97 are aligned.
      Approach of a member 112 from the rear of the carrier 31 forces the
      carrier, via spring loaded pads 113, into the notches 104. A ram connected
      to two shafts 114 moves the member 112. Thus, when the lead frame 91 is
      forced into the position shown in FIGS. 15 and 16, with the tabs 96
      partially overlapping the members 32 and 33, the lead wires are pressed
      into the previously empty slots 97 in the lead frame 91, but are also
      retained in the slots 35.
PAR  After the lead frames are positioned as shown in FIGS. 15 and 16, two rams
      115 are activated to move the carrier 31 and the pads 113 away from the
      lead frame 91. The member 112 remains stationary and thus the lead wires
      42 remain in the slots 97. Next, the member 112 is withdrawn to remove the
      lead frame 31 from the notches 104. Consequently, following the
      aforementioned steps, the sets of lead wires are retained in the segmented
      lead frame 91 as illustrated in FIG. 14. The lead frame 91, with wires 42,
      is then removed from the notches 99.
PAR  Referring now to FIGS. 17-19 there is shown a plastic mold 105 defining a
      linear array of cup-shaped mold cavities 106. The mold 105 is preferably
      formed of plastic material with substantially the same thermal coefficient
      of expansion as is possessed by the segmented lead frame 91. It will be
      observed from FIGS. 17-19 that the cup-shaped cavities 106 are of a shape
      to facilitate the formation of a plastic body such as that denoted as
      number 22 in FIGS. 1-3. Associated with each cup shaped cavity is an
      alignment opening 107. The alignment pins 98 shown in FIGS. 12 and 14 are
      received by the alignment openings 107 during the molding process.
PAR  The encapsulation process begins by filling the cup-shaped cavities 106
      with a liquid plastic encapsulant such as an epoxy. Next, the segmented
      lead frame 91, containing the sets of lead wires, is positioned over the
      plastic mold 105 as shown in FIGS. 20 and 21. When the alignment pins 98
      are aligned with the alignment openings 107 and the ends of the lead wires
      are positioned over the cup-shaped cavities, the segmented lead frame 91
      is moved in a downward direction to the position shown in FIGS. 22 and 23.
      With the segmented lead frame 91 and the mold 105 juxtaposed as shown in
      FIGS. 22 and 23, the plastic encapsulant is cured. Proper concentricity of
      the sets of lead wires and the cup-shaped cavities 106 is assured inasmuch
      as each element is coupled to its associated mold cavity 106 by a pin 98
      and an opening 107, thus adjustments in the variable spacing among the
      elements are made automatically. The same advantage of automatic
      adjustment could, of course, be realized by using a rigid lead frame and a
      segmented, adjustable mold.
PAR  Following the cure of the encapsulant, the segmented lead frame 91 is
      gripped by the tabs 95 and slid in an upward direction as indicated in
      FIG. 24. The mold 105 retains the completed transistors.
PAR  As illustrated in FIG. 25, the completed transistors are removed from the
      mold 105 by gripping and pulling the leads 42 with a clamp apparatus 108
      while simultaneously deforming the lower portion of each cup-shaped cavity
      with a solenoid and plunger 109. The solenoid 109 breaks any seal that may
      have formed between the mold 105 and the encapsulant thus permitting the
      clamp apparatus 108 to withdraw the transistors.
PAR  While the lead frames 31 and 91 and the mold 105 will eventually wear out
      and require replacement, it will be appreciated that material waste is
      substantially reduced as compared to prior art systems.
PAR  In light of the foregoing, many modifications and variations of the subject
      invention will be obvious to those skilled in the art. For example,
      devices other than transistors can be made and encapsulants other than
      epoxy can be used. Or it will be obvious that practice of the broad
      concept of fabricating semiconductor devices while supporting many lead
      wires in a relatively rigid lead frame and encapsulating the devices while
      they are supported in an adjustable lead frame that cooperates with a mold
      can be carried out with lead frames and molds of many different designs.
      It will be appreciated, therefore, that the scope of the invention is only
      as defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for manufacturing semiconductor devices comprising:
PA1  a segmented reusable lead frame having a plurality of elements, each of
      said elements being adapted for holding a set of lead wires, said elements
      being resiliently mounted with respect to each other in a linear array,
      said lead frame further comprising spacing adjustment means between said
      elements for adjusting the spacing therebetween;
PA1  a mold defining a linear array of cup shaped mold cavities, each of said
      cavities being spaced to substantially align with one of said sets of lead
      wires; and
PA1  separate alignment means associated with each of said elements for
      improving the alignment of said sets of lead wires and said cup shaped
      mold cavities.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein each of said elements comprises
      two generally parallel rows of projecting tabs and each of said rows forms
      a set of lead wire retaining slots and wherein the two rows on each of
      said elements are separated by a first predetermined distance.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said alignment means comprises a
      plurality of projecting alignment pins, one of said pins projecting from
      each of said elements, and further comprises alignment openings defined by
      said mold, one of said alignment openings being adjacent each of said
      cup-shaped cavities for receiving one of said alignment pins.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said alignment pins are
      substantially parallel to the sets of lead wires when the wires are in
      said slots.
NUM  5.
PAR  5. Apparatus according to claim 3 wherein said segmented reusable lead
      frame and said mold are formed of plastic material and the thermal
      coefficient of expansion of said segmented lead frame is approximately
      equal to the thermal coefficient of expansion of said mold.
NUM  6.
PAR  6. Apparatus according to claim 3 further comprising a primary reusable
      lead frame for holding a plurality of sets of lead wires in a linear array
      during semiconductor device fabrication wherein said primary lead frame
      comprises two spatially separated, generally parallel elongated members
      that define a plurality of sets of wire lead receiving slots in a linear
      array, and wherein said elongated members are separated by a second
      predetermined distance which is different than said first predetermined
      distance and said slots in said primary lead frame are spaced
      substantially identically to said slots in said segmented lead frame such
      that said frames are adapted to permit transfer lead wires from one of
      said frames to the other one of said frames.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said first predetermined distance
      is greater that said second predetermined distance so that said projecting
      tabs partially enclose said elongated members during transfer of lead
      wires.
NUM  8.
PAR  8. Apparatus according to claim 6 wherein said two separated elongated
      members are coupled on their ends by indexing connectors.
NUM  9.
PAR  9. Apparatus according to claim 6 wherein said elongated members further
      comprise separator slots separating each of said sets of wire retaining
      slots.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein said separator slots are wider
      than the slots forming said sets of wire retaining slots.
NUM  11.
PAR  11. Apparatus according to claim 6 wherein said elongated members are
      resilient.
NUM  12.
PAR  12. Apparatus according to claim 11 wherein said elongated members are
      composed of metal.
NUM  13.
PAR  13. Apparatus according to claim 6 wherein each of said elements comprises
      a positioning means for separately supporting and positioning the
      associated one of said elements.
NUM  14.
PAR  14. Apparatus according to claim 2 further comprising a primary reusable
      lead frame for holding a plurality of sets of lead wires in a linear array
      during semiconductor device fabrication wherein said primary lead frame
      comprises two spatially separated, generally parallel elongated members
      that define a plurality of sets of wire lead receiving slots in a linear
      array, and wherein said elongated members are separated by a second
      predetermined distance which is different than said first predetermined
      distance and said slots in said primary lead frame are spaced
      substantially identically to said slots in said segmented lead frame such
      that such frames are adapted to permit transfer lead wires from one of
      said frames to the other one of said frames.
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ABST
PAL  An apparatus for making a fabricless surface covering from particles of
      synthetic resin utilizes an oven assembly having a plurality of heating
      units which are automatically and/or manually adjustable for establishing
      and maintaining a preselected across the several successive heating zones
      progressively increasing temperature within the oven assembly. The
      particles of synthetic resin are deposited from a hopper onto a conveyer
      means which transports them through a leveler assembly and a compactor
      before reaching the oven assembly. After being fused by the application
      thereto of heat as it passes through an oven assembly, the synthetic resin
      is fed through an embossing unit, around a cooling drum and to a trimmer.
      Then after being trimmed, the fused synthetic resin passes through a
      coater assembly which applies a coating to a fused resin before the latter
      leaves the apparatus.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present application is a division of co-pending application Ser. No.
      285,844 filed Sept. 1, 1972, now U.S. Pat. No. 3,896,197.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There have been known heretofore in the prior art apparatus for making
      fabricless surface coverings. Commonly, such apparatus have included some
      form of hopper means for depositing particles of synthetic resin onto an
      endless conveyer which then carries a synthetic resin through an oven
      where it is fused, then between a pair of embossing rolls, and finally
      passed a cooling means. One such apparatus is described and illustrated in
      U.S. Pat. No. 3,192,294 which issued June 29, 1965. A disadvantage,
      however, of such prior art forms of apparatus is that they possess very
      little capability for adjustment insofar as concerns obtaining and
      maintaining the optimum heating temperature gradient required for
      manufacturing a given type of fabricless surface covering. That is,
      although the heating temperature gradient in the oven assembly normally
      may be preset at different levels for manufacturing different types of
      fabricless surface coverings, only limited means are provided for
      compensating either manually or automatically for deviation from the
      preset temperature profile occurring during the manufacturing operation.
PAR  However, in order to ensure the quality of the fabricless surface covering
      being manufactured, it is important that the heating of the synthetic
      resin from which the surface covering is made be accomplished in
      accordance with a preestablished temperature profile. In the event the
      synthetic resin is heated in accordance with a temperature profile which
      is somewhat lower or somewhat higher than the desired temperature profile,
      the resulting surface covering produced under these conditions is very
      likely to be defective and, therefore, not be usable for its intended
      purpose. For instance, if the synthetic resin is not heated in accordance
      with the proper temperature profile across the length of an assembly as it
      passes through the oven assembly, the synthetic resin may be
      insufficiently heated such that it does not fully fuse but rather remains
      in a tacky state. On the other hand, if the synthetic resin is heated
      excessively, the plasticizer may be driven out of the resin such that the
      latter is then incapable of fusing.
PAR  It is also important in order to attain satisfactory results from the
      fusing operation that the heating of the synthetic resin be accomplished
      in accordance with a progressively rising temperature profile. That is,
      the synthetic resin should be heated to a higher and higher temperature
      progressively rather than in accordance with a series of erratic higher
      and/or lower temperature changes. To this end, it is important that the
      temperature gradients in adjacent areas of the oven assembly bear a
      predetermined relationship to each other. The prior art apparatus which
      have been known heretofore have been limited, however, insofar as concerns
      their capability to ensure the existance of such a progressively rising
      temperature gradient.
PAR  Finally, it is important that excess heat buildup be avoided in the oven
      assembly. Such heat buildup may occur, for example, as a result of
      prolonged usage of the apparatus. Another possible cause of heat buildup
      in the oven assembly is ineffective operation of the exhaust system which
      is normally to be found associated with the oven assembly as a means of
      eliminating the fumes, etc. from the gas heaters commonly employed in such
      oven assemblies. It is, therefore, desirable that the apparatus be
      provided with means for regulating the exhaust to enable a greater degree
      of heat to be exhausted on occasions when excess heat buildup begins to
      occur.
PAR  Accordingly, it is an object of the present invention to provide a novel
      and improved apparatus for making fabricless surface coverings which
      embodies an oven assembly having a temperature control system associated
      therewith for setting and maintaining a predesired temperature profile
      across the several successive heating zones within the oven assembly
      during the manufacturing operation.
PAR  It is also an object of the present invention to provide such an apparatus
      for making fabricless surface covering wherein the oven assembly includes
      a plurality of heaters which are automatically adjustable to compensate
      for deviations sensed in the temperature within a given zone profile
      within the oven assembly from that preestablished for that zone of the
      oven assembly.
PAR  Another object of the present invention is to provide such an apparatus for
      making fabricless surface coverings which by virtue of ensuring control
      over the temperature profile across the several successive heating zones
      during the heating operation enables the consistent production of a
      quality fabricless surface covering.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the foregoing and related objects can be readily
      attained in an apparatus for making fabricless surface coverings wherein
      the surface coverings comprise resin carpeting and the like. Fusible resin
      in the form of a powder is deposited onto an endless conveyer belt from a
      hopper suitably supported in juxtaposed relation thereto. The conveyer
      belt transports the powdery fusible resin to an oven assembly wherein the
      resin is fused by the application thereto of an automatically controlled,
      predetermined amount of heat applied for a preselected period of time.
      Thereafter, the fused resin is caused to pass through an embossing unit
      where it is embossed. Following this, the surface covering is fed into a
      trimmer and a coater whereafter it leaves the apparatus in the form of a
      trimmed product--i.e. resin carpeting.
PAR  In accordance with the preferred form of the invention, the apparatus for
      making surface coverings includes an oven assembly divided into a
      plurality of successive temperature zones. Each of the temperature zones
      is provided with at least a pair of stationary burners suitably supported
      in the lower half of the oven assembly--i.e. below the platelike surface
      upon which the top run of the endless conveyer belt rests as it passes
      through the oven assembly. In addition, each temperature zone is also
      provided with at least a pair of movable burners or heaters which are
      suitably mounted for movement relative to the upper surface of the top run
      of the conveyor belt. Each pair of movable burners is under the control of
      a temperature control system whereby it is capable of being automatically
      adjusted thereby providing a means for compensating for deviations in the
      level of the temperature sensed as being present within that zone of the
      oven assembly as compared with that desired to be provided therein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the front end portion of an apparatus
      for making surface coverings in accordance with the present invention;
PAR  FIG. 2 is a side elevational view of the rear end portion of an apparatus
      for making surface coverings in accordance with the present invention;
PAR  FIG. 3 is a side elevational view of the oven assembly portion of an
      apparatus for making surface coverings in accordance with the present
      invention;
PAR  FIG. 4 is a partial sectional view of a portion of the oven assembly of
      FIG. 3 of the drawings illustrating on a larger scale a mounted pair of
      stationary burners;
PAR  FIG. 5 is a partial sectional view of a portion of the oven assembly of
      FIG. 3 illustrating on a larger scale the raising and lowering unit for a
      pair of movable burners;
PAR  FIG. 6 is a partial sectional view of a portion of the oven assembly of
      FIG. 3 illustrating on a larger scale the drive unit for the movable
      burner raising and lowering unit of FIG. 5; and
PAR  FIG. 7 is a top planned view of the movable burner raising and lowering
      unit of FIG. 5 illustrated in association with the movable burner drive
      unit of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Referring now to FIGS. 1, 2 and 3 of the appended drawings, there is
      illustrated therein an apparatus for making surface coverings embodying
      the present invention. For purposes of illustration, the apparatus has
      been divided into three segments with the front end portion of the
      apparatus being illustrated in FIG. 1, the rear end portion in FIG. 2, and
      the oven assembly portion in FIG. 3. The front end portion, rear end
      portion, and oven assembly portion of the apparatus are generally
      designated in the drawings by reference numerals 11, 12, and 13
      respectively.
PAR  The front end portion of the apparatus includes a hopper assembly 14, a
      leveler assembly 15 and a compacter assembly 18. In addition, as depicted
      in FIG. 1, the apparatus in accordance with the embodiment of the
      invention shown in the drawings includes a belt seamer 17 suitably
      supported at the feed end 18 of the apparatus. Further, a work platform
      illustrated in FIG. 1 in the form of a dotted enclosure 19 is also
      preferably provided adjacent the feed end 18 of the apparatus. The dotted
      enclosure 20, a portion of which appears at the right hand end of FIG. 1,
      is intended to constitute a schematic representation of the entrance end
      of the oven assembly portion 13 which is illustrated in FIG. 3 and which
      will be described more fully hereinafter in connection with the
      description of the latter figure.
PAR  As shown in FIG. 1 hopper assembly 14 includes a hopper 21, drive means 22
      and a removable hopper screen assembly 23. In accordance with one form of
      the invention wherein the apparatus is adapted for making resin carpeting,
      hopper 21 is filled with a fusible vinyl halide resin and more
      particularly a fusible vinyl chloride resin in the form of a powder which
      is deposited from the hopper 21 through the screen assembly 23 onto an
      endless conveyor belt 24. The latter, as will be described more fully
      hereinafter, is driven past the hopper assembly 14 in a manner such that
      the top run of the conveyor belt 24 passes in suitably spaced relation
      under the screen assembly 23.
PAR  After leaving the hopper assembly 14, the conveyor belt 24 carries the
      fusible resin to the leveler assembly 15, the function of which is to
      level off the fusible resin which has been deposited on conveyor belt 24.
      To this end, the leveler assembly 15 includes a member 25 suitably mounted
      for movement in a vertical direction as viewed with reference to FIG. 1.
      As such, the member 25 is capable of adjustment relative to the top run of
      the conveyor belt 24 whereby to provide various spacings therebetween,
      thereby enabling the fusible resin to be formed into a layer of material
      having substantially any predefined thickness. Next, the fusible resin
      which now has been formed into a layer of material having a predetermined
      thickness is transported by conveyor belt 24 to the next operating
      station--i.e., to compacter assembly 16 whereat the layer of fusible resin
      is compacted through the action of a drum member 26. More particularly,
      the compaction of the layer of fusible resin occurs as the result of the
      latter being squeezed between the drum member 26 and the top run of the
      belt conveyor 24. In accord with the embodiment of the invention
      illustrated in FIG. 1 of the drawing, drum member 26 of compacter assembly
      16 is preferably mounted such as to be capable of movement relative to the
      top run of the conveyor belt 24. Such a construction thereby enables the
      degree of compaction to which the layer of fusible resin is subjected to
      be varied simply by raising or lowering the drum member 26 relative to
      conveyor belt 24.
PAR  Referring further to FIG. 1 of the drawing, conveyor belt 24 as depicted
      therein in addition to including conventional drive means for driving the
      belt around conventional pulleys in a manner well known to those skilled
      in the art includes a belt aligner means 27 and a belt take up assembly
      28. Belt aligner means 27 includes a pair of pulleys 29 and 30 between
      which conveyor belt 24 is caused to move. The pulleys 29 and 30 are
      rotatably mounted on a support 31 fixedly mounted to the frame of the
      apparatus. In addition, belt aligner means 27 includes a further pulley 32
      around which conveyor belt 24 is caused to pass after leaving the pulleys
      29 and 30. Pulley 32 is rotatably mounted on support 33 which like support
      31 is also fixedly attached to the frame of the apparatus. As regards belt
      take up assembly 28, the latter consists of a movable cartlike device 34
      having a plurality of grooves 35 formed therein each of which is capable
      of receiving the shaft of the pulley 38. Although pulley 36 is depicted
      positioned in a left most groove of device 34 as viewed with reference to
      FIG. 1, it is to be understood that pulley 36 may also be positioned in
      one of the other grooves 35 depending on how taut it is desired to make
      the conveyor belt 24. Cartlike device 34 is attached at one end to a
      piston like member 37 movable within a suitable hydraulic or pneumatic
      cylinder 38. Through piston 37, a force is applied to cartlike device 34
      which acts to resist the force which conveyor belt 24 through its
      engagement with pulley 36 applies to the other end of the cartlike device
      34. That is, device 34 is normally biased to the right as viewed with
      reference to FIG. 1 by the force being applied thereto by piston 37. By
      virtue of this arrangement of piston 37 and cylinder 38, cartlike device
      34 is capable of a degree of movement whereby to provide some limited
      amount of takeup in the conveyor belt 24 apart from that provided through
      the positioning of pulley 36 in another one of the grooves 35. Further, in
      the event that conveyor belt 24 should become caught on something, etc.,
      whereby an undue force is caused to be applied to cartlike device 34, some
      give will occur through movement of the piston 37 and thereby the device
      34 relative to the cylinder 38.
PAR  Turning now to FIG. 2 of the drawing, there is depicted therein, the rear
      end portion 12 of the apparatus comprising an embossing unit 39, cooling
      means 40, a trimmer assembly 41, and a coating assembly 42. In addition,
      there is to be found illustrated in the left most portion of FIG. 2 the
      remainder of the dotted enclosure 20 a portion of which is shown in FIG. 1
      and which as was described previously is intended to schematically
      represent the oven assembly portion 13 of the apparatus which is
      illustrated in FIG. 3. With further regard to the mode of operation of the
      apparatus of the subject invention after being compacted by the compacter
      assembly 16, the compacted layer of the fusible resin is fed on conveyor
      belt 24 through the oven assembly portion 13 of the apparatus wherein the
      resin is fused by the application thereto of heat. The manner in which the
      compacted layer of fusible resin is fused and the structure by means of
      which such action is caused to occur will be more fully described
      hereinbelow in connection with the description of FIG. 3 of the drawings.
PAR  Assuming now, however, that the compacted layer of resin has been fused,
      upon leaving the oven assembly portion 13 the fused layered mass of resin
      still somewhat in a heated state is carried by conveyor belt 24 to the
      embossing unit 39. The latter includes a pair of embossing rolls 43 and 44
      between which the fused mass of resin passes. As the mass moves
      therebetween, it has imparted thereto through the action of the embossing
      rolls 43 and 44 a given pattern design whereby the mass of fused resin now
      takes on the outward characteristic appearance of surface coverings.
      Inasmuch as the embossed mass of fused resin is still relatively warm, it
      is desirable that means be provided for cooling the embossed mass. For
      this purpose, the apparatus is provided with a cooling means 40 consisting
      of a cooling drum assembly 45 whereby the embossed mass as it engages the
      drum portion of the assembly 45 in passing there around is cooled by
      conduction. Commonly, the drum portion of such a drum assembly 45 is
      itself cooled through the circulation of a suitable coolant within the
      interior of the drum.
PAR  From the cooling means 40 the embossed mass of resin is fed to the trimmer
      assembly 41, which includes suitable cutting means 46 for trimming the
      edges of the embossed mass. The edge strip 47 produced by this trimming
      operation is fed downwardly, as viewed with reference to FIG. 2, to a
      suitable collecting means (not shown). At the same time the trimmed
      product 48 is preferably fed through a coating assembly 42. As shown in
      FIG. 2, coating assembly 42 comprises a means whereby a thin film of a
      polyvinylidene fluoride or a polyvinyl fluoride is laminated to the fused
      synthetic resin. This thin film serves two primary functions. First, the
      film affords ultraviolet protection to the fused synthetic resin, and
      secondly the film provides the fused synthetic resin with an extremely
      durable wear surface. However, other forms of coating apparatus could be
      substituted for the coating assembly 42 if such were desired such as for
      example suitable spray coating means, or roll coating means, etc.
      Thereafter, the trimmed and finished product, i.e., the fusible synthetic
      resin carpeting is fed from the apparatus, and is accumulated in a wound
      roll (not shown) or in some other suitable fashion. It should be noted
      here that the coating operation occurs subsequent to the trimming
      operation. In accord with this mode of operation, the edge scrap produced
      by the trimming operation does not become contaminated with the coating
      material being applied by coating assembly 42. As such the edge scrap is
      more readily capable of being recycled for future use.
PAR  Referring next to FIG. 3 of the drawings, the oven assembly portion 13 of
      the apparatus as shown therein is divided into a plurality of heating,
      i.e., temperature, zones. In accordance with the embodiment of the
      invention illustrated in the drawings, oven assembly portion 13 includes
      four such temperature zones, which have been identified in FIG. 3 by the
      numerals 49, 50, 51 and 52. Each of the latter zones includes two or more
      stationary burners, i.e. heaters 53, and one or more pairs of movable
      burners, i.e., heaters 54. More specifically, zone 49 includes two
      stationary burners 53 and one pair of movable burners 54 whereas the other
      three zones, i.e., zones 50, 51 and 52, each include three stationary
      burners 53 suitably spaced apart relative to each other and two pairs of
      movable burners 54. Thus, although for purposes of clarity of illustration
      not all of the stationary burners 53 or movable burners 54 have been
      illustrated in FIG. 3 of the drawings, it is nevertheless to be understood
      that the oven assembly portion 13 of the apparatus depicted in FIG. 3 in
      accordance with one form of the invention includes eleven stationary
      burners 53 and seven pairs of movable burners 54.
PAR  The stationary burners 53, as is best understood with reference to FIG. 4
      of the drawings, are each suitably supported by means of a support means
      55 below and in spaced relation to the work surface 56 across which the
      top run of the conveyor 24 travels as it passes through the oven assembly
      portion 13. Work surface 56 may take the form of a series of individual
      plate members 57 as shown in FIG. 4 or may take, if so desired, some other
      form capable of being heated by means of the burners 53 and of
      transmitting heat therefrom to the fusible resin deposited on conveyor
      belt 24 as the latter moves through the oven assembly portion 13. In
      accordance with one embodiment of the invention, stationary burners 53
      preferably each comprise a gas burner. However, other forms of heating
      means may be substituted therefor, if so desired, such as for example
      electrical heating units, etc.
PAR  FIG. 5 of the drawing shows a pair of movable burners 54 illustrated on a
      somewhat larger scale than that used in FIG. 3. As depicted in the former
      figure, the movable burners 54 are suitably attached at respective ends of
      a support arm 58. Arm 58 in turn is affixed to a shaft-like member 59 at
      least a portion of which is threaded whereby to be capable of cooperating
      with a worm and worm wheel mechanism 60. The latter mechanism 60
      constitutes a raising and lowering unit whereby the pair of movable
      burners 54 are moved between a raised position as depicted in solid lines
      in FIG. 5 and a lowered position, the latter being depicted in dotted
      lines in FIG. 5. As illustrated in FIG. 3 of the drawing, worm and worm
      wheel mechanism 60 are preferably supported externally on the top wall 13a
      of oven assembly portion 13. With the worm and worm wheel mechanism 60 so
      mounted, a suitable opening 61 is provided in wall 13a to permit the
      passage therethrough of shaft-like member 59 for engagement with the
      mechanism 60. Like stationary burners 53, the movable burners 54
      preferably each consist of a gas burner. Here also, if so desired, other
      forms of heating units may be substituted for the gas burners by such as
      for example electrical heating units, etc.
PAR  The drive unit 62 for operating the worm and worm wheel mechanism 60
      thereby to raise or lower a pair of movable burners 54 is illustrated in
      FIG. 6. As shown therein, drive unit 62 includes a suitable motor 63 which
      is drivingly connected through a shaft means 64 to a bevel gear 65 which
      in turn is engageable with the worm and worm wheel mechanism 60. Drive
      unit 62, as best seen with reference to FIGS. 3 and 7 of the drawings, is
      mounted on top wall 13a of oven assembly portion 13 adjacent to the worm
      and worm wheel mechanism 60. In the interest of clarity of illustration,
      only one such drive unit 62 has been shown in FIG. 3 of the drawing.
      However, in accordance with one form of the invention, there is preferably
      provided one such drive unit 62 for at least each worm and worm wheel
      mechanism 60 and in turn preferably one worm and worm wheel mechanism 60
      is employed to raise and lower each pair of movable burners 54. However,
      it is also possible, as shown in FIG. 7 of the drawings, to employ one
      drive unit 62 in association with a pair of worm and worm wheel mechanisms
      60 wherein the latter are interconnected by a common worm 66 which is
      engaged by the bevel gear 65 of the drive unit 62.
PAR  Referring now again to FIG. 3 of the drawings, each of the temperature
      zones 49, 50, 51 and 52 is provided with a surface temperature
      thermocouple 67 suitably positioned in slightly spaced relation from a
      work surface 56 for sensing the temperature prevailing in the vicinity
      thereof. The thermocouple 67 in turn is employed in conjunction with a
      surface temperature control unit 68 for a purpose yet to be described. In
      addition, each of the temperature zones 49, 50, 51 and 52 is provided with
      an ambient temperature thermocouple 69 suitably supported in spaced
      relation to the inner surface of the top wall 13a, such as to be capable
      of sensing the temperature thereat. Thermocouple 69 is employed in
      conjunction with an ambient temperature control unit 70 for a purpose to
      be described subsequently.
PAR  The oven assembly portion 13 of the apparatus in accordance with the
      present invention, as best seen with reference to FIG. 3 of the drawings,
      further includes an exhaust system 71 whereby the fumes, etc. from the
      various burners are exhausted to the atmosphere or any other suitable
      location as desired. The fumes, etc. are exhausted from the interior of
      the oven assembly portion 13 through either or both of a pair of inner
      connecting passageways, only one of which identified by numeral 72 is
      illustrated in FIG. 3. The latter passageways connect the interior of oven
      assembly portion 13 with a pair of enclosed chambers 73 and 74
      respectively. The chambers 73 and 74 in turn communicate with a separate
      leg portion 75 and 76 respectively of the exhaust stack 77. In accordance
      with the embodiment of the invention illustrated in FIG. 3 of the
      drawings, each of the leg portions 75 and 76 of the stack 77 is provided
      with a damper 78 and 79 respectively. Further, each of the dampers 78 and
      79 is operatively connected to a thermocouple damper control 80 and 81
      respectively, which through suitable circuit means (not shown) is
      connected to a corresponding damper drive unit 82 and 83 respectively
      whereby to control the positioning of the dampers 78 and 79 relative to
      the walls of the associated leg portion 75 and 76 of stack 77. Completing
      the description of oven assembly portion 13, in the lower segment of each
      leg portion 75 and 76 of the exhaust stack 77, there is preferably
      provided a clean-out door 84 and 85 respectively, affording access into
      the interior of the corresponding leg portion.
PAR  The mode of operation of the oven assembly portion 13 will now be set
      forth. Each individual movable burner 54 is preset manually to a
      predetermined height and heat according to known specifications for
      providing optimum oven operation for making a fabricless resin carpeting.
      In this connection it should be noted that there are essentially three
      ways in which to vary the heat applied to the synthetic resin as it passes
      through the oven assembly 13. The first is by varying the fuel mixture fed
      to the burners. This would be applicable to both the stationary burners 53
      and the movable burners 54. The second is by raising or lowering the
      burners 54 relative to the synthetic resin to be heated. Finally, the
      positioning of the dampers 78 and 79 relative to the walls of the leg
      portions 75 and 76 of exhaust stack 77 is controllable such as to vary the
      relative amount of heat which is permitted to escape through the stack 77.
      Depending on the amount of heat exhausted through the stack 77, the effect
      therefrom can be either to cause a heat buildup in the oven assembly 13 or
      else a cooling effect can be produced thereby by permitting a greater
      amount of heat to escape through the stack 77.
PAR  After the burners 54 have been preset, then the thermostatic controls
      comprising the thermocouples 67 and 69 and associated control units 68 and
      70, respectively, as well as yet to be described thermocouple 86 which is
      connected in circuit relationship with the previously described damper
      drive control units 82 and 83, are preset at predetermined manual control
      settings. Preferably, the automatic thermostatic controls are interlocked
      with each other and with a 24-hour recorder (not shown) for continuous
      operation. The oven assembly is now ready for operation.
PAR  The function of the automatic thermostatic control units is as follows. The
      surface temperature control units 68 function to cause the raising or
      lowering of the movable burners 54 for providing a heat to height
      specified temperature gradient within a corresponding temperature zone for
      a given type of surface covering. The ambient control units 70 increase or
      decrease the heat input in the corresponding zone by varying the fuel fed
      to the burners. These functions are recorded as they occur in each zone on
      the 24-hour recorder, such as to be available for future reference. In
      accord with one embodiment of the invention the 24-hour recorders are
      equipped with auxiliary controls (not shown) that will override any
      control unit 68 or 70 that fails to operate in accordance with its preset
      temperature gradient specification, thus preventing damage to the
      carpeting.
PAR  To prevent excess heat buildup in the oven, the ambient control units 70
      are also interlocked with the damper control units 82 and 83, thus
      enabling regulation of the exhaust to be controlled with the dampers 78
      and 79. Thermocouple 86 in the main exhaust stack 77 is interlocked with
      the 24-hour recorder and damper control units 82 and 83 to prevent
      blow-back due to prevailing atmospheric conditions. Thus, it can be seen
      that the oven assembly portion 13 is provided with a temperature control
      system which affords control over the fuel unit to the burners 53 and 54,
      the positioning of the burners 54 relative to the synthetic resin to be
      fused, and the amount of heat permitted to escape through stack 77. As
      such the subject temperature control system provides a means of
      establishing and maintaining a predesired temperature profile in the resin
      across the several successive heating zones within the oven assembly 13
      whereby to provide for equalization of fusing time such as to ensure the
      production of quality surface coverings and more particularly fabricless
      resin carpeting.
PAR  Therefore, it can be seen that the present invention provides a novel and
      improved apparatus for making fabricless surface coverings, including an
      oven assembly having a temperature control system whereby the temperature
      profile in the resin across the several successive heating zones in the
      oven assembly is set and maintained at a preselected level during the
      manufacturing operation. More particularly, the oven assembly of the
      apparatus for making surface coverings in accord with the present
      invention includes a plurality of heaters which are automatically
      adjustable through the operation of the aforereferred temperature control
      system, such as to provide a means for compensating for deviations sensed
      in the temperature profile within the oven assembly from that
      preestablished for the oven assembly. By virtue of ensuring control over
      the amount of heat applied during the heating, i.e., fusing operation, the
      apparatus of the subject invention enables quality surface coverings to be
      consistently produced thereby. In addition, in accordance with the present
      invention there is provided a method for making fabricless surface
      coverings which method is relatively easy and inexpensive to carry out,
      and which is also characterized by being relatively trouble free.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. An apparatus for making surface coverings comprising:
PA1  a. conveyor means supported for movement within said apparatus;
PA1  b. material feed means mounted adjacent to and along the path of movement
      of said conveyor means, said material feed means operable to deposit
      particles of synthetic resin on to said conveyor means;
PA1  c. heating means mounted adjacent to and along the path of movement of said
      conveyor means in spaced relation to said material feed means, said
      heating means providing a plurality of successive temperature zones and
      heating said particles of synthetic resin in accordance with a
      predetermined temperature profile along the length of said heating means
      to cause said particles of synthetic resin to fuse into a mass;
PA2  i. said heating means comprising an oven assembly and a temperature control
      system for said oven assembly;
PA2  ii. said oven assembly including a plurality of heaters of a first type
      mounted in spaced relation to the path of movement of said particles of
      synthetic resin, and a plurality of heaters of a second type mounted in
      spaced relation to the path of movement of said particles of synthetic
      resin;
PA2  iii. said oven assembly further including means for moving said plurality
      of heaters of a second type in a direction normal to the path of said
      particles of synthetic resin;
PA2  iv. said temperature control system including temperature sensing means for
      sensing the temperature prevailing at a multiplicity of points within said
      oven assembly and along the several zones, and at least first temperature
      control means connected in circuit relationship with said temperature
      sensing means and also operatively connected to said means for moving said
      plurality of heaters of a second type;
PA2  v. said first temperature control means controlling the operation of said
      means for moving said plurality of heaters of a second type to thereby
      adjust the positioning of said plurality of heaters of a second type in a
      direction normal to the path of movement of said particles of synthetic
      resin in order to compensate for at least some of the deviation sensed by
      said temperature sensing means from the predetermined temperature for a
      given zone in the desired temperature profile within said oven assembly;
      and
PA1  d. embossing means mounted in spaced relation to said heating means
      adjacent to and along the path of movement of said mass, said embossing
      means embossing a design pattern on at least one external surface of said
      mass.
NUM  2.
PAR  2. An apparatus for making surface coverings as set forth in claim 1
      wherein said plurality of heaters of a first type comprises a plurality of
      gas burners mounted in spaced relation below the path of movement of said
      particles of synthetic resin, said plurality of heaters of a second type
      comprises a plurality of gas burners mounted in spaced relation above the
      path of movement of said particles of synthetic resin and said means for
      moving said plurality of heaters of a second type includes a worm and worm
      wheel mechanism.
NUM  3.
PAR  3. An apparatus for making surface coverings as set forth in claim 1
      wherein said plurality of temperature zones each includes at least one of
      said plurality of heaters of a first type and at least a pair of said
      plurality of heaters of a second type.
NUM  4.
PAR  4. An apparatus for making surface coverings as set forth in claim 1
      wherein said temperature control system further includes a second
      temperature control means connected in circuit relationship with said
      temperature sensing means and also operatively connected to said plurality
      of heaters of a first type and to said plurality of heaters of a second
      type, and said second temperature control means controlling the heat
      supplied from said plurality of heaters of a first type and from said
      plurality of heaters of a second type to thereby adjust the heat supplied
      therefrom in order to compensate for at least some of the deviation sensed
      by said temperature sensing means in the desired temperature profile
      within said oven assembly.
NUM  5.
PAR  5. An apparatus for making surface coverings as set forth in claim 4
      wherein said oven assembly includes stack means for providing an exhaust
      from said oven assembly, said stack means including damper means mounted
      for movement within said stack means to regulate the amount of exhaust
      therefrom, and said temperature control system also includes a third
      temperature control means connected in circuit relationship with said
      temperature sensing means and also operatively connected to said damper
      means, said third temperature control means controlling the operation of
      said damper means to thereby adjust the positioning of said damper means
      within said stack means in order to compensate for at least some of the
      deviation sensed by said temperature sensing means in the desired
      temperature profile within said oven assembly.
NUM  6.
PAR  6. An apparatus for making surface coverings as set forth in claim 1
      further comprising:
PA1  a. leveling means mounted adjacent to and along the path of movement of
      said conveyor means in spaced relation to said material feed means, said
      leveling means forming said particles of synthetic resin into a layer of
      predetermined thickness; and
PA1  b. compacting means mounted adjacent to and along the path of movement of
      said conveyor means in spaced relation to said leveling means, said
      compacting means compacting said layer of synthetic resin to a predesired
      density.
NUM  7.
PAR  7. An apparatus for making surface coverings as set forth in claim 6
      further comprising:
PA1  a. cooling means mounted in spaced relation to said embossing means
      adjacent to and along the path of movement of said embossed mass, said
      cooling means comprising a cooling drum for cooling said embossed mass;
PA1  b. trimming means mounted in spaced relation to said cooling means adjacent
      to and along the path of movement of said embossed mass, said trimming
      means trimming at least the edge portions of said embossed mass to provide
      a trimmed product; and
PA1  c. coating means mounted in spaced relation to said trimming means adjacent
      to and along the path of movement of said trimmed product for laminating a
      thin film to said trimmed product to provide in finished form a fabricless
      resin carpeting.
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ABST
PAL  An injection molding control provides for the programmable control of ram
      velocity as a function of the position of the ram through closed-loop
      feed-back of the measured actual velocity. Closed-loop feed-back of the
      actual mold cavity pressure overrides the velocity program in an analog
      fashion to stop the ram when a preset cavity pressure has been attained
      associated with a desired charge size. Programmable control of the ram
      screw speed and/or back pressure during injection as a function of ram
      position or time is used to impart a predetermined temperature profile to
      the charge along the length thereof while it is in the barrel prior to
      injection. This enables controlled variation in density of the molded
      article throughout its volume to achieve desired levels in preselected
      characteristics such as surface wear, gloss, resolution and the like. A
      closed-loop servo system responsive to hydraulic pressure on the ram,
      including a flow divider valve which meters flow between the ram pressure
      chamber and a drain tank, provides accurate and continuous control of
      injection, hold and back pressure to enhance product quality; smooth
      pressure transitions between different ram pressure levels utilized in the
      molding cycle to avoid undesirable effects due to ram overshoot;
      simultaneous flow and pressure increase during injection when ram velocity
      falls below programmed level thereby avoiding sluggish response
      characteristics when restoring ram velocity; and reduction in number of
      hydraulic components required to effect the injection, hold, and back
      pressure functions.
PARN
PAR  The present invention relates to controls for injection molding machines.
      This application is a continuation-in-part of the copending U.S. patent
      application of Denes B. Hunkar for "Injection Molding Control", Ser. No.
      194,224, filed Nov. 1, 1971 now U.S. Pat. No. 3,767,339.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the art of injection molding, machines are employed which cyclically
      supply plasticized material to a mold. These machines are usually of the
      reciprocating screw type in which the material to be molded is plasticized
      through the application of heat and the mechanical working of the material
      by the rotation of a screw within a plasticizing chamber. As the
      plasticized material is accumulated within the chamber, the screw, which
      also serves as a ram, retracts away from an injection orifice
      communicating with a mold cavity. When enough plasticized material has
      been accumulated, the ram advances toward the orifice in an injection
      stroke to inject the plasticized material into the mold.
PAR  One of the general problems in molding articles is that of insuring that
      the mold is filled properly with material. Because frequently the molds
      are quite intricate and irregular in shape, the material tends to flow
      through the mold in an erratic manner, first flowing into one region then
      another, and sometimes prematurely solidifying, blocking the flow to
      certain portions of the mold. This affects the surface finish of the
      objects and causes non-uniform density and irregular shrinkage of the
      objects. The rate at which the material flows through the passages of the
      molds will cause a change in the temperature and thus the viscosity of the
      material as it flows. By controlling this rate, the filling of the mold
      can be controlled to some degree. It has been found that injection of
      material into the molds at a precise programmed rate will greatly enhance
      the quality and uniformity of the molded products.
PAR  To achieve this, it has been attempted in some prior art systems to program
      the pressure exerted on the ram in order to achieve a more desirable flow
      pattern into the mold cavity. Some of these prior art devices have
      attempted to program this injection rate on a time basis. This has,
      however, not been entirely satisfactory, particularly in view of the fact
      that the flow rate into the mold is dependent on several variable factors,
      such as the viscosity of the material which is being injected and on
      various pressure fluctuations within the hydraulic ram driving system.
      Other systems have attempted to program this injection rate by
      mechanically synchronizing the position of the valve which supplies fluid
      to the ram directly to the position of the ram by mechanically actuating
      cam followers and switches. This again has not entirely overcome the
      injection rate problem in that intervening variables affect the
      relationship between the injection rate and the valve position.
PAR  It is one principal objective of the present invention to overcome the
      problems of the prior art and to more precisely control the flow rate of
      material into the mold in a precise programmed fashion.
PAR  Accordingly, the present invention as set forth in the parent application
      and the improvement set forth herein provides a means for programming the
      injection rate of material into the mold through the programming of the
      velocity of the ram. The present invention incorporates a velocity program
      module which operates to control the ram velocity as a function of the
      position of the ram in direct response to a closed loop feedback signal
      representative of the actual ram velocity.
PAR  The advantage of this particular aspect of the present invention is to
      overcome certain uncontrollable variables which affect the velocity of the
      ram such as the material viscosity and hydraulic system variables. Further
      advantages of this aspect of the invention are the ability to reduce
      "jetting", "blush" and warping of the product. For example, when mold
      filling starts too rapidly, material shoots into the empty mold and
      solidifies. This phenomenon is known as jetting and can be eliminated by
      the invention. Also, it has been found that surface stress is generally
      dependent on flow surface velocity, which is in turn dependent on a
      combination of the flow surface area of the material and the material flow
      rate. Irregular stresses can cause product warping. In accordance with the
      present invention, these irregular stresses and resultant warping are
      eliminated by precisely controlling ram velocity.
PAR  Another problem encountered by those systems of the prior art which have
      attempted to program the flow rate of material into the mold has been that
      the program has been inalterably tied in to the exact ram position.
      However, when the density and viscosity of the material vary, it is
      desirable to expand or contract the program or to alter the end points of
      the program in relation to the position of the ram so that the program
      need not be materially altered nor the mechanical linkages be moved on the
      machine.
PAR  It is another object of the present invention to provide a velocity program
      means which will provide velocity programming as a function of ram
      position but which will allow the program to be alterably associated with
      the actual position of the ram through simple adjustments within the
      programming module.
PAR  Accordingly, the present invention as set forth in this and the parent
      application provides a means which will associate a predetermined velocity
      control signal with a specific relative domain of the ram stroke and which
      will furthermore automatically divide the entire operable ram stroke into
      a plurality of distinct regions. The specific embodiment of the present
      invention will automatically divide a portion of the ram stroke between
      two arbitrary selectable end points and to associate the function directly
      to these regions. As these end points are moved for any reason, the
      present invention further provides that the program be automatically
      revised to redivide the new ram stroke domain into the same fixed number
      of regions and to associate the programmed velocity function with these
      corresponding regions. Since it may be necessary to revise the end points
      of this domain to accommodate for varying viscosity or density of the
      material to be molded, thereby lengthening or shortening the ram stroke,
      by the provision of the present invention, each portion of the ram
      velocity program will be directly related to the actual quantity of
      material fed as the stroke is varied to accommodate material density
      rather than in previous systems where the program was directly tied to
      fixed positions of the ram.
PAR  Another problem encountered in the prior art has been the difficulty in
      maintaining a predetermined flow rate into the mold while simultaneously
      insuring that the fill pressure of the mold cavity does not exceed certain
      critical values. If a critical value is exceeded, it is found that
      material will extrude from the junctures of the mold, resulting in what is
      referred to as a "flash". This not only reduces the actual material within
      the mold, but results in many cases in imperfect finish of the molded
      object and undesirable defect in the part.
PAR  It is a further objective of the present invention to provide means for
      insuring that the critical pressure of the mold is not exceeded when a
      precise injection rate program is employed.
PAR  Accordingly, the present invention provides means for monitoring the
      pressure within the mold cavity and utilizing this pressure to override
      the velocity program at the end of the injection stroke to limit the
      amount of material compressed in the mold to some desired value.
      Furthermore, the present invention provides for a closed loop feedback of
      the pressure signal from the mold cavity and the comparison of the signals
      of predetermined value and utilizing the result of this comparison in an
      analog fashion to override the velocity program. The overriding of the
      pressure in an analog fashion provides for more precise control of the
      servo valve which is supplying fluid to the ram, to regulate the
      deceleration of the ram while preventing loss of control and overshoot of
      the valve spool element, which may introduce an unpredictable effect on
      the final pressure within the mold.
PAR  Another major area wherein problems arise in the injection molding of
      objects is the difficulty in insuring that the objects produced fall
      within high dimensional and weight tolerances. It is important that
      objects be made in successive molding cycles of the machine in a highly
      predictable and repeatable manner.
PAR  One of the more critical problems in attaining precise repeatable articles
      of high dimensional and weight tolerances has been the phenomenon
      involving shrinkage of the molded article upon cooling. This shinkage is
      generally inversely related to the pressure and compressed density of the
      material within the mold at the time the mold is filled. In order to
      overcome these problems, some prior art attempts have been made to
      regulate the pressure within the mold at the time that it is filled.
      Another common practice in the art is to provide a cushion of material at
      the orifice of the extrusion device upon which a steady holding pressure
      is exerted so that material is forced into the mold to accommodate for the
      shrinkage of the material within the mold. However, as the mold cools, it
      becomes increasingly difficult to control the pressure within the mold
      cavity by the exertion of pressure by the ram against the cushion. One
      reason that this practice has not been wholly successful is that, as the
      viscosity of the material changes, the density of the material varies and
      thus the cushion size varies from cycle to cycle. Thus, the effect of the
      holding pressure operating through the cushion has differing effects from
      cycle to cycle upon the material within the mold cavity, and thus the
      density or weight and ultimate shrunk dimension of the molded products
      varies from cycle to cycle.
PAR  The factors which result in changes in viscosity and its effects on the
      molded material are discussed in detail in the copending application of
      the inventor of the subject matter of this application, filed Sept. 15,
      1971, and entitled "Extruder Control System", now U.S. Pat. No. 3,759,648.
PAR  It is another important objective of the present invention to provide means
      for controlling the shrinkage of the objects molded from cycle to cycle in
      a precise and repeatable manner, and furthermore to control in a precise
      manner the quantity of material extruded to the mold in each cycle of
      operation. More particularly, it is an objective of the present invention
      to overcome the cycle to cycle effects of variable changes, such as the
      viscosity of the molded material.
PAR  Accordingly, the present invention, as set forth in this and the parent
      application, provides means of maintaining the cushion developed at the
      end of each injection stroke constant from cycle to cycle and furthermore
      provides additional means for insuring that the mold cavity fill pressure
      is also maintained constant from cycle to cycle. In addition, this
      constant pressure and constant cushion coexist at the same time in each
      cycle so that a precise pressure and volume relationship exists. This
      insures that a precise quantity of material, which is dependent on the
      combination of pressure and volume factors, is the same in each molding
      cycle. By maintaining the constant pressure in this manner, and by
      maintaining the constant cushion length through which a holding pressure
      applied by the ram is exerted, the cooling and consequent shrinkage
      characteristic of each product will be maintained in very close tolerances
      from cycle to cycle.
PAR  More particularly, the present invention provides a means for measuring the
      cushion length in each cycle of operation and for feeding this information
      in closed-loop feed-back manner to a control circuit which affects the
      cushion length during the next succeeding cycle of operation in a manner
      which will tend to maintain this cushion dimension constant from cycle to
      cycle. More particularly, the present invention provides means for
      measuring the cushion length at the precise instant that the cavity
      pressure has attained a predetermined value and for comparing this
      measured cushion dimension with a predetermined dimension. Furthermore,
      the present invention provides for utilizing the information derived in
      comparison of the actual and standard cushion dimensions to vary the shot
      size, or the retracted position of the ram at the beginning of the
      injection stroke, in the next injection cycle in a manner which will tend
      to correct for differences between the measured actual cushion dimension
      and the predetermined desired cushion dimension. Furthermore, the present
      invention provides means for setting a predetermined correction factor to
      a ram stroke so that, upon each comparison of the cushion dimension, the
      shot sizes vary by a predetermined fixed amount.
PAR  The automatic shot size correction capability which the present invention
      provides yields a particular advantage in allowing the injection molding
      machine to compensate for slowly varying changes in material density and
      viscosity and also provides means to automatically correct for any
      improper setting of the shot size by the operator and to allow for only a
      rough initial setting which will be automatically followed by the adapting
      of the machine to the optimum shot size for the given product being
      molded.
PAR  Furthermore, the effect of the present invention is to provide precise
      control, not only of pressure, but volume and temperature at the time of
      mold filling. By this provision, it is possible with the present invention
      to precisely control part size by adjustment of cavity pressure. This has
      not been provided before by any system of the prior art since, because of
      other uncontrollable variables, no prior art system has provided the
      precise relationship between part size and cavity size.
PAR  Furthermore, an additional objective of the present invention is to provide
      means which are economical and efficient to adapt an injection molding
      machine to complete computerized control.
PAR  Accordingly, the present invention provides a programming module which may
      serve as an interface between a conventional injection molding machine and
      a computer. To achieve this, the present programming module of the present
      invention undertakes to furnish and control those aspects of an injection
      machine operation which are peculiar to the injection molding process and
      the particular machine being used and, in addition, the particular molded
      object which is being used and formed. In this manner, sophisticated
      computer master process controls may be used without the necessity of
      programming these computers to the particular characteristics and
      properties of different injection molding machines.
PAR  Another problem encountered in injection molding is the phenomenon known as
      blush. This occurs when the cavity pressure is released too rapidly while
      the material is still molten. In many cases it is desirable to fill a
      cavity to a relatively high cavity pressure and then to relieve to a
      somewhat reduced holding pressure which is sustained until the material
      solidifies. In lowering the pressure to the holding pressure, the ram will
      normally retract some finite dimension. If the pressure is dropped too
      rapidly, the ram will tend to overshoot in this retracted position.
PAR  It is one of the objectives of the present invention, and particularly of
      the improvement disclosed herein, to alleviate this problem by
      controllably decreasing from the cavity pressure to the holding pressure
      along a ramp of limited slope.
PAR  Accordingly, the improvement of the present invention provides means for
      switching the ram pressure from the relatively high preset cavity pressure
      at the end of injection to the relatively low holding pressure in a manner
      which provides a smooth and gradual ram pressure decrease during the
      transition between injection and hold. In the preferred embodiment, this
      is accomplished by means of servomotor-controlled flow divider valve of
      the shiftable spool type which, in a controllable manner dependent on
      spool position, divides the flow from a pump between the ram pressure
      chamber and a drain tank. Since spool position, which is accurately
      controlled by a servomotor, establishes the operating pressure, and any
      positional shift thereof to alter pressure is reasonably smooth, change in
      pressure from one level to another during transition from injection to
      hold occurs in a gradual manner, avoiding problems associated with ram
      overshoot occasioned by a sudden pressure drop.
PAR  A further advantage of using a flow divider between the ram pressure
      cylinder and the drain tank, particularly in a system where ram velocity
      is programmed, is that the response of the system to a sudden resistance
      to ram motion, and hence decrease in ram velocity below the programmed
      level, is significantly improved over prior systems. More particularly, in
      this invention when a decrease in ram velocity below the programmed level
      is sensed and the flow divider spool shifted, to increase fluid flow to
      the ram, there is a simultaneous and complementary increase in blockage of
      the flow path to the drain tank. As a consequence, the pressure of the
      hydraulic fluid increases concurrently with the increase in flow rate to
      the ram, assuring that the increased flow to the ram will occur at a
      pressure sufficient to overcome the increased resistance to ram motion
      which initially caused the velocity drop, thereby restoring the ram
      velocity to the programmed level without undue sluggishness typical of
      velocity control schemes heretofore used.
PAR  A futher object of the present invention is to provide means which more
      precisely regulate the ram fluid pressure throughout the entire molding
      cycle. Particularly, the present invention involves using the flow divider
      valve, which is connected to the ram cylinder, in a closed-loop servo
      system during all portions of the cycle, i.e., during injection, hold and
      plasticize. This single flow divider valve replaces the multiplicity of
      valves previously required. The hydraulic equipment, as disclosed in the
      parent application, normally included separate valves for setting the
      holding and plasticizing pressure. By direct servo-control of the flow
      divider valve and provision of electronic means for generating the proper
      servo signals during all phases of the molding cycle, the improvement of
      the present invention requires only a single valve to control the various
      portions of the machine cycle. In addition, it provides a great
      conservation of power in that unused fluid from the high pressure pump
      which drives the system is bypassed by the flow divider at low pressure
      back to the fluid reservoir, thus expending a minimum amount of energy.
PAR  A further object of the present invention is to provide a means for
      switching from cavity pressure control to fluid pressure control. In the
      first instance, cavity pressure is utilized as a feed-back control to
      terminate the injection stroke portion of the cycle, while fluid pressure
      control is used during the holding and plasticizing portions of the cycle.
      Separate transducers are provided in the molding cavity and in the fluid
      lines to generate these respective feed-back signals for the
      servo-control. This enables cavity pressure and ram pressure during hold
      and plasticization, critical parameters in an injection molding process,
      to be directly monitored by the mold cavity and ram pressure cylinder
      transducers, respectively, in turn permitting control of charge size
      during injection in direct response to actual cavity pressure, and control
      of the ram during hold and plasticization in direct response to actual ram
      cylinder pressure.
PAR  A further object of the present invention is the provision of means for
      controlling the back pressure and/or screw speed in a programmed manner as
      a function of ram position or time during plasticization as the ram is
      being retracted. This aspect is provided through the use of a separate
      patch panel which takes over control of the operation during the
      plasticizing stroke. By programming screw speed and/or back pressure
      during plasticization, a predetermined temperature profile can be imparted
      to the charge along the length thereof while in the barrel prior to
      injection. This enables controlled variation in density of the molded
      article throughout its volume to achieve desired variable levels in
      preselected characteristics such as surface wear, gloss, resolution and
      the like.
PAR  These and other objectives and advantages of the present invention will be
      more readily apparent from the following detailed description of the
      drawings illustrating a preferred embodiment of the injection molding
      control system of the present invention, and modifications thereof, in a
      reciprocating screw type injection molding machine.
DRWD
PAR  FIG. 1 is a diagrammatic illustration of injection molding apparatus
      utilizing a control system which incorporates the principles of this
      invention;
PAR  FIG. 2 is a schematic circuit, in block diagram format, of a control
      circuit incorporating the principles of this invention for controlling the
      injection molding apparatus depicted in FIG. 1;
PAR  FIG. 3 is a schematic circuit, in block diagram format, of a modification
      useful with the control circuit of FIG. 2 which includes provision for
      programming screw speed during plasticization; and
PAR  FIG. 4 is a schematic circuit, in block diagram format, of a further
      modification useful with the control circuit of FIG. 2 which includes
      provision for programming screw back pressure during plasticization.
DETD
PAR  Conventional injection molding apparatus modified to incorporate the
      controls of this invention is shown in FIG. 1. With reference to this
      figure, the injection molding apparatus, which may in a preferred form be
      of the reciprocating screw type, includes an extrusion or injection
      apparatus 11, mold assembly 12, and an electrically controlled hydraulic
      circuit 13. The injection apparatus 11 includes an injection cylinder or
      housing 14 which is generally elongated in shape and provided with an
      interior cylindrical plasticizing or melt chamber or barrel 15. Axially
      disposed within the melt chamber 15 is a screw or ram 16 which is both
      rotatable about its longitudinal axis, as well as axially translatable
      within the barrel or plasticizing chamber 15.
PAR  The upstream end of the melt chamber 15, which is the left end thereof as
      viewed in FIG. 1, communicates with an input hopper 21 via a passage 21A
      connected to the lower end of the hopper. Molding material, typically in
      the form of a pelletized thermoplastic composition, is loaded into the
      open upper end of the hopper 21 where it is gravity-fed by passage 21A
      into the rearward or upstream end of the melt chamber 15 atop the rear end
      of the screw 16. The downstream end of the melt chamber or barrel 15,
      which is located rightwardly as viewed in FIG. 1, terminates in an
      injection nozzle 22 which at its downstream end communicates with a mold
      cavity 24 via an orifice 23. The mold cavity 24 of the mold assembly 12 is
      established or defined by a pair of cooperating mold elements 25 and 26
      which are relatively movable toward and away from each other by a mold
      opening actuator (not shown) to allow molding of an object in cavity 24
      and the subsequent removal thereof. The mold opening actuator and
      associated control accessories such as actuator-controlling timers, limit
      switches for sensing whether the mold is open or closed, etc., can be
      constructed in accordance with well-known techniques and form no part of
      this invention. For example, an illustrative timer-controlled mold-opening
      actuator and mold position sensing limit switch arrangement is disclosed
      in copending U.S. patent application Ser. No. 371,390, filed June 19,
      1973, entitled "Injection Molding Control", assigned to the assignee of
      this application. The entire disclosure of the above-identified co-pending
      application is specifically incorporated herein by reference. Suitable
      conduits 12B are preferably provided in the mold elements 25 and 26 to
      facilitate the circulation of coolant to permit rapid and controlled
      cooling of the molded article.
PAR  The screw or ram 16 is selectively bidirectionally axially movable within
      the barrel 15 by a hydraulic piston 27A fixedly secured to the ram. The
      piston 27A is slidably movable in a hydraulic cylinder 27B. Cylinder 27B
      is divided into two variablsize chambers 27C and 27D by the movable piston
      head 27A. Rotation of the screw or ram 16 is obtained by a motor 28,
      preferably of the hydraulic type, which has a rotatable output shaft
      indicated by dotted line 28A drivingly connected to the piston 27A. A
      source of pressurized fluid, such as a pump P, is connected to the motor
      28 via a solenoid-type electro-hydraulic ON/OFF valve 57 controlled by
      signals on input line 56. Preferably, a constant flow valve 55 having
      adjustably variable flow rates determined by the adjustably variable
      setting of a flow rate potentiometer 54 connected thereto by line 53 is
      connected between solenoid valve 57 and pump P to provide constant screw
      speed operation when valve 57 is open.
PAR  In normal operation, the injection molding apparatus repeatedly cycles
      through a predetermined molding sequence, with a molded article being
      produced in the mold cavity 24 during each cycle. The molding sequence of
      each cycle may be considered to start upon ejection of a molded article
      from the cavity 24. Specifically, following a suitable cooling period
      initiated after plasticized material has been injected by the ram 16 into
      the mold cavity 24 through orifice 23, the mold actuator (not shown) is
      operated to separate the mold elements 25 and 26 and eject the molded
      article, now solidified, from cavity 24. The mold elements 25 and 26
      remain open for a predetermined period of time, whereupon the mold
      actuator returns the molding elements to their closed position shown in
      FIG. 1.
PAR  Following closure of the mold cavity 24 an "inject" signal on line 40 is
      provided to a servo-amplifier 41 by a control circuit to be described,
      which in a manner also to be described causes a suitable electrical
      control signal to be input on servo-amplifier output line 42 to an
      electro-hydraulic servovalve 43 causing hydraulic pressure of controlled
      magnitude to be input to chamber 27C via hydraulic line 44. This urges the
      ram 16, which has previously accumulated a predetermined charge of
      plasticized material in the melt chamber 15 downstream of the ram tip 29,
      rightwardly as viewed in FIG. 1. Rightward movement of the ram 16,
      particularly the tip 29, causes the accumulated charge of plasticized
      material for the next mold cycle to be injected into the cavity 24 in a
      controlled fashion via the nozzle 22 and ultimately the orifice 23.
PAR  Depending upon the nature of the inject signal on line 40 to the
      servo-amplifier 41, the injection pressure applied to the ram 16 during
      the injection phase may be maintained at a constant value or varied as a
      function of time or as a function of ram position. In a preferred form of
      this invention, the inject signal on amplifier input line 40 is such that
      the ram 16 moves toward the cavity 24 with a velocity which varies with
      ram position in accordance with a predetermined program.
PAR  Rightward injection motion of the ram 16 under the action of the servovalve
      43, which in turn is controlled by the signal on inject line 40 to the
      servo-amplifier 41, continues until the pressure in the mold cavity 24
      sensed by a pressure transducer 48 communicating with the cavity reaches a
      pre-set cavity pressure, whereupon a trigger signal is developed,
      terminating the injection phase. At this point, and in response to the
      trigger signal, a "hold" signal is provided to the servo-amplifier on line
      45, by circuit means to be described later, causing the servovalve 43 to
      apply a holding pressure to the chamber 27C via line 44 of a magnitude
      substantially less than the injection pressure which previously existed
      during the injection phase when molding material was injected into the
      cavity. The holding pressure established by the signal to servo-amplifier
      41 on line 45 is maintained for the duration of a predetermined holding
      interval, for example, 10-12 seconds, established by a hold timer to be
      described.
PAR  The trigger signal developed at the end of the injection phase when the
      cavity pressure reaches a pre-set limit, in addition to terminating the
      injection pressure and initiating the hold pressure, also operates to
      cause the position of the ram tip 29 to be sampled and compared with a
      predetermined desired position known as the "cushion". To facilitate
      monitoring the location of the ram tip 29 at the conclusion of the
      injection phase, a ram position transducer 49 is provided which is
      mechanically connected to the ram as indicated by dotted line 49A and
      provides on its output line 50 an electrical analog signal correlated to
      the position of the ram within the barrel. If the position of the ram at
      the end of the injection phase when the mold cavity pressure has reached
      the present value represent a ram position further from the mold cavity 24
      than the predetermined cushion position, a correction signal is developed
      to decrease the amount by which the ram retracts during the ensuing
      plasticization phase, to thereby restore the cushion to the desired level
      at the conclusion of the next injection phase. If the sampled ram position
      at the conclusion of an injection is such that the ram is closer to the
      molding cavity 24 than the desired preset cushion, indicating the ram did
      not retract a sufficient distance during the preceding plasticization
      phase, a correction signal is provided which increases the amount by which
      the ram retracts during the next plasticizing operation, to thereby
      restore the actual cushion position to the desired preset level.
PAR  When the hold timer times out, the hold pressure supplied as a consequence
      of the hold signal input on line 45 to the servo-amplifier 41 terminates,
      and a "plasticize" or "back pressure" electrical signal is applied on line
      51 to the servo-amplifier 41 by circuit means to be described. The back
      pressure signal causes the servovalve 43 to apply a controlled back
      pressure to the ram 16 via hydraulic line 44. A signal is also input on
      line 56 to the solenoid-controlled ON/OFF hydraulic valve 57, causing
      hydraulic motor 28 to rotate the ram screw 16 in a controlled manner,
      preferably at a constant speed established by flow rate potentiometer 54
      and constant flow valve 55. The ram 16 is rotated in a direction which
      causes the screw threads thereof to feed material toward the orifice 23
      and to accumulate material downstream of the tip 29 of the ram 16. This
      action, together with heat which is applied to the wall of the cylinder 14
      by means not shown, causes the material to plasticize within the barrel or
      chamber 15.
PAR  Depending upon the nature of the electrical signal input to the
      servo-amplifier 41 on back pressure line 51, the back pressure applied to
      the ram 16 during the plasticize phase may either be maintained at a
      constant level, or, for reasons to be apparent hereafter, varied as a
      function of a ram position or as a function of time. Similarly, depending
      upon the nature of the control signal input to the constant flow valve 57,
      the rotational speed imparted to the ram 16 by the hydraulic motor 28 may
      be maintained at a constant level during the plasticizing phase using
      potentiometer 54, or may be varied as a function of ram position or as a
      function of time if the signal input to the constant flow valve 55 on line
      53 is derived from a programmed signal source (not shown in FIG. 1) rather
      than potentiometer 54.
PAR  The rotation of screw 16 and accumulation of charge forward of ram tip 29
      builds up pressure in the chamber 15 forward of the ram tip which
      eventually overcomes the back pressure exerted on the ram piston 27A by
      the servovalve 43 under control of the back pressure signal on line 51,
      causing the ram to retract away from the nozzle 22 until it reaches a
      predetermined retracted position at the upstream end of the chamber 15. As
      noted previously, the predetermined ram retraction position is corrected
      at the end of each injection phase as a consequence of a comparison of a
      preset desired ram cushion position and the actual ram cushion position at
      the end of that injection phase. Upon reaching the corrected ram
      retraction position, which position is in part determined by the output of
      the position transducer 49 on line 50, the back pressure provided by the
      servovalve 43 under control of the plasticized signal input to the
      servo-amplifier 41 on line 51, terminates, as does the rotation of the
      screw by hydraulic motor 28. Plasticization and accumulation of the
      desired charge forward of the ram tip is now complete.
PAR  At this point in the cycle, ram pull-back pressure is applied to the
      hydraulic cylinder chamber 27D via hydraulic line 61 from a ram pull-back
      circuit 60 which is under the control of an electrical signal input
      thereto on line 62. The pull-back pressure applied to piston 27A functions
      to retract the ram 16 a fixed amount which is designed to decompress the
      plasticized material located between the ram tip 29 and the orifice 23.
      Such decompression eliminates the need for providing a valve at the
      orifice 23 since the plasticized material accumulated between the orifice
      and the ram tip 29, once decompressed by retraction of the ram under the
      action of pull-back circuit 60, will not flow into the cavity 24 via
      orifice 23. Such flow is prevented from occurring while the charge is
      accumulating and prior to termination of screw rotation and retraction
      under the action of pull-back circuit 60, by reason of the fact that the
      material in the orifice 23 from the preceding injection cycle has
      solidified almost immediately following injection. With the material in
      the orifice 23 solidified shortly after completion of the injection of the
      charge into the cavity 24, the cavity 24 is effectively sealed with
      respect to the melt chamber 15 including the nozzle 22.
PAR  Coincident with application of the pull-back signal to line 62 of the
      pull-back circuit 60, a signal is input to the servo-amplifier 41 on line
      59 to control the servovalve 43 in a manner which connects chamber 27C to
      a drain tank to permit fluid in chamber 27C to escape when the pull-back
      pressure is applied to chamber 27D.
PAR  When the ram 16 has reached the "pull-back" position following termination
      of screw rotation, the apparatus goes into a standby mode until a
      predetermined cooling time interval has been completed during which time
      the injected material in the mold 24 is cooling and the molded article
      comletes its solidification. Upon expiration of the cooling time interval,
      the mold elements 25 and 26 are separated and the molded article ejected
      from the cavity 24. The mold members 25 and 26 remain open for a
      predetermined time whereupon the mold elements move together to close
      cavity 24. At this time, a start signal is produced and the previously
      described molding cycle repeated to produce another molded part.
PAR  The pull-back pressure circuit 60, which retracts the ram 16 to decompress
      the charge accumulated forward of the ram tip 29 following plasticization,
      can be constructed in accordance with known hydraulic design principles.
      In the preferred form, the pull-back hydraulic circuit 16 includes a pump
      60P having its input line connected to a fluid reservoir 60R and its
      output line connected to an electrically controlled valve 60S via a
      pressure relief valve 60PR set at the desired pull-back pressure. In
      operation, when a pull-back command signal is input to the pull-back
      circuit 60 on line 62, fluid pressurized to the setting of the pull-back
      pressure relief valve 60PR is input to the cylinder 27D via line 61.
      Obviously, other hydraulic circuits can be provided to provide the desired
      pull-back pressure, the description provided being only for the purpose of
      illustration.
PAR  Considering the servovalve 43 of this invention in more detail, it includes
      a servomotor 43A and a flow divider valve 43B. The servomotor 34A may be
      of any of the well-known and commercially available types which in
      response to an electrical signal input thereto on line 42 produces pivotal
      movement of an arm 46, known as a flapper, in either a leftward direction
      or a rightward direction depending upon the polarity of the input signal
      on line 42. The magnitude of the leftward or rightward pivotal movement of
      the flapper 46 is determined by the magnitude of the input signal on line
      42.
PAR  The flow divider valve 43B, which may also be known commercially available
      types, includes a valve body 70 having an elongated bore 71 in which a
      spool 72 is slidably positioned. Spool 72 has a center section 73, a
      left-end section 74 and a right-end section 75 which have equal diameters
      and which are dimensioned to snugly fit for sliding motion in the bore 71.
      Spool members 74 and 75 are spaced from the central spool section 73 by
      reduced diameter rigid interconnecting elements 76 and 76A. Depending upon
      the position of the spool 72 within the bore 71, ports 77 and 78 which are
      connected to the cylinder 27C via line 44 and to a drain tank 79 via a
      line 80, respectively, are fully open, fully closed, or partially open to
      varying degrees, for reasons to become apparent hereafter. The sizes or
      areas of outlet ports 77 and 78 vary inversely in a complementary fashion
      as the spool shifts such that the blockage of port 77 increases as the
      blockage of port 78 decreases, and vice versa.
PAR  The flow divider valve 43B also includes a cavity 81 which connects via a
      passage 87 and a hydraulic line 86 to a source of pressurized fluid such
      as a pump 85. The cavity 81 communicates with the left-hand portion of the
      bore 71 via a passage 82 and with the right-hand side of the bore via a
      passage 83. The left and right-end regions 84 and 84A of the bore 71,
      which have volumes which vary in a complementary manner depending upon the
      position of the spool 72 in the bore 71, communicate with a source of
      pilot pressure 88 via passages 89 and 90, respectively, formed in the
      valve body 70 and hydraulic lines 91 and 92, respectively, which connect
      the passages 89 and 90 to the pilot pressure source 88. The pilot pressure
      source 88 functions under static conditions when the spool 72 is
      stationary to apply equalized fluid pressure to the chambers 84 and 84A
      with the result that no net axial force is applied to the spool 72 in
      either the leftward or rightward direction as a consequence of the
      pressurized fluid in the chambers 84 and 84A which act in opposite
      directions on the ends of spool sections 74 and 75. The chambers 84 and
      84A communicate via passages 93 and 94, respectively, formed in the valve
      body 70 and hydraulic lines 95 and 96, respectively, to oppositely
      directed nozzles 97 and 98. The nozzles 97 and 98 are spaced apart a
      predetermined amount to define a gap 99 in which is positioned an
      intermediate section of the servomotor flapper 46, the lower end of which
      is mechanically connected to the central spool section 73 for feed-back
      purposes to be described.
PAR  In operation, when a zero level signal is input to the servomotor 43A on
      line 42 from the servo-amplifier 41, no torque is applied to the flapper
      46 by motor 43A with the result that the flapper 46 is neither pivoted to
      the left nor the right, but rather assumes a central position in the gap
      99 equidistant from the nozzles 97 and 98. With the flapper 46 centered in
      the gap 99, the back pressures in the nozzles 97 and 99, which are
      reflected back to chambers 84 and 84A via hydraulic lines 95 and 96 and
      passages 93 and 94, are equalized. As a consequence, chambers 84 and 84A
      which are subjected to equal pressures from the pilot pressure source 88
      via lines 91 and 92 and valve passages 89 and 90 have equal pressures
      therein, applying no net axial force to the spool 72 in either a leftward
      or rightward direction. With no net axial force on the spool from the
      pressurized fluid in the chambers 84 and 84A and with no torque applied to
      the flapper 46, the flapper remains centered in the gap 99 with the spool
      72 centered in the bore 71. Under such conditions ports 77 and 78 are each
      partially open to an equal extent with the result that pressurized fluid
      in chamber 81 is applied to the chamber 27C via hydraulic line 44 and to
      the tank 79 via line 80. Since chamber 81, which is supplied with
      pressurized fluid from the pump 85, is connected to the tank 79 via
      unblocked port 78 and line 80, the pressure applied to the cylinder
      chamber 27C via port 77 and hydraulic line 44 is minimal.
PAR  During the injection phase in response to an injection signal input to the
      servo-amplifier 41 on line 40, a control signal is input to the servomotor
      43A on line 42 which functions to pivot the flapper 46 rightwardly in an
      amount dependent upon the magnitude of the signal. Rightward movement of
      the flapper 46 shifts the spool 72 rightwardly closing the port 78 and
      opening the port 77 in complementary fashion selectively varying amounts
      dependent on the signal level input to servomotor 43A on line 42 produced
      by the injection signal input to the servo-amplifier 41 on line 51. As a
      consequence of the increased blockage by spool section 73 of the port 78,
      which connects to the drain tank 79 via line 80, the pressure in the
      chamber 81 and hence in the chamber 27C of the ram actuator builds up.
      Simultaneously, the fluid flow to the chamber 27C of the ram actuator
      increases by virtue of port 77 becoming less blocked as spool section 73
      moves rightwardly.
PAR  The movement of the spool 72 in a rightward direction by servomotor 43A
      causes the flapper 46 to move in the gap 99 to a point closer to the
      nozzle 98 and more distant from the nozzle 97, with the result that the
      back pressure in nozzle 98 increases and the back pressure in the nozzle
      97 decreases in complementary fashion. With the back pressure in nozzle 98
      increased and the back pressure in nozzle 97 decreased, the pressure in
      chambers 84A and 84 increases and decreases, respectively, applying a net
      axial force to the spool 72 in a leftward direction. When the net axial
      force on the spool 72 occasioned by the pressure differential in chambers
      84 and 84A equals the force applied to the spool 72 by the flapper 46 due
      to the servomotor 43A as a consequence of the signal input thereto on line
      42, the spool 72 reaches a condition of force equilibrium whereupon it
      moves no further in a rightward direction. The new equilibrium position of
      spool 72 locates the spool rightwardly of its center position in the bore
      71 an amount dependent upon the magnitude of the signal on line 42 input
      to the servomotor 43A from the servo-amplifier 41 produced by the presence
      of an input signal on inject line 40. Consequently, the fluid flow rate to
      the chamber 27C of the ram actuator from flow divider 43B and the pressure
      thereof reach an equilibrium level correlated to the servo-amplifier
      inject signal level on line 40. During the injection phase, the signal
      level on line 40 input to the servo-amplifier 41 (which is determinative
      of the signal level input to the servomotor 43A on line 42, which in turn
      determines the extent to which the spool 72 moves to the right, and hence
      the flow rate and injection pressure in the chamber 27C) can be maintained
      at a constant value or alternatively may be programmed to vary in some
      predetermined manner dependent upon ram position or dependent upon time.
      Of course, if the injection signal to servo-amplifier 41 on line 40 is
      programmed to vary with ram position or time, the servo-valve spool 72
      will assume successively different equilibrium positions corresponding to
      the successively different programmed injection signal levels input on
      line 40.
PAR  In a manner similar to that described above, wherein a signal on line 42 to
      servo-amplifier 41 produces a predetermined injection pressure and flow in
      the ram actuator chamber 27C, a signal input to the servo-amplifier 41 on
      line 45 produces a predetermined holding pressure in ram actuator chamber
      27C during the holding phase of the cycle. Insofar as operation of the
      servo-valve 43 is concerned, the operation thereof during the holding
      phase is the same as during the injection phase, except that the
      equilibrium position of the spool 72 and hence the flow rate and pressure
      to the chamber 27C via line 44 is controlled by the hold signal on line 45
      to the servo-amplifier 41, rather than by the injection signal on line 40
      input to the servo-amplifier 41.
PAR  During the plasticizing phase of a molding cycle, a back pressure is
      applied to the ram actuating chamber 27C via line 44. However, instead of
      the ram moving toward the molding chamber 24, as occurs to a large extent
      in the injection phase when the plasticized charge is injected through
      orifice 23, and to a very small extent in the holding phase as a
      consequence of shrinkage of material in the mold, during the plasticizing
      phase the ram moves rearwardly as the charge accumulates torward of the
      ram tip 29. To enable the back pressure to be applied to the ram actuating
      chamber 27C via line 44 and yet permit the ram to move rearwardly, a
      control signal is input to the servo-amplifier 41 on line 51 of a polarity
      opposite to that present on line 40 and 45 during the injection and
      holding phases. The opposite polarity signal input to the plasticized line
      51 produces an input to the servomotor 43A on line 42 which moves the
      flapper 46 leftwardly. Leftward movement of the spool 72 partially closes
      the passage 77 to throttle the flow of oil from the chamber 27C flowing in
      line 44 as a consequence of the piston 27A moving rearwardly as the ram is
      urged rearwardly by the accumulating plasticized material forward of the
      ram tip 29. The fluid from the chamber 27C flowing through partially
      blocked throttling passage 77 flows into the tank 79 via passage 82,
      chamber 81, passage 83, and passage 78 and line 80. The extent to which
      the spool 72 moves leftwardly, and hence the extent to which the passage
      77 is blocked and the resultant degree of throttling and level of back
      pressure, is dependent upon the magnitude of the plasticize signal input
      to the servo-amplifier 41 on line 51. The larger the signal on line 51,
      the greater the distance the spool 72 moves leftwardly, and hence the
      greater the throttling and back pressure in cavity 27C. The leftward
      movement of the spool 72 produced by the plasticize signal on line 51
      causes the spool 72 to move leftwardly, increasing the blockage of port
      77, until a new equilibrium spool position is reached. At equilibrium the
      leftward force applied to the spool 72 by the flapper 46 equals the net
      rightward hydraulic force applied to the spool 72 by the pressure
      differential in chambers 84 and 84A, which pressure differential is
      occasioned by the relatively increased back pressure in nozzle 97 and the
      relatively decreased back pressure in nozzle 98 produced when the flapper
      46 moved closer to the nozzle 97 and further from the nozzle 98 under the
      action of the back pressure signal on line 51.
PAR  During the pull-back phase, the spool 72 is centered as a consequence of
      the input of an appropriate signal to the servo-amplifier 41 on line 59.
      If during the pull-back phase the pump 85 communicates with the flow
      divider valve chamber 81 via line 86 and port 87 as shown in FIG. 1, the
      setting of the pull-back pressure relief valve 60PR must be such that the
      force applied to the piston 27A via chamber 27D and line 61 is sufficient
      to overcome the force applied to the piston 27A via the chamber 27C and
      line 44. Alternatively, it may be desirable to place an
      electrically-controlled hydraulic valve in line 86 which is placed in an
      OFF position disconnecting the pump 85 from the chamber 81 during the
      pull-back phase in which event the hydraulic pressure in line 61 developed
      by the pull-back pressure circuit 60 during the pull-back phase would not
      have to overcome any forward pressure applied to the ram as a consequence
      of the pump 85 being connected to the flow divider 81 which has its spool
      72 centered during pull-back. Such an ON/OFF valve placed in line 86
      would, of course, be placed in the ON condition connecting the pump 85 to
      the flow divider chamber 81 during the injection and hold phases of a
      molding cycle when a flow of fluid into the chamber 27C via line 44 is
      required to substantially advance the ram to accomplish injection and very
      slightly advance the ram during the holding phase to maintain the cavity
      24 full as the molded article shrinks. During the plasticizing phase
      wherein fluid flows to the flow divider 43B from the chamber 27C via lines
      44 as a consequence of the ram moving rearwardly as the charge accumulates
      forward of the tip 29, the pump 85 can be disconnected from the flow
      divider chamber 81 via the OFF/ON valve placed in line 86.
PAR  At this point it should be noted that the injection, plasticize, and hold
      signals on lines 40, 51, and 45 are generated by comparing the actual
      pressure in the chamber 27C output on line 100 from a pressure transducer
      101 communicating with the chamber 27C against desired injection,
      plasticize, and hold pressure signals provided by suitable signal sources,
      either fixed or programmed to vary as a function of ram position or time,
      as the case may be, all in a manner to be described.
PAR  Utilization of a servovalve 43 provides a number of unobvious advantages
      when compared to ram control schemes heretofore utilized, such as
      disclosed in previously referenced copending application Ser. No. 371,390.
      In such previously used schemes the injection, hold, and plasticize
      pressures were obtained by providing separate pressure sources, each
      usually including a pump and a pressure relief valve set to the desired
      pressure, which were selectively connectable to the ram actuating chamber
      27C via selectively operable individual solenoid ON/OFF valves. In such
      prior schemes if injection pressure is desired, the solenoid valve
      connected to the injection pressure circuit, which as indicated includes a
      pump and pressure relief valve set to the desired injection pressures, is
      placed in an open condition, while the solenoid valves interconnecting the
      hold pressure and back pressure circuits to the ram chamber 27C are placed
      in a closed condition. When holding pressure is desired, the previously
      closed solenoid associated with the holding pressure circuit is opened,
      and the previously open plasticizing circuit solenoid is closed and the
      back pressure solenoid which had been closed during injection remains
      closed. Similarly, when back pressure is desired the previously closed
      solenoid associated with the back pressure circuit is opened, while the
      previously opened solenoid associated with the hold pressure circuit is
      closed and the injection pressure circuit solenoid allowed to remain
      closed. As is apprent, in these prior schemes a substantial duplication of
      hydraulic circuit components was necessary to achieve the injection, hold,
      and back pressure functions. By way of contrast, by using the servovalve
      43 in this invention, a single flow divider 43B and servomotor 43A under
      common control of a single servo-amplifier 41 input with injection, hold,
      and plasticize signals on lines 40, 45 and 51, can be employed to provide
      the necessary pressures on the ram during the injection, hold and
      plasticizing phases. By avoiding the duplication of hydraulic circuitry
      heretofore necessary to accomplish the injection, hold and plasticizing
      functions, significant cost reductions result.
PAR  In addition to the reduction in component costs occasioned by eliminating
      duplication of hydraulic circuitry, a number of other advantages have been
      provided as a consequence of utilizing the servovalve 43. For example, a
      problem encountered in injection molding during the transition from the
      injection phase to the holding phase, known as blush, is avoided. During
      the injection phase the ram has applied to it a very substantial hydraulic
      pressure with the result that the material in the molding cavity upon
      conclusion of the injection phase is in a compressed state. Such a
      condition is desirable to provide high resolution and enhance surface
      finish of the molded product. However, once the mold cavity has been
      filled, it is desirable to relieve the pressure to the reduced "holding"
      pressure which is maintained until the material in the mold cavity
      solidifies.
PAR  In prior schemes, a switch from injection pressure to the lower holding
      pressure was accomplished by closing the injection pressure circuit
      solenoid and opening the holding pressure circuit solenoid, in the course
      of which the ram pressure chamber 27C is connected momentarily to a tank
      drain. A ram will normally retract some finite amount as a consequence of
      reducing the pressure from the injection pressure to the holding pressure
      due to decompression, and hence expansion, of the material in the molding
      cavity. However, if the reduction in pressure is too rapid, such as occurs
      when the injection pressure circuit solenoid and the holding pressure
      solenoid of the prior arrangements are switched and the ram cavity 27C
      momentarily connected to a drain tank, the ram will tend to overshoot as
      it retracts. If overshoot occurs, a vacuum results in the region of the
      mold cavity orifice with the result that some injected material is
      actually sucked from the cavity. This distorts the shape of the resultant
      molten article upon solidification, producing the phenomenon known as
      blush.
PAR  The servovalve 43, as used in this invention, eliminates the
      above-described blush problem. With the servovalve, transition from
      injection pressure to the holding pressure is accomplished by shifting the
      spool 72 to the left to decrease blockage of the opening 78 and hence
      reduce the pressure of fluid output from port 77 to the ram chamber 27C in
      a gradual and smooth manner under the control of the servomotor which is
      provided with an appropriate signal level on line 42 from the
      servo-amplifier 41.
PAR  A further advantage of using the servovalve is that the pressure applied to
      the ram during the injection and holding phases is significantly more
      accurately controlled than was possible in the prior schemes of the type
      disclosed in my copending application previously referenced wherein the
      injection pressure circuit and the holding pressure circuit each includes
      pressure relief valves to maintain the pressure at the desired injection
      and holding level. As a consequence of more accurately controlling the
      injection and holding pressures, better quality control and dimensional
      accuracy is obtained in the molded article.
PAR  More accurate control of the injection and holding pressures with the
      apparatus of this invention, when compared to that previously obtained
      with separate hydraulic pressure sources relying upon pressure relief
      valves for pressure regulation, is attributable to two factors. First,
      pressure relief valves, because they typically utilize mechanical springs
      to assist in accomplishing the regulation function, are inherently limited
      in accuracy to pressure control in the range of .+-. 50 psi, whereas the
      servovalve of this invention can control the pressures to within .+-. 1/2
      psi. Second, the prior pressure relief schemes, particularly those of the
      two-stage variety wherein the first stage includes a spring and the second
      includes a hydraulic valve, are sensitive to viscosity changes produced by
      varying temperatures of the hydraulic fluid. The amount of fluid relieved
      in a pressure relief valve by the second stage hydraulic valve section
      thereof in response to actuation of the spring-type first stage thereof
      varies depending upon the viscosity of the fluid. Since the amount of
      hydraulic fluid relieved in a single pressure relieving cycle of a
      two-stage pressure relief valve varies with viscosity, the resultant
      "regulated" hydraulic pressure varies in a manner dependent upon
      temperature of the hydraulic fluid.
PAR  In this invention, the hydraulic pressure transducer, which senses the
      actual pressure in the ram chamber 27C, can be temperature-compensated. As
      a consequence, the output signal from the pressure transducer which is
      compared against a similar signal representing the desired hydraulic
      pressure to determine whether the flow divider valve spool should be
      repositioned to adjust the hydraulic pressure, is not dependent upon
      temperature. Hence, the regulation of hydraulic pressure in ram chamber
      27C produced by the servovalve 43 is not subject to temperature-induced
      errors which, as noted, do exist when two-stage pressure relief valves are
      used for regulation of ram pressure.
PAR  When the injection pressure is being controlled during the injection phsae
      in a manner such that the velocity of the ram as it moves toward the
      molding cavity 24 is regulated in accordance with a predetermined velocity
      program, another important advantage results from using the servovalve.
      Specifically, uder such conditions of ram control, should the ram meet
      increased resistance tending to reduce its velocity in the forward
      direction, the actual ram velocity signal, obtained by differentiating the
      ram position signal output on line 50 from the ram position transducer,
      will decrease. As a result, when the reduced ram velocity signal is
      compared to the desired programmed ram velocity signal, a ram velocity
      error signal is produced. This ram velocity error signal, when input to
      the servo-amplifier 41 on the inject line 40, causes the servomotor 43A to
      move the spool 72 in a rightward direction to increase the flow rate from
      the port 77 of the flow divider 43B to the ram chamber 27C via line 44,
      which increased flow will tend to restore the velocity of the ram to the
      programmed level. Simultaneously with the further opening of the port 77,
      which operates to increase the flow to the chamber 27C, the port 78 is
      further blocked, increasing the pressure in the chamber 81, in turn
      increasing the pressure of the hydraulic fluid flowing from the port 77 to
      the ram pressure chamber 27C via line 44. Thus, should the ram velocity
      drop below the programmed level, the ram velocity error signal input to
      the servo-amplifier 41 on the inject line 40 will cause the servo-actuator
      43A to move the spool 73 rightwardly in a manner which simultaneously
      increases both the opening 77, to increase the flow rate to the ram
      pressure chamber 27C, and decrease the opening 78, which increases the
      pressure of the hydraulic fluid being input to the ram pressure chamber
      27C. The simultaneous increase in flow rate and pressure of the fluid
      input to the chamber 27C via line 44 assures that whatever resistance
      exists to movement of the ram at the desired programmed velocity will be
      overcome without significant delay.
PAR  By way of contrast, in the prior schemes of the type wherein the ram
      velocity is programmed during the injection phase, the regulation of flow
      and the regulation of pressure in the ram pressure chamber 27C were
      typically accomplished with a separate flow regulator and a separate
      pressure regulator of the pressure relief type connected in series between
      a pump and the ram pressure chamber. As long as the velocity of the ram
      was at the desired level, the pressure in the chamber 27C was well below
      the maximum pressure established by the pressure relief valve. If the ram
      velocity suddenly decreased, the flow regulator would respond to increase
      the flow. However, since the pressure was well below that established by
      the pressure relief regulating valve, the response of the flow regulating
      valve to permit increased flow would not in and of itself be sufficient to
      restore the ram velocity to the desired level. Such velocity restoration
      could not result until the pressure built up to the level corresponding to
      the setting of the relief valve constituting the pressure regulator. Only
      when the pressure had built up to that corresponding to the setting of the
      pressure relief regulating valve would the readjustment of the flow
      regulating valve to permit increased flow be effective to overcome the
      resistance to ram movement, which had caused the ram to slow down
      initially, and restore the ram velocity to the desired level. Since it
      takes a finite time for the pump to increase the pressure from the normal
      operating level to the maximum pressure established by the pressure relief
      regulating valve, restoration of the ram velocity to the desired level in
      the prior schemes is rather sluggish.
PAR  A preferred form of control circuit for controlling the electro-hydraulic
      elements depicted in FIG. 1 is shown in FIG. 2. In this embodiment, the
      injection velocity is programmed such that the velocity of the ram during
      the injection phase is a function of ram position. Additionally, the back
      pressure applied to the ram during the plasticize phase is maintained at a
      constant preset value during the entire plasticize phase.
PAR  Considering the control circuit of FIG. 2 in more detail, the ram position
      transducer 49 provides on its output line 50 an analog signal having a
      magnitude correlated to the axial position of the ram within the barrel or
      cylinder 14. The ram position transducer 49 may, for example, include a
      rack 66 which is connected to translate bidirectionally in the direction
      of arrow 67 in proportion to the bidirectional translation in the axial
      direction of the ram 14, and a pinion 68 which drives a movable wiping
      contact relative to a voltage divider to provide on output line 50 an
      analog voltage proportional in magnitude to the position of the screw 16
      in the barrel 14. The position-correlated signal from the ram position
      transducer 49 on output line 50 is fed to a differentiator circuit 111
      which provides on its output line 113 a signal which at any instant is
      proportional to the instantaneous velocity of the ram. The ram velocity
      signal on line 113 is fed to a ram velocity comparator 114, which takes
      the form of a differential amplifier, where the velocity of the ram is
      continuously compared against a programmed velocity input to the
      differential amplifier on line 115 from a ram velocity programmer unit
      116.
PAR  If the desired ram velocity at any instant as reflected by the magnitude of
      the signal on line 115 exceeds the actual ram velocity as reflected by the
      magnitude of the signal on line 113, a positive signal is output from
      differential amplifier on line 117 proportional in magnitude to the amount
      by which the desired ram velocity provided by the ram velocity programming
      unit 116 exceeds the actual ram velocity established by ram position
      transducer 49 and differentiator 111. Similarly, if at any given instant
      the actual ram velocity signal present on line 113 exceeds the desired ram
      velocity signal present on line 115, the differential amplifier 114
      provides on its output line 117 a negative signal corresponding in
      magnitude to the amount by which the actual ram velocity exceeds the
      desired ram velocity established by the ram velocity program unit 116.
PAR  The ram velocity error signal on line 117 from the ram velocity comparator
      114 is input to the inject line 40 of the servo-amplifier 41 via a switch
      120 which is normally open, but which at the start of an injection cycle
      is placed in a closed condition for the duration of the injection phase
      under the control of a flip-flop 121 which responds to a start signal on
      line 122 produced coincident with the beginning of the injection phase by
      circuitry (not shown) responsive to mold closure following part ejection.
      The flip-flop 121 in response to receipt of a start signal on line 122 at
      its set terminal S is placed in a set condition, providing a logical 1
      output signal to the normally open switch 120 on flip-flop output line
      123. The flip-flop 121 remains in a set condition placing switch 120 in a
      closed position to gate the output of the ram velocity comparator 114 on
      line 117 to the inject terminal 40 of the servo-amplifier 41 during the
      entire injection phase, that is, until the pressure in the cavity 24 of
      the mold reaches a preset value in a manner to be described, whereupon the
      flip-flop 121 is reset and switch 120 open-circuited to terminate the
      injection signal input to the servo-amplifier 41 on line 40. During the
      injection phase when the switch 120 is in the closed-circuit condition,
      the servovalve 43 is under the control of the ram velocity comparator 114
      which, as noted, provides a signal on its output line 117 correlated at
      any given time to the instantaneous difference between the actual ram
      velocity as represented by the differentiated ram position signal on line
      113 and the desired ram velocity on line 115 provided by the ram velocity
      programming unit 116.
PAR  The ram velocity programming unit 116 functions to control the velocity of
      the ram 16 during the injection phase in such a manner that the ram
      velocity corresponds to a predetermined program which is a function of the
      actual position of the ram during its injection stroke. The ram velocity
      programmer includes a patch panel 125 which has a plurality of horizontal
      conductors 126 and a plurality of vertical conductors 127. The horizontal
      conductors 126 have associated with each a unique electrical
      characteristic which, when imposed on the ram velocity program unit output
      line 115, regulates the servovalve 43 to control the ram velocity. The
      signales are imposed on the line 115 by connections made on the patch
      panel 125 to selected ones of the vertical conductors 127. These
      conductors are connected, each by a different switch, to the line 115. The
      switches are energized in correlation with the position feed-back signal
      provided by the ram position transducer output on line 50 of the ram
      transducer 49. The ram position signal on line 50 is digitized in a manner
      such that it will energize only one of the vertical conductors 127 at a
      time. The energizing of each one of the vertical conductors 127 represents
      the position of the ram 16 within a specified portion of its stroke.
PAR  To achieve the digitizing of the position feed-back signal on line 50 to
      select the appropriate vertical conductor 127, several types of
      conventional circuits may be employed. One preferred type of circuit would
      involve the use of a shift register having a plurality of bit positions,
      one corresponding to each of the vertical conductors 127. Since, during an
      injection stroke, the ram 16 will always move in the same forward
      direction, trigger pulses can be derived from the position feed-back
      signal on line 50 as the voltage of the signal crosses a series of
      thresholds developed by a series of coincidence circuits. Each coincidence
      circuit is connected to a different voltage reference source, such as one
      of the nodes of a voltage divider network.
PAR  The velocity patch panel 125 is preferably provided with a velocity range
      selector 130 which allows multiplication of the entire function on the
      patch panel.
PAR  The ram velocity programmer unit 116 preferably is designed to allow the
      velocity program to be alterably correlated to different portions of the
      actual ram stroke. In the embodiment illustrated, the points represented
      by each of the vertical conductors 127 of the velocity program patch panel
      125 are automatically evenly spaced between end points determined by
      settings of a cushion control potentiometer 135 and a shot-size
      potentiometer 136, respectively. This is achieved, for example, by
      providing a voltage divider network connected between the outputs of the
      respective potentiometers 135 and 136 which voltage divider network
      operates as a reference signal generator for coincidence circuits which
      trigger a shift register which selectively connects the points represented
      by the various vertical conductors 127 of the patch panel 125 to the line
      115.
PAR  As noted, the vertical conductors 127 of the patch panel 125 represent
      different distinct regions of the stroke of the ram 116. These are
      connected to the outputs of a program increment synchronizer 138. The
      program increment synchronizer 138 operates to energize one of the
      vertical conductors 127 which corresponds to that portion of the stroke of
      the ram 16 which represents the present position of the ram as measured by
      the ram position transducer 49 which is connected through line 50 to the
      program increment synchronizer 138. This circuit may take many forms, the
      preferred form being the provision of a series of flip-flops in a shift
      register arrangement with its respective outputs connected to gates in the
      circuits of each one of the conductors 127 to selectively and sequentially
      connect each one of the conductors to the output line 115 as the ram
      proceeds through its injection stroke. The shift register is triggered by
      a series of coincidence circuits, each having inputs connected to the
      position signal line 50 and to a respective voltage reference. The outputs
      of the coincidence circuits operate solid-state switches which connect the
      respective vertical conductor 127 to the output 115 of the velocity
      programmer unit 116.
PAR  The voltage references are derived from a voltage divider network connected
      between the adjustable voltage input connected to the shot-size and
      cushion-size potentiometers 135 and 136. In this manner, the program
      increment synchronizer 138 functions to automatically divide the portion
      of the ram stroke which is defined as that region lying between the
      shot-size set upon the shot-size potentiometer 136 and the cushion-size
      set upon the cushion-size potentiometer 135 defining the opposite ends of
      the injection stroke. This interval is divided into a number of segments
      which are preferably equal in length and correspond each to a different
      position of the ram. When the ram is in one of these positions, the
      respective vertical conductor of the set 127 is actuated to select the
      appropriate programmed velocity from the patch panel 125 and to apply this
      signal to the output line 115 of the ram velocity programmer unit 116. The
      appropriate programmed velocity signal is derived from the horizontal
      conductor 126 to which the actuated one of the conductors 127 is connected
      by the patch panel.
PAR  In accordance with the description set forth immediately above, a suitable
      ram velocity programming unit 116 can be constructed utilizing the
      teachings of the inventor of this application in his copending U.S. patent
      application Ser. No. 74,644, filed Sept. 23, 1970, entitled "Control
      System For Comparison Extruders", now U.S. Pat. No. 3,712,772, and in his
      copending U.S. patent application Ser. No. 194,224, filed Nov. 1, 1971,
      entitled "Injection Molding Control", now U.S. Pat. No. 3,767,339, both of
      which are incorporated herein by reference.
PAR  To determine when the desired charge of material has been injected into the
      cavity 24 by the ram 16, the cavity pressure is monitored. When it reaches
      a predetermined level associated with a complete charge, a reset signal is
      provided to the reset terminal R of the flip-flop 121, resetting this
      flip-flop which in turn renders the flip-flop output on line 123 at a
      logical `0` level, open-circuiting the switch 120 which disconnects the
      output of the ram velocity comparator 114 from the injection input
      terminale 40 of the servo-amplifier 41. To accomplish this, the cavity
      pressure transducer 48 is provided, which transducer provides on its
      output line 140 an analog signal correlated to the pressure of the
      material in the cavity. The analog cavity pressure transducer output
      signal on line 140 is input to a cavity pressure comparator 142. The
      cavity pressure comparator 142 is also responsive to an electrical signal
      on line 144 established by a cavity pressure potentiometer 145 which is
      correlated to the desired cavity pressure associated with a complete
      charge. When the cavity pressure builds up to the desired level associated
      with a complete charge of the mold chamber 24, the comparator 142 provides
      a logical `1` output on its output line 146.
PAR  The logical 1 output on line 146 from the cavity pressure at the preset
      value corresponding to a complete charge is input to the set terminal of a
      flip-flop 147, setting this flip-flop to provide on flip-flop line 148 a
      logical 1 reset signal to the reset terminal of flip-flop 121. As noted
      previously, resetting of flip-flop 121 returns the switch 120 to an
      open-circuit condition, disconnecting the ram velocity comparator 114 from
      the inject terminal 40 of the servo-amplifier 41, thereby terminating
      control of the servovalve 43 by the ram velocity programmer 116.
PAR  The logical 1 output from the cavity pressure comparator 142 on line 146 is
      also input to a hold timer 149 in the form of a single-shot or monostable
      multivibrator to produce a predetermined duration logical 1 level output
      signal on line 150 corresponding in duration to the duration of the hold
      phase. The logical 1 hold signal on line 150 places a normally open switch
      151 in a closed-circuit condition for a period of time corresponding to
      the duration of the hold phase.
PAR  Placement of normally open switch 151 in a closed-circuit condition
      connects the hold terminal 45 of servo-amplifier 41 to the output 152 of a
      differential amplifier, or hold pressure comparator, 153. Hold pressure
      differential amplifier 153 provides on its output line 152 a signal
      correlated in magnitude to the difference between a predetermined hold
      pressure signal input on line 154 provided by a hold pressure
      potentiometer 155 and the actual hydraulic pressure in the cavity 27C
      provided on line 100 from the hydraulic pressure transducer 101 located in
      the cavity 27C. Thus, at any given instant the magnitude of the signal
      gated from the hold pressure comparator 153 to the hold terminal 45 of the
      servo-amplifier 41 by the switch 151 which is under control of the hold
      timer 149 will correspond in magnitude to the difference between the
      desired holding pressure established by hold pressure potentiometer 155
      and the actual holding pressure established by a hydraulic pressure
      transducer 101, and will correspond in polarity to whether the desired
      holding pressure is above or below the actual holding pressure with the
      output on line 152 being positive when the actual holding pressure exceeds
      the desired holding pressure and negative when the actual holding pressure
      exceeds the desired holding pressure. Until the hold timer 149 times out,
      terminating the logical 1 input signal to the normally open switch 151,
      the servovalve 43 will be under control of the holding pressure comparator
      output gated by the switch 151 to the servo-amplifier 41.
PAR  The logical 1 signal output from the cavity pressure comparator 142 at the
      conclusion of the injection phase, in addition to being input to the
      flip-flop 147 which in the manner described terminates control of the
      servovalve 43 by the ram velocity comparator 114 to end the injection
      phase, and in addition to being input to the hold timer 149 which in the
      manner described places the servovalve under the control of the hold
      pressure comparator 153 to initiate the holding phase, is also effective
      to correct the shot-size potentiometer 136 dependent upon the relationship
      of the ram tip at the end of the injection phase to the desired cushion
      size established by the cushion potentiometer 135. Specifically, the
      cavity pressure comparator 142 provides a logical 1 output at the end of
      the injection phase to a one-shot, or monostable multivibrator, 160 which
      provides on its output line 161 a logical 1 level pulse having a
      predetermined duration established by a dial 162. The logical 1 pulse of
      predetermined duration output from the one-shot 160 on line 161 strobes or
      samples a flip-flop 159. The condition of the flip-flop 159 is determined
      by the output on line 163 of a cushion comparator 164. The cushion
      comparator 164 provides on the output line 163 a signal correlated in
      magnitude and polarity to the difference between the actual ram position
      at the conclusion of the injection phase (when the cavity pressure reaches
      the preset value established by the potentiometer 145) and a desired
      preset cushion point established by the cushion size potentiometer 135.
PAR  If the actual ram position is closer to the molding cavity 24 than the
      desired ram position established by cushion potentiometer 135, indicating
      that the ram had not retracted sufficiently far during the preceding
      plasticizing cycle, the comparator 164 provides a logical 0 output on line
      163 which in turn causes the flip-flop 159 to provide a logical 1 input on
      line 166 to a motor driver circuit 167. The logical 1 input to the motor
      driver 167 establishes the direction of rotation of a motor 168 which
      drives the potentiometer 136 such as to provide on its output line 169 a
      corrected signal reflecting the desired retraction point of the ram for
      the next cycle. The duration of operation of the motor 168 in the
      direction determined by the logical value of the signal on line 166 is
      established by the duration of the logical 1 pulse output from the
      one-shot 160 on line 161.
PAR  If the ram is spaced further from the cavity 24 at the conclusion of the
      injection phase than the desired cushion position determined by cushion
      potentiometer 135, the cushion comparator 164 provides a logical 1 output
      on its output line 163 which switches flip-flop 159, providing a logical 0
      signal on line 166 to the motor driver circuit 167. The logical 0 signal
      on line 166, in combination with the predetermined duration logical 1
      pulse on line 161, places a signal on motor driver output line 170 to the
      motor 168 which drives the shot-size potentiometer 136 in a direction such
      that the output signal on line 169 will result in ram retraction during
      the succeeding cycle to a lesser extent than the preceding cycle.
PAR  Thus, when the one-shot multivibrator 160 is energized, the motor 168 is
      driven a finite rotational distance as determined by the width of the
      multivibrator pulse as set by the dial 162. This energizes the motor 168
      which is connected mechanically to the shot-size potentiometer 136. Thus,
      by a direct close loop feed-back comparison of the cushion size as
      actually measured at the instant the cavity is filled with that set upon
      the cushion potentiometer 135, the shot-size control potentiometer 136 is
      corrected by a fixed increment in each cycle depending on whether the
      cushion size on the previous cycle was longer or shorter than the desired
      value. Thus, the closed loop feed-back system is provided which maintains
      the cushion size constant through control of the retracted position as set
      by the shot-size dial potentiometer 36.
PAR  The manner in which the ram retraction point is corrected at the end of
      each injection cycle in response to the comparison of the actual ram
      position with the desired cushion size in the preferred embodiment herein,
      is analogous to the manner in which retraction point correction is
      accomplished in the previously referenced copending application Ser. No.
      371,390, incorporated herein by reference. In that application shot-size
      correction is dependent upon a comparison of the desired cavity pressure
      and the actual cavity pressure at the end of an injection cycle which
      terminates when the ram reaches a predetermined forward point, rather than
      a comparison of actual ram position against a preset cushion point.
PAR  When the hold timer 149 has timed out, and control of the servovalve 43 by
      the hold pressure comparator 153 has been terminated by return of switch
      151 to its normally open condition, the hold phase terminates and the
      plasticizing phase begins. Initiation of the plasticizing phase is
      accomplished when the hold timer output pulse on line 150, to which the
      set terminal S of the flip-flop 171 is connected, reverts to a logical 0
      level, setting flip-flop 171. Setting of the flip-flop 171 provides on
      flip-flop output line 56 a logical 1 signal to initiate the plasticizing
      phase. The logical 1 signal output from the flip-flop 171 on line 56 is
      input to the screw motor control valve 57 to initiate rotation of the ram
      screw.
PAR  Additionally, the logical 1 signals output from flip-flop 171 on line 56 is
      input to a normally open switch 175, placing this switch in a
      closed-circuit condition to connect the plasticize terminal 51 of the
      servo-amplifier 41 to the output line 76 of a back pressure comparator
      177. The back pressure comparator 177 continuously compares a
      predetermined desired back pressure established by a back pressure
      potentiometer 178 input on line 179 against the actual back pressure
      monitored by the transducer 101 in cavity 27C, the output of which is
      provided on line 100. The back pressure comparator 177 provides a signal
      at its output having a polarity and magnitude correlated at any given time
      to the instantaneous difference between the desired back pressure and the
      actual back pressure. If the actual back pressure exceeds the desired back
      pressure, a positive signal on line 176 is provided having a magnitude
      correlated to the size of the difference, while a negative signal
      correlated in magnitude to the size of the difference is provided on line
      176 if the desired back pressure exceeds the actual back pressure.
PAR  The output from the back pressure comparator 177 is gated by the now closed
      circuit switch 175 to the servo-amplifier input terminal 51 for
      controlling the servomotor 43. Thus, during the plasticize phase the
      servomotor 43 is under the control of the output of the back pressure
      comparator 177 which continuously monitors the relationship of the actual
      hydraulic pressure in the chamber 27C and the desired back pressure
      established by the potentiometer 178. The servomotor 43 remains under the
      control of the back pressure comparator 177 until the flip-flop 171 is
      reset when the ram retracts to the corrected shot position established by
      the shot-size potentiometer 178, which shot-size potentiometer was
      corrected during the beginning of the holding phase in accordance with the
      difference between the actual ram position at the end of the injection
      phase when the cavity pressure reaches the preset value and the desired
      preset cushion position.
PAR  To determine when the ram has reached the desired corrected retracted shot
      position, a retraction comparator 180 is provided which is responsive to
      the output of the ram position transducer 49 on line 50 and the output of
      the retraction potentiometer 136 on line 169 correlated to the desired
      corrected ram retraction point. When the ram has retracted to the correct
      shot retraction point established by the shot-size potentiometer 136, a
      logical 1 signal level is output on line 181 to the reset terminal R of
      the flip-flop 147 resetting this flip-flop. This terminates the logical 1
      signal on line 148 from flip-flop 147 which in turn resets the flip-flop
      171 which has its reset terminal R connected to flip-flop output line 148.
      Resetting of the flip-flop 171 returns the level of the signal on the
      output lines 56 thereof to a logical 0 value, terminating the end of the
      plasticizing phase. This logical signal on line 56 turns off the screw
      motor valve 57, terminating rotation of the screw, as well as returns the
      switch 175 to its normally open condition, terminating control of the
      servomotor 43 by the back pressure comparator 177.
PAR  The logical 1 level signal now output from the flip-flop 147 as a
      consequence of the ram having retracted to the corrected shot position
      defined by shot-size potentiometer 136 is also input to the set terminal S
      of a flip-flop 185 which is effective to set this flip-flop and provide a
      logical 1 signal level on flip-flop output line 186. The logical 1 output
      signal on line 186 from flip-flop 185 is input to the servo-amplifier
      terminal 59 causing the servomotor spool 72 (FIG. 1) to move to its
      centered position. With the spool 72 in the centered position, the cavity
      27C is connected to the drain tank 79 allowing hydraulic fluid to drain
      from chamber 27C when the ram is pulled back to decompress the charge in a
      manner to now be described.
PAR  To accomplish ram pull-back, the logical 1 output signal on line 186 from
      the flip-flop 185 is input to a driver circuit 187 whose output on line 62
      is connected to the pull-back electro-hydraulic valve 60S. Actuation of
      the valve 60S applies pull-back pressure from the circuit 60 via line 61
      to the cavity 27D urging the piston 27A leftwardly to retract the ram.
      Pull-back motion in a leftward direction continues until the ram reaches
      the desired pull-back position established by a pull-back potentiometer
      190. When the ram has reached the pull-back position, a pull-back
      comparator 191, responsive to the ram position signal on line 50 and the
      output on line 192 of the pull-back potentiometer 190, provides a logical
      1 signal on its output line 193 to the reset terminal R of flip-flop 185
      resetting this flip-flop. eset of flip-flop 185 provides a logical 0
      signal on flip-flop output line 186 which via driver circuit 187 provides
      a logical 0 signal on pull-back valve control line 62 closing the
      pull-back pressure circuit valve 60S terminating the application of
      pull-back pressure to cavity 27D.
PAR  The resetting of flip-flop 185 and the zero level signal on flip-flop
      output line 186 is also input to the servo-amplifier 41 to terminate
      control of the servovalve 43 by the flip-flop 185. With the ram at the
      pull-back position and the pull-back pressure circuit valve 60S closed,
      the control circuit is ready to begin a new molding cycle upon receipt of
      a start signal on line 122 which, as discussed previously, is produced
      when the mold has closed following a part injection operation.
PAR  While not shown in FIG. 2, it is preferably to provide for amplification of
      the ram position transducer output signal on line 50, the cavity pressure
      transducer output signal on line 140, and the hydraulic pressure
      transducer output signal on line 100. Also, in addition to the range
      selector 130 shown associated with the velocity patch panel which permits
      the entire velocity program to be multiplied, it is preferable to provide
      the velocity comparator with an offset control 114A to facilitate additive
      modification of each program valve of the patch panel.
PAR  In the preferred embodiment depicted in FIGS. 1 and 2, the hydraulic screw
      motor 28, which is actuated during the plasticizing phase of a molding
      cycle, is connected to a source of pressure in the form of a pump via a
      constant flow regulating valve 55 and a solenoid valve 57. Valve 57, in
      its On state, provides a constant flow of hydraulic fluid to the motor 28
      correlated to the constant level signal on line 53 from a flow rate
      potentiometer 54 to drive the screw at a constant speed. At the conclusion
      of the plasticizing phase when the ram is retracted to the desired
      corrected shot point, the solenoid valve 57 is closed to disconnect the
      hydraulic motor 28 from the constant flow regulator 55, terminating
      rotation of the motor. Thus, during the entire plasticizing phase of a
      molding cycle in accordance with the embodiment depicted in FIG. 2, the
      speed of the screw is maintained at a constant value.
PAR  In accordance with a modification of the control circuit of FIG. 2, which
      modification is depicted in FIG. 3, the constant flow regulating elements
      54, 55 and 57 which provide constant screw speed during the plasticizing
      phase, are replaced by a servovalve 200 constructed in accordance with the
      principles of the servovalve 43 shown in FIG. 1 and a screw speed
      programmer unit 210 constructed in accordance with the principles of the
      ram velocity programmer unit 116 shown in FIG. 2. The servovalve 200 has
      its hydraulic output port 201 connected to the hydraulic input line 28B of
      the hydraulic screw motor 28, and is controlled via a servo-amplifier 203
      by the output on line 204 of a screw speed comparator 205. Comparator 205
      has one input terminal connected via input line 206 to the output of a
      screw rotation speed transducer 207 which is mechanically coupled to the
      screw as indicated by dotted line 208. The screw speed transducer 207
      provides on output line 206 an analog signal correlated to the rotational
      speed of the screw. The comparator 205 has its other input connected to
      the output line 209 of the screw speed programming unit 210. The screw
      speed programming unit 210 provides on its output line 209 a signal
      correlated to a desired programmed screw speed, which programmed screw
      speed varies as a function of the position of the ram. The screw speed
      program unit 210 can be constructed in accordance with the principles of
      the ram velocity programming unit 116 described in connection with FIG. 2.
PAR  Briefly, the screw speed programming unit 210 includes a screw speed patch
      panel 211 and a program increment synchronizer 212 which function
      completely analogously to the velocity patch panel 125 and the program
      increment synchronizer 138 discussed in connection with FIG. 2. Like the
      program increment synchronizer 138 of the ram velocity programming unit
      116 of FIG. 2, the program increment synchronizer 212 of the screw speed
      programming unit 210 of FIG. 3 is provided with an input on line 50 from
      the ram position transducer correlated to the actual position of the ram,
      an input on line 135A from the cushion potentiometer 135 correlated to the
      desired cushion and an input on line 169 from the shot-size potentiometer
      136 correlated to the corrected shot retraction point. Additionally, the
      program increment synchronizer 212 of the screw speed programming unit 210
      is provided with an input on line 56 from the flip-flop 171 which signals
      the beginning of the plasticizing phase of the molding cycle. This input
      is analogous to the start signal input to the ram velocity programmer 116
      on line 122.
PAR  With the actual screw speed signal input on line 206 to the comparator 205
      and the programmed screw speed which varies as a function of ram position
      input to the comparator 205 on line 209, an error signal is continuously
      produced on line 204 reflecting the difference between the actual screw
      speed and the desired screw speed, which latter speed as noted varies
      depending upon the position occupied by the ram. The screw speed error
      signal on line 204 is input via the servo-amplifier 203 to the servovalve
      200 on line 215, causing the servovalve 200 to alter the position of the
      spool in its respective flow divider valve and increase the flow output at
      port 201 to the screw motor 28 to bring the screw speed to the desired
      level established by the screw speed programming unit 210.
PAR  If desired, the hydraulic motor 28 can be replaced by a variable speed
      electric motor. In such case, the speed control signals output from the
      servo-amplifier to the servovalve of the hydraulic motor arrangement would
      instead be input to an appropriate electrical motor control circuit, such
      as of the type using SCR control.
PAR  In accordance with a further modification of the control circuit depicted
      in FIG. 2, which modification is shown in FIG. 4, the back pressure
      applied to the ram during the plasticizing phase of a molding cycle,
      instead of being maintained at a preset value defined by a back pressure
      potentiometer 178, is maintained at selectively variable levels depending
      upon the position of the ram. To accomplish this, the back pressure
      potentiometer 178 depicted in FIG. 2, which on its output line 179
      provides a constant level signal during the plasticizing phase correlated
      to a desired constant back pressure, is substituted by a back pressure
      programming unit 220. The back pressure programming unit 220 provides on
      its output line 179 to the back pressure comparator 177 a signal
      correlated to the desired programmed back pressure, which programmed
      signal varies as a function of ram position. The operation of the back
      pressure programming unit 220 is analogous in structure and operation to
      the ram velocity programming unit 116 depicted in FIG. 2 and the screw
      speed programming unit 210 depicted in FIG. 3. Specifically, the back
      pressure programming unit 220 includes a back pressure patch panel 221 and
      a program increment synchronizer 222 which function in a manner similar to
      their counterpart elements in the ram velocity programming unit 116 and
      the screw speed programming unit 210.
PAR  The program increment synchronizer 222 of the back pressure programming
      unit 220 includes one input on line 50 connected to the ram position
      transducer 48 providing a signal input correlated to the actual ram
      position at any given point in time, a signal on line 135A from the
      cushion potentiometer 135 having a signal level correlated to the desired
      cushion, a signal on line 169 from the shot potentiometer 136 correlated
      to the corrected ram retraction point, and a signal on line 56 from
      flip-flop 171 on which a logical 1 signal appears at the beginning of the
      plasticizing phase. The signal input on line 56 is analogous to the start
      signal on line 122 input to the ram velocity programmer unit 116.
PAR  With the foregoing inputs to the back pressure programming unit 220, a
      signal is provided to the back pressure comparator 177 on line 179
      correlated to the desired back pressure which varies in a predetermined
      programmed manner as a function of ram position. This input to the back
      pressure comparator on line 179, coupled with the input thereto on line
      100 from the hydraulic pressure transducer 101, provides on back pressure
      comparator output line 176 a signal which at any given time is correlated
      to the instantaneous difference between the actual back pressure and the
      programmed back pressure desired for the position occupied by the ram at
      the point in time in question. The error signal produced by the back
      pressure comparator on line 176 is gated during the back pressure phase of
      a molding cycle by the switch 175 to the servo-amplifier 41 for
      controlling the servovalve 43 in a manner described in connection with
      FIG. 2.
PAR  The modifications of FIGS. 3 and 4 disclose separate program increment
      synchronizers for the screw speed and back pressure programmer units.
      Obviously, the program increment synchronizer used in the ram velocity
      programmer unit could be used to provide the necessary inputs to the screw
      speed and/or back pressure path panels of their respective programmer
      units, if desired.
PAR  By programming the speed of the screw and/or the back pressure as a
      function of ram position during the plasticizing cycle in accordance with
      the modifications of FIGS. 3 and 4, it is possible to impart varying
      temperature profiles to the injection charge during the plasticizing phase
      of a molding cycle as may be required to accomplish different results
      desired by the molder. For example, by increasing the screw speed and/or
      back pressure during the initial portion of the plasticizing phase of a
      molding cycle the temperature of the front of the charge, that is, that
      portion of the charge closest to the nozzle 22, can be increased since it
      is merchanically worked to a greater extent. If the temperature of the
      front of the charge is higher than that of the rear of the charge, that
      is, that portion of the charge closest to the ram tip, when the
      differentially heated charge is injected into the mold cavity 24, the
      higher temperature frontal portion of the charge will be less viscous than
      the rear portion thereof and hence will pack more densely. Since the
      frontal portion of the charge forms the surface of the molded article, the
      density at the surface of the article will be greater than at the interior
      of the article constituted by the lesser temperature rear portion of the
      differentially heated charge. Such a result is desirable where, for
      example, the molded part is to have a high resolution or have a glossy
      surface.
PAR  Similarly, by increasing the screw speed and/or the back pressure during
      the terminal portion of the plasticizing phase of a molding cycle, the
      rear portion of the charge can be rendered at a higher temperature than
      the frontal charge portion. Upon injection of the charge differentially
      heated in the manner indicated, the inner region of the molded article
      constituted by the higher temperature rear portion of the charge will pack
      more densely since it is less viscous. As a consequence, the resultant
      article has an inner region which is more dense than the surface region.
      This is desirable, for example, in the manufacture of plastic gears where
      it is desired that the gear teeth wear rather than break when stressed in
      operation.
PAR  Obviously, since the screw speed and/or back pressure can be varied over
      the entire range of ram positions during the course of its retraction in a
      plasticizing phase of a molding cycle, the temperature of the charge can
      be varied as desired along the entire length thereof. In this way, the
      density of the resultant molded article can be varied throughout its
      volume in accordance with the result desired. In some cases where a
      uniform elevated temperature profile is desired and the front of the
      charge is likely to cool appreciably while the rear of the charge is being
      plasticized, it may be desirable to increase screw speed and/or back
      pressure during the initial portion of the plasticization phase as a means
      of compensating for the frontal cooling.
PAR  Instead of programming screw speed and/or back pressure during the
      plasticizing phase of a molding cycle as a function of ram position, in
      accordance with a further modification of this invention the screw speed
      and/or back pressure during the plasticizing phase of a molding cycle can
      be programmed as a function of time. Obviously, if the ram retracted
      during the plasticizing phase of a molding cycle at a constant uniform
      velocity, for a given program the programming of screw speed and/or ram
      back pressure as a function of time would produce the same result as
      programmind screw speed and/or ram velocity as a function of ram position.
      For successive plasticizing phases of successive molding cycles the ram
      would always occupy at any point in time of a plasticizing cycle the same
      position it occupied in the previous cycle at the same point in time of
      the cycle.
PAR  If, however, ram velocity is not constant throughout the plasticizing phase
      of a molding cycle, for a given program the programming of screw speed
      and/or back pressure as a function of time will produce a different
      temperature profile in the injection charge than programming screw speed
      and/or back pressure as a function of ram position.
PAR  If programming screw speed and/or ram position as a function of time is
      desired, the program increment synchronizers should be provided with
      inputs correlated to elapsed time of the plasticizing cycle instead of ram
      position, and the beginning and ending times of a plasticizing cycle
      instead of the cushion point and corrected shot retraction point,
      respectively. In this way, and in a completely analogous fashion, the
      program increment synchronizer will select the desired vertical conductors
      of the patch panel as a function of time rather than ram position and will
      divide plasticizing phase intervals into equal time increments
      notwithstanding that the point in time when the plasticizing phase begins
      and the point in time when the plasticizing phase terminates may vary from
      molding cycle to molding cycle and/or the duration of the plasticizing
      phase may vary from molding cycle to molding cycle.
PAR  The preferred embodiment of the invention has been described as having a
      pressure transducer communicating directly with the molding cavity for the
      purpose of providing an electrical signal correlated to the pressure
      within the molding cavity. If desired, the pressure transducer may be
      provided in the nozzle proximate the orifice through which plasticized
      material enters the cavity, as disclosed, for example, in copending
      application Ser. No. 371,390, filed June 19, 1973, now U.S. Pat. No.
      3,860,801. The pressure transducer so located, although sensing
      plasticized material pressure exteriorly of the cavity, would nevertheless
      provide an electrical signal correlated to the pressure of the plasticized
      material within the cavity.
PAR  The servovalve of this invention, which includes a servomotor and a flow
      divider valve, has been described as having a mechanical connection in the
      form of a flapper interconnecting the servomotor output and the spool of
      flow divider valve for the purpose of providing feed-back indicative of
      spool position. If desired, instead of mechanical feed-back of spool
      position, electrical feed-back means constructed in accordance with
      well-known techniques may be utilized to indicate spool position for the
      purpose of maintaining the spool in an off-center equilibrium position
      correlated in magnitude to the electrical input to the servomotor which
      drives the spool of the flow divider valve.
PAR  If desired, the servovalve may be of the "jet tube" type in which the
      servomotor output alters the position of a jet tube to produce a
      differential pressure across a spool. Spool movement is then fed back to
      the jet tube to return it to its centered position in which the pressure
      differential across the spool is reduced to zero. The spool remains in its
      new position as a consequence, and the jet tube remains centered due to it
      being in equilibrium by reason of the equal and opposite forces applied to
      it by the servomotor and the spool.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an injection molding machine having a ram screw which advances to
      inject a plasticized charge of material from an injection barrel into a
      mold cavity and retracts while rotating to accumulate a plasticized
      charge, a control system for said ram comprising:
PA1  a piston connected to said ram and a cylinder within which said piston
      moves,
PA1  a flow divider valve having an inlet connected to a source of pressure
      fluid, a first outlet connected to said cylinder, a second outlet
      connected to a fluid reservoir, and movable means to simultaneously alter
      the sizes of said outlets in inverse relation such that when one increases
      the other decreases,
PA1  a servomotor responsive to electrical signals input thereto and having an
      output operatively associated with said movable means for controlling the
      movement of said movable means in accordance with said signals,
PA1  first and second sources of electrical signals associated, respectively,
      with a deviation between desired and actual ram advance during the
      injection phase of a molding cycle and a deviation between desired and
      actual ram retraction during the plasticizing phase of a molding cycle,
PA1  means for connecting said first source of electrical signals to said
      servomotor during injection to control said movable means of said flow
      divider in a manner to advance the ram at a rate correlated to the fluid
      flow rate to said piston cylinder from said first valve outlet, and an
      injection pressure correlated to the size of said second valve outlet, and
PA1  means for connecting said second source of electrical signals to said
      servomotor during plasticization to control said movable means of said
      flow divider in a manner to permit said ram, when said screw rotates, to
      retract under a back pressure correlated to the size of said second outlet
      and at a rate correlated to the fluid flow from said cylinder to said
      first valve outlet,
PA1  whereby said ram screw, during injection and plasticization, is
      continuously under control of said flow divider valve in response to
      electrical signals input to said servomotor, to provide the desired ram
      advance and retraction.
NUM  2.
PAR  2. The system of claim 1 wherein said first source of signals includes:
PA1  a ram velocity programmer which provides electrical signals correlated to
      desired ram velocity,
PA1  a ram velocity transducer having an output correlated to actual ram
      velocity, and
PA1  a comparator responsive to said ram velocity programmer and said ram
      velocity transducer for developing a ram velocity error signal, said error
      signal being connectable to said servomotor during injection to control
      said movable means of said flow divider to advance said ram, at said
      desired velocity.
NUM  3.
PAR  3. The system of claim 2 wherein said velocity programmer provides
      electrical signals correlated to desired ram velocity which vary as a
      function of ram position, and wherein said means for connecting said
      velocity error signals to said servomotor is under control of a molding
      cavity pressure monitoring circuit comprising:
PA1  a pressure transducer responsive to the pressure in said cavity, and
PA1  a comparator which provides a trigger signal when said cavity pressure
      reaches a preset limit associated with a predetermined charge, said
      trigger signal being operative to terminate connection of said velocity
      error signals to said servomotor, terminating control of said flow divider
      valve and servomotor by said first source of signals.
NUM  4.
PAR  4. The system of claim 3 further comprising:
PA1  a third source of electrical signals associated with a deviation between
      desired and actual holding pressure applied to said ram intermediate
      injection and plasticization, and
PA1  means responsive to said trigger signal for connecting said third source of
      electrical signals to said servomotor to control said movable means of
      said flow divider in a manner to apply a holding pressure to said ram
      piston correlated to the amount of fluid diverted to said fluid reservoir
      via said second valve outlet.
NUM  5.
PAR  5. The system of claim 1 wherein said flow divider valve includes a valve
      body having a bore which communicates with said inlet and first and second
      outlets, a spool which smoothly slides within said bore to gradually alter
      the outlet areas of said first and second outlets in said inverse
      relation, and wherein said servomotor output is operatively connected to
      said spool to gradually alter the areas of said outlets and provide smooth
      pressure transitions in said cylinder in accordance with the signals input
      thereto from said first and second signal sources.
NUM  6.
PAR  6. The system of claim 5 further comprising:
PA1  a third source of electrical signals associated with a holding pressure
      applied to said ram intermediate injection and plasticization, and
PA1  means for connecting said third source of electrical signals to said
      servomotor intermediate injection and plasticization to smoothly shift
      said spool to increase the area of said second valve outlet, and apply a
      holding pressure to said ram piston of gradually reduced magnitude than
      the injection pressure, by gradually diverting an increased fluid flow to
      said fluid reservoir via said second valve outlet, whereby if said charge
      in said molding cavity is compressed at the conclusion of injection
      overshoot of said ram will be avoided upon decompression of said charge.
NUM  7.
PAR  7. The system of claim 1 further comprising:
PA1  a third source of electrical signals associated with a deviation between
      desired and actual holding pressure applied to said ram intermediate
      injection and plasticization, and
PA1  means for connecting said third source of electrical signals to said
      servomotor intermediate injection and plasticization to control said
      movable means of said flow divider in a manner to apply a holding pressure
      to said ram piston correlated to the amount of fluid diverted to said
      fluid reservoir via said second valve outlet.
NUM  8.
PAR  8. The system of claim 1 wherein said first source of signals includes:
PA1  a source of electrical signals correlated to a predetermined desired
      substantially constant ram velocity,
PA1  a ram velocity transducer having an output correlated to actual ram
      velocity, and
PA1  a comparator responsive to said constant ram velocity signal source and
      said ram velocity transducer for developing a ram velocity error signal,
      said error signal being connectable to said servomotor during injection to
      control said movable means of said flow divider to advance said ram at
      said substantially constant velocity.
NUM  9.
PAR  9. In an injection molding machine having a ram screw which advances at a
      programmed velocity under an injection pressure to inject a plasticized
      charge of material into a mold cavity, and which simultaneously rotates
      and retracts under a predetermined back pressure to plasticize a charge, a
      control system comprising:
PA1  a piston connected to said ram screw and a cylinder in which said piston
      moves,
PA1  a hydraulic pressure source of variable output pressure connected to said
      cylinder to pressurize said piston and establish said injection and back
      pressures on said ram,
PA1  a first pressure transducer providing an output correlated to the pressure
      in said mold cavity,
PA1  a second pressure transducer providing an output correlated to the pressure
      in said cylinder, and
PA1  program means controlling said pressure source during injection and
      plasticization, said program means being responsive to said first pressure
      transducer output during injection to terminate advance of said ram at
      said programmed velocity under said ram injection pressure when said
      cavity pressure reaches a predetermined level, said program means being
      further responsive to said second pressure transducer output during
      plasticization for regulating the pressure from said variable pressure
      source at a level to establish said predetermined back pressure on said
      ram during plasticization, whereby said variable hydraulic pressure source
      for establishing said injection and back pressures during injection and
      plasticization is under joint control of both said cavity pressure
      transducer and said cylinder pressure transducer.
NUM  10.
PAR  10. The control system of claim 9 further comprising:
PA1  a transducer associated with said ram screw for providing a signal
      correlated to actual ram screw velocity,
PA1  a servovalve and a pump incorporated in said variable hydraulic pressure
      source, said servovalve having an inlet connected to said pump, a first
      outlet connected to said cylinder and a second outlet connected to a fluid
      reservoir, said servovalve being responsive to electrical signals for
      altering the sizes of said first and second outlets in inverse relation,
PA1  a first source of programmed electrical signals correlated to a programmed
      ram velocity during injection,
PA1  a second source of programmed electrical signals correlated to a programmed
      back pressure during plasticization,
PA1  said first and second programmed electrical signal sources being
      incorporated into said program means,
PA1  a first comparator incorporated into said program means responsive to said
      first signal source and ram screw velocity transducer for providing a
      velocity error signal to said servovalve to control the sizes of said
      valve outlets and the fluid flow to said cylinder via said first valve
      outlet and the pressure thereof for maintaining the ram screw velocity at
      the programmed ram screw velocity,
PA1  said comparator being ineffective to control ram velocity when said cavity
      pressure reaches said predetermined level as sensed by said first pressure
      transducer,
PA1  a second comparator incorporated into said program means and responsive to
      said second signal source and said second pressure transducer for
      providing a back pressure error signal to said servovalve to control the
      sizes of said first outlet and the pressure in said cylinder in accordance
      with the programmed back pressure.
NUM  11.
PAR  11. The control system of claim 10 wherein said program means further
      comprises:
PA1  a third source of electrical signals correlated to a predetermined holding
      pressure to be applied to said ram between injection and plasticization,
      and
PA1  a third comparator responsive to said third signal source and said second
      pressure transducer for providing a hold pressure error signal to said
      servovalve to control the sizes of said first and second outlets and hence
      the hold pressure in said cylinder in accordance with said predetermined
      holding pressure applied to said ram between injection and plasticization,
      said third comparator being effective to initiate control of said
      servovalve when said cavity pressure reaches said predetermined level as
      sensed by said first pressure transducer.
NUM  12.
PAR  12. In an injection machine having a ram screw which during injection
      advances under an injection pressure to inject a plasticized charge into a
      molding cavity and during plasticization simultaneously rotates and
      retracts against a back pressure to plasticize a charge, a control system
      comprising:
PA1  means to generate said injection pressure and apply it to said ram screw
      during injection to advance said ram screw and inject said charge,
PA1  means to generate said back pressure and apply it to said ram screw during
      plasticization,
PA1  means to rotate said ram screw during plasticization, and
PA1  control means controlling said back pressure generating means for varying
      the level of said back pressure during plasticization whereby the
      plasticized charge is given a predetermined temperature profile along its
      length in accordance with the manner in which said back pressure is varied
      during plasticization,
PA1  said means to generate said injection and back pressures including:
PA1  a single servovalve under control of electrical signals, said servovalve
      having an inlet connected to a source of pressurized fluid, a first outlet
      connected to said ram screw and a second outlet connected to a fluid
      reservoir, said outlets being inversely variable in size dependent on the
      magnitude of the electrical signal input to said servovalve during
      plasticization,
PA1  a programmed source of electrical back pressure signals correlated to the
      desired programmed back pressure,
PA1  a pressure transducer responsive to the actual injection and back pressures
      on said ram screw during injection and plasticization, respectively,
PA1  a first comparator responsive to said pressure transducer during
      plasticization and said programmed back pressure signal source for
      generating a back pressure error signal, said error signal being input to
      said servovalve during plasticization for controlling said ram screw back
      pressure,
PA1  a source of electrical signals correlated to said injection pressure, and
PA1  a second comparator responsive to said pressure transducer during injection
      and said injection pressure signal source for generating an injection
      pressure error signal, said injection pressure error signal being input to
      said servovalve during injection,
PA1  whereby the injection pressure and back pressure applied to said ram during
      injection and plasticization is achieved with a single servovalve under
      sequential control of injection pressure and back pressure error signals
      developed by comparing injection and back pressure signals correlated to
      desired injection and back pressure levels against ram screw pressure
      transducer signals correlated to actual injection and back pressure
      levels.
NUM  13.
PAR  13. In an injection machine having a ram screw which during injection
      advances under an injection pressure to inject a plasticized change into a
      molding cavity and during plasticization simultaneously rotates and
      retracts against a back pressure to plasticize a charge, a control system
      comprising:
PA1  means to generate said injection pressure and apply it to said ram screw
      during injection to advance said ram screw and inject said charge,
PA1  means to generate said back pressure and apply it to said ram screw during
      plasticization,
PA1  means to rotate said ram screw during plasticization, and
PA1  control means controlling said ram screw rotating means for varying the
      speed of said ram screw during plasticization whereby the plasticized
      charge is given a predetermined temperature profile along its length in
      accordance with the manner in which said ram screw speed is varied during
      plasticization,
PA1  said means to generate said injection and back pressures including:
PA1  a single servovalve under control of electrical signals,
PA1  a source of electrical back pressure signals correlated to the desired back
      pressure,
PA1  a source of electrical injection signals correlated to the desired
      injection pressure,
PA1  a pressure transducer responsive to the actual injection and back pressures
      on said ram screw during injection and plasticization, respectively,
PA1  comparison means responsive to said transducer signals and said signal
      source to generate injection and back pressure error signals correlated to
      the difference between said desired injection and back pressures and the
      actual injection and back pressures, said injection and back pressure
      error signals being sequentially input to said servovalve during injection
      and plasticization, respectively, to maintain said injection and back
      pressures on said ram screw at the desired levels,
PA1  whereby the injection pressure and back pressure applied to said ram during
      injection and plasticization is achieved with a single servovalve under
      sequential control of injection pressure and back pressure error signals
      developed by comparing injection and back pressure signals correlated to
      desired injection and back pressure levels against ram screw pressure
      transducer signals correlated to actual injection and back pressure
      levels.
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ABST
PAL  The present invention relates to an improvement in screw extrusion
      apparatus for handling resinous thermoplastic and similar materials, which
      has a portion of the length of the screw supplied with protuberances
      rising from the root of the screw and terminating in an outer surface
      spaced from the extruder bore giving intensive high shear treatment to the
      process material in the space therebetween with a dynamic volumetric
      treating capacity in this space greater than one and one half times the
      total throughput rate and between these protuberances passageways for
      separating and recombining of material to effect low shear high volume
      mixing.
BSUM
PAR  In past practice in the melting of a pellet or powder feed of a
      thermoplastic material one of the limitations of the process in a single
      screw extruder is the heat transfer rate across the interface which
      carries heat from the molten liquid to the unmelted particles. This heat
      transfer rate plays a dominating role in the process and limits the
      throughput rate obtainable of acceptable quality molten product. The
      material in molten phase on the one hand and that material in the solid
      particle phase on the other hand each maintain themselves in large streams
      or assemblages distinct from each other being adjacently positioned and
      having a common boundary or interface. The relative location of the
      particulate material and the molten or liquid material in an extruder
      screw has been widely disclosed in the literature including: "Polymer
      Engineering and Science", February 1974, Vol. 14, No. 2, pages 101 to 111;
      "SPE Journal", October 1972, Vol. 28, pages 56 to 63; Ibid. July 1972,
      Vol. 28, pages 36 to 40;  "International Plastics Engineering", July 1961,
      Vol. 1, No. 6, pages 289 to 296.
PAR  The past limitation of the heat transfer rate across the interface is
      overcome by the present invention. A conventional screw consisting of a
      normally deep feed section for accepting pellet or powder feed followed by
      a tapered transition section advances the process stream at the desired
      rate of material and achieves a desired ratio of molten material at the
      downstream end of the transition section. The ratio of molten material to
      the total rate may preferably be between 50 percent and 80 percent. The
      process stream then flows into the mixing section device which
      characterizes the present invention. While flowing through this device the
      material is subjected both to intensive dispersive mixing and
      non-intensive high volume distributive mixing. In this description the
      term dispersive mixing will refer to intensive treatment for the mixing
      together of non-uniform constituents such as powders into liquids in which
      case agglomerates of powder must be disintegrated so that each particle
      can be surrounded by liquid, and pellets of thermoplastic which have not
      yet melted and are desired to be melted and mixed into the molten phase.
      The term distributive mixing will refer to low intensity mixing of a
      stirring character. The device is provided with protuberances rising
      substantially radially from the screw root each protuberance terminating
      in an outer surface radially spaced from the inner surface of the
      surrounding bore to provide a spacing therebetween. The magnitude of the
      radial distance of this spacing will depend on the overall length of the
      device, the intensity of the treatment desired, and the throughput rate of
      the total system and will usually be greater than 0.001 times said inside
      diameter of the bore while being less than 0.02 times said inside
      diameter. Throughout a predetermined axial length the portion of the total
      area of the inside surface of said bore which is in radially spaced
      relationship with said outer surfaces will comprise less than 50 percent
      of said total area. Between the protuberances are passageways for movement
      of the process stream permitting it to flow in a downstream direction
      while simultaneously flowing through substantially circumferential
      passageways. The axial length of the protuberances between circumferential
      passageways is less than the inside diameter of the bore.
PAR  In the radial spacing between the outer surfaces of the protuberances and
      the inner surface of the bore material is subjected to high shear and
      small unmelted particles are subjected to a rapid rate of melting while
      cooler portions of melt absorb more energy because of their higher
      viscosity than do hotter portions of lower viscosity. In the adjacent deep
      channels between the protuberances the process stream is repeatedly
      divided and recombined thus greatly increasing the surface contact area
      between particles and melt thus increasing the quantity of total heat
      transfer. There is a continuing interchange of material between the deep
      channels and the high shear gaps thus giving a thorough dispersive and
      distributive treatment to the material. A sufficient length of the screw
      is devoted to this geometry and treatment method to complete or
      substantially complete the melting process. The continuing interchange of
      material between the deep channels and the high shear spacings occurs in a
      random mixing manner and some portions of material will be treated in the
      gaps more frequently than other portions. The total dynamic volumetric
      treatment capacity can have a value equal to several times the total
      throughput rate in processes where it is found desirable for satisfactory
      treatment. A satisfactory method of determining the total dynamic
      volumetric treatment capacity is through the use of a formula for
      calculating the volume of material entrained in these spacings. A
      satisfactory formula is as follows: The inside diameter of the bore times
      .pi. times the sum of the axial lengths of all protuberances as measured
      at their outer surfaces times the radial distance from the outer surface
      to the inside surface of the bore times RPM times 60 = cubic inches of
      volume generated in these spacings in one hour. This is converted to
      pounds per hour by dividing by 2 to allow for the rotational shear effect
      resulting from the fact that the process material touching the outer
      surfaces of the protuberances rotates with those surfaces while the
      material in the spacings between the outer surfaces and the bore is
      uniformly sheared resulting in only half the quantity being treated that
      would be indicated by the total volume, and divide by the cubic inches of
      volume per pound of the molten material being processed. The answer equals
      the pounds per hour which are treated in the high shear gaps and this
      represents the total dynamic volumetric treatment capacity of the device.
      The total dynamic volumetric capacity preferably will be greater than the
      total throughput rate in order to use the device to full advantage. The
      minimum ratio will preferably be 11/2 to 1. In the passageways between the
      protuberances the magnitude of the radial distance from the root of the
      screw to the inner surface of the bore will be greater than the spacing
      between the outer surfaces and said bore and said distance will preferably
      be a value greater than .05 times said bore diameter and less than .2
      times said bore diameter in order to give high volume low shear
      distributive mixing. In a downstream direction from this device the
      process material may flow to an outlet orifice if the then existing
      pressure level is adequate to discharge the material by viscous flow. If a
      higher pressure level is needed a rotating conveying and pressure
      generating screw section will be used prior to termination of the screw.
PAR  The melting of particles can be accelerated by sloping the outer surfaces
      of the protuberances relative to the inside surface of the bore such that
      the magnitude of the radial spacing at its leading or entering end as it
      rotates is greater than the magnitude of the radial spacing at its
      trailing end. This introduces an excess of material into the spacing thus
      generating an elevation in pressure and the forcing of a portion of the
      material out of the sides of the spacing under greater shear and mixing
      effect than would otherwise be obtained.
PAR  For dispersive mixing of pigments or other solid additives into a molten
      material, mixing of resin mixtures of differing viscosities; and other
      like processes the treatment is similar. A greater amount of treatment at
      high shear mixing including highly intensive treatment and greater
      duration of treatment and low shear high volume mixing is usually required
      in order to continue the dispersive mixing and distributive mixing for an
      appreciable period of time after melting has been completed. The last
      agglomerate of filler or pigment and the last melted pellet of plastic
      cannot be intermixed with the main body of the molten process stream until
      melting has been completed. Some pigment and filler agglomerates are
      readily disintegrated and mixed into the melt whereas other powder
      agglomerates are difficult to disintegrate and treatment must continue for
      a prolonged time after completion of melting. For this latter purpose the
      magnitude of the radial distance of the spacing will be small and
      correspondingly the axial length of the device will be extended in order
      to maintain a total dynamic volumetric treatment capacity which may equal
      several times the throughput rate.
PAR  The device of this invention can be housed in a cylindrical bore hollow
      barrel in such a manner as to receive at the feed inlet a material which
      has been previously treated to produce a molten stream or a partially
      molten stream which stream is subjected to the further treatment of this
      device during passage therethrough and material is discharged.
DRWD
PAR  These and other features of the invention may be further understood by
      reference to the drawings in which:
PAR  FIG. 1 illustrates an extruder screw according to the invention rotatable
      within a stationary cylindrical barrel (not shown) with close running
      clearance with a FEED inlet at one end and an OUTLET orifice at the other
      end. The portion marked "C" includes the device which characterizes the
      invention;
PAR  FIG. 2 illustrates one embodiment of the invention wherein the
      protuberances are generated by supplying substantially circumferential
      slots through four helical flights;
PAR  FIG. 3 illustrates a section on line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged view of a portion of FIG. 3, and illustrates another
      embodiment of the geometry of the outer surface of the protuberance;
PAR  FIG. 5 is a similar enlarged view of a similar portion of FIG. 3 and
      illustrates a further embodiment;
PAR  FIG. 6 is a similar enlarged view of a portion of FIG. 3 and illustrates a
      further embodiment.
DETD
PAR  Referring to FIG. 1 the particles of the process material entering at FEED
      enter the channel 10 of the screw 11 which rotates to advance the material
      along the screw toward the OUTLET. Frictional heat generated by the
      working of the material by the rotating screw and temperature control of
      the surrounding barrel (not shown) initiate melting of the material which
      melting progresses in a downstream direction simultaneously generating a
      continually rising pressure level in such a manner that as the material is
      conveyed in the direction of the OUTLET a continuing portion of the
      process material is converted from particles to liquid and thus a
      constantly greater portion of the total process material becomes liquid as
      the material moves along the deep initial portion of the screw F to the
      beginning 12 of the transition section T of the screw wherein the radial
      depth 13 of the channel 14 decrease in a downstream direction to a minimum
      depth at the downstream end 15 of the transition section T at which point
      the molten or liquid phase of the process material may preferably have
      attained a proportion of 50 percent to 80 percent of the total throughput
      rate. While flowing through the transition section T the solid particles
      are congregated in pockets or assemblages which are distinct from the
      molten portion with the molten portion lying generally along the rear
      portion 16 of the channel 14 and additionally coating the inner surface of
      the barrel (not shown) with a film generated in the running clearance
      between the outer surface 18 of the helical rib and the inside surface 23
      of the bore. The solid particles are simultaneously being conveyed along
      the same channel 14 lying generally along the front portion 17 of the
      channel. As the material flows through the entrance end 15 into the device
      which characterizes this invention which occupies a portion C, of the
      screw which is illustrated in FIG. 2, the there existing high pressure
      level forces the process material into each of the channels 19 through
      which channels the material flows toward the OUTLET. Protuberances 26 rise
      from the screw root 34 as illustrated in FIG. 3. The protuberances are so
      arranged that not only channels 19 but also passageways in the form of
      slots 20 are provided for flow of material. In the embodiment illustrated
      the shape and arrangement of the protuberances 26 is such as to form an
      interrupted helix. This arrangement of an interrupted helix provides a
      conveying of the material in a downstream direction while also generating
      a rise in the pressure level within the material stream. As the screw
      rotates the drag effect of the inner surface of the stationary barrel
      resists rotation of the molten material which is in contact with it and
      thus induces a flow through the slotted passageways 20 in a direction
      counter to the direction of rotation of the screw. It should be clear that
      this counter rotation of the material is a counter rotation relative to
      the rotation of the screw while relative to the stationary barrel said
      material is rotating in the same direction as the screw but at a lesser
      velocity. Thus a portion of the material flows through the slotted
      passageways 20 while the remaining portion continues to flow along the
      channels 19 creating a process of separation and recombining which results
      in a low shear high volume mixing. Simultaneously, material is being
      treated in the spacing 21 between the outer surface 22 of protuberance 26
      and the inner surface 23 of the bore of the stationary barrel (not shown)
      which intensive treatment rapidly melts the small remnants of pellets and
      said intensively treated material intermixes with the material in the
      channels 19 while concurrently a new increment of material is introduced
      from the channels 19 into the spacings 21 which process of intensive high
      shear mixing adjacent to low shear high volume mixing and interchange
      therebetween continues until a liquid phase of uniform homogenous quality
      is produced suitable for discharge at the OUTLET.
PAR  In FIG. 3 the outer surface 22 of protuberance 26 is so arranged as to have
      a larger radial clearance opening 24 at the leading end as the screw
      rotates and a smaller radial clearance opening 25 at the trailing end. The
      entrained pellets enter at entering opening 24 and those particles that
      are too large to pass through the smaller opening 25 are held between the
      outer surface 22 and the inner surface 23 of the bore which surfaces are
      moving relative to each other resulting in an intensive treatment being
      given to the particle surface that is moved over the surface 23 of the
      bore in the direction of rotation of the screw resulting in rapid heat
      absorption and decrease in pellet size till it is small enough to escape
      through the trailing opening 25. Additionally small entrained particles
      have their surfaces subjected to the intensive shear forces generated in
      the liquid phase due to the relative motion between the outer surface 22
      and the inner surface 23 of the bore.
PAR  In FIG. 4 is illustrated another embodiment wherein for convenience of
      manufacture a straight surface 27 is provided for the outer surface of the
      protuberance 26. In FIG. 5 is illustrated another embodiment wherein a
      step change can be beneficial in the processing of hard particulate
      materials such as nylon and polyethyleneterephthalate. Particles that are
      small enough to enter at the entering radial clearance opening 29 but are
      too large to pass through the trailing radial clearance opening 30 are
      caught at the step 28 until their size is sufficiently reduced to pass
      through the trailing radial clearance opening 30. In FIG. 6 is illustrated
      another embodiment wherein the outer surface 35 is concentric with the
      inner surface 23 thus leaving a spacing 36 which is uniform in radial
      distance in its various parts.
PAR  The bottom radii 37, 38 can be made large in order to provide an inclined
      plane effect to promote the introduction of the material into the spacing
      and to minimize stagnation in the channels at the radii.
PAR  The following example is intended to illustrate and not to restrict the
      invention. A six inch extruder has an inside bore diameter of the barrel
      of six inches and a length of 150 inches with a feed inlet at one end an
      outlet at the other end and fitted with a rotatably mounted screw within
      the barrel. The first portion or feed section F is equipped with a helical
      rib having a lead of six inches, a flight width of 10 percent of the lead
      and a depth of 0.700 inches from the outside diameter of the cylindrical
      form developed by the rotating helical flights with a radial running
      clearance between the outer surface of the ribs and inside of the bore of
      0.006 inches and an axial length for this portion of the screw of 48
      inches. The feed material enters through the FEED inlet and fills the
      screw channel to be conveyed within the channel and pressure is generated
      on the material while melting progresses as a result of heat generated due
      to frictional processes as well as heat transfer with the surface of the
      inside of the bore which may be temperature controlled on its outer
      surface by means known to those skilled in the art. As the conveying
      continues the material enters the transition section T of the screw which
      has a progressively decreasing radial depth of channel in the direction of
      flow with the depth decreasing from 0.700 inches to 0.500 inches from the
      outside diameter of the helices of this portion T of the screw while
      maintaining a continuation of the helical rib formation of the feed
      section F. The length of this portion T of the screw is 30 inches. The
      material leaves the transition section T flowing toward the outlet and
      entering a screw section C generally according to FIG. 2. In this
      embodiment the protuberances are so arranged as to follow a helix angle of
      45.degree. with four rows equally spaced in sequence when viewed
      transversely as illustrated in FIG. 3 or axially as illustrated in FIG. 2.
      As a result of the helical configuration of the sides 32, 33 of the
      protuberances a conveying and axial transporting affect is produced on the
      material. The protuberances have an outer surface width of 0.875 inches in
      a circumferential direction as viewed in FIG. 3. The slots 20 have an
      axial length of 0.500 inches and the protuberances have a length of one
      inch when measured parallel to the axis. This arrangement is shown both
      for suitability of performance and for ease of manufacture as the main
      channels 19 can be machined leaving helical ribs after which slots 20 can
      be cut on a machine tool set for a lead of 1.500 inches thus arriving at
      the geometry illustrated in FIG. 2. The radial clearance opening 25 at the
      trailing end of the outer surface is 0.020 inches while at the leading end
      the opening 24 is 0.060 inches. The depth of the four channels 19 is 0.500
      inches from the outer surface at its trailing end. The radial depth of the
      slotted passageways 20 is 0.0625 inches from the trailing end of the outer
      surface where the slotted passageways first appear 20a at the upstream end
      15 of the device and uniformly progressively deepen until their depth is
      equal to the height of the protuberances at the midpoint of the length of
      this portion C and continue at full depth 20b for the remaining length.
      The length of this portion C of the screw is 48 inches. The final portion
      M of the screw is equipped with a helical rib configuration of the same
      lead, width and rotating radial clearance as the feed section F and
      transition section T but with a depth of 0.290 inches from the outer
      surface of the ribs. The length of this portion of the screw is 24 inches.
      The helical rib formation in all portions of the screw is of the same
      hand.
PAR  An extruder of this arrangement can be operated with the surrounded
      stationary barrel (not shown) at an outer surface temperature of
      360.degree. Fahrenheit throughout the length of the feed section F, a
      barrel temperature of 380.degree.F. throughout the transition section T,
      and a barrel temperature of 400.degree.F throughout the remainder of the
      barrel length, the screw rotating at 100 RPM, and feeding into the feed
      inlet a commercially available low density polyethylene pellet material of
      2.0 Melt Index having a bulk density of 30 to 35 pounds per cubic foot,
      and pellets approximately 1/8 inch size, with pellets at a temperature
      between 70.degree.F. and 100.degree.F. A suitable throughput capacity for
      material treatment is 2400 pounds per hour which is more than 20% higher
      than the melting capacity obtainable with past practices of the art. The
      dynamic volumetric treatment capacity in this cited example is 3.35 times
      the total throughput rate.
PAR  Modifications in the geometry and performance of the device can be made
      without departing from the nature of the invention. The size, shape,
      arrangement pattern, relative position, spacing, and height of the
      protuberances are made according to the requirements of the treatment
      desired. The radial clearance of the spacing 21 can be greater at the
      upstream end 15 of the device where more and larger particles are present
      and smaller toward the downstream end 31 where fewer and smaller particles
      are present. This change in radial clearance can be gradual or in steps.
      The device can be used in two or more portions axially separated from each
      other; for example, by a conveying and pressure generating screw of the
      type illustrated in FIG. 1 at M. The protuberances can be arranged
      generally in the form of an interrupted helix as illustrated in FIG. 2 but
      having the hand of the helix opposite to that of the other portions of the
      screw.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An extrusion device comprising
PA1  a screw extrusion member for the movement of materials within a housing
      directly from a transitional section through a compounding section;
PA1  said transitional section having at least one channel which is reduced in
      depth in the direction of movement of said materials;
PA1  and said compounding section including means for simultaneously subjecting
      at least the major portion of the materials from said transitional section
      to high shear forces and high volume separational and combinational
      mixing; said compounding section comprising a plurality of discrete
      protuberances on the screw root of said member, each separated from an
      adjoining protuberance by an intervening passageway and having an outer
      surface forming a spacing with said housing greater than 0.001 and less
      than 0.02 times the maximum inside diameter of said housing.
NUM  2.
PAR  2. An extrusion device comprising
PA1  a screw extrusion member for the movement of materials within a housing
      from a compounding section directly into a metering section;
PA1  said compounding section including at least one channel for the movement of
      said material and means for simultaneously subjecting at least the major
      portion of said materials to high shear forces and high volume mixing;
PA1  said metering section including at least one channel of lesser depth than
      any channel of said compounding section for the movement of said
      materials; said compounding section comprising a plurality of discrete
      protuberances on the screw root of said member, each separated from an
      adjoining protuberance by an intervening passageway and having an outer
      surface forming a spacing with said housing greater than 0.001 and less
      than 0.02 times the maximum inside diameter of said housing.
NUM  3.
PAR  3. An extrusion device comprising
PA1  an extrusion member for the movement of materials within a housing;
PA1  said extrusion member including a plurality of discrete surfaces, each
      forming a spacing with said housing; and
PA1  said extrusion member includes a plurality of discrete passageways, each
      separated from an adjoining passageway by an intervening protuberance,
      with the depths of the passageways increasing progressively along the
      length of said member in the direction of movement of said materials;
PA1  thereby to subject said materials to high volume mixing.
NUM  4.
PAR  4. An extrusion device in accordance with claim 3 wherein each spacing
      between said surfaces and said housing is wider at its leading edge than
      at its trailing edge in the direction of rotation of said member.
NUM  5.
PAR  5. An extrusion device in accordance with claim 1 wherein each spacing
      between said surface and said housing is wider at its leading edge than at
      its trailing edge in the direction of rotation of said member.
NUM  6.
PAR  6. An extrusion device in accordance with claim 2 wherein each spacing
      between said surface and said housing is wider at its leading edge than at
      its trailing edge in the direction of rotation of said member.
NUM  7.
PAR  7. An extrusion device in accordance with claim 4 wherein said passageways
      increase to a full depth equal to the maximum height of the protuberances
      and further including a plurality of passageways having said full depth.
NUM  8.
PAR  8. An extrusion device in accordance with claim 4 wherein each of said
      surfaces includes a step in the face thereof.
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ABST
PAL  A rotary drum pelletizer has multiple internal cone frustum baffles. The
      cone frustum baffles are interconnected serially to constitute a removable
      liner replaceably received within the drum and interchangeable with one or
      another of a series of such liners, each having different cone frustum
      baffle configurations. Means are provided to releasably fasten said liners
      to said drum. By interchanging one liner for another, the pelletizer drum
      can be adapted to process particulate material of widely varying
      characteristics to achieve desired pellet sizes, shapes and consistency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore pelletizing drums have been provided with cone frustum baffles
      of a specific configuration. Each drum is designed for processing a
      specific particulate material and for producing pellets having a specific
      configuration and consistency. Different drums must be provided for
      processing substantially different particulate material or when a
      substantially different pellet configuration and consistency is desired.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the same basic drum structure is
      used, regardless of the type of particulate material involved and the
      desired pellet configuration and consistency. Different treatment
      capability in the same drum structure is provided by utilizing a series of
      interchangeable liners, each having its own specific cone frustum baffle
      configuration for the precise and accurate processing of specifically
      different particulate material and for producing pellets of the size,
      consistency and configuration which is desired.
PAR  These liners are interchangeably received within the same drum, thus
      greatly reducing the cost of providing for a full and varied treatment of
      a wide range of particulate materials. The replaceable liners simply slide
      into the drum and are releasably fastened thereto. In preferred
      embodiments, the drum and liners are provided with complementary flanges
      which can be coupled together by bolts or other releasable fastening
      means.
PAR  Other objects, advantages and features of the invention will appear from
      the disclosure hereof.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of a pelletizer embodying the present invention,
      portions thereof being broken away to expose details in cross section.
PAR  FIG. 2 is an end view of the pelletizer of FIG. 1.
PAR  FIG. 3 is a side view, partly in vertical cross section, showing the drum
      of the pelletizer of FIG. 1 in which a liner having a cone frustum baffle
      configuration different from the one shown in FIG. 1 is incorporated.
PAR  FIG. 4 is a view similar to FIG. 3 showing the liner having a different
      cone frustum baffle configuration.
PAR  FIG. 5 is a fragmentary perspective view illustrating a pelletizer of the
      present invention in which pellets have been formed from particulate
      material.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Although the disclosure hereof is detailed and exact to enable those
      skilled in the art to practice the invention, the physical embodiments
      herein disclosed merely exemplify the invention which may be embodied in
      other specific structure. The scope of the invention is defined in the
      claims appended hereto.
PAR  The rotary drum pelletizer is basically conventional, the invention hereof
      residing in series of interchangeable liners adapted to be received within
      the drum. A frame 9 provides general support for the pelletizer. Drum 10
      is provided at one end with a supporting and driving shaft 11 which is
      journaled for rotation in a bearing block 12 mounted on subframe 13. Near
      its other end the drum 10 is provided with an external track ring 14 to
      receive the support and guide wheels 15 mounted on the frame 9.
PAR  Shaft 11 is extended beyond the bearing block 12 and is provided with a
      drive pulley 16 for a drive belt 17 from the pulley 18 on the output shaft
      19 of gear box 20 of drive motor 23.
PAR  The axis of the drum 10 is typically tilted slightly as indicated in FIGS.
      3 and 4. Thus the discharge end of drum 10 is typically at a slightly
      higher level than its receiving end. Mechanism not illustrated herein can
      be utilized to adjust the tilt angle, if desired.
PAR  The discharge end of the drum 10 is provided with a conical flange 24 and
      this flange mates with a complementary conical flange 25 on any one of a
      series of drum liners such as liners 26, 27, 28 which are illustrated
      respectively in FIGS. 1, 3 and 4. The drum liners 26, 27, 28 are merely,
      examples of a great variety of different drum liners which are
      interchangeably received within the drum 10 and are releasably fastened
      thereto by couplings such as the bolts 29 received through corresponding
      holes 32 formed in the respective flanges 24, 25. In the illustrated
      embodiments, flanges 24, 25 are at a 45.degree. angle to the drum axis,
      although this is not critical. Flange 25 on the liners also comprises a
      pellet discharge flange at the discharge end of the drum 10.
PAR  Each liner 26, 27, 28 and others not illustrated, are made up of serially
      interconnected cone frustum baffles which will have various and diverse
      configurations, slope angles, length, height, etc., depending upon the
      type of particulate material to be processed therein and the
      configuration, structure, consistency, etc., of the pellets to be formed
      therefrom.
PAR  Because of the broad adaptability of the pelletizer of the present
      invention to handle a wide variety of particulate materials, comprehensive
      enumeration thereof is not possible. However, typical examples include fly
      ash, blast furnace dust, paper fiber and fillers, asbestos and cement
      dust, waste treatment sludge, plastic dust, fermentation residue, foundry
      and core sands, animal litter, feed grains, etc.
PAR  The drum liner 26 of FIG. 1 has three cone frustums 33, 34, 35 of unequal
      length and all pitched downwardly toward the discharge end of the drum.
PAR  The drum liner 27 of FIG. 3 has a relatively short cone frustum 36 near the
      exit end of the drum 10 which is pitched in one direction and a much
      longer cone frustum 37 which is pitched oppositely to cone frustum 36.
PAR  Liner 28 of FIG. 4 hhas three cone frustum baffles 38, 39, 40, each one
      progressively longer and of less pitch from the outlet end of the drum
      near the left of FIG. 4 to the inlet end near the right of FIG. 4. These
      cone frustums are pitched oppositely to those shown in FIG. 1.
PAR  The three liners 26, 27, 28 are merely illustrative of a wide variety of
      differently configured liners, each designed for the specific treatment of
      a specific particulate material and to produce pellets of a specific size,
      consistency and configuration.
PAR  The drum pelletizer has an inlet duct 43 with an optional inlet spout 44
      which deposits particulate material near the closed or receiving end of
      the drum. As illustrated in FIGS. 1 and 3, the inlet pipe 43 may be
      provided internally with a screw conveyor 45.
PAR  A liquid binder such as water or special liquid chemical additive is
      typically sprayed into the interior of the drum, along with the
      particulate material. The specific type of spray nozzle and its location
      within the drum will vary, depending on circumstances. For purposes of
      illustration, spray nozzle 41 supplied with liquid from pipe 42 is shown
      in FIG. 3.
PAR  As the drum is rotated by motor 23, the liner will also rotate and the
      rolling and cascading action of the particulate material as it is wetted
      with liquid from nozzle 41 will roll the material into pellets 46, as
      illustrated in FIG. 5.
PAR  The pellets are discharged out of the open end of the drum and over the
      discharge flange 25 of the liner and are collected on a conventional
      discharge conveyor, receiving pan or the like (not shown).
PAR  The liners are supported at their discharge ends by the couplings 29. The
      cone frustums within the liner will typically have ring portions of the
      same diameter as the inside wall of the drum 10, such as is illustrated at
      47, 48, 49 in FIG. 4. These ring portions bear against the inner surface
      of the wall of the drum 10, thus to firmly support the liner on the drum
      throughout its length. Liner 27 of FIG. 3 only has one such ring portion
      51. Accordingly, this liner has at its closed end a support ring 52 which
      abuts against the inner surface of the drum 10 to support the rear end of
      the liner 27.
CLMS
STM  I claim:
NUM  1.
PAR  1. Pelletizing apparatus comprising a rotary drum, a series of liners each
      of which removably fits into said drum, each of said liners having a
      different configuration of internal multiple cone frustum baffles, each
      such configuration adapted to provide a different treatment capability for
      particulate material processed through the drum, interconnecting means
      respectively on the drum and liners for releasably fastening said liners
      to the drum, each of said liners having at least one ring portion
      longitudinally spaced from said interconnecting means and which bears
      against the inner surface of the wall of the drum to support its liner in
      the drum, and means for feeding particulate material to one end of the
      drum and for discharging pellitized material from the other end of the
      drum.
NUM  2.
PAR  2. The improvement of claim 1 in which said interconnecting means comprises
      complementary flanges on said drum and liners and couplings between said
      flanges.
NUM  3.
PAR  3. The improvement of claim 2 in which said flange on each said liner
      comprises a pellet discharge flange at the discharge end of the drum.
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ABST
PAL  Briefly the invention comprises a rotary sprayer useful for cleaning
      circular dies. The rotary sprayer comprises a pair of rotary unions each
      including a base portion, a cylinder portion upraised therefrom and a
      hollow rotor portion rotatingly mounted in said cylinder portion thereof,
      said unions being positioned with their bases in opposed adjacent
      relation. A pair of hollow spray arms, the hollow portions of which each
      communicate with the hollow portion of one of said rotors, each of said
      spray arms ending in a nozzle also form a part of the invention. A pair of
      passages, one through the cylinder portion of each of said unions, said
      passages each communicating with the hollow portion of the respective
      rotor form another part of the rotary sprayer of the invention. Also part
      of the invention are means for supplying a pressurized gas to each of said
      passages or a pressurized liquid to each of said passages and means for
      preventing simultaneous supply of air and liquid to each of said passages.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is concerned with a sprayer and more particularly a rotary
      sprayer useful for cleaning circular dies.
PAR  2. Prior Art
PAR  Rotary sprayers as such are well known for a number of uses such as
      watering lawns and the like. Sprayers for cleaning dies have, in general,
      however not been of the rotary types; instead the sprayers normally used
      for cleaning dies have been fixed position sprayers wherein a desired
      liquid is sprayed onto a number of fixed positions on the die and the
      liquid sprayed onto the die by the fixed position sprayer is blown off
      using an air blast or the like.
PAR  The present invention is concerned with a rotary sprayer which is useful
      for cleaning circular dies and which exhibits a number of advantages over
      the prior art non-rotary sprayers. The rotary sprayer of the present
      invention, for example, sprays the entire surface of the die rather than
      only fixed positions thereon whereby uniform cleaning lubricant
      distribution is obtained which leads to better cleaning and which prevents
      spot cooling of the mold which can lead to uneven curing within the mold.
      Also, with the rotary sprayer of the present invention less cleaning
      lubricant is used than in the prior art fixed sprayers since with said
      rotary sprayer, as will become apparent in following, it is not necessary
      to spray a cleaning lubricant onto the mold face each time the mold is
      opened. Further, the rotary sprayer of the present invention is adjustable
      for use with different sized circular molds by simply varying the size of
      the rotary arms thereof.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the invention comprises a rotary sprayer useful for cleaning
      circular dies. The rotary sprayer of the present invention comprises a
      pair of rotary unions each including a base portion, a cylinder portion
      upraised therefrom and a generally cylindrical rotor portion including a
      fluid pathway therethrough rotatingly mounted in said cylinder portion
      thereof, said unions being positioned with their bases in opposed adjacent
      relation. A pair of pipes (hollow spray arms) form a part of the rotary
      sprayer. The pipes spray arms each communicate with the fluid pathway of
      one of the rotors. Each of the spray arms ends in a nozzle adapted to be
      aimed at the face of the circular die. A pair of passages are provided,
      one through each of the unions, the passages each communicating with the
      fluid pathway of the respective rotor. Means are provided for supplying a
      pressurized gas, usually air, to each of the passages. Means are also
      provided for supplying a pressurized liquid to each of the passages.
      Additionally, means are provided for preventing simultaneous supply of gas
      and liquid to each of the passages.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood by reference to the drawings
      wherein like numbers denote like parts throughout and wherein:
PAR  FIG. 1 schematically illustrates a preferred embodiment of the invention.
PAR  FIG. 2 illustrates in perspective one of the rotary unions of the
      invention, which union has rotatingly mounted thereto a hollow spray arm.
PAR  FIG. 3 illustrates in a partially cut away view one of the rotary unions of
      the invention.
PAR  FIG. 4 schematically illustrates the pumping, valving and control means for
      alternately supplying a pressurized liquid and a pressurized gas flowing
      through the nozzles of the spray arms.
PAR  FIG. 5 schematically illustrates means for moving the embodiment of FIG. 1
      in and out between the pair of opening and closing circular dies.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The rotary sprayer of the present invention is illustrated in FIG. 1 and
      referred to generally by the numeral 10. The rotary sprayer is located,
      when in spraying position, between a pair of die faces 12A and 12B of the
      respective circular dies 14A and 14B. Opening and closing of the dies 14A
      and 14B is provided by a conventional ram press 15 illustrated in phantom.
      Means illustrated in FIGS. 1 and 5, and denoted generally by the numeral
      16 are provided for moving the rotary sprayer 10 in and out between the
      die faces 12A and 12B as the die faces alternately open and close.
PAR  The rotary sprayer 10 includes a pair of symmetrically placed commercially
      available rotary unions 18A and 18B. As illustrated in FIG. 3, each union
      includes a base portion 20 with a cylinder portion upraised therefrom and
      a coaxially hollow generally cylindrical rotor 24, rotatingly mounted in
      said cylinder portion as by the ball bearing 26, the outer race 27 of
      which is supported by the cylinder portion 22 of the unions 18A and 18B
      and the inner race 29 of which supports the hollow rotor 24. As will be
      most apparent from FIG. 1, the unions are positioned with their bases 20
      in opposed adjacent relation for spraying the opposing faces 12A and 12B
      of the dies 14A and 14B.
PAR  Detachably attachable to the hollow rotor 24 of each of the unions 18A and
      18B are a pair of hollow spray arms or pipes 28. FIG. 2 illustrates the
      connection of a pipe 28 to a hollow rotor 24 with the center or hollow
      portion of the pipe being connected to the hollow portion of the rotor 24,
      via a T-fitting 30 and an appropriate nipple 32. In the particular
      preferred embodiment as illustrated, the pipe 28 includes the two arms 36
      and each of said arms end in a nozzle 38 which is angled so as to direct a
      flow of gas or liquid therethrough and onto a respective die face 12A or
      12B. Pressurized flow of gas or liquid through the hollow rotor 24 and
      hence through the pipe 28 and the nozzles 38, imparts a rotating motion to
      the pipe 28 in the usual and well understood manner. It is clear, in
      particular from FIG. 2, that the lengths of the arms 36 can be varied so
      as to make the rotor adaptable for different sized circular die faces.
      Similarly, the particular angles at which the nozzles 38 are aimed can be
      varied as by adjusting the angles of the bent fittings 40 and/or 42. The
      passage 44 in the cylinder portion 22 of the unions 18A and 18B, as is
      most clear from FIG. 3, communicate with the hollow portion 45 of the
      rotor 24.
PAR  Referring now to FIG. 1, means 46 are provided for supplying a pressurized
      gas to the passage 44 of each of the unions 18A and 18B, generally
      pressurized air from a pump such as a typical plant air supply pump (not
      illustrated) connected via a solenoid operated valve 48 and pipes 50, 50A
      and 50B to the respective passage 44 of the unions 18A and 18B. A pressure
      regulator valve 51 is provided between the plant air supply pump and the
      solenoid operated valve 48. A pair of check valves 52A and 52B are
      provided in the pipes 50A and 50B leading from a gas input manifold 53
      downstream flow-wise from the solenoid operated valve 48 to the pipes 50A
      and 50B to prevent the pumping of liquid into the solenoid operated valve
      48 and into the plant air supply.
PAR  Also shown in FIG. 1 are means 54 which are provided for supplying a
      pressurized liquid to each of the passages 44 in the respective unions 18A
      and 18B. The pressurized liquid suppplying means comprise a liquid pump
      55, for example, a commercially available airless piston pump, which is
      normally used to pump a liquid mold release agent, such as for example
      zinc sterate, silicon, tetrafluoroethylene, emulsified polyethylene, or a
      fluorotelemer dispersion such as a product sold under the trademark Vydax
      WD by E. I. Dupont de Nemours & Co. into the passages 44 and thence onto
      the die faces 12A and 12B. The operation of the pump 55 is controlled by a
      solenoid valve 56. Liquid leaving the solenoid valve 56 travels via
      metering (needle) valve 57, check valve 58, liquid manifold 59 and lines
      60A and 60B to the passages 44 of the respective unions 18A and 18B.
PAR  A pair of gas-liquid interchange manifolds 61A and 61B accept the flow from
      one or the other of the lines 50A and 60A and 50B and 60B, respectively. A
      pair of lines 62A and 62B connect the interchange manifolds 61A and 61B to
      the passages 44 of the rotary unions 18A and 18B.
PAR  Means are provided as illustrated in FIG. 4 namely the control means 63,
      for preventing simultaneous supply of gas and liquid from the solenoid
      valves 48 and 56 respectively while providing supply of one of gas and
      liquid from one of said solenoid valves when the die faces 12A and 12B are
      apart. The particular preferred control means illustrated includes means
      for operating the solenoid valves 48 and 56 and is adjusted so that the
      valves 48 and 56 are not opened at the same time. More particularly, the
      control means 63 includes a rotary disc timer 64 (or for example, a solid
      state timer sold under the trademark Accuflex by Eagle Signal Industrial
      Controls Division of Gulf & Western Manufacturing Company, Davenport,
      Iowa), for keeping track of the number of times that the dies 14A and 14B
      come apart. The timer 64 is coupled to the opening and closing of the dies
      14A and 14B and advances one position for each cycle of the dies 14A and
      14B. The solenoid valves 48 and 56 are opened and closed as determined by
      the rotational position of the timer 64 in a desired sequence. For
      example, the solenoid valve 48 may be opened for 20 or 30 openings of the
      dies 14A and 14B while the solenoid valve 56 is closed and then the
      solenoid valve 48 will be closed and the solenoid valve 56 will be opened
      for one cycle of opening of the dies 14A and 14B. Activation of the
      solenoid valve 56 (which is a normally closed valve) occurs via shorting
      of a pair of contacts 65 and 66 to one another via the rotary disc timer
      64 whereby power is supplied by a DC power supply 67. Similarly,
      activation of the solenoid valve 48 (which is also a normally closed
      valve) occurs via shorting of a pair of contacts 68 and 69 to one another,
      again via the timer 64, whereby power is supplied by a DC power supply 70.
      In this manner, the amount of liquid release agent used is minimized and
      yet effective cleaning of the die faces 12A and 12B results.
PAR  FIGS. 1 and 5 illustrate in detail the means 16 for synchronous moving of
      the rotary sprayer 10 in and out between the dies 14A and 14B as said dies
      14A and 14B alternately open and close. Gas pressure, generally
      pressurized air from a typical plant air supply pump (not illustrated) is
      supplied via a line 71 to a pressure regulator 72, thence to a
      two-position four-way solenoid valve 73. The direction of gas flow from
      the solenoid valve 73 is controlled by the rotational position of a rotary
      switch 74, said switch 74 rotating in synchronization with the rotation of
      the rotary disc timer 64 and generally being mounted on a common shaft
      therewith. When the rotary switch 74 is in one position, e.g., the
      position illustrated in FIG. 5, flow of gas proceeds through the line 75
      and metering-check valve 76 therein to a chamber 77 whereby pressure is
      exerted against a forward side 78 of a reciprocating piston 79 within a
      pneumatic cylinder 80. Meanwhile, pressure in a chamber 81 is leaked
      therefrom via conduit 82 and metering-check valve 83, the rate of leakage
      and hence the rate of retraction of the piston 79 being determined by the
      metering setting of the metering-check valve 83. Gas exiting the
      metering-check valve 83 then proceeds via conduit 82 to solenoid valve 73
      and therethrough to the atmosphere. When the switch 74 rotates to its next
      position, one of a plurality of fingers 84 thereon pushes a switch 85
      against a spring 86 thus activating the solenoid valve 73 to connect the
      output of the pressure regulator 72 go the conduit 82, through the
      metering-check valve 83 in conduit 82 to chamber 81. Pressurized gas thus
      exerts a force upon a back side 87 of the piston 79. Meanwhile, the line
      75 is connected via the solenoid valve 73 to the atmosphere. Gas leakage
      then proceeds from the chamber 77 via the line 75 and through the
      metering-check valve 76 which controls the rate of leakage and hence the
      rate of extension of the piston 79, and through the solenoid valve 73 to
      the atmosphere. As the rotary switch 74 rotates in synchronization with
      the opening and closing of the dies 14A and 14B the above described
      reciprocating-extending cycle repeats. A DC power supply 88 provides power
      for activation of the solenoid valve 73 when the switch 85 touches a
      contact 89. When the switch 85 touches a contact 90 (when the piston 79 is
      retracted as illustrated in FIG. 5) the DC power supply 88 provides power
      to a press control 91 for controlling the operation of the ram press 15
      and thereby closing the dies 14A and 14B. Thus, the dies 14A and 14B are
      closed when the piston 79 is retracted and are opened when power to the
      press control 91 is interrupted as the solenoid valve 73 is shifted
      rightwardly (in FIG. 5) to extend the piston 79. The rotary sprayer 10 is
      carried by an extension 92 of the piston 79 and thus proceeds in and out
      between the dies 14A and 14B as they open and close.
PAR  The piston 79 is constrained to move linearly by the guide 93 which extends
      from the front end thereof as shown in FIG. 1 and slidingly fits within
      the frame 94 upon the support rollers 95.
PAR  As will be noted, when the rotary sprayer 10 is in position between the die
      faces 12A and 12B, the nozzles 38 are in position to spray air or liquid
      onto the die faces 12A and 12B and thereby to clean these die faces.
PAR  While the invention has been described in connection with specific
      embodiments thereof, it will be understood that it is capable of further
      modification, and this application is intended to cover any variations,
      uses or adaptations of the invention following, in general, the principles
      of the invention and including such departures from the present disclosure
      as come within known or customary practice in the art to which the
      invention pertains and as may be applied to the essential features
      hereinbefore set forth, and as fall within the scope of the invention and
      the limits of the appended claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A molding apparatus with means for cleaning the dies thereof,
      comprising:
PA1  a pair of rotary unions each including a base portion, a portion upraised
      from said base portion, and a rotor rotatably mounted in said upraised
      portion and including a fluid pathway therethrough, said unions being
      positioned with their bases in opposed adjacent relation;
PA1  a pair of pipes each of which communicate with the fluid pathway of one of
      said rotors, each of said pipes ending in a nozzle;
PA1  a pair of passages, one through each of said unions, said passages each
      communicating with the fluid pathway of the respective rotor;
PA1  means for moving said pair of unions in and out between a pair of opening
      and closing dies and into position for said nozzles to each spray one of
      said die pair;
PA1  means for supplying a pressurized gas to each of said passages;
PA1  means for supplying a pressurized liquid to each of said passages; and
PA1  means for preventing simultaneous supply of gas and liquid to each of said
      passages.
NUM  2.
PAR  2. A molding apparatus as in claim 1, including means for synchronizing the
      moving of said unions in and out between said pair of dies with the
      opening and closing, respectively, of said pair of dies.
NUM  3.
PAR  3. A molding apparatus as in claim 2, wherein said simultaneous supply
      preventing means include means for preventing supply of one of said gas
      and said liquid responsive to the number of openings and closings of said
      dies.
NUM  4.
PAR  4. A molding apparatus as in claim 3, wherein said pressurized gas
      supplying means comprises a solenoid valve and said pressurized liquid
      supplying means comprises a solenoid valve.
NUM  5.
PAR  5. A molding apparatus as in claim 4, wherein each of said pipes include a
      T-fitting communicating with said hollow portion of one of said rotors and
      a pair of arms leading from said T-portion, each of said arms ending in a
      nozzle.
NUM  6.
PAR  6. A molding apparatus with cleaning means therefore, comprising:
PA1  a pair of rotary unions, each including a base portion, an upraised portion
      from said base portion and a rotor rotatably mounted in said upraised
      portion and including a fluid pathway therethrough, said unions being
      positioned with their bases in opposed adjacent relation;
PA1  a pair of pipes each of which communicate with the fluid pathway of one of
      said rotors, each of said pipes ending in a nozzle;
PA1  passage means through said pair of unions communicating with the fluid
      pathway of each rotor;
PA1  means for moving said pair of unions in and out between a pair of opening
      and closing dies and into position for said nozzles to each spray one of
      said die pair;
PA1  means for supplying a pressurized gas to said passage means;
PA1  means for supplying a pressurized liquid to said passage means; and
PA1  means for preventing simultaneous supply of gas and liquid to said passage
      means.
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ABST
PAL  An apparatus for forming rings which are made from a formable food mass,
      made, for example, from onion pieces and a binder. The apparatus includes
      a hopper for containing the food mass. A rotating cylindrical member is
      horizontally mounted within the hopper and annular openings are preferably
      provided in the outer periphery of the cylindrical member for receiving
      the food mass at a first position. A ring is reciprocally mounted within
      each of the annular openings, the rings being reciprocated between the
      loading position and a discharge position, at which the rings are moved
      towards and beyond the periphery of the cylindrical member. To separate
      the formed rings from the cylindrical member, a moving cutter is provided
      near the discharge position.
PARN
PAR  This application is a continuation-in-part of my co-pending application,
      Ser. No. 205,031 filed Dec. 6, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION FIELD OF THE INVENTION and DESCRIPTION OF THE
      PRIOR ART
PAR  This invention relates to apparatus for forming edible rings and it
      particularly relates to apparatus for forming a formable food mass,
      comprising onion pieces and a binder, into a ring shape.
PAR  A popular way to prepare and serve onions is in the form of French fried
      onion rings. French fried onion rings have become so popular that they are
      now mechanically processed, packaged, and frozen in large quantities for
      use in restaurants and institutions, as well as in consumer size packages
      for home use. Such automatic equipment is shown, for example, in my U.S.
      Pat. No. 3,537,494 wherein fresh unpeeled onions are automatically peeled
      and sliced, and in my U.S. Pat. No. 3,534,792, wherein the onion slices
      are further processed by being separated into rings of a desired size. In
      both of these machines, residual portions of the processed onions are
      generally surplus as are the onion ends and, the small central portions or
      hearts of the onions. Methods of utilizing these portions of the onion are
      known. Generally, this consists of reducing these onion pieces as well as
      chopped whole onions to a desired size and then mixing the same with a
      binder to create a formable food mass. Onion rings of the desired size are
      then made from the food mass. Preferably, automatic equipment is used to
      form the food mass into the desired shape. Although food processing
      equipment is known for shaping an edible material into the desired size
      and configuration including various forming and extruding devices, such as
      that described in U.S. Pat. Nos. 3,650,765 and 3,650,766, the instant
      invention provides significant advantages over the prior art.
PAC  SUMMARY OF THE INVENTION:
PAR  It is therefore an important object of this invention to provide a unique
      apparatus for forming rings from a formable food mass comprising onion
      pieces and a binder.
PAR  It is a further object of this invention to provide apparatus for forming
      rings, useful for processing into French fried onion rings, from a
      formable edible mass comprising pieces of onions and a binder.
PAR  It is also an object of this invention to provide an apparatus for forming
      onion rings from a food mass of onion pieces and a binder wherein the
      rings formed are substantailly true rings without undesirable deformations
      thereof.
PAR  It is a further object of this invention to provide an apparatus for
      forming rings from a food mass of onion pieces in a binder wherein the
      food mass is packed into an annular opening in a rotatable member and the
      formed ring is discharged by a moving ring member which is located within
      the annular opening to a discharge position from where the formed onion
      ring is discharged from the rotating member by a novel shearing action.
PAR  It is another object of this invention to provide apparatus for forming
      rings from a formable food mass comprising onion pieces in a binder
      wherein the apparatus is characterized by its effectiveness and efficiency
      in operation and result.
PAR  It is yet another object of this invention to provide an apparatus for
      forming rings from an edible, formable mass, wherein the apparatus is
      characterized by high speed production, with resulting high quality and
      economical cost of the product.
PAR  Further purposes and objects of this inventiown will appear as the
      specification proceeds.
PAR  The foregoing objects are fulfilled by providing an apparatus which forms
      an edible product from a formable food mass which comprises, for example,
      onion pieces in a binder wherein the apparatus includes a hopper for
      containing the food mass, and a rotating horizontally elongated
      cylindrical member which is mounted within the hopper, the elongated
      cylindrical member having a plurality of openings in its outer periphery
      for receiving the food mass at a first or loading position. A movable
      member is reciprocally mounted in each of the annular openings and an
      operating member is provided for reciprocating the movable member between
      the loading position and the discharge position where the product is
      ejected from the openings by the movable members. A movable cutter member,
      is mounted adjacent the outer periphery of the cylindrical member at the
      discharge position to assure that the formed product is properly separated
      and discharged from the opening without any substantial deformation.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  Particular embodiments of the present invention are illustrated in the
      accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of the inventive apparatus, partially
      broken away and in section;
PAR  FIG. 2 is a cross-sectional view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary cross-sectional view of the horizontally disposed
      rotatable cylinder;
PAR  FIG. 4 is a fragmentary view partially in section taken along the line 4--4
      of FIG. 3;
PAR  FIG. 5 is a sectional view of the structure of FIG. 3;
PAR  FIG. 6 is a fragmentary elevational view of the cutter element employed in
      the practice of the invention; and
PAR  FIG. 7 is an enlarged, fragmentary cross-sectional view taken along the
      line 7--7 of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT:
PAR  In the following description of the invention, the edible mass used for
      forming edible rings is described as a formable food mass of onion pieces
      and a binder. Although the apparatus described has its preferred and most
      important application in making such formed onion rings, it is to be
      understood that the described invention can be used to make a variety of
      formed edible products of a selected size and shape.
PAR  In the drawing and with particular reference to FIG. 1, the numeral 10
      designates generally a frame for supporting the operational elements of
      the inventive apparatus. Rigidly mounted on the frame as at 11 is a
      superstructure intended to receive the formable food mass from a conveyor,
      chute or the like (not shown).
PAR  At the middle right hand portion of FIG. 1 is seen an output conveyor
      generally designated 12 which is supported in part by the frame 10 and
      which serves to convey the formed onion rings or like product from the
      frame 10 -- for further processing, i.e., breading, packaging, etc.
PAR  Referring again to the superstructure 11, seen in FIG. 1, means in the form
      of mixing paddles 13 are provided for advancing the mass and mixing the
      same prior to downward movement through conduit 14 into a hopper generally
      designated 15 (and shown in the central portion of FIG. 1). The hopper 15
      can also be seen in the lower right hand portion of FIG. 2 and includes a
      pair of opposed, interleaved augers 16 and 17 suitably driven by a chain
      drive 18 (see the left hand central portion of FIG. 1) from a motor 19.
      The augers serve to compact the mass while advancing the same toward the
      cylindrical former generally designated 20 and which is the subject of a
      more detailed explanation in conjunction with FIGS. 3-7.
PAR  Referring now to FIG. 5, the cylindrical former 20 is seen to be partially
      received within the hopper 15, i.e., forming a portion of the lower and
      end discharge walls -- at a position spaced away from the conduit 14 which
      serves as an inlet to the hopper 15.
PAR  As can be appreciated from a consideration of FIG. 3, the cylindrical
      former 20 is rotatably mounted on the frame 10 -- for this purpose
      suitable bearings as at 21 (see the right central portion of FIG. 3) are
      provided which journal the cylinder shaft 22. The cylinder periphery or
      exterior 23 (see also FIG. 5) is rigidly secured to the shaft 22 by means
      of a spider-structure 24 provided adjacent each end of the cylindrical
      former 20. Each spider 24 includes a plurality of radially extending
      spokes which are rigidly secured to a concentric central hub which in turn
      is non-rotatably secured to the shaft 22. At their outer ends, the spokes
      of the spider 24 are welded to the exterior or shell of the cylindrical
      former 20. The cylinderical former 20 is rotated by means of a chain drive
      25 (see the lower right hand portion of FIG. 1) which derives power from a
      motor 26 mounted on the frame 10.
PAR  As can be most quickly seen in FIG. 5, the cylindrical former 20 carries
      opposed mold members generally designated 27 and 28. A plurality of mold
      members are provided in each set as can be appreciated from a further
      consideration of FIG. 3. The mold members 27 are in a condition to receive
      the formable mass, i.e., entering into the interior of the hopper 15,
      while the mold members 28 are in the condition for discharge and removal
      of the formed mass, i.e., the onion rings.
PAR  the shell 23 of the cylindrical former 20 is equipped with two pluralities
      or sets of axially aligned openings 29. An opening 29 is provided for each
      of the mold members 27 or 28. Each mold member 27 or 28 includes a plastic
      member 30 which advantageously is constructed of nylon and is suitable
      secured (as by a metal ring 30a) within each opening 29. More
      specifically, the plastic member or plug has a central core or boss 31
      which, with the remainder of the member 30 forms an annular well 32 (see
      FIG. 5). A reciprocable ring assembly 33 is slidably carried within each
      of the wells 32.
PAR  As can be conveniently appreciated from FIG. 5, the ring assembly 33 of the
      mold member 27 is retracted incident to receiving a formable mass from the
      hopper 15 while the ring assembly 33 of the mold member 28 (approaching
      the 6 o'clock position) is extended so as to position the formed mass for
      shear removal and deposit onto the conveyor 12.
PAR  To introduce the formable mass into the mold member 27 (approaching the 12
      o'clock position), the hopper 15 has an elongated opening 34 (see FIG. 5)
      provided in the lower portion thereof. The cylindrical former 20 closes
      the opening 34 and the periphery of the cylindrical former 20 engages
      seals 35, 36 and 37 positioned about the perimeter of the opening 34. It
      will be appreciated that after 1/2 revolution of the cylindrical former
      20, the positions of the mold members 27 and 28 are reversed, i.e., the
      ring assembly 33 of the mold member 28 will be retracted while that of the
      mold member 27 will be extended. More precisely, mechanism is provided
      which causes a retraction of each ring assembly 33 as the 12 o'clock
      position is approached an extension of the ring assembly 33 as the 6
      o'clock position is approached.
PAR  Each recriprocating ring assembly 33 includes a transverse ring position
      which slides within the well 29 and in close proximity to the walls
      thereof. A pair of connecting rods 38 (see also FIG. 4) are rigidly
      secured to the interface of each ring assembly 33 and extend through
      apertures 39 provided in the inner end of each of the members 30. A cross
      bar as at 40 and 41 relative to the mold members 27 and 28, respectively
      (see FIG. 3) interconnects the inner ends of each of the connecting rods
      38. The axially extending cross bars 40 and 41 extend out of the ends of
      the cylindrical former 20 (see the right hand end of FIG. 3) and carry cam
      follower rollers 42 and 43, respectively.
PAR  The cam followers 42 and 43 operate against the periphery of a cam 44. The
      cam 44 is rigidly mounted on the frame 10 by means of a bracket or
      connection 45 (seen only in FIG. 3). The bars 40 and 41 are maintained in
      spaced relation by tie members 46 (see particularly FIG. 5). Thus, as one
      bar 40 or 41 moves in, the other bar 41 or 40 moves outwardly -- as
      determined by the profile of the cam. It will be noted that a segment of
      the cam is cut away (as at 44a in FIG. 1). This portion of the cam is
      unnecessary because the remaining portion of the cam dictates the position
      of the two cam followers 42 and 43, hence the positions of the bars 40 and
      41. The bars 40 and 41 are fixed within brackets as at 47 which are fixed
      to the tie rods 46 so that the predetermined spacing of the bars 40 and 41
      is maintained. Thus, as the cam follower 42 moves further counterclockwise
      (see FIG. 5) the ring assembly 33 associated with the mold member 27
      remains retracted until the cam follower 42 is passed the 9 o'clock
      position. Further rotation of the cylindrical former 20 brings about the
      extension of the ring assembly 33 relative to the plug 30 with the
      corresponding retraction of the ring assembly 33 of the mold member 28. By
      the time the 6 o'clock position is being approached, the ring assembly 33
      of whichever mold member is involved is fully extended and protrudes
      beyond the periphery of the cylindrical former 20 while, at the same time,
      the opposite set of ring assemblies are fully retracted so as to receive a
      charge of formable material.
PAR  The formable material is effectively doctored by means of a wiper assembly
      48 (see particularly FIG. 5). The doctor assembly has a substantial width,
      i.e., the arcuate dimension measured in the direction of rotation of the
      cylindrical former 20. The width (as so measured) is greater than the
      diameter of the annular well 32 so that the material within the well at
      the time the well is aligned with the wiper 48 is fully confined. It will
      be appreciated that a relatively narrow wiper might force a portion of the
      mass to be formed out of the trailing portion of the well.
PAR  Still referring to FIG. 5, reference is now made to the shearing assembly
      generally designated 49. The assembly 49 includes as an essential
      operative element a wire 50 (also seen in FIGS. 6 and 7). The wire 50 is
      maintained in spaced relation to the outer surface 23a of the shell 23 so
      as to pass within about 0.001 inch of the outer surface 33a of each ring
      assembly 33 (see FIG. 7). This insures full removal of the now-formed mass
      and under conditions minimizing any distortion of the desired ring form. I
      find it advantageous in developing this shearing action to have the
      shearing wire 50 mounted for oscillation, thereby achieving a clean cut
      separation of the formed ring from the surface 33a of each ring assembly
      33. The illustrated and preferred means for mounting the shearing wire 50
      is best seen in FIG. 6. The wire 50 is seen to be secured at a plurality
      of places to arms 51. This minimizes the possibility that the wire may be
      deformed along any substantial length thereof. For example, it is not
      unusual for an onion peel or the like to become lodged between the wire 50
      and the outer surface 23a of the cylindrical former 20. With a wire
      supported only at the ends of the cylindrical former 20, such an onion
      peel would result in bowing of the entire wire and thereby frustrate the
      achievement of clean shearing. By the practice of securing the wire on
      each side of each molding member 27 or 28, as the case may be, I limit any
      distortion to just the two oppositely disposed mold in question.
PAR  The unsupported end of each arm 51 is equipped with a bearing element 52
      (see particularly FIG. 7) which maintains the spacing of the wire 50
      relative to the outer surface 23a. I also have found it advantageous to
      clamp the wire 50 to the various arms 51 by means of set screws as at 53.
      The secured end of each arm 51 is seen in FIG. 5 and for this purpose I
      provide a block 54 mounted on the end of a rocker member 55. As seen in
      FIG. 5, the block 54 is equipped with a bolt 56 for each arm 51 to secure
      the same to the block. An additional bolt 57 is provided which regulates
      the disposition of the arms 51 relative to the block and can apply a
      biasing pressure to the arm which pressure is resisted by the contact of
      the bearing element 52 (see FIG. 7) with the outer surface 23a of the
      shell 23.
PAR  Oscillation of the wire 50 is produced by means of an eccentric 58 (see the
      upper right hand portion of FIG. 5). The eccentric 58 is mounted on a
      cross shaft 59 (see also FIG. 3) which is suitably journaled within pillow
      blocks 60 on the frame 10. The shaft 59 is rotated because of a chain and
      sprocket linkage 61 with the shaft 22 of the cylindrical former 20. The
      eccentric 58 is connected by means of a linkage 62 with a collar 63 (see
      FIG. 3) rotatably mounted on the cross shaft 22. The collar 63 has as an
      integral projection thereon the rocker member 55. Thus, as the shaft 59
      rotates an oscillatory motion is developed in the collar 63 which results
      in the alternation or like oscillation of the wire 50.
PAC  OPERATION
PAR  In the operation of the inventive apparatus, the formable mass is
      introduced into the superstructure 11 and through conduit 14 enters the
      closed hopper 15. Under the influence of the augers 16 and 17 which are
      intermeshed and which turn in opposite directions, a continual stream of
      material is delivered toward the cylindrical former 20.
PAR  As a given mold member 27 (see FIG. 5) of the cylindrical former 20 rotates
      under the outlet 34 of the hopper 15, material to be formed flows into the
      annular well 32. The well 32 exists by virtue of the retraction of the
      associated ring assembly 33. The ring assembly 33 is tied by means of rods
      38 to an axially extending bar 40 (see FIG. 3) which in turn is tied with
      an oppositely disposed bar 41. Thus, the bars 40 and 41 operate in tandem
      by virtue of the cam followers 42 and 43 riding against the profile of the
      cam 44. Because of the contour of the cam 44, as the ring assembly 33
      associated with the mold member 27 is retracted, the ring assembly 33
      associated with the other set of mold members 28 is extended -- to project
      beyond the periphery 23a of the shell 23 of the cylindrical former 20 (see
      the lowermost portion of FIG. 5 -- also FIG. 7).
PAR  As the cylindrical former 20 continues to rotate in a counterclockwise
      direction, it encounters a wiper 48 having a sufficient arcuate length to
      completely overlap a ring assembly 33 so as to prevent the development of
      distorted rings. As the rotation continues and the axially aligned group
      of mold members 27 or 28, as the case may be, pass from the 9 o'clock
      position toward the 6 o'clock position, the associated ring assemblies 33
      begin to emerge incident to ejecting now-formed rings. I have found it
      advantageous to have the extension of the ring assembly 33 occur at just
      before the 6 o'clock position so that in combination with the shearing
      wire 50, there will be no upward component of the ring as it is sheared
      from the outer surface 33a of the projecting ring assembly (see FIG. 7).
      In other words, the separated ring has as its direction of movement one
      that is essentially parallel to the direction of movement of the output
      conveyor 12. with any upward component at the time of discharge, the rear
      edge of the ring may be the first to contact the conveyor 12 and thus
      result in deformation.
PAR  As mentioned just previously, the separation is achieved through the
      cooperation of a shearing wire 50 with the outer surface 33a of the
      projecting ring assembly 33 (see FIG. 7). The spacing of the wire a
      discrete distance radially outward of the outer surface 23a of the shell
      23 is achieved through the use of a bearing 52 which advantageously may
      take the form of a nylon bolt threadably received in the free end of each
      arm 51. The other end of each arm 51 is connected to a rocker element 55
      which rocks or oscillates under the influence of the eccentric 58. The
      biasing of the generally arcuate arm 51 can be regulated by means of the
      set screw or bolt 57.
PAR  Each mold member 27 or 28 includes a block or plug 30, preferably of nylon,
      which has a central boss defining the annular well 32. By virtue of having
      the ring assembly project beyond the plug 30 at the time of shear by the
      wire 50, I effectively avoid any scraping of the nylon plug 30. This
      insures that there will be minimum deterioration of each molding member
      and, more importantly, the avoidance of any undesirable plastic shavings
      in the final product.
PAR  The wire 50 is seen to be supported at a plurality of places (see FIG. 6),
      optimally, on each side of each of the mold members. Especially reliable
      operation is achieved when only 2 rows, 180.degree. apart, of mold members
      are employed. This permits the use of simple and rugged camming
      arrangements at each end of the cylindrical former so that the movement of
      the ring assemblies 33 is carefully controlled.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus for forming edible products from edible formable mass
      comprising in combination, a hopper containing said mass, a cylindrical
      member rotatably mounted about a horizontal axis and defining peripheral
      cavity means cooperating with said hopper for receiving a portion of said
      mass at a loading station and for discharging the same at a discharge
      station, a movable plunger member mounted for reciprocation within said
      cavity means, means for reciprocating said plunger member between a
      retracted position when said cavity means of said cylindrical member is at
      said loading station for receiving said mass portion, and an extended
      position when said cavity means is at said discharge station for
      discharging said mass from said cavity means, the improvement comprising:
      means for extending the distal end of said plunger member a predetermined
      distance beyond the outer surface of said cylindrical member when said
      plunger member is in said extended position; a remover member including a
      wire extending parallel to the axis of said cylindrical member adjacent
      the discharge position for separating a formed product from said plunger
      member at said discharge station when said plunger member is reciprocated
      to said extended position; spacer means slidably contacting the surface of
      said cylindrical member for holding said wire outwardly of said
      cylindrical member by said predetermined distance; means for oscillating
      said remover member in a direction opposite to the direction of rotation
      of said cylindrical member when said cavity means is adjacent said
      discharge station, whereby said remover member removes said formed product
      by moving said wire in a direction opposite to the peripheral motion of
      said cylindrical member; and means for returning said remover member to
      its original position after a formed product has been moved from said
      plunger member.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said loading station is located
      adjacent the upper portion of said cylindrical member, and said discharge
      station is located adjacent the bottom of the periphery of said
      cylindrical member.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said cavity means includes a plurality
      of annular openings arranged in two rows spaced at diametrically opposite
      peripheral locations of said cylindrical member, each row extending
      generally parallel to the axis thereof.
NUM  4.
PAR  4. An apparatus for forming edible products from edible formable mass, said
      apparatus comprising in combination, a hopper containing said mass, a
      cylindrical member rotatably mounted about a horizontal axis and defining
      peripheral cavity means cooperating with said hopper for receiving a
      portion of said mass at a loading station and for discharging the same at
      a discharge station, a movable member mounted for reciprocation within
      said cavity means, means for reciprocating said movable member between a
      retracted position when said cavity means of said cylindrical member is at
      said loading station for receiving said mass portion, and an extended
      position when said cavity means is at said discharge station for
      discharging said mass from said cavity means, a movable remover member
      defining a leading edge spaced from the periphery of said cylindrical
      member adjacent the discharge position, and including a plurality of arms
      disposed adjacent the periphery of said cylindrical member, a wire secured
      adjacent the ends of said arms adjacent said cylindrical member and
      extending parallel to the axis of said cylindrical member, and bearing
      means on said arms slidably engaging said cylindrical member for
      maintaining said wire in fixed spaced relation to the periphery of said
      cylindrical member, and means for driving said remover member in a
      direction opposite to the direction of rotation of said cylindrical member
      when said movable member is adjacent said discharge station to cause said
      remover member to separate said formed product from said movable member
      when said movable member is in said extended position.
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ABST
PAL  Injection blow molding equipment for the production of hollow articles
      wherein cores are axially inserted in blow molds and blank molds is
      disclosed. Compact core assemblies and fluid supply systems integral with
      the platens allow the mold parts to be mounted on the surfaces of opposed,
      relatively movable platens. Partible neck rings associated with each core
      open divergently outwardly as the blow mold and core separate, to shorten
      machine cycle time. A manifold, supplied with cooling fluid from the
      periphery of a core mounting plate, distributes heat transfer fluid to the
      core assemblies for cooling the neck rings. In one embodiment, mating blow
      mold sections are mounted on contra-oscillatable mounting members and are
      opened and closed by arcuate movement of the mounting members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of the Invention
PAR  This invention relates to blow molding apparatus and methods for producing
      hollow containers from softened plastic materials and particularly relates
      to improved designs and methods of operation for injection blow molding
      machines.
PAR  B. Description of the Prior Art
PAR  Certain injection blow molding machine designs have been proposed wherein
      core assemblies having associated split neck molds are alternately
      inserted axially into preform injection molds and blow molds to form
      finished articles. In some of these designs, divergently opening blow mold
      parts are utilized so that upon separation of relatively movable platens,
      the blow mold parts open divergently outwardly, thereby allowing removal
      of the blown article from the blow mold on the retracting core - the
      partible neck ring sections being maintained closed about the neck of the
      blown article. When the platens are fully separated, the finished articles
      must be removed from the cores. In some of these designs, neck ring parts,
      which open divergently outwardly, are utilized and these neck ring parts
      must be opened to allow a stripper ring or other stripping means, for
      example, a blast of compressed air, to remove the finished article from
      the core. These designs are disadvantageous because of the requirement for
      complicated blow mold actuating structure and because of the need for
      additional elements such as stripper rings or an additional step in the
      machine cycle to accommodate the air blow off of the article. Other
      designs have contemplated a machine sequence wherein the blown article
      remains in the blow mold as the core is retracted. Thus, the closed blow
      mold acts to strip the finished article from the core. However, in such
      designs the use of partible neck rings which move only in a direction
      transverse to the axis of the core have been suggested. These latter
      mentioned designs are disadvantageous from the view point of machine
      control and operating speed as, before the core can be retracted, the neck
      rings must be completely opened to insure that no damage occurs to the
      neck of the article. In order for the neck rings to be opened, the
      clamping pressure of the press must first be relaxed to allow the neck
      rings to move. This results in an increase in machine cycle time and
      control complexity.
PAR  With respect to blow mold actuation, several designs have been proposed
      wherein common actuating elements have been utilized to open a plurality
      of blow molds. These designs use two corresponding mold halves, each
      including a plurality of mating mold cavities. In such designs, the blow
      molds must be arranged in a linear manner and thus are not adaptable to
      designs employing annularly alternating blow molds and injection molds.
      Also, as previously set forth above, it has been known to employ blow
      molds with divergently outwardly opening mold sections slideably mounted
      on inclined surfaces or supports. Such blow molds have been utilized with
      machines employing alternating blow mold and injection mold arrangements.
      However, commonly in these designs, the mold sections are mounted in
      cavities in one of the platens and are closed flush with the surface of
      the platen. This in turn requires the use of an injection press capable of
      developing very high clamping force to maintain adequate closing pressure
      between mold parts because the mating contact area between the platens is
      great, constituting substantially the entire face of each platen. This is
      disadvantageous for reasons mentioned below and, in addition, this type of
      blow mold structure is expensive and complicates the problems of heat
      transfer from the mold.
PAR  In previous designs employing rotatable or oscillatable core carrying
      elements, the supply of various fluids, such as high pressure air and heat
      transfer mediums, has been accomplished by the use of flexible hoses. A
      multiplicity of hoses are required to supply the fluids from a stationary
      distribution point to a plurality of points of use on the rotating core
      carrying element. This system of supply gives rise to problems of fluid
      leakage as leaks are prone to occur in the hose couplings and hoses as a
      result of constant flexing.
PAR  Previously, it has been known to mount core assemblies on relatively
      movable platens of injection molding presses so that the neck ring
      operating structure and base of the core are received in a cavity in one
      of the platens. This has in part, been necessary because core assemblies
      with attendant neck ring actuating structure are large, thereby precluding
      the mounting of these assemblies on the surface of platens because of the
      restricted daylight opening between the injection press platens. Thus, the
      core mounting structure and neck ring actuating structure are recessed
      below the clamping surface of the platen and access to these parts can be
      accomplished only by removing the entire core assembly. This unnecessarily
      complicates maintenance procedures and increases the amount of time
      necessary to accomplish the change-over of mold parts when a change in
      container shape is desired. Also, in these designs the neck rings close
      flush with the face of the platen. This increases the mating surface area
      between platens. It should be realized that in order to prevent leakage of
      the injected plastic material between mating portions of the cores and
      injection cavities, it is necessary to seal such portions at a pressure
      greater than the pressure of the injected plastic material. Therefore, the
      greater the surface area of such mating portions, the higher the clamping
      force of the press platen must be. Thus, machines utilizing such designs
      require injection presses capable of developing excessively high clamping
      forces. This is so because the pressure necessary to maintain a seal
      between the mating portions of the cores and injection cavities to
      overcome the pressure of the injected plastic material must be generated
      over substantially the entire face area of the mating platens.
PAC  C. Summary of the Invention
PAR  It is an object of this invention to reduce the operating cycle time of
      blow molding machinery by the use of improved neck ring and blow mold
      structure.
PAR  It is an object of this invention to provide blow molding apparatus wherein
      the area of abutting surfaces of mating parts is minimized.
PAR  It is another object of this invention to utilize an operating sequence of
      mold parts which takes maximum advantage of the basic operating cycle of
      an injection molding press to reduce machine cycle time.
PAR  It is an object of the invention to provide core assemblies of which the
      mounting portion is of reduced dimension in a direction lengthwise of the
      core to allow mounting of the core assembly to an exterior surface of a
      platen without the need for increasing the daylight opening between
      relatively movable platens of an injection press.
PAR  It is another object of this invention to provide improved blow mold
      actuating structure for opening and closing blow molds.
PAR  It is an additional object of this invention to provide blow molding
      machinery having improved fluid supply systems.
PAR  It is a further object of this invention to provide blow molding apparatus
      including provisions for increased accessibility of mold parts.
PAR  It is also an object of this invention to provide blow mold apparatus
      wherein required platen clamp tonnages are reduced.
PAR  Briefly, these and other objects of the invention are achieved by utilizing
      divergently outwardly opening neck rings which move away from the neck of
      the formed article simultaneously with the withdrawal of the core from the
      article. The finished article remains in the closed blow mold, thereby
      allowing an overlap in the core removal and cooling segments of the
      machine operating cycle and allowing a shorter total machine operating
      cycle. The blow mold sections are opened simultaneously by a common
      actuating structure which moves the mold segments arcuately toward and
      away from each other. Core assemblies utilizing fluid motors formed
      integrally with parts of the core assembly are of reduced length and allow
      mounting of the core assemblies on surfaces of a core carrying element.
      Fluid supply systems have formed integrally in the core carrying element
      supply required fluids to the core assemblies.
PAC  D. Brief Description of the Drawings
PAR  FIGS. 1 through 4 form a sequential diagrammatic illustration of the
      machine operating cycle of one type of injection blow molding machine
      using mold parts in accordance with the present invention.
PAR  FIG. 5 is a sectional illustration of one form of core assembly which may
      be used in the equipment diagrammed in FIGS. 1 to 4 or alternately in
      other equipment as will appear.
PAR  FIG. 6 is a face view of the core assembly illustrated in FIG. 5, taken
      along line 6--6 of FIG. 5.
PAR  FIG. 7 is a partial sectional view of a second form of core assembly, which
      may be used in the equipment diagrammed in FIGS. 1 to 4 or alternately in
      other equipment as will appear.
PAR  FIG. 8 is a face view of the lower half of core assembly shown in FIG. 7,
      taken along line 8--8 of FIG. 7.
PAR  FIG. 9 is a sectional side elevation of a second type of injection blow
      molding apparatus employing an oscillatable turntable and having mold
      parts in accordance with the present invention, the right hand portion of
      the view being taken along line 9--9 of FIG. 12 and the left hand portion
      being taken along line 9--9 of FIG. 10.
PAR  FIG. 10 is a frontal elevation of the molding apparatus shown in FIG. 9
      taken along line 10--10 of FIG. 9.
PAR  FIG. 11 is a detailed view of mold mounting rings utilized in the apparatus
      shown in FIG. 9 taken along line 12--12 of FIG. 9.
PAR  FIG. 12 is an elevational view of the apparatus shown in FIG. 9 taken along
      line 12--12.
PAR  FIG. 13 is a partial sectional view of a third form of core assembly, which
      may be used in the equipment diagrammed in FIGS. 1 to 4 or the equipment
      illustrated in FIGS. 9 to 12.
PAR  FIG. 14 is a face view of the lower half of the core assembly shown in FIG.
      13, taken along line 14--14 of FIG. 13.
PAC  E. Description of Illustrated Embodiments
PAR  There is shown in FIG. 1 a generalized view of injection blow molding
      machinery of the type disclosed in U.S. Pat. Nos. 3,339,231 and 3,412,186,
      the disclosures of which are hereby incorporated by reference. Briefly,
      this apparatus is comprised of a fixed platen 20 on which is mounted a
      plurality of injection molds 22. Softened resinous plastic in a flowable
      state is supplied to the injection molds 22 by a suitable hot runner
      system (not shown) contained in the fixed platen 20. The softened material
      is supplied to the hot runner system by a feed system such as a screw-type
      feeder 24 which supplies plastic material to a nozzle 25.
PAR  Extending from the fixed platen 20 are parallel tie bars 26 on which are
      slidably mounted intermediate platen 27, and a movable platen 28. The
      intermediate platen 27 carries a carriage 29, that is mounted for
      oscillation about an axis transverse to the direction of movement of the
      intermediate platen 27 on tie bars 26. Core assemblies C are mounted in
      aligned and opposed relationship on opposite sides of carriage 29. The
      core assemblies include a mounting base 31, neck ring parts 32 and a
      preform core element 33. The core assemblies C also include mounting and
      actuating structure for the neck ring parts 32 which shall be hereinafter
      described with respect to FIGS. 5-8. Although, in the interests of
      simplicity, the equipment herein schematically illustrated shows only one
      core assembly mounted on each side of the carriage 29, it should be
      realized that in commercial form, a plurality of core assemblies are
      mounted on the carriage 29.
PAR  The blow molds 34 are each comprised of blow mold halves 34a and 34b and
      the blow molds are mounted on movable platen 28. In the diagrammatic
      illustrations of FIGS. 1-4, suitable actuators such as hydraulic motors 35
      urge the blow mold parts 34a and 34b toward and away from each other to
      open and close the blow molds.
PAR  Means are provided in the apparatus shown in FIG. 1 for causing the
      intermediate platen 27 and movable platen 28 to be moved along the tie
      bars 26. Also, actuating structure is provided to cause carriage 29 to be
      oscillated in an arc of 180.degree. . Suitable structure for accomplishing
      these functions is illustrated and described in the aforementioned U.S.
      Pat. Nos. 3,339,231 and 3,412,186.
PAR  Briefly, regarding the operation of the apparatus illustrated in FIGS. 1-4,
      when the platens 27 and 28 are closed, i.e., positioned as shown in FIG.
      1, opposed core elements 33 are received in injection mold 22 and blow
      mold 34. A preform A is formed on the core element and in the mold cavity
      of the associated neck rings 32 by the injection of plastic material into
      the injection mold 22. Simultaneously, a preform previously formed on the
      opposed core element 33 is blown into shape of the finished article B in
      the blow mold 34. After the preform A and finished article B are so
      formed, the platens 27 and 28 are separated from fixed platen 20 and the
      carriage 29 is rotated 180.degree. , thereby transferring preform A for
      insertion in a blow mold 34 and a free core 33 for insertion in injection
      mold 22. The movable platens 27 and 28 are thereafter closed, i.e., moved
      to the right toward fixed platen 20 as shown in FIG. 1, and the above
      recited forming steps are repeated. A detailed description of machine
      operating cycle appears below.
PAR  A vacuum hold down and ejector device 36 is mounted in the bottom of blow
      mold 34 for purposes to be hereinafter described.
PAR  Referring to FIGS. 5 and 6, there is shown one form of core assembly C. The
      core assembly is comprised of a mounting section 31, a pair of neck ring
      parts 32a and 32b and a core element 33. The mounting section 31 includes
      a core mounting block 40 on which is mounted the core element 33. A pair
      of pins 42 are fixed on the core mounting block 40 and extend angularly
      outwardly with respect to the center line of core element 33.
PAR  The neck ring parts 32a and 32b are mounted for divergently outward and
      convergently inward movement with respect to core element 33 by means of
      neck ring mounting blocks 43 which are slidably mounted, as by means of
      cylindrical bushings 44, on the pins 42. The bushing 44 forms a
      fluid-tight seal with the exterior surfaces of the pin 42. For reasons as
      will hereinafter be described, each pin 42 includes a longitudinal bore 45
      extending the length of pin 42. Each neck ring part 32a and 32b is secured
      to a neck ring mounting block 43 by suitable fastening elements such as
      machine screws 46. The mounting blocks 43 include a groove or channel 47
      which terminates in an end wall 48. Heel blocks 50 are secured to mounting
      base 40 adjacent the mounting blocks 43. Heel blocks 50 include an
      inclined surface 51 and a stop element 52 fixed on the heel block 50, for
      instance, by a threaded fastener 54. The stop element 52 is positioned to
      be engaged by the end wall 48 of channel 47 formed in the neck ring
      mounting blocks 43, as will hereinafter be described.
PAR  When the split neck ring parts 32a and 32b are in place adjacent the base
      of core element 33, a neck mold cavity 32d is formed between internal
      surfaces 32c of the neck rings and the corresponding portion of the core
      element 33. When the core element 33 is inserted in an injection mold
      cavity, the neck ring parts 32a and 32b are in abutment with the top
      surfaces of the injection mold as shown in FIGS. 1 through 4, and the neck
      mold cavity 32d forms a continuation of the preform mold cavity formed
      between core element 33 and the injection cavity of the injection mold.
      When plastic material is fed under pressure into the injection cavity,
      such material also enters the neck mold cavity 32d and forms therein the
      neck of the article being molded. When the neck of the article is formed
      with an irregular outer surface, as for instance, with a thread, it is
      necessary to separate the neck mold parts 32a, 32b from the neck of the
      formed article to enable axial retraction of the core element 33 from the
      article without damage to the neck of the article.
PAR  The core assembly C is mounted to a mounting member M, (FIG. 5), for
      instance, the carriage 29 of the apparatus illustrated in FIG. 1 or
      turntable T of the apparatus illustrated in FIG. 9, by means of fasteners
      53 passing through the flange of the core mounting block 40. The core
      assembly C is mounted to the plate M so that the longitudinal channels 45
      in pins 42 are in fluid tight registry with conduits 56 formed in mounting
      plate M. Also, conduits 57 and 58 formed in mounting block 40 are in
      registry with conduits 59 and 59b respectively formed in mounting plate M.
      Further, air supply conduit 60 formed in mounting block 40 is in registry
      with air supply conduit 61 formed in mounting plate M. Suitable seals,
      such as flexible O-rings, are disposed in the mounting plate M and form a
      fluid tight seal at the interface between the various aligned conduits.
      Also, stem S of the core element 33 is received in a suitable aperture 62
      in the mounting member M and a central tube 66 in the stem S communicates
      with internal passage 65 formed in plate M for purposes of supplying a
      heat transfer medium to the core element 33 as will hereinafter be
      described.
PAR  As the bushing 44 forms a fluid tight seal with the pin 42, the
      introduction of pressurized fluid through channel 45 into the space
      between the top of pin 42 and mounting block 93 will cause the mounting
      block and bushing to be moved relative to pin 42. Because of the angular
      mounting of the pins 42, the neck ring mounting blocks 43 move upwardly
      and outwardly with respect to the core element 33. Outward travel of the
      neck ring parts 32a and 32b is determined by the position of stop element
      52 with respect to the surface 48 carried by the neck ring mounting block.
      When the surface 48 is positioned against the stop element 52, the neck
      ring parts will be at the maximum extent of travel as shown in the phantom
      lines of FIG. 5.
PAR  With reference to FIGS. 1 through 4, the operating cycle of one type of
      injection blow molding machine utilizing core assemblies as herein
      disclosed is described. As previously stated, FIG. 1 depicts a point in
      the operating cycle of the apparatus as disclosed in U.S. Pat. No.
      3,339,231. At the point shown, the movable platens 27 and 28 are closed
      and a preform A and a formed article B are simultaneously formed in the
      injection mold 22 and blow mold 34, respectively. At the injection station
      22, the neck mold parts 32a and 32b are closed about the base of core
      element 33 thereby defining a molding chamber for the formation of the
      neck of an article.
PAR  When the walls of the finished element B have been blown into contact with
      the interior molding surfaces of the blow mold 34, the platen 28 is moved
      away from the platen 27. Just prior to the separation of the platen 28,
      the actuating structure for the neck mold parts 32a and 32b is supplied
      with fluid under pressure. When the platen 28 moves away from the platen
      27, the neck mold parts 32a and 32b are moved outwardly by the previously
      described actuating structure and remain in engagement with the faces of
      the blow mold parts 34a and 34b, as shown in FIG. 2. As the neck mold
      parts 32a and 32b move in the direction of travel of the platen 28, the
      mold parts, by reason of the mounting structure heretofore described,
      slides outwardly across the face of the blow mold parts 34a and 34b,
      thereby moving away from engagement with the neck of the article B. It
      should be realized that the neck ring parts 32a and 32b can begin opening
      immediately upon the beginning of movement of platen 28 as the clamping
      pressure between the faces of the blow mold parts 34a and 34b and the neck
      ring parts 34a and 34b will have been terminated.
PAR  Referring to FIG. 3, as the platen 28 continues to move, the neck ring
      parts 32a and 32b will eventually reach a limit of travel as heretofore
      described and platen 28 will continue to move away from platen 27. Also,
      the platen 27 will begin to move away from the fixed platen 20 to retract
      a core element 33 from an injection mold 22. At or near the time the
      platen 28 reaches its open position, the blow mold parts 34a and 34b will
      begin to separate. The finished article B will be held at its bottom
      surface by the vacuum hold down and ejector device mentioned above and
      hereinafter described in more detail with respect to the blow mold
      illustrated in FIG. 8. Once the blow mold halves have been fully
      retracted, the vacuum holding the article B is terminated and the ejector
      is actuated to propel the finished article from the opened blow mold. The
      carriage 29 is then turned through 180.degree. and the platens 27 and 28
      are again closed to the position shown in FIG. 1. Closure of the neck ring
      parts 32 a and 32b of the core entering the injection cavity 22 is
      accomplished by the front face of the injection mold as the platen 27
      moves toward fixed platen 20.
PAR  Referring again to FIG. 5, cooling of the neck ring parts 32a and 32b can
      be accomplished in the following manner. The underside of the core element
      33 is provided with an annular channel 63 which, with suitable seals such
      as O-rings 64 forms, with the top of core mounting block 40, a fluid tight
      channel. Cold water or other suitable cooling medium is introduced from
      conduit 59 in the mounting plate M to the channel 63 via a water inlet
      channel 58. A second channel 57 similar to inlet channel 58 serves as an
      outlet channel in a manner as previously described in connection with
      conduit 58. Cold water supplied by conduit 58 circulates through channel
      63 and cools the lower portion of core element 33. In retracted position,
      the neck ring mold parts 32a and 32b are positioned against the top side
      of the flange 49 of the core element 33 and heat is drawn from these neck
      mold parts by conduction through the flange 49 and base of core element.
PAR  Core element 33 also includes a second heat transfer circulation system
      including a tube 66 which communicates with a source of heat transfer
      fluid 55 in the mounting plate M. Fluid from the source 65 is carried up
      through the center of the stem S by the tube 66 to the barrel 67. Heat
      transfer fluid fountains from the barrel 67 beneath the top of the core
      element 33 then travels, via the annular space 68 between the barrel space
      67 and the core element 33 to a plurality of conduits 69 formed in the
      stem S. The fluid from the conduit 69 empties into a collection chamber 70
      from which the heat transfer fluid is collected and conveyed elsewhere in
      the plate M.
PAR  Blowing air is supplied to core element 33 by a suitable supply conduit 61
      disposed in the mounting plate M which communicates with a conduit 60
      disposed in the core mounting block 40. In order to introduce blowing air
      to the interior of a preform, the core element 33 is comprised of a
      movable tip section 71 and a base section 72. The tip section 71 includes
      an annular mounting section 73 slidably received on the reduced diameter
      shoulder 76. Thus, the tip section 71 is mounted for movement relative to
      base section 72. Such movement is limited, however, to a total distance of
      about several thousandths of an inch by a stop member, such as a snap ring
      75 disposed on the inner portion of the mounting section 73. When air is
      introduced through conduit 60, it is received in a chamber 77 in the
      mounting section 72. A conduit 78 formed in the mounting portion 72 and
      communicating with the chamber 77 carries the air to the outer surface of
      the mounting section 72, whereupon the tip section 71 of the core element
      33 is urged outwardly thereby forming an annular blowing orifice between
      the bottom edge of the tip section 71 and the mounting section 72.
PAR  In FIGS. 7 and 8 there is shown a second embodiment of a core asembly
      including a core element 80 and neck ring parts 81a and 81b. The overall
      length L of the core assembly 80 is minimized by the use of a neck mold
      actuating arrangement wherein the primary direction of travel of motors
      separating the neck rings is normal to the longitudinal axis of the core
      element 80. As shown in FIG. 7, the core element 80 is mounted to a core
      mounting block 82 that includes a plurality of chambers or cores 83.
      Disposed in the cores 83 is motor means in the form of a fluid motor with
      a piston element P having suitable sealing elements such as O-rings 84
      engaging the surface of the chamber 83. In the embodiment disclosed, the
      direction of travel of the piston P is normal to the longitudinal axis of
      the core element 80, but it should be realized that the piston could be
      canted but still have a direction of travel wherein the major component of
      movement is in a direction perpendicular to the longitudinal axis of core
      element 80. Designs having the pistons P canted at angles of up to
      45.degree. have yielded desired results in terms of operation and
      compactness, as later described in connection with FIGS. 13 and 14.
PAR  The piston P is moved outwardly of the chamber 83 by the introduction of
      fluid under pressure through a conduit 85 into the space between the back
      wall 86 of the chamber 83 and the piston P. The face 87 of the piston P
      slideably engages mounting block 88 to which neck mold sections such as
      sections 81a and 81b are mounted. The neck ring mounting blocks 88, when
      urged outwardly by the piston P, move upwardly on inclined surface 90
      disposed on heel blocks 91.
PAR  Guides 92 are fixed to the heel block 91 to guide the mounting blocks 88
      laterally as they slide on inclined surface 90 of the heel blocks 91.
      Thus, when the piston P moves outwardly, the mounting blocks 88 are caused
      to move outwardly and upwardly along the inclined surfaces 90, causing the
      neck ring sections, such as section 81a, to be moved divergently outwardly
      from the core element 80 (as shown by the dotted lines in FIG. 7), thereby
      becoming free from the neck of the article B disposed on the core. The
      extent of travel of the neck rings is limited by a projection 88a on the
      mounting block 88 which abuts the surface 91a of the heel block 9 when the
      neck rings have been opened the desired distance.
PAR  In FIG. 13 there is shown a core assembly similar to core assembly C
      previously discussed in connection with FIGS. 7 and 8. In the embodiment
      shown in FIG. 13, a core element 180 is mounted on a core mounting block
      182. The core mounting block has formed therein at least two chambers,
      such as chamber 183 in each of which is disposed a piston P having sealing
      means 184. Each chamber 183 communicates with a source of fluid under
      pressure through a conduit 185 formed in the core mounting block 182. It
      should be noted that the longitudinal axis of piston P is disposed at less
      than a 90.degree. angle with respect to the longitudinal axis of the core
      element 180. In the preferred embodiment, the foregoing angle is about
      45.degree. .
PAR  Positioned outwardly of the core mounting block 182 are two heel blocks
      191, each having formed thereon an inclined surface 190. A neck mold
      section mounting block 188 is slideably disposed on each surface 190 and
      has mounted thereon one of the neck mold sections 181a and 181b. The
      introduction of fluid under pressure through conduit 185 into chamber 183
      causes the outward movement of the piston P which in turn moves neck mold
      section mounting blocks 188 on the inclined surfaces 190, thereby causing
      the neck mold sections 181a and 181b to move away from the neck of an
      article formed on the core element 180, as shown in the dotted line
      positions of FIG. 13. Lateral movement of neck mold section mounting
      blocks 188 is precluded by a pair of guide members 192 positioned on each
      side of the neck mold section mounting blocks.
PAR  Because of the angular inclination of pistons P in the embodiment shown in
      FIG. 13, the lateral extent of the core assembly (the distance between the
      outside edges of top and bottom heel blocks 191 as illustrated in FIG. 13)
      can be reduced in comparison to the embodiments illustrated in FIG. 7 and
      8. This allows the mounting of a greater number of such core assemblies on
      apparatus as heretofore described in FIG. 1 and as hereinafter described
      in FIGS. 9 through 12.
PAR  The supplying of coolant to the neck rings, of heat transfer fluid to the
      core element, and of blowing air to the core assemblies shown in FIGS. 7
      and 13 is accomplished in generally the same manner as that heretofore
      described in connection with the core assembly shown in FIGS. 5 and 6.
      Coolant is supplied via inlet conduits (not shown) to annular channels 89
      (FIG. 7) and 189 (FIG. 13), formed on the bottom surface of core elements
      80 and 180 respectively. Suitable output channels (not shown) are provided
      to withdraw coolant from the channels 89 and 189. The coolant flows
      through the channels 89 and 189 and draws heat from the base of the core
      elements 80 and 180. Because the base of the core element is cooled, heat
      is drawn from the neck ring sections 81a and 81b (FIG. 7) and 181a and
      181b (FIG. 13) by conduction when the neck ring sections are closed about
      the base of the core element. Thus, the plastic material which flows into
      the cavity formed between the core element and the neck ring sections is
      quickly solidified prior to the blowing step, thereby ensuring a good neck
      finish on the formed article.
PAR  In FIG. 9 there is shown another form of injection blow molding apparatus.
      This type of apparatus is comprised of two sections E and F. The section E
      includes an annular array of preform injection molds and blow molds
      mounted in an alternating series. As shown in FIG. 9, the section E is
      mounted to the fixed platen R of an injection press. The section F
      includes a plurality of core assemblies of the type previously illustrated
      in FIGS. 5 - 8, mounted on an oscillatable turntable T. The turntable T is
      mounted for oscillation on the movable platen U of the injection press.
PAR  In the apparatus shown in FIGS. 9 through 12, the movable platen U is moved
      toward the fixed platen R to position the mold cores in the blow molds in
      injection molds of the alternating mold arrangement mounted on the fixed
      platen R. While the platens are closed, preforms are formed on cores
      disposed in the injection molds and finished articles are formed in the
      blow molds. When this segment of the cycle is complete, the movable platen
      U is moved to retract the cores from the molds and the turntable is
      oscillated by a suitable drive system, for instance, the hydraulic rack
      and gear drive system DS shown in FIG. 9, to position the cores in
      alignment with alternate injection molds and blow molds. The movable
      platen U is then moved toward the platen R and the cores are re-inserted
      in the injection molds and blow molds.
PAR  Plastic material is caused to flow from the injection sprue 93 through a
      suitable hot runner system 93a to a delivery nozzle 93b from whence it is
      injected into the injection mold, thereby forming a preform A.
PAR  In the apparatus illustrated in FIGS. 9-12 the blow molds 95 and 96 are
      comprised of partible sections 95a and 95b and 96a and 96b respectively
      which are mounted for arcuate movement, as will herein later be described,
      so that the blow molds 95 and 96 are alternately opened and closed.
      Rotatable mounting elements such as mounting rings 98 and 99 are rotatably
      mounted on hollow center post 100 secured to mounting plate N. As shown in
      FIG. 11, the mounting rings 98 and 99 can include a generally annular body
      section such as 98a and 99a from which projects a plurality of arms 98b
      and 99b. It should be realized that the number of arms projecting from the
      body is determined by the number of blow molds contained in the annular
      array and that such arms will be equiangularly spaced with respect to each
      other. Each of the arms 98b and 99b includes a mounting lug 98c and 99c
      disposed at its outer end. Corresponding blow mold parts such as 95a and
      96a and 96b are secured to the mounting lugs 98c and 99c respectively.
PAR  Actuating structure is provided to cause mounting rings 98 and 99 to be
      rotated in opposite directions to each other on the post 100. One such
      actuating structure is illustrated in FIG. 10 and includes two hydraulic
      jacks 101 and 102 mounted by trunnions 103 and 104 respectively to the
      mounting plate N. The drive rods of each hydraulic jacks 101, 102 are
      secured by suitable means, such as by a clevis 105 and 106 respectively to
      blow mold sections 95b and 96a respectively. When the jack 101 is
      actuated, the blow mold section 95b is urged toward the right as viewed in
      FIG. 10, to the dotted line position there shown. It will be recalled that
      the blow mold section 95b is rotatably mounted to the post 100 by reason
      of mounting ring 99 and therefore, the movement of blow mold half 95b is
      arcuate and in a counterclockwise direction. As the mounting 99 is moved
      by reason of movement of blow mold half 95b, all arms 99b on the mounting
      ring 99 will be subject to the same arcuate movement as blow mold section
      95b. Therefore, all blow mold sections affixed to the mounting ring 99
      will be moved an equal arcuate distance. In a like fashion, blow mold
      section 96a is moved in a clockwise direction by the hydraulic jack 102
      thereby rotating mounting ring 98 and causing equal arcuate movement of
      all blow mold sections affixed to the mounting ring 98. Thus, joint
      actuation of hydraulic jacks 101 and 102 causes each of the blow molds,
      such as molds 95 and 96 to be opened by arcuate movement of the respective
      blow mold halves in opposite directions as shown in the phantom view of
      blow mold 95 in FIG. 10. Similarly, actuation of hydraulic jacks 101 and
      102 in directions opposite to that previously described causes arcuate
      movement of the blow mold sections to the full line positions shown in
      FIG. 10, thereby closing the blow molds.
PAR  As shown in FIG. 9, the blow molds also include a combined vacuum hold down
      and ejector assembly 36 including a base plate 110 mounted on the mounting
      plate N and an ejector 111 including a stem 112 and a head 113. Affixed to
      the stem 112 at the end opposite the head 113 is a suitable seal 114
      slidable in and in fluid tight engagement with chamber 115. Conduit 116
      supplies air under pressure to chamber 115 to move the ejector 111
      outwardly. Conduit 117 constitutes an exhaust or vacuum line for the
      escape of air from cylinder 115. Conduit 118 communicates with a vacuum
      source and with an annular channel 119 formed between the head 113 of the
      ejector 111 and the base plate 110.
PAR  While the ejector-hold down assembly 36 is illustrated in connection with
      the blow molds depicted in the apparatus of FIGS. 9-12, it should be
      realized that such units can be used with all types of partible blow molds
      including those which part linearly as illustrated in the apparatus of
      FIGS. 1-4.
PAR  The ejector-hold down asemblies 36 operate in the following manner. When
      the preform A is blown into the shape of a finished container B against
      the walls of a blow mold and is cooled sufficiently so that the walls have
      sufficient rigidity to be self-sustaining, the blow mold halves are parted
      to allow removal of the finished article from the mold. Just prior to
      parting, a source of vacuum is supplied to the conduit 118 which in turn
      induces a vacuum in the channel 119, thereby holding the finished article
      B, by its bottom, against the base plate 110 and head 113. As the blow
      mold sections part, the finished article B is retained centered on the
      base plate 110 and is freed from the surfaces of the blow mold cavity as
      the blow mold sections move away from the finished article B. When the
      blow mold halves are opened to the maximum extent, high pressure air is
      supplied via conduit 116 to move the plunger 36 outwardly of the chamber
      115 thereby causing the finished article B to be ejected from the blow
      mold. The extent of movement of plunger 111 is in part dictated by the
      positioning of the parting lines of the blow molds. If all the blow molds
      part along a vertical parting line, as illustrated in the aforementioned
      U.S. Pat. Nos. 3,339,231 and 3,412,186, then the finished articles B can
      fall, under the influence of gravity, from the parted mold halves. In this
      instance, the plunger 111 is required to move only a short distance, on
      the order of 1/4 of an inch, to dislodge the finished article B from the
      mounting base 110. If the parting lines of the blow molds are other than
      vertical or if parts of the blow mold equipment are disposed so as to
      prevent the free fall of the finished article from the opened blow molds,
      (as in the FIG. 9 embodiment) then the ejector 111 must move a greater
      distance and must propel the finished article beyond the longitudinal
      extent of the blow mold sections.
PAR  Certain aspects of the invention herein disclosed are concerned with the
      distribution of fluids to the core assemblies on a rotating core carrying
      mount from a single point on the periphery of the rotating mount.
      Referring to FIGS. 9 and 12 a turntable T is mounted for oscillation on
      movable platen U by means of a central shaft 120. As previously described,
      the drive system DS causes oscillation of the turntable T and shaft 120.
      Mounted to the turntable T are core assemblies C of the type heretofore
      described with reference to FIGS. 5 through 8. A manifold 122 is mounted
      in a recess on the rear surface of turntable 90. As shown, the manifold
      122 can be annular in shape and includes two channels 123 and 124 which,
      in conjunction with suitable sealing means 125, form fluid-tight
      passageways.
PAR  An input manifold 126 (FIG. 12) is disposed on a peripheral surface of the
      turntable T. The manifold 126 includes a plurality of fluid couplings to
      which supply hoses are attached. As illustrated in FIG. 12, the input
      manifold 126 includes four connections 127, 128, 129, 130.
PAR  Cold water or other coolant for cooling the neck rings of the core
      assemblies C can be supplied through orifice 127 to conduit 131 formed in
      the turntable 90. Conduit 131 communicates with annular channel 123 and
      supplies cold water thereto. Conduits, such as conduit 59a are formed in
      the turntable T, for instance, by deep boring techniques, and convey cold
      water from annular channel 123 to conduits such as conduit 58 (FIG. 5) in
      the core assemblies C. As heretofore described the cold water circulates
      through the core assembly C and is discharged to an outlet conduit 59b
      which communicates with the annular channel 124. The conduit 132 formed in
      the turntable T conveys the discharged water from channel 24 to the water
      outlet 128. Thus, cooling water for the neck rings of four core assemblies
      is supplied and carried away through only two connections to the
      turntable.
PAR  Similarly, heat exchange fluid can be supplied through connections 130 to
      conduits 65 which supply the heat transfer medium to the interior of the
      core assembly C as heretofore described. For simplicity only two conduits
      65 have been shown, but it should be realized that a conduit 65 is
      necessary to connect each successive core. In instances where the number
      of cores is four or less, a plurality of conduits 65 can serially connect
      all the cores so that heat transfer medium supplied through orifice 130
      can be discharged through connection 129 which communicates with the last
      core in the series. However, if more than four cores are used, it has been
      found to be advantageous to use two or more separate circuits for the heat
      transfer medium. Such additional circuits can be supplied from passages
      formed in the input manifold 126.
PAR  It will be recalled that turntable T is rotated when the platen U is
      withdrawn from the fixed platen R. after retracting the cores from the
      injection molds and blow molds on the mounting plate N. To insure proper
      alignment of the mold cores with the blow molds and injection molds once
      the turntable is oscillated, means must be employed to insure alignment so
      that no damage occurs to the mold parts when the platens are once again
      brought together. In the apparatus disclosed in FIGS. 9 through 12, this
      is accomplished by the use of a shaft 120 which includes a forwardly
      projecting extension 142 which, when the platens close, enters the
      interior space 143 of the post 100. The extension 142 prevents engagement
      of the core assemblies C with the injection molds 94 and blow molds 95,
      when the turntable T is not centered with respect to the mounting plate N.
      Radial alignment of the core assemblies with the blow molds and injection
      molds is accomplished by the use of a forwardly projecting pin which can
      be mounted on the mounting plate N. The turntable T will then have mounted
      thereon locating blocks 141. When the platen U is moved toward the fixed
      platen R, the pin 140 will engage one of the locating blocks 141 to insure
      proper radial alignment of the mold cores and molds. If the radial
      alignment is improper, the tip of the locating pin 140 will engage
      turntable T or parts of the core assemblies C mounted thereon and a
      suitable sensing circuit (not shown) will be energized to prevent further
      movement of the movable platen U.
PAR  From the foregoing, it can be seen that an improved injection blow molding
      apparatus has been provided which provides for a system utilizing to
      maximum advantage the operating cycle of a standard injection press, which
      provides only limited face-to-face contact between core assemblies and
      molds, and which provides core assemblies which are easily mounted on and
      removed from a supporting surface.
CLMS
STM  We claim:
NUM  1.
PAR  1. Blow molding apparatus comprising
PA1  a preform mold,
PA1  a partible blow mold,
PA1  a core assembly including a mounting base, a core element, partible neck
      mold sections surrounding the base of the core element and means mounting
      the neck mold sections to the mounting base for longitudinal and
      divergently outward movement with respect to the core element,
PA1  means for causing the core element to be alternately axially inserted in
      and retracted from the preform mold and the blow mold including the
      retraction of said core element from a finished article while the finished
      article is still in the blow mold, and
PA1  motor means for moving the neck mold sections longitudinally and
      divergently outward with respect to the core element as the core element
      is separated from a finished article in the blow mold.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the mounting means includes a
      plurality of angularly disposed pins, and wherein neck mold sections are
      received on the pins, and the motor means for moving the neck mold
      sections includes means forming a fluid-tight chamber between a pin and
      the neck mold section mounted on the pin, means forming a conduit in the
      pin for supplying fluid under pressure to the chamber, an orifice in the
      mounting base, and means for supplying fluid under pressure from the
      orifice to the conduit.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein the primary direction of travel
      of the motor means is normal to the longitudinal axis of the core element.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein the mounting means includes a
      plurality of angularly disposed pins, and wherein neck mold sections are
      received on the pins, and the motor means for moving the neck sections
      includes at least certain of said pins being pistons movable with said
      neck mold sections, cylinders for said pistons in said mounting base, and
      means for supplying fluid under pressure to said cylinders to move said
      pistons and said neck mold sections.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said mounting means for each neck
      mold section also includes a surface angularly disposed with respect to a
      longitudinal axis of said core assembly, and the respective neck mold
      section being in retained sliding engagement with said surface.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein said mounting means for each neck
      mold section includes a surface angularly disposed with respect to a
      longitudinal axis of said core assembly, the respective neck mold section
      being in retained sliding engagement with said surface, and said motor
      means is mounted in said mounting base.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein said mounting means for each neck
      mold section includes a surface angularly disposed with respect to a
      longitudinal axis of said core assembly, the respective neck mold section
      being in retained sliding engagement with said surface, and said motor
      means is mounted in said mounting base and is a fluid motor.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein said mounting means for each neck
      mold section includes a surface angularly disposed with respect to a
      longitudinal axis of said core assembly, the respective neck mold section
      being in retained sliding engagement with said surface, and said motor
      means is mounted in said mounting base and has a direction of travel
      parallel to said surface.
NUM  9.
PAR  9. Blow molding apparatus comprising
PA1  a fixed platen,
PA1  preform molds and blow molds mounted on said fixed platen,
PA1  a movable platen mounted for movement toward and away from the fixed platen
      along a fixed straight line path,
PA1  a turntable mounted on the movable platen for rotation in a plane disposed
      normal to said fixed path,
PA1  a plurality of mold core assemblies on the turntable, the core assemblies
      including means for circulating a fluid heat exchange medium therein
      including inlet means and outlet means,
PA1  means carried by the turntable for supplying heat exchange fluid to the
      core assemblies comprising a manifold having two fluid channels therein,
      one being an inlet channel and the other being an outlet channel,
PA1  means for conducting fluid from the inlet channel of the manifold to the
      inlet means of the cores,
PA1  means for conducting fluid from the outlet means of the cores to the outlet
      channel of the manifold,
PA1  means for supplying heat exchange fluid to the inlet channel of the
      manifold, and
PA1  means for carrying heat exchange fluids away from the outlet channel of the
      manifold.
NUM  10.
PAR  10. Molding apparatus in accordance with claim 9 wherein the manifold is an
      annular member having the inlet channel and the outlet channel formed in
      one surface thereof.
NUM  11.
PAR  11. Molding apparatus in accordance with claim 10 wherein the means for
      conducting fluid from the inlet channel to the cores and the means for
      conducting fluid from the cores to the outlet channel are fluid-tight
      conduits formed internally in the turntable.
NUM  12.
PAR  12. Molding apparatus in accordance with claim 9 wherein the means for
      supplying heat exchange fluid to the inlet channel of the manifold and the
      means for carrying heat exchange fluid away from the outlet channel of the
      manifold are conduits formed internally in the turntable, which conduits
      extend to an outer peripheral edge of the turntable.
NUM  13.
PAR  13. Molding apparatus in accordance with claim 10 wherein the manifold is
      concentrically mounted with respect to the axis of rotation of the
      turntable.
NUM  14.
PAR  14. Injection blow molding apparatus comprising an annular series of molds
      and a coaxial annular series of mold cores mounted for relative axial
      movement toward and away from each other to effect insertion of the cores
      into and withdrawal of the cores from the molds, some of the molds of said
      series being blow molds and some being injection molds, the molds and
      cores further being mounted for relative angular movement about an axis
      coincident with the axis of the series of molds and cores to provide for
      insertion of a given core alternatively into an injection mold and into a
      blow mold, the blow molds being split into blow mold sections, and means
      mounting the blow mold sections for relative angular opening and closing
      movement about said axis.
NUM  15.
PAR  15. Injection blow molding apparatus comprising an annular series of molds
      and a coaxial annular series of mold cores mounted for relative axial
      movement toward and away from each other to effect insertion of the cores
      into and withdrawal of the cores from the molds, some of the molds of said
      series being blow molds and some being injection molds, said cores being
      arranged about a common axis disposed coincident with a common axis about
      which said molds are arranged, the molds and cores further being mounted
      for relative angular movement about the common axis of the series of molds
      and cores to provide for insertion of a given core alternatively into an
      injection mold and into a blow mold, the blow molds being split into blow
      mold sections, and means mounting the blow mold sections for relative
      opening and closing movement including an actuating device mounted for
      pivotal movement about said axis and connected with one of the blow mold
      sections of each blow mold to provide for relative angular movement of
      that one of the blow mold sections of each blow mold connected to said
      actuating device with respect to the other blow mold section of each blow
      mold.
NUM  16.
PAR  16. Injection blow molding apparatus as defined in claim 15 and further
      including another actuating device mounted for angular movement about said
      axis and connected with the other blow mold section of each blow mold, the
      two actuating devices being angularly movable with respect to each other
      about said axis.
NUM  17.
PAR  17. Injection blow molding apparatus comprising an annular series of molds
      arranged about a common axis, a turntable mounted for angular movement
      about said common axis, an annular series of mold cores mounted on the
      turntable, the turntable and the series of molds being relatively movable
      toward and away from each other to effect insertion of the cores into and
      withdrawal of the cores from the molds, some of the molds of said series
      being blow molds and some being injection molds to provide for insertion
      of a given core alternatively into an injection mold and into a blow mold,
      the blow molds being split into blow mold sections in planes containing
      the axis of the turntable, and means mounting the blow mold sections for
      angular opening and closing pivotal movement around said common axis.
NUM  18.
PAR  18. Blow molding apparatus comprising
PA1  a fixed platen,
PA1  a movable platen,
PA1  means mounting the movable platen for movement toward and away from the
      fixed platen,
PA1  a turntable disposed between the fixed and movable platens,
PA1  means for rotatably mounting the turntable to enable rotation of the
      turntable about an axis parallel to the direction of movement of the
      movable platen,
PA1  a plurality of core elements arranged on the turntable with the
      longitudinal axis of each core element parallel to the axis of rotation of
      the turntable,
PA1  a plurality of blow molds disposed between the fixed and movable platens,
      each blow mold being comprised of partible mold sections,
PA1  a pair of mounting members and means for rotatably mounting the mounting
      members for rotation about an axis parallel to the direction of movement
      of the movable platen,
PA1  means for securing one mold section of each blow mold to a first one of the
      mounting members and means for securing the other mold section of each
      blow mold to the second one of the mounting members, and
PA1  means for rotating the mounting members in opposite directions to first and
      second positions whereby, in the first position of the mounting members,
      the mold sections about to form closed blow molds, and in the second
      position, the blow mold sections are parted to allow removal of an article
      from the blow molds.
NUM  19.
PAR  19. Blow molding apparatus as in claim 18 wherein axis of rotation of the
      mounting members is coincident with the axis of rotation of the turntable.
NUM  20.
PAR  20. Blow molding apparatus comprising a platen, a plurality of blow molds
      arranged in an annular array on the platen, the blow molds being comprised
      of first and second mold sections, mounting members mounted on the platen,
      means mounting the members for rotation about an axis normal to the
      platen, a plurality of securing means extending from a first one of the
      mounting members, and plurality of securing means extending from a second
      of the mounting members, means affixing the plural first sections of the
      blow molds to the plural securing means of the first mounting member, and
      means for affixing the plural second sections of the blow molds to the
      plural securing means of the second mounting member, and means for
      rotating the first and second members about the mounting means.
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ABST
PAL  Plastics material is injected into a single cavity mold through a sprue
      bushing which has a cylindrical base portion with a semispherical seat
      within one end for receiving the nozzle of an injection molding machine. A
      cylindrical nose portion of smaller diameter, projects from the base
      portion and includes a flat end or tip surface which is adapted to be
      positioned flush with the cavity and has a discharge orifice connecting
      with an axially extending cylindrical chamber within the body. A valve
      member is supported for axial movement within the chamber and has a
      cylindrical tip portion which normally closes the discharge orifice under
      the bias of a series of spring washers confined within the chamber
      adjacent the opposite end of the valve member. The plastics material is
      directed from the nozzle seat to the chamber through a plurality of
      passages which extend around the spring washers. An elongated heating
      element is located within the valve member and is supplied with power
      through leads which extend rearwardly through the washers and through an
      outwardly extending hole within the body. A band type electrical heating
      element surrounds the base portion of the body.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation of Ser. No. 160,317, filed July 7, 1971,
      now issued as U.S. Pat. No. 3,767,340.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the art of injecting a thermoplastics material from an injection molding
      machine into a single cavity mold, it is common to use a sprue bushing
      which extends from the mold cavity through a wall of the mold and which
      has a semispherical seat for receiving the nozzle of the injection molding
      machine. The standard sprue bushing includes a 2-inch diameter base
      portion from which extends a 1-inch diameter tip or nose portion and is
      usually press fitted into a counterbored hole which extends generally to
      the center of the mold cavity. A tapered hole extends axially within the
      bushing from the part spherical nozzle seat to the flat end surface of the
      nose portion which is located flush with the mold surface defining the
      cavity. After a part or article has been molded and cooled, the mold is
      opened and the article is ejected with a projecting sprue integrally
      attached to the article. The removing of the sprue from the article
      requires another operation, and frequently the portion of the article from
      where the sprue is removed, must be machined to provide a surface of
      satisfactory appearance.
PAR  A number of methods have been proposed or used to eliminate the secondary
      operations of removing the sprue from a molded article and of surface
      finishing the article. For example, an internal heater has been mounted
      within the sprue bushing so that the plastics material confined within the
      sprue bushing after the molding operation, remains in a molten condition
      and does not solidify with the plastics material within the mold cavity.
      When the mold is opened, only the small portion of the plastics material
      located molding operation, remains in a molten condition and does not
      solidify with the plastics material within the mold cavity. When the mold
      is opened, only the small portion of the plastics material located within
      the discharge orifice of the sprue bushing, remains attached to the part.
      While on some parts, it is not necessary to remove this small projection
      remaining on the molded plastic part, on other parts, it is necessary that
      this projection be machined, thus requiring a secondary operation.
PAR  In some forms of multiple cavity injection plastic molds, a series of valve
      members are located within the runner passage with one valve member for
      each mold cavity. Each valve member has a pointed tip portion which
      normally seats on a conical discharge orifice under the pressure exerted
      by a coil compression spring pressing on the opposite end of the valve
      member. When the plastics material within the runner passage reaches a
      predetermined pressure, the valve members shift to open positions allowing
      the plastics material to flow into the corresponding mold cavities. It has
      also been proposed to insert electrical heating elements within the nozzle
      members of a multiple cavity mold to help prevent the plastics material
      within the runner passages from solidifying with the molded part. Such
      nozzle members within the runner for a multiple cavity mold are shown in
      Canadian Pat. No. 658,976.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an improved sprue bushing which is
      particularly suited for use with a single cavity mold and which is adapted
      for replacing the standard sprue bushing having a one inch diameter nose
      portion projecting from a two inch diameter base portion. The sprue
      bushing of the invention not only eliminates a sprue attached to the
      molded plastic part or article, but also eliminates the need for
      performing any secondary operation for finishing the surface of the
      article to provide a smooth attractive surface appearance. The sprue
      bushing of the invention is also compact and simple in construction and
      assembly, and may also be conveniently modified to accommodate different
      molding pressures.
PAR  In accordance with a preferred embodiment of the invention, a sprue bushing
      includes a body having a cylindrical nose portion of one inch diameter and
      which projects from an integral base portion having a two inch diameter. A
      part spherical nozzle seat is formed on the outer end of the base portion,
      and a small diameter discharge orifice is formed within the opposite flat
      end surface of the nose portion. The body is formed by two interfitting
      sections, and the discharge orifice connects with a cylindrical chamber
      which extends axially within the body sections. An elongated valve member
      is disposed within the chamber and has a forward small cylindrical tip
      portion which normally projects into the discharge orifice and has a flat
      end surface position flush with the end surface of the nose portion of the
      body.
PAR  When the pressure of the plastics material within the body chamber, reaches
      a predetermined level corresponding to the force exerted by the spring
      washers, the valve member shifts rearwardly so that the tip portion is
      retracted from the discharge orifice to permit the plastics material to
      flow into the mold cavity. When the nozzle valve of the injection molding
      machine is closed, the spring washers force the valve member back to its
      closed position. The cylindrical base portion of the bushing is also
      adapted to receive a band type heating element which cooperates with the
      internal heating element within the valve member to maintain the plastics
      material within the body chamber in a molten condition.
PAR  Other features and advantages of the invention will be apparent from the
      following description, the accompanying drawing and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevational view of a sprue bushing constructed in accordance
      with the invention and installed in a single cavity mold shown in section,
      with a fragment of an injection molding machine shown in molding position;
PAR  FIG. 2 is an axial section of the sprue bushing shown in FIG. 1, taken
      generally on the line 2 -- 2 of FIG. 3 and showing the valve member in its
      closed position;
PAR  FIG. 3 is a section taken generally on the line 3 -- 3 of FIG. 2; and
PAR  FIG. 4 is a fragmentary section of the sprue bushing nose portion and
      showing the valve member in its open position.
DETD
PAC  Description of the Preferred Embodiment
PAR  FIG. 1 shows a plastics injection mold 10 constructed in two sections 12
      and 14 which cooperates to define a single mold cavity 15. For purpose of
      illustration, the cavity 15 is effective to form a large open-top
      container having side walls 16 connected by a bottom wall 18. In a
      conventional manner, a plurality of tapered guide pins or dowels 19 are
      used to locate the mold section 14 precisely in relation to the mold
      section 12 when the sections are closed as shown in FIG. 1.
PAR  In accordance with the present invention, a sprue bushing 25 includes an
      elongated metal body 26 consisting of a cylindrical base portion 28 having
      a diameter of approximately 2 inches. The base portion 28 is integrally
      formed with a cylindrical nose portion 30 which projects axially from the
      base portion 28 and has a diameter of approximately one inch. The body 26
      has a fillet or radius 31 where the nose portion 30 connects with the base
      portion 28. A hole or bore 32 is formed within the mold section 12 and
      extends from the bottom of the cavity 15 to a concentric counterbore 33.
      The bore 32 and counterbore 33 have substantially the same diameters as
      the nose portion 30 and base portion 28, respectively, and the body 26 is
      press fitted into the bore and counterbore.
PAR  Referring to FIG. 2, the nose portion 30 has a flat circular end or tip
      surface 36 which is positioned flush with the mold surface defining the
      bottom of the cavity 15. A part-spherical surface or seat 38 is formed on
      the opposite end of the body 26 and is adapted to receive the
      part-spherical nozzle 39 of a plastics injection molding machine 40 having
      a nozzle valve member 41 actuated by a fluid cylinder 42.
PAR  The body 26 of the sprue bushing 25, is constructed in two parts, a forward
      section 44 which includes the nose portion 30, and a rearward section 46
      which interfits into the forward section 44 and is rigidly secured by a
      series of cap screws 47. An elongated cylindrical bore 48 is formed within
      the forward section 44 and the rearward section 46 of the body 26 and
      defines a corresponding cylindrical chamber 50. The bore 48 is connected
      by a frusto-conical surface 52 to a short cylindrical discharge orifice 54
      formed within the center of the circular flat end surface 36 of the nose
      portion 30. A smaller diameter bore 56 projects from the opposite end of
      the bore 48 to form a radial shoulder 57, and a straight hole 58 extends
      outwardly from the bore 56 at an angle relative to the longitudinal axis
      60 of the body 26.
PAR  An elongated generally cylindrical valve member 65 extends axially within
      the bore 48 and includes a slightly larger cylindrical rearward end
      portion 66 which is slidably mounted within the rearward end portion of
      the bore 48. A frusto-conical surface 68 connects the outer surfaces of
      the rearward and forward portions of the valve member 65.
PAR  The forward end portion of the valve member 65 is slidably supported within
      the bore 48 by a series of four uniformly spaced ears or spacers 71 each
      of which has a generally triangular or teardrop configuration and tapers
      to conform to the frusto-conical surface 52 so that the latter surface
      provides a forward limit or stop to the travel of the valve member 65. The
      valve member 65 also includes a frusto-conical end portion 74 which
      connects with a cylindrical tip portion 76 having a diameter substantially
      the same as the diameter of the discharge orifice 54. Thus when the valve
      member 65 is located in its forward position (FIG. 2), the tip portion 76
      closes the discharge orifice 54, and the end surface of the tip portion 76
      is located flush with the end surface 36 of the body nose portion 30.
PAR  A series of slightly concaved spring washers 80, commonly referred to as
      Belleville washers, are confined within the rearward end portion of the
      chamber 50 between the rearward end of the valve member 65 and the
      shoulder 57 defined between the bores 48 and 56. The spring washers 80 are
      arranged in opposing pairs and serve to urge or bias the valve member 65
      to its normally closed position as shown in FIG. 2. The spring washers 80
      are effected to produce a substantial axial force, for example, in the
      order of 650 pounds against the end surface of the valve member 65.
PAR  An axially extending slot 82 is formed within the rearward end portion of
      the valve member 65 and receives a stop member in the form of a pin 83
      which is pressed into a radial hole 84 formed within the rearward section
      46 of the body 26. The pin 83 serves as a stop against rearward movement
      or retraction of the valve member 65 to its open position as shown in FIG.
      4.
PAR  A series of four uniformly spaced passages 90 extend or diverge outwardly
      from the center of the nozzle seat 38 through the rearward section 46 of
      the body 26 so that each passage 90 forms an acute angle with the
      longitudinal axis 60 of the body. The forward ends of the passages 90
      connect with a corresponding series of passages 92 which converge inwardly
      and open into the chamber 50 directly in front of the frusto-conical
      surface 68 of the valve member 65. The passages 90 and 92 cooperate to
      conduct the plastics material from the nozzle 39 of the injection molding
      machine 40 to the annular portion of the chamber 50 surrounding the valve
      member 65.
PAR  As shown in FIG. 2, an elongated electrical heating element 95 is confined
      within an axially extending bore 96 formed within the valve member 65 and
      is supplied with electrical power through a pair of wires or leads 98
      which extend rearwardly through the spring washers 80 and bore 56 and
      outwardly through the hole 58. A band type electrical heating element 100
      extends around the circumference of the base portion 28 of the sprue
      bushing body 26 and spans or overlaps the forward section 44 and the
      rearward section 46 of the body. The heating element 100 is retained on
      the body 26 by suitable clamping bolts 101.
PAR  In operation, after the mold sections 12 and 14 are closed and it is
      desired to mold a part or article, the valve member 41 of the injection
      molding machine 40, is opened so that the plastics material is forced
      through the passages 90 and 92 and into the annular chamber 50. When the
      pressure of the plastics material within the chamber 50, reaches a
      predetermined level, for example, 15,000 p.s.i., the pressure acting on
      the frusto-conical surface 68 and on the frusto-conical surface of the
      portion 74 is sufficient to overcome the biasing force of the spring
      washers 80, causing the valve member 65 to retract to its open position as
      shown in FIG. 4 and permit the material to flow into the mold cavity.
PAR  After the mold cavity 15 is fully injected with the plastics material, and
      the valve member 41 of the injection molding machine 40 is closed, the
      pressure of the plastics material is released within the chamber 50. When
      this pressure reduces, the spring washers 80 force the valve member 65 to
      its closed position where the tip portion 76 of the valve member enters
      the discharge orifice 54. As a result of the substantial axial pressure
      exerted by the tip portion 76 on the plastics material within the
      discharge orifice 54, this small quantity of material is forced into the
      mold cavity. Since the end surface of the tip portion 76 is flush with the
      end surface 36 of the nose portion 30 when the valve member 65 moves to
      its closed position, there is no sprue projecting from the molded plastic
      article after it is cooled and removed from the mold. The heating element
      95 cooperates with the heating element 100 to prevent the molten plastics
      material within the annular chamber 50 from solidifying so that the cycle
      may be repeated to produce another part of article.
PAR  From the drawing and the above description, it is apparent that a single
      cavity mold incorporating a sprue bushing constructed in accordance with
      the present invention, provides desirable features and advantages. As
      mentioned above, for example, the sprue bushing 25 is compact and has the
      same diametric dimensions as a standard sprue bushing so that an existing
      bushing may be replaced by a sprue bushing 25 merely by pressing the
      existing bushing from the bore 32 and counterbore 33 and replacing it with
      a sprue bushing 25. As a result, many thousand of the existing single
      cavity molds may be conveniently modified to eliminate the formation of a
      sprue on the molded plastic part, thereby eliminating the secondary
      operation of removing the sprue and finishing the surface of the part.
      Thus the sprue bushing of the invention provides for significantly
      reducing the cost of molding plastic parts or articles presently being
      produced.
PAR  Another important feature is provided by the use of the concaved spring
      washers 80 within the chamber 50 in back of the valve member 65. That is,
      the spring washers 80 provide a substantial axial force within a small
      space, thereby cooperating to provide for the compact construction of the
      sprue bushing 25. Furthermore, the axial force produced by the spring
      washers 80 and/or their effective spring rate, may be conveniently and
      quickly changed simply by removing the rearward section 46 of the body 26
      from the forward section 44 and changing the number of the washers or
      interchanging washers of different spring rate. Moreover, the passages 90
      and 92 cooperate to direct the plastics material from the center of the
      seat 38 around the spring washers 80 to the annular chamber 50. While the
      form and use of sprue bushing herein described constitutes a preferred
      embodiment of the invention, it is to be understood that the invention is
      not limited to this precise form of sprue bushing and its illustrated
      application, and that changes may be made therein without departing from
      the scope and spirit of the invention. For example, it is to be understood
      that a sprue bushing of the invention may be used to replace a standard or
      conventional sprue bushing which feeds the runner system for multiple
      cavities within an existing mold. That is, when molding certain multiple
      cavity thin wall parts, the extended time required to solidify the larger
      mass of plastics material within the conventional sprue bushing,
      frequently determines when the mold can be opened and thus determines the
      cycle time of the molding operation. Since the sprue bushing of the
      invention eliminates the solidification of the material within the
      bushing, the sprue bushing significantly reduces the cycle time required
      for molding the parts.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for injecting a plastics material into a cavity defined by a
      mold, comprising an injection molding machine having a nozzle member with
      a forward end surface, a sprue bushing projecting into the mold and
      including a body having a generally cylindrical rearward surface, said
      body being formed by a forward body section and a rearward body section,
      means for securing said body sections together, said rearward body section
      having a seat for receiving said forward end surface of said nozzle
      member, said forward body section having a forward end surface forming
      part of the mold cavity, means defining an injection orifice within said
      forward end surface of said forward body section, means defining a chamber
      extending from said orifice axially within said body, means defining a
      cylindrical bore extending rearwardly of said chamber and having an end
      surface terminating forwardly of said seat, an elongated valve member
      supported for axial movement within said chamber and including a forward
      tip portion and a rearward end portion slidably supported within said
      bore, said valve member being movable between a closed position with said
      tip portion closing said orifice and an open position with said tip
      portion shifted axially from said orifice, said tip portion of said valve
      member having an end surface positioned generally flush with said forward
      end surface of said forward body section when said valve member is in said
      closed position, a plurality of spring washers disposed within said bore
      adjacent said end surface for urging said valve member toward said closed
      position, said valve member being movable to said open position in
      response to a predetermined pressure of plastics material within said
      chamber around said valve member, means defining a plurality of angularly
      disposed spaced passages within said rearward body section of said sprue
      bushing and extending from said seat outwardly around said bore and said
      spring washers to said chamber for conducting plastics material from said
      nozzle member to said chamber, and an electrical heating band extending
      around said rearward surface of said body.
NUM  2.
PAR  2. Apparatus as defined in claim 1 including means defining an axially
      extending opening within said valve member, an electrical heating element
      extending within said opening, means defining a hole within said rearward
      body section and extending outwardly at an acute angle relative to the
      axis of said body, and electrical conductors extending through said hole
      and said spring washers to said heating element within said valve member.
NUM  3.
PAR  3. Apparatus as defined in claim 1 wherein each said passage includes a
      first straight portion which extends from substantially the center of said
      seat forwardly and radially outwardly to a second straight portion which
      extends forwardly and radially inwardly to said chamber, and said second
      portion of each said passage is formed within said forward body section of
      said sprue bushing body.
NUM  4.
PAR  4. The combination of claim 1 wherein said rearward body section includes a
      generally conical forward projection, and said forward body section
      defines a generally conical rearward cavity receiving and mating with said
      forward projection.
NUM  5.
PAR  5. The combination of claim 1 wherein said means for securing said body
      sections together comprise a plurality of angularly disposed threaded
      fasteners extending axially into said rearward and forward body sections.
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ABST
PAL  A blow mandrel for the production of hollow bodies in a hollow blow mold,
       particular for the production of filled bottles sealed ready for
      shipment, from a length of tubing of a thermoplastic resin, having an
      axially displaceable blow pipe adapted to be surrounded by an edge of the
      mold opening. The blow mandrel comprises the aforementioned blow pipe and,
      at its mouth section, a sealing ring protruding outwardly beyond the
      circumferential surface of the blow pipe and extending in closed form in
      the circumferential direction of the pipe upon blowing in the region of
      the edge of the opening of the blow mold. The sealing ring has, on its
      side turned toward the mold cavity, an annular groove open in the
      direction of the blow-mold cavity.
BSUM
PAR  The present invention relates to a blow mandrel for the production of
      hollow bodies in a hollow blow mold, and particularly for the manufacture
      of filled, closed bottles ready for shipment from a length of tubing of a
      thermoplastic resin. The mandrel has at least one axially displaceable
      blow pipe which cooperates with an edge of the mold which surrounds an
      opening in the blow mold to clampingly engage the tube or parison.
PAR  After the introduction of the length of tubular plastic to be expanded
      (parison) into the blow mold which is hermetically closed, except for an
      opening through which the blowing mandrel is inserted, a good seal of the
      cavity of the blow mold at the edge of the mold surrounding the opening is
      required in order to obtain a sufficiently high blowing pressure for the
      shaping of the parison.
PAR  For this purpose it is known to make the mouth section of the blow mandrel
      conical on its outer side and to provide the edge of the mold surrounding
      the opening of the blow mold with an oblique resting surface adapted to
      same, against which the blow mandrel is pressed in a conical seat. Between
      these oblique surfaces of the two parts, the length of tubing is clamped
      fast after the insertion of the blow mandrel. The plastic material serves
      at the same time as a seal. Due to the high blow pressures, this seal
      requires relatively large sealing surfaces which in the case of many blow
      molds are disadvantageous or cannot be provided at all. Particularly in
      the case of blowing devices in which the blow molds are developed for the
      blowing and possible filling of the hollow body through the bottom of the
      resulting hollow body, the upper blow-mold wall must be kept relatively
      thin and the edge surface thereof lying in the opening therefore small in
      order not to impair the shaping of the bottom.
PAR  The object of the present invention is to create a seal which is
      independent of the size of the resting surfaces at the opening of the blow
      mold when the blow mandrel is inserted.
PAR  This object is attained in accordance with the invention by providing the
      blow mandrel is provided at its mouth section with a sealing ring
      protruding outwardly beyond the wall surface and extending in closed
      fashion during the blowing process in the region of the edge of the
      opening of the blow mold in the circumferential direction of the pipe, the
      sealing ring having an annular groove which is open in the direction of
      the cavity of the blow mold.
PAR  In this way the plasticized material of the plastic tube is clamped fast at
      the point of seal in the region of the edge of the opening of the blow
      mold by the outer biting edge of the sealing ring and, with an increase in
      the blowing pressure, is partially forced in the form of an annular
      sealing lip into the annular groove of the sealing ring, this hermetically
      closing off the interior of the length of tubing enclosed in the blow
      mold.
PAR  In accordance with a further development of the invention, the sealing ring
      is developed on its outer edge with an annular cutting edge bent off in
      the direction towards the cavity of the blow mold. When the mouth section
      of the blow mandrel is placed on or in the opening of the blow mold, this
      results in an annular indentation in the tubing material so as to develop
      the sealing lip which is pressed under the blowing pressure against the
      internal groove surface of the sealing ring.
PAR  The sealing ring can be a fixed part of the blow mandrel. However, in order
      to be able to adapt it to the specific blow mold, it is advantageous for
      the sealing ring to be fastened in removable manner to the mouth section
      of the blow pipe, for instance screwed thereon.
DRWD
PAR  Three illustrative embodiments of the invention are shown in the drawing in
      which:
PAR  FIG. 1 is a sectional view through the essential parts of a known blowing
      and filling device provided with a first embodiment of the blow mandrel,
      and a divisible, closed blow mold;
PAR  FIG. 2 is a section through the blow mandrel in FIG. 1, shown on a larger
      scale, in a second embodiment, and
PAR  FIG. 3 is a section through the essential parts of FIG. 1, with a blow
      mandrel of a third embodiment.
DETD
PAR  FIG. 1 shows a head part 10 of a tube extruder known for blowing and
      filling devices, from which a plastic parison 11 at plasticizing
      temperature emerges. In the extruder head and within the tubular nozzle
      thereof there is concentrically supported a blow mandrel 12 which is
      displaceable in vertical axial direction. It comprises a blow pipe 13 with
      a blow-air feed channel 14 and a vent channel 15 and, in its central
      cavity, has a filling mandrel 16, also axially displaceable, for
      introducing into the shaped hollow body the material with which it is to
      be filled.
PAR  Below the tube extruder there is arranged a divisible blow mold 17 the mold
      halves of which are movable into an open position and then, after
      receiving a length of the plastic tube 11, into a closed position. FIG. 1
      shows the closed position of the mold halves the lower closing edges 17a
      of which squeeze together the end section present there of the enclosed
      length of tube and thus form a seal.
PAR  On the side facing the tube extruder, the blow mold has an opening which is
      surrounded by a thin-walled mold edge 17b. When the blow mold is closed,
      the mouth section of the blow pipe 13 is introduced into the mold opening.
      In this connection the circumferential surface of a sealing ring 18 which
      extends on the outside from the cylindrical surface of the blow pipe in
      closed manner around the pipe comes against the edge surface lying within
      the mold opening in such a manner that the length of tubing is clamped
      between without any considerable displacement of material. At the same
      time, an annular cutting edge 18a of the sealing ring, which edge is bent
      off in the direction towards the mold cavity 17c, has cut longitudinally
      into (but not through) the tubing material clamped by the sealing ring so
      as to develop a sealing lip 11a extending on the inside in closed annular
      shape. The sealing ring is provided on the side thereof facing the mold
      cavity with an open annular groove 19 extending from the annular cutting
      edge, in which groove the sealing lip is received immediately upon the
      cutting by the annular cutting edge. During the following blowing process,
      this sealing lip is pressed by the pressure within the length of tubing
      enclosed in the mold against the surface of the annular groove, which
      results in a hermetic sealing of the inside of the mold and thus in an
      excellent shaping of the length of tubing. The sealing effect increases
      with the blowing pressure so that only a relatively low pressing of the
      circumferential surface of the sealing ring against the surface of the
      edge of the mold is necessary, and accordingly uncontrollable thin spots
      in the tubing material are avoided. The annular thinning of the material
      thereof at the sealing point as a result of the cutting for the formation
      of the sealing lip is unimportant, since the tubing material clamped
      between the surface of the edge of the mold and the circumferential
      surface of the sealing ring is still thicker than the wall of the hollow
      body after the stretching thereof into the shape of the final hollow body.
PAR  FIG. 2 shows a portion of the blow mandrel 12 of FIG. 1 on a larger scale
      and with a sealing ring 18 screwed in removable fashion on the mouth
      section of the blow pipe 13.
PAR  In FIG. 3 the mouth section of the blow pipe 13 is seated in a known
      conical seat on the edge 17b of the blow-mold opening with the
      interposition of the tubing material. The sealing ring 18 is in this
      connection located directly above the edge of the mold at a distance away
      less than the thickness of the tubing material. Its annular cutting edge
      18a has dug itself into the material of the tubing and its sealing lip
      lying within the annular groove 19 assures a hermetic seal. In this
      embodiment also, the pressure in the conical seat need not be as great as
      in the case of the known blow mandrels, since the tubing material at this
      place need not finally seal also against high blowing pressures.
PAR  The hermetic seal is produced in any event by the portion of plasticized
      plastic tubing pressed firmly under the blow pressure into the annular
      groove of the sealing ring, which portion is pressed in the manner of a
      sealing lip against the inner sealing-ring surface. The place where the
      sealing ring engages in the region of the edge of the opening of the blow
      mold and in what thickness and depth the sealing lip is developed from the
      tubing material is merely a question of suitability and adaptation to the
      specific mold.
CLMS
STM  I claim:
NUM  1.
PAR  1. A blowing device for the production of a hollow body comprising:
PA1  a hollow blow mold having a blow-mold cavity and an opening communicating
      with said cavity and formed with a thin sealing edge portion; and
PA1  a blowing mandrel comprising
PA2  a blow pipe axially displaceable relative to said blow mold and having at
      least a mouth portion adapted to extend into said cavity through said
      opening, in a blowing position
PA2  a sealing ring formed on said blow pipe and axially set back from said
      mouth portion for sealingly clamping an extruded tube against said sealing
      edge portion upon introduction of said tube into said cavity for blowing
      therein,
PA2  a circumferential groove formed in a flank of said ring turned toward said
      cavity for receiving a lip of material of said tube whereby said lip is
      pressed against a wall of said groove upon blowing of said tube in said
      cavity, and
PA2  a circumferential biting edge sloped in the direction of said cavity and
      disposed along the outer circumference of said groove, said biting edge
      being dimensioned such that it is spaced from said sealing edge portion in
      said blowing position so as to penetrate into said tube to form said lip
      therein without penetrating through said tube.
NUM  2.
PAR  2. The blow device defined in claim 1 wherein said sealing ring is
      removably threaded onto said blow pipe.
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ABST
PAL  This application discloses a method of and apparatus for blow molding
      plastic articles in two blowing stages. A freely extruded pendant tubular
      parison is first blown into a pre-form, then the pre-form, while at a
      temperature most conducive to orientation, is blown to its final
      configuration. By performing certain operations on the pre-form prior to
      the final blowing step, improved products can be made. For example, by
      pinching shut a portion of the pre-form, handled containers can be made on
      a free extrusion blow molding machine. By stretching the pre-form prior to
      final blowing, containers of increased top-load or stacking capability can
      be made.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation application of Ser. No. 110,685, filed
      Jan. 28, 1971.
BSUM
PAR  In the manufacture of blow molded thermoplastic articles, such as
      containers or the like, so called "free extrusion": blow molding machines
      has long been utilized. Such machines typically issue a freely pendant,
      extruded tubular formation of plastic which is engaged by a mold closed on
      the tube immediately adjacent the orifice. The closure of the mold pinches
      the tube shut to form a blowable bubble. Typically, the mold-engaged,
      blowable bubble is moved away from the orifice, and the bubble is simply
      inflated or "blown" to the configuration of the blow mold.
PAR  While this type of operation is perfectly suitable for the manufacture of
      bottles or other containers of simple, essentially cylindrical shape, this
      method is ill adapted to the manufacture of handled containers, such as
      jugs, or the like. Such containers, generally, are large (on the order of
      one quart to one gallon in size) and the handle generally is located
      adjacent the shoulder of the container. To manufacture containers of this
      size on a free extrusion machine, the blowable bubble must be of
      sufficient size to be pinched shut by closure of the blow mold at the
      location of the handle. The extrusion of such a large tube necessarily
      results in the formation of large quantities of "flash" or waste material
      at the exterior of the blown shape. This flash (1) must be removed and
      reground at substantial expense, (2) requires either substantial hand
      labor or substantial trimming machine investment for its removal, and (3)
      results in leakage from the container if improperly removed. All in all,
      substantial problems are involved in the manufacture of relatively large,
      handled containers from free extrusion blow molding machines, and such
      machines are not utilized for this purpose to any appreciable extent.
PAR  In my earlier filed U.S. application Ser. No. 103,624, filed Jan. 4, 1971
      (D.N. 1364), I have proposed successively blow molding a freely extruded
      tubular parison into a pre-form and then into a final blown article. In
      this way, substantial process advantages are obtained, the formation of
      the pre-form conditions the thermoplastic material for maximum biaxial
      orientation during the final blowing step, and final blown articles of
      enhanced physical characteristics are obtained. Normally, such a process
      as described in my earlier application substantially uniformly expands the
      pre-form into the final container. However, in the manufacture of
      containers or other blown articles, such as handled bottles, it would be
      preferable to perform additional pre-form steps while the pre-form is in a
      condition most conductive to orientation, i.e., while the pre-form is at
      that temperature at which orientation best occurs. Such additional
      pre-forming steps are carried out by the present invention.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention carries the method of my above-identified application
      to a further stage by preforming certain additional pre-forming steps over
      and above simply blowing the initial parison into a pre-form prior to
      blowing the pre-form at the desired temperature for orientation.
PAR  For example, the present invention proposes the blowing of the pre-form to
      a shape adaptable for the manufacture of handled containers by providing a
      bulbous enlargement or the like at the location of the handle, which
      enlargement is of a size to fit within the final blow mold without the
      formation of external flash. This bulbous enlargement then is pinched shut
      prior to the final blowing step to provide the hand hole located next to
      the handle and to form the handle-defining blank which is subsequently
      blown into the handle itself. This additional forming step may be
      performed in several different ways. Most advantageously, it can be
      performed during the closure of the final blow mold on to the pre-form,
      and this is the version of the method which is specifically illustrated
      and described herein.
PAR  Another preforming step of this character can be performed by stretching
      the pre-form prior to blowing, so that specific orientation and
      strengthening in a specific direction can be obtained. For example, the
      blown pre-form can be stretched in the direction of the height of the
      container so that the pre-form is specifically oriented in a vertical
      direction prior to blowing. After blowing, the resultant container has
      increased strength in the direction of orientation, thus increasing the
      top-load or stacking capability of the container. This specific method is
      also illustrated and described in the specification.
PAR  The apparatus of the present invention is adapted to carry out the method
      as above described. Essentially, the blow molds are provided with specific
      structure for performing additional steps on the pre-form. For example,
      the final blow mold is provided with inserts for pinching shut that
      portion of the pre-form which will form the handle of the final container.
      If necessary, additional heating means are provided to insure the welding
      together of the pinched portions of the pre-form. Another example is the
      provision of portions of the blow mold to engage the pre-form and to
      stretch the pre-form in a direction corresponding to the height of the
      final container to obtain additional vertical orientation in the pre-form
      prior to blowing.
PAR  It is, therefore, an important object of the present invention to provide
      an improved method of and apparatus for blow molding articles from a
      thermoplastic material through successive blowing operations to form first
      a pre-form and then the final blown article, and performing additional
      pre-forming steps intermediate the two blowing steps.
PAR  Another important object of this invention is the provision of an improved
      method and apparatus for the blow molding of thermoplastic articles from a
      freely pendant tubular parison by blowing the parison into a pre-form, and
      conditioning the pre-form while at a temperature most conductive to
      orientation prior to final blowing of the article, so that the final
      article has certain desired characteristics.
PAR  It is a further important object of this invention to provide a method of
      making a handled container from a freely extruded pendant tube by blowing
      the tube into a pre-form having a specific portion adapted to define the
      handle in the final container and pinching shut the specific portion of
      the pre-form prior to final blowing, the specific handle-defining portion
      of the pre-form being completely enclosed within the final blow mold
      during blowing.
PAR  Yet another, and no less important object of the present invention is the
      provision of a method and apparatus for making a container of enhanced
      uni-directional strength from a freely extruded, pendant tube by blowing
      the tube into a pre-form at a temperature most conducive to orientation,
      stretching the pre-form in the direction of enhanced strength, and then
      blowing the pre-form while the blown and stretched pre-form remains at its
      orienting temperature.
PAR  Other and further objects of the present invention will be apparent from
      the following disclosure and claims.
DRWD
PAC  ON THE DRAWINGS
PAR  FIG. 1 is a diagrammatic representation, with parts shown in section, of a
      blow molding machine of the present invention adapted to carry out one
      embodiment of the method of the present invention;
PAR  FIG. 2 is an enlarged fragmentary view of a portion of the machine of FIG.
      1 illustrating an initial step in the method of the present invention;
PAR  FIG. 3 is an enlarged view similar to FIG. 2 showing a later step in the
      method of the present invention;
PAR  FIG. 4 is an enlarged view similar to FIGS. 2 and 3 further illustrating a
      later step in the method of the present invention;
PAR  FIG. 5 is a sectional view taken along the plane 5--5 of FIG. 2;
PAR  FIG. 6 is a sectional view taken along the plane 6--6 of FIG. 3;
PAR  FIG. 7 is a sectional view taken along the plane 7--7 of FIG. 4;
PAR  FIGS. 8 through 11 are somewhat schematic cross-sectional illustrations,
      with parts in elevation, illustrating the successive steps of a modified
      method of the present invention, and the apparatus for carrying out this
      method; and
PAR  FIGS. 12 through 15 are somewhat schematic illustrations, similar to FIGS.
      8 through 11, illustrating three successive steps of yet another method of
      the present invention, and the apparatus for carrying out this method.
DETD
PAC  AS SHOWN ON THE DRAWINGS
PAR  In FIG. 1, there is illustrated a free extrusion blow molding machine
      similar to that illustrated and described in detail in my earlier
      application, Ser. No. 103,624, filed in the United States on Jan. 4, 1971
      (D.N. 1364).
PAR  It is unnecessary here to repeat all of the structural and functional
      details of the apparatus of FIG. 1, particularly since the disclosure of
      my above-identified pending application is incorporated herein by
      reference.
PAR  Referring now to the machine of FIG. 1, reference numeral 20 refers
      generally to a screw-type extruder having a downwardly directed annular
      orifice structure indicated at 21, from which issues a parison 22 in the
      form of a continuous tube. Located generally beneath the extruder 20 and
      movable laterally and vertically relative thereto are two sets of mold
      support side plates 23 (only one plate of each set being shown) these side
      plates 23 are arranged in pairs, each pair being joined by transverse rods
      24 for transverse sliding motion relative to one another.
PAR  Each set of the side plates 23 is actuated toward and away from the
      extruder 20 by an inclined actuating cylinder 25 having a piston rod 26
      secured to the side plates 23, or more specifically to the carrying
      mechanism for the slide plates 23, by a transverse mounting number 27. As
      disclosed in my earlier, above-identified application, and as shown in
      FIG. 1 herein, two pairs of nold side plates 23 are provided and these
      pairs of side plates are alternately movable toward and away from the
      orifice 21.
PAR  Each side plate 23 carries a pre-form mold half 30 and a final blow mold
      half 31. The movement of the side plates 23 of each pair toward and away
      from one another (by means shown in my earlier application) simultaneously
      opens and closes the pre-form blow mold halves 30 and the final blow mold
      halves 31. The pre-blow mold halves are illustrated in their closed
      positions in FIGS. 5 and 6 and the final blow mold halves 31 are
      illustrated in their closed positions in FIG. 7.
PAR  The final blow mold halves 31 are fixed to the plates 23, respectively, by
      suitable means (not shown), while the pre-form blow mold halves 30 are
      each secured to their respective nold plate 23 for relative tilting
      movement. More specifically, the best shown in FIG. 1, each pre-form blow
      mold half 30 is secured to its mold plate 23 by means of a lower pivot pin
      32. The upper portion of each pre-form blow mold half 30 is attached to
      the plate through an actuating cylinder 33 pivoted to the plate, as at 34,
      and having its actuating rod 35 pivotally connected to the pre-form blow
      mold half, as at 36. As shown in FIG. 1, retraction of the actuating rod
      35 by actuating of the cylinder 33 will tilt the pre-form blow mold half
      30 relative to the plate 23 for a purpose to be hereinafter more fully
      described.
PAR  As best shown in detail in FIGS. 2 and 3, the pre-form blow mold halves 30
      cooperate to define an interior pre-form mold cavity 40. This mold cavity
      40 has at its lower portion a pair of movable "tail-pulling" elements 41,
      described in detail in my above-identified earlier application, and an
      upper neck-defining portion 42 of conventional design. The mold cavity
      portion between the tail-pulling elements 41 and the neck forming portion
      42 is actually a blow mold cavity which conforms more closely to the shape
      of the final container than does the extruded tube 22.
PAR  The mold cavity 40 includes a bulbous, laterally extending portion 43 which
      tapers laterally (FIGS. 2, 3, 5 and 6), the portion 43 conforming
      generally to the shape of the handle portion of the final container (FIG.
      4), the mold cavity tapering downwardly, as at 44, from the bulbous
      portion 43 toward the lower tube-pinching elements 41 of the blow cavity
      40. That portion of the mold cavity 40 remote from the bulbous portion 43
      and indicated at 45 also tapers downwardly and inwardly toward the lower
      tail-engaging portions of the cavity.
PAR  Preferably, the pre-form blow mold halves 30 are each provided with
      embedded heat exchange elements 46 and 47 located, respectively, at the
      bulbous portion 43 of the mold cavity 40 and at the lower corners or
      "heel-defining" portions of the pre-form blow mold. These heat exchange
      elements may be imbedded electrical heaters, coils for circulating a heat
      exchange fluid, or the like. The purpose of these heat exchange elements
      46, 47 will be hereafter described in greater detail.
PAR  Again referring to FIG. 1 of the drawings and to FIGS. 4 and 7, it will be
      seen that the final blow mold sections 31 cooperably define an interior
      mold cavity 50 which conforms in all particulars to the final article to
      be formed. More specifically, the final blow mold cavity includes an upper
      neck-defining portion 51, a bulbous laterally extending portion 52
      encompassing the handle of the container, and lower arcuate bottom portion
      53 which is tail-free and a substantially linear vertical side portion 54
      generally opposite the arcuate handle-defining portion 52. Located
      generally at the handle-defining portion 52 and inwardly from the side
      walls thereof by a pair of protruding projections or mold inserts 55 which
      project into the blow mold cavity. These projections 55 are adapted to
      engage the bulbous or the protruding portion 49 of the pre-form 48 which
      was formed at the pre-form blow mold cavity portion 43, which portion
      forms the handle of the final container.
PAR  Referring to FIG. 7 of the drawings, it will be seen that these projections
      55 have end faces 56 which engage the pre-form and pinch the pre-form shut
      in the region of the protruding portion 49 of the pre-form 48 formed in
      the pre-form mold section 43 to define the hand hole of the final handle
      article. By so engaging and pinching shut the corresponding portion 49 of
      the pre-form, that portion of the pre-form lying outwardly of the surfaces
      46 remains open and in full communication with the remainder of the
      pre-form. The bulbous portion of the pre-form formed at the portion 43 of
      the pre-form blow mold cavity 40 is carefully sized and correlated with
      the final size and configuration of the finished bottle so that the
      bulbous portion 49 of the pre-form 48 lies inwardly of the handle-defining
      portion 52 of the final blow mold cavity 50, but outwardly of the surfaces
      56 which pinch shut the bulbous portion of the pre-form.
PAR  The specific size and shape of the pinching projections 56 can be readily
      seen from FIG. 7. Further, from FIG. 7 it will be seen that additional
      heating elements 57 may be provided immediately adjacent the pinch-off
      projections 56 if necessary or desired, for purpose to be hereinafter more
      fully described.
PAR  The final blow mold halves 31 are also provided with communicating
      transverse passages 58 and 59 which are aligned with one another and which
      are located between the abutment surfaces 56. Passage 58 is open, while
      the passage 59 has positioned therein a guide tube 60 through which a
      flash-engaging projection 61 extends. Flash-engaging projection 61 has an
      end surface 62 which is arcuate and which is adapted to engage the flash
      or waste material pinched between the surfaces 56 upon closure of the blow
      mold sections 31 upon the blown pre-form 48. Actuation of the projection
      61 by suitable means (not shown) will move the projection into the passage
      58, pushing the pinched-off flash before it through the passage 58 for
      ejection from the blow mold sections 31. This type of operation is
      illustrated and described in detail in U.S. Pat. No. 3,362,043.
PAR  From a study of FIGS. 4 and 7, it will be seen that the final blow molded
      container 65 is of the exact configuration of the final container, this
      blow molded container 65 having a finished neck, and an integral handle
      portion 66 which is flash free and which encompasses, at least partially,
      the opening or hand hole 67 (FIG. 1) formed by the pinching projections 56
      and from which the flash is removed by the projection 61, as heretofore
      described.
PAR  Turning now to the method of the present invention in greater detail, and
      referring specifically to FIG. 1 of the drawings, it will be apparent that
      the apparatus of the present invention operates in general accordance with
      the disclosure of my above-identified earlier application Ser. No.
      103,624.
PAR  More specifically, the two sets of side mold plates 23 are initially
      positioned as illustrated in FIG. 1, the initial tubular parison 22
      issuing downwardly from the orifice 21 intermediate the opened pre-form
      blow mold sections 30. These pre-form blow mold sections 30 are preferably
      tilted in a counterclockwise direction for retraction of the cylinder 33,
      as shown in FIG. 1. By so tilting the molds 30, better distribution of the
      material from the tubular parison 22 interiorly of the final article is
      obtained. It will be seen that the neck or finish of the final container
      is not located centrally of the container, but rather is displaced to one
      side. By tilting the pre-form mold sections 30, the tube 22 is aligned
      with both the off-center finish of the container and the centrally located
      bottom of the container, and the axis of the parison more nearly coincides
      with the axis of the finished container. The result is better distribution
      of material into the final container, without the necessity of complicated
      neck shifting arrangements or other compensating mechanisms which have
      been proposed in prior machines.
PAR  While the one set of mold plates 23 is positioned at the orifice to align
      the pre-form blow mold sections 30 with the tubular parison 22, the other
      set of mold plates 23 is in its blowing position. This arrangement of the
      two sets of mold plates 23 has been described in my early application and
      need not be repeated here. Also disclosed in my earlier application is the
      utilization of a pair of individually actuated blow tubes 70, 71 for each
      set of mold plates 23, these blow tubes 70, 71 being spaced in conformity
      with the spacing between the pre-form blow molds 30 and the final blow
      molds 31, as will be readily seen from FIG. 1. The actuating mechanism for
      these blow pipes is indicated on FIG. 1 by reference numeral 72, the blow
      tubes, in essence, being individually vertically movable, with the blow
      tube 70, serving to inflate the tubular parison 22 interiorly of the
      pre-form blow mold sections 30 and also serving to retain the preblown
      shape 48 in position intermediate the side plates 23 for transfer to the
      final blow mold sections 31. The other blow tube 71 serves to inflate the
      pre-form 48 interiorly of the final blow mold sections 31, and the blow
      tube 71 also serves to retain the final blown shape 65 exteriorly of the
      mold plates when the blow mold sections 31 are opened and the mold plates
      23 are moved, as shown on the left in FIG. 1. Retraction of the blow tube
      71 also serves to strip the finished container 65 from the blow tube, to
      fall clear of the remainder of the apparatus, also as described in my
      earlier application.
PAR  Returning now to the method of the present invention, it will be seen that
      closure of the mold sections 30 will pinch shut the extruded tube 22, as
      best shown in FIG. 2. This closure of the mold sections 30 is carried out
      by moving the side plates 23 toward one another, and this motion also
      encloses the previously blown pre-form 48 in the final blow mold sections
      31.
PAR  Next, the knife 29 is actuated to sever the tube 22 intermediate the closed
      pre-form blow mold sections 30 and the orifice. The cylinder 25 is then
      actuated to move the side plates 23 downwardly and to the left, such
      motion occurring after the retraction of the blow pipes 70, 71 as
      described in my earlier application. Before or during such transfer, the
      cylinder 33 is preferably actuated to pivotally move the pre-form blow
      mold sections 30 from their tilted positions of FIG. 2 to their upright
      positions of FIG. 3 and 4.
PAR  The motion of the side plates 23 upon actuation of the cylinders 25 aligns
      the open end of the tubular parison 22 with the blow pipe 70, and the blow
      pipe is lowered into the upper open end of the tube. At the same time, the
      blow pipe 71 is inserted into the blown pre-form 48 enclosed within the
      final blow mold sections 31. Preferably, the tubular parison 22 and the
      pre-form 48 are simultaneously blown to the shape of their respective mold
      cavities. This blowing operation is illustrated in FIG. 1 as being carried
      out in the right hand set of blow mold halves 30, 31.
PAR  During the blowing of the pre-form and the final article between the left
      hand pair of plates 23, the right hand pair of plates 23 are opened, the
      pre-form is retained on its blow pin 70 and the final article is retained
      on its blow pin 71, the plates 23 are indexed upwardly and to the left to
      move the pre-blow mold sections 30 into alignment with the next extruded
      segment of the tube 22 and to move the pre-blown shape 48 into alignment
      with the final blow mold sections 23. At or about the same time, the final
      blown shape 65 is stripped from its blow tube 71. Subsequently, the mold
      plates 23 are advanced toward one another to carry out the operations
      already described in connection with the left hand pair of mold plates 23.
      This completely overlapped operation and its functional and economic
      advantages are fully set forth in my earlier filed method application.
PAR  Returning now to the blowing operations carried out with the left hand set
      of plates 23, it will be seen from FIG. 3 that the tubular parison (formed
      from the tube 22 pinched shut between the tail-removing inserts 41) is
      inflated to the configuration of the pre-form blow mold cavity 40. The
      pre-form 48 is, of course, chilled by its contact with the chilling walls
      of the mold sections 30, such chilling proceeding until the pre-form
      approaches that temperature at which it is best adapted for biaxial
      orientation, also as explained in my earlier patent application.
PAR  Of particular interest is the chilling of the bulbous portion 49 formed at
      the surface 43 of the pre-form blow molds 30. This portion of the pre-form
      is inflated to the greatest extent and the wall thickness thereof is
      accordingly somewhat reduced. Further, the extended surface area provided
      at this region of the pre-form may well more rapidly chill this portion of
      the pre-form than other, thicker portions of the pre-form.
PAR  To prevent overchilling of this portion of the pre-form, the heat exchange
      elements 46 are provided immediately adjacent thereto. Although the tube,
      in the case of polyethylene, may well be at a temperature of about
      400.degree. F, the best or most advantageous orientation temperature for
      high density polyethylene is on the order of 230.degree. to 270.degree. F.
      By maintaining a temperature in the region of 270.degree. F at the surface
      43, by use of the heat exchange element 46, the temperature suitable for
      orientation can be maintained in the bulbous portion 49 of the pre-form.
      The definition of "heating" or "cooling" is relative, and the temperature
      of the heat exchange element 46 is less than the temperature of the
      initially extruded tube 22. Thus, the heat exchange element is cooling
      with respect to the initial temperature of the tubular parison. On the
      other hand, the temperature of the heating element 46 may well be greater
      than that of the blown bulbous portion of the pre-form as it lies against
      surface 43, so the heat exchange element 46 may be heating the plastic
      surface. In either way, the heat exchanger 46 is intended to and utilized
      for maintaining this portion of the pre-form at that temperature most
      conducive to biaxial orientation upon subsequent inflation.
PAR  Similarly, the heat exchange elements 47 located at the heel portions of
      the pre-form 48 perform the same function, but for a different reason.
      These heel portions must be inflated to a relatively great degree to fill
      the corners or heels of the finished container 65, as will be seen by a
      comparison between the shape of the pre-form 48 and the shape of the final
      container 65. The heating elements 46 insure that the heels of the
      pre-form are at a temperature capable of undergoing such inflation, and at
      a temperature most conducive to biaxial orientation at this critical
      portion of the final container. Maximum stretching for maximum strength is
      desired at the container heel area. The heat exchange elements insure
      orientation and stretching under the most advantageous conditions.
PAR  The heating elements 57 insure full sealing at the periphery of the mold
      inserts 55 and around the hand hole of the container 65.
PAR  Following blowing, side plates 23 are separated, opening the pre-form blow
      mold sections 30, the pre-form being retained on its blow tube 70, and the
      side plates 23 are indexed upwardly and to the right of their positions
      illustrated in FIG. 1, the right hand mold plates 23 having been
      previously moved to their positions illustrated in FIG. 1. Upon reclosure
      of the final blow mold sections 31 upon the pre-form 48, the blow pipe 70
      is retracted, the left hand mold plates 23 move downwardly and to the
      left, the blow pipe 71 is inserted into the pre-form 70, and the pre-form
      is inflated by air through the blow pipe to the configuration of the final
      blow mold cavity 50.
PAR  During closure of the final blow mold sections 31 on the pre-form 48, the
      surfaces 55 engage the bulbous portion 49 of the pre-form 48 earlier
      formed at the surface 43, pinching shut a portion of the pre-form inwardly
      of the exterior surface thereof. Upon subsequent blowing, that pinched
      portion of the pre-form lying outwardly of the surfaces 56 is inflated to
      form the final handle. Thus, the surfaces 56 form a portion of the
      pre-form into a handle blank which is subsequently inflated to form the
      final handle. Since the material constituting the handle blank is at that
      temperature most conducive to biaxial orientation, aided by the heating
      element 46, the final resultant handle is formed under the most favorable
      circumstances for strength and integrity into the overall container.
      Further, all portions of the handle blank are located interiorly of the
      final blow mold cavity 50. No flash is formed at the exterior of the
      handle, and no finishing operation is necessary upon the handle. This
      flash-free condition of the handle is aided by the removal of the
      pinch-flash by the movement of the projection 63 into the recess 58 as
      heretofore described.
PAR  When this formation of the flash-free handle structure is combined with the
      tail-pulling structure of my earlier application and with the neck forming
      end reforming structure also set forth in my earlier application, it will
      be appreciated that a completely flash-free, handled article can be made
      by free extrusion machines.
PAR  Turning now to the embodiment of the invention showing in FIGS. 8 through
      11, a different type of preforming operation is illustrated as being
      performed between the blowing of the pre-form and the blowing of the
      pre-form into a final container.
PAR  In this embodiment of the invention, an overall blow molding mechanism as
      illustrated in FIG. 1 is again utilized, but need not be described in
      detail. As shown in FIG. 8, the pre-form blow mold sections 80 are of a
      different configuration than those earlier described. More specifically,
      the pre-form mold sections 80 cooperate to define an interior cavity 81 of
      simple configuration having a rounded bottom terminating in pinching
      portions 82 forming a removable tail 83, this tail being removable from
      the pre-form 84 as heretofore described.
PAR  A conventional blow pipe 70 as earlier described is utilized to blow the
      pre-form 84 to the configuration of the mold cavity 81, the pre-form 84
      having a rounded bottom 84a. Of course, the pre-form mold sections 80 can
      be mounted on the side plates 23 as heretofore described and go through
      the same motions as earlier described.
PAR  In FIG. 9, there is illustrated a final blow mold having sections 85
      cooperatively defining an interior cavity 86 which conforms to the shape
      of the final bottle, this mold cavity having a convex bottom 87 conforming
      to the bottom of the bottle as completely blown. As illustrated in FIG. 9,
      the bottle to be formed is a conventional, nonhandled container, although
      handled ware can also be made by the procedures heretofore described in
      detail.
PAR  As illustrated in FIG. 9, following the transfer of the pre-form to the
      final blow mold sections 85, the bottom 84a of the pre-form 84 is
      positioned well above the bottom 87 of the mold cavity 86. Next, an
      elongated blow pipe 90 is inserted into the pre-form to finish forming the
      neck, as desired. Alternatively, if desired, this blow tube 90 may be of
      the design described in my earlier application. However, the blow tube 90
      has a bottom 91 which is slightly concave with radiused corners, the
      bottom 91 of the blow tube conforming generally to the bottom convex
      surface 87 of the mold cavity 86. This blow tube 90 is inserted into the
      pre-form 94 until it engages the bottom 84a of the pre-form, and the blow
      tube is then further inserted into the final blow mold sections 85 until
      the tube-preform engagement carries the bottom 84a of the pre-form 84 into
      contact with, or at least adjacent to, the bottom surface 87 of the final
      blow mold. This further insertion of the blow tube 90 is illustrated in
      FIG. 10 of the drawings.
PAR  The contact between the blow tube 90 and the pre-form 84 stretches the
      pre-form axially to substantially the full length of the final blow mold
      sections 84. The blow tube 90 is provided with an air outlet opening 92
      which is located somewhere along the length of the blow tube 90 which is
      enclosed within the final blow mold sections 85 and within the pre-form
      84. After the pre-form 84 has been stretched, air under pressure is
      introduced through the air outlet 92 in the blow tube to inflate the
      pre-form to the configuration of the final mold, as shown in FIG. 11.
PAR  Since the pre-form 84, at the time of blowing, is at a temperature
      conducive to orientation, the mechanical extension or stretching of the
      pre-form shape 84 by the blow tube 90 will orient the pre-form vertically.
      This stretching under orientation conditions will materially increase the
      strength of the final blown article in a vertical direction. Such strength
      is often critical in containers, since this strength is directly reflected
      in the capability of the bottles to withstand "top loading" or stacking.
      Where bottles or other containers must be stacked vertically in a
      warehouse, in a delivery truck, or even in a dispensing machine,
      substantial vertical loads imposed by superimposed filled bottles must be
      withstood. By orienting vertically, it has been found that these top
      loading forces can be tolerated to a degree unobtainable in a container
      which is simply biaxially oriented, even though the overall container
      strength may be greatly increased by such biaxial orientation.
PAR  In FIGS. 12 through 15, another embodiment of the invention is illustrated
      wherein the top loading capability of the bottle is increased in a
      different way.
PAR  As shown in FIG. 12, the pre-form blow mold sections 100 are of somewhat
      different design. These pre-form blow mold sections 100 include an upper
      finish-defining portion 101, a generally cylindrical body-defining portion
      102, and a lower restricted portion. This lower restricted portion is
      defined by inwardly projecting surfaces 103 merging into vertical
      cylindrical portions 104 of substantially less diameter than the body
      portion 102, these portions 104 being located immediately above the
      tail-pinching projections 105 of the pre-form blow molds. The blow mold
      sections 100 are utilized in conjunction with a machine as illustrated in
      FIG. 1 of the drawings, and substantially the same preforming movements
      are involved.
PAR  Upon closure of the blow mold sections 100 upon the extruded tubular
      parison, the pinching projections 105 form the pinched tail portion 106,
      forming the tube into a blowable bubble. Of course, the pinched tail 106
      can be removed as earlier described. Alternatively, the tail may be left
      upon the pre-form. Next, a blow tube 107 is inserted into the tubular
      parison after it is cut from the orifice, and the parison is inflated to
      form the pre-form 110 to the configuration of the blow mold section 100.
PAR  Following the formation of the pre-form 110, the pre-form is enclosed
      within the final blow mold sections 111. These blow mold sections 111 are
      illustrated in FIGS. 13 to 15 as including simply an interior mold cavity
      of generally cylindrical shape and indicated generally at 112. The bottom
      of the mold cavity 112 is open to provide a cylindrical passage 113
      therethrough, and a pair of relatively movable pre-form-engaging jaws 115
      project through this opening 113.
PAR  These pre-form-engaging jaws 115 are illustrated only schematically in the
      drawings, but it will be understood that these jaws are keyed or otherwise
      connected to the mold sections 111 for relative vertical motion but for
      opening and closing movement therewith. In other words, each mold section
      111 carries a jaw 115 for opening and closing motion therewith and for
      relative vertical displacement. The jaws 115 are provided with
      complimentary inwardly projecting pinching surfaces 116 which, when the
      blow mold sections 111 are closed, move with the mold sections into
      engagement with the reduced lower portion of the pre-form 110 against the
      surfaces 104 of the pre-form molds 100.
PAR  The engaging elements 115 are jointly vertically movable by means of
      cylinders 117 or other suitable actuating mechanisms.. It will be readily
      understood that, when the final blow mold sections 111 are closed, the
      elements 115 are in their raised positions, and closure of the blow mold
      sections 111 engage the elements 115 with the pre-form 110 adjacent the
      lower end thereof. Following closure of the blow mold sections 111 and
      pinching of the pre-form 110 shut at 118, the elements 115 are retracted
      downwardly by the cylinders 117 to the positions illustrated in FIG. 4 of
      the drawings.
PAR  The upper surfaces of the elements 115 now form a continuation of the
      bottom-defining portions 119 of the final blow mold cavity 112. Air is
      then introduced into the vertically stretched pre-form 110 through an
      upper blow pipe 120 and the article is blown to its final configuration as
      shown in FIG. 15. Following this blowing, the "tail" formed beneath the
      pinch line 118 and indicated at 121 is then removed by simply actuating
      the gripping elements 115 further downward, while the blown article is
      still supported in the final blow mold sections 111. The resultant bottle
      has a conventional concave bottom surface 122 which is flash-free.
PAR  It will be readily appreciated that, once again, the pre-blown shape 110
      has been thermally conditioned during blowing and during retention within
      the preblow mold sections 100 to be at that temperature most conducive to
      orientation. The stretching which occurs during performance of the step
      illustrated by the transition from FIG. 13 to FIG. 14 thus stretches the
      parison and vertically orients the thermo-plastic material constituting
      the preblown shape. Upon blowing, additional biaxial orientation is, of
      course, obtained, but the vertical orientation of the material is
      substantially increased. The same top loading capability is obtained by
      the method illustrated in FIGS. 12 through 15 as has been earlier
      described in connection with the method described in FIGS. 8 through 11.
PAR  Thus, it will be seen that the present invention provides an improved
      method of making a blown container in an apparatus which corresponds
      essentially to the well known free-extrusion blow molding machine.
      Further, the methods of the present invention are readily adaptable to
      machines of this character which are made and operated in accordance with
      my earlier, above-identified application, Ser. No. 103,624. The method of
      the present invention primarily performs additional steps intermediate the
      successive blowing steps of my earlier invention. In one embodiment of the
      present invention (as illustrated in FIGS. 1 through 7), these additional
      steps constitute the pinching of the pre-form prior to the final blowing
      to form a handle without the generation of excessive flash which must be
      removed. Those embodiments of my invention illustrated in FIGS. 8-11 and
      12-15 perform additional stretching steps which increase the orientation
      of a bottle in a vertical direction to withstand those loads imposed on
      bottles during stacking, warehousing and the like. Of course, a
      combination of these methods may be utilized if desired to provide a
      handle container capable of withstanding such loads.
PAR  It will be understood that the overriding purpose of my earlier
      applications can also be obtained by following a method and by utilizing
      the apparatus of the present invention. In other words, the formation of
      the pre-form by initially blowing the tubular parison, and then blowing
      the pre-form to the final configuration, carries out the broader objects
      (1) of conditioning the pre-form by biaxial oxientation during the final
      blowing, (2) of cutting the overall cycle time in half, and (3) of
      obtaining a final article of greatly enhanced physical characteristics.
      The present invention essentially adds to this earlier invention the
      capability of forming handled ware from a freely extruded tube without
      generation of excessive amounts of flash and of increasing the top loading
      capability of articles formed on a free extrusion machine.
PAR  To best carry out the present invention and to obtain optimum orientation
      in the final article, it is preferred that the pre-form, at the time it is
      blown into the final article, have an average wall temperature for a
      crystalline polymer intermediate the crustalline melting point plus
      20.degree. F and the crystalline freezing point less 20.degree. F or for
      an amorphous polymer the glass transition temperature plus or minus
      25.degree. F. Such temperatures for specific polymers are more
      specifically defined in my above identified earlier application.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In an apparatus for making a blown plastic article from a thermoplastic
      tubular parison, including a pre-form blow mold closable on said parison,
      means for inflating the parison interiorly of the pre-form blow mold to a
      pre-form configuration of a size less than the size of the blown plastic
      article, a final blow mold having an interior cavity of a size and
      configuration conforming to that of the final blown article, means for
      closing said final blow mold on the pre-form, means for axially stretching
      the blown pre-form, and means for inflating the blown and stretched
      pre-form interiorly of the final blow mold cavity to the size and
      configuration of the final blown article.
NUM  2.
PAR  2. In an apparatus for making a blown plastic article from an extruded
      tubular parison, a pre-form blow mold closable on said parison, means for
      inflating the parison interiorly of the pre-form blow mold to a pre-form
      configuration of a size less than the size of the blown plastic article, a
      final blow mold having an interior cavity of a size and configuration
      conforming to that of the final blown article, said final blow mold being
      closable onto the blown pre-form, means for axially stretching the blown
      pre-form interiorly of the final blow mold cavity, and means for inflating
      the blown and stretched pre-form interiorly of the final blow mold cavity
      to the size and configuration of the final blown article.
NUM  3.
PAR  3. An apparatus for making a blown plastic article as defined in claim 2,
      wherein said means for stretching is a blow tube insertable axially into
      the blown pre-form as it is confined in the final blow mold and movable
      thereafter to stretch the blown pre-form to substantially the full axial
      extent of the final blow mold.
NUM  4.
PAR  4. An apparatus for making a blown plastic article as defined in claim 2,
      wherein said stretching means comprises a pair of pinching projections
      engaging the blown pre-form, and means for moving said pinching
      projections through one wall of the blow mold to stretch the blown
      pre-form interiorly of the blow mold to the full axial extent of the final
      blow mold interior cavity.
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ABST
PAL  A mold system uses a pair of mold parts formed as continuous loops of resin
      extrusion, and the mold parts have generally dovetail-shaped side edge
      projections. Two continuous loops of flexible and springy retainer strips
      coated with a resin covering are formed in a general U shape in cross
      section and are clipped respectively over the side edge projections of the
      mold parts. The retainer strips are flexible enough to follow a curved
      path with the mold parts closed to hold a molded product, and the retainer
      strips allow the mold parts to be made of the most suitable material
      without having to snap tightly together without external assistance.
      Longer mold life can be achieved with the retaining force being provided
      by simple and easily replaceable retainer strips.
BSUM
PAR  Continuous molding in resin loop mold parts that follow a curved path while
      closed to hold a molded product has been suggested in U.S. Pat. Nos.
      3,700,368 and 3,781,390. Such a process works well and allows high-speed
      molding, but it involves considerable problems in maintaining mold parts
      in working condition. The invention involves an analysis of these problems
      and suggests a better system for such continuous molding.
PAR  One problem is release of the molded product from the mold parts, and some
      resin materials have much better release properties than others, so that
      the most desirable molds would be made of relatively easy release resin
      materials. However, when the mold parts themselves have to be flexed and
      have sufficient resilience to snap together with a firm interlock to
      retain the molded product, then flex life of the mold parts is also an
      important consideration and also requires that certain resin materials be
      used. Compromises on the flex life requirements and the release
      requirements dictate resin materials that are difficult to extrude with
      the desired accuracy to form satisfactory molds. Mold parts can fail by
      losing their capacity to interlock together even though they may still
      have plenty of wear left in their cross-sectional mold surface shape.
      Also, mold parts have to be matched together, and if one part becomes
      worn, both parts have to be replaced. In addition, any change in mold
      design requires changes in locking rolls to press the mold parts together.
PAR  All of these problems cause substantial difficulty when mold parts are
      several hundred feet in length and expensive to replace, and the invention
      involves recognition of a way that mold parts can be made more simply and
      can be held together not by a resilient interlock in the mold parts
      themselves, but by a particular form of flexible and resilient retainer
      strip also formed in continuous lengths and snapped over the side edges of
      the mold parts when the mold parts are closed. The invention aims at
      simplicity, economy, formation of mold parts from more advantageous resin
      materials, simpler mold shapes, longer wear life for molds, and a simpler
      and cheaper way of retaining mold parts together as the molded product
      cures.
PAC  SUMMARY OF THE INVENTION
PAR  The inventive continuous mold system applies to a pair of mold parts formed
      as continuous loops of resin extrusions closable along a parting plane and
      flexible enough to follow a curved path while closed to hold a molded
      product. Each of the mold parts has opposite side edge projections
      extending laterally outward along the parting plane, and the side edge
      projections fit together in abutting relation when the mold parts are
      closed. The laterally outer extremities of the fitted-together side edge
      regions are thicker than the laterally inward portion of each of the
      fitted-together side edge regions. Two continuous loops of flexible and
      springy retainer strip each substantially the length of the mold parts are
      coated with a resin material covering the retainer strip and are each
      generally U-shaped in cross section to clip respectively over the side
      edge projections and resiliently bias the side edge projections closed
      against each other. The longitudinal edges of the retainer strips extend
      to the laterally inward portions of each of the side edge projections, and
      the retainer strips are flexible transversely to the longitudinal extent
      of the retainer strips for following the curved path of the mold parts.
      Clipping means ahead of the curved path clip the retainer strips onto the
      closed mold parts, and removing means arranged after the curved path
      remove the retainer strips from the closed mold parts.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 schematically shows a preferred embodiment of the invention applied
      in the general environment of a continuous loop molding system;
PAR  FIG. 2 is an enlarged, fragmentary, and partially cut-away elevational view
      of a closed and locked mold as preferred according to the invention;
PAR  FIG. 3 is a cross-sectional view of the mold of FIG. 2 taken along the line
      3--3 thereof;
PAR  FIGS. 4-7 are partially schematic, plan views of various preferred ways of
      forming resilient base materials for retainer strips used in the
      invention;
PAR  FIGS. 8-10 are cross-sectional views of three examples of differing mold
      shapes usable in the inventive system;
PAR  FIG. 11 is a partially schematic, elevational view of a device for clipping
      retainer strips onto a closed mold; and
PAR  FIG. 12 is a partially schematic, fragmentary view of a device for removing
      the retainer strips from a closed mold.
DETD
PAC  DETAILED DESCRIPTION
PAR  Molding system 10 as schematically shown in FIG. 1 includes a mold-closing
      station 11 for closing an outer mold part 12 and an inner mold part 13
      which are then driven through a curved path 14 while the molded product
      cures. When curing is completed, the mold parts are separated at a
      mold-opening station 15, and the outer mold part 12 is refilled at mold
      filling station 16. Curved path 14 can be a helix of many turns, and by
      keeping mold parts 12 and 13 together during most of their travel,
      high-speed molding can be accomplished because of the relatively long
      length of the curing path. Many of the details for preferred ways of
      operating such a continuous molding system are disclosed in previous U.S.
      Pat. Nos. 3,700,368 and 3,781,390.
PAR  The inventive molding system differs from previous suggestions in providing
      a better way for locking the mold parts 12 and 13 together during their
      travel through curved path 14, and FIGS. 2 and 3 show one preferred
      example of how this is done. Mold parts 12 and 13, which happen to be
      identical, but reversed relative to each other in the embodiment of FIGS.
      2 and 3, each have respective side edge projections 17 and 18 extending
      laterally outward along parting plane 19. Retainer strips 20 are clipped
      over projections 17 and 18 to hold mold parts 12 and 13 together, and the
      invention involves the characteristics of a satisfactory retainer clip 20
      and its relationship to mold parts 12 and 13, and suitable ways of
      clipping on and removing retainer 20.
PAR  Side edge projections 17 and 18 fit together in abutting relation as
      illustrated when mold parts 12 and 13 are closed, and the laterally outer
      extremities of mold parts 17 and 18 have a thickness dimension 21 greater
      than the thickness dimension 21 of a laterally inward portion of
      projections 17 and 18. Projections 17 and 18 when abutted together as
      illustrated in FIG. 3 thus have a generally dovetailed shape. Retainer 20
      has a corresponding dovetailed shape to clip over the outer extremities of
      projections 17 and 18 and squeeze inward on the laterally inward portion
      of projections 17 and 18 at their thinner dimension 22.
PAR  Retainer strips 20 are each formed in continuous loops of substantially the
      length of mold parts 12 and 13 and each have a flexible and springy base
      24 covered with a coating 25 of a resin material. Retainer strips 20 are
      formed into a general U shape in cross section such as the dovetailed
      shape illustrated in FIG. 3 for fitting over projections 17 and 18 of mold
      parts 12 and 13.
PAR  It is important that retainers 20 be resilient, springy, and flexible
      enough to be clipped on and off the mold parts and also be able to travel
      through curved path 14 without releasing the mold parts or coming loose
      from the mold parts. It is also important that retainers 20 be simple and
      economical to make and handle so that they can be formed easily in long
      lengths and replaced inexpensively if necessary. These requirements are
      met by a base material 24 schematically shown in FIG. 4 as formed of wire
      loops 26 formed in a zig-zag pattern and secured together by
      longitudinally extending stitched or knitted threads 27. The resilience
      and strength of base 24 can be determined by selecting wire 26 of the
      proper material, size, and tensile strength, and stitching 27 keeps wire
      loops 26 in place, supports and maintains the desired pattern of loops 26,
      and keeps base 24 from being longitudinally stretchable. A coating of
      resin material 25 covering base 24 makes a satisfactory retainer strip 20
      when base 24 is formed into the desired cross-sectional shape.
PAR  Preferred alternatives to zig-zag wire base 24 are the cut and expanded
      metal base 28 of FIG. 5 having metal legs 29 formed in a zig-zag pattern
      and preferably made from a die-cut strip of sheet metal. Knitted or
      stitched threads can also be applied to base 28 if desired. Another
      preferred alternative is base 30 of FIG. 6 formed of a die-cut sheet metal
      strip to provide a relatively narrow central strip 31 and independent side
      fingers 32. Base 33 of FIG. 7 is also die-cut from sheet metal with a
      wider central strip 34 having perforations 35 and independent side edge
      fingers 36. Bases 28, 30, and 33 are preferably coated with a resin
      coating 25 just as preferred for base 24, and the resulting retainer strip
      20 formed with any of the illustrated bases is resilient, springy,
      flexible transversely relative to its longitudinal extent and suitable for
      repeatedly clipping on and off mold parts and travelling with the mold
      parts through a curved path.
PAR  Variations in mold shape and retainer strip shape are shown in FIGS. 8-10.
      Mold part 37 has dovetailed shaped side edge projections 39, and mold part
      38 has straight side edge projections 40 to show that the dovetail effect
      can be made by shaping the side edge projections of one mold part only.
      Also, the cavity between mold parts 37 and 38 has a different shape.
      Retainer strip 20 has a shape fitting projections 39 and 40, and similar
      to the shape shown in FIG. 3. Projections 41 and 42 of mold parts 43 and
      44 of the embodiment of FIG. 9 are rounded in cross section as
      illustrated, and retainer strips 20 have a corresponding rounded or
      partial cylindrical shape to clip over and hold projections 41 and 42
      together. Projections 45 and 46 of mold parts 47 and 48 of FIG. 10 each
      have notches 49, and retainer strips 20 have in-turned free ends 50
      fitting into notches 49 to lock projections 45 and 46 tightly together.
      FIGS. 8-10 show a few of the many possibilities for mating shapes between
      side edge projections for mold parts and retainer strips 20, and many more
      configurations can be made within the spirit of the invention.
PAR  Retainer strips 20 can become deformed or bent during use, and can lose
      their desired cross-sectional shapes for firmly gripping closed mold
      parts, so that forming rollers are preferred at mold closing station 11
      for pressing retainer strip 20 back into the desired shape for a tight fit
      on the mold parts. This is best shown in FIG. 11 where forming rollers 51
      and 52 squeeze the side edges of retainer strip 20 tightly over
      projections 17 and 18 of mold parts 12 and 13 while another roller 53
      presses retainer strip 20 laterally in place to form retainer strip 20
      into the desired shape and press it tightly onto projections 17 and 18 to
      lock mold parts 12 and 13 securely together. Reforming of retainer strip
      20 to the desired cross-sectional shape can also be done before it is
      clipped onto mold parts, and generally known forming rollers or cams can
      be used.
PAR  FIG. 12 schematically shows rollers 54 for forcing retainer strips 20 off
      of mold parts 12 and 13 so that the molds can be opened. Cams can be used
      instead of rollers 54, because lateral outward force is all that is
      required to unclip retainer strips 20 from a mold.
PAR  Between mold opening station 15 and mold closing station 11, retainer
      strips 20 are guided around the path between the open mold parts, the
      molded product is removed from between the mold parts, any necessary
      cleaning is accomplished, any mold liner is removed and replaced, one of
      the mold parts is refilled at station 16, the mold parts are fitted back
      together, and retainer strips 20 are reapplied preferably by a forming
      device such as shown in FIG. 11. Drive means (not shown) advances the mold
      parts throughout these operations, and retainer strips 20 follow along
      because of their engagement with the closed mold parts. Because the mold
      parts need not have any capacity for self-sustaining an interlocking
      relationship or for a long flex life to make this possible, the mold parts
      can be formed of more advantageous resin materials that are easier to
      extrude and offer a better release of the molded product. The overall
      expense is reduced because retainer strips 20 are very economical, and one
      pair of mold parts has a much longer wear life because of not having to
      flex during locking and unlocking. The interlock provided by retainer
      strips 20 is also more secure and thus reduces mold failures, but also
      does not add any appreciable complexity to the molding machine. In fact,
      locking and guide rollers in the machine can be standard for all molds,
      because such rollers are not involved in the interlock maintained by
      retainer strips 20. Some minor extra equipment at the mold opening and
      closing stations, and guideways between these stations is all that is
      required to achieve the many advantages of the inventive system compared
      to the best known prior art.
PAR  Persons wishing to practice the invention should remember that other
      embodiments and variations can be adapted to particular circumstances.
      Even though one point of view is necessarily chosen in describing and
      defining the invention, this should not inhibit broader or related
      embodiments going beyond the semantic orientation of this application but
      falling within the spirit of the invention. For example, those skilled in
      the art will appreciate the many different shapes of mold parts and
      retainer strips and the ways of clipping on and removing the retainer
      strips within the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a mold system having a pair of mold parts formed as continuous loops
      of resin extrusions closable along a parting plane and flexible enough to
      follow a curved path while closed to hold a molded product, each of said
      mold parts having opposite side edge projections extending laterally
      outward along said parting plane and fitting together in abutting relation
      when said mold parts are closed, the improvement comprising:
PA1  a. the laterally outer extremities of said fitted-together side edge
      projections being thicker than a laterally inward portion of each of said
      fitted-together side edge projections;
PA1  b. two continuous loops of flexible and springy retainer strip each
      substantially the length of said mold parts;
PA1  c. said retainer strips being formed of a springy metal element having a
      longitudinal pattern of side edge gaps;
PA1  d. a resin coating covering each of said retainer strips;
PA1  e. each of said retainer strips being generally U shaped in cross section
      to clip respectively over said side edge projections and resiliently bias
      said side edge projections into said abutting relation;
PA1  f. the longitudinal edges of said retainer strips extending to said
      laterally inward portions of each of said side edge projections and being
      spaced apart by less than the thickness of said laterally outer
      extremities to form an interlock with said side edge projections;
PA1  g. said retainer strips being flexible transversely relative to the
      longitudinal extent of said retainer strips for bending around said curved
      path with said mold parts;
PA1  h. means arranged ahead of said curved path for clipping said retainer
      strips onto said closed mold parts and positioning said longitudinal edges
      of said retainer strips firmly against said laterally inward portions of
      said side edge projections to form said interlock; and
PA1  i. means arranged after said curved path for removing said retainer strips
      from said closed mold parts.
NUM  2.
PAR  2. The system of claim 1 wherein said spring metal element of each of said
      retainer strips is formed of wire in a transverse zig-zag loop pattern
      with longitudinal stitching linking loops of said wire together.
NUM  3.
PAR  3. The system of claim 1 wherein said spring metal element of each of said
      retainer strips is formed of a flat metal strip arranged in a transverse
      zig-zag pattern.
NUM  4.
PAR  4. The system of claim 1 wherein said spring metal element of each of said
      retainer strips is formed of a flat metal strip die-cut to form said edge
      gaps.
NUM  5.
PAR  5. The system of claim 1 wherein said fitted-together side edge projections
      have a dovetail shape in cross section.
NUM  6.
PAR  6. The system of claim 1 including forming means cooperating with said
      clipping means for restoring said retainer strips to said U shape for
      fitting back onto said side edge projections.
NUM  7.
PAR  7. The system of claim 6 wherein said spring metal element of each of said
      retainer strips is formed of a flat metal strip arranged in a transverse
      zig-zag pattern.
NUM  8.
PAR  8. The system of claim 6 wherein said spring metal element of each of said
      retainer strips is formed of a flat metal strip die-cut to form said edge
      gaps.
NUM  9.
PAR  9. The system of claim 6 wherein said spring metal element of each of said
      retainer strips is formed of wire in a transverse zig-zag loop pattern
      with longitudinal stitching linking loops of said wire together.
NUM  10.
PAR  10. The system of claim 9 wherein said fitted-together side edge
      projections have a dovetail shape in cross section.
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ABST
PAL  An apparatus for the production of extruded profiles of foamed thermoplasts
      consisting of an extruder having an extrusion screw and a form-giving
      extruder head having a flow channel therethrough characterized in that at
      least part of the length of said flow channel is divided by separating
      walls having a thickness of 0.2 to 3 mm arranged in the axial direction
      into individual channels of such a length and cross-section area whereby
      each individual channel has a nozzle coefficient k of from 0.1 to 2
      mm.sup.3 ; as well as the process of extrusion.
BSUM
PAC  THE PRIOR ART
PAR  The manufacture of profiles made of foamed thermoplasts, which contain
      additional stabilizers, lubricants, propellants and optionally fillers as
      well as further additives, by means of an extruder, is well known. The
      advantage of the foamed profiles resides mainly in that they require the
      use of about 50 weight percent less material with an equal volume.
      Moreover, full profiles with a large cross-section can be more readily
      prepared from foamed material.
PAR  Of decisive importance for the quality of the profiles and for the
      preparability of the profiles, in general, is the structure of the
      extrusion head. When extruder heads commonly employed for the manufacture
      of compact profiles are used, only thin-walled articles made of foamed
      material can be made and, in addition, the surface of these profiles is
      often of a rough and fissured structure.
PAR  An extruder head which has been proposed especially for the manufacture of
      foamed profiles comprises in the center of the head a pin which is held in
      place by holding means. A hollow profile is extruded by means of this
      head. The hollow space is foamed shut during the foaming process. The
      disadvantage of this head is that it permits only low expulsion rates and,
      in addition, a division of the stream of material into several partial
      streams occurs by virtue of the pin holding means, which, in the case of
      certain thermoplasts, will not reunite in the finished profile without
      leaving noticeable seams. Furthermore, this head has the disadvantage that
      complicated tools are necessary for the manufacture of the foamable hollow
      profiles.
PAR  In addition, it is known to build a perforated disk into the extrusion
      head, and to increase the flow resistance of the discharge nozzle thereby.
      After passing through the perforated disk, the individual strands are
      again reunited into a closed strand. However, difficulties arise in the
      joining of these strands and, moreover, a releasing of tension results
      after passage through the perforated disk by virtue of the great increase
      in cross-section resistance, which leads to a premature foaming of the
      individual strands and, in addition, often leads to deposits which, in
      turn, produce scorching of the material.
PAR  It was further attempted to achieve an improvement by insertion of a screen
      in front of the perforated disk. However, it has been shown that many
      pores of the foam are destroyed thereby. By virtue of the loss in gas
      caused thereby, foamed bodies with higher densities result. All of these
      known inserts in the extruder heads served to increase the flow resistance
      through the flow channel in the extruder head. This is of particularly
      great importance in the extrusion of foamable thermoplasts because the
      material is not only under pressure produced by the extrusion helix but
      also under gas pressure produced by the decomposing foaming agent. If the
      flow resistance is too small, the strand is expelled from the nozzle too
      rapidly and not uniformly; that is, in the form of a non-homogeneous
      strand. An increase in the flow resistance by lengthening the trough zone
      is only possible to a limited extent, because foaming plastic masses have
      poor sliding properties on metal surfaces, and thus the formation of raw
      surfaces is promoted.
PAR  The previously known methods, namely to increase the flow resistance by
      means of inserts in the extrusion head, most often lead to zones of
      reduced tension immediately following these inserts and thus to premature
      foaming of the material. This effect becomes noticeable in production of
      rough and fissured surfaces on the finished profiles. While these
      difficulties can be limited by addition of increased amounts of
      lubricants, profiles made from mixtures with a high lubricant content
      often exhibit non-uniform blisters, large pores and chunks. In addition,
      the capability of the material strands to be reunited decreases by virtue
      of the high lubricant content. A suitable measure of the flow resistance
      of an extrusion head is the nozzle coefficient k (mm.sup.3). In the case
      of a Newtonian media it depends, in the following manner, from the
      through-put G (cm.sup.3 /sec.) from the melt viscosity .mu. (kp x
      sec/mm.sup.2), and from the mass pressure p (kp/cm.sup.2):
EQU  k =  G x .mu. /p
PAL  From the geometry of the nozzle, the nozzle coefficient can be calculated.
      Examples for such calculation are described in "Kunstoffextruder-Technik",
      Carl Hanser-Verlag, Munchen 1963.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to provide a process for the
      manufacture of profiles made of foamed thermoplasts and a suitable
      extruder, especially an extrusion head for the performance of the process,
      which do not exhibit the above-described disadvantages.
PAR  Another object of the present invention is the development of an apparatus
      for the production of extruded profiles of foamed thermoplasts consisting
      of an extruder having an extrusion screw and a form-giving extruder head
      having a flow channel therethrough characterized in that at least part of
      the length of said flow channel is divided by separating walls having a
      thickness of 0.2 to 3 mm arranged in the axial direction into individual
      channels of such a length and cross-section area whereby each individual
      channel has a nozzle coefficient k of from 0.1 to 2 mm.sup.3.
PAR  A yet further object of the present invention is the development of a
      process for the production of extruded profiles of foamed thermoplasts
      which consists of extruding a foamable thermoplastic mixture through a
      narrow orifice into a zone divided into a plurality of individual channels
      defined by separatory walls arranged in an axial direction with a
      thickness of between 0.2 and 3 mm, where each of said individual channels
      has a nozzle coefficient k of from 0.1 to 2 mm.sup.3, foaming said
      foamable thermoplastic mixture and recovering an extruded profile of
      foamed thermoplasts.
PAR  These and other objects of the invention will become more apparent as the
      description thereof proceeds.
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PAC  THE DRAWINGS
PAR  FIG. 1 is a cross-sectional top view of the embodiment of the extruder of
      the invention.
PAR  FIGS. 2 and 3 are cross-sections of two arrangements of the throttle
      lattices of the invention for the flow channel of the extruder of FIG. 1.
PAR  FIG. 4 is a cross-sectional top view of another embodiment of the extruder
      of the invention.
PAR  FIGS. 5 and 6 are cross-sections of arrangements of the throttle lattices
      of the invention for the flow channel of the extruder of FIG. 4.
PAR  FIG. 7 shows a cross-sectional top view of another embodiment of the
      extruder of the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The subject matter of this invention is an apparatus for the manufacture of
      profiles made of foamable thermoplasts by means of an extruder,
      characterized in that the plastic thermoplast which contains foaming
      agents is extruded by means of an extruder helix through an extrusion
      head, the flow channel of which is divided in axial direction into
      individual channels by means of separating walls with a thickness of 0.2
      to 3 mm, where each individual channel has a nozzle coefficient k or from
      0.1 to 2 mm.sup.3, wherein said apparatus consists of an extruder 1 with a
      helix 2, and an extrusion head 3, characterized in that the entire length
      of the flow channel 4 or a portion thereof in the extrusion head 3 is
      divided by separating walls 5 with a thickness of 0.2 to 3 mm arranged in
      axial direction into individual channels 6, where each individual channel
      has a nozzle coefficient k of from 0.1 to 2 mm.sup.3.
PAR  More particularly, the invention comprises a process for the production of
      extruded profiles of foamed thermoplasts which consists of extruding a
      foamable thermoplastic mixture through a narrow orifice into a zone
      divided into a plurality of individual channels defined by separatory
      walls arranged in an axial direction with a thickness of between 0.2 and 3
      mm, where each of said individual channels has a nozzle coefficient k of
      from 0.1 to 2 mm.sup.3, foaming said foamable thermoplastic mixture and
      recovering an extruded profile of foamed thermoplasts; as well as an
      apparatus for the production of extruded profiles of foamed thermoplasts
      consisting of an extruder having an extrusion screw and a form-giving
      extruder head having a flow channel therethrough characterized in that at
      least part of the length of said flow channel is divided by separating
      walls having a thickness of 0.2 to 3 mm arranged in the axial direction
      into individual channels of such a length and cross-section area whereby
      each individual channel has a nozzle coefficient k of from 0.1 to 2
      mm.sup.3.
PAR  By virtue of the present invention, it is possible to manufacture
      defect-free foamed profiles with even large cross-sections. The
      disadvantages of foamed extrusions known from the art are thereby avoided
      by the simple means of the throttle lattice.
PAR  Of decisive importance for the function of the process of the apparatus are
      the separating walls built into the extrusion head whereby the flow
      resistance in the extrusion head is influenced thereby. These separating
      walls are advantageously arranged in the form of a lattice, and may extend
      over the entire cross-section of the length of the nozzle as well as only
      a portion thereof. The purpose of the separating walls is to achieve as
      uniform a flow of the plastic mass as possible over the entire
      cross-section of the profile. This goal can only be achieved if each
      individual channel which is formed by the separating walls has a nozzle
      coefficient k of between 0.1 to 2 mm.sup.3. For the calculation of this
      coefficient k the following formulas are valid.
PAL  Channel with Circular Cross-Section
      ##EQU1##
      Channel with Rectangular Cross-Section
      ##EQU2##
      where k = nozzle coefficient in mm.sup.3.
PA1  F.sub.q = cross-section area of the total profile in mm.sup.2.
PA1  r = radius of circular cross-section in mm.
PA1  F = total surface, touched by material stream within the nozzle channel in
      mm.sup.2. (Nozzle wall and separating walls).
PA1  b = channel width in rectangular cross-section in mm.
PA1  s = channel height in rectangular cross-section in mm.
PAR  For practical purposes, the formulas show that the nozzle coefficient k,
      and thus the throttling effect of the separating walls, depends on the one
      hand upon their length in the axial direction, and on the other hand upon
      the height and width of the individual channel, that is upon the distance
      of the separating walls from each other.
PAR  In order to achieve the desired goal of a uniform flow front of the plastic
      mass, the axial length of the lattice may be of different size in
      individual zones. For example, the lattice is constructed to be longer in
      the center of the nozzle in the case of customary round and rectangular
      profiles, in order to throttle the higher flow rate in this area. The
      exact design can be ascertained with little effort by shortening the
      separating walls, such as by filing.
PAR  In the case of more complicated profiles it is often more advantageous if
      the non-uniform flow of the plastic mass is made uniform by making the
      side ranges of the individual channels different over the cross-section of
      the total channel. That is, at locations of higher flow rate of the
      plastic mass there are many channels per unit surface, so that the total
      channel has here a strong throttling effect, and in the zones of lesser
      flow rate there are correspondingly fewer channels per unit surface, and
      thus a lesser throttling effect. A fine adjustment of the axial length of
      the channels is, in most cases, additionally of advantage.
PAR  In general, the separating wall lattice is assembled outside the nozzle
      from individual separating walls, and is then inserted into the nozzle of
      the extrusion head. For example, it is held in place either by a conical
      shape of the flow channel by means of the material pressure, or it is
      welded in place. It is of advantage if it is mounted in a readily
      exchangeable manner, because the throttling lattice must be adapted to the
      melt to be extruded or to its sliding properties along the channel walls.
      In some cases, it is also possible to adapt the sliding properties to the
      throttle lattice which is already present.
PAR  Aside from the nozzle coefficient k, which has a value of 0.1 to 2 mm.sup.3
      for the individual channels according to the present invention, the nozzle
      coefficient of the total channel which is of advantage as a comparison
      with similar nozzles, can be calculated by means of the same formulas,
      taking into consideration the particular corresponding channel
      cross-section and the channel surface which is contacted by the particular
      stream of mass under consideration.
PAR  In the case of channels with a throttle lattice and rectangular
      cross-section, the following relationship between the nozzle coefficient
      of the individual channel and the total channel consisting of a plurality
      of channels exists.
EQU  k.sub.G = a.sup.2 . b . k.sub.E  (mm.sup.3),
PAL  where
PA1  k.sub.G = nozzle coefficient of the total channel with throttle lattice in
      mm.sup.3.
PA1  k.sub.E = nozzle coefficient of the individual channel in mm.sup.3.
PA1  a = number of individual channels on the small side of the rectangle.
PA1  b = number of individual channels on the long side of the rectangle.
PAR  In general, the separating walls do not extend over the entire length of
      the extrusion nozzle in axial direction. It is of advantage if the
      separating walls 5 terminate already before the nozzle mouth 7 to be
      followed by a zone 8 whose length is from 1 to 15 times the height of the
      flow channel. Zone 8 (see FIG. 7) preferably consisting of two areas of
      which the one 8b which ends in the nozzle mouth 7 comprises parallel
      walls, and the other 8a in back thereof comprises conical walls with a
      compression of 1:1.05 to 1:1.5.
PAR  By virtue of the compression, the joining of the strands formed by the
      separating walls is facilitated. The joining zone may, however, also
      comprise continuous parallel or continuous conical walls.
PAR  The total length of the nozzle lies in the general length of 2 to 25 s (s =
      wall distince of the nozzle in the area of the joining zone of the
      nozzle). Conventional dimensions of the individual channels are, for the
      width and height, from 3 to 10 mm, and for the length from 30 to 250 mm.
PAR  By virtue of the fact that the separating walls are constructed very thin,
      no release of tension subsequent to passage through the lattice occurs,
      and the danger of foaming or burning of the thermoplastic melt is not
      present. Also, the joining of the partial strands proceeds without
      difficulties and without seam formation.
PAR  With the aid of the process according to the invention or the apparatus
      according to the invention, it is possible to achieve by simple means a
      uniformly flowing flow front and thus to arrive at stress-free,
      homogeneous profiles. This is of particular importance because with the
      aid of the heretofore customary methods of manufacture design, such as a
      variation of the intake stream cross-section, no substantial improvements
      could be achieved in the case of foamable material.
PAR  The examples of thermoplasts which can be foamed by means of the process of
      this invention are PVC and its copolymers, polystyrene,
      acrylonitrile-butadiene-styrene, terpolymers and polyethylene. The
      mixtures used therein contain the conventional composition components such
      as lubricants, stabilizers and foaming agents. By selection of the proper
      composition components the properties of the profile can be substantially
      influenced. An advantageous mixture consists of:
PA1  100 parts by weight of PVC
PA1  1 to 20 parts by weight of acrylonitrile-butadiene-styrene resins or methyl
      methacrylate-butadiene-syrene resins.
PA1  0.5 to 3 parts by weight of stabilizers
PA1  0.3 to 2.5 parts by weight of lubricants
PA1  0.1 to 1.8 parts by weight of foaming agents
PA1  0 to 10 parts by weight of fillers.
PAR  FIG. 1 is a cross-sectional top view of an extruder 1 according to the
      present invention. By means of the helix 2, the foamable thermoplastic
      mass is forced into the extrusion head 3. The lattice 5 inserted into the
      flow channel 4 partitions the same into individual channels 6. The
      structure of the lattice is such that the length of the walls is longer in
      the middle of the flow channel so as to throttle the inherently more rapid
      flow of the plastic mass in the zone. By virtue of this measure, it is
      achieved that the plastic mass flows uniformly through the joining zone 8
      and exits at the nozzle mouth 7. FIG. 2 is a cross-section of the lattice.
      All of the separating walls are at the same distance from each other. In
      FIG. 3 a lattice is shown in which the separating walls are closer
      together in the central portion.
PAR  FIG. 4 shows the same extruder as in FIG. 1. The extruder head shown in
      this figure serves to extrude a profile with bars. By length adaptation of
      the throttling lattice 5, an optimum adaptation of the differential flow
      rates can also be achieved. FIG. 5 is a cross-section of the throttling
      lattice with uniformly equal distance between the separating walls.
      Another possibility for adaptation of the flow rate is shown in FIG. 6.
      Here the adaptation is achieved by varying distances between separating
      walls.
PAR  FIG. 7 shows the same extruder as in FIG. 1 but with a zone 8 of two areas
      of which the one 8b which ends in the nozzle mouth 7 comprises parallel
      walls, and the other 8a in back thereof comprises conical walls with a
      compression of 1:1.05 to 1:1.5.
PAR  The following specific embodiments illustrate the practice of the invention
      without being deemed limitative in any respect.
PAC  EXAMPLES
PAR  A fomable polyvinylchloride resin mixture with the components of 100 parts
      by weight of mass polymerized polyvinylchloride ("Vinnol" Wacker Chemie
      GmbH) K-value 60, 2.5 parts by weight of stabilizer, 1.0 parts by weight
      of lubricant, 0.3 parts by weight of azodicarbonamide and dye was extruded
      in an extruder with D = 60 mm helix diameter, helix length 20 D and volume
      compression in the helix of 1:3 through various nozzles into a board-like
      (rectangular) continuous strand.
PAC  EXAMPLE 1
PAR  With the aid of the above-mentioned machine and the indicated material, a
      profile was extruded with the following nozzle: Channel dimensions at the
      nozzle mouth: width B = 100 mm, height A = 10 mm, nozzle length L = 300
      mm, nozzle coefficient of this nozzle was k = 25.2 mm.sup.3. The extrudate
      produced thereby contained large chunks, the surface was undulating, the
      material flows non-uniformly from the nozzle, and spiral shaped markings
      produced by the helix were still recognizable on the strand. The density
      of the extrudate is about 0.95 gm/cm.sup.3.
PAC  EXAMPLE 2
PAR  A throttle lattice consisting of 19 slats of sheet metal 10 mm wide, and
      one separating wall of sheet metal 100 mm wide, was inserted into the flow
      channel of the device described in Example 1. Individual square channels
      with the dimensions 5 .times. 5 mm were formed thereby. The sheet metal
      thickness was 0.2 mm. This was not taken into consideration in the
      calculations. The length of the throttle lattice device was 60 mm. An
      entrance zone was provided before the throttle lattice, and a joining zone
      with a length of 30 mm and a compression of 1:1.1 was provided after the
      throttle lattice.
PAR  The nozzle coefficient of the individual channels was
EQU  k.sub.E = 0.43 mm.sup.3
PAR  The nozzle coefficient of the entire extrusion head was
EQU  k.sub.G = 34.7 mm.sup.3
PAL  The relationship k.sub.G = a.sup.2 b k.sub.E applies to this formula.
PAL  In this example: a = 2 (2 rows in the height dimension), b=20 (20 rows in
      the width dimension).
PAR  The extrudate emerges clearly more uniform and more smoothly from the
      nozzle. In the center of the strand the discharge rate is somewhat greater
      than at the edge.
PAR  The density of the extrudate is about 0.7 gm/cm.sup.3.
PAC  EXAMPLE 3
PAR  In this test a throttle lattice is used whose walls are adapted to the flow
      front in the central area of the nozzle, that is they were lengthened by
      about 10 mm and extend to the edge by the length to which the nozzle
      extends.
PAR  The remaining apparatus was unchanged over Example 2. The nozzle
      coefficient of the central individual channels is about k = 0.37 mm.sup.3.
      The outer channels are left unchanged over Example 2. The nozzle
      coefficient of the entire extrusion head was only changed to a minor
      extent due to this correction. The material flow in the nozzle is more
      uniform after correction. The edges flow about equally as fast as the
      central areas. The pore structure is more uniform. The density of the
      extrudate is 0.65 gm/cm.sup.3.
PAC  EXAMPLE 4
PAR  A profile in the form shown in FIG. 5 was extruded with the same foamable
      mixture and the same machine as in Example 1. The dimensions were: h.sub.1
      = 10 mm, h.sub.2 = 20 mm, total width b.sub.1 = 100 mm, width of the
      central range b.sub.2 = 60 mm, total length of the nozzle L = 200 mm. The
      flow channel was provided with a throttle lattice in the manner shown in
      FIG. 4, the wall distance of the lattice walls was 5 mm. The length of the
      lattice was 65 mm on the average. In the entrance areas of the two support
      bars with a diameter of 20 .times. 20 mm and in the middle of the
      connection component with a height of 10 mm, the resistance was increased
      by lengthening the throttle lattice by 10 to 20 mm. The strand emerged
      uniformly from the nozzle mouth. Minor differences in the discharge rate
      could be removed by further corrections in the throttle lattice length.
      The density of the extrudate with uniform pore structure was 0.63
      gm/cm.sup.3.
PAC  EXAMPLE 5
PAR  15 parts by weight of acrylonitrile-butadiene-styrene terpolymer were added
      to the mixture used in Examples 1 to 4. The extrudate produced with the
      apparatus of Example 3 exhibited a particularly smooth surface, a uniform
      pore structure, and somewhat larger pores than a mixture without the ABS
      polymer. The density was 0.58 gm/cm.sup.3.
PAR  The preceding specific embodiments are illustrative of the practice of the
      invention. It is to be understood, however, that other expedients known to
      those skilled in the art or disclosed herein may be employed without
      departing from the spirit of the invention or the scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for the production of extruded profiles of foamed
      thermoplasts consisting of an extruder having an extrusion screw and a
      form-giving extruder head having a flow channel therethrough characterized
      in that at least part of the length of said flow channel is divided by
      separating walls having a thickness of 0.2 to 3 mm arranged in the axial
      direction into individual channels of such a length and cross-section area
      that each individual channel has a nozzle coefficient k of from 0.1 to 2
      mm.sup.3, said separating walls reducing the cross-section area of said
      flow channel by a minor amount only.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said separating walls define individual
      channels with a rectangular cross-section.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said separating walls define individual
      channels having varied lengths in the axial direction.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said individual channels have
      dimensions of from 3 to 10 mm for width and height and from 30 to 250 mm
      for length in the axial direction.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said separating walls defining said
      individual channels terminate from 1 to 15 times the height of said flow
      channel, from the mouth of said flow channel.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the zone between the termination of
      said separating walls and said mouth of said flow channel consists of two
      areas, a first area terminating with said mouth having parallel walls and
      a second area extending to the rear having conical walls with a
      compression of 1:1.05 to 1:1.5.
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ABST
PAL  Apparatus has heretofore been provided for the automatic pre-casting of
      concrete curbing. The pre-cast curbing, in a zero slump state, emerges in
      spaced parallel pairs from this apparatus. The present invention provides
      for an initial bending of both curbs in opposite directions by the
      insertion of a tool between them. Then, a final bending is performed to
      the desired curvature. The apparatus comprises an elongated prebending
      member having an inverted triangular section and convex sides from end to
      end. The maximum curvature is at the top, and it gradually tapers away
      toward the bottom so that the amount of curvature to the curbs is
      controlled by the depth of penetration of the member between the curbs. A
      second, generally inverted U-shaped member is formed with the required
      bend. This member is forced over one of the curbs to complete the bend. It
      is then lifted, turned 180.degree., and forced over the companion curb to
      complete its bend. The entire process must be performed within the first
      ten minutes of leaving the pre-casting apparatus, and preferably within
      the first three minutes, to ensure sufficient pliability in the curb
      before its setting.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Concrete curbing has been pre-cast in molds made to conform to the required
      road conditions, straight and curved. The molds, especially for the curved
      requirements, have been built for each job separately. However, automatic
      machines have been devices for pre-casting concrete curbing in a
      continuous automatic process. The curbing emerges from these machines in
      straight lengths, two at a time in side-by-side relation. They are then
      kiln cured and ready for use. Since the machine makes only the straight
      curbing, the curved sections must still be largely individually cast to
      order, or else straight sections, having mitered ends, are aligned to go
      around curves.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides means for bending the pre-cast curbing as it
      emerges from the automatic machine and before it is set. The pre-cast
      concrete curbing is conventionally formed with one vertical side which may
      taper inwardly at the upper end, and one slanted side, wider at the base
      and slanted to a narrower top. The curbs emerge from the machine in pairs,
      approximately an inch apart, with the slanted sides facing each other to
      form a V-shaped space therebetween. An elongated prebending member is
      provided in a V-shaped section and having convex sides curving from end to
      end. The prebender is inserted into the V-space to force the curbs to bend
      away from each other in opposite curves. The amount of bend can be
      controlled by the depth of insertion of the prebender-- the deeper the
      insertion, the greater the bend. The final step is performed with an
      elongated, inverted U-shaped bending tool which is formed with the
      required bending radius, a different tool being provided for each radius.
      This tool is forced over one of the prebent curbs to complete the final
      curvature. The tool is then lifted, turned 180.degree., and forced over
      the adjacent curb to complete it. The curved curbs can then be kiln set in
      the usual manner.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which illustrate the best mode presently contemplated for
      carrying out the instant invention:
PAR  FIG. 1 is a perspective view of the prebending device in position over a
      pair of pre-cast concrete curbs;
PAR  FIG. 2 is a perspective view of the final bending device in position over
      the pair of pre-cast curbs after their prebending;
PAR  FIG. 3 is a transverse section of the final bending tool;
PAR  FIG. 4 is a transverse section of the prebending tool;
PAR  FIG. 5 is a perspective view, partly broken away, of the prebending tool;
      and
PAR  FIG. 6 is a top plan view of the final bending tool showing its pivoting
      action.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In an application entitled CONCRETE PRODUCT METHOD AND MOLDING MACHINE FOR
      PRODUCING SAME, Ser. No. 263,447, filed June 16, 1972, now U.S. Pat.
      3,824,059, issued July 16, 1974, there is described an apparatus for
      automatically and continuously forming pre-cast concrete curbing. The
      curbing emerges from this machine freshly formed and undried but in a zero
      slump state so that bending operations can be performed without disturbing
      the dimensions of the curbing.
PAR  FIG. 1 illustrates the curbing as it emerges from the automatic pre-casting
      machine above referred to. A conventional conveyor belt arrangement 10
      supports the plate 12 bearing a pair of pre-cast curbs 14 and 16. The
      plate 12 forms the bottom of the mold in the machine so that the curbs are
      cast directly on it. The plate is preferably of 5/16 inch steel, a little
      over six feet long to handle the six-foot curbs, and 23 inches wide with
      flanges 13 along the sides. At the base, each curb is ten inches wide,
      spaced about an inch from each flange, and spaced about an inch from each
      other in the center. The curbs are approximately eighteen inches in height
      with straight outer sides 18 and slanted inner sides 20. They are
      positioned, see FIGS. 1 and 2, with their slanted sides 20 in opposed
      relation to form a V-shaped space therebetween.
PAR  At this stage, with the curbs 14 and 16 emerging from the pre-casting
      machine (not shown), the concrete is still moist and unset but in a zero
      slump condition which permits handling without disturbing the dimensions.
      The bending operations of the present invention should therefore be
      performed within the first ten minutes, and preferably within the first
      three minutes, of leaving the pre-casting machine, or else the concrete
      will have hardened to the extent that bending can no longer be effected.
PAR  The first step of the present invention is an initial pre-bending, the
      amount of pre-bend depending on the degree of bending required in the
      final operation. The pre-bend is performed by the construction shown in
      FIGS. 1, 4 and 5. The pre-bending tool 22 comprises an elongated
      blade-like body having a substantially V-shaped section. A supporting
      frame 24 is covered with metal sheeting 26 at the sides, 28 at the rounded
      bottom end, 30 at each end wall, and the flat top 32. The sides 26 are
      convex, curving out at the center, and the curvature is greatest at the
      top and gradually decreases toward the bottom edge. The curbs are eighteen
      inches in height, and the tool 22 is sixteen inches high. The curvature is
      such that when the tool is inserted between the pair of curbs, a
      fourteen-inch penetration provides about a fifty-foot radius curve, and a
      fifteen-inch penetration provides about a thirty-foot radius curve.
PAR  The tool 22 is maneuvered and operated by the construction shown in FIG. 1.
      A pair of spaced I-beams 34 are mounted overhead above the conveyor 10. A
      carriage 36 rides along each I-beam 34 in the conventional manner. An
      I-beam 38 is mounted below the carriages 36 and extends transversely of
      the conveyor. The I-beam 38 is provided with an end wall 40 at each end to
      form stops. Spaced wheels 42 are mounted on each side of the I-beam 38,
      each wheel supporting a vertical plate 44. The plates 44 are provided with
      a vertical row of openings 45 to permit adjustment. At their lower ends,
      the plates 44 support a pair of channel members 46 in horizontal position.
      At each end, the members 46 are provided with depending plates 48 which
      hold a smaller pair of channel members 50 in horizontal position parallel
      to the members 46. A pair of spaced hydraulic or pneumatic cylinders 52
      are mounted between the members 46 and 50 together with their associated
      line connections for moving the pistons and the piston rods 54 vertically.
      Note that the lower ends of the piston rods 54 are attached to the top 32
      of the tool 22, FIGS. 1 and 5.
PAR  In operation, the plate 12 rides out of the precasting machine on the
      conveyor 10 into the position shown in FIG. 1, with the two pre-cast
      concrete curbs extending transversely of the conveyor. The carriages 36
      allow the assembly to be pulled along above the conveyor until the tool is
      positioned over and between the curbs. The wheels 42 also allow transverse
      adjustment to longitudinally center the tool 22. The cylinders 52 are now
      activated to move the rods 54 downwardly and push the tool 22 between the
      curbs 14 and 16. As stated hereinabove, the depth of the penetration of
      the tool 22 determines the extent of curvature imparted to the curbs. This
      is determined by the final curvature required, so that the final curvature
      can be reached in two easy stages without undue strain on the curbs. The
      desired depth of penetration of the tool 22 between the curbs is achieved
      by mounting rollers 42 to plates 44 at the proper openings 45.
PAR  The final bending is performed by the structure shown in FIGS. 2, 3 and 6.
      The final bending tool 56 must be provided for each particular curvature
      desired. It comprises a frame having pair of parallel spaced curved plates
      58 held in proper curved position by the end pieces 60 which are rigidly
      connected by the longitudinal angle irons 62 to form a strong supporting
      frame for the plates 58. An elongated central rectangular plate 64 is
      mounted at the top to hold the plates in proper spaced relation. The tool
      56 is supported in the center by a single pivot rod 66 connected to plate
      64.
PAR  The tool 56 is mounted on a maneuvering and operating assembly very similar
      to the one for the prebending tool 22. The assembly rides along the same
      two I-beams 34 with carriages 68 supporting the I-beam 70 with end walls
      72, all identical to the structure shown in FIG. 1. Spaced wheels 74 ride
      on each side of the I-beam 70, each supporting a vertical channel iron 76.
      Depending from the lower end of the channel irons 76 are spaced parallel
      horizontal channel irons 78, and depending from the channel irons 78 are a
      pair of identical channel irons 80. Spaced vertical cylinders 82 are
      mounted between the channel irons 78 and 80, their operating piston rods
      84 supporting a plate 86 from which the pivot pin 66 depends to pivotally
      support the tool 56. At each end of the plate 64, a short piece of angle
      iron 88 fills the space between the tool 56 and the plate 86 to stabilize
      the tool in horizontal position.
PAR  In operation, after the prebending with the tool 22 as hereinabove
      described, the tool 22 is rolled out of the way, and the assembly shown in
      FIG. 2 is rolled into its place. The tool 56 is positioned over one of the
      curbs, 14 for example, and forced down over the curb to provide the final
      bending. The tool 56 is now lifted and manually pivoted (dot-dash lines in
      FIG. 6) 180.degree.. The assembly is now maneuvered to swing the tool 56
      over the other curb 16 which faces the other way. The tool 56 is now
      brought down, and the curb 16 is bent. Both curbs 14 and 16 have now been
      bent to the final curvature determined by the final tool 56. They can now
      be sponge finished and kiln set.
PAR  The bending of the pre-cast concrete curbs is thus accomplished in two
      stages. The first stage includes a prebending tool which can impose a
      varying degree of curvature depending on its depth of penetration between
      adjacent curbs whereby the desired prebend or curve is obtained. Thus a
      single prebending tool can be universally used for all the curves. The
      second and final bending operation must be performed with a tool designed
      for the particular curve. Therefore, a plurality of final tools are
      required for the bending to different requirements.
PAR  The above construction permits a rapid operation well within the optimum
      three minutes after the initial casting. The devices are simple in
      construction and economical to manufacture and use. Other advantages of
      the present invention will be readily apparent to a person skilled in the
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for bending unset pre-cast zero slump concrete curbing
      emerging in paired lengths in spaced parallel relation from an automatic
      casting machine, said curbing having inclined sides in facing relation
      whereby the space between each pair of curbing is substantially V-shaped,
      said apparatus comprising first means for simultaneously prebending each
      pair of curbing, said first means comprising an elongated blade-like tool
      having a pair of converging side walls whereby said tool is substantially
      V-shaped in cross section, each of said side walls having a gentle convex
      curvature from end to end, said tool being dimensioned so as to wedgingly
      engage between said pair of curbing, first means for forcing said tool
      inwardly between said pair of curbing whereby said convex sides
      automatically and simultaneously cause bending of said spaced curbing, a
      second tool operable after removal of said first tool from between said
      curbing to finalize the bend of said curbing, said second tool comprising
      an elongated frame having end walls and parallel side walls curved to the
      desired final radius of said curbing, and second means for forcing said
      frame over said prebent curbing.
NUM  2.
PAR  2. In the apparatus of claim 1, the convex curvature of said first tool
      gradually decreasing from the top to the bottom of said side walls,
      whereby the depth of penetration of said first tool between said curbing
      determines the extent of pre-bending thereof, and means for adjusting said
      depth of penetration.
NUM  3.
PAR  3. In the apparatus of claim 1, means operable for first forcing said
      second tool over one curbing of each pair and then over the other.
NUM  4.
PAR  4. In the apparatus of claim 3, said operable means comprising a pivot
      mounting for said second tool, whereby after engagement with the first
      curbing, said second tool may be swung 180.degree. so as to be properly
      positioned for engagement with the other curbing.
NUM  5.
PAR  5. Apparatus as in claim 1, wherein said first forcing means comprises a
      pair of supporting tracks mounted horizontally above the curbs, a carriage
      riding on each of said tracks, an I-beam mounted across said carriages
      transversely to said tracks, spaced wheels riding on said I-beam,
      horizontal supports depending from said wheels, a pair of spaced hydraulic
      cylinders vertically mounted in said supports, and piston rods extending
      downwardly from said cylinders, said tool being mounted on said rods.
NUM  6.
PAR  6. Apparatus as in claim 1, wherein said second forcing means comprises a
      pair of supporting tracks mounted horizontally above the curbs, a carriage
      riding on each of said tracks, an I-beam mounted across said carriages
      transversely to said tracks, spaced wheels riding on said I-beam,
      horizontal supports depending from said wheels, a pair of spaced hydraulic
      cylinders vertically mounted in said supports, piston rods extending
      downwardly from said cylinders, a plate carried by said rods, and a
      central pivot pin depending from said plate, said second tool depending
      from said pivot pin.
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PAL  In the apparatus for preparing heat-shrinkable plastic tubing by radially
      expanding lengths of plastic tubing to a larger diameter within a rigid
      cylinder by heating the cylinder externally and pressurizing the interior
      of the extruded plastic tubing with gas to cause the tubing to radially
      expand against the interior walls of the rigid cylinder,
PA1  The improvements which comprise:
PA1  A. employing in place of the rigid cylinder a heat-resistant flexible sheet
      looped into a cylindrical shape to form a restraint,
PA1  B. employing a pair of clamps extending longitudinally along the
      cylindrical shaped sheet along the portions of the sheet which meet and
      abut to form the cylinder, positioned such that the ends of said sheet are
      between the clamps, and
PA1  C. employing means for heating the tubing comprising a device for injecting
      a hot gas into the interior of the extruded plastic tubing.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the manufacture of heat-shrinkable, plastic
      tubing. More particularly, the invention is directed to apparatus and
      processes for making the tubing by expanding it within the confines of a
      flexible, tubular-like restraint whose diameter can be easily adjusted.
PAC  BACKGROUND OF THE INVENTION
PAR  Heat-shrinkable, plastic tubing has many uses. Polyolefin heat-shrinkable
      tubing is used in packaging food. Tetrafluoroethylene polymer
      heat-shrinkable tubing, because of its chemical resistance and electrical
      properties, is placed around elastomeric rolls used in printing presses
      and copying machines and is also used for putting a snugly fitting coating
      on electrical connections. Generally in these applications, the tubing is
      placed around the article to be covered and then heat shrunk to form a
      tight fit around the article.
PAR  In the art, heat-shrinkable plastic tubing can be made by radially
      expanding lengths of plastic tubing to a larger diameter within a rigid
      cylinder such as a metal or glass pipe, heating the pipe externally and
      pressurizing the interior of the plastic tubing to cause it to radially
      expand against the interior walls of the pipe, cooling, and then releasing
      the pressure. The plastic tubing so prepared retains sufficient
      orientation to produce a substantial, e.g., 30%, radial shrinkage when it
      is placed around an article and heated, which causes it to shrink tightly
      around the article.
PAR  The foregoing art procedure has several disadvantages:
PAR  Firstly, the rigid pipe permits only one size diameter plastic tubing to be
      made. If different size plastic tubing is wanted, another size pipe must
      be fabricated and used to replace the pipe already fixed in the apparatus.
      In the invention described herein, this disadvantage is obviated by
      employing a heat-resistant tubular-like or cylindrical, flexible restraint
      in place of the pipe whose diameter can be rapidly and easily adjusted.
      Thus, a single apparatus can be used to make a variety of diameters of the
      plastic tubing.
PAR  Secondly, heating the rigid pipe in order to heat the plastic tubing is
      time consuming. Moreover, initially the tubing is in contact with pipe
      only at the bottom where it rests against the pipe and this causes
      non-uniform heating of all the portions of the tubing and the blowing out
      of hot spots. These disadvantages are overcome by heating the tubing while
      it is being pressurized by forcing a hot gas into the interior of the
      tubing.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus of this invention is defined as follows:
PAR  In the apparatus for preparing heat-shrinkable plastic tubing by radially
      expanding lengths of plastic tubing to a larger diameter within a rigid
      cylinder by heating the cylinder externally and pressurizing the interior
      of the extruded plastic tubing with gas to cause the tubing to radially
      expand against the interior walls of the rigid cylinder,
PAR  the improvements which comprise:
PAR  a. employing in place of the rigid cylinder a heat-resistant flexible sheet
      looped into a cylindrical shape to form a restraint,
PAR  b. employing a pair of clamps extending longitudinally along the
      cylindrical shaped sheet along the portions of the sheet which meet and
      abut to form the cylinder, positioned such that the ends of said sheet are
      between the clamps, and
PAR  c. employing means for heating the tubing comprising a device for injecting
      a hot gas into the interior of the extruded plastic tubing.
PAR  The process of this invention is defined as follows:
PAR  In the process for making heat-shrinkable plastic tubing by positioning a
      plastic tube longitudinally within a cylindrical restraint of larger
      diameter than the expandable tube, applying heat to the restraint and
      pressurizing the interior of the plastic tube to cause the tube to expand
      radially to a diameter determined by the diameter of the cylindrical
      restraint, cooling the materials and removing the plastic tubing, the
      improvements which comprise,
PA1  employing as the cylindrical restraint a heat-resistant, flexible sheet
      looped into cylindrical form and held by clamps extending longitudinally
      along the cylinder at the point where the sheet meets and abuts to form
      the cylinder,
PA1  adjusting the sheet to provide a desired diameter loop, and
PA1  applying heat by admitting a hot gas into the interior of the extruded
      plastic tubing.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing the cylindrical restraint 10, an end
      pressure-tight fitting 11 with gas entry or exit tube 15, plug 16,
      longitudinally-extending clamps 12, and plastic tubing 17.
PAR  FIG. 2 is a view of the cylindrical restraint taken along line 2--2 of FIG.
      1 and shows how the flexible restraint sheet is formed into cylindrical
      restraint 10 by looping it into tubular shape and clamping the ends 13
      together with clamps 12. By adjusting the height of one of the ends 13, it
      is seen that the diameter of the cylindrical restraint can easily be made
      larger or smaller. Pipe 15 comprises a gas entry or exit means depending
      on the end being viewed.
PAR  FIG. 3 is a view taken along line 3--3 of FIG. 1 and showing the plastic
      tubing 17 within the cylindrical restraint 10 after expansion, and a view
      of the end plugs 16, gas tube 15 and fitting 11.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In practice, the assembly of the unexpanded plastic tubing within the
      cylindrical flexible restraint sheet is heated to a suitable temperature
      by applying a hot gas, preferably steam, to the interior of the plastic
      tubing. Pressure is applied and the pressure of the gas forces the plastic
      tube against the cylindrical restraining sheet, and after only a few
      seconds, the expanded plastic tube is cooled in place, preferably by air.
      It is then removed and cleaned or dried, if desired. The partially
      expanded ends of the plastic tube are trimmed off, leaving the tubing in a
      heat-shrinkable form ready for use.
PAR  The flexible restraint sheet employed should be sufficiently flexible to be
      formed into a cylinder and be clamped and unclamped repeatedly.
      Flexibility is partially achieved by virtue of thinness of the sheet. On
      the other hand, the flexible sheet should have a reasonably high tensile
      modulus so that the pressure exerted on it by the expanding plastic tube
      will not excessively stretch the flexible sheet. The sheet should be
      heat-resistant, i.e., it should not itself expand radially to any
      appreciable extent upon being pressured at the temperatures used to heat
      the plastic tubing. The flexible sheet can produce the same size
      heat-shrinkable tubing on each repetitive run with the longitudinal clamps
      in the same position. To accomplish this, the amount of reproducable and
      recoverable strain of the flexible sheet should be less than 5%, and
      preferably less than 2%. In addition, the flexible sheet should resist
      deterioration at the temperatures to which it is exposed while carrying
      out the process. This temperature will vary depending upon the plastic
      tubing employed.
PAR  Suitable flexible sheet for use, especially with tetrafluoroethylene
      polymer, includes: polyimide film made of an oriented aromatic polyimide
      (e.g., Kapton); glass cloth; nylon paper made of oriented aromatic
      polyamide fibrids (e.g., Nomex); glass cloth coated with silicone rubber;
      glass cloth coated with a fluorocarbon resin; and combinations of these
      such as Kapton polyimide film backed up with glass cloth. Cloth may be
      woven, non-woven or knitted and the like. A preferred flexible sheet is
      glass fabric coated with a heat-resistant elastomer that is preferably
      non-tacky. The elastomer coating should be thick enough so the
      heat-shrinkable tubing has a smooth, pattern-free finish. The weight or
      strength of the glass fabric needed will depend on the size of the tubing
      to be made. The fabric should be mounted in such a direction that maximum
      strength and modulus are available in the hoop direction.
PAR  The process of this invention is preferably applied to make heat-shrinkable
      tubing of 1-20 inches diameter, but is not necessarily limited to those
      diameters, and is basically suitable up to a diameter of 8 feet. The
      length is preferably 1-24 feet, but length is not necessarily limited to
      this range. In short lengths a large proportion of the starting material
      is wasted as scrap at the ends. For practical purposes the length of the
      cylindrical flexible sheet should be at least twice its diameter. In long
      lengths mechanical limitations such as the stiffness and straightness of
      the clamp becomes significant.
PAR  A variation of the invention is to make heat-shrinkable tubing which is
      uniformly tapered in diameter from one end to the other.
PAR  The heat source for heating the tubing to be expanded is supplied through a
      hot gas, such as air, steam, carbon tetrachloride and the like, circulated
      inside the tube at the operating conditions and preferably should be
      condensable within the operating conditions to provide rapid heating and
      cooling, as well as to provide uniform heating. Steam is preferred.
PAR  The gas is ordinarily used as both a heat source and a pressure source.
      Superheating of the steam is optional. The use of steam introduces some
      special requirements. For example, some of the steam may condense, and
      this can cause non-uniform cooling after the expansion step. Means may be
      provided for removing condensate continuously or frequently. This can be
      done by having the whole apparatus stand on end with the steam inlet at
      the top end of the tube and the outlet at the bottom so the condensate is
      moved to the outlet by gravity. Or the apparatus can be tilted slightly
      from the horizontal so that condensate will flow to the low end, where it
      can be removed via a dip tube leading to the outlet valve.
PAR  If steam is the source of heat and pressure, it must be replaced by another
      gas during the cooling cycle. This can be done by admitting air (or
      another cooling gas inert to the heat-shrinkable tubing at operating
      temperature) at about the same, or higher pressure than the steam; then
      closing a valve to discontinue steam supply; then opening a vent valve
      slightly to allow a flow of air through the expanded tubing while
      maintaining pressure within the tube; and continuing the flow of air until
      the tubing has cooled enough to hold its expanded shape without internal
      pressure; then removing the heat-shrinkable tubing from the apparatus for
      drying and trimming.
PAR  The process and apparatus of this invention are applicable to a variety of
      linear or lightly cross-linked polymeric tubing, including polyolefins,
      cross-linked polyolefins, ionomer resin, polyfluorinated polymers, such as
      tetrafluoroethylene polymer, polyamides, polyesters, polyacrylics, ABS
      polymers and the like.
PAR  The tetrafluoroethylene polymer is either the homopolymer thereof, i.e.,
      polytetrafluoroethylene, or a copolymer thereof with sufficient other
      copolymerizable ethylenically unsaturated monomers to render the resultant
      copolymer melt fabricable, but usually no greater than 35 weight percent
      based on the weight of the copolymer. The homopolymer can be modified to
      include a small proportion of other monomer units short of rendering the
      polymer melt fabricable, e.g., up to 2 percent by weight of units derived
      from perfluoroalkyl ethylene or oxyperfluoroalkyltrifluoroethylene of 3 to
      10 carbon atoms, or, preferably hexafluoropropylene as described in U.S.
      Pat. No. 3,142,665 to Cardinal, Edens and Van Dyk. Examples of copolymers
      in which sufficient comonomer is present to produce a melt fabricable
      copolymer include tetrafluoroethylene/hexafluoropropylene copolymers such
      as disclosed in U.S. Pat. No. 2,946.763 to Bro and Sandt, the copolymers
      of tetrafluoroethylene with higher perfluoroalkenes such as those
      containing from 4 to 10 carbon atoms, copolymers of tetrafluoroethylene
      with perfluoroalkyl vinyl ethers (such as perfluoro(propyl or ethyl) vinyl
      ethers disclosed in U.S. Pat. No. 3,132,123 to Harris and McCane), and the
      copolymer of tetrafluoroethylene with
      perfluoro-(2-methylene-4-methyl-1,3-dioxolane) disclosed in U.S. Pat. No.
      3,308,107 to Selman and Squire, and the copolymers of tetrafluoroethylene
      with highly fluorinated monomers, i.e., in which a single hydrogen
      substituent remains which does not change the fluorocarbon character of
      the polymer, such monomers being 2-hydroperfluoroalkene containing 3 to 10
      carbon atoms, e.g., 2-hydropentafluoropropene, the
      omega-hydroperfluoroalkenes from 3  to 10 carbon atoms, and the
      omega-hydrofluoroalkyl perfluorovinyl ethers in which the alkyl group
      contains from 1 to 5 carbon atoms. The tetrafluoroethylene polymer
      component can also be a mixture of tetrafluoroethylene polymers, such as
      polytetrafluoroethylene with melt fabricable copolymers such as
      tetrafluoroethylene/hexafluoropropylene. The mixture can be made by
      blending dispersions of the polymers.
PAR  Changes in the length of the tubing occur at various points in the
      expansion cycle. As the unexpanded tube is heated, it increases slightly
      in length. When it is expanded radially, it becomes shorter in length.
      When it is cooled to room temperature, the effect is to shorten the tube.
      Depending on the characteristics desired in the heat-shrinkable tubing,
      mechanical devices can be used so the expanded tubing is the same length
      as the unexpanded tubing or shorter or longer. These devices include stops
      to prevent the end clamps from drawing closer together during the process,
      tensioning devices to pull the end clamps apart during the process, and
      the like.
PAR  The heat-shrinkable tubing made may have a discernible seam at the point
      where the two ends of the flexible sheet enter the clamp. The seam can be
      minimized by placing one or more 0.005 inch layers of Kapton polyimide
      film between the seam (i.e., the flexible sheet where it entered the
      clamp) and the tubing to be expanded, or a spacer may be used to fill the
      groove at the seam as described hereinbelow or as described and claimed in
      assignee's copending application, Ser. No. 451,118, filed Mar. 14, 1974
      which was indicated to be allowable on Jan. 16, 1975.
PAR  The temperature to which the plastic tubing is heated will depend on the
      type of tubing employed. Generally, the temperature will be above
      35.degree.C., but will not be above 10.degree.C. below the softening point
      of the plastic. For polytetrafluoroethylene plastics the temperatures will
      often range between about 100.degree.C. and 145.degree.C.
PAR  The pressure to which the interior of the plastic tubing is subjected will
      generally range from about 1 to 50 psig., while the time at which the
      plastic tubing is subjected to the aforesaid temperatures and pressures
      will range between about 15 and 600 seconds, but neither pressure nor time
      is critical, so long as the pressure is not so great as to rend the tubing
      or the restraint.
PAR  The following examples are illustrative of the invention, and the invention
      is not meant to be limited thereby.
PAC  EXAMPLE 1
PAR  Tetrafluoroethylene/hexafluoropropylene copolymer having a melt viscosity
      of about 40 .times. 10.sup.4 poises at 372.degree.C., available under the
      Du Pont trade mark Teflon T-160 FEP fluorocarbon resin, was extruded by a
      conventional method to form an expandable tubing 2.37 inches in diameter
      with a wall thickness of about 0.025 inches. A piece of this plastic
      tubing 351/4  inches long was fitted with end plugs. The end plugs were
      made as follows: Neoprene rubber washers, 2 5/6 inches in outside
      diameter, were cut from sheet stock and stacked to form a plug about 21/2
      inches long. These were fitted tightly over a piece of stainless steel
      pipe tubing threaded at both ends. Steel washers and nuts were then
      screwed into place at the ends of the rubber plug. The plug was placed in
      the end of the FEP tubing and a brass shell just larger than the tubing
      was positioned outside the tubing opposite the plug. The nut at the outer
      end of the plug was then tightened so as to compress the rubber plug
      longitudinally and expand it radially. This forced the rubber plug against
      the tubing, and the tubing against the outer brass shell. It formed a
      tight seal, with the stainless steel pipe serving as a means to admit or
      vent gases.
PAR  The end plugs were mounted on the fixtures of the expansion apparatus,
      which was constructed from a metal-working lathe. The motor and turning
      mechanism were removed from the head stock, which was modified to serve as
      a fixture to hold the inlet end plug in position. The tail stock of the
      lathe was similarly modified to hold the exit end plug. The tail stock was
      arranged so that it could slide freely along the lathe bed. End tension
      could be supplied by means of a pulley and a weight, or the tail stock
      could be clamped in place by tightening a nut. In this example, a 20 pound
      weight was used to provide end tension, but the tail stock was not
      clamped. The expansion apparatus was piped to provide steam pressure or
      air pressure through the inlet plug and to allow venting or closing the
      vent at the exit plug.
PAR  A loop of polyimide film (the flexible sheet) was made around the plastic
      tubing in the expansion apparatus. This film was 0.005 inch thick and was
      a commercial product sold under the Du Pont trade mark, Kapton 500 gage
      polyimide film. The ends of the film loop were clamped together between
      two aluminum bars with a 1 inch by 2 inch rectangular cross-section and a
      length of 31 inches to form a cylinder around the FEP tubing. One bar was
      supported by the expansion apparatus and adjusted in such a way that the
      axis of the resulting film loop was approximately coincident with the axis
      of the FEP plastic tubing. The second bar was clamped against the first
      bar by means of C-clamps to hold the film rigidly in place. The size of
      the loop was adjusted to give a final restraining cylinder diameter of 3.1
      inches.
PAR  With the exit valve open, steam at 34 psig (about 138.degree.C.) supply
      pressure was admitted through the inlet. It required about 5 seconds to
      completely open the steam valve. Steam was then allowed to flow through
      the tube for 18 seconds. The exit valve was then closed. During a period
      of 20 seconds, the tubing was further heated by the steam and expanded so
      that it pressed against the flexible restraining tube. A valve was then
      opened to admit air at 30 psig. The steam valve was simultaneously closed.
      The exit valve was then opened slightly to permit gas to escape, but to
      maintain the pressure inside the FEP plastic tubing. Compressed air was
      allowed to bleed through the expanded tubing until the tubing had cooled
      sufficiently so that the pressure could be removed without the tubing
      shrinking.
PAR  The result was a piece of plastic tubing with a cylindrically expanded
      section, two end sections of the original, unexpanded diameter, and two
      transition sections between the end diameter and the expanded diameter.
      Cutting off the end and transition sections gave a length of heat
      shrinkable plastic tubing which had the desired property of shrinking back
      to its original diameter when heated above 150.degree.C. The heat
      shrinkable plastic tubing was smooth with a circular cross-section except
      that there was a visible line where the ends of the restraining loop had
      been clamped together. This line or seam was raised enough that it could
      be felt by passing a finger over it.
PAC  EXAMPLE 2
PAR  The process of Example 1 was substantially repeated except the unexpanded
      plastic tubing was 11/2 inches in diameter, the expanded tubing 2 inches
      in diameter, and the restraining flexible sheet cylinder was made of 10
      mil Du Pon Armalon TFE-fluorocarbon resin coated glass fabric. The
      unexpanded tube had the following thickness at various points: 24, 26, 25,
      23 mils. The expanded tubing had the following thickness at various
      points: 18, 17, 16, 15, 16, 17, 14, 16, 16 mils.
PAC  EXAMPLE 3
PAR  Tubing expansion was carried out using the expansion apparatus described in
      Example 1, but with the variations listed below. The starting plastic
      tubing had a diameter of 10.6 inches and a wall thickness of 0.025 inch.
      The circumference of the film restraining loop was set at 40 inches. The
      end tension was 5 pounds. The end plugs were thick aluminum discs with a
      recessed groove 7/8 inch wide and 3/16 inch deep around the outer surface.
      A piece of neoprene rubber 1/8 inch thick was cut to fit this groove and
      cemented into place. This plug was placed in the end of the plastic tubing
      and a clamping band tightened around the outside of the tubing, opposite
      the rubber-filled groove. This formed a tight seal.
PAR  A device to minimize the seam was employed. The seam device was formed from
      two aluminum clamping bars with a 1 .times. 2 inch rectangular
      cross-section and a length of 31 inches. The lower inner edges were
      rounded to about a 1/8 inch radius. A piece of brass sheet stock 3/64 inch
      thick was cut to fit between the clamping bars. This sheet was used to
      support a small wedge-shaped spacer which held the ends of the film loop
      slightly separated against the rounded edges with an aluminum-filled
      cement which hardened to form the desired wedge.
PAR  With the plastic tubing and end plugs positioned in the flexible
      restraining cylinder in the expansion apparatus, and the exit valve open,
      steam at 12 psig supply pressure was admitted. Steam was allowed to pass
      through the tubing for 2 minutes. Then the exit valve was closed while the
      steam supply was maintained for about 1-2 minutes. The plastic tubing
      expanded against the restraining loop of the flexible sheet. The steam
      valve was closed and simultaneously compressed air at 13 psig was
      admitted. The exit valve was opened slightly and the tubing cooled with
      compressed air for 3 minutes. The result, after removing the end portions,
      was a length of cylindrical heat-shrinkable plastic tubing. The seam mark
      had been considerably reduced as compared with Example 1. It was still
      visible, however, and could be detected tactually by passing a fingernail
      across the surface of the tube.
PAC  EXAMPLE 4
PAR  Tubing expansion was carried out in the same manner as Example 3 except
      that 15 pounds end tension was used and a strip of polyimide film 0.005
      inch thick and about 3 inches wide was placed between the seam-closure
      device and the plastic tubing. The steam pressure was 14 psig and the air
      pressure was 16 psig. The resulting heat-shrinkable tubing showed faintly
      visible marks at the edges of the film strip and the seam line. These were
      not, however, tactually perceptible. It was observed, however, that a
      portion of the expanded tubing, where an elongated pool of condensate had
      formed during the heat expansion step, was thicker than the rest of the
      expanded tubing. This thicker strip, about 11/2 inches wide, extended the
      length of the uniform portion of the expanded tube.
PAC  EXAMPLE 5
PAR  Tubing expansion was carried out in the same manner as in Example 4 except
      for the following variations: The circumference of the restraining
      cylinder was 383/4 inches. One end of the expansion apparatus was raised
      so that the cylinder and the plastic tubing had a slope of about 1 inch
      vertical to 5 inches horizontal. The tail-stock was clamped in position
      rather than being free to move under the influence of an applied end
      tension. Condensate collected in the portion of the plastic tube where the
      diameter was changing from the expanded size to the original size. This
      prevented a thick section from developing in the useful, straight portion
      of heat shrinkable tubing.
PAC  EXAMPLE 6
PAR  Expansion was carried out as in Example 5 with the following variations. A
      dip tube with a flexible tip was provided so that steam condensate could
      be blown out of the tube during the expansion cycle. A weight of 7.85
      pounds was used to provide end tension and the tail-stock was not clamped.
      The steam pressure was 12 psig. The air pressure was 15 psig. It was
      observed that the 32 inch long plastic tubing increased in length 1/4 inch
      during the steam heating cycle. During the radial expansion of the tubing,
      the length decreased 1 inch. The length decreased an additional 1/4 inch
      during the cooling cycle. No difficulty was experienced in blowing out
      condensate by opening, momentarily, the valve on the tube dipping into the
      steam condensate.
PAC  EXAMPLE 7
PAR  The process of Example 1 was repeated except that the plastic tubing before
      expansion was 1 inch diameter and the heat-shrinkable tubing after
      expansion was 11/2 inch in diameter. After trimming off the end portions
      with diameter less than 11/2 inch, the heat-shrinkable tube was slipped
      over a cylinder 11/4 inch in diameter, to provide a roll covering test.
      The heat-shrinkable tubing was heated with a hot air gun, starting at one
      end of the tubing and progressing to the other end as shrinkage occured.
      The plastic tubing shrank uniformly and fit tightly on the cylinder,
      showing that the heat-shrinkable tubing was of good quality.
PAR  In addition to the polyimide and coated glass fabric flexible sheets
      employed as the cylindrical restraint in the foregoing examples, the
      flexible sheet may be a glass cloth coated with polytetrafluoroethylene
      such as Pallflex EmFAB, TV20A60; a silicone rubber-coated glass fabric; or
      a nonwoven paper composed of fibrids of an aromatic polyamide, such as
      Nomex nylon paper.
PAR  As seen from the examples, the process of this invention is not operated
      continuously.
PAR  The preceding representative examples may be varied within the scope of the
      disclosure herein, as understood and practiced by one skilled in the art,
      to achieve substantially the same results.
PAR  The foregoing detailed description has been given for clearness of
      understanding only and no unnecessary limitations are to be understood
      therefrom. The invention is not limited to the exact details shown and
      described for obvious modifications will occur to those skilled in the art
     .
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An apparatus for preparing heat-shrinkable plastic tubing by radially
      expanding lengths of plastic tubing to a larger diameter within a cylinder
      which comprises
PA1  a. a heat-resistant flexible sheet looped into cylindrical shape to form a
      restraint, the loop being formed by looping one end of said sheet back
      upon the opposite end so that a portion of the surface along one of the
      ends abuts a portion of the same surface of the sheet along the other end;
PA1  b. a pair of clamps extending longitudinally along the portions of the
      cylindrically shaped sheet which abut to form the cylinder, positioned
      such that the ends of the sheet which abut are between the clamps so that
      at least one looped end of the sheet can be moved between the clamps to a
      distance from said clamps on the side of the clamps opposite the
      cylindrical shape, and
PA1  c. means located at each end of the cylindrically shaped sheet to provide
      (1) a pressure-tight fitting between the inside and outside of said
      plastic tubing, and (2) a gas conduit through the fitting.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the flexible sheet is a polyimide
      sheet.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the flexible sheet is a glass fabric
      coated with a heat-resistant elastomer.
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ABST
PAL  An assembly attachable to upper and lower bases of a phonograph record
      pressing die includes:
PAL  A. upper and lower die frames, the upper die frame attachable to the upper
      base, and the lower die frame attachable to the lower die base, and
PAL  B. upper and lower die faces, the upper die face attached to the upper
      frame, and the lower die face attached to the lower frame, the upper die
      face directly overlying the lower die face to press a phonograph record
      therebetween,
PAL  C. there being a first set of fluid passing grooves formed in at least one
      of the upper frame and upper face and exposed to the other thereof, and
      another set of heat transfer fluid grooves formed in at least one of the
      lower frame and lower face and exposed to the other thereof.
PAR  This is a continuation of application Ser. No. 469,387, filed May 13, 1974,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to phonograph record production, and more
      particularly concerns substantial improvements in the construction,
      maintenance and replacement of pressing dies.
PAR  Recent commercial pressing dies are characterized by rectangular
      construction wherein the face-frame and base are of one-piece design. The
      four corners of the die act as a heat sink, slowing the performance or
      usage time of the die, and also creating a non-uniform heat distribution
      pattern. This in turn causes unwanted stresses producing warpage in
      phonograph records. In addition, the spiral or other groove pattern for
      passing heating and cooling fluid in conventional dies makes cleaning and
      flushing of the grooves undesirably difficult and time consuming, slowing
      down the die performance.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the invention to provide a record pressing die
      construction overcoming the above as well as other difficulties and
      problems encountered in die fabrication, maintenance and usage. Basically,
      the invention is embodied in a combination that includes:
PAR  A. UPPER AND LOWER DIE FRAMES, THE UPPER DIE FRAME ATTACHABLE TO THE UPPER
      BASE, AND THE LOWER DIE FRAME ATTACHABLE TO THE LOWER DIE BASE, AND
PAR  B. UPPER AND LOWER DIE FACES, THE UPPPER DIE FACE ATTACHED TO THE UPPER
      FRAME, AND THE LOWER DIE FACE ATTACHED TO THE LOWER FRAME, THE UPPER DIE
      FACE DIRECTLY OVERLYING THE LOWER DIE FACE TO PRESS A PHONOGRAPH RECORD
      THEREBETWEEN.
PAR  C. THERE BEING A FIRST SET OF FLUID PASSING GROOVES FORMED IN AT LEAST ONE
      OF THE UPPER FRAME AND UPPER FACE AND EXPOSED TO THE OTHER THEREOF, AND
      ANOTHER SET OF COOLING FLUID GROOVES FORMED IN AT LEAST ONE OF THE LOWER
      FRAME AND LOWER FACE AND EXPOSED TO THE OTHER THEREOF.
PAR  As will appear, each of the frames and faces desirably has circular disc
      shape; insulating plates are employed between the frames and heavier
      mounting bases therefor; the frames and faces are connected as by
      removable fasteners or by brazing; each frame and face pair is removably
      mounted by a heavier base.
PAR  Further, the grooves of each frame and face set may be circular and
      concentrically formed in the face element; and radial passages are
      provided to interconnect the concentric grooves providing multiple (as for
      example four) paths for fluid passage between inlet and outlet ducts.
PAR  These and other objects and advantages of the invention, as well as the
      details of illustrative embodiments, will be more fully understood from
      the following description and drawings, in which:
DRWD
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is an elevation, partly in section, showing one form of the
      invention;
PAR  FIG. 2 is a plan view on lines 2--2 of FIG. 1;
PAR  FIG. 3 is a plan view on lines 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged fragmentary elevation, on lines 4--4 of FIG. 2;
PAR  FIG. 5 is an elevation, in section showing another form of the invention;
PAR  FIG. 6 is a plan view on lines 6--6 of FIG. 5; and
PAR  FIG. 7 is a fragmentary plan view on lines 7--7 of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, the record pressing die assembly 10 includes like upper and
      lower metallic faces 11 and 12 between which a record is pressed, like
      upper and lower metallic frames 13 and 14, and upper and lower metallic
      bases 15 and 16. Each of the frames and faces has circular disc shape, the
      thickness of each frame and face being substantially less than its
      associated base. As is clear from FIG. 4, circularly spaced fasteners 17
      attach the frame 14 to base 16, there being through bores 18 in the frame
      to pass the fasteners, with fasteners heads 17a received in counterbores
      18a. Similar fasteners attach the upper frame 13 to the upper base 15.
      Accordingly, each frame and face assembly may be removed from its base,
      for cleaning, and insulating plates or discs 19 and 20 may be retained
      between the respective frames and bases to prevent heat transfer between
      the frames and bases, enabling speed-up of the heating and cooling cycles,
      and saving energy. Plates 19 and 20 may consist of glass-epoxy material,
      or other suitable insulative material, and they are received against the
      bottom walls 15a and 16a  of recesses 15b and 16b formed by the bases.
PAR  Multiple fasteners such as cap head bolts 120 attach the upper frame 13 to
      upper face 11, while similar fasteners 21 attach lower frame 14 to lower
      face 12. Note that through bores 22 and 23 in the frames pass the bolts so
      that the bolts holes need not extend to the record pressing surfaces 11a
      and 12a of the faces 11 and 12. The bolts are equidistantly circularly
      spaced in three concentric rings, as is clear from FIG. 4. O-ring seals 24
      and 25 seal off between the bolts and bores. A disc shaped gap 26 is
      formed between surfaces 11a and 12a, the gap having substantially uniform
      thickness equal to the thickness of a record to be pressed; however, the
      gap includes a thickened peripheral annular portion 26a, as seen in FIG.
      1.
PAR  The above described construction facilitates separation of each frame and
      face pair after its removal from the associated base, as by removal of the
      fasteners, thereby exposing heating and cooling fluid passing grooves for
      removal of scale build-up or other contaminant or clogging material. Such
      grooves are formed in at least one of the frame and face elements, and
      preferably in the frame side of the face element for open exposure when
      the face and frame are separated.
PAR  Reference to FIGS. 1 and 3 shows the provision of concentric grooves
      101-114 in face 12, similar grooves being provided in face 11. Fluid is
      communicated to or from innermost groove 114 via duct 115, and fluid is
      communicated from or to outermost groove 101 via duct 116. Also, there are
      radial passages interconnecting the concentric grooves, and preferably
      there are at least four radial escape passages from each circular groove
      so that fluid flows in four streams between the innermost and outermost
      grooves. Thus, for example, see the four radial passages 114a-114d
      interconnecting the two grooves 114 and 113, and the four exiting fluid
      streams 114e- 114h. Also, passages 114a and 114b are relatively close, and
      diametrically opposite close together passages 114c and 114d. Similar
      analysis applies to each of the grooves. Accordingly, flushing time of the
      assembled die is extremely short, speeding up the pressing cycle; also the
      even distribution over the area of the face disc of the passage pairs
      associated with successive grooves (i.e., by symmetrical angular
      offsetting thereof) assures even distribution of die heating and cooling
      zones, reducing stress and warpage in the pressed record. (Note that the
      passage pairs are distributed at 45.degree. angles over the face disc).
      Further, since the channels or grooves are circular and not spiral shaped,
      machining is simpler. In addition, because of the quadruple channel
      design, the channel flow cross section is very large. This allows
      narrowing of the channels and reducing the wall thickness between channels
      without reducing the strength of the die. More channels with less steel
      between them provide a much greater heat transfer surface between heating
      and cooling media and the die material, speeding up the pressing cycle. As
      a matter of fact, due to the narrowness of the channels, the face
      thickness can be reduced without reducing the strength of the die. This
      again increases the heat transfer from the heating and cooling media to
      the plastic, making the die "faster." Finally, the face elements may be
      replaced with minimum expense, as the frames and bases are re-usable.
PAR  FIG. 1 also shows the provision of guide bushings 30 in base 15 receiving
      telescopically interfitting guide pins 31 projecting from base 16, to
      guide the opening and closing together movements of the faces 11 and 12,
      along axis 32. Bolster plates 33 and 34 are attached to the bases via thin
      plates 35 and 36. Screws 37 retain stamper mounting rings 38 and 39 in
      position overlapping the face edges. Center mounting structure such as is
      indicated at 40 and 41 axially aligns the upper frame and face, and center
      mounting structure as indicated at 42 and 43 axially aligns the lower face
      and frame. Tube 40 may receive injection of the record material fed to gap
      or zone 26 to be pressed into record shape. O-rings 44-47 seal off between
      the frames and faces at the inner and outer peripheries of the grooves or
      channels 101-114.
PAR  Turning now to FIGS. 5-7, the construction is very similar to that
      described above, with the exception that the two faces 211 and 212 are
      braze connected to their respective frames 213 and 214, as at peripheral
      locations 250 and 251, or other locations. Each frame and face pair may be
      removed and replaced in its associated base, when desired, and in the
      manner as discussed above, i.e., by removal of fasteners 252 corresponding
      to fasteners 17.
CLMS
STM  We claim:
NUM  1.
PAR  1. For use in a phonograph record pressing die having upper and lower
      bases, the combination comprising
PA1  a. upper and lower die frames, the upper die frame attachable to the upper
      base, and the lower die frame attachable to the lower die base, and
PA1  b. upper and lower die faces, the upper die face attached to the upper
      frame, and the lower die face attached to the lower frame, the upper die
      face directly overlying the lower die face to press a phonograph record
      therebetween,
PA1  c. there being a first set of fluid passing grooves formed in at least one
      of the upper frame and upper face and exposed to the other thereof, and
      another set of heat transfer fluid grooves formed in at least one of the
      lower frame and lower face and exposed to the other thereof,
PA1  d. the grooves of each set being circular, coaxial and concentric, adjacent
      concentric grooves of each set being connected only by generally radial
      passages at multiple locations mutually relatively spaced about the groove
      axis, there being at least two pairs of said radial escape passages from
      each circular groove into the next radially outward circular groove, said
      two pairs being angularly offset about said axis, the pairs of escape
      passages from each said groove also being angularly offset from the pairs
      of escape passages from said next radially outward circular groove.
NUM  2.
PAR  2. The combination of claim 1 wherein each of said frames and faces has
      circular disc shape.
NUM  3.
PAR  3. The combination of claim 2 wherein said grooves are sunk in said faces
      at the sides thereof facing said frames.
NUM  4.
PAR  4. The combination of claim 3 including insulating plates at the sides of
      each of said frames opposite said faces.
NUM  5.
PAR  5. The combination of claim 4 including said upper and lower bases attached
      to said upper and lower frames, respectively, one insulating plate
      extending between the upper base and upper frame, and another insulating
      plate extending between the lower base and lower frame.
NUM  6.
PAR  6. The combination of claim 16 including interfitting guide means on said
      bases to guide relative movement thereof displacing said faces relatively
      toward and away from each other.
NUM  7.
PAR  7. The combination of claim 1 wherein a disc shaped gap is formed between
      said faces, said gap having substantially uniform thickness except for a
      thickened peripheral annular portion.
NUM  8.
PAR  8. The combination of claim 1 including fasteners attaching said upper
      frame to the upper face, and also said lower frame to the lower face,
      there being through bores in the frames to pass the fasteners.
NUM  9.
PAR  9. The combination of claim 1 wherein said frames are braze connected to
      the respective faces.
NUM  10.
PAR  10. The combination of claim 1 wherein said generally radial passages are
      substantially uniformly distributed over the face area.
NUM  11.
PAR  11. The combination of claim 1 including a first fluid duct directly
      communicating with only the innermost of said grooves, and a second fluid
      duct directly communicating with only the outermost of said grooves, one
      duct being a fluid inlet duct and the other duct being a fluid outlet
      duct.
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ABST
PAL  An injection mold assembly having mold members which are movable relative
      to one another between closed molding positions to permit injection
      molding of parts within mold cavities formed by the members and open
      positions to permit removal or ejection of the molded parts from the
      cavities. The mold members are interconnected by hydraulically
      interconnected and powered actuator means which effect opening and closing
      movement of the mold members in unison. The described mold assembly
      includes outer mold members comprising core plates having cores which
      project into cavities in a central mold member to to form the mold
      cavities when the mold is closed and stripper plates between the central
      member and core plates. The hydraulic actuator means interconnect the core
      and stripper plates and central mold member in such a way that full
      opening movement of the stripper plates relative to the core plates is
      delayed during opening of the mold assembly to delay stripping of molded
      articles from the mold cores until sufficient clearance exists between the
      cores and central mold member to assure dropping of the articles freely
      from the mold into an article receiving area below the mold assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to the art of injection molding and more
      particularly to an improved injection mold assembly.
PAR  2. Prior Art
PAR  One common type of injection mold has a central mold member with opposite
      faces containing open cavities, core plates at opposite sides of the mold
      member having cores which project into the cavities to form closed mold
      cavities when the mold is closed, and stripper plates between the mold
      member and core plates. During a typical molding cycle, the mold is closed
      and plastic molding medium is forced into the mold cavities under pressure
      to fill the space between the cores and the cavity walls. After cooling,
      the mold is opened by moving the core and stripper plates away from the
      central mold member. The molded articles adhere to the cores and are
      retracted with the latter from the mold cavities. The final step of the
      molding cycle involves ejecting or stripping the molded articles from the
      cores by moving the stripper plates away from the core plates toward the
      outer ends of the cores.
PAR  Initially, the mold opening and core stripping functions were performed
      without the aid of any means for positively synchronizing the functions.
      This method of mold actuation has certain disadvantages. A major
      disadvantage, for example, resides in the fact that the opening movement
      of the mold plates, i.e., core and stripper plates, does not occur
      precisely in unison with the result that some of the medium extruded
      between the contacting mold surfaces. This extrusion damages the mold and
      often results in improperly formed molded articles and substantial "flash"
      on the articles which must be removed. In some cases, this problem was
      aleviated to some degree by utilizing sophisticated hydraulic and
      electronic mold actuating and timing systems. However these systems
      substantially increased the cost and complexity of the molds and molding
      machines. U.S. Pat. No. 3,767,352 discloses a mechanical linkage
      arrangement for synchronizing the opening and closing movement of the core
      and stripper plates. This linkage arrangement also has certain
      disadvantages, however.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides an improved injection mold assembly which avoids
      the above noted and other deficiencies of the existing injection molds. To
      this end, the mold members are interconnected by hydraulically
      interconnected and powered actuating means in such a way that the opening
      and closing movement of the members are in precise timed relation, and
      extrusion of the plastic molding medium between the contacting mold
      surfaces is prevented. In mold assemblies having core and stripper plates,
      the actuating means also effects delayed stripping movement of the
      stripper plates during opening of the mold assembly to delay stripping of
      molded articles from the mold cores until sufficient clearance exists
      between the cores and central mold member to assure dropping of the
      articles from the mold into the proper receiving area below the mold.
PAR  The present mold assembly is totally self contained and is relatively
      simple in construction and economical to produce. The mold also produces
      superior molded parts and avoids damage to the mold members by plastic
      extrusion between the mold surfaces.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates an injection mold assembly according to the invention in
      its open configuration;
PAR  FIG. 2 is a view similar to FIG. 1 with the mold assembly closed;
PAR  FIG. 3 illustrates the hydraulic actuating means embodied in the mold
      assembly;
PAR  FIG. 4 illustrates a modified mold assembly in its open configuration;
PAR  FIG. 5 illustrates the mold assembly of FIG. 4 in its closed configuration;
PAR  FIG. 6 illustrates the hydraulic actuating means for the mold assembly in
      FIGS. 4 and 5;
PAR  FIG. 7 illustrates a modified hydraulic actuating means for the mold
      assembly of FIGS. 4 and 5;
PAR  FIG. 8 illustrates a modified mold assembly in its open configuration;
PAR  FIG. 9 illustrates the mold assembly of FIG. 8 in its closed configuration;
PAR  FIG. 10 illustrates the hydraulic actuating means for the mold assembly in
      FIGS. 8 and 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIGS. 1-3, the illustrated injection mold assembly 10
      has a mold set 11 including outer mold members 12, 14 and a central mold
      member 16 between the outer members. Mold members 12, 14, 16 are movable
      relative to one another between their open positions of FIG. 1 and their
      closed molding positions of FIG. 2. In their closed molding positions, the
      mold members are disposed in face to face contact and form mold cavities
      18 into which a molding medium is injected through passages (not shown) to
      mold parts in the cavities. In open configuration, the mold members are
      spaced from one another to permit removal or ejection of the molded parts
      from the mold cavities. In use, the mold set 11 is installed in a molding
      machine with one outer mold member 12, 14 secured to a fixed bolster and
      the other outer member secured to a hydraulic ram which moves toward the
      bolster to close the mold set to its closed molding configuration of FIG.
      2 and away from the bolster to open the mold set to its open configuration
      of FIG. 1.
PAR  According to the present invention, the mold members 12, 14, 16 are
      interconnected by hydraulically interconnected and activated actuating
      means 20 for effecting opening and closing movement of the outer members
      12, 14 relative to the central member 16 in unison during opening and
      closing of the mold set 11 to avoid extrusion of plastic molding medium
      between the contacting mold surfaces due to uneven opening movement of the
      mold members. Hydraulic actuating means 20 comprises a pair of double
      acting hydraulic actuators 22 of equal displacement each interconnecting
      the central mold member 16 and one outer mold member 12, 14. Each actuator
      has a hollow body 24 containing a movable pressure wall 26 which forms
      with the body a pair of hydraulic fluid chambers 28, 30 that expand and
      contract as the body and pressure wall undergo relative movement. In the
      particular embodiment illustrated, the actuator bodies 24 are hydraulic
      cylinders, and the pressure walls 26 are pistons fixed to rods 32 which
      extend slidably through and are sealed to bearings 34 at the cylinder
      ends. Cylinders 24 parallel the direction line of opening and closing
      movement of the mold members 12, 14, 16 and are secured by brackets 36 to
      the central mold member 16. Piston rods 32 are secured by brackets 38 to
      the outer mold members 12, 14, respectively. As shown in FIG. 3, the
      actuating means illustrated in FIGS. 1 and 2 are repeated at the opposite
      or rear side of the mold set 11.
PAR  It will be evident from FIGS. 1 and 2 that during closing movement of the
      mold members 12, 14, 16 from their open positions of FIG. 1 to their
      closed molding positions of FIG. 2, the fluid chambers 28 of actuators 22
      expand and the actuator chambers 30 contract. During opening movement of
      the mold members from their closed positions of FIG. 2 to their open
      positions of FIG. 1, the chambers 28 contract and the members 30 expand.
PAR  The two hydraulic actuators 22 of each actuating means 20 are hydraulically
      interconnected by fluid conductor means 40 which communicates each fluid
      chamber 28, 30 of each actuator to the opposite chamber of the other
      actuator. That is to say, the conductor means communicates the chamber 28
      of each actuator to the chamber 30 of the other actuator. The particular
      conductor means shown comprise two separate hydraulic fluid conduits or
      lines 42, such as tubes or hoses, which are secured by end fittings 44 to
      the actuator cylinders 24. The left hand fluid conduit in FIGS. 1 and 2
      communicates the fluid chamber 28 of the upper actuator to the chamber 30
      of the lower actuator. The right hand fluid conduit communicates the fluid
      chamber 30 of the upper actuator to the chamber 28 of the lower actuator.
PAR  The hydraulic actuators 22 and conduits 42 are filled with hydraulic cluid
      which is displaced back and forth from the actuator to the other during
      opening and closing of the mold sets 11 to effect opening and closing
      movement of the mold members 12, 14, 16 in unison. In this regard, it is
      significant to recall that the mold set 11 is installed in a molding
      machine between a fixed bolster and a movable ram with one outer mold
      member 12, 14 fixed to the bolster and the other outer member fixed to the
      ram. During closing movement of the mold set from its open configuration
      of FIG. 1 to its closed molding configuration of FIG. 2 by extension of
      the molding machine ram toward the fixed bolster, hydraulic fluid is
      displaced from the contracting chamber 30 of each actuator 22 to the
      expanding chamber 28 of the other actuator. Since the actuators have equal
      displacement, the fluid displaced from one actuator to the other equals
      the fluid displaced from the latter actuator to the former. A similar but
      reverse action occurs during opening movement of the mold set from its
      closed molding configuration of FIG. 2 to its open configuration of FIG.
      1. Thus, during such opening movement of the mold set, hydraulic fluid is
      displaced from the then contracting chamber 28 of each actuator to the
      expanding chamber 30 of the other actuator.
PAR  It will now be understood, therefore, that the mold members 12, 14, 16 are
      effectively hydraulically interlocked in a manner which positively
      synchronizes the relative movements of the two outer mold members 12, 14
      with respect to the central mold member 16. Accordingly, the two outer
      members undergo opening and closing movement relative to the central mold
      member precisely in unison. The problems, mentioned earlier in the prior
      injection mold assemblies are thus avoided.
PAR  Turning now to FIGS. 4-6, the illustrated injection mold assembly 100 has a
      mold set 102 including two outer mold members 104, 106, a central mold
      member 108, and additional mold members 110, 112 between the central and
      outer mold members. The central mold member 108 has cavities 116 entering
      its right and left hand faces and opening toward the outer mold members
      104, 106 respectively. These outer mold members are core plates having
      cores 118 which enter the cavities 116, when the mold set is closed, to
      form mold cavities. The intervening additional mold members 110, 112 are
      stripper plates having openings which slidably receive the cores 118. When
      the mold set is closed, these stripper plates are clamped firmly between
      the central and outer mold members, or core plates, and close the outer
      ends of the mold cavities to permit injection molding of parts in the
      cavities. When the mold set is opened, the molded parts adhere to the core
      plate cores 118 and are withdrawn with the latter from the cavities 116 in
      the central mold member. The stipper plates 110, 112 ae then moved away
      from the core plates, along the cores to strip or eject the molded parts
      from the cores.
PAR  As noted earlier, one problem involved in this molding operation is
      assuring sufficient opening movement of the outer core plates 104, 106 to
      fully withdraw their cores 118 from the cavities 116 in the central mold
      member 108 before stripping the molded parts from the cores so as to
      enable the parts to drop freely into a receiving area below the mold set.
      This delayed stripping action is accomplished by delayed movement of the
      stripper plates 110, 112 through their stripping strokes. The mold
      assembly 100 of FIGS. 4-6 includes hydraulically interconnected and
      activated actuating means 120 for effecting opening and closing movement
      of the mold members 104, 106, 110, 112, i.e., core and stripper plates,
      relative to the central mold member 108 in precise synchronism in a manner
      such that full stripping movement of the stripper plates relative to the
      core plates is delayed during opening movement of the mold set
      sufficiently long to assure retraction of the core plate cores 118 from
      the central mold member cavities 116.
PAR  Actuating means 120 comprise double acting hydraulic activators 122, 124
      each interconnecting the central mold member 108 and one mold plate 104,
      106, 110, 112. Actuators 122, 124, like the actuators in FIGS. 1-3, have
      hollow bodies 126 in the form of hydraulic cylinders and pressure walls
      128 in the form of pistons movable in the cylinders and fixed to piston
      rods 130 which extend slidably through and are sealed to the cylinder
      ends. Cylinders 126 are secured by brackets 132 to the central mold member
      108. The piston rods 130 are secured by brackets 134 to the respective
      mold plates 104, 106, 110, 112.
PAR  It will be observed in FIGS. 4-6 that the actuators 122 interconnect the
      central mold member 108 and the core plates 104, 106. Actuators 124
      interconnect the central mold members and the stripper plates 110, 112.
      Each actuator has a first hydraulic fluid chamber 136 which expands during
      closing movement of the mold set 102 from its open position of FIG. 4 to
      its closed molding configuration of FIG. 5 and contracts during opening
      movement of the mold set from its closed molding configuration to its open
      configuration, and a second hydraulic fluid chamber 138 which contracts
      during closing of the mold set and expands during opening of the mold set.
PAR  The hydraulic actuators 122, 124 are hydraulically interconnected in pairs
      by fluid conductor means 140. Thus, the two actuators which connect the
      central mold member 108 and the two left hand core and stripper plates
      104, 110 in FIGS. 4 and 5 are hydraulically interconnected by conductor
      means 140 to form one actuator pair 142. The two actuators which connect
      the central mold member and the two right hand core and stripper plates
      are interconnected by additional conductor means 140 to form a second
      actuator pair 144. As in the mold assembly of FIGS. 1-3, the fluid
      conductor means 140 comprise hydraulic fluid conduits or lines 146, such
      as tubes or hoses, which communicate each fluid chamber 136, 138 in each
      actuator of each actuator pair to the opposite chamber of the other
      actuator of the respective actuator pair. Thus, one conduit 146 of each
      actuator pair communicates the fluid chamber 136 of actuator 122 to the
      fluid chamber 138 of the other actuator 124 of the pair, and the other
      conduit communicates the fluid chamber 138 of actuator 122 to the fluid
      chamber 136 of actuator 124. As shown in FIG. 6, the actuator arrangement
      illustrated in FIGS. 4 and 5 is repeated in the opposite or rear side of
      the mold set.
PAR  It will now be understood, therefore, that during opening and closing
      movement of the mold set 102, hydraulic fluid is displaced back and forth
      between the two actuators 122, 124 of each actuator pair 142, 144 to
      effect opening and closing movement of the core and stripper plates 104,
      106, 110, 112 in timed relation to one another. In this regard, it will be
      understood that the mold assembly 100 is installed in a molding machine in
      the same manner as the mold assembly of FIGS. 1-3, with one core plate
      104, 106 secured to the machine bolster and the other core plate secured
      to the machine ram.
PAR  As noted earlier, one problem encountered in mold assemblies utilizing
      cores and stripper plates is delaying or retarding full stripping motion
      of the stripper plates sufficiently long to insure retraction of the cores
      from the mold cavities before stripping of the molded parts. In the
      particular mold assembly 100 under discussion, this is accomplished by
      providing the stripper plate actuator 124 of each actuator pair 142, 144
      with a greater displacement than the core plate actuator 122 of the
      respective pair. In a typical mold assembly according to the invention,
      for example, the core plate actuators 122 may have an effective
      displacement area (i.e., cylinder bore cross-sectional area minus piston
      rod cross-sectional area) of 0.982 square inches and the stripper plate
      actuators an effective displacement area of 1.406 square inches.
PAR  It will now be understood that during opening and closing of the mold set
      102, hydraulic fluid is displaced from the core plate actuators 122 to the
      stripper plate actuators 124 to effect relative opening and closing
      movement of the stripper plates 110, 112 with the core plates 104, 106
      with respect to the central mold member 108. Because of the larger
      displacement areas of the stripper plate actuators 124, the stripper
      plates 110, 112 move through a shorter distance and at a slower velocity
      than the core plates. According to this invention, the displacement areas
      of the actuators 122, 124 are so proportioned that during opening of the
      mold set 102, the relative opening or stripping travel of the stripper
      plates 110, 112 with respect to their core plates 104, 106 necessary to
      strip the molded parts from the core plate cores 118 does not occur until
      after the cores have withdrawn from the mold cavities 116 sufficiently to
      permit the parts to drop freely into the part receiving area below the
      mold assembly.
PAR  It is apparent that in the mold assembly 100 of FIGS. 4-6, the actuating
      means 120 synchronizes only the opening and closing movements of core
      plates 104, 106 and their respective stripper plates 110, 112. The
      actuating means does not synchronize the opening and closing movements of
      the two core plates and the two stripper plates with respect to one
      another.
PAR  FIG. 7 illustrates a modified actuating means 200 for the mold set 102
      which synchronizes both the opening and closing movements of the core
      plates 104, 106 and their respective stripper plates 110, 112 and the
      opening and closing movements of the two core plates and stripper plates.
      This modified actuating means is identical to that of FIGS. 4-6 except for
      the manner in which the actuators 122, 124 are hydraulically
      interconnected by the fluid conductor means 202. Thus, in FIG. 7, the
      fluid conductors 204 hydraulically interconnect chambers 136, 138 of the
      upper core plate actuator 122 to chamber 138 of the adjacent stripper
      plate actuator 124 and to chamber 136 of the lower core plate actuator
      122, respectively, chamber 136 of the upper stripper plate actuator 124 to
      chamber 138 of the lower stripper plate actuator, and chamber 136 of the
      lower stripper plate actuator to chamber 138 of the lower core plate
      actuator. It is evident from FIG. 7 that the actuating means 200 effects
      opening and closing of the core plates 104, 106 and their respective
      stripper plates 110, 112 in timed relation, as does the actuating means of
      the mold assembly in FIGS. 4-6, and in addition synchronizes the opening
      and closing movements of the two core plates and two stripper plates.
PAR  The modified mold assembly 300 of FIGS. 8-10 has a mold set 302 like that
      of the mold assembly in FIGS. 4-6 and hydraulically interconnected and
      activated actuator means 304 like that of the mold assembly in FIGS. 1-3
      for effecting opening and closing movement of the mold set core plates
      306, 308 in unison relative to the central mold member 310. In this
      particular embodiment, the mold set stripper plates 312, 314 are actuated
      through their opening and closing movements in timed relation to those of
      the core plates 306, 308 by linkage means 316. Linkage means 316 comprises
      a link set 318 at each side of the mold assembly for each stripper plate.
      Each link set includes a pair of links 320, 322 pivotally joined end to
      end by a pivot 324 and at their ends to the central mold member 310 and
      corresponding core plate 306, 308, respectively, by pivots 326, 328. Link
      322 is pivotally attached between its ends to the corresponding core plate
      by a pivot and slot connection 330. This pivot and slot connection is
      offset from the center of the link toward its core plate pivot 328.
PAR  In use, the mold assembly 300 is installed in a molding machine in the same
      manner as the earlier described mold assemblies of FIGS. 1-7. During
      opening and closing of the mold set 302 in the machine, the actuating
      means 304 operates in the manner explained in connection with FIGS. 1-3 to
      effect opening and closing of the core plates 306, 308 in unison relative
      to the central mold member 310. During this opening and closing movement,
      the link sets 318 operate to effect opening and closing movement of the
      stripper plates 312, 314 in timed relation to the opening and closing
      movements of the core plates. Because of the offset of the slot and pivot
      connections 330 from the centers of the links 322, the stripper plates
      undergo less opening and closing travel than the core plates and at a
      slower velocity. The pivot and slot connections are so offset that the
      stripper plates strip molded parts from the core plate cores 332 during
      opening of the mold set 302 only after the cores have fully withdrawn from
      their mold cavities in the central mold member 310.
CLMS
STM  I claim:
NUM  1.
PAR  1. An injection mold assembly comprising:
PA1  a mold set including at least three mold members movable relative to one
      another between closed molding positions and open positions,
PA1  first hydraulic actuator means connecting a first pair of said members,
PA1  second hydraulic actuator means connecting a second pair of said members,
PA1  each actuator means comprising hollow body means containing pressure wall
      means forming with said body means a first hydraulic fluid chamber which
      expands during opening movement and contracts during closing movement of
      the respective member pair and a second hydraulic fluid chamber which
      contracts during opening movement and expands during closing movement of
      the respective member pair, and
PA1  fluid conductor means connecting said actuator means in a manner such that
      said first chamber of each actuator means communicates with said second
      chamber of the other actuator means, whereby said member pairs open and
      close in unison.
NUM  2.
PAR  2. An injection mold assembly according to claim 1 wherein:
PA1  each of said actuator means comprises a double acting actuator having a
      movable pressure wall and having said first chamber at one side and said
      second chamber at the other side of said wall.
NUM  3.
PAR  3. An injection mold assembly according to claim 2 wherein:
PA1  each actuator comprises a piston and cylinder.
NUM  4.
PAR  4. An injection mold assembly according to claim 1 wherein:
PA1  said mold set comprises three cavity forming mold members including two
      outer mold members and a center mold member between said outer mold
      members,
PA1  said first member pair comprises said center member and one outer member,
      and
PA1  said second member pair comprises said center member and the other outer
      member.
NUM  5.
PAR  5. An injection mold assembly according to claim 1 wherein:
PA1  said mold set comprises a pair of cavity forming mold members and a
      stripper plate between said cavity forming members,
PA1  one of said cavity forming members contains a cavity opening toward the
      other cavity forming member, said other cavity forming member comprises a
      core plate having a core which enters said cavity to form a mold cavity in
      said closed positions of said mold members, and said cavity forming
      members are spaced in said open positions of said mold members for removal
      of a molded part from said cavity,
PA1  said stripper plate has an opening receiving said core and seats against
      said cavity forming members in said closed positions of said mold members
      and is movable from contact with said core plate along said core to an
      open position adjacent the tip of the core during opening movement of said
      mold members to strip the molded part from the core,
PA1  said first member pair comprises a cavity forming member and said stripper
      plate, and
PA1  said second member pair comprises the two cavity forming members.
NUM  6.
PAR  6. An injection mold assembly according to claim 6 wherein:
PA1  said actuator means are sized to effect opening movement of said core plate
      with respect to said cavity containing mold member at a given rate of
      opening movement and to effect opening movement of said stripper plate
      with respect to said core plate at a slower rate of opening movement.
NUM  7.
PAR  7. An injection mold assembly according to claim 6 wherein:
PA1  one of said actuator means comprises a core plate actuator means connecting
      said core plate and cavity containing mold member for effecting opening
      movement of said core plate with respect to said cavity containing mold
      member at said given rate of opening member and the other actuator means
      comprises a stripper plate actuator means connecting said stripper plate
      and cavity containing mold member for effecting opening movement of said
      stripper plate with respect to said cavity containing mold member at said
      slower rate of opening movement, thereby to permit retraction of said core
      from said cavity prior to stripping of a molded part from the core.
NUM  8.
PAR  8. An injection mold assembly according to claim 7 wherein:
PA1  each of said actuator means comprises piston and cylinder means, and
PA1  the effective piston area of said core plate actuator means is less than
      the effective piston area of said stripper plate actuator means.
NUM  9.
PAR  9. An injection mold assembly comprising:
PA1  a mold set comprising a pair of outer movable mold members, a single center
      mold member between said outer members, and a pair of stripper plates
      between said center member and said outer members, respectively,
PA1  first hydraulic actuator means connecting said center member and each outer
      member,
PA1  second hydraulic actuator means connecting said center member and each
      stripper plate,
PA1  each actuator means comprising hollow body means containing pressure wall
      means forming with said body means a first hydraulic fluid chamber which
      expands during opening movement and contracts during closing movement of
      the respective members and a second hydraulic fluid chamber which
      contracts during opening movement and expands during closing movement of
      the respective members, and
PA1  fluid conductor means connecting all of said actuator means in a manner
      such that said first chamber of each actuator means communicates with said
      second chamber of another actuator means whereby said mold members and
      stripper plates undergo relative opening and closing movement in unison.
NUM  10.
PAR  10. An injection mold assembly according to claim 9 wherein:
PA1  said actuator means are sized to effect relative opening movement of said
      outer mold members relative to said center mold member at a given rate of
      opening movement and to effect opening movement of said stripper plates
      relative to said center mold member at a slower rate of opening movement.
NUM  11.
PAR  11. An injection mold assembly comprising:
PA1  a mold set including a pair of outer movable mold members, a single center
      mold member between said outer members, and a pair of stripper plates
      between said center mold member and said outer members, respectively,
PA1  hydraulic actuator means connecting said center member and each outer
      member,
PA1  each actuator means comprising hollow body means containing pressure wall
      means forming with said body means a first hydraulic fluid chamber which
      expands during opening movement and contracts during closing movement of
      the respective members and a second hydraulic fluid chamber which
      contracts during opening movement and expands during closing movement of
      the respective members,
PA1  fluid conductor means connecting said actuator means in a manner such that
      said first chamber of each actuator means communicates with said second
      chamber of the other actuator means, whereby said members open and close
      in unison, and
PA1  linkage means connecting each stripper plate to said center member and the
      adjacent outer member for effecting opening and closing movement of said
      stripper plates in timed relation to the opening and closing movement of
      said mold members.
NUM  12.
PAR  12. An injection mold assembly according to claim 11 wherein:
PA1  said linkage means includes means for delaying full opening movement of
      said stripper plates relative to said opening movement of said mold
      members.
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ABST
PAL  A reciprocating screw injection molding machine characterized in that the
      screw is actuated by coaxial hydraulic rotary and linear motors, and in
      that a movable mold supporting platen has a clamping piston thereon which
      is reciprocable in a clamping cylinder, the latter having mounted thereon
      platen and valve actuating cylinders which are operatively secured to the
      clamping piston and to a valve member respectively to effect movement of
      the clamping piston and movable mold supporting platen toward and away
      from a fixed mold supporting platen and to open the valve member for flow
      of oil from a prefill tank into the clamping cylinder chamber and vice
      versa, said valve actuating cylinder further being operative upon closing
      of the mold to close the valve and to admit fluid under pressure into the
      clamping cylinder chamber to pressurize the trapped fluid therein to lock
      the clamping piston and movable mold supporting platen in mold closing
      position with required tonnage for injection of plasticized material into
      the mold cavity by operation of the injection assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Known injection molding machines having a reciprocating screw injection
      system and a straight hydraulic mold clamping system are of complex,
      expensive construction. For example, known straight hydraulic clamping
      systems generally comprise a mold clamping cylinder having its piston
      secured to the movable mold supporting platen, said cylinder having a
      pullback area to which fluid under pressure is supplied to move the piston
      in mold opening direction and having a central blind bore slidably fitted
      on a fixed tubular booster or jack ram, said last-mentioned ram having a
      spring and pressure actuated prefill valve slidable thereon which opens
      communication between a prefill tank and the chamber of the clamping
      cylinder during the opening and closing strokes of the mold clamping
      piston and which is actuated by fluid under pressure brought in through
      the tubular booster ram to close communication between said chamber and
      said prefill tank and to open communication between the fluid pressure
      source and said chamber to pressurize the trapped fluid therein so as to
      exert required mold locking force for injection of plasticized material
      into the closed mold cavity.
PAC  SUMMARY OF THE INVENTION
PAR  In contradistinction to knonw injection molding machines having
      reciproacating screw injection and straight hydraulic clamping systems the
      reciprocating injection molding machine employs commercially available
      hydraulic components such as linear and rotary fluid motors for
      reciprocating and rotating the screw and for actuating the injection
      assembly to move the injection nozzle into and out of engagement with the
      mold and employs generally conventional double acting cylinders for
      actuating the mold clamping piston and for actuating a prefill valve to
      open and close a passage between the mold clamping cylinder chamber and a
      prefill tank, said valve actuating cylinder in check valve closing
      position being operative to communicate the high pressure fluid pressure
      source with the clamping cylinder chamber to pressurize said chamber to
      lock the mold clamping piston in mold closing position to resist mold upon
      injection of plasticized material into the mold cavity. valve
PAR  It is a principal object of this invention to provide an injection molding
      machine having a simple and reliable hydraulic mold clamping system in
      which the head of the clamping cylinder has secured thereto a pair of
      double acting hydraulic cylinders, one of which has its piston rod
      mechanically connected to the clamping piston for moving the latter in
      mold closing and mold opening direction, and the other of which has its
      piston rod fashioned as a valve member to open a passage in said head to
      the clamping cylinder chamber and to a prefill tank for flow of oil from
      the prefill tank into the clamping cylinder chamber during the mold
      closing stroke of the clamping piston, and for flow of oil from the
      clamping cylinder chamber into the prefill tank during the mold opening
      stroke of the clamping piston, said valve actuating cylinder when actuated
      in the opposite direction moving the valve member to passage closing
      position while at the same time opening communication between the fluid
      pressure source and the clamping cylinder chamber when the clamping piston
      is in mold closing position, such fluid under pressure being effective to
      pressurize the trapped fluid in the clamping cylinder thus to exert the
      required locking tonnage to hold the mold in closed condition during
      injection of plasticized material into the cavity thereof.
PAR  It is another object of this invention to provide an injection molding
      machine of the character indicated embodying a novel hydraulic system
      including a dual pump and control valve means for the fluid motors of the
      injection system and the cylinders for the mold clamping system to achieve
      automatic operation of the machine through its mold closing cycle, the
      injection cycle, and the mold opening and molded part ejection cycle.
PAR  Other objects and advantages will appear hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of an injection molding machine embodying the
      present invention;
PAR  FIG. 2 is a cross section view of the hydraulic mold actuating mechanism;
      and
PAR  FIG. 3 is a schematic piping diagram by which the operation of the machine
      is rendered automatic with the various fluid motors and cylinders actuated
      in desired sequence for repetitive molding of plastic parts.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The injection molding machine 1 herein is generally of the type disclosed
      in U.S. Pat. No. 3,810,728 and in the pending U.S. application Ser. No.
      354,655, filed Apr. 26, 1973, now U.S. Pat. No. 3,871,805.
PAR  As best shown in FIG. 1, the injection molding machine 1 herein comprises a
      base structure 2 housing the hydraulic system pump and drive motor and
      controls for operation of the machine and including at one end a discharge
      chute 3 for molded parts which opens in the top 4 of the base 2 beneath
      the mold sections 5 and 6 when the mold is open. Secured to the top 4 of
      the base 2 and to each other by parallel tie rods 7 are parallel fixed
      heads 8 and 9 of which the head 8 constitutes the fixed mold 5 supporting
      platen and of which the other head 9 constitutes the head of a clamping
      cylinder 10 which has its other head 11 secured as by tie rods or bolts 12
      to said fixed head 9. Reciprocable in the clamping cylinder 10 is a mold
      clamping piston 14 which has its piston rod 15 secured to the movable mold
      6 supporting platen 16 which is guided on said tie rods 7 for movement
      toward and away from the fixed platen 8 to close and open the mold 5-6.
PAR  The clamping cylinder head 11 has secured thereto a prefill tank 17 and
      provides a passage 18 to intercommunicate the interior of the prefill tank
      17 with the clamping cylinder chamber 19.
PAR  Also secured to said clamping cylinder head 11 are a pair of double acting
      hydraulic cylinders 20 and 21 of which the cylinder 20 has its piston rod
      23 connected to the mold clamping piston 14 as shown in FIG. 2 whereby the
      mold clamping piston 14 may be moved in mold closing and opening
      directions in response to actuation of the piston 23 in opposite
      directions.
PAR  The other cylinder 21 is a valve actuating cylinder which has on its piston
      rod 34 a valve member 25 which as shown in FIG. 2 opens communication
      between the prefill tank 17 and the clamping cylinder chamber 19 during
      the opening and closing strokes of the clamping piston 14 for flow of oil
      through passage 18 from the prefill tank 17 into said chamber 19 during
      the mold closing stroke, and for flow of oil through passage 18 from said
      clamping cylinder chamber 19 into said prefill tank 17 during the mold
      opening stroke of the clamping piston 14. When the piston rod 24 is moved
      to the right as viewed in FIG. 2, the valve member 25 closes the passage
      18 between the chamber 19 and the prefill tank 17 and at the same time
      fluid under pressure is admitted into the chamber 19 via the orifice 26 in
      the piston rod 24 which opens into the pressure chamber in the rod end of
      the cylinder 21, thus to pressurize the trapped fluid in the chamber 19 to
      exert the required mold locking tonnage to resist mold separation when
      plasticized material is injected into the mold 5-6 cavity. Detailed
      reference to the control of the operation of the actuating cylinders 20
      and 21 will be set forth in connection with the detailed description of
      the hydraulic circuit as shown in FIG. 3.
PAR  The injection assembly 30 herein is generally of the type disclosed in the
      aforesaid patent, i.e., it is a reciprocating screw injection system. The
      injection assembly 30 is longitudinally adjustable on a pair of parallel
      rods 31 extending between the heads 8 and 9 to align the nozzle end of the
      heating cylinder 32 with the mold 5-6 sprue. The blocks 34 of the
      injection assembly 30 are longitudinally adjustably secured to said rods
      31 and have upstanding shafts 35 on which the injection assembly head 36
      is vertically reciprocated by means of double acting hydraulic cylinders
      37 effective to move the nozzle end of the heating cylinder 32 into and
      out of engagement with the mold sprue. Said head 36 of the injection
      assembly 30 is provided with a feed opening through which plastic material
      in pellet or chip form passes from the hopper 38 into the injection
      cylinder 32 around the flight of the screw which is rotatable in and
      axially reciprocable in said injection cylinder 32.
PAR  The nozzle end of the injection cylinder 32 preferably has a pressure
      actuated shut-off valve therein such as disclosed in the aforesaid U.S.
      Pat. No. 3,871,805 and, upstream of said nozzle valve, will be a spreader
      also of the type disclosed in said patent. The upper end of the screw is
      secured to the piston rod of a piston reciprocable in the hydraulic
      cylinder 39 and said piston in turn will have an axially slidable splined
      connection with the drive shaft of a rotary fluid motor 40, the housing of
      which is affixed to the top head of the cylinder 39.
PAR  As shown in the art, the rotation of the feed screw in the heating cylinder
      32 will advance plastic material around the screw toward the tip thereof
      to melt the same and deposit it into a collecting chamber which
      progressively increases in size as the screw rotates and is forced
      upwardly by the pressure of the material in the collecting chamber against
      an adjustable back pressure maintained in the upper end of the cylinder
      39. When the collecting chamber has a desired volume of material therein
      to fill the mold cavity fluid under pressure will be admitted into the
      upper end of the cylinder 39 to cause the piston and screw to move
      downwardly to cause the screw to act as an injection plunger and, upon
      increase of pressure on the melted material in the collecting chamber
      sufficient to open the pressure actuated nozzle valve, the plasticized
      material will be injected through the nozzle of cylinder 32 into the mold
      cavity and, of course, the cylinders 37 will have been actuated to have
      moved the injection heating cylinder 32 downwardly to interengage the
      nozzle end with the mold 5-6. As later explained in detail, the mold 5-6
      is locked in closed position to permit application of the required high
      pressure on the plastic material to form a molded part in the mold cavity.
      After the injection stroke has been completed, the injection assembly 30
      may be raised from the mold 5-6 and the rotation of the screw reinitiated
      to provide the next charge of plasticized material in the collecting
      chamber, and as the screw is thus rotated, the mold 5-6 may be opened and
      the molded part ejected from the mold cavity for discharge into the
      discharge chute 3 in the base 2.
PAR  Referring now in detail to FIG. 3, the hydraulic system herein incudes a
      dual pump P1-P2 driven by motor M, said pumps P1 and P2 having their inlet
      ports communicated with the oil in a reservoir 50 via strainers 51. The
      oil return line 52 has therein a filter 53 and a heat exchanger 54 for
      cooling the oil returned to the reservoir 50, the circulation of coolant
      such as water being controlled by a valve 55 operated by a thermostat 56
      immersed in the oil in said reservoir 50.
PAR  The pumps P1 and P2 are of variable displacement type as shown, the pump P1
      supplying the injection assembly motors 40 and 39 and cylinders 37 via the
      check valve 56 and solenoid operated valve 57, and the pump P2 supplying
      the mold actuating circuit via the solenoid operated valves 58 and 59. The
      check valve 60 between the output sides of the pumps P1 and P2 enables
      both pumps to deliver fluid to the mold actuating circuit. The delivery
      lines 61 and 62 to the respective solenoid valves 57 and 59 are
      interconnected through a sequence valve 63 and line 64 which is operative
      in a manner hereinafter described. The return ports of the valves 57 and
      58 are interconnected by line 65 as shown and said line 65 is
      interconnected with the solenoid valve 59 via check valve 67.
PAR  The lines 70 and 71 leading to opposite ends of cylinder 20 from valve 58
      have adjustable orifices 72 and 73 therein to determine the speed of
      actuation of the mold actuating cylinder on its mold closing and opening
      strokes. The line 74 leading to the rotary motor 40 has therein a check
      valve 75 and a flow control valve 76, and the line 78 leading to the head
      ends of the cylinders 37 has therein an orifice check valve 79 and a
      shut-off valve 80. The line 81 leading from valve 57 to the head end of
      the injection cylinder 39 has therein a pressure regulating valve 82 and
      flow control valves 83 and 84 respectively to determine the back pressure
      in cylinder 39 during rotation of the feed screw by motor 40 and to
      determine the speed of the downward injection stroke of the piston in
      cylinder 39. The line 81 also connects to the rod ends of cylinders 37.
      The return line 85 from motors 39 and 40 connects with the return line 65.
      The head end of the valve actuating cylinder 21 is connected by line 86 to
      line 71 leading to the rod end of the mold actuating cylinder 20 and the
      rod end of cylinder 21 is connected to valve 59 by line 87, said valve 59
      together with adjustable restrictor 89 in the return line 52 constituting
      a low pressure closing valve as hereinafter explained. When sequence valve
      63 is open the lines 61 and 62 are interconnected by line 64.
PAR  When the solenoid valve 57 is energized toward the left, the pump P1
      delivers fluid under pressure via check valve 56, line 61, and lines 74
      and 78 to the rotary screw motor 40 to turn the screw in the heating
      cylinder 32 (via check valve 75 and flow control valve 76) and to actuate
      the lift cylinders 37 to lift the injection assembly 30 (via orifice check
      valve 79 and shut-off valve 80). Return oil from the screw motor 40 is
      conducted to the return line 52 via lines 85 and 65 and check valve 67. As
      the screw rotates it propels the plastic material from the hopper 38
      downwardly therealong toward the tip of the screw to melt the material in
      the heating cylinder 32 and deposit it into a collecting chamber at the
      lower end of the heating cylinder 32 whereby buildup of pressure on the
      material in the collecting chamber forces the feed screw upwardly with
      consequent upward movement of the piston in the injection cylinder 39, the
      oil from the upper end of said cylinder 39 being returned to the return
      line 52 via the adjustable orifice 83, pressure regulating valve 82,
      solenoid valve 57, line 65, and check valve 67. Accordingly, the pressure
      exerted on the melted material in the collecting chamber is determined by
      pressure regulating valve 82 and the back pressure in the upper end of the
      injection cylinder 39 depending upon the setting of the adjustable orifice
      83.
PAR  During this operation the mold 5-6 is open and when the signal is given to
      close the mold, the solenoid valve 57 will be deenergized and solenoid
      valve 58 will be energized to the left, the capacity of both pumps P1 and
      P2 being utilized to actuate the cylinder 20 for fast travel. The clamping
      piston 14 will thereby be actuated to the left whereby its piston rod 15
      actuates the mold 6-platen 16 toward mold closing position at a rapid
      rate. The oil displaced from the rod end of the cylinder 20 is returned to
      the reservoir 50 via the variable restriction 73, valve 58, line 65, check
      valve 67, and return line 52. The negative pressure in chamber 19 and the
      back pressure in line 86 to the head end of the valve actuating cylinder
      21 actuates the valve member 25 to open position whereby, as the clamping
      piston 14 moves to the left, the chamber 19 is maintained full of oil from
      the prefill tank 17 via the open passage 18. The rod end of the valve
      actuating cylinder 21 is communicated with the return line 52 via line 87
      and valve 59 when the valve 59 is in neutral position as shown in FIG. 3.
PAR  When the mold section 6 is 1 inch or more away from mold section 5, a low
      pressure switch is actuated to energize the solenoid valve 59 to the left
      to communicate the pressure line 62 with the return line 52 via the
      variable restrictor 89 thus to reduce the maximum available pressure in
      line 70 to the head end of the mold closing cylinder 20. This affords low
      pressure mold protection to prevent mold damage if for example the molded
      part produced in the previous cycle has not cleared the mold 5-6 before
      the clamp closes. The hydraulic fluid actuating the cylinder 20 is
      maintained at such low pressure until the mold sections 5 and 6 come
      together and, therefore, if there is an obstruction between the mold
      sections 5 and 6 the operation of the machine will stop and an alarm may
      be sounded to signal the operator to remove the obstruction. Thereafter,
      the actuation of the mold actuating cylinder 20 may be continued until the
      mold sections 5 and 6 contact each other and, at that time, a touch switch
      will be actuated to deenergize the solenoid valve 58 and to energize the
      solenoid valve 59 toward the right whereby high pressure from the pump P2
      is conducted through line 62, valve 59 to the rod end of the valve
      actuating cylinder 21 to close the valve member 25 and to conduct the high
      pressure fluid through the orifice 26 into the chamber 19 in the clamping
      cylinder 10 thus to pressurize the fluid in the clamping cylinder 10 to
      lock the mold sections 5 and 6 together at required tonnage for injection
      of plastic material into the mold cavity. Oil displaced from the valve
      actuating cylinder 21 is returned to the tank 50 via the valve 58 in
      neutral position, check valve 67, and return line 52.
PAR  When the touch switch has been operated as aforesaid, the solenoid valve 57
      will be energized to move it to the right whereby pressure delivered by
      the pump P1 through the check valve 56, line 61, valve 57, pressure
      regulator 82 will actuate the cylinders 37 downwardly to engage the nozzle
      end of the heating cylinder 32 with the closed mold 5-6 and to tend to
      urge the piston in the injection cylinder 39 downwardly through the
      variable restrictor 84. When there is the required high clamping pressure
      in the chamber 19, the sequence valve 63 will open to conduct high
      pressure fluid to the injection cylinder 39 and to the cylinders 37 and,
      when the pressure of the feed screw on the plastic material in the
      collecting chamber exceeds the pressure for which the nozzle valve has
      been set, the nozzle opens for flow of plasticized material into the mold
      cavity.
PAR  When the shot has been completed, the solenoid valve 58 will be energized
      to the right to conduct fluid under pressure from both pumps P1 and P2 to
      the rod end of the mold actuating cylinder 20 for rapid opening of the
      mold, and pressure in the line 86 leading to the head end of the valve
      actuating cylinder 21 opens the valve member 25 for flow of oil from the
      chamber 19 into the prefill tank 17. Valve 59 is then in neutral position
      as shown whereby the fluid displaced from the rod end of the valve
      actuating cylinder 21 is returned through line 87 and valve 59 to the
      return line 52. At the time of energization of the valve 58 as aforesaid
      or thereafter the valve 57 is energized to the left to actuate the
      cylinders 37 and screw motor 40 for lifting the injection assembly 30 to
      disengage the nozzle end of the heating cylinder 32 from the mold 5-6 and
      to turn the feed screw to refill the collecting chamber with plasticized
      material preparatory to making the next shot after removal of the molded
      part from the open mold 5-6 and reclosing of the mold.
PAR  It is to be understood that the various switches referred to herein but not
      shown such as the low pressure limit switch, the touch switch, etc. will
      be appropriately located for actuation as described and, of course, a
      timer may be provided as disclosed in said patents to achieve desired
      control as therein disclosed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mold clamping mechanism for an injection molding machine comprising a
      mold clamping cylinder having a piston reciprocable therein in mold
      closing and opening directions; a prefill tank having fluid communication
      with said clamping cylinder via a passage having a valve member therein
      which opens said passage during the mold closing and opening strokes of
      said clamping cylinder piston for flow of fluid from said prefill tank
      into said clamping cylinder and vice versa; a relatively smaller actuating
      cylinder secured to said mold clamping cylinder and having its piston
      operatively secured to said clamping cylinder piston to impart mold
      closing and opening strokes thereto; a valve actuating cylinder secured to
      said mold clamping cylinder and having a piston reciprocable therein with
      its piston rod extending into said passage to constitute said valve member
      operative to open said passage during said strokes of said clamping
      cylinder piston for flow of fluid as aforesaid from and into said prefill
      tank when fluid under pressure is conducted into one end of said valve
      actuating cylinder, and to close said passage when said clamping cylinder
      piston is in mold closing position and when fluid under pressure is
      conducted into the other end of said valve actuating cylinder, said valve
      member having an orifice from said other end of said valve actuating
      cylinder into said clamping cylinder thereby to pressurize the fluid
      confined in said clamping cylinder by said valve member when closed and
      thus lock said clamping cylinder piston in mold closing position for
      injection of plasticized material into said mold.
NUM  2.
PAR  2. The mechanism of claim 1 in which valve means between a fluid pressure
      source and said actuating cylinders are operative simultaneously to
      conduct fluid under pressure to said actuating cylinders respectively to
      actuate said clamping cylinder piston in mold closing direction and to
      actuate said valve member to open said passage; said valve means, upon
      closing of said mold being operative to actuate said valve member to close
      said passage for flow of fluid under pressure from said pressure source
      into said mold clamping cylinder via said other end of said valve
      actuating cylinder and said orifice.
NUM  3.
PAR  3. An injection molding machine having relatively movable mold carrying
      platens to define a mold cavity into which plasticized material is adapted
      to be injected when said platens are moved toward each other to close said
      mold and from which a molded part is adapted to be removed when said
      platens are moved apart to open said mold; one of said platens being
      movable and having a first piston thereon reciprocable in a first cylinder
      which has fluid communication with a prefill tank via a passage; a second
      relatively smaller cylinder secured to the head of said first cylinder and
      having a piston reciprocable therein with its piston rod slidably sealed
      in said head and connected to said first piston thus to move said one
      platen toward and away from the other platen to close or open said mold
      responsive to actuation of said second cylinder; a third cylinder secured
      to said head having a piston reciprocable therein with its piston rod
      extending into said passage to constitute a valve member movable in one
      direction in said passage responsive to fluid under pressure in one end of
      said third cylinder to open communication between said prefill tank and
      said first cylinder during movement of said first piston in opposite
      directions by said second piston and movable in the opposite direction in
      said passage responsive to fluid under pressure in the other end of said
      third cylinder to close said passage and open communication of said first
      cylinder with a fluid pressure source at the end of the mold closing
      movement of said one platen relative to the other platen via an orifice in
      the piston rod of said third piston which opens into said other end of
      said third cylinder thus to lock said mold in closed position for
      injection of plastic material into the mold cavity thereof.
NUM  4.
PAR  4. The mechanism of claim 1 wherein a fluid pressure source and a four-way
      valve means are operatively connected to said actuating cylinder to
      actuate the piston in the latter and hence said mold clamping cylinder
      piston in mold closing and opening directions; wherein a flow restrictor
      means is disposed between said actuating cylinder and said valve means in
      the fluid return circuit when the piston in said actuating cylinder is
      actuated in mold closing direction; and wherein said valve actuating
      cylinder piston is actuated to passage opening position alternately by
      fluid pressure upstream of said flow restrictor means when said actuating
      cylinder piston is actuated in mold closing direction and by pressure
      downstream of said flow restrictor means when said actuating cylinder
      piston is actuated in mold opening direction.
NUM  5.
PAR  5. The mechanism of claim 4 wherein another four-way valve means is
      operative in a neutral position to conduct fluid from said valve actuating
      cylinder to a reservoir when said valve actuating cylinder piston is
      actuated to open said passage; said another four-way valve means having a
      first operating position to divert a portion of the delivery of said fluid
      pressure source to said reservoir to decrease the fluid pressure in said
      actuating cylinder while the piston therein is being actuated in mold
      closing direction thus to prevent mold damage in the event that a molded
      part or other object obstructs the mold closing operation.
NUM  6.
PAR  6. The mechanism of claim 5 wherein said another valve means has a second
      operating position to conduct fluid under high pressure into said other
      end of said valve actuating cylinder to actuate the piston therein to
      close said passage whereby said orifice conducts such high pressure fluid
      from said other end of said valve actuating cylinder into said clamping
      cylinder to pressurize the fluid confined therein.
NUM  7.
PAR  7. The mechanism of claim 6 wherein a sequence valve means upstream of said
      another valve means is opened by predetermined rise in fluid pressure in
      said clamping cylinder to conduct high pressure fluid to an injection
      system for injecting plasticized material into said closed and locked
      mold.
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ABST
PAL  A multiple outlet flat film die apparatus and process which extrude
      separate streams of material to form any of various composites which may
      involve joining of similar or dissimilar materials, which includes
      individual manifold chambers separated from each other by heat insulating
      means inbetween. The heat insulating means in between such as for example
      heat insulating material between plates retards heat transfer between the
      materials. Each manifold is tapered toward its own die mouth; has separate
      melt inlets adapted for center, top and/or end feed operations; has
      separate pre-land and final land surfaces leading to individual outlet
      openings for precise control of melt flow; and has separate heat control
      means allowing precise temperature control for each melt as it flows
      toward the die. Temperature differentials may be extensive and may
      approach the difference between the original temperature of the melt
      delivered to each manifold. Heat differentials of 0.degree. to
      200.degree.F. are an example. A differential push-pull adjustment system
      for the movable lip of each outlet opening inlcudes opposed alternatingly
      staggered thimble bolts for precise control of each individual profile
      layer. Methods of laminating the extruded layers to each other as well as
      to other substrates are included.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part application of my copending U.S. application
      Ser. No. 223,436, filed Feb. 4, 1972 now U.S. Pat. No. 3,797,987, issued
      Mar. 19, 1974, for Coextrusion Apparatus for Flat Film, which is
      incorporated herein by reference, and which in turn is a
      continuation-in-part of my application U.S. Ser. No. 861,047, filed Sept.
      25, 1969, now abandoned, for Apparatus For and Method of Ribbon Extrusion,
      Coating and Forming, copending with it, which is likewise incorporated
      herein by reference, and as to which the present application is also a
      continuation-in-part, relying on a chain of copendency.
BSUM
PAC  PRIOR ART
PAR  Apparatus for the coextrusion of flat multi-layer films of at least certain
      thermo-extrudable material is known. Certain of such apparatus includes
      separate manifolds feeding individual melts to a common passageway so that
      contiguous boundaries between adjoining melts are formed and the resulting
      melt stream exits from the apparatus as a composite film. However, in such
      systems complex adjustments are necessary to achieve individual melt
      thickness control and only materials having similar resin rheology are
      usable. Further, individual temperature control for each melt in such
      systems is not readily attained, especially during flow along the common
      passageway. Other known apparatuses utilize a single manifold for
      receiving a plurality of melts and a special adapter within the manifold
      lines up the melt stream in a desired sequence. In such systems, the
      resins utilized must have about equal apparent melt viscosities in order
      to attain uniformity in thickness ratios and individual melt temperature
      control is not readily attainable because of the contiguous flow streams
      of the separate melts. Yet other known apparatuses produce composite blown
      film wherein different melts are combined inside or outside a die. Blown
      films require additional processing, that is collapsing of a bubble,
      slitting, folding, etc. and are thus considered relatively undesirable for
      the production of sheet products. Further, composite blown films do not
      exhibit sufficient bonding between the individual layers. Blown film dies
      wherein the different melts combine inside the die do not allow individual
      melt temperature and/or thickness control. Known blown film dies wherein
      the different melts combine outside of the die are incapable of adjusting
      the individual layers thicknesses or of regulating the temperature of each
      melt. All of the various known coextrusion flat-film apparatuses allow
      edge buildup on the extruded layers, which is highly undesirable and
      comprises waste.
PAR  It is an object of the invention to provide an improved coextrusion
      apparatus for flat film that includes precise temperature control for each
      melt, precise profile control for each extruded layer and avoidance of
      edge buildup.
PAC  Summary of the Invention
PAR  The invention provides an economical and easily operable coextrusion
      flat-film apparatus for a wide range of thermo-extrudable mateials, such
      as resins, waxes, etc. The apparatus includes a die body having at least a
      pair of streamlined manifold chambers, each of which has a separate inlet.
      Each manifold is tapered into a separate pre-land surface and final land
      surface for directing a melt toward a separate outlet opening or slot. A
      rigid plate is positioned between each manifold and associated pre-land
      and final land surfaces to maintain separate melt passages throughout the
      die body. The rigid centerplate is composed at least partly of heat
      insulating material so as to prevent or impede heat conduction across the
      plate. It is intended also by the present invention to provide reduced
      neck-in which is related to the matter of edge buildup. Among other
      things, it is more especially a purpose of this invention to enable the
      maintenance of temperature extremes between the melts which approaches the
      initial temperature between the melts.
PAR  Another purpose of the invention is to reduce the expense of the operation
      as a whole.
PAR  A further purpose of the invention is to enable the use of spray means
      between the different melts as well as different extruders and different
      sources.
PAR  A plurality of individual heat control means are provided along each side
      of the die body in association with each manifold, pre-land and final land
      surfaces so that individual temperature control of each melt is achieved
      throughout the individual melt flow passages in the die body for improved
      bonding characteristics. In certain embodiments, opposite sides of the
      centerplate are provided with individually controllable heating and/or
      cooling means to insure that the melt within each flow passage experiences
      uniform temperatures on all sides thereof. Internal and/or external deckle
      means are utilized for individual final land surfaces to avoid edge
      buildup of the extruded layers. The deckle means selectively block the
      outlet slots by a predetermined amount for the material being extruded,
      generally depending upon the amount of neck-in occurring in an extruded
      layer of each material before solidification or support thereof. In
      certain embodiments external deckle means are also provided along the
      length of the outlet slots for extrusion of a plurality of ribbons. The
      outlet portion of each final land surface is adjustable, as for example by
      being made flexible and opposing alternatingly staggered thimble
      adjustment bolts are provided on each side of the die body in the vicinity
      of each of the outlet slots for precise profile control of each extruded
      layer, thereby minimizing hills and valleys within the individual layers.
      In certain embodiments, gas passageways are provided through the
      centerplate for feeding an oxidizing gas or the like between the extruded
      layers for improved bonding between certain extrudable materials.
PAR  Methods of laminating the extruded layers to each other as well as to
      various different substrates are also provided by the invention. The
      differential heating of the extruded layers allows, for example, the layer
      contacting a substrate to be heated to a somewhat higher temperature than
      the outer layer whereby better bonding between the substrates and layers
      occurs at a lower overall heat level and at less deterioration to the
      composite film.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An understanding of further particulars of the invention may be obtained
      from a consideration of the following detailed description of
      representative embodiments thereof, taken in conjunction with the
      accompanying figures in the drawing in which:
PAR  FIG. 1 is an elevational diagrammatic view of an embodiment of the
      apparatus of the invention.
PAR  FIG. 2 is an elevational view, partly in section, of a somewhat altered
      embodiment of the apparatus of the invention
PAR  FIG. 3 is an elevational view partly broken away of a form of the invention
      like that of FIG. 2, but somewhat modified therefrom.
PAR  FIG. 4 is an elevational view partly in section, of a form of the invention
      still further modified from that of FIG. 2.
PAR  FIG. 5 is a fragmentary partial bottom sectional view along the line V--V
      of FIG. 1.
PAR  FIG. 6 is a view like that of FIG. 5, of a somewhat modified form of the
      invention, being along the line VI--VI of FIG. 3.
PAR  FIG. 7 is a view like that of FIGS 5 and 6 of a still further modified form
      of the invention.
PAR  FIG. 8 is a view like that of FIGS. 5 through 7, but limited to one end of
      the die, of a still further modified form of the invention.
PAR  FIg. 9 is a partial sectional view along the line IX--IX of FIG. 1.
PAR  FIG. 10 is a partial perspective view of an embodiment of the invention.
PAR  FIG. 11 is an elevational diagrammatic view illustrating a method
      embodiment of the invention for producing a composite film.
PAR  FIG. 12 is an elevational diagrammatic view illustrating another embodiment
      of the invention producing a composite film.
PAR  FIG. 13 is an elevational diagrammatic view illustrating a method
      embodiment of the invention for laminating coextruded film onto a
      substrate.
PAR  FIG. 14 is an elevational diagrammatic view illustrating another method of
      producing a composite film.
PAR  FIG. 15 is a partial longitudinal view buildup at one side of an extruded
      film formed by the prior art.
PAR  FIG. 16 is a view somewhat similar to FIG. 10, but illustrating a partial
      cross-sectional view at the edge of solidified film layers formed by the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention provides an apparatus for the extrusion of multiple flat
      films or sheets for ultimate creation of materials including more than one
      such film or sheet, wherein precise temperature and thickness control for
      each extruded layer are achieved, and edge buildup is substantially
      eliminated.
PAR  Coextrusion is defined herein as a single extrusion process that combines
      two or more thermal-extrudable materials, such as thermoplastics, resins,
      waxes, hot melt adhesives, etc. in a molten state into a composite film
      which is ready to use as such or is bonded to another substrate. The
      apparatus embodiments of the invention include a die body having a
      plurality of manifold chambers separate from one another by a rigid
      portion extending between the chambers. Each chamber is streamline tapered
      toward its own outlet opening and is provided with separate pre-land and
      final land surfaces, extending sequentially toward separate outlet
      openings or slots for improved melt flow control. A plurality of separate
      manifold chambers, pre-land and final land surfaces as well as separate
      outlet slots provides improved throttling of each melt, improved layer
      thickness control and improved layer ratio control by separate precise
      adjustments of each of the lip portions adjacent each outlet slot.
      Adjoining alternatingly staggered thimble bolts are associated with each
      of the outlet slots for precise profile control of each extruded layer.
      Heat control means are associated with each melt flow passage within the
      die so that the temperature of each melt is fully and independently
      regulated throughout its flow within the die body.
PAR  Deckle means, external, internal or a combination thereof, are associated
      with each of the outlet slots in an offset manner from each other to
      substantially eliminate edge buildup along the width of the extruded
      layers that otherwise occurs in extruded flat film. The external deckle
      means comprises a boat-type carrier member that straddles the outlet slots
      at selected locations along the length thereof, as at the end edges of
      each slot and holds the deckle block member having offset end portions in
      sealing relation against the slots so that different width layers are
      extruded from each slot. In this manner, each extruded layer has less than
      half of the bead dimension that is present on non-deckled films or on
      uniformly deckled films. The internal deckle means comprises rod-like
      members associated with the final land surfaces of each outlet slot and
      extend inwardly different amounts for each outlet slot so that different
      width layers are extruded from each opening. Internal and external deckle
      means can be combined on a single die body.
PAR  A wide variety of thermo-extrudable materials can be coextruded in
      accordance with the principles of the invention. Thermo-plastic resins of
      diverse melt indexes and/or melt rheology are readily coextrudable in
      accordance with the invention and include for example:
      acrylonitrile-buatdiene-styrene copolymers, acetyl homopolymers, and
      copolymers, acrylic polymers, cellulistic polymers, ethyl acylic ester
      polymers, ethyl vinyl acetate polymers, fluoroplastic polymer, ionomer
      polymers, methyl pentane polymers, polyamide (nylon) polymers, phenoxy
      polymers polyallomer copolymers, polycarbonate polymers, polyethylene
      polymers, polyester polymers, polyimide polymers, phenylene oxide
      polymers, polypropylene polymers, polystyrene polymers, polysulfono
      polymers, polyvinyl chloride polymers, polyvinylene chloride polymers,
      polyurethane polymers, etc. These resins can include foaming agents,
      coloring additions, anti-friction additives, etc. Further, certain of the
      resins may be expanded form, as foamed resins. Other thermo-extrudable
      materials coextrudable in accordance with the principles of the invention
      includes, for example, natural and synthetic waxes, paraffins, hot melts,
      adhesives, coloring agents, etc.
PAR  Referring now to the embodiment of FIGS. 1 and 2 a die body 10 is comprised
      of a first body portion 11 and a second portion 11a, which are
      assembleable into a single body formed of two mirror-image portions. Such
      mirror-image portions are economically manufactured and reduce the overall
      cost of the die body 10. Of course, if desired, the die body 10 may be
      formed of a single monolithic body. The body portions 11 and 11a are
      rigidly held in assembly by bolt means, and an exemplary horizontal bolt
      13 and an exemplary vertical bolt 13a are shown.
PAR  A centerplate member 12 is positioned between the body portions 11 and 11a
      and is of an essentially rectangular shape for ease of machining. A
      key-like member 12a locks the plate 12 along its upper portion with an
      appropriately shaped groove or the like in body portion 11. Other means of
      securing the plate to the body portions can also be utilized, for example,
      the plate may be L-shaped for clamping between the body portions or bolts
      or the like may be utilized to secure the plate to one of the body
      portions. The centerplate member 12 is composed of a solid heat-resistant
      material 12b and side surfaces which are suitably of metal as explained in
      more detail in connection with FIG. 2.
PAR  Melt inlet passages 16 and 16a correspondingly are provided in each of the
      body portions 11 and 11a. In the embodiment shown in FIG. 1, the inlet
      passages 16 and 16a are adapted for center feed operation. If desired,
      melt inlet passages can be adapted for end or top feed operation. Extruder
      conduits or connecting adapters 112 and 112' respectively (best seen in
      FIG. 11) interconnect inlet passages 16 and 16a with at least one extruder
      providing a thermo-extrudable material and preferably with a plurality of
      extruders providing a different melt to each inlet passage. The die body
      of the invention can be connected to extruders by means of machined rigid
      connecting adapters or by flexible coupling adapters formed of standard
      hydraulic stainless steel tubing, such as capable of withstanding
      pressures of about 10,000 psi. While the inlet passages 16 and 16a are
      illustrated as being horizontally orientated angular and veritical
      orientation, any other suitable inlet passage may be used.
PAR  Manifold chambers 18 and 19, respectively, are disposed within each of the
      body portions 11 and 11a so that the inner boundary of each chamber is
      continguous with a side surface of the centerplate member 12. The manifold
      chambers 18 and 19 are somewhat streamlined and tapered downwardly toward
      the side surface of the centerplate 12. The boundaries of the chambers 18
      and 19 extend into the body portions 11 and 11a  respectively, and are
      somewhat tear-shaped for improved flow characteristics of melts therein
      and for improved heat distribution. Each of the manifold chamber outer
      walls 18' and 19' taper toward points 18x and 19x respectively, directing
      the melt flows within each of the chambers toward the centerplate 12.
      Pre-land surfaces 19a and 18a join the outer walls 18' and 19' of each
      chamber at points 18x and 19x respectively. The pre-land surfaces 18a and
      19a cooperate with opposite side surfaces of the centerplate 12 to define
      first relatively narrow melt flow passages for coarse throttling or
      control of each melt stream. Final land surfaces 18b and 19b,
      respectively, join the pre-land surfaces 18a and 19a and in cooperation
      with the side surfaces of centerplate 12 define second relatively narrower
      melt flow passages for fine throttling or control of each melt stream. The
      final land surfaces 18b and 19b terminate at the bottom of die body 10 and
      in cooperation with the terminal end of the centerplate 12 defined at
      least a pair of side-by-side outlet slots 18c and 19c respectively. The
      outlet slots 18c and 19c are spaced apart but relatively close to one
      another so that the extruded melt layers may be readily bonded to one
      another or to a substrate while in their molten state. The manifold
      chambers 18 and 19, the pre-land surfaces 18a and 19a, the final land
      surfaces 18b and 19b and the outlet slots 18c and 19c extend substantially
      along the entire length of the die body 10 and are closed from ambient
      environment along their ends by a pair of end plates (not shown).
PAR  A pair of relatively deep narrow grooves 15 and 15' are along the
      respective outer walls of the die body portions 11 and 11a. The grooves 15
      and 15' extend inwardly along each body portion for a given distance at
      approximately a 45.degree. angle to the centerplate. This configuration of
      the grooves 15 and 15' toward the pre-land surface 18a and 19a,
      respectively, allows the body portions below the grooves to move in
      respect to the body portions above the grooves. Since the upper and lower
      body portions are formed from a unitary piece of material, inherent
      strength and flexibility of such portions are assured. Certain prior art
      arrangements provide movable lips on a die but are composed of a plurality
      of separate pieces and thus lack inherent strength and flexibility of a
      unitary body.
PAR  Adjustable thimble bolts 14 and 14a are positioned within the body portion
      above the grooves 15 and 15' so as to have their inner ends abut against
      the lower groove walls for selectively moving the body portions below such
      grooves toward and away from one another and thereby adjust the width and
      profile of the outlet slots 18c and 19c respectively. As best seen in FIG.
      4, the thimble bolts 414 and 414a are in an opposing alternating staggered
      relation to each other along the length of the die body. This arrangement
      is contrary to conventional die lip adjustment means and eliminates hills
      and/or valleys in each of the extruded layers so that a substantially
      uniform caliber of composite film is produced.
PAR  A pair of relatively shallow grooves 15a and 15a ', respectively, are
      provided along the respective outer walls of body portions 11 and 11a and
      positioned below the grooves 15 and 15' but above the outlet slots 18c and
      19c. The grooves 15a and 15a' extend inwardly substantially
      perpendicularly to the final land surfaces 18b and 19b and accommodate an
      external deckle bar carrier member 17. While only one deckle bar carrier
      member is shown, a plurality of similar members can be provided along the
      length of the die body and in certain preferred embodiments at least a
      pair of such carrier members are utilized, on at each end of the die body.
      Since the carrier members are all essentially identical in construction,
      only one carrier member will be described in detail.
PAR  The deckle bar carrier member 17 is generally referred to as a "boat"
      deckle and is preferably formed from a single piece of relatively strong
      heat-resistant material, such as metal. The boat deckle or carrier member
      17 includes a pair of uniformly extending arms 17a and 17a', respectively,
      which terminate in inwardly turned ends 17c and 17c', respectively, to be
      slidably received in grooves 15a and 14a', respectively. Means for
      selectively moving the deckle boat along the length of the die body may be
      provided and may comprise rack and pinion arrangements or threaded rods or
      hydraulic cylinders so that the deckle boat may be precisely moved to a
      desired location and positively locked in place at such location. Other
      means of moving such deckle boats are also available.
PAR  The deckle boat 17 is formed with a somewhat U-shaped recess 17b having a
      bottom wall 17d opposite the outlet slots 18c and 19c respectively. The
      deckle bar 21 is formed so that it can be received within a recess 17b for
      limited reciprocal movement toward and away from the outlet slots 18c and
      19c.  The deckle bar 21 is shown as being a solid body, such as of a
      suitable heat-resistant metal, though it can be one or more strips such as
      packing strips, such as asbestos impregnated with graphite or
      polytetrafluoroethylene.
PAR  Means for regulating the pressure or sealing force of the bar 21 against
      the outlet slots 18c and 19c include a plurality of set screws 21a which
      are externally threaded through the bottom wall 17d of the deckle boat 17.
      Other means include the use of biasing members between the packing strips
      and their support bodies.
PAR  As indicated earlier, end plate members are suitable secured as by bolts to
      each end of the die body 10 so as to prevent the melt from scaping the
      confines of the die body. Means for regulating the heat along each of the
      melt flow passages throughout the die are operationally attached to the
      die body and provide an independent temperature for each melt as desired.
      Suitable heating means include resistant heaters, such as cast-in aluminum
      heaters that are comprised of, for example, an electrical heating element
      cast into an aluminum jacket for attachment to desired portions of a die
      body. One heating means includes a plurality of flow passageways for
      circulating a heating medium within the selected portions of the die body.
      The heating means allows a select temperature differential to exist
      between the melt extruded from the respective outlet slots, which may be
      0.degree. to 200.degree.F. or more. Such heating differential provides
      improved bonding characteristics between various thermo-extrudable
      materials and/or between such materials and various substrates.
PAR  As shown more in detail in FIG. 2 a die body more specifically illustrated
      as 200 is comprised of a plurality of elements, each referred to by a
      reference numeral which is identical to the number utilized in discussing
      similar elements in die body 10 of FIG. 1, except that the instant
      numerals are in the 200 series. Thus the die body 200 is comprised of die
      body portions 211 and 211a, respectively. Tapered manifold chambers 218
      and 219, respectively, are positioned within their respective body
      portions 211 and 211a and provided with individual melt inlets 216 and
      216a. The tapered somewhat tear-shaped configuration of the manifolds 218
      and 219 provide for improved heat distribution within a melt in such
      manifolds and also provide relief from extrusion pressure. The pre-land
      surfaces 218a and 219a, respectively, final land surfaces 218b and 219b,
      respectively, and outlet slots 218c and 219c, etc. are all essentially
      identical to similar portions of the die body discussed in FIG. 1 so that
      no additional discussion is necessary.
PAR  As will be understood from the description and drawings which have already
      been made of the setup as involved in the actual figures, the manifold
      chamber shown in the figures such as chambers 18 and 19 of FIG. 1 are
      manifold chambers whose cross section is throughout their lengths as shown
      in the typical section of the figures. This is the type of manifold which
      would normally be provided.
PAR  However, in some cases especially where a material which changes with the
      time it is subjected to heat is involved, such as polyvinyl chloride, it
      is desirable to use a manifold in which the material comes in in one
      central opening above the manifold as may equally well be done with the
      manifolds of the drawings, but then instead of this inlet going down to
      the point where it contacts manifolds from the lengthwise direction, the
      manifold itself will have a lengthwise section which at the top resembles
      the top of a wire coat hanger, tapering gradually down from the central
      point as it gets toward the outside point. With such a manifold, the
      material will come at the central point and then some of it will start
      separating out as permitted by the beginning of the tapering manifold and
      will spread out to the outermost point of the manifold, while other
      material at the same level is simply flowing down so that the material
      will not have to wait until it gets to the beginning of a straight
      manifold to start the spread out as part of its travel.
PAR  The manifold chamber will give in tapering fashion into a pre-land, and
      then with decided constriction in a streamlined manner will narrow to a
      final land surface, this final constriction giving also special pressure.
PAR  The centerplate 212 of die body 200 is composed of metal pieces 212b and
      212b' separated by solid heat-insulating means, such as a sheet of
      asbestos 212c. The width dimension of centerplate 212 varies from
      embodiment to embodiment but is generally relatively thin, such as about
      0.25 to about 1.5 inch. In certain embodiments, the metal plates 212b and
      212b' include an embedded heating element (not shown) that is
      operationally connected to a controllable heat energy source CT, as shown
      by the dotted lines. The asbestos sheet 212c prevents any suitable heat
      transfer across the centerplate member 212. Other heating means H are also
      operationally associated with the die body 200 and are operationally
      connected to an energy source CT. It will be noted that each side of the
      die body has a separate controllable energy source CT, for example, a
      rheostat-like control connected to an electrical power source. Heating
      means H comprises a plurality of separate individual resistance heaters,
      each connected to a controllable heat-energy source CT so that different
      portions of the die body can receive selective amounts of heat, such as an
      increased amount of heat at one or both ends thereof to insure that the
      melt has the same flow characteristic across the entire length of the die
      body.
PAR  Assuming that the melts are maintained at a different temperature, for the
      purposes of maintaining one or the other at a different composition, such
      as softness, stickiness or the like, it will be evident that it is very
      desirable to limit the heat flow between them, so as to maintain this
      condition constant and unimpaired. It will be evident that it is very
      disruptive to have leakage of heat from the higher temperature across the
      centerplate to the lower temperature, and therefore it is a distinct
      improvement if the higher temperature melt can be maintained at a constant
      temperature to the edge, which maintains the melt at a constant
      consistency in respect to stiffness, stickiness or rheology.
PAR  Edge bead and/or edge buildup is one of the most serious problems
      encountered in the extrusion of flat films or sheets and generally
      comprises the non-uniform thickness of the extruded sheet throughout the
      widths thereof, particularly at the edges thereof. The thickness of the
      edge bead may be 300 to 500% greater than the caliber or thickness of the
      sheet at its center portion (See FIGS. 15 and 10 for a partial cross
      sectional view of the edge beads in accordance with the prior art and in
      accordance with the instant invention respectively). This is, of course,
      highly undesirable and edge beads are trimmed and usually discarded as
      waste. Of course when such extruded sheets are coated onto a substrate,
      the edge portions of the substrate must also be trimmed and discarded.
      This is extremely uneconomical. Causes of edge buildup vary with various
      thermo-extrudable materials, melt temperatures, viscosity or melt indexes,
      densities, surface tension effects, etc. Since substantial economical
      advantages would result from the elimination and/or reduction of edge
      buildup, various attempts to eliminate edge beads have been made,
      generally without success. The combination of improved heat distribution
      and regulation within the individual melt streams in the die body and the
      deckle means provided in accordance with the principles of the invention
      substantially eliminates or in certain instances reduces by a factor of
      about 50% edge beads otherwise present on extruded flat film.
PAR  In each of FIGS. 2, 3 and 4, the reference characters are the same as those
      of FIG. 1, except that the figure number is applied ahead of the reference
      character.
PAR  FIG. 3 the center plate has provision for a liquid heating or cooling
      medium at 324.
PAR  FIG. 4 shows internal deckles and provision for cooling at 411, and 411'.
PAR  Referring now in further detail to the deckle means of the invention, FIG.
      5 illustrates certain specific embodiments of the deckle bars 21, shown in
      working relation to die body 10 having outlet slots 18c and 19c,
      respectively. In the right hand embodiment, deckle bar 21' is formed so as
      to have a stepped inner side edge or face comprised of a first step 21'x
      and a second step 21'y, joined to the first step by a gradual or sloping
      juncture 21'z. The steps 21'x and 21'y seal off different lengths of each
      outlet slot 18c and 19c so that the extruded sheets have offset widths or
      side edges. Such deckle bars substantially eliminate edge beads with most
      thermo-extrudable materials and in others cause a reduction of edge bead
      so that when the offset edges of the extruded sheets are bonded together
      or onto a substrate, the two offset edges cannot combine and the variation
      in thickness at such edges is very minor and very little, if any, extruder
      trim is required. In the left handed embodiment, deckle bar 21" is formed
      somewhat similarly to deckle bar 21' and has a stepped inner edge or face
      comprised of a first step 21"x and a second step 21"y, joined to the first
      step by a sharp or straight juncture 21"z. Since the steps 21"x and 21"y
      are offset from each other and are aligned so as to overlap or seal only
      one of the outlet slots 18c or 19c, respectively, the edges of the sheets
      extruded therefrom are likewise offset. Deckle bars 21' and 21" are
      utilizable on opposite ends of the same die body so that the resilient
      composite film has opposingly staggered side edges, allowing one side to
      be trimmed of one material and the other side to be trimmed of another
      material, whereby both materials can be recycled as desired so that no
      waste results. Of course, an opposing pair of deckle bars 21' or 21" may
      also be utilized on a single die body and only the same material be
      trimmed from both sides of the resulting composite film.
PAR  FIG. 5 illustrates a portion of a die body 10 comprised of body portions 11
      and 11a and centerplate member 12 so as to define a pair of closely
      adjacent outlet slots 18c and 19c wherein thimble bolts 14 and 14a are
      uniformly staggered on opposite sides of the die body for selective
      movement of each outer wall of each of the die slots. Thimble bolts 14 and
      14a allow precise control of each layer of thickness and because of the
      uniform staggered relation, allow elimination or reduction of hills and
      valleys in the composite extruded film so that a substantially uniform
      caliber of film or coating is readily attained along the entire width of
      the die. The width of each outlet slot is precisely and uniformly
      adjustable by selective movement of the outer wall thereof so that uniform
      gauge thickness can be maintained for each film. The gauge thicknesses
      range normally from about 0.1 to 10 or more mils (0.001 to 0.01 inches).
PAR  FIG. 8 shows provision for inserting an internal deckle at 423a and 423b so
      that a multiple layer film of FIG. 16 will be produced.
PAR  FIG. 10 is a partial perspective view of the die body 10' constructed in
      accordance with the principles of the invention, with an end plate removed
      for the sake of clarity. The die body 10' is somewhat rectangular in
      configuration, with convergingly sloping bottom walls that terminate in a
      pair of closely adjacent outlet slots 18c and 19c. A deckle boat 17 is
      mounted for selective movement among grooves 15a situated above the outlet
      slots. The deckle boat 17 may be provided with indicia markings along
      visible surfaces thereof such as distance indicia so that an operator can
      readily determine the position of the deckle boat in relation to the die
      body. The deckle boat 17 includes means for positively moving and securing
      the same to a given location along the length of the die body such as
      means 17z. A plurality of heating plates H are secured along the side
      portions of the die body and are appropriately connected to an energy
      source (not shown) so that each heating plate H can be independently
      regulated to provide a desired amount of heat to its portion of the die
      body.
PAR  The heating means associated with the die body provides precise temperature
      control of each melt through its flow passages within the die. Each of the
      heating means is independently controllable and substantial temperature
      differential between adjacent melts is readily attained. This is an
      important feature of the invention since it allows one melt to be heated
      to a substantially greater temperature while the other melt is maintained
      at a relatively lower temperature. This feature not only allows completely
      different thermo-extrudable materials to be coextruded, but also, during
      coating operation, allows the melt to be directly joined to a substrate to
      be heated to a higher temperature whereby improved bonding is achieved
      while at the same time minimizing deteriorations and/or odor from the
      other melt maintained at a lower temperature.
PAR  The deckle means, whether external deckle bars, the internal deckle rods or
      a combination thereof, is so positioned onto outlet slots that offset end
      edges result in the extruded sheets thereby greatly reducing and/or
      eliminating edge buildup. The amount of offset required between the
      adjacent end edges of the outlet slots to avoid edge buildup depends upon
      a relatively large number of complex factors, which may be summarized by
      stating that the amount of offset depends upon the amount of neck-in
      occuring for a given thermo-extrudable material at given operating
      conditions before such material solidifies or reaches a support, such as a
      substrate. For example, when the thermo-extrudable material forming both
      melts is polyethylene, the end edges of the outlet slots are deckled so as
      to be offset from each other about 0.125 to about 0.375 inch (1/8 to 3/8
      inch) and preferably 0.25 inch. Other thermo-extrudable materials require
      different offset end edges to avoid edge buildup and the exact amount
      thereof is readily determined by simple observation during operation. The
      deckle means of the invention is easily adjustable to provide various
      amounts of edge offset during operation of the die so that an operator can
      readily adjust the same as required to substantially eliminate edge
      buildup during coextrusion of any given combination of thermo-extrudable
      materials.
PAR  In its method embodiments, the invention generally comprises extruding at
      least two separate melts in the form of flat streams or sheets in spaced
      apart but closely adjacent position arranged so that their respective side
      edges are offset or staggered from each other, contacting and bonding such
      separate molten sheets to one another and/or to a substrate and cooling
      the bonded melt sheets into a multilayer composite film. The extruded melt
      may be of the same thermo-extrudable material or of different
      thermo-extrudable materials. The offset arrangement of their end edges
      substantially reduces or eliminates edge buildup in the solidified
      composite film so that substantially no trimming at the extruder is
      required. Bonding of the molten sheets to each other or to a substrate
      occurs by contact between the materials to be bonded, with or without
      pressure urging such materials closer together. Coextrusion of two layers
      wherein the layers are combined outside the die substantially eliminates
      all pin holes from the composite sheet for improved physical and chemical
      properties.
PAR  As shown in FIG. 11 the method of the invention is practiced with a
      relatively simple extrusion setup. A pair of supply bins B.sub.1 and
      B.sub.2 are filled with the desired thermo-extrudable materials. Each of
      the supply bins B.sub.1 and B.sub.2 are operationally connected to
      separate extruder means E.sub.1 and E.sub.2 respectively for conversion of
      the thermo-extrudable material in each of the bins to melts. Of course
      where the same material is to be coextruded, only one extruder is
      necessary. A dual outlet slot die means 111 is suitably connected to each
      of the extruder means E.sub.1 and E.sub.2 by flexible coupling adapters
      112 and 112'. The die means 111 is preferably one of the constructions
      discussed in FIGS. 1 through 5; however, other dies capable of producing
      at least two closely adjacent melt streams may also be utilized.
PAR  The die means 111 extrudes two separate closely adjacent molten melt
      streams M.sub.1 and M.sub.2 respectively. A pair of rolls 115 and 116 is
      positioned a relatively short distance below die means 111 and relatively
      close to one another so as to define bonding nip N-1 therebetween. Roll
      115 is provided with a heat control means 117 that maintains the surface
      of the roll 115 at a temperature substantially below the temperature of
      the melt stream M.sub.1 so that upon contact therewith, the melt stream
      solidifies. A roll having such heat control means is generally composed of
      metal and is referred to as a chill roll. Roll 116 is provided with a
      conventional adjustment means A for selectively moving toward and away
      from roll 115 for the application of bonding pressure therebetween and is
      generally a rubber-covered roll. The rolls 115 and 116 are conventionally
      mounted for rotation toward one another as shown, and are so positioned
      below die means 11 so that melt stream M.sub.1 contacts the downrunning
      surface of roll 115 while melt stream M.sub.2 contact the downrunning
      surface of roll 116. As the melt streams M.sub.1 and M.sub.2 travel with
      their respective roll surfaces toward nip N-1, they contact one another
      and bond to each other to form a composite multilayer structure or web W.
      Since only one of the rolls, that is 115, is cooled, melt stream M.sub.1
      solidifies first on the surface thereof in contact with such roll while
      the other surface thereof remains somwhat molten for improved bonding with
      the other melt stream M.sub.2. After initial contact of the melt streams
      with one another, as at nip N-1, they form a composite partially molten
      web structure that wraps roll 115 for a substantial portion of its
      periphery whereby the entire composite structure is solidified into a
      composite web W. A plurality of guide rolls 118 are positioned downstream
      of the nip N-1 so as to define a somewhat serpentine-like path of web
      travel through air to takeup roll 119. The takeup roll 119 winds the web W
      onto a suitable core so as to form a suitable diameter roll composed of
      web W for storage or use as desired. In certain embodiments, the guide
      rolls are provided with adjustment means, such as A on roll 116, to
      selectively vary their respective positions and thereby stretch or
      orientate the formed composite web W.
PAR  FIG. 12 illustrates another setup suitable for the practice of the
      invention whereby a die means 111a extrudes two closely adjacent but
      spaced-apart molten melt streams M.sub.1 and M.sub.2 which have their
      respective side streams offset from one another so as to avoid edge
      buildup. A pair of chill rolls 115' and 115" are positioned in a
      spaced-apart side-by-side relation below and to one side of die means
      111a. As the melt streams M.sub.1 and M.sub.2 travel downwardly, they pass
      an air jet means A.sub.J, aimed to impinge pressurized air or the like
      onto the periphery of roll 115'. Air jet A.sub.J forces the two molten
      melt streams M.sub.1 and M.sub.2 into contact with each other just as they
      are approaching the downward running surface of roll 115'. As shown, the
      inner surface of the melt stream M.sub.2 comes into direct contact with
      the cooled surface of roll 115' while the inner surface of melt stream
      M.sub.1 bonds to the outer surface of melt stream M.sub.2. The so-formed
      partially molten composite structure wraps roll 115' for a distance to
      substantially solidify at least a portion of melt stream M.sub.2. It is
      then passed to the other chill roll 115" so that the opposite side of the
      composite, that is, the outer surface of melt stream M.sub.1 contacts the
      cooled surface of roll 115" and solidifies the same. The contiguous
      surfaces between melt streams M.sub.1 and M.sub.2 form a tightly adhering
      bond because such surfaces remain at least partially molten over a
      considerable time and distance allowing excellent bonding to occur. The
      solidified web W is then guided to a takeup station or the like as
      desired.
PAR  FIG. 13 illustrates an extrusion-coating setup suitable for practice of the
      invention. A suitable substrate supply S feeds a substrate S.sub.1 over a
      plurality of guide rolls 118' and past an optional pre-treatment means
      P.sub.T for rendering the substrate more receptive to bonding with molten
      melt streams. An exemplary form of a pre-treatment means comprises a pair
      of opposing electrodes positioned on either side of the traveling
      substrate and operationally connected to a suitable high frequency
      alternating electrical potential so that a corona discharge is produced
      therebetween and impinges upon the surfaces of the substrate. Another
      exemplary form of a pre-treatment means comprises a radiant heat means
      that heats the passing substrate to a desired temperature. The substrate
      is selected from a variety of materials and includes, for example, various
      types and grades of paper, metal foils, plastic films, fabrics, cloth,
      leather and other various synthetic, natural and/or man-made materials.
PAR  The substrate S.sub.1 is then guided over a rubber covered roll 116' having
      an adjustment means A for selected movement in the directions indicated by
      the double-headed arrow. The die means 111b is positioned above roll 116'
      so that one of the melt streams M.sub.1 extruded therefrom intersects the
      downrunning surface of roll 116' and contacts the substrate S.sub.1
      thereon. The other melt stream M.sub.2 is extruded in a closely adjacent
      but spaced apart relation from stream M.sub.1 and contacts the downrunning
      surface of chill roll 115', which is positioned along a parallel
      horizontal axis with roll 116' and in relatively close-running relation so
      as to define a bonding nip N-2 therebetween. As the rolls 115' and 116'
      rotate toward one another, the molten melt streams M.sub.1 and M.sub.2 are
      brought into contact with each other under pressure so that a composite
      structure forms. It will be noted that the melt stream directly bonded to
      the substrate does not come into direct contact with a cooling surface,
      that is chill roll 115', so as to remain in its essentially molten state
      for a period of time during its travel over rolls 116' and 115' so as to
      obtain improved bonding between melt stream M.sub.1 and the substrate
      S.sub.1. Melt stream M.sub.2 is chilled or cooled along its outer surface
      while its inner surface remains relatively molten for bonding with the
      inner surface of stream M.sub.1. Of course, melt streams M.sub.1 and
      M.sub.2 may be extruded at different temperatures, say with a difference
      of up to about 200.degree. F. or more, wherein stream M.sub.1 is at a
      higher temperature than stream M.sub.2. In this manner, stream M.sub.1 is
      at a sufficiently high temperature for improved bonding while stream
      M.sub.2 is molten but at a sufficiently lower temperature to avoid
      deterioration and/or vaporization or odor problems. The formed composite
      structure of the substrate S.sub.1 coated with a multilayer web is then
      guided over a guide roll 118" provided with a four-way adjustment means
      A.sub.1 for selective tensioning of the composite structure. The composite
      web structure is then guided to a suitable takeup station T for storage or
      use as desired.
PAR  FIG. 14 illustrates a modified form of a bonding setup for use in the
      practice of the invention. A die means 111c is pivotally mounted so as to
      be capable of extruding at an angle to the vertical as shown, or pivoted,
      to extrude along a vertical plane as desired. The die means 111c extrudes
      a pair of closely adjacent melt streams M.sub.1 and M.sub.2 downwardly
      into a liquid bath L.sub.C having a cooling liquid L therein. An air jet
      A.sub.J is mounted adjacent the liquid bath so as to impinge the air on
      the outer surface of melt stream M.sub.1 and force it into contact with
      melt stream M.sub.2 prior to the liquid bath. Suitable guide rolls
      118.sub.2 guide the forming web through the liquid bath for a distance
      sufficient to solidify individual melts and form a solidified web. Another
      guide roll 118b guides the composite solidified web upwardly out of the
      liquid bath and past a pair of wiper means L.sub.D, such as conventional
      doctor blades for removing any adhering liquid from the composite web W
      and to a further station, such as a tempering oven, a takeup means or the
      like. The liquid L may comprise cooled water or may include other
      chemicals, or example, for sensitizing the composite surface for reception
      of printing ink or the like.
PAR  The foregoing illustrations of possible methods as particular embodiments
      of how the invention is to be carried out, are all particular embodiments
      involving especially in the form shown extrusion of a film, that is of
      something with a thickness in the extruded layer of for example 1 to 10
      mils. The invention is also usable in a case where sheets are being
      extruded, as for example something which in the ultimate product might be
      as thick as 40 mils or more, so that where there is a dual outlet
      extrusion the thickness of what is being extruded at each outlet might for
      example be as high as 20 mils or more.
PAR  Where such thicker materials are being produced, preferably a method is
      used in which the extrusion die extrudes horizontally and the material
      goes between rolls which are in a position in line with the horizontal
      extrusion and the sheeting continues on a horizontal path until it is
      either cut off into individual sheets and stacked, or wound around an
      unusually large roll so as not to bend it undually. The initial rolls
      through which it passes can well be so called finish calendering rolls,
      which may for example constitute one roll underneath the material which
      passes through the rolls and two rolls one on top of each other above the
      material which passes through the rolls, the lower of these two upper
      rolls being of course in contact with the material just like the lower
      roll and the upper of these two upper rolls being a backing or pressure
      roll. The calendering rolls are maintained to impart a smoother surface
      and insure a proper dimension to material which has already after
      extrusion acquired as a result of the size on extrusion a dimension close
      to that which is ultimately sought.
PAR  FIG. 15 shows one side of a solidified film F having an edge bead EF formed
      by prior art dies. As can be seen, the edge bead EF is substantially
      thicker than the other film portion and must be trimmed at the extruder so
      that a uniform caliber of film may be obtained for further processing.
PAR  FIG. 16 illustrates one side of a composite multilayer film F formed in
      accordance with the invention and comprised of film F.sub.1 and F.sub.2,
      each formed of melt streams M.sub.1 and M.sub.2 respectively. It will be
      noted that the end edges EF.sub.1 and EF.sub.2 of each respective film
      have almost no visible bead so that extruder trimming is substantially
      eliminated.
PAR  As will be appreciated, there are two types of trim in producing commercial
      flat films. First, there is a trim at or on the extruder itself to
      eliminate edge beads and associated irregularities. With an average 60
      inch film width, the extruder trim is approximately 1 inch on each side or
      about 3.3% trim. With coextrusion dies producing a multilayered film
      having each layer composed of a different thermo-extrudable material, this
      trim is pure waste and cannot be recycled. However, with a die assembly
      constructed in accordance with the principles of the invention, this waste
      is substantially eliminated and corresponding economic advantages are
      realized. The second trim occurs downstream of the extruder and comprises
      approximately a 1/2 inch trim on each side of the film.
PAR  It will be understood that when films are referred to in the claims, sheets
      are also included.
PAR  Modifications, variations and changes from described preferred exemplary
      embodiments may be made without departing from the spirit and scope of the
      novel concepts of the invention.
CLMS
STM  Having thus described my invention, what I claim as new and desire to
      secure by Letters Patent is:
NUM  1.
PAR  1. A die assembly for the extrusion of multiple flat films of
      thermo-extrudable materials for ultimate creation of materials including
      more than one such film, comprising:
PA1  a. a die body having at least two separate melt inlets;
PA1  b. at least two manifold chambers positioned within said die body and each
      in communication with a different one of said melt inlets;
PA1  c. means for separating said manifold chambers from each other throughout
      their extent;
PA1  d. at least two separate elongated relatively narrow first melt flow
      passages each in communication with a different manifold chamber for
      relatively coarse melt flow control;
PA1  e. at least two separate elongated relatively narrow second melt flow
      passages each in communication with a different first melt flow passage
      for relatively fine melt flow control;
PA1  f. at least two separate melt outlet slots having a relatively narrow width
      dimension and each communicating with a different one of said second melt
      flow passages, each being defined by a substantially immovable inner wall
      and a relatively movable outer wall;
PA1  means associated with each of said outlet slots for selectively varying the
      width dimension of each said slot;
PA1  h. the separation between at least one pair of melts including a plate
      member, including a wall of solid insulating material completely
      separating the respective melts within the die and retarding heat flow
      between them.
NUM  2.
PAR  2. A die assembly of claim 1, and heating means associated with each of
      said melt flow passages for independently regulating the temperature of
      each melt throughout a flow passage.
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PAL  A dual outlet extrusion flat film die assembly for various
      thermo-extrudable materials includes split manifold chambers separated
      from each other by a rigid centerplate. Each portion of the die in the
      direction behind the flow materials includes a heat sink slot behind the
      manifold. Each manifold tapers toward its own die mouth; has separate melt
      inlets adapted for center, top or end feed operations; has separate
      pre-land and final land surfaces leading to individual outlet openings for
      precise control of melt flow; and has separate heat control means allowing
      precise temperature control for each melt as it flows throughout the die.
      Temperature differentials ranging from O.degree. to 200.degree.F. are
      obtainable between the extruded layers. A differential push-pull
      adjustment system for each movable lip of each outlet opening includes
      opposed alternatingly staggered thimble bolts to precise control of each
      individual layer profile.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part application of my co-pending
      application U.S. Ser. No. 223,436, filed Feb. 4, 1972, now U.S. Pat. No.
      3,797,987, which is incorporated by reference, which is in turn a
      continuation-in-part application of my U.S. Ser. No. 861,047, now
      abandoned filed Sept. 25, 1969, which is incorporated by reference, the
      whole being a continuous series of co-pending applications.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to extrusion apparatus for producing films or sheets
      and more particularly to extrusion apparatus capable of coextruding two or
      more flat layers of materials laminatable to each other and/or other
      substrates.
PAR  2. Prior Art
PAR  Apparatus for the coextrusion of flat multi-layer films of at least certain
      thermo-extrudable material is known. Certain of such apparatus includes
      separate manifolds feeding individual melts to a common passageway so that
      contiguous boundaries between adjoining melts are formed and the resulting
      melt stream exists from the apparatus as a composite film. However, in
      such systems complex adjustments are necessary to achieve individual melt
      thickness control and only materials having similar resin rheology are
      usable. Furthermore, individual temperature control for each melt in such
      systems is not readily attained, especially during flow over the common
      passageway. Other known apparatuses utilize a single manifold for
      receiving a plurality of melts and a special adapter within the manifold
      lines up the melt stream in a desired sequence. In such systems, the
      resins utilized must have about equal apparent melt viscosities in order
      to attain uniformity in thickness ratios and individual melt temperature
      control is not readily attainable because of the contiguous flow streams
      of the various melts. Yet other apparatuses which are previously known
      produce composite blown film wherein different melts are combined inside
      or outside a die. Blown films require additional processing, that is,
      collapsing of the bubble, slitting, folding, etc. and are thus considered
      relatively undesirable for the production of sheet products. Further,
      composite blown films do not exhibit sufficient bonding between the
      individual layers. Blown film dies wherein the different melts combined
      inside the die do not allow individual melt temperature and/or thickness
      control. Known blown film dies wherein the different melts combine outside
      of the die are incapable of adjusting the individual layer thicknesses or
      of regulating the temperature of each melt. All of the various known
      coextrusion flat film apparatuses allow edge buildup on the extruded
      layers, which is highly undesirable and comprises waste.
PAR  It is an object of the invention to provide an improved coextrusion
      apparatus for flat film which includes precise temperature control for
      each melt, and precise control for each extruded layer, with permissibly
      the avoidance of edge buildup.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides an economical and easily operable coextrusion flat
      film apparatus for a wide range of thermo-extrudable materials, such as
      resins, waxes, etc. The apparatus includes a die body having at least a
      pair of streamlined manifold chambers, each of which has a separate inlet.
      Each manifold is tapered into a separate pre-land surface and final land
      surface for directing a melt toward a separate outlet opening or slot. A
      rigid plate is positioned between each manifold and associated pre-land
      and final land surfaces to maintain separate melt passages throughout the
      die body. The rigid centerplate is composed of a heat resistant material
      including a heat sink so that heat is not transferred from one manifold
      area to the other, across the plate. A plurality of individual heat
      control means is provided along each side of the die body in association
      with each manifold, pre-land and final land surfaces so that individual
      temperature control of each melt is achieved throughout the individual
      melt flow passages in the die body for improved bonding characteristics.
      In certain embodiments, opposite sides of the centerplate are provided
      with individually controllable heating means to insure that the melt
      within each flow passage experiences uniform temperatures on all sides
      thereof. Internal and/or external deckle means are utilized with the
      individual final land surfaces to avoid edge buildup of the extruded
      layers. The deckle means selectively block the outlet slots by a
      predetermined amount for the material being extruded, generally depending
      upon the amount of neck-in occurring in an extruded layer of that material
      before solidification or support thereof. The outer portion of each final
      land surface is flexible and opposing alternatingly staggered thimble
      adjustment bolts are provided on each side of the die body in the vicinity
      of each of the outlet slots for precise profile control of each extruded
      layer, thereby minimizing hills and valleys within the individual layers.
PAR  The differential heating of the extruded layers allows, for example, the
      layer contacting a substrate to be heated to a somewhat higher temperature
      than the outer layer whereby better bonding between the substrates and
      layers occurs at a lower overall heat level and at less deterioration to
      the composite film.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An understanding of further particulars of the invention may be obtained
      from a consideration of the following detailed description of
      representative embodiments thereof, taken in conjunction with the
      accompanying figures in the drawings, of which:
PAR  FIG. 1 is an elevational diagrammatic view of the embodiment of the
      invention in end elevation, with the end plate removed.
PAR  FIG. 2 is a fragmentary section of FIG. 1 along the line 2--2 thereof.
PAR  FIG. 3 is a partial sectional view of FIG. 1 on the line 3--3 thereof.
PAR  FIG. 4 is a partial perspective view of the apparatus of the invention,
      omitting certain parts.
PAR  FIG. 5 is a conventional section of the film at the edge, in the prior art.
PAR  FIG. 6 is a conventional section of the film at the edge in the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention comprises a coextrusion apparatus for flat film wherein
      precise temperatures and thickness control for each layer are achieved and
      edge buildup may be substantially eliminated.
PAR  Coextrusion is defined herein as a single extrusion that combines two or
      more thermo-extrudable materials, which may be the same or different, such
      as thermoplastic resins, waxes, hot melt adhesives, etc. in a molten state
      into a composite film that is ready to use as such or is bonded to another
      substrate. The invention includes a die body having a plurality of
      manifold chambers separated from one another by a rigid centerplate
      extending between the chambers. Each chamber is streamline tapered toward
      its own outlet opening and is provided with separate pre-land and final
      land surfaces, extending sequentially toward separate outlet openings or
      slots for improved melt flow control. A plurality of separate manifold
      chambers, pre-land and final land surfaces as well as separate outlet
      slots provides improved throttling of each melt, improved layer thickness
      control and overall layer ratio control by separate, precise adjustments
      of each of the lip portions adjacent each outlet slot. Opposed
      alternatingly staggered thimble bolts are associated with each of the
      outlet slots for precise profile control of each extruded layer. Heat
      control means are associated with each melt flow passage within the die so
      that the temperature of each melt is fully and independently regulated
      throughout its flow within the die body.
PAR  Deckle means, external, internal or a combination thereof, are associated
      with each of the outlet slots in an offset manner from one another to
      substantially eliminate edge buildup along the width of the extruded
      layers, that otherwise occurs in extruded flat film. The external deckle
      means comprises an open boat type carrier member that straddles the outlet
      slots at selected locations along the length thereof, as at the end edges
      of each slot and holds a deckle block member having offset end portions in
      sealing relation against the slots, so that different width layers are
      extruded from each slot. In this manner each extruded layer has less than
      one-half of the bead dimension that is present on non-deckled films or on
      uniformly deckled films. The internal deckle means comprises rod-like
      members associated with the final land surfaces of each outlet slot and
      extends inwardly different amounts for each outlet slot so that different
      width layers are extruded from each opening. Internal and external deckle
      means can be combined on a single die body.
PAR  A wide variety of thermo-extrudable materials can be coextruded in
      accordance with the principles of the invention. Thermoplastic resins of
      diverse melt indexes and/or melt rheology are readily coextrudable in
      accordance with the invention and include, for example,
      acrylonitrile-butadienestyrene copolymers, acetyl homopolymers and
      copolymers, acrylic polymers, cellulistic polymers, ethyl acylic ester
      polymers, ethyl vinyl acetate polymers, fluoroplastic polymers, ionomer
      polymers, methyl pentane polymers, polyamide (nylon) polymers, phenoxy
      polymers, polyallomer copolymers, polycarbonate polymers, polyethylene
      polymers, polyester polymers, polyimide polymers, phenylene oxide
      polymers, polypropylene polymers, polystyrene polymers, polysulfono
      polymers, polyvinyl chloride polymers, polyvinylene chloride polymers,
      polyurethane polymers, etc. These resins can include foaming agents,
      coloring additions, anti-friction additives, etc. Further, certain of the
      resins may be in expanded form as foamed resins. Other thermo-extrudable
      materials coextrudable in accordance with the principles of the invention
      include, for example, natural and synthetic waxes, paraffins, hot melts,
      adhesives, coloring agents, etc.
PAR  Referring to the embodiment of FIG. 1, a die body 10 is comprised of a
      first body portion 11 and a second body portion 11a, which are
      assembleable into a single body formed of two mirror image portions. Such
      mirror image portions are economically manufactured and reduce the overall
      cost of the die body 10. Of course, if desired, the die body 10 may be
      formed of a single monolithic body or comprised of two closely adjacent
      portions. The body portions 11 and 11a are held rigidly in assembly by
      bolt means, and an exemplary horizontal bolt 13 and an exemplary vertical
      bolt may be used.
PAR  The centerplate 12 extends downwardly in a machine direction and is
      positioned between the body portions 11 and 11a and is essentially
      rectangular in shape for ease in machining. A key-like member locks the
      plate along its upper portion. Other means of securing the plate to the
      body portions can also be utilized. The centerplate 12 is preferably
      composed of a heat-resistant material, preferably material such as
      stainless steel, aluminum, an alloy, etc. and the side surfaces thereof
      are smooth and highly polished.
PAR  As an alternate to the metallic plate the centerplate 12 may have its main
      portion formed of insulation such as asbestos board.
PAR  Melt inlet passages 16 and 16a respectively are provided in each of the
      body portions 11 and 11a in a direction transverse to said machine
      direction. In the embodiment shown in FIG. 1, the inlet passages 16 and
      16a are adapted for center feed operation. Extruder conduits or connecting
      adapters interconnect inlet passages 16 and 16a with at least one extruder
      providing a thermo-extrudable material and preferably with a plurality of
      extruders providing a different melt to each inlet passage. The die body
      of the invention can be connected to the extruders by means of machined
      rigid connecting adapters or by flexible coupling adapters formed of
      standard hydraulic stainless steel tubing, such as is capable of
      withstanding pressures of about 10,000 psi each. While the inlet passages
      16 and 16a are illustrated as being vertically orientated, angular or
      horizontal orientation may be used.
PAR  Manifold chambers 18 and 19, respectively, extend in a cross machine
      direction and are disposed within each of the horizontal body portions 11
      and 11a so that the inner boundary of each chamber is defined by a
      centerplate 12. The manifold chambers 18 and 19 are somewhat streamlined
      and tapered downwardly toward the centerplate 12. The boundaries of the
      chambers 18 and 19 extend into the body portions 11 and 11a respectively
      and are somewhat tear-shaped for improved flow characteristics of melts
      therein and improved heat distribution. Each of the manifold chambers
      discharges at the lower or forward end and the melt within the chambers
      flows toward the centerplate 12.
PAR  Pre-land surfaces 20 cooperate with the centerplate 12 to define narrow
      melt surfaces for coarse throttling or control of each melt stream. Final
      land surfaces 21 join the pre-land surfaces 20 and in cooperation with the
      side surfaces of the centerplate 12 define second narrower melt flow
      passages for fine throttling or control of melt stream. The final land
      surfaces 21 terminate at the bottom of the die body 10 and in cooperation
      with the terminal end of the centerplate define at least a pair of
      side-by-side outlet slots 22. The outlet slots 22 are relatively close to
      one another so that the extruded melt layers may be readily bonded to one
      another or to a substrate while still in their molten state. The manifold
      chambers 18 and 19, the pre-land surfaces 20, the final land surfaces 21
      and the outlet surfaces 22 extend substantially along the entire length of
      the die body and are closed from ambient environment along their ends by a
      pair of end plates (not shown).
PAR  A pair of relatively deep narrow grooves 20 and 21 are provided along the
      outer walls of the die body portions 11 and 11a. The grooves 15 extend
      inwardly along each body portion for a given distance at approximately
      45.degree. to the centerplate. This configuration of the grooves 15 toward
      the pre-land surfaces allows the body portions below the grooves to move
      in respect to the body portions above the grooves. Since the upper and
      lower body portions are formed from a unitary piece of material, inherent
      strength and flexibility of such portions must be assured. Certain prior
      art arrangements include movable lips on a die but are composed of a
      plurality of separate pieces and thus lack inherent strength and
      flexibility of a unitary body.
PAR  Adjustable thimble bolts 14 are positioned within the body portion above
      the grooves 15 so that they have their inner ends abuting against the
      lower groove walls to selectively move the body portions below such
      grooves toward and away from one another and thereby adjust the width and
      profile of the outlet slots respectively. As shown in FIG. 3 the thimble
      bolts 14 are in an opposing alternatingly staggered relation to each other
      along the length of the die body. This arrangement is contrary to
      conventional die lip adjustment means and eliminates hills and/or valleys
      in each of the extruded layers so that a substantially uniform caliber of
      composite film is produced.
PAR  A pair of relatively shallow grooves are provided along the respective
      outer walls 11 and 11a and positioned below the grooves but above the
      outlet slots. The grooves extend inwardly substantially perpendicularly to
      the final land surfaces and accommodate an external deckle bar carrier
      member 17. While only one deckle bar carrier member is shown, a plurality
      of similar members can be provided along the length of the die body and in
      certain preferred embodiments at least a pair of such carrier members are
      utilized, one at each end of the die body. Since the carrier members are
      all essentially identical in construction, only one carrier member will be
      described in detail.
PAR  The deckle bar carrier member 17 is generally referred to as a "boat"
      deckle and is preferably formed from a single piece of relatively strong
      heat-resistant material, such as metal. The boat deckle or carrier member
      17 includes a pair of upwardly extending arms 17a which terminate in
      inwardly turned ends 17b, respectively to be slidably received in grooves
      15a. Means for selectively moving the deckle boat along the length of the
      die body are provided (not shown) so that the deckle boat may be precisely
      moved to a desired location and positively locked in place in such
      location.
PAR  The deckle boat 17 is formed with a U-shaped recess 17c having a bottom
      wall 17d opposite the outlet slots. A deckle bar 24 is shown as a solid
      body, made of suitable heatresistant metal, however with permissibly
      packing provided at intervals. The packing may be impregnated with
      graphite or polytetrafluoroethylene.
PAR  Means for providing a regulation of pressure or sealing force on the bar
      against the outlet slots includes a plurality of set screws 25 which are
      externally threaded through the bottom wall of deckle boat 17. Other means
      are provided including biasing members for the packing strips and their
      support bodies.
PAR  As indicated earlier, end plate members are suitably secured, as by bolts,
      on each end of the die body 10 so as to prevent the melt from escaping the
      confines of the die body. Means for regulating the heat along each of the
      melt flow passages throughout the die are operationally attached to the
      die body and provide an independent temperature for each melt as desired.
      Suitable heating means include resistant heaters, such as cast-in aluminum
      heaters that are comprised of, for example, an electrical heating element
      cast into an aluminum jacket for attachment to desired positions on the
      die body. Other heating means include a plurality of flow passageways for
      circulating a heating medium within select portions of the die body. The
      heating meas allows a select temperature differential to exist between the
      melt extruded from the various slots, for example 0.degree. to 200.degree.
      F. or higher. Such heat differential provides improved bonding
      characteristics between the various thermo-extrudable materials and/or
      between such materials and various substrates.
PAR  In FIG. 1 a heat sink 27 is provided. The heat sink 27 comprises a pair of
      opposing sink-cavities which are being formed in its respective body
      portions. The sink-cavities extend substantially the entire length of the
      die and are positioned slightly above an upper periphery of the manifold
      chambers 18 and 19 so as to extend upwardly therefrom and terminate some
      distance below the top of the die body. The actual dimension of such heat
      sink-cavities varies in accordance with the dimension of the die body and
      is generally of sufficient dimension to entrap heat from one side of the
      centerplate member 12 and prevent any substantial portion thereof from
      being transferred to the other side thereof. The heat sink comprises the
      greater part of the distance from the top of the die to the manifold on
      each side.
PAR  The internal deckle rods 28 are positioned at the juncture of the pre-lands
      and the final lands to extend inwardly at preselected distance so as to
      vary the width of each of the flow passageways available for the
      respective melts and thereby reduce and/or eliminate edge buildup in the
      extruded layers. This internal deckle is of course optional and may be
      used instead of an external deckle. The external deckle here comprises a
      deckle boat 17.
PAR  Edge bead and/or edge buildup is one of the more serious problems
      encountered in the extrusion of flat films or sheets and generally
      comprises the non-uniform thickness of the extruded sheet throughout the
      widths thereof, particularly at the edges. The thickness of the edge bead
      can be 300 to 500% greater than the caliber or thickness of the sheet at
      the center portion. This is, of course, highly undesirable and edge beads
      are trimmed and discarded as waste because generally two or more melt
      materials are intermixed within such beads. Of course, when such extruded
      sheets are coated on a substrate, the edge portions of the substrate must
      also be trimmed and discarded. This is extremely uneconomical. Causes of
      edge buildup vary with various thermo-extrudable materials, melt
      temperatures, viscosity or melt indexes, densities, surface tension
      effects, etc. Since substantial economical advantages would result from
      the elimination and/or reduction of edge buildup, various attempts to
      eliminate edge beads have been made, generally without success. The
      combination of improved heat distribution and regulation within the
      individual melt streams in the die body and the deckle means provided in
      accordance with the principles of the invention, substantially eliminates
      or in certain instances reduces by a factor of about 50% edge beads
      otherwise present on extruded flat film.
PAR  Referring to FIG. 2, this indicates certain specific embodiments of deckle
      bars 30, shown in working relation with a die body 10 having outlets 22
      respectively. On the right hand embodiment, a deckle bar 30 is formed to
      have a stepped inner side edge or face comprising a first step and a
      second step and joined to the first step by a gradual or sloping juncture.
      The steps seal off different lengths of each outlet slot so that the
      extruded sheets have offset widths or side edges. Such deckle bars
      substantially eliminate edge beads with most thermo-extrudable materials
      and in others cause a reduction of edge bead so that when the offset edges
      of the extruded sheets are bonded together or onto a substrate, the two
      offset edges cannot combine and the variation in thickness at the edges is
      very minor and very little, if any, extruder trim is required. In the left
      handed embodiment, the deckle bar is formed somewhat similar to the deckle
      bar on the right but has a stepped inner side edge or face comprised of a
      first step and a second step, joined at the first step by a sharp or
      straight juncture. Since the steps are offset from each other and are
      aligned so as to overlap or seal only one of the outlet slots, the edges
      of the sheets extruded therefrom are likewise offset. Deckle bars are
      utilizable on opposite ends of the same die body so that the resultant
      composite film has opposingly staggered side edges, allowing one side to
      be trimmed of one material and the other side to be trimmed of another
      material, whereby both materials can be recycled as desired so that no
      waste results. Of course, an opposing pair of deckle bars may be utilized
      on a single die body and only the same material be trimmed from both sides
      of the resulting composite film.
PAR  FIG. 2 illustrates a die body 10 composed of body portions 11 and 11a, a
      centerplate member 12 and a pair of closely adjacent outlet slots 22
      wherein thimble bolts 14 are uniformly staggered on opposite sides of the
      die body for selective movement of each outer wall of each die slot.
      Thimble bolts 14 allow precise control of each layer of thickness and
      because of the uniform staggered relation, allow elimination or reduction
      of hills and valleys in the composite extruded film so that a
      substantially uniform caliber of film or coating is readily attained along
      the entire width of the die. The width of each outlet slot is precisely
      and uniformly adjustable by selective movement of the outer wall thereof
      so that uniform gauge thickness can be maintained between the film. The
      gauge thicknesses range normally from about 0.1 to 10 or more mils (0.001
      to 0.01 inches).
PAR  FIG. 4 is a partial perspective view of the die body 10 constructed in
      accordance with the principles of the invention, with an end plate removed
      for the sake of clarity. The die body 10 is somewhat rectangular in
      configuration, with convergingly sloping bottom walls that terminate in a
      pair of closely adjacent outlet slots 22. The deckle boat 17 is mounted
      for selective movement along grooves 15 situated above the outlet slots.
      The deckle boat may be provided with indicia markings along visible
      surfaces thereof, such as distance indicia so that an operator can readily
      determine the position of the deckle boat in relation to the die body. The
      deckle boat 17 includes means for positively moving and securing the same
      to a given location along the length of the die body. A plurality of
      heating plates H are secured along the portions of the die body and are
      appropriately connected to an energy source (not shown), so that the
      heating plate H can be independently regulated to provide a desired amount
      of heat to its portion of the die body.
PAR  The heating means associated with the die body comprises precise
      temperature control of each melt throughout the flow passages within the
      die. Each of the heating means is independently controllable and
      substantial temperature differential between adjacent melts is readily
      attained. This is an important feature of the invention since it allows
      one melt to be heated to a substantially greater temperature while the
      other melt is maintained at a substantially lower temperature. This
      feature not only allows completely different thermo-extrudable materials
      to be coextruded but also, during coating operation, allows the melt to be
      relatively joined to a substrate to be heated to a higher temperature
      whereby improved bonding is achieved while at the same time minimizing
      deteriorations and/or odor from the other melt, maintained at a lower
      temperature.
PAR  The deckle means, whether the external deckle means or internal deckle
      means or a combination thereof, are so positioned onto outlet slots that
      offset end edges result in the extruded sheets, thereby greatly reducing
      and/or eliminating edge buildup. The amount of offset required between the
      adjacent end edges of the outlet slots to avoid edge buildup depends upon
      a relatively large number of complex factors, which may be summarized by
      stating that the amount of offset depends upon the amount of neck-in
      occurring for a given thermo-extrudable material at given operating
      conditions before such material solidifies or reaches a support, such as a
      substrate. For example, when the thermo-extrudable material forming both
      melts is polyethylene, the end edges of the outlet slots are deckled so
      that they can be offset from each other about 0.125 to about 0.375 inch
      (1/8 to 3/8 inch) and preferably 0.25 inch. Other thermo-extrudable
      materials require different offset end edges to avoid edge buildup, and
      the exact amount thereof is readily determined by simple observation
      during operation. The deckle means of the invention is easily adjustable
      to provide various amounts of edge offset during operation of the die so
      that an operator can readily adjust the same as required to substantially
      eliminate edge buildup during coextrusion of any combination of
      thermo-extrudable materials.
PAR  FIG. 5 shows one side of a solidified film F having an edge bead EF formed
      by prior art dies. As can be seen, the edge bead EF is substantially
      thicker than the other film portion and must be trimmed at the extruder so
      that a uniform caliber of film can be obtained for further processing.
PAR  FIG. 6 illustrates one side of a composite multilayer film F formed in
      accordance with the invention and comprising a film F.sub.1 and a film
      F.sub.2, each formed of melt streams M.sub.1 and M.sub.2 respectively. It
      will be noted that the end edges EF.sub.1 and EF.sub.2 of each respective
      film have almost no visible bead so that extruder trimming is
      substantially eliminated.
PAR  As will be appreciated, there are two types of trim in producing commercial
      flat films. First, there is a trim at or on the extruder itself to
      eliminate edge beads and associated irregularities. With an average 60
      inch film width, the extruder trim is approximately one inch on each side
      or about 3.3% trim. With coextrusion dies producing a multilayered film
      having each layer composed of a different thermo-extrudable material, this
      trim is pure waste and cannot be recycled. However, with a die assembly
      constructed in accordance with the principles of the invention, this waste
      is substantially eliminated and corresponding economic advantages are
      realized. The second trim occurs downstream of the extruder and comprises
      approximately a one half trim on each side of the film.
PAR  Modifications, variations and changes from described preferred exemplary
      embodiments may be made without departing from the spirit and scope of the
      novel concepts of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A die assembly for the extrusion of multiple flat films of
      thermo-extrudable materials for ultimate creation of materials including
      more than one such film, comprising:
PA1  a. a die body having at least two separate melt inlets;
PA1  b. at least two manifold chambers positioned within said die body and each
      in communication with one of said melt inlets;
PA1  c. a center plate separating said manifold chambers from each other
      throughout their extent;
PA1  d. at least two separate elongated relatively narrow first melt flow
      passages each in communication with a different manifold chamber for
      relatively coarse melt flow control;
PA1  e. at least two separate elongated relatively narrow second melt flow
      passages each in communication with a different first melt flow passage
      for relatively fine melt flow control;
PA1  f. at least two separate melt outlet slots having a relatively narrow width
      dimension and each communicating with a different one of said second melt
      flow passages, each being defined by a substantially immovable inner wall
      and a relatively movable outer wall;
PA1  g. means associated with each of said outlet slots for selectively varying
      the width dimensions of each said slot;
PA1  h. the melt flow passages and melt outlet slots from them being directed so
      as to produce extrusion of films in a general direction which herein will
      be defined as the downward direction of the die and the opposite direction
      being defined as the upward direction of the die, with the films
      themselves having in cross section a longer dimension in a particular
      direction which herein will be defined as lengthwise of the die and the
      dimension of the die in that direction as the length of the die and a
      shorter dimension which herein will be defined as crosswise of the die,
      the center plate being central of the die in the crosswise direction and
      separating the die into two parts from the standpoint of that crosswise
      direction, with one manifold chamber and first and second melt flow
      channel on one side of that center plate and the other manifold chamber
      and first and second melt flow channel on the other side of the center
      plate;
PA1  i. heat sink slots in the upper part of the die on either side of the
      center plate and against the center plate, extending from slightly above
      the upper periphery of the manifold chambers up more than half the
      distance to but substantially below the top of the die.
NUM  2.
PAR  2. A die assembly of claim 1, in which the die parts have their deckles
      offset from one another.
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PAL  Pulverized coal is slurried with water then oil or if desired oil and
      pulverized alkalis preferably lime or limestone is added and the mixture
      subjected to sonic vibrations with an energy density of at least 11.625
      watts per cm.sup.2. Liquid suspension is produced and any excess water or
      oil separates out as a separate phase. Normally excess oil is used and the
      excess oil phase can be recycled. The resulting dispersion is utilized and
      burned in a furnace. A clean flame is produced which has the
      characteristics of an oil flame and not a powdered coal flame. The
      addition of lime is optional as its purpose is to reduce sulfur dioxide in
      burning where the coal contains sulfur. If there is no sulfur or so little
      as to meet environmental standards the addition of lime may be omitted.
      The amount of lime is preferably at least about twice stoichiometric based
      on the sulfur content of the coal. Up to 80% of sulfur dioxide produced on
      burning can react with the lime and the calcium sulfate produced removed
      by conventional particle separators.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Coal is usually burned either in a bed or if pulverized and atomized in the
      form of fine particles. When the coal contains substantial amounts of
      sulfur this is transformed into oxides of sulfur, mostly sulfur dioxide,
      during combustion. Sulfur oxides constitute serious atmospheric pollutants
      and in recent years quite stringent standards have been set in the United
      States for the concentration of sulfur oxides which can be vented to the
      atmosphere. This has required either low sulfur coal, about 1% or less, or
      the coal can be treated to remove excessive sulfur. In either case, there
      is a substantial penalty. It has therefore been proposed to mix finely
      divided lime or limestone with the coal and during burning a considerable
      amount of sulfur dioxide is oxidized in the combustion process which
      always has excess oxygen and calcium sulfate is produced. The removal of
      the particulate calcium sulfate can be effected by conventional means such
      as electrostatic precipitation. Combustion is not as complete as could be
      desired and unless there is a very large excess of lime the amount of
      sulfur oxides removed can be insufficient in the case of high sulfur
      coals.
PAR  It is with an improved coal fuel that the present invention deals and
      problems such as explosion hazards in powdered coal plants that are not
      kept scrupulously clean are avoided.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention pulverized coal is used particle sizes below
      100.mu. and a considerable portion is normally much finer down to as fine
      as 1.mu.. This is approximately the same form of coal used for powdered
      coal burning. When the tiny coal particles are examined under a microscope
      the surface appears quite porous. The pulverized coal is slurried with
      water and then oil is added, such as ordinary heating oil and the slurry
      is then subjected to violent sonic agitation. Ordinarily the frequency is
      in the ultrasonic range, for example from 20,000-30,000 Hz., or even
      higher frequencies. While in practice frequently ultrasonic agitation is
      used high sonic frequency for example 15,000-20,000 Hz. can be used,
      therefore throughout this specification the generic term "sonic" is used
      which covers both audible and ultrasonic frequencies. It should be
      realized that intense agitation which produces strong cavitation is
      necessary and this is measured as intensity and not as power. In the
      present invention the intensity should be at least 11.625 watts per
      cm.sup.2. Commonly intensities of around 38.75 to 54.25  watts per
      cm.sup.2 or a little less are employed. While there is a definite lower
      limit for sonic intensity below which satisfactory fuels will not be
      produced, there is no sharp upper limit. However there is no significant
      improvement above 54.25 watts per cm.sup.2 and higher intensities add to
      the cost of producing the fuel without resulting improvement. In other
      words, the upper limit is not a sharp physical limit but is dictated by
      economics.
PAR  So long as the energy density meets the specifications above, it does not
      make much difference how the sonic energy is produced and the present
      invention is not limited to any particular apparatus. A very practical
      sonic generator is a so called sonic or ultrasonic probe. Longitudinal
      vibrations are produced as conventional, either by piezoelectric,
      magnetostrictive device or the like. The sonic generator proper is then
      coupled to a solid velocity transformer, sometimes called an acoustic
      transformer, which tapers down, preferably exponentially, ending in a
      surface of much smaller area than that coupled to the sonic generator. In
      accordance with the law of conservation of energy the distribution of the
      vibrations over the smaller surface requires that the surface move more
      rapidly. This results in a much greater energy density andd as the total
      power is being transformed from a larger area to a smaller area, this is
      referred to as a transformer by analogy with electrical transformers which
      can step up voltage. Sonic probes of the type described above are
      commercial products and sold, for example by Branson Instruments under
      their trade name of "Sonifier." This type of apparatus for producing high
      sonic energy density, which should not be confused with sonic power, is a
      very economical and satisfactory type of producing the necessary sonic
      energy intensity. In a more specific aspect of the present invention the
      use of this type of instrument is included but of course the exact way the
      vibrating surface is energized is not what distinguishes the present
      invention broadly from the prior art.
PAR  The high intensity sonic agitation appears to drive water into the pores of
      the porous coal particles and then produces a water-in-oil type of
      emulsion. This is not a true emulsion because it includes suspension of
      the tiny coal particles as well as a dispersion of oil and water. However,
      the behavior of the resulting product which is a somewhat viscous liquid
      is not that of a typical emulsion. In a typical water-in-oil emulsion, the
      continuous oil phase can be diluted with more oil to produce a more dilute
      emulsion. In the case of the present invention, however, when an excess of
      oil is used oil separates as a separate phase, in this case a supernatant
      phase. While it is theoretically possible with an exact ratio of coal,
      water and oil to produce a product that does not separate out any oil
      phase as a practical matter this is undesirable because the separation it
      too critical and it is much better to operate with a small excess of oil
      and separate and recycle the supernatant phase. Although, as has been
      pointed out above, the product of the present invention is not technically
      a water-in-oil emulsion it has some properties that are similar. Thus, for
      example, after removing a supernatant oil phase the remaining oil and
      water remains stable in and around the coal particles and the product can
      be stored for a reasonable time without further separation of the
      components. For this reason the product will be referred to in the
      specification as an emulsion even though technically it is not a true
      emulsion. It is, however, a dispersion of the coal particles and tiny
      water droplets and, as pointed out above, it is stable. When the product
      or fuel of the present invention is burned it burns very cleanly with a
      flame of the color and characteristics of an oil flame rather than a
      powdered coal flame. Apparently during combustions there is not a physical
      production of fine coal particles although the exact mechanism of
      combustion has not been completely determined and the present invention is
      therefore not intended to be limited to any particular theory.
PAR  The exact proportion of coal, water and oil is not critical, which is an
      advantage. It will vary a little with the gravity of the oil and with
      particular coal an excellent practical ratio is about 20 parts of
      pulverized coal, 15 parts of oil and 10 parts of water. This product
      settles out only a little oil as a supernatant liquid and a very stable
      dispersion results. However, somewhat more oil may be used and in some
      cases is desirable because the separated oil phase can easily be recycled,
      and therefore the above ratio of ingredients is illustrative of a typical
      useful product. It should be noted that if there is an excess of water
      this also can separate a portion of water as a separate phase. For
      practical operation it is usually desirable to have any excess in the form
      of oil.
PAR  The violent sonic agitation also performs an additional function. It
      reduces the particle size of the coal, possibly because of coal particles
      striking each other during the violent agitation. The exact amount of
      reduction of particle size depends both on the energy density of the sonic
      agitation and on the character of the particle coal. A more fragile coal
      will, of course, be reduced somewhat more but the final size range still
      remains between about 1.mu. and about 100.mu..
PAR  While the dispersion is fairly viscous it still flows readily and does not
      have to be heated prior to supplying it to the burner. This is an
      advantage over burning highly viscous residual fuel oils which have to be
      heated by steam before being atomized in a burner. This is one of the
      advantages of the present invention as it permits eliminating heating
      equipment without eliminating its function.
PAR  The actual atomization in a burner is not what distinguishes the present
      invention from the prior art and any suitable form of a burner can be
      used. One such form is a sonic probe which atomizes the dispersion of fuel
      from its end.
PAR  Where the coal used is of low sulfur so that sulfur oxide emissions from a
      furnace stack are within environmental standards the fuel of the present
      invention may constitute only pulverized coal, oil and water, however, the
      present invention makes possible elimination of a large amount of sulfur
      oxides in a very simple and economical manner. This opens up cheap, high
      sulfur coal for use where it would otherwise not meet environmental
      standards. When it is desired to reduce sulfur oxide emissions preferably
      finely pulverized lime or limestone may be dispersed in the water. This
      will be generally referred to as lime and it may be introduced in the
      process of the present invention either before or after oil introduction,
      preferably it is introduced substantially simultaneously when feeding to
      the sonic emulsifier. It should be noted ordinarily pulverized lime will
      be fed in in the form of a water slurry and the water content must be
      taken into consideration in the total amounts of water in the final
      product. When the pulverized lime is introduced it forms part of the
      suspension and is stable and does not settle out on standing. This avoids
      any distinct problems and is a further advantage of the aspect of the
      present invention where sulfur oxides are decreased.
PAR  Lime is the preferred alkali to use when high sulfur coal is to be burned.
      It has many practical advantages such as low cost and the fact that the
      calcium sulfate which is produced in the flame has very low solubility in
      water. Other alkalis may be used such as for example sodium carbonate.
      Most of these other alkalis form sulfates which have considerable
      solubility in water. As water vapor is always produced in the burning of
      the fuel this can present problems particularly as at some stage of the
      stack gas treatment temperatures are reduced and liquid water may condense
      out. In such a case it can form somewhat pasty masses with alkalis, the
      sulfates of which are fairly soluble in water. This makes electrostatic
      precipitation more difficult, as the precipitator normally requires that
      the particles which it removes be dry. There is also a possibility in
      other parts of the combustion gas treatment equipment for deposition of
      pasty sulfates to result. This requires additional cost for cleaning and
      is one of the reasons why lime is the preferred alkali. However, other
      alkalis may be used and in its broadest aspect the invention is not
      limited to the use of lime although this is the preferred material.
PAR  The removal of sulfur oxides depends on the amount of lime or other alkali.
      The lime should normally be in excess over the stoichiometric value based
      on the sulfur content of the coal. The more lime used the greater
      reduction. For example with a 50% excess 50% of the sulfur oxides may be
      eliminated or rather fixed as calcium sulfate. When more lime is used the
      sulfur oxide reduction becomes greater reaching about 80% when the lime is
      in twice stoichiometric ratio. The additional removal of sulfur with still
      more lime occurs more slowly as the curve tends to asymptote and therefore
      ordinarily much greater excesses than twice stoichiometric are not
      economically worthwhile. With quite high sulfur coal the the approximate
      80% reduction brings the fuel within environmental standards. Lime, while
      not a very expensive material still adds to the cost and in some cases
      with lower sulfur coals a 50% sulfur oxide removal brings the fuel within
      environmental standards and in such cases smaller excesses of lime may be
      used. This is an economic question and there is no sharp upper limit.
      Theoretically calcium sulfate (gypsum) which is recovered by electrostatic
      precipitation or other means can be sold. However, the cost of producing
      the recovered gypsum may be more than its sale price so, where unneeded
      for environmental purposes, smaller lime excesses can present an
      economical advantage and are of course included.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic showing of an experimental furnace burning the
      coal dispersion in a bed;
PAR  FIG. 2 is a curve showing SO.sub.2 removal for various amounts of lime up
      to 50% excesses;
PAR  FIG. 3 is a diagrammatic flow sheet of a practical installation atomizing
      the coal dispersion to form a flame.
PAR  FIG. 4 is a semi-diagrammatic illustration of an ultrasonic probe.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 deal with an experimental set up in which the coal dispersion
      is burned in a bed. The coal dispersion is typically produced by
      dispersing 20 parts of coal in 10 parts of water adding 15 parts of oil,
      such as No. 2 heating oil, and subjecting the product to violent
      ultrasonic agitation with an energy density of between 38.75 to 54.25
      watts per cm.sup.2. In order to permit rapid dispersion the thickness of
      the liquids in contact with the vibrating surface is of significance, for
      example, in an ultrasonic probe which will be described in combination
      with FIG. 4. The thickness of the liquid layer is not sharply critical,
      but should be normally considerably less than the diameter of the
      vibrating surface. If the thickness of liquid becomes much greater the
      output is reduced although if sufficient time is given a satisfactory
      dispersion can be produced in quite a thick liquid layer, however, this is
      economically undesirable. Obviously, of course, the thickness of the layer
      of the suspension between the vibrating surface and container must be
      greater than the dimensions of the largest coal particles. As has been
      stated above, the particular size range is from about 1.mu. to about
      100.mu.. Although it is not practical to get an exact measurement the
      dispersion appears to be fairly uniform.
PAR  The present invention is not limited to any particular finely divided coal.
      Typical coals in the specific embodiments to be described are an eastern
      bituminous coal having from 1 to 2% of sulfur. Another typical coal is a
      western Kentucky coal having slightly more sulfur.
PAR  To produce a coal dispersion which will reduce sulfur oxide production on
      combustion pulverized lime in a water slurry is introduced at about the
      same time as the oil. The water in this slurry must of course be taken
      into consideration for the water proportion. If the coal is very low
      sulfur a lime excess of around 50% of stoichiometric can be used. For
      higher sulfur coals, for which the present invention is particularly
      advantageous, the excess should be about twice stoichiometric.
PAR  Turning back to FIG. 1 the experimental furnace is shown at (1) and is
      preheated electrically as is shown by the wires going to a surrounding
      electrical heating jacket. In the experimental set up the furnace was a
      cylindrical furnace about 1.25 inches in diameter. The coal dispersion is
      introduced and forms a bed on a suitable burning grate (2). Air is
      introduced as is shown and the amount of air should be approximately that
      corresponding to most economical combustion, i.e. a slight excess of air.
      The gases from the burning bed pass into a sidearm testube (3) which is
      filled with glass wool. This removes some solids and other impurities and
      then passes into a water scrubber (4) which in the experimental set up
      contains water with about 3% hydrogen peroxide. Then the gases pass on to
      a trap (5) and to a water trap (6) both in the form of sidearm flasks, the
      latter containing glass wool. The gases are pulled through by a partial
      vacuum as indicated on the drawing from any source, (not shown). Flow is
      measured by a rotameter (7).
PAR  Results of the tests are shown in the following table 1:
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Removal of SO.sub.2 by Limestone in coal-oil-water suspension             
     __________________________________________________________________________
     Run No.                                                                   
           Type of                   Fuel 16N NaOH                             
           Burn (Grams)                                                        
                     Oil  H.sub.2 O                                            
                               Limestone                                       
                                     Burnt                                     
                                          (SO.sub.2 titrate)                   
                                                  SO.sub.2                     
                     (Grams)                                                   
                          (Grams)                                              
                               (Grams)                                         
                                     Grams                                     
                                          ml      removal %                    
     __________________________________________________________________________
     1     Bed  20   20    5   0     9.5  6.3     0                            
                20   20    5   .48   10.0 4.4     33                           
                20   20   10   0     8    7       0                            
     2     Bed  20   20   10   .48   7    4.5     26                           
     3     Bed  20   20   10   0     10   9       0                            
                20   20   10   1.5   10   4.9     44                           
     4     Bed  20   20   10   0     6    4.8     0                            
                20   20   10   1.5   6    2.4     50                           
     5     Atomized                                                            
                20   15   10   0     6.9  2.5     0                            
           Fuel 20   15   10   1.5   16   3.0     50                           
           Spray                                                               
     __________________________________________________________________________
PAR  It will be seen that Table 1 includes a number of tests made with varying
      amounts of oil and water and in each case included no finely divided lime
      or the number given in the table 1. This table also gives the amount of
      fuel burnt and sulfur oxides were measured by titrating with a sodium
      hydroxide solution.
PAR  The first four runs were burned in a bed, the fifth run atomized the fuel
      from the end of an ultrasonic probe. The sulfur oxide removal versus lime
      is shown as a graph up to 50% excess in FIG. 2. When the excess becomes
      greater than twice stoichiometric the curve flattens out or asymptotes at
      about 80% removal. In other words, in such a range the curve is actually
      an S. Curve.
PAR  FIG. 3 is a diagrammatic illustration of a practical flow sheet for a large
      plant. In this case the combustion is by atomizing the fuel from an
      ultrasonic probe. Coal, as shown on the drawing, is pulverized in a ball
      mill and pulverizer (8) and reduced to a particle size of less than
      100.mu., with some of the particles as small as 1.mu.. The coal is then
      fed by a vibro-feeder (9) into a stream of water flowing at a controlled
      rate into a slurry tank (10). Slurrying is effected by a conventional
      propeller, a vent to the air providing deaeration. The slurry then passes
      through a controller and oil controlled by controller (11) is introduced
      and a little further on a lime slurry passes through in the controller
      (11). The proportion of lime to sulfur in the coal is about twice
      stoichiometric.
PAR  The slurry is then premixed in a premixer (16). The premixed slurry is then
      introduced into a sonic disperser (13) in this disperser an ultrasonic
      probe operating at between 20,000-22,000 Hz of the type shown in FIG. 4
      which will be described below and the end of the probe which is operated
      from the front of the container (13) to produce a thickness of liquid
      substantially less than the cross sectional dimension of the end of the
      probe. Violent sonic agitation with cavitation resulted in the energy
      intensity being about 38.75 to 54.25 watts per cm2. A stable dispersion is
      produced which flows into a separator (14) provided with a weir (15) this
      weir permits some supernatant oil to flow over into a compartment from
      which the recycling line (16) recycles it to the premixer (12).
PAR  The coal-water-oil-lime then flows into another ultrasonic probe housing
      (17) and is atomized from the end of the ultrasonic probe into a
      combustion chamber (18). It is burned and the flue gases pass through a
      particulate separator in the form of an electrostatic precipitator (19)
      this removes finely divided calcium sulfate which can be recovered and
      sold. With coal having 2-3% sulfur the removal of sulfur dioxide is about
      80% which brings the flue gases to environmental standards.
PAR  FIG. 4 is a semi-diagrammatic showing of a typical ultrasonic probe (20).
      Ultrasonic vibrations from 20,000-22,000 Hz result from electricity at the
      same frequency which is shown coming in through wires. The vibration is in
      a piezo-electric stack (21) to which is coupled the broad end (22) of a
      steel velocity transformer which tapers exponentially to a small end (23).
      It is this end which agitates the dispersion in the agitator (18) on FIG.
      3 and a similar probe produces atomization as indicated at (17) in FIG. 3.
PAR  Combustion of the atomized fuel produces a flame which is clear and results
      in complete combustion and which does not have the appearance of a flame
      from pulverized coal combustion. The presence of water in the fuel
      dispersion is probably what assures the flamequality and which permits
      very complete combustion. The combustion is so complete that there is very
      little if any loss in heating due to the presence of water which, of
      course, is flashed into steam as the dispersion burns.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process of producing a fuel in the form of a dispersion comprising
      mixing of finely divided coal, with particle size less than 100.mu., with
      water to form a slurry, adding oil to the slurry and the liquids,
      subjecting the mixture to violent sonic agitation with an intensity of
      more than 11.625 watts per cm.sup.2, thus producing a stable dispersion,
      whereby the coal does not settle out, removing any excess oil forming a
      separate phase, whereby a coal-water-oil dispersion is produced which is
      stable to storage.
NUM  2.
PAR  2. A process according to claim 1 in which the coal has a sulfur content
      which on combustion would produce more sulfur oxides than meets
      environmental standards, which comprises introducing into the coal and
      water slurry in addition to the oil a dispersion of an alkali, the amount
      of the alkali being at least about 50% in excess of stoichiometric based
      on the sulfur content of the coal, and atomizing the coal dispersion in
      the presence of air to form a flame and removing sulfate produced from the
      stack gases from the combustion.
NUM  3.
PAR  3. A process according to claim 2 in which the dispersion of alkali is a
      slurry of pulverized lime or limestone.
NUM  4.
PAR  4. A process according to claim 3 in which the lime or limestone is at
      least about twice stoichiometric based on the sulfur content of the coal.
NUM  5.
PAR  5. A process according to claim 1 in which the coal is in excess by weight
      over the water.
NUM  6.
PAR  6. A process according to claim 3 in which the coal is in excess by weight
      over the water.
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ABST
PAL  A safety control system for use on a heater which shuts off the heater fuel
      supply if the heater flame is not present within a predetermined time
      after initial ignition is attempted or after re-ignition is attempted
      should the flame be extinguished. A flame sensor which makes use of the
      electrical conductivity of the flame is employed with a solid-state
      switch, silicon controlled rectifier, and time delay relay to provide a
      fast response control circuit for shutting off the fuel supply valve in
      the absence of flame after a predetermined delay.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In all heaters, burners or furnaces where a flame is present, safety is
      always of the utmost importance. One condition which must be considered by
      a safety system is the absence of flame in the presence of fuel either
      during operation or at some time after start up. A safety control system
      which has been used successfully for many years employs a thermally
      responsive element to sense the presence of flame and a thermal time delay
      relay. The thermally responsive element detects a flame, or the lack
      thereof, while the thermal time delay relay is utilized in the safety
      control system when a flame is not present. In other words, a time delay
      is provided during start up so that sufficient time is allowed for the
      fuel to be ignited and heater operation to begin, or if the flame is
      extinguished during operation the delay provides sufficient time for
      re-ignition before the fuel supply is shut off.
PAR  Although such safety systems have found wide use, the American National
      Standards Association now recommends a maximum time in which the fuel
      supply must be shut off in the event that ignition does not occur or if
      the flame is extinguished. The thermally responsive flame sensor currently
      in use has a response time of approximately 30 seconds, for both heating
      and cooling. This response time then sets the minimum response time for
      the time delay relay, since it must have a longer response time to avoid
      unplanned shut down of the heater while attempts are being made at start
      up. The typical time delay for relays of this type currently in use is 45
      seconds. The resulting thermal response time for such known safety systems
      exceeds the maximum time from flame-out to fuel valve closure which is
      recommended by the American National Standards Association for heaters of
      the flame-forced air type. Therefore, either a faster thermally responsive
      element must be found or a different approach adopted in providing this
      most important safety feature for flame heaters.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a heater safety control system having a fast
      response time which meets all current specifications. A solid state
      electronic control circuit is provided in combination with a flame
      detector which operates by using the electrical conductivity properties of
      a flame, rather than being thermally responsive. A voltage is applied to
      an electrode immersed in the flame and the heater structure is grounded.
      The presence of a flame permits a small current to flow, which is then
      utilized by the control system of the present invention. A transistor
      driven by the flame sensor controls a silicon controlled rectifier which
      serves to energize a relay and switch, as well as a time delay relay in
      the form of a resistance heating element, used for start up and
      re-ignition. A trial ignition period is provided by the time delay relay
      and at the end of the time either shuts off the fuel supply or permits
      heater operation, depending upon the state of the transistor switch
      circuit. A resistor matched to the impedance of the fuel valve solenoid is
      used to keep open the fuel line so that ignition may be attempted in the
      absence of a flame.
PAR  If ignition does not occur during the trial period provided by the delay
      relay, power is interrupted by that relay and the fuel valve is closed,
      the ignitor is de-energized and the heater is shut down. However, power is
      still applied to the delay relay and switch so that the heater does in
      fact remain shut down.
PAR  If the flame is extinguished during normal operation, the transistor and
      silicon controlled rectifier act to energize the delay relay and
      re-ignition is attempted. As before, if re-ignition is not successful
      during the trial period provided by the delay relay, the safety switch
      opens and the heater is shut down as described above.
PAR  The present invention also provides its own fail-safe provisions to ensure
      safe heater operations in the event of failure of certain components in
      the control circuit itself. The circuit is arranged such that if the
      silicon controlled rectifier fails, the safety switch and delay relay will
      remain continuously energized, thereby permitting the gas valve to remain
      closed. A fail-safe provision is also provided in the event that the flame
      sensing electrode becomes shorted to ground, thereby falsely indicating
      the presence of a flame. If such occurrence takes place, burner start up
      is prevented by the internal time sequence of the control circuit of the
      invention, which ensures that the transistor switches on before the
      silicon controlled rectifier is triggered, thereby preventing energization
      of the relay, which is under the control of the silicon controlled
      rectifier, and preventing the fuel valve from opening.
PAR  It is therefore an object of the present invention to provide a fast acting
      safety control system for use on a flame heater.
PAR  It is another object of the present invention to provide a heater safety
      control system which uses a flame conduction flame sensor in combination
      with a delay relay.
PAR  It is a further object of the present invention to provide a flame heater
      safety control system utilizing a conduction flame sensor, a delay relay
      and a solid state control circuit.
PAR  It is still a further object of the present invention to provide a flame
      heater safety control system utilizing a conduction flame sensor, solid
      state switch, and silicon controlled rectifier to operate a relay for
      controlling the fuel valve of the heater to permit ignition.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a conventional control system in use on
      forced air heaters.
PAR  FIG. 2 is a schematic diagram of the preferred embodiment of the present
      invention combined with a forced air heater.
PAR  FIG. 3 is a schematic diagram of the electrical circuit of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a safety control system used in the past is shown
      in schematic form. Components which are functionally fundamental to this
      type of safety control system are: a normally closed switch 18, a normally
      open relay 20 and switch 22, and a matched resistor 24 and solenoid fuel
      valve 26. A flame rod 28 is located such that it will be enveloped in the
      heater flame 30. A thermal time delay relay 32 and an ignitor 34 are also
      employed in this type of heater safety control. In operation, an
      alternating current voltage is impressed across this control system at
      electrical conductors 36 and 38. The flame rod or flame sensor 28 is a
      thermally responsive element which cooperates with a normally closed flame
      switch 40. During operation of the heater, the flame switch relay 20
      closes the switch 22, thereby energizing the fuel valve solenoid 26 which
      permits heater fuel to flow through pipe 42 thereby allowing the heater to
      operate in the intended manner. The normally closed flame switch 40
      concurrently actuates the thermal time delay relay 32 and switch 18. When
      the flame rod 28 thermally senses the presence of the flame 30, the flame
      switch 40 opens. This terminates the safety timing cycle by blocking
      current flow through the relay 20 and hence opening switch contacts 22,
      and also interrupts the original current path to the gas valve solenoid
      26. However, the gas valve solenoid 26 is held open by way of the
      electrical continuity through the matched resistor 24, which is now
      electrically in series with the gas valve solenoid 26.
PAR  In the event that flame 30 should be lost, the flame switch 40 closes
      thereby actuating the safety timing cycle, i.e., the thermal time delay
      relay 32. Continuous current flow through this delay relay 32 opens switch
      18 after the preset time has elapsed. The opening of switch 18 therefore
      interrupts current flow through line 36 and deenergizes the gas valve
      solenoid 26. When the switch actuated by the gas valve solenoid 26 closes,
      all fuel flow in pipe 42 ceases and no fuel is supplied until ignition is
      attempted again.
PAR  As mentioned previously, the flame sensing element 28 used in this type of
      prior art safety control system is a thermally responsive element which
      has a relatively long response time. Flame sensing elements of this type
      have a typical response time of 30 seconds for both heating and cooling.
      Such long response time then means that the thermal time delay relay 32
      must have an even longer response time in order to avoid unplanned and
      undesired shut downs when the heater is initially being started up. It is
      this long time delay which the present invention shortens for heaters of
      this type.
PAR  Turning now to FIG. 2, the present invention is shown in schematic form in
      combination with a complete heater apparatus. The flame switch provided by
      the present invention is shown generally at 70. This flame switch 70 is
      intended for use with a different type of flame sensor than has been used
      in the past. More specifically, in place of the thermal flame sensing
      element 28 of FIG. 1, an electrically conductive flame sensor is used. An
      electrode or flame rod 72 is immersed in the flame 30 and the heater
      structure from which the flame 30 issues is then grounded, as shown at 74.
      When a suitable potential difference exists between the flame rod 72 and
      ground, and a flame is present, a small current will flow through the
      conductive flame. This current flow is permitted by the large number of
      ionized gas particles present in the flame itself. The present flame
      switch 70 serves to utilize this small current flow through the flame to
      operate a heater safety control system.
PAR  An alternating current voltage, typically 110 volts, 60 Hertz, is applied
      across terminals 76 and 78 and energizes a fan motor 80 by either an
      on/off switch 82 or a thermostat 84. An isolation transformer 86,
      connected in parallel across the fan motor 80, supplies the power on line
      88 to the flame switch 70, with the electrical return being to ground on
      line 90. Upon the application of current through line 88, a silicon
      controlled rectifier 92 is triggered into conduction during the negative
      half-cycle by the application of a signal on line 94 to the gate of the
      silicon controlled rectifier 92 through resistors 98 and 100, and
      rectifier 96. As a result of the silicon controlled rectifier 92 being
      triggered into conduction by the gate signal on line 94, a relay coil 102
      is energized and a normally open two-line switch 104 is closed and the
      burner operation is initiated.
PAR  Upon actuation of switch 104 the current through line 88 energizes a gas
      valve 106, bypassing resistor 108, and permitting fuel to flow to the
      heater. Switch 104 in its closed position also energizes an ignitor 109
      for starting the burner. At the same time the silicon controlled rectifier
      92 energizes the relay 102, a safety switch heater 110 is also energized.
      This provides the thermal time delay discussed previously. The safety
      switch contacts 112 are located in the electrical line 88 and the switch
      112 is mechanically linked to the heater 110, switch 112 opening upon a
      current passing through heater 110 for a predetermined trial ignition
      period. Energization of the switch heater 110 initiates the timing of the
      trial ignition period.
PAR  Upon ignition, the flame 30 provides a current path between the flame rod
      72 and ground 74 thereby completing the circuit. The effective impedance
      of the flame Z.sub.F is shown at 114 for circuit analysis purposes.
      Electrical conduction through the flame 30 occurs during the negative
      half-cycle of the alternating current voltage applied across lines 76 and
      78.
PAR  Now, tracing the current flow and using the neutral or return line as an
      arbitrary starting point, current flow proceeds through the heater
      structure shown grounded at 74 and through the flame 30 to the flame rod
      72. Current flow then proceeds from the flame rod 72 on line 116 through a
      diode 118 and resistors 120 and 122 to the base lead 124 of a Darlington
      stage type semiconductor device 126. This Darlington stage is a well-known
      common-collector configuration and is commercially available as a unified
      structure device.
PAR  The semiconductor device 126 is driven into conduction by the flow of base
      current on line 124. The current on line 128, through diode 96 and
      resistors 98 and 100, is now shunted away from the gate lead 94 of
      semiconductor controlled rectifier 92 by the semiconductor device 126 to
      return to line 88. Therefore, the silicon controlled rectifier 92 is no
      longer triggered into half-wave conduction, and both the relay coil 102
      and the safety switch heater 110 are de-energized. However, the gas valve
      solenoid 106 remains energized or open due to the current flow through the
      matched resistor 108, and the heater remains in operation. A portion of
      the current through flame 30 is passed by resistor 120 and is used to
      charge a capacitor 130 which subsequently discharges during the positive
      half-cycle to maintain the base current on line 124 to maintain the
      semiconductor device 126 in its conductive state.
PAR  If ignition does not occur during the aforementioned trial ignition period,
      resistance heating of the safety switch heater 110 causes the safety
      switch contacts 112 to open and interrupt the power to the gas valve 106
      and the ignitor 109, thereby effecting heater shutdown. However, the
      silicon controlled rectifier 92 continues to conduct, since voltage is
      being supplied by line 88 and the gate current will be present on line 94,
      and this conduction maintains energization of the relay coil 102 and
      safety switch heater 110 which serves to hold the safety switch contacts
      112 open. In other words, the present system is arranged such that even
      though the safety switch interrupts the power to the gas valve 106, power
      is still available to keep the safety system 70 actuated in order to keep
      the power interrupted until another trial period can be re-initiated.
PAR  In the event that the flame 30 is extinguished after ignition has occurred,
      i.e., during normal operation, the base current on line 124 is interrupted
      and the semi-conductor device 126 is permitted to return to its
      non-conductive state. This forces the current on line 128 through resistor
      100 and line 94 to the gate of the silicon controlled rectifier 92,
      thereby triggering rectifier 92 into its conductive state. Upon
      conduction, the relay coil 102 is energized and switch 104 is thrown and
      the safety switch heater 110 is energized. In this switch state, the gas
      valve solenoid 106 remains open, the ignitor 109 is energized and
      re-ignition is attempted. If re-ignition is not successful during the
      trial period, i.e., during the time delay provided by the safety switch
      heater 110, then the safety switch 112 contacts open and the heater is
      shut down as described above.
PAR  It can then be seen from the foregoing description that the slow response
      time associated with past heater safety systems, as shown for example in
      FIG. 1, has been eliminated and a fast acting solid state system provided
      for its replacement. The flame switch 70 of the present invention uses
      only one thermally responsive element in combination with solid state
      switching devices to provide a precise safety control without excessive
      time delays. Moreover, all possible contingencies are provided for in the
      present invention, i.e., both failure of ignition during start up, and the
      extinguishment of the flame during operation.
PAR  The overall heater assembly as shown in FIG. 2 contains further safety
      features, in addition to those provided by the flame switch 70. A high
      limit temperature switch 132 is located in the main power line 134 to the
      isolation transformer 86 and, upon the occurrence of an extremely high
      temperature, power is interrupted and the gas valve solenoid 106 will be
      closed. It should be noted that the fan motor 80 remains energzed to aid
      in dissipating the excessive heat. A tip-over switch 136 is also located
      in line 134 and also interrupts power to the gas valve solenoid 106 in the
      event the heater becomes jarred out of its intended operating position. A
      conventional mercury-type switch may be utilized as the tip-over switch
      136. Lastly, an air pressure switch 138 is provided in line 134. This
      switch 138 is in the normally open position and will not close until the
      fan motor 80 is up to speed and providing sufficient air flow to dissipate
      the heat of the burner.
PAR  Referring now to FIG. 3, the flame switch 70 is shown in schematic form,
      and removed from the entire heater of FIG. 2 in order to better describe
      it. The flame switch system 70 provided by the present invention also
      incorporates fail-safe provisions in the event of certain key component
      failures. One such key component is the silicon controlled rectifier 92
      and of importance is its failure in the shorted mode so as to remain
      continuously conductive and therefore insensitive to the flame rod sensor.
      The flame rod sensor 72 of FIG. 2 is also a critical component and its
      potential failure mode is a breakdown of its insulation so that the rod is
      shorted to the heater structure, thereby falsely indicating the presence
      of a flame. In the case of the failure of the silicon controlled rectifier
      92 being continuously conductive, the safety switch relay 102 and safety
      switch heater 110 remain energized and the gas valve solenoid 106 of FIG.
      1 will remain closed. In the event that the flame rod becomes shorted or
      exhibits an unusualy low impedance Z.sub.F shown at 114 in FIG. 2 to the
      heater structure, the heater is prevented from starting by the invention
      by providing appropriate timing of the flame switch 70 operation. More
      particularly, the flame switch is designed so that the semi-conductor
      device 126 switches ON before the silicon controlled rectifier 92 is
      triggered, thereby preventing energization of the relay and opening of the
      gas valve. This timing sequence is achieved by resistors 98 and 140 and
      capacitor 142 which act to delay the gate signal on line 94 for an
      interval sufficient to ensure that the semi-conductor device 126 switches
      ON before the silicon controlled rectifier 92 under these failure
      conditions.
PAR  It should be understood that the details of the foregoing embodiment are
      set forth by way of example only. The thermal time delay need not be a
      thermal type delay but may be any type of time delay such as a
      multivibrator with an internal time delay. Accordingly, it is contemplated
      that this invention not be limited by the particular details of the
      embodiment as shown, except as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety control system for use in a flame-type heater to interrupt the
      supply of fuel to the heater in the absence of a flame, the safety control
      system comprising:
PA1  a burner assembly for developing a flame; first and second electrode means
      associating with said burner assembly so that an electrical circuit is
      completed between said first and second electrode means through and in the
      presence of a flame, and is interrupted in the absence of a flame; a
      source of electrical energy applied between said first and second
      electrode means; delay means for discontinuing the supply of fuel to the
      heater after the elapse of a predetermined interval of time from the
      interruption of said circuit; first switch means in the circuit of said
      first and second electrode means, responsive to the interruption of the
      electrical circuit between said first and second electrode means, taking a
      first operational state when said circuit is completed and a second
      operational state when said circuit is interrupted; and second switch
      means in the circuit of said first switch means and said delay means,
      responsive to the operational state of said first switch means, for
      disabling said delay means when said first switch means is in its first
      operational state, and actuating said delay means when said first switch
      means is in its second operational state to thereby commence the sensing
      of said predetermined interval of time.
NUM  2.
PAR  2. A safety control system for use on a flame-type heater having a burner
      fed by a fuel supply line with an actuatable valve therein, an ignitor, a
      start switch for initiating burner operation and a voltage source, said
      safety control system comprising:
PA1  first normally closed switch means having a first terminal connected to
      said voltage source for delivering electrical energy to the actuatable
      valve and the ignitor, and a second terminal, said switch opening upon
      actuation;
PA1  second switch means having a first terminal connected to the second
      terminal of said first switch means, a second terminal connected to said
      actuatable valve, a third terminal connected to said ignitor, said second
      switch means being selectably operable between a first mode wherein said
      second and third terminals are connected to said first terminal, and a
      second mode wherein said first, second and third terminals are independent
      from one another;
PA1  gate-controlled actuation means operably connected to said second switch
      means for placing said second switch means in its first mode when a signal
      is present at the gate of said actuation means, and for placing said
      second switch means in its second mode when no signal is present at the
      gate of said actuation means;
PA1  gate-controlled sensing means connected to said voltage source for shunting
      gating signals from the gate of said actuation means when a flame is
      sensed at said burner; and
PA1  timing means operably connected to said first switch means and said
      actuation means for initiating a preset time period upon receiving energy
      from said actuation means when a signal is present at the gate of said
      actuation means, and for actuating said first switch means upon the
      completion of said time period should no flame be present, to thereby
      interrupt the supply of fuel to said burner.
NUM  3.
PAR  3. The apparatus of claim 2 and further comprising:
PA1  an electrode postioned to be enveloped in the flame of said burner for
      completing an electrical circuit through said flame to the gate of said
      sensing means.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said timing means comprises a thermal
      delay relay.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said gate-controlled sensing means
      comprises a Darlington stage transistor amplifier.
NUM  6.
PAR  6. The apparatus of claim 2 further comprising a resistor having an
      impedance matched to that of said actuatable valve and connected between
      said actuatable valve and said first switch means.
NUM  7.
PAR  7. A safety control system which senses the absence of a flame and shuts
      off a fuel supply solenoid valve of a combustion heater having an
      electrically energized ignitor, said safety control system comprising:
PA1  flame detection means for producing an output signal upon the detection of
      said flame;
PA1  switch means electrically connected in series with said solenoid valve for
      disconnecting said solenoid valve from a voltage source upon actuation of
      said switch means;
PA1  relay means having a first switch contact connected to a voltage source, a
      second switch contact connected to said solenoid valve, a third switch
      contact connected to said ignitor, said relay means having a relaxed mode
      in which said first, second and third switch contacts are independent from
      one another, and an actuated mode in which said first, second and third
      switch contacts are connected together;
PA1  an actuation coil operably connected to said relay means for actuating said
      relay means to said actuated mode upon the absence of an output signal
      from said flame detection means; and
PA1  time delay means actuated by the lack of an output signal from said flame
      detector means and operably connected to said switch means for actuating
      said switch means upon the elapse of a selected time period before an
      output signal is issued by said flame detector means.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said flame detection means comprises:
PA1  electric conductor means positioned to be enveloped in said flame for
      providing a path of electrical conductivity from said heater structure
      through said flame and to an output terminal of said conductor means, and
PA1  amplifier means having an input connected to said output terminal for
      producing said output signal from said flame detection means.
NUM  9.
PAR  9. The apparatus of claim 7 wherein said time delay means comprises a
      current sensitive thermal time delay relay.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said amplifier comprises a plurality
      of transistor stages connected in common collector configuration.
NUM  11.
PAR  11. The safety control system of claim 1 wherein the first operational
      state of said first switch means shunts energy away from said second
      switch means, and wherein the second operational state of said first
      switch means enables the transmission of energy to said second switch
      means.
NUM  12.
PAR  12. The safety control system of claim 11 wherein said second switch means
      is a silicon controlled rectifier, and wherein its gate receives said
      transmitted energy.
NUM  13.
PAR  13. The safety control system of claim 1 wherein said second switch means
      is a silicon controlled rectifier, and wherein said first switch means is
      positioned between said second switch means and a source of gating energy,
      said first switch means shunting said gating energy away from said second
      switch means when said first switch means is in its first operational
      state.
NUM  14.
PAR  14. The safety control system of claim 1 wherein said first switch means is
      a Darlington amplifier, and wherein said second switch means is a silicon
      controlled rectifier.
NUM  15.
PAR  15. The safety control system of claim 14 wherein said first switch means,
      in its first operational state, shunts gating energy away from the gate of
      said second switch means.
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ABST
PAL  A combination propane lantern, pressure regulator-valve, and pressurized
      propane fuel container in which the lantern is supported by the
      regulator-valve and the propane container, and the rate at which fuel is
      delivered to the lantern remains substantially constant and independent of
      pressure within the propane cylinder and ambient temperature. The lantern
      includes a burner assembly which extends upwardly from the base of the
      lantern, and the regulator-valve is connected to the burner assembly. The
      regulator-valve housing is provided with an internally threaded recess
      into which the connector fitting of the propane container is screwed, and
      the container thereby supports the regulator-valve and the lantern. The
      regulator-valve includes a rotatable adjusting knob which can be used to
      vary the fuel flow through the regulator-valve between fully closed and
      fully opened positions and therefore also serves as an on-off valve.
PARN
PAC  RELATED APPLICATION
PAR  This is a continuation application of copending, co-owned application Ser.
      No. 329,879, filed Feb. 5, 1973.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a propane lantern and, more particularly, to a
      propane lantern in which a pressure regulator functions both as a fuel
      regulator and an on-off valve and supports the lantern on the propane fuel
      container.
PAR  Conventional propane lanterns are powered by propane fuel contained under
      pressure in propane cylinders or containers, commonly called bottles,
      which can be either of the throw-away type or the larger, refillable type.
      The lanterns are generally connected directly to throw-away propane
      bottles, and a simple on-off needle valve is used to regulate and stop the
      flow of fuel. However, since the pressure within the propane bottle varies
      with changes in temperature, the flow of fuel through the on-off valve
      will also vary, particularly during the last hour or so of life of the
      propane container when the lantern may burn with a dim glow. The
      temperature of the propane within the bottle, and therefore its pressure,
      may change because of changes in ambient temperature, or the temperature
      of the propane may decrease as the propane flows from the bottle to the
      lantern. Because the pressure of the propane may be relatively high, the
      fuel orifice in the burner assembly through which the propane flows is
      usually relatively small, for example, of the order of 0.001 inch, and
      this small orifice is subject to clogging. Another problem with on-off
      needle valves is that it is difficult to accurately control the flow of
      fuel through the valve because such a valve has a relatively small
      adjustment range between fully open and fully closed positions. For
      example, a typical needle valve may move between fully open and fully
      closed positions by rotation through only about 10.degree..
PAR  When a larger refillable bottle is used and is connected to the lantern by
      a fuel hose, a regulator may be attached to the end of the hose near the
      propane container. A separate on-off needle valve and a separate regulator
      are thus used.
PAC  SUMMARY
PAR  The invention uses a pressure regulator as both a regulator and an on-off
      valve, and the regulator-valve is connected to the base of the lantern so
      that the lantern and regulator-valve can be connected directly to, and
      supported by, the propane bottle. The rate of fuel flow through the
      regulator is independent of pressure within the propane container or
      ambient temperature, and the regulator delivers fuel to the burner
      assembly of the lantern at a substantially constant rate throughout the
      life of the propane container until only the last few minutes of the life
      of the propane container. The adjusting knob of the regulator can be used
      to adjust the fuel flow and therefore the light output over several turns
      of the knob compared to the limited adjustment range of a needle valve,
      and the regulated pressure permits the use of a much larger fuel orifice
      in the burner assembly which is less susceptible to clogging.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The invention will be explained in conjunction with an illustrative
      embodiment shown in the accompanying drawing, in which
PAR  FIG. 1 is a perspective view of a propane lantern mounted on a pressurized
      propane cylinder;
PAR  FIG. 2 is an enlarged view, partially broken away, of a portion of the
      propane lantern;
PAR  FIG. 3 is a fragmentary sectional view taken along the line 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary bottom plan view taken along the line 4--4 of FIG.
      2;
PAR  FIG. 5 is a sectional elevational view of an adaptor for use with a
      refillable propane container;
PAR  FIG. 6 is an elevational view of the lantern mounted on the adaptor and
      connected to a refillable propane container;
PAR  FIG. 7 is an exploded fragmentary sectional view of the pressure
      regulator-valve and a propane cylinder; and
PAR  FIG. 8 is a view similar to FIG. 7 showing the regulator-valve connected to
      the cylinder.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENT
PAR  Referring now to FIGS. 1-4, the numeral 10 designates a lantern and
      regulator assembly which is mounted on a conventional throw-away metal
      propane cylinder or bottle 11. The propane bottle is in turn inserted into
      a base or stand 12 to provide increased stability. The lantern assembly
      includes a propane lantern 13 and a pressure regulator-valve 14 which is
      secured to the lantern and supports the lantern on the propane bottle.
PAR  The lantern includes a generally cylindrical bottom frame or base 15 having
      a cylindrical side wall 16, a bottom plate 17, and a generally
      frusto-conical upper wall 18 which terminates in a globe-supporting
      shoulder 19 having a generally L-shaped cross section. A top plate 20
      extends within the frusto-conical side wall 18 slightly above the bottom
      wall 17, and an internally threaded nipple 21 on the regulator-valve
      extends upwardly through an opening in the bottom wall 17 to the top wall
      20.
PAR  A conventional burner assembly 22 extends upwardly from the top wall 20 and
      includes an air intake tube 23 and a fuel tube 24. The fuel tube includes
      inner and outer tubes 25 and 26 and an externally threaded nut 27 which is
      screwed into an extension fitting 28 which is externally threaded at 28a
      and 28b. The threads 28a of the fitting and the threaded end of the air
      intake tube are screwed into a mounting bushing 29 having a pair of
      internally threaded bores 29a and 29b. The fitting 28 extends through the
      top plate 20 and the threads 28b are screwed into the nipple 21 of the
      regulator-valve. The mounting bushing and the regulator-valve are thereby
      drawn tightly against the top plate 20, and the bore 28b is positioned
      above an air opening 20a in the top plate.
PAR  The upper end of the inner fuel tube 25 extends through an offset portion
      23a in the air intake tube, and the upper end of the outer tube 26
      terminates at the outer wall of the offset portion 23a. The upper end of
      the tube 25 is provided with a fuel orifice 25a (FIG. 3) through which
      fuel flows into the air intake tube, and the fuel mixed with air is
      conveyed by the burner assembly to mantles 20 for combustion.
PAR  A frusto-conical transparent globe 31 is supported by the shoulder 19 of
      the lantern base, and a ventilator or cover 32 is mounted above the glove
      and secured to the burner assembly by a nut 33 which is screwed onto a
      bolt 34 which extends through the ventilator.
PAR  Referring now to FIG. 6, the regulator-valve 14 includes a regulator body
      or housing 36 which is provided with an internally threaded cylindical
      recess 37 and an internally threaded collar 38 having a recess 39
      extending generally perpendicularly to the threaded recess 37. A generally
      cylindrical spring cage 40 is secured to the regulator body by an
      attaching portion 41 which is screwed into the recess 39.
PAR  A bottle probe 42 is screwed into an internally threaded recess 43 of
      reduced diameter which extends inwardly from the recess 37 and which has a
      threaded portion 43a. A conventional valve core 44 of the type commonly
      used in tire valves is positioned within a recess 45 which extends
      inwardly from the recess 39 and which communicates with the recess 43. The
      valve core includes the usual threaded attaching portion 44a which is
      screwed into a threaded portion 45a of the bore 45. The lower end of the
      bottle probe 42 is provided with an orifice 46 which opens into a central
      longitudinally extending passage 47 within the probe. An annular gasket 48
      surrounds the probe and is held in place by an annular gasket retainer or
      washer 49 engaged by a shoulder 50 on the probe.
PAR  A diaphragm assembly 52 is mounted within the recess 39 and provides a pair
      of chambers 53 and 54 to the right and left, respectively, of the
      diaphragm assembly. The diaphragm assembly includes a flexible diaphragm
      55 which is mounted between the inner end of the attaching portion 41 of
      the spring cage and a radially inwardly extending shoulder 56 on the
      collar 38, a spring plate 57, and a valve depressor 58 which extends
      through the diaphragm and the spring plate and holds them together. A
      helical compression spring 59 engages the spring plate 57 and is held in
      place by a sleeve 60 which is provided with a radially outwardly extending
      spring-retaining rib 61. A screw 62 is threadedly engaged with an
      internally threaded opening 63 in the spring cage 40, and an adjusting
      knob 64 is mounted on the outer end of the screw. An E-ring 65 is mounted
      in a groove in the inner end of the screw 62, and an E-ring 66 is mounted
      in a groove in the external portion of the screw to provide positive stops
      as the screw moves into and out of the spring cage.
PAR  The regulator-valve is shown in the closed position in FIG. 6, and the
      spring depressor 58 of the diaphragm assembly permits the spring-biased
      valve stem 68 of the valve core 44 to extend to its outermost position to
      permit the resilient valve closure member 69 to seat and close the valve
      core. When it is desired to open the regulator-valve, the adjusting knob
      64 is rotated to advance the screw 62 into the spring cage, thereby
      pushing the spring sleeve 60 to the right and forcing the diaphragm
      assembly to depress the stem 68 of the valve core and to unseat the valve
      closure 69. Fuel may therefore flow through the probe 42, the recess 43,
      and the valve core into the chamber 53 and thereafter through a fuel
      passage 70 and into the internally threaded recess 72 of the nipple 21.
PAR  Referring now to the lower portion of FIG. 6, the propane bottle 11 is
      conventional and includes a generally cylindrical metal body 75 and an
      externally threaded fitting or bushing 76 extending from the top of the
      body. The bushing is provided with a central bore 77 in which a
      conventional valve core 78 having a valve stem 79 is mounted for
      maintaining the bore normally closed. An O-ring 80 is held in the bore by
      a retaining sleeve 81.
PAR  When the lantern is to be used, the lantern and regulator assembly is
      mounted on the bottle by screwing the fitting 76 into the internally
      threaded recess 37 of the regulator-valve. As the probe 42 of the
      regulator advances into the recess of the fitting 76, the O-ring 80 seals
      against the probe and the probe engages and depresses the valve stem 79 to
      open the valve 78. The upper end of the fitting 76 engages the gasket 48
      which cushions and protects the fitting, and hand tightening of the
      fitting within the recess of the regulator will provide an effective
      gas-tight seal. Preferably, the screw 62 of the regulator-valve is in the
      off position illustrated in FIG. 6 when the lantern and regulator assembly
      is mounted on the propane bottle so that even though the valve 78 is open,
      fuel is prevented from flowing to the lantern by the valve core 44 of the
      regulator-valve.
PAR  When it is desired to light the lantern, the adjusting knob 64 can be
      rotated to open the valve core 44 while a lighted match is held below the
      mantles 26. The adjusting knob is preferably turned to its fully open
      position in which the E-ring 66 engages the outer end of the spring cage
      40 during the lighting procedure. After the mantles are lighted, the
      adjusting knob can be backed off if desired from the full open position to
      adjust the fuel flow through the valve core 44 to provide the desired
      brightness.
PAR  The diaphragm assembly 52 operates in the conventional manner to maintain
      the rate of fuel flow from the regulator to the fuel tube 24 substantially
      constant and independent of pressure within the bottle. The pressure
      within the propane bottle is maintained in the chamber 53 on the right
      side of the diaphragm 55, and atmospheric pressure is maintained in the
      chamber 54 on the left side of the diaphragm. The spring pressure on the
      diaphragm can be adjusted as desired by the regulating knob 64 and the
      screw 62. If the pressure within the propane bottle decreases and exerts a
      smaller force on the diaphragm than the spring, the diaphragm will move to
      the right, thereby further depressing the valve stem 68 and opening the
      valve core. Conversely, if the pressure within the cylinder increases and
      exerts a greater pressure on the diaphragm than the spring, the diaphragm
      will move to the left, thereby permitting the valve stem 68 to extend and
      causing the passage through the valve core to close or become more
      restricted. While the lantern is operating, the valve stem of the valve
      core may actually hunt, i.e., oscillate between open and closed positions,
      under the influence of the bottle pressure acting on the spring-biased
      diaphragm. The pressure of the propane which flows from the
      regulator-valve to the lantern is thereby maintained at a desired level.
PAR  When it is desired to extinguish the lantern, the adjusting knob is rotated
      to withdraw the screw 62 until the E-ring stop 65 abuts the spring cage as
      shown in FIG. 6. The pitch of the screw 62 is such that the adjusting knob
      may be rotated through at least one full turn from the fully closed to the
      fully opened position, and in the specific embodiment illustrated the knob
      can be rotated through about 2 1/2 to 3 turns. The regulator-valve can
      therefore be adjusted over a very wide range.
PAR  The pressure of the propane within the bottle may vary widely because of
      changes in ambient temperature. The propane fuel is maintained as a liquid
      within the bottle under its own vapor pressure, and the vapor pressure of
      propane at a particular temperature is well known. For example, the
      pressure at 110.degree.F. is about 204 psi, and the pressure at
      30.degree.F. is about 50 psi. Accordingly, if the pressure is not
      regulated, propane would flow to the lantern under very high pressure on
      hot days and under relatively low pressure on cold days. The lantern would
      thus burn very brightly on hot days and might not even consume all of the
      fuel being supplied to the mantles and would burn dimly on cold days.
PAR  The conventional needle valve that is commonly used on propane lanterns
      cannot be used to regulate or control the flow of propane to the burner
      assembly because the needle moves only a small amount between its fully
      open and fully closed positions. The fuel tube which supplies the propane
      to the burner assembly is therefore provided with a small orifice,
      commonly of the order of 0.001 inch, to limit the flow of propane when the
      pressure is relatively high. However, an orifice of this size is subject
      to clogging by foreign particles within the lantern or the fuel.
PAR  In contrast to conventional lanterns, the invention permits the pressure of
      the propane which is supplied to the burner assembly to be maintained at a
      desired level regardless of the temperature of the propane within the
      bottle. I have found that during normal operation a pressure of about 15
      psi in the fuel tube is advantageous, and because of this relatively low
      pressure, the size of the fuel orifice 25a can be increased to within a
      range of about 0.005 inch to about 0.015 inch. I have had particularly
      good results with orifices having diameters of between about 0.008 and
      0.010 inch. If more or less fuel is to be supplied to the mantles to
      provide more or less light, the pressure of the propane can be increased
      or decreased accordingly by rotating the adjusting knob.
PAR  The lantern regulator assembly can also be connected to a bulk or
      refillable propane bottle by using a suitable adaptor for supporting the
      lantern regulator assembly. Referring to FIGS. 4 and 5, the lantern
      assembly 10 is supported by an adaptor 82 and is connected to a large
      refillable propane bottle 83 by a flexible hose 84. The adaptor 82
      includes a generally cylindrical base 85 which may be similar to the body
      of a conventional throw-away propane bottle and a standard externally
      threaded fitting 86 identical to the fitting 76 of the propane bottle 11.
      The fitting 86 is also provided with a valve core 87, and the inner end of
      the fitting is connected to a downwardly extending pipe 88 and an
      outwardly extending pipe 89. An externally threaded fitting 90 is
      connected to the pipe 89 and is accessible through an opening 91 provided
      through the cylindrical wall of the adaptor. The connecting hose 84
      includes a female coupler fitting 92 on one end thereof which is connected
      to the fitting 90 and a male fitting 93 on the other end which may be
      connected to a conventional POL valve 94 on the propane bottle. The
      adaptor 82 serves merely to support the lantern-regulator assembly and to
      connect the fuel hose to the regulator-valve, and the propane fuel is
      supplied by the propane bottle 83. Since the flow of fuel from the propane
      bottle can be stopped by closing the POL valve 94, the adaptor 82 could be
      provided without the valve core 87. However, the valve core provides added
      safety in the event that the lantern assembly is unscrewed from the
      adaptor before the POL valve is closed.
PAR  The refillable propane bottle 83 may typically have a capacity of about 11
      pounds. Even though the refillable bottle has a much larger capacity than
      the throw-away cylinder 11, which may have a capacity of the order of
      about 14 to 16 ounces, the regulator maintains the flow of fuel to the
      mantles substantially constant throughout the life of the bottle for any
      particular setting of the regulator-valve. The flow rate begins to
      decrease only during about the last 5 or 10 minutes of bottle life.
PAR  While in the foregoing specification, a detailed description of a specific
      embodiment of the invention was set forth for the purpose of illustration,
      it is to be understood that many of the details hereingiven may be varied
      considerably by those skilled in the art without departing from the spirit
      and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination, a propane lantern and a pressure regulator assembly
      adapted to be connected to a source of pressurized propane fuel provided
      with an externally threaded fitting, said fitting defining a central bore
      communicating with said source and carrying a valve; the lantern having a
      base and a burner assembly extending above said base, the pressure
      regulator assembly comprising a housing defining a threaded connection
      receiving said burner assembly and an internally threaded recess for
      coupling to said threaded fitting of said source; a bottle probe carried
      by said housing and extending within said internally threaded recess
      thereof to engage and open said source valve when said pressure regulator
      assembly is assembled thereto, said probe defining a flow controlling
      orifice and a passage communicating said orifice with the interior of said
      housing; valve means in said housing communicating with said passage of
      said probe and including a core secured to said housing, a movable stem
      slidably received in said core and spring-biased to a closed position, and
      a resilient closure member carried by said stem for continuously
      controlled adjusting movement between a closed position at which said
      resilient member engages and seals said core and an opened position at
      which said resilient member disengages said core, positions of said
      resilient member intermediate said closed and opened positions adjustably
      controlling the flow of gas from said probe; and pressure regulator means
      carried by said housing and comprising flexible diaphragm means engaging
      said stem of said valve means; main spring means engaging said diaphragm
      means and urging the same to open said valve means; control means having
      an inner end portion with a flange end engaging said main spring means to
      controllably compress the same, and a continuously externally threaded
      portion threadedly received in said housing for controlled rotation over a
      plurality of turns whereby rotation of said control means member in one
      direction moves the inner end thereof toward said diaphragm means to
      increase the compression of said main spring against said diaphragm means
      and to open the valve means, and rotation of said control means in the
      other direction moves the inner end thereof away from said diaphragm means
      to decrease the compression of said main spring against said diaphragm
      means to permit the valve means to close, said valve means being movable
      between the closed and fully open positions by rotation of the control
      means through at least a plurality of turns; and passage means in said
      housing at least partially defined by the side of said diaphragm means not
      engaging said main spring means for communicating gas passing through said
      valve means to said threaded connection receiving said burner assembly,
      whereby the pressure of gas passing through said valve means to said
      turner assembly is regulated and may be continuously adjusted over a range
      defined by said plurality of turns through which said control means may be
      rotated to adjust the compression of said main spring against said
      diaphragm means, said control means extending beyond said housing and
      defining a first groove at one end of said threaded portion external of
      said housing and a second groove within said housing at the other end of
      said threaded portion, said combination further comprising first and
      second spacer means received respectively in said grooves of said control
      means to engage said housing to limit the insertion and retraction of said
      control means; and a knob on said control means beyond said first groove
      to turn said control means by hand.
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ABST
PAL  A glass support bead through which inlead wires extend in a miniature type
      of flash lamp is shaped to have sloping sides and a narrow ridge at the
      top extending from one to the other of the inlead wires, so that any
      unburned metal foil in a flashed lamp is not likely to accumulate on the
      top of the bead so as to cause an electrical short between the inlead
      wires.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  Ser. No. 356,459, filed May 2, 1973, John Baldrige, Jr., and John C.
      Sobieski, "Photoflash Lamp Having Non-Shorting Construction," issued as
      U.S. Pat. No. 3,816,054 on June 11, 1974, and assigned the same as this
      invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is in the field of photoflash lamps of the miniature type in
      which a pair of inleads carry a filament or other electrical ignition
      means inside a bulb having a volume less than two cubic centimeters and
      containing combustion material such as shredded metal foil and a
      combustion-supporting gas such as oxygen. Miniature flash lamps of this
      type are disclosed in U.S. Pat. Nos. 2,982,119 to Robert Anderson and
      3,506,385 to Kurt Weber and George Cressman. The inleads extend into the
      bulb through a seal at the base of the bulb, and the lamps are
      conventionally positioned base-down when flashed in flashcubes and
      multiple flash arrays.
PAR  When such a photoflash lamp is flashed, the shredded metal foil burns in an
      oxygen atmosphere and produces an intense flash of light. Occasionally,
      some remnants of metal will remain in a flashed lamp and tend to bridge
      across the inleads, causing an electrically shorted flashed lamp. Due to
      the small size of miniature flash lamps, it is not feasible to provide an
      internal glass stem to seal and support the inleads within the bulb as had
      been the case with previous large-bulb flash lamps because such an
      internal stem would be difficult to construct in such a small bulb and
      would considerably reduce the amount of space available for the oxygen.
PAR  In miniature flash lamps of the type containing a glass support bead
      through which the inleads are sealed, unburned foil remnants can fall on
      top of the bead and cause a short between the inleads. In miniature flash
      lamps of the type not having a support bead, unburned foil remnants can
      fall between the inleads to the bottom of the lamp and cause a short.
PAR  Such shorting of a flashed lamp is undesirable because it will cause a
      short circuit on the battery or other power source until the lamp is
      removed from the circuit. Many lamp flashing circuits alleviate the
      problem by providing a quick make-and-break synchronizing switch which,
      after closing to apply current to the filament to cause a lamp to flash,
      immediately opens to provide an afterflash open circuit even though the
      flashed lamp may be shorted. Such switch circuits are customarily employed
      for flashing individual flash lamps, and the four flash lamps of a
      flashcube.
PAR  Firing circuits, employing transistor devices or other types of switches,
      have been developed for sequentially flashing, one at a time, a plurality
      of flash lamps in the form of a multiple-flash array. All of the lamps at
      the front side of the array are flashed in turn without moving or turning
      the array. An example of such a multiple-flash array, having five flash
      lamps on each side, is described in U.S. Pat. Nos. 3,598,984 to Stanley
      Slomski and 3,598,985 to John Harnden and William Kornrumpf. An example of
      an electronic firing circuit for a multiple-flash lamp array is described
      in U.S. Pat. No. 3,676,045 to Donald Watrous and Paul Cote. The circuit
      functions, basically, by sequencing past open-circuit flashed lamps, and
      applies a firing pulse to the first lamp in the array having a proper
      filament resistance (of low value such as 0.6 ohms). An "open-circuit"
      flashed lamp, by comparison, normally has a resistance, between its
      lead-in wires, of a few hundred ohms or greater. If a lamp, upon being
      flashed, becomes a "shorted" lamp (as described above and having a low
      resistance of, for example, several ohms or less), the circuit will
      thereafter apply each succeeding firing pulse to the shorted flashed lamp,
      and no further good lamps connected in the circuit can be flashed. Similar
      difficulty can occur with other types of sequencing circuits such as those
      using heat-sensitive switches. Thus, the need is evident for a flash lamp
      design that will almost invariably provide an open circuit upon flashing.
PAR  The above-referenced patent application is directed to a solution of the
      lamp-shorting problem for the type of flash lamp in which the inleads burn
      or melt back from the filament due to heat of combustion when the lamp is
      flashed. A glass sleeve is positioned around an inlead, or an electrically
      insulative member is positioned between the inleads, in a manner to
      increase the electrical path distance between the burned-back inleads when
      the lamp is flashed.
PAC  SUMMARY OF THE INVENTION
PAR  Objects of the invention are to provide improved photoflash lamps of the
      miniature type, and to provide miniature photoflash lamps which will
      almost invariably provide an open circuit upon flashing.
PAR  The invention comprises, briefly and in a preferred embodiment, a
      photoflash lamp of the miniature type having a pair of inlead wires
      extending into a bulb having a volume less than two cubic centimeters and
      containing combustible metal and a combustion-supporting gas, there being
      a filament or other flash ignition means connected across the inlead wires
      within the bulb. In accordance with the invention, a glass support bead is
      provided within the lamp, and the inlead wires are sealed through the
      support bead. The support bead is located below a substantial amount of
      the combustible metal in the lamp (when the lamp is in customary base-down
      position for flashing), and the support bead is shaped to have sloping
      sides and a sharp or narrow top ridge extending from one to the other of
      the inlead wires, to prevent any unburned metal in the flash lamp from
      accumulating on top of the bead and causing an electrical short between
      the inlead wires.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a photoflash lamp in accordance with a
      preferred embodiment of the invention;
PAR  FIG. 2 is a perspective view of the filament mount of the lamp of FIG. 1
      after the lamp has been flashed;
PAR  FIG. 3 shows a prior art filament mount arrangement, viewed the same as in
      FIG. 2, after the lamp has been flashed; and
PAR  FIG. 4 is a perspective view of an alternative mount construction in
      accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The lamp shown in FIG. 1 of the drawing is generally the same as that shown
      in FIG. 5 of U.S. Pat. No. 3,506,385 to Kurt Weber and George Cressman,
      and comprises a tubular envelope 11, preferably made of a borosilicate
      glass or other suitable vitreous material having an enclosed volume of
      less than two cubic centimeters and having a stem press seal 12 at one end
      (the base end) thereof through which a pair of lead wires 13, 14 extend
      from the exterior to the interior of the bulb 11 in a substantially
      mutually parallel spaced apart manner. A bead 16 of glass or other
      suitable vitreous material secures the inlead portions 17 and 18 of the
      leads 13 and 14 in spaced relationship to each other within the bulb 11,
      and a filament or other flash initiation means 19 which may be coated with
      suitable primer ignition material is held near the ends thereof by the
      ends 21 and 22 of the inleads 17 and 18 at a distance above the bead 16.
      Alternatively, primer material may be applied over the inlead ends 21 and
      22, instead of or in addition to being coated on the filament 19.
PAR  The bulb 11 is substantially filled with a loose mass of filamentary or
      shredded metal wire or foil 23, of zirconium or hafnium or other suitable
      combustible metal. Air is exhausted from the bulb 11, and the bulb is
      filled with oxygen at a pressure of at least several atmospheres, such as
      about 5 to 10 atmospheres, and the bulb is sealed off at an exhaust tip 24
      at the other end thereof from the stem press seal 12. The lamp may be
      coated with the usual lacquer or plastic protective coating.
PAR  In accordance with the invention, the bead 16 is shaped to have sloping
      sides 26, 27 so as to define a sharp or narrow ridge 28 at the top of the
      bead and extending from one to the other of the inleads 17, 18. The bead
      may be made in this manner by supporting a small glass ring around the
      inleads 17, 18 and heating until the glass is soft, and temporarily
      clamping a pair of jaws across the glass to form the tapered-side bead.
      Then the filament 19 is mounted across the inleads, following which the
      leads 13, 14 are sealed through the bulb at the press seal 12.
PAR  As has been briefly mentioned, when a flash lamp is flashed, there is
      likely to be bits and pieces, and even kinks and curls, of unburned
      shredded metal foil which (assuming the lamp is flashed in base-down
      position) fall downwardly onto the bead 16. A lamp having lower than
      optimum oxygen pressure or more than the optimum amount of foil will tend
      to have relatively more of this unburned metal debris. Due to the sloping
      sides 26, 27 and narrow top ridge 28 of the bead of the invention,
      substantially all of the unburned metal debris falling onto the bead will
      slide down the slopes 26, 27 and off the bead, and, because the bead
      overlies the space between the inleads at the bottom of the bulb, this
      debris will settle on the bottom of the bulb around the inleads rather
      than between them. These combined effects of the tapered bead, i.e.,
      causing metal debris to slide off the bead, and to settle on the outer
      periphery of the bottom of the bulb, virtually assures that the unburned
      metal will not short across the inleads 17, 18. Also, some metal debris
      can become trapped between the bead periphery and the inner wall of the
      bulb, where it cannot cause shorting.
PAR  In a flash lamp having a conventional rounded bead 16a, as shown in FIG. 3,
      some unburned metal debris 31 is likely to fall and accumulate on the top
      of the bead with a sufficient density to cause a "short" of less than
      about a few ohms up to perhaps a hundred ohms across the inleads 17 and
      18, the exact boundary value of resistance between a "short" and an "open
      circuit" depending on the characteristics of the firing circuit employed.
      Some of the metal particles of the debris 31 are hot enough when they
      contact the bead so as to stick to the bead due to their heat softening
      the glass at the point of contact, whereas other metal particles will be
      loose or will be caught on the stuck particles. FIGS. 2, 3 and 4 show the
      inleads 17, 18 burned back away from where the filament was, which is
      typical of flashed miniature flash lamps due to the high heat of
      combustion. The tapered bead causes any metal drippings of the burned
      inleads to drip down the slopes 26, 27 rather than to accumulate on top of
      the conventional bead 16a.
PAR  In the embodiment of FIG. 4, the bead 16b is provided with almost
      vertically sloped sides 26b, 27b at the upper part, and the lower part
      flares out at sloped shoulders 31 and 32. No undesirable result will occur
      if metal debris accumulates on the shoulders 31, 32, and such is desirable
      in reducing the amount of metal debris that will fall down onto the bottom
      of the bulb.
PAR  In accordance with the invention, it is important that the narrow top ridge
      28 of the bead extends directly from one to the other of the inleads 17,
      18, and preferably in a straight horizontal line, so that metal debris
      falling on the bead will slide off without piling up against the inleads.
      If, for example, the bead were shaped so the narrow ridge was rotated
      90.degree. from the position shown so as to be crosswise between the
      inleads with the inleads extending upwardly through the sloping surfaces,
      then metal debris sliding down the slopes would catch and accumulate
      against the inleads thus increasing the possibility of an afterflash
      shorted lamp. Such a possibility of shorting would be increased if
      unburned elongated kinks or curls of unburned metal would come to rest
      over the top ridge of the bead.
PAR  As shown in FIG. 2, a feature of the invention is that if an elongated kink
      or curl 33 of unburned metal comes to rest over the top of the ridge 28,
      it will be oriented crosswise between the inleads 17, 18 and cannot cause
      a short between them.
PAR  Ideally, the narrow ridge 28 would have a sharp edge; however, a rounded
      edge (having radii about an axis extending from one to the other inlead)
      is more feasible to manufacture and will function satisfactorily, and a
      narrow flat-top ridge 28 is not likely to accumulate sufficient metal
      debris to cause a bothersome short. Preferably, the width (if flat) or
      diameter (if rounded) of the ridge 28 is no greater than the diameter of
      the inleads 17, 18, so that unburned metal debris and molten metal of the
      inleads will tend to slide down the slopes 26, 27 rather than accumulate
      on the ridge 28. The unburned metal debris will slide down the sloped bead
      more readily if the slopes are coated with a lubricant of high temperature
      type such as MoS.sub.2 (molybdenum disulfide), WS.sub.2 (tungsten
      disulfide), graphite, silicone, or Teflon.
PAR  While preferred embodiments and modifications of the invention have been
      shown and described, various other embodiments and modifications thereof
      will become apparent to persons skilled in the art and will fall within
      the scope of the invention as defined in the following claims. The words
      "top" and "bottom," etc., as used herein are to be construed in the
      customarily relative sense, the top and bottom of the lamp and the support
      bead therein remaining the same regardless of lamp orientation.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A miniature photoflash lamp comprising a bulb having an enclosed volume
      of less than two cubic centimeters and containing combustible metal and
      combustion-supporting gas, a pair of inlead conductors extending into said
      bulb through a base thereof, and flash ignition means connected across
      said inleads within said bulb, wherein the improvement comprises a support
      bead positioned in said bulb at a location between said base and said
      ignition means, said inleads extending through said support bead, said
      support bead having substantially flat sloping sides which slope
      relatively farther apart from each other toward the direction of said base
      and terminating at the upper edges thereof in a ridge extending from one
      to the other of said inlead wires, said ridge having a width no greater
      than the cross-section of said inleads.
NUM  2.
PAR  2. A lamp as claimed in claim 1, in which said ridge extends in a
      substantially straight line from one to the other of said inleads.
NUM  3.
PAR  3. A lamp as claimed in claim 1, in which said ridge has a rounded top
      surface having its radii about an axis extending from one to the other of
      said inleads.
NUM  4.
PAR  4. A lamp as claimed in claim 1, in which said ridge has a substantially
      flat top surface.
NUM  5.
PAR  5. A lamp as claimed in claim 1, in which said ridge is substantially
      sharp.
NUM  6.
PAR  6. A lamp as claimed in claim 1, in which each of said sloping sides of the
      bead comprises an upper steep slope portion that is nearly vertical and a
      lower slope portion of less steepness than said upper slope portion.
NUM  7.
PAR  7. A lamp as claimed in claim 1, in which said slopes of the bead are
      covered with a layer of lubricant material.
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ABST
PAL  A system for controlling gas migration in a landfill including a gas
      permeable medium disposed in the trenches constructed for utility pipes to
      provide horizontal conduits for the gases, and a gas permeable medium
      disposed around the manholes and/or catch basins communicating with the
      utility pipes to provide vertical conduits for the gases, the vertical gas
      conduits communicating with the horizontal gas conduits so as to prevent
      the gases from entering the utility pipes. The gases are vented to the
      atmosphere through the manhole covers and/or the catch basin grates by way
      of gas permeable wall segments disposed between the manhole/catch basin
      sidewalls and the pavement, or are vented through vertical pipes that
      extend through the pavement and communicate with the horizontal gas
      conduits. Alternatively, the gases may be conducted from the horizontal
      gas conduits to the cellars of adjacent buildings and used as a fuel for
      heating purposes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a gas migration control system and, more
      particularly, to a system for controlling gas migration in a sanitary
      landfill.
PAR  It is a common practice in developing a land area to construct a landfill,
      the landfill generally being formed from garbage, refuse, and the like. In
      such a sanitary landfill, decomposition gases are generated, which
      typically comprise largely carbon dioxide and methane, although other
      odorous gases such as hydrogen sulfide may also be generated. Methane is a
      colorless, odorless gas that is explosive in concentrations of 5 - 15%,
      and so provision must be made for dissipating these gases, inasmuch as
      they are generated by a sanitary landfill for many years. These gases are
      also generated by marsh deposits such as organic silt and peat, upon which
      the landfill is often placed.
PAR  If the decomposition gases are not properly removed from the landfill,
      methane gas may accumulate in explosive concentrations in sewer lines and
      beneath or within buildings located not only in or above the landfill, but
      also adjacent thereto, inasmuch as methane will migrate laterally from the
      landfill if the material adjacent thereto is more permeable than the
      material covering the landfill.
PAR  Among the efforts that have been made to control gas migration in a
      landfill has been the construction of one or more wells or shafts in or
      adjacent to a landfill, the decomposition gases being withdrawn by one or
      more exhaust blowers. Activated carbon filters have been employed to
      remove odors from the gases discharged by the blowers, but such filters do
      not absorb methane. In addition, incinerators have been installed to burn
      the methane and the odorous gases, natural gas being supplied as a pilot
      if the concentration of methane is too low to support combustion.
PAR  Gravel-filled trenches have also been constructed, the trenches generally
      extending below the landfill in an attempt to intercept all lateral gas
      flow. Where a relatively impermeable top cover, such as clay or pavement,
      overlies the landfill, a system of relatively shallow gravel-filled
      trenches has been constructed at the top of the landfill, the gases being
      discharged through vertical pipes extending through the top cover and
      connected to perforated, lateral pipes in the trenches. In some instances
      the gases discharged from the vertical risers have been burned off.
PAR  A technique used to contain or block the decomposition gases has been to
      construct an impermeable barrier in the form of a liner or a wall adjacent
      to the landfill. Generally, a layer of clay 1 - 4 feet thick, for example,
      or a synthetic membrane has been used for such barrier.
PAR  If buildings are to be constructed over a landfill, the gases generated
      under the building slab could collect in sufficient quantities to cause a
      fire and/or an explosion. Furthermore, these gases could infiltrate into
      the building so as to create a hazardous condition there. In order to
      avoid such danger, subfloor ventilation systems have been constructed in
      order to dilute the decomposition gases with fresh air and to exhaust
      these gases before dangerous concentrations can accumulate. Such exhaust
      systems include a plurality of fresh air trenches vented to the
      atmosphere, connected to which are a plurality of perforated pipes
      imbedded in gravel-filled trenches extending beneath the building slab,
      the gravel-filled trenches being connected with exhaust fans by means of a
      plurality of imperforate exhaust ducts.
PAC  SUMMARY OF THE INVENTION
PAR  The above systems for controlling gas migration in a sanitary landfill are
      extremely costly and in part require frequent inspection and maintenance.
      The present invention overcomes these and other objectionable aspects of
      the prior art.
PAR  In accordance with the invention, the existing utility conduit systems are
      used for collecting, controlling and removing decomposition gases
      generated in a marsh land or sanitary landfill above which is an
      impermeable layer comprising buildings or paved areas, such as streets,
      parking lots, and the like. In particular, the trenches for the storm
      sewer and/or water pipelines are backed-filled so as to provide a layer of
      gravel or crushed stone between the utility line and the pavement,
      communication being provided in these trenches for vertical movement of
      the gases from the crushed stone bedding for the utility pipes to the
      crushed stone layer between the utility pipes and the pavement. The
      utility pipes being at the top of the landfill, the decomposition gases
      naturally move from the landfill into the crushed stone bedding. The
      excavations for catch basins and manholes are back-filled around such
      manholes and catch basins with crushed stone or gravel to promote the gas
      migration from the landfill into the utility pipe trenches. Furthermore,
      the gases migrating along the utility lines are vented to the atmosphere
      through the covers of the manholes and catch basins by way of the crushed
      stone jacket surrounding each manhole and catch basin, such jacket
      communicating to the interior of the respective manhole or catch basin
      through one or more courses of cored brick adjacent the cover.
PAR  In locations adjacent buildings, or where the concentration of methane is
      such that it would be dangerous to vent the gases through the catch basin
      or manhole covers, the gases may be vented through vertical vent pipes or
      risers extending from the crushed stone layers in the utility line
      trenches through the pavement and, if adjacent any building, extending
      above the roofline of such building. Alternatively, the gases may be
      conducted into the cellars of the adjacent buildings where they may be
      burned in equipment used to heat or air-condition the buildings, or to
      heat water for such buildings, thereby enhancing the quality of the air in
      the vicinity of the landfill.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be had to the
      following description of exemplary embodiments taken in conjunction with
      the figures of the accompanying drawings in which:
PAR  FIG. 1 is a view in longitudinal section of a gas migration control system
      according to the invention;
PAR  FIG. 2 is a view taken along the line 2--2 of FIG. 1 and looking in the
      direction of the arrows;
PAR  FIG. 3 is a cross-sectional view similar to that of FIG. 2, showing another
      embodiment of the invention;
PAR  FIG. 4 is a plan view of a cover for a catch basin for promoting the
      dispersion of gases vented therethrough;
PAR  FIG. 5 is a view taken along the line 5--5 of FIG. 4 and looking in the
      direction of the arrows;
PAR  FIG. 6 is a view in longitudinal section of another system for controlling
      gas migration in accordance with the invention;
PAR  FIG. 7 is a view taken along the line 7--7 of FIG. 6 and looking in the
      direction of the arrows;
PAR  FIG. 8 is a view in cross section similar to that of FIG. 7 but showing
      still another embodiment of the invention; and
PA1  Fig. 9 is a cross-sectional view of yet another embodiment of the
      invention, showing means for conducting the decomposition gases from a
      landfill to a furnace in the cellar of a building constructed on the
      landfill.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the representative embodiment of the invention shown by way of example
      in FIGS. 1 and 2, a conventional utility system, such as a storm sewer,
      includes a horizontal conduit 11 of suitable diameter and of reinforced
      concrete, for example, which is disposed just below the top of a sanitary
      landfill 12. At appropriately spaced locations along the conduit 11 and
      communicating therewith are a plurality of catch basins 14 and manholes
      16, which rest upon beddings 18 and 20, respectively, of sand. The conduit
      11 rests upon a bedding 22 of crushed stone in the trench 26 (shown in
      phantom) constructed for laying the conduit, and a surcharge 24 of sand
      upon the refuse 12 supports a conventional pavement 28 of macadam, for
      example. The pavement preferably has a slight slope or grade, not
      detectable in FIG. 1, in order to promote the flow of surface water over
      the pavement and into the catch basins 14, from which the water flows
      through the conduit 11 into a main storm sewer line (not shown) and
      eventually discharges into a river, for example, as is well known to those
      skilled in the art.
PAR  If the surface above the landfill 12 includes a plurality of streets, for
      example, then preferably there would be a conduit 11 together with catch
      basins 14 and manholes 16, along each of these streets. On the other hand,
      if the pavement 28 extends over a large area such as a parking lot, then
      there would be a plurality of conduits 11 preferably generally parallel to
      each other and spaced apart appropriately so as to insure proper drainage
      for the parking lot.
PAR  In accordance with the invention, instead of backfilling the trench 26 with
      sand to the depth of the bedding 22, a blanket or layer 29 or crushed
      stone or coarse gravel, preferably of the size known as ASTM (American
      Society for Testing and Materials) No. 57, for example, is laid over the
      bedding 22 and the conduit 11 to a depth of about 1 foot (30 cm.), for
      example, and the remainder of the trenh 26 is back-filled with sand 30.
      The voids or interstices between the gravel in the blanket 29 provides a
      relatively permeable conduit through which decomposition gases generated
      in the landfill 12 may flow horizontally.
PAR  When back-filling the excavation for each catch basin 14, a space 33 is
      provided between the catch basin and the surcharge 24 and 30, and the
      space 33 is filled with stone or gravel, preferably size ASTM No. 57, so
      as to form surrounding each catch basin a jacket 34 that provides a
      relatively permeable vertical conduit for the decomposition gases, the
      jacket 34 being in communication with the blanket 29. Accordingly, the
      decomposition gases which are generated in the landfill 12 beneath the
      catch basins may flow upwardly as illustrated by the flow lines 36 through
      the jacket 34 adjacent the catch basins, while the gases generated in the
      portion of the landfill disposed laterally of the catch basins will flow
      as indicated by the flow lines 38 to the blanket 29 over the closest
      conduit 11, and thence horizontally to the closest catch basin 14.
PAR  Each catch basin 14 is formed of the usual reinforced concrete sidewall 41
      and bottom 42, which are impermeable to water and gas. In accordance with
      the invention, there is provided an annular gas permeable wall segment 44
      disposed between the sidewall 41 and the usual frame 46 that supports a
      conventional grate 48. The gas permeable wall 44 preferably comprises at
      least one course of cored bricks 50, each of the bricks 50 being formed
      with a plurality of core holes 51 therethrough of approximately
      three-quarter inch in diameter, for example, to enable the decomposition
      gases rising through the jacket 34 to pass laterally through the bricks
      and thence upwardly through the grate 48 and into the atmosphere, as shown
      by the flow lines 52.
PAR  Spaced at appropriate intervals along the conduit 11, the manholes 16
      enable a person to inspect and clean the conduit 11, by removing the usual
      cover 54 and descending by means of the steps 56, which are embedded in
      the reinforced concrete sidewall 58 of the manhole. A jacket 60
      surrounding the lateral wall 58 contains coarse gravel or crushed stone,
      preferably size ASTM No. 57, so as to provide a gas permeable passageway
      in communication with the blanket 29 above, and the bedding 22 below, the
      conduit 11. Between the reinforced concrete top slab 61 and the
      conventional cover frame 62 is at least one course of cored bricks 64, so
      that decomposition gases from the landfill 12 pass horizontally through
      the blanket 29, vertically through the jacket 60, laterally through the
      bricks 64 and thence vertically through the holes in the cover 54 and into
      the atmosphere, as shown by the flow lines 65.
PAR  FIG. 3 shows a cross section of a utility trench in accordance with another
      embodiment of the invention, in which a layer 66 of several inches, for
      example, of clay or other relatively impermeable material is laid
      immediately above the gas permeable blanket 29. The impermeable layer 66
      insures that the gases flowing through the blanket 29 are vented to the
      atmosphere through the catch basins 14 and the manholes 16 and do not
      cause cracks in the pavement 28 above the trench 26, which might otherwise
      occur if there is a relatively heavy flow of gases through the blanket 29.
      The formation of such pavement cracks would necessitate frequent repair
      and would also result in the venting of the decomposition gases through
      large areas of the pavement, which might be undesirable or unsafe.
PAR  FIGS. 4 and 5 show an arrangement for diffusing the gases emitted through a
      catch basin so as to reduce the gas concentration and thus minimize the
      danger where the gases are emitted in parking lots, playgrounds and
      streets, for example. A steel cover 68 is mounted on a plurality of posts
      70 by a plurality of screws 72 in adjacent spaced relation above the
      surface of the pavement 28 and above the grate 48 of the catch basin 14.
      The cover 68 includes a central flat portion 74 that is disposed over the
      grate 48 and a peripheral portion 76 that extends laterally beyond the
      periphery of the grate. The flat portion 74 includes a removable cover 78
      in order to provide access to the grate 48 for inspection and cleaning.
      The peripheral portion 76 slopes outwardly downwardly from the central
      flat portion 74 to the pavement 28 and is formed with a plurality of
      apertures 79 that enable the ground water flowing over the pavement to
      flow into the catch basin 14, while permitting the decomposition gases
      from the jacket 34 and cored bricks 50 to flow upwardly through the grate
      48, laterally outwardly between the pavement 28 and the cover 68, and
      upwardly through the apertures 79 to the atmosphere, as shown by the flow
      lines 80.
PAR  FIGS. 6 and 7 show another system for controlling gas movement in a refuse
      fill. The conventional conduit 82 of a storm sewer system, for example, is
      disposed at the top of the refuse 84 and rests on the usual bedding 86 of
      crushed stone. Spaced at appropriate intervals along the conduit 82 are a
      plurality of catch basins 88 and manholes 90 in communication therewith.
      Jackets 92 and 94 are provided around the lateral walls of the catch
      basins 88 and the manholes 90, respectively, and these jackets are
      preferably composed of size ASTM No. 57 stone or gravel and provide
      relatively permeable vertical passageways through which the gases
      generated in the refuse may rise. In the arrangement of FIGS. 6 and 7,
      however, these gases are not vented to the atmosphere through the catch
      basin grates and the manhole covers, inasmuch as it is assumed that the
      amount of methane generated in the fill 84 is such that a dangerous
      condition would be caused. Rather, the gases are conducted laterally just
      beneath the pavement 98 to a plurality of risers or vent pipes 100, which
      extend through the pavement 98. To this end, the decomposition gases flow
      horizontally through a relatively permeable layer 102, preferably of size
      ASTM No. 57 stone, which is deposited at the top of the trench 104 that is
      excavated for the conduit 82.
PAR  Each riser 100 preferably extends about 25 feet above the pavement 98, in
      order that the methane vented therethrough cause no danger to people or
      vehicles on the pavement. The upward end of the riser is bent over in an
      inverted U-shape at 106 in order to prevent rain water from entering the
      riser, and the lower end of the riser in the layer 102 communicates with a
      short horizontal section of perforated pipe 108 at the center thereof in
      order to promote the flow of gases from the layer 102 into the riser 100.
PAR  Between the conduit 82 and the bedding 86, and the gas permeable layer 102,
      the trench 104 is back-filled with sand at 110, there being a layer 112 of
      crushed stone disposed between the permeable layer 102 and the sand 110,
      the crushed stone layer 112 preventing the sand from infiltrating into the
      permeable layer 102 and plugging the interstices therein.
PAR  At appropriate intervals along the conduit 82, for example every fifty
      feet, there are formed in the trench 104 a plurality of vertical gas
      permeable passageways 114 communicating the bedding 86 beneath the conduit
      82 with the horizontal permeable passageway 102 just beneath the pavement
      98. The passageways 114 are preferably composed of size ASTM No. 57 stone.
      Inasmuch as sand is cheaper than No. 57 stone, the system according to
      FIGS. 6 and 7 is considerably cheaper than a system in which the entire
      trench 104 were filled with No. 57 stone between the bedding 86 and the
      pavement 98, and yet the illustrated system is effective in safely
      controlling and dispersing the decomposition gases generated in the fill
      84. These gases flow upwardly through the jackets 92 and 94 surrounding
      the catch basins 88 and the manholes 90, respectively, and through the
      vertical passageways 114 therebetween to the horizontal passageway 102
      disposed just beneath the pavement 98. The gases then flow horizontally
      through the passageway 102 to the nearest riser 100, through which they
      are vented to the atmosphere. Such gas flow is shown by the flow lines
      116.
PAR  The pavement 98 is typically crowned or sloped in order to facilitate the
      flow of ground water into the catch basins 88, and the risers 100 are
      preferably located at the peaks of such crowns in order that the gas flow
      through the generally horizontal passageway 102 may flow upwardly toward
      the risers.
PAR  In order to limit the number of obstructions extending above the pavement
      98, the risers 100 are preferably located adjacent fire hydrants, street
      lights, and the like, thereby also limiting the number of barriers which
      might be required in order to protect such fire hydrants, lights etc. from
      vehicles. The street lights may even be constructed so as to include the
      risers 100 therein.
PAR  If the pavement and base 98 should be less than 12 inches, for example, it
      might be weakened by the No. 57 stone in the passageway 102 immediately
      thereunder. Under such conditions, an additional layer of crushed stone
      several inches thick similar to that in the layer 112 could be deposited
      between the layer 102 and the pavement 98 to act as a buffer therebetween.
PAR  FIG. 8 shows a cross section of another back-filled utility trench which
      might be used in the system according to FIG. 6. Corresponding elements
      are designated with the same reference numerals, primes being added to the
      elements in FIG. 8. In this arrangement, the gas permeable horizontal
      passageway 102' is also immediately adjacent the pavement 98' and is
      spaced from the conduit 82' and bedding 86' by the sand blanket 110', and
      the horizontal passageway 102' is communicated with the bedding 86'
      through the catch basin jackets, the manhole jackets and the vertical
      passageways (not shown in FIG. 8). The gas permeable passageway 102'  does
      not extend across the full width of the trench 104', although its depth is
      increased as compared to the depth of the passageway 102 in FIG. 7, so
      that the cross-sectional area of the passageway 102' is about the same as
      that of the passageway 102.
PAR  A perforated pipe 118 extends throughout the length of the passageway 102'
      in the upper central portion thereof in order to enhance the gas
      conducting capability of the passageway 102'. A perforated pipe is also
      preferably placed in the jacket surrounding each catch basin and manhole
      just beneath the pavement, the perforated pipe surrounding each such catch
      basin and manhole being connected with the perforated pipe 118.
PAR  FIG. 9 shows a cross-sectional view of a back-filled utility trench
      according to another embodiment of the invention. A conduit 120, which may
      be part of a conventional storm drain system, or may be used to supply
      water under pressure for domestic and/or commercial users, rests upon the
      usual bedding 122 of crushed stone. The trench 124, which is excavated in
      a landfill 126, is back-filled over the conduit 120 and the bedding 122
      with a layer of sand 128, above which is deposited a gas permeable layer
      130, which preferably is composed of size ASTM No. 57 stone, through the
      interstices therebetween flow the gases generated by the landfill 126.
PAR  At appropriate intervals along the conduit 120 are provided a plurality of
      vertical passageways extending between the bedding 122 and the gas
      permeable layer 130, such vertical passageways (not shown in FIG. 9)
      preferably being composed of size ASTM No. 57 stone, similar to the
      vertical passageways 114 in FIG. 6, whereby the gases generated in the
      landfill 126 will flow upwardly into the bedding 122, thence horizontally
      therethrough to the nearest vertical passageway, and then upwardly to the
      gas permeable layer 130.
PAR  Horizontal movement of the gases through the layer 130 is promoted by a
      perforated pipe 132, which is preferably disposed in the upper central
      portion of the layer 130, and generally parallel to the conduit 120. A
      relatively impermeable layer 134, preferably of clay, is deposited
      immediately above the permeable layer 130, and the remaining portion of
      the trench 124 is back-filled with sand 136 between the impermeable layer
      134 and the conventional pavement 138.
PAR  The utility trench 124 runs adjacent to a building 140, which includes the
      usual foundation 142, slab 144, cellar 146 and floor 148. In order to
      prevent a dangerous concentration of methane from entering the cellar 146
      through cracks or other imperfections in the slab 144 from the landfill
      126 immediately therebelow, a gas impermeable layer 150, preferably of
      clay, is deposited immediately below the slab 144, and a relatively
      permeable layer 152, preferably of size ASTM No. 57 stone, is provided
      between the impermeable layer 150 and the landfill. Horizontal movement of
      the gases generated in the landfill below the building 140 through the
      permeable layer 152 is promoted by a perforated pipe 154 therein, the pipe
      154 extending through the foundation 142, so as to conduct the gases in
      the permeable layer 152 away from the building 140.
PAR  The perforated pipe 154 extends into the utility trench 124 and connects
      with the perforated pipe 132, and a transverse trench 156, which is
      excavated between the foundation 142 and the utility trench 124, is
      back-filled with size ASTM No. 57 stone so as to provide a permeable layer
      158 in the trench 156 surrounding the perforated pipe 154, in general
      registry with the permeable layers 130 and 152.
PAR  A gas impermeable layer 160, preferably of clay, is deposited in the
      transverse trench 156 over the permeable passageway 158 and in general
      registry with the impermeable layers 134 and 150, and the remaining
      portion of the trench 156 is back-filled with sand 162 between the
      impermeable layer 160 and the pavement 138.
PAR  The decomposition gases from the landfill 126 flow horizontally through the
      perforated pipe 154 and the permeable layers 152 and 158 from beneath the
      building 140, and also flow horizontally from the permeable layer 130 (and
      the perforated pipe 132) in the back-filled utility trench 124, and these
      gases are conducted upwardly through a solid pipe 164, which is connected
      to the perforated pipe 154 and extends upwardly through the impermeable
      layer 160 adjacent the foundation 142. The solid pipe 164 extends through
      the foundation 42 into the cellar 146, where it supplies the methane and
      other decomposition gases to a conventional furnace 166. Accordingly, the
      potentially dangerous methane generated in the landfill 126 beneath and in
      the vicinity of the building 140 is used to heat the building, thereby
      making it unnecessary to vent these gases to the atmosphere in the
      vicinity of the building. Accordingly, by avoiding the direct discharge of
      methane and other decomposition gases into the atmosphere, the quality of
      the air in the vicinity of the landfill is improved.
PAR  While the fundamental novel features of the invention have been shown and
      described, it will be understood that various substitutions, changes and
      modifications in the form and details of the systems illustrated may be
      made by those skilled in the art without departing from the spirit and
      scope of the invention. For example, utility trenches for storm sewer
      systems or for water supply may be back-filled in accordance with the
      systems illustrated in FIGS. 2 and 3 in order to vent the decomposition
      gases to the atmosphere through a plurality of risers (as illustrated in
      FIG. 6) or to burn these gases in a furnace to heat a building (as in FIG.
      9). Similarly, the systems illustrated in FIGS. 7, 8 and 9 could be used
      for venting th gases to the atmosphere through catch basin grates and
      manhole covers as shown in FIG. 1. All such variations and modifications,
      therefore, are included within the scope of the invention as defined by
      the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for controlling gas migration in a landfill into which extends
      at least one substantially vertical conduit having impermeable walls
      connected to a substantially horizontal conduit of a utility system, the
      vertical conduit communicating with the atmosphere through an aperture in
      a pavemennt overlying the landfill, comprising means forming a space
      surrounding the vertical conduit and extending from the pavement into the
      landfill, a gas permeable medium in the vertical conduit surrounding
      space, and gas permeable conduit forming means disposed between the
      vertical conduit and the pavement communicating the vertical conduit with
      the aperture in the pavement, whereby gases from the landfill flow through
      the gas permeable medium and the gas permeable conduit forming means into
      the atmosphere.
NUM  2.
PAR  2. The system according to claim 1 wherein the gas permeable medium
      includes crushed stone.
NUM  3.
PAR  3. The system according to claim 1 wherein the gas permeable conduit
      forming means includes at least one course of gas permeable bricks.
NUM  4.
PAR  4. The system according to claim 1 wherein the utility system is a storm
      sewer system, and also including a cover for the aperture in the pavement,
      at least the central portion of the cover being impermeable, the cover
      being spaced above the pavement and the periphery of the cover extending
      laterally beyond the periphery of the aperture, so that gases from the gas
      permeable conduit forming means flow upwardly through the aperture in the
      pavement and outwardly between the pavement and the cover, the gases being
      vented to the atmosphere through a zone having a perimeter greater than
      the perimeter of the aperture, and surface water flowing inwardly between
      the pavement and the cover and downwardly through the aperture in the
      pavement.
NUM  5.
PAR  5. The system according to claim 4 wherein the cover includes a central
      impermeable substantially flat portion, and a peripheral portion sloping
      outwardly and downwardly from the central portion to the pavement, the
      periphery of the central portion being disposed laterally beyond the
      periphery of the aperture, the peripheral portion including a plurality of
      apertures for venting the gases to the atmosphere.
NUM  6.
PAR  6. The system according to claim 1, also including means forming a space
      adjacent the horizontal conduit, the horizontal conduit adjacent space
      communicating with the vertical conduit surrounding space, and a gas
      permeable medium in the horizontal conduit adjacent space, whereby gases
      from the landfill flow laterally through the gas permeable medium adjacent
      the horizontal conduit to the space surrounding the vertical conduit and
      then flow upwardly through the gas permeable medium surrounding the
      vertical conduit and through the gas permeable conduit forming means into
      the atmosphere.
NUM  7.
PAR  7. The system according to claim 6, also including a gas impermeable
      barrier disposed between the pavement and the gas permeable medium
      adjacent the horizontal conduit.
NUM  8.
PAR  8. The system according to claim 7, wherein the gas permeable medium
      includes crushed stone.
NUM  9.
PAR  9. A system for controlling gas migration in a landfill over which extends
      at least one substantially horizontal conduit of a utility system,
      comprising means forming a space extending generally parallel with the
      horizontal conduit, a gas permeable medium in the space parallel with the
      horizontal conduit, and conduit means for conducting gases away from the
      space parallel with the horizontal conduit.
NUM  10.
PAR  10. The system according to claim 9, wherein a pavement overlies the
      landfill, and the conduit means extends from the space parallel with the
      horizontal conduit through the pavement so as to vent the gases from the
      landfill to the atmosphere.
NUM  11.
PAR  11. The system according to claim 10, wherein the horizontal conduit
      communicates with at least one substantially vertical conduit having
      impermeable walls, and also including means forming a space surrounding
      the vertical conduit, the vertical conduit surrounding space communicating
      with the space parallel with the horizontal conduit, and a gas permeable
      medium in the vertical conduit surrounding space, whereby gases from the
      landfill flow upwardly through the gas permeable medium surrounding the
      vertical conduit and then flow laterally through the gas permeable medium
      parallel with the horizontal conduit to the conduit means extending
      through the pavement.
NUM  12.
PAR  12. The system according to claim 9, wherein the gas permeable medium
      parallel with the horizontal conduit and from which the conduit means
      conducts gases is spaced from the horizontal conduit, and also including
      means forming substantially vertical passageways extending between the
      horizontal conduit and the gas permeable medium parallel therewith at
      spaced locations along the horizontal conduit, and a gas permeable medium
      in the vertical passageways, whereby gases from the landfill flow upwardly
      through the gas permeable medium in the vertical passageways and then flow
      laterally through the gas permeable medium parallel with the horizontal
      conduit to the gas conducting conduit means.
NUM  13.
PAR  13. The system according to claim 9, also including perforated conduit
      means disposed in the gas permeable medium parallel with the horizontal
      conduit and extending generally parallel therewith, the perforated conduit
      means communicating with the gas conducting conduit means.
NUM  14.
PAR  14. The system according to claim 9, wherein a building is located adjacent
      the horizontal conduit and the building contains equipment including a
      burner, and the gas conducting conduit means communicates with the burner
      so as to feed the gases thereto.
NUM  15.
PAR  15. The system according to claim 14, also including a gas impermeable
      barrier disposed above the gas permeable medium parallel with the
      horizontal conduit.
NUM  16.
PAR  16. The system according to claim 14, also including means forming a space
      beneath the building, a gas permeable medium in the space beneath the
      building, and conduit means communicating the gas permeable medium beneath
      the building with the gas conducting conduit means, whereby the gases
      beneath the building flow through the gas permeable medium beneath the
      building and through the communicating conduit means to the gas conducting
      conduit means and thence to the burner.
NUM  17.
PAR  17. The system according to claim 16, also including a gas impermeable
      barrier disposed between the building and the gas permeable medium beneath
      the building.
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ABST
PAL  A calcining method and apparatus are provided wherein material to be
      treated is fed into the top of the furnace and the finished material
      discharges from the bottom of the furnace and cooling and combustion air
      enters under forced draft through the bottom of the furnace and flows
      upwardly through the column of material. A part of the fuel supply is
      delivered to the region between an upper preheating zone in the furnace
      and a subjacent combustion or firing zone and the balance of fuel required
      for firing is introduced into the combustion zone about its periphery.
      Provision is also made for bypassing part of the cooling air from a lower
      cooling zone to the combustion zone, with intermediate cleaning of the
      bypassed air.
BSUM
PAR  This invention relates to thermal treatment of lumpy and/or granular
      material and more particularly concerns calcining of limestone, dolomite,
      magnesite, or the like, in a vertical furnace provided with fuel feeding
      and combustion means and having within the treatment passage chamber of
      the furnace a preheating zone, a combustion zone and a cooling zone
      through which the material to be treated moves downwardly countercurrent
      to gas including combustion air moving upwardly.
PAR  In stack type furnaces for burning of granular and/or lumpy material, the
      hot treatment gas generally rises more freely along the wall of the
      furnace chamber because hollow spaces occur in the material column at the
      wall of the furnace and which offer only slight resistance to the flowing
      hot gas. In the central area of the material column, however, a fairly
      compact core of material pieces packed fairly closely together developes
      and this substantially hinders rising of the hot gases. Due to the
      undesirable hot gas distribution, temperatures occur at the chamber
      furnace wall which may be several hundred degrees above those in the
      material column. Therefore, performance of the furnace is considerably
      impaired because due to the uneven processing heat conductants, the
      carbonic acid contents of the treated material depositing from the center
      of the column is higher than that of the material deposited from the areas
      of the column adjacent to the wall of the furnace, and therefore
      nonuniform end product qualities cannot be avoided.  Furthermore, the
      ceramic furnace lining is thermally loaded in such manner that
      considerable damage may occur in the lining.
PAR  A method for the calcining of carbonate containing material in a gas-heated
      shaft or stack furnace is known from the published German application No.
      1,185,978, according to which the required entire amount of gas is
      introduced in the lower combustion zone by means of a central burner which
      is introduced into the furnace from below. However, satisfactory
      temperature distribution and decrease of the residual carbonic acid
      content in the finished material cannot be achieved. In addition, the
      central burner is expensively constructed and is exposed directly to the
      high temperatures of the firing zone which greatly reduces the burner
      life.
PAR  In another disclosure, according to German Patent No. 1,096,278, a method
      is proposed for attaining evenly calcined lime from limestone in a
      stack-type furnace wherein heat is generated partly with liquid fuel and
      partly with lumpy coke. The coke is according to that disclosure
      preclassified and mixed with the liquid fuel in such a way and fed to the
      furnace from above so that the coke fines should burn above the combustion
      zone and the larger lumps of coke purportedly burn below the combustion
      zone with the liquid fuel. According to that arrangement, however,
      adherence of the hot rising gases to the furnace wall does not prevent,
      even where the fuel coke mixture is very carefully controlled, danger of
      overburning of the material in areas of the wall. Because of the silo
      condition of the material column in the furnace, there cannot be prevented
      insufficient burning of the material particles of the column core, so that
      the material discharged from the furnace is of non-uniform quality.
PAR  It is, accordingly, an important object of the present invention to
      provided a method of and means for thermal treatment of granular and/or
      lumpy material in a vertical furnace which will avoid the drawbacks of
      prior arrangements and according to which in particular with respect to
      calcining of limestone, dolomite, magnesite or the like uniform calcined
      quality of the finished material removed from the furnace can be assured.
PAR  Another object of the invention is to improve the heating balance of a
      stack-type furnace by reducing heat losses, decreasing the flow resistance
      to hot gases rising in the furnace, and to achieve substantially improved
      real performance of the furnace.
PAR  According to features of the invention a part of the required fuel is
      introduced into the central area of the material column preferably in the
      boundary area between the preheating zone and the combustion zone, while a
      balance of the fuel is directed to the peripheral areas of the material
      column in the combustion zone. As a result of these novel steps, the
      material column in the furnace is enriched with the very amount of fuel
      necessary and sufficient to supply the densely packed core or central
      material in the column with adequate process heat for thorough calcining.
      In the attainment of this result, the material in the core area of the
      material column as well as adjacent to the furnace wall is deacidized
      uniformly. Considered in cross section within the furnace, the specific
      weight of the material is substantially uniform in each process stage so
      that as the material descends in the furnace the silo condition of the
      bulk material is avoided and the core area of the material column is
      provided with a wedge enriched with fuel which extends from a fuel
      charging point below the preheating zone and through the combustion zone.
      By virtue of the exactly defined wedge formation the material receives
      throughout a long combustion zone length the amount of heat required for
      calcining as well as for thorough deacidizing so that uniform soft burning
      is achieved. In addition, the invention provides for the avoidance of
      depositing on the furnace wall of liquid or powdered fuel residue or
      condensate and thus delayed heating of the furnace.
PAR  According to one embodiment of the invention, about 20% to 40%, and
      preferably about 30% of the required fuel is introduced into the central
      region of the material column. Thereby ready adaptability to various
      qualities required in the material in operation of the furnace is
      advantageously attainable, the material being treated can receive in the
      respective process stages the necessary volume of fuel and it is even
      possible to maintain process conditions for soft burning within acceptable
      economic limits even with low grade raw material. It is thus apparent that
      the present invention attains improved results even where there is a wide
      fluctuation in raw material composition.
PAR  According to a further embodiment of the invention the fuel is supplied to
      the combustion zone by means of intermittently operating fuel feeding
      units and/or intermittently operating combustion means at the peripheral
      area of the material column. This is especially advantageous in that a
      pulsating expansion and combustion of the preferably gasified liquid fuel
      takes place across the entire combustion zone of the furnace, whereby the
      expanding and burning fuel expands within the material column in such a
      way that the combustion air which has collected in the wedge-shaped core
      area of the material column and is not yet consumed can be displaced
      toward the wall areas of the furnace. As a result optimum combustion of
      fuel is achieved in the areas adjacent the furnace wall as well as in the
      core area of the material column, and the frequently observed formation of
      soot in the practice of heretofore known combustion methods in vertical
      furnaces can be almost entirely avoided.
PAR  According to the invention the combustion promoting means of the fuel
      feeding units at the combustion zone are advantageously controlled in such
      manner that the combustion air remaining unconsumed in the center of the
      furnace flows in the furnace zig-zag-fashion in upward direction so that
      the advantage of the uniform combustion of the fuel and the uniform
      temperature distribution is even further improved and thus desired
      combustion quality in a raw material charge can be maintained. Due to the
      uniform temperature distribution in the furnace, the walls of the furnace
      are substantially protected and the heretofore observable erosion of the
      fire-resistent lining material due to temperature fluctuations is avoided.
PAR  There is provided in a preferred embodiment of the invention an arrangement
      wherein the fuel feeding means and/or the combustion arrangements receive
      heated combustion air derived from that which is introduced at the lower
      end of the furnace into the cooling zone and which is shunted from the
      cooling zone and bypasses the material column which is located directly
      above the cooling zone, such air being about 30% of the volume of air
      introduced into the cooling zone. This is advantageous in that the cooling
      zone receives the benefit of the entire indraft of combustion air for
      quick and efficient cooling of the completely calcined material for
      convenient handling on discharge from the furnace. In addition, by
      shunting off part of the air introduced to the furnace from below, process
      heat from the treated material located directly above the cooling zone is
      removed substantially slower so that in addition to the fuel which is
      still burning in the core area of the column and still releases thermal
      energy, enough process heat exists so that the material being treated is
      more efficiently deacidized in the core areas of the individual material
      grains or material lumps. An additional advantage achieved by shunting off
      of the cooling air from the cooling zone is that flow resistance of the
      gas in the material column is lowered considerably in the area above the
      cooling zone, so that blower units of lesser performance and smaller sizes
      can be used.
PAR  A further substantial advantage of the present invention resides in the
      improved thermal utilization of the energy introduced into the furnace,
      since only the volume of air required for combustion of the necessary fuel
      needs to pass through the furnace and thereby less thermal loss occurs in
      the discharge gases.
PAR  There is further provided according to the present invention at least one
      fuel feeding arrangement in the furnace between the preheating zone and
      the combustion zone discharging into the furnace axis whereby part of the
      fuel requirement is introduced into the furnace through a simple and
      inexpensive device directly into the central area of the material column,
      thereby powdered, lumpy as well as liquid fuel can be used, introduced
      preferably by gravity feed through the discharge end of fuel feeding means
      directed downwardly. Such fuel supply means is preferably constructed to
      extend across the furnace chamber, which is an advantageous construction
      because it thereby attains desirable static stability by anchoring of the
      opposite ends of the device in the furnace wall. Further, this fuel
      supplying device may comprise at least one fire-resistent preferably
      ceramic carrier member comprising a devider which extends from the
      preheating zone into the combustion zone. The fuel supply may therefore be
      relatively low flashpoint fuel which is sufficiently protected by the
      thermal insulating qualities of the ceramic material of the device so that
      additional cooling of the fuel supply for the device is unnecessary. Since
      the device extends upwardly from the combustion zone into the preheating
      zone it affords desirable static stability for the upper end of the
      furnace.
PAR  According to the preferred embodiment of the invention the underside of the
      fuel supply carrier member is of arch-like form and the fuel supply means
      discharges at about the center of the arch into the furnace. This has the
      advantage that the fuel is thus directed into a central area of the
      material column in which there is a substantial concentration of unused
      ascending air, thereby providing a substantial oxidation zone into which
      the powdered, lumpy or liquid fuel is directed at the top of the
      combustion zone within the furnace and the material receives the units of
      heat which are required for rapid and complete calcining. By having the
      fuel suppply arrangement such that it extends downwardly from the furnace
      wall, the fuel supply is preheated within the arched ceramic carrier
      member before entering the furnace and mixing with the hot air therein for
      exothermic reaction.
DRWD
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of a preferred embodiment thereof,
      taken in conjunction with the accompanying drawings although variations
      and modifications may be effected without departing from the spirit and
      scope of the novel concepts embodied in the disclosure, and in which:
PAR  FIG. 1 is a vertical sectional schematic view, partially in elevation, of a
      shaft-type calcining furnace embodying features of the invention and taken
      substantially along the line II of FIG. 2; and
PAR  FIG. 2 is a vertical sectional view taken substantially along the line
      II--II of FIG. 1.
DETD
PAR  By way of example, a rectangular shaft-type calcining furnace 1 is depicted
      in the drawings provided with a flame resistant lining 2 defining a
      vertical passage treatment shaft chamber, identified at 3 by an arrow
      which depicts the descending progress of material to be calcined as it
      travels through a preheating zone V, a burning or combustion zone B and a
      cooling zone K. Material to be treated in the furnace 1 is delivered by
      means such as a conveyor 4 into a funnel shaped hopper 5 which discharges
      into the top of the furnace chamber. Under the lower, discharge end of the
      furnace 1 means are provided for receiving and removing the calcined
      product, and comprising a spreader of generally cone or pyramid shape on a
      spreader plate 7 and by which the calcined material is directed onto a
      conveyor 8. Air for promoting combustion, identified by the arrows L, is
      forcedrafted into the furnace chamber countercurrent to the descending
      material and ascends up through the material and the several zones to
      exhaust at the top of the furnace chamber, there being provided suction
      draft-inducing means, of conventional form, not shown, for this purpose in
      association with the top of the furnace shaft.
PAR  Means for implementing the important feature of prefiring the material to
      be calcined in the upper portion of the furnace 1, immediately below the
      preheating zone V and immediately above the combustion zone B, comprise at
      least one fuel supplying device discharging at about the center of the
      combustion chamber 3. In a preferred embodiment, such device comprises at
      least one and preferably two (depending upon the size of the furnace)
      fire-resistant ceramic bridge members 9 mounted in and extending across
      the upper portion of the furnace chamber. Each of the members 9 is of
      substantial height and as thin a section as practicable and extending
      upwardly within the preheating zone V from the upper boundary end of the
      combustion zone B, with their planes parallel, and located substantially
      equidistantly from one another at their adjacent faces and at their
      opposite faces being spaced about the same distance from the respective
      adjacent wall areas of the furnace lining 2. To facilitate passage of raw
      material thereby, charged from the hopper 5 adjacently thereabove, each of
      the members 9 has its upper edge of generally roof peak or knife edge form
      10. For optimum fuel injection nozzle or port disposition, each of the
      members 9 has its lower edge 10a of arched form, preferably both
      longitudinally and transversely, substantially as shown in FIGS. 1 and 2.
      A plurality of fuel supply passages 11 of preferably straight tubular form
      extend from the outer sides of the furnace lining 2 generally diagonally
      downwardly into and through the respective members 9 and discharge through
      ports 11a at the longitudinal medium center line of the arched surfaces
      10a respectively. As shown in FIG. 1, a desirable arrangement comprises
      having two of the fuel passages porting adjacent to the longitudinal
      center of the arched surfaces 10a and two additional of the passages 11
      porting through the surfaces 10a of each of the members 9 intermediate the
      center ports and the outer ends of the arch edges 10a. At their outer ends
      the passages 11 are in communication with suitable fuel supply means 11b
      which may be manifolds and connected to suitable source of supply (not
      shown).
PAR  For supplying the combustion zone B with fuel, means comprising a
      plurality, herein three, fuel supply manifolds 12 are mounted on the outer
      perimeter of the furnace, and more particularly the lining 2 in vertically
      spaced relation and communicate with the interior of the furnace chamber 3
      through respective annular series of circumferentially spaced ports 12a
      which are desirably relatively staggered with respect to the adjacent
      ports. Fuel is delivered to the manifolds 12 from any suitable source,
      preferably in liquid form. Preheated air is mixed with the fuel in the
      manifolds 12 through air supply branches 13 each controlled by suitable
      respective flow control or damper means 14 and receiving the air from a
      bypass air duct 15 communicating with the cooling zone K. For this purpose
      an impeller blower 16 directs air into the passage 15 from a dust
      collector 17 which is connected by means of an exhaust manifold 17a and
      branch ducts 18 controlled by means of rotably mounted damper plates 19
      and communicating with respective receiving manifolds 20 encircling the
      cooling zone K about the outside of the liner 2 of the furnace in
      vertically spaced relation and communicating with the furnace chamber 3
      through exhaust ports 20a.
PAR  In operation, the furnace 1 is fed with granular and/or lumpy limestone,
      dolomite or magnesite to be calcined, from above by means of the conveyor
      14 and the charging funnel hopper 5 delivering into the preheating zone V
      and then moves downwardly within the furnace chamber 3 through the
      preheating zone V, the combustion zone B and then through the cooling zone
      K and is discharged as completely calcined material below the cooling zone
      past the spreader 6 and plate 7 and then transported by the conveyor 8
      which delivers the calcined material to further handling or processing
      means 8' (FIG. 2).
PAR  Part of the fuel required for burning of the material to be treated,
      preferably in powdered, lumpy or liquid fuel form and which may be fuel of
      low quality such as, for example, waste or used oil, is introduced into
      the upper area of the furnace chamber, desirably at the border or boundary
      area between the preheating zone V and the combustion zone B, by means of
      the fuel supply means 11 which are arranged in the members 9 which deliver
      the fuel into the central area of the material column. Thereby a
      fuel-combustion material mixture is provided which forms a wedge in the
      core area of the furnace due to the silo condition of the column of the
      material to be treated in the furnace, and extending from the charging
      point of the fuel through the combustion zone B. The remaining fuel
      required for calcining combustion is directed into the combustion zone
      region at three levels to the peripheral areas of the material column by
      the preferably intermittently operating wall carried combustion means
      represented by the manifolds 12. In a preferred arrangement, preferably
      about 30% of the required fuel is directed to the central area of the
      material column and the remaining 70% of the required fuel is directed to
      the combustion zone B through the manifolds 12, preferably in the form of
      a liquid fuel. The particular ratio of core supplied fuel and peripherally
      supplied fuel is adjustable for accommodating particular process
      gradations or temperature gradations in the combustion zone V and for this
      individual adjustment of the fuel delivered from the repsective manifolds
      12 may be effected in the preferred order at the three fuel delivery
      levels.
PAR  The combustion promoting air L introduced into the furnace from its lower
      end into the cooling zone K where the treated material is still hot,
      ascends under efficiently cooling forced draft and transfers heat from the
      calcined material, as it rises in the cooling zone K. In the upper area of
      the cooling zone K and preferably at or adjacent to a supplementary
      treatment zone N located between the combustion zone V and the cooling
      zone K, about 30% of the air introduced into the cooling zone K is shunted
      off to the bypass line passage 15 and is then directed into the combustion
      fuel manifolds 12. The remainder of the air L flows on up through the
      furnace chamber, and more particularly through the combustion zone B and
      the preheating zone V and is removed together with the reintroduced bypass
      air as exhausted gas from the furnace by means of the draft producing
      means such as a suction blower (not shown).
PAR  The fuel supply manifolds 12 at the several levels in the combustion zone B
      are desirably controlled in such a way that the vaporized fuel flaming
      into the bulk material column within the furnace expands in a manner such
      that the combustion air which is uncombined and has collected in the wedge
      shaped density zone enriched with powdered, lumpy or liquid fuel from the
      supply means 11, is displaced toward the areas of the furnace chamber wall
      so that an approximately zig-zag shape upward movement of the combustion
      air is effected in the combustion zone B. Thus, the wall areas of the
      furnace chamber receive sufficient volume of the combustion air for
      virtually soot-free combustion at uniform combustion temperatures,
      considered over the cross section of the furnace chamber. The temperature
      of the bypass air from the passage 15 can be adjusted as by means of the
      control devices 14 at the air feeding branches 13 by controlling intake of
      a supply of fresh air through respective inlets 13a, thus enabling a
      preferred combustion air temperature for each level of the combustion zone
      B to be adjusted individually.
PAR  It is therefore within the scope of the invention to direct the bypass air
      continuously or by interim switching by operation of the blower 16,
      through the bypass passage 15 to the fuel supply manifolds 12 to the
      combustion zone B as combustion promoting air.
PAR  It will be understood that variations and modifications may be effected
      without departing from the spirit and scope of the novel concepts of this
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method of thermal treatment of granular and/or lump material, and in
      particular for calcining of limestone, dolomite, and magnesite, or the
      like, in a vertical furnace provided with fuel supply means connected to
      burner means, and which in respect to a vertical furnace chamber passage
      provides a preheating zone in the upper portion of said passage, a
      combustion zone below the preheating zone and a cooling zone below the
      combustion zone and a column of material to be treated travels in a
      downward direction through the passage and air moves in an upward
      direction through the passage, comprising:
PA1  introducing material to be calcined into the top of the furnace chamber
      passage to descend as a column substantially filling the preheating,
      combustion and cooling zones;
PA1  introducing a part of the required fuel for promoting calcining combustion
      into the upper portion of the furnace chamber passage and at substantially
      the core area of the material column under the preheating zone; and
PA1  directing the remaining fuel requirements into the combustion zone area of
      the furnace chamber passage toward the periphery of the column of
      material.
NUM  2.
PAR  2. A method according to claim 1, comprising introducing said part of the
      required fuel into the core at the boundary area between the preheating
      zone and the combustion zone.
NUM  3.
PAR  3. A method according to claim 1, comprising introducing approximately 20
      to 40%, and optimumly about 30% of the required fuel into the core area of
      the material column.
NUM  4.
PAR  4. A method according to claim 1, comprising directing said remainder of
      the required fuel peripherally into the combustion zone of the furnace
      intermittently at the peripheral area of the material column.
NUM  5.
PAR  5. A method according to claim 1, including introducing combustion air
      under draft into the material column from the lower end of the furnace
      chamber, withdrawing a part of the air thus supplied at the cooling zone
      and bypassing such air to the combustion zone as preheated combustion air,
      and permitting the remainder of the combustion air to move on through a
      supplementary treating zone above the cooling zone and below the
      combustion zone.
NUM  6.
PAR  6. A method according to claim 1, wherein the furnace has fuel supplying
      means extending across the upper portion of the furnace chamber, and
      effecting introduction of said part of the required fuel through a
      plurality of ports from said fuel supplying means.
NUM  7.
PAR  7. A method according to claim 6, comprising preheating said part of the
      fuel before the fuel passes from said ports into the material column.
NUM  8.
PAR  8. A method according to claim 1, wherein the upper portion of the furnace
      chamber has ceramic bridge means, and conducting said part of the fuel
      through passages in said ceramic bridge means and thereby preheating the
      fuel.
NUM  9.
PAR  9. A method according to claim 1, including bypassing from the cooling zone
      to said remaining fuel requirements a part of the air which is preheated
      in the cooling none, and modulating the temperature of the bypass air with
      fresh air.
NUM  10.
PAR  10. A shaft furnace for the thermal treatment of granular and/or lumpy
      material and in particular for calcining of limestone, dolomite,
      magnesite, or the like, including a material treating passage chamber
      having therein an upper preheating zone, a combustion zone therebelow and
      a cooling zone below the combustion zone, and wherein the material to be
      treated travels as a substantially chamber-filling column downwardly and
      air and combustion gas move in upward direction through the material
      column, comprising:
PA1  means for introducing material to be calcined into the top of the furnace
      chamber;
PA1  means in the upper portion of the chamber under the preheating zone for
      introducing part of required calcining fuel into substantially the core
      area of the material column; and
PA1  means for introducing the balance of the fuel requirement into the
      combustion zone of the chamber and toward the periphery of the material
      column in the combustion zone.
NUM  11.
PAR  11. A furnace according to claim 10, wherein said means for introducing
      said part of the required fuel are located in the chamber at the boundary
      area between the preheating zone and the combustion zone.
NUM  12.
PAR  12. A furnace according to claim 10, wherein the means for introducing said
      part of the fuel comprises a structure extending across the furnace
      chamber.
NUM  13.
PAR  13. A furnace according to claim 10, wherein the means for introducing said
      part of the fuel comprises at least one fire resistant ceramic member
      providing a bridge extending within the furnace chamber from the
      combustion zone upwardly into the preheating zone.
NUM  14.
PAR  14. A furnace according to claim 13, wherein the bottom of the ceramic
      member is of substantially arched form, and said means for introducing
      part of the fuel directs the fuel from approximately the center of the
      arch into the core area of the column of material in the furnace chamber.
NUM  15.
PAR  15. A furnace according to claim 10, wherein the means for introducing the
      remainder of the fuel required for calcining comprises a plurality of
      intermittently operating fuel supply units and intermittently operating
      combustion means disposed about the periphery of the furnace chamber in
      the area of the combustion zone.
NUM  16.
PAR  16. A furnace according to claim 10, including bypass means communicating
      with the cooling zone within the furnace chamber and bypassing preheated
      air from the cooling zone to said means for introducing the balance of the
      fuel to the combustion zone.
NUM  17.
PAR  17. A furnace according to claim 16, including means communicating with
      said bypass means for supplying temperature modulating fresh air into the
      bypass air before it is delivered to said means for introducing the
      balance of the fuel.
NUM  18.
PAR  18. A furnace according to claim 10, wherein said means for introducing
      part of the fuel includes fuel preheating means in said chamber and
      extending into the preheating zone.
NUM  19.
PAR  19. A furnace according to claim 10, wherein the means for introducing the
      remainder of the fuel required for calcining comprises intermittently
      operating combustion means disposed about the periphery of the furnace
      chamber in the area of the combustion zone.
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PAL  A contact-heat fixing device for electrophotography, characterized in that
      said fixing device comprises a cleaning member impregnated with an offset
      preventive liquid and a means for feeding said cleaning member in a state
      compressedly contacted with a heated body by means of a predetermined
      compressive force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a fixing device for electrophotography, and more
      particularly to a contact-heating type fixing device employing a heated
      roll.
PAR  In a contact-heating type fixing device, it has been heretofore required to
      form a thin film of an offset phenomenon preventive liquid such as a
      silicone oil on a heated roll for the purpose of preventing deposition of
      a viscous material such as a toner on the surface of the heated roll (the
      deposition will be hereinafter referred to as "offset"). In order to
      supply the offset preventive liquid, it is the general practice to supply
      the offset preventive liquid continuously to a cleaning member of heat
      resistant felt or the like with use of a feed roller. The role of the
      cleaning member of the heat resistant felt material is twofold, one being
      to clean off a toner which is offset onto a heated roll and the other is
      to supply the offset preventive liquid uniformly to the heated roll.
      However, known offset preventive liquid supplying means have various
      defects, that is to say; they allow deposition of offset toner on the
      cleaning member during use over a long period of time until it becomes
      utterly impossible to supply the offset preventive liquid; they are
      incapable of supplying the offset preventive liquid uniformly over a long
      time period, forming stains on duplicated sheets due to an excessive feed
      or failing to give satisfactory offset preventive effects due to an
      insufficient supply, and they require provision of a container or the like
      for holding the offset preventive liquid.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention has as its object the elimination of the
      above-mentioned defects and is characterized by the provision of a
      cleaning member which is impregnated with an offset phenomenon preventive
      liquid and a means for supplying continuously said cleaning member in a
      state compressedly contacted against a heater body by means of a
      predetermined compressive force.
PAR  An embodiment of the invention will now be described with reference to the
      accompanying drawings.
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic perspective view of a fuser apparatus representing
      the invention;
PAR  FIG. 2 is an elevational schematic representation of a fuser roll pair and
      release agent applicator; and
PAR  FIG. 3 is a modified form of the embodiment illustrated in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a diagrammatic perspective view showing the embodiment of the
      instant invention, wherein there is indicated at 1 compression roll which
      has shaft 2 pivotally supported on a chassis a. Designated at 3 is a
      heated roll which is held in contact with the compression roll 1 and which
      is supported on a shaft 4. The shaft 4 is supported on a middle portion of
      an elongated support member 7 which has one end loosely fitted over a
      shaft 6 which is in turn supported on a bracket projectingly mounted on
      the chassis a. A spring 9 is interposed between the support member 7 and a
      stopper 8 which is mounted on the chassis a so that the heat roll 3 is
      pressed against the compression roll 2 by means of a predetermined
      pressure load. The surfaces of the compression roll 1 and the heat roll 3
      are provided with a heat resistant and non-viscous coating of silicone
      rubber. The heat roll 3 is centrally mounted with a tubular infrared bulb
      11 for heating the heat roll 3.
PAR  The pressure roll 1 is rotatingly driven from a shaft 13 which is connected
      to a sheet transfer mechanism (not shown) which serves to move a belt 12
      for transferring a support means b such as a paper sheet, by way of a
      chain 15 and a gear 16 on the shaft 2. The heated roll 3 is rotated by
      friction with the pressure roll 1.
PAR  For the prevention of offset on the heated roll 3, a cleaning web 17 which
      is impregnated beforehand with silicone oil is applied over the entire
      longitudinal surface area of the heated roll 3. More particularly, as
      shown in FIGS. 1 and 2, the cleaning web 17 is fed from a feeding core 19
      which is journalled on the fore end of the support member 7, toward a
      take-up core 20 which is journalled on the aforementioned bracket 5, the
      cleaning web 17 on its way being contacted with the heated roll 3 under a
      predetermined level of pressure. The feeding roll 19 and the heat roll 3
      are mounted on the support member 7 which is adapted to rock about the
      shaft 6, so that the cleaning web 17 is constantly pressed against the
      heat roll 3 by a predetermined level of pressure. The aforementioned
      take-up core 20 is driven from a shaft 21 which is connected to a sheet
      transfer mechanism (not shown), by way of a belt 22 and shaft 23 of the
      take-up core 20.
PAR  The embodiment shown in FIG. 3 is the same as the aforementioned embodiment
      only except that the cleaning web 17 is provided in an endless form and
      therefore detailed description is not given herein for the simplicity of
      explanation.
PAR  In the embodiments of the invention with the construction as described
      hereinbefore, a toner image c is converted into a fixed image c while a
      support b of a paper sheet or the like which carries the toner image c is
      passed between the pressure roll 1 and the heated roll 3. It will be
      appreciated that the surface temperature of the heated roll 3 can be
      controlled, in a well known manner, for example, as disclosed in U.S. Pat.
      No. 3,291,466, in order to render the toner particles tacky. In other
      words the toner should be rendered tacky but not fluid.
PAR  In the foregoing embodiments, the heated roll 3 and the pressure roll 1 are
      formed from aluminum and have a diameter of 60 mm, and the support b of
      paper or the like is transferred at a speed of 150 mm/sec. The cleaning
      web 17 is formed from 2 mm thick felt and impregnated with silicone oil.
      If the web is fed at a speed of 1 cm per 1000 copies, the consumption per
      copy of the silicone oil is 0.003 cc. If the conventional heat roll fixing
      device is used under the same conditions, the consumption per copy of the
      silicone oil becomes 0.01 cc and the cleaning felt can serve only for
      25,000 copies. In contrast, with the embodiment of the invention as
      described hereinbefore, the cleaning web can serve for 50,000 copies if it
      has a length of 50 cm. Furthermore, the conventional heat roll fixing
      device becomes incapable of smooth oil feeding after duplication of about
      15,000 copies. However, the aforementioned embodiment of the invention can
      effect uniform oil supply until the last copy.
PAR  The foregoing embodiments have been described as a so-called
      contact-heating pressed fixing device using a compression roll, however,
      it will be understood that the present invention is not limited to this
      type of fixing device but may be applied to a so-called back heat roll
      fixing device where a single heat roll is alone brought into contact with
      a back surface of a support such as paper sheet or to a contact-heating
      fixing device employing a heater in the form of a belt instead of a heated
      roll. Furthermore, the coating of the compression roll and the heated roll
      is not limited to the particular example shown hereinbefore. Therefore, it
      will be appreciated that the present invention includes all possible
      changes and modifications except as depart from the spirit and technical
      scope of the present invention.
PAR  Since many changes could be made in the above-construction without
      departing from the scope of the invention, it is intended that all matter
      contained in the above-description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Fuser apparatus for fixing toner images to support members, said
      apparatus comprising:
PA1  a pair of nip forming members between which said support members move with
      said toner images contacting a heated one of said nip forming members;
PA1  means for elevating the surface temperature of said heated member to
      thereby render said toner images tacky;
PA1  an elongated cleaning member impregnated with offset preventing material,
      said elongated cleaning member comprising an endless member;
PA1  means for stationarily supporting a portion of said elongated member in
      intimate contact with the surface of said heated one of said members
      whereby said surface is simultaneously cleaned and said offset preventing
      material is applied to said surface; and
PA1  means for effecting movement of said elongated member whereby different
      portions thereof are brought into intimate contact with said surface at
      periodic intervals.
NUM  2.
PAR  2. Fuser apparatus for fixing toner images to support members, said
      apparatus comprising:
PA1  a pair of nip forming members between which said support members move with
      said toner images contacting a heated one of said nip forming members;
PA1  means for elevating the surface temperature of said heated member to
      thereby render said toner images tacky;
PA1  an elongated cleaning member impregnated with offset preventing material,
      such elongated cleaning member comprising a web adapted to be transported
      between supply and take-up cores;
PA1  means for stationarily supporting a portion of said elongated members in
      intimate contact with the surface of said heated one of said members
      whereby said surface is simultaneously cleaned and said offset preventing
      material is applied to said surface; and
PA1  means for effecting movement of said elongated member whereby different
      portions thereof are brought into intimate contact with said surface at
      periodic intervals.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said cleaning member is
      impregnated with silicone oil.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein said cleaning member is
      fabricated from felt material.
NUM  5.
PAR  5. Apparatus according to claim 4, wherein said nip forming members
      comprise roll members.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein the surface of said heated roll
      comprises a coating of silicone rubber.
NUM  7.
PAR  7. Apparatus according to claim 2, wherein said cleaning member is
      impregnated with silicone oil.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein said cleaning member is
      fabricated from felt material.
NUM  9.
PAR  9. Apparatus according to claim 8, wherein said nip forming members
      comprise roll members.
NUM  10.
PAR  10. Apparatus according to claim 9, wherein the surface of said heated roll
      comprises a coating of silicone rubber.
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PAL  A method and apparatus for the dyeing of textile fabrics through the
      electrostatic application of dry dyestuffs is disclosed. The fabric to be
      dyed is first dampened and then passed between a pair of electrodes which
      are maintained at a potential difference by an electrostatic generator. A
      dyestuff is deposited on the bottom electrode and is attracted toward the
      wet fabric, which bears against the top electrode, through the action of
      the electrostatic field between the two electrodes. The field causes the
      dyestuff particles to impinge against the wet fabric, to which the
      particles become bound. The bottom electrode may also be agitated in order
      to facilitate the transfer of dyestuff particles to the fabric. The fabric
      with the dye particles adhering to it is then fixed to complete the dyeing
      operation by being steamed or dried and heated. The method of the present
      invention is especially valuable insofar as it results in the more
      economic use of dyestuffs and an effluent containing quantities of
      pollutants somewhat lower than those quantities of pollutants found in the
      effluent of conventional dyeing processes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the dyeing industry, it is customary to color cloth by submerging it in
      a bath containing a solution of dye maintained at or near the boiling
      point. The cloth is then taken from the solution and washed to remove the
      excess dyeing solution still held by the cloth. The color is then fixed
      using a variety of well-known techniques.
PAR  This process, fundamentally unchanged since man first dyed cloth, suffers
      from a number of serious disadvantages. For example, a great amount of
      energy is expended in maintaining the bath at or near its boiling point.
      Another disadvantage is the uneconomical use of the dye. After the dyeing
      is completed, and the cloth removed from the bath, the remaining bath
      results in a significant watse of dyeing compound. Still yet another
      disadvantage in conventional dyeing processes is the amount of pollution
      created by the disposal of the remaining bath. Any reduction in the
      quantity of dye discharged is especially important due to the fact that
      chemical dyes are among the most difficult waste products to treat. The
      development of clean dyeing techniques has become increasingly important
      with the passage of the Federal Water Pollution Control Act Amendments of
      1972 (Public Law 92-500). This law calls for goals of water quality which
      are to culminate in zero pollutant discharge by 1985.
PAR  Although extensive research is now being carried on with respect to many
      phases of the dyeing operation, the same basic technique, namely,
      dissolving the dye in a liquid, applying it to the fabric and fixing it,
      remains the same. An exception to this general rule has been the attempt
      to apply dye by vapor-phase dyeing, in which disperse dyes are applied in
      a gaseous form to various synthetic fabrics. However, the necessity of
      maintaining elevated temperatures in the presence of a high vaccum rules
      out this possibility as impractical, at least for the present time.
PAR  Although some attempt has been made to color fabric by the electrostatic
      transfer of specialized dyestuffs, as far as is known, no commercial usage
      of such a process has resulted. For example, in U.S. Pat. No. 3,454,347, a
      special dye is prepared by dissolving a dielectic and a coloring agent in
      a liquid, vacuum drying the liquid and grinding the resulting solid. This
      dye is then applied to a dry textile which is subsequently sprayed with
      water.
PAR  This type of process suffers from the disadvantage of necessitating the use
      of a special dye. Additionally, preparation of an acceptable dye for use
      with such a system involves a number of problems including the selection
      of a dielectric having quite a few special properties, such as a high
      electrical resistance and the property of not interfering with the
      penetration of the dye into the textile fibers. Another problem with such
      a process is the great quantity of pollutants expelled during the washing
      operation. The effluent of such a process necessarily contains the
      dielectric chemical.
PAR  In accordance with the present invention, a process far superior to
      conventional dyeing processes is provided. The above-mentioned
      inadequacies of prior art dyeing processes are greatly alleviated,
      resulting in substantial savings. Power requirements, necessary to
      maintain the dyebath at or near the boil are reduced considerably.
      Chemicals used to dye the cloth electrostatically are used more
      efficiently. This results in an effluent containing fewer waste products
      which must be paid for as well as treated.
PAR  Conventional textile dyes are used, and the absence of dielectric from the
      process results in an effluent free of dielectric pollutants. Use of a
      conventional dye is thus more economical from the standpoint of dyestuff
      cost and effluent treatment. Furthermore, there is no dielectric to
      interfere with the dyeing of the cloth.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a new process for the dyeing of
      fabrics through the electrostatic application of dry dyestuffs is
      disclosed. Before dyeing, the fabric is wetout. The fabric is then passed
      between a pair of electrodes, which are disposed one above the other. The
      dyestuff rests on the bottom electrode which may or may not be
      mechanically agitated. The bottom electrode is connected to a high-voltage
      source. Mechanical agitation and the use of high-voltage both contribute
      to impelling the charged dye particles from the lower electrode into the
      air and toward the fabric to which they are held. In the preferred
      embodiment, the wet fabric is maintained at zero electrostatic potential
      by having it bear against the upper grounded electrode. This has the
      advantage of maintaining uniformity in the dyeing operation, although more
      precise control of the fabric could obviate the need for this arrangement.
      It is also noted that other techniques may be used to transfer the dye to
      the cloth. For example, a pneumatic transfer system could be used to carry
      the dye to the cloth. After the fabric has received the dye particles, it
      is then steamed or dried and heat fixed.
PAR  The apparatus of the preferred embodiment of the present invention includes
      a bath for wetting the fabric. Idlers are provided for guiding the fabric
      through the bath. Idlers then guide the fabric over a box containing the
      dye. The bottom of the box conducts electricity while its sides are
      non-conducting. Disposed above the box is a metallic electrode. A high
      voltage supply is connected between the two electrodes and serves to
      charge the particles on the bottom electrode and dye the fabric by
      carrying the dye toward the wet fabric. The fabric may then be sent to a
      steam chamber for steaming or it may be dried and heat fixed.
PAR  The method and apparatus of the present invention is suitable for the
      application of virtually all types of dyes. The preferred embodiment shows
      apparatus for applying dyes of the direct and the disperse types, although
      any powered dye can be applied using the present invention. Of course, the
      method of fixation would vary dependent upon the dye used. As in
      conventional dyeing systems, direct dyes, which are soluable in water,
      tend to perform better when used to dye cotton and other cellulosic
      materials. Similarly, the disperse dyes, which are not soluable in water,
      produce superior results in the case of synthetic fiber. The solution used
      to wet the fabric is aqueous. The purpose of wetting the fabric is to
      cause the dye particles to cling to it in order that the dye may be
      subsequently fixed into the fabric by either steaming, in the case of the
      direct dyes, or heating, in the case of disperse dyes. After heat
      fixation, the fabric is scoured and dried. Scouring and drying can be
      accomplished using a conventional washer and dryer.
PAR  The use of a wet fabric bearing against an electrode has been found to
      yield superior results due to the smoothness of the fabric as it conforms
      to the shape of the electrode. As mentioned above, other suitable
      techniques may be used to control the fabric and thereby achieve
      uniformity in the electrostatic field between the wet fabric and the
      bottom electrode. Although agitation is used to increase the kinetic
      activity of the dyestuff particles, similar results may be obtained by
      reducing the quantity of dye deposited on the bottom electrode and
      metering in small amounts of dyestuff as needed. It has also been found
      that, in the case of disperse dyes, satisfactory results can be obtained
      without the use of an agitator. Some variation in hue can be obtained by
      varying the surface area of the dyestuff exposed to the fabric.
PAR  It is thus seen that, in accordance with the present invention, a technique
      for the dyeing of textile materials is disclosed which results in the
      efficient use of dyestuffs and a smaller quantity of pollutants in the
      effluent discharge of the dyeing operation. The only pollutants
      encountered are those produced by the scouring operation which releases
      the small quantity of dye which has not been adequately fixed. Of course,
      the problem of dye loss due to inadequate fixing is also present in
      conventional dyeing processes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of an electrostatic dyeing apparatus
      constructed in accordance with the present invention;
PAR  FIG. 2 is a schematic representation of the dyeing apparatus of the present
      invention incorporating means for varying the hue of the dyed textile;
PAR  FIG. 3 is a perspective view of the dyestuff carrier used in the apparatus
      illustrated in FIG. 2; and
PAR  FIG. 4 is a schematic representation of an alternative embodiment of the
      apparatus of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, an embodiment of the present invention especially
      useful for dyeing a textile material with a direct dye is illustrated. The
      textile material 1 passes into wetting solution 3 guided by idlers 5 and
      7, which may be rollers or smooth rods. The wetting solution is
      predominantly water. Various chemical additives may be added to the
      solution in order to optimize dyestuff dissolution and levelness of
      application. An anionic dispersing agent such as that marketed under the
      tradename of Sandopan DTC can be used as an aid in wetting-out the fabric.
      This agent also has the effect of dispersing the dry dye as it is applied
      to the wet fabric. Concentrations of Sandopan DTC in the order of 2 ml.
      per liter have been found to yield acceptable uniformity of fabric
      wet-out. Of course, a mechanical arrangement may be used to achieve
      uniform wet-out and thus eliminate the need for a dispersing agent.
PAR  After being wet-out, the fabric is passed between a pair of rollers 9 and
      11, which remove excess liquid from the wet fabric. The fabric then passes
      over the dyestuff carrier, which is a box with sides 15, made of
      non-conducting material, and a conducting base 17. The wet fabric bears
      against the top of sides 15, sealing the box and thereby preventing the
      escape and loss of dry dyestuff particles. An upper electrode 19 bears
      against the wet fabric. This upper electrode is in the form of a metal
      rod, which has been found to yield most uniform results. By bearing
      against the wet-out fabric, it smoothes the fabric, thereby creating a
      uniform field between the upper electrode and fabric and the base
      electrode 17. The upper electrode 19 is grounded. The base electrode 17 is
      connected to an electrostatic generator 21. The box made of sides 15 and
      base electrode 17 is supported by vibrator 23. A quantity of dry dyestuff
      25 is disposed in the box.
PAR  During operation of the apparatus illustrated in FIG. 1, the box made of
      sides 15 and base 17 is vibrated by vibrator 23. Typical electrode
      dimensions may be in the order of 2 inches by 10 inches with a spacing of
      2 inches between the electrodes, electrostatic generator 21 should provide
      about 24 Kv. However, electrode size and spacing as well as applied
      voltage are not critical and may be varied dependent upon the size of the
      cloth to be dyed and the spacing between the electrodes. The polarity with
      which the voltage is applied may also be reversed. The particles of
      dyestuff are charged by contact with base electrode 17. As the vibrator
      agitates the dyestuff particles, they are loosened from each other and
      charged. When the particles are thus charged, they tend to repel each
      other and form an active bed of dyestuff especially suitable for transfer
      by the electric field. The particles are then carried upward by the
      electrostatic field between the upper electrode and the lower electrode by
      electrostatic generator 21 until they impinge upon the wet fabric 1 and
      adhere to it.
PAR  After the dyestuff is applied to fabric 1, the fabric then passes around
      idler 27 and through a slit 29 in a box 31. Box 31 serves as a steam
      chamber for fixing the dye. Box 31 can be made of plywood or any other
      suitable material and is placed over a steam table 33, which supplies the
      steam for the fixing operation. During fixing, the fabric 1 is guided by
      rods 35. After heat fixing, the fabric is then withdrawn through slit 37
      and guided around idler 39 after which it is rolled up. A dwell time in
      the steaming chamber in the order of 20 seconds has been found to be
      sufficient.
PAR  After the fabric has been heat fixed, it may then be unrolled and scoured
      for about 5 minutes. Such scouring may be done in the manner well known in
      the industry. After scouring, the finished fabric is dried.
PAR  FIGS. 2 and 3 illustrate an alternative embodiment of the invention shown
      in FIG. 1. The basic operation of the apparatus shown in FIG. 2 is
      essentially identical to the operation of the apparatus of FIG. 1. Fabric
      101 is guided into solution 103 by idlers 105 and 107, and excess solution
      is removed by pressing the fabric between rollers 109 and 111. The fabric
      then passes over the dyestuff carrier box comprising grooved side members
      115 and non-grooved side members 116 on conducting base 117. The sides are
      made of a non-conducting material and the base is made of a conductor,
      such as aluminum.
PAR  The wet fabric 101 is adjustably shielded by sliding top 118. Fabric 101
      bears against electrode 119. Sliding top 118 is moved back and forth to
      vary the surface area of fabric 101 exposed to the dyestuff. Electrostatic
      generator 121 is connected to bottom electrode 117 and supplies the
      voltage for producing the electrostatic field and charging the dye
      particles. The dye carrier box may be vibrated by a vibrator 123 in order
      to impart greater kinetic acitivity to the dyestuff 125 deposited in the
      box.
PAR  When it is desired to vary the hue to which the fabric is dyed, the sliding
      top 118 is moved to a position corresponding to the desired hue. For
      darker colors, the aperture 126, defined by the edge 118a of top 118 and
      the top edge 116a of one of the sides 116, is maximized. Similarly, when
      it is desired to have very pale colors, the width of the aperture must be
      minimized.
PAR  After the dyestuff has been electrostatically applied to the fabric 101, it
      passes around idler 127 and through slit 129 into steam box 131. Inside
      the box the steam table 133 supplies steam for the fixing operation. The
      fabric is supported by rods 135 during the steaming operation. The fabric
      then passes through slit 137 and around idler 139 after which it is rolled
      up. The fabric is then scoured and dried using conventional washing and
      drying machines.
PAR  Referring to FIG. 4, apparatus for the application of disperse dyes is
      illustrated. Generally, it has been found that disperse dyes are much
      easier to apply than direct dyes. For this reason it is often possible to
      do away with the vibrator. The superiority of disperse dyes in
      electrostatic dyeing applications appears to be due to the fact that they
      are not as cohesive as the direct dyes and tend to be much more active in
      the electrostatic field.
PAR  The fabric 201 is guided into solution 203 by idlers 205 and 207. Solution
      203 is water to which a number of additives may be added. It has been
      found desirable to add Sandopan DTC in concentrations of about 2 ml. per
      liter to increase the uniformity of fabric wet-out. It has also been found
      desirable to add a carrier such as Liquid Carolid in concentrations of
      about 2 ml. per liter. The use of a carrier tends to induce levelness
      during heat fixation. It may also be found desirable in some processes to
      introduce a thickener, such as Kelgin in concentrations of about 3 grams
      per liter.
PAR  After the fabric is wet-out, excess liquid is removed by rollers 209 and
      211. The wet fabric is then guided by idler 213 to the dyestuff carrier
      box comprised of sides 215 and bottom 217. In the case of disperse dyes,
      it has been found necessary to increase the height of the non-conducting
      sidewalls 215 due to the increased activity of disperse dyestuffs. Upper
      electrode 219 is grounded and bears against the sidewalls 215, thus
      sealing the box and preventing the escape of dye particles. Conducting
      base 217 is connected to an electrostatic generator 221 and may be
      vibrated by mechanical agitator 223. However, it has been found that with
      disperse dyes, satisfactory transfer of dye can be obtained without the
      use of mechanical agitation because the strength of the electrostatic
      field between the wet cloth and the base 217 is sufficient to perform the
      desired transfer of dyestuff particles to the wet fabrics. As the fabric
      passes over the dyestuff carrier box, dyestuff particles are conveyed
      upward by the electrostatic field until they contact the fabric and adhere
      to it.
PAR  After the dyestuff has been applied to the fabric, the fabric is then
      rolled up and heat fixed by being heated and dried in accordance with
      techniques well known in the industry for finishing the dyeing of fabrics
      with disperse dyes. The fabric is then scoured and dried using
      conventional techniques.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the dyeing of a fabric, comprising the steps of:
PA1  a. wetting the fabric by passing the fabric through a liquid bath;
PA1  b. applying dry dyestuffs to the wet fabric; and
PA1  c. fixing the applied dyestuffs.
NUM  2.
PAR  2. A process for the dyeing of a fabric comprising the steps of:
PA1  a. wetting the fabric by passing the fabric through a liquid bath;
PA1  b. passing the wet fabric between an upper electrode and a lower electrode
      having the dyestuff deposited on it;
PA1  c. maintaining said upper and lower electrodes at a potential difference
      with respect to each other to electrostatically apply dry dyestuffs to the
      wet fabric; and
PA1  d. fixing the applied dyestuffs.
NUM  3.
PAR  3. A process as in claim 2, further comprising the step of vibrating the
      lower electrode as the fabric passes between said electrodes.
NUM  4.
PAR  4. A process as in claim 3, wherein the wet fabric bears against the upper
      electrode.
NUM  5.
PAR  5. A process as in claim 2, wherein the wet fabric bears against the upper
      electrode and further comprising the step of vibrating the lower electrode
      as the fabric passes between said electrodes.
NUM  6.
PAR  6. A process as in claim 5, wherein said applied dyestuffs are fixed by
      being passed through a steam chamber.
NUM  7.
PAR  7. A process as in claim 5, wherein said applied dyestuffs are fixed by
      being heated.
NUM  8.
PAR  8. A method for dyeing textile fabric, comprising the steps of:
PA1  a. passing the textile fabric through a liquid bath to wet-out the fabric;
PA1  b. removing excess liquid from the fabric by pressing it between a pair of
      rollers;
PA1  c. providing an electric field;
PA1  d. introducing dyestuff particles into said field, said field acting to
      move the particles;
PA1  e. passing the fabric through said electrostatic field, whereby the
      particles are moved toward the wet fabric and are transferred to said wet
      fabric; and
PA1  f. fixing the dye by passing the fabric through a chamber filled with
      steam.
NUM  9.
PAR  9. A method as in claim 8 further comprising means to maintain a constant
      distance between the introduced dyestuff particles and said textile
      fabric.
NUM  10.
PAR  10. A process for the dyeing of a fabric comprising the steps of:
PA1  a. wetting the fabric;
PA1  b. applying a dry dyestuff to the wet fabric by impelling dry dyestuff
      particles against the wet fabric, causing dry dyestuff particles to adhere
      to the fabric; and
PA1  c. fixing the applied dyestuffs.
NUM  11.
PAR  11. A process for the dyeing of a fabric comprising the steps of:
PA1  a. wetting fabric;
PA1  b. applying a dry dyestuff to the wet fabric by impelling dry dyestuff
      particles against the wet fabric by means of an electrical field, causing
      dry dyestuff particles to adhere to the fabric; and
PA1  c. fixing the applied dyestuffs.
NUM  12.
PAR  12. A process as in claim 11, wherein the dye is applied to the wet fabric
      by passing the wet fabric between a first electrode and a second
      electrode, maintaining said first and second electrode at a potential
      difference, and introducing said dry dyestuff particles between said wet
      fabric and one of said electrodes.
NUM  13.
PAR  13. A process as in claim 12, wherein said first electrode is an upper
      electrode and said second electrode is a lower electrode and the dyestuff
      is introduced by being deposited on the lower electrode.
NUM  14.
PAR  14. A process as in claim 13, wherein the lower electrode is vibrated.
NUM  15.
PAR  15. A process as in claim 12, wherein the wet fabric bears against an
      element disposed on the side of the fabric opposite the dyestuff.
NUM  16.
PAR  16. A process as in claim 15, wherein said element is the first electrode.
NUM  17.
PAR  17. A process as in claim 16, wherein said first electrode is an upper
      electrode and said second electrode is a lower electrode and the dyestuff
      is introduced by being deposited on the lower electrode.
NUM  18.
PAR  18. A process as in claim 17, further comprising the step of vibrating said
      lower electrode as the fabric passes between the electrodes.
NUM  19.
PAR  19. A process as in claim 18, wherein said applied dyestuffs are fixed by
      being passed through a steam chamber.
NUM  20.
PAR  20. A process as in claim 18, wherein said applied dyestuffs are fixed by
      being heated.
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ABST
PAL  Polyester fibers, particularly poly(ethylene terephthalate), is dyed in
      bright, fast shades with p,p'"-dihydroxytrisazo compounds.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Although a large amount of research has been conducted into monoazo
      dyestuffs as colorants for polyesters, and a somewhat lesser degree of
      exploration has been conducted in the field of disazos, little attention
      has been focused on the area of trisazos as polyester colors, undoubtedly
      due to the prejudice against such large molecules as dyestuffs for
      polyesters. There have been reported in the literature various research
      efforts in the area of trisazos. Lewcock reports the preparation of a
      p,p'"-dihydroxytrisazo (J. Soc. Chem. Ind., P.44, 154T). Conrad, U.S. Pat.
      No. 2,090,938 explored various trisazos based upon naphthalene, which are
      principally reported as being colorants for oils, fats and waxes,
      particularly for nitrocellulose lacquers, resins, varnishes, wood stains,
      printing and stamping inks, artificial leathers, patent leather, shoe
      polishes and creams, soaps, gasolines and the like. Other related research
      efforts have been reported in the nineteenth century, including 1892
      British complete specification no. 277 and German patents 80,421 and
      84,289. In spite of the long history into the exploration of the
      structures of these compounds going back to the previous century, there
      has been no interest shown in these dyestuffs for polyester fabrics,
      undoubtedly because of the large size of these compounds.
PAR  It has now been discovered that p,p'"-dihydroxytrisazos produce excellent
      dyeings on polyester fabrics, particularly poly(ethylene terephthalate)
      and poly(1,4-cyclohexylenedimethylene)terephthalate.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention there is provided polyester fabric
      material dyed with a trisazo dyestuffs of the formula
      ##SPC1##
PAL  Wherein each of R.sub.1, R.sub.2, R.sub.7 and R.sub.8 is independently
      hydrogen, lower alkyl, lower alkoxy, hydroxy, chlorine or bromine; and
      each of R.sub.3, R.sub.4, R.sub.5 and R.sub.6 is independently hydrogen,
      lower alkyl, lower alkoxy, chlorine or bromine.
PAC  DETAILED DESCRIPTION
PAR  The trisazo dyestuffs (I) are produced in accordance with known principles
      of azo chemistry, treating appropriately substituted diazotized bases with
      couplers in accordance with the following reaction scheme (the parameters
      being defined as above): The trisazo dyestuffs (I) are produced from the
      reaction of a tetrazotized base of the formula
      ##SPC2##
PAL  With an equimolar amount of a first coupler of the formula
      ##SPC3##
PAL  And an equimolar amount of a second coupler of the formula
      ##SPC4##
PAR  The dyes are conveniently made by tetrazotizing 4,4'-diaminoazobenzenes,
      which may bear R and R.sub.2, but which have no substituent in the para
      position. If a mixture of phenols is used as the coupler portions R.sub.1
      and R.sub.2 may be varied to R.sub.7 and R.sub.8.
PAR  Suitable 4,4'-diaminoazobenzenes can be made by coupling a diazotized
      p-nitroaniline which may bear substituents as R.sub.3 and R.sub.4, into an
      anilinomethanesulfonic acid which may bear substituents R.sub.5 and
      R.sub.6, but not in the para position; the coupled product is hydrolyzed
      to yield a 4-amino-4'-nitroazobenzene, which is then reduced to the
      required 4,4'-diaminoazobenzene.
PAR  In the definition of the trisazo dyestuffs (I), lower alkyl refers to alkyl
      of 1 to 4 carbon atoms, preferably methyl and ethyl. Lower alkoxy
      similarly refers to groups of up to 4 carbon atoms, preferably methoxy and
      ethoxy.
PAR  To prepare the trisazo dyestuffs for application to the polyester
      substrates noted hereabove, they should be suitably dispersed. This may be
      done by any of several well-known methods: milling as in a ball-mill with
      dispersing agents such as lignin sulfonic acid materials, for instance.
      The resultant aqueous dispersion can be dried, as in a spray-dryer, or
      preserved and used as a paste. Standardization to any desired lower
      strength can be done with inert colorless diluents such as inorganic salts
      for powders, or water for pastes. Other materials such as preservatives,
      foam-control agents, and melting agents may be added as desired.
PAR  Dispersed pastes are made by wet milling the dye in conventional equipment
      in the presence of a dispersing agent, preferably sodium lignin sulfonate
      or sodium alkylnaphthalene sulfonate. Various other commercially available
      dispersing agents, such as sodium salts of carboxylated polyelectrolytes
      and the naphthalene sulfonates; e.g., the condensation products of
      sulfonated naphthalene and formaldehyde, such as sodium dinaphthylmethane
      disulfonate, are conveniently used. The disperse paste may be cut or
      standardized to a standard strength with water. The final color content of
      the finished paste averages from 10-40 percent by weight (pure color)
      active dye base.
PAR  Disperse powders are prepared by wet milling color in the presence of a
      dispersant, such as those mentioned hereabove, in equipment such as a ball
      mill, Werner-Pfleiderer mill or attritor. The dispersed material is oven
      or spray dried and micropulverized if necessary to provide the dispersed
      powder. The color is cut or standardized to a standard strength in a
      blender with a diluent, such as sodium sulfate or dextrin. A wetting
      agent, such as sodium cetyl sulfate or an alkylphenoxy polyethanol may be
      added to aid in wetting out the product when it is placed in the dye bath.
      Disperse powders are usually cut or standardized to 25-60 percent by
      weight color content (pure color).
PAR  A disperse dye, when added to water with or without auxiliary agents, forms
      a near colloidal aqueous dispersion from which the aromatic polyester
      fiber or textile material is dyed in the conventional manner at
      40.degree.-100.degree.C (104.degree.-212.degree.F) to give a colored fiber
      containing about 0.01-2 percent by weight dye (100% color basis).
PAR  Alternatively, dyeing may be accomplished without a carrier at temperatures
      of 100.degree.-150.degree.C under pressure. Also, the dye may be applied
      in patterns by conventional printing methods, if desired.
PAR  The dye can also be applied to the aromatic polyester fiber by
      thermofixation methods, such as the "Thermosol" process. This process,
      which involves padding the cloth with the diluted dye dispersion followed
      by drying and heating with dried hot air or heated contact rolls, is
      conveniently used for dyeing polyester fibers and blends containing these
      fibers. Fixation temperatures of 180.degree.-220.degree.C
      (356.degree.-428.degree.F) are used for 30 to 90 seconds. If the fabric
      contains cotton or viscose rayon, apart from synthetic fibers, there is
      little danger of damaging cellulosic portions, but if wool is present, the
      temperature must be kept within 180.degree.-200.degree.C and the time must
      be reduced to 30 seconds.
PAR  In order to evaluate the effectiveness of a particular dye for a given type
      of fiber, the dyed fiber is examined for substantivity of the color, light
      fastness of the color, and resistance of the color to sublimation.
PAR  It should be particularly noted that although the molecules are larger in
      size than most of the azo or disazo dyes proposed heretofore, they are
      unexpectedly substantive; the dyeings are of acceptable strengths and
      exhibit good build-up properties. The dyeings have excellent fastness
      characteristics, particularly with respect to sublimation fastness.
PAR  The following examples serve to further illustrate the invention:
DETD
PAC  EXAMPLE 1
      ##SPC5##
PAR  To a 3-l. beaker is charged
PA1  800 ml. water
PA1  2.5 g. "Tween 20" (a commercially available surface active material)
PA1  108.0 g. hydrochloric acid (32%) and
PA1  42.2 g. 4,4'-diaminoazobenzene.
PAR  The mixture is stirred at 45.degree. for one hour, after which ice is added
      to bring the temperature to 0.degree.C at 0.degree.-5.degree.C, over
      one-half hour, is added dropwise a solution of
PA1  29.0 g. sodium nitrite in
PA1  100.0 ml. water.
PAR  Stirring is continued at 0.degree.-5.degree.C for another 11/2 hours.
      Excess nitrous acid is removed by adding enough sulfamic acid, and the
      cold tetrazonium salt is clarified through a chilled filter coated with a
      diatomaceous earth filter aid. The clarified solution is kept cold.
PAR  To a battery jar is charged
PA1  1000 ml. water at 60.degree.C, and
PA1  40.0 g. phenol. After a short period of stirring,
PA1  53.0 g. sodium carbonate is added. Stirring is continued until a solution
      results. Ice is added to bring the temperature to 0.degree.-5.degree.C.
PAR  The solution of sodium phenoxide is added to the stirred tetrazonium salt
      solution containing enough ice so that the temperature does not rise
      significantly above 5.degree.-10.degree.C. Stirring is continued for 16
      hours during which time the temperature is allowed to rise spontaneously
      to that of the room.
PAR  The solid trisazo material is isolated by suction filtration and washed
      neutral on the filter with water, and sucked dry. It may be dried in an
      oven, or preferably maintained as a wet cake. The (dry) yield is 58 g.
PAR  The material is dispersed by milling in a ball mill with an equal weight of
      a sodium lignosulfonate dispersing agent ("Marasperse CB") and enough
      water, including that charged with the filter cake, to give a paste of 15%
      color content.
PAR  Dyeings on poly(ethylene terephthalate) fiber are clear yellowish orange.
      Properties, especially to sublimation and light fastness tests, are
      excellent.
PAC  EXAMPLE 2
      ##SPC6##
PAR  In the manner of Example 1, but using 51.2 g. of
      4,4'-diamino-2-methoxy-5-methylazobenzene instead of
      4,4'-diaminoazobenzene, a trisazo dye of the indicated structure is made.
      It yields, after dispersion and dyeing on poly(ethylene terephthalate)
      fibers reddish orange shades of excellent properties.
PAC  EXAMPLE 3
      ##SPC7##
PAR  In the manner of Example 1, but using 49.3 g.
      3-chloro-4,4'-diaminoazobenzene instead of 4,4'-diaminoazobenzene, a dye
      yielding excellent orange dyeings on polyester is made.
PAC  EXAMPLE 4
      ##SPC8##
PAR  In the manner of Example 1, but using 45.5 g. o-cresol instead of phenol, a
      dye of the indicated structure is made. It yields orange dyeings of good
      properties on poly(ethylene terephthalate) fibers.
PAC  EXAMPLE 5
      ##SPC9##
PAR  In the manner of Example 1, but using 54.0 g. of
      4,4'-diamino-2-ethoxy-2'-methylazobenzene instead of
      4,4'-diaminoazobenzene, a material of the indicated structure is obtained.
      Dyeings on polyester from it are yellowish-red in hue and show excellent
      fastness properties.
PAR  4,4'-Diamino-2-ethoxy-2'-methylazobenzene is made by coupling
      4-nitro-2-phenetidine with m-toluidinomethanesulfonic acid, hydrolyzing
      the coupled material to 4-amino-2-ethoxy-2-methyl-4'-nitroazobenzene,
      followed by reduction of the nitro group to amino.
PAC  EXAMPLES 6 - 10
PAR  In the manner of Example 1, are made trisazo dyes of the following
      structures and hues. Properties of dyed polyester are excellent,
      especially the fastness to light and sublimation. The dyes are
      particularly suitable for dying poly(ethylene terephthalate) by the
      "Thermosol" method.
TBL  __________________________________________________________________________
     Ex.                                                                       
        R.sub.1                                                                
             R.sub.2                                                           
                  R.sub.3                                                      
                       R.sub.4                                                 
                            R.sub.5                                            
                               R.sub.6                                         
                                  R.sub.7                                      
                                        R.sub.8                                
                                              Hue                              
     __________________________________________________________________________
     6  3-Cl H    H    H    H  H  3'"-Cl                                       
                                        H     Brown                            
     7  3-CH.sub.3                                                             
             5-CH.sub.3                                                        
                  H    H    H  H   3'"-CH.sub.3                                
                                        5'"-CH.sub.3                           
                                              Yellow-                          
                                              Brown                            
     8  H    H    2'-Cl                                                        
                       6'-Cl                                                   
                            H  H  H     H     Orange                           
     9  2-OH H    H    H    H  H  2'"-OH                                       
                                        H     Red                              
     10 2-OH H    H    H    H  H  H     H     Reddish-                         
                                              orange                           
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A aromatic polyester fabric material dyed with a compound of the formula
      ##SPC10##
PAL  wherein each of R.sub.1, R.sub.2, R.sub.7 and R.sub.8 is independently
      hydrogen, lower alkyl, lower alkoxy, hydroxy, chlorine or bromine; and
PAL  each of R.sub.3, R.sub.4, R.sub.5 and R.sub.6 is independently hydrogen,
      lower alkyl, lower alkoxy, chlorine or bromine.
NUM  2.
PAR  2. The aromatic polyester fabric material of claim 1 wherein R.sub.2 and
      R.sub.8 are hydrogen.
NUM  3.
PAR  3. The aromatic polyester fabric material of claim 2, wherein R.sub.6 is
      hydrogen.
NUM  4.
PAR  4. The aromatic polyester fabric material of claim 3, wherein R.sub.1 and
      R.sub.7 are independently hydrogen, hydroxy, methyl, ethyl, methoxy,
      ethoxy, chloro or bromo; and each of R.sub.3, R.sub.4 and R.sub.5 is
      independently hydrogen, methyl, ethyl, propyl, methoxy, ethoxy, bromo or
      chloro.
NUM  5.
PAR  5. The aromatic polyester fabric material of claim 1, wherein R.sub.1,
      R.sub.2, R.sub.6, R.sub.7 and R.sub.8 are hydrogen; R.sub.3 and R.sub.4
      are hydrogen, lower alkyl or lower alkoxy; and R.sub.5 is hydrogen, lower
      alkoxy or chloro.
NUM  6.
PAR  6. The aromatic polyester fabric material of claim 1 wherein R.sub.1,
      R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.7 and R.sub.8 are
      hydrogen.
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ABST
PAL  A process of producing a dyed cleaned material comprising first applying to
      virgin material a dyeing medium, next drying the material and then
      treating the material with a cleaning substance containing acetone. The
      acetone may be diluted with water in a proportion up to 50% water. The
      dyeing medium may be a non-aqueous solvent dyeing medium. The non-aqueous
      dyeing medium may be combined with a material for which the solvent has an
      affinity higher than it has for the dye.
PARN
PAR  This is a division of application Ser. No. 221,831 filed Jan. 28, 1972, now
      U.S. Pat. No. 3,790,342.
PAR  This invention relates to the production of dyed material such as yarns,
      threads, fabrics, tows, tops and loose stock, also to the production of
      dyed leather and other materials capable of being dyed.
PAR  When material is subjected to a dyeing operation usually some of the dye is
      absorbed and some of the dye remains on the surface of the thread or of
      the threads or fibres forming the fabric.
PAR  The surface dye (the unfixed dye) is in two forms, one of which is a loose
      unadherent form and the other of which is a more strongly adherent form.
      When the material is washed this surface dye washes off. Besides the
      trouble that the surface dye causes for example by damaging other articles
      being washed at the same time, the removal of the surface dye causes the
      shade of the dyed material to change. To remove all this surface dye
      completely immediately following the dyeing operation a lengthy cleaning
      operation has heretofore been necessary. This required an initial washing
      operation which removes the loose surface coating of dye and then a
      reduction clearing operation or detergent treatment to remove the more
      adherent surface coating which is not washed off by the washing operation.
      As the reduction clearing operation causes a chemical action to take place
      with resultant debris being left it is necessary to remove this debris by
      a subsequent washing operation using a detergent. The cleaning treatment
      may take up as much as 45% of the total time of the dyeing cycle and the
      dyeing cycle itself may take as long as five hours. It will be understood
      then that the cleaning treatment is an expensive adjunct to the dyeing
      operation, not only on account of the time taken, but also because of the
      trouble of having to subject the material to a number of further
      operations. In addition to the cleaning operation it is necessary to
      subject the material subsequently to a drying operation which itself is
      expensive because of the amount of heat which has to be applied to remove
      the aqueous constituent of the cleaning liquids.
PAR  It would thus be a great technical advance to provide a quick, simple,
      cheap, easily-performed process for producing dyed material free from
      loose surface dye.
PAR  It is an object of the present invention to provide such a process.
PAR  A process of producing a dyed cleaned material according to the invention
      consists in first applying to virgin material a dyeing medium, drying the
      material and then treating the material with a cleaning substance
      consisting of acetone in a proportion from 100 to 50% and a diluent in a
      proportion from 0 to 50%.
PAR  The diluent may be a neutral diluent such as water.
PAR  The efficiency of the process is usually enhanced by operating the process
      at a temperature above room temperature. A suitable temperature lies
      within the range 40.degree.C - 50.degree.C.
PAR  The process may include the step of drying the material after treatment
      with the cleaning substance.
PAR  The material may be treated by centrifuging the material with the cleaning
      substance or circulating the cleaning substance through the material or
      moving the material through the cleaning substance.
PAR  The method of drying may consist in forcing hot air through the dyed and
      cleaned material, or in removing the residual acetone at a sub-atmospheric
      pressure below the vapour pressure of the cleaning substance.
PAR  The dyeing medium may be an aqueous dye medium, i.e., a dye in which the
      dyestuff is dispersed or dissolved in water which may contain auxiliary
      chemicals as additives intended to function as, for example, dispersing
      agents and buffering agents.
PAR  Alternatively the dyeing medium may be a solvent dyeing medium. In this
      type of dyeing medium a dyestuff is dispersed or dissolved in a
      non-aqueous solvent.
PAR  The solvent dyeing medium may consist of a substance incorporating a dye, a
      solvent of the dye and a material for which the solvent has a higher
      affinity than it has for the dye.
PAR  The components of the solvent dyeing medium may be all mixed together in
      one mixing operation before application to the virgin material, or the
      solvent and the material for which the solvent has an affinity higher than
      it has for the dye may be mixed together and then the dye either in dry
      form or in paste form added, the final mix being applied to the virgin
      material.
PAR  Alternatively, the dyeing medium may include a first component substance
      incorporating a dye contained in a solvent and a second component
      substance incorporating the material for which the solvent has a higher
      affinity than it has for the dye, the two component substances being
      either mixed before application to the virgin material or being applied
      consecutively and separately to the virgin material.
PAR  Suitably the two component substances are in liquid form or at least one
      may consist of at least one solid dispersed or dissolved in a liquid
      phase.
PAR  The process may include the further step of subjecting the material to a
      washing operation in the same solvent alone as is used in the first
      component substance or in another solvent after it has been treated with
      the two component substances.
PAR  The ratio of the first component substance to the complete dyeing medium
      may be in the range of 90 to 5% and the ratio of the second component
      substance to the composite dyeing medium may be in the range of 10 to 95%.
PAR  The liquor ratio of the solvent dyeing medium to the material being dyed
      will normally lie between 1:1 and 100:1 but for certain purposes ratios
      outside of these limits may be used. Solvents with boiling points above
      the boiling point of water may conveniently be used and the temperature of
      dyeing is preferably held at a maximum of 30.degree.C below the softening
      point of the material being dyed if this is synthetic material and about
      10.degree.C below the degradation temperature of a material which has no
      softening point e.g., a natural fibre. For solvents having boiling points
      above that of water a dyeing temperature lying in the range 130.degree.C-
      140.degree.C will normally be used. At these temperatures it may be found
      convenient to perform the process at a pressure above atmospheric.
PAR  The process is operable with textile material containing natural fibres
      and/or synthetic fibres.
PAR  For use with natural fibres suitable solvent dyestuffs are direct dyes,
      reactive dyes and azoic dyes. For use with synthetic fibres, disperse dyes
      may be used with polyester, polyamide, acetate and acrylic fibres and
      disperse dyes and acid dyes with nylon fibres.
PAR  Two types of solvents may be used. These are aliphatic solvents and
      aromatic solvents. The aliphatic solvents may be hydrocarbons, alcohols,
      halogenated hydrocarbons, aldehydes, ketones and esters. Aromatic solvents
      are hydrocarbons, phenols, aryl halides, aldehydes and ketones, and
      esters.
PAR  The second component substance may consist of a silicone fluid, an
      aliphatic solvent such as hydrocarbon (high boiling white spirit), an
      aliphatic halogenated hydrocarbon, an aromatic hydrocarbon or an aromatic
      halogenated hydrocarbon and includes mixture of these. In certain
      circumstances substances capable of controlling the levelness and
      penetration of the dyeing effect, urea is one such substance, may be
      incorporated in the second component substance.
PAR  Briefly stated, the mode of operation of the process is that solution of
      the dyestuff in the solvent to form the first component substance puts the
      dyestuff into a form suitable for transfer to the material to be dyed.
      When the first component substance is mixed with the second component
      substance the greater affinity of the solvent for the second component
      substance than it has for the dyestuff increases relatively the affinity
      of the dyestuff for the material being dyed and an enhanced dyeing effect
      is achieved.
PAR  The constituents of the component substances are readily chosen so that the
      component substances are non-explosive and virtually non-inflammable. As
      an example of such a mixture a first component substance contains
      perchloroethylene as the solvent and silicone fluid as the second
      component substance. Many of these solvents are readily available
      commercially, for example perchloroethylene is extensively used in the
      dry-cleaning industry.
PAR  Examples of suitable silicone fluids are low viscosity
      dimethyl-polysiloxanes. Other advantages possessed by these solvents are
      that they have high flash points, are virtually non-volatile, have no true
      boiling points, are neutral and are chemically inert.
PAR  The acetone performs all the required cleaning action in one operation, it
      dissolves not only the loose surface coating of dye but also the more
      strongly adherent surface dye which is not normally removed by the washing
      operation. In addition the acetone does not form by-products and acts with
      such speed that it can be applied for a time sufficient to remove the
      unfixed surface dye only, i.e., not to take out any of the fixed adsorbed
      dye.
PAR  The process can be operated as a batch dyeing process or as a continuous
      dyeing process.
PAR  Time savings of as much as 50% have been achieved by the process. This is
      equivalent to increasing the capacity of any existing dyeing machine by
      100%.
PAR  A further saving in time is possible in the subsequent drying operation.
      Since acetone is much more volatile than water the time taken to evaporate
      the acetone out of the cleaned material is much less than it is in the
      equivalent conventional cleaning operation. Also since the latent heat of
      acetone is less than a quarter that of water the quantity of heat required
      to evaporate the acetone is also very much less than it is for the same
      quantity of the conventional cleaning substances which are almost all
      water. There is a consequent reduction in cost.
PAR  Although the process covers the use of aqueous dyes as well as solvent dyes
      and there are occasions where aqueous dyes are more suitable, it is
      preferable to use solvent dyes because the auxiliary chemicals usually
      required in the dye liquor not only reduce the concentration of the
      dyestuff but are troublesome in that they are difficult to render
      innocuous in the effluent from the dyeing process. It thus may require a
      considerable amount of expenditure in making the effluent sufficiently
      innocuous or otherwise harmless to discharge to a drainage system or to a
      river or stream. Another disadvantage of aqueous dyes in that water has
      high specific and latent heats and consequently the amount of heat
      required to dry the dyed material contributes substantially to the cost of
      the dyeing process.
PAR  A further advantage of the use of solvent dyes is that the material being
      dyed is more rapidly wetted by these non-aqueous solvents and that textile
      materials do not swell as much in the non-aqueous solvents as they do in
      water.
PAR  It is to be understood that the method of applying the substance or the
      component substances to the virgin material includes any practicable
      process, e.g., immersion of the virgin material in the substance or
      component substances, pumping the substances or the component substances
      through the virgin material, or printing the substances or the component
      substances on to the virgin material, or any combination of these
      processes or other practicable processes.
PAR  It is also to be understood that although for convenience the process has
      sometimes been previously described as being for the production of dyed
      textile material, the process is effective in producing dyed material from
      any textile or non-textile virgin material which is capable of being dyed.
      Such a non-textile material is leather.
PAR  It is also to be understood that the virgin material may already have been
      treated in some fashion e.g., it may have been bleached or may have been
      already dyed or printed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process of dyeing comprising applying to material to be dyed a solvent
      dyeing medium comprising a dye, a solvent of the dye selected from the
      group consisting of aliphatic hydrocarbons, aliphatic alcohols,
      halogenated aliphatic hydrocarbons, aliphatic aldehydes, aliphatic
      ketones, aliphatic esters, aromatic hydrocarbons, phenols, aryl halides,
      aromatic aldehydes, aromatic ketones, and aromatic esters and a
      dimethyl-polysiloxane for which the solvent has a higher affinity than it
      has for the dye, the ratio of the dye in its solvent to the complete
      dyeing medium being in the range of 90 to 5% and the ratio of the material
      for which the solvent has a higher affinity that it has for the dye to the
      complete dyeing medium being in the range of 10 to 95%.
NUM  2.
PAR  2. A process as claimed in claim 1 in which the solvent incorporates
      perchloroethylene.
NUM  3.
PAR  3. A process as claimed in claim 1 in which the silicone fluid is a low
      viscosity dimethyl-polysiloxane.
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ABST
PAL  Use of low molecular weight polymer and phosphate compositions to inhibit
      the corrosion of metals by oxygen-bearing waters.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the inhibition of corrosion in water systems
      which utilize oxygen-bearing waters.
PAR  More particularly, this invention relates to the use of compositions
      comprising low molecular weight polymers and phosphates to inhibit the
      corrosion of metals in water systems which contain oxygen-bearing waters.
PAR  Oxygen corrosion is, of course, a serious problem in any metal-containing
      water system. The corrosion of iron and steel is of principal concern
      because of their extensive use in many types of water systems. Copper and
      its alloys, aluminum and its alloys, and galvanized steel are also used in
      water systems and are subject to corrosion. I have discovered corrosion
      inhibitors which will inhibit oxygen corrosion in water systems containing
      such metals.
PAC  SUMMARY OF THE INVENTION
PAR  I have found that compositions comprising low molecular weight polymers and
      phosphates are effective corrosion inhibitors. Suitable polymers include
      water-soluble salts of acrylates and methacrylates, unhydrolyzed or
      partially hydrolyzed acrylamides, and acrylamidomethyl propane sulfonates.
      The polymers may be homo-, co-, or ter- polymers of any of the
      aforementioned polymers and may have a molecular weight of from about 500
      to about 10,000. The preferred molecular weight, however, is about 1,000.
PAR  Suitable phosphates include any source of the ortho- PO.sub.4.sup..sup.-3
      ion as, for example, phosphoric acid, mono, di and tri sodium phosphate,
      or mono, di and tri sodium polyphosphate.
PAR  The corrosion-inhibiting compositions can contain a ratio of polymer to
      phosphate of from about 20:1 to about 1:1 by weight. The preferred ratio,
      however, is from about 5:1 to 2:1 by weight. These compositions will
      effectively inhibit corrosion of metals when maintained in a water system
      at a concentration of at least about 10 ppm at the above ratios and,
      preferably, about 30 ppm. Maximum concentrations are determined by the
      economic considerations of the particular application.
PAR  It may, of course, be desirable to add zinc to the compositions of this
      invention for certain applications. The zinc ion may be supplied in many
      ways. For example, it may be added by utilizing a water-soluble zinc salt,
      such as, zinc chloride, zinc acetate, zinc nitrate, or zinc sulfate or it
      may be supplied by adding powdered zinc to a solution of the composition.
PAR  Compounds such as benzotriazole or mercaptobenzothiazole may also be added
      to the final formulation in varying amounts to improve its usefulness in a
      wider variety of industrial applications where both steel and copper are
      present in the same system.
DETD
PAR  The following tables show the results of experiments which demonstrate the
      effectiveness of the compositions of this invention in inhibiting metallic
      corrosion. These tests were run in synthetic Pittsburgh water. Steel
      electrodes were used in polarization test cells with the initial pH at
      7.0. Inhibitor concentrations were calculated on the basis of 100 percent
      active material. The amount of corrosion that had taken place was
      determined from the current density at the intersection of an
      extrapolation of the so-called "Tafel" portion of the anodic polarization
      curve with the equilibrium or "mixed" potential value, usually referred to
      as the corrosion potential, "E.sub.corr." Application of Faraday's Law
      allows a computation of a direct mathematical relationship between the
      current density at E.sub.corr, expressed in amperes per square centimeter
      and a more useful corrosion rate expression such as milligrams of steel
      consumed per square decimeter of surface per day (m.d.d.) and mils per
      year (m.p.y.). This relationship is such that a current density value of
      4.0 .times. 10.sup..sup.-7 amperes/cm.sup.2 = 1.0 mg/dm.sup.2 /day.
      Further, the m.p.y. value is calculated from the formula: m.p.y. = m.d.d.
      .times. (1.44/density), using a density value of 7.87 g/cm.sup.3 for
      steel.
PAR  The following tables illustrate the synergistic effect of a composition
      comprising sodium polyacrylate and phosphoric acid as a corrosion
      inhibitor in tests run at 35.degree.C.
TBL                Table 1                                                     
     ______________________________________                                    
                        Dosage    Corrosion Rate                               
     Inhibitor System   (mg/l)    (mdd)                                        
     ______________________________________                                    
     Control            0         100                                          
     Sodium Polyacrylate                                                       
     (molecular weight .about. 1,000)                                          
                        30        78                                           
     Phosphoric Acid    5         83                                           
     Sodium Polyacrylate                                                       
        +                                                                      
     Phosphoric Acid    30 + 5    4                                            
     ______________________________________                                    
     Table 2                                                                   
                        Dosage    Corrosion Rate                               
     Inhibitor System   (mg/l)    (mdd)                                        
     ______________________________________                                    
     Control            0         100                                          
     Sodium Polyacrylate                                                       
     (molecular weight .about. 1,000)                                          
                        60        48                                           
     Phosphoric Acid    3         73                                           
     Sodium Polyacrylate                                                       
        +                                                                      
     Phosphoric Acid    60 + 3    10                                           
     ______________________________________                                    
     Table 3                                                                   
                        Dosage    Corrosion Rate                               
     Inhibitor System   (mg/l)    (mdd)                                        
     ______________________________________                                    
     Control            0         100                                          
     Sodium Polyacrylate                                                       
     (molecular weight .about. 1,000)                                          
                        60        48                                           
     Phosphoric Acid    9         8                                            
     Sodium Polyacrylate                                                       
        +                                                                      
     Phosphoric Acid    60 + 9    2                                            
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of inhibiting the corrosion of metals in a water system which
      comprises maintaining in the water of said system at least about 10 ppm of
      a composition comprising a polyacrylamide having a molecular weight of
      from about 500 to about 10,000 and a source of orthophosphate.
NUM  2.
PAR  2. A method as in claim 1 wherein the ratio of polymer to phosphate is from
      about 20:1 to about 1:1 by weight.
NUM  3.
PAR  3. A method as in claim 2 wherein the ratio of polymer to phosphate is from
      about 5:1 to about 2:1 by weight.
NUM  4.
PAR  4. A method as in claim 1 which further contains zinc.
NUM  5.
PAR  5. A method as in claim 1 which further comprises a member selected from
      the group consisting of benzotriazole and mercaptobenzothiazole.
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ABST
PAL  Disclosed herein is a process and apparatus for quantitatively determining
      the amount of hexavalent chromium (CR.sup..sup.+6) in a process stream by
      comparing the optical density of the process stream with a reference
      sample produced by reducing Cr.sup..sup.+6 to Cr.sup..sup.+3 by contacting
      it with a sulfur dioxide reducing agent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process and apparatus for quantitatively
      determining the amount of hexavalent chromium (Cr.sup.+.sup.6) in a
      process stream. In particular, it relates to a process and apparatus for
      measuring small quantities of CR.sup.+.sup.6 in process streams containing
      a variety of other interfering components.
PAR  2. Discussion of the Prior Art
PAR  Hexavalent chromium has been listed by the Environmental Protection Agency
      (EPA) as one of the primary pollutants which must be controlled and
      monitored in waste water streams. A concentration limit of 0.05 ppm of
      hexavalent chromium in such streams has been proposed.
PAR  The standard method used to detect Cr.sup.+.sup.6 is to react
      Cr.sup.+.sup.6 with diphenylcarbazide to produce a reddish purple color in
      slightly acid solutions. This procedure, however, is not easily adapted to
      a continuous measurement.
PAR  Hexavalent chromium (Cr.sup.+.sup.6) absorbs strongly in the near
      ultraviolet (UV). Its presence in large concentrations, is therefore
      easily detected by UV spectroscopy. Its presence in small concentrations
      is also easily detected by UV spectroscopy, provided that there are no
      other impurities in the medium which would mask the presence of
      Cr.sup.+.sup.6. Direct photometric absorption measurements for
      Cr.sup.+.sup.6 in the part per billion/part per million range in plant
      effluent waters, however, have not been used because the varying
      absorption of other impurities in the water usually exceeds that of the
      Cr.sup.+.sup.6.
PAR  There is a need, therefore, for a simple, accurate technique to
      continuously monitor process streams for the presence of Cr.sup.+.sup.6 in
      amounts commensurate with EPA levels.
PAR  The present invention uses a sulfur dioxide reducing agent, preferably
      sulfur dioxide gas, to reduce Cr.sup.+.sup.6 to trivalent chromium
      (Cr.sup.+.sup.3) and provide a reference sample to compensate for
      background absorption. SO.sub.2 gas has been used for the abatement of
      chromium in plant effluent waters, by reducing Cr.sup.+.sup.6 to
      Cr.sup.+.sup.3 and then precipitating Cr.sup.+.sup.3 by making the stream
      basic. However, SO.sub.2 has never been used in the analysis of a process
      stream for Cr.sup.+.sup.6 ; nor has it been used to produce a reference
      sample from a plant stream which can, in turn, be used to provide an
      accurate determination of the Cr.sup.+.sup.6 content of that stream. It is
      the use of SO.sub.2 to produce a reference sample which makes such an
      accurate determination possible, and it is not readily apparent, from the
      use of SO.sub.2 in abatement procedures, that such a reference sample will
      permit accurate measurements of the Cr.sup.+.sup.6 content in process
      streams, particularly when that stream contains small concentrations (in
      the ppm range) of Cr.sup.+.sup. 6 in combination with high concentrations
      of other interfering materials.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a simple, accurate process for
      quantitatively determining small amounts of Cr.sup.+.sup.6 in at least one
      process stream by:
PAR  a. monitoring the absorbance of at least a portion of the process stream;
PAR  b. introducing a sulfur dioxide reducing agent into at least a portion of
      the process stream to form a reference sample; and
PAR  c. after a time sufficient to allow the sulfur oxide containing reducing
      agent to reduce Cr.sup.+.sup.6 to Cr.sup.+.sup.3, measuring the difference
      in absorbance of the process stream and the reference sample.
PAR  As used in this specification, the term sulfur dioxide reducing agent shall
      include sulfur dioxide itself (SO.sub.2), particularly in its gaseous
      form, sulfurous acid (H.sub.2 SO.sub.3) which is a solution of sulfur
      dioxide in water, and the salts of sulfurous acid, particularly the
      bisulfites such as sodium bisulfite (NaHSO.sub.3). Because of its ease of
      use, sulfur dioxide gas is the preferred form, and, for convenience, all
      further discussions in this specification will be limited to the use of
      sulfur dioxide gas in the practice of the present invention. However, when
      sulfur dioxide gas is introduced into an acidic aqueous solution,
      sulfurous acid is formed and when it is introduced into a slightly basic
      solution, bisulfites are formed. In particular, where sulfur dioxide gas
      is added to a solution which has been made basic by adding sodium
      hydroxide (NaOH), sodium bisulfite will be formed. Therefore, even when
      sulfur dioxide gas is used, either sulfurous acid or a bisulfite will be
      present in the process stream, depending on the pH of the stream. Although
      the following discussion will be limited to the use of sulfur dioxide gas,
      it is to be understood that if the circumstances warrant it, rather than
      use sulfur dioxide gas, sulfurous acid or a bisulfite solution can be
      added directly to the process stream. In this case the source of reducing
      agent would be a liquid under pressure, rather than a gas under pressure.
PAR  Also, as used in this specification, the term absorbance shall mean either
      the actual absorbance of the medium referred to, or a quantity related to
      the absorbance of the medium, such as the optical density or the light
      transmittance of the medium referred to.
PAR  In the preferred embodiment, a portion of the process stream is first
      isolated to form a sample stream and the steps referred to above are
      performed on the sample stream. SO.sub.2 can be introduced periodically
      into the sample stream so the step of monitoring the absorbance of the
      sample stream and measuring the difference in the absorbance of the sample
      stream and the reference sample can be accomplished at different times at
      the same location.
PAR  It is not necessary that the pH of the system be maintained constant, but
      since the absorption of CR.sup.+.sup.6 varies with the pH of the medium in
      which it is found, both the reference and the sample stream should be
      either always basic or always acidic. If the pH of the process stream
      varies from basic to acidic, a base or an acid can be added to the stream
      in sufficient strengths to keep it either always basic or always acidic.
      It has been found that Cr.sup.+.sup.6 has its strongest absorption in
      basic solutions, so in a still more preferred embodiment of the present
      invention, the process further comprises the step of maintaining the pH of
      the sample stream and the reference sample at a pH above about 10.0. When
      the pH is maintained basic, best results are obtained by measuring the
      difference in the absorbance of the sample stream and the reference stream
      at a wavelength between about 330 and 420 nm., preferably between 350 and
      380 nm.
PAR  One convenient way to measure the difference in the absorbance of the
      sample stream and the reference sample is to measure the absorbance of
      both the sample stream and the reference sample and to use the measured
      value of the absorbance of the reference sample to provide a "zero" for
      the measurement of the absorbance of the sample stream. In one such
      process, the first step would be to introduce SO.sub.2 into the sample
      stream for a first period of time (usually between one and three minutes)
      to produce the reference sample, and to set the output of the photometer
      so that it reads "zero" at this point. The flow of SO.sub.2 would then be
      cut off for a second period of time (usually substantially longer than the
      first period of time). The difference in the absorbance of the reference
      sample and the sample stream would then be read directly from the output
      of the photometer.
PAR  This measurement would then provide a differential measure of the amount of
      Cr.sup.+.sup.6 converted to Cr.sup.+.sup.3 by the SO.sub.2 and hence a
      measure of the Cr.sup.+.sup.6 in the process stream. If the analysis is to
      be performed on a medium with a high background or a highly turbid stream
      filled with fine bubbles, differential comparison of the differential
      measurement referred to above with a reference measurement made in a
      region of the spectrum where Cr.sup.+.sup.6 does not absorb strongly
      (i.e., about 750 nm.) may be useful
PAR  The apparatus of the present invention comprises:
PAR  a. at least one conduit means to contain the flow of at least a portion of
      the process stream;
PAR  b. photometric means associated with the conduit means to monitor the
      absorbance of at least a portion of the process stream;
PAR  c. valving means associated with the conduit means to introduce SO.sub.2
      into at least a portion of the process stream in the conduit means to form
      a reference sample;
PAR  d. residence means associated with the conduit means to allow the SO.sub.2
      to reduce the Cr.sup.+.sup.6 in the reference sample to CR.sup.+.sup.3 ;
      and
PAR  e. a photometric means associated with said conduit means to measure the
      difference in the absorbance of the process stream and the reference
      sample.
PAR  The apparatus may further comprise means associated with the conduit means
      to maintain the pH of both the reference stream and the process stream
      either always basic or always acidic.
PAR  In the preferred embodiment, the conduit means comprises a sample stream
      conduit to isolate a portion of the process stream into a sample stream,
      and, the various other components of the apparatus are associated with the
      sample stream conduit. The valving means to introduce SO.sub.2 into the
      sample stream may be a means to periodically introduce SO.sub.2 into the
      sample stream, in which case the photometric means to monitor the
      absorbance of the process stream and the photometric means to mesure the
      difference in the absorbance of the sample stream and the reference sample
      may comprise a single optical cell where both monitoring the absorbance of
      the sample stream and measuring the difference in the absorbance of the
      sample stream and the reference sample are accomplished.
PAR  If a differential measurement is to be made, the photometric means
      comprises:
PAR  a. means to measure the absorbance of both the sample stream and the
      reference sample; and
PAR  b. means to zero the output of the photometric means to the measured value
      of the absorbance of the reference sample.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  The present invention can best be described with reference to the following
      figures in which:
PAR  FIG. 1 is a schematic illustration of one embodiment of an apparatus
      according to the present invention; and
PAR  FIG. 2 is a plot of the absorbance of Cr.sup.+.sup.6 in both the basic and
      acidic solutions compared with the absorption of Cr.sup.+.sup.3 in an
      acidic or basic solution.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates one embodiment of an apparatus of the present invention
      which can be used to measure small concentrations of Cr.sup.+.sup.6 in two
      different process streams. The apparatus illustrated in FIG. 1 can easily
      be adapted by one skilled in the art for use on a single process stream,
      or for use on more than two process streams, by deleting the second sample
      flow system or by adding additional sample flow systems as desired.
PAR  In FIG. 1, conduit means 10 and 10' are part of the process lines for two
      difference process streams. Referring first to process line 1, a tee 11 is
      provided to isolate a portion of the sample stream conduit 12. Usually the
      pressure in the process line is sufficient to force a portion of the
      process stream contained in conduit 10 into sample stream conduit 12, so
      that no pumping system is necessary to divert a portion of the process
      stream into the sample system. However, a pump can be provided if
      necessary. Under certain circumstances, i.e., low process stream flow, the
      entire process stream can be fed to the sample system and no means to
      isolate a portion of the process stream into a sample stream is necessary.
PAR  The sample stream which has been isolated from the process stream by
      diverting it to the sample stream conduit 12 passes through a
      self-cleaning filter 13 which is provided to prevent particles larger than
      200 mesh from entering the sample system. A portion of the sample stream
      diverted from the process stream is then passed to the sample system and a
      portion of it is diverted into a return line 14 through shut-off valve 15.
      The undiverted sample stream passes through shut-off valve 16 and a
      remotely operated ball valve 17 to rotameter 18 which is used to indicate
      sample flow. All of these parts are standard parts well known to those
      skilled in the art.
PAR  A system identical to that described above is also provided for process
      line 2.
PAR  A valving means, associated with the sample stream conduit, is provided to
      introduce SO.sub.2 into the system. This valving means consists of conduit
      19, shut-off valve 20, rotameter 21 (to indicate SO.sub.2 flow) and
      remotely operated ball-valve 22 which is used to periodically introduce
      SO.sub.2 into the sample stream conduit. SO.sub.2 gas is provided under
      pressure to conduit 19. A flow of about 200 cc/min. has been found to be
      sufficient, but the exact flow will depend on the range of Cr.sup.+.sup.6
      to be analyzed.
PAR  Additional means, associated with the sample stream conduit, is also
      provided to maintain the pH of the sample stream at a substantially
      constant value. As can be seen from FIG. 2, the absorption of
      Cr.sup.+.sup.6 is increased in a basic solution. Since the sensitivity of
      the system will be increased if the analysis is conducted in a basic
      solution, in the embodiment illustrated, the sample contained in the
      sample stream conduit is maintained at a pH above about 10 by introducing
      a caustic solution, such as sodium hydroxide (NaOH), into the sample
      stream conduit. The caustic solution is contained in a container 23. A
      25-30% NaOH solution to which is added sodium ethylene diaminetetraacetic
      acid (EDTA) in the proportion of 1/2 pound of EDTA to 5 gallons of caustic
      solution has been found to be suitable. The caustic solution passes
      through a filter 24 (to remove particulate matter from the caustic
      solution) and then through check valve 25, shut-off valve 26 and rotameter
      27 (which is provided to indicate the flow of caustic solution).
PAR  In this manner, SO.sub.2, sample stream and caustic solution are combined
      and introduced into conduit 29. The flow of each component, indicated by
      the various rotameters, can be controlled by valves 16, 20 and 26. In
      addition to the materials referred to above, a source of water under
      pressure is provided through conduit 47 and remotely operated ball-valves
      45 and 46. The water is used to purge and clean the system and also to
      backflush the self-cleaning filters 13 and 13'. Valve 43 is provided to
      insure that the water is diverted to backflush the filter. Check valve 25
      is contained in the caustic solution line to prevent water from reaching
      the caustic solution.
PAR  Caustic solution and sample stream can be provided to the photometer by
      means of a pump, but in the embodiment illustrated, an aspirator system is
      used to draw the caustic solution and sample stream through the analysis
      cell. Water is provided to aspirator 38 through line 35, filter 36 and
      regulator 37. From the aspirator it is fed to waste line 39. The flow of
      water through the aspirator provides sufficient suction to draw the
      caustic solution from its container through line 28 where it is introduced
      into the sample conduit. The sample stream, caustic solution and SO.sub.2
      are also drawn through the photometric means 31 into waste lines 39 and 40
      by virtue of the suction provided by aspirator 38.
PAR  A residence means, which in the embodiment illustrated is a coil 30, is
      provided in line 29 to provide sufficient residence time for the SO.sub.2
      in the sample stream to reduce the Cr.sup.+.sup.6 in the sample stream to
      Cr.sup.+.sup.3 before it is introduced into the photometer. An excess of
      SO.sub.2 is used, and the conversion usually takes less than a few
      seconds. SO.sub.2 dissolves more rapidly in basic solution, so a coil
      length of about one foot for a basic sample and six feet for an acidic
      sample is sufficient to provide the residence time necessary.
PAR  In the embodiment illustrated, the photometer is a Du Pont 400 Photometric
      Analyzer containing a sample cell 32 into which the sample stream is
      introduced through line 29 and removed through line 40. The cell has
      windows which are transparent to ultraviolet radiation (usually quartz)
      and is disposed between a light source 33 and a detector 34. The optical
      features of this instrument are described in U.S. Pat. No. 3,306,156, the
      disclosure of which is hereby incorporated into this specification.
PAR  As can be seen from FIG. 2, Cr.sup.+.sup.6 is strongly absorbant in the
      ultraviolet range between 330 and 420 nm., whereas Cr.sup.+.sup.3 is a
      weak absorbance in this range. For this reason, the light source is
      provided with a filter to insure that the analysis takes place in the
      range 330 to 420 nm., preferably 360 to 380 nm. Analysis at about 365 nm.
      has been found to be optimum. If differential measurements are to be made
      of the absorbance of both the sample stream and the reference sample, then
      a reference wavelength of about 750 nm. may be used. The light source and
      detector are powered through lines 50 by a power supply 48. The signal
      output is zeroed and spanned by a control station 49 which is part of the
      photometer. Also included in 49 is a sequence controller 49'.
PAR  For purposes of the present invention, it is possible to measure the
      absorbance of the sample stream in one sample cell, and that of the
      reference sample, produced by introducing SO.sub.2 into the sample stream,
      in a different sample cell. In the embodiment illustrated, however, both
      the absorbance of the process stream and the absorbance of the reference
      sample are made using the same sample cell. This is done by allowing the
      process stream to flow through the photometer sample cell and by
      periodically introducing SO.sub.2 into the sample stream to create a
      periodic reference sample which also flows through the same photometer
      sample cell.
PAR  The periodic nature of the system is controlled by solenoid valves 41 and
      42 which direct the air provided thorugh line 51 and regulator 44, and by
      solenoid valves 45 and 46. Four way solenoid valve 41 is used to switch
      from one sample stream to another by operating remote-operated valves 17
      and 17'. Solenoid valve 42 is used to operate remote valve 22 in the
      So.sub.2 line and to periodically introduce SO.sub.2 into the sample
      stream at the desired intervals. Solenoid valves 45 and 46 are used to
      purge the lines with water. All four solenoid valves are controlled by
      sequence controller 49" which is programmed to operate the system as
      desired.
PAR  In the embodiment illustrated, the measurement of the absorbance of the
      reference sample is used to zero the photometer so the output of the
      photometer when it is used to measure the absorbance of the sample stream
      will provide a differential measurement proportional to the amount of
      Cr.sup.+.sup.6 converted to Cr.sup.+.sup.3 by interaction with the
      SO.sub.2. One convenient way in which this can be accomplished is to
      "zero" the system be bleeding SO.sub.2 gas into the sample stream for
      approximately two minutes during which any Cr.sup.+.sup.6 in the sample
      stream will be reduced to Cr.sup.+.sup.3. During the last 0.5 minutes of
      this step, the analyzer is automatically zeroed by conventional
      electronics provided in sequence controller 49'. Then, for approximately
      eight minutes, the sample stream is fed unaltered to the analyzer and the
      amount of Cr.sup.+.sup.6 in the process stream can be determined directly
      from the output of the analyzer. In the normal sequence, should the source
      stream contain a high volume of solids, or require caustic addition for pH
      adjustment, a third step is included in the analysis cycle. For
      approximately 0.3 minutes, following the Cr.sup.+.sup.6 analysis, the
      sample and caustic lines are forward flushed and the filters are
      backflushed to remove contaminants. It should be noted, that if a pH
      adjustment is required, caustic addition is continuous during both the
      zeroing and the Cr.sup.+.sup.6 analysis step.
PAR  The above description was presented for the purpose of illustrating the
      invention and is not intended to limit the scope of the invention set
      forth in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for quantitatively determining the amount of Cr.sup.+.sup.6 in
      at least one process stream comprising the steps of:
PA1  a. monitoring the absorbance of at least a portion of the process stream;
PA1  b. introducing a sulfur dioxide reducing agent into at least a portion of
      the process stream to form a reference sample; and
PA1  c. after a time sufficient to allow the sulfur dioxide agent to reduce
      Cr.sup.+.sup.6 to Cr.sup.+.sup.3, measuring the difference in the
      absorbance of the process stream and the reference sample.
NUM  2.
PAR  2. The process of claim 1 wherein the step of introducing a sulfur dioxide
      reducing agent into the process stream is accomplished by introducing
      SO.sub.2 gas into the process stream.
NUM  3.
PAR  3. The process of claim 2 wherein the process stream and the reference
      stream are maintained always basic or always acidic.
NUM  4.
PAR  4. The process of claim 3 comprising the step of first isolating a portion
      of said process stream to form a sample stream and then performing the
      remaining process steps on said sample stream.
NUM  5.
PAR  5. The process of claim 4 wherein the step of measuring the difference in
      the absorbance of the sample stream and the reference sample is
      accomplished by measuring the absorbance of both the sample stream and the
      reference sample and zeroing the measurement made on the sample stream
      with the measurement made on the reference sample.
NUM  6.
PAR  6. The process of claim 4 wherein the step of introducing SO.sub.2 into the
      sample stream to form a reference sample is accomplished periodically and
      wherein the steps of monitoring the absorbance of the sample stream and
      measuring the difference in the absorbance of the sample stream and
      reference sample are accomplished at different times at the same location.
NUM  7.
PAR  7. The process of claim 3 further comprising the step of maintaining the pH
      of the process stream and the reference sample above about 10.0.
NUM  8.
PAR  8. The process of claim 7 wherein the step of measuring the difference in
      the absorbance of the sample stream and the reference sample is
      accomplished at a wavelength of between about 330 and about 420 nm.
NUM  9.
PAR  9. The process of claim 7 wherein the step of measuring the difference in
      the absorbance of the sample stream and the reference sample is
      accomplished at a wavelength of between about 350 and 380 nm.
PATN
WKU  039415643
SRC  5
APN  397118&
APT  1
ART  171
APD  19730913
TTL  Method for assessing thyroid function
ISD  19760302
NCL  31
ECL  1
EXA  Hagan; Timothy W.
EXP  Serwin; R. E.
NDR  2
NFG  2
INVT
NAM  Fader; Marshall Lloyd
CTY  South Bend
STA  IN
INVT
NAM  Schick; Lloyd Alan
CTY  Elkhart
STA  IN
ASSG
NAM  Miles Laboratories, Inc.
CTY  Elkhart
STA  IN
COD  02
CLAS
OCL   23230B
XCL  250303
XCL  424  1
EDF  2
ICL  G01N 3316
ICL  G21H  502
FSC   23
FSS  230 B
FSC  424
FSS  1;12
FSC  250
FSS  303
UREF
PNO  3659104
ISD  19720400
NAM  Gross et al.
XCL   23230B
UREF
PNO  3710117
ISD  19730100
NAM  Gross et al.
XCL   23230B
UREF
PNO  3799740
ISD  19740300
NAM  Mincey
OCL   23230B
LREP
FR2  Klawitter; Andrew L.
ABST
PAL  In vitro method for assessing thyroid function based on an indirect
      estimation of the free thyroxine concentration of a sample of serum. Known
      amounts of a sample of serum to be tested and a radioactive labeled
      thyroxine solution are added to an alkaline crosslinked dextran gel column
      which serves to dissociate the serum thyroxine bound to thyroxine binding
      proteins. After washing the serum proteins from the column, a portion of
      the mixture of labeled and serum thyroxine is eluted from the column using
      a known amount of the serum sample and a known amount of eluting liquid
      containing thyroxine binding protein. The use of a portion of the serum
      sample normalizes the elution of free thyroxine against the thyroxine
      binding capacity of the serum sample. By comparing the percent labeled
      thyroxine retained in the column in testing the serum sample to the
      percent retained in testing a reference sample representing a known
      thyroid condition, a free thyroxine equivalent value is obtained which is
      useful in differentiating hyperthyroid, euthyroid, and hypothyroid
      conditions. The method can be modified to provide a means for determining
      the total thyroxine concentration of the serum sample, as well as its free
      thyroxine equivalent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Thyroxine (T-4) is found in serum as free thyroxine (free T-4) and as bound
      thyroxine (bound T-4). In its bound form, thyroxine is conjugatd with
      thyroxine binding proteins (TBP). The relative amount of free and bound
      T-4 present in serum depends on two factors; the amount of T-4 secreted by
      the thyroid and the concentration of TBP in the serum. The concentration
      of TBP may vary according to the condition of the subject. For instance,
      the presence of excess estrogens, such as in pregnancy and in the use of
      oral contraceptives, causes an increase in the TBP level. Thus, the use of
      total T-4 assays for the differential determination of hyperthyroid,
      euthyroid and hypothyroid conditions can lead to false diagnoses. However,
      the percentage of free T-4 in serum varies with changes in TBP levels.
      Therefore, the concentration of free T-4 in serum is an indicator of
      thyroid function which is unchanged even during wide variances in TBP
      levels.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The determination of the concentration of free T-4 in serum is generally
      considered to be the most useful means for assessing thyroid function
      since free T-4 is the hormone made available to the peripheral tissues for
      hormonal action. The concentration of free T-4 in serum may be found by
      determining the percentage of free T-4 in serum and multiplying the amount
      of total T-4 in the serum by this percentage. While there are numerous
      available methods for determining the percentage of free T-4  in serum,
      all possess clinically disadvantageous characteristics. One frequently
      used method involves a prolonged dialysis of serum mixed with radioactive
      labeled T-4. This method, described in J. Clin. Invest. 44: 1679-89(1965),
      is time consuming and requires skills which the clinical technician
      generally does not have.
PAR  Recently, clinically useful methods have been found for determining total
      T-4 (U.S. Pat. No. 3,659,104) and a T-4 uptake index related to the number
      of unbound TBP sites in serum (U.S. Pat. No. 3,710,117). The arithmetic
      product of total T-4 and the T-4 uptake index is an indirect estimate of
      free T-4 which has been found to correlate with more rigorous techniques
      in assessing thyroid function. However, two separate tests must be
      conducted which multiplies the errors involved in each test and requires
      more time than desired.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that a simple single test method for the indirect
      determination of free thyroxine in serum is provided based on the use of a
      second portion of the serum sample in the elution of an alkaline
      crosslinked dextran gel column previously contacted with radioactive
      labeled thyroxine and a first portion of the serum sample. The present
      invention is basically a modification of the total thyroxine method in
      U.S. Pat. No. 3,659,104. The use of a portion of the serum sample in the
      elution step has been found to normalize the method against the actual
      thyroxine binding capacity of the serum sample and therefore can be used
      in indirectly determining the concentration of free thyroxine in the serum
      sample.
PAR  The disclosed method for assessing thyroid function through the indirect
      determination of the free thyroxine concentration of a serum sample
      basically comprises the steps of (a) adding a predetermined quantity of
      the serum sample and a quantity of a radioactive labeled thyroxine
      solution to a column containing a crosslinked dextran gel at a pH of at
      least about 11, (b) washing the column with an aqueous alkaline solution,
      (c) adding a predetermined quantity of the serum sample and a
      predetermined quantity of an eluting liquid containing thyroxine binding
      protein to the column, (d) washing the column with an aqueous alkaline
      solution, (e) determining the ratio of radioactive labeled thyroxine
      retained in the column after step (d) to that added in step (a), and (f)
      comparing the ratio determined in step (e) to that obtained using a
      reference sample representing a known thyroid status in place of the serum
      sample in steps (a) and (c). The eluting liquid preferably includes an
      aqueous alkaline solution, preferably includes a buffer, and preferably
      has a pH of between about 7 and 10. Likewise, the aqueous alkaline
      solutions used in steps (b) and (d) preferably include a buffer and
      preferably have a pH of between about 7 and 10. A preferred eluting liquid
      also includes either human serum or human alpha-globulin.
PAR  The modified method for additionally determining the total thyroxine
      concentration of the serum sample basically comprises the steps of: (a)
      adding a predetermined quantity of the serum sample and a quantity of a
      radioactive labeled thyroxine solution to a column containing a
      crosslinked dextran gel at a pH of at least about 11, (b) washing the
      column with an aqueous alkaline solution, (c) adding a predetermined
      quantity of an eluting liquid containing thyroxine binding protein to the
      column, (d) washing the column with an aqueous alkaline solution, (e)
      adding a predetermined quantity of the serum sample to the column, (f)
      washing the column with an aqueous alkaline solution, (g) determining the
      ratio of radioactive labeled thyroxine retained in the column after step
      (d) to that added in step (a), (h) comparing the ratio determined in step
      (g) to ratios obtained using standard liquids containing known
      concentrations of thyroxine, (i) determining the ratio of radioactive
      labeled thyroxine retained in the column after step (f) to that added in
      step (a), and (j) comparing the ratio determined in step (i) to that
      obtained using a reference sample representing a known thyroid status in
      place of the serum sample in steps (a) and (e).
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph showing the effect of increasing the ratio of serum to
      eluting liquid in the elution step with constant serum input levels for
      various clinical thyroid conditions.
PAR  FIG. 2 is a graph showing the correlation between the free thyroxine
      equivalent (FTE) calculated using the present method and the free
      thyroxine index (FTI) calculated based on the two test procedures
      described in U.S. Pat. Nos. 3,659,104 and 3,710,117 and the correlation
      between these indices and the clinical thyroid condition of the subject.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the methods of the present invention, a mixture of the serum sample and
      a radioactive labeled thyroxine solution is allowed to flow into a column
      which is previously equilabrated at a pH of at least 11. The strongly
      alkaline solution results in the dissociation of bound thyroxine to free
      thyroxine and its binding proteins. Thus, all of the thyroxine present in
      the alkaline mixture is in a free state and available for binding to the
      crosslinked dextran gel. The column is washed with an aqueous solution
      having a pH of less than 11, preferably between about 7 and 10, thereby
      lowering the pH of the gel environment and physically removing the serum
      proteins from the column. At a pH of between about 7 and 10, binding of
      free thyroxine to thyroxine binding protein is favored over binding to the
      dextran gel. Thus, the addition of the eluting liquid containing thyroxine
      binding protein, results in the partial removal of thyroxine from the
      column independent of whether the thyroxine is labeled or unlabeled (from
      the serum sample). By using a portion of the serum sample in this elution
      step, the thyroxine binding capacity of the serum sample normalizes the
      elution of the free thyroxine from the column. It has been found that such
      a normalization provides a means for assessing thyroid function based on
      the comparison of the proportion of labeled thyroxine retained in the
      column to the proportion of labeled thyroxine retained in the column when
      a reference sample containing a known or constant total thyroxine
      concentration and a known or constant thyroxine binding capacity is used
      in place of the serum sample following the same procedure.
PAR  As described in U.S. Pat. No. 3,659,104, alkaline crosslinked dextran gel
      columns can be used to determine the total thyroxine concentration of a
      serum sample using an eluting liquid alone, that is, not in combination
      with a portion of the serum sample. Therefore, the present method is
      easily modified to provide a means for determining total thyroxine
      concentration in addition to indirectly determining free thyroxine
      concentration by first eluting with the eluting liquid without adding a
      portion of the serum sample, determining the proportion of labeled
      thyroxine retained in the column after washing with the eluting liquid,
      eluting with a portion of the serum sample, and determining the proportion
      of labeled thyroxine retained in the column after washing with both the
      eluting liquid and a portion of the serum sample. The proportion of
      labeled thyroxine retained in the column after washing with the eluting
      liquid alone can then be compared to the results obtained using standards
      containing known total thyroxine concentrations.
PAR  Preferred dextran gels are those crosslinked with an epihalohydrin as
      described in U.S. Pat. No. 3,042,667 and having a water regain of from
      about 1 to 5 grams per gram of dry gel. Such gels are produced
      commercially by Pharmacia AB, Uppsala, Sweden and are sold under the
      tradename SEPHADEX in various ranges of molecular weight and sieve size.
      Of these gels, the most preferred is that which is sold under the
      tradename SEPHADEX G-25 which comprises dextran gel crosslinked with
      epichlorohydrin and which has a water regain of about 2.5 grams per gram
      of dry gel.
PAR  In the present methods, the aqueous alkaline solutions and the eluting
      liquid preferably include a buffer and preferably have a pH of between
      about 7 and 10. Various inorganic buffers, such as phosphate buffers, and
      various organic buffers, such as tris(hydroxymethyl)aminomethane, may be
      used. A particularly preferred buffer is a barbital buffer having a pH of
      about 8.6. In the modified method, for additionally determining the total
      thyroxine concentration, the serum sample used in the elution step is
      preferably mixed with an aqueous alkaline solution preferably
      characterized as described above.
PAR  The quantities of labeled thyroxine solution, serum sample, aqueous
      alkaline washing solutions, eluting liquid, and eluting serum sample may
      vary over a wide range. In general, specific quantities are chosen in
      order to provide statistically valid results. Generally, specific
      quantities are chosen such that the percent retention of radioactive
      labeled thyroxine for a serum from a mid-euthyroid subject is of the order
      of 50%. The relative amount of serum sample originally added to that used
      in the elution step affects the percent retention of radioactive labeled
      thyroxine. It has been found that in testing serums from subjects having
      different clinical conditions, the relationship between the percent
      retention of labeled thyroxine and the ratio between the amount of serum
      sample used in the eluting step and that originally added is different.
      FIG. 1 illustrates the relationship between percent retention and volume
      of eluting serum for a constant amount of eluting liquid. In the eluting
      step, an amount of serum sample equal to that which provides the same
      percent retention both for serums from female subjects having euthyroid
      conditions who are pregnant and from those who are not pregnant is
      preferably used since pregnancy is the most common condition affecting TBP
      levels.
PAR  It has been found that an amount of serum sample used in the eluting step
      which will result in the same percent retention for pregnant euthyroid
      subjects as for non-pregnant euthyroid subjects is an amount such that its
      thyroxine binding capacity is about one-half the thyroxine binding
      capacity of the eluting liquid. This is justified by the finding that most
      pregnant euthyroid sera have T-4 and TBP levels increased by about 100%
      over non-pregnant euthyroid sera. Thus, in testing pregnant serum the
      increase in thyroxine binding capacity in the eluting step due to the
      combination of the eluting liquid and the serum sample is inherently
      offset by the increase in T-4 concentration of the pregnant serum
      originally added to the column.
PAR  The reference sample used in the present methods represents a known thyroid
      condition, preferably a euthyroid condition A preferred reference sample
      is a solution containing a known amount of thyroxine corresponding to a
      mid-euthyroid condition and no thyroxine binding capacity. The reference
      sample is subjected to the same procedure as the serum sample using a
      second column or the same column which has been thoroughly washed to
      remove any bound thyroxine and which has been allowed to set until any
      retained radioactivity has decayed to an inconsequential level. The
      percent retention, or ratio of radioactivity retained to that originally
      added of the reference sample is generally assigned an arbitrary free
      thyroxine equivalent (FTE) value, such as 1.0. Standard solutions from
      subjects whose thyroid status is known may be subjected to the same
      procedure and their percent retentions then compared to the reference
      sample results, such as in the form of a ratio, in order that ranges of
      free thyroxine equivalents can be assigned to hypothyroid, euthyroid, and
      hyperthyroid conditions.
PAR  The free thyroxine equivalent of a serum sample is calculated as follows:
      ##EQU1##
      Percent retention can be determined using either a one-count or a
      two-count procedure. In the one-count procedure, the amount of
      radioactivity originally added to the column is either known or constant,
      whereas in the two-count procedure it is unknown. Since the amount of
      radioactivity originally added is constant in a one-count procedure, the
      FTE of the serum sample where the column is counted can be calculated as
      follows:
      ##EQU2##
      Using the two-count procedure, since the amount of radioactivity
      originally added is unknown, the percent retentions must first be
      calculated as follows for both the serum and the reference samples:
      ##EQU3##
      In the one-count procedure, the eluate may be counted rather than the
      column in which case the FTE value is inverted. Thus the FTE is calculated
      as follows:
      ##EQU4##
PAR  The present invention will now be illustrated, but is not intended to be
      limited by the following Examples.
PAC  EXAMPLE 1
PAR  This example relates to the preparation of the column which is preferably
      used in the present method.
PAR  Five hundred (500) grams of dry SEPHADEX G-25 gel, available from Pharmacia
      AB, Uppsala, Sweden, was suspended in two liters of distilled water and
      allowed to hydrate overnight. Fines were removed by slurrying the gel in
      0.1N sodium hydroxide for about 5 minutes, allowing the gel to settle for
      15 minutes, and drawing off the supernatant by suction. This process was
      repeated three times and the gel was then suspended in 4.4 liters of 0.1N
      sodium hydroxide. Four (4) ml of this suspension was placed in a 6 ml
      plastic syringe barrel having a diameter of 13 mm and a length of 66 mm.
      The barrel was prefitted with a bottom closure means, such as a removable
      cap, and a detergent treated sintered polyethylene retaining disk about
      1.5 mm thick having a diameter of 13 mm was previously pressed coaxially
      to the bottom of the plastic barrel. After the suspension was placed in
      the barrel, the suspension was stirred and allowed to settle free of air
      bubbles. A second detergent treated sintered polyethylene retaining disk
      was then inserted into the syringe barrel and pressed coaxially into firm
      contact with the gel such that about 1.5 ml of sodium hydroxide solution
      remained above the upper disk. The upper end of the syringe was then
      closed with a polyethylene cap. This procedure provides a column
      containing about 450 mg of gel.
PAC  EXAMPLE 2
PAR  This example describes a procedure for determining the FTE of a serum
      sample using a one-count procedure wherein either the column radioactivity
      or the eluate radioactivity is measured.
PAR  1. A column is prepared as in Example 1, its top cap is removed and the
      supernatant NaOH is discarded.
PAR  2. With the column in an upright position, 0.5 ml of .sup.125 I-labeled T-4
      in 0.1N NaOH (containing a known or constant radioactivity, generally
      about 50,000 cpm/0.5 ml) and 0.3 ml of the serum sample to be tested are
      added to the column. The column is gently swirled to mix the serum and the
      labeled T-4. The bottom cap is removed and the serum labeled T-4 mixture
      is allowed to flow into the column.
PAR  3. When drainage ceases, 4.0 ml of 0.075 M barbital buffer (pH 8.6) is
      added to the column.
PAR  4. When drainage ceases, the column tip is blotted, the bottom cap is
      replaced, and 0.5 ml of 3.75 mg/ml human alpha-globulin in 0.075 M
      barbital buffer (pH 8.5) and 20 .mu.l of the serum sample are added to the
      column. The column is gently swirled to mix the eluting liquid and the
      serum.
PAR  5. The bottom cap is removed and the column is allowed to drain. If the
      eluate radioactivity is to be measured, the drainage is collected in a
      radioactivity counting tube.
PAR  6. When drainage ceases, 4.0 ml of 0.075 M barbital buffer (pH 8.6) is
      added to the column and the column is allowed to drain. If the eluate
      radioactivity is to be measured the drainage is collected in the same
      counting tube as that used in step 5.
PAR  7. If the column radioactivity is to be measured, the bottom cap is
      replaced, the column is placed in a gamma counter, and the counts per
      minute recorded as cpm (serum sample). If the eluate radioactivity is to
      be measured, the counting tube used in steps 5 and 6 is placed in a gamma
      counter and the counts per minute recorded as cpm (serum sample).
PAR  8. Steps 1-7 are repeated using a reference sample in place of the serum
      sample in steps 2 and 4. The reference sample consists of human serum in
      0.1N NaOH containing 2.0 mg/100ml T-4 I.
PAR  Where the column radioactivity is measured, the FTE is calculated as
      follows:
      ##EQU5##
      where the eluate radioactivity is measured, the FTE is calculated as
      follows:
      ##EQU6##
PAC  EXAMPLE 3
PAR  This example describes a procedure for determining the FTE of a serum
      sample using a two-count procedure wherein the column radioactivity is
      measured.
PAR  The procedure is the same as that described in Example 2 where the column
      radioactivity is measured with the following exceptions: the 0.5 ml volume
      of .sup.125 I-labeled T-4 in 0.1N NaOH contains an unknown or variable
      radioactivity, generally between 60,000 and 120,000 cpm/0.5 ml; between
      steps 3 and 4, the bottom cap is replaced, the column is placed in a gamma
      counter, the counts per minute are recorded as initial cpm, and the bottom
      cap is removed; the counts per minute measured in step 7 are recorded as
      final cpm; and the FTE is calculated as follows:
      ##EQU7##
      where
      ##EQU8##
PAC  EXAMPLE 4
PAR  This example describes a procedure for determining both the FTE and the T-4
      I concentration of a serum sample using a single column scheme.
PAR  Each of the procedures described in Examples 2 and 3 can be modified to
      provide both the FTE and the T-4 I concentration of a serum sample by
      following the procedures described in those examples with the following
      additions and exceptions:
PAR  A. In step 4, 1.0 ml of the human alpha-globulin liquid is added to the
      column (rather than 0.5 ml) and no serum (or reference solution) is added.
PAR  B. Between steps 4 and 5, the following steps are performed: the bottom cap
      is removed and the column is allowed to drain (if the eluate radioactivity
      is to be measured, the drainage is collected in a radioactivity counting
      tube); when drainage ceases, 4.0 ml of 0.075 M barbital buffer (pH 8.6) is
      added to the column and the column is allowed to drain (if the eluate
      radioactivity is to be measured, the drainage is collected in the same
      counting tube); if the column radioactivity is to be measured, the bottom
      cap is replaced, the column is placed in a gamma counter, and the counts
      per minute are recorded as cpm (T-4 I) (if the eluate radioactivity is to
      be measured the collecting tube is placed in the gamma counter and the
      counts per minute recorded); and 0.5 ml of 0.075 M barbital buffer (pH
      8.6) and 20 .mu.l of the serum sample (or reference sample) are added to
      the column and the column is gently swirled to mix the buffer and the
      serum (or reference sample).
PAR  C. The T-4 I concentration is determined by comparing the percent retention
      (T-4 I) to a standard curve where, using a one-count procedure and
      measuring the eluate radioactivity in step B above,
      ##EQU9##
      where, using a one-count procedure and measuring the column radioactivity
      in step B above
      ##EQU10##
      and where, using a two-count procedure and measuring the column
      radioactivity in step B above,
      ##EQU11##
      In these procedures for determining both the FTE and the T-4 I
      concentration of the serum sample, once a one-count or a two-count
      procedure is chosen, that procedure is followed for both the FTE and the
      T-4 I concentration determinations; however, the choice of whether the
      column radioactivity or the eluate radioactivity is to be measured is
      independent of whether the FTE or the T-4 I concentration is being
      determined. For instance, using a one-count procedure, % retention (T-4 I)
      can be determined by measuring the eluate radioactivity and the FTE can be
      determined by measuring the column radioactivity and vice versa.
PAC  EXAMPLE 5
PAR  This example relates to the determination of the FTE of samples having
      known thyroid statuses and the correlation between the FTE's of the
      samples determined using the procedure described in Example 2 and the FTI
      values obtained following the procedures described in U.S. Pat. Nos.
      3,659,104 and 3,710,117.
PAR  Fourteen (14) serum samples representing different thyroid status were
      tested according to the procedure described in Example 2 yielding the FTE
      of each sample. The FTI values were calculated as follows:
      ##EQU12##
      where T-4 I concentration and the T-3 uptake value were obtained following
      the procedures described in U.S. Pat. No. 3,659,104 and Example 1 of U.S.
      Pat. No. 3,710,117 respectively. The results yielded the graph shown in
      FIG. 2 of the drawings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for assessing thyroid function through the indirect
      determination of the free thyroxine concentration of a serum sample
      comprising the steps of:
PA1  a. adding to a column containing a crosslinked dextran gel at a pH of at
      least about 11 a first predetermined quantity of said serum sample and a
      quantity of a radioactive labeled thyroxine solution, whereby
      substantially all of the thyroxine from said first serum sample quantity
      becomes dissociated from endogenous thyroxine binding protein and at least
      a portion of both the resulting dissociated thyroxine and the radioactive
      labeled thyroxine from said quantity of radioactive thyroxine solution
      becomes bound to said crosslinked dextran gel,
PA1  b. washing said column with an aqueous alkaline solution having a pH of
      less than 11, whereby substantially all of the thyroxine binding protein
      from said first serum sample quantity is removed from said column, the pH
      of the crosslinked dextran gel environment is reduced to less than 11, and
      all of the thyroxine from said first serum sample quantity and all of the
      radioactive labeled thyroxine remaining in contact with said gel is bound
      to said gel,
PA1  c. adding to said column a second predetermined quantity of said serum
      sample and a predetermined quantity of an eluting liquid containing
      thyroxine binding protein, whereby at least a portion of the thyroxine
      from said first serum sample quantity and of the radioactive labeled
      thyroxine bound to said gel after step (b) is dissociated therefrom and
      becomes bound to thyroxine binding protein from said eluting liquid or
      said second serum sample quantity,
PA1  d. washing said column with an aqueous alkaline solution having a pH of
      less than 11, whereby the thyroxine from said first serum sample quantity
      and the radioactive labeled thyroxine which became bound to thyroxine
      binding protein in step (c) are sustantially completely removed from said
      column,
PA1  e. determining the ratio of radioactive labeled thyroxine retained in said
      column after step (d) to that added in step (a), and
PA1  f. comparing the ratio determined in step (e) to that obtained using a
      reference sample representing a known thyroid status in place of said
      serum sample in steps (a) and (c).
NUM  2.
PAR  2. A method as in claim 1 wherein said quantity of radioactive labeled
      thyroxine solution contains a predetermined amount of radioactivity and
      wherein steps (e) and (f) are accomplished by determining the ratio
      between the radioactivity retained in said column after step (d) to that
      retained using said reference solution.
NUM  3.
PAR  3. A method as in claim 1 wherein said quantity of radioactive labeled
      thyroxine solution contains an unknown amount of radioactivity and wherein
      step (e) is accomplished by comparing the radioactivity retained in said
      column after step (b) to that retained in said column after step (d).
NUM  4.
PAR  4. A method as in claim 1 wherein said eluting liquid includes an aqueous
      alkaline solution.
NUM  5.
PAR  5. A method as in claim 4 wherein said aqueous alkaline solution has a pH
      of between about 7 and 10.
NUM  6.
PAR  6. A method as in claim 4 wherein said aqueous alkaline solution includes a
      buffer.
NUM  7.
PAR  7. A method as in claim 6 wherein said buffer is a barbital buffer having a
      pH of about 8.6.
NUM  8.
PAR  8. A method as in claim 1 wherein the amount of said serum sample added to
      said column in step (c) is such that its thyroxine binding capacity is
      about one-half the thyroxine binding capacity of the eluting liquid.
NUM  9.
PAR  9. A method as in claim 1 wherein said aqueous solutions in steps (b) and
      (d) have a pH of between about 7 and 10.
NUM  10.
PAR  10. A method as in claim 1 wherein said aqueous solutions in steps (b) and
      (d) include a buffer.
NUM  11.
PAR  11. A method as in claim 10 wherein said buffer is a barbital buffer having
      a pH of about 8.6.
NUM  12.
PAR  12. A method as in claim 1 wherein said dextran gel is crosslinked with an
      epihalohydrin and has a water regain of from about 1 to 5 grams per gram
      of dry gel.
NUM  13.
PAR  13. A method as in claim 1 wherein said eluting liquid includes human
      alpha-globulin.
NUM  14.
PAR  14. A method as in claim 1 wherein said eluting liquid includes human
      serum.
NUM  15.
PAR  15. A method for both determining the total thyroxine concentration of a
      serum sample and assessing thyroid function through the indirect
      determination of the free thyroxine concentration of said serum sample
      comprising the steps of:
PA1  a. adding to a column containing a crosslinked dextran gel at a pH of at
      least about 11 a first predetermined quantity of said serum sample and a
      quantity of a radioactive labeled thyroxine solution, whereby
      substantially all of the thyroxine from said first serum sample quantity
      becomes dissociated from endogenous thyroxine binding protein and at least
      a portion of both the resulting dissociated thyroxine and the radioactive
      labeled thyroxine from said quantity of radioactive thyroxine solution
      becomes bound to said crosslinked dextran gel,
PA1  b. washing said column with an aqueous alkaline solution having a pH of
      less than 11, whereby substantially all of the thyroxine binding protein
      from said first serum sample quantity is removed from said column, the pH
      of the crosslinked dextran gel environment is reduced to less than 11, and
      all of the thyroxine from said first serum sample quantity and all of the
      radioactive labeled thyroxine remaining in contact with said gel is bound
      to said gel,
PA1  c. adding to said column a predetermined quantity of an eluting liquid
      containing thyroxine binding protein, whereby at least a portion of the
      thyroxine from said first serum sample quantity and of the radioactive
      labeled thyroxine bound to said gel after step (b) is dissociated
      therefrom and becomes bound to thyroxine binding protein from said eluting
      liquid,
PA1  d. washing said column with an aqueous alkaline solution having a pH of
      less than 11, whereby the thyroxine from said first serum sample quantity
      and the radioactive labeled thyroxine which became bound to thyroxine
      binding protein in step (c) are substantially completely removed from said
      column,
PA1  e. adding to said column a second predetermined quantity of said serum
      sample, whereby the presence in said second serum sample quantity of
      unsaturated thyroxine binding protein causes at least a portion of the
      radioactive labeled thyroxine bound to said gel after step (d) to
      dissociate therefrom and become bound to thyroxine binding protein from
      said second serum sample quantity,
PA1  f. determining the amount of radioactivity retained in said column after
      step (d) or (e),
PA1  g. washing said column with an aqueous alkaline solution having a pH of
      less than 11, whereby the thyroxine from said first serum sample quantity
      and the radioactive labeled thyroxine which became bound to thyroxine
      binding protein in step (e) are substantially completely removed from said
      column,
PA1  h. determining the ratio of radioactive labeled thyroxine retained in said
      column after step (d) or (e) to that added in step (a),
PA1  i. comparing the ratio determined in step (h) to ratios obtained using
      standard liquids containing known concentrations of thyroxine,
PA1  j. determining the ratio of radioactive labeled thyroxine retained in said
      column after step (g) to that added in step (a), and
PA1  k. comparing the ratio determined in step (j) to that obtained using a
      reference sample representing a known thyroid status in place of said
      serum sample in steps (a) and (e).
NUM  16.
PAR  16. A method as in claim 15 wherein said quantity of radioactive labeled
      thyroxine solution contains a predetermined amount of radioactivity and
      wherein steps (j) and (k) are accomplished by determining the ratio
      between the radioactivity retained in said column after step (g) to that
      retained using said reference solution.
NUM  17.
PAR  17. A method as in claim 15 wherein said quantity of radioactive labeled
      thyroxine solution contains an unknown amount of radioactivity and wherein
      step (j) is accomplished by comparing the radioactivity retained in said
      column after step (b) to that retained in said column after step (f).
NUM  18.
PAR  18. A method as in claim 15 wherein said eluting liquid includes an aqueous
      alkaline solution.
NUM  19.
PAR  19. A method as in claim 18 wherein said aqueous alkaline solution has a pH
      of between about 7 and 10.
NUM  20.
PAR  20. A method as in claim 18 wherein said aqueous alkaline solution includes
      a buffer.
NUM  21.
PAR  21. A method as in claim 20 wherein said buffer is a barbital buffer having
      a pH of about 8.6.
NUM  22.
PAR  22. A method as in claim 15 wherein an aqueous alkaline solution is also
      added to said column in step (e).
NUM  23.
PAR  23. A method as in claim 22 wherein said aqueous alkaline solution has a pH
      of between about 7 and 10.
NUM  24.
PAR  24. A method as in claim 22 wherein said aqueous alkaline solution includes
      a buffer.
NUM  25.
PAR  25. A method as in claim 24 wherein said buffer is a barbital buffer having
      a pH of about 8.6.
NUM  26.
PAR  26. A method as in claim 15 wherein said dextran gel is crosslinked with an
      epihalohydrin and has a water regain of from about 1 to 5 grams per gram
      of dry gel.
NUM  27.
PAR  27. A method as in claim 15 wherein said eluting liquid includes human
      alpha-globulin.
NUM  28.
PAR  28. A method as in claim 15 wherein said eluting liquid includes human
      serum.
NUM  29.
PAR  29. A method as in claim 15 wherein said aqueous solutions in steps (b),
      (d), and (g) have a pH of between about 7 and 10.
NUM  30.
PAR  30. A method as in claim 15 wherein said aqueous solutions in steps (b),
      (d), and (g) include a buffer.
NUM  31.
PAR  31. A method as in claim 30 wherein said buffer is a barbital buffer having
      a pH of about 8.6.
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ABST
PAL  Clinical testing means for determining pH dependent body fluid substances.
      In vivo ionized calcium concentration is obtained by withdrawing a blood
      specimen, determining the pH of the serum when withdrawn from the body and
      later, determining the in vivo ionized calcium concentration at the
      original pH. The pH of the serum is adjusted to the original pH by
      equilibration with carbon dioxide after which the ionized calcium
      concentration is directly electrically measured. Alternately, the original
      ionized calcium concentration is extrapolated or interpolated by making
      two different pH adjustments, electrically measuring calcium ion
      concentration, graphing the points obtained on semi-log paper to form a
      straight line graph from which the original calcium ion concentration can
      be obtained knowing the original serum pH. In still another variation, an
      extrapolation can be made to determine the carbon dioxide adjustment
      required to produce the original pH, after which pH adjustment the
      original concentration can be directly measured. Other variations of the
      methods are used to obtain less reliable but useful ionized calcium
      concentrations. A relationship between ionized calcium and total calcium
      in serum is used to determine total calcium levels. Multiple sample serum
      testing means has a rotatable sample container turntable and a cover means
      through which carbon dioxide can be simultaneously introduced into plural
      samples. The sampling means carries pH determining means and ionized
      calcium determining means for rapid ionized calcium measurements.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of applicant's copending
      application Ser. No. 96,031 now abandoned filed Dec. 8, 1970, entitled
      CLINICAL TESTING MEANS AND METHODS.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  For many years the medical profession has used clinical testing to
      determine total human serum calcium concentration in connection with
      diagnosis and treatment of various disease of the body including
      parathyroid disorders, tetany and bone structure diseases. Total calcium
      concentration of the serum includes both bound calcium and ionized or
      disassociated calcium. More recently, it has been recognized that the
      ionized calcium level is of significance in diagnosis and treatment of
      certain human malfunctions such as the diseases noted above. Knowing the
      total calcium concentration of a person, which can be measured by
      conventional means does not enable one to know the level of ionized
      calcium of that person. Thus, direct methods of measuring ionized calcium
      are desirable.
PAR  It has been difficult to clinically measure human serum ionized calcium
      concentrations of the body by conventional clinical laboratory procedures.
      However, one apparatus for directly determining ionized calcium
      concentration in protein-containing liquids such as blood serum has been
      developed and is the Orion Ionalyzer Serum Calcium Activity Flow-Through
      System such as model 99-20 (Orion Research, Inc., Cambridge, Mass.
      U.S.A.). This system, as is known, basically uses two or three aqueous
      standards of known ionized calcium concentration which are flowed in turn
      through a calcium electrode with the millivoltage produced being recorded.
      The millivoltage is plotted against the logarithm of the ionized calcium
      for each standard to produce a calibration graph. Blood serum sample
      millivoltage is then similarly measured and by means of the calibration
      graph its ionized calcium concentration extrapolated manually or
      automatically by an electrical calculator such as an Olivetti 101.
PAR  Thus, a method of directly measuring ionized calcium in a sample is
      available. However, certain problems arise in making useful and practical
      clinical determinations. When blood is withdrawn from its in vivo state in
      the body, its original pH in the body changes as time of exposure to air
      progresses. Thus, if ionized calcium is measured directly after withdrawal
      of the blood from a patient, reasonably accurate original or body serum
      ionized calcium concentration is obtained. However, such immediate
      measurement is often not practical because of distances between patients
      and the clinical laboratory as well as the volume of determinations to be
      made, shortages of personnel and the like.
PAR  The normal range of blood serum pH in humans is from about 7.27 to about
      7.51 (at the 95% confidence limits) with a pH of 7.39 being considered an
      average, normal pH at normal body temperature of 37.degree.C.
PAR  It has now been found extremely important for certain clinical testing
      purposes to know the pH of blood serum, i.e., blood, when in the body and
      correct for this pH in a blood sample in order to determine the actual
      ionized calcium concentration of the blood serum, i.e., blood, when the
      sample was in the body. It has not been recognized that it is important to
      adjust for and make an ionized calcium determination on the sample by
      artificially varying the pH of the sample whereby exact original pH of the
      sample is accounted for in measurement if extremely accurate measurement
      is desired. Moreover, it has not heretofore been known that there is a
      straight line relationship between pH and ionized calcium concentration of
      serum when plotted on semi-log paper.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide practical methods for
      accurately determining ionized concentration of pH dependent substances
      such as ionized calcium concentration, in the body by clinical testing of
      a sample body fluid after the pH of the body fluid has changed from the pH
      present when the body fluid was in the body.
PAR  Still another object of this invention is to provide methods in accordance
      with the preceding object which are easy to carry out with minimized
      expense, yet, have high accuracy.
PAR  Still another object of this invention is to provide a method of
      determining total calcium originally in body fluid by means of ionized
      calcium measurements.
PAR  Still another object of this invention is to provide serum ionized calcium
      standards of accurate known ionized calcium content and unique methods of
      use.
PAR  Still another object of this invention is to provide screening methods for
      determining approximate original ionized calcium concentration in the body
      by clinically testing of a sample body fluid after it is withdrawn from
      the body.
PAR  Still another object of this invention is to provide novel and improved
      apparatus for use in clinically determining ionized calcium concentration
      of body fluids.
PAR  A still further object of this invention is to provide apparatus in
      accordance with the preceding object which can be rapidly and efficiently
      used with high accuracy.
PAR  According to the invention, original ionized calcium concentration of blood
      serum taken from the body is determined by testing to determine the
      original pH of the serum when it is removed from the body and later
      determining the ionized calcium concentration at the original pH. The
      original pH value can be determined by conventional means on the whole
      blood, or on the separated serum in contact with its clot, which values
      are the same. The ionized calcium concentration determination can be made
      with known equipment such as the Ionalyzer noted above.
PAR  When less accurate determinations such as screening tests are desired the
      original pH need not be measured and the methods of this invention are
      used based on the assumption that the serum tested had an original pH
      equal to the accepted average normal pH of about 7.39.
PAR  Preferably, the pH of the serum when ready for testing is adjusted to the
      original body pH of the serum by equilibration with carbon dioxide while
      simultaneously monitoring the pH of a serum sample to reach the original
      pH whereupon blending of carbon dioxide is stopped and a direct ionized
      calcium measurement is made. In an alternative form of the invention, the
      original ionized calcium concentration of the serum in the body is
      determined by establishing an arbitrary set value of carbon dioxide
      partial pressure in a serum sample and measuring a first ionized calcium
      concentration at the first pH value so obtained, then establishing a
      second arbitrary set value of carbon dioxide partial pressure in the
      sample and measuring a second ionized calcium concentration of the serum
      sample at the second pH value. The two arbitrary pH values are selected to
      be in the range of from pH 7.10 to pH 7.75. The first and second
      concentrations obtained are plotted on a semi-log paper graph with calcium
      ion concentration graphed against pH value to obtain two arbitrary points.
      The original body serum ionized calcium concentration is then determined
      by forming a straight line between the points obtained on the graph and
      reading the original ionized calcium concentration from the known original
      pH of the serum.
PAR  In still another alternate form of the invention, the original ionized
      calcium concentration is determined by determining the fresh or original
      pH value of the body fluid when it is withdrawn from the body, utilizing
      two arbitrary known carbon dioxide partial pressures by equilibration of
      the sample serum with carbon dioxide gas to produce two pH points in a
      serum sample. The logarithm of each carbon dioxide partial pressure is
      then plotted on semi-log paper, against the pH it produced to form two
      points which are connected by a straight line whereupon extrapolation can
      be used to determine the CO.sub.2 partial pressure required to reproduce
      the original pH in the sample. The original pH is then reproduced by
      adjustment with the required carbon dioxide gas, and ionized calcium
      concentration corresponding to the original ionized calcium concentration
      of the sample is directly measured as by an Ionalyzer.
PAR  A method of determining ionized calcium concentration of serum taken from
      the body which is in some cases less precise and accurate, but highly
      useful as a screening procedure, comprises establishing a straight line
      graph on semi-log paper of pH plotted against ionized calcium of pooled
      normal serum with the line being determined by determining the pH and log
      ionized calcium of serum at at least two different pH values thereby
      defining a normal pH slope. The normal slope is then utilized to determine
      the ionized calcium concentration of any particular serum sample taken
      from the body. For example, the ionized calcium concentration and pH can
      be directly measured in a serum sample to be tested, this point plotted on
      semi-log line paper and a line of the normal slope drawn through this
      point so that a readout can be obtained on the last-mentioned line
      corresponding to an arbitrarily selected average normal pH of 7.39 or the
      actual pH of the serum when taken from the body if known. The pooled serum
      used is obtained from a large number of individuals such as for example at
      least 10 and preferably 100 humans so that an expected normal slope is
      obtained.
PAR  A method of determining original total calcium concentration in serum taken
      from the body after first determining ionized concentration of the serum
      is carried out by using the formula:
      ##EQU1##
      where all values except To are obtained by the methods of this invention
      or by conventional measurement. This formula results from the finding of
      this invention that a ratio:
      ##EQU2##
      exists in any given serum between ionized calcium and total calcium which
      ratio can be solved for To after obtaining Io and If at the same pH value.
PAR  Preferred clinical testing apparatus for determining original ionized
      calcium concentration of a body fluid taken from the body is formed of an
      enclosed sample container for carrying a sample of the body fluid. The
      sample container is preferably interconnected with vibrating means for
      vibrating the sample in reciprocal straight line movement. The sample
      container defines a gas inlet means and first and second sampling tube
      means preferably arranged along axes corresponding with the straight line
      movement of the container.
PAR  A preferred testing apparatus for making multiple sample clinical
      determinations of original ionized calcium concentrations of body fluids
      taken from a body has a rotatable turntable in which are removably mounted
      a plurality of body fluid sample containers preferably having upwardly
      facing container mouths. A cover is positioned over the turntable to
      substantially close the container mouths while permitting rotational
      movement of the turntable with respect to the cover. Means are provided
      for rotating the turntable with respect to the cover at predetermined
      timed intervals to advance each of the containers to successive stations.
      Gas means preferably in the cover pass a gas to each of the containers at
      predetermined stations whereby the pH of serum samples carried by the
      containers can be adjusted. A sampling tube is mounted at one of the
      stations for withdrawing a sample serum portion from a serum sample
      container at that one station. Preferably the gas means is a continuous
      passageway having gas jet entrances corresponding to each station of the
      turntable.
PAR  It is a feature of this invention that original ionized calcium
      concentrations can be rapidly, accurately and efficiently determined. The
      term "original ionized calcium concentration" is defined as the ionized
      calcium concentration present in vivo in the body although the testing is
      carried out after withdrawal of the body fluid from the body. The
      turntable apparatus of this invention enables rapid testing of multiple
      samples since pH adjustments can be made simultaneously on many different
      samples prior to actual calcium ion testing as by an Ionalyzer at one
      position or station on the turntable. Only small modification of existing
      conventional equipment is necessary to carry out efficient testing of
      plural samples.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other features, objects and advantages of the present
      invention will be better understood from the following specification when
      read in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a side view of a preferred embodiment of a single sample
      apparatus of this invention;
PAR  FIG. 2 is a semidiagrammatic showing of an alternate apparatus of this
      invention;
PAR  FIG. 3 is a top plan view of an element thereof;
PAR  FIG. 4 is a fragmentary cross sectional view taken through line 4--4 of
      FIG. 3;
PAR  FIG. 5 is a top plan view similar to FIG. 3 but showing another embodiment
      thereof;
PAR  FIG. 6 is a graphic illustration of a preferred embodiment of this
      invention;
PAR  FIG. 7 is a graphic illustration of an alternate embodiment thereof;
PAR  FIG. 8 is a diagrammatic side view of an accessory structure useful in the
      apparatus of FIGS. 3 and 5;
PAR  FIGS. 9-13 are illustrative graphs illustrating procedures of this
      invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  According to the invention, the variation in pH of a serum sample from its
      original pH in the body, which occurs with time and exposure to air after
      withdrawal from the body, which variation is inversely proportional to
      ionized calcium in the serum sample, is taken into consideration when
      determining original in vivo ionized calcium concentration. Basically, the
      pH of a serum sample is determined before the serum sample has changed in
      pH from its original pH in the body. At a later point in time, where the
      pH has often varied, the ionized calcium concentration at the original pH
      is determined. This is accomplished by one of three basic alternative
      procedures.
PAR  In a first procedure, blood is withdrawn from the body and immediately
      tested to determine the pH before the pH of the sample withdrawn has
      changed from its in vivo pH. This is done using normal procedures such as
      withdrawal of blood and plasma under oil whereupon the pH is electrically
      tested usually within several minutes of withdrawal. The pH measurement
      can be made by any known apparatus but is preferably done with the use of
      a pH electrode as known in the art. This value is recorded. At a later
      point of time, when convenient, actual testing of the ionized calcium of
      the sample is carried out. The testing is carried out by flowing carbon
      dioxide gas over the sample, admixed with a gas nonreactive with the
      sample such as air, while monitoring the pH of the sample until the
      original pH as previously determined is reached. The mixture of air and
      CO.sub.2 is monitored by the test operator as required to reach the
      original pH. At that point, ionized calcium concentration of the sample is
      measured preferably electrically with a calcium electrode electrical test
      device such as an Orion Ionalyzer to give a direct reading of ionized
      calcium corresponding to the ionized calcium concentration in the body at
      the time the sample was withdrawn from the body.
PAR  In a second procedure, a blood sample is withdrawn and the original pH
      tested and recorded as described above. Carbon dioxide gas preferably
      admixed with air at two arbitrary carbon dioxide concentrations are then
      used in turn to produce two different pH's in the sample serum within the
      range of pH 7.10 to 7.75. This is done by adding, for example, 2.5% or
      20.0 mm Hg pressure carbon dioxide in an air mixture to a sample and
      simultaneously measuring the pH and the ionized calcium at that first
      aribtrary pH value produced in the sample. The step is then repeated using
      7.5% or 60.0 mm pressure carbon dioxide in air mixture and again measuring
      ionized calcium at the second arbitrary pH value which is also measured.
      The ionized calcium concentration obtained at the two pH values are then
      graphed on semi-log paper as for example shown in FIG. 6 where ionized
      calcium concentration is plotted against pH to determine points A and B. A
      straight line is drawn between the points and knowning the original pH,
      the original ionized calcium concentration of the sample when in the body
      can be extrapolated easily as at point C. It is important to use
      conventional semi-log paper since it has been found that there is a
      straight line relationship between serum pH and ionized calcium
      concentration when so graphed at least in the range pH 7.10 to pH 7.75.
PAR  In a third procedure, the serum sample is obtained as previously described
      and the original pH determined as previously described. When the sample is
      ready for testing, it is treated with a known, arbitrary carbon dioxide
      partial pressure and the pH produced is measured. The serum sample is then
      again treated with another known, arbitrary carbon dioxide partial
      pressure and the pH is again measured as illustrated in FIG. 7 to obtain
      points E and F. The points are graphed on semi-log paper as shown in FIG.
      7 and a straight line used to interconnect the points. This is the same
      procedure used in standard Astrup blood gas determinations. Using the
      original pH value of the serum sample, the carbon dioxide concentration
      corresponding to that present in the original sample when in the body can
      be determined. The serum sample is then adjusted in its carbon dioxide
      concentration or partial pressure to that of its original carbon dioxide
      concentration at which point ionized calcium can be directly measured in
      the serum sample and the concentration obtained corresponds exactly to the
      original ionized calcium concentration in the body.
PAR  In all cases, it is preferred to maintain temperature of all pH and ionized
      calcium concentration determinations at a constant value during each of
      the actual testing steps such as pH readings and ionized calcium
      concentration readings. This is preferred since there is some slight
      variation with temperature differences. Temperatures in the range of from
      22.degree.C to 38.degree.C are preferably used. The tests and procedures
      given in this application have been carried out at room temperature
      (27.degree.C) for convenience as is customary. However, other temperatures
      can be used. All average normal values and other values, except pH values
      are given in this application at a temperature of 27.degree.C. For
      purposes of convention, all pH values are given at their equivalent values
      at 37.degree.C. Extremely small serum samples can be used such as for
      example serum samples of from 1 to 3 ml using conventional pH and ionized
      calcium test devices.
PAR  Turning now to apparatus useful in carrying out the invention, a sample
      holder container is illustrated at 10 and comprises a clear plastic body
      11, of cylindrical shape which defines an internal chamber preferably of
      small size sufficient to carry for example a 2 ml sample of serum to be
      tested. At its upper end a snap-on cap 12 encloses a mouth of the body and
      carries passageways therethrough for snug sliding fit of a sampling tube
      13 for sampling the serum to determine ionized calcium concentration of
      the serum sample as by withdrawing a portion through the tube, a pH
      electrode 14 which is introduced below the level of the serum and a gas
      flow tube 15 for introducing carbon dioxide gas preferably admixed with
      air to adjust the pH of the serum sample as required.
PAR  Preferably the container 10 is held in snug fit in a cylindrical recess of
      a container holder 10A which has an upwardly extending cylindrical boss 17
      sized to snugly fit the operating end of a linear vibrator 18. It should
      be noted that the passageways for tubes 13, 14 and 15 have axes parallel
      to the line of motion 19 of the linear actuator. This is done so that
      stiff rigid tubes 13, 14 and 15 can be used if desired with the tubes
      reciprocally sliding with respect to the sample cup during vibration.
      Moreover, the sliding fit enables gas flow in the container 10 since gas
      passed over the sample from the tube 15 escapes through the space between
      the tubes 13 and 14 and the cap.
PAR  The linear vibrator 18 can be any standard linear vibrator to assure
      thorough mixing of the carbon dioxide gas with the sample. Fisher
      scientific model 1-914-25V1 is particularly useful. The particular pH
      electrode and associated apparatus for readout can be any of the known
      continuous reading pH devices. A known I. L. Deltamatic pH meter model 245
      having a continuous pH readout is particularly useful. The pH electrode
      used preferably has a diameter of less than 8 mm, and can be the I. L. pH
      electrode Model 14153. Tube 13 is preferably connected with a calcium
      activity flow-through system which utilizes a calcium electrode and
      electrically measures calcium ion concentration in millivolts. Orion
      Ionalyzer Serum Calcium Activity Flow-Through System model 99-20 and its
      associated millivolt readout of an Orion model 801 digital pH/mV meter is
      preferably used for interconnection with the sampling tube and in
      association with the pH electrode and pH meter. Dip calcium electrodes of
      known design can also be used and enable a reading to be obtained merely
      by dipping the electrode in a sample rather than flowing the sample
      through the electrode. Dip electrodes are preferably used where a single
      sample is changed rapidly in pH value since such electrodes are better
      able to give a continuous readout rapidly responsive to sample changes.
PAR  In using the container 10, after adjustment of the sample pH by flow of
      carbon dioxide gas over the sample serum, while monitoring the pH, to
      obtain the desired pH of the sample, a small amount of the serum in the
      serum container 10 is drawn up through the tube 13 and passed to the
      calcium electrode to obtain the millivolt readout corresponding to a known
      ionized calcium concentration. As known in the art, the calcium electrode
      can be standardized with standardized calcium concentration solutions to
      enable millivolt readout to be directly translated into ionized calcium
      concentration.
PAR  While single sample ionized calcium sample concentration testing as
      described with regard to the apparatus of FIG. 1 is useful, it normally is
      time consuming. Average serum samples which have been exposed to air for
      several hours may have pH's that have risen to 7.9 or thereabouts and it
      normally takes about 10 minutes to add sufficient carbon dioxide to bring
      the pH down to approximately the "normal" range of from pH 7.27 to 7.51
      after which additional carbon dioxide can be added to obtain the exact pH.
      If a plurality of samples are handled together, considerable time can be
      saved by exposing many samples to a predetermined carbon dioxide
      concentration to roughly bring the samples to the pH normal range where it
      is preferred to test them for ionized calcium concentration. Thus, a
      plurality of samples are treated during one time interval after which each
      is ready for rapid readjustment and/or testing since only small variation
      in carbon dioxide need be used to obtain the desired pH. A preferred
      apparatus and system for carrying out plural sample testing in accordance
      with this invention is semidiagrammatically illustrated in FIG. 2 at 20.
PAR  The system 20 has an ionized calcium concentration electrical test device
      such as the Orion Ionalyzer 21 as previously described and associated pH
      meter which may have a calculator 22 attached thereto, carbon dioxide and
      air sources 23 and 24 are interconnected by conduits to wash tanks 25 and
      26 which are in turn interconnected to a common conduit 27 for blending
      through individual pressure gauges and on-off valves 25A and 26A. The
      square 21 represents the pH meter and digital pH/mV meter previously
      described. The electrode of the pH meter, the sampling tube of the
      Ionalyzer and the gas conduit 27 are connected with a turntable device 28
      as best illustrated in FIGS. 2-4.
PAR  The turntable device 28 is the heart of the multi-sample system and permits
      rapid testing of plural samples.
PAR  The device is preferably a modification of existing laboratory equipment
      known in the art. A conventional Technion autoanalyzer model Sample 4
      forms the major portion of the turntable device 28. As known in the art,
      the autoanalyzer comprises a base 29, a support 30 for a reciprocally
      vertically moving sampler block 31 which provides for linear movement of a
      pH electrode 32 and a stiff sampling tube 33 as will be described. A
      conventional, circular, horizontally mounted turntable 40 is mounted for
      rotation in the direction of arrow 35 on a central spindle 36. The
      turntable 40 carries preferably identical 2 ml or 4 ml sample cups or
      containers 41. Any number of sample containers 41 can be provided although
      in the preferred embodiment, thirty cups are uniformly arranged about the
      periphery of the turntable. The sample containers 41 as known in the art
      for use in the autoanalyzer each have an outwardly extending continuous
      flange 42 which enables them to pass through a hole in the turntable and
      be suspended therein.
PAR  A stationary cover disc 43 is positioned substantially parallel to the top
      of the turntable 40 so that the mouth 44 of each sample container is
      substantially closed to the atmosphere and in sliding contact with the
      bottom surface of the cover 43. However, the sliding and abutment of the
      mouth with the bottom surface of the cover 43 allows some gas flow to the
      atmosphere when gas is passed into the containers. This escape of gas
      permits entry of CO.sub.2 gas and mixing of the gas with the liquid due to
      the jet mixing action of the gas. Preferably the cover fits around the
      spindle 36 at its center and is retained in a stationary position by an
      extension 91 to member 30 as known with conventional autoanalyzers. Thus,
      the weight of the cover causes the cover to seal the container mouths;
      however, a slight rise in gas pressure in the container permits gas flow
      between the cover and the container mouths. In some cases, a tight gas
      seal between the container mouth and the cover can be formed as by using
      an O-ring or a polytetrafluoroethylene collar mounted on the container
      top. This permits a sliding yet gas-sealed movement of the containers with
      respect to the cover. Thus, when a gas seal is used on selected
      containers, no gas entry or pH adjustment occurs in the selected
      containers. If all the containers are fitted with gas sealing means, gas
      entry and mixing can be allowed in selected containers by providing such
      containers with a gas outlet carried in the collar or cup body above the
      level of the liquid and in the form of a hole or slit or by an outlet in
      the cover.
PAR  As best shown in FIGS. 3 and 4, the cover 43 is of a thin plastic such as a
      1/4  inch thick Lucite and has a circular continuous conduit 45 with a
      common manifold 46 for interconnection with conduit 27. Gas conduit 45 has
      a plurality of angled outlets 47 preferably at 45.degree. each forming a
      station of locus for gas treatment of the sample containers on the
      turntable. As best seen in FIG. 4, the outlets 47 are angled to allow gas
      to follow the path of arrow 48 and thus create a swirling action with
      serum contained in the serum sample containers enabling rapid mixing. In
      some cases, the gas can be pulsed in the conduit 45 to add to the mixing
      action caused by gas entry to the containers.
PAR  As known in the art, the turntable rotates intermittently in the direction
      of arrow 36 so that each sample container is presented at each station
      defined by an outlet 47 for a predetermined period of time when motion of
      the turntable stops after which rotation begins and stops again in
      predetermined sequence. Thus, when a carbon dioxide-air mixture is fed
      into the gas conduit 46, all of the sample containers will be
      simultaneously treated with the carbon dioxide mixture allowing sufficient
      time for a desired carbon dioxide partial pressure in each sample to be
      reached. One station directly below the vertically moving support head 31
      is adapted for actual sampling of the serum and pH electrode testing. As
      best seen in FIG. 4 at the station shown in the center, two Teflon tubes
      are vertically arranged and passed through an enlarged boss portion 50 of
      the cover disc 43 and are noted at 51 and 52. The vertically movable
      support 32 carrying the pH electrode and sampler tube 33, which are
      themselves preferably coated with a thin Teflon coating, is designed to
      rasie the pH electrode and sampler tube by sliding the tubes 51 and 52 to
      a point above the lowermost surface of the cover 43 when the turntable
      rotates and to automatically lower the pH electrode and sampler tube when
      the turntable is stationary, thus permitting contact with a serum sample
      53 in each serum sample container 41 as it passes the testing station. It
      is important that vertical movement be used so that a tight slip fit can
      be maintained between the tubes 51 and 52 and the electrode 32 and sampler
      tube 33 respectively enabling reciprocal up and down movement when
      required while retaining substantial gas sealing properties.
PAR  If desired, a vibratory device such as a linear vibrator can be
      interconnected with the base of the autoanalyzer or the central spindle to
      provide linear vibration. It should be noted that linear vibration allows
      sliding of the sampling tube 33 and electrode 31 without damage thereto
      and with sealing properties retained. Such vibration is not ordinarily
      necessary when swirling action is obtained by the angled jet outlets 47
      since thorough mixing is easily accomplished.
PAR  In a modification of the turntable device 28, the upper disc cover 43 is
      modified as shown in 43A so that the gas conduit 45A is discontinuous
      leaving a final adjustment station 60 and a measuring or testing station
      61 which are not interconnected with the conduit. This cover modification
      is employed where the test procedure used differs slightly from the test
      procedure that would be used with cover 43 as will be described. In this
      embodiment of the cover station 60 defines a Teflon tube 51 for mounting
      of a pH electrode 32 on the support 31 and a direct through hole for a
      stationary carbon dioxide gas tube 63 passing to the lower face of the
      cover. Station 61 carries tube 51 and 52 as previously described and is
      identical to the testing station shown in FIG. 4 with the addition of an
      independent stationary fixed gas tube 65 which passes directly through the
      cover to the lower surface of the cover 43A for exposure of gas to the
      sample at the measuring station.
PAR  It should be noted that the gas conduit 45A allows for simultaneous
      adjustment of pH in a plurality of samples and maintaining of the pH even
      during testing of individual ones of the samples while making final pH
      adjustments at the final adjustment station and ionized calcium
      determinations at the measuring station.
PAR  Examples of the three basic procedures utilizing various ones of the
      apparatus disclosed are given below. In each case, a sample of blood is
      drawn on the patient in a conventional manner as with the use of a
      syringe. A portion of the blood is preferably placed in a test tube at
      27.degree.C and clot formation occurs in several minutes whereupon the
      serum is separated and will be referred to as "Jones' serum" hereafter.
      Another portion of the blood is placed under oil or heparin in a
      conventional manner and an immediate pH measurement is made on the whole
      of the blood of the second portion using a conventional pH electrode which
      indicates a pH of 7.35 which is the original pH of the serum when in vivo.
      As a control merely to illustrate the invention, the serum sample prior to
      any pH change after removal from the body, is tested with the Ionalyzer
      after the Ionalyzer has been calibrated and the ionized calcium
      concentration is found to be 3.80 mg% which is the in vivo ionized calcium
      concentration. The Jones serum sample after separation from the clot, can
      be refrigerated if desired or can remain at room temperature for long
      periods of time up to thirty-six hours or more. This Jones serum is then
      used in the following examples:
PAC  EXAMPLE 1
PAR  The single sample vibrating apparatus 10 is used and is interconnected with
      the pH electrode 14, Ionalyzer sampling tube 13 and carbon dioxide-air
      source through tube 15 interconnected with tube 27 of FIG. 2. 2 ml of
      Jones' sample serum which has been standing in a standard 4 ml polystyrene
      cup at 27.degree.C open to the air for 3 hours after withdrawal from the
      patient is placed in the cylindrical recess of the container holder 10A
      and the cover 12 is then put on it. A pH is measured indicating 7.80.
      Gentle vibration of the serum sample is started by activation of the
      vibrator 18. Suitable hand control valves are provided on the carbon
      dioxide and air suply tanks to enable variation in the partial pressure of
      the gas entering through tube 15. The continuous pH electrode operates and
      the operator views the readout of the pH electrode adjusting by hand the
      carbon dioxide and air mixture. Thus, the operator need not know the exact
      mixture since continuous pH reading is obtained and visually present
      enabling adjustment as needed. If for example the partial pressure of the
      CO.sub.2 entering the sample container for about 8 minutes 40 millimeters,
      we find the pH after 8 minutes is about 7.30. Since the operator knows
      that he wishes to reach a pH of 7.35, the air tank valve or the CO.sub.2
      valve is adjusted accordingly to decrease the proportion of CO.sub.2 a
      little until the pH meter reads 7.35, the original pH. The sample tube is
      activated to withdraw a sample of the serum which passes to the calcium
      electrode of the Ionalyzer and a millivolt readout displayed which
      millivolt readout is recorded. The millivolt readout is of course directly
      translatable into the ionized calcium concentration of the sample at pH
      7.35 which concentration is 3.80 milligrams %. The calcium electrode
      actually measures calcium activity which is accepted as ionized calcium
      concentration. This corresponds to the fresh or original ionized calcium
      concentration as measured before as a control.
PAC  EXAMPLE 2
PAR  In this example, the container 10 is used along with an extrapolation
      procedure. 2 ml Jones serum sample as described in Example 1, is placed in
      the container body 11. A carbon dioxide-gas mixture at an arbitrary carbon
      dioxide partial pressure of 20 millimeters mercury is passed into the
      sample container through tube 15. After several minutes, the sample pH is
      found to be 7.68 at which point, 0.15 ml of the sample is directed through
      the calcium electrode and the ionized calcium concentration directly
      measured and found to be 3.20 mg%. The arbitrary point A is then plotted
      on semi-log paper as shown in FIG. 6. The partial pressure of the carbon
      dioxide is then changed to 60 mm and the process repeated to obtain point
      B. A straight line is then drawn between them. Extrapolation from the
      graph shows that at the known original pH of 7.35, the ionized calcium
      concentration of the sample is 3.80 mg% which is the correct original
      ionized calcium concentration of the serum in the body as known from the
      control value previously obtained.
PAC  EXAMPLE 3
PAR  The sample container system 10 is again used along with the carbon dioxide
      extrapolation technique method utilizing Astrup nomograms. Astrup
      nomograms make use of the fact that at a plot of log pCO.sub.2 VSpH a
      straight line is obtained. 2 ml of the Jones serum sample used as in
      Examples 1 and 2 is placed in the container body 11 which is closed with
      cover 12 and placed in the holder 10A. The gas tube carries a known carbon
      dioxide-air mixture having a carbon dioxide partial pressure of 20 mm
      which is again an arbitrary value. After several minutes of exposure to
      this atmosphere and equilibration of the partial pressure of CO.sub.2 in
      the sample, the continuously reading pH meter shows a pH of 7.68. This
      value is plotted on the graph as shown at F in FIG. 7. An arbitrary value
      of 60 mm partial pressure carbon dioxide is then used for a period of
      several minutes and the pH is found to be 7.12 which is plotted as point E
      on the semi-log graph. A straight line is formed between the two and it is
      extrapolated from the graph that at the known original pH of 7.35 a carbon
      dioxide concentration of 37.6 mm was present in the serum. The operator
      then adjusts the gas partial pressure by manipulation of valves on the
      carbon dioxide and/or air supply to obtain a partial pressure of 37.6 mm
      of carbon dioxide in the serum and a pH of 7.35 in the sample. The
      sampling tube 13 is then used to sample the serum with the Ionalyzer
      showing the ionized calcium concentration to be 3.80 mg% which indicates
      the original concentration and can be checked by the control used. Of
      course it should be understood that the control is used in these Examples
      only to illustrate the invention and the control measurement would not
      ordinarily be made because of inconvenience and other problems as
      discussed above.
PAC  EXAMPLE 4
PAR  The system of FIG. 2 with the cover disc 43 is used in the extrapolation
      procedure illustrated by FIG. 6. Jones' sample serum as used in Example 1
      is used as one of the serum samples in a container 41. 2 ml of the sample
      is used in the container. Twenty-nine other test samples from twentynine
      other test patients are similarly prepared and 2 ml serum quantities are
      placed in each of the sample containers. The samples can be placed in the
      turntable by removal of the cover which is preferably removably fixed in
      place during operation of the turntable. A carbon dioxide-air mixture of
      approximately 20 mm partial pressure carbon dioxide, which need not be
      known or recorded, is circulated in the circular ring gas conduit 45 and
      intermittent rotation of turntable 40 started.
PAR  The cycle time is alternate rotation and stationary action at each 60
      second interval. After about 10 minutes of gas flow, when the Jones serum
      sample as used in Example 1 is stationary at the measuring station below
      the support 31, with the pH electrode 32 and sampling tube 33 in the
      serum, the cycling and measuring is activated, the pH meter reading of the
      sample serum is recorded and a sample portion of the serum is drawn into
      the tube 33 for delivery to the calcium electrode to enable a simultaneous
      ionized calcium reading to be obtained and recorded. These operations are
      preferably carried out automatically although they can be done by an
      operator manually. When done automatically, the information can be printed
      out by a digital printer or stored in a conventional computer memory. The
      pH measured is found to be 7.68 and the ionized calcium at this pH is 3.20
      mg%. The turntable 40 continues cycling and the process continues until
      all thirty samples are measured with simultaneous pH and ionized calcium
      concentration of each recorded at which point Jones' sample serum is back
      at the measuring station again. An arbitrary different CO.sub.2 -gas
      mixture having for example 60 mm CO.sub.2 partial pressure is then
      circulated in the conduit 45 for about 10 minutes. The pH electrode and
      sampling tube are again activated with the simultaneous values of each
      sample tested and recorded. Jones' sample is found to have a pH of 7.12
      and ionized calcium of 4.30 mg%. The 2 points obtained for each sample are
      then plotted on semi-log paper as shown in FIG. 6 in the plot for the
      Jones sample. Knowing Jones' fresh or original serum pH of 7.35,
      extrapolation to the ionized calcium corresponding to this shows the
      original ionized calcium concentration of the serum to be 3.80 mg%. Of
      course similar graphing and calculation is made for the other samples. In
      this case, 2 determinations of ionized calcium are made on each sample
      requiring twice as much serum for testing. The time period of testing can
      be extremely rapid with about 10 minutes for each of the two exposures and
      equilibrations to the two different partial pressures and 1 minute for
      measuring each sample repeated twice for a total of 1 hour and 20 minutes
      for the thirty samples.
PAR  It should be noted that conventional equipment as previously described can
      be used to actuate all necessary movements and measurements as well as
      record, plot and extrapolate final values desired.
PAC  EXAMPLE 5
PAR  The system of FIG. 2 is used with the cover 43A and a procedure in which
      each serum sample is brought to the original pH of that serum prior to
      ionized calcium testing. Samples are selected as in accordance with
      Example 4 and all serum samples are subjected to a CO.sub.2 -air mixture
      with CO.sub.2 of 40 mm partial pressure for about 10 minutes to preferably
      bring all of the serums within a normal pH range. The turntable 40 is then
      actuated with the Jones serum used in Example 1 at the station immediately
      prior to the final adjustment station 60. The turntable 40 then rotates
      and stops with the test serum at the final adjustment station 60. The pH
      electrode 32 and sampling tube 33 are at the measuring station 61 in their
      lowermost position and an identical pH electrode 32 is at the final
      adjustment station 60 in its lowermost position. The pH electrode at the
      final adjustment station shows a reading of pH 7.30. Since this final
      adjustment station has an independent gas entry tube 63 interconnected
      with carbon dioxide and air tanks with suitable valving as does the
      measuring station 61, it is possible to manually adjust the CO.sub.2 and
      air proportions to produce the original pH of 7.35 as measured at station
      60 just as is done in Example 1. The difference is that the gross pH
      adjustment with 40 mm partial pressure CO.sub.2 has already been done on
      all of the samples so that only small adjustments would normally have to
      be made at the final adjustment station. After approximately 1 minute in
      the stationary position when the desired pH has been reached the sample
      containers then advance 1 position bringing the Jones test serum into the
      measuring station position 61. The same gas combination which was used in
      the final blending of the Jones serum in the final adjustment station is
      then directed into the Jones serum in the measuring station. This can be
      done by manual adjustment or automatically by the use of flow meter
      controls automatically adjusted in accordance with flow meter controls for
      the gas flow in the final adjustment station. In the calcium measuring
      station 61, the pH electrode records the same pH as 7.35 and the sampling
      tube simultaneously withdraws a sample to the calcium electrode which
      measures 3.80 mg% of ionized calcium. All 30 samples rotate and are
      measured. This procedure enables use of only 1 calcium measurement
      requiring smaller amounts of sample serum than in Example 4. The total
      time required is 10 minutes for initial adjustment or equilibration of
      CO.sub.2 partial pressure plus 1 minute per sample, a total of 40 minutes
      to completely process and test thirty samples. It should be understood
      that while a sample is at the calcium measurement station having its
      ionized calcium recorded and pH recorded (the latter merely to confirm the
      pH is the same as it was brought to in the previous final adjustment
      station) the next sample is getting a simultaneous final treatment to
      adjust to the original pH of that next sample. In some case, the pH
      electrode 32 at the measuring station 61 can be eliminated since it is
      merely used to confirm the reading at the final adjustment station 60.
      Elimination of the electrode at station 61 permits use of only 1 pH meter
      and readout rather than 2 meters necessary when 2 pH electrodes are used.
PAC  EXAMPLE 6
PAR  The apparatus and system of Example 5 is used, with a CO.sub.2
      extrapolation procedure. Jones' sample is identical to the Jones' sample
      used in Example 5. All of the samples used are mixed with CO.sub.2 gas
      mixed with air at a CO.sub.2 partial pressure which must be precisely
      known and can be obtained from suitable flow-meter gauges such as 25A and
      26A. An arbitrary known CO.sub.2 partial pressure of 20 mm CO.sub.2
      partial pressure is used in the gas conduit 45A. The independent gas entry
      tubes in the final adjustment and calcium measuring stations 60 and 61 are
      both set to the same CO.sub.2 partial pressure as used in the circulating
      ring 45A. After 10 minutes the turntable begins its rotational cycle and
      the pH of Jones' sample serum as used in Example 1 is recorded at the
      calcium measuring station 61. The Jones serum ph is found to be 7.68.
      After all samples have been thus measured, another known arbitrary
      CO.sub.2 partial pressure of for example 60  mm is then circulated in the
      gas tube 45A and measurement of the pH of the serum after a 10-minute
      interval is found to be 7.12. As shown in FIG. 7, these values are plotted
      on semi-log graph paper whereupon extrapolation from the fresh pH of 7.35
      is made finding that 37.6 mm CO.sub.2 would produce in the original test
      serum the required pH of 7.35. The required pH for all of the samples is
      similarly calculated in turn. All of the samples then begin their rotation
      to pass for a third time through the measuring and final adjustment
      stations. The samples are then treated as in Example 5 except that instead
      of having to manually adjust valves to obtain the correct CO.sub.2 -air
      mixture in response to the pH reading, one knows in advance the exact
      CO.sub.2 partial pressure required to produce the required pH and suitable
      settings can be made on the gas controls. One can blend gases to
      equilibrate the serum to 37.5 mm partial pressure of CO.sub.2 which one
      determines from graph of FIG. 7 to be needed for Jones' serum and a pH of
      7.35 is automatically produced at the final adjustment station and
      confirmed by the pH reading. The 37.5 mm of CO.sub.2 partial pressure is
      used in Jones' serum at both the final adjustment station and the
      measuring station while the sample tube withdraws a portion of the sample
      and measures the ionized calcium which is 3.80 mg% as expected.
PAR  While specific embodiments of the method and apparatus of this invention
      have been shown and described, many variations are possible. For example,
      FIG. 8 diagrammatically illustrates a means and method for cleaning the pH
      electrode after each cycle of the electrode. The electrode 32 with its
      Teflon coat 32A is shown in its uppermost position with its end within the
      raised block 50 of the cover 43. A sliding member 90 seals the bottom of
      the passageway of the electrode when the electrode is in its raised
      position and passageways 80 and 82 can be used to flow water about the tip
      of the electrode 32 after which air is passed through conduits 81 and 83
      to blow out a portion of the water and dry the electrode. Any water
      remaining can be removed by the air blast or can be carried in a groove in
      the sliding member 90 when it opens just prior to positioning of a cup 41
      under the electrode and prior to downward movement of the electrode. Other
      alternate procedures for cleaning the electrode between samples can be
      used if required for more precise pH measurements than obtained without a
      cleaning step.
PAR  When the standard Orion Ionalyzer is used, the sampling tube is used in
      conjunction with a small pump which pumps the serum up into the calcium
      electrode thereof.
PAR  While the plural sample means and method have been described without
      specific examples showing standardization, such standardization can be
      carried out by conventional methods. Calcium solution standards can be
      used in place of some of the samples in the turntable used if desired. If
      the voltage drift in a particular laboratory is high, a Ca++ standard can
      be interposed however frequently such standard is required to produce the
      desired precision once the device is calibrated. It is preferred to use
      calcium standards in body serum rather than aqueous standards as will be
      later described herein.
PAR  CO.sub.2 -air mixtures have been described. However, the CO.sub.2 content
      of the serum samples can be adjusted by admixing CO.sub.2 with other gases
      than air which do not deteriorate the serum or affect the pH. Such other
      gases include inert gases, oxygen, nitrogen and others.
PAR  The standard procedure for calculation of ionized calcium is preferably
      used as described above. Thus, the millivoltage from the calcium electrode
      is displayed on a digital pH/mV meter such as the Orion Ionalyzer Model
      801. This value for the sample and 3 calcium standards permits one to plot
      millivoltage vs. logarithm ionized calcium of the standards and
      extrapolate to the ionized calcium of the sample. This can be done
      manually or quickly on a small computer such as the Olivetti Programmer
      101 or a Wang calculator or the like. This requires someone to punch in
      the value of the millivoltage from the standards and the sample. The
      millivoltage could be read from the digital pH/mV meter or a printer
      connected to it could directly print it out. For example, when the
      auto-analyzer is used, one could print out at the end of each circulation
      of thirty samples the sample number, the pH and the calcium electrode
      millivoltage such as 1, 7.30, 15 - 2, 7.45, 22, etc. Such a strip of
      thirty samples with 3 parameters each would be produced for each complete
      circuit of thirty measurements. In the cases where extrapolation is used,
      2 such sets of 30 measurements having 3 parameters each could be produced
      since there will be one pH measurement for each of the 2 carbon dioxide
      partial pressures used. A technician could then punch the values into a
      calculator or a computer to get extrapolation to the ionized calcium at
      the original fresh pH for each sample. Alternatively, a large conventional
      computer can be used as known in the art to store all of the information
      and simply print out the sample number, pH and ionized calcium at the end
      of the test procedure.
PAR  Although it is preferred when using the extrapolation methods of this
      invention to obtain 2 arbitrary points, in some cases, the test serum used
      which will have changed from its original pH can be tested to obtain its
      ionized calcium concentration and pH by the use of the calcium electrode
      and pH electrode respectively and these values obtained can be used to
      plot for example point A in FIG. 6 and point F in FIG. 7. This is valid
      when such a pH already present in the serum is within the pH range 7.10 to
      7.75 and yet not so close to the other pH produced by equilibration with
      an arbitrary CO.sub.2 that an accurate straight line cannot be produced
      (FIG. 6 or FIG. 7). However, it is preferred to select the 2 arbitrary
      values by equilibration with arbitrary partial pressures of carbon dioxide
      as previously described.
PAR  It should further be understood that flow rates of gases in the systems
      noted can be varied greatly as desired. For example, in the autoanalyzer,
      flow rates of 100 ml per minute for approximately 7 to 9 minutes can be
      used for original equilibration. These rates can vary greatly. The flow
      rates only determine the time necessary for equilibration which time can
      vary depending upon equipment used.
PAR  In still another variation of this invention, where large numbers of
      samples are to be tested in screening procedures, it is possible to
      eliminate the original test to determine the original pH before the serum
      has changed from its in vivo pH. In this method, the procedures described
      above are carried out; however, one utilizes an arbitrary original pH
      which is preferably the average normal pH for human beings, i.e, 7.39.
      Thus, in any of the examples, instead of using Jones' serum's pH of 7.35,
      7.39 is used and an indication of the original or in vivo ionized calcium
      concentration is obtained although in some cases such indication is not as
      accurate as that obtained by using the measured original pH of Jones'
      serum.
PAR  The semi-log plot of Ca++ vs. pH in the specified pH range as illustrated
      in FIG. 6, produces a straight line for any serum sample, regardless of
      total Ca++, total protein and other natural factors present. The slope of
      the straight line is different for different samples. Thus, no
      mathematical correction (as for average serum) can be applied if a
      measurement as precise as the electrode is capable of measuring is
      desired, since the average slope would, if applied to several different
      sera to extrapolate a pH correction, produce an error in excess of
      existing electrode precision. The method of this invention can produce a
      custom-made specific and unique slope for each serum and can be used to
      correct for ph in that serum sample alone. However, where a measurement as
      precise as the electrode is capable of measuring is not necessary as in a
      screening test, acceptable accuracy can be obtained by use of a straight
      line slope from pooled normal sera as will be described.
PAR  The discovery that the plot of the logarithm of ionized calcium versus the
      pH of a serum sample on semi-log paper, at least in the pH range of 7.1 to
      7.75 produces a straight line for any serum sample, regardless of total
      calcium, protein and other natural factors present, is highly useful in
      determining original ionized calcium in a body fluid to be tested. For
      example, in a screening test, ionized calcium concentration of a serum
      sample can be plotted at two or more pH values and the points obtained
      used to draw a straight line on semi-log paper. The ionized calcium
      concentration of that serum sample at an average normal pH of for example
      7.39 can then be read directly from the line drawn.
PAR  In still another method of using the straight line discovery, pooled serum
      from a group of normal people without known diseases can be tested and a
      graph drawn on which is plotted the log ionized calcium concentration
      versus pH at a number of points. This line can be said to define an
      average normal slope. One can then assign an arbitrary normal pH of 7.39
      to the serum being tested. The slope obtained as the average normal, can
      then be drawn through a point plotted on semi-log paper of log calcium
      ionized concentration versus pH of a specific sample being tested and at
      any pH at which that sample is between 7.1 and 7.75, and the calcium
      ionized concentration at the average normal pH of 7.39 can be directly
      read. This is highly useful as a rough screening test which in many cases
      gives accurate results.
PAR  Of course in actual practice in a clinical laboratory, the average normal
      slope of average normal serum, once determined can be used in the slope
      methods without repeating the measurement steps to obtain such slope in
      connection with each serum sample tested. The average normal sloe for
      human serum, as measured on pooled serum or an average of slopes obtained
      by measuring a large number of individual serum samples of normal persons
      is about 0.30. Thus, for a rough screening test of the types noted herein
      one need only make a single measurement of pH and ionized calcium in the
      range pH 7.1 to 7.75, plot the point obtained on semi-log paper and apply
      the average normal slope line as described.
PAR  In a particularly useful screening method for determining ionized calcium
      concentration of a serum sample taken from the body to obtain the ionized
      calcium concentration of that serum in the body, the sample is first
      equilibrated with a carbon dioxide concentration which is known to bring
      most sera near to an average normal pH of 7.39. For example, CO.sub.2
      partial pressures of from 4 to 6% and preferably 5% (40 mmHg) is used. The
      ionized calcium concentration of the sample and the pH of the sample
      produced is then measured and located on semi-log paper graphing
      concentration of ionized calcium against pH as in FIG. 6. The normal slope
      for log ionized calcium vs. pH for average normal serum (average normal
      pooled serum) is then used to form a line on the graph running through the
      point plotted. One can then read the approximate ionized calcium
      concentration of that serum sample at an average normal pH of 7.39. The
      method of equilibrating with CO.sub.2 is preferred to merely measuring the
      ionized calcium concentration vs. pH and plotting on a graph as in the
      preceding paragraph since the pH produced by first equilibrating will
      bring the serum sample closer to the average normal pH of 7.39 and thus
      there will be less chance of error since the average normal slope pH
      correction will often be less than that required when utilizing the method
      of the preceding paragraph. Of course, all pH and calcium ion
      concentration measurements can be made as in Examples 1-4 using the
      apparatus previously described.
PAR  It should further be understood that the specific slope of a particular
      serum can be measured merely by varying the pH of that serum by addition
      of carbon dioxide, and plotting the various ionized calcium concentrations
      at the varying pHs. Such slope can itself have diagnostic uses by
      comparing such slope with the slope for average normal pooled serum when
      so plotted.
PAR  It should be understood that this application refers to a straight line
      relationship by plotting body serum samples as a function of pH vs.
      ionized calcium concentration on semi-log paper. Any type of graph paper
      which results in a straight line relationship is sufficient, and should be
      considered the full equivalent of the semi-log graph paper described. For
      example, anti-log paper can be used.
PAR  A method of determining total original calcium concentration in a serum
      sample when that serum sample was withdrawn from the body can be carried
      out by using the methods of this invention to determine original ionized
      calcium concentration of that sample when withdrawn from the body, and a
      second step wherein the ionized calcium concentration is changed and
      determined at the original pH or an estimated average normal pH to obtain
      the total calcium concentration originally. The change is carried out by
      the use of a calcium ion addition to the serum sample. It is found that
      the following ratio exists:
      ##EQU3##
      where, Io is the ionized calcium concentration of the original serum
      sample at a known pH or estimated average normal pH (mg%),
PA1  If is the ionized calcium concentration after the addition of the calcium
      ions at that known pH or average normal estimated pH (mg%),
PA1  To is the total calcium concentration originally in the serum sample (mg%),
PA1  Tf is the total calcium concentration finally after addition of calcium
      ions (mg%).
PAR  In finding total original calcium, the following working formula derived
      from the first equation is used:
      ##EQU4##
      where, Io, If, To are defined as described above,
PA1  Va is the volume of the liquid form of the calcium ions added (ml),
PA1  Ta is the total concentration of calcium ions in the solution (mg%),
PA1  Vo is the volume of the original sample (ml).
PAR  Where powdered calcium ions are added, this formula is equal to the
      equivalent formula as follows:
      ##EQU5##
PAR  Equation 2 is derived from the known relationship of equation 1 by
      rearranging equation 1 as follows:
EQU  To = (Io .times. Tf)/If
PAL  Since
      ##EQU6##
      we can substitute to obtain the equation
      ##EQU7##
      which in turn rearranges to the working formula of equation 2.
PAR  In using this formula it is clear that the only unknown and the value for
      which it is necessary to solve is To. All values of the right side of the
      equation are known (Va, Ta, Vo) or measurable with a calcium electrode
      (Io, If).
PAR  As is known, methods for measuring total calcium concentration usually
      involve atomic absorption, photometry and use entirely different
      techniques from the technique of this invention.
PAR  In an example of finding total original calcium concentration of a serum
      sample, the volume of the serum sample (Vo) is measured. The ionized
      calcium concentration of the serum sample is measured using a calcium
      electrode and any of the preceding methods of determining original ionized
      calcium concentration (Io) of that sample in the human body from which it
      was taken. A small known volume (Va) of CaCl.sub.2 aqueous solution of
      known calcium concentration (Ta) is then added to form a resultant
      solution of known volume (Vf) and the final ionized calcium concentration
      (If) is then measured using any of the methods of this invention
      previously described. Both original ionized calcium concentration and
      final ionized calcium concentration of the resultant solution are
      determined at the same pH which is preferably the original pH of the serum
      used when withdrawn from the body although it can be an arbitrary pH as
      for example 7.39. The numbers are simply plugged into equation 2 and the
      calculation of original total calcium made.
PAR  Turning now to an improved method for obtaining calibration curves on known
      calcium electrodes such as the Orion electrode and methods of forming
      ionized calcium serum standards for use in such calibration are now
      described. All known calcium electrodes to date obtain calibration curves
      by the use of aqueous ionized calcium solution standards which are water
      or other solutions which do not contain protein or other natural
      ingredients contained in blood but which contain only those inorganic
      constituents which one chooses to mix into a water base. The reasons for
      using aqueous ionized calcium standards has been twofold. Since ionized
      calcium in blood is pH dependent, there has not been until the development
      of this invention any practical way to cope with such pH dependence in
      standards. In addition, one can prepare an aqueous solution in which all
      the calcium is theoretically ionized such that one can assume that the
      ionized calcium concentration is equal to the total calcium concentration
      which can be measured and calculated by many conventional techniques. Such
      aqueous standards are generally used by using solutions of calcium
      concentration of say 2, 4 and 8 mg% and measuring the mV readouts with the
      calcium electrode and plotting the mV vs. log of the ionized calcium as
      shown in FIG. 9. One then measures the mV readout of the blood sample with
      the calcium electrode and reads this mV horizontally to intercept the
      calibration line and then down to the corresponding ionized calcium value.
PAR  Using such an aqueous calibration curve to measure blood or serum samples
      is based on the assumption that if one measured serum samples with the
      same ionized calcium concentration as the aqueous standards one would
      obtain the identical calibration curve. This assumption is not always true
      and there is sometimes in effect a phase shift in going from aqueous to
      serum samples. Some evidence to indicate that the assumption is not always
      correct is that using the described Orion electrode on different days,
      with good aqueous calibration slopes, yields very different values on
      serum from similar people strongly suggesting a phase shift and certainly
      suggesting that better calibration standards would be desirable.
PAR  It has now been found that more consistent precise results are obtained in
      calibration and ionized calcium concentration testing of serum if one
      calibrates the calcium electrodes with known serum standards of ionized
      calcium concentration having the ionized calcium in body serum rather than
      aqueous solutions. It is pointed out here that the methods of this
      invention will work when the calcium electrodes are calibrated with
      aqueous ionized calcium standards although more reliable and consistent
      results are obtained when using calibration standards of known calcium ion
      concentration in blood serum which could be otherwise termed "serum
      ionized calcium standards".
PAR  To obtain serum standards for use in calibration, the ratio discussed
      above:
      ##EQU8##
      is used. For example, pooled normal human serum, or a lyophilized serum
      prepared from pooled normal human serum, with a total calcium
      concentration of about the normal value of 9.6 mg% as measured by
      conventional total calcium measuring methods is assigned a value of normal
      of 4.4 mg% ionized calcium. Preferably the pooled human serum used is
      obtained from a large number of say 100 average health humans. The pH of
      the pooled serum is brought to an average normal pH of 7.39 as by addition
      of CO.sub.2 gas. A small volume of highly concentrated calcium ion
      containing solution such as CaC1.sub.2 aqueous solution, having a calcium
      ion concentration greater than 4.4 mg%, is added to a sample of the normal
      human serum. The total calcium concentration of the mixture can then be
      measured by conventional means. Alternatively, the total calcium
      concentration can be increased even higher by adding more of the
      CaCl.sub.2 solution and re-lyophilizing the mixture. Additional higher
      standards can be made by repeating the prior step. Any arbitrary value of
      calcium ion concentration can be assigned to the normal pooled serum
      although a value between 4.0 to 4.8 mg% and preferably 4.4 mg% is
      preferably used since this is believed to be the true absolute normal
      value.
PAR  For example, if the added calcium chloride brings the sample to a measured
      total calcium value of 14.4 mg%, these values can be plugged into the
      above equation (1) indicating that the newly made serum standard has 6.6
      mg% ionized calcium concentration at a pH of 7.39. Similarly, when the
      newly made serum standard has a total calcium of 19.2 mg%, the ionized
      calcium concentration is 8.8 mg%. Of course all values are determined at
      comparable pHs such as at pH 7.39 using the methods of this invention to
      correct for any pH variance in the actual sample.
PAR  These serum standards can be used for calibration of calcium electrodes
      such as the Orion electrode and will yield more consistent accurate
      results than when calibration is carried out by use of aqueous standards.
PAR  Another example of preparing and using the ionized calcium serum standards
      of this invention is as follows: one arbitrarily assigns a value for
      ionized calcium to a mixed pool of serum obtained from normal people at a
      pH of 7.39, or for convenience 7.30, to act as an anchor point. The
      arbitrarily assigned value is 4.4 mg% since all prior evidence seems to
      indicate that this is the average normal ionized calcium concentration of
      serum in the body. Next, one prepares two or more higher ionized calcium
      serum standards from a portion of the pooled serum standard base.
PAR  If two additional standards are prepared, the three stadards are then
      brought to a pH of 7.40 by CO.sub.2 equilibration. The three standards are
      then placed in the calcium electrode and the ionized calcium mV of them
      obtained and plotted on the calibration curve as in FIG. 10 on semi-log
      paper of log ionized calcium vs. mV.
PAR  In the next step, the ionized calcium of each standard is measured as a
      function of pH. This is done by varying the pH of each serum standard with
      CO.sub.2 by equilibration and measuring the mV obtained by the calcium
      electrode at the various pHs and reading these mVs horizontally on the
      serum calibration curve derived in FIG. 10 and then down to the
      corresponding ionized calcium. The straight line log ionized calcium vs.
      pH relationship described in FIG. 6 is obtained and shown again in FIG. 11
      for each standard.
PAR  In a next step, the ionized calcium of each serum standard defined as a
      function of pH of these standards, may be used at any pH, so long as it is
      within a range of pH which is 7.10 to pH 7.75, to derive a daily serum
      calibration curve. If a standard should fall outside the defined pH range
      of 7.1 to 7.75, it could then be mixed with 5% CO.sub.2 which would in
      most cases bring it within the defined range. On a given day, using the
      serum standards of FIG. 11 as an example:
PAR  a. Serum standard 1 might be measured at a pH of 7.20 and give a reading of
      1.0 mV. FIG. 11 shows that this standard at a pH of 7.20 has an ionized
      calcium of 4.75 mg%.
PAR  b. Serum standard 2 might be measured at a pH of 7.60 and give a reading of
      3.5 mV. FIG. 11 shows that this standard at a pH of 7.60 has an ionized
      calcium of 6.0 mg%.
PAR  c. Serum standard 3 might be measured at a pH of 7.50 and give a reading of
      7.2 mV. FIG. 11 shows that this standard at a pH of 7.50 has an ionized
      calcium of 8.4 mg%.
PAR  One then plots the mV of the calcium electrode vs. the log ionized calcium
      for the pairs of values:
TBL           mV         Ca++                                                  
     ______________________________________                                    
              1.0        4.75                                                  
              3.5        6.0                                                   
              7.2        8.4                                                   
     ______________________________________                                    
PAR  These values would plot out as in FIG. 12 which, because of the arbitrary
      selection of values here for the purposes of clear illustration, yields
      the same slope as in FIG. 10.
PAR  An alternative to the last-mentioned step which is a particularly
      convenient alternative to the use of two or three serum standards to
      obtain a calibration curve, is to use only a single serum standard at
      various pHs. Thus, the pooled single serum standard from normal average
      humans is used. One produces various pHs in this single standard by using
      different CO.sub.2 gas mixtures to equilibrate to different pH values. One
      can also use a single CO.sub.2 gas mixture to produce varying degrees of
      saturation (partial saturation) and a corresponding range of pH values.
      For example, a 10% CO.sub.2 mixture can be used to rapidly produce a
      gradient of pH values between 7.1 and 7.75. One measures the mV of ionized
      calcium at various pHs in this range which would approximately read as
      shown in FIG. 11 the ionized calcium present in the single serum sample at
      each pH. Then one plots the mV against the corresponding log ionized
      calcium to obtain the calibration curve as in FIG. 12. In this method one
      takes advantage of the fact that ionized calcium changes with pH and that
      by changing the pH of a single serum standard aliquot one produces several
      different ionized calcium serum standards all in one sample cup without
      the need to use 2 or 3 different samples from different sera standards.
PAR  Calcium electrode repeatability can be verified before beginning to measure
      serum samples by taking advantage of the straight line log ionized calcium
      vs. pH relationship of this invention in a single sample. The straight
      line relationship on semi-log paper of log ionized calcium vs. pH can of
      course be expressed alternatively as a plot on regular linear graph paper
      of mV from calcium electrode vs. pH. Thus, the pH of any serum sample can
      be varied with CO.sub.2 and the pH as measured with a pH electrode, and
      millivolt readings from a calcium electrode can be measured simultaneously
      either at discrete intervals as with flow through electrodes or
      continuously as with dip electrodes. The ionized calcium mV is then
      plotted on linear paper against the corresponding pH. If a good straight
      line is produced by the points plotted, this verifies repeatability of the
      calcium electrode which can then be reliably used on unknown serum or
      blood samples in patients.
PAR  Another method of verifying the calcium electrode repeatability while
      simultaneously obtaining the calcium electrode serum calibration line can
      be carried out on a serum standard whose relationship to pH has been
      previously defined as in FIG. 11. As demonstrated in FIG. 13, the vertical
      scale and bottom horizontal scale are used to plot log ionized calcium vs.
      pH for that same serum standard. A top horizontal scale in millivolts is
      provided. Thus, the bottommost line is a known line and can be drawn in on
      the graph paper as in FIG. 13 before starting or this information can be
      stored in a calculator or computer. Carbon dioxide is then used to vary
      the pH of the serum standard. The various 2 or more pHs produced as
      measured by a pH electrode and the mV from the calcium electrode
      corresponding to each pH, are recorded. For each pH point at which an
      ionized calcium mV reading is obtained, one reads up vertically from that
      pH until one intersects the serum standard line A previously drawn. Then
      from this intersection one reads horizontally over until one reaches the
      mV reading on the top horizontal scale, plotting a point (X) there. This
      is done for 3 different pH-calcium millivolt pairs in FIG. 13 to yield
      line B. The straightness of the line B is a measure of repeatability of
      the calcium electrode and the slope of line B represents the calcium
      electrode calibration line as in FIG. 12.
PAR  In any body fluid in which the ionized calcium bears a quantitative
      relationship to pH as described for blood serum, then this fluid can be
      used in ionized calcium determinations as described herein and should be
      considered the full equivalent of "serum" as used in this application.
      Thus, the term "serum"  is meant to include lyophilized serum, serum
      obtained directly from the body and other body fluids.
PAR  While ionized calcium and total calcium have been used as examples
      throughout the specification, this invention is applicable to
      determinations of other divalent cations in body fluids which other
      divalent cations are pH dependent as described with relation to calcium.
      Thus, all the methods and apparatus of this invention can be used for
      determinations of ionized magnesium and total magnesium in serum in the
      same manner and under the same conditions as described herein for use with
      calcium.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of determining approximate original ionized calcium
      concentration in serum taken from the body,
PA1  said method comprising adjusting the pH of said serum to a specific
      predetermined average normal pH and then measuring the ionized calcium
      concentration of said serum.
NUM  2.
PAR  2. A method in accordance with the method of claim 1 wherein CO.sub.2 gas
      addition is used in said pH adjusting.
NUM  3.
PAR  3. A method of determining original ionized calcium concentration in serum
      taken from the body, said method comprising,
PA1  testing to determine the original pH of the serum when it is removed from
      the body.
PA1  permitting said original pH to change,
PA1  and later determining the ionized calcium concentration at said original
      pH.
NUM  4.
PAR  4. A method in accordance with the method of claim 3 wherein said later
      determining is carried out by equilibrating said serum with a first known
      CO.sub.2 -gas mixture to obtain a first arbitrary pH value, equilibrating
      said serum with a second CO.sub.2 -gas mixture to obtain a second
      arbitrary pH value,
PA1  plotting the logarithm of each CO.sub.2 partial pressure against the pH it
      produced on semi-log paper to produce first and second points,
PA1  connecting the two points by a straight line an extrapolating from the
      known original pH to determine the CO.sub.2 partial pressure required to
      produce the original pH,
PAR  producing the original pH in the sample and directly measuring the ionized
      calcium concentration at said original pH.
NUM  5.
PAR  5. A method in accordance with the method of claim 3 wherein said later
      determining is carried out by adjusting the pH of said serum to said
      original pH by adjustment of said serum with a CO.sub.2 -gas mixture and
      then measuring the ionized calcium concentration.
NUM  6.
PAR  6. A method in accordance with the method of claim 5 wherein said CO.sub.2
      -gas mixture is flowed to said serum while simultaneously monitoring the
      pH of said serum to reach said original pH.
NUM  7.
PAR  7. A method in accordance with the method of claim 5 wherein a plurality of
      different serum samples are selected,
PA1  and said later determining is carried out by adjusting simultaneously the
      pH of all of the samples to an arbitrary pH near the normal human pH
      range, and sequentially adjusting the pH of each serum sample to its
      original pH by equilibration of each said serum sample with a CO.sub.2
      -gas mixture after which ionized calcium concentration is directly
      measured.
NUM  8.
PAR  8. A method in accordance with the method of claim 3 wherein said later
      determining is carried out by equilibrating with a first CO.sub.2 -gas
      mixture and obtaining a first ionized calcium concentration at a first pH
      value of said serum,
PA1  then equilibrating with a second CO.sub.2 -gas mixture and obtaining a
      second ionized calcium concentration at a second pH value of said serum,
PA1  plotting the points of said first and second obtained ionized calcium
      concentrations on a semi-log graph with log calcium concentration against
      pH and drawing a straight line therebetween to cause the original ionized
      calcium concentration to appear on said line at the original pH value.
NUM  9.
PAR  9. A method in accordance with the method of claim 8 wherein said first and
      second pH values lie within the range of from pH 7.10 to 7.75.
NUM  10.
PAR  10. A method in accordance with the method of claim 8 wherein said method
      is carried out on a plurality of samples and after said first testing to
      determine the original pH, each of said plurality of samples is
      simultaneously equilibrated with said first gas mixture and each of said
      samples is simultaneously equilibrated with said second CO.sub.2 -gas
      mixture.
NUM  11.
PAR  11. A method of determining approximate original ionized calcium
      concentration in a serum sample taken from the body,
PA1  said method comprising allowing the pH of said serum sample to change from
      its pH in the body,
PA1  and determining the ionized calcium concentration of said sample at a
      specific predetermined average normal pH.
NUM  12.
PAR  12. A method of determining approximate original ionized calcium
      concentration in serum taken from the body, said method comprising,
PA1  measuring the ionized calcium concentration of said serum at a pH other
      than a specific predetermined average normal body serum pH,
PA1  and determining from the measurement obtained the approximate original
      ionized calcium concentration of said serum at said specific predetermined
      average normal body serum pH.
NUM  13.
PAR  13. A method of verifying ionized calcium electrode repeatability and
      precision prior to using said electrode to determine ionized calcium
      concentration of serum samples, said method comprising,
PA1  adjusting the pH of a serum sample with CO.sub.2 gas and making
      measurements of pH and corresponding calcium electrode millivolts at three
      pH values in the range of pH 7.1 to 7.75,
PA1  plotting the pH values measured against corresponding calcium millivolt
      values measured at three points,
PA1  and fitting a straight line through said three points with the straightness
      of said line being an indication of repeatability and precision.
NUM  14.
PAR  14. A method of determining approximate original ionized calcium
      concentration in serum taken from the body,
PA1  said method comprising, equilibrating said serum sample with a first
      CO.sub.2 gas mixture and obtaining a first ionized calcium concentration
      at a first pH value of said serum,
PA1  then equilibrating with a second CO.sub.2 gas mixture and obtaining a
      second ionized calcium concentration at a second pH value of said serum,
PA1  plotting the points of said first and second obtained ionized calcium
      concentrations on a semi-log graph with log calcium concentration against
      pH and drawing a straight line therebetween,
PA1  and selecting a specific predetermined average normal pH value on said line
      and obtaining an approximation of said original ionized calcium
      concentration.
NUM  15.
PAR  15. A method of determining approximate original ionized calcium
      concentration in serum taken from the body,
PA1  said method comprising,
PA1  equilibrating said serum sample with a first known CO.sub.2 gas mixture to
      obtain a first arbitrary pH value,
PA1  equilibrating said serum with a second CO.sub.2 gas mixture to obtain a
      second arbitrary pH value,
PA1  plotting the logarithm of each CO.sub.2 partial pressure against the pH it
      produced on semi-log paper to produce first and second points,
PA1  connecting the two points by a straight line and extrapolating from a
      specific predetermined average normal pH to determine the CO.sub.2 partial
      pressure required to produce an average normal pH,
PA1  then using said specific CO.sub.2 partial pressure required to produce the
      specific predetermined average normal pH in the sample and directly
      measuring the ionized calcium concentration at said specific predetermined
      average normal pH.
NUM  16.
PAR  16. A method of obtaining approximate original ionized calcium
      concentration in serum taken from the body, said method comprising,
PA1  measuring the pH value and corresponding ionized calcium concentration
      value of a sample of said serum at a pH in the range of pH 7.1 to 7.75,
PA1  plotting said value as a point on a semi-log graph of pH vs. log ionized
      calcium,
PA1  producing a straight line through said point with said line having a slope
      corresponding to the average normal slope of ionized calcium concentration
      for body serum from average normal persons,
PA1  and determining said approximate original ionized calcium concentration of
      said serum sample by reading from said graph at a predetermined pH value.
NUM  17.
PAR  17. A method in accordance with the method of claim 16 wherein said
      predetermined pH value is a specific predetermined average normal pH.
NUM  18.
PAR  18. A method in accordance with the method of claim 16 wherein said
      predetermined pH value is the original pH of said serum sample when taken
      from said body.
NUM  19.
PAR  19. A method in accordance with the method of claim 16 wherein said serum
      sample is adjusted in pH to a value in the range from pH 7.1 to 7.75 with
      the use of CO.sub.2 gas prior to said measuring.
NUM  20.
PAR  20. A method of determining original total calcium concentration in serum
      taken from the body after first determining ionized calcium concentration
      of said serum,
PA1  said method comprising determining the volume (Vo) of a sample of said
      serum,
PA1  determining the original ionized calcium concentration (Io) of said serum
      sample at a known pH,
PA1  adding a known volume (Va) and known concentration (Ta) of calcium ions to
      said serum sample,
PA1  again determining the ionized calcium concentration (If) of said serum at
      said known pH,
PA1  and using the formula:
      ##EQU9##
      solving for said total original calcium concentration of said sample.
NUM  21.
PAR  21. A method in accordance with the method of claim 20 wherein said known
      pH is the actual original pH of said serum sample when taken from the body
      and said original ionized calcium concentration is the actual original
      ionized calcium concentration of said serum sample when it was in the
      body.
NUM  22.
PAR  22. A method in accordance with the method of claim 20 wherein said known
      pH is a specific predetermined average normal pH of body serum of normal
      persons and said original ionized calcium concentration is the approximate
      original ionized calcium concentration of said serum sample when it was in
      the body.
NUM  23.
PAR  23. A method of simultaneously verifying calcium electrode repeatability
      and obtaining a calcium electrode serum calibration line by measurements
      on a single serum standard whose pH vs. ionized calcium relationship is
      known, said method comprising,
PA1  forming a graph of log ionized calcium concentration on a vertical scale
      vs. pH on a bottom horizontal scale for said serum standard to produce a
      line A on said graph,
PA1  adjusting the pH of said serum standard with CO.sub.2 gas and making pH and
      corresponding calcium electrode millivolts measurements at three different
      pH values.
PA1  establishing a top horizontal millivoltage scale on said graph,
PA1  and for each pH value at which a calcium millivolt reading is obtained
      plotting a point on said graph which point is determined by reading
      vertically up from said pH value on the bottom horizontal scale to the
      intersection with line A and then horizontally across to the corresponding
      calcium electrode millivolt value on the top horizontal millivolt scale to
      thereby obtain three points on said graph,
PA1  and fitting a straight line B through said three points with the
      straightness of the line B being an indication of the repeatability and
      precision of the calcium electrode and the slope of line B, as expressed
      millivolts calcium electrode vs. log ionized calcium being the calcium
      electrode calibration line.
NUM  24.
PAR  24. A method of calibrating a calcium electrode using a pH electrode and a
      standard comprising a mixture of body serum and calcium ions whose
      concentration as a function of pH has been defined, said method
      comprising,
PA1  obtaining an electrical readout from said pH electrode when testing said
      standard, which pH value specifies the ionized calcium concentration
      present,
PA1  and recording an electrical readout from said calcium electrode at said
      known concentration.
NUM  25.
PAR  25. A method in accordance with the method of claim 24 wherein a plurality
      of serum standards of different known calcium ion concentrations are used
      and the electrical readout of each serum standard is recorded in semi-log
      plot of mV ionized calcium vs. log ionized calcium concentration.
NUM  26.
PAR  26. A method of producing a serum calcium standard of known ionized calcium
      concentration,
PA1  said method comprising,
PA1  selecting a normal serum sample with an ionized calcium concentration (Io)
      assigned an arbitrary value in the range of from about 4.0 to about 4.8 in
      mg% at a known pH value and a normal total calcium (To),
PA1  measuring said total calcium concentration,
PA1  adding calcium ions to said serum to change said ionized calcium
      concentration to a value (If) at said known pH and thus changing said
      total calcium (Tf),
PA1  measuring said total calcium (Tf) after addition and determining said
      ionized calcium concentration If at said known pH by solving the following
      equation where only If is unknown:
      ##EQU10##
NUM  27.
PAR  27. A method in accordance with the method of claim 26 wherein said known
      pH value is a specific predetermined average normal serum pH value.
NUM  28.
PAR  28. A method in accordance with the method of claim 26 wherein said normal
      serum is pooled serum from a large number of average healthy individuals.
NUM  29.
PAR  29. In a method of accurately determining ionized serum calcium
      concentration of body serum the improvement comprising,
PA1  utilizing a body serum sample containing an artificially added quantity of
      total calcium with at least some of said total calcium being in the form
      of ionized calcium as a serum standard in determining said concentration.
NUM  30.
PAR  30. A testing apparatus for determining original ionized calcium
      concentration of serum taken from the body, said apparatus comprising
PA1  a rotatable turntable,
PA1  a plurality of serum sample containers mounted on said turntable and having
      upwardly facing container mouths,
PA1  a cover positioned over said turntable to close said container mouths while
      permitting rotational movement with respect to said cover of said
      turntable along with said containers,
PA1  means for rotating said turntable with respect to said cover at
      predetermined intervals to advance each of said containers to successive
      stations,
PA1  means in said cover for passing a gas to a plurality of said containers at
      predetermined stations whereby the pH of said last-mentioned plurality of
      serum samples is simultaneously adjusted,
PA1  a sampling tube mounted at one of said stations for withdrawing serum from
      a container at said one station.
NUM  31.
PAR  31. A testing apparatus in accordance with claim 30 wherein said means in
      said cover for passing a gas is interconnected with a means for blending
      CO.sub.2 gas with a second gas to form a CO.sub.2 -gas mixture.
NUM  32.
PAR  32. A testing apparatus in accordance with claim 30 and further comprising
      said one station further mounting a pH electrode with said sampling tube
      and pH electrode being mounted for reciprocal movement toward and away
      from successive sample containers presented at said one station.
NUM  33.
PAR  33. A testing apparatus in accordance with claim 32 wherein said means for
      passing a gas comprises a circular conduit having outlets for passing said
      gas simultaneously to all of said plurality of sample containers.
NUM  34.
PAR  34. A testing apparatus in accordance with claim 32 wherein said sampling
      tube means is interconnected with a calcium electrode means for
      determining ionized calcium concentration of samples carried by said
      sample containers.
NUM  35.
PAR  35. A testing apparatus in accordance with claim 32 wherein said one
      station further mounts an independent gas input means independent of said
      first-mentioned means for passing a gas.
NUM  36.
PAR  36. A testing apparatus in accordance with claim 35 and further comprising
      a second of said stations adjacent to said one station comprising a final
      gas adjustment station and mounting a pH electrode and an independent gas
      input means.
NUM  37.
PAR  37. In a testing apparatus for determining pH dependent values of a body
      fluid, which apparatus comprises a rotatable turntable with a plurality of
      serum sample containers mounted on the turntable and having upwardly
      facing container mouths lying substantially in a plane, the improvement
      comprising,
PA1  a cover positioned over said container mouths to close said container
      mouths while permitting rotational movement of said turntable along with
      said containers with respect to said cover, said cover carrying gas
      conduit means having plural gas outlet means for passing a gas
      simultaneously to a plurality of said sample containers.
NUM  38.
PAR  38. In a testing apparatus for determining pH dependent values of a body
      fluid, which apparatus comprises a plurality of sample containers having
      upwardly facing container mouths,
PA1  the improvement comprising,
PA1  a cover positioned over said container mouths to close said container
      mouths and maintain a predetermined gas atmosphere in said containers,
PA1  said cover carrying gas conduit means having a plurality of gas outlet
      means for passing a gas simultaneously to a plurality of said sample
      containers.
NUM  39.
PAR  39. A testing apparatus for determining pH dependent values of a body
      fluid, which apparatus comprises,
PA1  a cover,
PA1  a plurality of sample containers positioned below said cover and having
      upwardly facing container mouths mounted for sliding movement with respect
      to said cover,
PA1  gas conduit means for passing a gas into said sample containers to actively
      mix said gas with liquid contents carried by said containers,
PA1  and means for allowing escape of gas whereby gas flow from said gas conduit
      means and concurrent mixing are allowed.
NUM  40.
PAR  40. A testing apparatus in accordance with claim 39 wherein said gas
      conduit means is positioned to pass said gas to said liquid contents above
      the surface of said liquid to create a swirling action in said liquid and
      enable rapid mixing of said gas and liquid.
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ABST
PAL  A hollow iron capsule of annular shape having an interior layer of
      Fe.sub.0.947 0 and a near absolute internal vacuum is submersed within a
      molten metal with the inner chamber of the capsule connected to a pressure
      sensor. Carbon present in the molten metal diffuses through the capsule
      wall and reacts with the Fe.sub.0.947 0 layer to generate a CO.sub.2 --CO
      gas mixture within the internal chamber. The total absolute pressure of
      the gas measured by the pressure sensor is directly proportional to the
      carbon activity of the molten metal.
GOVT
PAC  CONTRACTUAL ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the UNITED STATES ATOMIC ENERGY COMMISSION.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to devices and methods for measuring the
      carbon activity of fluids containing carbon. It has particular application
      in the measurement of carbon activity in liquid metals such as sodium used
      as coolant in nuclear reactors or other systems.
PAR  The carburization and decarburization of stainless steels in contact with
      high-temperature liquid metals such as sodium can produce detrimental
      effects on mechanical properties. Therefore the determination of carbon
      activity within liquid-metal coolant of reactor systems can play an
      important role in determining the useful life of the reactor components.
PAR  Various methods have previously been employed to determine carbon content
      or carbon activity of a liquid-metal system. Some have involved the
      analysis of samples, either of the liquid metal itself or of solid
      metallic tabs exposed to the liquid metal. For more or less continuous
      monitoring, sampling techniques of this type require the frequent taking
      of samples and the required in-laboratory analysis which can be tedious
      and time-consuming.
PAR  Various meters for installation within lines or vessels containing liquid
      metal have included types that are based on the measurement of carbon
      diffusion rate through a metallic barrier. Since such meters require a
      flow of carbon out of the molten metal to be monitored, the measurement is
      influenced by the liquid-metal flow rate and by the form of dissolved
      carbon in the liquid metal. Thus, a simple measurement of the carbon
      activity is not obtained. Other systems involving electrochemical and
      pressure measurements have been quite complicated and have required
      precise and frequent calibration for accurate results. Impurities within
      the operating materials of such systems have produced additional
      difficulties in calibration and the selection of suitable range.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, in view of the prior art devices and techniques for measuring
      carbon activity within a fluid, it is an object of the present invention
      to provide an improved device for continuously and accurately monitoring
      the carbon activity of a fluid through pressure measurements.
PAR  It is also an object to provide a method of monitoring carbon activity
      within a fluid which can be performed by periodic pressure readings
      without the requirement of frequent recalibration or resetting of range.
PAR  It is a further object to provide a method and device for determining
      carbon activity of a fluid based on an absolute pressure measurement.
PAR  In accordance with the present invention, a device for measuring the carbon
      activity of a fluid is provided. The device comprises a capsule having
      iron walls defining an internal chamber and means for measuring the
      pressure within that chamber. Prior to employing the device as a carbon
      meter, a layer of wustite, Fe.sub.0.947 O, is deposited on the interior
      surfaces of the capsule and the capsule is evacuated. (Wustite is the iron
      oxide in equilibrium with iron at 700.degree.C.) On submersing the
      evacuated capsule within a fluid of unknown carbon activity, carbon from
      the fluid diffuses through the capsule wall and reacts with the wustite
      layer to form carbon monoxide and carbon dioxide gas. When an equilibrium
      gas mixture with respect to the wustite layer and iron capsule walls has
      been formed within the capsule, the ratio of carbon dioxide to carbon
      monoxide will always equal a constant and the total pressure will be
      proportional to the carbon activity in the capsule wall. Since at
      equilibrium the net carbon diffusion through the capsule wall is zero,
      carbon activity in this wall is equal to that within the fluid being
      monitored. The proportional relationship of total pressure to carbon
      activity is achieved by fixing the oxygen activity within the chamber
      through the iron-wustite equilibrium and by producing all of the carbon
      monoxide and carbon dioxide gas through reaction of diffused carbon with
      the wustite layer.
PAR  The wustite layer is formed on the interior surfaces of the capsule by
      filling the capsule with a mixture of carbon monoxide and carbon dioxide
      gas in the proportion that is formed in the carbon wustite reaction, that
      is, approximately 60% carbon monoxide and 40% carbon dioxide. The total
      pressure of this filling gas is adjusted to be substantially above that
      equivalent to the highest carbon activity expected to be monitored. The
      capsule is then submersed in a liquid metal of extremely low carbon
      activity such that carbon formed from the reaction of CO and CO.sub.2 with
      iron will diffuse through the capsule walls into the liquid metal. The
      second reaction product, wustite, is deposited on the interior capsule
      walls and will remain to be employed in the determination of carbon
      activity of other, unknown fluids.
PAR  Other more specific aspects of the invention include the use of an annular
      internal chamber within the capsule to permit both internal and external
      contact with the liquid to be monitored. This configuration increases the
      surface area to unit volume ratio and accordingly the sensitivity of the
      device. Other improved aspects include a jacket for isolating the pressure
      connections between the capsule and sensor that would otherwise contact
      the fluid to be monitored. This prevents corrosion of the pressure
      connections and the establishment of other equilibria that might otherwise
      alter the total pressure produced by the diffused carbon and wustite layer
     .
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention is illustrated in the accompanying drawings wherein:
PAR  FIG. 1 is an elevation view in cross section of a capsule portion of a
      meter used to determine carbon activity of a fluid.
PAR  FIG. 2 is a cross section of the capsule portion of FIG. 1 taken at right
      angles thereto.
PAR  FIG. 3 is a schematic showing an in-line installation of the capsule
      portion of FIGS. 1 and 2 coupled to the other components of a carbon
      meter.
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIGS. 1 and 2 where a preferred embodiment of the capsule
      portion of the carbon meter of the present invention is shown. The lower
      portion of the meter is shown as an annular capsule 11 formed of inner 13
      and outer 15 concentric tubes with circular closures 17 and 19 over the
      upper and lower ends of the tubes. This structure defines an annular
      internal chamber 21 within capsule 11.
PAR  The lower end closure 19 is of a generally flat annular shape, shown
      integral in construction with the lower end of tube 13 and having a
      central opening 20 for admitting a flow of the process fluid to be
      monitored into the passageway of tube 13. Upper end closure 17 extends
      over the diameters of both the inner and outer tubes 13 and 15 and is the
      lower part of a connector block 25 which couples the tubes to a tubular
      jacket 33 surrounding a central transmission tube 29. Connector block 25
      includes an axial opening 24 that branches into diverging passageways 23
      into open slots 26 on opposite sides and in the central vertical region of
      block 25. These connecting passageways permit escape of process fluid flow
      entering tube 13 at its lower opening 20.
PAR  A second set of passageways 27 converge from internal chamber 21 through
      connector block 25 to an upper central opening adapted for the connection
      of the transmission tube 29. The tubular jacket 33 which encompasses tube
      29 fits into the upper disk-shaped portion of connector block 25 to seal
      the lower end of the jacket. Jacket 33 isolates transmission tube 29 from
      the process fluid being monitored and can be used to contain an inert gas
      to protect the tube from attack by the process fluid, e.g. sodium.
PAR  Transmission tube 29 is of a nonferrous material that will not catalyze the
      reaction 2 CO .fwdarw. CO.sub.2 + C. Copper is a preferred choice as it is
      also generally inert to both oxygen and carbon. Where iron, iron-nickel or
      other iron alloys are employed for tube 29, carbon deposition (sooting)
      may result within the transmission tube 29 and interfere with the carbon
      meter operation. In a liquid sodium system operated at 700.degree. to
      750.degree.C., this sooting problem peaks as the CO--CO.sub.2 gas mixture
      cools to about 500.degree.C. and then diminishes to negligible amounts at
      room temperature. Therefore it is of importance to employ copper or
      another material that will not catalyze the sooting reaction for
      transmission tubing near the high-temperature process.
PAR  Concentric tubes 13 and 15 are preferably of pure iron with less than 1/10
      of 1% alloy or impurity composition. As an example, Armco (a trademark)
      iron tubes can be used for this purpose. The tubes are thin-walled, e.g.
      of about 0.01 to 0.05 cm wall thickness, to provide minimum resistance to
      carbon diffusion. Internal chamber 21 defined between the concentric tubes
      13 and 15 is provided with an interior coating of Fe.sub.0.947 O (wustite)
      35. The equilibrium between this layer and the iron capsule walls
      maintains a fixed oxygen activity on the interior walls of the capsule.
      Details of the iron-wustite equilibrium phase diagram are given in M.
      Hansen, "Constitution of Binary Alloys, 2nd Ed.", McGraw-Hill Book Co.,
      Inc., N.Y. (1958), pp. 684-688.
PAR  As carbon from the molten metal outside chamber 21 diffuses through the
      walls of the concentric tubes 13 and 15, the following equilibrium is
      established on the interior surfaces of chamber 21.
EQU  Fe.sub.0.947 O + C .revreaction. 0.947 Fe + CO; K.sub.1 = P.sub.CO /a.sub.c
      TM Eq. 1
EQU  2 Fe.sub.0.947 O + C .revreaction. 1.894 Fe + CO.sub.2 ; K.sub.2 =
      P.sub.CO.sub.2 /a.sub.c TM Eq. 2
PAL  From a previous determination of these equilibrium constants (K.sub.1,
      K.sub.2) at 700.degree.C for the above reactions, the following equations
      were calculated:
EQU  P.sub.CO.sub.2 /P.sub.CO = 0.578 TM Eq. 3
EQU  P.sub.CO + P.sub.CO.sub.2 = 743a.sub.c TM Eq. 4
PAL  where P.sub.CO, P.sub.CO.sub.2 are the partial pressures of the
      corresponding gases given in Torr and a.sub.c is carbon activity. The
      total pressure, P.sub.CO + P.sub.CO.sub.2, generated by these equilibria
      is measured by a pressure sensor means connected to internal chamber 21 by
      transmission tube 29 and, as shown in Eq. 4, is directly proportional to
      carbon activity.
PAR  The layer of Fe.sub.0.947 O was formed on the interior surfaces of chamber
      21 by filling the capsule with a mixture of carbon monoxide and carbon
      dioxide gas at a pressure that is substantially higher than any
      anticipated during use of the carbon meter. For example, about 250 Torr
      total pressure would be suitable for providing a wustite coating for a
      carbon meter to be used in measuring the carbon activity of sodium liquid
      metal within a stainless steel system. The composition of the carbon gas
      should be about 60% carbon monoxide and about 40% carbon dioxide. Such a
      gas mixture approximates the equilibrium gas mixture produced by carbon
      reaction with wustite in the above equilibria.
PAR  The capsule, having been filled with the carbon monoxide - carbon dioxide
      gas mixture, is submersed within a molten liquid metal such as sodium
      having an extremely low carbon activity to drive the equilibria of Eqs. 1
      and 2 in the direction of Fe.sub.0.947 O and carbon at the interior
      surfaces of chamber 21. As an example, a carbon activity of less than
      10.sup.-.sup.2 corresponding to about 7 Torr equilibrium pressure should
      be employed within liquid sodium metal at 700.degree.C. Such a system can
      be provided with molten sodium metal contained within a 304 stainless
      steel vessel. The capsule is maintained within liquid sodium metal of low
      activity until the total pressure of carbon monoxide and carbon dioxide
      decreases to about 1/5 of the original, e.g. about 50 Torr. Previous
      experience in forming wustite layers has shown that this will require
      about 72 hours.
PAR  After the wustite layer has been formed, the internal chamber 21 is
      evacuated with a suitable vacuum source or pump. For example, a pump
      capable of producing an absolute pressure of about 10.sup.-.sup.6 Torr
      will be adequate in most applications. While maintaining the high vacuum
      within the internal chamber, the capsule is annealed at about 700.degree.C
      until no further outgassing of the wustite layer occurs. This should
      require about 15 minutes of annealing. The removal of residual gases
      eliminates the problem of contaminants which is inherent in previous
      gas-filled devices. Oxygen containing impurities could contribute to the
      reading by generation of added carbon monoxide and carbon dioxide. Inert
      impurities would cause a background problem by adding to the total
      pressure reading.
PAR  Reference is now made to FIG. 3 where the capsule 11 of applicant's carbon
      meter is shown installed within a liquid-metal system. The liquid-metal
      flow is contained within piping 41 and passes over both the inner and
      outer surfaces of the concentric tubes which define the internal chamber
      21. Carbon contained within the liquid metal diffuses through the walls of
      capsule 11 to react with the wustite layer on the interior surfaces of
      chamber 21, producing carbon monoxide and carbon dioxide gas. When the
      pressure of these gases equals their equilibrium pressures, the carbon
      activity inside the meter is equal to that in the liquid metal being
      monitored, and the net diffusion flux of carbon becomes zero. The pressure
      is transmitted through copper tube 29 to a pressure sensor 43 where it is
      monitored. Jacket 33 surrounding the copper tube transmission line 29 to
      protect it from sodium attack extends sealingly outside the sodium piping
      41. An inert gas supply 45 of such as argon gas fills jacket 33
      surrounding copper tube 29 to protect it from attack by air.
PAR  Pressure sensor 43 is a pressure measurement device such as a liquid or
      electronic manometer capable of measuring pressure at near absolute vacuum
      to in excess of any pressures corresponding to carbon activities that may
      be encountered. One suitable sensor is an electronic manometer having a
      diaphragm between fixed capacitor plates. A change in total pressure
      deflects the diaphragm and varies the capacitance characteristics of the
      measurement system. Such pressure sensors are commercially available, for
      example, from Datametrics Inc., a division of CGS Scientific Corporation.
PAR  The carbon meter of the present invention was tested in several liquid
      sodium metal systems, one employing Type 200 nickel containment and the
      other Type 304 stainless steel. Some of the systems included cold traps,
      located remote from the carbon meter, which appeared to reduce carbon
      activity slightly. The experiments were carried out for approximately 1
      week in about 700.degree.C molten sodium metal. From the pressure
      measurements carbon activities were calculated and compared with
      activities obtained through the analysis of Fe - 12 w/o Mn tabs. The
      results are given in the table below.
TBL  ______________________________________                                    
                  Pressure Activity    Activity                                
     System       Torr     from pressure                                       
                                       from tabs                               
     ______________________________________                                    
     Type 200 nickel                                                           
                  125.7    0.169       0.171                                   
     Type 304 stainless                                                        
     steel        4.9      6.6 .times. 10.sup.-.sup.3                          
                                       6.04 .times. 10.sup.-.sup.3             
     Type 304 stainless                                                        
     steel with cold                                                           
     trap at                                                                   
     125.degree.C.                                                             
                  1.7      2.3 .times. 10.sup.-.sup.3                          
                                       --                                      
     155.degree.C.                                                             
                  --       --          2.5 .times. 10.sup.-.sup.3              
     155.degree.C.                                                             
                  --       --          2.9 .times. 10.sup.-.sup.3              
     155.degree.C.                                                             
                  --       --          3.5 .times. 10.sup.-.sup.3              
     208.degree.C.                                                             
                  2.2      2.9 .times. 10.sup.-.sup.3                          
                                       --                                      
     ______________________________________                                    
PAR  The results show good agreement between the activities determined with the
      pressure readings of the carbon meter of the present invention and those
      determined by analysis of the iron-manganese tabs. The tabs were
      maintained in contact with the sodium metal for the full week. They were
      then withdrawn, cooled, cleaned and analyzed for their carbon content by
      combustion anaylsis using a conventional carbon-oxygen determinator. The
      instrument employed was calibrated with a reference steel procured from
      the National Bureau of Standards (Type 335 steel with 0.1% carbon).
      Further details on carbon activity through tab analysis along with a
      description of the present invention is given in Argonne National
      Laboratory Report "The Determination of Carbon in Sodium by Tab
      Equilibrations and by Carbon Meters and the Carburization of Stainless
      Steel in Sodium Systems," ANL-8017, distributed February 1974. This report
      is hereby incorporated by reference into the present application.
PAR  It can be seen from the above that the present invention provides an
      accurate carbon activity meter which is capable of continuous monitoring
      of a system. The meter provides good sensitivity at low carbon activities
      from the equilibria of diffused carbon with the wustite layer on the
      internal surfaces of the capsule. By beginning with essentially zero
      absolute pressure within the chamber, all of the gas pressure is provided
      by this equilibria and it is seen to be proportional to the carbon
      activity. The essentially zero initial reference pressure and the fixed
      oxygen activity provided by the Fe.sub.0.947 O and iron equilibrium
      therefore negates the need for frequent recalibration of the present
      carbon meter.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A device for measuring the carbon activity of a fluid containing carbon
      comprising: a capsule adapted to contact a fluid of unknown carbon
      activity having an internal chamber with walls of a material including
      iron, an iron oxide layer covering the interior surfaces of said capsule
      walls, pressure-sensor means for measuring the absolute pressure within
      said chamber, copper tubing interconnecting said internal chamber of said
      capsule and said means for determining the absolute pressure of said
      internal chamber and an outer jacket sealingly surrounding said copper
      tubing over a portion of its length immediately adjacent to said capsule
      in order to prevent contact of said fluid with said copper tubing.
NUM  2.
PAR  2. The device of claim 1 wherein said internal chamber is of annular shape
      defined by inner and outer, concentric iron tubes with upper and lower end
      closures extending laterally between said tubes, said end closures
      including openings communicating with the inner passageway of said inner
      iron tube for passage of said fluid of unknown carbon activity in contact
      with the walls of said inner tubes.
NUM  3.
PAR  3. The device of claim 1 wherein said capsule walls consist essentially of
      iron and said iron oxide layer consists essentially of Fe.sub.0.947 O,
      said layer being formed by filling said internal chamber with a mixture of
      CO and CO.sub.2 gas to establish the equilibria: 0.947 Fe + CO
      .revreaction. Fe.sub.0.947 O + C and 1.894 Fe + CO.sub.2 .revreaction. 2
      Fe.sub.0.947 O + C on the internal surfaces of said chamber walls,
      submersing said capsule in a fluid having a carbon activity sufficiently
      low to cause carbon from said equilibria to migrate through said capsule
      walls defining said internal chamber into said fluid and form a layer of
      Fe.sub.0.947 O on the surfaces of said walls defining said chamber.
NUM  4.
PAR  4. The device of claim 3 wherein said layer of Fe.sub.0.947 O is formed on
      the internal surfaces of said chamber walls by submersing said capsule in
      molten sodium metal having a carbon activity of less than 10 .sup.-.sup.2
      at about 700.degree.C. for a period of about 72 hours, said CO and
      CO.sub.2 gas mixture consisting of about 60% CO and 40% CO.sub.2 by volume
      at an initial pressure of 250 Torr, and by subsequently evacuating said
      chamber while annealing at 700.degree.C for about 15 minutes.
NUM  5.
PAR  5. A method of measuring the carbon activity of a fluid having unknown
      carbon activity comprising: forming a layer of iron oxide on the interior
      wall surfaces defining an internal chamber of a sealed iron capsule;
      evacuating said chamber; submersing said capsule within said fluid of
      unknown carbon activity; and measuring the absolute pressure within said
      capsule internal chamber to determine the carbon activity of said fluid.
NUM  6.
PAR  6. The method of claim 5 wherein said layer of iron oxide is formed by
      filling said chamber with about 250 Torr pressure of a gas mixture
      consisting of approximately 60% CO and 40% CO.sub.2, submersing said
      capsule in a liquid having a carbon activity less than 10.sup.-.sup.2 ;
      measuring the pressure of said gas mixture while maintaining said capsule
      submersed in said liquid having a carbon activity of less than
      10.sup.-.sup.2 until the pressure of said gas mixture decreases to 50 Torr
      as a result of reacting each of said gases with Fe to form a layer of
      Fe.sub.0.947 O and C., withdrawing said capsule from submergence in said
      liquid, maintaining said capsule at about 700.degree.C. while evacuating
      residual gas from said internal chamber.
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ABST
PAL  Pyrolysis analysis of a specimen is effected using a microscope; the
      specimen to be analysed is mounted on the platform of the microscope and
      the laser is mounted on the microscope such that the beam passes along the
      optical axis of the microscope, a total reflecting prism in the microscope
      being movable between a position on the microscope optical axis for
      observation of the specimen and a position off the optical axis to permit
      passage of the laser beam.
BSUM
PAR  The invention relates to an apparatus for and a method of analysis by
      pyrolysis using a laser beam.
PAR  Numerous methods for analysing specimens, and in particular hydrocarbons,
      all based on the use of results obtained by a chromatograph fed with the
      specimen to be analysed, have already been proposed. Much work has
      revealed the advantage of a laser beam as a pyrolysis agent, in particular
      because of the thermal effects obtained and the duration of the pyrolysis.
      However, none of these methods enabled a microscope to be used
      simultaneously for direct observation of the specimen and its possible
      photography and for focussing of the laser beam on a selected microscopic
      detail of the specimen in order to carry out its analytical pyrolysis.
PAR  The use of the microscope associated with a microlaser is known for
      enucleation of cells for example, but it was not known to use such an
      association for pyrolysis.
PAR  Laser emission has also been used for the elementary analysis of thin
      sections of metals and minerals with control of the beam by means of a
      special optical system, a mass spectrograph analysing the pyrolysis
      products, but if it is desired to study the composition of heterogeneous
      bodies of complex molecules the advantages offered by the normal use of a
      microscope are then no longer available, in particular as regards the
      possibility of examining a microscopic detail and studying its molecular
      structure by pyrolysis.
PAR  According to one aspect of the invention there is provided apparatus for
      the analysis of a microscopic specimen by pyrolysis, comprising an optical
      microscope, an ocular tube connecting a micro-laser to the body of the
      microscope with the axis of the ocular tube coinciding with the optical
      axis of the microscope, the microscope including a total reflection prism
      movable between a first position for normal microscopic observation and a
      second or retraction position for direct passage of a laser beam above the
      optical axis of the microscope, and means for providing an hermetic
      chamber on the platform of the microscope and in which pyrolysis is
      effected, the chamber being connectable to a supply of gas for entraining
      the pyrolysis products and to a chromatograph.
PAR  Thus with use of the above-described apparatus, a quick change may be made
      from the pyrolysis operation with emission of the laser beam to
      microscopic observation both in transmitted light and in reflected light,
      since all that is necessary to do, after emission of the laser beam, is to
      swivel the total reflection prism of the microscope. The microscopic
      specimen to be analysed may also be photographed before and after
      pyrolysis by means of the same microscope.
PAR  Furthermore, the hermetic chamber mounted on the platform of the microscope
      permits intermediate injection into the chromatograph of the pyrolysate
      resulting from the laser beam falling on the microscopic specimen under
      investigation, the pyrolysate being conveyed to the chromatograph by a
      flow of gas. As pyrolysis is carried out on a precisely selected point,
      all required information on the nature of the analysed specimen may be
      gathered by the gas chromatograph.
PAR  According to another aspect of the invention there is provided a method of
      analysis by pyrolysis using a laser beam, comprising the steps of
      introducing the specimen to be analysed into a hermetic chamber connected
      to a source of gas for entraining the pyrolysate and to a chromatograph,
      locating a point on the specimen to be analysed by means of a microscope
      which is coupled to the laser beam producing apparatus, retracting the
      total reflection prism in the microscope to allow the laser beam to pass
      along the axis of the microscope, actuating the laser beam producing
      apparatus, pyrolysate produced in the hermetic chamber being transferred
      into the chromatograph by the said gas.
PAR  The above described method has the advantage of enabling rapid analysis of
      a specimen and is particularly advantageous when the selected points
      include organic substances since each of the principal molecular
      components of all the selected points can then be very rapidly recognized
      qualitatively and quantitatively instead of carrying out simple elementary
      analysis.
PAR  According to yet another aspect of the invention there is provided a
      hermetic chamber assembly for use in pyrolysis of a specimen, the assembly
      comprising a housing open on one face and there provided with a seal, the
      housing being adapted to bear hermetically either on a slide on which the
      specimen is mounted or on the surface of a specimen mounted on a slide,
      and being provided with ports for connection to a source of gas and to a
      chromatograph, and clamping means for clamping the housing against a slide
      when on the slide holder platform of a microscope.
PAR  As the housing covers the specimen on the slide and the latter is in use
      rigidly attached to the platform of the microscope, the systematic
      analysis of the various points on the specimen carried on the slide may
      easily be effected merely by recording the micrometric displacements of
      the specimen support relative to the axis of the microscope as well as
      chromatographic information. Moreover, specimen changing is rapid and easy
      since it is only necessary to unfasten the clamping means and to change
      the slide. It will also be noted that the preferred housing is
      particularly designed to reduce the volume of the hermetic chamber and
      therefore for the rapid and complete removal of the pyrolysis products,
      the dilution of which in the scavenging gas is thus reduced to a minimum.
DRWD
PAR  The invention will be more fully understood from the following description
      of embodiments thereof, given by way of example only, with reference to
      the accompanying drawings, in which:
PAR  FIG. 1 is a part diagrammatic and part perspective view of an embodiment of
      apparatus according to the present invention;
PAR  FIG. 2 is the plan of part of the apparatus of FIG. 1;
PAR  FIG. 3 is the section along the line III--III of FIG. 2;
PAR  FIG. 4 the section along the line IV--IV of FIG. 2;
PAR  FIG. 5 a perspective view of the elements forming a component of the
      hermetic capacity part of the apparatus shown in FIG. 2; and
PAR  FIG. 6 an axial section through the component of FIG. 5.
DETD
PAR  The apparatus illustrated in FIG. 1 comprises four principal units, each of
      which is associated with a micro-collector assembly 11 seated on top of
      the object-slide 23 fixed to platform 2 of microscope 1.
PAR  These four units are the microscope 1, the micro-laser apparatus consisting
      of supply box 5 and emitter 3 rigidly attached to the microscope 1 by an
      ocular tube 56, a pressurized helium or nitrogen bottle 7 connected by
      conduit 10 to micro-collector assembly 11 and a gas chromatograph 13
      connected to assembly 11 by conduit 12.
PAR  Any microscope provided with an upper opening in the extension of the
      vertical optical axis may be used, and in particular any photomicroscope
      of this type.
PAR  On platform 2 of the microscope there is provided a slide support 14 (FIGS.
      2 to 6) which is provided with two notches 15, in a thickened portion 17
      thereof, in which are housed two knurled screws 16. The screws 16 are
      received in threaded bores 31 in platform 2, a shoulder of each screw 16
      bearing on the base 30 of each notch 15 when the screws are tightened to
      fix the support 14 relative to platform 2.
PAR  Beyond thickened portion 17, slide support 14 has a flat U-shape, a slide
      23 being received in the U. Insertion and extraction of a slide 23 is
      facilitated by a cut-out 22 in one arm of the U and by a cut-out 18 in the
      base of the U.
PAR  Slide 23 may be made of glass of standard dimensions, e.g. of 1 to 1.5 mm
      thickness. The specimen to be analysed may be a thin section of 0.02 to
      0.05 mm thickness stuck to the ground glass surface of the slide with
      araldite. Its upper surface is polished and has no cover-glass.
      Microscopic observation is then carried out in transmitted light. The
      specimen may alternatively have a thickness of some millimetres and again
      be stuck to the slide. Its upper face is polished and the specimen is then
      observed by reflected light.
PAR  A hermetic chamber 50, FIG. 6, is defined laterally by a micro-collector
      ring 24 positioned above the slide 23 and which is closed centrally by a
      window 25 transparent to a laser beam. The function of chamber 50 is to
      collect without loss the pyrolysate produced by impact of the laser beam
      on the specimen and to permit its scavenging by the gas contained in
      reservoir 7. The micro-collector ring 24 is preferably a satined stainless
      steel or brass washer having an outer diameter smaller than that of slide
      23 and a height which is just sufficient to permit complete scavenging of
      the pyrolysate. On the lower face of ring 24 is a groove 49 in which
      sealing ring 48, e.g. a silicone O-ring with a diameter of 1 mm, is
      housed. When the O-ring 48 is housed in groove 49 it projects sufficiently
      therefrom to ensure under pressure the hermeticity of chamber 50 by
      flattening itself against the walls of the groove 49. O-ring 48 may rest
      either directly on slide 23 surrounding the specimen, or may rest on the
      surface of the specimen.
PAR  Ports 46 and 51 are provided opposite each other in ring 24 for the supply
      of helium conveyed by conduit 10 and for the removal of the
      helium-pyrolysate mixture respectively to and from the chamber 50.
PAR  Connectors 39 and 40, the axes of which are in the extension of the axes of
      ports 46 and 51 are welded to ring 24 at 41 and, for example, after simple
      bending of these mouthpieces, permit connection thereto of the conduits 10
      and 12.
PAR  The edge of window 25 forming the upper face of chamber 50 is located in a
      step 43 in the periphery of the central opening ring 24 and is
      hermetically stuck to the base 44 thereof by a glue seal 45. The sunken
      arrangement of window 25, the glass of which is of the order of 0.5 mm
      thick for example, permits both a reduction of the volume of pyrolysis
      chamber 50 and the use of more numerous objectives.
PAR  To ensure and maintain the hermeticity of chamber 50, the upper surface of
      ring 24 is formed with small, symmetrically arranged recesses 38 (FIG. 5)
      in line with the groove 49. As shown, four hemispherical recesses 38, e.g.
      0.5 mm deep, are provided to receive four lugs 37 of approximately 1.5 mm
      length of clamping device 20.
PAR  This device 20 in the form of a bridge clamps ring 24 against slide 23 by
      means of micrometric screws 19. Portions 32 of the screws 19 bear on the
      bases of steps 35 surrounding orifices 36 passing through plate 20. The
      ends of the screws 19 are received in threaded bores 34 in the slide
      support 14.
PAR  In the example described, micro-laser apparatus 3 may be a commercial
      apparatus designed for biological research. The emission head is of the
      cylindrical ruby monocrystal type. Ocular tube 56, which is of a suitable
      length, is set on the optical axis of microscope 1. A button 57 is
      provided for commanding the retraction of the total reflection prism used
      for normal microscopic observation and which must be withdrawn to allow
      direct passage of the laser beam along the optical axis of the microscope
      for the pyrolysis operation.
PAR  Perfectly electrically insulated electric lead 4 connects emission head 3
      to supply box 5 which can use a current supply of 110 or 120 V and produce
      a high actuation voltage of 10,000 V by means of a battery of capacitors.
PAR  The supply of gas providing a neutral atmosphere in pyrolysis chamber 50
      and the transfer of the pyrolysate into the column of chromatograph 3 is
      controlled by knurled knob 9, a manometer 8 being provided for monitoring
      the gas pressure. Conduit 10, connecting bottle 7 to connector 39, may be
      a simple polyvinyl flexible tube.
PAR  Gas chromatograph 13 is of any known type having a column selected
      according to the nature of the products to be detected and the required
      resolution, an ionization flame detector, a recorder and optionally
      apparatus for integration and digital conversion of the measurements. The
      conduit 12 connecting the chamber 50 to the chromatograph 13 is, for
      example a copper pipe 12 approximately 3 mm in diameter and 1 m long,
      which may include spirals and be heated to 200.degree.. The flame detector
      may be of the hydrogen combustion type and the flame may be fed by means
      of a small air-pump. As chromatographs are widely known, it has only been
      shown diagrammatically in FIG. 1.
PAR  When it is required to analyse a specimen, screws 19 are loosened to enable
      a slide 23 carrying a specimen to be introduced into slide support 14.
      Hermeticity of the pyrolysis chamber 50 is then obtained by tightening the
      micrometric screws 19. The point on the specimen to be analysed is then
      located by operation of the microscope 1 to displace the slide as is
      conventional. The reflection prism in the microscope is then retracted by
      operation of button 57 and emission of the laser beam is started by
      operation of box 5, after scavenging of pyrolysis chamber 50 with gas from
      the bottle 7.
PAR  By way of example, the duration of the conveyance of the pyrolysis gas,
      passage through the chromatograph column and its recording is
      approximately 3 minutes. It will thus be seen that all that is necessary
      is to automatically control the position change of the slide relative to
      the optical axis of the microscope at regular intervals of three minutes
      to carry out a point by point analysis of a specimen and deduce from it an
      overall statistical analysis of the specimen.
PAR  The above-described apparatus is thus applicable both to automatic analysis
      and to the analysis of a particular point whatever may be the composition
      of the specimen to be analysed, e.g. rock, coal, etc.
PAR  It will also be noted that because of special ocular tube 56 and of the
      very small height of pyrolysis chamber 50, commercial objectives may be
      used. Furthermore, very high magnifications may be obtained by retaining
      these objectives and replacing the eye pieces of the microscope with more
      powerful eye pieces and then replacing ocular tube 56 of the laser with a
      suitable ocular tube.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for the analysis of a microscopic specimen by pyrolysis
      in a hermetic chamber having,
PA1  an optical microscope having an optical axis, a total reflection prism
      movable between a first position on said optical axis for normal
      microscopic observation, and a second retracted position off said optical
      axis, and a platform on which a specimen will be mounted;
PA1  a micro-laser;
PA1  an ocular tube having an axis;
PA1  means for mounting said ocular tube on said microscope with said axis of
      said ocular tube coincident with said optical axis of said microscope;
PA1  means for mounting said micro-laser on said ocular tube so that a beam from
      said laser will be directed along said axes onto said specimen;
PA1  means for connecting said chamber to a supply of gas for entrainment of
      pyrolysis products;
PA1  a gas chromatograph;
PA1  means for connecting said gas chromatograph to said chamber;
PA1  the improvement comprising;
PA1  means providing the hermetic chamber being disposed on said microscope
      platform for receiving a specimen and in which pyrolysis thereof will
      occur, said means providing said hermetic chamber including a slide
      defining the lower surface onto which said specimen is placed, means
      defining side walls of said chamber, sealing means between said slide and
      said means defining side walls and a window forming the top of said
      chamber; and
PA1  means to clamp said hermetic chamber to said platform, said clamping means
      being arranged to allow movement of said slide relative to said platform.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said hermetic chamber means
      comprises a ring bearing an annular groove in its lower surface for
      receiving said sealing means, said window hermetically affixed in its
      upper portion, and two ports connectable respectively to a gas supply and
      a chromatograph, said sealing means being pressed on a slide by a bearing
      plate carrying lugs aligned with said sealing means, said lugs engaging in
      recesses in said ring, micrometic screws holding said ring against said
      slide while engaging in threaded bores provided in means carrying said
      slide and attached to said platform of said microscope.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, wherein said sealing means is clamped
      between said slide and a ring by said clamping means comprising, a bridge
      bearing on said ring, said bridge being mounted by micrometric screws
      engaging in threaded bores in said hermetic chamber means.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, wherein said bridge bears on said ring
      at points aligned with said sealing means.
NUM  5.
PAR  5. In an apparatus for the analysis of a microscopic specimen by pyrolysis
      in a hermetic chamber having,
PA1  an optical microscope having an optical axis, a total reflection prism
      movable between a first position on said optical axis for normal
      microscopic observation and a second retracted position off said optical
      axis, and a platform on which a specimen will be mounted;
PA1  a micro-laser;
PA1  an ocular tube having an axis;
PA1  means for mounting said ocular tube on said microscope with said axis of
      said ocular tube coincident with said optical axis of said microscope;
PA1  means for mounting said micro-laser on said ocular tube so that a beam from
      said laser will be directed along said axes onto said specimen;
PA1  means for connecting the hermetic chamber to a supply of gas for
      entrainment of pyrolysis products;
PA1  a gas chromatograph;
PA1  means for connecting said gas chromatograph to said chamber;
PA1  the improvement comprising;
PA1  means providing the hermetic chamber being disposed on said microscope
      platform in which pyrolysis thereof will occur, said means providing a
      hermetic chamber including a window forming the top of said chamber, means
      defining side walls of said chamber, the surface of the specimen to be
      analyzed defining the lower surface of said chamber and sealing means
      between said means defining side walls and said specimen; and
PA1  means to clamp said hermetic chamber to said platform.
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ABST
PAL  Apparatus for making ethylene dichloride by reacting ethylene and chlorine
      in liquid reaction medium includes a reaction zone having gas inlets for
      the ethylene and chlorine at the lower portion thereof, the reaction zone
      being connected by conduits to externally located indirect heat exchange
      means so as to provide a path for continuous circulation of the liquid
      reaction medium through the reaction zone and the heat exchange means
      caused by thermosyphon effect generated by heat of reaction and/or the
      gas-lift effect induced by the introduction of the reactants. The reaction
      zone has a vapor outlet at the upper portion thereof in communication with
      condenser means for condensing vaporous ethylene dichloride product to
      recover liquid ethylene dichloride.
PARN
PAR  This is a division, of application Ser. No. 145,145, filed May 20, 1971,
      and now U.S. Pat. No. 3,839,475.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved process for preparing ethylene
      dichloride (1,2-dichloroethane). More particularly, the invention relates
      to an improved method whereby substantially pure ethylene dichloride is
      prepared by the liquid phase reaction between ethylene and chlorine.
      Ethylene dichloride has many uses, not the least of which is as raw
      material in the manufacture of vinyl chloride.
PAR  Most present-day commercial processes for the production of ethylene
      dichloride, as well as the modified process of the present invention, are
      based on the liquid phase reaction between ethylene and chlorine within a
      body of liquid ethylene dichloride. The reaction between chlorine and
      ethylene is highly exothermic and the temperature in the reaction medium
      must be controlled to prevent the formation of substitution reaction
      products which limit the value of the ethylene dichloride product for
      certain commercial processes and particularly for its use in the
      production of vinyl chloride by pyrolysis.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 2,393,367 discloses a procedure for the preparation of
      ethylene dichloride wherein ethylene and chlorine are introduced into a
      water-cooled reactor containing ethylene dichloride with a small amount of
      ferric chloride as a substitution reaction depressant. The reactor
      employed is constructed with a plurality of internal tubes which carry a
      cooling agent to thereby maintain the reaction medium at a temperature of
      about 40.degree. C., which is well below the boiling point of ethylene
      dichloride (83.5.degree. C.). As reported, at least about 0.5% of the
      chlorine added reacts by substitution to form undesired higher chlorinated
      products. The product provided by this process would therefore require
      various purification steps before achieving suitability as a raw material
      for the production of vinyl chloride, as well as for many other uses to
      which it might be put. The primary contribution of this expired patent to
      the art is the use of ferric chloride to depress the unwanted substitution
      reactions and thereby reduce the degree of contamination of the final
      product with undesirable highly chlorinated substitution products.
PAR  U.S. Pat. No. 2,929,852 also discloses a modified process directed to the
      liquid phase reaction between ethylene and chlorine. In this disclosure,
      ethylene dichloride is not only the product but serves as the reaction
      medium as well, and direct temperature control is achieved by utilizing
      the exothermic heat of reaction to vaporize that portion of the ethylene
      dichloride which becomes the purified product. The temperature of the
      reaction medium is held between 80.degree. and 120.degree. C. at pressures
      between 0 and 25 lbs. per square inch gauge (psig). The vaporized portion
      of the ethylene dichloride reaction medium is conducted to a rectification
      column. Ethylene dichloride is separated from the higher chlorinated
      reaction products and the ethylene dichloride product is removed in liquid
      phase from the rectification zone. The product of this process, although
      of greater purity than that obtainable from the process of U.S. Pat. No.
      2,393,367 previously cited, nevertheless is less pure than the product of
      the present invention.
PAR  We have now found surprisingly, in contrast to the teachings of the prior
      art, that the method of controlling the exothermic reaction by circulating
      the reaction medium through an external heat exchanger, in combination
      with the method of removing heat from the reaction medium by the
      continuous vaporization of a portion of said reaction medium to thus
      maintain the temperature from 83.degree. C. to higher temperatures
      depending on the quantity of high boilers present, preferably between
      83.degree. to 90.degree. C., has an appreciable and beneficial effect on
      the degree of purity of the final ethylene dichloride product. We have
      found the method of the present invention to be superior in this respect,
      to the methods of control involving internal coolers, or cooling
      exclusively, by utilization of the heat of vaporization of a volatile
      reaction medium.
PAR  In the production of vinyl chloride by pyrolysis, not only is the assay of
      the ethylene dichloride raw material important, but the nature of its
      impurities as well. Certain chlorinated contaminants such as ethyl
      chloride and 1,1,2-trichloroethane are especially detrimental when
      present, even in minute quantities. For this reason, it has heretofore
      generally been necessary, regardless of the manner of preparation of the
      ethylene dichloride, to subject it to costly purification steps before it
      could be pyrolyzed for the production of vinyl chloride. The product of
      the process of the present invention, however, is essentially free of
      chlorinated substitution reaction products including ethyl chloride,
      1,1,2-trichloroethane and other undesirable contaminants and therefore
      said process may be employed in the production of high quality vinyl
      chloride by pyrolysis, without further purification.
PAC  SUMMARY OF THE INVENTION
PAR  Ethylene dichloride is produced in accordance with the present invention by
      conducting the liquid phase reaction of ethylene with chlorine in a
      circulating body of ethylene dichloride as a reaction medium, utilizing
      the exothermic heat of reaction to vaporize a portion of the liquid
      ethylene dichloride reaction medium, and controlling the rate of
      vaporization of the reaction medium primarily by means of an external
      cooler through which the hot reaction medium is permitted to circulate.
      The hot reaction medium circulates from the bottom of the reaction or
      vaporization zone to the top, then to the top of the cooling or heat
      extraction zone, then to the bottom of the heat extraction zone and then
      back into the bottom of the reaction zone, thus describing a continuous
      cyclic loop.
PAR  A portion of the exothermic heat of reaction is thus removed, which portion
      would otherwise be expanded in additional vaporization of the reaction
      medium. Control of the quantity of heat removed and accordingly, control
      of the rate of vaporization is had, primarily by varying the temperature
      and/or the amount of coolant passing through said heat exchanger. A small
      quantity of the reaction medium is generally purged from the circulating
      system, either continuously or periodically, in an amount sufficient to
      prevent a build-up of highly chlorinated substitution reaction products in
      said reaction medium. Although the quantity of said substitution reaction
      products produced by the process of the present invention is remarkably
      low, the higher boiling products among them are not otherwise removed. If
      permitted to accumulate in the reaction medium, these undesirable
      by-products would eventually build up enough to provide some carry-over
      into the final product, which would then require further purification.
      Ethyl chloride and 1,1,2-trichloroethane are particularly detrimental to
      an ethylene dichloride product which is to be used as raw material for the
      production of vinyl chloride. Ethyl chloride, being a low boiling
      by-product (B. Pt. 12.3.degree. C.) is generally vented along with any
      non-condensibles, but 1,1,2-trichloroethane being a relatively high
      boiling by-product (B. Pt. 113.5.degree. C.) accumulates in the reaction
      medium. The amount of 1,1,2-trichloroethane that can be tolerated in the
      reaction medium without jeopardizing the quality of the product ethylene
      dichloride is correlated with the efficiency of the rectification section
      discussed below, thus a higher weight-percent of this undesirable
      by-product can be tolerated where the rectification section chosen is
      highly efficient.
PAR  We have found that a high purity ethylene dichloride product can be
      obtained, substantially free of 1,1,2-trichloroethane and other
      undesirable by-products, by our cyclic process involving as a feature,
      purging to maintain the quantity of these by-products in the circulating
      liquid body at a low level, preferably below 10%, desirably below 5%.
PAR  As a guide, the amount purged should be chosen so as to contain an amount
      of 1,1,2-trichloroethane substantially equal to or greater than the amount
      of this chlorinated compound produced in the same unit time as by-product.
      Generally, the quantity purged amounts to about 1 to 10% of the weight of
      the product ethylene dichloride withdrawn. The ethylene dichloride in this
      purged material can be subsequently recovered by distillation, and
      recycled.
PAR  In the process of our invention, the ethylene dichloride vapors from the
      reactor are conducted to a rectification section. The ethylene dichloride
      vapor which leaves the rectification section is condensed and the liquid
      ethylene dichloride is separated from the small quantity of
      non-condensible side reaction products which are formed along with the
      ethylene dichloride. Generally, the greater portion of the condensed
      ethylene dichloride is returned to the rectification section as reflux in
      an amount sufficient to provide a reflux ratio of at least 0.5:1,
      preferably 1:1 to 6:1, and the balance is withdrawn as high purity
      ethylene dichloride product.
PAR  It has been found, surprisingly, that controlling the rate of vaporization
      of the reaction medium by using an external cooler through which the
      medium circulates, appreciably improves the purity of the final ethylene
      dichloride product.
PAR  It may be asked why the external heat exchange zone of this invention
      provides a purer product than may generally be obtained with internal
      cooling, or with full reliance on the heat of vaporization of the reaction
      medium, for the absorption of heat. The external heat extraction zone not
      only controls the rate of vaporization, but is responsible as explained
      below, for the intimate mixing of ethylene and chlorine which is essential
      to the production of a high purity ethylene dichloride. The heat
      extraction or heat exchange zone in combination with the reaction zone
      produces a continuous loop or cyclic system through which the reaction
      mixture may circulate to form a co-current flow of the reaction medium and
      the reactants. Whereas this circulation may be produced or accelerated by
      mechanical means, we find that the thermosyphon effect, coupled with the
      gas-lift effect induced by the introduction of the reactants, the heat of
      reaction, and the bubbles of vapor produced thereby, is sufficient to
      provide the circulation required.
PAR  The desired reaction between the chlorine and ethylene we believe takes
      place at the gas-liquid interface, while the side reactions are thought to
      take place in the gas phase. For this reason, good dispersion of the
      reactants, which is associated with a relatively large area of gas-liquid
      interface, is important for a high product yield coupled with a low yield
      of the undesirable side reaction products. To that end, the ethylene and
      chlorine inlets may include sparging means for distributing gases passing
      therethrough in small discrete bubbles.
PAR  As previously emphasized, this reaction is highly exothermic. When the
      reactants are mixed in a reaction vessel without benefit of an external
      heat exchange zone, large bubbles of vapor are formed as the vapor
      pressure of the mixture reaches ambient pressure. Such large bubbles
      provide relatively little gas-liquid interface throughout the reaction
      medium, and therefore a relatively large yield of undesired side reaction
      products. In comparison, the co-current flow made possible by the use of
      the external heat exchanger of the present invention, and the good
      dispersion that results therefrom, provides a preponderance of very small
      bubbles of vapor. Consequently, a large area of gasliquid interface is
      obtained, and correspondingly, a favorable ratio of ethylene dichloride
      product to side reaction by-products. As is well known, the surface area
      of a large number of small bubbles is much greater than the surface area
      of fewer large bubbles of equivalent volume.
PAR  The method of our invention provides for the rectification of the vaporized
      reaction medium, and also for the continuous withdrawal of the products of
      the reaction and the recovery of an ethylene dichloride substantially free
      of reaction side products.
PAR  The temperature at which the reaction is conducted should be the boiling
      point of the circulating liquid body, which constitutes the reaction
      medium. At atmospheric pressure, the boiling point will range from
      83.3.degree. C. (the boiling point of pure ethylene dichloride), to higher
      temperatures depending on the quantity of high boilers present. Typical
      reaction temperatures are 83.degree.-90.degree. C. It is, of course,
      possible to carry out the reaction at pressures somewhat above and below
      atmospheric pressure with a corresponding shift in the boiling range, but
      nothing is gained thereby.
PAR  To prevent the accumulation of high boiling impurities which form in the
      reaction as a result of substitution reactions, an amount of the reaction
      medium corresponding to between 1 and 10% of the weight of the product
      ethylene dichloride is purged from the body of circulating liquid.
      Obviously, there will be a correlation between the amount purged and the
      boiling point of the reaction medium. If too little of the reaction medium
      is purged, the quantity of high boiling impurities in the reaction medium
      will gradually increase, with a corresponding increase in the boiling
      point of the mixture.
PAR  Ferric chloride can be added to the reaction medium as a catalyst to
      depress the reaction rate of the substitution reactions.
      Fe.sup.+.sup.+.sup.+ should be present in the reaction medium, to the
      extent of at least 50 parts per million (ppm), preferably to the extent of
      about 500-2000 ppm. Iron or steel equipment can be used for this reaction,
      and when it is, a trace of iron will generally be picked up by the
      reaction medium as a result of superficial corrosive action. If the ferric
      ion already present in the reaction medium is less than 500 ppm, a
      quantity of ferric chloride is added to bring the Fe.sup.+.sup.+.sup.+
      content preferably to at least 500 ppm.
PAR  A small amount of oxygen can also be added to the reaction mixture to
      further inhibit by-product formation. Oxygen is particularly effective in
      repressing the formation of 1,1,2-trichloroethane. The oxygen is
      preferably added with the chlorine in the amount of about 0.5% by weight,
      based on the chlorine. Air may be introduced with the chlorine in place of
      pure oxygen to an extent sufficient to provide the chlorine with an
      equivalent percent of oxygen.
PAR  In preparing ethylene dichloride by the process of the present invention,
      the reactants may be supplied to the circulating ethylene dichloride
      reaction medium in stoichiometric amounts. However, it is preferred that
      the reactants be supplied in such proportions as to provide an excess of
      ethylene over and above the stoichiometric amount required to react with
      the added chlorine to prepare ethylene dichloride. When this detail is
      observed, the tendency for substitution reactions to develop during the
      process, is markedly reduced. While the amount of excess of the ethylene
      is not critical, the preferred mole ratio of Cl.sub.2 to C.sub.2 H.sub.4
      lies between 0.9 and 0.95 to 1.
PAR  The process of the present invention can be conducted in a reactor provided
      with a rectification or fractionating zone. Such a rectification zone may
      comprise any fractionating column designed to provide good liquid-vapor
      contact. Such a column will increase the purity of the existing ethylene
      dichloride vapor by separating and recycling to the reactor any high
      boiling side reaction products produced by the reaction. The equipment
      employed is not critical, but it should have reasonable resistance to
      corrosion from the reactants and from the reaction products. As previously
      mentioned, steel equipment is generally satisfactory. The rectification
      zone of the reactor may comprise a series of bubble cap trays or sieve
      plates, or it may comprise a column packed with Rashig rings, saddles or
      other suitable packing normally employed in rectification equipment. The
      specific structure and other details of the rectification zone actually
      employed may be readily determined by those familiar with rectification
      procedures. As might be expected, increasing the height of the
      rectification zone increases the purity of the ethylene dichloride product
     .
DRWD
PAR  The invention may be further described with reference to the drawing which
      diagrammatically illustrates the preferred equipment which may be employed
      in carrying out the process.
DETD
PAR  A reactor 1 is provided with a heat extraction zone or heat exchanger 3,
      through which ethylene dichloride as the circulating liquid body or
      reaction medium may circulate by entering through conduit 5, and returning
      through conduit 7. Conduits, or liquid transfer means, 5 and 7 should
      preferably have effective inside diameters sufficiently large to permit
      adequate circulation of the reaction medium through the cyclic system
      formed by reactor 1, heat exchanger 3, and the interconnecting conduits 5
      and 7. In order to permit good circulation of the reaction medium the
      effective cross-sectional area of the heat exchanger should desirably be
      no less than about the cross-sectional area of the conduits, and the
      cross-sectional area of said conduits should be no less than about 2% of
      the cross-sectional area of the reaction zone. Preferably, the
      cross-sectional area of the conduits should be about 15 to 100% of the
      effective cross-sectional area of the reaction zone. Both conduits should
      be positioned entirely below the surface of the reaction medium when the
      equipment is operating, but one (5) should connect reactor and heat
      exchanger at points near and just below the liquid surface, and the other
      (7) at a point in the lower portion of the reactor. In the preferred
      embodiment, this heat exchanger is water cooled, the cooling water inlet
      and outlet being shown as 9 and 11 respectively. The lower portion of
      reactor 1 comprises the reaction section and is provided with an inlet 13
      for raw material ethylene, and inlet 15 for chlorine gas containing about
      0.5% by weight of oxygen (or a quantity of air sufficient to provide this
      quantity). Outlet 17 at a low point in the reactor system is provided for
      purging the system.
PAR  The level of the ethylene dichloride reaction medium is maintained at 19 by
      level controller 21 which performs its function by controlling valve 23,
      thus policing the amount of ethylene dichloride product which is
      continuously withdrawn at 25.
PAR  Reactor 1 is also provided at the upper end thereof with a rectification
      section 27, from the top of which the ethylene dichloride and any low
      boiling substitution reaction products leave as vapors through riser 29
      and enter the upper vestibule of downcoming condenser 31. Cooling water is
      admitted to the jacket of condenser 31 through inlet 33 and outlet 35. The
      condensate and non-condensibles leaving the condenser enter separator 37
      from which the non-condensibles are vented through vent line 39. At the
      separator the condensate is split into two streams, one being returned
      through lute 41 and sparger 43 to the top of the rectification section, as
      reflux. The other stream, passing through control valve 23, leaves at
      point 25 as purified ethylene dichloride. The variable positioning of
      valve 23, manually or automatically, in response to signals from
      level-sensing device 21, will maintain the level in the reactor by
      controlling the product flow at 25 or 49 and thus the amount of reflux
      (generally the larger portion of the condensate), through lute 41 to
      sparger 43 and column 27. This action is facilitated when overflow line 41
      extends a short distance up into separator 37 and is protected from the
      direct stream from condenser 31 by off-set positioning, by a protecting
      hood, a crooked end or other means. For example, if level 19 drops below a
      pre-selected point, sensing means 21 causes valve 23 to partially close.
      More condensate then accumulates in separator 37 and overflows through
      lute 41 to column 27, thence back to reactor 1, raising the liquid level
      at 19. If the liquid level 19 rises above the pre-selected point, sensing
      means 21 causes valve 23 to open further. This increases the rate of
      product withdrawal, and decreases the amount of reflux (condensate return
      to the reactor), thereby lowering the liquid level as the distillation
      progresses. The liquid level choses in generally several inches above the
      upper interconnection between the reactor and heat exchanger to insure
      uninterrupted circulation of the liquid through the cyclic system.
PAR  When the reactants are fed at a constant rate through lines 13 and 15, the
      amount of condensate from condenser 31 can be controlled by varying the
      amount of, or the temperature of, the coolant applied to the jacket of
      heat exchanger 3. Decreasing the rate of flow of the coolant, or
      increasing its temperature reduces the quantity of heat being removed from
      the reaction mixture, leaving more to be expended in vaporizing the
      product and reaction medium, and consequently increasing the amount of
      total condensate. With this arrangement, then, it follows that the reflux
      ratio can be governed by the degree of cooling provided by the external
      heat exchanger 3.
PAR  The product ethylene dichloride obtained at point 25 is of excellent
      quality for the production of vinyl chloride by pyrolysis, but it may
      contain a trace of hydrogen chloride which might be objectionable for
      general sales. This trace of HC1 can be scrubbed out by passing the
      product through line 45 to packed column 47 countercurrent to the stream
      of incoming raw material ethylene which enters at 48. HC1-free, high
      purity, ethylene dichloride would then be withdrawn at 49. In this
      circumstance, the inconsequential amount of hydrogen chloride carried by
      the ethylene feed to reactor 1 would eventually be vented at line 39.
PAR  To prepare ethylene dichloride by the preferred process of this invention,
      fill reactor 1 and attached heat exchanger 3 with dry ethylene dichloride
      to level 19, to be maintained thereat by level controller 21. Add ferric
      chloride to this reaction medium to provide between 500 and 2000 ppm of
      iron based on the total charge. Sweep the system with ethylene, then
      slowly sparge ethylene into the bottom of reactor 1 through line 13, and
      chlorine gas containing about 0.5% oxygen or an amount of air to provide a
      corresponding amount of oxygen, through line 15. The ethylene should be
      added in slight excess, the mole ratio of chlorine being between 0.90 to
      0.95 per mole of ethylene. Continue the addition of the reactants,
      gradually increasing the rate, until the reaction medium reaches its
      boiling point (83.3.degree. C. or higher, depending on the quantity of
      high boiling impurities that are present). Adjust the rate of addition of
      the reactants, and the amount of cooling water to heat exchanger 3, so as
      to obtain adequate reflux without flooding the rectification zone 27 or
      exceeding the capacity of condenser 31. At point 17 in the reaction
      system, continuously purge a portion of the reaction medium equal to
      between 1 and 10% of the product rate. The precise rate of purge will be
      adjusted by experience, to that which will maintain the amount of
      undesirable highly chlorinated substitution reaction products in the
      reaction medium at a satisfactory low level. A "satisfactory" level may be
      defined as one consistent with an ethylene dichloride product of
      acceptable purity. The ethylene dichloride purged can be recovered by
      distillation. The ethylene dichloride product obtained by the process of
      the present invention can be diverted directly to cracking furnaces, if it
      is to be used for vinyl chloride production by the pyrolysis route. The
      ethylene dichloride product may contain a trace of hydrogen chloride,
      however, which may lessen its value for certain other uses. If the product
      is to be free of HC1, it may be passed downwardly through packed column 47
      countercurrent to the flow of incoming ethylene raw material, which is
      diverted through said column enroute to the reactor. Such a stream of
      ethylene will sweep the ethylene dichloride essentially free of HC1. The
      negligible amount of HC1 picked up by the ethylene is not detrimental to
      the C.sub.2 H.sub.4 /C1.sub.2 reaction and essentially all of it is
      removed with the non-condensibles at 37, then vented through vent line 39.
PAC  EXAMPLE 1
PAR  Small scale equipment is set up corresponding to the equipment arrangement
      of FIG. 1, using an iron reactor. The reactor consists of a length of iron
      pipe 3 feet 4 inches long, having an inside diameter (ID) of 4 inches. Gas
      inlets enter the reactor near the bottom and these are equipped with
      sparging means for the dispersion of the reactant gases. A drain cock is
      also provided at the bottom for purging the system. A jacketed iron
      tubular heat exchanger having an overall diameter of 6 inches and a length
      of 3 1/2 feet is positioned parallel and adjacent to the reactor. The heat
      exchanger is connected to the reactor by two 2 inches ID iron pipes at two
      points. One is centered at a point 4 inches from the bottom of the
      reactor, and extends horizontally to the outlet vestibule of the heat
      exchanger. The second is centered at a point 4 inches from the top of the
      reactor and extends horizontally to the inlet vestibule of the heat
      exchanger. A cyclic system is thereby formed, suitable for the cyclic flow
      of a reaction medium therein. The reactor system as illustrated
      diagrammatically in FIG. 1 is charged with 14 liters of ethylene
      dichloride (as the reaction medium) bringing the liquid level just above
      the upper interconnection between the reactor and heat exchanger. A small
      amount of ferric chloride is added (25 grams, anhydrous basis) to provide
      a Fe.sup.+.sup.+.sup.+ content of about 500 ppm based on the weight of the
      ethylene dichloride charge. Before any chlorine is added, the system is
      first purged with ethylene as a safety measure, since, as previously
      emphasized, the reaction between ethylene and chlorine is highly
      exothermic. The presence of air in the system at the start could
      conceivably produce an explosive condition. (An inert gas can be used at
      this point if desired.) The feed ethylene, chlorine and oxygen (air) are
      accurately measured by means of suitable flow meters. The following rates
      of addition are employed:
PA1  Chlorine, 60 grams per minute
PA1  Ethylene, 26.1 grams per minute
PA1  Air, 0.58 grams per minute
PAR  This represents a mole ratio of chlorine to ethylene of 0.91 to 1.0. The
      operation is carried out essentially at atmospheric pressure. The reactor
      temperature is maintained at 84.degree. C., and the ethylene dichloride
      product is withdrawn at the rate of about 75 grams per minute, while about
      4 grams per minute of ethylene dichloride are purged from the reactor
      system, thus maintaining the quantity of substitution reaction products
      which may accumulate in the reaction medium at a low and essentially
      constant level.
PAR  The reflux ratio is maintained at about 5.4 to 1.0. 96-99% of the chlorine
      is converted to ethylene dichloride.
PAR  The purity of the product obtained is found to be 99.80% ethylene
      dichloride, which is exceptionally high for this material.
PAC  EXAMPLE 2
PAR  Example 2 is carried out exactly as was Example 1, with the exception that
      no ferric chloride is added, since the reaction medium from Example 1,
      which already contained Fe.sup.+.sup.+.sup.+ was reused. Furthermore, a
      slight corrosive attack of the wall of the iron reactor had increased the
      Fe.sup.+.sup.+.sup.+ content to some degree, totaling between 500 and 1000
      ppm. The reactor temperature is maintained at 86.degree. C. Feed rates,
      reflux ratio, and product and purge rates are the same. The purity of the
      product is 99.74%
PAC  EXAMPLE 3
PAR  Example 3 is carried out exactly as was Example 1, with the sole exception
      that the conduits to the external heat exchanger are blanked off. Feed
      rates, reactor temperature, reflux ratio, ferric iron concentration and
      product and purge rates are the same. 96-98% of the chlorine is converted
      to ethylene dichloride. The product is found to assay 99.36% ethylene
      dichloride. It will be noted that there is a decrease in product purity of
      about 0.44% when external means of cooling, with the associated
      circulation of the reaction medium, are not provided.
PAC  EXAMPLE 4
PAR  Example 4 is carried out exactly as was Example 3. No make-up ferric
      chloride is required, as the Fe.sup.+.sup.+.sup.+ content is 500 to 1000
      ppm resulting from slight attack of the reactor. Feed rates, reactor
      temperature, reflux ratio, ferric iron concentration and product and purge
      rates are the same. 96-98% of the chlorine is converted to ethylene
      dichloride. The product is found to assay 99.17% ethylene dichloride.
      Again, it will be noted that a decrease in product purity occurs, this
      time amounting to almost 0.6%. when external means of circulating and
      cooling the reaction medium are not provided.
PAR  The degree of improvement in the purity of the ethylene dichloride product
      when circulation and external cooling of the reaction medium is provided,
      averages about 0.5%. This improvement is very significant. When product of
      this degree of purity is used in the production of vinyl chloride by
      pyrolysis, the vinyl chloride obtained is consistently of good quality and
      results are reproducible.
PAR  To summarize, the method of our invention comprises an efficient and
      economical continuous cyclic process which includes a method of purging,
      so as to maintain a substantially clean circulating body, and thus prevent
      build-up of chlorinated side reaction by-products in the body. The final
      high purity ethylene dichloride product requires no further purification
      treatment, and is suitable as raw material for the pyrolytic production of
      vinyl chloride as well as for other purposes where an ethylene dichloride
      product, free of chlorinated by-product contaminants is essential.
PAR  Other olefins, such as propylene, butylene and the like may also be
      chlorinated to their corresponding dichlorides by employing the process of
      this invention.
PAR  Various changes may be made in the details of operation and in the
      apparatus employed without departing from the invention or sacrificing any
      of the advantages thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for making ethylene dichloride by reacting ethylene and
      chlorine in a liquid reaction medium of ethylene dichloride, comprising:
PA1  a. a vertically disposed reaction vessel for effecting reaction between the
      ethylene and chlorine, having at least one inlet each for the ethylene and
      the chlorine positioned in the lower portion thereof, the reaction vessel
      having an upper outlet and a lower inlet for the reaction medium to be
      circulated therethrough, the upper outlet being located below the liquid
      level, the reaction vessel further having a vapor outlet located in the
      upper portion thereof above the liquid level;
PA1  b. indirect heat exchange means located externally of the vertically
      disposed reaction vessel for removing heat of reaction from the reaction
      medium, the indirect heat exchange means having an upper inlet and a lower
      outlet for the reaction medium to be circulated therethrough;
PA1  c. a conduit connecting the upper outlet of the reaction vessel with the
      upper inlet of the heat exchange means;
PA1  d. a conduit connecting the lower inlet of the reaction vessel with the
      lower outlet of the heat exchange means;
PAL  to establish a path for continuous circulation of the reaction medium
      through the reaction vessel and the heat exchange means predominantly
      caused by the thermosyphon effect generated by heat of reaction and/or the
      gas-lift effect induced by introduction of the reactants; and further
      comprising
PA1  e. condensor means in communication with the vapor outlet of the reaction
      vessel for condensing ethylene dichloride product vapor to recover liquid
      ethylene dichloride product; and
PA1  f. conduit means associated with the condensor means for discharging
      condensed ethylene dichloride product from the apparatus.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the reaction vessel has a
      rectification section at the upper end thereof.
NUM  3.
PAR  3. Apparatus according to claim 2, additionally comprising conduit means
      connecting the condensor means with the rectification section to permit
      return of part of the condensed ethylene dichloride product from the
      condensor means to the rectification section of the reaction vessel as
      reflux.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein the effective cross-sectional
      area of the conduits is from 15 to 100% of the effective cross-sectional
      area of the reaction vessel, and the effective cross-sectional area of the
      indirect heat exchange means is not less than about the cross-sectional
      area of the conduits.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein the reaction vessel has a
      rectification section at the upper end thereof, and wherein part of the
      condensed liquid ethylene dichloride is returned to the rectification
      section in amount sufficient to provide reflux ratio of from 1:1 to 6:1.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein the chlorine and ethylene inlets
      include sparging means for distributing gases passing therethrough in
      small discrete bubbles.
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ABST
PAL  A method for making ferrous metal having highly improved resistances to
      corrosion and to oxidization, which comprises hot-dipping a metallic
      workpiece in a molten aluminum or aluminum alloy bath, primary
      heat-treatment of the metallic workpiece and secondary heat-treatment of
      the metallic workpiece. During the primary heat-treatment, an
      intermetallic compound layer is formed over the surface of the metallic
      workpiece, which is developed into an alloy layer during the secondary
      heat-treatment to make the alloy layer firmly secured to the base of the
      workpiece. The secondary heat-treatment may be omitted depending on the
      application of the ferrous metal processed by this method.
PARN
     This is a division of application Ser. No. 305,558, filed Nov. 10, 1972.
BSUM
PAR  The present invention relates to a method for making ferrous metal having
      highly improved resistances to corrosion at elevated temperatures and to
      oxidization and, more particularly, to the method wherein a ferrous metal
      workpiece, after having been hot-dipped in a molten metal bath containing
      therein aluminum or its alloy with chromium, is heat-treated to form an
      alloy layer on the base of the ferrous metal workpiece thereby to improve
      the resistances to corrosion at elevated temperatures and to oxidization.
PAR  In the automobile industry, an after-burner or thermal reactor has been
      largely employed in an automotive vehicle and it has been well recognized
      as one of effective means for reducing or substantially eliminating
      noxious unburned compounds present in exhaust gas emerging from the
      exhaust system of the automotive vehicle. As has been well understood, the
      exhaust gas emerging from the automotive exhaust system contains, in
      addition to the unburned compounds such as CO and HC, gaseous halogens and
      halides and/or lead compounds such as Cl.sub.2, Br.sub.2, PbCl.sub.2,
      PbBr.sub.2, C.sub.2 H.sub.2 Cl.sub.2 and C.sub.2 H.sub.2 Br.sub.2, which
      are corrosive mediums. In the presence of such corrosive mediums, various
      metallic parts disposed in the automotive exhaust system tend to be easily
      corroded and, in the case where such an after-burner is provided in the
      automotive exhaust system, in which the interior temperature tends to
      elevate up to 900.degree. C. and, in an extreme case, up to 1,200.degree.
      C., during re-combustion of the unburned compounds in said after-burner,
      corrosion of the after-burner is accelerated by the elevated temperature,
      thus reducing the working efficiency of the after-burner while shortening
      the service time of the after-burner. In view of this, especially the
      after-burner is required to be made of specially designed, expensive
      material having sufficient resistances to corrosion at the elevated
      temperatures as well as to oxidization.
PAR  Recently, such a metallic material as having a relatively high corrosion
      resistance at elevated temperatures as well as a sufficient resistance to
      oxidization has been developed in the field of space craft industry, which
      may be more or less satisfactorily employed in the manufacture of the
      after-burner or thermal reactor. However, this metallic material developed
      for the manufacture of a space craft is too expensive to make it available
      for the manufacture of metallic articles for public use including an
      automotive vehicle having such an after-burner.
PAR  Accordingly, and essential object of the present invention is to provide an
      improved method for making ferrous metal having a relatively high
      corrosion resistance and resistance to oxidization which can be relatively
      easily manufactured at low costs.
PAR  Another important object of the present invention is to provide the
      improved method of the above mentioned character wherein an article made
      of ferrous metal is first hot-dipped in a molten metal bath containing
      therein aluminum or its alloy to form an aluminum foil over the surface of
      said article and, then, subjected to a heat-treatment to form an alloy
      layer on the base of the ferrous metal of said article thereby to improve
      the corrosion and oxidization resistances of said article, without
      requiring a substantially complicated procedure.
PAR  It is a related object of the present invention to provide a ferrous metal
      workpiece manufactured by the above mentioned method.
PAR  It is to be noted that the present invention has been primarily developed
      in view of providing a relatively high corrosion and oxidization resistant
      and inexpensive metallic material for the manufacture of the after-burner.
      However, the method of the present invention has many applications and,
      for example, it is applicable not only to the manufacture of automotive
      vehicle parts such as after-burner and exhaust muffler, but also to the
      manufacture of various metallic articles such as plates, pipings,
      containers, vessels and others, all of which are accessible to corrosive
      mediums in gaseous, solid or liquid state and which are made of ferrous
      metal.
PAR  Furthermore, in view of the fact that the ferrous metal processed by the
      method of the present invention has a relatively high corrosion resistance
      as well as a relatively high resistance to oxidization, the method of the
      present invention can be applicable to the manufacture of various articles
      which require either or both of these characteristics. Moreover, the
      corrosion resistance of the ferrous metal processed by the method of the
      present invention permits such ferrous metal to be used in the manufacture
      of various jigs for use in casting of light alloys such as those of
      aluminum and zinc, which may otherwise be easily oxidized in contact with
      the molten casting metal.
PAR  It is also to be noted that the present invention may be applicable to any
      type of metallic articles including unprocessed workpieces produced by
      such methods as rolling, extrusion, drawing, casting and others and
      intermediate and final products processed by such methods as pressing,
      welding, grinding and others. In addition thereto, the unprocessed,
      intermediate or final products, after having been processed by the method
      of the present invention, may be electro-plated in any suitable manner.
DRWD
PAR  These and other objects and features of the present invention will become
      apparent from the following description taken in conjunction with a
      preferred embodiment thereof with reference to the accompanying drawings,
      in which;
PAR  FIG. 1 is a schematic diagram showing the longitudinal section of a ferrous
      workpiece obtained by dipping in a molten metal bath containing
      substantially pure aluminum and then heat-treating according to the
      present invention and a graph obtained by the X-ray microanalizer of
      distribution of various elements contained in the ferrous workpiece thus
      processed,
PAR  FIG. 2 is a diagram similar to FIG. 1, but the ferrous workpiece being
      further heat-treated,
PAR  FIG. 3 is a schematic diagram showing the longitudinal section of another
      ferrous workpiece obtained by dipping in a molten metal bath containing an
      aluminum alloy including 4 wt% of chromium and then heat-treating
      according to the present invention and a graph obtained by the X-ray
      microanalizer of distribution of various elements contained in the ferrous
      workpiece thus processed, and
PAR  FIG. 4 is a diagram similar to FIG. 3, but the ferrous workpiece being
      further heat-treated.
DETD
PAR  Before the description of the present invention proceeds, it is to be noted
      that, although various elements contained in an article made of ferrous
      metal (hereinafter referred to as ferrous workpiece), for example, Cr and
      Ni in the case where such ferrous workpiece is made of austenitic
      stainless steel, are in practice distributed in a layer formed on the
      surface of said workpiece during execution of the method of the present
      invention, more or less affecting the characteristics of said layer, the
      distribution of such elements is not shown in the accompanying drawings
      because the present invention is to be understood in terms of a
      relationship between a ferrous substance contained in the workpiece and an
      aluminum substance and/or a chromium substance contained in the layer.
PAR  It is further to be noted that the method of the present invention can be
      applicable to any workpiece made of any one of ferrous steels, including
      various carbon steels and such special steels as ferritic stainless steel,
      martensitic stainless steel and austenitic stainless steel, and cast irons
      including ordinary cast irons and such special cast irons as ductile cast
      iron and alloy cast iron. In other words, it is to be understood that any
      workpiece made of material having Fe as the principle component can be
      subjected to the method of the present invention even if it contains, in
      addition to Fe, one or a mixture of numerous inorganic additives.
PAR  As the first step of execution of the method of the present invention, the
      ferrous workpiece is hot-dipped for 30 to 300 seconds in a molten metal
      bath containing therein aluminum or its alloy and heated to a temperature
      of from 700.degree. to 950.degree. C., thereby to form a metallic foil on
      the surface thereof. The reason for the employment of aluminum or its
      alloy for the molten metal bath is because of its excellent corrosion and
      oxidization resistances.
PAR  In this case, if the bath temperature is lower then the lowermost limit of
      700.degree. C., a staisfactory result cannot be obtained and, if it is
      higher than the uppermost limit of 950.degree. C., dimensional variation
      of the ferrous workpiece will be observable due to softening of the
      ferrous workpiece under the elevated temperature and, in an extreme case,
      it will be partially or wholly melted into the molten metal bath.
PAR  Preferably, the use of aluminum alloy is recommended for the molten metal
      bath, in which case the aluminum alloy must contain chromium in an amount
      within the range of from 1 to 10 percent by weight based on the total
      weight of the aluminum alloy. This is because the presence of chromium in
      the molten metal bath results in an improvement in the smoothness of the
      surface of the resultant foil adhering to the ferrous workpiece and also
      in the corrosion resistance with respect to any of lead compounds.
      However, if the aluminum alloy including chromium in an amount smaller
      than the lowermost limit of 1 wt% is employed, such improvements are
      hereinabove described cannot be obtained whereas, if the alloy including
      chromium in an amount greater than the uppermost limit of 10 wt% is
      employed, the surface of a compound layer as will be mentioned later will
      be roughened at the time of completion of the subsequent heat-treatment.
      It is to be noted that, in the case where the molten metal bath is
      prepared by the use of the aluminum alloy including chromium in the
      specified amount, the lowermost limit of the bath temperature be
      preferably fixed at 750.degree. C.
PAR  With the above in mind, if the dipping time is shorter than the lowermost
      limit of 30 seconds, the subsequent heat-treatment of the ferrous
      workpiece having the metalllic foil thereon will not result in
      satisfactory formation of the compound layer, that is, an Al-Fe
      intermetallic compound layer containing a Fe-Al comound, such as Fe.sub.2
      Al.sub.5 and Fe.sub.2 Al.sub.3 , as the principle component in a desired
      depth, whereas, if it is longer than the uppermost limit of 300 seconds, a
      ferrous substance contained in the ferrous workpiece will be melted into
      the molten bath, thus reducing the weight of the workpiece to be
      processed. The dipping time may vary, within the range of 30 to 300
      seconds, depending upon the thickness and shape of the ferrous workpiece
      to be processed by the method of the present invention.
PAR  Subsequent to the hot-dipping process, the ferrous workpiece having the
      metallic foil thereon is then subjected to a primary heat-treatment
      thereby to cause the aluminum substance in the metallic foil to undergo an
      intermetallic combination with the ferrous substance in the ferrous
      workpiece. More specifically, if the substantially pure aluminum is
      employed for the molten metal bath, only the Fe-Al intermetallic compound
      layer of 50 to 200 microns in depth which contains the Fe-Al compound as
      the principle component can be obtained as shown in FIG. 1. On the other
      hand, if the aluminum alloy is employed for the molten metal bath, as
      shown in FIG. 3, not only the Fe-Al intermetallic compound layer of 50 to
      200 microns in depth can be obtained, but also the same intermetallic
      compound layer contains, in addition to the Fe-Al compound as the
      principle component, an Al-Cr compound, such as Al.sub.2 Cr and Al.sub.5
      Cr, distributed substantially in the vicinity of the surface of said
      intermetallic compound layer with the aluminum substance being stablized
      therein.
PAR  To achieve the optimum result, the primary heat-treatment must be carried
      out under a temperature of from 700.degree. to 930.degree. C. for more
      than 30 minutes. If the heating temperature is lower than the lowermost
      limit of 700.degree. C., the intermetallic compound layer will not
      satisfactorily obtained and, if it is higher than the uppermost limit of
      930.degree. C., the aluminum substance contained in the foil will not
      satisfactorily undergo the intermetallic combination with the ferrous
      substance in the ferrous workpiece during this primary heat treatment and,
      hence, a satisfactory development of the intermetallic compound layer will
      not be observable, because of being oxidized into Al.sub.2 O.sub.3 without
      providing the desired corrosion resistance. The heating temperature may
      vary, within the range of from 700.degree. to 950.degree. C., depending
      upon the type or kind of the ferrous workpiece to be processed by the
      method of the present invention.
PAR  In addition, the heating time must be not less than 30 minutes, or
      otherwise development of the intermetallic compound layer will not be
      satisfactorily observed. However, the heating may preferably continue for
      not more than 3 hours in view of economical industrial practice.
PAR  This primary heat-treatment may be carried out in any ambient atmosphere
      except for an extremely oxidizing atmosphere.
PAR  The art of hot-dipping a ferrous workpiece in the molten metal bath
      containing aluminum or its alloy for the purpose of improving the
      resistance to oxidization is heretofore known by those skilled in the art.
      However, the fact has not yet been known that the resistance to corrosion
      at the elevated temperature of the ferrous workpiece after having been
      dipped in the molten metal bath can be improved by heat-treatment under
      the temperature of from 700.degree. to 930.degree. C. for more than 30
      minutes. In other words, because a ferrous article manufactured merely by
      dipping it in the molten metal bath is such that the aluminum substance
      contained in the resultant foil is not distributed so as to combine with
      the ferrous substance, the article lacks the sufficient corrosion
      resistance. From the foregoing, it is clear that the most important
      feature of the present invention so far described resides in that the
      ferrous workpiece is, after having been hot-dipped in the molten metal
      bath, subjected to the heat-treatment under the particular temperature of
      the particular period of time.
PAR  It is also clear that the aluminum substance transplanted to the surface of
      the ferrous workpiece during the hot-dipping process is uniformly
      distributed into the workpiece during the primary heat-treatment to
      provide the intermetallic compound layer which has relatively high
      corrosion and oxidization resistances. However, this intermetallic
      compound layer has a somewhat insufficient interlocking with respect to
      the base of the ferrous workpiece.
PAR  Accordingly, in the case where the ferrous workpiece having the
      intermetallic compound layer is to be used in contact with flowing
      particles of gaseous corrosive medium and/or to be used in the manufacture
      of an article accessible to vibrations, it is recommended to carry out a
      secondary heat-treatment to permit the intermetallic compound layer to be
      firmly interlocked with the base of the workpiece, i.e., to develop into
      an alloy layer, without substantially reducing the improved corrosion and
      oxidization resistances.
PAR  This secondary heat-treatment is carried out at a temperature lower than
      the melting point of the ferrous workpiece and within the range of
      950.degree. to 1,350.degree. C. for not more than 10 hours. The primary
      purpose of this secondary heat-treatment is to diffuse aluminum, which is
      one of the substances contained in the intermetallic compound layer, into
      the ferrous workpiece thereby to form the alloy layer having Fe and Al as
      its principle composition which is firmly interlocked with the base of the
      ferrous workpiece. During this process, there is a tendency that, as
      diffusion of aluminum proceeds, the content of aluminum in the surface
      portion of the resultant alloy layer is reduced with the result of
      reduction of the corrosion resistance. In order to avoid this tendency,
      the secondary heat-treatment must be carried out in an oxidizing
      atmosphere.
PAR  If the secondary heat-treatment is carried out in the oxidizing atmosphere
      as hereinbefore described, the aluminum present in the surface portion of
      the resultant alloy layer is combined with oxide present in the acidic
      atmosphere thereby to form a compound such as .alpha.-Al.sub.2 O.sub.3
      without reducing the density of aluminum present in said surface portion.
      In addition thereto, in view of the fact that the primary heat-treatment
      is effective to form the Fe-Al intermetallic compound layer, Fe acts as a
      binder, even if the aluminum present in said surface portion is oxidized
      as hereinbefore described, so that a layer of .alpha.-Al.sub.2 O.sub.3
      compound can be firmly secured in the resultant alloy layer. Accordingly,
      the improved corrosion and oxidization resistances obtainable by the
      method of the present invention and not substantially reduced. It is to be
      noted that, in the case where the molten metal bath contains the aluminum
      alloy including chromium, chromium also acts as a binder in the surface
      portion of the resultant alloy layer in cooperation with Fe.
PAR  To achieve the optimum result of the secondary heat-treatment, the heating
      temperature must be within the range of from 950.degree. to 1,350.degree.
      C. as stated above. If this temperature is lower than the lowermost limit
      of 950.degree. C. satisfactory diffusion of the aluminum will not be
      observable and, hence, the alloy layer containing Fe and Al as its
      principle components will not be satisfactorily formed, resulting in no
      substantial improvement of the interlocking with the base of the ferrous
      workpiece. On the other hand, if the temperature is higher than the
      uppermost limit of 1,350.degree. C., not only the aluminum present in the
      surface portion of the resultant alloy layer is oxidized into
      .alpha.-Al.sub.2 O.sub.3, but also Fe, which acts as a binder, is oxidized
      and, therefore, the corrosion resistance and the resistance to oxidization
      will be reduced. In any event, this heating temperature may vary, within
      the range of from 950.degree. to 1,350.degree. C., depending upon the
      melting point of the ferrous workpiece to be processed. In other words,
      the heating temperature must be lower than the melting point of the
      workpiece to be processed. For example, in the case where the ferrous
      workpiece is made of cast iron, it must be lower than 1,100.degree. C.
PAR  In addition thereto, the heating time must be not more than 10 hours, or
      otherwise Al and Fe are similarly oxidized, respectively, with substantial
      reduction of the corrosion resistance as well as the resistance to
      oxidization. The minimum permissible heating time during the secondary
      heat-treatment is not limited because of the fact that the ferrous
      workpiece that has been subjected to the step of primary heat-treatment
      can be placed in practical use without subjecting to the secondary
      heat-treatment. However, in the case where the secondary heat-treatment in
      the manner as hereinbefore described is to be carried out, at least 30
      minutes or more is required. It seems, from the foregoing, that the
      heating time is limited within the range of 30 minutes to 10 hours and
      this is true in the case where the secondary heat-treatment is carried out
      in the usual atmosphere. However, in the case where the secondary
      heat-treatment is carried out in the oxidizing atmosphere, the heating
      time may be shorter than the minimum permissible value of 30 minutes.
PAR  The alloy layer thus obtained on the ferrous workpiece upon completion of
      the secondary heat-treatment represents such structures as shown in FIGS.
      2 and 4, each of which extends toward the base in a depth of from 200 to
      500 microns, the structure of FIG. 2 being the case where the ferrous
      workpiece has been dipped in the molten metal bath of substantially pure
      aluminum while the structure of FIG. 4 represents the case where the
      ferrous workpiece has been dipped in the molten metal bath of the aluminum
      alloy with chromium.
PAR  From FIG. 2, it is clear that the alloy layer contains .alpha.-Al.sub.2
      O.sub.3 rigidly secured by the binding action of Fe in the vicinity of the
      surface portion thereof with the aluminum content reducing toward the
      base. The structure of FIG. 4 is similar to that of FIG. 2, but the
      .alpha.-Al.sub.2 O.sub.3 compound is rigidly secured by the binding action
      of Fe and Cr while the contents of Al and Cr respectively reduce toward
      the base. More particularly, in the structure of FIG. 4, the alloy layer
      comprises a surface portion containing Fe, Al and Cr and a portion
      adjacent to the base containing Fe and Al.
PAR  In either of the structures of FIGS. 2 and 4, the depth of the surface
      portion of the alloy layer including the .alpha.-Al.sub.2 O.sub.3 is
      approximately 10 to 80 microns.
PAR  From the foregoing, it has now become clear that, by the secondary
      heat-treatment, .alpha.-Al.sub.2 O.sub.3 is formed in the surface portion
      of the alloy layer as workpiece thereby increasing the depth of the
      resultant alloy layer the binding action of Fe and, consequently, the
      improved corrosion and oxidization resistances can be obtained. In the
      case where the alloy layer contains chromium because of the use of the
      aluminum alloy for the molten metal bath, not only does this chromium
      cooperate with Fe as a binder, but also the presence of chromium improves
      the corrosion resistance to the lead compounds and, accordingly, this
      ferrous material having the alloy layer containing chromium can be
      advantageously utilized in the manufacture of the after-burner and exhaust
      muffler. Furthermore, the secondary heat-treatment permits aluminum to
      diffuse into the ferrous alloy layer with the aluminum content reducing
      toward the base so that a rigid interlocking can be available.
PAR  In the foregoing description, although the presence of the various
      additives contained in the ferrous workpiece has been neglected, it is to
      be understood that, if the ferrous workpiece contains the additives, these
      are also diffused into the alloy layer during the secondary
      heat-treatment, thereby permitting the alloy layer containing, in addition
      to Fe and Al as its principle components, such elements as used as are the
      additives. Accordingly, no substantial reduction of the corrosion and
      oxidization resistances occur even in the presence of the additives in the
      ferrous workpiece. By way of example, in the case where the ferrous
      workpiece is made of austentic stainless steel, chromium and nickel
      contained in said austentic stainless steel are diffused into the alloy
      layer during the secondary heat-treatment, thereby forming the alloy layer
      containing such elements in addition to Fe and Al.
PAR  In each of the structures of FIGS. 2 and 4, it is indicated that formation
      of .alpha.-Al.sub.2 O.sub.3 is observable at a substantially intermediate
      portion of the resultant alloy layer during the secondary heat-treatment.
      If this formation of .alpha.-Al.sub.2 O.sub.3 takes place in a relatively
      great amount and in the form of a layer, the resultant alloy layer will be
      peeled off during the layer of .alpha.-Al.sub.2 O.sub.3. Accordingly,
      formation of .alpha.-Al.sub.2 O.sub.3 in the form of a layer should be, if
      possible, avoided. However, it has been found impossible to avoid the
      formation of .alpha.-Al.sub.2 O.sub.3 due to the fact that the secondary
      heat-treatment is carried out in the acidic atmosphere as hereinbefore
      described.
PAR  According to the present invention, it has been found that, if the
      secondary heat-treatment is carried out subsequent to the primary
      heat-treatment which has been carried out under the temperature within the
      range of 700.degree. to 930.degree. C. for more than 30 minutes thereby to
      permit the aluminum to be stabilized, formation of .alpha.-Al.sub.2
      O.sub.3 takes place in an individually scattered manner and, consequently,
      no substantial peeling of the alloy layer is hereinbefore described takes
      place.
PAR  Hereinafter, the present invention will be illustrated by way of example.
PAR  Five groups of four sample pieces A, B, C and D were tested. These four
      sample pieces A, B, C and D are made of ductile cast iron (globular
      graphite cast iron), low carbon steel containing 0.1% of carbon, 17Cr
      steel (a ferritic stainless stee) and 18Cr-8Ni steel (an austenitic
      stainless steel). It is to be noted that 17Cr steel is specified by "SUS
      24" according to the Japanese Industrial Standard G 4304-9 which is an
      equivalent of 17Cr steel as specified by "Type No. 430" according to the
      American Iron and Steel Institute or "X8 Cr17" as specified by "No. 4016"
      according to Deutsche Industrie Normung, and 18Cr-8Ni steel is specified
      by "SUS 27" according to the Japanese Industrial Standard G 4303-9 which
      is an equivalent of "18-8S" as specified by "Type No. 304" according to
      the American Iron and Steel Institute or "X5 CrNi 18 9" as specified by
      "No. 4301" according to Deutsche Industrie Normung.
PAR  The test resuts are shown in the following Table wherein the five groups
      are classified by I, II, III, IV and V. Of them, the four sample pieces A,
      B, C and D under Group I were submitted to the test without being
      processed by the method of present invention while those under Groups II
      to V were processed by the method of the present invention as exemplified
      in the Table prior to the test.
TBL                                    Table                                   
     __________________________________________________________________________
                             Primary Heat-                                     
                                        Secondary Heat-                        
                                                   Weight Reduction Rate       
     Sample   Dipping Process                                                  
                             Treatment under                                   
                                        Treatment under                        
                                                   (%)                         
     Piece    Bath Temp.                                                       
                     Type of Atmosphere Atmosphere at   at    at               
     Groups                                                                    
         Codes                                                                 
               (.degree.C)                                                     
                     Molten Metal                                              
                             Temp.(.degree.C.)                                 
                                    Hour                                       
                                        Temp.(.degree.C.)                      
                                               Hour                            
                                                   900.degree.C.               
                                                        1,000.degree.C.        
                                                              1,100.degree.C.  
     __________________________________________________________________________
         A                                         32   60    --               
         B                                         25   50    --               
     I        Not Processed  Not Treated                                       
                                        Not Treated                            
         C                                         15   24    78               
         D                                         13   21    58               
         A                   800    1   Not Treated                            
                                                   3    8     --               
                     Pure                                                      
         B    750    aluminum                                                  
                             800    1   Not Treated                            
                                                   2    6     --               
     II  C    1 minute                                                         
                     dipped  780    1.5 Not Treated                            
                                                   1    4     13               
         D                   770    1.5 Not Treated                            
                                                   0    3     6                
         A                   800    1   1,100   1.5                            
                                                   5    13    --               
                     Pure                                                      
         B    750    aluminum                                                  
                             800    1   1,100  2   3    11    --               
     III      1 minute                                                         
                     dipped                                                    
         C                   780    1.5 1,100  2   2    6     17               
         D                   770    1.5 1,150  1   1    5     7                
         A                   800    1   Not Treated                            
                                                   0    3     --               
                     aluminum                                                  
         B           alloy with                                                
                             800    1   Not Treated                            
                                                   0    2     --               
     IV       830    4% chromium                                               
         C    1 minute                                                         
                     dipped  780    1.5 Not Treated                            
                                                   0    0     1                
         D                   770    1.5 Not Treated                            
                                                   0    0     2                
         A                   800    1   1,100  1.5 0    5     --               
                     aluminum                                                  
         B           alloy with                                                
                             800    1   1,100  2   0    4     --               
     V        830    4% chromium                                               
         C    1 minute                                                         
                     dipped  780    1.5 1,100  2   0    0     2                
         D                   770    1.5 1,150  1   0    0     2                
     __________________________________________________________________________
PAR  The tests were carried out in the following manner: Each sample piece under
      Groups I to V was prepared in the form of a plate of 3 mm in thickness, 30
      mm in width and 20 mm in depth and was horizontally placed on a test
      bench. A powder of lead halide was spread 2 mm in depth over the upper
      surface of each of the sample pieces under Groups I to V and heated at a
      predetermined temperature of 900.degree. C., 1,000.degree. C. and
      1,100.degree. C. for 2 hours. Each of the test results is tabulated in the
      Table in terms of percentage of reduction of the weight with respect to
      the original weight measured prior to the test.
PAR  As to the bondability of the alloy layer in the sample pieces A, B, C and D
      under Groups II to V, these sample pieces under these Groups were examined
      in such a manner that a mass of glass particles, approximately 200 microns
      in particle size, was blasted on to the surface of each of the sample
      pieces under an air pressure of 5 kg/cm.sup.2 for 20 seconds.
PAR  Observation of the surface condition of each of the sample pieces under
      Groups II to V indicated that surface exfoliation in the sample pieces
      under Groups III and V was less considerable than in the sample pieces
      under Groups II and IV. This fact clearly indicates that the bondability
      of the alloy layer with respect to the ferrous workpiece can be improved
      by performing the secondary heat-treatment, irrespective of the presence
      of chromium in the molten metal bath during the hot-dipping process.
PAR  From the foregoing description, it has now become clear that the presence
      of chromium in the aluminum bath, i.e., in the case of either the
      employment of pure aluminum or the aluminum alloy for the molten metal
      bath, affects the improvement in the corrosion resistance and the
      resistance to oxidization whereas the presence of the secondary
      heat-treatment in the method of the present invention improves the
      bondability of the alloy layer to the ferrous workpiece as compared to
      that without the secondary heat-treatment.
PAR  In any case, the test results exhibit that the method of the present
      invention is very effective to improve the corrosion and oxidization
      resistances of the ferrous workpiece as compared with those not processed
      by the method of the present invention.
PAR  Specifically, ferrous metallic material that has been dipped in the molten
      metal bath of the aluminum alloy, then subjected to the primary
      heat-treatment and finally subjected to the secondary heat-treatment is
      recommendable for the manufacture of the after-burner which has the severe
      requirements as hereinbefore described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for making ferrous metal having highly improved resistance to
      corrosion and oxidization, which comprises dipping a ferrous workpiece in
      a molten metal bath containing an aluminum alloy, which aluminum alloy
      contains chromium in an amount of 1 to 10 percent by weight based on the
      total weight of said aluminum alloy, and having a temperature of from
      750.degree. to 930.degree. C, for from 30 to 300 seconds, and heating the
      resultant ferrous workpiece for at least 30 minutes at an elevated
      temperature of from 700.degree. to 930.degree. C, thereby forming an
      intermetallic compound layer uniformly over the surface of said ferrous
      workpiece, said intermetallic compound layer containing iron and aluminum
      as its principle components and having a surface portion containing an
      aluminum-chromium compound.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein said intermetallic compound
      layer is 50 to 200 microns in depth.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein said heating is effected for a
      period of time not more than 3 hours.
NUM  4.
PAR  4. A ferrous workpiece prepared according to the method of claim 1, having
      a surface portion formed with an intermetallic compound layer having
      relatively high resistance to corrosion and oxidation, said intermetallic
      compound layer being 50 to 200 microns in depth and containing aluminum
      and iron as its principle components and having a surface portion
      containing an aluminum-chromium compound, said aluminum being uniformly
      distributed in said intermetallic compound layer.
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ABST
PAL  Improved terminal end configuration for composite multi-metallic extrusion
      billets providing a reservoir of cladding metal for the initially
      extrudable portions thereof by selective introduction of metal powders
      into discrete core and cladding cavities within a deformable shell
      followed by isostatic compaction thereof.
PARN
PAR  This application is a division of application Ser. No. 296,013 filed Oct.
      10, 1972, now U.S. Pat. No. 3,862,286.
BSUM
PAR  This invention relates to compacted powdered metal billets of improved
      internal terminal and configuration for extrusion operations and
      particularly to the fabrication of such improved composite extrusion
      billets from aluminum base alloy powders of differing metallurgical
      characteristics to provide an increased yield of selectively clad aluminum
      base alloy products.
PAR  The extrusion of certain types of non-planar composite multi-metallic
      products, such as rods, bars, tubes or shapes, from two or more metals or
      metal alloys of differing metallurgical characteristics by conventional
      practices is presently characterized by a limited product yield due to a
      lack of uniformity in, and failure of, the initially extruded portion of
      the final product to conform to the desired internal configuration of core
      and cladding metal. Such lack of uniformity in the initially extruded
      product results in both product wastage through rejection and in undue
      expense attendant therewith.
PAR  This invention may be briefly described as an improved terminal end
      configuration for composite multimetallic extrusion billets made up of at
      least 2 discrete metal constituents of differing metallurgical
      characteristics to provide a reservoir of cladding metal for the initially
      extruded portions thereof for extrusion type formation of selectively clad
      products. In its broader aspects, the subject invention includes the
      positioning of an elongate hollow partition member of a first
      predetermined cross-sectional configuration within a closed end deformable
      shell of a second predetermined cross-sectional configuration and of at
      least substantially commensurate length therewith, with the dependent end
      of such partition member being initially disposed in abutting relation
      with the closed end defining wall portion of the shell member to
      cooperatively define at least one discrete powdered metal receiving core
      cavity and a powdered metal receiving cladding cavity disposed in
      surrounding relation therewith. Finely divided particles of a cladding
      metal of a first metallurgical character are then selectively introduced
      into said cladding cavity, after which displacement of the hollow
      partition such as to position its said dependent end in predetermined
      spaced relation from said closed end defining wall portion of the
      deformable shell permits said previously introduced cladding metal powder
      to generally diagonally flow into the dependent end of said core cavity
      and to there assume a generally conical configuration determined by the
      angle of repose of said cladding metal powder and the spacing of the
      dependent end of the partition member from the closed end defining wall
      portion of the shell member. The cladding cavity is then substantially
      filled with finely divided particles of said cladding metal and the
      modified configuration core cavity, as now defined by the elevated
      partition member and by those portions of the cladding metal powder now
      disposed at the bottom thereof, is simultaneously or sequentially filled
      with finely divided particles of core metal of a metallurgical character
      different from that of said cladding metal. The partition member is then
      axially removed from the shell, serving to introduce the partition
      engaging surfaces of said core and cladding metal particles into intimate
      interfacially engaged relation at a defined interface therebetween and to
      provide a powder preform having a selectively contoured internal terminal
      end configuration. The deformable shell and its contents are then
      subjected to isostatic compaction, as by application of hydrostatic
      pressure, to compact said selectively disposed finely divided metals to a
      predetermined desired density without any appreciable change in the
      relative physical positional disposition of such metals, one to the other,
      to provide a composite billet having a generally conically shaped cap of
      cladding metal disposed at one terminal end thereof.
PAR  In its narrower aspects, the subject invention is directed to the
      fabrication of composite aluminum base alloy billets for extrusion
      purposes having one terminal end selectively contoured to provide an
      excess of selectively located cladding material to minimize wastage of the
      initially extruded final product therefrom.
PAR  Among the advantages of the subject invention is the permitted simple and
      inexpensive formation of improved composite selectively contoured
      multi-metallic billets to minimize wastage of the initially extruded
      portions of final product formed therefrom. Another advantage of the
      subject invention is the permitted fabrication, at markedly reduced cost
      and expense, of compacted composite billets of aluminum base alloy powders
      of predetermined desired configuration suitable for direct utilization
      with minimal product wastage in subsequent extrusion operations. A further
      advantage of the subject invention is the permitted fabrication of
      improved cold compacted composite multi-alloy billets for high yield
      extrusion of selectively clad aluminum base alloy products from at least
      two aluminum base alloy powders of differing metallurgical character that
      dispenses with the need for sintering and which permits production of
      increased yields of acceptably bonded clad product of desired internal and
      external configuration upon subsequent extrusion thereof.
PAR  The primary object of this invention is the provision of an improved
      structure for composite multimetallic billets of predetermined desired
      internal and external configurations for extrusion type fabrication
      operations.
PAR  Another object of the invention is the provision of an improved structure
      for composite multi-alloy billets formed of aluminum base alloy powders to
      provide increased yields of extruded selectively clad shaped aluminum base
      alloy products.
PAR  Other objects and advantages of this invention will be apparent from the
      following portions of this specification and from the appended drawings
      which schematically illustrate, in accordance with the mandate of the
      patent statutes, certain presently preferred operations deemed by the
      inventor to incorporate the principles of this invention.
DRWD
PAR  Referring to the drawings
PAR  FIGS. 1a through 1f schematically illustrate, in vertical section, features
      of a preferred sequence of steps employable in the fabrication of improved
      multimetallic billets in accord with the principles of this invention.
PAR  FIGS. 2a through 2f are horizontal sections as taken on line 2--2 through
      FIGS. 1a through 1f, respectively.
PAR  By way of introduction, this invention is in the nature of a further
      improvement over the innovative advances described in the copending
      application of A. L. Hurst, Ser. No. 296,006 and filed on even date
      herewith now U.S. Pat. No. 3,780,418. Reference may be had thereto for an
      amplified disclosure on the basic techniques of forming multi-metal
      composites of predetermined general internal and external configuration
      from powdered metal constituents of differing metallurgical character.
DETD
PAR  Referring now to the drawings, and particularly to FIGS. 1 and 2, there is
      schematically and exemplarily illustrated features of certain of the
      sequenced steps employable in accord with the principles of this invention
      in the fabrication of the improved type of composite multi-alloy billets
      for the extrusion of selectively clad aluminum base alloy products. To the
      above ends, and as shown in FIG. 1a, an open ended, elongate and
      thin-walled hollow partition member, conveniently in the form of a
      cylindrical core tube 10 of circular cross-section is co-axially disposed
      within a closed end deformable shell 12 of a second predetermined
      cross-sectional configuration. In the illustrated structure, the shell 12
      is also of circular cross-section to ultimately form a cylindrical billet
      particularly adapted for extrusion purposes and is of a length generally
      commensurate with that of the core tube 10. Such co-axial disposition of
      the open ended core tube 10 within the closed end shell 12 with the
      dependent open end 14 thereof disposed in abutting relation with the
      closed end defining wall portion 16 of the deformable shell 12 results in
      the formation of a pair of discrete powder receiving cavities or
      receptacles 18 and 20 therewithin. The core or interior cavity 18 is
      defined by the core tube 10 and wall 16 and is definitive of a cylinder of
      circular cross-section. The second or outer or cladding cavity 20 is
      conjointly defined by the positional disposition of the outer wall surface
      of core tube 10 relative to the inner wall surface of shell 12 and, in the
      illustrated embodiment, is an annulus of uniform thickness.
PAR  The outer deformable shell 12 is suitably of the type conventionally
      employed in hydrostatic compaction apparatus and may be formed of rubber
      or deformable resinous material, such as polypropylene, polyvinyl chloride
      and the like. The removable thin walled core tube 10 may be constituted by
      any suitable material of sufficient strength and rigidity as to resist
      deformation and displacement during the powdered metal filling operations
      as hereinafter will be described, and may be conveniently formed of
      aluminum or steel sheet or of relatively rigid resinous material.
PAR  After selective positioning of the partition member 10 within the
      deformable shell 12 as described above, and as shown in FIG. 2b, a first
      metallic constituent in the form of finely divided powdered metal 22 of
      predetermined metallurgical character is selectively introduced into the
      outer or cladding cavity 20 in quantity to at least partially fill the
      same.
PAR  The core tube 10 is then axially displaced, as indicated by the arrow 24 in
      FIG. 1c, to elevate the dependent open end 14 thereof a predetermined
      distance above the closed end defining wall 16 of the deformable shell 12.
      Such displacement permits the lower portion of the cladding powder 22
      disposed in the annulus 20 to flow downwardly and inwardly into the bottom
      of the shell 12, as determined by the distance d and the angle of repose
      .alpha. of the cladding powder, to form a generally conically contoured
      configuration as indicated at 26 in FIG. 1c.
PAR  The cladding metal cavity 22 is then substantially filled with additional
      powdered cladding metal 22 to a height 28 and the core cavity 18, as now
      defined by the displaced core tube 10 and those portions of the cladding
      metal powder 22 disposed longitudinally therebeneath, is simultaneously or
      sequentially filled to the level 28 with finely divided particles of core
      metal 29 of a metallurgical character different from that of said cladding
      metal. When so filled the outer shell 12 and its selectively constituted
      contents may be subjected to light jarring or tamping so as to effect a
      preliminary gravity induced compaction of the introduced metal particles
      within the cavities 18 and 20.
PAR  For the purposes of this application the terminology "discrete metals" and
      "different metallurgical character" and the like is intended to broadly
      encompass metal containing constituent materials having any ascertainable
      metallurgical differences therebetween and which are capable of ultimately
      providing an acceptable bonded interface therebetween and thus to include
      utilization of dissimilar metals, such as copper, steel or aluminum as
      well as alloys thereof such as utilization of two or more recognized
      alloys of aluminum. Also, as used herein, the term "aluminum base alloy"
      is intended to encompass all such alloys in which the major proportions,
      i.e., 50% or greater, is aluminum.
PAR  Following the above, and as shown in FIG. 1d, the partition core tube
      member 10 is then removed from the shell 12 by lineal displacement along
      its longitudinal axis as indicated by the arrow 30 in such a manner as to
      effect a minimal disturbance of the metal particles disposed in proximity
      to the inner and outer surfaces thereof. Such displacement of the core
      tube 10 serves to introduce the particles of the discrete core and
      cladding powders therefore disposed in abutting facing relation with the
      inner and outer surfaces of such core tube 10 into intimate interfacially
      engaged relation as illustrated by the dotted lines 32. Complete removal
      of the core tube 10 results in a composite multi-metal powder preform as
      illustrated in FIG. 1e consisting of a cylindrical core of a first metal
      constituent 29 disposed within a surrounding annulus of the second or
      cladding metallic constituent 22 with the dependent terminal end portion
      thereof selectively configured to provide a conically shaped end cap 34 of
      increasing amounts of cladding metal for the core 29. The deformable shell
      12 is then conventionally sealed, as by the cap 36, and subjected to
      hydrostatic pressure in a suitable press to effect isostatic compaction of
      the composite multi-metal powdered fill be conventional techniques as for
      example, generally disclosed in U.S. Pat. Nos. 3,313,871 and 3,608,026.
      Such isostatic compaction operates to effect a marked increase in the
      density of the compact and in a uniform reduction of its size, as
      generally illustrated in FIG. 1f without appreciable change in the
      relative physical positional disposition, both internally and externally,
      of the now compacted and selectively disposed first and second metal
      constituents 22a and 29a, respectively.
PAR  For any given extrusion there will exist an optimum conical cap angle
      .alpha. that will lead to maximum product recovery of an acceptably clad
      product. Although the optimum will be difficult to attain, significant
      improvements in yield results can be obtained through a relatively wide
      range of cap dimensions. The dimensions of the conical cap configuration
      are attended with a certain degree of criticality. These dimensions are
      controlled by the angle of repose of the particular metal cladding powder
      employed, its particle size distribution, the dimension of the core tube
      10 and shell 12 and by the spacing d between the elevated core tube 10 and
      the closed end wall 16 of the shell 12. As will now be apparent, the
      conical end cap configuration can vary from the truncated configuration
      illustrated to a complete cone with the apex thereof abutting the closed
      end partition 16 or to a truncated configuration in which the entire
      closed end partition 16 is covered with a base layer of cladding metal.
PAR  In the preferred practice of the subject invention, compacted composite
      multi-alloy billets having the requisite conical terminal end
      configuration are formed of aluminum base alloys for the extrusion of
      selectively clad aluminum base alloy products. By way of illustrative
      example, and in the fabrication of cylindrically shaped extrusion billets
      of about 75/8 inch outside diameter and about 12 inches long, the annular
      cladding cavity 20 is initially partially filled with 6253 aluminum alloy
      powder 22. Axial elevation of the core tube 10 about 1 inch permits the
      cladding powder 22 to flow into the bottom of the core cavity 18 with a
      slope approximating that of its natural angle of repose. The core cavity
      18 is then filled with 5056 alloy powder and the drop in the cladding
      cavity 22 is supplementally filled to the desired height with additional
      6253 cladding powder. After complete removal of the core tube 10, sealing
      of the shell 12 and preferably evacuation thereof, the shell 12 and its
      contents were subjected to hydrostatic compaction. The resulting compacts
      were sufficiently self-supporting to permit machining and normal handling
      thereof.
PAR  Specimen billets were sectioned both longitudinally and transversely for
      etching and examination. Such examination showed a conical cap of cladding
      material integral with the sleeve portion thereof surrounding a core of
      the core alloy. These composite compacts were subsequently heated to
      extrusion temperature, which is well below any sintering temperature
      therefor, and which also concomitantly provided a degree of degassing
      thereof. While at extrusion temperature the compacted billets were
      conventionally extruded into satisfactory 27/8 inch round corner, square
      alclad bars. The resulting product appeared to have interparticle bonds of
      nominally the same strength as those present in extrusion from composite
      billets fabricated in accord with conventional practice. Subsequent
      examination of such extruded product showed the maintained presence of a
      distinct line of demarcation between the two aluminum base alloy
      constituents thereof and without any ascertainable intermixing or
      infiltration of one alloy into the other as well as a markedly increased
      yield of acceptably clad material at the front portion of the extruded
      length thereof. The particles of the two alloys at the interface appeared
      to be joined to each other in the same manner as would be effected by
      particles of the same alloy.
PAR  It should also be clearly understood that while the above disclosure is
      specifically descriptive of a preferred cylindrical extrusion billet, the
      principles of the subject invention are equally applicable to the
      formation of billets of other desired external cross-sectional
      configuration such as rectangular, multi-surfaced polygonals, oval and the
      like and with core portions of like diverse cross-sectional configurations
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A composite multi-metal compacted powder extrusion billet for the high
      yield extrusion of selectively clad metal products comprising
PA1  a core portion of a first high density compacted metal powder of generally
      cylindrical configuration,
PA1  an externally cylindrically shaped sleeve of a second high density
      compacted metal powder of metallurgical characteristics differing from
      that of said first compacted metal powder disposed in encircling relation
      with said core portion,
PA1  a generally conically shaped terminal portion of decreasing cross-sectional
      dimension disposed at one end of said core portion; and
PA1  a generally conically shaped terminal portion of complementally increasing
      cross-sectional dimension disposed in encircling interfacially bonded
      relation with said terminal portion of said core member to provide a
      reservoir of said second metal for the cladding of the initially extruded
      portions of said billet.
NUM  2.
PAR  2. The extrusion billet as set forth in claim 1 wherein said first and
      second metals are aluminum base alloys.
NUM  3.
PAR  3. The extrusion billet as set forth in claim 1 wherein the terminal end of
      said portion is covered by a predetermined thickness of said second metal.
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ABST
PAL  A filter pleat fold spacer for use in a gas filter device of the type
      having a flow-through filter frame and a pleated filter media disposed
      within the frame to hold the pleats of the filter media apart when
      subjected to the flow of gas to be filtered, the pleat spacer being formed
      to provide a yieldable surface adjacent the pleat fold turns of the media.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to filters having pleated-type filter media,
      and more particularly, to a pleat fold spacer for holding the pleats of
      the filter media apart.
PAR  Filters having a filter core of pleated filter material are well known in
      the art. It is also well known in the art that the flanks of the pleats be
      separated by corrugated spacer members extending into the pleats between
      the flanks from opposite sides of the filter core to prevent collapse of
      the filter core and provide gas passages to the extended filtering
      surfaces.
PAR  A drawback of the heretofore known corrugated spacer members has been the
      inherent tearing stresses which they place on the filter media at the
      pleat fold turns which form the pleats of the media.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention recognizes this drawback of the prior art, and
      provides for a pleat fold spacer for use in a gas filter device of the
      type having an open ended flow-through frame and a pleated filter media
      having alternating pleat fold turns disposed in said frame to filter a gas
      as it passes therethrough, the pleat spacer comprising a plurality of
      generally parallel reduplicating corrugations and a yieldable surface
      along at least one edge of said spacer, which surface is to be disposed
      adjacent the pleat fold turns of the pleated media.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention will be had upon reference
      to the accompanying drawings like numerals refer to like parts throughout
      the several views and in which:
PAR  FIG. 1 is a sectional view through a filter device having a pleat fold
      spacer of the present invention installed therein;
PAR  FIG. 2 is an isometric view of one embodiment of the pleat fold spacer
      installed in the filter device of FIG. 1;
PAR  FIG. 3 is an isometric view of another embodiment of the pleat spacer of
      the present invention; and,
PAR  FIG. 4 is a sectional view of a filter device having the pleat spacer
      illustrated in FIG. 3 disposed therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is illustrated a gas filter device of the type
      which includes an open ended rectangular flow-through housing 12 having an
      upstream dirty gas inlet 14 and a downstream clean gas outlet 16. Disposed
      within the housing 12 and sized to extend fully across the filter housing
      opening is a pleated filter media generally denoted as 18 comprised of a
      continuous strip of filter media folded back and forth upon itself at
      longitudinally spaced intervals to provide a plurality of spaced apart
      pleats 20 with successively alternating pleat fold turns 22. It is to be
      understood that any one of a number of known filter materials can be
      utilized for the filter media.
PAR  A novel generally rectangular corrugated pleat fold spacer member 24 is
      disposed between each pair of pleats 20 to extend along the length of the
      pleat flanks in order to space the flanks of pleats 20 and maintain them
      in an open or extended position to accommodate the dirty gas stream to be
      treated.
PAR  With continued reference to FIG. 1, and with additional reference to FIG.
      2, the pleat spacer 24 is comprised of a plurality of generally parallel
      reduplicating corrugations 26 and a yieldable surface 27 comprising a
      plurality of slits 28 formed along and open to the edge 30 of the spacer,
      which edge is generally perpendicular to the longitudinal axis of the
      corrugations. The yieldable surface 27 will be adjacently disposed to a
      pleat fold turn 22 when the spacer 24 is inserted between a pair of pleats
      20 as can be seen in FIG. 1.
PAR  The slits 28 are illustrated as being generally parallel to each other and
      generally perpendicular to the edge 30 although they could also be
      disposed at an obtuse angle to the edge 30 and at an acute angle to each
      other without deleterious results to their function.
PAR  FIG. 3 illustrates another construction of a generally rectangular pleat
      fold spacer of the present invention, generally denoted as 124, formed of
      an openwork material, such as, for example, an expanded material. The term
      expanded material refers to an openwork sheet material, usually of metal,
      formed by cutting a plurality of short parallel slots through a sheet
      material and pulling the slotted sheet material in a transverse direction
      to the axis of the slots, thus, opening the slots to form an array of
      elongated double pointed apertures. The spacer 124 comprises a plurality
      of generally parallel reduplicating corrugations 126 which result in rows
      of adjacently disposed bulbous formations 131 being formed in the openwork
      material. The spacer 124 further comprises a plurality of slits 128 formed
      along and open to the edge 130 of the spacer 124, which edge is generally
      perpendicular to the longitudinal axis of the corrugations. While the
      slits 128 are illustrated as being generally perpendicular to the edge
      130, they could also be disposed at an obtuse angle to the edge 130 and at
      an acute angle to each other without deleterious effects to their
      function. The slits 128 and row of bulbous formations adjacent the edge
      130 comprise a yieldable surface 127 of the spacer 124, which yieldable
      surface 127 will be adjacently disposed to a pleat fold turn 22 when the
      spacer 124 is inserted between a pair of pleats 20 as can be seen in FIG.
      4. In addition to providing the yieldable surface 127, this construction
      is additionally advantageous for the reason that the other rows of bulbous
      formations 131 formed by the corrugations 126 present a rounded profile to
      the flanks of the filter media pleats 20.
PAR  With reference to FIG. 4, there is shown the filter device 10 having the
      pleat spacer 124 disposed between the flanks of adjacent pleats 20 such
      that the yieldable surface 127 comprised of the edge 130 and bulbous
      configurations 131 is in juxtaposition to the pleat fold turns 22.
PAR  The yieldable surfaces 27 and 127 of the spacers 24 and 124, respectively,
      are what may be termed weak points of the spacer and deform or bend
      somewhat to conform with the contour of the pleat fold turns, thereby
      relieving tearing stresses which would otherwise be imparted to the filter
      media at the pleat fold turns.
PAR  The spacers 24 and 124 may be made of any suitable material, and it is to
      be understood that the choice of material does not comprise part of the
      present invention. However, a thin foil of aluminum has been found to be a
      practical material.
PAR  The foregoing detailed description is given primarily for clearness of
      understanding and no unnecessary limitations should be understood
      therefrom for modifications will be obvious to those skilled in the art
      upon reading this disclosure and may be made without departing from the
      spirit of the invention or the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A filter comprising: a pleated filter media; a plurality of pleat fold
      spacers inserted between the flanks of the pleated filter media to hold
      the pleats of the filter media apart; each spacer comprising a plurality
      of generally parallel reduplicating corrugations and a yieldable surface
      along at least one edge of said spacer disposed adjacent the pleat fold
      turns of the pleated filter media; said yieldable surface comprising means
      defining a plurality of slits at spaced intervals along and open at one
      end to said edge of said spacer.
NUM  2.
PAR  2. The filter defined in claim 1, wherein said slits are generally parallel
      to each other.
NUM  3.
PAR  3. The filter defined in claim 1, wherein said slits are generally
      perpendicular to said one edge of said spacer.
NUM  4.
PAR  4. The filter defined in claim 1, wherein said yieldable surface further
      comprises a row of bulbous formations proximately disposed to said one
      edge of said spacer.
NUM  5.
PAR  5. The filter defined in claim 4, wherein said spacer is of an openwork
      construction.
NUM  6.
PAR  6. The filter defined in claim 4, wherein said reduplicating corrugations
      form a plurality of rows of bulbous formations extending over the entire
      surface of said spacer.
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ABST
PAL  A process for gas-absorption and dust-removal with an excellently high rate
      and capacity is provided wherein gas containing a specific gas component
      to be absorbed and/or fine dust to be removed is passed upwardly through a
      perforated plate or grid plate tower without weir and downcomer having a
      free-space ratio of 0.25 - 0.60, where said gas is contacted
      countercurrently with liquid absorbent under the stated conditions.
PARN
PAR  This is a continuation of application Ser. No. 344,502, filed July 25,
      1972, now abandoned.
BSUM
PAR  This invention relates to a wet process for removing a specific gas
      component, such as sulfur dioxide, oxides of nitrogen, hydrogen sulfide or
      the like, and fine dust or soot from gas, and more particularly, to a wet
      process for absorbing a specific gas component and/or for collecting fine
      dust in gas by employing a Moredana plate tower.
PAR  The term "Moredana plate tower" as used in this specification means plate
      tower comprising perforated plate, grid plate or the like without weir and
      downcomer.
PAR  Wet gas-absorption or dust-removal processes are well-known wherein a
      specific gas component or fine dust from gas containing such specific gas
      component, vapor component or fine dust is absorbed by bringing the gases
      into contact with liquid absorbent.
PAR  Recently, due to increasing industrial production, harmful gas components
      and fine dust contained in waste gas or off-gas from various industrial
      plants have presented serious problems of atmospheric contamination or air
      pollution. The wet gas-absorption and dust-removal processes play
      important parts in the solution to these problems.
PAR  Typical wet gas-absorption and dust-removal processes include those of the
      type wherein gas absorbers by liquid drops such as, for example, packed
      tower, spray scrubber and the like are employed and those of the type
      wherein gas absorbers by gas foams or bubbles such as, for example,
      bubble-cap tower, perforated plate or sieve plate tower, grid plate tower
      and the like are employed.
PAR  However, the process employing a packed tower has some defects. That is,
      channelling of liquid and gas streams in a packed tower are likely to
      occur, and plugging or blocking generates in a packed tower during
      operation when gas or liquid contains solid materials, particles or the
      like. The process employing a spray scrubber also has some defects. That
      is, a large amount of power is required to spray the liquid, liquid
      entrainment is likely to occur and absorption capacity is not
      satisfactory. Moreover, the processes employing these gas absorbers by
      liquid drops are, in general, not preferred in the case of absorbing gases
      having a high liquid film resistance.
PAR  The processes employing a plate tower such as, for example, bubble-cap
      towers, perforated plate towers and the like are generally applied when a
      large scale apparatus is required, when a packed tower cannot be used
      because of excessively high or low liquid flow rates or when gas or liquid
      contains solid materials or the like. However, the plate tower also has
      some defects, that is, pressure drop through the tower is relatively high
      and plate efficiency of the plate tower is usually low. Moreover, when a
      plate tower is employed for absorbing gas of a high liquid film
      resistance, that is, in the absorption of a gas slightly soluble in liquid
      absorbent, only a low rate of absorption is obtained. Accordingly the
      tower tends to become large and, in the case of large scale towers, the
      rate of absorption is still unsatisfactory.
PAR  Furthermore, in the conventional industrial absorption processes,
      superficial gas velocity in tower is usually limited to the range of 0.3 -
      2 m/sec. Accordingly in order to treat a large flow rate of gases, a
      large-sized tower is required. Therefore, development of gas-absorption
      and dust-removal processes having a high gas capacity has been eagerly
      desired in the industry.
PAR  An object of the present invention is to provide a process for removing a
      specific gas component and/or fine dust from gas by employing a Moredana
      plate tower which is capable of removing the specific gas component and/or
      fine dust with an enhanced efficiency and of treating the gas at a far
      increased flow rate.
DRWD
PAR  Other objects and advantages of the present invention will be apparent from
      the following description.
PAR  FIG. 1 illustrates curves of pressure drop versus superficial gas velocity
      in the tower.
PAR  FIGS. 2a-2c are photographs showing the state of gas liquid mixture on the
      Moredana plate.
PAR  FIG. 3 is a schematic sectional view showing the structure of the Moredana
      plate tower employed in the present invention.
PAR  FIG. 4 is a plan view of the Moredana plate of FIG. 3.
DETD
PAR  In accordance with the present invention, there is provided a process for
      removing a specific gas component and/or fine dust from gas, comprising
      passing said gas containing the specific gas component and/or fine dust
      upwardly through a plate tower comprising at least one perforated or grid
      plate without weir and downcomer having a free-space ratio of 0.25 - 0.60
      at a superficial gas velocity falling within the undulation region defined
      hereinafter, while passing liquid absorbent downwardly through said plate
      tower in countercurrent flow relationship to the upflowing gas under a
      liquid-gas ratio (L/G) of 0.5 or more.
PAR  A gas-absorption and dust-removal process employing a plate tower without
      weir and downcomer, i.e. Moredana plate tower, is already known. This
      process has become of major interest lately. This is because this process
      has the following advantages: uniform gas-liquid contact can be obtained
      even at a low liquid flow rate; large-sized apparatus can be utilized;
      pressure drop through a tower is relatively low, and; a gas-liquid system
      containing solid materials can be advantageously treated. However, in the
      known process wherein the plate tower without weir and downcomer, is
      employed, maximum superficial gas velocity in the tower is limited to at
      most approximately 2 m/sec. Accordingly this process also has a defect in
      that a large-sized apparatus is required for treating gas at a high flow
      rate.
PAR  For a plate-tower without downcomer, the plot of pressure drop .DELTA.P
      through a plate against superficial gas velocity Ug in the tower, in the
      case of countercurrently contacting gas with liquid, typically gives a
      straight line with breaks at two points A and B, as shown in curve (a) of
      FIG. 1. The curve (a) of FIG. 1 shows this plot when the free-space ratio
      of the plate is 0.20. The point A of curve (a) is the point where the
      liquid begins to be retained on the plate. When the superficial gas
      velocity Ug is lower than that of the point A, the liquid falls down
      through the holes of the plate without being retained on the plate. This
      state is called weeping. As the superficial gas velocity Ug increases from
      the point A to the point B, the gas passing through the liquid layer on
      the plate is, at first, in a bubbling state; and afterwards it changes
      gradually to a foaming or frothing state. Between the point A and the
      point B, resistance or pressure drop increases with a relatively gentle
      slope.
PAR  When superficial gas velocity Ug approaches the point B, pressure drop
      .DELTA.P through the plate and height of the liquid-gas mixture layer on
      the plate increase rapidly and, finally, flooding occurs. In this flooding
      state, stable operation can not be performed. Heretofore, the point B has
      been referred to as "point of maximum permissible gas velocity" and the
      superficial gas velocity at the point B has been referred to as "maximum
      permissible gas velocity". Namely, for a plate-tower without downcomer
      exhibiting the behavior as shown in the curve (a) of FIG. 1, the region
      between the point A and the point B is a stable working region and the
      point B substantially corresponds to the flooding point. A plate without
      downcomer having a free-space ratio (total area of holes in plate/plate
      area) of approximately 0.08 - 0.20, in general, shows the curve (a) in
      FIG. 1.
PAR  It has been found that the plot of pressure drop .DELTA.P through a plate
      against superficial gas velocity Ug gives a curve similar to a curve (b)
      in FIG. 1 when a Moredana plate having a free-space ratio of 0.25 - 0.60
      is employed. The curve (b) in FIG. 1 shows the plot of pressure drop
      .DELTA.P through a plate against superficial gas velocity Ug in the case
      of a Moredana plate having a free-space ratio of 0.31.
PAR  In the curve (b) of FIG. 1, the liquid is retained on the plate at a region
      exceeding the point A, and pressure drop .DELTA.P gradually increases with
      an increase of superficial gas velocity Ug between the points A and B,
      similar to in the curve (a) of FIG. 1. However, in this case flooding does
      not occur on exceeding the point B, and up to a point C of curve (b) the
      plot of .DELTA.P against Ug gives a straight line with a little higher
      slope than that of the line between the points A and B. On approaching the
      point C the increase of the pressure drop .DELTA.P is rapid and flooding
      occurs. As it is usually difficult to clearly observe the exact flooding
      point, the point C may be referred to as flooding point for convenience's
      sake.
PAR  A state of the gas-liquid mixture on the Moredana plate betweeen the points
      B and C is as follows. In this region the liquid stream and gas stream are
      mixed effectively on the plate and the group of blocks, each composed of
      the gas-liquid mixture in a state of foam or froth, is formed on the
      plate. These blocks move vigorously up and down repeatedly in the
      liquid-gas layer on the plate. A part of the fallen blocks is broken, and
      then new blocks are formed and immediately rises. Thus, the mixing of the
      gas phase and liquid phase can be effectively done, the interfacial area
      between gas and liquid increases and both liquid laminar film and the
      liquid-gas interface are renewed incessantly.
PAR  Therefore, the region between the points B and C in the curve of the type
      similar to the curve (b) of FIG. 1 is herein defined as "undulation
      region", and the point B and the point C are termed "minimum gas velocity
      of undulation region" and "maximum gas velocity of undulation region",
      respectively.
PAR  FIGS. 2A, 2B and 2C are photographs showing the state of gas-liquid mixture
      on the Moredana plate.
PAR  FIGS. 2A and 2B show states at a point of Ug 4.0 m/sec positioned in the
      undulation region, i.e. between the points B and C, in the curve (b) of
      FIG. 1. FIG. 2C shows a state at a point of Ug 1.8 m/sec positioned in the
      stable working region, i.e. between the points A and B, in the curve (b)
      of FIG. 1. As mentioned hereinbefore, in the undulation region the
      gas-liquid mixture moves up and down repeatedly and furiously in the form
      of the group of blocks each composed of minute foams or froths. Such block
      is indicated by reference numeral 1 in FIGS. 2A and 2B and has an
      appearance similar to a cloud in the photographs. FIGS. 2A and 2B show the
      moments at which the block 1 is at the highest position and the lowest
      position, respectively, of the movement of the block.
PAR  In contrast, at the point of Ug 1.8 m/sec positioned in the region which
      has been heretofore called a stable working region, i.e. between the
      points A and B in the curve (b) of FIG. 1, the gas-liquid mixture is in
      the state of foaming or frothing, which state is indicated by reference
      numeral 3 in FIG. 2C. In FIGS. 2A, 2B and 2C, reference numeral 2
      indicates liquid moving down along the inner surface of the tower.
PAR  It has been found surprisingly that a high rate of gas-absorption and
      dust-removal is obtained in the case of contacting gas, containing a
      specific gas component and/or fine dust, with liquid absorbent
      countercurrently in this undulation region, i.e. the region between the
      points B and C in the curve (b) of FIG. 1.
PAR  It depends particularly upon a free-space ratio of the plate, as well as
      physical properties of gas-liquid mixture and flow rate of gas and liquid,
      whether the hydrodynamic relation as shown in the curve (b) of FIG. 1
      appears or not. This will be understood by the explanation given below
      which illustrates the relation between the liquid flow rate L
      (kg/m.sup.2.hr) and the free-space ratio of Moredana plate. This relation
      results in a relatively wide undulation region similar to the region
      between the points B and C in the curve (b) of FIG. 1. In this
      exemplification sulfur dioxide (SO.sub.2) was scrubbed with an aqueous
      sodium carbonate (Na.sub.2 CO.sub.3) solution by using various Moredana
      plates each having a different freespace ratio.
PAR  Firstly in the Moredana plate tower, comprising three perforated plates
      each having a free-space ratio of 0.31, the undulation region BC in the
      curve (b) of FIG. 1 resulted under a liquid flow rate of 9,000 - 110,000
      kg/m.sup.2. hr. 95 - 99% of SO.sub.2 was absorbed by aqueous Na.sub.2
      CO.sub.3 solution at the liquid flow rate above 10,700 kg/m.sup.2. hr, and
      the superficial gas velocity between the points B and C. However, when the
      liquid flow rate was less than 9,000 kg/m.sup.2. hr, the rate of
      absorption was 90 - 88% or less at the superficial gas velocity below the
      point B, and less than 85% at the superficial gas velocity above the point
      B. This is because the rate of mass transfer on the plate decreases
      considerably. Namely suitable liquid hold-up on the plate for mass
      transfer cannot be obtained due to a relatively low liquid flow rate as
      compared with the gas flow rate. Especially when the superficial gas
      velocity exceeded the point B, it was observed that the gas stream flowed
      directly through the liquid layer on the plate and that the liquid on the
      plate was splashed upwardly in the form of fine drops by the gas stream.
      When the liquid flow rate was more than 40,000 kg/m.sup.2. hr, the region
      BC appeared, but the value of pressure drop through the one plate was --40
      mmH.sub.2 O or more. Accordingly these conditions are not always good
      working conditions. Consequently the range of optimum liquid flow rate (L)
      is 20,000 - 30,000 kg/m.sup.2. hr in the case of the perforated plate
      having a free-space ratio of 0.31.
PAR  Secondly, in the plate of a free-space ratio of 0.25, the undulation region
      BC could not appear at a liquid flow rate exceeding 25,000 kg/m.sup.2. hr
      and a curve similar to the curve (a) of FIG. 1 resulted. When the liquid
      flow rate was below 9,300 kg/m.sup.2. hr, the undulation region BC also
      appeared. However these conditions are not preferable because the rate of
      absorption decreased remarkably at the superficial gas velocity exceeding
      the point B. Accordingly, a preferable range of liquid flow rate in the
      plate of a free-space ratio of 0.25 is between 9,300 and 22,000
      kg/m.sup.2. hr. This is narrower than that of the plate of a free-space
      ratio of 0.31 described above.
PAR  On the other hand, in the plate of a free-space ratio of 0.20 the
      undulation region BC never appeared at the liquid flow rate (L) exceeding
      7,500 kg/m.sup.2. hr, and a curve similar to the curve (a) of FIG. 1
      resulted. When the liquid flow rate (L) was 5,000 kg/m.sup.2. hr, a curve
      similar to the curve (b) in FIG. 1 was obtained. However, in this case the
      rate of mass transfer on the plate decreased considerably at the
      superficial gas velocity exceeding the point B because of lower liquid
      flow rate. Accordingly these conditions cannot be used practically.
PAR  From the above exemplification, minimum free-space ratio of the Moredana
      plate is considered to be 0.25. Furthermore, for the plate of a free-space
      ratio exceeding 0.35, the undulation region BC always appeared at a liquid
      flow rate below 60,000 kg/m.sup.2. hr, which was considered to be a
      practical flow rate. However, when the free-space ratio of the plate was
      more than 0.60, the free-space was so large that it became difficult to
      hold the liquid layer on the plate. Accordingly the plate having a
      free-space ratio of more than 0.60 is not practical.
PAR  In general, the range of the free-space ratio is from 0.25 to 0.60,
      preferably between 0.30 and 0.50 for a practical use. When the free-space
      ratio is lower than 0.25, available range of the liquid flow rate is
      narrow and pressure drop through the plate undesirably increases. In
      contrast, when the free-space ratio is higher than 0.60, the undulation
      region BC appears only in the case of excessively high superficial gas
      velocity and pressure drop through the plate also increases.
PAR  The relation between free-space ratios of the Moredana plate and minimum
      liquid flow rates capable of using the undulation region BC effectively is
      shown in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Free-space ratio Minimum liquid flow                                      
     of the plate     rate (kg/m.sup.2.hr)                                     
     ______________________________________                                    
     0.25              9,300                                                   
     0.31             10,700                                                   
     0.35             11,600                                                   
     0.40             12,800                                                   
     0.45             14,000                                                   
     0.50             15,100                                                   
     0.55             16,300                                                   
     0.60             17,100                                                   
     ______________________________________                                    
PAL  Note: These data were obtained by treating gas containing SO.sub.2 with a
      5% aqueous Na.sub.2 CO.sub.3 solution in the perforated Moredana plate
      under a liquid-gas ratio (L/G) of 0.5.
PAR  Heretofore, in order to provide a curve similar to the curve (b) of FIG. 1,
      it was necessary to reduce the liquid flow rate L because of employing a
      plate having small free-space ratio. Accordingly rate of mass transfer
      decreased remarkably at the superficial gas velocity exceeding the maximum
      permissible gas velocity. Therefore it has been an accepted theory that
      the rate of mass transfer decreases when the superficial gas velocity
      exceeds the maximum permissible gas velocity. Further when the liquid flow
      rate is increased so as to raise the rate of absorption, a curve similar
      to the curve (a) in FIG. 1 results. Moreover, in this case, the
      gas-treating capacity of an apparatus is low because of the lower maximum
      permissible gas velocity, which substantially equals the flooding
      velocity.
PAR  It has been quite unknown that the maximum performance of the Moredana
      tower is exhibited in the case of the large free-space ratio and the high
      liquid flow rate as mentioned above.
PAR  In the gas-absorption and/or dust-removal process of the invention wherein
      the undulation region BC as shown in the curve (b) of FIG. 1 is employed,
      the ratio of the liquid absorbent flow rate L (kg/m.sup.2. hr) to the gas
      flow rate G (kg/m.sup.2. hr), which ratio is herein referred to as L/G for
      brevity, is 0.5 or more and preferably 1 - 3 for practical use. When the
      value of L/G is less than 0.5, the rate of mass transfer decreases at the
      superficial gas velocity exceeding the minimum undulation velocity, i.e.
      the point B in the curve (b) of FIG. 1, because of low liquid flow rate
      and, therefore, a satisfactory rate of absorption cannot be obtained. On
      the other hand, when L/G goes up to an extremely high value, the pressure
      drop through the plate becomes higher and the undulation working region
      becomes narrower. Therefore, maximum L/G is generally limited to
      approximately 25 for practical use.
PAR  The aforesaid points B and C, defining the undulation region for the
      Moredana plate tower according to the present invention, can be easily
      determined by experiments. The curve (b) in FIG. 1 was practically
      determined by experiment, in which a perforated plate is employed at a
      liquid flow rate of 20,000 kg/m.sup.2. hr.
PAR  Further, the superficial gas velocity at the point B (Ugm) may be
      calculated from the following four approximate relations, as mentioned by
      H. Uchiyama, K. Hirao and N. Meno in Kagaku Kogaku, 35, 116 - 122 (1971):
      ##EQU1##
      wherein
PA1  Ugm = superficial gas velocity at the point B (m/sec)
PA1  g = gravitational acceleration (m.sup.2 /sec)
PA1  Fc = free-space ratio of perforated plate and grid plate (-)
PA1  L = liquid flow rate (kg/m.sup.2. sec)
PA1  G = gas flow rate (kg/m.sup.2. sec)
PA1  pl = liquid density (kg/m.sup.3)
PA1  pg = gas density (kg/m.sup.3)
PA1  l =
      ##EQU2##
      = capillary constant (m) .sigma. = surface tension (kg/sec.sup.2)
PAR  The above equation (1) is applicable to the perforated plate in the case of
      Fc .gtoreq. 0.16 and .rho.g.rho.l .times. 10.sup.3 .gtoreq. 0.838, and the
      equation (2) is applicable to the perforated plate in the case of Fc
      .gtoreq. 0.16 and .rho.g.rho.l .times. 10.sup.3 .ltoreq. 0.838, the
      equations (3) and (4) are applicable to perforated plate (Fc .ltoreq.
      0.16) and grid plate, equations (3) and (4) when .rho.g/.rho.l .times.
      10.sup.3 .gtoreq. 1.20 and .rho.g/.rho.l .times. 10.sup.3 .ltoreq. 1.20,
      respectively.
PAR  Superficial gas velocity Ugc (m/sec) at the point C of the curve (b) in
      FIG. 1, that is, superficial gas velocity at substantial flooding point,
      may also be calculated from the following two approximate relations:
      ##EQU3##
      Wherein Ugm and L are the same in the equations (1 ) - (4). The above
      equations (5) and (6) are applicable to the Moredana plate used in the
      present invention, the equation (5) and (6) when L = 6 .times. 10.sup.4
      .about. 11 .times. 10.sup.4 kg/m.sup.2. hr and L = 10.sup.4 .about. 6
      .times. 10.sup.4 kg/m.sup.2. hr, respectively.
PAR  The Moredana plate according to the present invention includes a
      conventional perforated plate, or grid plate composed of cross bars or
      parallel bars and the like having a free-space ratio of 0.25 - 0.60.
PAR  When a perforated plate is employed, the diameter of the holes in the plate
      is not particularly limited, but it is, in general, 2 - 16 mm, preferably
      3 - 10 mm. In the case of a grid plate, the width of the slot or slit is,
      in general 3 - 10 mm.
PAR  In accordance with the present invention, a high rate of gas-absorption or
      dust-removal can be achieved by contacting gas with liquid
      countercurrently at a high superficial gas velocity falling within the
      undulation region BC of the curve (b) in FIG. 1, and at the stated
      liquid-gas ratio (L/G).
PAR  Referring to FIGS. 3 and 4, numeral 4 designates a Moredana plate tower
      which comprises three perforated plates 5 without weir and downcomer. As
      shown in FIG. 4, the plate 5 has a plurality of holes 11 and its
      free-space ratio (total area of holes in the plate/plate area) is
      approximately 0.31. The Moredana plate tower 4 further comprises: a gas
      inlet 6 for feeding gas to be treated; a gas outlet 7 for discharging the
      scrubbed gas; a liquid inlet 8 for feeding liquid absorbent; a distributor
      9 for uniformly distributing the liquid abosrbent fed through the liquid
      inlet S over the entire perforated plate, and a liquid outlet 10 for
      discharging the liquid absorbent.
PAR  Further in accordance with the present invention, gas to be treated can be
      fed into the apparatus for removing specific gas and/or fine dust at the
      superficial gas velocity which is several times more than that of the
      conventional process as mentioned above, so that the size of the apparatus
      can be made several times less than that of the conventional apparatus,
      and a high economical gas-absorption or dust-removal process can be
      provided.
PAR  Other features of the process of the present invention are as follows.
      Maintenance service is easy, because there is far less possibility of the
      plugging of solid materials in the tower due to the simplicity of its
      structure. As pressure drop through a tower is relatively low and spraying
      of liquid absorbent is not necessary, power requirements for the gas
      blower and liquid pump are small and, therefore, running cost is reduced.
      As start-up or shut down of operation is easy and as a nearly constant
      rate of gas-absorption or dust-removal can be obtained at a constant
      liquid flow rate even if gas feed rate is changed, the present process
      facilitates the operation greatly.
PAR  This invention is illustrated by, but by no means limited to, the following
      examples.
PAC  EXAMPLE 1
PAR  Gas containing 1,280 ppm sulfur dioxide (SO.sub.2) was continuously passed
      through a Moredana plate tower, comprising three perforated plates having
      a hole diameter of 5 mm and a free-space ratio of 0.31, where it was
      treated with 5 wt.% Na.sub.2 CO.sub.3 in a water solution. The Na.sub.2
      CO.sub.3 solution fell downwardly in countercurrent flow relationship to
      the upflowing gas in the tower under the following conditions:
TBL  Gas flow rate         18,300 kg/m.sup.2.hr                                
     Superficial gas velocity in the tower                                     
                           3.88 m/sec                                          
     Gas temperature       20.degree.C                                         
     Liquid flow rate      19,875 kg/m.sup.2.hr                                
     Liquid temperature    20.degree.C                                         
PAR  The rate of absorption (the amount of SO.sub.2 absorbed .times. 100/the
      amount of SO.sub.2 fed) obtained by the value of continuous analysis of
      SO.sub.2 in off-gas from the tower was 98.8% or more. During the
      operation, the height of liquid on the Moredana plate was approximately 31
      mm and the total pressure drop through the tower was approximately 90
      mmH.sub.2 O.
PAR  A gas absorption test was repeated in the same manner as mentioned above
      except that a Moredana plate tower, comprising five perforated plates
      having a hole diameter of 5 mm and a free-space ratio of 0.31, was
      employed.
PAR  The rate of absorption was 99.8% or more, and the total pressure drop
      through the tower was approximately 150 mmH.sub.2 O.
PAC  Comparative Example 1
PAR  Gas containing 1,340 ppm SO.sub.2 was passed at a superficial gas velocity
      of 1 m/sec through a Moredana plate tower, comprising three perforated
      plates having a hole diameter of 5 mm and a free-space ratio of 0.31,
      where it was treated with 5 wt.% Na.sub.2 CO.sub.3 in a water solution
      under L/G of 3.78. The rate of absorption was 92.7%.
PAR  It will be understood that the absorption method of this invention has the
      remarkable effect of increasing the rate of absorption and gas treating
      capacity when the results of Example 1 are compared with Comparative
      Example 1.
PAC  EXAMPLE 2
PAR  Gas containing 200 ppm nitrogen oxide (NO.sub.x) was continuously passed
      through a Moredana plate tower (the diameter of the tower was 400 mm)
      comprising fifteen perforated plates, having a hole diameter of 5 mm and a
      free-space ratio of 0.30, where it was treated with 5 wt.% sodium chlorite
      (NaClO.sub.2) in a water solution. The NaClO.sub.2 solution fell
      downwardly in countercurrent flow relationship to the upflowing gas in the
      tower under the following conditions.
TBL  ______________________________________                                    
     Superficial gas velocity in the tower                                     
                           3 m/sec                                             
     Liquid flow rate      30,000 kg/m.sup.2.hr                                
     L/G                   2.2                                                 
     ______________________________________                                    
PAR  The rate of absorption obtained by NO.sub.x concentration in off-gas from
      the tower was 85%, and the total pressure drop through the tower was
      approximately 300 mm H.sub.2 O in the operation.
PAC  Comparative Example 2
PAR  Gas containing 200 ppm NO.sub.x was treated in the same way as mentioned in
      Example 2 except that a Moredana plate tower (the diameter of the tower
      was 400 mm), comprising 15 perforated plates having a hole diameter of 5
      mm and a free-space ratio of 0.20, was employed and the superficial gas
      velocity was 1 m/sec and the liquid flow rate was 20,000 kg/m.sup.2. hr.
      Approximately 60% of NO.sub.x was removed.
PAC  EXAMPLE 3
PAR  Flue gas containing approximately 0.5 g/Nm.sup.3 of dust having a diameter
      of 0.05 - 5 micron was continuously passed through a plate tower
      comprising two perforated plates, having a hole diameter of 5 mm and a
      free-space ratio of 0.25, where it was treated with industrial water. The
      water fell downwardly in countercurrent flow relationship to the upflowing
      gas in the tower under the following conditions.
TBL  ______________________________________                                    
     Superficial gas velocity in the tower                                     
                           3.0 m/sec                                           
     Gas inlet temperature 200.degree.C                                        
     Water flow rate       20,000 kg/m.sup.2.hr                                
     Water inlet temperature                                                   
                           40.degree.C                                         
     L/G                   1.48                                                
     ______________________________________                                    
PAR  The rate of dust-removal obtained by the amount of the dust in off-gas from
      the tower was 98% and the total pressure drop through the tower was
      approximately 50 mmH.sub.2 O.
PAR  It will be highly appreciated as an excellent dust-removal process for
      preventing air pollution that hydrophobic dust having a diameter below 2
      micron which has been generally difficult to remove by the conventional
      process can be removed at such a high rate.
PAC  EXAMPLE 4
PAR  Gas containing 25,000 ppm H.sub.2 S was continuously passed through a
      Moredana plate tower comprising four perforated plates, having a hole
      diameter of 5 mm and a free-space ratio of 0.30, where it was treated with
      10 wt.% sodium hydroxide (NaOH) in a water solution. The NaOH solution
      fell downwardly in countercurrent flow relationship to the upflowing gas
      in the tower under the following conditions.
TBL  ______________________________________                                    
     Superficial gas velocity                                                  
                       3.54 m/sec                                              
     Liquid flow rate  20,000 kg/m.sup.2.hr                                    
     L/G               1.25                                                    
     ______________________________________                                    
PAR  The concentration of H.sub.2 S in off-gas from the tower was 5 ppm and the
      total pressure drop through the tower was approximately 120 mmH.sub.2 O
      during the operation.
PAC  EXAMPLE 5
PAR  Gas containing 1,330 ppm SO.sub.2 was passed at a superficial gas velocity
      of 5.8 m/sec through a Moredana plate tower, comprising three perforated
      plates having a hole diameter of 8 mm and a free-space ratio of 0.49,
      where it was treated with 5 wt.% Na.sub.2 CO.sub.3 in a water solution.
      The Na.sub.2 CO.sub.3 solution fell downwardly in countercurrent flow
      relationship to the upflowing gas in the tower at a liquid flow rate of
      20,000 kg/m.sup.2. hr.
PAR  The concentration of SO.sub.2 in off-gas from the tower was 8 ppm and the
      total pressure drop through the tower was approximately 188 mmH.sub.2 O in
      the operation.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for removing a specific gas component and/or fine dust
      particles from a gas which comprises passing said gas containing the
      specific gas component and/or find dust particles upwardly through a plate
      tower comprising at least one perforated or grid plate without weir and
      downcomer, said plate having a free-space rate. (Fc) in the range from
      0.25 to 0.60 and passing said gas through the tower at a superficial gas
      velocity within a range from 3 to 5.8 m/sec, and simultaneously passing a
      liquid absorbent downwardly through said plate tower at a liquid flow rate
      of not less than about 9300 kg/m.sup.2. hr, said liquid flow rate
      increasing as the free space ratio increases to not less than about 17,100
      kg/m.sup.2. hr at a free space ratio of 0.60, wherein the liquid flows in
      a counter current flow relationship to the upflowing gas, the liquid to
      gas ratio (L/G) being in the range from 0.5 to 25.
NUM  2.
PAR  2. The process as claimed in claim 1, wherein said freespace ratio of the
      plate is between 0.30 and 0.50.
NUM  3.
PAR  3. The process of claim 1 wherein the liquid to gas ratio (L/G) is in the
      range of 1 to 3.
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ABST
PAL  Apparatus is disclosed for removing medical anesthetic gases, after
      inhalation by a patient, in order to prevent these gases from being
      expelled into an operating room. In one embodiment, the apparatus includes
      a housing adapted to be connected into an anesthetic gas system, and a
      removable and disposable cartridge in the housing including at least two
      anesthetic gas adsorbent fillers. In other embodiments a disposable
      cartridge may be employed without a housing which can be readily connected
      into the anesthetic gas system.
BSUM
PAR  This invention relates to apparatus for removing anesthetic gases after
      inhalation by a patient in an operating room, and in one of its aspects to
      such an apparatus which includes a disposable gas adsorbent cartridge.
PAR  During the operating procedure, as a patient inhales and expels anesthetic
      gases, it is necessary that even small amounts of these gases be prevented
      from being expelled or exhausted in the operating room. This is because
      the physicians, nurses, and other personnel who are regularly involved in
      operating procedures are susceptible to various adverse physiological
      reactions caused by breathing small amounts of anesthetic gases in the
      operating room over a long period of time. Specifically, such effects
      include an increased rate of spontaneous abortion among female
      anesthesiologists and nurse-anesthetists, an increase in
      reticuleondothelial and lymphoid malignancies as causes of death among
      anesthesiologists of both sexes and a significant increase in birth
      defects in offspring of nurse-anesthetists [REF. Medical World News, 14,
      24 (1973)]. Thus, there is a need for an adsorption device for adsorbing
      these gases as they are exhaled by the patient. It is preferred that such
      a device by simple and relatively inexpensive, and that it be easily
      inserted into the anesthesia system and easily removed therefrom when it
      is filled to capacity with adsorbed gases.
PAR  A disposable anesthesia adsorption apparatus has been provided by
      Dragerwerk AG of Germany which includes an adsorbent filler, such as
      activated carbon, in a metal canister. The metal canister is connected
      into the anesthesia system through rubber caps, similar to suction cups,
      mounted on each end of the canister. The placement and removal of the
      Dragerwerk canister is time consuming and because the canister is
      constructed as a sealed metal member, it is relatively expensive for an
      item which must be disposed of after but a few hours use. Also, the
      adsorbent filler compound in the Dragerwerk apparatus, which is activated
      carbon, only provides for about 5 hours of efficient anesthesia gas
      adsorption before it must be disposed of and this requires more frequent
      changing of the canister during use in the operating room than is
      desirable.
PAR  The principal object of the present invention is to provide an anesthesia
      gas removal system including a disposable gas adsorbent canister cartridge
      which provides for substantially longer use than the prior art devices
      discussed before it must be disposed of, and which is relatively simpler
      to replace and remove and relatively less expensive to manufacture. For
      this purpose, the apparatus of this invention includes a disposable
      cartridge made of a relatively inexpensive material such as cardboard or
      plastic and including a combination of adsorbent fillers which provides
      for longer use in service than the activated carbon adsorbent filler
      described with respect to the prior art. In one embodiment of this
      invention, the cartridge is mounted in a housing connected in the exhaust
      line of an anesthesia system and the housing is constructed so that it can
      be readily opened and closed to permit placement and removal of the
      cartridge including the adsorbent fillers. In other embodiments of the
      invention the cartridge can be directly connected into the anesthesia
      system by simple connecting means and the housing eliminated.
PAR  The adsorbent fillers of the disposable cartridge of this invention
      preferably are a combination of activated carbon and molecular sieve as
      hereinafter described in the ratio of quantities of from about 2:1 to 5:1
      activated carbon to molecular sieve, and preferably in the ratio of about
      3:1. Examples of anesthetic gases which may be adsorbed by the type of
      adsorbent fillers used by the present invention are chloroform, ethyl
      cloride, nitrous oxide, trichloroethylene, halothane, penthrane, and
      ethrane.
DRWD
PAR  Referring to the drawings, wherein like reference numerals are used
      throughout to designate like parts, and wherein a preferred embodiment of
      the present invention is illustrated:
PAR  FIG. 1 is a schematic view of an anesthesia system utilizing the gas
      adsorbent apparatus of the present invention;
PAR  FIG. 2 is a partial sectional view illustrating one embodiment of this
      invention including a housing in which the disposable cartridge including
      the adsorbent fillers of this invention is mounted;
PAR  FIG. 3 is a sectional view of the disposable cartridge of FIG. 2;
PAR  FIG. 4 is a front sectional view of the disposable cartridge of FIG. 2;
PAR  FIG. 5 is a perspective view of an embodiment of the present invention in
      which a disposable cartridge is employed without the separate housing; and
PAR  FIG. 6 is a perspective view of another embodiment of the present invention
      in which a disposable cartridge is provided which is exhausted to
      atmosphere.
DETD
PAR  Referring to FIG. 1, an anesthesia system 10 is illustrated as including an
      anesthesia machine 11 for supplying anesthesia gas through a conduit 12
      and face mask 13 to a patient P. Connected to conduit 12 is an exhaust
      conduit 14 which is connected through a valve 15 and conduit 16 to a
      cylindrical housing 17, in which the disposable cartridge of the present
      invention is mounted. Housing 17, which is substantially gas-tight, is
      connected in line between valve 15 and a vacuum pump 19 by a hose 18 so
      that when valve 15 is switched to provide for communication between
      conduit 14 and housing 17, gases from exhaling of patient P are drawn
      through conduit 14 and housing 17. As the patient is anesthetized, the
      anesthesiologist may "rebreathe" the patient by maintaining valve 15
      closed until the patient has received sufficient anesthesia in which case
      valve 15 can be switched to permit dumping through housing 17.
PAR  The details of cylinderical housing 17 are illustrated in FIG. 2. It
      includes a lower body section 20 which includes an opening 21 into which a
      suitable connector 22 is mounted which can be connected to a conduit or
      hose 18. Cylindrical housing 17 also includes a removable cover 23 at the
      top which includes an inlet opening 24 into which a suitable connector 25
      is mounted which can be connected to conduit 16 so that when cover 23 is
      mounted on portion 20 of housing 17, a closed, gas-tight, integral housing
      is formed. Section 20 and cover 23 of cylindrical housing 17 may be made
      of metal or plastic threads 26 or other suitable connecting means may be
      provided between them to permit rapid connection and disconnection of the
      members. The connecting means may be any suitable mechanism for providing
      a quick disconnect when it is required to change the cartridge mounted in
      housing 17.
PAR  Also, a gasket 27 or other suitable seal means may be provided in the
      bottom of the interior of housing 17 to prevent anesthesia gases from
      by-passing the disposable gas adsorbent cartridge mounted in housing 17,
      and to be described.
PAR  A disposable gas adsorbent cartridge 30 is disposed in housing 17 as
      illustrated in FIG. 2. The details of cartridge 30 are illustrated in
      FIGS. 3 and 4. Cartridge 30 is preferably made of cardboard or other
      relatively inexpensive and readily available material so that it is
      readily disposable, and includes an outer shell comprising two end
      cylindrical cardboard sections 31 and 32 telescoped over a central core
      cylindrical section 33, all preferably made of cardboard. Top and bottom
      end covers 34 and 35, which are perforated and preferably made of a light
      metal, such as tin or aluminum, are mounted at the ends of cartridge 30
      with their edges lapped over the cylindrical cardboard sections as shown.
      The combination of cylindrical sections 31, 32 and 33, and end covers 34
      and 35 form a cartridge with a hollow interior 36 in which the adsorbent
      fillers of the present invention are placed. Mounted in interior 36 of
      cartridge 30, each adjacent an end thereof, are filter pads 37 and 38
      which may be most any conventional filter which permits the passage of air
      or other gases while preventing the passage of solid particles, such as
      the adsorbent fillers to be described.
PAR  In accordance with this invention, the interior 36 of cartridge 30, between
      filter pads 34 and 35, is substantially or completely filled with at least
      two adsorbent fillers which function to adsorb anesthesia gases that pass
      through cartridge 30. It is preferred that one of these fillers be
      activated carbon, represented by the generally sperical particles 37, and
      that the other be zealite or "molecular sieve", as represented by the
      smaller rectangular shaped particles 38.
PAR  The activated carbon functions as the major adsorbent and adsorbs
      anesthesia gases by surface absorption. The molecular sieve functions as a
      minor adsorbent and may be a sodium aluminum silicon hydrate with the
      statistical formula of:
EQU  Na.sub.86 (AlO.sub.2).sub.86 (SiO.sub.2).sub.106 . 276H.sub.2 O
PAR  It is preferred that the activated carbon particles have a particle size in
      the range of 6 to 30 U.S. Sieve Series and that they perferably be about
      16 U.S. Sieve Series in size, and that the molecular sieve particles have
      a particle size in the range of one eighth inch to one sixteenth inch in
      size. It is also preferred that the ratio of the quantity of particles in
      cartridge 30 of activated carbon to molecular sieve be in the range of
      about 2:1 to about 5:1, with a preferred ratio of 3:1.
PAR  In FIG. 5, cartridge 30 is illustrated with the ends closed and nipples 40
      and 41 mounted thereon to provide connection to hoses 16 and 18, so that a
      disposable cartridge is provided without the necessity of housing 17. In
      FIG. 6, the illustrated lower end of cartridge 30 is perforated and open
      to atmosphere and the illustrated top end includes nipple 40 for
      connection to hose 16. This embodiment may be employed in single patient
      use where less back pressure in the system is encountered so that the
      patient expiratory pressure is sufficient to cause gases to vent through
      cartridge 30.
PAR  Thus, by use of disposable cartridge including two adsorbent fillers, the
      period of use of each cartridge is extended to an average of about twelve
      hours, at which time the cartridge can be readily replaced. Since the
      fillers used include particles that are sperically shaped and particles
      that are relatively smaller and in the shape of small needles, the
      quantity of adsorbent fillers in a given sized cartridge can be increased
      since the smaller particles can be in the voids or spaces between the
      larger particles. Thus, the available surface area for adsorption of
      anesthetic gases can be increased without increasing the size or comlexity
      of the cartridge, to provide a relatively longer period of usage.
PAR  From the foregoing, it will be seen that this invention is one well adapted
      to attain all of the ends and objects hereinabove set forth, together with
      other advantages which are obvious and which are inherent to the
      apparatus.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matter herein set
      forth or shown in the accompanying drawings is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A disposable cartridge for use in adsorbing anesthesia gases in an
      anesthesia system, comprising:
PA1  a cylindrical outer shell made of a disposable material including at least
      one perforated end member;
PA1  two filter means disposed in said shell each being adjacent one of the ends
      to permit the passage of a gas through said cartridge while preventing the
      passage of solid particles; and
PA1  at least two adsorbent fillers for adsorbing anesthesia gases disposed in
      said shell between said filter means so that said fillers are mixed
      together, one of said adsorbent fillers being substantially spherical
      shaped activated carbon and the other of said adsorbent fillers being
      molecular sieve shaped of a configuration that permits it to lie in voids
      between said spherical shaped fillers, said fillers being of sufficient
      quantity in said shell to provide for a relatively long useful life for
      said cartridge when used to adsorp anesthesia gases evacuated by a human
      patient while permitting effective evacuation of the respiratory system of
      such a patient.
NUM  2.
PAR  2. The cartridge of claim 1 wherein said shell is made of cardboard.
NUM  3.
PAR  3. The cartridge of claim 1 wherein each end of the cartridge is
      perforated.
NUM  4.
PAR  4. The cartridge of claim 1 wherein one of the ends of the cartridge is
      perforated and the other includes a nipple connector.
NUM  5.
PAR  5. The cartridge of claim 1 wherein each of the ends of the cartridge
      includes a nipple connector.
NUM  6.
PAR  6. The cartridge of claim 1 wherein the quantity of said activated carbon
      and said molecular sieve in said cartridge is in a ratio of about 2:1 to
      about 5:1 activated carbon to molecular sieve.
NUM  7.
PAR  7. The cartridge of claim 6 wherein said ratio is about 3:1 activated
      carbon to molecular sieve.
NUM  8.
PAR  8. The cartridge of claim 1 wherein said shell comprises a central core
      section and two end sections telescoped over said central core section.
NUM  9.
PAR  9. The cartridge of claim 8 wherein said central core and end sections are
      made of cardboard.
NUM  10.
PAR  10. A disposable cartridge for use in adsorbing anesthesia gases in an
      anesthesia system, comprising:
PA1  a cylindrical outer shell made of a disposable material including
      perforated end members;
PA1  two filter means disposed in said shell each being adjacent one of the end
      members to permit the passage of a gas through said cartridge while
      preventing the passage of solid particles; and
PA1  at least two adsorbent fillers for adsorbing anesthesia gases disposed in
      said shell between said filter means so that said fillers are mixed
      together, one of said adsorbent fillers being substantially spherical
      shaped and having a particle size of about 6 to about 30 U.S. Sieve
      Series, and the other of said adsorbent fillers being shaped of a
      configuration that permits it to lie in voids between said spherical
      shaped fillers, and having a particle size in the range of about one-eight
      to about one-sixteenth inch in size, the quantity of said fillers in said
      shell being in the ratio of about 2:1 to about 5:1 of the substantially
      spherically shaped filler to the other filler, and sufficient to provide
      effective adsorption of anesthesia gas in an anesthesia system for up to
      about 12 hours without creating excessive back pressures on the
      respiratory system of a patient.
NUM  11.
PAR  11. The cartridge of claim 10 wherein said one of said fillers is activated
      carbon and the other is molecular sieve.
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PAL  In preparing a glass batch for silicate glass melting, a high-modulus
      calcium-magnesium hydrosilicate is used as intensifier.
BSUM
PAR  The present invention relates to a method of preparing a glass batch for
      melting silicate glass.
PAR  The widely known method of preparing a glass batch for silicate glass
      comprises dry mixing of the batch-forming ingredients with the use of
      fluxes accelerating the glass melting process. Such fluxes are fluorides,
      boric anhydride, arsenous anhydride As.sub.2 O.sub.3, nitrates (KNO.sub.3
      or NaNO.sub.3), etc. (cf. the book ("Technology of Glass,"by I. I.
      Kitaigorodsky, 1967, p.101). The method of preparing a glass batch with
      the use of the fluxes, described in this book, does not meet the
      requirements of glass melting as some of them (fluorides) destroy the
      refractory lining of glass furnaces. In addition almost all of the fluxes
      used volatilize to an extent of 30 to 40 % in the process of glass melting
      which leads to a rise in glassware production cost; the toxicity of
      fluorides adversely affects labor conditions and therefore they find a
      limited application, which ranges from 0.5 to 2 %.
PAR  The melting of high-silica (SiO.sub.2 -- above 51 %) and low-alkali glass
      compounds (R.sub.2 O -- up to 2 %) based on rocks (basalt, quartz sand,
      dolomite) with the use of conventional fluxes is not always possible.
PAR  It is an object of the present invention to eliminate the aforementioned
      disadvantages.
PAR  A further and more specific object of the present invention is to provide a
      method of preparing a glass batch for silicate glass melting with the use
      of an a flux which provides an effective glass melting process without
      being toxic, aggressive to glass furnace lining and not leading to a rise
      in glassware production cost.
PAR  It is an object of the present invention to provide a method of preparing a
      glass batch for silicate glass melting with the use of an a flux which
      provides an effective glass melting process without being toxic,
      aggressive to the glass furnace lining and not involving a rise of
      glassware production cost.
PAR  This and other objects are accomplished, according to the invention, in
      preparing a glass batch for silicate glass melting by grinding the batch
      ingredients consisting of rocks and mixing them with intensifiers as
      additions, by the use of a high-modulus calcium nagnesium hydrosilicate,
      x.CaO.y.MgO.n.SiO.sub.2.m.H.sub.2 O, as the flux.
PAR  To product this flux it is advantageous to mix, in an aqueous medium,
      diatomite with magnesium and calcium hydroxides, heat the resulting
      mixture to 50.degree.-200.degree.C, maintain it at this temperature for at
      least 20 minutes, then filter the mixture and dry the residue consisting
      of a high-modulus calcium-magnesium hydrosilicate.
PAR  The flux may be added to the batch in the form of its starting materials,
      viz. diatomite, calcined dolomite, calcium and magnesium hydroxides, taken
      in quantities corresponding to the desired glass composition.
PAR  This method will be further referred to as the dry method of preparing a
      glass batch in distinction to the hydrothermal method described
      hereinbelow.
PAR  In preparing a glass batch mixture of ingredients of said bath with a flux
      the mixture can be subjected to a hydrothermal treatment at a temperature
      of 50.degree.-200.degree.C for 20 minutes, whereupon said mixture is dried
      and granulated.
PAR  The nature of the present invention is as follows.
PAR  Giving due consideration to the fact that the accelerated fusion degree of
      the batch essentially depends on the nature of silicon dioxide, i.e.
      depends on the rate of chemical reactions and on the rate of dissolving
      silicon dioxide in a silicate solution, we have employed a new complex
      chemical substance (x.CaO.y.MgO.n.SiO.sub.2.m.H.sub.2 O) -- high-modulus
      calcium-magnesium hydrosilicate as the flux for melting silicate glasses.
PAR  This flux when present in the glass composition intensifies both the
      process of glass melting and clarifying and is instrumental in lowering
      the temperature and duration of glass melting.
PAR  The characteristic feature of the high-modulus calcium-magnesium
      hydrosilicate is the high reactability thereof caused by said
      hydrosilicate being amorphous, homogeneous, hydrated and possessing a
      constant chemical composition. The novel flux forms with the new
      batch-forming ingredients easily fusible eutectics which facilitate the
      interaction of the batch ingredients in the process of batch-forming (when
      they are employed in the dry method). In the hydrothermal method of glass
      batch preparation, a batch is obtained in the form of a complex silicate
      compound for colored glass, wherein silicate formation has occurred,
      partially, prior to the melting of said compound.
PAR  The present flux is not toxic and, since it does not react with the
      refractory lining of the furnace, may be used in any amount required by
      the preset glass composition.
PAR  The process of preparing a high-modulus calcium-magnesium hydrosilicate is
      controllable, which makes it possible to produce a flux of any composition
      by varying the content of calcium and magnesium oxides and silicon dioxide
      in it as may be required by the preset glass composition.
PAR  In this sense the present flux is universal, as it may be employed for all
      silicate glasses.
PAR  The silica modulus (SiO.sub.2 :CaO.MgO) in the product varies from 0.5 to
      8.
PAR  It has been found, that the use of high-modulus calcium-magnesium
      hydrosilicate results in the reduction of glass melt viscosity (when the
      hydrothermal method of batch preparation is employed), lowering the
      melting temperature of thereof, on the average, by 200.degree.C, an almost
      10-fold reduction of melting time, and when the dry process of batch
      preparation is used, the temperature of melting of the glass mass is
      lowered by 100.degree.C and the time by a factor of ten.
PAR  It has also been found that the flux hydrate water
      (x.CaO.y.MgO.n.SiO.sub.2.m.H.sub.2 O) accelerates the glass melt
      clarifying process. An essential feature of the novel flux is that it
      makes it possible to perform accelerated melting of high-silica (SiO.sub.2
      -- over 51 %) and low alkali (R.sub.2 O -- up to 2 %) glass compositions
      whereas the melting of said glass compositions with conventional fluxes
      cannot be accomplished at all. This became possible due to the fact that
      when a high-modulus calcium-magnesium hydrosilicate is employed, a part of
      the silicon dioxide contained in the glass composition is replaced by
      amorphous silicon dioxide.
PAR  The use of the flux may be accomplished in two ways. In the first case the
      batch is prepared by the dry method, wherein the flux is one of the
      batch-forming ingredients and is mixed with ground rocks by the dry
      method.
PAR  In the second case the batch is prepared by the hydrothermal method wherein
      the ingredients which form the composition of the high-modulus
      calcium-magnesium hydrosilicate (diatomite, calcium and magnesium oxides)
      are subjected to a wet grinding with rocks and the resulting pulp is then
      dried and granulated in a fluidized bed furnace.
PAR  For a better understanding of the present invention, the following examples
      are given by way of illustration.
DETD
PAC  EXAMPLE 1.
PAR  Preparation of a batch of high-silica, low-alkali glass of the following
      composition (% by weight): SiO.sub.2 =57.8, Fe.sub.2 O.sub.3 =7.7,
      CaO=19.2, MgO=4.6, R.sub.2 O=1.8, Al.sub.2 O.sub.3 =7.6, TiO.sub.2 =1.3.
PAR  The chemical composition of the starting materials is presented in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Starting                                                                  
     materials                                                                 
           Composition of the ingredients (% by weight)                        
     SiO.sub.2  Al.sub.2 O.sub.3                                               
                     Fe.sub.2 O.sub.3                                          
                          TiO.sub.2                                            
                              CaO MgO  R.sub.2 O                               
     __________________________________________________________________________
     Basalt                                                                    
           50.60                                                               
                15.30                                                          
                     15.40                                                     
                          2.60                                                 
                               8.80                                            
                                   6.30                                        
                                      3.30                                     
     Flux  68.0 0.5  0.5  --  31.0                                             
                                  0.5 --                                       
     __________________________________________________________________________
PAR  To prepare the batch, use was made of a flux prepared by the present
      method; its compositon is given in table 1. This method consists in
      hydrothermal treatment of a mixture of diatomite and calcium and magnesium
      hydroxides in a thermostat at a temperature of 50.degree.C for 60 minutes.
      After the pulp thus obtained was filtered, the precipitated flux was dried
      and by the dry method mixed with basalt to prepare the glass batch. The
      thus prepared batch was then melted. The batch composition (% by weight):
PAR  Basalt -- 54.80
PAR  Flux -- 45.10
PAR  In preparing the flux the temperature of the hydrothermal treatment may be
      raised up to 200.degree.C, thereby the time of the treatment is reduced to
      5 minutes and a flux of a higher quality is obtained.
PAC  EXAMPLE 2.
PAR  Preparation of a batch of high-silica, low-alkali glass of the composition
      given in Example 1, by the hydrothermal method.
PAR  54.8 parts by weight of basalt of the composition given in Example 1,
      diatomite, and calcium and magnesium hydroxides (in quantities according
      to the composition of the flux given in table 1) were taken as the
      starting material. The starting ingredients of the batch were mixed in an
      aqueous medium and subjected to hydrothermal treatment at a temperature of
      100.degree.C for 30 minutes. The resulting pulp was dried and granulated
      in a fluidized bed furnace or in any other drying apparatus according to
      the conventional technique. After preparing the batches as described in
      Examples 1 and 2, a comparative melting of these two batches and of a
      batch of the same composition prepared by the dry method but with the use
      of a conventional flux for glass melting (CaF) was performed to determine
      the effectiveness of accelerating the glass melting process, when use is
      made of a new flux viz high-modulus calcium-magnesium hydrosilicate.
PAR  The results of the comparative meltings are given in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Batch formulation                                                         
                  Method of                                                    
                        Temperature of                                         
                                Duration of                                    
                  batch pre-                                                   
                        melting to                                             
                                melting,                                       
     quantity                                                                  
           Ingredients                                                         
                  paration                                                     
                        reach a homo-                                          
                                hours                                          
     in parts           geneous vit-                                           
     by weight          reous state,                                           
                        .degree.C                                              
     __________________________________________________________________________
     54.8  basalt dry   1350    1.0                                            
     45.1  flux                                                                
     54.8  basalt hydrother-                                                   
                        1250    1.0                                            
     45.1  flux   mal                                                          
     54.8  basalt dry   1450    6.0                                            
     30.8  quartz sand                                                         
     25.6  limestone                                                           
      1.0  calcium                                                             
           fluoride                                                            
     __________________________________________________________________________
PAR  The data given in Table 2 show clearly that the batch prepared by the
      hydrothermal method and based on basalt and the novel flux is melted at a
      temperature 200.degree.C lower, and the batch prepared by the dry method
      and based on basalt and the novel flux is melted at a temperature
      100.degree.C lower than the batch of the same composition but prepared on
      the basis of basalt, quartz sand and limestone with the use of the
      conventional flux viz. calcium fluoride. In both cases when the novel flux
      is used not only is the duration of glass melting reduced by 5 hours but
      the resulting glass melt possesses high homogeneity and has no impurities.
PAR  Similar to the aforementioned method, the batch may be prepared on the
      basis of other raw materials (pearlite, quartz sand, tuff etc.), the flux
      effect exerted on the glass melting process being approximately the same.
PAR  The flux employed by the present method is not corrosive to the refractory
      lining of glass furnaces and to that of platinum-rhodium vessels used for
      the production of glass fiber, which makes it possible to increase
      markedly their service life.
PAR  Besides, as the high-modulus calcium magnesium hydrosilicate is neither
      toxic nor volatile, conditions of work are improved, and thanks to the
      fact that said hydrosilicate remains in the glass without being
      volatilized, the yield of the final glass melt is increased which is
      conducive to reduction of the cost of the glass melting process.
PAR  The aforementioned feature is proved by the fixing of boric anhydride,
      contained in the glass composition, when the hydrothermal process of batch
      preparation is applied. As this takes place, silicate compounds of boron
      are formed which prevents the volatilization of the boric anhydride.
PAR  In addition we have found that glass fiber manufactured from the glass,
      produced from the above-described batch, is characterized by better
      physical and chemical properties and by stability of the filament drawing.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing a glass batch for melting silicate glass having an
      SiO.sub.2 content over 51% and a low alkali metal oxide content of up to
      2% which comprises grinding batch ingredients based on rocks and mixing
      said ingredients with a flux comprising high-modulus calcium-magnesium
      hydrosilicate x.CaO.y.MgO.n.SiO.sub.2 m.H.sub.2 O wherein the SiO.sub.2
      :CaO.MgO ratio is from 0.5 to 8 wherein the flux is produced by mixing
      silica, magnesia and calcia forming materials in an aqueous medium,
      heating the mixture to a temperature of 50.degree.-200.degree.C, holding
      the mixture at said temperature for at least 20 minutes, filtering and
      drying the resulting residue consisting of a high modulus calciummagnesium
      hydrosilicate.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein the flux is produced in the
      presence of ingredients based on rocks.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein the flux is added to the batch
      in the form of dolomite and calcined dolotomite taken in amounts
      corresponding to the desired glass composition.
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ABST
PAL  A machine for assembling the plural contact pairs of a multi-element reed
      capsule switch inside of a glass envelope and maintaining the overall
      assembly in alignment while the glass envelope is heated and sealed around
      the terminal ends of the contact pairs. Plural pairs of the reed switch
      contact members and the glass envelope are manually assembled into
      intermediate loading fixtures. The machine then automatically transfers
      the contact members and glass envelope to chucks for maintaining them in
      correct alignment; the chucks position the contact members inside of the
      glass envelope; the machine pressure chamber closes and is rapidly
      evacuated of atmosphere, flushed, and pressurized with an inert gas and
      the glass sealed about the contacts all while maintaining the correct
      alignment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the invention is generally related to the fabrication of reed
      switches. More particularly, the invention relates to a machine and
      methods for semi-automatically assembling and sealing in correct alignment
      inside a glass envelope the plural contact pairs of a multi-element reed
      capsule.
PAR  In multi-element reed switches, plural pairs of magnetizable switch contact
      members are positioned in overlapping spaced relationship within a
      non-magnetizable envelope which most frequently is glass. The switch
      contacts are opened or closed through the selective application of a
      controlled magnetic field. Switches of this general type are well known
      and are used by the hundreds of thousands in telephone and other switching
      networks. Because of the large quantities needed, it is desirable that the
      final assembly of the switch contacts inside the envelope be made rapidly
      and that minimum variations in contact characteristics be maintained. One
      manner of achieving these goals is through machine assembly which is both
      faster than manual assembly and also more repeatable than manual
      operations. However, maintaining the precise alignments required all
      through the assembly and sealing process has proven difficult to achieve
      in a fast consistent manner. Some manual adjustment of alignment after
      assembly has been required or, a generally unsatisfactory rejection rate
      encountered.
PAR  Means are known in the prior art for facilitating the automatic manufacture
      of reed switches including in at least a conceptual sense a number of the
      basic steps and methods of this invention, but the prior art is lacking in
      a number of the refinements found necessary if automatic high-speed
      assembly with high quality dimensionally accurate assemblies are to be
      achieved. Thus the patents of Pityo, U.S. Pat. No. 3,537,276 and Reck,
      U.S. Pat. No. 3,203,081 are both directed to automatic assembly of reed
      switches but not, multi-element reed switches as with the invention.
PAC  SUMMARY OF THE INVENTION
PAR  The invention includes a station for loading of the plural pairs of reed
      contact members and a glass cylinder in an intermediate fixture exterior
      of the fabricating area. These elements are then transferred to the
      reedblade and glass chucks inside the fabricating area. The intermediate
      fixture then retracts and returns to the loading station. In a continuing
      cycle, one set of contact reedblades is positioned within the glass
      envelope extending outwardly from one end of the envelope and
      simultaneously the mating set is positioned in complementary fashion
      extending outward the other end. This positioning establishes both contact
      pair overlap and gap and, the chucks maintain these characteristics
      throughout the subsequent sealing process. A pressure chamber closes
      around the assembled elements, evacuated, flushed, and pressurized with an
      inert gas. The chamber is pressurized and the assembly then sealed by
      infrared energy -- first at one end and then the other. Following this,
      the pressure chamber is opened, the reedblade chucks release the blades
      and move away form the assembly and the completed switch removed. The
      cycle is then repeated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a multi-element reed capsule switch of the type
      the invention is designed to automatically fabricate;
PAR  FIG. 2 is a section taken at 2--2 in FIG. 1;
PAR  FIG. 3 is a simplified front perspective view of the principal machine
      components;
PAR  FIG. 4 is a front elevation of the fabricating area of the machine with the
      exterior intermediate reedblade and glass cylinder loader removed;
PAR  FIG. 5 is a top view of the principal machine components but with the
      pressure chamber removed;
PAR  FIG. 6 is a perspective view of the bottom reedblade transfer fixture;
PAR  FIG. 7 is a perspective view of the reedblade intermediate loader arm;
PAR  FIG. 8 is a perspective view of the bottom intermediate arm reedblade
      holding chuck;
PAR  FIGS. 9A, 9B and 9C illustrate the loading sequence of the reedblades into
      the reedblade intermediate loader arm from the bottom reedblade transfer
      fixture;
PAR  FIG. 10 is a top view of the reedblade holding chuck of the invention;
PAR  FIG. 11 is a side view of the reedblade chuck;
PAR  FIG. 12 is a bottom view of the reedblade chuck;
PAR  FIG. 13 is an enlarged view of a portion of FIG. 10 showing details of the
      reedblade chuck and its manner of holding the reedblades;
PAR  FIGS. 14A, 14B and 14C show the sequence of operations involved in the
      transfer of reedblades from the intermediate loader arm to the reedblade
      chuck assemblies;
PAR  FIG. 15 is a perspective view, with parts cut-away, illustrating the glass
      envelope chuck of the invention;
PAR  FIGS. 16A, 16B and 16C illustrate the sequence of operations involved in
      the assembly of the chucked reedblades into the glass envelope and the
      formation of a reed switch, and
PAR  FIG. 17 illustrates in graphical form the sequence of machine operations
      and their interrelation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 illustrate the appearance of a reed switch 20 of the general
      type fabricated using the inventive apparatus and method. A generally
      tubular glass envelope 22 has had both of its ends melted around terminal
      shanks 24 of reedblades 26 to obtain seal areas 28. The seal areas form a
      hermetic enclosure for the switch blades 30 which are an integral part of
      reedblades 26. The enclosed volume is typically filled with an inert gas,
      such as nitrogen, to improve the reliability and lengthen the life of the
      switch contact pairs. This type of switch is well known and is used in
      great quantities in switching networks.
PAR  FIGS. 3, 4 and 5 illustrate the basic components of the machine. In each of
      the drawings certain details have been omitted to improve the clarity of
      the drawing presentation. A base plate 32 supports the principal machine
      components including a laterally movable loader transfer arm support 34, a
      vertically movable pressure chamber assembly 36, bottom reedblade transfer
      fixture 38, and front 40 and rear 42 infrared heat sources. The loader
      transfer arm support is secured to and is movable with main slide 44 in
      the direction of double arrow 46.
PAR  Pressure chamber 36 is shown in its uppermost position in FIGS. 3 and 4 and
      is movable from this position downward, in the direction of arrow 48, by
      actuator rods 50 to which it is secured. The pressure chamber is
      maintained in its uppermost position while the reedblades and glass
      envelopes are assembled into their respective chucks and later, while the
      completed reed switch is removed. The pressure chamber is lowered over the
      chucked reedblades and glass envelopes to a closed chamber position
      achieved when it makes sealing contact with an O ring 52 mounted in a head
      base 54. The chamber is maintained in its lowered position and evacuated,
      flushed and pressurized with an inert gas during the interval that the two
      infrared heat sources effect the sealing of the glass envelope about the
      terminal shanks of the reedblades. Lowering of the pressure chamber is
      effected by a yoke 56 secured to the actuator rods and by a double acting
      air cylinder 58, a portion of whose ram is shown.
PAR  Assembly of the reed switch commences with an operator manually assembling
      four reedblades 26, terminal ends down, into the four slots formed in the
      top of the preloader guide bushing 62 which is secured on the top of
      bottom reedblade transfer fixture 38. Loader transfer arm support 34 is
      moved on slide 44 to the left from the position shown in FIG. 5 to a
      position where the centerline 64 of the reedblade loader arm assembly 66
      is aligned with the center line 68 of preloader guide bushing 62. The main
      slide and loader transfer arm support are moved by the action of a main
      slide air cylinder (not shown). When the slide is moved to the left, its
      left end 72 contacts the stop button 74 on left slide stop assembly 70. At
      that point air cylinder 76 retracts stop button 74 cushioning the impact
      of the slide on the stop button. Stop button 74 is shown in its extended
      position in FIGS. 3 and 5.
PAR  With the centerlines of the reedblade loader arm assembly and the bottom
      reedblade transfer fixture aligned, the operator loads the four top
      reedblades, blade ends down, into the slots 78 of the chuck 80 on the top
      of the loader arm assembly 66 as shown in FIG. 7. While the operator is
      loading the four top reedblades, the bottom four which had previously been
      assembled into the slots in the bottom reedblade transfer fixture 38, are
      being transferred automatically to the bottom intermediate arm blade
      holding chuck 82. This automatic transfer sequence is illustrated for one
      pair of reedblades in FIG. 9.
PAR  In FIG. 9A the reedblades 26 have been loaded into the bottom reedblade
      transfer fixture 38 and the reedblade loader arm assembly 66 positioned
      directly over it. In FIG. 9B, an air cylinder 84 connected to the four
      hollow guide pins 86 raises the pins to the position shown. The reedblades
      are carried with the guide pins and partially enter the bottom
      intermediate arm blade holding chuck 82. The blade raising action of air
      cylinder 84 continues until actuator cylinder guide 88 contacts the top
      end 90 of the slot in the side of the bottom reedblade transfer fixture 38
      (FIG. 6). The air cylinder is not used to fully raise the reedblades
      since, if this were done, any variation in the length of the reedblades
      would either cause a variation in their chucked position or, by forcing
      them against a stop cause some deformation.
PAR  After the reedblades are raised to the position shown in FIG. 9B, low
      pressure air is directed through actuator cylinder guide 88 and thence
      upwardly in the direction of arrow 96 through hollow guide pins 86. This
      gently lifts the reedblades until they reach the position shown in FIG. 9C
      where the switch blades 30 and terminal shanks are aligned with a recess
      for receiving them in bottom chuck 82 and where the top edge of the switch
      blades contacts the bottom surface of the top chuck 80. The distance
      between top and bottom chucks 80 and 82 has been exaggerated in FIGS. 7
      and 9 to facilitate illustration. The recess for receiving the reedblades
      is best shown in FIG. 8. When the reedblades reach their final position, a
      vacuum is applied to them through ports 94 in the top and bottom
      intermediate arm blade holding chucks, 80 and 82, respectively. The
      applied vacuum retains the reedblades in position until they are
      transferred to the reedblade chucks used to hold them during final
      assembly. After the reedblades are secured in position by the vacuum, air
      cylinder 84 and guide pins 86 are retracted and the low air pressure
      through the guide pins is shut off.
PAR  While the main slide 44 and loader transfer arm support 34 are in their far
      left position and after loading of the eight reedblades, the operator
      manually loads a glass envelope 22. The envelope is positioned in line
      with the curved end of glass loader transfer arm 98 and resting upon the
      top surface 100 of bottom reedblade transfer fixture 38. An applied vacuum
      at the curved end of arm 98 retains the glass envelope in alignment
      therewith.
PAR  The main slide 44 and loader transfer arm are now moved to the right toward
      a position where the centerline 64 of reedblade loader arm assembly 66
      will be aligned with the machine main centerline 102 as shown in FIG. 5.
      As the slide moves to the right, its right end 104 contacts the stop
      button 106 on right slide stop assembly 108. At that point air cylinder
      110 retracts stop button 106 cushioning the impact of the slide on the
      stop button. The loader transfer arm support is now positioned to permit
      the transfer of the eight reedblades held in its loader arm assembly 66 to
      the two reedblade chucks that will hold them during final assembly of the
      reed switch. Since an understanding of the construction and operation of
      the reedblade chucks will facilitate understanding of the transfer
      operation, this is described next.
PAR  The sealing machine has an upper and a lower reedblade chuck assembly for
      holding the reedblades during final assembly of the reed switch. Both the
      upper, 112, and the lower, 114, chuck assemblies are mounted upon a
      support post assembly 116. Since the two reedblade chucks are
      substantially identical, only one will be described.
PAR  The construction of the lower reedblade chuck 114 is illustrated in FIGS.
      10-13 and the sequence of operations involved in the transfer of the
      reedblades from the loader transfer arm to the two reedblade chucks is
      illustrated in FIGS. 14A-C. Cover plates have not been shown in FIGS. 10
      and 12 to clarify operation and FIG. 13 is an enlarged view of the portion
      of FIG. 10 taken at 13--13.
PAR  Each of the reedblade chuck assemblies, upper as well as lower, is held and
      supported by a base 118 which is, in turn, secured to the support post
      assembly 116. The base is also a structural part of the chuck assembly
      providing guides for the reciprocating motion of clamp slides as they
      alternately open and close on the terminal shank portions 24 of each of
      the reedblades 26. Thus, base 118 contains two guide slots 120
      intersecting each other at a 90.degree. angle in which slots clamp slides
      122 reciprocate.
PAR  The reciprocation of clamp slides 122 to clamp the reedblade terminal ends
      is achieved by air cylinder 124 acting upon a right and left slide
      actuator, 126 and 128 respectively. Left slide actuator 128 in addition to
      its actuating function, also acts as a support for air cylinder 124 and
      its inlet connector 130. When air is applied to air cylinder 124, cylinder
      actuator 132 is moved in the direction of arrow 134 carrying with it two
      guide rods 136 which are journaled in left slide actuator 128 and secured
      to right side actuator 126. This causes right side actuator 126 to move
      outward in the direction of arrow 138 guided by the square section 140 of
      base 118 and left side actuator 128 to also move outward in the direction
      of arrow 142, guided by the same square section 140.
PAR  As the left and right side actuators move outward they push on bearings 144
      which are carried on bearing pins 146 which are each, in turn, secured to
      clamp sides 122. Thus, the clamp slides are also moved outward increasing
      the clearance between their tips 148 and clamp pins 150 into which the
      terminal ends 24 of the reedblades fit. Clamp pins 150 are secured in a
      round recess 152 in base 118 by a roll pin 158. The unclamping outward
      movements of clamp slides 122 are individually restrained by tension
      springs 154. The hidden ends of tension springs 154 are anchored to pins
      (not shown) positioned in the bored holes 156 in base 118 into which the
      springs extend. Then, when air to cylinder 124 is released the springs 154
      restore clamp slides 122 to their closed or clamping position. This is
      advantageous since no energy is expended in holding the reedblades in
      their clamped position. Another advantageous feature of having springs
      maintain the clamp slides 122 in their clamped position is that there is
      no physical linkage between the air cylinder 124 and slides 122. Thus, the
      pressure on each slide can be accurately adjusted to make it uniform on
      all reedblade terminals 24.
PAR  As can be appreciated, the reed members 26 must be maintained in very exact
      position during the sealing operation and, there must be no appreciable
      rotation when they are clamped into the reedblade chucks. Since any
      lateral movement of clamp slides 122 would result in such rotation, it is
      necessary to prevent such rotation while simultaneously permitting free
      reciprocation of the slides. It is an advantageous feature of the
      invention that both lateral movement prevention and free reciprocation are
      achieved through the use of the novel roller bearings best shown in FIG.
      13.
PAR  As shown in FIG. 13, a novel roller bearing construction permits more
      preloading than can ordinarily be achieved and this preloading prevents
      lateral movement of the slides. The novel construction, however, still
      permits the necessary free slide movement which would ordinarily be
      hindered by the extent of the preloading employed. This is accomplished by
      using a conventional roller bearing comprising a bearing cage 160 and
      plural conventional rollers 162 on one side of slide 122. Then on the
      opposite side of the slide there is inserted between the slide and a shim
      168, a novel bearing comprising a bearing cage 160 and tubular rollers
      164. The tubular structure of rollers 164 allows them to deform to an
      imperceptably oval shape as they are fitted into a space slightly narrower
      than their normal outside diameter. Not only does this prevent lateral
      movement of the slides and permits free reciprocation, it automatically
      compensates for any wear or expansion and contraction of slides 122.
PAR  From the foregoing, the manner of operation of the reedblade chuck
      assemblies can be seen as well as the many novel features of their
      construction. Intentionally, there has been a minimum of discussion
      concerning fasteners, cover plates and other elements whose function is
      believed to be clear from the drawing presentation.
PAR  When the reedblade loader arm assembly 66 was moved to the right to align
      it with the machine centerline, the upper and lower reedblade chuck
      assemblies were being held in their highest and lowest positions,
      respectively. In this position, when reedblade loader arm assembly 66 is
      moved into the machine work area by air cylinder 170, the terminal shanks
      24 of the reed members 26 fixtured in its chucks 80 and 82 clear the
      reedblade chuck assemblies. An adjustable stop 172 permits accurate
      adjustment of loader arm assembly travel so that the vertical centerline
      of chucks 80 and 82 is coincident with the vertical centerline of the two
      reedblade chuck assemblies 112 and 114. This is the position shown in FIG.
      14A wherein only the clamp slides 122 and clamp pins 150 of the reedblade
      chuck assemblies are shown. Both the upper and lower reedblade chuck
      assemblies are secured to support post 116 by linear bearings 174. Air
      cylinder operated push rods within the support post control the raising
      and lowering of the reedblade chuck assemblies. The rod for actuation of
      upper chuck assembly 112 is shown at 176 in FIG. 4. The air cylinder 178
      and hollow rod used to actuate the lower reedblade chuck assembly have not
      been shown in order to simplify the drawing presentation since they are
      conventional in nature.
PAR  After positioning of the reed members in alignment with the reedblade chuck
      assemblies, air cylinder 178 is actuated to move the chuck assemblies
      together to come to rest against their innermost stops on support post
      assembly 116. In this position that chucks inner surfaces are then
      substantially equidistant from the horizontal centerline of the reed
      members 26 as fixtured in chucks 80 and 82 of reedblade loader arm
      assembly 66. The terminal shanks 24 of the reed members 26 are positioned
      in the slots formed when clamp slides 122 are in the open position.
PAR  When the terminal shanks 24 of reed members 26 are in position in their
      respective slots of the reedblade chuck assemblies, the chuck assemblies
      air cylinder is deactivated to clamp the shanks 24. This is the position
      shown in FIG. 14B. Thereafter, the vacuum that had been holding the reed
      members in the chucks 80 and 82 of loader arm assembly 66 is replaced by
      low air pressure releasing the reed members and cushioning them to prevent
      abrading against chucks 80 and 82. Air cylinder 178 is then activated to
      move the reedblade chuck assemblies 112 and 114 apart to clear the main
      loading fixture. See FIG. 14C. Air cylinder 170 is then activated to
      retract reedblade loader arm assembly 66 from the sealing area of the
      machine.
PAR  The next event in the sequence of machine operation is the movement of the
      loader transfer arm support 34 a short distance to the left to bring the
      centerline 180 of glass loader transfer arm 98 into alignment with the
      machines main centerline 102. It is an advantageous feature of the
      invention that selective actuation of right slide stop assembly 108 can be
      used to effect this differential movement. Air pressure in cylinder 110 is
      increased until it is greater than that applied to the main slide air
      cylinder (not shown) and which had moved loader transfer arm 34 to its
      rightmost position as shown in FIG. 5. This differential in pressure
      between the main slide air cylinder and air cylinder 110 causes loader
      transfer arm 34 to move to the left until a stop in slide stop assembly
      108 is reached. At this point centerline 180 and 102 are aligned.
PAR  Air cylinder 182 is then actuated to move the glass loader transfer arm 98
      into the machine sealing area. A stop 184 limits movement to that
      necessary to align the vertical centerline of the glass envelope 22 at the
      end of arm 98 with the vertical centerline of glass chuck assembly 186.
      Glass chuck assembly is non-movably secured to support post assembly 116
      and is shown, partly in section, in FIG. 15.
PAR  Glass chuck assembly 186 is of the self-centering type; that is, it will
      maintain the vertical centerline of the glass envelope 22 on the machine
      centerline irrespective of outside diameter variations in the envelope. At
      the end of the last previous machine cycle and prior to movement of glass
      loader transfer arm 98 into the sealing area, the left and right glass
      chucks, 188 and 190 respectively, of the chuck assembly 186 were opened to
      release the last completed reed switch. In the open position there is no
      interference with movement of the loaded glass loader transfer arm.
      Opening of the glass chuck assembly is effected by a glass chuck air
      cylinder (not shown) but below the machine base plate 32 and acting on a
      bell crank (also not shown) to effect rotation of glass chuck actuator rod
      192 and pulley 194 in the direction of arrow 196. This winds up bead chain
      198 moving left glass chuck 188 in the direction of arrow 200 toward the
      open position. Left glass chuck 188 carries a rack segment 202 which
      meshes with pinion gear 204 which in turn, meshes with rack segment 206
      carried by right glass chuck 190. Because of this gear train, as left
      glass chuck 188 is pulled in the direction of arrow 200, right glass chuck
      is driven an equal distance in the opposite direction further opening the
      glass chuck assembly 186.
PAR  Left and right glass chucks 188 and 190 are maintained in alignment with
      each other by glass chuck mounting block 207, pinion gear 204 and a roller
      bearing (not shown) positioned between them and rotatable about cap screw
      208 secured between retainer block 210 and block 207. As left glass chuck
      188 is moved in the direction of arrow 200 toward the open position, an
      extension spring (not shown) connected between chuck 188 and support post
      assembly 116 is extended. Thus, when the glass chuck air cylinder is
      deenergized the extension spring will move glass chucks 188 and 190 toward
      each other to clamp glass envelope 22 in the position shown in FIG. 16A.
PAR  After the glass chuck 186 clamps the glass envelope in the position shown
      in FIG. 16A, the vacuum that had been holding glass envelope 22 in
      position on loader transfer arm 98 is turned off and air cylinder 182 is
      actuated to retract the transfer arm from the sealing area of the machine.
PAR  After withdrawal of the glass loader transfer arm 98, the upper and lower
      reedblade chuck assemblies which had been in their extreme upper and lower
      positions as shown in FIG. 16A, are now moved to their innermost stops on
      support post assembly 116 as shown in FIG. 16B. This movement causes the
      reed members 26 to reassume their original position as fixtured in bottom
      reedblade transfer fixture 38 and chuck 80. However, they are now
      positioned in this relationship inside of the glass envelope 22 which will
      enclose and support the completed reed switch 20.
PAR  After the reedblade chuck assemblies move together to the position shown in
      FIG. 16B, loader transfer arm assembly 34 is moved to the extreme left
      until the reedblade loader arm assembly 66 is again positioned over the
      bottom reedblade transfer fixture 38. In this position, the centerline 212
      of the front infrared source 40 is in alignment with the machine main
      centerline 102. Cylinder 58 is then actuated to close the pressure
      assembly 36 against its seal, the chamber evacuated, purged and then
      pressurized with a dry gas. Then both front and rear infrared sources 40
      and 42 are energized to effect sealing of the upper end of envelope 22
      around the terminal shanks 24. The two energy sources are then switched to
      an "idle" mode and the infrared sources are moved downward on linear
      bearings 214 and 216 by the actions of their respective air cylinders (not
      shown). The two energy sources are then again energized to effect sealing
      of the lower end of reed switch 20.
PAR  Following sealing of the lower end of reed switch 20, the energy sources
      are again switched to an "idle" mode. The pressure chamber is then
      exhausted of its atmosphere following which it opens moving up to the
      position shown in FIGS. 3 and 4. Upper and lower reedblade chuck
      assemblies then open and move outward to the positions shown in FIGS. 4
      and 16C. The infrared sources are then moved to the upper sealing position
      by their respective air cylinders and the loader transfer arm support
      moves to its extreme right to complete the machine cycle. With the machine
      at rest the operator presses a button to open the glass chucks 186 and
      then removes the completed reed switch. The machine is then ready for
      initiation of another sealing cycle.
PAR  The foregoing verbal description of machine operation is shown graphically
      in FIG. 17 where 21 machine functions are described in terms of a series
      of 39 principal events. In FIG. 17, time increases from left to right for
      each of the 21 machine functions. Each of the principal events is
      illusrtated as a vertical change in the function line with the events
      being numbered E1, E2, etc. The five operator functions are: (1) start,
      (2) load the 4 bottom reed members, (3) load the 4 top reed members, (4)
      load the glass envelope and (5) operate pushbutton to open glass chucks
      and remove completed reed switch. These operator functions are shown in
      their proper time sequence at the bottom of the FIG. 17 graph.
PAR  Because they are conventional in nature, the details of the machine
      sequencing system and the pneumatic circuit for the many air cylinders
      have not been shown or described in detail. In machine embodiments
      constructed to date, sequencing has been accomplished by a timer motor
      which turns a cam shaft having cams for controlling the sequence of events
      for the 21 machine functions. Each cam on the cam shaft is so formed that
      it will close one or more electrical switches in the prescribed sequence.
      The switches, in turn, either directly control electrical events such as
      energizing of the infrared sources or, alternately, they control the
      solenoids used to actuate the valves which connect the various vacuum and
      pressure lines to the air cylinders and pressure chamber that comprise the
      machine's pneumatic circuit.
PAR  Since the multi-element reed capsule sealing apparatus of the present
      invention assemblies reed capsules having critical tolerances in the 1 to
      5 thousandths range, certain portions of the apparatus are fabricated from
      metal alloys having low coefficients of thermal expansion in order to
      prevent misalignment of clamped parts due to thermal expansion of machine
      components while subjected to high temperatures during the sealing
      operation. It has been found desirable to fabricate the head base 54,
      support post assembly 116, upper and lower chuck assemblies 112 and 114,
      linear bearings 174 and glass chuck assembly 186 of alloy materials having
      a coefficient of thermal expansion on the order of 2
      in./in./.degree.F.times.10.sup.-.sup.7.
PAR  The invention has been described in detail herein with particular reference
      to preferred embodiments and features thereof. However, it will be
      understood that variations and modifications can be effected within the
      spirit and scope of the invention as described hereinabove and as defined
      in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for aligning and transferring a plurality of reedblade switch
      contact members to be assembled into a reed capsule switch, comprising:
PA1  bottom reedblade transfer fixture means for aligning and temporarily
      holding reedblade contact members, said fixture means having one or more
      reedblade contact member receiving slots disposed about an axis and
      aligned with the desired assembled position of said contact members, one
      slot for each of the pairs of contact members in said reed capsule switch,
PA1  reedblade loader arm means having an upper and a lower reedblade contact
      member receiving slot for each of the contact member pairs in said reed
      capsule switch, each of said upper and lower slots having a contact member
      receiving recess and one or more parts therein selectively connectable to
      a vacuum source and a source of pressurized air, said reedblade loader arm
      means being movable from a position where its slot axis is aligned with
      that of said bottom reedblade transfer fixture means to a position where
      it is not,
PA1  movable hollow guide pin means within said bottom reedblade transfer
      fixture means, one for each slot therein and aligned therewith, said guide
      pin means being selectively movable between a retracted position wherein
      said slots are substantially flush with the edge of the slots and an
      extended position where said contact members extend above said slots a
      distance sufficient to partially enter the slots of said reedblade loader
      arm means aligned therewith, said hollow guide pin means being adapted to
      conduct air therethrough thereby to eject said contact members from the
      slots of said bottom reedblade transfer fixture means.
NUM  2.
PAR  2. In a machine for assembling the plural reedblade contact pairs of a
      multi-element reed capsule switch interior of a glass envelope and having
      means for aligning said contact pairs to their desired assembled positions
      outside of their final assembly area, means for transferring said contact
      pairs and said glass envelope to said assembly area in said aligned
      positions and means for sealing said contact pairs into said glass
      envelope, the improvement in chucking means for holding the terminal
      shanks of each of the reedblade members in position during said sealing
      comprising:
PA1  reedblade chuck base means having one or more guide slots and a reedblade
      member receiving recess therein,
PA1  one or more clamp pin means for each reedblade member to be assembled and
      located in said member receiving recess in alignment with said guide
      slots,
PA1  one or more clamp slide means, one for each reedblade member to be
      assembled, said clamp slide means being located in said guide slots and
      reciprocable therein between a first position clamping said terminal
      shanks and a second position where said terminal shanks are unclamped,
      said terminal shanks being clamped between said clamp pin means and said
      clamp slide means when said clamp slide means are in said first position,
PA1  selectively operable actuator means connected to each of said clamp slide
      means for effecting movement of said clamp slide means to said second
      position,
PA1  spring means connected to each of said clamp slide means for biasing each
      of said clamp slide means toward said first position, and
PA1  preloaded roller bearing means for each of said clamp slide means, said
      preloaded roller bearing comprising tubular rollers confined in a space
      less than the normal uncompressed diameter of said tubular rollers.
NUM  3.
PAR  3. In a machine for assembling the plural reedblade contact pairs of a
      multi-element reed capsule switch interior of a glass envelope having
      means for aligning said contact pairs to their desired assembled positions
      outside of their final assembly area, means for transferring said contact
      pairs and said glass envelope to said assembly area in said aligned
      positions and means for sealing said contact pairs into said glass
      envelope, the improvement in chucking means for holding the terminal
      shanks of each of the reedblade members in position during said sealing
      comprising:
PA1  reedblade chuck base means having one or more guide slots and a reedblade
      member receiving recess therein,
PA1  one or more clamp pin means one for each reedblade member to be assembled
      and located in said member receiving recess in alignment with said guide
      slots,
PA1  one or more clamp slide means, one for each reedblade member to be
      assembled, said clamp slide means being located in said guide slots and
      reciprocable therein between a first position clamping said terminal
      shanks and a second position where said terminal shanks are unclamped,
      said terminal shanks being clamped between said clamp means and said clamp
      slide means when said clamp slide means are in said first position,
PA1  selectively operable actuator means connected to each of said clamp slide
      means for effecting movement of said clamp slide means to said second
      position,
PA1  (spring) means connected to each of said clamp slide means for biasing each
      of said clamp slide means toward said first position, and
PA1  preloaded roller bearing means for each of said clamp slide means, said
      preloaded roller bearings comprising tubular rollers confined in a space
      less than the normal uncompressed diameter of said tubular rollers, said
      tubular rollers being on one side of said clamp slide means and
      conventional solid rollers being on the opposite side.
NUM  4.
PAR  4. In a machine for assembling the plural reedblade contact pairs of a
      multi-element reed capsule switch interior of a glass envelope having
      means for aligning said contact pairs to their desired assembled positions
      outside of their final assembly area, means for transferring said contact
      pairs and said glass envelope to said assembly area in aligned position
      and means for sealing said contact pairs into said glass envelope, the
      improvement in chucking means for holding the terminal shanks of each of
      the reedblade members in position during said sealing comprising:
PA1  preloaded roller bearing means for preventing lateral movement of the
      terminal chuck holding means, said preloaded roller bearing comprising
      tubular rollers confined in a space less than the normal uncompressed
      diameter of said tubular rollers, said tubular rollers being on one side
      of said clamp slide means and conventional solid rollers being on the
      opposite side.
NUM  5.
PAR  5. A method for assembling, aligning and transferring to a movable loader
      arm means in aligned position a plurality of reedblade switch contact
      members, comprising the steps of:
PA1  assembling said plurality of reedblades into slots in a bottom reedblade
      transfer fixture means,
PA1  moving said loader arm means over said bottom reedblade transfer fixture
      means to a position where all of the bottom reedblade receiving slots of
      each means are aligned,
PA1  moving each of said reedblades partly out of the slots in said bottom
      reedblade transfer fixture means and partly into said bottom reedblade
      receiving slots of said loader arm means, and
PA1  pneumatically completing the movement of said reedblades out of the slots
      in said bottom reedblade transfer fixture means and into said bottom
      reedblade receiving slots of said loader arm.
NUM  6.
PAR  6. A method for assembling, aligning and transferring to a movable loader
      arm means in aligned position a plurality of reedblade switch contact
      members comprising one or more reedblade switch contact pairs of a reed
      capsule switch, comprising the steps of:
PA1  assembling the reedblades comprising the first half of each of said contact
      pairs into slots in a bottom reedblade transfer fixture means,
PA1  moving said loader arm means over said bottom reedblade transfer fixture
      means to a position where all of the bottom reedblade receiving slots of
      each means are aligned,
PA1  assembling the reedblades comprising the other half of each of said contact
      pairs into upper reedblade receiving slots in said loader arm means,
PA1  moving each of said reedblades comprising said first half partly out of the
      slots in said bottom reedblade transfer fixture means and partly into said
      bottom reedblade receiving slots of said loader arm means, and
PA1  pneumatically completing the movement of said reedblades comprising said
      first half out of the slots in said bottom reedblade transfer fixture and
      into said bottom reedblade receiving slots of said loader arm whereby each
      of the reedblades comprising a contact pair is positioned in said loader
      arm means in the position it will occupy in the finished reed capsule
      switch.
NUM  7.
PAR  7. A method for assembling and aligning a plurality of reedblade switch
      contact pairs of a reed capsule switch outside of the final assembly area
      of the switch and for transferring said contact pairs to said final
      assembly area in aligned condition, comprising the steps of:
PA1  assembling the reedblades comprising the first half of each of said contact
      pairs into slots in a bottom reedblade transfer fixture means,
PA1  moving a loader arm means over said bottom reedblade transfer fixture means
      to a position where all of the bottom reedblade receiving slots of each
      means are aligned,
PA1  assembling the reedblades comprising the other half of each of said contact
      pairs into upper reedblade receiving slots in each loader arm means,
PA1  moving each of said reedblades comprising said first half partly out of the
      slots in said bottom reedblade transfer fixture means and partly into said
      bottom reedblade receiving slots of said loader arm means,
PA1  pneumatically completing the movement of said reedblades comprising said
      first half out of the slots in said bottom reedblade transfer fixture and
      into said bottom reedblade receiving slots of said loader arm whereby each
      of the reedblades comprising a contact pair is positioned in said loader
      arm means about an axis and in the position it will occupy in the finished
      reed capsule switch, and
PA1  moving said loader arm means to said final assembly area with its said
      contact pair axis being aligned with the axis of the reed capsule switch
      while it is being final assembled.
NUM  8.
PAR  8. A method for assembling and aligning a plurality of reedblade switch
      contact pairs of a reed capsule switch outside of the final assembly area
      of the switch and for transferring said contact pairs to said final
      assembly area in aligned condition, comprising the steps of:
PA1  assembling the reedblades comprising the first half of each of said contact
      pairs into slots in a bottom reedblade transfer fixture means,
PA1  moving a loader arm means over said bottom reedblade transfer fixture means
      to a position where all of the bottom reedblade receiving slots of each
      means are aligned,
PA1  assembling the reedblades comprising the other half of each of said contact
      pairs into upper reedblade receiving slots in said loader arm means with
      their terminal shanks extending therefrom,
PA1  moving each of said reedblades comprising said first half partly out of the
      slots in said bottom reedblade transfer fixture means and partly into said
      bottom reedblade receiving slots of said loader arm means,
PA1  pneumatically completing the movement of said reedblades comprising said
      first half out of the slots in said bottom reedblade transfer fixture and
      into said bottom reedblade receiving slots of said loader arm whereby each
      of the reedblades comprising a contact pair is positioned in said loader
      arm means about an axis and in the position it will occupy in the finished
      reed capsule switch and with its terminal shanks extending from said
      loader arm,
PA1  moving said loader arm means to said final assembly area with its said
      contact pair axis being aligned with the axis of the reed capsule switch
      while it is being final assembled,
PA1  moving a lower reedblade chuck means into a position where the terminal
      shanks of the reedblades comprising said first half are each received in a
      slot in said lower reedblade chuck assembly,
PA1  moving an upper reedblade chuck means into a position where the terminal
      shanks of said reedblades comprising said other half are each received in
      a slot in said upper reedblade chuck assembly,
PA1  actuating said upper and lower reedblade chuck means to clamp each of said
      terminal shanks in its slot therein,
PA1  moving said upper and said lower reedblade chuck means to disengage the
      reedblades from said loader arm means, and
PA1  withdrawing said loader arm means from said final assembly area.
NUM  9.
PAR  9. In the method for assembling, aligning and transferring reedblade switch
      contact pairs to a final assembly area in accord with claim 8, the
      additional steps of:
PA1  maintaining a vacuum on said reedblades while in said loader arm means
      until said upper and lower reedblade chuck means clamp the said terminal
      shanks, thereby to secure said reedblades in position until transfer to
      said chuck means, and
PA1  applying a low pressure gas to said reedblades in place of said vacuum as
      they are disengaged from said loader arm means.
NUM  10.
PAR  10. A method for assembling and aligning a plurality of reedblade switch
      contact pairs of a reed capsule switch outside of the final assembly area
      of the switch and for transferring said contact pairs and a glass envelope
      to said final assembly area in aligned condition, comprising the steps of:
PA1  assembling the reedblades comprising the first half of each of said contact
      pairs into slots in a bottom reedblade transfer fixture means,
PA1  moving a loader arm means over said bottom reedblade transfer fixture means
      to a position where all of the bottom reedblade receiving slots of each
      means are aligned,
PA1  assembling the reedblades comprising the other half of each of said contact
      pairs into upper reedblade receiving slots in said loader arm means with
      their terminal shanks extending therefrom,
PA1  moving each of said reedblades comprising said first half partly out of the
      slots in said bottom reedblade transfer fixture means and partly into said
      bottom reedblade receiving slots of said loader arm means,
PA1  pneumatically completing the movement of said reedblades comprising said
      first half out of the slots in said bottom reedblade transfer fixture and
      into said bottom reedblade receiving slots of said loader arm whereby each
      of the reedblades comprising a contact pair is positioned in said loader
      arm means about an axis and in the position it will occupy in the finished
      reed capsule switch and with its terminal shanks extending from said
      loader arm,
PA1  moving said loader arm means to said final assembly area with its said
      contact pair axis being aligned with the axis of the reed capsule switch
      while it is being final assembled,
PA1  moving a lower reedblade chuck means into a position where the terminal
      shanks of the reedblades comprising said first half are each received in a
      slot disposed about the axis of said lower reedblades chuck assembly,
PA1  moving an upper reedblade chuck means into a position where the terminal
      shanks of said reedblades comprising said other half are each received in
      a slot disposed about the axis of said upper reedblade chuck assembly,
PA1  actuating said upper and lower reedblade chuck means to clamp each of said
      terminal shanks in its slots therein,
PA1  moving said upper and said lower reedblade chuck means to disengage the
      reedblades from said loader arm means,
PA1  withdrawing said loader arm means from said final assembly area,
PA1  assembling a glass envelope to a glass loader transfer arm means,
PA1  moving said glass loader transfer arm means into said final assembly area
      to a position where the axis of said glass envelope coincides with the
      axis of said upper and lower reedblade chucks and the axis of a glass
      chuck,
PA1  closing the jaws of said glass chuck to clamp said glass envelope in final
      assembly position,
PA1  withdrawing said glass loader transfer arm from said assembly area, and
PA1  moving said upper and said lower reedblade chuck means toward each other to
      a position where both halves of each contact pair are aligned with each
      other and in the position to be maintained in the finished reed capsule.
NUM  11.
PAR  11. In a method for assembling the reedblade switch contact pairs and the
      glass envelope of a reed capsule switch in accord with claim 10, the
      additional step of:
PA1  applying infrared energy to said glass envelope to effect sealing of the
      reedblade contact pairs interior of said envelope with said terminal
      shanks extending therefrom.
NUM  12.
PAR  12. In the method for assembling the reedblade switch contact pairs and the
      glass envelope of a reed capsule switch in accord with claim 11, the
      additional steps of:
PA1  actuating said upper and said lower reedblade chuck means to release the
      said terminal shanks,
PA1  moving said upper and said lower reedblade chucks away from said assembled
      reed capsule switch to a position where the terminal shank receiving slots
      of said chucks are remote from said terminal shanks, and
PA1  opening said jaws of said glass chuck to release said reed capsule switch.
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ABST
PAL  In a continuous glass melting furnace, a pair of substantially horizontally
      and longitudinally extending barrier rods are provided just beneath the
      surface of the molten glass closely adjacent to the sides of the floating
      batch blanket so as to maintain the batch blanket spaced from the
      sidewalls of the furnace.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the melting furnace of a glassmaking operation,
      and in particular to a method and apparatus in which guidance means are
      employed to impart directional stability to the unmelted mass of glass
      batch material that floats on the surface of the molten glass in the
      furnace.
PAR  The conventional continuous glass melting furnace is provided with an inlet
      and an outlet at opposite ends, raw, pulverulent batch material being
      introduced through the inlet, and molten glass being drawn off at the
      outlet. Heat for melting is typically provided by flames directed above
      and across the glass. The batch material is deposited onto the surface of
      the pool of molten glass contained by the furnace and, as it is carried
      downstream by the general progression of molten glass toward the outlet,
      forms a layer on the surface known as the "blanket." The batch blanket may
      extend along the length of the furnace a substantial distance before it
      begins to break up into discrete agglomerations of batch known as
      "floaters." In this type of operation, the downstream end of the batch
      blanket often tends to drift laterally into contact with one of the
      sidewalls of the furnace, which leads to a number of severely detrimental
      side effects.
PAR  One ensuing problem arises from the fact that the unmelted or partially
      melted batch material is highly corrosive to the refractory materials from
      which the furnace walls are made, so that contact between the batch
      blanket and a sidewall promotes erosion of the sidewall. This erosion is
      detrimental not only because furnace life is shortened, but also because
      it causes greater numbers of particles from the walls to enter the molten
      glass, which, because they are of a different composition and difficult to
      melt, appear in the final product as inhomogeneities or defects known as
      "stones."
PAR  Another detrimental side effect of the batch blanket drifting against a
      sidewall is that thermal conditions in the furnace are made unsymmetrical,
      which in turn leads to the formation of "hot spots" in the molten glass
      and sets up uneven circulation patterns. The heat input of this type of
      furnace is usually concentrated at the longitudinal centerline of the
      furnace where the unmelted batch is normally centered. Thus when the batch
      blanket shifts to the side, a region of uncovered molten glass at the
      center can become exposed to extremely high temperatures and become
      over-heated, forming a hot spot. Because of the high rate of heating, the
      hot spot exhibits violent, thermally induced convection currents in that
      region of the glass which can cause contaminants to be stirred up from the
      bottom and sides of the pool of molten glass, can increase erosion of the
      sidewall opposite that against which the batch blanket has drifted, and
      can cause even more batch material to build up against one sidewall.
      Furthermore, since a substantial portion of the unmelted batch is in the
      cooler sidewall region when the blanket has drifted and thermal energy is
      being wasted in overheating some of the molten glass, the batch materials
      melt more slowly and less thoroughly and the accumulation of unmelted
      batch along the sidewall against which it has drifted may grow longer and
      longer, eventually reaching a point where proper melting has not been
      achieved in glass arriving at the outlet. The net result of batch blanket
      drift is a serious deterioration in the quality of glass produced and/or a
      severe reduction in throughput.
PAR  Various mechanical pushing or scraping means have been employed in the past
      for keeping the batch blanket centered in the melting furnace, but these
      have been found to be not fully satisfactory because their operation is
      inefficient and their intermittent action does not assure a uniform
      quality of glass. An example of a pushing device may be seen in U.S. Pat.
      No. 3,294,506. A more recent proposal is shown in U.S. Pat. No. 3,495,966,
      wherein cooling means are deployed in the center of the batch blanket to
      produce currents in the glass that tends to maintain the batch centered in
      the furnace. That approach, however, requires the use of specially
      modified batch feeding means and increases operating costs in that it
      reduces furnace efficiency by removing a large amount of thermal energy
      from the furnace.
PAR  U.S. Pat. No. 2,780,891 discloses the use of submerged obstacles in glass
      melting furnaces for impeding the movement of floating masses of batch
      material so as to shorten the melting zone. However, the obstacles are
      designed to stop both lateral and longitudinal movement of a lump of
      batch, and are not adaptable to guiding a continuous batch blanket away
      from the sidewalls as it progresses along the length of a furnace.
PAR  A pair of short baffles that engage the sides of a batch blanket are shown
      in U.S. Pat. No. 3,204,787. These baffles are mounted above the glass line
      at the ends of water-cooled metal pipes which extend through the inlet
      opening. The strength limitations of such an arrangement permit the use of
      only short baffles and restricts their location to the region of the inlet
      opening. Such baffles serve primarily to prevent batch from accumulating
      in the corners, and although they may effect some minor lateral restraint
      of the upstream portion of the blanket, the more unstable downstream
      portion is left completely free to drift against the sidewalls.
PAR  It is also well known to insert electrodes through the walls of glass
      melting furnaces into the molten glass for the purpose of generating
      supplemental heat. The modified use of such electrodes as batch blanket
      guide means forms part of the disclosure of the related U.S. Pat.
      Application Ser. No. 528,373 of Ronald L. Schwenninger filed on even date
      herewith, assigned to the assignee of the present application, PPG
      Industries, Inc., and entitled "Method and Apparatus for Making Molten
      Glass." Employing electrodes as guide means, however, entails drilling
      holes in the furnace wall below the glass line so that exterior electrical
      connections can be made to the electrodes. But in furnaces where
      supplemental heating is not desired, such an arrangement presents an
      unnecessary path for wasteful heat loss from the furnace and a potential
      site for erosion and leakage.
PAR  Thus there is a need for means to impart more effective lateral guidance to
      a continuous batch blanket that does not reduce furnace efficiency or
      entail the other drawbacks of prior art arrangements.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a batch blanket is maintained
      evenly spaced from the sidewalls of a glass melting furnace by providing
      within the furnace a pair of longitudinally extending barriers that are
      supported along the sides of the batch blanket just beneath the molten
      glass level. The barriers may be comprised of rod-like or bar-like members
      of refractory material that are supported from the roof, sides, or bottom
      of the furnace so as to leave undisturbed the normal circulation of molten
      glass under and around the batch blanket. In the preferred embodiment the
      barriers consist of carbon rods held in place by water-cooled pipes
      extending through the furnace roof. The barriers have sufficient length to
      impart a "steering" effect to the batch blanket, preferably extending from
      near the inlet end wall to at least the region where the batch begins to
      break up.
PAR  A more thorough understanding of the invention will be gained from the
      following detailed description of the preferred embodiments taken together
      with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical section along the length of a typical glass melting
      furnace incorporating a preferred embodiment of the present invention.
PAR  FIG. 2 is a horizontal section through the same furnace shown in FIG. 1.
PAR  FIG. 3 is an elevation showing details of a segment of a barrier rod and
      one hold-down pipe.
DETD
PAC  DETAILED DESCRIPTION
PAR  This description refers specifically to the type of furnace conventionally
      employed in the manufacture of quality flat glass, but it should be
      apparent that the advantages of the invention render its inclusion in
      virtually any continuous glassmaking operation desirable.
PAR  Referring to FIGS. 1 and 2, there is shown in vertical and horizontal
      cross-sectional views, respectively, a conventional, continuously fed,
      cross-tank fired, glass melting furnace having an enclosure formed by a
      bottom 11, roof 12, and sidewalls 13 made of refractory materials. Glass
      batch material 14 is introduced through inlet opening 15 in an extension
      20 of the furnace known as the fill doghouse. The batch may be introduced
      intermittently by feeding means (not shown) to form a ridged blanket
      floating on the surface of the molten glass 21 as shown, or it may be fed
      continuously to form a uniform blanket. Usually the most effective
      practice is to feed the batch across approximately the central two-thirds
      of the furnace width so as to concentrate the unmelted batch in the
      hottest regions of the furnace and to initially space the batch from the
      sidewalls. With the extra protection of the sidewalls provided in this
      invention, the blanket may, in some cases, be located closer to the
      sidewalls if thermal conditions permit. Overall progression of the glass
      is from left to right in the figures, toward a longitudinally displaced
      outlet opening 16 at the opposite end of the furnace from the inlet
      opening. Heat is provided by flames issuing from burner ports 22 spaced
      along the sidewalls, which are directed onto and across the molten glass.
PAR  The batch guiding barriers depicted in the figures are a preferred
      embodiment comprised of a pair of rods 23 that extend longitudinally and
      substantially horizontally along the sides of the batch blanket, suspended
      just beneath the surface of the molten glass. The rods may extend from
      inside the doghouse end wall 24 at an elevation lower than the inlet
      opening, through the fill doghouse extension, and into the main body of
      the furnace enclosure a distance sufficient to impart lateral guidance to
      the batch blanket. Rods 23 may consist of any material which is rigid at
      furnace temperatures and does not introduce a substantial amount of
      contamination into the molten glass by way of erosion. Many ceramic
      refractory materials known in the glassmaking art may be found suitable,
      depending upon the amount of contamination that can be tolerated. One
      material that may be employed without contaminating the glass composition
      is fused silica. it is also possible to utilize water-cooled metal pipes
      of high-temperature-resistant alloys without substantially lowering the
      surrounding glass temperature, provided that adequate support is given to
      such pipes to prevent sagging, if necessary. The material preferred for
      use as the barrier rods is carbon, because carbon is inexpensive, retains
      its rigidity at extremely high temperatures, is not a contaminant to
      glass, and has a specific gravity less than that of molten glass and
      therefore advantageously floats in the pool of molten glass. Suitable rods
      of carbon (usually comprised of a significant amount of graphite) are
      readily available commercially for use as industrial electrodes. These
      rods typically have diameters of several inches and are supplied in
      sections several feet long threaded on the ends to permit any number of
      sections to be connected with threaded pins 25 as shown in FIG. 3. These
      carbon rods are usually available with circular cross-sections, but any
      cross-sectional shape would generally be suitable.
PAR  Means for retaining the barriers in place may include support members
      extending from the bottom, roof, or sides of the furnace and may include
      pillars of refractory ceramics or water-cooled metal pipes. Carbon rods
      may also be used as support members if they are located below the molten
      glass level. Preferably only two narrow supports are provided for each
      barrier rod so as to not disrupt the circulation of molten glass or
      obstruct the burner flames. In connection with the preferred embodiment,
      supporting the carbon rods consists of holding each beneath the surface of
      the molten glass with a pair of water cooled pipes 30 and 31, which may be
      made of high-temperature-resistant alloys, including some stainless steel
      alloys. Each pipe has an inner tube 32 and an outer sheath 33 (FIG. 3) to
      provide concentric, countercurrent paths for the cooling water. Each
      hold-down pipe is received in a radial bore 34 in the carbon rods 23 in a
      slip-fit relationship.
PAR  The carbon rods may be installed by inserting them through the inlet
      opening 15 and floating them into position so as to align each bore 34
      with its respective hold-down pipe. Hydraulically or pneumatically
      reciprocated pusher devices aid the aligning of the rods. The pipes may
      then be lowered to push the carbon rods beneath the surface of the molten
      glass to prevent them from being oxidized in the gaseous atmosphere of the
      furnace. The installation steps should be carried out with reasonable
      haste (e.g., about 30 minutes for each rod) to avoid substantial oxidation
      of the rods before they are submerged. The rods are preferably submerged
      in the molten glass at a minimal depth sufficient to just cover the
      electrodes. This might be on the order of about one to two inches (2.5 to
      5 centimeters) in a large scale commercial furnace. Because the batch
      sinks several inches beneath the surface of the molten glass, the
      submerged barrier rods engage the lower portions of the batch and thus
      physically block lateral drifting of the batch. The maximum depth to which
      the rods may be submerged is therefore limited to the deepest level of the
      batch material. It is preferred that the rods be mounted as nearly
      horizontally as possible, but since the thickness of the batch blanket is
      reduced as melting progresses, the rods could slope upward slightly to
      follow the general contour of the underside of the batch blanket. Such a
      slop would normally be so moderate that it could be said that the barrier
      rods are for all practical purposes substantially horizontal.
PAR  The barrier rods should have relatively high structural strength so as to
      minimize the number of support members required. In a large scale
      commercial furnace, the preferred carbon rods may have diameters on the
      order of 4 to 9 inches (10 to 22.5 centimeters) in order to bridge spans
      as much as 20 feet (6 meters) or more. Even longer barrier spans are
      comtemplated, however, and can be readily accommodated by utilizing rods
      with appropriately larger diameters, carbon rods as large as 24 inches (62
      centimeters) in diameter being commercially available. Even when not
      necessary for structural strength, some advantage may be derived from the
      use of large diameter barrier rods in that they present a larger obstacle
      in the path of drifting masses of batch.
PAR  The upstream ends of barrier rods 23 may be in contact with the interior
      surface of wall 24 or may even be set into sockets drilled partially
      through the wall from the inside, thereby eliminating the need for the
      upstream hold-down pipes 31. It may be desirable in most cases to space
      the ends of the barrier rods at least a small distance from the end wall
      24 to avoid having the rods frozen into glass which sometimes solidifies
      near the relatively cool end wall, which could render removal of the rods
      more difficult in the event that the rods need to be replaced. A gap on
      the order of about 6 inches (15 centimeters) or less may be adequate to
      prevent lodging of the rods in frozen glass, but the ends of the rods may
      be located considerably farther downstream without impairing their guiding
      effect on the batch blanket. Since the batch blanket acts as a relatively
      cohesive unit, the barriers may coincide with only a portion of a length
      of the batch blanket, preferably toward the downstream end of the batch
      blanket, that being the portion most prone to lateral drifting. In
      general, the barriers should extend alongside at least 30 percent of the
      length of the batch blanket in order to obtain adequate guidance. Batch
      blanket length is measured from the point of batch introduction (from
      doghouse end wall 24 in FIGS. 1 and 2) to the zone where the blanket
      begins separating into discrete, freely floating agglomerations of batch
      known as "logs" or "floaters." The upstream ends of the barriers may thus
      be spaced several feed downstream from the inlet opening, and may be
      completely outside of the fill doghouse extension.
PAR  The optimum location of the downstream terminus of each barrier varies from
      furnace to furnace, being determined largely by the distance that the
      batch blanket extends into the furnace, which in turn depends upon the
      size and geometry of the furnace as well as various process parameters
      such as glass composition and furnace temperature. Although the barriers
      preferably extend downstream at least as far as the end of the batch
      blanket, the barriers may terminate somewhat short of that point since
      sufficient guidance of the batch may be effected by "steering" the blanket
      along a sufficiently long (i.e., at least 30%) upstream portion of its
      length so as to render it unlikely that the portion of the blanket beyond
      the barriers would drift into contact with the sidewalls of the furnace
      under normal circumstances. Additional safeguards may be provided by
      extending the barriers to the point where melting is substantially
      complete, i.e., where the "logs" or "floaters" disappear, or, in order to
      provide maximum protection, the barriers may extend the full length of the
      furnace.
PAR  The melting pattern depicted in FIGS. 1 and 2 may be considered to
      represent the fastest melting rate that would ordinarily be encountered in
      such a furnace in the flat glass industry. Such furnaces conventionally
      have about six to eight burner ports 22 on each side, only the first five
      being shown in FIGS. 1 and 2. With the primary source of heat for melting
      thus spaced along the length of the furnace, the most effective melting
      temperature would not be encountered until the batch has passed a number
      of the burner ports at the inlet end. Typically the batch blanket does not
      begin to break up until it approaches the region opposite the third or
      fourth burner port, nearly half the length of the furnace, but blankets
      reaching only the second burner port or as far as the fifth burner port
      are not exceptional. Although theoretically possible, it would require
      extreme furnace conditions for the batch blanket to begin breaking up
      opposite the first of a series of burner ports as shown in FIGS. 1 and 2.
      Thus, in terms of furnace structure, it can be generally said that the
      downstream ends of the barriers should be no closer to the inlet end than
      the region opposite the first burner port.
PAR  In a furnace of the type shown in FIGS. 1 and 2, which includes a fill
      doghouse extension 20, typical furnace geometry is such that the
      horizontal depth of the doghouse normally represents a small fraction of
      the distance from the doghouse end wall 24 to the downstream end of the
      batch blanket. A majority of the batch blanket in such a case would extend
      beyond the doghouse, into the main body of the furnace enclosure.
      Accordingly, it may also be said that the barriers extend a substantial
      distance into the main body of the furnace, that distance being at least
      as great as the horizontal depth of the fill doghouse extension.
PAR  Another structural relationship useful in defining the location of the
      barriers is that their downstream ends should be spaced from the inlet
      opening a distance greater than about half the inside width of the
      furnace.
PAR  The barriers are preferably spaced from the sidewalls of the furnace,
      closely adjacent to the sides of the batch blanket so as to maximize
      symmetry of the melting process by leaving little or no space for lateral
      movement of the batch blanket. The barriers may be generally parallel to
      the sidewalls of the furnace, but since the width of the batch blanket is
      reduced as melting progresses, the barriers may toe-in slightly to follow
      the outline of the blanket more closely.
PAR  As a specific example, consider a furnace of the type shown in FIGS. 1 and
      2 whose size and proportions are typical of commercial flat glass
      manufacturing installations wherein: the furnace is about 30 feet (9
      meters) wide, with seven burner ports on each side spaced 10 feet (3
      meters) apart from center to center and 10 feet (3 meters) from the ends,
      provided with a fill doghouse that extends about 5 feet (1.5 meters)
      beyond the back wall. The glass depth is approximately 4 feet (1.2
      meters), and the batch blanket is about 20 feet (6 meters) in width at the
      inlet and extends to a point between the third and fourth burners. A pair
      of carbon barrier rods 30 feet (9 meters) long and 9 inches (22.5
      centimeters) in diameter were installed in such a furnace, using
      water-cooled stainless steel hold-down pipes to maintain the rods
      submerged about one inch (2.5 centimeters) below the molten glass surface.
      The rods were parallel to the sidewalls and substantially horizontal, with
      the upstream ends spaced about 7 inches (17.5 centimeters) from the
      doghouse end wall. With the barrier rods in place the need for manual
      pushing of the batch was eliminated, no batch drifted against the
      sidewalls, and furnace temperatures stabilized significantly.
PAR  It should be apparent that other modifications and variations as are known
      to those of skill in the art may be resorted to without departing from the
      spirit and scope of the invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a continuous process for making molten glass of the type wherein
      glass batch material is introduced into a melting furnace through an inlet
      opening at an end wall of the furnace and molten glass is withdrawn from
      the furnace through an outlet opening which is spaced from said inlet
      opening in a longitudinal direction, whereby molten glass and batch
      materials within the furnace continually progress generally in the
      longitudinal direction along a flow path defined by an opposed pair of
      sidewalls in the furnace, the introduction of the batch material being
      such that the batch is deposited onto the surface of the molten glass
      within the furnace across less than the full width of the furnace so as to
      maintain on the molten glass a substantially continuous blanket of batch
      material which extends longitudinally from the inlet end to a point
      intermediate said inlet end and said outlet and which is initially spaced
      from the sidewalls of the furnace, said blanket continually progressing
      along the furnace in the longitudinal direction while being melted,
      wherein portions of said blanket have a tendency to drift laterally toward
      the sidewalls, the improvement comprising:
PA1  preventing the batch blanket from laterally drifting into contact with the
      sidewalls as it progresses longitudinally by maintaining between each
      sidewall and the respective side of the batch blanket a substantially
      horizontally and longitudinally extending barrier submerged slightly below
      the surface of the molten glass along at least 30 percent of the length of
      the batch blanket so that movement of the batch blanket in the
      longitudinal direction is essentially unimpeded but lateral drifting onto
      the sidewalls is thereby obstructed, and holding said barriers in place by
      means of separate support members extending into the furnace so that said
      barriers are retained wholly within the confines of the furnace.
NUM  2.
PAR  2. The method of claim 1 wherein the batch material is deposited across
      about two-thirds of the width of the pool of molten glass and the barriers
      are located closely adjacent to the sides of the batch blanket so as to
      prevent substantial lateral drifting of the batch blanket.
NUM  3.
PAR  3. The method of claim 1 wherein the barriers extend downstream at least as
      far as the downstream end of the batch blanket.
NUM  4.
PAR  4. The method of claim 1 wherein the barriers are made of carbon, and the
      support members comprise water-cooled hold-down pipes extending through
      the furnace roof.
NUM  5.
PAR  5. A furnace for the continuous production of molten glass comprising:
PA1  an enclosure for holding a volume of molten glass, including an inlet end
      wall, an outlet opening displaced from said inlet end wall in a
      longitudinal direction, a pair of opposed sidewalls defining a flow path
      for the molten glass from said inlet end wall toward said outlet opening,
      and an inlet opening at said inlet end wall through which glass batch
      material may be introduced onto the molten glass as a substantially
      continuous batch blanket spaced from the sidewalls and free to progress in
      the longitudinal direction toward said outlet opening;
PA1  a plurality of burner ports spaced longitudinally along said enclosure
      adapted for melting the longitudinally progressing glass batch prior to
      its arrival at the outlet opening;
PA1  a pair of spaced apart, substantially horizontally and longitudinally
      extending barriers supported wholly within said enclosure with their
      downstream ends located at least as far downstream as the region opposite
      the first of said burner ports from the inlet end, each barrier having a
      length at least as great as 30 percent of the distance from said inlet
      opening to said first burner port, said barriers supported at an elevation
      such that they serve as obstacles against lateral drifting of the batch
      blanket onto the sidewalls as it progresses longitudinally; and
PA1  support members extending into said enclosure, engaging said barriers, and
      holding the barriers in place.
NUM  6.
PAR  6. The furnace of claim 5 wherein said barriers are made of carbon, and
      said support members comprise hold-down pipes extending into the furnace
      from above the barriers.
NUM  7.
PAR  7. The furnace of claim 5 wherein the length of each of said barriers is
      greater than half the width of said enclosure.
NUM  8.
PAR  8. The furnace of claim 5 wherein the upstream ends of said barriers are
      closely adjacent to, but spaced from, the inlet end wall.
NUM  9.
PAR  9. The furnace of claim 8 wherein said inlet end wall forms part of a
      doghouse extension of said enclosure, and the upstream ends of said
      barriers lie within said extension.
NUM  10.
PAR  10. The furnace of claim 9 wherein said barriers extend downstream beyond
      the region opposite the second of said burners from the inlet end.
NUM  11.
PAR  11. The furnace of claim 5 wherein the arrangement of said support members
      leaves an essentially unobstructed area for circulation of molten glass
      beneath said barriers.
NUM  12.
PAR  12. A method for improving the performance of a continuous glass melting
      operation of the type wherein glass batch material is introduced into a
      melting furnace through an inlet opening at an end wall of the furnace and
      molten glass is withdrawn from the furnace through an outlet opening which
      is spaced from said inlet opening in a longitudinal direction, whereby
      molten glass and batch materials within the furnace continually progress
      generally in the longitudinal direction along a flow path defined by an
      opposed pair of sidewalls in the furnace, the introduction of the batch
      material being such that the batch is deposited onto the surface of the
      molten glass within the furnace across less than the full width of the
      furnace so as to maintain on the molten glass a substantially continuous
      blanket of batch material which extends longitudinally from the inlet end
      to a point intermediate said inlet end and said outlet and which is
      initially spaced from the sidewalls of the furnace, said blanket
      continually progressing along the furnace in the longitudinal direction
      while being melted, wherein portions of said blanket have a tendency to
      drift laterally toward the sidewalls, comprising the steps of:
PA1  while said pool of glass is maintained in the molten state, inserting
      through said inlet opening a pair of rods of refractory material having a
      specific gravity less than that of the molten glass;
PA1  aligning said rods substantially parallel to the sidewalls of the furnace
      while buoyantly supported by the molten glass and placing said rods in a
      spaced-apart and substantially co-extensive relationship to each other so
      as to outline the sides of a flow path for the longitudinal progression of
      the batch blanket spaced from the sidewalls; and
PA1  into the molten glass, thereby submerging and retaining the rods beneath
      the surface of the molten glass at an elevation slightly below the surface
      of the molten glass so that movement of the batch blanket in the
      longitudinal direction is essentially unimpeded but lateral drifting onto
      the sidewalls is obstructed.
NUM  13.
PAR  13. The method of claim 12 wherein said rods are made of carbon and said
      support means comprise water-cooled pipes, and said engaging step
      comprises inserting said pipes into said furnace, and mating the end of
      each pipe with a bore in one of said carbon rods.
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PAL  In a continuous, fuel-fired glass melting furnace, a pair of substantially
      horizontal, longitudinally extending electrodes are provided in the molten
      glass closely adjacent to the sides of the floating batch blanket for
      supplying electrically generated booster heat to the underside of the
      batch blanket. The electrodes extend a substantial distance into the
      melting zone of the furnace through the fill end wall. The electrodes also
      serve as physical barriers that prevent the batch blanket from drifting
      into contact with sidewalls of the furnace. The electrode arrangement
      boosts melting rates with efficient utilization of electrical energy, and
      avoids furnace wall erosion and unbalanced melting conditions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the melting furnace of a glassmaking operation,
      and in particular to a method and apparatus in which electric heating is
      employed to boost the output of a furnace whose primary source of heat is
      the burning of liquid or gaseous hydrocarbon fuels.
PAR  The conventional continuous glass melting furnace is provided with an inlet
      and an outlet at opposite ends, raw, pulverulent batch material being
      introduced through the inlet, and molten glass being drawn off at the
      outlet. The heat for melting and reacting the batch material is furnished
      by large jets of flame projected across and above the pool of molten glass
      in the furnace. Since the melting rate of such a furnace is restricted by
      the limited ability of the walls to withstand high flame temperatures,
      various proposals have been made to speed the melting rate and boost total
      output by providing auxiliary electric heaters beneath the surface of the
      pool of molten glass. Such heaters are generally comprised of two or more
      electrodes inserted into the molten glass, between which alternating
      current is passed to heat the glass by the Joule effect. Typical prior art
      electric booster heating arrangements are shown in the following U.S. Pat
      Nos.:
PAR  2,397,852. . . Gentil. . . Apr. 2, 1946
PAR  2,749,378. . . Penberthy. . . June 5, 1956
PAR  2,767,235. . . Herrold et al. . . Oct. 16, 1956
PAR  2,832,958. . . Penberthy. . . Apr. 29, 1958
PAR  Although such arrangements may supply some extra heat to the melting
      operation, they do not provide the most efficient utilization of
      electrical energy, and they concentrate the heating effect in portions of
      the molten glass that are closely adjacent to the walls of the furnace,
      thereby promoting erosion of the walls. This erosion is detrimental not
      only because furnace life is shortened, but also because it causes greater
      numbers of particles from the walls to enter the molten glass, which,
      because they are of a different composition and difficult to melt, appear
      in the final product as inhomogeneities or defects known as "stones." Each
      of the above-cited patents shows a relatively large number of short
      electrodes inserted through the furnace walls. Because current density
      will be greatest near the electrodes, all of these arrangements produce
      the hottest temperatures close to the walls, and thus promote erosion of
      the adjacent wall areas. The Gentil patent also requires the batch
      material to be melted by the electrodes in small doghouses before entering
      the furnace. That arrangement places partially melted batch material,
      which is even more corrosive than molten glass, into direct contact with
      the doghouse walls, and at the same time requires extremely high
      temperatures within the small space of the doghouses in order to effect
      complete melting there. Gentil's doghouse walls would therefore be subject
      to a high rate of erosion. The erosion could be slowed by cooling the wall
      areas around each electrode in the prior art arrangements, but to do so
      would waste a significant portion of the thermal energy provided by the
      booster heating.
PAR  Another problem encountered in continuous glass melting furnaces is the
      directional instability of the layer of unmelted or partially melted batch
      material, known as the batch blanket, which floats on the surface of the
      pool of molten glass. The end of the blanket farthest into the furnace
      often tends to drift against one of the sidewalls, which not only brings
      the corrosive batch material into contact with the sidewall, but also
      establishes a persistent, unsymmetrical heating and circulation pattern in
      the furnace which is highly undesirable.
PAR  It is an object of this invention to overcome the drawbacks associated with
      electric booster heating in a glassmaking process by providing an
      arrangement that efficiently directs electrically generated heat to the
      zone where it is best utilized, while at the same time avoiding increased
      furnace wall erosion and improving the directional stability of the batch
      blanket. These and other objects will become apparent from the following
      description of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a continuous glass melting furnace with a pair of
      long electrodes that extend longitudinally and substantially horizontally
      from the inlet end wall beneath the batch inlet opening along the sides of
      a substantial portion of the batch blanket. In the preferred embodiment,
      the electrodes are submerged just beneath the surface of the molten glass,
      closely adjacent to the sides of the floating batch blanket and spaced
      from the sidewalls of the furnace. With the electrodes thus located, the
      passage of current through the molten glass generates heat in the coolest
      portion of the glass in the melting zone, the portion immediately beneath
      the blanket of unmelted batch, and yet does not appreciably increase the
      temperature near the sidewalls. The only wall subjected to significant
      additional heating action is the inlet end wall, which in most cases will
      not be detrimentally effected since that wall is the coolest in the
      melting zone due to its proximity to the cold, newly-introduced batch
      material.
PAR  The electrodes are considerably longer than those previously deployed in
      such a position in the prior art, thereby yielding a number of advantages.
      Because of the greater length, a given power input is distributed over a
      larger area, and thus a large amount of thermal energy can be added to the
      furnace without creating unduly high temperatures in the vicinity of the
      electrodes. Because of this relatively low power density, erosion of the
      wall through which the electrodes are inserted will not be appreciably
      increased. Further advantages are realized from the present invention when
      it is desired or becomes necessary to additionally impede erosion at the
      conjunction of the electrodes and the end wall by applying cooling means
      (such as water-cooled pads) to the wall. Since the electric booster
      heating of this invention is provided by two large electrodes rather than
      many small electrodes, cooling can be limited to merely two areas on the
      end wall, thereby subtracting only a small fraction of the booster energy
      input. And because of the great length of the electrodes, a large majority
      of the heating takes place far removed from, and unaffected by, any
      cooling of the wall.
PAR  Another major benefit derived from the inventive electrode arrangement is
      that the electrodes act as physical barriers that maintain the floating
      batch blanket spaced from the sidewalls of the furnace, thereby
      maintaining symmetrical heating conditions in the furnace and preventing
      the erosion that can occur when the batch comes into contact with the
      sidewalls. Guiding the batch down the center of the furnace is also
      advantageous in that better melting conditions are encountered there than
      along the cooler regions near the sidewalls. Accordingly, the length of
      the electrodes is selected not only to yield a low power density, but also
      to provide a lateral restraining effect sufficiently far downstream from
      the inlet that there is little or no chance of any part of the batch
      blanket drifting into contact with a sidewall. This guiding function of
      the electrode arrangement may be realized even when no electric current is
      being passed through the electrodes. Related to this aspect of the
      invention is copending application Ser. No. 528,374 of Wright M. Welton
      filed on even date herewith, assigned to the assignee of the present
      application, PPG Industries, Inc., and entitled "Method and Apparatus for
      Making Molten Glass with Batch Guiding Means."
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical section along the length of a typical glass melting
      furnace incorporating a preferred embodiment of the present invention.
PAR  FIG. 2 is a horizontal section through the same furnace shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  This description refers specifically to the type of furnace conventionally
      employed in the manufacture of quality flat glass, but it should be
      apparent that the advantages of the invention render its inclusion in
      virtiually any continuous glassmaking operation desirable.
PAR  Referring to FIGS. 1 and 2, there is shown in vertical and horizontal
      cross-sectional views, respectively, a conventional, continuously fed,
      cross-tank fired, glass melting furnace having an enclosure formed by
      bottom 11, roof 12, and sidewalls 13 made of refractory materials. Overall
      progression of the glass is from left to right in the figures, toward an
      outlet opening 16 at a downstream location. Glass batch material 14 is
      introduced through inlet opening 15 in an extension 20 of the furnace
      known as the fill doghouse. The batch may be introduced intermittently by
      feeding means (not shown) to form a ridged blanket floating on the surface
      of the molten glass 21 as shown, or it may be fed continuously to form a
      uniform blanket. Usually the most effective practice is to feed the batch
      across approximately the central two-thirds of the furnace width. Heat is
      provided by flames issuing from burner ports 22 spaced along the
      sidewalls, which are directed onto and across the molten glass. Although
      some heat for melting is obtained by conduction from the molten glass, the
      batch is melted primarily by radiant heat from above. Since unmelted batch
      acts as a relatively good heat insulator, melting takes place primarily
      from the top down and is thus not as rapid as is sometimes desired.
PAR  In order to supply more heat for melting, the present invention adds
      electrically generated heat closely adjacent to the underside of the batch
      blanket by providing a pair of electrodes 23 which extend into the furnace
      through holes drilled through the end wall 24 beneath the inlet opening.
      The electrodes may be comprised for commercially available carbon rod
      electrodes having diameters of several inches and provided in sections
      that are several feet long and threaded on the ends to permit any number
      of sections to be connected. Although not required, each electrode may be
      provided with a small axial bore along its length to permit gases
      generated at the glass/electrode interface to bleed through the carbon,
      into the electrode, and pass to the exterior of the furnace rather than
      generating bubbles in the molten glass. Although other materials are known
      as suitable for glass furnace electrodes, carbon rods (usually including a
      significant amount of graphite) are preferred here because of their
      rigidity at high temperatures and because any erosion of carbon from the
      electrodes does not contaminate the glass, since glass batch normally
      includes some carbon as an ingredient. The diameters of the rods will
      depend upon their lengths, in that sufficient strength must be provided to
      counteract the bending force produced by the buoyancy of the lighter
      carbon rods in the molten glass. For example, diameters on the order of
      about 6 to about 9 inches (15 to 23 centimeters) would be satisfactory for
      electrodes that penetrate as much as about 20 feet (6 meters) into the
      molten glass, as would be typical in a large commercial melting furnace.
      Even longer electrode penetrations are contemplated, however, and can be
      readily accommodated by utilizing rods with appropriately larger
      diameters, carbon electrodes as large as 24 inches (62 centimeters) in
      diameter being commercially available.
PAR  In order to direct the booster heat primarily toward the cool underside of
      the batch blanket, the electrodes are preferably located as close as
      possible to the sides of the batch blanket and submerged in the molten
      glass at a minimal depth sufficient to just cover the electrodes and
      prevent oxidation of the carbon in the atmosphere of the furnace.
      Preferably, this depth may be on the order of 1 to 2 inches (2.5-5
      centimeters) in a large scale commercial furnace. Because the batch
      extends several inches beneath the molten glass level, the electrodes act
      as physical barriers to lateral movement of the batch blanket, thus
      preventing batch material from drifting into contact with the sidewalls.
      The electrodes may be submerged below the molten glass level as deep as
      the unmelted batch extends (more than 12 inches (30 centimeters) in some
      cases), but a minimum depth is preferred for optimum guidance of the
      blanket. One may, of course, forgo the benefits of batch blanket guidance
      by deeply submerging the electrodes and yet retain other advantages of the
      invention. In any case, the electrodes should be no closer to the bottom
      of the furnace than about half the depth of the molten glass to avoid
      eroding the bottom.
PAR  The electrodes may generally be parallel to the sidewalls of the furnace
      and in contact with the outside edges of the widest portion of the batch
      blanket. Since the width of the batch blanket is reduced as melting
      progresses, it may be advantageous for the electrodes to toe-in slightly
      to conform to the outline of the batch blanket. Placing the electrodes as
      close as possible to the sides of the batch blanket concentrates the
      electric heat beneath the batch blanket and maintains a more stable,
      symmetrical melting pattern in the furnace, but it is permissible to space
      the electrodes farther apart than the width of the batch blanket so long
      as sufficient spacing from the sidewalls is provided to avoid significant
      additional heating of the sidewalls.
PAR  It is preferred that the electrodes be mounted as nearly horizontally as
      possible to simplify installation and to provide more intimate contact of
      the underside of the batch blanket with the electric heat. Since the depth
      of the batch blanket decreases as it moves downstream the electrodes may
      slope upward a few degrees to follow the general contour of the underside
      of the blanket, but even in the most extreme cases it can be said that the
      electrodes would be substantially horizontal.
PAR  The specific optimum length for the electrodes will vary from furnace to
      furnace, and is determined largely by the distance that the batch blanket
      extends into the furnace, which in turn depends upon the size and geometry
      of the furnace as well as various process parameters (glass composition,
      furnace temperatures, etc.). The electrodes should be long enough to
      distribute the electrical energy across a relatively large area closely
      adjacent to the underside of a substantial portion of the batch blanket
      and preferably to also impart sufficient lateral guidance to the blanket
      to insure that the portion of the blanket beyond the tips of the
      electrodes will not drift into contact with the sidewalls under normal
      circumstances. In general, the electrodes should extend into the furnace
      at least 30 to 100 percent, preferably 50 to 75 percent, of the distance
      that the batch blanket extends into the furnace, measured from the point
      of batch introduction to the zone where the blanket begins separating into
      discrete, freely floating agglomerations of batch known as "logs" or
      "floaters." However, the electrodes may extend to virtually any distance
      beyond the end of the batch blanket if additional protection of the
      sidewalls from floating batch is desired. For example, the electrodes may
      reach to the region of the furnace where all the batch, including the
      floaters, has been melted, or they may extend the entire length of the
      furnace. Lengths coincident with the major portion of the batch blanket
      length are preferred because the electric energy input is utilized most
      efficiently there while also obtaining significant improvements in batch
      guidance.
PAR  The melting pattern depicted in FIGS. 1 and 2 may be considered to
      represent the fastest melting rate that would ordinarily be encountered in
      such a furnace in the flat glass industry. Such furnaces conventionally
      have about six to eight burner ports 22 on each side, only the first five
      being shown in FIGS. 1 and 2. With the primary sources of heat for melting
      thus spaced along the length of the furnace, the most effective melting
      temperature would not be encountered until the batch has passed a number
      of the burner ports at the inlet end. Typically the batch blanket does not
      begin to break up until it approaches the region of the third or fourth
      burner port, nearly half the length of the furnace, but blankets reaching
      only the second burner port or as far as the fifth burner port are not
      exceptional. For a majority of the melting to have taken place when the
      batch is opposite the first of a series of burner ports, as shown in FIGS.
      1 and 2, it will entail extreme, but theoretically possible, furnace
      conditions. Thus the desirable lengths for the electrodes may be
      structurally defined in terms of their relationship to the burner ports,
      viz., the electrodes should extend into the furnace at least as far as the
      region approximately opposite the first burner port.
PAR  In a furance of the type shown in FIGS. 1 and 2 which includes a fill
      doghouse extension, conventional furnace geometry is such that the
      horizontal depth of the doghouse normally represents a small fraction of
      the distance from the doghouse end wall 24 to the end of the batch
      blanket. A majority of the batch blanket in such a case would extend
      beyond the doghouse, into the main body of the furnace. Accordingly, it
      can be said that electrodes having a portion of their lengths extending
      through the doghouse should have at least an equal additional length
      extending into the main body of the furnace.
PAR  Another convenient rule of thumb for selecting the electrode length is that
      the electrodes should preferably extend through the molten glass a
      distance greater than about half the inside width of the furnace.
PAR  As a specific example, consider a furnace of the type shown in FIGS. 1 and
      2 whose size and proportions are typical of commercial flat glass
      manufacturing installations wherein: the furnace is about 30 feet (9
      meters) wide, with seven burner ports on each side spaced 10 feet (3
      meters) apart from center to center and 10 feet (3 meters) from the ends,
      the fill doghouse extends about 5 feet (1.5 meters) beyond the back wall,
      the glass depth is approximately 4 feet (1.2 meters) and the batch blanket
      is about 20 feet (6 meters) wide and extends to a point between the third
      and fourth burners. In such a furnace, satisfactory results may be
      attained by employing a pair of 6-inch (15 centimeter) diameter electrodes
      that extend 15 feet (4.5 meters) from the doghouse end wall. A preferred
      embodiment in that case would utilize 81/2 inch (21.5 centimeter) diameter
      electrodes extending about 20 feet (6 meters). Extending the electrodes to
      30 feet (9 meters) or more may yield additional protection of the walls
      from batch contact. The electrodes in each of these specific examples may
      be spaced about 5 feet (1.5 meter) or one-sixth of the total width from
      the sidewalls.
PAR  Referring again to FIGS. 1 and 2 in general, it can be seen that the
      preferred mounting arrangement of the electrodes locates a substantial
      length of the electrodes 23 exteriorly of the furnace, where electrical
      connections may be made by way of clamps 30 and cables 31. The portion of
      each electrode adjacent to the doghouse end wall 24 is received in a
      sheath 32 which is sealed at its outer end and pressurized with an inert
      gas and/or a reducing gas so as to prevent oxidation of the carbon
      electrodes that would be caused by air seepage around the hot portions of
      the electrodes. Additional oxidation prevention is provided by a
      water-cooled annular chamber 33 around each sheath 32 at the wall end.
      Sheaths 32 and coolers 33 may be inserted into a counter bore at least
      part of the way into the thickness of wall 24 to protect the electrodes
      from oxygen migration through the refractory material of the wall.
      Cantilever support for each electrode is provided by two spaced brackets
      34. The cantilever arrangement relieves the bores and the various
      connections to the electrodes from the great leverage forces set up by the
      long, unsupported length of each electrode inside the furnace. The
      brackets 34 may be insulated from the electrical current carried by the
      electrodes by interposing an insulating refractory material between each
      bracket and sheath 32 at the points of contact. When extremely long
      electrodes are used, it may sometimes be desirable to provide additional
      vertical restraint with water-cooled hold-down rods extending from the
      furnace roof and engaging the downstream ends of the electrodes.
PAR  The electrical current supplied to the electrodes is preferably single
      phase alternating current, although multiphase current can be utilized if
      more than two electrodes are installed. Power consumption may vary widely,
      depending upon economic considerations, the size of the furnace, and the
      amount of booster heat desired, consumption of a few hundred to many
      thousand kilowatts being typical in large commercial furnaces. The current
      density is preferably limited to less than about 2 amps per square inch
      (0.31 amp per square centimeter) at the surface of the electrodes in order
      to avoid undue elevation of the glass temperature that would promote
      furnace wall erosion.
PAR  It should be apparent that other modifications and variations as are known
      to those of skill in the art may be resorted to without departing from the
      spirit and scope of the invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a continuous process for making molten glass wherein glass batch
      material is introduced into a fuel-fired furnace through an inlet opening
      at an end wall of the furnace to form a blanket of unmelted batch on the
      surface of a pool of molten glass within the furnace, the batch material
      being deposited onto less than the full width of the pool of molten glass
      so as to form a blanket covering less than the full width of the pool of
      molten glass and extending longitudinally into the furnace from the inlet
      end toward an outlet at the opposite end, the improvement comprising
      generating additional heat beneath the batch blanket by passing electric
      current through a region of the molten glass between a pair of
      longitudinally extending electrodes, said region being spaced from the
      sidewalls of the furnace and closely adjacent to the underside of at least
      30% of the length of the batch blanket, said electrodes extending along,
      and closely adjacent to, the sides of the batch blanket near the surface
      of the pool of molten glass so as to maintain the batch blanket spaced
      from the sidewalls of the furnace.
NUM  2.
PAR  2. The method of claim 1 wherein said region through which said electric
      current passes underlies about 50 to about 75 percent of the length of the
      batch blanket.
NUM  3.
PAR  3. The method of claim 1 wherein the current density at the surface of the
      electrodes is no more than 2 amps per square inch.
NUM  4.
PAR  4. In a continuous process for making molten glass wherein glass batch
      material is introduced into a melting furnace through an inlet opening at
      an end wall of the furnace to form a blanket of batch material on the
      surface of a pool of molten glass within the furnace, the blanket
      extending longitudinally into the furnace from the inlet end toward an
      outlet at an opposite end, the improvement comprising maintaining the
      batch blanket spaced from the sidewalls of the furnace by means of rods
      that extend substantially horizontally through the inlet end wall beneath
      the inlet opening and through the molten glass along the sides of the
      batch blanket.
NUM  5.
PAR  5. A furnace for the continuous production of molten glass comprising:
PA1  an enclosure for holding a volume of molten glass provided with an inlet
      opening at an end wall, through which glass batch material may be
      introduced onto the molten glass, and a longitudinally displaced outlet
      opening through which molten glass may be withdrawn;
PA1  a plurality of burner ports spaced longitudinally along said enclosure for
      melting the glass batch; and
PA1  a pair of transversely spaced, elongated electrodes extending substantially
      horizontally and longitudinally through said inlet end wall beneath said
      inlet opening into said enclosure at least as far as the region opposite
      the first of said burner ports from the inlet end.
NUM  6.
PAR  6. The furnace of claim 5 wherein said inlet end wall forms part of a
      doghouse extension at the inlet end of said enclosure, and said electrodes
      extend through said doghouse extension and into the main body of the
      enclosure.
NUM  7.
PAR  7. The furnace of claim 5 wherein said electrodes are spaced from the
      bottom and sidewalls of said enclosure.
NUM  8.
PAR  8. The furnace of claim 7 wherein said electrodes are spaced from each
      other by about two-thirds of the width of said enclosure.
NUM  9.
PAR  9. The furnace of claim 7 further including cantilever support means for
      said electrodes that engage portions of the electrodes extending
      exteriorly from said inlet end wall.
NUM  10.
PAR  10. The furnace of claim 9, further including means surrounding exterior
      portions of said electrodes nearest the inlet end wall for preventing
      oxidation of said electrodes.
NUM  11.
PAR  11. A furnace for the continuous production of molten glass comprising:
PA1  an enclosure for holding a volume of molten glass having a doghouse
      extension at one end, an inlet opening in said doghouse through which
      glass batch material may be introduced onto the molten glass, and a
      longitudinally displaced outlet opening through which molten glass may be
      withdrawn;
PA1  fuel burning means for supplying heat to said enclosure for melting the
      glass batch; and
PA1  a pair of transversely spaced, elongated electrodes extending substantially
      horizontally and longitudinally through the inlet end wall beneath said
      inlet opening, through said doghouse extension, and into the main body of
      said enclosure, the portion of each electrode within the main body of the
      enclosure being at least as long as the portion within the doghouse
      extension.
NUM  12.
PAR  12. The furnace of claim 11 wherein said electrodes are spaced from the
      bottom and sidewalls of said enclosure.
NUM  13.
PAR  13. The furnace of claim 12 wherein said electrodes are spaced from each
      other by about two-thirds of the width of said enclosure.
NUM  14.
PAR  14. The furnace of claim 12 further including cantilever support means for
      said electrodes that engage portions of the electrodes extending
      exteriorly from said inlet end wall.
NUM  15.
PAR  15. A furnace for the continuous production of molten glass comprising:
PA1  an enclosure for holding a volume of molten glass provided with an inlet
      opening at an end wall, through which glass batch material may be
      introduced onto the molten glass, and a longitudinally displaced outlet
      opening through which molten glass may be withdrawn;
PA1  fuel burning means for supplying heat to said enclosure for melting the
      glass batch; and
PA1  a pair of transversely spaced, elongated electrodes extending substantially
      horizontally and longitudinally through the inlet end wall beneath said
      inlet opening and into said enclosure, the length of each electrode beyond
      the inlet end wall being at least half the width of said enclosure.
NUM  16.
PAR  16. The furnace of claim 15 wherein said electrodes are spaced from the
      bottom and sidewalls of said enclosure.
NUM  17.
PAR  17. The furnace of claim 16 wherein said electrodes are spaced from each
      other by about two-thirds of the width of said enclosure.
NUM  18.
PAR  18. The furnace of claim 16, further including cantilever support means for
      said electrodes that engage portions of the electrodes extending
      exteriorly from said inlet end wall.
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ABST
PAL  Urea particles uniformly coated with zinc oxide having excellent adherence
      and uniformity of the zinc oxide coating are obtained by using a zinc
      oxide composition characterized by having a purity of 90 to 99% zinc oxide
      and a uniform particle size of at least 90% smaller than 12 microns and at
      least 95% smaller than 37 microns. Outstanding coatings are obtained if
      the zinc oxide composition additionally contains traces of carbon, iron
      oxide, magnesium oxide, or calcium oxide. High zinc-content coatings of
      excellent uniformity and adherence may be obtained with these coating
      compositions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention:
PAR  This invention relates to urea-zinc oxide fertilizers and methods of
      preparing them. More particularly, this invention relates to the urea
      particles coated with a particular zinc oxide composition, which exhibit
      excellent uniformity and adherence of the zinc oxide coating, even with
      relatively high amounts thereof.
PAR  2. Description Of The Prior Art:
PAR  Urea is widely used in many fertilizer applications as a source of
      nitrogen. In many instances it is the preferred nitrogen source, since it
      contains a higher percentage of nitrogen as compared with many other
      available nitrogen-containing materials. Furthermore, urea may be made
      into a variety of particulate forms, such as granules, crystals, or
      prills, which are convenient to handle.
PAR  Zinc has been used with a variety of fertilizer compositions, since it is
      one of the micronutrients identified as essential to all living things,
      and therefore a very desirable trace element. However, in many
      applications, such as the correction of soil zinc deficiences and the
      growth of particular crops, such as rice, corn, or the like, zinc is often
      used in relatively large amounts on the order of 6 to 8%. Heretofore,
      however, no suitable method has been devised for incorporating such
      relatively large amounts of zinc into particulate urea fertilizers. In the
      past, it had been thought necessary to use water-soluble zinc additives,
      such as zinc sulphate, zinc nitrate, zinc chloride, zinc carbonate, zinc
      complexes, and chelates such as zinc-EDTA chelate. However, water-soluble
      zinc salts are highly hygroscopic, and therefore generally unsuitable for
      use in particulate fertilizer compositions when present in greater than
      trace amounts.
PAR  The percentage of elemental zinc present in various zinc sources varies
      according to the chemical composition and purity of the zinc source being
      used. For example, zinc oxide sources usually vary from 70 to 78% zinc, as
      compared to only 26 to 36% zinc in zinc sulphate, and 5 to 14.5% zinc in
      chelates of zinc. Thus, for use in fertilizer compositions containing
      large amounts of zinc, zinc oxide would be preferred due to its high
      content of elemental zinc.
PAR  It is highly desirable to apply zinc in a single step together with other
      fertilizing compounds, due to the labor savings achieved. Prior art
      methods for adding zinc salts to fertilizer compositions for such one-step
      application have included dry blending, coating, and solution dispersion
      methods. Two major disadvantages detract from all of these methods, viz.
      hygroscopicity and the difficulity of obtaining a uniform product.
PAR  Dry blending of zinc salts with particulate fertilizer compositions is
      generally unsatisfactory, since combinations of zinc salts and urea are
      usually hygroscopic and thus absorb moisture from the air and agglomerate
      into an unusable solid cake. Furthermore, powdery zinc compounds readily
      separate from the particulate material resulting in a waste of zinc, often
      interfering with the proper operation of fertilizer dispensing machinery
      and causing nonuniform application to crops.
PAR  While the use of zinc compounds in a liquid dispersion is at present
      probably the most widely used technique for applying zinc fertilizer
      compositions, the water-insolubility of zinc oxide poses serious
      drawbacks. The handling of such dispersions is complicated by their
      heterogenity, which requires mixing prior to any fluid transfer during
      handling or application to assure a uniform suspension.
PAR  In one attempt to overcome the disadvantages faced by the prior art,
      several methods of coating zinc compounds on particulate fertilizer
      compositions have been described. However, the inherent highly hygroscopic
      properties of the zinc salts still cause problems, since particulate
      fertilizer compositions coated with these zinc salts tend to absorb
      moisture from the air and agglomerate into an unusable solid cake.
      Attempts to slow the rate of water absorption by the use of a clay binder
      or other exterior coating have not been sufficient to counteract the
      increased rate of water absorption. Furthermore, it is extremely difficult
      to obtain uniform coating of zinc salts on urea. The presence of an uneven
      coating results in exposed areas which provide sites for the urea
      particles to cake or stick together, and the zinc compounds tend to powder
      off from the urea particles, forming a zinc powder separate from the
      particulate material to be applied. Thus, the disadvantages of the dry
      blending technique are not overcome in a wholly satisfactory manner.
PAR  In one particular attempt to overcome the drawbacks of coating fertilizers
      with zinc and related compounds, Philen, Jr., et al U.S. Pat. No.
      3,423,199 describe a process wherein granules of hygroscopic fertilizer
      salts are coated with micronutrient powders which, when wetted with water
      and/or steam, react with the fertilizer constituents to form in situ
      stable complexes. Fertilizer granules, which may include urea, are first
      dried to a relatively low level of moisture content, and then mixed
      vigorously for at least 3 minutes with a micronutrient compound ground to
      a fine particle size, preferably 95% or more passing through a standard
      325 mesh screen, which corresponds to a particle size of 44 microns or
      less. The micronutrient is incorporated intimately into the structure of
      the granule surface, rather than in a shell surrounding the granule.
      Several problems remain using this process; for example, the adherence
      when using zinc oxide is stated to be less satisfactory in continuous
      tests than in batch tests. Furthermore, complete coverage of the binding
      agent on the fertilizer could not be obtained in a continuous mixer,
      although such coverage was attainable in batch tests. When combining an
      insoluble micronutrient source with macronutrient material, a certain
      ratio of micronutrient could not be exceeded in order to obtain adequate
      solubility in the solution resulting from the dissolution of the
      macronutrient material. In addition, it would be desirable if such
      coatings could be applied without the necessity of subsequent treatment
      with water, since these particulate fertilizers must be kept dry to be
      free-flowing, and since they have hygroscopic properties, which tend to
      absorb and hold the water applied in any subsequent treatment.
PAR  Those concerned with the development of solid, particulate, zinc-containing
      fertilizer compositions have long desired a particulate urea-zinc
      fertilizer which could be handled in the same manner as particulate urea
      fertilizers. Furthermore, it would be highly desirable if such particulate
      fertilizers could be prepared by a relatively simple process which did not
      significantly increase the hygroscopicity of the resultant product. The
      present invention fills such needs.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of the present invention is to provide a
      particulate urea-zinc fertilizer.
PAR  Another object of the present invention is to provide a simple process for
      preparing particulate urea fertilizer compositions uniformly coated with
      adherent zinc oxide.
PAR  A further object of the present invention is to provide a particulate
      urea-zinc fertilizer wherein the zinc is homogenously coated on the urea
      particles.
PAR  Yet another object of the present invention is to provide stable urea-zinc
      fertilizers having a high elemental zinc content.
PAR  An additional object of the present invention is to provide urea-zinc
      fertilizer particles which may be handled in the same manner as
      conventional urea particles.
PAR  Briefly, these and other objects are attained in one aspect of the present
      invention which provides a particulate fertilizer composition comprising
      urea particles uniformly coated with a zinc oxide composition
      characterized by having a purity of 90 to 99% zinc oxide and a uniform
      particle size of at least 90% less than 12 microns and at least 95% less
      than 37 microns. Preferred zinc oxide compositions are further
      characterized by having a carbon content of from 0.05 to 2.0% and a bulk
      density of 20 to 50 lbs. per cubic foot. The zinc oxide composition may
      contain, in addition to or in place of carbon, trace amounts of material
      such as iron oxide, magnesium oxide, and calcium oxide. Preferably, the
      zinc oxide composition used in coating urea particles in accordance with
      the present invention will be characterized by having a purity of 95 to
      99% zinc oxide and a uniform particle size of at least 90% less than 8
      microns, and at least 98% less than 37 microns. Especially preferred
      compositions are further characterized by having a carbon content from 0.2
      to 0.5% and a bulk density of 28 to 38 lbs. per cubic foot. While coatings
      of from 1 to 25% by weight on urea particles are suitable, preferred
      coatings will contain from 1 to 10% by weight of the zinc oxide
      composition. Compositions containing minor amounts, either alone or in
      admixture, of iron oxide, magnesium oxide, and calcium oxide, while
      somewhat less desirable than those having minor amounts of carbon, are
      also preferred. When these additional compounds are present, there may be
      from 0.2 to 5.0% iron oxide; from 0.1 to 2.0% magnesium oxide; and from
      0.1 to 2.0% calcium oxide. Especially preferred concentrations of these
      elements are 2.4 to 4.0% iron oxide; 0.5 to 1.0% magnesium oxide; and 0.5
      to 1.0% calcium oxide.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects, feature, and advantages of the present invention
      will become more fully apparent to those skilled in the art by reference
      to the following description and examples of illustrative preferred
      embodiments of the invention together with the annexed Drawings, in which:
PAR  FIG. 1 is a photomicrograph of urea prills coated with a zinc oxide
      composition containing 90% zinc oxide and having a particle size of -325,
      +400 mesh.
PAR  FIG. 2 is a similar photomicrograph of a coating obtained with a zinc oxide
      composition containing 90% zinc oxide and -400 mesh particles.
PAR  FIG. 3 is a similar photomicrograph of a coating obtained with a zinc oxide
      composition containing 95% zinc oxide and having a particle size of -325,
      +400 mesh.
PAR  FIG. 4 is a similar photomicrograph of a coating obtained with a zinc oxide
      composition containing 95% zinc oxide and -400 mesh particles, with trace
      amounts of carbon and metal oxides.
PAR  FIG. 5 is a similar photomicrograph of a coating obtained with a chemically
      pure zinc oxide composition wherein 100% of the particles were of -400
      mesh; and
PAR  FIG. 6 is a similar photomicrograph of a coating obtained with the same
      C.P. zinc oxide, to which 0.5% carbon had been added.
DETD
PAR  Zinc oxide coatings in accordance with the present invention may be
      prepared by any conventional methods, such as dry blending or the like.
      Although the quality of the zinc oxide coating will be quite high so long
      as the purity and particle size limitations are met, the uniformity of the
      coating can be further improved by the presence of certain trace amounts
      of carbon, iron oxide, magnesium oxide or calcium oxide. That these
      materials produce better uniformity is quite surprising, in view of the
      observed fact that trace amounts of silicon oxide, aluminum oxide, and
      copper oxide do not have a similar effect. Best results have been obtained
      when the trace material is carbon, preferably in amount of from 0.05 to
      2.0%. While not wishing to be bound by any theory of operation of the
      invention, it appears that the presence of these minute amounts of carbon
      improves coating uniformity by preventing the zinc oxide from
      agglomerating or bridging. This has been confirmed by calcining zinc
      oxide-carbon compositions so as to eliminate the traces of carbon, where
      upon it was observed that the coating ability of the zinc oxide was
      substantially impared. If carbon was then re-added to the calcined zinc
      oxide compositions, the uniformity of the coatings was again improved.
PAR  The above and other objects, features, and advantages will become more
      fully apparent to those skilled in the art from the following description
      and examples of preferred embodiments of the invention, which are
      presented by way of example and not by way of limitation.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In accordance with the present invention, urea particles are coated by
      conventional means with zinc oxide compositions characterized by having a
      purity of at least 90 to 99% zinc oxide and a uniform particle size of at
      least 90% less than 12 microns, and at least 95% less than 37 microns. The
      particle size range of less than 37 microns corresponds to particles
      passing through a 400 mesh screen. That such improved results are obtained
      in accordance with the present invention is particularly surprising in
      view of the fact that the prior art has used compositions as small as 44
      microns in diameter (-325 mesh) without attaining the results achievable
      in accordance with the present invention. Especially preferred
      compositions used in accordance with the present invention preferably have
      a bulk density of 20 to 50 lbs. per cubic foot. The bulk density may
      effect the coating characteristics of the material, due to differences in
      surface area, porosity, and flow properties. Trace amounts of material
      such as carbon, iron oxide, magnesium oxide, and calcium oxide, either
      alone or in admixture, are desirable for further improving the uniformity
      of the coating. Best results are obtained when the zinc oxide composition
      used in coating urea particles is characterized by a purity of 95 to 99%
      zinc oxide and a uniform particle size of at least 90% less than 8
      microns, and at least 98% less than 37 microns, and most especially also
      having a carbon content of from 0.2 to 0.5% and a bulk density of 28 to 38
      lbs. per cubic foot.
PAR  It is important that each characteristic of the zinc oxide composition
      falls within the above-mentioned purity and particle size ranges in order
      to provide satifactory coatings. Thus, the use of zinc oxide of a purity
      lower than 90% will result in inferior coatings and considerable powdering
      off of the zinc oxide from the urea particles. For example, a zinc oxide
      source containing less than 72% elemental zinc (90% zinc oxide) has been
      shown to be unsatisfactory for coating urea particles, and can only be
      used with the additional presence of a binder material, such as ammonium
      nitrate, clay, or the like. In contrast, good, uniform coatings may be
      obtained by using the zinc oxide composition of this invention without
      such additional binder materials, although they may be added if desired
      for specialty purposes.
PAR  The zinc oxide used must also have the particular particle size of at least
      90% less than 12 microns and at least 95% less than 37 microns. Particles
      smaller than 37 microns (-400 mesh) coat significantly better than
      particles in the 37 to 44 micron size range (-325, +400 mesh).
PAR  Referring briefly to the drawings, the differences in coating on urea
      prills obtained from zinc oxide compositions varying in particle size and
      purity, or both, from the ranges in accordance with this invention are
      striking. FIG. 1 shows that coatings obtained from zinc oxide compositions
      outside of both of these ranges are extremely poor, exhibiting little
      adherence and no uniformity. FIGS. 2 and 3 show some improvements obtained
      when using zinc oxide compositions possessing only the particle size or
      purity, respectively, of compositions used in accordance with the present
      invention. Referring to FIG. 4, extremely uniform coatings of zinc oxide
      showing exceptional adherence are obtainable in accordance with the
      present invention. FIG. 4 illustrates coatings obtained using a zinc oxide
      source having the purity and particle size of this invention, and also
      containing trace amounts of carbon, iron oxide, magnesium oxide, and
      calcium oxide. The coatings shown in FIG. 5 illustrate the exceptional
      results which can be obtained using high purity zinc oxide compositions
      wherein 100% of the particles were of -400 mesh (i.e., less than 37
      microns in diameter). FIG. 6 shows that coatings can be even further
      improved, when the same zinc oxide composition as used in the coatings
      shown in FIG. 5 had 0.5% carbon added thereto.
PAR  As is apparent from the examination of the drawings, when the particle size
      of the zinc oxide composition used for coating urea falls outside of the
      ranges in accordance with this invention, the adherence of the zinc oxide
      particles is adversely affected. Even if a satisfactory coating can be
      initially obtained, it will powder off during routine handling, and
      accordingly is very undesirable.
PAR  While particle size is an important factor in coating, it is not the only
      critical parameter which must be observed. Purity of the zinc oxide
      composition has a significant effect on the adherence of the coatings. A
      satisfactory zinc oxide coated urea suitable for fertilizer use must have
      a coating which is both uniform and adherent, since uniformity of the
      coating helps to prevent caking and serves as a moisture barrier.
      Referring again to the figures, it can be seen in FIGS. 4 thru 6, that
      highly uniform coatings are obtained when both particle size and purity
      limitations are observed. Coating uniformity is further improved by the
      addition of trace elements such as carbon, iron oxide, magnesium oxide and
      calcium oxide.
PAR  While bulk densities do not differ substantially among higher grade zinc
      oxide compositions, they may be significantly higher with low grade
      compositions. The bulk density may effect the coating characteristics of
      the material, due to differences in surface area, porosity, and flow
      properties of the composition.
PAR  Highly satisfactory zinc oxide-coated urea particles are obtained when
      using the zinc oxide compositions of this invention. By observing particle
      size limitations of the present invention, good adherence of zinc oxide
      coatings to particulate urea is obtained. By observing the purity
      limitations of the present invention, good uniformity of the zinc oxide
      coatings is achieved. Coating uniformity is outstanding when certain trace
      elements are present in the zinc oxide composition, thus permitting the
      coated particles to be subjected to ordinary handling procedures without
      losing the zinc oxide composition. Coatings obtained using these
      compositions are characterized in good adherence, uniformity, a high zinc
      content in the coated particle, low caking tendency and an effective
      moisture barrier provided by the coating.
PAR  Having now generally described the invention, the following examples are
      presented by way of illustration in order to obtain a better appreciation
      thereof. Unless otherwise indicated, these examples are for illustration
      only are not intended to be limiting in any way. In the following
      examples, the chemical analysis of zinc oxide samples were run by standard
      wet chemical tests. Particle size distribution was obtained from wet
      screen analysis and by the soil dispersion (hydrometer) method, ASTM D
      422-63. Bulk densities were determined by converting the weight of 100
      cubic centimeters in grams to pounds per cubic foot. Adherences were
      determined by exposing coated samples to a vigorous air flow for 5
      minutes, and measuring the amount of original coating retained. Adherence
      values above 95% are considered excellent. In all cases, the coated
      samples were visually observed at 20x magnification for coating
      uniformity. In calcining, zinc oxide samples were heated at 1600.degree.F,
      ground to less than 400 mesh (i.e., less than 37 microns), and used to
      coat urea prills with 8% of the calcined materials.
PAC  EXAMPLE 1
PAR  Chemical analysis were run on four different zinc oxide samples in order to
      determine the effect of elements present therein on coating abilities. The
      data obtained is presented in Table 1. Physical properties of the zinc
      oxide samples were also determined and are presented below in Table 2.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     CHEMICAL ANALYSIS OF ZINC OXIDES                                          
                Sample A                                                       
                      Sample B                                                 
                            Sample C                                           
                                  Sample D                                     
     __________________________________________________________________________
     % ZnO      95.0* 98.5* 90.0* 96.5*                                        
     % Zn       76.0* 79.0* 72.0* 77.0*                                        
     % SiO.sub.2                                                               
                0.02  0.07  2.10  1.45                                         
     % Fe.sub.2 O.sub.3                                                        
                0.40  0.20  2.99  0.85                                         
     % Al.sub.2 O.sub.3                                                        
                1.38  0.30  2.04  0.42                                         
     % CaO      1.64  0.33  0.42  0.25                                         
     % MgO      0.68  0.54  0.35  0.18                                         
     % Cl       0.10  0.07  0.94  0.35                                         
     % Pb       --    --    0.75* --                                           
     % Carbon   Trace*                                                         
                      --    --    --                                           
     pH         7.21  7.60  7.46  7.80                                         
      (10% Mixture)                                                            
     % Ignition Loss                                                           
                3.80  0.34  3.97  0.20                                         
      (1 hr. at 1600.degree.F)                                                 
     % Moisture by                                                             
                0.70  0.05  0.10  0.04                                         
      Oven Drying                                                              
     (2 hrs. at 200.degree.F)                                                  
     __________________________________________________________________________
      *Manufacturer'Assay                                                      
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     PHYSICAL PROPERTIES OF ZINC OXIDES                                        
     Particle Size:                                                            
                 c.p. ZnO                                                      
                       Sample A                                                
                             Sample B                                          
                                   Sample C                                    
                                         Sample D                              
     __________________________________________________________________________
     % + 37 .mu. 0     0.03  0     1.1   0                                     
     % 12 - 37 .mu.                                                            
                 5.5   8.6   0     43.8  0                                     
     % 8 - 12 .mu.                                                             
                 0     0     6.4   11.5  33.0                                  
     % 5 - 8 .mu.                                                              
                 0     0.6   3.2   12.8  19.3                                  
     % 0 - 5 .mu.                                                              
                 94.5  90.5  90.4  30.8  47.7                                  
     Loose Bulk                                                                
     Density, No./ft..sup.3                                                    
                 31.2  38.4  28.4  88.5  44.9                                  
     Typical % Adherence                                                       
                 99.8  99    99.7  24.3  99.0                                  
     at 8% Coating                                                             
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  In order to determine the effects of particle size distribution on coating,
      42-0-0-6 (Zn) prills were produced by coating urea prills with samples A
      and C of different particle size distributions. Sample A, in a - 325, +
      400 mesh particle range, gave very coarse, non-uniform coating with some
      of the zinc oxide material separated from the prills. In contrast, - 400
      mesh particles of sample A gave a very uniform coating, having very few
      bare spots. Sample C, in a - 325, + 400 mesh particle size range was
      totally unsatisfactory and gave almost no visible coating, with large
      aggregations of zinc oxide clumped together. However, sample C particles
      of - 400 mesh gave coatings with fairly good uniformity, having a few bare
      spots but very little zinc oxide that had not coated the urea prills.
PAC  EXAMPLE 3
PAR  In an effort to determine the effect of various impurities present in the
      zinc oxide composition on the coating effectiveness, several samples were
      tested with and without various additives. The results are shown in Table
      3.
TBL                TABLE 3                                                     
     ______________________________________                                    
     EFFECT OF IMPURITIES IN ZINC OXIDES ON COATING                            
                         %         Coating                                     
     Coating             Adherence Uniformity *                                
     ______________________________________                                    
     8% c.p. ZnO         99.8      3                                           
     8% c.p. ZnO w/2.5% SiO.sub.2.H.sub.2 O                                    
                         99.6      4                                           
     8% c.p. ZnO w/3% Fe.sub.2 O.sub.3                                         
                         99.8      1                                           
     8% c.p. ZnO w/2% Al(OH).sub.3                                             
                         99.2      4                                           
     8% c.p. ZnO w/2% Al.sub.2 O.sub.3                                         
                         99.2      4                                           
     8% c.p. ZnO w/1% CaO                                                      
                         99.8      2                                           
     8% c.p. ZnO w/1% MgO                                                      
                         99.9      2                                           
     8% c.p. ZnO w/0.5% CuO                                                    
                         99.8      4                                           
     8% c.p. ZnO w/4% Fe.sub.2 O.sub.3 &0.4% MgO                               
                         99.8      1                                           
     8% c.p. ZnO w/0.05% Carbon [C]                                            
                         99.9      1                                           
     8% c.p. ZnO w/0.2% C                                                      
                         99.9      1                                           
     8% c.p. ZnO w/0.5% C                                                      
                         99.9      1                                           
     Sample D w/0.2% C   99.7      3                                           
     Sample B w/0.2% C   99.7      3                                           
     Sample D w/0.5% C   99.5      3                                           
     Sample B w/0.5% C   99.6      3                                           
     Sample B w/1% Fe.sub.2 O.sub.3                                            
                         99.5      3                                           
     Sample B w/1% Fe.sub.2 O.sub.3 & 0.5% MgO                                 
                         99.4      3                                           
     Sample B w/2% Fe.sub.2 O.sub.3                                            
                         99.7      2                                           
     ______________________________________                                    
      * Legend for Coating Uniformity:                                         
      1. Excellent uniformity of coating; practically no bare spots.           
      2. Very good uniformity; very few bare spots.                            
      3. Good uniformity; a few bare spots.                                    
      4. No improvement in coating uniformity.                                 
PAC  EXAMPLE 4
PAR  In order to determine the effects of calcining zinc oxide prior to coating,
      experiments were run on the same five samples (chemically pure, and
      samples A thru D) both before and after calcining. The results obtained
      are presented in Table 4.
TBL                TABLE 4                                                     
     ______________________________________                                    
     EFFECT OF CALCINING ZINC OXIDE ON COATING                                 
     % Adherence                                                               
               Before    After     Coating Uniformity                          
     Coating   Calcining Calcining*                                            
                                   After Calcining**                           
     ______________________________________                                    
     8% c.p. ZnO                                                               
               99.8      87.8      3                                           
     Sample A  95.7      97.0      3(2 after adding                            
                                   0.2% carbon)                                
     Sample B  99.7      99.7      2                                           
     Sample C  24.3      20.6      2                                           
     Sample D  99.0      98.3      2                                           
     ______________________________________                                    
      *After calcining the ZnO samples, they were ground with mortar and pestle
      to -400 mesh. Zinc oxide crystals may increase in particle size as much a
      12 times on heating one hour at 1832.degree.F. (Brown, Harvey E. Zinc    
      Oxide Rediscovered, The New Jersey Zinc Company, New York, p. 35, 1957). 
      **Legend for Coating Uniformity:                                         
      1. Better than original coating.                                         
      2. Same as original coating.                                             
      3. Worse than original coating.                                          
PAR  In brief summary, the use of zinc oxide compositions in accordance with the
      present invention has been found extremely useful for obtaining highly
      uniform coatings of zinc oxide on particulate urea. A wide variety of zinc
      content preparations may be made by this process, and other ingredients
      such as trace elements and the like, may be added if desired. Accordingly,
      it will be appreciated that while the foregoing disclosure relates only to
      preferred embodiments of the invention for preparing urea particles having
      a fertilizing quantity of available zinc in the form of zinc oxide
      uniformly and adherently coated thereover, numerous modifications and
      alterations may be made by those skilled in the art without departing from
      the spirit and scope of the invention as set forth in the appended claims.
      ACCORDINGLY,
CLMS
STM  What is claimed as new and intended to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A fertilizer composition comprising urea particles uniformly coated with
      a fertilizing amount of an adherent zinc oxide composition, said zinc
      oxide composition characterized by having a purity of 95 to 99% zinc
      oxide, and a uniform particle size, with at least 90% of the zinc oxide
      particles less than 8 microns in diameter and at least 98% of said
      particles less than 37 microns in diameter.
NUM  2.
PAR  2. The fertilizer composition of claim 1, wherein said zinc oxide
      composition is further characterized by having a bulk density of from 20
      to 50 lbs. per cubic foot.
NUM  3.
PAR  3. The fertilizer composition of claim 1, wherein said zinc oxide contains
      from 0.2 to 0.5% carbon; from 0.2 to 5% iron oxides; from 0.1 to 2%
      magnesium oxide; from 0.1 to 2% calcium oxide; or mixtures thereof.
NUM  4.
PAR  4. The fertilizer composition of claim 1, wherein said zinc oxide
      composition contains from 0.05 to 2.0% carbon.
NUM  5.
PAR  5. The fertilizer composition of claim 1, wherein said zinc oxide coating
      is present in an amount of from 1 to 25% by weight.
NUM  6.
PAR  6. The fertilizer composition of claim 1, wherein said zinc oxide
      composition is further characterized by having a bulk density of from 28
      to 38 lbs. per cubic foot.
NUM  7.
PAR  7. The fertilizer composition of claim 1, wherein said zinc oxide
      composition further comprises from 0.2 to 0.5% carbon; from 2.4 to 4.0%
      iron oxide; from 0.5 to 1% magnesium oxide; from 0.5 to 1% calcium oxide;
      or mixtures thereof.
NUM  8.
PAR  8. The fertilizer composition of claim 1, wherein said zinc oxide
      composition is characterized by having a carbon content of from 0.2 to
      0.5%.
NUM  9.
PAR  9. The fertilizer composition of claim 1, wherein said zinc oxide coating
      is present in an amount of from 1 to 25% by weight.
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ABST
PAL  Substituted azabicycloalkanes of the formula I
      ##EQU1##
      wherein R represents an alkyl radical which contains 2 or 3 carbon atoms
      and is substituted by chlorine or a straight-chain or branched alkenyl
      radical containing 3 or 4 carbon atoms, R.sub.1 and R.sub.2 represent
      hydrogen or the one represents methyl and the other represents hydrogen,
      and n is the number 1 or 2, may be used for influencing the growth of
      plants, preferably for combating weeds in rice-cultures.
PARN
PAR  This is a division of application Ser. No. 216,778, filed on Jan. 10, 1972,
      now U.S. Pat. No. 3,776,912.
BSUM
PAR  The present invention relates to substituted azabicycloalkanes, process for
      their manufacture, also to selective herbicidal agents which contain such
      substituted azabicycloalkanes as active substances, and to processes for
      combating grass-like weeds wherein the new active substances are used or
      the agents that contain them.
PAR  The term "azabicycloalkanes" is used here and hereinafter to denote
      substituted 2-azabicyclo[4.4.0]-decanes (decahydroquinolines) and
      7-azabicyclo[4.3.0]-nonanes (octahydroindoles).
PAR  The substituted azabicycloalkanes according to the invention correspond to
      the formula I:
      ##EQU2##
      wherein R represents an alkyl radical which contains 2 or 3 carbon atoms
      and is substituted by chlorine or a straight-chain or branched alkenyl
      radical containing 3 or 4 carbon atoms, R.sub.1 and R.sub.2 each represent
      hydrogen or the one represents methyl and the other represents hydrogen,
      and n is the number 1 or 2.
PAR  By an alkyl radical which contains 2 to 3 carbon atoms and is substituted
      by chlorine is to be understood the mono-substituted ethyl, n-propyl or
      isopropyl radical.
PAR  The straight-chain or branched alkenyl radicals containing 3 to 4 carbon
      atoms include the allyl, 2-butenyl, 3-butenyl and the methylallyl radical.
PAR  The substituted azabicycloalkanes of the formula I are obtained according
      to the invention by reacting an azabicycloalkane of the formula II
      ##EQU3##
      either with a thiocarbonic acid halide of the formula III
      ##EQU4##
      or with the constituent components of such a thiocarbonic acid halide,
      namely phosgene and an alkali metal salt of a mercaptan of the formula IV
EQU  R -- SH                                                    (IV)
PAL  in the presence of an acid binding agent. In the formulae II to IV, R,
      R.sub.1, R.sub.2 and n have the meanings assigned to them under formula I
      and Hal in the formula III represents chlorine or bromine. It is advisable
      to carry out the reactions in a solvent or diluent which is inert towards
      the reaction components. The nature of the solvent to be used is very
      largely determined by the acid binding agent used in the reaction. If
      organic bases, such as tertiary amines, are used, it is advisable to use
      organic solvents also. In the case of inorganic bases, water and aqueous
      mixtures of organic solvents which are miscible with water are suitable.
      In general, the following tertiary amines may be used as acid binding
      agents: pyridine and pyridine bases, triethylamine  etc. The respective
      azabicycloalkane of the formula II, used in excess in the reaction, may
      likewise be used as acid binding agent. Suitable inorganic bases are the
      hydroxides and carbonates of alkali and alkaline earth metals, chiefly
      sodium hydroxide, sodium carbonate, potassium carbonate, also the
      hydroxides and carbonates of lithium, barium, strontium, magnesium, as
      well as quaternary ammonium compounds which react as bases in the presence
      of water, for example tetramethylammonium hydroxide etc.
PAR  As solvents there may be used: aliphatic and aromatic hydrocarbons and
      halogenated hydrocarbons, such as benzene, toluene, xylenes, petroleum
      ether, chlorobenzene, methylene chloride, chloroform, carbon
      tetrachloride, ether and ether-like solvents such as dialkyl ether,
      tetrahydrofuran. Suitable solvents which are miscible with water are
      alkanols, ketones etc.
PAR  In the reaction of an azabicycloalkane of the formula II with phosgene and
      an alkali metal salt of a mercaptan of the formula IV the
      azabicycloalkane-2-carboxylic acid halide obtained as intermediate product
      can be reacted without further purification with the salt of the
      mercaptan.
PAR  According to a further process of the present invention the new substituted
      azabicycloalkanes of the formula II are obtained by reacting an
      azabicycloalkane of the formula II, in the presence of an acid binding
      agent, with carbon oxysulfide and subsequently with a chloroalkylating
      agent or an alkenylating agent. Suitable acid binding reagents are those
      cited above, preferably the alkali metal hydroxides. Suitable
      chloroalkylating agents are primarily chloroalkyl halides.
PAR  The reactions according to the invention of a substituted azabicycloalkane
      of the formula II according to one of the indicated methods to give
      compounds of the formula I are carried out at temperatures of -20.degree.C
      to +100.degree.C, preferably between 0.degree.C and +30.degree.C.
PAR  Some of the azabicycloalkanes of the formula II are known and some are new
      compounds. The new compounds are manufactured in known manner by
      hydrogenating the corresponding aromatic heterocycles at
      100.degree.-180.degree.C and 100-200 gauge pressure, in aqueous emulsion
      and in the presence of noble metal catalysts, for example ruthenium/carbon
      catalysts.
PAR  The starting compounds comprised by the formula II are present in 2
      isomeric forms: in the cis- and in the trans-configuration. In the case of
      the 2-azabicyclo[4.4.0]decane (decahydroquinoline), with R.sub.1 and
      R.sub.2 representing hydrogen in the formula II, the cis- and
      trans-isomers are easily isolated and lead to 2 series of compounds of the
      formula I with cis- and trans-configuration.
PAR  The new substituted azabicycloalkanes of the formula I possess excellent
      herbicidal properties and are suitable partly as general herbicides and
      partly for combating weeds and grass-like weeds in rice cultures (water
      and dry rice cultures). Varieties of weeds which are difficult to combat
      in rice cultures are attacked and destroyed by the compounds of the
      formula I. Examples of such weeds in water rice cultures are: Echinochloa
      sp., Eleocharis sp., Monochoria, Sagittaria, Panicum sp., Cyperaceen,
      Rotala, Lindernia, Vandellia, Paspalum sp., etc.; and in dry rice cultures
      likewise Echinochloa sp., Digitaria sp., Brachiaria sp., Sida sp.,
      cyperaceen, Acanthosperum sp. etc. Since the active substances gradually
      destroy the undesirable plants and thus do not have any excessively
      deleterious effect on the oxygen balance and on the balance of nature,
      they are very well suited for application in water rice cultures.
      Moreover, the active substances possess a broad activity spectrum against
      various water weeds, for example against emersed plants, aquatic plants
      with and without floating leaves, submersed plants, algae etc.
PAR  Both the cis- and the trans-azabicycloalkanes of the formula I as well as
      mixtures of both forms are herbicidally active.
PAR  The broad activity spectrum of the new substituted azabicycloalkanes of the
      formula I also makes it possible to use them in the important task of
      combating weeds and grass-like weeds in the area surrounding the rice
      cultures, for example ditches, canal beds, dams etc. Not only the cited
      grass-like weeds occurring in rice cultures but also other grass-like and
      broad-leaved weeds are destroyed by these active substances. The active
      substances may be used for destroying a crop of weeds which has already
      sprouted when preparing the rice beds and after the crop plants have
      emerged. Both rice which is planted in water and that which is planted dry
      do not suffer any damage when the new substituted azabicycloalkanes are
      applied in the conventional concentrations and damage which is very
      largely reversible when high rates of application are used. The rates of
      application vary and depend on the time of application; they are between
      0.5 and 6 kg of active substance per hectare, preferably 4 kg per hectare,
      in the case of application before the plants have germinated. Rates of
      application of 10-30 kg of active substance per hectare are used to
      totally destroy the entire crops of weeds, for example on the fallow land
      neighbouring on the cultivated areas and to determine the general
      herbicidal activity. The crop rotation important for the rice culture may
      proceed on application of the new active substances without any
      detrimental effects.
PAR  The azabicycloalkanes of the formula I may also be used furthermore as
      growth regulators, for example for defoliating, delaying blossoming etc.
      The new compounds influence the vegetative plant growth and germination
      power and promote fruit development and the evolution of abscission
      tissues. The development of side shoots in various species of plants is
      very substantially diminished. The new compounds also have a promotor
      action, for example the latex flow in Hevea brasiliensis is promoted. As
      experiments have shown, the rooting of seedlings and cuttings are also the
      tuber formation in potatoes are favourably influenced. The germination
      power of seeds, for example of seed potatoes and legumes, is promoted on
      the use of low and prevented on the use of high concentrations.
PAR  Both effects are of economic importance. In the case of many ornamental and
      useful plants it is possible to control the term of blossoming and the
      number of blossoms. If all shrubs blossom simultaneously, they can be
      harvested within a comparatively short time.
PAR  Experiments also showed that a thinning out of blossom and fruit occurred
      in fruit trees. Furthermore, the ripening and colouring of fruit, for
      example in the case of apples, peaches, tomatoes, bananas and pineapples,
      were accelerated and improved. The abscission of fruit and leaves is
      greatly facilitated by the formation of abscission tissue -- a factor
      which is of great economic importance in the mechanical harvesting of, for
      example, citrus fruit or cotton.
PAR  Substituted azabicycloalkanes of the formula I have hitherto not been
      described. Herbicidal azabicyclo[3.2.2]-nonanes and
      polymethyleneimino-thiocarbamates are described in U.S. Pat. Nos.
      3,344,134 and 3,198,786 respectively, but their action on grass-like weeds
      with good selectivity in rice is slight and dicotyledonous weeds are not
      damaged. With comparable selectivity towards rice, the active substances
      according to the invention of the formula I have a much better action
      against grass-like weeds and a broad activity spectrum towards
      dicotyledonous weeds. Even when used in very low rates of application,
      some are herbicidally active against numerous grass-like weeds against
      which the cited comparative compounds show no activity, and they are well
      tolerated by cereals, especially maize and wheat, also soya and cotton.
PAR  The herbicidal agents are manufactured by mixing the active substances with
      suitable carriers and/or dispersing agents. In order to broaden the
      activity spectrum it is possible to add to these agents still other
      herbicides, for example from the series of the triazines, such as
      halogeno-diamino-s-triazines, alkoxy- and alkylthio-diamino-s-triazines,
      triazoles, diazines, such as uraciles, aliphatic carboxylic acids and
      halogenocarboxylic acids, halogenated benzoic acids and phenylacetic
      acids, aryloxyalkanecarboxylic acids, hydrazides, amides, nitriles, esters
      of such carboxylic acids, carbamic acids and thiocarbamic acids, phenyl
      ureas etc.
DETD
PAR  The following Examples illustrate the process for the manufacture of the
      azabicycloalkane derivatives of the formula I.
PAC  EXAMPLE 1
PAR  Beneath a solution of 20 g of trans-decahydroquinoline in 100 ml of benzene
      is introduced a layer consisting of a solution of 5.8 g of sodium
      hydroxide in 100 ml of water. While stiring vigorously and cooling to
      5.degree.-10.degree.C, 20 g of chlorothioformic acid allyl ester are then
      added dropwise to the mixture. Upon completion of the reaction, stirring
      is continued for 3 hours, the phases are separated, the benzene phase is
      washed until neutral, dried, and the benzene evaporated in vacuo. The
      residual oil is distilled in vacuo to yield 24 g (70% of theory) of
      1-(allylthiocarbonyl)-trans-decahydroquinoline (b.p.
      110.degree.-116.degree.C/0.2 Torr).
PAC  EXAMPLE 2
PAR  Beneath a solution of 13.9 g of cis-decahydroquinoline in 200 ml of diethyl
      ether is introduced a layer consisting of an aqueous solution of 4 g of
      sodium hydroxide. While stirring vigorously and cooling to
      0.degree.-5.degree.C, 9.8 g of phosgene is passed into this mixture. When
      the mixture shows a neutral reaction, the ether phase is separated and
      added dropwise to a suspension of 13 g of
      sodium-(3-chloro-propyl)-mercaptide in absolute ether. The batch is left
      to stand for 24 hours and then the resulting precipitate is collected by
      suction filtration. The ether is evaporated off and the residual oil so
      obtained is distilled in vacuo to yield 19 g (68% of theory) of
      1-(3-n-chloro-propylthiocarbonyl)-cis-decahydroquinoline (b.p.
      140.degree.-142.degree.C/0.01 Torr).
PAC  EXAMPLE 3
PAR  To a suspension of 13.9 g of trans-decahydroquinoline in 200 ml of water
      are added 4.0 g of sodium hydroxide and, while stirring slowly, 8.0 g of
      carbon oxysulphide are passed into the mixture at 0.degree.-5.degree.C
      over the course of 1 hour. After a further quarter of an hour 23 g of
      1,3-bromochloropropane are added all at once and the batch is stirred for
      20 hours at 20.degree.C. The precipitated oil is taken up in ether, the
      ether solution shaken out with dilute hydrochloric acid, washed with
      water, dried and evaporated in vacuo. The resulting oil is distilled in
      vacuo. 10.6 Grams (38% of theory) of
      1-(3-n-chloropropylthiocarbonyl)-trans-decahydroquinoline are obtained in
      the form of a colorless oil (b.p. 130.degree.-138.degree.C/0.01 Torr).
PAR  The compounds of the formula I listed in Table 1 are manufactured according
      to the methods described in these Examples by using corresponding amounts
      of azabicycloalkane and thiocarbonic acid halide of the formula III or
      carbon oxysulphide and alkylating (or alkenylating) agent:
TBL                                    Table 1                                 
     __________________________________________________________________________
     Example                                                                   
          Compound             Boiling Point                                   
     No.                                                                       
     __________________________________________________________________________
     4    1-(allylthio-carbonyl)-cis-deca-                                     
          hydroquinoline       106-110.degree./0.05 Torr                       
     5    1-(allylthio-carbonyl)-2-methyl-                                     
          decahydroquinoline   123-124.degree./0.01 Torr                       
     6    1-(2-chloroethylthio-carbonyl)-                                      
          trans-decahydroquinoline                                             
                               140.degree./0.1 Torr                            
     7    1-(2-chloroethylthio-carbonyl)-                                      
          cis-decahydroquinoline                                               
                               138.degree./0.08 Torr                           
     8    1-(2-butenylthio-carbonyl)-cis-                                      
          decahydroquinoline   139-140.degree./0.15 Torr                       
     9    1-(2-chloroethylthio-carbonyl)-8-                                    
          methyl-decahydroquinoline                                            
                               150-152.degree./0.1 Torr                        
     10   1-(3-n-chloropropylthio-carbonyl)-                                   
          octahydroindole      142-145.degree./0.09 Torr                       
     11   1-(allylthio-carbonyl)-octahydro-                                    
          indole               145-155.degree./0.04 Torr                       
     12   1-(3-n-chloropropylthio-carbon-                                      
          yl)-2-methyl-octahydroindole                                         
                               145-150.degree./0.1 Torr                        
     __________________________________________________________________________
PAR  The herbicidal action of the new compounds is illustrated by the following
      tests.
PAC  Selective Pre-emergence Test with sown Test Plants
PAR  Immediately after sowing the test plants in seed dishes the active
      substances, in the form of an aqueous suspension (obtained from a 25%
      wettable powder), are applied to the surface of the soil. The seed dishes
      are then kept in day-light at 22.degree.-25.degree.C and 50-70% relative
      atmospheric humidity.
PAR  Evaluation takes place 28 days according to the following key:
PA1  9 = plants undamaged = control
PA1  1 = plants died off
PA1  8-2 = intermediate stages of damage
PAR  The following test plants were sown:
TBL  rice (dry)     (Oryza)                                                    
     rice (in water)                                                           
     wheat          (Triticum vulgare)                                         
     soya           (Glycine hispida)                                          
     cotton         (Gossypium)                                                
     maize          (Zea mais)                                                 
     ray grass      (Lolium multiflorum)                                       
     Italian millet (Setaria italica)                                          
     panicum grass  (Echinochloa crus galli)                                   
     a) dry                                                                    
     b) in water                                                               
     rough meadow grass                                                        
                    (Poa trivialis)                                            
     foxtail grass  (Alopecurus myosuroides)                                   
     crabgrass      (Digitaria sanguinalis)                                    
TBL                                    Table II                                
     __________________________________________________________________________
     Condition of the sown plants after 4 weeks                                
              Crop Plants          Weeds                                       
     Active                                                                    
          Conc.                                                                
              Rice                                                             
                 Rice in    Cot-   Lolium                                      
                                       Setaria                                 
                                           Echinochloa                         
                                                  Poa                          
                                                     Alope-                    
                                                         Digitaria             
     substance                                                                 
          kg/ha                                                                
              dry                                                              
                 water                                                         
                     wheat                                                     
                         Soya                                                  
                            ton                                                
                               Maize                                           
                                   multifl.                                    
                                       ital.                                   
                                           crus galli                          
                                                  triv.                        
                                                     curus                     
                                                         sanguin.              
     Example                               dry           -                     
                                              in     myos.                     
     No.                                      water                            
     __________________________________________________________________________
          8   9  8   8   9  9  9   2   2   1  1   1  2   1                     
          4   9  8   9   9  9  9   3   2   1  2   1  2   1                     
     1    2   9  9   9   9  9  9   8   2   2  2   2  9   1                     
          1   9  9   9   9  9  9   9   4   2  6   9  9   2                     
          8   9  7   8   7  8  8   1   1   1  1   1  1   1                     
          4   9  8   8   7  9  8   2   1   1  1   1  2   1                     
     2    2   9  9   9   9  9  8   7   1   2  2   1  2   1                     
          1   9  9   9   9  9  9   9   2   2  2   1  7   2                     
          8   -- --  8   9  9  9   3   2   1  1   2  2   2                     
          4   -- --  9   9  9  9   3   2   1  2   2  2   2                     
     3    2   8  8   9   9  9  9   3   2   2  3   2  2   3                     
          1   9  9   9   9  9  9   7   4   5  9   4  4   4                     
          8   -- --  --  7  7  7   1   1   1  1   1  1   1                     
          4   -- --  --  8  8  7   1   1   2  1   1  2   1                     
     4    2   8  8   --  9  9  8   2   1   3  2   1  2   1                     
          1   9  9   --  9  9  9   6   1   5  4   2  6   1                     
          4   9  9   9   9  9  --  3   3   3  1   4  6   2                     
     A    2   9  9   9   9  9  --  9   4   6  7   8  6   3                     
          1   9  9   9   9  9  --  9   9   7  9   9  9   9                     
     __________________________________________________________________________
      A = 3-(ethylthio-carbonyl)-3-azabicyclo[3.2.2.]nonane, known from U.S.   
      Pat. No. 3,344,134                                                       
PAR  The following tests illustrate the influence on the vegetative storage
      system of various species of plants:
PAC  II. Inhibition of the growth in height
PA0  a. Application to grasses
PAR  A mixture of grasses, consisting of Lolium perenne (20%), Poa pratensis
      (23%), Festuca ovin (10%) and Festuca rubra (47%), is cultivated for 4
      months in seed dishes and cut once weekly. The freshly cut grass, approx.
      1.5 cm high, is then treated with aqueous or aqueous-acetonic active
      substance solutions. Subsequently the grass is kept at 25.degree.C and 65%
      relative atmospheric humidity under 15000 lux. The growth in height is
      assessed 4 weeks after the application of the active substances.
PAR  The diminution produced by the active substance at various rates of
      application is indicated in the Table below in accordance with the
      following rating.
TBL  ______________________________________                                    
     Key                                                                       
     6 = no action, as untreated grass                                         
     5 = approx. 16% inhibition of the growth in height                        
     4 = approx. 35% inhibition of the growth in height                        
     3 = approx. 50% inhibition of the growth in height                        
     2 = approx. 66% inhibition of the growth in height                        
     1 = approx. 85% inhibition of the growth in height                        
     c = deeper leaf coloring                                                  
     ______________________________________                                    
TBL                                    Table III                               
     __________________________________________________________________________
     Active                                                                    
     Substance                                                                 
             Concentration                                                     
                    Lolium                                                     
                         Poa  Festucca                                         
                                   Festuca                                     
     Example No.                                                               
             kg/ha  perenne                                                    
                         pratensis                                             
                              rubra                                            
                                   ovin                                        
     __________________________________________________________________________
     1       10     5    3c   6    6                                           
             5      5    6    6    6                                           
     2       10     4    1c   4     3c                                         
             5      5    2c   5     3c                                         
     3       10     5    4c   5    4                                           
             5      6    4c   5    4                                           
     4       10     2    3c   4    3                                           
             5      4    3c   4    4                                           
     __________________________________________________________________________
PA0  b. Application to cereals
PAR  Spring wheat, rye and oats are cultivated in seed dishes at 25.degree.C.
      65% relative atmospheric humidity and 15000 lux. When the plants have
      attained the 2 leaf stage the seed dishes are treated with an active
      substance broth, so that the indicated rate of application is achieved.
      The growth in length is assessed 21 days after application in accordance
      with the key in (a) above.
TBL                Table IV                                                    
     ______________________________________                                    
     Active Substance                                                          
                 Concentration                                                 
                            Spring Wheat                                       
                                       Rye  Oats                               
     Example No. ppm                                                           
     ______________________________________                                    
     3           500        5          5    4                                  
                 100        6          6    5                                  
     4           500        3          3    4                                  
                 100        4          4    4                                  
     ______________________________________                                    
PAR  The same types of cereal, spring wheat, rye and oats, in the 2 leaf stage
      are sprayed dripping wet with aqueous or aqueous acetonic solutions of
      0.5% active substance and then kept in a climatic chamber at 25.degree.C
      and 65% relative atmospheric humidity under 15000 lux. The diminution in
      the growth in height of the plants is determined by measuring the
      internodal intervals.
PAR  The growth inhibition produced by the active substances is indicated in the
      following Table in accordance with the rating as given above.
TBL                Table V                                                     
     ______________________________________                                    
     Active Substance                                                          
                 Concentration                                                 
                            Spring Wheat                                       
                                       Rye  Oats                               
     Example No. ppm                                                           
     ______________________________________                                    
     2           5000       4          3    3                                  
                 1000       5          4    4                                  
     3           5000       3          3    3                                  
                 1000       5          3    4                                  
     ______________________________________                                    
PAL  The other substances are tested in like manner and showed a similar action.
PAR  The herbicidal agents according to the invention are manufactured in known
      manner by intimately mixing and/or grinding active substances of the
      formula I with the suitable carriers, optionally with the addition of
      dispersants or solvents which are inert towards the active substances. The
      active substances may be available and can be used in the following forms:
PA0  Solid forms
PA1  dusts, tracking agents, granules, coated granules, impregnated granules and
      homogeneous granules.
PA0  Liquid forms
PA1  a. active substances which are dispersible in water: wettable powders,
      pastes, emulsions;
PA1  b. solutions.
PAR  To manufacture solid forms (dusts, tracking agents), the active substances
      are mixed with solid carriers. Suitable carriers are, for example: kaolin,
      talcum, bolus, loess, chalk, limestone, ground limestone, attaclay,
      dolomite, diatomaceous earth, precipitated silica, alkaline earth
      silicates, sodium and potassium aluminium silicates (feldspar and mica),
      calcium and magnesium sulphates, magnesium oxide, ground synthetic
      materials, fertilisers, for example ammonium sulphate, ammonium phosphate,
      ammonium nitrate, urea, ground vegetable products, such as corn meal, bark
      dust, sawdust, nutshell meal, cellulose powder, residues of plant
      extractions, activated charcoal etc. These substances can either be used
      alone or in admixture with one another.
PAR  The particle size of the carriers for dusts is advantageously up to about
      0.1 mm, for tracking agents about 0.075 to 0.2 mm, and for granules 0.2 mm
      or larger.
PAR  The concentrations of active substance in the solid preparations are
      usually from 0.5 to 80%.
PAR  To these mixtures can also be added additives which stabilize the active
      substance and/or non-ionic, anionic and cationic surface active
      substances, which for example improve the adhesion of the active
      ingredients on plants or parts of plants (adhesives and agglutinants)
      and/or ensure a better wettability (wetting agents) and dispersibility
      (dispersing agents). Examples of suitable adhesives are the following:
      olein/chalk mixture, cellulose derivatives (methyl cellulose,
      carboxymethyl cellulose), hydroxyethyl glycol ethers of monoalkyl and
      dialkyl phenols having 5 to 15 ethylene oxide radicals per molecule and 8
      to 9 carbon atoms in the alkyl radical, lignin sulfonic acids, their
      alkali metal and alkaline earth metal salts, polyethylene glycol ethers
      (carbowaxes), fatty alcohol polyethylene glycol ethers having 5 to 20
      ethylene oxide radicals per molecule and 8 to 18 carbon atoms in the fatty
      alcohol moiety, condensation products of ethylene oxide/propylene oxide,
      polyvinyl pyrrolidones, polyvinyl alcohols, condensation products of urea
      and formaldehyde, and also latex products.
PAR  The water-dispersible concentrates of the active substance, i.e. wettable
      powders, pastes and emulsifiable concentrates, are agents which can be
      diluted with water to any concentration desired. They consist of active
      substance, carrier, optionally additives which stabilize the active
      substance, surface-active substances and anti-foam agents and, optionally,
      solvents.
PAR  Wettable powders and pastes are obtained by mixing and grinding the active
      substances with dispersing agents and pulverulent carriers in suitable
      apparatus until homogeneity is attained. Carriers are, for example, those
      mentioned for the solid forms of application. In some cases it is
      advantageous to use mixtures of different carriers. As dispersing agents
      there can be used, for example, condensation products of sulfonated
      naphthalene and sulfonated naphthalene derivatives with formaldehyde,
      condensation products of naphthalene or naphthalene sulfonic acids with
      phenol and fomaldehyde, as well as alkali, ammonium and alkaline earth
      metal salts of lignin sulfonic acid, in addition, alkylaryl sulfonates,
      alkali and alkaline earth metal salts of dibutyl naphthalene sulfonic
      acid, fatty alcohol sulfates such as salts of sulfated hexadecanols,
      heptadecanols, octadecanols, and salts of sulfated fatty alcohol glycol
      ethers, the sodium salt of oleoyl ethionate, the sodium salt of oleoyl
      methyl tauride, ditertiary acetylene glycols, dialkyl dilauryl ammonium
      chloride and fatty acid alkali and alkaline earth metal salts.
PAR  Suitable anti-form agents are silicones.
PAR  The active substances are so mixed, ground, sieved and strained with the
      additives mentioned above that, in wettable powders, the solid particle
      size of from 0.02 to 0.04 and in pastes, of 0.03 is not exceeded. To
      produce emulsifiable concentrates and pastes, dispersing agents such as
      those given in the previous paragraphs, organic solvents and water are
      used. Examples of suitable solvents are the following: alcohols, benzene,
      xylenes, toluene, dimethyl sulfoxide, and mineral oil fractions boiling
      between 120.degree. and 350.degree.C. The solvents must be practically
      odorless, not phytotoxic, inert to the active substances and not readily
      inflammable.
PAR  Furthermore, the agents according to the invention can be applied in the
      form of solutions. For this purpose the active substance or several active
      substances of general formula I are dissolved in suitable organic
      solvents, mixtures of solvents or in water. Aliphatic and aromatic
      hydrocarbons, chlorinated derivatives thereof, alkyl naphthalenes, and
      mineral oils alone or mixed with each other, can be used as organic
      solvents. The solutions should contain the active substances in a
      concentration of from 1 to 20%.
PAR  The agents described according to the invention may be mixed with other
      biocidally active compounds or agents. Thus to broaden the activity
      spectrum the new agents may contain, for example, insecticides,
      fungicides, bactericides, fungistatics, bacteriostatics or nematocides, in
      addition to the cited compounds of the formula I.
PAR  Preparations forms of the new substituted azabicycloalkanes are described
      hereinbelow. Parts denote parts by weight.
PA0  Granules
PAR  The following substances are used to manufacture 5% granules:
PA1  5 parts of an active substance of the formula I,
PA1  0.25 parts of epichlorohydrin,
PA1  0.25 parts of cetyl polyglycol ether,
PA1  3.50 parts of polyethylene glycol ether (Carbowax),
PA1  91 parts of kaolin (particle size: 0.3-0.8 mm).
PAR  The active substance is mixed with epichlorohydrin and the mixture
      dissolved in 6 parts of acetone, then polyethylene glycol ether and cetyl
      polyglycol ether are added. The resulting solution is sprayed on kaolin
      and then evaporated in vacuo.
PA0  Wettable Powder
PAR  The following constituents are used to manufacture (a) a 70%, (b) a 25% and
      (c) a 10% wettable powder:
PA0  a. 70 parts of an active substance of the formula I,
PA1  5 parts of sodium dibutylnaphthalene sulphonate,
PA1  3 parts of napthalenesulphonic acid/phenolsulphonic acid/formaldehyde
      condensate (3:2:1),
PA1  10 parts of kaolin,
PA1  12 parts of Champagne chalk;
PA0  b. 25 parts of an active substance of the formula I,
PA1  5 parts of sodium oleylmethyltauride,
PA1  2.5 parts of naphthalenesulphonic acid/formaldehyde condensate,
PA1  0.5 parts of carboxymethyl cellulose,
PA1  5 parts of neutral potassium aluminium silicate,
PA1  62 parts of kaolin;
PA0  c. 10 parts of an active substance of the formula I,
PA1  3 parts of a mixture of the sodium salts of saturated fatty alcohol
      sulphates,
PA1  5 parts of naphthalenesulphonic acid/formaldehyde condensate,
PA1  82 parts of kaolin.
PAR  The indicated active substance is applied to the corresponding carriers
      (kaolin and chalk) and then these are mixed and ground, to yield wettable
      powders of excellent wettability and having an excellent capacity for
      forming suspensions. By diluting these wettable powders with water it is
      possible to obtain suspensions of every desired concentration of active
      substance. Such suspensions are used for combating weeds and weed-like
      grasses in cultures of water and dry rice before and after the emergence
      of the rice plants.
PA0  Paste
PAR  The following substances are used to manufacture a 45% paste:
PA1  45 parts of 1-(3-chloropropylthio-carbonyl)-cis-decahydroquinoline,
PA1  5 parts of sodium aluminium silicate,
PA1  14 parts of cetyl polyglycol ether with 8 mols of ethylene oxide,
PA1  1 parts of oleyl polyglycol ether with 5 mols of ethylene oxide,
PA1  2 parts of spindle oil,
PA1  10 parts of polyethylene glycol,
PA1  23 parts of water.
PAR  The active substance is intimately mixed with the additives in appropriate
      devices and ground. A paste is obtained from which, by diluting it with
      water, it is possible to manufacture suspensions of every desired
      concentration of active substance. The suspensions are suitable for
      treating cultures of water rice before and after the emergence of the
      plants.
PAR  Similar pastes are obtained if another active substance of the formula I is
      used instead of the above mentioned
      1-(3-chloropropylthio-carboxnyl)-cis-decahydroquinoline.
PA0  Emulsion Concentrate
PAR  To manufacture a 10% emulsion concentrate
PA1  10 parts of 1-(allylthio-carbonyl)-trans-decahydroquinoline,
PA1  15 parts of oleyl polyglycol ether with 8 mols of ethylene oxide,
PA1  75 parts of isophoron
PAL  are mixed together. This concentration can be diluted with water to give
      emulsions in desired concentrations. Such emulsions are applied, for
      example, to cultures of dry rice before the emergence of the rice plants.
PAR  Similar emulsion concentrates are obtained if, for example,
      1-(allylthio-carbonyl)-2-methyl-decahydroquinoline or
      1-(3-chloro-propylthio-carbonyl)-octahydroindole is used instead of the
      above mentioned active substance.
CLMS
STM  We claim;
NUM  1.
PAR  1. A herbicidal composition which comprises (1) a herbicidally effective
      amount of a compound of the formula
      ##EQU5##
      wherein R is chloroalkyl having 2 or 3 carbon atoms or a straight chain or
      branched alkenyl having 3 or 4 carbon atoms, one of R.sub.1 and R.sub.2 is
      hydrogen and the other is hydrogen or methyl, and n is the number 1 or 2
      and (2) an inert carrier.
NUM  2.
PAR  2. A method for combating weeds which comprises applying to said plants a
      herbicidally effective amount of a compound of the formula
      ##EQU6##
      wherein R is chloroalkyl having 2 or 3 carbon atoms or a straight chain or
      branched alkenyl having 3 or 4 carbon atoms, one of R.sub.1 and R.sub.2 is
      hydrogen and the other is hydrogen or methyl, and n is the number 1 or 2.
NUM  3.
PAR  3. A method according to claim 2 in which n is 2.
NUM  4.
PAR  4. A method for controlling the growth of weeds in cultures of wheat, soya,
      cotton and maize which comprises applying thereto a herbicidally effective
      amount of a compound of the formula
      ##EQU7##
      wherein R is chloroalkyl having 2 or 3 carbon atoms or a straight chain or
      branched alkenyl having 3 or 4 carbon atoms, one of R.sub.1 and R.sub.2 is
      hydrogen and the other is hydrogen or methyl, and n is the number 1 or 2.
NUM  5.
PAR  5. A method according to claim 4 in which n is 2.
NUM  6.
PAR  6. A method for controlling the growth of weeds in rice cultures which
      comprises applying thereto a herbicidally effective amount of a compound
      of the formula
      ##EQU8##
      wherein R is chloroalkyl having 2 or 3 carbon atoms or a straight chain or
      branched alkenyl having 3 or 4 carbon atoms, one of R.sub.1 and R.sub.2 is
      hydrogen and the other is hydrogen or methyl, and n is the number 1 or 2.
NUM  7.
PAR  7. A method according to claim 6 in which n is 2.
NUM  8.
PAR  8. A method according to claim 7 in which the compound is
      1-(allylthio-carbonyl)-trans-decahydroquinoline.
NUM  9.
PAR  9. A method according to claim 7 in which the compound is
      1-(3-n-chloropropylthio)-carbonyl)-cis-decahydroquinoline.
NUM  10.
PAR  10. A method according to claim 7 in which the compound is
      1-(3-n-chloropropylthio)-carbonyl)-trans-decahydroquinoline.
NUM  11.
PAR  11. A method according to claim 7 in which the compound is
      1-(allylthio-carbonyl)-cis-decahydroquinoline.
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ABST
PAL  This invention discloses compounds of the formula
      ##SPC1##
PAL  Wherein X is alkyl; t is an integer from 0 to 3; Y is a straight or
      branched alkylene chain of from 2 to 3 carbon atoms. The compounds of the
      above description are useful as herbicides which resist leaching in the
      soil.
PARN
PAR  This is a division of my copending application Ser. No. 383,932, filed July
      30, 1973 now U.S. Pat. No. 3,890,373, issued June 17, 1973.
BSUM
PAR  This invention relates to new compositions of matter and more specifically
      relates to new chemical compounds of the formula
      ##SPC2##
PAL  Wherein X is alkyl; t is an integer from 0 to 3; Y is a straight or
      branched alkylene chain of from 2 to 3 carbon atoms. The compounds of the
      above description are useful as herbicides which resist leaching in the
      soil.
PAR  In a preferred embodiment of the present invention X is lower alkyl having
      a straight or branched carbon chain of up to about 6 carbon atoms.
PAR  The compounds of the present invention are useful as herbicides and possess
      the unexpected property of resisting leaching in the soil. Weeds often
      grow near the soil surface whereas many beneficial plants have their roots
      deeper in the ground. Thus, to avoid injury to the beneficial plants which
      may be partially sensitive to a herbicide, it is desirable to minimize
      leaching or downward movement of the herbicide in the soil. Furthermore, a
      basis for the pre-emergence action of herbicides is often the difference
      in depth between the planted crop seeds and the weed seeds on the surface
      of the soil. Crop seeds are generally planted one to three inches deep and
      are somewhat protected from chemicals applied to the soil surface, while
      weed seeds generally germinate only in the top one-fourth inch of the soil
      and are thus subject to much higher concentration of the chemical. To
      maintain this difference in concentration of the chemical it is desirable
      to have a herbicide which is resistant to leaching in the soil. The
      compounds of the present invention resist leaching to a high degree.
PAR  The compounds of the present invention can be readily prepared by reacting
      a molar amount of a compound of the formula
      ##SPC3##
PAL  Wherein X, t and Y are as heretofore described, with two molar amounts of
      2-methoxy-3,6-dichlorobenzoyl chloride. This reaction can be effected by
      combining the reactants in an inert organic solvent, such as benzene, in
      the presence of an acid acceptor such as a tertiary amine. The reaction
      mixture can then be heated at its reflux temperature for a period of from
      about 2 to about 12 hours. After this time the mixture can be washed with
      water, with dilute aqueous acid and with aqueous base to remove unreacted
      starting materials. The mixture can then be washed again with water and
      dried over anhydrous magnesium sulfate. The dried mixture is then stripped
      of solvent under reduced pressure to yield the desired product as the
      residue.
PAR  The compounds of formula II when not readily available can be conveniently
      prepared from the corresponding aniline by reaction with ethylene oxide or
      propylene oxide.
DETD
PAR  The manner in which the compounds of the present invention can be prepared
      is more specifically illustrated in the following examples.
PAC  EXAMPLE 1
PAC  Preparation of N,N-Bis(2-methoxy-3,6-dichlorobenzoyloxyethyl)aniline
PAR  N-Phenyl-N,N-diethanolamine (18.1 grams; 0.1 mole),
      2-methoxy-3,6-dichlorobenzoyl chloride (47.3 grams; 0.2 mole), pyridine 16
      grams; 0.2 mole) and benzene 150 ml) were charged into a glass reaction
      vessel equipped with a mechanical stirrer, thermometer and reflux
      condenser. The mixture was heated at reflux, with stirring for a period of
      about 5 hours. After this time the reaction mixture was washed with water,
      extracted with dilute aqueous hydrochloric acid and washed with 5% aqueous
      sodium carbonate and water. The washed mixture was then dried over
      anhydrous magnesium sulfate. The dried mixture was then stripped of
      solvent under reduced pressure to yield the desired product
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxyethyl)aniline as a red gum.
PAC  EXAMPLE 2
PAC  Preparation of N,N-Bis(2-methoxy-3,6-dichlorobenzoyloxypropyl)aniline
PAR  N-Phenyl-N,N-dipropanolamine (21 grams; 0.1 mole),
      2-methoxy-3,6-dichlorobenzoyl chloride (47.3 grams; 0.2 mole), pyridine
      (16 grams; 0.2 mole) and benzene (150 ml) are charged into a glass
      reaction vessel equipped with a mechanical stirrer, thermometer and reflux
      condenser. The mixture is heated at reflux, with stirring, for a period of
      about 6 hours. After this time the mixture is washed with water and is
      dried over anhydrous magnesium sulfate. The dried mixture is then stripped
      of solvent under reduced pressure to yield the desired product
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxypropyl)aniline as the residue.
PAC  EXAMPLE 3
PAC  Preparation of
      N,N-Bis(2-methoxy-3,6-dichlorobenzoyloxyethyl)-4-methylaniline
PAR  N-(4-Methylphenyl)-N,N-diethanolamine (19.5 grams; 0.1 mole),
      2-methoxy-3,6-dichlorobenzoyl chloride (47.3 grams; 0.2 mole), pyridine
      (16 grams; 0.2 mole) and benzene (150 ml) are charged into a glass
      reaction vessel equipped with a mechanical stirrer, reflux condenser and
      thermometer. The reaction mixture is heated at reflux for a period of
      about 5 hours. After this time the mixture is washed with water and is
      dried over anhydrous magnesium sulfate. The dried mixture is then stripped
      of solvent under reduced pressure to yield the desired product
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxyethyl)-4-methylaniline as the
      residue.
PAR  Additional compounds within the scope of the present invention can be
      prepared by the methods described in the foregoing examples. In the
      following examples are given the essential starting materials required to
      prepare the indicated named compounds by the procedure heretofore
      described.
PAC  EXAMPLE 4
PAR  N-(3-Propylphenyl)-N,N-diethanolamine + 2-methoxy-3,6-dichlorobenzoyl
      chloride = N,N-bis(2-methoxy-3,6-dichlorobenzoyloxyethyl)-3-propylaniline.
PAC  EXAMPLE 5
PAR  N-(4-Hexylphenyl)-N,N-diethanolamine + 2-methoxy-3,6-dichlorobenzoyl
      chloride = N,N-bis(2-methoxy-3,6-dichlorobenzoyloxyethyl)-4-hexylaniline.
PAC  EXAMPLE 6
PAR  N-(3,4-Dimethylphenyl)-N,N-diethanolamine + 2-methoxy-3,6-dichlorobenzoyl
      chloride =
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxyethyl)-3,4-dimethylaniline.
PAC  EXAMPLE 7
PAR  N-(2,4,5-Trimethylphenyl)-N,N-diethanolamine +
      2-methoxy-3,6-dichlorobenzoyl chloride =
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxyethyl)-2,4,5-trimethylaniline.
PAR  Additional compounds within the scope of the present invention are
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxyethyl)-3-ethylaniline,
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxyethyl)-4-butylaniline,
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxyethyl)-4-pentylaniline,
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxyethyl)-3,4-diethylaniline,
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxyethyl)-3,4-diethylaniline,
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxyethyl)-3,4-dipropylaniline,
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxyethyl)-2,4-dihexylaniline,
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxyprop-2-yl)-4-methylaniline,
      N,N-bis[2-(2-methoxy-3,6-dichlorobenzoyloxy)propyl]-2-ethylaniline,
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxypropyl)-3-propylaniline,
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxypropyl)-4-butylaniline,
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxypropyl)-4-pentylaniline,
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxypropyl)-3,4-dimethylaniline,
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxypropyl)-3,4-diethylaniline,
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxypropyl)-3,4-dihexylaniline,
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxypropyl)-3,4,5-trimethylaniline,
      N,N-bis(2-methoxy-3,6-dichlorobenzoyloxypropyl)-3,4,5-triethylaniline and
      the like.
PAR  For practical use as herbicides the compounds of this invention are
      generally incorporated into herbicidal compositions which comprise an
      inert carrier and a herbicidally toxic amount of such a compound. Such
      herbicidal compositions, which can also be called formulations, enable the
      active compound to be applied conveniently to the site of the weed
      infestation in any desired quantity. These compositions can be solids such
      as dusts, granules, or wettable powders; or they can be liquids such as
      solutions, aerosols, or emulsifiable concentrates.
PAR  For example, dusts can be prepared by grinding and blending the active
      compound with a solid inert carrier such as the talcs, clays, silicas,
      pyrophyllite, and the like. Granular formulations can be prepared by
      impregnating the compound, usually dissolved in a suitable solvent, onto
      and into granulated carriers such as the attapulgites or the vermiculites,
      usually of a particle size range of from about 0.3 to 1.5 mm. Wettable
      powders, which can be dispersed in water or oil to any desired
      concentration of the active compound, can be prepared by incorporating
      wetting agents into concentrated dust compositions.
PAR  In some cases the active compounds are sufficiently soluble in common
      organic solvents such as kerosene or xylene so that they can be used
      directly as solutions in these solvents. Frequently, solutions of
      herbicides can be dispersed under super-atmospheric pressure as aerosols.
      However, preferred liquid herbicidal compositions are emulsifiable
      concentrates, which comprise an active compound according to this
      invention and as the inert carrier, a solvent and an emulsifier. Such
      emulsifiable concentrates can be extended with water and/or oil to any
      desired concentration of active compound for application as sprays to the
      site of the weed infestation. The emulsifiers most commonly used in these
      concentrates are nonionic or mixtures of nonionic with anionic
      surface-active agents. With the use of some emulsifier systems an inverted
      emulsion (water in oil) can be prepared for direct application to weed
      infestations.
PAR  A typical herbicidal composition according to this invention is illustrated
      by the following example, in which the quantities are in parts by weight.
PAC  EXAMPLE 8
TBL  Preparation of a Dust                                                     
     Product of Example 1      10                                              
     Powdered Talc             90                                              
PAR  The above ingredients are mixed in a mechanical grinder-blender and are
      ground until a homogeneous, free-flowing dust of the desired particle size
      is obtained. This dust is suitable for direct application to the site of
      the weed infestation.
PAR  The compounds of this invention can be applied as herbicides in any manner
      recognized by the art. One method for the control of weeds comprises
      contacting the locus of said weeds with a herbicidal composition
      comprising an inert carrier and as an essential active ingredient, in a
      quantity which is herbicidally toxic to said weeds, a compound of the
      present invention. The concentration of the new compounds of this
      invention in the herbicidal compositions will vary greatly with the type
      of formulation and the purpose for which it is designed, but generally the
      herbicidal compositions will comprise from about 0.05 to about 95 percent
      by weight of the active compounds of this invention. In a preferred
      embodiment of this invention, the herbicidal compositions will comprise
      from about 5 to about 75 percent by weight of the active compound. The
      compositions can also comprise such additional substances as other
      pesticides, such as insecticides, nematocides, fungicides, and the like;
      stabilizers, spreaders, deactivators, adhesives, stickers, fertilizers,
      activators, synergists, and the like.
PAR  The compounds of the present invention are also useful when combined with
      other herbicides and/or defoliants, dessicants, growth inhibitors, and the
      like in the herbicidal compositions heretofore described. These other
      materials can comprise from about 5% to about 95% of the active
      ingredients in the herbicidal compositions. Use of combinations of these
      other herbicides and/or defoliants, dessicants, etc. with the compounds of
      the present invention provide herbicidal compositions which are more
      effective in controlling weeds and often provide results unattainable with
      separate compositions of the individual herbicides. The other herbicides,
      defoliants, dessicants and plant growth inhibitors, with which the
      compounds of this invention can be used in the herbicidal compositions to
      control weeds, can include chlorophenoxy herbicides such as 2,4-D,
      2,4,5-T, MCPA, MCPB, 4(2,4-DB), 2,4-DEB, 4-CPB, 4-CPA, 4-CPP, 2,4,5-TB,
      2,4,5-TES, 3,4-DA, silvex and the like; carbamate herbicides such as IPC,
      CIPC, swep, barban, BCPC, CEPC, CPPC, and the like; thiocarbamate and
      dithiocarbamate herbicides such as CDEC, metham sodium, EPTC, diallate,
      PEBC, perbulate, vernolate and the like; substituted urea herbicides such
      as norea, siduron, dichloral urea, chloroxuron, cycluron, fenuron,
      monuron, monuron TCA, diuron, linuron, monolinuron, neburon, buturon,
      trimeturon and the like; symmetrical triazine herbicides such as simazine,
      chlorazine, atraone, desmetryne, norazine, ipazine, prometryn, atazine,
      trietazine, simetone, prometone, propazine, ametryne and the like;
      chloroacetamide herbicides such as alpha-chloro-N,N-dimethylacetamide,
      CDEA, CDAA, alpha-chloro-N-isopropylacetamide,
      2-chloro-N-isopropylacetanilide, 4-(chloroacetyl)morpholine,
      1-(chloroacetyl)piperidine and the like; chlorinated aliphatic acid
      herbicides such as TCA, dalapon, 2,3-dichloropropionic acid, 2,2,3-TPA and
      the like; chlorinated benzoic acid and phenylacetic acid herbicides such
      as 2,3,6-TBA, 2,3,5,6-TBA, dicamba, tricamba, amiben, fenac, PBA,
      2-methoxy-3,6-dichlorophenylacetic acid,
      3-methoxy-2,6-dichlorophenylacetic acid,
      2-methoxy-3,5,6-trichlorophenylacetic acid, 2,4-dichloro-3-nitrobenzoic
      acid and the like; and such compounds as aminotriazole, maleic hydrazide,
      phenyl mercuric acetate, endothal, biuret, technical chlordane, dimethyl
      2,3,5,6-tetrachloroterephthalate, diquat, erbon, DNC, DNBP, dichlobenil,
      DPA, diphenamid, dipropalin, trifluralin, solan, dicryl, merphos, DMPA,
      DSMA, MSMA, potassium azide, acrolein, benefin, bensulide, AMS, bromacil,
      2-(3,4-dichlorophenyl)-4-methyl-1,2,4-oxadiazolidine-3,5-dione,
      bromoxynil, cacodylic acid, CMA, CPMF, cypromid, DCB, DCPA, dichlone,
      diphenatril, DMTT, DNAP, EBEP, EXD, HCA, ioxynil, IPX, isocil, potassium
      cyanate, MAA, MAMA, MCPES, MCPP, MH, molinate, NPA, OCH, paraquat, PCP,
      picloram, DPA, PCA, pyrichlor, sesone, terbacil, terbutol, TCBA, brominil,
      CP-50144, H-176-1, H-732, M-2901, planavin, sodium tetraborate, calcium
      cyanamid, DEF, ethyl xanthogen disulfide, sindone, sindone B, propanil and
      the like.
PAR  Such herbicides can also be used in the methods and compositions of this
      invention in the form of their salts, esters, amides, and other
      derivatives whenever applicable to the particular parent compounds.
PAR  Weeds are undesirable plants growing where they are not wanted, having no
      economic value, and interfering with the production of cultivated crops,
      with the growing of ornamental plants, or with the welfare of livestock.
      Many types of weeds are known, including annuals such as pigweed,
      lambsquarters, foxtail, crabgrass, wild mustard, field pennycress,
      ryegrass, goose grass, chickweed, wild oats, velvetleaf, purslane,
      barnyardgrass, smartweed, knotweed, cocklebur, wild buckwheat, kochia,
      medic, corn cockle, ragweed, sowthistle, coffeeweed, croton, cuphea,
      dodder, fumitory, groundsel, hemp nettle, knawel, spurge, spurry, emex,
      jungle rice, pondweed, dog fennel, carpetweed, morningglory, bedstraw,
      ducksalad, and naiad; biennials such as wild carrot, matricaria, wild
      barley, campion, chamomile, burdock, mullein, roundleaved mallow, bull
      thistle, hounds-tongue, moth mullein, and purple star thistle; or
      perennials such as white cockle, perennial ryegrass, quackgrass, Johnson
      grass, Canada thistle, hedge bindweed, Bermuda grass, sheep sorrel, curly
      dock, nutgrass, field chickweed, dandelion, campanula, field bindweed,
      Russian knapweed, mesquite, toadflax, yarrow, aster, gromwell, horsetail,
      ironweed, sesbania, bulrush, cattail and wintercress.
PAR  Similarly, such weeds can be classified as broadleaf or grassy weeds. It is
      economically desirable to control the growth of such weeds without
      damaging beneficial plants or livestock.
PAR  The new compounds of this invention are particularly valuable for weed
      control because they are toxic to many species and groups of weeds while
      they are relatively non-toxic to many beneficial plants. The exact amount
      of compound required will depend on a variety of factors, including the
      hardiness of the particular weed species, weather, type of soil, method of
      application, the kind of beneficial plants in the same area, and the like.
      Thus, while the application of up to only about one or two ounces of
      active compound per acre may be sufficient for good control of a light
      infestation of weeds growing under adverse conditions, the application of
      ten pounds or more of an active compound per acre may be required for good
      control of a dense infestation of hardy perennial weeds growing under
      favorable conditions.
PAR  The herbicidal toxicity of the new compounds of this invention can be
      illustrated by many of the established testing techniques known to the
      art, such as pre- and post-emergence testing.
PAR  The herbicidal activity of the compounds of this invention was demonstrated
      by experiments carried out for the pre-emergence control of a variety of
      weeds. In these experiments small plastic greenhouse pots filled with dry
      soil were seeded with the various weed seeds. Twenty-four hours or less
      after seeding the pots were sprayed with water until the soil was wet and
      the compound N,N-bis(2-methoxy-3,6-dichlorobenzoyloxyethyl)aniline
      formulated as aqueous emulsions of acetone solution containing emulsifiers
      was sprayed at the indicated concentrations on the surface of the soil.
PAR  After spraying, the soil containers were placed in the greenhouse and
      provided with supplementary heat as required and daily or more frequent
      watering. The plants were maintained under these conditions for a period
      of 28 days, at which time the condition of the plants and the degree of
      injury to the plants was rated on a scale of from 0 to 10, as follows: 0 =
      no injury, 1,2 = slight injury, 3,4 = moderate injury, 5,6 = moderately
      severe injury, 7,8,9 = severe injury and 10 = death. The effectiveness of
      these compounds is demonstrated by the following data:
TBL                TABLE I                                                     
     ______________________________________                                    
                  Injury Rating                                                
                  Rate in lbs./acre                                            
     Weed Species   4         1         0.25                                   
     ______________________________________                                    
     Yellow Nutsedge                                                           
                    9         5         0                                      
     Wild Oats      9         5         0                                      
     Jimsonweed     10        9         5                                      
     Velvetleaf     10        9         5                                      
     Johnsongrass   9         7         0                                      
     Pigweed        10        10        9                                      
     Mustard        10        10        7                                      
     Yellow Foxtail 9         6         2                                      
     Watergrass     10        7         0                                      
     Crabgrass      10        8         0                                      
     Cheatgrass     9         4         0                                      
     Morningglory   10        10        5                                      
     ______________________________________                                    
PAR  The resistance to leaching of the compounds of the present invention can be
      demonstrated in experiments wherein the migration of the compounds of this
      invention through soil is measured. In these experiments a plastic column
      is packed with soil which has previously been dried and passed through a
      30 mesh screen. The column can be packed to a soil depth of about 9
      inches. The test compound is then applied to the soil surface in an amount
      equivalent to 15 to 20 pounds per acre. Water, in an amount equivalent to
      6 inches of rain, is then poured on top of the soil column in a single
      addition. The column is allowed to stand for a period of 24 hours during
      which time the water eluted from the bottom of the column is collected.
      After this time the column is sawed into three 3 inch sections. The water
      eluant and the soil fractions are then analyzed for the amount of test
      compound present. This analysis can be carried out by extracting the test
      compound present in each soil fraction and in the eluant with ethyl ether,
      saponifying the compound present in the extracts with sodium hydroxide and
      thereafter hydrolyzing the sodium salt with hydrochloric acid thereby
      converting the test compound to 2-methoxy-3,6-dichlorobenzoic acid. The
      acid is then esterified to its methyl ester and the resulting sample is
      subjected to quantitative gas chromatography. The stoichiometric
      conversion and subsequent analysis of the test compound in the various
      soil fractions and in the water eluant demonstrates the resistance to
      leaching of the compounds of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A herbicidal composition comprising an inert carrier and, as an
      essential active ingredient, in an amount toxic to weeds, a compound of
      the formula
      ##SPC4##
PAL  wherein X is lower alkyl; t is an integer from 0 to 3; and Y is a straight
      or branched alkylene chain of from 2 to 3 carbon atoms.
NUM  2.
PAR  2. A method of controlling weeds which comprises contacting said weeds with
      a herbicidal composition of claim 1.
NUM  3.
PAR  3. The herbicidal composition of claim 1 wherein the essential active
      ingredient is N,N-bis(2-methoxy-3,6-dichlorobenzoyloxyethyl)aniline.
NUM  4.
PAR  4. A method of controlling weeds which comprises contacting said weeds with
      a herbicidal composition of claim 3.
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PAL  Compounds corresponding to the formula:
      ##SPC1##
PAL  In which R.sub.1 and R.sub.2 are, independently, hydrogen, alkyl,
      alkoxyalkyl, cycloalkyl, pinonyl, ethylcycloalkyl, lower alkenyl,
      halogenated lower alkyl, benzyl, ethylphenyl,
      2,4-dichlorophenoxy-methylene, styryl, furyl, phenyl or substituted phenyl
      in which the substituents are nitro, halogen, methyl, or methoxy; R.sub.3
      and R.sub.4 are, independently, hydrogen or lower alkyl; X and Y are
      independently oxygen or sulfur; and Z is halogen, nitro, amino, lower
      alkyl, lower alkoxy or trifluoromethyl and n is an integer having a value
      from 0 to 4. The above compounds are effective herbicides, particularly
      for the control of grasses and broadleaf plants with both pre-emergence
      and post-emergence activity. Representative compounds are:
      m-propionamidobutyranilide, m-bis-2,2-dimethylvaleranilide,
      m-isobutyramido trichloroacetanilide, m-isobutyramido-2-ethylbutyranilide,
      m-t-butylacetamidopropanilide, and 3'-N-ethyl propionamido-propanilide.
PARN
PAR  This is a division of application Ser. No. 20,104 filed Mar. 16, 1970, now
      abandoned, which application is a continuation-in-part of copending
      application Ser. No. 741,267, filed July 1, 1968 now abandoned, which in
      turn is a continuation-in-part of application Ser. No. 659,865, filed Aug.
      11, 1967, now abandoned.
BSUM
PAR  This invention relates to herbicidally active meta-bis anilide derivatives.
      More specifically, this invention relates to certain new compounds and the
      use as active herbicidal substances of certain substituted
      meta-bis-anilides.
PAR  The novel compounds of the present invention correspond to the general
      formula:
      ##SPC2##
PAL  In which R.sub.1 and R.sub.2 are independently selected from the group
      consisting of hydrogen, alkyl, alkoxyalkyl, cycloalkyl, pinonoyl,
      ethylcycloalkyl, lower alkenyl, halogenated lower alkyl, benzyl, furyl,
      ethylphenyl, 2,4-dichlorophenoxy-methylene, styryl, phenyl, and
      substituted-phenyl in which said substituents are nitro, halogen, methyl
      or methoxy; selected from the group consisting of hydrogen and lower
      alkyl; X and Y are independently oxygen or sulfur; and Z is selected from
      the group consisting of halogen, nitro, amino, lower alkyl, lower alkoxy,
      and trifluoromethyl and n is an integer having a value from 0 to 4.
PAR  The method of the present invention of controlling undesirable vegetation
      comprises applying an herbicidally effective amount of the above
      represented compounds to the area where control is desired. Compounds
      wherein R.sub.1 and R.sub.2 are independently selected from the group
      consisting of alkyl, hydrogen, alkoxyalkyl, cycloalkyl, pinonoyl,
      ethylcycloalkyl, lower alkenyl, halogenated lower alkyl, benzyl,
      2,4-dichlorophenoxymethylene, styryl, phenyl, phenyl and substituted
      phenyl in which the substituents are nitro, halogen, methyl or methoxy;
      R.sub.3 and R.sub.4 are independently selected from the group consisting
      of hydrogen and lower alkyl; X and Y are independently oxygen or sulfur;
      and Z is selected from the group consisting of halogen, nitro, amino,
      lower alkyl, lower alkoxy, and trifluoromethyl and n is an integer having
      a value from 0 to 4; are within the scope of this aspect of the present
      invention.
PAR  The term alkyl, preferably includes those members of the group which
      contains from 1 through about 10 carbon atoms, inclusive, in both straight
      chain and branched chain configurations. The term lower alkyl and lower
      alkoxy preferably include members of the groups having from 1 through
      about 6 carbon atoms, inclusive. The term alkoxyalkyl includes members
      having 2 to 4 carbon atoms. The term cycloalkyl preferably includes
      members of the group having from 3 through about 6 carbon atoms,
      inclusive. The term lower alkenyl preferably includes those members of the
      group containing at least one double bond and containing from 2 to 4
      carbon atoms, inclusive.
PAR  In its most preferred form, the invention relates to compositions having
      the formula
      ##SPC3##
PAL  in which R.sub.1 and R.sub.2 independently are hydrogen, alkyl containing
      from 1 to 10 carbon atoms, inclusive, alkoxyalkyl containing 2 to 4 carbon
      atoms, cycloalkyl containing from 3 to 6 carbon atoms, inclusive,
      pinonoyl, ethylcycloalkyl wherein the cycloalkyl moiety contains from 5 to
      6 carbon atoms, inclusive, lower alkenyl containing from 2 to 6 carbon
      atoms, inclusive, halogenated lower alkyl containing 1 to 6 carbon atoms,
      inclusive, benzyl, furyl, ethylphenyl, styryl,
      2,4-dichlorophenoxy-methylene, phenyl and substituted phenyl in which said
      substituents are nitro, halogen, especially chlorine and fluorine, methyl,
      and methoxy; and Z is hydrogen, 4'-chloro, 3'-chloro or 2'-methyl.
PAR  The compounds of this invention are prepared by one of several general
      methods. One such general method is the condensation between the
      appropriate m-phenylene diamine and an appropriate acid anhydride or
      chloride to prepare the desired meta-bis-symmetrically substituted
      anilide. Another general method is the condensation between the
      appropriate m-mono-substituted amino anilide and an appropriate acide
      anhydride or acid chloride to prepare the desired meta-bis-assymetrically
      substituted anilide. The reactions proceed readily in the liquid phase.
      The employment of a solvent is also useful, facilitating processing, as
      well as agitation of the reactants. When using a starting material
      containing an acid chloride, it is preferred to carry out the reaction in
      the presence of a hydrogen halide acceptor such as triethylamine,
      pyridine, picoline, sodium carbonate and the like. The reactions are
      preferably carried out at temperatures that permit operation in the liquid
      phase.
DETD
PAR  Compounds of the present invention are prepared in accordance with the
      following illustrative examples.
PAC  EXAMPLE 1
PAC  Preparation of Meta-bis-isobutyranilide
PAR  Isobutyric anhydride, 26g. (0.16 mole) is added slowly to 8.6g. (0.08 mole)
      of m-phenylene diamine in an open beaker. The mixture was stirred. The
      solid product is washed consecutively with water, sodium bicarbonate
      solution and ether. After drying, there is obtained 18.5g. (92 percent of
      theory) of the title compound, m.p. 205.degree.-206.degree. C.
PAR  The following compounds are typical of those prepared using the method of
      the foregoing example: m-bis-acetanilide, m-bis-propionanilide,
      m-bis-n-butyranilide and m-bis-trifluoroacetanilide.
PAC  EXAMPLE 2
PAC  Preparation of Meta-bis-2,2-dimethyl-valeranilide
PAR  Meta-phenylene diamine, 87g. (0.8 moles), is dissolved in one liter of
      acetone containing 190g. (1.9 moles) of triethylamine. To this solution,
      2,2-dimethylvaleryl chloride, 260g. (1.75 moles) is added slowly with
      stirring. The reaction flask is cooled in a cold water bath. The resulting
      mixture is poured into 1-liter of cold water and the resulting oil
      crystallized. The product is further washed with water, then 5 percent
      hydrochloric acid solution, followed by 5 percent sodium hydroxide
      solution and finally water. The product is dried. There is obtained 256g.
      (96 percent of theory) of the title compound, m.p. 109.degree.-111.degree.
      C.
PAR  The following compounds are typical of those prepared using the method of
      the foregoing example: m-bis-pivalanilide, m-bis-3,3-dimethylbutyranilide,
      m-bis-crotonanilide, m-bis-hexanilide, and m-bis-isovalerylanilide.
PAC  EXAMPLE 3
PAC  Preparation of Meta-propionamido isobutyranilide
PAR  Meta-amino propionanilide, 11.5g. (0.07 moles) is treated with isobutyric
      anhydride, 11.1g. (0.07 moles) is an open beaker. The product is poured
      into water and washed with 5 percent hydrochloric acid solution, 5 percent
      sodium hydroxide solution, and water. The product is dried of water. There
      is obtained 15.2g. (93 percent of theory) of the title compound, m.p.
      174.degree.-175.degree. C.
PAR  The following compounds are typical of those prepared using the method of
      the foregoing example: m-propionamido trifluoroacetanilide, m-propionamido
      butyranilide, m-isobutyramido trifluoroacetanilide and m-isobutyramido
      butyranilide.
PAC  EXAMPLE 4
PAC  Preparation of Meta-propionamido cyclopropane carboxanilide
PAR  Meta-aminopropionanilide, 13.1g. (0.08 mole) is dissolved in 200 ml. of a
      50/50 v/v mixture of glacial acetic acid and saturated sodium acetate
      solution. To this solution is added 9.2g. (0.088 moles) of cyclopropane
      carbonyl chloride. The chloride is added slowly with adequate stirring and
      cooling. The product, which crystallizes from the solution, is collected
      by filtration. The product is consecutively washed with a 5 percent
      solution of sodium hydroxide, a 5 percent solution of hydrochloric acid
      and water. After washing, the crystals are dried. There is obtained 15g.
      (81 percent of theory) of the title compound, m.p. 185.degree.-186.degree.
      C.
PAR  The following compounds are typical of those prepared using the method of
      the foregoing example: m-propionamido cyclohexanecarboxanilide,
      m-propionamido phenyl-acetanilide, m-propionamido crotonanilide, and
      m-propionamido furoanilide.
PAC  EXAMPLE 5
PAC  Preparation of Meta-propionamido-3,3-dimethyl butylanilide
PAR  Meta-aminopropionanilide, 180g. (1.1 moles) is dissolved in 500 ml. of
      acetone containing 126g. of triethylamine. To this solution is added 164g.
      (1.22 moles) of 3,3-dimethyl butyryl chloride. The chloride is added
      slowly and the reaction mixture is adequately stirred and cooled, with an
      ice bath. The mixture is poured into water and consecutively washed with 5
      percent hydrochloric acid solution, 5 percent sodium hydroxide solution,
      and water. After washing, the material is dried. There is obtained 178g.
      (62 percent of theory) of the title compound, m.p. 179.5.degree. -
      181.5.degree. C.
PAR  The following compounds are typical of those prepared using the method of
      the foregoing example: m-propionamido-2,2-dimethyl valeranilide,
      m-propionamido-2 ethyl butyranilide, m-propionamido pivalanilide, and
      m-pivalamino-2-2-dimethyl valeranilide.
PAR  The following is a table of the compounds which are prepared according to
      the aforedescribed procedures. Compound numbers have been assigned to them
      and are used for identification throughout the balance of the
      specification.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Compound                                                                  
     Number                                                                    
           X Y R.sub.1      R.sub.2      R.sub.3                               
                                            R.sub.4                            
                                              Z   m.p. .degree.C.              
     __________________________________________________________________________
     1     0 0 C.sub.2 H.sub.5                                                 
                            C.sub.2 H.sub.5                                    
                                         H  H     174-175                      
     2     0 0 furyl        furyl        H  H     191-194                      
     3     0 0 CH.sub.3     CH.sub.3     H  H     186-188                      
     4     0 0 CH.sub.3     C.sub.2 H.sub.5                                    
                                         H  H     239-243                      
     5     0 0 CH.sub.3     i-C.sub.3 H.sub.7                                  
                                         H  H     165-167                      
     6     0 0 n-C.sub.3 H.sub.7                                               
                            n-C.sub.3 H.sub.7                                  
                                         H  H     142.5-143                    
     7     0 0 i-C.sub.3 H.sub.7                                               
                            i-C.sub.3 H.sub.7                                  
                                         H  H     205-206                      
     8     0 0 C.sub.2 H.sub.5                                                 
                            CCl.sub.3    H  H     159-161                      
     9     0 0 H            H            H  H     152-154                      
     10    0 0 C.sub.2 H.sub.5                                                 
                            CH.sub.2 Cl  H  H     164-167                      
     11    0 0 C.sub.2 H.sub.5                                                 
                            CF.sub.3     H  H     196-197                      
     12    0 0 C.sub.2 H.sub.5                                                 
                            C.sub.3 H.sub.7                                    
                                         H  H     156-157                      
     13    0 0 C.sub.2 H.sub.5                                                 
                            i-C.sub.3 H.sub.7                                  
                                         H  H     174-175.5                    
     14    0 0 C.sub.2 H.sub.5                                                 
                            cyclopropyl  H  H     186-188                      
     15    0 0 C.sub.2 H.sub.5                                                 
                            i-C.sub.4 H.sub.9                                  
                                         H  H     130-131                      
     16    0 0 C.sub.2 H.sub.5                                                 
                            n-C.sub.5 H.sub.11                                 
                                         H  H     173-178                      
     17    0 0 CH.sub.2 Cl  CH.sub.2 Cl  H  H     211-212                      
     18    0 0 CHCl.sub.2   CHCl.sub.2   H  H     158-160                      
     19    0 0 CH.sub.2 CH.sub.2 Cl                                            
                            CH.sub.2 CH.sub.2 Cl                               
                                         H  H     160-163                      
     20    0 0 CH=CH.sub.2  CH=CH.sub.2  H  H     167-170                      
     21    0 0 CH=CHCH.sub.3                                                   
                            CH=CHCH.sub.3                                      
                                         H  H     215-217.5                    
     22    0 0 cyclopropyl  cyclopropyl  H  H     217-221                      
     23    0 0 i-C.sub.4 H.sub.9                                               
                            i-C.sub.4 H.sub.9                                  
                                         H  H     226-230                      
     24    0 0 n-C.sub.5 H.sub.11                                              
                            n-C.sub.5 H.sub.11                                 
                                         H  H     122-125                      
     25    0 0 n-C.sub.6 H.sub.13                                              
                            n-C.sub.6 H.sub.13                                 
                                         H  H     109-113                      
     26    0 0 cyclohexyl   cyclohexyl   H  H     210-212.5                    
     27    0 0 benzyl       benzyl       H  H     194-197                      
     28    0 0 CCl.sub.3    CCl.sub.3    H  H     204-207                      
     29    0 0 C(CH.sub.3).sub.2 Br                                            
                            C(CH.sub.3).sub.2 Br                               
                                         H  H     126-128                      
     30    0 0 t-C.sub.4 H.sub.9                                               
                            t-C.sub.4 H.sub.9                                  
                                         H  H     188-189                      
     31    0 0 CH(C.sub.2 H.sub.5).sub.2                                       
                            CH(C.sub.2 H.sub.5).sub.2                          
                                         H  H     148-151                      
     32    0 0 phenyl       phenyl       H  H     234-237.5                    
     33    0 0 3-NO.sub.2 -phenyl                                              
                            3-NO.sub.2 -phenyl                                 
                                         H  H     250-255                      
     34    0 0 C.sub.2 H.sub.5                                                 
                            CHCl.sub.2   H  H     159-163                      
     35    0 0 CH=CH.sub.2  C.sub.2 H.sub.5                                    
                                         H  H     165-166.5                    
     36    0 0 C.sub.2 H.sub.5                                                 
                            CH.sub.2 CH.sub.2 Cl                               
                                         H  H     139-142                      
     37    0 0 C.sub.2 H.sub.5                                                 
                            CH=CHCH.sub.3                                      
                                         H  H     183-186                      
     38    0 0 C.sub.2 H.sub.5                                                 
                            C(CH.sub.3).sub.2 Br                               
                                         H  H     165-167                      
     39    0 0 C.sub.2 H.sub.5                                                 
                            n-C.sub.6 H.sub.13                                 
                                         H  H     256-260                      
     40    0 0 C.sub.2 H.sub.5                                                 
                            furyl        H  H     151-152.5                    
     41    0 0 C.sub.2 H.sub.5                                                 
                            cyclohexyl   H  H     300-304                      
     42    0 0 C.sub.2 H.sub.5                                                 
                            phenyl       H  H     210-213                      
     43    0 0 C.sub.2 H.sub.5                                                 
                            3-NO.sub.2 -phenyl                                 
                                         H  H     198-201                      
     44    0 0 C.sub.2 H.sub.5                                                 
                            benzyl       H  H     129-130                      
     45    0 0 i-C.sub.3 H.sub.7                                               
                            cyclopropyl  H  H     184-187                      
     46    0 0 i-C.sub.3 H.sub.7                                               
                            CH=CH.sub.2  H  H     186-190                      
     47    0 0 i-C.sub.3 H.sub.7                                               
                            n-C.sub.4 H.sub.9                                  
                                         H  H     124-126                      
     48    0 0 i-C.sub.3 H.sub.7                                               
                            i-C.sub.4 H.sub.9                                  
                                         H  H     141-143                      
     49    0 0 i-C.sub.3 H.sub.7                                               
                            furyl        H  H     152-154                      
     50    0 0 i-C.sub.3 H.sub.7                                               
                            cyclohexyl   H  H     142-145                      
     51    0 0 i-C.sub.3 H.sub.7                                               
                            phenyl       H  H     152-153                      
     52    0 0 i-C.sub.3 H.sub.7                                               
                            3-NO.sub. 2 -phenyl                                
                                         H  H     156-161                      
     53    0 0 CHClCH.sub.3 CHClCH.sub.3 H  H     169.5-173                    
     54    0 0 C(CH.sub.3)=CH.sub.2                                            
                            C(CH.sub.3)=CH.sub.2                               
                                         H  H     139-141                      
     55    0 0 C(CH.sub.3).sub.2 C.sub.3 H.sub.7                               
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     96-100                       
     56    0 0 CHClCH.sub.3 C.sub.2 H.sub.5                                    
                                         H  H     164-166                      
     57    0 0 C.sub.2 H.sub.5                                                 
                            C(CH.sub.3)=CH.sub.2                               
                                         H  H     154-157                      
     58    0 0 i-C.sub.3 H.sub.7                                               
                            CH.sub.2 Cl  H  H     205-209                      
     59    0 0 i-C.sub.3 H.sub.7                                               
                            CHCl.sub.2   H  H     178-180.5                    
     60    0 0 i-C.sub.3 H.sub.7                                               
                            CCl.sub.3    H  H     160-162                      
     61    0 0 i-C.sub.3 H.sub.7                                               
                            CHClCH.sub.3 H  H     168-172                      
     62    0 0 i-C.sub.3 H.sub.7                                               
                            CH.sub.2 CH.sub.2 Cl                               
                                         H  H     179-183                      
     63    0 0 i-C.sub.3 H.sub.7                                               
                            CH=CHCH.sub.3                                      
                                         H  H     157-160                      
     64    0 0 i-C.sub.3 H.sub.7                                               
                            C(CH.sub.3)=CH.sub.2                               
                                         H  H     156-159                      
     65    0 0 i-C.sub.3 H.sub.7                                               
                            n-C.sub.3 H.sub.7                                  
                                         H  H     146-148.5                    
     66    0 0 i-C.sub.3 H.sub.7                                               
                            C(CH.sub.3).sub.2 Br                               
                                         H  H     151-153                      
     67    0 0 i-C.sub.3 H.sub.7                                               
                            n-C.sub.5 H.sub.11                                 
                                         H  H     122-126                      
     68    0 0 i-C.sub.3 H.sub.7                                               
                            CH(C.sub.2 H.sub.5).sub.2                          
                                         H  H     157-158                      
     69    0 0 i-C.sub.3 H.sub.7                                               
                            n-C.sub.6 H.sub.13                                 
                                         H  H     114-116                      
     70    0 0 i-C.sub.3 H.sub.7                                               
                            benzyl       H  H     164-167                      
     71    0 0 CF.sub.3     CF.sub.3     H  H     207-211                      
     72    0 0 CH.sub.2 C(CH.sub.3).sub.3                                      
                            C.sub.2 H.sub.5                                    
                                         H  H     177-179                      
     73    0 0 2,4-diCl-phenyl                                                 
                            C.sub.2 H.sub.5                                    
                                         H  H     210-212                      
     74    0 0 3,4-diCl-phenyl                                                 
                            C.sub.2 H.sub.5                                    
                                         H  H     175-177                      
     75    0 0 4-NO.sub.2 -phenyl                                              
                            C.sub.2 H.sub.5                                    
                                         H  H     227-230                      
     76    0 0 CH.sub.2 C(CH.sub.3).sub.2                                      
                            i-C.sub.3 H.sub.7                                  
                                         H  H     151-153                      
     77    0 0 2,4-diCl-phenyl                                                 
                            i-C.sub.3 H.sub.7                                  
                                         H  H     186-188                      
     78    0 0 3,4-diCl-phenyl                                                 
                            i-C.sub.3 H.sub.7                                  
                                         H  H     189-191                      
     79    0 0 C(CH.sub.3).sub.2 C.sub.3 H.sub.7                               
                            C.sub.2 H.sub.5                                    
                                         H  H     112-115                      
     80    0 0 CH(C.sub.2 H.sub.5)                                             
                            C.sub.2 H.sub.5                                    
                                         H  H     153-157                      
     81    0 0 t-C.sub.4 H.sub.9                                               
                            C.sub.2 H.sub.5                                    
                                         H  H     177-179                      
     82    0 0 CCl.sub.3    t-C.sub.4 H.sub.9                                  
                                         H  H     169-173                      
     83    0 0 C(CH.sub.3).sub.2 C.sub.3 H.sub.7                               
                            t-C.sub.4 H.sub.9                                  
                                         H  H     119-120                      
     84    0 0 CF.sub.3     t-C.sub.4 H.sub.9                                  
                                         H  H     &gt;300                         
     85    0 0 C(CH.sub.3).sub.2 C.sub.6 H.sub.13                              
                            t-C.sub.4 H.sub.9                                  
                                         H  H     95-101                       
     86    0 0 C(CH.sub.3).sub.2 C.sub.6 H.sub.13                              
                            C(CH.sub.3).sub.2 C.sub.6 H.sub.13                 
                                         H  H     94-98                        
     87    0 0 CCl.sub.2 CH.sub.3                                              
                            CCl.sub.2 CH.sub.3                                 
                                         H  H     135.5-137.5                  
     88    0 0 CCl.sub.2 CH.sub.3                                              
                            C.sub.2 H.sub.5                                    
                                         H  H     163-165                      
     89    0 0 CH.sub.2 C(CH.sub.3).sub.3                                      
                            CH.sub.2 C(CH.sub.3).sub. 3                        
                                         H  H     187-190.5                    
     90    0 0 CCl.sub.3    CH.sub.2 C(CH.sub.3).sub.3                         
                                         H  H     176-180                      
     91    0 0 CCl.sub.3    CH.sub.2 C(CH.sub.3).sub.3                         
                                         H  H     177-180                      
     92    0 0 CF.sub.3     CH.sub.2 C(CH.sub.3).sub.3                         
                                         H  H     200-201                      
     93    0 0 CCl.sub.2 CH.sub.3                                              
                            CH.sub.2 C(CH.sub.3).sub.3                         
                                         H  H     155.5-159                    
     94    0 0 C(CH.sub.3).sub.3                                               
                            CH.sub.2 C(CH.sub.3).sub.3                         
                                         H  H     184-185                      
     95    0 0 C(CH.sub.3).sub.2 C.sub.3 H.sub.7                               
                            CH.sub.2 C(CH.sub.3).sub.3                         
                                         H  H     105-110                      
     96    0 0 C(CH.sub.3).sub.2                                               
                            C.sub.3 H.sub.7                                    
                                         H  H     133-134                      
     97    0 0 CF.sub.3     C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     117-120                      
     98    0 0 CCl.sub.3    C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     119-122                      
     99    0 0 C(CH.sub.3).sub.2 Br                                            
                            C.sub.2 H.sub.5                                    
                                         H  H     144-147                      
     100   0 0 CH=C(CH.sub.3).sub.2                                            
                            C.sub.2 H.sub.5                                    
                                         H  H     66-72                        
     101   0 0 CH(C.sub.2 H.sub.5).sub.2                                       
                            C.sub.2 H.sub.5                                    
                                         H  H     155.5-156                    
     102   0 0 CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2                            
                            C.sub.2 H.sub.5                                    
                                         H  H     127-130                      
     103   0 0 CH.sub.2 OCH.sub.3                                              
                            CH.sub.2 C(CH.sub.3).sub.3                         
                                         H  H     n.sub.D.sup.30 =1.5441       
     104   0 0 CH=C(CH.sub.3).sub.2                                            
                            CH=C(CH.sub.3).sub.2                               
                                         H  H     (glass)                      
     105   0 0 CH=C(CH.sub.3).sub.2                                            
                            C(CH.sub.3).sub.3                                  
                                         H  H     112-117                      
     106   0 0 CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2                            
                            C(CH.sub.3).sub.3                                  
                                         H  H     109-112                      
     107   0 0 CH=C(CH.sub.3).sub.2                                            
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     (glass)                      
     108   0 0 CH.sub.2 CH(CH.sub.3)CH.sub.2 C(CH.sub.3).sub.3                 
                            C.sub.2 H.sub.5                                    
                                         H  H     108-111                      
     109   0 0 CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2                            
                            CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2               
                                         H  H     150-152                      
     110   0 0 CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2                            
                            C(CH.sub.3).sub.2 H.sub.7                          
                                         H  H     114.116                      
     111   0 0 CH.sub.2 CH(CH.sub.3)CH.sub.2 C(CH.sub.3).sub.3                 
                            C(CH.sub.3).sub.3                                  
                                         H  H     48-51                        
     112   0 0 CH.sub.2 CH(CH.sub.3)CH.sub.2 C(CH.sub.3).sub.3                 
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     (glass)                      
     113   0 0 CH(CH.sub.3)C.sub.2 H.sub.5                                     
                            C.sub.2 H.sub.5                                    
                                         H  H     150-151                      
     114   0 0 CH(CH.sub.3)C.sub.2 H.sub.5                                     
                            CH(CH.sub.3)C.sub.2 H.sub.5                        
                                         H  H     159-161                      
     115   0 0 CH(CH.sub.3)C.sub.2 H.sub.5                                     
                            C(CH.sub.3).sub.3                                  
                                         H  H     169-171                      
     116   0 0 CH.sub.2 C(CH.sub.3).sub.3                                      
                            CH(CH.sub.3)C.sub.2 H.sub.5                        
                                         H  H     146-149                      
     117   0 0 CF.sub.3     CH(CH.sub.3)C.sub.2 H.sub.5                        
                                         H  H     157-158                      
     118   0 0 2-Cl-phenyl  C.sub.2 H.sub.5                                    
                                         H  H     143.5-144.5                  
     119   0 0 4-Cl-phenyl  C.sub.2 H.sub.5                                    
                                         H  H     223-224.5                    
     120   0 0 2-CH.sub.3 O-phenyl                                             
                            C.sub.2 H.sub.5                                    
                                         H  H     124-125                      
     121   0 0 4-CH.sub.3 O-phenyl                                             
                            C.sub.2 H.sub.5                                    
                                         H  H     223-224                      
     122   0 0 4-CH.sub.3 -phenyl                                              
                            C.sub.2 H.sub.5                                    
                                         H  H     211-212                      
     123   0 0 4-Cl-phenyl  C(CH.sub.3).sub.3                                  
                                         H  H     191-195                      
     124   0 0 benzyl       C(CH.sub.3).sub.3                                  
                                         H  H     164-165                      
     125   0 0 benzyl       CH(CH.sub.3)C.sub.2 H.sub.5                        
                                         H  H     161-163                      
     126   0 0 benzyl       CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     149.5-151                    
     127   0 0 benzyl       C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     142-143.5                    
     128   0 0 styryl       C.sub.2 H.sub.5                                    
                                         H  H     160-163                      
     129   0 0 --CH.sub.2 CH.sub.3                                             
                            CH(CH.sub.3).sub.2                                 
                                         H  H 4'-Cl                            
                                                  161-162                      
     130   0 0 C(CH.sub.3).sub.3                                               
                            CH(CH.sub.3).sub.2                                 
                                         H  H 4'-Cl                            
                                                  176.5-178.5                  
     131   0 0 CH.sub.2 C(CH.sub.3).sub.3                                      
                            CH(CH.sub.3).sub.2                                 
                                         H  H 4'-Cl                            
                                                  194-194.5                    
     132   0 0 CCl.sub.3    CH(CH.sub.3).sub.2                                 
                                         H  H 4'-Cl                            
                                                  156-158                      
     133   0 0 benzyl       CH(CH.sub.3).sub.2                                 
                                         H  H 4'-Cl                            
                                                  211-212                      
     134   0 0 C.sub.2 H.sub.5                                                 
                            C.sub.2 H.sub.5                                    
                                         C.sub.2 H.sub.5                       
                                            H     132-133                      
     135   0 0 CH.sub.2 C(CH.sub. 3).sub.3                                     
                            C.sub.2 H.sub.5                                    
                                         C.sub.2 H.sub.5                       
                                            H     178.5-180                    
     136   0 0 CH.sub.2 OCH.sub.3                                              
                            C(CH.sub.3).sub.3                                  
                                         H  H     108-109                      
     137   0 0 CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2                            
                            C(CH.sub.3).sub.3                                  
                                         H  H     115-116                      
     138   0 0 CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2                            
                            CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2               
                                         H  H     151-153                      
     139   0 0 CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2                            
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     121-123                      
     140   0 0 CH.sub.2 CH.sub.2 --phenyl                                      
                            CH.sub.2 C(CH.sub.3).sub.3                         
                                         H  H     101-107                      
     141   0 0 C.sub.2 H.sub.5                                                 
                            C.sub.2 H.sub.5 C(CH.sub.3).sub.3                  
                                         H  H     178-179                      
     142   0 0 CH.sub.2 CH.sub.2 C(CH.sub.3).sub.3                             
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     75-77                        
     143   0 0 CH.sub.2 CH.sub.2 C(CH.sub.3).sub.3                             
                            CH.sub.2 C(CH.sub.3).sub.3                         
                                         H  H     184-185                      
     144   0 0 CH.sub.2 CH.sub.2 C(CH.sub.3).sub.3                             
                            CH.sub.2 CH.sub.2 C(CH.sub.3 ).sub.3               
                                         H  H     216-218                      
     145   0 0 CH.sub.2 CH.sub.2 C(CH.sub.3).sub.3                             
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     151-153                      
     146   0 0 C(CH.sub.3).sub.2 CH.sub.2 Cl                                   
                            C(CH.sub.3).sub.2 CH.sub.2 Cl                      
                                         H  H     145-150                      
     147   0 0 C(CH.sub.3).sub.2 CH.sub.2 Cl                                   
                            C.sub.2 H.sub.5                                    
                                         H  H     161-164                      
     148   0 0 C(CH.sub.3).sub.2 CH.sub.2 Cl                                   
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     110-112                      
     149   0 0 C.sub.2 H.sub.5                                                 
                            CH.sub.2 O-2,4-diCl-phenyl                         
                                         H  H     206-207                      
     150   0 0 CH.sub.2 CH=CH.sub.2                                            
                            C.sub.2 H.sub.5                                    
                                         H  H     135-139                      
     151   0 0 CH.sub.2 CH=CH.sub.2                                            
                            CH.sub.2 CH=CH.sub.2                               
                                         H  H     99-108                       
     152   0 0 C(CH.sub.3)=CH.sub.2                                            
                            C(CH.sub.3).sub.3                                  
                                         H  H     159-166                      
     153   0 0 cyclopropyl  C(CH.sub.3).sub.3                                  
                                         H  H     176-178                      
     154   0 0 CH(CH.sub.3)C.sub.3 H.sub.7                                     
                            C.sub.2 H.sub.5                                    
                                         H  H     147-149                      
     155   0 0 C(CH.sub.3)C.sub.2 H.sub.5                                      
                            C.sub.2 H.sub.5                                    
                                         H  H     141-144                      
     156   0 0 C.sub.3 H.sub.7 -n                                              
                            C(CH.sub.3).sub.3                                  
                                         H  H     172-175                      
     157   0 0 CH.sub.2 CH(CH.sub.3).sub.2                                     
                            C(CH.sub.3).sub.3                                  
                                         H  H     164.5-167                    
     158   0 0 n-C.sub.4 H.sub.9                                               
                            C(CH.sub.3).sub.3                                  
                                         H  H     125-127                      
     159   0 0 C(CH.sub.3).sub.2 CH.sub.2 Cl                                   
                            C(CH.sub.3).sub.3                                  
                                         H  H     151-153                      
     160   0 0 CH.sub.2 CH.sub.2 cyclopentyl                                   
                            C.sub.2 H.sub.5                                    
                                         H  H     165-166                      
     161   0 0 CH(C.sub.2 H.sub.5).sub.2                                       
                            C(CH.sub.3).sub.3                                  
                                         H  H     168-170                      
     162   0 0 CH(CH.sub.3)C.sub.3 H.sub.7                                     
                            C(CH.sub.3).sub.3                                  
                                         H  H     145-148                      
     163   0 0 CH(CH.sub.3).sub.2                                              
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     115-120                      
     164   0 0 CH.sub.2 CH.sub.2 cyclohexyl                                    
                            C.sub.2 H.sub.5                                    
                                         H  H     154-155                      
     165   0 0 cyclohexyl   C(CH.sub.3).sub.3                                  
                                         H  H     187-188                      
     166   0 0 CH(CH.sub.3)C.sub.3 H.sub.7                                     
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     111-115                      
     167   0 0 C(CH.sub.3).sub.2 C.sub.2 H.sub.5                               
                            C(CH.sub.3).sub.2 C.sub.2 H.sub.5                  
                                         H  H     156-158                      
     168   0 0 pinonoyl     C.sub.2 H.sub.5                                    
                                         H  H     glass                        
     169   0 0 C(CH.sub.3).sub.2 C.sub.2 H.sub.5                               
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     120.5-123                    
     170   0 0 CH(CH.sub.3)C.sub.3 H.sub.7                                     
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     glass                        
     171   0 0 cyclohexyl   cyclohexyl   H  H     217-219                      
     172   0 0 cyclohexyl   C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     153.5-157                    
     173   0 0 3-4-diCl-phenyl                                                 
                            C(CH.sub.3).sub.3                                  
                                         H  H     187-191                      
     174   0 0 CH.sub.2 O-2,4-diCl-phenyl                                      
                            C(CH.sub.3).sub.3                                  
                                         H  H     163-165                      
     175   0 0 3,4-diCl-phenyl                                                 
                            C(CH.sub.3)C.sub.3 H.sub.7                         
                                         H  H     107-114                      
     176   0 0 2,4-diCl-phenyl                                                 
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     153-157                      
     177   0 0 CH.sub.2 O-2,4-diCl-phenyl                                      
                            C(CH.sub.3)C.sub.3 H.sub.7                         
                                         H  H     126-129                      
     178   0 0 C(i-C.sub.3 H.sub.7).sub.2 CH.sub.3                             
                            C.sub.2 H.sub.5                                    
                                         H  H     n.sub.D.sup.30 1.5225        
     179   0 0 CH=CHCH.sub.3                                                   
                            C(CH.sub.3).sub.3                                  
                                         H  H     67-69                        
     180   0 0 CH.sub.2 CH=CH.sub.2                                            
                            C(CH.sub.3).sub.3                                  
                                         H  H     159-161                      
     181   0 0 CH.sub.2 CH.sub.2 cyclopentyl                                   
                            C(CH.sub.3).sub.3                                  
                                         H  H     142-143                      
     182   0 0 CH.sub.2 CH.sub.2 cyclohexyl                                    
                            C(CH.sub.3).sub.3                                  
                                         H  H     141.5-143                    
     183   0 0 3'-pinonyl   C(CH.sub.3).sub.3                                  
                                         H  H     61-67                        
     184   0 0 2,4-diCl-phenyl                                                 
                            C(CH.sub.3).sub.3                                  
                                         H  H     182-184                      
     185   0 0 C(i-C.sub.3 H.sub.7).sub.2 CH.sub.3                             
                            C(CH.sub.3).sub.3                                  
                                         H  H     62-66                        
     186   0 0 CCl.sub.3    CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     121-126                      
     187   0 0 CF.sub.3     CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     139-146                      
     188   0 0 CH(CH.sub.3).sub.2                                              
                            CH(CH.sub.3 C.sub.3 H.sub.7                        
                                         H  H     156-157                      
     189   0 0 CH(CH.sub.3)C.sub.2 H.sub.5                                     
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     145-147                      
     190   0 0 C(CH.sub. 3).sub.2 CH.sub.2 Cl                                  
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     n.sub.D.sup.30 1.5145        
     191   0 0 CH.sub.2 C(CH.sub.3).sub.3                                      
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     n.sub.D.sup.30 1.5078        
     192   0 0 CH.sub.2 CH(CH.sub.3)CH.sub.2 C(CH.sub.3).sub.3                 
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     n.sub.D.sup.30 1.5020        
     193   0 0 CH.sub.2 O-2,4-diCl-phenyl                                      
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     182-184                      
     194   0 0 C(CH.sub.3).sub.3                                               
                            C(C.sub.2 H.sub.5).sub.2 CH.sub.3                  
                                         H  H     131-134.5                    
     195   0 0 CH.sub.2 C(CH.sub.3).sub.3                                      
                            C(C.sub.2 H.sub.5).sub.2 CH.sub.3                  
                                         H  H     133-135                      
     196   0 0 CH.sub.2 CH(CH.sub.3)CH.sub.2 C(CH.sub.3).sub.3                 
                            C(C.sub.2 H.sub.5).sub.2 CH.sub.3                  
                                         H  H     57-62                        
     197   0 0 CH.sub.2 CH(CH.sub.3)C.sub.2 H.sub.5                            
                            C.sub.2 H.sub.5                                    
                                         H  H     123-126                      
     198   0 0 CH.sub.2 CH(CH.sub.3)C.sub.2 H.sub.5                            
                            C(CH.sub.3).sub.3                                  
                                         H  H     134-136                      
     199   0 0 CH.sub.2 CH(CH.sub.3)C.sub.2 H.sub.5                            
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     107-108                      
     200   0 0 CH.sub.2 CH(CH.sub.3)C.sub.2 H.sub.5                            
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     100-103                      
     201   0 0 CH.sub.2 CH(CH.sub.3)C.sub.2 H.sub.5                            
                            CH.sub.2 CH(CH.sub.3)C.sub.2 H.sub.5               
                                         H  H     132-134                      
     202   0 0 CH(C.sub.2 H.sub.5)C.sub.4 H.sub.9                              
                            C.sub.2 H.sub.5                                    
                                         H  H     126-129                      
     203   0 0 CH(C.sub.2 H.sub.5)C.sub.4 H.sub.9                              
                            CH(C.sub.2 H.sub.5)C.sub.4 H.sub.9                 
                                         H  H     53-70                        
     204   0 0 CH.sub.2 C(CH.sub.3).sub.3                                      
                            CH(CH.sub.3)CH.sub.3                               
                                         H  H     189-192                      
     205   0 0 C.sub.2 H.sub.5                                                 
                            C(C.sub.2 H.sub.5).sub.2 CH.sub.3                  
                                         H  H     134-137                      
     206   0 0 CH(CH.sub.3)C.sub.3 H.sub.7                                     
                            C(C.sub.2 H.sub.5).sub.2 CH.sub.3                  
                                         H  H     45-48                        
     207   0 0 CH.sub.2 C(CH.sub.3).sub.2 C.sub.2 H.sub.5                      
                            C.sub.2 H.sub.5                                    
                                         H  H     174-175                      
     208   0 0 CH.sub.2 C(CH.sub.3).sub.2 C.sub.2 H.sub.5                      
                            C(CH.sub.3).sub.3                                  
                                         H  H     156-157                      
     209   0 0 CH(C.sub.2 H.sub.5)C.sub.4 H.sub.9                              
                            C(CH.sub.3).sub.3                                  
                                         H  H     132-134                      
     210   0 0 CH(C.sub.2 H.sub.5)C.sub.3 H.sub.7                              
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     108-112                      
     211   0 0 CH(C.sub.2 H.sub.5)C.sub.4 H.sub.9                              
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     119-121                      
     212   0 0 CH.sub.2 C(CH.sub.3).sub.2 C.sub.2 H.sub.5                      
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     135-136                      
     213   0 0 CH.sub.2 C(CH.sub.3).sub.2 C.sub.2 H.sub.5                      
                            C(CH.sub.3)C.sub.3 H.sub.7                         
                                         H  H     108-110                      
     214   0 0 CH.sub.2 C(CH.sub.3).sub.2 C.sub.2 H.sub.5                      
                            CH.sub.2 C(CH.sub.3).sub.2 C.sub.2 H.sub.5         
                                         H  H     175-178                      
     215   0 0 C.sub.2 F.sub.5                                                 
                            C.sub.2 H.sub.5                                    
                                         H  H     172-175                      
     216   0 0 C.sub.2 F.sub.5                                                 
                            C(CH.sub.3).sub.3                                  
                                         H  H     187-190                      
     217   0 0 C.sub.2 F.sub.5                                                 
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     126-128                      
     218   0 0 C.sub.2 F.sub.5                                                 
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     112-114                      
     219   0 0 CCl.sub.2 CF.sub.3                                              
                            C.sub.2 H.sub.5                                    
                                         H  H     141-143                      
     220   0 0 2-CH.sub.3 -phenyl                                              
                            C(CH.sub.3).sub.3                                  
                                         H  H     185-186.5                    
     221   0 0 3-CH.sub.3 -phenyl                                              
                            C(CH.sub.3).sub.3                                  
                                         H  H     163-164                      
     222   0 0 4-CH.sub.3 -phenyl                                              
                            C(CH.sub.3).sub.3                                  
                                         H  H     206-207                      
     223   0 0 2-CH.sub.3 -phenyl                                              
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     172-174                      
     224   0 0 3-CH.sub.3 -phenyl                                              
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     68-72                        
     225   0 0 4-CH.sub.3 -phenyl                                              
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     122-124                      
     226   0 0 2-CH.sub.3 -phenyl                                              
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     154-155                      
     227   0 0 3-CH.sub.3 -phenyl                                              
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     129-130                      
     228   0 0 4-CH.sub.3 -phenyl                                              
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     146-148                      
     229   0 0 2-Cl-phenyl  C(CH.sub.3 ).sub.3                                 
                                         H  H     185-187                      
     230   0 0 3-Cl-phenyl  C(CH.sub.3).sub.3                                  
                                         H  H     193-194                      
     231   0 0 2-Cl-phenyl  CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     154-156                      
     232   0 0 3-Cl-phenyl  CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     118-120                      
     233   0 0 4-Cl-phenyl  CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     131-133                      
     234   0 0 2-Cl-phenyl  C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     128-130                      
     235   0 0 3-Cl-phenyl  C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     132-133                      
     236   0 0 4-Cl-phenyl  C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     135-137                      
     237   0 0 2-F-phenyl   C.sub.2 H.sub.5                                    
                                         H  H     186-187                      
     238   0 0 4-F-phenyl   C.sub.2 H.sub.5                                    
                                         H  H     205-206                      
     239   0 0 2-F-phenyl   C(CH.sub.3).sub.3                                  
                                         H  H     123-126                      
     240   0 0 4-F-phenyl   C(CH.sub.3).sub.3                                  
                                         H  H     195-196                      
     241   0 0 2-F-phenyl   CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     129-131                      
     242   0 0 4-F-phenyl   CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     141-143                      
     243   0 0 2-F-phenyl   C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     114-115                      
     244   0 0 4-F-phenyl   C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H     147-149                      
     245   0 0 CH(C.sub.2 H.sub.5).sub.2                                       
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H     157-159                      
     246   0 0 CH(CH.sub.3)C.sub.3 H.sub.7                                     
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H 3-Cl                             
                                                  63-66                        
     247   0 0 C.sub.2 H.sub.5                                                 
                            C.sub.2 H.sub.5                                    
                                         H  H 2-CH.sub.3                       
                                                  266-267                      
     248   0 0 i-C.sub.3 H.sub.7                                               
                            i-C.sub.3 H.sub.7                                  
                                         H  H 2-CH.sub.3                       
                                                  295-296                      
     249   0 0 t-C.sub.4 H.sub.9                                               
                            t-C.sub.4 H.sub.9                                  
                                         H  H 2-CH.sub.3                       
                                                  260-261                      
     250   0 0 CH(CH.sub.3)C.sub.3 H.sub.7                                     
                            CH(CH.sub.3)C.sub.3 H.sub.7                        
                                         H  H 2-CH.sub.3                       
                                                  245-246                      
     251   0 0 C(CH.sub.3).sub.2 C.sub.3 H.sub.7                               
                            C(CH.sub.3).sub.2 C.sub.3 H.sub.7                  
                                         H  H 2-CH.sub.3                       
                                                  176-177                      
     __________________________________________________________________________
PAR  Other examples of compounds falling within the generic formulas presented
      herein, which are preparable by the above-described procedures and which
      may be formulated into herbicidal compositions and applied as herein
      illustrated are:
TBL  X   Y     R.sub.1     R.sub.2   R.sub.3                                   
                                          R.sub.4                              
                                               Z                               
     ______________________________________                                    
     0   S     H           H         H    H                                    
     0   S     C.sub.2 H.sub.5                                                 
                           H         H    H                                    
     0   S     C.sub.2 H.sub.5                                                 
                           C.sub.2 H.sub.5                                     
                                     H    H                                    
     O   S     C.sub.2 H.sub.5                                                 
                           cyclopropyl                                         
                                     H    H                                    
     O   S     CH.sub.2 Cl CH.sub.2 Cl                                         
                                     H    H                                    
     O   S     cyclopropyl n-C.sub.5 H.sub.11                                  
                                     H    H                                    
     O   S     CH=CHCH.sub.3                                                   
                           C.sub.2 H.sub.5                                     
                                     H    H                                    
     O   S     furyl       furyl     H    H                                    
     O   S     CCl.sub.3   C.sub.2 H.sub.5                                     
                                     H    H                                    
     O   S     phenyl      phenyl    H    H                                    
     O   S     cyclohexyl  cyclohexyl                                          
                                     H    H                                    
     O   S     benzyl      C.sub.2 H.sub.5                                     
                                     H    H                                    
     O   S     2,4-diCl-phenyl                                                 
                           C.sub.2 H.sub.5                                     
                                     H    H                                    
     O   S     4-NO.sub.2 -phenyl                                              
                           C.sub.2 H.sub.5                                     
                                     H    H                                    
     O   S     3,4-diCl-phenyl                                                 
                           i-C.sub.3 H.sub.7                                   
                                     H    H                                    
     O   S     C.sub.2 H.sub.5                                                 
                           CF.sub.3  H    H                                    
     O   S     t-C.sub.4 H.sub.9                                               
                           t-C.sub.4 H.sub.9                                   
                                     H    H                                    
     O   S     phenyl      phenyl    H    H                                    
     O   S     cyclohexyl  cyclohexyl                                          
                                     H    H    5'-Cl                           
     O   S     C.sub.2 H.sub.5                                                 
                           3-NO.sub.2 -phenyl                                  
                                     H    H                                    
     O   O     C.sub.2 H.sub.5                                                 
                           i-C.sub.3 H.sub.7                                   
                                     H    H    5'-Cl                           
     O   O     C.sub.2 H.sub.5                                                 
                           i-C.sub.3 H.sub.7                                   
                                     H    H    5'-Br                           
     O   O     C.sub.2 H.sub.5                                                 
                           i-C.sub.3 H.sub.7                                   
                                     H    H    5'-F                            
     O   O     C.sub.2 H.sub.5                                                 
                           i-C.sub.3 H.sub.7                                   
                                     H    H    5'-C.sub.2 H.sub.5              
     O   O     C.sub.2 H.sub.5                                                 
                           i-C.sub.3 H.sub.7                                   
                                     H    H    5'-NO.sub.2                     
     O   O     C.sub.2 H.sub.5                                                 
                           i-C.sub.3 H.sub.7                                   
                                     H    H    5'-CF.sub.3                     
     O   O     C.sub.2 H.sub.5                                                 
                           i-C.sub.3 H.sub.7                                   
                                     H    CH.sub.3                             
     O   S     C.sub.2 H.sub.5                                                 
                           CH(C.sub.2 H.sub.5).sub.2                           
                                     H    CH.sub.3                             
                                               5'-Cl                           
     O   S     C.sub.2 H.sub.5                                                 
                           phenyl    H    CH.sub.3                             
                                               5'-NO.sub.2                     
     O   O     CH.sub.2 C(CH.sub.3).sub.3                                      
                           C.sub.2 H.sub.5                                     
                                     CH.sub.3                                  
                                          CH.sub.3                             
     O   O     CH.sub.2 C(CH.sub.3).sub.3                                      
                           C.sub.2 H.sub.5                                     
                                     CH.sub.3                                  
                                          H    5'-Cl                           
     O   O     C.sub.2 H.sub.5                                                 
                           i-C.sub.3 H.sub.7                                   
                                     CH.sub.3                                  
                                          H    5'-CF.sub.3                     
     O   O     C(CH.sub.3).sub.2 C.sub.3 H.sub.7                               
                           C.sub.2 H.sub.5                                     
                                     C.sub.2 H.sub.5                           
                                          CH.sub.3                             
                                               5'-NO.sub.2                     
     O   S     C.sub.2 H.sub.5                                                 
                           i-C.sub.3 H.sub.7                                   
                                     CH.sub.3                                  
                                          CH.sub.3                             
                                               5'-CH.sub.3                     
     O   O     H           H         H    H    5'-NH.sub.2                     
     O   O     C.sub.2 H.sub.5                                                 
                           C.sub.2 H.sub.5                                     
                                     H    H    5'-NH.sub.2                     
     O   O     C.sub.2 H.sub.5                                                 
                           i-C.sub.3 H.sub.7                                   
                                     CH.sub.3                                  
                                          CH.sub.3                             
                                               5'-NH.sub.2                     
     O   S     H           H         CH.sub.3                                  
                                          CH.sub.3                             
                                               5'-OCH.sub.3                    
     O   S     C.sub.2 H.sub.5                                                 
                           C.sub.2 H.sub.5                                     
                                     H    H    5'-OC.sub.2 H.sub.5             
     S   O     C.sub.2 H.sub.5                                                 
                           i-C.sub.3 H.sub.7                                   
                                     CH.sub.3                                  
                                          CH.sub.3                             
                                               5'-OCH.sub.3                    
     S   O     C.sub.2 H.sub.5                                                 
                           i-C.sub.3 H.sub.7                                   
                                     H    CH.sub.3                             
                                               5'-NH.sub.2                     
     S   O     CH.sub.3    i-C.sub.3 H.sub.7                                   
                                     H    H    5'-OCH.sub.3                    
     S   S     C.sub.2 H.sub.5                                                 
                           C.sub.2 H.sub.5                                     
                                     CH.sub.3                                  
                                          CH.sub.3                             
                                               5'-OCH.sub.3                    
     S   S     C.sub.2 H.sub.5                                                 
                           C.sub.2 H.sub.5                                     
                                     H    H    5'-NH.sub.2                     
     O   O     CH.sub.2 OC.sub.2 H.sub.5                                       
                           C.sub.2 H.sub.5                                     
                                     H    H                                    
     O   O     C.sub.2 H.sub.4 OC.sub.2 H.sub.5                                
                           i-C.sub. 3 H.sub.7                                  
                                     CH.sub.3                                  
                                          H                                    
     ______________________________________                                    
PAR  Pre-emergence herbicide test. On the day preceding treatment, seeds of
      seven different weed species are planted in individual rows using one
      species per row across the width of the flat. The seeds used are hairy
      crabgrass (Digitaria sanguinalis (L.) Scop.), yellow foxtail (Setaria
      glauca (L.) Beauv.), watergrass (Echinochloa crusgalli (L.) Beauv.),
      California red oat (Avena sativa (L.)), redroot pigweed (Amaranthus
      retroflexus (L.), Indian mustard (Brassica juncea (L.) Coss.) and curly
      dock (Rumex crispus (L.). Ample seeds are planted to give about 20 to 50
      seedlings per row, after emergence, depending on the size of the plants.
      The flats are watered after planting. The spraying solution is prepared by
      dissolving 50 mg. of the test compound in 3 ml. of a solvent, such as
      acetone, containing 1% Tween 20 (polyoxyethylene sorbitan monolaurate.)
      The following day, each flat is sprayed at the rate of 20 pounds of the
      candidate compound per 80 gallons of solution per acre. An atomizer is
      used to spray the solution on soil surface. The flats are placed in a
      greenhouse at 80.degree. F. and watered regularly. Two weeks later, the
      degree of weed control is determined by comparing the amount of
      germination and growth of each weed in the treated flats with weeds in
      several untreated control flats.
PAR  The rating system is as follows:
PA1  - = no significant injury (0-15 percent control)
PA1  + = slight injury (25-35 percent control)
PA1  ++ = moderate injury (55-65 percent control)
PA1  +++ = severe injury or death (85-100 percent control)
PAL  An activity index is used to represent the total activity on all seven weed
      species. It is the sum of the number of plus marks, so that an activity
      index of 21 represents complete control of all seven weeds. The results of
      this test are reported in Table II.
PAR  Post-emergence Herbicide Test. Seeds of five weed species including hairy
      crabgrass, watergrass, wild oats, Indian mustard, and curly dock and one
      crop pinto beans (Phaseolus vulgaris), are planted in flats as described
      above for pre-emergence screening. The flats are placed in the greenhouse
      at 72.degree.-85.degree. F. and watered daily with a sprinkler. About 10
      to 14 days after planting when the primary leaves of the bean plant are
      almost fully expanded and the first trifoliate leaves are just starting to
      form, the plants are sprayed. The spray is prepared by weighing out 50 mg.
      of the test compound, dissolving it in 5 ml. of acetone containing 1
      percent Tween 20 (polyoxy-ethylene sorbitan monolaurate) and then adding 5
      ml. of water. The solution is sprayed on the foliage using an atomizer.
      The spray concentration is 0.5% and the rate would be approximately 20
      lb/acre if all of the spray were retained on the plant and the soil, but
      some spray is lost so it is estimated that the application rate is
      approximately 12.5  lb/acre.
PAR  Beans are used to detect defoliants and plant growth regulators. The beans
      are trimmed to two or three plants per flat by cutting off the excess
      weaker plants several days before treatment. The treated plants are placed
      back in the greenhouse and care is taken to avoid sprinkling the treated
      foliage with water for three days after treatment. Water is applied to the
      soil by means of a slow stream from a watering hose taking care not to wet
      the foliage.
PAR  Injury rates are recorded 14 days after treatment. The rating system is the
      same as described above for the preemergence test where (-), (+), (++),
      and (+++) are used for the different rates of injury and control. The
      injury symptoms are also recorded. The maximum activity index for complete
      control of all the species in the post-emergence screening test is 18
      which represents the sum of the plus marks obtained with the six plant
      species used in the test. The herbicide activity index is shown in Table
      II.
TBL                TABLE II                                                    
     ______________________________________                                    
     HERBICIDAL ACTIVITY** - SCREENING RESULTS                                 
     Compound                                                                  
     Number       Pre-emergence Post-emergence                                 
     ______________________________________                                    
     1            12            15                                             
     2            2             12                                             
     3            7             3                                              
     4            1             0                                              
     5            0             5                                              
     6            9             5                                              
     7            18            15                                             
     8            15            18                                             
     9            0             7                                              
     10           0             8                                              
     11           19            18                                             
     12           11            16                                             
     13           20            18                                             
     14           17            15                                             
     15           14            18                                             
     16           0             13                                             
     17           1             8                                              
     18           0             9                                              
     19           0             7                                              
     20           0             10                                             
     21           12            16                                             
     22           12            15                                             
     23           6             13                                             
     24           6             12                                             
     25           4             8                                              
     26           8             9                                              
     27           11            16                                             
     28           9             14                                             
     29           17            15                                             
     30           21            17                                             
     31           2             11                                             
     32           0             8                                              
     33           0             9                                              
     34           9             16                                             
     35           2             9                                              
     36           9             15                                             
     37           6             14                                             
     38           20            18                                             
     39           6             12                                             
     40           11            12                                             
     41           5             14                                             
     42           10            12                                             
     43           9             12                                             
     44           8             18                                             
     45           18            16                                             
     46           8             11                                             
     47           8             12                                             
     48           6             12                                             
     49           16            18                                             
     50           5             12                                             
     51           5             11                                             
     52           6             12                                             
     53           6             0                                              
     54           12            12                                             
     55           21            18                                             
     56           19            17                                             
     57           6             8                                              
     58           0             2                                              
     59           10            9                                              
     60           21            18                                             
     61           15            16                                             
     52           7             12                                             
     63           16            16                                             
     64           14            15                                             
     65           3             10                                             
     66           20            17                                             
     67           8             8                                              
     68           21            18                                             
     69           0             11                                             
     70           14            15                                             
     71           10            11                                             
     72           21            18                                             
     73           11            12                                             
     74           12            11                                             
     76           20            18                                             
     77           12            15                                             
     78           3             11                                             
     79           21            18                                             
     80           18            18                                             
     81           19            18                                             
     82           17            16                                             
     83           18            18                                             
     84           7             12                                             
     85           6             7                                              
     86           0             2                                              
     87           19            16                                             
     88           21            18                                             
     89           9             12                                             
     90           0             3                                              
     91           11            16                                             
     92           4             10                                             
     93           8             18                                             
     94           20            18                                             
     95           19            18                                             
     96           18            18                                             
     97           11            18                                             
     98           6             14                                             
     99           19            18                                             
     100          13            18                                             
     101          19            18                                             
     102          6             15                                             
     103          12            18                                             
     104          19            18                                             
     105          20            18                                             
     106          14            17                                             
     107          17            18                                             
     108          11            18                                             
     109          6             12                                             
     110          12            17                                             
     111          12            18                                             
     112          9             14                                             
     113          21            18                                             
     114          19            18                                             
     115          20            18                                             
     116          21            18                                             
     117          5             18                                             
     118          11            17                                             
     119          9             14                                             
     120          5             14                                             
     121          0             1                                              
     122          0             12                                             
     123          12            17                                             
     124          17            18                                             
     125          10            18                                             
     126          9             18                                             
     127          15            18                                             
     128          3             17                                             
     129          9             16                                             
     130          7             9                                              
     131          7             11                                             
     132          16            15                                             
     133          8             9                                              
     134          6             14                                             
     135          6             11                                             
     136          12            13                                             
     137          14            15                                             
     138          2             13                                             
     139          14            14                                             
     140          0             7                                              
     141          14            18                                             
     142          12            16                                             
     143          5             12                                             
     144          0             2                                              
     145          6             12                                             
     146          3             4                                              
     147          21            18                                             
     148          21            17                                             
     149          8             12                                             
     150          10            17                                             
     151          7             16                                             
     152          15            17                                             
     153          16            18                                             
     154          18            18                                             
     155          16            18                                             
     156          17            19                                             
     157          19            17                                             
     158          11            16                                             
     159          15            14                                             
     160          3             11                                             
     161          19            18                                             
     162          21            18                                             
     163          21            18                                             
     164          0             8                                              
     165          9             16                                             
     166          18            18                                             
     167          11            13                                             
     168          9             15                                             
     169          21            17                                             
     170          20            18                                             
     171          0             0                                              
     172          0             14                                             
     173          0             15                                             
     174          17            15                                             
     175          8             16                                             
     176          9             14                                             
     177          9             16                                             
     178          9             18                                             
     179          18            18                                             
     180          19            18                                             
     181          2             12                                             
     182          0             9                                              
     183          6             8                                              
     184          14            12                                             
     185          13            9                                              
     186          14            15                                             
     187          19            18                                             
     188          21            16                                             
     189          20            16                                             
     190          21            18                                             
     191          21            18                                             
     192          9             12                                             
     193          5             10                                             
     194          18            11                                             
     195          13            9                                              
     196          1             4                                              
     197          20            16                                             
     198          21            16                                             
     199          21            15                                             
     200          21            16                                             
     201          19            14                                             
     202          21            18                                             
     203          0             6                                              
     204          10            11                                             
     205          21            17                                             
     206          21            15                                             
     207          18            18                                             
     208          17            15                                             
     209          13            17                                             
     210          13            18                                             
     211          6             13                                             
     212          16            14                                             
     213          13            5                                              
     214          0             4                                              
     215          20            18                                             
     216          16            18                                             
     217          15            18                                             
     218          16            18                                             
     219          17            18                                             
     220          4             11                                             
     221          7             14                                             
     222          0             4                                              
     223          3             11                                             
     224          8             12                                             
     225          2             14                                             
     226          7             14                                             
     227          9             15                                             
     228          0             10                                             
     229          11            10                                             
     230          6             10                                             
     231          8             12                                             
     232          8             12                                             
     233          5             11                                             
     234          9             13                                             
     235          9             14                                             
     236          6             12                                             
     237          7             6                                              
     238          11            10                                             
     239          15            16                                             
     240          8             9                                              
     241          9             11                                             
     242          8             12                                             
     243          10            14                                             
     244          6             11                                             
     245          19            18                                             
     246          0             14                                             
     247          6             5                                              
     248          0             5                                              
     249          5             5                                              
     250          3             4                                              
     251          6             7                                              
     ______________________________________                                    
      21 = 85-100% control of all seven plant species tested pre-emergence.    
      18 -- 85-100% control of all six plant species tested post-emergence     
PAR  The compounds of the present invention are used as pre-emergence of
      post-emergence herbicides and are applied in a variety of ways at various
      concentrations. In practice, the compounds are formulated with an inert
      carrier, utilizing methods well-known to those skilled in the art, thereby
      making them suitable for application as dusts, sprays, or drenches and the
      like in the form and manner required. The mixtures can be dispersed in
      water with the aid of a wetting agent or they can be employed in organic
      liquid compositions, oil and water, water in oil emulsions, with or
      without the addition of wetting, dispersing or emulsifying agents. The
      amount applied depends upon the nature of the seeds or plants to be
      controlled and the rate of application varies from approximately 1 to
      approximately 50 pounds per acre. One particularly advantageous way of
      applying the compound is a narrow band along a row crop straddling the
      row. In practice, the compounds are formulated with an inert carrier
      utilizing methods well known to those skilled in the art, thereby making
      them suitable for particular application.
PAR  The phytotoxic compositions of this invention are applied to the plants in
      the conventional manner. Thus, the dust and liquid compositions can be
      applied to the plant by the use of power-dusters, boom and hand sprayers
      and spraydusters. The compositions can also be applied from airplanes as a
      dust or a spray because they are effective in very low dosages. In order
      to modify or control growth of germinating seeds or emerging seedlings, as
      a typical example, the dust and liquid compositions are applied to the
      soil according to conventional methods and are preferably distributed in
      the soil to a depth of at least one-half inch below the soil surface. It
      is not necessary that the phytotoxic compositions be admixed with the soil
      particles and these compositions can be applied merely by spraying or
      sprinkling the surface of the soil. The phytotoxic compositions of this
      invention can also be applied by addition to irrigation water supplied to
      the field to be treated. This method of application permits the
      penetration of the compositions into the soil as the water is absorbed
      therein. Dust compositions, granular compositions or liquid formulations
      applied to the surface of the soil can be distributed below the surface of
      the soil by conventional means such as discing, dragging or mixing
      operations.
PAR  The phytotoxic compositions of this invention can also contain other
      additaments, for example fertilizers, pesticides and the like, used as
      adjuvant or in combination with any of the above-described adjuvants.
      Other phytotoxic compounds useful in combination with the above-described
      compounds include for example 2,4-dichlorophenoxyacetic acids,
      2,4,5-trichlorophenoxyacetic acid, 2-methyl-4-chlorophenoxyacetic acid and
      the salts, esters and amides thereof; triazine derivatives, such as
      2,4-bis (3-methoxypropylamino)-6-methylthio-S-triazine;
      2-chloro-4-ethylamino-6-isopropylamino-S-triazine, and
      2-ethylamino-4-isopropylamino-6-methylmercapto-S-triazine, urea
      derivatives, such as 3-(3,4-dichlorophenyl)-1,1-dimethyl urea and
      3-(p-chlorophenyl)-1,1-dimethyl urea and acetamides such as N,N - dially
      -.alpha.-chloroacetamide, N-(.alpha.-chloroacetayl)hexamethylene imine,
      and N,N-diethyl-a-bromacetamide and the like; benzoic acids such as
      3-amino-2,5-dichlorobenzoic and; thiocarbamates, such as S-propyl
      dipropylthiocarbamate; S-ethyl-dipropylthiocarbamate,
      S-ethyl-cyclohexylethyl-thiocarbamate, S-ethyl
      hexahydro-1H-azepine-1-carbothioate and the like. Fertilizers useful in
      combination with the active ingredients include for example ammonium
      nitrate, urea and superphosphates. Other useful additaments include
      materials in which plant organisms take root and grow such as compost,
      manure, humus, sand and the like.
PAR  The concentration of a compound of the present invention, constituting an
      effective amount in the best mode of administration in the utility
      disclosed is readily determinable by those skilled in the art. Various
      changes and modifications are possible without departing from the spirit
      and scope of the invention described herein and will be apparent to those
      skilled in the art to which it pertains. It is accordingly intended that
      the present invention shall only be limited by the scope of the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for controlling the growth of vegetation which comprises
      applying to the area where control of said vegetative growth is desired, a
      growth controlling amount of a compound having the formula
      ##SPC4##
PAL  in which R.sub.1 and R.sub.2 are independently selected from the group
      consisting of alkyl containing from 1 through about 10 carbon atoms,
      inclusive, and lower alkenyl.
NUM  2.
PAR  2. The method according to claim 1 in which R.sub.1 and R.sub.2 are
      independent alkyl groups.
NUM  3.
PAR  3. The method according to claim 2 in which R.sub.1 is ethyl and R.sub.2 is
      n-propyl.
NUM  4.
PAR  4. The method according to claim 2 in which R.sub.1 is 1,1-dimethylbutyl
      and R.sub.2 is 1,1-dimethylbutyl.
NUM  5.
PAR  5. The method according to claim 2 in which R.sub.1 is 1-ethylpropyl and
      R.sub.2 is isopropyl.
NUM  6.
PAR  6. The method according to claim 2 in which R.sub.1 is neopentyl and
      R.sub.2 is ethyl.
NUM  7.
PAR  7. The method according to claim 2 in which R.sub.1 is neopentyl and
      R.sub.2 is isopropyl.
NUM  8.
PAR  8. The method according to claim 2 in which R.sub.1 is tert-butyl and
      R.sub.2 is neopentyl.
NUM  9.
PAR  9. The method according to claim 2 in which R.sub.1 is 1,1-dimethylbutyl
      and R.sub.2 is neopentyl.
NUM  10.
PAR  10. The method according to claim 2 in which R.sub.1 is sec-butyl and
      R.sub.2 is ethyl.
NUM  11.
PAR  11. The method according to claim 2 in which R.sub.1 is sec-butyl and
      R.sub.2 is sec-butyl.
NUM  12.
PAR  12. The method according to claim 2 in which R.sub.1 is sec-butyl and
      R.sub.2 is tert-butyl.
NUM  13.
PAR  13. The method according to claim 2 in which R.sub.1 is sec-butyl and
      R.sub.2 is neopentyl.
NUM  14.
PAR  14. The method according to claim 2 in which R.sub.1 is 1-ethylpropyl and
      R.sub.2 is ethyl.
NUM  15.
PAR  15. The method according to claim 2 in which R.sub.1 is 1,1-dimethylbutyl
      and R.sub.2 is ethyl.
NUM  16.
PAR  16. The method according to claim 1 in which R.sub.1 is lower alkenyl and
      R.sub.2 is lower alkenyl.
NUM  17.
PAR  17. The method according to claim 16 in which R.sub.1 is 2,2-dimethylvinyl
      and R.sub.2 is 2,2-dimethylvinyl.
NUM  18.
PAR  18. The method according to claim 1 in which R.sub.1 is lower alkenyl and
      R.sub.2 is alkyl.
NUM  19.
PAR  19. The method according to claim 18 in which R.sub.1 is 2,2-dimethylvinyl,
      R.sub.2 is tert-butyl.
NUM  20.
PAR  20. The method according to claim 18 in which R.sub.1 is 2,2-dimethylvinyl,
      R.sub.2 is 1,1-dimethylbutyl.
NUM  21.
PAR  21. The method according to claim 18 in which R.sub.1 is 2,2-dimethylvinyl,
      R.sub.2 is ethyl.
NUM  22.
PAR  22. The method according to claim 18 in which R.sub.1 is vinyl, R.sub.2 is
      ethyl.
NUM  23.
PAR  23. A method according to claim 2 in which R.sub.1 is 2,4,4-trimethylpentyl
      and R.sub.2 is 1,1-dimethylbutyl.
NUM  24.
PAR  24. A method according to claim 2 in which R.sub.1 is 1-methylbuyl and
      R.sub.2 is tert-butyl.
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ABST
PAL  A process is described for forming highly dense, metal briquettes of
      reduced size which are suitable for direct melting in an electric
      induction furnace. A finely divided metal ore concentrate is intermixed
      with a finely divided carbonaceous reductant thermosetting binder having a
      low volatile content consisting essentially of 1 to 20% of either coal tar
      pitch or gilsonite. The intermixture is then compressed to form
      compressed, compact briquettes ranging in size from two or more inches in
      diameter to two or more inches in height. The compact briquettes are then
      heated in a first step at a temperature ranging from approximately
      350.degree. to 550.degree.F. in order to caramelize the reductant binder
      to form tough, handleable, hard briquettes. The briquettes are then
      further heated in a second step to a temperature ranging from
      1,900.degree. to approximately 2,200.degree.F. in a substantially
      non-oxidizing atmosphere to permit approximately more than 90% reduction
      of the ore by the binder in the formation of a shrunken, highly dense,
      metal mass. This process is especially useful in underdeveloped countries
      because the resulting briquettes may be directly melted into iron in an
      electric induction furnace.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part application of my co-pending application
      Ser. No. 841,181, filed June 12, 1969, entitled DIRECT REDUCED IRON.
      Application Ser. No. 841,181 is a divisional application of Ser. No.
      591,997,  filed Nov. 4, 1966. Application Ser. No. 591,997 is based upon
      my Philippine Application Ser. No. 7330, filed May 16, 1966, for which
      priority is claimed under 35 U.S.C. 119.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for preparing briquettes of iron ore and
      other oxide ores, the direct reduction of iron ore and other oxide ores.
      More particularly, this invention relates to a method for producing iron
      by direct reduction of oxides of iron ores such as Fe.sub.2 O.sub.3
      (Hematite), Fe.sub.3 O.sub.4 (Magnetite), and FeO such as mill scale, and
      oxide ores of chromium, manganese, and copper. Specifically, this
      invention also relates to a novel method for preparing briquettes of such
      oxide ores, which briquettes may be subsequently reduced in a continuous
      process with the manufacture thereof or may be sold as articles of
      commerce.
PAR  Generally, the technology of the invention described herein is related to
      methods for producing a light, porous iron commonly known as "sponge
      iron;" however, as will appear hereinafter, this invention contemplates a
      highly reduced, shrunken metal product which has very significant and
      unexpected characteristics which distinguish the product and the process
      from conventional sponge iron production.
PAC  PRIOR ART
PAR  In general, prior art sponge iron processes produce a product which is
      light in weight and porous, hence the name sponge iron. Sponge iron is
      quite frequently used to feed melting or casting furnaces; but when such
      light porous iron is fed into a puddle of molten iron it tends to float on
      top of the iron and is, therefore, not easily melted into the liquid body.
      Often, this presents serious handling and feeding problems. Other problems
      are also present. Since the sponge iron is commonly in the form of highly
      porous chunks or small particles of iron, there is an exceedingly high
      surface area which, upon storage, exposure to moisture, and ordinary
      handling, tends to oxidize. It was proposed in U.S. Pat. No. 1,771,971,
      issued July 29, 1930, to W. E. Trent, to pass the freshly reduced iron
      through an oil bath which may perform as a binder for the reduced iron and
      to reduce oxidation during handling and storage. This procedure partially
      obviates the problem concerned with oxidation of the reduced iron but does
      not alleviate the handling problems concerned with the porosity and
      lightness of the product, and in addition, introduces an additional
      foreign component which must be reckoned with in future handling of the
      iron product.
PAR  In addition to the above-named methods for producing sponge iron by
      reaction of iron ore with gaseous reducing agents, it is known to mix
      oxide ores with solid carbonaceous materials such as charcoal, coke and
      the like and to heat this intermixture of iron ore and solid reducing
      agents to produce sponge iron. Sponge iron produced in this manner is
      similar to sponge iron produced by direct gaseous reduction with regard to
      the porosity and low density. Such low density porous sponge iron has been
      produced from briquettes formed of an intermixture of iron ore and
      charcoal, coke or coal with air slacked lime and water in which a certain
      amount of water is tenaciously held, presumably in combination with the
      slacked lime, and where the combined water is slowly evolved during the
      reduction period. This process, which is described in U.S. Pat. No.
      2,028,105, issued Jan. 14, 1946 to Casimir J. Head, is particularly
      adapted for fixing sulfur which may be present in ores, but the resulting
      iron sponge product, which may be transferred from the reducing chamber
      directly into an electric melting chamber containing a bath of molten
      metal, has the usual disadvantages with respect to physical
      characteristics and difficulties in handling.
PAR  Oxide ores, such as magnetite, may also be intermixed with a solid carbon
      or carbonaceous material such as charcoal to prevent sintering of the
      reduced metal during direct reduction by a gaseous reduction agent. In
      this process, the charcoal does not appear to be consumed to a substantial
      extent and by discharging the reduced material into water the charcoal
      floats and can be removed. A process of this type is disclosed in U.S.
      Pat. No. 2,508,515.
PAR  The direct reduction of oxide ores, such as iron oxide to produce
      conventional sponge iron, by reaction of the iron oxide with powdered
      carbonaceous material is also known. Such reduction processes are
      conventionally carried out in closed containers such as saggers. In
      addition to the problems discussed hereinbefore, there is a substantial
      problem in such processes regarding means for distributing heat throughout
      the entire mass of ore concentrate and carbonaceous material. One such
      process and a proposed solution to the aforementioned problem is given in
      U.S. Pat. No. 2,587,113, issued Feb. 26, 1952, to Patrick E. Cavanagh. The
      sponge iron produced by this process is subject to the problems and
      disadvantages generally related to sponge iron as discussed hereinbefore.
      A solution to this problem, which is associated with the low density and
      high porosity characteristics of sponge iron, is suggested in U.S. Pat.
      No. 2,711,952, issued June 28, 1955, to Howard F. West et al wherein it is
      proposed to form a relatively dense brick by intermixing with the iron ore
      and coke, a solution of iron sulphate, for example, spent pickle liquor.
      These dense bricks are then stacked in a reducing furnace exactly as
      firebrick are stacked, being spaced to facilitate penetration of heat to
      the interior of the stack. A muffle type or open burner kiln was then used
      to produce a reducing atmosphere and to reduce the bricks.
PAR  Heating by combustion reaction, such as gas and air, liquid carbonaceous
      fuel and air, and equivalent methods of heating are often not well suited
      to particular processes because of the difficulty in controlling the
      atmosphere. It is known to use electric resistance heat for melting
      furnaces and the like. It is also known to use electric induction heating
      to carry out certain reductions processes. A combination reduction furnace
      and melting furnace in which induction heating is utilized is disclosed in
      U.S. Pat. No. 2,266,002, issued Dec. 16, 1941, to W. G. Clark. Other
      induction heating furnaces are disclosed in the above-mentioned patents to
      W. G. Clark. Generally speaking, such induction furnaces have been used in
      the prior art and have been subject to most of the problems and
      difficulities inherent in the production of the sponge iron by processes
      of the prior art. For example, sintering of the reduced iron to the
      furnace tube, expansion of the solid mass, the buildup of carbonaceous
      material in the solid mass, and the physical properties of the end product
      are present in products by induction heated furnaces in the prior art.
PAR  Briquetting of ore or ore intermixtures is known in the prior art but such
      briquettes as have been made simply by intermixing ore concentrates and
      finely divided carbonaceous material have produced conventional low
      density high porosity sponge iron with all its attendant disadvantages.
      Ban U.S. Pat. No. 3,264,091 discloses such a process based on the direct
      reduction of small pellets (3/8 to 11/2inch diameter). These pellets are
      then reduced 60 to 90% in a reduction process. The Ban process also uses
      30% or more of powdered, non-coking coal and an 11% limestone mix. Such
      pellets or briquettes, however, have not successfully been used in
      conjunction with induction heated furnaces. It is fairly common in the
      prior art, to form briquettes of reduced sponge iron by intermixing
      fluxing agents, carbonblack, petroleum pitch, and the like and feeding the
      resulting briquette, sometimes after coking, into an electric smelting
      furnace or an equivalent furnace to produce molten iron. Such process is
      disclosed in U.S. Pat. No. 3,072,474, issued Jan. 8, 1963, to R. G.
      Atkinson et al. A process for producing agglomerated ore for blast furnace
      use is disclosed in U.S. Pat. No. 3,212,877, issued Oct. 19, 1965, to
      Roger L. Rueckl; but heretofore briquettes of this general description
      have not been successfully used to produce directly reduced iron, that is,
      for producing metallic iron without the necessity of melting the iron with
      the attendant handling and equipment problems and processes associated
      therewith.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a method for mixing finely divided iron
      ore (or other ores) with finely divided reductant materials such as
      powdered coal tar pitch, solid asphalt, liquid asphalt, tar, molasses and
      similar compounds and then compacting such mixtures into dense briquettes
      after which the briquettes are heated to a comparatively low temperature
      of about 525.degree.F., for caramelizing or hardening after which the
      briquettes are processed into direct reduced iron by passing them through
      a direct reduction furnace where they are heated for approximately 15
      minutes to 2 hours at 1,900.degree. to 2,200.degree.F. in the absence of
      air or of oxygen.
PAR  One object of this invention is to change or convert briquetted iron ore
      (or other metal oxides) directly to the metal without causing the ore to
      go through the molten phase. The present invention or discovery requires
      less heat energy and permits a faster and more complete reduction than
      other methods of mixing ore with reductants.
PAR  Another object of the present invention is to accomplish the reduction of
      ore with a minimum of capital investment and lower processing costs which
      results from the method of mixing which is simpler, and requires lower
      priced equipment and less complicated controls then the usual method of
      mixng such as the rotating drums or rotating saucers which are used to
      produce pellets of the type used to charge modern blast furnaces. This
      invention is specifically adaptable for underdeveloped and emerging
      nations.
PAR  An additional, and extremely important, object of the invention is a
      process or method to combine any type of finely divided iron ore (or other
      metal ores) with a combination of binder reductants such as coal tar pitch
      which is thermosetting or any other material such as tar or asphalt which
      has similar properties.
PAR  A further object of the invention is the provision of a method for
      producing a hard, handleable, shrunken briquette which is relatively
      nonporous and in which the highly reduced iron particles are coagulated or
      welded together into one dense coherent mass suitable for melting in an
      electric induction furnace.
PAR  These and other objects of the invention will become more apparent to those
      skilled in the art by reference to the following detailed description.
DETD
PAC  DETAILED DESCRIPTION
PAR  Generally, this invention consists of taking a finely divided ore and
      mixing it with a finely divided reductant binder, preferably powdered coal
      tar pitch. The mixing takes place in the dry state, using an ordinary
      paddle or concrete batch type mixer whereby the mixing machine, by
      rotation or by mechanical agitation, obtains a thorough, intimate and
      uniform mixture throughout. The combined materials are then pressed into
      briquettes on an ordinary molding or briquetting machine. At this stage,
      the green briquettes must be handled with care. They are put through a
      warm oven of about 525.degree.F. where the pitch is caramelized (hardened)
      and the briquette becomes hard and tough and may safely be handled by
      conventional means. The briquette is then dipped or immersed in liquid
      asphalt, or otherwise coated with liquid asphalt, and, as it is extracted
      from the asphalt, powdered coal or coke is dusted onto the sticky asphalt
      in a manner similar to stuccoing of a finely divided hard material on a
      fresh plaster wall. This product is then ready to charge into a direct
      reduction furnace so that the ore may be converted directly, without
      melting, into metals such as iron, copper, chromium, manganese or other
      metals.
PAR  In carrying out the process, the fine ore is mixed with a finely divided
      reductant such as coal tar pitch. When finely divided iron ore, for
      example 325 mesh, is mixed with finely divided coal tar pitch of about the
      same mesh, using about 5 to 15 per cent pitch, and the balance, the finely
      divided and concentrated iron ore (by weight) and the mixture is formed by
      pressure into briquettes of two inches or more in diameter by two inches
      or more in height and the briquettes are heated to 525.degree.F. to
      thermoset or caramelize the pitch. The briquettes are then hard and tough
      and may be handled without breaking.
PAR  When these hard, tough briquettes are heated in a highly reducing
      atmosphere to approximately 1,900.degree. to 2,200.degree.F. the oxygen is
      removed by the pitch, which is a combination reductant binder, and an iron
      briquette in shrunken form consisting of solid metal iron with a slight
      amount of gangue material, such as silica and alumina, is produced. Quite
      unexpectedly, this shrunken briquette is different from the usual sponge
      iron in that it is relatively non-porous. As the oxygen was removed, the
      remaining reduced iron particles are coagulated or welded together into
      one dense, coherent mass. This is distinctly more valuable and useful than
      the usual porous, low density form of sponge iron. It has none of the
      characteristics of ordinary sponge iron because it is highly dense. Thus,
      it will not soak up water, is not easily oxidized, and when fed into a
      molten bath it sinks and is melted whereas the usual low density sponge
      iron or reduced iron pellets lie on the surface of a molten bath of iron
      or steel.
PAR  In its most comprehensive form, the process of this invention contemplates
      the machining or hot forming by forging, of the solid, dense, shrunken
      metal briquettes into useful articles. such as nuts and bolts.
PAR  While coal tar pitch is a highly preferred material, other materials may be
      used instead of pitch, for example, asphalt, molasses, and tar. A
      combination of pitch with these materials may be used, such as 5 per cent
      powdered pitch, 5 per cent liquid or powdered asphalt, 5 per cent fine
      coal, and 5 to 10 per cent coke.
PAR  Other binder materials used to make pelletized iron ore are usually clays,
      such as bentonite, or water glass. These are expensive and are ultimately
      wasted since they have no reducing power. On the other hand, my invention
      provides for materials like coal tar pitch which serve both as binder and
      as reductant and thus have dual or double function and avoid the waste
      inherent in the use of bentonite and similar non-reductive binders. In
      addition, these non-reductive binders increase the non-metallic gangue
      content.
PAR  The following are some examples of different methods of making briquettes
      according to my invention:
PAC  EXAMPLE I
PAR  A steel die cylinder 2 inches in diameter by 4 inches long was filled with
      a mixture containing 84% fine iron ore concentrate, 6% fine powdered coal
      tar pitch and 10% fine coke by weight. A two pound weight was dropped
      vertically onto the unpacked ore until the mixture was compressed from 4
      inches to 2 inches long. At this point, the hardness according to the AFS
      (American Foundrymens Association Standards) hardness scale was
      approximately 90.
PAC  EXAMPLE II
PAR  A steel die cylinder was filled with ore, pitch, and fine carbon mix as in
      Example I above. The die was placed under a hydrualic ram or piston and
      compressed at 3,000 p.s.i. Additional mixture was added and repressing
      continued until the pressed briquette was 6 inches long. The final
      briquette was 8 inches in diameter by 6 inches long and included a 1/2
      inch diameter hole through the center, axially.
PAC  EXAMPLE III
PAR  The ore-pitch-carbon mixture of Examples I and II was placed inside a steel
      die with an inside diameter of 10 inches and a length of 8 inches. A 500
      ton hydraulic press was used to compress the briquette and between
      pressings the die was refilled until the final briquette was 8 inches
      long. The total pressure per square inch was approximately 6.4 tons. The
      final dimensions of the briquette formed was 10 inches in diameter by 8
      inches in length.
PAR  In Examples I, II, and III, the most generally used mixture of ingredients
      was 84% ore, 6% pitch, and 10% carbon; however, in each case this mixture
      was varied for purposes of testing and briquettes were made in each
      example with a range of from 1 to 15% pitch. Typically, coal tar pitch
      contains about 94% carbon, 4% hydrogen, and 2% miscellaneous materials.
PAR  The thus-formed briquettes formed from Examples I, II, and III were then
      caramelized in a first heating step at a temperature of approximately
      350.degree.F. After curing at this temperature for about 1 hour the
      briquettes were hard, tough, and handleable.
PAR  The briquettes of Examples I, II, and III were then heated in a second
      heating step to approximately 2,100.degree.F. in a non-oxidizing
      atmosphere. The reduction time was varied from between 3 to 7 hours. The
      exact percentage reduction that takes place during the heating steps in
      Examples I, II, and III was found to be 94%. In other words, 94% of the
      oxygen was removed from the iron oxide. In the second heating step the
      size of the briquette was reduced by one-half in volume from that which it
      began with. Not only were the briquettes reduced 50% in volume but the
      weights were reduced by 34% from their original weight.
PAR  Microphotographs were taken of the shrunken briquettes after reduction to
      confirm chemical analysis. The basis chemical reaction that occurred
      during reduction is:
EQU  Fe.sub.3 O.sub.4 + 3C + H.sub.2 = 3Fe+3CO+ H.sub.2 O The oxygen is removed
      as carbon monoxide gas and the iron remains as a solid, shrunken mass of
      FE and FEO which melts readily in an arc or an induction melting furnace.
PAR  Some outstanding points of my invention are as follows:
PAR  1. By mixing a material, such as "hard grade" coal tar pitch, which has the
      properties of being both a thermo-setting plastic binder and a reductant
      with fine magnetite iron ore, it is possible to obtain an intimate mixture
      reductant with the ore. The speed of a chemical reaction is approximately
      proportional to the surface area of contact between the reagents, in this
      case the reductant pitch and the oxide iron ore, and by mixing fine ore
      with a fine binder reductant, it is possible to obtain, first, a strong
      briquette and, secondly, a close surface contact over a greatly increased
      area. Thus at a proper temperature range and the proper time in the
      correct atmosphere the reduction reaction proceeds rapidly and uniformly
      over the cross-section of the very dense iron briquette.
PAR  2. The mixing of the dried powders and fine ores in liquids such as asphalt
      can be effected at low cost with simple, commercially available, mixing
      equipment. The subsequent briquetting is also carried out with
      conventional equipment and is a low cost operation.
PAR  3. The product obtained after reducing such a briquette is a dense chunk or
      shrunken briquette of iron which is different from the usual sponge iron.
      The direct reduced briquette is dense and relatively waterproof. It will
      sink into a molten metal bath when used as synthetic iron or steel scrap
      and will not soak up water and reoxidize. This characteristic is
      distinctly different from the property exhibited by sponge iron as it has
      been known herebefore. When iron ore is directly reduced from "pellets" or
      natural lump ore, which has been crushed to a small size, for example, two
      inches or less in diameter, it has a low degree of density because it is
      full of cavities where the oxygen has "exited" from sponge iron pellets
      and after direct reduction, it remains porous and lightweight. This form
      of iron cannot be used in steel melting furnaces directly to make iron or
      steel with the same advantages that are possessed by the directly reduced
      briquettes of the present invention because they are too light and tend to
      float on top of the molten metal bath. The low density directly reduced
      iron is oftentimes reground and briquetted as described in the prior art,
      in order to increase the density. By the present method, this operation is
      unnecessary.
PAR  4. There are three main forms of directly reduced iron known in the prior
      art, which include: pellets reduced or unreduced which are used primarly
      in blast furnaces; lump ore directly reduced to a porous lump; and fine
      ore reduced and then sintered to coagulate into sinter cake. In all these
      cases the product is not entirely satisfactory and the cost of production
      is often prohibitively high. In the present invention, the product is low
      cost and meets the requirements of the trade more satisfactorily than does
      the forms mentioned because the product of the present process is much
      more dense and does not have to be briquetted after reduction.
PAR  5. Most of the iron ores available in the world today are "lean" or "low
      grade" ores. As a result, they must be ground finely to separate the
      undesired elements, such as pyrites (FeS), silica and alumina by magnetic
      and other means. These fine mesh concentrates cannot be used in their fine
      powdered form. They must be reformed into pellets or sintered at high
      temperature to sinter cake before charging into a blast furnace to avoid
      the powder being blown out the top of the stack. In the present process,
      there is no such problem. The original briquette remains in the same
      shape, although it has shrunken to about one--half its original size. This
      shrinkage is caused by the small particles of reduced iron welding
      together and contracting inwardly as the oxygen and other products such as
      moisture, carbon and hydrogen and the oxide reactant gases move out of the
      briquette. A dense, almost solid metal chunk or solid briquette is the
      result. Thus the product can be charged as synthetic cast iron or steel
      scrap, depending on the carbon content, directly into cupolas, open
      hearth, electric arc, induction, basic oxygen, carbo-electric furnaces and
      even blast furnaces to make iron and steel.
PAR  The hardened, caramelized, briquettes of the process may be used in other
      types of furnaces as well, For example, the pitch bonded briquettes of
      this invention, which contain from 1 to 20 percent by weight of pitch, and
      preferably from 8 to 10 per cent pitch, may be used with other direct
      reduction processes such as the Hoeganes type process at Riverton, New
      Jersey and Hoeganes in Sweden where sealed saggers or containers are
      filled with coal and crushed lumps of iron ore and then processed through
      a heat cycle of about 2 to 3 days where the maximum heat range is from
      1,900.degree. to 2,100.degree.F.
PAR  These briquettes may also be used in the HyL process at Monterey, Mexico
      where reducing gas is passed through the lump or pellet ore which is
      placed in the reducing vessel excluding outside air and in the Echeverria
      process where crushed ore is used in a process similar to that described
      hereinbefore except that producer gas is used for a heat source instead of
      inductive electric power. When used in these processes, in place of the
      usual charge, the pitch bonded briquettes very effectively produce a
      superior product. Indeed, while this instant process gives best results,
      the pitch bonded briquettes of this invention will produce a superior
      product when used with any successful direct reduction process.
PAR  Another advantage of the present invention is that various alloy
      compositions may be made by mixing various metals, alloys or metallic ore
      powders. Thus, the invention is not limited to iron briquettes. For
      instance, manganese steel briquettes may be produced by mixing manganese
      ore and iron ore in the desired proportions and reducing the pitch bonded
      briquettes formed of the intermixture. In the same manner, chrome ore or
      ferro-chrome powder can be mixed with iron ore and pitch to make chromium
      containing chrome steel with a desired percentage of chrome in the alloy.
      If nickel oxide or nickel is added to the mixture, a stainless steel
      master alloy of any desired composition may be produced by direct
      reduction. Thus, synthetic master alloys can be made which may be then
      sold for remelting to produce specific alloys of any desired grade. A
      similar end result is obtained by sintering metallic powders; however, the
      present invention permits the use of ores directly to produce synthetic
      master alloys. For example, a high carbon iron, containing about three per
      cent carbon, may be used in place of cast iron scrap and lower carbon
      iron, for example less than one per cent carbon, may take the place of
      steel scrap. Ores of iron, chromium, nickel, copper, manganese, tungsten,
      vanadium, and molybdenum may be intermixed to produce a definite master
      alloy.
PAR  In order to obtain best results, the moisture content of the mixture should
      carefully be controlled. For example, the moisture content of an
      intermixture of powdered iron ore and pitch should range from 5 to 7 per
      cent by weight of the pitch ore mixture. The method of mixing comprises
      the following steps: first, the moisture in the fine mesh ore is reduced
      by drying to less than one and one-half per cent so that the mixture is
      essentially dry. In this dry state it will readily mix with the powdered
      pitch. Second, the ore and dry pitch are mixed in any common mixing
      machine to get a uniform intimate mixture. For example, a sand muller or
      paddle type mixer may be used.
PAR  Third, after an intimate dry mixture is obtained, water is added so that
      the total water content is approximately 6 per cent by weight. Mixing is
      continued for about three minutes until the water is completely and
      uniformly dispersed. The mixture is now ready for briquetting.
PAR  After the mixture is briquetted, it is heated to 525.degree.F.,
      approximately for about one-half hour, to strengthen it and harden it so
      that the briquette will not fracture during reduction. The reason that the
      moisture is important is because it assists the pitch to "smear onto" or
      to "wet" the surface of the ore particles. Thus, a strong "green" bond is
      established between the pitch and the ore making the briquette easy to
      handle without breaking. In the subsequent baking operation the moisture
      is, of course, removed. The use of moisture, as described, results in a
      very hard and tough briquette after the baking operation, and this is
      essential to prevent deterioration of the briquette while passing
      downwardly through the reduction stack.
PAR  A pitch of the type which has been found satisfactory was obtained from the
      J. S. McCormick Co. of Pittsburgh, Pa., and has an approximate analysis as
      follows:
TBL  Melting point  --        300 to 320.degree.F                              
     Carbon         --        93.7%                                            
     Sulfur         --        0.5%                                             
     Hydrogen       --        4.1%                                             
     Nitrogen       --        1%                                               
     Oxygen         --        0.6%                                             
     Ash            --        0.1%                                             
PAR  Iron ore concentrates with at least 50 per cent iron, and preferably from
      60 to 69 per cent iron, are most advantageously used in the present
      process. Briquettes composed of such iron ore and pitch bonded in the
      manner described in the process, do not tend to sinter or hang up in the
      furnace as has been a problem heretofore. There is no problem at all with
      bridging in the furnace with the briquettes of this process, especially
      briquettes which have been dipped in asphalt and stuccoed with powdered
      coal or coke. These desirable results occur in part from shrinkage of the
      briquettes during reduction.
PAR  Another feature of this invention is the convenience by which the
      briquettes may be made. It is known in the prior art to make briquettes,
      but extremely high pressures are frequently required. Ordinary briquetting
      equipment may be used in the present process and low pressures, on the
      order of about 3000 pounds per square inch, are sufficient to form the
      instant briquettes.
PAR  A summarized version of the present process is given below wherein the
      steps are, generally, in the sequence in which performed:
PAR  1. Metal or concentrates in finely divided form are provided. The metal
      concentrates are preferably selected from a group consisting of iron,
      copper, manganese and chromium, although these ore concentrates may be
      intermixed with minor proportions of other ores such as oxides of
      tungsten, nickel and the like to provide a desired master alloy.
PAR  2. At least one of the ore concentrates, and possibly two or more, is
      intimately mixed with a finely divided thermo-setting reductant binder.
      Coal tar pitch gives unexpectedly good results as such a binder. As stated
      previously, this intermixture is preferably accomplished in the dry form
      followed by the addition of water, which may comprise a separate step.
PAR  3. The intermixture of ore concentrate and reductant binder, preferably a
      coal tar pitch in the range of from 1 to 20 percent by weight and, in a
      highly preferred embodiment, from 8 to 10 per cent by weight, is pressed
      into a desired briquette form.
PAR  4. The briquettes are then heated to a temperature sufficient to drive off
      moisture and volatile material and to caramelize the reductant binder to
      form a rough, hard thermo-set briquette of sufficient strength to be
      handled by conventional means. This temperature is in the range of
      350.degree.F. to 550.degree.F. and preferably about 525.degree.F. In a
      preferred embodiment of the process, this preheating caramelizing step is
      accomplished by the utilization of waste heat from a furnace.
PAR  5. In the embodiment of the process, a layer of molten carbonaceous
      resinous material, such as molten asphalt, is provided on the outer
      surface of the briquette by dipping the briquette therein or by other
      means.
PAR  6. Next, a discontinuous layer of powdered carbonaceous material such as
      powdered coal or coke is provided on the outer surface of the coated
      briquette.
PAR  7. The briquette is then heated in the absence of oxygen to a temperature
      sufficiently high to cause the caramelized reductant binder to react with
      the ore concentrate to reduce substantially all of the ore to free metal
      in finely divided form and to weld the free metal particles into a
      briquette of substantially diminished size which has a very low porosity
      and a high density. This heating step may be accomplished by encircling
      the reduction zone with a ferro-magnetic susceptor material and
      inductively producing current flow in the susceptor material to
      resistively heat the susceptor material.
PAR  8. The high density reduced briquette may then be cooled and formed into a
      useful metal article by mechanically removing portions of the reduced high
      density briquette or by forging the same.
PAR  Alternatively, the high density reduced briquette may be directly melted to
      conserve its residual heat in a furnace of a type described hereinbefore.
      If the reduced briquette is cooled and recovered in its solid form, it may
      be stored or sold as an article of commerce. The characteristics of this
      briquette may be described in general terms. The relative density with
      respect to sponge iron and the relative porosity make it distinctly
      different from sponge iron and make it also different from cast metal.
      Because of its economy, it is a convenient source of synthetic scrap, and
      may be used to form useful articles, for example, nuts and bolts. While
      these articles have the same general utility as nuts and bolts formed from
      cast metals, the composition is different as the result of the production
      process involved.
PAR  As discussed previously, control of the reduction process in the furnace
      and in the production of auxiliary heat to preheat the briquettes may be
      accomplished by the injection of reducing and oxidizing materials
      respectively into the furnace.
PAR  While the process has been described as a continuous series of steps, it
      will be realized that the caramelized or hardened briquettes may also be
      stored, handled, and sold as articles of commerce.
PAR  In a general manner, while there have been disclosed effective and
      efficient embodiments of the invention, it should be well understood that
      the invention is not limited to such embodiments, as there might be
      changes made in the arrangement, disposition, and form of the parts
      without departing from the principle of the present invention as
      comprehended within the scope of the accompanying claims.
CLMS
STM  I Claim:
NUM  1.
PAR  1. A process for forming high density metal briquettes of reduced size
      comprising the steps of:
PA1  intermixing finely divided metal ore concentrate, wherein said metal is
      selected from the group consisting of iron, copper, manganese, and
      chromium, with finely divided carbonaceous reductant thermosetting binder
      having a low volatile content consisting essentially of 1 to 20% of a
      material taken from the following group: coal tar pitch or gilsonite,
PA1  compressing the intermixture of the next previous step to form compact
      briquettes ranging approximately in size from 2 or more inches in diameter
      by 2 or more inches in height,
PA1  heating the compact briquettes in a first heating step to a sufficiently
      high temperature ranging from approximately 350.degree. to approximately
      550.degree.F. to caramelize the reductant binder to form handleable,
      tough, hard briquettes but insufficiently high temperature to initiate
      chemical reaction between the reductant binder and the metal ore
      concentrate and to destroy the adhesive properties of the reductant
      binder, and
PA1  further heating and shrinking the hard, handleable briquettes formed in the
      first heating step by subjecting same to a temperature ranging from
      approximately 1,900.degree.F. to approximately 2200.degree.F. in a
      substantially non-oxidizing atmosphere to permit approximately more than
      90% reduction of the ore by the binder in the formation of a shrunken,
      highly dense, metal mass.
NUM  2.
PAR  2. The process of claim 1 wherein:
PA1  the intermixture of ore concentrate and reductant binder comprises ore
      concentrate in the range of 80 to 95% by weight and reductant binder in
      the range of 5 to 20% by weight.
NUM  3.
PAR  3. The process of claim 1 wherein the intermixture of ore concentrate and
      reductant binder comprises reductant binder in the range of 1 to 15% by
      weight.
NUM  4.
PAR  4. The process of claim 1 wherein:
PA1  the intermixture of ore concentrate and reductant binder comprises
      reductant binder in the range of 5 to 8% by weight.
NUM  5.
PAR  5. The process of claim 1 further comprising the step of:
PA1  coating the hard briquette with a substantially continuous layer of
      asphalt.
NUM  6.
PAR  6. The process of claim 4 further comprising the step of:
PA1  coating the hard briquette with a substantially continuous layer of
      asphalt.
NUM  7.
PAR  7. The process of claim 5 further comprising the step of:
PA1  coating the asphalt-coated, hard briquette with a discontinuous layer of
      powdered material selected from the group consisting of coal and coke,
      said discontinuous layer being adhesively adhered to the outer surface of
      the asphalt coating by the asphalt.
NUM  8.
PAR  8. The process of claim 6 further comprising the step of:
PA1  coating the asphalt coated, hard briquette with a discontinuous layer of
      powdered material selected from the group consisting of coal and coke,
      said discontinuous layer being adhesively adhered to the outer surface of
      the asphalt coating by the asphalt.
NUM  9.
PAR  9. The process of claim 1 wherein said binder is selected from a group
      further consisting of: asphalt, tar, and molasses.
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ABST
PAL  A pyrometallurgical reductive process characterised in that firstly pellets
      comprising a mixture of ore and coke precursor are heated in the absence
      of air so that the coke precursor is converted to coke and secondly the so
      formed pellets are treated in a subsequent reductive step to obtain as
      product discrete pellets comprising reduced ore set in a matrix of coke.
      Preferably the matrix of coke is in the form of an external coating to the
      pellet.
BSUM
PAR  The invention relates to the reductive roasting of ores.
PAR  The extraction of the useful values from ores is frequently effected by
      reductive roasting in a kiln. A suitable reducing agent is carbon in one
      form or another. It is desirable that the feed material to the reductive
      roasting is of a close size range and that the shape of its particles is
      such as to permit controlled flow because thereby the desired process
      conditions can be more easily maintained. Furthermore it is preferred that
      the ore to be reduced is intimately mixed with the carbonaceous reductant
      and it is therefore desirable to pelletise a mixture of the ore and
      carbonaceous material optionally in the presence of flux materials.
PAR  Ores are commonly pelletised by rolling them in the presence of water, and
      frequently, a binding agent. They may also be agglomerated by means of
      briquette presses, roll presses or other means of making formed pellets.
PAR  The green pellets so formed are, if necessary, dried to give them
      sufficient mechanical strength to be fed to a subsequent processing step
      without undue disintegration. They should also have high temperature
      strength, i.e. they should not break down when being heated to the
      temperatures required in subsequent pyrometallurgical processes.
PAR  In certain processes such as shaft furnace smelting of ores and
      concentrates, the product of smelting may be a liquid metal or alloy which
      is tapped from the furnace or a metal vapour which may be withdrawn from
      the upper end of the furnace. In such a process, the original feed pellets
      lose completely their original discrete identity. However, it is
      frequently desirable for the product of the roasting to retain the pellet
      form so that its flow to subsequent processing stages may be controlled
      easily.
PAR  Hitherto such control has proved difficult as the weight of ore can exert
      high pressures on the pellets at the bottom of the kiln causing the
      pellets either to be crushed or to coalesce. In addition pellets made
      according to the prior art become weaker during the roasting process and
      hence have an increased tendency to disintegrate after reduction under the
      forces generated by mechanical handling. The presence of a large
      proportion of fines in the product from the process can cause the kiln to
      choke up, impede homogeneous gas flow through the kiln, and also present
      problems of removal of product from the kiln. We have now found a process
      of roasting of pellets of ores in which the pellets retain their pellet
      form and have a greatly reduced tendency either to be crushed or to
      coalesce.
PAR  Accordingly we provide a pyrometallurgical reductive process characterised
      in that, firstly pellets comprising a mixture of ore and coke precursor
      are heated in the absence of air so that the coke precursor is converted
      to coke and secondly the pellets are treated in a subsequent reductive
      step to obtain as product discrete pellets comprising reduced ore set in a
      matrix of coke.
PAR  The amount of coke precursor must be sufficient to provide excess coke
      beyond that consumed during the reductive process.
PAR  The coking and reductive steps may preferably be carried out in a single
      kiln unit. Alternatively the coking step may be carried out separately
      thereby providing pellets of an intermediate product comprising
      substantially unreduced ore set in a matrix of coke which may be then fed
      into the reductive step.
PAR  In a typical pelletising process ore, preferably in the size range of 10
      BSS mesh to fines, coking coal, preferably in the size range 10 BSS mesh
      to fines, and water are pelletised together in a conventional pan or drum
      granulator to form green pellets, preferably in the size range 1/4 inch to
      1 inch. These pellets are dried and either fed to a kiln in which the
      reduction will take place and the coking coal converted to coke in situ in
      a preliminary step in the upper portion of the kiln or else the pellets
      are coked in a separate furnace in the absence of air. This produces a
      coherent carbon matrix in the pellets. The amount of coke in the pellets
      depends in part upon the nature of the ore being processed and upon the
      requirements of the subsequent process but it is preferred that there is
      at least 20% coke matrix in the pellets fed to the reductive process. We
      prefer to give adequate strength to the pellets that there is at least 15%
      coke matrix in the pellets removed from the kiln as product from the
      process of our invention.
PAR  Conventional pelletising aids may be added to the mixture of ore and coke
      precursor so as to impart strength to the green pellets. Such aids are
      well known in the art and include for example bentonite, high molecular
      weight polyacrylamides and starches. Preferably the pelleting aid is
      organic in origin and will decompose during the coking process. A suitable
      organic pelleting aid is for example Dinagum, a complex natural
      polysaccharide added in the range of 0.01% to 1%. (Dinagum is a Trade
      Mark).
PAR  It is a requisite that on coking the coke precursor should form a coherent
      matrix of coke and not retain its original shape and structure. Thus, some
      components of the coke precursor must become plastic and incorporate into
      a continuous structure the remaining rigid components of the coke
      precursor. This plastic mass must change into a rigid structure on
      continued heating. By coke precursor we mean throughout this specification
      a carbonaceous material which on decomposition forms coke.
PAR  Typical coke precursors are coking coals, blends of coking coals and
      non-coking coals; and blends of noncoking coals, chars or cokes with
      suitable binders such as pitch or fuel oil. Preferably the coke precursor
      is a coking coal optionally mixed with preformed coke or char.
PAR  Coke for the purpose of this invention is defined throughout this
      specification as an essentially volatile-free firm cellular mass, mostly
      of carbon, formed by the decomposition of carbonaceous materials.
PAR  The form of kiln used in the process of our invention is not critical.
      Suitable kilns are for example vertical kilns or rotary kilns.
PAR  Preferably the reaction is carried out in a counter current feed kiln
      wherein the pellets are fed through the kiln continuously in one direction
      while gases are fed through the kiln in the opposite direction. Most
      preferably the process is carried out in a gravity fed vertical kiln.
PAR  The ores suitable for use in this invention are preferably those containing
      their metal values in the form of oxide minerals, for example, ilmenite,
      bauxite, laterite, chromite, serpentinite, haematite, magnetite, goethite,
      limonite, tenorite, cuprite and titano-magnetite.
PAR  The process is of particular use in roasting processes in which a pellet
      feed is used and the pellets are processed without loss of identity but
      wherein one or more of the components of the pellets liquefy during the
      roasting treatment. Formation of the liquid phase causes conventional
      pellets to lose strength during the roasting treatment and allows the
      pellets to become compacted together to form a coherent plastic mass.
      However in this process of our invention the coke matrices effectively
      prevent the pellets from losing their strength or physical identity. The
      process is of special use in the roasting processes in which a flux is
      required to be added to the mixture of ore and reducing agents.
PAR  By flux we mean a composition comprising at least one alkali metal chloride
      or alkaline earth metal chloride. Whilst such a flux may comprise a single
      alkali metal chloride or alkaline earth metal chloride a flux may comprise
      a mixture of two or more alkali metal chlorides or a mixture of at least
      one alkali metal chloride with at least one alkaline earth metal salt. A
      suitable flux may comprise for example sodium chloride alone or
      alternatively in admixture with one or more other salts such as borax,
      sodium carbonate, calcium chloride, magnesium chloride, calcium fluoride,
      calcium sulphate, sodium sulphate, apatite or dolomite. Preferably the
      flux used in our process is potassium chloride or sodium chloride either
      separately or in admixture.
PAR  Typical fluxed roasting processes giving a solid product and using sodium
      chloride as flux are, for example, the removal of iron oxide from, for
      example, low grade manganese ore, vanadium, niobium and tantalum
      containing slags and concentrates and concentrates of chromite ores.
PAR  Preferably the process of our invention is used in the beneficiation of
      ilmenite and other titaniferous ores to a high grade titanium oxide
      concentrate which can be used as a substitute for rutile. Titanium metal
      and titanium oxide pigments are mostly made from either ilmenite or
      rutile. Ilmenite contains substantial proportions of iron; is soluble in
      sulphuric acid and is usually converted into titanium oxide by the
      so-called sulphate process. This sulphate process has however, several
      disadvantages; amongst these the production of an undesired effluent of
      sulphuric acid contaminated with iron is particularly objectionable both
      from the point of view of raw material economy and pollution of the
      environment.
PAR  Naturally occurring rutile has a much lower iron content but is not soluble
      in sulphuric acid and is thus not suitable as a raw material for the
      sulphate process. Rutile is normally converted into titanium pigments or
      metal by the well known so-called chloride process.
PAR  As rutile contains only traces of iron the chloride process has the
      advantage over the sulphate process of not having an iron containing
      effluent problem.
PAR  Known world resources of natural rutile are limited and the rate of
      extraction of rutile is likely to fall below the demand for use in the
      chloride process. Supply of ilmenite by contrast is relatively abundant.
      The present situation is therefore that the raw material available in
      abundance (ilmenite) is linked to a process with relatively low growth
      potential (the sulphate process) and the raw material hwich is in scarce
      supply (rutile) is linked to a process with high growth potential, the
      chloride process. There is therefore a need for a process of upgrading
      titaniferous ores, particularly ilmenite, to titanium oxide concentrates
      containing small amounts of iron and suitable as a substitute for natural
      rutile in, for example, the chloride process. Several such processes have
      been suggested; most of these involve reduction of the ore following by
      removal of the iron by a preferential leaching such as treatment with
      hydrochloric acid or ferric chloride or selective oxidation of the iron in
      an acidic medium. The treatment with chlorine compounds or oxidation in an
      acidic medium is expensive as to raw material consumption and imposes
      severe corrosion problems; in addition some of these treatments also pose
      problems with the disposal of effluents.
PAR  It is known the ilmenite may be beneficiated by a flux reduction process
      for producing metallic iron concentrates and titanium oxide concentrates
      from titaniferous ores, which comprises adding a flux to ore wherein the
      weight ratio of ore to flux is in the range from 50 : 1 to 1 : 1,
      preferably in the range from 5 : 1 to 1.2 : 1; most preferably in the
      range from 2.5 : 1 to 1.4 : 1; heating the mixture in the presence of
      hydrogen chloride and in the presence of a reducing agent to a temperature
      below that at which a slag is formed so as to cause formation of metallic
      iron and separating the metallic iron formed thereby from the titanium
      oxide by physical means.
PAR  The vapour pressure of hydrogen chloride present in the reaction is not
      narrowly critical thus, for example, it has been found that using a
      partial pressure of 10.sup..sup.-5 atmospheres the iron particles are
      larger and more segregated from the relict grains than the particles
      obtained in the absence of added hydrogen chloride.
PAR  Although beneficial results may be obtained using smaller concentrations of
      hydrogen chloride it is preferred that the partial pressure of hydrogen
      chloride in the atmosphere surrounding the reaction mixtures is maintained
      above 10.sup.-.sup.4 atmospheres most preferably between 0.05 and 0.4
      atmospheres.
PAR  The optimum partial pressure of hydrogen chloride depends on the ore and
      the temperature used in the process.
PAR  The amount of hydrogen chloride added to the reaction is not narrowly
      critical as the hydrogen chloride to some extent appears to be regenerated
      during the course of reduction.
PAR  We have found in the reduction process using pellets comprising ilmenite
      and flux not having a coke matrix in the presence of carbonaceous material
      that on roasting in a vertical kiln the pellets become weak and form a
      coalesced plastic mass blocking the kiln due to the fusion of the flux at
      the reaction temperature. We have now found that pellets prepared from a
      mixture of ilmenite, flux and coke precursor which have been treated by
      the process of our invention to convert the coke precursor to a coke
      matrix do not suffer from this disadvantage and may be reacted in a
      vertical kiln.
PAR  Accordingly in a preferred aspect of our invention we provide an improved
      process for producing metallic iron concentrates and titanium oxide
      concentrates from titaniferous ores which process comprises adding a flux
      to the ore and wherein the weight ratio of ore to flux is in the range
      from 50:1 to 1:1, preferably in the range from 5:1 to 1.2:1; most
      preferably in the range from 2.5:1 to 1.4:1; heating the mixture in the
      presence of hydrogen chloride and in the presence of a solid carbonaceous
      material to a temperature below that at which a slag is formed so as to
      cause formation of metallic iron and separating the metallic iron formed
      thereby from the titanium oxide by physical means, said improvement
      characterised in that the mixture of ore, flux and solid carbonaceous
      material is in the form of a pellet of a mixture of ilmenite and flux set
      in a matrix of coke and the pellets of reduced ore obtained as product in
      the process comprise at least 15% coke. The pellets used as feed are
      prepared from a mixture comprising ilmenite, coke precursor and flux in
      the manner described hereinabove either separately or in the top of the
      reducing furnace.
PAR  The exact composition of the pellets before coking is not narrowly critical
      but preferably the w/w percentage of ilmenite in the dried pellet is in
      the range from 5 to 50, preferably 30 to 50, the w/w percentage of flux is
      in the range from 5 to 30, preferably 15 to 30 and the w/w percentage of
      coke precursor is in the range from 30 to 90, preferably 30 to 50.
PAR  In a further aspect of our invention we provide a coated pellet comprising
      a core consisting of a suitable reaction mixture for a metallurgical
      reductive process and a coke matrix skin around the core wherein the coke
      matrix substantially completely surrounds the core.
PAR  The core of these coated pellets may consist of any suitable mixture of
      ores and solid reducing materials optionally in the presence of other
      additives such as fluxes known to those skilled in the art. Thus the core
      may comprise a mixture of finely ground iron oxide mixed with sufficient
      ground char to metallize the iron oxide.
PAR  We have found the coated pellets of the preferred aspect of our invention
      are of especial use in the beneficiation of ilmenite because although
      ilmenite/flux pellets containing large amounts of coke matrix are very
      strong and are suitable for treatment in a vertical kiln, the segregation
      of the iron values from the non-reduced non-ferrous metal is hindered by
      the presence of large amounts of coke. This problem may be overcome by
      using pellets comprising discrete portions of low carbon content in which
      the segregation reaction can occur interspersed with portions of high
      carbon content to give the pellet strength. In a most preferred aspect of
      our invention the ilmenite flux pellets comprise a core having the carbon
      content necessary for maximum segregation surrounded by an external coke
      matrix sufficient to give the required strength. Such pellets may be
      easily prepared by coating a preformed pellet containing a small amount of
      solid carbonaceous material with a layer of coke precursor and
      subsequently converting the coke precursor to coke.
PAR  A further general advantage of the coated pellets is that the reduced ore
      obtained by the reductive roasting treatment contained within the pellet
      is protected from oxidation by the surrounding coke layer. Also as no flux
      is present initially in the outer layer of the pellet, stickiness within
      the kiln is reduced and there is little tendency for the pellets to
      agglomerate during the roasting treatment. The coated pellets obtain their
      strength from the external coke skin matrix and therefore this has the
      advantage that the core of the pellet may be made up to give optimum
      results in the metallurgical treatment without regard to strength. Thus
      although the core of the pellet may comprise as solid carbonaceous
      material a coke precursor or a coke matrix preferably the core of the
      pellet comprises a non-binding solid carbonaceous material such as for
      example ground coke, ground char or graphite. Preferably the core of the
      pellet prior to coking comprises sufficient solid carbonaceous reductant
      to achieve metallization of the iron or other metal to be reduced present
      in the core. We have found that this requires a small excess over the
      theoretical requirement. Thus for a typical ilmenite ore containing 31%
      w/w of iron we prefer to maintain the weight ratio of solid carbonaceous
      material in the core of the pellet to ore between 0.1:1 and 0.3:1 most
      preferably between 0.12:1 and 0.25:1. Preferably the weight ratio of flux
      to ilmenite in the core of the pellet is in the range from 1:5 to 1:1.2
      most preferably 1:2.5 to 1:1.4. Optionally in the case of ilmenite the
      core of the pellet may also contain a source of hydrogen chloride suitably
      ferrous chloride.
PAR  Other additives known to those skilled in the art may also be present in
      the core.
PAR  The nature of the coke skin comprising the external coke matrix on the
      pellets in the preferred aspect of our invention is not narrowly critical
      as long as there is sufficient matrix for the pellet to retain physical
      identity during the reductive roasting process. Thus satisfactory pellets
      may be made wherein there is sufficient coke matrix to give the pellet
      strength at the end of the reductive roasting.
PAR  The nature of the coke matrix skin of our coated pellets is substantially
      independent of the nature of the core of the pellets. Although in certain
      circumstances liquid components of the core may be absorbed by the skin
      the effect of this on the metallurgical process is thought to be small.
      Conditions for forming coke skins found satisfactory in ilmenite
      beneficiation may be used for other metallurgical reductive roasting
      processes. In general we have found that improved results in the reductive
      roasting processes may be obtained by careful attention to the exact
      nature of the coke skin around the pellet. We have found that it is
      important for high efficiency that the coke skin is not cracked or
      fissured and that the skin does not crack or collapse under thermal stress
      but the pellet retains its physical identity during the reductive
      roasting. We have also found it desirable that the flux does not exude
      from the pellet causing stickiness and agglomeration of pellets. The
      important factors influencing the nature of the coke skin are
PA1  1. size of the pellets
PA1  2. thickness of the layer of coke precursor used in forming the skin
PA1  3. nature of the coke precursor used in forming the skin
PA1  4. conditions of coking
PAR  The size of the core of the pellets is not narrowly critical. We have found
      that for most processes a convenient core size is in the range from 0.25
      cm to 5 cm diameter preferably from 0.5 cm to 2.5 cm.
PAR  The thickness of coke skin around the pellets to give the pellets strength
      is directly proportional to the diameter of the core. The amount of coke
      skin required at the start of the reductive process also depends on the
      conditions under which the pellet is treated. Processes in which the
      pellets have to withstand large forces and/or in which a large proportion
      of the coke matrix skin is consumed must initially have a thicker coating
      of coke. Satisfactory thicknesses of coke skin for any specific process
      may be found by simple experiment. However for normal vertical kiln
      operation it has been found that satisfactory ratios of skin thickness to
      core diameter are in the range from 1:10 to 3:10 preferably 2.1:10 to
      2.3:10 The ratio may require increasing if the pressures generated in the
      vertical kiln are higher than normal and may be decreased if the pressures
      are lower. The nature of the coke precursor used for coating the pellets
      is not narrowly critical; however we have found that when coking coal is
      used as the coke precursor that the pellets have a tendency to crack under
      thermal stress. In a preferred embodiment of our invention the pellets are
      coated with the coke precursor comprising powdered coke or other inert
      materials preferably carbonaceous in admixture with a coke precursor such
      as coking coal. We have found that pellets coated with a mixture of coking
      coal and inert material in a ratio in the range from 1:2 w/w to 9:1 w/w
      have a reduced tendency to crack under thermal stress. The nature of the
      inert material is not critical; for example a suitable source of inerts is
      the recycle coke obtained in the process but other types of coke, coal
      chars or graphite may also be used. Non-carbonaceous inert material may
      also be used; suitable inert material is for example fly ash, coke
      clinker, ceramics such as crushed brick, beach sands such as ilmenite,
      aluminium and cement clinker. Throughout this specification the term
      inerts is used to mean the inert material that is mixed with the coking
      coal.
PAR  The heating rate during the coking stage is the factor having the greatest
      influence on the properties of the coked pellet skin, although its effect
      can be very much reduced by variations in skin composition. Fast heat-up
      rates generally produce very porous, swollen skins, submetallic in
      appearance and highly resistant to abrasion: in extreme cases pellets may
      be highly deformed and welded into a single mass with little inter-pellet
      voidage remaining. As heat-up times increase swelling is reduced and
      shrinkage may even occur, pellets become denser, blacker and duller,
      deformation and sticking disappear and resistance to abrasion is lowered.
      Coking should be preferably carried out in an inert or reducing atmosphere
      suitably carbon dioxide, nitrogen, carbon monoxide, hydrogen, steam or
      mixtures thereof.
PAR  We have found that the addition of a non-coking component such as preformed
      ground coke or coal char as a diluent to the skin composition
      progressively diminishes the importance of heat-up rate as its proportion
      increases, by reducing swelling, sticking, deformation and rupture. Beyond
      certain levels, however, depending on the nature of the coal, char or
      other inerts addition causes weakening of the skins. The slower the
      heat-up rate, the lower is the level of inerts which can be tolerated
      without fall-off in strength.
PAR  The size of the inerts appears to have only a minor effect on the
      properties of the coated pellet. In general we prefer to use an inert of
      such size that 50% passes through a 60 BSS mesh. However we have found if
      very coarse inert material is used that it is difficult to find suitable
      coking conditions which ensure that the coke matrix formed from the coke
      precursor envelops the inerts and thus the skin tends to be weak.
PAR  The degree to which the coking coal is ground also has important effect on
      the skin properties. Fine-grinding appreciably reduces swelling, sticking,
      deformation etc., and has the ability, under the appropriate conditions of
      heat-up rate and/or inerts addition to yield smooth, dense very resistant
      skins within which inerts particles can be tightly incorporated. The
      absolute level of inerts acceptance is, however, lowered by fine-grinding
      of the coking coal.
PAR  When using a fast heat-up rate (i.e. between 50 and 200.degree.C a minute)
      coal gound so that 50% passes a 100 BSS sieve can accept at least 50% of
      char without significant loss of strength whereas coal ground so that 80%
      passes a 100 BSS sieve can accept less. With a slow heat-up rate (i.e.
      between 5.degree. and 25.degree.C a minute) the percentage of char
      acceptable by finely ground coal drops to between 30 and 40%.
PAR  We believe that the behaviour of the coated pellets may be explained by the
      theory given below, however, we do not wish to be limited in any way by
      this theory which is only put forward as an aid to understanding the
      invention.
PAR  It is known that during the coking procedure coal passes firstly through a
      temperature region (350.degree. - 415.degree.C) in which some components
      become fluid and subsequently through a region (400.degree. -
      460.degree.C) in which there is a rapid evolution of volatiles. If the
      temperature of gas evolution is reached before decomposition has caused
      the fluid components formed at the lower temperature to resolidify, a foam
      of low viscosity will form. This foam has the ability to surround and
      incorporate particles of inert material such as char; on resolidification
      these rigid particles add strength to the residual carbon skeleton left by
      the foam. Hence inerts addition, combined with fast heat-up rates leads to
      strong skins.
PAR  At extremely high rates of heating, gas generation at the surfaces of the
      particles within the coal layer may be more rapid than its ability to
      escape from the skin, causing the skin to swell and deform. Inert
      particles such as char by providing extra channels for gas escape, not
      blocked by plastic materials, reduce the swelling and deformation, and are
      therefore beneficial.
PAR  Conversely if heating is slow gas can escape as fast as it is formed so
      that swelling will not occur or will be much less. The incorporation of
      rigidity -- conferring inerts will, however, be much more difficult and
      these particles will act instead as discontinuities reducing strength.
PAR  It is thought that finer grinding of the coal, although lowering the
      absolute porosity of the skin, provides an increase in the number of
      pores. At the same time it increases the surface area of the coal exposed
      during subsequent drying and other operations and therefore may cause the
      coal to become more oxidized than when less finely ground. For either of
      these reasons the foaming and hence swelling tendency of the skin would be
      reduced: in the former case because of provision of more channels for gas
      escape, in the latter because a reduction in fluido-plastic constituents
      would cause blocking of fewer channels. It cannot be said with certainty
      at present which mechanism, if either, is responsible.
PAR  The most suitable coking coals for use as the coke precursor are high
      fluidity, low volatile coking coals. The particles of such coals, when
      ground, have the ability to coalesce into strong coke matrices, capable of
      incorporating appreciable proportions of inert particulate material,
      without an excessive tendency to swelling.
PAR  It is also important that these coals are used within a comparatively short
      time of their extraction from the mine e.g. about 1 month in the case of
      the South Bulli coal used in Example 9. This is because aerial oxidation
      causes progressive reduction of fluidity so that the ability of the fine
      coal particles to coalesce with themselves and with particles of inert
      material to form a strong matrix during coking diminishes. Swelling,
      however, which is dependent on the evolution of volatiles during coking is
      not comparably affected.
PAR  In commercial operation of the process of our invention wherein the coke is
      formed in situ in the reductive roasting kiln the rate of heating during
      the coking stage is largely determined by factors outside the immediate
      control of the operator.
PAR  If a rapid rate of heating (between 50.degree.-200.degree.C per min) occurs
      during the coking stage we prefer to use a skin composed of coke derived
      from a mixture of coking coal and between 40 and 50 w/w% of inerts.
PAR  If the rate of heating is slow (between 5.degree.-25.degree.C per min) then
      we prefer to use a skin composed of coke derived from a mixture of coking
      coal and between 10 and 30 w/w% of inerts.
PAR  A small increase in efficiency is achieved if coarsely ground coal is used
      for fast heating and if finely ground coal is used for slow heating.
PAR  For intermediate rates of heating preferred conditions may be calculated by
      extrapolation of the results shown in the examples.
PAR  The invention is illustrated by but by no means limited to the following
      examples.
DETD
PAC  EXAMPLE 1
PAR  This example illustrates pellet preparation procedures. A West Australian
      beach sand ilmenite of the particle size distribution set out in Table I
      was mixed dry with a medium quality coking coal of the particle size
      distribution also shown in Table I. The ilmenite to coal weight ratio was
      3 : 2. Dinagum, a natural complex polysaccharide, was added at a level of
      0.2% by weight of the total mix followed by water, 14% by weight, and the
      whole well mixed. The uniformly damp solid was formed into pellets of
      between one-fourth inch and one-half inch diameter on a pelletizing disc.
      After drying, the pellets were heated to 825.degree.C in the absence of
      air and held at that temperature until evolution of volatiles had ceased.
      On cooling the pellets were found to be hard with a silvery surface sheen
      characteristic of coke. Microscopic examination revealed that each pellet
      consisted of a porous matrix of coke in which ilmenite grains were rigidly
      held in intimate contact with the coke.
TBL                TABLE I                                                     
     ______________________________________                                    
     PARTICLE SIZE DISTRIBUTIONS, WEIGHT PER CENT                              
     MESH SIZE BSS    ILMENITE  COAL                                           
     ______________________________________                                    
     + 72             9.4       0                                              
     - 72 + 100       46.6      3.3                                            
     - 100 + 150      40.5      8.2                                            
     - 150            3.5       88.5                                           
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  This example illustrates the use of green strength additives. The pellet
      preparation procedure of Example 7 was repeated with the replacement of
      Dinagum with Guartec F (Trademark for a natural polysaccharide of the guar
      gum type). After drying, these pellets, pellets containing Dinagum and
      pellets containing no gum were tested in an attrition apparatus consisting
      of a rotating drum fitted with a lifter bar. This tests the ability of
      pellets to withstand repeated impacts and rolling contact. Results are set
      out in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     PELLET BINDER                                                             
                  FINES % AFTER TEN REVOLUTIONS                                
     ______________________________________                                    
     None         100                                                          
     Dinagum 6005 0.2%                                                         
                  22                                                           
     Guartec F, 0.2%                                                           
                  20                                                           
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  This example illustrates coking precedures. The pellet preparation
      procedures of Example 7 were followed with a mixture of the tabulated
      composition, expressed in w/w percentage.
TBL  ______________________________________                                    
     Ilmenite         30                                                       
     Coal             50                                                       
     Sodium Chloride  19.8                                                     
     Guartec F        0.2                                                      
     ______________________________________                                    
PAL  After drying, samples of these pellets were coked in the absence of air for
      ten minutes at different temperatures. When cool the pellets were
      subjected to the attrition test of Example 2.
PAR  It was found that pellets coked at temperatures less than 500.degree.C
      broke down completely to fines in the attrition test. Those coked at
      temperatures of 700.degree.C and above generated only around 10% fines.
      There was no substantial improvement by coking at temperatures much
      greater than 750.degree.C.
PAC  EXAMPLE 4
PAR  Pellets of different compositions made according to the procedures of
      Example 7 were coked at 750.degree.C in a CO/N.sub.2 atmosphere and
      subject to attrition testing. Typical results are set out in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     Composition (w/w percent)                                                 
                              Attrition                                        
     No.   Ilmenite   Salt      Coal    (% fines)                              
     ______________________________________                                    
     1     45.5       20.6      33.9    21                                     
     2     39.1       20.2      40.7    14                                     
     3     28.2       21.9      49.9     5                                     
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  This example illustrates reductive processing. A sample of the pellets
      prepared in Example 4, No. 2, was fed to a vertical kiln heated to
      1,200.degree.C.
PAR  At regular intervals pellets were withdrawn from the bottom of the kiln by
      a sliding grate mechanism. Fresh pellets at room temperature were added to
      the top of the kiln to maintain a constant level. A reducing atmosphere of
      carbon monoxide and hydrogen mixed with nitrogen was maintained in the
      kiln. The temperature of the discharged pellets was 250.degree.C. Thus,
      during their passage through the kiln, pellets were heated to
      1,200.degree.C with liquefaction of the flux, held at that temperature
      while passing through a zone of constant temperature, and cooled back to
      close to room temperature with solidification of flux. At the same time
      they were supporting a column of incoming pellets of progressively
      increasing weight.
PAR  The product was substantially discrete and uncrushed pellets. Microscopic
      examination of the product pellets showed that the pellets still comprised
      a matrix of coke in which were set particles of reduced ilmenite,
      surrounded by salt crystals.
PAR  A portion of the pellets was lightly crushed and the resultant product was
      washed and magnetically separated into two fractions without further
      grinding. The non-magnetic fraction was found by microscopic examination
      to be substantially all coke. The magnetic fraction was found to be grains
      of anosovite, a lower oxide of titanium, throughout which were distributed
      specks and accretions of metallic iron.
PAC  EXAMPLE 6
PAR  The procedures of Example 5 were repeated exactly except that hydrochloric
      acid gas at a level of 2% by volume of the total kiln gas flow was
      introduced into the hot zone of the furnace.
PAR  The crushed product pellets were treated in a flotation cell using kerosene
      as collector in order to remove the residual coke. The flotation tails
      were then subjected to a magnetic separation step which yielded an
      iron-rich magnetic fraction and a titanium-rich non-magnetic fraction.
      Microscopic examination of the unseparated flotation tails revealed that
      there was substantial movement of iron from within the anosovite grains
      thereby enabling the magnetic separation to be made. The iron-rich
      fraction analyzed 37 iron and 50% titanium dioxide and contained 71% of
      the iron. The titanium-rich fraction, after calcination analyzed 15 iron
      and 80% titanium dioxide and contained 46% of the titanium values.
PAC  EXAMPLE 7
PAR  The following examples illustrated the preparation of coated pellets and
      their reductive processing.
PAR  The pellet preparation procedures of Example 1  were followed with a
      mixture of the tabulated composition, expressed in w/w percentage
TBL  ______________________________________                                    
     Ilmenite          57                                                      
     Coal              15                                                      
     Sodium Chloride   27.8                                                    
     Guartec F         0.2                                                     
     ______________________________________                                    
PAL  After drying, the pellets were returned to the pelletizing disc. There, by
      successive wettings and powder additions, a layer of coal mixed with 0.2%
      Guartec F was built up to a thickness of one-eighth inch. After further
      drying, these coated pellets were coked at 750.degree.C.
PAR  The coked pellets were then fired in a vertical kiln according to the
      procedures of Example 5. The crushed product pellets were subjected to
      flotation and magnetic separation, as described in Example 5.
PAR  The iron rich fraction analyzed 39% iron and 47% titanium dioxide and
      contained 75% of the iron. The titanium-rich fraction analyzed 8.4% iron
      and 88% titanium dioxide and contained 40% of the titanium values.
PAC  EXAMPLE 8
PAR  This example compares the thermal properties of pellets coated with coking
      coal and pellets coated with a coal/coke mixture. The pellets were
      prepared by the general preparation procedures of Example 1 using a
      mixture of the tabulated composition, expressed in w/w percentage
TBL  ______________________________________                                    
     Ilmenite          57                                                      
     Coal              15                                                      
     Sodium            27.8                                                    
     Chloride                                                                  
     Guartec F         0.2                                                     
     ______________________________________                                    
PAL  After drying, the pellets were returned to the pelletizing disc. There, by
      successive wettings and powder additions, a layer of coke precursor mixed
      with 0.2% Guartec F was built up to a thickness of 2 mm. After further
      drying, these coated pellets were coked at 750.degree.C.
PAR  Pellets were prepared firstly using as coke precursor a good quality coking
      coal having the following size range:
TBL  Mesh Size (B.S.) Wt. %                                                    
     ______________________________________                                    
     + 72             5.2                                                      
     - 72 + 100       12.3                                                     
     - 100 + 150      16.3                                                     
     - 150            66.2                                                     
                      100.0                                                    
     ______________________________________                                    
PAL  A second sample of pellets was prepared using as coke precursor a 50:50 w/w
      mixture of the good quality coking coal with finely divided coke. A sample
      of each of the pellets was heated separately from room temperature to
      1,000.degree.C in the absence of air over a period of 45 minutes and
      allowed to cool.
PAR  The pellets prepared using coal alone had multiple deep fissures
      penetrating through to the core through which molten salt had exuded
      causing the mass of pellets to stick together. By contrast the pellets
      prepared using coal-coke retained a coherent skin and there was no sign of
      salt exudation and the product was obtained as discrete pellets. In
      further experiments it was found that with pellets using coal alone the
      speed of coking is critical whereas using the coal/coke pellets the
      conditions of coking were not critical.
PAC  EXAMPLE 9
PAR  This example illustrates the effect of composition of coke precursor and
      conditions of coking on the coke skin.
PAR  The coal used in this Example was a high fluidity, low volatile coking coal
      from the South Bulli colliery in N.S.W. having a proximate analysis of:
TBL  Inherent moisture                                                         
                     1.2% w/w                                                  
     Ash             10.7% w/w                                                 
     Volatile matter 21.9% w/w                                                 
     Fixed carbon    66.2% w/w                                                 
PAR  The pellet preparation procedures of Example 1 were repeated with a mixture
      of the tabulated composition expressed as w/w percentage.
TBL  ______________________________________                                    
     Ilmenite         57                                                       
     Coal             15                                                       
     Sodium chloride  27.8                                                     
     Guartec F        0.2                                                      
     ______________________________________                                    
PAR  The pellets were in the size range 0.8 to 1 cm in diameter.
PAR  After drying the pellets were returned to the pelletizing disc. There by
      successive wetting and powder additions a layer of coke precursor with
      0.2% Guartec F was built up to a thickness of 2 mm. After further drying
      these coated pellets were coked at 750.degree.C in an atmosphere of
      nitrogen.
PAR  The experiment was repeated with various mixtures of coke precursor and
      with varying conditions of coking. Table IV shows the composition of the
      coke precursor and the rate of heating during the coking stage. The
      properties of the resultant pellet are also shown in Table IV.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     Exp                                                                       
        Composition of       **Pellet characteristics                          
                                             Coked Pellet                      
                                                       Appearance after        
     No.                                                                       
        Coke Precursor       after coking at 750.degree.C                      
                                             Strength  Heating at 950.degree.C 
                        Rate of                                                
     *Particle Nature                                                          
                    Ratio                                                      
                        Heating                                                
     Size of   of   Coal/                                                      
                        to   Deform-                                           
                                  Rup-                                         
                                     Fus-    Abrasion                          
                                                  Shatter                      
                                                       Crack-                  
                                                            Salt               
     Coal      Inert                                                           
                    Inert                                                      
                        750.degree.C                                           
                             ation                                             
                                  ture                                         
                                     ion                                       
                                        Texture                                
                                             Test Test ing  Exudation          
     __________________________________________________________________________
      1 A      Brown                                                           
                    1:0 100.degree.C/                                          
                             4    6  4  Hard,                                  
                                             --   --   --   --                 
               Coal     min             very                                   
               Char                     rough                                  
      2 "      (40% 1:0 6.degree.C/                                            
                             3    5  5  Hard,                                  
                                             --   --   --   --                 
               -150.mu.)                                                       
                        min             very                                   
                                        rough                                  
      3 "           9:1 100  3    3  5  Hard,                                  
                                             --   --   None None               
                                        very                                   
                                        rough                                  
      4 "           9:1 6    2    2  2  Hard,                                  
                                             Resist-                           
                                                  Strong                       
                                                       None Apprec-            
                                        very ant            iable              
                                        rough                                  
      5 "           4:1 100  2    3  4  Hard,                                  
                                             --   --   None None               
                                        rough                                  
      6 "           4:1 6    1    1  1  Hard Resist-                           
                                                  Strong                       
                                                       None None               
                                        dense                                  
                                             ant                               
      7 "           3:2 100  1    3  1  Hard,                                  
                                             Slightly                          
                                                  Strong                       
                                                       None None               
                                        rough                                  
                                             abraded                           
      8 A      Brown                                                           
                    1:1 100  1    2  1  Hard,                                  
                                             Mildly                            
                                                  Strong                       
                                                       None None               
               Coal                     rough,                                 
                                             abraded                           
               Char                     moder-                                 
               (40%                     ate                                    
               -150.mu.)                density                                
      9 "           1:1 6    1    1  1  Rough,                                 
                                             Readily                           
                                                  Very --   --                 
                                        not  abraded                           
                                                  weak                         
                                        dense                                  
     10 "           2:3 100  1    1  1  Soft,                                  
                                             Readily                           
                                                  Weak --   --                 
                                        rough                                  
                                             abraded                           
     11 "           2:3 6    1    1  1  Very Readily                           
                                                  Very --   --                 
                                        soft,                                  
                                             abraded                           
                                                  weak                         
                                        rough                                  
     12 B      Brown                                                           
                    1:0 100  3    3  5  Hard,                                  
                                             --   --   --   --                 
               Coal                     very                                   
               Char                     rough                                  
               (40%                                                            
     13 "      -150.mu.)                                                       
                    1:0 6    2    2  2  Hard,                                  
                                             Resist-                           
                                                  Strong                       
                                                       None Apprec-            
                                        very ant            iable              
                                        rough                                  
     14 B      Brown                                                           
                    9:1 100  2    3  4  Hard,                                  
                                             --   --   Severe,                 
                                                            Apprec-            
               Coal                     rough          deep iable              
               Char                                                            
     15 "      (40% 9:1 6    1    1  1  Hard,                                  
                                             Resist-                           
                                                  Strong                       
                                                       None Minor              
               -150.mu.)                dense                                  
                                             ant                               
     16 "           4:1 100  2    2  3  Hard,                                  
                                             "    "    "    "                  
                                        dense                                  
     17 "           4:1 6    1    1  1  Hard,                                  
                                             "    "    "    None               
                                        dense,                                 
                                        rather                                 
                                        smooth                                 
     18 "           3:2 100  1    2  1  Hard,                                  
                                             Slightly                          
                                                  Strong                       
                                                       None None               
                                        dense,                                 
                                             abraded                           
                                        rather                                 
                                        rough                                  
     19 "           1:1 100  1    1  1  Hard,                                  
                                             Mildly                            
                                                  Strong                       
                                                       None None               
                                        dense                                  
                                             abraded                           
                                        rather                                 
                                        rough                                  
     20 "           1:1 6    1    1  1  Not  Readily                           
                                                  Very --   --                 
                                        dense,                                 
                                             abraded                           
                                                  weak                         
                                        rough                                  
     21 B      Brown                                                           
                    2:3 100  1    1  1  Soft,                                  
                                             Readily                           
                                                  Weak --   --                 
               Coal                     rough                                  
                                             abraded                           
               Char                                                            
     22 "      (40% 2:3 6    1    1  1  Soft,                                  
                                             Readily                           
                                                  Very --   --                 
               -150.mu.)                rough                                  
                                             abraded                           
                                                  weak                         
     23 B      Foundry                                                         
                    9:1 100  2    4  2  Very Resist-                           
                                                  Strong                       
                                                       None Apprec-            
               Coke                     hard &                                 
                                             ant            iable              
               (30%                     dense                                  
               -150.mu.)                                                       
     24 "           9:1 6    1    1  1  Very Resist-                           
                                                  Strong                       
                                                       None Minor              
                                        hard &                                 
                                             ant                               
                                        dense,                                 
                                        smooth                                 
     25 "           3:2 100  1    1  1  Very Mildly                            
                                                  Strong                       
                                                       None None               
                                        hard &                                 
                                             abraded                           
                                        dense                                  
                                        rather                                 
                                        rough                                  
     26 "      Re-  9:1 100  2    5  3  Very Resist-                           
                                                  --   None Apprec-            
               cycle                    hard &                                 
                                             ant            iable              
               coke                     dense                                  
               (67%                                                            
     27 "      -150.mu.)                                                       
                    9:1 6    1    1  2  Very Resist-                           
                                                  Strong                       
                                                       None Very               
                                        hard &                                 
                                             ant            Minor              
                                        dense,                                 
                                        smooth                                 
     28 B      Re-  3:2 100  1    1  1  Very Mildly                            
                                                  Some-                        
                                                       Rare Very               
               cycle                    hard &                                 
                                             abraded                           
                                                  what super-                  
                                                            minor              
               coke                     dense,    weak ficial                  
               (67%                     smooth                                 
               -150.mu.)                                                       
     29 C      Brown                                                           
                    1:0 100  3    4  5  Hard,                                  
                                             --   --   --   --                 
               Coal                     very                                   
               Char                     rough                                  
               (40%                                                            
     30 "      -150.mu.)                                                       
                    1:0 6    1    1  1  Very Resist-                           
                                                  Strong                       
                                                       Slight                  
                                                            Apprec-            
                                        hard &                                 
                                             ant       super-                  
                                                            iable              
                                        dense,         ficial                  
                                        smooth                                 
     31 "           9:1 100  3    4  3  Very --   --   Severe,                 
                                                            Apprec-            
                                        hard &         deep iable              
                                        dense                                  
     32 "           9:1 6    1    1  1  Very Resist-                           
                                                  Strong                       
                                                       None Apprec-            
                                        hard &                                 
                                             ant            iable              
                                        dense,                                 
                                        smooth                                 
     33 "           4:1 100  2    2  2  Very Resist-                           
                                                  Strong                       
                                                       Severe,                 
                                                            Minor              
                                        hard &                                 
                                             ant       deep                    
                                        dense,                                 
                                        rather                                 
                                        smooth                                 
     34 C      Brown                                                           
                    4:1 6    1    1  1  Very Resist-                           
                                                  Strong                       
                                                       None None               
               Coal                     hard &                                 
                                             ant                               
               Char                     dense,                                 
               (40%                     smooth                                 
               -150.mu.)                                                       
     35 "           3:1 100  1    1  1  Very Slightly                          
                                                  Strong                       
                                                       Moder-                  
                                                            Minor              
                                        hard &                                 
                                             abraded        ate                
                                        dense,                                 
                                        smooth                                 
     36 "           7:3 100  1    1  1  Very Mildly                            
                                                  Strong                       
                                                       Super-                  
                                                            Very               
                                        hard &                                 
                                             abraded   ficial                  
                                                            minor              
                                        dense,                                 
                                        smooth                                 
     37 "           7:3 6    1    1  1  Hard,                                  
                                             Mildly                            
                                                  Strong                       
                                                       None None               
                                        dense,                                 
                                             abraded                           
                                        smooth                                 
     38 "           13:7                                                       
                        100  1    1  1  Hard,                                  
                                             Mildly                            
                                                  Strong                       
                                                       None Very               
                                        dense                                  
                                             abraded        minor              
                                        smooth                                 
     39 "           3:2 100                                                    
                        1    1    1  Hard,                                     
                                        Mildly                                 
                                             Strong                            
                                                  None Virtually               
                                        dense                                  
                                             abraded        none               
                                        rather                                 
                                        rough                                  
     40 C      Brown                                                           
                    3:2 6    1    1  1  Dense,                                 
                                             Mildly                            
                                                  Weak None None               
               Coal                     rather                                 
                                             abraded                           
               Char                     rough                                  
               (40%                                                            
     41 "      -150.mu.)                                                       
                    1:1 100  1    1  1  Moder-                                 
                                             Mildly                            
                                                  Weak None None               
                                        ately                                  
                                             abraded                           
                                        dense,                                 
                                        rather                                 
                                        rough                                  
     42 "           1:1 6    1    1  1  Soft,                                  
                                             Readily                           
                                                  Very --   --                 
                                        rough                                  
                                             abraded                           
                                                  weak                         
     __________________________________________________________________________
      Notes on Table IV                                                        
     *Particle size of coal                                                    
     B.S.S.                                                                    
          Cumulative %                                                         
                  Passing                                                      
     Mesh A   B   C                                                            
      52  85.0                                                                 
      60  80.5                                                                 
      72  67.1                                                                 
              83.6                                                             
                  96.5                                                         
     100  52.0                                                                 
              69.3                                                             
                  88.7                                                         
     150  40.0                                                                 
              55.4                                                             
                  75.3                                                         
     200  31.5                                                                 
              44.9                                                             
                  61.0                                                         
     300  23.7                                                                 
              34.4                                                             
                  45.8                                                         
     350  20.6                                                                 
              28.8                                                             
                  37.8                                                         
      **Deformation                                                            
      4 = Extreme                                                              
      3 = Considerable                                                         
      2 = Slight                                                               
      1 = None                                                                 
      Rupture                                                                  
      6 = Extreme                                                              
      5 = Considerable                                                         
      4 = Moderate                                                             
      3 = Slight                                                               
      2 = Very slight, superficial                                             
      1 = None                                                                 
      Fusion                                                                   
      6 = Almost total fusing, loss of identity                                
      5 = Severe fusing into solid mass                                        
      4 = Appreciable strong fusing in clusters                                
      3 = Mild sticking of small groups                                        
      2 = Slight sticking at contact points                                    
      1 = No sticking, free flowing                                            
PAC  EXAMPLE 10
PAR  This example illustrates that if the inert carbonaceous material is too
      coarse weakening of the coked skin will result.
PAR  Following the general procedure of Example 9 certain experiments were
      repeated using brown coal char of a coarser grade.
PAR  Brown coal char of particle size 43%, +500.mu. was used to form skins with
      South Bulli coal of particle size C (see table IV) in the ratio of (a) 7 :
      3 and (b) 4 : 1; coal : char. When coked at both 6.degree.C/min and
      100.degree.C/min the resulting pellets, although adequate in other
      respects and of similar appearance to corresponding pellets made with char
      of particle size 40%, -- 150.mu.  (see Table IV,) were comparatively much
      weaker.
PAC  EXAMPLE 11
PAR  This example illustrates the advantage of having pellets with a coke matrix
      or coke coating over those without such systems.
PAR  The pellet preparation procedures of Example 1 were followed using a feed
      of the following composition, expressed in w/w percentages.
TBL  ______________________________________                                    
             Ilmenite    38                                                    
             Sodium chloride                                                   
                         20                                                    
             Potassium chloride                                                
                         3.5                                                   
             Wood charcoal                                                     
                         38.5                                                  
     ______________________________________                                    
PAL  After drying, the pellets were fed to the laboratory scale vertical kiln as
      described in Example 5. The hot zone was maintained at 1,200.degree.C and
      initially the kiln was charged with 1/4 - 1/2 inch lump char. As this char
      was removed from the bottom of the kiln, pellets of the above composition
      were added to the top. Thus, pellets were lowered into the kiln and their
      temperature was gradually increased through the melting point of the
      chloride mixture (approx. 770.degree.) up to 1,200.degree.C.
PAR  When substantially all of the char had been withdrawn, no further material
      was found to move down the kiln into the product discharge mechanism and
      no further addition of fresh pellets could be made to the top of the kiln.
PAR  After allowing the kiln to cool back to room temperature, its contents were
      examined. Pellets were found to have totally disintegrated and lost
      identity giving a solid mass of reduced ilmenite and residual wood char
      bound together with solidified chloride flux. The cessation of pellet
      discharge had occurred when the partially liquid kiln burden had reached
      the point corresponding to the solidification temperature of the chloride
      flux. The wood charcoal not being a coke precursor and having no coking
      properties had been unable to supply the necessary bonding required to
      maintain pellet identity throughout the temperature regime in the kiln.
      Accordingly, when the temperature reached the chloride melting point, the
      pellets became soft and collapsed, filling the interpellet voidage and
      destroying their desirable free-flowing properties.
PAC  EXAMPLE 12
PAR  The following example illustrates the disadvantage of using high
      proportions of preformed coke or char when the rate of heating is slow.
PAR  Pellets made according to the procedures of Example 7 were returned to the
      pelletizing disc, as in Example 7, and coated with a mixture of one part
      of coal to one part to one part of brown coal char, 40% -150.mu. , to form
      a pellet of about 1.4 cm diameter (as in Example 9; Table IV Experiment
      20). These pellets were then charged to the laboratory scale vertical
      kiln. The working volume of this kiln, approximately 5.6 liters, consists
      of an electrically heated vertical metal tube 10 cm inside diameter and 76
      cm long. The temperature profile when the temperature controller is set at
      1,200.degree.C was quite simple. There is a linear increase down the tube
      from room temperature to 1,200.degree.C, this being reached at 33 cm from
      the top. From 33 cm to 48 cm, there is a zone of constant maximum
      temperature, constant to .+-.10.degree.C. From 48 cm to the discharge, the
      temperature decreases linearly to about 150.degree.C. At this point in the
      kiln there is a sliding ring discharge mechanism which is operated
      intermittently to remove 250 ml portions of pellets. In order to achieve a
      residence time in the kiln hot zone of about two hours, product has to be
      discharged every 20-25 minutes.
PAR  Thus in this particular kiln, the length of the zone of constant maximum
      temperature and the process requirement of about two hours residence time
      in this zone combine to fix the rate of heat up of pellets to reaction
      temperature. The rate in this case is approximately 61/2.degree.C/min.
PAR  Pellets made with the composition described above were discharged at the
      bottom of the kiln as a mixture of whole pellets, broken pellets and
      powder. Broken pellets and powder were sieved from whole pellets on a 1/4
      inch screen, weighed and reported as "fines". These fines represented 41%
      of the total yield from the kiln. This large proportion indicates that at
      61/2.degree.C/min heating rate, the given skin composition is inadequate
      to yield a satisfactory pellet strength.
PAR  Too many fines in a directly fired kiln will cause a maldistribution of
      combustion gases in the bed and hence hot spots and "rat holing" with
      resultant uneven product quality.
PAR  In the small indirectly heated kiln, product quality is not so drastically
      affected by breakdown since heat is supplied through the kiln rather than
      by transfer from the gas. A whole pellet from this run was mounted in
      epoxy resin and examined by optical microscopy. The core material was
      found to consist of reduced iron set in a matrix of sodium chloride,
      excess carbon and anosovite
PAC  EXAMPLE 13
PAR  The following example illustrates the disadvantage of using coarsely ground
      coal without incorporation of preformed powdered coke.
PAR  Pellets were made according to the procedures of Example 9. Their coating
      material was pure coal (Table IV Experiment 2). These were processed
      through the laboratory vertical kiln according to the procedures of the
      previous example. Flow of the pellets through the kiln was erratic with
      variable volumes of pellets being discharged. Eventually, pellets bridged
      inside the kiln and flow ceased entirely. After allowing the kiln to cool
      back to room temperature, its contents were examined.
PAR  Pellets were found to be badly distorted with substantial deformation and
      rupture of the skins. There had been fusion of pellets to their neighbours
      resulting in the formation of "bunches of grapes" with, in some cases,
      total loss of individual pellet identity. Cessation of discharge resulted
      from plugging of the kiln by a fused mass of coke and core debris.
PAR  A sample of this fused mass was crushed, washed with hot water to remove
      salt and dried. It was then subjected to a hand magnetic separation
      yielding magnetic and non-magnetic fractions. Small representative
      portions of these fractions were mounted in epoxy resin and examined by
      optical microscopy. The non-magnetic fraction was substantially all coke,
      mixed with a few anosovite and unreduced grains. The magnetic product
      consisted almost entirely of ilmenite in various stages of reduction
      ranging from non-metallization through to apparently complete
      metallization. No effective magnetic iron-titanium separation was
      possible.
PAC  EXAMPLE 14
PAR  The following examples illustrate the advantage of incorporation of a
      preformed coke or char in reducing cracking and salt exudation.
PAR  Pellets were made according to the general procedures of Example 9. Half
      were coated with fine ground coal alone (Table IV, Experiment 30), and
      half were coated with a mixture of fine ground coal and brown coal char in
      the weight ratio four to one (Table IV, Experiment 34).
PAR  The latter pellets were processed through the laboratory vertical kiln
      entirely without incident. Discharge from the kiln base was regular and
      trouble free and pellets in the discharge tray were whole, and free of
      visible salt exudations. The pellets with char free skins, however, were
      erratic to discharge, with many pellets showing surface cracks and
      resolidified salt droplets on the surface. After processing less than two
      kiln volumes discharge ceased. After allowing the kiln to cool back to
      room temperature, its contents were examined. Blockage was found to have
      occurred due to the progressive formation of a mass of pellets welded
      together with resolidified salt in the lower portion of the kiln. It was
      apparent that cracked pellets, wet with molten salt but still whole, had
      moved out of the zone of maximum temperature and cooled down through
      800.degree.C to about the resolidification temperature of salt. At this
      point in the kiln they readily stuck to the kiln wall and their
      neighbours, causing a bridge to form and terminating flow.
PAR  By contrast, the pellets coated with a mixture of coal and char (4:1 w/w)
      had discharged uniformly and freely as described above.
PAR  In both cases, microscopic examination of the pellets revealed that
      reduction of ilmenite to a mixture of metallic iron and anosovite was
      complete.
PAC  EXAMPLE 15
PAR  The following example illustrates the use of the process for removing iron
      from bauxite.
PAR  A bauxite from Weipa, Queensland, containing approximately 7% iron was
      pelletized into 9 mm cores containing ore, sodium chloride and char in the
      weight ratio 1 : 0.4 : 0.4. A 2 mm thick coating of 1.2 parts of char to 1
      part of South Bulli coal was applied to the cores.
PAR  The pellets were reduced in a laboratory shaft kiln with a residence time
      of 90 minutes at 1,130.degree.C. The atmosphere added to the kiln
      initially comprised 70% nitrogen, 28% carbon dioxide and 2% hydrogen
      chloride.
PAR  The reduced pellets were crushed and the excess carbon removed. After
      removal of iron by magnetic separation the residue was a white powder
      containing 93% of the initial alumina values and no detectable iron.
PAC  EXAMPLE 16
PAR  The following example illustrates the use of the invention for treatment of
      iron sands.
PAR  A sample of New Zealand iron sand containing 63.2% iron was pelletized into
      9 mm cores containing 1 part iron sand, 0.3 parts of char and 0.4 parts of
      sodium chloride by weight. A 2 mm thick coating containing 1.2 parts of
      char to 1 part of South Bulli coal was applied to the cores.
PAR  The pellets were reduced in a laboratory shaft furnace with a residence
      time of 90 minutes at 1,130.degree.C in an atmosphere initially comprising
      70% nitrogen and 30% carbon dioxide.
PAR  Samples of reduced pellets were mounted in epoxy resin sectioned and
      polished. Microscopic examination showed complete metallization of the
      iron values while the gangue was present mainly as a silicate slag.
PAC  EXAMPLE 17
PAR  This example illustrates the effect of coal quality. Pellets were prepared
      using coal from the Wolgan Colliery, in N.S.W., having a proximate
      analysis of:
TBL  Inherent moisture  3.0%     w/w                                           
     Ash                10.5%     "                                            
     Volatile matter    35.5%     "                                            
     Fixed carbon       51.0%     "                                            
PAL  and a somewhat higher fluidity than South Bulli coal used in Example 9.
      With a variety of skin compositions and at different rates of coking it
      was observed that the coked skins were more porous and swollen than in the
      equivalent pellets made with South Bulli coal; at slower rates of coking
      they were weaker than the corresponding South Bulli pellets and at faster
      coking rates more prone to skin disruption.
PAR  The deleterious effect of the evolution of large quantities of volatile
      material during coke formation was further demonstrated by preparing
      pellets coated with a mixture of a medium-volatile coking coal from the
      Tivoli Colliery, in Queensland, having a proximate analysis of:
TBL  Inherent moisture     2.0%                                                
     Ash                   19.4%                                               
     Volatile matter       28.2%                                               
     Fixed carbon          50.4%                                               
PAL  and a high-volatile, non-coking coal from the Collie Colliery, in Western
      Australia, having a proximate analysis of:
TBL  Inherent moisture  14.3%    w/w                                           
     Ash                2.0%      "                                            
     Volatile matter    39.0%     "                                            
     Fixed carbon       44.7%     "                                            
PAL  in the ratio of 1 : 1 (by weight). During the coke-forming process the
      non-coking coal would have acted as an inert diluent, other than its
      contribution to the evolution of volatiles. Compared with equivalent
      pellets made from South Bulli coal and char they were much weaker with
      markedly more swollen and porous skins.
PAR  The effect of the reduction in fluidity as a consequence of slow aerial
      oxidation was demonstrated by comparing pellets made with "fresh" South
      Bulli coal with equivalent pellets made with the same coal after storing
      for 7 weeks and longer. Strong pellets could be made, coking at a heating
      rate of 6.degree.C/min, from fresh coal incorporating at least 30% of
      inert material whereas pellets made from coal stored from 7-8 weeks were
      strong only when the proportion of inert was reduced to 10% or less
      (depending on the fineness of the coal). The phenomenon was further
      demonstrated by coking pellets coated with pure coal at a fast rate, when
      pellets made with the older coal showed the same degree of skin disruption
      and swelling as those made when the coal was fresh but comparable
      deformation, indicative of transition through a highly plastic stage, did
      not occur.
PAC  EXAMPLE 18
PAR  The following examples illustrates the use of the invention to give
      adequate strength to pellets for the treatment of low grade chromite ores.
      A sample of chromium bearing ore containing 49% Cr.sub.2 O.sub.3 and 20.3%
      FeO was crushed to 95% -- 100 mesh B.S.S. and pelletized into 9 mm cores
      containing ore, sodium chloride, and graphite in the weight ratio 1 : 0.01
      : 0.04. A 2 mm thick coating containing 1.2 parts of brown coal char to 1
      part of South Bulli coal was applied to the cores.
PAR  The pellets were reduced in a laboratory shaft furnace with a residence
      time of 90 minutes at 1,200.degree.C in an atmosphere initially comprising
      70% nitrogen and 30% carbon dioxide. Samples of the reduced pellets were
      mounted in epoxy resin sectioned and polished. Microscopic examination
      showed the bulk of the iron values to be metallized in a form suitable for
      extraction.
CLMS
STM  We claim: 0.4.
NUM  1.
PAR  1. A coated pellet comprising a core consisting of a suitable mixture for a
      metallurgical reductive process and a coke matrix skin substantially
      surrounding the core, the core comprising an ilmenite ore, solid
      carbonaceous material capable of reducing the iron oxide in ilmenite to
      metallic iron and a flux chosen from the group consisting of alkali metal
      chlorides, alkaline earth metal chlorides and mixtures thereof; the weight
      ratio of ore to flux being in the range from about 5:1 to 1.2:1 the
      diameter of the core being in the range from 0.25 to 5 cms and the ratio
      of diameter of core to thickness of coke matrix skin being in the range
      from 10:1 to 10:3 said skin being in such a state that it does not crack
      or collapse under thermal stress thereby retaining its physical identity
      during reductive roasting, and the flux does not exude from the pellet.
NUM  2.
PAR  2. A pellet according to claim 1 wherein the ilmenite and solid
      carbonaceous material are in the weight ratio between 1 : 01 to 1 : 03 and
      the weight ratio of flux to ilmenite is in the ratio 1 : 5 to 1 : 1.2.
NUM  3.
PAR  3. A pellet according to claim 2 wherein the weight ratio of ilmenite to
      solid carbonaceous material is between 1 : 0.12 and 1 : 0.25 and the
      weight ratio of flux to ilmenite is between 1 : 2.5 and 1 : 1.4.
NUM  4.
PAR  4. A pellet according to claim 2 wherein the flux is chosen from the group
      consisting of sodium chloride, potassium chloride and mixtures thereof.
NUM  5.
PAR  5. In the process for reducing ilmenite ore by reductive heating of pellets
      containing the ore, the improvement which comprises utilizing, as the
      pellets, coated pellets comprising a core and a coke matrix skin
      substantially surrounding the core, said core comprising ore, solid
      carbonaceous material capable of reducing the iron oxide in ilmenite to
      metallic iron, and a flux chosen from the group consisting of alkali metal
      chlorides, alkaline earth metal chlorides and mixtures thereof; the weight
      ratio of ore to flux being in the range from about 5:1 to 1.2:1 the
      diameter of the core being in the range from 0.25 to 5 cms and the ratio
      of diameter of core to thickness of coke matrix skin being in the range
      from 10:1 to 10:3 said skin being in such a state that it does not crack
      or collapse under thermal stress thereby retaining its physical identity
      during reductive roasting, and the flux does not exude from the pellet,
      said pellets retaining their pellet form during said reductive heating and
      having a reduced tendency to be crushed or to coalesce.
NUM  6.
PAR  6. A process of making the coated pellets according to claim 5 wherein a
      core material consisting ore, solid carbonaceous material and the flux is
      coated with coke precursor and the coated pellet is heated under coking
      conditions.
NUM  7.
PAR  7. A process according to claim 6 wherein the coke precursor comprises a
      coking coal in admixture with inerts.
NUM  8.
PAR  8. A process according to claim 7 wherein the inerts are chosen from the
      group consisting of coke, coal chars and graphite.
NUM  9.
PAR  9. A process according to claim 7 wherein the weight ratio of coking coal
      to inerts is in the range from 1 : 2 w/w to 9 : 1 w/w.
NUM  10.
PAR  10. A process according to claim 6 wherein the pellet is coked at a rate of
      heating between 50.degree. to 200.degree.C per minute and the coke
      precursor comprises a mixture consisting of from 50 to 60 w/w % coking
      coal and from 40 to 50 w/w % of inerts.
NUM  11.
PAR  11. A process according to claim 6 wherein the pellet is coked at a slow
      rate of heating between 5.degree. and 25.degree.C per minute and the coke
      precursor comprises a mixture consisting of from 70 to 90 w/w % of coking
      coal and from 10 to 30 w/w % of inerts.
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ABST
PAL  Directed to a metal flake powder of a stain-resistant metal or alloy and a
      process for producing the same wherein a metal powder of -100 mesh size is
      ball milled in a mobile liquid medium wherein the ratio of mobile liquid
      to powder being milled is at least about 10 to 1, e.g., about 25:1 to
      about 50:1.
PARN
PAR  This is a continuation of application Ser. No. 293,446 filed Sept. 29,
      1972, and now abandoned, which in turn is a divisional of application Ser.
      No. 94,333 filed Dec. 2, 1970 which is now U.S. Pat. No. 3,709,439,
      granted Jan. 9, 1973.
BSUM
PAR  The present invention is directed to the production of metal flakes made of
      stain-resistant metals such as nickel, cobalt, and nickel-copper alloys,
      nickel-chromium alloys, etc.
PAR  The production of metal flakes of metals such as aluminum, brass and bronze
      has long been known and such metal flakes are known in the art as "bronze
      colors." Metal flakes are useful for many purposes, particularly in the
      production of paints, inks, and the like. Jones in his treatise Powder
      Metallurgy at pages 203 to 212 describes succinctly the history of such
      materials. Aluminum and brass flake powders can be produced to have the
      quality known as "leafing" whereby the flakes are aligned in the manner of
      fallen leaves at the surface of a wet paint film due to rejection from the
      organic paint medium or vehicle and surface tension effects. Good coverage
      and presentation of a metallic surface by the dried paint film are thereby
      obtained. Automotive finishes based upon synthetic resins which may
      contain a colored pigment and containing aluminum, and recently brass
      flake powder, have been developed which exhibit a polychromatic effect
      whereby, due to the presence of metal flake within the paint film, a
      lighter color is evident to the eye when the finish is viewed
      perpendicularly than when viewed at a low angle. The characteristic is
      referred to as "flop" in the paint industry. For this purpose
      "non-leafing" aluminum flake pigments are employed. Both leafing and
      non-leafing aluminum flake products are said to be produced in the same
      way, with different lubricants being used in each case. Thus, leafing
      pigments are coated with a lubricant film which is not wetted by the paint
      vehicle whereas non-leafing pigments are coated with a lubricant which is
      wetted by the paint vehicle.
PAR  Insofar as the production of polychromatic automotive finishes in
      concerned, the use of aluminum flake pigments has been found to exhibit
      limitations particularly in relation to the relatively poor
      stain-resistance of paint films containing such flake. Thus, for example,
      certain corrosive industrial atmospheres can produce staining or spotting
      of such automotive finishes during only a few hours exposure of a severity
      such as to require repainting of a car which is only a few weeks old. In
      addition, many of the synthetic resins used in compounding modern
      automotive finishes are degraded by light in the ultra-violet (U.V.) end
      of the sunlight spectrum. Since aluminum reflects approximately 90 to 95
      percent of incident U.V. light, the presence of aluminum flake in such a
      paint film can lead to accelerated degradation of the paint, an
      undesirable effect.
PAR  The known drawbacks of U.V. reflectance and limited corrosion resistance
      which characterize aluminum flake pigments presumably should be overcome
      by using nickel or nickel alloy flake material, particularly a
      nickel-containing austenitic stainless steel such as Type 304L, since such
      metals are corrosion-resistant and stain-resistant and reflect less than
      about 50 percent, e.g., only about 10 percent to 40%, of incident U.V.
      light. However, it is found that presently available stainless steel and
      nickel flake pigments do not produce esthetically acceptable finishes for
      automotive use. Instead, automotive finishes made using the presently
      available nickel and stainless steel flake powder materials are
      characterized by an esthetically unpleasant, dull or muddy color tone
      (characterized by the word "dirty") and by limited flop. Thus, presently
      available nickel or stainless steel flake pigments are not useful in
      applications demanding esthetic value but have been used to a limited
      extent in maintenance paints.
PAR  It has been found by investigation using the scanning electron microscope
      that presently available nickel and stainless steel flake pigments
      comprise particles characterized by pronounced surface roughness on the
      major flake faces and excessive fines which lead to a lack of specular
      brightness or reflectivity of the particles and which render them
      unsatisfactory in esthetic applications.
PAR  We have now discovered a method for producing flakes of stain-resisting
      metals and alloys, including nickel, nickel alloys and stainless steels
      which have smooth, specularly reflective surfaces, are bright and lustrous
      and are characterized by esthetic effectiveness in paint films and in
      other applications.
PAR  It is an object of the present invention to provide a method for producing
      flake powders of stain-resisting metals and alloys which have, in
      individual flake particles, specularly reflective, bright and lustrous
      surfaces contributing the property denoted is "flash" or "sparkle" to
      paint films containing such particles.
PAR  It is a further object of the invention to produce metal flake powders of
      stain-resistant metals which are of controlled thickness and size and have
      smooth, lustrous, specularly relective surfaces.
PAR  It is a still further object of the invention to provide metal flake
      powders of stain-resistant metals which are capable of being suspended in
      liquid paint media and which provide pleasing esthetic effects when
      incorporated in paint films.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following description taken in conjunction with the accompanying drawing
      in which:
PAR  FIG. 1 is a reproduction of a photograph taken on the scanning electron
      microscope at 2,000 diameters of a commercially available nickel flake
      product;
PAR  FIG. 2 is a reproduction of a photograph taken on the scanning electron
      microscope at 10,000 diameters of the same field shown in FIG. 1;
PAR  FIG. 3 is a reproduction of a photograph taken on the scanning electron
      microscope at 2,000 diameters of a nickel flake product of greatly
      improved surface smoothness produced in accordance with the present
      invention;
PAR  FIG. 4 is a reproduction of a photograph taken on the scanning electron
      microscope at 10,000 diameters of a nickel flake product of greatly
      improved surface smoothness produced in accordance with the invention from
      the same field as that shown in FIG. 3;
PAR  FIG. 5 is a reproduction of a photograph taken on the scanning electron
      microscope at 2,000 diameters of a stainless steel flake of commercial
      production;
PAR  FIG. 6 is a reproduction of a photograph taken on the scanning electron
      microscope at 10,000 diameters of a commercially available stainless steel
      flake taken in the same field as that depicted in FIG. 5;
PAR  FIG. 7 is a reproduction of a photograph taken on the scanning electron
      microscope at 2,000 diameters of stainless steel flake having greatly
      improved surface smoothness produced in accordance with the invention; and
PAR  FIG. 8 is a reproduction of a photograph taken at 10,000 diameters on the
      scanning electron microscope of stainless steel flake produced in
      accordance with the invention in the same field as that shown in FIG. 7.
DETD
PAR  Broadly stated, the present invention comprises a process for producing
      metal flake of a stain-resistant metal, which comprises milling
      stain-resistant metal powder in a mobile liquid medium in the presence of
      a group of milling or grinding bodies confined in a milling space with the
      volume ratio of said liquid medium to said metal powder being at least
      about 10:1, and more preferably at least about 20:1, or even at least
      about 25:1, e.g., about 25:1 to about 50:1, and with said liquid medium
      being present in relation to the volume of said milling or grinding bodies
      such that the interstitial space between said grinding bodies at rest in
      the confined milling space is substantially completely filled with said
      liquid medium. The mobile liquid is preferably mineral spirits (light
      liquid hydrocarbons usually having a specific gravity in the range of
      about 0.7 to 0.9), but may be water, isopropanol or other liquid of
      relatively low viscosity which may readily be removed from the flake
      product. Mixtures of mobile liquids may be employed. The liquid should wet
      the powder and the balls. A small concentration of a lubricant is also
      maintained in the mobile liquid environment to minimize or prevent welding
      of the particles being milled. The lubricant may be a saturated or
      unsaturated fatty acid containing between four and 26 carbon atoms, or
      mixtures of such fatty acids, exemplified by stearic acid, oleic acid,
      palmitic acid, lauric acid, ricinoleic acid, etc., including mixtures of
      linseed and cottonseed oils, etc. Corresponding fluorinated fatty acids
      may be employed as may mercaptans. It has been found from experimentation
      that fluorinated hydrocarbons, e.g., polytetrafluoroethylene "Teflon," do
      not operate as lubricants in connection with the metals treated in
      accordance with the invention, such that grinding and the production of
      large amounts of fines results when such materials are used even in
      amounts up to 10 percent by weight of the metal powder being treated. It
      appears that successful lubricants are not materially soluble in the
      mobile liquid medium, and further that successful lubricants have the
      capability of coating the metal flake product. Surface active agents may
      also be employed.
PAR  It is essential in accordance with the invention that the milling action be
      conducted in a mobile liquid medium. The process is carried out preferably
      in a conventional ball mill or in a stirred ball mill, e.g., attritor,
      charged with metal, e.g., steel balls, usually of substantially uniform
      size. A suitable ball mill is illustrated, for example, in the Hall U.S.
      Pat. No. 2,002,891 and an attritor mill is illustrated at page 8-26 of
      Perry's Chemical Engineers' Handbook, Fourth Edition, as well as in the
      Szegvari U.S. Pat. No. 2,767,359. In such a mill, the satisfactory mobile
      condition of the liquid medium is evidenced when the mill is discharged as
      by pouring out the entire contents of a ball mill, or removing one or more
      balls from the mill, and it is found that there is little or no coating of
      the balls by the powder charge.
PAR  In carrying out the process of the invention, the starting material will
      normally be a metal powder usually having a fine particle size, for
      example, a size such as to pass a 100 mesh Tyler screen (having openings
      measuring about 0.147 mm.), preferably having a size such as to pass a 325
      mesh Tyler screen (openings measuring 0.044 mm.). Even finer starting
      metal powders are advantageous, although extremely fine powders, e.g., 1
      micron, are undesirable as such fine powders are likely to be
      contaminated. In converting such powders to flake having esthetic
      characteristics, individual powder particles are flattened between
      impacting grinding balls or between the balls and the wall of the
      container holding them. Some comminution of the powder results, and with
      coarser starting powders, more comminution is necessary to provide a flake
      product having the thinness, e.g., an average thickness less than about 1
      micron, required for esthetic uses, and to permit suspension in a liquid
      medium such as a paint. In order to provide flake products having smooth
      major faces and concomitant high specular reflectivity, it is necessary
      that welding of flakes together or welding of fine particles to the major
      faces of the flake product be limited or prevented. This is accomplished
      by conducting the milling in a mobile liquid medium which is dilute with
      respect to the powder load and by maintaining an effective concentration
      of a lubricant, such as stearic acid, in the milling medium. If no
      lubricant, or an insufficient amount of lubricant, is present in the
      liquid medium, the major action which results in milling is grinding. This
      effect can be availed of when the starting powders are undesirably coarse,
      with the lubricant being added to the mill after sufficient comminution
      has been obtained so that the flaking action will be initiated.
      Combinations of flaking and grinding can be employed to produce flake of
      desired size.
PAR  The flake product provided in accordance with the invention for use in
      paints will contain a major proportion of particles having an average
      thickness less than 1 micron and preferably less than about 0.75 microns
      or less than about 0.5 micron, with an average dimension across a major
      flake axis of about 10 to about 80 microns, e.g., about 20 to about 40
      microns. For special purposes, such as for use in plastics, etc., larger
      flakes may be desirable and can be achieved in accordance with the
      invention. Thus, flake products containing a major proportion of particles
      having an average dimension across a major flake axis exceeding 44 to 50
      microns and up to e.g., 150 microns, can be produced. For such products,
      it is preferred to start with metal or alloy powders in the size range
      passing 100 mesh but retained on a 325 mesh screen. Such larger flake
      products may be several microns, e.g., up to 3 microns, thick, since such
      products are intended for use in media which will accept heavier
      particles. The specular reflectance of the particles will usually be at
      least about 30 or even 40 percent or higher, as determined by a test
      comprising forming a water-floated layer of the flake sample to be
      measured, aiming a light beam of parallel light rays, at an angle of
      30.degree. from the vertical, generated by a tungsten filament light
      source and measuring the specularly reflected light (R.sub.s) from the
      beam by means of a photocell sensitive in the range 300 to 700
      millimicrons wavelength. The test is nonstandard but is comparative. It is
      affected to an extent by the absorption characteristics of the material
      tested and the photocell can report light values at wavelengths which are
      outside the visible spectrum. The test forms a useful indication of the
      surface smoothness of metal flake. For example, the commercial stainless
      steel product depicted in FIGS. 5 and 6 of the drawing gave a specular
      reflectance value of about 11% whereas the stainless steel product of the
      invention as depicted in FIGS. 7 and 8 gave a specular reflectance of 48.9
      percent. Again, the commercial nickel product of FIGS. 1 and 2 gave a
      specular reflectance of only 19.5 percent as against a reflectance of 43.7
      percent for the nickel product of the invention illustrated in FIGS. 3 and
      4. All the values for specular reflectance were obtained using products
      screened through 325 mesh so as to represent present metallic pigment
      practice. The specular reflectance values thus were shown to confirm the
      improved surface smoothness demonstrated for products of the invention by
      the scanning electron microscope.
PAR  As noted previously, the milling can be conducted in a conventional ball
      mill or in an attritor mill or in other types of grinding or milling
      equipment, e.g., vibratory and planetary ball mills, and the term "ball
      mill" is used generically herein to include mills wherein a charge of
      grinding balls or otherwise shaped grinding media is confined in a
      container therefor. While the milling action itself can vary depending
      upon the particular equipment involved, nevertheless the teachings herein
      are applicable and enable the production of satisfactory flake produces
      from stainresistant metals.
PAC  The Conventional Ball Mill
PAR  For practical purposes, the conventional ball mill forms a convenient
      apparatus in relation to the present invention. As is known, the mill
      comprises a hollow cylindrical container or shell in which a charge of
      grinding balls, preferably substantially uniform in size and preferably
      substantially spherical in shape is placed. Usually the volume of the ball
      charge including the free space therebetween will occupy less than half of
      the volume of the mill. The mill is rotated about its cylindrical axis at
      a rotational speed sufficient to create a cascading and impacting or
      impinging action in the ball charge. It is desirable to provide a number
      of lifters fastened to the inner cylindrical wall parallel to the
      cylindrical axis and extending along the length of the mill so as to
      reduce slippage of the ball charge against the inner cylindrical mill
      wall. The effective impacting action of the balls which produces flake
      occurs in only a limited zone, i.e., the charge zone within which the
      cascading action of the balls occurs. As the balls are lifted due to
      rotation of the mill, the mobile liquid is believed to drain therefrom so
      that most of the liquid and most of the powder being acted upon remains in
      the lower portion of the mill and is available in the active zone. The
      mill is operated with high ball to powder volume ratios, e.g., 25:1 or
      30:1 and higher.
PAC  The Attritor Mill (Stirred Ball Mill)
PAR  This mill is considered to be substantially more active in relation to
      grinding than the ball mill. The mill comprises an axially vertical
      stationary cylinder having a rotatable agitator shaft located coaxially of
      the mill with spaced agitator arms extending substantially horizontally
      from the shaft. The mill is filled with grinding elements, preferably
      metal, e.g., steel balls, usually of substantially uniform size,
      sufficient to bury at least some of the horizontal arms so that, when the
      agitator shaft is rotated, the ball charge, by virtue of the arms passing
      through it, is maintained in a continual state of unrest or relative
      motion through the bulk thereof during milling. In operating the attritor
      mill in accordance with the invention the mill tank is filled with balls
      to about one to two ball diameters in height above the topmost horizontal
      agitator arm and the entire free space within the ball charge is filled
      with the mobile liquid such that the liquid covers the top of the ball
      charge at rest. The entire ball charge within the attritor mill is
      considered to be active due to the motion of the agitator arms
      therethrough when the mill is in operation. The attritor preferably is run
      at high speed to reduce operational time, and with a high ball to powder
      volume ratio, e.g., about 25:1 or 30:1 or higher.
PAR  It is important that a small concentration, e.g., about 0.5 to about 2
      percent or 5 or 10 percent by weight of the metal powder charge, of a
      lubricant, e.g., stearic acid, be maintained within the mill charge during
      milling. The actual amount of lubricant required to be effective is
      dependent upon the nature of the lubricant. This is advantageously done by
      making small periodic additions of the lubricant during the mill run to
      replace that which is consumed by coating the flakes as they are formed
      and that which is degraded or otherwise lost during operation. It is to be
      appreciated that some lubricants are subject to heat degradation due to
      heat generated in the mill. It is preferable that the mill be cooled
      during operation as by employing a cooling water jacket about the attritor
      or by water spraying the outside of a ball mill.
PAR  As noted, the volume of mobile liquid and powder charge should fill
      entirely the free space formed by the ball charge at rest. Preferably the
      liquid to powder volume ratio, a most important parameter for purposes of
      the invention, is maintained in the range of about 25:1 or 30:1 to about
      50:1. Lower liquid to powder ratios may be employed but the risk of
      producing roughened surfaces of lower specular brightness on the flake
      product is thereby increased. Higher liquid to powder ratios may be
      employed but production rate is thereby lowered, which is undesirable
      economically, and other detrimental effects may be encountered.
PAR  Metals or alloys which may have compositions containing, by weight, up to
      about 90% copper, up to about 10% manganese, up to about 3% molybdenum, up
      to about 70% tin, up to about 70% zinc, up to about 10% silver, and the
      balance essentially a metal from the group consisting of nickel, iron,
      cobalt, chromium and the platinum metals, usually in amounts of at least
      about 10 percent, may be employed in accordance with the invention. Thus
      the metal employed, usually in the form of a powder, may be carbonyl
      nickel, stainless steels of either the austenitic or ferritic type,
      nickel-chromium and nickel-chromium-iron alloys, nickel-copper alloys
      containing up to about 90% copper, nickel silvers containing about 15 to
      about 70% copper, about 10 to about 70% zinc, and the balance at least
      about 15% nickel, carbonyl cobalt, nickel-cobalt, nickel-iron and
      nickel-cobalt alloy powders, e.g., produced by the carbonyl process,
      nickel-tin, silver-nickel, etc. Electrolytic chromium powder and
      ferro-chromium powder (70% chromium) have been converted to a brilliant
      flake. The relatively broad compositional ranges for alloys which may be
      converted to flake in accordance with the invention affords a wide color
      range in the flake powder. Thus, stainless steel flake has a greenish
      tint, nickel is yellowish, while nickel-copper and the nickel silvers
      afford pink, yellow and green/blue tints. Preferably, the metal powders
      treated have a melting point of at least about 1100.degree.C. and/or a
      density of at least about 7.5.
PAR  The initial powders of various metals and alloys can be made by
      atomization, comminution, hydrogen reduction by mechanical alloying (as
      described in the Benjamin U.S. application Ser. No. 709,700), and in the
      case of electrodepositable metals such as nickel, iron and cobalt and
      their alloys, may be electrodeposited coarse flake. Other practices or
      techniques, (e.g., metal coated powders), can be employed in producing the
      initial powder. Mechanically alloyed powders, which can be very hard,
      e.g., about 600 Vickers Pyramid Number, can be converted to flake without
      prior annealing or can be annealed. The initial powders preferably are as
      free as possible of oxides and other contaminants as such material can
      produce undesirable effects in paint films if not removed, and the metal
      and alloy powders should be as low as possible in the content of
      impurities which detrimentally affect malleability, e.g., sulfur,
      nitrogen, phosphorous, carbon, etc. In some alloys excessive amounts of
      silicon and/or manganese can detrimentally affect malleability.
PAR  Carbonyl nickel powder having an average particle size of about 4 to 7
      microns and very low in impurity content is an ideal starting material for
      conversion to flake in accordance with the invention.
PAR  As noted, it is important that product flake have smooth major surfaces as
      accomplished in accordance with the invention. Comparison of, for example,
      FIGS. 1 and 5 in the drawing (prior art) with FIGS. 3 and 7 (this
      invention) dramatically illustrates the improvement in flake quality
      brought about by the invention. Thus, FIGS. 1 and 3 are both nickel flake
      products produced from carbonyl nickel powder of the same type. It is
      clearly evident that the product of FIG. 1 is revealed by the scanning
      electron microscope at 2,000 diameters as having a rough surface
      apparently caused by the welding together of flakes and flake fragments
      whereas the surfaces of the nickel flake of FIG. 3 are revealed by the
      same examination technique as having much smoother surfaces with
      essentially no welded-on fine material on the flake surfaces. In addition,
      the specular brightness of the FIG. 3 material was greatly improved as
      compared to the FIG. 1 material since this factor is a direct function of
      surface smoothness of the flake. A similar improvement is to be noted by
      comparing FIG. 7 with FIG. 5 in the case of stainless steel flake. Again,
      greatly improved smoothness of the major flake faces, with essentially no
      welded-on fine material on the flake surfaces, was provided in accordance
      with the invention. Comparison of the corresponding Figures taken at
      10,000 diameters provides additional confirmation of the foregoing.
PAR  In order to give those skilled in the art a better appreciation of the
      advantages of the invention, the following examples are given:
PAC  EXAMPLE I
PAR  In this example, a ball mill was employed which was 12 inches in diameter,
      5 inches long and was provided with four internal lifters 1/2 inch square
      fastened at 90.degree. spacings over the full cylindrical face of the mill
      parallel to the cylindrical axis. The mill was charged with 15 kilograms
      of 5/16 inch diameter steel balls, 300 grams of carbonyl nickel powder of
      about 4 to about 7 microns average size, 1120 milliliters of mineral
      spirits (a light liquid hydrocarbon "Amsco Mineral Spirits 66/3" similar
      in viscosity to kerosene and having a specific gravity of about 0.771) and
      1.5 grams of stearic acid. The mill was rotated for 10 hours at 45 r.p.m.
      with further 0.75 gram additions of stearic acid being made after 4 and 7
      hours running time. The ball to liquid volume ratio was 1.7:1, the ball to
      powder volume ratio was 57:1 and the liquid to powder volume ratio was
      33.5:1. At the end of the run the mill was discharged, the flake product
      removed from the liquid by decantation and evaporation, and the product
      was washed. Thickness, specular reflectance and size range of the flake
      product were determined with the results set forth in Table I. The flake
      product was bright and lustrous and was satisfactory for use in esthetic
      applications such as automotive finishes, when screened to remove material
      exceeding about 44 microns.
PAC  EXAMPLE II
PAR  In this example, an attritor mill having a tank diameter of 20 centimeters
      and 20 centimeters in depth and provided with a water jacket was employed.
      The mill was provided with a vertical agitator arm having five
      horizontally extending cross-arms substantially evenly spaced therealong
      and angularly offset 90.degree. from each other. A charge of 22.5
      kilograms of 5/16 inch diameter steel balls was placed in the mill,
      thereby covering the uppermost agitator arm by a depth of about one to two
      ball diameters. 2600 milliliters of mineral spirits of the type described
      in Example I, 562 grams of carbonyl nickel powder of about 4 to about 7
      microns average size and 3.51 grams of stearic acid lubricant were then
      placed in the mill. The liquid to carbonyl nickel powder volume ratio was
      about 41.5:1; the ball to liquid volume ratio was about 1.09:1; and the
      ball to carbonyl nickel powder volume ratio was about 45.6:1. The liquid
      level at rest was sufficient to cover the level ball charge to a depth of
      about four centimeters. The mill was then run for 6 hours at the maximum
      speed of 275 r.p.m. After two hours and again after four hours, additional
      1.75 gram amounts of stearic acid were added. The total lubricant
      concentration employed was about  1.25 percent by weight of the powder. At
      the end of the run the liquid and flake product were discharged from the
      bottom of the mill, separated by decantation and evaporation, and the
      product was washed. The thickness, specular reflectance and size range of
      the flake product were determined with the results set forth in Table I.
      Optical examination indicated that the flake product was bright and
      lustrous and was satisfactory for use in esthetic applications such as
      automotive finishes. The product powder was examined by means of the
      scanning electron microscope at 2,000 and 10,000 diameters, and
      photographs were taken which are depicted, respectively, as FIG. 3 and
      FIG. 4 of the drawing. Scanning electron microscope examination revealed
      that the flake product produced in accordance with this example was indeed
      flat, bright and lustrous and had essentially no welded-on fine material.
      The light edging about the flake which is particularly evident in FIG. 3,
      is an effect due to the slight penetration of the electron beam into the
      metal and indicates that the edges of the flake are indeed very thin.
      Comparison of FIGS. 3 and 4 of the drawing with FIGS. 1 and 2,
      respectively, which represent commercial production nickel flake produced
      from the same raw material, demonstrate conclusively the change in the
      nature of the flake product brought about in accordance with the present
      invention when examined at the same magnification. Thus, it is clear by
      comparing FIGS. 1 and 2 of the commercial production flake with FIGS. 3
      and 4, that the commercially produced nickel flake material in fact
      comprises an agglomeration of flake-like particles which have a rough
      welded-on surface and which correspondingly have poor specular
      reflectance.
PAC  EXAMPLE III
PAR  A further attritor mill run was made as set forth in Example II using a
      charge comprising 410 grams of atomized and "cocastream" processed Type
      304L stainless steel powder having an average particle size less than 10
      microns (Fisher Sub-Sieve Size) an initial addition of 2.56 grams of
      stearic acid and a running time of 6 hours. The liquid to powder volume
      ratio was about 55:1. Further additions of 1.28 grams each of stearic acid
      were made after two and after four hours running time. The resulting flake
      product was separated as set forth in Example II and the thickness,
      specular reflectance and size range thereof were determined was results
      set forth in Table I. Optical examination indicated that the flake product
      was bright and lustrous and was satisfactory for use in esthetic
      applications such as automotive finishes. The bright and lustrous nature
      of the flake product is clearly evident from FIGS. 7 and 8 of the drawing
      which are electron micrographs taken on a scanning electron microscope at
      2,000 and 10,000 diameters, respectively. FIGS. 7 and 8 clearly depict the
      fact that the flake product produced in accordance with this example was
      substantially entirely devoid of welded-on fines. This feature of the
      stainless steel flake product produced in accordance with the invention is
      also demonstrated by the high specular reflectance obtained thereon as is
      set forth in Table I. The nature of the special flake product produced in
      accordance with the invention is even more clearly emphasized by
      comparison with FIGS. 5 and 6 of the drawing which are, respectively,
      scanning electron photomicrographs produced at 2,000 and 10,000 diameters
      of a commercial stainless steel flake product. It is to be seen that the
      commercial flake product is rough and comprises an aggregation of
      welded-together particles.
PAC  EXAMPLE IV
PAR  The procedure set forth in Example II was again carried out employing a
      charge of 535 grams of a nickel-silver powder produced by atomization and
      cocastream processing and having a particle size of less than about 10
      microns as determined by the Fisher Sub-Sieve Sizer. The powder contained
      about 16.8% nickel, about 19.8% zinc, about 0.056% carbon, about 0.41%
      iron, about 0.54% oxygen and the balance copper. A liquid to powder volume
      ratio of about 42:1 was employed. An initial addition of 3.35 grams of
      stearic acid was made to the charge with subsequent additions of 1.68
      grams each being made after two and at four hours running time. At the end
      of six-hour run, the flake product was recovered in accordance with the
      procedure described in Example II, and the thickness, specular reflectance
      and size range of the product were determined with the results set forth
      in Table I. Optical examination indicated that the flake product was
      bright and lustrous and was satisfactory for use in esthetic applications
      such as automotive finishes.
PAC  EXAMPLE V
PAR  The procedure of Example I was repeated using 285 grams of a 90% copper,
      10% nickel atomized alloy powder having a particle size passing 200 mesh.
      An initial addition of 1.42 grams of stearic acid was employed, with a
      further addition of 0.72 grams of stearic acid being added at the fourth
      hour of the ten-hour run. The flake product was recovered in the manner
      described in Example I, and was checked for thickness, specular
      reflectance and size range with the results set forth in Table I. The
      flake product was bright and lustrous and was satisfactory for use in
      esthetic applications such as automotive finishes when screened to remove
      material exceeding about 44 microns.
PAC  EXAMPLE VI
PAR  The procedure of Example I was again repeated using a charge of 290 grams
      of -200 mesh atomized 80% nickel, 20% chromium alloy powder. A liquid to
      powder volume ratio of about 31.5:1 was employed. An addition of 0.42
      grams of stearic acid was made to the charge and a further addition of
      2.83 grams of stearic acid was made after seven hours running. The mill
      running time was 12 hours. At the end of the run the flake product was
      recovered in accordance with the procedure set forth in Example I, and the
      thickness, specular reflectance and size range of the flake product were
      determined with the results set forth in Table I. The flake product was
      bright and lustrous, and was satisfactory for use in esthetic applications
      such as automotive finishes when screened to remove material exceeding
      about 44 microns.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                  **    **   **                                
     Example                                                                   
          SIZE - MICRONS*         Average                                      
                                        Surface                                
                                             Specular                          
     No.  -5  -10 -20 -44 -74     Thickness                                    
                                        Area Reflect-                          
              +5  +10 +20 +44 +74 Microns                                      
                                        m.sup.2 /gm                            
                                             ance-%                            
     __________________________________________________________________________
     I    0.5 0.6 22.6                                                         
                      63.7                                                     
                           4.7                                                 
                               7.9                                             
                                  0.27  1.64 43.7                              
     II   0.8 4.5 44.7                                                         
                      46.4                                                     
                           2.0                                                 
                               1.6                                             
                                  0.32  0.91 43.7                              
     III  0.7 4.0 16.0                                                         
                      13.2                                                     
                          27.6                                                 
                              38.5                                             
                                  0.67  0.47 48.9                              
     IV   0.2 1.4 26.2                                                         
                      40.4                                                     
                          10.6                                                 
                              21.2                                             
                                  0.72  0.47 38.9                              
     V    1.9 2.8 33.1                                                         
                      42.5                                                     
                           7.5                                                 
                              12.2                                             
                                  0.36  0.98 38.9                              
     VI   0   0.2 20.9                                                         
                      22.0                                                     
                          10.3                                                 
                              46.6                                             
                                  0.94  0.47 50.1                              
     __________________________________________________________________________
      *Determined by a wet screening technique                                 
      **Determined on product screened through a screen having 44 micron       
      openings                                                                 
      Note:                                                                    
      The thickness measurements were calculated from water coverage           
      measurements for which the values were, respectively, for Examples I     
      through VI, 4160, 3540, 1920, 1560, 3120 and 1240 square centimeters per 
      gram.                                                                    
PAR  Comparative staining tests using commercially compounded automotive finish
      paint to which commercial aluminum flake and stainless steel flake
      products of the invention had been incorporated respectively demonstrated
      improved spotting resistance at room temperature for the paint containing
      the stainless steel flake product of the invention. Thus, painted steel
      panels made using a paint containing aluminum flake were stained by drops
      of dilute water solutions of hydrochloric acid (10% water solution of
      concentrated HCl), of liquid soap, of sodium hydroxide (5% solution) and
      of sulfuric acid (10% solution) whereas the corresponding painted panels
      made using a paint containing the stainless steel flake product of the
      invention were unaffected in the same test. In the test, drops about one
      inch in diameter were applied to the panels and left thereon for about 0.5
      hours at room temperature. Improved corrosion and stain resistance for the
      flake products of the invention were thereby demonstrated.
PAR  It is to be appreciated that in a milling operation of the type described
      herein, countless numbers of individual particles are involved and that
      the process is statistical and time dependent. Observation of the milling
      process demonstrates that some flake is formed almost immediately, while
      the balance of the charge is still unaffected. Further contacts of such
      flake with grinding balls and the mill wall can only result in greater
      reduction in flake thickness, with the possibility of producing fines.
      Accordingly, the objective in a batch-type process is to maximize paint
      pigment product of 10 to 40 microns while minimizing oversize and
      undesirable fines. This is accomplished by controlling the length of run.
      Since flake of desired thinness can be removed from the liquid medium by
      rejection therefrom, the invention also contemplates continuous operation
      using a plurality of mills in series, e.g., an attritor mill followed by a
      ball mill. In series operation, classification of product flowing from one
      mill to a subsequent mill in the series can be accomplished by
      combinations of operations including rejection of flake from the liquid to
      be fed to a finishing mill and appropriate classification to reject fines
      and screening to recover oversize material for recycling to the first mill
      in the series. It is to be understood that any particular lubricant
      employed in the flaking operation can be removed from the flake and a
      different coating applied thereto using conventional techniques.
PAR  The flake products of the invention are useful not only in polychromatic
      automotive finishes where their flash and sparkle are esthetically
      attractive, but also in other types of paints including water-base paints
      and in plastic products such as floor tile, wall panels and extrusions for
      decorative effect. They are also useful in maintenance paints. In
      addition, the high surface to volume ratio exhibited by such flake
      products suggest use in catalytic applications, battery flake, as wall as
      glass, ceramics, etc.
PAR  Although the present invention has been described in conjunction with
      preferred embodiments, it is to be understood that modifications and
      variations may be resorted to without departing from the spirit and scope
      of the invention, as those skilled in the art will readily understand.
      Such modifications and variations are considered to be within the purview
      and scope of the invention and appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A metal flake powder consisting essentially of solid opaque flakes of
      metal each flake having a thickness of less than one micron; said flakes
      having essentially smooth, defect free, mechanically formed faces with
      major dimensions of about 10 to 40 microns; said powder being capable of
      being formed as a water floated layer and exhibiting, when formed as a
      water floated layer of minus 325 mesh particles a high specular
      reflectance of at least 30 percent as measured by aiming a beam of
      parallel light rays generated by a tungsten filament light source at an
      angle of 30.degree. from the vertical and detecting the specularly
      reflected light, as affected by the absorption characteristics of the
      material tested, by a photo cell sensitive in the range of 300 to 700
      millimicrons wavelength; and said metal flakes being coated with a thin
      lubricant film adapted to provide leafing characteristics to said flakes
      when said lubricant film is not wetted by a coating composition vehicle
      and to provide non-leafing characteristics to said flakes when said
      lubricant film is wetted by a coating composition vehicle.
NUM  2.
PAR  2. A metal flake powder in accordance with claim 1 wherein the average
      flake thickness is in the range of 0.27 to 0.94 micron.
NUM  3.
PAR  3. A metal flake powder as in claim 1 wherein each flake is characterized
      by generally rounded smooth edges.
NUM  4.
PAR  4. A metal flake powder in accordance with claim 1 having a composition
      containing, by weight, up to about 90% copper, up to about 10% maganese,
      up to about 3% molybdenum, up to about 70% zinc, up to about 70% tin, up
      to about 10% silver, and the balance essentially a metal from the group
      consisting of nickel, iron, cobalt, chromium and the platinum-group
      metals.
NUM  5.
PAR  5. A metal flake powder in accordance with claim 1 made of a metal from the
      group consisting of nickel; cobalt; alloys of nickel, iron and cobalt with
      each other and with, optionally, chromium; stainless steels; nickel-copper
      alloys; nickel-chromium alloys; nickel-chromium-iron alloys and
      nickel-silver alloys.
NUM  6.
PAR  6. A metal flake powder in accordance with claim 1 having a thickness of
      less than 1 micron and made of carbonyl nickel.
NUM  7.
PAR  7. A metal flake powder in accordance with claim 1 having a thickness of
      less than 1 micron and made of a stainless steel.
NUM  8.
PAR  8. A metal flake powder in accordance with claim 1 wherein said metal has a
      melting point of at least 1100.degree.C.
NUM  9.
PAR  9. A metal flake powder in accordance with claim 1 wherein said metal has a
      density of at least 7.5.
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ABST
PAL  A process for cooling sulfur-bearing slag while inhibiting the formation of
      hydrogen sulfide. An oxidant is mixed with the cooling water and the slag
      is brought into contact therewith, the solution cooling the slag to permit
      handling thereof while the oxidant inhibits the release of hydrogen
      sulfide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The cooling of sulfur-bearing slag such as blast furnace slag is
      conventionally accomplished by the use of water, for example by pouring it
      onto the slag in pits, by pouring molten slag into a reservoir of water,
      or dampening the ground on which thin layers of molten slag are poured.
      The slag is cooled by the water in order to permit its handling within a
      reasonable time after pouring. However, this cooling has heretofore been
      accompanied by the release of hydrogen sulfide which is malodorous,
      noxious and therefore considered an undesirable air pollutant. In fact,
      recently enacted anti-pollution codes in some localities prohibit the
      water quenching of slag except under conditions which prevent the
      discharge of all hydrogen sulfide or other air contaminants into the open
      air.
PAR  2. Description of the Prior Art
PAR  No process is presently known which inhibits the formation of objectionable
      hydrogen sulfide during the water cooling of hot sulfur-bearing slag. The
      Battelle Memorial Institute, Columbus, Ohio, in a 1968 paper by F. H.
      Woehlbier and G. W. P. Rengstorff entitled "Preliminary Study of Gas
      Formation During Blast-Furnace Slag Granulation with Water," discusses the
      possible reasons for the creation of hydrogen sulfide and suggests two
      approaches for suppressing its formation. One is to add oxidants to the
      slag prior to granulation, that is, while the slag is in its molten state.
      This suggestion is believed unfeasible because of the inability to stir an
      oxidant into molten slag while in a large ladle. The second suggestion is
      to conduct the granulation in such a manner as to destroy any possible
      protective gaseous layers which prevent combustion of the hydrogen
      sulfide, for example by a strongly agitated water bath or in a waterair
      jet. However, this process would create very fine, friable weak particles
      of insufficient strength or size to be used for example as an aggregate
      road base.
PAR  Knuppel U.S. Pat. No. 2,829,959 is a process for producing slag wool in
      which the slag is desulfurized by subjecting molten slag to an oxidizing
      treatment. Aside from being an entirely different process than that of the
      present invention, the Knuppel method would result in sulfur dioxide, an
      undesirable contaminant, being released into the atmosphere. Other U.S.
      patents such as Elbers U.S. Pat. No. 278,002, Wuth U.S. Pat. No. 643,856,
      Parsons U.S. Pat. No. 1,551,616, and Smyers U.S. Pat. No. 3,249,402 shows
      various methods for the removal or recovery of sulfur from blast furnace
      slag, but none of these are related to the present invention.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to the invention, a readily reactive water soluble oxidant such
      as sodium hypochlorite (NaOCl) is mixed with the cooling water, and the
      sulfur-bearing slag is brought into contact with this solution so as to
      cool it sufficiently for digging or other handling. It has been found that
      during this cooling operation the oxidant inhibits the release of hydrogen
      sulfide from the slag to a major degree satisfying anti-pollution
      requirements. There is also no release of other contaminants such as
      sulfur dioxide.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  One manner of carrying out the process of this invention is in connection
      with air cooled slag, that is, slag which is poured while in its molten
      state into pits in the earth where it cools in air and solidifies.
      Normally, the great amount of heat in the mass of slag prevents it from
      cooling in air within a reasonable time to permit digging. The rate of
      cooling is therefore accelerated by the sprinkling or pouring of water
      onto the slag. As the outer slag layers are cooled, they crack, permitting
      the water to penetrate to the next layers which, when they crack upon
      cooling, will allow still deeper water penetration.
PAR  The hydrogen sulfide which is released into the air by this conventional
      cooling method is not only objectionable because of its repugnant odor,
      but is also highly noxious. Ten parts per million by volume of hydrogen
      sulfide will produce slight toxic symptoms, whereas 600 parts per million
      will kill most animals in a short time.
PAR  According to the invention, an oxidant is dissolved into the cooling water
      before it is brought into contact with the slag to be cooled. The
      oxidizing agent used must be soluble in water, should be substantially
      more readily reactive than the oxygen inherently entrained in the cooling
      water, and must have no harmful side or polluting effects. The oxidizing
      agent should also be economical, and its reaction products must not be a
      hazard to the slag product or the environment. Suitable oxidizing agents
      are an oxidizing metal hypochlorite such as sodium hypochlorite, chlorine,
      an oxidizing metal permanganate such as potassium permanganate, a peroxide
      type oxidizing material such as sodium peroxide or hydrogen peroxide, and
      fluorine. The strength of solution will depend upon various factors, such
      as the particular oxidant used, the economy and effectiveness desired, and
      the amount of sulfur in the slag. The more sulfur found, the more
      concentrated must be the solution. For use with blast furnace slag,
      approximately 200 to 400 parts per million by weight of sodium
      hypochlorite has been found suitable.
PAR  In use with air cooled slag poured into pits, the solution of oxidant in
      cooling water would be poured onto the slag through the conventional
      piping systems, such as swiveled nozzles or fixed piping networks. The
      oxidant could be metered into the cooling water as it flows toward the
      slag pit.
PAR  In using the process for light weight slag, which is conventionally poured
      in single layers onto slightly damp ground so that the water steams
      through the slag, the ground would be initially dampened by water to which
      the soluble oxidant has been added. The steaming water would thus carry
      the oxidant with it through the slag layer.
PAR  Another manner of carrying out the invention is in connection with the
      pouring of molten slag into a reservoir containing a large excess of water
      which rapidly cools and breaks up the slag. According to the invention,
      the soluble oxidant would be first added to the water in the reservoir and
      the molten slag then poured in. As the slag cools and breaks up, the
      oxidant will inhibit the release of hydrogen sulfide therefrom.
PAR  One advantage of the process of this invention is that it creates intimate
      exposure to oxidizing conditions at all areas of incipient hydrogen
      sulfide creation. The exact nature of the reactions which occur to inhibit
      the formation of hydrogen sulfide are uncertain. However, the
      aforementioned Battelle Memorial Institute report indicates that the
      amount of hydrogen sulfide formed by water quenching of slag is directly
      proportional to the amount of hydrogen formed. It is believed that the
      process of the present invention serves to neutralize this hydrogen by the
      following formula (assuming sodium hypochlorite as the oxidant):
EQU  NaOCl + H.sub.2 .fwdarw. Na Cl + H.sub.2 O.
PAR  where hydrogen sulfide might have been formed, for example by the
      combination of calcium sulfide in the slag and water, it can be oxidized
      by the reaction:
EQU  NaOCl + H.sub.2 s.fwdarw.  Na Cl + H.sub.2 O + S.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for cooling sulfur-bearing blast furnace slag molten at an
      elevated temperature and simultaneously inhibiting the liberation of
      hydrogen sulfide, comprising the steps of mixing a water soluble oxidant
      with cooling water, said oxidant being a substantially more readily
      reactive oxidizing agent than the oxygen inherently entrained in said
      cooling water, the concentration of oxidant being sufficient to inhibit to
      a major degree the release of hydrogen sulfide from the slag, and bringing
      slag into contact with said solution of oxidant and water so as to cool
      the slag sufficiently for handling, said oxidant inhibiting the release of
      hydrogen sulfide from the slag.
NUM  2.
PAR  2. The process according to claim 1, said oxidant being selected from the
      following group of oxidants: chlorine, sodium hypochlorite, potassium
      permanganate, sodium peroxide, hydrogen peroxide and fluorine.
NUM  3.
PAR  3. The process according to claim 1, said oxidant being sodium
      hypochlorite.
NUM  4.
PAR  4. The process according to claim 1, said oxidant being chlorine.
NUM  5.
PAR  5. The process according to claim 1, said oxidant being selected from at
      least one material of the group consisting of an oxidizing metal
      hypochlorite, an oxidizing metal permanganate, a peroxide type oxidizing
      material, and fluorine.
NUM  6.
PAR  6. The process according to claim 1, said oxidant being potassium
      permanganate.
NUM  7.
PAR  7. A method for reducing the emission of hydrogen sulfide during the
      quenching of hot blast furnace slag comprising contacting the slag with a
      quench-anti-emission medium, where said medium is selected from an aqueous
      solution of chlorine gas and from an aqueous solution of sodium
      hypochlorite.
NUM  8.
PAR  8. In a process for cooling sulfur-bearing blast furnace slag molten at an
      elevated temperature and simultaneously inhibiting the formation of
      hydrogen suslfide, the steps of pouring slag while molten into a cooling
      pit, mixing a water soluble oxidant with cooling water, said oxidant being
      a substantially more readily reactive oxidizing agent than the oxygen
      inherently entrained in said cooling water, the concentration of oxidant
      being sufficient to inhibit to a major degree the release of hydrogen
      sulfide from the slag, and pouring said solution of oxidant and water onto
      the hot slag.
NUM  9.
PAR  9. The process according to claim 8, said oxidant being metered into the
      cooling water as it flows toward the slag pit.
NUM  10.
PAR  10. In a process for cooling sulfur-bearing slag which is molten at an
      elevated temperature and simultaneously inhibiting the formation of
      hydrogen sulfide, the steps of mixing a readily reactive water soluble
      oxidant with water, the concentration of oxidant being sufficient to
      inhibit the release of hydrogen sulfide from the slag, pouring said water
      on the ground so as to dampen it slightly, and pouring a layer of molten
      slag onto the slightly damp ground, whereby the steam will penetrate the
      slag layer with the oxidant inhibiting the release of hydrogen sulfide
      therefrom.
NUM  11.
PAR  11. The process according to claim 10, said oxidant being taken from the
      class consisting of sodium hypochlorite and chlorine.
NUM  12.
PAR  12. In a process for cooling sulfur-bearing blast furnace slag molten at an
      elevated temperature by pouring the molten slag into a reservoir
      containing cooling water and simultaneously inhibiting the formation of
      hydrogen sulfide, the steps of first mixing a water soluble oxidant into
      the cooling water, said oxidant being a substantially more readily
      reactive oxidizing agent than the oxygen inherently entrained in said
      cooling water, the concentration of oxidant being sufficient to inhibit to
      a major degee the release of hydrogen sulfide from the slag, and then
      pouring the molten slag therein whereby the slag is cooled and broken up
      by the water while the oxidant inhibits the release of hydrogen sulfide.
NUM  13.
PAR  13. The combination according to claim 12, said oxidant comprising
      chlorine.
NUM  14.
PAR  14. The process according to claim 12, said oxidant comprising sodium
      hypochlorite.
NUM  15.
PAR  15. The process according to claim 5, said oxidant being selected from at
      least one material of the group consisting of an oxidizing metal
      hypochlorite, an oxidizing metal permanganate, a peroxide type oxidizing
      material, and fluorine.
NUM  16.
PAR  16. The process according to claim 5, said oxidant being potassium
      permanganate.
NUM  17.
PAR  17. A process for reducing the emission of hydrogen sulfide during the
      quenching of hot blast furnace slag comprising contacting the slag with a
      quench-anti-emission medium, where said medium is selected from the
      following: an aqueous solution of chlorine, an aqueous solution of an
      oxidizing metal hypochlorite, an aqueous solution of an oxidizing metal
      permanganate, an aqueous solution of a peroxide type oxidizing material,
      and an aqueous solution of fluorine.
NUM  18.
PAR  18. The process according to claim 17, said oxidant being selected from the
      following group of oxidants: chlorine, sodium hypochlorite, potassium
      permanganate, sodium peroxide, hydrogen peroxide and fluorine.
NUM  19.
PAR  19. The process according to claim 18, said medium being an aqueous
      solution of potassium permanganate.
NUM  20.
PAR  20. The process according to claim 18, said medium being an aqueous
      solution of sodium hypochlorite.
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ABST
PAL  Oxide and hydride impurities of a liquid metal such as sodium are removed
      from a cold trap by heating to a temperature at which the metal hydroxide
      is stable in a molten state. The partial pressure of hydrogen within the
      system is measured to determine if excess hydride or oxide is present.
      Excess hydride is removed by venting hydrogen gas while excess oxide can
      be converted to molten hydroxide through the addition of hydrogen. The
      resulting, molten hydroxide is drained from the trap which is then
      returned to service at cold trap temperatures within the liquid-metal
      system.
GOVT
PAC  CONTRACTUAL ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the UNITED STATES ENERGY RESEARCH AND DEVELOPMENT
      ADMINISTRATION.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to cold traps that are employed within the flow of a
      liquid metal for the precipitation and removal of impurities. It is
      particularly applicable in sodium or sodium potassium systems used for the
      transfer of heat in nuclear or other power production facilities.
PAR  Oxide and hydride impurities can accumulate within a sodium-liquid-metal
      system from a number of sources. Small leaks of air or steam may
      occasionally occur and impurities may be present within the system
      construction materials. One major source of hydride impurities occurs from
      the diffusion of hydrogen through heat exchanger walls in liquid
      metal/steam or water heat exchangers. Heat exchangers of this type are
      ordinarily used as steam generators in the liquid-metal-cooled nuclear
      reactors. The oxidation of iron or other metals within the heat exchanger
      walls by H.sub.2 O releases hydrogen for diffusion through the barrier
      into the molten sodium.
PAR  Cold traps are most often included within a bypass or shunt loop of a
      liquid metal circulation system. The loop will normally include a heat
      exchanger called an economizer through which the diverted liquid metal
      flows on leaving and on reentering the main liquid-metal flow. The
      diverted liquid metal is cooled to some lower temperature at which the
      dissolved hydrides and oxides become supersaturated and precipitate as
      solid deposits. The deposition has normally occurred within a large
      crystallizer tank containing baffles and packing to facilitate the
      precipitation process. The returning liquid metal is reheated as it passes
      through the economizer in heat exchange relationship with the diverted
      liquid-metal flow.
PAR  The buildup of solid impurities within the cold trap crystallizer tank will
      eventually slow the flow of diverted liquid metal until the cold trap
      system is no longer effective. Heretofore, this problem was overcome by
      removing and replacing the crystallizer tank. A number of these tanks have
      been removed from various experimental liquid-metal cooled systems.
      Examination of a selected number of these crystallizer tanks has revealed
      that only approximately 10 percent of each tank's volume was filled with
      solid impurities. The remaining volume not occupied by baffles or packing
      was filled with sodium or liquid metal. The disposal of these tanks
      therefore results in considerable waste of materials and considerable
      maintenance expense in their removal and replacement.
PAR  Crystallizer tanks are presently sized to have at least a five-year life
      prior to their replacement. However, unforeseen air or steam leaks into
      the sodium flow could require earlier replacement. In primary coolant
      circuits that are in heat exchange relationship with a nuclear reactor
      core, such replacement may also become desirable to reduce the inventory
      of tritium and other radioisotopes deposited within the crystallizer tank.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, in view of these and other problems associated with prior
      liquid-metal cold traps, it is an object of the present invention to
      provide a method of unloading impurities from cold traps without physical
      removal of cold trap components.
PAR  It is a further object to provide a method of determining whether excess
      hydride or oxide impurities are present and to remove these impurities
      from the cold trap.
PAR  It is also an object to provide an improved cold trap apparatus that will
      permit the unloading of impurities while the cold trap remains installed
      as a part of the liquid-metal system.
PAR  In accordance with the present invention, metal hydride and oxide
      impurities are removed from a liquid-metal system including a cold trap
      where solid impurities deposit by heating the trap to a sufficient
      temperature to form molten metal hydroxide from the reaction of the metal
      hydride and the metal oxide. The molten hydroxide is drained from the
      system and the partial pressure of hydrogen gas measured to determine
      whether excess metal hydride or metal oxide is present. In order to remove
      excess sodium hydride or excess sodium oxide, the partial pressure of
      hydrogen gas within the cold trap volume is adjusted either by venting or
      by addition of hydrogen to provide a hydrogen gas pressure between the
      hydrogen dissociation pressure of sodium hydride and the hydrogen
      dissociation pressure of sodium hydroxide at the elevated cold trap
      temperature.
PAR  The invention also contemplates an improved cold trap apparatus for
      removing impurities from a liquid-metal system. The cold trap includes a
      first tank having an inlet and outlet that are interconnected with the
      liquid-metal system for permitting a flow of liquid metal through the
      tank. There are also included means for varying the temperature of the
      tank and the materials within the tank from temperatures at which the
      impurities are solid to temperatures at which the impurities form a melt.
      In the case of sodium hydride and sodium oxide impurities, these
      temperatures will range from somewhere below 200.degree.C. e.g. down to
      100.degree.C. for reduction of solubility of oxides and hydrides in molten
      sodium to a temperature above 412.degree.C. e.g. up to 550.degree. C. at
      which sodium hydride and sodium oxide will react to form molten sodium
      hydroxide. A second tank is interconnected with the first tank and
      receives the melt as thus formed of impurities. The improved cold trap
      also includes monitoring means for determining the existence of residual
      impurities such as excess sodium hydride or sodium oxide after draining
      the melt.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The present invention is illustrated in the accompanying drawings wherein
PAR  FIG. 1 is a generally schematic view of a cold trap for removing impurities
      from a liquid-metal system.
PAR  FIG. 2 is a graph of hydrogen partial pressure versus temperature for
      several sources of hydrogen that involve the dissociation of metallic
      compounds containing hydrogen.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 a generally schematic view of a cold trap apparatus is shown.
      Liquid metal for processing within the cold trap is withdrawn from a
      liquid metal system illustrated as the fragmentary pipe shown at 11. This
      liquid-metal system will ordinarily be one that employs molten sodium or a
      molten sodium metal alloy for the transfer of heat. As an example, system
      11 could be the primary heat transfer loop that removes heat from a
      liquid-metal-cooled nuclear reactor core or the secondary heat transfer
      loop that provides heat from the first loop to a steam generator.
PAR  A portion of the flow of liquid metal within system 11 is withdrawn such as
      through a pump 13 and caused to flow through a heat exchanger 15 that is
      often termed an economizer. Economizer 15 merely recovers a portion of the
      heat that would otherwise be lost as a result of the required cooling
      within the cold trap apparatus. The flow of liquid metal leaves economizer
      15 through pipe 17 at a somewhat reduced temperature than that of the
      liquid metal within the system 11. The cooling is provided by the return
      flow of liquid metal which leaves the cold trap apparatus through pipe 19
      and passes through the economizer 15 in the opposite direction. Valves 21
      and 23 are provided to isolate the remainder of the cold trap apparatus
      from the economizer 15 and the liquid-metal system 11. The return flow of
      liquid metal leaving the economizer 15 returns to the liquid-metal system
      11 through pipe 25.
PAR  A pressure vessel or tank 27, referred to as a crystallizer tank, is
      interconnected with pipes 17 and 19 to permit flow of the liquid metal
      through its inner volume. Tank 27 includes an outer wall that completely
      encloses its inner volume except for a number of inlets and outlets such
      as those for pipes 17 and 19 along with a vent outlet 29 and a drain
      outlet 31. Vent outlet 29 also serves as an inlet for gas flow as will be
      described below. Outlet 29 is also illustrated with a vapor trap 33 such
      as a tube containing suitable packing for demisting and condensing sodium
      vapor. The condensed liquid metal gravitates back into tank 27.
PAR  Tank 27 is provided with a hollow cylindrical baffle 35 depending coaxially
      within the tank inner volume. Baffle 35 sealingly engages the top of the
      tank 27 and is disposed to separate the inlet at pipe 17 from the outlet
      at pipe 19 to direct the flow of liquid metal through two longitudinal
      passes through tank 27.
PAR  A major portion of the inner volume within tank 27 is filled with a
      metallic packing material 37. Packing 37 can be random wire mesh, fibers,
      wires, rings or other conventional packing material such as Raschig rings
      or saddles. Packing material 37, as well as baffle 35 and tank 27 and
      other exposed portions of the cold trap apparatus are made of a metal or
      metal alloy that is resistant to molten sodium hydroxide, for instance,
      nickel or high nickel alloys would be suitable.
PAR  A blower 39 or other suitable means is provided for cooling tank 27 and its
      contents to a temperature at which oxide and hydride impurities
      crystallize onto the packing material 37. Ordinarily a crystallizer tank
      for a sodium-liquid-metal system would be operated at a temperature of
      100.degree.-200.degree.C.
PAR  Crystallizer tank 27 is also provided with means for heating its contents
      to a substantially higher temperature than that used for precipitating
      impurities. For sodium-liquid-metal systems with oxide and hydride
      impurities these temperatures will be in the range of
      412.degree.-550.degree.C. The heating means will include a suitable energy
      source 41 and heat transfer component 43 in heat exchange relationship
      with tank 27. For instance, a conventional electrical resistance or
      inductance heating system will be suitable for this purpose.
PAR  Tank 27 includes means for monitoring the hydrogen partial pressure within
      its inner volume. This is illustrated by an absolute pressure gauge 30
      adapted to read pressures above and below atmospheric pressure. The
      pressure gauge is interconnected with an elongated and sealed tube 34 of a
      material that selectively permits hydrogen permeation, for instance, of
      nickel metal. The sealed tube includes a valve outlet connected to a
      vacuum source 36 to provide initial evacuation of gases other than
      hydrogen.
PAR  Drain outlet 31 within the lower portion of tank 27 is interconnected
      through a valve 32 to a smaller, closed tank 45. Tank 45 includes its
      inlet connected with outlet 31, a valved drain outlet 47 and a vent outlet
      49 complete with a sodium vapor trap 51. Suitable means are also provided
      for heating and cooling tank 45 such as electrical resistance component 53
      and blower 55.
PAR  A liquid-level indicator 57 is illustrated installed within tank 45.
      Various commercially available level indication type devices can be used.
      For instance, one having internal floats whose position can be determined
      through their effect on external electrical circuitry. Level indicator 57
      is illustrated with two floats 59 and 61 which can be used in a
      sodium-liquid metal system for determining if an upper level of molten
      sodium metal is present on a more dense level of molten sodium hydroxide.
      The density of molten sodium hydroxide is about twice that of molten
      sodium metal.
PAR  An inert gas supply 63, a hydrogen gas supply 65 and a molten metal
      reservoir 67 are illustrated diagrammatically in communication with tanks
      27 and 45 of the cold trap apparatus. The interrelationship of these
      components with the remainder of the cold trap apparatus is described
      hereinbelow with respect to the method of operation.
PAR  In the ordinary manner of operating a cold trap apparatus, liquid metal is
      withdrawn from a low temperature portion of the liquid-metal system 11.
      For instance, in a secondary heat transfer loop associated with a
      liquid-metal cooled reactor the withdrawal would be made downstream of the
      steam generator where the liquid metal would have a temperature in the
      neighborhood of 300.degree. C.
PAR  The liquid metal is cooled as it passes through economizer 15 and then
      enters the outer peripheral volume of tank 27 through line 17. Although
      not shown the entire inner volume of tank 27 is filled with the liquid
      metal as it flows downwardly outside baffle 35 through packing 37 and
      upwardly within the inner volume of baffle 35 to outlet line 19. Where
      sodium liquid metal is used, the temperature of the liquid metal is
      further cooled with blower 39 to a temperature of about
      100.degree.-200.degree. C. At these temperatures the solubility of sodium
      oxide and sodium hydride in liquid sodium are reduced below the
      concentration of these impurities within liquid sodium at the system
      operating temperatures. Consequently, these hydride and oxide impurities
      will crystallize within the flowing sodium metal and deposit on or be
      filtered out by the packing material 37.
PAR  After a substantial period of operation, the lower portion of tank 27 will
      become partially or fully clogged with the solidified impurities such that
      the flow of liquid metal through the crystallizer tank 27 will be
      substantially reduced. When this occurred in previous cold trap
      operations, the crystallizer tank 27 was removed from the system and
      discarded along with the packing and sodium metal. A new and clean tank
      would then be installed. In order to avoid frequent resort to this
      wasteful operation, large volume tanks were employed as crystallizer
      tanks.
PAR  With the improved cold trap apparatus and method of the present invention,
      the crystallizer tank 27 remains installed for the entire life of the heat
      transfer system. When the flow of liquid metal through the crystallizer
      tank becomes substantially impeded by the accumulation of solid
      impurities, the crystallizer tank 27 is unloaded in accordance with the
      method of the invention. Consequently, a smaller tank can be selected than
      would previously have been selected for a similar operation. Merely by way
      of example a liquid-metal-cooled reactor rated at 300 megawatt might now
      be served by a 1000 liter crystallizer tank while previously a 3000 liter
      tank would have been required.
PAR  In unloading the crystallizer tank 27, outlet valve 21 is closed and a
      small volume of inert gas is added through vent outlet 29 to act as a
      cushion within the tank. Valve 23 is closed to isolate the crystallizer
      tank from the liquid metal system. The liquid metal is then drained
      through drain outlet 31 into the molten metal reservoir 67. Most liquid
      metal heat transfer systems include a drain tank which can serve as
      reservoir 67. This operation can be facilitated by stopping the blower
      cooler 39, heating the drain line 31 and adding an inert gas such as argon
      through vent outlet 29 to displace the liquid metal. If crystallized
      impurities have blocked drain line 31, a small reverse flow of liquid
      metal from reservoir 67 can remove the blockage.
PAR  After draining the sodium from the crystallizer tank, valve 66 to reservoir
      67 is closed and valve 32 to the small waste tank 45 is opened. The
      material within crystallizer tank 27 is heated to a temperature in excess
      of 412.degree. C. to bring about the following reaction.
EQU  Na.sub.2 O (solid) + NaH (solid) .fwdarw. NaOH (liquid) + 2 Na (liquid)
PAL  Within the sodium-oxygen-hydrogen system at large concentrations of
      hydrogen and oxygen, 412.degree. C. represents a temperature about which
      the above reaction at eqilibrium favors sodium hydroxide and sodium metal.
      (See ANL-7868, "Sodium Technology Quarterly Report", July-September 1971,
      Argonne National Laboratory, March 1972, pages 44-45.) After heating the
      sodium hydride and sodium oxide within crystallizer tank 27 to a
      temperature of about 450.degree. C. which is sufficiently above
      412.degree. C. to urge strong reaction to sodium hydroxide and sodium but
      yet not so high as to cause severe material stress and corrosion, the
      sodium hydroxide as thus produced will drain into the waste tank 45 which
      is heated to the same temperature as tank 27. Level indicator 57 can be
      monitored to determine when the reaction is complete. Laboratory tests
      illustrated in the Examples given below indicate that the reaction will be
      substantially complete after about 24 hours.
PAR  The hydrogen partial pressure within crystallizer tank 27 is then monitored
      to determine if excess sodium hydride or sodium oxide remains. This is
      accomplished by evacuating nickel tube 34 to a subatmospheric pressure
      with vacuum source 36 and allowing hydrogen gas to diffuse to equilibrium
      in communication with hydrogen pressure gauge 30. After closing the valve
      to the vacuum source, hydrogen equilibrium pressure will ordinarily be
      obtained in about one-half hour within a tube of about 1 cm diameter by
      about 1 mm wall thickness. If the hydrogen pressure is substantially in
      excess of the equilibrium hydrogen pressure over sodium hydroxide at the
      system temperature and approaches the equilibrium hydrogen pressure over
      sodium hydride at that temperature then significant excess sodium hydride
      is most likely present. If, on the other hand, the hydrogen pressure is
      very near the equilibrium hydrogen pressure over sodium hydroxide, then it
      is likely that excess sodium oxide is present. As an example at
      450.degree. C. a pressure of 200-250 Torr (all pressures are given as
      absolute pressure) would indicate excess sodium oxide while a pressure in
      excess of 600 Torr would suggest excess sodium hydride.
PAR  In order to better illustrate these pressure temperature relationships,
      FIG. 2 is presented showing in curve A the equilibrium hydrogen pressure
      over sodium hydride obtained from an equation given for this relationship
      in Herold, Compt. Rend. 228, 686 (1949) and Banus et al., J. Am. Chem.
      Soc. 77, 2007 (1955). Curve B similarly shows hydrogen pressure over
      sodium hydroxide and 37 mole percent sodium metal taken from Mitkevich and
      Shikev, Russian J. Inorg. Chem. 11, 343 (1966). Curve C is also presented
      and will be identified below in connection with Example I.
PAR  Where excess sodium hydride is present, it is removed by venting the
      hydrogen vapor through outlet 29 until the hydrogen pressure within tank
      27 drops to some suitable value well below the hydrogen equilibrium
      pressure over sodium hydride, for instance, to 1 atmosphere pressure at
      450.degree. C. At these temperatures nearly all of the sodium hydride will
      dissociate into hydrogen gas and sodium metal. Where excess sodium oxide
      is present, additional hydrogen gas can be added to the system through
      vent outlet 29 from the hydrogen gas supply 65. At temperatures of
      412.degree. -550.degree. C., the hydrogen gas will react with sodium oxide
      to form molten sodium hydroxide which will then drain into waste tank 45.
      This step can be continued until the level in tank 45 stabilizes and a
      hydrogen pressure in excess of about 200-250 Torr e.g. about 400 Torr can
      be maintained within crystallizer tank 27.
PAR  One other method of providing hydride for reaction with excess sodium oxide
      is to return the crystallizer tank into operation within the liquid-metal
      system 11. This will be successful if excess sodium hydride is generated
      within the liquid-metal system. This may well be the case in liquid-metal
      heat transfer systems having interface with steam generators in which
      hydrogen gas produced by oxidation of the steam generator materials
      diffuses into the liquid metal flow. In other instances, such as in
      primary coolant loops within nuclear reactors, it may be desirable to
      introduce hydrogen gas into the liquid-metal flow to sweep out tritium or
      other radioisotopes from the heat transfer loop. This intentional
      introduction of hydrogen, of course, will cause sodium hydride to
      crystallize within the cold trap.
PAR  After the impurities have been drained as sodium hydroxide into waste tank
      45, heating is discontinued and the waste tank cooled such as with blower
      55. The waste tank is cooled to a reduced temperature that is still above
      the 318.degree. C. melting point of sodium hydroxide, for instance to
      about 350.degree. C. and the molten sodium hydroxide drained into a
      disposable container through outlet 47. If desired, the sodium hydroxide
      and sodium layers can be drained into separate containers.
PAR  The complete unloading operation is expected to last no more than 2 or 3
      days. During this interval most liquid metal systems will function quite
      well without a cold trap. To return the cold trap to operation within the
      liquid metal system, crystallizer tank 27 is valved off from the waste
      tank 45 and the flow of liquid metal reestablished through the economizer
      and the crystallizer tank.
PAR  In order to illustrate the operability of the described cold trap apparatus
      and method the following examples are presented.
PAC  EXAMPLE I
PAR  Equal molar amounts (approximately 3/4 gram mole each) of granular Na.sub.2
      O and NaH of undetermined purity were loaded into an approximately 2 cm
      diameter nickel capsule of about 15 cm length and sealed within a somewhat
      larger stainless steel outer capsule. The oxide was loaded first and then
      the hydride on top of it so as to maximize the transport required for the
      two to react completely. The outer capsule was connected to an absolute
      pressure gauge and a vacuum pump for near complete evacuation. The capsule
      was held at about 400.degree. C. for about 47 hours, about 430.degree. C.
      for about 22 hours, about 480.degree. C. for about 42 hours and about
      540.degree. C. for about 42 hours to produce the uncorrected hydrogen
      pressure readings that are plotted in curve C of FIG. 2. The values in
      curve C are somewhat lower than those calculated from the literature
      equation in curve A due to permeation of hydrogen through the outer
      capsule wall. Neutron radiographs showed that the bottom 2.5  cm of the
      hydride column reacted with the oxide in about 22 hours at 430.degree. C.,
      but further reaction was slow. Thus, sodium hydride remained in the
      capsule throughout the experiment and the hydrogen pressures plotted in
      FIG. 2, curve C, are approximately what would be expected with excess
      sodium hydride. After collecting the data in curve C of FIG. 2 an
      additional 10 days of heating at about 540.degree. C. consumed all of the
      hydride within the capsule and the hydrogen pressure dropped to about 250
      Torr in the outer capsule. The sodium hydroxide and sodium separated into
      two molten layers with the sodium at the top as expected. The nickel
      capsule was not attacked by the sodium hydroxide.
PAC  EXAMPLE II
PAR  A similarly arranged experimental capsule was loaded with about 28 grams of
      chips drilled from the bottom of an actual discarded cold trap. After 91
      hours of heating at about 480.degree. C., an approximately 1 cm layer of
      sodium hydroxide appeared at the bottom of the capsule. A neutron
      radiograph revealed that nearly all of the hydrogen appeared to be within
      the sodium hydroxide layer. Partial pressure of hydrogen was measured to
      be 220 Torr at about 480.degree. C. indicating that no free hydride was
      present. In order to consume the excess oxide that might be present,
      hydrogen was added into the outer capsule at about 480.degree. C. by
      repeatedly raising the pressure to 1500 Torr and allowing the hydrogen to
      diffuse inwardly through the nickel wall. After six days approximately 27
      mg of hydrogen was added in that fashion and the residual hydrogen
      pressure had risen to 800 Torr indicating that the excess oxygen had
      reacted. A neutron radiograph indicated that the sodium hydroxide level
      had increased from about 4 grams to  5 grams during the addition of
      hydrogen gas.
PAC  EXAMPLE III
PAR  A capsule similar to that used in Examples I and II was equipped with a
      21/2 cm. long column of nickel turnings supported on a nickel wire grill
      partway up the capsule length in order to simulate cold trap packing. The
      capsule was loaded with a mixture of sodium oxide and sodium hydride
      powder with an O/H atom ratio of 2. In 24 hours at about 480.degree. C.,
      an about 2.5 cm layer of sodium hydroxide formed below the packing. The
      hydrogen pressure reached a maximum of only 250 Torr in the outer capsule
      after 6 hours and dropped to 220 Torr after 89 hours.
PAR  Therefore, from the above examples it can be seen that oxide and hydride
      deposits within a sodium cold trap will react to form molten sodium
      hydroxide at temperatures of 412.degree. to 550.degree. C. The hydroxide
      forms a dense layer at the bottom of the vessel and will sink or drain
      through typical cold trap packing. By measuring hydrogen pressures excess
      hydride or excess oxide can be determined. For example, at about
      450.degree. C. a final pressure of approximately 600 Torr would be
      desirable. Pressures below 250 Torr would indicate excess oxide or
      pressures above 800 Torr would indicate significant excess hydride. The
      reaction of sodium hydrides and sodium oxides appear to be nearly complete
      in 24 hours at 450.degree. C if the materials are well mixed. If they are
      physically separated a longer time will be needed to drain the impurities
      as molten sodium hydroxide.
PAR  It is therefore seen that the present invention provides a novel method for
      the unloading of sodium cold trap which previously would have been
      discarded and replaced at a great waste of materials and man-hours. The
      method permits the determination and accommodation of either excess
      hydride impurities or excess oxide impurities as would be expected within
      a typical liquid-metal-cooled system.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of removing impurities including sodium hydride and sodium
      oxide from a liquid-metal system including a cold trap wherein said
      impurities deposit comprising:
PA1  heating said trap to form molten sodium hydroxide from the reaction of
      sodium hydride and sodium oxide;
PA1  monitoring the hydrogen partial pressure within said cold trap to determine
      excess sodium hydride; and
PA1  removing impurities from said system by draining said molten sodium
      hydroxide and by adjusting the partial pressure of hydrogen gas to a
      hydrogen pressure between the hydrogen dissociation pressure of sodium
      hydride and the hydrogen dissociation pressure of sodium hydroxide at the
      temperature of the materials within the cold trap.
NUM  2.
PAR  2. The method of claim 1 wherein liquid metal is removed from said cold
      trap prior to heating to form molten sodium hydroxide.
NUM  3.
PAR  3. The method of claim 1 wherein said cold trap is heated to a temperature
      of between 412.degree. to 550.degree. C.
NUM  4.
PAR  4. The method of claim 1 wherein said hydrogen gas is vented until a
      hydrogen partial pressure of less than 800 Torr is achieved at a
      temperature not less than 450.degree. C.
NUM  5.
PAR  5. The method of claim 1 wherein said hydrogen partial pressure is
      monitored at less than 250 Torr at not less than 450.degree. C. and
      hydrogen is added into said cold trap to react with excess oxides and form
      a drainable product.
NUM  6.
PAR  6. The method of claim 5 wherein sufficient hydrogen is added to said cold
      trap to increase said hydrogen partial pressure to more than 400 Torr at
      450.degree. C. after draining said molten sodium hydroxide.
NUM  7.
PAR  7. An improved cold trap apparatus for removing impurities from a
      liquid-metal system comprising:
PA1  a first tank having an inlet and an outlet interconnected with said
      liquid-metal system for flow of liquid metal therethrough;
PA1  means for varying the temperature of said first tank from a temperature at
      which said impurities are solid to a temperature at which said impurities
      form a melt;
PA1  a second tank interconnected with said first tank for receiving said melt
      formed of impurities; and
PA1  monitoring means for determining whether impurities remain in said trap.
NUM  8.
PAR  8. The cold trap of claim 7 wherein said liquid metal within said
      liquid-metal system includes sodium and said impurities include sodium
      oxide and sodium hydride, and wherein there is also included means for
      adding and withdrawing hydrogen from said cold trap in order to
      substantially achieve stoichiometric balance between said sodium oxide and
      sodium hydride in the formation of sodium hydroxide.
NUM  9.
PAR  9. The cold trap of claim 7 wherein there are included means for removing
      liquid metal therefrom while said impurities are in solid form.
NUM  10.
PAR  10. The cold trap of claim 7 wherein said temperature varying means are
      capable of varying said cold trap temperature between 100.degree. C and
      550.degree. C.
NUM  11.
PAR  11. The cold trap of claim 7 wherein said monitoring means comprising a
      pressure measuring device coupled to the inner volume of a rigid vessel
      constructed of a material which is selectively permeable to hydrogen gas,
      said vessel being exposed at its outer surfaces to the inner volume of
      said first tank to provide means of measuring the partial pressure of
      hydrogen gas within said first tank.
NUM  12.
PAR  12. The cold trap of claim 7 wherein said monitoring means include means
      for indicating liquid level within said second tank in combination with
      means for measuring the partial pressure of hydrogen gas within said first
      tank.
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ABST
PAL  A continuous autogenous multi-stage process for converting non-ferrous
      metal sulfides, in an oscillating, elongated, gently sloped, sealed,
      tiltable, rounded cross-section furnace, discharging crude metal or
      low-iron matte at one end, and silicate slag and sulfur dioxide-rich gas
      at the other end. The concentrates, fluxes, commercial oxygen, sulfur
      dioxide, a carbonaceous reducing agent and optionally other materials are
      introduced into the furnace in stages to provide a molten bath of slag and
      matte flowing countercurrently. Slag scavenging is accomplished by
      deconverting to produce low grade, cleansing matte in situ in the slag
      layer, followed by settling. At least a substantial proportion of the
      commercial oxygen is continuously blown in through injectors extending
      through the refractory lining of the vessel and communicating with its
      interior below the bath surface, where necessary with a protective fluid,
      desirably surrounding the oxygen. Oscillation of the converter causes the
      injected gases to sweep back and forth through the bath, and distributes
      the solids over its surface to provide bath turbulence and interphase
      contact. Off-gases are desirably recycled. Flexible control means and
      special apparatus are disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a converting process for the extraction of heavy
      non-ferrous metals from their ores and to apparatus.
PAR  It has preferred reference to the continuous converting of copper, nickel,
      cobalt or lead sulfides.
PAR  2. Description of the Prior Art
PAR  The continuous smelting and converting of sulfide minerals to matte or
      metal is an old concept well known in the art. As long ago as 1898,
      Garretson in U.S. Pat. No. 596,992 disclosed a three zone smelting,
      converting and slag settling procedure. He teaches a method for the
      continuous production of non-ferrous metals from their sulfide ores
      comprising the steps of continuous smelting of the sulfides in a fuel
      burning furnace with a long narrow slightly sloped bottom; the resulting
      matte flows continuously to one or more separate, but communicating,
      converters in series at one end of the furnace; there the matte is
      progressively and continuously blown to metal which is withdrawn; the
      resulting rich slag flows back continuously - countercurrently to the
      matte - through the smelting furnace, is impoverished by contact with the
      low grade matte therein, flows into a separate but communicating, slag
      setting zone at the other end of the furnace, and is there subjected to
      the heating and reducing action of charcoal; matte settles out and flows
      back to the furnace; and the cleaned slag is discharged.
PAR  The concept of the autogenous production of copper matte from sulfide
      minerals was disclosed in 1915 by Klepinger et al in U.S. Pat. No.
      1,164,653. He teaches the spraying of dry, finely divided copper sulfide
      concentrates with preheated air into a reverberatory-type furnace. The
      concept of slag cleaning by the washing and reducing action of iron
      sulfide was disclosed by Stout in U.S. Pat. Nos. 1,416,262 (1922) and
      1,544,048 (1925). He teaches progressive cleaning of molten
      copper-containing slags by their agitation and thorough mixing with
      pyrite, low grade matte or iron, followed by slag settling under quiescent
      conditions. Gronningsaeter disclosed in U.S. Pat. No. 2,426,607 (1947)
      apparatus for reacting slags to recover metals from them by subjecting the
      slags to reduction and mixing by injection of fuel and air through tuyeres
      into the body of the slags.
PAR  The concept of an elongated, slightly inclined, rotary furnace sufficiently
      long to provide substantially separate, continuous metal melting and
      refining zones was disclosed by Sherwood in 1970 in U.S. Pat. No.
      3,542,350. Much information pertinent to non-ferrous pyrometallurgy is
      furnished in many of the Reports of Investigation of the U.S. Bureau of
      Mines, e.g., "Autogenous Smelting of Copper Sulfide Concentrate", R.I.
      7705 (1973).
PAR  One of the present applicants disclosed in 1954, U.S. Pat. No. 2,668,107,
      autogenous smelting of copper and nickel sulfide concentrates by injecting
      dry sulfides with tonnage oxygen and flux into an impermeably encased
      chamber. Matte or metal and slag are continuously produced, the matte or
      metal is discharged from one end of the furnace, and the slag is
      discharged from the other end. The rich slag from the high grade matte end
      of the furnace is depleted of its metal values by employing the principle
      of countercurrent flow of matte or metal relative to the slag. If desired,
      after passage over a raised hearth barrier to separate the slag and matte
      layers, and, in any event, prior to discharge from the furnace, the slag
      is given a final cleaning by washing it with a shower of molten, low grade
      matte droplets rich in iron sulfide. Furnace off-gas contains a high
      concentration of sulfur dioxide. He also disclosed in 1961, U.S. Pat. No.
      3,004,846 and in subsequent U.S. Pat. Nos. 3,030,201; 3,069,254;
      3,468,629; 3,516,818; 3,615,361 and 3,615,362 the conversion of copper
      nickel and lead sulfide materials to metal, in appropriately operated
      topblown rotary oxygen converters. He teaches top blowing techniques using
      downwardly directed gas lances to impinge process gases of controlled
      analysis onto or through the surface of the bath at controlled
      temperatures. He also teaches the need for "a sufficiently high degree of
      agitation to provide efficient and effective gas-solid-liquid contact
      throughout the bath, which is conductive to efficient elimination of iron,
      sulfur and impurities" and he emphasizes "the extreme importance and
      necessity connected with strong induced turbulence of the furnace bath".
      Application of his turbulent bath principle "enhances heat transfer,
      increases the overall rate of the chemical reactions, minimizes
      compositional gradients within each phase and significantly reduces
      diffusion barriers between the slag and the sulfide phase".
PAR  In a 1950 publication "A Survey of the Thermodynamics of Copper Smelting"
      (Transactions AIME, Volume 188) one of the present applicants presented an
      analysis of the physical chemistry involved in the smelting and converting
      of mixtures of copper and iron sulfides to produce crude metal and waste
      slag. A major teaching is that "the chemical activities of oxygen and
      sulfur are two of the most important thermodynamic yardsticks to be
      applied to copper smelting processes". The publication also includes
      quantitative demonstrations that the production of crude metal and waste
      slag from sulfide concentrate should be regarded as a process of
      "progressive and controlled oxidation" in a "sequence of steps".
      Thermodynamic calculations provide numerical estimates of the oxygen and
      sulfur activities which prevail in conventional copper smelting,
      converting and fire refining operations. The publication discloses that
      the matte-slag systems characteristic of these operations are subject to
      "tremendous variation in oxygen pressure", as much as 10.sup.6 -fold. He
      teaches that these variations can be related to the practical problems of
      controlling matte and slag stoichiometry, operating temperatures,
      magnetite formation and slag losses. His subsequent publications disclose
      oxygen and sulfur activities in mattes and slags over the wide ranges of
      composition and temperature encountered in the smelting and converting of
      copper- and iron-containing sulfides.
PAR  During the past several years a number of skilled and forward-looking
      investigators have proposed a variety of ways and means for solving the
      serious problems connected with pyrometallurgical transformation of
      sulfide concentrates to metal in a continuous process. These include
      Worner, U.S. Pat. No. 3,326,671 (1967), Themelis et al, U.S. Pat. No.
      3,542,352 (1970), Maelzer et al, U.S. Pat. No. 3,687,656 (1972), and
      Morisaki et al. of Mitsubishi Metal Corporation. Despite their efforts
      none have satisfactorily overcome all of the crucial obstacles involved.
      In the first of these patents, operating complications and limitations are
      imposed by the three zone concept in the type of apparatus employed and by
      the reliance on top blowing techniques using downwardly directed gas
      lances. The second procedure utilizes concurrent flow of matte and slag.
      The white metal blowing section - where high oxygen and low iron sulfide
      activities are essential - is contiguous to the slag reducing section -
      where low oxygen and high iron sulfide activities are essential. The
      process has some of the restrictions characterizing current industrial
      operations because of the similarity of the apparatus employed to a
      conventional Pierce-Smith converter. The third patent describes a
      semi-continuous series of intricate operations in a multi-compartment
      apparatus, which include top blowing techniques using downwardly directed
      gas lances. The fourth procedure employs three separate, but
      communicating, individual furnaces for continuous smelting, converting and
      slag cleaning; it also relies on top blowing techniques using downwardly
      directed gas lances. This process retains several disadvantages of the
      established art.
PAC  SUMMARY OF THE INVENTION
PAR  It is an aim of the present invention to provide means of avoiding
      disadvantages of the prior art procedures and to provide positive economic
      and environmental advantages as will be described.
PAR  A preferred embodiment of the present invention involves a continuous,
      autogenous, multi-stage, countercurrent process for converting copper or
      nickel sulfide concentrates and fluxes to crude metal or low-iron matte,
      waste slag and sulfur dioxide. The converting reactions are disposed
      stagewise along the length of a slowly oscillating, elongated, gently
      sloped, rounded cross-section sealed furnace of a simple and symmetrical
      configuration, discharging crude metal or low iron matte at one end, and
      silicate slag impoverished in metal values and sulfur dioxide-rich gas at
      the other end; with staged introduction of sulfide concentrates, fluxes,
      commercial oxygen, sulfur dioxide, water, a carbonaceous reducing agent
      and iron sulfide at intermediate points along its length. The staged
      introduction of feed materials establishes the conditions essential for
      progressive oxidation along the length of the converter. Near the crude
      metal or low-iron matte discharge end, the activity of oxygen in the
      molten bath reaches a maximum sufficiently high to insure satisfactory low
      residual iron content in the value metal product; near the slag discharge
      end, activity of oxygen in the molten bath is brought to a minimum by
      introducing sulfur dioxide with a carbonaceous material, which reagents
      react with ferrous oxide in the slag to reverse the converting reaction so
      as to form, in situ, a cleansing nascent non-ferrous metal bearing iron
      sulfide.
PAR  A substantial proportion of the commercial oxygen is blown into the furnace
      through injectors extending through the refractory lining of the furnace
      and having openings communicating with the interior of the furnace beneath
      the surface of the liquid. The injector nozzles and refractory are
      protected during the introduction of the oxygen into the molten metal, by
      injecting along with the oxygen, protective fluids, either mixed with the
      oxygen or surrounding the oxygen streams. The injection of gas-protected
      converting oxygen, directed upwardly into the molten matte bath, through
      the refractory wall and below the liquid surface, minimizes slag, dust,
      refractory and other difficulties such as those caused by reliance on top
      blowing techniques using downwardly directed gas lances and provides
      unique capabilities for practical achievement of a multi-stage,
      progressive converting process; and the preferred vessel designed to
      exploit these capabilities provides highly flexible means for control of
      the chemical and physical environments necessary for efficient staging of
      the operations along the length of the apparatus.
PAR  Oscillation of the converter causes the injected gases to sweep back and
      forth through the molten bath, eliminates stagnant zones and distributes
      the sulfide concentrates and fluxes over the surface of the bath, and
      thereby imparts the controlled bath turbulence and intimate interphase
      contact required for effective approach to equilibrium stage separation.
      Furnace oscillation also promotes positive matte flow, decreases
      refractory degradation and increases injector nozzle life.
PAR  Control of temperature, oxygen potential and metal sulfide activity
      gradients along the length of the converter is readily and
      straightforwardly accomplished, by adjusting and proportioning the flow
      rates of sulfide concentrates, oxygen, sulfur dioxide, water, coal or
      other feed materials such as a hydrocarbon gas at their several points of
      entry. No fuelfired smelting zone is required with all its attendant
      disadvantages, because melting of the sulfide concentrates and fluxes is
      accomplished incidental to converting, utilizing the heat generated by the
      chemical reactions. Melting of the sulfide concentrates and fluxes may be
      largely accomplished by partial flash oxidation of the sulfides in the
      atmosphere above the molten bath. No refining zone is required because the
      object is to produce only crude metal or low iron matte, suitable as feed
      material for refining or other processing steps. The invention broadens
      the ranges of oxygen and metal sulfide activities characteristic of the
      prior art; it normally includes the controlled reversal of the converting
      reactions so as to apply deconverting to the extent required for slag
      scavenging purposes.
PAR  Another advantageous feature of this preferred embodiment of the invention
      is the use of recirculated sulfur dioxide - preferably recirculated
      furnace off-gas - for protection of the oxygen injectors and refractories,
      for furnace temperature control and for heat recuperation, for chemical
      reaction control in - and physical agitation of - the bath and for
      deconverting, all while maintaining a high sulfur dioxide content in the
      furnace off-gas. Sulfur dioxide has a significantly higher heat capacity
      and density than nitrogen, and does not contaminate furnace off-gas.
PAR  The invention is also embodied in preferred apparatus for carrying out the
      process. This apparatus includes an elongated, gently sloped, oscillable,
      rounded cross-section sealed furnace having discharge means at one end for
      a nonferrous metal-rich phase and discharge means at the other for slag
      and a discharge for off-gases at the slag discharge end. The sealing of
      the converter is important to prevent air ingress and/or sulfur dioxide
      leakage. The vessel is sloped at less than 5.degree. downwardly towards
      the metal-rich product discharge end and its bottom is stepped to provide
      a pool or reservoir at one end for the metal-rich product and toward the
      other end for slag separation. Means are provided for feeding concentrates
      and flux optionally with oxygen through the top onto the surface of the
      bath. Injectors extend through the refractory lining of the furnace
      through openings communicating with the interior of the furnace beneath
      the surface of the liquid. The injectors are equipped for blowing a
      protective gas during the introduction of the oxygen into the molten
      metal, along with the oxygen so as to protect the injectors and the
      surrounding refractories. There is means for oscillating the furnace
      slowly, e.g. through 20.degree. to 40.degree. and at 1 to  6
      reciprocations per minute and for tilting it, e.g. through 75.degree. for
      servicing the injectors. All feed and discharge connections are such that
      they permit this oscillation and tilting. Suitable means are provided for
      metering, regulating, and analyzing the feed and product materials to
      effect appropriate control as described herein.
PAR  Other features of the invention are furnished in the detailed description
      below.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate preferred embodiments of the
      invention. In the drawings:
PAR  FIG. 1 is a schematic diagram showing an elongated kiln-like vessel, of
      preferred configuration, in which the treatment of the invention may be
      carried out;
PAR  FIG. 2 is a vertical cross-section along the line 2--2 of FIG. 1; and
PAR  FIG. 3 is an equilibrium diagram which illustrates desirable relationships
      between physical-chemical variables in the preferred sequential converting
      process of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring more particularly to FIG. 1, a preferred treatment vessel is
      shown in the form of an elongated, gently sloped, rounded cross-section
      sealed furnace A which serves as a trough for a molten bath. The vessel is
      provided internally with a refractory lining which is stepped inwards at
      13 and the vessel is stepped outwards as at 4. An intermediate step may be
      included if required. The furnace walls may have heat exchangers, e.g.
      steam tubes; evaporative air cooling tubes; water jackets; to suit the
      process conditions. Suitable mechanisms are provided for introducing feed,
      e.g. sulfide materials and fluids. Introducing the sulfide materials above
      the surface of the molten bath avoids the refractory degradation and other
      difficulties which result from their introduction beneath the surface.
PAR  The vessel A is mounted for oscillation about its longitudinal axis, for
      example, through about 30.degree. and is tiltable, for example, through
      about 75.degree. to permit maintenance, for example, of the injectors.
PAR  With the process in operation the molten bath will layer out into a matte
      M, a slag S and a pool of crude molten copper C.
PAR  Copper sulfide concentrates and oxygen are mixed and introduced in staged
      ratios through several inlets, e.g., vortex sprayers, at 6, with minimal
      oxygen introduction at the entry closest to the slag scavenging operation,
      and flux is introduced through inlets as at 7, into the atmosphere above
      the molten bath. Oxygen, shielded by sulfur dioxide, is blown into the
      converter A below the matte-slag interface through the several injectors
      at 8 extending through the refractory lining of the vessel. The staged
      injection of oxygen at 8 progressively oxidizes the matte as it flows
      toward the copper discharge end, with formation of increasingly
      copper-rich matte and finally crude copper. Simultaneously, the iron
      silicate slag formed flows countercurrently toward the slag discharge end.
      The sulfur dioxide-rich gas evolved passes concurrently over the slag on
      its way to the gas outlet 9 equipped with a labyrinth seal.
PAR  Through the injector 10 there is introduced beneath the surface of the
      slag; coal, sulfur dioxide, and oxygen in amounts sufficient to establish
      strongly reducing conditions and bath turbulence. The resulting
      deconverting reaction scavenges the slag by formation of cupriferous iron
      sulfide in situ. Simultaneously, the slag is optionally washed with a
      finely divided iron sulfide introduced, preferably as a shower, at the
      inlet 11 which further depletes the slag of its copper content. Finally
      the slag flows slowly through a calm pool to the slag discharge 12. The
      low grade matte which settles out of the slag flows countercurrently
      toward the copper discharge end.
PAR  As the procedure described is taking place, the reactor is oscillated
      slowly through 30.degree. at three reciprocations per minute. The
      oscillation increases gas-liquid-solid contact for effective heat and mass
      transfer.
PAR  The injection of the commercial oxygen, sulfur dioxide and other gases as
      the reactor is reciprocated causes these gases to enter the molten bath at
      continuously different angles to its surface and thus reaches constantly
      changing parts of the bath, with resultant turbulence of both chemical and
      physical origin. Simultaneously, the copper-rich matte fraction flows
      towards the copper discharge end and the iron silicate-rich slag fraction
      towards the slag discharge end, so that in the longitudinal direction
      fresh bath is being continuously subjected to advantageous gas-liquid and
      liquid-liquid contact.
PAR  Also, as the reactor is reciprocated back and forth the concentrates and
      flux are fed into the atmosphere above the surface of the bath. Because
      the position of the feed entries is changing continuously with respect to
      the surface of the bath, the solids are distributed across its surface.
      Also, since the atmosphere above the bath is flowing towards the slag
      discharge end, the concentrates and flux fed are moving through the
      atmosphere transversely to its flow bringing about advantageous gas-solid
      contact. In sum, intimate interphase contact is achieved, bringing about
      efficient conversion of the concentrates to crude copper, low
      copper-containing slag and sulfur dioxide-rich gas.
PAR  The process may be started by first slowly heat soaking the refractories to
      about 1300.degree.C by the use of a fuel burner at port 3. Then
      concentrates may be introduced, e.g. partially flash converted for the
      time required to build up a shallow bath, maintaining enough gas flow,
      e.g. sulfur dioxide, through the injectors, to protect them, followed by
      normal operation of the converter. Alternatively, after refractory
      heat-soaking, matte may be poured into the furnace, followed by normal
      operation.
PAR  The reaction is autogenous and the operating temperature is maintained by
      the exothermic reaction, within a range effective to keep the metal and
      slag satisfactorily fluid and maintain high reaction rates, for example,
      within the range from about 1000.degree.C to about 1650.degree.C.
      Preferably the oxidizing conditions will vary progressively and
      sequentially within the converting region.
PAC  Process Control
PAR  Some of the qualitative aspects of the metallurgical control of a
      continuous converter will be apparent to those skilled in standard batch
      converting. However, the continuous process embodied in this invention
      provides, in addition, a number of highly flexible operating controls
      which are used in concert to establish and maintain a steady state of
      staged converting providing optimum metallurgical performance for wide
      ranges of compositions of sulfide concentrates and converter products.
      Primary stoichiometric control is based on metering and proportioning the
      total feed rates of sulfide concentrates, fluxes, and oxygen to obtain
      continuous production of a crude metal or low-iron matte product, a waste
      slag carrying substantially all the iron along with a sufficiently high
      content of silica and other fluxing oxides to give desirable slag
      properties, and an SO.sub.2 -rich effluent gas containing a small excess
      of oxygen. Short-term fluctuations in the chemical compositions and
      converting behavior of the solid feed materials, or other divergences from
      the desired steady state proportioning of the total input materials will
      be absorbed by accumulation or depletion of the matte and/or metal layers
      in the converter, these layers thus serving as a large stabilizing
      reservoir within the furnace. Accordingly, stoichiometric control of the
      ratio of total oxygen input to total input of sulfide concentrates is
      facilitated by appropriate monitoring of the depth of the matte layer in
      the apparatus.
PAR  The distributions of oxygen inputs and sulfide concentrate inputs among
      their respective points of feeding along the length of the converter are
      regulated, as already mentioned, to establish the appropriate gradients of
      chemical conditions along the converter. More specifically, the ratio of
      oxygen to sulfides is at a minimum near the slag scavenging section with
      much less oxygen being fed than required to fully convert the sulfides
      being added in that section. A convenient practical criterion for making
      these adjustments is the ratio of ferric iron to total iron in the slag,
      which is determined by slag sampling and analysis. The optimum range for a
      given operation is established by trial, but a typical range in converting
      copper sulfide concentrates at 1300.degree.C is from a ferric iron: total
      iron ratio of 0.2 or higher at the metal discharge end down to 0.06 at the
      waste slag discharge end.
PAR  In the slag scavening section, the quantities of iron sulfide, coal,
      SO.sub.2, and O.sub.2 are adjusted to cause the continuous formation,
      within the slag layer, of low grade matte, e.g. less than 20% Cu, which
      settles through the slag and cleans the value metal from the slag to a low
      level before the slag is discharged from the furnace. The oxygen injected
      with the coal provides partial combustion of the coal, for formation of a
      hot, strongly reducing gas and localized heating to meet thermal
      requirements of the deconverting reactions. As already pointed out, the
      ratio of ferric iron to total iron provides a useful operating criterion
      for guidance in the adjustments of input materials into the slag
      scavenging stage and this ratio preferably is brought substantially to a
      minimum by such adjustments.
PAR  A wide range of temperature control is available to the operator,
      independently of the proportioning of oxygen and sulfide, by varying the
      quantity of the recirculated SO.sub.2. Further flexibility is available,
      as needed, by the use of water or by the substitution of hydrocarbon
      shielding fluids for SO.sub.2 or by varying the temperature of the
      SO.sub.2. Through all these means, the operator can readily control the
      temperature, at high level, throughout the converter, e.g. so that the
      fluid high silica slag needed for rapid reaction and clean separation is
      achieved, without localized overheating and resulting excessive erosion of
      injectors and refractories.
PAR  The various product streams are monitored continuously, using on-stream or
      rapid analysis instrumentation. Also, the temperatures are continuously
      determined along the length of the converter.
PAR  When fixation of all the sulfur in the converter off-gas - for instance
      mainly as elemental sulfur - cannot be justified, the applicants'
      preferred alternative is to treat the gas by what they term
      "deconverting". In this operation, carried out in a separate apparatus,
      the SO.sub.2 -rich off-gas is injected, together with carbonaceous
      reducing agent and commercial oxygen, into the molten waste iron silicate
      slag from the converter so as to fix most of the sulfur in the gas as
      liquid iron sulfide. This may be cast and stockpiled to conserve both the
      sulfur from the gas and the iron from the slag for future consumption. A
      fraction of the liquid iron sulfide may be granulated in water and
      recycled to the converter for stag cleaning purposes. If it is desired to
      fix substantially all of the sulfur in this form, additional iron required
      can be supplied by feeding the deconverting furnace any suitable iron
      source material, e.g. scrap such as junk automobiles, or other slags.
      Judicious amounts of lime can, of course, be employed to maintain slag
      fluidity.
PAR  Sulfur fixation in this matter represents an extension of the slag cleaning
      procedure utilized in the continuous oxygen converter, and thus can be
      carried out in a continuously operating furnace of quite similar design,
      with appropriate injection of oxygen, sulfur dioxide, and carbonaceous
      reducing agent. Those skilled in the art will recognize that deconverting,
      using SO.sub.2 -rich gas, can also be carried out in other apparatus,
      quite similar to the water-jacketed slag fuming furnaces commonly used in
      treating slags, with pulverized coal and air mixtures, for other purposes,
      e.g. zinc recovery.
PAC  Physical-Chemical Variables
PAR  The equilibrium diagram of FIG. 3 illustrates the relationship among some
      of the most important physical-chemical variables at various stages of the
      applicants' sequential copper converting process. Following common
      practice among chemical metallurgists, the oxygen activity is measured by
      log (P.sub.CO.sbsb.2 /P.sub.CO), and the temperature is measured by the
      reciprocal of absolute temperature. The minimum oxygen activity required
      to form metallic copper from white metal copper sulfide, at a given
      temperature, is shown by the line at the top of the Figure. If an iron
      silicate slag with FeO activity (a.sub.FeO) equal to 0.35 is present, on
      the other hand, the oxygen activity at a given temperature must be kept
      below the line corresponding to solid magnetite formation. The succession
      of lines for different values of iron sulfide activity correspond to
      successive stages of converting, because the copper content of the matte
      increases as the activity of iron sulfide decreases. The conditions
      corresponding to low grade mattes and to low metal contents in the waste
      slag lie just above the line for a.sub.FeS equal to 1.0.
PAR  FIG. 3 also depicts the reversibility of the principal converting reaction:
      ##EQU1##
PAR  If the oxygen activity is maintained below the line for a.sub.FeS equal to
      1 - by using an appropriate reducing agent - then SO.sub.2 gas at
      atmospheric pressure will react with the FeO and copper, nickel and cobalt
      oxides, in the slag, to form a non-ferrous metal-bearing iron sulfide, the
      reverse of the usual converting reaction. It seems appropriate, therefore,
      as has been done in this disclosure, to term these reactions
      "deconverting".
PAR  Examples of deconverting reactions, utilizing carbonaceous reducing agents
      and sulfur dioxide are as follows:
EQU  SO.sub.2 + FeO (slag) + 3C .fwdarw. FeS (matte) + 3CO
EQU  SO.sub.2 + FeO (slag) + 3CO .fwdarw. FeS (matte) + 3CO.sub.2
EQU  SO.sub.2 + Cu.sub.2 O (slag) + 3C .fwdarw. Cu.sub.2 S (matte) + 3CO
PAR  To achieve the low levels of slag oxygen activity required for
      deconverting, it is necessary to reduce slag ferric oxide content to a
      relatively low level by use of a reducing agent. For example, if at
      1350.degree.C a slag oxygen activity equivalent to log (P.sub.CO.sbsb.2
      /P.sub.CO) of 0.5 is desired - so as to be below the line for a.sub.FeS =
      1 in FIG. 3 - the proportion of ferric iron present must be less than 6%
      of the total iron content of the slag.
PAR  Thus, a major achievement of the present invention has been to provide a
      process embodying a progressive and controlled sequence of oxygen and
      other activities, ranging in a systematic fashion from the high oxygen
      activity necessary to oxidize the great bulk of the iron and sulfur in the
      feed so as to discharge a product high in metal value at one end of the
      converter, down to the low oxygen activity required at the other end of
      the vessel to discharge a slag low in metal values.
PAR  For the specific conditions represented in FIG. 3 and for an operating
      temperature of approximately 1600.degree. Kelvin (1327.degree.C), the
      general range of oxygen activities to be established and controlled is
      from a CO.sub.2 /CO ratio of about 100:1 down to a CO.sub.2 /CO ratio of
      about 5:1, corresponding to a 400-fold range in activity of 0.sub.2. In
      order to achieve such a range of oxygen activities in a continuous,
      substantially steady state reactor, it is necessary to supply oxygen at a
      pressure above that corresponding to CO.sub.2 /CO = 100 and to provide a
      reducing agent capable of lowering the CO.sub.2 /CO ratio below 5. Thus,
      when all process needs are taken into account, in the case of copper
      concentrate treatment, full realization of the thermodynamic process model
      requires positive and effective control of oxygen activity over as much as
      a 1000-fold range.
PAR  The thermodynamic feasibility of an equilibrium model, though an essential
      requirement, is, of course, not sufficient to demonstrate the feasibility
      of a large scale continuous pyrometallurgical process. The applicants'
      design is also based on stoichiometric and thermal balances among the
      interacting streams of solids, liquids, and gases flowing through the
      system. Appropriate residence times and fluid flow conditions have been
      provided to achieve the necessary heat and mass transfer. The applicants'
      apparatus also has the physical configurations and capabilities needed to
      meet process requirements efficiently including control of essential
      operating variables. Thus, the converter can be designed for a very high
      capacity, adequate for single unit treatment of several thousand tons of
      solid charge daily. Important information relevant to these considerations
      is available in the technical books written or edited by the applicants
      over the past two decades. The applicants' appreciation of the
      difficulties and shortcomings of existing pyrometallurgical practices, and
      their study of the attempts of others to solve these problems has led to
      the improvements over the prior art detailed in this disclosure.
PAC  Particular Concentrates
PAR  The concentrates treated are those which contain enough iron and sulfur to
      be substantially autogenous when reacted with oxygen-rich gas. Typical
      preferred analyses are contained in the following examples. The invention
      also contemplates that some or all of the sulfide feed material may be a
      pelletized wet concentrate, e.g. 8% free moisture, or even a concentrate
      slurry with water, e.g. 75% solids.
PAR  The invention is particularly useful in the recovery of nickel and cobalt
      from pentlandite concentrates. The concentrates are treated in the
      applicants' continuous oxygen converter for production of matte containing
      a large proportion of the nickel and cobalt in the concentrate and a slag
      containing a large proportion of the iron and a gas high in sulfur
      dioxide. The cobalt is removed from the discharged molten matte, for
      separate recovery. This may be through its conversion to chloride by
      reaction of the liquid sulfides with gaseous chlorine or by solvent
      extraction, using a molten salt mixture of sodium and nickel chlorides.
      The thus cleansed molten matte may then be fire refined to metallic nickel
      in a bottom-blown, non-rotary converter which is sealed and tiltable,
      using gasprotected injectors to blow commercial oxygen through the matte
      or metal from below the liquid surface, employing hydrocarbon gas
      shielding of the oxygen during the final stages of the blow.
PAR  The invention may also be advantageously employed in treating copper-nickel
      or cupro-nickel concentrates according to the invention to form a metallic
      copper-nickel alloy as the metallic phase. The alloy may be dissolved by
      aqueous chlorination and the dissolved metal chlorides subjected to
      solvent extraction for copper and nickel isolation and, pure copper and
      nickel may be recovered from the aqueous extracts by electrowinning.
PAR  In converting lead sulfide concentrates into lead, according to the
      invention, the following procedure may be employed. The lead concentrates
      are dropped continuously onto the surface of a slag covered molten lead
      bath in a sealed converter, of the type described herein, which is
      continuously blown with commercial oxygen employing submerged
      fluid-protected injectors. There is thus produced continuously a
      substantially zinc-free bullion and a sulfur dioxide-rich gas. The slag
      produced is continuously fumed in the converter by injection of
      carbonaceous material for the production of a low lead and low
      zinc-containing slag. The lead in the converter gas particulate matter may
      be continuously recycled.
PAR  Certain principles of the invention may be applied to producing copper,
      nickel, or cupro-nickel from their substantially iron-free sulfides. For
      example, there may be introduced below the surface of the molten bath of
      the sulfides contained in a tiltable sealed bottom-blown non-rotary
      converter an oxygen-rich gas having an oxygen content sufficient for
      autogenous conversion of the sulfides to metal. According to the
      invention, the gas is blown through the bath by means of appropriately
      positioned fluid-protected injectors extending through the refractory wall
      of the converter to openings in its lower part below the bath surface.
      Pneumatic bath turbulence is thus created for effective interphase
      contact. The gas flow rates are regulated so that bath temperature is
      maintained at uniform controlled levels effective for high reaction rates
      between oxygen and sulfur and so that the quantity of oxygen reacted is
      only about the stoichiometric amount necessary to convert substantially
      all the sulfur present in the bath to sulfur dioxide. Desirably, the
      protective fluid for the oxygen injectors is sulfur dioxide or water or
      both, until the sulfur content of the bath is less than about 5%, and then
      a hydrocarbon gas may be employed as shielding fluid for the remainder of
      the blow.
PAC  Gases
PAR  The term "commercial oxygen" is defined as a gas normally having more than
      90% free oxygen and it is preferred to employ commercial oxygen. The use
      of such oxygen permits, in addition to SO.sub.2 -rich gas production,
      furnace operation at temperatures higher than conventional, with
      accompanying kinetic and operating advantages in high reaction rates and
      in control of matte and slag fluidity, provided the metal injectors and
      surrounding refractories are protected, as taught herein, from the
      increased temperatures. With some concentrates, an autogenous process may
      be carried out using oxygen-enriched air, containing down to as little as
      40% oxygen, although introducing such large proportions of nitrogen into
      the system may be undesirable for environmental and other reasons. This is
      a higher oxygen level than normally tolerated by the standard Pierce-Smith
      converter, which suffers from over-oxidation and over-heating near the
      tuyeres and from relatively poor interphase contact, poor temperature
      distribution, and limited control of oxygen activity.
PAR  In the applicants' process, the furnace off-gas normally has a sulfur
      dioxide content over 70% dry basis and preferably over 80%, and is
      substantially free of nitrogen oxides. Converter off-gas is passed through
      steam raising boilers for power generation purposes. It is then suitably
      cleansed of substantially all of its particulate matter content, and most
      of the copper, nickel or lead in the latter recycled to the process. The
      sulfur dioxide injected into the converting operation is normally recycled
      converter off-gas.
PAR  The amounts of SO.sub.2 added, as a protective fluid, or otherwise will
      range from about 0 to about 150% by volume of the oxygen, measured at
      standard normal temperature and pressure, that is at 0.degree.C and one
      atmosphere of pressure. Water may be added as an atomized fog in an amount
      within the range from 0 up to 25% by weight of the oxygen. The water may
      be added in the oxygen stream, in a shielding gas stream, or both.
PAC  Slag
PAR  A further advantage of the applicants' method and apparatus, with the
      flexible controls described, is the ability conferred to readily produce,
      when desired, ferrous silicate slags at higher than conventional
      temperatures, for example, over 1300.degree.C and at higher than
      conventional silica contents, e.g. over 39% silica, with consequent lower
      than conventional copper, nickel or cobalt losses owing to the
      satisfactory fluidity of the slags, their low density and low ferric iron
      concentration.
PAC  Products
PAR  The end product from copper sulfide concentrates may be a crude metal with
      a copper content of over 95% and an iron content of less than 0.2%, a
      sulfur content of less than 2% with a copper recovery of over 98%, or the
      process can produce a matte of over 75% copper, less than 1% iron and the
      balance sulfur and impurities, again with a copper recovery of over 98%.
      In the case of nickel, the end product may be a crude metal over 90%
      nickel, less than 1% iron, less than 5% sulfur for a nickel recovery of
      over 95%; or a matte of over 65% nickel, less than 5% iron with a cobalt
      recovery of over 75%. In either case the nickel recovery will be over 95%.
      In the case of lead, the end product may be a bullion of over 95% lead,
      less than 1% iron, less than 1% sulfur, with recovery of over 95% of the
      lead.
PAC  Oxygen Injection
PAR  The submerged oxygen injection, employed by the applicants, for converting,
      involves blowing fluid protected oxygen-rich gas into a molten bath
      through the refractory wall of a converter below the liquid surface. In
      certain applications of the present invention, such fluid protection may
      be similar to the general Savard-Lee concept disclosed in French Pat. No.
      1,450,718 (1966), which is hereby incorporated by reference. According to
      that concept, metal is refined, in batches, by blowing commercial oxygen
      into a molten bath through injectors extending through the refractory
      lining of a standard converter and having openings communicating with a
      lower part of the vessel beneath the metal surface. The injectors and
      surrounding refractories are protected, by surrounding the oxygen stream
      with a shielding hydrocarbon.
PAR  Contrariwise, for continuous converting of sulfide concentrates, in their
      special converter, the applicants normally prefer to employ the
      non-combustible gas, sulfur dioxide, as protective fluid. Also, when
      desirable for additional cooling purposes, the applicants may use atomized
      water in the central oxygen stream; also, atomized water may be introduced
      into a shielding fluid. In appropriate circumstances, either sulfur
      dioxide or atomized water, or both, is introduced into the oxygen stream
      as an alternative or supplement to their use in a surrounding shielding
      fluid. The oxygen may be blown in a direction from substantially
      horizontal to vertically upward.
PAR  The preferred process of the invention has been described as a continuous
      process made up of an integrated combination of steps and control features
      providing the special results described. Such combination includes, for
      example, the continuous process in which the metal-rich phase and the slag
      phase flow countercurrently, the slag and gas phases flow concurrently,
      and there are sequential stage converting and slag cleaning steps and, in
      which the vessel is oscillated. Some of these and other expedients of the
      preferred process are in themselves new and can be employed without other
      aspects. For instance, using submerged oxygen injection as described might
      be employed with other continuous slag cleaning expedients. Likewise, the
      slag scavenging or deconverting stage, as described, could also be applied
      to a molten slag bath resulting from other than the applicants' converting
      stage. While oscillation of the vessel provides preferred effects,
      acceptable results could be achieved without oscillation of the vessel.
PAR  The applicants' apparatus can be modified for use in discontinuous copper
      or nickel matte converting or fire refining operations, e.g. in a bottom
      blow non-rotary tiltable sealed converter, using fluid protected injectors
      to blow commercial oxygen directed upwardly or substantially horizontally,
      i.e. less than about 10.degree. below the horizontal through the matte or
      metal from below the liquid surface. The applicants' apparatus can be also
      modified for continuous iron-making and for the continuous oxygen
      converting of pig-iron into steel.
PAR  The present invention meets the need for a simple, flexible, economic
      continuous converting process with a superior capability for environmental
      conservation which is lacking in prior art proposals. Losses of value
      metals incurred by usage of the novel continuous single furnace unit are
      less than half those associated with conventional pyrometallurgical
      practice. Also, the cost of process off-gas treatment for sulfur fixation
      - either as iron sulfide or as elemental sulfur - is less than half that
      of similar fixation of sulfur in the off-gases from conventional practice.
      A main target of the applicants' invention is maximum utilization of the
      ore within boundary limits imposed by the market place on which the prior
      art fails to focus adequately. The use of applicants' method and apparatus
      permits simultaneously increased unit metal production capacity, decreased
      metal production costs, increased recovery of valuable components of the
      ore, and decreased environmental degradation.
PAR  Specific examples of preferred procedures will now be given to illustrate
      the invention in more detail.
PAC  EXAMPLE 1
PAR  One thousand metric tons per day of copper sulfide concentrates analyzing
      28% Cu, 28% Fe, 30% S, 7% SiO.sub.2 (dry basis) and containing 1% water,
      are continuously stage fed into a 6 meter .times. 36 meter converter
      constructed and operated in the manner indicated for FIG. 1, are flash
      converted at about 1330.degree.C with 320 tons per day of flux analyzing
      78% SiO.sub.2 (dry basis) and containing 5% water, and 280 tons per day of
      commercial oxygen analyzing 98% O.sub.2, 2% argon. The rates of both
      oxygen and concentrate introduction are judiciously controlled at the
      several vortex spray entries, the ratio of oxygen mixed with the
      concentrate introduced increasing progressively from minimal at the entry
      closest to the slag scavenging region, to a maximum at the feed entry
      closest to the metallic copper producing region. Water in the additional
      amount of 50 tons per day is introduced into the converter atmosphere for
      temperature control purposes. The molten matte so produced is blown in
      controlled stages at about 1330.degree.C by injection of 135 tons per day
      of commercial oxygen and 320 tons per day of sulfur dioxide as surrounding
      shielding gas and progressively oxidized to metallic copper in a
      controlled sequence of steps. 284 tons per day of crude copper analyzing
      98% Cu, 0.1% S are continuously discharged from the converter as indicated
      on FIG. 1. This product contains about 99% of the copper in the sulfide
      concentrate fed to the converter. The molten slag produced by these
      operations is scavenged at about 1330.degree.C by injection of 50 tons per
      day of a mixture of subbituminous coal, sulfur dioxide and oxygen in
      approximately a 5:4:1 weight ratio. Concommitantly the slag is washed by a
      shower of 25 tons per day of iron sulfide, following which the slag is
      settled in a calm pool and then continuously discharged at the rate of 800
       tons per day in a stream analyzing 0.2% Cu, 35% Fe, 40% SiO.sub.2. This
      product contains substantially all of the iron in the sulfide concentrates
      fed to the converter. The gas from the conversion operations is discharged
      continuously at a temperature of about 1330.degree.C and at a rate of 645
      tons per day in a stream analyzing 88% SO.sub.2, 9% CO.sub.2, 2% Ar, 1%
      O.sub.2 (dry basis). This product contains over 90% of the sulfur in the
      sulfide concentrate fed to the converter and is free of nitrogen oxides.
      The hot gas flows to boilers for steam raising and power generation and
      then to dry electrostatic precipitators, wet scrubbers and/or bag filters
      for dust recovery. Controlled fractions of the collected particulate
      material and cleaned gas are bled out for appropriate treatment and
      disposal, and the balance is recycled to the converter.
PAC  EXAMPLE 2
PAR  A pentlandite concentrate analyzing 15% Ni, 0.6% Co, 40% Fe, 30% S, 10%
      SiO.sub.2, is treated in the applicants' continuous oxygen converter for
      production of matte analyzing over 65% Ni, and containing over 95% of the
      nickel and over 75% of the cobalt in the concentrate, of a slag containing
      over 95% of the iron in concentrate, and of a gas analyzing over 75%
      SO.sub.2 (dry basis) and containing over 75% of the sulfur in the
      concentrate. The cobalt is removed from the discharged molten matte, for
      separate recovery, through its conversion to chloride by known procedures,
      e.g. by reaction of the liquid sulfides with gaseous chlorine or by
      solvent extraction using a molten salt mixture of sodium and nickel
      chlorides. If desired, the thus cleansed molten matte is then fire refined
      to metallic nickel in a bottom blown non-rotary converter which is sealed
      and tiltable, using gas protected injectors to blow commercial oxygen
      directed upwardly through the matte or metal from below the liquid
      surface, employing hydrocarbon gas shielding of the oxygen during the
      final stages of the blow.
PAR  In the case of nickel, there can be produced anything from nickel-rich
      matte, e.g. nickel sulfide containing more than 65% nickel and less than
      5% iron and in which most of the cobalt in furnace feed is recovered, to
      crude nickel metal containing less than 5% sulfur and less than 1% iron.
PAC  EXAMPLE 3
PAR  A copper-nickel concentrate of the following analysis is treated in a
      continuous oxygen converter similar to that described herein and shown in
      FIGS. 1 and 2: 16% copper, 4% nickel, 32% iron, 27% sulfur and 10% silica.
      There is produced (a) metallic copper-nickel alloy analyzing over 98%
      combined copper and nickel and less than 2% combined iron and sulfur and
      containing over 98% of the combined copper and nickel in the sulfide
      concentrate, (b) a slag containing over 98% of the iron in the sulfide
      concentrate, and (c) a gas analyzing over 80% sulfur dioxide (dry basis)
      and containing over 90% of the sulfur in the sulfide concentrate fed to
      the converter. Only when the copper in the concentrate amounts to over
      about 70l % of the combined copper-nickel content, will a metallic phase
      separate from and sink below the matte during the converting operation.
PAR  The metallic copper-nickel alloy product is dissolved by aqueous
      chlorination, the dissolved metal chlorides are subjected to solvent
      extraction for copper and nickel isolation, and pure copper and nickel
      metals are recovered from the aqueous extracts by electrowinning.
PAC  EXAMPLE 4
PAR  Lead concentrate, analyzing 72% lead, 3% zinc and 17% sulfur and fluxes are
      introduced continuously into the converter as plus 4 mesh galena pellets,
      to prevent gas or slag suspension of the particulate lead sulfide
      containing material, and dropped on top of a slag covered lead bath which
      is bottom blown with oxygen employing fluid-protected injectors for
      production of a substantially zinc-free lead bullion analyzing over 95%
      lead and less than 1% sulfur, and containing over 95% of the lead in the
      concentrate, and a gas analyzing over 70% sulfur dioxide (dry basis) and
      containing over 90% of the sulfur in the concentrate. The slag produced is
      continuously fumed in the converter, by coal injection, for lead and zinc
      recovery, and lead in the converter gas particulate matter is recycled.
CLMS
STM  We claim:
NUM  1.
PAR  1. A continuous process for recovering metal values from non-ferrous metal
      sulfide concentrates wherein a molten bath comprising a metal-rich phase
      and a slag phase is established and maintained beneath a sulfur
      dioxide-containing gaseous phase, in an elongated tiltable
      refractory-lined sealed furnace into which concentrates, flux and an
      oxidizing gas are introduced while value metal-rich material, slag and
      off-gases are separately removed, and wherein prior to removal from said
      furnace the slag is subjected to a cleaning treatment to reduce the value
      metal content thereof, characterized in that
PA1  a. the concentrates treated are selected from the group consisting of
      copper, nickel, cobalt and lead and combinations thereof;
PA1  b. the metal-rich and slag phases are withdrawn from opposite ends of the
      furnace whereby said phases are caused to flow countercurrent to each
      other throughout in substantially continuous lineate streams toward their
      respective outlets;
PA1  c. oxygen is introduced in gas concentrations and amounts effective to
      render the process autogenous;
PA1  d. at least a substantial portion of the oxygen introduced is blown
      upwardly into the molten bath, through several independently regulated
      subsurface injectors distributed lengthwise of said furnace along a
      substantial portion of the molten bath;
PA1  e. the solid feed materials are introduced stagewise into said furnace
      through several independently regulated feeders distributed lengthwise of
      said furnace along a substantial portion of the molten bath;
PA1  f. the sites and rates of introduction of oxygen and solid feed materials
      are located and regulated to provide a gradient of oxygen activity in the
      molten bath decreasing progessively and sequentially from a maximum
      effective for producing value metal-rich material of low iron content at
      its outlet to a minimum effective for producing slag of low value metal
      content at its outlet;
PA1  g. protective fluid is introduced through the subsurface injectors with the
      oxygen in regulated amounts effective for protecting the injectors and
      surrounding refractories and for aiding process temperature control; and
PA1  h. the subsurface combined gas injection rates are controlled to provide a
      minimal degree of bath turbulence effective for intimate interphase
      contact of reactants without substantial interruption of said lineate
      stream flow and oxygen activity gradient.
NUM  2.
PAR  2. The process of claim 1, wherein oxygen is introduced in volumetric gas
      concentrations of at least about 40%.
NUM  3.
PAR  3. The process of claim 1, wherein a portion of the oxygen introduced is
      mixed with dry, finely divided concentrates in amounts effective for flash
      oxidizing at least a portion thereof, and the mixture is sprayed into the
      atmosphere above the surface of the molten bath.
NUM  4.
PAR  4. The process of claim 3, wherein at least about two-thirds of the oxygen
      introduced is mixed with the concentrates.
NUM  5.
PAR  5. The process of claim 1, wherein prior to discharge from the furnace the
      slag is scavenged by directing upwardly through the slag a carbonaceous
      reducing agent, sulfur dioxide and oxygen in amounts effective to create
      strong reducing conditions and controlled turbulence in said slag to form
      metal sulfides in situ in said slag, and wherein said metal sulfides are
      separated from said slag.
NUM  6.
PAR  6. The process of claim 1, wherein the furnace is, gently sloped downwardly
      toward its value metal-rich material outlet, and slowly and continuously
      oscillated about its longitudinal axis.
NUM  7.
PAR  7. The process of claim 1, wherein the protective fluid comprises sulfur
      dioxide.
NUM  8.
PAR  8. The process of claim 7, wherein sulfur dioxide produced by the process
      is recycled to provide protective fluid.
NUM  9.
PAR  9. The process of claim 1, wherein the protective fluid surrounds the
      injector oxygen streams, and wherein the protective fluid comprises at
      least one fluid selected from the group consisting of sulfur dioxide,
      water and a hydrocarbon.
NUM  10.
PAR  10. The process of claim 5, wherein sulfur dioxide produced by the process
      is recycled for slag scavenging.
NUM  11.
PAR  11. The process of claim 1, wherein the concentrates treated are selected
      from the group consisting of copper, nickel and copper-nickel-cobalt
      concentrates, said concentrates and flux are fed into said furnace in
      proportions effective to provide a slag having a silica content of over
      about 39%, and the temperature of the slag is maintained at over about
      1300.degree.C.
NUM  12.
PAR  12. The process of claim 1, wherein lead concentrates are treated,
      substantially zinc-free lead bullion is produced, the slag is continuously
      fumed in the furnace by injection of carbonaceous material, the fumed slag
      is scavenged on its way to the slag outlet by directing upwardly
      therethrough a carbonaceous reducing agent, sulfur dioxide and oxygen in
      amounts effective to form metal sulfides therein, said metal sulfides are
      separated from said slag, and lead in the furnace gas particulate matter
      is continuously recycled to said furnace.
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ABST
PAL  A method, compositions and articles are described for the direct addition
      of alloying metal to a molten metal to be alloyed, which provide more
      rapid dissolution of the alloying metal in the molten metal than has been
      possible heretofore. The alloying metal is added to the molten metal to be
      alloyed in finely particulate form in intimate admixture with a flux
      suitable for the purpose and finely particulate phenolic resin. The
      phenolic resin, in particle form, and preferably in the form of low
      density microballoons, is employed in an amount such that the ratio of the
      volume of the metalflux mixture to the volume of the microballoons is in
      the range from about 2:1 to about 12:1. The flux-alloying metal mixture
      contains about 3 to about 10% flux and about 90 to about 97% alloying
      metal, by weight of the flux-metal mixture. The compositions may be added
      to the molten metal bath in powder or lump form or may be incorporated in
      articles such as bags or briquettes containing the compositions. The
      method, compositions and articles are particularly useful for alloying
      aluminum and especially for the addition of manganese or chromium to
      aluminum. The preferred fluxes for alloying aluminum are non-hygroscopic
      metal salts, particularly chlorides and fluorides; a flux composed of 40%
      sodium chloride, 40% potassium chloride and 20% cryolite being especially
      useful for the addition of manganese or chromium to aluminum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well-known in the art that the rate of dissolution of an alloying
      metal in the molten metal to be alloyed is the limiting factor in the
      production of such alloys and that for this reason it is desirable to
      reduce to a minimum the time required to add and dissolve the additive
      metal. In the production of manganese alloys of aluminum, for example,
      manufacturers are willing to accept slightly higher manganese cost and
      somewhat lower manganese recovery in the alloy in order to increase the
      rate of dissolution of the manganese in the aluminum. Manganese-aluminum
      alloys are important materials and, indeed, constitute a large proportion
      of all aluminum products. Alloys of this type, other than so-called master
      alloys, generally contain no more than about 1.5% manganese, by weight,
      although alloys containing up to 2 to 3% manganese may be useful for some
      purposes. Master alloys, which are intended to be dissolved in molten
      aluminum to make ordinary manganese-containing aluminum alloys, may
      contain from about 4 to 30% manganese. As a rule, however, lesser amounts
      of manganese, i.e., from 1.5% down to as little as about 0.01% are
      employed in commercial aluminum alloys. For example, type 3003
      aluminum-manganese alloy, which contains from about 1.0 to 1.5% manganese,
      retains the high corrosion resistance of pure aluminum, but has much
      greater strength than commercial pure aluminum and also exhibits excellent
      forming and welding properties which adapt it for use in a wide variety of
      applications, such as aluminum foil and extruded shaped articles. Type
      5056 manganese-aluminum alloy, which contains about 0.01% manganese, is a
      well-known example of a low manganese type of aluminum alloy.
PAR  The direct addition of manganese metal to molten aluminum is difficult, due
      to the fact that the melting point of manganese (1245.degree. C.) is much
      higher than the melting point of aluminum (660.degree. C.). Moreover, the
      rate of dissolution of metallic manganese in molten aluminum is normally
      very slow. As might be expected, in general, the smaller the particle size
      of the manganese metal, the faster its rate of dissolution in aluminum.
      For example, manganese chips dissolve in molten aluminum more rapidly than
      larger lumps of the metal. Despite this observation, it is not possible to
      pursue this advantage to its ultimate conclusion and simply add finely
      powdered manganese to molten aluminum. This is due to the fact that when
      powdered manganese is added to a bath of molten aluminum it floats on the
      surface and is sintered to a hard crust, with the result that much of the
      manganese is oxidized and fails to be recovered as manganese metal in the
      final alloy. For this reason, powdered manganese has previously been added
      to molten aluminum chiefly in the form of briquettes formed from mixtures
      of powdered manganese with powdered aluminum. While such composite
      powdered manganese-aluminum briquettes provide better results than
      powdered manganese alone, they have not proven entirely satisfactory.
      Briquettes composed substantially entirely of manganese powder have been
      found entirely unsatisfactory since they do not dissolve in molten
      aluminum. More recently, however, it has been discovered that powdered
      manganese may be added to molten aluminum together with a flux without
      undue sintering of the manganese.
PAR  In view of the above, the most usual means of adding manganese metal to
      aluminum has been to prepare an aluminum-manganese master alloy containing
      from about 4 to 30% manganese by weight. Such master alloys have the
      advantage of dissolving relatively rapidly in molten aluminum and also
      provide homogeneous distribution of the manganese throughout the aluminum
      bath. Despite these advantages, such master alloys have presented handling
      and storage problems for both users and producers and have the further
      disadvantage of being uneconomically high in cost. Therefore, a need has
      long existed for a simple, economical method for adding manganese metal
      directly to molten aluminum in such a way as to provide rapid dissolution
      of the manganese in the aluminum. The foregoing specific illustrative
      comments are also generally applicable to the addition of chromium and
      other additives to aluminum and are also generally applicable to the
      addition of any alloying metal to any molten metal.
PAC  The Prior Art
PAR  The problems involved in the direct addition of alloying metal to a molten
      metal to be alloyed, and, in particular, to the addition of alloying
      ingredients to low alloy steels during tapping, are discussed in Saunders
      et al U.S. Pat. No. 2,935,397 issued May 3, 1960, which suggests the use
      of an organic binder in a mixture comprising one or more alloying
      materials. When such an addition agent is dissolved in a steel melt the
      organic binder burns and evolves gases which turbulently agitate the melt,
      thereby promoting uniform dissolution of the alloying materials. Suitable
      binders for this purpose are said to be abietic acid, wood rosins and
      higher melting derivatives of the latter, which will not cake during
      storage.
PAR  Brown et al in U.S. Pat. No. 3,592,637 issued July 13, 1971 describe a
      method for the addition of a wide variety of alloying ingredients to
      molten aluminum by the use of addition agents containing from 10 to about
      90% finely divided aluminum and 10 to 90% of the alloying agent.
PAR  The specific problem of adding manganese to aluminum is discussed in
      Austrian Patent No. 211,559 issued Oct. 25, 1960, which suggests that the
      manganese be introduced in the form of briquettes containing manganous
      chloride and other chlorides, with or without the addition of a fluoride.
      More specifically, the recommended briquettes would contain about 80%
      manganese powder, about 10% manganous chloride and about 10% of other
      chlorides, preferably 5% sodium chloride and 5% potassium chloride.
      Optionally, a fluoride capable of dissolving the deoxidation products
      formed during alloying may also be employed. Manganous chloride, an
      essential ingredient of these briquettes, being a hygroscopic material,
      tends to pick-up sufficient moisture from the atmosphere to cause
      excessively violent and even explosive agitation of the molten aluminum
      bath. For this reason, it would be not only difficult but dangerous to
      employ such briquettes on a commercial scale.
PAR  My co-worker, Jordan P. Tuthill, in U.S. Pat. No. 3,591,369 issued July 6,
      1971, has suggested the direct addition of manganese metal to molten
      aluminum by means of a manganese body such as a chip coated with a
      composition containing potassium fluoride and which forms a molten phase
      at the temperature of the molten aluminum. Inasmuch as pure potassium
      fluoride is a high melting salt, the coating must also contain at least
      one other chemically bound element which lowers the melting point of the
      coating sufficiently to provide a molten phase at or below 710.degree. C.
      which is about the upper limit of the normal alloying temperatures for
      aluminum. Such elements may be selected from the group consisting of
      sodium, aluminum, manganese, titanium and zirconium, which metals are
      preferably employed in the form of fluorides.
PAR  My co-workers, Kline, Yeh and Preston, have disclosed in U.S. Patent
      application Ser. No. 161,876, filed July 12, 1971, an improved method for
      alloying aluminum which comprises employing the fluxes of the Tuthill
      invention in conjunction with powdered manganese rather than manganese
      chips in order to achieve still more rapid dissolution of the manganese in
      the molten aluminum bath. In these compositions the powdered manganese
      makes up about 90 to 97%, and the flux about 3 to about 10% of the mixture
      by weight.
PAR  In view of the foregoing, it is apparent that despite significant advances
      in the art looking toward the direct addition of manganese to molten
      aluminum, a need remains for other methods for accomplishing this result
      in a convenient manner with acceptable recovery of manganese in the final
      alloy and improved rapidity of solution. Such a method which would also be
      applicable to the addition of chromium or other additives to molten
      aluminum or indeed to the addition of any alloying metal to any molten
      metal would, of course, also be greatly desired.
PAR  It is, therefore, a principal object of the present invention to provide a
      method to meet these recognized needs in the art.
PAR  More specifically, it is an object of the present invention to provide a
      novel rapid method for the addition of finely divided alloying metal to a
      molten metal bath and, in particular, a method of this type for the
      addition of powdered manganese or chromium to molten aluminum.
PAR  It is still another object of the invention to provide compositions and
      articles for the addition of powdered manganese and chromium to molten
      aluminum at a higher rate than has previously been possible while still
      maintaining an acceptably high recovery of the alloy metal in the final
      alloy and accomplishing these objects in a convenient, safe and economical
      manner.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention provides a method, compositions and articles for the
      direct addition of alloying metal to a molten metal bath in such a way as
      to overcome the disadvantages of the methods of the prior art and provide
      previously unattainable rates of dissolution of the alloying metal in the
      molten metal bath. While the invention is widely applicable to the
      addition of alloying metals to molten metals to be alloyed, it is
      especially useful for the addition of manganese and chromium to molten
      aluminum. Therefore, for reasons of simplicity, the invention will be
      described in detail herein in connection with the preferred embodiment in
      which manganese is added to molten aluminum. It is to be understood,
      however, that the specific description herein is equally applicable to the
      addition of chromium to molten aluminum and, indeed, is generally
      applicable to the addition of any alloying additive to any molten metal
      bath.
PAR  Any suitable flux may be employed in the present invention depending upon
      the particular alloying ingredients and molten metal to be alloyed;
      appropriate fluxes for each such system being well-known in the art. The
      preferred fluxes for the addition of manganese and chromium to aluminum
      are those described by my co-workers Kline, Yeh and Preston in U.S. Patent
      application Ser. No. 161,876, filed July 12, 1971; the disclosure of which
      application is incorporated herein by reference.
PAR  As noted above, the fluxes operable in the present invention must be
      capable of forming a molten phase at the temperature of the bath of molten
      metal. When the molten metal is aluminum, the flux should, therefore, form
      a molten phase at a temperature in the range from about 660.degree. C. up
      to about 710.degree. C. The manganese-flux compositions are added to the
      molten aluminum bath in amounts calculated to provide the desired
      concentration of manganese in the final alloy, e.g., from about 0.1 to
      about 1.5% or up to about 3% by weight of manganese in the aluminum alloy.
      Inasmuch as manganese-flux compositions contain about 90 to 97% manganese
      by weight, the amount of these compositions added to the aluminum is about
      the same order of magnitude, although somewhat higher (3 to 10%) than the
      percentage of manganese desired in the final alloy. The manganese-flux
      compositions also contain in intimate admixture therewith particulate
      phenolic resin as an essential ingredient; the ratio of the volume of the
      metal-flux mixture to the volume of the phenolic resin being in the range
      from about 2:1 to about 12:1 or 16:1. While a volume ratio of 1:1 or
      higher may be employed, if desired, such large amounts of phenolic resin
      are generally unnecessary and uneconomic. On the other end of the scale,
      amounts of phenolic resin below the 12:1 ratio such as 16:1 may be
      employed in some cases with satisfactory but usually less than optimum
      results. The preferred volume ratio of metal-flux to phenolic resin is
      about 4:1. It is preferred but not essential in all cases that the
      phenolic resin be in the form of low density microballoons of the type
      available commercially.
PAR  The powdered manganese-flux-phenolic resin additives may be handled in any
      suitable way for introduction to the molten aluminum as long as the
      additive composition is positively placed below the surface of the molten
      aluminum bath and any dross thereon. Any conventional means known to the
      art may be employed for this purpose. For added convenience, the powdered
      additives may be enclosed in a suitable consumable container for addition
      to the aluminum bath, e.g., a bag or envelope of aluminum foil, paper or
      moisture-proof laminate; preferably a polyethylene-aluminum foil-Kraft
      paper laminated bag is used. In another, but less preferred embodiment of
      the invention, the manganese-flux powder-phenolic resin additive may be
      formed into briquettes by conventional procedures and added in that form.
      Briquetting is not recommended, however, for phenolic resin microballoons
      since the compression required to form the briquettes tends to crush the
      microballoons and reduce their effectiveness, although such briquettes are
      still useful. For this reason, it would be preferable to use ordinary
      particulate phenolic resin in such briquettes. While good results may be
      obtained with briquettes containing particulate phenolic resin, it has
      been found that the addition of the new compositions in the form of a
      free-flowing powder, either as such or enclosed in an envelope, provides
      more rapid dissolution of the manganese in the aluminum than is normally
      achieved using compacted briquettes, particularly if a strong binder is
      required to form the briquettes.
PAR  While the invention is especially useful for adding manganese directly to
      the molten aluminum to provide alloys containing from about 0.1 to 1.5% or
      up to 3%, by weight, of the manganese, it may also be used to produce
      aluminum master alloys containing from about 4 to about 30% manganese by
      appropriate adjustment of the amounts of the new additive compositions or
      articles added to the aluminum bath, i.e., from somewhat more than 4 to
      somewhat more than 30% by weight of the additives, depending on the
      concentration of manganese in the additive. Similarly, chromium or other
      metal additive master alloys may also be produced in the same way.
PAR  The method of the invention and the new compositions, whether in the form
      of free flowing powders or briquettes, have been found to markedly
      increase the rate of solution of the additive metal, whether it be
      manganese, chromium or other metals, in the molten metal bath, and to
      provide excellent recoveries of the additive metal in the final alloy. The
      reason for the marked increase in solution rate is not presently
      understood, although it is clearly due to the presence of the particulate
      phenolic resin. It has also been observed that the lower the density of
      the phenolic resins employed, the better the results, in general. It
      appears that the low density resin aids in separating the manganese or
      other additive metal particles and thus reduces the sintering and loss of
      such additive metals. The low density phenolic resin also appears to aid
      in slowing the sinking of the additive metal to the bottom of the molten
      metal bath, thus aiding in solution. It has been found, moreover, that the
      particulate phenolic resin is far superior to the abietic acid and wood
      rosin binders of the prior art in promoting solution of the additive
      metals.
PAR  While the particle size of the manganese powder may vary widely, it is
      preferred that it be essentially minus 14 mesh, and primarily plus 100
      mesh. By this it is meant that substantially all of the manganese
      particles will pass through a standard 14 mesh screen and be retained on a
      standard 100 mesh screen. While it is, of course, desirable that the
      particle size of the manganese metal be relatively fine, i.e., minus about
      14 mesh in order to promote rapid dissolution in the molten aluminum, it
      is preferred that no more than about 20% by weight of manganese particles
      be minus 100 mesh, in order to prevent undue losses of manganese in the
      final alloy due to oxidation of such fines. The distribution of particle
      sizes within the stated range is not critical and various distributions of
      particle sizes within the above ranges have been found to be entirely
      suitable. For example, specific powdered manganese additives have been
      tested containing manganese particles of (1) substantially all minus 30
      mesh and plus 100 mesh; (2) substantially all minus 30  mesh and smaller;
      and (3) substantially all minus 20 mesh and smaller, all mixed with about
      10% by weight of flux based on the total flux-additive metal compositions.
PAR  The amount of flux required for best results depends to some extent upon
      the particle size of the manganese powder employed and the degree of
      oxidation of its surface; the finer the manganese powder, the greater the
      proportion of oxide on its surface, in general, and, therefore, the more
      flux required to hasten its solution. In general, if the particle size of
      the manganese powder is in the range from about minus 14 mesh to plus 100
      mesh, or minus 14 mesh and smaller with no more than about 20% minus 100
      mesh, about 3 to about 10% of flux, by weight of the total flux-additive
      metal compositions is employed. From these general considerations, those
      skilled in the art will be able to select an appropriate flux
      concentration within the about 3 to about 10% range, or at somewhat lower
      or higher concentration levels for larger or smaller mesh manganese
      particles, respectively.
PAR  The fluxes for addition of manganese to aluminum, as noted above, are
      chlorides or fluorides, or mixed chlorides and fluorides, which are
      capable of forming a molten phase at the temperature of the molten
      aluminum to which the manganese-flux-phenolic resin compositions are added
      in order to aid in the wetting of the manganese particles by the aluminum
      and thus facilitate solution of the manganese in the aluminum. Suitable
      fluxes of this type include those described in the Tuthill U.S. Pat. No.
      3,591,369 issued July 13, 1971, as noted above. The Tuthill patent teaches
      that potassium fluoride, which is an excellent flux, has a melting point
      of 810.degree. C., which is well above the 710.degree. C. normal upper
      limit of aluminum alloying temperatures and, therefore, when it is desired
      to alloy aluminum at a temperature below 710.degree. C., but above the
      melting point of aluminum (660.degree. C.) it is necessary to lower the
      melting point of the potassium fluoride by the addition of another
      chemically bound element. Suitable materials for this purpose include the
      chlorides and fluorides of sodium, aluminum, titanium and zirconium, and
      manganese fluoride. Manganous chloride is not desirable in a flux for
      aiding the dissolution of manganese in molten aluminum since, due to its
      hygroscopic nature, it normally carries with it sufficient moisture to
      cause unacceptably violent agitation of the molten aluminum bath.
      Otherwide, the chemical identity of the flux is not critical, however, so
      long as it is capable of forming a molten phase at the temperature of the
      aluminum bath and also serves to aid in the wetting of the manganese
      particles by molten aluminum. Suitable fluxes include MgF.sub.2, K.sub.2
      ZrF.sub.6, KF, AlF.sub.3, LiF, ZrF.sub.4, KCl, LiCl, MgCl.sub.2,
      ZrCl.sub.4 and mixtures of these salts. While K.sub.2 TiF.sub.6 is a
      particularly suitable flux, it is more expensive than the preferred flux
      of the invention, which consists of a mixture of KCl, NaCl and cryolite.
      An especially preferred flux consists of 40% KCl, 40% NaCl and 20%
      cryolite (Na.sub.3 AlF.sub.6). As noted above, other fluxes known to the
      art, but not specifically listed herein, may be employed with the
      additive-matrix metal systems with which they are normally used.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It is well-known to those skilled in the art that the rate of solution of
      an additive in a metal bath is a function of the temperature of the molten
      metal, the degree of stirring or other agitation, the geometry of the
      furnace or vessel and, of course, the particular additive and metal being
      alloyed. Therefore, no meaningful comparison of data from different tests
      may be made unless the tests were conducted under the same conditions. Of
      the several standard tests used in our laboratories to evaluate alloying
      additives, a test without any stirring of the molten metal bath has been
      found to best show the differences between various additives or methods of
      addition. While stirring is generally employed in commercial practice, the
      method and compositions of the present invention are so superior that such
      stirring may not be required.
DETD
PAR  The invention will now be illustrated in greater detail in conjunction with
      the following specific examples.
PAC  EXAMPLES 1 THROUGH 5
PAR  A crucible type pot furnace having a capacity of 400 lbs. of molten
      aluminum was employed in a series of tests. The additives were formulated
      using powdered manganese having a particle size of minus 20 mesh in one
      series. Two other series of tests were run using different batches of
      powdered manganese having a particle size of minus 30 mesh plus 100 mesh.
      All tests using these manganese size distributions were successful. The
      matrices of molten aluminum were 99.5+% pure aluminum and all tests were
      conducted without stirring with the molten aluminum at a temperature of
      about 746.degree. C. (1375.degree. F.). The additives were compounded to
      supply 5 lbs. (2268 g.) of manganese powder to the 400 lb. aluminum melt,
      i.e., about 1.25% manganese addition. The granular additives were placed
      in plastic-aluminum foil-Kraft paper laminated bags which were then
      introduced to the molten aluminum. The briquettes were added to the bath
      by means of a shovel without bagging. Three liquid metal samples were
      taken in each test, the first at 15 minutes after addition of the alloying
      additive, the second at 15.5 minutes and the third at 16 minutes. Each
      sample was analyzed for manganese by X-ray fluorescence according to known
      procedures. At the end of each test the melt was stirred, sampled again,
      and the alloy removed from the furnace. Any clinker remaining in the
      crucible was weighed. Such clinkers, which often remain after unstirred
      tests are supposedly the remainder of the manganese pile added to the
      melt.
PAR  In Example 1, the additive consisted of a bag containing 2268 g. of
      powdered manganese, 100.8 g. of potassium chloride, 100.8 g. of sodium
      chloride and 50.4 g. of cryolite (Na.sub.3 AlF.sub.6). The total weight of
      the salts constituting the flux was 252 g. which is 10% of the total
      weight (2520 g.) of the manganese flux mixture.
PAR  In Example 2, 18 g. of phenolic resin microballoons were placed in a bag
      with 2268 g. of powdered manganese and added to a 400 lbs. melt of
      aluminum to show the effect of the microballoons alone without any flux.
PAR  The present invention was illustrated by Example 3 in which the flux of
      Example 1 and microballoons of Example 2 were both bagged with 2268 g. of
      manganese powder.
PAR  The rosin of 3. et al U.S. Pat. No. 2,935,397 was used in Example 4 in
      which 18 g. of wood rosin was substituted for the phenolic microballoons
      of the present invention; the remainder of the bagged additive being the
      same as Example 3.
PAR  Finally, in Example 5, well-known prior art was illustrated in which 2268
      g. of manganese was added in the form of briquettes also containing 756 g.
      of aluminum, (i.e., 75% Mn - 25% aluminum briquettes).
PAR  The results of these tests are set forth in the table below.
TBL  __________________________________________________________________________
                                          Clinker                              
     Example                                                                   
          Ingredients (g.)          % Mn at                                    
                                          Weight                               
     No.  Mn  KCl  NaCl Na.sub.3 AlF.sub.6                                     
                              Other 15 mins.                                   
                                          (g.)                                 
     __________________________________________________________________________
     1    2268                                                                 
              100.8                                                            
                   100.8                                                       
                        50.4  0     .11   1352                                 
     2    2268                18.sup.(a)                                       
                                    .04   585                                  
     3    2268                                                                 
              100.8                                                            
                   100.8                                                       
                        50.4  18.sup.(a)                                       
                                    .90   0                                    
     4    2268                                                                 
              100.8                                                            
                   100.8                                                       
                        50.4  18.sup.(b)                                       
                                    .18   641                                  
     5    2268                756.sup.(c)                                      
                                    .50   1282                                 
     __________________________________________________________________________
      .sup.(a) Low density phenolic resin (microballoons)                      
      .sup.(b) Wood Rosin                                                      
      .sup.(c) Aluminum (briquettes)                                           
PAR  It will be seen from the data above that at the end of 15 minutes only
      0.11% of Mn was dissolved in the aluminum and a heavy clinker (1352 g.)
      remained at the end of the test when only the flux was mixed with the
      powdered manganese as in Example 1. In Example 2, when only the phenolic
      microballoons and no flux was used, the clinker was smaller (585 g.) but
      the manganese dissolved in aluminum after 15 minutes was only 0.04% or
      negligible. In Example 4, in which wood rosin was used in addition to the
      flux, the results were somewhat better than in Examples 1 and 2 with a 15
      minute manganese recovery of 0.18% and a clinker weighing 641 g. Example
      5, using 75% manganese-25% aluminum briquettes, which represents good
      prior practice, produced much better results than control Examples 1, 2
      and 4, with the 15 minute manganese recovery being 0.5%, although a large
      clinker (1282 g.) remained. Example 3, illustrating the present invention,
      gave by far the best results; the 15 minute manganese recovery being 0.90%
      which is 80% higher than that of Example 5, the next best result obtained
      in this series of tests. It should also be noted that no clinker
      whatsoever remained at the end of the test illustrating the present
      invention, thus showing marked superiority of the method of the invention
      over the methods of Examples 1, 2, 4 and 5.
PAR  The phenolic resin microballoons used in the specific examples herein are
      available commercially and have been described in Kirk-Othmer,
      Encyclopedia of Chemical Technology, Second Edition, (1968), Volume 15,
      page 207. The microballoons are hollow spheres 0.0015 inch in diameter,
      composed of one-step phenolic resins. A small amount of a heat-sensitive
      nitrogen-containing blowing agent is incorporated in the liquid phenolic
      resin which is then spray dried. In the spray drying operation the stream
      of liquid resin containing the blowing agent is first broken-up into a
      fine spray and then introduced to the hot zone of the dryer, where the
      heat causes the blowing agent to give off nitrogen and expand the spheres
      and simultaneously cure the resin.
PAC  EXAMPLES 6, 7 and 8
PAR  The test procedure employed in Examples 1 through 5 was repeated using
      three different proportions of microballoons to the manganese-flux
      mixture. The preferred flux of the invention consisting of 40% potassium
      chloride, 40% sodium chloride and 20% cryolite was employed. The manganese
      powder used in these tests which was designated minus 30-plus 100 mesh,
      was obtained by passing manganese powder through a 26 mesh commercial
      screen onto a 74 mesh screen; the openings of said screens being 0.0275
      and 0.0098 inch respectively. As before, the additives were charged to a
      400 lb. melt of aluminum; 5 lbs. of manganese (2268 g.) being added in
      each case. In Example 6, only 2% of the flux, by weight, based on the
      total weight of the manganese-flux mixture was employed. In Examples 7 and
      8, the amount of flux was increased to 10%, by weight, of the
      manganese-flux mixture. In Example 6 the volume ratio of microballoons to
      the manganese-flux charge was 1:4. Similarly, in Example 7 the ratio was
      1:16, and in Example 8, 1:12.
TBL  __________________________________________________________________________
                         EXAMPLE                                               
                         6     7     8                                         
     __________________________________________________________________________
     Charge                                                                    
         Mn (30.times.100)(Weight in Grams)                                    
                         2268  2268  2268                                      
         KCl             20.2  100.8 100.8                                     
         NaCl            20.2  100.8 100.8                                     
         Cryolite        10.1  50.4  50.4                                      
         Microballoons   18    4.5   6.0                                       
     % Flux              2     10    10                                        
     Microballoon: Mn-Flux Ratio                                               
                         1:4   1:16  1:12                                      
     % Mn at 15 minutes  .48   .26   .45                                       
     % Mn Recovery       87    99    87                                        
     Clinker (Weight in Grams)                                                 
                         358   0     0                                         
     __________________________________________________________________________
PAR  It will be seen from the data in the foregoing table that even at the 2%
      flux level of Example 6 with a microballoon to manganese-flux ratio of
      1:4, a good rate of solution of manganese was achieved. Based on this and
      other tests, it is believed that the useful lower limit of flux is about
      2%, and that at this level the microballoon to manganese-flux ratio is
      preferably as high as about 1:2, by volume. It will be seen from the data
      in the table above that when the amount of flux is raised to 10% and the
      microballoon to manganese-flux ratio may be reduced to about 1:12 and
      still achieve rapid dissolution of the manganese. Inasmuch as the rate of
      solution of the manganese drops off sharply at ratios below 1:12 as seen
      in Example 8, it is apparent that a ratio of about 1:12 or somewhat less
      is about the lower limit of the microballoon to manganese-flux ratio,
      although a somewhat lower ratio might be permissible if the proportion of
      flux were increased, e.g., up to about  20%, by weight.
PAR  A series of further tests were conducted employing 400 lb. aluminum melts
      with 5 lbs. of manganese (2268 g.) added together with varying proportions
      of the preferred 40% potassium chloride, 40% sodium chloride, 20% cryolite
      flux and varying proportions of microballoons. The proportions of flux
      were varied from 0 to 20%, by weight, of the manganese-flux mixture. The
      ratio of the volume of the microballoons to the volume of the
      manganese-flux mixture was varied from 1:2 to 1:8. The results of these
      tests, i.e, the percent manganese dissolved in 15 minutes and the percent
      of manganese recovery in each case are set forth below. The manganese
      powder used in these tests was the 30 .times. 100 powder described above.
TBL  __________________________________________________________________________
     NO-STIR SOLUTION RATE TEST RESULTS FOR                                    
     VARIOUS FLUX- AND MICROBALLOON RATIOS                                     
     %  Microballoon Ratio                                                     
     Flux                                                                      
          1:2     1:3     1:4      1:6     1:8                                 
     __________________________________________________________________________
      0 0.10% Mn at     0.04% Mn at      0.09% Mn                              
        15 minutes      15 minutes       at 15 minutes                         
        94% Mn          58% Mn           94% Mn                                
        Recovery        Recovery         Recovery                              
        No clinker      585 g.           594 g. clinker                        
                        clinker                                                
      5                 0.82% Mn at                                            
                        15 minutes                                             
                        86% Mn                                                 
                        Recovery                                               
                        No clinker                                             
     10 Two tests:                                                             
                0.82% Mn at                                                    
                        Two tests:                                             
                                 0.71% Mn at                                   
                                         0.74% Mn at                           
        0.93, 0.82                                                             
                15 minutes                                                     
                        0.96, 0.90 Mn                                          
                                 15 minutes                                    
                                         15 minutes                            
        Mn at 15        at 15 minutes                                          
        minutes 79% Mn           94% Mn  96% Mn                                
                Recovery                                                       
                        93, 87% Mn                                             
                                 Recovery                                      
                                         Recovery                              
        87, 75% Mn      Recovery                                               
        Recovery                                                               
                No clinker       No clinker                                    
                                         No clinker                            
                        No clinker                                             
        No clinker                                                             
     20 0.73% Mn at     0.81% Mn at      0.66% Mn at                           
        15 minutes      15 minutes       15 minutes                            
        87% Mn          87% Mn           90% Mn                                
        Recovery        Recovery         Recovery                              
        No clinker      No clinker       No clinker                            
     __________________________________________________________________________
PAR  The above data and the data of Examples 6, 7 and 8, indicate that the
      proportion of flux may range from about 2 to about 20% and is preferably
      about 10%, by weight, of the flux-manganese metal mixture; the remainder,
      80-98%, or preferably 90%, of the mixture being manganese. Similarly, the
      above data indicate that the proportion, volume to volume, of
      microballoons to flux-manganese mixture may be in the range from about 1:2
      up to about 1:12, the preferred volume ratio being about 1:4. At the 1:4
      ratio the weight ratio of microballoons to manganese-flux is about 0.71 to
      100 (90 Mn - 10 flux).
PAR  As is well-known, the rate of stirring has an affect upon the rate of
      solution of manganese in molten aluminum. Therefore, a number of different
      manganese alloying additives were tested under different stirring
      conditions in order to compare their rates of solution. Additive (A) was a
      composition of the present invention in a laminated bag containing 2268 g.
      of manganese, 100.8 g. of potassium chloride, 100.8 g. of sodium chloride,
      50.4 g. of cryolite and 18 g. of microballoons. Additive (B) was a
      commercial 75% manganese - 25% aluminum briquette. Additive (C) was a
      different brand of 75% manganese - 25% aluminum briquette. Additive (D)
      was the same as (A) except that the microballoons were omitted.
PAR  No stir tests were conducted as in Example 1 above with the aluminum bath
      at 746.degree. C. (1375.degree. F.) using each of the additives (A), (B),
      (C) and (D), the manganese content of the bath measured at 15 minutes, 30
      minutes, 45 minutes and 60 minutes and the results plotted as shown in
      FIG. 1. It is apparent from FIG. 1 that additive (A) of the present
      invention had the highest rate of solution in the molten aluminum.
PAR  The recovery of manganese at 15 minutes and the final recovery of manganese
      in each of the foregoing no stir tests is shown in the following table.
TBL  __________________________________________________________________________
     COMPARISON OF SOLUTION RATE AND RECOVERY                                  
     OF FAST DISSOLVING MANGANESE ADDITIVES                                    
     RAPID STIR TEST    REGULAR STIR TEST                                      
                                      NO-STIR TEST                             
     Mn Recovery  Final Mn                                                     
                        Mn Recovery                                            
                                Final Mn                                       
                                      Mn Recovery                              
                                              Final Mn                         
     in 15 mins.  Recovery                                                     
                        in 15 mins.                                            
                                Recovery                                       
                                      in 15 mins.                              
                                              Recovery                         
     Additive                                                                  
          (%)     (%)   (%)     (%)   (%)     (%)                              
     __________________________________________________________________________
     (A)  79.9    84.5  87.7    90.7  76.7    93.9                             
          81.0    89.9                                                         
     (B)  92.0    93.6  73.7    98.2  44.9    93.8                             
     (C)  92.3    95.0  71.3    100.8 25.5    94.8                             
     (D)  98.6    99.4  46.8    97.7  11.1    81.0                             
     __________________________________________________________________________
PAR  The above table also shows for comparison purposes, the manganese recovery
      after 15 minutes and the final manganese recovery for additives (A), (B),
      (C) and (D) in regular stir and rapid stir tests. The rapid stir test
      simulated a production shop having ideal furnace conditions and a very
      high rate of stirring seldom achieved in commercial practice. The regular
      stir test simulated furnace conditions and stirring which would be typical
      of a well run commercial operation. The unstirred tests, of course,
      illustrated the poorest conditions of commercial practice, i.e., poor
      furnace conditions and little or no stirring. Typical average commercial
      conditions would probably be somewhere between the conditions of the
      no-stir tests and those of the regular stir test.
PAR  The influence of temperature on the performance of additive (A) of the
      present invention was also determined by running a series of tests
      according to Example 1 at melt temperatures of 690.degree. C.
      (1275.degree. F.); 704.degree. C. (1300.degree. F.); 719.degree. C.
      (1305.degree. F.); 746.degree. C. (1375.degree. F.); and 760.degree. C.
      (1400.degree. F); respectively. The percentage of manganese in the melt
      was plotted against time in FIG. 2, for each of these tests.
PAC  EXAMPLES 9 AND 10
PAR  Two additional no-stir tests were conducted by the procedure of Example 1,
      employing a commercial particulate phenolic resin in solid form as opposed
      to the preferred microballoons.
TBL  ______________________________________                                    
                     Example                                                   
                     9       10                                                
     ______________________________________                                    
     Test Temperature  1375.degree.F.                                          
                                 1300.degree.F.                                
     Mn                2268      2268                                          
     KCl               100.8     100.8                                         
     NaCl              100.8     100.8                                         
     Cryolite          50.4      50.4                                          
     Phenolic Resin (solid)                                                    
                       36        18                                            
     % Mn at 15 minutes                                                        
                       .93       .89                                           
     Final Mn Recovery 92        93                                            
     Clinker Weight (grams)                                                    
                       372       0                                             
     ______________________________________                                    
PAR  The above data indicates that the solid phenolic resin also gave good
      results in terms of the rate of solution of the manganese.
PAC  EXAMPLES 11 - 16
PAR  In order to illustrate the use of the invention in dissolving powdered
      chromium metal in molten aluminum, the procedure of Example 1 was carried
      out using two different types of chromium, i.e., (1) aluminothermic
      chromium powder having a particle size of minus 60 mesh and an analysis of
      99.26% Cr, 0.11% Al, 0.31% Fe, 0.12% Si, 0.04% C and 0.01% S; and (2)
      electrolytic chromium of the same particle size having an analysis of
      99.48% Cr, 0.01% Al, 0.45% Fe, 0.007% Si, 0.021% C and 0.026% S. The
      additives contained 453.6 g. of chromium in an attempt to achieve a level
      of about 0.25% in the 400 lb. melt of aluminum. Example 11 was run using
      only the powdered chromium; Example 12 employed an additive of chromium
      powder and flux; and Example 13 was run with an additive of the present
      invention containing chromium powder, flux and 7 g. of microballoons, as
      shown below.
TBL  ______________________________________                                    
                 Example - (Weights in Grams)                                  
                 11     12           13                                        
     ______________________________________                                    
     Aluminothermic                                                            
                   453.6    453.6        453.6                                 
     Chromium Powder                                                           
     KCl                    20.2         20.2                                  
     NaCl                   20.2         20.2                                  
     Cryolite               10.1         10.1                                  
     Phenolic Micro-                     7.0                                   
     balloons                                                                  
     ______________________________________                                    
                 Example - (Weights in Grams)                                  
                   14       15           16                                    
     ______________________________________                                    
     Electrolytic                                                              
     Chromium Powder                                                           
                   453.6    453.6        453.6                                 
     KCl                    20.2         20.2                                  
     NaCl                   20.2         20.2                                  
     Cryolite               10.1         10.1                                  
     Phenolic Micro-                     7.0                                   
     balloons                                                                  
     ______________________________________                                    
PAL  All tests were conducted at 1300.degree. F. In Example 11, a no stir test
      employing only the aluminothermic chromium powder without flux or
      microballoons only 0.003% of chromium was found in solution after 15
      minutes and final recovery was 64% with no clinker, which indicated a very
      unsatisfactory solution rate. In Example 12 a no stir test in which the
      same metal was mixed with flux only, 0.025% of chromium was dissolved in
      the bath at the end of 15 minutes, final recovery being 81% with no
      clinker. Therefore, the flux increased the solution rate from 0.003 to
      0.025% at 15 minutes. In Example 13, the invention was illustrated by
      employing both flux and microballoons in a no stir test and a
      concentration of chromium of 0.07% was achieved at 15 minutes, with a 78%
      final recovery and no clinker. It is seen, therefore, that the invention
      provided a 20-fold increase in the level of dissolved chromium over that
      of Example 11, and a 280% increase over the solution rate with flux alone
      as in Example 12. In a regular stir test the composition of Example 13
      provided a still higher level of chromium (0.159%) in the bath after 15
      minutes with a 97% final recovery and no clinker.
PAR  Examples 14, 15 and 16 were conducted in the same manner as Examples 11, 12
      and 13 above but substituting the electrolytic chromium powder. In Example
      14, a no stir test using no flux or microballoons the 15 minute chromium
      solution level was again only 0.003%, final recovery being 69% with no
      clinker. In Example 15 using flux only with the powdered chromium, the 15
      minute solution level was only 0.015%, even less than Example 12, with a
      final recovery of 81% and no clinker. Example 16 illustrating the
      invention, gave a much better 15 minute chromium concentration in the bath
      of 0.08%, with 84% final recovery and no clinker. From the foregoing it is
      clear, therefore, that the invention does provide a marked increase in the
      rate of solution of powdered chromium in molten aluminum.
PAC  EXAMPLES 17 AND 18
PAR  It has also been found that chromium and manganese may be added to molten
      aluminum by means of alloys of these metals. Suitable alloys for this
      purpose are low carbon ferroalloys, i.e., ferroalloys containing up to
      about 2% carbon. To illustrate this fact, the procedure of Example 1 was
      followed in Example 17 using a low carbon ferrochromium having the
      following analysis: Fe 26.55%; Cr 72.95%; C .05%, and Si 0.32%. Similarly,
      the procedure of Example 1 was repeated in Example 18 using a low carbon
      ferromanganese having the following analysis: Fe 6.07%; Mn 92.45%; C
      0.06%; and Si 0.62%.
PAR  In Example 17, sufficient low carbon ferrochromium was used to add 0.25% of
      chromium to the aluminum melt. When this alloy was added in admixture with
      the flux of Example 1, after 15 minutes the concentration of chromium
      dissolved in the bath was 0.013%. The recovery of chromium was 69%, and no
      clinker was formed. In comparison, when the ferrochromium was admixed with
      both flux and microballoons as in Example 1, the 15 minute concentration
      of chromium dissolved in the bath jumped to 0.117%; total recovery of
      chromium being 91% and no clinker being formed.
PAR  In Example 18, sufficient ferromanganese was used to add 1.27% of manganese
      to the molten aluminum. When the ferromanganese was added alone without
      flux or microballoons only 0.07% manganese was dissolved after 15 minutes;
      the recovery being only 35%. A larger clinker weighing 2156 g. also
      remained. However, when the flux and microballons of Example 1 were
      admixed with the ferromanganese, a 15 minute dissolved concentration of
      0.55% Mn was obtained in the aluminum bath. The final recovery was 77%,
      with no clinker remaining.
PAR  While the invention has been described above in conjunction with certain
      preferred embodiments thereof, it is to be understood that these
      embodiments are merely illustrative of others which will now be apparent
      to those skilled in the art and that the invention is limited only by the
      prior art and the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition consisting essentially of particulate alloying metal
      selected from the group consisting of manganese, manganese alloys,
      chromium, and chromium alloys, substantially all of which is minus 14
      mesh, particulate phenolic resin, and a flux which forms a molten phase at
      the temperature of molten aluminum, the alloying metal constituting about
      90 to about 97% and the flux about 3 to about 10% of the total weight of
      alloying metal and flux, and the ratio of the total volume of the alloying
      metal and flux to the volume of phenolic resin being in the range from
      about 2:1 to about 16:1.
NUM  2.
PAR  2. A composition according to claim 1 wherein the phenolic resin is in the
      form of microballoons.
NUM  3.
PAR  3. A composition according to claim 1 wherein the alloying metal is
      selected from the group consisting of low carbon ferrochromium and low
      carbon ferromanganese.
NUM  4.
PAR  4. A composition according to claim 1 wherein the flux consists essentially
      of non-hygroscopic metal salts.
NUM  5.
PAR  5. A composition according to claim 4 wherein the non-hygroscopic metal
      salts are selected from the group consisting of metal chlorides, metal
      fluorides and mixtures of said chlorides and fluorides.
NUM  6.
PAR  6. A composition according to claim 5 wherein said metal chlorides are
      selected from the group consisting of the chlorides of sodium, potassium,
      aluminum, titanium and zirconium, and said metal fluorides are selected
      from the group consisting of sodium, potassium, aluminum, titanium,
      zirconium and manganese.
NUM  7.
PAR  7. A composition according to claim 6 wherein said flux is a mixture of
      sodium chloride, potassium chloride and cryolite.
NUM  8.
PAR  8. A composition according to claim 7 wherein said flux contains about 40%
      sodium chloride, about 40% potassium chloride and about 20% cryolite, by
      weight.
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ABST
PAL  A tough abrasion-resistant refrigeration-hardenable white cast iron
      containing as its essential alloying constituents about 2.5% to about 3.5%
      carbon, about 2.5% to about 3.5% manganese, about 12% to about 22%
      chromium, about 1% to about 2% silicon, about 1.5% to about 3.0%
      molybdenum, about 1% to about 2% copper, and the balance iron along with
      conventional residual elements and incidental impurities present in usual
      amounts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A variety of so-called low-alloy and high-alloy cast iron compositions have
      heretofore been used or proposed for use in the fabrication of components
      subject to severe abrasion during service, such as for example, for use in
      the fabrication of pump components for handling sand and abrasive
      slurries, chute liners, sand and shot blast equipment and cast liners in
      ore grinding mills and the like. Typical of such alloys are those
      described in U.S. Pat. No. 2,662,011 and U.S. Pat. No. 3,410,682,
      comprising high chromium white cast irons containing nickel and molybdenum
      as essential alloying constituents. It is conventional practice when
      casting components from such white cast irons to subject them to further
      heat treatments to enhance their hardness and wear resistance over that
      provided in the as-cast condition. In many instances, castings composed of
      prior art type white cast iron alloys having relatively thick sections, or
      sections varying in thickness cannot be satisfactorily heat treated to
      achieve optimum properties due to the susceptibility of such castings to
      damage or fracture during the heat treatment cycle.
PAR  The present invention provides a high-alloy nickel-free high chromium white
      cast iron which is composed of a novel combination of alloying
      constituents present in carefully controlled amounts such that the iron is
      possessed of good toughness and abrasion resistance in the as-cast
      condition. The mechanical properties of cast components can be further
      enhanced, even for castings having configurations which cannot ordinarily
      be heat treated in accordance with prior art practices, by subjecting them
      to a refrigeration hardening treatment, whereby further beneficial
      transformations in the microstructure of the alloy are effected.
PAC  SUMMARY OF THE INVENTION
PAR  The benefits and advantages of the present invention are achieved by a
      high-alloy white cast iron possessed of excellent toughness and
      wear-resistance in both the as-cast and refrigerationhardened condition
      and which contains, as its essential alloying constituents, from about
      2.5% to about 3.5% carbon, about 12% to about 22% chromium, about 1.5% to
      about 3.0% molybdenum, about 2.5% to about 3.5% manganese, about 1% to
      about 2% copper, about 1% to about 2% silicon, and the balance iron along
      with normal residual elements and incidental impurities present in the
      usual amounts. In accordance with a preferred embodiment of the present
      invention, the alloy contains from about 3% to about 3.3% carbon, about
      17% to about 20% chromium, about 1.9% to about 2.2% molybdenum, about 2.8%
      to about 3.2% manganese, about 1.1% to about 1.4% copper, about 1.4% to
      about 1.7% silicon, and the balance essentially iron.
PAR  The combination of the essential alloying constituents in the specific
      proportions specified minimizes the proportion of bainite and pearlite in
      the predominantly austenitic as-cast matrix microstructure, which upon
      refrigeration at temperatures usually below about -100.degree.F
      (-75.degree.C) for a period of several hours effects a transformation of
      some of the austenite to martensite. This transformation contributes to
      the excellent wear and abrasion-resistance of the resultant castings
      which, in combination with their toughness, high strength and corrosion
      resistance, renders them eminently suitable for a wide range of uses.
PAR  Additional benefits and advantages of the present invention will become
      apparent upon a reading of the description of the preferred embodiments
      taken in conjunction with the specific examples provided.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The composition of the white cast iron alloy comprising the present
      invention including the acceptable and preferred compositions thereof are
      herein described and are set forth in the subjoined claims in terms of
      percentages by weight, unless clearly indicated to the contrary.
PAR  The ranges of the acceptable as well as preferred proportions of the
      individual alloying constituents comprising the white cast iron
      composition of the present invention are set forth in Table 1.
TBL                TABLE 1                                                     
     ______________________________________                                    
     White Cast Iron Alloy Composition                                         
     Ingredient                                                                
               Useable Range, %                                                
                               Preferred Range, %                              
     ______________________________________                                    
     Carbon    2.5 - 3.5       3.0 - 3.3                                       
     Chromium  12.0 - 22.0     17.0 - 20.0                                     
     Molybdenum                                                                
               1.5 - 3.0       1.9 - 2.2                                       
     Manganese 2.5 - 3.5       2.8 - 3.2                                       
     Copper    1.0 - 2.0       1.1 - 1.4                                       
     Silicon   1.0 - 2.0       1.4 - 1.7                                       
     Iron      Balance         Balance                                         
     ______________________________________                                    
PAR  The principal alloying constituent of the white cast iron is chromium,
      which may range from as little as 12% to as high as 22%, and is preferably
      controlled between about 17% to about 20%. The chromium content
      contributes strength and toughness to the iron alloy and prevents the
      formation of a continuous network of brittle carbides, the presence of
      which in the microstructure would detrimentally reduce the toughness and
      impact resistance of the casting. Quantities of chromium less than about
      12% are undesirable due to formation of such continuous and brittle
      carbides, particularly when carbon is employed in the upper end of the
      permissible range, and also resulta in inadequate abrasion resistance and
      a decrease in toughness. On the other hand, quantities of chromium in
      excess of about 22% are undesirable because the amount of carbon which can
      be added, to maximize abrasion resistance, is limited due to poor
      toughness in high chromium alloys containing high carbon.
PAR  The amount of carbon is controlled within about 2.5% to about 3.5%, and
      preferably within a range of about 3.0% to about 3.3%. Quantities of
      carbon below about 2.5% are generally undesirable because inadequate
      hardness and abrasion resistance is exhibited by the resultant casting. At
      carbon concentrations above about 3.5%, undesirable coarse carbide
      needles, which reduce toughness, are present in the microstructure. In
      view of the foregoing, it is preferred to control the carbon content
      between a range preferably of about 3.0% to about 3.3%.
PAR  The molybdenum alloying constituent contributes strength and abrasion
      resistance to the resultant casting, as well as preventing formation of
      pearlite during cooling of the casting to room temperature. Quantities of
      molybdenum less than about 1.5% are insufficient to prevent the formation
      of pearlite in the matrix during cooling of complex commercial castings to
      room temperature, while quantities in excess of 3.0% are undesirable
      because, in the presence of high manganese contents, the austenite matrix
      formed in the casting is too stable to transform during subsequent
      refrigeration treatment. Particularly satisfactory results are obtained
      when the concentration of molybdenum is controlled within a range of about
      1.9% to about 2.2%.
PAR  The manganese alloying constituent also prevents formation of pearlite
      during the cooling of a casting to room temperature maintaining an
      austentic microstructure which subsequently can be transformed during the
      refrigeration hardening step. Manganese contents below about 2.5% are
      undesirable because pearlite can form too readily in complex commercial
      castings, while quantities in excess of about 3.5% are unsatisfactory
      because the austenite in the casting is made too stable and it will not
      transform to martensite in the refrigeration treatment.
PAR  The copper alloying constituent provides important transformation
      characteristics to the austenitic matrix when used in conjunction with
      manganese, silicon and molybdenum. The combination of these four elements
      in appropriate amounts render the austenite sufficiently stable to prevent
      the formation of pearlite on cooling complex commercial castings to room
      temperature, but permit the transformation of some of the austenite to
      harder and more abrasion resistant martensite during subsequent
      refrigeration treatment. Quantities of copper less than about 1% are
      ineffective in influencing the above transformation characteristics while,
      on the other hand, amounts greater than 2% are unsatisfactory due to
      increased stabilization of the austenite so that it will not transform
      readily to martensite during refrigeration.
PAR  The silicon constituent is an agent which tends to promote the formation of
      pearlite during cooling of the casting to room temperature. The silicon is
      added to raise the M.sub.s, martensite start temperature, enabling
      subsequent transformation of the predominantly austenitic microstructure
      to martensite, thereby achieving optimum hardness and wear resistance.
      Quantities of silicon in excess of about 2% are undesirable since
      quantities of this magnitude contribute toward the formation of pearlite
      in the microstructure of the casting while concentratons usually less than
      about 1% are unsatisfactory because the M.sub.s temperature of the casting
      will be too low for achieving the desired transformation of austenite to
      martensite during the refrigeration hardening treatment.
PAR  The remainder of the alloy consists essentially of iron along with
      incidental impurities and normal residual elements present in usual
      amounts. Included among conventional impurities are phosphorus and sulfur,
      which can be tolerated in amounts up to about 0.10% and 0.06%,
      respectively, without adverse effects on the properties of the cast iron.
PAR  Generally, cast components composed of the high-alloy white cast iron of
      the present invention can be satisfactorily employed in an "as-cast"
      condition due to the excellent hardness and wear resistance of the alloy
      and the tendency to undergo a mechanical transformation in service from an
      austenitic to a martensitic microstructure. It is usual practice,
      particularly in the case of cast components of relatively thick cross
      section, to subject them to stress relieving by heating them to a moderate
      temperature generally ranging from about 350.degree.F (175.degree.C) to
      about 500.degree.F (260.degree.C) for a period of about 1 hour plus about
      one hour per inch of casting thickness, followed by an air cooling step.
      Particularly satisfactory results are obtained when stress-relieving
      components in the temperature range of about 400.degree.F (205.degree.C)
      to about 450.degree.F (230.degree.C).
PAR  The refrigeration hardening treatment of castings constitutes a preferred
      practice in which the component in an as-cast condition is refrigerated by
      any one of a variety of techniques to a temperature generally below about
      -75.degree.F (-60.degree.C) for a period of time generally ranging from
      about 1 to about 6 hours, which will vary in consideration of the
      particular temperature employed, and the section size of the casting.
      Particularly satisfactory results are obtained by packing the casting in
      dry ice or immersing the cast component in a vessel filled with an organic
      solvent such as methanol in which blocks of dry ice are packed so as to
      effect a refrigeration of the casting to temperatures generally of about
      -100.degree.F (-75.degree.C). Refrigeration chambers are available which
      utilize liquid nitrogen as the cooling medium, and these may be used to
      achieve the desired transformation to martensite. Such transformation is a
      function of temperature, but it takes appreciable time to equalize the
      temperature in a complex commercial casting. Periods of about 2 hours,
      depending upon the specific mass of the casting, have been found
      satisfactory in most instances. It is also conventional, after the
      refrigeration hardening treatment, to subject the casting to a stress
      relief treatment in the same manner as hereinbefore described in
      connection with cast components in an as-cast condition.
PAR  It is further contemplated that cast components in an ascast condition can
      be austenitized by effecting a reheating thereof to a temperature ranging
      from about 1700.degree.F to about 1900.degree.F (925.degree. to
      1040.degree.C) and held at that temperature for a period of from about 2
      to about 6 hours at temperature. Particularly satisfactory conditions
      include a heating to a temperature ranging from about 1725.degree.F
      (940.degree.C) to about 1775.degree.F (970.degree.C) and a retention of
      the casting at that temperature for a period of from about 3 to 5 hours.
      At the conclusion of the dwell period, the casting is cooled to room
      temperature in still air, whereafter it is stress-relieved in the same
      manner as previously described. The foregoing treatment results in a
      casting in a so-called "austenitized and air-cooled condition".
PAR  In order to further illustrate the high-alloy white cast iron composition
      of the present invention, the following example is provided. It will be
      understood that the example is provided for illustrative purposes and is
      not intended to be limiting of the scope of the invention as herein
      described and as set forth in the subjoined claims.
DETD
PAC  EXAMPLE
PAR  Two 125-pound heats, hereinafter designated as Heat A and Heat B,
      respectively, were prepared by induction melting in air. The heats had a
      nominal composition of 17.5% chromium, 3% manganese, 2% molybdenum, 1.6%
      silicon, 1.5% copper, with the balance iron. The charge materials
      consisted of Armco iron, graphite, ferrochromium, ferrosilicon,
      ferrosulfur and ferrophosphorus. The two heats were superheated to
      2700.degree.F (1480.degree.C), whereupon the ferromolybdenum,
      ferromanganese and copper were added. The heat subsequently was poured at
      2500.degree.F (1370.degree.C) into baked sand molds for producing test
      specimens, molds for producing samples for chemical analyses, and
      Tectip-type molds to define solidification temperature.
PAR  The chemical analyses of the compositions of Heats A and B are set forth in
      the following table.
TBL  ______________________________________                                    
     Composition (Percent)                                                     
     Ingredient    Heat A       Heat B                                         
     ______________________________________                                    
     Carbon        3.25         3.26                                           
     Chromium      17.20        17.39                                          
     Molybdenum    2.07         2.09                                           
     Manganese     2.95         2.95                                           
     Copper        1.29         1.55                                           
     Silicon       1.63         1.61                                           
     Sulfur        0.025        0.024                                          
     Phosphorus    0.035        0.036                                          
     Iron          Balance      Balance                                        
     ______________________________________                                    
PAR  Heat A was cast into a 4-inch by 6-inch by 8-inch (100 by 150 by 200 mm)
      block employing a baked sand mold which was fed from the bottom. Heat B,
      on the other hand, was cast into three baked sand molds providing castings
      measuring 1-inch by 6-inches by 8-inches (25 by 150 by 200 mm) to make jaw
      crusher plate specimens. In each case, the castings were cooled to room
      temperature while in the mold.
PAR  An analysis of the liquidus and solidus temperatures of Heat A revealed
      these values to be 2215.degree.F and 2200.degree.F (1215.degree.C and
      1205.degree.C), respectively. The 4-inch by 6-inch by 8-inch (100 by 150
      by 200 mm) block from Heat A was trepanned with an electrical discharge
      machine to provide three cylindrical test specimens which were 11/8 inches
      in diameter by 6-inches long and were cut from the central region of the
      block.
PAR  Pairs of specimens comprising a trepanned cylindrical test specimen from
      Heat A and a jaw crusher plate test specimen from Heat B were subjected to
      the following treatments:
PA1  a. stress relieved at 425.degree.F (220.degree.C) for two hours simulating
      a so-called "as-cast" condition;
PA1  b. refrigerated to -100.degree.F (-75.degree.C) for 2 hours, and thereafter
      stress-relieved at 420.degree.F (220.degree.C) for 2 hours simulating a
      "refrigeration hardened" condition; and
PA1  c. heated to 1750.degree.F (955.degree.C), held at temperature for 4 hours,
      cooled to room temperature in still air, and stress-relieved at
      425.degree.F (220.degree.C) for 2 hours, simulating an "austenitized and
      air cooled" condition.
PAR  The jaw crusher plate test specimens were ground to a size of 71/2 by 53/8
      inches by 7/8-inch, to which two steel retaining ribs were subsequently
      welded and the specimens were placed in a jaw crusher according to
      established laboratory procedures, as more fully described in a
      publication entitled "Gouging Abrasion Test for Materials Used in Ore and
      Rock Crushing: Part I - Description of the Test," by F. Borik and D. L.
      Sponseller, Journal of Materials, JMLSA (ASTM) Volume 6, No. 3, September
      1971, pp. 576-589. Each plate specimen was weighed prior to installation
      and placed in the crusher opposite to a weighed, movable T-1 type A steel
      reference plate. One ton of morainal rock was crushed during the course of
      the test, whereafter the plates were cleaned and re-weighed to determine
      the amount of metal lost. Gouging abrasion wear ratios were calculated for
      each crusher plate test specimen by dividing its weight loss by the weight
      loss of the reference T-1 type A steel crusher plate, and the results
      thereof, together with hardness values, are set forth in the following
      table.
TBL  ______________________________________                                    
     Gouging Abrasion Test Results                                             
                    Hardness Values of Jaw Crusher                             
                    Plate Specimens                                            
     Specimen    Wear     Unabraded        Abraded                             
     Heat Treatment                                                            
                 Ratio    HB 3000*   HRC   HRC                                 
     ______________________________________                                    
     a) As-Cast  0.150    495        51.6  56.0                                
     b) Refrigeration                                                          
      Hardened   0.132    573        55.2  59.0                                
     c) Austenitized                                                           
      and Air-Cooled                                                           
                 0.124    601        58.1  60.1                                
     ______________________________________                                    
      *Brinell Hardness Number (3000-kg. tungsten carbide ball)                
PAR  It is apparent from the values as set forth in the foregoing table that the
      resistance to gouging abrasion of the white cast iron is improved over the
      as-cast condition by both the refrigeration hardening treatment and the
      austenitizing and air-cooling treatment. The low wear ratio values show
      that the cast iron composition of the present invention loses only a small
      fraction of the weight loss by the T-1 type A steel reference plate in the
      same crushing operation. As will be further noted, the hardness values of
      the jaw crusher specimens also increase in accordance with the foregoing
      treatments and experience a further increase in hardness as a result of
      the work hardening that occurred during the rock crushing test procedure.
PAR  Portions of the worn jaw crusher test specimens were sectioned, and
      additional specimens were prepared from the cylindrical test specimens
      trepanned from the block of Heat A for evaluation of their rubber wheel
      abrasion resistance. This latter property was evaluated employing a test
      designated as "Rubber Wheel Abrasion Test" (RWAT), employing a standard
      laboratory procedure as more fully described in Society of Automotive
      Engineers, Publication No. 700687. Briefly, the test comprises pressing a
      test specimen which has been previously weighed against a 7-inch diameter
      rubber coated wheel with a force of 50 pounds. The wheel rotates in a
      silica sand slurry at a speed of 240 rpm and the slurry consists of 940
      grams of water and 1500 grams of sand (AFS testing sand 50-70). The
      abrasive sand slurry is discarded after each 5,000 revolution test run and
      is replaced with a fresh slurry. Conventionally, three tests are performed
      on each specimen employing wheels of a different rubber durometer
      hardness. At the completion of each test run, the specimen is cleaned and
      re-weighed to determined the weight of metal lost during the test.
PAR  The value of the weight lost when employing a wheel coated with a 55
      Durometer hardness rubber, interpolated from the test results, in addition
      to the hardness values, are set forth in the following table:
TBL  Rubber Wheel Abrasion Test Results                                        
     and Hardness Values                                                       
                RWAT                                                           
     Specimen   Weight Loss at 55                                              
                               Hardness Values                                 
     Heat Treatment                                                            
                Durometer, g   HB 3000    Rc                                   
     ______________________________________                                    
     Heat A: Heavy Section Casting                                             
     a) As-Cast 0.116          522        53.8                                 
     b) Refrigeration                                                          
      Hardened  0.078          648        58.5                                 
     Heat B: Light Section Casting                                             
     a) As-Cast 0.048          495        51.6                                 
     b) Refrigeration                                                          
      Hardened  0.050          573        55.2                                 
     c) Austenitized and                                                       
      Air-Cooled                                                               
                0.045          601        58.1                                 
     ______________________________________                                    
PAR  A comparison of the RWAT values obtained as set forth in the foregoing
      table with values obtained on other prior art type abrasion-resistant
      white cast iron reveals the alloy of the present invention to possess
      excellent resistance to abrasion under such lowstress high-wear conditions
      as typified by the test procedure. It is also evident from the foregoing
      results that cast section size has an important influence on the abrasion
      resistance, due primarily to the effect of section size on distribution of
      carbide phase. It should be noted that the refrigeration treatment
      improved the abrasion resistance of the heavy cast sections, whereas there
      was essentially no change in the excellent abrasion resistance of the
      light cast sections.
PAR  While it will be apparent that the invention herein disclosed is well
      calculated to achieve the benefits and advantages set forth herein, it
      will be appreciated that the invention is susceptible to modification,
      variation and change without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An abrasion-resistant refrigeration hardenable white cast iron
      consisting essentially of about 2.5% to about 3.5% carbon, about 12% to
      about 22% chromium, about 1.5% to about 3.0% molybdenum, about 2.5% to
      about 3.5% manganese, about 1.0% to about 2.0% copper, about 1% to about
      2% silicon, and the balance iron together with incidental impurities and
      normal residual elements present in the usual amounts.
NUM  2.
PAR  2. The abrasion-resistant refrigeration hardenable white cast iron as
      defined in claim 1, wherein carbon is present in an amount of about 3.0%
      to about 3.3%, chromium is present in an amount of about 17% to about 20%,
      molybdenum is present in an amount of from about 1.9% to about 2.2%,
      manganese is present in an amount of about 2.8% to about 3.2%, copper is
      present in an amount of about 1.1% to about 1.4%, silicon is present in an
      amount of about 1.4% to about 1.7%.
NUM  3.
PAR  3. The abrasion-resistant refrigeration hardenable white cast iron as
      defined in claim 1, further characterized by a matrix microstructure free
      from pearlite and comprising a mixture of martensite and austenite in
      amounts depending on section size and treatment following casting.
NUM  4.
PAR  4. An abrasion-resistant article in a refrigeration hardened state
      consisting essentially of about 2.5% to about 3.5% carbon, about 12% to
      about 22% chromium, about 1.5% to about 3.0% molybdenum, about 2.5% to
      about 3.5% manganese, about 1.0% to about 2.0% copper, about 1% to about
      2% silicon, and the balance iron together with incidental impurities and
      normal residual elements present in the usual amounts.
NUM  5.
PAR  5. The abrasion-resistant article in a refrigeration hardened state as
      defined in claim 4, wherein carbon is present in an amount of about 3.0%
      to about 3.3%, chromium is present in an amount of about 17% to about 20%,
      molybdenum is present in an amount of from about 1.9% to about 2.2%,
      manganese is present in an amount of about 2.8% to about 3.2%, copper is
      present in an amount of about 1.1% to about 1.4%, silicon is present in an
      amount of about 1.4% to about 1.7%.
NUM  6.
PAR  6. The article as defined in claim 4, in the form of a component of a pump
      device.
NUM  7.
PAR  7. The article as defined in claim 4, having a Brinell hardness greater
      than about 550.
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ABST
PAL  Precipitation hardening Ni base alloys comprising not more than 0.2% by
      weight of C, 17 to 19% by weight of Cr, 3.5 to 4.5% by weight of Mo, 5 to
      7% by weight of W, 5 to 15% by weight of Co, 1.75 to 2.25% by weight of
      Al, 2.0 to 3.5% by weight of Ti, not more than 0.02% by weight of B, not
      more than 0.3% by weight of Zr and the balance of Ni and incidental
      impurities have good hot workability and high stress rupture strength at
      high temperatures of about 1,000.degree.C.
BSUM
PAR  The present invention relates to a precipitation hardening alloy having a
      good hot workability and high stress rupture strength at high temperature
      of about 1,000.degree.C.
PAR  Materials for heat exchangers of high temperature gas reactors for atomic
      energy steel making processes require high strength at high temperatures
      and good hot workability. In the case of conventional precipitation
      hardened Ni base alloys, those which have high strength at high
      temperatures of about 1,000.degree.C have poor hot workability and those
      which have high hot workability have insufficient strength at high
      temperatures.
PAR  The object of the present invention is to provide a precipitation hardening
      Ni base alloy which has both high strength at high temperatures of about
      1,000.degree.C and good hot workability and which can be used as a
      material for heat exchangers of high temperature gas reactors for atomic
      energy steel making processes.
PAR  The precipitation hardening Ni base alloy of the present invention
      comprises not more than 0.2% by weight of C, 17 to 19% by weight of Cr,
      3.5 to 4.5% by weight of Mo, 5 to 7% by weight of W, 5 to 15% by weight of
      Co, 1.75 to 2.25% by weight of Al, 2.0 to 3.5% by weight of Ti, not more
      than 0.02% by weight of B, not more than 0.3% by weight of Zr and the
      balance being substantially Ni except the incidental impurities.
PAR  C in the present alloy combines with Ti to form an MC type carbide and
      prevents coarse austenite grains and strengthens grain boundaries so that
      a small amount of C is necessary. When the amount of C exceeds 0.2% by
      weight, excess carbide is formed to damage the hot workability of the
      alloy. Thus, the amount of C is limited to 0.2% by weight or less. More
      preferably, the amount of C is not more than 0.1% by weight.
PAR  Cr is essential for imparting oxidation resistance to the alloy and at
      least 17% by weight of Cr is necessary for imparting good oxidation
      resistance while when it exceeds 19% by weight, the structure of the alloy
      becomes unstable and formation of undesired intermetallic compounds such
      as .sigma. phase is accelerated. Thus, the content of Cr is limited to 17
      to 19% by weight. A more preferred range for the Cr content is 17.5 to 19%
      by weight.
PAR  Mo is mainly dissolved in matrix of alloy to solid-solution-strengthen the
      alloy and thus at least 3.5% by weight of Mo is necessary. However, when
      it exceeds 4.5% by weight, structure is unstabilized. Therefore, content
      of Mo in the present alloy is limited to 3.5 to 4.5% by weight.
PAR  W is dissolved in matrix of alloy to solid solution-strengthen the alloy
      and simultaneously is also dissolved in the gamma prime phase as a solid
      solution to strengthen it. Therefore, at least 5% by weight of W is
      necessary, but more then 7% by weight of W causes instability of structure
      and is not prefrred. Thus, the content of W in the present alloy is
      limited to 5 to 7% by weight. A more preferred range for the W content is
      5.5 to 6.5% by weight.
PAR  Co is dissolved in the matrix of the alloy to strengthen the alloy.
      Therefore, at least 5% by weight of Co is necessary, but more than 15% by
      weight of Co destabilizes the structure. Thus, the content of Co in the
      present alloy is limited to 5 to 15% by weight. A more preferred range for
      the Co content is 8 to 12% by weight.
PAR  A1 is an element essential for forming the gamma primery phase and
      precipitation hardening the alloy. At least 1.75% by weight of A1 is
      required for imparting sufficient precipitation hardenability to the
      alloy, but more than 2.25% by weight of A1 destabilizes the structure of
      the alloy and decreases the hot workability of the alloy. Therefore, the
      content of A1 in the present alloy is limited to 1.75 to 2.25% by weight.
      A more preferred range for the A1 content is 1.8 to 2.2% by weight.
PAR  Ti is dissolved in the gamma prime phase as a solid solution to increase
      the lattice constant and to impart lattice conformity between the gamma
      prime phase and the matrix. In these respects, Ti is an essential element.
      At least 2.0% by weight of Ti is necessary, but more than 3.5% by weight
      of Ti excessively increases the gamma prime phase to cause a decrease in
      the hot workability of the alloy and furthermore excessively increases the
      lattice constant of the gamma prime phase to cause a reduction in lattice
      conformity between the gamma prime phase and the matrix. Thus, the content
      of Ti in the present alloy is limited to 2.0 to 3.5% by weight. A more
      preferred range for the Ti content is 2 to 3% by weight.
PAR  B is necessary in a small amount because it strengthens grain boundary and
      improves strength at high temperature. However, more than 0.02% by weight
      of B causes a decrease in melting temperature of the grain boundary and a
      reduction in hot workability. Therefore, the content of B in the present
      alloy is limited to not more than 0.02% by weight. A more preferred range
      for the B content is not more than 0.01% by weight.
PAR  Zr is necessary in a small amount because like B, it strengthens grain
      boundary and improves strength at high temperature. However, more than
      0.3% by weight of Zr causes a decrease in melting temperature of the grain
      boundary and a reduction in hot workability. Thus, the content of Zr in
      the present alloy is limited to not more than 0.3% by weight. A more
      preferred range for the Zr content is not more than 0.15% by weight.
PAR  Table 1 shows the chemical compositions of samples used for a comparison of
      the strength at high temperature of the alloys of the present invention
      with that of a conventional alloy. The conventional alloy shown in Table 1
      is the strongest alloy among the conventional precipitation hardening Ni
      base alloys having a sufficiently excellent hot workability as a material
      for heat exchanger. The alloys of the present invention exhibit good
      forgeability which is similar to or higher than that of the conventional
      alloy in Table 1 in an actual forging operation.
TBL                                    Table 1                                 
     __________________________________________________________________________
     (% by weight)                                                             
             C   Cr  Mo  W   Co  Al  Ti  B    Zr  Ni                           
     __________________________________________________________________________
     Alloy of the                                                              
     present inven-                                                            
             0.04                                                              
                 18.0                                                          
                     4.1 5.8 10.1                                              
                                 2.0 2.3 0.003                                 
                                              0.05                             
                                                  Balance                      
     tion (1)                                                                  
       " (2) 0.05                                                              
                 18.9                                                          
                     4.0 5.8 10.7                                              
                                 2.1 2.4 0.004                                 
                                              0.05                             
                                                  "                            
     Conventional                                                              
     alloy   0.12                                                              
                 15.1                                                          
                     3.6 --  25.2                                              
                                 2.9 2.1 0.002                                 
                                              0.11                             
                                                  "                            
     __________________________________________________________________________
PAR  The alloys of the present invention in Table 1 were subjected to three heat
      treatments as shown in Table 2. The conventional alloy was subjected to
      the standard heat treatment, namely, 1,205.degree.C .times. 2 hrAC +
      870.degree.C .times. 24 hrAC. ("AC" means air   cooling.) Thereafter,
      these alloys were subjected to the tests as shown in Table 3.
TBL                Table 2                                                     
     ______________________________________                                    
     A          1,200.degree.C .times. 2hrAC + 1,020.degree.C .times. 4hrAC    
     B          1,200.degree.C .times. 2hrAC + 1,050.degree.C .times. 4hrAC    
     C          1,200.degree.C .times. 2hrAC + 1,080.degree.C                  
     ______________________________________                                    
                .times. 4hrAC                                                  
PAR  REsults of a stress rupture test under a stress of 5 kg/mm.sup.2 at
      1,000.degree.C are shown in Table 3. From table 3, it is recognized that
      the alloys of the present invention have much higher strengths at high
      temperature compared with the conventional alloy.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
                         Heat  Rupture                                         
                                      Elongation                               
                                           Contraction                         
     Alloy         Form  treatment                                             
                               time (Hr)                                       
                                     (%)   (%)                                 
     __________________________________________________________________________
     Alloy of the present                                                      
                   75 mm                                                       
     invention  (1)                                                            
                   square                                                      
                         A     208   46    44                                  
       "        (1)                                                            
                    "    B     258   30    37                                  
       "        (1)                                                            
                    "    C     221   42    41                                  
                   60 mm                                                       
       "        (2)                                                            
                   square                                                      
                         B     360   41    39                                  
                   22 mm in                                                    
       "        (2)                                                            
                   diameter                                                    
                         B     342   50    44                                  
     The conventional                                                          
                   25 mm                                                       
      alloy        square       38   64    83                                  
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A precipitation hardening Ni base alloy consisting essentially of not
      more than 0.2% by weight of C, 17 to 19% by weight of Cr, 3.5 to 4.5% by
      weight of Mo, 5to 7% by weight of W, 5 to 15% by weight of Co, 1.75 to
      2.25% by weight of A1, 2.0 to 3.5% by weight of Ti, not more than 0.02% by
      weight of B, not more than 0.3% by weight of Zr and the balance of Ni
      except incidental impurities.
NUM  2.
PAR  2. A precipitation hardening Ni base alloy consisting essentially of not
      more than 0.1% by weight of C, 17.5 to 19% by weight of Cr, 3.5 to 4.5% by
      weight of Mo, 5.5 to 6.5% by weight of W, 8 to 12% by weight of Co, 1.8 to
      2.2% by weight of A1, 2.0 to 3.0% by weight of Ti, not more than 0.01% by
      weight of B, not more than 0.15% by weight of Zr and the balance of Ni
      except incidental impurities.
NUM  3.
PAR  3. A precipitation hardening Ni base alloy consisting essentially of about
      0.05% by weight of C, about 18% by weight of Cr, about 4% by weight of Mo,
      about 6% by weight of W, about 10% by weight of Co, about 2% by weight of
      A1, about 2.5% by weight of Ti, about 0.003% by weight of B, about 0.07%
      by weight of Zr and the balance of Ni except incidental impurities.
NUM  4.
PAR  4. The alloy of claim 1, wherein the carbon content is not more than 0.1%
      by weight.
NUM  5.
PAR  5. The alloy of claim 1, wherein the chromium content is 17.5 to 19% by
      weight.
NUM  6.
PAR  6. The alloy of claim 1, wherein the tungsten content is 5.5 to 6.5% by
      weight.
NUM  7.
PAR  7. The alloy of claim 1, wherein the cobalt content is 8 to 12% by weight.
NUM  8.
PAR  8. The alloy of claim 1, wherein the aluminum content is 1.8 to 2.2% by
      weight.
NUM  9.
PAR  9. The alloy of claim 1, wherein the titanium content is 2.0 to 3.0% by
      weight.
NUM  10.
PAR  10. The alloy of claim 1, wherein the boron content is not more than 0.1%
      by weight.
NUM  11.
PAR  11. The alloy of claim 1, wherein the zirconium content is not more than
      0.15% by weight.
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ABST
PAL  An electrophotographic photosensitive member having a photosensitive layer
      containing an amorphous alloy comprising at least one of the chalcogen
      elements and at least one element from group IVa of the Periodic Table.
      This photosensitive layer can be sensitized by adding an element from
      group Va of the Periodic Table or a halogen thereto.
PARN
PAR  This is a continuation of application Ser. No. 280,223, filed Aug. 14, 1972
      now abandoned which in turn is a continuation of Ser. No. 3,050 filed Jan.
      15, 1970, now abandoned.
BSUM
PAR  This invention relates to an electrophotographic photosensitive member,
      more particularly to an electrophotographic photosensitive member
      characterized by having a photosensitive layer containing photosensitive
      material possessing a high resistance in the dark, a stable amorphous
      state, and having excellent sensitivity, resolution and panchromatic
      properties.
PAR  Many substances have hitherto been taken into consideration as
      photoconductive material. However, a photosensitive member which utilizes
      the charging process is required to store the electrical charge on its
      surface for a little while. For this purpose, the photosensitive layer is
      desired to have a volume resistivity of some 10.sup.12 to 10.sup.15
      .OMEGA.-cm which, upon exposure to light irradiation, should be reduced
      appropriately.
PAR  Known examples of amorphous photosensitive materials for use in
      electrophotography having such photoconductive characteristics include
      such chalcogen elements as selenium and selenium containing tellurium or
      mixtures produced by adding elements belonging to Group Va of Periodic
      Table of elements such as arsenic and antimony to the above-mentioned
      chalcogen mixture or chalcogen elements in order to improve the
      sensitivity of the photosensitive material. The term "chalcogen elements"
      is the general term for sulfur S. selenium Se, and Tellurium Te.
PAR  Among the amorphous photosensitive materials consisting of these chalcogen
      elements, the photosensitive materials composed mainly of selenium are the
      most useful.
PAR  However, amorphous photosensitive materials composed mainly of selenium
      have the drawback that they tend to start crystallization at
      higher-than-normal temperatures, and this crystallization is accelerated
      or produced by surrounding conditions such as temperature change and light
      irradiation. This crystallization is an extremely inconvenient phenomenon
      since it reduces the resistivity of selenium in the dark which results in
      degradation of the photosensitive member and, depending on the degree of
      crystallization, shorten the life of the photosensitive member. For
      example, although the volume resistivity of amorphous selenium in the dark
      is 10.sup.12 .OMEGA.-cm or more, that of crystallized selenium is reduced
      to a degree of 10.sup.6 .OMEGA.-cm. In this state, selenium can not be
      used as a photosensitive material.
PAR  When using such amorphous photosensitive materials is selenium, especially
      when producing a photosensitive plate with such materials, since
      crystallization results from an increase in temperature, it is necessary
      to keep the temperature the evaporation base at a constant value by having
      the evaporation base contact a heat bath kept at a constant temperature to
      discharge heat to the heat bath.
PAR  At the same time, evaporation temperature must also be controlled. The
      evaporation equipment for vapor deposition is required to be of high
      accurate and complex construction especially when evaporation is made on a
      rotating drum-shaped evaporation base. This not only complicated the
      manufacturing process of the photosensitive plate but also impeded
      manufacturing costs.
PAR  Furthermore, crystallization is a problem not to be solved mostly by
      prevention of crystallization during the course of manufacturing the
      photosensitive member, but causes considerable degradation of the
      photosensitive member due to environmental conditions later as mentioned
      above.
PAR  When a crystallized substance is used, as the photosensitive material,
      resistance in the dark is increased by making the powder of the crystal
      disperse in a highly insulating resin. In such a case, however, reduction
      in photosensitivity cannot be avoided combined with the problem of
      dispersion of the crystal powder.
PAR  On the other hand, the photosensitive member composed mainly of selenium
      generally show a poor response to red rays of light, and therefore is not
      as panchromatic, a characteristic needed for reproducing colored images.
      On the other hand, a photosensitive member of selenium-tellurium alloy
      made by adding tellurium to selenium is sensitive to light of the red
      region. In this case, although the red sensitivity of the photosensitive
      member is increased and the photosensitive member becomes panchromatic
      with the increase in the amount of Te added, and while at the same time
      photosensitivity of the photosensitive body is increased as compared with
      the case in which Se is used alone, an increase in the amount of Te added
      is accompanied by an increase in the tendency of crystallize and
      consequently leads to reducing the life and degrading the durability of
      the photosensitive member. For these reasons, the amount of tellurium
      actually added is generally limited to below 10% in weight, taking into
      consideration the durabiliy of the photosensitive member. This still
      leaves problems in putting this kind of photosensitive member to practical
      use. Besides selenium and tellurium, are known the photosensitive members
      made by activating cadmium sulfide (CdS) with activators such as copper,
      silver, and halides, binding the activated cadmium sulfide with binder
      resin to form the photosensitive layer, and placing an insulating layer on
      the surface of the photosensitive layer. These photosensitive members are
      used in electrophotographic precesses utilizing the rectifying effect of
      the photosensitive layer (for example, the electrophotographic processes
      disclosed in U.S. Ser. No. 563,899 filed July 8, 1966 and U.S. Ser. No.
      571,538 filed Aug. 10, 1966, now abandoned, and are in practical use
      because they can obtain a sensitivity approximately 10 times as high as
      that of the aforementioned selenium photosensitive plate. However, these
      photosensitive members have a drawback in that they are poor in resolution
      and in panchromatic sensitivity because CdS is almost insensitive to the
      short wavelength region of visible light, that is, have light having a
      wavelength between 400 and 500 m.mu.. As has been described so far, the
      typical conventional photosensitive members have their own merits and
      demerits, respectively, and the development of a photosensitive member
      having all of the characteristics such as high sensitivity, high
      resolution, panchromatic property, and durability is urgently demanded in
      connection with the development of color electrophotography.
PAR  An object of this invention is to provide an electrophotographic
      photosensitive member having a photosensitive layer comprizing a novel
      component or components that meet the abovementioned demand.
PAR  A further object of this invention is to provide an amorphous
      photosensitive member capable of being produced by a simplified method.
      Another object of this invention is to provide an electrophotographic
      photosensitive member suitable for color electrophotography.
PAR  A still further object of this invention is to provide an
      electrophotographic photosensitive member that has a sensitivity,
      panchromatic property and durability sufficient to be applied to various
      electrophotographic processes.
DRWD
PAR  The electrophotographic photosensitive member of this invention which
      attains each of the above-mentioned objects will become evident from the
      following description, in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 is a correlation chart between the Te content of a conventional
      photosensitive member having a Se-Te alloy evaporated photosensitive layer
      and the sensitivity thereof;
PAR  FIG. 2 is a correlation chart between the Te content of the same
      photosensitive member and the life thereof;
PAR  FIG. 3 shows differential thermal analysis curves for Se-Te alloys and
      Se-Te-Ge alloys according to this invention;
PAR  FIG. 4 is a correlation chart between the Ge content of the photosensitive
      member having a Se-Te (10%)-Ge alloy evaporated layer which is an
      embodiment of this invention and the life thereof.
DETD
PAR  The photosensitive member of this invention is characterized by having a
      photosensitive layer comprising stable amorphous photosensitive material
      containing as a main component at least one of the chalcogen elements and
      at least one of the elements selected from those belonging to group 1Va of
      the Periodic Table, such as carbon (C), silicon (Si), germanium (Ge), tin
      (Sn) and lead (Pb).
PAR  The constituents of the photosensitive layer according to this invention
      are mainly chalcogen elements to which a relatively small amount of group
      1Va elements in added. The amount of 1Va elements to be added to the
      chalcogen element is such that the photosensitive material will have an
      electric resistance of 10.sup.12 .OMEGA.-cm or more in the dark and have a
      sensitivity and panchromatic characteristic to meet the requirements of
      electrophotography to which this invention is applied. Generally, good
      results are obtained when 30 wt% or less, especially 10 wt% or less, based
      on the chalcogen elements, of 1Va elements is added to the chalcogen
      elements. However, this amount may be increased without any trouble
      depending on the sensitivity characteristics required for the
      photosensitive member. Addition of elements belonging to group Va of the
      Periodic Table such as phosphorus (P), arsenic (As), antimony (Sb),
      bismuth (Bi) and the like, or halogens, which are the sensitizing elements
      that increase the sensitivity of chalcogen elements, with a purpose of
      improving the sensitivity, also offers desirable results. The combination
      of constituents of photosensitive material according to this invention
      that is, the combination of chalcogen elements with group 1Va elements,
      can be determined based on two technical considerations. One of them is
      that the 1Va group elements have been newly found to act effectively to
      prevent the crystallization of amorphous chalcogen elements. This has made
      it possible to offer a photosensitive material excellent in durability and
      capable of producing a photosensitive member which is free from
      degradation due to crystallization even after a long period of use, by
      adding the group 1Va elements to at least one of the chalcogen elements.
      The other is that not only the group 1V elements have been found to have
      the crystallization-preventing effect on amorphous chalcogen elements, but
      is has also been newly found that they, when added, act rather to improve
      the photosensitivity of amorphous chalcogen elements without impairing the
      intrinsic characteristics of the amorphous chalcogen elements such an
      sensitivity, resolution, electrical resistance in the dark and the like.
      In this case, by adding the group 1Va elements to selenium-tellurium
      system chalcogen, which has hitherto been unable to be practically used
      because of its intense tendency of crystallization although it has an
      excellent panchromatic characteristic, an unexpectedly high sensitive,
      panchromatic, and durable photosensitive element can be obtained. Now a
      case in which the IVa elements are added to the selenium-tellurium system
      to offer a particularly excellent photosensitive material will be
      described. First, the correlations between Te contents of the
      photosensitive member having an Se-Te alloy evaporated photosensitive
      layer and sensitivity and durability will be described in detail.
PAR  FIG. 1 shows a graph indicating that the sensitivity ordinate of the
      photosensitive member is increased with an increase in Te content of a
      Se-Te alloy evaporated photosensitive layer. In this case, the sensitivity
      is represented by the amount of optical image exposure expressed in lux.
      sec required to obtain an electrostatic contrast of 300V. between the
      light portion and dark portion on the surface of the photosensitive
      member. The graph means that the smaller the value of exposure amount, the
      higher the sensitivity is. The procedure of experiment by the present
      inventors in preparing this graph will be roughly described in the
      following.
PAR  Many kinds of Se-Te alloys different in Te content were prepared first.
      Each Se-Te alloy was evaporated on to an aluminum plate to a thickness of
      approximately 60 .mu.. On the surface of the Se-Te alloy layer was bound a
      Mylar (Trade name) film of approximately 25 .mu. in thickness by using
      epoxy resin to form an insulating layer. Next, the electrophotographic
      process disclosed in U.S. Ser. No. 571,538 filed Aug. 10, 1966 was applied
      to each photosensitive member. That is, primary charging was performed by
      corona discharge until the surface potential of the photosensitive member
      became minus 2000V. Next, light image exposure was made while AC corona
      discharge was being carried out by a voltage of approximately 6KV.
      Finally, the whole surface of the photosensitive member was subject to a
      uniform exposure to form an electrostatic latent image. The exposure
      amount required to produce an electrostatic contrast of 300V. between
      light and dark portions of the electrostatic latent image thus obtained
      was expressed in lux. sec. Next, FIG. 2 is a graph indicating that the
      increase in Te content results in a decrease in the life of the
      photosensitive member and consequently in degradation of its durability.
      The life in this case is represented by the time required for the
      photosensitive member to be degraded due to aging to a degree where the
      latent-image forming ability is remarkably reduced and becomes of no use.
      Actually, each photosensitive member described din FIG. 1 was subjected to
      forcible degradation by keeping it under various temperatures above room
      temperature, and the time required for losing the latent-image forming
      ability suddenly was measured. Then, the life of each photosensitive
      member at room temperature was estimated from the time measured as above
      and the temperature under which the experiment was made. The reason why
      the life of the photosensitive member was shortened and its durability was
      degraded is that crystallization of Se-Te is accelerated in a Se-Te alloy
      containing a high percentage of Te, and this crystallization in turn
      causes an extreme decrease in the resistance of the alloy and diminishes
      the surface charge holding ability of the photosensitive member.
      Therefore, if, by some means or other, it is possible to suppress the
      crystallization of Se-Te as mentioned above, the above-mentioned problem
      of durability of this kind of photosensitive member will be solved, and it
      is clear that an excellent photosensitive member will be obtained. Through
      many experiments, the present inventors have discovered that
      crystallization hardly occurs or does not occur even in an Se-Te alloy
      which has a large Te content if only a small amount of group IVa elements
      is added to the Se-Te alloy. The present inventors have found further
      that, when the photosensitive material composed of chalcogen elements is
      an Se-Te alloy, the crystallization-preventing effect differs somewhat
      depending on the group IVa elements added, that addition of Ge or Si or
      both is most effective. By forming a glassy alloy evaporated
      photosensitive layer composed mainly of Se and Te in a form of Se-Te-Ge
      alloy, Se-Te-Si alloy, or Se-Te-Ge-Si alloy, the above-mentioned problem
      of durability degradation of photosensitive member due to crystallization
      of Se-Te is solved and, by the elimination of Te content limitation, a
      photosensitive member which is more sensitive, more panchromatic, and more
      powerful in resolution than before can be obtained.
PAR  In order to prove the fact that addition of Ge or Si or both to a Se-Te
      alloy either suppresses or stops crystallization, results obtained from
      differential thermal analysis Se 90%, Te 10% alloy, Se 86.5%, Te 13% . Ge
      0.5% alloy, Se 86% . Te 13% . Ge 1% alloy are shown in FIG. 3 with curves
      a, b, and c, respectively. Differential thermal analysis is a means to
      obtain information about the phase change of a substance by investigating
      the exothermic or endothermic state produced accompanying the a phase
      change of the substance when heated or cooled. In FIG. 3 the peak above
      the reference line of each curve obtained by thermal analysis shows the
      exothermic state caused by crystallization and the peak below the
      reference line shows the endothermic state that corresponds to softening
      and melting. These results show that the Ge-free Se-Te alloy has a large
      crystallization peak in the curve a, but the Se-Te-Ge alloy that contains
      0.5% of Ge has a small crystallization peak as shown in the curve b
      showing that crystallization hardly occurs. In the case of Se-Te-Ge alloy
      containing 1% of Ge, no crystallization peak is present as shown by the
      curve c,. However, crystallization depends on the rate of increase of
      temperature and occurs at lower temperatures when the rate of increase is
      slowed down. The results of analyses shown in FIG. 3 were obtained from
      measurements conducted at a heating rate of approximately 10.degree.C/min.
      It should be noted that the amount of Ge required for preventing the
      formation of a crystallization peak is further increased when the heating
      rate is slowed down. In either case, by the addition of a small amount of
      Ge, the Se-Te alloy becomes glassy and hardly crystallizes. It was also
      ascertained that the same result was obtained by the addition of Si or Ge
      and Si.
PAR  Furthermore, when the amount of Ge or Si or both to be added approaches 10%
      by weight, the sensitivity of the photosensitive member gradually
      decreases and requires an increase in the temperature of the evaporation
      source when evaporating or use of a combination evaporating method. These
      things inevitably result in difficulties when producing photosensitive
      members. Therefore, the desirable amount of additive is 10wt.% or less
      when the chalcogen element is Se-Te alloy. FIG. 4 shows the relationship
      between the Ge content of the photosensitive element according to this
      invention having an Se-Te (10%)-Ge alloy evaporated photosensitive layer
      and the life thereof. It is clearly seen that the life or the durability
      of the photosensitive member is improved with the increase in Ge content.
      This graph was prepared on the same principle as the graph of FIG. 2.
      Next, the general configuration of the photosensitive member according to
      this invention will be described hereinafter.
PAR  The photosensitive member may have the following constitutions, for
      example, a photosensitive layer on a support; three layer constitution
      comprising an insulating layer, a photosensitive layer and a conductive or
      insulating support; and a four layer constitution comprising an insulating
      layer, a photosensitive layer, an insulating layer and a conductive layer,
      and in he above constitutions, particularly, the latter two, at least one
      layer adjacent to the photosensitive layer is transparent to a radiation
      to which the photosensitive layer is sensitive.
PAR  The photosensitive member having a photosensitive layer composed of
      amorphous photosensitive material according to this invention can
      naturally be used as the photosensitive member of general
      electrophotography comprising the steps of charging, original image
      irradiation, development (transcription), and fixation. Moreover the said
      photosensitive member can be used as the photosensitive member of
      electrophotographic processes disclosed in U.S. Ser. No. 563,899 filed
      July 8, 1966 and U.S. Ser. No. 571,538 filed Aug. 10, 1966 in which such
      procedures as primary charging, secondary charging or AC discharge plus
      simultaneous exposure, and whole surface irradiation are included.
PAR  The amorphous photosensitive material according to this invention is not
      excited to crystallize at temperatures higher than normal temperature and
      the crystallizing tendency is not observed regardless of environmental
      conditions such as light irradiation.
PAR  As for the manufacture of the photosensitive member, the use of
      conventional complicated evaporating equipment provided with a cooling
      device for prevention of crystallization is not required and further the
      fear of later degradation of the photosensitive member can be completely
      removed. For example, as will be shown in the example described later,
      during the course of manufacturing the photosensitive member,
      crystallization is not excited even when the cooling of evaporation base
      at evaporation is omitted, tendency there is no to crystallize even after
      a continuous irradiation of light, nor is there a reduction in resistance
      in the dark. Although the reason why the photosensitive material according
      to this invention has a high dark resistance and a property to form a
      stable amorphous substance is not clear at present, it is believed that
      the elements belonging to the IVa group are relatively heterogenous as
      compared with the chalcogen elements and the incorporation thereof with
      the chalcogen elements may prevent the crystallization the chalcogen
      elements, and at the same time, affect favorably the dark resistance and
      photoconductive characteristic of the photosensitive layer. The main
      effects of this invention that have so far been described will be
      summarized as follows:
PAR  1. A photosensitive member provided with high sensitivity, high resolution,
      panchromatic characteristic, and durability can be obtained. This will
      greatly contribute to the development of electrophotography especially
      that of color electrophotographic techniques.
PAR  2. The amorphous photosensitive material according to this invention
      relaxes restrictions on manufacturing methods by making the cooling and
      temperature control process unnecessary, enabling the photosensitive
      member to be made easily with very simple equipment, reducing the
      manufacturing cost, extending the life of the photosensitive member, and
      keeping the photosensitivity constant during its life. In short, the said
      amorphous photosensitive material has an excellent effect when used in
      electrophotography, particularly in the above-mentioned process.
PAR  3. Since the Se-Te alloy has excellent properties as a photosensitive
      material and hardly crystallizes, it is possible to apply a heat treatment
      after evaporating deposition which was not possible heretofore, and
      further the properties can be delicately controlled by forming
      microcrystals in the photosensitive layer according to the above
      treatment.
PAR  4. Moreover, the Se-Te alloy shows P-type electric conductivity. This
      P-type tendency is further increased by the addition of Ge and Si and as
      the photosensitive member for electrophotographic process disclosed, for
      example, in U.S. Ser. No. 563,899 filed July 8, 1966 and U.S. Ser. No.
      571,538 filed August 10, 1966 has a more remarkable rectifying property
      and consequently can show a high contrast.
PAR  This invention will be described in more detail by referring to the
      following examples. The following examples should be constructed as
      illustrations of the invention and not limitations thereof.
PAC  EXAMPLE 1
PAR  The powders having a Se, Te, and Ge of purity of more than 99.9% were
      combined in a weight ratio of 89.9 : 10 : 0.1. The mixture was enclosed in
      a quartz ampoule vacuumized to approximately 10.sup.-.sup.3 Torr. Next,
      this ampoule was subjected to heating for 5 hours at approximately
      55.degree. C to melt the contents. It is advisable to agitate the melted
      body completely by either shaking or rotating the ampoule here. Next, the
      ampoule was thrown into water for rapid cooling and thus a glassy alloy of
      Se-Te-Ge was obtained. The alloy obtained above was vacuum evaporated onto
      an aluminum base plate to form a photosensitive layer approximately 60
      .mu. thickness. The conditions for vacuum evaporation were such that the
      degree of vacuum was 10.sup.-.sup.4 - 10.sup.-.sup.5 mm Hg. the
      temperature of the base plate was within the range from 60.degree. to
      78.degree.C, though the temperature was changed more or less during
      evaporation, and the temperature of the evaporation source was
      approximately 250.degree. C.
PAR  After ending the evaporation, the base plate was cooled rapidly to room
      temperature, then annealed in a thermostatic oven for approximately 5
      hours at 45.degree. C. This resulted in the separation of fine crystals of
      alloy within the photosensitive layer and in a remarkable increase in the
      sensitivity of the photosensitive member.
PAR  Next, a Mylar (trade name) film 25 .mu. in thickness was bonded to the
      surface of the photosensitive layer using a small amount of epoxy resin,
      and thus a three-layer photosensitive member was produced.
PAR  By applying the electrophotographic process disclosed in U.S. Ser. No.
      571,538 filed Aug. 10, 1966 to this photosensitive member a high
      sensitivity sufficient to give an electrostatic contrast of 300V at the
      exposure of 5 lux. sec. was obtained. The photosensitive member was
      excellent in resolution, panchromatic characteristic, and durability.
PAC  EXAMPLE 2
PAR  As alloy, materials powders of Se, Te, Ge, and Si were combined in a weight
      ratio of 80 : 19 : 0.5 : 0.5. A glassy alloy was prepared by treating the
      mixture in a similar way to Example 1 and, using this alloy, a three-layer
      construction photosensitive element was obtained in a similar way to
      Example 1. Annealing after evaporation was carried out for 40 hours at
      50.degree. C. As the result of applying the electrophotographic process
      similar to Example 1 to this photosensitive member, an excellent
      sensitivity sufficient to give an electrostatic contrast of 300V at an
      exposure of approximately 1 lux. sec was achieved.
PAR  Both resolution and panchromatic characteristics were high. And the
      photosensitive member showed little degradation at room temperature and
      was stable and durable.
PAC  EXAMPLE 3
PAR  Powders of selenium, tellurium, germanium, and sulfur in molar ratio of 60
      : 20 : 10 : 10 were mixed completely, placed in a quartz ampoule. The
      ampoule was evacuated to about 10.sup..sup.-3 mm Hg, sealed, and heated at
      700.degree. C for about 5 hours. The amorphous block thus obtained was
      placed in a tantalum boat and, using it as the evaporation source, the
      alloy was evaporated on the surface of an aluminum base plate of a
      thickness of approximately 40 .mu. in a vacuum approximately
      10.sup..sup.-5 mm Hg to obtain a photosensitive plate for
      electrophotography. The evaporation was carried out successfully without
      cooling of the aluminum base plate and controlling temperature during the
      course of evaporation. The photosensitive member thus obtained has a
      volume resistivity in the dark of 10.sup.13 - 10.sup.16 .OMEGA.-cm, which
      is higher by one place than 10.sup.12 - 10.sup.15 .OMEGA.-cm of
      conventional photosensitive members, and as to the sensitivity, the
      sensitivity of the said photosensitive member was equal to or higher than
      those of conventional photosensitive members.
PAR  Crystallizing characteristics of the said photosensitive member was
      compared with a conventional evaporated Se-Te photosensitive member
      containing 5% by weight of tellurium. At temperatures ranging from 28 to
      32.degree. C and under continuous light irradiation of 30 lux the
      difference between the dark volume resistivity immediately after light
      irradiation and the dark volume resistivity after about 1 year were
      compared for each photosensitive member. With the said conventional Se-Te
      photosensitive member the dark resistivities were 5 .times. 10.sup.12
      .OMEGA.-cm and 2 .times. 10.sup.11 .OMEGA.-cm, respectively, showing a
      great loss in dark volume resistivity during the course of 1 year.
      However, with the photosensitive member according to this invention the
      dark volume resistivities immediately after light irradiation and after 1
      year were both 3 .times. 10.sup.13 .OMEGA.-cm, showing no reduction in
      dark resistance.
PAC  EXAMPLE 4
PAR  A mixture of powders of selenium, arsenic, germanium, and silicon in a
      molar ratio of 50 : 30 : 10 : 10 was used to produce a photosensitive
      member in the same way as Example 3. The photosensitive member obtained
      had a similar performance to that of Example 3.
PAC  EXAMPLE 5
PAR  Using the mixture of sulfur, selenium tellurium, bismuth, tin, and boron in
      a molar ratio of 20 : 20 : 20 : 10 : 10, a photosensitive member was
      produced in a similar way to Example 3. The photosensitive member thus
      produced had the same performance as that of Example 3. The photosensitive
      elements obtained in Examples 4 and 5 both showed photosensitivity and
      resolution equal to or higher than those of the conventional
      photosensitive member, like the case in Example 3. Fear of crystallization
      was removed and the photosensitive members were produced with ease.
PAC  EXAMPLE 6
PAR  Using a mixture of selenium, tellurium, germanium, and silicon in a molar
      ratio of 60 : 20 : 10 : 10, a photosensitive member was prepared in a
      similar way to Example 3. The photosensitive member obtained showed the
      same performance as the one obtained by Example 3.
PAC  EXAMPLE 7
PAR  A mixture of selenium 85 parts by weight, tellurium 15 parts by weight,
      silicon 0.3 part by weight and iodine 0.03 part by weight was used and the
      procedure of Example 3 was repeated to form a photosensitive member. As a
      result, a photosensitive member having characteristics similar to those of
      the photosensitive member obtained by Example 3 was produced.
PAC  EXAMPLE 8
PAR  To the surface each of the photosensitive layers of the photosensitive
      members of Examples 3 - 7, was applied a corona discharge of approximately
      7KV to charge each surface uniformly with positive (+) charge, then the
      original image was irradiated by a tungsten lamp to each surface of each
      photosensitive layer at an intensity of approximately 10 lux for about 2
      seconds to build an electrostatic latent images. Next, be developing the
      said electrostatic image according to the magnet brush method, a visible
      image of good quality with high fidelity was obtained in all cases.
PAC  EXAMPLE 9
PAR  To the surface of each of the photosensitive layers of the photosensitive
      members according to the above-mentioned Examples 3 to 7, a Mylar film of
      12.mu. in thickness was bonded as a light permeable insulating layer using
      a small amount of epoxy resin to prepare a photosensitive member
      comprizing three layers. Next, using these photosensitive members, a -6KV
      corona discharge was applied to each of the above-mentioned light
      permeable insulating film surfaces to charge (primary charging) the
      surfaces negatively and uniformly. Next, an original image was irradiated
      by a tungsten lamp to the abovementioned light permeable insulating film
      surfaces at an intensity of approximately 10 lux for about 0.1 - 0.3
      seconds. Simultaneously +6KV positive corona discharge (recharging) was
      applied. Then the surface of each of the light permeable insulating films
      was exposed uniformly to the light from a 10W tungsten lamp for 1 to 2
      seconds to form an electrostatic image that followed the light and dark
      pattern of the original image. Here, the electrostatic contrast was as
      high as approximately 1500V. Next, by developing these electrostatic
      images by the magnetic brush method, fog-free, high-density images of good
      quality were obtained. Moreover, if, in this example, instead of applying
      a +6KV positive corona discharge (recharging) simultaneously with the
      irradiation of original image, a 6KV AC corona discharge (recharging) was
      effected simultaneously with the irradiation of an original images, good
      quality visible image having an electrostatic contrast of approximately
      100V and excellent intermediate tone were obtained. The photosensitive
      member of this example is an embodiment of a series of photosensitive
      members composed of at least a light permeating insulating layer and
      photosensitive layer, and this invention includes a series of
      photosensitive members mentioned above. As the evaporation base plate,
      other kinds of conductive or insulating base plates may also be used in
      place of the aluminum base plate. And other kinds of organic or inorganic
      insulating materials may be used in place of Mylar. Moreover, other
      binding agents may be used in place of epoxy resin.
PAR  It is desirable to employ a double corona discharge system when charging a
      photosensitive member with a photosensitive layer sandwiched between two
      insulating layers.
PAR  In this example, when the photosensitive material of the photosensitive
      member according to this invention is a P-type semiconductor, primary
      charging is made negative (-) and recharging is made positive (+). If the
      semiconductor is of N-type, the primary charge is positive (+) and the
      recharging is made to negative (-). When recharging is effected by AC
      corona discharge, the primary charge is negative (-) for P-type
      semiconductor and positive (+) for N-type semiconductor.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrophotographic photoconductive member characterized by having as
      a photoconductive layer an amorphous alloy consisting essentially of
      chalcogen elements selected from the group consisting of Se-Te and
      Se-Te-S, and at least one crystallization inhibiting element selected from
      the group consisting of silicon and germanium in an amount of 10 wt % or
      less based on the chalcogen elements, wherein said photoconductive layer
      has a volume resistivity of more than 10.sup.12 .OMEGA.-cm. in the dark.
NUM  2.
PAR  2. An electrophotographic photoconductive member as set forth in claim 1,
      further including at least one member selected from the group consisting
      of phosphorous, arsenic, antimony, bismuth and iodine as a sensitizing
      additive.
NUM  3.
PAR  3. An electrophotographic photoconductive member, comprising an
      electrically conductive support layer, a photoconductive layer thereon and
      an electrically insulating layer on said photoconductive layer forming a
      basic construction, wherein at least one of the layers sandwiching the
      photoconductive layer is transparent to radiations to which the
      photoconductive layer is sensitive, said photoconductive layer being
      composed of an amorphous alloy consisting essentially of chalcogen
      elements selected from the group consisting of Se-Te and Se-Te-S, and at
      least one crystallization inhibiting element selected from the group
      consisting of silicon and germanium in an amount of 10 wt. % or less based
      on the chalcogen elements, wherein said photoconductive layer has a volume
      resistivity of more than 10.sup.12 .OMEGA.-cm. in the dark.
NUM  4.
PAR  4. An electrophotographic photoconductive member as set forth in claim 3,
      wherein the electrically conductive support layer includes an electrically
      conductive layer and an electrically insulating layer, said insulating
      layer being positioned between said conductive layer and said
      photoconductive layer.
NUM  5.
PAR  5. An electrophotographic photoconductive member as set forth in claim 3,
      wherein said photoconductive layer further includes at least one member
      selected from the group consisting of phosphorous, arsenic, antimony,
      bismuth and iodine as a sensitizing additive.
NUM  6.
PAR  6. An electrophotographic photoconductive member as set forth in claim 4,
      wherein said photoconductive layer further includes at least one member
      selected from the group consisting of phosphorous, arsenic, antimony,
      bismuth and iodine as a sensitizing additive.
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PAL  An electrophotographic copy of an original is produced by forming on a
      transparent photosensitive first substrate a latent electrostatic image of
      the original by contact exposure, applying a toner powder to the image,
      superimposing a uniformly charged second substrate onto the image face of
      the first substrate and exposing the rear face of the first substrate to
      light to transfer the charged image to the second substrate which is
      developed to produce a high contrast, high density toner image which is
      then fused. A machine for practicing the method includes a transparent
      cylinder which may have a photosensitive face or over which a transparent
      photosensitive sheet is advanced, is reciprocable over the original with
      the cylinder rolling over the original, a light source having opposite
      exposure beam delineating slits is located in the cylinder. A pair of
      charging devices impart uniform charges of the same polarity the
      transparent sheet or cylinder which obtains a latent electrostatic image
      by contact with the original and exposure and is then toned by a rotating
      developing brush and to a copy sheet which is transported into contact
      with the cylinder or photosensitive sheet and exposed through its rear to
      transfer a charged image to the copy sheet. The copy sheet is then exposed
      to the rotating developing brush to transfer additional toner to the
      image.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in electrophotographic
      reproducing machines and methods, and it relates particularly to an
      improved apparatus and method for forming an electrophotographic image, in
      which contact reflection printing and a contact transmission printing
      methods are employed.
PAR  The conventional methods for forming an electrophotographic images are the
      electrofax method and the xerographic method. These methods have been
      suitably employed only with original documents of high image density and
      contrast. In such methods, it is impossible to obtain an image which is
      clearer or better than the original image consequent to the limitations of
      the developer density and paper tint and accordingly, if the original
      image to be produced is low in the density and contrast, a poor image is
      reproduced. In the methods of producing an electrographic image as above
      described, the optical image projecting system is generally employed, the
      contact reflection printing system not being practiced, althugh the latter
      system has many advantages in comparison with the former. Thus, in the
      reflection printing system no optical projecting system employing lenses
      and a focussing space are needed, hence the miniaturization of the
      apparatus is possible, the phenomenon of the synchronous phase-out and the
      obscure printed image are minimized, and a high speed copying is possible.
      However, in the contact reflection printing system, the original image is
      exposed, hence the image reproduced is of extremely low density and
      contrast, even if an original document bearing an image of a high density
      and high contrast is used.
PAR  Thus, in the conventional method for forming an electrophotographic image,
      the optical image projecting system is not suitable for copying an
      original document of low density and low contrast, and the contact
      reflection printing system is not applicable, even where the original
      image is of high density and contrast.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide an improved
      method and apparatus for electrophotographic copying.
PAR  Another object of the present invention is to provide an improved
      electrophotographic copying method and apparatus which produces
      reproductions of high contrast and high density.
PAR  Still another object of the present invention is to provide an improved
      electrophotographic copying method and apparatus employing contact
      exposure of the original.
PAR  A further object of the present invention is to provide an apparatus and
      method of the above nature characterized by the high quality and
      superiority of the reproduction, applicability to low contrast, low
      density originals, the compactness of the apparatus and their great
      versatility and adaptability.
PAR  In a sense the present invention contemplates the provision of a method and
      apparatus in which a transparent photosensitive substrate is charged and
      exposed to the image of an original, preferrably by contact, to produce a
      latent electrostatic image, a toner is applied to the image to produce a
      separable toner image, a uniformly charged second substrate is
      superimposed on the image bearing face of the first substrate and the rear
      of the first substrate is then exposed to light to transfer a charged
      toned image to the first substrate which is further developed with a
      toner.
PAR  The drawbacks of the conventional methods and apparatus are overcome by the
      present invention by which there are provided a method for reproducing an
      electrographic image and the apparatus therefor which are capable of
      reproducing an original document bearing an image of a low density and low
      contrast, of using a reflection projecting system; a method for
      reproducing an image and the apparatus thereof, in which the utilization
      of a contact reflection printing system is afforded, and a method for
      forming an electrographic image and the apparatus thereof in which the
      contact reflection printing system is employed in which there is obtained
      an image of a high density and high contrast.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of the successive steps of the first stage of
      the method of the present invention;
PAR  FIG. 2 is a view similar to FIG. 1 of the second stage of the method;
PAR  FIG. 3 is an exposed front elevational view of the principal part of an
      electrophotographic machine embodying the present invention;
PAR  FIG. 4 is a fragmentary end elevational view of a part thereof; and
PAR  FIG. 5 is a perspective view of an original support and guide frame
      employed in the machine of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, FIG. 1 (a), (b), (b') and (c) illustrate
      known processes for forming a toner image of low density and low contrast
      on a transparent electrographic sensitive member, FIG. 1 (b) showing a
      process for reproducing an image by the optical image projecting system,
      and FIG. 1 (b') showing a process for producing an image by a contact
      reflection printing system.
PAR  In FIG. 1, (a) illustrates the step of charging, by a conventional charger
      4a for example, with a uniform negative charge, a front surface of a
      transparent electrophotographic sensitive substrate or member 1 having a
      photoconductive layer 2a superposed on a light transparent conductive
      support member 3a. FIG. (b) illustrates an original image exposure step,
      in which an original document 5a bearing an image of low density and low
      contrast is optically projected on the photosensitive member 1 carrying
      the negative charge, by means of an illumination system 6a and projection
      lenses 7a. FIG. (b') illustrates another type of original image exposure
      step, in which the original document 5'a bearing an image of a
      sufficiently high density and contrast is used and is to be reproduced is
      positioned in close contact or closely adjacent to the surface of the
      photosensitive member 1a carrying the negative charge, to thereby effect
      the contact reflection printing from the back side of photosensitive
      member 1a by means of the illumination system 6'a.
PAR  As shown in (c), subsequent to step (b) or step (b'), the original image is
      developed by a positively charged toner, thereby forming an unfixed
      separable toner image of low density and low contrast.
PAR  A feature of the present invention resides in the formation of a toner
      image on another electrophotographic sensitive member, from the toner
      image obtained in step (c). The principle of the image reproducing process
      which characterizes the present invention is shown in FIG. 2, the steps
      (d), (e) and (f) in FIG. 2 succeeding step (c).
PAR  The step (d) is a charging step, in which an electrostatic charge of an
      opposite polarity, e.g. a negative charge, to the polarity of toner on the
      sensitive member 1 is applied, by a charger 4'a, to a front surface of an
      electrophotograhic sensitive member or substrate 8 including a
      photoconductive layer 2'a provided on a conductive support member 3'a.
      FIG. (e) shows a toner image exposure step, in which a sensitive member 8a
      having a uniform negative charge produced in step (d) is disposed in close
      contact or closely adjacent to the surface of sensitive member 1a bearing
      the unfixed toner image of positive polarity, for effecting a contact
      transmission printing by exposing the back side of the photosensitive
      member 1 to an illumination system 6'a. In this step, the negative charge
      on the non-toner image bearing area, that is, on the exposure area on the
      sensitive member 8a, is transferred to the conductive support member 3'a,
      by the photoconductive layer 2'a becoming light excited, but the negative
      charge on the toner image overlying area remains. In the meantime, the
      toner image retaining negative charge on the sensitive member 1a is
      transferred to the conductive support member 3a since the photoconductive
      layer 2a becomes light excited and repelled by the strong negative charge
      on the sensitive member 8a. Consequently, most of the toner on the
      photosensitive member 1a is transferred to the photosensitive member by
      the negative charge on the sensitive member 8a.
PAR  Thereafter, both photosensitive members are separated from each other, and
      thus, the negative charge commensurate with the development of the toner
      image and the transferred toner are obtained on the photosensitive member
      8a. On the other hand, adhesion of toner to the surface of sensitive
      member 1 is minimal and the residue toner, if any, can be removed with
      ease.
PAR  The FIG. (f) shows a developing step, in which the sensitive member 8a thus
      separated from the sensitive member 1a is developed by a toner charged
      with the positive charge, whereby a toner image of increased density and
      contrast is formed on the photosensitive member 8a.
PAR  According to the present invention, as described in the foregoing, the
      toner image of a low density and low contrast is converted to a toner
      image of a greatly increased density and contrast, and besides the
      aforementioned systems, as in the chargeless system, the photosensitive
      member itself is effectively applicable in like manner for reproducing an
      image extremely low in electrostatic contrast. These permit the
      achievement of various methods for reproducing an electrophotographic
      image which have not been in practical use because of the insufficiency in
      the image density. As will be apparent from the toner image exposure
      process described in the process (e) residual toner on the sensitive
      member 1 is easily removable therefrom, and this permits the repetitive
      use of the sensitive member.
PAR  Referring now to FIGS. 3 to 5 of the drawings which illustrate a preferred
      embodiment of the present invention, the reference numeral 1 generally
      designates a photosensitive paper and 2 designates a slot for feeding the
      photosensitive paper 1 through the copier housing to a roller 3 for
      transferring the photosensitive paper 1. A rotatable transparent cylinder
      4 is engaged by a parallel contact roller 5 and a gear 5' meshes with a
      gear section on the contact roller 5. A light transparent photosensitive
      member 6 consists of, for example, a roll of paper or film, and a handle
      lever 7 interconnected with the contact roller 5 serves to switch the
      operations of the electrostatic reproducing machine, and a microswitch is
      actuatable by the handle lever 7.
PAR  First and second chargers 9 and 10 are provided for applying electrostatic
      charges to the light transparent photosensitive member and the
      photosensitive paper, and a light source 11 is disposed within the
      cylinder 4. A gear 12 is adapted to mesh with either the gear section 101
      of contact roller 5 or the gear 5' according to the switching operation of
      the handle lever 7. Disposed proximate cylinder 4 is a developing brush
      14. Opposite longitudinal exposure slits 14 and 14' are provided in a
      stationary cylinder 15 disposed within the transparent cylinder 4.
      Reference numerals 18 and 19 designate paper guide plates, 20 a spring, 21
      a roller, 22 a pin, 23 a copy carrying sensitive paper receiving plate, 24
      a photosensitive member discharge slot, and 32 electrodes grounded for
      facilitating the uniform charge and the smooth transfer of the
      photosensitive paper. A sprocket chain 25 couples a sprocket wheel
      rotatable with gear 12 and developing brush 13 to effect the rotation of
      brush 13 with the reciprocal movement of the machine. A high voltage
      supply HV of the known type consisting of a suitable source of DC
      potential such as a piezoelectric element and or an oscillation circuit
      and rectifier is associated with chargers 9 and 10 and at Or an original
      document being reproduced is shown. The photosensitive paper may be either
      transparent or opaque. The fixer is provided as a separate unit.
PAR  As seen in FIG. 4, sprockets 102 and 103 respectively are provided on the
      shaft of gear 12 and the developing brush 13 and are coupled by a chain
      25. 101 is a gear mounted on the same shaft as the roller 5 and is always
      meshed with the gear 12. 5' is another gear meshed with the gear 101 by
      means of a spring and movable into engagement with the gear 12 in the
      return movement of the machine proper, as will be explained more fully
      later.
PAR  In operating the electrostatic reproducing machine described above, first a
      roll of light transparent, flexible photosensitive member or substrate 6
      is manipulated to extend the leading end thereof around the lower face of
      cylinder 4 to the bite or contact portion between the transparent cylinder
      4 and the contact roller 5, and then the leading end is transferred to the
      discharge slot 24 by idly rotating the transparent cylinder 4.
PAR  This setting of the leading end of the light transparent photosensitive
      member to the bite is accomplished, for example, by providing a side frame
      (not shown) on the machine proper that is operable as a door and thereby
      with this side frame opened the leading end of the light transparent
      photosensitive member can be set in the contact portion manually with
      ease.
PAR  Subsequently the photosensitive paper sheet 1 of a given length is fed into
      the machine through the slot 2, and the paper transfer roller 3 is rotated
      to a position indicated by any suitable means controllable from the
      outside of the machine, for example, by a dial, so as to position the
      leading end of sensitive paper 1 to engage the bite between the contact
      roller 5 and the transparent cylinder 4.
PAR  In the meantime, an original document guide frame G.sub.F, as shown in FIG.
      5, is preset on the base portion of machine proper. The guide frame
      G.sub.F is provided with a pair of channel guide rails G.sub.R on both
      sides relative to the moving direction of the machine proper. The pair of
      guide rails G.sub.R receive therein side plates (not shown) of the machine
      proper, such that when the cylinder 4 is rotated, the rotation of the
      cylinder serves as a motive power and causes the movement of the machine
      proper along the pair of guide rails G.sub.R on the original document
      guide frame G.sub.F. In FIG. 5, designated at Cp is a copying portion. The
      length of the photosensitive paper 1 is determined depending upon that of
      the original document guide frame G.sub.F.
PAR  In setting the machine on the original document being reproduced, the
      original document Or is set in place so as to coincide with the copying
      portion Cp of original document guide frame G.sub.F connected to the
      machine proper, and then transfer the handle lever 7 to the position shown
      by the solid line from the position shown in dotted line in the drawing.
      The movement of the handle lever 7 actuates the micro-switch 8, whereby
      the charging devices 9 and 10 and the light source 11 are actuated to an
      operative state. Upon further movement of the handle lever 7, the
      transparent cylinder 4 in contacting relation with the original documentn
      is caused to rotate in a counter-clockwise direction, and this causes the
      movement of the machine proper in the direction of arrow A, to the left as
      viewed in FIG. 3.
PAR  In order to form an electrostatic latent image in conformity with the
      original document by contact with the transparent sensitive member 6 which
      is uniformly charged with a specific polarity by the charging device 9,
      the sensitive paper 6 is exposed through the lower exposure slit 14 of the
      stationary cylinder 15 disposed within the transparent cylinder 4. Thus,
      an electrostatic latent image is formed, after which the latent image is
      developed by the toner carrying rotating developing brush 13 into an
      electrostatic powder image. The developing brush 13 is rotated in a
      reverse direction with respect to the travelling direction of the light
      transparent photosensitive member 6, so as to ensure the sufficient
      distribution of the developer or toner over the sensitive paper, and the
      rotation thereof is produced by the rotation of the gear 12 connected
      thereto by way of a chain 25. The rotation of gear 12 is produced from the
      transparent cylinder 4 through the contact roller 5. Meanwhile, the
      photosensitive paper 1 is uniformly charged to the same polarity as
      photosensitive member 6 by the charging device 10 and is transferred in
      close contact with the light transparent photosensitive member 6 with the
      rotation of the transparent cylinder 4. The photosensitive paper 1 is
      exposed to light through the upper slit 14' at the contact portion between
      the transparent cylinder 4 and the contact roller 5, and is thus subjected
      to the contact transmission printing, whereby the powder image carried by
      the light transparent photosensitive member 6 is transferred to the
      photosensitive paper 1 and defines an electrostatic latent image. For
      facilitating the aforementioned operations, it is preferable to set the
      machine so as to position the lower slit 14 within the cylinder 4 at the
      trailing side of the copying portion Cp of the guide frame G.sub.F, and
      the distance from the leading end of photosensitive paper 1 to the rear
      end of charging device 10 is preferrably equal to the distance from the
      contact portion between the cylinder 4 and the contact roller 5 to the
      rear end of the charging device 9.
PAR  When the trailing end of photosensitive paper 1 is advanced to the side of
      the separation pin 22, the movement of the machine in the direction of
      arrow A is completed. At this stage, the used light transparent
      photosensitive member 6 which has been delivered through the discharge
      slot 24 is separated. Then, the handle lever 7 is returned to its
      retracted position as shown by broken line to transfer the micro-switch 8
      to the off-position. By further movement of the handle lever 7, the
      transparent cylinder 4 is caused to rotate in the reverse direction,
      namely, in the clockwise direction. When the handle lever 7 is fully
      retracted, the gear 12 as brought into engagement with the gear 5' in
      meshing relation with the gear section 101 of the contact roller 5. At
      this point, the space between the sprockets 102 and 103 is unchanged. The
      rotation of the contact roller 5 in the counter-clockwise direction causes
      the gear 5' to rotate in the clockwise direction, while at the same time
      causing the gear 12 to rotate in the counter-clockwise direction, whereby
      the developing brush 13 rotates in only one direction.
PAR  With the rotation of the transparent cylinder 4 in the reverse direction,
      the machine returns to its initial position, and synchronously with the
      return movement of the machine proper, both the light transparent
      photosensitive member 6 and the photosensitive paper 1 are retracted,
      whereby the light transparent photosensitive member 6 is taken up or
      rewound into a rolled state, while the photosensitive paper 1 is separated
      and led by the pin 22 from the member 6 to travel along the under side of
      guide plate 19, during which period the sensitive copy paper 1 is
      developed by the developing brush 13, thereby forming an image of strong
      contrast. As soon as the photosensitive paper 1 is delivered to the
      receiving plate 23, the rotation of the transparent cylinder 4 is stopped.
      Thus, the machine is reset to its initial condition. After the machine
      proper is restored to the initial position, the transparent cylinder 4 is
      again idly rotated to transfer the leading end of light transparent
      photosensitive member 6 to the discharge slot 24, then the reproducing
      operation may be repeated in the above manner. In this case, the light
      transparent photosensitive member 6 once used in the preceding copying
      operation is discarded. The spring 20 connected between the cylinder 4 and
      the central portion of the roll of light transparent photosensitive member
      6 serves to pressure-contact the roller 21 between the transparent
      cylinder 4 and the light transparent photosensitive member 6, to thereby
      prevent the transparent sensitive member 6 from being loosened.
PAR  In the embodiment aforementioned, the ight transparent photosensitive
      member 6 is arranged for a single use. Where a repetitively serviceable
      roll of light transparent photosensitive member is used as a sensitive
      member, an arrangement required in the commencement of copying operation
      for inserting the leading ends of both light transparent photosensitive
      member 6 and photosensitive paper 1 together into the bite between the
      cylinder 4 and the contact roller 5. In order to repetitively use the
      light transparent photosensitive member 6, the cleaning of the used
      photosensitive member is imperative, and the cleaning is effected, using
      the developing brush provided for developing the sensitive paper. Thus, in
      the contact transmission printing process subsequent to the formation of
      the electrostatic powder image, the powder image bearing photosensitive
      member is brought into close contact with the photosensitive paper which
      has been uniformly charged in the preceding step, so as to be exposed to
      light from the back side thereof, whereupon the charge on the exposed area
      of the photosensitive paper, viz. on the non-toner image bearing area, is
      discharged by light excitation and consequently the powder image on the
      photosensitive member is transferred by the charge onto the photosensitive
      paper. At the same time, the charge which has retained the powder image is
      attenuated by the exposure. Accordingly, the exposure in this case serves
      as a discharger for the photosensitive member. In addition, the major part
      of toner adhered to the developing brush is adhered to the surface of
      photosensitive paper, such that no significant residual toner is adhered
      to the light transparent photosensitive member, and the developing brush
      is in turn operated to remove the residual powder image remaining on the
      photosensitive member. Furthermore, the developing brush is arranged to
      rotate in the same direction to the travelling direction of the
      photosensitive member when the machine proper is restored to its initial
      position and to rotate in the opposite direction to the travelling
      direction of the photosensitive paper. This facilitates the adhesion of
      the toner to the photosensitive paper, with no adhesion to the light
      transparent photosensitive member.
PAR  If a repetitively serviceable light transparent photosensitive member is to
      be further achieved, the transparent cylinder may be replaced by a
      transparent electrophotographic sensitive cylinder, such that the light
      transparent electrophotographic sensitive cylinder serves as a
      photosensitive member as described in the aformentioned embodiment, in
      which case the developing brush serves both as developing means and as
      cleaning means.
PAR  As is apparent from the foregoing description, the electrostatic
      reproducing machine according to this invention is so arranged that the
      frictional rotation betwen the transparent cylinder and the original
      document is used as a driving source for the machine, and the transfer of
      the transparent sensitive member and the photosensitive paper, the
      rotation of developing brush and the control of other means are achieved
      by the frictional connection or interconnection with the transparent
      cylinder. These serve to achieve the simplification in the mechanical
      construction and the miniaturization of the machine itself. Referring to
      the reciprocating movement of the machine proper, it is noted that in the
      initial advancing motion, an image is formed by the contact reflection
      printing and the image thus formed is transferred by the contact
      transmission printing, while in the returning motion of the machine
      proper, the latent image is developed. Where the repetitively usable
      photosensitive member is used, either the developing or the cleaning is
      effected during that returning movement. Also, it is to be noted that the
      charging devices and the light source are arranged to be operative only
      when the machine proper is in the advancing motion, for improving
      efficiency.
PAR  While there have been described and illustrated preferred embodiment of the
      present invention, it is apparent that numerous alterations, omissions and
      additions may be made without departing from the spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrophotographic copying method comprising the steps of producing
      a latent electrostatic image of an original on a front surface of a light
      transmitting first photo-conductive substrate, applying a toner to said
      image to form a separable toner image, applying an electrical charge of
      the polarity of said latent image to a front surface of a second
      photo-conductive substrate, bringing said front surfaces of said first and
      second substrates into close confrontation and exposing the rear surface
      of said first substrate to light to form an electrostatic latent image
      corresponding to said toner image on said second substrate and
      simultaneously transferring said toner image thereonto, separating said
      substrates and applying a toner to said toner image bearing surface of
      said second substrate.
NUM  2.
PAR  2. The method of claim 1 wherein the step of producing said latent
      electrostatic image on said first substrate comprises the steps of
      applying an electrical charge to said first front face, positioning said
      electrically charged first substrate front face in close confrontation
      with an original and exposing the rear surface of said first substrate to
      light.
NUM  3.
PAR  3. An electrophotographic copying method comprising the steps of forming an
      electrostatic latent image corresponding to an image of an original on a
      light transparent photoconductive member, developing said latent image
      with toner having a polarity opposite to said latent image to form a toner
      image, uniformly applying an electrical charge to another photoconductive
      member with the polarity opposite to that of toner, contacting the both
      surfaces of said members with the toner image surface and the uniformly
      charged surface confronting each other and exposing the rear surface of
      said light transparent photoconductive member to form an electrostatic
      latent image corresponding to said toner image and simultaneously
      transferring said developed image onto the surface of said other
      photoconductive member, separating the both members, and developing said
      other photoconductive member with toner to form thereon a final toner
      image of said original.
NUM  4.
PAR  4. The method of claim 3 comprising the step of fixing the final toner
      image.
NUM  5.
PAR  5. The method for obtaining a high contrast reproduction image comprising
      the steps of:
PA1  a. applying a electrical charge on a front face of a light transparent
      photoconductive member;
PA1  b. positioning said electrically charged front face in close confrontation
      with an original;
PA1  c. exposing the rear surface of said light transparent photoconductive
      member to form an electrostatic latent image of said original on the front
      face of said image of said original on the front face of said
      photoconductive member;
PA1  d. developing said electrostatic latent image with toner having a polarity
      opposite to that of said latent image;
PA1  e. applying an electrical charge of the polarity opposite to that of said
      toner on a front face of another photoconductive member;
PA1  f. positioning the front faces of said photoconductive members in close
      confrontation with each other;
PA1  g. exposing the rear face of said light transparent photoconductive member
      to form an electrostatic latent image corresponding to said toner image on
      said other photoconductive member and simultaneously transferring said
      toner image thereonto;
PA1  h. separating said photoconductive members; and
PA1  i. developing said other photoconductive member formed with the transferred
      toner image and the electrostatic latent image corresponding thereto with
      toner.
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ABST
PAL  An electro-photographic method and apparatus in which the photo-conductive
      material is on an optically transparent base, the voltage at each position
      on the photo-conductive material or on small areas of conductive material
      associated therewith being depended on the amount of light impinging on
      the photo-conductive layer through the transparent base and on a potential
      set up between an electrically conductive layer located between the base
      and the photo-conductive layer and on an element located on the other side
      of the photo-conductive layer, pigment being accepted in an amount
      depending on the variable voltage.
BSUM
PAR  This invention relates to improved methods of electro-photography and
      apparatus for use therewith.
PAR  Electro-photography currently employs either an air-suspended, or a liquid
      suspended developing pigment.
PAR  The older system, using the former technique, was first developed in the
      Battelle Institute in the U.S.A.; it makes use of a surface coated with a
      photo-conducting material, usually selenium. This surface is charged to a
      potential of some hundreds of volts, by a suitable device, and it is then
      exposed to an image of the material to be copied, for example, by means of
      an epidiascope or other lens system. Certain areas of the photo-conductive
      surface are thus discharged, or partially so, leaving a latent image of
      charged areas. This latent image is then developed by exposing the surface
      to an air-powder emulsion of which the powder comprises pigment particles
      encased in a readily fusable resin. The powder is attracted by and becomes
      attached to the charged areas.
PAR  The powder image is transferred, by the application of an electric field,
      to a sheet of paper placed in contact with the surface. The paper is
      heated to cause the resin to melt, and the pigment to become bound to the
      surface.
PAR  In an alternative form this basic technique can be used with a paper coated
      with a photo-conducting material, such as zinc oxide upon which the latent
      image is formed. As the latent image is formed directly on the paper and
      the pigment is applied thereto there is no necessity to transfer the image
      as is the case where this is initially formed on a photo-conducting
      material such as selenium but the technique is only useful where the
      photo-conducting material is a colour satisfactory for the finished
      product.
PAR  The second system, which is more recent and uses a liquid-suspended
      developing pigment, was evolved in the laboratories of the Australian
      Commonwealth Department of Supply, in Finsbury, South Australia. Paper is
      coated with zinc oxide bound with a resin, providing a photo-conductive
      surface which is charged to a potential of some hundreds of volts. It is
      discharged, in part, by an image of the material to be copied, as in the
      older method, but is developed in a bath of organic liquid. In this liquid
      are dispersed pigment particles, coated with suitable resin. The particles
      become charged naturally in the developing liquid, and are attracted to
      the latent image of charged areas of the zinc oxide surface. The paper is
      removed from the bath, the liquid is evaporated, and, on drying, the
      pigment becomes fixed to the surface.
PAR  In both of these techniques the surface must be charged, necessitating
      equipment for the purpose. Good prints from photographs having a full
      range of tonal density, cannot readily be made by the older process, as
      the charge on an unexposed area of the selenium tends to concentrate at
      the edges of the area, whereas with the later process, coated paper is
      necessary. Also, if the coating of the paper must be rendered
      panchromatic, the dyes used for the purpose tend to make it undesirably
      off-white.
PAR  British Pat. No. 797,027 describes a process having some features in common
      with my invention, to be described herein. The process does not appear to
      have found any industrial acceptance so it may well be that a satisfactory
      realisation could not be achieved.
PAR  The object of the invention herein to be described is to provide a method
      of making prints by electro-photography which minimizes or overcomes the
      disadvantages which have previously existed, which require neither
      charging equipment or specially coated paper and which, when applied to a
      printing apparatus, can operate rapidly whilst giving a true image.
PAR  A further object is to provide various forms of apparatus making use of the
      method of the invention, which apparatus can provide both monochrome and
      full colour prints.
PAR  The invention includes in or for electro-photographic apparatus an image
      receiving plate comprising a transparent base, a layer of optically
      transparent, electrically conducting material on the base and a layer of
      photo-conductive material on the layer of optically transparent,
      electrically conducting material. Specifically it is preferred that the
      photo-conductive surface is coated with metal and the surface of the matal
      is treated to form a number of discrete areas of metal each of which is
      surrounded by and spaced from further metal which is in the form of a mesh
      the said mesh being continuous. In another preferment a layer of highly
      resistant material is placed over the mesh, the surface is again coated
      with a metal which is treated to form a number of discrete areas of metal,
      the resistance material surrounding the areas removed as is the
      photo-conductive layer, except where this is protected by the mesh, the
      spaces being filled by an insulating material.
PAR  The apparatus of the invention includes a plate of the foregoing type and
      has means whereby an image can be caused to impinge on the
      photo-conductive layer through the base, a developing tank located over
      the said layer and insulated therefrom and a power source to provide a
      voltage between the layer of optically transparent, electrically
      conducting material and the developing tank or a plate thereon or
      associated therewith.
PAR  The method of the invention includes using a plate of transparent material
      having an optically transparent, electrically conducting material
      deposited thereon and a layer of photo-conductive material on the layer of
      optically transparent electrically conducting material, applying a
      potential across the layer of photo-conductive material illuminating the
      plate with an image of the material to be photographed and passing
      developer which includes a pigment adjacent the layer of photo-conductive
      material whereby pigment particles move towards the layer of
      photo-conductive material, the rate of pigment buildup having a
      relationship with the light incident on the layer of photo-conductive
      material there adjacent.
PAR  In a further aspect the invention includes an electro-photographic
      apparatus a colour correction device including a pair of light paths each
      of the same length, a filter in each light path one of the filters being
      to provide a colour separated image and the other a colour correction
      image.
DRWD
PAR  In order that the invention may be more readily understood it shall be
      described with reference to the accompanying drawings in which:
PAR  FIG. 1 is a schematic view of a basic, simple form of the apparatus;
PAR  FIG. 2 is an equivalent circuit showing the effective electrical operation
      of a small part of the apparatus;
PAR  FIG. 3 is a plan view of one surface of a preferred form of image accepting
      plate which may be used in accordance with the method of the invention;
PAR  FIG. 4 is a cross section along line 4--4 of FIG. 3 and showing a sheet of
      paper and the developing tank in position;
PAR  FIG. 5 is an equivalent electrical circuit showing the operation of the
      form of the invention using the arrangement of FIG. 3 and FIG. 4;
PAR  FIG. 6 is a plan view of an alternative form of plate to that illustrated
      in FIGS. 3 and 4;
PAR  FIG. 7 is a cross sectional view of the plate of FIG. 6 along the line 7--7
      of FIG. 6;
PAR  FIG. 8 shows the lines of force set up on the arrangement of FIG. 7;
PAR  FIG. 9 shows a form of colour correction apparatus which can be used with
      the invention;
PAR  FIG. 10 shows a first form of apparatus for use with the invention when it
      is desired to produce monochrome prints; and
PAR  FIG. 11 is a second form of apparatus where it is desired to produce
      multi-coloured prints.
DETD
PAR  The embodiment of FIGS. 1 and 2 illustrate a simple version of the
      invention which help to illustrate the principles incorporated in the
      invention. Later embodiments are practically more preferred.
PAR  In the embodiment of FIG. 1, we provide a sheet of transparent material 10,
      which is preferably glass and this is coated with a layer 11 of an
      electrically conductive material which is nevertheless optically
      transparent. This layer 11 may be tin oxide and a technique for applying
      such layers has been developed by the Pittsburgh Plate Glass Company in
      the United States of America. Coated over the electrically conductive
      layer 11 is a layer 12 of a photo-conductive material which may
      satisfactorily but not necessarily be zinc oxide bound with a suitable
      resin. When the apparatus is to be used a sheet of paper 13 is butted
      against the photo-conductive layer 12 and the paper has its outer surface
      directed to a developing tank 14. A gasket 15 permits a liquid tight seal
      to be made between the paper 13 and the interior 16 of the tank. This
      gasket also ensures that the tank is electrically insulated from the sheet
      of paper 13.
PAR  In order to ensure a close contact of the paper sheet 13 to the
      photo-conductive layer 12 a conventional vacuum arrangement can be used. A
      projector or the like 17 is arranged to transmit an image onto the glass
      sheet 10, or alternatively, the arrangement may be such that a
      transparency can be placed in contact with the sheet and means to
      illuminate the transparency provided.
PAR  In either case the image impinges upon the photo-conductive layer 12. A
      potential is established between the electrically conducting layer 11 and
      the developing tank. It will be recalled that the developing tank is
      electrically insulated from the layer 11 by means of the gasket 15. The
      potential required is normally of some hundreds of volts.
PAR  A developing liquid is then passed through the tank as will be described
      hereinafter.
PAR  The developing liquid is suitably conductive as explained hereinafter it
      may be either organic or inorganic. In some circumstances water may be
      quite suitable. Dispersed in the developing liquid there are particles of
      pigment which particles include means whereby they may bound to the paper
      surface. In one arrangement they may have been coated with a resin or
      similar substance and in the developer this resin is dissolved by a
      suitable solvent so as to provide a viscous coating on the pigment
      particles. These particles are dispersed in the liquid to form a stable
      colloidal suspension and to assist in maintaining this suspension an
      emulsifying agent may be required. For example one developer which may
      well be satisfactory use a water base, toluol and xylol are used to
      dissolve the resin on the pigment and as an emulsifying agent cholesterol
      and sodium cetyl sulphate may be added.
PAR  This developing liquid can be passed through the tank from inlet 18 to
      outlet 19 and as the pigment particles are charged they will tend to
      contact the paper.
PAR  Preferably the developing liquid is drained whilst the light image is still
      being applied to the photo-conductive layer 12 and the liquid is
      evaporated. During evaporation the bounding resin becomes connected to the
      paper sheet 13 thus fixing the image on the paper.
PAR  The image is formed because of the varying resistivity of the
      photo-conductive layer 12 depending upon the amount of light impinging
      thereon. For example under dark conditions the resistivity can be of the
      order of 10.sup.17 ohm cm.sup.-.sup.3 whilst under strong light conditions
      the resistivity can fall to 10.sup.5 ohm cm.sup.-.sup.3. This is
      illustrated in FIG. 2. In this FIG. A respresents a small area of the
      surface of the photo-conductive layer in contact with the paper, light
      incident on the photo-conductive layer 12 will control the resistance
      R.sub.2 between the area A and the optically transparent electrically
      conducting layer 11" area A. The ohmic resistivity of the developer liquid
      immediately between area A and the wall 20 of the developing tank 14 can
      be considered to be a resistance R.sub.1 which is constant. The voltage
      source E connected between the electrically conducting layer 11 and the
      developing tank 14 is connected across the resistances R.sub.1 and R.sub.2
      which form a potential divider so that the surface area A will be
      maintained at a voltage E.sup.1 which equals ER.sub.1 /R.sub.1 + R.sub.2.
      The potential E.sup.1 varies with the value of the resistance R.sub.2 and
      thus in accordance with the intensity of the light falling upon the
      photo-conductive layer below the area A from the portion of the original
      to be reproduced at A.
PAR  Charged particles of pigment will thus be attracted to the area A and this
      attraction will be dependent upon the voltage. As the paper sheet 13 is
      located betweeen the pigments and the photo-conductive surface the pigment
      will be deposited upon the paper at a density which varies with the value
      of E.sup.1.
PAR  It is preferred that the paper has a conductivity comparable with that of
      the liquid and this can be maintained at a suitable value by storing the
      paper in a humidifying chamber, by pre-treating it with a dilute solution
      of a deliquescent substance, or in other ways.
PAR  In a variation of the above described embodiment, the photo-conductive
      surface may be coated with metal, and this may be etched to form a mesh of
      metal remaining in contact with the photo-conductive surface. Suitably
      conductive paper may be pressed onto the mesh, and the whole may be
      offered up to the developing liquid in the manner already described. In
      this case the conductivity of the liquid is not important; the resistance
      R, is provided by the resistivity of the paper between the
      photo-conductive surface and the mesh.
PAR  In an alternative form of operation of the method illustrated by FIG. 1, it
      is possible to first deposit the image directly onto the surface of the
      photoconductive layer and subsequently transfer the pigment to paper. For
      example the image may be formed, a sheet of paper pressed evenly upon the
      pigment coated surface for example by a sheet of sponge rubber or plastic
      material fixed to a flat surface with a sheet of a fine metal mesh located
      between the sponge and the paper. Developing liquid can be passed into the
      chamber 14 which liquid of course does not have to contain pigment
      particles and a potential difference is applied between the metal mesh and
      the electrically conducting layer 11 which potential is of such a polarity
      that it will attract the particles towards the metal mesh thus the
      particles migrate from the photo-conductive layer to the paper. The
      developer tank 14 is then drained, the developer permitted to evaporate
      and the image is fixed to the paper surface.
PAR  Although the form of use of the method described above and illustrated in
      FIGS. 1 and 2 can provide a satisfactory image it must be appreciated that
      such an unsophisticated arrangement can have difficulties. Specifically
      there will tend to be a certain amount of migration of pigment to areas of
      the paper which should be white. Thus there can be an overall slightly
      grey toning to the paper.
PAR  These difficulties can be overcome by use of an arrangement such as
      illustrated in FIGS. 3 to 5. Referring to FIG. 4 a sheet 30 of a
      transparent material such as glass is coated with a layer 31 of optically
      transparent electrically conductive material, the layer being equivalent
      to layer 11 of the earlier embodiment. A layer 32 of a photo-conductive
      material is coated over the layer 31 and this layer is equivalent to layer
      12 of the earlier embodiment. Over the layer 32 there is deposited a layer
      33 of a resistive material which can, for example, be nickel vacuum
      deposited over the layer 32. Over this resistive layer 33 there is
      provided a layer of photo-resist material. A suitable photo-resist
      material is that sold by the designation K.P.R. by Kodak (Australasia)
      Pty. Limited. This photo-resist material is exposed through a photographic
      negative of a pattern of small discrete area which are interspersed with a
      continuous mesh as illustrated in FIGS. 3 and 4. The discrete areas are
      shown as being hexagonal but any other pattern which provides discrete
      areas surrounded by a continuous arrangement could equally satisfactorily
      be used.
PAR  The unexposed photo-resist material is removed from the areas 35 and 36
      whilst the remainder, which has been rendered insoluble by light remains
      in the areas 37.
PAR  A layer 38 of conducting material, preferably cooper or silver is then
      electro-plated or otherwise deposited onto the exposed surface producing a
      series of areas 35 of electrically conductive material resistively
      connected by means of portions of the layer of electrically resistive
      material 33 to what is effectively a conducting mesh 36 of the conducting
      material deposited on the surface. Using this form of the invention a
      layer of paper 39 is held in intimate contact with this outer conducting
      layer and a developing tank 40 can be located thereagainst in a manner
      similar to that described in relation to the first embodiment. In this
      form of the invention the resistivity of the developer is not critical as
      was the case in earlier embodiments. The resistance R.sub.1 is not
      provided by the developing liquid but by the resistive material of the
      layer 33 which is embodied within the printing screen. Thus the areas 35
      are held at a voltage E.sup.1 which is dependent upon the light intensity
      of the corresponding portion of the image and will attract more or less
      charged particles from the developer depending on whether E.sup.1 is a
      high or low voltage.
PAR  Because the developer liquid does not provide the resistance R.sub.1 its
      resistivity may be substantially higher than in the first form and may
      depend predominantly upon the charges conveyed by the movement of the
      charged pigment particles. Thus the speed of development will be much
      greater in this embodiment than was the case in the earlier embodiment. A
      schematic equivalent electrical arrangement is shown in FIG. 5 and in this
      the area 35 is effectively one of these areas in the screen. As in FIG. 2
      the developer tank or a plate therein is shown as 40. The arrangement is
      such that the tank, or the plate therein can be held at any predetermined
      potential.
PAR  In order to do this we provide a potentiometer POT which is connected
      across the voltage source E and as illustrated there are three taps
      associated with the potentiometer X, Y, and Z. If the developing tank 40
      is connected to tap X the situation will be as described in relation to
      the first embodiment and a negative transparency will produce a positive
      image.
PAR  Even assuming the area 35 is in darkness and thus the area of
      photo-conducting layer 32 associated therewith has its highest resistivity
      and thus the voltage E.sup.1 is low some pigment can be deposited upon the
      surface and thus the difficulty mentioned with the earlier embodiment,
      that is an overall grey background may still obtain. In fact even if
      voltage E.sup.1 is zero there can, because of the general movement of the
      pigment particles be certain of these which contact the paper associated
      with area 35. Thus it is desirable to impart a small voltage to the plate
      40 which sets up a field which causes the pigment particles to be repelled
      by the area 35 if white areas in the original are to be truly reproduced.
      This situation can be obtained simply by connecting the plate to the tap Y
      on the potentiometer POT to thereby give the desired potential.
PAR  The third tap Z is provided so that the voltage on the tank or plate 40 is
      slightly greater than that on the area 35, when the light on the portion
      of the photo-conductive layer 32 associated with the area 35 is at its
      maximum. Under this condition a positive print can be made from a positive
      original or transparency.
PAR  Thus by simple control of the voltage on plate or developing tank 40 by
      means of the taps X, Y and Z on the potentiometer and reversal of the
      polarity of the voltage E the form of device can provide a positive or
      negative print from either a negative or positive transparency or other
      original and can ensure that a positive print from a negative original has
      a full range of tonal gradations from black to white.
PAR  By modification of this particular embodiment it is possible to obtain
      black and white prints more rapidly than has previously been practicable
      by any other known method of reproduction whilst, at the same time, the
      equipment necessary is cheaper and simpler than previously proposed forms.
PAR  The embodiment of FIGS. 3 to 5 may not be completely satisfactory where a
      positive print is being made from a positive original, that is when the
      potentiometer tapping Z is connected to plate 40 and an image developed
      upon the plate is to be transferred to paper as there can be a certain
      deposit of developer on the mesh 36 of FIG. 3. This will occur because
      when no light from the original falls upon the photo-conductive surface
      the resistance R.sub.2 of FIG. 5 will have an extremely high value and
      thus the area 35 will be at zero potential whilst the developing tank or
      plate 40 will be at some finite voltage depending on the position of the
      tap of Z. If then this is a positive potential and positively charged
      particles are used in the developer then the mesh will attract developer
      and the print will thus be imperfect.
PAR  In the embodiment of FIGS. 6 to 8 this difficulty is overcome by locating
      the mesh 45 below the surface of the plate so that it is only the areas 46
      which can attract developer pigment. In this embodiment I again provide a
      sheet of glass or other transparent material 47 upon which there is a
      layer 48 optically transparent and electrically conductive material such
      as tin oxide. This layer is similar to the equivalent layers in the
      previous embodiments. The layer 49 is a layer of photo-conductive material
      which may be zinc oxide or which may be a material such as cadmium
      sulphide doped with magnesium and oxygen. In either case the material
      would be bound with a suitable resin. This layer may be deposited
      electrophorectically as has been described in the art or may be sprayed on
      the surface as a solution or may be applied in other ways. As the colour
      of this layer has no bearing upon the end print it is of course not
      essential that it should be white and for this reason it may be desirable
      to use a material such as cadmium sulphide which can provide a printing
      rate which is faster than by using zinc oxide. Positioned over the layer
      49 is a layer of metal 50 which can be copper or silver. Copper may be
      deposited by a process developed by the Shipley Company of the United
      States of America in which the copper is desposited from an alkaline
      solution. If it is necessary to protect the surface of the layer 49 it is
      possible to provide an intermediate layer 51. This layer may consist of a
      high resistivity plastic which is mixed with a conductive material such as
      carbon black. Alternatively it may consist of a layer of a plastic
      material which itself has a suitable resistivity, as will be hereinafter.
      The surface of the copper or other metal or other conductor is now coated
      with a layer of a photo-resist material such as that produced by the
      Shipley Company under the reference AZ 111. After this layer has been
      dried it is exposed to light so that a mesh shown as 45 in FIG. 6 is
      protected from the light whilst the remainder of the surface is strongly
      irradiated. The irradiated areas are then washed clear of the photo-resist
      material in an alkaline solution and the copper exposed is etched away
      using a conventional etching solution. Thus there is left a mesh 45 which
      is shown as 50 in FIG. 7. A layer 52, which is preferably of the same
      material as layer 51, if layer 51 is used, is then applied over the whole
      surface of the sheet. The surface of this layer 52 is then coated with
      copper, another metal or other form of conductor as was the surface of
      layer 51, again a photo-resist material such as AZ 111 is coated
      thereover, dried and exposed to form the areas 46 of FIG. 6. Again the
      photo-resist material in the exposed areas is washed away and the copper
      is etched so that the islands are formed and are isolated one from
      another. The surface of the layer 52 is then washed, where cleared of
      copper by jets of a suitable solvent so that these areas are dissolved
      away. Similarly the layer 51 is also dissolved away in these areas if
      there is such a layer and the same or a different material is used to wash
      away the equivalent portion of the photoconductive layer 49, this being
      demonstrated at 53. The areas 46 are thus isolated one from the other down
      to the layer 48 except of course where the mesh 45 is located as this mesh
      prevents material therebelow being washed away. The spaces so formed can
      then be filled with an insulating material 54 which material may be an
      epoxy resin and the surface of the plate can be gently polished.
PAR  The mesh 45 is resistively connected to the areas 46 by the remaining
      portions of the layer 52 whilst other parts of the areas 46 are
      resistively connected to the electrically conducting layer 48, when the
      layer 49 is illuminated (by way of the layer 51 is used) and the
      photo-conductive material 49, the interconnection between the mesh 45 and
      the areas 46 provides the resistance R.sub.1 of FIG. 5. Whilst the
      interconnection between the areas 46 and the electrically conducting
      surface 48 forms resistance R.sub.2. It will be appreciated that the
      resistive layer 52 not only provides resistance R.sub.1 but also provides
      a theoretically undesirable resistance between the area 46 and the
      photo-conductive surface 49. If there is a layer 51 this adds to this
      undesirable resistance. It can however be shown that this additional
      resistance is normally small in comparison with R.sub.2 whilst the layer
      52 provides a satisfactory value of R.sub.1. Even if the undesirable
      resistance, equals R.sub.1 and R.sub.1 equals R.sub.2, and if the applied
      potential is 500 volts than the voltage E.sup.1 applied to an area where
      its base is fully illuminated will be 166 volts which is a suitable and
      adequate value for fast development.
PAR  A maximum value of R.sub.2 less than that of R.sub.1 may be desirable if a
      linear relationship between the voltage applied to an area and the light
      illuminating the associated part of the photo-conductive layer 49 leading
      to a lesser value of E.sup.1. Under these circumstances fast development
      can still be achieved. FIG. 8 shows the general lines of force in respect
      of the plate of FIGS. 6 and 7 when associated with either portion of a
      developing chamber or a plate 55. It will be seen that all lines between
      the printing plate and the plate 55 terminate on the areas 46 the mesh 45
      being screened by these areas.
PAR  It will be seen that the manufacture of the plate is relatively simple
      using techniques which are well established in the manufacture of
      electronic integrated circuits. In operation the plate of the embodiment
      of FIGS. 6 and 8 is identical to that of the previous embodiments.
PAR  If desired the paper may be placed against the outer surface of the plate
      and the pigment attracted thereto or, alternatively, the pigment can be
      applied to the plate and either removed therefrom by placing paper
      thereagainst and changing the field or simply by a physical process of
      pressing the pigmented plate against a sheet of paper as would occur in a
      normal printing process.
PAR  The method of the invention has certain features which are advantageous and
      which are not all possessed by previously proposed methods of
      electrophotographic reproduction. These are:
PAR  a. The speed of reproduction can be faster than previous forms as the
      fastest available photo-conductors can be used regardless of their colour
      and because each area 46 is maintained at constant potential during
      developer pick-up; using charged photo-conductive surfaces, the potential
      falls during developer pick-up.
PAR  b. Ordinary paper can be used; special coatings involving exacting
      techniques in preparation, as used in most current liquid developer
      systems, are not required.
PAR  c. No charging device, or source of high voltage equipment is required,
      consequently simpler apparatus can be designed.
PAR  d. Using electro-photographic printing plates, such as have been described
      above, it is possible to produce a positive print from a positive, or from
      a negative original, merely by reversing a switch, the switch also being
      designed so as to reverse the polarity of the supply voltage. The
      developer need not be changed when changing from a negative to a positive
      original as with existing systems.
PAR  e. Black and white photographs alone, or in conjunction with written
      material, may be faithfully reproduced, with a full range of semitones.
      Although the area of the areas 46 does not equate to the whole area of
      printing surface (the resin 54 in the spaces between the areas 46
      occupying some of the area) nevertheless, where full black is to be
      reproduced, an amount of developer is taken up, such that when the plate
      is pressed onto paper, and the developer is transferred thereto, the
      developer is forced sideways to an extent just sufficient to bridge the
      gap between the print from one area 46 and the next. The method of the
      invention can also be used for colour reproduction work. In the simplest
      way the original can be exposed through a red filter and a Cyan pigment is
      used for transmission to the paper or the surface of the plate, the paper
      to which the image is transferred either directly or via the plate is
      dried, the original is again exposed through a green filter and a
      developer using a Magenta pigment is used, the paper is dried, a further
      exposure is made using a blue filter and a yellow pigment is used. Such an
      arrangement can be satisfactory in the simpler form of device but it is
      well known that if such an arrangement is used the colours are not
      necessarily correct. The difficulty is that Cyan pigments do not absorb
      only red light as it also acts as though it contains a smaller amount of
      Magenta. This is it absorbs not only red but also some green. Likewise
      Magenta pigments act as though they contain some yellow. Yellow ink
      generally is regarded as not requiring correction as it absorbs blue and
      only a small trace of green. In order to overcome these difficulties it is
      recognized as desirable to reduce the Magenta print in those areas where
      Cyan ink is also printing and to reduce the yellow in those areas where
      Magenta is also printing. (This concept is discussed in "Basic Colour for
      the Graphic Arts", Graphic Arts Data Book Q-7, Eastman Kodak Company).
PAR  I have developed, and have illustrated in FIG. 9 a particular arrangement
      in which such correction can be made in the application of my invention. I
      provide a projector or the like 60 in which there is a colour negative 61.
      The light is transmitted through this and through a lens system 62 to a
      part-silvered mirror 63. The light reflected by the part-silvered mirror
      passes to a mirror 64, through a filter 65 to a mirror 66 and thus to the
      plate 67. The light which is not reflected by the part-silvered mirror 63
      passes to mirrors 68 and 69 through filter 70 to the mirror 66 and to the
      plate 67. The two paths are made to be of equal length so that the two
      images are exactly superimposed at 71. In order to transmit the whole of
      the material of the negative onto the plate 67, the plate 67 is caused to
      move in a horizontal plane, say from left to right whilst the mirror 66 is
      caused to rotate about an axis 72. In this way an undistorted image of the
      negative is produced upon the plate 67. Alternatively, the mirror 66 can
      remain stationary and the negative 61 can be moved in synchronism with the
      plate 67. When the Magenta image is to be formed a green filter is used as
      filter 70 whilst a red filter is used as filter 65. Less light is
      transmitted through filter 65 than filter 70 so the beam passing through
      filter 70 is that which provides the main illumination on the plate 67.
      The amount of light passing through filter 65 is arranged to be sufficient
      to reduce the potential of the areas 46 where Magenta is to be printed and
      where Cyan is also printing.
PAR  By proper adjustment of the relative intensity of the light passing along
      each of the paths the error in the Cyan pigment is corrected. In a similar
      manner areas in Magenta pigment may be corrected by using a green filter
      at 65 when forming the yellow image with a blue filter at 70 and adjusting
      the light intensity transmitted by the two paths. After the three colours
      have been printed it may be desirable, as is conventional, to overprint
      with a black image.
PAR  FIGS. 10 and 11 show two practical embodiments of my invention the
      embodiment of FIG. 10 being for single colour use and that of FIG. 11
      being for multicolour use.
PAR  Referring firstly to the embodiment of FIG. 10 the machine is built around
      a drum 100 which is adapted for rotation about a pivot 101.
PAR  This drum is preferably made of glass or other transparent material and a
      plate 102 is formed round portion of the periphery thereof. This plate is
      preferably formed as described in the embodiment of FIGS. 6 to 8. The
      original to be copied 103 can be placed on a flat surface, which may be a
      glass screen or the like and it is illuminated by a pair of flood lamps or
      the like 104 preferably mounted at 45.degree. to the surface so that
      reflection is minimized. The image impinges upon a mirror 105 which is
      mounted for rotation about a pivot 106 and has a bearing 107 or the like
      which bears against a cam 108 which is mounted for rotation about a pivot
      point 109.
PAR  Associated with the mirror 105 there is a lens system 110. The image from
      the original 103 reflects from the mirror 105 through the lens 110 through
      the glass 111 of the drum to the rear surface of the plate 102.
PAR  The operation of the cam 109 is so timed relative to the rotation of the
      drum 100 that the original is scanned and the scanned image is transmitted
      to the plate 102 as the drum rotates.
PAR  A developer bath 112 is provided with a first roller 113 which in turn is
      in contact with a second roller 114. The colloidal suspension of pigment
      is drawn up from the reservoir 115 and passed to the roller 114. This
      roller may be arranged so as to be brought into contact with the drum when
      the point B is located therebeside and to be removed from contact when the
      drum reaches point A.
PAR  This can thus be seen that as the mirror 105 commences scanning the pigment
      from the developer is placed on the areas 46 in an amount which depends
      upon the light incident on the photo-conductive layer 49 associated with
      the particular area 46. Once the pigment is located it is of course not
      necessary that the photo-conductive layer should be illuminated.
PAR  A second composite cam 116, 117 rotates about a pivot 118 and these cams
      are in association with a paper feed device 119 which is preferably a
      vacuum feed.
PAR  The movement of this device is to come into alignment with paper 120 in a
      supply stack, lift this paper and take it forward to a nip between the
      drum 102 and a roller 121. This roller may have associated therewith a
      reservoir 122 for a fluid which is carried by a roller 123. This fluid is
      spread onto the roller 121 and wiped off by a squee'gee or the like 124,
      thus cleaning the roller 121 if it should become contaminated by
      developer.
PAR  If required the roller 121 can be formed with a metallic core so that a
      potential can be provided on the side of the paper away from the drum 100
      so that the pigment on the drum can be transferred to the paper.
PAR  The developer may include means whereby the coating of the pigment can be
      softened so that a permanent bond is made with the paper.
PAR  After passing between the roller 100 and the roller 121 the paper is
      delivered to a tray 125.
PAR  It may be desirable to clean the drum 110 after the image has been
      transferred to the paper and in order to do this I provide a reservoir 160
      in which there is a roller 161. The liquid in the reservoir is passed by
      the roller to the drum either continuously or only in the plate area
      between B and A in the drawing and to ensure that the drum is completely
      dry I provide a squee'gee device 162 in association with a compartment 163
      so that excess liquid is removed from the drum and passes to waste through
      outlet 164.
PAR  Turning now to the embodiment of FIG. 11 I provide a projector 140 which is
      adapted to receive a negative transparency 141. The transparency is moved
      by a rod 142 which has on its lower end a bearing 143 on which is mounted
      a wheel which is acted on by a cam 144 which rotates about an axis 145. A
      spring 146 is compressed by the slide as it moves upwardly so that the
      slide holder is held against the cam 144 as to rotates from the position
      shown. A lens system 147 transmits the image from a particular portion of
      the slide through a half silvered mirror 148 from which there is
      reflection to a mirror 149 through a filter 150 to a mirror 151. From this
      mirror the light is passed through the glass portion of a drum 152 onto
      the back of a plate 153 which is the same as that described with reference
      to FIGS. 6 to 8.
PAR  Portion of the light passes through the half silvered morror 148 to a
      system consisting of two mirrors 154, 155 and through a filter 156. This
      ray again passes to the mirror 151 and to the plate 153.
PAR  The drum 152 is rotated through a gear box 160 which has a pair of worm
      gears 161, 162 and worm 163 drives worm wheel 163 which is in driving
      connection with the shaft 164 of the drum which rotates about pivot 165.
      As illustrated the drive is by means of a chain 166 but any other suitable
      form of drive such as a keyed belt may be used. The drive must preserve
      registration of the images between drum 152 and drum 175. Drum 152 can
      move between three positions. One position, that illustrated in FIG. 11 is
      where the image is being projected onto the back of the plate 153 and
      where pigment is being supplied thereto by means of roller 167 from
      reservoir 168 which is one of a plurality of reservoirs mounted upon a
      plate 169 which itself is rotatable about a pivot 170. In this condition
      the image of the slide is built up on the photo-conductive surface and the
      particular pigment concerned can settle on the plate. It will be
      appreciated that the optical system is similar to that of FIG. 9 and
      depending on the colour concerned so correction is obtained by the light
      passing through to paths. When the required colour build-up is achieved
      either after one or more revolutions of the drum 152 the drum is moved to
      the dashed position where it comes into contact with a further drum 175.
      This drum is driven by worm wheel 176 through chain 177 to a sprocket 178
      and rotates about an axis 179. The drum has paper pickup means 180 and
      retaining means 181 whereby a sheet of paper 184 which is delivered by
      means 182 can be picked up and carried about the drum. Located adjacent to
      the drum there are driers 185 which may be radiant or other elements.
PAR  In operation a slide 141 is located in position and is moved across the
      lens system 147 by the cam 144 and the projected light therefrom passes
      through the two filters 150, 156 which depend on the colour being
      produced, through the two light paths which are of equal length and to the
      back of the plate 153. The particular pigment concerned is delivered to
      the other side of the plate by the roller 167 from the reservoir 168. At
      the same time paper is selected by the paper delivery means 182, which may
      be a vacuum operated means, is delivered between the roller 175 and
      movable guide 190 it is accepted by the paper pick-up means 180 and the
      trailing edge is gathered by the means 181. In the simplest case as the
      image is placed onto the plate 153 the roller 152 is moved towards and
      into contact with the roller 175 and the particular colour image is
      transferred to the paper. If required an electrical field is provided to
      ensure complete transfer. As soon as the image has been transferred the
      roller 152 moves away from the other roller. This roller can move into
      contact with roller 190 which has a reservoir 191 and a squee'gee 192
      whereby the plate can be cleaned. Whilst the roller 152 is in contact with
      the roller 190 the carrier plate 169 which carries the colour pigments can
      rotate so the next reservoir is in location for contact with the roller
      152 and at the same time the filters 150 and 156 can be changed. On the
      next revolution the slide 141 again moves across the lens system and with
      different filters the image for the next colour is projected upon the
      plate 153 and the pigment is applied to the roller. At the end of this
      rotation once again the roller 152 is moved into contact with the roller
      175 and the next colour is transmitted to the paper 184. This process is
      repeated for the third of the colour rolls and for a black overprint at
      which time the paper 184 has had three colours and one black impression
      thereon. On the completion of the revolution the leading edge of the paper
      is released by the holding means 180 roller 190 is brought into contact
      therewith and the paper is delivered to a tray 191. This is the completion
      of the cycle which has produced a full colour image.
PAR  If necessary a slide or image changing means can be provided so that the
      slide 141 is automatically replaced by the next slide and the process is
      repeated. It can be seen that providing the photo-conductive material can
      accept an image quickly it is only necessary that the drums rotate 12
      times to provide a finished and fixed full colour print from an original.
PAR  In practice it may well be preferred that a larger number of rotations be
      used. As there is full registration between the two drums it is quite
      possible to permit the drum 152 to make several revolutions whilst pigment
      is being built-up on the plate 153 and to make one or more revolutions
      while this pigment is being transferred to the drum 175.
PAR  The surface drum 175 may preferably be of a conductive rubber so that good
      contact is made between the two drums when printing is being effected.
PAR  The roller 167 by means of which pigment is transferred to the plate 153
      may be arranged to move or oscillated in the direction of their
      longitudinal axis. Such movement which is known in the printing art may
      ensure better distribution of pigment than is the case if the roller is
      stationary in its longitudinal direction.
PAR  It is appreciated that I have described several embodiments of the method
      of the invention an apparatus for carrying it out but many variations can
      be made in the various functions.
CLMS
STM  I claim:
NUM  1.
PAR  1. In or for electro-photographic apparatus an image receiving plate
      comprising a transparent base, a layer of optically transparent,
      electrically conducting material on the base and a layer of
      photo-conductive material on the layer of optically transparent,
      electrically conducting material, the photo-conductive layer being coated
      with metal and the surface of the metal being treated to form a number of
      discrete areas of metal each of which is surrounded by and spaced from
      further metal which is in the form of a mesh the said mesh being
      continuous.
NUM  2.
PAR  2. A plate as claimed in claim 1 wherein each discrete area is of hexagonal
      form.
NUM  3.
PAR  3. A method of electrophotographically forming a printable image using an
      image receiving plate comprising a transparent base, a layer of optically
      transparent electrically conducting material on said base, a
      photoconductive layer on said optically transparent electrically
      conducting layer, a multiplicity of electrically conducting discrete
      elements arranged in a regular array on the surface of said
      photoconductive layer, a continuous electrically conducting mesh
      surrounding and spaced from said discrete elements, and an electrically
      resistive layer connecting said discrete elements and said conducting
      mesh; and an electrostatic developer fluid carrying a printing medium
      therein; said method comprising the steps of:
PA1  applying a voltage to said plate whereby said electrically resistive layer
      and said photo-conductive layer form a voltage divider with said discrete
      elements connected at junction points of said electrically resistive layer
      and said photoconductive layer:
PA1  illuminating said plate with an image to induce a voltage pattern on said
      discrete elements in image relation;
PA1  passing said electrostatic developer fluid between the plate surface and an
      opposing electrode; and applying a voltage between said image receiving
      plate and said opposing electrode to generate an electric field in said
      fluid, whereby printing medium is attracted from said developer fluid to
      said array of discrete elements at a rate dependent upon the voltage
      pattern on said array to form a printable image.
NUM  4.
PAR  4. The method of claim 3, wherein said printing medium is collected on said
      array of discrete elements to form a printable image on the face of said
      plate.
NUM  5.
PAR  5. The method of claim 4, further comprising the steps of interposing a
      sheet of printing paper between said plate and said developer fluid and in
      contact with the surface of said plate and said conducting mesh, said
      paper having electrical resistivity such that it defines said fixed
      resistive layer.
NUM  6.
PAR  6. A method of electrophotographically forming a printable image using an
      image receiving plate comprising a transparent base, a layer of optically
      transparent electrically conducting material on said base, a
      photoconductive layer on said optically transparent electrically
      conducting layer, a multiplicity of electrically conducting discrete
      elements arranged in a regular array on the surface of said
      photoconductive layer, said elements defining part of the surface of said
      plate, a conducting mesh in said plate disposed below the surface thereof,
      and between said photoconductive layer and said discrete elements, and an
      electrically resistive layer connecting said discrete elements and said
      conducting mesh; and a developer fluid carrying a printing medium therein;
      comprising the steps of:
PA1  applying a voltage to said plate whereby said electrically resistive layer
      and said photoconductive layer form a voltage divider with said discrete
      elements connected at the junction points of said electrically resistive
      layer and said photoconductive layer;
PA1  illuminating said plate with an image to induce a voltage pattern on said
      discrete elements in image relation;
PA1  the passing said developer fluid between said plate surface and an opposing
      electrode; and applying a voltage between said plate surface and said
      opposing electrode to generate an electric field in said fluid, whereby
      printing medium is collected from said developer fluid and attracted
      towards said array of discrete elements at a rate dependent upon the
      voltage pattern on said array to form a printable image.
NUM  7.
PAR  7. The method of claim 6, wherein said printing medium is collected on said
      array of discrete elements to form a printable image on the face of said
      plate.
NUM  8.
PAR  8. The method of claim 6, further comprising interposing a sheet of
      printing paper between the plate and the developer fluid and in contact
      with the surface of said plate whereby the printable images is deposited
      directly on said paper.
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ABST
PAL  A photosensitive member for electrophotographic use having a photosensitive
      binder layer comprising zinc oxide and titanium dioxide photoconductive
      particles blended in a ratio of about 50:50 to 80:20 by weight and
      homogeneously dispersed into a film forming insulating resin binder, the
      particles having an average size of about 0.05 micron to 1.0 micron and
      the zinc oxide and titanium dioxide particles diffusing in light
      sensitivity by a factor of more than about 1.2 based on a gray filtered
      mean daylight source.
PARN
PAR  This is a continuation of application Ser. No. 178,223, filed Sept. 7,
      1971, now abandoned and relates to a method for obtaining photoreceptor
      members suitable for continuous tone reproduction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the art of xerography, a photosensitive member comprising a binder
      layer, such as zinc oxide particles dispersed in a film forming insulating
      resin, is uniformly electrostatically charged in the dark and then exposed
      to a pattern of activating radiation to form a latent electrostatic image
      on the surface of the binder layer. This latent image may then be
      developed by immersing the photosensitive member in a liquid developing
      solution which contains toner particles. The toner particles are attracted
      to and adhere to the areas containing the latent electrostatic image.
      After removal from the developer bath, the photosensitive member is dried
      and the image fused to form a permanent reproduction of the original
      radiation pattern or image.
PAR  It is well known in the art of electrophotography that it is difficult to
      adjust the properties of a photosensitive layer to render it suitable for
      continuous tone reproduction where the photosensitive layer is imaged in
      the conventional sequence of charging, exposure, and development with
      toner. In the art of photography, there are available grades designated
      No. 1 to No. 5 of printing paper of silver salt photography having the
      characteristic curve for soft to hard tones. In electrophotography,
      however, the conventional photoconductor member is characterized by a
      straight line in that the characteristic curve is shorter and the incline
      of the curve usually larger, which means harder. This characteristic curve
      is prepared by plotting the logarithm of the exposure strength at the
      abscissa and relative residual potential or developer concentration at the
      ordinate.
PAR  Where a photosensitive layer contains photoconductive particles dispersed
      in an insulating resin binder, it is known that the incline of the
      characteristic curve cannot be largely adjusted, even by changing the
      ratio of the binder and photoconductive member, or by other process
      variations in the preparation of the binder layer.
PAR  In order to avoid the above problems, the art has adapted various process
      techniques. One of these comprises a photosensitive layer which is
      prepared by kneading photosensitive zinc oxide sensitized with pigment
      absorption, and unsensitized zinc oxide with a binder. This process is
      more fully described in Japanese Patent Publication No. 11710/1966. U.S.
      Pat. No. 3,003,870 teaches the use of two kinds of zinc oxide having
      different sensitivities which are included in a continuous layer. British
      Pat. No. 967,690 teaches the use of several distinct binder layers
      sensitized by pigments having different sensitivities.
PAR  It can be seen from the above prior art, that complicated manufacturing
      processes, requiring much labor and resulting in lower efficiency in
      production, are required in order to obtain photoconductors exhibiting a
      soft characteristic suitable for continuous tone reproduction.
PAR  Conventional electrophotography is usually used for obtaining a positive
      image from a positive original. It is well known, however, that positive
      members usually have rather hard tone. Accordingly, by the use of
      conventional techniques described above, it is difficult to prepare
      photoreceptors exhibiting tone soft enough to meet requirements for a
      continuous tone reproduction.
PAC  OBJECTS OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide a novel
      photoreceptor member which overcomes the above noted disadvantages.
PAR  It is another object of this invention to provide a photosensitive layer
      having a soft characteristic suitable for continuous tone reproduction.
PAR  It is a further object of this invention to provide a photoreceptor binder
      member which exhibits excellent whiteness.
PAR  It is yet another object of this invention to provide a photoreceptor
      member which exhibits a characteristic curve having a long straight line
      suggestive of soft characteristics.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects and others are accomplished in accordance with this
      invention by providing a novel xerographic binder layer which comprises a
      mixture of photoconductive zinc oxide and titanium dioxide particles
      contained in a film forming insulating resin. More specifically, the
      photosensitive binder layer of this invention comprises a mix of
      photoconductive zinc oxide and a photoconductive titanium dioxide in a
      weight ratio of zinc oxide to titanium dioxide of about 50:50 to 80:20.
      The average particle size of each component should be controlled from
      about 0.05 microns to 1.0 microns, with the difference in sensitivity
      between the components being more than about 1.2. The two photoconductive
      components are homogeneously dispersed in an insulating film forming resin
      binder.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE in the drawing is a graph representing the residual potential
      ratio plotted against Log l/It for photosensitive layers of this invention
      as compared to conventional photosensitive layers.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The photoconductive composition of the instant invention comprises a
      photosensitive binder layer in which photosensitive zinc oxide and
      titanium dioxide particles are dispersed in a film forming insulating
      resin. More specifically, rutile titanium dioxide is preferred for use. As
      stated above, the ratio of the zinc oxide to titanium dioxide should be
      from about 50:50 to 80:20 by weight.
PAR  The tone of the photosensitive binder layer of this invention becomes
      softer following an increase in the titanium dioxide blending ratio.
      Consequently, when the zinc oxide blending ratio exceeds 80:20, the tone
      is extremely hard, and the purpose of the present invention cannot be
      realized. The maximum ratio of zinc oxide to titanium dioxide is therefore
      80:20 by weight. The difference in sensitivity between the zinc oxide and
      titanium dioxide has some influence on the tone. For example, when the
      difference is too small, the tone is not significantly different from that
      obtained from zinc oxide alone.
PAR  Titanium dioxide when used alone for a photosensitive binder layer, has a
      very low sensitivity and also has a lower charging potential and weak
      charging power. Accordingly, a photosensitive binder layer which would be
      prepared with titanium dioxide alone requires a longer time for exposure
      and yields a very low concentration of the developed picture. Thus, the
      photosensitive layer titanium dioxide alone is not completely satisfactory
      for use in xerography.
PAR  When the amount of titanium dioxide to be used in the instant invention
      exceeds a given level, the tone becomes soft. It has, therefore, been
      established that the maximum blending ratio of titanium dioxide to zinc
      oxide is about 50:50 by weight.
PAR  In forming photoconductive binder layers of the instant invention, the two
      photoconductive compounds are kneaded or mixed together with a binder and
      usually a binder solvent, to prepare a coating solution for the
      photosensitive layer. This solution or binder mixture is then coated onto
      a supporting substrate and allowed to dry, resulting in a final
      photoconductive layer. The degree of kneading depends upon the resulting
      power and smoothness required for the final image which is to be produced.
      It is important, however, to knead sufficiently to produce a very smooth
      coating surface for continuous tone reproduction. For obtaining an image
      picture of good continuous tone reproducability, the surface of the
      photosensitive layer should be particularly uniforming and smooth. It is
      important to keep photoconductor particle masses no larger than 10 microns
      in order that they not be seen on the photosensitive layer.
PAR  The dispersing property characteristic of titanium dioxide is far lower
      than that of zinc oxide. Therefore, the titanium dioxide particles should
      be kneaded to disperse sufficiently for producing a photosensitive layer
      which can satisfy the above described requirements. Usually sufficient
      dispersion is obtained by kneading in a ball mill for about 24 hours.
PAR  In general, any film forming insulating organic resin may be suitable for
      use in the instant invention. The typical resins include: vinyl,
      chloride-vinyl acetate copolymers, thermosetting acrylic resins,
      epoxy-esters of fatty acids of vegetable oils, styrenated akyl resin, and
      acrylic-ester resins. The weight ratio of the photoconductive powder
      mixture to the insulating binder is preferably in the range of about 25:1
      to 6:1. The photosensitive layer of this invention has utility as a
      photosensitive member for use in electrophotography by placing the binder
      layer on a conventional substrate such as a metal, plastic film or paper.
      In general the form of the photosensitive member may comprise any shape
      such as a sheet, plate, cylinder, or web.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following example further specifically defines the present invention
      with respect to a method of making a photoreceptor binder layer having a
      soft characteristic suitable for a continuous tone reproduction. The
      percentages in the specifications, examples and claims are by weight
      unless otherwise indicated. The example below is intended to illustrate
      various preferred embodiments of the instant invention.
PAC  EXAMPLES
PAR  A mixture of photoconductive particles of zinc oxide and titanium dioxide
      are kneaded with a vinyl chloride-vinyl acetate copolymer in a porcelain
      ball mill using n-butal acetate as a solvent. The weight ratio of the
      whole photoconductive mixture versus the copolymer is adjusted to 10:3 by
      weight. The resulting mixture is then used as a coating solution. The
      coating solution is applied to an aluminum foil substrate to obtain a dry
      film thickness of 5 to 6 microns, and the solvent completely evaporated to
      form the dry coating. A total of 5 photosensitive members having 100, 83,
      67, 50 and 0 percent zinc oxide, respectively, with the balance titanium
      dioxide, are made by the technique described above. The photosensitive
      binder members are allowed to stand in the dark for two days for dark
      adaptation, and then charged with negative corona and the dark attenuation
      observed. The initial potential and the residual potential ratio (the
      value obtained by measuring the potential 60 seconds after observing the
      initial potential in the dark and dividing the obtained value by initial
      potential, followed by multipling by 100) are shown in the following
      table.
TBL                Table                                                       
     ______________________________________                                    
                                   Residual                                    
     Blending ratio by weight                                                  
                     Initial potential                                         
                                   potential                                   
     ZnO      TiO.sub.2  (volt)        ratio (%)                               
     ______________________________________                                    
     100      0          -235          92                                      
     83       17         -208          90                                      
     67       33         -188          88                                      
     50       50         -170          84                                      
     0        100        - 70          60                                      
     ______________________________________                                    
PAR  From the table it can be seen that the initial potential is low for 100
      percent titanium dioxide and residual potential ratio high for the 100
      percent zinc oxide layer.
PAR  Other specimens are taken from the products produced in the above example
      and exposed to lights having different illumination prepared by combining
      gray filters to a C light source (C light source represents the mean
      daylight). The light attenuation was determined by this method. The
      residual potential ratio was calculated by the following formula:
      ##EQU1##
      wherein V.sub.L = a potential after a given exposing time, t sec., with an
      illuminance, 1.
PA1  V.sub.o = a potential before exposure
PA1  V.sub.0.sup.1 1 = an initial potential when observing dark attenuation
PA1  V.sub.d = a potential t seconds after dark attenuation
PAR  The residual potential as plotted in the ordinate and in the value of log
      l/It was plotted on the abscissa, and a characteristic curve obtained. The
      specimens were observed at 18.degree.C with 63 percent relative humidity.
      The results are shown in the figure of the drawing. The parameter for the
      curves is the weight ratio of ZnO:TiO.sub.2. According to these curves,
      the specimen having the larger amounts of titanium dioxide showed a soft
      but low sensitivity, and the specimen of zinc oxide alone showed a hard
      characteristic. The specimen including mixtures falling within the scope
      of the instant invention showed preferable properties having a longer
      straight line. This preferable range for ZnO:TiO.sub.2 is 50:50 to 80:20.
PAR  Other modifications and ramifications of the present invention would appear
      to those skilled in the art upon reading the disclosure. These are also
      intended to be within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photosensitive member for electrophotographic use having a
      photosensitive binder layer comprising
PA1  a. zinc oxide and titanium dioxide photoconductive particles blended in a
      ratio of about 50:50 to 80:20 by weight and homogeneously dispersed into
PA1  b. a film forming insulating resin binder, the particles having an average
      size of about 0.05 micron-to-1.0 micron and the zinc oxide and titanium
      dioxide particles differing in light sensitivity by a factor of more than
      about 1.2 based on a gray filtered mean daylight source.
NUM  2.
PAR  2. The member of claim 1 wherein the weight ratio of photoconductive
      particles to the insulating resin binder is in the range of about 25:1 to
      6:1.
NUM  3.
PAR  3. The member of claim 1 in which the binder layer is contained on a
      supporting substrate.
NUM  4.
PAR  4. The member of claim 1 in which the resin binder includes at least one
      material selected from the group consisting of copolymers of vinyl
      chloride and vinyl acetate, thermosetting acrylic resins, epoxy esters of
      fatty acids of vegetable oils, styrenated alkyl resin and acrylic ester
      resins.
NUM  5.
PAR  5. The member of claim 1 in which the titanium dioxide is of the
      rutile-type.
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ABST
PAL  Equidensity images can be produced by imagewise exposure and photographic
      processing of a photographic material containing at least two silver salt
      emulsions which may be arranged in one layer as a mixture or in two
      layers, wherein one silver salt emulsion is a fogged direct positive
      emulsion and the other is a negative emulsion.
BSUM
PAR  This invention relates to a photographic material and to a process for
      producing photographic equidensity images.
PAR  It is known that lines of equal density (equidensities) can be obtained
      from a copy by photographic processes. There are numerous fields of
      application for equidensometric processes, for example, they may be used
      for increasing the accuracy of measurement when interpreting
      interferograms, or they may be used in sensitometry, photometry, the
      photometry of spectral lines, fine measurement techniques (examination of
      profiles, examination of surfaces), the examination of optical systems,
      serial photographs, X-ray photographs, astronomical photographs, etc.
PAR  The simplest photographic process for producing equidensities is one in
      which a negative is first produced from a transparent positive. The two
      are then brought into registration with each other, either exactly or with
      a slight shift. A copy of this combination of negative and positive then
      provides a sort of equidensity. The disadvantages of this process are the
      difficulties of bringing the negative and positive into exact registration
      with each other and the distance between the two layers, which may give
      rise to faults in the copy.
PAR  It is also known to make use of the Sabattier effect for producing
      equidensity images. This process enables a negative and positive to be
      formed in one layer, which is an advantage over the first process. In this
      process, the exposed photographic layer is partly developed and then
      diffusely re-exposed before development is continued to the required
      extent. Relatively broad and flat equidensities are obtained in this way
      which can be improved by repeated copying on to photographic material
      having a steep gradation. One particular disadvantage of this process is
      that the Sabattier effect is difficult to reproduce, particularly because
      it is required to re-expose the layers while they are still moist with
      very little permissible margin of error. Moreover, there are only a few
      emulsions which manifest a satisfactory Sabattier effect. Methods for the
      photographic production of equidensities have been described in some
      detail in "Die Aquidensitometrie" by E. LAU and G. KRUG (publishers
      Akademie-Verlag Berlin, 1957).
PAR  It is also known to produce photographic equidensity images by a method
      based on the principle of the bromine ion diffusion process. For this
      purpose, a photographic material is used which contains a major quantity
      of relatively insensitive silver halide emulsion which is soluble in the
      developer which is to be used and a minor quantity of more highly
      sensitive silver halide emulsion which is insoluble in the developer. Only
      developers which are free from potassium bromide and contain a solvent for
      the less sensitive emulsion are suitable for this purpose.
PAR  Although, equidensity images of superior quality can be obtained by this
      process, difficulties arise from the fact that special developers must be
      used and from the need for careful adjustment of the two silver halide
      emulsions in the light-sensitive photographic material to each other.
PAR  It is among the objects of the present invention to provide new
      photographic materials and processes for producing equidensity images by
      which equidensity images of superior quality can be easily obtained using
      processing baths of conventional compositions.
PAR  We now have found a photographic material containing at least two silver
      salt emulsions which may be arranged either in one layer as a mixture or
      in two layers in which one of the silver salt emulsions is a fogged direct
      positive emulsion and the other is a negative emulsion and in which the
      direct positive emulsion has a higher sensitivity to light upon the
      exposure used for producing equidensities than the negative emulsion while
      the spectral sensitivity may be the same or different. The above material
      is processed to yield equidensity images by imagewise exposure and
      subsequent development and fixing.
DETD
PAR  The mode of operation of the photographic material according to the
      invention is illustrated in FIG. 1. In this diagram the exposure log I.t
      is plotted as axis of abscissa against the density as the axis of
      ordinates. The characteristic curve differs from conventional curves of
      this kind in that it is composed of a positive branch (curve 1) of the
      direct positive emulsion and a negative branch (curve 2) of the negative
      emulsion.
PAR  The gap between the positive and negative part of the characteristic curve
      represents the equidensity. Images of areas or lines of equal density on a
      photographic copy are obtained in this way. In other words, only a certain
      range of light is effective for the recording. Higher or lower exposure
      causes blackening of the recording material. The distance between the
      positive and negative branch of the curve indicates the breadth of the
      equidensity.
PAR  From FIG. 1 it is seen that in order to obtain such a characteristic curve
      with a gap, the direct positive emulsion must have the greater sensitivity
      to light at the given exposure.
PAR  If the two emulsions have the same relative spectral sensitivity, the
      equidensity range is fixed and cannot be varied by altering the spectral
      composition of the light. Since it is usually of particular interest to be
      able to obtain a narrow equidensity range, i.e. a narrow gap in the
      characteristic curve, the sensitivity of the two emulsions should
      preferably be chosen so that equidensities with a density range of 0.1 can
      be obtained. According to a particular embodiment of this invention, the
      two emulsions have different spectral sensitivities. It is thus possible
      by varying the spectral composition of the light used for producing
      equidensities, e.g. with the aid of color filters of different densities,
      to vary the equidensity range as desired within wide limits. Spectral
      sensitization of the two emulsions can be adjusted so that, for example,
      when exposing with white light corresponding to a color temperature of
      2800.degree.K, the ratio of the relative sensitivity of the direct
      positive emulsion to that of the negative emulsion is 10:1 or 1:10.
PAR  In the first case, the characteristic curve obtained consists, as shown in
      the attached figure, of a positive branch and a negative branch with a gap
      between them (curves 1 and 2). In order to obtain a narrower gap, it is
      necessary to reduce the intensity of light in the spectral sensitivity
      range of the more highly sensitive emulsion, i.e. the direct positive
      emulsion. Characteristic curve 1 is thus shifted to the right; curve 3 is
      obtained and hence a narrowing of the gap is obtained. Widening of the gap
      is achieved by reducing the intensity of light in the spectral sensitivity
      range of the less sensitive emulsion, in this case the negative emulsion.
PAR  If, as in the second case, the negative emulsion is more sensitive than the
      positive emulsion, then under the conditions described above, e.g.
      exposure with white light of 2,800.degree.K, the positive characteristic
      curve of the direct positive emulsion would overlap the negative branch
      produced by the negative emulsion. In that case a totally blackened layer
      would be obtained (sum of the curves 1 and 2 in FIG. 2). A gap of the
      characteristic curve is therefore obtained only if the intensity of light
      in the spectral sensitivity range of the negative emulsion is suppressed.
      Fortunately, this can be achieved by using suitable color filters. The
      characteristic curve 2 in the attached FIG. 2 is thus shifted to the
      right; curve 3 is obtained and hence a gap of the required breadth.
PAR  The light-sensitive silver salts used for both emulsions are preferably
      silver halides. The silver halide of these emulsions may consist of silver
      chloride, silver bromide or mixtures of the two which may also contain
      small amounts of silver iodide of, for example, up to 10 mols-% according
      to the desired properties of the material.
PAR  The direct positive emulsions used may in principle be any known emulsion
      of this kind. In general, fogged silver halide gelatin emulsions are used.
      Exposure causes imagewise destruction of the developable fog on the
      surface of the silver halide grain so that subsequent development of the
      remaining fog results in a positive image. It is preferred to use direct
      positive emulsions with silver halide grains which contain ripening nuclei
      in their interior as described by E. MOISAR and S. WAGNER in "Berichte der
      Bunsengesellschaft four Physikalische Chemie," 67 (1963), pages 356 - 359.
      Emulsions of this kind have been described in German Offenlegungsschrift
      No. 1,597,488 (= U.S. Pat. application No. 760,217). The preparation of
      silver halide emulsions with a composite grain structure has been
      described in British Pat. Specification No. 1,027,146. The spectral
      sensitivity of these emulsions can advantageously be considerably
      increased by means of the usual sensitizers. Particularly advantageous for
      use in the material according to the invention are also fogged silver
      halide emulsions which are free from internal nuclei and in which the
      sensitivity to light has been increased by the addition of desensitizing
      dyes as described in British Pat. Specification No. 723,019.
PAR  Other direct positive emulsions suitable for this purpose have been
      described in British Pat. Specification No. 1,186,721 and U.S. Pat. No.
      3,501,306 and 3,501,307.
PAR  The negative silver salt emulsions required for the material according to
      the invention are prepared by the usual methods.
PAR  These emulsions may also be chemically sensitized, e.g. by the addition of
      sulfur-containing compounds during chemical ripening, for example allyl
      isothiocyanate, allyl thiourea, sodium thiosulfate and the like. Reducing
      agents may also be used as chemical sensitizers, e.g. the tin compounds
      described in Belgian Pat. Specifications Nos. 493,464 and 568,687 or
      polyamines such as diethylene triamine or aminomethane sulfinic acid
      derivatives, e.g. as described in Belgian Pat. Specification No. 547,323.
PAR  Noble metals such as gold, platinum, palladium, iridium, ruthenium or
      rhodium as well as compounds of such metals are also suitable chemical
      sensitizers. This method of chemical sensitization has been described in
      the article by R. KOSLOWSKY, Z.Wiss.Phot. 46, 65 - 72 (1951).
PAR  It is also possible to sensitize the emulsions with polyalkylene oxide
      derivatives, e.g. with a polyethylene oxide having a molecular weight of
      between 1.000 and 20.000, or with condensation products of alkylene oxides
      and aliphatic alcohols, glycols, cyclic dehydration products of hexitols,
      alkyl-substituted phenols, aliphatic carboxylic acids, aliphatic amines or
      aliphatic diamines and amides. The condensation products have a molecular
      weight of at least 700 and preferably more than 1.000. One may, of course,
      also use combinations of these sensitizers in order to achieve special
      effects, as described in Belgian Pat. Specification No. 537,278 and in
      British Pat. Specification No. 727,982.
PAR  The emulsions may also be optically sensitized, e.g. with the usual
      polymethine dyes such as neutrocyanines, basic or acid carbocyanines,
      rhodacyanines, hemicyanines, styryl dyes, oxanoles and the like.
      Sensitizers of this kind have been described in the work by F. M. HAMER
      "The Cyanine Dyes and related Compounds," Interscience Publishers, a
      division of John Wiley and Sons, New York (1964).
PAR  The emulsion may contain the usual stabilizers, e.g. homopolar or salt type
      compounds of mercury with aromatic or heterocyclic rings, such as
      mercaptotriazoles, simple mercury salts, sulfonium mercury double salts
      and other mercury compounds. Azaindenes are also suitable stabilizers,
      especially tetra- or penta-azaindenes and particularly those which are
      substituted with hydroxyl or amino groups. Compounds of this kind have
      been described in the article by BIRR, Z.Wiss,Phot. 47, 2-58 (1952). Other
      suitable stabilizers are inter alia heterocyclic mercapto compounds, e.g.
      phenyl mercaptotetrazole, quaternary benzothiazole derivatives,
      benzotriazole and the like.
PAR  The emulsions may be hardened in the usual manner, for example with
      formaldehyde or halo-substituted aldehydes which contain a carboxyl group
      such as mucochloric acid, diketones, methane sulfonic acid esters,
      dialdehydes and the like. It is further possible to produce colored
      equidensity images by color-photographic processes well known in the art.
      The photographic material of the present invention may contain color
      couplers incorporated homogeneously or heterogeneously in diffusion-fast
      form. The exposed material is then processed including color-forming
      development. The colored equidensity may also be produced by the
      developing -- in process known per se. If multilayered color-photographic
      materials are used which contain in each layer a negative and a
      directpositive emulsion according to the invention but color couplers for
      producing different dyes upon color-forming development it is possible to
      make in one step several differently colored equidensity images with one
      color-photographic material.
PAC  EXAMPLE 1
PAR  A silver chloride gelatin emulsion with a relatively steep .gamma. --value
      is mixed in the ratio of 1:1 with a chemically fogged silver-bromide
      gelatin direct positive emulsion which also has a relatively steep .gamma.
      --value. The silver chloride emulsion is prepared in the usual manner.
PAR  The direct positive emulsion used was a homodisperse chemically fogged
      silver bromide emulsion containing internal ripening nuclei.
PAR  The silver chloride gelatin emulsion is sensitized to the green region of
      the spectrum with a sensitizer of the following formula:
      ##SPC1##
PAL  The direct positive emulsion which has not been sensitized is inherently
      sensitive mainly in the blue region of the spectrum. 5 ml of a 30 %
      aqueous solution of formaldehyde as hardeners and 50 of a 5 % aqueous
      solution of saponine as wetting agents are added to 1 kg of the emulsion
      mixture which is cast on a support of polyethylene terephthalate to a
      thickness corresponding to about 7 g of silver per m.sup.2. The
      sensitivity of the sensitized wilver chloride emulsion on exposure to
      white light from a tungsten incandescent lamp of 2,750.degree.K is one
      fifth of the sensitivity of the direct positive emulsion. On exposure with
      the same light source behind a yellow filter (Agfa yellow color copying
      filter of density 0.99), the sensitivity ratio of the direct positive
      emulsion to the negative emulsion is 1.26:1.
PAR  In the first case, when exposure is carried out without using a filter, a
      wide gap is obtained between the positive and negative branches of the
      characteristic curve. Relatively broad equidensities with a density range
      of about  0.7 are obtained. On exposure behind a yellow filter, a narrow
      gap and narrow equidensities are obtained, with a density range of about
      0.1. Sensitivity and breadth of equidensities were measured at density
      1.0.
PAR  The material was developed for 5 minutes in a developer of the following
      composition:
TBL  water               1000      ml                                          
     p-methylaminophenol 1         g                                           
     sodium sulfite anhydrous                                                  
                         13        g                                           
     hydroquinone        3         g                                           
     soda anhydrous      26        g                                           
     potassium bromide   1         g                                           
PAL  The material was then fixed, washed and dried.
PAC  EXAMPLE 2
PAR  A silver bromide gelatin emulsion with a relatively high .gamma. --value
      and low speed which has not been spectrally sensitized is cast on a
      support of polyethylene terephthalate to a thickness corresponding to
      about 3 g of silver in the form of silver bromide per m.sup.2. Over this
      layer is cast a homodisperse chemically fogged silver bromide gelatin
      emulsion which contains internal ripening nuclei and also has a relatively
      steep gradation. This serves as the direct positive emulsion and is
      applied in a thickness which corresponds to about 3 g of silver in the
      form of silver halide per m.sup.2.
PAR  The direct positive emulsion is sensitized to the red region of the
      spectrum with a sensitizer of the following formula:
      ##SPC2##
PAR  The photographic material prepared in this way is exposed to a white
      incandescent lamp light of 2,750.degree.K behind a grey test wedge and
      then processed as described in Example 1, no equidensities are obtained
      because the sensitivity of the negative emulsion is greater than that of
      the direct positive emulsion. If, on the other hand, exposure is carried
      out behind an additional yellow filter (Agfacolor yellow copying filter of
      density 400), whereby the intensity of light in the blue region of the
      spectrum to which the negative emulsion is inherently sensitive is reduced
      then a relatively wide gap is obtained between the positive and negative
      branch of the characteristic curve. The equidensity range measured at a
      density of 1.0 in this case covers about 0.3 logarithmic units.
CLMS
STM  We claim:
NUM  1.
PAR  1. A photographic material capable of recording equidensity images
      containing at least two silver halide emulsions as a mixture in one layer,
      wherein one silver halide emulsion is a fogged direct-positive silver
      halide emulsion having developable fog on the silver halide grain surface
      and which yields a positive characteristic curve and the other silver
      halide emulsion is a negative silver halide emulsion which yields a
      negative characteristic curve, the sensitivity of the negative emulsion is
      lower,
PA1  or is capable of being reduced by altering the composition of the light to
      which it is exposed so as to be lower,
PA1  than the sensitivity of the direct-positive emulsion, so that the positive
      characteristic curve of the direct-positive emulsion and the negative
      characteristic curve of the negative emulsion do not overlap, the gap
      between the negative and positive characteristic curve representing the
      equidensity image.
NUM  2.
PAR  2. The photographic material of claim 1, containing the fogged direct
      positive emulsion and the negative emulsion in proportions ranging from
      20:80 to 80:20.
NUM  3.
PAR  3. The photographic material of claim 1, wherein the silver halide
      emulsions have a different spectral sensitivity.
NUM  4.
PAR  4. A photographic material capable of recording equidensity images
      containing at least two layers each comprised of a silver halide emulsion,
      wherein the silver halide emulsion in one layer is a fogged
      direct-positive silver halide emulsion having developable fog on the
      silver halide grain surface and which yields a positive characteristic
      curve and the silver halide emulsion in the other layer is a negative
      silver halide emulsion which yields a negative characteristic curve, the
      sensitivity of the negative emulsion is lower,
PA1  or is capable of being reduced by altering the composition of the light to
      which it is exposed so as to be lower,
PA1  than the sensitivity of the direct-positive emulsion, so that the positive
      characteristic curve of the direct-positive emulsion and the negative
      characteristic curve of the negative emulsion do not overlap, the gap
      between the negative and positive characteristic curve representing the
      equidensity image.
NUM  5.
PAR  5. The photographic material of claim 4, containing the fogged direct
      positive emulsion and the negative emulsion in proportions ranging from
      20:80 to 80:20.
NUM  6.
PAR  6. The photographic material of claim 4, wherein the silver salt emulsions
      have a different spectral sensitivity.
NUM  7.
PAR  7. Process for the production of equidensity images including the steps of
      imagewise exposing to a subject a photographic material containing at
      least two silver halide emulsions as a mixture in one layer, wherein one
      silver halide emulsion is a fogged direct-positive silver halide emulsion
      having developable fog on the silver halide grain surface and which yields
      a positive characteristic curve and the other silver halide emulsion is a
      negative silver halide emulsion which yields a negative characteristic
      curve, the sensitivity of the negative emulsion is lower,
PA1  or is capable of being reduced by altering the composition of the light to
      which it is exposed so as to be lower,
PA1  than the sensitivity of the direct-positive emulsion,
PA1  and the said exposure to light being carried out with or without altering
      the intensity of the light in the sensitivity range of the direct positive
      or negative emulsion so that the direct-positive emulsion has a higher
      sensitivity to light on exposure than the negative emulsion,
PA1  so that the positive characteristic curve of the direct-positive emulsion
      and the negative characteristic curve of the negative emulsion do not
      overlap, developing the exposed material in an aqueous developer bath and
      subsequently fixing, washing and drying the developed image-bearing
      material.
NUM  8.
PAR  8. The process of claim 7, wherein the two silver halide emulsions differ
      in their spectral sensitivities and wherein by altering the spectral
      composition of the light used for producing equidensities, the breadth of
      equidensities are varied.
NUM  9.
PAR  9. Process for the production of equidensity images including the steps
      imagewise exposing to a subject a photographic material containing at
      least two layers each comprised of a silver halide emulsion, wherein the
      silver halide emulsion in one layer is a fogged direct-positive silver
      halide emulsion having developable fog on the silver halide grain surface
      and which yields a positive characteristic curve and the silver halide
      emulsion in the other layer is a negative silver halide emulsion which
      yields a negative characteristic curve, the sensitivity of the negative
      emulsion is lower,
PA1  or is capable of being reduced by altering the composition of the light to
      which it is exposed so as to be lower,
PA1  than the sensitivity of the direct-positive emulsion,
PA1  and the said exposure to light being carried out with or without altering
      the intensity of the light in the sensitivity range of the direct positive
      or negative emulsion so that the direct-positive emulsion has a higher
      sensitivity to light on exposure than the negative emulsion,
PA1  so that the positive characteristic curve of the direct-positive emulsion
      and the negative characteristic curve of the negative emulsion do not
      overlap, developing the exposed material in an aqueous developer bath and
      subsequently fixing, washing and drying the developed image-bearing
      material.
NUM  10.
PAR  10. The process of claim 9, wherein the two silver halide emulsions differ
      in their spectral sensitivities and wherein by altering the spectral
      composition of the light used for producing equidensities, the breadth of
      equidensities are varied.
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PAL  Modern Plastics Encyc. and Engrg. Handbook, 1952, Plastics Catalogue Co.,
      N.Y., N.Y. pp. 697-703.
ABST
PAL  Process for forming images by heating, imagewise, to a temperature above a
      softening temperature, but below the thermal decomposition temperature, a
      solid layer of a mixture of a thermoplastic, amorphous, organic polymer
      and a liquid plasticizer therefor, the mixture being capable of existing
      in a metastable state and a stable state for a period sufficient to
      convert the stable polymer to the metastable state, heating the entire
      surface of the layer to a temperature between the softening temperature of
      the stable and metastable states, and converting the softened exposed
      image areas to a visible image by applying finely divided colored
      particles to the layer and removing them from nonexposed areas or by
      thermal transfer. The simple procedure is a dry process, and images of
      high quality and stability are obtained rapidly.
PARN
PAR  This application is a continuation-in-part of Ser. No. 141,211, filed May
      7, 1971, now U.S. Pat. No. 3,833,441, which is a continuation-in-part of
      Ser. No. 232,678, filed Oct. 24, 1962, for THERMOGRAPHIC PROCESSES AND
      ELEMENTS, now abandoned.
BSUM
PAR  This invention relates to a thermographic process of image formation and
      more particularly to such a process wherein thermally exposed image areas
      are toned with finely divided colored particles to produce a colored image
      or are transferred to a separate image-receptive surface.
PAR  An object of this invention is to provide a new practical and simple dry
      thermographic process for forming images.
PAR  Another object is to provide a process whereby said image can be formed by
      the imagewise thermal transfer of polymeric material to any of a wide
      variety of readily available, inexpensive supports. Yet another object is
      to provide a process giving a copy which is right-reading when viewed from
      the message side of the copy. A further object is to provide a copy which
      has handling characteristics similar to the original. A still further
      object is to provide a wholly thermographic process which produces a copy
      free from objectionable background and which can be made with a variety of
      image and background color combinations, pleasing appearance and good
      legibility.
PAR  A still further object of this invention is to provide a heat-sensitive
      element which is capable of forming rapidly a thermally stable image. A
      still further object is to provide an element which can be exposed
      directly and reflectographically in the aforesaid processes. Still other
      objects will be apparent from the following description of the invention.
PAR  The image-forming process of this invention comprises
PAR  1. HEATING, IMAGEWISE, TO A TEMPERATURE ABOVE A SOFTENING TEMPERATURE
      T.sub.2 but below the thermal decomposition temperature thereof, a layer
      that is solid at normal pressure below 40.degree.C. comprising a mixture
      of a thermoplastic organic polymer of a molecular weight above 10,000 and
      a normally liquid plasticizer therefor, said mixture being capable of
      existing (a) in a metastable state at 20.degree.C. having a softening
      temperature T.sub.1 and (b) in a stable state at 20.degree.C., having a
      softening temperature T.sub.2 at least 10.degree. above T.sub.1 while said
      polymer is in the latter stable higher softening state, for a period
      sufficient to convert the stable polymer to the metastable state, usually
      for a millisecond to 60 seconds,
PAR  2. bringing the entire surface of the layer to a temperature T between
      temperatures T.sub.1 and T.sub.2, e.g., by cooling below T.sub.1 and
      subsequently heating to a temperature T between T.sub.1 and T.sub.2
      whereby the imagewise heated areas are softened and will adhere to various
      surfaces, e.g., glass, fibrous and porous surfaces and to inert particles,
      and the remaining areas are firm and nonadherent, and
PAR  3. converting the softened, exposed image areas to a visible image by
      adhering to them finely divided particles or the surface of a separate
      image-receptive element to which they (the image areas) are transferred.
PAR  Step (3) can be accomplished (i) by applying in any manner finely divided
      particles, preferably colored particles, to the surface of the layer (so
      that they become adhered to the exposed image areas) and removing the
      particles from the non-exposed areas, or (ii) by contacting the exposed
      image areas with and transferring them to the surface of a separate
      image-receptive element.
PAR  In the processes just described, the organic polymer/plasticizer layer can
      be light-sensitive or light-insensitive. An imagewise thermal exposure
      causes a difference in the temperatures at which exposed and unexposed
      areas of the coating soften and become capable of transfer to a suitable
      receptive element. That portion of the thermoplastic mixture which has
      been heated above the softening temperature (T.sub.2), upon subsequent
      cooling, has a lower softening temperature (T.sub.1), which is definitely
      metastable. After a given time, it will revert to a stable state
      approaching the higher softening temperature (T.sub.2) of the rawstock.
      the metastable state may revert to the more stable state in a matter of
      hours or days, but there is ample time to develop or amplify a visible
      image (e.g., by transfer of an image to a suitable support) by bringing
      the element to a temperature, (T), intermediate, e.g., between the
      softening temperatures of the stable and metastable states of the
      thermoplastic material.
PAR  Polymeric image-forming elements of the invention comprise a thin,
      flexible, infrared radiation-transmitting support bearing on at least one
      surface a layer solid below 40.degree.C., from 0.01 to 10 mils in
      thickness and comprising:
PAR  A. a mixture of a thermoplastic organic polymer of molecular weight above
      10,000 and a plasticizer therefor, said mixture being capable of existing
      (a) in a metastable state having a softening temperature T.sub.1 and (b)
      in a stable state having a softening temperature T.sub.2 at least
      10.degree.C. above T.sub.1, and
PAR  B. a dispersed colored material capable of absorbing light in the range
      from 350 to 700 millimicrons. The elements may also contain a finely
      dispersed infrared-absorbing material.
PAR  According to a further modification of the invention, the novel elements
      just described have in contact with the image-forming layer a thin,
      transparent sheet of fibrous material having a thickness of not more than
      10 mils, e.g., a sheet of transparent or translucent paper.
PAR  A group of thermoplastic compositions which exhibit the two states of
      different softening temperatures and which are suitable for use in the
      present invention, comprise cellulose esters and their plasticizers and
      the polymeric compositions of the Examples.
PAR  To the thermoplastic composition there can be added non-thermoplastic
      polymer compounds to give certain desirable characteristics, e.g., to
      improve adhesion to the base support, adhesion to the receptor support on
      transfer, wear properties, chemical inertness, etc. Suitable
      non-thermoplastic polymeric compounds include cellulose, anhydrous
      gelatin, phenolic resins and melamineformaldehyde resins, etc. Also, the
      composition may contain immiscible polymeric or non-polymeric organic or
      inorganic fillers or reinforcing agents, e.g., the organophilic silicas,
      bentonites, silicone, powdered glass, colloidal carbon, as well as various
      types of dyes and pigments, in amounts varying with the desired properties
      of the thermoplastic layer. The fillers are useful in improving the
      strength of the composition, reducing tack and in addition, as coloring
      agents.
PAR  Among the useful dyes are Fuchsine (CI 42510), Auramine Base (CI41000B),
      Calcocid Green S (CI 44090), Para Magenta (CI 42500), Tryparosan
      (CI42505), New Magenta (CI 42520), Acid Violet RRL (CI 42425), Red Violet
      5RS (CI42690), Nile Blue 2B (CI51185), New Methylene Blue GG (CI 51195),
      CI Basic Blue 20 (CI 42585), Iodine Green (CI 42556), Night Green B CI
      42115), CI Direct Yellow 9 CI 19540), CI Acid Yellow 17 (CI18965), CI Acid
      Yellow 29 (CI 18900), Tartrazine (CI 19140), Supramine Yellow G (CI
      19300), Buffalo Black 10B (CI 27790), Naphthalene Black 12R (CI 20350),
      Fast Black L (CI 51215), and Ethyl Violet (CI 42600).
PAR  Suitable pigments include, e.g., TiO.sub.2, colloidal or dispersed carbon
      (e.g., graphite), phosphor particles, ceramics, clays, metal powders such
      as aluminum, copper, magnetic iron and bronze, etc.
PAR  Color-forming components which form colored compounds on the application of
      heat or when brought in contact with other color-forming components on a
      separate support can be particularly useful when images are transferred to
      a receptor. Suitable components include,
PA1  1. Organic with Inorganic Components: dimethyl glyoxime and nickel salts;
      phenolphthalein and sodium hydroxide; starch/potassium iodide and
      oxidizing agent, i.e., peroxides; phenols and iron salts; thioacetamide
      and lead acetate; silver salt and reducing agent, e.g., hydroquinone.
PA1  2. Inorganic Components: ferric salts and potassium thiocyanate; ferrous
      salts and potassium ferricyanide; copper, mercury or silver salts and
      sulfide ions; lead acetate and sodium sulfide.
PA1  3. Organic Components: 2,4-dinitrophenylhydrazine and aldehydes or ketones;
      diazonium salt and phenol or napthol, e.g., benzenediazonium chloride and
      beta-napthol; substituted aromatic aldehydes or amines and a color
      photographic developer compound, e.g., p-dimethylaminobenzaldehyde and
      p-diethylaminoaniline; color photographic developer compound/active
      methylene compound and an oxidizing agent, e.g.,
      p-diethylaminotoluidine/.alpha.-cyanoacetophenone and potassium
      persulfate.
PAR  The thermoplastic composition is preferbly coated on a base support.
      Suitable support materials are stable at the operating temperatures used
      in the instant invention. Suitable bases or supports include those
      disclosed in U.S. Pat. No. 2,760,863, glass, wood, paper (including waxed
      or transparentized paper), cloth, cellulose esters, e.g., cellulose
      acetate, cellulose propionate, cellulose butyrate, etc., and other plastic
      compositions such as polyamides, polyesters, e.g., polyethylene
      terephthalate, etc. The support may have in or on its surface and beneath
      the heat sensitive layer, substrate needed to facilitate anchorage to the
      base.
PAR  Suitable image-receptive supports to which thermally exposed image areas
      may be transferred are disclosed in Assignee's Burg & Cohen, U.S. Pat. No.
      3,060,023, Oct. 23, 1962. A preferred image-receptive support is smooth
      bond paper.
PAR  Reflex exposure techniques are especially useful in the present invention,
      particularly when office copies are made. By using reflex exposure, copies
      can be made from materials having messages on both sides of a page or from
      opaque supports, e.g., paper, cardboard, metal, etc. A suitable process
      for carrying out our step (1) i.e., the thermal exposure step, is
      disclosed in C. S. Miller, U.S. Pat. No. 2,740,896 of Apr. 3, 1956, in
      which process one can use a commercial "Thermo-Fax" (Minnesota Mining and
      Manuf. Co.) thermographic copying machine.
PAR  An alternate method of providing the thermal exposure of process step (1)
      is disclosed in Assignee's Cohen & Holland U.S. Pat. No. 3,073,953, Jan.
      15, 1963, which relates to a process involving exposure by transmitted
      radiation (rather than by reflectographic exposure) in which a negative of
      the original image is obtained. The process of this application is
      versatile in that it can make either "contact" reproductions or
      reproductions which are enlarged or reduced from the size of the original
      by projection printing through a lens system.
PAR  A form of the element particularly useful for projection exposure contains
      a component which strongly absorbs infrared radiation. This component will
      then convert radiant infrared to heat and effect the change within the
      element. A similar situation exists where a strongly infrared-absorbing
      material is placed in thermal contact with the heat sensitive element.
      This can be done by over-or-undercoating the absorbing layer or by
      physically bringing a separate sheet into contact with the element at time
      of exposure as in the above Cohen & Holland U.S. Pat. No. 3,073,953.
PAR  Infrared absorbing materials can be used in the coatings for reflex
      exposure as well. Here, the infrared absorption is adjusted so that
      passage of the incident radiation through the element will raise its
      temperature to some value T' close to but below the rawstock softening
      temperature T.sub.2. Then the heat generated by the message areas of the
      original need only elevate the matrix temperature from T' to a temperature
      above T.sub.2 imagewise. This will greatly increase the system's
      sensitivity.
PAR  Similarly, the element may receive an overall heating in other ways, e.g.,
      by passing over heated rolls prior to or during exposure, so that less
      image-wise heating is required to produce an adequate exposure. This
      procedure, known as "heat biasing," is useful in increasing sensitivity of
      the element for various types of subsequent exposure, e.g,
      reflectographic, exposure by transmitted light, or even exposure to hot
      type.
PAR  Another useful element, for reflex exposure, comprises an infrared
      "transparent" support bearing the heat sensitive layer which is further
      overlaid with a thin translucent paper capable of transmitting infrared
      radiation and heat. This is reflectographically exposed, paper side
      against the original, and then the message is transferred to the thin
      translucent paper as usual.
PAR  The process may be adapted for thermographic oscillographic recording,
      whereby a moving spot of infrared radiation impinges on a thermally
      sensitive element by reflection from a movable mirror. Also, the
      thermographic element can be contacted with a heated stylus, operated
      manually or mechanically, as a recording or copy arm of a sensing system
      driven by a photoelectric scanning beam. In a similar fashion, heated type
      characters, slugs, or complete composed plates may be pressed directly in
      contact with the thermographic element.
PAR  The invention will be further illustrated but is not intended to be limited
      by the following examples.
PAC  EXAMPLE I
PAR  A solution was prepared comprising the following ingredients:
PA1  74 g. acetone
PA1  25 g. cellulose acetate butyrate
PA1  0.4 g. Calcocid Green S Ex. Conc. Dye (CI Acid Green 50)
PA1  25 g. polyethylene glycol diacrylate (derived from polyethylene glycol with
      an average molecular weight of 300)
PA1  Acetone to 200 g.
PAL  The cellulose acetate butyrate contained about 20.5 percent acetyl groups,
      ca. 26 percent butyryl groups and had a viscosity of 9.0 to 13.5 poises as
      determined by ASTM method D-871-54T in the solution described as Formula
      A, ASTM method D-871-54T.
PAR  After a thorough stirring, the above solution was coated on a web of 0.001
      inch thick vinylidene chloride/ethyl acrylate/itaconic acid coated
      polyethylene terephthalate base described in Alles U.S. Pat. No. 2,779,684
      to a wet thickness of about 0.01 inch, and dried at room temperature.
PAR  One week later (more than ample time for the coated stratum to be entirely
      or predominantly in its relatively more stable, higher melting state), a
      sample of this thermographic film element was exposed reflectographically
      to a letter text original by exposure in a thermographic copying machine,
      for example, while it is at the Number 8 setting of a "Secretary Model 22
      Thermo-Fax" machine of Minnesota Mining & Mfg. Co.) After exposure, the
      coated stratum of the thermographic element was placed in contact with a
      sheet of bond paper and the superposed elements were passed through
      pressure rollers at 96.degree.C. at a speed of 30 in./min. and at a
      pressure of 1.6 lbs. per lineal inch. A sharp, green positive copy of the
      original image was thus formed by thermal transfer to the bond paper
      support.
PAC  EXAMPLE II
PAR  A graphic image-bearing original consisting of a graphite pencil line
      drawing on a thin sheet of infrared transmitting tracing paper was placed,
      image side down, on an ordinary glass plate in a thermographic copying
      machine ("Premier Model 19 Thermo-Fax" sold by Minnesota Mining & Mfg.
      Company). Over the graphic original there was placed a sheet of a
      vinylidene chloride copolymer coated, polyethylene terephthalate
      photographic film base such as described in Example I, which transmits
      infrared radiation but which serves as a thermal insulator. A sheet of the
      coated element described in Example I was, in turn, placed over the
      thermal insulator, coated side up. Finally, a thin sheet of infrared
      absorbing black paper was placed over the thermally sensitive element.
      After exposure at the No. 3 exposure setpoint of the thermographic copying
      machine, the thermographic element was placed in contact with a sheet of
      bond paper and a clear negative image of the graphic original was
      thermally transferred to the bond receptor paper support.
PAC  EXAMPLE III
PAR  The following ingredients were mixed in a high speed blending mixer of the
      type shown in Osius U.S. Pat. No. 2,109,501 (Waring Corp., New York, N.Y.)
      at room temperature:
PA1  47 g. acetone
PA1  8.4 g. polyethylene glycol (average molecular weight of 300)
PA1  8.4 cellulose acetate butyrate
PA1  0.09 g. Calcocid Green S. Ex. Conc. Dye (CI Acid Green 50)
PA1  acetone up to 67 g.
PAL  The cellulose acetate butyrate contained about 13 percent acetyl groups,
      about 37 percent butyryl groups and had a viscosity of 64 to 124 poises as
      determined by ASTM method D-871-54T in the solution described as Formula
      A. ASTM method D-871-54T. This solution was coated on 0.001 inch-thick
      polyethylene terephthalate film base to a wet thickness of about 0.01 inch
      which, upon drying, achieved a thickness of 0.0015 inch.
PAR  A strip cut 2 days later from the above coating was placed in contact with
      a black and white original and exposed reflectographically at the No. 2
      setting of the thermographic copying machine described in Example I. A
      positive copy of the original image was then formed on a sheet of bond
      paper by thermal transfer as described in Example I, the roller
      temperature being 85.degree.C. at a pressure of 1/6 lb./lineal inch.
PAC  EXAMPLE IV
PAR  A small sample of the coated element prepared in Example I was placed in
      contact with a piece of bond paper (coated side toward the bond paper) and
      the superposed elements were pressed together for 5 seconds with moderate
      pressure against the heated bar of a Dennis-Parr Melting Point Apparatus
      (Parr Instrument Co., Moline, Ill.). The temperature of the melting point
      apparatus at the point of contact was determined accurately by means of a
      copper-constantan thermocouple. No transfer occurred at a temperature of
      69.degree.C. after the 5 second time of contact (which was approximately
      the time required to reach temperature equilibrium).
PAR  The above procedure was repeated with other samples of the thermographic
      element at positions on the bar of progressively higher temperatures
      without any sign of transfer until at a bar temperature of 86.degree.C.,
      partial transfer occurred. At temperatures of 88.degree.C. and
      97.degree.C., transfer occurred over the whole contacting areas. Thus, the
      minimum temperature required for good transfer must be somewhere between
      86.degree.C. and 88.degree.C. This minimum temperature will be referred to
      as the rawstock softening or transfer temperature (T.sub.2) for the
      particular element tested.
DETD
PAR  According to this invention, a minimum softening or transfer temperature
      (T.sub.1) may be below the softening temperature of the layer of organic
      polymer (T.sub.2) in those areas of the element which have received a
      previous exposure to heat above the rawstock softening temperature
      (T.sub.2). Thus, imagewise thermal exposure of an element to a temperature
      above T.sub.2 makes possible the subsequent imagewise transfer of the
      exposed areas at some transfer temperature (T) intermediate between
      T.sub.1 and T.sub.2. Thirty-five small samples of the coating prepared in
      Example I were tested by preheating to various temperatures, cooling, and
      then transferring at various temperatures as shown in Table I below and
      graphically in FIG. I of the attached drawing which constitutes part of
      this application. Preheating and transfer were both carried out on the
      melting point apparatus described above.
TBL                TABLE I                                                     
     ______________________________________                                    
     Preheat    Transfer     Extent     Symbol                                 
     Temperature                                                               
                Temperature   of        Used in                                
                (T)         Transfer    Drawing                                
     ______________________________________                                    
       80.degree.C                                                             
                 56.degree.C                                                   
                            None        0                                      
      85        70          None        0                                      
      85        77          Very slight .phi.                                  
      86        80          None        0                                      
      86        84          Slight                                             
      88        75          Very slight .phi.                                  
      90        66          None        0                                      
      90        77          Good                                               
      91        80          Very slight .phi.                                  
      92        84          Good                                               
      94        70          Fair        #                                      
      95        75          Fair        #                                      
      95        78          Good                                               
      96        58          Very slight .phi.                                  
     100        56          Fair        #                                      
     100        65          Fair        #                                      
     100        67          Fair        #                                      
     100        71          Fair        #                                      
     100        71          Fair        #                                      
     100        73          Good                                               
     100        74          Good                                               
     100        80          Good                                               
     100        83          Good                                               
     105        71          Good                                               
     105        80          Good                                               
     110        65          Very slight .phi.                                  
     110        71          Good                                               
     110        80          Good                                               
     110        82          Good                                               
     112        60          Slight                                             
     113        58          Slight                                             
     118        82          Good                                               
     120        58          Slight                                             
     120        62          Fair        #                                      
     120        79          Good                                               
     ______________________________________                                    
PAR  From the above data, both in tabular form and in graphic form as in FIG. I,
      it can be seen that good transfer can occur at temperatures as low as
      71.degree.C provided the element has been preheated to 105.degree.C or
      more. This is approximately 16.degree.C below the temperature (T.sub.2)
      required for transfer of the rawstock (the material which received no
      preheat treatment). A curved line has been drawn in FIG. I to
      approximately separate the areas of good transfer from those of poor
      transfer. From this curve it can be seen that, for this particular
      thermographic element, a temperature of about 87.degree.C represents a
      critical temperature which is the minimum preheat temperature which is
      required to cause any lowering of the minimum temperature required for
      transfer. Note that this temperature (87.degree.C) is, within experimental
      error, the same as the softening temperature of the rawstock (T.sub.2).
PAC  EXAMPLE V
PAR  The 10 solutions described below all contained 5 ml. of a solution of
      Crystal Violet dye (C.I. Basic Violet 3), in one of various organic
      solvents as shown, prepared in a concentration of 2 g. of Crystal Violet
      per liter of solvent.
TBL  ______________________________________                                    
     Solution A                                                                
             2.0    g.     cellulose acetate butyrate                          
             2.0    g.     polyethylene glycol of average mole-                
                           cular weight 300                                    
             5.0    ml.    Crystal Violet in acetone solution                  
     .       20.0   g.     total weight, by addition of acetone                
     ______________________________________                                    
PAL  The cellulose acetate butyrate contained about 13 percent acetyl groups,
      about 37 percent butyral groups and had a viscosity of 1.12 to 1.88 poises
      as determined by ASTM method D-1343-54T in the solution described as
      Formula A, ASTM method D-871-54T. The refractive index was 1.475 and the
      specific gravity 1.20.
TBL  ______________________________________                                    
     Solution B                                                                
             2.0    g.    cellulose acetate butyrate (as in                    
                          Solution A)                                          
             2.0    g.    polyethylene glycol diacrylate (as                   
                          in Example I)                                        
             5.0    ml.   Crystal Violet in acetone solution                   
             20.0   g.    total weight, by addition of acetone                 
     Solution C                                                                
             2.0    g.    polyvinyl butyral                                    
             2.0    g.    dibutyl phthalate                                    
             5.0    ml.   Crystal Violet in methanol solution                  
             20.0   g.    total weight, by addition of methanol                
     ______________________________________                                    
PAL  The polyvinyl butyral had a molecular weight of 41,000, a minimum hydroxyl
      content of 18 percent (as polyvinyl alcohol), 1.1 percent acetate (as
      polyvinyl acetate), and approximately 80 percent butyral (as polyvinyl
      butyral). The specific gravity was 1.1, and viscosity was 195 cps. (in
      Ostwald viscometer, 10 percent by weight solution in 95 percent ethanol at
      25.degree.C.).
TBL  ______________________________________                                    
     Solution D                                                                
             1.4    g.    polyvinyl butyral (as in Solution C)                 
             2.6    g.    tricresyl phosphate                                  
             5.0    ml.   Crystal Violet in methanol solution                  
             20.0   g.    total weight, by addition of methanol                
     Solution E                                                                
             1.6    g.    polyvinyl formal                                     
             2.4    g.    dibutyl phthalate                                    
             5.0    g.    Crystal Violet in dichloromethane solu-              
                          tion                                                 
             25.0   g.    total weight, by addition of dichloro-               
                          methane                                              
     ______________________________________                                    
PAL  The polyvinyl formal had a molecular weight of 18,000, an hydroxyl contant
      of 7-9 percent (as polyvinyl alcohol) and an acetate content of 9.5-- 13
      percent (as polyvinyl acetate). The specific gravity was 1.2 and viscosity
      was 50-80 cps. (determined from a solution of 5 g. of the polymer brought
      up to 100 ml. with ethylene chloride at 20.degree.C.).
TBL  __________________________________________________________________________
     Solution F                                                                
            2.6 g. polyvinyl formal (as in Solution E)                         
            1.4 g. polyethylene glycol diacrylate (as in                       
                   Example I)                                                  
            5.0 g. Crystal Violet in dichloromethane solution                  
            25.0                                                               
                g. total weight, by addition of dichloro-                      
                   methane                                                     
     Solution G                                                                
            3.0 g. polymethyl methacrylate                                     
            1.0 g. polyethylene glycol of molecular wt. 300                    
            5.0 ml.                                                            
                   Crystal Violet in dichloromethane solution                  
            25.0                                                               
                g. total weight, by addition of dichloromethane                
     __________________________________________________________________________
PAL  The polymethyl methacrylate was a white granular solid, having a specific
      gravity of 1.19 and a refractive index of 1.493 at 25.degree.C. The heat
      distortion temperature at 264 lb./sq. in. was 72.degree.C. by the ASTM
      method D-648-45T.
TBL  __________________________________________________________________________
     Solution H                                                                
            0.8 g. polymethyl methacrylate (as in Solution G)                  
            3.2 g. dibutyl phthalate                                           
            5.0 ml.                                                            
                   Crystal Violet in dichloromethane solu-                     
                   tion                                                        
            25.0                                                               
                g. total weight, by addition of dichloro-                      
                   methane                                                     
     Solution I                                                                
            12.0                                                               
                g. of a 30% by weight solution of polyester                    
                   in acetone                                                  
            0.4 g. polyethylene glycol of molecular wt. 300                    
            5.0 ml.                                                            
                   Crystal Violet in acetone solution                          
            20.0                                                               
                g. total weight, by addition of acetone                        
     __________________________________________________________________________
PAL  The polyester was the condensation product of terephthalic, isophthalic and
      sebacic acids, in the proportion of 33/17/50, respectively, and ethylene
      glycol. A methyl ethyl ketone solution containing 30 percent by weight of
      the polyester had a viscosity of 200-320 cps. at 25.degree.C.
TBL  Solution J                                                                
              3.0    g.    polystyrene                                         
              1.0    g.    tricresyl phosphate                                 
              5.0    ml.   Crystal Violet in dichloromethane                   
                           solution                                            
              25.0   g.    total weight, by addition of dichloro-              
                           methane                                             
PAL  The polystyrene had a specific gravity of 1.05- 1.07 (ASTM method
      D-792-50), a refractive index of 1.59 (ASTM method D-542-50) and a total
      luminous transmission of 89-90 percent (ASTM method D-1003).
PAR  After thorough stirring, each of the solutions, A through J, were coated to
      a wet thickness of 0.006 inches on 0.001 inch-thick polyethylene
      terephthalate film which had been biaxially oriented and heat set, then
      dried in air at room temperature. With several of the coatings it was
      first necessary to apply a conventional, thin subbing layer to the
      polyethylene terephthalate film to insure adequate anchorage.
PAR  Samples of the coatings were placed in contact with pieces of bond paper
      and pressed together against a heated surface in a manner similar to that
      described in Example IV so that the minimum temperature could be
      determined at which transfer of part of the coated material to the bond
      paper could occur. This transfer temperature was determined for each
      coating at three different times, designated in the table below as:
PA1  T.sub.1 -- transfer temperature immediately after coating and drying
PA1  T.sub.2 -- transfer temperature after aging for one day at room temperature
PA1  T.sub.3 -- transfer temperature of aged coatings which, immediately prior
      to recording of transfer temperature, had been preheated
PAL  T.sub.1 is the transfer temperature of the relatively less stable state of
      the composition which prevails immediately after coating. The composition
      gradually reverts to the relatively more stable state during the aging
      period at the end of which the transfer temperature has increased to
      T.sub.2. By preheating the coating to a temperature above or about equal
      to T.sub.2, the thermoplastic composition changes to its relatively less
      stable state having a lower transfer temperature, T.sub.3. It can be seen
      that T.sub.1 and T.sub.3 are, within experimental error, equal to one
      another, indicating a complete reversibility of the change from the
      relatively less stable to the relatively more stable state.
TBL                TABLE II                                                    
     ______________________________________                                    
     Coating Temperatures in .degree.Centigrade                                
     from                                Preheat                               
     Solution                                                                  
             T.sub.1   T.sub.2   T.sub.3 Temperature                           
     ______________________________________                                    
     A       125       132       126     135                                   
     B       84         96       84      100                                   
     C       120       126       120     128                                   
     D       64         70       62      120                                   
     E       132       142       132     140                                   
     F       130       148       130     150                                   
     G       130        150+     135     200                                   
     H       65         94       65      120                                   
     I       85        110       85      120                                   
     J       58         67       56      120                                   
     ______________________________________                                    
PAC  EXAMPLE VI
PAR  Repeated reversibility of the thermoplastic compositions, from the
      relatively more stable to the relatively less stable states, was
      demonstrated with samples of the coating of Solution B of Example V,
      measuring transfer temperatures as in that example. Aging of the coating
      was at room temperature, while the preheat temperature was, in each case,
      120.degree.C.
TBL  ______________________________________                                    
                  Transfer Temperatures                                        
                  Without Preheat                                              
                              With Preheat                                     
     ______________________________________                                    
     Freshly dried coating                                                     
                    84.degree.C.  --                                           
     After 7 days aging                                                        
                    89.degree.C.  73.degree.C.                                 
     After 3 more days aging                                                   
                    89.degree.C.  73.degree.C.                                 
     After 1 more day aging                                                    
                    89.degree.C.  73.degree.C.                                 
     After 1 more day aging                                                    
                    89.degree.C.  73.degree.C.                                 
     Total: 12 days aging                                                      
     ______________________________________                                    
PAR  The coating of Solution D of Example V was tested in a similar manner, with
      the following results:
TBL               Transfer Temperatures                                        
                  Without Preheat                                              
                              With Preheat                                     
     ______________________________________                                    
     Freshly dried coating                                                     
                    64.degree.C.  --                                           
     After 2 days aging                                                        
                    69.degree.C.  55.degree.C.                                 
     After 3 more days aging                                                   
                    76.degree.C.  65.degree.C.                                 
     After 1 more day aging                                                    
                    74.degree.C.  65.degree.C.                                 
     After 1 more day aging                                                    
                    76.degree.C.  60.degree.C.                                 
     Total: 7 days aging                                                       
     ______________________________________                                    
PAR  In order to increase sensitivity in the thermal exposure step of this
      process it may be desirable to heat the thermographic element to a
      temperature just below the threshold temperature for image formation.
      Thus, for example, in the method of thermal exposure described in Example
      II, the infrared absorbing backing layer may be provided with heating
      means as also described in Cohen & Holland, U.S. Pat. No. 3,073,953.
PAR  In the foregoing examples, the respective thermoplastic organic polymers
      are amorphous polymers (including copolymers). Also, the plasticizers of
      the examples, namely, the polyethylene glycol diacrylate, polyethylene
      glycol, dibutylphthalate, and tricresyl phosphate, are plasticizers that
      are normally liquids, that is, at normal room temperature and pressures.
PAR  In the above examples, the abbreviation "CI" refers to the Colour Index,
      2nd Edition 1956, The Society of Dyers and Colourists, Dean House,
      Picadilly, Bradford, Yorkshire, England, and The American Association of
      Textile Chemists and Colorists, Lowell Technological Institute, Lowell,
      Massachusetts, U.S.A.
PAR  The processes of the present invention are useful for a variety of copying,
      printing, decorative and manufacturing applications. Pigments, e.g.,
      TiO.sub.2, colloidal carbon, metal powders, phosphors, etc., and dyes can
      be incorporated in the thermoplastic polymeric layer, and by use of the
      instant process, images can be transferred to a receptor support. The
      process is also useful for preparing multicolor reproductions. Colorless
      constituents which form colored compounds when heat is applied or brought
      into contact with other color forming components are useful in the instant
      transfer process. Reflex exposures can be used for any of these
      applications provided the base support is capable of transmitting infrared
      radiation, and is especially useful in copying from original messages on
      supports which may have low transmission of infrared radiation.
PAR  Lithographic surfaces can be produced by thermally transferring a
      hydrophobic layer to a hydrophilic receptor surface or vice versa.
      Alternatively, the exposed areas of the photopolymerizable composition,
      after the underexposed areas are transferred, can be used as a
      lithographic offset printing plate if they are hydrophobic and the
      original sheet support is hydrophilic or vice versa. Silk screens can also
      be made by this process.
PAR  The images formed by the thermographic process of this invention are not
      only useful for making copies of original images by dry methods as
      indicated above, but by transfer of the exposed areas to a receptor
      support the thermoplastic surface can be treated with, e.g., aqueous
      solutions, dyes, inks, or magnetic particles to form modified images.
      Colored copies of the original image can be obtained when the wet surface
      is brought into intimate contact with a receptor support and the surfaces
      separated. Solvents which are used for the spirit copying, e.g., ethanol,
      water, etc. should meter out the dye used and be a non-solvent for the
      polymer, i.e., the solubility of the dye and binder are important factors
      in selecting the solvent. The process is also useful because it permits
      the rapid examination of the printing qualities, e.g., of separation
      negatives and positives, under conditions simulating true printing.
      Dusting and stripping techniques are useful in making such things as
      printed circuits, electrically conducting or photoconductive matrices,
      phosphor and ceramic patterns, planographic printing plates and filters.
      After dusting or stripping the elements may also be useful for image
      transfer to a suitable receptive surface.
PAR  The instant process has the advantage that by a simple procedure, involving
      the use of heat in a dry system, copies of images which are of high
      quality and stability are obtained rapidly. The process is very versatile,
      i.e., it is useful in copying, e.g., multicopying, printing, silk screen
      processes and in color reproduction, including multicolor reproduction.
      Both line and halftone images can be transferred simultaneously.
      Furthermore, the transfer process gives copies on standard paper with no
      background color which are stable to heat, light, etc. Still further
      advantages will be apparent to those skilled in the art of image
      formation.
PAR  As shown by the foregoing examples, transferring the exposed image areas to
      the image-receptive element comprises contacting the exposed image areas
      and the element, which results in the transfer of the exposed image areas
      to the image-receptive element, to which they adhere. This is preferably
      accomplished with pressure rollers.
PAR  When the exposed image areas are to be converted to a visible image by
      adhering particles to them, the particles are applied in any manner to the
      surface of the layer and adhere to the exposed image areas. This
      application of particles to the imagewise exposed layer, frequently called
      "dusting" or "transfer" is described in the art, e.g., U.S. Pat. Nos.
      3,060,024, 3,649,268, and 3,637,385. For example, the particles may be
      deposited on the surface, and the surface is then rubbed with a pad or
      brush, whereby the particles adhere to the exposed image areas and are
      removed from the nonexposed areas.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An image-forming process which comprises
PA1  1. heating, imagewise, to a temperature above a softening temperature
      T.sub.2, but below the thermal decomposition temperature thereof, a layer
      that is solid at normal pressure below 40.degree.C. comprising a mixture
      of a thermoplastic, amorphous, organic polymer of a molecular weight above
      10,000 and a normally liquid plasticizer therefor, said mixture being
      capable of existing
PA2  a. in a metastable state at 20.degree.C. having a softening temperature
      T.sub.1, and
PA2  b. in a stable state at 20.degree.C. and having a softening temperature
      T.sub.2 at least 10.degree.C. above T.sub.1 while said polymer is in the
      latter stable higher softening state, for a period sufficient to convert
      the stable polymer to the metastable state,
PA1  2. bringing the entire surface of the layer to a temperature T between
      temperatures T.sub.1 and T.sub.2, whereby the imagewise heated areas are
      softened and and will adhere to surfaces, and the remaining areas are firm
      and non-adherent, and
PA1  3. converting the softened, exposed image areas to a visible image by
      adhering to them finely divided particles or the surface of a separate
      image-receptive element to which said exposed image areas are transferred.
NUM  2.
PAR  2. A process according to claim 1, wherein said period of heating is from 1
      millisecond to 60 seconds.
NUM  3.
PAR  3. A process according to claim 1, wherein the softened, exposed image
      areas are converted to a visible image by applying finely divided colored
      particles to the surface of the layer and removing particles from the
      nonexposed areas.
NUM  4.
PAR  4. A process according to claim 1, wherein the softened, exposed image
      areas are converted to a visible image by contacting the exposed image
      areas with and transferring them to the surface of a separate
      image-receptive element.
NUM  5.
PAR  5. A process according to claim 4, wherein the exposed image areas contain
      colored material.
NUM  6.
PAR  6. A process according to claim 1, wherein said layer is on a thin infrared
      radiation-transmitting support and said polymer is a copolymer.
NUM  7.
PAR  7. A process according to claim 1, wherein said polymer is cellulose
      acetate butyrate.
NUM  8.
PAR  8. A process according to claim 1, wherein said polymer is polyvinyl
      butyral.
NUM  9.
PAR  9. A process according to claim 3 wherein the particles are applied to the
      surface of the layer and removed from the non-exposed areas by depositing
      them on the surface of the layer and then rubbing the surface of the layer
      with a pad or brush.
NUM  10.
PAR  10. A process according to claim 4, wherein the softened, exposed image
      areas are contacted with and transferred to the surface of the separate,
      image-receptive element by placing the layer in contact with said element
      and passing the layer and element through pressure rollers.
NUM  11.
PAR  11. A process according to claim 1 wherein bringing the entire surface of
      the layer to a temperature T comprises cooling the layer to a temperature
      below T.sub.1 and subsequently heating the layer to a temperature T
      between temperatures T.sub.1 and T.sub.2.
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PAL  A developed and fixed unwashed negative component of a diffusion transfer
      photographic film unit is protected and preserved for an extended period.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Photographic processes for forming a silver image by diffusion transfer are
      well known. Processes for forming a usable negative image along with a
      positive silver transfer image are also known. In a typical process, a
      light-sensitive silver halide emulsion which has been exposed to actinic
      radiation is contacted with an aqueous alkaline processing composition
      including a silver halide solvent and a silver halide developing agent
      whereby exposed and developable silver halide is reduced to metallic
      silver to form a negative image, and substantially contemporaneously an
      imagewise distribution of a soluble silver complex is formed as a function
      of unexposed areas of the emulsion. This imagewise distribution is
      transferred by diffusion to a superposed image-receiving layer where it is
      reduced to metallic silver to form a positive silver transfer image. After
      this transfer of image-forming silver, the negative image component is
      separated from the positive silver transfer image -- the processing
      composition including the silver halide developing agent being adhered to
      the surface of the negative component. If allowed to remain, adherence of
      the developing agent to the negative component after separation from the
      positive element will adversely affect the quality of the negative image
      since unoxidized developing agent will react with atmospheric oxygen to
      form a color product which forms stains, and oxidation products of
      developing agent have a tendency to oxidize silver, thereby causing the
      negative image to fade or lose density.
PAR  To obviate the above-mentioned problems, it has heretofore been customary
      to subject at least the negative image to an immediate after-treatment,
      e.g., a washing, in order to remove residual developing agent.
PAR  It has been discovered that this immediate washing may be delayed for
      extended periods of time if the surface of the developer layer can be
      protected from uneven oxygen exposure while the moisture is allowed to
      leave through a uniformly thick layer of a class of protective materials.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention is directed to a process for protecting and preserving
      exposed, developed, fixed, but unwashed diffusion transfer type
      photographic negatives. More specifically, the process of this invention
      protects and preserves the negative component of a diffusion transfer
      photographic system capable of providing a usable negative (e.g., Type 55
      P/N or T 105 films sold by Polaroid Corporation of Cambridge, Mass.,
      U.S.A.) which component may be used to produce a reflection print.
      Diffusion transfer material of this type may be exposed, developed and
      fixed in a camera, or may be exposed in a camera and developed and fixed
      outside the camera. After development and fixing, the negative component
      is stripped from the positive print component. At this point, the emulsion
      is soft and as a result of the image-formation mechanism, a layer of
      processing composition adheres to the surface of the negative. This
      processing composition layer still has chemical activity and should be
      removed from the emulsion within about 3 minutes to prevent staining of
      the negative image. According to one embodiment of the present invention,
      staining of the negative image can be prevented without the necessity of
      an immediate removal of the processing composition layer, if very soon
      after separation there is applied to the surface of the negative emulsion
      layer a material selected from a particular class of vapor-permeable
      macromolecules.
PAR  With the employment of this treatment, washing can be delayed and the
      photographer may pursue other tasks under studio or field conditions. For
      the photographer working away from the studio, being able to delay washing
      negatives means that liquid washes and their containers need no longer be
      carried into the field.
PAR  With reference to the foregoing considerations, a principal object of the
      present invention is to provide a means for protecting and preserving a
      wet, developed and fixed diffusion-transfer type negative until it can be
      further processed.
PAR  Another object of this invention is to provide means for protecting and
      preserving a diffusion transfer type negative from which, after delayed
      processing, high quality reflection prints are easily produced by usual
      optical printing methods.
PAR  A further object is to provide a preserved and protected, exposed,
      developed and fixed diffusion transfer negative which can be further
      processed at the convenience of the technician.
PAR  A still further object of this invention is to provide a preserved and
      protected exposed, developed and fixed diffusion transfer negative which
      may be used after further processing to prepare high quality reflection
      prints by usual optical printing methods.
PAR  Other objects will in part be obvious and will in part appear hereinafter.
PAR  The invention accordingly comprises the several steps and the relation and
      order of one or more of such steps with respect to each of the others, and
      the product possessing the features, properties and the relation of
      elements which are exemplified in the following detailed disclosure, and
      the scope of the application of which will be indicated in the claims.
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to the present invention, a photosensitive silver halide
      emulsion, carried on a transparent support, is developed with an aqueous
      alkaline processing fluid which is in superposed relationship with an
      image-receiving sheet. The processing composition includes a silver halide
      solvent which is capable of forming a water-soluble complex with unexposed
      and undeveloped silver halide. The resulting silver complex is
      transferred, by diffusion, to a superposed imagereceiving layer containing
      silver precipitating agents. The silver of the transferred silver complex
      is there precipitated to form a silver transfer positive image. After a
      predetermined imbibition period, the image-receiving layer containing the
      silver transfer image is separated from the silver halide emulsion layer,
      the processing composition layer being adhered to the silver halide
      emulsion layer. This processing composition layer is no longer uniform in
      thickness, since, among other things, separating the image-receiving layer
      from the surface of the processing composition layer introduces
      irregularities. Beneath this irregular processing composition layer a
      fully developed and fixed high quality negative is formed concurrently
      with the formation of a high quality transfer image. The negative image is
      insensitive to further exposure to light and may be handled in the light
      immediately upon removal from the image-receiving layer. However, if this
      negative is not immediately washed, beginning within 3 minutes after
      separation from the image-receiving layer, the pictures obtained from
      using this negative for printing will show mottle, an undesired irregular
      density gradient, as a result of stain in the negative.
PAR  It has been found that immediate washing can be delayed without harm to the
      negative if, subsequent to the separation of the negative component from
      the image-receiving layer, before the changes occur which lead to the
      stain, e.g., about 3 minutes from separation, the surface of the
      processing layer is contacted with a member of a given class of protective
      materials in such a way as to allow uniform vapor transfer out of the
      negative.
PAR  Ways of contacting the surface of the processing layer with one of the
      protective materials include swabbing on a solution of the desired
      protective material; spraying solution of the protective material;
      applying the material in particulate form or applying a supported
      preformed film of the protective material directly to the negative, under
      pressure.
PAR  In the swabbing method, an absorbant material which is capable of retaining
      a quantity of liquid composition is wetted with, for example, alcohol, and
      then placed in a 10% w/w alcoholic solution of the protective material for
      approximately half an hour to absorb the solution. Excess solution is
      allowed to drain away and a wet swab is used to wipe off the reagent layer
      from the surface of the exposed, developed and fixed emulsion layer. A
      second swab is then used to go over the surface of the emulsion to ensure
      that a uniform layer of the protective material is left on the emulsion.
      The treated negative is allowed to dry, 20 to 30 minutes at room
      temperature usually being sufficient time. The negative so treated may
      then be put aside for later further processing in the conventional manner.
      Protective materials which may be used in this method are colloids and
      include, for example, hydroxypropyl cellulose, poly-2-N-vinyl pyridine
      lactate, etc.
PAR  If particulate material is used, within 3 minutes after the exposed,
      developed and fixed negative has been separated from an image-receiving
      sheet in a typical diffusion transfer process the emulsion surface with
      the adhered processing composition layer is inverted over a supply of the
      dry protective material of a particular size (e.g., as sieved through a
      325 mesh screen). The negative is held over the particulate material and
      lightly shaken to spread the powder evenly over the surface of the adhered
      processing composition layer without forming lumps which would lead to
      uneven drying. The negative is then allowed to dry. Examples of protective
      materials which may be used in this manner include, for example, xanthan
      gum, guar gum, anionic polysaccharide gum, high molecular weight
      hetero-polysaccharide gum, methyl cellulose, hydroxyethyl cellulose,
      sodium carboxymethyl cellulose, polyvinyl alcohol, hydroxypropyl
      cellulose, etc.
PAR  In the cast-film method a 10% solution by weight of a colloidal
      film-forming material in water is coated on a suitable base, such as a
      semi-glassine type paper in a 1.25 mil thickness made of a supercalendered
      stock, to a thickness of from 0.1 to 0.5 mil, and allowed to dry. The
      polymer-coated side of this supported cast-film is placed in contact with
      the reagent layer remaining on the surface of a freshly stripped exposed,
      developed and fixed negative within 3 minutes after its separation from
      the positive element. It is necessary to achieve continuous contact
      between the surface of the processing composition layer and the cast film,
      to assure that no air bubbles are trapped. This may be accomplished, for
      example, by gently rolling a thin, smooth cylindrical object, such as a
      pencil, over the structure which is supported on any smooth film surface.
      This cast-film coating protects and preserves the negative until
      processing is continued.
PAR  Examples of colloidal film-forming materials which may be used in this cast
      film approach are, for example, methyl cellulose, hydroxyethyl cellulose,
      sodium carboxymethyl cellulose, polyvinyl alcohol, polyacrylamide,
      polyvinyl pyrrolidone, polyvinyl acetate, etc.
DETD
PAR  The following non-limiting examples illustrate the present invention.
PAC  EXAMPLE 1
PAR  Hydroxyethyl cellulose (Natrosol 250L manufactured by Hercules, Inc.) was
      dissolved in water to form a water solution by weight according to the
      directions of the manufacturer. This solution was coated to a 0.3 mil
      thickness on a supercalendered, semi-glassine paper base and allowed to
      dry. A 4 by 5 inch sheet of this supported cast film was placed on the
      surface of a freshly stripped (55 P/N) negative and was rolled gently to
      remove any air trapped between the two sheets. This packet was then
      allowed to dry for 4 hours. At the end of that time, it was placed in an
      18% sodium sulfite bath for approximately 5 minutes, whereupon the cast
      film and processing composition layer separated from the negative. The
      negative was placed in an acid hardening bath comprising acetic acid and
      potassium alum for approximately 2 minutes, rinsed in running water for 10
      minutes, then in 0.01% isooctyl phenyl polyethoxyethanol (Triton-X-100,
      supplied by Rohm and Haas Co.) wetting agent, and allowed to dry. The
      dried negative was then used to print a five-fold enlargement which was
      examined for mottle. That enlargement was compared to an enlargement
      printed from a 55 P/N negative which had been completely processed,
      including a sodium sulfite wash, within 3 minutes after its separation
      from the positive image-receiving sheet. The picture printed from the
      negative treated according to the process of this invention was as clear
      and free from mottle as the picture printed from the immediately washed
      negative.
PAC  EXAMPLE 2
PAR  A 10% w/w aqueous solution of methyl cellulose was coated to a 0.3 mil
      thickness on a supercalendered, semi-glassine paper base and allowed to
      dry. A 4 by 5 inch sheet of this supported cast film was placed film side
      down to the surface of a freshly stripped 55 P/N negative; compressive
      force was applied gently to expel air from between the cast film and the
      negative, and the packet was allowed to dry for 4 hours. It was then
      washed for 5 minutes in an 18% sodium sulfite bath where the paper, cast
      film and negative separated from the negative. This negative was placed in
      an alum-acetic acid bath for hardening, then washed with running water,
      dipped into Triton-X-100 wetting agent and allowed to dry. The dry
      negative was used to print a positive print which was examined for mottle.
      It was compared with a control print as described in Example 1 and was
      found to have no visibly discernible mottle.
PAC  EXAMPLES 3-7
PAR  Ten percent aqueous solution of the following materials were used to
      prepare cast films as in Example 2.
TBL  ______________________________________                                    
     Example      Film Forming Material                                        
     3            sodium carboxymethyl cellulose                               
     4            polyvinyl alcohol                                            
     5            polyacrylamide                                               
     6            polyvinyl pyrrolidone                                        
     7            polyvinyl acetate                                            
     ______________________________________                                    
PAR  These cast films were used as in Example 2 to protect and preserve freshly
      stripped 55 P/N diffusion transfer negatives. Positive prints made from
      these negatives were examined for mottle and none was visually detected.
PAC  EXAMPLE 8
PAR  Swabs of a soft, absorbant, nonwoven, cotton material in strip form
      (supplied as Webril by Kendall Mills) arranged in an assembly of layers
      and provided with a handle were wetted with isopropyl alcohol, then placed
      in a 10% by weight isopropyl alcohol solution of hydroxypropyl cellulose
      for half an hour. Excess solution was allowed to drain. One swab was used
      to wipe the processing composition from the surface of a freshly stripped
      exposed, developed and fixed diffusion transfer negative. A second swab
      was then wiped over the emulsion surface to ensure uniformity of the layer
      of hydroxypropyl cellulose left thereon. The two wiping operations were
      completed within 3 minutes after the image-receiving layer was stripped
      for the emulsion layer. The treated negative was allowed to dry 30 minutes
      at room temperature and then washed with the conventional materials for
      washing the untreated negatives using wash times of 5 minutes for the 18%
      sodium sulfite aqueous solution, 2 minutes for the acid alum hardening
      wash, and 10 minutes for the running water wash. After a final dip in
      0.01% Triton-X-100 wetting agent, the treated negative was allowed to dry.
      The dried negative was used to print a five-fold enlargement which was
      examined for mottle. As compared to the picture printed from an
      immediately washed, conventionally treated negative as described in
      Example 1, there was no visibly discernible mottle.
PAC  EXAMPLE 9
PAR  Example 8 was repeated replacing the hydroxypropyl cellulose with
      poly-2-N-vinyl pyridine lactate, and essentially the same results were
      obtained.
PAC  EXAMPLE 10
PAR  The negative components of 20 units of positive-negative 55 P/N film
      material were exposed to a step wedge target, developed and fixed in the
      conventional way. Four of these negatives were processed in the
      conventional way, which included an immediate sodium sulfite wash, acid
      hardening wash, water wash, wetting agent and drying as described in the
      preceding examples. Within 3 minutes after stripping, the other 16
      negatives were inverted on an opening in a container containing guar gum,
      fine powder sieved through a 325 mesh screen and dusted by inverting and
      shaking. The dusted negatives were put aside for varying periods of time,
      four for 1 hour, four for 4 hours, four for 24 hours and four for 96
      hours. At the end of these times the negatives were each washed in,
      successively, 18% sodium sulfite, alum-acetic acid hardening bath, running
      water and 0.01% of Triton-X-100 agent. After drying, each of the 20
      negatives was used to prepare a five-fold enlarged positive print. Not one
      of the negatives treated according to the process of this invention showed
      a visibly discernible pattern at this five-fold enlargement as compared
      with the standard, conventionally treated, immediately washed control
      negative described above.
PAC  EXAMPLES 11-13
PAR  The procedure of Example 10 was employed to treat freshly stripped 55 P/N
      negatives using in place of guar gum the following materials:
PAR  11. An "anionic polysaccharide gum" supplied as GPC Colloid RX-10 by Grain
      Processing Corp.
PAR  12. A "high molecular weight hetero-polysaccharaide gum" supplied as Zanflo
      by Kelco Co.
PAR  13. Xanthan gum supplied as Kelzan by Kelco Co.
PAR  Essentially the same results were obtained as in Example 10.
PAR  Since certain changes may be made in the above process without departing
      from the scope of the invention herein involved, it is intended that all
      matter contained in the above description shall be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for forming a diffusion transfer negative element capable
      of being employed to provide reflection images which comprises:
PA1  a. exposing a diffusion transfer photosensitive element comprising a silver
      halide layer to actinic radiation;
PA1  b. providing a layer of processing composition including a developing agent
      whose adherence to said negative element after the development and fixing
      of said negative element would adversely affect the quality of the
      negative image, a silver halide solvent, and a film-forming polymer
      between said exposed diffusion transfer photosensitive element and a
      diffusion transfer silver receptive stratum in face-to-face relationship
      therewith;
PA1  c. developing said exposed diffusion transfer photosensitive element to
      provide a negative image and forming a positive image thereof in said
      silver receptive stratum by silver diffusion transfer as a function of
      point-to-point degree of exposure of said photosensitive element;
PA1  d. separating said silver receptive stratum from said negative image which
      has said layer of processing composition adhered thereto;
PA1  e. washing said developed negative image with aqueous sodium sulfite, and
PA1  f. washing said negative with water, the improvement which comprises
      applying to the surface of said layer of processing composition while said
      surface remains moist and before washing with aqueous sodium sulfite a
      uniform layer of a vapor-permeable polymeric macromolecule whereby washing
      of said negative image may be delayed for an extended period without
      injury to it.
NUM  2.
PAR  2. A process as defined in claim 1 wherein the uniform layer of a
      vapor-permeable macromolecule is in the form of a cast film adhered to the
      surface of the negative image.
NUM  3.
PAR  3. A process as defined in claim 2 where said vapor-permeable macromolecule
      is selected from a group consisting of cellulose ethers and vinyl
      polymers.
NUM  4.
PAR  4. A process as defined in claim 2 wherein said vapor-permeable
      macromolecule is hydroxyethyl cellulose.
NUM  5.
PAR  5. A process as defined in claim 1 wherein said vapor-permeable
      macromolecule is methyl cellulose applied to the surface of said layer of
      processing composition in the form of a powder which has been sieved
      through a screen at least as fine as 325 mesh.
NUM  6.
PAR  6. In a process for forming a diffusion transfer negative element capable
      of being employed to provide positive reflection images which comprises:
PA1  a. exposing a diffusion transfer photosensitive element comprising a silver
      halide layer to actinic radiation;
PA1  b. providing a layer of processing composition including a developing agent
      whose adherence to said negative element after the development and fixing
      of said negative element would adversely affect the quality of the
      negative image, a silver halide solvent, and a film-forming polymer
      between said exposed diffusion transfer photosensitive element and a
      diffusion transfer silver receptive stratum in face-to-face relationship
      therewith;
PA1  c. developing said exposed diffusion transfer photosensitive element to
      provide a negative image and forming a positive image thereof in said
      silver receptive stratum by silver diffusion transfer as a function of
      point-to-point degree of exposure of said photosensitive element;
PA1  d. separating said silver receptive stratum from said negative image which
      has said layer of processing composition adhered thereto;
PA1  e. washing said developed negative with aqueous sodium sulfite; and
PA1  f. washing said negative with water,
PA1  the improvement which comprises removing said processing composition layer
      while still moist and before washing with aqueous sodium sulfite by
      swabbing said negative image with a solution of a vapor-permeable
      polymeric macromolecule; and applying to the surface of said developed
      negative image while said surface is still moist a uniform layer of said
      vapor-permeable macromolecule whereby washing of said negative image may
      be delayed for an extended period without injury to it.
NUM  7.
PAR  7. A process as defined in claim 6 wherein said vapor-permeable
      macromolecule is selected from the group consisting of cellulose ethers
      and vinyl polymers.
NUM  8.
PAR  8. A process as defined in claim 6 wherein said vapor-permeable
      macromolecule is hydroxypropyl cellulose.
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ABST
PAL  A recording process including image stabilization comprising the steps of:
PA1  1. image-wise exposing to active radiation of a recording material
      containing in a recording layer a photosensitive polyhalogen compound
      capable of producing photoradicals when exposed with ultraviolet
      radiation, and
PA1  2. transforming the non-decomposed polyhalogen compound into a
      non-photosensitive substance in an element or body separate or separable
      from the recording layer by reaction with an aliphatic or cyclo-aliphatic
      tertiary amine.
BSUM
PAR  The present invention is directed to a recording method for forming a
      permanent or stabilized image resulting from the information-wise exposure
      of a free radical photosensitive material as hereinafter defined, wherein
      said method includes the inactivation of the photosensitivity of the
      compound producing the free radical.
PAR  By the term "free radical photosensitive material" employed in the present
      description is meant a photosensitive material in which at least one of
      the photosensitive ingredients is an ultraviolet sensitive organic
      polyhalogen compound producing photoradicals on exposure with said
      radiation.
PAR  Photographic dye-forming systems based on the use of said polyhalogen
      compound and a dye precursor compound have been described, e.g., by R. A.
      Fotland in J.phot.Sci., 18 (1970) 33-37, in the U.S. Pat. Nos. 3,102,810,
      3,328,744 and 3,377,167, the United Kingdom Patent Specification No.
      1,073,345 and in the Belgian Patent Specification Nos. 771,848, 787,339,
      786,973 and 790,340 corresponding with the United Kingdom Patent
      Application Nos. 41,749/70, 42,802/71, 40,349/71 and 48,804/71
      respectively.
PAR  In all these dye-forming systems carbon tetrabromide and/or iodoform are
      the most commonly used photoradicalgenerating compounds because these
      compounds excel in photosensitivity when compared with other
      representatives of the class of photosensitive organic polyhalogen
      compounds.
PAR  One of the presently known stabilization techniques makes use of the
      volatility of the carbon tetrabromide, which can be removed from the
      non-exposed portions of the recording material relatively easily by
      evaporation. A suitable stabilization temperature is e.g. in the range of
      100.degree. to 150.degree.C.
PAR  The evaporation of carbon tetrabromide in the environment of the operating
      personel poses, however, a problem since the compound is physiologically
      not inert and classified as being toxic (see I. Sax, Dangerous Properties
      of Industrial Materials (1968).
PAR  The toxicity problem still remains when applying another commonly used
      stabilization technique that is based on the extraction of the
      photosensitive polyhalogen compound.
PAR  In the known extraction-stabilization technique a solvent for the
      photosensitive polyhalogen compound is used, which solvent does not affect
      or only weakly affects the binding agent of the recording layer. Some
      solvents such as diethyl ether, although being excellent extraction agents
      cannot be used for the risk of explosion. Other suitable extraction
      solvents belonging to the class of liquid halogenated aliphatic
      hydrocarbons are not miscible with water and may not be drained off in the
      sewer.
PAR  Now a recording process has been found including image stabilization
      comprising the steps of:
PA1  1. image-wise exposing to active radiation of a recording material
      containing in a recording layer a photosensitive polyhalogen compound
      capable of producing photoradicals when exposed with ultraviolet
      radiation, and
PA1  2. transforming the non-decomposed polyhalogen compound in an element or
      body separate or separable from the recording layer into a
      non-photosensitive substance by reaction with an aliphatic or
      cycloaliphatic tertiary amine.
PAR  According to one mode of operation the non-decomposed photo-sensitive
      polyhalogen compound is inactivated outside the recording material and
      therefore first removed from the exposed recording material by
      evaporation. While being in the evaporated state said polyhalogen compound
      is brought into active chemical contact with said amino compound. For
      example, the air polluted with the polyhalogen compound is led through a
      container, capsule or flask containing optionally in the presence of a
      filler a finely divided e.g. dissolved aliphatic or cycloaliphatic
      tertiary amine, which complexes the polyhalogen compound.
PAR  According to another mode of operation the photosensitive polyhalogen
      compound is extracted from the exposed recording material with a solvent.
      The transformation of the photosensitive polyhalogen compound into a
      non-photosensitive species proceeds in the extracting liquid.
PAR  According to still another mode of operation the nondecomposed
      photosensitive polyhalogen compound is inactivated in a structural element
      or part e.g. a layer of the recording material. This proceeds e.g. by
      using onto the recording layer a covering layer in which the
      photosensitive polyhalogen compound being residual after the image-wise
      exposure is transferred e.g. by heating and evaporation and is allowed to
      react with said amine.
PAR  The fixing of the photosensitive polyhalogen compound such as carbon
      tetrabromide or iodoform in an element or body separate or separable from
      the recording material allows the regeneration of the photosensitive
      polyhalogen compound since the complex formed with said polyhalogen
      compound and an aliphatic or cycloaliphatic tertiary amine can be brought
      to dissociation by the action of an acid preferably an acid capable to
      lower the pH to at least 1 e.g. hydrochloric acid. For example up to 80 %
      of carbon tetrabromide can be recovered when said complex is allowed to
      react in an aqueous medium acidified with hydrochloric acid. In the
      aqueous medium carbon tetrabromide separates as a crystalline solid and
      can be removed e.g. by filtration, decantation, centrifugation or other
      known solid liquid separation techniques.
PAR  Taking into account the preceding, according to a first preferred
      embodiment of image stabilization the non-decomposed photosensitive
      polyhalogen compound is extracted from the recording material with a
      non-water-miscible solvent or solvent mixture and in such liquid complexed
      by the addition of said amine. The solvent is chosen in such a way that
      formed complex precipitates as a solid. The solid complex is then treated
      with an acidic aqueous solution by means of which the photosensitive
      polyhalogen compound such as carbon tetrabromide is set free again.
      Non-water-miscible liquids suitable for use in said embodiment are liquid
      polyhalogenated aliphatic hydrocarbon compounds, e.g., perchloroethylene.
      By the treatment with acid, preferably hydrochloric acid, the basic
      tertiary amine is converted in the corresponding salt, from which it can
      be set free again with a stronger base e.g. sodium hydroxide. By operating
      that way the tertiary amine can be recycled and play again its role of
      complexing and fixing agent for the photosensitive polyhalogen compound to
      be removed from an exposed recording material.
PAR  According to a preferred modification of said first embodiment the
      stabilization of the photoexposed recording material containing residual
      photosensitive polyhalogen compound proceeds by the steps of:
PA1  1. overall heating the recording material after its image-wise
      photo-exposure, characterized in that the heating proceeds in such a
      degree that the photosensitive organic polyhalogen compound accumulates at
      the outer surface or just near that surface of the recording material
      (when using carbon tetrabromide said heating proceeds preferably at about
      85.degree.C), and
PA1  2. extracting with a solvent or solvent mixture at moderate temperature,
      preferably between about 10.degree. and about 30.degree.C, the
      photosensitive polyhalogen compound that has moved towards the surface of
      the recording material.
PAR  The photosensitive polyhalogen compound being dissolved in the extracting
      liquid is converted into a photostable complex with a tertiary aliphatic
      or cycloaliphatic amine, whereupon the extracting liquid is freed from the
      complex in a way as described above and recycled in the stabilizing
      process.
PAR  The heating may proceed by contacting the rear side of the recording
      material, in other words the support of the recording layer, with a hot
      body kept at a temperature of preferably 80.degree. to 120.degree.C.
      Suitable supports that allow such heating without substantial distortion
      are, e.g., polyethylene terephthalate sheets of a minimum thickness of 50
      .mu..
PAR  According to a second preferred embodiment the stabilization of the
      photo-exposed recording material containing residual photosensitive
      polyhalogen compound proceeds by overall heating the recording material
      after its image-wise photo-exposure in such a way that the polyhalogen
      compound migrates from the recording layer and penetrates into another
      layer in which the complexing amine is present.
PAR  In that embodiment preferably use is made of a recording material
      containing the photosensitive polyhalogen compound in a hydrophobic binder
      medium layer covered with a layer containing a hydrophilic resin or
      colloid e.g. gelatin and incorporating the tertiary amine. By that
      covering layer the tertiary amine has to be kept away from chemical
      contact with the photosensitive polyhalogen compound during storage and
      photoexposure of room temperature as much as possible. In order to avoid a
      premature contact the recording layer may be coated with an intermediate
      layer e.g. a non-polar resin or wax layer not accepting the amine but
      allowing carbon tetrabromide to penetrate, e.g., when heated above
      80.degree.C.
PAR  When using the tertiary amine in the recording material it is preferred to
      use an amine that can be distributed on a molecular scale in the
      hydrophilic binder. In the embodiment using the tertiary amine in the
      recording material the complex formed with the photosensitive polyhalogen
      compound is preferably colourless or only faintly coloured, e.g. has a
      faint yellow colour not substantially affecting the image quality.
PAR  According to a modification of said second embodiment the tertiary amine is
      incorporated into a removable layer covering the recording layer. For that
      purpose the covering layer preferably contains a binder medium that allows
      wash-off or stripping. An aqueous wash-off technique can be applied when
      using in the covering layer hydrophilic colloids that can be dissolved or
      removed in cold or hot water as described, e.g., in U.K. Patent
      Specification No. 1,139,891, and U.K. Patent Specification No. 1,264,313.
      Preferred hydrophilic colloids for that purpose are gelatin, animal glue
      and other proteinaceous colloids used in the manufacture of photographic
      materials, polyvinyl alcohol, partially saponified polyvinyl acetate,
      carboxymethylcellulose, ethylcellulose, poly-N-vinylpyrrolidone and
      polyacrylic acid amide.
PAR  The binding agent(s) of the recording layers of the free radical
      photosensitive materials described in the above mentioned patent
      specifications and applications is (are) of the hydrophobic type.
      Preference is given to polystyrene and poly-N-vinylcarbazole; the latter
      binding agent improves the photosensitivity of the recording layer
      especially when it contains spiropyran compounds as dye precursors for
      pyrylium or indolinium dyestuff salts.
PAR  A particularly preferred stabilizing agent for use according to the present
      invention is triethylenediamine also known as
      1,4-diazo-2,2,2-bicyclo-octane having the following chemical structure:
      ##EQU1##
PAR  The triethylenediamine is a secondary product in the preparation of
      ethylenediamine (Beilstein 4, 249). It is marketed by Houdry Process Corp.
      USA and by Schuckardt (Munchen) W-Germany under the trade name DABCO.
PAR  The triethylenediamine forms a 1:1 complex with carbon tetrabromide.
PAR  For stabilization in the recording material itself the triethylenediamine
      is preferably used in an amount within the range of 2 g to 6 g per sq.m in
      a hydrophilic layer covering a hydrophobic photo-sensitive recording layer
      containing carbon tetrabromide in an amount of from 0.5 g to 4 g per sq.m.
PAR  Hexamethylenetetramine forms a crystalline 1:1 complex with iodoform.
      Preferred solvents for allowing the complex formation of carbon
      tetrabromide with triethylenediamine are aliphatic halogenated hydrocarbon
      liquids e.g., perchloroethylene.
PAR  Recording materials that are particularly suited for a stabilization
      technique as described in the present invention contain carbon
      tetrabromide in admixture with a spiropyran compound as dye precursor
      forming on exposure to active electromagnetic radiation a dye having a
      pyrylium salt or indolinium salt structure. Particularly suitable
      spiropyran compounds have been described in the published German Patent
      Application No. P 2,142,966. A preferred binding agent for recording
      layers containing said spiropyran compounds is poly-N-vinylcarbazole.
DETD
PAR  The present invention is illustrated by the following examples. EXAMPLE 1
PAR  On a polyethylene terephthalate support having a thickness of 62 .mu.m the
      following composition is coated at a ratio of 80 g/sq.m:
TBL  carbon tetrabromide      3.72     g                                       
     iodoform                 3.72     g                                       
     3-methyl-di-.beta.-naphthospiropyran                                      
                              3.72     g                                       
     triphenylstibine         0.70     g                                       
     2-mercaptobenzothiazole  1.82     g                                       
     polyethylene isophthalate (dissolved in                                   
     20 g of methylenechloride)                                                
                              0.80     g                                       
     a 5% solution of poly-N-vinylcarbazole                                    
     in methylene chloride    220      g                                       
     dichloroethane           200      g                                       
PAR  This material is processed in the following mode:
PA1  1. exposure with a U.V.-radiation source (mercury vapour lamp of 1,000 W)
      for 5 sec. at a distance of 10 cm.
PA1  2. heating of the material in a closed cabinet at a temperature of
      180.degree.C for 1 min.
PAR  The material has stabilized now and presents a copy having reversed
      image-values with respect to the original.
PAR  The air in the closed cabinet, which contains carbon tetrabromide, is led
      through a tube containing 4 g of triethylenediamine and 20 g of a
      silica-filler viz. CELLIT (trade name).
PAR  The thus treated air is free of carbon tetrabromide.
PAC  EXAMPLE 2
PAR  The material as described in Example 1 is processed in the following way:
PA1  1. exposure to an U.V.-radiation source (mercury vapour lamp 1,000 W) for 5
      sec. at a distance of 10 cm;
PA1  2. heating of the material at 85.degree.C on heated rollers or a metal
      plate for 15 sec.
PA1  3. immersion in perchloroethylene for 15 sec. at room temperature
      (20.degree.C).
PAR  The material has stabilized now and represents a copy having reversed image
      values with respect to the original.
PAR  The solvent containing carbon tetrabromide can be recycled through a tube
      containing DABCO (trade name) and CELLIT (trade name) in a proportion of
      1:5 by weight.
PAR  The solvent is freed completely from carbon tetrabromide.
PAR  In the tube the complex CBr.sub.4 -triethylenediamine is formed.
PAC  EXAMPLE 3
PAR  On a polyethylene terephthalate support of a thickness of 62 .mu.m the
      following composition is coated at a coverage of 80 g/sq.m:
TBL  carbon tetrabromide      7.44     g                                       
     3-methyl-di-.beta.-naphthospiropyran                                      
                              3.72     g                                       
     triphenylstibine         0.70     g                                       
     2-mercaptobenzothiazole  1.82     g                                       
     polyethylene isophthalate                                                 
                              0.80     g                                       
     a 5% solution of poly-N-vinylcarbazole                                    
     in methylene chloride    220      g                                       
PAR  On top of this layer a second layer is coated at a coverage of 50 g/sq.m
      and with the following composition:
TBL  DABCO (trade name)        15      g                                       
     a 20% solution of gelatin in water                                        
                               250     g                                       
     water                     235     g                                       
PAR  This material is processed in the following way:
PA1  1. exposure to a U.V. radiation source (mercury vapour lamp 1000 W) at a
      distance of 10 cm for 5 sec.;
PA1  2. heating on heated rollers or metal plate on 110.degree.C for 10 sec.
PAR  A copy having reversed image values with respect to the original is
      obtained. The material shows no colouration when further exposed to active
      electromagnetic radiation.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a recording process comprising the step of image-wise exposing to an
      activating radiation image a recording layer containing:
PA1  a. a polyhalogen hydrocarbon compound releasing free radicals by
      photolytically decomposition when exposed to activating radiation, and
PA1  b. A dye precursor compound reactive upon contact with said free radicals
      released in the exposed areas of said layer to produce a colored dye
      image,
PA1  the improvement of stabilizing the unexposed regions of said layer by the
      steps of:
PA1  removing residual undecomposed polyhalogen compound from said layer and
      contacting the removed polyhalogen compound with a cycloaliphatic tertiary
      amine reactive with said polyhalogen compound to form a solid
      non-light-sensitive complex.
NUM  2.
PAR  2. The process of claim 1 wherein said polyhalogen compound is removed by
      contacting the layer with a non-water miscible solvent to extract the same
      from said layer, separating said solvent from said layer, and adding to
      the separated solvent said amine in an amount sufficient to form said
      complex.
NUM  3.
PAR  3. The process of claim 2 wherein said solvent is at a temperature of about
      10.degree.-30.degree.C.
NUM  4.
PAR  4. The process of claim 1 wherein said polyhalogen compound is removed by
      uniformly heating said layer to volatilize said polyhalogen compound and
      the volatilized compound is brought into contact with said amine.
NUM  5.
PAR  5. The process of claim 4 wherein said layer is heated to a temperature of
      about 80.degree.-120.degree.C.
NUM  6.
PAR  6. The process of claim 1 wherein said polyhalogen compound is removed by
      uniformly heating said layer to volatilize the residual compound while
      said layer is arranged in sandwich relation with a separate layer
      containing said amine, whereby said volatilized compound is transferred to
      said separate layer and complexes with said amine therein.
NUM  7.
PAR  7. The process of claim 6 including the step of removing said separate
      layer from said sandwich relation after said heating.
NUM  8.
PAR  8. The process of claim 6 wherein said separate layer comprises a
      hydrophilic binder containing said amine.
NUM  9.
PAR  9. The process of claim 1 including the steps of treating said complex with
      an acidic medium to dissociate the same whereby said polyhalogen compound
      separate from said medium and recovering the thus separate polyhalogen
      compound from said medium.
NUM  10.
PAR  10. The process of claim 9 wherein said medium has a pH of 1 or below.
NUM  11.
PAR  11. The process of claim 9 wherein the amine is recovered from said acidic
      medium by adding thereto a base stronger than said amine.
NUM  12.
PAR  12. The process of claim 1 wherein said exposing radiation includes
      ultraviolet light.
NUM  13.
PAR  13. The process of claim 1 wherein said amine is triethylenediamine.
NUM  14.
PAR  14. The process of claim 1 wherein the recording material contains a
      recording layer comprising carbon tetrabromide and a spiropyran compound
      as dye precursor compound.
NUM  15.
PAR  15. A recording material comprising a recording layer containing:
PA1  a. a polyhalogen hydrocarbon compound releasing free radicals by
      photolytically decomposition when exposed to activating radiation, and
PA1  b. a dye precursor compound reactive upon contact with said free radicals
      released in the exposed areas of said layer to produce a colored dye
      image,
PA1  in sandwich relation with said recording layer a stabilizing layer
      containing a cycloaliphatic tertiary amine reactive with said polyhalogen
      compound to form a solid non-lightsensitive complex, whereby residual
      polyhalogen compound in said layer after exposure thereof to said
      activating radiation is transferable to said stabilizing layer by heating
      to volatilize said residual compound.
NUM  16.
PAR  16. The material of claim 15 wherein said stabilizing layer is separated
      from said recording layer by a vapor-permeable intermediate layer.
NUM  17.
PAR  17. The material of claim 15 wherein the tertiary amine is
      triethylenediamine.
NUM  18.
PAR  18. The material of claim 15 wherein the amine is used in an amount of 2 to
      6 g per sq.m and the polyhalogen compound in an amount of from 0.5 to 4 g
      per sq.m.
NUM  19.
PAR  19. The material of claim 15 wherein the recording layer contains
      poly-N-vinylcarbazole as binding agent.
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PAL  Color contrast photographic images may be produced in a photographic
      element comprising:
PA1  1. a base
PA1  2. at least one layer of a silver halide photographic emulsion dispersed in
      a hydrophilic colloidal binder and reactively associated with at least one
      color coupler, and
PA1  3. at least one hydrophilic colloidal binder receptive layer containing
      dispersed silver condensation nuclei for the formation of colored
      colloidal silver, reactively associated with said emulsion layer, said
      nuclei and coupler selected to give rise to substantially differing colors
PAL  By developing said photographic element in the presence of a p-phenylene
      diamine developer and carrying agent for silver halide.
PARN
PAR  This is a division of application Ser. No. 413,966 filed Nov. 8, 1973.
BSUM
PAR  It is known in the photographic art that an image of a subject can be
      obtained in three different ways which, according to the terminology used
      in the present patent application, respectively correspond to black and
      white, color and color contrast photography.
PAR  A black and white photographic system is capable of producing an image of
      the subject by means of a grey scale on an opaque, generally white
      background or on a transparent, colorless, or colored background. The
      various grey densities correspond to different quantities of reduced
      silver.
PAR  In the particular case of radiography, the subject is generally reproduced
      on a transparent colorless or colored background by means of a grey scale
      which modulates a negative image (i.e., the parts of the subject
      transparent to X-rays appear dark and those opaque to X-rays appear
      bright).
PAR  A color photographic system is capable of producing an image of the colored
      subject in two or more scales of distinct colors, being substantially all
      negative or all positive.
PAR  A color contrast photographic system is capable of producing an image of
      the colored subject in two opposite scales of distinct colors, one being
      negative and the other positive. In both cases, the colors can be
      conveniently chosen so that they can "create a contrast". Two colors, for
      instance, "create a contrast", in the above specified sense when they are
      complementary, such as for instance blue and yellow. Various color
      combinations could be chosen, for example blue and orange, blue and red,
      or magenta and yellow, but it is generally accepted in the art that the
      best combination is blue and yellow.
PAR  A color contrast photographic system is particularly useful in all those
      cases where an exact reproduction of the colors of the subject is not
      required, such as in medical and industrial radiography.
PAR  Both the color and the color contrast systems hitherto developed to be used
      in radiography have turned out to be of little practical importance and
      either represented a mere curiosity or were only used for particular
      studies or teaching aims. Such limited use was due to the fact that such
      systems were too complicated and required excessively long processing
      sequences. Systems of this type are described for instance in the
      following patents: U.S. Pat. Nos.: 2,644,096; 2,593,925; 2,931,904;
      2,807,725; 2,906,881; Swiss Pat. No. 295,100; German Pat. Nos.: 970,220;
      977,204; 1,011,277; 1,046,495; 1,076,490; 1,135,754; German Pat.
      applications (OS) Serial Nos. 1,946,652 and 2,045,399; French Pat. Nos.:
      1,056,200; 1,190,520; 1,283,925 and British Pat. No. 716,064.
PAR  The German Patent application OS Serial No. 1,946,652 particularly
      describes a method for viewing a monochrome photographic image with
      artificial color contrast, such a method consisting of examining it
      through various colored filters.
PAR  One aspect of the present invention is to provide a simplified method for
      obtaining color contrast photographic images.
PAR  Another aspect of the present invention is to provide photographic element
      suitable for the realization of such a method and, in particular,
      photographic elements suitable for a radiographic color contrast use.
PAR  Another aspect of the present invention is to provide a developing
      composition particularly useful for obtaining color contrast images.
PAR  According to the present invention, we have found that a color contrast
      image can be obtained from an exposed photographic element comprising:
PA1  1. at least one layer of silver halide emulsion in reactive association
      with a color coupler, and
PA1  2. in non-strippable reactive association with (1), at least one layer
      containing nuclei (hereinafter called "silver condensation nuclei") which
      catalyze the reduction of silver ions in unexposed silver halide grains
      into the form of colored colloidal silver
PAL  by developing said element with a developer, the oxidation product of which
      is capable of coupling with the color coupler in the at least one layer of
      silver halide emulsion, said developing being in the presence of a
      compound (hereinafter called "a carrying agent") capable of carrying
      silver ions from unexposed silver halide in the emulsion to the layer
      (hereinafter called "receptive layer") containing the silver condensation
      nuclei.
PAR  The above process is believed to perform in the following manner:
PA1  1. exposed silver halide grains in the emulsion are reduced by the action
      of the developer, in turn oxidizing the developer,
PA1  2. the oxidized developer then couples with color coupler in the emulsion
      layer,
PA1  3. unexposed and unreduced silver (still in the ionic form of silver
      halide) is then picked up by the carrying agent and migrates to the
      receptive layer
PA1  4. where the carried silver is catalytically deposited on the silver
      condensation nuclei.
PAL  The catalytic deposition of the silver in the receptive layer produces one
      distinct color in the image region of non-exposure, and the color coupler
      and oxidized developer form a selected color (depending upon the color
      coupler selected) in the image region of exposure. In those portions of
      the image where there are both exposed and unexposed portions, the two
      separate color producing methods act to form a continuous blend or shift
      from one color to the other. In the case of a blue forming coupler and
      yellow colloidal silver for example, the intermediately exposed regions
      will be green (the blue and yellow colorations being additive). One color
      image may in fact be regarded as the negative image of the other color
      image. This is because while exposure creates the positive dye image, the
      unexposed areas generate the positive colloidal silver image. The coupler
      and condensation nuclei are selected so as to have contrasting colors
      produced by the two color producing processes, coupling and catalytic
      deposition. The preferred colors are a substantially blue negative image
      (from the dye) and a substantially yellow position image (from the
      condensation nuclei).
PAR  It should be apparent that because of the non-strippable (inseparable)
      reactive association of the emulsion and receptive layer, the silver ions
      carried from the emulsion to the receptive layer are in the form of an
      image.
PAR  According to a particular aspect of the present invention, we have found
      that the other contrast of the image obtained with the above-described
      method can be increased if the color development occurs in the presence of
      a compound of the methol and phenidone classes, preferably the phenidone
      class of developers.
PAR  According to another view of the present invention, we have found that the
      color contrast of the image obtained with the above-described method can
      be increased if the development occurs with the presence of a
      non-diffusing derivative of hydroquinone in the receptive layer.
PAR  In its most general aspects, the present invention briefly relates to a
      method for obtaining a color contrast photographic image which consists of
      processing an exposed photographic element including:
PA1  1. a base;
PA1  2. at least a layer of a silver halide emulsion dispersed in a hydrophilic
      colloidal binder and reactively associated with a coupler;
PA1  3. at least a receptive layer of a hydrophilic colloidal binder containing
      dispersed silver halide condensation nuclei reactively associated with
      said emulsion layer,
PAL  in the presence of:
PA1  4. a color developing agent;
PA1  5. a carrying agent for the silver halide,
PAL  said condensation nuclei, said coupler and said color  developing agent
      being chosen so that two different colors are formed during development,
      thus obtaining a color contrast image.
PAR  The present invention particularly relates to a method, as described above,
      wherein the color developing agent and/or the carrying agent are
      introduced into the processing bath.
PAR  The present invention more particularly relates to a method as described
      above wherein the condensation nuclei are colloidal silver nuclei and/or
      the color developing agent is a compound of the p-phenylene diamine class.
PAR  The present invention more particularly concerns a method of the
      above-described type, wherein said carrying agent for the silver ions is a
      compound (preferably thiosulfate or sulfocyanide compounds and more
      preferably thiosulfate ions) which with silver forms water-soluble
      complexes.
PAR  The present invention more particularly relates to a method of the
      above-described type, wherein the color developer may be associated with a
      non-color developer of the methol and phenidone, preferably phenidone
      type.
PAR  The present invention further particularly relates to a method of the
      above-described type, wherein said receptive layer also contains
      non-diffusing compounds of the hydroquinone class carrying one or more
      ballasting groups, for instance alkyl groups, altogether having for
      instance from 10 to 18 carbon atoms (e.g., diisooctylhydroquinone). It has
      been found that this class of ballasted hydroquinones in the receptive
      layer favors the reduction and deposition of silver ions in the receptive
      layer which increases the efficiency of the photographic element.
PAR  The present invention further relates to a photographic element suitable
      for the realization of the above-described method, said element including:
PA1  1. a base;
PA1  2. at least one layer of silver halide emulsion dispersed in a hydrophilic
      colloidal binder in reactive association with at least one color coupler;
PA1  3. at least one hydrophilic colloidal binder  receptive layer containing
      dispersed silver condensation nuclei;
PAL  said receptive layer and said emulsion layer being in reactive association,
      (reactive association meaning that the unexposed silver halide during the
      color development must be capable of migrating from the emulsion layer to
      the receptive layer when carried by the carrying agent).
PAR  The present invention further particularly relates to a photographic
      element of the above-described type, wherein the condensation nuclei are
      colloidal silver nuclei (preferably being yellow "formers" upon
      condensation).
PAR  The present invention more particularly refers to a photographic element of
      the above-described type in which said emulsion layer contains a blue
      forming coupler.
PAR  The present invention more particularly relates to a photographic element
      of the above-described type in which said emulsion layer and said
      receptive layer are in adjacent positions in the photographic element.
PAR  The present invention more particularly relates to a photographic element
      of the above-described type in which said receptive layer contains
      compounds of the non-diffusing hydroquinone type, i.e., carrying one or
      more ballasting groups, for instance alkyl groups altogether having from
      10 to 18 carbon atoms.
PAR  The present invention further relates to a developing composition suitable
      for the realization of the above-described process, such a composition
      including a color developer of the p-phenylene diamine class and a
      carrying agent of the thiosulfate or thiocyanate, preferably in
      combination with an agent of the methol or phenidone class, more
      preferably the phenidone class. Any "condensation" nuclei for silver ions
      (which can be free or under the form of complexes) as colored colloidal)
      silver, in the above-described sense, are useful to the scope of the
      present invention. Silver sulfide under the form of colloidal particles
      can be useful. Applicants' experience, however, has been that the best
      results can be obtained with colloidal silver nuclei. These can be
      obtained with methods known to those skilled in the art, such as for
      instance according to Luppo-Cramer, v. "Inorganic Colloid Chemistry", Vol.
      I, The Colloidal Elements, by H. B. Weiser, published by John Wiley and
      Sons.
PAR  According to the scope of the present invention, both the color of said
      colloidal silver nuclei and the color of the colloidal silver image-wise
      formed upon condensation, depend on their size, and therefore on their
      preparation method, and on the quantity present in the layer. Within
      certain limits, therefore, the skilled artisan will be able to choose the
      most useful color for the nuclei with respect to the coupler associated
      with the silver halide emulsion layer, as described above.
PAR  The best results can be obtained with yellow forming silver nuclei. They
      are preferably introduced into the receptive layer in a quantity ranging
      from 0.100 g. to 1 g. per 100 g. of hydrophilic colloidal binder.
PAR  Non-diffusing compounds of the hydroquinone class (e.g.,
      diisooctylhydroquinone) introduced into the receptive layer surprisingly
      allow a better modulation of the positive image. Compounds of this type
      are preferably introduced in a quantity ranging from 30 g. to 150 g. per 1
      g. of colloidal silver. They are introduced into the layer by well known
      solvent dispersion techniques hereinafter described in connection with the
      couplers.
PAR  The coupler(s) to be put in association with the emulsion, as described
      above, can be chosen so that, upon coupling reaction with the developer,
      the desired color will be formed. Such a coupler can be selected from the
      classes known to those skilled in the art, such as for instance phenols,
      naphtols, 5-pyrazolone compounds and compounds of the benzoylacetanilide
      type described for instance in the U.S. Pat. Nos. 2,367,531; 2,369,929;
      2,423,730; 2,369,489; 2,600,788; 3,062,653; 2,407,210;  2,439,352;
      2,728,658; 3,408,194; 3,447,928 and in the Italian Patent Applications
      Ser. Nos. 37,798A/69; 37,892A/69; and 55,062A/71 of the applicant. Typical
      couplers of this type are for instance the following:
      ##SPC1##
PAR  Good color contrast can be conveniently obtained by using uellow colloidal
      silver condensation nuclei, dispersed in the receptive layer, together
      with blue forming couplers associated with the silver halide emulsion
      layer. As known to those skilled in the art, the couplers can be
      considered associated with the emulsion layer when they are contained
      either in this emulsion or in a layer adjacent the same, or even when they
      are introduced into the photographic element so that they can react with
      the developer in the presence of the exposed silver halide to form a
      colored dye.
PAR  It is possible to introduce an "additional" coupler to the main coupler in
      association with the emulsion layer with the aim of adjusting the obtained
      color (such as for instance a magenta forming coupler added with a blue
      forming coupler). It is also possible to introduce an additional coupler
      associated with the receptive layer containing the silver condensation
      nuclei (such as for instance a magenta forming coupler and/or a yellow
      forming coupler added to yellow forming nuclei). In any case, the couplers
      can be introduced into the photographic layers by methods known to those
      skilled in the art, such as for instance by the Fisher technique which
      consists of introducing them into the layer after having been dissolved in
      alkali water solutions (in this case, the coupler would preferably contain
      solubilizing groups of the COOH and SO.sub.3 H type) or by the solvent
      dispersion technique. The latter briefly consists first of dissolving the
      coupler in a substantially water-immiscible organic solvent and then of
      dispersing the so-prepared solution in extremely fine droplets in a
      hydrophilic colloidal binder, as described for instance in the U.S. Pat.
      Nos. 2,322,027; 2,801,170; 2,801,171; 2,870,012 and 2,991,177.
PAR  The "main" coupler is preferably added in a quantity ranging from 0.050
      moles to 0.3 moles/gramatom of silver and the additional coupler is
      preferably added in a quantity ranging from 0.015 moles to 0.10
      moles/gramatom of silver.
PAR  The color developing agents to be used in the practice of this invention
      are those whose oxidation product (from the reduction of silver ions) will
      couple with color photographic couplers. For the generation of particular
      colors, the developer and coupler must be selected appropriately; however,
      the process mechanism is amenable to any such developer. Most preferred in
      the practice of this invention is the p-phenylene diamine class of
      photographic developers, described for instance in U.S. Pat. Nos.
      2,193,015; 2,656,273; 2,875,049; and in The Theory of the Photographic
      Process, 3rd Ed. Mees and James, pp 294-295.
PAR  Typical developers which can be used for the development of photographic
      elements comprising the couplers of the present invention include the
      sulfites, the chlorohydrates and the sulfates of:
PA1  a. N,N-diethyl-p-phenylene diamine;
PA1  b. N-ethyl-N-.beta.-methansulphonamido-ethyl-3-methyl-4-aminoaniline;
PA1  c. N-ethyl,N-hydroxyethyl-2-methyl-p-phenylene diamine;
PA1  d. N-ethyl,N-hydroxyethyl-p-phenylene diamine;
PA1  e. N,N-diethyl-2-methyl-p-phenylene diamine.
PAL  Carrying agents, as described above, in the presence of which the
      development must occur, are all those compounds capable of linking with
      silver ions (as in the form of complexes) and of transporting them in an
      aqueous solution during the processing sequence from the emulsion layer to
      the receptive layer so that they can be reduced by the condensation
      nuclei. These carrying agents are therefore those materials which
      effectively increase the solubility of silver ions, such as photographic
      fixing agents, for example. Compounds of this type are for instance
      thiosulfate or sulphocyanide ions liberated for instance by thiosulfate
      and an alkali or ammonium sulphocyanide, or those substances used in
      "transfer" systems, such as 1,1-bis-sulfonylalkanes described in the
      Belgian Patents Nos. 767,951 and 767,952. Preferred carrying agents
      according to the present invention are the thiosulfate ions.
PAR  As known to those skilled in the art, the developing bath can be either a
      bath capable of activating the developing agent or a bath containing the
      developing agent. In the first case, the developing agent and possibly the
      carrying agent can be directly contained in the photographic element of
      the present invention. In the second case, the developing bath can contain
      the carrying agent and any other addition useful to the scope of the
      present invention. The addition of a non-color developer of the methol and
      phenidone classes particularly phenidone type, which not only allows more
      complete development of the exposed silver halide but also a better
      modulation of the positive image, turned out to be surprisingly useful.
      Obviously, it must be dosed in such a way that it must be dosed in such a
      way that it does not disturb the color development (optimum quantities can
      be found from time to time with routine methods). The developing bath can
      contain other additives known to the skilled artisan, viz. development
      restrainers, such as for instance potassium bromide; antioxidants, such as
      for instance sodium sulfite and an alkali agent of the alkali hydrate or
      carbonate type. It can further contain an antifoggant, such as for
      instance of the benzimidazole, benzotriazole, triazole and tetrazole type
      and their derivatives, such as mercapto-derivatives and an anticalcium
      substance of the alkali phosphate type and alkylendiamino polyacetic
      acids, such as for instance EDTA.
PAR  The optimum quantities, in which the single compounds are introduced,
      varies from time to time according to the material type to be processed.
PAR  The preferred quantities of the developing agent range from 1 to 10 g/l. of
      solution; those of the carrying agent from 3.10.sup.-.sup.4 to
      6.10.sup.-.sup.3 moles/l. of solution in the case of the alkali or
      ammonium thiosulfate and from 5.10.sup.-.sup.4 to 4.10.sup.-.sup.2
      moles/l. of solution in the case of alkali or ammonium sulphocyanide. As
      regards phenidone, such quantities range from 0.010 to 1 g/l. of solution.
      As regards methol, they also range from 0.010 to 1 g/l. of solution. The
      pH value of the development is preferably comprised between 10 and 12.
PAR  As known to those skilled in the art, an acid fixing bath generally follows
      the development step to prevent this from continuing its action
      unwillingly. Such a bath can be further followed by a washing step. The
      silver halide emulsions obviously include silver halides, dispersed in a
      hydrophilic colloidal binder, such as for instance bromide, iodide and
      chloride or mixtures thereof, viz. bromo-iodide. They can also contain the
      conventional coating finals known to those skilled in the art, such as for
      instance chemical sensitizers, antifoggants, stabilizers, plasticizers,
      surfactants and optical sensitizers. The receptive layer essentially
      consists of colloidal silver nuclei dispersed in a hydrophilic colloidal
      binder. It also contains other coating finals known to those skilled in
      the art, such as surfactants, stabilizers, hardeners and antifoggants.
PAR  The hydrophilic colloidal binder can be of any type known to the skilled
      artisan, natural or synthetic, such as for instance that described in the
      U.S. Pat. Nos. 2,286,215; 2,328,808; 2,322,085; 2,527,872; 2,541,474;
      2,563,791; 2,768,154; 2,808,331; 2,852,382. It will preferably consist of
      gelatin possibly containing dispersed particles of a hydrophobic polymer,
      such as for instance polyethylacrylate, to improve the physical
      characteristics of the obtained layer. The layers, thus obtained, can be
      hardened with the hardeners known to those skilled in the art, such as for
      instance epoxides, formaldehyde, glyoxale, succinic, glutaric, and
      resorcilic aldehyde, mucochloric and mucobromic acid, as described in the
      U.S. Pat. No. 2,080,019, or mixtures thereof, as described for instance in
      the U.S. Pat. No. 2,591,542. The base, of which the photographic element
      according to the present invention consists, can be chosen among those
      commonly known to the skilled artisan, such as for instance cellulose
      triacetate, polyester, paper, polyethylene coated paper.
PAR  In addition to the base, emulsion layer(s) and receptive layer(s), the
      photographic element of the present invention can also contain any
      auxiliary layer, such as protective layers, interlayers, subbing layers
      and antihalo layers, as known to those skilled in the art.
PAR  The presence of phenidone and thiosulfate together with p-phenylendiamine
      developer proved to be essential to the invention. Thiosulfate acts not
      only as a carrying agent but cooperates with phenidone and
      p-phenylendiamine developer in order to get better color densities, curve
      shape and contrast. In the particular case of non diffusing hydroquinone
      compounds present in the receptive layer, phenidone cooperates also with
      said hydroquinone compound in order to have the non-exposed silver ions
      reduced as colored yellow colloidal silver, while in the emulsion layer it
      cooperates with p-phenylendiamine developer to obtain a good coupling
      reaction. It is believed that when in the presence of non diffusing
      hydroquinone compounds in the receptive layer the process is, at least at
      a certain extent, the combination of a color development in the emulsion
      layer and a "black and white" development in the receptive layer. The
      presence of a hydroquinone compound in the receptive layer and phenidone
      in a developing bath having a pH which is from 10 to 12 lets us suppose,
      in fact, that the non exposed silver ions are reduced substantially by
      these compounds rather than by the p-phenylendiamine compound.
PAR  Thiosulphate is believed to be useful as cooperating with both color
      developers and black and white developers (as per above) to improve the
      quality of the obtained images.
PAR  The presence of both phenidone and thiosulfate, however, has been found to
      be crytical since greater than necessary amounts of these compounds proved
      to cause some drawbacks. For example, greater than necessary amounts of
      phenidone cause the formation of an excess of reduced silver with respect
      to the blue and yellow dyes, which results into an undesired change or
      dirtiness of the colors.
PAR  An excess of thiosulfate causes, for example, the formation of blue colored
      fog and the loss of density in the emulsion layer and change or dirtiness
      of yellow color in the receptive layer which results into a highly
      undesirable deterioration of the image quality.
PAR  Of course less than necessary amounts of both phenidone and thiosulfate are
      uneffective to the purposes of the present invention.
PAR  According to what above and what previously described in the present
      specification, development compositions according to the present invention
      containing from 1 to 15 g of p-phenylenediamine compound preferably from 6
      to 10 g per liter of solution, have to contain preferably from 0.01 to 1.0
      g more preferably from 0.2 to 0.7 g of phenidone, and from
      3.times.10.sup.-.sup.4 to 6.times.10.sup.-.sup.3 moles, preferably from
      1.3 .times. 10.sup.-.sup.3 to 3.2 .times. 10.sup.-.sup.3 moles of an
      alkali or ammonium thiosulfate per liter of solution, these latter data
      substantially corresponding to from 0.05 to 1 g and respectively from 0.2
      to 0.5 g of sodium thiosulfate which is presently being preferred.
PAR  The pH of said compositions is to be generally comprised between 10 and 12,
      preferably between 10.7 and 11.0.
DETD
PAR  The following illustrative examples provide a further teaching of the
      present invention. Examples A and B are examples of materials outside the
      present invention to which a comparison is presented with materials of
      this invention.
PAC  EXAMPLES OF PHOTOGRAPHIC MATERIALS
PAC  EXAMPLE A
PAR  A layer of silver bromo-iodide emulsion (3% iodide moles) including grains
      having an average diameter of 0.7 .mu., with a silver to gelatin ratio of
      0.5 was coated on both faces of a colorless polyester base (thus obtaining
      a silver coating weight of 3 g/m.sup.2). The base had been provided with
      two "sublayers" essentially consisting of gelatin. The same emulsion layer
      contained two couplers: coupler No. 1 for blue and coupler No. 2 for
      magenta, as described hereinbefore, in a quantity of 0.186 M and 0.072 M/l
      gramatom of silver respectively. A protective layer, essentially
      consisting of gelatin, was then coated on both emulsion layers.
PAC  EXAMPLE 1
PAR  A material similar to the one described in Example A was prepared with the
      difference that colloidal silver nuclei were added to the sublayers (which
      became receptive layers according to the practice of this invention)
      included between the two emulsion layers and the base. The colloidal
      silver in the final layer was present in a quantity of 0.15% g. of
      gelatin, equal to 0.0018 g/m.sup.2. The base with the two receptive
      layers, each having a thickness of 4.3 .mu., presented a density of about
      0.085 (0.040 was the density of the base) read at a blue light at a
      Westrex Densitometer provided with Status A filters. Each receptive layer
      contained the conventional coating finals, such as surfactants, hardeners,
      antifoggants and stabilizers. The silver colloidal nuclei had been
      prepared by mixing under stirring the following parts, as shown below:
TBL  I        H.sub.2 O    600 ml.         20.degree.C                         
              NaOH         61.6 g.                                             
     II       H.sub.2 O    2,400 ml.       20.degree.C                         
              Lysalbinic acid                                                  
                           83.2 g.                                             
     III      H.sub.2 O    667 ml.         20.degree.C                         
              AgNO.sub.3   160 g.                                              
     IV       H.sub.2 O    500 ml.         20.degree.C                         
              Tannic acid  20.8 g.                                             
     V        H.sub.2 O    4,000 ml.       65.degree.C                         
              NH.sub.4 OH (1:4)                                                
                           108 ml.                                             
     VI       H.sub.2 O    8,000 ml.       45.degree.C                         
              Gelatin      800 g.                                              
     VII      H.sub.2 O    5,000 ml.       45.degree.C                         
PAL  Under stirring, the following sequential steps were performed:
PA1  Ii was poured into I in 1'
PA1  Iii was added in 10' to the resulting solution
PA1  Iv was added in 15' to the solution resulting from the addition of III
PAR  The temperature was adjusted to 65.degree.C in 3 min.
PAR  The mixture was left to stay for 10' at 65.degree.C
PA1  V was added in 1' to the resulting solution
PAR  The temperature was adjusted to 45.degree.C in 2'
PAR  The mixture was left to stay for 1' at 45.degree.C
PA1  Vi was added in 30" to the resulting solution
PAR  The mixture was left to stay for 5' at 45.degree.C
PA1  Vii was added thereto in 5'
PAR  The mixture was left to stay for 15' at 45.degree.C, then frozen and washed
      to a 1,200 .times. 10.sup.-.sup.6 .OMEGA..sup.-.sup.1 conductivity.
PAC  EXAMPLE 2
PAR  A photographic element as in example 1 with the exception that the quantity
      of colloidal silver in the receptive layer was 0.0036 g/m.sup.2. The
      density of the base with the two receptive layers (each having a thickness
      of about 4.3 .mu.), read in a Westrex densitometer at blue light provided
      with Status A filters, was about 0.110, while the density of the base
      alone was 0.040.
PAC  EXAMPLE 3
PAR  The material of the present example was composed as in example 1 with the
      exception that the quantity of colloidal silver in the receptive layer was
      0.0072 g/m.sup.2. The density of the base with the two receptive layers
      (each having a thickness of about 4.3 .mu.), read at blue light in a
      Westrex densitometer provided with Status A filters was about 0.160, while
      the density of the base alone was 0.040.
PAC  EXAMPLE 4
PAR  The material of the present example was composed as in example 2 with the
      same colloidal silver quantity (0.0036 g/m.sup.2) in the receptive layer.
      It also contained the magenta forming coupler No. 2 in a quantity of 1
      g/m.sup.2 in the receptive layer.
PAC  EXAMPLE 5
PAR  The material of the present example was composed as in example 4 but the
      quantity of the magenta coupler No. 2 in the receptive layer was 2
      g/m.sup.2.
PAC  EXAMPLE 6
PAR  The material of the present example was composed as in example 4, but the
      quantity of the magenta forming coupler No. 2 in the receptive layer was 3
      g/m.sup.2.
PAC  EXAMPLE 7
PAR  The material of the present example was composed as in example 4, but the
      receptive layer contained the yellow forming coupler No. 3 in a quantity
      of 3 g/m.sup.2 instead of the magenta forming coupler No. 2.
PAC  EXAMPLE 8
PAR  The material of the present example was composed as in example 2, wherein
      the receptive layer contained 0.0036 g/m.sup.2 of colloidal silver. The
      emulsion however was difficult: the average diameter of the silver halide
      grains was 1.45 .mu.(nm) and the iodide content was 1.8%. The silver to
      gelatin ratio of this emulsion was about 0.8, while all the other
      quantities remained unchanged.
PAC  EXAMPLE 9
PAR  The material of the present example was composed as in example 8; the
      receptive layers, however, also contained the magenta forming coupler No.
      2 in a quantity of 2 g/m.sup.2.
PAC  EXAMPLE 10
PAR  The material of the present example was composed as in example 8; the
      receptive layer, however, also contained the yellow forming coupler No. 3
      in a quantity of 3 g/m.sup.2.
PAC  EXAMPLE 11
PAR  The material of the present example was composed as in example 2 but the
      receptive layer contained 0.0036 g/m.sup.2 of colloidal silver. The
      emulsion, however, was different: the average diameter of the silver
      halide grains was the same but the iodide content was 7%. The silver to
      gelatin ratio of this emulsion was about 0.8, while all the other
      quantities remained unchanged.
PAC  EXAMPLE 12
PAR  The material of the present example was composed as in example 1. The
      difference was in the fact that a receptive layer like that under the
      emulsion layer was placed also on the top of said emulsion layer.
PAC  EXAMPLE 13
PAR  The material of the present example was composed as in example 2; the
      receptive layer also contained however 0.285 g/m.sup.2 of diisoctyl
      hydroquinone.
PAC  EXAMPLE OF COLOR DEVELOPMENT COMPOSITIONS
PAC  EXAMPLE B
PAR  A color development composition of the formula below had been prepared:
TBL  H.sub.2 O              800      ml.                                       
     Ethylene glycol        3.5      ml.                                       
     Benzyl alcohol         7        m.                                        
     Sodium hexamethaphosphate                                                 
                            2.5      g.                                        
     Sodium sulfite anhydrous                                                  
                            8        g.                                        
     N-ethyl-N-hydroxy-ethyl-p-phenylene                                       
     diamine sulfate        6        g.                                        
     Potassium hydroxide (35% solution)                                        
                            3        ml.                                       
     Potassium carbonate    80       g.                                        
     Sodium bromide         1        g.                                        
     Hydroxylamine chlorohydrate                                               
                            1        g.                                        
     6-nitro-benzimidazole nitrate (1%                                         
     solution)              1.5      ml.                                       
     Water to make          1,000    ml.                                       
     pH at 20.degree.C      10.90 .+-.                                         
                                     0.1                                       
PAC  EXAMPLE 14
PAR  The color development composition of this example was like that of example
      B with sodium hyposulfite in a quantity of 0.3 g/l.
PAC  EXAMPLE 15
PAR  The color development composition was like that of example B; it also
      contained however sodium hyposulfite in a quantity of 0.3 g per liter and
      phenidone in a quantity of 0.2 g per liter.
PAR  The X-ray materials described in the examples were exposed according to PH
      a. 9 - 1964 and developed with the above-described color developers for 4'
      at 20.degree.C and further fixed for 3' at 20.degree.C with the
      applicant's F 11 fixing bath having the below-described formula.
      Sensitometric results were obtained and the most significant of these are
      given below (see examples 16, 17, 18 and 19).
TBL  ______________________________________                                    
     F 11 fixing bath formula:                                                 
     ______________________________________                                    
     H.sub.2 O              600        ml.                                     
     Sodium thiosulphate crystals                                              
                            400        g                                       
     Sodium sulphite anhydrous                                                 
                            36         g.                                      
     Acetic acid glacial    14         ml.                                     
     Boric acid crystals    10         g.                                      
     Potassium alum         20         g.                                      
     H.sub.2 O to make      1000       ml.                                     
     pH at 20.degree.C      4.80                                               
     ______________________________________                                    
PAC  EXAMPLES OF THE COMBINATION MATERIAL-COLOR DEVELOPMENT COMPOSITION
PAC  EXAMPLE 16
PAR  This example refers to the results obtained by processing the materials
      listed below in the color development bath of example B, outside the
      present invention:
PA1  material of example A
PA1  material of example 2
PA1  material of example 4
PA1  material of example 12
PAL  Comparing the various materials processed in the developing bath of example
      B, outside the invention, it is apparent that the material of example A
      exhibits a slightly higher sensitivity and a lower yellow fog than the
      remaining materials. All additionally measured characteristics are the
      same. In all these trials a negative image and no positive image can be
      seen.
PAC  EXAMPLE 17
PAR  This example includes the results obtained by processing the materials,
      listed below, in the color developing bath of example 15 (0.3 g/l. of hypo
      and 0.2 g/l. of phenidone):
PA1  material of example A
PA1  material of example 2
PA1  material of example 4
PA1  material of example 12
PAR  The results are respectively shown in FIGS. 1-4. In each of these figures
      we find two curves corresponding to the readings at blue light (curve 1)
      and red light (curve 2) with a Westrex Densitometric provided by status A
      filters.
PAR  In the case of examples 2, 4, and 12, there is a third curve (curve 3)
      corresponding to the difference between the curve of the reading at blue
      light of the materials of the present invention and the curve of the
      material of example A (outside the invention). When the materials of
      examples 2, 4, and 12 were processed in the developing bath of example 15,
      a yellow positive image appeared in addition to the blue negative image
      corresponding to said curve 3.
PAR  When the material of example A was processed in the developing bath of the
      example 15, only a negative image appeared.
PAC  EXAMPLE 18
PAR  This example includes the results obtained by processing the materials
      (listed below) in the color developing bath of example 15 (0.3 g/l. of
      hypo and 0.2 g/l. of phenidone).
PA1  material of example 13
PA1  material of example 2
PAL  The results are shown in the enclosed FIGS. 5 and 6. In each of these
      figures we can find three curves as described in example 17. By comparing
      one with another it can be seen that the yellow positive curve density is
      increased by introducing into the receiving layer (material of example 13)
      the diisooctylhydroquinone.
PAC  EXAMPLE 19
PAR  This example refers to the results obtained by processing the material of
      example 12 in the color developing baths of examples 14 and 15 (0.3 g/l.
      of hypo and 0.2 g/l. of phenidone).
PAR  The results are shown in the enclosed FIGS. 7 and 8. In each of these
      figures three curves can be found as described in example 17. By comparing
      one with another, the usefulness of phenidone in the practice of this
      aspect of the invention can be seen.
PAC  EXAMPLE 20
PAR  Acutance dyes are preferably used to reduce spurious exposure of the silver
      halide emulsion by light scattering. The acutance dye is preferably in the
      receiving layer but may be in the emulsion layer if reduced speed is
      acceptable. The effect of an acutance dye (cf. Emulsion Chemistry, G. F.
      Duffin, Focal Press, 1966, p. 164) is shown in this example.
PA1  a. A material similar to that described in example 13 was prepared, the
      only difference being the addition of a green sensitizing dye (the
      anhydrous hydroxide of
      3--3'-di-.OMEGA.-sulfobutyl-(5,5'-diphenyl-.alpha.-ethyloxacarbocyanine)
      into the emulsion layer in the quantity of 44.5 ml. (of a solution
      containing 1.0 grams dye in 500 ml. of methyl alcohol) per gram atom of
      silver.
PA1  b. A material similar to that described in example 13 was prepared, the
      only difference being the addition of a magenta acutance dye, azogeranine,
      to the receiving layers in a quantity of 0.0167 g/m.sup.2 for each
      receiving layer. This corresponds to a density of about 0.08 when read
      with the green light of a Westrex Densitometer provided with filter status
      A.
PAR  The materials described in (a) and (b) were radiographically exposed
      through standard blue emitting, medium speed intensifying screens. Other
      samples of similar materials were similarly exposed except through green
      emitting intensifying screens. All exposed samples were processed in the
      solutions described in the color developing procedures of example 15.
      Material of (a) exhibited an increased speed of 0.1 over the material of
      example 13 when exposed to blue emitting screens while the material of (b)
      exhibited enhanced sharpness. When exposed by green emitting screens (a)
      and (b) respectively exhibited speeds higher than the material of example
      13 by 0.8 Log E and 0.5 Log E. The material (b) also exhibited enhanced
      sharpness over the material of example 13.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Development compositions containg from 1 to 15 grams of a
      p-phenylendiamine compound as color developing agent which includes from
      0.01 to 1 grams of phenidone and from 3.times.10.sup.-.sup.4 to
      6.times.10.sup.-.sup.3 moles of alkali or ammonium thiosulfate.
NUM  2.
PAR  2. Development composition according to claim 1 containing from 0.2 to 0.7
      grams of phenidone per liter of solution.
NUM  3.
PAR  3. Development composition according to claim 1 containing from 1.3 .times.
      10.sup.-.sup.3 to 3.2 .times. 10.sup.-.sup.3 moles of alkali or ammonium
      thiosulfate per liter of solution.
NUM  4.
PAR  4. Development composition according to claim 1 containing from 0.2 to 0.7
      grams of phenidone and from 1.3 .times. 10.sup.-.sup.3 to 3.2 .times.
      10.sup.-.sup.3 moles of alkali or ammonium thiosulfate per liter of
      solution.
NUM  5.
PAR  5. Development composition according to claim 1 containing from 0.05 to 1
      grams of sodium thiosulfate.
NUM  6.
PAR  6. Development composition according to claim 1 containing from 0.2 to 0.5
      grams of sodium thiosulfate.
NUM  7.
PAR  7. Development composition according to claim 1 having a pH of 10 to 12.
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ABST
PAL  Silver halide emulsion layers are formed by applying a water-soluble silver
      halide complex to a gelled substrate, and treating to decomplex to form
      silver halide crystals therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Photographic silver halide emulsions are generally prepared by
      precipitation of the silver halide in the presence of a carrier or binder,
      generally gelatin, wherein the silver halide crystals are formed by the
      interaction of a water-soluble silver salt, such as silver nitrate, and a
      water-soluble halide, such as potassium bromide. The term"crystal" as used
      herein refers to a crystalline particle of silver halide, sometimes
      referred to as a grain, and should be understood to include particles of
      any composition of silver halide with any mixture of crystal habits.
      Subsequent to the precipitation, the mixture is heated for a given period
      of time. Additional binder may be added at this point. The binder-silver
      halide mixture is then generally chilled, noodled and washed or
      flocculated and washed to remove the soluble salts. The mixture may again
      be melted, chilled and washed if desired. Various substances such as
      sensitizers, coating aids, and the like, may also be added to the emulsion
      during its preparation, generally after the washing stage, and a heat
      treatment may be applied to induce the process known as chemical
      sensitization. While gelatin is the most commonly used binder material for
      silver halide emulsions, other materials such as synthetic polymers are
      also employed. However, regardless of the particular binder employed, the
      emulsion making procedure generally is a lengthy and tedious operation
      involving fairly extensive equipment.
PAR  Copending application Ser. No. 311,690 filed Dec. 4, 1972 is directed to a
      method for forming a silver halide photographic emulsion which comprises
      forming a water-soluble silver halide complex and breaking the complex by,
      for example, dilution, to provide for the precipitation of silver halide
      crystals, preferably in the absence of a binder material, removing said
      silver halide crystals from the diluting medium and dispersing said silver
      halide crystals in a binder for coating on a support. The aforementioned
      application is incorporated by reference herein in its entirety.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a method for preparing a photographic
      silver halide emulsion layer which comprises imbibing a relatively thin
      layer of a permeable gelled substrate with a water-soluble silver halide
      complex and breaking the complex which results in the formation of the
      water-insoluble silver halide grains in the substrate. Decomplexation is
      achieved by dilution of the water-soluble complex by reaction with
      materials contained in the substrate.
PAR  The term "water-soluble silver halide complex" as used herein is intended
      to refer to mixtures of two or more complexes as well as a single complex.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention involves the formation of silver halide crystals in a
      pre-formed gelled binder layer or substrate from an inorganic,
      water-soluble silver halide complex. As stated above, such water-soluble
      silver halide complexes are known to the art. In contrast to grains of
      conventionally formed emulsions, the grains of the present invention are
      not the product of the precipitation of a water-soluble silver salt by a
      water-soluble halide. In other words, halides are not employed as the
      precipitant in the present invention. Such conventional procedures are
      generally carried out in the presence of a substantial amount of colloid
      binder material to provide an environment which permits the growth of the
      crystals. to the desired size and to prevent agglomeration of crystals
      during the growth process.
PAR  In the present invention, by depositing a fluid comprising a solution of a
      silver halide complex on a set gel medium, the soluble complex will
      diffuse substantially unidirectionally into the layer, forming a soluble
      silver halide layer, later decomplexed by dilution forming insoluble
      silver halide crystals by virtue of the depletion of the concentration of
      the silver halide complex and the attendant decomplexation. There is thus
      produced in the gelled layer what is essentially a monolayer of grains by
      virtue of the substantially unidirectional diffusion of the soluble
      complex. Grains of substantially uniform size are substantially uniformly
      distributed throughout the area of the layer by virtue of the uniformity
      of concentration depletion within the gelled layer.
PAR  The decomplexation of the water-soluble complex is accomplished by diluting
      the water solution of the complex in the set matrix which results in the
      formation of insoluble silver halide crystals which are held immobile a
      finite depth within the matrix. The specific degree of dilution will be
      determined by the rate at which the concentration of the water-soluble
      complex is lowered. The depth and the speed with which the precipitation
      of the silver halide crystals occurs depends upon the permeability and
      other properties of the gelled substrate including any adjuvants contained
      therein.
PAR  Having carried out the steps necessary to provide the precipitate,
      separation of the excess soluble salts is relatively easy. By washing the
      substrate with water, the undesirable solid material is removed without
      affecting the silver halide crystals or the substrate in which they are
      retained. The crystals may then be given any optional treatments desired
      such as those which will be discussed below, thereby providing a
      photographic silver halide emulsion layer in a relatively short period of
      time with a minimum of equipment and processing steps.
PAR  The novel process of the present invention is preferably carried out by
      forming a water-soluble complex of silver wherein the anion is chloride,
      bromide or iodide, or combinations thereof. For example, silver nitrate
      may be reacted with potassium bromide and/or calcium bromide to form
      silver bromide. Silver bromide solid is also commercially obtainable. The
      silver bromide is then added to a solution of a soluble bromide such as
      calcium bromide, lithium bromide or potassium bromide to produce silver
      bromide complex. The solution of the complex is preferably a saturated
      solution, but is is not critical that it be saturated. The thus-formed
      soluble complex is imbibed into a thin layer of a gelled substrate as by
      passing the layer through a tank containing the complex, or be coating the
      complex onto the layer by, e.g., curtain coating or other conventional
      technique. The relatively rapid change in the concentration of the complex
      as a result of the dilution by the substrate or by the application of a
      further diluent results in breaking the complex, forming water-insoluble
      silver halide crystals which precipitate and, by virtue of their
      insolubility, are retianed in situ. The excess complex salts which remain
      in solution are easily removed by passing the substrate through a wash
      tank or by flowing a stream of water over the substrate.
PAR  The halide salts which remain in solution subsequent to decomplexation can
      be recycled for use in forming new water-soluble silver halide complex.
      Thus, very little waste of materials is involved providing ecological and
      economic advantages to the process of the present invention.
PAR  In a particularly preferred embodiment, the complex solution is formed at
      an elevated temperature to provide optimum solubility of the complex. the
      dilution is carried out at a lower temperature to provide enhanced yield
      of silver halide precipitate.
PAR  Any natural or synthetic polymeric material conventionally employed in
      silver halide emulsion preparation may be employed in the present
      invention. Preferably, gelatin is employed. The term "gelled" as used
      herein refers to the solid state of the binder colloid as it is
      customarily found in conventional negatives.
PAR  Other suitable binder colloids include natural and/or synthetic polymeric
      material such as albumin; casein; or zein; or resins such as a cellulose
      derivative, as described in U.S. Pat. Nos. 2,322,085 and 2,541,474; vinyl
      polymers such as described in U.S. Pat. Nos 2,253,078; 2,276,322;
      2,276,323; 2,281,703; 2,310,223; 2,311,058; 2,311,059; 2,414,208;
      2,461,023; 2,484,456; 2,538,257; 2,579,016; 2,6l4,931; 2,624,674;
      2,632,704; 2,642,420; 2,678,884; 2,691,582; 2,725,296; 2,753,264; and the
      like.
PAR  By means of the present invention, silver halide emulsion layers can be
      continuously and rapidly formed and incorporated into film units. For
      example, a continuous layer of set gelatin of a predetermined thickness
      suitable for employment as a photographic layer may be moved past a
      coating station where a thin layer of fluid containing a water-soluble
      silver halide complex is deposited on the surface. The fluid will permeate
      the layer forming the silver halide grains as described above. The layer
      may then be washed to remove any excess reagents or by-products, treated
      with chemical and/or spectral sensitizers, further treated with
      conventional hardeners and then incorporated into a film unit.
      Alternatively, a temporary support may be employed as a carrier for the
      gelled layer in which the silver halide grains are formed. It will be
      seen, therefore, that a relatively rapid, simple and continuous process
      employing a minimum of materials and equipment can produce silver halide
      emulsions.
PAR  In an alternative embodiment, the substrate may be pre-treated to provide
      varying degrees of permeability, for example, by incorporating porosity
      enhancing materials or hardening agents. In addition, various materials
      known to the art may be incorporated therein, such as buffers, nucleating
      particles, dye developers, couplers, antifoggants, stabilizers, and other
      reagents conventionally disposed in silver halide emulsions. Sensitization
      may be carried out by depositing chemical or spectral sensitizers in the
      gelled substrate prior to imbibing with the soluble complex, with the
      diluting medium, or subsequent to crystal formation. While the process has
      been defined primarily in terms of a single material comprising the
      polymeric substrate, it should be understood that the substrate may be
      composed of a combination of two or more polymers, natural or synthetic,
      which may be selected to provide a given set of properties. A latex may
      also be employed, alone or in combination with other polymers or a latex
      which might also regulate disposition of the complex and subsequent grain
      formation. Surfactants and humectants may also be advantageously employed
      to achieve the desired rate of cyrstallization.
PAR  While dilution is the preferred method of decomplexation, it should be
      understood that other conventional methods of crystallization may be
      employed such as temperature change, evaporation, nucleation and
      combinations of such conditions.
PAR  By means of the present invention, a variety of crystal sizes may be
      produced. In a preferred embodiment, the system is free of particulate
      material; however, in order to hasten the precipitation, which will result
      in finer crystals, it may be desirable to provide nucleating material to
      the diluting medium. The nucleating material may comprise substantially
      any particulate material, that is, an insoluble substance of a size
      smaller than the desired grain size. The specific material chosen is not
      critical. As examples of a suitable particulate nucleating material,
      mention may be made of gold sulfide, colloidal gold, silver iodide,
      colloidal silver, and colloidal silver bromide.
PAR  In the preferred embodiment, a halide salt is added to the gelled substrate
      prior to decomplexation, thereby modulating the rapidity with which the
      complex is broken and crystal formation occurs. If the halide in the
      substrate is the same as the halide in the complex, crystal formation will
      be slowed, resulting in relatively large grain formation. If a halide
      other than the halide in the complex is employed in the substrate and the
      halide in the substrate forms a less soluble silver halide than the halide
      of the complex, precipitation and crystal formation are accelerated,
      resulting in smaller silver halide crystals. In this situation, the
      breaking of the complex will be relatively rapid and complete, with the
      formation of a core of silver halide rich in the halide employed in the
      substrate. The less soluble silver halide (halide of the substrate)
      functions as a nucleus around which silver halide crystal (halide of the
      complex) forms. It should be understood that a combination of different
      halides at different ratios may be used in the substrate.
PAR  A particular advantage of the method of the present invention is that
      relatively uniform crystals of substantially any desired size from less
      than 0.1 micron to greater than a micron can be formed in a few minutes at
      room temperature by selecting the appropriate conditions. For example, in
      general, the higher the concentration of soluble halide in the substrate
      prior to crystallization, the larger the crystals that are produced.
      Conversely, the less soluble the halide in the substrate, the smaller the
      crystals produced. In this case the halide of the substrate and the halide
      of the complex are the same halide.
PAR  In employing a halide in the substrate, it has been found that a wide
      variety of compounds may be employed. As examples of suitable inorganic
      salts, mention may be made of the halides of potassium, lithium, sodium,
      rubidium, calcium, strontium, barium and ammonium. In addition to
      performing the desired modulation effect on the crystallization process,
      it has also been found that the employment of the aforementioned cations
      does not interfere with the photographic performance of the emulsion
      prepared from the silver halide crystals formed in the process of the
      present invention.
PAR  Silver halide crystal growth may be modified by compounds which absorb
      preferentially to specific faces of the crystal (see, for example, F. L.
      Claes et al., Journal of Photographic Science, Vol. 21, 1973, pages
      39-50).
PAR  It has also been found that various organic solvents which are miscible
      with water may be employed in the substrate in order to provide various
      modifications to the silver halide crystal. As examples of solvents which
      may be employed, mention may be made of dimethyl sulfoxide, ethanol,
      2-methoxy ethanol, acetone and dimethyl formamide.
PAR  A particularly preferred method within the scope of the present invention
      involves the employment of a soluble silver halide-ammonia complex which
      is imbibed into the layer. The ammonia is then allowed to evaporate
      resulting in the formation of insoluble silver halide grains.
PAR  It is known that color systems can be provided employing subtractive color
      procedures wherein the color providing materials are arrayed in the film
      unit in the form of a multiplicity of light sensitive elemental portions
      wherein the elemental portions are made up of at least two sets of
      elemental portions which are selectively sensitive, whereby the elemental
      portions of each set are exposable by light of a predetermined wavelength.
      The elemental portions are distributed over the support so as to be in
      contiguous relationship to form a pattern on the support, similar to those
      found in color screen rasters. For example, U.S. Pat. No. 2,983,606
      discloses a multicolor photosensitive element wherein alternating strata
      of dye developers, i.e., dyes which are also silver halide developing
      agents, and associated silver halide emulsion segments are superimposed
      one over another to provide the aforementioned plurality of adjacent color
      providing segments.
PAR  By means of the present invention, a multicolor photosensitive element of
      the aforementioned type can be provided by means of a single treatment to
      incorporate the photosensitive silver halide within the layer comprising
      the multicolor element. For example, a series of elemental portions such
      as lines containing cyan, magenta and yellow dye developers, respectively,
      as well as the appropriate silver halide sensitizing dyes, disposed in a
      colloid binder material, can be applied to a support by conventional
      techniques known to the art and allowed to gel. One method which may be
      employed to provide such elemental portions is set forth in the U.S. Pat.
      No. 3,032,008. Subsequent to the deposition of the aforementioned screen
      array of dye developers and sensitizing dye, silver halide crystals may be
      formed within the substrate by applying the silver halide complex thereto
      as disclosed above. Thus, it would not be necessary to attempt to apply,
      in registration, the appropriately sensitized silver halide emulsion to
      correspond with a specific dye developer in a given elemental portion.
      Because the sensitizing dye has already been disposed in a permeable
      colloid binder with the proper dye developer, the silver halide emulsion
      layer may be formed throughout the entire dye developer-sensitizing dye
      containing gelled substrate. As the silver halide grains form in the
      layer, they will become associated with the sensitizing dye already
      located therein resulting in silver halide grains sensitized to the
      appropriate color, providing in a single layer the dye developer and the
      silver halide emulsion of the proper sensitivity to control the diffusion
      of the dye developer.
DETD
PAR  The following non-limiting examples illustrate the preparation of a silver
      halide emulsion layer within the scope of the present invention.
PAC  EXAMPLE
PAR  A saturated silver bromide solution was prepared by adding 1400 g. of
      lithium bromide to 650 ml. of water and cooling and to this solution was
      added 85 g. of silver nitrate dissolved in 100 ml. of water. The resulting
      mixture was cooled to room temperature and allowed to equilibrate for two
      hours. The supernatant liquid was decanted and filtered. A polyester
      support coated with 100 mg./ft..sup.2 of gelatin was immersed in the
      saturated silver bromide complex for one minute at room temperature,
      drained, dried and then washed with running water. Microscopy showed
      silver halide grains ranging from about 0.1 to 1.0 micron in diameter
      formed in the gelatin.
PAR  Care should be taken that the residence time of the gelled substrate in the
      solution of the complex is not excessive to avoid "salting out" of the
      polymers of the gel.
PAR  Since the crystals are formed in a relatively rigid environment by
      depletion of the concentration of silver halide complex, the crystals are
      relatively immobilized as soon as they are formed, thus substantially no
      agglomeration of crystals will occur resulting in an ordered, rather than
      a random, distribution of crystals in substantially a monolayer.
PAR  The silver halide crystals prepared by the present invention may be
      chemically sensitized by conventional chemical sensitizers known to the
      art, e.g., gold or noble metal sensitization, sulfur sensitization, such
      as by a labile sulfur compound, and reduction sensitization, i.e.,
      treatment of the silver halide with a strong reducing agent. With regard
      to the use of chemical sensitizing agents, mention may be made of U.S.
      Pat. Nos. 1,574,944; 1,623,499; and 2,410,689.
PAR  The silver halide grains can also be treated with salts of the noble
      metals, such as ruthenium, rhodium, palladium, iridium and platinum.
      Representative compounds are ammonium chloropalladate, potassium
      chloroplatinate, and sodium chloropalladite, as described in U.S. Pat.
      Nos. 2,448,060; 2,566,245; and 2,566,263.
PAR  The silver halide grains can also be chemically sensitized with gold salts
      as described in U.S. Pat. Nos. 2,399,083 and 2,642,361. Suitable compounds
      are potassium chloroaurite, potassium aurothiocyanate, potassium
      chloroaurate, auric trichloride and 2-aurosulfobenzothiazole
      methochloride.
PAR  The silver halide grains can also be reduction sensitized with reducing
      agents, such as stannous salts as described in U.S. Pat. No. 2,487,850,
      polyamines, such as diethylene triamine as described in U.S. Pat. No.
      2,518,698, polyamines, such as spermine as described in U.S. Pat. No.
      2,521,925 or bis(.beta.-aminoethyl) sulfide and its water-soluble salts as
      described in U.S. Pat. No. 2,521,926.
PAR  Sensitizers of the solid semiconductor type, such as lead oxide, may also
      be employed. Such sensitizers are disclosed and claimed in copending U.S.
      applications Ser. Nos. 341,707 and 341,708, both filed Mar. 15, 1973.
PAR  The chemical sensitizers employed may be predisposed in the substrate prior
      to the crystal formation; in the soluble complex solution, in the diluting
      medium or in a subsequent solution for application to the grains.
PAR  Spectral sensitization of the silver halide crystals may be accomplished by
      contact of the crystal composition with an effective concentration of the
      selected spectral sensitizing dyes dissolved in appropriate dispersing
      solvent such as methanol, ethanol, acetone, water and the like; all
      according to the traditional procedures of the art, as described in Hamer,
      F. M., The cyanine Dyes and Related Compounds, or by pre-disposing the dye
      in the substrate prior to crystal formation. Alternatively, the dye may be
      employed in the water-soluble complex solution in the diluting medium.
PAR  Additional optional additives, such as coating aids, hardeners,
      viscosity-increasing agents, stabilizers, preservatives, and the like,
      also may be incorporated in the emulsion formulation prior to and/or
      subsequent to the formation of the grains. Materials for promoting
      adhesion between the layers may also be employed.
PAR  While the emulsions of the present invention have been described primarily
      in terms of diffusion transfer, it should be understood that substantially
      any type of photographic emulsion can be prepared, for example,
      photographic layers for negative development in liquid developers,
      reversal processing with either color couplers or black and white
      developers, direct positive emulsions, and the like.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for forming a photographic silver halide emulsion layer which
      comprises applying to a layer of gelled colloid binder material an aqueous
      solution of a water-soluble complex of silver halide complexed with excess
      halide and crystallizing photosensitive silver halide crystals by
      decomplexation of said silver halide complex within said gelled layer.
NUM  2.
PAR  2. A method as defined in claim 1 wherein said solution is saturated.
NUM  3.
PAR  3. A method as defined in claim 1 wherein said colloid binder material is a
      natural material.
NUM  4.
PAR  4. A method as defined in claim 3 wherein said colloid binder material is
      gelatin.
NUM  5.
PAR  5. A method as defined in claim 1 wherein said colloid binder material is a
      synthetic polymeric material.
NUM  6.
PAR  6. A method as defined in claim 1 wherein said gelled layer includes an
      agent for modulating the crystallization of said silver halide crystals.
NUM  7.
PAR  7. A method as defined in claim 1 wherein said gelled layer includes
      particulate material adapted to provide nucleating material for the
      formation of said silver halide crystals.
NUM  8.
PAR  8. A method as defined in claim 6 wherein said gelled substrate includes a
      water-soluble halide salt disposed therein.
NUM  9.
PAR  9. A method as defined in claim 8 wherein said water-soluble halide salt
      comprises the same halide as the halide of the water-soluble complex.
NUM  10.
PAR  10. A method as defined in claim 1 wherein said complex is a saturated
      silver bromide complex.
NUM  11.
PAR  11. A method as defined in claim 1 wherein said gelled layer is carried on
      a support.
NUM  12.
PAR  12. A method as defined in claim 1 which includes the step of washing said
      silver halide emulsion layer.
NUM  13.
PAR  13. A method as defined in claim 1 which includes the step of drying said
      silver halide emulsion layer.
NUM  14.
PAR  14. A method as defined in claim 1 wherein a photographic sensitizing agent
      is disposed in said gelled layer prior to the application of said
      water-soluble complex.
NUM  15.
PAR  15. A method as defined in claim 1 wherein a photographic sensitizing agent
      is applied to said gelled layer subsequent to said crystallization.
NUM  16.
PAR  16. A process for forming a multicolor photosensitive element which
      comprises depositing on a substrate a multiplicity of elemental portions
      wherein each of said elemental portions comprises dye image-forming
      material and sensitizing dye disposed in a colloid binder material wherein
      said elemental portions are made up of at least two sets of elemental
      portions sensitive to light of different wavelengths, which elemental
      portions form a pattern which simulates a color screen type of pattern;
      gelling said binder material and imbibing into said gelled elemental
      portions an aqueous solution of a water-soluble complex of silver halide
      complexed with excess halide and crystallizing photosensitive silver
      halide crystals by decomplexation of said halide complex within said
      gelled layer.
NUM  17.
PAR  17. The process as defined in claim 16 wherein said dye image-forming
      material is a dye developer.
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ABST
PAL  This invention relates to a color photographic material with at least one
      silver halide emulsion layer having improved stability against
      crystallization and which contains in dispersed form a open chain keto
      methylene coupler a naphtholic or pyrazolone color coupler substituted
      with a 2-cyclo-pentyl-4-t-butyl-phenoxy group in a non-coupling position.
PARN
PAR  This application is a continuation-in-part of the copending U.S. Ser. No.
      342,887 application now abandoned, filed Mar. 19, 1973, entitled
      "Photographic Material Which Contains Color Couplers".
BSUM
PAR  This invention relates to a color photographic material containing new open
      chain ketomethylene naphtholic or pyrazolone color couplers which are
      emulsified therein.
PAR  It is known to produce colored photographic images by chromogenic
      development, i.e. by developing silver halide emulsion layers which have
      been exposed to produce an image with suitable color-forming developer
      substances, so-called color developers, in the presence of suitable color
      couplers, the oxidation product of developer substances formed in the
      areas of the silver image reacting with the color coupler to form a dye
      image. The color developers used are generally aromatic compounds which
      contain primary amino groups, in particular those of the p-phenylene
      diamine series.
PAR  The color couplers and the dyes produced from them by chromogenic
      development must satisfy numerous practical requirements. The color
      couplers should have a high rate of coupling with the oxidation product of
      the color developer. Both the color couplers and the dyes obtained from
      them should be sufficiently stable to light, elevated temperature and
      moisture. This applies both to the fresh material and to the processed
      material; for example, the residual coupler left in the image whites of
      the processed material should not undergo yellowing and the dyes should
      also be sufficiently resistant to gaseous reducing or oxidizing agents.
      Furthermore, they must be resistant to diffusion from the image layer and
      when developed by chromogenic development they should separate as a very
      fine grain. Lastly, the dyes produced from the color couplers by
      chromogenic development should have a suitable absorption curve with a
      maximum corresponding to the color of the desired partial image and as
      little side absorptions as possible; for example, a cyan dye should
      ideally absorb red light almost completely and be substantially
      transparent both to green and to blue light.
PAR  One problem which has not yet been solved completely satisfactorily in
      practice is that of introducing the couplers into the hydrophilic colloid
      layers of photographic materials in such a manner that they remain in a
      finely divided form without precipitating or in any other way having a
      deleterious effect on the photographic or mechanical properties of the
      layers. Hydrophobic couplers must be added to the emulsions in the form of
      stable dispersions. If photographic materials which contain hydrophobic
      couplers are stored for some time, the layers are frequently found to
      become cloudy due to the crystallization of the coupler. It is sometimes
      possible to reduce the tendency to crystallization of the color couplers
      by introducing certain organic radicals into the molecule of the coupler,
      e.g. suitably substituted phenoxy groups. Reference may be made in this
      connection to U.S. Pat. No. 2,423,730; 2,474,293 and 2,908,573. The color
      couplers described in the first and second of these three patent
      specifications are exclusively cyan couplers while those described in the
      third specification generally contain the substituted phenoxy radicals
      referred to above.
PAR  The cyan couplers used, i.e. color couplers which are suitable for
      production of the cyan partial image, are generally compounds derived from
      phenol or .alpha.-naphthol. Magenta-forming couplers are generally
      compounds derived from 2-pyrazolone-5  or from indazolone. The
      yellow-forming couplers used are generally compounds derived from
      .beta.-ketocarboxylic acid derivatives, e.g. benzoyl acetanilide.
PAR  A further problem to be resolved is that presented by the use of
      high-boiling solvents in achieving emulsification of color couplers in a
      photographic emulsion. In the emulsifying practice of the prior art, a
      coupler is solved into a certain amount of a low-boiling solvent, then a
      further amount of a high-boiling solvent may be added to the solution. The
      coupler solution is then emulsified in an aqueous gelatin solution while
      stirring with a suitable stirrer. Then the low-boiling solvent is left to
      evaporate from the emulsion. This process can be carried out by subjecting
      the emulsion to a treatment in vacuo at higher temperature so that the
      low-boiling solvent can be distilled off. Formerly the low-boiling
      solvents were removed from the emulsions in the drying step of the cast
      emulsion layers. an alternate method includes the emulsions being washed
      with water whereby the low-boiling solvents-which are generally to a less
      extent soluble in water are removed by the washing step.
PAR  If the low-boiling solvents are left in higher amounts in the layers the
      stability of the emulsion is rather poor since the low-boiling solvents
      evaporates during storage of the photographic layers and crystallization
      of the coupler takes places if the coupler is not highly soluble in the
      low-boiling solvents alone or in the low-boiling and high-boiling solvents
      used for emulsifying the coupler and oil-droplets containing low-boiling
      solvents have often a greater tendency to agglomerate in the layer than
      oil-droplets of high-boiling solvents.
PAR  Only a rare number of compounds are known in the art which can be
      emulsified by merely solving them in a low-boiling solvent without the
      addition of a high-boiling solvent.
PAR  The emulsification of a color coupler with a combination of a low-boiling
      solvent and a high-boiling solvent and the subsequent removal of the low
      boiling solvent results in the couplers remaining in the hydrophilic
      gelatin emulsion in finely dispersed form wherein the coupler molecules
      are enclosed in hydrophobic oil droplets. The emulsification of a color
      coupler with a low-boiling solvent and the subsequent removal of the
      low-boiling solvent results in the couplers remaining in the hydrophilic
      gelatin emulsion in finely dispersed form wherein the coupler molecules
      are enclosed to a substantial lesser extent in hydrophobic oil droplets,
      since only parts of the low boiling solvents remains in the layer which
      cannot be removed by simple means.
PAR  It has now been found that open-chain keto methylene naphtholic and
      pyrazolone couplers, with the 2-cyclopentyl-4-t-butyl-phenoxy radical in a
      non-coupling position of color coupler molecules, have excellent
      emulsifiability. More particularly the couplers of this invention belong
      to those which can advantageously be emulsified with or without the
      addition of a high-boiling solvent are highly soluble in low-boiling and
      high-boiling coupler solvents as distinguished from those which cannot be
      emulsified by giving stable emulsions without at least one additional
      high-boiling oil former. Especially the couplers of this invention if used
      in emulsions can be introduced into the emulsions by solving them either
      in low-boiling coupler solvents or in a combination of low-boiling and
      high-boiling coupler solvents whereby the amount of solvent used can
      advantageously be kept low for avoiding problems of crystallization and
      overburdening of the layers with coupler solvents.
PAR  This invention therefore relates to a light-sensitive color photographic
      material with at least one silver halide emulsion layer, which material
      contains a color coupler of the following formula:
      ##SPC1##
PAL  in which
PA1  K represents the radical with color coupling properties, of the
      .alpha.-naphthol, pyrazolone-5 or open-chain ketomethylene groups;
PA1  V represents a connecting link which links the
      2-cyclopentyl-4-t.-butyl-phenoxy group with the coupler radical, in
      parricular a --NH--(CH.sub.2).sub.n or a
      ##EQU1##
      or a --CO--O--(CH.sub.2).sub.2 group; R.sub.1 represents hydrogen or an
      alkyl radical preferably with up to 12 carbon atoms, particularly up to 3
      carbon atoms; and
PA1  n equals an integer, preferably 2, 3 or 4.
PAR  If the coupler radical has an available carboxyl group through which the
      cyclopentyl-t.-butyl-phenoxy group is to be attached, then V preferably
      has the first of the meanings indicated above. If the link is to be
      effected by way of an amino group on the coupler radical, then V
      preferably has the second or third of the meanings indicated above.
PAR  The following compounds have been found to be particularly suitable color
      couplers:
      ##SPC2##
PAR  The color couplers according to the invention are prepared by the usual
      methods, starting from 2-cyclopentyl-4-t.-butyl-phenol. This can be
      obtained from phenol by successive reactions with cyclopentene and
      isobutene in the presence of Friedel-Crafts catalysts.
PAR  The preparation of this intermediate product will now be described in
      detail.
PAC  2-cyclopentyl-phenol
PAR  564 g of phenol, 204 g of cyclopentene and 15 g of .alpha.-aluminum oxide
      are heated to 300.degree.C in an autoclave for 2 hours. The catalyst is
      then removed by suction filtration. In the distillation which then
      follows, using a 1-metre packed laboratory distillation column, the first
      product to be recovered is unreacted phenol. This is followed, after a
      brief intermediate run, by 390 g of 2-cyclopentyl-phenol at Bp .sub.12 mm
      = 138.degree.C.
PAC  4-t.-butyl-2-cyclopentyl-phenol
PAR  1134 g of 2-cyclopentyl-phenol, 1400 ml of xylene and 21 g of catalyst K 10
      (trade product of Sudchemie) are introduced into an autoclave and 316 g of
      isobutene are then pumped in at 120.degree.C over a period of 11/2 hours.
      This is followed by stirring for 15 minutes at 120.degree.C and the
      catalyst is then removed by suction filtration. After evaporation of the
      xylene, the residue is separated by fractional distillation in a 1-metre
      packed laboratory distillation column. The Bp.sub.12 mm : 172.degree. -
      174.degree.C fraction contains 814 g of 4-t.-butyl-2-cyclopentyl-phenol.
PAC  Method of preparation of coupler 5
      ##SPC3##
PAC  1st stage: 2-cyclopentyl-4-t.-butyl-phenoxybutyronitrile
PAR  23 g of sodium are dissolved in 600 ml of absolute alcohol. 218 g of
      2-cyclopentyl-4-t.-butyl-phenol in 150 ml of alcohol are added dropwise
      and the mixture is then stirred for 15 minutes. 103.5 g of
      chlorobutyronitrile in 150 ml of alcohol are introduced dropwise and the
      reaction mixture is then heated under reflux for 5 hours. It is then
      filtered to remove sodium chloride and evaporated to dryness. The product
      is then fractionated at an oil bath temperature of 220.degree. -
      240.degree.C and pressure of 0.5 mm. Yield: 220 g.
PAC  2nd stage: 2-cyclopentyl-4-t.-butyl-phenoxybutylamine
PAR  220 g of the product obtained in stage 1 are hydrogenated with Raney nickel
      in 3 litres of alcohol for 6 hours at 100 excess atmospheres and
      120.degree.C. The catalyst is filtered off, the alcohol is distilled off
      and the residue is distilled. Yield: 158 g.
PAC  3rd stage:
      1-hydroxy-N-(2-cyclopentyl-4-t.-butyl-phenoxybutyl)-2-naphthamide
PAR  158 g of the product obtained in stage 2 and 144 g of phenyl
      1-hydroxy-2-naphthoate are melted under vacuum at 140.degree.C until
      phenol ceases to be evolved. The melt is crystallized in methanol,
      filtered off and recrystallized from alcohol. Yield: 151 g.
PAR  The new color couplers are found to be very suitable for use because,
      presumably due to their relatively low melting points, they are highly
      soluble in organic solvent which are immiscible with water, e.g. ethyl
      acetate or methylene chloride, and can readily be dispersed. Their
      tendency to crystallize from dispersions and emulsions is distinctly
      reduced even when compared with couplers of U.S. Pat. No. 3,770,445 which
      contain a dicyclopentylphenol radical as emulsifying radical, especially
      when compared with cyan coupler so that the addition of oily coupler
      solvents can generally be omitted. It is important to eliminate, if
      possible, a high boiling solvent from the layer so as to insure a high
      coupling activity during development. This opens up the possibility of
      completely utilizing the high coupling activity of the couplers since they
      are not enclosed in hydrophobic oil droplets. Furthermore, those couplers
      according to the invention which are cyan couplers can readily be combined
      with azo red masking couplers, e.g. those described in British Patent
      Specification No. 1,201,003 and British Patent Specification No. 1 322073
      Excellent masking of the yellow and magenta side densities is thereby
      achieved.
PAR  Lastly, the color couplers of the present invention are more easily and
      cheaper to prepare when compared with the preparation of the couplers of
      the U.S. Pat. No. 3,770,445, since the destillation of the
      4-t-butyl-2-cyclopentyl-phenol is more simple to perform due to their
      lower boiling point when compared with the destillation of the
      dicydopentyl-phenol.
PAR  It has also been found that compared with similar color couplers which
      contain open-chain aliphatic radicals in the phenol part of the molecule,
      the color couplers according to the invention (with a cyclopentyl and a
      tertiary butyl radical in the phenol part) yield much more stable dyes
      with hydrophilic color developers, e.g. with developers of the
      N-butyl-N-.omega.-sulfobutyl-p-phenylenediamine or
      2-amino-5-(N-butyl-N-.omega.-sulfobutylamino)-toluene series, for example
      they are more stable to moist or dry heat as well as to light,
      particularly if paper or a polyethylene-backed paper is used as support
      for the photographic layers.
PAR  The compounds according to the invention are therefore valuable color
      couplers which on chromogenic development yield dyes which have excellent
      stability properties. They are eminently suitable for use in
      light-sensitive silver halide emulsion layers of single- or multi-layered
      color photographic materials. They need not necessarily be incorporated in
      the light-sensitive layers but could equally be accommodated in a layer of
      binder adjacent to a light-sensitive silver halide emulsion layer.
PAR  The couplers according to the invention may be incorporated in the silver
      halide emulsion or some other binder mixture by one of the known methods.
      Since they are so-called emulsifying couplers, i.e. hydrophobic compounds,
      incorporation in the photographic layers is carried out in known manner by
      dissolving them in suitable organic solvents such as esters of aliphatic
      carboxylic acids, in particular ethyl acetate or methylene chloride and
      then emulsifying this solution in the silver halide emulsion which is
      ready for casting.
PAR  The light-sensitive emulsions used may be emulsions of silver halides such
      as silver chloride, silver bromide or mixtures thereof, which may have a
      small silver iodide content of up to 10 mols%, in one of the usual
      hydrophilic binders such as protein, in particular gelatine, polyvinyl
      alcohol, polyvinyl pyrrolidone, cellulose derivatives such as carboxyalkyl
      cellulose, particularly carboxymethyl cellulose, or derivatives of alginic
      acid.
PAR  The emulsions may also be chemically sensitised, for example by adding
      sulfur compounds at the stage of chemical ripening, e.g. allyl
      isothiocyanate, allyl thiourea and sodium thiosulfate. Reducing agents may
      also be used as chemical sensitizers, e.g. the tin compounds described in
      Belgian Patent Specifications Nos. 493,464 and 568,687; polyamides such as
      diethylene triamine or aminomethane sulfinic acid derivatives, e.g.
      according to Belgian Patent Specification No. 547,323.
PAR  Noble metals such as gold, platinum, palladium, iridium, ruthenium, or
      rhodium or compounds of these metals are also suitable chemical
      sensitizers. This method of chemical sensitisation has been described in
      the article by R. Koslowsky, Z. Wiss. Phot. 46, 65 - 72 (1951).
PAR  The emulsions may also be sensitized with polyalkylene oxide derivaties,
      e.g. polyethylene oxide preferably with a molecular weight of between
      1,000 and 20,000, condensation products of alkylene oxides and aliphatic
      alcohols, glycols or cyclic dehydration products of hexitols,
      alkyl-substituted phenols, aliphatic carboxylic acids, aliphatic amines,
      aliphatic diamines and amides. The condensation products preferably have a
      molecular weight of at least 700 and preferably more than 1,000.
      Combinations of these sensitizers may, of course, also be used for the
      purpose of achieving special effects, as described in Belgian Patent
      Specification No. 537,278 and in British Patent Specification No. 727,982.
PAR  The emulsions containing color couplers or adjacent to layers containing
      couplers may also contain spectral sensitizers, e.g. the usual monomethine
      or polymethine dyes such as acid or basic cyanines, hemicyanines,
      streptocyanines, merocyanines, oxonoles, hemioxonoles or styryl dyes as
      well as trinuclear or high nuclear methine dyes, for example rhodacyanines
      or neocyanines. Sensitizers of this kind have been described, for example,
      in the work by F. M. Hamer "The Cyanine Dyes and Related Compounds"
      (1964), Interscience Publishers John Wiley and Sons.
PAR  The emulsions may contain the usual stabilizers such as homopolar or
      salt-type compounds of mercury containing aromatic or heterocyclic rings,
      e.g. mercaptotriazoles, simple mercury salts, sulfonium mercury double
      salts and other mercury compounds. Azaindenes are also suitable
      stabilizers, particularly tetra- and pentaazaindenes and especially those
      which are substituted with hydroxyl or amino groups. Compounds of this
      kind have been described in the article by Birr, Z. Wiss. Phot. 47, 2 - 58
      (1952). Heterocyclic mercapto compounds, among others, are also suitable
      stabilizers, e.g. phenyl mercaptotetrazole, quaternary benzothiazole
      derivatives and benzotriazole.
PAR  The emulsions may be hardened by the usual methods, for example using
      formaldehyde or halogenated aldehydes which contain a carboxyl group, such
      as mucobromic acid, diketones, methane sulfonic acid esters and
      dialdehydes.
PAR  The usual color developers are used for producing the dues, e.g. the usual
      aromatic compounds of the p-phenylene-diamine series which contain at
      least one primary amino group.
PAR  Suitable color developers are, for example,
      N,N-dimethyl-p-phenylenediamine, N,N-diethyl-p-phenylenediamine,
      monomethyl-p-phenylenediamine, 2-amino-5-diethylamino-toluene and
      2-amino-5-(N-ethyl-N-.beta.-methane sulfonamidoethyl-amino)-toluene. Other
      suitable color developers have been described, for example, in J. Amer.
      Chem. Soc. 73, 3100 - 3125 (1951).
PAR  Dyes which have particularly advantageous stability properties are obtained
      by using compounds of the following general formula as color developers:
      ##SPC4##
PAL  in which
PA1  R.sub.2 = hydrogen or methyl,
PA1  m = 2, 3 or 4 and
PA1  n = 2, 3, 4 or 5
PAL  with the proviso that the sum of m plus n equals 6 or 7.
PAR  Couplers which are emulsified with at least one additional high-boiling oil
      former are illustrated by the coupler of the following formula
      ##SPC5##
PAL  in Examples 1, 2 and 3. In Example 1 there is a comparison of the phenolic
      couplers with the dicyclo-pentyl-phenoxy group and the
      tert.-butyl-cyclo-pentyl phenoxy group.
DETD
PAC  EXAMPLE 1
PAR  Coupler 7 is compared with the coupler of the following formula
      ##SPC6##
PAL  (according to U.S. Pat. No. 3,770,445) with regard to its emulsifiability.
      For this purpose, 23.5 g of the coupler together with 3.5 g of bis-
      2-ethyl-hexylester) of sulfosuccinic acid, 39.2 of a 30% aqueous solution
      of the monopotassium salt of iso-octadecylene-succinic acid and 47 g of a
      50% solution of the monocyclo-hexanole ester of iso-pentadecylenesuccinic
      acid in diethyl carbonate are dissolved in 70.5 g of diethyl carbonate and
      emulsified at 55.degree.C in 1 litre of a 10% aqueous gelatine solution,
      using a Kotthoff mixing siren as stirrer.
PAR  The emulsions obtained were compared by treating them as follows:
     A)  Digestion at 40.degree.C with daily check under a polarization        
         microscope.                                                           
         Results:                                                              
     Emulsion with coupler 7.                                                  
                     No crystallization observed                               
                     after 6 weeks. Experiment stopped.                        
     Emulsion with   Onset of crystallization                                  
     comparison coupler                                                        
                     after 10 - 12 days.                                       
     B)  Storage under refrigeration at 4.degree.C.                            
         Results:                                                              
     Emulsion with coupler 7.                                                  
                     No crystallization after 3 months.                        
     Emulsion with   Heavy crystallization after                               
     comparison coupler                                                        
                     2 - 3 weeks.                                              
PAR  In another experiment, the couplers dissolved in diethyl carbonate together
      with the oil-forming agents mentioned above were not emulsified in
      gelatine but cast on glass plates and the solvent left to evaporate. The
      resin remaining behind was scratched with a glass rod.
TBL  ______________________________________                                    
     Results:                                                                  
     Coupler 7      No crystallization after 3 days.                           
     Comparison coupler                                                        
                    Substantially crystallized                                 
                    after 21/2 hours.                                          
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  A solution of 1 g of coupler 7 in 3 g of ethyl acetate was emulsified in 20
      g of 7.5% aqueous gelatine solution with the addition of 0.1 g of
      bis-(2-ethyl-hexylester) of sulfo-succinic acid. The resulting emulsion
      was mixed with 30 g of a silver bromide emulsion containing 44 g of silver
      per kg. After the addition of 5 ml of 1% chromium acetate solution, the
      emulsion was cast on a transparent support to form a layer of 5 .mu. in
      thickness. Three strips of this material were developed in three different
      developers after exposure behind a grey wedge.
PAC  Developer A
PA1  2.75 g of N,N-diethyl-p-phenylenediamine sulfate
PA1  1.2 g of hydroxylamine hydrochloride
PA1  2 g of anhydrous sodium sulfite
PA1  2 g of sodium metaphosphate
PA1  75 g of potassium carbonate
PA1  2 g of potassium bromide
PAL  Water up to 1000 ml
PAC  Developer B
PA1  6.5 g of N-butyl-N-.omega.-sulfobutyl-p-phenylenediamine
PA1  2 g of hydroxylamine hydrochloride
PA1  4 g of anhydrous sodium sulfite
PA1  100 g of potassium carbonate
PA1  1 g of potassium bromide
PAL  Water up to 1000 ml
PAC  Developer C
PA1  5 g of 2-amino-5-(N-ethyl-N-.beta.-methane-sulfonamidoethylamino)-toluene
      sesquisulfate monohydrate
PA1  5 g of benzyl alcohol
PA1  2.5 g of sodium hexametaphosphate
PA1  2 g of anhydrous sodium sulfite
PA1  1.4 g of sodium bromide
PA1  0.5 g of potassium iodide
PA1  12.5 g of sodium hydroxide
PA1  34 g of Na.sub.2 B.sub.4 O.sub.7 .sup.. 5 H.sub.2 O
PAL  Water up to 1000 ml.
PAR  After development, the material was bleached, fixed, washed and dried in
      the usual manner. The color wedges obtained were exposed to a temperature
      of 90.degree.C for 24 hours. The reduction in color density based on the
      original color density of 0.5 was as follows:
TBL  Developer A      68%                                                      
     Developer B      22%                                                      
     Developer C      32%                                                      
PAC  EXAMPLE 3
PAR  The material from Example 2 containing coupler 7 is developed in a
      developer of the following composition:
PAC  Developer D
PA1  4 g of 2-amino-5-(N-ethyl-N-hydroxyethylamino)-toluene sulfate monohydrate
PA1  2.5 g of sodium hexametaphosphate
PA1  4 g of anhydrous sodium sulfite
PA1  2 g of hydroxylamine hydrochloride
PA1  100 g of potassium carbonate
PA1  1 g of potassium bromide
PAL  Water up to 1000 ml.
PAC  Developer E
PAL  is similar in composition to developer B except that the developer
      substance used is 6.5 g of
      2-amino-5-(N-butyl-N-.omega.-sulfobutylamino)-toluene.
PAR  The developed materials are processed by the usual methods and then tested
      by the light test in which they are exposed to 5 million Lux hours. The
      following density losses are observed:
TBL             Original density                                               
                D = 0.3     D = 1.8                                            
     ______________________________________                                    
     Developer D: 53%           19%                                            
     Developer E: 33%           11%                                            
PAC  EXAMPLE 4
PAR  Photographic materials prepared by the method described in Example 2 but
      using 1 g of coupler 6 are developed in developers A and E. After the
      usual treatments following development, the resulting color wedges are
      subjected to the tropical test in which they are kept at 60.degree.C and
      96% relative humidity for 192 hours. The following reductions in color
      density based on the original density of 0.5 are observed:
TBL  Developer A:     48%                                                      
     Developer E:     0%.                                                      
PAC  EXAMPLE 5
PAR  A solution of 20 g of coupler 5 in 60 ml of acetic acid ethyl ester is
      emulsified into 320 ml of a 10% aqueous solution of gelatin containing 11
      ml of a 10% aqueous solution of saponine.
PAR  350 ml of this emulsion is stirred into 1 kg of a silver bromide gelatin
      emulsion containing 95 g of gelatin and 0.4 mols of silver in the form of
      silver bromide.
PAR  The resulting dispersion is stored for several weeks. No recrystallization
      occurs. The following additives are mixed with the above silver halide
      gelatin emulsion:
PAR  150 ml of a 5% aqueous alkaline solution of the red cyan coupler of the
      following formula
      ##SPC7##
PAR  25 ml of a 1% methanolic solution of 4-hydroxy-6-methyl-1,3,3a,
      7-tetraazaindene, 30 ml of a 10% aqueous solution of saponine and 15 ml of
      a 0.5% aqueous solution of chromium acetate.
PAR  The final emulsion is cast onto a support of cellulose triacetate. The
      dried layer has a thickness of 4.5 .mu.m. The pH-value of the layer is 6.5
      - 7.
PAR  The dried material is exposed in a sensitometer customarily employed in the
      art through a stepless grey test wedge and developed for 15 minutes in the
      following developer:
TBL  5 g            2-amino-5-(N-ethyl-N-.beta.-methan-                        
                    sulfonamidoethyl-amino)-toluene-                           
                    sesquisulfatmonohydrat                                     
     5 ml           benzyl alcohol                                             
     2.5 g of       sodium hexameta phosphate                                  
     1.85 g of      sodium sulfite anhydrous                                   
     1.4 g of       sodium bromide                                             
     0.5 mg of      potassium iodide                                           
     12.5 g of      sodium hydroxide                                           
     34.2 g of      sodium tetraborate                                         
     Water up to 1 1.                                                          
PAR  The further processing includes subjecting the developed emulsion or the
      following bath
PAR  Stop bath
PA1  17 ml of acetic acid
PA1  2.94 g of sodium acetate anhydrous
PA1  Water up to 1 l.
PAR  Hardening bath
PA1  0.3 g of sodium hydroxide
PA1  0.5 g of sodium hexametaphosphate
PA1  9 g of sodium carbonate and
PA1  20 ml of a 37% aqueous solution of formaldehyde
PA1  Water up to 1 l.
PAR  Bleaching bath
PA1  6 g of sodium hexametaphosphate
PA1  42.0 g of potassium ferricyanide
PA1  12.0 g of potassium bromide
PA1  6.0 g of disodium phosphate and
PA1  16.0 g of monopotassium phosphate
PA1  Water up to 1 l.
PAR  Fixing bath
PA1  150 g of ammonium thiosulfate
PA1  10 g of sodium sulfite
PA1  Water up to 1 l.
PAR  Final bath
PA1  0.3 g of sodium tetrapropylene benzene sulfonate
PA1  Water up to 1 l.
PAR  The processing times in the bath were as follows:
TBL  Stop bath     4            minutes                                        
     Hardening bath                                                            
                   4            minutes                                        
     Rinsing       5            minutes                                        
     Bleaching bath                                                            
                   6            minutes                                        
     Rinsing       5            minutes                                        
     Fixing bath   8            minutes                                        
     Rinsing       10           minutes                                        
     Final bath    30           seconds                                        
PAR  A cyan test wedge is obtained at the exposed areas while at the unexposed
      areas the red dye of the masking coupler is still present. The
      sensitometric measurements show that the cyan dye is excellently masked in
      the blue and green region of the spectrum.
PAR  The naphtholic and the pyrazolone couplers with the
      tert.-butyl-cyclo-pentyl phenoxy group are distinctively soluble in the
      low-boiling coupler solvents, such as carbonic acid diethyl ester and
      acetic acid ethylester.
PAR  The same applies for the pyrazolone coupler with the
      tert.-butyl-cyclo-pentyl phenoxy group and o-tricresylphosphate. As to the
      naphtholic couplers they are highly soluble in o-tricresylphosphate and in
      comparison tests no relevant differences between the solubility behaviors
      of the couplers in o-tricresylphosphate is shown. The emulsification of
      the naphthol and pyrazolone couplers with the tert.-butyl-cyclo-pentyl
      phenoxy group is highly facilitated for the following reasons: (1) Lower
      amounts of low-boiling solvents can be used for the preparation of the
      emulsions of this invention, thus the amount of low-boiling solvents which
      should be removed is advantageously reduced. (2) If the addition of
      high-boiling solvents is needed its amount can be kept advantageously as
      low as wanted.
PAR  O-tricresylphosphate as well as dibutylphthalate belong to the group of the
      so-called high-boiling solvents, whereas carbonic acid diethyl ester,
      acetic acid ethyl ester or, generally, esters of aliphatic carboxylic
      acids and methylene chloride are used as so-called low-boiling solvents.
      All these solvents should be substantially unsoluble in aqueous solutions
      (oily solvents).
PAR  For comparison:
      ##SPC8##
PAL  The naphtholic couplers 6 and 9 are compared with color couplers 7 and 8.
      The phenolic color coupler 7 does not shown an improved solubility in the
      color solvents if compared to the corresponding color coupler 8.
PAR  The solubility of phenolic color couplers containing the
      cyclopentyl-tert.-butyl-phenoxy group in common coupler solvents is
      heavily reduced if compared to the similar property of the phenolic color
      couplers containing the dicyclopentyl-phenoxy group.
PAR  While coupler 7 emulsified in gelatin layers with the combination of oil
      formers and coupler solvents in silver halide gelatin layers
      (bis(2-ethyl-hexylester of sulfosuccinic acid, monopotassium salt of
      iso-octadecylene-succinic acid, iso-pentadecylene succinic acid and
      diethylcarbonate), is superior over corresponding coupler 8 with respect
      to crystallization properties, the solubility of phenolic cyan couplers in
      common coupler solvents is much lowered if the dicyclo-pentyl-phenoxy
      group is replaced by the tert.-butyl-cyclopentyl-phenoxy group.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A color photographic gelatin silver halide emulsion having improved
      stability against crystallization characterized in that it contains in an
      organic solvent an effective amount of a color coupler of the following
      formula:
      ##SPC9##
PAL  in which
PA1  K represents a radical with color coupling properties selected from the
      group consisting of .alpha.-naphthol, pyrazolene-5 or open-chain
      ketomethylene groups;
PA1  V represents a connecting link which links the
      2-cyclopentyl-4-t.-butyl-phenoxy group with the coupler radical, selected
      from the group consisting of a --NH--(CH.sub.2).sub.n and a
      ##EQU2##
      and a --CO--O--(CH.sub.2).sub.2 group; R.sub.1 represents hydrogen or an
      alkyl radical preferably with up to 12 carbon atoms; and
PA1  n equals an integer, preferably 2, 3 or 4.
NUM  2.
PAR  2. The method of producing a color photographic gelatin silver halide
      emulsion layer in a photographic material on a support to improve the
      mixing of a color coupler in the silver halide emulsion which comprises
      the step of emulsifying with a gelatin solution, a solution of an organic
      solvent and a color coupler of the following formula:
      ##SPC10##
PAL  in which
PA1  K represents a radical with color coupling properties selected from the
      group consisting of .alpha.-naphthol, pyrazolone-5 or open-chain
      ketomethylene groups;
PA1  V represents a connecting link which links the
      2-cyclopentyl-4-t.-butyl-phenoxy group with the coupler radical, selected
      from the group consisting of a --NH--(CH.sub.2).sub.n and a
      ##EQU3##
      and a CO--O--(CH.sub.2).sub.2 group; R.sub.1 represents hydrogen or an
      alkyl radical preferably with up to 12 carbon atoms; and
PA1  n equals an integer, preferably 2, 3 or 4 and subsequently applying the
      resultant emulsion on a support.
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PAL  A direct-positive photographic element is described which comprises a
      support and a spectrally-sensitized light-sensitive silver halide emulsion
      layer containing fogged silver halide grains wherein the said emulsion is
      spectrally sensitized by means of a dye containing a pyrrolo[
      2,1-b]thiazole nucleus which may be substituted and carry one or more
      fused-on rings, the said nucleus being linked by the 5- or 7-carbon atom
      thereof, directly or through a dimethine chain to another nitrogen
      containing heterocycle.
BSUM
PAR  The present invention relates to spectrally sensitized direct positive
      silver halide emulsions.
PAR  It is known that direct-positive images can be obtained with certain types
      of photographic silver halide emulsions without previously forming a
      negative silver image. For this purpose, the silver halide grains are
      fogged by an overall-exposure to actinic radiation or by an overall
      chemical fogging, e.g. by means of reducing agents, before or after they
      are coated on a support. Upon image-wise exposure of the pre-fogged
      emulsions the development centres formed by said fogging are destroyed at
      the exposed areas and remain at the unexposed areas. By subsequent
      conventional development by means of silver halide developers a
      direct-positive image is formed.
PAR  For the spectral sensitization of negative type silver halide emulsions
      there is a wide choice of spectrally sensitizing dyes such as mono- and
      trimethine cyanines, rhodacyanines, hemicyanines, merocyanines, styryl
      dyes, oxonol dyes, etc. Most of these dyes, however, are unsuitable for
      the spectral sensitization of direct-positive emulsions.
PAR  The choice of really suitable sensitizing dyes for direct-positive
      emulsions is rather poor and therefore novel spectrally sensitizing dyes
      for direct-positive emulsions are still needed and sought after.
PAR  In accordance with the present invention dyes are provided, which are
      particularly suitable for the spectral sensitization of direct-positive
      silver halide emulsions comprising fogged silver halide grains.
PAR  The present invention thus provides a direct-positive photographic silver
      halide element comprising at least one spectrally sensitized
      direct-positive silver halide emulsion wherein the said emulsion comprises
      a spectrally sensitizing dye containing a pyrrolo[2,1-b]thiazole nucleus
      including a substituted pyrrolo[2,1-b]thiazole nucleus and a
      pyrrolo[2,1-b]thiazole nucleus with one or more fused-on rings e.g. benzo
      rings, the said nucleus being linked by the 5- or 7-carbon atom thereof,
      directly or through a dimethine chain, to another nitrogen-containing
      heterocycle.
PAR  The spectrally sensitizing dyes for use according to the present invention
      can be represented by the following general formula I:
      ##EQU1##
      wherein: Q represents a pyrrolo[2,1-b]thiazol -5- or -7-yl nucleus, which
      may be substituted and/or carry one or more fused-on rings e.g. benzo
      rings, more particularly a pyrrolo[2,1-b]thiazolyl group of the formula:
      ##SPC1##
PAL  Wherein:
PA1  Each of R.sub.1, R.sub.2, R.sub.3 and R.sub.4 represents hydrogen or a
      substituent e.g. alkyl including substituted alkyl or aryl including
      substituted aryl, or R.sub.1 together with R.sub.2 and/or R.sub.3 together
      with R.sub.4 represent the atoms necessary to complete a fused-on 5- or
      6-membered ring,
PA1  each of L.sub.1, L.sub.2, L.sub.3 and L.sub.4 represents a methine group or
      substituted methine group,
PA1  each of m and n represent 0 or 1,
PA1  R.sub.5 represents a substituent of the type contained in cyanine dyes on
      the cyanine nitrogen atom, for example an aliphatic group including a
      saturated aliphatic group, an unsaturated aliphatic group and a
      cycloaliphatic group e.g. alkyl, aralkyl, allyl and cycloalkyl or an
      aromatic group, which groups may carry substituents; more particularly an
      alkyl group such as methyl, ethyl, propyl, isopropyl, butyl or isobutyl, a
      substituted alkyl group such as .beta.-hydroxyethyl, .beta.-acetoxyethyl,
      carboxymethyl, carboxyethyl, sulphoethyl, sulphopropyl, sulphobutyl,
      sulphatopropyl, sulphatobutyl, phosphonoethyl, phosphonopropyl,
      phosphonobutyl, the group --A--CO--O--B--SO.sub.2 --OH wherein A and B
      have the same significance as set forth in United Kingdom Patent
      Specification No. 886,271 such as sulphocarbomethoxymethyl,
      .omega.-sulphocarbopropoxymethyl, .omega.-sulphocarbobutoxymethyl, and
      p-(.omega.-sulphocarbobutoxy)-benzyl, the group --A--W--NH--V--B as
      described in United Kingdom Patent Specification No. 904,332 wherein each
      of W and V represents carbonyl, sulphonyl or a single bond, at least one
      of W and V being sulphonyl, A represents an alkylene group e.g. a C.sub.1
      -C.sub.4 alkylene group and B represents hydrogen, alkyl, substituted
      alkyl, amino, substituted amino e.g. acylamino, diethylamino with the
      proviso however that B does not represent hydrogen when V stands for
      carbonyl or sulphonyl, the group AWNHVB being exemplified by
      N-(methylsulphonyl)-carbamylmethyl, .gamma.-(acetylsulphamyl)propyl, and
      .delta.-(acetylsulphamyl)-butyl, an aralkyl group such as a benzyl, a
      substituted aralkyl group such as carboxybenzyl and sulphobenzyl, a
      cycloalkyl group such as cyclohexyl, an allyl group, an aryl group such as
      phenyl, and a substituted aryl group such as carboxyphenyl,
PA1  X.sup.- stands for an anion of the type contained in cyanine dye salts such
      as halide, perchlorate, methyl sulphate, benzene sulphonate, p-toluene
      sulphonate, etc. but does not exist when the molecule itself e.g. R.sub.5
      contains an anionic group in which case the dye is a betaine dye salt, and
PA1  Z stands for the non-metallic atoms necessary to complete a 5- or
      6-membered heterocyclic nucleus containing nitrogen, which nucleus may
      carry a fused-on benzene or naphthalene ring and further substituents;
      these heterocycles are of the type known in cyanine dye chemistry and
      include those of the thiazole series, e.g. thiazole, 4-methylthiazole,
      4-phenylthiazole, 5-methylthiazole, 5-phenylthiazole,
      4,5-dimethylthiazole, 4,5-diphenylthiazole, 4-(2-thienyl)thiazole, those
      of the benzothiazole series, e.g. benzothiazole, 5-chlorobenzothiazole,
      5-methylbenzothiazole, 6-methylbenzothiazole, 5,6-dimethylbenzothiazole,
      5-bromobenzothiazole, 5-iodobenzothiazole, 5-phenylbenzothiazole,
      5-methoxybenzothiazole, 6-methoxybenzothiazole,
      4,5,6,7-tetrahydrobenzothiazole, 5,6-dimethoxybenzothiazole,
      5,6-dioxymethylenebenzothiazole, 5-hydroxybenzothiazole,
      6-hydroxybenzothiazole, 5-carboxybenzothiazole, 5-sulphobenzothiazole,
      5-ethoxycarbonyl benzothiazole, 5-acetylbenzothiazole,
      5-benzoylbenzothiazole, 5-cyanobenzothiazole,
      5-trifluoromethylbenzothiazole, 6-nitrobenzothiazole,
      5-methylsulphonylbenzothiazole, 5-trifluoromethylsulphonylbenzothiazole,
      those of the naphthothiazole series e.g. naphtho[2,1-d]thiazole,
      naphtho[1,2-d]thiazole, 5-methoxy naphtho[1,2-d]thiazole,
      5-ethoxynaphtho[1,2-d]thiazole, 8-methoxynaphtho[2,1-d]thiazole,
      7-methoxynaphtho[2,1-d]thiazole, those of the thionaphtheno[7,6-d]thiazole
      series e.g. 7-methoxy-thionaphtheno[7,6-d]thiazole, those of the oxazole
      series e.g. 4-methyloxazole, 5-methyloxazole, 4-phenyloxazole,
      4,5-diphenyloxazole, 4-ethyloxazole, 4,5-dimethyloxazole, 5-phenyloxazole,
      those of the benzoxazole series e.g. benzoxazole, 5-chlorobenzoxazole,
      5-methylbenzoxazole, 5-phenylbenzoxazole, 6-methylbenzoxazole,
      5,6-dimethylbenzoxazole, 5-methoxybenzoxazole, 6-methoxybenzoxazole,
      5-hydroxybenzoxazole, 6-hydroxybenzoxazole, 5-sulphamylbenzoxazole,
      5-benzoylbenzoxazole, 5-sulphobenzoxazole, 5-carboxybenzoxazole,
      5-.beta.-carboxyvinylbenzoxazole, 5-ethoxycarbonyl benzoxazole,
      5-benzoyl-benzoxazole, 6-methoxycarbonylbenzoxazole, those of the
      naphthoxazole series, e.g. naphtho[2,1-d]oxazole, naphtho[1,2-d]oxazole,
      those of the selenazole series e.g. 4-methylselenazole,
      4-phenylselenazole, those of the benzoselenazole series e.g.
      benzoselenazole, 5-chlorobenzoselenazole, 5-methylbenzoselenazole,
      5,6-dimethylbenzoselenazole, 5-methoxybenzoselenazole,
      5-methyl-6-methoxybenzoselenazole, 5,6-dioxymethylenebenzoselenazole,
      5-hydroxybenzoselenazole, 4,5,6,7-tetrahydrobenzoselenazole, those of the
      naphthoselenazole series e.g. naphtho[2,1-d]selenazole,
      naphtho[1,2-d]selenazole, those of the thiazoline series e.g. thiazoline,
      4-methylthiazoline, 4-hydroxymethyl-4-methylthiazoline,
      4,6-bis-hydroxymethylthiazoline, those of the oxazoline series e.g.
      oxazoline, those of the selenazoline series e.g. selenazoline, those of
      the 2-quinoline series, e.g. quinoline, 6-methylquinoline,
      6-chloroquinoline, 6-methoxyquinoline, 6-ethoxyquinoline,
      6-hydroxyquinoline, those of the 4-quinoline series e.g. quinoline,
      6-methoxyquinoline, 7-methylquinoline, 8-methylquinoline, those of the
      1-isoquinoline serie, e.g. isoquinoline, 3,4-dihydroisoquinoline, those of
      the 3-isoquinoline series e.g. isoquinoline, those of the 2-pyridine
      series e.g. pyridine, 5-methylpyridine, those of the 3,3-dialkylindolenine
      series e.g. 3,3-dimethylindolenine, 3,3-dimethyl-5 -chloroindolenine,
      3,3-dimethyl-5 or 6-nitroindolenine, 3,3-dimethyl-5 or 6-cyanoindolenine,
      3,3,5-trimethylindolenine, 3,3,7-trimethylindolenine,
      3,3-dimethyl-5-ethoxycarbonylindolenine, 3,3-dimethyl-5-carboxyindolenine,
      3,3-dimethyl-5-methylsulfonylindolenine, those of the benzimidazole series
      e.g. benzimidazole, 5,6-dichlorobenzimidazole, 5-chlorobenzimidazole,
      5,6-dibromobenzimidazole, 5-phenylbenzimidazole, 5-fluorobenzimidazole,
      5,6-difluorobenzimidazole, 5-cyanobenzimidazole, 5,6-dicyanobenzimidazole,
      5-chloro-6-cyanobenzimidazole, 5-fluoro-6-cyanobenzimidazole,
      5-acetylbenzimidazole, 5-carboxybenzimidazole,
      5-ethoxycarbonylbenzimidazole, 5-sulphamylbenzimidazole,
      5-N-ethylsulphamylbenzimidazole, 5-ethylsulphonylbenzimidazole and
      5-trifluoromethylsulphonylbenzimidazole, etc.
PAR  A preferred class of spectrally sensitizing dyes for use according to the
      present invention in direct-positive silver halide emulsions can be
      represented by the following general formula II:
      ##EQU2##
      wherein: Q, L.sub.1, L.sub.2, L.sub.3, L.sub.4, m, n, R.sub.5 and X have
      one of the significances given above,
PA1  Y represents the atoms necessary to close a fused-on benzo or naphtho ring
      carrying one or more substituents at least one of which is a substituent
      with a Hammet constant .sigma..sub..rho. of at least 0.30 for example a
      nitro group, a cyano group, a carboxyl or sulpho group, an alkoxycarbonyl
      group such as methoxycarbonyl a carboxylic acyl group e.g. acetyl and
      benzoyl, a trifluoromethyl group, a cyanovinyl group, a fluorosulphonyl
      group, an alkylsulphonyl group e.g. methylsulphonyl including a
      substituted alkylsulphonyl group such as alkylsulphonyl wherein the alkyl
      group is substituted by one or more fluorine and/or chlorine atoms, an
      alkylsulphinyl group or substituted alkylsulphinyl group such as
      alkylsulphinyl wherein the alkyl group is substituted by one or more
      fluorine and/or chlorine atoms, a trifluoromethoxy group, a
      trifluoromethylthio group, a difluoromethylthio group, a carbamoyl group
      ##EQU3##
      or sulphamoyl group
      ##EQU4##
      wherein each of R.sub.7 and R.sub.8, the same or different, stands for
      hydrogen or a saturated or unsaturated aliphatic group including a
      substituted aliphatic group such as alkyl, preferably C.sub.1 -C.sub.5
      alkyl, cycloalkyl, e.g. cyclohexyl, or allyl, or R.sub.7 together with
      R.sub.8 represent the atoms necessary to close a heterocyclic ring such as
      pyrrolidine, piperidine, piperazine and morpholine, a --SO.sub.2 NCO alkyl
      group, etc., and
PA1  Z.sub.1 when n is 0, stands for oxygen, sulphur, selenium,
      ##EQU5##
      or L.sub.5 =L.sub.6 wherein L.sub.5 and L.sub.6 represent methine or
      substituted methine, and when n is 1, stands for a monovalent chemical
      bond.
PAR  Representative examples of spectrally sensitizing dyes suitable for use in
      accordance with the present invention are listed in the table hereinafter.
      ##SPC2##
PAR  The dyes for use in accordance with the present invention can be prepared
      according to methods described by S. Mc Kenzie et al., in J. Chem. Soc. C
      (1966) 1908; F. S. Babichev et al. in Ukr. Khim. Zhurn. 32 (1966) 64; F.
      S. Babichev et al. in J. Gen. Chem. USSR 33 (1963) 1946 -- 33 (1963) 3518.
PAR  For example, the dimethine dyes can be prepared, as is illustrated by the
      preparations hereinafter by condensing, preferably in the presence of an
      acid anhydride e.g. acetic anhydride, a compound of the following formula
      III:
      ##EQU6##
      wherein: L.sub.3 -L.sub.4, Z, R.sub.5, X and n have the same meaning as
      above, with a pyrrolo[2,1-b]thiazole-5- or 7-carboxaldehyde of the
      following formula IV:
EQU  IV.   Q -- CH = O
PAL  wherein:
PA1  Q has the same meaning as above.
PAR  The intermediates of formula IV can be prepared from the corresponding
      pyrrolo[2,1-b]thiazole compound by a Vilsmeier and Haack reaction with
      dimethylformamide as formylating agent.
PAR  The dyes of the above general formulae I and II wherein m is 0 can be
      prepared by condensation of the pyrrolo[2,1-b]thiazole unsubstituted in
      the 5- and/or 7-position with a compound of the following formula V:
      ##EQU7##
      wherein: L.sub.3, L.sub.4, Z, R.sub.5 and X have the same meaning as
      above, and Alk stands for lower alkyl, e.g. methyl.
PAR  The following preparations illustrate how the dyes for use according to the
      invention were prepared.
PAC  Preparation 1 -- Dye 4
PAR  A mixture of 3-methyl-5-formyl-6-phenyl-pyrrolo[2,1-b]thiazole (2.41 g;
      0.01 mole), 1,2,3,3-tetramethyl-5-ethoxycarbonylindoleniniumiodide (3.73
      g; 0.01 mole) and acetic anhydride (40 ml) was refluxed for 15 minutes.
      After cooling, the precipitated dye was filtered off by suction and
      recrystallized from methanol.
PAR  Yield: 4.8g. Melting point: 180.degree.C.
PAR  I%: Calc.: 21.3 % Found: 20.9%.
PAC  Preparation 2 -- Dye 6
PAR  To 3-methyl-5-formyl-6-phenyl-pyrrolo[2,1-b]thiazole (2.41 g; 0.01 mole)
      and 1,3,3-trimethyl-2-methylene-5-nitroindoline (2.18 g; 0.01 mole) in
      acetic anhydride (45 ml), sodium acetate (1.6 g) was added. The mixture
      was refluxed for 0.5 hours, cooled, filtered and washed with water. The
      dye was dissolved in boiling methanol, treated with charcoal and converted
      into the iodide by adding 3 g of sodium iodide.
PAR  Yield: 200 g. Melting point: above 260.degree.C.
PAR  I%: Calc.: 22.3 %. Found: 21.7 %.
PAC  Preparation 3 -- Dye 9
PAR  A mixture of 3-methyl-5-formyl-6-phenyl-pyrrolo[2,1-b]thiazole (2.41 g;
      0.01 mole), 2-methyl-3-ethyl-5-phenylbenzoxazolium iodide (3.65 g; 0.01
      mole) and acetic anhydride was refluxed for 10 minutes. After cooling, the
      mixture was poured into ether (300 ml) and the precipitated dye
      recrystallized from 2-methoxyethanol.
PAR  Yield: 2.8 g. Melting point: above 260.degree.C.
PAR  I%: Calc.: 21.6 %. Found: 21.2.%.
PAC  Preparation 4 -- Dye 24
PAR  3-methyl-5-formyl-6-phenylpyrrolo[2,1-b]thiazole (2.41 g; 0.01 mole),
      1-methyl-chinaldinium methylsulphate (2.69 g; 0.01 mole) and acetic
      anhydride (45 ml) was refluxed for 5 minutes. After cooling, the crude dye
      was collected by filtration, washed with ether and treated with charcoal
      in boiling methylene chloride. The solution was filtered and the filtrate
      was poured into ether and the precipitate was chromatographed in methylene
      chloride on alumina (eluation by methylene chloride containing 1 %
      methanol).
PAR  Yield: 1.0 g. Melting point: 180.degree.C (decomp.).
PAR  S%: Calc.: 13.0 %. Found: 12.8 %.
PAC  Preparation 5 -- Dye 29
PAR  A mixture of 3-methyl-5-formyl-6(4-bromophenyl)-pyrrolo[2,1-b]thiazole (3.2
      g; 0.01 mole), 2,3-trimethyl-5-trifluoromethylbenzothiazolium
      p-tolusulphonate (4.03 g; 0.01 mole) and acetic anhydride (40 ml) was
      boiled for 10 minutes, cooled and filtered with suction. As shown by
      T.L.C. the dye was obtained in pure state.
PAR  Yield: 5.5 g. Melting point: 150.degree.C (decomp.).
PAR  F%: Calc.: 8.08 %. Found: 8.10 %.
PAC  Preparation 6 -- Dye 35
PAR  3-methyl-5-formyl-6(4-nitrophenyl)pyrrolo[2,1-b]thiazole (1.43 g; 0.005
      mole), 2-methyl-3-ethyl-5-methylsulphonylbenzothiazolium ethylsulphate
      (1.9 g; 0.005 mole) and acetic anhydride (25 ml) were refluxed for 5
      minutes. The dye formed was collected by filtration, washed with ether and
      digested with 300 ml of boiling methanol.
PAR  Yield: 2.5 g. Melting point: above 360.degree.C.
PAR  S%: Calc.: 19.7 %. Found: 19.8 %.
PAR  The methods of incorporating the dyes in the emulsions are relatively
      simple and well known to those skilled in the art of emulsion making.
PAR  The dyes according to the present invention are usually added to the
      direct-positive silver halide emulsion in the form of a solution in a
      suitable solvent, e.g. water, lower alcohols such as methanol and ethanol,
      ketones such as acetone, amines such as triethylamine, pyridine, mixtures
      of these solvents and other well-known solvents known in the art. The dyes
      may be used in widely varying concentrations. They are generally used in
      amounts varying from about 50 mg to about 2 g per mole of silver halide.
      The optimum concentration is dependent on the particular dye concerned and
      the particular emulsion used and can be determined readily by methods
      known to those skilled in the art.
PAR  The direct-positive silver halide emulsions can be prepared according to
      known methods. The silver halide composition may consist of any of the
      known silver halides suitable for the formation of direct-positive silver
      halide emulsions e.g. silver bromide, silver chloride, silver
      chlorobromide, silver bromoiodide and silver chlorobromoiodide. Emulsion
      blends can also be used e.g. blends of silver chloride and silver
      chlorobromide. The silver halide preferably comprises at most 20 mole % of
      silver iodide which may be located mainly towards the surface of the
      grains as described in German Patent Application No. P 22 60 117.8.
PAR  Especially suitable for use according to the present invention are
      direct-positive silver halide emulsions the silver halide grains of which
      have an average grain-size of less than about 1 micron. The silver halide
      grains can be regular and have one of the commonly known shapes e.g.
      cubic, octahedral, and even rhombohedral. They may have a substantially
      uniform diameter frequency distribution e.g. 95 % by weight of the silver
      halide grains can have a diameter which is within about 40 %, preferably
      within about 30 % of the mean grain diameter.
PAR  The silver halide grains of the direct-positive silver halide emulsions of
      the present invention are fogged according to methods well known in the
      art. They may be fogged e.g. by an overall exposure to actinic radiation
      or by reduction sensitization e.g. by high pH and/or low pAg silver halide
      precipitating or digestion conditions e.g. as described by Wood, J. Phot.
      Sci. 1 (1953) 163, or by treatment with reducing agents. Fogging may also
      occur by reduction sensitization in the presence of a compound of a metal
      more electropositive than silver.
PAR  Reducing agents suitable for use include hydrazine, hydroxylamine, tin(II)
      compounds e.g. tin(II) chloride, tin complexes and tin chelates of the
      (poly)amino(poly)carboxylic acid type as described in United Kingdom
      Patent No. 1,209,050, ascorbic acid, formaldehyde, thiourea dioxide,
      polyamines such as diethylene triamine, phosphonium salts such as
      tetra(hydroxymethyl)phosphonium chloride, bis(p-aminoethyl) sulphide and
      its water-soluble salts, etc. Preferred reducing agents are thiourea
      dioxide and tin(II) chloride.
PAR  The compounds of a metal more electropositive than silver include gold
      compounds e.g. gold(III)chloride, potassium chloroaurate, potassium
      chloroaurite, and potassium aurithiocyanate, as well as compounds of
      rhodium, platinum, iridium and palladium, e.g. ammonium
      hexachloropalladate and potassium chloroiridate. Preferred noble metal
      compounds are gold compounds.
PAR  When fogging of the silver halide grains occurs by means of a reducing
      agent e.g. thiourea dioxide and a compound of a metal more electropositive
      than silver especially a gold compound, the reducing agent is preferably
      used initially and the gold compound subsequently. However, the reverse
      order can be used or both compounds can be used simultaneously.
PAR  The degree of fogging of the direct-positive emulsions used according to
      the invention may vary within a wide range. This degree of fogging
      depends, as is known in the art, on the concentration of the fogging
      agents used as well as on the pH, the pAg, the temperature and the
      duration of the fogging treatment.
PAR  As is known in the art, high photographic speeds can be obtained at low
      degrees of fogging. Thus, the direct-positive silver halide emulsions of
      the invention can be fogged, as is described in U.S. Pat. No. 3,501,307,
      to such a degree that a test-portion of the silver halide emulsion,
      comprising the fogged silver halide grains and a compound accepting
      electrons, when coated on a support to give a maximum density of at least
      about one upon processing for 6 minutes at about 20.degree.C in a
      developer of the composition given below, has a maximum density which is
      at least about 30 % greater than the maximum density of an identical test
      portion processed for 6 minutes at about 20.degree.C in the same developer
      after being bleached for about 10 minutes at about 20.degree.C in a bleach
      of the composition given below:
TBL  bleach :                                                                  
     potassium cyanide      50        mg                                       
     glacial acetic acid    3.47      ml                                       
     sodium acetate         11.49     g                                        
     potassium bromide      119       mg                                       
     water to make          1         liter                                    
     developer :                                                               
     N-methyl-p-aminophenol sulphate                                           
                            2.5       g                                        
     sodium sulphite        30.0      g                                        
     hydroquinone           2.5       g                                        
     sodium metaborate      10.0      g                                        
     potassium bromide      0.5       g                                        
     water to make          1         liter                                    
PAR  In order to further enhance the photographic speed, the silver halide
      grains of the direct-positive silver halide grains of the present
      invention may be fogged even to a degree where strictly speeking no
      fogging as defined in the said U.S. Pat. No. 3,501,307 is observed, e.g.
      as described in co-pending United Kingdom Patent Application No. 7742/72.
      According to this co-pending application the silver halide grains are
      fogged to such an extent that a test portion of the emulsion ready for
      coating, when coated on a support at a coverage of 0.50 g to 5.50 g of
      silver per sq.m gives a density of less than 0.50 upon processing without
      exposure for 6 min. at 20.degree.C in the above developer and an identical
      test portion thereof when coated in an identical way gives a density of at
      least twice the value of the density of the first test portion and a
      density of at least 0.50 upon processing without exposure for 3 minutes at
      20.degree.C in a developer of the following composition:
TBL  hydroquinone             15 g                                             
     1-phenyl-3-pyrazolidinone                                                 
                               1 g                                             
     trisodium salt of ethylene                                                
     diamine tetraacetic acid  1 g                                             
     anhydrous sodium carbonate                                                
                              30 g                                             
     anhydrous sodium sulphite                                                 
                              70 g                                             
     40 % aqueous sodium hydroxide                                             
                              16 ml                                            
     water to make             1 liter                                         
                              (pH : 11)                                        
PAR  When the silver halide grains have been fogged too heavily it is also
      possible to treat the fogged silver halide grains with a bleaching agent
      in order to obtain optimum sensitivity.
PAR  In view of the foregoing, the terms "fogged" and "fogging" as used herein
      are employed in a very broad sense so that the very low degrees of fogging
      as defined in the above copending United Kingdom Patent Application are
      also embraced which means that fogging is effected to such extent that a
      test portion of the emulsion when coated as described above gives a
      density of at least 0.50 upon processing for 3 min. at 20.degree.C in the
      above latter developer composition.
PAR  When the silver halide grains are fogged to a very low degree it is
      advantageous to develop the exposed direct-positive silver halide
      emulsions substantially in the absence of halide ions as described in
      United Kingdom Patent Application No. 7743/72.
PAR  The speed and stability of the direct-positive silver halide emulsions
      according to the present invention can also be enhanced by increasing the
      pAg of the emulsion just before coating, preferably after addition of the
      spectral sensitizer. Favourable photographic speeds are obtained when the
      pAg is adjusted, before coating, to a value corresponding to an E.M.F. of
      + 30 mV or lower (silver against saturated calomel electrode). It is also
      favourable to further enhance the speed to lower the pH of the emulsion
      just before coating for example to a pH of at least about 5 as described
      in United Kingdom Patent Application No. 32889/72.
PAR  In the formation of the direct-positive silver halide emulsions used
      according to the present invention various colloids can be used as
      vehicles or binding agents for the silver halide. They include any of the
      hydrophilic colloids generally employed in the photographic field for
      example gelatin. However, the gelatin may be replaced wholly or partly by
      other natural hydrophilic colloids, e.g. albumin, zein, agar-agar, gum
      arabic, alginic acid, and derivatives thereof, such as esters, amides and
      salts thereof etc., or synthetic hydrophilic resins; e.g. polyvinyl
      alcohol and poly-N-vinyl pyrrolidone, acrylamide polymers, cellulose
      ethers, partially hydrolyzed cellulose acetate and the like.
PAR  In addition to the hydrophilic binding agents other synthetic binding
      agents can be employed in the emulsion e.g. homo- and copolymers of
      acrylic or methacrylic acid or derivatives thereof such as esters, amides
      and nitriles and vinyl polymers for example vinyl esters and vinyl ethers.
PAR  The direct-positive photographic silver halide emulsions can be coated on a
      wide variety of supports which include opaque supports e.g. paper and
      metal supports as well as transparent supports e.g. glass, cellulose
      nitrate film, cellulose acetate film, cellulose aceto-butyrate film,
      polyvinyl acetal film, polystyrene film, polyethylene terephthalate film,
      polycarbonate film, and other polyester film. It is also possible to
      employ paper coated with .alpha.-olefin polymers e.g. paper coated with
      polyethylene, polypropylene, ethylene-butylene copolymers and the like.
PAR  The direct-positive emulsions sensitized with dyes according to the present
      invention may further contain dyes of the type which in silver halide
      emulsions of the negative type act as desensitizers and therefore are
      called desensitizing dyes. Particularly suitable for this purpose are the
      nitrobenzylidene and nitrostyryl dyes described in U.S. Pat. No.
      3,615,610. The emulsions may also comprise desensitizing dihydropyrimidine
      compounds of the type described in U.S. patent application Ser. No.
      269,861 (= published German Patent Application No. 2,237,036) as well as
      other desensitizing compounds e.g. 2,3,5-triphenyl-2H-tetrazolium
      chloride, 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyl tetrazolium
      chloride, 1-methyl-8-nitroquinolinium methyl sulphate,
      1-m-nitrobenzyl-quinolinium chloride, 1-m-nitrobenzylpyridinium chloride,
      1-p-nitro-benzylisoquinolinium chloride,
      1-p-nitrobenzylbenzo[f]quinolinium chloride and
      1-methyl-2-m-nitrostyrylquinolinium methyl sulphate.
PAR  The silver halide emulsion may further contain any of the ingredients
      generally employed in silver halide emulsions. They may comprise speed
      increasing agents of the polyalkylene oxide type e.g. polyethylene glycols
      and derivatives thereof, quaternary ammonium and phosphonium compounds as
      well as ternary sulphonium compounds, thioether compounds, etc. The
      emulsions can comprise the common emulsion stabilizing agents, e.g.
      mercury compounds which include homopolar or salt-like compounds of
      mercury and aromatic or heterocyclic compounds such as mercaptotriazoles,
      simple mercury salts, sulphonium mercury double salts, etc. They may
      comprise azaindene emulsion stabilizers for example tetra- or
      pentaazaindenes especially those comprising hydroxyl or amino groups as
      described by Birr, Z. Wiss. Phot. 47 (1962) 2-58. Other suitable emulsion
      stabilizers are heterocyclic mercapto compounds e.g.
      1-phenyl-5-mercaptotetrazole, quaternary benzthiazolium derivatives,
      benztriazole and the like.
PAR  The emulsions may further contain colour forming couplers. Among the useful
      colour forming couplers are the monomeric and polymeric colour couplers
      e.g. pyrazolone colour couplers as well as phenolic, heterocyclic and open
      chain colour couplers having a reactive methylene group.
PAR  Particularly suitable are colour couplers showing a low halogen accepting
      character which can be determined by the test described by R. P. Held in
      Phot. Sci. Eng. Vol. 11, (1967) p. 406. For this purpose a dispersion of
      silver bromide grains is buffered 0.1 N potassium bromide is illuminated
      and the potential is registered by means of a calomel/platinum electrode
      system. During illumination the platinum electrode potential rises rapidly
      to the redox potential of bromine. On addition of a colour coupler the
      potential rise can be delayed through "halogen acceptance" by the colour
      coupler. Colour couplers that do not delay or do not substantially delay
      the potential rise are particularly suitable for use in the
      direct-positive silver halide emulsions of the invention.
PAR  The colour couplers can be incorporated into the direct-positive
      photographic silver halide emulsion according to any suitable technique
      known to those skilled in the art for incorporating colour couplers in
      silver halide emulsions. For example, water-soluble colour couplers, e.g.
      those containing one or more sulpho or carboxyl groups (in acid or salt
      form), can be incorporated from an aqueous solution, if necessary, in the
      presence of alkali, and the water-insoluble or insufficiently
      water-soluble colour couplers from a solution in the appropriate
      water-miscible or water-immiscible high-boiling (oil-former) or
      low-boiling organic solvents or mixtures of solvents, which solution is
      dispersed, if necessary in the presence of a surface-active agent, in a
      hydrophilic colloid composition forming or forming part of the binding
      agent of the silver halide emulsion; if necessary, the low-boiling solvent
      is removed afterwards by evaporation.
PAR  The silver halide emulsion layer and any other hydrophilic colloid layer,
      which may be present in a direct-positive photographic material employed
      in accordance with the present invention, may be hardened by means of
      organic or inorganic hardeners commonly employed in photographic silver
      halide elements, e.g. the aldehydes and blocked aldehydes such as
      formaldehyde, dialdehydes, hydroxyaldehydes, mucochloric and mucobromic
      acid, acrolein, glyoxal, sulphonyl halides, vinylsulphones, etc.
PAR  The direct-positive photographic silver halide elements may further contain
      antistatic agents, wetting agents as coating aids, e.g. saponin and
      synthetic surface-active compounds, plasticizers, matting agents, e.g.
      starch, silica, polymethyl methacrylate, zinc oxide, titanium dioxide,
      etc., optical brightening agents including stilbene, triazine, oxazole,
      and coumarin brightening agents, light-absorbing materials and filter
      dyes, mordanting agents, for anionic compounds, etc.
DETD
PAR  The following examples illustrate the present invention.
PAC  EXAMPLE 1
PAR  A monodisperse, cubic direct-positive photographic silver bromoiodide
      emulsion (2.5 mole % of iodide) having an average grain size of about 0.2
      micron, was prepared under controlled pH, pAg, and temperature conditions
      during precipitation of the silver halide. The pH was maintained at about
      5.5, the pAg at 8.2 and the temperature at 45.degree.C. After adjustment
      of the pAg to 10, the emulsion was chill-set, shredded, and washed with
      cold water.
PAR  The emulsion was reduction- and gold-fogged by adjustment of the pAg to 5.3
      and the pH to 7, by heating for 90 min. at 60.degree.C and by the addition
      of 30 mg of chloroaurate per mole of silver halide. Heating was continued
      for 80 minutes at 60.degree.C whereupon the pAg was adjusted to 8.2 and
      35.degree.C.
PAR  The emulsion was divided into several aliquot samples of 100 g comprising
      0.15 mole of silver halide. To each sample 87.5 mg of Pinacryptol yellow
      and 87.5 mg of one of the dyes referred to hereinbefore were added. Then
      the emulsion samples were coated on a subbed support and dried.
PAR  The direct-positive elements obtained were exposed in a spectrograph and
      developed in a conventional developer. Direct-positive spectrograms were
      obtained. The spectral sensitization maxima are listed in the following
      table.
TBL                Table                                                       
     ______________________________________                                    
     Spectrally sensitizing dye                                                
                      Sensitization maxima (nm)                                
     ______________________________________                                    
     1                590                                                      
     2                595                                                      
     3                600                                                      
     4                605                                                      
     5                600                                                      
     6                620                                                      
     9                560                                                      
     10               565                                                      
     11               560                                                      
     14               560                                                      
     24               630                                                      
     25               640                                                      
     28               565                                                      
     29               600                                                      
     30               580                                                      
     35               580                                                      
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  A washed silver iodobromide emulsion containing per kg 60 g of silver
      halide (95 mole % of silver bromide and 5 moles % of silver iodide) and
      chemically fogged with sodium hydroxide (pH = 12) during the precipitation
      step and subsequent heat-treatment (15 min. at 55.degree.C and 10 min. at
      80.degree.C) was divided into several aliquot portions. To each of these
      portions one of the sensitizing dyes listed in the table below was added
      in an amount of 60 mg per kg of emulsion. Then the emulsions were coated
      on a cellulose triacetate support and dried. The materials were exposed in
      a sensitometer to white light and then developed in a common
      hydroquinone/p-N-methylaminophenol hemisulphate mixture and fixed. The
      sensitization maxima obtained with the dyes of the invention are listed in
      the table below.
TBL                Table                                                       
     ______________________________________                                    
     Spectrally sensitizing dye                                                
                      Sensitization maxima (nm)                                
     ______________________________________                                    
     7                570                                                      
     8                580                                                      
     12               580                                                      
     13               600                                                      
     15               600                                                      
     16               600                                                      
     17               600                                                      
     18               590                                                      
     19               630                                                      
     20               600                                                      
     21               600                                                      
     22               625                                                      
     23               600                                                      
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  To samples of a fogged silver halide emulsion as described in example 1
      87.5 mg of Pinacryptol yellow and 87.5 mg of one of the dyes referred to
      in the table hereinafter were added. The emulsion samples were coated on a
      support and dried.
PAR  The direct-positive elements obtained were exposed in a spectrograph and
      developed in a conventional developer. The spectral sensitization maxima
      and the total speed obtained are listed in the table hereinafter. The
      values given for the total speed are relative values; a value of 100 was
      given to the emulsion to which no spectrally sensitizing dye was added.
TBL  ______________________________________                                    
     Dye added     Sens. max.     Total speed                                  
                   nm                                                          
     ______________________________________                                    
     none          --             100                                          
     26            600            560                                          
     27            595            400                                          
     32            620            1100                                         
     33            610            800                                          
     34            600            560                                          
     36            600            400                                          
     37            600            280                                          
     38            610            800                                          
     39            600            1100                                         
     40            600            280                                          
     41            580            280                                          
     42            570            200                                          
     43            600            140                                          
     44            620            1100                                         
     45            600            400                                          
     46            605            280                                          
     48            580            560                                          
     49            580            400                                          
     50            580            1100                                         
     51            580            560                                          
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A direct-positive photographic element comprising a support and a
      spectrally-sensitized light-sensitive silver halide emulsion layer
      containing fogged silver halide grains wherein the said emulsion is
      spectrally sensitized by means of a dye containing a
      pyrrolo[2,1-b]thiazole nucleus, the said nucleus being linked by the 5- or
      7-carbon atom thereof, directly or through a dimethine chain to another 5-
      or 6- membered nitrogen containing heterocycle.
NUM  2.
PAR  2. A direct-positive photographic element according to claim 1 wherein the
      dye corresponds to the formula:
      ##EQU8##
      wherein: Q represents a pyrrolo[2,1-b]thiazol-5-yl or pyrrolo[2,1-b]
      thiazol-7-yl nucleus,
PA1  each of L.sub.1, L.sub.2, L.sub.3 and L.sub.4 represents a methine group,
PA1  each of m and n represents 0 or 1,
PA1  R.sub.5 represents an aliphatic group or an aromatic group,
PA1  X.sup.- represents an anion but is not present when the balance of the
      molecule contains an anionic group, and
PA1  Z stands for the non-metallic atoms necessary to complete a 5- or
      6-membered heterocyclic N-containing nucleus.
NUM  3.
PAR  3. A direct-positive photographic element according to claim 2, wherein Q
      represents a group of the formula:
      ##SPC3##
PAL  wherein:
PA1  each of R.sub.1 and R.sub.4 represents hydrogen, an alkyl group or an aryl
      group or R.sub.1 together with R.sub.2 represents the atoms necessary to
      complete a fused-on benzo ring.
NUM  4.
PAR  4. A direct-positive photographic element according to claim 2, wherein the
      spectrally sensitizing dye corresponds to the formula:
      ##EQU9##
      wherein: Q, L.sub.1, L.sub.2, L.sub.3, L.sub.4, m, n, R.sub.5 and X.sup.-
      have the same significance as in claim 2,
PA1  Y represents the atoms necessary to close a fused-on benzo or naphtho ring
      carrying one or more substituents at least one of which has a Hammet
      constant .sigma..sub..rho. of at least 0.30, and
PA1  Z.sub.1, when n is 0, stands for oxygen, sulphur, selenium,
      ##EQU10##
      or L.sub.5 = L.sub.6 wherein L.sub.5 and L.sub.6 are a methine group, and
      when n is 1, stands for a monovalent chemical bond.
NUM  5.
PAR  5. A direct-positive photographic element according to claim 4, wherein the
      said substituent with Hammet constant of at least 0.30 is a nitro group, a
      cyano group, a carboxyl or sulpho group, an alkoxycarbonyl group, a
      carboxylic acyl group, a trifluoromethyl group, a cyanovinyl group, a
      fluorosulphonyl group, an alkylsulphonyl group, an alkylsulphinyl group, a
      trifluoromethoxy group, a trifluoromethylthio group, a difluoromethylthio
      group, a carbamoyl or sulphamoyl group, or a --SO.sub.2 NCO alkyl group.
NUM  6.
PAR  6. A direct-positive photographic element according to claim 1, wherein the
      emulsion layer also comprising a nitrobenzylidene or nitrostyryl
      desensitizing dye.
NUM  7.
PAR  7. A direct-positive photographic element according to claim 1, wherein the
      silver halide grains are fogged by reduction sensitization in the presence
      of a compound of a metal more electropositive than silver.
NUM  8.
PAR  8. A direct-positive photographic element according to claim 7, wherein
      said compound of a metal more electropositive than silver is a gold
      compound.
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ABST
PAL  Rutile TiO.sub.2 is coated successively with precipitates of titania and
      alumina, the weight ratio of titania:alumina being about 0.5:1 to 1:1 and
      the total percentage of titania and alumina being about 7 to 8%, based on
      the weight of said rutile TiO.sub.2. The pigment is especially suited for
      use in industrial paints, e.g., automotive and appliance coatings, which
      are based on water reducible systems.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various techniques are known for the treatment of pigmentary titanium
      dioxide, TiO.sub.2, in the rutile form with one or more hydrous oxides so
      as to achieve a high level of hiding power, gloss and dispersibility when
      the TiO.sub.2 is used in the formulation of industrial paints, i.e., of
      the type employed for automotive and appliance finishing as well as for
      coil coatings--all of which need a hard durable surface. Seidel U.S. Pat.
      No. 2,387,534, for example, illustrates the production of numerous hydrous
      oxide-treated TiO.sub.2 pigments. In the past the industrial paints have
      nearly all been based upon organic solvent systems. More recently, the
      waste disposal problems associated with such organic solvents have caused
      particular attention to be given to the development of aqueous-based or
      so-called "water reducible" industrial paint systems. A major difficulty
      of the latter systems has resided in the TiO.sub.2 component since most
      pigments which give a satisfactory combination of hiding power, gloss and
      dispersibility in an organic solvent-based paint system would give
      inferior results in most water reducible systems.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to the production of new pigment
      compositions exhibiting a high level of hiding power, gloss and
      dispersibility, especially when employed in industrial paints based upon
      water reducible systems. The pigment composition is composed of rutile
      TiO.sub.2 coated successively with precipitates of titania and alumina,
      the weight ratio of titania:alumina being about 0.5:1 to 1:1 and the total
      percentage of titania and alumina being about 7 to 8%, based on the weight
      of the rutile TiO.sub.2. The method for producing the new pigment
      composition comprises the following steps:
PAR  A. FORMING AN AQUEOUS SLURRY OF RUTILE TiO.sub.2 having a pH below about 4,
PAR  B. ADDING TO THE SLURRY A QUANTITY OF TiCl.sub.4 in a predetermined amount,
PAR  C. ADJUSTING THE PH of the slurry to within a value of about 6-9,
PAR  D. ADDING TO THE SLURRY A QUANTITY OF AN AQUEOUS ALKALI METAL ALUMINATE
      SOLUTION IN A PREDETERMINED AMOUNT, WHILE RAISING THE PH to at least about
      10,
PAR  E. ADJUSTING THE PH of the slurry to within a value of about 6-9, and
PAR  F. RECOVERING AND WASHING THE RESULTANT PIGMENT; THE PREDETERMINED AMOUNTS
      OF TiCl.sub.4 and alkali metal aluminate solution in steps (b) and (d)
      being such as to provide a weight ratio of titania:alumina of about 0.5:1
      to 1:1 and a total percentage of titania and alumina of about 7 to 8%.
PAR  The use of a succession of titania and alumina treatments in accordance
      with the foregoing is found to result in a TiO.sub.2 pigment exhibiting an
      outstanding combination of hiding power, gloss and dispersibility
      properties when used in water reducible systems for industrial paints.
      This is even evident when a comparison is made versus TiO.sub.2 pigments
      also prepared using titania and alumina but in amounts outside the weight
      percentages and ratios indicated above.
PAC  DETAILS OF THE INVENTION
PAR  The base rutile titanium dioxide pigment may be prepared by the high
      temperature vapor phase oxidation of TiCl.sub.4, the vapor phase
      hydrolysis of TiCl.sub.4, or the hydrolysis of colloidally seeded sulfuric
      acid solutions of titaniferous raw materials such as ilmenite. The
      hydrolysate of the sulfuric acid process must be washed and calcined to
      develop the crystalline characteristic and particle size needed for the
      good light scattering characteristics of pigments.
PAR  In producing the pigment of the invention the rutile TiO.sub.2 base is
      first formed into a slurry for successive treatment to deposit titania and
      alumina. The temperature of the slurry may vary from 20.degree. to
      90.degree.C. during the treatment, but it is preferred that the
      temperature be from 50.degree. to 70.degree.C. The slurry should be
      agitated throughout the precipitation of both the titania and the alumina
      to insure general uniformity of the pH conditions within the specified
      ranges. In general the initial slurry should be prepared to have a solids
      content of about 100 to 900 g/l.
PAR  The treatments of the base TiO.sub.2 pigment with a TiCl.sub.4 solution to
      precipitate titania in accordance with the invention should take place
      under acid conditions, i.e., pH below about 4, and be followed by addition
      of alkali, such as NaOH or KOH solution, to raise the pH to about 6 to 9.
      Thereafter an aqueous solution of an alkali metal aluminate is added to
      the slurry and the pH is allowed to rise to a value of at least 10 thereby
      to precipitate the alumina. Subsequently the pH is lowered to between
      about 6 to 9. Any acid may be used for this purpose, but mineral acids
      such as HCl, H.sub.2 SO.sub.4, HNO.sub.3 and H.sub.3 PO.sub.4 are
      preferred. A brief curing period may be provided between the successive
      titania and alumina treatments or after the final alumina treatment but
      this is not essential.
PAR  The TiCl.sub.4 may be added directly to the slurry in liquid or gaseous
      form. As is often more convenient, however, it also may be added in the
      form of a solution obtained by mixing liquid TiCl.sub.4 and ice cold HCl.
PAR  Any soluble aluminum salt which is alkaline in aqueous medium may be used
      in the process including sodium or potassium aluminate. Such aluminate
      solutions are conventionally prepared to contain excess caustic to
      facilitate solubility.
PAR  The titania and alumina treatments are carried out to precipitate a total
      of about 7 to 8% and a ratio of titania:alumina in the range of about
      0.5:1 to 1:1, the percentages and ratios being on a weight basis relative
      to the TiO.sub.2 base. A preferred pigment contains 3% titania and 4%
      alumina, based on the weight of the TiO.sub.2. After treatment according
      to the process of the invention, the pigment is recovered by known
      procedures including neutralization of the slurry if necessary,
      filtration, washing, drying and frequently a dry grinding step such as
      micronizing. Drying is not necessary, however, as a thick slurry of the
      product can be used directly in preparing emulsion paints where water is
      the liquid phase.
DETD
PAR  The following examples will further illustrate the practice of the
      invention. Parts and percentages are by weight unless otherwise indicated.
      Therein and elsewhere in this specification percentages of titania and
      alumina are expressed as weight percentages calculated as TiO.sub.2 and
      Al.sub.2 O.sub.3, respectively, and based on the weight of the base or
      uncoated pigmentary TiO.sub.2. The precipitated titania and alumina are,
      of course, in the form of hydrous oxides.
PAR  The test procedure for hiding power (H.P.) employed herein is as follows: A
      film of prepared polyester emulsion paint is drawn on a Morest Chart Form
      09, a glossy paper chart having black and white areas, using a draw-down
      blade with an 0.0025 inch clearance. When the film is dried, the
      reflectances over the white and black backgrounds are measured using a
      Gardner Automatic Multipurpose Reflectometer. From these readings the
      contrast ratio is determined:
      ##EQU1##
      similarly, the contrast ratio is determined on a standard pigment. The
      relative hiding power of the samples is calculated as:
      ##EQU2##
PAR  The test procedure for 60.degree.C. Gloss is determined according to ASTM
      D-523, Section 21.
PAR  The test procedure for Dispersion is an indication of the movement of
      wetted particles into the body of the liquid vehicle to effect a permanent
      particle separation (Paint Flow and Pigment Dispersion by T. C. Patton, p.
      217). The dispersion test used to grade samples of the invention is the
      Hegman dispersion determined in accordance with ASTM D-1210, "Fineness of
      Grind".
PAC  EXAMPLES
PAC  Example I
PAR  This example illustrates a surface treatment whereby there is applied 3%
      titania and 4% alumina.
PAR  TiCl.sub.4 containing about 1% AlCl.sub.3 is oxidized with oxygen in the
      vapor phase using a tubular foraminous wall reactor as disclosed in Kruse
      U.S. pat. No. 3,203,763 to produce a rutile product. The TiO.sub.2 product
      stream leaving the reactor is quenched with chlorine, cooled in
      watercooled flues and collected.
PAR  Five thousand grams of the base TiO.sub.2 pigment are mixed with water at
      60.degree.C. to form a slurry having a solids content of 400 g TiO.sub.2
      /1. Sulfuric acid (50%) is added to reduce the slurry pH to approximately
      1.5. Seven hundred milliliters of a TiCl.sub.4 solution (equivalent to 215
      g TiO.sub.2 /1) are added. The latter solution is prepared by addition of
      liquid TiCl.sub.4 to ice cold 50% HCl solution. Aqueous sodium hydroxide
      solution (50%) is added to precipitate the titania while bringing the
      slurry pH to 6.7. Five-hundred-sixty-five milliliters of an aqueous sodium
      aluminate solution (equivalent to 355 g Al.sub.2 O.sub.3 /1) are then
      added. The pH is approximately 11.35. Sulfuric acid (50%) is thereafter
      added to reduce the slurry pH to 8.3 .+-. 0.2. The sample is then allowed
      to stand for about 30 minutes, filtered, washed until free of residual
      ions to a resistance of 12,000 ohm-cm. dried and micronized. The results
      are compared versus a commercial pigment standard in which the same
      TiO.sub.2 base is treated with only 1% titania and only 2% alumina. The
      pigment standard is one which is judged to be good in its combination of
      hiding power, gloss and dispersibility.
TBL  ______________________________________                                    
              Hiding Power             Hegman                                  
     Pigment  Tinting Strength                                                 
                            60.degree. Gloss                                   
                                       Dispersion                              
     ______________________________________                                    
     Example I                                                                 
              113*          92         71/2                                    
     Standard 100           88         61/2                                    
     ______________________________________                                    
      *Value is relative to the Standard, which is given an arbitrary rating of
      100.                                                                     
PAR  As is clearly evident, the pigment of Example I excels in all respects.
PAC  Example II
PAR  The procedure of Example I is followed but with small changes in
      proportions to yield a product containing 4% titania and 4% alumina. Thus
      in this case the amount of base TiO.sub.2 pigment is 2500 g, the amount of
      TiCl.sub.4 solution is 463 ml (216 g TiO.sub.2 /1) and the amount of
      sodium aluminate solution is 286 ml (350 g Al.sub.2 O.sub.3 /1).
PAR  Again there is obtained a pigment rated excellent in terms of its
      combination of hiding power, gloss and dispersibility.
PAC  Example III
PAR  The procedure of Example I is followed but with small changes in
      proportions to yield a product containing 21/2% titania and 5% alumina.
      Thus in this case the amount of base TiO.sub.2 pigment is 2500 g, the
      amount of TiCl.sub.4 solution is 283 ml (221 g TiO.sub.2 /1) and the
      amount of sodium aluminate solution is 358 ml (350 g Al.sub.2 O.sub.3 /1).
PAR  Again there is obtained a pigment rated excellent in terms of its
      combination of hiding power, gloss and dispersibility.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A new pigment composition exhibiting a high level of hiding power, gloss
      and dispersibility comprising: rutile TiO.sub.2 coated successively and
      separately with a precipitate of titania and a precipitate of alumina, the
      weight ratio of titania:alumina being about 0.5:1 to 1:1 and the total
      percentage of titania and alumina being about 7 to 8%, based on the weight
      of said rutile TiO.sub.2.
NUM  2.
PAR  2. Pigment according to claim 1 wherein the weight percentage of titania is
      3% and the weight percentage of alumina is 4%.
NUM  3.
PAR  3. Method for producing a new pigment composition exhibiting a high level
      of hiding power, gloss and dispersibility which comprises the following
      steps:
PA1  a. forming an aqueous slurry of rutile TiO.sub.2 having a pH below about 4,
PA1  b. adding to the slurry a quantity of TiCl.sub.4 in a predetermined amount,
PA1  c. adjusting the pH of the slurry to within a value of about 6-9,
PA1  d. adding to the slurry a quantity of an aqueous alkali metal aluminate
      solution in a predetermined amount, while raising the pH to at least about
      10,
PA1  e. adjusting the pH of the slurry to within a value of about 6-9, and
PA1  f. recovering and washing the resultant pigment; the said predetermined
      amounts of TiCl.sub.4 and alkali metal aluminate solution being such as to
      provide a weight ratio of titania:alumina of about 0.5:1 to 1:1 and the
      total percentage of titania and alumina being about 7 to 8%.
PATN
WKU  039416046
SRC  5
APN  1264850
APT  1
ART  144
APD  19710322
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LREP
FR2  Buleza; D. S.
ABST
PAL  Scrap glass is crushed and mixed with selected quantities of ball clay and
      wollastonite, the resulting raw-mix is press-molded into a green compact,
      and the latter is fired in air at a temperature above the softening point
      of the glass particles to provide a ceramic article that has a dense
      impervious structure and is electrically non-conductive. Selective amounts
      of bentonite and an inorganic pigment can also be included in the raw-mix
      formulation and talc, petalite or potter's flint can be substituted for
      the wollastonite. By properly correlating the molding pressure and firing
      schedule with the raw-mix formulation, the ceramic articles can be rapidly
      and economically mass-produced in various shapes and sizes. The invention
      is especially adapted for use in fabricating preformed insulator
      components for electric lamp bases and similar devices and, in addition to
      reducing their manufacturing cost, recycles large quantities of scrap
      glass such as bottles and the like which would otherwise pollute the
      environment.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The subject matter of this application is related to the improved lamp base
      assemblies and basing method disclosed in application Serial No. 209,300
      of Richard F. Hasell et al filed December 17, 1971 which application is a
      continuation-in-part of application Serial No. 126,639 which was filed
      concurrently herewith and is now abandoned.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the art of manufacturing ceramic articles and has
      particular reference to a novel composition and method which permits such
      articles to be made on a mass-production basis at low cost.
PAR  Various methods for fabricating different kinds of articles using
      glass-forming materials, pulverized glass or quartz are known in the prior
      art. In U.S. Pat. No. 845,552 issued Feb. 26, 1907 to Jonkergouw, for
      example, there is disclosed a process for making glass articles by mixing
      glass-forming materials such as sand and carbonate of soda with borax and
      chalk, firing the mixture to produce a frit, and placing the latter into a
      mold and reheating it for 2 hours or so to form a fused body of glass
      having the desired shape. A method for forming a porous separator for a
      storage battery by placing glass particles in a mold and heating them to a
      temperature sufficient to frit or bond the particles together is disclosed
      in U.S. Pat. No. 1,051,638 issued Jan. 28, 1913 to Hugh Rodman. Other
      methods for forming articles by molding and firing a mixture of fused
      quartz particles and an inorganic binder, or a mixture of a binder such as
      wax and two powdered glasses that have different melting points, are
      described in U.S. Pat. Nos. 1,610,182 to Elihu Thompson and 2,197,562 to
      Gerald E. Reinker, respectively.
PAR  The prior art methods and compositions were unsatisfactory in that they
      required high-firing temperatures or long firing times, expensive raw mix
      materials, and special molds or time-consuming operations which prevented
      the articles from being efficiently mass produced.
PAR  Briefly, the present invention provides a composition and process which
      permit dense ceramic articles to be made on a mass production basis with
      inexpensive and readily available materials. These advantages are achieved
      by utilizing glass cullet, or other suitable scrap glass such as discarded
      bottles, as one of the basic ingredients of the raw-mix formulation. The
      scrap glass is pulverized and mixed with selected amounts of ball clay and
      a selected refractory mineral (preferably wollastonite) and molded into a
      compact at a pressure which permits the compact to be rapidly fired in air
      and transformed into a hard ceramic body of the desired configuration and
      dimensional tolerances. Selected amounts of bentonite and an inorganic
      pigment can also be included in the raw mix to facilitate the molding and
      firing operations and to give the finished article a pleasing body color.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A better understanding of the invention will be obtained from the exemplary
      embodiments shown in the drawing, wherein:
PAR  FIG. 1 is a side elevational view of an incandescent lamp bulb having a
      base assembly which includes a preformed insulator component made in
      accordance with this invention;
PAR  FIG. 2 is an enlarged perspective view of the preformed ceramic insulator
      used in the lamp shown in FIG. 1; and
PAR  FIG. 3 is a flow diagram illustrating the various steps in fabricating an
      article according to a specific embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  While the composition and method of the present invention can be employed
      to fabricate various types of ceramic articles, the invention is
      particularly suited for use in connection with the manufacture of base
      insulator components for electric lamps of the type used for general
      lighting purposes. As shown in FIG. 1, such lamps 10 include the usual
      glass envelope 12 that protectively encloses a suitable light source such
      as a tungsten filament (not shown) and has its sealed neck portion 13
      fitted with a suitable base member 14. In the particular embodiment shown,
      the base member 14 comprises a threaded metal shell 15 and a preformed
      ceramic insulator 16 that is mechanically locked to the shell 15 by a
      peripheral indent 17 and has a metal end cap 20 which is force-fitted onto
      the end of the insulator and serves as one of the lamp terminals, as
      disclosed in the aforementioned concurrently-filed application of Hasell
      et al.
PAR  As will be noted in FIG. 2, the ceramic insulator 16 is of button-like
      configuration and has a flat rim portion 18 and a protruding
      frusto-conical medial portion 19 which merges with a cylindrical-shaped
      boss 21 that has a tapered peripheral edge. A centrally-located aperture
      22 in the boss 21 permits one of the lead-wires of the lamp 10 to be
      threaded through the insulator 16 and connected to the end contact 20
      during the basing operation.
PAR  In accordance with the present invention, the ceramic insulator (or other
      article) is formed from a raw-mix composition that contains selected
      amounts of clay, powdered glass and a refractory mineral (wollastonite,
      talc, petalite or potter's flint) as essential ingredients. While various
      types of clay can be used, ball clay is preferred and excellent results
      have been obtained with a ball clay marketed by the Kentucky-Tennessee
      Company under the trade designation "Old Mine No. 4". Ball clays are well
      known in the ceramic art and are classified according to their properties
      and origin, as disclosed in the article entitled "Ball Clay
      Classification" beginning at page 59 in the July 1970 issue of "Ceramic
      Age".
PAR  Wollastonite is calcium silicate (CaSiO.sub.3), occurs naturally in the
      form of white-colored fibrous masses and is named after W. H. Wollaston,
      an English chemist who died in 1828. It melts at 1,540.degree.C.
PAR  Talc is also a naturally-occurring mineral, -- specifically, H.sub.2
      Mg.sub.3 (SiO.sub.3).sub.4 which is hydrous magnesium silicate (melting
      point above 1,400.degree.C). It is a soft green-to-grey colored material
      and different varieties are known in the art as potstone, soapstone,
      steatite, etc.
PAR  Petalite is lithium-aluminum silicate, chemical formula LiAl
      2O.sub.5).sub.2. It has a melting point of about 1,400.degree.C and occurs
      in nature in the form of colorless or white (and sometimes reddish or
      greenish) foliated cleavable masses or monoclinic crystals.
PAR  Potter's flint is ground sandstone and quartzite and is thus not a true
      flint. It does, however, contain large amounts of SiO.sub.2.
PAR  While various types of scrap glass can be pulverized and used in the
      raw-mix composition, a glass which has a low softening point (below about
      800.degree.C) is preferred since this will reduce both the firing
      temperature and time and enable the articles to be quickly produced on a
      mass-production basis -- an essential requirement in the case of lamp
      bases. Excellent results have been obtained with glass cullet ... that is,
      the scrap glass produced in electric lamp factories when the filament
      mount is sealed to the end of the glass bulb and the excess bottom segment
      or "cullet" portion of the bulb is removed. Glass cullet is also produced
      in glass plants which make tubing for fluorescent lamps and large
      quantities are thus readily available at very low cost.
PAR  Technically speaking, glass cullet is soda-lime silicate glass which has a
      softening point of approximately 693.degree. C and a working range of
      approximately 1,000.degree. C. The chemical composition of this type glass
      and the ranges of the various constituents, as well as the specific
      amounts used in a conventional glass of this type employed in the lamp
      industry for lamp bulbs is given below in Table I, the amounts being
      expressed in percentages by weight as calculated from the batch.
TBL                TABLE I                                                     
     ______________________________________                                    
     COMPOSITION OF SODA-LIME SILICATE GLASS                                   
                Amount (Percent                                                
                               Bulb Glass (Percent                             
     Constituent                                                               
                By Weight)     By Weight)                                      
     ______________________________________                                    
     SiO.sub.2   60-75         72.5                                            
     Na.sub.2 O  5-18          16.5                                            
     CaO                       5.3                                             
                 4-13                                                          
     MgO                       3.7                                             
     Al.sub.2 O.sub.3                                                          
                0.5-3.4        1.7                                             
     K.sub.2 O  0.1-2          0.18                                            
     ______________________________________                                    
PAR  Small amounts of As.sub.2 O.sub.3 or Sb.sub.2 O.sub.3 can also be included
      as fining agents if desired.
PAR  While soda-lime silicate glass is preferred since it is also used in making
      bottles and other containers and is readily available as scrap glass,
      other low-melting point glasses such as well known lime or lead glasses
      can also be used.
PAR  A small amount of bentonite can also be included in the raw-mix
      composition. Bentonite is magnesium-aluminum silicate (MgO.Al.sub.2
      O.sub.3.4SiO.sub.2 O) -- a naturally-occurring clay-like mineral that is
      named after the Ft. Benton formation in the upper Missouri Valley
PAR  A small amount of an inorganic pigment can also be included in the raw-mix
      to provide a distinctive body color. For example, a very small amount of
      cobalt oxide will provide a blue ceramic body, manganese dioxide will
      produce a greyish color, and iron oxide will provide a reddish body color.
      The natural color of the composition, after firing, is a pleasing
      milky-white.
PAR  The permissible ranges of the various constituents and a preferred
      composition are given below in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     RAW MIX COMPOSITION                                                       
              Range    Preferred                                               
                                Batch                                          
     Constituent                                                               
              (% By Weight)                                                    
                       (% By Weight)                                           
                                Weight (grams)                                 
     __________________________________________________________________________
     Powdered Soda-                                                            
     Lime Silicate                                                             
     Glass    25-45    40       40                                             
     Ball Clay                                                                 
              25-45    40       40                                             
     Wollastonite                                                              
              10-25    16       16                                             
     Bentonite                                                                 
              0-5       4        4                                             
     Inorganic                                                                 
     Pigment  0-5      --        4                                             
     __________________________________________________________________________
PAR  While wollastonite is listed in the above table, it will be understood that
      it can be replaced by the same amount of talc, petalite or potter's flint
      and mixtures of these minerals (which mixtures could also include
      wollastonite)
PAR  As indicated in the flow diagram depicted in FIG. 3, the glass cullet or
      other scrap glass is first crushed and ball-milled. As a specific example,
      the glass cullet is crushed into particles that pass through a 10 mesh
      screen, a one-gallon ball mill is charged with 1,200 grams of the glass
      particles and 1000 cc. of isopropyl alcohol, and the mixture is milled for
      24 hours. The alcohol is then evaporated -- thus producing a powdered
      glass that has an average particle size of about 5 microns, as measured by
      a Fisher Subsieve Sizer.
PAR  Formula weights of the various constituents are then weighed out in 200
      gram batches and placed into a one quart ball mill together with 250 cc.
      of isopropyl alcohol. This mixture is milled for approximately 4 hours and
      the alcohol is evaporated off to provide the raw-mix composition which is
      used for the dry pressing or molding operation. A measured quantity of
      this composition (for example, between 2 and 31/2 grams in the case of a
      medium-screw type base insulator such as that shown in FIGS. 1 and 2) is
      placed in a hardened steel mold and subjected to a pressure in a range of
      from about 1,000 to 7,000 pounds per square inch. The resulting green
      compact is then placed in a furnace and fired in air at a temperature
      above the softening point of the glass for a sufficient time to melt or
      fuse the powdered glass and convert the compact into a hard ceramic
      article having a very dense impervious structure.
PAR  In the case of the raw-mix composition given in Table II which contains
      powdered soda-lime silicate glass, the green compacts should be fired at a
      temperature above 800.degree.C and preferably at a temperature in the
      range of between about 1,000.degree.C and 1,050.degree.C for from 10
      minutes to 1 hour. Of course, the density and porosity of the finished
      ceramic article will vary depending upon the particular raw-mix
      formulation, the molding pressure, and the firing time and temperature
      which are used.
PAR  For the preferred raw-mix formulation given above in Table II, the optimum
      molding pressure is about 5,000 pounds per square inch and the optimum
      firing schedule is a 15 to 45 minute bake at a temperature of between
      about 1,000.degree. C and 1,050.degree. C. Ceramic bodies prepared in this
      manner have a pressed density of about 1.5 grams per cc., a density of
      about 1.9 grams per cc. after being fired for 40 minutes at
      1,050.degree.C, an absorption that ranged from about 0.5 to 6%, and a
      shrinkage factor of from about 8 to 12% based on their "as-pressed"
      dimensions.
PAR  To facilitate the dry-molding operation and provide stronger pressed
      compacts which can be handled readily without breaking, a suitable
      binder-lubricant material is desirably added to the raw-mix composition
      after the ball milling operation has been completed. As a specific
      example, excellent results have been obtained by blending into the raw-mix
      about 21/2% by weight of a wax emulsion type binder-lubricant which is
      marketed by the Mobil Oil Company under the trade designation "Cerumul C"
      and is a by-product of petroleum distillation. Of course, this material
      "burns out" of the compact during the firing operation and is not present
      in the finished ceramic body.
PAR  Removal of the pressed compact from the mold can be facilitated by blending
      about 1/2% by weight of zinc stearate into the raw-mix composition after
      the aforementioned binder-lubricant has been admixed. The zinc stearate
      also inhibits excessive wear of the molding dies and thus extends their
      useful lives.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A composition which forms a dense ceramic article when compressed and
      subsequently fired in air at a temature of about 1,000.degree. C. for 10
      minutes to 1 hour, said composition consisting essentially of; from about
      25% to 45% by weight of clay, (b) from about 25% to 45% by weight of
      powdered glass that has a softening point below about 800.degree. C., and
      (c) from about 10% to 25% by weight of a mineral selected from the group
      consisting of wollastonite, talc, petalite, potter's flint, and mixtures
      thereof.
NUM  2.
PAR  2. The ceramic composition of claim 1 wherein up to 5% by weight of
      bentonite is also present in the raw-mix.
NUM  3.
PAR  3. The ceramic composition of claim 1 wherein up to 5% by weight of an
      inorganic pigment selected from the group consisting of cobalt oxide,
      manganese oxide and iron oxide is also present in the raw mix.
NUM  4.
PAR  4. The ceramic composition of claim 1 wherein;
PA1  said mineral is wollastonite, and
PA1  up to 5% by weight of bentonite and up to 5% by weight of an inorganic
      pigment selected from the group consisting of cobalt oxide, manganese
      oxide and iron oxide are also present in the raw mix.
NUM  5.
PAR  5. A ceramic article of dense impervious structure consisting essentially
      of a composition (A) fired at a temperature of from about 800.degree. to
      1100.degree.C. and (B), in its raw-mix state, consisting essentially of
PA1  a. from about 10% to 25% by weight of a mineral selected from the group
      consisting of wollastonite, talc, petalite, potter's flint, and mixtures
      thereof;
PA1  b. from about 25% to 45% by weight ball clay; and
PA1  c. from about 25% to 45% by weight of a powdered glass selected from the
      group consisting of lime glass, lead glass and soda-lime silicate glass.
NUM  6.
PAR  6. The ceramic article of claim 5 wherein up to about 5% by weight of
      bentonite is also present in the raw mix.
NUM  7.
PAR  7. The ceramic article of claim 6 wherein up to about 5% of an inorganic
      pigment selected from the group consisting of cobalt oxide, manganese
      oxide and iron oxide is also present in the raw mix.
NUM  8.
PAR  8. A ceramic insulator for an electric lamp base or similar device
      consisting of a pressure-molded and fired mixture that consists
      essentially of from about 10% to 25% by weight of wollastonite, from about
      25% to 45% by weight ball clay, and from about 25% to 45% by weight of a
      powdered glass that has a softening point below about 800.degree.C.
NUM  9.
PAR  9. The ceramic base insulator of claim 8 wherein said powdered glass
      consists essentially of soda-lime silicate glass which has a softening
      point of about 690.degree.C.
NUM  10.
PAR  10. The ceramic base insulator of claim 8 wherein up to about 5% by weight
      of bentonite is also present in said mixture.
NUM  11.
PAR  11. The ceramic base insulator of claim 10 wherein said mixture has the
      following formulation:
     Constituent            Percent by Weight                                  
     ______________________________________                                    
     ball clay              40                                                 
     powdered soda-lime silicate glass                                         
                            40                                                 
     wollastonite           16                                                 
     bentonite               4.                                                
     ______________________________________                                    
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ABST
PAL  A reversible light-sensitive glass, e.g., for eyeglasses, comprising 100
      parts of a base glass composition consisting, in weight percent, of 48 to
      62% SiO.sub.2, 15 to 22% B.sub.2 O.sub.3, 0 to 11% Al.sub.2 O.sub.3, 0 to
      10% ZrO.sub.2, 6&lt;Al.sub.2 O.sub.3 + ZrO.sub.2 &lt;13%, 6 to 16% R.sub.2 O
      where R represents Li, Na or K, 0.5 to 7% BaO, BaO/R.sub.2 O 0.035 to
      0.65, 0 to 2% TiO.sub.2, 0 to 2.5%Nd.sub.2 O.sub.3, 0 to 2.5% Ho.sub.2
      O.sub.3, 0 to 2.5% Er.sub.2 O.sub.3, 0.2&lt;Nd.sub.2 O.sub.3 + Ho.sub.2
      O.sub.3 + Er.sub.2 O.sub.3 &lt;2.5% and 0.002 to 0.03%CuO, and as
      light-sensitive components 0.15 to 1.0 part of Ag and more than the Ag
      chemical equivalent of halogens selected from the group consisting of Cl,
      Br and I.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a reversible light-sensitive glass, e.g., for
      eyeglasses, which contains the colored rare earth elements of Nd.sub.2
      O.sub.3 Ho.sub.2 O.sub.3 and Er.sub.2 O.sub.3 having an anti-dazzling
      effect and which has a refractive index of 1.50 to 1.55, and in which the
      percent transmission of the glass changes abruptly and reversibly due to
      irradiation with ultraviolet light and visible light of short wavelengths.
PAR  2. Description of the Prior Art
PAR  Generally, eyeglasses are roughly classified into those glasses intended to
      correct faulty vision and sunglasses for protecting the eyes from the
      strong glare of the sun. The present invention provides a reversible
      light-sensitive glass for eyeglasses having both of these properties and
      in which the percent transmission changes with the intensity of the light.
PAR  The glasses used for eyeglasses having the above two properties, include
      those glasses obtained by incorporating or coating a small amount of a
      coloring component into or on a conventional colorless glass for
      eyeglasses and reversible light-sensitive glasses for eyeglasses. The
      former scarcely have any anti-dazzling effect under the strong glare of
      the sun. The latter also have poor anti-dazzling effects when looking at
      bright outdoor views from inside a dark room, since the glasses do not
      become colored unless they are directly exposed to light.
PAC  SUMMARY OF THE INVENTION
PAR  A reversible light-sensitive glass having a fast rate of decoloration as
      disclosed in Japanese Patent Application No. 551/1974 has already been
      provided, and in the present invention, the above defect has been remedied
      by further introducing Nd.sub.2 O.sub.3, Ho.sub.2 O.sub.3 and Er.sub.2
      O.sub.3.
PAR  This invention provides a reversible light-sensitive glass comprising 100
      parts of a base glass composition consisting, in weight percent, of 48 to
      62% SiO.sub.2, 15 to 22% B.sub.2 O.sub.3, 0 to 11% Al.sub.2 O.sub.3, 0 to
      10% ZrO.sub.2, 6&lt;Al.sub.2 O.sub.3 + ZrO.sub.2 &lt;13%, 6 to 16% R.sub.2 O
      where R represents Li, Na or K, 0.5 to 7% BaO, a BaO/R.sub.2 O weight
      ratio of 0.035 to 0.65, 0 to 2% TiO.sub.2, 0 to 2.5% Nd.sub.2 O.sub.3, 0
      to 2.5% Ho.sub.2 O.sub.3, 0 to 2.5% Er.sub.2 O.sub.3, 0.2&lt;Nd.sub.2 O.sub.3
      + Ho.sub.2 O.sub.3 + Er.sub.2 O.sub.3 &lt;2.5% and 0.002 to 0.03% CuO, and as
      light-sensitive components 0.15 to 1.0 part of Ag and more than the Ag
      chemical equivalent of halogens selected from the group consisting of Cl,
      Br and I.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram showing the coloration-decoloration curves of a
      commercially available reversible light-sensitive glass for eyeglasses and
      an embodiment of the present invention in which curve A is the
      coloration-decoloration curve of a commercially available light-sensitive
      eyeglass and curve B is the coloration-decoloration curve of the glass in
      the example of the present invention.
PAR  FIG. 2 is a diagram showing the spectral percent transmission curves of the
      glass in an example of this invention before and after the irradiation of
      ultraviolet rays in which curve C is the spectral percent transmission
      curve of the glass in the example of the present invention before
      irradiation with ultraviolet rays and curve D is the spectral percent
      transmission curve of the same glass after the irradiation with
      ultraviolet rays.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Eyeglasses containing a small amount of Nd.sub.2 O.sub.3 have already been
      commercially available, but their anti-dazzling effects under strong light
      are not sufficient, and eyeglasses having an anti-dazzling effect which
      contain Ho.sub.2 O.sub.3 which becomes brown in color or Er.sub.2 O.sub.3
      which becomes light pink in color are not known. There has been no prior
      example in which these components are incorporated in reversible
      light-sensitive glasses for eyeglasses. This is because it has been
      thought that, since these components have absorptions in the ultraviolet
      region which gives rise to coloration, the coloring properties of the
      reversible lightsensitive glass would be impaired.
PAR  The reversible light-sensitive glass for eyeglasses in accordance with this
      invention are characterized in that even when Nd.sub.2 O.sub.3, Ho.sub.2
      O.sub.3 and Er.sub.2 O.sub.3 are incorporated, no reduction at all in the
      coloring properties is brought about, and that they have a fast rate of
      fading and have a grey color after irradiation of light. Accordingly, the
      elegant color tone ascribable to these rare earth ions is maintained, and
      the glass is suitable for use in eyeglasses. Furthermore, the introduction
      of these elements has an effect of increasing the chemical durability of
      the glass which is essential to eyeglass uses. The above discovery led to
      the present invention.
PAR  One example of the increase of chemical durability due to the introduction
      of Nd.sub.2 O.sub.3 is shown below.
TBL  ______________________________________                                    
                    Without     With                                           
                    Nd.sub.2 O.sub.3                                           
                                Nd.sub.2 O.sub.3                               
     ______________________________________                                    
     SiO.sub.2        58.6          58.6                                       
     B.sub.2 O.sub.3  18.6          18.6                                       
     Al.sub.2 O.sub.3 1.5           1.5                                        
     ZrO.sub.2        6.4           6.4                                        
     K.sub.2 O        8.1           8.1                                        
     Li.sub.2 O       1.8           1.8                                        
     BaO              3.4           1.9                                        
     TiO.sub.2        1.5           1.5                                        
     Nd.sub.2 O.sub.3 --            1.5                                        
     Ag               0.3           0.3                                        
     Cl               1.1           1.1                                        
     CuO              0.006         0.006                                      
     Acid Resistance                                                           
     (shown by weight                                                          
     loss) (%)        0.13          0.10                                       
     ______________________________________                                    
PAR  The acid resistance shown by weight loss was measured by the powder method.
PAR  It has also been found that when Nd.sub.2 O.sub.3 is incorporated, it is
      preferred to adjust the Cl/Br ratio to greater than 1 because if Br is
      contained in a larger proportion than Cl as in commercially available
      reversible light-sensitive glasses for eyeglasses, the light transmission
      in the visible short wavelength region becomes poor. In addition, the
      clear color tone ascribable inherently to Nd.sup.3.sup.+ ions cannot be
      obtained and the color becomes dull.
PAR  Also, it has been found that PrO.sub.2 makes the glass green and does not
      give anti-dazzling effect, but that PrO.sub.2 can tint the glass to
      various extents due to the presence of Nd.sub.2 O.sub.3, Ho.sub.2 O.sub.3
      and Er.sub.2 O.sub.3. Sm.sub.2 O.sub.3 and/or PrO.sub.2 is also effective
      as a coloring agent and then Nd.sub.2 O.sub.3 can be replaced by Sm.sub.2
      O.sub.3 and/or PrO.sub.2 for controlling the hue.
PAR  Based on the above-mentioned discovery, the present invention has made it
      possible to render the anti-dazzling effect feasible over a wide range
      without deteriorating coloring and decoloring properties and chemical
      durability, and provides a reversible light-sensitive glass comprising 100
      parts of a base glass composition consisting, in weight percent, of 48 to
      62% SiO.sub.2, 15 to 22% B.sub.2 O.sub.3, 0 to 11% Al.sub.2 O.sub.3, 0 to
      10% ZrO.sub.2, 6%&lt;Al.sub.2 O.sub.3 + ZrO.sub.2 &lt;13%, 6 to 16% R.sub.2 O
      (where R represents Li, Na or K), 0.5 to 7% BaO, BaO/R.sub.2 O 0.035 to
      0.65, 0 to 2 % TiO.sub.2, 0 to 2.5% Nd.sub.2 O.sub.3, 0 to 2.5% Ho.sub.2
      O.sub.3, 0 to 2.5% Er.sub.2 O.sub.3, 0.2% &lt;Nd.sub.2 O.sub.3 + Ho.sub.2
      O.sub.3 +  Er.sub.2 O.sub.3 &lt;2.5%, and 0.002 to 0.03% CuO, and as
      light-sensitive components 0.15 to 1.0 part of Ag and greater than the
      chemical Ag equivalent of halogens selected from the group consisting of
      Cl, Br and I.
PAR  If the proportion of SiO.sub.2 is greater than 62%, a glass with a high
      density of coloration and a fast rate of decoloration cannot be obtained.
      Also, the melting of the glass becomes difficult. If the proportion is
      less than 48%, the chemical durability of the glass is poor, and the glass
      tends to be susceptible to phase separation during heat-treatment.
PAR  BaO even in a very small amount has the effect of markedly increasing the
      density of coloration, and when co-present with R.sub.2 O, especially
      K.sub.2 O, BaO has the effect of increasing the rate of decoloration.
PAR  In order to obtain a density and a rate of decoloration sufficient for
      practical light-shielding eyeglass lenses, it is necessary that the
      BaO/R.sub.2 O ratio should be at least 0.035 when the proportion of BaO is
      greater than 7% and the BaO/R.sub.2 O ratio is above 0.65, the density of
      coloration rather decreases, and the rate of decoloration also becomes
      slower. If the proportion of R.sub.2 O is less than 6%, effect of the
      R.sub.2 O in the co-presence of BaO is weak, and if the proportion is
      above 16%, the chemical durability of the glass is reduced and the rate of
      decoloration becomes slower.
PAR  If the proportion of B.sub.2 O.sub.3 is less than 15%, effect of the
      B.sub.2 O.sub.3 in the co-presence of BaO and R.sub.2 O is weak. Better
      results are obtained with larger proportions of the B.sub.2 O.sub.3, but
      if the proportion of this component is above 22%, the glass becomes
      unstable, and both its transparency and chemical durability are reduced.
PAR  If the proportion of Al.sub.2 O.sub.3 is above 11%, a stable glass having a
      refractive index of at least 1.5 cannot be obtained unless the amount of
      ZrO.sub.2 to be incorporated is reduced, and thus, the object of this
      invention cannot be achieved. Further, if the proportion of ZrO.sub.2
      exceeds 10%, not only does the glass become unstable, but also the rate of
      decoloration decreases. If the proportion of Al.sub.2 O.sub.3 + ZrO.sub.2
      is less than 6%, a glass with good chemical durability cannot be obtained,
      and if the proportion of Al.sub.2 O.sub.3 + ZrO.sub.2 exceeds 13%, the
      glass becomes unstable, and also, the rate of decoloration is adversely
      affected.
PAR  If the proportion of TiO.sub.2 is above 2%, the light absorption in the
      ultraviolet region is increased deteriorating the light-sensitivity of the
      glass.
PAR  When the content of Nd.sub.2 O.sub.3, Ho.sub.2 O.sub.3 and Er.sub.2 O.sub.3
      and Er.sub.2 O.sub.3 is less than 0.2%, the glass has a poor anti-dazzling
      effect, and when these components are used individually or the content of
      these components exceeds 2.5%, the density of coloration caused by these
      components is too high, and a sunglass-like product results. Particularly
      in the case of Er.sub.2 O.sub.b, light absorption occurs in the vicinity
      of light of wavelengths, in which the visual sensitivity of the human eye
      is the strongest, and the anti-dazzling effect of Er.sub.2 O.sub.3 is
      greater than that of Nd.sub.2 O.sub.3. When these rare earth elements are
      mixed, glasses of various colors can be obtained.
PAR  The light-sensitive components to be added to 100 parts of the base glass
      composition described above are 0.15 to 1.0 part of Ag and greater than
      the chemical Ag equivalent of halogens, e.g., up to about 2%. If the
      amount of Ag is less than 0.15 part, the amount of silver halide crystals
      precipitated in the glass is small, and sufficient density of coloration
      cannot be obtained. If the amount is above 1.0 part, a light milk-white
      turbidity occurs in the glass, and the glass cannot be used for eyeglass
      lenses. If the amount of the halogens is less than the chemical Ag
      equivalent, it is impossible to obtain sufficient density of coloration.
PAR  CuO in a very small amount has the effect of increasing the density of
      coloration, but this effect is observed with an amount of 0.002 to 0.03%.
PAR  The following Examples of the present invention are given below to explain
      the invention in greater detail. All components are expressed in % by
      weight.
TBL  __________________________________________________________________________
     Example                                                                   
     1          2     3     4     5     6      7                               
     __________________________________________________________________________
     SiO.sub.2                                                                 
          56.4  59.9  61.4  56.4  59.3  59.3   59.4                            
     B.sub.2 O.sub.3                                                           
          18.9  18.5  19.5  18.3  18.8  16.8   21.0                            
     Al.sub.2 O.sub.3                                                          
          7.0   1.0   1.0   1.0   1.0   1.0    1.0                             
     ZrO.sub.2                                                                 
          --    9.0   8.3   7.2   6.4   8.0    8.0                             
     K.sub.2 O                                                                 
          8.2   8.2   4.7   13.6  8.2   9.8    6.6                             
     Na.sub.2 O                                                                
          --    --    --    --    1.9   --     --                              
     Li.sub.2 O                                                                
          1.8   1.8   3.0   --    0.9   2.2    1.0                             
     BaO  5.7   1.2   0.5   0.5   1.1   0.9    0.9                             
     TiO.sub.2                                                                 
          1.0   --    1.1   1.0   1.4   1.5    1.2                             
     Nd.sub.2 O.sub.3                                                          
          1.0   0.4   0.5   2.0   --    --     --                              
     Ho.sub.2 O.sub.3                                                          
          --    --    --    --    --    --     0.3                             
     Er.sub.2 O.sub.3                                                          
          --    --    --    --    1.0   0.5    0.5                             
     Ag   0.2   0.3   0.3   0.25  0.3   0.3    0.3                             
     Cl   1.1   0.9   1.0   0.9   0.7   0.7    0.9                             
     Br   --    0.2   0.1   0.2   0.2   --     0.2                             
     I    --    --    --    --    0.2   --     --                              
     CuO  0.008 0.010 0.004 0.010 0.008 0.006  0.006                           
     n.sub.d                                                                   
          1.51881                                                              
                1.52549                                                        
                      1.51502                                                  
                            1.51673                                            
                                  1.51527                                      
                                        1.52770                                
                                               1.51474                         
     Da (%)                                                                    
          0.12  0.10  0.12  0.13  0.16  0.08   0.20                            
     __________________________________________________________________________
     Example                                                                   
          8     9     10    11    12    13     14                              
     __________________________________________________________________________
     SiO.sub.2                                                                 
          54.6  59.4  58.1  58.1  58.1  59.4   59.4                            
     B.sub.2 O.sub.3                                                           
          18.9  18.9  19.1  19.1  19.1  18.9   18.9                            
     Al.sub.2 O.sub.3                                                          
          4.5   --    1.5   1.5   1.5   --     --                              
     ZrO.sub.2                                                                 
          6.0   7.5   6.4   6.4   6.4   7.5    7.5                             
     K.sub.2 O                                                                 
          8.2   8.2   8.1   8.1   8.1   8.2    8.2                             
     Na.sub.2 O                                                                
          --    --    --    --    --    --     --                              
     Li.sub.2 O                                                                
          1.8   1.8   1.8   1.8   1.8   1.8    1.8                             
     BaO  4.5   1.7   1.9   1.9   1.9   1.7    1.7                             
     TiO.sub.2                                                                 
          1.0   1.5   1.5   1.5   1.5   1.5    1.5                             
     Nd.sub.2 O.sub.3                                                          
          --    --    1.5   --    --    0.5    0.5                             
     Ho.sub.2 O.sub. 3                                                         
          0.5   1.0   --    1.3   --    (PrO.sub.2) 0.5                        
                                               (SmO.sub.2) 0.5                 
     Er.sub.2 O.sub.3                                                          
          --    --    --    --    1.5   --     --                              
     Ag   0.3   0.3   0.3   0.3   0.3   0.3    0.3                             
     Cl   0.6   0.7   1.1   1.1   1.1   0.7    0.7                             
     Br   0.4   0.2   --    --    --    0.2    0.2                             
     I    --    --    --    --    --    --     --                              
     CuO  0.008 0.008 0.010 0.010 0.010 0.008  0.008                           
     n.sub.d                                                                   
          1.52732                                                              
                1.52062                                                        
                      1.52376                                                  
                            1.52201                                            
                                  1.52193                                      
                                        1.52286                                
                                               1.52243                         
     Da (%)                                                                    
          0.15  0.11  0.13  0.12  0.14  0.15   0.15                            
     __________________________________________________________________________
PAR  The glass of this invention can be obtained by mixing the desired raw
      materials for the glass, melting the glass batch in a platinum crucible or
      a ceramic crucible at a temperature between 1400.degree. and
      1500.degree.C, and after agitation casting the molten batch into a mold,
      or directly feeding the molten glass into a mold as required and pressing
      it. By heat-treating the resulting glass at a temperature between its
      transition point and its softening point for several minutes to several
      hours, a reversible light-sensitive glass can be obtained which has fast
      rates of coloration and decoloration and has a color preferred for use in
      eyeglasses.
PAR  The drawings show one example of the present invention. A reversible
      light-sensitive glass has been successfully obtained which has fast rates
      of coloration and decoloration and also has the color preferred for use in
      eyeglasses both before and after light irradiation, and which exhibits its
      anti-dazzling effect over a wider range than conventional eyeglass-purpose
      glasses concurrently having anti-dazzling effects. Commercially available
      reversible light-sensitive glasses require more than 60 minutes until 90%
      of the decrease in percent transmission caused by the irradiation of
      ultraviolet rays is restored, and their speed of adaptation to brightness
      and darkness is too slow. Furthermore, with these conventional glasses,
      anti-dazzling effects cannot be expected when looking at bright outdoor
      views from inside a dark room. Furthermore, eyeglass-purpose eyeglasses
      containing Nd.sub.2 O.sub.3 have poor anti-dazzling effects under strong
      light. In contrast, with the glass of this invention, the time required to
      restore 90% of the decrease in transparency is 5 to 20 minutes, and thus,
      the rates of coloration and decoloration are fast and the adaptation to
      light is excellent. Furthermore, the glass of this invention has an
      anti-dazzling effect even when looking at outdoor views from inside a dark
      room.
PAR  In addition, the chemical durability of the reversible light-sensitive
      glass shown in Japanese Patent Application No. 551/1974 can be further
      increased. For example, materials consisting of 69.7 g of SiO.sub.2, 40.7
      g of H.sub.3 BO.sub.3, 2.8 g of Al(OH).sub.3, 7.7 g of ZrO.sub.2, 17.5 g.
      of KNO.sub.3, 5.4 g of Li.sub.2 CO.sub.3, 3.8 g of Ba(NO.sub.3).sub.2, 1.8
      g of TiO.sub.2, 1.8 g of Nd.sub.2 O.sub.3, 0.36 g. of AgCl, 2.5 g of KCl
      and 0.012 g of CuO were well mixed, and the mixture was melted in a 50 cc
      platinum crucible for about 2.5 hours using an electric furnace at
      1420.degree.C with stirring during melting and then poured onto an iron
      plate, followed by annealing.
PAR  The glass so obtained was not light-sensitive. However, when the glass was
      heat-treated at 580.degree.C for 2.5 hours, the glass exhibited marked
      light sensitivity upon irradiation with ultraviolet rays, and the glass
      obtained has the reversible light sensitivity and color tone shown in the
      drawings. This glass has a refractive index (n.sub.d) of 1.52318 which is
      within 1.52300 .+-. 0.001 (refractive index standards for eyeglass-purpose
      glasses), and a weight loss (acid resistance) of 0.13% which means that
      there is no risk of chemical attack during use. Furthermore, the turbidity
      of glass ascribable to the scattering of light is reduced as compared with
      the commercially available reversible light-sensitive lenses for
      eyeglasses, and the color tone before and after the irradiation of light
      is preferred for use in eyeglass-purpose glasses. In addition, the
      anti-dazzling effect extends over a wide range.
PAR  In FIG. 1, A shows the coloration-decoloration curve of a commercially
      available reversible light-sensitive glass for eyeglasses, and B shows
      that of the glass in accordance with the example of this invention given
      above. FIG. 2 shows spectral percent transmission curves before and after
      the irradiation of ultraviolet rays in accordance with the example of this
      invention, in which C is a pre-irradiation curve, and D is a
      post-irradiation curve. A 500 W Xenon lamp was used as a light source for
      coloration, and light was irradiated onto a glass plate polished to a
      thickness of 2 mm at a distance of 50 cm. The decoloration occurred
      spontaneously without irradiation of light.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reversible light-sensitive glass comprising 100 parts of a base glass
      composition consisting, in weight percent, of 48 to 62% SiO.sub.2, 15 to
      22% B.sub.2 O.sub.3, 0 to 11% Al.sub.2 O.sub.3, 0 to 10% ZrO.sub.2,
      6&lt;Al.sub.2 O.sub.3 + ZrO.sub.2 &lt;13%, 6 to 16% R.sub.2 O where R represents
      Li, Na or K, 0.5 to 7% BaO, a BaO/R.sub.2 O ratio of 0.035 to 0.65, 0 to
      2% TiO.sub.2, 0 to 2.5% Nd.sub.2 O.sub.3, 0 to 2.5% Ho.sub.2 O.sub.3, 0 to
      2.5% Er.sub.2 O.sub.3, 0.2&lt;Nd.sub.2 O.sub.3 + Ho.sub.2 O.sub.3 + Er.sub.2
      O.sub.3 &lt;2.5% and 0.002 to 0.03% CuO, and as light-sensitive components
      0.15 to 1.0 part of Ag and more than the Ag chemical equivalent of
      halogens selected from the group consisting of Cl, Br and I.
NUM  2.
PAR  2. A reversible light-sensitive glass according to claim 1 in which some or
      all of the Nd.sub.2 O.sub.3 is replaced by Sm.sub.2 O.sub.3, PrO.sub.2, or
      mixtures thereof.
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ABST
PAL  Metal carboxylate-glycol or carboxylate-glycol ether compositions, useful
      as siccatives in paint and like coating drier compositions, as internal
      combustion engine fuel--and other fuel--additives, and as stabilizers for
      polyvinyl chloride type plastics, and soluble in linseed oil and in
      aliphatic and aromatic hydrocarbon solvents, are prepared in liquid form
      by heating a mixture of (a) an appropriate metal powder or compound such
      as an oxide, hydroxide, acetate, or carbonate, (b) a branched chain
      aliphatic or a non-aromatic cyclic carboxylic acid, even an acid as low as
      a five carbon acid, or a mixture of such acids, and (c) a polyol or an
      alkoxy alkanol, e.g., a glycol or glycol ether; and, after filtration of
      the reaction mix, distilling off any volatile reaction by-product and also
      excess glycol or glycol ether. Higher than the usual equivalents of metal
      may be reacted for each equivalent of acid used. Certain of the products
      have remarkably low viscosity without special dilution. The products are
      believed to be metal carboxlate-glycolate, -ether glycolate-alcoholate
      complexes.
PARN
     This application is a continuation in part of co-pending application Ser.
      No. 164,426, filed July 20, 1971, now abandoned.
BSUM
PAR  For incorporation of the many polyvalent metals known to be catalytically
      effective as driers in paint, varnish, ink and other coating compositions,
      or useful as fuel additives, for example, the history of the pertinent
      technology is replete with proposals of many metal compound types, ranging
      from the oxides and simple inorganic compounds, through organic compounds
      of various complexity. Particularly widely used have been the normal or
      basic salts or soaps with various natural though usually refined organic
      acids, notably natural straight and branched chain carboxylic acids and
      mixtures such as tall oil acids, cyclic carboxylic acids such as
      naphthenic acids, and as well various synthetic carboxylic acids. Cost
      reduction, uniformity of product especially through use of more uniform or
      standardized reactant starting materials, or provision of characteristics
      particularly desired either in the metal composition products themselves,
      or in their behavior in or the behavior of the compositions with which
      they are ultimately used have been goals sought, especially in the many
      drier compositions developed.
PAR  Thus a high drying efficiency, compatability with other constituents of a
      coating or other composition in which ultimately used, solubility in other
      constituents incorporated in such coating compositions, stability of the
      final composition including the continued effectiveness of the drier, the
      ultimate influence on the final coating or other ultimate product as used,
      have all been considerations in the pursuit of or choice of new
      compositions. By practical considerations in the manufacture and
      distribution of such compounds and as well in their ultimate use in larger
      compositions, ready solubility of especially metal salts or soaps in
      hydrocarbon solvents as carriers, low viscosity, and stability of the
      resulting solutions on storage and as well of the original metal compounds
      themselves, have been characteristics sought.
PAR  As technology developed for synthesizing heavier aliphatic carboxylic
      acids, or at least standardizable mixtures thereof, containing six or more
      carbons and having, as compared with natural acids or acids derived from
      natural products, the advantages of lower cost, greater reliability of
      supply, and uniformity of the synthetic starting acid materials, favored
      their use for preparation of normal or basic salts or soaps analogous to
      those of the prior art. Some idea of the scope of prior practice is given,
      by both the disclosures relating to their own inventions and by their
      discussion of certain art prior to them, in the U.S. Pat. Nos. 2,251,798
      of Meidert el al., 2,955,949 of Kirchenbaum et al., and 3,124,475 of
      Fischer et al., the inventions of which were directed to preparing such
      compositions from synthetic carboxylic acids.
PAR  These patents represented variations on the common theme and teaching of
      the first named, Meidert et al., that the extensively branched saturated
      aliphatic carboxylic acids -- with the numerous polyvalent metals therein
      stated to be known in the prior art as suitable drier metals --
      form/normal and basic salts or soaps marked especially (a) by good
      solubility, for example, in linseed oil and hydrocarbon solvents and by
      the considerably lower viscosity of such solutions, as compared with the
      corresponding salts of the saturated fatty acids having a normal
      unbranched carbon chain; and (b) in having favorable characteristics and
      behavior as to the storage and stability of the drier solutions as well as
      of the varnishes, lacquers or paints in which they are incorporated.
PAR  Whereas the normal or basic metal soaps of synthetic carboxylic acids, as
      proposed with advance of the acid Synthesis technology, have been
      compounds analogous to those previously derived from natural acids, or in
      using different synthetic carboxylic acids as they become available have
      presented compounds with a more or less homologous if not isomeric
      relation to each other, the present invention is a departure from prior
      art, marked by an essential difference in method of preparation and
      further in the composition structure and/or character and properties of
      the resultant drier product or metal soap.
PAR  By the prior art, the metals soaps are prepared generally by fusion or
      precipitation methods. A more common variation of fusion preparation
      comprises dissolving the reactant acid material in an appropriate inert
      solvent, usually a hydrocarbon solvent such as mineral spirits, to which
      then is added the desired metal component usually in the form of an
      appropriate oxide or simpler (usually inorganic) compound or salt; with
      heating at appropriate temperatures, to result in a hydrocarbon solution
      of the soap, perhaps after distilling off some of the excess solvent to
      produce a desired product concentration.
PAR  By the present invention an appropriate carboxylic acid or acid mixture,
      which may be natural in origin or derived from a natural product, such as
      aliphatic fatty acids, naphthenic acid, or tall oil acid or a synthetic
      acid such as alkoxy and phenoxy fatty acids, ether and thioether
      monocarboxylic acids, isopentanoic acid, 2-ethylhexoic acid, isooctanoic
      acid, isononanoic acid or a neo acid, e.g., neodecanoic acid (versatic
      acid), is dissolved in a simpler glycol, glycol ether or like polyl, with
      addition also of a reactant source of the desired metal, in the form of
      the metal powder, or of an appropriate oxide, hydroxide, or acetate or
      other simple salt, the resultant mixture being heated at a medium high
      temperature until the reactant metal source disappears or reaction is
      otherwise known to have been completed, and then, after filtering,
      distilling off substantially all water or other volatile products of
      reaction or present in the raw materials, and also excess glycol or glycol
      ether to an appropriate desired concentration or condition. A significant
      amount of the glycol or glycol ether must however be retained in the
      product.
PAR  Thus where three equivalents of litharge, one of isononanoic acid and two
      of ethyl Cellosolve (2-ethoxyethanol) as the glycol ether are heated in
      the range of 150.degree. to 170.degree.F., the litharge substantially
      completely reacts and disappears, and after filtering while yet hot and
      then vacuum distilling the reaction mix to remove water and excess
      Cellosolve until a lead concentration of 48% is reached, the product has a
      remarkably low room temperature viscosity, enabling ready use in paint
      formulations and the like without dilution; and has further complete
      linseed oil miscibility as well as complete mineral spirits solubility.
      However, in a process modification, a hydrocarbon solvent, e.g., mineral
      spirits, may be used in the reaction batch especially when the product is
      to be used in a solution of such solvent.
PAR  In similar fashion, per one acid equivalent, with various acids, and
      glycols or glycol ethers, three or more equivalents of litharge are
      completely convertable to a hydrocarbon-soluble and linseed oil-soluble
      form, as products having a negative acid number.
PAR  Equivalent ratios of metal/acid have been attained up to about 4/1.
PAR  Barium-,nickel, and manganese-containing compositions have similarly been
      prepared; and cobalt-containing compositions also, though by a method
      modification or variation.
PAR  It has been observed that where a glycol or other polyol is used in place
      of a glycol ether, product viscosities (though lower than for comparable
      prior art salts) are increased; and also that, where for example methyl
      Cellosolve (2-methoxyethanol) is used in place of ethoxyethanol lower
      viscosities result for a given metal content.
PAR  In the procedure, as hereinafter exemplified, it has been found possible to
      use, for example, the following alkoxy alkanols or polyols, in place of
      the Cellosolve (2-ethoxyethanol): methyl Cellosolve, Carbitol, i.e.,
      diethylene glycol monoethyl ether or 2-(2-ethoxyethoxy) ethanol, butyl
      Cellosolve (2-butoxyethanol), diethylene glycol, triethylene glycol,
      dipropylene glycol, tripropylene glycol, polypropylene glycol,
      tetraethylene glycol, and also polyols, e.g., ethylene glycol and
      sorbitol. Mixtures of glycols and glycol ethers can be also used.
PAR  It also will be noted that the above named glycols or polyols and glycol
      ethers all fall within the following formula:
EQU  [R.sub.n (OR').sub.y OH].sub.z
PAL  wherein
PA1  R is a hydrogen or an alkyl radical having from 1 to 10 carbon atoms;
PA1  n is 0 or 1;
PA1  R' is an alkylene radical having 2, 3, or 4 carbon atoms which may be
      substituted with hydroxyl groups;
PA1  the value of y is 0, 1, 2, 3, or 4; and
PA1  z has a value of 2 when n is zero, and a value of 1 when n is 1 and R is
      hydrogen or alkyl.
PAR  In the method or preparation, where the alkoxy alkanol material to be
      reacted with the organic acid and metal is more volatile than any
      hydrocarbon permissibly to be used under any commercial process
      consideration, the alkoxy alkanol may be used in excess, by the excess to
      provide the reaction medium. Cellosolve (2-ethoxyethanol) was generally
      selected because of its favorable volatility and because of its efficacy
      in yielding products of lower viscosity.
PAR  The product and process thus are clearly distinct from proposals of prior
      art such as the use of varying amount of glycol or glycol ether, merely to
      reduce the viscosity of a basic lead carboxylate for various purposes, as
      in British Pat. No. 1,148,998; or to stabilize soap solutions as in
      Fischer U.S. Pat. No. 2,807,553. It is possible to prepare similar
      compositions in a mineral spirits medium, provided that an excess glycol,
      i.e., polyol, and/or glycol ether is used with all of the alkoxy alkanol
      material present from the start. It is preferred not thus to employ the
      hydrocarbon, especially with Cellosolve, because it is less volatile than
      Cellosolve, and there would be both glycol ether and mineral spirits
      by-product distillates to remove and purify for reuse; unless there is
      used a glycol ether less volatile than mineral spirits, but then product
      viscosity would be raised by the use of a higher boiling glycol ether.
PAR  In the presentation of various examples, hereinafter, Gardner values will
      be used for viscosity (at 25.degree.C) and color; and for convenience and
      brevity, certain abbreviations are used as follows:
     ABBREVIATIONS                                                             
     ______________________________________                                    
     AN       Acid number (when negative, base number)                         
     MS       Mineral spirits                                                  
     IPA      Isopropyl Alcohol                                                
     C8 Acid  2-ethylhexoic acid (AN 380)                                      
     C9 Acid  Isononanoic acid (AN 353)                                        
     C9-13 Acid                                                                
              Mixture of 9 to 13 carbon neo acids (AN 360)                     
     ND Acid  Neodecanoic acid (AN 320)                                        
     L-5 Acid Tall oil fatty acid (AN 188)                                     
     M/A      Ratio of equivalents of metal (M) to                             
              equivalents of organic acid(s) (A) present                       
              in the final product                                             
     M/Alk    Ratio of equivalents of metal (M) to                             
              equivalents of polyol(s) and/or glycol                           
              ether(s), i.e., alkoxy alkanol(s) present                        
              in the final product                                             
     %G       Percent polyol and/or glycol ether by                            
              weight in the final product with respect                         
              to the organic acid present                                      
     LOM      Linseed oil miscibility                                          
     NVM      Non-volatile material                                            
     SR       "Solvent ratio", later defined                                   
     [ ]      Mole fraction of reactant (litharge; acid;                       
              glycol or glycol ether; etc.)                                    
     ______________________________________                                    
PAR  In the tabular arrangement of the data used for several of the later
      examples, the left column presents all of the reactants, solvents, or
      other components put into the reaction batch; while the process conditions
      and product properties are in the right column.
DETD
PAC  EXAMPLE 1
PAR  A laboratory batch of the new type product containing 48% lead was made
      using
PA1  520 g litharge (PbO)
PA1  252 g C9 Acid
PA1  668 g Ethyl Cellosolve (2-ethoxyethanol),
PAL  as follows.
PAR  All of the isononanoic acid and 334 grams of the Cellosolve (herein
      "Cellosolve" without qualification signifies Ethyl Cellosolve) were
      charged into a reaction vessel and the batch heated to 150.degree. F,
      i.e., about 65.degree. C. The litharge was slurried with 267 grams of the
      Cellosolve, and gradually added to the reactor, while increasing the batch
      temperature to 170.degree.F, all residual slurry being rinsed into the
      batch with 67 grams of Cellosolve. The batch was maintained for reaction
      at 170.degree. F, i.e., about 77.degree. C, until it developed a
      cream-colored, appearance and the litharge has substantially disappeared;
      the reaction time being about 3 1/2 hours.
PAR  The crude product, containing approximately 40% lead, was filtered hot, and
      then vacuum distilled to remove water and excess Cellosolve, concentrating
      the product to 48% lead.
PAR  The batch would produce about 42 grams of by-product water to be stripped
      off at 200mm Hg, and form about 49 grams of discarded azeotrope. At higher
      pressures the azeotropes would be richer in Cellosolve, and a larger cut
      would have to be taken. The balance of the Cellosolve distillates would be
      relatively dry, and satisfactory for re-use in the manufacture of another
      batch.
PAR  Larger amounts of Cellosolve have also been used as a reaction medium, but
      there is no apparent advantage in such usage.
PAR  The liquid product has the characteristics and properties as set forth in
      the following Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Properties of Product of Example 1                                        
     ______________________________________                                    
     %Pb                   48.1                                                
     %NVM                  85.2                                                
     Acid Number           -166                                                
     Metal/Acid Ratio      3.0                                                 
     Color                 5                                                   
     Viscosity             J                                                   
     LOM                   Complete                                            
     MS Solubility         Complete                                            
     Flash Point, .degree.F (Min.)                                             
                           104.degree.F                                        
     Specific Gravity 25/25.degree.C                                           
                           1.780                                               
     Weight Per Gallon, Lbs.                                                   
                           14.83                                               
     Net Weight, 55-Gallon, Lbs.                                               
                           800                                                 
     ______________________________________                                    
PAR  This product is quite fluid at normal temperatures with surprisingly low
      viscosity in view of a lead content one-third greater than any similar
      liquid drier presently commercially available; though, of course, at low
      temperatures its viscosity increases without, however, freezing by virtue
      of the excess content of Cellosolve, represented by that 15% of the
      product which is expellable by further heating.
PAR  The product can be reduced with mineral spirits from 48% lead to other
      standard drier solution concentrations, such as 36%, 24%, and 16% lead, at
      which the viscosities are lower than for other lead driers now available
      at these concentrations. For drier use, one gallon of the 48% product will
      replace 3.1 gallons of 24% lead naphthenate, or 1.8 gallons of 36% lead
      trimethyl heptoate.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was carried out using
TBL  149 g           PbO                                                       
     121 g           naphthenic acid (AN 207)                                  
     200 g           Cellosolve                                                
PAL  so that again the equivalent ratio of the litharge to acid is 3/1 based
      upon apparent molecular weights and acid number. The litharge reacted
      substantially completely.
PAR  After vacuum distilling off excess Cellosolve until a 42% lead content was
      attained, the liquid product has the characteristics and properties as set
      forth in the following Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Properties of Product of Example 2                                        
     ______________________________________                                    
     %Pb                     42.0                                              
     % 2-ethoxyethanol       20.7                                              
     % combined naphthenic acid                                                
                             37.3                                              
     %NVM                    90.8                                              
     Metal/Acid Ratio        3.0                                               
     Viscosity               Z                                                 
     LOM                     Complete                                          
     MS Solubility           Complete                                          
     ______________________________________                                    
PAR  Analysis showed the non-volatile content of the composition to be 90.8%;
      and since the composition contains 20.7% ethoxyethanol, with only 9.2% of
      the composition volatilizable, it is indicated that the other 11.5%
      ethoxyethanol has been converted to a non-volatile derivative.
PAC  EXAMPLE 3
PAR  A reaction mixture comprising
TBL  572 lbs.        PbO                                                       
      40 lbs.        neo-acid blend (AN 363)                                   
     121 lbs.        isopentanoic acid                                         
     868 lbs.        Cellosolve                                                
PAL  prepared by slurrying the litharge in the Cellosolve, adding the acids
      (representing a metal-to-acid equivalent ratio of 3.50), was reacted by
      refluxing for 2 hours. The batch was cooled, clarified with diatomaceous
      earth and filtered; and by vacuum distillation the filtrate was
      concentrated to 49.3% lead.
PAR  The product liquid, after diluting to 48.1% lead with pure Cellosolve, had
      a density of 15.00 pounds per gallon, Gardner color of 4+ and viscosity of
      A-5; and is miscible in linseed oil, though having a water content of
      0.46%.
PAR  Further to demonstrate the method of preparation of the new type of
      compositions with various acids and acid mixtures, glycols, other polyols
      and glycol ethers and mixtures thereof, the following further examples are
      given. In all these examples, (following the general procedures of
      Examples 1 to 3) either the metal source, e.g., litharge, or the organic
      acid was added to all other reactants at an elevated temperature as
      indicated, with total reflux used at times to control the reacting
      temperature. All batch products were clarified with diatomaceous earth and
      filtration; and dehydration and concentration were effected by vacuum
      distillation.
PAC  EXAMPLE 4
TBL  780 g PbO    Reacted well at 170F, clarified,                             
                  concentrated to 1495 g at 48.0% Pb.                          
     378 g C9 Acid                                                             
                  M/A: 2.94                                                    
     1000 g Cellosolve                                                         
                  %G : 106.3                                                   
                  Viscosity I                                                  
                  Color 5                                                      
                  % NVM 84.9                                                   
                  Lbs./Gallon 14.82                                            
                  LOM (+)                                                      
PAR  The final product is a mobile liquid, the constitution of which in terms of
      litharge, the acid and Cellosolve as mole fractions is 0.34 of litharge,
      0.23 of isononanoic acid and 0.43 of Cellosolve.
PAC  DRIER PERFORMANCE OF LEAD PRODUCT
PAR  As a control sample and product test sample, two samples of a commerical,
      linseed modified, long oil alkyd vehicle containing 60% solids were
      adjusted to the following drier metals content (NVM basis): 0.270% Pb,
      0.034% Co, 0.038% Ca, 0.059% Mn; the latter three metals in both samples,
      and the lead in the control being provided by 12% cobalt, 8% calcium, 12%
      manganese and 36% lead commercial drier products manufactured from a
      standardized blend of synthetic, branched chain, saturated carboxylic
      acids. To the product test sample, the product of Example 4 was added in
      an amount to contribute the same lead content as maintained in the
      control.
PAR  After aging for 24 hours, the samples were applied to coated Morest charts
      in one mil wet film thickness, and the drying times were determined with
      Gardner Improved Drying Time Recorders, at 72F and 50% relative humidity.
      The observed through dry times were:
TBL  Product Sample       63/4 hours;                                          
     Control Sample       63/4 hours.                                          
PAR  When the product of Example 4 was further tested for stability by diluting
      it with 20 parts of mineral spirits, the solution remained clear for over
      96 hours; and in an oil solubility test by diluting it with ten volumes of
      raw linseed oil, the solution remained clear for more than 2 hours.
PAC  COMPARATIVE EXAMPLES (A -F)
PAR  A. By the procedure of U.S. Pat. No. 3,124,475, a mixture by weight of
PA1  279 parts, commercial mixture of isomeric trimethyl hexanoic acids, (AN
      352),
PA1  423 parts of mineral spirits was heated to 210.degree. F.; (this being
      equivalent to a mixture of
PA1  302 parts of isomeric trimethyl heptanoic acids, of acid number 326 and 400
      parts of mineral spirits) and
PA1  261 parts of litharge was added.
PAL  After heating at 240.degree.-250.degree. F until substantially dry,
      followed by admixture of 10 parts of filter-aid, the mixture was filtered,
      and sufficient mineral spirits was added to the filtrate to reduce its
      lead content to 24%.
PAR  The product, a basic lead drier containing 1.34 equivalents of lead for
      each equivalent of acid, was a stable, clear liquid readily soluble in
      linseed oil.
PAR  B. With the same acid as in (A), another preparation was attempted, with
      M/A of 3 (actually 2,95/1), by heating to 210.degree. F a mixture of
PA1  127 parts by weight of the acids and
PA1  527 parts of mineral spirits; then
PA1  261 parts litharge addition, and heating to 240.degree.-250.degree. F.
PAR  During and after the addition of the last 40% of the litharge there was no
      visible sign of reaction. The reaction mix became extremely viscous and
      opaque, and had the characteristic color of litharge. With gradual
      temperature increase to 330.degree. F over a 6 hour period, there was no
      further change in appearance.
PAR  With cooling, the product solidified to a hard, opaque yellow mass, in
      which uncombined litharge was evident; and which could not be dissolved in
      mineral spirits or linseed oil. It was obviously a heterogenous mixture of
      no utility as drier, when thus prepared. With this putative lead soap,
      because of its hard, solid massive form, it was impossible to form a
      homogeneous composition by mechanical means when treated with 137 parts of
      Cellosolve.
PAR  C. By this invention, a mixture by weight of
PA1  127 parts trimethyl hexanoic acid with
PA1  575 parts Cellosolve (replacing mineral spirits of "B") was heated to
      150.degree. F;
PA1  261 parts of litharge was added.
PAL  After refluxing one-half hour at 249.degree. F, and cooling to 130.degree.
      F, sufficient Cellosolve was added to increase the batch to 1,000 parts by
      weight. After admixing ten parts of filter-aid and filtering, the filtrate
      was vacuum distilled to remove excess Cellosolve, yielding about 500 parts
      of a clear, mobile liquid containing 48% lead.
PAR  This product, stable and readily soluble in linseed oil, remained so upon
      further dilution of 24% lead content with mineral spirits.
PAR  D. In a procedure similar to "C",
PA1  90 parts 2-ethylhexoic acid, (for the acid of "B"), and
PA1  353 parts of Cellosolve were heated to 150.degree. F.
PA1  261 parts of litharge was added and the batch was heated to 250.degree. F
      and mixed for 2 hours.
PAL  After addition of 10 parts of filter-aid and filtering, excess Cellosolve
      was vacuum distilled from the filtrate, producing about 500 parts of a
      clear, mobile, stable liquid, containing 48% lead and was readily soluble
      in linseed oil.
PAR  E. In another preparation, litharge was refluxed with Cellosolve for some
      hours; the unreacted litharge was filtered off; and the clear liquid
      product was concentrated by distilling under vacuum until it began to
      darken. The concentrated product was a mobile liquid containing 60% lead.
      When this liquid was evaporated at 105C in a "non-volatile" determination,
      a brown amorphous mass containing 76% lead was obtained.
PAR  Since litharge is a yellow powder containing 92.5% lead, it is therefore
      believed that the litharge was present in the product in a reacted i.e.,
      combined, form of a lead alkoxyalkoxide type rather than a simple
      solution. The amorphous mass is apparently a decomposition product derived
      from the lead alkoxy alkoxide.
PAR  However, in this procedure "E" the metal conversion is poor, with the major
      part of the litharge unreacted, and concentration by distillation tends to
      darken the product. Moreover, the product itself when diluted with 20
      volumes of mineral spirits shows some precipitation; and linseed oil
      solutions of this product tend to solidify upon even 48 hours storage.
      Hence product -and-process-wise, this preparation is inferior to the
      described preparation of the carboxylate-ethoxyethoxide type compositions
      of this invention, which are clear, relatively mobile, soluble in mineral
      spirits without precipitation of litharge or other solids and produce
      linseed oil solutions which are clear even after two hours where a 24%
      lead solution is mixed with five volumes of linseed oil.
PAR  Particularly to be noted is the fact that the five-carbon acid products of
      isopentanoic acid and of mixtures with other acids produced in accordance
      with the invention are soluble in mineral spirits.
PAR  Since even isopentanoic acid, so also 2-ethylhexoic acid, as well as
      trimethyl hexanoic acid can be employed with attainment of metal/acid
      ratios for either acid that are much higher than any attainable by the
      prior art procedures described, for example in the U.S. Pat. No.
      3,124,475, it is therefore believed that here there is involved a novel
      type of composition as produced from the described process or method.
PAR  F. By a distinct procedure there were reacted the following:
PA1  1040 g PbO total, [0.33 total]
PA1  504 g isononanoic Acid [0.23]
PA1  536 g Cellosolve [0.44]
PAL  The acid was reacted with 371 g of the litharge at 240.degree. F to produce
      a normal anhydrous soap.
PAR  The soap batch was cooled to 200.degree. F and diluted with 100 g of
      Cellosolve. A slurry of 669 g of litharge in 436 g of Cellosolve was added
      to the normal anhydrous soap and refluxed for 2 hours. The batch was
      clarified to yield 2040 g of clear liquid containing 47.6% lead and 0.88%
      H.sub.2 O.
PAR  The M/A ratio of the reactants was 2.92. The product resulted from heating
      the reactants together under conditions which liberate water from the
      normal soap, but retain any additional water arising from the treatment of
      the normal soap with additional litharge and with Cellosolve. Unlike the
      products obtained by treatment under conditions where this water is not
      retained, the product is not soluble in linseed oil; though soluble in
      hydrocarbons and otherwise useful.
PAR  Further examples of compositions produced with various acids or acid
      mixtures, and various glycols or glycol ethers or mixtures thereof, absent
      mineral spirits, are given in Examples 5-1 to 5-18 for lead, Example 6 for
      barium; in the presence of mineral spirits in Examples 7-1 to 7-9 for
      lead; in Examples 8-1 to 8-5 for nickel; in Examples 9-1 and 9-2 for
      cobalt, followed by disclosure for manganese containing compositions
      according to the invention.
PAC  EXAMPLE 5-1
TBL   520 g PbO   [0.37]    Reacted at 170F, clarified                         
                            concentrated to 998 g at                           
                            48.0% Pb.                                          
      252 g C9 Acid                                                            
                  [0.25]    M/A : 2.94                                         
      48 g triethylene                                                         
     glycol                 %G : 106.3                                         
      80 g Carbitol                                                            
                  [Mixture                                                     
                  in excess                                                    
                  of 0.38]                                                     
     1240   Cellosolve                                                         
TBL  364 g PbO   [0.17]   Reacted well at 150F con-                            
                          centrated to 48.1% Pb.                               
     176 g C9 Acid                                                             
                 [0.12]   M/A : 2.94                                           
     600 g Cellosolve                                                          
                 [0.71]   %G : 106.3                                           
                          Viscosity J                                          
                          Color 5                                              
                          % NVM 85.2                                           
                          Specific Gravity 1.780                               
                          LOM (+)                                              
PAL  The final product is a liquid composition resulting from the reaction by
      heating together of 0.37 mol fraction litharge, 0.25 mol fraction of
      isononanoic acid and more than 0.38 mol fraction of mixed glycol ethers;
      the excess of the latter over 0.38 mol fraction along with water of
      reaction, being removed by vacuum distillation.
PAC  EXAMPLE 5-2
TBL  364 g PbO   [0.17]   Reacted well at 150F con-                            
                          centrated to 48.1% Pb.                               
     176 g C9 Acid                                                             
                 [0.12]   M/A : 2.94                                           
     600 g Cellosolve                                                          
                 [0.71]   %G : 106.3                                           
                          Viscosity J                                          
                          Color 5                                              
                          % NVM 85.2                                           
                          Specific Gravity 1.780                               
                          LOM (+)                                              
PAL  The final product is a mobile liquid composition, the constitution of which
      in terms of the reactants, the litharge, the acid and Cellosolve, as mol
      fractions is 0.34 litharge, 0.23 isononanoic acid and 0.43 Cellosolve.
PAC  EXAMPLE 5-3
TBL  520 g   PbO        Reacted well at 170F, clari-                           
                        fied, concentrated to 996 g at                         
                        48.0% Pb.                                              
     252 g   C9 Acid    M/A : 2.94                                             
     80 g    Carbitol   %G : 106.3                                             
     1000 g  Cellosolve                                                        
PAL  The final product is a liquid composition, the constitution of which in
      terms of litharge, the acid and glycol ethers, as mol fractions is 0.35
      litharge, 0.24 isononanoic acid and 0.41 mixed glycol ethers.
PAC  EXAMPLE 5-4
TBL  431 g   PbO           Reacted at reflux 260F,                             
                           clarified, concentrated                             
                           to 937 g at 42.0% Pb.                               
     350 g   naphthenic acid                                                   
             (AN 207)      M/A : 2.94                                          
     1432 g  Cellosolve    %G : 106.3                                          
                           % H.sub.2 O Trace                                   
                           Viscosity Z to Z-1                                  
                           % NVM 90.8                                          
PAL  The final product is a mobile liquid composition, the constitution of which
      in terms of litharge, the acid and Cellosolve as mol fractions is 0.26
      litharge, 0.18 naphthenic acid, and 0.56 Cellosolve.
PAC  EXAMPLE 5-5
TBL  473 g  PbO          Reacted at reflux 260F, clari-                        
                         fied, concentrated to 954 g at                        
                         45.6% Pb.                                             
     317 g  naphthenic acid                                                    
            (AN 207)     M/A : 3.58                                            
     20 g   water        %G : 63.7                                             
     1074 g Cellosolve                                                         
PAL  The final product is a liquid, the constitution of which in terms of
      litharge, the acid and Cellosolve as mol fractions is 0.38 of litharge,
      0.21 naphthenic acid and 0.41 Cellosolve.
TBL   520 g PbO        Reacted well at reflux, 260F                            
                       clarified, concentrated to                              
                       1002 g at 48.0% Pb.                                     
      228 g C8 Acid    M/A : 3.25                                              
     1000 g Cellosolve %G : 128.0                                              
                       Viscosity A                                             
PAL  The final product is a very thin liquid, the constitution of which in terms
      of litharge, the acid and Cellosolve as mol fractions is 0.34 litharge,
      0.21 2-ethylhexoic acid and 0.45 Cellosolve.
PAC  EXAMPLE 5-7
TBL  520 g PbO         Reacted well at 160F, clari-                            
                       fied, concentrated to 986 g                             
                       at 48.0% Pb.                                            
     224 g C9 Acid     M/A : 3.25                                              
     500 g Cellosolve  %G : 128.0                                              
                       Viscosity D                                             
PAL  The final product is a very thin liquid, the constitution of which in terms
      of litharge, the acid and Cellosolve as mol fractions is 0.33 litharge,
      0.21 isononanoic acid, and 0.46 Cellosolve.
PAC  EXAMPLE 5-8
TBL   520.0 g PbO     Reacted at 250F, clarified,                              
                      concentrated to 986 g at 48.0%                           
                      Pb.                                                      
      179.5 g C8 Acid M/A : 3.98                                               
     1400.0 g Cellosolve                                                       
                      %G : 180.6                                               
                      Viscosity A-1                                            
                      LOM (+)                                                  
PAL  The final product is a very thin liquid, the constitution of which in terms
      of litharge, the acid and Cellosolve as mol fractions is 0.34 litharge,
      0.17 2-ethylhexoic acid and 0.50 Cellosolve.
PAC  EXAMPLE 5-9
TBL   520 g PbO       Reacted at reflux 250F, clari-                           
                      fied, concentrated to 923 g                              
                      at 48.0% Pb.                                             
      180 g C8 Acid   M/A : 3.80                                               
     1400 g Methyl Cellosolve                                                  
                      %G : 166.5                                               
                      Viscosity A-4                                            
                      LOM (+)                                                  
PAL  The final product is a very thin liquid, the constituion of which in terms
      of litharge, the acid and glycol ether, as mol fractions is 0.31 litharge,
      0.16 2-ethylhexoic acid and 0.53 methyl Cellosolve.
PAC  EXAMPLE 5-10
TBL  520 g PbO        Reacted at reflux 260F, clari-                           
                      fied, concentrated to 982 g                              
                      at 48.0% Pb.                                             
     234 g ND Acid    M/A : 2.61                                               
     700 g Cellosolve %G : 119.1                                               
                      Viscosity I                                              
PAL  The final product is a thin liquid, the constitution of which in terms of
      litharge, the acid and Cellosolve, as mol fractions, is 0.28 litharge,
      0.22 neodecanoic acid and 0.50 Cellosolve.
PAC  EXAMPLE  5-11
TBL  520.0 g PbO      Reacted at reflux 250F, clari-                           
                      fied, concentrated to 979 g at                           
                      48.0% Pb.                                                
     108.0 g C9 Acid  M/A : 3.25                                               
      54.5 g C8 Acid  %G : 130.4                                               
      54.5 g Neo Acid Blend                                                    
     (AN 363)         Viscosity A                                              
     700.0 g Methyl Cellosolve                                                 
                      LOM (+)                                                  
PAL  The final product is a very thin liquid, the constitution of which in terms
      of litharge, the acid and glycol ether, as mol fractions, is 0.31
      litharge, 0.19 mixed 2-ethylhexoic, isononanoic acids and neononanoic
      acids, and 0.50 methyl Cellosolve.
PAC  EXAMPLE 5-12
TBL   520 g PbO       Reacted at reflux 260F, clari-                           
                      fied, concentrated to 971 g                              
                      at 46.8% Pb.                                             
      314 g naphthenic acid                                                    
     (AN 207)         M/A : 3.80                                               
     1575 g Cellosolve                                                         
                      %G : 64.3                                                
                      Viscosity N                                              
                      LOM (+)                                                  
PAL  The final product is a mobile liquid, the constitution of which in terms of
      litharge, the acid and cellosolve, as mol fractions is 0.39litharge 0.21
      naphthenic acid and 0.40 Cellosolve.
PAC  EXAMPLE 5-13
TBL  1170 g PbO     [0.45]   Reacted at 290F, -  i.e., about                   
                             143C; clarified                                   
      950 g absorption oil   Pb : 35.9%                                        
      207 g Carbitol         M/A : 3.11                                        
                    [0.26]   %G : 74.7                                         
      207 g dipropylene                                                        
     glycol                  Viscosity D                                       
      555 g C9 Acid [0.29]   Color 1                                           
                             % H.sub.2 O : 0.33                                
PAL  The final product is a mineral oil solution of the composition resulting
      from the reaction. The mineral oil solvent contains 30% by weight of mixed
      glycol and glycol ether, with respect to the weight of their mixture with
      the solvent, or SR is 30%. This product is useful not as a paint drier,
      but as a fuel and lubricant additive.
PAC  EXAMPLE 5-14
TBL   520 g PbO         Reacted at reflux, 250F,                               
                        clarified, concentrated to                             
                        956 g at 48.0% Pb.                                     
      171 g Neo Acid Blend                                                     
     (AN 363)           M/A : 4.03                                             
      50 g Butyl Cellosolve                                                    
                        %G : 161.5                                             
     1300 g Methyl Cellosolve                                                  
                        Viscosity A-1 to A-2                                   
                        Color 1                                                
                        LOM (+)                                                
PAL  The final product is a very thin liquid, the constitution of which the
      terms of litharge, the acid and glycol ethers as mol fractions is 0.33
      litharge, 0.16 neononanoic acids, and 0.51 mixed glycol ethers.
PAC  EXAMPLE 5-15
TBL   390 g PbO        Reacted at 240F, clarified,                             
                       concentrated to 980 g at                                
                       36.0% Pb.                                               
      333 g naphthenic Acid                                                    
     (AN 178)          M/A : 3.24                                              
     1090 g Cellosolve %G : 86.1                                               
                       Viscosity A                                             
                       Color 5--                                               
                       % NVM 74.0                                              
                       Lbs./Gallon 12.15                                       
                       LOM (+)                                                 
PAL  The final product is a very thin liquid, the constitution of which in terms
      of litharge, the acid and Cellosolve, as mol fractions, is 0.29 litharge,
      0.18 naphthenic acid and 0.53 Cellosolve.
PAC  EXAMPLE 5-16
TBL  520 g PbO       Reacted under reflux, clarified                           
                     concentrated to 911 g at                                  
                     49.9% Pb.                                                 
     830 g Cellosolve                                                          
                     Diluted to 48% Pb with Cello-                             
                     solve                                                     
     140 g isopentanoic Acid                                                   
                     M/A : 3.35                                                
                     Viscosity A-3                                             
                     LOM (+)                                                   
PAL  The final product is a very thin liquid, the constitution of which in terms
      of litharge, the acid and Cellosolve, as mol fractions, is 0.30 litharge,
      0.18 isopentanoic acid and 0.52 Cellosolve.
PAC  EXAMPLE 5-17
TBL  520 g PbO         Reacted under reflux, clari-                            
                       fied, concentrated to 924 g                             
                       at 50.7% Pb                                             
     830 g Cellosolve  Diluted to 48% Pb                                       
      97 g C8 Acid     M/A : 3.34                                              
      73 g isopentanoic Acid                                                   
                       LOM (+)                                                 
PAL  The final product is a liquid, the constitution of which in terms of
      litharge, the acid and Cellosolve, as mol fractions, is 0.30 litharge,
      0.19 mixed 2-ethylhexoic and isopentanoic acids, and 0.51 Cellosolve.
PAC  EXAMPLE 5-18
TBL  520 g PbO         Reacted under reflux, clari-                            
                       fied, concentrated to 910 g                             
                       at 50.5% Pb.                                            
     830 g Cellosolve  Diluted to 48% Pb                                       
     110 g isopentanoic acid                                                   
                       M/A : 3.5                                               
      35 g Mixed Neo Acids                                                     
                       LOM (+)                                                 
        (AN 363)                                                               
                       Color : 4 Gardner                                       
                       15.0 Lbs. per Gallon                                    
PAL  The final product is a liquid, the constitution of which in terms of
      litharge, the acid and Cellosolve, as mol fractions is 0.30 litharge, 0.17
      mixed neo acids and isopentanoic acid, and 0.53 Cellosolve.
PAC  EXAMPLE 6
PAR  A barium product was similarly produced by the procedure of Examples 1 and
      2 with a reaction mix comprising:
PA1  282 g barium hydroxide monohydrate,
PA1  156 g C9 Acid (isononanoic acid), in 1140 g Cellosolve.
PAL  The barium source reacted completely, though in this mixture the metal/acid
      ratio was 3/1.
PAC  EXAMPLE 7-1
TBL   522 g PbO    [0.43]   Reacted well at 150F, -  clarified, concentrated   
                            to 47.8% Pb.                                       
      297 g C9 Acid                                                            
                   [0.35]   M/A : 2.50                                         
      28 g IPA              %G : 61.3                                          
      182 g polypropylene                                                      
     glycol        [0.22]   Viscosity &gt;Z-6                                     
     1000 g MS                                                                 
PAL  The isopropyl alcohol here and the other examples facilitates the removal
      of water from the batch in an azeotrope distillate. The final product
      (about 968 g) is a mineral spirits solution of the composition resulting
      from the reaction. The ratio of the weight of glycol represented in the
      product, to the sum of that weight plus the weight of remaining mineral
      spirits solvent is 79%; this and analogous ratios here and in certain
      others of examples for convenience being expressed as a percentage and
      arbitrarily called the "solvent ratio", SR.
PAC  EXAMPLE 7-2
TBL   522 g PbO  [0.42]   Reacted well at 150F, clari-                         
                          fied, concentrated to 48.0% Pb.                      
      297 g C9 Acid                                                            
                 [0.34]   M/A : 2.50                                           
      28 g IPA            %G : 61.3                                            
      182 g Carbitol                                                           
                 [0.24]   Viscosity &gt;Z-6                                       
     1000 g MS            SR : 80%                                             
PAL  The final product (about 965 g) is a mineral spirits solution of the
      composition resulting from the reaction.
PAC  EXAMPLE 7-3
TBL   522 g PbO   [0.45]   Reacted at 150F, clarified,                         
                           concentrated to 47.6% Pb.                           
      297 g C9 Acid                                                            
                  [0.37]   M/A : 2.5                                           
      28 g IPA             %G : 61.3                                           
      182 g tripropylene                                                       
     glycol       [0.18]   Viscosity &gt;Z-6                                      
     1000 g MS             SR : 77%                                            
PAL  The final product (about 972 g) is a mineral spirits solution of the
      composition resulting from the reaction.
PAC  EXAMPLE 7-4
TBL   522 g PbO   [0.43]  Reacted well at 150F, clari-                         
                          fied, concentrated to 47.0% Pb.                      
      297 g C9 Acid                                                            
                  [0.35]  M/A : 2.50                                           
      28 g IPA            %G : 61.3                                            
      182 g triethylene                                                        
     glycol       [0.22]  Viscosity &gt;Z-6                                       
     1000 g MS            SR : 80%                                             
PAL  The final product (about 1030 g) is a mineral spirits solution of the
      composition resulting from the reaction.
PAC  EXAMPLE 7-5
TBL   522 g PbO    [0.45]  Reacted at 150F, clari-                             
                           fied, concentrated to 45.4%                         
                           Pb.                                                 
      297 g C9 Acid                                                            
                   [0.37]  M/A: 2.50                                           
      28 g IPA             %G : 61.3                                           
      182 g tetraethylene                                                      
     glycol        [0.18]  Viscosity &gt;Z-6                                      
     1000 g MS             SR : 63.5%                                          
PAL  The final product (about 1020 g) is a mineral spirits solution of the
      composition resulting from the reaction.
PAC  EXAMPLE 7-6
TBL   537 g PbO    [0.43]  Reacted well at 150F, clari-                        
                           fied, concentrated to 1000 g                        
                           at 48.1% Pb.                                        
      297 g C9 Acid                                                            
                   [0.34]  M/A : 2.58                                          
      28 g IPA             %G : 61.3                                           
      61 g triethylene                                                         
     glycol        [0.23]  Viscosity &gt;Z-6                                      
      121 g Carbitol       SR : 79%                                            
     1000 g MS                                                                 
PAL  The final product is a mineral spirits solution of the composition
      resulting from the reaction.
PAC  EXAMPLE 7-7
TBL   522 g PbO   [0.42]  Reacted well at 150F, clari-                         
                          fied, concentrated to 42.0% Pb.                      
      218 g C9 Acid                                                            
                  [0.28]  M/A : 2.98                                           
      28 g IPA            %G : 91.7                                            
      80 g dipropylene                                                         
     glycol       [0.30]  Viscosity Z                                          
      20 g triethylene                                                         
     glycol               SR : 43%                                             
      100 g Carbitol                                                           
     1000 g MS                                                                 
PAL  The final product is a mineral spirits solution of the composition
      resulting from the reaction.
PAC  EXAMPLE 7-8
TBL   455 g PbO    [0.47]  Reacted well at 150F, clari-                        
                           fied, concentrated to 872 g                         
                           at 48.0% Pb.                                        
      220 g C9 Acid                                                            
                   [0.33]  M/A : 2.90                                          
      28 g IPA             %G : 50.9                                           
      42 g dipropylene                                                         
     glycol        [0.20]  SR : 47%                                            
      70 g Carbitol                                                            
        3 g acetic Acid                                                        
     1000 g MS                                                                 
PAL  The acetic acid promotes the reaction. The final product is a mineral
      spirits solution of the composition resulting from the reaction.
PAC  EXAMPLE 7-9
TBL   520 g PbO   [0.41]   Reacted well as 150F, clari-                        
                           fied, concentrated to about                         
                           48% lead                                            
      296 g C9 Acid                                                            
                  [0.31]   M/A : 2.54                                          
      224 g dipropylene                                                        
     glycol       [0.28]   %G : 75.7                                           
     1000 g MS             Viscosity &gt;Z-6                                      
PAL  The final product is a viscous liquid resulting from the reaction. All
      mineral spirits was removed from the product by distillation.
PAC  EXAMPLE 7-10
TBL  255 g PbO    [0.36]   Reacted at 240F, clarified,                         
                           1000 g at 24.0% Pb.                                 
     120 g dipropylene                                                         
     glycol       [0.28]   M/A : 2.0                                           
     341 g L-5 Tall Oil                                                        
     Fatty Acid   [0.36]   %G : 35.2                                           
     299 g MS              SR : about 29%                                      
PAL  The final product is a mineral spirits solution of the composition
      resulting from the reaction. Again, as in the other examples with a
      product composition in a hydrocarbon solution, the "solvent ratio" amounts
      to more than 25%, specifically here, about 29%.
PAR  Likewise compositions soluble in hydrocarbons and useful as driers and
      representing a metal/acid ratio much higher than usual, generally with
      appreciable negative acid number, were obtained with nickel, cobalt and
      manganese.
PAR  Such compositions were derived from powdered manganese with naphthenic
      acid, methyl Cellosolve and polypropylene glycol (PPG), from powdered
      nickel, with Cellosolve and polypropylene glycol and an acid, namely
      neodecanoic acid, commercial (C : 9-13) neo acids, 2-ethylhexoic acid and
      mixtures of these; from cobalt powder with Cellosolve (with and without
      PPG) or alternatively dipropylene glycol, diethylene glycol, methyl
      Cellosolve, and various acids, namely naphthenic acid, 2-ethylhexoic acid,
      (C : 9-13) neo acids, (acid numbers of 340 to 365) and mixtures of such
      acids, in this case the batches including a hydrocarbon medium, generally
      mineral spirits but also others such as Xylene being used.
PAC  EXAMPLE 8-1
PAR  There was heated for 12 hours at about 172.degree.-180.degree.F a batch
      comprising:
TBL  200 g.     nickel powder (3.41 moles)                                     
     300 g.     C8 Acid (2.03 moles, 380 acid number)                          
     455 g.     MS solvent                                                     
      6.5 g.    sulfuric acid                                                  
      1.1 g.    potassium iodide                                               
      62 g.     water                                                          
      30 g.     polypropylene glycol (0.2 moles)                               
     250 g.     2-ethoxyethanol (2.79 moles)                                   
PAL  The contained aqueous solution of potassium iodide and sulfuric acid
      promotes the initial reaction; but the water had to be removed (preferably
      done under vacuum, at about 240.degree.F) to complete the formation of the
      complex. The mineral spirits was removed by distillation.
PAR  The relative amounts of 2-ethylhexoic acid (2.03 moles) and alkoxyalkanols
      (total 2.99 moles) used in the above batch were, mol percent: 40.4% acid,
      4% polypropylene glycol, and 55.6% 2-ethoxyethanol.
PAR  Analysis of the liquid product obtained showed the following:
TBL  % Ni      15.6        M/A           1.62                                  
     Base Number                                                               
               114         M/Alk         3.0                                   
     % NVM     79          Spec. Grav.   1.095                                 
                           Viscosity     K                                     
PAC  EXAMPLE 8-2
PAR  There was heated for four hours at about 172.degree.-180.degree.F a batch
      comprising:
PA1  400 g nickel powder, (6.81 moles, excess)
PA1  800 g C9-13 Acid, (AN 360, ave. mol. weight 156, 5.13 moles)
PA1  1100 g MS
PA1  2.5 g potassium iodide dissolved in 150 g water, (reaction catalyst)
PA1  16 g sulfuric acid (reaction catalyst)
PA1  50 g polypropylene glycol (mol. weight 150, 0.33 moles)
PA1  150 g Cellosolve (mol. weight 90, 1.67 moles).
PAL  The relative amounts in mol percentages, of glycol or glycol ethers (total
      2.0 moles) to acid were: 72.0% mixed neo acids, 4.6% polypropylene glycol,
      and 24.4% Cellosolve.
PAR  After filtering off unreacted excess nickel, the end product was a mineral
      spirits solution containing 10% nickel and having a base number of 26.7.
      It is noted that commercial nickel carboxylate solution, generally contain
      10% nickel, but usually have acid numbers of about 65.
PAC  EXAMPLE 8-3
PAR  Similarly was heated for about 101/2 hours (initially between 160.degree.
      -180.degree. F and terminally for 3 hours between 200.degree. -282.degree.
      F), a batch comprising:
PA1  400 g nickel powder (6.81 moles)
PA1  420 g C 9-13 mixed neo acids, (AN 334) (average mol weight 168, 2.5 moles)
PA1  370 g C8 Acid, (AN 379, ave. mol. weight 148, 2.5 moles)
PA1  1000 g MS
PA1  2.5 g potassium iodide dissolved in 150g H.sub.2 O
PA1  16 g sulfuric acid
PA1  75 g polypropylene glycol (0.5 moles)
PA1  300 g Cellosolve (3.3 moles).
PAL  The relative acid, glycol and glycol-ether amounts in mol. percentages
      were: 56.7% mixed carboxylic acids, 5.7% glycol, and 37.6% glycol ether.
      The water of the potassium iodide solution was sufficient to form a
      distinct phase in the reaction batch.
PAR  After filtration, much of the mineral spirits was distilled off under
      vacuum of about 30mm Hg. A liquid containing 15% Ni and 88% NVM was
      obtained, with a base number of 63.
PAC  EXAMPLE 8-4
PAR  For about 7 hours, there was heated at about 170.degree.-184.degree.F a
      batch comprising:
PA1  500 g nickel powder (8.5 moles)
PA1  825 g C 9-13 carbon mixed neo acids, (AN 334) (ave. mol. weight 168, 5
      moles)
PA1  600 g MS
PA1  16 g sulfuric acid
PA1  2.5 g potassium iodide in 150 g water
PA1  75 g polypropylene glycol (0.5 moles)
PA1  600 g Cellosolve (6.7 moles).
PAL  The relative amounts of acid to glycol and glycol ether in mol percentages
      were: 41.0% neo acids, 4.0% glycol, and 55.0% glycol ether.
PAR  The batch was filtered while hot and the mineral spirits distilled off
      under vacuum to give in distinct samples about 10% and 12% nickel
      respectively.
PAR  The 10% product had the following properties:
TBL  Base number      34.5                                                     
     % NVM            60.7                                                     
     Specific Gravity 0.984                                                    
     Viscosity        A-5                                                      
PAL  By reducing the quantity of mineral spirits in the composition to raise the
      nickel content to 12%, the viscosity was increased to Gardner D. With
      apparently complete stripping of mineral spirits and cooling, a solid
      product, 16.3% nickel, resulted. The mol percentage of components indicate
      that the composition does not contain a proponderance of carboxylate.
PAC  EXAMPLE 8-5
PAR  By similar procedures a batch was prepared with neodecanoic acid (176 ave.
      mol. weight, AN 319) by weight percent as follows:
TBL  nickel powder   10.0                                                      
     neodecanoic acid                                                          
                     48.0     [0.41]                                           
     potassium iodide in H.sub.2 O                                             
                     0.1      (H.sub.2 O phase 5% of total)                    
     sulfuric acid   0.9                                                       
     mineral spirits 5.2                                                       
     polypropylene glycol                                                      
                     4.1      [0.04]                                           
     Cellosolve      32.7     [0.55]                                           
PAL  A portion of the product concentrated to 10% nickel had a base number of
      45.8.
PAC  EXAMPLE 9-1
PAR  By similar procedures there was reacted a batch comprising:
PA1  350 g cobalt powder (excess)
PA1  640 g naphthenic acid (AN 170, ave. mol. weight 330)
PA1  70 g polypropylene glycol (mol. weight 150)
PA1  300 g Cellosolve (mol weight 90)
PA1  15 g acetic acid (promotor)
PA1  150 g water (promotor).
PAL  The product was a liquid containing 7.58% cobalt and having a base number
      (negative acid number) of 92.3 or computed to a 6% concentration, a base
      number 73; whereas commercial cobalt naphthenate has an acid number of
      zero or slightly positive.
PAC  EXAMPLE 9-2
PAR  With a batch composition by weight % comprising:
TBL  cobalt             6.0                                                    
     naphthenic acid                                                           
     (AN 172)           26.8                                                   
     mineral spirits    56.3                                                   
     acetic acid (catalyst)                                                    
                        0.7                                                    
     Cellosolve         10.9                                                   
     water to form a distinct phase,                                           
PAL  there was obtained by like procedures a liquid product which when adjusted
      to 6% cobalt had a base number 64.
PAR  The water is required in sufficient amount, here and in other direct metal
      reactions, e.g., nickel, cobalt, manganese, to form a distinct phase,
      usually about 5% being sufficient, but depending of course on miscibility
      in other components.
PAR  With an increase in the Cellosolve-to-acid ratio, higher cobalt contents
      have been obtained in liquid products, with higher base numbers, e.g., 9%
      cobalt with a base number of 100, and 12% with a base number of 118.
PAR  Manganese compositions, similarly made using excess powdered manganese in
      the batch, but also isoamyl phosphoric acid to the extent of about 1.7 to
      1/4 of naphthenic acid equivalents, resulted in liquid products of low
      viscosity, manganese contents of about 9.5% to 10.4% and acid number of
      -54 to -122.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hydrocarbon-soluble composition comprising the reaction product of
PA1  a polyvalent metal in a form
PA2  selected from the group consisting of free metals, oxides, hydroxides,
      acetates, and carbonates or the polyvalent elements cobalt, nickel and
      manganese, and mixtures thereof,
PA1  with a mixture of reactants comprising
PA2  at least one acid substance selected from the group consisting of higher
      fatty acids containing at least five carbon atoms, alkoxy and phenoxy
      fatty acids, ether and thioether monocarboxylic acids, tall oil fatty
      acids and naphthenic acids, and
PA2  at least one other substance, selected from the group consisting of members
      within the formula
EQU  [R.sub.n (OR').sub.y OH].sub.z
PAL  wherein
PA1  R is a hydrogen or an alkyl radical containing 1 to 10 carbon atoms;
PA1  n is 0 or 1;
PA1  R' is an alkylene radical which contains from 2 to 4 carbon atoms and may
      have substituent hydroxyl groups;
PA1  y has a value of from 0 to 4;
PA1  z has a value of 2 when n is zero, and a value of 1 when n is 1 and R is
      hydrogen or alkyl;
PA1  the above described reactants being induced to reaction by heating;
PA1  the ratio of the number of equivalents of the metal moiety to the acid
      moiety being not less than 1.0 and the equivalents ratio of the metal
      moiety to the said other substance being at least 0.5;
PA1  said composition having a negative acid number.
NUM  2.
PAR  2. A composition as described in claim 1, wherein said acid substance is
      selected from the group consisting of an acylic monocarboxylic acid having
      from 5 to 13 carbons, naphthenic acid, tall oil acids, and mixtures
      thereof.
NUM  3.
PAR  3. A composition as described in claim 1 in which a plurality of substances
      is used each within the said formula.
NUM  4.
PAR  4. A composition as described in claim 1, wherein
PA1  said other substance is selected from the group consisting of
      2-ethoxyethanol, 2-methoxyethanol, 2-butoxyethanol, diethylene glycol
      monoethyl ether, diethylene glycol, triethylene glycol, tetraethylene
      glycol, dipropylene glycol, tripropylene glycol, polypropylene glycol,
      ethylene glycol, and sorbitol.
NUM  5.
PAR  5. A hydrocarbon-soluble composition suitable as a drier additive in drying
      type coating formulations, comprising the reaction product of
PA1  a polyvalent metal in a form
PA2  selected from the group consisting of free metals, oxides, hydroxides,
      acetates, and carbonates or the polyvalent elements lead, cobalt, nickel
      and manganese, and mixtures thereof,
PA1  with a mixture of reactants comprising
PA2  at least one acid substance selected from the group consisting of higher
      fatty acids containing at least five carbon atoms, alkoxy and phenoxy
      fatty acids, ether and thioether monocarboxylic acids, tall oil fatty
      acids, and naphthenic acids, and
PA2  at least one other substance, selected from the group consisting of members
      within the formula
EQU  [R.sub.n (OR').sub.y OH].sub.2
PAL  wherein
PA1  R is a hydrogen or an alkyl radical containing 1 to 10 carbon atoms;
PA1  n is 0 or 1;
PA1  R' is an alkylene radical which contains from 2 to 4 carbon atoms and may
      have substituent hydroxyl groups;
PA1  y has a value of from 0 to 4;
PA1  z has a value of 2 when n is zero, and a value of 1 when n is 1 and R is
      hydrogen or alkyl;
PA1  the above described reactants being induced to reaction by heating;
PA1  the ratio of the number of equivalents of the metal moiety to the acid
      moiety being not less than 1.0 and, when the metal is lead, being not less
      than 1.5;
PA1  the equivalents ratio of the metal moiety to the said other substance being
      at least 0.5;
PA1  said composition having a negative acid number, and a metal content by
      weight percent in the case of lead exceeding 36% and in the case of the
      other said metals of at least 10%.
NUM  6.
PAR  6. A composition as described in claim 1, in solution in a hydrocarbon.
NUM  7.
PAR  7. A composition as described in claim 1, in solution in mineral spirits.
NUM  8.
PAR  8. A composition as described in claim 1 in solution in an excess of said
      second substances.
NUM  9.
PAR  9. A composition as described in claim 1, wherein the metal is cobalt.
NUM  10.
PAR  10. A composition as described in claim 1, wherein the metal is nickel.
NUM  11.
PAR  11. A composition as described in claim 1, wherein the metal is manganese.
NUM  12.
PAR  12. A method for preparing a composition of the type described in claim 1,
      which comprises:
PA1  heating a quantity of a polyvalent metal powder, oxide or hydroxide
      selected from the first said group with a carboxylic acid selected from
      the second said group and a member of the third said group;
PA1  the metal to acid equivalents ratio being at least 1.0, and the equivalents
      ratio of metal to the selected member or members of said third group being
      at least 0.5,
PA1  the reaction being carried out in a temperature range between approximately
      65.degree. C and 143.degree. C;
PA1  the heating being carried on until the reaction mixture batch is
      substantially anhydrous;
PA1  the reaction being carried out in substantial absence of any hydrocarbon
      with a boiling point as high as or higher than the selected member or
      members of said third group;
PA1  filtering the product composition;
PA1  and distilling off excess of any unreacted amount of the member of the said
      third group.
NUM  13.
PAR  13. A method as described in claim 12, wherein a hydrocarbon solvent is
      used as a reaction medium diluent; the hydrocarbon being more volatile
      than the said other substances.
NUM  14.
PAR  14. A method as described in claim 12, for preparing a composition,
      wherein:
PA1  the acid substance is selected from the group consisting of a fatty acid
      having from 5 to 13 carbon atoms, naphthenic acid, tall oil acid and
      mixtures thereof.
NUM  15.
PAR  15. A method as described in claim 14, wherein said other substance is
      selected from the group consisting of 2-ethoxyethanol, 2-methoxyethanol,
      2-butoxyethanol, diethylene glycol monoethyl ether, diethylene glycol,
      triethylene glycol, tetraethylene glycol, dipropylene glycol, tripropylene
      glycol, polypropylene glycol, ethylene glycol, sorbitol and mixtures
      thereof.
NUM  16.
PAR  16. A composition as described in claim 5, wherein said polyvalent metal is
      lead in the form of litharge; and the first said ratio is about 2 : 1.
NUM  17.
PAR  17. A composition as described in claim 5, wherein said other substance is
      selected from the group consisting of 2-ethoxyethanol, 2-methoxyethanol,
      2-butoxyethanol, diethylene glycol monoethyl ether, diethylene glycol,
      triethylene glycol, tetraethylene glycol, dipropylene glycol, tripropylene
      glycol, polypropylene glycol, ethylene glycol and sorbitol.
NUM  18.
PAR  18. A composition as described in claim 17, wherein said acid substance is
      selected from the group consisting of an acylic monocarboxylic acid having
      from 5 to 13 carbons, naphthenic acid, tall oil acids, and mixtures
      thereof.
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PAL  A surface layer for traffic areas such as roads and airport landing strips
      is produced by laying a load-carrying structure comprising chip grains of
      mean diameter of from 2 to 25 mm, with a mean size ratio of not more than
      1:3 between the smallest and the biggest grains mainly present in the
      mixture and a bituminous binder comprising stiffening fillers and/or
      elastomers, compacting the structure and inducing a flowable mortar of
      high viscosity to penetrate the structure to its entire depth.
BSUM
PAR  This invention concerns a method for the production of a surface layer for
      traffic areas and the like, especially airport landing strips and road
      surfaces, in which a mixture of broken stone and bituminous binder is
      spread on the foundation, this structure then being stabilized by mortar
      entering the voids. These layers may also be used as impervious layers for
      various purposes, for instance in hydraulic civil engineering.
PAR  In German Pat. No. 1 251 358, a method is proposed where on a broken stone
      layer which contains a bituminous binder, a cement mortar is spread, its
      consistency being such that the cement mortar will penetrate into the
      broken stone layer to a limited depth, the entire layer then being
      compacted. The spreading of the cement mortar is to be done prior to any
      compaction of the broken stone layer and the flowability of the cement
      mortar is to be chosen in such a way that it will not penetrate the entire
      depth of the layer which would lead to a too rigid surface.
PAR  Tests have shown that it is very difficult, using the above described
      method, to construct a regularly porous load carrying structure into which
      the cement mortar may penetrate to an even depth. Unavoidable variations
      while adding the separate aggregates in the mixing plants as well as the
      segregation in the silo, during transport and while placing the mix may
      lead to a penetration of mortar of varying depths and consequently,
      varying strength and flexibility.
PAR  It is an object of the invention to develop a method of producing a surface
      layer of more uniform strength and flexibility, the strength and
      flexibility being greater than that reached by using the above described
      method.
PAR  The invention provides a method for the production of a surface layer
      wherein a load-carrying structure is laid comprising chip grains of mean
      diameter in the range from 2 to 25 mm, with a means size ratio of not more
      than 1:3 between the smallest and the biggest grains mainly present in the
      commercial grain size (chipping grading of delivery), i.e. not considering
      the possible small quantities of oversizes and undersizes, and a
      bituminous binder comprising a stiffening filler and/or elastomer, is
      compacted, preferably by roller compaction, and a flowable mortar of high
      viscosity is added to and induced to penetrate the load-carrying structure
      to substantially its entire depth, preferably by vibration.
PAR  The use of the term "chip" throughout this specification does not mean that
      the individual grains need to be of irregular shape.
PAR  By using a load-carrying structure comprising a more or less single chip
      grain size, i.e. a structure comprising chip grains having a specific
      grain size without sand, a voids volume of the compacted layer between 18
      and 22% by volume can be obtained. This voids volume may be somewhat
      increased or reduced by modifying the normal 5% by volume of the content
      of lime stone flour. It is possible to induce the mortar to penetrate the
      whole of the structure by vibration so that all, or practically all, of
      the voids of the structure are filled with mortar. This results in a
      greater stability. On the other hand flexibility is maintained since the
      chip grains are generally wrapped with a thicker film of the bituminous
      binder, the total surface area of the chip grains being considerably
      smaller due to lack of sand and other fine chip components. Thus, the
      pavement, although able to withstand higher pressures, is more flexible
      than the one produced according to the known method, since within the
      thick binder film elastic and plastic deformation is possible.
PAR  The adhesion of the desired thicker binder film to the single grain-size
      chips is improved by addition of stiffening fillers and/or elastomers to
      the bituminous binder. In preferred embodiments of the invention, asbestos
      fibres, diatomaceous earth or silicic acid powder may be used as a
      stiffening filler, and rubber, vinyl-polymers and the like may be used as
      an elastomer.
PAR  For the preparation of the flowable but viscous mortar it is preferred to
      use a plastics-modified cement mortar with a low watercement ratio (below
      0.6), vinyl-polymers being preferred as plastic modifiers. In lieu of
      cement-mortar also plastics mortar, for instance on the basis of epoxy
      resin, methylmethacrylate or polyester resin and the like or even mortar
      with bituminous binders, as for instance soft bitumen, soft tar or
      PVC-tar, may be used.
DETD
PAR  Various examples of the composition of the structure follow:
PA1  Structure 12 - 18 mm
PA1  95 % by vol. broken stone 12-18 mm
PA1  5 % by vol. lime stone flour
PA1  100 % by vol. minerals
PA1  0.6 % by vol. asbestos
PA1  3,6 % by vol. bitumen
PA1  Structure 8 - 12 mm
PA1  95 % by vol. broken stone 8-12 mm
PA1  5 % by vol. lime stone flour
PA1  100 % by vol. minerals
PA1  1.1 % by vol. asbestos
PA1  4,4 % by vol. bitumen
PA1  Structure 5 - 8 mm
PA1  95 % by vol. broken stone 5-8 mm
PA1  5 % by vol. lime stone flour
PA1  100 % by vol. minerals
PA1  1.2 % by vol. asbestos
PA1  4,6 % by vol. bitumen
PA1  Structure 2 - 5 mm
PA1  95 % by vol. broken stone 2-5 mm
PA1  5 % by vol. lime stone flour
PA1  100 % by vol. minerals
PA1  1.0 % by vol. asbestos
PA1  4,6 % by vol. bitumen
PAR  For all the above mentioned mixing ratios a voids volume of 18 to 22% by
      volume for the structure after roller compaction was reached. Tests have
      shown it is possible to bring the mortar to complete or almost complete
      penetration into the structure thus filling all or almost all of the voids
      in the structure with mortar, leading to improved stability of the
      finished surface layer.
PAR  As stated above, the increase in viscosity of the bituminous binder
      allowing the use of a relatively large proportion of binder may also be
      reached by using other stiffening fillers than asbestos fibres and also by
      adding elastomers.
PAR  The following compositions are suitable for the flowable mortar of high
      viscosity to be used according to the invention:
PA1  a. plastics modified cement-mortar
PA2  18.5% by weight quartz sand 0.1 - 1 mm
PA2  18.5% by weight quartz flour
PA2  38.0% by weight cement
PA2  6.0% by weight vinyl-ter-polymer
PA2  19.0% by weight water
PA2  100.0% by weight
PA1  b. plastics mortar
PA2  30.0% by weight epoxy resin + hardening agent (or methylmethacrylate or
      polyester resin or the like)
PA2  10.0% by weight plastorit (active filler)
PA2  20.0% by weight quartz flour
PA2  40.0% by weight quartz sand 0.1 - 1 mm
PA2  100.0% by weight
PA1  c. Bituminous mortar
PA2  20% by weight bituminous binder (soft bitumen, soft tar or PVC-soft tar)
PA2  35% by weight lime stone flour
PA2  45% by weight quartz sand 0.1 - 1 mm
PA2  100% by weight
PAR  The mixture mentioned under c) has to be poured while hot and will harden
      upon cooling. This mixture is especially suited for sealing purposes.
PAR  The load-carrying structure may be laid in conventional manner and the
      mortar induced to penetrate it in conventional manner, preferably using
      vibratory means. The thickness of the layer, the size of the chips and the
      viscosity of the mortar may be selected according to the use to which the
      surface layer is to be put and the various other parameters which the
      engineer conventionally considers.
CLMS
STM  The embodiments of the invention in which an enclusive property is claimed
      are defined as follows:
NUM  1.
PAR  1. A method for the production of a surface layer for traffic areas and the
      like comprising the steps of:
PA1  selecting chip grains from a group of chips having mean diameters in the
      range of 2 - 25 mm and a mean size ratio of not more than 1:3 between the
      smallest and the biggest grains;
PA1  adding a bituminous binder comprising a stiffening agent to said chip
      grains;
PA1  compacting said chip grain-binder combination;
PA1  adding a high viscosity flowable mortar to said compacted combination; and
PA1  inducing said mortar to penetrate the combination to substantially the
      entire depth thereof.
NUM  2.
PAR  2. A method according to claim 1, in which the bituminous binder comprises
      asbestos fibre, diatomaceous earth or silicic acid powder as stiffening
      filler.
NUM  3.
PAR  3. A method according to claim 1, in which the bituminous binder comprises
      rubber or a vinyl polymer as an elastomer.
NUM  4.
PAR  4. A method according to claim 1, in which the mortar is a plastics
      modified cement-mortar with a water-cement ratio below 0.6:1.
NUM  5.
PAR  5. A method according to claim 1, in which the plastics constituent
      comprises a vinyl-polymer.
NUM  6.
PAR  6. A method according to claim 1, in which the mortar is an epoxy resin,
      methylmethacrylate or polyester resin based plastics moratar.
NUM  7.
PAR  7. A method according to claim 1, in which the mortar comprises a
      bituminous binder selected from soft bitumen, soft tar and PVC-soft tar.
NUM  8.
PAR  8. The surface layer according to claim 1, including a limestone additive.
NUM  9.
PAR  9. A method for producing a load carrying flexible surface comprising the
      steps of:
PA1  compacting a mixture of uniformly sized chip grains and bituminous binder
      having a stiffening filler;
PA1  encasing substantially all of the chips in a film of said binder;
PA1  forming a voids volume of said compacted mixture of between 18 and 22%;
PA1  adding a high viscosity flowable mortar to the compacted mixture;
PA1  inducing said mortar to penetrate the compacted mixture to substantially
      the entire depth thereof; and
PA1  filling substantially all of said voids with said flowable mortar.
NUM  10.
PAR  10. A method for the production of a substantially uniform surface layer
      for traffic areas and the like comprising mixing chip grains having mean
      diameters in the range of 2 to 25 mm and a mean size ratio of not more
      than 1:3 with a bituminous binder having a stiffening agent or elastomer
      incorporated therein, forming said mixture into a layer, roller compacting
      said layer to reduce the voids volume of the layer, and causing by
      vibration a high viscosity flowable mortar to penetrate said compacted
      layer to substantially the entire depth of said compacted layer to
      substantially fill said voids volume.
NUM  11.
PAR  11. A surface layer for traffic areas and the like, comprising a compacted
      load-carrying structure comprising chip grains of mean diameter in the
      range of from 2 to 25 mm, with a mean size ratio of not more than 1:3
      between the smallest and the biggest grains of the commercial grain size
      and a bituminous binder comprising a stiffening filler and/or an elastomer
      and a mortar dispersed throughout the structure.
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PAL  An improved dispersant and flow agent for ink systems formed from a
      selectively oxidized linear unsaturated hydrocarbon having a carbon to
      carbon terminal double bond and a process for forming the same.
BSUM
PAR  This invention relates to improved dispersant and flow agent compositions
      for mixtures of finely divided solid materials in readily liquifiable
      vehicles such as ink systems or the like and particularly to improve
      dispersant-flow agents for carbon paper inks and to a process for making
      the same.
PAR  Inclusion of certain vegetable waxes, as carnauba or ouricury or certain
      mineral waxes, such as Montan or modified Montan waxes have long been
      conventionally utilized to impart highly beneficial hardness and oil
      retention properties to ink systems, such as carbon paper ink
      formulations, as well as to enhance the dispersion properties thereof. The
      continually increasing price of such materials, coupled with the
      uncertainties attendant their common sources of supply, has forced users
      thereof to utilize continually decreasing amounts thereof in carbon paper
      inks for selective functioning as "flow waxes" to obtain satisfactory
      dispersion properties therein with other and less expensive materials
      being substituted therefor to impart the desired hardness and oil
      retention properties thereto. Even in such reduced amounts, however, the
      material costs have risen to such an extent as to pose serious economic
      problems for carbon paper manufacturers. All efforts to date to provide
      domestically available synthetic waxes having at least some of the
      requisite properties, as for example, the modified synthetic waxes
      disclosed in U.S. Pat. Nos. 2,890,124, 2,890,125, and 3,163,548 are
      likewise characterized by such high costs for the resultant product as to
      accentuate rather than to alleviate the basic problem. Apart from the cost
      factor as above noted, the resultant utilization of increasing amounts of
      paraffin wax and other substitutes for the named vegetable and mineral
      waxes has increased the likelihood of detrimental gelling of the ink
      systems being formulative therefrom.
PAR  This invention may be briefly described as an improved dispersant flow
      agent composition for ink systems, and particularly for carbon paper inks,
      and method of forming the same. In its broader aspects, such composition
      comprises the resultant product obtained by reacting a selectively
      oxidized linear unsaturated hydrocarbon having a carbon terminal double
      bond with ammonia or a primary organic amine and then further reacting
      said modified hydrocarbon with an isocyanate. In its narrower aspects, the
      linear unsaturated hydrocarbon consists of alpha olefins that are at least
      98.5% mono-olefinic in character and have at least 20 (i.e. C.sub.20 +)
      and preferably at least 24 (i.e. C.sub.24 +) carbon atoms in the linear
      chain thereof and are of such character that when oxidized, have an acid
      number of no greater than about 8 and, when further modified by treatment
      with ammonia or an organic amine, have a nitrogen content or markedly less
      than 0.19% by weight thereof.
PAR  Among the advantages of the subject invention is the provision of an
      effective dispersant for finely divided solids in liquifiable vehicles,
      such as in ink systems and particularly in carbon paper inks having flow
      imparting properties superior to those of natural waxes such as carnauba,
      ouricury, and unmodified Montan waxes which, in addition to markedly
      reducing the hazards of detrimental gelling, can be made available at a
      fraction of the cost of any of the presently available dispersant
      materials conventionally employed as flow agents in such environments. A
      further advantage is the provision of a simple and economic method of
      forming such improved dispersant characterized by significantly low
      operating temperatures and markedly reduced raw material costs as compared
      to those attendant presently available modified natural and synthetic wax
      dispersants of the type identified above. A still further advantage of the
      subject invention is the provision of an inexpensive wax-like composition
      that may be substituted for more expensive natural and synthetic waxes in
      diverse products incorporating the same, as well as permitting the use of
      fillers and lower cost wax materials that would normally be unusable.
PAR  The primary object of this invention is the provision of a low cost
      dispersant/flow agent for ink systems, and particularly for carbon paper
      inks.
PAR  A further object of this invention is the provision of an economic method
      of producing an improved dispersant/flow agent for carbon paper inks from
      readily available and inexpensive raw materials.
PAR  A further object of this invention is the provision of an inexpensive
      wax-like composition that may be substituted for natural waxes, such as
      carnauba and ouricury, and mineral waxes such as modified and unmodified
      Montan wax, in diverse products incorporating the same.
PAR  Other objects and advantages of the subject invention will become apparent
      from the following portions of this specification which, in accord with
      the mandate of the patent statutes, discloses the principles of the
      invention as embodied in a presently preferred method of forming the
      improved dispersant/flow agent product forming the subject thereof.
PAR  The base material employed in the practice of the subject invention
      comprises an essentially linear unsaturated hydrocarbon having a terminal
      carbon to carbon double bond and a melting point in the range of about
      70.degree.F. to 200.degree.F. A highly preferred material is an alpha
      olefin or an alpha olefin mixture resulting from the controlled growth of
      ethylene chains to the level of 20 or more (i.e. C.sub.20 +) carbon atoms
      in the chain. Such alpha olefinic material desirably should be at least
      98.5% mono-olefinic in character with the balance, i.e., of no more than
      1.5%, composed of paraffinic hydrocarbons. Specifically, aromatic,
      naphthenic, acetylenic or diolefin compounds should be absent.
PAR  In the practice of the subject method, such C.sub.20 + alpha olefinic
      material is first heated to a temperature in the range of 300.degree. to
      425.degree.F. and is oxidized to an acid number in the range of about 3 to
      8, and preferably about 4 to 6, and to a saponification number in the
      range of 10 to 25, and preferably about 20. The oxidized alpha olefinic
      material is then reacted with ammonia or a primary organic amine, such as
      mono-ethanolamine or a mono-substituted amine homologue thereof at a
      temperature below about 220.degree.F to produce a modified oxidized alpha
      olefinic material having markedly less than 0.19% nitrogen by weight
      thereof and preferably a nitrogen content in the range of about 0.09 to
      0.11%. Such modified oxidized product is then reacted with about 3 to 9%
      of an organic isocyanate at a temperature of 220.degree.F, or below to
      produce the improved product.
PAR  By way of more specific example, 500 grams of C.sub.24 + alpha olefinic
      material having the following analysis:
TBL  C.sub.24 to C.sub.28                                                      
                       35 to 48% by weight                                     
     C.sub.30 +        50 to 65% by weight                                     
     C.sub.24 and below                                                        
                        2% by weight max.                                      
PAL  and the following typical properties:
TBL  Specific gravity, 60.degree./60.degree.F.                                 
                              0.3270                                           
     Flash, COC               470.degree.F.                                    
     Viscosity, SUV; Sec.210.degree.F.                                         
                              46.5                                             
     Viscosity Kin, Cs at 210.degree.F.                                        
                              6.30                                             
     Color, Saybolt           +8                                               
     Melting Point, D127      154.degree.F                                     
     Congealing Point D938-68 152.degree.F,                                    
PAL  is heated to about 375.degree.F. .+-. 10.degree. in an aluminum or
      stainless steel vessel or in a glass vessel with an aluminum or stainless
      steel liner or stirrer. For some unknown reason, the presence of aluminum
      or iron (stainless steel) acts as a catalyst to the oxidation reaction.
      Air is then passed through the melt by means of a metallic or ceramic
      dispersion screen at the rate of about 1.0 to 2.0 cubic centimeters per
      minute per gram of melt until the acid number reaches about 7.  The time
      of oxidation will run from about 3 to 12 hours depending upon the
      temperature, with more rapid oxidation being effected at higher
      temperatures, or with an effectively increased volume of oxygen. When the
      acid number reaches about 7, the saponification number of the oxidized
      linear hydrocarbon will desirably be about 20 or less.
PAR  Upon the conclusion of the oxidation reaction, the temperature of the melt
      is reduced to a value in the range of about 180.degree.F. to 270.degree.F.
      and about 0.4 to about 6.0%, and preferably about 1.0% of monoethanolamine
      is added thereto and the nitrification reaction is permitted to proceed
      with moderate stirring, for about 4 hours. In practice and where large
      volumes are involved, a single vessel may be employed and the nitrifying
      reagent added thereto at any desired time as the temperature is reduced
      from that of the oxidation step. For example, monoethanolamine may be
      added as the temperature of the charge is being reduced through about
      250.degree.F. Upon termination thereof, the nitrogen content of the
      oxidized hydrocarbon will be appreciably less than 0.19% by weight and
      suitably will be in about the range of 0.09 to 0.11% nitrogen by weight.
      Upon the conclusion of the nitrification reaction, about 4 to 8%, and
      preferably about 6%, of an organic isocyanate, such as 2,4 tolylene
      diisocyanate, is then added to the melt and the same is maintained at a
      temperature in the above range and preferably at the lower end thereof,
      again with moderate stirring, for about 3 more hours. 2,6 tolylene
      diisocyanate, polymethylene, polyphenyl isocyanate and pp' diphenyl
      methane diisocyanate may also be employed, although the 2,4 tolylene
      diisocyanate is presently preferred.
PAR  The resultant product differs rather markedly from the conventionally
      employed natural and synthetic hard waxes. The resultant product will be
      of appreciably softer character as measured by conventional penetration
      tests and will be possessed of somewhat lesser oil retention properties
      than the conventionally employed materials. The resultant product is
      essentially a flow and dispersing agent having gel inhibiting properties
      and performing functions similar to, but measurably better than, those of
      the "flow wax" materials conventionally employed in carbon paper ink
      formulations, to thereby permit, for example, the economic formulation of
      satisfactory, if not improved, carbon paper inks.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. A method forming an improved dispersant/flow agent for mixtures of
      finely divided solid materials in liquifiable vehicles comprising the
      steps of
PA1  oxidizing a linear unsaturated alpha olefinic hydrocarbon having at least
      20 carbon atoms in the linear chain thereof, a melting point of about
      70.degree.F. to 200.degree.F. and a terminal carbon to carbon double bond
      at a temperature of at least 300.degree.F. to an acid number of no greater
      than about 8 and a saponification number of no greater than about 25,
PA1  reacting said oxidized hydrocarbon with an amine selected from the group
      consisting of ammonia, monoethanolamine and mono substituted amine
      homologs thereof at a temperature less than about 270.degree.F. to produce
      a modified oxidized hydrocarbon containing less than 0.19% nitrogen by
      weight thereof,
PA1  and reacting said modified oxidized hydrocarbon with about 3 to about 9% of
      an organic isocyanate selected from the group consisting of 2,4 tolylene
      diisocyanate, 2,6 tolylene diisocyanate, polymethylene polyphenyl
      isocyanate and pp' diphenyl methane diisocyanate at a temperature below
      about 220.degree.F.
NUM  2.
PAR  2. The product of the process of claim 1.
NUM  3.
PAR  3. The method as set forth in claim 1 wherein said alpha olefinic
      hydrocarbon is at least 98.5% mono-olefinic.
NUM  4.
PAR  4. The method as set forth in claim 1 wherein said alpha olefinic
      hydrocarbon has 24 or more carbon atoms in the linear chain thereof.
NUM  5.
PAR  5. The product of the process of claim 3.
NUM  6.
PAR  6. The product of the process of claim 4.
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ABST
PAL  Zinc dust composed of generally spherical zinc dust grains and having a
      grain size distribution such that at least about 98% of the grains have a
      grain size less than 15 microns and no more than about 3% of the grains
      have a grain size less than 2 microns, and especially well adapted for use
      in corrosion-inhibiting coating compositions where thin but effective
      protective coatings are desired or required. The zinc dust has a metallic
      zinc content of about 96%-98%. The corrosion-inhibiting coating
      compositions, and apparatus and method for the preparation of such zinc
      dust are also disclosed.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of my co-pending application Ser. No.
      172,806, filed Aug. 18, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to zinc dust and more particularly to a new and
      improved zinc dust, an apparatus and method for preparing such dust, and
      to a new and improved protective coating composition containing such dust.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 1,738,910 discloses an exceedingly fine zinc powder
      containing 90% metallic zinc and composed of spherical particles. U.S.
      Pat. No. 2,123,300 discloses a zinc dust free of metallic cadmium. A high
      purity, oxide-free zinc powder of extremely high purity and a spherical
      particle size distribution such that substantially all of the particles
      have a size less than about 0.1 micron is disclosed in U.S. Pat. No.
      3,065,958. U.S. Pat. No. 3,288,746 discloses a lamellar zinc pigment of
      about 0.1 to 0.5 micron thickness and of 99.97% purity. Zinc powder having
      spherical particles is also referred to in U.S. Pat. No. 3,288,746. Zinc
      powder having a grain size on the order of 20 microns or less is disclosed
      in U.S. Pat. No. 3,403,229. U.S. Pat. Nos. 3,449,116 and 3,449,117
      disclose zinc dust having a metallic zinc content of about 99%, and also
      disclose that zinc dust having a metallic zinc content greater than 98.5%
      tends to frit and does not flow readily. U.S. Pat. No.  3,464,906 show
      zinc pigment in the form of flakes and of particle size below 60 microns,
      for use in zinc paints destined to be deposited electrophoretically.
PAR  One important application of zinc dust is in paints or coating compositions
      for coating steel strip in coils to provide a sacrificial protective
      coating on the strip. For this application, it is important that an
      excessive amount of fine zinc-containing particles not be present in the
      zinc dust and specifically no more than about 3% by weight of the zinc
      dust of grain size less than 2 microns should be present inasmuch as the
      presence of the excessive amount of zinc finer than 2 microns is
      detrimental. The reason amounts of zinc dust fines appreciably greater
      than about 3% by weight less than 2 microns in grain size is detrimental
      in the zinc dust for this application, viz. the coating of the steel strip
      in coils, is that this portion of the zinc dust is usually the highly
      oxidized portion of the zinc and it tends to result in a highly viscous
      zinc paint which produces an unsatisfactory, non-uniform coating on the
      steel. Further this highly oxidized portion of the zinc dust contains
      undesirable, relatively high concentrations of metal impurities such as,
      for instance, compounds of aluminum, magnesium, silicon and copper, which
      result in undesirable paint films. Additionally the presence of such
      excessive amounts of zinc fines appreciably greater than 3% less than 2
      microns results in a materially decreased electrical conductivity and a
      materially increased electrical resistivity in the paint film and the art
      has generally considered the decreased conductivity and increased
      resistivity to be indicative of an inferior zinc-containing protective
      coating on steel. Further, it is important that an excessive amount of
      coarse zinc dust particles not be present in the zinc dust utilized for
      the coating composition for coating the steel strip, for the reasons in
      thin paint films the coarse particles protrude above the surface of the
      film and are easily dislodged and pulled out by abrasive forces leaving
      "holidays"or voids in the paint film, enabling the corrosive fluid, for
      instance sea water, to contact and hence corrode the ferrous metal
      substrate.
PAR  To the best of my knowledge, the prior art has never come up with or
      produced a zinc dust having as little as about 3% by weight or less of the
      zinc dust grains of grain size less than 2 microns while having about 98%
      or more of the zinc dust grains of grain size less than 15 microns and
      having about a 96-98% metallic zinc content.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a new and improved zinc dust is
      provided which constitutes a considerable improvement over the prior art
      zinc dust. The zinc dust of this invention is composed of generally
      spherical zinc dust grains, with the dust having a grain size distribution
      such that about 98% or more of the grains have a grain size less than 15
      microns, and no more than about 3% of the grains have a grain size less
      than 2 microns, all percentages being by weight. The zinc dust herein has
      a metallic zinc content of about 96-98%. The remainder of the zinc dust is
      primarily zinc oxide. The zinc dust of this invention constitutes a
      considerable improvement in this art for the reasons: (1) yields a
      considerably improved zinc paint containing an organic binder for
      protectively coating steel inasmuch as its use in the organic
      binder-containing zinc paint resulted in a coating or film on the steel
      which exhibited entirely unexpectedly a considerably greater corrosion
      resistance and with a materially thinner coating or film on the steel,
      than when using a paint employing the prior art zinc dust having a
      considerably larger amount of zinc dust particles of particle size greater
      than 15 microns than is present in the zinc dust of the present invention
      and a considerably larger amount of zinc dust fines having a grain size
      less than 2 microns than is present in the zinc dust of this invention;
      (2) considerably higher metallic zinc content and in the range of about
      96-98% metallic zinc content than with prior art zinc dust; (3)
      considerably longer life of deposited films of the zinc paint prepared
      utilizing the zinc dust of this invention than with prior art zinc dusts
      and this was also entirely unexpected and surprising; (4) a smoother coat
      or film is provided by the zinc paint prepared utilizing the zinc dust of
      this invention than that prepared utilizing prior art zinc dust containing
      a considerably larger amount of zinc dust perticles having a particle size
      greater than 15 microns; (5) capable of being relatively easily suspended
      in organic and inorganic binders in the preparation of paints or coating
      compositions; (6) virtually nonclogging to spray application equipment due
      to the relatively small amount of coarse zinc dust particles having a
      particle size greater than 15 microns in the zinc dust utilized to prepare
      the paint; and (7) substantially non-agglomerating in the zinc dust
      container due to the relatively small amount of zinc dust fines of grain
      size less than 2 microns.
PAR  In a specific embodiment, the new and improved zinc dust of this invention
      was prepared by introducing the zinc dust into the feed inlet of an
      operating air separator of a type having an outer casing and a smaller
      inner conical casing mounted within the outer casing to define an annular
      passageway between the sidewalls of the two casings, position-adjustable
      separator vanes mounted in the upper portion of the air separator above
      the entrance to the inner casing, and a valved discharge outlet in the
      lower portion of the inner conical casing, and by strictly observing the
      conditions, in this specific embodiment, hereafter set forth:
PAR  1. Setting and securing the separator vane blades in an open position such
      that a spacing of about 11/2 inches is defined between adjacent separator
      vane vertical blades instead of the normal 2 9/16 inch spacing between
      such vane vertical blades employed heretofore, this about 11/2 inch
      spacing or distance being the shortest distance measured on a straight
      line extending from the outer tip of the vertical blade of each vane to
      the closest point on the vertical blade of the next adjacent or
      immediately adjacent vane;
PAR  2. supplying air into the air separator in amount and at a velocity which
      is sufficient to (a) entrain the incoming zinc dust feed and (b) in
      passing between the about 11/2 inch spaced separator vane vertical blades,
      to result in a desired outer downwardly moving vortex moving at a
      sufficient velocity to centrifugally throw out of the air zinc particles
      of 15 microns or larger size, and an inner upwardly moving smaller
      diameter vortex within the outer vortex; and
PAR  3. maintaining the valved outlet at the lower portion of the air separator
      inner conical casing tightly closed at all times during operation of the
      separator except during periodic discharge of coarser zinc dust particles
      therefrom by opening of the flapper valves. The observance of all of the
      conditions set forth in 1-3 immediately supra was necessary when using
      such air separator to prepare the new and improved dust.
PAR  The preparation method of this invention comprises the steps of:
PAR  A. Introducing the discrete dust particles of varying size including zinc
      dust particles having a particle size of 15 microns and larger, zinc dust
      grains having a grain size less than 15 microns and which may or may not
      contain zinc dust grains having a grain size less than 2 microns into the
      zinc dust inlet of the air separator of the apparatus herein.
PAR  B. Blower-or fan-driven air is introduced into the air separator in an
      amount and at a velocity, typically 2670 feet per minute, which is
      sufficient to entrain the discrete zinc dust particles introduced into the
      zinc dust inlet, with the amount and velocity of the introduced air also
      being sufficient, after passage of the entraining air-entrained zinc dust
      particle mixture through predetermined width spacings, which are about
      11/2 inches in width for obtention of the new and improved zinc herein,
      between open adjacent separator vane vertical blades at the air separator
      upper portion, to result in an outer downwardly-moving vortex moving at a
      velocity sufficient to throw out zinc dust particles of at least 15
      microns in size and an inner upwardly moving smaller diameter vortex
      within the outer vortex.
PAR  C. The introduced zinc dust particles are entrained in the blower-driven
      air flowing at the aforesaid velocity, and the entraining air-entrained
      zinc dust particle mixture passes upwardly within an annular space defined
      by and located between the spaced apart inner conical casing and outer
      casing having the intermediate and lower generally conical portions of the
      air separator.
PAR  D. The entraining air-entrained zinc dust particle mixture is then passed
      at the aforesaid velocity through the predetermined width spacings defined
      by the open adjacent separator vane vertical blades at the air separator
      upper portion.
PAR  E. The entraining air-entrained zinc dust particle mixture, after passage
      through such predetermined width spacings, moves within the inner conical
      casing as an outer downwardly-moving vortex moving at a velocity
      sufficient to throw out, due to centrifugal force, the zinc dust particles
      having a particle size of 15 microns and larger, and then reverses
      direction and moves upwardly as an inner smaller diameter vortex within
      the outer downwardly-moving larger vortex.
PAR  F. The entraining air-entrained zinc dust particle mixture free or
      substantially free of the zinc dust particles of a particle size of 15
      microns and larger is then withdrawn from the upper portion of the air
      separator, ordinarily by the suction of a blower or fan, and passed to a
      zinc dust particle separating zone.
PAR  G. The zinc dust particles are separated from the entraining air in the
      separating zone. The separated zinc dust particles comprise generally
      spherical zinc dust grains having a grain size distribution such that
      about 98% or more of the grains have a grain size less than 15 microns,
      and no more than about 3% of the grains have a grain size less than 2
      microns, the separated zinc dust particles having a metallic zinc content
      of about 96-98%.
PAR  H. The air is returned from the separating zone, after separation of the
      zinc dust particles therefrom, as blower- or fan-driven air to the air
      separator air inlet and introduced therein in the amount and at the
      velocity previously disclosed herein.
PAR  I. The coarser or larger zinc dust particles of particle size of 15 microns
      and larger thrown out of the outer downwardly-moving vortex are collected
      in the lower portion of the air separator inner casing, and the flapper
      valves of a flapper valved-outlet for such coarser dust particles are
      maintained tightly closed during such collecting and open only when the
      weight of the collected coarse dust particles exceeds the external force
      thereon due to the air pressure in the lower portion of the separator
      below the flapper valves which otherwise force such flapper valves tightly
      closed.
PAR  J. The flapper valves open from time to time and when the weight of the
      accumulating coarse dust particles exceeds the force holding the flapper
      valves tightly closed as disclosed immediately above.
PAR  The zinc dust particles of particle size larger than one-fourth inch are
      usually separated from the zinc dust particles of varying size from the
      zinc dust plant prior to introducing the zinc dust particles into the air
      separator zinc dust inlet, for instance by screening with, for example, a
      trommel screen. Any suitable separating means or screening means can be
      utilized, however, for separating the zinc dust particles of particle size
      larger than one-fourth inch from the zinc dust particles from the zinc
      dust plant.
PAR  The product dust grains or particles are separated from the entraining air,
      subsequent to the withdrawal of the entraining air-entrained zinc dust
      particle mixture from the air separator, in, for example, a cyclone
      separator or cyclonic separating zone. However any suitable separating
      means can be employed for separating the product zinc dust grains from the
      entraining air. Exemplary of separating means for this purpose, in
      addition to the cyclone separator referred to supra, are the bag filters
      utilized in the bag house of a zinc plant.
PAR  The product zinc dust in another embodiment of this invention comprises
      generally spherical zinc dust grains and has a grain size distribution
      such that about 98% or more of the grains have a grain size less than 15
      microns, and no more than about 2% of the grains have a grain size less
      than 2 microns, the percentages being by weight. The zinc dust has a
      metallic zinc content of about 96 to about 98%.
PAR  In an additional embodiment of this invention, the product zinc dust
      comprises generally spherical zinc dust grains and has a grain size
      distribution such that about 98% or more of the grains have a grain size
      less than 15 microns, about 85 to about 93% of the grains have a grain
      size less than 10 microns, about 45 to about 55% of the grains have a
      grain size less than 5 microns, and no more than about 3% of the grains
      have a grain size less than 2 microns, the percentages being by weight.
      The zinc dust has a metallic zinc content of about 96-98%.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side elevation view partially in section of apparatus
      of the invention for preparing the new and improved zinc dust of this
      invention;
PAR  FIG. 2 is a vertical longitudinal section through an air separator of the
      apparatus of this invention;
PAR  FIG. 3 is a top plan view of the air separator of the apparatus of this
      invention;
PAR  FIG. 4 is a view looking at the bottom of some of the separator vanes and a
      portion of the moveable and immoveable annular supporting members of the
      air separator of the apparatus of this invention, the separator vanes
      being hingedly mounted on the immoveable annular member;
PAR  FIG. 5 is a side elevation view of the separator vanes of the air separator
      of the apparatus of this invention;
PAR  FIG. 6 is a top plan detail view of the operating mechanism including the
      gearing for opening and closing the separator vanes of the air separator
      of the apparatus of this invention;
PAR  FIG. 7 is a side elevation view of the operating mechanism of FIG. 6;
PAR  FIG. 8 is a vertical section through the flappervalved outlet of the inner
      conical casing of the air separator of the apparatus of this invention;
      and
PAR  FIG. 9 is a top plan view of the receiving hoppervalved discharge outlet
      assembly of the air separator of the apparatus of this invention.
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PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  With reference to FIG. 1, vapor duct 15 communicates with nozzle chamber 16
      which in turn is mounted to supply zinc vapor into zinc dust condenser 17.
      Screw conveyor 18 at the bottom of condenser 17 moves the dust out of
      condenser 17 and into trommel screen 19 having 1/4 inch diameter screen
      openings. Screw conveyor 20 is disposed directly beneath screen 19 for
      conveying finer zinc dust particles of a size passing through screen 19 to
      screw conveyor 21, the inlet end portion of conveyor 21 being located
      directly beneath the outlet end portion of conveyor 20. Conveyor 21 is
      connected to inlet duct 22 of air separator 23 for feeding the zinc dust
      to the inlet of separator 23 and hence into this separator.
PAR  Separator 23, shown also in FIG. 2 and in more detail in FIG. 2, has outer
      casing 24 including lower and intermediate conical portion 25 and upper
      cylindrical portion 26. Inner conical casing 27 is mounted within outer
      casing 24 and in spaced relationship to outer casing 24 by means of pins
      28 extending through apertures in mounting brackets 29 which are welded to
      the upper portion of inner casing 27, pins 28 also extending through
      registering apertures in fixed outer ring 30 and cover 31 and being
      secured to cover 31 and mounting bracket 29 by nuts on threaded end
      portions of the pins. There are 48 of pins 28 spaced about 3 inches from
      one another. Annular passageway 33 is defined by and located between the
      outer and inner spaced casings 24 and 27 respectively.
PAR  Separator vanes 34, shown also in FIG. 3 and in more detail in FIGS. 4 and
      5, each include a generally vertical blade or plate-like portion 35, shown
      in FIG. 5, depending from and welded to a generally horizontal
      triangular-shaped blade or plate-like portion 36, shown in FIG. 4. Vanes
      34 are welded to and hingedly mounted on hinges 37 having hinge pins 28,
      pins 28 also extending through apertures in mounting bracket 29 for inner
      conical casing 27 and through registering apertures in fixed outer ring 30
      and cover 31 as previously disclosed herein. Slot aperture 39, shown in
      FIG. 4, is provided in generally horizontal blade 36 of each vane 34, with
      the principal or longitudinal axis of slot aperture 39 forming an acute
      angle of typically about 34.degree. with the plane of generally vertical
      blade 35. Guide pins 40, shown in FIGS. 2, 4 and 5, welded to moveable
      ring or annular member 41, are each of slightly smaller diameter than the
      width of slot aperture 39 and extend substantially perpendicular from the
      plane of moveable annular member 41 and project through slot apertures 39
      as shown in FIG. 4 for opening and closing of the vanes 34 as is
      hereinafter described.
PAR  The operating mechanism for opening and closing the separator vanes 34,
      shown in FIGS. 2, 3, 6 and 7, includes lever or handle 43 secured to
      collar 44 which in turn is secured by pin 44a to partially rotatable shaft
      45. Shaft 45 extends downwardly through packing gland cover 46 and packing
      gland 47 and is journalled through opening 48 in gear box cover 49 and
      extends through the central opening of pinion gear 50, pinion 50 being
      secured to shaft 45 and moved by its partial rotatory movement. Gear rack
      51 is welded to moveable annular member 41 and meshes with pinion 50.
      Arcuate-shaped or curved plate 52, welded to and supported by standards
      57, has arcuate-shaped slot guide opening 53 therethrough, and bolt 54 of
      slightly smaller diameter than the width of slot opening 53 extends
      through this slot opening and also through a registering aperture in lever
      43. Wing nut 55 is threadably engaged on the threaded end portion of bolt
      54, with wing nut 55 being tightened when it is desired to secure lever 43
      in a desired location and hence the separator vanes 34 in a particular
      desired open position or in the closed position. End walls 58 and side
      walls 59 are welded to top wall or cover 49 of the gear box and also to
      cover 31 to form a substantially air-tight cover over the pinion and rack.
      When wing nut 54 is loosened sufficiently, lever 43 can be manually moved
      the desired distance in a generally arcuate direction whereby pinion 50 is
      partially rotated and hence rack 51 is moved. Consequently moveable inner
      annular member 41 is partially rotated the desired extent and when annular
      member 41 is moved in the direction of the arrows shown in FIG. 4, the
      movement of guide pins 40 in slot apertures 39 of generally horizontal
      blades 36 of separator vanes 34 causes generally vertical blades 35 of the
      vanes to swing open the desired extent, for example to the open positions
      shown by the broken lines in FIG. 4. When lever 43 is then moved in the
      opposite direction, moveable annular member 41 is partially rotated in the
      opposite direction whereby the movement of guide pins 40 in the opposite
      direction in slot apertures 39 of blades 36 causes generally vertical
      blades 35 of the separator vanes 34 to swing in the opposite direction to
      a less open position and ultimately, if desired, to the solid line, closed
      position shown in FIG. 4.
PAR  To obtain the new and improved zinc dust of this invention having the grain
      size distribution previously set forth herein, it was critical that the
      generally vertical blades 35 of separator vanes 34 be partially closed to
      an approximately 11/2 inch spacing between the opened adjacent vertical
      blades 35 from the normal or usual spacing of 2 9/16 inches between the
      opened vertical blades 35. This about 11/2 inch spacing or distance is the
      shortest distance measured on a straight line, shown as a broken line 35a
      in FIG. 4, extending from the outer tip of the vertical blade 35 of each
      vane 34 to the closest point on the vertical blade 35 of the next adjacent
      vane 34. In conjunction with this approximately 11/2 inch spacing between
      adjacent separator vanes 34, it was also critical for obtention of such
      new and improved dust that the air be supplied into the air separator at
      the velocity previously disclosed herein, and that the flapper-valved
      outlet at the lower portion of the air separator inner conical casing be
      maintained tightly closed except during periodic discharge of coarser zinc
      dust particles therefrom by opening of the valve of the outlet, also as
      previously disclosed herein.
PAR  A receiving hopper-valved discharge outlet assembly 60, shown in detail in
      FIGS. 8 and 9, is detachably secured by screws 61 to the lower portion of
      inner casing 27 and forms a portion of or an extension of inner casing.
      This assembly has outwardly diverging end and side walls 62 and 63
      respectively welded together to form the upper inlet portion of the
      assembly. Two generally V-shaped in section hoppers 64 and 65 for
      receiving the coarser zinc dust particles of diameters greater than 15
      microns together with perhaps a relatively small amount of finer zinc
      particles or grains of diameters less than 15 microns are each formed of a
      pair of generally triangular shaped spaced apart side walls 66 and 67
      welded to the upper side walls 63. Inner end walls 68 and 69 are welded to
      side walls 66 and 67 respectively and to upper side walls 63.
      Non-elastomeric sheets or plates 71, usually of a metal, for instance a
      ferrous metal, e.g. steel, form the inner part of the flapper valves 72
      which tightly close off hoppers 64 and 65 until that time when the weight
      of the zinc dust particles accumulating therein exceeds the force holding
      the valves 72 tightly shut, the force holding the flapper valves 72 shut
      being the higher air pressure exteriorly of such valves 72 in the lower
      portion of the air separator laterally of and also beneath the flapper
      valves, than in the lower portion of the conical inner casing 27 and in
      hoppers 64 and 65. Sheets 71 may be omitted from flapper valves 72
      although this is not preferred. Flapper valves 72 also include
      intermediate flexible elastomer flaps or sheets 74 covering and closing
      off (except when opened) the outer side portions and discharge outlets of
      hoppers 64 and 65, and outer non-elastomeric, rigid stiffening members or
      plates 75, usually of a metal such as for example, a ferrous metal, e.g.
      steel. Outer members 75 impart stiffness and mass to flapper valves 72
      thereby aiding causing valves 72 to tightly close off the discharge
      outlets of hoppers 64 and 65 after the dust particles have passed
      therethrough. Any suitable elastomer is utilizable for forming flaps 74,
      including synthetic rubber and natural rubber. Outer stiffening plates 75,
      intermediate flexible flaps 74 and inner sheets 71 are secured together as
      a unit by screws extending through stiffening members 75, flexible flaps
      74 and sheets 71 and also by an adhesive. Any suitable adhesive is
      utilizable for this purpose. Flexible flaps 74 extend over end walls 62
      and are secured to end walls 62 and hinged at the upper portions of
      hoppers 64 and 65 at the loci designated 77 by ferrous metal plates 76
      having screws 76a passing through registering apertures in metal plates
      76, flexible flaps 74 and metal side walls 62. Members 78 welded to metal
      stiffening plates 75 are counterweights which aid in maintaining the
      flapper valves 72 in tightly closed position over the hopper discharge
      outlets.
PAR  The inner non-elastomeric plate-intermediate flexible elastomer flap-outer
      stiffening member sandwich assembly of flapper valves 72 was a
      considerable improvement over the prior flapper valves consisting solely
      of a sheet metal plate of ferrous metal with a leather hinge inasmuch as
      such sandwich assembly of the present flapper valves tightly closed off
      (except when in an opened position) the discharge outlets of hoppers 64
      and 65 over a prolonged period of use. On the contrary the prior flapper
      valves consisting solely of a sheet metal plate with a leather hinge
      prematurely failed to tightly close off the discharge outlets of hoppers
      64 and 65. Although it is not necessary that the closing off of the
      discharge outlets of hopper 64 and 65 by the flapper valves be air tight,
      it is essential that the discharge outlets be closed off sufficiently
      tightly to prevent the air current passing upwardly in the lower portion
      of the air separator and into annular passageway 33 from entering the
      hoppers 64 and 65 through their discharge outlets and passing into inner
      casing 27 to detrimentally affect, interfere with, or destroy the
      previously described, necessary double vortex in casing 27. The sandwich
      assembly flapper valves 72 perform this necessary tight closing off of the
      hopper discharge outlets as previously set forth herein.
PAR  Referring again to FIG. 1 and also FIG. 2, outlet 79 for the entraining
      air-finer zinc dust grain mixture is axially mounted in the upper portion
      of the air separator and has cylindrical side wall 80 having a flanged
      outer end portion welded to cover 31, cylindrical side wall 80 extending a
      short distance through an opening of slightly larger diameter in cover 31
      to terminate within the separator slightly above the upper open end of
      inner casing 27. Inlet 81 for newly-incoming zinc dust is located in the
      lower portion of the air separator. Outlet 82 is for discharge of
      oversize, coarser zinc dust particles, which are the dust particles of
      particle size of 15 microns and larger when the separator vanes 34 are
      moved to and secured at an open position such that the spacing between
      adjacent vanes is about 11/2 inches as previously disclosed herein, which
      spacing is essential to obtain the new and improved zinc dust having the
      particle size distribution of this invention. Outlet 82 is provided with a
      valve or airlock, shown in FIG. 1, for closing and, when the oversize dust
      particles are to be discharged, opening of the outlet. Inlet 83 for the
      fan-driven air is provided below dust feed inlet 81 and above oversize
      particles discharge outlet 82, inlet 83 having a flanged outer end
      portion.
PAR  As shown in FIG. 1, outlet 79 of the air separator is connected to the
      suction of fan or blower 85, and the outlet of blower 85 is connected to
      the inlet 86 of cyclone separator 87 by duct or conduit 94. Fan or blower
      85 can be any suitable fan or blower and is readily obtainable in
      commerce. Cyclone 87 can be any suitable cyclone and is also readily
      obtainable in commerce. Cyclone separator 87 as shown has a cylindrical
      upper portion 88, a conical lower portion 89, and outlet duct or conduit
      90 extending axially within the upper cylindrical portion and terminating
      at a level of the cyclone below inlet 86. Inlet 86 is tangentially
      arranged at the upper portion of cyclone 87. Hopper 91 for finished or
      product zinc dust is positioned directly beneath cyclone outlet 92 for the
      product zinc dust. Duct work or conduit 93 interconnects outlet conduit 90
      of cyclone 87 and air inlet 83 of the air separator.
PAR  The apparatus of this invention is a closed or substantially closed system.
PAR  In operation, with reference to FIG. 1, zinc vapor from the distiller (not
      shown) of the zinc dust plant enters nozzle chamber 16 from vapor duct 15,
      and thence is passed into zinc condenser 17 of the zinc plant wherein it
      is condensed into zinc dust. The condensed dust falls to the bottom of
      condenser 17 wherein screw conveyor 18 moves the dust through the outlet
      of condenser 17 and into trommel screen 19, wherein the oversize dust
      particles of diameters larger than one-fourth inch are retained in the
      screen 19 and removed from its opposite end for remelting. The zinc dust
      particles of diameters of one-fourth inch and smaller pass through the
      openings of trommel screen 19 and fall into the trough of screw conveyor
      20, which moves the dust into the trough of screw conveyor 21 which in
      turn charges the dust into inlet 81 of the air separator 23.
PAR  The zinc dust discrete particles, which comprises particles of a particle
      size or diameter of one-fourth inch and less than one-fourth inch and of
      varying size including zinc dust particles having a particle size of 15
      microns and larger up to one-fourth inch, zinc dust grains having a grain
      size less than 10 microns, zinc dust grains having a grain size less than
      5 microns and perhaps a small amount of zinc dust grains having a grain
      size less than 2 microns are entrained by the high velocity current or
      stream of fan-driven air introduced into inlet 83 of the separator 23 at a
      level below the locus of introduction of the zinc dust therein. The
      entraining air stream is flowing into the lower portion of the separator
      in an amount and at a velocity, typically 2670 feet/minute, which is
      sufficient to entrain the introduced zinc dust.
PAR  The air and entrained dust passes upwardly in the separator 23 through
      annular passageway 33 and through the spaces between the opened separator
      vanes 34 and within inner conical casing 27. The vertical blades 35, shown
      in FIG. 5, of the separator vanes 34 are set and fixed in an open position
      such that about 11/2 inch spacings as hereinbefore disclosed are defined
      between the adjacent separator vane vertical blades 35 to obtain the new
      and improved zinc dust of the particle size distribution of this invention
      previously set forth herein. The effect of the vertical blades 35 of
      separator vanes 34 being set at the open position corresponding to the
      about 11/2 inch spacing between the adjacent vanes blades 35, instead of
      being set at the usual open position corresponding to an about 2 9/16 inch
      spacing between adjacent vane blades 35, is to generate a greater pressure
      drop between the interior of inner casing 27 and the lower portion of the
      separator below the flapper valves 72 and to result in a higher velocity
      of the air entering into inner casing 27, as contrasted with a materially
      lower pressure drop between the inner casing interior and separator lower
      portion below the flapper valves 72 and a materially lower velocity of the
      air entering casing 27 when the blades 35 of the separator vanes were set
      at a more open position corresponding to the 2 9/16 inch spacing between
      adjacent blades 35. Due to such greater pressure drop and hence higher air
      velocity of the air entering inner casing 27, and with flapper valves 72
      tightly closed, a greater cylonic action and centrifugal force was
      imparted to the air within inner casing 27. Consequently the zinc dust
      particles having a particle size of 15 microns and larger were caused to
      be thrown out of the air from an outer downwardly-moving vortex, whereas
      the zinc dust grains having a grain size smaller than 15 microns remained
      entrained in the air of the outer downwardly moving vortex and also
      remained entrained in the air of the inner upwardly moving vortex
      resulting from reversal of direction of the downwardly moving vortex, and
      such dust grains were sucked with the entraining air out of the air
      separator through outlet 79 by the suction produced by fan 85. The "thrown
      out" coarser zinc dust particles of 15 microns and larger particle size
      fall to the bottom of inner casing 27 and accumulate in hoppers 64 and 65.
      When the weight of the accumulated coarser dust particles in hoppers 64
      and 65 reaches a predetermined value the normally closed flapper valves 72
      open and the dust particles are dropped through the open flapper valves
      and recleaned, i.e. freed of smaller, desired size dust grains, by
      entrainment of the smaller grains in the rising air stream introduced into
      the separator lower portion through inlet 83. The oversize dust particles
      are then discharged or withdrawn from the separator through outlet 82 by
      opening a valve or airlock (not shown).
PAR  The entrained zinc dust grains of diameters less than 15 microns, which are
      sucked from the upper portion of the air separator 23 together with the
      entraining air by means of the suction produced by fan or blower 85, pass
      through the suction of fan 85, and thence through duct 94 and are
      introduced tangentially into cyclone 87. The entrained dust grains and gas
      whirl around at high velocity within the cyclone whereby the dust grains
      are separated from the air by centrifugal action and drop through outlet
      92 into hopper 91. The finished or product zinc dust having a grain size
      distribution such that about 98% or more of the zinc grains have a grain
      size less than 15 microns and no more than about 3% of the zinc grains
      have a grain size less than 2 microns is packaged or otherwise disposed of
      or utilized by being withdrawn from hopper 91 by opening valve 95.
PAR  The cleaned air stream passes out of cyclone 87 through outlet duct 90 and
      is recycled through conduit 93 to inlet 83 in the lower portion of
      separator 23.
PAR  The zinc dust of this invention is useful in protective coating
      compositions or paints for protecting normally corrodible metals, e.g.
      ferrous metals, against corrosion, when mixed together with both organic
      and inorganic binders. Exemplary of the organic binders are epoxy resins,
      phenoxy resins, chlorinated rubber, styrene polymers, urethane polymers,
      vinyl polymers, and styrene-butadiene copolymers. Vegetable oil such as,
      for example, linseed oil is also exemplary of the organic binders or
      vehicles utilizable herein. The inorganic binders are exemplified by
      silicates such as, for example, ammonium silicates, Cellosolve silicates;
      lower alkyl silicates, i.e. 1-3 C alkyl silicates, e.g. ethyl silicate;
      alkali metal silicates, e.g. sodium silicate, lithium silicate, sodium
      lithium silicate and sodium potassium silicate; and phosphates, for
      example sodium dihydrogen phosphate and potassium dihydrogen phosphate.
      Solvents for the binder or non-solvents for the binder, and which can be
      organic or inorganic, and water-miscible or immiscible are usually also
      present together with the binder in the coating compositions herein.
      Exemplary of the solvents are organic solvent such as, for example,
      mineral spirits, xylene, a mixture of methyl isobutyl ketone, butanol and
      toluene; maphtha; and a mixture of methyl isobutyl ketone and xylene; and
      inorganic solvent such as water. Exemplary of the non-solvents are
      inorganic liquids such as water, and organic liquids such as methyl
      isobutyl ketone which is a non-solvent for certain binders such as high
      molecular weight epoxy resins and ethanol which is a non-solvent for
      certain binders such as chlorinated rubber. For coating steel strip, the
      zinc dust is combined with one of the organic binders to form the paint.
      For protective paints or coating compositions for coating marine and
      industrial structures, for instance bridges, pilings, tank farms,
      irrigation equipment, piers, etc., the zinc dust herein is combined with
      either an organic or inorganic binder to form the paint. Additionally the
      zinc dust herein is utilizable as a chemical reagent, for instance as a
      reducing agent.
PAR  The protective coating compositions of this invention usually contain the
      zinc dust of the present invention in amount, by weight, in the range of
      about 50 to about 95%. Such compositions may contain the binder in amount,
      by weight, in the range of about 50 to about 5%. When the binder is an
      organic binder, it may be present in the coating compositions in amount,
      by weight, in the range of about 5 to about 50%. Inorganic binder, when
      utilized, may be present in the coating composition herein in amount, by
      weight, in the range of about 5 to about 45%. Solvent or non-solvent for
      the binder may be present in the coating composition herein in amount, by
      weight, in the range of about 0 to about 50%. Solvent or non-solvent for
      the organic binder may be present in the coating composition herein in
      amount, by weight, in the range of about 0 to about 40%. Solvent or
      non-solvent for the inorganic binder may be present in the coating
      composition herein in amount, by weight, in the range of about 15 to about
      50%.
PAR  Driers, anti-settling agents, pigments, film-curing aids, potlife-control
      additives, and converting agents are also utilizable in the coating
      compositins of this invention.
PAR  In preparing the protective coating compositions of this invention, the
      zinc dust of the invention is thoroughly mixed or dispersed into the
      binder or vehicle. The other constituents of the protective coating
      compositions, for instance the driers, anti-settling agents, pigments,
      film curing aids, potlife control additives or converting agents, are
      mixed together with the binder prior to or after mixing the zinc dust with
      the binder or vehicle, usually prior to mixing zinc dust with the binder.
PAR  The protective coating composition or paint of this invention is applied to
      the surface or surfaces of the normally corrodible metal, e.g. corrodible
      ferrous metal or ferrous metal alloys, for inhibiting corrosion of the
      surfaces by any suitable application method, for instance by spray
      coating, brushing, immersing or roller coating. If the surface or surfaces
      to be protected are not already clean or in suitable condition to be
      coated, they are cleaned or placed in such suitable condition prior to
      applying the coating composition thereto. The coating compositions of this
      invention are eminently well suited for protecting corrodible metal
      surfaces against corrosion where thin but effective protective films are
      required, and for this purpose is typically applied in a thickness of
      about 0.5 to 2 mils dry film thickness.
PAR  The following examples of protective coating compositions containing the
      zinc dust of this invention are illustrative only and are not restrictive.
TBL  ______________________________________                                    
     Example 1                                                                 
                             % by Weight                                       
     ______________________________________                                    
     Phenoxy resin             4.64                                            
     Ketone-formaldehyde resin 2.32                                            
     Zinc dust of this invention having                                        
      a grain size distribution such that                                      
      about 98% of the grains have a size                                      
      less than 15 microns, about 94% of                                       
      the grains have a size less than 10                                      
      microns, about 49% of the grains have                                    
      a size less than 5 microns, and about                                    
      2% of the grains have a size less                                        
      than 2 microns, and having a metallic                                    
      zinc content of about 97%                                                
                               62.66                                           
     Anti-settling agent       0.60                                            
     Organic solvent           29.78                                           
     ______________________________________                                    
PAL  The organic solvent in Example 1 was a mixture of methyl isobutyl ketone,
      butanol and toluene in the weight ratio of 15:20:30 respectively. The
      anti-settling agent in Example 1 and in Examples 2-5 and 7-12 hereafter
      set forth is exemplified by a clay, e.g. a montmorillonite clay, silica
      gel, or a vegetable oil resin; and its function was to prevent settling
      out or caking of the zinc dust.
TBL  ______________________________________                                    
     Example 2                                                                 
                             % by Weight                                       
     ______________________________________                                    
     Chlorinated rubber resin  4.04                                            
     Extender resin            3.24                                            
     Zinc dust of this invention having a                                      
      grain size distribution such that                                        
      about 98% of the grains have a size                                      
      less than 15 microns, about 94% of                                       
      the grains have a size less than 10                                      
      microns, about 49% of the grains have                                    
      a size less than 5 microns, and about                                    
      2% of the grains have a size less                                        
      than 2 microns, and having a metallic                                    
      zinc content of about 97%                                                
                               80.42                                           
     Anti-settling agent       0.30                                            
     Xylene                    12.00                                           
     ______________________________________                                    
PAL  The extender resin in Example 2 was chlorinated paraffin.
TBL  ______________________________________                                    
     Example 3                                                                 
                             % by Weight                                       
     ______________________________________                                    
     Styrene-butadiene copolymer                                               
                               6.7                                             
     Zinc dust of this invention having a                                      
      grain size distribution such that                                        
      about 98% of the grains have a size                                      
      less than 15 microns, about 94% of                                       
      the grains have a size less than 10                                      
      microns, about 49% of the grains have                                    
      a size less than 5 microns, and about                                    
      2% of the grains have a size less than                                   
      2 microns, and having a metallic zinc                                    
      content of about 97%     80.0                                            
     Anti-settling agent       0.2                                             
     Cobalt drier (6%)         0.2                                             
     Mineral spirits           12.9                                            
     ______________________________________                                    
TBL  Example 4                                                                 
                             % by Weight                                       
     ______________________________________                                    
     Epoxy ester resin, solids 11.44                                           
     Zinc dust of this invention having a                                      
      grain size distribution such that                                        
      about 98% of the grains have a size                                      
      less than 15 microns, about 94% of                                       
      the grains have a size less than 10                                      
      microns, about 49% of the grains have                                    
      a size less than 5 microns, and about                                    
      2% of the grains have a size less                                        
      than 2 microns, and having a metallic                                    
      zinc content of about 97%                                                
                               65.86                                           
     Anti-settling agent       0.50                                            
     Cobalt driers (6%)        0.07                                            
     Super High Flash naphtha  22.13                                           
     ______________________________________                                    
TBL  Example 5                                                                 
                             % by Weight                                       
     ______________________________________                                    
     Epoxy resin               4.46                                            
     Polyamide resin           2.03                                            
     Zinc dust of this invention having a                                      
      grain size distribution such that                                        
      about 98% of the grains have a size                                      
      less than 15 microns, about 94% of                                       
      the grains have a size less than 10                                      
      microns, about 49% of the grains have                                    
      a size less than 5 microns, and about                                    
      2% of the grains have a size less                                        
      than 2 microns, and having a metallic                                    
      zinc content of about 97%                                                
                               81.42                                           
     Anti-settling agent       0.36                                            
     Organic solvent           11.73                                           
     ______________________________________                                    
PAL  The organic solvent in Example 5 was a methyl isobutyl ketonexylene mixture
      in the weight ratio of 65:35 respectively.
TBL  ______________________________________                                    
     Example 6                                                                 
                             % by Weight                                       
     ______________________________________                                    
     Raw linseed oil           20.6                                            
     Zinc dust of this invention having                                        
      a grain size distribution such that                                      
      about 98% of the grains have a size                                      
      less than 15 microns, about 94% of                                       
      the grains have a size less than 10                                      
      microns, about 49% of the grains have                                    
      a size less than 5 microns, and about                                    
      2% of the grains have a size less                                        
      than 2 microns, and having a metallic                                    
      zinc content of about 97%                                                
                               62.4                                            
     Zinc oxide                15.6                                            
     Solvent and driers        1.4                                             
     ______________________________________                                    
PAL  The solvent and driers in Example 6 were mineral spirits and a mixture of
      lead, cobalt and manganese naphthenates, respectively.
TBL  ______________________________________                                    
     Example 7                                                                 
                             % by Weight                                       
     ______________________________________                                    
     Ethyl silicate (pre-hydrolyzed)                                           
                               49                                              
     Zinc dust of this invention having                                        
      a grain size distribution such that                                      
      about 98% of the grains have a size                                      
      less than 15 microns, about 94% of                                       
      the grains have a size less than 10                                      
      microns, about 49% of the grains have                                    
      a size less than 5 microns, and about                                    
      2% of the grains have a size less                                        
      than 2 microns, and having a metallic                                    
      zinc content of about 97%                                                
                               50                                              
     Anti-settling agent       1                                               
     ______________________________________                                    
TBL  Example 8                                                                 
                             % by Weight                                       
     ______________________________________                                    
     Ethyl silicate (hydrolyzed)                                               
                               21.4                                            
     Ethyl silicate (condensed)                                                
                               21.4                                            
     Zinc dust of this invention having                                        
      a grain size distribution such that                                      
      about 98% of the grains have a size                                      
      less than 15 microns, about 94% of                                       
      the grains have a size less than 10                                      
      microns, about 49% of the grains have                                    
      a size less than 5 microns, and about                                    
      2% of the grains have a size less                                        
      than 2 microns, and having a metallic                                    
      zinc content of about 97%                                                
                               53.4                                            
     Anti-settling agent       2.7                                             
     Converting agent          1.1                                             
     ______________________________________                                    
PAL  The converting agent in Example 8 was ferric chloride and its function was
      to induce hydrolysis of the ethyl silicate by absorbing water from the
      atmosphere.
TBL  ______________________________________                                    
     Example 9                                                                 
                             % by Weight                                       
     ______________________________________                                    
     Sodium silicate aqueous solution                                          
      (26.72% solids, SiO.sub.2 /Na.sub.2 O ratio                              
      of 4.63:1 respectively)  21.7                                            
     Zinc dust of this invention having                                        
      a grain size distribution such that                                      
      about 98% of the grains have a size                                      
      less than 15 microns, about 94% of                                       
      the grains have a size less than 10                                      
      microns, about 49% of the grains have                                    
      a size less than 5 microns, and about                                    
      2% of the grains have a size less                                        
      than 2 microns, and having a metallic                                    
      zinc content of about 97%                                                
                               77.0                                            
     Anti-settling agent       1.3                                             
     ______________________________________                                    
TBL  Example 10                                                                
                             % by Weight                                       
     ______________________________________                                    
     Potassium silicate aqueous solution                                       
      (25% solids, SiO.sub.2 /K.sub.2 O ratio of 4.94:1                        
      respectively)            25.4                                            
     Zinc dust of this invention having                                        
      a grain size distribution such that                                      
      about 98% of the grains have a size                                      
      less than 15 microns, about 94% of                                       
      the grains have a size less than 10                                      
      microns, about 49% of the grains have                                    
      a size less than 5 microns, and about                                    
      2% of the grains have a size less                                        
      than 2 microns, and having a metallic                                    
      zinc content of about 97%                                                
                               73.3                                            
     Anti-settling agent       1.3                                             
     ______________________________________                                    
TBL  Example 11                                                                
                             % by Weight                                       
     ______________________________________                                    
     Lithium silicate aqueous solution                                         
      (19.9% solids, SiO.sub.2 /Li.sub.2 O ratio                               
      of 8:1 respectively)     35.5                                            
     Zinc dust of this invention having                                        
      a grain size distribution such that                                      
      about 98% of the grains have a size                                      
      less than 15 microns, about 94% of                                       
      the grains have a size less than 10                                      
      microns, about 49% of the grains have                                    
      a size less than 5 microns, and about                                    
      2% of the grains have a size less                                        
      than 2 microns, and having a metallic                                    
      zinc content of about 97%                                                
                               63.5                                            
     Anti-settling agent       1.0                                             
     ______________________________________                                    
TBL  Example 12                                                                
                             % by Weight                                       
     ______________________________________                                    
     Cellosolve silicate solution                                              
                               37.65                                           
     Zinc dust of this invention having                                        
      a grain size distribution such that                                      
      about 98% of the grains have a size                                      
      less than 15 microns, about 94% of                                       
      the grains have a size less than 10                                      
      microns, about 49% of the grains have                                    
      a size less than 5 microns, and about                                    
      2% of the grains have a size less                                        
      than 2 microns, and having a metallic                                    
      zinc content of about 97%                                                
                               68.99                                           
     Anti-settling agent       0.68                                            
     Trimethyl borate          0.68                                            
     ______________________________________                                    
PAL  The function of the anti-settling agent in Examples 1 through 12 is to
      maintain the zinc particles dispersed and to prevent settling out of the
      zinc to form a deposit on the bottom of the container holding the coating
      composition.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The zinc dust of this invention preferably has a grain size distribution
      such that about 98% or more of the grains have a grain size less than 15
      microns, about 85 to about 93% of the grains have a grain size less than
      10 microns, about 45 to about 55% of the grains have a grain size less
      than 5 microns, and no more than about 3% of the grains have a grain size
      less than 2 microns, the percentages being by weight.
PAR  An especially preferred zinc dust herein has a grain size distribution such
      that about 98% or more of the grains have a grain size less than 15
      microns, about 93% of the grains have a grain size less than 10 microns,
      about 49% of the grains have a grain size less than 5 microns, and no more
      than about 2% of the grains have a grain size less than 2 microns, the
      percentages being by weight.
PAR  The generally sphereical zinc dust grains herein are free or substantially
      free of acicular protuberances extending from the grain surfaces. The
      presence of the acicular protuberances, which are composed predominately
      of zinc oxide, on the grain surfaces, which characterized certain of the
      prior art zinc dusts, is disadvantageous inasmuch as the acicular
      protuberances break off with consequent agglomeration of the acicular
      particles.
PAR  The particle or grain size distribution of the new and improved zinc dust
      of this invention was determined by the use of a Coulter Counter. The
      instrument was a conventional Coulter Counter, Model B, with a Model M
      data conversion unit and was obtained in commerce. The electrolyte
      utilized for the determination was a 3:1 by volume mixture of distilled
      water and reagent grade glycerol, with 30 g/l sodium chloride added to the
      mixture to attain the necesary conductivity. The thus-obtained electrolyte
      was filtered through a Millipore filter with a mean pore size of 1.2
      microns, and then through a Millipore filter with a mean pore size of 0.2
      micron. All filtering was done using a maximum vacuum of 15 inches Hg. The
      aperture impedance for a 100 micron tube using the filtered electrolyte
      was 20 k. The 100 micron aperture tube of the Coulter Counter was
      calibrated using mono-sized latex beads with a mean diameter of 3.49
      microns. The instrument was calibrated using a matching switch setting of
      64H and a grain control 60. The zinc dust sample was pre-dispersed in a
      small amount of the electrolyte on a watch glass, and this dispersion was
      then washed into a larger amount of the electrolyte contained in a 250 ml.
      round bottom beaker and dispersed for two minutes by means of a 100 watt
      ultrasonic bath. The zinc dust concentration was maintained between
      10,000-20,000 particles or grains per 1/2 cc greater than the smallest
      measured size to minimize coincidence errors. Counting was done with the
      dual threshold technique and the data read using the Model M data
      conversion unit. The zinc dust was analyzed twice with one count
      proceeding from the coarse end of the distribution to the fine end, and
      one count proceeding from the fine end of the distribution to the coarse
      end. During counting the stirrer constantly agitated the electrolyte
      dispersion except for counts at the three settings of highest sensitivity;
      at this time the stirrer was shut off during counting to reduce background
      noise.
PAR  The air separator of the apparatus of this invention has the following
      typical dimensions: the uppermost cylindrical portion of the outer casing
      an inner diameter of about 4 feet 3 inches, the narrowest lower portion of
      the outer casing an inner diameter of about 101/2 inches; the outlet in
      the upper portion for the entraining air-entrained zinc dust particle
      mixture a diameter of about 11.5 inches and a length of about 8 inches;
      the separator vane vertical blade a height of about 3 inches and a width
      of about 27/8 inches, the slot aperture a length of about 1 5/16 inches
      and a width of about 1/8 inch, the fixed outer ring or annular member a
      width of about 15/16 inch, the moveable inner annular member a width of
      about 11/4 inch; the inner conical casing an inner diameter of about 3
      feet 9 inches at its widest portion and an inner diameter of about 10
      inches at its narrowest portion; the flapper valves 72 each have the
      dimensions: inner non-eleastomeric plate 71 length of about 73/8 inches
      and width of about 4 inches, intermediate flexible elastomer sheet 74
      length of about 81/2 inches and width of about 77/8 inches, and outer
      non-elastomeric stiffening plate 75 length of about 73/8 inches and width
      of about 4 inches; the inner end walls 68 and 69 of the receiving
      hopper-valved discharge outlet assembly each have length of about 83/8
      inches and width of about 8 inches; and the top or uppermost end edge
      portion of the upper inlet portion of the receiving hopper-valved
      discharge outlet assembly has length of about 95/8 inches and width of
      about 95/8 .
PAR  In another embodiment of the apparatus of this invention, the apparatus is
      that previously described herein but is not in combination with a zinc
      dust plant. Instead the zinc dust is supplied to the inlet therefor of the
      air separator from any other suitable zinc dust source, for instance from
      a storage container for the zinc dust, by means of a screw conveyor or
      other suitable conveying or supplying means.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a protective coating composition comprising zinc dust and an organic
      binder, the improvement which comprises utilizing as the zinc dust in said
      composition, by weight, about 50 to about 95% of a zinc dust comprising
      generally spherical zinc dust grains and having a grain size distribution
      as determined by a Coulter Counter such that at least about 98% of the
      grains have a grain size less than 15 microns, about 85 to about 93% of
      the grains have a grain size less than 10 microns, about 45 to about 55%
      of the grains have a grain size less than 5 microns, and no more than
      about 3% of the grains have a grain size less than 2 microns, said dust
      having a metallic zinc content of about 95-98%.
NUM  2.
PAR  2. The coating composition of claim 1 wherein about 93% of the grains have
      a grain size less than 10 microns, about 49% of the grains have a grain
      size less than 5 microns, and no more than about 2% of the grains have a
      grain size less than 2 microns.
NUM  3.
PAR  3. The coating composition of claim 1 wherein the grains are substantially
      free of acicular protuberances extending from the grain surfaces.
NUM  4.
PAR  4. The coating composition of claim 1 wherein the organic binder is
      contained therein in amount, by weight, in the range of about 5 to about
      45%.
NUM  5.
PAR  5. The coating composition of claim 1 also containing a solvent or
      non-solvent for the binder.
NUM  6.
PAR  6. The coating composition of claim 5 containing a solvent for the binder.
NUM  7.
PAR  7. The coating composition of claim 5 containing a non-solvent for the
      binder.
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ABST
PAL  Paper possessing outstanding opacity, whiteness and gloss characteristics
      containing a magnesium hydroxide pigment having about 1 to 5 weight per
      cent calcium ion concentration in solid solution therewith and methods of
      manufacturing such paper are provided. The pigment is contained either as
      a paper filler or as a component of a coating pigment composition.
PARN
PAR  This application is a division of Ser. No. 773,350 filed Nov. 4, 1968 now
      U.S. Pat. No. 3639158.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In paper manufacture, pigments and fillers, e.g. clays, calcium carbonate,
      titanium dioxide, are applied to the paper to increase the brightness and
      opacity. The main function of fillers is to fill the interstices between
      the fibers in the paper so that an opaque surface is obtained upon
      calendering the treated paper. Pigments give paper additional features
      such as smoothness and brightness. The industry has long sought a filler
      or pigment which has properties superior to clay or calcium carbonate but
      yet is less expensive than TiO.sub.2.
PAR  Therefore, a primary object of the present invention is to provide a new
      relatively inexpensive pigment composition possessing superior opacifying
      power, high whiteness and high gloss characteristics for use, for example,
      in coating paper.
PAR  A further object of the present invention is to provide paper having
      superior opacity, whiteness and gloss properties.
PAR  Another object of the present invention is to provide a novel, improved
      filled paper.
PAR  Still another object of the present invention is to provide a novel,
      improved coated paper.
PAR  Another object of the present invention is to provide improved methods of
      making a superior paper product.
PAC  THE INVENTION
PAR  The above and other objects and advantages are obtained in a novel paper
      containing a special form of magnesium hydroxide pigment having about 1 to
      5 weight per cent calcium ion concentration in solid solution. Such paper
      is characterized by excellent opacity, high whiteness and in the coated
      form, high gloss.
PAR  The paper of the present invention can be of either the chemical grade
      fiber or groundwood type, filled and/or coated. When the paper is filled,
      the magnesium hydroxide pigment is present as a filler material. When the
      paper is coated, the magnesium hydroxide pigment can be present as a
      filler material and/or a pigment component of a coating pigment
      composition.
PAR  The term "solid solution" , as used herein, refers both to calcium atoms
      taking up position in the Mg(OH).sub.2 lattice structure and an extremely
      fine, e.g. on the order of 500A particle size, physical mixture of
      Mg(OH).sub.2 and calcium values, usually Ca(OH).sub.2, achieved by
      coprecipitation. This is contrasted with a conventional mechanically
      achieved, physical mixture, e.g. about 10,000a particle size, which does
      not produce the desired results when used as a paper pigment.
PAR  The special form of magnesium hydroxide pigment employed in the paper of
      the present invention contains about 1 to 5 weight percent of calcium ions
      in solid solution. The magnesium hydroxide is further characterized as
      having an expanded lattice structure, apparently due to the calcium
      present. This is examplified by conventional hexagonal lattice dimension
      constants, (a and c): a =  3.162A; c = 4.777A. In contrast, lattice
      constants for conventional, i.e. non-calcium containing, magnesium
      hydroxide have values of the order of: a = 3.147A; c = 4.769A.
PAR  The magnesium hydroxide pigment can be prepared by processing dolomite in
      the following manner. Crushed magnesium and calcium carbonate containing
      material, e.g., dolomite, is calcined and the resulting product, commonly
      referred to as dolime, slaked to form Ca(OH).sub.2 and Mg(OH).sub.2. The
      slaked dolime is reacted with a CaCl.sub.2 solution to form large calcium
      oxychloride crystals. The Mg(OH).sub.2 formed, which may be separated from
      the larger oxychloride crystals and CaCl.sub.2 solution and dried, has
      about 1 to 5 percent calcium in solid solution either in the Mg(OH).sub.2
      lattice and/or as a coprecipitate. Because of the resulting dislocation in
      its lattice structure, this material is sometimes referred to herein as
      "expanded"  magnesium hydroxide.
PAR  The expanded magnesium hydroxide can also be prepared by calcining a
      dolomitic limestone to the oxides of magnesium and calcium, slaking at
      least the calcium oxide component in water to the corresponding hydroxide,
      carbonating only the calcium portion thereof to the carbonate, slaking any
      remaining magnesium oxide in water to the corresponding hydroxide, to form
      a calcium carbonate-expanded magnesium hydroxide slurry product. The
      Mg(OH).sub.2 can then be separated from the product. Alternatively the
      product is used as such as a filler composition, or as a pigment component
      in a coating composition by admixing with a binder material.
PAR  The paper of the present invention containing magnesium hydroxide is
      manufactured in a conventional manner known to those skilled in the paper
      art. For example, the wood is first pulped and bleached to form an aqueous
      suspension of cellulose fibers which is then processed through beaters.
      During the beating operation the pulp can be filled or loaded, sized and
      colored. The pulp is then formed into paper sheet, pressed and dried. The
      paper can then be converted, such as by coating with a paper pigment
      composition.
PAR  It has been discovered that the use of the magnesium hydroxide pigment
      hereinbefore described as a paper filler and/or as a coating pigment
      composition component produces a superior paper product with respect to
      opacity and whiteness.
PAR  When the magnesium hydroxide pigment is employed as a paper filler, it can
      be admixed with the pulp fibers in dry or pre-dispersed state, with or
      without the aid of a dispersing agent, e.g. polyphosphates, sodium
      lignosulfonate. It can be used alone or in connection with other fillers,
      e.g. clay, calcium sulfate, titanium dioxide, barium sulfate, calcium
      carbonate, talc and zinc sulfide. The amount of filler conventionally
      ranges from about 2 to 40 weight percent based on pulp fiber weight. Due
      to the magnesium hydroxide pigments' solubility in acids, it is preferably
      used in systems operating at at least a pH of 6 and more preferably in
      neutral or alkaline systems.
PAR  A further embodiment of the present invention is a novel coating pigment
      composition containing the magnesium hydroxide pigment hereinbefore
      described, at least one binder material, and optionally other pigments.
      Conventional proportions are used. For example useful coating compositions
      are obtained by thoroughly mixing from about 10 to about 25 parts by
      weight binder per 100 parts of pigment. Such a composition when used as a
      coating pigment for paper produces a paper product which has excellent
      opacity, whiteness and high gloss.
PAR  The term "binder material", as used herein, refers to those materials known
      for use in connection with paper pigments, which aid in binding the
      pigment particles together and, in turn, binding the coating to the paper
      surface. Such materials include, for example, casein, soybean proteins,
      alpha proteins, starches (dextrins, oxidized starches, enzyme-converted
      starches, hydroxilated starches), animal glue, polyvinyl alcohol, rubber
      latices, styrene-butadiene latex, and synthetic polymeric resin emulsions
      such as derived from acrylic and vinyl acetates.
PAR  In addition to the binder material and the magnesium hydroxide, the coating
      composition of the present invention can also contain other pigments, e.g.
      clay (hydrated aluminosilicates), calcium carbonate, titanium dioxide,
      aluminum oxide hydrate, satin white, and calcium sulfates. Preferably, the
      particle size of the magnesium hydroxide pigment and optional components
      used (if any) should not exceed about 10 microns in the longest dimension
      and preferably should be less than 2 microns.
PAR  The coating pigment composition can be applied in a conventional manner
      known to those skilled in the paper art. For example, an aqueous
      dispersion of magnesium hydroxide pigment is admixed with an aqueous
      dispersion of binder material and the resultant coating, e.g. from about
      30 to 60 weight percent solids, applied on the paper web by a blade or
      roll coater employing machine coating or off machine coating.
      Alternatively the expanded Mg(OH).sub.2 can be admixed with the binder and
      the composite added to water to form an aqueous dispersion which is then
      applied to the dryed paper web.
PAR  Whiteness and opacifying power of the present novel coating pigment
      composition relative to conventional pigments can be determined by use of
      conventional apparatus. For example, a Bausch and Lomb Spectrophotometer
      or a Photovolt Reflectometer (with a blue Wratten filter, 457 m.mu. ) can
      be employed for comparing the reflectance of the dry test specimen
      relative to a standard dry MgO specimen which is considered to have a 100
      percent reflectance. The opacifying power of the pigment composition may
      be estimated by the Mitton-Jacobsen method, whereby a coating is cast on a
      black glass panel with a Bird doctor blade at a thickness of about 1 mil.
      A 5 sq. in. area of this slightly translucent film is measured for
      reflectance, R.sub.B, and likewise the reflectance Roo of a thick layer
      over white glass. These readings are then converted by means of published
      graphs (Official Digest, Vol, 35, Sept. 1963, No. 464) into values of
      scattering power, the measured area of the coating is then removed from
      the blackglass and weight, thus enabling expression of the scattering
      coefficient, SC, in terms of an accurately known coating weight unit (lbs.
      per TAPPI ream).
DETD
PAR  The following examples serve to further illustrate the present invention
      and provide various operable and preferred embodiments thereof, but are
      not to be construed as limiting the invention thereto.
PAC  EXAMPLE I
PAR  A sample of the expanded magnesium hydroxide, prepared by oxychloride
      method as described hereinabove, having about 4 weight percent calcium in
      solid solution, was admixed with an equal amount of clay and 15 parts by
      weight (based on the weight of the total pigmentation) binder material of
      styrene-butadiene latex to form a pigment composition within the present
      invention.
PAR  An A.E.G. focusing camera was used to determine the characteristic
      hexagonal lattice spacings (a and c) for the Mg(OH).sub.2 employed: a =
      3.162A; c = 4.777A. X-ray measurements were used to determine the
      Mg(OH).sub.2 crystallite size corresponding to certain characteristic
      lattice planes (Miller indices):
TBL  Lattice Plane        Measurements                                         
     ______________________________________                                    
     001                  500 .+-. 150A                                        
     101                  500 .+-. 100A                                        
     110                  360 .+-. 100A                                        
     ______________________________________                                    
PAR  The Mitton-Jacobsen method as previously described was used to determine
      the pigment's opacifying power. The scattering coefficient, SC, was 0.244.
PAC  EXAMPLE 2
PAR  Another example of the present pigment composition was prepared by admixing
      25 parts of the expanded magnesium hydroxide, 25 parts of commercial grade
      CaCO.sub.3, 50 parts clay and 15 parts styrene-butadiene latex binder. SC
      for this composition within the present invention was 0.213.
PAR  For comparison, commercial grade precipitated CaCO.sub.3 and clay, both
      conventional paper pigments, were mixed equally with 15 parts by weight
      binder material of styrene-butadiene latex. The scattering coefficient was
      only 0.166, which is well below the results obtained for the above pigment
      compositions of the instant invention.
PAC  EXAMPLE 3
PAR  A pigment composition of the invention was prepared by the partial
      carbonation process hereinbefore described and comparatively tested
      against other pigment compositions and Mg(OH).sub.2 compositions for
      scattering coefficient. Table I presents the results.
TBL                TABLE I                                                     
     ______________________________________                                    
     Pigment       Composition.sup.1                                           
                                    SC                                         
     ______________________________________                                    
     Invention - Ex. 3                                                         
                   Expanded Mg(OH).sub.2.sup.2                                 
                                    0.196                                      
     Comparative - A                                                           
                   CaCO.sub.3       0.147                                      
     Comparative - B                                                           
                   Clay             0.136                                      
     Comparative - C                                                           
                   Conventional Mg(OH).sub.2.sup.3                             
                                    0.120                                      
     Comparative - D                                                           
                   Conventional Mg(OH).sub.2                                   
                                    0.096                                      
     ______________________________________                                    
      .sup.1 The composition being 75 parts clay, 15 parts by weight           
      styrene-butadiene binder (based on weight of pigment) and 25 parts of the
      listed pigment material.                                                 
      .sup.2 Had the same lattice constants as the Mg(OH).sub.2 of Examples 1  
      and 2.                                                                   
      .sup.3 Comparative Example C had lattice constants of a = 3.147A and c = 
      4.769A and crystallite size measurements of:                             
TBL  Lattice Plane        Measurement                                          
     ______________________________________                                    
     001                  570A                                                 
     101                  720A                                                 
     110                  1040A                                                
     ______________________________________                                    
PAR  As shown in the Table, the composition of the present invention has
      increased opacifying power over conventional pigments and other
      Mg(OH).sub.2 compositions.
PAC  EXAMPLE 4
PAR  Various coating compositions were applied to a base stock of bleached
      sulphite paper having a basis weight of 61 g/m.sup.2. The coating weight
      was about 15 g/m.sup.2. Each coated paper was tested for opacity (TAPPI)
      and whiteness. Table II presents the results.
TBL                TABLE II                                                    
     ______________________________________                                    
     Coating    Composition*   Opacity  Whiteness                              
     ______________________________________                                    
     Comparative-E                                                             
                Uncoated       79.7     79.5                                   
     Comparative-F                                                             
                100 parts clay 88.4     78.0                                   
     Comparative-G                                                             
                75 parts clay  89.4     81.6                                   
                25 parts                                                       
                precipitated                                                   
                CaCO.sub.3                                                     
     Invention-Ex 4                                                            
                75 parts clay  91.2     84.3                                   
                25 parts expanded                                              
                Mg(OH).sub.2                                                   
     ______________________________________                                    
      *Balance being 15 parts styrene-butadiene latex binder                   
PAR  As the data demonstrates the paper of the present invention has higher
      opacity and whiteness than the paper coated with conventional clay or
      calcium carbonate pigments.
PAC  EXAMPLE 5
PAR  Filled paper sheets were prepared on Noble-Wood handsheet machine from
      bleached soft wood pulp processed at pH of 7.0 using various filler
      materials. The sheets were tested for opacity (TAPPI) and whiteness. Table
      III shows the average of the results obtained.
TBL                TABLE III                                                   
     ______________________________________                                    
     Filler      Composition*  Opacity  Whiteness                              
     ______________________________________                                    
     Comparative-H                                                             
                 Unfilled      63.5     84.3                                   
     Comparative-I                                                             
                 Clay (5%)     71.0     84.5                                   
     Comparative-J                                                             
                 Precipitated  76.1     87.3                                   
                 CaCO.sub.3                                                    
                 (5%)                                                          
     Invention-Ex. 5                                                           
                 Expanded Mg(OH).sub.2                                         
                               80.6     88.8                                   
                 (5%)                                                          
     Comparative-K                                                             
                 TiO.sub.2 (5%)                                                
                               83.9     90.7                                   
     ______________________________________                                    
      *Actual amount of filler retained                                        
PAR  The filled paper of the present invention possesses superior opacity and
      whiteness over the clay and CaCO.sub.3 filled papers. Although the
      expanded Mg(OH).sub.2 filled paper is not quite equal in brightness and
      opacity with TiO.sub.2 filled paper, the Mg(OH).sub.2 paper is more
      favorable economically.
PAR  The present invention may be modified or changed without departing from the
      spirit or scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pigment composition for use as a paper coating which comprises a
      magnesium hydroxide pigment having from about 1 to about 5 weight percent
      calcium ion concentration in solid solution and at least one binder
      material.
NUM  2.
PAR  2. The pigment composition of claim 1 which also contains at least one
      other pigment material.
NUM  3.
PAR  3. The pigment composition of claim 2 wherein the other pigment material is
      clay and the binder material is styrene-butadiene latex.
NUM  4.
PAR  4. A pigment composition for use as a paper coating which comprises a
      magnesium hydroxide pigment having from about 1 to about 5 weight percent
      calcium ion concentration in solid solution and having from about 10 to
      about 25 weight percent of at least one binder material.
NUM  5.
PAR  5. The pigment composition of claim 4 which also contains at least one
      other pigment material.
NUM  6.
PAR  6. The pigment composition of claim 5 wherein the other pigment material is
      clay and the binder material is a styrene-butadiene latex.
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ABST
PAL  An apparatus for distributing a controlled flow of water onto passing hot
      strips in proportion to the varying width of strips as they issue from a
      hot strip rolling mill.
BSUM
PAR  The present invention pertains to an apparatus for cooling hot rolled
      strips and the like prior to their coiling. Presently, in producing hot
      rolled strips of a hot strip mill the strips are subject to controlled
      water cooling as they pass from the mill and while they are passing over
      the hot run-out table. The two most common forms for cooling the strips
      are to employ either a high pressure system in which water under high
      pressure is delivered to nozzles arranged transversely of the passing
      strips for delivering water under high pressure to the adjacent surfaces
      of the strips. The second form is a low pressure system which in some form
      is sometimes referred to as a "laminar" cooling system. In this system the
      water is delivered under a low pressure of the order of one to five pounds
      per square inch in which there is employed a series of nozzles for guiding
      the water from headers onto the passing strips. Both of these systems have
      one very serious limitation and drawback in that they are constructed and
      operated so that the total width of the nozzles or header coverage is made
      sufficient to accommodate the maximum width strip produced by the mill,
      and even though less than maximum width strip is rolled, the nozzles or
      header continues to deliver water for the maximum width strip coverage.
      When it is considered that the great majority of the production produced
      by the mill is considerably less than the maximum width product, it can
      readily be appreciated that not only is there a considerable percentage of
      water not being used but also a substantial monetary loss is involved by
      the additional pumping power consumed, the additional cost of maintenance,
      and the substantial unnecessary loss of water by evaporation.
PAR  These factors may be better appreciated from a consideration of the
      following information pertaining to the specification of a recent hot
      strip mill: This mill was designed to roll a maximum strip 84 inches wide
      in which the headers were designed to cover a strip width of 84 inches;
      the mill, however, has an average strip width of between 40 to 42 inches
      in which probably 80% of the strip rolled was under 45 inches wide. This
      means that the 84 inch water header coverage was being utilized under 50%
      or less coverage efficiency for most of the rolling operation.
PAR  It is, therefore, an object of the present invention to provide a strip
      cooling apparatus for distributing coolant in proportion to the varying
      width of the strip in which the very maximum economy of the medium can be
      realized, along with the most economical employment of the pumping system
      and obtaining of low maintenance costs.
PAR  A still further object of the present invention is to provide a header
      mounted over the passing strip for receiving the coolant medium, a number
      of discharge members carried by said header arranged relative to the upper
      flat surface of the passing strip to form a transverse cooling zone
      approximately equal in width to the maximum width strip for delivering
      said coolant medium from said header to the strip, means for
      departmentalizing said discharge members into two or more groups or areas,
      and means for selectively delivering and interrupting said coolant medium
      for at least one of said groups of said discharge members in a manner that
      the effective cooling width of the zone can be varied to optimize the use
      of the coolant medium for the particular product being rolled.
PAR  Another object of the present invention is to provide a number of headers
      as above described including a common means to operate the means for
      selectively delivering coolant medium to the one group.
DRWD
PAR  These objects as well as other novel features and advantages of the present
      invention will be better understood when the following description of one
      embodiment thereof is read along with the accompanying drawings of which:
PAR  FIG. 1 is a plan view, partly in section, of a cooling apparatus built in
      accordance with the present invention;
PAR  FIG. 2 is a sectional view taken on lines 2-2 of FIG. 1; and
PAR  FIG. 3 is a sectional view taken on lines 3-3 of FIG. 2.
DETD
PAR  In referring first to FIG. 1, it will be appreciated that the cooling
      apparatus illustrated is mounted on a support structure so that it
      overhangs passing hot strips issuing from a hot rolling mill, the strips
      during this period actually being supported by the customary hot run-out
      table arranged between the mill and the down coilers, none of these other
      elements, however, being shown. It will also be appreciated that while
      only one apparatus is being fully shown, according to the general
      practice, a plurality of banks of cooling apparatuses are employed, in
      which each bank will be made up of from six to eight separate cooling
      apparatuses.
PAR  The cooling apparatus illustrated comprises a header 10 which takes the
      form of a rectangular tapered enclosure having its narrowest end on the
      operating side of the mill, which is closed at this end by an end plate
      11. As FIG. 1 illustrates, the header 10 includes a number of vertically
      arranged equally spaced nozzles 12 arranged in two parallel, staggered
      rows and adapted to extend a distance equal to the approximate width of
      the maximum width strip. FIG. 3 best illustrates the mounting of the
      individual nozzles 12 in which the nozzles are secured to the lower
      exterior horizontal surface of the header 10 by being provided with
      threads 14 at the lower end of the nozzles arranged inside a nut-shaped
      outer portion 16. In still referring to FIG. 3, it will be observed that
      the top of the nozzles 12 are flared and are spaced from the top of the
      header 10 so that water received in the header will flow down through the
      nozzles and onto the passing strip. The particular system illustrated
      operates at a relatively low water pressure so that the falling water from
      the nozzles 12 is given a "laminar"  effect.
PAR  Referring again to FIG. 1, it will be noted that the header 10, and
      particularly the nozzles 12, are divided into three longitudinal sections
      identified as a middle section M, two inner sections I, and two outer
      sections O. The middle section M is fed water from a passageway 18 formed
      in the header, while the two inner sections I receive their water from a
      passageway 20 formed in the header 10. Finally, the two outer sections O
      receive water from the passageway 22, again formed in the header 10. In
      FIG. 1 it will be observed that the sections are compartmentalized into
      three separate cooling zones by permanent ribbing 23 so that water from
      the middle section M will only cover narrow strip or the central section
      of a wide strip, whereas, the intermediate sections I will cool in concert
      with the middle section a width much wider than the minimum strip; i.e. an
      intermediate width strip. The outer section O, of course, will be employed
      when the mill is rolling the maximum range of strip width, in which event
      all three cooling zones will be used.
PAR  The control of water to the sections M, I, and O is provided by a rotating
      valve 24, as shown in FIG. 3. The valve 24 comprises a cylindrical shaped
      gate 26 keyed at 27 to a shaft 28 which in turn is received in spaced
      bushings 29 mounted in the housing 30 of the valve 24. As noted in FIG. 1,
      the gate 26 operates with the two passageways 20 and 22 of the
      intermediate and outer sections I and O, respectively, of the header 10,
      wherein the passageways 18 of the middle section M always remains open. In
      this manner, the middle section will always be delivered water, whereas
      with respect to the intermediate and outer sections, operating the gate 26
      will selectively deliver and divert water into either or both of these
      sections.
PAR  Selected operation of the valve is accomplished by rotation of an arm 31
      secured to a pin 32 of the gate 26, as best shown in FIGS. 2 and 3. It
      will be noted in this regard that the arms for several headers, in
      addition to the header being shown at 34 in FIG. 1, of the bank of headers
      are connected to a common tie rod 36. The rod, in turn, is connected to a
      single piston cylinder assembly 38.
PAR  In now giving a brief description of the operation of the above described
      cooling apparatus and in referring to the typical mill noted earlier, let
      it be assumed that 84 inches width strip is to be rolled. In this event,
      by the proscribed operation of the piston cylinder assembly 38, the gate
      26 will be moved to the full retracted phantom position in FIG. 1 so that
      coolant will be delivered to all three sections M, I, and O of the header
      10. This valve position will be used for a strip width range of say, for
      example, 64 to 84 inches. Should the mill thereafter commence to roll, for
      example, 54 inch width strip, and let it be assumed that the middle
      section I is capable of cooling up to a maximum width strip of 42 inches,
      in this event, the gate 26 will be positioned, by the operation of the
      piston cylinder assembly 38, in the intermediate phantom position of FIG.
      1, thereby discontinuing the flow of water to the outer section O by
      blocking the passageway 22 but at the same time delivering water to the
      passageway 20 of the intermediate section I.
PAR  Should thereafter the mill be called upon to roll a 42 inch or less width
      of strip, which as noted above is within the width cooling capability of
      middle section M, then gate 26 will be again adjusted by the operation of
      the piston cylinder assembly 38 to close the passageway 20 thereby
      stopping the flow of water to the intermediate section I, as well as O.
      Since water always flows to the passageway 18 associated with the middle
      section M, this section alone will deliver the required coolant for the 42
      inch width strip. Thus, from the above it can be readily appreciated that
      by the employment of the present invention, the most economical use of the
      coolant medium is realized along with a substantial reduction in the cost
      of pumping power and reduced maintenance.
PAR  In accordance with the provisions of the patent statutes, I have explained
      the principle and operation of my invention and have illustrated and
      described what I consider to represent the best embodiment thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for cooling varying width relatively flat strip produced by
      a hot strip mill, comprising:
PA1  header means mounted over a passing strip and receiving coolant medium,
PA1  a number of discharge members carried by said header means arranged
      relative to the upper flat surface of the passing strip to form a
      transverse cooling zone approximately equal in width to the maximum width
      strip for delivering said coolant medium from said header to said upper
      flat surface,
PA1  means for compartmentalizing said discharge members into two or more areas,
      including means for forming a separate passageway for each of said areas
      for delivering separate quantities of coolant medium to each area, and
PA1  means for selectively delivering and interrupting said coolant medium for
      at least one of said areas of discharge members in a manner that the
      effective cooling width of said zone can be varied to optimize the use of
      the coolant medium for the particular width strip being cooled.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein said one area comprises two
      separate sections of discharge members arranged on both sides of said
      other area which other area comprises a center area and includes means for
      delivering in an uninterrupted fashion coolant medium to said center area.
NUM  3.
PAR  3. An apparatus according to claim 2, in which said means for selectively
      delivering coolant medium comprises a valve arranged to selectively
      deliver coolant medium to said two sections of said discharge members.
NUM  4.
PAR  4. An apparatus according to claim 3, wherein said header has a coolant
      medium intake portion,
PA1  said valve arranged in said intake portion, and
PA1  wherein said passageways each have a termini in said intake portion.
NUM  5.
PAR  5. An apparatus according to claim 1, wherein said header means comprises
      two or more header units,
PA1  a common means for operating in unison said means for selectively
      delivering coolant medium for each header unit.
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ABST
PAL  A high-temperature, secondary electrochemical cell includes a negative
      electrode containing an alkali metal such as lithium, an electrolyte of
      molten salt containing ions of that alkali metal and a positive electrode
      containing a mixture of metallic sulfides. The positive electrode
      composition is contained within a porous structure that permits permeation
      of molten electrolyte and includes a mixture of about 5% to 30% by weight
      Cu.sub.2 S in FeS.
GOVT
PAC  CONTRACTUAL ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the UNITED STATES ENERGY RESEARCH AND DEVELOPMENT
      ADMINISTRATION.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to high-temperature, secondary electrochemical cells
      and batteries of such cells that can be employed as power sources for
      electrical automobiles, hybrid electric vehicles or for the storage of
      energy generated during intervals of off-peak power consumption. It is
      particularly applicable to electrochemical cells that employ metal
      sulfides as positive electrode (cathode) reactants and alkali metals as
      negative (anode) electrode reactants.
PAR  A substantial amount of work has been done in the development of these
      types of electrochemical cells and their electrodes. Various type cells
      showing promise have employed lithium, lithium-aluminum alloy or sodium as
      the reactant within the negative electrode. In the positive electrode, the
      chalcogens, particularly sulfur and sulfur compounds, have been used.
      Electrolytes of molten salt generally containing the ions of the negative
      reactant provide ionic conduction between the electrodes. Examples of
      these secondary, high-temperature cells are disclosed in U.S. Pat. Nos.
      3,827,910 to Cairns et al., entitled "Homogeneous Cathode Mixtures for
      Secondary Electrochemical Power-Producing Cells", Aug. 6, 1974; 3,716,409
      to Cairns et al., entitled "Cathodes for Secondary Electrochemical
      Power-Producing Cells", Feb. 13, 1973; and 3,488,221 to Hiroshi Shimotake
      et al., Jan. 6, 1970. A number of other pending patent applications
      relating to these type cells include ERDA case No. S-44,393, Ser. No.
      510,840 to Yao et al. and entitled "Electrochemical Cell Assembled in
      Discharged State", filed Sept. 30, 1974 and ERDA case No. S-43,384, Ser.
      No. 416,311 entitled "Modular Electrochemical Cell", now U.S. Pat. No.
      3,887,396, June 3, 1975, to Walsh et al. Each of these patents and patent
      applications are assigned to the assignee of the present application.
PAR  The iron sulfides FeS.sub.2 and FeS have been found to be particularly
      attractive sulfur compounds for use as positive electrode reactants. These
      materials are readily available and are much more easily contained within
      the cell than elemental sulfur. Although FeS.sub.2 has a lower equivalent
      weight and generally performs better within the positive electrode than
      FeS, it reacts with and degrades iron components within the cell to form
      FeS. Consequently, inert materials such as molybdenum or tungsten are
      required for use in current collectors and electrical terminals in contact
      with FeS.sub.2 cathode compositions. Contrastingly, FeS is relatively
      inert to iron and can be operated as a positive electrode reactant in
      contact with iron or mild steel current collectors and terminals for long
      periods of time.
PAR  Positive electrode compositions employing only FeS as the cathode reactant
      have given less than the expected performance in, for instance, reactant
      utilization, cell capacity and power. The addition of electrically
      conductive materials such as iron or carbon either as solid current
      collectors or as powdered materials dispersed throughout the positive
      electrode composition have provided only some of the desired improvements
      in cell performance.
PAR  One theory regarding problems in the operation of a cell employing FeS
      reactant is the formation during the charge cycle of a new solid phase
      having the tentative composition of K.sub.2 Fe.sub.7 S.sub.8 and possibly
      containing small amounts of Li. This composition or phase will hereafter
      be referred to as the J phase. The J phase contains substantial quantities
      of potassium from reaction with the electrolyte. Consequently, its
      formation causes a shift in the electrolyte composition that may have an
      adverse effect on the long-term operation of the cell as well as
      contribute to electrode swelling.
PAR  In previous studies with Li/FeS cells, metallographic and X-ray diffraction
      examinations of the positive electrodes have revealed that the J phase is
      the dominant, solid sulfide phase in a well charged cell that originally
      included FeS as the cathode reactant material. FeS could be produced on
      recharge of these cells by using somewhat higher cutoff voltages. The
      required charge voltage for conversion of J phase to FeS appears to vary
      inversely with temperature. For example, about 2 volts is required at
      440.degree.C., while about 2.2 volts charge produces FeS at 380.degree.C.
      However, in cells employing iron current collector material, the higher
      cutoff voltages would tend to oxidize the iron and degrade the current
      collector structure.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, in view of the problems associated with the prior cathode
      compositions using FeS as the primary cathode reactant, it is an object of
      the present invention to provide a cathode reactant composition including
      FeS that exhibits improved cell performance.
PAR  It is also an object to provide an improved cathode composition including
      FeS that provides increased power density at high current densities.
PAR  It is a further object to provide a cathode composition including FeS that
      can be employed within a high-temperature electrochemical cell with
      increased capacity and utilization of reactant at high current densities.
PAR  In accordance with the present invention, a secondary, high-temperature
      electrochemical cell is presented including an alkali metal reactant in
      the anode, a cathode reactant composition including FeS in the cathode and
      an electrolyte containing ions of the alkali metal between the two
      electrodes. The cathode reactant composition comprises a mixture of a
      major proportion by weight FeS and a minor proportion by weight Cu.sub.2 S
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention is illustrated in the accompanying drawings wherein:
PAR  FIG. 1 is an elevation view of a laboratory electrochemical cell employed
      to test the present invention.
PAR  FIG. 2 is a graph showing the capacity, temperature and current density of
      an electrochemical cell including FeS as the cathode reactant.
PAR  FIG. 3 is a graph showing the capacity, temperature and current density of
      an electrochemical cell including FeS and a minor proportion of Cu.sub.2 S
      as the cathode reactant.
PAR  FIG. 4 is a graph of cell current density v cell capacity presenting
      comparison of the two electrochemical cells of FIGS. 2 and 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, an experimental electrochemical cell is shown contained within a
      ceramic crucible 11. The cell includes an anode 13 (negative electrode), a
      cathode 15 (positive electrode) separated or submerged within a molten
      salt electrolyte 17. Electrical conductors 19 and 21 extend from the
      cathode and anode, respectively, for connection to electrical
      instrumentation (not shown) for evaluating the cell.
PAR  The anode 13 submerged within electrolyte 17 is supported above the cathode
      by electrical conductor 21. It is surrounded by a cylinder of electrically
      insulative material 23 such as beryllia. This prevents electrical shorting
      of the cell through any loose electrode materials that may have escaped
      during operation.
PAR  The anode as shown can be a porous substrate material of such as stainless
      steel in the form of felt, foam or wool impregnated with an anode reactant
      such as molten lithium or sodium. The anode might also comprise a solid
      porous substrate of lithium-aluminum alloy or other alkali metal alloys
      that are solid at the cell operating temperature, e.g. 375.degree. to
      500.degree.C.
PAR  The electrolyte 17 that surrounds the two electrodes can be a eutectic salt
      composition that is molten at the cell operating temperature. Electrolytes
      such as eutectic compositions of LiCl-KCl or LiCl-LiF-KBr salts have been
      found to be suitable for this purpose. Various other suitable electrolytic
      salts can be selected from those listed in U.S. Pat. No. 3,488,221 cited
      above.
PAR  Cathode 15 is illustrated as a closed structure with a central chamber for
      containing the cathode reactant composition 25. The cathode structure as
      illustrated and as used in some of the experimental tests demonstrating
      the present invention is a graphite cup 26 having an upper porous graphite
      cover 27 to permit permeation of the electrolytic salt.
PAR  In practice, various cell designs may be used with the improved cathode
      reactant composition of the present invention. The cell of FIG. 1 merely
      represents an example of the type cell used experimentally to test and
      prove the operability of the present invention. One other, and perhaps
      more practical, cell design which could be used in making up
      electrochemical batteries for off-peak storage of electrical power or as a
      power source for an electric vehicle is illustrated and described in the
      assignee's copending patent application Ser. No. 416,311 cited above.
PAR  The positive electrode composition illustrated at 25 in FIG. 1 is a uniform
      mixture of FeS and Cu.sub.2 S. In some instances it is desirable to add an
      inert, electrically conductive material such as powdered iron, iron
      filings or powdered carbon to enhance current collection within the
      composition. Solid conductors of iron or other suitable inert,
      electrically conducting materials are also often employed within the
      composition to provide good electrical conduction to the electrode
      terminals.
PAR  The proportion of the active materials or reactants, FeS and Cu.sub.2 S,
      are selected such that a minimum quantity of Cu.sub.2 S is employed with
      maximum FeS to effectuate a substantial increase in cell capacity, power
      and reactant utilization. It is expected that a minimum of 5% Cu.sub.2 S
      by weight will be required for this purpose. Large ratios of Cu.sub.2 S to
      FeS are not only not preferred but are also unsuitable for obtaining the
      benefits of the present invention, due to, for instance, the higher
      equivalent weight of Cu.sub.2 S. The present invention comprehends
      positive electrode compositions containing major proportions by weight of
      FeS and minor proportions by weight Cu.sub.2 S, that is, within a range of
      about 5% to about 35% by weight Cu.sub.2 S. From the experimental results
      that have been obtained, it is seen that substantial and unexpected
      improvement in cell performance occurs with positive electrode
      compositions containing 16 to 20% by weight Cu.sub.2 S additions into FeS.
PAR  In providing the improved electrode compositions, a uniform and homogeneous
      blend of FeS and Cu.sub.2 S is prepared. Fine powders, e.g. about 100 to
      400 microns size, of each of these constituents can be thoroughly blended
      into a uniform mixture. It is of importance that no large domains of FeS
      are left to react with the electrolyte to form the solid J phase.
PAR  One manner of ensuring a near uniform composition of FeS and Cu.sub.2 S is
      to melt powders of the materials in the desired proportions at about
      1200.degree.C. and form a molten solution. After thorough blending, the
      melt is frozen rapidly by casting in a cold metal mold of sufficient mass
      and heat capacity to cool the melt to about 900.degree.C. in about 3
      minutes. The rapid solidification produces a solid ingot with a minimum
      amount of macroscopic nonuniformity. The ingot contains a solid solution
      of Cu.sub.2 S in FeS and one or more ternary Cu-Fe-S phases such as
      chalcopyrite, CuFeS.sub.2 and bornite, Cu.sub.5 FeS.sub.4. The cooled
      ingot, having a near uniform composition, is ground to a fine powder of
      about 100 to 400 microns particle size and blended thoroughly. Most of the
      individual particles will contain both a solid solution of Cu.sub.2 S in
      FeS and one or more ternary phases, since the crystal structure formed by
      this method will be of smaller scale than these particle sizes.
PAR  Although the invention as described and claimed herein is directed to
      compositions of Cu.sub.2 S and FeS as positive electrode materials,
      various other additives to FeS and FeS.sub.2 are also contemplated for the
      production of improved positive electrodes. For instance, transition metal
      sulfides such as those of cobalt and nickel might also be added to FeS in
      minor proportions to enhance the performance of the positive electrode
      within a secondary, high-temperature electrochemical cell. Several of
      these transition metal sulfides have been suggested by the applicants as
      possible positive electrode reactants along with combinations of Cu.sub.2
      S and FeS in "Extended Abstracts of the Battery Division: The
      Electrochemical Society", Fall meeting, New York, N. Y., Oct. 13-17, 1974.
PAR  In order to demonstrate the present invention, a number of cells similar to
      that illustrated and described in FIG. 1 were set up and operated with
      various cathode compositions. The first of the cells employed only FeS
      powder as the active cathode material, another employed only Cu.sub.2 S
      and the remaining cells included a mixture of Cu.sub.2 S and FeS. One of
      the cells designated (K-l) used a commercial matte containing both
      Cu.sub.2 S and FeS as the positive electrode material. This type matte is
      routinely produced in an early separation step in the recovery of copper
      metal from ore. The ore is melted and iron silicate slag removed, leaving
      the heavier molten matte of primarily Cu.sub.2 S and FeS with a few
      percent of other metallic sulfides and impurities.
PAR  Each of the cells had a negative electrode area of about 5 cm.sup.2 and a
      positive electrode area of about 4.75 cm.sup.2. The negative electrodes
      included a substrate and current collector of porous stainless steel
      Feltmetal (a trademark) impregnated with molten lithium metal at the cell
      operating temperature. The interelectrode spacing in each cell was about 1
      cm.
PAR  Tables I, II and III are given below to summarize the characteristics of
      these electrochemical cells. Table I gives the physical characteristics of
      the over-all cell, while Table II shows the composition and source of the
      positive electrode materials. Table III gives some of the electrical
      performance characteristics for each of these five cells.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Cell Designation  Li/FeS                                                  
                             Li/FeS-Cu.sub.2 S                                 
                                     Li/FeS-Cu.sub.2 S                         
                                             Li/Cu.sub.2 S                     
                                                   Li/FeS-Cu.sub.2 S           
                       (1)   (2)     (K-1)   (3)   (4)                         
     __________________________________________________________________________
     Negative Electrode                                                        
        Wt. Li, g (approx.)                                                    
                       1.3   1.2     1.0     1.2   1.3                         
        Theor. capacity, A-hr (approx.)                                        
                       5.0   4.6     3.9     4.6   5.0                         
     Positive Electrode                                                        
        Wt. of active material, g                                              
                       1.7   1.8     2.0     1.5   2.0                         
        Theor. capacity, A-hr                                                  
                       1.04  1.0     0.90    0.5   1.12                        
        Theor. capacity density,                                               
         A-hr/cm.sup.2 0.22  0.21    0.19    0.1   0.21                        
        Powdered carbon, g                                                     
        (Current collector)                                                    
                       None  0.5     0.2     1.0   None                        
     Electrolyte - LiCl-KCl, g                                                 
                       99.7  87.1    95.7    89.8  92.6                        
     Operating Temperature, .degree.C.                                         
                       387-436                                                 
                             389-437 412-430 380-433                           
                                                   420                         
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
     Cell Designation                                                          
                Source of Electrode Material                                   
                                  Composition of Electrode Material            
                                                     Equiv.                    
                                  Wt. % Cu.sub.2 S                             
                                         x.sup.b     Weight                    
     __________________________________________________________________________
     Li/FeS (1) FeS powder        0      0           43.95                     
     Li/FeS-Cu.sub.2 S (2)                                                     
                FeS and Cu.sub.2 S powders melted                              
                                  20.0.sup.a                                   
                                         0.121       48.27                     
                to form an ingot which was                                     
                ground to form a powder                                        
     Li/FeS-Cu.sub.2 S (K-1)                                                   
                The as-received powder matte                                   
                                  31.8.sup.c                                   
                                         0.216.sup.d 51.64.sup.e               
                obtained from Kennecott                                        
                Copper Co.                                                     
     Li/Cu.sub.2 S (3)                                                         
                Cu.sub.2 S powder 100    1.0         79.57                     
     Li/FeS-Cu.sub.2 S (4)                                                     
                FeS and Cu.sub.2 S powders, physically                         
                                  16.8.sup.a                                   
                                         0.100       47.52                     
                mixed                                                          
     __________________________________________________________________________
      .sup.a Balance from 100 is FeS?                                          
      .sup.b The value of x in the general formula: Fe.sub.1.sub.-x Cu.sub.2x S
      .sup.c Wt. % FeS = 63.9, balance of 4.3% = impurities                    
      .sup.d The impurities were ignored in calculating x for this matte.      
      .sup.e The equivalent weight for the FeS-Cu.sub.2 S component of the     
      matte.                                                                   
TBL                                    TABLE III                               
     __________________________________________________________________________
     Cell Deisgnation Li/FeS                                                   
                           Li/FeS-Cu.sub.2 S                                   
                                   Li/FeS-Cu.sub.2 S                           
                                           Li/Cu.sub.2 S                       
                                                 Li/FeS-Cu.sub.2 S             
                      (1)  (2)     (K-1)   (3)   (4)                           
     __________________________________________________________________________
     Current Density, mA/cm.sup.2                                              
        Discharge     30-40                                                    
                           30-40   21-38   About 30                            
                                                 25-38                         
        Charge        30-40                                                    
                           30-40   21-38   About 30                            
                                                 25-38                         
     Cutoff Voltage, volts                                                     
        Discharge     1.06 0.95    1.02    1.0   1.05                          
        Charge        2.0  1.927   1.975   1.92  1.96                          
     Number of Completed Cycles                                                
                      9    17      9       23    8                             
     Avg. Capacity, % of Theor..sup.a                                          
        Discharge     77.3 79.5    b       46    89.2                          
        Charge        79   83.2    b       47    95.0                          
     Cell Termination Voltage                                                  
                      2.3  1.93    1.70          1.96                          
     Phases observed in fully charged                                          
     positive electrode                                                        
                      J, FeS                                                   
                           FeS, J  Li.sub.2 FeS.sub.2                          
                                                 FeS, Li.sub.2 FeS.sub.2       
     __________________________________________________________________________
      .sup.a Based on the reactions: 2 Li + FeS.fwdarw.Li.sub.2 S + Fe and     
      Cu.sub.2 S +  2 Li.fwdarw.Li.sub.2 S + 2 Cu.                             
      .sup.b Data beyond cycle two were poor because of Li electrode dewetting 
      and are not included.                                                    
PAR  The performance tests conducted with the Le/FeS (1) and other similar
      Li/FeS cells indicate that their characteristics vary substantially with
      temperature. This may be due to the formation of the J (tentatively
      K.sub.2 Fe.sub.7 S.sub.8) phase in the fully charged electrode. Not only
      is the J phase a solid material at the cell operating temperature, but in
      its formation by removing KCl from the electrolyte, it can cause the
      crystallization of an approximately equivalent amount of LiCl, thus
      reducing the amount of molten electrolyte associated with the positive
      electrode. At the lower operating temperatures (e.g.
      380.degree.-450.degree.C.), pockets or crusts of solidified LiCl could be
      formed within the positive electrode to dampen its performance.
PAR  One particular characteristic associated with the J phase and observed with
      the Li/FeS cells is that at sufficiently high charge voltages it can be
      converted to FeS. At 380.degree.C. this appeared to occur at about 2.2
      volts (IR included), while at 490.degree.C. a charge voltage of only about
      1.7 volts (IR included) appeared to produce FeS. Consequently, in plots of
      charge voltage versus time the lower temperature cells show two plateaus,
      one for the conversion of the cell reaction product to J phase and the
      second plateau representing the conversion of J phase to FeS. Both of
      these conversions appear to occur at about the same voltage for cell
      temperatures of 490.degree.C. and above. The higher charge voltages,
      however, are undesirable within a cell containing iron as current
      collector material, because of its possible oxidation to FeCl.sub.2. In
      addition, the higher operating temperatures are to be avoided in order to
      extend the life of electrical insulators and electrode feedthrough
      components.
PAR  An examination of Table III, showing the results of the operation of the
      five cells, reveals substantial improvement for the cells including small
      weight percentages of Cu.sub.2 S additive to the FeS positive electrode
      material. In cell 1, having only the FeS as the positive electrode
      composition, the fully charged positive electrode included both FeS and J
      phase, but it was necessary to employ elevated charge voltage at the cell
      termination (2.3 volts) to obtain conversion to FeS. In cell 2, having 20
      wt. % Cu.sub.2 S, some J phase was observed, but in a substantially
      reduced amount to that found in previous FeS electrodes charged at the
      same voltages and temperatures. In cells K-1 and 4, having approximately
      32 and 17 wt. % Cu.sub.2 S, no J phase was detected even at the reduced
      termination voltages.
PAR  It is also seen from Table III that improvement in the utilization of the
      positive electrode material, that is, the average capacity as a percent of
      theoretical, results from the addition of minor percentages of Cu.sub.2 S
      to the FeS positive electrode material. This is a completely unexpected
      result, as the average capacity of cell 3 employing Cu.sub.2 S alone as a
      positive electrode reactant exhibits rather poor utilization of the
      positive electrode material. It is also to be noted that these increases
      in utilization occur at low current densities, e.g. 20 to 40 mA/cm.sup.2.
      More substantial improvements are to be described below in conjunction
      with tests conducted at higher current densities.
PAR  In order to further illustrate the improvement of the Cu.sub.2 S additions
      in the positive electrodes, Table IV compares other features of three of
      the above cells at the lower operating temperatures
      (385.degree.-390.degree.C.). The data of Table IV was obtained from a
      linear plot of short-time voltage and current reading for a half dozen or
      more points between the open circuit voltage and about a 1 volt cutoff on
      discharge. The average power density of the cell is obtained by these
      voltage-current measurements at 1 volt on the linear plot.
TBL                TABLE IV                                                    
     ______________________________________                                    
                           Current at Power density                            
                Open circuit                                                   
                           1 volt cut-                                         
                                      at 1 volt                                
     % by wt. Cu.sub.2 S                                                       
                volts      off mA/cm.sup.2                                     
                                      W/cm.sup.2                               
     ______________________________________                                    
     0          1.69       124        0.124                                    
     20         1.72       181        0.181                                    
     100        1.69       173        0.173                                    
     ______________________________________                                    
PAR  Table IV clearly shows that the short-time current density at 1 volt of a
      cell employing an FeS electrode can be increased to about that obtainable
      with a Cu.sub.2 S electrode merely by adding a minor proportion of
      Cu.sub.2 S to the FeS. This, of course, means that the cell resistance has
      been lowered to substantially below that which would be expected by the
      addition of a small amount of Cu.sub.2 S. It is also seen from Table IV
      that the average power density of the cell is unexpectedly increased to
      about that with the Cu.sub.2 S electrode while still retaining a major
      proportion of FeS. The composition of FeS-Cu.sub.2 S is of substantial
      advantage over Cu.sub.2 S alone because of its lower weight per unit
      capacity and its greater availability.
PAR  In order to further demonstrate the improvement afforded by use of a
      Cu.sub.2 S additive to an FeS positive electrode composition, two nearly
      identical cells DS-11 and DS-13 were operated. The structure of these
      cells was somewhat different from that shown in FIG. 1 in that the
      positions of the positive and negative electrodes were reversed. Also the
      negative electrode comprised a lithium-aluminum alloy supported on the
      bottom of the cell and covered with a boron nitride interelectrode
      separator. The positive electrode was supported above the negative
      electrode and included an iron mesh basket lined with zirconia cloth for
      containing the positive electrode composition. The first of these cells,
      designated DS-11, included only FeS in the cathode composition, while the
      second cell, designated DS-13, included a uniform mixture of 16.8 wt. %
      Cu.sub.2 S (10 mol %) and the remainder FeS. Other details of these cells
      are shown in Table V.
TBL                TABLE V                                                     
     ______________________________________                                    
     Cell No.         DS-11      DS-13                                         
     Cell Type        LiAl/FeS   LiAl/FeS-Cu.sub.2 S                           
     ______________________________________                                    
     Positive electrode                                                        
        Area, cm.sup.2                                                         
                      25         25                                            
        Theor. capacity                                                        
         amp-hr       25         25                                            
        Wt. Cu.sub.2 S, g                                                      
                      0          7.1                                           
        Wt. FeS, g    44         37.1                                          
     Negative electrode                                                        
        Area, cm.sup.2                                                         
                      38         38                                            
        Theor. capacity                                                        
         amp-hr       40         40                                            
     Electrolyte      LiCl-KCl   LiCl-KCl                                      
     Interelectrode distance,                                                  
       cm             0.5        0.5                                           
     Operating temperature                                                     
                      441-500.degree.C.                                        
                                 440-460                                       
     Cutoff voltage                                                            
        Charge        1.8        1.8                                           
        Discharge     0.7        0.7                                           
     ______________________________________                                    
PAR  During the operation of cell DS-11 with only FeS as a positive electrode
      material, the percent of theoretical capacity, that is, percent
      utilization, was found to be rather low at the higher current densities,
      e.g. 35% at 120 milliamps/cm.sup.2. This indicated the high diffusion
      overvoltage within the electrodes. By raising the cell operating
      temperature to 500.degree.C. a substantial improvement in capacity was
      realized gradually. After about 28 cycles at this temperature, 80%
      utilization was achieved. On subsequently lowering the temperature again
      to 450.degree.C., the utilization dropped slightly to about 55% at 120
      milliamps/cm.sup.2. The complete history of cell DS-11 is presented in
      FIG. 2.
PAR  Cell DS-13 was constructed to be nearly identical to cell DS-11, except
      that approximately 10 mol % Cu.sub.2 S (16.8 wt. %) was included with FeS
      as the positive electrode composition. The cell was operated for over 800
      hours at near 450.degree.C. After a short initial break-in period of high
      resistance, the cell operated with a percent utilization of active
      material in the positive electrode of about 75% at 120 mA/cm.sup.2 to
      about 65% at 160 mA/cm.sup.2. FIG. 3 is presented as a record of this
      cell's history. As a result of including the Cu.sub.2 S as an additive in
      the positive electrode material, performance of this cell is essentially
      identical to that of cell DS-11 at the higher temperature of 500.degree.C.
PAR  FIG. 4 illustrates the improvement in capacity attributable to the addition
      of Cu.sub.2 S to the FeS positive electrode composition. The performance
      of the cell having only FeS as the positive electrode reactant at
      500.degree.C. nearly coincides with that shown in FIG. 4 for the
      FeS-Cu.sub.2 S reactant at 450.degree.C. Thus, by adding Cu.sub.2 S in a
      minor proportion to the positive electrode composition, a capacity
      increase equivalent to that obtained by a 50.degree.C. increase in
      temperature is achieved.
PAR  It can therefore be seen from the above description and experimental
      results that the new and improved positive electrode composition of the
      present invention provides increased utilization, lower resistance and
      increased power over that in comparable cells using only the individual
      positive electrode reactants. The use of minor percentages of Cu.sub.2 S
      within an FeS cathode achieves performance equivalent to that previously
      achievable only at high temperatures. The addition of Cu.sub.2 S to the
      FeS composition appears to minimize or eliminate the formation of a solid
      J phase that also incorporated electrolyte constituents and thereby
      possibly produced domains having elevated electrolyte melting points. The
      results are completely unexpected, as the performance of cells having
      compositions of FeS and Cu.sub.2 S in the positive electrodes is shown to
      exceed that of cells having either one of these sulfides alone as
      reactants.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a secondary, high-temperature electrochemical cell including an
      alkali metal reactant in the anode, a cathode reactant composition
      including a chalcogen compound in the cathode and an electrolyte
      containing ions of said alkali metal, the improvement wherein said cathode
      reactant composition comprises a mixture of a major proportion by weight
      FeS and a minor proportion by weight Cu.sub.2 S.
NUM  2.
PAR  2. The improvement of claim 1 wherein said cathode reactant composition
      comprises 80% to 84% FeS and 16% to 20% Cu.sub.2 S by weight.
NUM  3.
PAR  3. The improvement of claim 1 wherein said cathode reactant composition
      comprises a powdered mixture of FeS particles and Cu.sub.2 S particles.
NUM  4.
PAR  4. The improvement of claim 1 wherein said cathode reactant composition is
      a powder of about 100 to 400 microns individual particle size, and wherein
      most of said individual particles comprises a solid solution of Cu.sub.2 S
      in FeS, and ternary phases of Fe, Cu and S.
NUM  5.
PAR  5. The improvement of claim 1 wherein said cathode reactant composition is
      a uniform mixture of FeS and Cu.sub.2 S formed by melting said FeS and
      Cu.sub.2 S together at 1200.degree.C., uniformly blending said melt,
      cooling to less than about 900.degree.C. in less than about 3 minutes to
      solidify said melt into an ingot and grinding said ingot into a powder of
      less than 400 microns average particle size.
NUM  6.
PAR  6. The improvement of claim 1 wherein said cathode composition includes an
      inert, electrically conductive material contacting said FeS and Cu.sub.2
      S.
NUM  7.
PAR  7. The improvement of claim 6 wherein said inert, electrically conductive
      material is iron.
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ABST
PAL  A hair frosting device consisting of a container which is hinged on one
      side and snapped latched on the other so that it can be opened for placing
      a strand of hair therein. An opening at one end thereof is notched on one
      part of the container with cooperating notches on the other part for
      pulling the hair strand through and positioning it after which the
      container is filled with a hair treating liquid and closed. This allows
      the isolated treatment of one or more strands of hair without the problem
      of treating adjacent strands which are not desired to be treated.
BSUM
PAC  PRIOR ART
PAR  The following patents were discovered in a patentability preliminary
      search:
TBL  R.L. Sawin     August 3, 1965 3,198,196                                   
     S.C. Sanzo     September 17, 1963                                         
                                   3,103,933                                   
     Irene Murtha   May 16, 1972   3,662,767                                   
     A.A. Nizetich  August 27, 1963                                            
                                   3,101,724                                   
     James P. Williams                                                         
                    November 9, 1971                                           
                                   3,618,620                                   
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a hair frosting device and more
      particularly to a hair frosting device for isolating strands of hair for
      individual treatment.
PAR  According to the invention, a hair frosting device is provided in which an
      elongated container is hinged on one side and has a sealable seam for
      opening and closing on the other side. The seam terminates in a frontal
      reduced cross-sectional area face in which the seam is notched or
      saw-toothed for receiving a strand or strands of hair to be treated and
      positioning them during treatment. After the strands of hair are placed
      within the notched face portion of the seam, the container is filled with
      hair treating liquid and closed. Hence, the strands to be treated are
      isolated from the strands not to be treated and are held firmly in place
      through the utilization of the notched seam positioning area.
PAR  An object of the present invention is the provision of an improved hair
      frosting device.
PAR  Another object is the provision of a hair frosting device which positioning
      and isolates strands of hair to be treated.
PAR  A still further object of the invention is the provision of a hair frosting
      device which is inexpensive to manufacture and extremely simple in
      operation.
DRWD
PAR  Other objects and many of the attendant advantages of the present invention
      will be readily appreciated as the same becomes better understood by
      reference to the following detailed description when considered in
      connection with the accompanying drawings in which like reference numerals
      designate like parts throughout the FIGS. thereof and wherein:
PAR  FIG. 1 is a prospective view of the preferred embodiment of the present
      invention;
PAR  FIG. 2 is an end elevational view of the embodiment of FIG. 2;
PAR  FIG. 3 is a cross-sectional view taken along lines 3 --3 of FIG. 1;
PAR  FIG. 4 is an end elevational view of a modification of the embodiment of
      FIG. 1;
PAR  FIG. 5 is an end elevational view showing a further modification of the
      embodiment of FIG. 1; and
PAR  FIG. 6 is a sectional view taken along lines 6--6 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring to FIG. 1, the hair frosting device of the present invention is
      shown generally at 11 consisting of a rectangular container 12 terminating
      in a reduced cross-sectional converging section 13. Container 12 has a
      seam 14 which terminates in a notched or saw-toothed portion 16.
PAR  Referring to FIG. 2, the converging section 13 is shown terminating in a
      face 17. Seam 14 is shown terminating in a notched portion 16 on face 17.
PAR  Referring to FIG. 3, rectangular container 12 is shown generally having a
      top portion 18, a bottom portion 19 with a hinge 21 connecting top portion
      18 and bottom portion 19. The seam portion of 14A of top portion 18 is
      shown in complimentary geometry with seam portion 14B of bottom section
      19.
PAR  Referring to FIG. 4, converging sections 13A together with face portion 17A
      illustrating modification in that having a circular cross-section.
PAR  Referring to FIG. 5, converging section 13B together with base portion 17B
      illustrates an octagonal cross-section.
PAR  Referring to FIG. 6, top portion 18 and bottom portion 19 are shown latched
      by seam portion 14A of top portion 18 and seam portion 14B of bottom
      portion 19.
PAR  Referring back to FIGS. 1, 2, 3 and 6, it can be seen that when the unit is
      opened as shown in FIG. 3 a strand or strands of hair can be placed in the
      notched portion 16 of seam 14 and positioned therein. A liquid hair
      conditioner is then added into the open container after which it is
      snapped shut trapping the strands of hair in the notched portion 16 of
      seam 14 and isolating the strands therein from adjacent strands which are
      not being treated.
PAR  It should be understood, of course, that the foregoing disclosure relates
      to only a preferred embodiment of the invention and that it is intended to
      cover all changes and modifications of the example of the invention herein
      chosen for the purposes of the disclosure which do not constitute
      departues from the spirit and scope of the invention.
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STM  The invention claimed is:
NUM  1.
PAR  1. A hair frosting device comprising:
PA1  an elongated container forming an enclosure for containing one or more
      strands of hair therein;
PA1  said container being hinged on one side and snap-latched on an opposite
      side, said snap latch consisting of a sealable seam;
PA1  said container terminating on one end in a flat face portion; and
PA1  said seam terminating across said flat face portion and having at least one
      notch therein for receiving and positioning at least one strand of hair
      therein, said at least one notch formed by completely complimentary edges
      operable for maintaining a seal therebetween.
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ABST
PAL  An electrode plate is made by loading a supporting porous metallic plaque
      with active battery material made by: (1) hydrolyzing the reaction product
      of a starting material comprising an admixture of Ni oxide and effective
      amounts of sodium peroxide fused at temperatures between about
      800.degree.C-1150.degree.C, the hydrolyzed solid reaction product
      containing electrochemically active Ni hydrated oxides and hydroxide
      forms, (2) if desirable, drying the product below about 65.degree.C, and
      (3) adding, at some step in the method, an amount of cobalt containing
      additive effective to provide about 2-12 wt% total Co in the active
      battery material based on Ni oxide plus Co content.
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PAC  BACKGROUND OF THE INVENTION
PAR  The fusion of metallic nickel with sodium dioxide was reported in 1896 by
      W. L. Dudley in 18 J. Am. Chem Soc. 901. Dudley fused sodium dioxide in a
      nickel crucible with nickel metal at a cherry-red heat, about
      700.degree.-800.degree.C, for about one hour. After cooling, the contents
      were submerged in water. The formed brown crystals were then washed to
      remove alkali. The crystals were then dried at 110.degree.C. The crystals
      were analyzed and believed to be the dihydrate Ni.sub.3 O.sub.4 . 2H.sub.2
      O, with 0.7 wt% cobalt as an impurity. A cobaltocobaltic dihydrate
      Co.sub.3 O.sub.4 . 2H.sub.2 O is also described as obtained by exposing to
      moist air Co.sub.3 O.sub.4, prepared by heating cobalt carbonate. These
      materials were believed to be new compounds but no active battery material
      or electrochemical use was suggested.
PAR  Presently used methods for the preparation of nickel active battery
      material involve chemical precipitation or electrochemical precipitation
      of divalent nickel (II) hydroxide, as taught for example by Feduska et.
      al. in U.S. Pat. No. 3,579,385 and Hardman in U.S. Pat. No. 3,600,227.
      Faber, in U.S. Pat. No. 3,436,267, converted directly to trivalent Ni
      (III) hydroxide battery material, by 100% oxidation of finely divided Ni
      (II) hydroxide powder in a gas stream containing ozone. He then pasted
      this material into an electrode plaque.
PAR  The usual procedure in making a battery plate involves loading the divalent
      nickel (II) hydroxide into a porous plaque, with oxidation of the material
      in the plaque to a form of trivalent nickel (III) hydroxide. This is
      accomplished by electrochemical charging and discharging "formation" of
      the loaded plaque in an alkaline electrolyte, prior to introduction of the
      plaque into a battery.
PAR  Ozone treatment involves a complex process using expensive equipment.
      Electro-precipitation processes are also costly and represent a
      disproportionate share of the raw materials expense in iron-nickel
      batteries, while chemical precipitation methods result in gelatinous
      materials which are difficult to load into a conducting matrix.
PAR  All three of these methods involve initial production of nickel hydroxide.
      Chemical precipitation means high cost starting materials, precipitation,
      filtering, washing, drying, grinding, etc., all of which make the cost of
      the final electrode powder high. Electro-precipitation and ozone treatment
      involve major capital expenditures for hardware in addition to high costs
      for starting materials.
PAR  With the increasing importance of improved batteries as a clean power
      source, especially in the transportation area, there is a need for
      improved active materials, that will provide capacities closer to the
      theoretical limit than heretofore possible. To make these batteries
      commercially feasible, the costs of active material manufacture must be
      drastically reduced. What is needed then is a method of making inexpensive
      highly active materials.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered a process that will provide an improved activated
      battery material mixture, by chemically reacting NiO, which may also have
      added to it about 2-12 wt% Co based on NiO plus Co content as a material
      selected from Co, CoO, Co.sub.2 O.sub.3, Co.sub.3 O.sub.4, or their
      mixtures, with effective amounts of Na.sub.2 O.sub.2, generally within a
      weight ratio of Nio:Na.sub.2 O.sub.2 of 1:1.35 to 1:2.1. This nickel
      oxide-sodium peroxide mixture is reacted at temperatures between about
      800.degree.C-1150.degree.C, for a period of time, generally about 1/2 - 8
      hours, effective to form NaNiO.sub.2 or NaNiO.sub.2 plus NaCoO.sub.2
      melted reaction product.
PAR  The reaction product, comprising NaNiO.sub.2, is then hydrolyzed. If the
      cobalt oxide or elemental cobalt additive was not added initially, before
      fusion, as is preferred, it will be added generally as cobalt hydroxide
      after hydrolysis, or as a water soluble cobalt salt such as cobalt
      chloride or cobalt nitrate during hydrolysis, after hydrolysis or after
      plaque loading.
PAR  This process will provide a final solid active battery material containing
      over about 95 wt% solid Ni hydrated oxides and hydroxide forms and Co
      hydroxide forms, the remainder being interlaminar sodium. It is important
      that about 0.5 to 5 wt% but preferably 0.5 to 3 wt% unreacted NaNiO.sub.2
      be present after hydrolysis and drying. The unreacted NaNiO.sub.2 is
      present, in the active material as interlaminar sodium in the nickel
      oxy-hydroxide layers and helps prevent swelling of the active material in
      the plate during the life of the battery.
PAR  This activated battery material is washed and generally dried after which
      it can then be loaded into a supporting porous plaque to provide an
      electrode plate, which may then be electrochemically cycled or "formed"
      (electrically charged and discharged in an alkaline electrolyte) prior to
      use in a battery opposite a suitable negative electrode. The drying step
      is generally carried out at temperatures below about 65.degree.C, or at a
      suitable temperature in a high moisture atmosphere so that water present
      in the active material structure is not eliminated to an extent to cause
      the material to lose activity.
PAR  This process involves conversion of nickel oxide, or nickel oxide with
      added cobalt as elemental cobalt or cobalt oxide to an active battery
      material powder without tedious filtering or washing steps and without use
      of expensive electrical equipment. The starting materials cost is
      significantly reduced, since nickel oxide is the least expensive nickel
      containing material commercially available. Starting with nickel oxide
      makes the process useful and commercially feasible, since it eliminates a
      prolonged oxidation step at high temperatures which is sure to degrade the
      reaction container. Starting materials cost relative to the chemical,
      electrochemical and ozone processes is drastically reduced by at least
      50%. In addition, a by-product of this process is an aqueous alkali metal
      hydroxide solution which may be further used as a battery electrolyte by
      suitable processing, or used as a basic material for neutralizing mine
      acid pools and the like.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be made to the
      preferred embodiments exemplary of the invention, shown in the
      accompanying drawings in which:
PAR  FIG. 1 is a graph showing the performance of the three Example 1 nickel
      electrode plates, in terms of capacity versus cycle number, in relation to
      the theoretical capacity value;
PAR  FIG. 2 is a graph showing the effect of NiO + CoO + Na.sub.2 O.sub.2
      reaction time on the performance of nickel electrode plates;
PAR  FIG. 3 is a graph showing the effect of NiO + CoO + Na.sub.2 O.sub.2
      reaction temperature on the performance of nickel electrode plates;
PAR  FIG. 4 is a graph showing the effect of the weight ratio NiO:Na.sub. 2
      O.sub.2 on the performance of nickel electrode plates;
PAR  FIG. 5 is a graph showing the effect of the cobalt concentration on the
      performance of nickel electrode plates; and,
PAR  FIG. 6 shows a preferred electrode plaque loaded with the active battery
      material of this invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  One embodiment of a battery, utilizing the improved active material and
      electrode plate of the invention, would generally comprise a plurality of
      alternate positive nickel plates and negative plates such as, for example,
      loaded iron active material plates. This stack up would contain plate
      separators between the positive and negative plates, all contacted by
      alkaline electrolyte and housed in a case having a cover, a vent, and
      positive and negative terminals.
PAR  Preferred electrode plaques, shown in FIG. 6, are made from metal fibers,
      preferably nickel, or metal protective coated fibers, such as nickel
      coated steel or iron. A very suitable material is nickel coated steel
      wool. The plaque 10, is a flexible, expansible, compacted sheet of
      relatively smooth, generally contacting, intermingled, metal fibers as
      shown at 11 in the body of the plaque. The plaque has, in the embodiment
      shown, top edge 12 coined to a high density. The coined area provides a
      base to which lead tab 13, which is attached to battery terminals, is spot
      welded. The plaque is generally between about 90 and 95% porous. This
      range is preferable in providing improved conductivity and electrolyte
      permeability, while maintaining enough body for good plaque loading.
      Activated nickel electrode material is loaded into the interstices of the
      body of this fibrous plaque to provide an electrode plate. This invention,
      however, is not restricted to the preferred plaque structure described
      herein, and the active material can be used with other metallic plaque
      structures.
PAR  The metal fibers are preferably diffusion bonded in a protective atmosphere
      at temperatures up to the sintering point of the fibers used. In diffusion
      bonding, the fibers must not be melted, or protuberances will be formed
      reducing active material loading (volume) within the plaque. There should
      only be a metallurgical bond and interdiffusion of atoms across the fiber
      interface at fiber contact points 14 along the fiber lengths. Diffusion
      bonding provides a flexible, expansible electrode structure having a large
      pore volume into which active material can be pasted or otherwise
      impregnated. Diffusion bonding also lowers the electrode plate resistance
      appreciably and thus the internal cell resistance in a finished cell.
PAR  The active material is prepared by mixing the nickel oxide with sodium
      peroxide and then heating the nickel oxide (NiO) and sodium peroxide
      (Na.sub.2 O.sub.2). These materials are generally in powdered or
      particulate form. The starting material preferably contains between about
      2-12 wt% cobalt, based on Ni plus Co, added as elemental cobalt or
      preferably as a cobalt oxide such as Co.sub.2 O.sub.3, Co.sub.3 O.sub.4,
      CoO or their mixtures. These reactants are preferred to be of moderate to
      high purity. They are fused and melted, generally in a suitable high
      temperature resistant container, for example a nickel crucible, in an
      oxidizing or inert atmosphere, in an oven maintained at a temperature of
      between about 800.degree.-1150.degree.C, for about 1/2 - 8 hours. It is
      essential in terms of a commercial process to use the oxidized nickel
      (NiO) as starting material, since otherwise long oxidation of Ni to NiO
      will seriously degrade and ruin the expensive reaction container.
PAR  In the reaction, the sodium peroxide decomposes to form Na.sub.2 O which
      oxidizes the NiO. We have found, unexpectedly, that a high capacity,
      easily pasteable active battery material is formed when the reaction
      product is then hydrolyzed, generally by immersion in water, to cause a
      decomposition reaction and formation of Ni hydrated oxides and Ni
      hydroxide forms and cobalt hydroxide. The active material is generally
      washed until neutral to litmus and then may be dried at a temperature that
      will not degrade activity, e.g., between about 15.degree.C - 65.degree.C.
      The NaOH formed could be drawn off in some continuous fashion and
      concentrated by evaporation, for example, into a saleable product.
PAR  A set of equations which in part describes the basic preferred fusion and
      hydrolysis reactions can be given as:
      ##EQU1##
EQU  2NaNiO.sub.2 + NaCoO.sub.2 + 3H.sub.2 O .fwdarw. NI(OH).sub.2 + CoOOH +
      NiO.sub.2. (1-2)H.sub.2 O + 3NaOH
PAR  We found in accordance with the prior art that cobalt addition was
      necessary at some step in the method to provide an active material in the
      electrode plate which would have superior electrochemical performance,
      i.e., a capacity of about 0.185 amp-hours/gram active material, after 25
      cycles.
PAR  The cobalt, in the form of elemental Co or cobalt oxide is added preferably
      before the fusion step, but cobalt additive may be added instead to the
      paste after the hydrolysis step, generally as cobalt hydroxide
      Co(OH).sub.2, prior to incorporation into the plaque. When cobalt additive
      is added as elemental cobalt or as a cobalt oxide, before fusion, the
      active material contains cobalt (III) hydroxide; if added in a Co
      hydroxide form after hydrolysis, the active material contains cobalt (III)
      hydroxide. Cobalt hydroxide is expensive and when added after hydrolysis
      does not provide completely homogeneous mixing.
PAR  Generally the nickel hydrated oxides and hydroxide forms will be washed to
      remove most of the NaOH and the cobalt hydroxide may be added as an
      aqueous slurry; or the nickel material may be dried and the cobalt
      hydroxide mixed with it in a suitable mill or other type mixer. Also,
      during or after hydrolysis, aqueous cobalt chloride (Co(Cl).sub.2 .
      (6H.sub.2 O) or cobalt nitrate (Co(NO.sub.3).sub.2 . 6H.sub.2 O) additive
      may be used, in which case after reaction with alkaline hydroxide present
      or added, the final active material will contain cobalt (II) hydroxide,
      Co(OH).sub.2. Addition of an appropriate amount of cobalt nitrate solution
      to the alkaline slurry after hydrolysis results in a fairly uniform
      dispersion of Co(OH).sub.2 precipitate with the nickel active material.
PAR  The plaque can also be loaded with battery material not containing cobalt,
      and then dipped for an adequate period of time in aqueous cobalt nitrate
      or chloride solution, dried, and finally dipped in alkali hydroxide, such
      as KOH, NaOH or LiOH, to provide a precipitate of Co(OH).sub.2 in the
      material. This would also provide a useful method to upgrade the cobalt
      content of loaded plaques.
PAR  In all cases, cobalt addition is preferred and the total weight percent of
      cobalt, as Co in the active material, must be between about 2 - 12 wt% and
      preferably about 5-8 wt% of the initial weight of NiO plus Co, i.e., wt%
      Co = Co/(NiO + Co) Cobalt concentration below 2 wt% and above 12 wt%
      detracted from acceptable performance. Failure to add cobalt to the plaque
      provided a plate having a capacity of about 0.10 amphr/g. A useful active
      material can be made without containing cobalt, but a plate containing
      such material, before being used in a battery, should be dipped in a
      cobalt solution to insure cobalt content and obtaining higher capacity.
PAR  We found that the weight ratio of NiO to Na.sub.2 O.sub.2 was critical in
      providing an electrode plate having acceptable electrochemical
      performance. The weight ratio of NiO:Na.sub.2 O.sub.2 must be between
      about 1:1.35 to about 1:2.1. An amount of Na.sub.2 O.sub.2 less than about
      1.35 parts per 1 part NiO would provide relatively poor performance. A 1:1
      weight ratio of NiO:Na.sub.2 O.sub.2 provided a mixture that remained in
      slurry form with incomplete reaction. An amount of Na.sub.2 O.sub.2 over
      about 2.1 parts per 1 part NiO causes rapid destruction of the reaction
      vessel and does not provide increased electrochemical capacity. Other
      peroxides similar to sodium peroxide, such as lithium peroxide or lithium
      oxide and potassium superoxide as well as barium, strontium, and calcium
      alkaline earth peroxides were found unsuitable.
PAR  We found that the temperature and time of reaction melt fusion of the NiO
      and Na.sub.2 O.sub.2 influenced the capacity of the active product.
      Temperatures around 700.degree.-750.degree.C provided a reaction mixture
      that was still somewhat semi-solid, indicating slow and incomplete
      formation of NaNiO.sub.2 and incomplete intimate reaction of the NiO and
      Na.sub.2 O.sub.2. At a temperature of 600.degree.C most of the NiO does
      not react. Temperatures held, after heating the oven, at over
      1150.degree.c provide materials problems in finding suitable reaction
      vessels which will not degrade very quickly and add deleterious materials
      to the fused NaNiO.sub.2.
PAR  The useful temperature range for complete fusionreaction, to be maintained
      after heating the oven, is between about 800.degree.-1150.degree.C. The
      preferred fusion-reaction temperature range, to be maintained after
      heating the oven, is from about 850.degree.-1100.degree.C. The most
      preferred temperature range in order to assure reuse of the preferred
      nickel reaction vessel is between about 850.degree.C -925.degree.C. The
      time necessary for fusion will vary depending on temperature. At
      800.degree.-850.degree.C, 6-8 hours is generally sufficient for complete
      reaction, while at 850.degree.-1100.degree.C or higher, 1/2-3 hours is
      generally adequate. The best performance was observed at a fusionreaction
      temperature of 1000.degree.C for 2 hours.
PAR  The water temperature for the hydrolysis reaction of the NaNiO.sub.2 can be
      between about 10.degree.C -95.degree.C but preferably between about
      20.degree.C -35.degree.C. When reacted between 20.degree.C-35.degree.C the
      reaction provides more Ni (III) hydroxide i.e., a weight ratio of Ni (II)
      hydroxide:Ni (III) hydroxide of over about 1:2 providing better
      electrochemical properties. A higher concentration of the more crystalline
      Ni (III) hydroxide also provides a composition that loads better into the
      plaque. The molten NaNiO.sub.2 can be quenched in water at NaNiO.sub.2
      temperatures below about 600.degree.C, i.e., the NaNiO.sub.2 can be cooled
      to below 600.degree.C and then immersed in water; this however produces a
      very active hydrolysis, and it is preferred to cool the NaNiO.sub.2 to
      between 20.degree.C -95.degree.C before hydrolysis. Also of particular
      advantage in this method, NaOH solution is produced which may be further
      used as a battery electrolyte.
PAR  The final active material will contain nickel hydrated oxides and hydroxide
      forms plus cobalt hydroxide. it will also contain about 0.5 to 5 wt% but
      generally about 2 wt% unhydrolyzed or unreacted NaNiO.sub.2, based on
      dried nickel hydrated oxides and hydroxides plus cobalt hydroxide forms.
      This sodium material imparts important reduced swelling properties. The
      active material is then washed and dried. This material can be made into a
      high density fluid active battery paste for application to battery
      plaques. The active material after drying up to 65.degree.C contains water
      molecules between spaced --O-Ni-O-- layers. It is essential that the water
      remain in the structure. Therefore, drying is of a partial nature and must
      be accomplished at a temperature and humidity effective to retain an
      optimum amount of the interlaminar H.sub.2 O. Generally the temperature
      limits are between about 15.degree.C to 65.degree.C with a preferred range
      of 20.degree.C-40.degree.C. Above 65.degree.C drying and the
      electrochemical activity starts to decrease. Above 100.degree.C drying,
      the electrochemical activity continues to decrease to the extent that the
      material starts to become inactive. Above 130.degree.C involves complete
      drying and the cubic Nio electrochemically inactive state is formed.
PAR  For simplicity, one of the nickel hydroxide forms comprising the final
      hydrated active material has been written as nickel (III) hydroxide. This
      is a simplified way of stating an average between Ni (II) and Ni (IV)
      hydroxides. There is considerable speculation as to the precise formula of
      the higher valent, oxidized nickel hydroxide. Analysis of several samples
      of hydrolyzed NaNiO.sub.2 were obtained using the dimethylglyoxime
      gravimetric technique. The results indicate that a primary nickel compound
      corresponds to a stoichiometry of Ni.sub.3 O.sub.4.2H.sub.2 O, a nickel
      oxide hydrate. For the purposes of this application, the term nickel (III)
      hydroxide and nickel hydrated oxides and hydroxide forms will be used to
      identify the electrochemically active nickel compound obtained by the
      substantially complete chemical hydrolysis reaction of NaNiO.sub.2.
PAR  The sodium peroxide, nickel oxide, cobalt and cobalt oxide starting
      materials, as well as cobalt hydroxide and water soluble cobalt salt
      additives are preferred to be substantially pure, i.e., no more than about
      5% of electrochemically harmful impurities that cannot be washed away.
      Fortunately, commercial grades of black nickel oxide powder are
      sufficiently pure to be used as supplied.
PAC  EXAMPLE 1
PAR  An electrode powder active battery material containing about 98 wt% cobalt
      . nickel hydroxide was mixed by placing in a container and thoroughly
      blending 7.6 grams (0.10 mole) of 99.sup.+% pure, finely divided black
      nickel oxide, NiO, (containing 78 wt% or 5.9 grams Ni) and 0.38 grams
      (0.005 mole) of 99% pure cobalt oxide, mostly in the form of CoO,
      (containing 70 wt% or about 0.27 gram Co) with 11.7 grams (0.15 mole) of
      C. P. (96.5% chemically pure) grade sodium peroxide, Na.sub.2 O.sub.2. The
      nickel oxide consisted essentially of NiO and was commercially available
      as INCO black NiO; the cobalt oxide comprised mostly CoO and was
      commercially available as BAKER reagent cobalt oxide, containing 70 wt%
      Co. This provided approximately a 3.4 wt% cobalt concentration based on
      nickel oxide plus cobalt content, i.e., 0.27 g Co divided by (7.6 g NiO +
      0.27 g Co); and a weight ratio of NiO:Na.sub.2 O.sub.2 of about 1:1.54.
PAR  This mixture was then placed in a nickel crucible and gradually heated for
      about 1 hour up to about 800.degree.C in air, in a ceramic lined oven with
      Nichrome heating coils. Temperatures were monitored using a Pt-PtRh
      thermocouple introduced at the rear of the oven. After the oven was heated
      up to 800.degree.C, the temperature was increased and maintained at the
      fusion-reaction temperature of between about 950.degree.C-  1025.degree.C
      for an additional 1 hour, to ensure substantially complete chemical
      melt-fusion reaction to a substantially pure NaNiO.sub.2 NaCoO.sub.2
      mixture.
PAR  The crucible and reaction product contents were then cooled to about
      25.degree.C over a 6 hour period, after which the crucible containing a
      solid mass of material was immersed in a 250 ml beaker of water at about
      25.degree.C. The contents hydrolyzed over a 12-hour period, and dispersed
      in the water to provide an active battery material powder containing about
      98 wt% reacted oxide hydrates and hydroxides with about 2 wt% sodium on a
      dried basis as unreacted NaNiO.sub.2. The heavy brown-black solid active
      material settled immediately in the beaker and was separated using a
      conventional Buchner apparatus. It was washed with successive 100 ml
      portions of water until neutral to litmus. This provided a dense
      brown-black crystalline powder material. It was noted that the nickel
      crucible was somewhat degraded after the reaction. The filtrate consisted
      of NaOH solution, which could be used later as a battery electrolyte.
PAR  The active battery powder was then air dried at only 25.degree.C, so as not
      to eliminate interlaminar water in the crystals, and sieved to -325 mesh,
      i.e., about 98% of the powder had a diameter of less than about 44
      microns. This powder was then loaded into nickel battery plaques or grids.
      The grids were 90-95% porous, 100 mil thick diffusion bonded nickel plated
      steel wool fiber plaques, having an area of about 1 sq. in. They were
      loaded using a conventional suction platform. An aqueous slurry of the
      active material was made to provide a high density fluid paste which was
      added from a blender until the plaques were filled. Additional water was
      dropped onto the loaded electrode plates from a funnel to obtain optimum
      packing within the plaque support.
PAR  Sample 1(a) electrodes, having an initial thickness of about 100 mils, were
      than pressed at about 20,000 lb/sq.in., to a final thickness approximating
      60 mils. The loading in each plaque was about 1.5 grams/sq.in. of plaque
      surface area. Sample 1(b) electrodes, having an initial thickness of about
      100 mils, but more heavily loaded, were then pressed at about 20,000
      lb/sq.in., to a final thickness approximately 80 mils. The loading in each
      plaque was about 2.5 grams/sq. in.
PAR  The nickel electrodes of Samples 1(a) and 1(b) were set opposite negative
      electrodes in several containers, and contacted with electrolyte to form
      electrochemical cells. The nickel hydroxide electrodes were "formed",
      i.e., charge and discharge cycled versus sintered cadmium electrodes of
      considerably larger size and capacity. They were charged for about 21/4
      hours at a current density of about 0.3 amp/sq.in. in 25 wt% aqueous KOH
      and discharged through a 10 ohm resistor at a current density of
      approximately 120 mA/sq.cm. in 25 wt% aqueous KOH electrolyte. The amount
      of charge for each cell was adjusted to about 250% of the theoretical
      nickel capacity based on a single electron transfer per nickel atom.
PAR  The cycling increases the porosity of the electrode, allowing increased
      electrolyte penetration and higher output. Initially, the active material
      is tightly packed and the electrolyte is restricted from contacting the
      interior of the electrode. An electrode is ready for use after "forming"
      for about 10 to 35 cycles. The active material after "formation" did not
      show any appreciable swelling in the battery electrode plate.
PAR  Capacity values which we considered acceptable for nickel hydroxide battery
      material were over about 0.185 amphr/gram active material after 25 cycles.
      This would provide an active battery material highly effective in
      approaching theoretical values and much improved over the prior art.
      Theoretical values for one-electron transfer, at 0.255 amp hr/g, are shown
      on FIG. 1 as a broken horizontal line. The capacity of the electrodes made
      by the method described above are also shown on FIG. 1, as curves 1(a) and
      1(b), providing a capacity at 25 cycles of between about 0.225- 0.20
      amp-hr/g. The electrochemical performance of Sample 1(b) is about the same
      as for Sample 1(a) even though the electrode is much thicker and more
      heavily loaded. This is of particular advantage, indicating that low
      loadings, providing even lower materials costs, will still provide
      excellent electrochemical results.
PAR  An electrode powder active battery material, Sample 1(c), containing about
      98 wt% reacted oxide hydrates and hydroxide forms was made by adding about
      10 grams reagent grade, 99% pure, cobalt nitrate solution,
      Co(NO.sub.3).sub.2. 6H.sub.2 O, (containing 20 wt% or 0.35 gram cobalt) to
      the strongly alkaline hydrolyzed slurry after the crucible was immersed in
      water, rather than adding cobalt additive to the NiO + Na.sub.2 O.sub.2
      mixture before fusion. This provided an active battery material containing
      cobalt (II) hydroxide dispersed throughout. The mixture before fusion
      contained 7.6 grams NiO and 11.7 grams C.P. grade sodium peroxide,
      providing a weight ratio of NiO:Na.sub.2 O.sub.2 of about 1:1.54. The same
      fusion, cooling, hydrolysis and washing cycle was followed as described
      for Samples 1(a) and 1(b) above. The cobalt concentration based on nickel
      oxide plus Co content was 4.4 wt%, i.e., 7.6 g. Ni:0.35 g. Co. This active
      battery material was loaded, pressed, set opposite negative electrodes to
      form a cell, and charged and discharged as described above for Sample
      1(a).
PAR  The capacity of this electrode is also shown in FIG. 1, as curve 1(c),
      providing a capacity at 25 cycles of about 0.19 amps-hr/g. Mixing the
      cobalt additive initially as CoO, as in Samples 1(a) and 1(b), appears to
      provide an electrode active material with more capacity, probably because
      of the intimate interaction with NiO and Na.sub.2 O.sub.2 during the
      melt-fusion reaction, and is the preferred method of adding cobalt to the
      battery material.
PAR  The cobalt could also be added by dipping or spraying a plaque containing
      the nickel hydroxide after loading, followed by dipping or spraying with
      high purity alkali hydroxide to precipitate cobalt hydroxide and then
      washing the plaque. When the cobalt weight percent is between 2-12 wt% the
      results would be similar to Sample 1(c). Cobalt can also be added as high
      purity Co(OH).sub.2 after hydrolysis and when the cobalt weight percent is
      between 2-12 wt% the results would again be similar to Sample 1(c). None
      of the post fusion cobalt addition methods, either as a cobalt hydroxide
      or as soluble cobalt nitrate or cobalt chloride salts, provide as complete
      a homogeneous mixing of the cobalt with the nickel hydroxides.
PAR  Nickel analysis of several batches of the hydrolyzed NaNiO.sub.2 of Samples
      1(a) and 1(b) were obtained, using the dimethyglyoxime gravimetric
      technique. The results indicate 50-60 wt% nickel due to varying degrees of
      hydration, plus cobalt, oxygen and residual sodium, as shown in TABLE 1
      below:
TBL                TABLE 1                                                     
     ______________________________________                                    
     Nickel analysis for fully hydrolyzed NaNiO.sub.2 samples                  
     Sample Wt. (g.)                                                           
                    Ni Content (g.)  % Ni                                      
     ______________________________________                                    
     0.155          0.0890           57.6                                      
     0.147          0.0902           61.4                                      
     0.151          0.0842           55.7                                      
     0.148          0.0840           56.8                                      
     ______________________________________                                    
PAL  The leaching of sodium from NaNiO.sub.2 was very slow. Even after a week of
      washing a sample of finely ground NaNiO.sub.2 with water, the sodium
      content was still about 1.0 percent.
PAR  The hydrolyzed NaNiO.sub.2 starts to lose significant weight above
      130.degree.C. Some interlaminar water is believed to be lost at heating
      temperatures over about 45.degree.C-65.degree.C. In the range of
      130.degree.C-240.degree.C, the compound loses oxygen and residual water
      amounting to about 13.0 wt%. Heating above about 130.degree.C involves
      complete drying and eliminates almost all interlaminar water, causing Ni
      in the crystal structure to link with 4-6 oxygen atoms forming a cubic
      electrochemically inactive state. The values resulting from the
      dimethyglyoxime analysis of the active material closely correspond to a
      stoichiometry of nickelo-nickelic hydrate, Ni.sub.3 O.sub.4 . 2H.sub.2 O,
      in a layer like --O-Ni-O-Ni-O-Ni-O-- form with interlaminar water, which
      on conversion to NiO, would lose about 18.9% of its weight. The nickel
      content of Ni.sub.3 O.sub.4 . 2H.sub.2 O is calculated to be about 63.6%.
      The values given in Table 1, when corrected for the 5-6% cobalt additive,
      agree with this percentage reasonably well.
PAC  EXAMPLE 2
PAR  An electrode powder active battery material was mixed by placing in a
      container and thoroughly blending 7.6 grams of 99.sup.+% pure NiO
      (containing 5.9 grams Ni) and 0.56  grams of 99% pure cobalt oxide
      (containing about 0.44 grams Co) with 11.7 grams of C.P. grade sodium
      peroxide, Na.sub.2 O.sub.2. This provided approximately a 5.5 wt% cobalt
      concentration based on nickel oxide plus cobalt content, i.e., 7.6 g. NiO
      + 0.44 g. Co. and a weight ratio of NiO:Na.sub.2 O.sub.2 of about 1:1.54.
PAR  This mixture, i.e., NiO:1.5 Na.sub.2 O.sub.2 with 5.5 wt% Co, was then
      placed in nickel crucibles and 4 batches, Samples 2(a) -2(d), gradually
      heated about 1 hour up to 800.degree.C in air, in a ceramic lined oven
      with Nichrome heating coils. Temperatures were monitored using a Pt-PtRh
      thermocouple introduced at the rear of the oven. The temperature was then
      increased and maintained at the chemical fusion-reaction temperature of
      1000.degree.C for further periods of 20 minutes, Sample 2(a); 1 hour,
      Sample 2(b); 1.5 hours, Sample 2(c); and 3 hours, Sample 2(d); to
      determine the effect of fusionreaction time on the electrochemical
      performance of the active battery material.
PAR  The crucible was then cooled to 25.degree.C and immersed in water at
      25.degree.C to hydrolyze and disperse the contents. The hydrolyzed
      material containing about 98 wt% reacted hydrated oxide and hydroxide
      forms and 2 wt% unreacted NaNiO.sub.2 on a dried basis, was then washed
      until neutral to litmus, dried at 25.degree.C, loaded into nickel battery
      grids, and set opposite negative electrodes to form cells; all steps using
      the same techniques as described in Sample 1(a) in EXAMPLE 1.
PAR  The electrochemical activity of these electrodes are shown on FIG. 2. The
      material heated at 1, 1.5 and 3 hours at the fusion-reaction temperature
      of 1000.degree.C provided capacity values at 25 cycles of about 0.21, 0.22
      and 0.23 amp-hr/g. The material heated for 20 minutes at the fusionreactor
      temperature provided capacity values at 25 cycles of 0.17 amp-hr/g.
      Suitable reaction times at fusion-reaction temperatures of between
      800.degree.-1150.degree.C would appear from this data to be over about
      one-half hour and probably up to about 8 hours at the 800.degree.C
      temperature range.
PAC  EXAMPLE 3
PAR  An electrode powder active battery material was made as in Example 2, i.e.,
      NiO:1.54 Na.sub.2 O.sub.2 with 5.5 wt% Co. Samples of this mixture were
      then placed in a nickel crucible and heated for 6 hours at 600.degree.C,
      Sample 3 (a); 6 hours at 700.degree.C, Sample 3(b); 6 hours at
      800.degree.C, Sample 3(c); 6 hours at 850.degree.C, Sample 3(d); and 2
      hours at 1100.degree.C, Sample 3 (e), after initial furnace heating, to
      determine the effect of temperature on the electrochemical performance of
      the active battery material. The furnace was the same type used in EXAMPLE
      2.
PAR  The crucible was then cooled to 25.degree.C and immersed in water at
      25.degree.C to hydrolyze and disperse the contents. The hydrolyzed
      material, containing about 98 wt% reacted hydrated oxide and hydroxide
      forms and 2 wt% unreacted NaNiO.sub.2 on a dried basis, was then washed,
      dried at 25.degree.C, loaded into nickel battery grids, and set opposite
      negative electrodes to form cells, all steps using the same techniques as
      described in Sample 1(a) in EXAMPLE 1.
PAR  The electrochemical activity of these electrodes are shown on FIG. 3, where
      the materials heated at 800.degree., 850.degree. and 1100.degree.C
      provided capacity values at 25 cycles of about 0.19, 0.20 and 0.23
      amp-hr/g respectively. The materials heated at 600.degree. and
      700.degree.C provided capacity values at 10 cycles of only about 0.05 and
      0.15 amp-hr/g. Suitable fusion-reaction temperatures would appear from the
      data to be between about 800.degree.C to 1100.degree.C or higher, although
      at temperatures above about 925.degree.C the nickel reaction vessel shows
      signs of deterioration.
PAC  EXAMPLE 4
PAR  Electrode powder active battery material was mixed by placing in a
      container and thoroughly blending 7.6 grams of 99.sup.+% pure NiO
      (containing 5.9 grams Ni) and 0.56 grams of 99% pure cobalt oxide
      (containing 0.4 grams Co), to provide a 5.5 wt% cobalt concentration, with
      about 7.6 grams of C.P. grade Na.sub.2 O.sub.2, Sample 4(a); about 9.5
      grams of C.P. grade Na.sub.2 O.sub.2, Sample 4 (b); about 11.7 grams of
      C.P. grade Na.sub.2 O.sub.2, Sample 4 (c); and about 15.2 grams of C.P.
      grade Na.sub.2 O.sub.2, Sample 4(d). This provided weight ratios of
      NiO:Na.sub.2 O.sub.2 of about 1:1; 1:1.25; 1:1.5; and 1:2.0 respectively.
      The mixtures were then placed in a nickel crucible, heated, and then
      fuse-melted at a fusion-reaction temperature of 1000.degree.C for 3 hours.
PAR  These materials were then cooled to 25.degree.C, and immersed in water at
      25.degree.C to hydrolyze them to Co hydroxide plus Ni hydrated oxide and
      hydroxide forms and about 2 wt% unreacted NaNiO.sub.2 on a dried basis.
      The material was then washed, dried at 25.degree.C, loaded into nickel
      battery plaques at a loading of about 1.5 grams/sq.in., and set opposite
      negative electrodes to form a cell, all steps using the same techniques as
      described for Sample 1(a) in EXAMPLE 1.
PAR  The electrochemical activity of these electrodes are shown on FIG. 4, where
      the materials having weight ratios of NiO:Na.sub.2 O.sub.2 of 1:1.5
      provided capacity values at 25 cycles of about 0.23 and 0.22 amp-hr/g. The
      materials having weight ratios of NiO:Na.sub.2 O.sub.2 of 1:1 and 1:1.25
      provided capacity values at 25 cycles of about 0.08 and 0.15 amp-hr/g.
      Suitable weight ratios of NiO:Na.sub.2 O.sub.2 would appear from the
      FIgure data to be between about 1:1.35 to about 1:2.1.
PAC  EXAMPLE 5
PAR  Electrode powder active battery material was mixed by placing in a
      container and thoroughly blending 7.6 grams of 99.sup.+% pure NiO
      (containing 78 wt% or 5.9 grams Ni) and 11.7 grams of C.P. grade Na.sub.2
      O.sub.2, to provide a weight ratio of NiO:Na.sub.2 O.sub.2 of 1:1.54, with
      about 0.23 grams of 99% pure cobalt oxide (containing 70 wt% or 0.16 gram
      Co), Sample 5(a); about 0.38 grams of 99% pure cobalt oxide (containing
      0.3 gram Co), Sample 5(b); about 0.7 grams of 99% pure cobalt oxide
      (containing 0.49 gram Co), Sample 5(c); about 0.9 grams of 99% pure cobalt
      oxide (containing 0.63 gram Co), Sample 5(d); and Sample 5(e) containing
      no cobalt addition either before fusion or after hydrolysis. This provided
      cobalt concentrations, based on nickel oxide plus cobalt content as Co of
      approximately about 2.1 wt%, 3.8 wt%, 6.1 wt%, 7.6 wt%, and 0 wt%
      respectively. The mixtures were then placed in a nickel crucible, heated,
      and then fuse-melted at a fusion-reaction temperature of 1000.degree.C for
      3 hours.
PAR  These materials were then cooled to 25.degree.C, and immersed in water at
      25.degree.C to hydrolyze them to about 98 wt% reacted hydrated oxide and
      hydroxide forms and 2 wt% unreacted NaNiO.sub.2 on a dried basis. The
      materials were then washed, dried at 25.degree.C, and loaded into nickel
      battery plaques, at loadings of 1.7 grams/sq.in. for a final plaque
      thickness of 70 mils, and set opposite negative electrodes to form a cell,
      all steps using the same techniques as described for Sample 1(a) in
      EXAMPLE 1.
PAR  The electrochemical activity of these electrodes are shown on FIG. 5, where
      the materials having cobalt concentrations of 2.1 wt%, 3.8 wt%, 6.1 wt%,
      and 7.6 wt% provided the capacity values at 25 cycles of about 0.22, 0.22,
      0.24 and 0.20 amp-hr/g. respectively. The material without cobalt provided
      a capacity value of only 0.10 amp-hr/g. after 25 cycles. Suitable cobalt
      addition from this data to provide an acceptable electrode plate ready for
      insertion into a battery would appear to be between about 2 wt%-12 wt%
      based on nickel oxide as NiO plus cobalt content as Co.
PAC  EXAMPLE 6
PAR  As a comparative example, a material, Sample 6, containing between about
      95-98 wt% hydrolyxis reaction product was mixed by placing in a container
      and thoroughly blending 30 grams of 99.sup.+% pure NiO, (containing 24
      grams Ni), and 2.2 grams of 99% pure cobalt oxide (containing 1.5 grams
      Co) with 50 grams of C.P. grade potassium superoxide, KO.sub.2. This
      provided a 4.8 wt% cobalt concentration based on nickel oxide plus cobalt
      content and a weight ratio of NiO:KO.sub.2 of about 1:1.65. This mixture
      was then placed in a nickel crucible and heated over about 1 hour to
      800.degree.C. The temperature was raised and maintained between
      950.degree.-1020.degree.C for about 2 hours to ensure complete melt fusion
      reaction to KNiO.sub.2 + KCoO.sub.2.
PAR  This material was then cooled to 25.degree.C, and immersed in water at
      25.degree.C to hydrolyze it. The material was then washed, dried at 25%,
      loaded into nickel battery plaques at a loading of about 1.5 grams/sq.in.,
      and set opposite negative electrodes to form a cell, all steps using the
      same techniques as described for Sample 1(a) in EXAMPLE 1. The capacity of
      these electrodes, Sample 6, made substituting KO.sub.2 for Na.sub.2
      O.sub.2, provided a capacity of 0.12 amp-hr/g. after about 25 cycles,
      indicating much inferior electrochemical performance for this material.
PAC  EXAMPLE 7
PAR  As a comparative example, an electrode was made, similarly to Sample 1(a)
      in EXAMPLE 1, where Li.sub.2 O was substituted for Na.sub.2 O.sub.2 in the
      mixture. The material contained about 3.4 wt% cobalt concentration and a
      weight ratio of NiO:Li.sub.2 O of about 1:1.5. This mixture was fused at
      1000.degree. C to ensure substantial reaction to CoS.Li.sub.2 O, although
      the mixture remained solid due to the high melting point of Li.sub.2 O,
      cooled to 25.degree.C, and hydrolyzed in water at 25.degree.C. The
      material was then washed, dried at 25.degree.C, loaded into nickel battery
      grids, and set opposite negative electrodes to form a cell, all steps
      using the same techniques as described for Sample 1(a) in EXAMPLE 1. The
      final product was a grayblack powder with some dispersed metallic-like
      platelets. The electrodes, Sample 7(a), made by substituting Li.sub.2 O
      for Na.sub.2 O.sub.2, had only superficial electrochemical activity. X-ray
      and infrared reasurements indicated that the LiNiO.sub.2 contained a cubic
      NiO structure and not the layer-like NiO.sub.2 structure found in
      NaNiO.sub.2 necessary for electrochemical activity.
PAR  Also, electrode Sample 7(b) was made using the same techniques as described
      for Sample 1(a) in EXAMPLE 1, but substituting barium peroxide, BaO.sub.2,
      for Na.sub.2 O.sub.2. The final product, BaNi.sub.2 O.sub.5 + BaCo.sub.2
      O.sub.5 had no electrochemical activity. X-ray structural patterns also
      showed NiO sites. In addition, the hydrolysis step produced Ba(OH).sub.2
      which was insoluble, inactive dead weight and difficult to separate from
      the barium cobalt and nickel oxides by washing.
PAR  Tabulated results of the Examples are shown in the following TABLE 2:
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     ELECTRODE MATERIAL CAPACITY: Charge at 300 mA for 2 1/4 hrs.; discharge   
     at 120 mA - in 25% KOH                                                    
                Approximate % Co              Capacity                         
     Wt. Ratio  in Final Hydro-                                                
                           Fusion Temp.                                        
                                     Plaque Loading                            
                                              amp-hr/gram                      
     Sample                                                                    
         NiO:Na.sub.2 O.sub.2                                                  
                lyzed Material                                                 
                            and Time g/sq.in. 10 cycles                        
                                                     25 cycles                 
     __________________________________________________________________________
     1(a)                                                                      
         1:1.54 3.4%      950.degree.-1025.degree.C (1 hr)                     
                                     1.5       0.215  0.225                    
     1(b)                                                                      
         1:1.54 3.4%      950.degree.-1025.degree.C (1 hr)                     
                                     2.5      0.20   0.20                      
     1(c)                                                                      
         1:1.54 4.4%      950.degree.-1025.degree.C (1 hr)                     
                                     1.5       0.185 0.19                      
     2(a)                                                                      
         1:1.54 5.5%      1000.degree.C (20 min)                               
                                     1.5      0.17   0.17                      
     2(b)                                                                      
         1:1.54 5.5%      1000.degree.C (1 hr)                                 
                                     1.5      0.21   0.21                      
     2(c)                                                                      
         1:1.54 5.5%      1000.degree.C (1.5 hr)                               
                                     1.5      1.22   0.22                      
     2(d)                                                                      
         1:1.54 5.5%      1000.degree.C (3 hr)                                 
                                     1.5      0.23   0.23                      
     3(a)                                                                      
         1:1.54 5.5%      600.degree.C (6 hr)                                  
                                     1.5      0.05   none                      
     3(b)                                                                      
         1:1.54 5.5%      700.degree.C (6 hr)                                  
                                     1.5      0.15   0.15                      
     3(c)                                                                      
         1:1.54 5.5%      800.degree.C (6 hr)                                  
                                     1.5      0.17   0.19                      
     3(d)                                                                      
         1:1.54 5.5%      850.degree.C (6 hr)                                  
                                     1.5      0.19   0.20                      
     3(e)                                                                      
         1:1.54 5.5%      1100.degree.C (2 hr)                                 
                                     1.5      0.23   0.23                      
     4(a)                                                                      
         1:1.0  5.5%      1000.degree.C (3 hr)                                 
                                     1.5      0.08   0.08                      
     4(b)                                                                      
         1:1.25 5.5%      1000.degree.C (3 hr)                                 
                                     1.5      0.16   0.16                      
     4(c)                                                                      
         1:1.5  5.5%      1000.degree.C (3 hr)                                 
                                     1.5      0.23   0.23                      
     4(d)                                                                      
         1:2.0  5.5%      1000.degree.C (3 hr)                                 
                                     1.5      0.22   0.22                      
     5(a)                                                                      
         1:1.54 2.1%      1000.degree.C (3 hr)                                 
                                     1.7      0.22   0.22                      
     5(b)                                                                      
         1:1.54 3.8%      1000.degree.C (3 hr)                                 
                                     1.7      0.22   0.22                      
     5(c)                                                                      
         1:1.54 6.1%      1000.degree.C (3 hr)                                 
                                     1.7      0.24   0.24                      
     5(d)                                                                      
         1:1.54 7.6%      1000.degree.C (3 hr)                                 
                                     1.7      0.20   0.20                      
     5(e)                                                                      
         1:1.54 0%        1000.degree.C (3 hr)                                 
                                     1.7      0.10   0.10                      
     6   NiO:KO.sub.2                                                          
                4.8%      950.degree.-1025.degree.C (2 hr)                     
                                     1.5      --     0.12                      
         1:1.65                                                                
     7(a)                                                                      
         NiO:LiO.sub.2                                                         
                3.4%      950.degree.-1025.degree.C (1 hr)                     
                                     1.5      none   none                      
         1:1.54                                                                
     7(b)                                                                      
         NiO:BaO.sub.2                                                         
                3.4%      950.degree.-1025.degree.C (1 hr)                     
                                     1.5      none   none                      
         1:1.54                                                                
     __________________________________________________________________________
PAC  EXAMPLE 8
PAR  In order to determine the effect of drying temperature on the
      electrochemical capacity of the active material, an electrode was made,
      similarly to Sample 2(d) in EXAMPLE 2 but using drying temperatures after
      hydrolysis of 25.degree.C, 30.degree.C, 40.degree.C, 45.degree.C,
      70.degree.C and 90.degree.C. The material contained about 6.5 wt% cobalt
      concentration and a weight ratio of NiO:Na.sub.2 O.sub.2 of about 1:1.54.
      The mixture was fused in a nickel crucible at 1000.degree.C as in EXAMPLE
      2 to ensure complete conversion to NaNiO.sub.2. After cooling and
      hydrolysis, the active battery material powder contained about 98 wt%
      reacted hydrated oxide and hydroxide forms and 2 wt% unreacted NaNiO.sub.2
      on a dried basis.
PAR  The material was washed and then Samples 8(a)-8(f) were air dried at the
      above described temperatures. The Samples were then sieved to -325 mesh
      and loaded into nickel battery plaques as in EXAMPLE 2. The electrodes
      were pressed and had approximately the same loadings as in EXAMPLE 2.
      These nickel electrodes were set opposite negative electrodes in several
      containers, and contacted with electrolyte to form electrochemical cells.
      The electrodes were fromed as in EXAMPLE 2. The capacity of the electrodes
      after level performance was attained at about 25 cycles is shown in the
      following TABLE 3:
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     ELECTRODE MATERIAL CAPACITY: Charge at 300 mA for 2 1/4 hrs.;             
     discharge at 120 mA - in 25% KOH                                          
                                          Capacity                             
                 Wt. Ratio                                                     
                        Fusion Temp.                                           
                                 Plaque Loading                                
                                          amp-hr/gram                          
     Drying Temp.                                                              
             Sample                                                            
                 NiO:Na.sub.2 O.sub.2                                          
                        and Time g./sq.in.                                     
                                          25 Cycles                            
     __________________________________________________________________________
     25.degree.C                                                               
             8(a)                                                              
                 1:1.54 1000.degree.C (3 hr)                                   
                                 1.5      0.235                                
     30.degree.C                                                               
             8(b)                                                              
                 1:1.54 1000.degree.C (3 hr)                                   
                                 1.5      0.232                                
     40.degree.C                                                               
             8(c)                                                              
                 1:1.54 1000.degree.C (3 hr)                                   
                                 1.5      0.215                                
     45.degree.C                                                               
             8(d)                                                              
                 1:1.54 1000.degree.C (3 hr)                                   
                                 1.5      0.198                                
     70.degree.C                                                               
             8(e)                                                              
                 1:1.54 1000.degree.C (3 hr)                                   
                                 1.5      0.115                                
     90.degree.C                                                               
             8(f)                                                              
                 1:1.54 1000.degree.C (3 hr)                                   
                                 1.5      0.020                                
     __________________________________________________________________________
PAR  As can be seen, there is a dramatic decrease in electrochemical activity as
      the drying temperature is increased over 70.degree.C. It is believed that,
      even though the Ni.sub.3 O.sub.4 . 2H.sub.2 O does not convert to a cubic
      inactive form until about 130.degree.C; interlaminar bonding in the
      battery material starts to occur above about 60.degree.C-70.degree.C; and
      that this along with interlaminar water loss apparently makes the material
      dried over about 65.degree.C ineffective as a battery material.
PAR  What exactly happens is not completely understood at this time; it is
      known, however, that when the electrode material, containing a mixture of
      Ni (II) and Ni (III) forms, and which is believed to have a stoichiometry
      of nickel hydrated oxide Ni.sub.3 O.sub.4 . 2H.sub.2 O, is dried at
      temperatures over 65.degree.C, it becomes progressively inactive and is
      not useful as a battery material. It is critical then that the active
      material of this invention only be dried between about
      15.degree.C-65.degree.C and preferably at 25.degree.C. At the higher
      temperatures of about 65.degree.C a high humidity environment could be
      used to minimize interlaminar water loss.
PAR  The infrared and Raman spectra of the fully hydrolyzed product, containing
      nickel forms which correspond to a stoichiometry of Ni.sub.3 O.sub.4 .
      2H.sub.2 O, when dried below 65.degree.C, shows a center of symmetry and
      layer-like --O-Ni-ONi-O-Ni-O-- structure with water molecules dispersed in
      interlaminar positions. The crystalline layer structure is hexagonal and
      belongs to the same group D.sub.d3.sup.3 (P3m).
PAR  Unexpectedly, only the Na.sub.2 O.sub.2 + NiO reaction product, when the
      components are reacted within critical weight percent, temperature and
      time ranges, and when combined with critical weight percent Co during
      fusion, during hydrolysis, after hydrolysis or after plaque pasting,
      provides suitable high performance active battery material for use in
      making battery electrode plates. This active material, formed by
      hydrolyzing NaNiO.sub.2 and adding about 2-12 wt% Co based on NiO plus Co
      has a capacity of at least 0.185 amp-hr/gram. When it is used in a
      metallic plaque it provides an electrode that can be alternately stacked
      in a container opposite negative electrodes, such as for example
      electrodes containing iron active battery material, with separators
      therebetween and a suitable caustic electrolyte contacting the electrodes
      and separators, with suitable electrical connections, to provide a
      battery.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A method of producing a battery electrode plate containing active
      battery material, comprising the steps of:
PA1  a. mixing NiO with Na.sub.2 O.sub.2 in a weight ratio of NiO:Na.sub.2
      O.sub.2 of between about 1:1.35 to about 1:2.1;
PA1  b. heating the mixture of NiO and Na.sub.2 O.sub.2 between about
      800.degree.C - 1150.degree.C, for about 1/2 hour to 8 hours, to melt the
      mixture and to form NaNiO.sub.2 ;
PA1  c. hydrolyzing the NaNiO.sub.2 in water at between about
      20.degree.C-95.degree.C to form active battery material and then washing
      the active battery material;
PA1  d. maintaining the activity of the battery material by maintaining the
      temperature of the material below about 65.degree.C; and
PA1  e. applying the battery material to a porous metallic plaque.
NUM  2.
PAR  2. The method of claim 1 wherein the NiO is substantially pure, and cobalt,
      selected from the group consisting of Co, Co.sub.2 O.sub.3, Co.sub.3
      O.sub.4 and CoO and their mixtures is added to the materials.
NUM  3.
PAR  3. The method of claim 1 wherein the NiO is substantially pure, and cobalt
      additive as substantially pure cobalt hydroxide is added after hydrolysis
      of the reaction product comprising NaNiO.sub.2.
NUM  4.
PAR  4. The method of claim 1 wherein cobalt additive as a water soluble cobalt
      salt is added during hydrolysis of the reaction product comprising
      NaNiO.sub.2.
NUM  5.
PAR  5. The method of claim 1 wherein cobalt additive as a water soluble cobalt
      salt is added after hydrolysis
NUM  6.
PAR  6. The method of claim 1 wherein cobalt additive as a water soluble cobalt
      salt is added after applying the battery material to the porous metallic
      plaque.
NUM  7.
PAR  7. A method of producing a battery electrode plate containing active
      battery material, comprising the steps of:
PA1  a. mixing an admixture of NiO and cobalt material selected from the group
      consisting of Co, Co.sub.2 O.sub.3, Co.sub.3 O.sub.4 and CoO and their
      mixtures and Na.sub.2 O.sub.2, wherein the weight ratio of NiO:Na.sub.2
      O.sub.2 is between about 1:1.35 to about 1:2.1 and the amount of Co in the
      cobalt material is between about 2-12 wt% based on NiO plus Co content;
PA1  b. heating the admixture at a temperature between about
      800.degree.C-1150.degree.C for about one-half hour to 8 hours to melt the
      admixture and provide a reaction product consisting essentially of
      NaNiO.sub.2 and then cooling the reaction product NaCoO.sub.2 ;
PA1  c. hydrolyzing the reaction product, forming an active battery material;
PA1  d. washing the active battery material; and then maintaining the activity
      of the battery material by maintaining the temperature of the material
      below about 65.degree.C.; and
PA1  e. applying the active battery material to a metallic plaque to provide a
      battery electrode.
NUM  8.
PAR  8. The method of claim 7, wherein the reaction product is hydrolyzed in
      water, the active battery material contains from about 0.5 to 5 wt%
      unreacted NaNiO.sub.2 and NaCoO.sub.2 and the active battery material is
      dried between about 15.degree.C-65.degree.C after step (d).
NUM  9.
PAR  9. The method of claim 7, wherein the admixture in step (b) is heated at a
      temperature of between about 850.degree.C-1100.degree.C for between about
      1/2-8 hours to melt the mixture and the NiO, cobalt material and Na.sub.2
      O.sub.2 are in substantially pure form.
NUM  10.
PAR  10. The method of claim 8, wherein the reaction product is cooled to a
      temperature below about 95.degree.C before step (c), and the water used in
      the hydrolysis step has a temperature of between about
      20.degree.C-95.degree.C.
NUM  11.
PAR  11. The method of claim 8, wherein the reaction product is cooled to
      between about 20.degree.-95.degree.C before step (c), the water used in
      the hydrolysis step has a temperature of between about
      20.degree.C-35.degree.C, the active battery material comprises Ni
      hydroxide forms which have a weight ratio of Ni (II) hydroxide:Ni (III)
      hydroxide of over 1:2 and the active battery material is washed after
      hydrolysis until neutral to litmus.
NUM  12.
PAR  12. The method of claim 11, wherein the reaction product is hydrolyzed by
      immersion in water and the NiO, cobalt material and Na.sub.2 O.sub.2
      contain no more than 5% impurities selected from the group consisting of
      mercury, silver, cadmium, lead, magnesium, chromium, calcium, zirconium
      and barium compounds.
NUM  13.
PAR  13. The method of claim 11, wherein the amount of Co in the mixture of step
      (a) is between about 4-8 wt%, the active battery material Ni hydroxide
      forms comprise a material having a stoichimetry of Ni.sub.3 O.sub.4 .
      2H.sub.2 O, and the active battery material is applied to the metallic
      plaque in aqueous slurry form.
NUM  14.
PAR  14. The method of claim 13, wherein the metallic plaque is between 90-95%
      porous and comprises relatively smooth contacting metal fibers.
NUM  15.
PAR  15. The method of claim 14, wherein the metal fibers are diffusion bonded
      before coating, wherein there is only an interdiffusion of atoms across
      the fibers interface.
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PAL  A multi-cell battery comprising a plurality of frames each divided into a
      number of side-by-side active paste support areas. The frames are
      assembled and secured together in a stacked formation so that the
      perimeter portions of the frames form the top, bottom and two opposite
      sides of the battery, and the divisions in the frames form cell
      partitions. Each frame is pasted with active material to form plates with
      adjacent plates in each frame being of opposite polarity and adjacent
      plates in adjoining frames also being of opposite polarity.
BSUM
PAR  This invention relates to a multi-cell secondary battery such as a lead
      acid battery.
PAR  One of the major disadvantages of current constructions of lead batteries
      is the high weight and cost of the cell plates formed of a lead alloy grid
      pasted with active material. Also, because of the low mechanical strength
      of the lead alloys used in grids, a substantial amount of alloy is used so
      that the grids, and hence the completed battery, is heavy and bulky.
PAR  The formation of an effective and desirable connection between the plates
      within each cell, and between assemblies of plates in adjoining cells is
      difficult to achieve by high volume production methods. The current trend
      is to make the connection between adjoining cells through an opening in
      the cell wall, but this has produced problems in achieving an effective
      seal between the connecting member and the cell wall.
PAR  It is the object of the present invention to provide a battery construction
      which will overcome or at least reduce many of the problems of production
      and disadvantages in construction of presently known multi-cell batteries.
PAR  With this object in view, there is provided a multi-cell battery including
      a plurality of frames formed of a material as herein specified, each frame
      defining a plurality of active material support areas arranged in
      side-by-side relationship across the width of the frame, the frames being
      arranged in a side-by-side relationship in a direction normal to the width
      of the frame with the portions of each frame forming the divisions between
      adjacent support areas secured in a sealed relationship to the
      corresponding portions in adjacent frames to form partitions between
      adjacent cells of the battery.
PAR  More particularly, there is provided a multi-cell battery including a
      plurality of frames formed of a material as herein specified, each frame
      defining a plurality of active material receiving areas arranged in
      side-by-side relationship across the width of the frame, the frames being
      arranged in a side-by-side relationship in a direction normal to the width
      of the frame with the portions of each frame forming the divisions between
      adjacent receiving areas secured in a sealed relationship to the
      corresponding portions in adjacent frames to form partitions between
      adjacent cells of the battery, and individual masses of active battery
      material support in each area of each frame so that each area forms a
      plate of the battery, the active battery material in respective areas
      being selected so that adjacent areas in each frame form plates of
      opposite polarity and adjacent areas in adjoining frames form plates of
      opposite polarity.
PAR  The frames of the battery are formed from a mouldable material which is
      electrically insulating at the intended operating voltage of the battery,
      and is inert to the active materials of the battery and any material
      produced during operation of the battery. Throughout this specification a
      material as above defined is referred to as "a material as herein
      specified." Suitable thermoplastic materials for use in the construction
      of frames are high impact polystyrene, ABS, and polypropylene.
PAR  Conveniently, each frame is of rectangular form having a continuous
      perimeter member and a number of division portions parallel to two
      opposite sides of the frame to define the plurality of receiving areas,
      the perimeter member and division portions of adjacent frames
      inter-fitting so that the perimeter member forms two opposition walls, a
      top and a bottom of the battery and the division portions form the
      plurality of cell partitions of the battery.
PAR  There is thus provided a plurality of side-by-side column-like spaces in
      the frame to receive active material. Each column-like space may be
      divided into smaller areas by a plurality of transverse elements of lesser
      thickness than the division portions to provide additional support for the
      active material.
PAR  Preferably, the thickness of the frames varies so that alternate active
      material receiving areas are thinner. The thinner areas are pasted with a
      material to form a negative plate and the thicker areas with a material to
      form a positive plate. This variation in thickness also enables the frames
      to inter-fit or nest when assembled in side-by-side relation.
PAR  Electrically conductive elements may be embedded in the members of the
      frame during formation thereof and extend into the area which receives the
      active material to provide electrical collectors, support for the active
      material, and, if desired, the electrical connection between areas of
      negative and positive active material.
PAR  When the frames are pasted with active material and assembled side-by-side,
      a separator of porous material is inserted between the positive and
      negative paste in adjoining frames.
PAR  A battery formed by an assembly of frames as previously described has a
      number of cells determined by the number of active material areas in each
      frame. The adjacent active material areas in each two adjacent frames
      being of opposite polarity form a basic cell having a nominal voltage of 2
      volts in the case of a lead acid cell. Thus the voltage and capacity of
      the battery is determined by the number of active material areas in each
      frame and the number of frames in the assembly respectively.
PAR  Although it is possible to electrically connect the basic cells in any
      desired arrangement, this construction of battery is highly suitable for
      connecting the basic cells formed by two adjoining frames in series, and
      connecting the terminals of each pair of adjoining frames in parallel.
      When this arrangement of cell connections is used, suitable connector
      members may be located in the frame during moulding thereof to
      electrically interconnect the cells in the finished assembly of frames. If
      the basic cells formed by two adjoining frames are to be connected in
      series, an intercell connector member is provided in each alternate
      division portion of the frame, with the intercell connector members in
      each frame staggered with respect to the connector members in the adjacent
      frame.
PAR  Also, terminal element members may be located in the sides of the frames
      during moulding, the location and number of terminal elements being
      determined by the number of cells formed by each two frames. If there is
      an even number of paste areas in each frame, there is provided a terminal
      element at each end of each alternate frame. Where there is an odd number
      of paste areas in each frame, there is a terminal element at alternate
      ends of adjacent frames. The terminal elements of individual frames are
      interconnected by welding to a connector strap or by other convenient
      means, and the battery main terminals are suitably connected to the
      straps.
PAR  As previously indicated, the perimeter of the frames may be sealed
      together, such as by the provision of interfitting elements on adjacent
      frames, so that the assembly of frames form the top, bottom and two
      opposite walls of the battery case. The battery case is then completed by
      bonding cover plates to the exposed face of the two end frames of the
      assembly. Also, suitable covers are provided if the frames have terminal
      elements projecting from the sides of the frames coupled by a connector
      strap.
PAR  Some of the advantages of the battery constructed in accordance with the
      present proposal are:
PAR  1. The reduction of battery weight and size by elimination of bulky lead
      alloy grids;
PAR  2. Elimination of forming intercell connections during assembly, with the
      avoidance of consequent sealing problems;
PAR  3. The possibility to eliminate a separate battery case;
PAR  4. Additional support for active material to eliminate shedding of active
      material;
PAR  5. Increased capacity per unit weight of battery.
DRWD
PAR  The invention will be more readily understood from the following
      description of one practical arrangement of the invention with reference
      to the accompanying drawings wherein:
PAR  FIG. 1 is a general perspective view, partly in section, of a battery
      incorporating one embodiment of the present invention;
PAR  FIG. 2 is a side elevation of one grid assembly suitable for use in a
      battery shown in FIG. 1;
PAR  FIG. 3 is an enlarged cross-sectional view along line 3--3 in FIG. 2;
PAR  FIG. 4 is an enlarged sectional view along the line 3--3 in FIG. 2;
PAR  FIG. 5 is a plane view of an assembly of grids as shown in FIG. 2; and
PAR  FIG. 6 is a partial sectional view of an alternative construction of the
      grid.
DETD
PAR  Referring now to the drawings, the battery 10 comprises a housing 11
      enclosing an assembly of frame members 12 arranged and bonded together so
      as to form a plurality of cells 14 separated one from the other by a
      partition wall 13 composed of the abutting vertical elements of the
      respective frame members 12.
PAR  Referring now to FIG. 2, each frame member 12 comprises a perimeter member
      15 having top and bottom elements 16 and 17 and opposite side elements 18
      and 19. Extending between the top and bottom elements 16 and 17 are
      division elements 20 which are parallel to the side elements 18 and 19.
      The frame and the vertical division elements together define three
      column-like areas 22, 23 and 24 which will, in the finished battery, be
      pasted with appropriate active battery material.
PAR  The top and bottom elements and the side and division elements are provided
      on one face with a continuous tongue 27 at right angles to the general
      plane of the frame, and on the opposite face a continuous groove 28, so
      that when a plurality of frames are assembled in side-by-side relationship
      as shown in FIGS. 3 and 4, the tongue on one frame interfits with the
      groove on the adjacent frame. The interfitting tongue and groove are
      adhered or otherwise secured together, with or without the use of
      additional sealing compound, so that the connection between the top and
      bottom elements, the side elements and division elements in respective
      adjacent frames will not permit the leakage of electrolyte between the
      cells in the finished battery. An assembly of a plurality of frames of
      this construction provides an open ended box-like structure with internal
      partitions, the sides and top and bottom of the box being formed by the
      interfitting top and side bottom elements and the portions being formed by
      the inter-fitting division elements.
PAR  The frames also include a plurality of vertically spaced support elements
      30 extending between the opposite side elements 18, 19 and integral with
      the division elements 20. In the frame shown in FIG. 2, there are three
      support elements and these elements are of a thickness less than the
      thickness of the side and division elements so that when a number of
      frames are assembled in a side-by-side relationship, the support elements
      in adjacent frames are spaced one from the other. The support elements 20
      divide the area between the respective division elements so that the
      active battery material subsequently located between the division elements
      is given additional support and will not become dislodged during service.
PAR  In the preferred form, grid-like structures 26, 26a are provided to span
      part or all of the area between the respective division elements to
      provide even further support for the active battery material. The grids
      may be formed of the same material as the remainder of the frame and
      moulded as an integral part thereof, but preferably is made of an
      electrically conductive material, such as lead alloy, which is not
      adversely affected by the materials of the battery, and is embedded in the
      elements of the frame during the moulding of the frame.
PAR  In the embodiment shown in FIG. 2, the grid 26 extends through the side
      element 18 of the frame and is embedded in, but does not extend through
      the adjacent division element 20. The portion of the grid 26 external of
      the frame provides a terminal for electrically connecting the cells
      constituted by an assembly of frames. The grid 26a extends through the
      other division element 20a and is embedded in, but does not extend through
      the side element 19. The grid 26a thus forms an intercell connector
      between plates 23 and 24. The grids 26 and 26a thus provide support for
      the active battery material, act as a current collector for the respective
      plates, and form intercell connectors and/or terminals as required in
      respect of cells formed by the assembly of frames.
PAR  During the pasting of the frames, the area above the upper support element
      30 in each frame is not pasted so that when the frames are assembled
      together, electrolyte reservoirs 31 are formed as shown in FIG. 1. Also
      during assembly, separator strips 32 are inserted between the plates of
      active material in adjacent frames. The separators perform their normal
      function in a battery, and are made of conventional material.
PAR  In order to assist the gas, generated when the battery is in use, to escape
      from between the plates, vent strips 33 made of porous material extend
      vertically through the mass of active material forming each plate. The
      vent strip may be added to the frame prior or during the pasting
      operation, or may be located in the mould during moulding of the frame so
      that the vent is bonded to the support elements 30.
PAR  In order to form a battery such as is shown in FIG. 1, a plurality of
      frames of the construction shown in FIG. 2 are individually pasted with
      conventional active battery material so that the adjacent areas are of
      opposite polarity. Thus each frame forms a plurality of side-by-side
      plates of alternative positive and negative polarity. A number of these
      frames are then assembled together in a side-by-side relationship with
      each plate in each frame, adjacent a plate of opposite polarity in the
      adjoining frame. In assembling the frames, the tongues and grooves on
      adjacent frames interfit and are sealed together. The series of cells so
      formed by each two adjacent frames are electrically connected in series by
      the grids, such as 26a, and have positive and negative terminal tags 37 at
      respective ends as seen in FIG. 5. The terminal tags 37 at opposite ends
      of the assembly of frames are then connected to respective connector
      straps 35 which carry the main terminals such as 36.
PAR  Although the assembly of frames will form a top, bottom and two opposite
      side walls, the remaining two sides include exposed active material and
      the two side plates 38 are secured to these two sides to complete the
      battery case. In some applications, it is also desirable to provide cover
      plates 39 for the terminal tags and connector straps, and these cover
      plates may be secured to the side plates 38. The cover 40 is also provided
      the openings 41 which align with openings 42 formed in the top face of the
      assembly of frames, to enable the introduction of electrolyte to each cell
      of the battery.
PAR  It will be appreciated that by suitable adaption of the construction of the
      frames, the cover plates and/or top cover may not be required.
PAR  Referring now to FIG. 6, there is here shown a horizontal section through
      an assembly of frames of a battery of the same basic construction as
      previously described, but wherein the individual frames are of an
      alternative construction. The side element 50 and division elements 51 are
      each of step shaped cross section arranged so that, in assembly, the step
      shaped sections interfit. In addition, the stepped shape of the element
      results in the frame having alternate thick and thin active material
      receiving areas. As more positive active material is required in a normal
      battery than negative active material, the thick area of the frame is
      pasted with positive active material and the thin area with negative
      active material.
PAR  The arrangement of the current collectors, intercell connectors, terminal
      tabs and separator strips is the same as previously described with
      reference to FIGS. 2 to 4. The frames are also provided with tongue and
      groove elements that interfit on assembly of the frames to locate and hold
      the frames, and provide a sealed joint between the cells in the finished
      battery.
CLMS
STM  I claim:
NUM  1.
PAR  1. A multi-cell battery including a plurality of frames formed of a
      moldable material which is electrically insulating at the intended
      operating voltage of the battery and is inert to the active materials of
      the battery and any material produced during operation of the battery,
      each frame defining a plurality of separate material support areas
      arranged in side-by-side relationship across the width of the frame, each
      frame including portions forming divisions between adjacent support areas
      of the frame, the frames being arranged in a side-by-side relationship in
      a direction normal to the width of the frame with the portions of each
      frame forming the divisions between adjacent support areas secured in a
      sealed relationship to the corresponding portions in adjacent frames to
      form partitions between adjacent cells of the battery.
NUM  2.
PAR  2. A multi-cell battery including a plurality fo frames formed of a
      moldable material which is electrically insulating at the intended
      operating voltage of the battery and is inert to the active materials of
      the battery and any material produced during operation of the battery,
      each frame defining a plurality of separate material receiving areas
      arranged in side-by-side relationship across the width of the frame, each
      frame including portions forming divisions between adjacent support areas
      of the frame, the frames being arranged in a side-by-side relationship in
      a direction normal to the width of the frame with the portions of each
      frame forming the divisions between adjacent receiving areas secured in a
      sealed relationship to the corresponding portions in adjacent frames to
      form partitions between adjacent cells of the battery, and individual
      masses of active battery material support in each area of each frame so
      that each area forms a plate of the battery, the active battery material
      in respective areas being selected so that adjacent areas in each frame
      form plates of opposite polarity and adjacent areas in adjoining frames
      form plates of opposite polarity.
NUM  3.
PAR  3. A battery as claimed in claim 2 wherein a terminal member extends from
      the active material of a plate at one side of each frame through said side
      of the frame, and a connector member extends through each alternate
      division portion of the frame counted from said one side to electrically
      connect the plates of opposite polarity separated by said division
      portion.
NUM  4.
PAR  4. A battery as claimed in claim 2 wherein each frame is of rectangular
      form having a continuous perimeter member and a number of division
      portions parallel to two opposite sides of the frame to define the
      plurality of receiving areas, the perimeter member and division portions
      of adjacent frames interfitting so that the perimeter member forms two
      opposition walls, a top and a bottom of the battery and the division
      portions form the cell partitions of the battery.
NUM  5.
PAR  5. A battery as claimed in claim 2 wherein the frame members are adapted to
      interfit one with the other when assembled in the side-by-side relation.
NUM  6.
PAR  6. A battery as claimed in claim 2, wherein each division element of each
      frame is formed with a laterally projecting tongue on one side and a
      groove on the opposite side, said tongue and groove extending the full
      length of the division element and being arranged so that when the frames
      are assembled in side-by-side relation, the tongues on one frame engage
      the grooves on the adjoining frame.
NUM  7.
PAR  7. A multi-cell battery as claimed in claim 2 wherein each pair of adjacent
      frames form a number of single cells, the number of single cells being
      equal to the number of division elements in a frame plus one, and said
      single cells are electrically connected in series by connector members
      extending through selected division elements.
NUM  8.
PAR  8. A multi-cell battery as claimed in claim 7 wherein terminal members are
      provided on selected frames so that the assemblies of series connected
      cells formed by each pair of frames may be electrically connected to
      battery terminals.
NUM  9.
PAR  9. A multi-cell battery comprising a plurality of frames of a moldable
      material which is electrically insulating at the intended operating
      voltage of the battery and is inert to the active materials of the battery
      and any material produced during operation of the battery, each frame
      including a continuous perimeter member of rectangular shape and a number
      of division elements parallel to two opposite sides of the frame, said
      perimeter member and division elements defining a plurality of active
      material support areas arranged in side-by-side relation across the width
      of the frame, the frames being arranged in side-by-side relation in a
      direction normal to the width of the frames, the perimeter member and
      division elements of each frame interfitting with the corresponding
      portion of the adjacent frame and being secured thereto in sealed relation
      to form two opposite side walls, a top, a bottom and a plurality of cell
      partitions of the battery, one of said sides of each frame having metallic
      terminal elements embedded therein and projecting externally of the frame
      and into the receiving area adjacent said side of the frame, metallic
      intercell connector elements embedded in each alternate division element
      and extending into the receiving areas on opposite sides of said division
      element, and individual masses of active battery material support in each
      receiving area of each frame so that each area forms a plate of the
      battery, the active battery material in respective areas being selected so
      that adjacent areas in each frame form plates of opposite polarity and
      adjacent areas in adjoining frames form plates of opposite polarity,
      whereby each pair of frames form a plurality of single cells electrically
      connected in series.
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ABST
PAL  A so-called sea water battery is disclosed which has a battery cell system
      with electrode plates, preferably magnesium and silver chloride plates,
      and using as electrolyte a solution of chemicals introduced from the
      outside into its cell system. According to a particular charcteristic of
      the invention, the pipe or duct by which water is supplied into the cells
      contains an ejector mechanism drawing from a particular tank a solution of
      chemicals and admixing this solution with the feed water. The chemicals
      thus introduced into the battery serve one or several of the following
      purposes: to increase the conductivity of the electrolyte; to counteract
      excessively vigorous dissolution of the electrode materials; and to
      improve the efficiency of the electrolyte.
PAL  According to an optional characteristic of the invention, the chemicals to
      be introduced as has been said are provided in said particular tank in
      solid form, and water is passed through said tank to solve them and to
      carry them off.
PAL  According to further optional characteristics, the equipment forming, in
      combination, a complete battery unit comprises control equipment and
      control means, such as valves, and/or a heat exchanger for exchanging heat
      between the spent electrolyte emerging from the cell system and the
      entering supply water, these various means being arranged so as to
      counteract undesirable changes of the battery's voltage output.
PARN
PAR  This application is a continuation in part of the co-pending patent
      application Ser. No. 309,132, filed Nov. 24, 1972 now abandoned.
BSUM
PAR  The present invention concerns a sea water battery, the battery cell system
      of which consists of electrode plates most appropriately of magnesium and
      silver chloride and wherein an aqueous solution of chemicals supplied into
      the battery cell system serves as electrolyte.
PAR  Sea water batteries of the kind specified are used, particularly, as power
      sources in torpedoes. A sea water battery known in prior art is disclosed
      in the U.S. Pat. No. 3,012,087; the design solutions of said patent
      constitute an attempt to obtain a battery having an output voltage which
      is substantially constant throughout the period of operation of the
      battery regardless of variations in temperature and salt content of the
      sea water. The steps taken in order to achieve this aim conprise the
      reintroduction into the battery cell system of a quantity, controlled by
      the battery voltage, of spent electrolyte, whereby it is achieved that the
      electrolyte concentration and temperature increase in a direction tending
      to cancel the change in voltage. This design solution has the drawback
      that although an increase of electrolyte concentration and conductivity is
      achieved, at the same time the electrolyte will also contain, in addition
      to useful substances, compounds formed in the reaction within the battery
      and which have a detrimental effect on the efficiency of the battery. The
      aim of the invention is to eliminate this drawback in a simple manner.
PAR  In many regions of the sea, the saline content of the sea water is too low
      for obtaining the maximum efficiency possible of a sea water battery,
      compared with the conductivity of the electrolyte. The aim of the
      invention is to avoid this drawback by simple means so that the
      conductivity of the electrolyte can be increased e.g. by means of a sodium
      chloride addition. A further object of the invention is to provide by
      simple means a sea water battery wherein it is possible to add to the
      electrolyte chemical substances known in themselves which prevent the
      excessively vigorous dissolution of the electrode plate material, such as
      magnesium, into the electrolyte, and substances which reduce the
      generation of gases in the battery cell system. Of such previously known
      chemical compounds, the following may be mentioned: lithium chromate
      (LiCrO.sub.4), ammonium chromate (NH.sub.4 CrO.sub.4) and barium chromate
      [Ba(CrO.sub.4).sub.2 ], which substances have been used to increase the
      efficiency of the electrolyte and in order that a higher current can be
      drawn from the battery. For the purpose of reducing the gas generation in
      the battery cell system, again, various chromium salts are known as
      additives, such as magnesium and lithium chromite.
PAR  The above-mentioned aims of the invention are attained in a sea water
      battery mainly characterized in that in the inlet pipe or duct supplying
      water into the battery cell system there has been placed an ejector or
      suction jet pump, which by effect of the supply water flow draws a
      solution from a tank and admixes this solution to the supply water, said
      solution containing substances increasing the conductivity of the
      electrolyte and/or reducing the excessively vigorous dissolution of the
      electrode plate material, such as magnesium, into the electrolyte and
      improve the efficiency of the electrolyte.
DRWD
PAR  The invention is described in detail with reference to the embodiment
      examples schematically presented in the FIGS. of the attached drawing, but
      to which the invention is by no means confined.
PAR  FIG. 1 shows schematically the simplest embodiment of the invention. In
      FIG. 2 an embodiment is illustrated which also includes control equipment
      controlling the electrolyte temperature and the content of various
      additives in a direction tending to counteract the changes in battery
      voltage. FIG. 3 is a diagram showing the ejector or suction jet pump. It
      is of the self-priming pump type. It is made of glass or the like and has
      no movable parts.
PAR  The sea water battery in itself is known in prior art, and its detailed
      design shall not be described in this connection. The cell system 1 of the
      sea water battery consists of a plurality of electrode plates 6 connected
      in series and/or in parallel and disposed at a distance from each other.
      The electrode plates 6 of different polarities have been made e.g. of
      magnesium and of silver chloride, respectively. Certain other electrode
      materials may also be considered when sea water containing saline is used
      as electrolyte. In the figure, the output terminals of the battery with
      different polarities have been indicated by the reference numeral 3 and
      the schematically shown external load by the reference numeral 2. In the
      lower part of the battery cell system 1 the electrolyte input duct 4 is
      found and, correspondingly, in the upper part the discharge duct 5, by
      which ducts the sea water used as electrolyte is forced to flow through
      the interstitial space of the electrolyte plates 6. In the flow paths
      interconnecting the interstitial space of the electrode plates 6 and the
      input and discharge ducts 4 and 6, appropriate throttling has been
      arranged by means known in themselves in such manner that no appreciable
      short-circuiting of the battery is effected by the said flow paths. The
      supply water inlet pipe 7 opens into the input duct 4, and the electrolyte
      discharge pipe 8 correspondingly communicates with the discharge duct 5,
      for removing the spent electrolyte.
PAR  In order to enable the conductivity of the electrolyte to be raised to a
      level most advantageous in view of the battery's efficiency and in order
      to prevent excessively vigorous dissolution into the electrolyte of the
      magnesium plates, it is a feature of the invention that in the water inlet
      pipe 7 there has been fitted, for a specific solution used in the
      invention, an ejector 9, which in a manner previously known in itself
      produces a suction effect when it is passed through by water. Thus, the
      ejector, also known as the suction jet pump, makes use of the principle
      that a jet of fluid will entrain surrounding fluid and cause it to flow in
      the direction of the expanding jet. The passage in which the jet expands
      is indicated by 9a in FIG. 3. The ejector 9 communicates with the supply
      pipe 10 of the solution in question, through which into the water inlet
      pipe 7 a solution increasing the conductivity of the electrolyte and/or
      preventing too rapid dissolution of the electrode plates is conducted from
      the tank 11. The tank 11 contains a solution in which certain substances
      chosen from among those mentioned above are present in solution, such as
      sodium chloride to increase the conductivity, lithium, ammonium and barium
      chloride to increase the efficiency of the electrolyte, and chromium
      salts, e.g. magnesium and lithium chromite, to reduce the gas generation
      in the battery cell system. The concentration of various constituents in
      the solution in tank 11 and/or the throttling in the supply pipe 10 is
      chosen to be such that the battery will operate with the optimum
      concentrations of different substances in the electrolyte. The supply
      water may in fact be completely salt-free even though the battery is
      called a sea water battery. The ejector 9 both draws the said solution and
      admixes it to the supply water. Of the substances contained in the said
      solution in the tank 11, sodium chloride may be mentioned, which increases
      the conductivity of the electrolyte. The electrolyte is conducted through
      pipe 7 into the battery cell system 6. This arrangement has the advantage
      that sea water batteries become operable even in sea water regions where
      the salinity is low.
PAR  The additives mentioned above are appropriately contained in the tank 11 in
      solid form so that the water conducted into the tank 11 by the pipe 16
      dissolves the additives, whereby their concentration and the density of
      the solution increase in downwardly direction in the tank 11, and since
      the solution is drawn from the tank, by the supply pipe 10, from its lower
      part, a tank with small space requirements is obtained compared e.g. to
      the alternative in which ready-made solution would be used in the tank 11.
      It may be advantageous in certain instances to conduct all of the water to
      be supplied into the battery cell system 1 through the pipe 16 and tank
      11.
PAR  If a battery application is concerned which requires, throughout the period
      of operation of the battery, a voltage which is constant within very
      narrow limits, one may use the control equipment shown in FIG. 2 to
      maintain constant voltage. It is well-known that the output voltage of a
      sea water battery depends both on the electrolyte temperature, that is the
      temperature of the sea water supply, and on its salt content. Within the
      ranges of sea water temperature and saline content occurring in practice,
      this relationship is of a kind implying increase of the battery's output
      voltage with increasing electrolyte saline content and conductivity as
      well as increasing temperature. In FIG. 2, voltage control arrangements
      acting both on the temperature of the electrolyte and on its additive
      content have been shown, which can be applied either in combination or
      separately. In FIG. 2 these control devices have been indicated with the
      reference numeral 12. The control devices 12 measure the battery output
      voltage at the terminals 3. The additive content of the electrolyte is
      changed in a direction tending to counteract the change in voltage, by
      placing in the additive  solution supply pipe 10 a control valve 15, which
      is position-controlled by the control means 12.
PAR  It is well-known that in a sea water battery the electrolyte is heated
      during its passage through the cell system. This heat may be utilized in
      controlled manner to heat the supply water so that in the electrolyte
      discharge pipe 8 there is fitted a heat exchanger 13 previously known in
      itself, and the supply water is arranged to pass through this heat
      exchanger 13. Temperature control of the supply water has been arranged by
      providing in the discharge pipe 8 two branches 8a and 8b, one of them (8b)
      passing through the heat exchanger and the other (8a) by-passing it. The
      quantitative proportion of electrolyte passing through the heat exchanger
      and of that by-passing it is regulated by means of a control valve 14, in
      which capacity a three-way valve serves. The control means 12 control the
      position of the control valve 14 so as to change the supply water
      temperature in a direction tending to counteract the change in voltage.
PAR  In combination with the voltage control procedures described above, or
      separately, a control may be applied wherein by means of a control valve
      the total flow per unit time of electrolyte through the battery cell
      system 1 is influenced in a direction tending to counteract the change in
      voltage.
CLMS
STM  I claim:
NUM  1.
PAR  1. A discardable sea water battery especially adapted for torpedoes,
      comprising a battery cell system having electrode plates of magnesium and
      silver chloride, an input duct connected with said battery cell system, an
      inlet pipe connected with said input duct, an ejector carried by said
      inlet pipe, a discharge duct connected with said battery cell system, a
      discharge pipe connected with said discharge duct, a tank adapted to
      contain a solution, and means connecting said tank with said ejector and
      with sea water for supplying sea water to said ejector while mixing it
      with the solution from said tank, said sea water mixture flowing through
      said input duct into the battery cell system where it serves an
      electrolyte and leaving the battery cell system through said discharge
      pipe, said solution containing chemicals impoving the efficiency of the
      electrolyte.
NUM  2.
PAR  2. Sea water battery according to claim 7, characterized in that the tank
      (11) contains substances in solid form and that into the upper part of the
      tank water is conducted through a pipe (16) and that said solution is
      conducted to the ejector (9) through a supply pipe (10) from the lower
      part of the tank (11), where the density of said solution and the
      concentration of the different substances are highest.
NUM  3.
PAR  3. Sea water battery according to claim 2, characterized in that in the
      supply pipe (10) leading from the tank (11) to the ejector (9) there is a
      control valve (15), the position of which is controlled by control means
      (12) governed by the battery voltage, in a direction tending to counteract
      the changes of said voltage.
NUM  4.
PAR  4. Sea water battery according to claim 3, characterized in that the water
      supply to the battery cell system (1) as well as the removal of spent
      electrolyte has been arranged at least partially to pass through a heat
      exchanger (13), wherein the spent electrolyte gives off heat to the supply
      water.
NUM  5.
PAR  5. Sea water battery according to claim 4, characterized in that in the
      spent electrolyte discharge pipe (8) there is a control valve (14), by
      means of which the proportion of electrolyte discharged through the heat
      exchanger (13) and of directly discharged electrolyte is controlled, the
      position of the control valve (14) being controlled by control means (12)
      governed by the battery voltage, in a direction tending to counteract the
      changes of said voltage.
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ABST
PAL  A wet cell storage battery which has been charged and contains electrolyte,
      has the electrolyte dumped, and then is prepared for storage in a
      condition with the residual electrolyte in the battery plates and
      separators within the battery cells. This preparation includes the
      application of a vented sealing strip to the ports of the battery, upon
      which strip is applied standard gang vents which are then held in place by
      a retaining means for shipment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the electric storage battery art, and more
      particularly, to a new and improved battery package and method of making
      same for shipping and storing of a wet cell electric storage battery which
      has been charged and dumped and which contains a residual amount of
      electrolyte in the battery plates and cells.
PAR  The so-called charged and dumped battery has been well known for decades.
      Such batteries are produced for many purposes, including without
      limitation, the prevention of spillage of the electrolyte during transit
      and the increased storage life while the battery is being stored. In the
      prior art, numerous venting mechanisms have been provided so that the
      storage battery in a fully charged condition may be stored after removal
      of the electrolyte for many months without material loss of capacity and
      without developing excessive pressure. See for example, the patent to J.
      L. Woodbridge No. 1,816,035 issued July 28, 1931, and the patents to C. C.
      Wallace, Nos. 1,758,545 and 1,907,911, issued in the 1930s. These patents
      show that it is old in the art to provide vent caps with holes therein
      having very small cross sections. The Wallace No. 1,758,545 shows a device
      which provides a horizontal opening of a very small diameter with respect
      to its length. The Woodbridge patent provides a duct which has a cross
      section of a diameter not over 5% of its length. Both patents refer to a
      capillary duct of minute cross section. More recently, the Sabatino Pat.
      No. 3,253,963 deals generally with the same problems. These patents show
      individual vent plugs which are either rather complicated in structure or
      require a substantial amount of material.
PAR  As the art developed, vent plugs were produced in gangs of three; commonly
      used on automobile batteries today. These vents are intricate in design
      because of the demands placed on operating batteries in an automobile not
      only by the electrical system of the automobile, but also by automotive
      safety engineers and authorities in government. Such modern day gang vents
      are not for storage purposes, but rather are for operating purposes, and
      will be distinguished in this application as such.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a simple venting device
      for use in combination with a charged and dumped battery, so that the
      battery may be shipped and stored inexpensively and with maximum
      effectiveness in terms of shelf life. In furtherance of this object, I
      have provided a thin strip of plastic material having a plurality of
      indentations therein forming protrusions, each of which has a small vent
      hole in it. This piece of plastic is applied to all of the vent openings
      in a charged and dumped battery to provide the initial seal and the
      advantages disclosed in the prior art. In addition to this strip, the
      standard vent caps are applied to the indentations and are retained for
      shipment and storage by an overlying tape attached to the battery casing.
DRWD
PAR  The above object as well as other objects will become apparent from the
      following description with reference to the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a completed battery package in accordance
      with the preferred embodiment of the present invention;
PAR  FIG. 2 is an enlarged exploded reoriented perspective view of a portion of
      the battery package shown in FIG. 1;
PAR  FIG. 3 is an enlarged exploded perspective view of a portion of the
      elements of the battery package shown in FIG. 1, with an additional
      assembly element shown;
PAR  FIG. 4 is a greatly enlarged section of a portion of the device shown in
      FIG. 3 with the parts repositioned in partial assembly;
PAR  FIG. 5 is a section similar to FIG. 4 showing portions of the battery
      package after partial assembly;
PAR  FIG. 6 is a section similar to FIG. 5, showing an additional element of the
      combined battery package prior to assembly; and
PAR  FIG. 7 is a section similar to FIG. 6 showing the element therein in the
      course of being assembled with the battery package.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Although specific forms of the invention have been selected for
      illustration in the drawings, and the following description is drawn in
      specific terms for the purpose of describing these forms of the invention,
      this description is not intended to limit the scope of the invention which
      is defined in the appended claims.
PAR  Referring to the figures, in FIG. 1 there is shown a perspective view of an
      assembled battery package wherein the battery casing 10 comprises a
      structure housing six battery cells for a wet cell electric storage
      battery which has a cover 12, having six vent openings 14 formed
      integrally with the cover. The openings or ports 14 are shown in slightly
      larger proportions in FIG. 3. While the battery shown is a wet cell
      battery when put in actual commercial use, the present invention applies
      to this battery in a condition between the time it is initially charged
      and the time it is put into commercial use. In particular, this invention
      applies to the condition of this battery after it has had the electrolyte
      dumped from it; and more particularly, to the condition wherein there is a
      residual electrolyte left in the battery in engagement with the plates and
      separators (that is its condition in FIG. 1).
PAR  As stated before, it is desirable to vent such a battery in a controlled
      manner, and in particular, each cell is vented by a separate vent cap. In
      accordance with my invention, I provide a venting strip means for
      performing a number of desirable functions, including venting of each of
      the cells in the battery. This venting strip means is shown as number 16
      in FIG. 3 and comprises a plastic strip of material on the order of 0.004
      inches thick made of polyvinylchloride. Into this strip I have formed a
      number of indentations (when viewed from above, as shown in FIG. 3) which
      provide protrusions (when viewed from below, as shown in FIG. 3)
      designated generally 18. To give some idea of the dimensions of this
      strip, a typical strip may be 13/4 inches wide by 931/32 inches long and
      have a plurality of indentations, each of which being on the order of 3/4
      of an inch in diameter. Approximately in the center of the bottom of each
      of these indentations or protrusions 18 is a hole which, for the
      dimensions given thus far, would be on the order of 0.006 to 0.010 inches
      in diameter. One such hole is shown in FIGS. 4-7 and is designated 20.
PAR  Of course, it will be appreciated that the dimensions of the strip itself
      could vary in accordance with the particular battery upon which the strip
      is to be used. However, the following parameters are important in
      determining these dimensions. It is my desire to have the strip in an
      interference fit along the outer portion of the protrusions with the inner
      portion of the port in the battery cover. It is further my desire, to have
      an intereference fit between the outer portion of the protrusion of the
      standard vent plug which is part of a gang vent and the inner portion of
      the indentation forming the protrusion in the strip. Since the standard
      gang vent is already designed to be in an interference fit along its outer
      portion with the inner portion of the port in the battery cover, the
      polyvinylchloride strip must be extremely thin and yet at the same time
      stable dimensionally when applied to the battery so that it forms a good
      seal and provides the necessary venting during shipping and storage. The
      thinness of the strip plus the design of standard vent plugs and gang
      vents provides the necessary structure to accomplish the desirable ends of
      my invention. In particular, the standard gang vent plug has rounded
      leading edges and is in general a thin walled plastic cylinder 28, as
      shown in FIG. 6. This cylinder may have a slight taper on its sides from
      its base toward its outermost end. The effect of this will be described
      more fully hereinafter.
PAR  To apply this strip to the charged and dumped battery, I have designed a
      fixture which comprises a block of wood or other similar material 22, FIG.
      3, having a plurality of substantially cylindrical protrusions 24
      extending from one surface thereof. The strip 16 in its initial condition
      is shown in FIG. 3 wherein it will be noted that the protrusions are not
      particularly cylindrical in shape, but rather are bag-like. To position
      the strip, I insert the protrusions at the outermost ends into the ports
      at the outermost ends of the battery cover. This insertion is accomplished
      by hand.
PAR  Next, I position the wooden block with the protrusions 24 adjacent to the
      indentations in the strip and tap the block with a mallet or other similar
      instrument with sufficient force to drive the protrusions of the strip 16
      into a fully seated condition with all of the ports. Referring to FIGS. 4
      and 5, this operation can be noted. In FIG. 4, the protrusion 18 is
      disposed in the port 14 with the block 22 positioned above it. The block
      is then driven downwardly until it seats the protrusion in fully sealed
      engagement with the inner wall of the port 14 as shown in FIG. 5. The
      block 22 is then removed upwardly, leaving the strip in a sealed condition
      with the walls of the port. The thin flexible material will not remain in
      this condition during shipping, however, and accordingly, I have designed
      the strip so that it will accommodate the standard gang vent 26.
PAR  Referring to FIGS. 2, 6 and 7, it will be noted that the gang vent 26 is
      next applied over the strip so that the protrusion 28 of the gang vent 26
      enters at least partially the indentation in the strip 16. In FIG. 7 the
      extreme condition is shown wherein the protrusion 28 of the gang vent can
      just barely enter the top portion of the indentation. This condition would
      obtain when the tolerances are such that the maximum interference fit is
      provided. In other cases, the tolerances may be at the other limits so
      that there is minimal interference fit and the protrusion 28 will enter
      almost to the point of being fully seated. However, it is expected that in
      most cases the protrusions of the gang vents will not fully enter the
      indentations. As previously stated, many of the gang vents have a slight
      taper and in general are composed of a thin-walled plastic material in a
      substantially cylindrical shape which tends to collapse or elongate
      slightly when forced into the interference fit relationship shown in FIG.
      7. This allows the mating interference condition to exist, even though in
      operation the gang vent would normally be in interference relation with
      the port 14 in the cover. In this regard, it will be noted that the
      drawings, particularly FIGS. 6 and 7, are meant for purposes of
      illustration only and are not to be considered to be scale drawings.
PAR  Since, as stated, the gang vents will not be fully seated, they are in an
      unstable or only partially assembled condition when considered in light of
      the normal condition of full assembly with a completed operational
      battery. To retain the gang vents during shipment in their unstable
      condition, I have provided a retaining strip 30, having a self-adhering
      surface along at least on surface thereof, which is applied to the upper
      portion of the gang vents as shown in FIG. 1, and extends beyond the outer
      limits of the gang vents to grip the side walls of the battery as shown in
      FIG. 1.
PAR  The retaining strip is shown in the exploded view in perspective in FIG. 2.
      Notice that the upper surface has phantom lines and the appearance of
      printing toward the right hand side. This is to show that most
      advantageously, the notice with respect to the handling of the vent cap is
      printed right on this strip. In particular, a notice could be printed
      indicating that it was important not to remove the strip until it was
      desired to fill the battery with electrolyte for use. There might also be
      a notice to prospective users to discard the plastic sealing strip 16 once
      it has been removed, and then replace the standard gang vents.
PAR  From what has been described, it will be apparent that I have provided a
      wholly new battery package and a wholly new method of assembling, shipping
      and storing a battery of the charged and dumped type.
PAR  It will be understood that various changes in the details, materials and
      arrangements of parts which have been herein described and illustrated in
      order to explain the nature of this invention may be made by those skilled
      in the art within the principle and scope of the invention as expressed in
      the following claims.
PAR  It will further be understood that the "Abstract of the Disclosure" set
      forth above is intended to provide a non-legal technical statement of the
      contents of the disclosure in compliance with the Rules of Practice of the
      United States Patent Office, and is not intended to limit the scope of the
      invention described and claimed herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A charged and dumped battery package, comprising: a charged and dumped
      battery casing with residual electrolyte therein and having vent ports
      therein; battery sealing strip means comprising a thin sheet of plastic
      material having a plurality of indentations therein forming protrusions
      extending from one side thereof, each of said protrusions having a minute
      vent hole therein, said protrusions engaging the vent ports of said
      battery casing in interference fit therewith; a plurality of standard
      vents having protrusions engaging the indentations in said strip; and a
      retaining means engaging said standard vents and said battery casing to
      retain said standard vents in engagement with said indentations.
NUM  2.
PAR  2. A method of assembling a charged and dumped battery package having vent
      ports therein and having a sealing strip comprising a thin sheet of
      plastic material having a plurality of indentations therein forming
      protrusions extending from one side thereof, comprising the steps of:
      inserting at least some of said protrusions into the vent ports of said
      battery in the charged and dumped condition; simultaneously setting all of
      the protrusions of said strip into all of the ports of said battery so
      that the outer walls of said protrusions are in interference fit with the
      inner walls of said ports; applying standard vents having protrusions to
      the indentations in said strip so that said protrusions engage said
      indentations; applying a retaining means to said standard vents to retain
      them in engagement with said strip; and fixedly engaging said retaining
      means with said battery casing to retain said vents.
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ABST
PAL  An elongated battery cassette for housing batteries on at least one side of
      a partition plate member is disclosed in which at least one plate member
      of top and bottom plate members has a plurality of lugs formed at regular
      intervals for holding the batteries and a pair of front and rear plate
      members are formed at both ends of the cassette in its lengthwise
      direction to prevent the cassette from distortion when the batteries are
      housed in the cassette. The front and rear plate members have formed
      therein larger and smaller holes corresponding to the positive and
      negative polarities, through which holes the batteries are connected with
      external terminals. Accordingly, the battery cassette can be handled as
      one unit, so that where Ni-Cad. batteries are housed in the cassette, they
      can be charged as they are, i.e. without removing the batteries from the
      cassette, and can be easily loaded in an electrical appliance. Further,
      since no metal is employed in the battery cassette, there is no
      possibility of corrosion. Electrical appliances employing the battery
      cassette are disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  1. Field of the Invention
PAR  This invention relates to a battery cassette, and more particularly to a
      battery cassette which does not employ easily corrosive metal fittings
      such as metallic resilient plates, coiled springs or the like for housing
      batteries but ensures complete electrical connections of the batteries and
      devices using such a battery cassette.
PAR  2. Description of the Prior Art
PAR  Recently, a new type of nickel-cadmium battery has been developed which can
      be rapidly charged (within several to some dozen minutes) and is low in
      internal resistance, large in discharge current, small in size, high in
      power and capable of maintaining a voltage at a constant value for an
      appreciably long period of time. Accordingly, this battery has a variety
      of applications.
PAR  A battery cassette for use in various electrical appliances, toys, model
      airplanes, model ships and the like which employ batteries as their energy
      source is required to be rigid in construction and light in weight and at
      the same time, it is very important from the functional point of view that
      the batteries connected in series housed in the cassette be firmly
      retained in position with their anode and cathode held in contact with
      each other without shifting the contact portion between the both
      electrodes or disengaging them from each other.
PAR  For the purpose of ensuring the electrical connection between batteries or
      between them and external terminals, resilient metal plates, coiled
      springs and so on are usually employed in combination but these metallic
      members are sometimes corroded by a liquid leaking out from the batteries
      in the case where the batteries are left in a battery case for a long
      period of time. Therefore, it is necessary to insure such connections
      without employing the metallic members. Further, it is desired that in the
      case of removing the batteries from an electrical appliance for
      replacement with new ones or for charging them, such an operation can be
      achieved without disassembling the batteries from the cassette and that
      the cassette has such a foolproof construction which prevents erroneous
      battery connection in the above case.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, this invention is directed to a cassette for batteries
      including the aforesaid nickel-cadmium battery which satisfies the
      aforementioned requirements, and electrical appliances using such a
      battery cassette.
PAR  One object of this invention is to provide a battery cassette for use with
      batteries such, for example, as the nickel-cadmium batteries, which does
      not employ resilient metal plates or easily corrosive metal fittings but
      assures complete electrical connections of the batteries housed.
PAR  Another object of this invention is to provide a battery cassette which is
      adapted not to be twisted by itself and to prevent that batteries fall out
      from the cassette or move even when the cassette is turned upside down.
PAR  Another object of this invention is to provide a battery cassette which is
      comprised of at least one of top and bottom plate members, front and rear
      plate members and a partition plate member formed as a unitary structure
      with one another, the partition plate member defining battery housing
      sections capable of housing at least more than two batteries in series
      with one another, lugs formed integrally with at least one of the top and
      bottom plate members at their marginal edges for resiliently holding the
      batteries in the battery housing sections, and openings formed in the
      front and rear plate members at the right- and left-hand side portions
      thereof for electrical connections of both electrodes of the batteries.
PAR  Another object of this invention is to provide a battery cassette which is
      simple in construction and can be formed as a unitary structure by molding
      of, for example, a plastics material in one process, and hence is
      mechanically strong, light-weight and inexpensive and which can also be
      formed to be usable with various electrical appliances in common to them.
PAR  Another object of this invention is to provide a searchlight which can be
      rapidly charged by the employment of a battery cassette housing therein
      batteries capable of rapid charging and in which the battery cassette is
      detachably loaded in the handle grip of the searchlight.
PAR  Another object of this invention is to provide a searchlight employing a
      battery cassette which is constructed in water-tight manner, and hence can
      be used in rain, in water and so on without exerting and bad influences on
      the internal construction.
PAR  Another object of this invention is to provide a motor-driven rotary unit
      employing a battery cassette which has an accessory loading and unloading
      means which enables rapid and easy loading and unloading of an accessory
      in one process.
PAR  Another object of this invention is to provide a motor-driven rotary unit
      employing a battery cassette which has a motor fixing means capable of
      firmly fixing a motor in a motor case thereby to prevent unwanted movement
      of the motor and provides enhanced accuracy in assembling of the motor.
PAR  Another object of this invention is to provide a motor-driven rotary unit
      employing a battery cassette which has a motor fixing means suitable for
      mass production to lower the manufacturing cost.
PAR  Another object of this invention is to provide a motor-driven rotary unit
      employing a battery cassette which is constructed in a watertight manner
      and in which an accessory such as, for example, a brush, a stirring blade,
      a cup cleaner, a massage tool, a nail file, a drill, a grinder or the like
      is mounted on the output shaft of a miniature motor by batteries housed in
      the battery cassette.
PAR  Still another object of this invention is to provide a motor-driven rotary
      unit employing a battery case which is composed of a motor case portion
      and a combination handle grip and battery case portion loading therein the
      battery cassette carrying batteries and in which a motor is housed in the
      motor case portion with its output shaft projecting out from the bottom of
      the motor case portion; a waterproof oil seal is inserted into an output
      shaft portion; a cap is threadably engaged with the top of the motor case
      portion through a packing in a watertight manner; a cap is threadably
      engaged with one open end portion of the battery case portion through a
      packing; a switch actuating hole is formed in the combination handle grip
      and battery case portion; and a waterproof switch cover is stretched over
      the hole, whereby the motor-driven rotary unit is held watertight, and
      hence can be used in a bath room or the like for a long period of time.
PAR  Other objects, features and advantages of this invention will become
      apparent from the following description taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is a graph showing the characteristics of a conventional cell and a
      nickel-cadmium battery suitable for use in this invention;
PAR  FIG. 2 is a plan view, partly cut away, showing one example of a battery
      cassette of this invention;
PAR  FIG. 3 is its side view;
PAR  FIG. 4 is a cross-sectional view taken on the line X--X' in FIG. 2 or 3;
PAR  FIG. 5 is a front view of a front or rear plate member of the battery
      cassette of FIG. 1;
PAR  FIG. 6 is a plan view illustrating another example of the battery cassette
      of this invention;
PAR  FIG. 7 is a longitudinal sectional view taken along the line Y--Y' in FIG.
      6;
PAR  FIG. 8 is a cross-sectional view taken on the line X--X' in FIG. 6;
PAR  FIG. 9 is a front view of a front or rear plate member of the battery
      cassette of FIG. 6;
PAR  FIG. 10 is a longitudinal sectional view of a searchlight employing the
      battery cassette of this invention;
PAR  FIG. 11 is a perspective view showing the manner of loading and unloading
      the battery cassette;
PAR  FIG. 12 is an exploded perspective view of a lamp portion of the
      searchlight;
PAR  FIG. 13 is a longitudinal sectional view of a motor-driven rotary unit
      employing the battery cassette of this invention, with an accessory being
      attached to the unit;
PAR  FIG. 14 is a perspective view of the motor-driven rotary unit, with the
      accessory being detached therefrom;
PAR  FIG. 15 is a longitudinal sectional view showing in detail the engaging
      portions of the motor-driven rotary unit with the accessory;
PAR  FIG. 16 is its perspective view;
PAR  FIG. 17 is a longitudinal sectional view illustrating the engagement of the
      motor-driven rotary unit with the accessory;
PAR  FIG. 18 is a longitudinal sectional view showing a motor case portion and a
      battery cassette loading portion of the motor-driven rotary unit;
PAR  FIG. 19 is a perspective view showing the relation between a motor and the
      motor case portion of the motor-driven rotary unit;
PAR  FIG. 20 is a perspective view showing the relation between the motor and a
      cap of the motor case; and
PAR  FIG. 21 is a longitudinal sectional view of a switch cover portion of the
      battery cassette loading portion.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  In FIG. 1, there are shown time vs. voltage characteristics of a
      conventional cell and a nickel-cadmium battery, which is capable of rapid
      charging, light-weight and high-power, such, for example, as a Ni-Cad.
      battery of General Electric Company of U.S.A., which is suitable for use
      in this invention. As indicated by the solid-line characteristic curve,
      the voltage of the Ni-Cad. battery remains constant for a considerably
      long period of time from the beginning and then rapidly drops. While, the
      voltage of the conventional cell once rapidly drops immediately after the
      beginning of use and then remains constant as indicated by the broken-line
      characteristic curve. Further, the Ni-Cad. battery is low in its internal
      resistance and provides a large discharge current and, further, has an
      excellent feature that the time for charging can be reduced as short as
      several to some dozen minutes by an appropriate selection of the charging
      method. This type of battery is usually constructed to have a gas
      discharge valve for discharging excessive gas in the case of the battery
      being overcharged. The Ni-Cad. battery of such excellent properties is of
      particular utility when employed as a power source of a motor-driven model
      airplane, a battery-driven tool because this battery provides a high
      output power per unit time. For an effective exhibition of the merits of
      the battery, it is necessary to devise a battery case taking into account
      the contact resistance, generation of heat and so on at the time of
      charging and smooth achievement of charging and discharging. FIGS. 2 to 5,
      inclusive, are schematic diagrams, partly cut away, showing a battery
      cassette of this invention.
PAR  In FIGS. 2 to 5, reference numeral 1 indicates top and bottom plate members
      of the battery cassette; 1a designates vent holes formed in the top and
      bottom plate members 1 for reducing the overall weight of the cassette and
      cooling batteries housed therein; 1b identifies lugs formed integrally
      with the top and bottom plate members 1 for resiliently holding the
      batteries housed in position; 2 denotes front and rear plate members of
      the cassette; 2a represents holes formed in the front and rear plate
      members 2 for the connection of the anodes of the batteries housed; 2b
      indicates holes similarly formed in the front and rear plate members 2 for
      the connection of the cathodes of the batteries; 3 identifies a partition
      plate member formed integrally with the front and rear plate members 2 and
      the top and bottom plate members 1 to define right and left battery
      housing sections and to prevent twisting of the cassette itself; and 4
      designates the batteries housed in the cassette.
PAR  As shown in the figures, at least more than two batteries 4 are housed in
      series relation.
PAR  In this case, each battery 4 is pushed into the battery housing section
      against the resiliency of each lug 1b in such a manner that the anode and
      the cathode of the battery may be held in contact with the cathode and the
      anode of adjacent batteries, respectively. The anodes or the cathodes of
      the batteries 4 set in direct contact with the front and rear plate
      members 2 of the cassette are pressed by the front and rear plate members
      2 and the anodes and the cathodes of these batteries 4 are exposed through
      the holes 2a and 2b respectively.
PAR  The batteries 4 thus housed in the battery housing sections on both sides
      of the partition plate member 3 are resiliently held in position by the
      lugs 1b formed integrally with the top and bottom plate members 1 as
      clearly shown in FIGS. 2 to 4. Namely, the batteries are positively
      retained in the battery housing sections without moving the contact
      portion of adjacent ones of the batteries and disengaging them from each
      other. In this case, it is needless to say that the distance between the
      front and rear plate members 2 is selected to be equal to or a little
      shorter than the total length of, for example, four batteries housed in
      series to one another, thereby to prevent forward and backward movement of
      the batteries 4.
PAR  The partition plate member 3 electrically insulates the right- and
      left-hand batteries 4 from each other and, at the same time, serves as the
      backbone of the cassette to prevent twisting or bending of the cassette in
      cooperation with the front and rear plate members 2 and the top and bottom
      plate members formed as a unitary structure with the partition plate
      member 3. Further, the lugs 1b prevent the batteries 4 from moving or
      falling out from the cassette when the cassette is turned upside down,
      vibrated or subjected to a centrifugal force.
PAR  The cassette having thus housed therein the batteries 4 is loaded in a
      power source loading part of an electrical appliance and the anodes and
      the cathodes of the batteries 4 are connected through the anode and
      cathode connection holes 2a and 2b of the front and rear plate members 2
      through battery connection terminals (not shown) of the power source
      loading part. Where the illustrated eight batteries 4 are all connected in
      series, the batteries are connected to the battery connection terminal on
      the side of either one of the front and rear plate member 2 and
      short-circuited by a short-circuiting terminal (not shown) through the
      holes 2a and 2b on the side of the other of the plate members 2. The
      batteries 4 housed in the cassette are arranged to have such polarities as
      indicated by + and -, so that even if the cassette is turned upside down
      in the state of FIG. 2 when it is loaded in the power source loading part
      of the electrical appliances, the polarities of the batteries remain
      unchanged. Further, where the cassette is turned upside down in the state
      of FIG. 4, the polarities of the batteries are reversed but, in such a
      case, the cassette cannot be loaded in position. Namely, the anode and
      cathode connection holes 2a and 2b are formed in the front and rear plate
      members 2 to have different diameters as depicted in FIG. 5 and the
      battery connection terminals or short-circuiting terminals (not shown) are
      also formed to have different diameters corresponding to those of the
      holes 2a and 2b respectively, so that erroneous loading of the battery
      cassette can be avoided.
PAR  Where the battery cassette of this invention is removed from the power
      source loading part of the electrical appliance, any metallic resilient
      plates or coiled springs or metallic members for battery connection do not
      exist in association with the cassette, so that even if the batteries are
      left in the cassette, the cassette is not corroded and the batteries
      housed in the cassette can be charged as they are.
PAR  The capability of charging the batteries housed in the cassette is very
      convenient for handling especially when the cassette of this invention
      housing the nickel-cadmium batteries is used with a motor-driven model
      airplane. Where the nickel-cadmium batteries are employed, a large
      discharge current can be obtained as compared with that of usual batteries
      of the manganese system, that is, a high output power can be obtained. In
      such a case, if the cassette is loaded in the motor-driven model airplane
      at a position where the batteries are exposed at the surface of the body
      of the model airplane, the batteries 4 loaded in the cassette are directly
      cooled by air, which is very advantageous.
PAR  As has been described in the foregoing, in the present invention, the
      batteries can be positively held in position only by the unitary structure
      of the partition plate member 3 serving as the backbone, the top and
      bottom plate members 1 having the lugs 1b and the front and rear plate
      members 2 having the holes 2a and 2b and any other members such as covers
      and the like are not used, so that the battery cassette of this invention
      is very simple in construction. Further, the battery cassette of this
      invention is of such a shape and a construction that it can easily be
      molded as a unitary structure from a plastics material. Therefore, the
      battery cassette is rigid, light-weight and inexpensive and allows ease in
      loading and unloading the batteries 4.
PAR  FIGS. 6 to 9 illustrates another example of the battery cassette of this
      invention.
PAR  The present example is identical in construction with that of FIGS. 2 to 5
      except that the top plate 1 is left out, that right and left side plate
      members 5 are provided and that the lugs 1b are formed integrally with the
      side plate members 5 for holding the batteries 4.
PAR  With the construction of this example, too, it is possible to obtain
      exactly the same results obtainable with the example of FIGS. 2 to 5.
PAR  FIGS. 10 to 12 shows one example of a portable searchlight employing the
      battery cassette of this invention which is capable of rapid charging. In
      the present example, the same battery cassette as that of FIG. 6 is
      employed for housing therein Ni-Cad. batteries and loaded in the
      searchlight after rapid charging of the batteries. Accordingly, in the
      present invention, when the terminal voltage of the batteries has lowered,
      it is possible to unload from the searchlight the batteries held in the
      cassette and to charge them and when the battery voltage is found to be
      low, the batteries can be immediately charged in a short period of time.
PAR  In FIGS. 10 to 12, reference numeral 10 indicates generally a battery
      cassette housing therein the aforesaid batteries 11 capable of being
      rapidly charged. Right and left side plate members 12 of the cassette 10
      have formed integrally therewith several lugs 12a (refer to the lugs 1b in
      FIGS. 2 and 6) for holding the upper portions of the batteries 11.
      Reference numeral 13 designates an end cover having a spring bearing 13a,
      which cover is threadably engaged with the open end portion of a
      combination handle grip and battery loading portion through a packing ring
      14 in a watertight manner. Reference numeral 15 identifies a resilient
      coiled spring and 16 represents a battery connection terminal plate. The
      coiled spring 15 is retained at one end to the aforementioned spring
      bearing 13a and engaged at the other end with the battery connection
      terminal plate 16 in a manner to be rotatable relative to a projection 16a
      of the terminal plate 16 but not to disengage from the terminal plate 16.
      Terminals 16b of the battery connection terminal plate 16 are urged into
      contact with the batteries 11 housed in the cassette 10. Accordingly, the
      end cover 13 is constructed such that it is threadably engaged with the
      open end portion of the combination handle grip and battery loading
      portion a1 when the terminals 16 are held in contact with the batteries
      11.
PAR  Reference numeral 17 designates a bulb socket secured to a socket mounting
      plate 18; 19 indicates a bulb screwed into the socket 17; 20 represents a
      reflection mirror; 21 identifies a front glass; and 22 denotes a glass
      cover. The reflection mirror 20 is secured to the socket 17 and the socket
      mounting plate 18, which is fitted into a lamp portion a2 and retained in
      position by the glass cover 22 threadably engaged with the front of the
      lamp portion a2.
PAR  Reference numeral 23 identifies a switch and 24 designates a watertight
      switch cover. The cover 24 is stretched over an opening 25 formed in the
      case a1 and the switch 23 is adapted to be depressed through the cover 24.
      Reference numeral 26 represents battery terminals provided on a battery
      terminal mounting plate 26a and 27 denotes lead wires.
PAR  With such an arrangement as described above, it is possible that the
      batteries can be charged while housed in the battery cassette and then
      loaded in the searchlight. Therefore, handling of the batteries is very
      easy.
PAR  Next, another example of the battery cassette of this invention will be
      described as being applied to an accessory attachment device. FIGS. 13 to
      17 show in section and in perspective the construction of the device.
      Reference character a indicates generally a motor-driven device, which is
      composed of a motor case portion a1 and a handle grip portion a2. The
      motor case portion a1 has mounted therein a miniature motor 31 and a
      reduction gear 32, while the handle grip portion a2 has loaded therein as
      a power source a battery cassette having housed therein batteries 33 of
      very low internal resistance such as Ni-Cad. batteries or the like. An
      output shaft 34 from the reduction gear 32 is driven at a reduced speed
      through a switching mechanism.
PAR  Reference numeral 35 indicates a tubular member and 36 designates a
      retaining pin. Several slits 37 are formed in the lower portion of the
      tubular member 35 and an annular groove 38 is formed across the slits 37.
      The upper portion of the tubular member 35 has inserted therein the lower
      end portion of the output shaft 34 and they are locked by the retaining
      pin 36 inserted thereinto. It is preferred that the lower end portion of
      the tubular member 35 is formed to be gradually tapered.
PAR  Reference character b indicates generally an accessory. In the illustrated
      example, a sponge b1 is fixed to a plate b2 but this accessory b may be,
      for example, a brush, a grater, a stirring blade, a cup cleaner, a massage
      tool, a nail file, a drill, a grinder or the like.
PAR  Reference numeral 41 identifies a tubular member secured to the upper
      portion of the accessory b. The tubular member 41 has formed on the inside
      thereof an annular projection 39 for resilient engagement with the annular
      groove 38 of the aforesaid tubular member 35. Further, the tubular member
      41 has formed in the upper portion thereof grooves 40 for receiving the
      retaining pin 36 and the retaining pin 36 is formed short enough not to
      project out from the grooves 40 when the tubular members 35 and 41 are
      held in engagement with each other.
PAR  The tubular member 41 of the accessory b is engaged with the tubular member
      35 at the position where the grooves 40 are in alignment with the
      retaining pin 36. In such a case, when the tubular member 36 reaches the
      annular projection 39, the lower end portion of the tubular member 36 once
      becomes smaller in diameter (because of the slits 37) and then the annular
      projection 39 is slipped into engagement with the annular groove 38 due to
      resilient restoring force of the tubular member 35. At the same time, the
      retaining pin 36 is engaged with the grooves 40 of the tubular member 41.
      Namely, the accessory b is coupled with the tubular member 35 engaged with
      the output shaft 34. The accessory can be pulled out from the tubular
      member 35.
PAR  In this example, the tubular member 35 may be omitted, in which case slits
      are formed in the lower portion of the output shaft 34.
PAR  FIG. 18 is a cross-sectional view showing a means for fixing a motor. The
      battery cassette is loaded in the portion a2 as described previously,
      though not shown.
PAR  The bottom of the motor case portion a1 has at least two projections 51
      formed integrally therewith and recesses 53 for engagement with the
      projections 51 are foremd in a case for the reduction gear 32 and the
      motor 31 on the side of the output shaft 52.
PAR  Reference numeral 54 indicates a cap, which is threadably engaged with the
      motor case portion a1 through a waterproof O-ring packing 55. On the back
      of the cap 54, there is formed a circular projection 58 to define a recess
      57 for receiving a bearing portion 56 (refer to FIG. 20) of the motor
      shaft on the opposite side from the output shaft 52.
PAR  On the inside of a cap 59 of the combination handle grip and battery
      loading portion a2, there is provided a recess 60 and the cap 59 is
      threadably engaged with the open end portion of the combination handle
      grip and battery loading portion a2 through a packing 61 in a watertight
      manner. Reference numeral 62 designates a conductor plate having a
      plurality of contact pins 63. The batteries 33 housed in the cassette 64
      arranged in parallel are short-circuited through the contact pins 63.
      Further, a rotary member 65 is provided on the conductor plate 62 and a
      coiled spring 66 is wound at one end on the rotary member 65 and fixed at
      the other end in the recess 60 of the cap 59. When the cap 59 is
      threadably engaged with the open end portion of the combination handle
      grip and battery loading portion a2, only the rotary member 65 is turned
      through the spring 66 by the turning of the cap 59 without turning the
      conductor plate 62, whereby the contact pins 63 of the conductor plate 62
      are urged against the anode and cathodes of the batteries 67.
PAR  Reference numeral 68 designates a waterproof oil seal and 69 identifies
      lead wires.
PAR  FIGS. 19 and 20 show the manner in which the motor is fixed, parts
      corresponding to those in FIG. 13 to 18 being identified by the same
      reference numerals. The motor 31 is inserted into the motor case portion
      a1 and its recessed 53 are engaged with the projections 51 of the bottom
      of the motor case portion a1. Then, the cap 54 is threadably engaged with
      the motor case portion a1. In such a case, the bearing portion 56 of the
      motor 31 is fitted into the recess 57 of the cap 54 and the circular
      projection 58 is urged against the motor 31 as shown in FIG. 18.
PAR  FIG. 21 illustrates in section the watertight construction of the switch
      portion. An annular groove 71 is formed around an opening 70 for a
      push-button switch 72 and the marginal portion of a waterproof switch over
      73 stretched over the push button is embedded in the groove 71 so as to
      prevent leakage at the peripheral portion of the switch cover 73.
PAR  By depressing the push-button switch 72 through the cover 73, the output
      shaft 52 is driven by the motor 31 through the reduction gear and, by
      depressing the switch 72 again, the motor 31 is stopped.
PAR  Although this invention has been described in connection with its examples,
      it will be apparent that the invention is not limited specifically thereto
      but may be modified and varied without departing from the scope of the
      novel concepts of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A non-metallic cassette for batteries having positive and negative
      electrodes, said cassette comprising at least one plastic base plate
      member, front and rear plastic plate members and a plastic partition plate
      member defining, in combination, at least two side-by-side battery housing
      sections, all of said plate members being formed as a unitary structure, a
      plurality of resilient, plastic lugs formed integrally with said base
      plate member for releasably holding a plurality of batteries in axial,
      end-to-end relationship in the battery housing sections, and two openings
      formed in each said front and rear plate member for enabling the
      connection of the electrodes of the batteries directly adjacent thereto to
      means for either utilizing or charging the batteries while the batteries
      are contained in said cassette.
NUM  2.
PAR  2. A battery cassette according to claim 1, wherein the sizes of the two
      openings in both said front and rear plate members are different relative
      to each other whereby the electrode connecting relation is correctly
      established when said cassette is right side up but when the battery
      cassette is upside down, erroneous electrode connection is prevented
      because of the different sizes of the openings in said front and rear
      plate members.
NUM  3.
PAR  3. A battery cassette according to claim 1, wherein a plurality of Ni-Cad.
      batteries are arranged in the battery housing sections defined by the
      partition plate member and on the both sides thereof.
NUM  4.
PAR  4. A battery cassette according to claim 1, wherein there are further
      included a pair of spacedly opposed, parallel side walls integral with and
      extending from said base plate, said partition plate being positioned
      parallel to and intermediate said side walls, said lugs being integral
      with said side walls.
NUM  5.
PAR  5. A battery cassette according to claim 1, wherein there are two of said
      base plates positioned parallel to and spaced from each other, said
      partition plate extending between said base plates and in a plane that is
      substantially perpendicular to the planes of said base plates.
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ABST
PAL  A process for improving the elongation of copper base alloys containing
      about 2 to 4.5% aluminum, 15 to 31% zinc, and a grain refining element
      such as iron, chromium, zirconium, or cobalt, is carried out through
      controlled grain coarsening. Such alloys are subjected to a cold reduction
      of about 15 to 40%, an intermediate anneal at about 625.degree. to
      725.degree.C., a final cold reduction of 12 to 45% and a final anneal at
      about 600.degree. to 725.degree.C. Alternatively, the above sequence may
      be preceded by a preliminary cold reduction of about 10 to 70% and then a
      preliminary low temperature anneal at about 400.degree. to 600.degree.C.
      followed by the above reductions and anneals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The addition of elements acting as grain refiners to various solid
      solution, single-phase alloys has been used for the purpose of maintaining
      a fine grain size in the alloy during processing from the original casting
      to the final wrought product, thus serving to improve processing steps
      and/or to attain improved properties. In most cases, the grain refiner
      tends to maintain uniform alloy properties over a range of compositions
      and of processing conditions. At times, however, as with copper base
      alloys containing aluminum, zinc, and a grain refining element such as
      cobalt, the grain refining action is not adequately effective over the
      full range of operating temperatures up to the melting point of the
      alloys.
PAR  Copper base alloys containing grain refiners generally tend to maintain a
      fine grain size over a range of annealing temperatures, and display
      relatively small variations in mechanical properties in these ranges.
      While this is a desirable feature, it is accompanied by definite
      restrictions in the normally available ductility of the alloy. In contrast
      thereto, when a solid solution, single-phase alloy without grain refiners
      is subjected to higher annealing temperatures, the grain size and the
      ductility of the alloy increase and the strength decreases.
PAR  It is common practice to anneal at the highest temperature consistent with
      strength requirements to obtain material which requires unusually high
      ductility in forming operations such as stretch forming. The annealing
      temperature is further limited for fabricating parts which require a
      highly polished surface in that above a certain grain size, an "orange
      peel" condition occurs during fabrication which detracts from the
      appearance of the polished surface.
PAR  It is an undesirable feature of many grain refined copper base alloys that
      any attempt to coarsen the grain size above the stable level imposed by
      the grain refining addition results in an uncontrolled mixed grain size
      consisting of very small and abnormally large grains. Such irregular grain
      growth is caused by factors such as secondary recrystallization which are
      a direct result of the effect of the second phase particles on the matrix
      during cold working and subsequent annealing. Material subjected to
      irregular grain growth is not suitable for fabrication into parts
      requiring smooth surfaces for buffing and electroplating and is also
      characterized by nonuniformity of mechanical properties.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a process has been developed which
      permits certain grain refined copper base alloys to achieve uniform
      enhanced ductility with a controlled grain size. The process comprises the
      treatment of annealed metal by a sequence of controlled cold reduction
      steps, each followed by a high temperature anneal carried out within
      critical temperature limits. The process in accordance with this invention
      is particularly applicable to copper base alloys containing about 2 to
      4.5% aluminum, 15 to 31% zinc, and a grain refining element selected from
      the group consisting of iron 0.001 to 3%, chromium 0.001 to 1%, zirconium
      0.001 to 1%, cobalt 0.001 to 3%, and mixtures of these grain refining
      elements, and balance essentially copper.
PAR  The alloys processed in accordance with this invention provide markedly
      improved elongation with a substantially uniform small grain size.
PAR  Therefore, it is an object of this invention to provide a process for
      improving the ductility of grain refined copper base alloys containing
      zinc and aluminum without causing irregular grain growth.
PAR  It is a further object of this invention to provide a process as above
      wherein the alloy is subjected to a defined sequence of cold reduction
      steps, each followed by a high temperature anneal.
PAR  It is a further object of this invention to provide a process as above
      which comprises a final cold reduction step followed by a high temperature
      anneal.
PAR  Another object of the invention is the provision of a sequence of
      treatments of such copper alloys containing grain refiners whereby high
      ductility and uniform tensile properties may be readily obtained.
PAR  Other objects and advantages will become apparent to those skilled in the
      art as a detailed discussion of particular embodiments follows.
DETD
PAC  DETAILED DESCRIPTION
PAR  In accordance with this invention, a process has been developed which
      permits grain refined copper base alloys containing aluminum and zinc to
      achieve improved ductility with a uniformly coarsened grain size.
PAR  The process is particularly applicable to copper base alloys containing
      about 15 to 31% zinc, 2 to 4.5% aluminum, and a grain refining element
      selected from the group consisting of iron 0.001 to 3%, chromium 0.001 to
      1%, zirconium 0.001 to 1%, cobalt 0.001 to 3%, and mixtures of these
      elements, and balance essentially copper. Preferably, the alloy contains
      21 to 25% zinc, 2 to 4.5% aluminum, 0.2 to 0.7% cobalt or its equivalent,
      and balance essentially copper.
PAR  It has been found that the process of this invention is particularly
      applicable to CDA Alloy 688 containing 72.3 to 74.7% copper, 3.0 to 3.8%
      aluminum, 0.25 to 0.55% cobalt, and the balance essentially zinc.
PAR  It is desirable in accordance with this invention to provide the aforenoted
      copper base alloys in the wrought condition with improved ductility, as,
      for example, at least 40% and up to about 50% elongation for CDA Alloy 688
      and similar alloys, without their being subject to irregular grain growth.
PAR  In accordance with a preferred embodiment of this invention, an alloy
      within the aforenoted ranges of composition is provided in the annealed
      condition, the alloy having been annealed at a temperature of less than
      600.degree.C. The annealed alloy is subjected to a cold reduction of about
      15 to 40%, preferably of 20 to 35%. The cold worked alloy is then
      subjected to a high temperature anneal at 625.degree. to 725.degree.C.,
      preferably at about 650.degree. to about 700.degree.C. A final cold
      reduction of 12 to 45%, preferably 15 to 35%, and a final anneal at
      600.degree. to 725.degree.C., preferably 675.degree. to 725.degree.C., are
      then applied.
PAR  It has been found that the elongation increases with increasing
      temperatures in the final annealing step. The aforenoted process yields a
      wrought alloy having a substantially uniform grain size of less than 0.030
      millimeters, an ultimate tensile strength of at least about 70 ksi, a 0.2%
      yield strength of at least about 30 ksi, and an elongation of at least
      40%. It has been possible to achieve with CDA Alloy 688 elongations as
      high as 50% or over, ultimate tensile strengths up to about 74 ksi, and a
      0.2% yield strength of up to about 40 ksi.
PAR  In accordance with preferred embodiments of this invention, the process is
      carried out in a sequence of cold reductions interspersed with relatively
      high temperature anneals. However, such sequence may be preceded by a
      preliminary cold reduction of about 10 to 70%, for example 45%, followed
      by a preliminary low temperature anneal at about 400.degree. to
      600.degree.C., for example at 575.degree.C. As with the process of the
      preceding embodiment, elongation increases with the temperature of the
      final anneal, and properties are obtained similar to those set forth
      above.
PAR  It is emphasized, however, that the intermediate and final annealing
      temperatures are critical, as the use of temperatures below 600.degree.C.
      for these steps results in inadequate increases of elongation and
      ductility, and undue dependence of tensile properties on composition,
      thereby limiting the flexibility with respect to process conditions.
PAR  The need for a high temperature annealing treatment following the
      intermediate 15 to 40% cold reduction is particularly noteworthy, in view
      of the undesirable results thereby obtained in treating copper-base alloys
      differing somewhat in composition. As shown in U.S. Pat. No. 3,788,902
      issued Jan. 29, 1974, a low temperature intermediate anneal is required in
      uniformly attaining high ductility in CDA Alloy 638, as the use of
      temperatures above 600.degree.C. for this step result in exaggerated grain
      growth therein. This alloy contains 2.5 to 3.1% aluminum, 0.25 to 0.55%
      cobalt, 1.5 to 2.1% silicon, and balance copper.
PAR  In all of the embodiments discussed in accordance with this invention, the
      final cold working and final annealing steps are critical to obtain a
      wrought alloy having improved elongation without irregular grain growth.
      The processes of this invention provide uniform grain coarsening and
      substantially uniform grain sizes of less than 0.030 millimeters. If the
      upper limit for the final annealing temperature is exceeded in accordance
      with this invention, the alloy is subject to irregular grain growth. This
      is similarly the case with respect to the final cold working step, as a
      reduction of greater than 45% will result in the onset of irregular grain
      growth. Annealing or cold working at below the specified lower limits
      result in inadequate ductility and other physical properties.
PAR  While the invention has been described with respect to preferred
      embodiments, other process steps may be performed prior to those described
      in some detail, but it is essential that the intermediate cold reduction
      and annealing steps and the final cold working and annealing steps are
      carried out as prescribed.
PAR  In the case of alloys of higher aluminum contents, cooling, after anneals,
      is best effected at a rate of 30.degree. to 75.degree. per hour from
      annealing temperature to about 500.degree.C. and then at any convenient
      rate to ambient temperatures, in order to make certain that any separated
      beta phase is redissolved. Generally, however, the times at temperature
      and the heat up and cool down rates for the annealing steps of this
      invention are not critical and may be set as desired in accordance with
      conventional practice for these types of alloys, annealing times of 15
      minutes to 1 hour usually being adequate to accomplish the desired
      recrystallization.
PAR  The processes of the invention will now be illustrated by reference to
      specific examples.
PAR  In the examples, the metal alloy samples were held at temperature for 1
      hour, the temperature for each anneal referring to the temperature of the
      metal.
PAR  In the examples, the test results were obtained on the following
      representative alloy compositions, the values indicating weight
      percentages:
TBL         Zn      Al        Co        Cu                                     
     ______________________________________                                    
     A        22.6      3.2       0.42    balance                              
     B        22.6      3.5       0.38    "                                    
     C        22.3      3.8       0.44    "                                    
     ______________________________________                                    
PAC  EXAMPLE I (A)
PAR  Each of the above alloys was converted by commercial means to 0.090 inch
      gage strip, in recrystallized form after annealing at 575.degree.C. They
      were then treated in accordance with the process sequences as indicated in
      Table I which lists the measured property values, including those for a
      comparison CDA 688 alloy sample after representative processing as shown.
      For each sample, the mechanical properties are given in the sequence UTS
      in ksi/0.2%YS in ksi/%El, where UTS is ultimate Tensile Strength, YS is
      Yield Strength, and El is Elongation.
TBL                TABLE I                                                     
     ______________________________________                                    
     Process                                                                   
            Final                                                              
     Sequence                                                                  
            Anneal Temp.                                                       
                        A         B       C                                    
     ______________________________________                                    
     (1)    575.degree.C.                                                      
                        75/42/37  71/33/45                                     
                                          74/37/42                             
     (1)    650.degree.C.                                                      
                        75/40/38  72/33/47                                     
                                          72/35/42                             
     (1)    700.degree.C.                                                      
                        72/36/41  69/29/46                                     
                                          70/30/47                             
     (1)    725.degree.C.                                                      
                        72/34/44  70/31/50                                     
     (2)    Comparison CDA 688 80-85/48-55/35-38                               
     ______________________________________                                    
      Process sequences:                                                       
      (1) CR 45%, 575.degree.C., CR 30%, 575.degree.C., CR 15%, Final Anneal.  
      (2) CR 50%, 575.degree.C., CR 50%, 575.degree.C.,                        
      where CR indicates cold reduction and .degree.C. indicates annealing     
      temperature.                                                             
PAR  In all the above samples, the grain size was uniform and less than 0.030
      mm. and established the fact that the final anneal may advantageously be
      carried out at a high temperature without the occurrence of exaggerated
      grain growth. However, the resulting increase in ductility, as reflected
      in the elongation values, was indicated as dependent on aluminum content
      and generally not as great as desired in view of the decrease in other
      properties.
PAC  EXAMPLE I (B)
PAR  Raising the intermediate annealing temperature to 700.degree.C. resulted in
      the data listed in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Process Sequence                                                          
                 A          B          C                                       
     ______________________________________                                    
     (1)         72/36/41   69/29/46   70/30/47                                
     (3)         66/29/49   64/25/52   63/22/50                                
     ______________________________________                                    
      (3) CR 45%, 575.degree.C., CR 30%, 700.degree.C., CR 15%, 700.degree.C.  
PAR  It is clear that this procedure effects the desired substantial increase in
      ductility, while any sensitivity to the aluminum content has been
      overcome. In all cases, the grain sizes were uniform and less than 0.030
      mm.
PAC  EXAMPLE II (A)
PAR  This example furnishes a direct comparison of the effect of changes in the
      step of cold reduction before the final anneal in the process sequences
      (1) and (3), thus providing a comparison between carrying out the
      intermediate anneal at a low temperature (575.degree.C.) and at a high
      temperature (700.degree.C.). Table III lists the results of varying the
      final cold reduction in process (1).
TBL                TABLE III                                                   
     ______________________________________                                    
     FCR        A             C                                                
     ______________________________________                                    
     10%        Exaggerated Grain Growth                                       
     15%        72/36/41      70/30/47                                         
     25%        73/36/41      70/31/47                                         
     40%        Exaggerated Grain Growth                                       
     ______________________________________                                    
PAR  Except as indicated, all grain sizes were uniform and less than 0.030 mm.
PAC  EXAMPLE II (B)
PAR  Results obtained in varying the final cold reduction in process (3),
      wherein the intermediate anneal was at a high temperature (700.degree.C.)
      are listed in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
     FCR        A             C                                                
     ______________________________________                                    
     10%        Exaggerated Grain Growth                                       
     15%        66/29/49      63/22/50                                         
     25%        69/32/46      67/27/50                                         
     40%        71/36/43      68/29/52                                         
     50%        Exaggerated Grain Growth                                       
     ______________________________________                                    
PAR  Except for the 10% and 50% FCR samples, the grain sizes were uniform and
      less than 0.030 mm.
PAR  The data of Tables III and IV show conclusively that a high temperature
      intermediate anneal, at above 600.degree.C., brings about a significant
      increase in the ductility of the final product, as compared to the product
      of a procedure which is identical except for the use of a low temperature
      intermediate anneal. Further, it is evident that increasing the
      intermediate annealing temperature to above 600.degree.C. brings about a
      significant increase in the permissible range of the final cold reduction.
PAC  EXAMPLE III
PAR  This example is devoted to comparative tests of the effects of variations
      in the intermediate cold reduction step based on process sequence (3), as
      follows: CR 45%, 575.degree.C., ICR, 700.degree.C., CR 15%, 700.degree.C.
PAR  Data in Example II (B) have established the obtainment of excellent results
      for this sequence with ICR of 30%. However, the use of ICR values of 10%
      and of 45% resulted in final strip products characterized by some
      objectionable exaggerated grain growth, also at times referred to as
      duplex structure, which is invariably accompanied by non-uniform values of
      elongation and tensile properties as well as undesirable finished
      appearance.
PAR  Accordingly, the operative limits of the intermediate cold reduction step
      for use with the CDA 688 type of grain-refined copper-zinc-aluminum alloys
      were established at 15 to 40%.
PAR  The results of the above examples illustrate clearly the critical nature of
      the intermediate and final cold reductions and annealing temperatures in
      accordance with this invention.
PAR  While the invention has been described with reference to a single final
      cold reduction and anneal, it should be evident from the above that a
      series of cold reductions and anneals within the ranges of the final cold
      reduction and anneal could be employed without subjecting the alloy to
      irregular grain growth. This invention, therefore, also covers such a
      sequence of a plurality of reductions and anneals within the ranges of the
      final reduction and anneal.
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The preferred embodiments are therefore to be considered as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims, and modifications which come within their spirit and
      scope of equivalency are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for improving the elongation of copper base alloys by
      controlled grain coarsening comprising:
PA1  providing a copper base alloy containing about 2 to 4.5% aluminum, 15 to
      31% zinc, and a grain refining element selected from the group consisting
      of iron about 0.001 to 3%, chromium about 0.001 to 1%, zirconium about
      0.001 to 1.0%, cobalt about 0.001 to 3.0%, and mixtures of these elements,
      and balance essentially copper, said alloy being in the annealed
      condition;
PA1  subjecting said alloy to a cold reduction of about 15 to 40%;
PA1  then annealing said alloy at a temperature of about 625.degree. to
      725.degree.C.;
PA1  subjecting said alloy to a final cold reduction of 12 to 45%; and
PA1  then final annealing said alloy at a temperature of about 600.degree. to
      about 725.degree.C.
NUM  2.
PAR  2. A process as in claim 1 wherein the aluminum content is about 3 to 4%.
NUM  3.
PAR  3. A process according to claim 2 wherein said alloy contains 72.3 to 74.7%
      copper, 3.0 to 3.8% aluminum, 0.25 to 0.55% cobalt, and the balance
      essentially zinc.
NUM  4.
PAR  4. A process according to claim 3 wherein the final cold reduction is about
      12 to 45%.
NUM  5.
PAR  5. A process according to claim 3 wherein the final annealing temperature
      is about 625.degree. to 725.degree.C.
NUM  6.
PAR  6. A process for improving the elongation of copper base alloys by
      controlled grain coarsening comprising:
PA1  A. providing a copper base alloy containing about 2 to 4.5% aluminum, 15 to
      31% zinc, and a grain refining element selected from the group consisting
      of iron about 0.001 to 3%, chromium about 0.001 to 1%, zirconium about
      0.001 to 1%, cobalt about 0.001 to 3% and mixtures of these elements, and
      balance essentially copper, said alloy being in the annealed condition;
PA1  B. cold reducing said alloy 20 to 35%;
PA1  C. then intermediate annealing said alloy at a temperature of about
      650.degree. to 700.degree.C.:
PA1  D. then finally cold reducing said alloy about 15 to 35%; and
PA1  E. then finally annealing said alloy at a temperature of about 675.degree.
      to 725.degree.C.
NUM  7.
PAR  7. A process as in claim 6 wherein the aluminum content is about 3 to 4%.
NUM  8.
PAR  8. A process as in claim 6 wherein said alloy contains 72.3 to 74.7%
      copper, 3.0 to 3.8% aluminum, 0.25 to 0.55% cobalt, and the balance
      essentially zinc.
NUM  9.
PAR  9. A process as in claim 6 wherein the cold reduction in Step B is about
      30% and the intermediate annealing temperature in Step C is about
      700.degree.C.
NUM  10.
PAR  10. A process as in claim 6 wherein the final cold reduction of Step D is
      about 20 to 30%.
NUM  11.
PAR  11. A process for improving the elongation of copper base alloys by
      controlled grain coarsening comprising:
PA1  A. providing a copper base alloy containing about 2 to 4.5% aluminum, 15 to
      31% zinc, and a grain refining element selected from the group consisting
      of iron about 0.001 to 3%, chromium about 0.001 to 1%, zirconium about
      0.001 to 1%, cobalt about 0.001 to 3%, and mixtures of these elements, and
      balance essentially copper, said alloy being in the annealed condition;
PA1  B. cold reducing said alloy 10 to 70% so that it will recrystallize at a
      temperature of less than about 600.degree.C.;
PA1  C. then intermediate annealing said alloy at a temperature of about
      400.degree. to 600.degree.C.;
PA1  D. then cold reducing said alloy from about 15 to 40%;
PA1  E. then intermediate annealing said alloy at a temperature of about
      625.degree. to 725.degree.C;
PA1  F. then finally cold reducing the alloy about 12 to 45%; and
PA1  G. then finally annealing said alloy from Step F at a temperature of about
      600.degree. to 725.degree.C.
NUM  12.
PAR  12. A process as in claim 11 wherein the aluminum content is about 3 to 4%.
NUM  13.
PAR  13. A process according to claim 11 wherein said alloy contains 72.3 to
      74.7% copper, 3.0 to 3.8% aluminum, 0.25 to 0.55% cobalt, and the balance
      essentially zinc.
NUM  14.
PAR  14. A process as in claim 11 wherein the cold reduction in Step B is at
      least 30% and wherein the annealing temperature in Step E is about
      650.degree. to 700.degree.C.
NUM  15.
PAR  15. A process as in claim 11 wherein the cold reduction in Step F is about
      20 to 30% and wherein the annealing temperature in Step G is about
      700.degree.C.
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ABST
PAL  Method of processing nickel-tin containing copper base alloys in order to
      obtain an improved combination of strength and bend properties. The alloys
      processed herein contain from 7 to 14% nickel and from 1.5 to 3.3% tin.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 487,470 for "Improved Copper Base Alloy" by Pryor et al., filed July
      11, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Copper base alloys containing nickel and tin are known in the art. For
      example, the commercial copper alloy 725 is a copper-nickel containing 8.5
      to 10.5% nickel and 1.8 to 2.8% tin. It is highly desirable to provide
      alloys of this general type with a good combination of strength and bend
      properties. It is particularly desirable to provide a process for
      improving the combination of strength and bend properties in these alloys
      while obtaining other advantageous properties, such as good solderability
      and good contact resistance. Commercial alloys of this general type are
      characterized by deficiencies in one or more of the foregoing
      characteristics.
PAR  Accordingly, it is a principal object of the present invention to provide a
      process for obtaining a combination of good strength and good bend
      properties in the tin and nickel containing copper alloys.
PAR  It is a further object of the present invention to provide a process as
      aforesaid which is convenient to use on a commercial scale and which
      obtains other desirable properties in these alloys, such as good shelf
      life solderability and good contact resistance.
PAR  Further objects and advantages of the present invention will appear
      hereinbelow.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention it has now been found that the
      foregoing objects and advantages may be readily obtained. The process of
      the present invention relates to processing copper base alloys wherein the
      alloy consists essentially of nickel from 7 to 14% and tin from 1.5 to
      3.3%, with the balance essentially copper. In the preferred embodiment,
      the alloy processed in accordance with the present invention contains
      either iron from 0.1 to 3% or cobalt from 0.1 to 3% or mixtures thereof,
      with the minimum iron plus cobalt content preferably being 1.0%.
PAR  In accordance with the process of the present invention, a good combination
      of strength and bend characteristics are obtained by processing as
      follows:
PA1  A. providing a completely recrystallized, wrought copper base alloy
      containing 7 to 14% nickel, 1.5 to 3.3% tin and the balance essentially
      copper;
PA1  B. cold rolling with a reduction of 20 to 50%;
PA1  C. aging at a temperature of from 300.degree. to 550.degree.C for 15
      minutes to 24 hours; and
PA1  D. cold rolling with a reduction of from 20 to 55%, wherein the total
      reduction of said recrystallized alloy is less than about 65%.
PAR  If desired, one may provide the recrystallized, wrought copper alloy in
      step (A) by hot rolling the alloy with a finishing temperature in excess
      of 650.degree.C. Naturally, in this embodiment the total reduction
      following the recrystallization should be less than 65%. This embodiment
      is useful if gage requirements make it desirable to go directly to cold
      rolling step (B) following hot rolling.
PAR  Alternatively, one may provide the recrystallized, wrought copper alloy in
      step (A) by: hot rolling the alloy with a finishing temperature in excess
      of 550.degree.C; and cold rolling and annealing so that the alloy is
      completely recrystallized following the annealing step, with the amount of
      cold reduction being preferably at least 20% and with the annealing
      temperature being in the range of 600.degree. to 850.degree.C for at least
      one minute. Naturally, the total reduction following the recrystallization
      annealing step should be less than about 65%.
DETD
PAC  DETAILED DESCRIPTION
PAR  The process of the present invention deals with copper base alloys
      containing from 7 to 14% nickel and from 1.5 to 3.3% tin. In accordance
      with the preferred embodiments, the minimum nickel plus tin content is
      9.5% and the nickel content is in the range of 9 to 11% and the tin
      content is in the range of 2 to 3%, with the minimum nickel plus tin
      content being preferably 11.5%. The minimum nickel plus tin content is
      employed in order to obtain good strength characteristics.
PAR  In accordance with the process of the present invention it has been found
      that particularly surprising improvements are obtained when the foregoing
      alloys contain either iron from 0.1 to 3% or cobalt from 0.1 to 3% or
      mixtures thereof, with the preferred ranges of these materials being from
      0.5 to 3% each. This surprising improvement is even more pronounced when
      the minimum iron plus cobalt content is 1% and preferably 1.5%. The
      minimum iron plus cobalt content aids in grain refinement, the resultant
      alloys of the present invention having a fine grain size below 0.025 mm. A
      fine grain size provides good strength characteristics at a given cold
      reduction. In addition, in the iron-cobalt containing alloys particularly,
      it has been found that a surprising combination of good strength
      properties may be obtained combined with surprisingly good bend
      properties, solderability and contact resistance. It is believed that the
      process of the present invention particularly in the iron-cobalt
      containing alloys promotes the formation of a fine, uniformly dispersed
      phase which is magnetic and which contains nickel plus iron and/or cobalt.
      The minimum iron plus cobalt content is necessary for the precipitation of
      sufficient magnetic phase to obtain desirable properties. It is believed
      that this magnetic phase significantly contributes to the surprising
      properties achieved in accordance with the process of the present
      invention.
PAR  The balance of the alloy processed in accordance with the present invention
      is essentially copper. Naturally, conventional impurities are contemplated
      and additives may be incorporated in order to accentuate a particular
      property. Generally normal brass mill impurities may be tolerated in the
      alloys, but should preferably be kept at a minimum. For example,
      phosphorus should preferably be maintained below 0.1%, lead below 0.05%
      and sulfur below 0.05% to preclude the possibility of interference with
      hot processing. Typical additives which may be included are manganese up
      to 0.5%, magnesium up to 0.1%, and small amounts of calcium, chromium,
      zirconium, titanium and misch metal.
PAR  The higher ranges of iron plus cobalt, particularly in excess of 3% of each
      of these materials, may impair ductility and hot workability. Accordingly,
      one should restrict the upper limit of iron and/or cobalt to 3% in order
      to minimize this problem.
PAR  As indicated above, a particularly significant feature of the alloy
      prepared in accordance with the process of the present invention is the
      presence of the fine dispersed phase which is magnetic and which contains
      iron and/or cobalt. The magnetic phase is submicroscopic and not optically
      observable at a magnification of 1000.times.. Clearly the magnetic phase
      is not an aggregate phase as it would then be optically resolvable;
      therefore, the magnetic phase must be a dispersed phase. The resultant
      alloys exhibit increased magnetic attraction with aging. Hence, one must
      obtain precipitation of magnetic particles upon aging. It is significant
      that no magnetic effect is obtained in the same composition without the
      iron and/or cobalt addition.
PAR  The alloys may be cast in any desired manner, for example, Durville or DC
      casting. A sufficient melting temperature is required in order to insure
      that all components are in solution and uniformly mixed. It is preferred
      that the minimum melting temperature be at least 1,250.degree.C and
      preferably at least 1,275.degree.C. The minimum casting temperature should
      be at least 1,150.degree.C to avoid segregation and promote homogeneity.
      Inadequate casting temperature may promote the formation of undesirable
      coarse particles of iron and cobalt which may interfere with ductility,
      reduce the available amounts of iron and/or cobalt for the subsequent
      formation of the magnetic phase, and may represent sites for finishing
      defects and premature failure. Rapid cooling rate during casting is also
      desirable, particularly in the range of from about 1,150.degree. to
      1,090.degree.C.
PAR  After casting, the alloy is hot rolled in order to break up the cast
      structure. The amount of hot rolling reduction is not critical and the
      starting hot rolling temperature is not critical provided that incipient
      melting does not occur. Generally, starting hot rolling temperatures of
      from 850.degree. - 975.degree.C are sufficient to insure the absence of
      incipient melting. One should hot roll the alloy so that one does not
      finish hot rolling below about 550.degree.C since finishing hot rolling
      below 550.degree.C promotes excessive production of a second phase of
      nickel and tin which tends to impair ductility.
PAR  In accordance with one embodiment of the present invention, after hot
      rolling as aforesaid with a finishing temperature above 550.degree.C, the
      process of the present invention may cold roll and anneal so that the
      alloy is completely recrystallized following the annealing step. This is a
      particularly significant feature of the process of the present invention.
      If complete recrystallization is not obtained following the cold rolling
      and annealing sequence, one does not obtain the maximum combination of
      strength and bend properties. High strength may be obtained without
      complete recrystallization; however, the bend properties would be
      impaired. The amount of cold reduction in this step is at least 20% and
      preferably in the range of 40 to 70%. The annealing temperature is in the
      range of 600.degree. to 850.degree.C for at least 1 minute, with the
      actual annealing time being sufficient to cause complete
      recyrstallization. The preferred annealing conditions are at a temperature
      of 650.degree. to 750.degree.C for at least 15 minutes.
PAR  In accordance with another embodiment of the present invention, one may
      omit the cold rolling and recrystallization annealing step by hot rolling
      with a finishing temperature in excess of 650.degree.C so that the alloy
      is completely recrystallized following the hot rolling step.
PAR  After the recrystallization step, an additional cold reduction is taken
      with a reduction of from 20 to 50%. This is followed by an aging step at a
      temperature of 300.degree. to 550.degree.C, and preferably from
      300.degree. to 500.degree.C, for from 15 minutes to 24 hours. After the
      aging step the alloy is cold rolled with a reduction of from 20 to 55%.
      The cold reduction prior to aging creates nucleation sites for more
      effective distribution of the magnetic phase, the distribution of which is
      promoted by aging. In addition, the cold reduction creates nucleation
      sites for more effective distribution of other phases, as the
      aforementioned nickel-tin phase which should be distributed throughout the
      matrix. It has been found that in accordance with the process of the
      present invention that the total reduction following the recyrstallization
      step must be less than 65% in order to obtain the good combination of
      strength and bend properties which characterize the process of the present
      invention and to obtain the maximum strength and bend properties.
PAR  Optionally, one may provide an additional aging step at a temperature of
      from 300.degree. to 500.degree.C for 15 minutes to 24 hours. This
      additional aging step increases the yield properties and elongation. In
      addition, one may optionally follow this aging step with a further cold
      reduction, with the proviso that the total cold reduction following the
      recrystallization should be less than 65%.
PAR  The process of the present invention and improvements resulting therefrom
      will be more readily apparent from a consideration of the following
      illustrative examples.
PAC  EXAMPLE I
PAR  A series of alloys were prepared having the composition set forth in Table
      I below.
TBL                TABLE I                                                     
     ______________________________________                                    
     Alloy  % Ni     % Sn     % Fe   % Co   % Cu                               
     ______________________________________                                    
     A      9.5      2.3      2             Bal.                               
     B      9.5      2.3      2.3           Bal.                               
     C      9.5      2.3      1      1      Bal.                               
     D      9.5      2.3             2      Bal.                               
     ______________________________________                                    
PAL  Alloy B was Durville cast and Alloys A, C and D were DC cast. The melting
      temperature for the Durville and DC castings was about 1,300.degree.C, the
      casting temperature for the Durville castings was between 1,200.degree.
      and 1,275.degree.C, and the casting temperature for the DC castings was
      about 1,200.degree.C.
PAC  EXAMPLE II
PAR  Alloys A and C were processed in the following manner. The alloys were hot
      rolled from a thickness of about 3 to about 0.4 inch at a starting
      temperature of 950.degree.C and a finishing temperature of about
      600.degree.C. The alloys were surface milled to produce a clean surface
      followed by cold rolling to 0.080 inch gage and annealing at a temperature
      of from 650.degree. to 675.degree.C for 1 hour in order to obtain complete
      recrystallization. The materials were cold rolled 50% to 0.040 inch gage.
      One sample of each alloy was chemically etched to 0.032 inch gage and one
      sample of each alloy was chemically etched to 0.029 inch gage. Both
      samples of each alloy were aged at 400.degree.F for 16 hours followed by
      cold rolling to 0.020 inch gage.
PAR  The strength and bend properties of these alloys are shown in Table II
      below. The degree of cold reduction after annealing is clearly shown in
      Table II below to be a critical factor in attaining excellent bad way bend
      properties in association with high strength. The bad way bend properties
      vary markedly over a 5% range in total reduction after recrystallization,
      while the strength is insensitive over this range. The bend test compares
      the bend characteristics of samples bent over increasingly sharper radii
      until fracture is noted. The smallest radius at which no fracture is
      observed is called the minimum bend radius. When the bend axis is
      perpendicular to the rolling direction, it is called "good way bend," and
      parallel to the rolling direction is called the "bad way bend."
TBL                                    TABLE II                                
     __________________________________________________________________________
                                 Minimum                                       
                       Ultimate                                                
                            0.2% Bend Radius, 64ths.                           
             % Reduction                                                       
                       Tensile                                                 
                            Yield                                              
             after     Strength                                                
                            Strength                                           
                                 Good  Bad                                     
     Alloy                                                                     
         Gage                                                                  
             Recrystallization                                                 
                       ksi  ksi  Way   Way                                     
     __________________________________________________________________________
     A   .020"                                                                 
             70        124  117  3     7                                       
     A   .020"                                                                 
             65        121  114  3     4                                       
     C   .020"                                                                 
             70        125  118  3     7                                       
     C   .020"                                                                 
             65        125  119  3     4                                       
     __________________________________________________________________________
PAC  EXAMPLE III
PAR  Alloys B and C were processed in accordance with the processing of the
      present invention of Example II and were tested for shelf life
      solderability and shelf life contact resistance. The shelf life
      solderability was determined as measured in a standardized dip test using
      four quality classifications. In this classification series, Class 1
      indicates the best solderability and Class 4 the poorest. Two flux
      conditions were used, the 100 flux being a milder less aggressive flux
      than the 611 flux. The data is described in Table IIIA below wherein each
      alloy was tested after a shelf time of zero hours, 2,500 hours, and 5,000
      hours. It can be seen that in all cases the shelf life solderability after
      the process of the present invention remains good.
PAR  In addition, the shelf life contact resistance of Alloys B and C were
      tested by determining the contact resistance of contact area between the
      sample surface and a spherically shaped contacter by measuring at various
      contact pressures between the two. Low values of contact resistance are
      desirable. The data is shown in Table IIIB below after a shelf time of
      3,500 hours for Alloy B and shelf time of 6,000 hours for Alloy C. It can
      be seen that desirably low values are obtained.
TBL                TABLE IIIA                                                  
     ______________________________________                                    
     Alloy    Shelf Time  Solderability Class                                  
            (hrs.)    100 Flux    611 Flux                                     
     ______________________________________                                    
     B        0           2           2                                        
     B        2500        3           2                                        
     B        5000        3           3                                        
     C        0           2           2                                        
     C        2500        3           3                                        
     C        5000        3           3                                        
     ______________________________________                                    
TBL                TABLE IIIB                                                  
     ______________________________________                                    
     Alloy Shelf   Contact Resistance (OHMS) at Load (GMS)                     
     Time      20       50      100    200   1000                              
     (hrs.)                                                                    
     ______________________________________                                    
     B     3500    .11      .089  .074   .059  .025                            
     C     6000    --       .067  .047   .031  .023                            
     ______________________________________                                    
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present embodiment is therefore to be considered as in all respects
      illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims, and all changes which come within the
      meaning and range of equivalency are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for processing copper base alloys to provide good strength and
      bend characteristics which comprises:
PA1  A. providing a completely recrystallized, wrought copper base alloy
      consisting essentially of 7 to 14% nickel, 1.5 to 3.3% tin and the balance
      copper;
PA1  B. cold rolling with a reduction of 20 to 50%;
PA1  C. aging at a temperature of from 300.degree. to 550.degree.C for 15
      minutes to 24 hours; and
PA1  D. cold rolling with a reduction of from 20 to 55%, wherein the total
      reduction of said recrystallized alloy is less than about 65%.
NUM  2.
PAR  2. A method according to claim 1 wherein said recrystallized, wrought
      copper alloy is provided in step (A) by hot rolling the alloy with a
      finishing temperature in excess of 650.degree.C, and wherein the total
      reduction following recrystallization in steps (B) and (D) is less than
      about 65%.
NUM  3.
PAR  3. A method according to claim 1 wherein said recrystallized, wrought
      copper alloy is provided in step (A) by: hot rolling the alloy with a
      finishing temperature in excess of 550.degree.C; and cold rolling and
      annealing so that the alloy is completely recrystallized following the
      annealing step, with the amount of cold reduction being at least 20% and
      with the annealing temperature being in the range of 600.degree. to
      850.degree.C for at least 1 minute, wherein the total reduction following
      the recrystallization annealing step is less than about 65%.
NUM  4.
PAR  4. A process according to claim 1 wherein said copper base alloy contains a
      material selected from the group consisting of iron from 0.1 to 3%, cobalt
      from 0.1 to 3% and mixtures thereof.
NUM  5.
PAR  5. A process according to claim 4 wherein the minimum iron plus cobalt
      content is 1.0%.
NUM  6.
PAR  6. A process according to claim 3 wherein said alloy is given a cold
      reduction of from 40 to 70% prior to said recrystallization annealing
      step.
NUM  7.
PAR  7. A process according to claim 3 wherein said recrystallization annealing
      step is at a temperature of from 650.degree. to 750.degree.C for at least
      15 minutes.
NUM  8.
PAR  8. A process according to claim 1 wherein the minimum nickel plus tin
      content is 9.5%.
NUM  9.
PAR  9. A process according to claim 8 wherein said copper alloy has a nickel
      content from 9 to 11%, a tin content of from 2 to 3% and a minimum nickel
      plus tin content of 11.5%.
NUM  10.
PAR  10. A process according to claim 1 including the following additional step
      E.: aging at a temperature of from 300.degree. to 500.degree.C for 15
      minutes to 24 hours.
NUM  11.
PAR  11. A process according to claim 10 including an additional cold reduction
      step (F) following aging step (E), provided that the total cold reduction
      of said recrystallized alloy is less than about 65%.
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PAL  Coatings for silicon steel comprised of MgO, an amorphous magnesia-silica
      complex and a lithium bearing compound.
PARN
PAR  This is a division of application Ser. No. 521,015, filed Nov. 15, 1974,
      which in turn is a continuation-in-part of U.S. Pat. Ser. No. 360,257,
      filed May 14, 1973, now abandoned.
BSUM
PAR  This invention relates to coatings for ferrous material and, more
      particularly, an improved magnesium oxide/magnesium hydroxide coating for
      grain oriented silicon steel, and the material coated by such process.
      More specifically, this invention pertains to coating compositions that
      form a superior insulating film on ferrous metal comprised of MgO, a
      magnesia-silica complex and a lithium compound, the process of applying
      said coatings and the steel coated thereby.
PAR  In many fields of use and, in particular, in the electrical industry, it is
      necessary to provide a coating on ferrous material. This coating desirably
      performs the function of separating and purifying the ferrous material and
      reacting with surface silica in the steel to form an electrical insulating
      layer. For example, in the transformer art, the cores of the transformers
      are usually formed of a ferrous material, such as silicon steel, which may
      be provided with a preferred grain growth orientation to provide optimum
      electrical and magnetic properties. It has been found necessary to provide
      a coating on the ferrous material prior to the final high temperature
      grain growth anneal. This coating will perform three separate functions.
      The first function of the coating is to provide separation of the various
      turns or layers of the coiled material to prevent their sticking or
      welding together during high temperature anneals. A second function is
      that of aiding in the chemical purification of the ferrous material to
      develop the desired optimum magnetic characteristics of such material. The
      third function of the coating is to form on the surface of the ferrous
      material a refractory type coating which will provide electrical
      insulation of one layer of ferrous material from the next during its use
      as a core in a transformer or in other electrical apparatus such as motor
      armatures or the like.
PAR  In the present state of the electrical apparatus art, the most widely used
      coating for the ferrous material which is used as the magnetic core of the
      electrical apparatus is a coating of magnesium oxide and/or magnesium
      hydroxide. These coatings are, in general, applied to the ferrous material
      in the form of a suspension of magnesium oxide and/or magnesium hydroxide
      in water. The suspension comprises a quantity of magnesium oxide in water
      and is mixed sufficiently for the desired application; the magnesium oxide
      being hydrated to an extent dependent on the character of the oxide used,
      the duration of mixing and the temperature of the suspension. Therefore,
      the term magnesium oxide coating is with reference to a coating of
      magnesium hydroxide which may include magnesium oxide which has not been
      hydrated.
PAR  As set forth in U.S. Pat. No. 2,385,332, in the names of Victor W.
      Carpenter et al., during a heat treatment at suitable temperatures,
      magnesium oxide can be caused to react with silica particles on or near
      the surfaces of previously oxidized silicon-iron sheet stock to form a
      glass-like coating, which coating is useful as an interlaminary insulator
      in the use of silicon-iron in electrical apparatus, e.g., in the cores of
      transformers.
PAR  In the production of silicon steel for the magnetic cores of transformers,
      the steel is generally annealed to provide optimum grain growth and grain
      orientation which develops the magnetic properties of the silicon steel.
      This anneal is usually carried out in a hydrogen atmosphere at
      temperatures ranging from approximately 950.degree. to 1500.degree.C. from
      about 2 to about 50 hours. This anneal also aids in purifying the steel,
      aided by the coating placed on the steel. During this anneal a portion of
      the magnesium oxide coating reacts with the silica on the surface of the
      silicon steel to form a glass-like coating of magnesium silicate. This
      glass-like coating provides electrical insulation during the use of the
      silicon steel in electrical apparatus, e.g., in the cores of transformers.
PAR  A number of additives have been proposed in the past to be added to the
      magnesium hydroxide and/or magnesium oxide in order to improve the
      MgO-SiO.sub.2 reaction. For example, U.S. Pat. No. 2,809,137 (Robinson)
      involves the use of silica to be combined with the MgO for the purpose of
      improving the insulating properties of the glass-like film obtained after
      high temperature annealing. U.S. Pat. No. 2,394,047 (Elsey, et al) relates
      to the use of additives to produce oxidized surface metal and to enhance
      glass film formation. U.S. Pat. No. 3,697,322 relates to lithium compounds
      as additives for MgO coatings. Pending U.S. Pat. application Ser. No.
      267,276, filed June 29, 1972 relates to magnesia-silica complexes as
      additives for MgO coatings. In addition to the above, the following U.S.
      Patents are directed to various materials including silicas and silicates
      which have been proposed as additives for the coating of ferrous
      materials. U.S. Pat. Nos. 3,583,887; 3,214,302; 3,562,029; 2,739,085; and
      2,354,123.
PAR  This invention relates to coatings containing magnesium oxide/magnesium
      hydroxide, at least one amorphous magnesia-silica complex and at least one
      lithium compound which when applied to silicon sheet steel impart superior
      insulation qualities to the silicon steel after the final high temperature
      anneal in addition to serving as a separator coating for the sheet
      material during heat treatment and aiding in the purification of the
      magnetic material.
PAR  In addition to conventional silicon steel, the compositions of the
      invention find applicability in the coating of steels of high permeability
      that have recently become of interest, particularly in the electrical
      industry. Examples of steels of this type include those reported in U.S.
      Pat. No. 3,676,227.
PAR  The amorphous magnesia-silica complexes of the invention include those
      materials wherein the mole ratio expressed as MgO:SiO.sub.2 may vary from
      about 1:25 to 14:1. The complexes of the invention contain from about
      0.001 to 2.0 percent by weight of an alkali metal oxide or hydroxide.
      Representative of the alkali metals that may be employed in the practice
      of the invention are sodium, lithium, potassium and the like. Of
      particular preference are the amorphous (i.e., non-crystalline)
      magnesia-silica complexes having a molar ratio of MgO:SiO.sub.2 of from
      about 1:13 to 7:1 and from about 0.01 to 1.0 percent by weight of alkali
      metal oxide or hydroxide. An example of a complex that has highly
      desirable properties is one having a MgO:SiO.sub.2 molar ratio of 1:1.6
      and from 0.05 to 0.4% by weight of sodium oxide. Of particular interest
      are those complexes wherein the sodium oxide content is from 0.1 to 0.2%
      by weight.
PAR  Insofar as the alkali metal is concerned, it should be noted that, although
      the alkali metal oxide or hydroxide is expressed throughout the
      specification and claims as a component of the magnesia-silica complex,
      one skilled in the art will readily appreciate that the alkali metal oxide
      or hydroxide may be provided from a source separate from the
      magnesia-silica complex. For example, the appropriate level of alkali
      metal oxide or hydroxide may be provided by either the complex per se or
      where a complex free of alkali metal oxide or hydroxide is utilized, any
      convenient source of alkali metal oxide or hydroxide may be employed in
      combination with the magnesia-silica complex to insure that the coating
      composition contains the appropriate level of alkali metal oxide or
      hydroxide. Included among the materials that may be used in the practice
      of the invention to provide the alkali metal oxide or hydroxide are
      carbonates and the like. In summary, the alkali metal oxide or hydroxide
      component may be included as a component of the complex or made available
      from either the MgO or an independent source such as carbonates as
      discussed above.
PAR  As set forth in U.S. application Ser. No. 267,276, filed Jan. 29, 1972, and
      now abandoned, magnesia-silica complexes of the invention may be
      conveniently prepared by the precipitation reaction between a solution of
      a magnesium salt such as MgCl.sub.2, MgSO.sub.4 or Mg(NO.sub.3).sub.2 and
      a solution of silicate salt such as an alkali metal silicate (e.g., sodium
      silicate, or potassium silicate). The alkali metal silicates that may be
      employed as reactants include those wherein the mole ratio of alkali metal
      (M) to silicate is 1:25 to 14:1 expressed as M.sub.2 O:SiO.sub.2.
PAR  As indicated previously, amorphous magnesia-silica complexes which do not
      contain the alkali metal oxide or hydroxide may be employed in the
      practice of the invention if the alkali metal oxide or hydroxide is
      provided from another source. In such cases, other soluble silicate salts
      may be employed in the preparation of the amorphous magnesia-silica
      complex. The conditions under which the precipitation reaction occurs are
      not critical and involve techniques well known to the art.
PAR  For example, an amorphous, magnesia-silica complex having a mole ratio of
      1:2 with respect to MgO:SiO.sub.2 may be prepared by a precipitation
      process employing an alkali metal silicate having a mole ratio of 1:2 with
      respect to the M.sub.2 O:SiO.sub.2 in the presence of excess magnesium
      salt.
PAR  In addition to the above, other procedures that may be employed in the
      preparation of the novel magnesia-silica complexes of the invention are as
      follows:
PA1  1. Magnesia is precipitated by reacting MgCl.sub.2 or MgSO.sub.4 with NaOH
      or dolomite or Ca(OH).sub.2 to form Mg(OH).sub.2.
PA1  2. silica is prepared by acidifying sodium silicate or any alkaline
      silicates.
PA1  3. The two slurries are combined in a wet state to afford an intimate mix,
      filter off the impurities by washing, extraction.
PA1  4. The product is dried in a suitable drier. Another convenient method of
      preparation is as follows:
PA1  1. Sodium hydroxide and magnesium chloride or sulfate are reacted to form
      Mg(OH).sub.2.
PA1  2. mix the Mg(OH).sub.2 slurry with sodium silicate.
PA1  3. React 2 with hydrochloric acid to form the magnesia-silica complex.
PA1  4. Filter and wash off NaCl or Na.sub.2 SO.sub.4 impurities.
PA1  5. The filter cake is dried in a suitable drier.
PAR  The amorphous property of the magnesia-silica complex is apparent from a
      consideration of the X-ray diffraction pattern of representative
      magnesia-silica complexes of the invention. In Table I, X-ray powder
      diffraction data of the magnesia-silica complexes are reported. In order
      to illustrate the uniqueness of the magnesia-silica complex, the X-ray
      powder diffraction patterns were obtained for prior art colloidal silica,
      MgO-colloidal silica compositions and fibrous magnesium silicate. These
      prior art materials have been taught for use in the coating of silicon
      steels.
PAR  The d-spacings and hkl planes (Miller Indices) of the materials tested are
      reported including an identification of the crystalline structure, where
      appropriate.
PAR  The X-ray diffraction studies were conducted in an X-ray diffractometer
      under the following conditions:
TBL                X-Ray                                                       
                   Radia-                                                      
                   tion                                                        
     Formulation   Source   Filter  Voltage                                    
                                           Current                             
     ______________________________________                                    
     a.  Magnesia-silica                                                       
                       CuK.alpha.                                              
                                None  40 KV  22 MA                             
         Complex                                                               
         (Example 1)                                                           
     b.  Magnesia-silica                                                       
                       CuK.alpha.                                              
                                None  40 KV  22 MA                             
         Complex                                                               
         (Example 2)                                                           
     c.  Magnesia-silica                                                       
                       CuK.alpha.                                              
                                None  40 KV  22 MA                             
         Complex                                                               
         (Mole Ratio-                                                          
         1.7:1)                                                                
     d.  Magnesia-silica                                                       
                       CuK.alpha.                                              
                                Ni    40 KV  20 MA                             
         Complex                                                               
         (mole Ratio-                                                          
         1:1.5)                                                                
     e.  Magnesia-silica                                                       
                       CuK.alpha.                                              
                                Ni    40 KV  20 MA                             
         Complex                                                               
         (Example 8)                                                           
     f.  Magnesia-silica                                                       
                       CuK.alpha.                                              
                                Ni    40 KV  20 MA                             
         Complex                                                               
         (Mole Ratio-                                                          
         1:1.6)                                                                
     g.  Colloidal Silica                                                      
                       CuK.alpha.                                              
                                Ni    40 KV  20 MA                             
          (LUDOX)                                                              
     h.  Colloidal Silica                                                      
                       CuK.alpha.                                              
                                Ni    40 KV  20 MA                             
         + MgO                                                                 
         (1:1 by weight)                                                       
     i.  Colloidal Silica                                                      
                       CuK.alpha.                                              
                                Ni    40 KV  20 MA                             
         + MgO                                                                 
         (1:4 by Weight)                                                       
     j.  Fibrous Magne-                                                        
                       CuK.alpha.                                              
                                Ni    40 KV  20 MA                             
         sium Silicate                                                         
     k.  Fibrous magne-                                                        
                       CuK.alpha.                                              
                                Ni    40 KV  20 MA                             
         sium Silicate                                                         
     ______________________________________                                    
PAR  The techniques used in these studies followed the commonly accepted
      Debye-Scherrer Method as described in Klug & Alexander's X-Ray Diffraction
      Procedures for Polycrystalline and Amorphous Materials (Wiley, 1954) pp.
      206-209.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                       Miller                                                  
                            Identified                                         
                       Indices                                                 
                            Crystalline                                        
                  d (A)                                                        
                       (hkl)                                                   
                            Structure                                          
     __________________________________________________________________________
     a.                                                                        
       Magnesia Silica                                                         
                   --   --  Amorphous                                          
       Complex MgO:SiO.sub.2                                                   
       mole ratio =                                                            
       1:1.6 and contains                                                      
       .774% Na.sub.2 O                                                        
       (Example 1)                                                             
     b.                                                                        
       Magnesia Silica                                                         
                  1.607                                                        
                       531  Clinoenstatite                                     
       Complex MgO:SiO.sub.2                                                   
                  2.5  131  Enstatite                                          
       mole ratio =    202  Clinoenstatite                                     
       1:1.6 heated at                                                         
                  2.87 610  Enstatite                                          
       1000.degree.C. for                                                      
                       310  Clinoenstatite                                     
                                      Mostly                                   
       3 minutes  2.98 221  Clinoenstatite                                     
                                      Amor-                                    
       (Example 2)                                                             
                  3.17 420  Enstatite phous                                    
                       220  Clinoenstatite                                     
                  3.30 121  Enstatite                                          
                       021  Clinoenstatite                                     
     c.                                                                        
       Magnesia Silica                                                         
                   --   --  Amorphous                                          
       Complex MgO:SiO.sub.2                                                   
       mole ratio =                                                            
       1.7:1                                                                   
     d.                                                                        
       Magnesia Silica                                                         
                  3.229                                                        
                        --                                                     
       Complex MgO:SiO.sub.2                                                   
                  2.5902                                                       
                        --  Amorphous                                          
       mole ratio =                                                            
       1:1.5                                                                   
     e.                                                                        
       Magnesia Silica                                                         
                  2.829                                                        
                        --                                                     
       Complex MgO:SiO.sub.2                                                   
                  2.5902                                                       
                        --  Amorphous                                          
       mole ratio =                                                            
                  1.545                                                        
                        --                                                     
       1:1.6 and contains                                                      
       0.20% Na.sub.2 O                                                        
       (Example 8)                                                             
     f.                                                                        
       Magnesia Silica                                                         
                   --   --  Amorphous                                          
       Complex MgO:SiO.sub.2                                                   
       mole ratio =                                                            
       1:1.6                                                                   
     g.                                                                        
       Colloidal  4.07 101  .alpha.-cristobalite                               
       Silica                                                                  
       (Ludox)                                                                 
     h.                                                                        
       Colloidal  4.776                                                        
                       001  Magnesia                                           
       Silica + MgO                                                            
                  2.728                                                        
                       100  Magnesia                                           
       1 to 1 ratio                                                            
                  2.366                                                        
                       101  Magnesia                                           
       by weight  1.792                                                        
                       102  Magnesia                                           
                  1.574                                                        
                       110  Magnesia                                           
                  1.493                                                        
                       111  Magnesia                                           
                  1.373                                                        
                       103  Magnesia                                           
                  1.310                                                        
                       201  Magnesia                                           
     i.                                                                        
       Colloidal Silica                                                        
                  4.760                                                        
                       001  Magnesia                                           
       + MgO, 1:4 ratio                                                        
                  2.720                                                        
                       100  Magnesia                                           
       by weight  2.360                                                        
                       101  Magnesia                                           
                  1.789                                                        
                       102  Magnesia                                           
                  1.569                                                        
                       110  Magnesia                                           
                  1.491                                                        
                       111  Magnesia                                           
                  1.370                                                        
                       103  Magnesia                                           
                  1.309                                                        
                       201  Magnesia                                           
     j.                                                                        
       Fibrous Magnesium                                                       
                  4.766                                                        
                       001  Magnesia                                           
       Silicate   4.548                                                        
                       020  Serpentine                                         
                            (3MgO. 2SiO.sub.2. 2H.sub.2 O)                     
                  3.660                                                        
                       0.0.12                                                  
                            Serpentine                                         
                  3.336                                                        
                       029  Serpentine                                         
                  2.966                                                        
                       0.2.11                                                  
                            Serpentine                                         
                  2.527                                                        
                        --  --                                                 
                  2.499                                                        
                       206  Serpentine                                         
                  2.453                                                        
                       0.2.15                                                  
                            Serpentine                                         
                  2.372                                                        
                       209  Serpentine                                         
                  2.154                                                        
                       2.14.9                                                  
                            Serpentine                                         
                  2.097                                                        
                       2.0.15                                                  
                            Serpentine                                         
                  1.799                                                        
                       2.0.18                                                  
                            Serpentine                                         
                  1.617                                                        
                       2.0.21                                                  
                            Serpentine                                         
                  1.536                                                        
                       060  Serpentine                                         
                  1.507                                                        
                       2.0.24                                                  
                            Serpentine                                         
                  1.485                                                        
                       220  Magnesia                                           
     k.                                                                        
       Fibrous Magnesium                                                       
                  7.310                                                        
                       006  Serpentine                                         
       Silicate (6 layers   (3MgO. 2SiO.sub.2. 2H.sub.2 O)                     
       ortho type)                                                             
                  4.766                                                        
                       001  Magnesia                                           
                  4.570                                                        
                       020  Serpentine                                         
                  4.227                                                        
                       024  Serpentine                                         
                  3.660                                                        
                       0.0.12                                                  
                            Serpentine                                         
                  2.506                                                        
                       206  Serpentine                                         
                  2.372                                                        
                       209  Serpentine                                         
                  1.796                                                        
                       2.0.18                                                  
                            Serpentine                                         
                  1.538                                                        
                       060  Serpentine                                         
     __________________________________________________________________________
PAR  The colloidal silica reported in formulations (g), (h) and (i) above is
      commercially available under the name of "LUDOX" and is a product of E. I.
      du Pont de Nemours and Company and is taught as a coating material for
      silicon steel in U.S. Pat. No. 2,809,137. Formulation (h) was prepared
      according to U.S. Pat. No. 2,809,137 (Col. 3, lines 60-65). Formulation
      (i) was prepared according to U.S. Pat. No. 2,809,137 (Col. 3, lines
      66-70).
PAR  The fibrous magnesium silicates reported in formulations (j) and (k)
      correspond to the fibrous magnesium silicate disclosed in U.S. Pat. No.
      3,562,029 as useful in the coating of silicon steel.
PAR  The studies reported in Table I indicate that the magnesia-silica complexes
      of the invention are amorphous, whereas the prior art materials (colloidal
      silica, colloidal silica + MgO, and fibrous magnesium silicate) are
      crystalline in nature.
PAR  The thermal behavior of the novel magnesia-silica complexes of the
      invention in a Differential Thermal Analyzer (DTA) have been studied. In
      addition, a study of the Differential Thermal Analysis of the following
      prior art coating materials was conducted: commercial steel grade MgO,
      colloidal silica, colloidal silica + MgO, fibrous magnesium silicate,
      commercial steel grade MgO + fibrous magnesium silicate. Also included
      within the study is the DTA of a composition within the scope of the
      invention -- commercial steel grade MgO and the novel magnesia-silica
      complex.
PAR  The Differential Thermal Analyses of the materials studied were conducted
      under the following conditions:
PA2  atmosphere:air, 760 MM
PA2  reference:alumina
PA2  heating rate:10.degree.C./min.
PA2  starting temperature:room temperature
PAC  differential THERMAL ANALYSIS
PAR  A. The novel magnesia-silica complexes of the invention exhibit the
      following thermal behavior characteristics:
PA1  a. endothermic peak at about 250.degree.C.;
PA1  b. exothermic peak at about 820.degree.C.;
PA1  c. exothermic peak at about 980.degree.C.
PAR  B. Commercial steel grade MgO + magnesia silica complex exhibits the
      characteristic endothermic and exothermic peaks of the magnesia-silica
      complex and an additional endothermic peak at about 500.degree.C.
PAR  C. Commercial steel grade MgO exhibits one endothermic peak at
      380.degree.C.
PAR  D. Colloidal silica exhibits one endothermic peak at 160.degree.C. and one
      exothermic peak at 1000.degree.C.
PAR  E. Colloidal silica + MgO exhibits one endothermic peak at 500.degree.C.
      and one exothermic peak at 835.degree.C.
PAR  F. Colloidal silica + MgO exhibits one endothermic peak at 500.degree.C.
      and one exothermic peak at 1,000.degree.C.
PAR  G. Fibrous magnesium silicate exhibits endothermic peaks at 435.degree. and
      720.degree.C. and one exothermic peak at 825.degree.C.
PAR  H. Fibrous magnesium silicate + commercial grade MgO exhibits endothermic
      peaks at 465.degree. and 690.degree.C. and one exothermic peak at
      830.degree.C.
PAR  The colloidal silica reported in formulations D, E, and F is commercially
      available under the name of LUDOX -- a product of E. I. du Pont de Nemours
      and Company and is taught as a coating material for silicon steel in U.S.
      Pat. No. 2,809,137. Formulation E was prepared according to U.S. Pat. No.
      2,809,137 (Col. 3, lines 60-65). Formulation F was prepared according to
      U.S. Pat. No. 2,809,137 (Col. 3, lines 66-70).
PAR  The fibrous magnesium silicates reported in formulations G and H correspond
      to the fibrous magnesium silicate disclosed in U.S. Pat. No. 3,562,029 as
      useful in the coating of silicon steel.
PAR  Although the exact endothermic and exothermic reaction temperatures of the
      novel magnesia-silica complex were disclosed in this application, one
      skilled in the art would appreciate that minor variations from these exact
      thermal reaction temperatures are within the scope of our invention.
PAR  Representative members of the class of organic and inorganic lithium
      bearing compounds that are employed in the practice of the invention
      includes the following:
PA1  lithium acetate
PA1  lithium borate, such as lithium metaborate, lithium metaborate hydrate,
      lithium pentaborate, lithium tetraborate and lithium borohydrate
PA1  lithium chromate
PA1  lithium fluoride
PA1  lithium hydroxide
PA1  lithium nitrate
PA1  lithium phosphate
PA1  lithium silicate
PA1  lithium sulfate
PA1  lithium hydroxide monohydrate
PA1  lithium carbonate
PA1  lithium metaaluminate
PA1  lithium bromide
PA1  lithium bromide, dihydrate
PA1  lithium carbide
PA1  lithium bicarbonate
PA1  lithium chlorate
PA1  lithium chlorate hydrate
PA1  lithium chloride
PA1  lithium chloride monohydrate
PA1  lithium bichromate dihydrate
PA1  lithium dichromate
PA1  lithium citrate
PA1  lithium fluosilicate
PA1  lithium fluosulfonate
PA1  lithium formate monohydrate
PA1  lithium iodate
PA1  lithium iodide
PA1  lithium iodide, trihydrate
PA1  lithium permanganate
PA1  lithium molybdate
PA1  lithium nitrate trihydrate
PA1  lithium nitride
PA1  lithium nitrite
PA1  lithium oxalate
PA1  lithium acid oxalate
PA1  lithium oxide
PA1  lithium metaphosphate
PA1  lithium orthophosphate
PA1  lithium orthophosphate hydrate
PA1  lithium dihydrogen phosphate
PA1  lithium metasilicate
PA1  lithium orthosilicate
PA1  lithium sulfate
PA1  lithium hydrogen sulfate
PA1  lithium sulfate monohydrate
PA1  lithium sulfide
PA1  lithium hydrosulfide
PA1  lithium sulfite monohydrate
PA1  lithium dithionate
PA1  lithium tungstate
PA1  lithium titanate
PA1  lithium manganite
PA1  lithium vanadate
PA1  lithium cobaltite
PA1  and the like.
PAL  Additional lithium compounds that may be employed in the practice of the
      invention are set forth in U.S. Pat. No. 3,697,322, the contents of which
      are incorporated herein by reference.
PAR  It will be appreciated that lithium compounds which have a relatively high
      weight percent of lithium are preferred for use in the instant invention
      since the anion portion of the lithium compound (assuming it to be a salt)
      would ordinarily serve no purpose. It should be emphasized, however, that
      any lithium compound (or mixtures of such compounds) may be utilized to
      obtain the advantageous function here involved since the key to this
      function is the presence of the lithium atom or ion.
PAR  The MgO, lithium, magnesia-silica complex mixture may be applied as a
      coating to silicon steel using techniques well known to the art. Among the
      well known procedures that may be employed include preparing the coating
      composition in the form of a slurry. The slurry may be applied to the
      magnetic sheet material in the form of a thin coating by any convenient,
      suitable means including art recognized techniques such as immersion,
      brushing or spraying. The wet coating thus applied is dried by suitable
      means. The coated silicon steel in usually wound or stacked condition. is
      placed in an annealing furnace. A convenient and effective coating
      technique involves passing a continuous strip of the material to be coated
      through a bath containing a suspension of the coating composition followed
      by subjecting the coated material to a drying furnace.
PAR  The concentration of magnesia-silica complex with respect to the amount of
      the MgO employed in the coating (exclusive of additive) is not critical
      and may vary from about 2 to about 200 parts by weight per 100 parts by
      weight of magnesium oxide. A satisfactory concentration for most practical
      purposes has been found to be from about 10 to 50 parts by weight of
      magnesia-silica complex per 100 parts by weight of MgO.
PAR  The concentration of the lithium bearing compound calculated as Li.sub.2 O
      with respect to the amount of the MgO employed in the coating is not
      critical and may vary from about 0.01 to about 30 parts by weight per 100
      parts by weight of the magnesium oxide. A satisfactory concentration for
      most practical purposes (calculated as Li.sub.2 O) has been found to be
      from about 0.05 to 12.5 parts per 100 parts of MgO. It should be noted
      that the particular grade of MgO to be utilized is not critical and any
      commercially available MgO may be employed in the practice of the
      invention.
PAR  Where the coating is applied to the steel in the form of a slurry, the
      concentration of the lithium, magnesia-silica complex-MgO combination in
      the coating slurry is not critical and may vary from about 1 to about 50%
      by weight of the slurry. A particularly effective concentration is from
      2-20% by weight of the slurry. In addition to employing conventional
      coating techniques, the amount of MgO/Mg(OH).sub.2 (exclusive of lithium
      and magnesia-silica complex additive) that is applied to the silicon steel
      in the practice of this invention is similar to those amounts that
      heretofore had been employed in MgO/Mg(OH).sub.2 coatings and in general
      will vary from about 0.020 to 0.070 ounces of MgO per square foot of steel
      surface.
PAR  The manner and time at which the lithium and magnesia-silica silica complex
      are combined with the magnesium oxide is not critical. For example, the
      lithium compound can be effectively added to; (1) the MgO-magnesia-silica
      complex mixture, (2) blended in with the MgO and then mixed with the
      magnesia-silica complex, and (3) mixed with the magnesia-silica complex
      before drying and then blended with MgO. These procedures include adding
      the lithium compound and the magnesia-silica complex to a magnesium
      material, such as magnesium basic carbonate or Mg(OH).sub.2, prior to
      their conversion to the magnesium oxide; blending the lithium material and
      complex with the MgO or Mg(OH).sub.2 or mixing the lithium material and
      the complex in the water used for coating slurry make-up prior to the
      addition of the MgO powder.
PAR  The annealing of the silicon steel that has previously been coated with the
      coating composition of the invention may be carried out in a neutral or
      reducing atmosphere at temperatures ranging from approximately 950.degree.
      to 1500.degree.C. for from about 2 to 50 hours using techniques well known
      to the art.
PAR  The unobvious properties of the instant invention are readily apparent when
      it is appreciated that commercially available steel grade magnesium oxides
      in current use in the grain-oriented silicon steel industry give
      relatively low resistances of the order of 1-4 ohm-cm.sup.2 according to
      the Franklin Test (ASTM-A344-60T), a widely used test that is utilized in
      the steel industry to determine the surface insulation characteristics of
      refractory films. However, the identical MgO material containing the
      lithium and an amorphous magnesia-silica complex resulted in a
      considerably higher insulation (e.g. 274 ohm-cm.sup.2) by the identical
      Franklin test, with many coated areas of the steel having complete
      insulation (infinate resistance).
PAR  It may be noted that the current practice of the steel industry in its
      attempt to improve insulation involves using an expensive and time
      consuming phosphate coating after the annealing step. This is done to
      improve the insulation from 2-4 ohm-cm.sup.2 to a minimum of about 20
      ohm-cm.sup.2. By using the novel coating compositions of the invention, a
      cost reduction in processing silicon steel is anticipated since the
      phosphate coating can be eliminated or at least reduced to a more easily
      controlled step.
PAR  It should be noted that, in addition to silicon steel, materials such as
      nickel-iron alloys, common iron and other ferromagnetic substances may be
      effectively coated in accordance with the practice of the invention.
PAR  One skilled in the art will appreciate that refractory oxides other than
      MgO may be employed. For example, refractory oxides and hydroxides such as
      Al.sub.2 O.sub.3, Al(OH).sub.3, CaO, Ca(OH).sub.2, TiO.sub.2, MnO.sub.2,
      ZnO, BeO, Cr.sub.2 O.sub.3, SiO.sub.2, ThO.sub.2, ZrO.sub.2, FeO and the
      like may be employed in place of or in combination with MgO.
PAR  A representative example of the preparation of a magnesia-silica complex
      for use in the coating composition of the invention is as follows:
DETD
PAC  EXAMPLE 1
PAR  Two solutions are prepared as follows:
PA1  a. A magnesium chloride solution having a concentration of 213 grams of
      MgCl.sub.2 per liter is prepared from MgCl.sub.2.6H.sub.2 O crystals.
PA1  b. A 12% solution of sodium silicate is prepared having a mole ratio of
      Na.sub.2 O:SiO.sub.2 of 1:1.6.
PAR  The two solutions (a) and (b) are reacted by simultaneously pumping into a
      reactor vessel (1 gallon capacity) equipped with an overflow spout. The
      flow rate of each stream is kept at 0.5-0.8 gallons per minute (gpm) with
      a combined flow rate of 1-1.5 gpm. The slurry is kept at 0.4-2.1 g.
      MgCl.sub.2 /1 excess by varying the flow of MgCl.sub.2 solution. The
      slurry after stirring for 10 hours is filtered with a leaf filter and
      washed with 45.degree.C. city water, dried at 220.degree.-250.degree.F.
      for 12 hours and hammermitted to a fine powder. The resultant
      magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 1:1.6. Analysis
      of the complex is as follows:
     MgO               25.0%                                                   
     SiO.sub.2         59.8%                                                   
     Loss on ignition  15.3%                                                   
     Na                0.03                                                    
     Bulk density      0.74 g/cc                                               
PAR  X-ray diffraction analysis reveals that the product is completely amorphous
      indicating that it is a magnesia-silica complex rather than a crystalline
      form of MgO, silica or silicate. Differential thermal analysis followed by
      X-ray diffraction analysis of this material at temperatures from
      20.degree. to 1200.degree.C. showed primarily an amorphous state with a
      poorly defined clinoenstatite phase at about 820.degree.C.
PAC  EXAMPLE 2
PAR  The magnesia-silica complex prepared in Example 1 is heated in a muffle
      furnace at 1,000.degree.C. for 3 minutes. X-ray diffraction analysis
      reveals that this material is largely amorphous.
PAC  EXAMPLE 3
PAR  Two solutions are prepared as follows:
PA1  1. A magnesium chloride solution is made by dissolving 454 g. of
      MgCl.sub.2.6H.sub.2 O in 1000 ml. of deionized water. The concentration of
      this solution is 213 g. MgCl.sub.2 /l.
PA1  2. A sodium silicate solution is prepared having a concentration of 12%
      solids and a mole ratio of Na.sub.2 O:SiO.sub.2 of 1.7:1.
PAR  The two solutions are reacted according to the procedure of Example 1. The
      excess MgCl.sub.2 measured is 1.75 g MgCl.sub.2 /l. The resultant
      magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 1.7:1.
PAL  Analysis of the complex shows:
TBL  MgO               42.5%                                                   
     SiO.sub.2         37.7%                                                   
     Loss on Ignition  19.8%                                                   
     NaCl              0.16%                                                   
     Bulk density      0.31 g/cc                                               
PAC  EXAMPLE 4
PAR  Two solutions are prepared as follows:
PA1  1. The magnesium chloride solution used in Example 1.
PA1  2. A sodium silicate solution having a concentration of 12% solids and a
      mole ratio of Na.sub.2 O:SiO.sub.2 of 13:1.
PAR  The two solutions are reacted according to the procedure described in
      Example 1. The excess MgCl.sub.2 measured is 1.92 g MgCl.sub.2 /l. The
      resultant magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 13:1.
PAL  Analysis of the complex shows:
TBL  MgO               63.2%                                                   
     SiO.sub.2         7.1%                                                    
     Loss on Ignition  29.7%                                                   
     Na                0.16%                                                   
     Bulk density      0.35 g/cc                                               
PAC  EXAMPLE 5
PAR  Two solutions are prepared as follows:
PA1  1. The magnesium chloride solution used in Example 1.
PA1  2. A sodium silicate solution having a concentration of 12% solids and a
      mole ratio of Na.sub.2 O:SiO.sub.2 of 1:2.7.
PAR  The two solutions are reacted according to the procedure described in
      Example 1. The excess MgCl.sub.2 measured is 1.65 g MgCl.sub.2 /l. The
      resultant magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 1:2.7.
      Analysis of the complex shows:
TBL  MgO               16.5%                                                   
     SiO.sub.2         67.6%                                                   
     Loss on Ignition  14.9%                                                   
     Na                0.80%                                                   
     Bulk density      0.26 g/cc                                               
PAC  EXAMPLE 6
PAR  Two solutions are prepared as follows:
PA1  1. An acidified magnesium chloride solution is prepared by adding 12.6
      moles of hydrochloric acid to 1 mole of magnesium chloride. The
      concentration is expressed as 213 g. MgCl.sub.2 /l.
PA1  2. A sodium silicate solution having mole ratio of Na.sub.2 O:SiO.sub.2 of
      1:1.6 is prepared as described in Example 1. The concentration is 12%
      solids.
PAR  The two solutions are reacted according to the procedure described in
      Example 1. The excess MgCl.sub.2 as measured is expressed as 1.07 g
      MgCl.sub.2 /l. The magnesia-silica complex after being dried has a
      MgO:SiO.sub.2 mole ratio of 1:14.2. Analysis of the powder shows:
TBL  MgO               4.2%                                                    
     SiO.sub.2         89.2%                                                   
     Loss on ignition  6.4%                                                    
     Na                0.47%                                                   
     Bulk density      0.11 g/cc                                               
PAC  EXAMPLE 7
PAR  Two solutions are prepared as follows:
PA1  a. Magnesium sulfate solution having a concentration of 180 g. MgSO.sub.4
      /l equivalent is prepared by neutralizing magnesium hydroxide with
      sulfuric acid.
PA1  b. A sodium silicate solution having a concentration of 9% and mole ratio,
      Na.sub.2 O:SiO.sub.2, of 1:1.6 is prepared.
PAR  The two solutions (a) and (b) are reacted by simultaneously pumping into a
      reactor vessel (1 gallon capacity) equipped with an overflow spout. The
      flow rate of each stream is kept at 0.5-0.8 gallons per minute (gpm) with
      a combined flow rate of 1-1.5 gpm. The slurry is kept at 15-20 g
      MgSO.sub.4 /l excess by varying the flow of MgSO.sub.4 solution. The
      precipitate formed is immediately diluted 1:2 with city water and filtered
      on a rotary vacuum filter. A 7-minute cycle is used on the filter with
      slurry at the overflow level. City water at 35.degree.C. was used for
      washing. The filter cake after washing is dried at 500.degree.F. for 6-12
      hours. The resulting magnesia-silica complex has a MgO:SiO.sub.2 mole
      ratio of 1:1.6.
PAL  Analysis of the complex is as follows:
TBL  MgO               25.9%                                                   
      SiO.sub.2        59.6%                                                   
     Ignition loss     11.3%                                                   
     Na                0.08%                                                   
     SO.sub.4          0.007%                                                  
PAC  EXAMPLE 8
PAR  Two solutions are prepared as follows:
PA1  a. Magnesium sulfate solution having a concentration of 180 g MgSO.sub.4 /l
      is prepared by neutralizing magnesium hydroxide with sulfuric acid.
PA1  b. A sodium silicate solution having a concentration of 9% and mole ratio,
      Na.sub.2 O:SiO.sub.2, of 1:1.6 is prepared.
PAR  The two solutions (a) and (b) are reacted by simultaneously pumping into a
      reactor vessel (1 gallon capacity) equipped with an overflow spout. The
      flow rate of each stream is kept at 0.5-0.8 gallons per minute (gpm) with
      a combined flow rate of 1-1.5 gpm. The slurry is kept at 15-20 g
      MgSO.sub.4 /l excess by varying the flow of MgSO.sub.4 solution. The
      precipitate formed is immediately diluted 1:2 with city water and filtered
      on a rotary vacuum filter. A 7-minute cycle is used on the filter with
      slurry at the overflow level. City water at 35.degree.C. was used for
      washing. The filter cake after washing is dried at 500.degree.F. for 6-12
      hours. The resulting magnesia-silica complex has a MgO:SiO.sub.2 mole
      ratio of 1:1.6.
PAL  Analysis of the complex is as follows:
TBL  MgO               25.9%                                                   
      SiO.sub.2        59.6%                                                   
     Ignition loss     11.3%                                                   
     Na                0.15%                                                   
     SO.sub.4          0.007%                                                  
PAR  Additional procedures for the preparation of magnesia-silica complexes to
      be employed in the practice of the invention are set forth in U.S. Pat.
      application Ser. No. 267,276, said procedures being incorporated herein by
      reference.
PAR  Representative compositions of lithium material and a magnesia-silica
      complex in combination with MgO that may be employed in the practice of
      the invention are as follows:
PA1  a. 10 parts by weight of Li.sub.2 CO.sub.3 (4.0 as Li.sub.2 O) and 35 parts
      by weight of complex having an MgO:SiO.sub.2 mole ratio of 1:1.6 per 100
      parts by weight of MgO.
PA1  b. 8 parts by weight of LiOH (5.0 as Li.sub.2 O) and 180 parts by weight of
      complex having an MgO:SiO.sub.2 mole ratio of 7:1 per 100 parts by weight
      of MgO.
PA1  c. 0.5 parts by weight of LiF (0.3 as Li.sub.2 O) and 5 parts by weight of
      complex having an MgO:SiO.sub.2 mole ratio of 1:20 per 100 parts by weight
      of MgO.
PA1  d. 5 parts by weight of LiBO.sub.2 (1.5 as Li.sub.2 O) and 3 parts by
      weight of complex having an MgO:SiO.sub.2 mole ratio of 1:25 per hundred
      parts by weight of MgO.
PA1  e. 10 parts by weight of LiC.sub.2 H.sub.3 O.sub.2 (1.5 as Li.sub.2 O) and
      200 parts by weight of complex having an MgO:SiO.sub.2 mole ratio of 12:1
      per 100 parts by weight of MgO.
PAR  The unobvious and unexpected properties of the novel coating compositions
      of the invention are clearly evident from a consideration of the following
      resistivity studies wherein a composition of the invention is tested and
      the insulation produced is compared with that achieved by a commercial
      steel grade MgO by itself.
PAC  EXAMPLE 9
PA1  a. A coating slurry is made by mixing in a Waring Blender 60 g. of a
      commercial steel grade MgO, 12 g. of the amorphous magnesia-silica complex
      prepared in Example 1 and 1.5 grams of lithium hydroxide monohydrate and
      600 ml. of deionized water. The concentration of the slurry is
      approximately 1 lb. of solids per gallon. The mixture is allowed to stand
      to stabilize the viscosity. The resulting slurry is coated onto silicon
      steel strips (size 3 cm. .times. 30.5 cm.) at a coating weight of 0.061
      oz./ft..sup.2 based upon MgO and dried at 250.degree.-270.degree.C. The
      coated strips are then box-annealed in hydrogen atmosphere for 30 hours at
      1200.degree.C.
PA1  b. For comparative purposes a coating slurry is prepared according to the
      procedure (a) above having a concentration of 1 lb. of solids per gallon
      but containing only the commercial steel grade MgO of (a). Identical steel
      strips are coated as in (a).
PAR  After annealing and cooling, the excess coating was scrubbed off all
      samples with a nylon brush and a cloth. These strips were tested for
      resistance on both surfaces with a Franklin tester (ASTM-A344-60T). The
      results are as follows:
TBL  COATING MATERIAL  RESISTIVITY (ohm-cm.sup.2)                              
     ______________________________________                                    
     (a)  MgO, magnesia-silica                                                 
          complex, LiOH    274                                                 
     (b)  MgO              4.6                                                 
     ______________________________________                                    
PAC  EXAMPLE 10
PAR  An unobvious and unexpected improvement of the novel coating compositions
      of the invention is that a lower coating weight can be used to achieve the
      desired improvement in resistivity. Thus, a further cost reduction in
      processing silicon steel is anticipated by using the novel compositions.
      The following experiment clearly demonstrates the advantages of using the
      novel coating compositions.
PA1  a. A coating slurry is made by mixing in a Waring blender a product
      containing 39 g. of a commercial steel grade MgO and 21 g. of the
      amorphous magnesia-silica complex prepared in Example 1 and 500 ml. of
      deionized water. The concentration of the slurry is approximately 1 lb. of
      solids per gallon. The mixture is allowed to stand to stabilize the
      viscosity. The resulting slurry is coated onto silicon steel strips (size
      3 cm .times. 30.5 cm.) at a coating weight of 0.041 oz./ft..sup.2 and
      dried at 250.degree. -270.degree.C. The coated strips are then
      box-annealed in hydrogen atmosphere for 30 hours at 1200.degree.C.
PA1  b. A coating slurry is prepared according to procedure (a) above and having
      a concentration of 1.5 lbs. of solids per gallon. Identical product and
      steel strips are used. The coating weight is 0.082 oz./ft..sup.2.
PA1  c. A coating slurry is prepared according to procedure (a) above and having
      a concentration of 2 lbs. of solids per gallon. Identical product and
      steel strips are used. The coating weight is 0.151 oz./ft..sup.2.
PA1  d. A coating slurry is prepared according to procedure (a) above and having
      a concentration of 1 lb. of solids per gallon. 3 G. of lithium hydroxide
      monohydrate (LiOH.H.sub.2 O) is added to the mixture. Identical MgO,
      magnesia-silica complex are used and identical steel strips are coated as
      in (a).
PA1  e. and f. For comparative purposes, coating slurries are prepared according
      to procedure (a) above having concentrations of 1 and 1.5 lb. of solids
      per gallon, respectively, but containing only the commercial steel grade
      MgO of (a). Identical steel strips are coated as in (a).
PAR  After annealing and cooling, the excess coating is scrubbed off all samples
      with a nylon brush and a cloth. These strips are tested for resistivity on
      both surfaces with a Franklin tester (ASTM-A344-60T). The results are as
      follows:
TBL                           Coating                                          
                  Coating Bath                                                 
                              Weight   Resistivity                             
     Coating Material                                                          
                  Concentration                                                
                              oz/ft..sup.2                                     
                                       ohm-cm.sup.2                            
     ______________________________________                                    
     (a) MgO, magnesia-                                                        
                      1 lb/gal    0.041  7.6                                   
         silica complex                                                        
     (b) MgO, magnesia-                                                        
                      1.5 lb/gal  0.082  30.6                                  
         silica complex                                                        
     (c) MgO, magnesia-                                                        
                      2 lb/gal    0.151  47.7                                  
         silica complex                                                        
     (d) MgO (LiOH.H.sub.2 O)                                                  
                      1 lb/gal    0.037  380.6                                 
         magnesia-silica                                                       
         complex                                                               
     (e) MgO          1 lb/gal    0.055  3.3                                   
     (f) MgO          1.5 lb/gal  0.096  4.0                                   
     ______________________________________                                    
PAR  The above experiments unequivocally demonstrate that magnesium oxide
      currently employed to coat grain-oriented silicon steel gives relatively
      low resistance whereas the identical MgO coating containing a lithium
      material and an amorphous magnesia-silica complex results in the
      production of a film having a considerably higher resistance. Comparable
      results to that indicated above are achieved employing other
      representative lithium materials and non-crystalline magnesia-silica
      complexes encompassed within the scope of the invention.
PAR  Although specific embodiments of the invention have been described herein,
      it is not intended to limit the invention solely thereto but to include
      all of the obvious variations and modifications within the spirit and
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition for coating magnetic ferrous material prior to the step of
      annealing said material comprising MgO, Mg(OH).sub.2 or mixtures thereof,
      at least one lithium compound and at least one magnesia-silica complex
      containing from about 0.001 to 2.0% by weight of an alkali metal oxide or
      hydroxide wherein the mole ratio of the MgO:SiO.sub.2 is from about 1:25
      to 14:1, said magnesia-silica complex being amorphous as indicated by its
      X-ray powder diffraction pattern and exhibiting the following differential
      thermal behavior characteristics: an endothermic peak at about
      250.degree.C., an exothermic peak at about 820.degree. and at about
      980.degree.C.
NUM  2.
PAR  2. The composition of claim 1 wherein the magnesia-silica complex has a
      MgO:SiO.sub.2 mole ratio of from about 1:13 to 7:1 and the alkali metal
      oxide or hydroxide is from about 0.01 to 1.0% by weight of the
      magnesia-silica complex and the lithium compound is selected from the
      group consisting of lithium carbonate, lithium hydroxide, lithium
      fluoride, lithium borate, lithium sulfate, lithium oxide, lithium lactate,
      lithium phosphate, lithium silicate, lithium dichromate, and lithium
      nitrate.
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ABST
PAL  Novel amorphous magnesia-silica complexes containing from about 0.001 to
      2.0 percent by weight of an alkali metal oxide, wherein the mole ratio of
      MgO:SiO.sub.2 of said complexes is from about 1:25 to 14:1.
PARN
PAR  This is a division of application Ser. No. 512,562, filed Oct. 7, 1974,
      which in turn is a continuation-in-part of U.S. Pat. Ser. No. 486,790,
      filed July 9, 1974, now abandoned, which in turn is a continuation of U.S.
      Pat. Ser. No. 267,276, filed June 29, 1972, now abandoned, which in turn
      is a continuation-in-part of U.S. Pat. Ser. No. 195,010, filed Nov. 2,
      1971, now abandoned.
BSUM
PAR  This invention relates to novel amorphous magnesia-silica complexes
      containing from about 0.001 to 2.0 percent by weight of an alkali metal
      oxide, the mole ratio of MgO:SiO.sub.2 of said complex being from about
      1:25 to 14:1. The invention further relates to the use of said complexes
      as coatings for grain oriented silicon steel. The invention further
      relates to employing the amorphous magnesia-silica complex as an additive
      for magnesium oxide/magnesium hydroxide coatings for ferrous substrates.
PAR  In many fields of use and, in particular, in the electrical industry, it is
      necessary to provide a coating on ferrous material. This coating desirably
      performs the function of separating and purifying the ferrous material and
      reacting with surface silica in the steel to form an electrical insulating
      layer. For example, in the transformer art, the cores of the transformers
      are usually formed of a ferrous material, such as silicon steel, which may
      be provided with a preferred grain growth orientation to provide optimum
      electrical and magnetic properties. It has been found necessary to provide
      a coating on the ferrous material prior to the final high temperature
      grain growth anneal. This coating will perform three separate functions.
      The first function of the coating is to provide separation of the various
      turns or layers of the coiled material to prevent their sticking or
      welding together during high temperature anneals. A second function is
      that of aiding in the chemical purification of the ferrous material to
      develop the desired optimum magnetic characteristics of such material. The
      third function of the coating is to form on the surface of the ferrous
      material a refractory type coating which will provide electrical
      insulation of one layer of ferrous material from the next during its use
      as a core in a transformer or in other electrical apparatus such as motor
      armatures or the like.
PAR  In the present state of the electrical apparatus art, the most widely used
      coating for the ferrous material which is used as the magnetic core of the
      electrical apparatus is a coating of magnesium oxide and/or magnesium
      hydroxide. These coatings are, in general, applied to the ferrous material
      in the form of a suspension of magnesium oxide and/or magnesium hydroxide
      in water. The suspension comprises a quantity of magnesium oxide in water
      and is mixed sufficiently for the desired application; the magnesium oxide
      being hydrated to an extent dependent on the character of the oxide used,
      the duration of mixing and the temperature of the suspension. Therefore,
      the term magnesium oxide coating is with reference to a coating of
      magnesium hydroxide which may include magnesium oxide which has not been
      hydrated.
PAR  As set forth in U.S. Pat. No. 2,385,332, in the names of Victor W.
      Carpenter et al., during a heat treatment at suitable temperatures,
      magnesium oxide can be caused to react with silica particles on or near
      the surfaces of previously oxidized silicon-iron sheet stock to form a
      glass-like coating, which coating is useful as an interlaminary insulator
      in the use of silicon-iron in electrical apparatus, e.g., in the cores of
      transformers.
PAR  In the production of silicon steel for the magnetic cores of transformers,
      the steel is generally annealed to provide optimum grain growth and grain
      orientation which develops the magnetic properties of the silicon steel.
      This anneal is usually carried out in a hydrogen atmosphere at
      temperatures ranging from approximately 950.degree. to 1500.degree.C. from
      about 2 to about 50 hours. This anneal also aids in purifying the steel,
      aided by the coating placed on the steel. During this anneal a portion of
      the magnesium oxide coating reacts with the silica on the surface of the
      silicon steel to form a glass-like coating of magnesium silicate. This
      glass-like coating provides electrical insulation during the use of the
      silicon steel in electrical apparatus, e.g., in the cores of transformers.
PAR  A number of additives have been proposed in the past to be added to the
      magnesium hydroxide and/or magnesium oxide in order to improve the
      MgO-SiO.sub.2 reaction. For example, U.S. Pat. No. 2,809,137 (Robinson)
      involves the use of silica to be combined with the MgO for the purpose of
      improving the insulating properties of the glass-like film obtained after
      high temperature annealing. U.S. Pat. No. 2,394,047 (Elsey, et al) relates
      to the use of additives to produce oxidized surface metal and to enhance
      glass film formation. In addition to the above, the following U.S. Patents
      are directed to various materials including silicas and silicates which
      have been proposed as additives for the coating of ferrous materials. U.S.
      Pat. Nos. 3,583,887; 3,214,302; 3,562,029; 2,739,085; and 2,354,123.
PAR  In addition to utilizing the amorphous magnesia-silica complexes per se as
      coatings for silicon steel, these novel materials may be employed as
      additives for conventional MgO coatings. Accordingly, this invention
      further relates to coatings containing magnesium oxide/magnesium hydroxide
      and at least one amorphous magnesia-silica complex which when applied to
      silicon sheet steel impart superior insulation qualities to the silicon
      steel after the final high temperature anneal in addition to serving as a
      separator coating for the sheet material during heat treatment and aiding
      in the purification of the magnetic material.
PAR  The novel amorphous magnesia-silica complexes of the invention include
      those materials wherein the mole ratio expressed as MgO:SiO.sub.2 may vary
      from about 1:25 to 14:1. The complexes of the invention contain from about
      0.001 to 2.0 percent by weight of an alkali metal oxide. Representative of
      the alkali metals that may be employed in the practice of the invention
      are sodium, lithium, potassium and the like. Of particular preference are
      the amorphous (i.e., non-crystalline) magnesia-silica complexes having a
      molar ratio of MgO:SiO.sub.2 of from about 1:13 to 7:1 and from about 0.01
      to 1.0 percent by weight of alkali metal. An example of a complex that has
      highly desirable properties is one having a MgO:SiO.sub.2 molar ratio of
      1:1.6 and from 0.05 to 0.4% by weight of sodium oxide. Of particular
      interest are those complexes wherein the sodium oxide is from 0.1 to 0.2%
      by weight.
PAR  Insofar as the alkali metal is concerned, it should be noted that, although
      the alkali metal oxide is expressed throughout the specification and
      claims as a component of the magnesia-silica complex, one skilled in the
      art will readily appreciate that the alkali metal oxide may be provided
      from a source separate from the magnesia-silica complex. Accordingly,
      where the complex is employed as the sole coating agent, the appropriate
      level of alkali metal oxide may be provided by either the complex per se
      or where a complex free of alkali metal oxide is utilized, any convenient
      source of alkali metal oxide may be employed in combination with the
      magnesia-silica complex to insure that the coating composition contains
      the appropriate level of alkali metal oxide. Included among the materials
      that may be used in the practice of the invention to provide the alkali
      metal oxide are hydroxides, carbonates and the like. Where the
      magnesia-silica complex is employed as an additive to be utilized in
      conjunction with MgO, as indicated above, the alkali metal oxide component
      may be included as a component of the complex or made available from
      either the MgO or an independent source such as the hydroxides and
      carbonates discussed above.
PAR  The novel magnesia-silica complexes of the invention may be conveniently
      prepared by the precipitation reaction between a solution of a magnesium
      salt such as MgCl.sub.2, MgSO.sub.4 or Mg(NO.sub.3).sub.2 and a solution
      of silicate salt such as an alkali metal silicate (e.g., sodium silicate,
      or potassium silicate). The alkali metal silicates that may be employed as
      reactants include those wherein the mole ratio of alkali metal (M) to
      silicate is 1:25 to 14:1 expressed as M.sub.2 O:SiO.sub.2.
PAR  As indicated previously, amorphous magnesia-silica complexes which do not
      contain the alkali metal oxide may be employed in the practice of the
      invention if the alkali metal oxide is provided from another source. In
      such cases, other soluble silicate salts may be employed in the
      preparation of the amorphous magnesia-silica complex. The conditions under
      which the precipitation reaction occurs are not critical and involve
      techniques well known to the art. For example, an amorphous,
      magnesia-silica complex having a mole ratio of 1:2 with respect to
      MgO:SiO.sub.2 may be prepared by a precipitation process employing an
      alkali metal silicate having a mole ratio of 1:2 with respect to the
      M.sub.2 O:SiO.sub.2 in the presence of excess magnesium salt.
PAR  In addition to the above, other procedures that may be employed in the
      preparation of the novel magnesia-silica complexes of the invention are as
      follows:
PA1  1. Magnesia is precipitated by reacting MgCl.sub.2 or MgSO.sub.4 with NaOH
      or dolomite or Ca(OH).sub.2 to form Mg(OH).sub.2.
PA1  2. silica is prepared by acidifying sodium silicate or any alkaline
      silicates.
PA1  3. The two slurries are combined in a wet state to afford an intimate mix,
      filter off the impurities by washing, extraction.
PA1  4. The product is dried in a suitable drier.
PAL  Another convenient method of preparation is as follows:
PA1  1. Sodium hydroxide and magnesium chloride or sulfate are reacted to form
      Mg(OH).sub.2.
PA1  2. mix the Mg(OH).sub.2 slurry with sodium silicate.
PA1  3. React 2 with hydrochloric acid to form the magnesia-silica complex.
PA1  4. Filter and wash off NaCl or Na.sub.2 SO.sub.4 impurities.
PA1  5. The filter cake is dried in a suitable drier.
PAR  The amorphous property of the magnesia-silica complex is apparent from a
      consideration of the X-ray diffraction pattern of representative
      magnesia-silica complexes of the invention. In Table I, X-ray powder
      diffraction data of the magnesia-silica complexes are reported. In order
      to illustrate the uniqueness of the magnesia-silica complex, the X-ray
      powder diffraction patterns were obtained for prior art colloidal silica,
      MgO-colloidal silica compositions and fibrous magnesium silicate. These
      prior art materials have been taught for use in the coating of silicon
      steels.
PAR  The d-spacings and hkl planes (Miller Indices) of the materials tested are
      reported including an identification of the crystalline structure, where
      appropriate.
PAR  The X-ray diffraction studies were conducted in an X-ray diffractometer
      under the following conditions:
TBL               Radiation                                                    
     Formulation  Source    Filter  Voltage                                    
                                           Current                             
     ______________________________________                                    
     a.  Magnesia-silica                                                       
                      CuK.alpha.                                               
                                None  40 KV  22MA                              
         Complex                                                               
         (Example 1)                                                           
     b.  Magnesia-silica                                                       
                      CuK.alpha.                                               
                                None  40 KV  22 MA                             
         Complex                                                               
         (Example 2)                                                           
     c.  Magnesia-silica                                                       
                      CuK.alpha.                                               
                                None  40 KV  22 MA                             
         Complex                                                               
         (Mole Ratio-                                                          
         1.7:1)                                                                
     d.  Magnesia-silica                                                       
                      CuK.alpha.                                               
                                Ni    40 KV  20 MA                             
         Complex                                                               
         (Mole Ratio-                                                          
         1:1.5)                                                                
     e.  Magnesia-silica                                                       
                      CuK.alpha.                                               
                                Ni    40 KV  20 MA                             
         Complex                                                               
         (Example 8)                                                           
     f.  Magnesia-silica                                                       
                      CuK.alpha.                                               
                                Ni    40 KV  20 MA                             
         Complex                                                               
         (Mole Ratio-                                                          
         1:1.6)                                                                
     g.  Colloidal Silica                                                      
                      CuK.alpha.                                               
                                Ni    40 KV  20 MA                             
         (LUDOX)                                                               
     h.  Colloidal Silica                                                      
                      CuK.alpha.                                               
                                Ni    40 KV  20 MA                             
         + MgO                                                                 
         (1:1 by weight)                                                       
     i.  Colloidal Silica                                                      
                      CuK.alpha.                                               
                                Ni    40 KV  20 MA                             
         + MgO                                                                 
         (1:4 by Weight)                                                       
     j.  Fibrous Magne-                                                        
                      CuK.alpha.                                               
                                Ni    40 KV  20 MA                             
         sium Silicate                                                         
     k.  Fibrous Magne-                                                        
                      CuK.alpha.                                               
                                Ni    40 KV  20 MA                             
         sium Silicate                                                         
     ______________________________________                                    
PAR  The techniques used in these studies followed the commonly accepted
      Debye-Scherrer Method as described in Klug & Alexander's X-Ray Diffraction
      Procedure for Polycrystalline and Amorphous Materials (Wiley, 1954) pp.
      206-209.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                           Miller  Identified                                  
                           Indices Crystalline                                 
                   d (A)   (hkl)   Structure                                   
     __________________________________________________________________________
     a.                                                                        
       Magnesia Silica                                                         
                   --      --      Amorphous                                   
       Complex MgO:SiO.sub.2                                                   
       mole ratio =                                                            
       1:1.6 and contains                                                      
       .774% Na.sub.2 O                                                        
       (Example 1)                                                             
     b.                                                                        
       Magnesia Silica                                                         
                   1.607   531     Clinoenstatite                              
       Complex MgO:SiO.sub.2                                                   
                   2.5     131     Enstatite                                   
       mole ratio =        202     Clinoenstatite                              
       1:1.6 heated at                                                         
                   2.87    610     Enstatite                                   
       1000.degree.C. for  310     Clinoenstatite                              
                                             Mostly                            
       3 minutes   2.98    221     Clinoenstatite                              
                                             Amor-                             
       (Example 2) 3.17    420     Enstatite phous                             
                           220     Clinoenstatite                              
                   3.30    121     Enstatite                                   
                           021     Clinoenstatite                              
     c.                                                                        
       Magnesia Silica                                                         
                   --      --      Amorphous                                   
       Complex MgO:SiO.sub.2                                                   
       mole ratio =                                                            
       1.7:1                                                                   
     d.                                                                        
       Magnesia Silica                                                         
                   3.229   --                                                  
       Complex MgO:SiO.sub.2                                                   
                   2.5902  --      Amorphous                                   
       mole ratio =                                                            
       1:1.5                                                                   
     e.                                                                        
       Magnesia Silica                                                         
                   2.829   --                                                  
       Complex MgO:SiO.sub.2                                                   
                   2.5902  --      Amorphous                                   
       mole ratio =                                                            
                   1.545   --                                                  
       1:1.6 and contains                                                      
       0.20% Na.sub.2 O                                                        
       (Example 8)                                                             
     f.                                                                        
       Magnesia Silica                                                         
                   --      --      Amorphous                                   
       Complex MgO:SiO.sub.2                                                   
       mole ratio =                                                            
       1:1.6                                                                   
     g.                                                                        
       Colloidal   4.07    101     .alpha.-cristobalite                        
       Silica                                                                  
       (Ludox)                                                                 
     h.                                                                        
       Colloidal   4.776   001     Magnesia                                    
       Silica + MgO                                                            
                   2.728   100     Magnesia                                    
       1 to 1 ratio                                                            
                   2.366   101     Magnesia                                    
       by weight   1.792   102     Magnesia                                    
                   1.574   110     Magnesia                                    
                   1.493   111     Magnesia                                    
                   1.373   103     Magnesia                                    
                   1.310   201     Magnesia                                    
     i.                                                                        
       Colloidal Silica                                                        
                   4.760   001     Magnesia                                    
       + MgO, 1:4 ratio                                                        
                   2.720   100     Magnesia                                    
       by weight   2.360   101     Magnesia                                    
                   1.789   102     Magnesia                                    
                   1.569   110     Magnesia                                    
                   1.491   111     Magnesia                                    
                   1.370   103     Magnesia                                    
                   1.309   201     Magnesia                                    
     j.                                                                        
       Fibrous Magnesium                                                       
                   4.766   001     Magnesia                                    
       Silicate    4.548   020     Serpentine                                  
                                   (3MgO.2SiO.sub. 2 .2H.sub.2 O)              
                   3.660   0.0.12  Serpentine                                  
                   3.336   029     Serpentine                                  
                   2.966   0.2.11  Serpentine                                  
                   2.527   --      --                                          
                   2.499   206     Serpentine                                  
                   2.453   0.2.15  Serpentine                                  
                   2.372   209     Serpentine                                  
                   2.154   2.14.9  Serpentine                                  
                   2.097   2.0.15  Serpentine                                  
                   1.799   2.0.18  Serpentine                                  
                   1.617   2.0.21  Serpentine                                  
                   1.536   060     Serpentine                                  
                   1.507   2.0.24  Serpentine                                  
                   1.485   220     Magnesia                                    
     k.                                                                        
       Fibrous Magnesium                                                       
                   7.310   006     Serpentine                                  
       Silicate (6 layers          (3MgO.2SiO.sub. 2 .2H.sub.2 O)              
       ortho type) 4.766   001     Magnesia                                    
                   4.570   020     Serpentine                                  
                   4.227   024     Serpentine                                  
                   3.660   0.0.12  Serpentine                                  
                   2.506   206     Serpentine                                  
                   2.372   209     Serpentine                                  
                   1.796   2.0.18  Serpentine                                  
                   1.538   060     Serpentine                                  
     __________________________________________________________________________
PAR  The colloidal silica reported in formulations (g), (h) and (i) above is
      commercially available under the name of "LUDOX" and is a product of E. I.
      du Pont de Nemours and Company and is taught as a coating material for
      silicon steel in U.S. Pat. No. 2,809,137. Formulation (h) was prepared
      according to U.S. Pat. No. 2,809,137 (Col. 3, lines 60-65). Formulation
      (i) was prepared according to U.S. Pat. No. 2,809,137 (Col. 3, lines
      66-70).
PAR  The fibrous magnesium silicates reported in formulations (j) and (k)
      correspond to the fibrous magnesium silicate disclosed in U.S. Pat. No.
      3,562,029 as useful in the coating of silicon steel.
PAR  The studies reported in Table I indicate that the magnesia-silica complexes
      of the invention are amorphous, whereas the prior art materials (colloidal
      silica, colloidal silica + MgO, and fibrous magnesium silicate) are
      crystalline in nature.
PAR  The thermal behavior of the novel magnesia-silica complexes of the
      invention in a Differential Thermal Analyzer (DTA) have been studied. In
      addition, a study of the Differential Thermal Analysis of the following
      prior art coating materials was conducted: commercial steel grade MgO,
      colloidal silica, colloidal silica + MgO, fibrous magnesium silicate,
      commercial steel grade MgO + fibrous magnesium silicate. Also included
      within the study is the DTA of a composition within the scope of the
      invention--commercial steel grade MgO and the novel magnesia-silica
      complex.
PAR  The Differential Thermal Analyses of the materials studied were conducted
      under the following conditions:
PA1  atmosphere:air, 760 MM
PA1  reference:alumina
PA1  heating rate:10.degree.C./min.
PA1  starting temperature:room temperature
PAC  DIFFERENTIAL THERMAL ANALYSIS
PAR  A. The novel magnesia-silica complexes of the invention exhibit the
      following thermal behavior characteristics:
PA1  a. endothermic peak at about 250.degree.C.;
PA1  b. exothermic peak at about 820.degree.C.;
PA1  c. exothermic peak at about 980.degree.C.
PAR  B. Commercial steel grade MgO + magnesia silica complex exhibits the
      characteristic endothermic and exothermic peaks of the magnesia-silica
      complex and an additional endothermic peak at about 500.degree.C.
PAR  C. Commercial steel grade MgO exhibits one endothermic peak at
      380.degree.C.
PAR  D. Colloidal silica exhibits one endothermic peak at 160.degree.C. and one
      exothermic peak at 1000.degree.C.
PAR  E. Colloidal silica + MgO exhibits one endothermic peak at 500.degree.C.
      and one exothermic peak at 835.degree.C.
PAR  F. Colloidal silica + MgO exhibits one endothermic peak at 500.degree.C.
      and one exothermic peak at 1000.degree.C.
PAR  G. Fibrous magnesium silicate exhibits endothermic peaks at 435.degree. and
      720.degree.C. and one exothermic peak at 825.degree.C.
PAR  H. Fibrous magnesium silicate + commercial grade MgO exhibits endothermic
      peaks at 465.degree. and 690.degree.C. and one exothermic peak at
      830.degree.C.
PAR  The colloidal silica reported in formulations D, E, and F is commercially
      available under the name of LUDOX -- a product of E. I. du Pont de Nemours
      and Company and is taught as a coating material for silicon steel in U.S.
      Pat. No. 2,809,137. Formulation E was prepared according to U.S. Pat. No.
      2,809,137 (Col. 3, lines 60-65). Formulation F was prepared according to
      U.S. Pat. No. 2,809,137 (Col. 3, lines 66-70).
PAR  The fibrous magnesium silicates reported in formulations G and H correspond
      to the fibrous magnesium silicate disclosed in U.S. Pat. No. 3,562,029 as
      useful in the coating of silicon steel.
PAR  Although the exact endothermic and exothermic reaction temperatures of the
      novel magnesia-silica complex were disclosed in this application, one
      skilled in the art would appreciate that minor variations from these exact
      thermal reaction temperatures are within the scope of our invention.
PAR  The unique magnesia-silica complexes may be applied as a coating to silicon
      steel using techniques well known to the art. Among the well known
      procedures that may be employed in applying the coating include the
      preparation of a slurry of the magnesia-silica complex in water. Where the
      complex is employed in conjunction with MgO, a slurry is made containing
      the complex and MgO in water. The slurry may be applied in the form of a
      thin coating on the magnetic sheet material by any convenient, suitable
      means including art recognized techniques such as immersion, brushing or
      spraying. The wet coating thus applied is dried by suitable means. The
      coated silicon steel in usually wound or stacked condition, is placed in
      an annealing furnace. A convenient and effective coating technique
      involves passing a continuous strip of the material to be coated through a
      bath containing a suspension of the complex followed by subjecting the
      coated material to a drying furnace.
PAR  Where the magnesia-silica complex is employed per se in the coating
      preparation (not in combination with MgO), the concentration of the
      complex is not critical and may vary from about 1 to about 50 percent by
      weight of the slurry. A range of amorphous magnesia-silica complex which
      is particularly effective is from 2 to 20 percent by weight of the slurry.
      One skilled in the art will appreciate, however, that the concentration of
      complex will depend upon the consistency of the slurry that can be
      tolerated, the manner in which the slurry is to be applied, and the
      thickness of the final coating which can be effectively processed.
      Furthermore, the concentration of the magnesia-silica complex will further
      depend upon the particular complex of the invention that is utilized in
      the coating preparation.
PAR  When the amorphous magnesia-silica complex is used as an additive for, or
      in combination with, the MgO/Mg(OH).sub.2 coating, the concentration of
      complex with respect to the amount of the MgO employed in the coating
      (exclusive of additive) is not critical and may vary from about 2 to about
      200 parts by weight per 100 parts by weight of magnesium oxide. A
      satisfactory concentration for most practical purposes has been found to
      be from about 10 to 50 parts by weight of complex per 100 parts by weight
      of MgO. The concentration of the magnesia-silica complex-MgO combination
      in the coating slurry is not critical and may vary from about 1 to about
      50% by weight of the slurry. A particularly effective concentration is
      from 2-20% by weight of the slurry. As indicated previously the
      concentration of the complex in the coating composition will depend upon
      various factors, including the composition of the magnesia-silica complex.
      It should be noted that the particular grade of MgO to be utilized is not
      critical and any commercially available MgO may be employed in the
      practice of the invention.
PAR  The compositions of the invention find applicability in the coating of
      silicon steels, including those of high permeability that have recently
      become of interest, particularly in the electrical industry. Examples of
      steels of this type include those reported in U.S. Pat. No. 3,676,227.
PAR  Representative compositions of magnesia-silica complexes in combination
      with MgO that may be employed in the practice of the invention are as
      follows:
PA1  a. 35 parts by weight of complex having an MgO:SiO.sub.2 mole ratio of
      1:1.6 per 100 parts by weight of MgO.
PA1  b. 180 parts by weight of complex having an MgO:SiO.sub.2 mole ratio of 7:1
      per 100 parts by weight of MgO.
PA1  c. 5 parts by weight of complex having an MgO:SiO.sub.2 mole ratio of 1:20
      per 100 parts by weight of MgO.
PA1  d. 3 parts by weight of complex having an MgO:SiO.sub.2 mole ratio of 1:25
      per hundred parts by weight of MgO.
PA1  e. 200 parts by weight of complex having an MgO:SiO.sub.2 mole ratio of
      12:1 per 100 parts by weight of MgO.
PAR  The amorphous magnesia-silica complex may be employed in conjunction with
      the MgO/Mg(OH).sub.2 coatings in accordance with procedures well known in
      the coating of silicon steel.
PAR  The amount of magnesia-silica complex per se or magnesia-silica complex
      when used in combination with MgO that is applied to the silicon steel is
      similar to the amounts that heretofore have been conventionally employed
      in coating preparations. The coating weight will vary from about 0.02 to
      0.70 ounces per square foot of steel surface.
PAR  The manner and time at which the complex is combined with the magnesium
      oxide is not critical. For example, procedures which may be utilized
      include adding the amorphous magnesia-silica complex to a magnesium
      material, such as magnesium basic carbonate or Mg(OH).sub.2, prior to its
      conversion to the magnesium oxide; blending the complex with the MgO or
      Mg(OH).sub.2 ; adding the amorphous material separately during coating
      slurry make-up; or mixing the magnesia-silica complex in the water used
      for coating slurry make-up prior to the addition of the MgO powder.
PAR  The annealing of the silicon steel that has previously been coated with the
      coating composition of the invention may be carried out in a neutral or
      reducing atmosphere at temperatures ranging from approximately 950.degree.
      to 1,500.degree.C. for from about 2 to 50 hours using techniques well
      known to the art.
PAR  The unobvious properties of the instant invention are readily apparent when
      it is appreciated that commercially available steel grade magnesium oxides
      in current use in the grain-oriented silicon steel industry give
      relatively low resistances of the order of 1-4 ohm-cm.sup.2 according to
      the Franklin Test (ASTM-A344-60T), a widely used test that is utilized in
      the steel industry to determine the surface insulation characteristics of
      refractory films. However, the identical MgO material containing the novel
      amorphous magnesia-silica complexes of the invention resulted in an
      insulation of up to 1,000 ohm-cm.sup.2 by the identical Franklin test.
PAR  It may be noted that the current practice of the steel industry in its
      attempt to improve insulation involves using an expensive and time
      consuming phosphate coating after the annealing step. This is done to
      improve the insulation from 2-4 ohm-cm.sup.2 to a minimum of about 20
      ohm-cm.sup.2. By using the novel magnesia-silica complexes of the
      invention, a cost reduction in processing silicon steel is anticipated
      since the phosphate coating can be eliminated or at least reduced to a
      more easily controlled step. Furthermore, in the use of the
      magnesia-silica complexes no additional equipment is needed because the
      handling and processing properties of the complex are identical to
      conventional MgO coating lines.
PAR  It should be noted that, in addition to silicon steel, materials such as
      nickel-iron alloys, common iron and other ferromagnetic substances may be
      effectively coated in accordance with the practice of the invention.
PAR  In addition, where the magnesia-silica complex is to be utilized in
      combination with a known refractory oxide such as MgO, one skilled in the
      art will readily appreciate that other refractory oxides and hydroxides
      such as Al.sub.2 O.sub.3, Al(OH).sub.3, CaO, Ca(OH).sub.2, TiO.sub.2,
      MnO.sub.2, ZnO, BeO, Cr.sub.2 O.sub.3, SiO.sub.2, ThO.sub.2,ZrO.sub.2, FeO
      and the like may be employed in place of or in combination with MgO.
PAR  A representative example for the preparation of a novel magnesia-silica
      complex of the invention is as follows:
DETD
PAC  EXAMPLE 1
PAR  Two solutions are prepared as follows:
PA1  a. A magnesium chloride solution having a concentration of 213 grams of
      MgCl.sub.2 per liter is prepared from MgCl.sub.2.6H.sub.2 O crystals.
PA1  b. A 12% solution of sodium silicate is prepared having a mole ratio of
      Na.sub.2 O:SiO.sub.2 of 1:1.6.
PAR  The two solutions (a) and (b) are reacted by simultaneously pumping into a
      reactor vessel (1 gallon capacity) equipped with an overflow spout. The
      flow rate of each stream is kept at 0.5-0.8 gallons per minute (gpm) with
      a combined flow rate of 1-1.5 gpm. The slurry is kept at 0.4-2.1 g.
      MgCl.sub.2 /1 excess by varying the flow of MgCl.sub.2 solution. The
      slurry after stirring for 10 hours is filtered with a leaf filter and
      washed with 45.degree.C. city water, dried at 220.degree.-250.degree.F.
      for 12 hours and hammermilled to a fine powder. The resultant
      magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 1:1.6 and
      contains 0.774% Na.sub.2 O. Chemical analysis of the complex is as
      follows:
     MgO             25.0%                                                     
     SiO.sub.2       59.8%                                                     
     Loss on ignition                                                          
                     15.3%                                                     
     NaCl            0.066%                                                    
     Bulk density    0.74 g/cc                                                 
PAR  X-ray diffraction analysis reveals that the product is completely amorphous
      indicating that it is a magnesia-silica complex rather than a crystalline
      form of MgO, silica or silicate. Differential thermal analysis followed by
      X-ray diffraction analysis of this material at temperatures from
      20.degree. to 1,200.degree.C. showed a poorly defined clinoenstatite phase
      at about 820.degree.C.
PAC  EXAMPLE 2
PAR  The magnesia-silica complex prepared in Example 1 is heated in a muffle
      furnace at 1,000.degree.C. for 3 minutes. X-ray diffraction analysis
      reveals that this material is largely amorphous.
PAC  EXAMPLE 3
PAR  Two solutions are prepared as follows:
PA1  1. A magnesium chloride solution is made by dissolving 454 g. of
      MgCl.sub.2.6H.sub.2 O in 1000 ml. of deionized water. The concentration of
      this solution is 213 g. MgCl.sub.2 /1.
PA1  2. A sodium silicate solution is prepared having a concentration of 12%
      solids and a mole ratio of Na.sub.2 O:SiO.sub.2 of 1.7:1.
PAR  The two solutions are reacted according to the procedure of Example 1. The
      excess MgCl.sub.2 measured is 1.75 g MgCl.sub.2 / 1. The resultant
      magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 1.7:1 and 0.01%
      Na.sub.2 O.
PAL  Chemical analysis of the complex shows:
     MgO             42.5%                                                     
     SiO.sub.2       37.7%                                                     
     Loss on Ignition                                                          
                     19.8%                                                     
     NaCl            0.40%                                                     
     Na.sub.2 O      0.01%                                                     
     Bulk density    0.31 g/cc                                                 
PAC  EXAMPLE 4
PAR  Two solutions are prepared as follows:
PA1  1. The magnesium chloride solution used in Example 1.
PA1  2. A sodium silicate solution having a concentration of 12% solids and a
      mole ratio of Na.sub.2 O:SiO.sub.2 of 13:1.
PAR  The two solutions are reacted according to the procedure described in
      Example 1. The excess MgCl.sub.2 measured is 1.92 g MgCl.sub.2 /1. The
      resultant magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 13:1
      and 0.01% Na.sub.2 O. Chemical analysis of the complex shows:
TBL  MgO             63.2%                                                     
     SiO.sub.2       7.1%                                                      
     Loss on Ignition                                                          
                     29.7%                                                     
     NaCl            0.40%                                                     
     Na.sub.2 O      0.01%                                                     
     Bulk density    0.35 g/cc                                                 
PAC  EXAMPLE 5
PAR  Two solutions are prepared as follows:
PA1  1. The magnesium chloride solution used in Example 1.
PA1  2. A sodium silicate solution having a concentration of 12% solids and a
      mole ratio of Na.sub.2 O:SiO.sub.2 of 1:2.7.
PAR  The two solutions are reacted according to the procedure described in
      Example 1. The excess MgCl.sub.2 measured is 1.65 g MgCl.sub.2 /1. The
      resultant magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 1:2.7
      and 0.84% Na.sub.2 O. Chemical analysis of the complex shows:
TBL  MgO             16.5%                                                     
     SiO.sub.2       67.6%                                                     
     Loss on Ignition                                                          
                     14.9%                                                     
     NaCl            0.46%                                                     
     Na.sub.2 O      0.84%                                                     
     Bulk density    0.26 g/cc                                                 
PAC  EXAMPLE 6
PAR  Two solutions are prepared as follows:
PA1  1. An acidified magnesium chloride solution is prepared by adding 12.6
      moles of hydrochloric acid to 1 mole of magnesium chloride. The
      concentration is expressed as 213 g. MgCl.sub.2 /1.
PA1  2. A sodium silicate solution having mole ratio of Na.sub.2 O:SiO.sub.2 of
      1:1.6 is prepared as described in Example 1. The concentration is 12%
      solids.
PAR  The two solutions are reacted according to the procedure described in
      Example 1. The excess MgCl.sub.2 as measured is expressed as 1.07 g
      MgCl.sub.2 /1. The magnesia-silica complex after being dried and
      hammermilled has a MgO:SiO.sub.2 mole ratio of 1:14.2 and 0.54% Na.sub.2
      O. Chemical analysis of the powder shows:
TBL  MgO             4.2%                                                      
     SiO.sub.2       89.2%                                                     
     Loss on ignition                                                          
                     6.4%                                                      
     NaCl            0.18%                                                     
     Na.sub.2 O      0.54%                                                     
     Bulk density    0.11 g/cc                                                 
PAC  EXAMPLE 7
PAR  Two solutions are prepared as follows:
PA1  a. Magnesium sulfate solution having a concentration of 180 g. MgSO.sub.4
      /1 equivalent is prepared by neutralizing magnesium hydroxide with
      sulfuric acid.
PA1  b. A sodium silicate solution having a concentration of 9% and mole ratio,
      Na.sub.2 O:SiO.sub.2, of 1:1.6 is prepared.
PAR  The two solutions (a) and (b) are reacted by simultaneously pumping into a
      reactor vessel (1 gallon capacity) equipped with an overflow spout. The
      flow rate of each stream is kept at 0.5-0.8 gallons per minute (gpm) with
      a combined flow rate of 1-1.5 gpm. The slurry is kept at 15-20 g
      MgSO.sub.4 /1 excess by varying the flow of MgSO.sub.4 solution. The
      precipitate formed is immediately diluted 1:2 with city water and filtered
      on a rotary vacuum filter. A 7-minute cycle is used on the filter with
      slurry at the overflow level. City water at 35.degree.C. was used for
      washing. The filter cake after washing is dried at 500.degree.F. for 6-12
      hours. The resulting magnesia-silica complex has a MgO:SiO.sub.2 mole
      ratio of 1:1.6 and contains 0.10% Na.sub.2 O.
PAL  Chemical analysis of the complex is as follows:
TBL  MgO             25.9%                                                     
     SiO.sub.2       59.6%                                                     
     Ignition loss   11.3%                                                     
     Na.sub.2 O      0.10%                                                     
     SO.sub.4        0.007%                                                    
PAC  EXAMPLE 8
PAR  Two solutions are prepared as follows:
PA1  a. Magnesium sulfate solution having a concentration of 180 g MgSO.sub.4 /1
      is prepared by neutralizing magnesium hydroxide with sulfuric acid.
PA1  b. A sodium silicate solution having a concentration of 9% and mole ratio,
      Na.sub.2 O:SiO.sub.2, of 1:1.6 is prepared.
PAR  The two solutions (a) and (b) are reacted by simultaneously pumping into a
      reactor vessel (1 gallon capacity) equipped with an overflow spout. The
      flow rate of each stream is kept at 0.5-0.8 gallons per minute (gpm) with
      a combined flow rate of 1-1.5 gpm. The slurry is kept at 15-20 g
      MgSO.sub.4 /1 excess by varying the flow of MgSO.sub.4 solution. The
      precipitate formed is immediately diluted 1:2 with city water and filtered
      on a rotary vacuum filter. A 7-minute cycle is used on the filter with
      slurry at the overflow level. City water at 35.degree.C. was used for
      washing. The filter cake after washing is dried at 500.degree.F. for 6-12
      hours. The resulting magnesia-silica complex has a MgO:SiO.sub.2 mole
      ratio of 1:1.6 and contains 0.20% Na.sub.2 O.
PAL  Chemical analysis of the complex is as follows:
TBL  MgO             25.9%                                                     
     SiO.sub.2       59.6%                                                     
     Ignition loss   11.3%                                                     
     Na.sub.2 O      0.20%                                                     
     SO.sub.4        0.007%                                                    
PAR  The unobvious and unexpected properties of the novel magnesia-silica
      complexes of the invention are clearly evident from a consideration of the
      following resistivity studies wherein the complexes of the invention are
      tested by themselves and in combination with commercial steel grade MgO
      and the insulation produced is compared with that achieved by a commercial
      steel grade MgO by itself.
PAC  EXAMPLE 9
PA1  a. A coating slurry is made by mixing in a Waring Blender 60 g. of a
      commercial steel grade MgO, 30 g. of the amorphous magnesia-silica complex
      prepared in Examples 1-8 and 750 ml. of deionized water. The concentration
      of the slurry is approximately 1 lb. of solids per gallon. The mixture is
      allowed to stand to stabilize the viscosity. The resulting slurry is
      coated onto silicon steel strips (size 3 cm. .times. 30.5 cm.) at a
      coating weight of 0.061 oz./ft..sup.2 based upon MgO and dried at
      250.degree.-270.degree.C. The coated strips are then box-annealed in
      hydrogen atmosphere for 30 hours at 1,200.degree.C.
PA1  b. For comparative purposes a coating slurry is prepared according to the
      procedure (a) above having a concentration of 1 lb. of solids per gallon
      but containing only the commercial steel grade MgO of (a). Identical steel
      strips are coated as in (a).
PAR  After annealing and cooling, the excess coating was scrubbed off all
      samples with a nylon brush and a cloth. These strips were tested for
      resistance on both surfaces with a Franklin tester (ASTM-A344-60T). The
      results are as follows:
TBL                          RESISTANCE                                        
     COATING MATERIAL        (ohm-cm.sup.2)                                    
     ______________________________________                                    
     (I)  (a)    MgO +                                                         
                 Magnesia-silica                                               
                 complex (MgO:SiO.sub.2 mole                                   
                 ratio 1:1.6; 0.774% Na.sub.2 O)                               
                 Example 1           1000                                      
          (b)    MgO                 3.8                                       
     (II) (a)    MgO +                                                         
                 Magnesia-silica                                               
                 complex (MgO:SiO.sub.2 mole                                   
                 ratio 1:1.6; 0.77% Na.sub.2 O)                                
                 Example 2           1000                                      
          (b)    MgO                 4.9                                       
     (III)                                                                     
          (a)    MgO +                                                         
                 Magnesia-silica                                               
                 complex (MgO:SiO.sub.2 mole                                   
                 ratio 1.7:1; 0.01% Na.sub.2 O)                                
                 Example 3           19.8                                      
          (b)    MgO                 2.8                                       
     (IV) (a)    MgO +                                                         
                 Magnesia-silica                                               
                 complex (MgO:SiO.sub.2 mole                                   
                 ratio 13:1; 0.01% Na.sub.2 O)                                 
                 Example 4           25.2                                      
          (b)    MgO                 2.8                                       
     (V)  (a)    MgO +                                                         
                 Magnesia-silica complex                                       
                 (MgO:SiO.sub.2 mole ratio 1:2.7;                              
                 0.84% Na.sub.2 O) - Example 5                                 
                                     537.9                                     
          (b)    MgO                 2.8                                       
     (VI) (a)    MgO +                                                         
                 Magnesia-silica complex                                       
                 (MgO:SiO.sub.2 mole ratio 1:14.2;                             
                 0.54% Na.sub.2 O) - Example 6                                 
                                     41.7                                      
          (b)    MgO                 2.8                                       
     ______________________________________                                    
PAR  The above experiment unequivocally demonstrates that magnesium oxide
      currently employed to coat grain-oriented silicon steel gives relatively
      low resistance whereas the identical MgO coating containing the novel
      amorphous magnesia-silica complexes results in the production of a film
      having a considerably higher resistance. Comparable results to that
      indicated above are achieved employing other representative
      non-crystalline magnesia-silica complexes encompassed within the scope of
      the invention.
PAR  The following example is illustrative of the results achieved employing
      solely a novel magnesia-silica complex in the coating of steel in
      comparison with the insulation produced by a commercial steel grade MgO.
PAC  EXAMPLE 10
PA1  a. A coating slurry is made by mixing in a Waring Blender 60 grams of an
      amorphous magnesia-silica complex (mole ratio MgO:SiO.sub.2 -- 1:1.6,
      containing 0.774% Na.sub.2 O) and 500 ml. of deionized water. The mixture
      is allowed to stand to stabilize the viscosity. The resulting slurry is
      coated onto silicon steel strips (size 3 cm. .times. 30.5 cm.) at a
      coating weight of 0.029 oz/ft.sup.2 based upon MgO and dried at
      250.degree.-270.degree.C. The coated strips are then box-annealed in
      hydrogen atmosphere for 30 hours at 1,200.degree.C.
PA1  b. For comparative purposes, identical steel strips are coated as in (a)
      with a slurry of the same concentration as employed in (a) but which
      contains only commercial steel grade MgO.
PAR  After box-annealing and cooling, the excess coating was scrubbed off all
      samples with a nylon brush and a cloth. These strips were tested for
      resistance on both surfaces with a Franklin tester (ASTM-A344-60T). The
      results are:
TBL  COATING MATERIAL   RESISTANCE (ohm-cm.sup.2)                              
     ______________________________________                                    
     (a)  Magnesia-silica complex                                              
          (MgO:SiO.sub.2 mole ratio 1:1.6;                                     
          0.774% Na.sub.2 O)                                                   
                            15.2                                               
     (b)  MgO               4.0                                                
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition useful in the coating of magnetic ferrous material prior
      to the step of annealing said coated material comprising MgO, Mg(OH).sub.2
      or mixtures thereof and at least one magnesia-silica complex wherein the
      mole ratio of the MgO:SiO.sub.2 is from about 1:25 to 14:1, said complex
      containing from about 0.001 to 2.0% by weight of an alkali metal oxide,
      said magnesia-silica complex being amorphous as indicated by its X-ray
      powder diffraction pattern and exhibiting the following differential
      thermal behavior characteristics: an endothermic peak at about
      250.degree.C.; an exothermic peak at about 820.degree. and at
      980.degree.C.
NUM  2.
PAR  2. The composition of claim 1 wherein the magnesia-silica complex has a
      MgO:SiO.sub.2 mole ratio of from about 1:13 to 7:1 and the alkali metal
      oxide is from about 0.01 to 1.0% by weight of the magnesia-silica complex.
NUM  3.
PAR  3. The composition of claim 2 wherein the mole ratio of MgO:SiO.sub.2 is
      1:1.6 and the magnesia-silica complex contains 0.05-0.4% by weight of
      sodium oxide.
NUM  4.
PAR  4. A magnesia-silica complex containing from about 0.001 to 2.0% by weight
      of an alkali metal oxide wherein the mole ratio of MgO:SiO.sub.2 is from
      about 1:25 to 14:1, said magnesia-silica complex being amorphous as
      indicated by its X-ray powder diffraction pattern and exhibiting the
      following differential thermal behavior characteristics: an endothermic
      peak at about 250.degree.C., an exothermic peak at about 820.degree.C. and
      980.degree.C.
NUM  5.
PAR  5. The complex of claim 4 having a MgO:SiO.sub.2 mole ratio of from about
      1:13 to 7:1 and the alkali metal oxide is from about 0.01 to 1.0% by
      weight of the magnesia-silica complex.
NUM  6.
PAR  6. The complex of claim 5 wherein the mole ratio of MgO:SiO.sub.2 is 1:1.6
      and the magnesia-silica complex contains 0.05-0.4% by weight of sodium
      oxide.
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ABST
PAL  Method for producing a grain-oriented electrical steel sheet or strip
      having uniform magnetic and film properties said method comprising
      applying an annealing separator containing one or more metal nitrides,
      such as, chromium nitride, titanium nitride and vanadium nitride to the
      steel sheet and annealing the steel sheet at a temperature not lower than
      1,100.degree.C.
BSUM
PAR  The present invention relates to a method for producing a grain-oriented
      electrical steel, by which method steel products having no difference in
      the magnetic properties in the lengthwise and widthwise directions of the
      products and having a uniform and excellent insulating film over the
      entire surface of the products can be obtained.
PAR  As well known, the grain-oriented electrical steel sheet is produced by
      box-annealing a steel strip containing not more than 4.5% Si in a coil
      form with a finishing annealing temperature not lower than 1,100.degree.C
      in order to develop the grains having the orientation (110)[001] as
      expressed by the Miller indices. However, when the steel sheet in a coil
      form is subjected to a finishing annealing at high temperature, the
      magnetic properties in the inner side, the center portion and the outer
      side of the coil vary and the film properties, such as, insulation and
      adhesion properties of the film are not uniform in most cases. These
      difficulties have caused a serious problem in the production of a
      grain-oriented electrical steel sheet. This problem becomes more serious
      when the unit weight of the coil at the time of the high temperature
      finishing annealing is increased. When the coil width is increased, the
      product properties very often vary in the widthwise direction, and the
      increased unit weight of the coil causes considerable hindrance to the
      improvement of the operating efficiency of the annealing furnace.
PAR  The present inventors have conducted various studies to clarify the causes
      of the differences in the magnetic properties and the film properties
      among the inner side portion, the center portion and the outer side
      portion of the coil, and have discovered that these differences are caused
      by the fact that the discharge rate of water present between the steel
      sheets varies due to the irregular heating rates at various portions of
      the coil, and that when the coil unit weight is increased, the
      irregularity of the treating rates is increased, thus causing a serious
      problem.
PAR  In the case of the production of a grain-oriented electrical steel sheet in
      a box-annealing furnace, it has been a common practice to apply one or
      more oxides, such as, MgO, CaO and Al.sub.2 O.sub.3 suspended in water to
      the steel sheet as an annealing separator and dry it prior to the
      annealing. In this case, the moisture which remains between the steel
      sheets in the form of a hydroxide or free water is brought into the high
      temperature finishing annealing step, where it is discharged during the
      heating. However, the temperature varies at various portions of the coil
      so that the water discharge rate varies at different portions of the coil
      to cause differences in the dew point between the steel sheets. Thus, the
      degree of oxidation of the steel sheet varies at different portions in the
      coil to cause irregularity of the magnetic properties and the film
      properties.
PAR  Particularly, the difference in dew point within a temperature range from
      900.degree. to 1,050.degree.C in which the grains having the orientation
      (110)[001] grow abnormally causes the irregularity in the magnetic
      properties, while the difference in the dew point within a temperature
      above 1,000.degree.C where the insulating film is formed causes
      irregularity of the film properties.
PAR  As for the means for preventing the differences in the dew point caused by
      the irregular temperature increase, various proposals have been made such
      as to slow the heating rate of the coil and to heat the coil uniformly,
      but no satisfactory method has been established.
PAR  The present invention has succeeded in eliminating variations in the
      magnetic properties and the film properties different portions of the coil
      by adding one or more of metal nitrides, such as, chromium nitride,
      titanium nitride and vanadium nitride to the annealing separator
      composition, and thus has made it possible to increase the unit weight of
      the coil and increase the production efficiency.
PAR  Although the theoretical explanation why the metal nitrides, such as,
      chromium nitride, titanium nitride and vanadium nitride are effective for
      the above purpose has not yet been completely clarified, it is assumed
      from the thermodynamics data that part of the chromium nitride, titanium
      nitride, or vanadium nitride is converted into the corresponding oxide,
      namely, chromium oxide, titanium oxide, vanadium oxide in the temperature
      range from 900.degree. to 1,050.degree.C in which the grains having the
      orientation (110)[001] grow abnormally, and around 1,000.degree.C where
      the insulation film is formed, so that the water present between the steel
      sheets is consumed and the dew point is lowered, thus resulting in
      reduction of the oxidation of the steel sheet, and uniform magnetic and
      film properties.
PAR  When the water present between the steel sheets is consumed and thus the
      dew point is lowered by the conversion of the metal nitrides, such as,
      chromium nitride, titanium nitride and vanadium nitride into the metal
      oxides, nitrogen is liberated. This liberated nitrogen, as disclosed in
      the Japanese patent publications Sho 46-937 and Sho 46-40855, is effective
      for stabilizing the magnetism. However, in the prior publications, the
      coil is heated in a nitrogen atmosphere so that the nitrogen permeation
      into the space between the steel sheets varies at the inner side portion,
      the center portion and the outer side portion of the coil, as well as in
      the widthwise direction of the coil, and thus the magnetic properties may
      often be irregular. In contrast, in the present invention, the nitrogen
      uniformly contacts the steel surface even when the steel is annealed in a
      coil form.
DRWD
PAR  The present invention will be described in more details referring to the
      attached drawings.
PAR  FIG. 1(a) is a graph showing an estimation of the secondary
      recrystallization in the widthwise direction of a 10 ton coil which was
      subjected to the high temperature finishing annealing with application of
      an annealing separator containing chromium nitride according to the
      present invention and
PAR  FIG. 1(b) is a photograph showing a typical grain structure of the same
      coil.
PAR  FIG. 2(a) is a similar graph showing an estimation of the secondary
      recrystallization in the widthwise direction of the coil which was
      annealed in a nitrogen atmosphere, and
PAR  FIG. 2(b) is a photograph showing a typical grain structure of the same
      coil.
DETD
PAR  The starting steel material to be used in the present invention may be
      prepared by a known process, for example, in a convertor or an electrical
      furnace, then made into slabs by breaking-down or continuous casting and
      hot rolled into hot rolled coils.
PAR  The hot rolled steel sheet used in the present invention contains not more
      than 4.5% Si, 0.01 to 0.050% sol.Al and not more than 0.08% C, for
      example, but there is no specific limitation for the components other than
      Si. The hot rolled coil is treated by combination of the cold rolling and
      the annealing into a final product thickness.
PAR  The steel sheet of the final thickness is subjected to decarburization
      annealing in a wet hydrogen atmosphere and an annealing separator is
      applied in order to prevent the burning of the steel sheet during the
      high-temperature annealing. As for the basic annealing separator, MgO,
      Al.sub.2 O.sub.3 and CaO are used alone or in combination. The feature of
      the present invention lies in that one or more of chromium nitride,
      titanium nitride vanadium nitride, in powder form is added to this basic
      annealing separator. The desired results of the present invention can not
      be obtained when the addition of the metal nitrides is less than 0.5 part
      by weight to 100 parts of the basic separator, and on the other hand no
      special result is obtained even when the metal nitrides are added in an
      amount beyond 20 parts by weight, and result only in increased cost of the
      powders.
PAR  A preferable range of the addition of the metal oxides is 2 to 7 parts by
      weight to 100 parts of the annealing separator. It is not necessary that
      the metal nitrides be pure, and those containing, for example, nitrified
      ferro-chromium containing impurities may be used. The added amount of
      chromium nitride, titanium nitride or vanadium nitride is almost the same
      for each of these metal nitrides. However, there is a tendency the
      appropriate addition slightly decreases in the written order.
PAR  The high-temperature finishing annealing should be done at a temperature
      for a time sufficient for developing fully the grains having the
      orientation (110)[001] and eliminating impurities. For this purpose, it is
      necessary to conduct the annealing in a hydrogen atmosphere at a
      temperature not lower than 1,100.degree.C for at least 5 hours.
PAR  As for the means for improving the magnetic properties by adding special
      elements to the annealing separator for a high-temperature finishing
      annealing, Japanese patent publication Sho 46-42298 teaches boron
      addition, and Japanese patent publication Sho 46-42299 teaches addition of
      sulfur, selenium, etc. But these prior art processes are completely
      different from the present invention with respect to their object and the
      technical means. However, when these elements are added in addition to the
      metal nitrides of the present invention, the magnetic properties are
      further improved.
PAR  Although the present invention is particularly effective when applied to a
      grain-oriented electrical steel sheet containing Al, the present invention
      should not be limited thereto, but may be applied to production of
      grain-oriented electrical steel sheets in general.
PAR  The present invention will be more clear from the following examples.
PAC  EXAMPLE 1.
PAR  A hot rolled steel sheet containing 0.045 to 0.050% C, 3.00 to 3.10% Si,
      0.020 to 0.025% S, and 0.0035 to 0.040% Al was annealed at 1,150.degree.C
      for 2 minutes, cold rolled to a 0.30mm thickness, and decarburized in a
      wet hydrogen atmosphere at 840.degree.C for 5 minutes. Meanwhile an
      annealing separator composed of MgO powder with the addition of chromium
      nitride powder, titanium nitride powder and vanadium nitride powder was
      suspended in water, and applied to the above steel sheet and dried. The
      steel sheet thus coated was coiled into a 10-ton coil of 1,030mm width and
      20 inch inside diameter and subjected to high-temperature finishing
      annealing in a hydrogen atmosphere at 1,150.degree.C for 20 hours. The
      results are shown in Table 1 in comparison with the results obtained by
      the application of MgO only.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Additives and  Inner Side of Coil                                         
                                    Center of Coil  Outer Side of Coil         
     their amount                                                              
     (part by       W.sub.17/50                                                
                         B.sub.8                                               
                             Inter- W.sub.17/50                                
                                         B.sub.8                               
                                             Inter- W.sub.17/50                
                                                         B.sub.8               
                                                              Inter-           
     weight)                 laminar         laminar          laminar          
                             resistance      resistance       resistance       
                             ohm             ohm              ohm              
     __________________________________________________________________________
     (Comparative)  1.32 1.88                                                  
                             10     1.30 1.89                                  
                                              5     1.21 1.90 .infin.          
     0.3  part chromium                                                        
          nitride   1.29 1.89                                                  
                             20     1.30 1.89                                  
                                             10     1.19 1.91 15               
     5    "         1.17 1.91                                                  
                             50     1.18 1.91                                  
                                             50     1.12 1.92 .infin.          
     25   "         1.18 1.91                                                  
                             .infin.                                           
                                    1.13 1.92                                  
                                             .infin.                           
                                                    1.13 1.92 .infin.          
     0.3  part titanium                                                        
          nitride   1.28 1.89                                                  
                             50     1.29 1.89                                  
                                             20     1.20 1.90 20               
     5    "         1.11 1.92                                                  
                             .infin.                                           
                                    1.19 1.91                                  
                                             .infin.                           
                                                    1.13 1.92 .infin.          
     25   "         1.20 1.91                                                  
                             .infin.                                           
                                    1.19 1.91                                  
                                             .infin.                           
                                                    1.18 1.91 .infin.          
     0.3  part vanadium                                                        
          nitride   1.30 1.88                                                  
                             .infin.                                           
                                    1.31 1.88                                  
                                             20     1.21 1.90 .infin.          
     5    "         1.18 1.91                                                  
                             .infin.                                           
                                    1.13 1.92                                  
                                             .infin.                           
                                                    1.17 1.91 .infin.          
     25   "         1.17 1.91                                                  
                             .infin.                                           
                                    1.18 1.91                                  
                                             .infin.                           
                                                    1.10 1.92 .infin.          
     __________________________________________________________________________
PAR  As clearly understood from the results shown in Table 1, the uniformity of
      the magnetic and film properties among the inner side portion, the center
      portion and the outer side portion of the coil is remarkably improved by
      the addition of chromium nitride, titanium nitride and vanadium nitride
      according to the present invention, as compared with the comparative.
PAC  EXAMPLE 2.
PAR  A hot rolled steel sheet containing 0.045 to 0.050% C, 3.00 to 3.10% Si,
      0.029 to 0.035% S, and 0.030 to 0.035% Al was annealed at 1,120.degree.C
      for 2 minutes, cold rolled into a 0.30mm thickness, and decarburized in
      wet hydrogen at 850.degree.C for 5 minutes. Meanwhile, an annealing
      separator composed of MgO powder with the addition of two or more of
      chromium nitride, titanium nitride and vanadium nitride was suspended in
      water and applied to the above steel sheet and dried. Then the steel sheet
      thus coated was coiled into a 10-ton coil having a 1,030mm width and 20
      inch inside diameter, and subjected to a high-temperature finishing
      annealing in a hydrogen atmosphere at 1,150.degree.C for 20 hours, the
      results are shown in Table 2 in comparison with the results obtained by
      application of MgO only.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Additives and                                                             
                 Inner Side of Coil                                            
                                  Center of Coil   Outer Side of Coil          
     their amount                                                              
     (part by    W.sub.17/50                                                   
                       B.sub.8                                                 
                           Inter- W.sub.17/50                                  
                                        B.sub.8                                
                                            Inter- W.sub.17/50                 
                                                         B.sub.8               
                                                             Inter-            
     weight)               laminar          laminar          laminar           
                           resistance       resistance       resistance        
                           ohm              ohm              ohm               
     __________________________________________________________________________
     (Comparative)                                                             
                 1.38  1.87                                                    
                           10     1.33  1.88                                   
                                            10     1.31  1.89                  
                                                             20                
     6  part chromium                                                          
        nitride  1.12  1.92                                                    
                           .infin.                                             
                                  1.17  1.91                                   
                                            .infin.                            
                                                   1.11  1.92                  
                                                             .infin.           
     6  part titanium                                                          
        nitride  1.18  1.91                                                    
                           .infin.                                             
                                  1.17  1.91                                   
                                            .infin.                            
                                                   1.12  1.92                  
                                                             .infin.           
     6  part vanadium                                                          
        nitride  1.21  1.90                                                    
                           .infin.                                             
                                  1.18  1.91                                   
                                            50     1.17  1.91                  
                                                             .infin.           
     3  part chromium                                                          
        nitride  1.13  1.92                                                    
                           .infin.                                             
                                  1.14  1.92                                   
                                            .infin.                            
                                                   1.12  1.92                  
                                                             .infin.           
     3  part titanium                                                          
        nitride                                                                
     3  part chromium                                                          
        nitride  1.17  1.91                                                    
                           .infin.                                             
                                  1.19  1.91                                   
                                            .infin.                            
                                                   1.16  1.91                  
                                                             .infin.           
     3  part vanadiaum                                                         
        nitride                                                                
     3  part vanadium                                                          
        nitride  1.18  1.90                                                    
                           .infin.                                             
                                  1.17  1.91                                   
                                            50     1.16  1.91                  
                                                             .infin.           
     3  part titanium                                                          
        nitride                                                                
     __________________________________________________________________________
PAR  As clearly understood from the results shown in Table 2, it has been
      confirmed that the effect of the addition of two or more of the chromium
      nitride, titanium nitride and vanadium nitride is the same as that of the
      addition of one of the metal nitride.
PAR  Now referring to FIG. 1 and FIG. 2, the remarkable uniformity in the
      widthwise direction of the coil shown in FIG. 1(a) and (b) as compared
      with FIG. 2(a) and (b) is due to the fact that, in the case of the
      nitrogen atmosphere (FIG. 2) the dew point between the steel sheets cannot
      be controlled and the permeation of nitrogen into the space between the
      steel sheets varies depending on the portions of the coil.
PAR  Also as clearly understood from FIG. 1, a very uniform secondary
      recrystallization in the widthwise direction of the coil is obtained by
      the present invention.
PAR  As described above, a highly stable grain-oriented electrical steel sheet
      free from variation in the magnetic and film properties all over various
      portions of the product can be obtained by the present invention and this
      result can be assured even in case of increased size of the coil, thus
      improving the production efficiency.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for producing a grain-oriented electrical steel sheet having
      highly stabilized magnetic and film properties of the type comprising cold
      rolling hot rolled steel sheet containing not more than 4.5% Si into a
      final thickness, annealing the cold rolled sheet, applying an annealing
      separator to the steel sheet and subjecting the thus coated steel sheet to
      high-temperature annealing, the improvement which comprises said annealing
      separator containing one or more of metal nitrides selected from the group
      consisting of chromium nitride, titanium nitride, vanadium nitride, and
      combinations thereof in an amount not less than 0.5 part by weight to 100
      parts of the annealing separator, and carrying out said annealing at a
      temperature not lower than 1,100.degree.C.
NUM  2.
PAR  2. An annealing separator useful for production of a grain-oriented
      electrical steel sheet which is subjected to annealing at a temperature
      not lower than 1,100.degree.C, comprising a metal oxide selected from the
      group consisting of MgO, CaO and Al.sub.2 O.sub.3 and a metal nitride
      selected from the group consisting of chromium, nitride, titanium nitride,
      vanadium nitride, and combinations thereof, said metal nitride being
      present in an amount not less than 0.5 part by weight to 100 parts of the
      metal oxide.
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ABST
PAL  In order to insure that the doping profiles of Sn-doped Group III(a)-V(a)
      Ga-containing layers grown by molecular beam epitaxy follow relatively
      closely the time-intensity profile of the dopant beam, the substrate
      temperature should not exceed about 550.degree.C.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to molecular beam epitaxy (MBE) and, more
      particularly, to the MBE growth of Sn-doped Group III(a)-V(a)
      Ga-containing layers with abrupt doping profiles.
PAR  Many devices, such as FETs, IMPATTs, varactors, and microwave mixer diodes
      require precise control of layer thickness in the sub-micron range and
      close tolerance in carrier density of a predetermined doping profile. Such
      applications may require an abrupt change in doping concentration within a
      thin layer, typically only 1,000 A thick. MBE has demonstrated the ability
      to achieve reproducibly layers of Group III(a)-V(a) compounds, most
      noteably GaAs, which are extremely smooth, ultra thin and have
      controllable doping profiles.
PAR  The basic MBE process is described by J. R. Arthur, Jr. in U.S. Pat. No.
      3,615,931 issued on Oct. 26, 1971. Precise control of layer thickness in
      the sub-micron range is accomplished by the reduction of the growth rate
      and the ability to start and stop growth virtually instantaneously. The
      growth rate is governed primarily by the effusion cell temperature (i.e.,
      the evaporation rate of Ga in the case of growing GaAs), and the sharpness
      of the interface between layers is governed by a mechanical shutter in
      front of the effusion cells which is used to interrupt the molecular beam
      abruptly. The nominal growth rate of MBE GaAs, for example, is about 1
      .mu.m/hr. With growth rates of this order, the shutter time is much less
      than the time for the growth of a monolayer. Since the epitaxial growth
      temperature for MBE is relatively low (450.degree. to 650.degree.C), as
      compared to liquid phase epitaxy (800.degree.C) or the chemical vapor
      deposition (750.degree.C), abrupt interfaces can be realized if diffusion
      and surface segregation are negligible.
PAR  From the standpoint of doping, it is pointed out in U.S. Pat. No. 3,751,310
      issued on Aug. 7, 1973, that reliance on prior semiconductor technology in
      the determination of an appropriate dopant for MBE is generally misplaced.
      That patent explains for example that Zn, a common p-type dopant in other
      GaAs fabrication techniques, is unsuitable for MBE because of its low
      sticking coefficient at the usual growth temperatures. On the other hand,
      Sn and Si are identified as n-type MBE dopants whereas Ge is amphoteric
      depending on whether the surface structure is Ga-stabilized (p-type) or
      As-stabilized (n-type). Aside from Ge, magnesium is also a suitable MBE
      p-type dopant. Its sticking coefficient, which is relatively low on GaAs,
      increases dramatically if Al is incorporated in the layer to form AlGaAs
      (see, U.S. Pat. No. 3,829,084 granted to M. B. Panish and myself on Oct.
      1, 1974).
PAC  SUMMARY OF THE INVENTION
PAR  In the course of fabricating by MBE some of the aforementioned devices
      requiring controlled abrupt doping profiles in thin GaAs layers, it was
      found that the doping profile of Sn-doped layers followed relatively
      closely the time-intensity profile (a rectangular pulse shape) of the
      dopant beam only when the substrate temperature did not exceed about
      550.degree.C. Above this substrate temperature, the doping profile tended
      to flatten out with increasing temperature. This effect is attributed to
      surface segregation of Sn during deposition.
PAR  In contrast, similar experiments performed with Si and Ge demonstrated that
      doping profiles closely followed the time-intensity profile of the dopant
      beam nearly independent of substrate temperatures within the usual range.
PAR  For several reasons, however, Sn may be a preferred dopant. For instance,
      Sn-doped layers have a much higher photoluninescent intensity than
      similarly doped Si and Ge layers, a property of particular importance in
      optical devices such as low threshold double heterostructure (DH) junction
      lasers. Germanium, on the other hand, tends to produce highly compensated
      layers so that higher dopant beam intensities are required to reach a
      particular doping level. Silicon also tends to be compensated and, in
      addition, tends to change sites (between acceptor-donor pairs and/or pairs
      complexes) during subsequent heating steps and thereby disrupts the
      initially formed doping profile.
PAR  In accordance with the invention, therefore, where it is desired to grow by
      MBE Sn-doped GaAs layers in which the doping profiles follow relatively
      closely the time-intensity profile of the dopant beam (as with abrupt
      profiles in thin layers), the substrate temperature should be maintained
      less than about 550.degree.C to avoid appreciable surface segregation of
      the Sn. For good crystal quality of the layers, however, the substrate
      temperature should exceed 450.degree.C as taught in the prior art. Due to
      their highly similar chemical characteristics, the invention is also
      applicable generally to Ga-containing Group III(a)-V(a) compounds,
      especially AlGaAs, GaP and AlGaAsP.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention, together with its various features and advantages, can be
      readily understood from the following more detailed description taken in
      conjunction with the accompanying drawing, in which:
PAR  FIG. 1 compares a measured carrier profile of Sn-doped GaAs layers grown at
      different substrate temperatures (curves I, II, III) with an ideal
      impurity atom profile (curve IV); calculated from the dopant beam
      intensity; and
PAR  FIG. 2 compares a measured carrier profile of a Sn-doped GaAs layer grown
      at a fixed substrate temperature (curve V) with an ideal impurity atom
      profile (curve VI) calculated from the dopant beam intensity.
DETD
PAC  DETAILED DESCRIPTION
PAR  MBE apparatus and substrate preparation are well known in the art and in
      the interests of simplicity will not be repeated in detail here. In this
      regard, reference is made, for example, to the aforementioned Arthur and
      Cho patents as well as two publications by Cho et al: Jour. Appl. Phys.,
      Vol. 45, p. 1,258 (1974) and Jour. Appl. Phys., Vol. 45, p. 1,812 (1974).
PAR  Briefly, however, the general MBE technique as taught in prior art entails
      placing a monocrystalline substrate in an evacuable chamber, reducing the
      background pressure to a subatmospheric pressure (e.g., 10.sup..sup.-8
      Torr), heating the substrate to a temperature in the range of about
      450.degree. to 650.degree.C, and directing at least one molecular beam
      containing the constituents of the desired epitaxial layer at the
      substrate for a time period effective to grow the layer to a predetermined
      thickness. This process was used in the following experiments.
PAR  The substrate was (100) GaAs mounted on a molybdenum heating block which
      could be heated up to 700.degree.C. The substrate temperature was
      determined by a chromel-alumel thermocouple imbedded in the center of the
      heating block. To assure intimate contact of the substrate to the block
      and no edge cooling due to metal clamps holding the substrate, no clamps
      were used. The substrate was simply held in thermal contact with the block
      by a thin layer of indium. It was found that the surface tension of indium
      was able to hold the substrate in either a vertical or horizontal position
      even when heated to over 600.degree.C. When the substrate was mounted in
      this manner, uniform heating was achieved over the entire substrate and
      strain-induced dislocation lines in the epitaxial layer, which would have
      been produced if clamps had been used, were eliminated.
PAR  GaAs layers were prepared at various substrate temperatures between
      500.degree.C and 615.degree.C. Doping profiles were formed using Sn, Si
      and Ge dopant beams. The time-intensity profile of the dopant beam was a
      rectangular pulse formed by simply opening and closing the shutter in
      front of the gun (effusion cell) containing the dopant. Another gun
      containing the same dopant was used to produce the background levels B1
      and B2 in FIGS. 1 and 2, respectively. The measurements of the doping
      profiles first entailed the formation of Schottky barriers on the
      epitaxial layer surface. The wafers were cleaned with trichloroethane,
      acetone, and methanol, then etched in HCl for 20 seconds, and finally
      rinsed in methanol and blown dry by a jet of freon. Three thousand
      Angstroms of Au were deposited through a Mo mask consisting of arrays of
      2, 5, 10 and 20 mil diameter holes. The samples were then measured with a
      well-known differential capacitance feedback profiler. The resolution of
      the profiler when measuring abrupt changes in carrier distribution was
      less than a few Debye lengths. In the case of GaAs for carrier
      concentrations of 10.sup.16 /cm.sup.3 and 10.sup.17 /cm.sup.3, the Debye
      lengths are 430 A and 136 A, respectively.
PAC  Sn-Doped GaAs Layers
PAR  In the case of doping with Sn, a step change of dopant intensity in the Sn
      molecular beam resulted in a much slower change in the actual doping
      profile in the epitaxial layer. This doping profile also varied as a
      function of the growth temperature. A higher substrate temperature during
      deposition produced a larger deviation from the profile of the dopant
      intensity in the beam. Curves I, II and III of FIG. 1 show the measured Sn
      doping profile of several GaAs samples when the layers were grown at
      temperatures of 615.degree.C, 580.degree.C and .ltoreq. 550.degree.C,
      respectively, but with the same growth rate and same intensity of the
      dopant beam pulse. The rectangular curve IV represents the calculated
      doping profile of a GaAs layer if unity sticking coefficient of the Sn
      dopant is assumed and surface segregation, bulk diffusion, and majority
      carrier diffusion are neglected. Notice that the actual measured doping
      profiles show increased deviation from the ideal rectangular profile as
      the growth temperature increases. For substrate temperatures between
      500.degree.C and 550.degree.C the measured profile did not change
      substantially and tended to duplicate curve III. It is expected that curve
      III is representative of results which would be achieved for substrate
      temperatures ranging from 450.degree. to 500.degree.C. Note also, for a
      growth temperature of 615.degree.C, the resulting doping profile became
      asymmetric. The carrier concentration decreased monotonically after the
      dopant beam was cut off.
PAR  Numerous devices having profiles of the type shown in FIG. 1, Curve III
      were fabricated. The thicknesses of the layers having an abrupt profile,
      of the type shown in Curve III, ranged from about 350 A to 3000 A.
PAR  A more extreme illustration of this effect is shown in FIG. 2. Deposition
      was carried out at a substrate temperature of 615.degree.C. An
      n.sup.+-GaAs buffer layer doped with Sn to 2 .times. 10.sup.18 /cm.sup.3
      was grown on the substrate first. The buffer layer growth was terminated
      when the Sn beam intensity was abruptly reduced at about 1.6 .mu.m from
      the surface. As shown by curve VI, three narrow pulses of Sn were then
      injected into the growing GaAs layer, each for a duration of time
      equivalent to the growth of 250 A of GaAs. The resulting doping profile
      (curve V) showed nearly unresolved peaks of the carriers on a rising
      background from the n.sup.+ buffer layer. It is speculated that the
      inability to resolve the peaks, as well as the asymmetric shape of the
      peaks when layers are grown at the higher substrate temperature, may be
      attributed to a surface segregation effect. Although the Sn
      atoms/molecules have a sufficiently long adsorption lifetime on the
      substrate surface, they apparently tend to segregate on top of the growing
      surface without readily being incorporated into the growing layer. The
      competing processes of surface segregation and incorporation are strongly
      influenced by the substrate temperature with segregation increasing with
      temperature, particularly above about 550.degree.C.
PAR  Consistent with this observation is the fact that as the temperature is
      increased, the growth conditions tend toward equilibrium and the increased
      segregation at higher temperature simply reflects the distribution
      coefficient for Sn between unincorporated Sn on the surface and that in
      the growing layer at equilibrium. The asymmetric peak shape with growth at
      615.degree.C was therefore due to Sn remaining on the surface from the
      previous deposition even after the Sn beam had been cut off. The depletion
      of the Sn on the surface is finally accomplished by re-evaporation from
      the surface and incorporation of Sn into the layer.
PAR  From an optical device standpoint it should be noted that the
      photoluminescent (PL) intensity of Sn-doped GaAs layers peaks when the
      layers are grown at substrate temperatures of about 560.degree.C.
      Therefore, if both high PL intensity and abrupt profiles are desired, the
      substrate temperature should be at the upper end of the 450.degree. to
      550.degree.C range described herein.
PAC  Ge and Si Doped Layers
PAR  Quite different doping characteristics were observed when GaAs layers were
      doped with Si and Ge beams. Measurements were made from different Schottky
      barrier diodes along a 2 cm length of the GaAs substrate. Sharp
      symmetrical doping profiles which followed closely the pulse shape of the
      dopant beam were achieved with Si and Ge even when the substrate was
      heated to over 600.degree.C during deposition.
PAR  It is to be understood that the above-described arrangements are merely
      illustrative of the many possible specific embodiments which can be
      devised to represent application of the principles of the invention.
      Numerous and varied other arrangements can be devised in accordance with
      these principles by those skilled in the art without departing from the
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A molecular beam epitaxy technique for fabricating layers of
      Ga-containing Group III(a)-V(a) compounds with abrupt doping profiles
      which follow relatively closely the time-intensity profile of a dopant
      beam, comprising the steps of:
PA1  a. placing a substrate in an evacuable chamber;
PA1  b. reducing the background pressure in the chamber to a subatmospheric
      pressure;
PA1  c. preheating said substrate to a temperature in the range of about
      450.degree. to 650.degree.C,
PA1  d. directing at least one molecular beam containing Ga and the other
      constituents of said compound at said substrate for a time period
      effective to grow said layer to a desired thickness;
PA1  e. during step (d) directing another molecular beam containing a dopant at
      said substrate to produce a predetermined doping profile in said layer;
      CHARACTERIZED IN THAT:
PA2  1. said dopant is Sn;
PA2  2. said substrate temperature is maintained in the range of about
      450.degree. and 550.degree.C so that surface segregation effects of Sn
      atoms/molecules are alleviated and said doping profile substantially
      follows the time-intensity profile of said another beam of step (e).
NUM  2.
PAR  2. The technique of claim 1 wherein said another molecular beam has a
      time-intensity profile in the shape of a rectangular pulse.
NUM  3.
PAR  3. The technique of claim 2 wherein said other constituents of said one
      molecular beam include As.
NUM  4.
PAR  4. The technique of claim 3 wherein said substrate comprises GaAs.
NUM  5.
PAR  5. The technique of claim 4 wherein said substrate is heated to a
      temperature in the range of about 500.degree. to 550.degree.C.
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ABST
PAL  Disclosed is an SCR pellet and a method for the fabrication thereof. A
      layer of oxide is grown on a semiconductor wafer that has been diffused to
      form a plurality of SCR pellets and openings are etched in the oxide at
      locations corresponding to each pellet. Gold is diffused through the
      openings into a preselected distribution in the base region to reduce
      turnoff time. Grooves are etched to facilitate glass passivation and
      division of the wafer into pellets.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to silicon controlled rectifiers and, more
      particularly, to gold doped fast turnoff silicon controlled rectifiers.
PAR  Since their introduction, SCR's have become more popular as circuit
      designers have continued to employ them in new and different ways. As new
      applications for SCR's are developed, greater emphasis is placed on
      improving the performance of the devices under demanding conditions of
      operation. Different applications require that the emphasis be placed on
      different characteristics of the device. For example, some potential
      applications will become commercially feasible only if the cost of the
      SCR's can be reduced. Other applications require that the devices be able
      to withstand higher reverse voltages or that they switch from a conductive
      to a non-conductive state more rapidly. Thus, the device designer is faced
      with a multi-faceted problem.
PAR  One of the principle problems facing the device designer is the
      interrelationship among the various device characteristics. For example,
      it is known that if gold is diffused into the interior n doped region of
      an SCR, the minority carrier lifetime in that region is decreased and thus
      the turn off time is reduced. However, the effect of the gold diffusion
      step on the cost of the device must be considered. Also, it is known that
      glass passivation of the semiconductor pellets forming the SCR's has many
      beneficial effects. For example, the reverse voltage characteristics are
      improved as is device reliability. Furthermore, glass passivation improves
      the manufacturing yield and thus reduces cost. Consequently, an SCR
      exhibiting desirable properties could seemingly be made by utilizing both
      gold diffusion and glass passivation techniques. However, this has not
      heretofore been possible. This is so for the following reason. Glass melts
      at a lower temperature than that required to perform the gold diffusion.
      Thus, the glass passivation step must be performed following the gold
      diffusion step. But the glass passivation process includes an oxide
      growing step which is performed at a high enough temperature to cause
      uncontrollable migration and redistribution of the gold. Thus, heretofore,
      selectively localized gold doping and glass passivation have been
      considered incompatible operations. Consequently, gold doped SCR's are
      generally manufactured by a process including blanket gold diffusion of an
      entire wafer followed by pelletization and individual passivation with
      silicone rubber.
PAR  It is an object of this invention, therefore, to provide an SCR with gold
      doping and glass passivation and to disclose a method for making such a
      device.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is characterized by a silicon controlled rectifier pellet of
      semiconductor material that defines two major surfaces and includes a
      plurality of layers of alternating p and n conductivity types thus
      defining a plurality of p-n junctions. An auxiliary impurity, such as gold
      or platinum, that stimulates carrier recombination is selectively diffused
      into the pellet and is preferably included in an interior region of n type
      conductivity. Glass passivation is included for each of the p-n junctions.
      Thus, a silicon controlled rectifier is provided that exhibits the
      reliability in operation and repeatability and economy of manufacture
      associated with glass passivated devices and furthermore exhibits the
      rapid turnoff characteristics associated with gold doped devices.
PAR  A preferred method for fabricating the subject SCR includes the steps of
      thermally growing an oxide on at least one of the two major surfaces of a
      semiconductor wafer that has been suitably doped to render it divisible
      into a number of SCR pellets. Portions of the oxide corresponding to the
      SCR pellets are selectively removed to form windows. Gold, or another
      dopant that stimulates the recombination of charge carriers, is diffused
      through the windows into an internal n doped region. Thus there is
      provided a semiconductor wafer suitably doped to form a plurality of SCR
      pellets, wherein the wafer has been doped with an auxiliary impurity such
      as gold. Furthermore, oxide remains on the wafer where it is to be
      grooved. Consequently no more oxide need be grown to permit the etching of
      grooves to facilitate glass passivation and pellet division.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other features and objects of the present invention will become
      more apparent upon a perusal of the following description taken in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a sectional elevation view of a portion of a semiconductor
      crystal wafer;
PAR  FIG. 2 is a view of the wafer depicted in FIG. 1 following diffusion steps
      to be described below;
PAR  FIG. 3 is a view of the wafer depicted in FIGS. 1 and 2 following an
      oxidation step;
PAR  FIG. 4 is a plan view of the lower surface of the wafer after openings have
      been etched in the oxide;
PAR  FIG. 5 is an elevation view of the wafer shown in FIG. 4;
PAR  FIG. 6 is a lower plan view of the wafer during a later processing step;
      and
PAR  FIG. 7 is an elevation view of the wafer shown in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT AND METHOD
PAR  Referring first to FIG. 1 there is shown an elevation view of a body of
      semiconductor material 21 which is only a portion of a larger
      semiconductor wafer such as is conventionally used in the manufacture of
      semiconductor products. The material 21 is doped with an impurity such as
      arsenic or phosphorus so that it is of n type conductivity and defines two
      major surfaces 22 and 23.
PAR  Referring now to FIG. 2, another impurity, such as gallium or boron, is
      diffused into the body 21 from each major surface 22 and 23, thus
      providing a layer 24 of p type conductivity adjacent the major surface 22
      and another layer of p type conductivity 25 adjacent the major surface 23.
      Next, the major surface 22 is suitably masked and an impurity such as
      phosphorus or arsenic is diffused into the unmasked portion to form a
      layer 26 of n plus type conductivity over a preselected area of the major
      surface 22 as is conventional in the fabrication of silicon controlled
      rectifiers. It will be observed that the body of semiconductor material
      now defines three p-n junctions 27, 28, and 29, each substantially
      parallel to the major surfaces 22 and 23.
PAR  The body of semiconductor material 21 is then exposed to a temperature of
      above approximately 1,100.degree. Centigrade to form layers of oxide 31
      and 32 on the upper and lower major surfaces 22 and 23 respectively. This
      is shown in FIG. 3. Only the oxide layer 32 need be grown. However, for
      reasons to be discussed below, it is advantageous to form the layer of
      oxide 31 on the upper major surface 22 also.
PAR  Referring now to FIG. 4, there is shown a small portion of the wafer 33 of
      which the body 21 is a part. A plurality of openings or windows 34 are
      etched in the lower layer of oxide 32 as shown in FIG. 4. Thus, portions
      of the lower major surface 23 are exposed. One window 34 is located where
      each SCR pellet is to be cut from the wafer 33. However, the windows 34
      preferably do not span the entire area of the pellets for reasons to be
      discussed below.
PAR  The lower portion of the wafer 33 is then coated with an auxiliary
      impurity. The auxiliary impurity is one that stimulates recombination of
      charge carriers. In the preferred method an auxiliary impurity such as
      gold is vapor deposited on the entire lower surface. Thus as shown in FIG.
      5, gold 35 is deposited on the remaining oxide 32 and on the portions of
      the lower surface 23 that are exposed by the windows 34.
PAR  Next, the body 21 is exposed to a temperature in the range of approximately
      750.degree. to 950.degree. C to cause the auxiliary impurity 35 to diffuse
      in a preselected distribution into the wafer. Temperature and time are
      preferably chosen so that the gold diffuses at least into the internal n
      layer 20. Following the diffusion step, the windows 34 are masked with a
      protective coating at a relatively low temperature. For example, in the
      preferred method a lacquer or a wax is applied.
PAR  Referring now to FIGS. 4 and 6, it will be observed that broad "avenues" of
      oxide define the windows 34. The avenues are sufficiently broad that no
      new oxide need be grown to groove. Intersecting elongated areas 36 are
      located in the avenues by photo resist techniques. The oxide 32 in the
      elongated areas 36 is removed. It should be realized that while FIG. 6
      shows only the lower surface of the wafer 33, aligned elongated areas 36
      are located on the upper surface 22, and the oxide 31 is removed
      therefrom. Grooves are then etched in the exposed areas 36. The lacquer
      protects the lower major surface 23 in the windows 34 and thus no etching
      takes place through the windows.
PAR  It is felt beneficial to define the areas through which grooves are to be
      etched with a layer of oxide inasmuch as location can be more precisely
      determined and more precisely delineated. Thus, the advantage of not
      extending the windows 34 to the peripheries of the SCR pellets will be
      understood. Furthermore it is seen to be advantageous to provide oxide 31
      on the upper surface 22.
PAR  Referring now to FIG. 7, which is an elevation view similar to FIGS. 1-3
      and 5, the grooves on the upper and lower major surfaces 22 and 23 are
      shown. It is clear that each of the p-n junctions 27, 28, and 29 is
      intersected by a groove. Furthermore, it will be apparent upon a
      comparison of FIGS. 6 and 7 that the junctions 28 and 29 are intersected
      on all sides by grooves. This is significant inasmuch as the interior
      regions sustain the depletion layer in a functioning SCR. Thus, it is
      beneficial that the junctions 27, 28 and 29 be passivated and their
      intersections with the grooves facilitate passivation.
PAR  Passivation is performed as follows: First, the lacquer is removed from the
      windows 34 because it is an organic substance and could release vapors
      harmful to the passivation process. Next, glass in a particulate form and
      suspended in alcohol is applied to the surfaces of the wafer 33. The glass
      will not stick to the oxide layers 31 and 32. Thus, it is appreciated that
      by covering the upper major surface 22 with oxide 31 economy is promoted
      inasmuch as glass does not adhere to the entire surface but only to the
      grooves therein. Following the deposition of the particulate glass in the
      grooves, a relatively low temperature heat is applied to evaporate the
      alcohol. When the alcohol has evaporated, the wafer 33 is exposed to a
      temperature of approximately 700.degree. Centigrade to fuse the glass into
      a passivating layer 37 as shown in FIG. 7.
PAR  Contacts are applied to the wafer in a conventional way. Division of the
      wafer 33 is performed by a conventional method such as laser scribing
      along the grooves as shown by the broken lines in FIG. 6. When the wafer
      33 has been divided the individual SCR pellets, such as the pellet shown
      in FIG. 7, are formed. Comparison of FIGS. 6 and 7 will make plain that
      the passivation layer extends around the entire periphery of each SCR
      pellet.
PAR  It will be appreciated that the gold undergoes sufficient lateral diffusion
      that it is disposed in the entire conduction area of the interior
      contactless n base region 20, not just adjacent the openings 34.
      Therefore, carrier lifetime is reduced across the entire conduction area
      of the pellet and the resulting SCR will exhibit the desirable fast turn
      off property. Furthermore, a review of the above described method will
      show that the previous incompatibility between selective gold diffusion
      and glass passivation has been eliminated because each heating step is
      carried out at a lower temperature than the last. Thus, the wafer 33 is
      first oxidized at the 1,100.degree. temperature. Next, gold diffusion
      takes place at the substantially lower temperature of only 800.degree. to
      900.degree. C. Finally, the glass is fused at 700.degree. C, a temperature
      low enough that the selective gold distribution in the n base region is
      not significantly affected.
PAR  In light of the above description, many modifications and variations of the
      present invention will be obvious to those skilled in the art.
      Consequently, the true scope of the invention is only as defined by the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for manufacturing semiconductor controlled rectifiers having a
      preselected distribution of an auxiliary impurity therein, said method
      comprising the steps of:
PA1  providing a wafer of semiconductor material that defines two major surfaces
      and includes four layers of alternating p-type and n-type conductivities
      that define three p-n junctions substantially parallel to said major
      surfaces;
PA1  thermally growing a layer of oxide on one of said major surfaces of said
      wafer;
PA1  selectively removing said oxide from a plurality of preselected portions of
      said one major surface to form windows;
PA1  diffusing an auxiliary impurity through said windows into said wafer in a
      preselected distribution, wherein said auxiliary impurity is selected to
      be one which stimulates carrier recombination in semiconductor devices;
PA1  covering said windows by applying a protective coating at a relatively low
      temperature;
PA1  selectively removing more of said oxide from other preselected portions of
      said one major surface to form intersecting elongated openings in said
      oxide which separate said windows and separate said wafer into a plurality
      of semiconductor controlled rectifiers;
PA1  etching grooves into said wafer at said other preselected portions, wherein
      said grooves intersect at least one of said p-n junctions; and
PA1  passivating said junctions by coating said grooves with glass.
NUM  2.
PAR  2. A method according to claim 1 wherein said step of diffusing an
      auxiliary impurity comprises diffusing said impurity into an internal
      contactless one of said layers.
NUM  3.
PAR  3. A method according to claim 1 wherein said thermally growing step
      comprises thermally growing a layer of oxide on both of said major
      surfaces and, following said step of covering said windows, selectively
      removing oxide from the other major surface in portions that are aligned
      with said other preselected portions on said one major surface.
NUM  4.
PAR  4. A method according to claim 3 comprising, preceding said passivating
      step, the additional step of removing said protective coating from said
      windows.
NUM  5.
PAR  5. A method according to claim 3 wherein said passivating step comprises
      the steps of depositing said glass in said grooves in a particulate form
      and applying heat to fuse said glass.
NUM  6.
PAR  6. A method according to claim 5 wherein said step of thermally growing a
      layer of oxide is carried out at a temperature above approximately
      1,100.degree. C, said step of diffusing said impurity is carried out at a
      temperature of approximately 800.degree. to 900.degree. C and said step of
      applying heat to fuse said glass is carried out at a temperature of
      approximately 700.degree. C.
NUM  7.
PAR  7. A method according to claim 3 wherein said impurity is gold.
NUM  8.
PAR  8. A method according to claim 1 further comprising the step of dividing
      said wafer along said grooves into a plurality of passivated semiconductor
      pellets.
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ABST
PAL  The use of methoxylamine perchlorate (CH.sub.3 ONH.sub.2.HClO.sub.4) as an
     dditive to exothermally decomposing liquid monopropellants such as
      hydrazine and hydrazine water mixtures to maintain energetic
      monopropellants and at the same time lower the freezing point of the
      monopropellants, thereby rendering the monopropellants usable in gas
      generators at very low temperatures.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is related to copending application Ser. No. 651,654 filed
      July 5, 1967 and now U.S. Pat. No. 3,757,520, and is an improvement over
      copending application Ser. No. 834,618 filed June 18, 1969.
PAC  BACKGROUND OF THE INVENTION
PAR  In the past, the use of monopropellants in gas generators has been limited
      due to the freezing points of the liquid monopropellants used. It is very
      desirable to have a liquid monopropellant composition that can be used in
      a gas generator at very low temperatures as well as at high temperatures.
      This would render the gas generator operable in practically any natural
      temperature environment.
PAR  Therefore, it is an object of this invention to provide novel liquid
      onopropellant compositions.
PAR  Another object of this invention is to provide liquid monopropellant
      compositions that have freezing points that extend to -54.degree.C.
PAR  A further object of this invention is to provide a liquid monopropellant
      composition that has a low freezing point, yet the specific impulse of the
      liquid monopropellant is practically unchanged due to the freezing point
      depressants used in the liquid monopropellant.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered that methoxylamine perchlorate (CH.sub.3
      ONH.sub.2.HClO.sub.4) when used as an additive to hydrazine, to a
      hydrazine-water mixture or to other exothermally decomposing
      monopropellants produces a liquid monopropellant composition that has a
      freezing point which extends to at least -54.degree.C. The liquid
      monopropellant composition produced has good exothermic decomposing
      properties when used in a catalytic bed type gas generator or in a
      chemi-thermo bed type gas generator of the type disclosed in copending
      application Ser. No. 651,654.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Concentrations of methoxylamine perchlorate in the amount of 42 weight
      percent lowers the freezing point of hydrazine from its normal value of
      +1.degree.C. to -54.degree.C. This freezing point is adequate for the
      intended use. The viscosity of a 20.5 weight percent solution at
      +21.degree.C. is 1.6 centistokes, while at -35.degree.C., it is 11.2
      centistokes and is adequate for use in a gas generator.
PAR  Concentrations of methoxylamine perchlorate of about 20 weight percent,
      water of about 14 weight percent and hydrazine of 66 weight percent
      depress the freezing point of hydrazine from its normal value of
      +1.degree.C. to a range of down to -55.degree.C. This freezing point range
      is adequate for certain uses. The viscosity of this solution is adequate
      for gas generator use.
PAR  The methoxylamine perchlorate salt is used in hydrazine (N.sub.2 H.sub.4),
      hydrazine-water mixtures and other propellant mixtures which without the
      addition of methoxylamine perchlorate would have a freezing point higher
      than the minimum required for the intended purpose. When water is used in
      the propellant mixtures, it is present in the amount of about 0 to 20
      weight percent. The water acts as a freezing point depressant along with
      the methoxylamine perchlorate.
PAR  The concentration of methoxylamine perchlorate used in the solution will
      depend upon the freezing point range desired. The concentration of
      methoxylamine perchlorate may be about 1 to 50 weight percent with the
      preferred range for applicants' intended use in very cold environments
      being about 15 to 25 weight percent.
PAR  The methoxylamine perchlorate-hydrazine mixture is believed to be an
      unknown mixture of hydrazinium (NH.sub.2 NH.sub.3 .sup.+), methoxyl
      ammonium ion (CH.sub.3 ONH.sub.3 .sup.+) and perchlorate ion (ClO.sub.4
      .sup.-) along with the free bases, hydrazine and methoxylamine.
      Consequently, the mode of compounding the monopropellant is not critical.
      Thus, while the monopropellant mixtures tested were made by adding
      methoxylamine perchlorate to hydrazine, the same result may be obtained by
      adding perchloric acid to a hydrazine-methoxylamine mixture. If water is
      used, the hydrazine and water are combined before the methoxylamine
      perchlorate is added to the solution.
PAR  Because the specific impulse of methoxylamine is only slightly lower than
      hydrazine, no loss of impulse results when the perchlorate salt is used.
      The oxidizing power of the perchlorate ion as well as the increased
      density of the hydrazine-methoxylamine perchlorate solution should
      actually result in an increase in density impulse. Use of methoxylamine
      salts dissolved in hydrazine reduces delays in propellant ignition.
CLMS
STM  We claim:
NUM  1.
PAR  1. A monopropellant composition of matter, for use in a liquid type gas
      generator, comprising a solution of hydrazine and methoxylamine
      perchlorate, said methoxylamine perchlorate being present in an amount of
      about 15 to about 25 weight percent and the remainder of said solution
      being hydrazine.
NUM  2.
PAR  2. A monopropellant composition of matter, for use in a liquid type gas
      generator, comprising a solution of hydrazine, methoxylamine perchlorate
      and water, said methoxylamine perchlorate being present in an amount of
      about 20 weight percent, said water being present in an amount of about 14
      weight percent and said hydrazine being present in an amount of about 66
      weight percent.
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ABST
PAL  The instant invention comprises providing copper or a copper alloy which
      has on its surface a uniform glassy like and substantially pore free
      coating of copper phosphate, rinsing the coated material for at least two
      seconds in water at a pH of at least 8.0, at a temperature of 90.degree.C
      to the boiling point and drying.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of Ser. No. 177,292, filed 09/02/71, now
      U.S. Pat. No. 3,764,400, which is in turn a Continuation-In-Part of
      co-pending applications Ser. No. 59,684, now U.S. Pat. 3,677,828, filed
      July 30, 1970 and Ser. No. 67,943, now U.S. Pat. 3,716,427, filed Aug. 28,
      1970, which is in turn a Continuation-In-Part of Ser. No. 59,684.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates specifically to metal plastic laminates
      having high bond strength and improved resistance to acid undercutting
      during manufacture of laminates into flexible printed circuits.
PAR  The present invention further broadly relates to treating copper and copper
      alloys to form a tarnish and oxidation resistant film thereon.
PAR  In the manufacture of flexible printed circuits, copper foil or sheet is
      employed which normally has applied to its surface a film of an organic
      inhibitor, such as benzotriazole, in order to prolong the shelf life
      before manufacture of the circuit.
PAR  Flexible printed circuits comprise copper sheets or copper foil bonded to
      the surface of a plastic sheet, such as a polyester or polyimide. Normally
      two types of copper foil, either wrought or electro deposited, are
      employed in the manufacture of flexible printed circuits. Further it is
      advantageous to utilized wrought and annealed copper foil.
PAR  Printed circuits find wide use in the electrical and electronic fields
      since they are advantageous in the elimination of individual lead wires
      which require a separate soldering or other joining operation to the
      various components of any particular circuit. The configuration of such a
      circuit facilitates the positioning of conventional circuit components
      such as capacitors, etc., and the soldering of these components to the
      wiring by a dipping operation.
PAR  The manufacture of flexible printed circuits comprises adhesively bonding
      or laminating copper sheet or foil to a plastic film, such as a polyester
      or polyimide, and generally employing a suitable glue. As one preferred
      way the copper side of the resultant laminate is then sprayed with a
      photoresist and the required circuit is projected onto the resist-coated
      side of the copper component which transforms the photoresist into an acid
      insoluble compound in a figure and likeness of the circuit. The laminate
      is then immersed or sprayed with an acid etchant, such as a ferric
      chloride solution, to dissolve away the unwanted portion of the copper,
      i.e., that portion of the copper component of the laminate which is not
      part of the required circuitry.
PAR  Various problems arise however in the present manufacture of flexible
      printed circuits to which the present invention is directed.
PAR  For example, in order to provide tarnish resistance of rolled copper and an
      acceptable laminated product, before laminating a film of an organic
      inhibitor is normally applied to the surface of the copper.
PAR  The organic inhibitor, e.g., benzotriazole, provides for long shelf life or
      stability during storage.
PAR  Before laminating of a wrought hard copper to the plastic film it is
      advantageous to anneal the copper in order to provide increased ductility
      which is highly desirable in flexible printed circuits. It has been found
      that the organic inhibitor upon the copper surface decomposes during the
      annealing. Due to this decomposition problems arise such as the effect of
      the benzotriazole is no longer apparent and therefore the product no
      longer has good shelf life and tarnishing occurs. The tarnishing causes
      both poor laminate bond strength, uneven acid etching, and rapid acid
      undercutting along the bonded interface during etching away of the
      unwanted copper portion of the laminate. The acid undercutting generally
      occurs at a rate equivalent to at least thirty mils per hour from each
      side of the copper circuitry, at the aforementioned interface, and
      materially degrades the quality of the printed circuit.
PAR  Therefore, unless treated the copper foil-plastic laminate exhibits poor
      bond strength when room temperature oxidation or tarnishing occurs on the
      foil. Furthermore, the resistance to acid undercutting along the interface
      of the wrought annealed foil is poor as aforementioned. A further
      complication with wrought annealed and other foil arises with the use of
      organic inhibitors such as benzotriazole, since residual benzotriazole on
      the unbonded side of the foil results in uneven etching of the circuit
      because the benzotriazole provides some inhibition in the etching
      solution. A still further disadvantage with organic inhibitors occurs with
      certain plastic systems wherein high temperatures, i.e., above
      240.degree.F, are employed for curing of the glue. These high temperatures
      cause the copper-organic inhibiting film to decompose with the formation
      of relatively large amounts of gases which causes blistering of the
      laminate and thereby producing an unacceptable product.
PAR  It is well known, as aforementioned, that copper and many of its alloys
      possess low resistance to tarnishing in many atmospheres and particularly
      atmospheres containing industrial wastes such as compounds of sulfur. It
      is therefore required, in order to provide a measure of tarnish resistance
      for a relatively prolonged period of time, that a film of an organic
      inhibitor, such as benzotriazole, be applied to the surface of the copper
      or copper alloy.
PAR  The application of such inhibitors provides for prolonging the aesthetic
      appeal of copper materials in finished form, such as lamp bases and other
      consumer goods for the home, and also provides for long shelf life before
      further manufacture of such materials into final consumer articles. This
      is particularly important since prolonged exposure of copper materials in
      an industrial environment naturally degrades the exposed surfaces
      resulting in build up of corrosion products, such as copper oxides and
      sulfides, which may necessitate a severe mechanical or chemical cleaning
      operation in order to restore the material surfaces to a condition
      compatible for normal further cleaning and manufacturing operations, e.g.,
      a simple alkaline clean or degreasing cycle before additional mechanical
      working or soldering of the material.
PAR  It is therefore a principal object of the present invention to provide a
      method for producing increased tarnish resistance of copper and its
      alloys, and the article produced thereby. It is an additional object of
      the present invention to provide a method for producing a copper, or
      copper alloy sheet or foil adhesively laminated to a plastic film to form
      a laminate wherein the laminate is characterized by increased resistance
      to acid undercutting and uneven dissolution of the unwanted copper during
      manufacture of the laminate into a flexible circuit, and the article
      produced thereby.
PAR  It is a further object to provide a method for producing a flexible printed
      circuit which is characterized by no substantial undercutting of the
      circuitry and by high bond or peel strength and tarnish resistance without
      degradation of other properties so desirable in flexible printed
      circuitry, and the article produced thereby.
PAR  It is still a further object of the present invention to provide the
      objects as aforesaid conveniently, expeditiously and inexpensively.
PAR  Further objects and advantages of the present invention will become
      apparent hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises providing copper or an alloy thereof having
      on its surface a uniform glassy like and substantially pore free coating
      of copper phosphate and rinsing in heated water at a temperature of at
      least 90.degree.C and a pH of at at least about 8.0 for at least 2 seconds
      and drying.
PAR  The present invention also provides for further adhesively bonding or
      laminating the treated copper or copper alloy to a plastic film to form a
      laminate and for further forming of the laminate into a flexible printed
      circuit. A preferred method of forming of the flexible printed circuit is
      by applying a photoresist to the surface of the aforementioned foil or
      sheet opposing the surface bonded to the plastic film, projecting the
      desired circuitry upon the photoresist to form an acid insoluble compound
      in the area of the required circuitry, dissolving away the unwanted copper
      in an acidic solution and then rinsing and drying.
PAR  The present invention additionally provides for highly tarnish resistant
      copper or alloy thereof having on its surface a glassy like and
      substantially pore free film or copper complex phosphate from 20 to 1,000
      Angstrom Units thick. When the aforementioned copper or copper alloy is
      adhesively laminated to a plastic film, as for example, in the form of a
      flexible printed circuit, the printed circuit is characterized by stable
      high bond strength and substantially no acid undercutting of the copper
      circuitry in the bonded interface.
PAR  It is a particular advantage of the present invention that the treated
      wrought copper foil or sheet can be annealed prior to the aforementioned
      adhesively bonding step, which provides the advantage of high ductility of
      a wrought-annealed copper foil or sheet product.
PAR  It is to be noted that the present invention also broadly relates to highly
      tarnish resistant copper or an alloy thereof which possesses long shelf
      life, better solderability shelf life, and therefore materially reduces
      requisite cleaning of a fully manufactured and treated copper article as
      well as copper or copper alloy which requires further manufacturing or
      processing into finished articles, such as laminates and flexible printed
      circuits.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the increase in oxidation resistance of copper and its alloys
      when treated in accordance with the present invention.
PAR  FIG. II shows the increased stability with time of the bond strength of the
      laminate of the present invention when held at elevated temperature in
      air.
PAR  FIG. III shows the effect of pH of the rinse on bond strength of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The material provided in copper or a copper alloy having on its surface a
      glassy like and substantially pore free coating of copper phosphate
      ranging in thickness of from 20 to 1,000 Angstrom units.
PAR  The aforementioned coating may be formed in accordance with Ser. Nos.
      59,684 and 67,943 which teach preferred methods of producing such a
      coating.
PAR  For example, Ser. No. 67,943 teaches applying a phosphoric acid solution
      containing from about 3.5 grams per liter up to the solubility limit of
      sodium dichromate (Na.sub.2 CR.sub.2 O.sub.7. 2H.sub.2 O) or potassium
      dichromate (K.sub.2 Cr.sub.2 O.sub.7) or mixtures thereof to copper and
      its alloys. Normally, the application of the aforementioned solution is by
      immersion of, for example, sheet or foil in a bath.
PAR  The acid normally employed is from about 8% to 85% concentration of
      phosphoric acid of the formula H.sub.3 PO.sub.4 although a solution of
      phosphates such as acid solutions of, for example, sodium (Na.sub.2
      HPO.sub.4), potassium (K.sub.2 HPO.sub.4), and lithium (LiH.sub.2
      PO.sub.4) phosphate may also be readily employed in a concentration range
      normally corresponding to about 15% of phosphoric acid of the formula
      H.sub.3 PO.sub.4 up to their solubility limits in water.
PAR  Ser. No. 59,684 dexcribes a method wherein copper, or an alloy thereof, is
      first oxidized by heating in an environment containing oxygen or wherein
      air has not been excluded. The temperature is from about
      200.degree.-340.degree.C and the time employed from about 5 to 45 minutes
      in order to form the requisite oxide film.
PAR  Following this oxidation step the copper, normally in sheet or foil form,
      is phosphated by applying a phosphoric acid solution, such as by
      immersion, to the oxidized surface. The acid normally employed is about 15
      to 85% concentration of phosphoric acid of the formula H.sub.3 PO.sub.4
      although a solution of phosphates such as acid solutions of, for example,
      sodium (Na.sub.2 HPO.sub.4), potassium (K.sub.2 HPO.sub.4), and lithium
      (LiH.sub.2 PO.sub.4) phosphate may also be readily employed in a
      concentration range normally corresponding to about 15% of phosphoric acid
      of the formula H.sub.3 PO.sub.4 up to their solubility limits in water.
PAR  The temperature of the phosphoric acid solution is normally ambient for
      practical considerations but may range from below that of room up to the
      boiling point. The phosphoric solution may also be suitably agitated such
      as by conventional mechanical means if desired.
PAR  Rinsing is carried out in heated water having an alkaline pH of at least
      about 8.0, and preferably about 8.5 to about 11.0, and the temperature of
      the water ranges from about 90.degree.C up to the boiling point.
PAR  Any suitable addition agent may be employed to adjust the pH but is
      generally selected from the group consisting of the basic reaction salts
      of the alkali metals, the basic reaction salts of the alkaline earth
      metals, the hydroxides of the alkali metals, and the hydroxides of the
      alkaline earth metals. Ammonium salts with a basic reaction such as
      ammonium carbonate salts may also be readily employed.
PAR  Calcium hydroxide is particularly preferred to adjust the pH to the range
      of 8.0 to 11.0. Ammonium hydroxide may also be readily employed when
      adjusting the pH towards the lower critical limit of about 8.0 is desired.
PAR  The rinse of the present invention converts the copper phosphate coating to
      a copper complex phosphate. The particular copper complex phosphate
      produced by the rinse is dependent upon and will contain the cation of the
      addition agent employed. Thus, for example, should calcium hydroxide be
      employed the copper phosphate coating will be converted to a copper
      calcium phosphate which is also glassy like and substantially pore free.
      Likewise should sodium hydroxide be employed the coating obtained is a
      glassy like and substantially pore free coating of copper sodium
      phosphate.
PAR  The coating obtained after the rinse is of the same thickness as before the
      rinse and more particularly 20 to 1,000 Angstrom units thick, as
      aforementioned.
PAR  The copper or copper alloy is rinsed for at least 2 seconds and, although
      not critical, rinsing is not normally longer than about 2 minutes for
      practical considerations. Normally rinsing is by immersion in a rinse bath
      although other methods such as spraying may also be readily employed.
      Suitable agitation in an immersion type rinse may also be provided, if
      desired.
PAR  If desired, the copper or copper alloy may first be given a preliminary
      rinse, such as a spray rinse, in cold or unheated water with the pH
      unadjusted in order to first remove the excess phosphating solution before
      rinsing at a pH of at least 8.0.
PAR  The upper pH limit is governed only by the saturation limit of the
      particular pH adjuster employed and is therefore not critical.
PAR  Following the rinsing, the copper or copper alloy is then dried such as by
      air blast, rinsing in an alcohol solution such as methanol and allowing to
      dry or merely by allowing to dry by exposure to the atmosphere.
PAR  Following rinsing and drying the treated surface of the copper sheet or
      foil may be adhesively laminated to a plastic film such as by employing a
      high temperature glue in order to form laminate.
PAR  The resultant laminate comprising copper sheet or foil and a plastic film
      is particularly useful in the manufacture of flexible printed circuitry.
      Although not critical the preferred plastic film comprises a polyester or
      a polyimide organic compound, and in particular Mylar and Kapton,
      respectively.
PAR  Preferably, but not necessarily, before the aforementioned laminating the
      copper foil or sheet, when in the hard condition, is recrystallied
      annealed in a reducing atmosphere at a temperature from about 250.degree.
      to 500.degree.F for at least about eight minutes, and preferably not
      longer than about 16 hours when at a temperature of about 250.degree. to
      350.degree.F, and preferably not longer than about one-half hour when at a
      temperature in the aforementioned range in excess of about 350.degree.F.
PAR  A further embodiment of the present invention is the applying of a
      photoresist to the unbonded surface of the copper component of the
      aforementioned laminate and then conventionally impressing a pattern of
      the required circuitry which transforms the photoresist to an acid
      insoluble compound at the area of the impressed circuitry.
PAR  The unwanted copper is then dissolved away by a suitable etchant such as
      acidic ferric chloride, in those areas of the laminate wherein the
      photoresist has not been transformed into an acid insoluble compound
      during projection of the circuitry. The laminate is then rinsed and dried
      and thereby a completed flexible circuit is formed.
PAR  The copper provided in forming the flexible printed circuit of the present
      invention is normally from about 0.25 to 6 mils in thickness and may be
      any suitable copper or alloy thereof which is capable of carrying the
      required current for the intended application. Normally CDA Alloy 110
      (99.90% minimum copper, 0.04 nominal oxygen) or CDA Alloy 102 (99.95%
      minimum copper) is employed. Naturally, it is also preferred that the
      sheet or foil be suitably cleaned before treatment.
PAR  If the coating is provided in accordance with Ser. No. 59,684 the surface
      is preferably roughened before the treating to provide an average
      roughness of about 1 to 20 micro inches, RMS, should the material be
      laminated to a polyester. Any suitable method of roughening may be
      employed such as, for example, pack rolling, rolling with suitably
      roughened rolls, or abrasive blasting.
PAR  It has been surprisingly found that when the sheet or foil is rinsed after
      phosphating as aforementioned the bond strength and resistance to acid
      undercutting are either increased or stabilized and thus the present
      invention increases the resistance of the bond strength to decay with
      time. By rinsing as aforementioned long term service life is to be
      expected. The rinse, as shown in FIG. 1 provides increased resistance to
      oxidation of copper and its alloys when in an elevated temperature
      environment, such as soldering, thus providing the retention of a pleasing
      appearance of the material when subjected to such an environment.
PAR  Furthermore, the aforementioned rinse also provides increased resistance of
      the bond at ambient temperature and strength to decay when the laminate is
      heated to elevated temperatures such as would be expected under some
      operating conditions as shown in FIG. 2 and 3. For example the laminate of
      the present invention may function in a system wherein elevated
      temperatures may be expected, such as for example, in the aerospace field.
PAR  The circuit laminate of the present invention is thus characterized by
      having high bond strength as a result of the aforementioned treatment, as
      well as substantially no acid undercutting of the circuitry at the bonded
      interface, i.e., at each side of the circuitry where the circuitry is
      adhesively laminated to the plastic film. The high bond strength and acid
      undercutting resistance are not degraded by long time exposure to the
      atmosphere.
PAR  The circuit as well as the laminate and copper or copper alloy, of the
      present invention is further characterized by having uniformly thereon a
      glassy like, and pore free copper complex phosphate coating of a thickness
      of from about 20 to 1,000 Angstrom units and readily overcomes the
      aforementioned disadvantages of high acid undercutting and of low bond
      strength as well as other disadvantages of the prior art.
PAR  For example, in the manufacture of flexible printed circuits
      electrodeposited copper foil is frequently employed in place of wrought
      annealed copper wherein one side, or surface, of the foil is relatively
      rough. The rough surface is oxidized and then both sides of the
      electrodeposited copper foil are treated with the aforementioned
      benzotriazole inhibitor. The inhibitor forms a copper salt when it reacts
      with the copper oxide present on both sides of the foil, intentionally on
      the rough side and as a residual on the other or smooth side. This
      residual benzotriazole salt on the smooth side causes uneven etching
      response of the copper foil plastic laminate.
PAR  Electrodeposited copper is also disadvantageous when bonded to a polyester
      film since the foil is generally of low ductility whereas a relatively
      high ductile material, such as rolled and annealed copper, is desirable in
      flexible printed circuitry wherein a polyester film, such as Mylar, or a
      polyimide film, such as Kapton, is employed.
PAR  Furthermore, electrodeposited copper does not tend to uniformly etch away
      in the unwanted areas of the copper component during formation of the
      circuitry due to its relatively large grain size; whereas the more uniform
      and fine grain size of rolled and annealed copper tends to provide for
      more even etching which is preferred in the forming of high quality
      circuitry.
PAR  Electrodeposited copper inhibited by benzotriazole is also disadvantageous
      when bonding to a polyimide plastic film since the adhesives used with
      polyimide films, such as Kapton, require a curing temperature which is
      sufficiently high to promote degragation of the copper benzotriazole salt
      thereby degrading or destroying the laminate. Therefore roller copper foil
      is used with the polyimides rather than electrodeposited copper.
PAR  It is also noted that the flexible circuit of the present invention may
      readily be soft soldered over the aforementioned film thus providing for
      increased economy in assembling of composite electrical circuitry.
PAR  It is further noted that as a result of the aforementioned treatments that
      copper and its alloys have very high tarnish resistance and therefore long
      shelf life prior to laminating as well as prolonged aesthetic value since
      the normal corrosion products produced in both clean and polluted
      atmospheres are reduced.
PAR  In addition the method of the present invention of forming a tarnish
      resistant film on copper and alloys has also been surprisingly found to
      prevent sticking together of the metal sheets during annealing, which thus
      overcomes a prevalent problem during mill processing.
PAR  The present invention will become more readily apparent from the following
      illustrative examples.
PAC  EXAMPLE I
PAR  FIG. 1 shows the oxidation resistance of copper alloy 110 when treated in
      accordance with the present invention at a temperature of 150.degree.C.
      Copper samples were cleaned, and immersed in a solution of 50% phosphoric
      acid containing about 35 grams per liter of sodium dichromate for about
      one minute at ambient temperature. Following the aforementioned treatment
      some of the samples were rinsed in ordinary tap water at ambient
      temperature and dried by an air blast. Other samples were rinsed for about
      30 seconds in water at 100.degree.C, and adjusted with calcium hydroxide
      to a pH of about 10.5 and dried by an air blast.
PAR  As shown in FIG. 1 the rinse clearly increased the oxidation resistance of
      the samples when heated in an oxidizing atmosphere at a temperature of
      150.degree.C for varying times.
PAC  EXAMPLE II
PAR  FIG. 2 shows the increase in laminate bond strength stability with time at
      high temperature when samples of copper alloy 110 were processed in
      accordance with this invention.
PAR  Samples processed in accordance with Example I were adhesively laminated to
      a polyester "Mylar" film with a polyester glue containing a di-isocyanate
      cross linking agent cured for 72 hours at ambient temperature and then
      heated at 150.degree.C in air for varying times, cooled and the bond
      strength tested by fastening strips 1 centimeter wide to the rim of a free
      running 6 inch diameter German wheel with the copper side out. The force
      required to pull the copper free from the glue in the radial direction was
      measured with a spring balance and the force per inch of width calculated
      from the data obtained. The rate of peel was held at 1 inch per minute
      with care being taken that the bond was broken at the gluemetal interface.
PAR  It is clearly seen that the present invention provides high bond strength
      after heating and further provides for stable bond strength from less than
      1 hour up to at least 24 hours, the maximum time tested.
PAC  EXAMPLE III
PAR  FIG. 3 shows the effect of rinse water pH on stability of bond strength.
PAR  Copper alloy 110 samples were cleaned and immersed in a solution of 50%
      phosphoric acid containing about 35 grams per liter of sodium dichromate
      for about one minute at ambient temperature. The samples were then rinsed
      for 30 seconds at various pH's at 100.degree.C and tested for bond
      strength as in Example II after heating at 150.degree.C for 24 hours. The
      rinse water was adjusted to the alkaline pH range with calcium hydroxide.
      It is clearly seen that maximum stability of bond strength is obtained at
      a pH of at least 8.0 up to the maximum pH obtainable in a saturated
      solution of Ca(OH).sub.2.
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present embodiment is therefore to be considered as in all respects
      illustrative and not restrictive the scope of the invention being
      indicated by the appended claims, and all changes which come within the
      meaning and range of equivalency are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a flexible printed circuit comprising:
PA1  A. providing a material selected from the group consisting of copper foil
      and copper sheet,
PA1  B. applying to a surface of said material a phosphoric acid solution of at
      least 8% concentration and containing from 3.5 grams per liter up to the
      solubility limit of a material selected from the group consisting of
      sodium dichromate and potassium dichromate and mixtures thereof, for at
      least 2 seconds, to form a uniform, glassy-like, substantially porefree
      coating of copper phosphate from 20 to 1,000 Angstroms thick, provided
      that when the concentration of phosphoric acid is increased, the minimum
      dichromate concentration is proportionately increased.
PA1  C. rinsing said material for at least two seconds in water at a pH of at
      least 8.0 and at a temperature from about 90.degree.C up to the boiling
      point,
PA1  D. drying said material,
PAR  E. adhesively laminating a plastic film to said surface,
PA1  F. applying a photoresist to the opposing surface of said material,
PA1  G. projecting a circuitry pattern upon said photoresist wherein said
      photoresist is transformed into an acid insoluble compound at said
      circuitry pattern,
PA1  H. dissolving away the unwanted portion of said material from said
      circuitry pattern by an acid solution,
PA1  I. rinsing said surface, and
PA1  J. drying said surface, thereby forming a flexible printed circuit.
NUM  2.
PAR  2. A method according to claim 1 wherein said water is adjusted to said pH
      with a compound selected from the group consisting of the basic reaction
      salts of the alkali metals, the basic reaction salts of the alkaline earth
      metals, the hydroxides of the alkali metals, the hydroxides of the
      alkaline earth metals, ammonium salts with a basic reaction, ammonium
      hydroxide and mixtures thereof.
NUM  3.
PAR  3. A method according to claim 2 wherein said compound is calcium hydroxide
      and said pH is from 8.0 to 11.0.
NUM  4.
PAR  4. A method according to claim 2 wherein said plastic film is selected from
      the group consisting of the polyesters and the polyimides.
NUM  5.
PAR  5. A method according to claim 1 wherein following step B and prior to step
      C said material is rinsed in water with the pH unadjusted.
NUM  6.
PAR  6. A method according to claim 1 wherein following step D and before step E
      said material is recrystallized annealed.
NUM  7.
PAR  7. A method of producing a flexible printed circuit comprising:
PA1  A. providing a material selected from the group consisting of copper foil
      and copper sheet,
PA1  B. oxidizing a surface of said material to form a surface oxide film from
      150 to 1,000 Angstrom units in thickness,
PA1  C. applying a phosphoric acid solution of at least 8% concentration to said
      oxide film to form thereon a uniform, glassy-like, substantially porefree
      coating of copper phosphate,
PA1  D. rinsing said material for at least two seconds in water at a pH of at
      least 8.0 and at a temperature from about 90.degree.C up to the boiling
      point,
PA1  E. drying said material,
PA1  F. adhesively laminating a plastic film to said surface,
PA1  G. applying a photoresist to the opposing surface of said material,
PA1  H. projecting a circuitry pattern upon said photoresist wherein said
      photoresist is transformed into an acid insoluble compound at said
      circuitry pattern,
PA1  I. dissolving away the unwanted portion of said material from said
      circuitry pattern by an acid solution,
PA1  J. rinsing said surface, and
PA1  K. drying said surface, thereby forming a flexible printed circuit.
NUM  8.
PAR  8. A method according to claim 7 wherein said water is adjusted to said pH
      with a compound selected from the group consisting of the basic reaction
      salts of the alkali metals, the basic reaction salts of the alkaline earth
      metals, the hydroxides of the alkali metals, the hydroxides of the
      alkaline earth metals, ammonium salts with a basic reaction, ammonium
      hydroxide and mixtures thereof.
NUM  9.
PAR  9. A method according to claim 8 wherein said compound is calcium hydroxide
      and said pH is from 8.0 to 11.0.
NUM  10.
PAR  10. A method according to claim 8 wherein said plastic film is selected
      from the group consisting of the polyesters and the polyimides.
NUM  11.
PAR  11. A method according to claim 7 wherein following step C and prior to
      step D said material is rinsed in water with the pH unadjusted.
NUM  12.
PAR  12. A method according to claim 7 wherein following step E and before step
      F said material is recrystallized annealed.
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ABST
PAL  The instant invention comprises providing copper or a copper alloy which
      has on its surface a uniform glassy like and substantially pore free
      coating of copper phosphate, rinsing the coated material for at least two
      seconds in water at a pH of from 4.9 to 6.3, at a temperature of
      90.degree.C to the boiling point and drying.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 177,291, filed Sept.
      2, 1971, now U.S. Pat. No. 3,764,399, which is a continuation-in-part of
      co-pending applications Ser. No. 59,684, filed July 30, 1970 now U.S. Pat.
      No. 3,677,828 and Ser. No. 67,943, filed Aug. 28, 1970, now U.S. Pat. No.
      3,716,427 which is in turn a continuation-in-part of Ser. No. 59,684.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates specifically to metal plastic laminates
      having high bond strength and improved resistance to acid undercutting
      during manufacture of laminates into flexible printed circuits.
PAR  The present invention further broadly relates to treating copper and copper
      alloys to form a tarnish and oxidation resistant film thereon.
PAR  In the manufacture of flexible printed circuits, copper foil or sheet is
      employed which normally has applied to its surface a film of an organic
      inhibitor, such as benzotriazole, in order to prolong the shelf life
      before manufacture of the circuit.
PAR  Flexible printed circuits comprise copper sheets or copper foil bonded to
      the surface of a plastic sheet, such as a polyester or polyimide. Normally
      two types of copper foil, either wrought or electro deposited, are
      employed in the manufacture of flexible printed circuits. Further it is
      advantageous to utilized wrought and annealed copper foil.
PAR  Printed circuits find wide use in the electrical and electronic fields
      since they are advantageous in the elimination of individual lead wires
      which require a separate soldering or other joining operation to the
      various components of any particular circuit. The configuration of such a
      circuit facilitates the positioning of conventional circuit components
      such as capacitors, etc., and the soldering of these components to the
      wiring by a dipping operation.
PAR  The manufacture of flexible printed circuits comprises adhesively bonding
      or laminating copper sheet or foil to a plastic film, such as a polyester
      or polyimide, and generally employing a suitable glue. As one preferred
      way the copper side of the resultant laminate is then sprayed with a
      photoresist and the required circuit is projected onto the resist-coated
      side of the copper component which transforms the photoresist into an acid
      insoluble compound in a figure and likeness of the circuit. The laminate
      is then immersed or sprayed with an acid etchant, such as a ferric
      chloride solution, to dissolve away the unwanted portion of the copper,
      i.e., that portion of the copper component of the laminate which is not
      part of the required circuitry.
PAR  Various problems arise however in the present manufacture of flexible
      printed circuits to which the present invention is directed.
PAR  For example, in order to provide tarnish resistance of rolled copper and an
      acceptable laminated product, before laminating a film of an organic
      inhibitor is normally applied to the surface of the copper.
PAR  The organic inhibitor, e.g., benzotriazole, provides for long shelf life or
      stability during storage.
PAR  Before laminating of a wrought hard copper to the plastic film it is
      advantageous to anneal the copper in order to provide increased ductility
      which is highly desirable in flexible printed circuits. It has been found
      that the organic inhibitor upon the copper surface decomposes during the
      annealing. Due to this decomposition problems arise such as the effect of
      the benzotriazole is no longer apparent and therefore the product no
      longer has good shelf life and tarnishing occurs. The tarnishing causes
      both poor laminate bond strength, uneven acid etching, and rapid acid
      undercutting along the bonded interface during etching away of the
      unwanted copper portion of the laminate. The acid undercutting generally
      occurs at a rate equivalent to at least 30 mils per hour from each side of
      the copper circuitry, at the aforementioned interface, and materially
      degrades the quality of the printed circuit.
PAR  Therefore, unless treated the copper foil-plastic laminate exhibits poor
      bond strength when room temperature oxidation or tarnishing occurs on the
      foil. Furthermore, the resistance to acid undercutting along the interface
      of the wrought annealed foil is poor as aforementioned. A further
      complication with wrought annealed and other foil arises with the use of
      organic inhibitors such as benzotriazole, since residual benzotriazole on
      the unbonded side of the foil results in uneven etching of the circuit
      because the benzotriazole provides some inhibition in the etching
      solution. A still further disadvantage with organic inhibitors occurs with
      certain plastic systems wherein high temperatures, i.e., above
      240.degree.F, are employed for curing of the glue. These high temperatures
      cause the copper-organic inhibiting film to decompose with the formation
      of relatively large amounts of gases which causes blistering of the
      laminate and thereby producing an unacceptable product.
PAR  It is well known, as aforementioned, that copper and many of its alloys
      possess low resistance to tarnishing in many atmospheres and particularly
      atmospheres containing industrial wastes such as compounds of sulfur. It
      is therefore required, in order to provide a measure of tarnish resistance
      for a relatively prolonged period of time, that a film of an organic
      inhibitor, such as benzotriazole, be applied to the surface of the copper
      or copper alloy.
PAR  The application of such inhibitors provides for prolonging the aesthetic
      appeal of copper materials in finished form, such as lamp bases and other
      consumer goods for the home, and also provides for long shelf life before
      further manufacture of such materials into final consumer articles. This
      is particularly important since prolonged exposure of copper materials in
      an industrial environment naturally degrades the exposed surfaces
      resulting in build up of corrosion products, such as copper oxides and
      sulfides, which may necessitate a severe mechanical or chemical cleaning
      operation in order to restore the material surfaces to a condition
      compatible for normal further cleaning and manufacturing operations, e.g.,
      a simple alkaline clean or degreasing cycle before additional mechanical
      working or soldering of the material.
PAR  It is therefore a principal object of the present invention to provide a
      method for producing increased tarnish resistance of copper and its
      alloys, and the article produced thereby.
PAR  It is an additional object of the present invention to provide a method for
      producing a copper, or copper alloy sheet or foil adhesively laminated to
      a plastic film to form a laminate wherein the laminate is characterized by
      increased resistance to acid undercutting and uneven dissolution of the
      unwanted copper during manufacture of the laminate into a flexible
      circuit, and the article produced thereby.
PAR  It is a further object to provide a method for producing a flexible printed
      circuit which is characterized by no substantial undercutting of the
      circuitry and by high bond or peel strength and tarnish resistance without
      degradation of other properties so desirable in flexible printed
      circuitry, and the article produced thereby.
PAR  It is still a further object of the present invention to provide the
      objects as aforesaid conveniently, expeditiously and inexpensively.
PAR  Further objects and advantages of the present invention will become
      apparent hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises providing copper or an alloy thereof having
      on its surface a uniform glassy like and substantially pore free coating
      of copper phosphate and rinsing in heated water at a temperature of at
      least 90.degree.C and a pH of about 4.9 to 6.3 for at least 2 seconds and
      drying.
PAR  The present invention also provides for further adhesively bonding or
      laminating the treated copper or copper alloy to a plastic film to form a
      laminate and for further forming of the laminate into a flexible printed
      circuit. A preferred method of forming of the flexible printed circuit is
      by applying a photoresist to the surface of the aforementioned foil or
      sheet opposing the surface bonded to the plastic film, projecting the
      desired circuitry upon the photoresist to form an acid insoluble compound
      in the area of the required circuitry, dissolving away the unwanted copper
      in an acidic solution and then rinsing and drying.
PAR  The present invention additionally provides for highly tarnish resistant
      copper or alloy thereof having on its surface a glassy like and
      substantially pore free film or copper complex phosphate from 20 to 1,000
      Angstrom Units thick. When the aforementioned copper or copper alloy is
      adhesively laminated to a plastic film, as for example, in the form of a
      flexible printed circuit, the printed circuit is characterized by stable
      high bond strength and substantially no acid undercutting of the copper
      circuitry in the bonded interface.
PAR  It is a particular advantage of the present invention that the treated
      wrought copper foil or sheet can be annealed prior to the aforementioned
      adhesively bonding step, which provides the advantage of high ductility of
      a wrought-annealed copper foil or sheet product.
PAR  It is to be noted that the present invention also broadly relates to highly
      tarnish resistant copper or an alloy thereof which possesses long shelf
      life, better solderability shelf life, and therefore materially reduces
      requisite cleaning of a fully manufactured and treated copper article as
      well as copper or copper alloy which requires further manufacturing or
      processing into finished articles, such as laminates and flexible printed
      circuits.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying FIGURE shows the effect of pH on bond strength in the
      rinsing of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The material provided is copper or a copper alloy having on its surface a
      glassy like and substantially pore free coating of copper phosphate
      ranging in thickness of from 20 to 1,000 Angstrom units.
PAR  The aforementioned coating may be formed in accordance with Ser. Nos.
      59,684 and 67,943 which teach preferred methods of producing such a
      coating.
PAR  For example, Ser. No. 67,943 teaches applying a phosphoric acid solution
      containing from about 3.5 grams per liter up to the solubility limit of
      sodium dichromate (Na.sub.2 Cr.sub.2 O.sub.7.2H.sub.2 O) or potassium
      dichromate (K.sub.2 Cr.sub.2 O.sub.7) or mixtures thereof to copper and
      its alloys. Normally, the application of the aforementioned solution is by
      immersion of, for example sheet or foil, in a bath.
PAR  The acid normally employed is from about 8% to 85% concentration of
      phosphoric acid of the formula H.sub.3 PO.sub.4 although a solution of
      phosphates such as acid solutions of, for example, sodium (Na.sub.2
      HPO.sub.4), potassium (K.sub.2 HPO.sub.4), and lithium (LiH.sub.2
      PO.sub.4) phosphate may also be readily employed in a concentration range
      normally corresponding to about 15% of phosphoric acid of the formula
      H.sub.3 PO.sub.4 up to their solubility limits in water.
PAR  Ser. No. 59,684 describes a method wherein copper, or an alloy thereof, is
      first oxidized by heating in an environment containing oxygen or wherein
      air has not been excluded. The temperature is from about
      200.degree.-340.degree.C and the time employed from about 5 to 45 minutes
      in order to form the requisite oxide film.
PAR  Following this oxidation step the copper, normally in sheet or foil form,
      is phosphated by applying a phosphoric acid solution, such as by
      immersion, to the oxidized surface. The acid normally employed is about 15
      to 85% concentration of phosphoric acid of the formula H.sub.3 PO.sub.4
      although a solution of phosphates such as acid solutions of, for example,
      sodium (Na.sub.2 HPO.sub.4), potassium (K.sub.2 HPO.sub.4), and lithium
      (LiH.sub.2 PO.sub.4) phosphate may also be readily employed in a
      concentration range normally corresponding to about 15% of phosphoric acid
      of the formula H.sub.3 PO.sub.4 up to their solubility limits in water.
PAR  The temperature of the phosphoric acid solution is normally ambient for
      practical considerations but may range from below that of room up to the
      boiling point. The phosphoric solution may also be suitable agitated such
      as by conventional mechanical means if desired.
PAR  Rinsing is carried out in heated water having a pH of from 4.9 to 6.3 and
      the temperature of the water ranges from about 90.degree.C up to the
      boiling point.
PAR  Addition agents found suitable to adjust the pH are the mineral acids, such
      as phosphoric and sulfuric acid, salts with an acid reaction, i.e., salts
      of a strong acid and a weak base, and mixtures thereof.
PAR  The rinse of the present invention converts the copper phosphate coating to
      a copper complex phosphate in which at least a portion of the copper ions
      have been exchanged by protons.
PAR  The coating obtained after the rinse is of the same thickness as before the
      rinse and more particularly 20 to 1,000 Angstrom units thick, as
      aforementioned.
PAR  The copper or copper alloy is rinsed for at least 2 seconds and, although
      not critical, rinsing is not normally longer than about 2 minutes for
      practical considerations. Normally rinsing is by immersion in a rinse bath
      although other methods such as spraying may also be readily employed.
      Suitable agitation in an immersion type rinse may also be provided, if
      desired.
PAR  If desired, the copper or copper alloy may first be given a preliminary
      rinse, such as a spray rinse, in cold or unheated water with the pH
      unadjusted in order to first remove the excess phosphating solution before
      rinsing at a pH of about 4.9 to 6.3.
PAR  Following the rinsing, the copper or copper alloy is then dried such as by
      air blast, rinsing in an alcohol solution such as methanol and allowing to
      dry or merely by allowing to dry by exposure to the atmosphere.
PAR  Following rinsing and drying the treated surface of the copper sheet of
      foil may be adhesively laminated to a plastic film such as by employing a
      high temperature glue in order to form a laminate.
PAR  The resultant laminate comprising copper sheet or foil and a plastic film
      is particularly useful in the manufacture of flexible printed circuitry.
      Although not critical the preferred plastic film comprises a polyester or
      a polyimide organic compound, and in particular Mylar and Kapton,
      respectively.
PAR  Preferably, but not necessarily, before the aforementioned laminating the
      copper foil or sheet is recrystallized annealed, when in the hard
      condition, in a reducing atmosphere at a temperature from about
      250.degree. to 500.degree.F for at least about 8 minutes, and preferably
      not longer than about 16 hours when at a temperature of about 250.degree.
      to 350.degree.F, and preferably not longer than about one-half hour when
      at a temperature in the aforementioned range in excess of about
      350.degree.F.
PAR  A further embodiment of the present invention is the applying of a
      photoresist to the unbonded surface of the copper component of the
      aforementioned laminate and then conventionally impressing a pattern of
      the required circuitry which transforms the photoresist to an acid
      insoluble compound at the area of the impressed circuitry.
PAR  The unwanted copper is then dissolved away by a suitable etchant such as
      acidic ferric chloride, in those areas of the laminate wherein the
      photoresist has not been transformed into an acid insoluble compound
      during projection of the circuitry. The laminate is then rinsed and dried
      and thereby a completed flexible circuit is formed.
PAR  The copper provided in forming the flexible printed circuit of the present
      invention is normally from about 0.25 to 6 mils in thickness and may be
      any suitable copper or alloy thereof which is capable of carrying the
      required current for the intended application. Normally, CDA Alloy 110
      (99.90% minimum copper, 0.04 nominal oxygen) or CDA Alloy 102 (99.95%
      minimum copper) is employed. Naturally it is also preferred that the sheet
      or foil be suitably cleaned before treatment.
PAR  If the coating is provided in accordance with Ser. No. 59,684 the surface
      is preferably roughened before the treating to provide an average
      roughness of about 1 to 20 micro inches, RMS, should the material be
      laminated to a polyester. Any suitable method of roughening may be
      employed such as, for example, pack rolling, rolling with suitably
      roughened rolls, or abrasive blasting.
PAR  It has been surprisingly found that when the sheet or foil is rinsed after
      phosphating as aforementioned the bond strength and resistance to acid
      undercutting are either increased or stabilized and thus the present
      invention increases the resistance of the bond strength to decay with
      time. By rinsing as aforementioned long term service life is to be
      expected. The rinse provides increased resistance to oxidation of copper
      and its alloys when in an elevated temperature environment, such as
      soldering, thus providing the retention of a pleasing appearance of the
      material when subjected to such an environment.
PAR  Furthermore, the aforementioned rinse also provides increased resistance of
      the bond at ambient temperature and strength to decay when the laminate is
      heated to elevated temperatures such as would be expected under some
      operating conditions. For example, the laminate of the present invention
      may function in a system wherein elevated temperatures may be expected,
      such as for example, in the aerospace field.
PAR  The circuit laminate of the present invention is thus characterized by
      having high bond strength as a result of the aforementioned treatment, as
      well as substantially no acid undercutting of the circuitry at the bonded
      interface, i.e., at each side of the circuitry where the circuitry is
      adhesively laminated to the plastic film. The high bond strength and acid
      undercutting resistance are not degraded by long time exposure to the
      atmosphere.
PAR  The circuit as well as the laminate and copper or copper alloy, of the
      present invention is further characterized by having uniformly thereon a
      glassy like, and pore free copper complex phosphate coating of a thickness
      of from about 20 to 1,000 Angstrom units and readily overcomes the
      aforementioned disadvantages of high acid undercutting and of low bond
      strength as well as other disadvantages of the prior art.
PAR  For example, in the manufacture of flexible printed circuits
      electrodeposited copper foil is frequently employed in place of wrought
      annealed copper wherein one side, or surface, of the foil is relatively
      rough. The rough surface is oxidized and then both sides of the
      electrodeposited copper foil are treated with the aforementioned
      benzotriazole inhibitor. The inhibitor forms a copper salt when it reacts
      with the copper oxide present on both sides of the foil, intentionally on
      the rough side and as a residual on the other or smooth side. This
      residual benzotriazole salt on the smooth side causes uneven etching
      response of the copper foil plastic laminate.
PAR  Electrodeposited copper is also disadvantageous when bonded to a polyester
      film since the foil is generally of low ductility whereas a relatively
      high ductile material, such as rolled and annealed copper, is desirable in
      flexible printed circuitry wherein a polyester film, such as Mylar, or a
      polyimide film, such as Kapton, is employed.
PAR  Furthermore, electrodeposited copper does not tend to uniformly etch away
      in the unwanted areas of the copper component during formation of the
      circuitry due to its relatively large grain size; whereas the more uniform
      and fine grain size of rolled and annealed copper tends to provide for
      more even etching which is preferred in the forming of high quality
      circuitry.
PAR  Electrodeposited copper inhibited by benzotriazole is also disadvantageous
      when bonding to a polyimide plastic film since the adhesives used with
      polyimide films, such as Kapton, require a curing temperature which is
      sufficiently high to promote degragation of the copper benzotriazole salt
      thereby degrading or destroying the laminate. Therefore rolled copper foil
      is used with the polyimides rather than electrodeposited copper.
PAR  It is also noted that the flexible circuit of the present invention may
      readily be soft soldered over the aforementioned film thus providing for
      increased economy in assembling of composite electrical circuitry.
PAR  It is further noted that as a result of the aforementioned treatments that
      copper and its alloys have very high tarnish resistance and therefore long
      shelf life prior to laminating as well as prolonged aesthetic value since
      the normal corrosion products produced in both clean and polluted
      atmospheres are reduced.
PAR  In addition the method of the present invention of forming a tarnish
      resistant film on copper and alloys has also been surprisingly found to
      prevent sticking together of the metal sheets during annealing, which thus
      overcomes a prevalent problem during mill processing.
PAC  EXAMPLE
PAR  The accompanying FIGURE shows the effect of rinse water pH on stability of
      bond strength.
PAR  Copper alloy 110 samples were cleaned and immersed in a solution of 50%
      phosphoric acid containing about 35 grams per liter of sodium dichromate
      for about 1 minute at ambient temperature. The samples were then rinsed
      for 30 seconds at various pH's at 100.degree.C and tested for bond
      strength after heating at 150.degree.C for 24 hours. The rinse water was
      adjusted to the acid pH range with phosphoric acid. The samples were then
      adhesively laminated to a polyester "Mylar" film with a polyester glue
      containing a di-isocyanate cross-linking agent cured for 72 hours at
      ambient temperature and then heated at 150.degree.C in air for 24 hours,
      cooled and the bond strength tested by fastening strips 1 centimeter wise
      to the rim of a free running 6 inch diameter German wheel with the copper
      side out. The force required to pull the copper free from the glue in the
      radial direction was measured with a spring balance and the force per inch
      of width calculated from the data obtained. The rate of peel was held at 1
      inch per minute with care being taken that the bond was broken at the
      glue-metal interface.
PAR  It is clearly seen that maximum stability of bond strength is obtained at a
      pH of from 4.9 to 6.3.
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present embodiment is therefore to be considered as in all respects
      illustrative and not restrictive the scope of the invention being
      indicated by the appended claims, and all changes which come within the
      meaning and range of equivalency are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a flexible printed circuit comprising:
PA1  A. providing a material selected from the group consisting of copper foil
      and copper sheet,
PA1  B. applying to a surface of said material a phosphoric acid solution of at
      least 8% concentration and containing from 3.5 grams per liter up to the
      solubility limit of a material selected from the group consisting of
      sodium dichromate and potassium dichromate and mixtures thereof, for at
      least 2 seconds, to form a uniform, glassy-like, substantially porefree
      coating of copper phosphate from 20 to 1,000 Angstroms thick, provided
      that when the concentration of phosphoric acid is increased, the minimum
      dichromate concentration is proportionately increased,
PA1  C. rinsing said material for at least two seconds in water at a pH of from
      about 4.9 to 6.3 and at a temperature from about 90.degree.C up to the
      boiling point,
PA1  D. drying said material,
PA1  E. adhesively laminating a plastic film to said surface,
PA1  F. applying a photoresist to the opposing surface of said material,
PA1  G. projecting a circuitry pattern upon said photoresist wherein said
      photoresist is transformed into an acid insoluble compound at said
      circuitry pattern,
PA1  H. dissolving away the unwanted portion of said material from said
      circuitry pattern by an acid solution,
PA1  I. rinsing said surface, and
PA1  J. drying said surface, thereby forming a flexible printed circuit.
NUM  2.
PAR  2. A method according to claim 1 wherein said water is adjusted to said pH
      by adding a compound selected from the group consisting of the mineral
      acids, the salts of strong acids and weak bases, and mixtures thereof.
NUM  3.
PAR  3. A method according to claim 1 wherein following step B and prior to step
      C said material is rinsed in water with the pH unadjusted.
NUM  4.
PAR  4. A method according to claim 1 wherein following step D and before step E
      said material is recrystallized annealed.
NUM  5.
PAR  5. A method according to claim 2 wherein said water is adjusted to said pH
      by adding an acid selected from the group consisting of phosphoric acid
      and sulfuric acid.
NUM  6.
PAR  6. A method according to claim 5 wherein said plastic film is selected from
      the group consisting of the polyesters and the polyimides.
NUM  7.
PAR  7. A method of producing a flexible printed circuit comprising:
PA1  A. providing a material selected from the group consisting of copper foil
      and copper sheet,
PA1  B. oxidizing a surface of said material to form a surface oxide film from
      150 to 1,000 Angstrom units in thickness,
PA1  C. applying a phosphoric acid solution to said oxide film to form thereon a
      uniform, glassy-like, substantially porefree coating of copper phosphate,
PA1  D. rinsing said material for at least two seconds in water at a pH of from
      about 4.9 to 6.3 and at a temperature from about 90.degree.C up to the
      boiling point,
PA1  E. drying said material,
PA1  F. adhesively laminating a plastic film to said surface,
PA1  G. applying a photoresist to the opposing surface of said material,
PA1  H. projecting a circuitry pattern upon said photoresist wherein said
      photoresist is transformed into an acid insoluble compound at said
      circuitry pattern,
PA1  I. dissolving away the unwanted portion of said material from said
      circuitry pattern by an acid solution,
PA1  J. rinsing said surface, and
PA1  K. drying said surface, thereby forming a flexible printed circuit.
NUM  8.
PAR  8. A method according to claim 7 wherein said water is adjusted to said pH
      by adding a compound selected from the group consisting of the mineral
      acids, the salts of strong acids and weak bases, and mixtures thereof.
NUM  9.
PAR  9. A method according to claim 7 wherein following step C and prior to step
      D said material is rinsed in water with the pH unadjusted.
NUM  10.
PAR  10. A method according to claim 7 wherein following step E and before step
      F said material is recrystallized annealed.
NUM  11.
PAR  11. A method according to claim 8 wherein said water is adjusted to said pH
      by adding an acid selected from the group consisting of phosphoric acid
      and sulfuric acid.
NUM  12.
PAR  12. A method according to claim 11 wherein said plastic film is selected
      from the group consisting of the polyesters and the polyimides.
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PAL  A method of making thin diaphragms having an accurately controllable
      thickness for semiconductor pressure responsive devices. An oxide coating
      is thermally grown in selected regions on the front side of a silicon
      wafer. The oxide extends into the wafer at an extremely accurate and
      controllable depth to form a groove in the wafer front side defined by the
      selected regions. Portions of the wafer are then etched from the back side
      until the bottom of the groove is reached thereby providing a diaphragm
      having a thickness equal to the accurately reproducible depth of the
      groove.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to diaphragms for semiconductor devices. More
      particularly, it involves a method of making thin diaphragms of an
      accurately controllable thickness for semiconductor pressure transducers.
PAR  Generally, prior art semiconductor pressure transducers can be produced by
      etching central portions of the back side of a wafer until enough of the
      wafer has been removed to provide a diaphragm of the desired thickness. In
      production, however, it has been found that the etch rate is often
      inconsistent as it depends upon various factors such as the strength of
      the etchant solution. For example, where the same etchant is used to etch
      a plurality of wafers one at a time, the strength of the etchant solution
      diminishes according to the number of wafers which it has etched.
      Therefore, one had to periodically remove the wafer from the etchant and
      measure the diaphragm to determine its thickness. This process is tedious
      and one can easily over-etch the wafer. Hence, uniform diaphragm thickness
      is extremely difficult to obtain, especially between devices processed on
      different wafers. While techniques have been developed to automatically
      stop the etch on reaching a layer of etch resistant material, they still
      rely upon the inconsistent etch rate to ultimately define the diaphragm
      thickness. Moreover, until now no practical method has been developed in
      which diaphragms of a thickness on the order of several microns or less
      can be reproduced accurately and consistently between different wafers
      during production.
PAR  Uniform diaphragm thickness would substantially reduce calibration of the
      individual devices. Such calibration has heretofore been needed because
      the pressure transducer response is inversely proportional to the square
      of the diaphragm thickness. If one could accurately control the thickness
      of the diaphragms, response of all the pressure transducers produced in
      production would be substantially equivalent. By providing extremely thin
      diaphragms of about several microns thick, the sensitivity of the pressure
      transducers can be greatly enhanced. Hence, the diameter of the diaphragm
      can be decreased for a given pressure range to be sensed. Therefore, more
      devices per wafer can be produced.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Therefore, it is an object of this invention to provide a practical method
      of producing semiconductor diaphragms having a thickness that is
      accurately and reproducibly controlled.
PAR  It is a further object of this invention to provide a practical method of
      producing extremely thin diaphragms of about several microns thick for
      semiconductor pressure transducers that are accurately controllable so as
      to provide uniform diaphragm thickness for a plurality of devices in
      production.
PAR  These and other objects of the invention are accomplished by masking a
      front side of a silicon wafer to expose selected regions thereon.
      Preferably, the selected regions are in the shape of an annulus which
      defines the outer periphery of each pressure transducer device to be
      formed from the wafer. An oxide coating is thermally grown in the selected
      regions. The oxide extends into the wafer at a depth which is extremely
      accurate and controllable to form a groove in the wafer front side defined
      by the selected regions. The back side of the wafer is selectively masked
      to expose a desired diaphragm pattern and circumventing portions in
      registry with the groove. The exposed portions of the wafer are then
      etched from the back side until the bottom of the groove is reached
      thereby providing a diaphragm having a thickness equal to that of the
      accurately controllable groove depth.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 through 7 show fragmentary plan views of successive steps of one
      embodiment of the method of this invention;
PAR  FIGS. 8 through 14 show fragmentary plan views of successive steps of
      another embodiment of the method of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  Example 1
PAR  Example 1 shows a fragmentary plan view of a silicon wafer 10. For ease of
      illustration, the method of this invention will be described in connection
      with processing one pressure transducer device. However, it should be
      noted that hundreds of these devices can be processed as part of wafer 10.
      Generally, the wafer is about 2 inches in diameter and about 4 mils thick.
      There can be approximately 600 pressure transducers processed within the
      wafer, depending on wafer size. The wafer 10 can be either monocrystalline
      or polycrystalline silicon. The wafer 10 has two major parallel surfaces,
      the front side 12 and the back side 14.
PAR  Referring now to FIG. 2, a layer 16 of silicon dioxide is grown in steam on
      the front side of the water. The empirical expression for silicon dioxide
      growth in steam is give by:
EQU  x.sup.2 = Ate.sup.-.sup.Ea/kT                              (1)
PAL  where x is the oxide thickness, t is exposure time in minutes, E.sub.a is
      the activation energy, and k is Boltzman's constant, A is an empirical
      constant and T is temperature in .degree. K. This equation can be reduced
      to
EQU  x = .sqroot.Ct                                             (2)
PAL  where C is a constant derived from the constant variables in equation (1),
      for a given temperature and pressure. For example, silicon dioxide layer
      16 was grown in atmospheric steam at 1200.degree.C for 1000 minutes. This
      resulted in a thickness of 4 microns for silicon dioxide layer 16. For
      ease of illustration the oxide thicknesses will be shown enlarged with
      respect to the wafer 10 thickness. It is important to note that 45% of the
      oxide thickness will be below the original silicon wafer surface
      (designated as A in FIG. 2) and 55% will be above the original wafer
      surface A. This leaves a new silicon wafer front side which will now be
      designated as 12'. The silicon wafer front side 12' now has a surface
      after this first oxidation that will be designated by B.
PAR  The silicon dioxide layer 16 and the subsequent oxide growths described in
      this invention are grown by thermal oxidation of silicon. By thermal
      oxidation, I mean heating silicon at an elevated temperature in the
      presence of oxygen. In this example, a clean silicon wafer is placed in a
      furnace. The furnace temperature is chosen between 1100.degree.C to
      1250.degree.C. Oxygen which has been previously saturated with steam or
      water vapor is passed over the wafer for the length of time (t) required
      to grow the thickness of oxide needed. The water vapor is picked up by the
      oxygen by bubbling the oxygen through hot water (about 100.degree.C)
      before it passes through the furnace.
PAR  Referring now to FIG. 3, the next step is to remove selected regions 18 of
      the silicon dioxide layer 16. The selected regions 18 are in the form of
      an annulus the inner diameter of which will later generally define the
      outer periphery of each discrete pressure transducer to be formed from the
      wafer 10. It should be realized that while in this example the selected
      regions are in the form of an annulus, other desired shapes may of course
      be used. The removal of the selected regions 18 is accomplished by using
      known photolithographic techniques using for example KTFR as a maskant and
      etching the unmasked portions with an etchant which does not attack
      silicon, such as hydrofluoric acid. The removal of the selected regions 18
      exposes portions of the front side 12' of the wafer 10.
PAR  The front side of the wafer is then thermally oxidized as shown in FIG. 4
      for a second selected time period to form an oxide coating 20 in the area
      of the selected regions 18 on the exposed wafer front side 12'. It should
      be noted that the original oxide layer 16 also has grown larger.
      Therefore, this layer will now be designated as 16'. However, due to the
      non-linearity in oxide growth with respect to time, the silicon dioxide
      coating 20 will have extended further into the silicon wafer 10 than the
      silicon dioxide layer 16'. This extension of the oxide growth into the
      silicon wafer 10 forms an annular groove 22. The depth of this groove 22
      is very highly controllable. For example, the thickness of oxide layer 16'
      is given by
EQU  x.sub.16.sub.' = .sqroot.C(T.sub.1 + t.sub.2)              (3)
PAL  and the thickness of the new oxide coating 20 is given by
EQU  X.sub.20 = .sqroot.Ct.sub.2                                (4)
PAL  It should be noted that the new front side of the silicon wafer 10 is below
      that which was designated by B. Hence, this new silicon wafer front side
      will be designated as 12".
PAR  For example, if the second selected oxidation time period (t.sub.2) is 1000
      minutes, to calculate the depth of groove 22:
PA1  The distance from A to B equals:
EQU  X.sub.AtoB = 0.45 .times. ( .sqroot.Ct.sub.1 )             (5)
PA1  The distance from B to the bottom of groove 22 equals:
EQU  X.sub.Bto22 = 0.45 .times. ( .sqroot.Ct.sub.2 )            (6)
PA1  The distance from A to 12" equals:
EQU  X.sub.Ato12.sub." = 0.45 .times. ( .sqroot.C(t.sub.1 + t.sub.2) ) (7)
PA1  Therefore, the depth of groove 22 equals:
EQU  X.sub.AtoB + X.sub.Bto22 -X.sub.Ato12.sub." = (0.45) .times. .sqroot.C
      .times. (.sqroot.t.sub.1 + .sqroot.t.sub.2 - .sqroot.t.sub.1 30 t.sub.2)
      (8)
PAL  We have determined that for t.sub.1 = 1000 minutes and t.sub.2 = 1000
      minutes, with the oxide being grown in atmospheric steam at 1200.degree.C,
      the groove 22 depth will be 2.43 microns. The depth of the groove is
      uniform not only throughout the entire wafer 10, but is accurately
      controllable within about .+-. 5% between different wafers. It should be
      noted that the depth can be varied easily and accurately by varying the
      factors that determine the constant, C, such as temperature, pressure,
      etc. The depth can also be varied even more easily by merely adjusting the
      time periods for the oxide growths, leaving C constant.
PAR  Referring now to FIG. 5, after formation of the groove 22, a resistor
      pattern is etched into the silicon dioxide layer 16' and pressure
      responsive elements, such as resistors 24 can be diffused or implanted
      into the wafer front side 12" as is well known in the art. The back side
      14 of the wafer 10 is masked with a suitable etchant resist 26 such as
      silicon dioxide which has been selectively etched as in the formation of
      selected regions 18. The etchant resist mask leaves exposed circular
      windows 28 corresponding to the central portions of the diaphragms to be
      formed from the silicon wafer 10. The etchant resist 26 also exposes
      circumscribing annular gaps 30 in register with the groove 22.
PAR  As shown in FIG. 6, a light source 32 is then directed at the front side of
      the wafer 10. For example, the wafer can be placed into a thin walled,
      transparent beaker containing room temperature potassium hydroxide and the
      light shone through the beaker walls at the front side of the wafer. The
      light source 32 emits a light having a wave length which is absorbed by
      silicon and readily passes through silicon dioxide. This would be toward
      the blue end of the visible spectrum. The wafer 10 is then etched from the
      back side 14 until one can see the light source 32 through the oxide
      coating 20 in the groove 22, at which point the etch is immediately
      quenched. The preferred etchant for this etch is potassium hydroxide, but
      other suitable etchants which readily etches the silicon wafer 10 but does
      not rapidly etch silicon dioxide can also be used. As one can see in FIG.
      6, this etching produces diaphragms 34 which have a thickness equal to
      that of the highly controllable groove 22 depth. In this example, the
      thickness of diaphragm 34 is about 2.43 microns.
PAR  Metallic contacts 36 are then added to make electrical connection to the
      pressure responsive resistor 24. For example, the metallic contacts 36 can
      be bi-layered, having a first evaporated layer 38 of chromium over which a
      layer 40 of gold has been evaporated. The individual pressure transducers
      are then separated from the wafer to leave the finished device shown in
      FIG. 7.
PAC  Example 2
PAR  Another embodiment of this invention is illustrated by the successive steps
      shown in FIGS. 8 through 14. FIG. 8 shows a silicon wafer 42 similar to
      that of wafer 10 and Example 1. The silicon wafer 42 has a front side 44
      and a back side 46. An oxygen impervious maskant 48, such as silicon
      nitride, is applied on the front side 44 of the wafer, as shown in FIG. 9.
      The next step, as shown in FIG. 10, is to remove selected regions 50 of
      the maskant 48. As in Example 1, the selected regions 50 can be in the
      shape of an annulus which defines the outer periphery of the pressure
      transducer to be formed from the wafer.
PAR  As shown in FIG. 11, the exposed portions of the wafer front side 44 is
      then thermally oxidized to grow a silicon dioxide coating 52 thereby
      forming groove 54 in the areas of the selected regions 50. This oxidation
      forms groove 54 in the front side of the wafer in the same manner as was
      explained in Example 1. The depth of the groove is accurately
      controllable. The depth of the groove 54 is given by the equation:
EQU  X.sub.54 = (0.45) .times. .sqroot.Ct
PAL  where X.sub.54 is the depth of the groove 54 as measured from the wafer
      front side 44 to the bottom of the groove 54, with C and t being the same
      variables as defined in Example 1. For example, if the oxide coating 52 is
      grown in atmospheric steam at 1200.degree.C for 1000 minutes, the depth of
      the groove 54 would be:
EQU  X.sub.54 = (0.45) .times. 4 microns = 1.8 microns
PAL  As was described in Example 1, the depth of the groove 54 can be varied
      according to the time of oxidation, for a given pressure and temperature.
      Hence, if one desired a deeper groove, be merely oxidizes for a longer
      time period.
PAR  Resistors 56 or other pressure responsive devices can now be diffused or
      implanted in the front side of the wafer by known techniques using in the
      silicon nitride 48 as a maskant.
PAR  Metal contacts 58 and 60 are added to make electrical contact to the
      opposite ends of the resistor 56. For example, the top of the wafer can be
      masked with KMER exposing only two windows over opposite ends of the
      resistor 56. Then a first layer 62 of chromium is evaporated onto the
      wafer to make electrical contact to the resistor 56. A second layer 64 of
      gold can then be evaporated on top of the chromium layer 62 to provide a
      good wire bondable surface for making connection to external circuitry.
      The back side 46 of the wafer is then masked as in Example 1 with an
      etchant resist 66. As in Example 1, the etchant resist mask exposes
      circular windows 68 corresponding to central portions of the diaphragm to
      be formed from the wafer 42 and also exposes circumscribing annular gaps
      70 which correspond to the groove 54. It should be noted that window 68
      can be other than circular if a different diaphragm geometry is desired.
PAR  Turning now to FIG. 13, the light source 72 is shown on the front side of
      the wafer. As in Example 1, the light source 72 emits a light having a
      wave length which is absorbed by the silicon and readily passes through
      the silicon dioxide coating 52 in the oxide groove 54. The wafer 42 is
      then etched from the back side 46 until one can see the light source 72
      through the oxide groove 54, at which point the etch is immediately
      quenched. As in Example 1, a preferred etchant is potassium hydroxide or
      any other suitable etchant which readily etches the silicon wafer 42 but
      does not rapidly etch silicon dioxide or the metallic contacts 58 and 60.
      As one can see in FIG. 13, this produces diaphragms 74 which have a
      thickness equal to that of the highly controllable oxide groove 54
      thickness. FIG. 14 shows the finished pressure responsive device after the
      individual devices have been separated from the wafer and the oxides
      removed therefrom.
PAR  It should be noted that the etching process which incorporates the use of
      the blue light source has been found to be the most practical method.
      However, one could use other methods for knowing when to stop the etch.
      For example, after the groove has been formed by the highly controllable
      thermal oxidation process just described, the oxide could be removed and a
      thin coating of photoresist be applied in the groove. Then when the wafer
      is etched from the backside the individual devices will break apart
      automatically from their own weight as soon as the wafer is etched up to
      the bottom of the groove.
PAR  Examples 1 and 2 have disclosed unique methods for providing extremely thin
      diaphragms for semiconductor devices. It should be noted that while this
      invention has been described in connection with making diaphragms for
      semiconductor pressure transducers, this method could be employed in
      producing diaphragms for other types of devices such as photo sensitive
      devices which require thin diaphragms. It can now be realized that this
      unique method is particularly useful because it does not require any
      preferential etch or particular crystallographic orientation of the
      silicon wafer. In contrast this invention provides the unique method of
      producing highly controllable and accurately reproducibly thin diaphragms
      as it relies on the totally predictable rate of growth of oxides on a
      silicon wafer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making semiconductor pressure transducers having thin and
      accurately reproducible diaphragms, said method comprising:
PA1  1. oxidizing a silicon wafer for a first time period to form an oxide
      growth on the front side of the wafer;
PA1  2. selectively removing the oxide growth in at least one selected annular
      region defining the outer periphery of each pressure transducer to be
      formed from the wafer;
PA1  3. reoxidizing the wafer for a second time period to form an annular oxide
      filled groove of precisely predetermined depth in the wafer front side
      defined by said selected annular region, wherein said depth precisely
      corresponds to a desired pressure transducer diaphragm thickness;
PA1  4. forming at least one pressure responsive element on the wafer front side
      within an area circumscribed by said annular groove;
PA1  5. selectively masking the back side of the wafer, leaving exposed a
      portion of a desired diaphragm geometry aligned with said area and a
      spaced circumscribing annular portion aligned with said groove;
PA1  6. etching said exposed portions of the wafer from its back side to
      simultaneously form a recess and spaced encircling groove; and
PA1  7. stopping the etch precisely upon said encircling groove reaching the
      bottom of said oxide filled groove thereby providing a discrete pressure
      transducer with a diaphragm having a precisely determined thickness equal
      to that of the precisely determined oxide filled groove depth.
NUM  2.
PAR  2. A method of making semiconductor pressure transducers having thin and
      accurately reproducible diaphragms, said method comprising:
PA1  1. oxidizing a silicon wafer for a first time period to form an oxide
      growth on the front side of the wafer;
PA1  2. selectively removing the oxide growth in at least one selected annular
      region defining the outer periphery of each discrete pressure transducer
      to be formed from the wafer;
PA1  3. reoxidizing the wafer for a second time period to form an oxide filled
      annular groove of a precisely predetermined depth in the wafer front side
      defined by said selected annular region, wherein said depth precisely
      corresponds to a desired pressure transducer diaphragm thickness;
PA1  4. forming at least one pressure responsive element on the wafer front side
      within an area bounded by said annular groove;
PA1  5. selectively masking the back side of the wafer, leaving exposed a
      portion of a desired diaphragm geometry aligned with said area and a
      spaced circumscribing annular portion aligned with said groove;
PA1  6. shining a light having a wave length which is absorbed by silicon and
      passed by silicon dioxide into the front side of the wafer;
PA1  7. etching said exposed portions of the wafer from its back side to
      simultaneously form a recess and a spaced encircling groove; and
PA1  8. stopping the etch immediately upon observation of the light through the
      oxide in the oxide filled groove, thereby providing a discrete pressure
      transducer with a diaphragm of a precise thickness equal to the precisely
      predetermined oxide filled groove depth.
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PAL  Method of fabricating an image sensing array, such as one of the charge
      coupled device (CCD) type, with a set of transparent insulated conductors
      over the image receiving surface. A transparent conductor layer on an
      insulated substrate surface is covered with a thin layer of aluminum. The
      desired pattern of electrodes is then defined in the aluminum by, for
      example, a photolithographic masking and etching process. The aluminum
      remaining is then anodically oxidized to form aluminum oxide, a
      transparent insulator. The portions of the transparent conductor not
      protected by the aluminum oxide are then removed and what remains are
      transparent conductors covered on top by transparent insulation.
BSUM
PAR  Radiation, such as light, may be applied to a charge-coupled device,
      image-sensing array either to the surface of the semiconductor substrate
      over which the electrodes (sometimes known as "gate" electrodes) are
      located (hereafter termed the "upper" surface of the substrate) or to the
      opposite or "lower" surface of the substrate. The advantage of applying
      light to the upper surface is that the photon induced minority carriers
      are produced at or close to the locations at which they are to be
      utilized. A disadvantage of applying light to the lower surface is the
      thinning of the silicon to the point of structural weakness that is
      required if the photogenerated minority carriers are to reach the desired
      locations on the upper surface.
PAR  In the presently preferred construction of upper surface illuminated
      arrays, the electrodes, or at least some of the electrodes, are formed of
      conductors such as aluminum or polysilicon which are opaque or semi-opaque
      and they therefore absorb or reflect part of the incident light. This is
      disadvantageous and, where very low light levels are involved, such as in
      certain infra-red or low visible light imaging applications, is not
      tolerable.
PAR  The disadvantage above may be overcome by employing transparent electrodes
      formed of material such as tin oxide or doped indium oxide. However, the
      use of these materials applied in the conventional way raises the
      possibility of contamination of the gate oxide (the insulating layer,
      generally silicon dioxide, beneath the electrodes formed of this material)
      by the introduction of interface and/or trapping states. This is
      particularly true when the application of the transparent electrode
      material requires elevated temperatures at which the ionic mobility of
      impurities in the silicon dioxide insulation is large. Sputtering the
      transparent electrode material is another possibility but damage from high
      energy ion bombardment is a potential problem and heating of the structure
      to anneal-out this damage is undesirable from an inpurity mobility point
      of view.
DRWD
PAR  The present method of manufacturing transparent insulated conductor arrays
      and more particularly transparent CCD electrodes is shown in the
      accompanying drawing of which:
PAR  FIGS. 1-10 are sectional views illustrating the various steps of the
      method. The drawing is not to scale; however, typical dimensions are given
      later.
DETD
PAR  FIG. 1 shows a portion of the substrate 10 which may be formed of either N
      or P-type silicon, a very thin silicon dioxide insulating layer 12, and a
      silicon nitride insulating layer 14. The substrate and the two insulating
      layers may be formed in any one of a number of conventional ways (see, for
      example, U.S. Pat. No. 3,615,947 to Yaniada). The purpose of the silicon
      dioxide is to properly interface the silicon nitride to the silicon
      substrate. The silicon nitride is employed in the present structure
      because this material is much more impenetrable to contaminating ions than
      silicon dioxide.
PAR  FIG. 2 illustrates the first step in the method of manufacture according to
      the invention. This is to deposit a uniform transparent conductive layer
      16 over the entire area of the silicon nitride 14. The material employed
      may be tin oxide, or indium oxide, in both cases preferably doped with tin
      or antimony to lower their resistivity, or any one of the other
      transparent conductors which can be chemically etched in the manner to be
      discussed shortly. The deposition may be carried out in any one of a
      number of ways as, for example, by one of the sputtering techniques such
      as described in L. Maissel and R. Glang, Handbook of Thin Film Technology,
      McGraw Hill, 1971.
PAR  The following step, illustrated in FIG. 3, is to deposit over the
      transparent conductor 16 a thin but not necessarily transparent layer 18
      of metallic aluminum. The deposition may be by means of conventional
      evaporation, as, for example, is done in metallizing integrated circuits.
      This deposition step is not overly critical and may employ resistance
      heated boats, electron beam heated crucibles or multi-stranded tungsten
      wire coils wetted with aluminum, as examples. The ambient vacuum may be
      about 10.sup.-.sup.5 Torr lower. A general reference in this area
      providing further details is Vacuum Deposition of Thin Films, by L.
      Holland; John Wiley & Sons Inc. 1956.
PAR  At the present time the preferred metal for layer 18 is aluminum as its
      technology is well understood and when converted to its oxide is almost
      totally transparent in the visible region of the spectrum. However, other
      metals which can be anodically converted to oxides, such as those of
      titanium and tantalum, which are then sufficiently transparent in a region
      of the spectrum of interest, are also possibilities.
PAR  Next the desired electrode (conductor) pattern is defined on the aluminum
      by a photolithographic masking and etching process. This involves applying
      a photoresist to the surface, exposing the photoresist to light through a
      mask of the pattern desired and then developing the photoresist.
PAR  The portions of the aluminum layer not protected by the photoresist pattern
      are now removed with an etching fluid of the kind that does not attack the
      underlying transparent conductor. For example, using a transparent
      conductor layer 16 formed of tin oxide, an alkaline based aluminum etch
      such as Metex Aurostrip, MacDermid Inc., Waterbury, Conn. for defining the
      aluminum layer may be employed.
PAR  The structure as it appears after the etching step is shown in FIG. 4. A
      plurality of aluminum conductors, two of which are shown at 18a and 18b,
      lie on the surface of the transparent conductor 16.
PAR  The conductors 18 are now converted to insulation by anodic oxidation. The
      involves placing the entire structure in a suitable bath and passing
      current through the aluminum via the transparent conductor layers, causing
      oxygen to combine with the aluminum to form aluminum oxide. The anodic
      oxidation is continued for a sufficient interval of time to cause the
      complete conversion of the aluminum to aluminum oxide. The use of the
      underlying conductive layer 16 during the anodic oxidation process assures
      that there will always be a conductive path to all parts of the aluminum
      pattern and no possibility of isolated "islands" of unoxidized aluminum
      remaining. Aluminum oxide, as is well understood, is transparent. The
      structure, as it appears after the oxidation is completed, is shown in
      FIG. 5. The aluminum strips 18a and 18b have been converted to transparent
      aluminum oxide strips 19a, 19b.
PAR  The oxidation bath for the aluminum may be a 3% by weight solution of
      either ammonium citrate or tartrate in water. The work to be oxidized is
      immersed in this bath and (the aluminum) is biased positive with respect
      to another aluminum electrode in the bath. A constant current of about 1
      ma/in.sup.2 of work surface is passed through this cell and the voltage
      monitored as a means of estimating the aluminum oxide thickness (about
      5A.degree. per volt). When the desired voltage (thickness) is reached, the
      oxidation is complete.
PAR  The aluminum oxide is now used as a mask in a second etching process.
      Etching material is chosen which does not attack the aluminum oxide and
      which does dissolve the transparent conductor. A suitable etchant, for
      example, consists of a mixture of 200ml. of HCl and 700ml. of methyl
      alcohol into which zinc powder is sprinkled just prior to use. The etching
      is allowed to proceed to a point at which the only transparent conductor
      remaining is located beneath the aluminum oxide insulation and is somewhat
      undercut relative to the edges of that aluminum oxide. In other words, in
      the structure remaining, as shown in FIG. 6, each aluminum oxide area such
      as 19a overlaps, at both of its edges, the underlying transparent
      conductor, such as 16a, lying beneath the aluminum oxide.
PAR  As may be observed from FIG. 6, there are now a plurality of transparent
      conductor areas, two of which, 16a and 16b, are shown, each covered on top
      by a transparent insulator, as shown at 19a and 19b. These conductors can
      be patterned to form the gate electrodes for one phase of a multiple phase
      CCD. In the present example, the CCD is a three-phase structure (as
      discussed shortly in connection with FIG. 10); however, the same technique
      as described may be employed for two-phase, four-phase or higher phase CCD
      image sensing arrays.
PAR  After the phase 1 electrodes are completed, as described, the same steps
      are repeated in the manner shown in the following figures to form the
      phase 2 electrodes. FIG. 7 shows the second transparent conductor layer
      160. It is important that this layer be deposited onto the exposed silicon
      nitride layer 14 and the exposed surface of the aluminum oxide areas from
      the top, as shown by the direction of the arrows 32 in FIG. 7. The purpose
      of applying this transparent conductor layer in this way is to insure that
      there will be spaces such as 30a, 30b and so on, between the first
      insulated conductors such as 16a and 16b and the second conductor layer
      160 for insulating these two conductive regions from each other.
PAR  After the step above, the second layer of aluminum is deposited on top of
      this structure and then patterns are defined in the aluminum by the same
      photolithographic technique already discussed in which the unwanted
      aluminum is removed. The structure remaining is that shown in FIG. 8 where
      one of the remaining aluminum areas 180a is visible.
PAR  Next the aluminum areas are anodically oxidized to convert the aluminum to
      transparent aluminum oxide and then the portion of the transparent layer
      160 not protected by the aluminum oxide is etched away in the manner
      already discussed. The structure remaining is that shown in FIG. 9 where
      one of the phase-two (.phi..sub.2) electrodes, 160a covered on top by
      aluminum oxide insulation 190a, is shown.
PAR  FIG. 10 illustrates the final structure, that is, the structure obtained
      after the third repetition of the process just described. So that the
      reader may more easily see how the circuit operates, the multiple phase
      voltage leads are also shown connected to the various conductors (the
      various gate electrodes).
PAR  Typical thickness values for the various layers shown may be:
     substrate 10             - 10 mils                                        
     silicon dioxide 12       - 750 A.degree.                                  
     silicon nitride 14       - 750 A.degree.                                  
     transparent conductor such as 16                                          
                              - 2000 A.degree.                                 
     evaporated aluminum      - 1000 A.degree.                                 
PAR  The operation of a CCD image sensing array such as shown in part in FIG. 10
      is now well understood in the art. In brief, during a first interval of
      time, known as an "integration time", appropriate voltage levels may be
      applied to certain of the electrodes. For example, if the substrate 10 is
      n-type silicon (the minority carriers in this case are holes), the phase 1
      and phase 2 electrodes may be maintained at a negative voltage level, such
      as -10 volts, during the integration time. During this period, a light
      image is projected through the transparent insulated electrodes and
      through the transparent silicon nitride and silicon dioxide layers to the
      surface of the silicon substrate. The light (photons) causes the
      generation of electron-hole pairs in the silicon substrate, and the holes
      accumulate as surface charge beneath phase 1 and phase 2 electrodes. After
      the integration time, the charges thus accumulated may be propagated out
      of the array by the application of the three phase voltages to the
      triplets of electrodes indicated in FIG. 10.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of fabricating a charge coupled radiation sensing array
      comprising the steps of:
PA1  forming an insulating layer on a semiconductor substrate;
PA1  covering a surface of this layer with a transparent conductor;
PA1  forming a pattern of gate electrodes on this transparent conductor layer of
      a metal which, when oxidized, is transparent in a region of the radiation
      spectrum of interest;
PA1  oxidizing substantially in its entirety the pattern of gate electrodes to
      convert the same to a transparent insulating pattern; and
PA1  etching away that portion of the transparent conductor layer not covered by
      said insulating pattern to thereby form a pattern of transparent
      conductors covered by transparent insulation.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein said step of forming an
      insulating layer on the substrate comprises forming a silicon dioxide
      layer then covering that silicon dioxide layer with silicon nitride.
NUM  3.
PAR  3. A method as set forth in claim 2, wherein said step of covering a
      surface of the insulating layer with a transparent conductor comprises
      sputtering said conductor onto said surface.
NUM  4.
PAR  4. A method as set forth in claim 1 wherein the step of forming a pattern
      of gate electrodes comprises depositing aluminum onto said transparent
      conductor, defining a masking pattern on said aluminum, and then removing
      the portions of the aluminum not covered by the pattern.
NUM  5.
PAR  5. A method as set forth in claim 4 wherein the deposition of aluminum is
      carried out in a vacuum.
NUM  6.
PAR  6. A method as set forth in claim 4, wherein the step of oxidizing the
      pattern comprises anodically oxidizing said pattern.
NUM  7.
PAR  7. A method as set forth in claim 1, wherein the etching step comprising
      chemically etching.
NUM  8.
PAR  8. A method as set forth in claim 1, wherein the transparent conductor is
      tin oxide.
NUM  9.
PAR  9. A method as set forth in claim 1, wherein said etching step comprises
      chemically etching and wherein the etching is carried out for a time
      interval sufficient to cause the pattern of transparent conductors to be
      undercut beyond the edges of the insulation.
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PAL  Edward Lopkoff, "Striped Heart Is Built Of Laminated Sheets," Feb. 1946 p.
      97.
LREP
FRM  Clarence A. O'Brien & Harvey B. Jacobson
ABST
PAL  A three-dimensional, ornamental product is made by cutting a
      two-dimensional design out of a planar laminate and abrading the design
      into the final three-dimensional shape of the product, thereby exposing
      the different layers of the laminate in an exterior surface pattern. The
      laminate is formed from multi-colored sheets of paper.
BSUM
PAR  This invention relates to the making of ornamental or artistic objects such
      as pendants, costume jewelry, wall hangings, etc.
PAR  An important object of the present invention is to provide a method of
      making an ornamental or artistic product in a relatively simple manner
      permitting the artisan to express himself artistically utilizing
      relatively inexpensive materials.
PAR  The method of the present invention involves the use of sheet material to
      form a laminate from which a desired design is cut and which is then
      abraded in order to form the final shaped product. The making of products
      from laminated materials is generally known as disclosed in the following
      patents of which applicant is aware: U.S. Pat. Nos. 268,469, 298,358,
      1,315,488, 1,469,554, 2,903,390, and 3,123,919.
PAR  In accordance with the present invention, a plurality of differently
      colored and therefore visually distinguishable sheets of construction
      paper are laminated by means of an adhesive to form a flat planar panel
      from which a desired design is cut out along a two-dimensional outline.
      Material is then removed from the cut out design by various abrading means
      in order to form the final three-dimensional product. The removal of
      material from the cutout design also exposes the different layers of the
      laminate in an exterior surface forming a multi-colored surface area
      pattern. The final product is then coated with a transparent,
      waterproofing material.
DRWD
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
PAR  FIG. 1 is a perspective view showing the formation of a laminated panel of
      colored sheets of paper as the initial step of the present invention.
PAR  FIG. 2 is a top plan view of the laminate panel from which a desired design
      is cut out.
PAR  FIG. 3 is a front sectional view showing the coating of the final product
      constructed in accordance with the present invention.
PAR  FIG. 4 is a front elevational view of a final product constructed in
      accordance with the present invention.
PAR  FIG. 5 is an enlarged transverse sectional view taken substantially through
      a plane indicated by section line 5--5 in FIG. 4.
DETD
PAR  Referring now to the drawings in detail, FIG. 1 illustrates a flat panel
      generally referred to by reference numeral 10 made from a plurality of
      sheets of visually distinguishable material such as differently colored,
      non-metallic construction paper 12. The sheets of paper are laminated to a
      thickness of 3/8 inch for example by use of a commercial adhesive such as
      a latex base glue which is applied as a coating between the sheets of the
      paper. In one example, 30 sheets of differently colored construction
      paper, 9 inches .times. 12 inches in dimension are laminated to the
      thickness of 3/8inch. After the adhesive is applied to the sheets, the
      resulting laminate panel is left to dry to a hard finish.
PAR  As shown in FIG. 2, the next step in making the product in accordance with
      the present invention, involves the cutting out of a desired design such
      as a two-dimensional heart shaped configuration 14 along a two-dimensional
      outline 16 in a plane parallel to the laminate 10. The shape of the design
      14 will of course correspond to the projection of the final product on a
      front view plane. Material is then removed from the two-dimensional
      configuration or design 14 in order to form the final three-dimensional
      product 18 as shown in FIG. 4. The cutting of the intermediate design
      configuration 14 from the panel 10 may be accomplished by use of a coping
      saw whereas the removal of material from the design in forming the final
      product shape, may involve the use of sandpaper, wire wheels and other
      abrasive tools. After the final product shape has been formed and a final
      fine surfacing operation has been performed, the product is protectively
      coated with a light transmissive coating such as a clear plastic floor
      finishing compound 20 within container 22 as illustrated in FIG. 3. In one
      embodiment of the invention, a threaded eye is secured to the product 18
      by means of which it may be suspended and dipped into the coating 20 which
      may be in the form of a clear plastic floor finishing compound. Initially,
      three coats of plastic finish are applied, allowing 1 hour of drying time
      between each coating. Three more coats are again applied in the same
      manner after elapse of 24 hours. After another 24 hours, three more coats
      of finishing material are applied by dipping the product into the body of
      coating material 20 upside down. Two final coats of coating material are
      applied by dipping the product again right side up after elapse of 24
      hours between each dipping. The finished product is then allowed to dry
      harden for approximately 120 hours.
PAR  In removing material from the cut-out design 14 as shown in FIG. 2, various
      layers or sheets 12 of the laminate panel 10 are exposed at the final
      exterior surface of the product 18. The relative areas of the exposed
      sheets or layers and the contrasting combinations of colors associated
      therewith will depend on the extent of the material removed and the
      angular variations of the abraded surfaces relative to the plane of the
      original panel 10 from which the intermediate design configuration 14 is
      cut. Thus, by hand controlled abrasion of the cut out design 14, an
      artisan may shape the final product 18 to a unique multi-colored exterior
      surface pattern.
PAR  In the embodiment illustrated, the product 18 is a pendant suspended from a
      leather thong or chain 26 anchored to the "eye" 24 by means of which the
      product was dipped in the body of protective coating 20. The coating will
      make the product waterproof and camouflage the fact that it is made of
      paper.
PAR  Although the product shown in the drawings is a pendant, it will be
      appreciated that other ornamental objects could be made by the same method
      including costume jewelry, and wall hangings, by way of example. An
      unlimited variation of color patterns is made available to the artist not
      only by the selective exposure of different layers 12 of the laminate 10
      during the three-dimensional shaping of the cut out design 14, but also by
      the selection and arrangement of colored sheets 12 in the formation of the
      laminate 10.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A method of making an ornamental device comprising the steps of:
PA1  a. adhesively securing a plurality of sheets of distinguishably colored
      construction paper in overlying relation to form a laminate having planar
      top and bottom surfaces,
PA1  b. drying the laminate into a rigid, hard panel,
PA1  c. cutting the laminate along a predetermined outline in perpendicular
      relation to the top and bottom surfaces to form a cut-out,
PA1  d. removing material from the cut-out at predetermined areas to reveal
      portions of at least some of the sheets disposed inwardly of the outer
      sheets of the cut-out,
PA1  e. coating the cut-out with a clear waterproof material, and
PA1  f. the step of beveling and rounding the peripheral edge of the cut-out to
      reveal the side edge of the sheets of paper as distinguishably colored
      peripheral stripes visible from both the top and bottom of the object.
NUM  2.
PAR  2. The method as defined in claim 1 wherein said step of removing material
      also includes the step of removing material from the planar surface of the
      cut-out to form a tapering depression therein to reveal a portion of
      several underlying sheets of paper as distinguishably colored stripes
      peripherally of the depression with the bottom of the depression revealing
      a solid portion of an underlying sheet coinciding with the depth of the
      depression.
NUM  3.
PAR  3. The method as defined in claim 2 wherein said coating step includes
      multiple steps of dipping the cut-out into a quantity of coating material
      with each layer of coating allowed to dry, and attaching a supporting eye
      to the peripheral edge of the cut-out prior to coating to enable support
      of the finished object.
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ABST
PAL  Method and composition for applying a surface covering to a wall or like
      substrate. The surface covering comprises a flexible strip or sheet of
      substantially dry, semi-hydrated gypsum, bonded to a re-enforcing mesh or
      lath. The method includes the steps of coating the rear face of the
      surface covering sheet with aqueous latex adhesive in an amount which will
      transfer sufficient water from the adhesive to the gypsum to hydrate and
      set the gypsum, and, at the same time, invert the latex to a tacky,
      adherent state; and applying the adhesive-coated surface covering to the
      substrate.
PARN
PAR  This is a division of application Ser. No. 175,388, filed Aug. 26, 1971,
      now U.S. Pat. No. 3,887,748.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. No. 3,185,297 shows a surface covering or building wall material
      which includes a semi-hydrated gypsum. A strip of such material is
      typically applied to a wall or other substrate by spraying or coating
      sufficient water to a sheet of the material to hydrate the gypsum and
      cause it to set and harden. While this material can be adequately applied
      by a skilled worker, the novice or amateur worker frequently has
      difficulty in gauging the appropriate quantity of water which should be
      added. Typically, the novice adds a large excess of water which will run
      into the floor and otherwise create a mess. The extra water causes the
      gypsum to sag and displace.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the amount of water added to the
      gypsum can be closely controlled and, at the same time, additional
      adhesive is supplied in a tacky form which will greatly facilitate
      handling the sheet material and applying it to the substrate. Sagging of
      the gypsum and dripping of water is eliminated. The surface covering will
      quickly bond to the substrate without requiring any substantial bonding
      time.
PAR  The surface covering is typically intended for covering an unfinished wall,
      such as is formed by concrete blocks. The gypsum will desirably be
      provided on its front face with a re-enforcing mesh or lath which can be
      given a wallpaper treatment for decorative purposes.
PAR  In its semi-hydrated form, the mixture of gypsum and binder is soft and
      flexible, as is the lath. Accordingly, the surface covering can be
      furnished in roll form, taking up little space and facilitating handling.
PAR  At the site of application, the surface covering is unrolled and a coating
      of latex adhesive is brushed or rolled onto the rear surface thereof in an
      amount sufficient to hydrate and set the gypsum and invert the latex. The
      adhesive coated gypsum sheet is then applied to the substrate.
PAR  Other objects, features and advantages of the invention will appear from
      the following disclosure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Although the disclosure hereof is detailed and exact to enable those
      skilled in the art to practice the invention, the physical embodiments
      herein disclosed merely exemplify the invention, which may be embodied in
      other specific structure. The scope of the invention is defined in the
      claims appended hereto.
PAR  The disclosure of U.S. Pat. No. 3,185,297 is incorporated herein by
      reference. Said patent discloses a building wall material or surface
      covering suitable for use in accordance with the present invention.
      Commercial embodiments of said patent frequently omit the fiber batt 5 of
      said patent and the lath will typically comprise a fabric mesh on the
      front face of the gypsum layer, which re-enforces the gypsum and may also
      constitute an external surface therefor which faces the room to give
      decorative and wallpaper effects. The covering masks and finishes any
      rough and unfinished substrate over which the covering is applied, such as
      concrete block, concrete walls, etc.
PAR  As aforestated, the surface covering is typically furnished in roll form
      inasmuch as the semi-hydrated gypsum-binder is flexible. A sheet or strip
      of surface covering is unrolled to a desired size and the rear surface
      thereof is coated with an aqueous latex adhesive in an amount which will
      transfer sufficient water from the adhesive to the gypsum to hydrate and
      set the gypsum and, at the same time, remove sufficient water from the
      adhesive to invert the latex and convert it to a viscous, tacky state,
      ideally suited to adhere the wall covering firmly to the substrate.
PAR  Inasmuch as the entire hydration requirements of the gypsum are supplied by
      the aqueous latex adhesive, it is unnecessary to supply or otherwise add
      water to the gypsum. The addition of water is thus closely controlled and
      all mess and over-hydration is avoided.
PAR  There is a wide variety of various latex adhesives that are suitable for
      use in the present invention. However, a polyvinyl acetate water emulsion
      has performed admirably because of its ease of formulation, price and
      ultimate physical properties. Other latex adhesives which are also
      suitable include: vinyl-acetate-ethylene copolymers, polyvinyl chloride,
      polymers or copolymers of acrylic acid, acrylonitrile-butadiene
      copolymers, chlorinated rubber, neoprene, polyisobutylene, SB-R rubber,
      Butyl rubber.
PAR  The polyvinyl acetate in the preferred formulation typically consists of
      from 45-60% solids, the balance being water.
PAR  It is also desirable, but not essential, that a latex plasticizer be
      included in the adhesive. Suitable plasticizers include: Abalyn, acetyl
      tributyl citrate, butyl benzyl phthalate, butyl phthalyl butyl glycolate,
      dibutyl phthalate, dibutyl sebacate, diethyl phthalate, diethylene glycol
      dibenzoate, diphenyl phthalate, dipropylene gylcol, dipropylene glycol
      dibenzoate, ethyl phthalyl ethyl glycolate, hexylene glycol, cresyl
      diphenyl phosphate.
PAR  In addition or in lieu of the plasticizer, a latex solvent may be included.
      Typical suitable solvents include: ethanol, isopropanol, methanol, carbon
      tetrachloride, chloro-benzene, ethylene dichloride, methylene chloride,
      perchloro-ethylene, trichloroethylene, ethyl acetate, dioxane, benzene,
      toluene, xylene, acetone, methyl ethyl ketone, nitrobezene,
      tetrahydrofuran.
PAR  To increase the adhesive characteristic of the coating, a tackifying resin
      may be included in the formulation. Suitable tackifying resins include:
      Abalyn, belro, dresinol emulsions, Poly-pale esters, vinsol, Nevillac.
PAR  If desired, a thickener can also be added to the formulation. Suitable
      thickeners include: casein, guargum, gumarabic, hydroxyethylcellulose,
      methylcellulose, polyvinyl alcohol, starches. Additionally, a fire
      retardant additive can be included in the formulation. Additives suitable
      for this purpose include: cresyl diphenyl phosphate, cresyl phenyl
      phosphate and tricresyl phosphate. A biocide can also be included in the
      formulation, if desired. Suitable biocides include: phenol, formaldehyde,
      and santobrite.
PAR  Typical general formulations of latex adhesive, by weight, are given in the
      following examples:
TBL  Example I                                                                 
     Polyvinyl acetate water emulsion                                          
                           30 - 95 parts                                       
     (45% - 60% solids)                                                        
     Plasticizer           5 - 15 parts                                        
     Water                 0 - 20 parts                                        
     Example II                                                                
     Polyvinyl acetate water emulsion                                          
                           30 - 95 parts                                       
     (45% - 60% solids)                                                        
     Solvent               5 - 35 parts                                        
     Water                 0 - 25 parts                                        
     Example III                                                               
     Polyvinyl acetate water emulsion                                          
                           30 - 95 parts                                       
     (45% - 60% solids)                                                        
     Plasticizer           5 - 15 parts                                        
     Solvent               0 - 35 parts                                        
     Water                 0 - 25 parts                                        
     Example IV                                                                
     Polyvinyl acetate water emulsion                                          
                           30 - 95 parts                                       
     (45% - 60% solids)                                                        
     Tackifying resin      1 - 20 parts                                        
     Water                 0 - 30 parts                                        
     Example V                                                                 
     Polyvinyl acetate water emulsion                                          
                           30 - 95 parts                                       
     (45% - 60% solids)                                                        
     Thickener             1 - 20 parts                                        
     Water                 0 - 30 parts                                        
     Example VI                                                                
     Ethylene-vinyl acetate copolymer                                          
     water emulsion (45% - 60% solids)                                         
                           30 - 95 parts                                       
     Plasticizer           5 - 15 parts                                        
     Water                 0 - 20 parts                                        
     Example VII                                                               
     Ethylene-vinyl acetate copolymer                                          
     water emulsion (45% - 60% solids)                                         
                           30 - 95 parts                                       
     Tackifying resin      1 - 20 parts                                        
     Water                 0 - 50 parts                                        
PAR  For optimum results, substantially all of the requirements of the gypsum
      for water should be satisfied by the water present in the adhesive and
      enough of the water should be removed from the adhesive to invert the
      latex.
PAR  Three parts of water are usually required to set 10 parts of gypsum plaster
      by weight. Accordingly, if, for example, the gypsum layer of the surface
      covering has 14 ounces of plaster per square yard 4.2 ounces of water
      should be supplied in the adhesive per square yard when the adhesive
      coating is applied. Assuming an adhesive with a real viscosity of 40
      poise, 15 square yards of surface covering material is coated with 1
      gallon of adhesive. This means that 8.5 ounces of adhesive is applied per
      square yard of the gypsum. Assuming the adhesive contains 49% water, this
      will result in a sufficient quantity of water in the adhesive to hydrate
      and set the plaster. By the same token, an adhesive of 100 poise, which
      covers 10 square yards per gallon, must have a water content of 34% to
      completely hydrate and set the gypsum.
PAR  Ideally there should be an excess of about 10% water in the adhesive to
      allow for loss due to evaporation, handling and shipping.
PAR  In for foregoing examples, water is present both in the water emulsion and
      in the additional water component of the formulation.
PAR  In the foregoing examples, a sufficient quantity of water has been
      transferred from the latex emulsion to the gypsum to cause inversion of
      the latex. Typically, removal of 65 - 75% of the water from a polyvinyl
      acetate water emulsion adhesive will cause inversion. In the case of
      polyvinyl acetate, the adhesive will typically change from a white,
      milky-appearing liquid (5 - 100 poise viscosity) to a clear, semi-solid
      cabout 100,000 poise viscosity) within a few seconds of application to the
      gypsum and transfer of water thereto. The effect is the production on the
      rearface of the wall covering of a continuous film of tacky adhesive
      somewhat in the nature of a pressure-sensitive film. Prior to coating the
      gypsum, the adhesive has low viscosity and low tack, thus making it
      easily-handled and applied. However, within a few seconds after
      application to the gypsum, the adhesive has the characteristics of a
      high-viscolsity and highly tacky adhesive. The covering is thus adhered to
      the substrate substantially instantaneously and with ease and facility by
      the worker.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of applying to a substrate, a surface covering, comprising a
      substantially dry, semi-hydrated gypsum, said method comprising the steps
      of: coating the gypsum with an aqueous latex adhesive in an amount which
      will transfer sufficient water from the adhesive to the gypsum to hydrate
      and set the gypsum and invert the latex, and applying the adhesive-coated
      surface covering to the substrate.
NUM  2.
PAR  2. The method of claim 1, in which the surface covering further comprises a
      roll of flexible lath to which the semi-hydrated gypsum is bonded, said
      roll of surface covering being unrolled into sheet form prior to coating
      it with the latex adhesive.
NUM  3.
PAR  3. The method of claim 1, in which said aqueous latex adhesive comprises a
      polyvinyl acetate water emulsion.
NUM  4.
PAR  4. The method of claim 1, in which the step of coating the gypsum includes
      a plasticizer for the latex adhesive.
NUM  5.
PAR  5. The method of claim 1, in which the step of coating the gypsum includes
      a solvent for the latex adhesive.
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ABST
PAL  A plastic laminate and shaped article having a polyurethane film substrate,
      a fabric superstrate and an intermediate layer of polyurethane foam. The
      polyurethane foam layer is cast upon the polyurethane film to provide a
      substantially integral laminate. The fabric layer is also bonded to the
      foam layer, preferably prior to complete curing, permitting the use of
      unnapped fabrics.
BSUM
PAC  FIELD OF THE INVENTION
PAR  An improved plastic laminate and method of making a laminate particularly
      suitable for shaped articles subject to repeated flexure and wear, such as
      shoe uppers, furniture coverings and the like. More particularly, the
      disclosed invention relates to laminates having an intermediate foam
      layer, preferably polyurethane foam.
PAR  The prior art includes a number of polyurethane foam laminates and systems,
      wherein the foam is utilized as a backing or resilient cushion layer. For
      example, British Pat. No. 1,306,372 of Union Carbide Corporation discloses
      the utilization of a polyurethane foam as a carpet backing. The
      polyurethane foam is applied directly to the reverse side of the carpet or
      fabric. The prior art also includes the application of a film to a fabric,
      however the fabric must be napped and include a mechanical interlock
      between the film and fabric. The film is normally applied by transfer
      coating the cured film with an adhesive between the extending filaments of
      the fabric and the film layer. This laminate is therefore limited to
      fabrics having a napped surface to reduce fabric show through.
PAR  The prior art also includes polyurethane film and fabric or leather
      laminates, such as disclosed in U.S. Pat. No. 3,713,938 of Norwood
      Industries, Inc. The fabric or leather serves as the substrate or
      supporting layer and the polyurethane film serves as the superstrate or
      finish layer. The problem has been that the fabric or leather may
      "telescope" through the film in certain applications, such as laminates
      subject to repeated flexure. That is, the napped or irregular surface of
      the substrate shows through the relatively thin polyurethane film when the
      laminate is flexed or reformed in a shaped article, such as the upper of a
      shoe.
PAR  The improved plastic laminate of this invention eliminates many of the
      problems inherent in the laminates and methods of the prior art. The
      method of forming a plastic laminate of this invention may be utilized
      with relatively smooth, unnapped fabrics and the foam layer provides a
      resilient barrier between the superstrate or finish layer and the
      substrate layer, eliminating the problem of the fabric telescoping through
      the finish layer and improving the heft or loft of the laminate.
PAC  SUMMARY OF THE INVENTION
PAR  The improved plastic laminate of this invention includes three layers; (1)
      a relatively thin film of polyurethane formed as a substrate, preferably
      on a release surface, (2) a layer of polyurethane foam integrally bonded
      to the substrate, and (3) a sheet of fabric bonded to the foam layer and
      formed as a superstrate in the method of this invention. The fabric may be
      relatively smooth and unnapped, permitting the utilization of almost any
      fabric material, including woven and non-woven fabrics, felted materials,
      knits, monofilament fiberglass and the like.
PAR  The preferred polyurethane foam used in the plastic laminate of this
      invention has a density of less than 60 lb./ft..sup.3 and has greater than
      120 cells per lineal inch, providing a foam material which is relatively
      micro porous, impervious to moisture and may be utilized in thicknesses of
      0.005 to 0.250 inches. The finished laminate is particularly suitable for
      shoe uppers and the like which are subject to moisture, but must
      "breathe". Further, the laminate may be formed under heat and pressure
      into a shaped article, such as a shoe upper or chair covering, wherein the
      thin polyurethane film or other plastic films serve as the exterior finish
      layer and the flexure stresses are transmitted and absorbed by the foam
      layer, permitting the film to move relative to the supporting fabric
      layer.
PAR  The method of this invention includes casting the polyurethane film as a
      substrate on a carrier or release surface, drying the polyurethane film,
      casting a layer of foamed polyurethane on the polyurethane film substrate,
      forming a substantially integral foam and substrate laminate, bonding a
      flexible sheet on the polyurethane foam layer, such as an unnapped fabric,
      and completing the curing of the polyurethane foam. The fabric may be
      bonded with adhesive to the polyurethane foam laminae by applying a
      suitable adhesive on the foam layer, which has been cured until tack-free,
      but not completely cured, and applying the fabric to the adhesive layer
      and subsequently curing the laminate. Alternatively, and preferably the
      fabric may be applied directly to the foam layer by partially curing the
      polyurethane foam and applying the fabric while the foam remains tacky.
      The foam is subsequently cured.
PAR  Other advantages and meritorious features of this invention will be
      understood from the following description of the preferred embodiments,
      the appended claims and the drawings, a description of which follows.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of the method of forming of the film and
      foam layers of the laminate of this invention;
PAR  FIG. 2 is a schematic illustration of one method of applying the fabric
      laminae of the laminate of this invention;
PAR  FIG. 3 is an enlarged, fragmentary perspective view of one embodiment of
      the laminate of this invention; and
PAR  FIG. 4 is a side view of another embodiment of the laminate of this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS AND METHOD OF THIS INVENTION
PAR  The embodiments of the improved laminate 68 and 70 of this invention and
      shown in FIGS. 3 and 4 may be formed by the method illustrated in FIGS. 1
      and 2. In the disclosed method, the laminate is continuously cast upon
      conventional release paper 20 from roll 22. First, a quantity of fully
      reacted polyurethane 24 is metered on the release paper, as by knife 26.
      The roller 28 supports the paper, beneath the metering knife. The wet
      polyurethane film 30 is then dried by heating the film and evaporating the
      solvent. In the schematic illustration of FIG. 1, the film is passed
      through an over 32.
PAR  A quantity of polyurethane foam 34 is then cast upon the film and metered
      by knife 36, supported upon roller 38. The polyurethane foam is preferably
      substantially completely foamed prior to casting. The polyurethane foam 40
      is then partially cured, as in oven 42 and stored on roller 44. The degree
      of curing of the polyurethane foam will depend upon the method of applying
      the fabric laminae, as described below.
PAR  It will be understood that the polyurethane film and foam laminae, 30 and
      40 respectively, will thus become an integral, substantially continuous
      layer. In the preferred application, the polyurethane film laminae serves
      as a superstrate or finish layer, although it is cast as the substrate in
      the laminate and is referred to as the substrate in describing the method
      of this invention. As a shoe upper or chair covering material, for
      example, the polyurethane film and foam may include colorants to provide
      the desired color, such as imitation leather, or the release paper may
      include an embossed design, which is imparted to the polyurethane film.
PAR  The fabric may then be applied to the partially cured polyurethane
      laminate, as shown in FIG. 2. The polyurethane laminate is received from a
      roll 44 in FIG. 2 and adhesive 46 is applied to the foam laminae between
      metering knife 48 and roller 50, providing a metered film of adhesive 52.
      It will be understood that the adhesive and fabric may also be applied in
      a single, continuous line by feeding the polyurethane laminate directly
      from the oven 42 in FIG. 1.
PAR  In FIG. 2, the fabric 54 is fed from roll 58 between rollers 60 and 62,
      which compress the fabric laminae 64 against the adhesive layer. Finally,
      the polyurethane and adhesive laminae are cured in oven 66, resulting in
      laminate 68 shown in FIG. 3.
PAR  Where the fabric 54 is adhesively bonded to the polyurethane foam laminae
      40, the polyurethane foam is preferably partially cured until it is
      tack-free. Alternatively, the fabric may be applied directly to the
      polyurethane foam laminae, preferably under pressure, in which case the
      polyurethane foam is partially cured in oven 42, but remains tacky and
      provides the "adhesive" bond between the foam and fabric laminae. It has
      been found that a polyurethane adhesive provides a substantially integral
      laminae 52 with the foam layer 40.
PAR  The laminate 68 shown in FIG. 3 includes the supporting release paper 20,
      which may be easily stripped from the laminate, a substrate laminae 30 of
      polyurethane film, an intermediate layer 40 of polyurethane foam which is
      substantially integral with the substrate layer 30, a layer 52 of
      adhesive, also preferably polyurethane and the superstrate laminae 64 of
      fabric. It is understood that the laminae has been separated in FIG. 3 for
      clarity of illustration only and the relative thickness of the laminae
      will depend upon the application.
PAR  Similarly, FIG. 4 illustrates another embodiment of the laminate of this
      invention, wherein the fabric is applied directly to the foam laminae
      without an adhesive. The laminate 70 includes a releasable support paper
      72, a polyurethane film 74 which forms the superstrate in the finished
      product, an intermediate layer of polyurethane foam 76 and a fabric layer
      78. As described above, the foam laminae 76 is only partially cured and
      remains tacky to the touch. The fabric 78 is then applied under pressure,
      as shown in FIG. 2, to the tacky surface of the foam. Finally, the foam is
      cured in oven 66, forming an excellent bond between the fabric and foam.
      It is understood that in this method, the process is preferably
      continuous, avoiding handling of the partially cured foam.
PAR  The thickness of the laminae will depend upon the particular application,
      however the laminate formed by the method of this invention may be very
      thin by conventional standards and still have excellent flexibility,
      structural strength and wear resistance. The polyurethane film 30 or 74
      may have a thickness of 0.5 to 5 mils dry, preferably between about 1.5 to
      3 mils dry. The polyurethane foam may have a thickness of about 5 to 250
      mils dry, preferably about 5 to 45 mils. It will be understood that the
      high density polyurethane foam described herein can be utilized in this
      range of thicknesses without loss of structural integrity. The less dense
      foams described in the prior art cannot be. The adhesive may be applied in
      a wet thickness of about 2 to 12 mils, which results in a dry thickness of
      about 0.5 to 3 mils and 0.5 to 1.5 mils has been found suitable for the
      polyurethane adhesives described below. The thickness of the fabric will
      depend upon the type of fabric used. For example, in one embodiment, a
      non-woven felted sheet was tested having an initial thickness of
      approximately 1 inch. Prior to bonding, the sheet was compressed by
      conventional methods to about 45 mils, which provided an excellent
      substrate for the finished product.
PAR  The polyurethane film utilized in the laminate of this invention is
      preferably a fully reacted light and hydrolytically stable polyurethane
      which is cast in a liquid state on the release paper and dried. Suitable
      polyurethanes for the laminate of this invention are sold by Wilmington
      Chemical Company under the tradename "HELASTIC", such as Helastic 13107,
      13160, etc. The solvent may be DMF, aromatics, alcohols, esters, ketones,
      toluenes, etc. and/or combinations thereof.
PAR  As is well-known, polyurethanes are ordinarily formed from organic
      isocyanates and hydrogen bearing compounds which may include linear or
      branched-chain polyesters, polyethers or the like. Suitable polyurethane
      compounds are described in the U.S. Pat. of Norwood Industries, Inc., No.
      3,713,938.
PAR  As described above, the polyurethane foam is preferably cast upon the
      polyurethane film after complete drying. The polyurethane foam is
      preferably substantially completely foamed prior to casting. The
      polyurethane foam utilized herein has a density of about 65 pounds per
      cubic foot prior to foaming and greater than 33 pounds per cubic foot
      after foaming. The preferred polyurethane foam has a density of less than
      60, to about 30 pounds/ft..sup.3 and the cells are very fine, preferably
      greater than 120 cells/linear inch. Commercial polyurethane foams
      generally have a density of less than 6 pounds/ft..sup.3. In the preferred
      foam, there is little or no capilary action through the foam, which is
      particularly important in shoe uppers for example, making the foam
      relatively impervious to moisture. The preferred foam will however
      "breathe" because it is relatively micro porous. The polyurethane may be
      foamed by conventional methods, as by foaming agents, or the polyurethane
      may be foamed by mechanical means. Suitable polyurethane foam compositions
      are described in the above referenced British patent of Union Carbide
      Corporation.
PAR  It will be understood that any suitable adhesive may be used in the
      improved laminate of this invention, however the preferred embodiment of
      the laminate uses a polyurethane adhesive, preferably a two-component
      system.
PAR  As described above, the laminate of this invention may utilize a wide range
      of fabric materials which could not be utilized in the polyurethane-fabric
      laminates described in the prior art. The laminate may include a fabric
      which is not "applicable" with the polyurethane film because the fabric is
      spaced from the film by the polyurethane foam. The fabric material may
      therefore be unnapped, including woven and non-woven fabrics, felted
      materials as described above, fiberglass mats, knits, etc. The laminate
      may therefore be made with almost any substrate or fabric. The resultant
      laminate has an increased "heft" or loft and has better strength
      characteristics. Further, and most importantly, the integral polyurethane
      laminate provides unexpected improvements in strength and wear resistance.
      Delamination was tested on a Taber Abrasion Machine, H-22 wheel, per 1000
      gm weights, which continuously abrades the laminate to determine how many
      cycles are required to cause delamination. For example, delamination
      normally occurs in polyurethane film-fabric laminates after approximately
      100 cycles, however the three-layer laminate of this invention does not
      normally delaminate after 500 cycles, providing a 5 to 1 improvement in
      the bond strength. This was not expected from the known prior art.
PAR  The laminate of this invention may also be formed under heat and pressure
      into a shaped article having concave exterior surfaces because of the
      integral polyurethane laminae and the improved strength characteristics
      provided by the polyurethane foam laminae. The stresses in the
      polyurethane film, which is the superstrate in the shaped article, are
      transmitted and absorbed by the foam layer and the finish film is
      permitted to move laterally relative to the fabric substrate. Further, the
      fabric does not "telegraph" through the relatively thin polyurethane film,
      as described above.
PAR  The following examples illustrate the polyurethane foam laminate of this
      invention. In each of the following examples, the thickness expressed is
      the dry thickness, after evaporation of any carrier or solvent which may
      be present. The polyurethane film substrate in the following examples may
      have a composition similar to the polyurethane film disclosed in U.S. Pat.
      No. 3,713,938 and the polyurethane foam may be similar to the polyurethane
      foam compositions disclosed in the above referenced British patent of
      Union Carbide Corporation.
PAC  EXAMPLE 1
PAR  A polyurethane film having a thickness of 0.5 mils was cast as a substrate
      on a continuous sheet of conventional release paper. The film was then
      dried at 300.degree. F. for two minutes. A polyurethane foam having a
      density of 34 pounds per cubic foot was then cast directly on the
      polyurethane film. The thickness of the polyurethane foam was 30 mils. The
      foam was then partially cured in a conventional oven at 150.degree. F. for
      four minutes. The polyurethane foam laminae remained tacky, prior to
      application of the fabric. A sheet of densified needle punched non-woven
      rayon-nylon was then applied over the foam laminae and pressure applied as
      shown in FIG. 2 of the drawings. The laminate was then cured in a
      conventional oven at 350.degree. F. for three minutes. The process was
      completly continuous and an excellent laminate was formed between the
      film, foam and fabric.
PAC  EXAMPLE 2
PAR  A polyurethane film having a thickness of 1.2 mils was cast upon a
      continuous sheet of release paper and dried at 225.degree. F. for four
      minutes. A polyurethane foam was cast upon the polyurethane film having a
      density of 40 pounds per cubic foot. The thickness of the polyurethane
      foam was 20 mils. The laminate was then heated to 175.degree. F. for three
      minutes, partially curing the foam, which remained tacky to the touch. A
      sheet of unnapped sateen was then applied to the tacky surface of the foam
      and pressure applied, as described above. The laminate was then heated to
      275.degree. F. for four minutes, resulting in an excellent laminate
      between the film, foam and substrate.
PAC  EXAMPLE 3
PAR  A polyurethane film having a thickness of 5 mils was cast upon a release
      surface and heated to 300.degree. F. for four minutes. A polyurethane foam
      having a density of 55 pounds per cubic foot and a thickness of 5 mils was
      then cast upon the polyurethane film and the laminate was heated to
      275.degree. F. for 45 seconds. The surface of the foam laminae remained
      tacky to the touch. A sheet of standard napped sateen, 100% cotton, was
      then applied under pressure to the tacky surface of the foam laminae and
      the laminate was heated to 350.degree. F. for three minutes. Again, an
      excellent laminate was formed.
PAC  EXAMPLE 4
PAR  A polyurethane film was continuously cast upon a sheet of release paper
      having a thickness of 0.75 mils and the film was dried at 250.degree. F.
      for three minutes. A foam having a density of 55 pounds per cubic foot and
      a thickness of 15 mils was then continuously cast upon the polyurethane
      film and the laminate was heated to 350.degree. F. for three minutes. The
      polyurethane foam layer was dry and smooth to the touch. A 3 mil thickness
      of polyurethane adhesive, such as described in the specification above,
      was then cast upon the polyurethane foam and a napped knit nylon was
      applied continuously, under pressure to the adhesive face of the foam
      laminae. Finally, the laminate was heated to 250.degree. F. for four
      minutes resulting in an excellent laminate.
PAC  EXAMPLE 5
PAR  A polyurethane film having a thickness of 1.2 mils was cast upon a release
      paper and heated to 225.degree. F. for four minutes. A polyurethane foam
      having a density of 50 pounds per cubic foot and a thickness of 20 mils
      was then cast upon the polyurethane film and heated to 350.degree. F. for
      four minutes. The polyurethane foam was dry and smooth to the touch. A
      polyurethane adhesive having a thickness of 2 mils was then cast upon the
      polyurethane foam and a sheet of unnapped sateen was applied under
      pressure to the adhesive coated face of the polyurethane foam and the
      laminate was heated to 275.degree. F. for four minutes.
PAC  EXAMPLE 6
PAR  A polyurethane film having a thickness of 5 mils was continuously cast upon
      a sheet of release paper and heated to 250.degree. F. for three minutes. A
      polyurethane foam having a density of 40 pounds per cubic foot was then
      continuously cast upon the polyurethane film layer having a thickness of
      25 mils and the laminate was heated to 275.degree. F. for four minutes,
      resulting in a dry, smooth surface. A polyurethane adhesive having a
      thickness of 4 mils was then cast upon the exposed surface of the
      polyurethane foam and a sheet of unnapped knit nylon was then continuously
      applied, under pressure, to the adhesive coated face of the polyurethane
      foam. Finally, the laminate was heated to 225.degree. F. for five minutes.
PAC  EXAMPLE 7
PAR  A two package polyurethane film having 100% solids and a composition as
      disclosed in the above referenced British patent of Union Carbide
      Corporation was cast, without foaming, on a continuous sheet of release
      paper. The polyurethane film was then heated to 325.degree. F. for three
      minutes. A polyurethane foam having a density of 36 pounds per cubic foot
      and a thickness of 20 mils was then cast upon the polyurethane film and
      heated to 300.degree. F. for three and one-half minutes. The polyurethane
      foam was dry and smooth to the touch. A two package polyurethane having
      100% solids, as described above, was then cast, without foaming, upon the
      polyurethane foam layer, as an adhesive. The thickness of the adhesive was
      2.5 mils. The laminate was then heated to 225.degree. F. for three
      minutes. The adhesive layer remained tacky to the touch. An unnapped
      sateen fabric was then applied, under pressure, to the adhesive coated
      polyurethane foam layer and the laminate was finally heated to 300.degree.
      F. for three minutes.
PAR  In Examples 1 to 3 above, a sheet of fabric was bonded directly to the foam
      as a superstrate, without an adhesive. As described, this was accomplished
      by semi-curing or partially curing the foam laminae and applying the
      superstrate over the tacky surface of the foam under pressure. It is
      important to note that an excellent bond is thus provided even with
      unnapped fabrics, which is not possible with the laminates and methods
      disclosed in the prior art. In Examples 3 to 6, a polyurethane adhesive
      was applied between the foam laminae and the fabric superstrate, again
      permitting the use of unnapped fabrics. Example 7 is actually a
      combination of these two methods, wherein a two package polyurethane film
      is applied to the foam laminae and partially cured and the fabric is
      applied under pressure to the film.
CLMS
STM  Having fully described the laminate and method of this invention, we now
      claim:
NUM  1.
PAR  1. A method of making a laminate, comprising the steps of:
PA1  a. casting a layer of substantially fully reacted polyurethane as a
      substrate on a carrier treated with a release agent,
PA1  b. drying of said polyurethane substrate layer,
PA1  c. casting a layer of substantially completely foamed polyurethane on said
      polyurethane substrate,
PA1  d. heating said laminate to at least partially curing said polyurethane
      foam layer,
PA1  e. bonding a flexible sheet over said polyurethane foam layer,
PAL  and
PA1  f. completely curing the polyurethane layer.
NUM  2.
PAR  2. The method defined in claim 1, wherein said polyurethane foam layer is
      cured until tack-free, and said flexible sheet is bonded to said foam
      layer by applying an adhesive to the interface between said foam layer and
      flexible sheet.
NUM  3.
PAR  3. The method defined in claim 1, wherein said polyurethane foam layer is
      partially cured, but remains tacky and said flexible sheet is applied
      under pressure directly to said foam layer.
NUM  4.
PAR  4. The method defined in claim 1, wherein said polyurethane is
      substantially completely foamed prior to application to said unfoamed
      polyurethane substrate, said foamed layer having a density of about
      thirty-three to fifty pounds per cubic foot and greater than 120 cells per
      linear inch.
NUM  5.
PAR  5. The method defined in claim 1, wherein said flexible sheet is a sheet of
      fabric, including bonding an unnapped face of a fabric sheet to said
      polyurethane foam layer by applying a polyurethane adhesive to said
      polyurethane foam when said foam is tack-free, but not completely cured.
NUM  6.
PAR  6. The method defined in claim 1, including the additional steps of:
PA1  a. removing the plastic laminate from the treated surface; and
PA1  b. heating and forming under pressure a shaped article having concave
      surfaces with said fabric layer forming a supporting substrate and the
      finish layer forming the exterior finish layer.
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PAL  Forming a plastic containing paper product by introducing expandable
      plastic pellets between two partially dewatered webs of cellulose fibers,
      pressing together and heating.
BSUM
PAC  BACKGROUND
PAR  It is previously known to prepare paper containing plastic particles in
      order to obtain a paper product having a light weight but with the service
      properties of heavier paper. For instance Swedish Patent 300,927 describes
      a process wherein expanded plastic beads are added to a fiber pulp before
      the pulp is dewatered over a wire screen, whereafter the paper is formed
      in a known manner. This method is not entirely satisfactory since there
      will be difficulties in achieving sufficient retention between the
      cellulose fibers and in achieving a good enough dispersion of the plastic
      beads in the pulp to obtain a uniform paper. Such paper will often exhibit
      a pronounced two-sidedness, since the polymer particles to a great extent
      will be present on the side of the paper that is furthest from the wire.
      Furthermore, the surface of the finished paper frequently contains bubbles
      or foam particles from the plastic, which cause disturbances if they are
      too large or if they come off the surface. To obtain acceptable paper by
      this known process some sort of surface sizing must be carried out, which
      increases the price of the finished paper.
PAR  Several methods have also been suggested for the preparation of laminated
      paper, wherein a middle-layer is made up from an expanded plastic. These
      methods utilize two or more finished paper sheets between which a layer of
      expandable or expanded plastic is laminated. According to one method a
      film of an expandable plastic is introduced beween the paper sheets and
      the laminate is then bonded by heating and calendering. It has also been
      suggested to prepare a laminate by introduction of expanded plastic beads
      between two paper sheets having an adhesive coating so that the finished
      laminate will have a layer of expanded plastic glued to the paper.
      Furthermore, it is known to introduce a water or solvent dispersion of an
      expandable plastic between two paper sheets and obtain a paper laminate by
      drying and heating. These lamination methods start with pre-fabricated
      paper sheets which are subjected to some kind of subsequent treatment,
      such as heating or drying, in order to obtain a paper containing plastic
      particles. This subsequent treatment naturally increases the production
      price and the obtained laminate will show two spaced apart paper layers
      bonded together by the plastic layer. In order to obtain a satisfactory
      z-strength, i.e. bonding between the three layers, the demands on process
      equipment and process control must be high.
PAC  THE INVENTION BROADLY
PAR  Considered from one aspect, the present invention involves a method for the
      preparation of paper containing plastic particles which includes
PA1  A. forming two spaced apart partially dewatered webs of cellulose fibers,
PA1  B. introducing expandable thermoplastic beads between said spaced apart
      partially dewatered webs of cellulose fibers,
PA1  C. pressing said spaced apart partially dewatered webs of cellulose fibers
      together, and
PA1  D. subjecting the product of step (c) to heat so as to at least partially
      dry said cellulose fibers and so as to cause at least a portion of said
      plastic beads to expand.
PAR  The term "paper" also includes the thicker types of paper which are
      generally referred to as board or cardboard.
PAR  The partially dewatered webs of cellulose fibers between which the
      expandable or partly expanded thermoplastic beads are to be introduced,
      have a dry content within the range of from about 8 to 20 percent by
      weight, and preferably about 10 to 15 percent by weight, i.e. the water
      content of the wet web on the wire of a conventional paper machine. They
      are prepared in a known manner by the slurrying of cellulose fibers in
      water and depositing these on a wire support. The slurry of fibers in
      water or the pulp can contain conventional paper making additives such as
      alum, fillers, retention agents, wet strength agents, anti-foaming agents,
      fungicides, etc. The type of fiber does not influence the finished
      laminate and all types of fibers can be used when carrying out the
      process.
PAR  The expandable thermoplastic particles deposited between the two cellulose
      webs may be either unexpanded or partly expanded.
PAR  As examples of expandable polymer beads suitable for the production of
      paper according to the present method can be mentioned
      polymethylmethacrylate or copolymers of methylmethacrylate and monomers
      copolymerizable therewith, whereby the amount of methylmethacrylate should
      exceed 70 percent by weight based on the copolymer; copolymers of
      acrylonitrile and vinylidene chloride containing 10 to 90 percent by
      weight of acrylonitrile based on the copolymer; and polystyrene or
      copolymers of styrene and monomers copolymerizable therewith, whereby the
      amount of styrene should exceed 70 percent by weight based on the
      copolymer. A preferred copolymer of styrene is styrene-acrylonitrile
      copolymer wherein the amount of styrene exceeds 70 percent by weight based
      on the copolymer.
PAR  According to one preferred embodiment of the invention plastic beads of
      polystyrene or copolymers containing at least 70 percent by weight of
      styrene, especially styreneacrylonitrile copolymer, are selected for
      economical reasons. If the particle size of such polystyrene beads is very
      small it has been found that the blowing agent has a certain tendency to
      diffuse through the shell of the bead, which problem is avoided if the
      plastic beads are kept dispersed in water and thus applied wet.
PAR  According to an alternative embodiment of the invention the plastic
      dispersion can also contain cellulose fibers and conventional papermaking
      additives such as retention agents, wet strength agents, anti-foaming
      agents, fillers etc. The weight ratio of plastic beads to cellulose fibers
      in such a dispersion should be within the range of from 1:20 to 20:1.
PAR  The quantity of plastic beads incorporated in the paper according to the
      present invention can be varied within wide limits. Preferably about 0.05
      to 60 percent by weight of plastic particles based on dry fibers are
      incorporated in the finished paper. When making writing paper which has a
      relatively light weight, the quantity of plastic particles should be
      within the range of from about 5 to 20 percent by weight of polymer based
      on dry fibers. In cardboard production the amount of plastic particles
      should be within the range of from about 2 to 15 parts by weight of
      polymer based on dry fibers, while when making cardboard (where heat
      insulating properties are desired) an amount of polymer within the range
      of from about 25 to 50 percent by weight based on dry fibers can be used.
PAR  The particle size of the polymer beads in unexpanded form is determined
      both by the polymer type used and by the thickness of the wet webs and the
      coarseness of the cellulose fibers. Generally the unexpanded polymer
      particles should have a diameter of from 0.5 to 200 .mu.m. For the
      production of paper the particles should have a diameter of from 0.5 to
      100 .mu.m, preferably from 3 to 60 .mu.m. For the production of cardboard
      a particle diameter of from 60 to 200 .mu.m is preferred. A preexpansion
      of the beads before introduction between the wet webs can be suitable.
PAR  The expandable plastic beads can be introduced between the two wet webs
      either in dry form or in wet form. If dry application of the polymer is
      selected the distribution of the plastic beads between the wet webs must
      be carefully regulated in order to avoid over-dosage with subsequent lump
      formation. As examples of suitable application forms can be mentioned
      pneumatic deposition or screening. With these types of dry application a
      certain sorting out of coarse and fine fractions of the polymer beads will
      simultaneously be obtained and thus the demand for uniform particle size
      of the polymer will be reduced. With wet application of the polymer beads
      a dispersion of the beads in water or other inert dispersing medium is
      suitably used. The particle size range of the thus dispersed polymer
      should be kept rather narrow to avoid too great variations in the finished
      product. The dry content of the dispersion is dependent on the amount of
      plastic beads desired in the finished paper and should normally be within
      the range of from 0.05 to 40 percent by weight based on the dispersion.
PAR  The process according to the present invention is suitably carried out on a
      paper machine having a double wire screen or on any paper machine having
      at least two wire screens. The unexpanded or partly expanded plastic
      particles are applied to the wet web of cellulose fibers on the first wire
      screen and the second wet web of cellulose fibers is then superposed
      thereon during dewatering. When the laminate leaves the wire the webs are
      couched together with the intermediate plastic layer and the product is
      brought to the pressing and drying section of the paper machine.
PAR  During the drying the polymer beads will expand when the temperature of the
      material rises above about 75.degree.C, i.e. the temperature in the drying
      section of a conventional paper machine. This temperature will naturally
      vary somewhat depending on the chosen polymer type and on the thickness of
      the laminate. Upon the expansion of the plastic beads the surface of the
      beads will soften and thus a bond between the plastic and the cellulose
      fibers is obtained which gives an improved z-strength of the laminate. If
      so desired the obtained paper can be smoothed. It should be noted that the
      paper should not be subjected to pressures high enough to cause the
      expanded plastic beads to become too much deformed.
PAR  The expandable plastic beads are prepared according to known methods, so
      that the finished polymerizate comprises beads containing a blowing agent,
      which is vaporized upon heating, with accompanying expansion of the
      plastic beads.
PAR  The temperature gradient in the drying section is selected as for
      conventional paper making and when the temperature of the laminate exceeds
      about 75.degree.C the plastic particles will expand. The final drying
      should be carried out at a temperature of about 100.degree.C and this
      temperature varies somewhat depending on the selected polymer, the
      quantity of particles, the particle size and the thickness of the
      material. When making writing paper the paper should be calendered to
      obtain the desired surface.
PAR  It is within the scope of the invention to prepare laminates comprising
      additional layers of cellulose webs and/or additional layers of cellulose
      and polymer webs.
PAR  The advantages of our process are as follows:
PA1  1. it produces a uniform paper of good z-strength,
PA1  2. it utilizes process equipment that is already available at paper mills,
PA1  3. it permits considerable freedom in the choice of the expandable plastic
      since there are no demands on the retention to the cellulose fibers or on
      dispersability in the pulp,
PA1  4. no subsequent treatment of the product, besides what is customary in
      paper making, is necessary,
PA1  5. the production costs can be kept relatively low,
PA1  6. the resulting product has the service properties of a heavier paper,
      such as stiffness, opacity, etc.
DETD
PAR  The following example is illustrative of a preferred embodiment of the
      present invention. It should be understood that this example is not
      intended to limit the invention and that obvious changes may be made by
      those skilled in the art without changing the essential characteristics
      and the basic concept of the invention. The parts and percentages are by
      weight, the temperature is room temperature and the pressure is
      atmospheric unless otherwise indicated.
PAC  EXAMPLE
PAR  On a paper machine equipped with two wire screens located in such a way
      that the formed fiber webs can be brought together before the couch is
      made on each wire, two webs of sulfate pulp were formed having a weight of
      66 g/m.sup.2. On the web on the lower wire was then applied before
      couching a water dispersion containing 18 g/l of expandable polystyrene
      beads in an amount equivalent to 65 g polystyrene per square meter of
      sheet. The dispersion water was suctioned off by a suction box placed
      below the wire, whereafter the upper web was applied. After pressing in
      the press section the webs with intermediate plastic were dried at a
      temperature of 90.degree.C in the drying section. The obtained sheet had a
      weight of 197 g/m.sup.2. On comparison with a conventional sheet of the
      same paper making pulp, but without a polystyrene layer the following
      results were obtained:
TBL  % Polystyrene                30        0                                  
     Basis weight g/m.sup.2      197       200                                 
     Thickness .mu.m             402       321                                 
     Bulk cm.sup.3 /g            2.0       1.6                                 
     z-strength kPa              410       240                                 
     Stiffness 10 mmg                                                          
                   Longitudinal  250       204                                 
                   Transversal   165       103                                 
PAR  More or less detailed claims will be presented hereinafter and even though
      such claims are rather specific in nature, those skilled in the art to
      which this invention pertains will recognize that there are obvious
      equivalents for the specific materials recited therein. Some of these
      obvious equivalents are disclosed herein, other obvious equivalents will
      immediately occur to one skilled in the art and still other obvious
      equivalents could be readily ascertained upon rather simple, routine
      non-inventive experimentation. Certainly no invention would be involved in
      substituting one or more of such obvious equivalents for the materials
      specifically recited in the claims. We intend that all such obvious
      equivalents be encompassed within the scope of this invention and patent
      grant in accordance with the wellknown doctrine of equivalents, as well as
      changed proportions of the ingredients which do not render the composition
      unsuitable for the disclosed purposes.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the preparation of a composite that contains plastic
      particles which includes
PA1  a. forming a first partially dewatered web of cellulose fibers by
      depositing the fibers from a pulp on a wire support,
PA1  b. depositing on said first web a plurality of expandable plastic beads,
      said plastic being selected from the group consisting of copolymers of
      acrylonitrile and vinylidene chloride, polystyrene or copolymers thereof,
      or polymethylmethacrylate or copolymers thereof, in a quantity equal to
      between 0.05 and 60% by weight of said plastic particles based on dry
      cellulose fibers, said unexpanded beads having diameters within the range
      of 0.5 to 200 .mu.m,
PA1  c. depositing over said beads a partially dewatered second web of cellulose
      fibers formed by depositing the fibers from a pulp on a wire support so
      that said beads are disposed between said first and second webs,
PA1  d. pressing said first and second partially dewatered webs together,
PA1  e. subjecting said pressed together webs to a temperature of at least about
      75.degree.C so as to effect both a drying of said webs and an expansion of
      at least a portion of said expandable beads.
NUM  2.
PAR  2. A method for the preparation of paper containing plastic particles which
      includes
PA1  a. forming two spaced apart partially dewatered webs of cellulose fibers by
      depositing the fibers from a pulp on a wire support,
PA1  b. disposing between said dewatered webs of cellulose fibers a plurality of
      expandable thermoplastic beads,
PA1  c. pressing said spaced apart partially dewatered webs of cellulose fibers
      together, and
PA1  d. subjecting the product of step (c) to heat so as to at least partially
      dry said cellulose fibers and so as to cause at least a portion of said
      plastic beads to expand.
NUM  3.
PAR  3. The method according to claim 2 characterized in that the partially
      dewatered webs of cellulose fibers have a dry content within the range of
      from 8 to 20 percent by weight.
NUM  4.
PAR  4. The method according to claim 2 characterized in that the expandable
      plastic beads consist of polystyrene or a styreneacrylonitrile copolymer
      containing at least 70 percent by weight of styrene based on the
      copolymer.
NUM  5.
PAR  5. The method according to claim 2 characterized in that the plastic beads
      are introduced between the partially dewatered webs of cellulose fibers in
      the form of a dispersion.
NUM  6.
PAR  6. The method according to claim 2 characterized in that the plastic beads
      have a particle size within the range of from 0.5 to 100 .mu.m.
NUM  7.
PAR  7. The method according to claim 2 characterized in that the plastic beads
      have a particle size within the range of from 60 to 200 .mu.m.
NUM  8.
PAR  8. The method according to claim 2 characterized in that the plastic beads
      are introduced between the partially dewatered webs of cellulose fibers in
      the form of a dispersion containing cellulose fibers.
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ABST
PAL  A method is provided for sealing the end of a sleeved roll comprising a
      roll-shaped body and a tubular sleeve-shaped lamina formed of a
      thermoplastic synthetic resinous release material coaxially disposed about
      the body, the lamina having a heat-shrinkable end extending substantially
      beyond the body. A synthetic elastomeric sealant is applied between the
      lamina end and the body end, and the lamina end is then heat-shrunk to
      compress the lamina end about the sealant and the body end and to
      bondingly engage the sealant to the lamina end and the body end, thereby
      sealing the body end. Preferably the body has a bevel on its outer edge
      and the sealant is applied over both the body end and the bevel prior to
      heat shrinking.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Rubber rolls have found widespread use in a wide variety of applications.
      Processing rolls used in the textile industry, printing rolls used for
      press printing (i.e. ink transfer rolls), and fuser rolls in xerography
      copiers are all examples of the specific applications for rolls of the
      type herein described. Such rolls generally comprise an annular cylinder
      of elastomeric material such as silicone rubber, with a metal core
      typically being coaxially disposed within the roll for support. In all of
      these applications it is highly desirable to provide a jacket or sleeve
      around the outside surface of the rubber rolls in order to provide a low
      coefficient of friction so that resistance to the rotation of the roll in
      an adjacent surface is reduced. For this purpose, the sleeve is provided
      with a smooth outer surface and in addition, it is generally flexible so
      that the resilient character of the rubber will not be adversely affected
      during the operation of the roll. Fluorocarbon materials are quite
      suitable as a sleeve material, and are therefore often used. More
      specifically, polytetrafluoroethylene, which is commonly known as Teflon
      (registered trademark of Du Pont Corporation), and
      polytrifluorochloroethylene are examples of fluorocarbon sleeves which are
      frequently used.
PAR  Method and apparatus for manufacturing such sleeved rolls have been
      described in numerous patents assigned to the assignee of the present
      invention, including U.S. Pat. Nos. 3,380,120; 3,481,805; 3,607,494;
      3,613,168; and 3,647,336. In particular, U.S. Pat. No. 3,613,168 describes
      a method of procuding a cored rubber roll while simultaneously placing a
      thin flexible sleeve thereon comprising: etching the inner surface of the
      sleeve, placing the sleeve into a mold casing and around a core member
      positioned in a casing, supporting the sleeve so as to provide a space
      between the core member and the sleeve, feeding rubber into the space
      between the core member and the sleeve, applying pressure to the rubber
      while feeding it into the space to thereby cause the rubber to accumulate
      and expand the sleeve against the inside of the mold casing, and
      continuing to feed the rubber into the spacing until all of the available
      space is filled between the core and the sleeve, thereby to fully expand
      the sleeve against the inside casing along substantially the entire length
      of the sleeve. In the preferred embodiment of the invention, the rubber is
      passed into the space from a number of directions so as to expand the
      sleeve substantially simultaneously in all directions. For this purpose
      the mold assembly is provided with end sections which include a plurality
      of small circular holes through which the rubber is passed in a plurality
      of streams. The holes are smaller than the space into which the rubber
      passes and as a result the pressurized rubber accumulates in the space
      near the holes and begins to expand the sleeve. After the sleeve in a
      particular area is expanded by the rubber against the inside mold casing,
      the continued passage of rubber into the same area causes the rubber to
      slowly travel along the axial length of the space between sleeve and core
      member with the consequent further periodic accumulation of the rubber and
      expansion of the sleeve. The process is continued until the rubber fills
      substantially all of the available space between the core and the sleeve.
      In this manner not only is the rubber formed about the core with precise
      dimensions but the sleeve is also simultaneously bonded to the rubber as
      it is pressed by the rubber under great pressure against the inside
      surface of the casing. After the rubber has filled the available space,
      the entire mold is removed and may then be placed in an oven and processed
      to a temperature at which the rubber is vulcanized. Thereafter, the
      assembly of core, rubber roll and sleeve is withdrawn from the mold and
      may be slowly heated to approximately 400.degree. F. for the purposes of
      driving off excess gases that may have been trapped within the rubber, if
      desired.
PAR  In certain applications these sleeved rolls are utilized in an environment
      containing chemicals which will cause deterioration of the rubber within
      the sleeved roll and thus adversely affect the longevity of the roll. For
      example, the fuser rolls used in xerography copiers are exposed to an oil
      (called fuser oil) which attacks silicone rubber and would greatly reduce
      the longevity of the fuser roll if means were not provided for protecting
      the silicone rubber thereof from the fuser oil. Fortunately, the
      cylindrical working surface of the rubber roll is easly protected from
      direct radial exposure to the fuser oil by selecting an appropriately
      oil-impervious fluorocarbon sleeve such as Teflon. The real problem has
      been to protect the rubber roll from fuser oil entering through the ends
      of the fuser roll and laterally attacking the silicone rubber.
PAR  The end of the fuser roll appears as a laminate of an inner metal core, an
      intermediate rubber body, and an outer fluorocarbon sleeve, the latter
      typically extending inwardly to some degree over the exposed end of the
      rubber body. The ends of the rubber body have heretofore been protected
      from the fuser oil to some degree by the application thereto of an
      oil-impervious sealer, such as a special room temperature vulcanizable
      elastomeric material of fluorosilicon rubber hereinafter referred to as
      "RTV" and available from Dow Corning under the designation of "DC 236
      Dispersion". The sealant is applied to the rubber body end in such a
      manner as to cover the entire exposed end surface of the rubber body, and
      overlap the adjacent end portions of the fluorocarbon sleeve and metal
      core, thereby hopefully to seal the end of the rubber body between the
      sleeve, core and sealant. Unfortunately while the RTV sealant bonds in a
      fairly satisfactory manner to the rubber body and to the metal core and
      thus precludes the intrusion of fuser oil through the end of the rubber
      body and between the outer surface of the metal core and the inner surface
      of the rubber body, it does not bond as well to the Teflon sleeve. The
      latter eventually breaks away from the sealant after a period of use and
      permits intrusion of fuser oil between the inner surface of the sleeve and
      the outer surface of the rubber body.
PAR  To combat migration of the fuser oil between the sleeve and rubber body,
      the fuser rolls are often provided with ends having beveled outer edges
      wherein the inner surface of the sleeve is tightly pressed against the
      outer surface of the rubber edge to block the migration path. For example,
      in the process disclosed in U.S. Pat. No. 3,481,805, wherein heat
      shrinkable plastic sleeve is heat-shrunk about a rubber roll to bond the
      sleeve thereto, the heating is prolonged at each end of the roll to cause
      additional shrinkage of the sleeve ends so that a bevel is formed at the
      outer edge of the roll end. Similarly, in the process disclosed in U.S.
      Pat. No. 3,613,168, wherein rubber is injected between a metal core and an
      expandable plastic sleeve to radially expand the sleeve and bond the
      rubber to both core and sleeve, each end of the sleeve is maintained at
      its original diameter as the intermediate length of the sleeve is radially
      expanded so that a bevel is formed at the outer edge of the roll end.
      Nonetheless, experience has shown that once even a slight gap arises at
      the sleeve/sealant interface at the roll end, the fuser oil will intrude
      through this gap and in time work its way through the sleeve/roll
      interface at the bevel.
PAR  As improvements in the materials and manufacturing techniques for making
      these sleeved rolls have improved, the problem of effectively sealing the
      sleeved roll ends has become more important; in fact the critical factor
      determining the longevity of the currently available fuser rolls is
      presently the effective life of the end seal. To fully appreciate the
      magnitude of the problem, it must be recognized that when the sleeve is
      composed of a "release" material such as Teflon, only the inner surface of
      the sleeve end is truly available for bonding, as it is only the inner
      surface of the sleeve which has been etched to permit bonding.
      Furthermore, it must be recognized that it is characteristic of an
      injection molded sleeved roll (for example, one manufactured by the
      process described in U.S. Pat. No. 3,613,168) that the ends of the roll
      are of slightly greater diameter than the intermediate length of the roll.
      As a result, these roll ends are subjected to great flexing during use,
      and hence the likelihood of sleeve/sealant separation at the roll ends is
      extremely high.
PAR  Accordingly, it is an object of the present invention to provide a sleeved
      roll with an improved end seal.
PAR  It is another object to provide such a sleeved roll wherein the ends of the
      rubber body are protected against attack by harmful fluid by use of a
      sealant.
PAR  It is a further object to provide such a sleeve roll wherein the rubber
      body is protected from attack even after harmful fluid has migrated
      between the sealant and the sleeve.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that the above and related objects may be
      obtained by providing a sleeved roller comprising a roller-shaped body
      having an end, and a substantially tubular lamina coaxially disposed about
      the body having a heat-shrinkable end of thermoplastic material extending
      substantially beyond the body end. A synthetic elastomeric sealant is then
      applied over at least a portion of the body end and between the lamina end
      and the body end. Finally, the lamina end is heat-shrunk to compress the
      lamina end about the sealant and the body and to bondingly engage the
      sealant to the lamina end and the body end, thereby sealing the body end.
PAR  In a preferred embodiment, the lamina is formed of a fluorocarbon, the
      sealant is a room temperature vulcanizable fluorosilicon rubber, and the
      body has an outer surface formed of silicone rubber. Preferably, the body
      end has an arcuately beveled outer edge. Where the lamina end has an inner
      diameter D' prior to heat-shrinking and an inner diameter D after
      heat-shrinking, the body edge defines an arc having a radius R which is
      preferably substantially equal to one-half the difference in inner
      diameters D' and D of the lamina end; i.e., R=0.5(D'-D). The lamina end
      extends from the body end at least a length L substantially equal to
      0.5.pi. R prior to heat-shrinking; i.e, L.ltoreq. 0.5.pi. R. If the length
      of the lamina end extending beyond the body end (i.e., from its last
      bonded point of contact with the body end) exceeds the arcuate length of
      the body edge, it may be reduced to a length substantially equal to the
      arcuate length prior to applying the sealant so that the lamina end
      becomes embedded within the sealant during heat-shrinking.
PAR  In certain instances it may also be desirable to etch the inner surface of
      the lamina end prior to applying the sealant. Heat-shrinking the lamina
      end typically expels a quantity of the sealant from between the lamina end
      and the body end, and the portion of the sealant extending outwardly
      beyond the outer surface of the heat-shrunk lamina end may be trimmed from
      the sealed body end after heat shrinking.
PAR  Generally the sealant is applied to the entire exposed surface of the body
      end and the body edge. Where the body has an inner core of circular
      cross-section coaxially disposed therewithin, the core having an end
      extending beyond the body end, the sealant is applied onto the entire
      surface of the body end between the core end and the lamina end. In a
      typical roll situation the body and the lamina each have second ends, the
      second lamina end extending substantially beyond the second body end. In
      this case the sealant is also applied between the second lamina end and
      the second body end, and the second lamina end is also heat-shrunk about
      the second body end to seal the second body end.
PAR  The process seals the end of a sleeved roller in such a manner as to force,
      attacking fluid to travel a bevel of quarter circumference length through
      a sealant/sleeve interface of exceptional tightness. Rolls having ends
      sealed according to the process of the present invention exhibit an
      operational life of three, and even four, times longer than rolls having
      conventional end seals permitting attacking fluids to travel along a loose
      rubber body/sleeve interface.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view, partially in section, of one example of a cored and
      sleeved roll manufactured by the process of the present invention;
PAR  FIG. 2 is a fragmentary perspective view showing an apparatus which may be
      employed in the formation of the roll of FIG. 1;
PAR  FIG. 3 is a fragmentary longitudinal section of the mold portion of the
      apparatus illustrated in FIG. 2, showing placement of the sleeve within
      the mold prior to injection of any rubber;
PAR  FIG. 4 is a fragmentary longitudinal section similar to FIG. 3, after
      placement of the core and injection of some rubber, the original
      configuration of the sleeve being indicated in phantom line;
PAR  FIG. 5 is a fragmentary longitudinal section of the roll of FIG. 4 after
      removal of the roll from the mold and the application of sealant to the
      end thereof;
PAR  FIG. 6 is a fragmentary longitudinal section of the roll of FIG. 5, after
      the ends of the sleeve have been trimmed and heat-shrunk;
PAR  FIG. 7 is a transverse section of the mold portion of the apparatus of FIG.
      3 taken along the line 7--7 thereof; and
PAR  FIG. 8 is a transverse section of the mold apparatus of FIG. 3 taken along
      the line 8--8 thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings and specifically to FIG. 1, there is shown a roll
      generally designated by the numeral 10 comprising a metal core 12, a
      rubber body 14, and a thin flexible sleeve 16 completely enclosing body 14
      except for the ends thereto. The core 12 is hollow as indicated at 18, and
      the ends are counterbored to a larger diameter as shown at 20 for the
      purposes of receiving anti-friction bearings such as ball or roller
      bearings. The bearings may be held in position axially by means of snap
      rings which may be received in the annular grooves 22. The tapers 24 which
      are formed at the counterbored opening 20 are utilized for the purposes of
      centering the core in the mold assembly as further explained hereinafter.
      The sleeve 16 has ends 16a and an intermediate length 16b therebetween. It
      is preferably composed of a fluorocarbon material such as Teflon, but may
      be composed of any equivalent material such as thermoplastic and
      expandable synthetic resin, preferably a plastic having "release" or
      non-stick properties. The rubber 14 may be composed of an elastomer
      including rubber compounds and many synthetics such as neoprene, silicone
      and the like. The preferred material for use in the roll is silicon
      rubber. A silicon resin adhesive may be placed between the rubber 14 and
      the core 12 in order to ensure a proper bond between these two members,
      but it is preferably not included between the rubber 14 and the sleeve 16
      since it is not necessary for a proper bond between these components when
      the process of the invention is carried out.
PAR  Each end of the rubber body 14 has at its outer edge an arcuate bevel
      indicated by the letter A. An elastomeric sealant 25 such as RTV covers
      the exposed end of rubber body 14 and extends outwardly over the bevel A
      and inwardly onto the core 12. The sleeve end 16a passes over the sealant
      at bevel A and terminates in an edge which is embedded within the sealant
      25 at a point radially inward from the bevel A. Prior to the formation of
      the sleeved roll 10, a tubular length of sleeve material having an inner
      diameter D is trimmed to a suitable length for the particular roll 10
      being produced. The entire inner surface of the sleeve 16 is etched to
      enable a relatively strong bond to be formed between the sleeve 16 and the
      rubber body 14 without the use of intermediate bonding material. The etch
      may be performed by any of the well known processes currently employed
      (for example, with a solution of ammonia and sodium) and, if desired, may
      be followed by application of a conventional primer to further enhance
      bondability.
PAR  Each sleeve end 16a is then radially expanded to an inner diameter D which
      is at least as large as the inner diameter of the intermediate sleeve
      length 16b in the finished product (that is, after the diameter of the
      intermediate sleeve length 16b has been expanded by the injection of
      rubber as hereinafter described), aad preferably of substantially the same
      inner diameter. The sleeve ends 16a may be expanded with or without the
      application of heat thereto, so long as the expanded sleeve ends 16a
      retain a memory of their initial size (diameter D) and will attempt to
      return thereto upon subsequent heating. A preferred method for expanding a
      sleeve end 16a consists of heating the sleeve end 16a to a temperature of
      about 300.degree. F to about 400.degree. F, then forcing the hot sleeve
      end 16a over a form of predetermined configuration and size, and then
      permitting the sleeve end 16a to cool on the form prior to removal
      therefrom. Once the cooled sleeve ends 16a is removed from the form, it is
      ready for insertion in the mold apparatus used to form the roll 10.
PAR  The sleeved roll 10 illustrated in FIG. 1 is produced in an apparatus such
      as that shown in the perspective illustration of FIG. 2. As there shown
      the rubber is passed into the hopper opening 26 of a screw type extruder
      generally designated by the numeral 28. This extruder may be of any of the
      well known conventional types and is driven by an electric motor 30
      through shaft 32. The extruder chamber is provided with an enclosure and
      may be heated or cooled as required by means of a heated or cooled fluid
      which is passed to the interior of the enclosure through pipes 34 and 36.
      A spindle 38, best shown in FIG. 4, is integrally attached to the
      discharge end of the extruder 28 by means of internally threaded adapter
      37 and lock nut 39. The spindle serves to removably mount mold assembly
      generally designated by the numeral 40 in position adjacent the extruder
      28. As illustrated in FIG. 2 the mold 40 is mounted over the spindle 38
      and is held in place by a holding nut 42. A plurality of holes 44 are
      positioned at one end of the mold assembly 40 in discharge end cap 46 and
      indicate to the operator when the mold is filled with rubber, since when
      it is filled the rubber passes through the holes 44. When this occurs the
      mold assembly 40 is removed from the extruder 28 and is replaced by
      another mold assembly. An entry end cap 48 is positioned opposite
      discharge end cap 46 on mold 40 and each end cap 46, 48 is provided with a
      pair of slots 45 to receive a spanner wrench for tightening the same when
      assembling the mold, and for removing the same when opening the mold to
      withdraw the roll therefrom. The extruder is operated by "start" and
      "stop" means shown as buttons 49 and 51.
PAR  FIGS. 3-4 illustrate the various components which are included in the mold
      assembly 40, FIG. 3 illustrating the components prior to injection of the
      rubber and FIG. 4 illustrating the components after injection of some, but
      not all, of the rubber. As illustrated in FIG. 2 spindle 38 is shown
      passing through the core 12 and being held in position at the end of the
      mold by the holding nut 42, the spindle 38 being end threaded to receive
      the holding nut. At the entry end of the assembly 40 the spindle 38 is
      provided with a counterbore 52 into which the rubber from the extruder 28
      passes as it is discharged from the extruder through a channel in adapter
      37. Four radial holes 54 are positioned about the spindle 38 and serve to
      assist the passage of the rubber from the counterbore 52 into the entrance
      opening 56. Since the extruder 28 and the spindle 38 are rotating during
      the operation of the system, the rubber is passed from the counterbore
      area 52 of the spindle 38 into the entrance opening 56 at a high pressure.
      The rubber then passes through a plurality of small holes 58 which are
      positioned in the entry end part 60 into space 62. Since the holes 58 are
      small in diameter, the rubber passes into the space 62 under very high
      pressure. The thin flexible sleeve 16 is mounted within the mold assembly
      between the casing 66 and the core 12. One expanded sleeve end 16a is held
      at the entry end in a groove 68 which is formed in the entry end part 60,
      and the other expanded end 16a is similarly held in a groove which is
      formed in the discharge end part (not shown). The grooves in both end
      parts are substantially axially aligned so as to provide a substantially
      equal spacing between the intermediate sleeve length 16b and the core 12.
      As the rubber passes into the space 62 from the small holes 58 it
      accumulates within the space 62 near the holes 58. The accumulation
      continues until the intermediate sleeve length 16b is expanded against the
      inside surface 74 of the casing 66. Due to the pressure under which the
      rubber is continuously passed into the space 62, the accumulated rubber is
      caused to move along the surface of the core member 12, and while so
      moving, to continue to drive against the inside surface 74 of the casing
      66. This operation is best illustrated in FIG. 4, where the rubber is
      shown after it has partially traversed the path along the space 62. Rubber
      is continuously passed into the space 62 through the holes 58 until all of
      the space 62 is filled with the rubber. In this manner the sleeve 16 is
      driven against the inside wall 74 of the casing 66 over its entire length,
      and due to the extreme force of the rubber, the intermediate sleeve length
      16b adheres to the rubber and is bonded thereto without the use of a
      bonding material. Detection of the completion of the process occurs when
      the rubber passes through the venting holes 44 in the discharge end cap
      46.
PAR  At this point the operator stops the extruder, removes the mold assembly 40
      from the spindle 38, and replaces it with another mold assembly.
PAR  As shown in FIG. 4, the counterbored section 52 of the spindle 38 is in
      communication with a plurality of radial holes 54 which assist in the
      dispersion of the rubber as above explained. The holes 58 are placed about
      the periphery of the entry end part 60 and include in the embodiment here
      illustrated 15 small holes, preferably at a diameter of about 1/16 of an
      inch. Best results are achieved when these holes are small in size, the
      diameter being preferably about one-half of the width of space 62 or less,
      since a high pressure is ensured. It has been determined that a desirable
      pressure under which the rubber is forced into the area between the sleeve
      and the core is at least 1000 psi, but lower pressures are also suitable
      provided that sufficient pressure on the sleeve is effected. This
      particular pressure is readily achieved by employing the configuration of
      holes 58 illustrated in the drawings. Other equipment however may be used
      to obtain the desired pressure and is considered within the scope of this
      invention. The holes 58 should not be so small as to prevent the free flow
      of the rubber or to retard the flow to the extent that long processing
      times are required. The small diamter of the holes has the additional
      advantage of retaining the charge of rubber under considerable pressure
      after the mold has been removed from the extruder and during subsequent
      curing, if employed. It will be noted that with fifteen such holes the
      rubber is fed into the space 64 in a plurality of streams thus enabling
      the expansion of the sleeve to take place in all directions substantially
      simultaneously. Thus, wrinkles and other defects which would render the
      sleeve unusable are avoided.
PAR  The groove 68 is also circular and is substantially concentric with the
      core 12 and the inside wall 74 of the casing 66. The groove 68 should be
      of a width which is large enough to receive the sleeve without difficulty
      but should not be so large as to permit the sleeve to shift position
      during the process. For a Teflon sleeve of about 0.010 inch to about 0.020
      inch, a groove width of about 0.030 inch has been successfuly employed to
      obtain a roll characterized by a smooth, wrinkle-free sleeve. The groove
      depth must be sufficient to maintain expanded sleeve ends 16a in contact
      with the end parts 60 during the expansion of the intermediate sleeve
      length 16b.
PAR  The space 62 between core 12 and the intermediate sleeve length 16b may be
      of any suitable width dimension and has generally been about 1/8 inch in
      practice, as for example, with a core outside diameter of 13/4 inch and a
      sleeve inside diameter of 2 inches. The space between the inside wall 74
      of the casing 66 and the intermediate length of sleeve 16 depends in part
      upon the ability of the sleeve material to be expanded from diameter D to
      diameter D' without rupture, and Teflon has been found to be an acceptable
      material for expansions of up to 30 percent or more of its diameter. Thus
      the space between the outside surface of the intermediate length of sleeve
      16 and the wall 74 of the casing 66 may be a width of about one-sixth of
      the diameter of the Teflon sleeve.
PAR  At this point it should be noted that the curvature of the bevel A on the
      end of rubber body 14 after the molding process is determined by the
      curvature of the abutting face of the part 60 during the molding process.
      It has been found that the preferred radius R of the bevel A (see FIG. 3)
      is approximately one half of the difference of the diameters of the
      intermediate sleeve length 16b in its normal and expanded states. In other
      words,
EQU  R .congruent. 0.5 (D' - D).
PAL  After the molding process the sleeve end 16a has a length L (see FIG. 3)
      greater than one quarter of the circumference of a circle of radius R and
      preferably substantially greater so that the sleeve end 16a extends
      substantially beyond the end of the rubber body 14 and into the depths of
      grooves 68 of the end parts 60 during the molding process.
PAR  After the roll 10 has been formed, as earlier described in connection with
      FIGS. 2-4, the mold assembly 40 is removed from the spindle 38, the nut 42
      removed, and the end caps 46 and 48 separated from the casing 66 to enable
      removal of the sleeved and cored roll 10.
PAR  Referring now to FIG. 5, the sleeve ends 16a are then trimmed to a length
      L' which preferably is not less than one quarter of the circumference of a
      circle of radius R so that the sleeve end 16a is of sufficient length to
      completely cover the bevel A after heat-shrinking. In other words.
EQU  L' .gtoreq. 0.25 .pi. (D' - D)  or .gtoreq. 0.5 .pi. R.
PAL  As it is generally desirable that the edge of the sleeve end 16a becomes
      embedded within the sealant 25, it is likewise preferred that the sleeve
      end length L' should be sufficient to permit the sleeve end 16a to extend
      only partially over the end surface of the rubber body 14; that is, beyond
      bevel A but not as far as metal core 12. Still with reference to FIG. 5,
      sealant 25 is then applied over the end surface of the rubber body 14 and
      extending both onto bevel A and onto core 12. The sealant 25 may be
      applied using a hand, a brush, or by any other conventional techniques,
      with care being taken to insure that the sealant 25 covers as much of the
      full length of the bevel A as is practicable.
PAR  Referring now to FIG. 6, once the sealant 25 has been applied, the ends of
      the roll 10 are heated to a temperature sufficient to cause heat-shrinkage
      of sleeve ends 16a. Generally heating of a sleeve end 16a to a temperature
      of about 200.degree. to about 300.degree. F for from about 5 to about 10
      minutes will suffice to cause the sleeve end 16a to attempt to return to
      its original diameter D, although the specific temperatures and times will
      naturally vary with different sleeve materials. In the shrinking process,
      the sleeve end 16a will curl inwardly and force some of the sealant 25
      away from bevel A, but a sufficient quantity of sealant 25 will remain
      thereon to effect a tight seal, on one side to the rubber body 14 and on
      the other side to the inner surface of sleeve end 16a. As the sleeve end
      16a continues to shrink and curl, the edge thereof will imbed itself into
      the body of sealant 25 on the end surface of the rubber body 14. A certain
      amount of the sealant 25 may be driven longitudinally outwardly of the
      curled sleeve end 16a, and this flash may be left in place, or for
      esthetic reasons either scraped away prior to cure of the sealant or
      ground down after cure of the sealant. The force exerted by the shrinking
      sleeve end 16a is sufficient to cause bonding of the sealant in the area
      of bevel A both to the rubber body 14 and the sleeve end 16a itself.
      Because the sealant 25 over the bevel A blocks the typical migration on
      path of the fuser oil, the end of the sleeve roll 10 is effectively sealed
      against attack by the fuser oil. Even if the edge of the sleeve end 16a
      should separate from the sealant 25, the fuser oil must still travel the
      full length of bevel A (a full one quarter of the circumference of a
      circle of radius R) through an extremely tight fitting sleeve/sealant
      interface before it can attack the rubber body 14.
PAR  It will be noted that once the sleeve ends 16a have been trimmed and the
      sealant 25 applied, the entire roll 10 and not just the ends thereof may
      be placed in an oven to be heated to a vulcanization temperature of from
      about 220.degree. F to about 450.degree. F to simultaneously effect
      vulcanization of the rubber and heat-shrinkage of the sleeve ends 16a.
      After vulcanization, the rubber may be cured for several hours at a
      temperature of about 400.degree. F to drive off any trapped gases from the
      rubber. Naturally the vulcanization and cure temperatures will vary with
      the specific rubber involved.
PAR  In some cases it may be found desirable to clean, re-etch and re-prime the
      inner surface of the sleeve end 16a immediately prior to application of
      the sealant 25 to improve the quality of the sealant/sleeve bond; however,
      this is generally not required.
PAR  While the apparatus and process for forming a sleeved roll for use in the
      instant process have been described above, such apparatus and process are
      not part of the present invention and other apparatus and processes may be
      utilized to provide sealant between the bevel of the rubber body and a
      heat-shrunk sleeve end. All that is required is that the roller-shaped
      body of circular cross section have a bevel of approximate radius R at the
      outer edge thereof and that the substantially tubular lamina coaxially
      disposed about the body has a heat-shrinkable end of thermoplastic
      material extending at least the length L' beyond the body end. For
      example, U.S. Pat. No. 3,481,805 describes a method and apparatus for heat
      shrinking a plastic sleeve on a preformed metal cored rubber roll. By use
      of a plastic sleeve of suitable length, the process of the present
      invention can be performed, within the framework of the patented process,
      simply by applying a synthetic elastomeric sealant over the rubber roll
      end and between the rubber roll end and the sleeve end, optionally
      trimming the sleeve end to an appropriate length, and heat-shrinking the
      sleeve end as part of the described process for heat-shrinking the entire
      sleeve. The extension of the sleeve end beyond the end of the rubber roll
      will enable the sleeve end to curl inwardly and form a bevel on the outer
      edge of the rubber roll, with sealant becoming trapped between the sleeve
      end and the bevel in the desired position for blocking the migration path
      of attacking fluids. (This assumes, as would normally be the case, that
      the sleeve end is heat-shrinkable, in the absence of resistance thereto,
      to a diameter somewhat less than that to which the intermediate sleeve
      length is shrunk, further heat-shrinking of the intermediate sleeve length
      being precluded by the resistance afforded by the rubber roll.)
      Preferably, the preformed rubber roll will have a suitable bevel at its
      outer edge prior to application of the plastic sleeve, so that the sealant
      can more precisely be applied over the surface of the bevel prior to heat
      shrinking.
PAR  To summarize, it can be seen from the foregoing detailed specification that
      a process has been described for sealing the ends of a sleeved roller in
      such a manner as to force attacking fluid to travel a bevel of
      quarter-circumference length through a sealant/sleeve interface of
      exceptional tightness. Rolls having ends sealed according to the process
      of the present invention exhibit an operational life of three, and even
      four, times longer than rolls having conventional end seals permitting
      attacking fluids to travel along a loose rubber body/sleeve interface.
PAR  Now that the preferred embodiments of the present invention have been shown
      and described in detail, various modifications and improvements thereon
      will become readily apparent to those skilled in the art. Accordingly, the
      spirit and scope of the present invention is to be considered as defined
      only by the appended claims, and not by the foregoing disclosure.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of sealing an end of a sleeved roller comprising the steps of:
PA1  a. providing a sleeved roller comprising (i) a roller-shaped body having a
      peripheral outer surace and an end defining a beveled outer edge
      continuous and unitary with said surface, and (ii) a substantially tubular
      lamina coaxially disposed about said body having a heat-shrinkable end of
      thermoplastic material extending substantially beyond said body end;
PA1  b. applying a mass of synthetic elastomeric sealant over said body edge and
      between said lamina end and said body end; and
PA1  c. heat-shrinking said lamina end to compress said lamina end about said
      sealant and said body to imbed said lamina end in said sealant mass and to
      bondingly engage said sealant to said lamina end and said body end,
      thereby sealing said body end.
NUM  2.
PAR  2. The method of claim 1 wherein said body edge defines an arc of radius R,
      and said lamina end extends from said body end at least a length of
      substantially 0.5.pi.R prior to heat-shrinking in step (c).
NUM  3.
PAR  3. The method of claim 1 wherein said lamina end has an inner diameter D'
      prior to heat-shrinking and is heatshrunk to an inner diameter D in step
      (c), and wherein said body edge defines an arc having a radius
      substantially equal to one-half the difference in inner diameters D' and D
      of said lamina end.
NUM  4.
PAR  4. The method of claim 1 including the step of reducing the length of said
      lamina end extending from said body end prior to heat shrinking in step
      (c).
NUM  5.
PAR  5. The method of claim 1 wherein the length of said lamina end extending
      beyond said body end exceeds the arcuate length of said body edge and is
      reduced to a length substantially equal to said arcuate length prior to
      applying said sealant in step (b), whereby said lamina end becomes
      embedded within said sealant during heat-shrinking in step (c).
NUM  6.
PAR  6. The method of claim 1 including the step of etching the inner surface of
      said lamina end prior to applying said sealant in step (b).
NUM  7.
PAR  7. The method of claim 1 wherein heat-shrinking said lamina end in step (c)
      expels a quantity of said sealant from between said lamina end and said
      body end, and including the step of trimming from said sealed body end
      after step (c) the portion of said sealant extending outwardly beyond the
      outer surface of said heat-shrunk lamina end.
NUM  8.
PAR  8. The method of claim 1 wherein said lamina is formed of a fluorocarbon.
NUM  9.
PAR  9. The method of claim 1 wherein said sealant is a room temperature
      vulcanizable fluorosilicon rubber.
NUM  10.
PAR  10. The method of claim 1 wherein said body has an outer surface formed of
      silicone rubber.
NUM  11.
PAR  11. The method of claim 1 wherein said body end defines an arcuately
      beveled outer edge.
NUM  12.
PAR  12. The method of claim 1 wherein at least a portion of said sealant mass
      is applied in step (b) intermediate said body edge and said lamina end.
NUM  13.
PAR  13. The method of claim 1 wherein said body and said lamina each have
      second ends, said second lamina end extending substantially beyond said
      second body end, and including the additional steps of applying said
      sealant between said second lamina end and said second body end, and
      heat-shrinking said second lamina end about said second body end to seal
      said second body end.
NUM  14.
PAR  14. The method of claim 1 wherein said sealant is applied in step (b) to
      the active exposed surface of said body end and said body edge.
NUM  15.
PAR  15. The method of claim 14 including the step of reducing the length of
      said lamina end extending from said body end prior to heat-shrinking in
      step (c) to a length enabling said lamina end to become embedded in said
      sealant mass upon heat-shrinking in step (c).
NUM  16.
PAR  16. The method of claim 1 wherein said body has an inner core of circular
      cross-section coaxially disposed therewithin, said core having an end
      extending beyond said body end, and wherein said sealant is applied in
      step (b) to the entire surface of said body end between said core end and
      said lamina end.
NUM  17.
PAR  17. The method of claim 16 including the step of reducing the length of
      said lamina end extending from said body end prior to heat-shrinking in
      step (c) to a length enabling said lamina end to become embedded in said
      sealant mass upon heat-shrinking in step (c) intermediate said core end
      and said body edge.
NUM  18.
PAR  18. The method of claim 1 wherein said lamina end, after heat-shrinking in
      step (c), is appreciably spaced from the radially inner end of said
      sealant mass.
NUM  19.
PAR  19. The method of claim 15 wherein said body end defines an arcuately
      beveled outer edge.
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ABST
PAL  A process for producing a decorative surface covering wherein granular
      dryblend is deposited on a releasable carrier and heated to form a porous
      cohesive layer. Settable resinous inks are then applied to selected areas
      of the dryblend to form a design which may extend partially or completely
      through the layer to the bottom surface thereof which ultimately becomes
      the face of the surface covering. The ink may optionally be set by heat
      prior to or simultaneously with the subsequent application and gelling of
      a resinous back coating which may be reinforced by included or attached
      material to form a permanent carrier. The release carrier is then removed.
      A multi-level wear surface is achieved on the surface covering by removing
      the non-ink-containing portions of the dryblend either before or after the
      composite structure is turned over and heat is applied to fuse the
      remaining resinous material.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation of U.S. Patent Application Ser. No. 355,318, filed
      Apr. 30, 1973 by Frank G. Drout, et al now abandoned. The invention herein
      is an improvement over copending U.S. Application Ser. No. 483,971 filed
      June 28, 1974 in the name of Elvin M. Weidman and entitled Process for
      Forming Decorative Surface Coverings and The Product Thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a process for forming resinous
      composition surface coverings and more particularly to an "upside-down"
      process for forming such a product wherein a resinous dryblend layup is
      formed on a release carrier and heated to form a porous cohesive layer.
      Settable inks are applied to and set within the dryblend layer to create a
      design thereon which may extend through the thickness thereof from the
      back to the extent desired. A permanent carrier is then applied and the
      release carrier is removed. A deeply embossed multi-level decorative
      surface may be achieved on the product by brushing or otherwise removing
      the non-design carrying portions of the dryblend prior to the final fusion
      step.
PAR  2. Description of the Prior Art
PAR  It is known to enhance the appearance of plastic floor and wall coverings
      by means of various decorative designs thereon which may extend partially
      or entirely through the sheet. Further enhancement of the appearance of
      such sheets has been accomplished by achieving a three-dimensional
      appearance thereon. Prior methods of doing this have included mechanical
      or chemical embossing techniques or inclusion with the granules of the
      sheet-forming composition of an ingredient which can be subsequently
      removed or altered to produce an embossed effect. It is also known to form
      a decorative surface covering by applying a resinous coating to a
      releasable carrier, decorate the coating, apply the backing and then
      remove the releasable carrier and invert the product for use.
PAR  One method for producing a through-grained pattern on a flexible floor
      covering is shown by U.S. Pat. No. 592,186 wherein granular
      linoleum-forming material is preconsolidated on a backing sheet at a
      slightly elevated temperature to form a porous mass. The partially
      consolidated mass is then printed by means of printing blocks or rollers
      so that the colored or inlaid effect penetrates to a greater or lesser
      extent the substance of the linoleum. The sheet is then fully consolidated
      by heat and pressure.
PAR  U.S. Pat. No. 3,359,352 describes depositing a layer of fine granules of
      resinous composition on the surface of the base, heating to sinter the
      granules and form a porous layer, printing a design on the sintered layer
      with a printing composition which will penetrate into the porous
      composition and then, by heat, with or without pressure, forming the
      printed porous layer into a non-porous layer containing an inlaid design.
PAR  Copending U.S. Patent Application Ser. No. 483,971, filed June 28, 1974, in
      the name of Elvin M. Weidman, relates to a process for forming decorative
      smooth surfaced surface covering wherein a sintered resinous dryblend
      layer is formed on a releasable carrier. Settable resinous inks are then
      applied to selected surface areas thereof in overlapping relationship. The
      inks may penetrate completely or only partially through the dryblend layer
      and, after fusion of all of the resinous material, form clearly defined,
      in-register design areas which, after removal of the releasable carrier
      and inversion of the sheet, are visible from the wear surface which during
      processing was the surface which was in contact with the releasable
      substrate.
PAR  U.S. Pat. No. 3,804,657 relates to a process for producing a resinous
      composition surface covering having a multi-level decorative surface by
      depositing a layer of granular resinous dryblend on a backing sheet,
      heating the granules to form a porous cohesive layer therefrom, cooling
      the layer and applying settable resinous inks thereto to form a design
      thereon, gelling the ink, removing non-design carrying portions of the
      porous layer, and heating to fuse all of the remaining resinous material.
PAR  Another method of forming a decorated thermoplastic resinous sheet is shown
      by U.S. Pat. No. 2,874,416, wherein a thin layer of thermoplastic resin is
      applied to a carrier sheet, a design is printed on the resinous sheet
      before any film strength has developed therein; a body layer of a
      thermoplastic resin is applied over the printed design; the layers are
      fused by application of heat thereto; and, the resulting decorated sheet
      is stripped from the carrier.
PAR  U.S. Pat. No. 3,378,617 relates to a method of facing building products
      with exposed mineral granules wherein the mineral granules are deposited
      on and embedded up to their median plane in a layer of smaller inert
      particles which have been spread on a supporting surface. An inorganic
      binder is spread over the layer of granules and then the inert particles
      are removed from the spaces between the granules by brushing, for example,
      after the binder is set.
PAR  In the embodiment of the present invention relating to the formation of a
      multi-level decorative surface on resinous surface covering, the porous
      cohesive layer of dryblend is printed with settable resinous inks on what
      ultimately becomes the back of the sheet. The color of smallest area
      coverage is printed first and it may extend partway or substantially
      completely through the dryblend layer. The remaining colors which
      progressively increase in their area coverage are then printed thereover
      one on top of the other. These inks are also of predetermined viscosity
      and are applied in amounts predetermined to ensure the desired degree of
      penetration to the porous dryblend. The process of this invention may
      conveniently result in a thickness of the thinnest color area of about 10
      to 15 mils. The other color areas may increase in their thickness up to
      the total thickness of the dryblend layer. Upon subsequent removal of the
      dryblend from the non-printed areas, the most elevated color areas will
      always be the thickest and, since all of the colors extend through to what
      will become the back of the final sheet, retention of the original pattern
      for the life of the surface covering is assured.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an "upside-down" process for producing a
      through-grain decorative wear surface on resinous composition surface
      covering wherein a layup of resinous dryblend is formed on a releasable
      carrier and heated to form a porous cohesive layer. After cooling the
      porous layer, a design is produced thereon by applying, preferably by
      printing, settable resinous inks which are subsequently set by heat. The
      unique feature of the process is that the inks are applied to what
      ultimately becomes the back side of the wear surface of the surface
      covering, and penetrate through the dryblend layer either completely, or
      in predetermined varying degrees to result in a decoration which, in the
      finished product, extends from the backing up toward the wear surface.
PAR  In one embodiment of the invention the design is "stack-printed" on the
      porous cohesive dryblend layer on the release carrier by first printing
      the smallest color area so that it extends through the thickness of the
      dryblend layer to any desired degree. Increasingly larger areas are then
      printed thereover which may vary in their degrees of penetration as their
      lateral dimensions increase. Optionally, the inks may then be heat set and
      an adhesive and a permanent backing applied, or the adhesive and permanent
      backing may be applied and then the resin in the composite structure can
      be heat set. The release carrier is then stripped from the printed sheet
      which is subsequently brushed to remove the dryblend from the non-printed
      areas to expose a multi-level pattern of printed dryblend. The dryblend in
      the printed areas is firmly bound in place by the settable inks. The
      brushing may optionally be done either before or after (in indifferent
      order) the sheet is turned over and heated to fuse the remaining resinous
      material.
PAR  Since, by the process of this invention, the base plastisol layer is
      applied onto a porous cohesive dryblend body, air bubbles normally
      encountered in the usual process for forming such a floor covering caused
      by air entrapped between the base material and the bottom of the dryblend
      layer applied thereto are eliminated. Fidelity of the printing is
      increased and out-of-register printing and subsequent overprinting
      corrections therefor are no longer a problem since, by this process,
      through-penetration of the ink is assured and when the sheet is viewed
      from the side formerly in contact with the releasable carrier,
      overprinting cannot be observed. Also, by this process, in-register
      printing of base colors is made possible, increasing the design
      possibilities greatly. Through the process of this invention, a
      foam-backed product may be produced, for example, by merely adding a
      foamable layer of dryblend over the reinforced permanent carrier prior to
      the final fusion step, or by laminating a foamed backing to the printed
      surface. Since, by this process, the printing extends from the back to or
      up toward the face of the wear layer, an improved decorative wear surface
      is achieved and the foregoing extra cost-increasing operations are
      eliminated. Further, as previously stated, by the process of this
      invention there is no mixing or stirring of dryblend and plastisol and no
      drag on the carrier when loose dryblend is fed into the wet base plastisol
      as was formerly the case, since with "upside-down printing"  the base
      plastisol is applied on top of the sintered dryblend.
PAR  In addition, former "stack printing" or color-on-color printing required
      heat-gelling of the ink between nearly every application thereof. This is
      not required in the process of the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a flow diagram depicting the steps followed in carrying out the
      method of this invention; and
PAR  FIG. 2 is a cross-sectional view illustrating a portion of a surface
      covering having a multi-level wear surface made by using the "stack
      printing" method of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown by the flow diagram in FIG. 1 of the drawings, the manufacturing
      process begins with the formation of a layer of thermoplastic resinous
      dryblend such as plasticized poly(vinyl chloride) on a releasable carrier
      of a type commonly used in the art. The dryblend layer may have a
      thickness in the range of from about 25 mils to 100 mils and may be formed
      by drawing the carrier beneath a bank of dryblend positioned in front of a
      screed roll mounted an appropriate distance above the carrier. The carrier
      may comprise an oleo-resinous-saturated felt or a beater-saturated
      asbestos felt, for example, which may be coated with a methylated
      cellulose release agent such as the reaction product of cellulose fibers
      and methyl chloride. Silicone release agents may also be used.
PAR  The resinous mix commonly referred to as a vinyl dryblend is in the form of
      a free-flowing powder which is a homogeneous mixture of unfused
      thermoplastic vinyl resin particles, liquid vinyl plasticizers, filler,
      pigment, and vinyl stabilizer.
PAR  The free-flowing mix of resin, plasticizer, stabilizer, pigment and filler
      may be readily formed by mixing the resin, for example a homopolymer of
      vinyl chloride, in the form of discrete particles, with the vinyl resin
      plasticizer such as di(2-ethylhexyl) phthalate, butyl benzyl phthalate,
      epoxidized soybean oil, or tricresyl phosphate, filler, and pigment, and
      suitable vinyl resin stabilizers. Mixing may be carried out in a standard
      mixer or blender such as a Henschel blender where the ingredients are
      mixed under moderate heat, for instance at a temperature of about
      200.degree. F., for a period of time to ensure that the liquid plasticizer
      and stabilizers become diffused throughout the resin particles, and the
      remaining ingredients become adsorbed thereon. Care is taken so that no
      fusion of the resin particles occurs during the mixing and the temperature
      must be kept below the point at which such fusion would occur.
PAR  Generally speaking, the addition of fillers and pigments to the mix may be
      made either initially, at the end of the mixing cycle when the resin
      particles remain relatively warm, or after the dry-blended resin particles
      have been mixed and cooled. The color of the layers may be controlled over
      a wide range and substantially transparent or translucent layers may be
      achieved by omitting the filler and most or all of the pigment from the
      vinyl dryblend forming these layers. Based on 100 parts by weight of
      resin, 15 to 60 parts by weight plasticizer, 2 to 5 parts by weight
      stabilizer, 0 to 5 parts by weight pigment, and 0 to 25 parts by weight
      filler may be used in forming the powdery, free-flowing mixture.
PAR  A plastisol can be defined as a thermoplastic resin in the form of fine
      particles thoroughly and uniformly dispersed in plasticizer in the
      presence of small amounts of pigments, filler and stabilizers. A plastisol
      has appreciable fluidity at normal room temperatures but is converted by
      heat into a flexible, tough thermoplastic mass. This ultimate result is
      brought about by the process of fusion wherein the resin becomes
      plasticized and solvated by the plasticizer.
PAR  The next step in the process following formation of the layer of dryblend
      on the releasable carrier involves heating the dryblend to cause partial
      melting of the resin granules at their points of contact, thereby forming
      bonds which result in formation of a porous cohesive layer having a
      thickness in the range of from about 20 mils to 85 mils. Bonding of the
      resinous granules at their points of contact may be effected either by
      sintering or, through activation of a suitable external adhesive coating
      which may be applied in the final steps of granulation.
PAR  The next step of the invention involves the production of a design on the
      porous layer by the application of settable resinous inks. The term
      "settable" as used herein with reference to the ink is meant to include
      thermoplastic and thermosetting inks which may be set or gelled either by
      heat or chemical means. Therefore, after cooling, the porous layer may be
      printed with the ink in a manner and in sufficient amounts and of proper
      viscosities to cause penetration thereof through a part of the thickness
      of the porous layer or through the entire thickness thereof. Printing may
      be done, for example, by a Zimmer printer, sold by Zimmer America,
      Spartanberg, S.C. The combinations of the parts and settings of this
      printer may be varied to achieve varying degrees of penetration of the ink
      into a porous surface. The inks may be colored as desired by means of dyes
      or pigments, or the inks may be colorless.
PAR  Optionally, sufficient heat may then be applied to gel or set the inks
      which then act as a bond for the dryblend to convert the printed area to a
      strong, coherent region. The gelling or setting of the ink is accomplished
      at a temperature below the fusion temperature of the granular
      thermoplastic resinous material. Alternatively, the ink may be set
      chemically. The heating step may be delayed, however, depending on the
      permanent carrier (backing) to be used, until after the permanent carrier
      has been applied. The permanent carrier may comprise any of the backings
      normally used as a floor covering backing such as a beater saturated
      rubber-asbestos sheet, resin-bonded glass webs, bonded synthetic webs, and
      asphalt-saturated felts. These carriers may be the only final backing or
      they may be supplemented with other cushioning materials, such as foams
      and non-woven material. Optionally, the permanent carrier may be coated
      with a plastisol base coat before application to the printed porous
      dryblend layer; the plastisol coating may be applied to the printed porous
      layer first and then the backing applied or, the plastisol coating and
      backing may be applied simultaneously to the printed porous layer. In an
      alternate procedure, after the plastisol coating has been applied to the
      printed porous dryblend layer, a glass mat is pressed into the wet
      plastisol prior to gelling the composite and this structure alone then
      constitutes the permanent carrier or backing. Optionally, the plastisol
      base coat may be pigmented and/or incorporate glass fibers and/or fillers
      such as coarse limestone or silica, along with a blowing agent or metallic
      particles to produce desirable visual or physical characteristics in the
      final product. Another feature of this invention is that the plastisol
      coating applied to what ultimately becomes the back of the surface
      covering wear layer may be multi-colored and printed in register. In
      addition, the permanent carrier itself may be decorated to provide
      additional variation in the appearance of the face of the surface
      covering. By this process a more clearly defined decorative wear surface
      is obtained in the finished product since overprinting may be deliberately
      used to assure coverage of the area desired but when viewed from the side
      that becomes the face of the finished sheet, the overprinting cannot be
      seen and the boundary lines of the design are sharp and clear. Following
      application of the permanent carrier, the composite structure may then be
      heated to gel the plastisol and the inks (if they were not previously
      gelled). The releasable carrier is then removed.
PAR  After removing the releasable carrier, a substantial portion or all of the
      non-ink containing portions of the porous dryblend layer are removed prior
      to the final fusion step to obtain an embossed or multi-level wear surface
      on the surface covering. Removal of the granules, if lightly bonded as is
      usually the case, may be accomplished by mechanical brushing or
      sandblasting with appropriate particles followed by vacuuming, sweeping,
      or air blast to remove any remaining lightly bonded or loosened granules
      of dryblend material from the unprinted areas. The bonds between the
      sintered PVC granules of the dryblend also may be loosened physically or
      mechanically prior to brushing by application of a solvent, such as
      xylene, by printing or coating methods. The bonds between adhesive-coated
      PVC granules may be loosened by the application of heat or a suitable
      solvent for the adhesive. In the cases involving solvent application, the
      solvent can be suitably thickened and applied to the sheet in an overall
      manner by any conventional coating method, since the gelled printed
      portions of the porous layer are substantially unaffected by the action of
      the solvent. Brushing may then be carried out.
PAR  Since, when it is desired to obtain a surface covering having a multi-level
      wear surface, the sintered dryblend in the unprinted areas can be removed
      down to the backing, or the coating thereon, or to the levels of the ink
      penetration in the case of "stack printed" structures, considerable depths
      of relief can be accomplished. Embossing depths of as much as about 35
      mils have been achieved, measured from the top of the walking surface to
      the top of the coated backing after fusion, with different portions of the
      pattern being embossed to several intermediate depths, with
      "through-grain" color in all areas.
PAR  The next step in the manufacture of the surface covering of this invention
      is fusion of the resinous material, a plus formation of a foam in any
      portions having a blowing agent incorporated therein.
PAR  The visual and physical characteristics of the embossed surface covering
      may be further altered by chemical means, mechanical means, or by glossy
      final coatings to enhance the appearance and utility thereof. For example,
      texturing of the walking surface may be coordinated in detail with any
      textured effect produced in a coated backing which has been applied to the
      dryblend. As previously stated, texturing may be accomplished by the
      inclusion of various filler materials in a coating applied to the backing
      before application to the dryblend. Cushioning layers, applied as cellular
      sheets or foamed latex, may be applied to the backing on the side which
      will contact the floor.
PAR  As shown in FIG. 2 of the drawings, a product which may be produced through
      the use of the process of this invention is a surface covering having a
      multi-level decorative wear surface wherein the fused ink-containing
      portions 2, 4 and 6 extend from their top wear surfaces to coating 8 on
      the backing 10. Numeral 3 indicates the part of portion 2 penetrated by
      the inks used for portions 4 and 6 which were printed thereover.
      Similarly, numeral 5 indicates the part of portion 4 penetrated by the ink
      of portion 6. Numeral 7 indicates areas from which loosened dryblend
      granules have been removed.
PAR  Products which can be manufactured within the scope of this invention may
      include but not are limited to, floor coverings, wall coverings, drapery
      and upholstery materials, and furniture components. Both flexible and
      rigid multi-level sheet products may be manufactured by the method of this
      invention without the use of chemical or mechanical embossing equipment
      and techniques and the depressed areas thereon are in perfect registration
      with the printed pattern.
PAR  The following example is given for the purpose of illustration:
PAC  EXAMPLE
PAR  Dryblend granules were prepared by mixing the following components together
      in a Henschel dryblending apparatus through a heat history from ambient
      conditions to 220.degree. F. to ambient conditions.
TBL  ______________________________________                                    
                            Parts                                              
     ______________________________________                                    
     Poly(Vinyl Chloride)     100                                              
     Dioctyl Phthalate         35                                              
     Modified Tin Maleate (Stabilizer)                                         
                               2                                               
     ______________________________________                                    
PAR  The granules were deposited on a release-coated beater saturated
      rubber-asbestos sheet to form a uniform layer about 60 mils thick. The
      sheet was then passed through an oven in which the granules reached a
      temperature of about 270.degree.-290.degree. F. and became sintered into a
      porous cohesive layer about 45 mils thick.
PAR  After cooling, the sintered material was printed in a ceramic tile design,
      using a color-on-color, or "stack printed" pattern. The printing inks had
      the following composition:
TBL                          Parts                                             
     ______________________________________                                    
     Poly(Vinyl Chloride)     100                                              
     Dioctyl Phthalate         32                                              
     2-2,4-Trimethyl-1,3-Pentanediol                                           
      Diisobutyrate            17                                              
     Modified Tin Maleate (Stabilizer)                                         
                               2                                               
     Titanium Dioxide in Dioctyl Phthalate-                                    
      Pigment Paste            5                                               
     ______________________________________                                    
PAR  Using the above formula, the particle size of the poly(vinyl chloride) was
      varied to produce three inks having three different viscosities. The
      ceramic tile design was printed with the three inks using a Zimmer
      printer.
PAR  The release-coated sheet carrying the printed, sintered composition was
      then heated in an oven for one to two minutes to a surface temperature of
      216.degree. F. to gel the printing composition.
PAR  Portions of the above material were then processed into finished floor
      covering material by the following three variations of the "Upside-Down
      Process".
PAR  1. An extruder/laminator setup was used to laminate the permanent carrier
      (backing) to the printed dryblend. A 10 mil film of the following
      formulation was extruded directly into the laminator nip to act as the
      adhesive between the permanent carrier and the printed dryblend:
TBL                          Parts                                             
     ______________________________________                                    
     Poly(Vinyl Chloride)     50.0                                             
     Dioctyl Phthalate        15.0                                             
     Butyl Benzyl Phthalate   3.0                                              
     Epoxidized Soya Oil      2.65                                             
     Barium-Cadmium Liquid Stabilizer                                          
     ("Ferro 5245" sold by Ferro Chemical                                      
     Company, Bedford, Ohio which is a                                         
     Ba/Cd phosphate liquid complex stabilizer.)                               
                              2.25                                             
     Calcium Carbonate        0.5                                              
     ______________________________________                                    
PAL  This extrudate may be pigmented if desired.
PAR  After removal of the release carrier, the material from the lamination
      process was then passed through a brushing apparatus to remove the
      unprinted dryblend and expose a multi-level pattern of printed dryblend.
      The dryblend in any unprinted pattern areas brushes out down to the layer
      of dryblend particles adhered to the adhesive material, thus forming the
      "grout" areas of the pattern. The product was then heated in an oven for
      two to three minutes to a temperature of 420.degree.-440.degree. F. to
      fuse all remaining resinous material and form, on cooling, an attractive
      floor covering.
PAR  2. The last screen printing station applied an overall coating of an ink
      designed to yield minimum penetration and seal the surface to prevent
      penetration of any subsequent coating. This ink had the following
      formulation:
TBL                          Parts                                             
     ______________________________________                                    
     Poly(Vinyl Chloride)     100                                              
     Dioctyl Phthalate         32                                              
     Texanol Isobutyrate (2-2-4-trimethyl-                                     
      1,3 pentanediol diisobutyrate)                                           
                               82                                              
     Modified Tin Maleate (Stabilizer)                                         
                               2                                               
     Silicon Dioxide           8                                               
     ______________________________________                                    
PAR  After gellation of the inks and cooling of the sheet, a reverse roll coater
      applied an additional 10 mils of the above formulation to the sealed
      surface of the sheet to act as an adhesive. The permanent carrier was then
      applied, the adhesive set, and the release carrier removed. Brushing and
      fusing operations were the same as in variation 1 of this Example.
PAR  3. The permanent carrier sheet was reverse roll coated with about 4 to 6
      mils of a plastisol adhesive of the following formulation:
TBL                          Parts                                             
     ______________________________________                                    
     Poly(Vinyl Chloride)     100.7                                            
     Dioctyl Phthalate        15.6                                             
     Butyl Benzyl Phthalate   8.0                                              
     Epoxidized Tallate       3.0                                              
     Barium/Calcium/Zinc Liquid Organic                                        
     Compound ("Nuostab" V-1366 sold by                                        
     Tenneco Chemical, Inc. Piscataway, N.J.                                   
     which is a Ba/Ca/Zn phosphate liquid                                      
     complex stabilizer.)     3.0                                              
     Texanol Isobutyrate (2-2-4-trimethyl-                                     
     1,3 pentanediol diisobutyrate)                                            
                              15.0                                             
     ______________________________________                                    
PAL  This plastisol is pigmented to the color desired for the "grout" areas of
      the finished product.
PAR  Lamination of the printed dryblend sheet to the adhesive-coated permanent
      carrier was carried out. Brushing and fusing operations were the same as
      in previous example variations 1 and 2.
PAR  The final product in each case is a multi-level floor covering having a
      maximum "embossing" depth (in the grout areas) of 0.032inch, with
      different portions of the pattern "embossed" to several intermediate
      depths, and with "through-grain" color in all areas.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a surface covering having a decorative
      multi-level wear layer comprising
PA1  1. depositing at least one layer of unfused thermoplastic granules of
      resinous dryblend onto a releasable substrate;
PA1  2. heating the dryblend to cause partial melting of at least surface
      portions of the granules at their points of contact thereby forming bonds
      between adjacent granules to form a cohesive, porous layer having an upper
      and a lower surface;
PA1  3. producing a design on said cohesive, porous layer by applying a
      plurality of differently colored settable resinous inks to the upper
      surface thereof, each colored ink being successively printed one over the
      other to cover a larger surface area than the area covered by a preceding
      printed colored ink, each of said inks being applied in amounts and
      viscosities sufficient to result in penetration thereof through at least
      10% of the thickness of the cohesive, porous layer at the points of
      application in areas not penetrated by a previously applied ink, the
      penetration of each colored ink varying to a predetermined degree with the
      lateral dimensions of its area of coverage and each preceding colored ink
      being positioned perpendicularly within the boundary of the area covered
      by the next printed color, resulting in ink-containing and
      non-ink-containing areas in the cohesive, porous layer in both a direction
      laterally across the surface of the sheet and in a direction transversely
      through the sheet from the upper surface to the lower surface thereof;
PA1  4. applying a backing to the upper surface of the printed, porous layer to
      which said settable resinous inks were applied;
PA1  5. heating to a temperature below the fusion temperature of the dryblend to
      set the inks;
PA1  6. removing the releasable substrate;
PA1  7. removing the non-ink-containing portions of the cohesive, porous layer
      from the side formerly in contact with the releasable substrate while
      leaving the ink-containing portions thereof substantially unaffected; and
PA1  8. heating to fuse all of the remaining resinous material in the composite
      structure thereby forming a decorative, multi-level, wear layer wherein
      each of the colored ink-containing design elements extends from the
      backing to varying levels with respect thereto.
NUM  2.
PAR  2. The process according to claim 1 wherein the dryblend granules have an
      adhesive coating.
NUM  3.
PAR  3. The process according to claim 1 wherein the removal of the
      non-ink-containing portions of the cohesive porous layer includes the step
      of applying a solvent to loosen the bonds between the granules.
NUM  4.
PAR  4. The process according to claim 1 wherein removal of the
      non-ink-containing portions is effected by brushing.
NUM  5.
PAR  5. The process according to claim 1 wherein the resinous dryblend is a
      vinyl resin dryblend.
NUM  6.
PAR  6. The process according to claim 5 wherein the vinyl resin is poly(vinyl
      chloride).
NUM  7.
PAR  7. The process according to claim 1 wherein the step of applying the
      backing comprises applying a reinforced plastisol coating to the printed
      porous cohesive layer.
NUM  8.
PAR  8. The process according to claim 1 wherein the step of applying the
      backing includes applying a plastisol base coating between a fibrous sheet
      and the printed porous cohesive layer.
NUM  9.
PAR  9. The process according to claim 8 wherein the plastisol is a filled
      plastisol whereby ultimately a textured base coat is attained.
NUM  10.
PAR  10. The process according to claim 1 wherein the step of producing a design
      on the cohesive porous layer includes applying a seal coat over
      substantially the entire surface thereof.
NUM  11.
PAR  11. The process according to claim 1 wherein the step of applying the
      backing includes applying a foamable resinous material as the final layer
      thereof.
NUM  12.
PAR  12. The process according to claim 11 wherein the final foamable resinous
      layer is a poly(vinyl chloride) dryblend.
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ABST
PAL  This invention involves manufacturing a conveyor belt by applying tension
      on a group of steel cords used as the belt tensile member, wrapping the
      tensioned steel cords with the rubber sheet to make a core body, sticking
      a based duck or a breaker and a covering rubber sheet in turn on said core
      body to build a belt, vulcanizing the belt and winding the resultant belt,
      in which the application of the tension to the group of steel cords is
      carried out by a plurality of pulleys on which hang a plurality of like
      weights respectively, and a winder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  This invention relates to a method of manufacturing a conveyor belt and an
      apparatus for executing the method, and more particularly to the conveyor
      belt having a group of steel cords as the tensile member.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  The conventional tensile member, a conveyor belt, is composed of plural
      layers of tension elements made from woven cloth of cotton, rayon or
      various synthetic fibers. Recently steel cords have been utilized as the
      tensile member for the high strength conveyor belt. In a case of utilizing
      several hundreds of steel cords as the tensile member, each steel cord is
      required to have applied equal tension and to be embedded laterally in the
      belt.
PAR  If these works are omitted, the resulting conveyor belt will not become
      straight under operating conditions, and the embedded steel cord lengths
      become different from each other, thus causing irregular elasticity in the
      cross sectional area of the belt until it weaves, deforms and breaks down.
PAR  The known method of manufacturing a conveyor belt comprises passing a
      plurality of mutually parallel tensioned steel cords on a single or
      plurality of magnetic plates, applying a magnetic absorbing force to the
      steel cords thereby to cause a breaking force to the tension, and covering
      the rubber layers on and under the tensioned cords.
PAR  This method, however, cannot apply uniform tension on the whole steel cords
      because the magnetic plates do not produce equal absorbing force for the
      entire surface.
PAR  Therefore, an object of this invention is to provide a method and an
      apparatus for manufacturing a conveyor belt including the tensile member
      of the steel cords characterized by tensioning the steel cords with an
      electromagnetic roll assembly to impart a uniform and constant tension to
      each of the steel cords.
PAC  SUMMARY OF THE INVENTION
PAR  The method and apparatus of this invention have the following features:
PA1  1. The application of tension to the steel cords in the building and
      vulcanizing process is carried out by cords feeding rolls, weighting
      apparatus and drawing rolls of finished belt, without using the clamp and
      the said magnet plate.
PA1  2. At least one cord feeding roll is an electromagnetic roll.
PA1  3. The cord feeding roll constitutes a part of tension applying apparatus.
PA1  4. The electromagnetic roll has grooves to receive the steel cords.
PA1  5. The cross section of the grooves are V-shaped so that the steel cords
      having mutually different diameters are well fitted to the groove and
      applied under equal tension.
PA1  6. The building step to cover the tensioned cords with the core rubber is
      carried out by a movable building lorry.
PA1  7. The covering of the tensioned steel cords with the core rubber is
      carried out by the steps of introducing the cords between an upper roller
      having the grooves and a plain lower roller not having grooves and putting
      a lower core rubber sheet thereon, pressing the cords into the grooves of
      the upper roller, and then covering an upper rubber sheet on the cords and
      the thus constructed belt pressed with a flat press, in order.
PA1  8. The drawing roll is driven to draw out the vulcanizing belt and its
      rotation is restricted to one direction.
PA1  9. The motion of the drawing roll is synchronized with that of the building
      lorry so that the vulcanized belt is drawn out by the drawing roll and
      simultaneously the building lorry moves with the equal velocity towards
      the press.
PAR  The above said features and advantages of this invention will be clarified
      with reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side view of the belt manufacturing apparatus of this
      invention, broken at line X -- X.
PAR  FIG. 2 is an enlarged side view of the electromagnetic roll of the tension
      applying apparatus and weighting apparatus shown in FIG. 1.
PAR  FIG. 3 is a sectional view showing a structure of the weighting apparatus.
PAR  FIG. 4 is an enlarged and fragmentary cross sectional side view of the
      electromagnetic roll.
PAR  FIGS. 5-8 show enlarged cross sections of the various modifications of the
      grooves on the electromagnetic roll.
PAR  FIG. 9 is an enlarged cross section of the building apparatus.
PAR  FIG. 10 is a front view of the press part of the apparatus seen from a
      running direction of the tensile member.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a diagram of the whole apparatus of this invention which is
      composed of tension applying apparatus A, building apparatus B,
      vulcanizing apparatus C, belt drawing apparatus D, and belt winding
      apparatus E.
PAR  In the tension applying apparatus A, 1 is a stand for reels 2, 3 is a comb
      for separating and arranging the cords, 10, 11 are carrying roll assembly,
      12, 13 show an electromagnetic roll assembly for feeding the cords, 18, 19
      are tensioning weights, and 16, 17 are receiving pulleys. The steel cord
      tensile members 4, 5, 6 and 7, 8, 9 which are drawn out from the reel 2
      are separated and arranged horizontally by the comb 3, are conveyed along
      the circumferences of the carrying rolls 10, 11 to the electromagnetic
      rolls 12, 13. A plurality of V-shaped grooves, each for receiving therein
      the steel cord tensile members, are provided on the outer peripheries of
      the carrying rolls 10, 11 which are supported by a pair of bearings at
      both ends for free rotation. Flat guide plates 14, 15 prevent the
      irregular and non-uniform sticking of the steel cords 4, 5, 6 and 7, 8, 9
      to the electromagnetic rolls 12, 13 in a zone between the carrying rolls
      10, 11 and electromagnetic rolls 12, 13 in which zone the steel cords are
      lightly applied by tension.
PAR  A contact face between the guide plates and the tensile members is flat and
      the guide plates are provided near the electromagnetic rolls 12, 13.
PAR  The most important element in the tension applying apparatus A is the
      electromagnetic roll assembly 12, 13.
PAR  One of the electromagnetic rolls 12 is shown in FIG. 4, wherein each ring
      shaped electromagnetic core 78 is put between a pair of soft steel cores
      fitted by screws 79. A plurality of the core assemblies are inserted into
      a shaft 73 of the electromagnetic roll 12, and suppression plates 80 are
      applied to the respective ends of the core blocks. A key 84 is inserted
      through the core assemblies to prevent the mutual rotation. The outer
      periphery of the assembled electromagnetic roll 12 has a plurality of
      mutually parallel grooves formed by projections 76, 77. A current
      collector 81 is provided at one end of the magnet roll shaft 73 for
      supplying an exciting electric power via a small hole provided in the
      shaft 73.
PAR  The absorbing force of the electromagnetic rolls 12, 13 can be freely
      adjusted by an electrical control system (not shown).
PAR  The electromagnetic roll shaft 73 is supported by a pair of bearings 74, 75
      and connected to driving equipment 83 via a coupling 82. The driving
      equipment 83 is actuated together with a drawing roll 65 and a winder 66
      for winding the vulcanized belt, and draws out the length of the tensile
      member corresponding to that of the wound belt from the reel 2.
PAR  On the other hand, the rotation of the electromagnetic rolls 12, 13 caused
      by the tension of steel cords due to weight 18, 19 is prevented by the
      braking equipment, except when actuated by the driving equipment.
PAR  The steel cord tensile members 4, 5, 6 and 7, 8, 9 wound on the
      electromagnetic rolls 12, 13 extend to the receiving pulleys 16, 17 and
      are tensioned by weights 18, 19, as shown in the FIG. 2 and FIG. 3.
PAR  A pulley 68 is rotatably supported on a weight arm 71 extending upwards
      from a weight 18 via a pulley shaft 70 and a ball bearing 69. A V-shaped
      groove is provided on the outer periphery of the pulley 68 to receive the
      steel cord tensile members 4, 5 and 6. Receiving pulleys 16 and 17 above
      the weight 18 are mutually isolated and have also the V-shaped grooves on
      the outer peripheries to receive the steel cords.
PAR  Thus, the steel cords tensile members 4, 5, 6, 7, 8 and 9 are wound on the
      grooves on the electromagnetic rolls 12 and 13, advance upwards through a
      pulley 68 and are guided to the building apparatus B via the receiving
      pulleys 16 and 17.
PAR  The tensile member is eventually applied a tension corresponding to
      one-half of the weight by the weighting apparatus. The electromagnetic
      rolls 12 and 13 keep the weight in the suspended state.
PAR  As particularly described above, the electromagnetic roll 12 or 13 has
      numbers of peripheral grooves corresponding to that of the tensile
      members, and also has the corresponding numbers of ring shaped
      electromagnetic coils 78, so that the wound tensile member 4-9 are pulled
      and abosrbed in the grooves on the electromagnetic rolls by the magnetic
      force generated from the excited electromagnetic coils 78. This pulling
      and absorbing force is large enough to suspend the weights.
PAR  FIGS. 4-8 show several examples of the cross sections of the grooves on the
      rolls to receive therein the tensile member. The depth of the V-shaped
      groove having the dull angle as shown by the FIG. 6 is restricted to the
      small level in relative to the pitch of the cord tensile member. The
      tensile member is not fully put in the shallow groove and often shifts in
      the neighboring groove during the tensile member feeding work.
PAR  The groove of the semicircular or U-shaped cross section, as shown by the
      FIG. 7 or FIG. 8, has such a defect that the centerline of the tensile
      member is hard to coincide with that of the groove, thus making it
      difficult to keep constant the pitch of the tensile member and causing
      meandering of the tensile member on the groove.
PAR  The groove in FIG. 4 is the same as that in FIG. 6 except that it has a
      pair of vertical isolation walls, intended to eliminate the defects
      observed in the grooves of FIGS. 6-8. Using this special groove of FIG. 4,
      the tensile member is always wound rightly on the centerline of the
      groove, and the cord absorbing force is promoted by the electromagnetic
      absorbing force, the tension caused by the weighting apparatus 18, 19 and
      a wedge effect of the tensile member in the groove, thus enabling to hold
      surely the tensile member on the electromagnetic roll. The groove shown in
      the FIG. 5 has a sharp angle.
PAR  The steel cords having various diameters are held by the sharp groove at
      suitable heights, respectively. As an amount of flux applied to a steel
      cord by the electromagnetic roll is different from that applied to the
      other steel cord, the steel cord having mutually different diameters are
      wholly absorbed by the electromagnetic roll with substantially uniform
      strength, to apply constant tension to the tensile member.
PAR  Therefore, the sharp V-groove is most preferable among other grooves, since
      any of the tensile members having mutually different diameters can be
      fixedly held by the groove at a suitable position without fear of shifting
      to the neighboring groove.
PAR  The shape of the groove on the electromagnetic roll is not restricted to
      that described above and shown in the Figures but includes any one
      exhibiting the substantially equal functions and bringing out similar
      effects.
PAR  The length of the tensile member 4-9 is drawn out from the reel in
      proportion to the rotation of the electromagnetic roll; meanwhile, the
      electromagnetic absorbing force from the electromagnetic roll is
      controlled so as not to draw out an excess length of the tensile member.
PAR  The wrapping angle of the tensile member to the electromagnetic rolls 12,
      13 in the tension applying means is preferably about 170.degree. as taking
      the facility of the first application of the tensile member to the
      electromagnetic roll into consideration, in spite of the fact that the
      effective absorbing force is increased by shifting the guide rolls 10, 11
      and the guiding plates 14, 15 towards the weighting apparatus 18, 19 and
      increasing the wrapping angle.
PAR  The tensile members 4-9 thus tensioned properly by the tension applying
      apparatus A are arranged by a comb 92 to satisfy a pitch arrangement of a
      belt and fed into the following building apparatus B.
PAR  The building apparatus B mounted on a movable lorry 20, which is equipped
      with wheels 21 running on a rail 22, is composed of an upper grooved roll
      31, a lower plain roll 32, both serving as a pair of first rolls, a press
      35 for the core assembly obtained from the first roll, and a series of
      second rolls 42, 43 and third rolls 54, 55 for sticking the breaker, the
      cover rubber and the like to the core rubber.
PAR  The tensile member 4, 5 and 6 introduced into the building apparatus B are
      first fed between the upper grooved roll 31 and the lower plain roll 32
      together with the sheet 26 of the lower core rubber which is delivered
      from a holder 27 on a table 29 via a guide roll 28. Then the lower half of
      the tensile member is thrust into the unvulcanized rubber sheet 26 as
      shown in FIG. 9 and the V-shaped grooves of the grooved roll 31 arranged
      at regular intervals corresponding to the pitch of the tensile members and
      having a depth as to project the upper half of each said tensile member
      from the surface of the rubber sheet 26.
PAR  After that, the tensile member carried by the lower core rubber is conveyed
      to the press 35 and covered or laminated with an upper core rubber 23
      thereon which is fed from a holder 24 on the table 25 via guiding rolls
      33, 34, and then compressed.
PAR  This compression is usually carried out while the tensile member layers and
      the building lorry 20 are stopped.
PAR  After applying the lower core rubber 26 of one press 35 length to the
      tensile member while the building lorry 20 runs, the lorry is stopped to
      compress and apply the upper core rubber thereon.
PAR  This two step work is repeated to produce the core belts.
PAR  FIG. 10 shows the condition of the building press, where the lower half of
      the tensile member is well embedded in the lower core rubber 26, and the
      embedded tensile member is able to fix and unify with the core rubber by
      slight tensile force without disturbance. In order to keep the whole
      thickness of the resulting core body at the desired value, a pair of edge
      irons, i.e., a gauge block having the equable thickness, 85 and 86 are
      inserted between an upper plate 87 of the press and a lower plate 88
      mounted on a pair of hydraulic cylinders 89 and 90, as padded to both
      edges of the core body. Both upper and lower surfaces of the core body
      thus obtained are stuck with a based duck or a breaker reinforcing cloths
      36 and 37 by a pair of second rolls 42 and 43 and successively a pair of
      cover rubber sheets 47 and 48 are further stuck to the core body by means
      of a following pair of third rolls 54 and 55.
PAR  The sticking works are carried out while the core body is stopped, the
      building lorry is driven and a pair of the first rolls 31 and 32 are
      actuated.
PAR  After sticking the cover rubber to the core body, excess rubber at both
      edges of the resultant belt is cut off by a trimming cutter 56 to keep the
      belt of constant width. The cut off excess rubber 59 is conveyed to a
      receiving tray 60 by rolls 57 and 58.
PAR  The resultant belt is then passed through a talc powder spraying station 61
      to prevent the sticking of the belt to the press during the vulcanizing
      treatment, fed into a vulcanizing apparatus C and therein heated and
      compressed by vulcanizing press 62, 63 and 64 of known construction.
PAR  The vulcanized belt is successively drawn out by a drawing apparatus 65 in
      the D block, and wound by winder apparatus 66 in the E block.
PAR  The tensile members 4-9 are subjected to constant tension through the
      working line between the tension applying apparatus A and the belt drawing
      apparatus D. While the one press length of the core body is introduced
      into the vulcanizing press and vulcanized therein, the tensile members are
      kept stationary. While the one press length of the core body is
      vulcanized, the building lorry runs gradually from a position near the
      press towards the electromagnetic roll as executing the building works
      prepare the same length of the newly formed core body for the next
      vulcanizing treatment. Therefore, the reciprocating stroke of the building
      lorry must be the same length of the vulcanizing press. If necessary, the
      vulcanized core belt is clamped by the forming press 35 not to apply an
      unexpected load on the setting and forming rolls during their running
      towards the press.
PAR  A constant tension is applied to the belt between the winder 66 and the
      drawing roll 65 by the former to give the slack side tension and to enable
      the drawing of the belt. The drawing roll 65 serves to fix the vulcanized
      belt to impart the tension on the latter between the drawing roll 65 and
      the electromagnetic rolls 12 and 13 together with the weights 18 and 19.
PAR  Now, the merits and advantages of this invention are described hereinafter.
PAR  The tension applied to the tensile member (steel cord) can be surely
      maintained between the electromagnetic roll and the drawing roll.
PAR  The tensile member can be held on the desired position in the groove of the
      electromagnetic roll irrespective of the length of the diameter, and
      absorbed by the magnet roll with the constant magnetic absorbing force,
      thus causing the constant tension on the tensile member without loosening
      in every process. Therefore, special storage means and tension control
      system are not required for exactly keeping the uniform tension and
      producing the high quality conveyor belt.
PAR  As the tensile members are held fixedly in the grooves on the lower core
      rubber layer at the regular intervals, the laminating of the upper core
      rubber layer can be carried out under the slightest tension without
      disturbing the interval or pitch of the tensile members, otherwise
      required to apply the high tension on the tensile member as in the usual
      manner.
PAR  The use of the rotative electromagnet roll makes unnecessary the clamping
      of the tensile member and enables the tensile member to be held fixedly
      while stepped irrespective of the strength of the friction between the
      tensile member and the reel. On the other hand, the tensile member is
      conveyed instantaneously upon rotating electromagnetic roll.
PAR  As the application of the tension to the tensile member is carried out
      exactly by both the electromagnetic rolls and the hanging weights, the
      fear of causing irregular tension on the tensile member is not expected at
      all.
PAR  The use of the electromagnetic roll makes unnecessary the provision of the
      large scaled clamping press and the festoon for storing one vulcanizing
      length of the steel cord.
PAR  In addition to that, the structure of the apparatus of this invention is
      made very compact and small-scaled as compared with that of conventional
      apparatus, and the easiness of the handling and operation brings out the
      reduction of the belt manufacturing cost and the high working efficiency.
PAR  While this invention has been described with reference to particular
      embodiments thereof, it will be understood that the numerous modifications
      may be made by those skilled in the art without actually departing from
      the scope of this invention.
PAR  Therefore, the appended claims are intended to cover all such equivalent
      variations as coming within the true spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing a conveyor belt having a plurality of
      longitudinal steel cord tensile members comprising the steps of:
PA1  a. unwinding said tensile members from storage reels;
PA1  b. placing the tensile members in a groove around the periphery of a
      feeding roll including at least one magnetic roll so as to retard their
      movement;
PA1  c. hanging on said tensile members a plurality of pulleys, each having a
      weight attached thereto;
PA1  d. applying a first rubber sheet to one side of said tensile members;
PA1  e. applying a second rubber sheet to the other side of said tensile members
      after said first rubber sheet has been applied to said one side;
PA1  f. compressing said rubber sheets to cause them to completely surround said
      tensile members to form a core body;
PA1  g. applying a biased duck or breaker material to both sides of said core
      body;
PA1  h. applying a rubber cover sheet to both sides of the belt;
PA1  i. vulcanizing the belt; and
PA1  j. winding said vulcanized belt onto a finish storage roll.
NUM  2.
PAR  2. The method of manufacturing a conveyor belt according to claim 1,
      further comprising forming the electromagnetic roll with grooves of
      V-shaped cross section capable of receiving therein a tensile member of
      various diameter at any desired position in the groove to enable pulling
      the steel cord towards the electromagnetic roll with a constant force.
NUM  3.
PAR  3. The method of manufacturing a conveyor belt according to claim 1,
      wherein the first rubber sheet and pluralities of tensile members are
      applied to each other between an upper grooved roll, whose peripheral
      surface comprises a plurality of mutually parallel V-shaped grooves having
      a depth to hold therein, the lower half of the tensile members arranged at
      regular intervals corresponding to the pitch of the steel cords, and a
      lower plain roll, and compressing the resultant lamination and the second
      rubber sheet thereon, to cause them to adhere together.
NUM  4.
PAR  4. The method of manufacturing a conveyor belt according to claim 1, in
      which a length of the tensile member corresponding to that of the
      vulcanized portion is fed by the rotation of the electromagnetic roll, and
      the vulcanizing of the belt is carried out while the electromagnetic roll
      is stopped by a braking equipment provided at one end of the driving
      equipment to keep the steel cords in a stationary stage.
NUM  5.
PAR  5. The method of manufacturing the conveyor belt according to claim 1,
      further comprising reciprocating a building apparatus on a building lorry
      in parallel to the running direction of the steel cords, gradually moving
      the building lorry from a position near the vulcanizing apparatus towards
      the electromagnetic roll during the vulcanizing and building of the belt
      and then moving the lorry towards the vulcanizing apparatus with a
      velocity equal to that of the vulcanized belt.
NUM  6.
PAR  6. An apparatus for manufacturing a conveyor belt having a plurality of
      longitudinal steel cord tensile members comprising:
PA1  a. storage means to store said tensile members;
PA1  b. means to apply a constant tension to said tensile members as they are
      removed from said storage means, said constant tension means having a
      feeding roll assembly with at least one electromagnetic roll provided on
      its periphery with grooves of V-shaped cross section capable of receiving
      therein the tensile members of various diameter at any desired position in
      the groove and to thereby draw the tensile members toward the
      electromagnetic roll with a constant force to retard their movement, and a
      plurality of pulleys, each having a plurality of tensioning weights, said
      plurality of pulleys located downstream of said at least one
      electromagnetic roll;
PA1  c. first means for applying a first rubber sheet to one side of said
      tensile members;
PA1  d. second means for applying a second rubber sheet to the other side of
      said tensile members, said second means being displaced longitudinally
      with respect to said first means;
PA1  e. means to compress said first and second rubber sheets to cause them to
      enclose said tensile members, to form a core body;
PA1  f. means for applying a biased duck or breaker to both sides of said core
      body;
PA1  g. means for applying a rubber cover sheet to both sides of said duck or
      breaker material;
PA1  h. means for vulcanizing the constructed belt; and
PA1  i. means for winding the vulcanized belt on a finish storage reel.
NUM  7.
PAR  7. The apparatus for manufacturing a conveyor belt according to claim 6, in
      which each of the electromagnetic rolls has a plurality of grooves at its
      outer periphery for receiving therein the tensile members and includes
      electromagnetic coils at the positions corresponding to the grooves.
NUM  8.
PAR  8. The apparatus for manufacturing a conveyor belt according to claim 6, in
      which the cross section of each of said grooves is V-shaped and is
      provided with a vertical isolation wall at each side of the groove.
NUM  9.
PAR  9. The apparatus for manufacturing a conveyor belt according to claim 6, in
      which each groove is able to receive therein the tensile member of any
      diameter at the desired position in the groove and to pull the tensile
      member with the same strength towards the electromagnetic roll, and
      therefore, constant tension can be applied to the tensile member.
NUM  10.
PAR  10. The apparatus for manufacturing a conveyor belt according to claim 6,
      in which said electromagnetic roll is connected to a driving means which
      is actuated synchronously with the apparatus for winding the vulcanized
      belt, the driving means actuates the electromagnetic roll angularly
      corresponding to the length of the fed tensile member or the length of the
      wound vulcanized belt, and a braking apparatus is attached to one end of
      the driving means to stop the electromagnetic roll during the stopping of
      the driving means.
NUM  11.
PAR  11. The apparatus for manufacturing a conveyor belt according to claim 6,
      in which the means for applying the first and second rubber sheets, the
      means for compressing said sheets, the means for applying the breaker and
      the means for applying the rubber sheet are supported on a building lorry
      capable of reciprocating parallel to the steel cord running direction.
NUM  12.
PAR  12. The apparatus for manufacturing a conveyor belt according to claim 11,
      in which the building lorry is gradually moved from a position near the
      vulcanizing apparatus towards the electromagnetic roll during the
      vulcanizing and building of the belt and then moved towards the
      vulcanizing apparatus with a velocity equal to that of the vulcanized
      belt.
NUM  13.
PAR  13. The apparatus for manufacturing a conveyor belt according to claim 6,
      in which the first means for applying said first rubber sheet is equipped
      with an upper grooved roll and a lower plain roll for applying the core
      rubber sheet to one side of the tensile members.
NUM  14.
PAR  14. The apparatus for manufacturing a conveyor belt according to claim 13,
      in which the grooves of the grooved roll are formed to a depth so as to
      hold therein, the lower half of the steel cord and are arranged in regular
      intervals corresponding to the pitch of the steel cords.
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ABST
PAL  A method for constructing a relief sculptured sound grill comprising the
      steps of soaking a strip of flexible material in a starch solution and
      thereafter securing the flexible material between a male and female mold
      member so that the mold members form the desired relief sculpture on the
      flexible material. The strip of material is then dried and paint is
      applied to the relief sculpture and dried thereby permanently forming the
      relief sculpture on the strip of material. A frame is then secured around
      the periphery of the strip of material and the mold members are removed so
      that a hardener may be applied to the entire strip of material. The strip
      of material with the attached frame is then dried thus completing the
      relief sculptured sound grill of the present invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a method of constructing a
      relieved sculptured sound grill.
PAR  2. Description of the Prior Art
PAR  Sound grills adapted to cover an acoustical speaker cabinet typically serve
      two distinct purposes. First the sound grill protects the relatively
      delicate speaker components within the speaker from damage. Secondly, the
      sound grill provides an aesthetically pleasing appearance to the speaker
      cabinet.
PAR  In one type of sound grill, a three-dimensional pattern is formed on the
      speaker grill for aesthetic purposes. This type of sound grill, known in
      the art as a relief sculptured sound grill, has become quite popular in
      modern times and enjoyed widespread public acceptance primarily due to the
      infinitely variable number of different designs which can be formed on the
      sound grill. Such relief sculptured sound grills, however, have been
      heretofore relatively expensive to manufacture thereby necessarily
      increasing the overall cost of the speaker.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention overcomes the above mentioned disadvantage of the
      previously known relief sculptured sound grills by providing a method
      whereby a relief sculptured sound grill may be formed from a relatively
      inexpensive strip of material, such as burlap. The method of the present
      invention comprises the steps of soaking a strip of flexible material in a
      starch solution and thereafter clamping the strip of material between a
      male and female mold member so that the mold members form the desired
      relief sculpture on the strip of flexible material. A frame is then
      attached around the outer periphery of the strip of flexible material,
      thus forming the sound grill, and the sound grill is then dried.
PAR  After the sound grill has completely dried, the relief sculpture is painted
      and the sound grill with the still attached mold members is again dried
      thereby permanently forming a relief sculpture on the strip of flexible
      material.
PAR  After the relief sculpture has completely dried, the mold members are
      removed from the sound grill and a clear hardener, such as lacquer, is
      applied to the entire strip of the material. The sound grill again is
      dried and excessive material is removed from around the outer periphery of
      the sound grill frame and the relief sculptured sound grill of the present
      invention is complete.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The method of the present invention will be more clearly understood by
      reference to the following detailed description when read in conjunction
      with the accompanying drawing wherein like reference characters refer to
      like parts throughout the several views and in which:
PAR  FIG. 1 is a perspective view showing the flexible material soaking in a
      starch solution;
PAR  FIG. 2 is an exploded perspective view showing a strip of the flexible
      material between the male and female mold members;
PAR  FIG. 3 is a perspective view showing the mold members assembled to the
      strip of flexible material;
PAR  FIG. 4 is an exploded perspective view showing the attachment of a frame to
      the strip of flexible material;
PAR  FIG. 5 is a perspective view showing one painting operation for the method
      of the present invention; and
PAR  FIG. 6 is a front plan view showing the removal of the excess material from
      the frame.
DETD
PAC  DETAILED DESCRIPTION OF THE PRESENT INVENTION
PAR  Referring first to FIG. 1 a first roll of flexible material 10 is shown
      soaking in a first vat 12 and a second roll of flexible material 14 is
      shown soaking in a second vat 16. The first vat 12 contains a heavy starch
      water solution and functions primarily as a storer and pre-soaker for the
      roll of flexible material 10. The flexible material 10 is preferrably a
      webbed matting material, such as burlap, and in addition has the qualities
      of sound transparency, porosity for soaking, some tensile strength, and
      flexibility upon drying after soaking. In addition, the flexible material
      10 preferrably is capable of withstanding heat up to 250.degree.F without
      disintegration or brittleness in order to permit artificial drying.
PAR  The second vat 16 also contains a starch water solution which may include a
      dye, and preferrably includes a pair of cooperating rollers 18 through
      which a band 20 of flexible material 14 may be drawn. As the band 20 of
      flexible material 14 is drawn through the roller 18, the rollers 18 serve
      to remove excess starch water solution from the band 20 of flexible
      material 14 and return this excess to the vat 16. A cutting unit 22, such
      as a cutter blade 23, is positioned exteriorly of the vats 12 and 16 and
      functions to cut a small strip of material 24 from the band 20.
PAR  Referring now to FIGS. 2 and 3, the strip of flexible material 24 is placed
      intermediate a male mold member 26 and a female mold member 28. The male
      mold member 26 includes a relief expression 30 adapted to register with
      and be received through an aperture 32 formed in the female mold member 28
      so that when the mold members 26 and 28 are clamped together, a relief
      sculpture 34 will be formed in the strip of flexible material 24 roughly
      corresponding to the relief expression 30. It will be understood that the
      relief sculpture 34 and relief expression 30 shown in the drawing are very
      simple for ease of description. However, more complete and multiple relief
      sculptures 34 may be formed on the strip of flexible material 24 without
      deviating from either the spirit of scope of the present invention.
PAR  The aperture 32 in the female mold member 28 is preferrably undersized so
      that when the mold members 26 and 28 are clamped together, the mold
      members will be retained together. In addition the female mold member
      preferrably includes a plurality of relatively small apertures 36 to
      enhance the drying of the strip of flexible material 24. Lastly the strip
      of flexible material 24 is dimensioned somewhat larger than the mold
      members 26 and 28 so that an overlap 38 of flexible material is provided
      around the periphery of the mold members 26 and 28.
PAR  Referring now to FIG. 4 generally rectangular frame members 40 and 42 are
      secured to the overly 38 of flexible material, preferrably by utilizing
      the rims 44 of the mold members 26 and 28, as guides. The frame members 40
      and 42 may be secured to the overlay 38, and hence to each other, by any
      conventional means, such as glue, staples 39, or the like. The frame
      members 40 and 42 in conjunction with the strip of flexible material 24
      form an acoustical speaker sound grill 46. The sound grill 46 is then
      removed to a drying room (not shown) where the starch water solution is
      dried.
PAR  Referring now to FIG. 5, after the starch water solution has completely
      dried, a hardener, such as lacquer paint at a ratio of one ounce of
      lacquer to 25 square inches of sound grill area, is applied to the relief
      sculpture 34 on the sound grill 46. The relief sculpture 34 may be coated
      with the hardener in any conventional fashion, but preferrably a spray gun
      48 is utilized to provide an even application of the hardener. In addition
      in order to prevent the hardener from entering the apertures 36, a
      template 50 having an aperture 52 adapted to receive the relief sculpture
      34 therethrough, is placed over the sound grill 46 so that only the
      desired areas of the sound grill 46 are coated. In the illustration shown
      in FIG. 5 the template 50 includes edges 54 which fit within the inner
      rims 56 of the frame member 40 so that the relief sculpture 34 and the
      frame member 40 may be simultaneously coated.
PAR  After the hardener is applied to the relief sculpture 34, the sound grill
      46 is again dried, preferrably in a heated drying room, so that after
      drying, the relief sculpture 34 is permanently formed on the strip of
      flexible material 24. Since the relief sculpture 34 is permanently formed
      on the strip of material 24, the mold members 26 and 28 can be, and are,
      removed. With the mold members 26 and 28 removed, a preferrably clear
      hardener, such as lacquer, is applied to the entire sound grill 46. Again
      for eveness of application, a spray gun is utilized to apply the hardener
      and in practice it has been found that six liquid ounces of hardener are
      required for approximately six square feet of the sound grill surface
      area.
PAR  The sound grill 46 is then again dried, preferrably in a heated drying room
      so that after the sound grill has dried the relief sculpture 34 is
      permanently formed on the sound grill 46 and the remaining area of the
      sound grill 46 is relatively rigid due to the hardener. The excess overlay
      38 of material is then removed, as shown in FIG. 6, by a knife 50 or the
      like from around the outer periphery of the frame members 40 and 42
      thereby completing the construction of the sound grill 46.
PAR  It can thus be seen that the present invention provides a novel method of
      constructing a relief sculptured sound grill from a strip of relatively
      inexpensive material. It will be understood that the method of the present
      invention may be readily adapted to produce virtually any design or relief
      sculpture or sculptures on the strip of flexible material by simply
      substituting mold members with a different design.
PAR  Having thus described my invention many modifications thereto will become
      apparent to persons skilled in the art to which it pertains without
      deviating from the spirit of the invention as defined by the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of constructing a relief sculptured sound grill comprising:
PA1  the first step of soaking a strip of flexible material in a starch
      solution,
PA1  the second step of placing said strip of flexible material between a male
      mold member and a female mold member, said male mold member and female
      mold member cooperating to form a relief sculpture on said strip of
      flexible material,
PA1  the third step of drying said strip of flexible material,
PA1  the fourth step of applying a hardener to said relief sculpture,
PA1  the fifth step of drying said strip of flexible material,
PA1  the sixth step of removing said mold members,
PA1  the seventh step of applying a hardener to said strip of flexible material,
      and
PA1  the last step of drying said flexible material.
NUM  2.
PAR  2. The method as defined in claim 1 and further comprising the step of
      attaching a frame around the outer periphery of said strip of flexible
      material after said second step.
NUM  3.
PAR  3. The method as defined in claim 2 wherein said frame comprises two
      cooperating frame members and said step of attaching the frame further
      comprises glueing the strip of flexible material between the cooperating
      frame members.
NUM  4.
PAR  4. The method as defined in claim 3 and including the further step of
      removing excess material from around the outer periphery of the frame
      members.
NUM  5.
PAR  5. The method as defined in claim 2 wherein said frame comprises two
      cooperating frame members and said step of attaching a frame further
      comprises stapling the strip of flexible material between the cooperating
      frame members.
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ABST
PAL  Corrugated plastic tubes simultaneously feeding from a plurality of sources
      are doffed, stacked in nesting relation and formed into bundles of a
      predetermined number of tubes in accordance with the present invention.
      The corrugated plastic tubes are produced in continuous length in separate
      production lines, cut to predetermined lengths, and fed along
      predetermined paths to respective doffing stations where the tubes are
      doffed into a common hopper positioned adjacent the doffing stations. Upon
      a predetermined number of the tubes being doffed into the hopper and
      accumulated in stacked and nested relation, the tubes are advanced to a
      bundling station where strapping machines secure pliable strapping
      elements around the stacked and nested tubes to form the same into compact
      bundles. The bundles are then removed from the bundling station ready for
      shipment or storage.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 285,928 filed Sept. 1, 1972, and entitled PIPE DOFFING AND BUNDLING
      METHOD now U.S. Pat. No. 3,870,774, issued Mar. 11, 1975.
BSUM
PAR  The present invention relates to an improved method for forming lengths of
      tube, especially corrugated plastic tubes, into bundles containing a
      predetermined number of tubes in stacked and nested relation to facilitate
      shipment and handling.
PAR  Corrugated plastic tubing is conventionally formed in indefinite length by
      a continuous extrusion and blow molding operation. The tubing is
      ordinarily shipped to the consumer, however, either in rolls containing a
      predetermined number of linear feet or in bundles of cut lengths of tubes
      containing a predetermined linear footage. In order that the cut lengths
      of tubes may be easily handled and shipped, it is desirable that they be
      nested against each other and secured together to form a stable, compact
      bundle.
PAR  My aforementioned earlier filed copending application discloses a method
      and apparatus for doffing and bundling lengths of corrugated plastic tube
      wherein cut lengths of plastic tube feeding from a single production line
      are doffed according to a predetermined routine into either of two
      opposing hoppers positioned alongside the production line. After a
      predetermined number of the tubes have been accumulated in one hopper and
      stacked in nested relation, pliable binding elements may be secured around
      the tubes to form a bundle thereof. Since two hoppers are required for
      receiving the tubes produced by each blow molding tube production line,
      when several production lines are located in close proximity to each other
      a large amount of equipment, and consequently a considerable amount of
      floor space, is required for accumulating, stacking and bundling the tubes
      produced thereby.
PAR  With the foregoing in mind, it is a primary object of this invention to
      provide a method for forming bundles of stacked tubes at a common station
      for a plurality of blow molding tube production lines and which at times
      may be utilized with only one production line if so desired.
PAR  It is a more specific object of this invention to provide a method of
      forming plastic tubes into bundles by feeding a plurality of tubes
      longitudinally along respective predetermined paths of travel to
      respective cutting stations for forming successive tubes of predetermined
      length, directing successive cut tubes to respective doffing stations,
      doffing each successive tube from the respective doffing station into a
      common hopper positioned adjacent the doffing stations, accumulating and
      stacking the tubes doffed from the doffing stations in nesting relation in
      the hopper, and securing pliable binding elements around the stacked and
      nested tubes to form a bundle thereof.
PAR  My aforementioned earlier filed application provided apparatus for
      receiving successive tubes of predetermined length from a single blow
      molding tube production line and for accumulating and stacking the tubes
      in nested relation. However, it provided no apparatus for binding the
      stacked and nested tubes into bundles. With this in mind, it is a further
      apparatus object of this invention to provide apparatus for receiving
      tubes of predetermined length from a single tube production line or from a
      plurality of tube production lines, for accumulating the tubes in stacked
      and nested relation, and for securing pliable binding elements around the
      stacked and nested tubes to form bundles thereof.
DRWD
PAR  Some of the objects of the invention having been stated, other objects will
      appear as the description proceeds when taken in connection with the
      accompanying drawings, in which
PAR  FIG. 1 is a block diagram of the method of making corrugated plastic tubes,
      cutting the same to length, and forming the lengths into bundles of tubes;
PAR  FIG. 2 is a schematic perspective view of an arrangement of apparatus
      according to the present invention;
PAR  FIG. 3 is a more detailed schematic perspective view of the doffing,
      stacking and bundling apparatus according to the present invention;
PAR  FIG. 4 is a partial view of a plurality of tubes secured together by
      strapping material to form a bundle;
PAR  FIG. 5 is a vertical sectional view of a portion of the bundling apparatus
      of the present invention taken along the line 5--5 of FIG. 3;
PAR  FIG. 6 is a vertical sectional view taken along the line 6--6 in FIG. 4
      showing the fused overlying end portions of the strapping material and
      additionally showing the fusing head employed for fusing the same;
PAR  FIG. 7 is an end view of the doffing and stacking apparatus of FIG. 3;
PAR  FIG. 8 is a schematic representation of the control system for doffing and
      counting; and
PAR  FIG. 9 is a detailed view of the gate means taken along the line 9--9 in
      FIG. 7.
DETD
PAR  Referring now more specifically to the drawings, as seen from FIGS. 1 and
      2, corrugated plastic tubes are produced in two parallel production lines,
      each including an extruding station, a blow molding station, a cutting
      station and a doffing station. To avoid repetitive description only one
      production line will be described in detail and those parts shown in one
      production line which correspond to similar parts in the other line will
      bear the same reference characters.
PAR  The extruder, shown at 10, includes a hopper 12 for receiving plastic
      granules, a source 14 of pressurized air or other gas for the purposes
      hereinafter further described, and an extrusion die 16 for extruding a
      smooth tube of hot plastic material. An extruder of this type is well
      known in the art, and therefore a further more detailed description is not
      deemed necessary.
PAR  A blow molding apparatus 20 is positioned immediately adjacent the extruder
      10 and is adapted to receive the extruded tube of hot plastic material
      therefrom and form annular corrugations thereon. The blow molding
      apparatus 20 includes two sets of cooperating substantially semitubular
      mold blocks arranged for successive movement along two opposed endless
      paths of travel 21, 22 such that cooperating pairs of the mold blocks
      define an elongate tubular blow molding zone 23. Each mold block has
      transverse semicircular internal alternating ribs and valleys with the
      ribs and valleys of one block of each pair cooperating with the ribs and
      valleys of the other mold block of the same pair to form annular ribs and
      valleys on the walls of the tubular mold cavity defined by the cooperating
      pair of mold blocks.
PAR  Pressurized air from source 14 communicates through the extrusion die 16
      into the interior of the tube being extruded to expand and mold the same
      against the corrugated wall of the composite mold cavity formed by the
      abutting cooperating pairs of mold blocks in the blow molding zone 23.
PAR  The term "annular corrugations" as used herein means not only corrugations
      in the form of individual circular ribs and valleys around the plastic
      tube, but also includes spiral or helical ribs and valleys extending
      around and along the length of the corrugated tube. Also, some of the ribs
      of the corrugations may be interrupted at spaced intervals by plateaus
      which lie at a level intermediate the peripheries of the ribs and valleys
      of the corrugations, such as for the purpose of providing recesses in the
      corresponding ribs for the drilling of drainage holes through the recesses
      of the tubes.
PAR  The corrugated plastic tube is delivered from the blow molding apparatus 20
      and is advanced to a cutting station 30 positioned forwardly of the blow
      molding apparatus. Although not specifically illustrated herein, each
      production line may also include an additional station located between
      blow molding apparatus 20 and cutting station 30 for the formation of
      perforations in the tube as it is advanced from the blow molding apparatus
      to the cutting station. As is well known, it is customary to provide round
      drainage holes in corrugated plastic tubes for use in septic tank fields
      or other drainage systems, and it is customary to provide circularly
      arranged series of arcuate slits, usually in alternate valleys, in a
      corrugated tube used for an underground irrigation system.
PAR  Referring now to cutting station 30, the motorized saw 31 thereof is
      actuated by a sensing switch 32 which is spaced a predetermined distance
      downstream from the motorized saw and is responsive to engagement thereof
      by the leading end of the molded tube. Thus, motorized saw 31, in
      cooperation with movable backup member 33 (FIG. 3), severs the tube into
      predetermined lengths as it moves forwardly through the cutting station
      30. As is conventional, motorized saw 31 is reciprocated automatically to
      move forward with the tube during the cutting operation and, upon the
      cutting being completed, to return upstream to its original position ready
      for the next cutting operation.
PAR  After severing, the cut lengths of tube are advanced forwardly from cutting
      station 30 to a doffing station 40 positioned downstream and in alignment
      with the path of travel of the tube. Each successive cut length of tube is
      advanced into the doffing station by the leading end of the uncut tube
      pushing the trailing end of the previously severed length of tube. Each
      doffing station includes a horizontal supporting trough means 41 for
      supporting each successive length of tube in the doffing station and a
      doffing switch 42 positioned at the extreme downstream end of the doffing
      station adapted to be engaged by the leading end of each successive tube
      as the tube is fully received in the doffing station. Doffing switch 42 is
      connected through suitable doffing and counting controls 80, to be
      described later, to a cylinder or ram 43.
PAR  Cylinder 43 may be hydraulically or pneumatically operated and is spring
      loaded (FIG. 7) so as to remain in a predetermined position except when
      fluid pressure is applied thereto. Cylinder 43 is connected through a
      suitable rack and pinion arrangement 44 to a rocker shaft 45. Rocker shaft
      45 is journaled in a position below and substantially parallel to
      supporting trough 41 and has a pair of upwardly extending doffer arms 46
      located at opposite ends of the shaft. Switch 42 and doffing and counting
      controls 80 are so arranged that, as the leading end of each length of
      tube reaches the downstream end of the doffing station and engages switch
      42, rocker shaft 45 is rotated so as to bring doffer arms 46 into
      engagement with the tube and eject the tube laterally from the supporting
      trough of the doffing station and into accumulating or stacking station
      50.
PAR  As seen from FIG. 3, the two doffing stations 40 are positioned in opposed
      parallel relation with the accumulating or stacking station 50 being
      located between and at an elevation somewhat below the supporting trough
      means 41 of each doffing station. Angularly extending downwardly from each
      supporting trough 41 are three frame members 47, 47a, 47b forming a ramp
      for directing the ejected tubes laterally from the doffing station 40 to
      the stacking station 50.
PAR  Accumulating or stacking station 50 comprises a substantially U-shaped
      hopper for receiving the tubes, the sides of which are defined by opposing
      upright walls 51 which are spaced apart from each other a distance
      sufficient to accommodate four tubes in side-by-side relation. The
      distance across the bottom of the hopper is restricted to accommodate only
      three tubes in side-by-side relation. Gusset plates 51a are conveniently
      employed in the bottom corners of the U-shaped hopper to restrict the
      distance along the bottom of the hopper. A plate 52 (FIG. 7) defines the
      bottom of the hopper for supporting the tubes therein. Extending
      longitudinally along opposite sides of the bottom of the hopper and
      adjacent gusset plates 51a are a pair of endless conveyor chains 53, 53a,
      driven by suitable drive means such as an electric motor 54. Carried by
      chains 53, 53a and located approximately equal distances apart are a pair
      of horizontal flight bars 55 adapted for engaging the trailing ends of a
      plurality of the tubes in the hopper and pushing the stack of tubes from
      stacking station 50.
PAR  The hopper in stacking station 50 is constructed of such a shape that when
      10 lengths of tube are doffed from the doffing stations and into the
      hopper, they will be arranged in a three layered stack having a bottom
      layer of three tubes in side-by-side relation, an intermediate layer of
      four tubes in side-by-side relation nestingly stacked on the bottom layer,
      and a top layer of three tubes also in side-by-side relation and nesting
      in the arcuate recesses formed by the intermediate layer of the tubes.
      When ten tubes have been accumulated in the hopper, as determined by the
      doffing and counting controls 80, the stack doffing operation is commenced
      in which conveyor chains 53, 53a and flight bars 55 are operated to move
      the stack of tubes forwardly from the stacking station to a bundling
      station 60 located downstream from the stacking station and in substantial
      alignment therewith. Flight bar 55 engages the trailing ends of at least
      some of the tubes in the stack and causes the entire stack to be pushed
      forwardly to the bundling station.
PAR  While the stack of tubes is being advanced to the bundling station 60, each
      productionline is continually delivering tubes to the respective doffing
      stations. production line prevent additional tubes from being deposited in
      the hopper while the hopper is being emptied, a gate 56 is provided on
      each side of the hopper for holding back additional tubes which may be
      doffed during the stack doffing operation. Gate 56 includes a pair of
      movable stop arms 56a which, under control of the doffing and counting
      controls 80 to be described later, are raised after the 10th tube has been
      deposited in the hopper to obstruct the path of the ejected tubes, and are
      lowered again after the stack of tubes in the stacking station 50 has been
      advanced to the bundling station and the hopper is again ready to receive
      tubes. As seen most clearly in FIG. 9, stop arms 56a are generally
      L-shaped and are pivoted intermediate their opposite ends. A solenoid 57,
      connected to one end of each L-shaped stop arm 56a, is conveniently
      employed to raise the arms into operative position.
PAR  As the tubes are received in the bundling station, they are maintained in
      the desired stacked and nested relation by hoppers 61 which are of a cross
      section similar to the hopper in stacking station 50. As seen in FIG. 5,
      hoppers 61 are generally U-shaped and include vertical side walls, which
      are spaced apart a distance sufficient to accommodate four tubes in
      side-by-side relation, and a bottom, the distance across which is
      restricted to accommodate only three tubes in side-by-side relation. As in
      the stacking station, gusset plates are conveniently employed in the
      bottom corners of the hopper to restrict the distance along the bottom of
      the hopper.
PAR  Three automatic strapping machines 62 are employed for securing strapping
      material around the tubes at spaced locations along the length thereof to
      form a compact bundle of tubes. Strapping machines 62 automatically wrap
      strapping material 63 around the stack of tubes and secure the ends of the
      strapping material together. Machines of this general type are well known,
      and for this reason a further and more detailed description of the
      structure and operation of these machines is deemed unnecessary.
PAR  The strapping material 63 employed in automatic strapping machines 62 is
      preferably of the nonmetallic type. Fusible strapping material formed from
      thermoplastic materials such as nylon, polyester, or polyolefin may
      suitably be employed, with opposite ends 63a, 63b thereof being suitably
      fused together in overlying relation by a fusing head 64, which as shown
      in FIG. 6, may employ heat. However, the strapping material may be fused
      by other means, if desired, such as solvent or adhesive.
PAR  Alternatively, the stacked and nested tubes may be secured together
      manually at the bundling station with suitable twine or strapping
      material.
PAR  The thus formed bundle of tubes is removed from bundling station 60 when
      the subsequently formed stack of tubes is advanced from stacking station
      50 to the bundling station. The leading ends of the tubes in the stacking
      station push against the trailing ends of the bundled tubes to push the
      bundle of tubes from the bundling station as the subsequent stack of tubes
      is being advanced into the bundling station.
PAR  Conveyor means 70, such as a conventional endless conveyor belt, is
      provided at the downstream end of the bundling station to receive the
      bundle of tubes from the bundling station and convey the same to suitable
      shipping or warehousing facilities.
PAR  FIG. 8 schematically shows the doffing and counting control system 80.
      Advancing tubes arriving at either of the doffing stations 40 close switch
      42, located at the downstream end of each supporting trough 41, thereby
      opening air valve 81 and permitting compressed air or other fluid to flow
      into cylinder 43. Compressed air entering cylinder 43 drives piston 43a
      (FIG. 7) from its inactive position to which it is urged by spring 43b.
      The associated rack and pinion assembly 44 causes doffer arms 46 to rotate
      and thereby eject the tube from the doffing station.
PAR  Each time a tube is doffed from either of the two doffing stations, switch
      42 operates a reset counter 82. Reset counter 82 is of a well-known type
      wherein contact 82a thereof is closed momentarily after the counter has
      been activated or interrupted a predetermined number of times. As employed
      in the circuit shown, contact 82a closes after a total of ten tubes have
      been doffed from the two doffing stations. The closing of contact 82a
      starts motor 54 of the conveyor mechanism. Thus, when ten tubes have been
      ejected into the hopper, flight bar 55 is driven forwardly to move the
      stack from stacking station 50 to the doffing station 60.
PAR  A holding circuit is provided to continue the operation of motor 54 until
      the stack of tubes has been removed from the hopper. According to the
      circuit shown, one cycle of the conveyor and flight bar mechanism is
      initiated by the momentary closing of contact 82a of reset counter 82.
      Sensing switch 58 is provided in the holding circuit to sense the presence
      of a flight bar at the upstream end of the hopper in stacking station 50.
      The holding circuit, also including relay 83 and sensing switch 58, keeps
      motor 54 in operation until the next successive flight bar arrives at the
      pretermined position below sensing switch 58. As shown in FIG. 3, sensing
      switch 58 is positioned upstream a short distance from the trailing end of
      the tubes in the hopper. Thus, flight bar 55, in its rest position, is
      also located upstream from the trailing ends of the tubes in the hopper
      and accordingly does not interfere with the stacking of the tubes in the
      hopper. This positioning of the flight bar also effects a short time delay
      to permit the tenth tube to be received and stacked in the hopper before
      flight bar 55 moves the stack of tubes from the hopper.
PAR  Time delay relay 84 is provided in the doffing and counting control system
      to delay for several seconds the closing of gate 56. Time delay relay 84
      is of a conventional type wherein the contacts thereof close a
      predetermined length of time after the relay is energized, and open again
      immediately upon the relay being de-energized. This short delay afforded
      by this relay permits the tenth tube to be deposited into the hopper
      before the gate is closed. Time delay relay 84 is energized upon the
      starting of motor 54 and causes the contacts thereof to close several
      seconds after being energized.
PAR  The doffing, stacking and bundling mechanism of the present invention and
      the associated doffing and counting control system is designed to operate
      not only with two production lines, but also with a single production line
      in operation. Thus, the extruder, blow molding apparatus, and cutting
      station of one production line may be stopped to permit equipment
      maintenance or to accommodate production requirements without interfering
      with the stacking and bundling of tubes being produced in the other
      production line.
PAR  In the foregoing description the doffing, stacking and bundling operations
      according to the present invention have been shown as being performed
      simultaneously with the extrusion and blow molding of the corrugated
      plastic tubes. However, it should be apparent that the doffing, stacking
      and bundling apparatus of this invention is adaptable for being used, if
      desired, separately from the extruding and blow molding apparatus for
      converting previously formed tubes of indefinite length into bundles of
      nested tubes of predetermined length.
PAR  In the drawings and specification, there has been set forth a preferred
      embodiment of the invention and although specific terms are employed, they
      are used in a generic and descriptive sense only and not for purposes of
      limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A method of forming plastic tubes into bundles comprising feeding lines
      of successive tubes from a plurality of sources longitudinally along
      respective predetermined paths of travel to respective doffing stations,
      sensing the arrival of each successive tube in the respective doffing
      stations and in response thereto laterally ejecting the tubes from the
      respective doffing stations into a common hopper positioned adjacent the
      doffing stations, accumulating and stacking the tubes doffed from the
      doffing stations in nesting relation in the hopper, and securing pliable
      binding elements around the stacked and nested tubes to form a bundle
      thereof.
NUM  2.
PAR  2. A method according to claim 1 which comprises the further step of moving
      the stacked and nested tubes from the hopper to a bundling station after a
      predetermined number of tubes have been accumulated and stacked in the
      hopper, said step of securing pliable binding elements around the tubes
      being performed at the bundling station after the stacked and nested tubes
      have been moved from the hopper thereto.
NUM  3.
PAR  3. A method according to claim 2 comprising the further step of restraining
      additional tubes from being doffed into the hopper while the tubes
      accumulated in the hopper are being moved from the hopper to the bundling
      station.
NUM  4.
PAR  4. A method according to claim 1 wherein the step of securing pliable
      binding elements around the stacked and nested tubes comprises positioning
      fusible plastic strapping material around the stacked and nested tubes at
      spaced locations along the length thereof with portions of the strapping
      material in overlying relation and fusing overlying portions of the
      strapping material together.
NUM  5.
PAR  5. A method of forming bundles of plastic tubes, said method comprising
      continuously extruding a plurality of tubes of plastic material into
      respective blow molding zones while molding annular corrugations of
      alternating ribs and valleys on the tubes during the forward movement
      thereof through the respective blow molding zones, delivering the
      corrugated tubes from the respective blow molding zones, and advancing the
      tubes to respective cutting stations while successively cutting the tubes
      into separate tubes of predetermined length, advancing the cut tubes along
      respective predetermined paths of travel downstream from the respective
      cutting stations to respective doffing stations, sensing the arrival of
      each successive tube in the respective doffing stations and in response
      thereto laterally ejecting the tubes from the respective doffing stations
      into a common hopper positioned adjacent the doffing stations,
      accumulating and stacking the tubes doffed from the doffing stations in
      nesting relation in the hopper, and securing pliable binding elements
      around the stacked and nested tubes to form a bundle thereof.
NUM  6.
PAR  6. A method according to claim 5 comprising the further step of moving the
      tubes from the hopper to a bundling station each time a predetermined
      number of tubes have been accumulated and stacked in the hopper, said step
      of securing pliable binding elements around the tubes being performed at
      the bundling station after the tubes have been moved from the hopper
      thereto.
NUM  7.
PAR  7. A method according to claim 6 comprising the further step of restraining
      additional tubes from being doffed into the hopper while the tubes
      accumulated in the hopper are being moved from the hopper to the bundling
      station.
NUM  8.
PAR  8. A method according to claim 5 wherein the step of advancing the cut
      tubes forwardly from the respective cutting stations to the respective
      doffing stations comprises pushing the trailing end of the previously cut
      tube with the leading end of the continuous uncut tube being received in
      the cutting station.
NUM  9.
PAR  9. A method according to claim 5 wherein the step of securing pliable
      binding elements around the stacked and nested tubes comprises positioning
      fusible plastic strapping material around the stacked and nested tubes at
      spaced locations along the length thereof with portions of the strapping
      material in overlying relation and fusing overlying portions of the
      strapping material together.
NUM  10.
PAR  10. A method of forming bundles of plastic tubes, said method comprising
      continuously extruding a tube of plastic material into a blow molding zone
      while molding annular corrugations of alternating ribs and valleys on the
      tube during the forward movement thereof through the blow molding zone,
      delivering the corrugated tube from the blow molding zone and advancing
      the tube through a cutting station while successively cutting the tube
      into separate tubes of predetermined length, feeding each successive tube
      along a path of travel downstream of the cutting station to a doffing
      station, and in response thereto doffing each successive tube from the
      doffing station into a hopper positioned adjacent the doffing station by
      engaging each tube intermediate its ends and quickly ejecting the same
      laterally from the doffing station, accumulating and stacking the tubes
      doffed from the doffing station in stacked and nested relation in the
      hopper, moving the stacked and nested tubes from the hopper to a bundling
      station each time a predetermined number of tubes have been accumulated
      and stacked in the hopper, and while at the bundling station securing
      pliable binding elements around the stacked and nested tubes to form a
      bundle of stacked and nested tubes.
NUM  11.
PAR  11. A method according to claim 10 comprising the further step of
      restraining additional tubes from being doffed into the hopper while the
      tubes accumulated in the hopper are being moved from the hopper to the
      bundling station.
NUM  12.
PAR  12. A method of forming bundles of plastic tubes, said method comprising
      continuously extruding a plurality of tubes of plastic material into
      respective blow molding zones while molding annular corrugations of
      alternating ribs and valleys on the tubes during the forward movement
      thereof through the respective blow molding zones, delivering the
      corrugated tubes from the respective blow molding zones and advancing the
      tubes to respective cutting stations while successively cutting the tubes
      into separate tubes of predetermined length, feeding the successive cut
      tubes along respective predetermined paths of travel downstream of the
      respective cutting stations to respective doffing stations by pushing the
      leading end of the advancing uncut tube against the trailing end of the
      previously cut tube, and in response to the arrival of each cut tube in
      the respective doffing station, laterally ejecting each successive tube
      from the respective doffing stations into a common hopper positioned
      adjacent the doffing stations, accumulating and stacking the tubes doffed
      from the doffing stations in nesting relation in the hopper, and securing
      pliable binding elements around the stacked and nested tubes to form a
      bundle thereof.
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ABST
PAL  A high temperature gasket structure particularly useful in automotive
      carburetors but useful in other applications in which the gasket body is
      formed from a special type of semirigid asbestos board having a minimal
      elastomeric binder content, and with the bolt hole areas densified in part
      by embedded steel washers in the gasket body to minimize carburetor flange
      flexing and maintain high torque retention under heat. The gasket
      structure is intended to serve as a heat insulator and as a partial sound
      and vibration dampener and can be formed, when required, with upstanding
      beads to further minimize flexing of the carburetor flange while
      maintaining a seal.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of our application, Ser. No. 345,356, filed
      Mar. 27, 1973, now U.S. Pat. No. 3,863,936 the subject matter of which
      application is related, in part, to the disclosure of our application,
      Ser. No. 120,526, filed Mar. 3, 1971, now matured into U.S. Pat. No.
      3,796,623, dated Mar. 12, 1974, which in turn is a division and
      continuation-in-part of our patent application, Ser. No. 76,459, filed
      Sept. 29, 1970, now matured into U.S. Pat. No. 3,655,210, dated Apr. 11,
      1972, which in turn is a continuation-in-part of our patent application,
      Ser. No. 66,958, filed Aug. 26, 1970, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  The gasket structure shown in the related applications, above identified,
      met an urgent need in the automobile industry for throttle body to intake
      manifold gaskets occasioned by the need to insulate between these two
      components of the carburetor due to increase in temperature and/or the
      need to minimize evaporative losses in the carburetor bowl. The gaskets
      incorporated an asbestos phenolic resin bushing insert at the bolt holes
      in combination with a vegetable fiberboard core in the body structures,
      and the gaskets proved very satisfactory in withstanding temperatures up
      to approximtely 400.degree. F.
PAR  With the advent of more anti-pollution devices being used in conjunction
      with automotive engines, the temperatures in the area of the carburetor
      intake manifold onto which the carburetor is normally mounted may now go
      as high as 500.degree./600.degree. F (approximately), with the expectation
      that, in some applications somewhat higher temperatures may be encountered
      in the future. In a large number of applications the maximum temperatures
      that the part discussed encounters, cover only a portion of the gasket or
      insulator, i.e., in the area where heating air or exhaust gases pass by or
      through the gasket or gasket insulator. These changing requirements
      necessitate an entirely new approach to the gasket structure to be used
      between the intake manifold and the carburetor since neither the asbestos
      phenolic resin bushings nor the gasket body referred to in the related
      applications will withstand these higher temperatures. Hand in hand with
      the temperature durability requirement is the torque retention
      requirement, which can be divided into two parts: (a) torque sufficient to
      obtain and maintain the seal in the total operating environment of the
      carburetor assembly and (b) torque sufficient to obtain and maintain
      carburetor securement in this total operating environment. The material
      structures used in the related applications tend to lose torque retention
      as temperatures rise, which was one reason for using the asbestos phenolic
      resin bushings. To satisfy both parts of the torque retention requirement
      it was necessary substantially to improve the torque retention required
      for sealing and also the torque retention required for securement since
      the bushings used in the related applications would tend to disintegrate
      due to heat destruction of the phenolic resin.
PAR  In stating temperature conditions, or limitations, as herein referred to,
      it is important to understand where the temperatures are recorded for test
      purposes and something of the nature of the heat problem as it relates
      both to durability of the part described, and the fact that it must serve,
      for the most part, both as a heat insulator and as a seal.
PAR  Test work over a period of years has included monitoring of temperatures at
      the intake manifold by using thermocouple probes inserted into the
      manifold and by attaching probes to the mounting bolts that clamp the
      throttle body to the intake manifold gasket, in a fashion similar to that
      used by Car Manufacturers in their tests. On one test car for example,
      recordings indicated a maximum temperature of approximately 425.degree. F
      during a high speed run with outside temperatures ranging from about
      95.degree. to 97.degree. F. One manufacturer in testing a Single Bbl.
      throttle body to manifold gasket at its Proving Grounds, under conditions
      simulating the pulling of a trailer up a long slope on a hot day, recorded
      a maximum temperature of about 602.degree. F, with the temperature
      dropping off sharply after the heavy load condition was relieved. The same
      gasket was also tested under simulated conditions on a dynamometer stand,
      which resulted in a recording of 605.degree. F. In stating herein that a
      particular material will withstand for example, 600.degree. F continuous
      when clamped in gasket form in a carburetor assembly, we refer to its use
      in carburetor assemblies. This important point is made for the reason that
      when a gasket is made up in accordance with the aforementioned related
      gasket structures, clamping it up between heavy ground carbon steel blocks
      at automotive production clamp loads and heating these blocks from the
      bottom side by placing it on a hot plate with a thermocouple probe
      inserted in a small hole in the lower clamping plate for a sustained
      period of time(approximately 22 hours), the related material construction
      will completely fail. Conversely, the high temperature structure herein
      disclosed will withstand the temperature and function very satisfactorily,
      both as a gasket and as an insulator. This same gasket clamped up as above
      described and heated to approximately 300.degree. F maximum and held, will
      perform quite satisfactorily and match the after-test appearance and
      general physical properties of the after-test gasket removed from the test
      vehicle, which was checked out at 425.degree. F.
PAR  Not only is a carburetor assembly in a vehicle a sizeable heat sink, but
      when the carburetor is operating it has somewhat of a refrigeration effect
      due to the cooling effect of the fuel-air mixture circulating through the
      intake manifold in the nature of a relatively cold air blast. This
      combination heat with cool circulating air involved is the environment in
      which the part must live and for purposes of this disclosure is the base
      which we specifically refer to in speaking of temperature resistance. As
      an example of this a simulated "hot block" test of a single Bbl. gasket
      was conducted which performed satisfactorily at the 605 Deg. temperature
      referred to above, and like a similarly "hot blocked" sample of related
      material, both lost all the torque retention, charred and/or shrunk in
      thickness and the bushings having lost all their torque retention
      partially disintegrated. Having run numerous tests both on test vehicles
      and on "hot block" tests it has been possible to correlate and
      substantiate the fact that temperature durability using "hot blocks"
      tests, is conservatively 100.degree. to 150.degree. higher insofar as what
      the gasket actually encounters than that encountered in a vehicle. It is
      most important to understand this when discussing temperature durability.
PAR  There being a host of engine models and car models, each with standard or
      special features, it becomes impractical to conduct tests on every car --
      from a gasket manufacturer's standpoint. However, this relatively simple
      "hot block" method has been developed and has been found to correlate very
      well with the many tests that the Car Manufacturers conduct for heat
      durability. Specifically, gaskets or gasket insulators that have been
      submitted for test come back with results that establish the heat
      durability along with the other environmental requirements.
PAR  The primary object of this invention, therefore, is to provide gasket
      structures suitable for these high temperature applications, although the
      improved structures may be used in lower temperature applications as well.
DRWD
PAR  Further and other objects of the invention will become apparent as the
      disclosure proceeds and the description is read in conjunction with the
      accompanying drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing a gasket structure made in accordance
      with this invention, with a portion of the gasket cut away at one of the
      bolt holes to better illustrate the construction in that area;
PAR  FIG. 2 is a cross-sectional view, taken along the line 2--2 of FIG. 1,
      showing a preferred embodiment of the invention;
PAR  FIG. 3 is a cross-sectional view, taken along the line 3--3 of FIG. 1,
      showing one of the beads on one or both faces of the gasket;
PAR  FIG. 4 is a modified form of the invention in which two metal washers are
      used as part of the densification in the bolt hole areas;
PAR  FIG. 5 is a view showing a modification of the form of the invention shown
      in FIG. 4;
PAR  FIG. 6 is a perspective view showing a modified form of single barrel
      carburetor gasket in which the densifying area around the bolt hole with
      the embedded washer is below the planar surface of the remainder of the
      gasket;
PAR  FIG. 7 is a cross-sectional view showing another modification of the gasket
      structure of FIG. 1 with a metal washer embedded in the center and in
      which the bolt hole area of high density has its top and bottom planar
      surfaces above the main portion of the gasket structure, but below the
      beaded areas which are of relatively low density;
PAR  FIG. 8 shows the gasket structure of FIG. 7 and compressed between two
      mating flanges, whereby providing an air gap over a substantial portion of
      the gasket structure;
PAR  FIG. 9 discloses the manner in which the bolt hole area is densified with a
      metal washer embedded in the mid section of the gasket, in the mold;
PAR  FIG. 10 shows the formation of the densified bolt hole area when the dies
      are closed;
PAR  FIG. 11 shows an embedded steel washer with the coined area directly over
      the washer flush with the top and bottom surfaces of the gasket body; and
PAR  FIG. 12 shows a construction where the coined area has been inverted to
      provide a boss on either side of the gasket and utilizing steel washers of
      increased thickness.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Most gasket structures are necessarily a compromise in order to reasonably
      satisfy the numerous functional requirements for the gasket. As above
      pointed out, for example, torque retention is an important requirement for
      both maintenance of the seal and maintenance of part securement. Steel
      bushings have been used around gasket bolt holes in the past and in a few
      cases today. As the need arose to reduce carburetor bowl evaporative
      losses, the steel bushings had to be replaced with a structure that would
      still maintain securement torque and at the same time be a poor heat
      conductor, or a better insulator. Applicants' assigneee is currently
      making many thousands of parts daily using asbestos phenolic resin
      bushings. With the arrival of higher temperature conditions beyond that
      which the bushings will withstand, as previously referred to, an entirely
      new bolt hole area reinforcement is required to satisfy both parts of the
      necessary torque retention requirements. Another major requirement that
      needed an answer was a gasket structure that would serve as a heat
      insulator and a seal in the operating environment under these higher
      temperature conditions, and similar to the related applications, be
      semi-rigid to readily conform to the out-of-smoothness and out-of-flatness
      conditions present in production carburetor to intake manifold assemblies.
PAR  When one considers all of the many requirements for a satisfactory gasket
      structure, i.e., such characteristics as deflection, conformability,
      sealability, heat durability, resistance to deterioration from fuels
      passing thru the part, flange clamping deflection, uneven clamp loading,
      strength, compressibility, torque retention, etc., it is obvious that
      rather precise gasket structures and combinations of materials are
      necessary to provide practical solutions to the ever-present and growing
      problems in gasketry.
PAR  In the present invention, which uses the carburetor gasket by way of
      illustration, the gasket is intended for use in a carburetor equipped with
      anti-pollution systems, including the feeding back of a certain amount of
      exhaust gases to the intake manifold or the feeding back of hot air. These
      systems may feed these gases over the face of the gasket or, in some
      cases, directly thru the gasket. Other parts of the total system may
      result in higher overall intake manifold temperature. These exhaust gases
      may be as high as 600.degree./700.degree. F. It is important to note that
      the temperature which the throttle body to manifold gasket must withstand
      when the vehicle is operated under heavy load, as hereinbefore described,
      may be very high. It is generally easier under operating conditions, to
      control the temperature in the fuel bowl, since there is a considerable
      amount of moving air generated by the engine fan and the fact that the
      vehicle is in motion.
PAR  There is an additional problem to be satisfied which is referred to as
      "heat sink." This condition occurs and becomes critical when the engine
      has been shut off, i.e., after a hard run on a hot day with very little
      air movement around the vehicle. Under this condition, the manifold
      temperature drops but for a period roughly up to 50 Min., depending on the
      environmental conditions and the particular vehicle, the fuel bowl
      temperature rises up to a peak and then drops. The gasket, here serving as
      an insulator, also becomes extremely important in that it is necessary to
      minimize, if not eliminate, the amount of evaporative losses from the
      heated gasoline.
PAR  Referring now to FIG. 1, it will be seen that the gasket indicated at 10
      comprises upper and lower halves 11 and 12 having bolt holes 13 and 14, a
      single barrel carburetor port 15 and exhaust gas ports 16 and 17.
      Continuous sealing beads 18 are formed during the fabrication of the
      gasket, as will be hereinafter described, on the upper and lower faces of
      the gasket structure, the exact pattern being dictated by the exigencies
      of a given application.
PAR  The two halves 11 and 12 of the gasket structure are preferably formed of
      asbestos fiberboard characterized by relatively short fibers and low
      binder content, and during the fabrication process, when the two halves
      are joined together, a steel washer shown at 21 is embedded in each of the
      bolt hole areas 13 and 14 as will be described later in more detail.
      Suffice it to say here that in the area of the bolt hole, and preferably
      to the extent of a diameter width equivalent to the diameter of the
      washer, the bolt hole areas are densified substantially above the density
      of the surrounding gasket structure, and this densified area is defined in
      FIG. 2 at 22 by the slight depression below the surface of the surrounding
      portion of the gasket. In this view, a separate raised bead 23 for sealing
      the area around the exhaust gas port 17 is also shown. In this
      construction the bead principle is used to minimize flange deflection and
      obtain a seal while the whole body of the gasket is compressed slightly in
      arriving at the final clamp load.
PAR  We have characterized the semi-rigid asbestos board as having relatively
      short fibers with an elastomeric binder. These fibers are graded as to
      length and they are well opened up, or "de-fiberized"  as it is referred
      to in terms of the diameter of the individual fibers. Asbestos fibers are
      graded in a standard screen test, and length of fiber is important in a
      structure of this kind in order to develop a uniform structure without
      clumps or clots that go hand-in-hand with asbestos sheets or boards made
      from fibers with considerably longer length.
PAR  The binder content is on the order of approximately 10 to 12%, which
      together with the short fibers, renders the sheet highly compactable and
      conformable as these terms relate to pressing the parts to their finished
      density and densifying the board at the bolt hole areas with the use of
      steel washers, beading the part when required, and ending up with a
      finished product that is still conformable enough to surface seal when
      clamped in an assembly, and compactable enough to seal through the body of
      the part with adequate torque to maintain the seal and to maintain
      securement in the total environment.
PAR  The beads 18 and 23 are integral with the body portion of the gasket 10,
      and their free height is above the level of the remainder of the gasket.
      Therefore, when the gasket is clamped between opposing faces of the
      carburetor and manifold flanges, the relatively soft beads are first
      compressed for sealability, and then the clamping bolts are brought down
      upon the densified bolt hole areas to provide firm clamping of the
      carburetor in place with appropriate sealing, conformability and
      deflection characteristics, all as described later.
PAR  Instead of having a single washer 21 embedded in the gasket structure, as
      shown in FIG. 2, it is also feasible to employ top and bottom metal
      washers 24 and 25, with these being embedded in the structure to a depth
      slightly below that of the surrounding faces of the gasket. This variation
      is illustrated in FIG. 4.
PAR  FIG. 5 shows a modification of the structure illustrated in FIG. 4, the
      difference being that both faces of the gasket structure have a very thin
      sheet of the same material from which the remainder of the gasket body is
      constructed, adhesively secured to the respective outer faces of the
      gasket body, and during the fabrication process when the bolt hole areas
      are densified, as hereinafter described, the bolt hole area is compressed
      to provide a slight recess, as shown at 26 in FIG. 5. A similar structure
      can also be made using a high temperature thin sheet packing, such as
      manufacture by Raybestos-Manhattan under Grade A56. The thickness of this
      type of sheet packing is critical where approximately 0.015 to 0.020 inch
      would be about the maximum thickness usable. This type of sheet packing
      has very long asbestos fibers and is, from a practical standpoint, is
      almost impossible to bead when required. Therefore, in order to form a
      bead, a very thin sheet is necessary in order to develop the bead from the
      more conformable body shock onto which the thin sheet has been adhesively
      secured.
PAR  In FIG. 6, another form of single barrel carburetor gasket is shown, and,
      in this case, no beading is used. As before, the top and/or bottom
      surfaces of the gasket are formed to lie slightly above the densified bolt
      hole areas, as shown in the break-away section at the left of FIG. 6. Here
      again, the bolt hole area has an embedded metal washer 30 with densified
      portions above and below the washer, as indicated at 31 and 32, and with
      the depressed bolt hole area being indicated at 33. The carburetor
      passageway is indicated at 34.
PAR  In this embodiment of the invention shown in FIG. 7, the bolt hole area
      comprises a metal washer 35 with densified areas 36 and 37 on either side
      thereof, but in this case the top surface 38 and bottom surface 39 of the
      densified bolt hole area lie above the adjacent planar surfaces 40 and 41,
      respectively, of the gasket body. The beads 42 and 43, shown in the top
      and bottom faces of the gasket, may be the type shown in FIG. 1, and for
      the same purpose, and in this instance the gasket thickness through the
      beads 42 and 43 is slightly greater than the gasket thickness in the bolt
      hole area. The reason for this is so that, when the gasket is compressed
      between flanges 44 and 45, which may represent the lower flange of the
      carburetor body and the upper flange of the intake manifold, respectively,
      the tightening of the nut 46 on the clamping bolt 47 causes the relatively
      soft beads 42 and 43 to be compressed, and the bolt hole densified area to
      be compressed to a lesser degree, thereby leaving air spaces 48 which
      enchance the insulating characteristics of the gasket structure.
PAC  MATERIALS AND METHOD OF FABRICATION
PAR  Inasmuch as this invention seeks to provide a gasket structure capable of
      withstanding relatively high temperatures in the range of 550.degree.F to
      600.degree.F, and even higher, it is apparent that the materials used for
      the heat insulating gasket disclosed in Farnam et at. U.S. Pat. No.
      3,655,210 are unsuitable for this higher range of temperatures. The
      vegetable fiberboard, being composed of cellulosic fibers, cannot
      withstand these higher temperatures, and it has been found that the
      asbestos phenolic resin bushings are also incapable of withstanding the
      higher temperatures.
PAR  We have found that by using a semi-rigid asbestos board made of relatively
      short fibers and reinforced, or bonded, with a low percentage of Hi Temp
      Elastomer, such as made by the Colonial Board Co. of Manchester, Conn. --
      their product No. 651, we can fabricate the herein-described insulating
      gasket for high temperature use, particularly when we combine with this
      semi-rigid asbestos board a densified bolt hole area which utilizes one or
      more metal washers as part of the densified structure.
PAR  The term "asbestos millboard" applies to a type of asbestos board, which is
      made at various densities and with virtually no binder or filler, up to
      those boards that have binders such as starch added for a little strength,
      and even fillers lile Portland cement adding strength, hardness and
      density. None of the millboards have elastomeric binders. The word
      "millboard" is a trade name and experiments were conducted with various
      forms of millboard for the herein-described applications before arriving
      at a satisfactory board such as the one disclosed. The word "fiberboard"
      is a trade term to cover a much broader variety of vegetable fiber boards
      such as those used to make the related core structures of the insulator
      gasket and also covering boards used in other industries. The fiberboard
      used in the related core structures is made special for the applications
      referred to.
PAR  It should be reiterated with respect to the present asbestos board that
      relatively short fibers are important, low binder content is important,
      and a very uniform structure is important to gain all of the desirable
      properties needed for fabrication of the finished part.
PAR  Preferably, the semi-rigid asbestos board has good insulating properties,
      as later described, and is characterized by having relatively short
      chrysotile asbestos fibers with maximum length of approximately 0.187 inch
      and minimum length of approximately 0.040 inch, oriented in a relationship
      of about 1.3 to 1.0 in length to width of the board. An important reason
      why the fibers should be relatively short and oriented as indicated, is to
      facilitate densification of the bolt hole area and body area, and for
      formation of the upstanding integral bead during the hot press formation
      of the gasket. It is, likewise preferred that the fibers be well opened up
      and relatively free from entrangled fibers, rock-like spindles or clumps
      of unopened fibers to provide a high degree of structural uniformity.
PAR  Although asbestos fibers as above described have been found to be very
      suitable for the body structure of the gasket, other non-cellulosic fibers
      may be used, such as fiberglass or other ceramic fibers (such as
      manufactured by Carborundum Co. of Niagara Falls, New York). Blends of
      asbestos fiber with other non-cellulosic high temperature fibers might
      also be used.
PAR  The inorganic high temperature binder, preferably an elastomer, which is
      relatively non-hygroscopic, plays an important part in the total
      structure. Recognizing that the type of elastomer suitable for this
      application is relatively higher in cost than the asbestos fibers,
      economics necessitate a relatively low percentage of about 10% to 12%.
      Structural necessities likewise dictate the use of a lower percentage for
      the suitable elastomers have relatively poor torque retention at the
      required temperatures as compared to the asbestos fibers. In the total
      structure, the required elastomer must be high enough to bond the fibers,
      provide a highly conformable seal, be heat-resistant and/or, if and when
      burned, leave a residue that still bonds the fibers while remaining
      resistant to the chemical and physical environment of the assembly. The
      relationship of the binder and fiber must be such that when the gasket is
      tightly clamped in a carburetor assembly, the clamp load is carried
      substantially by the fibers and not by the elastomer. The relationship
      must also be such with respect to binder vs fiber that the uniform
      structure will readily compact to seal, bead in a mold and be readily
      densifiable, particularly in the reinforced bolt hole areas heretofore
      mentioned. Materials such as Chemigum No. 520 or LCG No. 4100X
      manufactured by Goodyear Tire and Rubber Co. of Akron, Ohio are typical
      examples of a high temperature elastomer suitable for use as a binder.
PAR  The metal washer used in the gasket construction shown in FIGS. 1 and 2 is
      made of carbon steel, with a thickness of approximately 0.080 inch, an
      internal diameter of 0.360 inch, and an outside diameter of 0.620 inch for
      use with a 5/16 inch clamping bolt. Of course, the dimensions will vary
      according to conditions, and other metals and alloys may be used instead
      of carbon steel. In this particular part the gasket body is nominally
      0.250 thick with upstanding beads 0.010 to 0.041 inch high.
PAR  When the top and bottom washers are used in the densified area, as shown at
      24 and 25 in FIG. 4, the washer, to cite a typical example, may have a
      thickness of 0.045 inch each, with a body thickness at nominally 250
      inches and a body density of nominally 85 lb/ft.sub.3.
PAR  Typically, for the form of the invention shown in FIGS. 1 and 2, the two
      halves 11 and 12 of the gasket structure may have an initial thickness of
      approximately 0.150 inch for each half, making the comined initial
      thickness 0.300 inch. These two half thicknesses are, in a typical form of
      the invention having a density of approximately 60 to 70 lb/ft.sub.3,
      placed together with a suitable high temperature adhesive interposed
      between the two halves in a hot pressing operation. During the hot
      pressing operation, the total thickness may be compacted to about 0.245 to
      0.260 inch, and simultaneously the upper and lower beads 42 and 43 are
      formed by the recesses 50 and 51 cut into the die blocks, corresponding in
      size, shape and contour to the bead configuration desired for the
      particular gasket.
PAR  The semi-rigid asbestos board used in the making of the gasket structure
      may have an initial density of 60 to 70 lb/ft.sub.3 but after compaction
      the body portion may have its density increased to about 85 lb/ft.sub.3
      and the bolt hole area increased to possibly 140 to 150 lb/ft.sub.3 due to
      the interposition of the metal washers 21 between the two halves. The
      beaded areas 42 and 43 will have a density of something less than 85
      lb/ft.sub.3 and possibly on the order of 75 lb/ft.sub.3. Since it is
      expected that most of the parts discussed in this application will be used
      in the automotive industry, and this industry being extremely competitive,
      economics play a major role. Consequently, we have run studies on
      performance vs. density, with consideration being given to the design of
      each particular part. We find a range between approximately 75 to 90
      lb/ft.sub.3 is entirely practical, with the possibility that some
      applications may permit somewhat lower densities and others require
      somewhat higher densities.
PAR  It will readily be seen by referring to FIGS. 9 and 10 that in fabricating
      the gasket a pin mold, generally designated 52, may conveniently be used,
      comprising an upper mold half, generally designated 53, and a lower half,
      generally designated 54, with the upper mold half comprising a backup
      plate 55, a spring retainer plate 56, a high compression spring 57 located
      in the spring retainer plate, and a mold plate 58 into which a cavity 59
      is machined with a counterbore 60. A top setting plug 61 is adapted to
      travel in the cavity 59 against the force of spring 57. The groove 50 is
      machined into the face of the mold plate 58 to form the sealing bead 18 on
      the top face of the gasket.
PAR  The lower mold half 54 is constructed in a similar manner. Its components
      are a backup plate and pin retainer 62, a spring retainer plate 63, a high
      compression spring 64 located in the spring retainer plate, a mold plate
      65 having a bore 66 therein provided with a counterbore 67, and a bottom
      setting plug 68 which travels in the bore 66 under influence of the spring
      64. A pin 69 anchored in the backup plate 62 extends through the spring
      64, bottom setting plug 68, and, when the mold is fully open (not shown),
      the upper end of the pin is clear of the upper setting plug 61 so that the
      gasket components may be mounted on the pin. There are, of course, similar
      upstanding pins at other places on the mold to properly locate the gasket
      components on the mold.
PAR  It is apparent that by properly selecting the lengths of the setting plugs
      61 and 68 and the depths of the counterbores 60 and 67, it is possible to
      obtain a variety of conditions of densification of the bolt hole areas as
      well as variations of the relative levels between the densified bolt hole
      areas and the adjoining body portion of the gasket. For example, in the
      particular selection of mold components that are shown in FIGS. 9 and 10,
      the mold when it is closed against stops (not shown), under pressure and
      under appropriate heat conditions will simultaneously unite the gasket
      halves and bond them together with the cementitious material that is
      provided on the inner face of one or both of the two halves, and will
      densify the bolt hole areas to the extent that the level of the densified
      areas will be below the surface of the body portion. A typical
      below-surface dimension of the densified area would be on the order of
      about 0.005 inch per side with the body portion of the gasket at about 85
      lb/ft.sub.3 density. It is readily possible to provide a densified bolt
      hole area with the surface of the densified area above the surface of the
      part. Assuming that a densified area density of 140 lb/ft.sub.3 was needed
      for the example just cited, the difference can be readily obtained by
      simply increasing the thickness of the embedded steel washer for the
      application requiring above-surface gasket densification. Also, during the
      closing of the mold; compaction of the gasket halves will force the
      material into the grooves 50 and 51 to form the beads 42 and 43.
PAR  Since the molds are closed against stops (not shown) to a pre-determined
      distance between the mold plates 58 and 65, and since the semi-rigid
      asbestos board is capable in the unpressed condition of some considerable
      compaction and conformation, this permits the formation of distinct and
      uniform upstanding beads and densified bolt hole areas as above described,
      and precise gasket shapes and structures can be economically manufactured
      to satisfy the ever more stringent gasketing requirements, for example, in
      the automotive industry.
PAR  One of the major reasons by the semi-rigid asbestos board can be
      satisfactorily densified at the bolt hole areas and have upstanding beads
      formed on the top surface is because the asbestos fibers are relatively
      short for a board of this type and well split so they have relatively
      uniform very small diameters, with almost complete freedom from large
      clumps or spindles of unopened fibers. Clumps or very large diameter
      unopened fibers in narrow flanged parts make for non-uniform structures
      that definitely produce gasket "leakers."
PAR  The fibers in the particular sheet used are orientated to provide a board
      that is close to being square. For example, tensile strength which
      illustrates this point, when checked in the unpressed condition, runs
      approximately 550 PSI A,M.D., (across machine direction), and 700 PSI
      M.D., (machine direction) which is a ratio of 1.27:1.00. Were the sheet
      near square but with a substantially longer fiber, to yield for example
      2,000 PSI, and still in a very low binder sheet, it would be extremely
      difficult if not virtually impossible, to form the beads and densify the
      bolt hole area, or compact it enough with clamping bolt pressure, to close
      the voids for sealing. It will be noted in FIG. 1 that bead 18 is actually
      formed entirely through the highly densified bolt hole area, illustrating
      further how readily the system can be used to tailor a particular part to
      meet a particular set of conditions.
PAR  It is believed that the principal reason for the gasket's high performance
      in torque retention, namely 70 to 75% after being clamped between heavy
      ground steel blocks and torqued to the user's initial torques and heated
      for 24 hours at 650.degree.F, is the method of forming the gasket
      structure, as previously described. It will be understood that as the two
      halves, or blanks of the semi-rigid asbestos board, each of which is
      provided with the necessary die cuts and including the bolt holes, are
      placed in the mold with a cementitious material therebetween to form a
      laminate and with the metal washers placed between the blanks at the bolt
      hole areas, it is thereby possible when the mold is closed, to obtain the
      differential in densities and more particularly, the relatively high
      density that is needed for the bolt hole areas. It is this high density
      which produces the required physical property of good torque retention and
      this is obtained without sacrificing to any appreciable extent, the
      necessary thermal insulation in the bolt hole areas.
PAR  In the form of the gasket shown in FIGS. 1 and 2, it is generally
      contemplated that the bolt hole area will be coined either flush with the
      adjacent body or possibly a few thousandths below this level or a few
      thousandths above this level, so that when the gasket is in place between
      flanges to be clamped together, the relatively soft beads 18 will first be
      compressed to provide sealing and thereafter the flanges will be bolted
      tightly against the bolt hole areas, developing little or no compaction of
      the adjacent body portion. This has the effect of minimizing clamping
      flange deflection and distortion. The variables in structure, previously
      referred to as "tailoring" and as here described, are further enlarged due
      to the fact that the metal washer thickness can, at the same time, be
      varied to provide the degree of density needed for a particular carburetor
      assembly.
PAR  In FIG. 5, the fiber-reinforced elastomer packing 70 is an asbestos
      elastomer sheet and overlaps the washers 24 and 25, and during the
      fabrication of the gasket in the manner shown in FIGS. 9 and 10, the
      densified bolt hole area is formed with the recesses 26, which again may
      be on the order of 5 to 15 thousandths below the adjoining portions of the
      gasket. This thin cover sheet over the top of the steel washers may be of
      the same material as the gasket body or a high temperature fiber elastomer
      reinforced sheet. A suitable asbestos elastomer sheet packing would be
      that identified as No. A-56, obtainable from Raybestos-Manhattan.
PAR  A typical dimension for the form of the gasket shown in FIG. 7 might be to
      compress the gasket halves during formation of the unified gasket to the
      extent that the densified bolt hole area would have an overall thickness
      of 0.245 inch, the plateau area or main portion of the gasket body would
      have an overall thickness of 0.226 inch, with the beaded area having an
      overall thickness of 0.257 inch. This would mean that the densified bolt
      hole area would be 0.0095 inch above the main portion or plateau area of
      the gasket, while the beaded areas 42 and 43 would be 0.0155 inch above
      the main portion of the gasket. Also, this would mean that the beaded area
      was approximately 0.006 inch above the level of the densified bolt hole
      area.
PAR  The above, of course, is only by way of specific illustration, and the
      invention may be variously embodied with different relative dimensions
      between the bolt hole areas, the body portion and the beaded areas, if
      any. Another typical relationship might be where the gasket structure of
      FIGS. 1 through 3 inclusive has a body portion thickness (after compacting
      and in finished form) of 0.250 inch; the carbon seal washer 21 has a
      thickness of 0.080 inch, and inside diameter of 0.360 inch, and outside
      diameter of 0.620 inch; the bolt hole area is depressed, as shown at 22,
      from zero to 0.005 inch below the adjacent body portion of the gasket; and
      the bead 18 is 0.014 inch high and has a width of 0.065 inch. Again, this
      is but an illustration of specific relationships for a given application
      of the gasket structure.
PAR  For the form of the invention shown in FIGS. 4 and 5, the body portion of
      the gasket structure (i.e., exclusive of the densified bolt hole areas and
      the beaded areas) may have a density of approximately 65 to 85 lb/ft.sup.3
      ; the density in the bolt hole areas may ordinarily be from 20% to 100%
      higher than that in the body area, with 40% to 60% being more or less
      typical; and the beaded area, when beads such as 18 are used, has a
      density of approximately 1% to 15% less than that of the body portion of
      the gasket. The carbon steel washers 24 and 25 may be 0.025 inch thick,
      have an internal diameter of 0.341 inch and an outside diameter of 0.703
      inch; and the cover stock 70, if such is used, is desirably
      Raybestos-Manhattan No. A-56 and may have a nominal thickness of 0.020
      inch for each side of the gasket.
PAR  The semi-rigid asbestos board, preferably used in fabricating the gasket,
      is known by the trade designation of No. 651, as furnished by the Shufibre
      Division of Colonial Board Co., located in Manchester, Conn. It has a
      fiber length of approximately 3/16 to 1/16 inch, and held together by a
      high-temperature elastomeric binder comprising approximately from about 5%
      to 15% by weight of the total board.
PAR  The adhesive used for uniting the two halves of the gasket during
      fabrication is similar in character to the adhesive used in bushed and/or
      beaded gaskets described in the related applications hereinbefore
      identified.
PAR  Although, in most instances, the gasket will be formed by embedding the
      washer 21 between the two halves of the gasket, it is, of course, possible
      to use a single thickness of semi-rigid asbestos board when the steel
      washers are applied to the outer face of the gasket, as shown in FIGS. 4
      and 5.
PAC  MORE SPECIFICS AND TEST DATA
PAR  In order to withstand the rigorous requirements of high temperature use,
      meaning temperatures above that which are suitable for the type of heat
      insulating gasket disclosed in our prior U.S. Pat. No. 3,655,210, the
      basic structure and composition of the body section of the gasket is of
      great importance, with particular attention given to the effect that these
      higher temperatures referred to (on the order of 600.degree. F.) have on
      the sealing properties (being much more severe), as well as on the torque
      retention. Even the clamping bolts are affected in that this degree of
      temperature is approaching the critical point in the clamping bolts. We
      have found that by using an insulating chrysotile asbestos board --
      semi-rigid -- reinforced with high-temperature elastomer, having the
      property of being relatively non-hygroscopic when pressed and clamped
      between the clamping flanges in the assemblies described, we can
      satisfactorily provide exceptionally good sealing ability, heat
      durability, thermal insulation and with the above described densified bolt
      hole areas, exceptionally good torque retention. Obviously, other types of
      fibrous nonorganic boards having like properties could be used, i.e.,
      boards constituted from fiberglass and/or fiberglass blended with asbestos
      and having suitable high-temperature elastomer binders. We have found that
      the semi-rigid board designated as No. 651  made by Shufibre Div., of
      Colonial Board Co. is satisfactory for our purposes. This board, in
      addition to having the above-mentioned properties that are necessary in
      addition to other important physical properties, also has the capability
      of compaction and high conformation asbestos board herein described, after
      fabrication into the finished parts, including the molding operations, is
      a little fragile to the extent that in very narrow flanged areas, it can
      be broken when roughly handled, and the surface of the board, in both the
      beaded and unbeaded areas, can become scuffed in rough handling. To
      provide for this contingency, it is contemplated that the finished parts
      would be coated with a very light coating of high-temperature resin,
      having the characteristics of a thin varnish, by applying the coating to a
      thickness of 0.0003/0.0005 inch as optimum, although more or less coating
      may be applied to suit the particular circumstances. It is contemplated
      also that suitable release coatings may be applied to the part, as is
      common in the art.
PAR  We have found that by providing a semi-rigid asbestos board with relatively
      short uniform and well-opened fibers and with a high-temperature binder
      content of not more than 5 to 15% by weight, and by using the metal washer
      in the densified areas of the gasket as hereinbefore described, we can
      obtain performance characteristics that readily adapt to the rigorous
      requirements for a gasket that must operate in temperatures well above
      450.degree. F recorded in an operating assembly, as previously described.
      For example, using the No. 651 material, and fabricating a gasket with the
      following dimensions and specifications, a Single Bbl. Gasket was tested,
      with the following particulars:
PAR  The torque retention at the clamping bolts was approximately 70 to 75%, as
      opposed to 30 to 35%, with the use of the steel washers and coining to
      densify the bolt hole area. The Leak-Drop (Vacuum Sealing) characteristics
      were quite satisfactory before and after the 22-hour exposure to heat of
      650.degree.F in a clamped position. The condition of the gasket, after
      removal, exclusive of some considerable discloration, was exceptional in
      that there had been no significant effect from the heat soak, with not
      over 5% loss in strength. It is important to recognize that the
      compressibility of a particular gasket is selected and must be tailored to
      meet the conformation requirements of a particular assembly. The other
      physical properties, such as Fluid Immersions, help identify the
      properties of the product that works and serve as a partial guideline only
      to performance.
PAR  The gasket structures shown in FIGS. 11 and 12 illustrate the versatility
      of the system, which permits very practical and simple tailoring of the
      gasket structures to accommodate the multiplicity of conditions that need
      to be met in carburetor mountings and assemblies in the automotive
      industry. These gasket forms represent further modification from those
      illustrated in FIGS. 7 and 8 including relatively thicker steel washers
      35a embedded between the gasket layers.
PAR  FIG. 11 shows an embedded steel washer with the coined area of the gasket
      directly over the washer flush with the top and bottom surfaces of the
      gasket body. While shown in a gasket structure without beads this feature
      can be employed in a gasket with beads as well as the one made without
      beads. The density of the gasket body would be set to provide for enough
      compression and compaction to obtain and maintain a seal with the
      available clamping torque. In this construction the gasket, when clamped
      would be a little thinner than the starting thickness but with the bolt
      area already substantially densified due to the embedded steel washer,
      which can be selected to suit the required condition.
PAR  FIG. 12 repesents another variation which is not necessarily intended as an
      air-gapped variation. This variation resulted from studies made in
      developing a particular gasket structure for one of the automotive
      companies involving a single Bbl carburetor (IFC), where the throttle body
      in this installation was such a light structure with only two clamping
      bolts initially, but which necessitated the use of more bolts eventually,
      and wherein the clamp load was so lacking in uniformity that the slightest
      pressure would bend, or deflect the throttle body. After considerable
      development work and experimentation, which included study of the actual
      deflection on the throttle body, it was found that by increasing the
      thickness of the embedded steel washers from 0.080 to 0.095 inch and
      inverting the coined areas to provide a boss on either side of the gasket,
      in the particular gasket material used, it was possible to minimize the
      amount of deflection by several thousandths of an inch. As an illustration
      of just how sensitive and delicate some of the conditions can be the
      bosses around the bolt holes were set at 0.008/0.010 inch on one side and
      at 0.012/0.014 inch on the second bolt. These factors are described herein
      to lend emphasis to the fact that the structural features of the present
      gasket are such that it can readily be tailored for any requirements to
      accommodate what, in effect, is a series of specific requirements for each
      of a host of parts and wherein it is possible to do so with practical
      economics when the gasket goes into production. This helps to demonstrate
      the practical way of densifying the gasket material around the bolt holes
      by the use of embedded steel washers inserted between the layers of the
      gasket material.
PAR  Other relevant tests are as follows:
PAC  LEAK DROP TESTING AT ROOM TEMPERATURE AT 20 FT.-LB. TORQUE (in 30 sec.)
PAR  In this test a gasket made in accordance with this invention and having a
      body density (as distinguished from the bolt hole areas and the beaded
      areas) of 85 lb/ft.sup.3 was tested against a gasket of the type shown in
      our earlier U.S. Pat. No. 3,655,210. The testing method involved the use
      of heavy ground steel blocks with the insulator gasket torqued
      therebetween to 20 ft-lb. using production type 3/8 inch diameter machine
      bolts. One of the clamping steel blocks was drilled to accept a pipe
      fitting. Using a small vacuum pump controlled with valving and a manometer
      to record actual negative pressure, a vacuum was pulled to various inches
      of mercury, at which point the line leading to the vacuum is valved off.
      Then using a stop watch, the drop in vacuum is observed at the end of 30
      seconds with a total chamber volume of approximately 100cc. The chamber
      volume is the total volume between the clamping blocks (gasket bore) and
      the piping up the shut-off valve. With this arrangement, the following
      results were obtained.
TBL  ______________________________________                                    
                   Test Sample      Comparison                                 
     Vacuum in Chamber                                                         
                   Using No.651     Sample                                     
     18"Hg Internal Vac.                                                       
                   Material with Density                                       
                                    (per Pat.                                  
                   85 lb/ft.sup.3   3,655,210)                                 
     ______________________________________                                    
     18"Hg Internal Vac.                                                       
                   3.75             (3.15)                                     
     20"Hg         4.15             (4.10)                                     
     22"Hg         4.65             (4.50)                                     
     24"Hg         5.15             (5.0 )                                     
     ______________________________________                                    
PAR  The above test method is one of many that can be used for testing seal
      against vacuum, but it does demonstrate that the type of gasket herein
      disclosed and claimed, using No. 651 material or similar material, is very
      close in performance to the earlier type heat insulating gaskets which
      have been satisfactorily used extensively in engines having lower
      temperature parameters.
PAC  HEAT DURABILITY AND TORQUE RETENTION
PAR  In this test, the test specimens made according to this invention and
      employing the No. 651 material with the buried washer in the bolt hole
      area is placed between ground carbon steel blocks approximately 9/16 inch
      thick using production machine bolts 3/8 inch in diameter and torqued to
      20ft-lb. The test assembly is placed on a large electric hot plate with a
      metal hood over it, holes are drilled in the top and bottom plate to
      accommodate the thermocouple probe, which is inserted. The hot plate, in
      turn, is adjusted to hold a temperature of 650.degree.F., plus or minus
      8.degree. , and the specimen is allowed to soak at this temperature for 22
      hours. Following the soak period, torque is checked in a tightening
      direction after cooling, and it was found that the torque retention was on
      the order of 70% to 75%, which is highly acceptable for this gasket
      application. When the same specimen was similarly treated, but with the
      metal washer 21 eliminated, (this resulted in the bolt hole area density
      the same as the gasket body density namely 85 lb/ft.sup.3) the torque
      retention was only on the order of 30% to 35%.
PAR  The test samples showed approximately a 5% loss in strength through
      flexing, which also is acceptable. There was some discoloration of the
      part half way up from the hot side, due to the binder. Specimens that had
      been checked for vacuum drop results, without the above described heat
      soak treatment, gave about the same results as specimens that were
      subjected to the heat soak cycle.
PAC  TEST CAR RESULTS
PAR  The test car employed was a 1971 four-door Impala with three-speed
      hydramatic transmission and air conditioning and a large RPD two barrel
      carburetor.
PAR  The test car instumentation included temperature probes at the fuel bowl,
      throttle body, intake manifold, engine block and crankcase, with a dial
      switch to indicate temperatures.
PAR  Three different gaskets made in accordance with the present invention, as
      embodied in FIGS. 1-3 inclusive, were installed with the three samples
      having body portion densities of 80, 85 and 90, respectively, and each
      were removed after 500 miles of testing. These gaskets did not, however,
      have beads to the thicknesses indicated.
PAR  The results of the tests were as follows:
TBL  Description   No.651   Density (lb/ft.sup.3)                              
                 80     85         90                                          
     ______________________________________                                    
     Initial Thickness                                                         
                   .220     .215       .199                                    
     After 500+ miles                                                          
                   .211     .211       .196                                    
     Difference    .009     .004       .003                                    
     % Set         4.0      2.0        1.5                                     
     Off-Torque    75.0     82.5       83.5                                    
     Weepage       No       No         No                                      
     MPG           14/15    14/15      14/15                                   
     Peak Fuel Bowl .degree.F                                                  
                   162      167        157                                     
     Outside Temp. .degree.F                                                   
                   47       50         40                                      
     K Factor(BTU-In                                                           
     Ft.sup.2 /Hr./.degree.F)                                                  
                   1.50/1.76                                                   
                            1.69/1.99  1.70/1.82                               
     Fuel Bowl Temp. Rise                                                      
                   82.degree.F                                                 
                            109.degree.F                                       
                                       123.degree.F                            
     ______________________________________                                    
PAR  There are several comments that should be made with respect to the above
      test results:
PAR  a. The off-torque percentage was determined in a tightening direction;
PAR  b. The peak fuel bowl temperature obtained on a particular day with the
      hood closed, and with the outside temperature being as indicated in the
      chart above, was the highest temperature recorded by the probe after the
      engine had been shut down, and before it ultimately started to cool down
      standing outside. This peak temperature was reached within 50 minutes
      after the engine shut-off; and
PAR  c. The K factor test was conducted by an independent laboratory using
      CencoFitch apparatus with a clamp load of 50 PSI at 212.degree.F. The K
      factor of currently used insulator gaskets of the type disclosed in our
      prior U.S. Pat. No. 3,655,210 ranges from approximately 1.0 to 1.25.
PAR  In the above chart, the fuel bowl temperature rise is the difference
      between the peak fuel bowl temperature referred to above and the maximum
      reached in the fuel bowl while the car was being driven at speeds of
      roughly 65 to 75 miles per hour.
PAC  FLUID IMMERSION FOR 22 HOURS AT ROOM TEMPERATURE
PAR  Thickness of test specimens in these tests was approximately 0.215 inch as
      this thickness was picked because the actual thicknesses being used range
      from approximately 0.090 inch to approximately 0.250 inch (a few
      applications run approximately 0.300 inch). This thickness was picked to
      provide a fairly representative thickness for test purposes.
PAR  In respect to sealability, a thickness of 0.130 inch was selected as this
      is the nominal thickness of the quad throttle body to bowl gasket. The
      sealability requirement in the specifications is most important, and the
      test conducted with this thickness provides information more significant
      than tests run in a heavier thickness.
PAR  The test results for the other properties are comparable with currently
      used insulator type material, (like that used in our earlier U.S. Pat. No.
      3,655,210) as used for the Chevrolet Div. Throttle body to manifold gasket
      for the Quadrajet carburetor. The test results are as follows:
TBL                          Density                                           
                             85                                                
     ______________________________________                                    
     A.S.T.M. Fuel B                                                           
      Thickness Change %       7.0                                             
      Weight Change %          31.2                                            
     A.S.T.M. No. 3 Oil                                                        
      Thickness Change %       5.1                                             
      Weight Change %          35.8                                            
     Distilled Water                                                           
      Thickness Change %       8.7                                             
      Weight Change %          33.5                                            
     COMPRESSIBILITY AT 5,000 PSI                                              
      As Received              18.2                                            
      Cond. Type 1             15.9                                            
     RECOVERY                                                                  
      As Received              57.3                                            
      Cond. Type 1             60.6                                            
     SEALABILITY AT 1,000 PSI  26.6                                            
     ______________________________________                                    
PAC  SUMMARY
PAC  Fabrication, Design and Handling Properties
PAR  The No. 651 Broad being a semi-rigid asbestos board bonded with a
      relatively low percentage of high-temp elastomeric binder, fabricates in
      substantially the same manner as the conventional products referred to in
      the above patent. One property that shows particularly improved
      performance is that the board in its fabricated form, appears to be
      capable of providing surface sealing without the necessity for asbestos
      elastomer linings such as those currently being used. The beading
      properties appear to be feasible without requiring liners. The principal
      purpose of the upstanding bead is to provide, when required, a structure
      that can overcome out-of-flatness and/or rough finish and seal with
      minimum deflection of the bendable flanges.
PAR  After experimenting with numerous bead shapes, the rounded bead shape has
      been found to be the most practical. The bead width, depending on
      available flange width, should be in the range of 0.040/0.080 inch with an
      approximate height of 0.007/0.020 inch. Substantial numbers of gaskets
      manufactured by applicants assignee, at present, use phenolic asbestos
      bushings at the bolt holes to minimize and control deflection, and at the
      same time provide high torque retention to secure the assembly of the
      part. These reinforcing bushings are currently formed in the gaskets as
      the parts are made, in which process the bushing develops both a friction
      and fused fit for bushing securement. The asbestos phenolic bushings are
      suitable for clamped up temperature installations at about 450.degree.F.
      Where it becomes necessary to provide bolt hole reinforcement at temps
      beyond 450.degree.F., the embedded steel washers of this invention raise
      the density directly over the surface of the washers to a range of 130/140
      lb/ft.sup.3 which, in turn, raises the torque retention, as developed from
      the foregoing tests at 650.degree.F. from approximately 35% to 75%.
PAR  This method of reinforcement provides a practical, workable arrangement
      since the steel washer thickness can be varied. In a gasket requiring an
      upstanding bead, this design with the embedded steel washers can include a
      bead running 0.060 inch from the edge of the bolt hole directly through
      the coined area. The density of the upstanding bead will be directly
      proportional to the density of the body portion from which the bead is
      formed and where the bead passes through the coined area, the bead height
      to be formed can be the same height or a lesser height, depending on what
      is necessary with the available strength and clamp load.
PAR  The fact that the semi-rigid asbestos board sheet from which the present
      gasket is formed is structured from relatively short asbestos fibers to
      provide uniformity of structure and with a minimum amount of reinforcing
      binder to gain maximum heat resistance, provides a sheet that is less
      resistant to scuffing but a protective skin of covering may be provided
      which can take the form of a very thin tough coating that will withstand
      rough handling without damage. As indicated in the structure shown in FIG.
      5 utilizing coating 70 or a high temperature resin coating as referred to
      herein before. This surface condition becomes particularly important where
      the part is beaded and/or the seal is dependent more or less entirely on
      the bead. This coating may have a thickness of approximately 0.0003/0.0005
      inch keeping it very thin. The coating, may also incorporate, if required,
      anti-stick properties by including with the coating a light coating such
      as colloidal graphite.
PAR  It is known from prior experience that by using the gasket construction of
      FIG. 7, wherein air gaps 48 separate the core material of the gasket from
      the clamping flanges, the heat insulating value of the gasket as a whole
      may be substantially enhanced.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of making a high temperature gasket from semi-rigid asbestos
      board or the like which consists in taking two or more semi-rigid asbestos
      board blanks, having a plurality of bolt holes therethrough, placing one
      above the other with the bolt holes aligned and interposing between the
      two, a high temperature resistance adhesive and a metal washer at each of
      said bolt holes, and then compacting the laminate whereby the density of
      the semi-rigid asbestos board blanks is increased and the density of the
      blanks in the bolt hole areas is increased even more due to the
      interposition of the metal washer.
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ABST
PAL  An improved method and apparatus for bonding plastic materials includes
      placement of minute particles at the interface, either between the
      interface surfaces or within one or both of the interface materials. A
      particle-moving field, such as an alternating magnetic field where
      magnetic particles are employed, is created across the interface to
      directly and correspondingly impress the alternating magnetic field on the
      magnetic particles while the interface is in a generally movable or
      yielding state. The magnetic particles, either as a result of
      premagnetization or in response to the impressed magnetic field, form
      individual magnets which move to align themselves with the impressed field
      in accordance with the direction of the relative polarizations. The
      alternating magnetic field continuously moves the particles and by proper
      orientation causes them to oscillate, rotate or otherwise move within the
      fluid interface material to move and intermix the plastic material and
      thereby produce an improved interface bond between the materials. The
      agitation may also create a mechanical interlocking of the materials even
      though fusion may not be created. The magnetic particles may be selected
      to also respond to a radio-frequency magnetic field to rapidly generate
      heat and thus simultaneously create the fluid material at the interface
      with the material agitation. The magnetic particles may further include
      particles to reduce the reluctance of the flux path to increase the
      magnetic intensity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved bonding method and apparatus
      and particularly to such a method and apparatus for fusing two adjoining
      plastic surfaces.
PAR  Plastic materials have found widely varying applications both as basic
      structural elements and as accessory elements such as coverings or
      enclosures of a rigid or a flexible plastic for packaging of other
      elements and the like. Thermoplastic materials of similar as well as many
      that have dissimilar characteristics can be permanently connected through
      the heating of the interface of a critical temperature and applying an
      appropriate pressure with the heat at the critical temperature. A
      particularly satisfactory method and system is shown in U.S. Pat. No.
      3,574,031 to Heller et al. As more fully disclosed therein, discrete
      susceptor particles are introduced into the fusion area and subjected to a
      high-frequency magnetic induction field, generally in the radio-frequency
      range. The plastic material immediately adjacent to the particles is
      converted to a fluid state, either a liquid or at least a softened
      flowable state, as a result of the heat generated in the particles as
      such. By the proper control of various parameters, the flowing condition
      of the plastic is accurately controlled and produces a highly satisfactory
      fusion bond or weld at the interface of the surfaces. As further disclosed
      therein, the susceptor particles may be disposed directly upon the
      surfaces to be joined or supported within an intermediate bond agent or
      layer interposed between two opposed substrates. The particles may also be
      embedded directly within one or both of the surfaces to be joined. As
      particularly disclosed in the above patent and others held by present
      assignee, the use of the discrete particles does produce a highly
      satisfactory and novel method of heating and of sealing thermoplastic
      members. However, as also pointed out in such art, the creation of an
      effective and firm bond between plastic materials requires consideration
      of many parameters including control of the proper temperature, proper
      pressures and, in particular, control of the heat location. Further, the
      joining of certain different particular plastics is extremely difficult
      because of the different sealing characteristics--thus, a particular
      optimum heat, pressure and time for the plastic of the one element may not
      be the same for the plastic of the second element. Although an
      intermediate bonding agent may contribute to an improved bond because of
      characteristics more compatible with the two different plastics, the
      results have not been considered highly satisfactory in many cases.
PAC  SUMMARY OF THE PRESEENT INVENTION
PAR  The present invention is particularly directed to an improved method and
      apparatus for bonding plastic materials and the like generally by such
      fusion processes. Generally, in accordance with the present invention, the
      bonding surfaces are agitated or moved relative to each other to enhance
      the bonding action. In accordance with an important and unique concept and
      teaching of the present invention, the bonding interfaces are agitated by
      a forced movement of minute interface particles as a result of an
      impressed energy field with a corresponding movement of the plastic
      material to improve the interaction between the two surfaces while they
      are in the intermediate fluid or movable bonding condition. The agitation
      contributes to the intermixing at the interface with improved wetting
      characteristic and increases the strength of the bond between the joining
      surfaces. In a particularly novel feature and aspect of the present
      invention, at least one of the interfaces is formed with magnetic
      particles which are capable of forming magnets such for example as those
      disclosed in U.S. Pat. No. 3,665,856 which relates to an electric field
      printing method or U.S. Pat. No. 3,526,708 which relates to a magnetic
      printing method. In accordance with the teaching of the present invention,
      a magnetic field source means is applied to the interface surfaces to
      directly and correspondingly impress a magnetic field on the magnetic
      particles while the interface is in the fluid joining state. The magnetic
      field source means is in accordance with one aspect of this invention
      operated to shift the line of direction of the magnetic field polarization
      relative to the bonding surfaces. The magnetic particles, either as a
      result of premagnetization or in response to the impressed magnetic field,
      are individual magnets and will tend to align themselves in a given
      direction within the impressed field in accordance with the direction of
      polarization. Each time the field direction changes, the particles tend to
      rotate or reorient in the required direction in order to again align
      themselves in a corresponding relative direction in the impressed field.
      Alternatively, if the bonding material is an elastic nature, a pulsed
      magnetic field may periodically move the particles with a stressing of the
      material which acts to return the particles between pulses. The moving
      impressed magnetic field will thus continuously move the particles and by
      proper orientation cuase them to move back-and-forth within the fluid
      interface. The resulting particle agitation will move and intermix the
      plastic material to produce a desired increased interface bond strength.
      The agitation generating magnetic field is preferably a relatively
      low-frequency alternating field impressed directly across the interface.
PAR  The present invention may with particular advantage employ a complex
      magnetic field having the combination of an audio-or similar low-frequency
      agitation field component and a radio-or similar high-frequency
      heat-generating field component. Thus, with magnetic particles of the
      character disclosed in U.S. Pat. No. 3,574,031 and the like to form
      susceptor particles, the radio-frequency field component will interact
      thereon to rapidly generate heat and in a very controlled manner within
      the interface area. The audio-frequency magnetic field component will vary
      at a relatively slower rate and operate directly on the magnetic particles
      as described above.
PAR  The shape of particles may affect the agitation and for improved results in
      the present invention may be formed as individual needle-like or acicular
      shaped elements. Such a particle will tend to align itself with the
      principal or long axis perpendicular to the interface and in oscillating
      back-and-forth provide a high degree of agitation. Further, such
      needle-like or elongated shapes readily become magnetized to a
      semi-permanent magnet in the appropriate low-frequency magnetic field.
PAR  Further, the agitation of such particles should contribute to the fusion
      bonding not only in intermixing of the material but may also introduce a
      mechanical interlocking of the material even though fusion may not be
      created at a particular interface. This will further contribute to the
      bond strength at the interface, and is particularly desirable in the
      presence of surfaces having different optimum bonding characteristics.
PAR  The particles may be a combination of different types to provide different
      functions for promoting of an improved bond. Thus, some of the particles
      may have a characteristic to produce polarization for alignment with the
      low-frequency field and others may function as a heat source as a result
      of the high-frequency field or impressed energy field while still further
      particles may be introduced to reduce the reluctance of the flux path with
      an increased magnetic intensity at the interface. The single type particle
      producing the dual functioning of heat and agitation may be desirable in
      producing optimum heat location for promoting a better flowable condition
      of the particles. The simultaneous impressing of the relatively
      low-frequency mixing field and high-frequency heating field which produces
      the simultaneous interrelated action would appear to provide maximum
      response and characteristic and is therefore particularly useful as the
      bonding method in high speed, commercial production processes.
PAR  In carrying out the present invention, either one or both of the surfaces
      to be joined may be appropriately provided with the desired magnetic
      particles. Alternatively, a separate carrier agent or element may be
      provided and interposed between the surfaces which are to be joined. This
      may be particularly desirable where the surfaces to be joined have
      significantly incompatible bonding characteristic. Further, as a practical
      matter, the carrier bonding element can be readily mass produced as a
      rigid or flexible element which is readily applied as an interface layer
      between other preformed elements to be bonded to each other. The carrier
      bonding element may of course also be printed or otherwise coated on the
      substrate or surface, or dry powder and resin particles may be applied by
      electrostatic coating techniques and the like.
PAR  The present invention thus provides a highly improved bonding method and
      apparatus which can be readily applies to various structures, processes
      and devices. Although the several parameters normally carefully selected
      and controlled remain highly significant, they do not have the same
      critical significance in order to obtain a selected strength.
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PAC  DESCRIPTION OF THE DRAWING
PAR  The drawing furnished herewith illustrates the best mode presently
      contemplated for carrying out the invention and described hereinafter.
PAR  In the drawing:
PAR  FIG. 1 is a diagrammatic illustration of apparatus illustrating the method
      for bonding of a pair of superimposed plastic layer in accordance with the
      present invention;
PAR  FIG. 2 is a substantially enlarged view of a portion of the stacked
      elements of FIG. 1 and illustrating one construction in accordance with
      the teaching of the present invention;
PAR  FIGS. 3 through 8 are similar sequential views illustrating an ideal
      characteristic interaction to be obtained with the method and apparatus of
      the present invention;
PAR  FIG. 9 illustrates an alternative apparatus and method without the use of
      an intermediate bonding element or layer for joining of a pair of surfaces
     .
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring to the drawing and particularly to FIG. 1 the present invention
      is illustrated in an apparatus to form a connection between a pair of
      overlapped substrates 1 and 2 which at least include a heat softenable
      material such as thermoplastic surfaces at the interface. An intermediate
      bonding element 3 is interposed between the overlapping interfaces to be
      joined and is especially constructed in accordance with the teaching of
      the present invention of a plastic base 4 and interacting particles 5 to
      provide a highly improved fusion bond to the two substrates 1 and 2 and
      thereby firmly connect the substrates to each other. The substrates 1 and
      2 are formed to a desired intermediate or final configuration; for
      example, strip elements having overlapped edges which are to be
      interconnected. The bonding layer 3 is formed of a configuration and
      shaped correspondingly to the desired bonded interface area and is
      appropriately located between substrates 1 and 2. The stacked elements 1 -
      3, as diagrammatically illustrated in a simplified form in FIG. 1 and 2,
      are mounted within a heating and clamping assembly 6 for joining of the
      substrates 1 and 2 by fusion bonding to the layer 3. The structure
      illustrated is shown in simplified form for purposes of clearly
      illustrating the significant aspects of the present invention, and as
      subsequently noted many various forms of apparatus may be employed in a
      practical installation. For example, the substrates might be moving
      through the coil assembly with a pressure means to maintain a force during
      the cooling of the bonded surfaces. The illustrated assembly 6 includes
      magnetic field generating means comprising upper and lower coil units 7
      and 8 located to the opposite sides of the superimposed elements 1 - 3.
      The coil units 7 and 8 are shown wound on suitable magnetic coil forms 9
      and 10 and are connected to a suitable radio-frequency generating source
      11 which preferably produces a radio-frequency energy. When employing
      particles such as disclosed in the U.S. Pat. No. 3,574,031, the source
      preferably provides an output in the megacycle frequency range which has
      of course been found to be particularly operable. In addition, a second
      magnetic field means superimposes a relatively low-frequency field on the
      high-frequency field. In the illustrated embodiment of the invention, the
      second field means includes a pair of magnetizing coil units 12 and 13
      located with one coil unit 12 above and one coil unit 13 below the
      radio-frequency source coil units 7 and 8. The coil units 12 and 13 are
      connected to a suitable relatively low-frequency generating source 14
      producing energy in the audio-frequency range and which will typically
      operate in the frequency range of 1,000 to 10,000 hertz. The simultaneous
      energization of the coil units 7 and 8, 12 and 13 simultaneously generates
      and impresses the two magnetic fields and particularly throughout the
      bonding interfaces defined by the intermediate bonding agent or element 3.
      Although shown and described as coil units, any suitable transducer means
      can of course be employed.
PAR  The coil units 12 and 13 may be wound on the common coil forms 9 and 10
      which are shown relatively movable to also apply bonding pressure along
      the bonding interface. The coil forms will normally be formed of a low
      loss material to prevent heating and the like where the radio-frequency
      heating energy is provided. Thus, although pole members might be desirable
      to channel or concentrate the audio power, the radio-frequency energy
      would generally severely limit any useful or practical life of known
      coils. Further, although a dual coil construction provides coils to
      opposite sides of the work area, a single coil system might also be
      employed.
PAR  In accordance with the teaching of the present invention, the intermediate
      bonding agent or element 3 includes a thermoplastic carrier or base 4
      which is compatible and fusible with the opposite substrates 1 and 2 and
      will provide a reliable fusion bond therewith in the presence of a proper
      heating of the interface. In accordance with the illustrated embodiment of
      the present invention the bonding agent 3 also includes the plurality of
      distributed particles 5 which are especially selected to respond to the
      high-frequency magnetic field to form heat centers or sources and to the
      relatively low-frequency magnetic field to form magnetic elements which
      move into polarized alignment with the impressed relatively low-frequency
      field. The particles may be prepolarized as small permanent magnets or
      form semipermanent magnets as a result of the impressed magnetic field.
PAR  More particularly, the radio-frequency field of coils 7 and 8 applied to
      the magnetic particles generates heat at the interface providing the
      controlled transformation at the interface of the surfaces to a flowing or
      moving molten state thereby providing for the known fusion bonding
      phenomena. This result is fully set forth for example, in the previously
      referred to U.S. Pat. No. 3,574,031, as a result of the hysteresis type
      heat generation. However, when employing particles as a heat source, the
      usual eddy current phenomena may also be employed by selection of
      appropriate conductive and generally larger particles. The radio-frequency
      magnetic field, particularly when employing the megahertz range, changes
      so rapidly that the particles remain essentially fixed within the carrier.
PAR  The frequency of the second magnetic field is such that it will not
      generally produce significant heating, particularly with the nonconductive
      magnetic particles. The relatively lower frequency magnetic field applied
      to the particles, however, results in movement of such particles 5 to
      effect an agitation of the heated, flowable interface material 1, 2 and 3
      to thereby contribute to an effective bonding thereat. Referring
      particularly to the enlarged sectional fragmentary views of FIGS. 3 - 8, a
      single particle 5 is illustrated at the interface of the substrate 1 and
      the bonding agent 3. For purposes of discussing the apparent functions of
      the described embodiment, FIGS. 3 - 8 show an idealized condition for a
      single, needle-like particle 5 located adjacent to and parallel with the
      interface at the initial point or start of analysis. Assume that a
      particle 5 has been prepolarized or had assumed the illustrated
      polarization with the north pole 15 to the right end and the south pole 16
      to the left end of the illustrated particle. When the polarity of the
      audio-frequency magnetic field produces a south pole 17 to the top side of
      the assembly and a north pole 18 to the opposite side, the particle 5 will
      tend to rotate to align itself with the impressed field as a result of the
      well-known attraction of unlike magnetic poles and repulsion of like or
      the same magnetic poles. As the field increases in this direction, the
      particle 5 will continue to move or rotate and in an optimum state,
      rotates as shown in FIGS. 4 and 5 to align itself with the field. In so
      moving, the particle 5 moves through the plastic material of elements 1
      and agent 3. The softened material will, of course, flow about the
      particle 5. Depending upon the fluid state, and the rate of particle
      movement, a slight void or gap 19 may develop to the trailing face or edge
      of the particle. When the energization of coils 12 and 13 reverses as a
      result of the opposite half cycle output of the source 14 the impressed
      poles are reversed, as shown in FIGS. 6 - 8. The particle 5 will tend to
      continue to rotate in the same direction, or reverse rotation, as shown in
      FIGS. 6 - 8, to the initial position and therefrom to a reverse position
      across the interface. The softened material of substrate 1 and agent 3
      will, of course, flow about the particle 5. As the particle 5 rotates, the
      softened material on the leading face of the particle is driven or forced
      to move and portions of the two materials will tend to be carried into the
      opposite element as shown in FIGS. 7 and 8 by the materials 20 and 21.
      Upon another reversal of the audio-frequency field to the initial assumed
      polarity, the particle again rotates in the same or opposite direction
      providing further movement and agitation of the material.
PAR  Thus the audio-frequency field will tend to continuously move or oscillate
      the particles 5, which will continuously agitate and intermix the two
      materials thereby improving the wetting and bonding characteristics of the
      softened or fluid interface. The agitation should also tend to move
      surface contaminents into the interior of the materials and present
      cleaner surfaces at the interface to further promote better joining of the
      materials. Further, the agitation may move the particles from one
      substrate to the adjoining substrate. The intermixed materials at the
      interface by appropriate agitation will often permit development of a
      transition zone with a gradual transition from the one substrate or
      material to the second substrate or material with an improved joining of
      the substrates. Thus, the improved wetting and mixing may even permit
      joining of plastics which have generally been considered incompatible for
      normal fusion bonding.
PAR  Further, the magnetized particle action in carrying of the materials along
      the face or ends of the particle may produce a mechanical interlocking
      where the material continues as an extension from one layer to another as
      well as aadding to the general fusion action; thereby further contributing
      to the bonding characteristic and strength. If the particle movement is
      quite rapid, a void may develop behind the particle. Generally, the
      magnetic particles will be appropriately wetted by the plastic material
      which might be provided by addition of chemical additions such as silane
      and voids should not be generated in any significant degree. Thus, voids,
      air pockets and the like foamy type interface structures will usually not
      be desired in order to produce a maximum bond. If the particle should
      terminate in a position such as in FIG. 7, the softened material behind
      the particle would tend to flow to fill the slight gaps or voids 19. This
      would also provide a mechanical joint between the materials of substrate 1
      and agent 3 as at 22. The character of a void may, of course, vary and
      might be of an hourglass shape such that material flowing into the void
      would produce a tongue and groove connection. The illustrated interlocks
      have been shown in very simple form for purposes of explanation. In
      practice much more complex mechanical interlocks can be anticipated.
PAR  From a review of the idealized characteristic shown in FIGS. 3 - 8, the
      physical configuration of the particles may affect the agitation
      characteristic. Smooth spherical members tend to oscillate within the
      plastic material with minimum agitation whereas particles which are
      elongated needle-like members or elements will tend to produce greater
      agitation characteristics, and those of greatest length should have
      maximum twisting torque. However, when employing the heating particles as
      described above, the particle size is relatively small to prevent hot
      spots. Further, if the particles 5 have relatively roughened surfaces,
      such as shown in FIG. 2, the protrusions may further contribute to the
      movement of the softened material to produce a highly improved agitation
      and interlocking.
PAR  Generally, as noted previously, the radio-frequency field for generating
      heat in the particles will be above 10,000 hertz and will normally be of
      the order of 100,000 hertz or above, and preferably substantially above
      that and generally in the megahertz range where the ferromagnetic
      particles of the previous Heller patent are used. The audio-frequency
      range for generating particle movement will typically be in a range of
      about 60 to 10,000 hertz in order to permit the desired movement of the
      particles. The particles 5 in turn will be selected to produce optimum
      results and may be of any desired construction and material which will
      respond to the magnetic fields to produce the desired functioning. The
      relationship between frequency range and particle would not appear to be
      critical.
PAR  One illustrative example of constructing the intermediate bonding element
      or agent 3 would be milling approximately 20% by weight of gamma iron
      oxide (FE.sub.2 O.sub.3), magnetic iron (Fe.sub.3 O.sub.4) or like
      particles into the bonding carrier 4 while the latter is in a heat
      softened condition. Generally, useful heating has been obtained in the
      prior art by employing between 2% and 50% by weight. Such forming
      processes have been employed in the addition of such particles to material
      for the high-frequency bonding concept. The longest dimension of the
      iron-oxide heat-generating particles 5, as in such art, is typically
      within the range of submicron to 20 microns. However, as previously noted,
      particles of magnetic metal alloy which generate heat as a result of eddy
      currents may also be employed. Such particles may be several hundred
      microns. The smaller nonconductive particles are desirable in distributing
      the heated areas completely over the interface and thus assuring a more
      complete interface bonding. The larger particles may tend to heat somewhat
      more quickly and as a result of the size provide stronger localized
      mechanical forces. However, the large particles might, of course, also
      create localized rather than a continuous interface bond which is promoted
      by the smaller nonconductive particles.
PAR  The intermediate bonding element 3 is particularly desirable in those
      applications where it is desired to provide an intermediate layer for any
      reason such as simplification of the addition of the particles, or the
      like. The bonding element 3 is also highly significant where the
      substrates have such different fusion characteristic that they will not
      readily directly fuse to each other. The intermediate element 3 is then
      formed with a carrier material 4 which does bond to each of the substrates
      and thereby produces a highly desirable connection between the substrates.
PAR  For optimum results, pressure is preferably applied simultaneously with the
      application of the magnetic fields to simultaneously produce the bonding
      pressure and the agitation. Improved results will, of course, also be
      obtained as the result of the agitated interface even though the bonding
      pressure is applied immediately following the application of the magnetic
      fields and while the intermixed material is in the molten or fusing state.
      For example, if a continuous bond is to be effected along the edges of
      elongated overlapped layers, the edges can be progressively passed through
      the magnetic field sources and then through suitable pressure applying
      devices such as a pair squeeze, rollers, not shown, located immediately
      downstream of the discharge end of the high-frequency magnetic field
      means. Further, the interface may be brought to the appropriate movable
      state and then passed through an agitation field means. The in-line
      processing would be desirable in order to permit separation of the field
      pole structure. However, in the sequential step processing of the bond
      areas, the relative minute heat generation particles and the rapid loss or
      transfer of heat to the surrounding relatively cool material may call for
      only a short elapsed time between steps.
PAR  Where the material of elements to be interconnected are readily compatible
      and where one, or both of the elements, can be formed directly with the
      particles located in the interface area, the intermediate bonding element
      or layer 3 may, of course, be so eliminated; for example, such as shown in
      FIG. 9. The application of FIG. 9 is similar to that disclosed in the
      copending application of Alfred F. Leatherman entitled FABRICATING METHOD
      AND ARTICLE FORMED THEREBY, Ser. No. 363,177, filed May 22, 1973, where a
      plug type insert 23 is to be secured within the end of a tube member 24.
      The small insert member 23 is preformed with appropriate particles 25
      dispersed throughout the member 23. The preformed member 23 is located
      within the end of member 24. A coil unil 26 is located about the
      overlapped area and an audio-frequency source 27 and a radio-frequency
      source 28 are connected in series to the coil unit 26 to simultaneously
      impress the relatively high heating frequency field and the relatively low
      mixing frequency field to the localized, overlapping area. The particles
      25 at the interface will function in the same manner as in the previous or
      first embodiment. The particles spaced from the interface will also tend
      to oscillate. This should not interfere significantly with the process.
      Thus, the radially outwardly spaced particles aligned with the coil unit
      26 may also cause a somewhat molten condition, but the material will
      return to the original state. The axially spaced particles will probably
      not generate any significant heat and thus the particles will not move as
      the resin remains in the solid state.
PAR  The illustrated embodiments have been described with each particle
      functioning both as a susceptor or heat source as well as a magnetically
      driven agitator. The particles may be a mixture of different types
      including particles some of which only function as susceptor particles and
      others of which only function as an agitator source as well as still
      others which are dual function particles. In addition, where a magnetic
      field is employed, still other particles may be employed to concentrate
      the flux field and thus increase the field intensity at the interface. For
      example, a mixture of iron oxide particles, barium ferrite particles and
      highly permeable iron particles would respectively provide high heat
      generation, good agitation and a low reluctance flux path. A mixture might
      also be employed where a different type of energy based on, for example,
      dielectric heating, was employed to activate the particles to generate
      heat from that employed to activate the particles for agitation. Further,
      a direct heating means might be employed to create the molten or flowing
      state at the interface, with a magnetic, electrical or other similar
      varying field applied to the particles to create the agitation. The common
      functioning particle should generally, however, provide optimum results if
      the particle material is selected to properly respond to both the
      relatively high-and-low-frequency fields, as the molten state is created
      immediately adjacent the particle and should permit maximum agitation.
PAR  Further, although separate sources are shown, other means of creating the
      two fields might, of course, be employed. Thus, a basic audio field may be
      established with a high-frequency field signal superimposed thereon.
      Further, the present invention employing the particles with an appropriate
      electric or magnetic agitating field provides a highly practical concept
      of improving the bond characteristic. The improvement results from the
      agitation or vibration of the interface materials and thus within the
      broadest aspect of the invention any method of generating such vibration
      may be employed.
PAR  The present invention has also been particularly described in connection
      with thermoplastic materials, but can be also applied to thermosetting
      plastics. The several plastic materials to which the present application
      is applicable may be generically defined as thermoplastic materials.
PAR  The present invention thus provides an improved means of fusing adjoining
      plastic surfaces and like which can be temporarily placed in a flowable
      state or condition.
PAR  The invention has been particularly described with the use of alternating
      current fields which have been widely used in the particle heat source
      field. However, pulse and transient fields such as shown in Heller Pat.
      3,665,856 may be equally employed in creating the desired agitating
      particle movement.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of joining adjoining surfaces of material adapted to be
      temporarily placed in a movable state, comprising the steps of interposing
      a plurality of particles at the interface of the surfaces to be joined,
      said particles being selected to follow orientation of an energy field and
      thereby physically move at the surfaces in response to a changing energy
      field, and subjecting said particles to said changing energy field with a
      rate of change providing a significant physical movement of said particles
      to enhance the joinder of the materials at the interface.
NUM  2.
PAR  2. The method of claim 1 wherein said particles are formed of a
      magnetizable material, and said subjecting step includes impressing a
      polarized changing magnetic field to produce agitation of the particles of
      a frequency no greater than the order of audio frequencies whereby the
      particles at least partially move with said magnetic field.
NUM  3.
PAR  3. The method of claim 1 wherein said particles respond to an electric
      field, and said subjecting step includes creating of a changing electric
      field of a frequency no greater than on the order of audio frequencies
      whereby the particles at least partially move with said magnetic field.
NUM  4.
PAR  4. The method of claim 1 wherein said energy field is a polarized field
      impressed across said interface and is periodically reversed to shift the
      field at a rate no greater than on the order of audio frequencies and
      thereby physically moving of said particles at said interface to effect an
      intermixing of the materials at the interface.
NUM  5.
PAR  5. The method of claim 1 wherein said materials include a thermoplastic,
      and including the step of impressing a heat source means upon said
      material in addition to said changing energy field to create said movable
      state of said surfaces and providing for said response to said changing
      energy field.
NUM  6.
PAR  6. The method of claim 1 wherein the bonding of said material is promoted
      in response to heating, said particles including particles generating heat
      in response to a radio-frequency field, comprising the additional step of
      impressing in addition to the changing energy field a radio-frequency
      field upon said plurality of particles to define heat centers to create
      said flowable state and promote said bonding.
NUM  7.
PAR  7. A method of joining adjoining surfaces of material adapted to be
      temporarily placed in a movable state, comprising the steps of interposing
      a plurality of particles at the interface of the surfaces to be joined,
      said particles being selected to move at the surfaces in response to a
      changing energy field, and subjecting said particles to a changing energy
      field to move said particles to enhance the joinder of the materials at
      the interface, said adjoining surfaces are placed in said flowable state
      by heating, said particles including particles responsive to a
      radio-frequency field to form heat sources, and said subjecting step
      including exposing said interface to a complex alternating magnetic field,
      said field including frequencies in the radio-frequency range activating
      said particles to generate heat and frequencies in the audio-frequency
      range to define a polarized agitating field interacting with said
      particles, said particles further including particles defining individual
      magnets which move in response to the changes in the polarization in said
      polarized agitating field.
NUM  8.
PAR  8. The method of claim 7 wherein said particles include different particles
      responding to said radio-frequency field and to said audio-frequency
      field.
NUM  9.
PAR  9. The method of claim 1 wherein said particles are elongated needle-like
      elements which longitudinally align with the orientation of the field.
NUM  10.
PAR  10. The method of claim 1 wherein the surface of said particles have a
      substantially roughened surface to define a plurality of projections.
NUM  11.
PAR  11. The method of claim 10 wherein said particles are elongated needle-like
      elements which longitudinally align with the orientation of the field.
NUM  12.
PAR  12. A method of joining adjoining surfaces of material adapted to be
      temporarily placed in a movable state, comprising the steps of interposing
      a plurality of particles at the interface of the surfaces to be joined,
      said particles being selected to follow orientation of an energy field and
      thereby physically move at the surfaces in response to a changing energy
      field, and subjecting said particles to said changing energy field with a
      rate of change providing significant physical movement of said particles
      to enhance the joinder of the materials at the interface, all of said
      particles being of a similar magnetic material, said particles responding
      to a radio-frequency field to generate heat and being magnetizable to form
      a magnet, said field including a relatively low varying frequency magnetic
      field essentially no greater than an audio-frequency to move said
      particles and a second frequency magnetic field above essentially 10,000
      hertz to generate heat in said particles.
NUM  13.
PAR  13. A method of joining adjoining surfaces of material adapted to be
      temporarily placed in a movable state, comprising the steps of interposing
      a plurality of particles at the interface of the surfaces to be joined,
      said particles being selected to follow orientation of an energy field and
      thereby physically move at the surfaces in response to a changing energy
      field, and subjecting said particles to said changing energy field with a
      rate of change providing significant physical movement of said particles
      to enhance the joinder of the materials at the interface, said materials
      at said interface being formed of thermoplastic materials, said particles
      being formed of a nonconductive magnetic oxide, said energy field being a
      complex magnetic energy field including an alternating current
      radio-frequency magnetic energy field and an audio-frequency magnetic
      energy field.
NUM  14.
PAR  14. The method of claim 13 wherein said magnetic energy field includes a
      first field of the order of at least 10,000 hertz and a second field in
      the audio-frequency range.
NUM  15.
PAR  15. The method set forth in claim 1 for joining a pair of members by
      interposing a connecting layer therebetween to define a pair of interfaces
      of material in said flowable state, said connecting layer having said
      particles embedded in a carrier material.
NUM  16.
PAR  16. The method of claim 15 wherein said members and said carrier are placed
      in said flowable state by heat, impressing a radio-frequency field upon
      said interface and activating said particles to generate heat and an
      audio-frequency magnetic field to define an agitating field interacting
      with said particles, said particles defining individual magnets which move
      with the polarization of said audio-frequency magnetic field.
NUM  17.
PAR  17. The method of joining a pair of contacting heat-fusible thermoplastic
      surfaces at the interface, comprising the steps of positioning at the
      interface a deposit of fine discrete susceptor particles selected from the
      chemical family of ferromagnetic oxides, impressing a radio-frequency
      induction heating field upon said particles and thereby bringing said
      contacting interface materials to a flowable condition, and impressing a
      moving polarized magnetic field upon said particles at a frequency
      significantly lower than the frequency of said induction field to thereby
      cause such particles to physically move within said flowable material to
      agitate and intermix said two materials.
NUM  18.
PAR  18. The method of claim 17 wherein said particles are needle-like elements
      and forming semipermanent magnets in the presence of a magnetic field,
      said polarized magnetic field being an audio-frequency magnetic field
      extending essentially perpendicularly across said interface.
NUM  19.
PAR  19. A method of joining adjoining surfaces of material adapted to be
      temporarily placed in a movable state, comprising the steps of placing the
      surfaces in said movable state, and applying a changing energy field to
      the interface of the surfaces while in said movable state, said energy
      field changing at a relatively low frequency whereby said surfaces can
      physically move in response to said changes and thereby significantly,
      physically move and agitate the surfaces and thereby enhance the joinder
      of the materials at the interface.
PATN
WKU  039416429
SRC  5
APN  4685156
APT  1
ART  162
APD  19740509
TTL  Driven transfer roll for labeling machine
ISD  19760302
NCL  2
ECL  1,2
EXA  Beck; Shriue P.
EXP  Husack; Ralph
NDR  4
NFG  6
INVT
NAM  Schnier; Edward A.
CTY  Hubbardston
STA  MA
ASSG
NAM  A-T-O, Inc.
CTY  Cleveland
STA  OH
COD  02
RLAP
COD  74
APN  243637
APD  19720413
PSC  01
PNO  3880115
CLAS
OCL  156297
XCL  156571
XCL  156578
XCL  427428
EDF  2
ICL  B05D  128
FSC  117
FSS  111 R
FSC  118
FSS  236;243;238;244
FSC  156
FSS  572;571;356;569;297
FSC  427
FSS  428
UREF
PNO  2078870
ISD  19370400
NAM  Oslund
OCL  156572
UREF
PNO  2102679
ISD  19371200
NAM  Carlson
OCL  118244
UREF
PNO  2192875
ISD  19400300
NAM  Weeden
OCL  118243
UREF
PNO  2269870
ISD  19420100
NAM  Carter
OCL  118236
UREF
PNO  2460214
ISD  19490100
NAM  Carter
OCL  156356
UREF
PNO  2515760
ISD  19500700
NAM  Dansereau
OCL  118243
UREF
PNO  2528944
ISD  19501100
NAM  Carter
OCL  156571
UREF
PNO  2573182
ISD  19511000
NAM  Carter
OCL  156571
UREF
PNO  2600205
ISD  19520600
NAM  Carter
XCL  118236
UREF
PNO  2654497
ISD  19531000
NAM  Carter
OCL  156571
UREF
PNO  2733683
ISD  19560200
NAM  Holm
XCL  118243
UREF
PNO  2746422
ISD  19560500
NAM  Newman et al.
OCL  118236
UREF
PNO  2814269
ISD  19571100
NAM  Stahr
OCL  118236
UREF
PNO  2940630
ISD  19600600
NAM  Carter
OCL  156351
UREF
PNO  2947433
ISD  19600800
NAM  Carter
XCL  118243
UREF
PNO  3052210
ISD  19620900
NAM  Hughes
OCL  118238
UREF
PNO  3063408
ISD  19621100
NAM  Gustafson
XCL  118243
UREF
PNO  3202564
ISD  19650800
NAM  Carter
OCL  156569
UREF
PNO  3262422
ISD  19660700
NAM  Carter
XCL  118236
UREF
PNO  3284265
ISD  19661100
NAM  Carroll et al.
XCL  156572
UREF
PNO  3316877
ISD  19670500
NAM  Harlan
OCL  118236
UREF
PNO  3735731
ISD  19730500
NAM  Tavernier
XCL  118236
LREP
FR2  Gammons; Robert T.
ABST
PAL  A labeling machine wherein there is a picker reciprocably movable between a
      label magazine and a transfer position for transferring labels to a
      gripper assembly at the transfer position whereupon the gripper assembly
      takes the label from the picker and applies it to a container and wherein
      there is an adhesive pick-up roll supported in a container of adhesive and
      a transfer roll reciprocably movable in timed relation to the movement of
      the picker to transfer a coating of adhesive from the pick-up roll to the
      surface of the picker; characterized in that the transfer roll is a driven
      roll and is rotated while in contact with the pick-up roll at least one
      complete revolution, and further characterized in that while in contact
      with the surface of the picker is rotated no more than one complete
      revolution as it travels from one end of the picker surface to the other
      end thereof.
PARN
PAR  This is a division of application Ser. No. 243,637, filed on Apr. 13, 1972
      now U.S. Pat. No. 3,880,115.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to labeling machines of the kind shown in U.S. Pat.
      Nos. 2,460,214 and 2,940,630 wherein there are pickers mounted for
      oscillation between a label magazine and a gripper assembly for
      transferring labels from the magazine to the gripper assembly which, in
      turn, transfers the label to a container at a label-applying station. As
      disclosed in the aforesaid patents each picker comprises two elongate
      blades arranged edge to edge with their surfaces in a common plane.
      Adhesive is applied to the surfaces of the picker blades by a transfer
      roll which, in turn, receives adhesive from a pick-up roll mounted in a
      container, just before the picker is moved into engagement with the label
      supported by the magazine, to pick the label from the magazine and
      following picking the picker moves to a transfer position for transferring
      the label to the gripper assembly. At the latter position the gripper
      assembly, which is provided with vacuum means, takes hold of the
      adhesive-coated label whereupon the picker blades are moved apart far
      enough to permit the gripper assembly to move forwardly between the blades
      toward the container to carry the label into engagement with the
      container. The lateral movement of the blades at the place of transfer, in
      conjunction with the pressure between the gripper assembly and the blades
      of the picker at the place of transfer, helps to spread the adhesive
      uniformly over the face of the label. In the aforesaid machines the
      pick-up roll is provided with a uniform thickness of adhesive by means of
      a doctor blade and this is applied to the transfer roll by holding the
      latter in contact with the pick-up roll until the transfer roll has made
      at least one complete rotation. In these machines the pick-up roll is
      driven but the transfer roll is not; however, the adhesive used is
      sufficiently tacky so that contact of the transfer roll with the pick-up
      roll insures rotation of the transfer roll. Hence all that is required to
      insure application of a fresh coating of adhesive to the entire surface of
      the transfer roll is to hold the transfer roll in engagement with the
      pick-up roll until it has made one complete revolution. There are certain
      types of plastic containers to which labels are applied that require the
      use of adhesive which is almost like water and which lacks the tackiness
      of the gelly-like animal glue heretofore used. When such a watery adhesive
      is employed it often has so little tackiness that the undriven transfer
      roll will not be rotated while in engagement with the pick-up roll and
      merely skids relative to the surface thereof even though antifriction
      bearings are employed. Consequently, there will be no adhesive on the
      surface of the transfer roll when the latter is moved along the surface of
      the picker for application to the picker. Additionally, because of the
      lack of tackiness the transfer roll may also skid along the surface of the
      picker, that is, as it is moved therealong so that even if there is some
      adhesive on the surface of the transfer roll it will not be transferred
      uniformly to the surface of the picker. To insure complete coating of the
      transfer roll with such a watery adhesive and to insure uniform transfer
      to the picker, the transfer roll must be driven while engaged with the
      pick-up roll and while in engagement with the picker.
PAR  If the length of the picker corresponds exactly to the circumferential
      length of the transfer roll, one complete revolution of the transfer roll
      will insure a fresh coating of adhesive to the entire surface of the
      picker. However, to avoid building machines with a picker and transfer
      roll having a 1:1 relation for each label size, it is customary to provide
      machines with pickers suitable for applying labels of all sizes and so
      that not only one label may be applied but several labels may be applied
      at the same time, for example, to the body, shoulder and neck. To do this
      it is necessary to make the picker of sufficient length to accommodate not
      only labels of all sizes but several labels at a time and so it is
      customary to provide the machine with pickers of sufficient length to
      receive all of the labels to be applied. the pickers are made in lengths
      of 12, 81/2 and 51/2 inches, -- this range being such as to take care of
      the complete range of sizes of containers ordinarily encountered. The
      transfer roll for a 12 inch picker is 2 inches in diameter and so its
      circumference is approximately 6.2 inches long. It is obvious therefore
      that even if a uniform coating of adhesive is applied to the surface of
      the transfer roll by positively rotating it while in engagement with the
      pick-up roll the major portion of the adhesive will be applied to the
      upper portion of the picker surface, that is to the first 6.2 inches
      during the first complete turn thereof and that the remainder of the
      surface may not receive enough adhesive to provide for a proper bond. When
      employing conventional adhesive this condition was not too serious because
      some adhesive tended to stay with the surface of the transfer roll and to
      be spread on the remaining surface by the second rotation of the transfer
      roll. However, a watery adhesive does not exhibit these characteristics
      with the result that the portion of the picker surface beyond that
      corresponding to the circumferential length of the transfer roll receives
      substantially no adhesive. It might be thought that the doctor could be
      set to provide a thicker coating of adhesive on the transfer roll;
      however, it has been found that the transfer roll will not accumulate an
      excess of adhesive in a sufficient amount to provide for applying a second
      coating of adhesive to the picker beyond the first complete turn of the
      transfer roll in engagement with the picker. To achieve a uniform coating
      of the entire surface of the picker the transfer roll must be driven while
      in engagement with the picker so as to make only one complete turn while
      travelling from one end of the picker surface to the other.
PAC  SUMMARY
PAR  As herein illustrated, the apparatus is embodied in a label-applying
      machine comprising a picker having a surface to which adhesive is to be
      applied, said surface being of a predetermined length, and a transfer roll
      having a circumference of a different length for applying adhesive to the
      surface of the picker. The transfer roll is supported for rotation about
      its axis and for movement along the surface of the picker from one end to
      the other with the surface of the transfer roll in tangential engagement
      with the surface of the picker, and according to this invention to insure
      uniform application of adhesive to the entire surface of the picker there
      is means for effecting rotation of the transfer roll about its axis as it
      travels from one end to the other of the picker so that it makes only one
      complete turn. In the aforesaid arrangement the picker is oscillated
      between a magazine holding labels to be applied to the container and a
      gripper assembly to which it presents the label for application by the
      latter to the container. The transfer roll is oscillated in timed relation
      to the picker so that while the picker is moving toward the magazine it
      travels along the surface of the picker, applying adhesive thereto, and
      while the picker is moving from the magazine to the transfer position it
      is held in engagement with a driven pick-up roll long enough to insure
      that the transfer roll will make at least one complete turn in engagement
      with the pick-up roll.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawings wherein:
PAR  FIG. 1 is a fragmentary end elevation showing the transfer rolls applying
      adhesive to the pickers;
PAR  FIG. 2 is an end elevation omitting parts, showing the means for actuating
      the pickers;
PAR  FIG. 3 is an end elevation showing the means for rocking a gripper
      assembly;
PAR  FIG. 4 diagrammatically illustrates the relative positions of a picker,
      label magazine and adhesive-applying transfer roll;
PAR  FIG. 5 is a fragmentary view showing the adhesive-applying transfer roll
      and means for effecting its arcuate and rotational movement; and
PAR  FIG. 6 is a view taken from the left side of FIG. 5.
DETD
PAR  Referring to FIGS. 1 and 2 the invention is illustrated in conjunction with
      a labeling machine of the kind shown in U.S. Pat. No. 2,940,630, referred
      to above, wherein label gripper assemblies 10 are supported in spaced
      parallel confronting relation to each other on spaced parallel shafts
      12--12 for engagment with the opposite sides of containers 14 supported on
      a conveyor 16 by means of which they are moved successively to positions
      between the label gripper assemblies for application of labels thereto.
      The aforesaid machine is provided with, in conjunction with each label
      gripper assembly, a picker 18 which is movable to a position to take one
      or more labels from a magazine M (FIG. 4) of labels and move them to a
      position of transfer to the label gripper assembly, an adhesive transfer
      roll 20 for applying adhesive to the surface of the picker prior to
      movement of the picker into engagement with the labels and an adhesive
      pick-up roll 22 for supplying adhesive to the adhesive transfer roll.
PAR  The pickers are supported for swinging movement on spaced parallel shafts
      24--24 and the transfer rolls are supported at the lower ends of arms
      26--26, the upper ends of which are pivotally supported for swinging
      movement on spaced parallel shafts 28--28. Each picker shaft 24 is
      provided with a crank 30 (FIG. 2) which is pivotally connected to the
      upper end of an arm 32 of a bell-crank lever which is pivoted at 34 to the
      upper end of a resiliently yieldable link 36 whose lower end is pivoted to
      one arm 38 on a bell-crank lever, whose other arm carries a cam roller 40
      which engages a cam 42 on the main shaft 44. The arm 26 to which the
      transfer roll 20 is attached is mounted to turn on the shaft 28 and is
      provided with a crank arm 48 connected by a rigid rod 50 to a crank arm 52
      of a rigid rock frame 53 fixed to a rock shaft 54. Each frame has a cam
      follower roll 56 which engages a cam 58 mounted on the main shaft 44.
PAR  The shafts 12--12 on which are mounted the gripper assemblies are rocked so
      as to carry them in opposite directions toward the container 14 and as
      disclosed in the aforesaid patent these shafts are movable axially to
      effect movement of the assemblies back and forth longitudinally of the
      path of the containers. A crank 60 (FIG. 3) is fixed to each shaft 12 and
      is connected by a resiliently yieldable link 62 of adjustable length to a
      rocker 64 pivoted at 66 on a bracket 68 and this rocker 64 is connected by
      a link 67 to a rock arm 69 pivoted on a bracket 70 fixed to the underside
      of the table T. The rock arm 69 carries a cam follower roll 72 which
      engages a groove in a cam 74 fixed on the main shaft 44.
PAR  Each adhesive carrying roll 22 (FIG. 1) is driven by a sprocket chain 76
      entrained about sprockets 78 and 80 respectively.
PAR  The foregoing structure is fully disclosed in FIGS. 14, 17 and 22 of U.S.
      Pat. No. 2,940,630 for which reference may be had. It suffices to say that
      according to the aforesaid patent the gripper assemblies 10, pickers 18
      and adhesive transfer rolls 20 are moved in timed relation to each other
      by means of the main shaft 44 and intervening connections such that for
      each cycle of operation after the gripper assemblies 10 take labels from
      the pickers 18 the latter swing toward the line of containers sufficiently
      to permit the adhesive transfer rolls 20 to swing upwardly toward the
      pivoted ends of the pickers 18, carrying with them a coating of adhesive
      whereupon the adhesive transfer rolls 20 swing downwardly, moving along
      the surfaces of the pickers, the latter swinging outwardly as the adhesive
      transfer rolls travel along their surfaces and then upwardly into
      engagement with the labels in the magazine M whereupon they pick the
      labels from the magazine M and swing downwardly and toward the path of the
      containers to transfer positions where they give up the labels to the
      gripper assemblies.
PAR  In that machine and in other machines of that same kind the
      adhesive-applying transfer roll 20 is not driven, rotation taking place by
      means of its rolling engagement with the surface of the picker. If the
      surface of the picker to which the adhesive is to be applied is of the
      same length or shorter than the circumference of the adhesive applying
      transfer roll a uniform coating of adhesive will be applied to the entire
      surface of the picker. However, if the surface of the picker is longer
      than the circumference of the adhesive applying transfer roll that portion
      of the picker which exceeds in length the circumference of the adhesive
      applying transfer roll will have very little, if any, adhesive applied to
      it since most of the adhesive will be transferred during the first turn of
      the adhesive applying transfer roll thus the picker will have an uneven
      non-uniform coating of adhesive on its surface and correspondingly the
      labels to which this adhesive is transferred will have a non-uniform
      coating of adhesive applied thereto.
PAR  In accordance with this invention, the foregoing may be remedied by
      rotating the adhesive applying transfer roll while it is being traversed
      lengthwise of the picker surface so that it makes only one complete turn
      throughout such movement, that is, from one end to the other of the picker
      surface. FIG. 4 diagrammatically illustrates the relative positions of the
      picker 18, the label magazine M, the adhesive applying transfer roll 20
      and adhesive carrying roll 22 and FIGS. 5 and 6 specifically illustrate
      the mounting for the adhesive applying transfer roll in elevation and
      section.
PAR  Referring to these figures the adhesive applying transfer roll 20 is
      mounted on a shaft 21 journaled in the lower end of the arm 26. The shaft
      21 extends through the arm 26 and has fixed to it a gear 82 by means of
      which it is adapted to be rotated. A gear 84 is fixed on the shaft 28 at
      the upper end of the arm 26 and a gear belt 86 is entrained about these
      two gears 82, 84 so that rotation of the upper gear 84 effects rotation of
      the lower gear 82 and hence of the adhesive applying transfer roll 20. The
      arm 26 is adapted to swing on the shaft 28 and oscillation is effected by
      means of the rod 50, as heretofore described, to cause the adhesive
      applying transfer roll 20 to travel from the adhesive carrying roll 22
      along the path depicted by the arcuate line x--x (FIG. 4). The shaft 28 on
      which the arm 26 is pivotally mounted extends through a supporting part 88
      of the machine frame and has on its opposite end a gear 90. The gear 90
      meshes with a second gear 92 formed on a sprocket 94 rotatably mounted on
      a stub shaft 96 fixed to a part 88a. The sprocket 94 is connected by a
      chain 97 entrained about it to a sprocket 98 mounted on a drive shaft 100
      which in turn is connected to the main drive shaft 44. An idler sprocket
      102 supported between the aforesaid sprockets 94, 98 provides for
      obtaining the proper degree of tension in the chain 97 for driving
      purposes.
PAR  The aforesaid means comprising the arms, gears and chains are so
      proportioned that the adhesive-applying transfer roll 20 will make one
      complete turn while it is travelling from one end of the picker surface to
      the other and since the circumferential surface of the adhesive applying
      transfer roll is less than the length of the picker surface, the
      application of adhesive to the surface of the picker is effected partly by
      sliding movement of the surface of the adhesive-applying transfer roll
      along the surface of the picker and partly by rolling engagement of the
      surface of the adhesive applying transfer roll on the surface of the
      picker and that the transfer roll will make at least one complete turn
      while in engagement with the pick-up roll 22.
PAR  The gears 90 and 92 comprise change gears for the purpose of changing the
      speed of the transfer roll 20 to allow for different lengths of pickers to
      maintain one revolution of the transfer roll for the different lengths of
      picker related above, to wit, 12, 81/2 and 51/2 inches.
PAR  It should be understood that the present disclosure is for the purpose of
      illustration only and that this invention includes all modifications and
      equivalents falling within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method of applying labels wherein there is a picker reciprocably
      movable between a label magazine and a transfer position for transferring
      labels to a gripper assembly at the transfer position whereupon the
      gripper assembly takes the label from the picker and applies it to a
      container and wherein there is a rotating adhesive pickup roll supported
      in a container of adhesive and a transfer roll reciprocably movable in
      timed relation to the movement of the picker to transfer a uniform coating
      of adhesive from the pick-up roll to the surface of the picker, the
      improvement comprising using a picker having a surface of a predetermined
      length with an adhesive transfer roll having a circumferential surface of
      lesser length than said predetermined length and effecting rotational
      movement of the transfer roller against said picker at such a rate as to
      cause said transfer roller to make only one complete turn while traveling
      from one end to the other of said picker surface so as to produce a
      uniform coating on the entire surface of the picker.
NUM  2.
PAR  2. In a method of applying labels wherein there is a surface of a first
      predetermined length to receive a uniform coating of adhesive and wherein
      there is a rotating adhesive pick-up roll supported in a container of
      adhesive and a transfer roll reciprocably movable in timed relation to the
      first predetermined surface to transfer a uniform coating of adhesive from
      the pick-up roll to the surface of the first predetermined length, the
      improvement comprising using a surface having a first predetermined length
      with an adhesive transfer roll having a circumferential surface of lesser
      length than said first predetermined length and effecting rotational
      movement of the transfer roller against said first predetermined length at
      such a rate as to cause said transfer roll to make only one complete turn
      while traveling from one end to the other of said first predetermined
      length so as to produce a uniform coating on the entire surface of the
      first predetermined length.
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ABST
PAL  The present invention concerns a method for the manufacture of laminated
      packing material containing at least one layer of a metal foil, e.g.,
      aluminum foil, and a layer of plastic material applied to the said metal
      foil. The invention also concerns an apparatus for the realization of the
      method for the manufacture of laminated packing material.
PARN
PAR  This is a division of application Ser. No. 296,922, filed Oct. 12, 1972,
      now abandoned.
BSUM
PAR  Modern packages, which are manufactured from a web of packing laminate or
      from sheet of laminated material, frequently comprise a layer of a metal
      foil, in particular aluminum foil, which lends the packing laminate very
      good tightness characteristics against gases and moreover gives very
      effective light protection. The packing laminate of the type concerned
      here furthermore frequently comprises a base layer of some kind, in
      particular paper of carton, and also linings of thermoplastic material,
      which linings on the one hand are intended to protect the finished
      packages from moisture and wetness, on the other hand have the object of
      making the packing laminate heat-sealable and finally have the object of
      joining together the material layer introduced into the laminate.
PAR  The side of the packing laminate which will be turned toward the inside of
      the finished package is generally covered with a layer of thermoplastic
      material, e.g., polyethylene, and the material layer following this is
      usually constituted of a metal foil layer which then in its turn is fixed
      to a supporting paper layer with the help of an intermediate thermoplastic
      coat of e.g., polyethylene. Finally, the outside of the packing laminate,
      that is to say the side of the packing laminate which will form the
      outside of the package, will be provided with a thermoplastic coat of
      e.g., polyethylene, which has as its object the protection of the base
      layer of paper and the prevention of the absorption of moisture by the
      said layer.
PAR  In the coating of plastic onto aluminum foil or other metal foil it has
      been found that the coating can take place by means of a normal extrusion
      process which implies the extrusion of a melted plastic mass under high
      pressure through a narrow, slotlike opening to form a thin film which is
      precipitated onto the metal foil layer, whereupon the metal foil coated
      with the plastic material is introduced between compressive rollers, which
      at the same time have a cooling effect. It is quite possible in itself to
      produce by this method a relatively good adhesion between the coated
      plastic layer and the metal foil layer, which, moreover, can be combined
      in advance with the said base paper layer, but in such a case the
      extrusion of plastic material has to be carried out at a very high
      temperature, that is to say at a temperature which at the extrusion of
      polyethylene exceeds 300.degree.C. At this relatively high temperature the
      plastic material is exposed to a surface oxidation which unfortunately has
      the result that the plastic layer can no longer be heat-sealed as easily
      as if it had not been oxidized As it is imperative that the inside layer
      of the packing laminate should be heat-sealable, since otherwise tight
      packages cannot be obtained, it is necessary in the coating of the plastic
      material onto the metal foil layer to use an extrusion temperature which
      is so low that the plastic material is not oxidized. Thus an extrusion
      temperature has to be used which is between 250.degree. and 300.degree.C.
      approximately and in the choice of the extrusion temperature a number of
      outside factors have to be taken into account, such as e.g., the plastic
      quality, the room temperature, the rate of extrusion etc. As mentioned
      above, a worse adhesion is obtained between plastic layer and metal foil
      layer if the extrusion temperature is low, which implies that the plastic
      layer in the finished package may delaminate and thus in principle form a
      plastic bag inside the package which is free from the metal foil layer.
      This of course is not desirable, but it must be the object to obtain a
      non-oxidized inner plastic layer as well as good adhesion between plastic
      layer and metal foil, and in order to achieve this it was necessary to
      accept a compromise between sealability and lamination strength and
      accordingly the lamination temperature had to be adjusted and maintained
      very accurately, which may cause great difficulties.
PAR  To overcome the abovementioned disadvantages it is proposed in accordance
      with the invention to carry out the lamination in two operational stages,
      whereby in a first operational stage the thermoplastic material is applied
      by means of extrusion to the metal foil layer, and the extrusion
      temperature of the thermoplastic material is adjusted so that there is no
      appreciable oxidation of the thermoplastic material, whereupon the
      laminate material in a second stage of the operation is exposed to the
      effect of a high frequency electro-magnetic field, with the help of which
      induction currents are generated in the metal foil layer, which causes the
      said metal foil layer to be heated up and by means of convection to
      transmit heat to the thermoplastic layer or thermoplastic layers facing
      the metal layer. The invention is characterized further in that the device
      for the execution of the said second operational stage consists of one or
      several coils preferably arranged in one plane, which are connectable to a
      source of current which can deliver an a.c. current of high frequency.
DRWD
PAR  In the following will be described an embodiment of the invention with
      reference to the enclosed schematic drawing, which shows a perspective
      sketch in accordance with the invention.
DETD
PAR  In the FIGURE numeral 1 refers to a laminate web the upward turned layer of
      which consists of a metal foil layer or a metal foil web. An extrusion
      device is marked 2 and a plastic film pressed out by the extrusion device
      is marked 3. Furthermore a pair of compression rollers cooperating with
      one another is marked 4 and a pair of guide rollers 5. A number of
      insulated metal bars are designated 6 and electrical connections between
      metal bars 7. A high frequency current source is designated 9 and the feed
      lines from the source of current 9 to the bars 6 are marked 8. Finally a
      second pair of compression rollers is designated 10 and a magazine roller
      for the finished packing material is designated 11.
PAR  The method for the manufacture of the laminate consists in that the metal
      foil web 1 or a packing laminate web 1, which comprises, e.g., a
      supporting layer of paper and a metal foil layer, e.g., aluminum foil
      layer which is facing upward, is guided past an extruder 2 with the help
      of which a thin plastic film 3 of e.g., polyethylene is pressed through a
      narrow slot at high pressure and is brought into contact with the moving
      web 1. The plastic layer 3 is combined with the aluminum foil layer of the
      web 1 in that the material is pressed together between cooled rollers 4.
      This first stage in the chain of operations is carried out in such a
      manner that the plastic film 3 which is produced through the nozzle of the
      extruder device 2 does not become oxidized, which implies that the
      extrusion is carried out at relatively low temperature, that is to say a
      temperature between 260.degree. and 280.degree.C. and at least lower than
      300.degree.C. As mentioned earlier, it is difficult to establish
      accurately a certain critical temperature at which the oxidation sets in,
      since the oxidation process depends upon the composition of the plastic
      material, the time during which the plastic is heated before it is cooled,
      the temperature and humidity of the air in the locality where the
      treatment is carried out etc. It has been found, however, that at
      extrusion temperatures below 250.degree.C. there is hardly any risk of
      oxidation when the plastic is applied to the metal foil layer by means of
      a normal extrusion process which implies that the coated material is
      introduced as rapidly as possible after the coating between cooled
      compression rollers. It was also found that an unacceptable oxidation of
      the plastic material is obtained at extrusion temperatures which are above
      300.degree.C. even if conditions otherwise favoring oxidation are avoided.
      In the case described here it is assumed that the coating takes place at a
      temperature between 260.degree.  and 280.degree.C., which implies that the
      plastic layer 3 is not oxidized, but that on the other hand the adhesion
      between plastic layer 3 and metal foil layer 2 remains unsatisfactory. To
      improve the adhesion between the plastic layer 3 and the metal foil layer
      1 the laminate web is passed further between guiding rollers 5 or
      alternatively over one guide roller 5 to the induction heating device,
      which consists of a number of insulated metal bars 6, which in the case
      shown here are arranged so that a slightly arched shape is imparted to the
      web 1 when it is passed over the rods 6, which is done so as to ensure
      that the web will come into contact with all the bars 6. The bars 6, which
      in the case reported here are arranged in three coils in series with one
      winding in each coil, are connected to a source of high frequency current
      9 by means of which a high frequency current with a voltage between e.g.,
      100-200 V and a frequency of 100 - 1000 kilohertz is passed through the
      coil windings formed by the bars 6 and the connections 7, whereby an
      electromagnetic field is generated which is directed perpendicularly to
      the surface of the coils, that is to say the generating electromagnetic
      field will pass the laminate web and its metal foil layer. When the high
      frequency electromagnetic field passes the web 1 induction currents are
      induced in the conducting metal foil layer, which induction currents heat
      the metal foil layer. The induced effect, which is a function of the speed
      of advance of the web, of the width of the web, of the desired heating
      temperature, is adjusted in the case described here so that the metal foil
      layer is heated to a temperature of approximately 100.degree.C. The heat
      will be transmitted directly through heat conduction to the adjoining
      plastic layer 3 so that the latter is heated on the side which is facing
      the metal foil layer. Directly after the induction heating the laminate is
      introduced between compression rollers 10, which can be cooled and with
      the help of which the plastic layer 3 is pressed against the warm metal
      foil layer. Through this treatment an appreciably better adhesion is
      achieved between the plastic layer 3 and the metal foil layer without any
      risk of oxidation of the plastic layer 3. The laminated material treated
      is then wound up on a magazine roller 11 and is ready for use either in
      the form of a web which is converted to packing units or in the form of
      packing material which is punched out of the web.
PAR  It may be appropriate in certain cases to heat the metal foil layer to a
      temperature which appreciably exceeds 100.degree.C., e.g., 150.degree. -
      200.degree.C., but to prevent in this case the plastic layer from melting
      down it may be appropriate to apply a cooling gas, e.g., cold air against
      the outside of the plastic layer 3.
PAR  Naturally it is possible within the framework of the concept of the
      invention to arrange the coils, by means of which the electromagnetic
      field is generated, in some other manner than that shown here, but
      practical experiments have suggested that the embodiment described here is
      especially suitable, at least in the treatment of relatively flexible
      material webs. It may of course be appropriate sometimes to cool the coil
      windings, that is to say the bars 6 which can readily be done by providing
      the bars 6 with bores through which a cooling liquid can be made to
      circulate.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. Apparatus to laminate a thermoplastic material to a web of metal foil
      comprising: a means to supply a web of metal foil, means to extrude a
      layer of thermoplastic material on said web of metal foil at a temperature
      below the oxidation temperature of said thermoplastic material, a source
      of high frequency current including a plurality of substantially parallel
      insulated metal bars coupled together and forming an arched path in the
      direction of travel of the metal foil, a pair of cooled pressure rollers
      located between said extruder and said metal bars, means to pass said
      metal foil with thermoplastic thereon through said cooled pressure rollers
      and over said metal bars in an arcuate path and means to compress said
      layers of material after they pass over the metal bars.
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ABST
PAL  Apparatus for positioning a continuous strip on a movable support surface
      in a zigzag pattern including a traversing guide member having a slot
      passage disposed longitudinally of the movement of the support surface,
      means for reducing friction in the slot passage of the guide member, and
      positioning means between the guide member and the support surface movable
      into the path of the strip at the ends of each traverse to form the
      reversals of the zigzag pattern.
BSUM
PAR  The tire industry has shown considerable interest in tire constructions
      which include an annular reinforcement or belt about the periphery of the
      tire between the carcass and tread portions thereof. Such belted tires
      have better road stability and longer tread life both in radial ply and
      bias ply carcass constructions.
PAR  The annular reinforcements are conventionally formed of cord or wire coated
      with or embedded in a suitable insulating material such as rubber or other
      plastic material which is compatible with and has an adhesive affinity to
      the rubber of the tire. The cord usually is disposed in a pattern in which
      portions thereof extend at an angle to the longitudinal axis of the
      reinforcement. One such construction utilizes bias cut woven fabric which
      has been calendered with a layer of unvulcanized rubber. Also, it has been
      proposed to form reinforcements by winding one or more cords or strips
      onto a rotating drum while employing a reciprocating guide to lay the cord
      or strip in a generally zigzag pattern thereon. Examples of such belts are
      disclosed in U.S. Pat. Nos. 2,982,327; 3,589,426; 3,720,570; and
      3,729,365. One of the considerations in the design of the reinforcement is
      the minimizing of lateral forces in tires due to the pattern of the
      outermost layer of the belt. This effect is observed when tires are
      mounted on a vehicle or on a test wheel under load. These lateral forces
      create vibrations in the vehicle on which the tires are mounted and in the
      tire itself, thereby reducing the life of the tire and causing vehicle
      handling problems. Thus, the cord or strip must be wound in a preselected
      pattern with a high degree of precision to avoid inaccuracies which could
      result in the creation of lateral forces in the tire.
PAR  The present invention provides a novel apparatus for producing an endless
      reinforcement with a high degree of folded-edge pattern accuracy.
      Furthermore, the invention provides a new apparatus for accurately guiding
      and positioning a plurality of continuous strips on a support surface in a
      desired folded-edge pattern. Moreover, the moving parts of the apparatus
      of the invention are of low mass which facilitates high speed operation
      for extended periods of time.
DRWD
PAR  Other advantages and benefits of the invention will be apparent from the
      following detailed discussion and description of the drawings in which:
PAR  FIG. 1 is a schematic illustration of one form of apparatus of the
      invention for forming an endless reinforcement;
PAR  FIG. 2 is an enlarged top view of the guide apparatus shown in FIG. 1;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged side elevation of a portion of the guide assembly
      shown in FIG. 3;
PAR  FIG. 5 is an enlarged broken sectional view taken along line 5--5 of FIG.
      4; and
PAR  FIGS. 6, 7 and 8 are enlarged schematic top views of a portion of the guide
      assembly of the invention illustrating a sequence in the operation thereof
     .
DETD
PAR  As shown in the drawings, one form of apparatus for guiding and positioning
      unitary strips or ribbons on a support surface includes a rotatable
      winding drum 11 having a generally cylindrical outer surface 12 providing
      a support surface for cord strips 13 and 14 to be positioned thereon. Drum
      11 is driven by suitable drive means 15. Associated with drum surface 12
      are rolls 16 and 17 and guide assemblies 18 and 19 mounted for
      reciprocation on rods 20 and 21, respectively. Guide assemblies 18 and 19
      are interconnected by a cable and pulley arrangement 22.
PAR  Guide assembly 18 includes a traverse runner bearing block 31 and a guide
      housing 23 having a slot passage 24 for the movement therethrough of a
      cord strip 13. At the outlet portion of the housing 23, gas bearing
      surfaces 25 attached to runner bearing block 31 are positioned in line
      with and in front of passage 24. Bearing surfaces 25 are porous metal
      tubes through which a gas is passed from a pressure source (not shown).
      Along the sides of the slot passage 24 through the housing 23 are located
      fixed horizontal rollers 27 and biased horizontal rollers 28. Above and
      below the slot passage are disposed rollers 29 and 30. These four pairs of
      rollers reduce friction in the movement of cord strip 13 through the
      passage 24 and then between and alternately around the two bearing
      surfaces 25 attached to the forward end of bearing block 31. The angular
      position of housing 23 with respect to bearing surfaces 25 and roll 16 is
      controlled by the advance of pin 32 attached to guide housing 23 along
      arcuate slotted member 33. Changing the angularity provides different
      strip deposition patterns.
PAR  Between the guide housing 23 and the roll 16 is disposed a finger assembly
      34 which cooperates with the traversing guide housing 23 to form a zigzag
      pattern with the continuous strip. The finger assembly 34 includes a pair
      of finger elements 35 and 36 which are movable alternately into extended
      positions at each end of the guide assembly traverse. Finger 35 is mounted
      on a support arm 37 and is pivotable about a pin 38. Support arm 37 is
      pivotally connected to a corresponding support arm 39 to which finger 36
      is affixed. Support arm 39 is pivotable about a pin 41. Support arms 37
      and 39 are interconnected by a linkage 42 and pins 40. A slot 43 in
      linkage 42 permits adjustment of the distance between fingers 35 and 36
      for the production of different width belts. Magnets 44 and 45 adjustably
      supported on member 48 are located outboard of finger support arms 37 and
      39 to provide stop-detent means for fingers 35 and 36. A cam roll 46
      affixed to a triangular support 47 is attached to traverse runner block 31
      which moves along guide rod 20. Support 47 is pivotally connected to a
      push rod 49.
PAR  The operation of the apparatus shown in the drawings will be described with
      regard to guide assembly 18. During the passage of strip 13 through guide
      housing 23, the strip is positioned by rollers 27 and 28 which which are
      adjacent to the sides of the strip and at the same time by rollers 29 and
      30 which are adjacent to the top and bottom of the strip. The strip then
      passes between and around bearing surfaces 25 and is delivered to the
      surface of roll 16. As roll 16 is rotated with the strip 13 in contact
      therewith, the strip is carried by the roll into contact with the drum
      surface 12. The strip is pressed against the surface 12 and adheres
      thereto as the drum 11 is rotated. Simultaneously with the delivery of the
      strip to roll 16, the guide assembly 18 is moved along rod 20 and parallel
      to the axis of roll 16 to position succeeding portions of the strip 13 in
      spiral fashion along different sections of the roll.
PAR  As the guide assembly 18 moves toward an edge of the roll 16, its traverse
      stops and the guide reverses and moves back toward the opposite edge of
      the roll. One sequence of movement of the guide at an edge of the roll is
      illustrated schematically in FIGS. 6 through 8. In FIG. 6, strip 13
      advances between bearing surfaces 25 of the guide assembly 18 and is
      positioned on roll 16 at an angle to the axis of the roll as the guide
      itself is moving along a line parallel to the axis of roll 16 toward the
      left side of the Figure. Simultaneously, cam roll 46 is moved into
      cam-like contact with an edge of support arm 37 pivoting the arm about pin
      38 toward magnet 44. Since finger 35 is affixed to support arm 37, the
      pivoting movement of the arm causes finger 35 to advance along the
      underside of the right bearing surface toward the strip 13. The strip at
      that moment is advancing downward and around the right bearing surface in
      a left-handed spiral-like path.
PAR  As shown in FIG. 7, the cam roll 46 has pushed support arm 37 into contact
      with magnet 44. Likewise, finger 35 has reached its extreme position in
      line with the opening between bearing surfaces 25 and the finger is in
      contact with strip 13 which at the same time also has reached its extreme
      left position. As the guide including bearing surfaces 25 begins its
      traverse in the opposite direction as shown in FIG. 8, finger 35 is held
      in its extreme position in contact with strip 13 by the action of magnet
      44 holding support arm 37. This retention of the finger 35 in its extreme
      position as the guide moves in the opposite direction folds strip 13 over
      the finger. Since roll 16 is rotating, the folded strip 13 deposited
      thereon is advanced around the periphery of the roll and the folded
      portion of the strip slides from the end of the finger 35.
PAR  As the guide continues its traverse in the opposite direction, cam roll 46
      comes into contact with support arm 39, displacing the arm and causing
      linkage 42 to pull arm 37 away from magnet 44 and move finger 35 into a
      retracted position. Simultaneously, the movement of support arm 39 causes
      finger 36 attached thereto to move from its retracted position as shown in
      FIG. 5 of the drawings into an extended position as shown for the other
      finger 35 in the same Figure. The traversing of guide 18 from one edge of
      the roll 16 to the other is repeated in a plurality of cycles with the
      alternate extension and retraction of the fingers 35 and 36 at the ends of
      each traverse of the guide to form the folds in the strip on roll 16,
      which strip pattern is then transferred from roll 16 onto the drum surface
      12. Continuing the rotation of drum 11 through a number of revolutions
      results in the production of an endless reinforcement with the desired
      uniformity of strip folding and spacing throughout the reinforcement.
PAR  While the above description relates to the operation of guide assembly 18,
      companion guide assembly 19 functions in the same manner. Advantageously,
      the operation of guide assemblies 18 and 19 is coordinated so that the
      respective strips 13 and 14 passing therethrough will in combination form
      the desired preselected pattern and produce an endless reinforcement in a
      shorter period of time than would be possible when only one strip is
      employed.
PAR  The above description and the accompanying drawings show that the present
      invention provides a novel apparatus for producing an endless
      reinforcement with a high degree of folded-edge pattern accuracy.
      Furthermore, the apparatus of the invention provides for the accurate
      positioning of a plurality of continuous strips on a support surface in a
      desired folded-edge pattern. In addition, the moving parts of the
      apparatus of the invention are of low mass which facilitates high speed
      operation for extended periods of time.
PAR  It will be apparent that various modifications and changes in the apparatus
      described in detail and shown in the drawings can be made within the scope
      of the invention. For example, the finger elements utilized to effect the
      folding or reversal of the strip may be actuated by different mechanisms.
      Therefore, while the foregoing description and drawings are intended to
      illustrate the invention, the scope of the invention is to be limited only
      by the following claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. Apparatus for positioning a continuous strip on a movable support
      surface in a zigzag pattern including a traversing guide member having a
      slot passage disposed longitudinally of the movement of said support
      surface, means for reducing friction in the slot passage of said guide
      member, and a pair of interconnected, pivotable, cam-actuated finger means
      co-ordinated with the traverse of said guide member disposed between said
      guide member and said support surface alternately movable into the path of
      said strip at the ends of each traverse of said guide member to form the
      reversals of the zigzag pattern.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said support surface is a
      generally cylindrical surface.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein a roller is positioned between
      said positioning means and said cylindrical support surface.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said guide member is traversed
      substantially normal to the movement of said support surface.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said means for reducing friction
      in the slot passage of said guide member are gas bearing surfaces.
NUM  6.
PAR  6. Apparatus according to claim 1 including a second guide member and a
      second pair of finger means.
NUM  7.
PAR  7. Apparatus according to claim 6 including means for co-ordinating the
      traverse of said guide members.
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ABST
PAL  Method and apparatus to produce a bonded loop pile carpet. The carpet
      machine is of the rotary type which uses cooperating blade members to form
      the yarn loops for bonding to a backing sheet. One set of the blade
      members is reciprocably mounted in the rotor of the machine.
PARN
PAR  This is a continuation of application Ser. No. 403,744 which in turn is a
      continuation of application Ser. No. 252,974, filed May 15, 1972, both
      abandoned.
BSUM
PAR  It is an object of this invention to provide a method and apparatus to
      efficiently, inexpensively and continuously produce a bonded loop pile
      carpet.
DRWD
PAR  Other objects and advantages of the invention will become readily apparent
      as the specification proceeds to describe the invention with reference to
      the accompanying drawings, in which:
PAR  FIG. 1 is a sectional elevation view taken on line 1--1 of FIG. 2;
PAR  FIG. 2 is a cross-sectional elevation view of the carpet machine rotor;
PAR  FIG. 3 is an elevation view taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is an elevation view taken on line 4--4 of FIG. 2;
PAR  FIGS. 5-7 are blown-up views of the loop forming mechanism showing various
      stages of loop formation; and
PAR  FIG. 8 is a blown-up view of the pressure foot shown in FIG. 6.
DETD
PAR  Looking at FIGS. 1, 3 and 4, the overall concept will be explained. A
      plurality of yarn ends 10 are supplied from a warp beam or creel (not
      shown) to the rotor 12 over a pair of rolls 14 and 16. At the rotor, upper
      blade 17 cooperates with the lower blades 18 to insert the yarn in loops
      between the lower blades 18. The rotor is rotated counterclockwise and the
      loops are inserted into a suitable adhesive, such as polyvinyl chloride,
      placed on a backing sheet 20 by the doctor blade 22. The backing sheet is
      supplied from a roll 24, over a roll 26 to the adhesive station 28 and
      then over pressure roll 30 to a position against the top of loops. The
      backing sheet with the loops thereattached continues to rotate
      counter-clockwise past the infrared electric heaters 32 to set the bond
      between the loops and the backing sheet. The bonded carpet is then doffed
      over roll 34 and delivered to the take-up roll (not shown).
PAR  The rotor 12 is supported between side plates 36 and 38 by cross-supports
      40 and 42 to which are attached a plurality of support plates 44 and 46.
      Rotably suppoted between the plates 44 and 46 are blade support rings 48
      which are held in position by drive gear 50 and idler gears 52 and 54
      which are mounted on one of the plates 44 and 46 and engage the toothed
      inner surface of the rings 48. Each of the blade support rings 48 has a
      plurality of notches cut in the outer surface thereof to slidably support
      the lower blades 18. The lower blades are held in the notches by suitable
      means such as springs (not shown).
PAR  The driven gears 50 are rigidly secured to a rotably mounted shaft 56 which
      is intermittently rotated by the action of the pawl 58 against the ratchet
      60 mounted on one end of shaft 56. The pawl 58 is pivotally mounted and
      actuated by the crank arm 62 which is rotated by the lever 64 connected to
      the crank 65. Crank 65 is mounted on shaft 66 supported by bearings 68 in
      the plates 44 and 46 and is driven by chain 70 which is driven from a
      drive source (not shown) by chain 72. A second pawl 74 is pivotally
      mounted adjacent the ratchet 60 to prevent back lash of the ratchet.
PAR  Also mounted on the shaft 66 between adjacent pairs of plates 44, 46 are
      cams 76 to periodically actuate the blades 18. Another set of cams 78 is
      mounted on shaft 80 which is also driven by chain 70 in timed relation so
      that the cams 76 and 78 rotate in a one-to-one ratio.
PAR  Each of the cams 76 have a pair of spring loaded followers 82 operably
      associated therewith to slide upwardly one of the lower blades 18 at a
      predetermined time. The follower causes the pivotally mounted arm 84 to
      move upwardly to engage the blade 18. Another lever 86 is pivotally
      connected to cause the arm 84 to move in a substantially perpendicular
      direction to raise the blade 18 straight up.
PAR  Cams 78 are operably associated with a follower arm 88 pivotally connected
      to the frame of the machine to raise and lower the upper blade holder 90.
      Mounted to the blade holder 90 is the upper blade support 92 and the
      presser foot 94. The blade support 92 is secured to the movable plate 96
      by means of bolt 98. Bolts 100 project through plate 96 to support the
      pressure foot 94. Located between the plate 96 and the presser foot 94
      around the bolts 100 are compression springs 102 for reasons hereinafter
      explained. The upper blade 17 is mounted on the end of blade support 92
      and projects through the elongated opening 104 in the presser foot.
PAR  In the preferred embodiment the rotor 12 is stopped when the blades 17 and
      18 are forming the loops and then the rotor is indexed to the next loop
      forming position but such motion is not mandatory. It is contemplated that
      the motion of the rotor could be continuous and the blade holder 90 could
      move therewith in a manner as shown in U.S. Pat. No. 3,385,747 wherein the
      motion of the top blade is synchronized with the motion of a rotor by
      having the angular velocity of the blade holder equal to the angular
      velocity of the rotor during a portion of the loop forming period.
PAR  Looking now to FIGS. 5-7 the loop forming operation will be explained. In
      FIG. 5 the ratchet 58 and pawl 60 have been actuated to rotate the blade
      18 to the position indicated. The cam 78 has pivoted the lever 88 to the
      extreme upward position to hold the blade 17 in its up position. Then as
      the cams 76 and 78 continue to rotate they assume the position shown in
      FIG. 6 wherein the upper blade 17 is lowered to bend the yarn downward
      over one of the blades 18 while the presser foot 94 engages the top of the
      previously formed yarn loop to prevent it from being pulled out as the
      blade 17 folds the yarn over the blade 18. Then as the cams 76 and 78
      continue to rotate they assume the position shown in FIG. 7 wherein the
      blade 17 remains in the downward position while the arm 84 is moved upward
      by the cam 76 to slide the blade 18 upward to form the other half of the
      yarn loop between adjacent blades 18. Once the yarn loop is formed between
      adjacent blades 18 the cams 76 and 78, respectively, allow the blade 18 to
      retract and move the blade 17 upwardly. It should be noted (FIG. 1) that
      the blades 18 do not retract until they are indexed or rotated beyond the
      beginning of the chord section of the support plate 46 located in the
      direction of rotation beyond the roll 34. The blades 18 are once again
      indexed to the position shown in FIG. 5 and the cycle is repeated.
PAR  It should be noted that only half the yarn loop is being formed at any one
      time, thereby reducing the frictional forces on the yarn between the blade
      18 and the yarn. This results, necessarily, in a reduction in the amount
      of force necessary by the blades 17 and 18 to form the yarn loops.
PAR  Although I have described specifically the preferred embodiment of my
      invention I contemplate that changes may be made without departing from
      the scope or spirit of my invention and I desire to be limited only by the
      claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. Apparatus to produce a bonded pile fabric comprising: a rotor, means to
      rotate said rotor, means slidably mounting a plurality of blades in said
      rotor, a second single blade member reciprocably mounted above said
      plurality of blades and operably associated therewith, means to supply
      yarn between said plurality of blades and said second blade member, means
      to move said second blade member downwardly at a predetermined time to
      bend the yarn over one blade of said plurality of blades, means to slide
      upwardly the blade of said plurality of blades next adjacent to the blade
      over which the yarn is bent to form a loop in said yarn, means to move
      said single blade member upwardly away from the formed loop, means to
      index said rotor to rotate said rotor a predetermined distance to place
      the blade members in loop forming position, means to supply an adhesive
      backed backing material into contact with said formed loop, means to set
      the bond between said adhesive and said loop and means to guide said
      backing material with loops bonded thereto away from said apparatus, said
      rotor including a means to maintain said blades of said plurality of
      blades in said loops until said rotor is indexed to a point where a formed
      loop is guided away from said apparatus and a means to allow said
      plurality of blades to slide downwardly after the formed loop is guided
      away from said apparatus, said means slidably mounting said plurality of
      blades including a notched ring and a support ring, said means to allow
      said plurality of blades to slide downwardly including a section cut out
      of said support ring.
NUM  2.
PAR  2. The structure of claim 1 wherein the section cut out of said support
      ring is a chord section.
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ABST
PAL  A tabbed film strip comprising a film portion and a tab portion secured
      together in parallel adjacent edge relation by a connecting tape
      overlapping the film and tab portion and adhesively secured thereto in an
      arrangement leaving a major area of the film portion and tab portion
      uncovered throughout their lengths. Apparatus to form this product and to
      carry out a process of making it comprises a housing which supports
      individual feed supplies for the film portion and the tab portion and
      which also supports a feed supply for the connecting tape. The tape has
      pressure sensitive adhesive on one of its surfaces for securement to the
      film and tab portions. Forming mechanism is supported on the housing and
      has guide grooves therein as well as guide rollers and a hold-down arm
      associated therewith arranged to place the film portion and tab portion in
      parallel adjacent edge relation and to secure these two portions together
      by means of the tape. The film portion and tab portion, after leaving the
      forming mechanism, pass over a power driven drum which pulls the film and
      tab portions, as well as the tape, through the forming mechanism for the
      formation of the tabbed film strip. This drum is arranged to feed the
      completed film product to other mechanism upon demand of the latter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a new and novel tabbed film strip product and to
      process and apparatus for preparing such product.
PAR  In the processing of film, it is customarily wound on reels and then moved
      through developers, wound up again, moved through printers and then
      finally cut and packaged. Some of the film, being rather narrow, is
      difficult to handle or treat, particularly the smaller type film presently
      in use. Such film, being reduced in size, also requires special machinery
      for its handling. According to the present invention and forming a primary
      objective thereof, a tabbed film strip is provided which comprises a film
      portion in strip form and a tab portion in strip form secured together in
      side by side adjacent edge relation by a tape glued in overlapping
      relation thereon in the area of the edges, thus providing a product which
      facilitates easy handling and printing for the film and which is capable
      of being used in most existing printing apparatuses.
PAR  Another object of the invention is to provide a novel process for forming
      the tabbed film strip comprising guiding a film portion in strip form and
      a tab portion in strip form along a surface in adjacent edge relation and
      at the same time feeding a tape having a glue surface onto the film
      portion and tab portion in the area of the adjacent edges, and compressing
      the tape on the film and tab portions to connect the latter together.
PAR  Another object of the invention is to provide an apparatus for carrying out
      the process and forming the product comprising independent feed means for
      each of the film portion, tab portion, and the tape, and also including a
      forming mechanism for receiving and positioning the two portions and
      adjacent edge relation and applying the tape to the two to form the
      integral product.
PAR  Other objects of the invention are to provide a novel drive arrangement for
      the formation of the tabbed film strip as well as for making the latter
      available to other apparatus, comprising a powder driven drum having a
      friction connection with the assembled strip and arranged to pull it
      through the forming apparatus; to provide a novel drive for the drum
      wherein such drum operates only when a discharged supply therefrom is
      diminished; to provide a novel forming mechanism which places the film
      portion and the tab portion in adjacent edge relation for securement by
      the tape; and also to provide in the forming mechanism and pulling drum
      relieved areas where the film travels whereby picture areas of the film
      will not engage any surface.
PAR  The invention will be better understood and additional objects and
      advantages will become apparent from the following description which
      illustrates a preferred form of the device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of apparatus of the invention;
PAR  FIG. 2 is a fragmentary elevational view of a portion of the apparatus
      showing a modified form;
PAR  FIG. 3 is an enlarged vertical sectional view of the apparatus taken on the
      line 3--3 of FIG. 1;
PAR  FIGS. 4, 5 and 6 are enlarged fragmentary sectional view of forming
      mechanism, taken on the lines 4--4, 5--5 and 6--6 of FIG. 1, respectively.
PAR  FIG. 7 is an enlarged fragmentary elevational view of a forward portion of
      the forming mechanism;
PAR  FIG. 8 is an enlarged, fragmentary sectional view of tape drive means,
      taken on the line 8--8 of FIG. 1;
PAR  FIG. 9 is an enlarged fragmentary sectional view of control apparatus for
      the drive means, taken on the line 9--9 of FIG. 3;
PAR  FIG. 10 is a fragmentary sectional view of feed means for the film portion,
      taken on the line 10--10 of FIG. 1;
PAR  FIG. 11 is a sectional view of feed means for the tab portion, taken on the
      line 11--11 of FIG. 1;
PAR  FIG. 12 is an end edge view of a tabbed film strip comprising the product
      which forms part of the invention; and
PAR  FIG. 13 is a fragmentary plan view of such product, taken on the line
      13--13 of FIG. 12.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring in particular to the drawings and first to FIGS. 12 and 13, the
      product of the invention, designated generally by the numeral 10,
      comprises a film portion 12 in strip form, a tab portion 14 also in strip
      form, and an attaching strip portion 16. In the formed construction of the
      product, the portions 12 and 14 are disposed in close side edge relation,
      preferably in edge abutment, and are secured together in such relationship
      by the strip portion 16. The strip portion 16 may comprise a conventional
      tape having adhesive on one surface, preferably a pressure sensitive
      adhesive. Such tape has a width less than the combined width of portions
      12 and 14. Most of its width overlaps and is secured to the tab portion
      14. The overlapping engagement with the film portion is only a small
      amount in order not to interfere with picture portions of the film. In
      most films, there is at least a margin of one thirty-second inch and it is
      found that such an overlap is sufficient to provide a good connection
      against lateral displacement so that the tab is useful in combination with
      the film for engagement by treating mechanism or for handling by the
      processor or customer. Although a good lateral connection is provided, the
      film portion can be readily separated from the tab portion if desired by
      tearing it off longitudinally, particularly if a pressure sensitive
      adhesive is used. The film portion 12, to which the tab portion is applied
      according to the present invention, comprises a length of film which has
      been developed but which requires further handling for return to the
      customer. Such film is customarily made up in long lengths and placed on
      rolls for this purpose.
PAR  The thickness of the tab portion 14 is substantially the same thickness as
      the film strip for best results. Although the tab portion 14 may be
      constructed of paper or any other suitable material, it preferably is
      formed of a plastic film, such as polyester film, so that it has somewhat
      the same coefficient of expansion as the film strip and thus will not
      wrinkle. Such a polyester film also does not absorb moisture to further
      reduce the possibility of wrinkling. It is desirable that one surface of
      the tab portion 14 be capable of receiving pencil or ink markings.
PAR  The formed product 10 has the advantage that it can be handled, namely, by
      the tab portion, so that the film portion is not damaged. Also, the tab
      portion can be marked by the processor or customer for any desired
      purpose.
PAR  Apparatus for making the product of the invention comprises a housing 18,
      FIGS. 1 and 3, having a bottom wall 20, a front wall 22 secured thereto as
      by screws 24, and side walls 26 also secured to the bottom wall and to the
      front wall, as by screws 28. A removable back and top wall section 30 is
      attached to the housing by locator projections 34 on the bottom wall and
      screws 36 extending through the front wall.
PAR  The three strip portions 12, 14 and 16 are fed to a forming mechanism 40 in
      the construction of the product from individual supply rolls 42, 44 and
      46, respectively. Film supply roll 42 is mounted on a spool or reel 47
      supported on an arm 48 in turn supported on the housing by a connection
      50. Connection 50 includes a shaft support which allows the arm to be
      pivotally adjusted for a desired positioning of the roll 42. Also, it is
      preferred that the arm be removable at the connection 50 for reducing the
      size of the apparatus in shipment and storage. With reference to FIG. 10,
      spool 47 is pivotally supported on a shaft 54. A retaining knob 56 is
      adapted to be received on the shaft 54 and has a spring pressed retainer
      58 removably engageable with a transverse surface groove 60 in the shaft
      to frictionally hold the knob in place which in turn holds the spool on
      the shaft. Preferably, the side plate of the spool adjacent to the knob 56
      is freely removable from the spool whereby in order to install or remove a
      roll of film, it is merely necessary to remove the knob and side plate. To
      remove the knob, it is merely forcefully pulled off, and to install it, it
      is pushed inward to the point where the retainer 58 snaps into groove 60.
PAR  A roller 62 engages the periphery of spool 52 and is mounted in such
      position by an arm 64 having a longitudinally slidable mounted engagement
      on arm 48 by headed pins 66 on the latter arm slidably confined in an
      elongated slot 68 in the arm 64. A tension spring 69 is connected between
      the arm 64 and arm 48 and urges the roller 62 against the supply spool 47.
      Roller 62 permits rotation of the spool 47 for stripping off film but at
      the same time is arranged to create a drag on such rotation for a purpose
      to be described hereinafter.
PAR  Tab supply roll 44 is removably supported on a single flange reel 70, FIGS.
      1 and 11, rotatably mounted on a shaft 71 projecting from an arm 72. Reel
      70 has an open front hollow hub portion 70a for removably supporting the
      roll 44. Arm 72 has a pivotally adjustable and removable connection to the
      housing similar to arm 48. The rear side of reel 70 has friction members
      73 supported thereon bearing against the arm 72. These friction members
      produce a drag on the rotation of the reel 70, and such drag is adjustable
      by means which hold the reel on the shaft, comprising a collar 74 on the
      shaft within the hub and a spring washer 75 disposed between the collar
      and the reel. The collar is held on the shaft by a setscrew 76, and by
      selectively locating such collar against the washer, the tension applied
      between the arm 72 and the friction members 73 can be varied to control
      the drag on the rotation of reel 70. Such drag may be desirable to prevent
      over-running of the reel 70 when a pull on the tab 14 is stopped abruptly.
PAR  The supply roll 44 is retained on the hub 70a by a removable flanged knob
      78. This knob has a spring pressed retainer 79 removably engageable with a
      transverse groove 80 in the shaft for readily installing and removing the
      knob. A new roll 44 is readily installed on the reel 70 by merely removing
      the knob 78.
PAR  Tape supply roll 46 is mounted on a shaft 82 supported on the front wall 22
      of the housing. Such roll is held on the shaft by a flanged knob 84
      removably mounted on the shaft as are the knobs 56 and 78. The tape roll
      does not require mounting on a reel nor does it require any friction drag
      due to the slight coherence between layers of the tape on the roll.
PAR  The three strips 12, 14 and 16 are formed into the final product 10 by the
      forming mechanism 40. This mechanism comprises an outer vertical side wall
      86, FIGS. 1, 4, 5, 6 and 7, secured to end mounting arms 88 on the front
      wall 22 of the housing. Forming mechanism 40 has a top wall 90 with
      longitudinal side guide rails 92 and 94 extending substantially the full
      length of the top wall. A parting rib 96, FIGS. 4 and 6, extends through a
      portion of the length of the top wall 90 intermediate the ends thereof
      parallel with and between the rails 92 and 94. The spacing between the
      rail 92 and the rib 96 is substantially identical to or slightly greater
      than the width of the film portion 12 so that such film strip can move
      therebetween in a flat condition. The spacing between the rib 96 and the
      rail 94, however, is slightly less than the width of the tab portion 14 so
      that when such tab portion is moved longitudinally therebetween it will
      buckle slightly as shown in FIGS. 5 and 6, for a purpose to be described
      hereinafter.
PAR  A hold-down shoe 98, FIGS. 1, 4 and 6, fits over a portion of the parting
      rib 96. This shoe is supported on an arm 100 removably attached to side
      wall 86 by a clamp screw 102. Hold-down shoe 98 has a bottom longitudinal
      groove 104, FIG. 6, which receives the parting rib 96, the shoe being held
      such that its bottom edge is spaced above the surface of wall 90 an amount
      sufficient to allow the strips 12 and 14 to move freely thereunder.
PAR  With particular reference to FIGS. 1 and 5, a guide roller 106 receives the
      film and tab portions 12 and 14 thereunder for feeding them to the grooves
      formed between the outer rails 92 and 94 and the rib 96 in the top wall
      90. This guide roller is rotatably supported on a shaft 108 in turn
      supported on end standards 110 integral with the forming table. This guide
      roller has side flanges 112 and a central rib 114, the spacing between
      such side flanges and the rib being idential to the respective spacings
      between the rails 92 and 94 and the parting rib 96 in the top wall 90 and
      the roller also being selectively aligned whereby it is arranged to feed
      the film and tab portions to the grooves in the top wall. Notches 116 are
      cut in the rails 92 and 94 for receiving the flanges 112 and rib 114 on
      the roller. With particular reference to FIGS. 5 and 6, the guide roller
      106, as well as the top wall 90, are recessed at 118 in the area where the
      film portion 12 passes. Such recesses prevent contact of the film in its
      center picture area from contacting a wall surface and possibly being
      damaged. This roller may also be recessed at 120 to allow the strip 14 to
      buckle in the groove between rail 94 and parting rib 96.
PAR  A tape guide roller 122 is supported on a shaft 124 in turn supported in
      forward standards 126. Guide roller 122 has side flanges 128, as shown in
      phantom in FIG. 4, and is precisely located laterally to direct the tape
      16 onto the portions 12 and 14 in the desired position, namely, a small
      overlap on the film portion 12 and a greater overlap on the tab portion
      14. It is desired that roller 122 be adjustable laterally on the shaft 124
      for proper positioning, and for this purpose, it is secured on the shaft
      by a setscrew 130.
PAR  Forward of the tape guide roller 122 is a forming roller 134 rotatable
      freely on a shaft 135 supported in the standards 126. With reference to
      FIGS. 3 and 7, this roller has side flanges 136, and it also has a
      peripheral recess portion 137 for protecting the film. This recess is
      spaced inwardly a slight amount from the one side to form a side support
      surface 138 for the outer edge of the film portion.
PAR  The three portions making up the tabbed strip are united as they move
      around a portion of the periphery of the roller 134, the film portion
      riding on the surface 138 and a portion of the unrecessed area of the
      spool and the tab portion on such unrecessed area. The tape 16 is directed
      into the proper overlapping position on the portions 12 and 14 with the
      adhesive side down by the roller 122. That is, the portions 12 and 14 feed
      from the top wall 90 of the forming mechanism onto the roller 134 and as
      they do, the tape 16 is fed from roller 122 into direct contact with the
      said portions on the roller 134. The positioning of the elements of the
      product for connection are shown in phantom in FIG. 3 and in full lines in
      FIG. 4. The surface of the top wall 90 at the outlet end of the forming
      mechanism is in substantially the same plane as the bottom surface of the
      forming roller for efficient feed thereto, and the side rails 92 and 94 of
      the forming portion are recessed at 139, FIG. 4, for receiving the flange
      portions 136 of the roller 134.
PAR  With reference to FIGS. 1, 3, 4 and 7, the outfeed end of the forming
      mechanism has a starter or feed roller 140 secured on a shaft 141
      rotatably supported in the standards 126. This shaft has a hand knob 142
      on one end and is supported in the standards through horizontal slots 143.
      The arrangement is such that the shaft 141 will normally be disposed at
      the forward end of the slots and the roller 140 will be disengaged from
      roller 134. When it is desired to rotate the forming roller 134, however,
      such as to feed a short length of the product therthrough, it is merely
      necessary for the operator to rotate the roller 140 in a forward direction
      and cause the latter roller to engage the forming roller. When the
      operator releases the knob, the feed roller 140 will automatically move to
      an out-of-the way position by the forward movement of the tabbed film. The
      feed roller 140 has a friction surface 144 for turning the forming roller.
PAR  A drive drum 146, FIGS. 1, 3 and 8, is supported on the front wall 22 of
      the housing for receiving the completed tabbed film from the forming
      roller 134. This drum is supported on a shaft 148 in the housing in a
      location such that the pickup side of the drum is toward the infeed end of
      the forming mechanism with relation to the outfeed portion of forming
      roller 134 so that the product 10 doubles back a considerable amount over
      the roller 134 to provide a good assembly of such product on the roller.
      The drum 146 has side flanges 150 and the body portion of the drum has a
      recess 152 for protecting a film portion which rolls over the drum. As in
      the roller 134, recess 152 is spaced a slight amount inwardly from the one
      side to provide a support surface 154 for the one edge of the film. The
      unrecessed portion has a friction surface 156 for frictionally gripping
      the product. Upon operation of the drum in the direction of arrow 158,
      FIG. 1, a pulling drive is established for pulling the two strips and the
      tape through the forming mechanism 40.
PAR  In addition to the friction portion 156 on drive drum 146, a drive
      connection is established between the drum and the product by a pressure
      roller 160, FIGS. 1, 3 and 8, supported on a yoke member 162 having a
      shaft portion 164 extending through and journaled in the front wall 22 of
      the housing. An inward projecting square end 166 on the shaft 164 has an
      arm 168 mounted thereon which extends toward the drive roll and is urged
      downwardly by a tension spring 170 connected between the outer end of such
      arm and the housing. The roller 160 forcefully bears down on the product
      on the drum 146 and in addition to providing a positive drive connection
      between the drum and the product it also insures that a seal is
      established between the tape and the two strip portions. This roller
      preferably has a friction surface 171.
PAR  The shaft 148 for the drive drum 146 is journaled in the front wall of the
      housing and also in an inner frame FIGS. 3 and 9 having a rear wall
      portion 172 supported by a pair of side plates 174 secured to the side
      wall of the housing, as by screws 176. Mounted on the shaft 148 adjacent
      to the rearward end thereof is a pulley 178 connected to a drive pulley
      180 by means of a belt 182. Pulley 180 is secured on the output shaft of
      an electric motor 184 bolted to the bottom wall 20 of the housing.
PAR  Incorporated in the shaft 148 between the drum 146 and pulley 178 is a
      friction type clutch 186 of well known construction, FIG. 9, which when
      released establishes a drive connection of the forward portion of the
      shaft 148 with the driven rearward portion of such shaft so that the drum
      will rotate. The operation of the clutch is controlled by a solenoid 188,
      also seen in FIG. 3, arranged to pivotally operate a pawl 190 having end
      engagement with a single tooth 192 on the clutch part which rotates with
      the forward portion of the shaft.
PAR  The arrangement is such that the drive motor 184 operates continuously, as
      does the pulley 178, and upon energization of the solenoid, the pawl 190
      is pivoted clockwise as viewed in FIG. 9 and is disengaged from the tooth
      192 to allow the forward shaft portion and the drive drum 146 to rotate.
      Return of the pawl is accomplished by a tension spring 194.
PAR  Control of the solenoid 188 is accomplished by a switch 196, FIGS. 1 and 3,
      in the circuit to the solenoid and having a switch arm 198 in the path of
      a portion of the proudct 10 discharged from the drum 146. More
      particularly, the product 10 passes over the top portion of the drum and
      upon discharge from the drum, it is allowed to form a loop 10a before
      passing over an idler roller 200 supported rotatably on an outwardly
      projecting shaft 202 secured to the front wall of the housing. A spring
      finger 204, secured at one end to the front wall of the housing, rests on
      the product with sufficient tension to hold it on the roller but allowing
      free movement of the product over the roller. From the roller 200 the
      product passes under an angled guide roller 206 mounted on the front wall
      of the housing. The product leads from the roller 206 to additional
      treating mechanism 208 such as a cutter of known construction.
PAR  A stripping finger 210 is supported vertically on a support arm 212 secured
      to the front wall of the housing and has it upper end closely associated
      with the drive drum at a point where it is desired that the product leave
      the drum. This finger insures that the product will not follow the contour
      of the drum too far around and preferably has a tapered upper end 214
      providing close association with the drum.
PAR  With reference to FIG. 1, the switch arm 198 is positioned selectively so
      as to be in the path of the loop 10a and to be engaged by said loop as the
      latter comes up or in other words reduces in size. Therefore, as the
      cutter 208 pulls the product from rolls 200 and 206 and reduces the size
      of the loop 10a, the bottom of the loop will engage and raise the switch
      arm to close the switch 196. Closing of the switch 196 operates the
      solenoid 198 which in turn disengages the pawl 190 from the tooth 192.
      This allows the clutch to drive the forward portion of the shaft and the
      drum 146. The drum will thus turn to construct more product and enlarge
      the loop 10a to its original shape for providing an additional supply for
      the cutter. The instant that the drive drum 146 is initiated in its
      rotation the loop 10a will begin to enlarge and the switch arm 198
      therefore will drop. Such deenergizes the solenoid, and the pawl 190 will
      be pivoted back down into the path of the dog 192. Such takes place almost
      instantaneously and the drum thus makes only one revolution upon each
      demand from the cutter. Thus, even though the cutter operates
      continuously, the drum 146 operates only on demand, the speed at which the
      drum 146 is capable of furnishing the product of course being greater than
      the takeup speed of the cutter. This arrangement is such that a supply of
      the product is furnished to the cutter without the latter having to apply
      any pulling force to form the product.
PAR  FIG. 2 shows a modified structure wherein the output of the product beyond
      the idle roller 200 is fed to storage rather than to a cutter. Such
      storage comprises reel 218 supported on a bracket 220 secured to housing
      18. Reel 218 has a drive motor 222 providing constant rotation thereof.
      The product 10 passes over the idle roller 200 as in FIG. 1 so that a loop
      as before is formed. The product then passes around the under side of a
      lower guide roller 224 and from there it is wound on reel 218. The
      furnishing of the supply from the drum 146 is the same as in FIG. 1, in
      that as the reel 218 takes up the loop 10a to a selected point, the drive
      drum 146 will operate through one revolution to enlarge the loop.
PAR  According to the present invention, a product is provided as well as a
      process and apparatus for making it wherein a tab strip is secured in
      longitudinal edge relation to a film strip and these two strips are held
      securely together by a connecting tape. The precise longitudinal edge
      relation of the two portions 12 and 14 as secured together is accomplished
      by the novel structure of the forming mechanism. More particularly, the
      two portions are guided into their respective longitudinal areas on top
      wall 90 between the rails 92 and 94 and the parting rib 96 by the guide
      roller 106. As stated hereinbefore, the tab portions 14 is buckled as it
      moves between the rail 94 and parting rib 96. As said portion leaves the
      parting rib, it flattens out whereby such lateral expansion thereof brings
      the one edge into close, preferably abutting, relation with the adjacent
      edge of the film portions 12. This method of handling the two portion has
      been found to position them for precise longitudinal edge to edge relation
      without variation and without buckling or overlap. These portions pass
      onto the forming roller 134 in their precise edge to edge relation and are
      secured together in such relation by the strip 16 as they move around the
      portion of the roller.
PAR  Formation of the tape in the forming mechanism 40 is accomplished by the
      pulling force from drum 146. Thus, not only is the tape pulled through
      forming means but the tension applied thereto provides a good connection
      of the tape to the two portions 12 and 14. The drag on film reel 47 by the
      tension roller 62 may be varied by selected force of spring 69 to provide
      the tension desired for forming the product. The apparatus for forming
      this product is simplified and foolproof in operation and not only has the
      advantage that it forms a well integrated product but it also furnishes
      the completed product to additional treating mechanism without the
      requirement that the latter exert any force to form the product. It is to
      be understood that the form of our invention herein shown and described is
      to be taken as a preferred example of the same and that various changes in
      the shape, size and arrangement of parts may be resorted to without
      departing from the spirit of our invention, or the scope of the subjoined
      claims.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. Apparatus for forming a tabbed film strip comprising
PA1  a. a base,
PA1  b. a forming portion on said base having infeed and outfeed ends,
PA1  c. supply means for feeding a tab strip portion onto said forming portion,
PA1  d. supply means for feeding a film strip portion onto said forming portion,
PA1  e. positioning means on said forming portion placing said tab strip portion
      and said film strip portion longitudinally adjacent to each other in the
      same plane and with adjacent edges thereof in side by side parallel
      relation,
PA1  f. said positioning means comprising a longitudinal surface defined
      laterally by side rails between which the respective strip portions are
      received and including a dividing projection between said rails extending
      through only a portion of the length of the said longitudinal surface, the
      area between said projection and one side rail that is to receive said tab
      strip portion being of less width than said tab strip portion to cause the
      latter to buckle laterally when received therein whereby as said strip
      portions pass beyond said dividing projection the buckled strip portion
      straightens out and expands laterally so as to be in adjacent edge
      relation and in the same plane as the other strip portion as aforesaid,
PA1  g. feed supply means for a continuous length connecting strip which has
      less width than the combined width of said tab and film strip portions,
PA1  h. roller means applying said connecting strip in overlapping relation on
      adjacent marginal surface areas of both of said tab and film strip
      portions to secure said strip portions together and form a tabbed film
      strip,
PA1  i. and drive means pulling said tabbed film strip from said forming
      portion.
NUM  2.
PAR  2. The apparatus of claim 1 including a guide roller at the infeed end of
      said forming portion having peripheral surface recesses aligned laterally
      with the respective areas on opposite sides of said projection for feeding
      said strip portions from the feed means to said forming portion on
      opposite sides of said projection.
NUM  3.
PAR  3. The apparatus of claim 1 including a guide roller on said forming
      portion disposed toward the outfeed end of said forming portion from said
      projection arranged to direct the connecting strip onto said strip
      portions at said marginal edges.
NUM  4.
PAR  4. The apparatus of claim 1 including a guide roller at the infeed end of
      said forming portion having peripheral surface recesses aligned laterally
      with the respective areas on opposite sides of said projection for feeding
      said strip portions from the feed means to said forming portion on
      opposite sides of said projection, and a guide roller on said forming
      portion disposed toward the outfeed end of said forming portion from said
      projection arranged to direct the connecting strip onto said strip
      portions at said marginal edges, said drive means comprising a drive drum
      and a pressure roller bearing on said tabbed film strip on said drum for
      providing a drive connection between said tabbed film strip and the drum.
NUM  5.
PAR  5. The apparatus of claim 4 wherein the area between said projection and
      the side rail that is to receive said film strip portion has a
      longitudinal recess to prevent engagement of a central portion of said
      film strip portion with a surface area, each of said guide rollers having
      a peripheral recess aligned longitudinally with said longitudinal recess
      also to prevent engagement of the central portion of said film strip
      portion with a surface area.
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PAL  Method of producing epitaxially deposited layers of semiconductor material
      on a substrate by thermal decomposition of a gaseous compound of a select
      semiconductor material and depositing a seed layer of such semiconductor
      on the substrate and then adding a hydrogen halide to the gaseous compound
      and depositing additional semiconductor material on the seed layer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to production of epitaxially desposited semiconductor
      layers on a substrate and more particularly to the production of an
      extremely uniform epitaxially deposited semiconductor layer on a
      substrate.
PAR  2. Prior Art
PAR  Processes for producing epitaxially deposited layers of semiconductor
      materials on a substrate are known. For example, such a known process is
      described in German Offenlegungschrift No. 1,619,980. Generally, this
      process first deposits a seed layer of a semiconductor material by
      thermally decomposing, for example, silane from a gas consisting of silane
      and hydrogen. Subsequently, further semiconductor material is deposited on
      a seed layer by thermal decomposition of a halide of the semiconductor
      material. However, non-uniformity is present between the so-deposited
      layers.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a process of producing uniform epitaxially deposited
      layers of semiconductor material, such as silicon or germanium, on a
      substrate, such as sapphire or a Mg-Al spinel.
PAR  A novel feature of the invention comprises first depositing a seed layer of
      a semiconductor material on a substrate by thermal irreversible
      decomposition of a reaction gas containing a gaseous compound of the
      semiconductor material and then adding a hydrogen halide to the reaction
      gas and depositing further semiconductor material on the seed layer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial cross-sectional view of a substrate with semiconductor
      layers deposited thereon by a process in accordance with the principles of
      the invention; and
PAR  FIG. 2 is a graph illustrating the growth rate of semiconductor material in
      relation to hydrogen chloride concentration in a reaction gas during the
      second step of a process in accordance with the principles of the
      invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The invention generally comprises a simple process for producing uniform
      epitaxially deposited layers of a semiconductor material on a substrate.
      The process comprises first depositing a seed layer of a semiconductor
      material on a substrate by thermal irreversible decomposition of a
      reaction gas containing a gaseous compound of desired semiconductor
      material and then adding hydrogen halide to the reaction gas and
      depositing further semiconductor material on the seed layer.
PAR  With the process of the invention, the second step avoids the use of a
      halide of the semiconductor material, such as suggested in the known
      process referred to above. Instead, one merely adds a hydrogen halide to
      the reaction gas employed during the first step for depositing the seed
      layer. A preferred reaction gas is composed of a thermally decomposable
      gaseous silicon or germanium compound, for example, selected from the
      group consisting of SiH.sub.4 and GeH.sub.4 and an inert gas, for example,
      selected from the group consisting of hydrogen and helium. When deposition
      of silicon, for example, is desired, a preferred reaction gas consists of
      a mixture of about 1% to 3% silane (SiH.sub.4) in hydrogen and hydrogen.
      Another preferred reaction gas for the deposition of silicon consists of a
      mixture of about 1% to 3% silane in helium and helium. Similarly, when
      deposition of germanium is desired, a reaction gas is comprised of a
      mixture of germanium tetrahydride (GeH.sub.4) in an inert gas selected
      from the group consisting of hydrogen and helium and such inert gas. The
      gaseous hydrogen halide utilized in the practice of the invention is
      preferably selected from the group consisting of hydrogen chloride (HCl)
      and hydrogen bromide (HBr).
PAR  One advantage of the process of the invention is that only a single gaseous
      semiconductor material is required for deposition of a semiconductor
      material during both the first step, during which the irreversible
      decomposition and deposition take place and in the second step, during
      which deposition proceeds in accordance with an equilibrium reaction.
      Thus, there is a continuous transition from the first to the second step,
      which yields a more homogeneous crystal structure in the epitaxially
      deposited semiconductor layers than attainable with known processes.
PAR  During the formation of the seed layer there is a relatively high growth
      rate and during the further deposition of semiconductor material on the
      seed layer, there is a relatively lower growth rate. The lower growth rate
      is controllable by a controlled addition of hydrogen halide to a constant
      supply of a reaction gas that includes the semiconductor compound to be
      decomposed, for example, silane. The constant supply of reaction gas is
      maintained during both deposition steps. The addition of hydrogen halide
      influences the chemical equilibrium reaction which takes place during the
      second step and leads, respectively, to the deposition of semiconductor
      materials and removal of previously deposited materials.
PAR  With the aid of the equilibrium reaction that takes place during the second
      step, incorrectly or poorly incorporated lattice atoms of the
      semiconductor layer are disassembled and replaced in a better manner by
      new depositions of semiconductor material.
PAR  Referring to FIG. 1, a substrate 1, preferably composed of a Mg-Al spinel
      or sapphire has a seed layer 2 and a subsequent layer 3 thereon, both of a
      select semiconductor material, such as silicon or germanium. The seed
      layer 2 is deposited on a surface of the substrate by the irreversible,
      thermal decomposition of a reaction gas, which in one preferred embodiment
      consists of a mixture of silane and hydrogen. Subsequently, a hydrogen
      halide, preferably hydrogen chloride or hydrogen bromide, is added to the
      reaction gas and layer 3 is formed as a result of a chemical equilibrium
      reaction.
PAR  The process of the invention is preferably carried out as follows.
      Substrate wafers, which have previously been cut and polished along
      specific crystal planes, are initially freed of damaged layers.
      Preferably, this is effected by annealing the substrate wafers at a
      temperature of more than 1000.degree. C. in a hydrogen atmosphere or by
      chemically wet-etching the wafers at elevated temperatures, preferably
      with phosphoric acid at temperatures between 200.degree. to 400.degree. C.
      The treated substrate wafers are then preferably placed in a water-cooled
      quartz reaction housing on an inductively heated, high-purity carbon
      plate. The housing is flushed out with hydrogen or an inert gas and then
      the carbon plate and wafer are heated up to at least the decomposition
      temperature of a select gaseous semiconductor compound, while continuing
      to flush the housing. Preferably, when hydrogen is the gas being passed
      through the housing, the wafer is heated above the decomposition
      temperature and to a temperature above about 1000.degree. C. and when an
      inert gas, such as helium is being passed through the housing, the wafer
      is heated above the decomposition temperature of a select compound and to
      a temperature below about 1000.degree. C., and preferably in the range of
      about 850.degree. to 980.degree. C. A suitable gaseous semiconductor
      compound, such as silane, is then added to the continuous stream of
      hydrogen or inert gas, as by opening appropriate valves between a silane
      supply and an inert gas supply. In embodiments where the quartz housing
      has a rectangular chamber with a cross-sectional area of approximately 20
      cm.sup.2, about 2000 to 4000 1/h of hydrogen and about 500 to 1500 1/h of
      a mixture of 1% to 3% silane in hydrogen are preferably utilized to form
      the reaction gas. The silane is supplied until a continuous seed layer
      forms on the substrate wafer. Preferably, the silane is supplied until the
      seed layer attains a thickness of about 0.05 to 0.3.mu.. In the second
      step which now follows, a hydrogen halide, such as hydrogen chloride, is
      supplied to the reaction housing, without the silane and hydrogen flow or
      the temperature being altered. For the above housing having a
      cross-sectional area of about 20 cm.sup.2, preferably about 5 to 150 1/h
      of hydrogen chloride is utilized. The addition of hydrogen chloride causes
      a chemical equilibrium reaction to occur and, consequently, the growth
      rate of layer 3 is less than the growth layer of layer 2. Hydrogen bromide
      may be utilized to replace hydrogen chloride.
PAR  FIG. 2 illustrates the dependency of the growth rate of a growig silicon
      semiconductor layer from a constant volume of silane and hydrogen in
      relation to hydrogen chloride, when 1100 1/h of a mixture of 1% silane in
      hydrogen and 4000 1/h of hydrogen are fed to a quartz reaction housing
      having a cross-sectional area of about 20 cm.sup.2. From the illustrated
      curve, a desired growth rate may be determined as a function of hydrogen
      chloride addition during the second step.
PAR  When a desired layer thickness is attained, the silane, hydrogen and
      hydrogen chloride streams are shut off and the heating of the wafer with
      the semiconductor material deposited thereon is terminated.
PAR  Germanium may be deposited on a substrate in a somewhat similar manner. In
      this case, the deposition of the seed layer on a substrate is effected by
      the irreversible thermal decomposition of a reaction gas containing a
      suitable gaseous germanium compound, such as GeH.sub.4, along with
      hydrogen or an inert gas. The wafer is heated at least to the
      decomposition temperature of the germanium compound and, when hydrogen is
      included in the reaction gas, the wafer is heated to a temperature of
      about 600.degree. to 850.degree. C. so as to deposit a seed layer of
      germanium on the substrate. The subsequent deposition of germanium
      preferably takes place at the same termperatures, again making use of
      equilibrium reaction which occurs after the addition of a hydrogen halide
      to the reaction gas.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art and consequently it is intended
      that the claims be interpreted to cover such modifications and equivalents
     .
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process of producing an epitaxially deposited semiconductor layer
      uniformly composed of a material selected from the group consisting of
      silicon and germanium onto a substrate composed of a material selected
      from the group consisting of sapphire and a Mg-Al spinel, comprising the
      sequential steps of:
PA1  preparing a wafer of said substrate for expitaxial deposition by cutting,
      polishing along specific crystal planes and freeing said wafer of damaged
      layers;
PA1  placing the prepared wafer in an enclosed chamber on an inductively heated
      support means, flushing said chamber with an inert gas and heating said
      wafer up to at least the decomposition temperature of a thermally
      decomposable gaseous compound selected from the group consisting of
      SiH.sub.4 and GeH.sub.4 ;
PA1  passing a stream of a reaction gas composed of a mixture of an inert gas
      and said thermally decomposable gaseous compound in an inert gas, said
      inert gas being selected from the group consisting of hydrogen and helium,
      through said chamber while maintaining said temperature of said wafer for
      a period of time sufficient to relatively quickly deposit a continuous
      seed layer of said material onto at least one surface of said wafer; and
PA1  substantially simultaneously maintaining said stream of said reaction gas
      about said wafer and maintaining said temperature of said wafer while
      adding only a gaseous hydrogen halide selected from the group consisting
      of hydrogen chloride and hydrogen bromide to said stream of reaction gas
      for a period of time sufficient to relatively slowly deposit a further
      layer of said material onto said seed layer.
NUM  2.
PAR  2. A process for producing an epitaxially deposited layer uniformly
      composed of a material selected from the group consisting of silicon and
      germanium onto a substrate composed of a material selected from the group
      consisting of sapphire and a Mg-Al spinel comprising the sequential steps
      of:
PA1  placing said substrate in a reaction gas composed of a select mixture of an
      inert carrier gas and a thermally decomposable gaseous compound selected
      from the group consisting of SiH.sub.4 and GeH.sub.4 ;
PA1  heating said substrate to at least the decomposition temperature of said
      thermally decomposable gaseous compound for a period of time sufficient to
      deposit a continuous seed layer of said material onto at least one surface
      of said substrate; and
PA1  substantially simultaneously maintaining said select mixture of inert gas
      and decomposable gaseous compound about said substrate and maintaining
      said temperature of said substrate while adding only a gaseous hydrogen
      halide selected from the group consisting of HCl and HBr to said reaction
      gas whereby additional amounts of said material are deposited on said seed
      layer.
NUM  3.
PAR  3. A process as defined in claim 2 wherein the substrate is chemically
      wet-etched at temperatures in the range of about 200.degree. to
      400.degree. C. with phosphoric acid prior to being placed in the reaction
      gas atmosphere.
NUM  4.
PAR  4. A process as defined in claim 2 wherein the reaction gas consists of a
      mixture of hydrogen and about 1% to 3% silane in hydrogen.
NUM  5.
PAR  5. A process as defined in claim 2 wherein the reaction gas consists of a
      mixture of silane and an inert gas and the substrate is heated to a
      temperature below 1000.degree. C. so as to deposit silicon on said
      substrate.
NUM  6.
PAR  6. A process as defined in claim 2 wherein the reaction gas consists of a
      mixture of helium and about 1% to 3% silane in helium.
NUM  7.
PAR  7. A process as defined in claim 2 wherein the substrate is heated to a
      temperature in the range of about 850.degree. to 980.degree. C.
NUM  8.
PAR  8. A process as defined in claim 2 wherein the reaction gas atmosphere
      consists of a mixture of GeH.sub.4 and a gas selected from the group
      consisting of hydrogen and an inert gas and the substrate is heated to a
      temperature of about 600.degree. to 850.degree. C. so as to deposit
      germanium on said substrate.
NUM  9.
PAR  9. A process as defined in claim 2 wherein the hydrogen halide is hydrogen
      chloride.
NUM  10.
PAR  10. A process as defined in claim 2 wherein the hydrogen halide is hydrogen
      bromide.
NUM  11.
PAR  11. An epitaxially deposited semiconductor layer produced by a process as
      defined in claim 2.
NUM  12.
PAR  12. A process as defined in claim 2 wherein the reaction gas consists of a
      mixture of GeH.sub.4 and in inert gas and the substrate is heated to a
      temperature in the range of about 600.degree. to 850.degree. C.
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ABST
PAL  Single crystals of Hg.sub.3 TeO.sub.6, which are useful in, for example,
      acousto-optic applications, are grown on rotating seed crystals in aqueous
      solution at an elevated temperature. A two-step process is employed in
      which supersaturation is achieved by a substantially homogeneous increase
      in pH throughout the solution under substantially isothermal conditions,
      followed by a decrease in temperature at substantially constant pH. The
      homogeneous increase in pH is attained by adding a compound such as urea
      whose rate of hydrolysis may be controlled by solution pH and temperature.
      The use of such a compound ensures thorough mixing of the compound in the
      solution before the compound hydrolyzes to produce a pH-altering
      substance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is concerned with a technique for growing single crystals of
      mercury tellurate (Hg.sub.3 TeO.sub.6).
PAR  2. Description of the Prior Art
PAR  Investigations into the properties of high valence tellurium
      (Te.sup.+.sup.6) oxides have been concerned with compositions of the
      general formulae M.sub.2 .sup.+.sup.3 TeO.sub.6 and M.sub.3 .sup.+.sup.2
      TeO.sub.6, where M is a cation, as indicated. A number of these
      compositions have found use as phosphors and in piezoelectric
      applications.
PAR  More recently, theoretical predictions have indicated that mercury
      tellurate (Hg.sub.3 TeO.sub.6) has an acoustic-optic figure of merit that
      compares favorably with other well-known materials such as lead molybdate
      (PbMoO.sub.4) and tellurium dioxide (TeO.sub.2). However, in order to
      fabricate suitable devices for, e.g., acousto-optic applications, single
      crystals are necessary. The growth Hg.sub.3 TeO.sub.6 crystals has been
      described by E. B. Hutchins, Jr., in Vol. 27, Journal of the American
      Chemical Society, pp. 1,157-1,183 (1905). There, crystals of Hg.sub.3
      TeO.sub.6 are grown by reacting concentrated aqueous solutions of
      potassium tellurate and mercury nitrate in an acidic solution. Attempts to
      reproducibly grow single crystals of sufficient size and optical quality
      for suitable measurements have not been successful using this technique.
      In addition, a variety of problems associated with employing well-known
      crystal growth techniques exist. For example, high temperature growth
      techniques, such as Czochralski, Kyropolous, Verneuil, etc., require
      temperatures that are higher than the decomposition temperature of this
      composition. On the other hand, solution growth techniques require a
      strong dependence of solubility on temperature, which this composition
      lacks.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, single crystals of mercury tellurate
      (Hg.sub.3 TeO.sub.6) are grown by a modified solution growth technique.
      Specifically, a sufficient amount of the composition, or of components
      that will form the composition, is dissolved in a highly acidic aqueous
      solution at an elevated temperature to form a slightly undersaturated
      solution. Single crystals are grown on rotating seed crystals of Hg.sub.3
      TeO.sub.6 by a two-step process in which (a) the pH of the slightly
      undersaturated solution is increased substantially homogeneously under
      substantially isothermal conditions to obtain supersaturation, with
      consequent crystal growth, and (b) the solution temperature is then
      reduced, preferably to about room temperature, at substantially constant
      pH to complete the crystal growth. The substantially homogeneous increase
      in solution pH, that is, a simultaneous change in pH throughout the entire
      solution, is achieved by adding a compound whose rate of hydrolysis to
      produce a pH-altering compound is controllable by, for example, solution
      pH and temperature. A preferred compound having a controllable rate of
      hydrolysis is urea.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE, partly in cross-section and partly schematic, depicts apparatus
      suitable for growing single crystals of mercury tellurate in accordance
      with the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In an article by D. Pinnow in Vol. QE-6, IEEE Jour. of Quantum Electronics,
      pp. 223-238 (Apr. 1970), an acousto-optic figure of merit M is described,
      based on a combination of wellknown material properties. This figure of
      merit, which is useful for selecting promising new acousto-optic crystals
      for device applications, is given as:
EQU   M = n.sup.6 p.sup.2 /.rho.V.sup.3
PAL  where n is the index of refraction of the crystal, p is the photoelastic
      component, ".rho." is the density and V is the acoustic velocity. The
      values of n, p and V are all related to tensor quantities and therefore
      vary with crystal orientation. A crystal cut that maximizes the figure of
      merit is chosen for device applications.
PAR  Using the criteria and procedure set forth in the foregoing reference,
      calculation have shown that mercury tellurate (Hg.sub.3 TeO.sub.6) has a
      high figure of merit, larger than TeO.sub.2 or PbMoO.sub.4 in the
      longitudinal mode. In order to verify the calculation and in order to
      fabricate devices, single crystals of sufficient size and good optical
      quality of this compound must be reproducibly grown. Unfortunately, no
      methods for fabricating such single crystals have been reported. The usual
      techniques, such as flux growth and melt growth, require high temperatures
      that are higher than the decomposition temperature of Hg.sub.3 TeO.sub.6.
      The usual solution growth process, in which temperature variation controls
      the degree of saturation, is also not viable, due to the weak temperature
      dependence of solubility of this composition.
PAR  In accordance with the invention, single crystals of mercury tellurate are
      prepared by a modified solution growth technique. Specifically, a
      sufficient amount of the composition (Hg.sub.3 TeO.sub.6), or of
      components that will form the composition (e.g., mercuric and tellurate
      salts), is dissolved in a highly acidic aqueous solution at a pH near 0
      and at an elevated temperature of about 40.degree. to 80.degree.C to form
      a slightly undersaturated solution. Single crystals are grown on rotating
      seed crystals of Hg.sub.3 TeO.sub.6 by a two-step process in which (a) the
      pH of the slightly undersaturated solution is increased substantially
      homogeneously under substantially isothermal conditions to obtain
      supersaturation, with consequent crystal growth, and (b) the solution
      temperature is then reduced, preferably to about room temperature, at
      substantially constant pH to complete the crystal growth. The
      substantially homogeneous increase in solution pH, that is, a simultaneous
      change in pH throughout the entire solution, is achieved by adding a
      compound whose rate of hydrolysis to produce a pH-altering compound is
      controllable, for example, by solution pH and temperature. A preferred
      compound having a controllable rate of hydrolysis is urea.
PAR  Mercury tellurate is soluble at very low pH, with solubility decreasing as
      a function of increasing pH. Accordingly, supersaturation is achieved by
      raising the pH. However, mere addition of a diluted base, such as
      potassium hydroxide, which is a common technique for growing other single
      crystals, such as potassium dihydrogen phosphate, results in localized pH
      changes and uncontrolled nucleation. This leads to an undesirable format
      on of many small crystallites in the solution. In accordance with the
      invention, a substantially homogeneous change in pH is effected by using a
      compound that will change the pH of the entire solution simultaneously
      rather than merely at the point of addition. Examples of such a compound
      include urea and soluble isocyanate salts, such as potassium isocyanate
      and sodium isocyanate, etc. These are compounds which hydrolyze at a
      controllable rate. The products of the hydrolysis increase the pH of the
      highly acidic solution.
PAR  For example, urea (CO(NH.sub.2).sub.2) in aqueous solution under both
      acidic and basic conditions hydrolyzes to form carbon dioxide (CO.sub.2)
      plus ammonia (NH.sub.3). The hydrolysis is slow, requiring an induction
      period that is a known function of both solution pH and temperature. Thus,
      the urea can be thoroughly mixed in the solution before it hydrolyzes.
PAR  In practice, the desired composition, or materials that will form the
      composition, is dissolved in a highly acidic aqueous solution at a pH near
      0 and at an elevated temperature of about 40.degree. to 80.degree.C to
      form a slightly undersaturated solution. Apparatus suitable for solution
      growth, such as that described by J. J. Gilman in The Art and Science of
      Growing Crystals, John Wiley & Sons, New York (1963), is sufficient for
      the purpose of this invention. The hydrolyzing compound is slowly added at
      a controlled rate while at least one seed crystal of the desired
      composition and crystallographic orientation is rotated in the solution.
      As is well-known, a portion of the seed crystal dissolves, thereby
      producing a saturated solution and, at the same time, removing any surface
      damage from the seed crystal. The solution temperature is kept
      substantially constant. The hydrolyzing compound slowly hydrolyzes in the
      growth solution, resulting in a pH increase, which increases the degree of
      saturation. For Hg.sub.3 TeO.sub.6, supersaturation is achieved at a pH of
      about 1.5. When that final pH value is attained, addition of the
      hydrolyzing compound is terminated. The solution temperature is then
      reduced, preferably to room temperature, at a controlled rate, while the
      solution pH is kept substantially constant. Approximately 70 to 80 percent
      of the crystal growth occurs during the pH change; the balance of the
      crystal growth occurs during the temperature reduction.
PAR  The final pH value must be carefully controlled. Below the final value,
      insufficient supersaturation occurs. Above the final value, undesirable
      side reactions occur. For example, the maximum pH value that can be
      tolerated for the growth of Hg.sub.3 TeO.sub.6 is about 1.5; above that
      value, undesirable additional compositions, such as Hg.sub.2 H.sub.2
      TeO.sub.6 or HgH.sub.4 TeO.sub.6, appear. This maximum pH value is
      substantially independent of temperature.
PAR  The rate of addition of the hydrolyzing compound depends on the composition
      of the crystal to be grown, the solution volume, and the hydrolyzing
      compound employed. The rate of addition must be experimentally determined
      for each new set of conditions. For example, in growing single crystals of
      Hg.sub.3 TeO.sub.6 from a solution of 150 volume parts and using an
      aqueous solution of 0.75M urea as the hydrolyzing compound, an addition
      rate of about 1.2 to 2.8 volume parts/hr is generally sufficient.
PAR  The rotation rate of the seed crystal in solution generally ranges from
      about 10 to 30 rpm. Higher rotational rates may cause turbulence, which
      leads to spurious nucleation, while lower rotational rates tend to
      adversely affect the uniformity of growth rate.
PAR  Control of the solution temperature is important. A high solution
      temperature, at least about 40.degree.C, increases the hydrolysis rate,
      which is desirable. Too high a temperature, above about 80.degree.C, may
      result in either an excessive rate of evaporation of the solvent, with
      consequent localized change in saturation, or boiling. For the growth of
      Hg.sub.3 TeO.sub.6, a growth temperature of about 52.degree. to
      75.degree.C is preferred.
PAR  In addition to completing the crystal growth and in order to avoid thermal
      shock upon bringing the single crystals to room temperature, the solution
      temperature must be slowly and controllably reduced to about room
      temperature at substantially a constant pH. A typical rate consistent with
      reducing the temperature as fast as possible without attendant stress
      cracking, is about 0.5.degree. to 4.degree.C/hr, and preferably about
      2.degree.C/hr.
PAR  Shown in the FIGURE is apparatus suitable for growing single crystals of
      Hg.sub.3 TeO.sub.6 in accordance with the invention. A growth chamber 10
      contains a growth solution 11, in which is dissolved the desired
      composition, single crystals of which are to be grown. The growth chamber
      is partly immersed in a constant temperature bath 12. The constant
      temperature bath contains a suitable heat transfer fluid 13, such as
      mineral oil, silicone oil, etc., for controlling the temperature of the
      growth solution. Heating elements 14 are used to heat the bath. A bath
      agitator 15 ensures temperature uniformity of the bath. A thermoregulator
      16 is connected to the heating elements and to a temperature cycle
      programmer (not shown) for controlling the temperature of the bath. A
      thermometer 17 monitors the bath temperature. A combination stirrer and
      seed holder 18 rotates at least one seed crystal 19 in the growth solution
      at a rate sufficient to ensure rapid crystal growth consistent with
      minimal solution turbulence. A burette 20 delivers the slowly hydrolyzing
      compound, dissolved in solution 21, to the growth solution. The slowly
      hydrolyzing compound in solution is contained in a reservoir 22. The rate
      of addition of the compound is controlled through a solenoid valve 23,
      employing suitable circuitry (not shown), which relates the amount of
      compound added to the time of addition by means of a timer. Controlling
      the rate of addition in this manner arises from a knowledge of the
      hydrolysis rate, which is a function of solution pH and temperature.
      Suitable curves relating these parameters can be used to derive the
      required amount of compound added over a specific period of time to attain
      the desired final pH value.
PAR  Alternative methods of adding the slowly hydrolyzing compound includes
      replacing the burette and solenoid system with either a gel column or a
      series of membranes of controlled pore size. In the former case, the rate
      of addition depends upon the rate of diffusion through the gel, which is
      kept at the same pH as the compound in order to avoid premature
      hydrolysis. In the latter case, the rate of addition depends upon the pore
      size.
PAC  EXAMPLES
PAR  1. About 60 g of Hg.sub.3 TeO.sub.6 (powder) was dissolved in 150 ml 8.5N
      HNO.sub.3 solution at about 75.degree.C. The solution was slightly
      undersaturated. This solution was placed in an apparatus of the type
      described in the accompanying FIGURE. Seeds for crystal growth were
      mounted on a plastic (polytetrafluoroethylene) stirrer, which was rotated
      at a rate of about 20 rpm. The assembly was allowed to reach an
      equilibrium temperature of about 72.degree. to 74.degree.C. To initiate
      growth, an aqueous solution of urea (0.75M) was added dropwise, using a
      solenoid valve system capable of producing flow rates varying from about
      1.2 to 2.8 ml/hr. Upon reaching a pH value of 1.5, the addition of urea
      was terminated. The solution temperature was reduced to room temperature
      at a rate of about 2.degree.C/hr, using a temperature cycle programmer.
      After a total growth period of about 11 days, a single crystal 3 mm on
      edge was obtained.
PAR  2. About 45 g of Hg.sub.3 TeO.sub.6 (powder) was dissolved in 150 ml 6N
      HNO.sub.3 solution at about 65.degree.C. The solution was slightly
      undersaturated. This solution was placed in an apparatus of the type
      described in the accompanying FIGURE. Seeds for crystal growth were
      mounted on a plastic (polytetrafluoroethylene) stirrer, which was rotated
      at a rate of about 10 rpm. The assembly was allowed to reach an
      equilibrium temperature of about 62.degree. to 64.degree.C. To initiate
      growth, an aqueous solution of urea (0.5M) was added dropwise, using a
      solenoid valve system capable of producing flow rates varying from about
      1.2 to 2.8 ml/hr. Upon reaching a pH value of 1.5, the addition of urea
      was terminated. The solution temperature was reduced to room temperature
      at a rate of about 2.degree.C/hr, using a temperature cycle programmer.
      After a total growth period of about 15 days, a single crystal 2 mm on
      edge was obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for growing single crystals of mercury tellurate (Hg.sub.3
      TeO.sub.6) on rotating seed crystals of Hg.sub.3 TeO.sub.6 from a slightly
      undersaturated highly acidic aqueous solution of pH near 0 at an elevated
      temperature which comprises
PA1  a. adding a hydrolyzing compound having a controllable rate of hydrolysis
      to the slightly undersaturated aqueous solution maintained under
      substantially isothermal conditions to increase the pH of the solution to
      a value of about 1.5 substantially homogeneously throughout the solution
      and to effect crystal growth; and
PA1  b. then slowly reducing the solution temperature to about room temperature
      at substantially constant pH to complete the crystal growth.
NUM  2.
PAR  2. The process of claim 1 in which the elevated temperature ranges from
      about 40.degree. to 80.degree.C.
NUM  3.
PAR  3. The process of claim 2 in which the elevated temperature ranges from
      about 52.degree. to 75.degree.C.
NUM  4.
PAR  4. The process of claim 1 in which the hydrolyzing compound comprises one
      of the compounds selected from the group consisting of urea, potassium
      isocyanate and sodium isocyanate.
NUM  5.
PAR  5. The process of claim 4 in which the hydrolyzing compound comprises urea.
NUM  6.
PAR  6. The process of claim 1 in which the solution temperature is reduced at a
      rate of about 0.5.degree. to 4.degree.C/hr.
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ABST
PAL  A fully controllable process is provided for the manufacture of sulfate
      pulp having a predetermined degree of delignification and therefore a
      predetermined Kappa number. A sample of the pulping liquor is taken at a
      stage at which the preliminary alkali-consuming physical and chemical
      reactions and processes have substantially been completed, the sample is
      analysed to give the content of alkali in the liquor, and the alkali
      content adjusted to at least 20 g calculated as NaOH per kilogram of wood
      initially added, by addition of alkali. From this alkali content the
      pulping intensity expressed as "H" factor for obtaining the desired Kappa
      number is determined, and the pulping time and pulping temperature during
      delignification are controlled according to this H factor. It is also
      possible to adjust the alkali content in a controllable manner by
      injecting white liquor, black liquor or water into the digester. The
      process is applicable to continuous digesters as well as batch digesters.
PARN
PAR  This application is a continuation-in-part of Ser. No. 378,768, filed July
      12, 1973 and now abandoned.
BSUM
PAR  In the alkaline sulfate pulping of wood, the wood is treated at 150.degree.
      to 190.degree.C with an aqueous solution of alkali, usually sodium
      hydroxide, and sodium sulphide. This is the most common alkaline digesting
      method in practice. The purpose of this treatment is to remove the lignin,
      i.e. delignification, in order to free the fibres without damage.
PAR  The degree to which the starting material is delignified (normally measured
      in Kappa number) during digestion depends on the end use of the pulp. An
      optimum degree of delignification is found for each conceivable area of
      use and any deviation from this optimum will increase manufacturing costs,
      e.g. processability and quality of the pulp are impaired, pulp yield is
      reduced, consumption of bleaching chemicals is increased, or emission of
      undesirable substances to the environment is increased. All these effects
      result in increased manufacturing costs. Thus, it is highly desirable to
      control the cooking process, so that a pulp with a predetermined Kappa
      number can be obtained. The extent to which the starting material is
      delignified during the cooking process, however, depends on several
      factors, of which quality of the starting material e.g. the wood, amount
      of chemicals charged to the system, ratio of wood to liquor and
      time-temperature sequence of the cook are the most important.
PAR  It is known that the quality of wood (chemical composition of the wood, its
      bark content, the occurrence of rot damage and the size of chips) reflects
      itself mainly in a varied alkali consumption during the initial stages of
      the cook, as a result of certain preliminary reactions between the wood
      and the cooking liquor prior to delignification. Immediately after the
      alkaline cooking liquor is brought into contact with the wood, there is a
      substantial consumption of alkali in these preliminary physical and
      chemical reactions and processes. The most important reaction is the
      neutralization of the acid groups of the wood, including the free phenol
      groups of the lignin and also partly the anhydroglucose units of the
      cellulose. Very soon thereafter, catalyzation of the xylan and
      glucomannans takes place, as well as hydrolysis of other easily-hydrolyzed
      ester bonds. Degradation of carbohydrates follows by a "peeling" reaction,
      at a velocity that is considerably enhanced after about 70.degree.C is
      reached. This reaction continues, unit by unit. After a certain number of
      units have been peeled off, the reaction ceases. Then, alkaline hydrolysis
      of the chains at temperatures about 140.degree.C results in a resumption
      of the peeling reaction, by chain fission, with the formation of aldehyde
      end groups. Dissolution of the hemicellulose and other carbohydrate
      molecules takes place and diffusion of alkali into the interior of the
      wood chips also occur, as an essential preliminary to the delignification
      reaction. These reactions and processes result in a significant and
      unpredictable decrease in the alkali content of the cooking liquor.
PAR  These reactions and processes substantially terminate before the actual
      delignification process begins. Consequently, in accordance with this
      invention, the amount of alkali remaining in the system for
      delignification is determined by taking and analysing a sample of the
      cooking liquor at this stage, subsequent to this initial period and before
      substantial delignification begins, and controlling the remaining stages
      of the cooking process on the basis of the results obtained in this
      analysis, so as to obtain the desired degree of delignification.
PAR  The sampling time, however, must be at the stage at which the preliminary
      reactions and processes have terminated, in order to provide an alkali
      content of the cooking liquor on which control of the continued cooking
      sequences involving delignification can be based.
PAR  It has been proposed to utilize a carefully established time-temperature
      sequence during the initial stage of the cook until the samples are taken.
      It is impossible, however, to maintain such a sequence in practice in a
      pulp manufacturing plant, because of fluctuations in the condition
      controls for the system and in production rate, which are reflected in
      variations in the rate of increase of temperature and in the residence
      time in the impregnation zone. The latter is characteristic for continuous
      cooking processes. Hitherto, there has been no reliable method of
      determining the alkali content accurately under such circumstances.
PAR  The present invention eliminates the above difficulties, and makes it
      possible to determine an appropriate sampling time no matter what the
      actual time-temperature sequence used. In accordance with the invention,
      the alkali content as NaOH is determined after the wood to be pulped has
      been subjected to a preliminary pulping for at least thirty minutes at a
      temperature within the range from about 100.degree.C to at least
      140.degree.C but below a temperature and for a time less than that at
      which substantial delignification takes place. Under these conditions the
      preliminary reactions and processes are substantially complete and since
      delignification has not begun, the delignification reaction can still be
      controlled. The delignification conditions are then selected according to
      the determined alkali content and the desired Kappa number in the pulp
      using a pulping time and temperature relationship determined by the H
      factor for this alkali content which yields pulp of this Kappa number. If
      necessary, after the alkali content of the sample has been determined the
      alkali content of the pulping liquor is adjusted to at least 20 g per
      kilogram of wood as initially added. Such adjustment is dependent upon the
      degree of delignification desired in the digestion process used. In the
      preparation of high yield pulp (Kappa number about 100) at least about 20
      g of alkali per kg of wood usually is needed, whereas when producing
      bleachable grades of chemical pulp (Kappa number, about 30) usually at
      least 35 grams per kilogram of wood is preferable.
PAR  The alkali content of the pulping liquor at this stage thus determines the
      H factor required for pulp of a given Kappa number. This means that for
      reproducible pulping conditions, what is needed in the initial pulping
      stages is a pulping liquor of a given alkali content. The initial pulping
      conditions can vary as desired, if the pulping liquor has substantially
      the same alkali content at the end of the preliminary pulping.
PAR  In accordance with the invention, a process is provided for determining
      with considerable accuracy the conditions required for any desired degree
      of delignification, and thus makes it possible to reproducibly prepare
      sulfate pulps of uniform quality. In the process of the invention, the
      wood is pulped to a desired Kappa value under pulping conditions
      established on the basis of H factor determined from a graph of H factor
      against Kappa value over a range of alkalinities (in terms of g/l. NaOH)
      corresponding to the alkalinities required for the pulping of the type of
      wood selected. A family of such curves, one for each of a series of
      alkalinities within such range, serves as the reference graph. The
      alkalinity of one or more samples taken at an early stage from a pulping
      liquor used to pulp the same type of wood is determined by titration with
      an acid, to an end point determined as the limiting relatively constant
      value of the conductivity of the sample that is reached as conductivity
      decreases during the acid titration. Thus, the alkalinity of the sample
      obtained by this measurement establishes the curve of the reference graph
      applicable to this sample of wood, and from this curve that is thus
      selected, the H factor applicable to obtain a sulfate cellulose pulp
      having a predetermined Kappa value is read off. The H factor in turn
      establishes pulping time and/or pulping temperature for the selected
      degree of delignification.
PAR  In the process of the invention, to obtain a sample of alkaline liquor for
      the determination, the sulfate pulping is begun in the conventional
      manner, by charging and thoroughly mixing wood chips and alkaline pulping
      liquor in the digester. A sulfate pulping liquor, as is well known, is an
      aqueous solution of alkali, usually NaOH, and Na.sub.2 S. The pulping is
      then begun, and allowed to continue for an initial pulping period during
      which at least 20% of the alkali added initially up to about 85% of the
      alkali added initially, preferably from 40% to 75%, has been consumed,
      after which a sample of the pulping liquor is taken, and titrated with an
      acid to the end point determined as the limiting conductivity of the
      sample. Thus, either a gradually or rapidly increasing temperature during
      the initial pulping can be used as desired but approximately the same rate
      of increase would be used afterwards as before. The determination is
      usually valid only for initial heating rates and temperatures
      approximating those used in obtaining the sample.
PAR  In preparing the pulping sample for titration, the rate of temperature
      increase during the initial pulping stages can be within the range from
      about 0.1.degree.C/minute to about 25.degree.C/minute, preferably from
      about 0.5.degree. to about 10.degree.C/minute.
PAR  The time-temperature dependence of the preliminary initial reactions and
      processes in producing a pulping liquor of equivalent alkalinity can be
      summarized in one factor, referred to hereinafter as the Q-factor, similar
      to Vroom's H-factor. The Q-factor is defined by the equation
      ##EQU1##
      where: e is the base in the natural logarithm system (the value of e is
      2.71828)
PA1  T is the temperature in degrees absolute (K)
PA1  t is the time in minutes from the start of the cook
PA1  A and B are constants determined by trial and error experimentation.
PAR  The value of the constant B is determined by laboratory measurements of the
      alkali degradation during the initial stages of digestion using the same
      starting material and the same charging conditions as those used during a
      full scale operation. The following procedure is suggested:
PAR  The digester is charged according to the normal charging routine and the
      temperature is increased from room temperature to 150.degree.C at a rate
      of 1.0.degree.C/minute. A small amount of liquor is withdrawn from the
      digester every ten minutes, starting at T=60.degree.C, and continuing
      until the temperature has reached 150.degree.C. The concentration of
      effective alkali in each sample is determined, preferably using a
      conductometric titration technique which is based on the characteristic
      change of conductivity in black liquor when a strong acid is added or any
      other method giving the necessary accuracy (.+-.0.2 gm/l). The alkali
      content is expressed as effective alkali (g as NaOH). The successive
      values of effective alkali are denoted C.sub.i. The quantity 1/C.sub.i -
      1/C.sub.o is graphed against time, and the slope of the curve calculated
      at several points. The logarithm of the slopes plotted against 1/temp
      (temperature in K) will give a straight line with the slope -B in the
      given equation for Q. One example of this calculation is given below. As a
      result of such measurements, it has been established that B should lie
      within the range from 2000 to 6000K, preferably in the range from 3500 to
      4500K. Corresponding values for the majority of chemical reactions are
      approximately 15000K, which indicates that the obtained reaction mainly
      represents a physical mechanism, e.g. the diffusion of alkali into wood
      fragments.
PAR  The constant A in the above equation can be given any value, but it is
      convenient to put A = B/373, e.g. the exponent in the given expression
      becomes = 0 at 373K (100.degree.C).
PAR  In order to facilitate the computation of Q, the following Table comprising
      the time derivative of Q at three different values of B as function of
      temperature is given.
TBL                TABLE I                                                     
     ______________________________________                                    
     TIME DERIVATIVES FOR THE "Q" FACTOR                                       
     AT DIFFERENT TEMPERATURES FOR                                             
     THREE DIFFERENT VALUES OF B                                               
     dQ/dt units/minute                                                        
     Temperature                                                               
     .degree.C  B = 3500K   B = 4000K   B = 4500K                              
     ______________________________________                                    
      80        0.59        0.53        0.50                                   
      85        0.67        0.63        0.60                                   
      90        0.77        0.74        0.71                                   
      95        0.88        0.86        0.85                                   
     100        1.00        1.00        1.00                                   
     105        1.13        1.15        1.17                                   
     110        1.27        1.32        1.36                                   
     115        1.43        1.51        1.59                                   
     120        1.60        1.72        1.84                                   
     125        1.79        1.94        2.11                                   
     130        1.99        2.20        2.43                                   
     135        2.21        2.48        2.78                                   
     140        2.46        2.80        3.18                                   
     145        2.72        3.14        3.63                                   
     150        3.00        3.51        4.10                                   
     155        3.31        3.93        4.66                                   
     160        3.65        4.40        5.29                                   
     165        4.00        4.88        5.95                                   
     170        4.41        5.41        6.70                                   
     ______________________________________                                    
PAR  Once the constant B has been determined in the aforementioned manner for
      the specific starting material to be delignified, the Q-factor can be used
      for determination of the preliminary pulping conditions needed to give a
      desired alkali content in the pulping liquor at the end of the preliminary
      pulping. This makes it possible to vary the preliminary pulping conditions
      and still obtain equivalent alkali content in the pulping liquor at this
      stage. It is thus possible to see when to sample the pulping liquor to
      confirm that this stage has been reached.
PAR  While this determination can be made mathematically, it can also be made by
      trial and error experimentation, sampling the liquor and determining
      alkali content at various stages of the sequence in the preliminary
      pulping. The results are the same, since the mathematical computation is
      merely a device for achieving mathematically what would otherwise require
      trial and error experimentation.
PAR  In batch digestion, the time and temperature in the digester are
      continuously registered, and the Q-factor can be calculated by means of
      tables, graphs or preferably computers or dataprocessing devices in
      accordance with the given equation from the beginning of the pulping, e.g.
      the moment when the charging of the digester is completed. When the
      calculated value for Q has reached a predetermined value Q.sub.o a sample
      of the pulping liquor is taken and analysed in a suitable manner, further
      described below.
PAR  The temperature rise in the digester during the preliminary pulping stage
      can follow any conceivable pattern, temperature drops caused by pressure
      drops excepted. The choice of Q.sub.o is governed by some practical
      restrictions, among which the most important are that the sampling moment
      must not be selected at too early a stage in the pulping sequence before
      the preliminary reactions and processes are complete, since the incomplete
      initial reactions will impose an unpredictable deficiency in the alkali
      content. Neither is it permissible to select the sampling moment at a
      stage beyond completion of the preliminary reactions and processes, after
      substantial delignification has begun.
PAR  It has been found that Q.sub.o should lie within the range from 50 to 200,
      preferably from 100 to 120, if B= 4000K and A= 4000/373 in the equation
      for Q.
PAR  Any procedure for analysing the samples of pulping liquor to determine
      alkali content can be used. A preferred procedure is conductometric
      titration, but any other known procedure giving the same accuracy can be
      used. Any convenient conductivity-measuring device or meter can be used.
      One useful conductivity meter is provided with a reference electrode, for
      example the Kemotron four-electrode type, which registers electrical
      conductivity at different acid charges.
PAR  Conductometric titration is performed in the following manner. A small
      known volume (V.sub.1) of liquor is diluted with water in a ratio of 1 to
      30; the conductivity of this solution is measured continuously while an
      acid of known strength (C.sub.a) is added causing the conductivity to
      decrease, until after a certain amount of acid has been added, a constant
      value is reached. The amount of acid (V.sub.2) added to reach this point
      is a measure of the concentration of effective alkali in the sample, the
      concentration being C= C.sub.a . V.sub.2 /V.sub.1.
PAR  The acid employed in the titration is an organic or inorganic acid,
      preferably an inorganic acid, and preferably an acid which is nonoxidizing
      under the titration conditions. The acid is used in dilute aqueous
      solution. The normality of the solution is not critical, and can be within
      the range from about 0.1 to about 6N. Preferred acids are sulfuric acid
      and hydrochloric acid. Sulfuric acid has the advantage of a high sulfur
      content, which corresponds to the pulping liquor. Other inorganic acids
      such as orthophosphoric acid, hydrobromic acid, hydroiodic acid,
      metaphosphoric acid and pyrophosphoric acid also can be used, as well as
      organic acids such as acetic, formic, trichloroacetic and propionic acids.
      Strong oxidizing acids such as persulfuric acid and nitric acid may be
      used under some conditions, but usually should be avoided.
PAR  The amount of acid added during the titration to the end point corresponds
      to the amount of alkali present, and the latter can therefore be
      determined by calculation from the amount of acid. The alkali content is
      calculated as NaOH in g/l.
PAR  The determination of the pulping conditions needed at this alkali content
      to produce pulp of a given Kappa value is made with the aid of any
      conceivable digestion model, such as Tables or graphs derived from the
      data and results obtained from previously effected pulpings, with the
      starting material in question, or by mathematical expressions utilizing
      the actual value of Q.sub.o.
PAR  The alkali concentration makes it possible to select the correct curve to
      determine H factor for a given (desired) Kappa value on the reference
      graph. The reference graph is composed of a family of curves, one for each
      alkali concentration (NaOH in g/l) at which a pulping can be carried out
      over the entire range of useful alkali concentrations. One reference graph
      is set up for each type of wood to be digested, for instance, spruce, fir,
      pine, birch, eucalyptus, beech, oak, maple, aspen, cedar, hemlock, cherry,
      chestnut, locust, elm, and the curves are based on the Kappa values
      obtained for pulps processed at given H factors in the digester to be
      used. Thus, each plant would establish its own reference graph
      empirically, based on actual pulping experience for the type of wood to be
      pulped.
PAR  After the correct curve for the determined alkali concentration has been
      ascertained, the H factor for the Kappa value of pulp desired can be read
      off, and from the H factor the pulping temperature and pulping time can be
      ascertained.
PAR  The H factor corresponds to a unit of pulping, and represents the number of
      hours of pulping at 100.degree.C. At a higher temperature, more units of
      pulping can be completed within a given time, and at a lower temperature,
      less. Thus, H factor is a measure of how much pulping is needed -- at
      100.degree.C., or at temperatures above and below 100.degree.C.
PAR  In fact, any pulping temperature can be used in the process of the
      invention, within the range from about 110.degree. to about 180.degree.C.,
      and the pulping times also can be widely varied, from about 1 minute to
      about ten hours, preferably from about 160.degree. to about 180.degree.C.
      for from about 15 minutes to about 3 hours. The H factor determines how
      long the pulping must be at a selected temperature, and vice versa, for a
      given Kappa value, at the alkali concentration determined in the
      titration.
PAR  One such model is described in the Examples. In this model cooking
      intensity is expressed in terms of a modified H factor, first described by
      Vroom, Pulp and Paper Magazine of Canada 1957, pages 228 to 231.
PAR  The H factor defined by Vroom is given by the expression
      ##EQU2##
PAR  In this equation k is the reaction rate for the delignification,
      arbitrarily set at unity at 100.degree.C.
PAR  The temperature dependence of k is given by the Arrhenius equation:
EQU  log.sub.e k = C - D/.sub.T
PAL  where
PA1  k is the reaction rate
PA1  C and D are constants
PA1  T is the absolute temperature (K)
PAR  The constant D in this equation is equivalent to the so-called activation
      energy for the reaction in question and it seems likely that its value is
      different for different types of starting material. Vroom has chosen the
      value D = 16113 (K) based on results reported by Larocque and Maass,
      Canadian Journal of Research, B19:1-16(1941). Consequently the constant C
      assumes the value 16113/373 in Vroom's equation for the H factor.
PAR  The modified H factor used in the Examples is essentially the same as the H
      factor defined in Vroom, the only difference being the value of D, which,
      based on an investigation made by L. Johnsson Acta Polytechnica
      Scandinavia May 22, 1971, page 40, has been assigned the value 14250, and
      consequently C = 14250/373. According to this, a Table can be made which
      gives the reaction rates of delignification in sulfate pulping related to
      the rate at 100.degree.C. The table is given below:
TBL                TABLE II                                                    
     ______________________________________                                    
     RELATIVE RATE VALUES FOR VROOM'S                                          
     "H" FACTOR AND FOR THE MODIFIED                                           
     "H" FACTOR USING THE ACTIVATION                                           
     ENERGY 14250 IN SULFATE PULPING                                           
     Relative rates/hour.sup.2                                                 
                       Relative rates/hour.sup.2                               
     Temper-                                                                   
            Vroom's  Modified  Temper-                                         
                                      Vroom's                                  
                                             Modified                          
     ature .degree.C                                                           
            H.sup.1  H.sup.1   ature .degree.C                                 
                                      H.sup.1                                  
                                             H.sup.1                           
     ______________________________________                                    
     100    1        1         145    105     61                               
     105    2        2         150    165     91                               
     110    3        3         155    258    135                               
     115    5        4         160    398    198                               
     120    9        7         165    609    289                               
     125    15       11        170    923    417                               
     130    25       17        175    1385   597                               
     135    41       26        180    2060   848                               
     140    66       40                                                        
     ______________________________________                                    
      .sup.1 Figures rounded to nearest integer.                               
      .sup.2 The rate values for intermediate temperatures can be obtained by  
      interpolation or by calculation using the given formula                  
      k = exp (D(1/373-1/(273 + T))).                                          
PAR  Employing these relative rate values, a curve of rate against time in hours
      can be plotted for any cooking cycle, and the area under such a curve is
      designated as the H factor.
PAR  The H factor represents the number of units of digestion per hour at
      100.degree.C. The total number of digestion units needed, the H factor
      value from the reference graph curve, can be obtained using the above
      table as a multiple of the lower number of units per hour at lower
      temperatures, or as a fraction of the higher number of units per hour at
      higher temperatures.
PAR  As a simplified example, let it be assumed that the Vroom's H factor
      indicated by the reference graph curve is 398. Then, the desired Kappa
      value will be obtained after the equivalent of a 1 hour pulping at
      160.degree.C, or a 2 hour pulping at 152.degree.C, or a three hour pulping
      at 147.degree.C; or a one-half hour pulping at 168.degree.C. This is an
      oversimplification because as a practical matter, however, the pulping is
      not carried out solely at the temperature of the Table, but over a gradual
      heating to the pulping temperature, and the H factor represents the units
      of digestion over the entire pulping cycle. Thus, the computation is
      slightly more complicated, and in fact the H factor for any pulping cycle
      represents the area under a relative reaction rate versus time curve.
      Thus, the H factor determines the shape of any of an infinite number of
      curves that can be used for a given pulping.
PAR  As a further example, let it be assumed that the H factor is 1587. To
      obtain such an H factor value, one can use a pulping cycle of 11/2 hours
      in the rising temperature stage from 80.degree.C to 170.degree.C, and 11/2
      hours at 170.degree.C in the final pulping stage. This is shown by the
      following computation:
TBL                                    TABLE III                               
     __________________________________________________________________________
                 Relative      Time                                            
     Time from                                                                 
             Temp.                                                             
                 rate of                                                       
                       Average Interval                                        
     start (hours)                                                             
             .degree.C                                                         
                 reaction                                                      
                       rate  .times.                                           
                               (hours)                                         
                                    = "H" factor.sup.1                         
     __________________________________________________________________________
     0.00     80 0                                                             
                       0     .times.                                           
                               1/4  = 0                                        
     0.25     95 1                                                             
                       2     .times.                                           
                               1/4  = 1                                        
     0.50    110 3                                                             
                       9     .times.                                           
                               1/4  = 2                                        
     0.75    125 15                                                            
                       41    .times.                                           
                               1/4  = 10                                       
     1.00    140 66                                                            
                       162   .times.                                           
                               1/4  = 41                                       
     1.25    155 258                                                           
                       591   .times.                                           
                               1/4  = 148                                      
     1.50    170 923                                                           
                       923   .times.                                           
                               1/4  = 1385                                     
     3.00    170 923                                                           
                               Total  1587                                     
     __________________________________________________________________________
      .sup.1 Calculated to the nearest whole number. This table gives Vroom's  
      H-factor. The modified H-factor according to Table II is calculated in a 
      similar manner giving the result H = 729.                                
PAR  In the above calculation, in the rising temperature stage of the cycle, the
      relative rate values have been averaged over one-quarter hour periods.
      While of course this is an approximation, it may be satisfactory for some
      purposes. More accurate approximations are recommended and can be obtained
      by taking smaller time intervals, or other methods such as Simpson's rule
      or the trapezoidal rule may be employed.
PAR  Thus, any conditions of pulping temperature and time which give the H
      factor that has been determined can be used.
PAR  The total H factor for a pulping sequence is thus given by the integral
      given in the definition of the H factor, or more conveniently by
      summarizing H fragments during short time intervals, chosen according to
      temperature increase rates and the accuracy wanted. It is suggested that
      the time interval should not exceed 5 minutes while temperature is
      constant, and 1 minute during heating. The computation of the H factor can
      be performed with the aid of Tables, as shown, graphs, or preferably an
      electronic, analog or digital computer.
PAR  Thus, the digestion conditions model based on trial and error
      experimentation, using data and results from previously performed pulpings
      comprising alkali concentration values (C) of samples taken at a constant
      Q.sub.o, as previously described. The total H factor (H) obtained for the
      pulping and the resulting degree of delignification preferably is
      expressed as the Kappa number (.kappa.) of the resulting pulp. The H
      factor and Kappa values are plotted and the H values read off the curves.
      A mathematical model can also be prepared giving the model needed for
      determination of the H factor necessary to obtain a pulp with a
      predetermined Kappa number at each alkali content of the pulping liquor.
PAR  The mathematical model is most conveniently obtained by multiple regression
      techniques, using one of the basic formulas:
      ##EQU3##
      where
PAR  a.sub.ij and b.sub.ij are constants, C.sub.o is the concentration of
      effective alkali in the sample of cooking liquor and .kappa. is the Kappa
      number. i, j, m, n are integers.
PAR  It is also possible to establish a pulping model by solving a system of
      equations derived from basic physical relationships:
EQU  dL/dt = -k . L.C
EQU  C = .SIGMA.c.sub.i L.sup.i
EQU  c.sub.i = c.sub.i (C.sub.o, Q.sub.o,.rho.)
EQU  L = .SIGMA.d.sub.i..kappa..sup.i
      ##EQU4##
EQU  log.sub.e (k) = A-B/T
EQU  T = function of t
PAL  where
PA1  L = Lignin "concentration" in the digester
PA1  C = Alkali concentration
PA1  C.sub.o = Alkali concentration of sample
PA1  k = Rate constant for the delignification
PA1  .rho. = Liquor to wood ratio
PA1  .kappa. = Kappa number
PA1  H = H factor
PA1  Q.sub.o = "Q" factor when sampling
PA1  T = Temperature in K
PA1  t = time
PAR  c.sub.i, d.sub.i, e, A and B are constants whose values are determined
      either by laboratory investigations or by regression technique. It is
      emphasized, however, that the present invention is not dependent on the
      manner in which the obtained value of the alkali concentration is used to
      control the process. The model can appear in any conceivable shape
      including such models aimed for an adjustment of the alkali concentration
      in the digester by injecting liquids of any kind. Such a model can appear
      in the following form:
      ##EQU5##
      where V = Volume of liquor to be injected, the same volume is
      simultaneously withdrawn.
PA1  V.sub.o = Volume of liquor in the digester.
PA1  C.sub.1 = Concentration of alkali in the liquor needed to obtain
      predetermined Kappa number using a fixed time/temperature schedule for the
      pulping.
PA1  C.sub.2 = Concentration of alkali in the liquor sample.
PA1  C.sub.3 = Concentration of alkali in the injected liquor.
PAR  The aforementioned method of adjusting the concentration of the pulping
      liquor is under certain circumstances the most favorable when continuous
      digesters are concerned. In this case, however, it is not possible to
      choose the sampling moment according to a predetermined value of Q.sub.o.
      It is necessary to take the liquor samples at some fixed point in the
      system, preferably in the recirculation system for pulping liquor between
      the impregnation and pulping (high temperature) zones or between the
      impregnation vessel and the digester if the impregnation is performed in a
      separate system outside the digester. The concentration of alkali in such
      a sample is dependent on the residence time of wood and liquor in the
      impregnation zone and the temperature profile within the same. The
      recorded concentration of alkali can, however, be used for control
      purposes if its value is normalized to a specific operational case using
      the relationship:
EQU  C.sub.o = C . e.sup.f . (Q.sup.-Q.sbsp.o)
PAL  where,
PA1  C.sub.o is the concentration of alkali applicable to standardized digesting
      conditions
PA1  C is the concentration of alkali in the sample
PA1  Q is the obtained Q factor value for that sample
PA1  Q.sub.o is the Q factor value at standardized conditions
PA1  e is the base in the natural logarithm system and
PA1  f is a constant.
PAR  This relationship between the concentration of two different liquor samples
      is derived from the general finding that
EQU  dC/dt = -f . C . dQ/dt
PAL  e.g. the time derivative of concentration of alkali during the initial
      stages of pulping is proportional to actual concentration value and the
      "impregnation rate" given by dQ/dt, the proportionality constant being f.
      The value of f is to be found in the range 1.5 .times. 10.sup..sup.-3 -
      4.0 .times. 10.sup..sup.-3 ; the exact value is determined in accordance
      to the chosen values for the constants in the Q factor and the specific
      starting material to be digested.
PAR  The process when applied to continuous digesters will then be in brief: The
      process is best understood if the digester is considered as number of
      batch digesters placed on top of each other and the digester content
      displaced in discrete steps from one section of the digester to the next.
      The residence time in each section is determined from measurements of the
      flow rate and the feed rate. The temperature is measured continuously
      utilizing a number of measuring points arranged so that a continuous
      temperature profile can be determined. From this temperature profile the
      temperature of each section is determined as a mean value during the
      actual residence time. Thus it is possible to follow each section of wood
      through the digester, and to calculate the appropriate values for Q and H
      needed to normalize obtained values of alkali concentration according to
      the given equation and to use these values to perform the necessary
      control actions, which depending on the actual situation can be of any
      conceivable kind including a feed back control of the amount of white and
      black liquor charged to the top of the digester. The main advantage of the
      process of the invention is, however, its possibility to maintain a
      reliable feed forward control of the digestion process by a close control
      of the digester temperature in the digesting zone.
PAR  The process of the invention as used in batch digestion will now be
      illustrated by Examples, although it is emphasized that it is not
      restricted to such processes. The reason for selecting Examples from batch
      digestion is that the advantages are best illustrated in this way. One
      experienced in the field of continuous digestion should be able to apply
      these Examples to such continuous processes.
PAR  The Examples confirm that the process of the invention enables pulp
      manufacturing processes to be controlled without the need of any serious
      restrictions on the time-temperature schedule. This indicates that further
      advantages besides the exactly controlled degree of delignification can be
      obtained by means of an attached control system for the steam consumption
      in the digesting house. The latter could be based on production rates and
      economic criteria without jeopardizing the quality of produced pulp.
PAR  It will also become evident that the process of the invention will make it
      possible to utilize the know method of increasing the yield in batch pulp
      manufacturing processes effected according to the sulphate method, by
      withdrawing pulping liquor from the digester subsequent to the
      impregnation and returning the liquor when the delignification process is
      completed, since the impregnating process can be monitored with the aid of
      the Q factor. Thus, in this way it is also possible to utilize the other
      advantages afforded by such pulping processes, namely:
PAR  1. Reduced energy consumption when effecting delignification.
PAR  2. Well defined termination point of delignification -- better control
      results.
PAR  3. Time gained since the necessary drop in temperature prior to blowing the
      digester is rapid.
DETD
PAC  EXAMPLE 1
PAR  A small laboratory digester was charged and run in the following manner:
     Wood          Pine chips, mean thickness 3.0 mm.                          
     Alkali        22% on wood as active alkali                                
     Sulfidity     35%                                                         
     Liquor to wood ratio                                                      
                   3.7 1/kg                                                    
     Time-temperature                                                          
     sequence      1.0.degree.C/min. from 20.degree.C to 150.degree.C.         
     Liquor samples                                                            
                   One sample each 15 minutes, starting                        
                   when the temperature is = 60.degree.C.                      
     Sample volume 100 ml.                                                     
     Analysis      Concentration of effective alkali                           
                   according to the conductometric                             
                   titration method (NaOH equiv./l)= C.                        
PAR  This investigation was intended to establish the value of constant B in the
      expression for the Q factor, and gave the following results (two separate
      runs of the program).
TBL                                    TABLE IV                                
     __________________________________________________________________________
     DETERMINATION OF B IN A                                                   
     LABORATORY DIGESTER                                                       
            Batch I        Batch II                                            
     Time                                                                      
        Temp.                                                                  
            C          Slope                                                   
                           C          Slope                                    
     min.                                                                      
        .degree.C                                                              
            gm/l                                                               
                1/C.sub.i -1/C.sub.o                                           
                       .times.10.sup.5                                         
                           gm/l                                                
                               1/C.sub.i -1/C.sub.o                            
                                      .times.10.sup.5                          
     __________________________________________________________________________
      0  60 35.3                                                               
                0       6  33.1                                                
                                0      7                                       
     15  75 34.2                                                               
                9      11  32.1                                                
                               10     11                                       
     30  90 32.4                                                               
                25     20  30.4                                                
                               27     18                                       
     45 105 29.6                                                               
                55     28  28.1                                                
                               54     30                                       
     60 120 26.3                                                               
                97     40  24.9                                                
                               99     43                                       
     75 135 22.7                                                               
                157    59  21.5                                                
                               163    60                                       
     90 150 18.9                                                               
                246        18.0                                                
                               253                                             
     __________________________________________________________________________
PAR  A plot of log.sub.e (slope) vs 1/(273 + T) will give a straight line, the
      slope of which is .about.4000 (K), as shown in FIG. 1, where the factor
      10.sup.5 is omitted.
PAC  EXAMPLE 2
PAR  This investigation was intended to establish the value of f in the
      expression for determining alkali concentration at the end of the
      preliminary reactions and processes.
PAR  Four different pulpings charged according to normal routine and heated from
      approximately 90.degree.C at a rate of increase in temperature of
      approximately 1.degree.C/min were studied with respect to the alkali
      content in the temperature range of 145.degree.-155.degree.C. One liquor
      sample was withdrawn per minute, starting at 145.degree.C. The samples
      were analysed according to the conductometric titration method. The
      results obtained are given in Table V.
TBL                TABLE V                                                     
     ______________________________________                                    
     DETERMINATION OF f IN                                                     
     A FACTORY DIGESTER                                                        
               Cook No.                                                        
               1       2         3         4                                   
     Temp.  Time                                                               
     .degree.C                                                                 
            min.     Concentration in gm/l NaOH                                
     ______________________________________                                    
     145    0        16.1      19.2    22.4    24.4                            
            1        16.0      19.1    22.1    24.0                            
            2        15.7      18.7    21.6    23.7                            
            3        15.6      18.7    21.6    23.6                            
            4        15.3      18.5    21.4    23.6                            
     150    5        15.3      18.4    21.2    23.2                            
            6        15.1      18.2    20.8    23.0                            
            7        14.8      17.9    20.7    22.6                            
            8        14.6      17.6    20.4    22.2                            
            9        14.4      17.4    20.1    22.0                            
     155    10       14.4      17.4    19.9    22.0                            
     ______________________________________                                    
PAR  A plot of these figures is given in FIG. 2. Using the value dQ/dt = 3.55
      (B= 4000 K and T = 150.degree.C) the following f values are obtained in
      the expression dC/dt = -f . C . dQ/dt. The C value is taken when T =
      150.degree.C
TBL  Cook number 1         2         3       4                                 
     ______________________________________                                    
     f . 10.sup.3                                                              
                 3.17      2.94      3.23    3.07                              
     giving the mean value f = 3.1 . 10.sup.-.sup.3 (.+-.0.2                   
     ______________________________________                                    
     10.sup.-.sup.3).                                                          
PAC  EXAMPLE 3
PAR  During tests on a plant scale on pine wood, without equalizing possible
      variations in the wood starting material and without making special effort
      to control the charged proportions, it was established that a good
      relationship prevails between the Kappa number obtained and the total H
      factor of the pulping, according to the modified H factor described above,
      and the effective alkali content of the pulping liquor. The heating
      sequence was carefully controlled during the test, so that heating was
      commenced immediately after the charging of the digester had been
      completed, and the temperature increase was at a rate of 1.degree.C per
      minute to 170.degree.C starting at approximately 90.degree.C.
PAR  A sample was taken at 150.degree.C. The result for a specific Kappa number
      level can be seen in FIG. 3, in which the necessary H factor for obtaining
      this Kappa number is plotted as a function of effective alkali
      concentration in the digester, measured under the described circumstances.
PAR  The relationship shown graphically in FIG. 3 can be expressed by the
      equation:
EQU  1/H = (-35.1 + 2.58 . C.sup.2 - 9.36 . C.sup.2 .kappa. .times.
      10.sup..sup.-3 + 0.36 ..kappa..sup.2) .times. 10.sup..sup.-6
PAR  the Q factor, as defined in accordance with the invention, is 111 for the
      given schedule, using B = 4000.degree.K. This was used on a laboratory
      scale to determine when to sample to determine alkali content and compared
      against the obtained model in the following manner.
PAR  Two test series were run, in which the following heating sequences were
      applied.
PA1  Series A 90.degree.C to 170.degree.C with temperature increase of
      0.5.degree.C/min.
PA1  Series B 90.degree.C to 120.degree.C with temperature increase of
      1.0.degree.C/min., 60 min. at 120.degree.C, thereafter 1.0.degree.C/min.
      to 170.degree.C.
PAR  The sampling time was calculated using the Q factor equation taking as the
      value for Q.sub.o the Q value obtained in accordance with the standard
      sequence. The following sampling times and temperatures were thus
      calculated:
TBL            Sampling time                                                   
                         Sampling   "Q" factor                                 
               minutes from                                                    
                         temperature                                           
                                    when                                       
               start     .degree.C  sampling                                   
     ______________________________________                                    
     Standard sequence                                                         
                 60          150        111                                    
     Series A    81          131        111                                    
     Series B    84          120        111                                    
     ______________________________________                                    
PAR  The samples were taken at the prescribed times, and the alkali contents
      determined. The values obtained for the concentrations of effective alkali
      in the pulping liquor (C, g NaOH/l) were then used to determine the
      necessary H factor by reading off the graph shown in FIG. 3. The different
      pulpings were terminated when the necessary H factor was obtained.
PAR  All the pulpings were found to produce a pulp with the desired Kappa number
      with a good accuracy, without any significant deviation for any of the
      test series which is shown in Table VI. The results show that the
      time/temperature control technique based on the alkali content determined
      at the conclusion of the preliminary reactions and processes gives
      reproducible results, no matter how the time-temperature sequence applied
      during the heating period is selected, provided that the sample is taken
      at a constant value for Q.
PAR  It is emphasized that the model used in this Example is simplified, and is
      not to be used outside the limits .kappa. = 28-37, C = 12-24 gm/l as NaOH
      and H = 600-1600, because it is based on values within these ranges.
TBL                                    TABLE VI                                
     __________________________________________________________________________
     TESTING OF "Q" FACTOR CONTROLLED SAMPLING                                 
     MOMENTS IN A LABORATORY DIGESTER                                          
     DESIRED KAPPA NUMBER = 33                                                 
     Standard sequence  Series A           Series B                            
     C   "H" Minutes                                                           
                   .kappa.                                                     
                        C   "H" Minutes                                        
                                      .kappa.                                  
                                           C   "H" Minutes                     
                                                         .kappa.               
     gm/l                                                                      
         factor                                                                
             at 170.degree.C                                                   
                   obtained                                                    
                        gm/l                                                   
                            factor                                             
                                at 170.degree.C                                
                                      obtained                                 
                                           gm/l                                
                                               factor                          
                                                   at 170.degree.C             
                                                         obtained              
     __________________________________________________________________________
     12.1                                                                      
         1450                                                                  
             195   34.4 13.2                                                   
                            1330                                               
                                166   34.7 12.7                                
                                               1380                            
                                                   173   34.1                  
     13.9                                                                      
         1245                                                                  
             166   32.3 14.3                                                   
                            1210                                               
                                148   33.1 13.5                                
                                               1285                            
                                                   159   34.2                  
     14.6                                                                      
         1185                                                                  
             157   33.8 15.6                                                   
                            1100                                               
                                133   34.2 15.3                                
                                               1120                            
                                                   135   32.8                  
     15.8                                                                      
         1075                                                                  
             141   33.2 17.2                                                   
                            970 114   31.7 15.9                                
                                               1070                            
                                                   128   33.5                  
     15.9                                                                      
         1070                                                                  
             141   32.2 19.9                                                   
                            800  90   32.4 17.2                                
                                                970                            
                                                   114   32.1                  
     18.0                                                                      
          915                                                                  
             119   31.4 20.3                                                   
                            775  86   32.1 20.1                                
                                                785                            
                                                    87   32.2                  
     21.2                                                                      
          725                                                                  
              91   32.4 22.4                                                   
                            665  70   33.9 21.8                                
                                                695                            
                                                     75  32.9                  
     22.1                                                                      
          680                                                                  
              85   34.4                                                        
     Mean Value    33.0               33.2               33.1                  
     Std. dev. .+-.                                                            
                    1.1                1.1                0.8                  
     __________________________________________________________________________
PAR  The results show that the model used was slightly inaccurate, but adequate.
PAC  EXAMPLE 4
PAR  In a series of plant tests in which the digesters were charged according to
      the normal procedure, the liquor samples were taken at 150.degree.C,
      regardless of the heating sequence used. Thus, the sampling in each case
      was not subsequent to completion of the preliminary reactions and
      processes. The alkali contents were then calculated back to the completion
      stage according to the expression:
EQU  C.sub.o = C . e.sup.f . (Q.sup.-Q.sbsp.o)
PAL  as previously described, using B = 4000.degree.K, f = 3.1 .times.
      10.sup..sup.-3 and Q.sub.o = 111, corresponding to the digestion model
      given in the preceding Examples. The results obtained were used to
      determine the H factor, on which control of the pulping was based. The
      results appear in Table VII.
TBL                                    TABLE VII                               
     __________________________________________________________________________
     Pulping                                                                   
          "Q" factor                                                           
                 C    C.sub.o    Time                                          
     Run  when   gm/l gm/l                                                     
                          "H" factor                                           
                                 Minutes                                       
                                       Obtained                                
     No.  sampling                                                             
                 as meas.                                                      
                      corr.                                                    
                          (.kappa. = 33)                                       
                                 at 175.degree.C                               
                                       .kappa.                                 
     __________________________________________________________________________
     1     86    18.4 17.1                                                     
                           980   84    32.3                                    
     2     94    16.2 15.4                                                     
                          1120   98    33.1                                    
     3    109    16.9 16.8                                                     
                           995   86    32.1                                    
     4    112    14.3 14.3                                                     
                          1210   107   32.8                                    
     5    117    16.3 16.6                                                     
                          1005   87    32.8                                    
     6    123    15.6 16.2                                                     
                          1030   89    31.9                                    
     7    131    12.8 13.6                                                     
                          1275   114   32.7                                    
     8    146    13.2 14.7                                                     
                          1180   104   33.2                                    
     9    151    12.1 13.7                                                     
                          1270   113   34.6                                    
     10   159    14.0 16.3                                                     
                          1020   88    34.3                                    
                             Mean value .kappa.                                
                                       33.0                                    
                             Std. dev.  0.9                                    
     __________________________________________________________________________
PAR  The results show that the correction is properly made.
CLMS
STM  Having regard to the foregoing disclosure, the following is claimed as the
      inventive and patentable embodiments thereof:
NUM  1.
PAR  1. A fully controllable process for the manufacture of sulfate cellulose
      pulp having a predetermined degree of delignification and therefore a
      predetermined Kappa number, which comprises combining and holding
      particulate wood and sulfate pulping liquor under preliminary
      alkali-consuming reaction conditions until such reactions have
      substantially been completed and before substantial delignification has
      begun; taking a sample of the pulping liquor at this stage of the process;
      analyzing the sample and obtaining the content of alkali in the liquor;
      adjusting the alkali content to at least 20 g calculated as NaOH per
      kilogram of wood initially added, by addition of alkali; from this alkali
      content determining the pulping intensity expressed as H factor for
      obtaining the desired kappa number in the sulfate cellulose pulp; and
      controlling the pulping time and pulping temperature during
      delignification, according to this "H" factor, in order to obtain said
      desired kappa number.
NUM  2.
PAR  2. A process according to claim 1, in which the alkali content is adjusted
      by injecting white liquor.
NUM  3.
PAR  3. A process according to claim 1, in which the alkali content is adjusted
      by injecting black liquor.
NUM  4.
PAR  4. A process according to claim 1, in which the alkali content is adjusted
      by injecting water.
NUM  5.
PAR  5. A process according to claim 1, in which the preliminary alkali
      consuming reaction conditions are at least 30 minutes at a temperature
      within the range from about 100.degree.C to at least 140.degree.C but
      below a temperature and for a time less than that at which substantial
      delignification takes place, such that the preliminary reactions and
      processes are substantially complete, and delignification has not begun.
NUM  6.
PAR  6. A process according to claim 1, which comprises adjusting the alkali
      content to at least 35 grams per kilogram of wood.
NUM  7.
PAR  7. A process according to claim 1, which comprises determining the
      conditions required for any desired degree of delignification, and
      reproducibly preparing sulfate pulps of uniform quality, by pulping wood
      of the same type to a desired Kappa value under pulping conditions
      established on the basis of H factor determined from a graph of H factor
      against Kappa value over a range of alkalinities (in terms of g/l. NaOH)
      corresponding to the alkalinities required for the pulping of the type of
      wood selected, thereby obtaining a family of such curves for that wood,
      one for each of a series of alkalinities within such range, serving as a
      reference graph.
NUM  8.
PAR  8. A process according to claim 1, which comprises determining the
      alkalinity of at least one sample, from a pulping liquor used to pulp the
      same type of wood, by titration with an acid, to an end point determined
      as the limiting relatively constant value of the conductivity of the
      sample that is reached as conductivity decreases during the acid
      titration.
NUM  9.
PAR  9. A process according to claim 1, which comprises charging and thoroughly
      mixing wood chips and alkaline sulfate pulping liquor in a digester, the
      sulfate pulping liquor comprising an aqueous solution of alkali metal
      hydroxide and alkali metal sulfide; holding the wood chips and sulfate
      pulping liquor under preliminary alkali consuming reaction conditions at
      an increasing temperature during which at least 20% of the alkali added
      initially up to about 85% of the alkali added initially has been consumed;
      taking a sample of the pulping liquor; and titrating the sample with an
      acid to the end point determined as the limiting conductivity of the
      sample.
NUM  10.
PAR  10. A process according to claim 9, in which the rate of temperature
      increase during the preliminary alkali consuming reaction is within the
      range from about 0.1.degree.C/minute to about 25.degree.C/minute.
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ABST
PAL  A continuous digester in which liquor is drained, at various levels,
      through a screen into a compartment formed by half rings attached to the
      interior of the digester. The compartment is provided with rotating vanes,
      which backwash the screen by pulsing liquid therethrough. The digester
      includes a lower cone, provided with an impeller and compartment for
      introducing and circulating liquor for "cold blow" of product.
BSUM
PAR  This invention relates to the digestion of cellulosic materials, and more
      particularly to a new and improved continuous digester for cellulosic
      materials.
PAR  There are several different continuous digester designs on the market.
      Although such continuous digesters have met with some success, there is
      still a need for new and improved continuous digester designs.
PAR  The principal object of the present invention is to provide a new and
      improved continuous digester.
PAR  In accordance with the present invention, there is provided a continuous
      digester which is based on a batch digester design and includes improved
      assemblies for introducing and withdrawing liquor. More particularly,
      liquor is drained from the digester at various points through liquor
      drainer compartments in fluid flow communication with the interior of the
      vessel and separated therefrom by means which prevent solids from entering
      the drainer compartment, such as a screen. The compartment also includes
      means for continuously cleaning the screen to maintain the screen in a
      continuously open condition.
PAR  Liquor is introduced into the bottom of the digester for "cold blow" of the
      product through an improved assembly which includes an impeller for
      circulating the liquid in the bottom cone of the digester.
DRWD
PAR  The invention will be described with respect to the preferred embodiment
      thereof illustrated in the accompanying drawings wherein:
PAR  FIG. 1 is a simplified partially schematic representation of a digester
      incorporating teachings of the present invention;
PAR  FIG. 2 is a partial sectional view of an embodiment of the digester liquor
      drainer assembly of the present invention; and
PAR  FIG. 3 is a sectional view of an embodiment of the lower cone assembly for
      the digester assembly of the present invention.
DETD
PAR  Referring to FIG. 1, wood chips in line 10 are introduced into a storage
      bin 11 and are passed therefrom through a low pressure chip feeder 12 into
      a presteamer 13 wherein the chips are heated, by low pressure steam
      introduced through lines 14 and 14a. The preheated chips from presteamer
      13 are introduced with cooking liquor in line 17 into a high pressure chip
      feeder 15, such as the type described in U.S. Pat. No. 3,224,606,
      positioned in the neck of digester 16. The chips and cooking liquor are
      passed into impregnation zone A of digester 16, which is further provided,
      at the lower portion, with liquor introduced through line 202. The
      impregnation zone A is operated as known in the art to impregnate the
      chips with cooking liquor. Excess cooking liquor is withdrawn at the
      bottom of the impregnation zone A through line 18, as hereinafter
      described.
PAR  The impregnated chips pass into a cooking or digestion zone B, of digester
      10, which is provided with cooking liquor through line 203. The cooking
      zone B is operated at elevated temperatures and pressures, as known in the
      art; e.g., temperatures in the order of 300.degree.F to 350.degree.F and
      pressures in the order of 55 to 120 psig. Partially spent cooking liquor
      is withdrawn from the bottom of zone B through line 21, as hereinafter
      described.
PAR  The chips then pass through a prolonged cooking (simmering) zone C
      operated, as known in the art, at a temperature lower than zone B. The
      cooking zone C is provided with cooking liquor through line 204. Partially
      spent cooking liquor is withdrawn through line 23, as hereinafter
      described.
PAR  The digested chips then pass into the bottom cone of the digester 16,
      provided with cooled black liquor, through lines 41 and 42 for cold blow
      of the digested chips. The digested chips are withdrawn from digester 16
      through line 28.
PAR  White liquor in line 31 is combined with black liquor in line 32 (the black
      liquor is mostly inactive and functions to temper the attack of white
      liquor on the chips) and the combined liquor in line 17 is introduced into
      chip feeder 15.
PAR  The liquor withdrawn through line 18 is heated in exchanger 33 and
      introduced into the digester through line 202. The liquor withdrawn
      through line 21 is heated in exchanger 34 and introduced into the digester
      through line 203.
PAR  The liquor withdrawn through line 23 is introduced into flash drum 38
      wherein the liquor is flashed to provide steam for line 14. Flashed liquor
      withdrawn from tank 38 is introduced into the digester 16 through line
      204. A portion of the flashed liquor is passed to black recovering through
      line 211.
PAR  The hereinabove description should be sufficient to understand the overall
      design and operation of the continuous digester 16. The invention will be
      further described with reference to FIG. 2 which illustrates a preferred
      embodiment of the assembly for draining liquor from the digester 16.
PAR  Referring to FIG. 2, the assembly for draining liquor from the vessel,
      generally designated as 101, includes a drainer compartment 102, defined
      by an outer ring 103 in the form of a half pipe, secured to the exterior
      of the wall of the vessel 16, as by welding, and closing a cut in the
      vessel wall. A screen ring 104 separates the drainer compartment 102 from
      the interior of the digestion vessel 16, whereby liquor passes from the
      interior of the vessel 16 through the screen 104 into the drainer
      compartment 102. The screen is reinforced by a plurality of
      circumferentially spaced plates 106. The drainer compartment 102 is
      provided with an outlet pipe 105 for withdrawing liquor from the drainer
      compartment 102.
PAR  The drainer compartment 102 is provided with a screen cleaning assembly,
      generally indicated as 110, for backwashing the screen 104 to maintain
      same in a permanently open position. The screen cleaning assembly is
      comprised of a plurality of circumferentially spaced vertical extending
      blades or vanes 111, mounted for rotation adjacent to the screen 104. The
      blades 111 are fastened to a circular rack 112 which is rotatably
      supported by a plurality of aligned circumferentially spaced rollers 113,
      rotatably mounted on the interior of ring 103. The blades 111 are
      angularly positioned with respect to the screen 104, with the trailing
      edges thereof, being positioned closer to the screen 104.
PAR  The blades 111 are driven by a drive assembly comprised of a drive means,
      such as motor 121, (FIG. 1), a drive shaft 122 and spaced pinions 123
      fixedly secured to the shaft 122 in driving engagement with racks 112. As
      particularly shown, the cleaning assembly for the rings of compartments A
      and B are driven through a single drive assembly, however, other
      arrangements are possible within the scope of the invention.
PAR  In operation, rotation of vanes 111, through the drive rack 112, by pinions
      123, produces pulses in the liquor in compartment 102 which backwashes the
      screen 104, thereby maintaining the screen 104 free of solids which would
      normally clog the screen 104. The vanes 111 are spaced and rotated such
      that the overall direction of flow is from the interior of the digester 16
      through screen 104, with portions of the screen 104 being periodically
      backwashed, as a vane 111 passes by the portion of the screen 104.
PAR  Referring to FIG. 3, there is illustrated the assembly for introducing
      black liquor into the bottom cone 301 of digester 16. The assembly for
      introducing black liquor into the cone of the digester to provide for cold
      blow is comprised of an impeller 302 mounted on shaft 303, suitably
      journaled in bearings 304 and 305 and driven by a drive means, such as
      motor 306. A housing 307, defining a chamber 308 for receiving black
      liquor, is supported immediately below impeller 302. The black liquor
      inlet pipe 42 introduces black liquor into housing 307, the top of which
      is provided with a plurality of orifices 309 for passing black liquor from
      chamber 308 into the interior of the digester 16, immediately below
      impeller 302.
PAR  The rotation of impeller 302 causes the black liquor to flow in the
      direction of arrows 311, thereby providing for cold blow of the digested
      chips from the interior of digester 16 through outlet pipe 28.
PAR  The digester of the present invention is particularly advantageous in that
      digestion can be effected on a continuous basis without the problems
      associated with removal of liquor from the digester. Moreover, improved
      cold blow of the digester is achieved by the improved lower assembly.
      Furthermore, by using the present design a batch digester may be easily
      converted to the continuous digester of the present invention, e.g., by
      making horizontal cuts in the batch digester, at the appropriate level,
      and inserting the drainer ring assembly at the cut.
PAR  Numerous modifications and variations of the present invention are possible
      in light of the above teachings and, therefore, within the scope of the
      present claims the invention may be practiced otherwise than as
      particularly described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A continuous digester for comprising:
PA1  a vessel; means for introducing chips into the upper portion of the vessel;
      means for introducing fresh cooking liquor into said upper portion of said
      vessel; means for withdrawing digested wood chips from the lower part of
      the vessel; and liquor withdrawing means positioned at vertically spaced
      points in said vessel, each said liquor withdrawing means comprising a
      circumferential disposed liquor drain compartment in fluid flow
      communication with the vessel interior; a screen positioned between the
      interior of the vessel and said liquor drain compartment whereby liquor
      flows from the interior of the vessel through said screen into said liquor
      drain compartment; and screen cleaning means positioned in said drain
      compartment for circumferential movement thereby backwashing said screen
      to prevent plugging of said screen.
NUM  2.
PAR  2. The continuous digester of claim 1 wherein the drain compartment is
      defined by an outer ring secured to the exterior of the vessel, said ring
      closing an excised portion of the vessel.
NUM  3.
PAR  3. The continuous digester of claim 2 wherein said screen cleaning means
      comprises a plurality of circumferentially spaced vanes positioned in the
      drainer compartment adjacent to said screen, and means for rotating said
      vanes to produce pulses in the liquor in the drainer compartment to
      backwash the screen.
NUM  4.
PAR  4. The continuous digester of claim 3 wherein said vanes are positioned
      transverse to said screen.
NUM  5.
PAR  5. The continuous digester of claim 4 wherein the means for rotating the
      vanes comprises a circular rack, said vanes being mounted on the rack;
      means for rotatably supporting said rack, and means for rotatably driving
      said rack.
NUM  6.
PAR  6. The continuous digester of claim 5 wherin said means for rotatably
      driving said rack comprises a shaft, a pinion mounted on said shaft and in
      engagement with the rack and means for rotating the shaft.
NUM  7.
PAR  7. The continuous digester of claim 6 wherein the means for rotatably
      supporting said rack comprises a plurality of circumferentially spaced
      rollers.
NUM  8.
PAR  8. The continuous digester of claim 1 wherein the vessel includes a bottom
      conically shaped portion, said means for withdrawing liquor being
      connected to the bottom conical portion and further comprising, an
      impeller within the vessel in said lower conical portion; drive means for
      rotating said impeller; and means for introducing liquor into the lower
      conical portion of the vessel immediately below said impeller.
NUM  9.
PAR  9. The digester of claim 8 wherein the means for introducing liquor into
      the lower conical portion of said vessel comprises, a housing in the lower
      conical portion of said vessel positioned immediately below said impeller,
      said housing including a plurality of orifices for introducing liquor from
      the housing into the vessel immediately below the impeller; and inlet
      means for introducing liquor into the housing.
NUM  10.
PAR  10. The digester of claim 9 wherein the drive means for the impeller
      includes a vertical shaft, said vertical shaft extending into the conical
      portion of the housing, said impeller being mounted on said shaft.
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ABST
PAL  A twin-wire paper manufacturing machine wherein endless main and auxiliary
      wires are situated directly next to each other only at a convex forming
      surface of a forming board so that the compacting of the web takes place
      only between those parts of the main and auxiliary wires which assume the
      curvature of the forming surface. Preferably the curved forming surface
      forms part of a cylinder of constant radius so that the curvature of the
      wires during compacting of the web therebetween also is constant. By
      driving the wires at the same angular velocity as they travel along the
      forming surface, relative movement between the wires during compacting of
      the web therebetween is reduced to a minimum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to machines for manufacturing paper.
PAR  In particular, the present invention relates to twin-wire machines of this
      type.
PAR  Machines of the above type have main and auxiliary endless wires which have
      portions situated directly next to each other to compact the web
      therebetween. The wires have parts which converge toward each other to
      receive the stock or pulp slurry from the headbox, and as the web is
      compacted between the wires at the portions which move away from the
      headbox dewatering takes place through one or both of the wires.
PAR  Known machines of the above type require the parts of the wires which are
      directly next to each other to compact the web therebetween to travel
      along a path which is both straight and curved. Thus, the parts of the
      wires which are situated directly next to each other to compact the web
      therebetween are required at one location to assume a given curvature and
      at another location to be straight. At the curved parts of the wires, the
      outer wire should travel at a velocity higher than the inner wire because
      the outer wire has a larger radius of curvature resulting from the
      thickness of the wires as well as the thickness of the web interposed and
      compacted between the wires. If the portions of the wires between which
      the web is compressed respectively travel at different speeds, so that
      they have the same angular velocities when travelling along a curve, then
      these wires will necessarily also have different speeds when travelling
      along a straight path while compacting the web between the wires, with the
      result that harmful shearing forces and deformation of the web which is
      formed between the wires takes place. Since the pair of wires must have
      different speeds one with respect to the other either at the curved part
      or at the straight part of their joint path of movement, since it is
      impossible for them to have equal speeds at both of these parts of their
      joint path, such harmful shearing forces and deformation of the web which
      is forming cannot be avoided.
PAR  In order to at least attempt to solve this problem it has been common
      practice to select for the wires speeds which will constitute a compromise
      which will reduce these undesirable effects as much as possible. However,
      the results have always been far from satisfactory.
PAR  A further disadvantage encountered with conventional machines of the above
      type, particularly those which have comparatively long twin-wire sections,
      results from the fact that water tends to fall from the auxiliary wire
      down onto the web carried by the main wire at the location where the
      auxiliary wire separates itself from the main wire before returning to the
      joint path of movement. These falling drops of water which become
      deposited on the web leave permanent and objectionable marks on the
      finished product.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      twin-wire paper machine which will avoid the above drawbacks.
PAR  In particular it is an object of the present invention to provide a
      construction which makes it possible to eliminate any relative movement
      between the two wires as they travel along a joint path while compacting a
      web therebetween, so that in this way the harmful shearing forces and
      deformation of the web will be avoided.
PAR  In addition it is an object of the present invention to provide a
      construction of this type which will have an effective dewatering action.
PAR  Furthermore it is an object of the present invention to provide a
      construction where the parts are arranged in such a way that drops of
      water will not fall from the auxiliary wire onto the web which forms on
      the main wire.
PAR  Also it is an object of the present invention to provide a machine of the
      above type capable of effectively feeding stock to the wires to be
      compacted therebetween.
PAR  According to the invention the main and auxiliary wires are guided by main
      and auxiliary rollers so as to travel concurrently along a convexly curved
      forming surface of a forming board or shoe, with the arrangement being
      such that compacting of the web between the wires takes place only along
      this convex forming surface. Preferably the latter surface forms part of a
      cylinder which has a constant radius so that the curvature of the forming
      surface as well as the parts of the wires which travel concurrently
      therealong remains unchanged. In this way it is possible to provide for
      the pair of wires the same angular velocity as they travel concurrently
      along the joint path determined by the convexly curved forming surface,
      thus eliminating the detrimental shearing forces and deformation of the
      web during the formation thereof between the twin wires. Preferably the
      rear end of the forming board or shoe has a suction means which
      contributes to the dewatering action. Also the joint path of travel of the
      wires is arranged so as to be directed upwardly as well as obliquely.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  The invention is illustrated by way of example in the accompanying drawing
      which forms part of this application and which illustrates schematically
      one possible embodiment of a paper manufacturing machine which
      incorporates the features of the present invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  As may be seen from the drawing, the illustrated machine has twin wires one
      of which is formed by the endless main wire means 1 and the other of which
      of which is formed by the endless auxiliary wire means 2. The endless main
      wire means 1 is guided for movement by a main roller means which includes
      the several rollers 8, 10-12, and 15. Between the rollers 8 and 15 of the
      main roller means is a forming means 5 in the form of an elongated forming
      board or shoe having an outwardly directed convex forming surface
      surrounded and engaged by the main wire means 1.
PAR  The endless auxiliary wire means 2 is guided for movement by an auxiliary
      roller means which includes the plurality of rollers 14 illustrated in the
      drawing. The left pair of rollers 14, as viewed in the drawing, guide the
      auxiliary wire means 2 for movement along the curved forming surface of
      the forming means 5 concurrently with the main wire means 1. The forming
      means 5 has a lower front end and an upper rear end, and the wires 1 and 2
      travel upwardly from the front to the rear end of the forming means 5.
PAR  The lower left roller 14 of the auxiliary roller means and the roller 15 of
      the main roller means are situated adjacent the front end of the forming
      means 5 and provide for the wires 1 and 2 portions which converge toward
      each other as they approach the front end of the forming means 5, so as to
      define in this way the converging gap 3 into which the pulp slurry or
      stock is fed, from a headbox which is under pressure, through the
      illustrated nozzle slice 4 which thus delivers the stock into the gap 3 to
      be received between the main and auxiliary wires which thus compress the
      web during the initial formation thereof as the wires travel concurrently
      along the joint path determined by the convex outer surface of the forming
      means 5. The positions of the upper left roller 14 of the auxiliary roller
      means and the roller 8 of the main roller means are such that they provide
      for the wires 1 and 2 portions which diverge away from each other as they
      travel beyond the upper rear end of the forming means 5.
PAR  It will be noted that while the forming means 5 is arranged in a generally
      upright direction, it is also obliquely inclined upwardly toward the
      right, as viewed in the drawing, so that the upper rear end of the forming
      means 5 is situated over the lower left roller 14, as viewed in the
      drawing, and in this way the curvature of the wires 1 and 2 as they travel
      along the forming surface is assured.
PAR  The outer convex forming surface of the forming means 5 forms part of a
      cylinder of constant radius so that in the plane of the drawing the curved
      forming surface forms part of a circle, and in this way the curvature of
      the forming surface as well as of the wires 1 and 2 where they travel
      along the joint path determined by the forming surface remains unchanged,
      and by imparting to the wires a speed which will provide for the wires the
      same angular velocity along the forming surface there will be no relative
      movement between the wires as they travel along the forming surface, thus
      eliminating any possible detrimental shearing forces or deformation of the
      web which forms between the wires, inasmuch as with the construction of
      the invention the wires 1 and 2 travel concurrently along the joint path
      determined by the curved forming surface but otherwise do not have any
      common path of travel.
PAR  Preferably, the upper rear end region of the forming means 5 includes a
      suction means 6 in the form of a suitably constructed suction box which
      contributes to the dewatering action.
PAR  Thus, the wires 1 and 2 travel together only along the upwardly directed
      oblique path determined by the forming means 5, and along this part of the
      path water will escape from the web due to centrifugal action through the
      auxiliary wire 2 into a saveall means 7 surrounded by the wire 2 and
      communicating with the part thereof which travels along the forming means
      5, in the manner shown schematically by the arrows in the drawing. This
      centrifugal dewatering into the saveall 7 and dewatering from suction at
      the suction means 6 which forms part of the forming means 5 achieves an
      effective dewatering action for the web which is compacted between the
      twin wires.
PAR  As the main wire 1 travels upwardly beyond the forming means 5, it passes
      around the roller 8 in the form of a return roll having a suction zone as
      schematically illustrated. From the roller 8 the main wire has a straight
      or planar wire section which travels over the suction boxes 9. Of course
      the web is retained on the main wire 1 as a result of the suction action
      at the roller 8. From the suction boxes 9 the main wire travels around a
      return roller 10 also provided with a suction means. From the roller 10
      the wire passes around an additional return roller 11 and then along the
      additional guide rolls 12, which may function as tension rolls, before
      returning to the roller 15 which directs the main wire back to the front
      end of the forming means 5.
PAR  The part of the main wire 1 which travels between the rollers 10 and 11 is
      engaged by a pick-up roll 13 by means of which the web formed on the main
      wire 1 is separated therefrom to be transported away from the main wire 1
      and delivered to a press section.
PAR  The auxiliary wire 2 after diverging away from the upper rear end of the
      forming means 5, as a result of the guiding of the wire 2 by the upper
      left roller 14 of the drawing, is then guided over the pair of right
      rollers 14 of the drawing before returning to the lower left roller 14
      from where the auxiliary wire 2 returns to the front end of the forming
      means 5.
PAR  It will be noted that the position of the upper left guide roller 14 is
      such that the auxiliary wire 2 is inclined upwardly toward the right as it
      moves beyond the upper rear end of the forming means 5. Therefore it is
      not possible for any drops of water to fall from the auxiliary wire onto
      the web which forms on the main wire 1.
PAR  The speeds at which the main wire 1 and the auxiliary wire 2 travel are
      selected so that their angular velocities with respect to the center of
      curvature of the forming surface are at least substantially equal. As a
      result there are no harmful shearing forces or deformations in the web
      which forms between the wires while they are urged toward the convexly
      curved forming surface. Inasmuch as the path of joint travel of the main
      and auxiliary wires is limited only to the section which is contiguous
      with the forming means 5, no undesirable effects are encountered even
      though the linear or peripheral velocities of the wires may be different
      from each other.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a twin-wire paper manufacturing machine, stationary forming means
      having front and rear ends and an outer convex forming surface extending
      between said front and rear ends, endless main wire means surrounding and
      engaging said forming means so that a portion of said main wire means
      assumes the curvature of said forming surface for moving therealong from
      said front to said rear end thereof, main roller means guiding said main
      wire means for movement along said forming surface of said forming means,
      said main roller means including a pair of rollers respectively situated
      adjacent and before and after said front and rear ends of said forming
      means for guiding a portion of said main wire means to and from said front
      and rear ends of said forming means, auxiliary endless wire means and
      auxiliary roller means engaging said auxiliary wire means to guide the
      latter for movement, said auxiliary roller means also including a pair of
      rollers respectively situated adjacent said front and rear ends of said
      forming means for guiding a portion of said auxiliary wire means to and
      from the regions of said front and rear ends of said forming means for
      providing said auxiliary wire means with a portion also assuming the
      curvature of said forming surface and capable of moving concurrently with
      said portion of said main wire means which travels along said forming
      surface, the rollers of said main and auxiliary roller means which are
      situated before said front end of said forming means providing said main
      and auxiliary wire means with converging portions which converge toward
      each other as they approach said front end of said forming means and the
      pair of rollers of said main and auxiliary roller means which are situated
      adjacent the rear end of said forming means providing said main and
      auxiliary wire means with portions which diverge away from each other
      between the latter pair of rollers and said rear end of said forming means
      as said main and auxiliary wire means move beyond the rear end of said
      forming means, so that said main and auxiliary wire means separate from
      each other at the region of the rear end of said forming means, said main
      and auxiliary wire means being situated next to each other only at their
      portions which assume the curvature of said forming surface, means for
      driving the latter portions at the same angular velocities to reduce to a
      minimum the relative movement between the latter portions, and stock
      feeding means situated adjacent said rollers which are situated adjacent
      the front end of said forming means for feeding stock into a space defined
      between the portions of said main and auxiliary wire means which converge
      toward each other as they approach said front end of said forming means,
      whereby initial web formation and the entire compression between both of
      said wire means take place only at those portions of said wire means which
      move concurrently along said stationary forming means.
NUM  2.
PAR  2. The combination of claim 1 and wherein said forming surface of said
      forming means forms part of a cylinder of constant radius, so that the
      curvature of said forming surface as well as the portions of said main and
      auxiliary wire means which travel therealong remains unchanged.
NUM  3.
PAR  3. The combination of claim 1 and wherein a suction means forms part of
      said forming means at the region of said rear end thereof for providing at
      least part of a dewatering action.
NUM  4.
PAR  4. The combination of claim 1 and wherein a saveall means is situated at
      the interior of said auxiliary wire means communicating with the portion
      thereof which moves concurrently with said main wire means to receive
      water as a result of centrifugal force.
NUM  5.
PAR  5. The combination of claim 1 and wherein said front end of said forming
      means is lower than said rear end thereof.
NUM  6.
PAR  6. The combination of claim 5 and wherein said stock-feeding means is in
      the form of a nozzle slice having a discharge end extending into said
      space between the portions of said main and auxiliary wire means which
      converge toward said front end of said forming means.
NUM  7.
PAR  7. The combination of claim 5 and wherein said forming means is arranged in
      a generally upright but oblique position with the rear end of said forming
      means situated over that one of said rollers of said auxiliary roller
      means which is situated adjacent said front end of said forming means.
NUM  8.
PAR  8. The combination of claim 7 and wherein that one of said rollers of said
      auxiliary roller means which is situated adjacent the rear end of said
      forming means is located in its entirety to one side of the forming means
      for directing the auxiliary wire means from the rear end region of said
      forming means upwardly and away from said forming means in a manner
      preventing any water from dropping from the auxiliary wire means as it
      travels away from said forming means onto a web carried by said main wire
      means.
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ABST
PAL  For location of failed fuel cans in a sodium-cooled nuclear reactor, a gas
      flow under a pressure slightly higher than that of the sodium at the
      outlet of the fuel assemblies is supplied to the outlets of each of the
      assemblies in seriatim order. The resulting emulsion is raised by air-lift
      and collected in a tank located at a level higher than that of the outlet.
      The gas separates from the emulsion and a gas output from the tank is
      monitored to detect the presence of radioactive products therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to failed fuel detection and more particularly a
      apparatus for detecting and locating failures of the fuel cans of
      liquid-cooled nuclear reactors, for example nuclear reactors cooled by an
      upward flow of molten sodium.
PAR  Since fuel failures allow fission products to escape into the coolant, they
      must be detected and located as quickly as possible. In liquid-cooled
      reactors having no pressure tubes, such determination of the location of
      fuel failures is complicated by the mixing of the liquid coming from the
      various fuel sub-assemblies at their outlets. One solution for this kind
      of reactor is to take at the outlet of each fuel sub-assembly a small
      portion of the liquid flow which has passed therethrough, mix the sample
      with a gas having a large neutron capture cross-section, separate the gas
      and monitor it. Since the gas becomes radioactive in contact with the
      contaminated liquid, a sub-assembly having a failed fuel is shown up by
      the activity of the gas coming from the corresponding sample. A single
      mechanicaly sampling pump might be used (or if the liquid is conductive an
      electro-magnetic pump) with a selector valve which connects the inlet of
      the pump to the outlets of all the sub-assemblies in the core in
      succession. This method has serious drawbacks, since it is difficult to
      design and manufacture a liquid sample selector valve which correctly
      operates in the conditions to which it is subjected for long periods of
      time.
PAR  Moreover, if the pump is mechanical its moving parts are fragile.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is intended to obviate such disadvantages.
PAR  The invention also relates to an apparatus for locating fuel can failures
      in nuclear reactors cooled by an upward flow of a liquid coolant, the
      apparatus comprising a source providing a gas at a pressure slightly
      higher than the pressure of the liquid at the outlet of nuclear fuel
      assemblies to be monitored in the reactor, emulsifiers each associated
      with an assembly and disposed thereabove, a selector means for supplying
      gas to each of the emulsifiers successively from the source, collecting
      means connected to all said emulsifiers and in which the gas separates
      from the liquid coolant, and gas-analysing means connected to the
      collecting means.
PAR  A single analysing installation and a single selector valve can be used to
      monitor all the assemblies of a reactor, or alternatively a number of
      independent systems can be provided each of which is associated with some
      of the assemblies.
PAR  It can be seen that the invention obviates the disadvantages of the
      apparatus described hereinbefore. The extreme simplicity of construction
      of the emulsifying device enables one to be used for each assembly, thus
      obviating any distributor in the liquid circuit (the distributor
      incorporated in the circuit of gas inactive at ambient temperature
      operates under much less severe conditions, is much less susceptible to
      breakdown and is as a rule placed outside the reactor enclosure). The gas
      is intimately mixed with the liquid during the expansion producing
      pumping, so that the analysing installation can be less sensitive and
      therefore less expensive.
DRWD
PAR  An embodiment of the invention will now be described by way of example with
      reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a simplified basic diagram of the apparatus for localising
      ruptures in cans of fast neutron reactors cooled by liquid sodium
      circulation (only a section of the assemblies is shown);
PAR  FIG. 2 shows diagrammatically, sectioned along a vertical plane, a portion
      of the installation associated with each assembly, and
PAR  FIG. 3 diagrammatically illustrates a variant embodiment.
DETD
PAR  The localising apparatus diagrammatically illustrated in FIG. 1 comprises a
      source 10 of gas (for instance, argon) at a pressure P.sub.1 slightly
      higher than the pressure P.sub.2 of the coolant (liquid sodium) at the
      outlet of assemblies 12. A distributor 14 enables any of tubes 16, each
      connected to an emulsion pump associated with one of the assemblies 12, to
      be connected to the source 10. Clearly, the term "assembly" covers both a
      group of fuel pencils in the same envelope, and a single fuel element.
PAR  The emulsion coming from that pump which is supplied with gas rises into a
      collecting and degasifying tank 18 via a vertical tube 20 (one tube 20 is
      provided for each assembly 12). The level of the tank 18 above the free
      surface 22 of the sodium is such that a separation is established therein
      between the liquid sodium, which returns to the mass of sodium in the core
      via the tubes 20 to which emulsion is not supplied, and the gas. The
      return of the sodium from the degasifying tank via the tubes 20 not
      supplied with emulsion might have the disadvantage of polluting such tubes
      with sodium charged with fission products by their passage through the
      tube corresponding to the faulty assembly, so that the signal might be
      slightly difficult to detect. One possible solution to this is illustrated
      in FIG. 3, which shows how the sodium is returned from the degasifying
      tank 18 to the reactor via a special tube 20' provided for this purpose
      and disposed at a lower level than the other tubes. The gas is sucked in
      by a pump 24 which sends it to an analysing installation 26. For the sake
      of clarity, FIG. 1 shows in solid arrows the flow paths followed by the
      gas, the emulsion and the coolant on its way back from the tank 18, broken
      arrows showing the normal flow of the sodium coolant.
PAR  The emulsion pump operates on the following principle: the gas injected at
      the base of a vertical tube 20 at pressure P.sub.1 produces an emulsion
      whose mean density is lower than that of the liquid coolant. The emulsion
      rises in the tube 20 and reaches a level higher than that of the surface.
      The gas flow required for pump operation being low in relation to the
      total liquid flow for each assembly, supply tubes 16 of small section are
      enough. Clearly, the volume of the tank 18 is selected to keep the time
      required for checking an assembly within reasonable limits. The
      degasifying tank can have a volume of the order of 30 liters for an
      analysing installation 26 adapted to deliver a signal when it receives a
      total flow of the order of 0.1 - 0.2 liters per second coming from an
      assembly 12.
PAR  FIG. 2 shows an emulsion pump which can be used in the installation
      illustrated in FIG. 1, in which the pump is associated with an assembly
      12. The outlet of the assembly 12 is placed in line with an upwardly
      flared passage 30 of generally frusto-conical shape with which the core
      cover plate 32 is formed. The pump diffusor is formed by a perforate cone
      34 inserted in a bore 38 in a plate 36 which on the one hand acts as a
      support for the tubes 20 and on the other co-operates with the cones 34 to
      bound gas distribution chambers 40 into which the tubes 16 discharge.
PAR  An identical sodium flow does not pass through all the assemblies 12 of a
      nuclear reactor, since the dynamic pressures diminish from the centre to
      the periphery by a factor often of the order of 2. To allow for this, the
      cone 34 is continued by a bottom tip 42 whose end is obturated and whose
      side wall is formed with slots or apertures 44 of a size adequate to
      prevent them being clogged by impurities.
PAR  By this method the liquid admitted to the cone 34 will be at the same
      pressure in all tubes, such pressure being the height of the sodium in the
      reactor vessel and therefore all the emulsion pumps will be identical for
      any given reactor.
PAR  Clearly, the tips 42 must penetrate into the passages 30 deeply enough for
      each diffuser to collect only sodium coming from the assembly 12 to be
      checked. The flared shape of the passages 30 compensates for the reduction
      in section due to the introduction of the tip 42 and prevents any increase
      in speed which might result from such reduction.
PAR  Disposed in the tank 18 of flat shape, opposite each tube 20 and at a level
      28, are anti-splash plates 46 (FIG. 2) adapted to encourage the separation
      of the gas from the liquid and limit its level locally. The gas pump 24
      and the analysing installation 26 disposed outside the reactor screening
      enclosure 48 are connected to the tank via a conduit 50.
PAR  The following numerical data, given by way of example, are those of an
      apparatus adapted for use with a fast neutron 250 MWe reactor in which the
      outlet temperature of the assemblies under normal operating conditions is
      833.degree.K:
     Inside diameter of tube 20:                                               
                            25 mm                                              
     Inside diameter of tip 42:                                                
                            16 mm                                              
     Pressure P.sub.1 of the gas in the                                        
     emulsifier:            1.175 bar                                          
     sodium flow in the pump:                                                  
                            0.28 l/s                                           
     Gas flow in the emulsifier at                                             
     pressure P.sub.1 and normal opera-                                        
     ting temperature:      0.45 l/s                                           
     Gas flow at outlet of tube 20:                                            
                            0.53 l/s                                           
     Speed of the emulsion in center                                           
     of tube 20:            2 m/s                                              
     proportion of gas by volume at                                            
     the center of the tube 20:                                                
                            0.5                                                
     Delivery of the pump:  0.45                                               
     Emersion ratio:        x/H = 1.8                                          
PAR  Clearly, the emersion ratio must be so selected that the level of the
      emulsion does not drop below the tank 18. The value of 1.8 shown above
      takes account of this fact, whose importance is clear if it is remembered
      that for this particular reactor the outlet temperature of the assemblies
      on stoppage (corresponding to minimum level 28) is 453.degree.K, while
      such temperature is 833.degree.K during operation.
PAR  The main advantages afforded by the invention can be gathered from the
      foregoing description: the apparatus is very simply constructed and there
      is very little risk of breakdown (pumps without moving members, switching
      distributor disposed in the gas circuit); sensitivity is increased by the
      intimate mixing of the gas and liquid during the formation of the
      emulsion.
PAR  The use of pumps with tips enables standard diffusers to be used throughout
      the installation.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for locating failed fuel assemblies in a nuclear reactor
      cooled by upward flow of liquid coolant through the fuel assemblies,
      comprising gas source means for supplying gas at a pressure greater than
      the pressure of liquid coolant at the outlet of each assembly, emulsion
      producing means for producing an emulsion between the gas and the liquid
      coolant, the emulsion producing means including an enclosed flow path for
      each assembly adapted to receive a portion of the liquid coolant flowing
      from the outlet thereof, the emulsion producing means further including
      gas diffusion means connected to the flow path and adapted to receive gas
      from the gas source means and introduce the gas into liquid coolant
      flowing through the flow path, selector means for successively supplying
      gas to each gas diffusion means one at a time, means for separating the
      gas from the liquid coolant, and means for detecting the presence of
      radioactivity in the separated gas, each flow path including a tube with
      one end near the outlet of a fuel assembly, said tube being adapted to
      enable the liquid coolant to flow upwardly therein, the gas diffusion
      means including a gas chamber bounded on one side by said tube and on the
      other side by a supporting plate connected to the selector means, the
      portion of the tube that bounds the gas chamber being laterally disposed
      and including a plurality of gas inlet apertures therein.
NUM  2.
PAR  2. An apparatus as set forth in claim 1, wherein said laterally disposed
      portion of the tube is frusto-conical and co-operates with a bore in the
      supporting plate to bound the gas chamber.
NUM  3.
PAR  3. An apparatus as set forth in claim 2, wherein the tube is formed below
      the apertures with a tip which is of smaller diameter than that through
      which the emulsion flows and is formed with inlet slots or apertures for
      coolant coming from the fuel assembly.
NUM  4.
PAR  4. An apparatus as set forth in claim 3, wherein each said tip projects
      into an upwardly flared passage of a plate disposed above the assemblies.
NUM  5.
PAR  5. An apparatus as set forth in claim 1, wherein said means for separating
      is a shallow tank and disposed at a level such that the emulsion has a
      free surface in the tank.
NUM  6.
PAR  6. An apparatus as set forth in claim 5, wherein anti-splash plates are
      disposed in the tank and each confronts one of the vertical tubes.
NUM  7.
PAR  7. An apparatus as set forth in claim 1, wherein the means for separating
      is connected via a single outlet to said means for detecting and said
      later-named means is disposed outside the reactor shield.
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ABST
PAL  A latch mechanism is operated by differential pressure on a piston to
      engage the drive shaft for a control rod in a nuclear reactor, thereby
      preventing the control rod from being ejected from the reactor in case of
      failure of the control rod drive mechanism housing which is subjected to
      the internal pressure in the reactor vessel.
PARN
PAR  This is a continuation, of application Ser. No. 712,338 filed Mar. 8, 1968,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates, generally, to nuclear reactors and, more
      particularly, to latch devices for mechanisms for driving the control rods
      for a nuclear reactor.
PAR  In a control rod drive mechanism of a type in which the mechanism housing
      is subjected to the relatively high pressure inside the reactor vessel
      there is a remote possibility that a failure of the mechanism housing
      which would release the pressure would cause the control rod to be ejected
      from the reactor vessel at a relatively high speed by the resulting
      pressure difference on the control rod drive shaft. The consequences of
      such an ejection could be extremely severe.
PAR  An object of this invention is to eliminate the possibility of control rod
      ejection from a nuclear reactor vessel.
PAR  Another object of the invention is to provide a latch device which operates
      at a high rate of speed to restrain the control rod drive shaft and the
      control rod from ejecting from the reactor core, thereby preventing a
      nuclear excursion.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one embodiment of the invention, a piston is actuated by
      differential pressure in case of a failure of a nuclear reactor control
      rod drive mechanism housing to operate a latch device to engage the
      control rod drive shaft to prevent upward motion of the drive shaft and
      attached control rod. The piston is attached to the upper end of a
      longitudinally movable sleeve which surrounds the drive shaft, and latch
      members at the lower end of the sleeve are forced radially inwardly by cam
      surfaces on a stationary support tube to engage the drive shaft when the
      movable sleeve is driven upwardly by differential pressure on the piston.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For a better understanding of the nature and objects of the invention,
      reference may be made to the following detailed description, taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a view, in longitudinal section, of a portion of a control rod
      drive mechanism with a latch device embodying principal features of the
      invention, the latch device being in the normal or released position;
PAR  FIG. 2 is a view, similar to FIG. 1, showing the latch device in the
      engaged position;
PAR  FIG. 3 is an enlarged view, in section, taken along the line III--III in
      FIG. 2; and
PAR  FIG. 4 is an enlarged detail view, looking in the direction indicated by
      the line IV--IV in FIG. 3, showing one of the latch members.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2 of the drawing, the structure shown therein
      comprises a portion of a head 10 for a nuclear reactor vessel, a
      longitudinally movable control rod drive shaft 11 disposed inside a
      generally cylindrical head adapter 12 which extends through the head 10, a
      portion of a control rod drive mechanism 13 disposed inside a sealed
      tubular housing 14, a latch device 15 disposed at the lower end of a
      longitudinally movable sleeve 16 which surrounds the drive shaft 11, a
      piston 17 attached to the sleeve 16 at its upper end, a stationary support
      tube 18 attached to the lower end of the head adapter 12, and a flared
      extension 19 attached to the lower end of the support tube 18. The reactor
      vessel, which is not shown with the exception of a portion of the head 10,
      is of a type suitable for containing a reactor of the pressurized liquid
      type and is capable of withstanding a relatively high internal pressure.
PAR  As shown, the head adapter 12 is hermetically sealed in the head 10 by
      welding at 21. Likewise, the housing 14 for the control rod drive
      mechanism is hermetically sealed in the upper end of the head adapter as
      by welding at 22. The upper end of the tubular housing 14 is also
      hermetically sealed in a suitable manner. Thus, the housing 14 is
      subjected to the relatively high internal pressure in the reactor vessel.
PAR  The control rod drive mechanism 13, only a portion of which is shown, may
      be of the type fully described in U.S. Pat. No. 3,158,766, issued Nov. 24,
      1964 to E. Frisch and assigned to the Westinghouse Electric Corporation.
      Briefly, the mechanism comprises a plurality of gripper arms 23 which
      engage circumferential teeth 24 on the drive shaft 11 to move the drive
      shaft incrementally either upwardly or downwardly when the gripper arms
      are actuated by sequentially energized solenoid devices in the manner
      described in the aforesaid patent.
PAR  As explained hereinbefore, there is a remote possibility of a failure or
      rupture in the housing 14 for the control rod drive maehcnaim, in which
      case the drive shaft 11 and the control rod (not shown) which is attached
      to the lower end of the shaft 11 would be forceably ejected from the
      reactor vessel by the high pressure inside the vessel. In order to
      eliminate the possibility of such ejection, the latch device 15 is
      provided. As shown more clearly in FIGS. 3 and 4, the latch device 15
      comprises three latch members 25 equally spaced around the drive shaft 11
      to engage the teeth 24 on the drive shaft. Each latch member 25 is carried
      by a flexure arm 26 the upper end of which is secured to the sleeve 16 as
      by welding at 27. The arm 26 is disposed in a slot 28 between guide
      portions 29 on the sleeve 16.
PAR  As shown in FIG. 1 the piston 17 is biased downwardly by a spring 31
      disposed between the upper side of the piston and an annular member 32
      fixed in the housing 14 of the control rod drive mechanism. Since the
      fluid pressure on both sides of the piston 17 is normally balanced, the
      spring 31 normally maintains the sleeve 16 and the latch members 25
      carried by the sleeve in their lowermost position shown in FIG. 1. In this
      position the members 25 are disengaged from the drive shaft 11 by the
      action of the flexure arms 26 and by cam surfaces 33 and 34 on the
      extension 19 and the members 25, respectively. The extension 19 is
      threaded into the lower end of the support tube 18 and retained therein by
      a pin 35. Likewise, the tube 18 is threaded onto the lower end of the head
      adapter 12 and retained thereon by a pin 36.
PAR  In case of a failure or rupture in the control rod drive mechanism housing
      14, the pressure above the piston 17 is released and the differential
      pressure on the piston actuates it and the sleeve 16 to the position shown
      in FIG. 2. The upward movement of the sleeve 16 causes cam surfaces 37 on
      the latch members 25 to contact cam surfaces 38 on the support tube 18,
      thereby engaging the latch members 25 with the teeth 24 to prevent the
      ejection of the drive shaft 11 and the control rod attached to the drive
      shaft from the reactor vessel.
PAR  Since the piston 17 on the sleeve 16 and the drive shaft 11 are subjected
      to the same pressure differential, the rate at which the sleeve moves to
      force the latch members 25 radially inwardly to engage the drive shaft,
      relative to the rate at which the control rod drive shaft moves is
      governed by the relative force-to-mass ratios. By utilizing the maximum
      piston area available, the acceleration rate of the sleeve may be made a
      factor of 10 to 30 times higher than that of the control rod drive shaft,
      thereby assuring engagement of the latch members with the teeth on the
      drive shaft before significant rod motion can occur.
PAR  From the foregoing description it is apparent that the invention provides a
      pressure differentially operated latch device which prevents the ejection
      of a control rod from a reactor vessel as the result of a failure or
      rupture in the control rod drive mechanism housing which is subjected to
      the internal pressure in the reactor vessel. The latch device is
      relatively simple in construction and requires only a small amount of
      additional space for installation in a nuclear reactor.
PAR  Since numerous changes may be made in the abovedescribed construction and
      different embodiments of the invention may be made without departing from
      the spirit and scope thereof, it is intended that all subject matter
      contained in the foregoing description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a nuclear reactor, in combination, a reactor vessel having a
      relatively high internal pressure, a longitudinally movable control rod
      drive shaft, a control rod drive mechanism disposed externally of the
      reactor vessel, sealed housing means for the mechanism having
      substantially the entire interior thereof open to the interior of said
      vessel so as to be subjected to the internal pressure in the reactor
      vessel, motive means for moving the drive shaft longitudinally and
      incrementally, a latch device positioned adjacent to and movable into and
      out of engagement with said drive shaft and mounted on a support to
      prevent movement of said control rod shaft when in engagement therewith,
      said latch device being positioned out of engagement with the control rod
      drive shaft when said housing means is sealed, cam surfaces fixedly
      positioned with respect to the housing and complementary cam surfaces on
      said latch device movable into engagement with said fixed cam surfaces to
      move said latch device into engagement with said drive shaft, and movable
      differential pressure responsive means having opposed sides and located in
      said housing means adjacent the area of joinder of said housing and said
      vessel, said last-mentioned differential pressure means being coupled to
      said latch device and exposed to said internal pressure, said differential
      pressure means being positioned within said housing with said pressure on
      opposed sides of said differential pressure means being balanced when said
      housing means is sealed such that said latch device is out of engagement
      with said drive shaft yet becomes unbalanced in the event of a break in
      said housing means at a location on the side of said differential pressure
      means remote from said vessel and moves in response to said unbalance to
      engage said fixed and complementary cam surfaces and thereby engage the
      latch device with the drive shaft.
NUM  2.
PAR  2. The combination defined in claim 1, including spring means biasing the
      latch device to the disengaged position.
NUM  3.
PAR  3. The combination defined in claim 1, including a longitudinally movable
      sleeve located in said housing surrounding the drive shaft and having the
      differential pressure means attached at its upper end, the latch device
      including latch members spaced around the drive shaft at the lower end of
      the sleeve.
NUM  4.
PAR  4. The combination defined in claim 3, wherein the latch members are
      carried by flexure arms on said sleeve.
NUM  5.
PAR  5. The combination defined in claim 3, including a stationary support tube
      inside the reactor vessel, and said fixed cam surfaces mounted on said
      tube.
NUM  6.
PAR  6. The combination defined in claim 3, wherein the reactor vessel has a
      head and the sleeve extends through the head with the differential
      pressure means disposed externally of the vessel and the latch members
      disposed internally of the vessel.
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ABST
PAL  A core for a nuclear reactor of high specific power output is provided with
      an arrangement of fuel bundles in which at least some bundles incorporate
      tubular pencil elements mounted between end plates, having coolant flow
      restricting means secured to the bundle to control the balance of coolant
      flow between external flow along the outsides of the pencils and internal
      coolant flow within the hollow pencils.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 216,447
      filed Jan. 10, 1972, now abandoned.
BSUM
PAR  This invention is directed to fuel for a nuclear reactor, and in particular
      to a fuel charge suited for high power output.
PAR  In the operation of nuclear reactors the achievement of an economical
      reactor is tied to many factors, including the factor of fuel burn-up. The
      achievement of a high rate of burn-up enhances the efficiency of the
      reactor.
PAR  The safe power output from a reactor is associated with the burn-up
      performance. The thermal efficiency of the reactor is promoted by the
      provision of the highest possible core temperatures for the largest
      portion of the core, commensurate with safety considerations.
PAR  In the case of liquid cooled nuclear reactors of the CANDU type, as
      distinct from boiling water reactors in which boiling occurs, the
      occurrence of coolant phase change must be avoided, yet at the same time
      the achievement of optimum temperatures in the fuel elements is necessary
      in order to achieve satisfactory economy of operation. In the case of
      boiling water reactors it is important that pressure gradients are
      controlled so that the rate of flashing into steam, and hence the
      proportion of liquid to vapour in the coolant is controlled along the
      length of the fuel, so as to avoid sudden phase change in the coolant,
      with attendant instability.
PAR  The present invention includes the provision of fuel bundles having hollow
      fuel pencils through which coolant may be passed. Owing to enhanced
      control of maximum temperatures occurring within such bundle pencils, as
      compared with the more usual solid pencils it is possible to increase the
      power density of a suitable reactor to a marked extent. The greater
      control over coolant flows afforded by the bundle structure makes possible
      the achievement of coolant flows ensuring desired variation of reactivity,
      relative to the bundle cross-section.
PAR  A further feature of the subject invention is the reduction made possible
      in the number of tubular elements required for a given output, as compared
      with bundles incorporating solid pencil elements. Thus about one third of
      the number of tube elements are required, as compared with pencil
      elements, for similar power rating.
PAR  In order to achieve the precise control necessitated in reactor operation
      the present invention provides means for controlling the distribution of
      coolant flow relative to individual internal and external surfaces of an
      element, and for controlling the distribution of coolant flow in relation
      to the bundle cross-section. Furthermore, the present invention provides
      graduated pressure drops occurring along the length of a fuel channel, to
      control the occurrence of the flashing of liquid coolant into vapour.
PAR  The present invention thus provides in a nuclear reactor receiving liquid
      coolant, having a plurality of fuel channels extending in substantially
      parallel, mutually spaced relation, each channel having an inlet for
      liquid coolant adjacent one end thereof and an outlet for coolant at the
      other end wherein one of the channels and the fuel charge therein
      comprises an elongated cylindrical pressure tube having the coolant inlet
      and the coolant outlet connected therewith to receive and discharge
      respectively pressurized coolant, a plurality of mutually adjacent
      longitudinally extending fuel elements positioned substantially parallel
      with the longitudinal axis of the channel, including a plurality of
      apertured flow restriction plate means, each having a pressure-dropping
      throttle orifice, spaced along the length of the channel in pressure drop
      controlling relation with the internal coolant paths to provide a
      progressive controlled pressure drop along the length of the channel, to
      control flashing of the liquid coolant from a liquid phase to a vapour
      phase, whereby stabilized coolant flow and high unit power ratings may be
      achieved.
PAR  In the case of booster fuel, the tubular fuel elements are introduced into
      the core of the reactor by way of a mounting and positioning rod about
      which the tubular fuel elements are arranged and by means of which the
      fuel may be selectively introduced at a desired axial location in neutron
      boosting relation with the reactor fuel charge.
DRWD
PAR  Certain embodiments of the present invention are described, reference being
      had to the accompanying drawings, wherein;
PAR  FIG. 1 is an end view of one bundle embodiment having an array of pencil
      elements;
PAR  FIG. 2 is a side view of a string of bundles assembled on a rod as a
      booster fuel assembly;
PAR  FIG. 3 is a partial section at 3-3 of FIG. 1;
PAR  FIG. 4 shows an element incorporating an alternative or supplementary flow
      control plate;
PAR  FIG. 5 is a part view in side section of a nuclear reactor incorporating
      the invention, and
PAR  FIG. 6 is a schematic front section of the FIG. 5 embodiment showing a
      booster assembly incorporating the invention.
DETD
PAR  Referring to FIG. 1, this shows an end view of an 18-element fuel bundle
      10, in which the individual tubular elements 12 are mounted between end
      plates 14. The illustrated form of end plate 14 comprises a pair of
      coaxial annular rings 16, 18 joined by spokes 20, to form a spider to
      which the tubular elements are secured by brazing or welding.
PAR  Flow control throttle apertures 22 positioned in alignment with the tubular
      elements 12 control the flow of coolant liquid therethrough. While
      normally symmetrical it will be understood that the bundles may be
      asymmetrical, end for end, having an inlet end plate and an outlet end
      plate each possessing differing flow control characteristics.
PAR  FIG. 2 shows an assembly of bundles 10 similar to that of FIG. 1, assembled
      on a rod 25 for ready insertion into a booster fuel channel of a reactor
      as shown in FIG. 6. In such an arrangement the adjacent bundles are
      axially aligned, having corresponding tubular elements in aligned relation
      to provide a desired coolant flow pattern. As shown in FIG. 6, the booster
      fuel may be selectively introduced from outside the fuel core to a
      centralized boosting position.
PAR  Thus, in addition to use with `natural` uranium oxide fuel, as shown in the
      FIG. 5 arrangement, fuel in accordance with the present invention, also is
      suitable as a rodded arrangement for use as an enriched booster fuel
      charge, utilizing metal uranium or various alloys of uranium for selective
      insertion as a fuel charge unit assembly within a reactor as required.
      Such uranium alloys may be selected from an alloying group of materials
      including zirconium, aluminum, silicon and carbon (in carbide or mixed
      graphite form).
PAR  Referring to FIG. 3 it will be seen that the end plate 14 is of uniform
      thickness, and the provision of a standard throttle aperture 22 extending
      therethrough may be combined with the throttle aperture 41 of the tube
      closure plate 29.
PAR  In the embodiment of FIG. 4 an individual end cap 40 of the tubes 29, 31 is
      provided with a sized aperture 41 for each inner passage 29 to limit the
      flow of coolant therethrough to a predetermined rate.
PAR  Referring in more detail to FIG. 6, the calandria 60 has a booster channel
      62 extending therefrom, and normally including therein the rod 25 carrying
      a fuel assembly or charge 63 comprising a plurality of short bundles 10
      mounted on the rod 25. A pinion 64 positions the rod 25 at a desired
      position outside the calandria 60 or drives it to an inserted position as
      shown in phantom. Liquid coolant enters the booster channel 62 at the
      bottom thereof and flows upwards under pressure past the fuel charge 63,
      for all fuel locations within the channel 62. An outer channel casing 65
      provides a return flow path for the coolant, and also contains a shield
      plug 66 and a bearing 67 in which the rod 25 slides.
PAR  In the case of the portion of fuel charge 50 illustrated in FIG. 5, there
      are a plurality of fuel channels 53 extending between the ends walls 51,
      52 of the calandria. The space within the calandria surrounding the fuel
      channels 53 contains heavy water, to serve as a neutron moderator. An
      annular space between the channel outer tube 55 and the pressure tube 54
      contains insulant gas which enters at 46 and exits at 47, and serves to
      reduce the passage of heat from the pressure tubes 55 to the surrounding
      moderator.
PAR  Heavy water coolant entering at 48 passes through the interior of pressure
      tube 54 and leaves by way of the coolant outlet 49. It is the close and
      accurate control of the coolant pressure within the fuel channel 53 to
      which the present invention is particularly directed. By providing a
      regulated coolant pressure gradient along the length of the channel 53,
      the occurrence of vaporization pressure can be avoided, and the flashing
      of liquid coolant into steam can be controlled or eliminated.
PAR  The flux gradient across a fuel bundle increases with increase in distance
      from the axis of the bundle. Accordingly the heat generation rate and the
      coolant requirement is correspondingly increased. To meet such conditions
      the adoption of zoned bundle cooling is contemplated, wherein the rate of
      coolant flow is controlled proportionately with the radial position of the
      respective tube element within the bundle. Such proportional control may
      be effected by control of the relative size of the effective coolant flow
      channel for the related element. In the case of the FIG. 1 embodiment the
      throttle apertures 22 of the inner ring of tube elements can be made
      smaller than the corresponding throttle apertures 22 of the outer ring of
      fuel elements, to provide a grading of coolant flows generally
      proportional to the variation in flux level across the bundle.
PAR  While the control of coolant flow is particularly discussed with relation
      to throttling control flow of coolant passing through the tubular
      elements, it will be understood that such interior flow control
      effectively regulates external flow rates past the element outer surfaces,
      for a given coolant pressure drop along the length of the fuel channel.
PAR  While the subject fuel bundle is illustrated as having end plates 14
      securing the individual tubular elements 12 in spaced array, it will be
      understood that alternative mounting means may be adopted, wherein the
      structural characteristics of the FIG. 4 element embodiment may be fully
      utilized, independently of any additional end plates.
PAR  Among the available methods of preparing the fuel tubes it is contemplated
      that the technique of co-extension might be adopted, wherein the zircolloy
      sheathing and the active filling material are extruded simultaneously in
      the desired annular form.
CLMS
STM  What I claim as new and desired to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. In a liquid cooled nuclear reactor having a plurality of fuel channels
      extending in substantially parallel mutually spaced relation, each channel
      having an inlet for liquid coolant adjacent one end thereof and an outlet
      for liquid coolant adjacent the other end thereof wherein a said channel
      and the fuel charge therein comprises an elongated cylindrical pressure
      tube having a said coolant inlet and a said coolant outlet connected
      therewith to receive and discharge respectively pressurized coolant
      liquid, a plurality of fuel bundles in abutting end-to-end relation within
      the channel, each bundle comprising a plurality of substantially mutually
      parallel longitudinally extending fuel elements positioned substantially
      parallel with the longitudinal axis of the channel in symmetrical spaced
      relation to substantially transversely fill the channel, including a
      plurality of hollow tubular elements each having an axially extending
      internal coolant flow path extending through the element interior and an
      external coolant flow path about the element exterior surface, and a
      plurality of apertured flow restriction plate means secured to the ends of
      said fuel bundles each plate means having a flow restricting orifice in
      axially aligned relation with a respective element internal flow path to
      limit the flow of coolant therethrough, the plates being thus spaced along
      the length of said channel in flow controlling relation with said internal
      coolant flow paths to provide in use a progressive, controlled pressure
      drop between said channel coolant inlet and said channel coolant outlet to
      substantially preclude flashing of said liquid coolant from a liquid phase
      to a gaseous phase on passage through the interior of the hollow elements
      of said fuel charge.
NUM  2.
PAR  2. The nuclear fuel channel and fuel charge as claimed in claim 1 wherein
      said fuel bundles are assembled on a longitudinal rod for locating said
      fuel charge longitudinally within a said channel.
NUM  3.
PAR  3. The nuclear fuel channel and fuel charge as claimed in claim 1 wherein
      each said fuel hollow element includes a said element end restriction
      plate at each end thereof.
NUM  4.
PAR  4. The nuclear fuel channel and fuel charge as claimed in claim 1 wherein
      each said fuel bundle includes a pair of end plates at opposite ends of
      the bundle, each end plate having a plurality of said orifices
      therethrough in respective aligned relation with said hollow tubular
      elements to control passage of coolant therethrough.
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PAL  Levulose-bearing syrups are produced by passing a dextrose solution through
      a column or bed of an immobilized dextrose isomerase enzyme preparation.
      The useful life of the enzyme preparation is extended by conducting the
      isomerization initially at a low operating temperature, then increasing
      the temperature of operation after an initial decrease in enzyme activity
      has been observed. Also disclosed is an improved immobilized xylose
      isomerase enzyme preparation which is prepared by contacting a solution of
      xylose isomerase with particulate basic magnesium carbonate. The novel
      immobilized enzyme preparation is useful in enzymatically isomerizing
      dextrose solutions to levulose-bearing syrups.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of U.S. application Ser. No. 401,757, filed
      Sept. 28, 1973,  now U.S. Pat. No. 3,847,740, granted Nov. 12, 1974, which
      in turn is a continuation-in-part of U.S. application Ser. No. 294,397,
      filed Oct. 2, 1972, now U.S. Pat. No. 3,847,741, granted Nov. 12, 1974,
      the disclosure of which is incorporated herein by reference.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to enzymatic isomerization. More
      particularly, the invention relates to improvements in continuous
      isomerization techniques.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The enzymatic hydrolysis of starch, for the production of corn syrup and
      corn syrup solids, is routinely conducted on a commercial scale to produce
      hydrolysates at D.E. values in excess of 95, utilizing what are
      essentially batch techniques.
PAR  The reported investigations of the enzymatic isomerization of dextrose and
      of starch hydrolysates, for the production of levulose-bearing products,
      have generally utilized batch isomerization techniques. An exemplary batch
      isomerization, for example, might be conducted in a stirred tank reactor
      at a temperature of about 70.degree.C and at a pH of about 6.2, for an
      isomerization period of from about 40 to 60 hours. The enzyme dosage and
      conversion temperature are selected to obtain a desired levulose content
      in the end product. The pH of the syrup would be maintained at about 6.2,
      by either continuous or incremental additions of a basic material, such as
      sodium bicarbonate, during isomerization.
PAR  The selection of optimum operating conditions, for batch isomerization, is
      not easy. One initial variable that can be fixed, to some extent, is the
      particular enzyme preparation that is employed. Isomerase enzymes have
      their own individual characteristics and those derived from different
      microorganisms cannot be considered to have the same optimum conditions
      for action. For example, each enzyme preparation ordinarily will be found
      to have its own optimum pH, optimum temperature, metal requirement,
      temperature stability, and Michaelis constant, among other properties, as
      is reported, for example, by Dr. T. Sato, in "The Enzyme for the
      Isomerization of Glucose," in the Japanese publication Dempunto Gijutsu
      Kenkyu Kaiho 32, 81-88 (1965).
PAR  When the enzyme preparation is derived from a microorganism of the
      Streptomyces genus, the rate of levulose formation by the enzyme is much
      greater at 70.degree.C than at 60.degree.C. However, at pH 6.2, some of
      the advantages of conducting the isomerization at the higher temperature
      are lost, since the slightly acid pH reduces the rate of levulose
      formation and reduces enzyme stability. In fact, neither the 70.degree.C
      operating temperature nor the slightly acidic pH are conducive to enzyme
      stability.
PAR  For effective batch isomerization, continuous mixing of the starch
      hydrolysate solution (syrup) is necessary. Unfortunately, when cells are
      used as the source of enzyme activity, the mixing action apparently
      imposes shear forces on the microbial cells that contain the enzyme. When
      cells are ruptured, the cellular fluids, including the enzyme, are
      released into the solution. The enzyme appears to be more susceptible to
      inactivation under these conditions, than enzyme that remains within
      intact cells.
PAR  Some consideration of the effect of temperature on isomerase has been
      reported in the literature. For example, two of the pioneer workers in the
      field, N. Tsumura and T. Sato of the Japanese Food Research Institute,
      published a series of papers entitled, "Enzymatic Conversion of D-Glucose
      to D-Fructose". In parts V and VI, which appear in Agr. Biol. Chem. 29,
      1123-1128 and 1129-1134, respectively (1965), they describe the effects of
      temperature on an isomerase obtained from Aerobacter cloacae. They found
      that this enzyme lost the majority of its activity at 80.degree.C in the
      presence of magnesium and at 90.degree.C in the presence of cobaltous ion.
      Without the presence of stabilizing metal ions, exposure of their enzyme
      to a temperature of 70.degree.C for a ten-minute period resulted in a very
      substantial loss of enzyme activity. The addition of stabilizing metal
      ions enhanced heat tolerance, but even so, enzyme inactivation could be
      observed at about 80.degree.C.
PAR  An article by Yoshimura, Danno and Natake, of Hyogo University, Japan,
      appearing in Agr. Biol. Chem. 30 (10), 1015-1023 (1966), entitled "Studies
      on Glucose Isomerizing Activity of D-xylose Grown Cells from Bacillus
      coagulans, Strain HN-68", reports the effect of temperature on the
      isomerase enzyme from their source microorganism. Maximum activity after
      two hous incubation was observed at 70.degree.C. Maximum enzyme activity
      after twenty hours incubation was observed at temperatures in the range
      from 60.degree.C to 65.degree.C. Above 70.degree.C, substantial
      inactivation of the enzyme could be observed after two hours, and when
      operating temperatures for given enzyme dose batches were compared after
      twenty hours, substantial enzyme inactivation appeared to occur above
      65.degree.C.
PAR  In the Journal of Food Science and Technology (Nipon Shokuhin Kogei
      Gakkaishi) 14 (12), 539-540 (1967), N. Tsumura and M. Ishikawa, in
      "Continuous Isomerization of Glucose by a Column of Glucose Isomerase",
      described a continuous isomerization technique in which a purified
      isomerase enzyme sample, derived from a strain of Streptomyces, was
      anchored on a DEAE-Sephadex bed in a column, to immobilize the enzyme. A
      glucose solution was then passed through the column. The column was heated
      by warm water at 60.degree.C, which was passed through a jacket. An
      eventual reduction in enzyme activity was observed, although the authors
      were not certain whether the decrease in observed isomerization was caused
      by enzyme inactivation or by latching of the enzyme from the column.
PAR  More recently, in a paper appearing in the text, "Fermentation Advances",
      edited by D. Perlman, Academic Press, 1969, beginning at page 561, Dr.
      Takasaki and his associates from the Japanese Fermentation Research
      Institute have described a continuous column isomerization and have
      characterized the heat stability of an isomerase enzyme derived from a
      particular strain of Streptomyces. They observed enzyme inactivation after
      ten minutes at temperatures above 70.degree.C.
PAC  OBJECTS OF THE INVENTION
PAR  One object of the present invention is to provide new and improved
      practical techniques for conducting the enzymatic isomerization of
      dextrose to levulose on a continuous basis.
PAR  Another object of the invention is to provide practical processes for the
      isomerization of starch hydrolysates or dextrose solutions to
      levulose-bearing products, that are more attractive for commercial
      exploitation than prior art processes.
PAC  DEFINITIONS
PAR  Because of the plethora of terms that are in common use in the art, a few
      definitions are made to simplify the present application and permit it to
      be more concise.
PAR  D.E.: The term "D.E." is an abbreviation for "dextrose equivalent," and
      these terms are used interchangeably to refer to the reducing sugar
      content of a material calculated as dextrose and expressed as percent of
      total solids.
PAR  Starch Hydrolysate: The term "starch hydrolysate" is used in a general way
      to refer to a syrup or dry product that is made by the hydrolysis of
      starch. Such a product may be made by acid or enzymatic hydrolysis, or by
      a combination of acid and enzymatic hydrolysis. A preferred type of starch
      hydrolysate for use for isomerization in accordance with the present
      invention is produced by acid or enzyme thinning to a D.E. of 10 or less,
      followed by enzymatic saccharification to a D.E. above 95, and preferably
      above 97.5.
PAR  Glucose and Dextrose: Medium D.E. starch hydrolysates are commonly referred
      to in the art as "glucose," whether the starch hydrolysate is in the form
      of a syrup or in the form of solids. The term "dextrose" is commonly
      reserved for the refined crystalline monosaccharide that is recovered from
      a high D.E. starch hydrolysate, or for D-glucose as a constituent of
      starch hydrolysates. As used hereafter, the term "dextrose" will be used
      to embrace this monosaccharide in any form, in solution or dry, as a
      constituent of a starch hydrolysate syrup, syrup solids, or in refined
      crystalline form.
PAR  Fructose and Levulose: The terms "fructose" and "levulose" are generally
      employed interchangeably in the art to refer to a particular isomer of
      dextrose that is sweeter than dextrose. This isomer is found in honey and
      in invert sugar, along with dextrose, and it is valuable because of its
      sweetness. The term "levulose" will be used to refer to this
      monosaccharide.
PAR  The enzyme: The enzyme that isomerizes dextrose to levulose has been
      referred to in the art by several names. It is referred to in the Marshall
      U.S. Pat. No. 2.950,228, as xylose isomerase, because it isomerizes xylose
      to xylulose. This activity is in addition to its ability to isomerize
      dextrose to levulose. It has also been referred to in the art as dextrose
      isomerase and glucose isomerase. The term "xylose isomerase" will be used
      herein, since investigations have revealed that xylose is the natural
      substrate of the isomerase.
PAR  Enzyme preparation: The term "enzyme preparation" is used to refer to any
      composition of matter that exhibits the desired xylose isomerase enzymatic
      activity. The term is used to refer, for example, to live whole cells,
      dried cells, cell extracts, and refined and concentrated preparations
      derived from the cells. Enzyme preparations may be either in dry or liquid
      form. Since this invention is concerned with continuous processes, the
      enzyme preparation will always be employed in some immobilized form. For
      example, the enzyme preparation may be dispersed in a starch hydrolysate
      solution, but may be retained in that solution, while desired end products
      are selectively permitted to discharge from the solution through a
      selective membrane by ultrafiltration techniques. Alternatively, the
      enzyme preparation may be bound to an insoluble matrix. The three
      principal methods for binding enzymes to matrices are by ordinary covalent
      chemical linkages, by adsorption, and by entrapment of the enzyme within a
      gel lattice having pores large enough to allow the molecules of the the
      substrate and of the product to pass freely, but small enough to retain
      the enzyme.
PAR  Units: All parts and percentages are by weight, and on as is basis, unless
      expressly stated to be otherwise.
PAR  Isomerase unit: One isomerase unit is defined as the amount of enzyme
      activity that is required to produce one micromole of levulose per minute
      under the isomerization conditions described hereafter under the heading,
      "Assay of Isomerase Activity."
PAR  Streptomyces: This term refers to a genus of microorganisms of the order of
      Actinomycetales. These microorganisms are aerial mycelium-producing
      actinomycetes. The genus is well recognized. Some of its important
      distinguishing characteristics are described, for example, in the text,
      "The Actinomycetes," by Selman A. Waksman, The Ronald Press Company, New
      York, 1967, page 135 et seq.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  We have now discovered a practical, continuous process for the
      isomerization of dextrose to levulose that has several attendant
      advantages.
PAR  Generally, the process of the invention involves conducting the
      isomerization at an initial, fairly constant temperature of at least
      50.degree.C, followed by increasing the operating temperature, either in
      several increments or in a single step, to a value that is 5.degree.C or
      more higher than the initial operating temperature, to an operating
      temperature not exceeding 80.degree.C.
PAR  In greater detail, in one preferred mode for practicing the invention, the
      process involves subjecting a stream of a solution containing dextrose to
      the action of an immobilized enzyme preparation at a pH of at least 7.0
      and preferably in the range from pH 7.5 to 8.5, and at a temperature level
      of at least 50.degree.C but that is at least 10.degree.C below the
      temperature at which rapid inactivation of the enzyme occurs, during an
      initial isomerization phase. For enzyme preparations derived from
      microorganisms of the Streptomyces genus, ordinarily the temperature above
      which rapid inactivation of the enzyme preparation can be observed is
      about 70.degree.C, so that the preferred operating temperature during the
      initial phase of isomerization is about 60.degree.C or lower, that is,
      preferably 50.degree.C to 60.degree.C. At temperatures in the range from
      50.degree.C to 60.degree.C, some enzyme inactivation occurs, but the rate
      of inactivation is low relative to the rate of inactivation at
      70.degree.C. After some material loss of enzyme activity is observed after
      operating in the range from 50.degree.C to 60.degree.C or so, the
      temperature is raised at least about 5.degree.C, either gradually, in
      increments of 2.degree.-3.degree.C or less, as needed to maintain the
      desired ketose level in the product, or alternatively, the temperature may
      be raised at least 5.degree.C in a single step. Preferably, however, the
      increase in temperature for the second phase of operation is at least
      about 10.degree.C, preferably through gradual or small incremental
      increases in operating temperature.
PAR  Among the objectives and advantages of the present invention are better
      enzyme stability, more desirable carbohydrate content of the isomerized
      product, improved efficiency as compared to batch conversions, and
      operating economy.
PAC  ASSAY OF ISOMERASE ACTIVITY
PAR  The assay procedure involves making a spectrophotometric determination of
      the ketose produced from a glucose solution under a standardized set of
      conditions.
PAR  A stock solution is made up in the following manner:
TBL                Table 1                                                     
     ______________________________________                                    
     Stock Solution for Assay                                                  
     Component              Amount                                             
     ______________________________________                                    
     0.1 M MgSO.sub.4  7H.sub.2 O                                              
                            1 ml.                                              
     0.01 M CoCl.sub.2  6H.sub.2 O                                             
                            1 ml.                                              
     1 M Phosphate buffer, pH 7.5                                              
                            0.5 ml.                                            
     Anhydrous D-glucose    1.44 grams                                         
     Distilled water        To make up a total                                 
                            volume of 7.5 ml.                                  
     ______________________________________                                    
PAR  The enzyme preparation to be assayed is first sonicated or otherwise
      treated as necessary to put the enzyme in a form suitable for assay and
      then is diluted to contain from 1 to 6 isomerase units per ml.
PAR  An enzymatic isomerization is conducted by adding 1 ml. of the enzyme
      preparation to 3 ml. of the stock solution, and incubating for 30 minutes
      at 60.degree.C. At the end of the incubation period, a 1 ml. aliquot is
      taken and quenched in a 9 ml. volume of 0.5 N perchloric acid. The
      quenched aliquot is then diluted to a total volume of 250 ml. As a
      control, for comparative purposes, a glucose blank is also run by
      substituting 1 ml. of water for the 1 ml. of the enzyme preparation in
      solution form, at the beginning of the incubation period.
PAR  The ketose is then determined by a cysteine-sulfuric acid method. For the
      purposes of this assay, one isomerase unit is defined as the amount of
      enzyme activity that is required to produce one micromole of levulose per
      minute under the isomerization conditions described.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAC  EXAMPLE 1
PAC  Continuous Isomerization Utilizing A fixed Bed of Microbial Cells: Single
      Step Temperature Adjustment
PAR  For this demonstration of the invention, a jacketed column was used. The
      jacket was connected to a source of hot water, for controlling column
      temperature during isomerization.
PAR  A strain of a microorganism of the Streptomyces genus, that is recognized
      as a good isomerase producer, was grown under submerged, aerobic
      conditions on a medium containing xylose, to produce intracellular
      isomerase.
PAR  After fermentation, magnesium hydroxide was added to the fermenter broth in
      the ratio of two parts by weight of magnesium hydroxide for each one part
      by weight of the cell mass in the broth. The slurry thus obtained was
      filtered, and the filter cake was then dried in an open pan at room
      temperature. The activity of the dry enzyme preparation thus obtained was
      330 units per gram.
PAR  The dry enzyme preparation was dispersed in a 50% W/V solution of dextrose.
      The slurry was then placed in the jacketed column, and as the slurry was
      added to the column, small glass beads, approximately 3 mm. in diameter,
      were added simultaneously. The glass beads served as a support and also
      prevented the enzyme preparation from packing and thus plugging up the
      column. In this fashion, approximately 750 units of the enzyme were
      charged to the column.
PAR  A dextrose syrup at 50% W/V concentration was adjusted to a PH in the range
      from 7.0 to 7.5 by adding magnesium hydroxide. The syrup was sparged with
      nitrogen, and was then fed to the top of the column under a nitrogen
      atmosphere.
PAR  The isomerized product was collected in aliquots of 15 ml., in test tubes.
      The test tubes each contained about 5 ml. of 0.5 N perchloric acid to
      inactivate any soluble isomerase that might be present in the product.
PAR  The temperature of the column was maintained at about 60.degree.C during an
      initial phase of operation. The flow rate of dextrose solution through the
      column was maintained at a substantially uniform rate, and the ketose
      content of the effluent was 40% to 50% on a dry solids basis.
PAR  The isomerization was conducted in this manner for nine days before a
      substantial decrease in enzyme activity became apparent as evidenced by a
      dropping off in the ketose value observed in the effluent. During that
      initial phase of operation, the average ketose content of the effluent was
      38.7%.
PAR  At the end of this initial phase of operation, the temperature of the
      column was increased (from the initial level of 60.degree.C) to
      70.degree.C in a single step. Isomerization was then continued, at the
      increased temperature, for an additional period of 24 hours. The ketose
      content of the product averaged out at about 49%, for the second phase of
      operation. The results are summarized below in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Continuous Isomerization:                                                 
     Single Step Temperature Adjustment                                        
                       Output of approximately 42% d.b.                        
               Throughput                                                      
                       Levulose Product                                        
     Time                                                                      
        Temperature                                                            
               Bed Volumes                                                     
                       (lbs. d.s. per cu. ft. of bed)                          
     Days                                                                      
        .degree.C                                                              
               per hour                                                        
                       Expected at 60.degree.C                                 
                                   Obtained                                    
     __________________________________________________________________________
     1  60     1.27    951         951                                         
     2  60     1.27    951         951                                         
     3  60     1.27    951         951                                         
     4  60     1.27    951         951                                         
     5  60     1.25    936         936                                         
     6  60     1.17    876         876                                         
     7  60     1.10    823         823                                         
     8  60     1.03    771         771                                         
     9  70     1.65    734         1235                                        
     10 70     1.65    681         1235                                        
     __________________________________________________________________________
PAR  When the isomerization was repeated with an enzyme preparation prepared
      from a mixture of diatomaceous earth with the microbial cells, closely
      comparable results were obtained.
PAC  EXAMPLE 2
PAC  Continuous Isomerization Utilizing A Fixed Bed: Small Step Temperature
      Adjustments
PAR  Intracellular isomerase was produced by growing a streptomyces culture
      under submerged, aerobic conditions on a xylose-containing medium.
PAR  At the end of the fermentation, diatomaceouos earth filter aid was added to
      the fermentation liquor in the ratio of 2 parts of the filter aid to 1
      part of the microorganism cells, dry cell weight. The cell-diatomaceous
      earth mixture was separated by filtration, washed, and dried, for use as
      the enzyme preparation.
PAR  This enzyme preparation was suspended in dextrose solution and fed into a
      jacketed column. The lower outlet of the column was connected to a vacuum
      source to obtain a compact bed. When filled, the column contained 22 lbs.
      (dry weight) of the enzyme preparation (i.e., the cell-filter aid mixture)
      per cu. ft. of column volume.
PAR  Water at 60.degree.C was passed through the jacket of the column. A
      solution containing 500 grams d.s. per liter of 95 D.E. starch hydrolysate
      containing 92% dextrose, dry basis, adjusted to pH 7.8 with magnesium
      hydroxide, was supplied continuously to the column, using pressure to
      control the flow rate. The flow rate was adjusted to maintain 42% (dry
      basis) levulose in the effluent from the column.
PAR  After 6 days of operation, the output volume rate had been dropped to 66%
      of the original value in order to maintain the 42% (dry basis) levulose
      content. Thereafter, the temperature was increased periodically, as shown
      in the table, to maintain the output rate of 42% levulose product at not
      less than 66% of the original output rate. As shown in the table, the
      total output quantity obtained in a period of 14 days by means of the
      increase in temperature was 41% greater than the total output which would
      have been obtained had the temperature been held constant at 60.degree.C.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Fixed Bed Isomerization With Small                                        
     Step Temperature Increases                                                
                      Output of 42% d.b. Levulose Product                      
                      (lbs. d.s. per cu. ft. of bed)                           
     Days                                                                      
        Temperature .degree.C                                                  
                      Expected at 60.degree.C                                  
                                  Obtained                                     
     __________________________________________________________________________
     1  60            787         787                                          
     2  60            787         787                                          
     3  60            787         787                                          
     4  60            787         787                                          
     5  60            622         622                                          
     6  60            516         516                                          
     7  62            418         590                                          
     8  62            343         516                                          
     9  62            286         516                                          
     10 64            233         509                                          
     11 64            187         509                                          
     12 66            158         473                                          
     13 68            127         674                                          
     14 70            106         622                                          
                 TOTAL                                                         
                      6144        8695                                         
     __________________________________________________________________________
PAC  EXAMPLE 3
PAC  Batch Isomerization Compared To Immobilized Fixed Bed Continuous
      Isomerization
PAR  A fermentation is conducted with a microorganism of the Streptomyces genus,
      in a culture medium containing xylose, to produce isomerase. The cells are
      recovered from the fermentation broth by adding diatomaceous earth to the
      fermentation broth and filtering.
PAR  A portion of the wet filter cake is utilized an an enzyme preparation for
      conducting a batch isomerization with a 95 D.E. corn starch hydrolysate.
      Residence time in the stirred reactor is 50 hours at pH 6.25.
PAR  A separate portion of the same enzyme preparation is also employed as a
      fixed bed enzyme source, for conducting a continuous isomerization.
      Average residence time in the column is between one and two hours, at pH
      8.
PAR  The batch isomerization is conducted at 70.degree.C. The continuous
      isomerization is conducted at 60.degree.C over an initial period of time,
      until substantial inactivation of the enzyme is observed, whereupon the
      column temperature is raised to 70.degree.C.
PAR  The results are as reported in Table 4, below.
TBL                Table 4                                                     
     ______________________________________                                    
     Batch vs. Column Isomerization Of A 95 D.E. Hydrolysate                   
     Batch, 50 Hrs., pH 6.25                                                   
                     Feed    Isomerisate                                       
                                        Difference                             
     ______________________________________                                    
     Ash, % d.b.     1.0     1.8        0.8                                    
     Org. Acid, % d.b.                                                         
                     0.05    0.08       0.03                                   
     Color           4       200        196                                    
     Column, 1-2 Hrs., pH 8                                                    
                     Feed    Isomerisate                                       
                                        Difference                             
     ______________________________________                                    
     Ash, % d.b.     0.5     0.6        0.1                                    
     Org. Acid, % d.b.                                                         
                     0.03    0.04       0.01                                   
     Color           4       11         7                                      
     ______________________________________                                    
PAR  The batch isomerization is conducted at pH 6.25 because at pH values above
      7.0, during the long residence time that is required for the batch
      process, the carbohydrate composition of the end product tends to be
      somewhat undesirable. The conditions employed for this comparison are
      believed to be reasonably close to the optimum for each type of process,
      and the comparison is highly favorable to the continuous process.
PAR  In terms of enzyme economy, the continuous process is much more efficient
      and involves the usage of a much lower amount of enzyme activity per unit
      of levulose product produced.
PAC  EXAMPLE 4
PAC  Stabilized Enzyme
PAR  As the isomerization temperature is increased, reaction rate increases, but
      so does inactivation of the isomerase. At some temperature, the rate of
      inactivation will exceed the increased reaction rate, and at this
      temperature, the product produced per unit time will decrease.
PAR  We have found a novel stabilizing technique for imparting enhanced thermal
      stability to isomerase. The use of our stabilized isomerase, coupled with
      temperature programmed operation, permits the production of high levulose
      syrups without excessive enzyme loss.
PAR  To produce stabilized isomerase, a very high purity enzyme is recovered
      from the cells. A Streptomyces-derived enzyme is preferred but the source
      microorganism may be any satisfactory producer of enzyme. The enzyme is
      placed in solution and is passed over a bed of particulate basic magnesium
      carbonate. The enzyme is efficiently absorbed and the product is a very
      stable, active form of the enzyme.
PAR  Operation at higher temperatures is conducive to higher levulose contents
      because the reaction rate is increased and the equilibrium levulose
      content is higher at the higher temperature. For example, equilibrium
      levulose contents at some elevated temperatures are listed below.
TBL                Table 5                                                     
     ______________________________________                                    
     Isomerization   Levulose Content, % Dry                                   
     Temperatures    Basis Based on Initial Dextrose                           
     ______________________________________                                    
     60.degree.C     51.2%                                                     
     70.degree.C     52.6%                                                     
     80.degree.C     54.0%                                                     
     ______________________________________                                    
PAL  When a column was packed with our stabilized enzyme, and a stream of a
      dextrose solution was passed through the column, good conversion was
      observed. Long enzyme life was obtained despite prolonged operations at
      60.degree.C and above, while levulose contents in the effluent were in at
      least 50% of total sugar present, dry basis. The isomerization was
      conducted at pH 8, and the product had exceptionally good color, was low
      in organic acid content, and was low in undesirable carbohydrates. The
      high operating pH promotes enzyme stability despite high operating
      temperatures, and the high temperatures permit a very short residence time
      in the column, thus minimizing investment requirements and inventory of in
      process material.
PAC  CONCLUSION
PAR  The invention can also be practised successfully with enzyme preparations
      of a different kind, although generally, the use of intact cells is
      preferred. Thus, in another demonstration of the invention, dried intact
      cells are converted to fine powder in a Waring blender. A buffer solution
      is prepared by dissolving a small amount of the surfactant Tween 80 in a
      1.0 M glycine solution. The buffer solution is adjusted to pH 8.0 by
      adding a small amount of sodium hydroxide. A slurry is then prepared by
      adding 200 grams of the dry, fine powdered cells to 1,000 ml. of the
      buffer solution. The slurry is then filtered. 793 ml. of filtrate is
      recovered, having an activity of 17.5 units per ml.
PAR  One part of this enzyme solution is the anchored on a porous glass carrier
      having a high surface area and reactive silanol groups, as described in
      U.S. Pat. No. 3,556,945, granted Jan. 19, 1971. A second portion of the
      solution is absorbed on activated charcoal granules. Both forms of the
      enzyme can then be employed in practising continuous isomerization in
      accordance with the invention, utilizing the general techniques described
      above.
PAC  Advantages
PAR  One of the most important advantages of the practice of the present
      invention is lower enzyme cost per unit of levulose produced. As compared
      to batch isomerization, the same amount of enzyme, when utilized in
      accordance with the present invention, produces more levulose product than
      batch processing. Up to three times more product has been produced from a
      given amount of enzyme preparation, by practising the present invention,
      then is obtained when optimum processing batch techniques are employed.
PAR  In addition, there are many other important advantages. Generally speaking,
      continuous techniques utilizing an immobilized enzyme preparation permit
      much shorter isomerization times or residence times, that is, times of
      contact between the supply solution and the enzyme preparation. This means
      that the sugars, that are being processed, are subjected to the elevated
      processing temperature for a shorter time, and there is less thermal
      degradation. For these reasons, the finished product contains fewer color
      bodies, so that product color is superior and refining costs are lower. In
      addition, fewer organic acids are formed. Moreover, the carbohydrate
      composition of the end product is more desirable. Also, because of the
      shorter processing time, smaller inventories are required in process.
PAC  Immobilized Enzyme Technique
PAR  As disclosed in Example 4, another important aspect of the present
      invention pertains to an immobilized xylose isomerase preparation having
      improved retained isomerase activity and flow rate characteristics, as
      compared to the prior art enzyme preparations. Another related aspect of
      the present invention pertains to a novel and efficient means for
      recovering cell-free xylose isomerase from a fermentation broth. Still
      another related aspect of the present invention pertains to an improved
      process for continuously converting a dextrosecontaining solution to a
      levulose-bearing syrup, enzymatically, by use of the immobilized xylose
      isomerase.
PAR  The concept of binding enzymes to solid supports has become the subject of
      increasing interest. In general, these binding methods may be classified
      as follows:
PA1  1. Adsorption -- binding to a solid support by physical or electrostatic
      forces as in the case of activated carbon or clay;
PA1  2. Ionic -- attachment to ion exchange materials made from synthetic
      polymers, cellulose, starch, dextran, etc.;
PA1  3. Covalent bonding -- coupling of enzymes to carrier through a functional
      group such as diazo, alkyl, peptide or silanyl groups;
PA1  4. Entrapment -- immobilization by imbedding or inclusion in a gel
      structure of a hydrophilic polymeric material such as a polymer of an
      acrylamide or by the cell wall of a microorganism;
PA1  5. Cross-Linking -- insolubilization by cross-linking the enzyme with a
      bifunctional agent; and
PA1  6. Flocculation -- subjecting microbial cells containing the enzyme with a
      flocculating agent, such as anionic polyelectrolytes, cationic
      polyelectrolytes, and mineral hydrocolloids, such as described in Dutch
      Patent Specification 72/09532, published Jan. 11, 1973.
PAR  The prior art techniques have not enjoyed widespread acceptance in the
      industry. For example, activated charcoal, calcium carbonate, etc., are
      known to have a relatively high binding capacity for enzymes such as
      xylose isomerase. However, the resulting immobilized enzyme preparations
      are relatively inactive in respect of ability to convert
      dextrose-containing solutions to levlose-bearing syrups. In other words,
      many of the prior art immobilized enzymes have a relatively low effective
      isomerase activity. Furthermore, these immobilized enzymes of the prior
      art are generally unstable and typically have very short half-lives.
PAR  It has been proposed in U.S. Pat. No. 3,715,276 to Takasaki et al to
      utilize calcium carbonate, magnesium carbonate and several ion exchange
      resins to regulate the pH during prolonged enzymatic isomerization
      reactions of dextrose-containing solutions to levulose-bearing syrups.
      Takasaki et al utilized a xylose isomerase enzyme bound within the cells
      by a heat treatment. The enzyme did not become sorbed onto the pH
      regulating agent because it was bound within the cells. Furthermore, the
      pH regulating effect of calcium carbonate, magnesium carbonate and the ion
      exchange resins is only apparent when the isomerization is conducted over
      a relatively long period of time, i.e., a residence time of more than
      about four hours. In the case of enzymatic isomerizations where the
      residence time of the sugar solution exceeds about four hours, the
      formation of undesirable compounds occurs, one such compound being, for
      example, psicose. Since many industrial food uses for levulose-bearing
      syrups cannot tolerate psicose levels of more than 2% by weight, dry
      basis, and more often, 1% by weight, dry basis, prolonged residence time
      processes such as described in U.S. Pat. No. 3,715,276 are not
      commercially feasible.
PAR  It has now been found that cell-free, soluble xylose isomerase enzyme
      preparations, when contacted with basic magnesium carbonate, will become
      bound or sorbed, to thereby provide an immobilized enzyme preparation
      which has a high effective isomerase activity. Other related materials,
      such as calcium carbonate, do not provide a highly acitve and stable
      xylose isomerase. Also, intracellular xylose isomerase does not become
      sorbed onto basic magnesium carbonate.
PAR  The immobilized xylose isomerase preparation of the present invention is
      characterized as having a very high enzyme efficiency, whereby the sugar
      contact time necessary to produce a levulose-bearing syrup of at least
      about 45% by weight levulose from a dextrose-containing solution is
      generally less than about two hours. Due to the lower contact time
      occasioned by the improved retained enzyme activity of the composition of
      the present invention, the resulting levulose-bearing syrups have lower
      color, lower organic acid, and lower psicose content, i.e., generally less
      than about 1% by weight, dry basis, and quite often less than about 0.3%
      by weight, dry basis, psicose. These advantages are quite significant from
      the standpoint of capital investment and inventory in commercializing a
      process for enzymatically preparing levulose-bearing syrups from
      dextrose-containing solutions.
PAR  The stabilized xylose isomerase enzyme preparation of the invention is
      preferably prepared by contacting cell-free xylose isomerase with
      particulate basic magnesium carbonate. The particulate basic magnesium
      carbonate may be either in the form of a powder or a granular structure.
      However, the granular structure is preferred from the standpoint of flow
      properties when used in a deep bed converter. The stabilized enzyme
      preparation can be conveniently recovered by conventional means, such as
      by filtration and the like. Alternatively, the particulate basic magnesium
      carbonate may be first placed in a converter which is later to be used in
      the enzymatic isomerization reaction and, secondly, a solution of
      cell-free xylose isomerase may then be pumped through the column until no
      more enzyme is sorbed from the solution by the particulate basic magnesium
      carbonate. Following the preparation of the stabilized enzyme preparation,
      the converter is ready for use simply by supplying to the converter a
      dextrose-containing solution.
PAR  It will be understood that the xylose isomerase enzyme employed in this
      aspect of the invention can be either highly purified or crude. The enzyme
      can be purified by any conventional purification procedure, for example,
      fractional precipitation with sodium sulfate, ammonium sulfate or other
      material salts, selective adsorption and the like, differential heat
      inactivation of contaminating proteins by exposure of the product to
      increasing temperatures at different pHs, isoelectric precipitation,
      organic solvent precipitation with alcohols, DEAE-cellulose
      chromatography, and "Sephadex" gel filtration purification procedures,
      electrophoretic and ultracentrifuge separation, and the like.
PAR  The xylose isomerase enzyme preparation used is in its soluble form; in
      other words, the xylose isomerase is freed from the microbial cell where
      it is formed. The enzyme may be released from its cellular material by any
      conventional means, and the enzyme in the crude material may be then
      sorbed on the basic magnesium carbonate. The xylose isomerase thereupon
      becomes bound to the basic magnesium carbonate. The immobilized enzyme
      preparation can thereafter be recovered by filtration, centrifugation and
      the like, and then washed with a buffer. The filtered and washed
      immobilized enzyme composition can be used in its wet form, as is, or the
      cake can be dried by conventional drying techniques useful with enzyme
      preparations, such as by cell, rotary drum or spray drying or freeze
      drying techniques. Superior results are obtained, however, when the enzyme
      is purified before it is sorbed.
PAR  Prior to immobilization, the cell-free enzyme solution is preferably
      adjusted to a pH in the range of from about 7.5 to about 9.5 and, more
      preferably, in the range from about 8 to about 9. The immobilization can
      be conducted at room temperature (e.g., generally about 25.degree.C), so
      as to prevent inactivation of the enzyme. However, higher temperatures can
      be tolerated if the enzyme solution is mixed with a dextrose-containing
      solution during immobilization. When the pH of the enzyme solution to be
      contacted with the basic magnesium carbonate is less than about 7, the
      basic magnesium carbonate will exhibit a tendency to decompose, and will
      not be suitable for use. Therefore, it is desirable thata the pH of the
      enzyme solution be maintained at about 7.5 or greater.
PAR  The enzyme solution will preferably have an activity of at least about 10
      units/ml. (U/ml.) and may have an activity as high as 3,000 U/ml.
      Generally, the enzyme solution will have an activity of from about 50
      U/ml. to about 200 U/ml. of isomerase enzymatic activity. (i.e., the
      enzylatic proteinaceous
PAR  It has been found that the basic magnesium carbonate has a very high
      binding capacity for the xylose isomerase enzyme. In this connection, it
      has been found that the basic magnesium carbonate is capable of binding a
      quantity of the enzyme that would have an activity, if measured prior to
      sorption, equivalent to more than 150 units per gram (U/g.) of the bound
      enzyme (i.e.,the isomerase-basic magnesium carbonate complex). Generally,
      it has been observed that the amount of enzyme that is sorbed is an amount
      that would have 250 units of activity, if measured prior to sorption, per
      gram of the complex, and in practice, the number is often more than 500
      U/g. of the complex. Unfortunately, as will be demostrated later in
      Example 8, not all of the original enxymatic activity is retained after
      complexing, even though all of the poteinaceous enzyme is in fact sorbed.
      The terms "bound isomerase" and "binding capacity", as used herein, are
      defined as units of isomerase, as measured in solution prior to sorption,
      bound to one gram of the complex, dry basis.
PAR  Surprisingly, in view of experience with other carriers, the immobilized
      xylsoe isomerase preparation of the invention has an extremely high
      "effective isomerase activity", i.e., the isomerase activity of the
      immobilized enzyme that will actually enzymatically convert dextrose into
      levulose. There are many materials which are capable of binding xylose
      isomerase, such as activated charcoal, calcium and zinc carbonate, and the
      like. However, when the enzyme is bound to these carriers, the enzyme's
      effectiveness, or effective activity, is diminished significantly. Quite
      often, immobilized enzyme complexes, made using these prior art carriers,
      have an effectiveness of less than 50% of the amount of activity that
      would be expected, based on the amount of isomerase actually bound or
      sorbed on the carrier. The immobilized xylose isomerase preparation of the
      present invention exhibits at least about 70% of the activity of the
      original isomerase that is bound to the carrier, and quite often more than
      80%. In other words, the immobilized xylose isomerase exhibits more than
      70% of the activity of the amount of isomerase that is actually bound to
      the basic magnesium carbonate.
PAR  The immobilized xylose isomerase preparation of the present invention,
      therefore, is characterized as having at least about 100 units of
      effective isomerase activity per gram of immobilized enzyme preparation,
      dry basis (i.e., 100 U/g. effective isomerase activity), and preferably at
      least about 175 U/g.
PAR  Another striking characteristic of the immobilized and stabilized enzyme
      preparation of the present invention is its long half-life. The enzyme
      preparation of the present invention is characterized as being capable of
      producing 45% levulose, d.b., at flow rates of greater than 0.5 bed
      volume/hour with an enzyme half-life in excess of 15 days.
PAR  The basic magnesium carbonate material employed for preparing the
      stabilized enzyme preparation of the invention is preferably a granular,
      porous substance of any desired particle size. The basic magnesium
      carbonate can be prepared by first preparing magnesium carbonate
      trihydrate slurry, dewatering the slurry to at least about 10% solids, and
      drying the resulting pasty mass. The resulting product has both a strong,
      crush-resistant structure and a marked affinity for soluble enzymes such
      as xylose isomerase.
PAR  Basic magnesium carbonate can also be prepared by the procedures and
      techniques described in U.S. Pat. Nos. 2,209,752; 2,209,753; and
      2,209,754, the disclosures of which are incorporated herein by reference.
PAR  Some preferred types of basic magnesium carbonate suitable for the
      preparation of the immobilized enzyme preparation of the present invention
      may also be obtained commercially and some of these products have been
      identified as 4 MgCO.sub.3.sup.. Mg(OH).sub. 2.sup.. 5H.sub.2 O (or 5
      MgO.sup.. 4CO.sub.2.sup.. 6H.sub.2 O) having a molecular weight of about
      485.74, an absolute density of about 2.16, a moisture content
      (110.degree.C) of about 0.5% to about 2.3%, a bulk density, loose, of 3.5
      to 8.0 pounds/cubic foot and a screen mesh size such that at least 99%
      (wet) passes through a 325 mesh screen and 3.2 MgCO.sub.3.sup..
      Mg(OH).sub. 2.sup.. 3.9H.sub.2 O.
PAR  The stabilized, immobilized xylose isomerase enzyme preparation of the
      invention may be used in any process for the enzymatic conversion of
      dextrose-containing solutions to levulose-bearing syrups, including the
      temperature-programmed process described herein. The immobilized enzyme
      preparation is particularly suited for the continuous conversin of
      dextrose to levulose. The stabilized and immobilized enzyme preparation of
      the invention is also applicable to continuous enzymatic isomerization
      processes other than the temperature-programmed process described herein.
PAR  The advantages of the stabilized and immobilized enzyme preparation of the
      invention are particularly evident in terms of the high level of glucose
      isomerase activity present per gram of material, so that comparatively
      little contact time is required in preparing levulose-bearing syrups.
PAR  A preferred aspect of the invention therefore includes enzymatically
      converting dextrose to levulose by forming a reaction solution containing
      from about 20% to about 70% dextrose by weight and having a pH in the
      range of from about 7.5 to about 9.5, and a temperature of from about
      30.degree.C to about 90.degree.C; and passing the reaction solution over a
      bed of the immobilized xylose isomerase having an effective isomerase
      activity of at least about 100 U/g. of the enzyme preparation.
PAR  Preferably, the reaction solution will contain from about 40% to about 60%
      dextrose by weight and the pH of the solution will be in the range of from
      about 8.2 to about 9.2. A reaction solution containing about 50% of
      dextrose, by weight, and a pH in the range of from about 8.4 to about 8.6
      is most preferred.
PAR  Typically, the immobilized xylose isomerase preparation will have an
      effective isomerase activity of at least about 175 U/g. of immobilized
      enzyme preparation. The reaction temperature is preferably in the range of
      from about 50.degree.C to about 75.degree.C and a temperature of about
      60.degree.C is preferred.
PAR  The xylose isomerase enzyme is preferably derived from a microorganism
      belonging to the genus Streptomyces, and more preferably, a microorganism
      strain that is sselected from the group of mutant strains consisting of S.
      olivochromogense, ATCC No. 21713, S. olivochromogenes, ATCC No. 21714, and
      S. oilvochromogenes, ATCC No. 21715. The preparation of the latter
      mentioned strains is more specifically described in U.S. patent
      application Ser. No. 181,639, filed Sept. 17, 1971, now U.S. Pat. No.
      3,813,318, to Armbruster et al, the disclosure of which is incorporated
      herein by reference.
PAR  The dextrose used for preparing the reaction solution may be dextrose in
      crystalline form, a re-melt, or a starch hydrolysate produced by either
      sequentially or concurrently enzymatically liquefying and saccharifying a
      starch-containing solution. Also suitable reaction solutions include
      starch hydrolysates which have been thinned or liquefied with an acid and,
      in a subsequent step, converted to a dextrose-containing solution,
      enzymatically by one or more enzymes. Preferred starch hydrolysates are
      prepared by converting an enzyme liquefied starch-containing solution with
      a combination of two enzymes, such as glucoamylase and 1,6-glucosidase
      enzymes.
PAR  The process for enzymatically converting dextrose to levulose employing the
      immobilized xylose isomerase enzyme preparation of the invention is most
      suitable in column reactors for the continuous enzymatic isomerization of
      dextrose to levulose, wherein the immobilized enzyme is packed in the
      column. The column may optionally contain additional materials to improve
      the flow rate of the reaction liquor, such as glass beads, filter aids,
      and the like. However, excellent flow rates are obtained by the use of
      granular basic magnesium carbonate having particle sizes greater than 40
      mesh. Generally, the particle size of the preferred granular basic
      magnesium carbonate will be in the range of from about -12 to +20. The
      basic magnesium carbonate in granular form can be easily obtained by
      simply compacting and grinding commercially obtainable powdered basic
      magnesium carbonate in suitable equipment.
PAR  A preferred embodiment of the invention comprises utilizing more than one
      column, preferably at least three columns, containing the immobilized and
      stabilized xylose isomerase, positioned in series. Employing such a
      technique, a more efficient utilization of the immobilized enzyme
      preparation can be obtained. For example, higher flow rates can be
      employed. Also, when the first column in the series becomes inactivated,
      the feed liquor can be conveniently shifted to the second column, while
      the first column is being regenerated by contact with fresh, soluble
      xylose isomerase enzyme, and when the second column becomes inactivated,
      the feed liquor can be fed to the third column, initially and subsequently
      through the regenerated first column. In this manner, the process can be
      conducted continuously, without interruption. The immobilized xylose
      isomerase enzyme preparation can also be used in a pressure leaf filter
      comprising one or more flat filtering elements (leaves) supported
      vertically or horizontally in a cylindrical tank, such as manufactured by
      Industrial Filter Pump Manufacturing Company, Cicero, Illinois.
PAR  Since the basic magnesium carbonate containing the bound xylose isomerase
      enzyme must be maintained at an alkaline pH in order to prevent
      decomposition during the enzymatic isomerization reaction, the feed liquor
      containing dextrose should be pre-adjusted to the alkaline pH values
      indicated hereinabove, i.e., a pH of at least about 7.5, and preferably, a
      pH greater than 8.2. Due to the increased enzyme concentration and
      retained activity of the xylose isomerase-basic magnesium carbonate
      complex, its use in a continuous conversion reduces the time requirement
      necessary to provide a levulose syrup having 45% levulose, so that a
      change in pH due to the formation of organic acids in the converter is not
      evident. In other words, if the residence time or contact time in a column
      isomerization is less than two hours, and preferably, less than one hour,
      and the pH of the initial feed liquor is greater than 8.0, the formation
      of acid during the enzymatic isomerization is not apparent and, therefore,
      the pH of the feed syrup does not need to be regulated by an alkaline
      material, as demonstrated by the following example.
PAC  EXAMPLE 5
PAC  Continuous Enzymatic Conversion Of Dextrose To Levulose Using Immobilized
      Xylose Isomerase
PAR  A granular basic magnesium carbonate material having a particle size in the
      range of -12 to +20 (55.8 grams) was placed in a column having a volume of
      73.3 ml. A substantially pure, soluble, cell-free xylose isomerase enzyme
      derived from S. olivochromogenes ATCC No. 21713. in a 0.01 M MgSO.sub.4
      solution, having a 50 U/ml. activity, was contacted with granular basic
      magnesium carbonate to load the column with 5 million units/ft.sup.3 of
      enzyme. The immobilized xylose isomerase enzyme had more than 100 U/g. of
      effective activity per gram of immobilized enzyme.
PAR  An aqueous dextrose feed liquor was then supplied to the column at
      27.degree. Baume (50%, d.s.). The feed liquor contained MgCl.sub.2 (0.005
      M with respect to MgCl.sub.2). The pH of the feed was adjusted to the
      range from 8.4 to 8.8 with 4 N NaOH at 58.degree.C.
PAR  The column containing the immobilized enzyme preparation was maintained at
      a temperature of 58.degree.C. The residence time in the column was less
      than one hour. The initial bed volume per hour for the production of 45%
      levulose, dry basis (BVH.sub.45 levulose) was about one.
PAR  The effluent syrup contained about 45% by weight levulose, dry basis, and
      less than about 0.3% by weight, dry basis, psicose. The following is an
      analysis of the pH of the feed syrup and effluent syrup after a prolonged
      continuous conversion campaign:
TBL  Hours of      Feed Syrup    Effluent                                      
     Operation     pH at 25.degree.C                                           
                                 pH at 25.degree.C                             
     ______________________________________                                    
     261           8.60          8.60                                          
     ______________________________________                                    
PAR  The above experiment was repeated, except that the xylose isomerase was
      bound on an alumina carrier. The same dextrose feed liquor, pre-adjusted
      to a pH of 8.3 - 8.4 with 4 N NaOH, was pumped through the column, which
      was maintained at a temperature of 58.degree.C, at a rate to provide 45%
      by weight levulose, dry basis, in the effluent. The residence time was
      less than one hour. The following is an analysis of the pH of the feed
      syrup and effluent syrup after a prolonged continuous conversion campaign:
TBL  Hours of      Feed Syrup    Effluent                                      
     Operation     pH at 25.degree.C                                           
                                 pH at 25.degree.C                             
     ______________________________________                                    
      16           8.3           8.4                                           
     376            8.15          8.25                                         
     428           8.4           8.3                                           
     ______________________________________                                    
PAR  In the operation of a column where the residence time may exceed about four
      hours, it is particularly preferred to feed an alkaline material such as
      sodium hydroxide or Mg(OH).sub.2 solutions or a combination of the two
      into the column at different elevations. A suitable means for
      accomplishing this is to provide alkaline inlets at one or more places
      along the column, so that the pH of the reaction solution is maintained at
      a pH of at least about 7.5.
PAR  As another embodiment of the invention, the pH of the enzymatic isomerase
      reaction solution can be programmed by the use of one or more alkaline
      inlets along the column. In such a technique, the initial pH of the feed
      liquor can be about 7.5 or greater, preferably in the range of from about
      7.5 to about 8.2 By introducing alkaline materials such as sodium
      hydroxide or Mg(OH).sub.2 or a combination of the two into the reaction
      solution via inlets along the column, the pH of the reaction solution can
      be conveniently increased to a value up to about 9.5. Preferably, the pH
      will be increased by a value of at least about 0.1 from supply liquor to
      effluent, although more beneficial results in terms of stability of the
      basic magnesium carrier and quality of the isomerase are realized when the
      pH is increased by a value of at least about 0.2.
PAC  EXAMPLE 6
PAC  Continuous Eznymatic Conversion Of Dextrose To Levulose Using Immobilized
      Xylose Isomerase
PAR  A glass jacketed column 41 inches in length was used as the converter. The
      diameter of the enzyme bed was 1-1/16 inches. Water was pumped into the
      converter at the lower end at approximately two bed volumes per hour. Dry
      basic magnesium carbonate which had been screened through a 16 mesh and
      collected on a 30 mesh screen was then added into the converter through
      the top of the converter column. The particles of the basic magnesium
      carbonate settled toward the base of the converter, while the fine
      material in the basic magnesium carbonate was washed out the top of the
      column with the ascending water.
PAR  After the bed of basic magnesium carbonate particles was built, soluble
      xylose isomerase enzyme solution which was derived from a microorganism of
      the genus Streptomyces (one liter at an enzyme activity of 100 U/ml.) was
      pumped through the bed at room temperature. Based on the difference in
      enzyme activity of the solution before and after being cycled through the
      bed twice, 79,000 units of isomerase enzyme were bound in the basic
      magnesium carbonate bed, to provide a xylose isomerase-basic magnesium
      carbonate complex having an effective activity greater than 175 U/g.
PAR  Enzymatic isomerization of a dextrose solution to form a levulose-bearing
      syrup was conducted by passing through the column a solution containing
      600 grams per liter of dextrose, at an initial pH of about 8.3, and at an
      initial flow rate of about 1.5 bed volumes per hour (approximately 800 ml.
      per hour). Aliquot samples were withdrawn periodically for analysis. For
      the first six hours of operation, the effluent product contained between
      45.9% and 48.7% ketose, by weight. The flow rate to make a 45% by weight
      ketose product, dry basis, remained about one bed volume per hour or
      greater. The amount of psicose formed was less than 1% by weight, dry
      basis.
PAR  Based upon the results observed from the foregoing experiment, it was quite
      evident that the xylose isomerase-basic magnesium carbonate complex was
      quite active. The experiment was also indicative that the bound enzyme was
      active and also quite stable. Since the quality of a product from a
      continuous converter is satisfactory at a production rate of 0.5 bed
      volume per hour (BVH), the production time of this converter was 22 days
      and the half-life of the converter was 16-18 days. At an average
      production rate of 1.3 BVH at 45% levulose production for 17 days, the
      total product on a dry basis was 171,849 grams or 0.46 unit of enzyme per
      gram of product. This clearly represents a marked advantage of the
      invention, derived from the savings involved in utilization of the enzyme
      required to make the desired levulose product.
PAC  EXAMPLE 7
PAR  A commercially obtained basic magnesium carbonate powder was compacted and
      ground to a particle size in the range of from about -40 to +30. 31.7
      grams of this granulated basic magnesium carbonate carrier were placed in
      a jacketed column filled with water. The bed had a volume of 53 ml. Water
      was pumped through the column from its lower end so that the coarser
      particles of the granular basic magnesium carbonate would settle to the
      base of the converter, while the fine material was washed out of the top
      of the column with the ascending water.
PAR  In a separate container, a solution was prepared containing a 95 D.E.
      starch hydrolysate at 50% solids and soluble enzyme. The xylose isomerase
      enzyme was one derived from Streptomyces and having 50 U/ml. of isomerase
      activity. The solution was brought up to 189 ml. Magnesium chloride
      (MgCl.sub.2) was added to the solution to obtain a 0.005 M content with
      respect to MgCl.sub.2. The pH was adjusted to 8.4 with 4 N sodium
      hydroxide.
PAR  The combination solution (starch hydrolysate and soluble enzyme) was pumped
      into the column containing the granular basic magnesium carbonate and
      circulated 21/2 times through the column, so as to load the carrier with 5
      million units per cubic foot of enzyme, at a temperature of 60.degree.C.
      Once the solution containing the soluble enzyme and starch hydrolysate had
      been circulated into the column, the column thereupon was activated and
      ready for use to continuously convert a dextrose solution to a
      levulose-bearing syrup. The xylose isomerase-granular basic magnesium
      carbonate complex had an effective isomerase activity of greater than 175
      U/g. of the complex.
PAR  A levulose-bearing syrup was continuously prepared in the column by pumping
      a solution containing a starch hydrolysate having a D.E. of about 95 and
      having a solids content of about 50%, dry basis. The starch hydrolysate
      that was pumped into the column was first treated with MgCl.sub.2 to
      obtain a 0.005 M content based upon MgCl.sub.2 and the pH of the solution
      was adjusted to 8.4 with 4 N NaOH. The isomerization was continuously
      conducted at a temperature of 60.degree.C at an initial BVH.sub.42
      levulose of 1.6.
PAR  After 69 hours, the immobilized xylose isomerase in the column continued to
      convert dextrose into levulose, producing a product having a ketose
      content of 40.1%, dry basis, and a psicose content of 0.15% by weight, dry
      basis, to obtain an adjusted bed volume per hour equivalent to 1.8
      BVH.sub.42.
PAR  This experiment clearly demonstrates the stability and enzyme efficiency of
      the immobilized xylose isomerase of the present invention.
PAC  EXAMPLE 8
PAC  Comparative Example
PAR  Several alkaline earth metal carbonates were evaluated to compare their
      binding capacity ("bound isomerase") and effective isomerase activity
      ("retained isomerase activity") with particulate basic magnesium
      carbonate. In each instance, the carrier tested was contacted with a
      purified, cell-free xylose isomerase solution containing 2500 to 2600
      U/ml. of glucose isomerase activity. The xylose isomerase used was derived
      from a microorganism of the genus Streptomyces (the strain S.
      olivochromogenes, ATCC No. 21713).
PAR  Each of the carriers was slurried in a 150 ml. beaker with 30 ml. of a
      solution consisting of 0.01 MgSO.sub.4.sup.. 7 H.sub.2 o. The slurry was
      adjusted to a pH of 8-9 with 0.1 N KOH. The purified xylose isomerase
      solution was then added to each carrier slurry to provide a total
      isomerase addition of about 2600 units of glucose isomerase activity. An
      additional amount of 0.01 MgSO.sub.4 solution was added to each slurry of
      carrier and enzyme to attain a total volume of 50 ml. The pH of the
      solution was adjusted (if necessary) to 8 to 9. The beakers were covered
      and stirred at room temperature for 30 minutes to achieve maximum sorption
      of the enzyme on the respective carriers. The slurries were filtered and
      the carriers with the sorbed enzyme were washed with 100 ml. of the 0.01 M
      MgSO.sub.4 solution. The filtrates and washings were combined and assayed
      for isomerase activity against the original isomerase activity added using
      a Technicon AutoAnalyzer.
PAR  The binding capacity or "bound isomerase" for the respective carriers was
      calculated by difference using the following formula:
      ##EQU1##
PAR  The "effective isomerase activity" (also referred to as "retained isomerase
      activity") of each of the alkaline earth metal carbonate carrier samples
      was also determined using the following procedure.
PAR  An aqueous solution containing 80 g. of dextrose (d.b.) and 13.3 mg. of
      Mg(OH).sub.2 per 100 ml. was prepared. The solution was stirred for at
      least one hour (preferably overnight) to equilibrate. The pH was adjusted
      to 8.5 at room temperature with 3 N KOH. 193.9 g. of substrate (about 150
      ml.) was added to a 1-liter stainless steel beaker covered with a
      center-holed watch glass containing an additional hole near the edge. The
      sample was placed in a 60.degree.C water bath, and stirred for 15 minutes,
      while maintaining a pH of 8.0 with 3 N KOH. The substrate was sparged with
      nitrogen at a moderate rate using a gas dispersion tube placed through the
      peripheral hole of the watch glass. A pre-weighed amount of xylose
      isomerase-basic magnesium complex containing from 1,000 to 3,000 units of
      bound isomerase was added using 50 ml. of 60.degree.C water to transfer
      the material to the stainless steel beaker. This yielded a reaction
      mixture containing  60 g. of dextrose and 10 mg. of Mg(OH).sub.2 per 100
      ml. and an isomerase dosage level of from 8.3 to 25.0 units per gram of
      dextrose. The reaction mixture was adjusted to pH 8.0, and digested for
      exactly two hours after enzyme addition. The material was filtered
      immediately by vacuum through an 11-cm. Whatman 541 paper and the pH of a
      500 ml. portion of the filtrate was adjusted to about 2.5 with 1.0 N
      perchloric acid. The dry substance content of the inactivated sample was
      determined by refractive index measurement and the levulose concentration
      by using spectrophotometric or polarimetric procedures. From the amount of
      levulose produced, effective isomerase ("retained isomerase activity")
      activity was calculated using the following equation:
      ##EQU2##
      where: V = reaction volume, ml.;
PA1  C = carrier, g., d.g.; and
PA1  L = levulose produced, % d.b.
PAR  The details and results of the specific tests are set forth in the
      following Table:
TBL                                    TABLE 6                                 
     __________________________________________________________________________
                       Binding                                                 
     Substrate         Capacity Effective                                      
          Concentration                                                        
                       "Bound Isomer-                                          
                                Isomerase                                      
                                       % Of                                    
          g., d.s.     ase Activity"                                           
                                Activity                                       
                                       Original                                
     Carrier                                                                   
          100 ml. Solvent                                                      
                       (U/g., d.b.)                                            
                                (U/g., d.b.)                                   
                                       Activity                                
     __________________________________________________________________________
     ZnCO.sub.3                                                                
          60      MgSO.sub.4                                                   
                       515      252    48.9                                    
     CaCO.sub.3                                                                
          60      MgSO.sub.4                                                   
                       368       54    14.7                                    
     BaCO.sub.3                                                                
          60      MgSO.sub.4                                                   
                        38       75    --                                      
     Basic.sup.(1                                                              
     MgCO.sub.3                                                                
          60      MgSO.sub.4                                                   
                       412      294    71.4                                    
     __________________________________________________________________________
      .sup.(1 Basic Magnesium Carbonate having the formula 4                   
      MgCO.sub.3.Mg(OH).sub.2.5H.sub.2 O.                                      
PAR  As it can be seen from the above data, there is a great deal of
      unpredictability in the binding capacity (also defined as "bound
      isomerase") and effective isomerase activity for the alkaline earth metal
      carbonates. It is particularly significant that BaCO.sub.3 has an
      extremely low "bound isomerase" capability. While ZnCO.sub.3 and
      CaCO.sub.3 complexes with isomerase exhibit reasonable "bound isomerase
      activity", the complexes of both compounds exhibit a relatively low
      "effective isomerase activity" or ability to isomerase dextrose to
      levulose as compared to the xylose isomerase-basic magnesium carbonate
      complex of the present invention.
PAR  Not wishing to be bound to any theory, it is postulated that the relatively
      low "effective isomerase activity" occurs with respect to these salts
      (ZnCO.sub.3 and CaCO.sub.3) because the isomerase is bound so tightly that
      its conformation is changed and/or the isomerase is not accessible to the
      substrate due to the manner the isomerase is bound to the salt. In any
      event, it is unexpected that basic magnesium carbonate is capable of
      having a relatively high binding capacity in addition to a high "effective
      isomerase activity". The combination of these two features, together,
      provides a number of important advantages from the standpoint of more
      stability and longer half-life of the immobilized enzyme and greater
      enzyme efficiency. The enzyme efficiencies normally range from 0.30 to
      about 0.70. Thus, a deep bed column with an enzyme loading of 6 MM
      units/ft.sup.3 (the amount of enzyme activity in the bed (units/g.)
      divided by the volume of the bed (lbs./ft.sup.3)) and an enzyme efficiency
      of 0.6 would have an initial column production rate of 3.6 BVH at 45%
      ketose (BVH.sub.45), wherein BVH is the supply rate divided by the bed
      volume.
PAR  While the invention has been described in connection with specific
      embodiments thereof, it will be understood that it is capable of further
      modification, and this application is intended to cover any variations,
      uses, or adaptations of the invention following, in general, the
      principles of the invention and including such departures from the present
      disclosure as come within known or customary practice in the art to which
      the invention pertains and as may be applied to the essential features
      hereinbefore set forth, and as fall within the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for recovering xylose isomerase from a fermentation broth
      comprising:
PA1  contacting a fermentation broth containing xylose isomerase which is
      contained in the microbial cells where it is formed with basic magnesium
      carbonate and in a subsequent step, releasing the xylose isomerase from
      its microbial cells in the presence of basic magnesium carbonate to
      thereby sorb the sylose isomerase on the basic magnesium carbonate.
NUM  2.
PAR  2. The method of claim 1, wherein the basic magnesium carbonate is a
      granular, porous substance.
NUM  3.
PAR  3. The method of claim 1, wherein the xylose isomerase is derived from a
      microorganism of the genus Streptomyces.
NUM  4.
PAR  4. The method of claim 1, wherein the xylose isomerase is derived from a
      microorganism selected from the group of strains consisting of
      Streptomyces olivochromogenes ATCC No. 21,713; Streptomyces
      olivochromogenes ATCC No. 21,714, and Streptomyces olivochromogenes ATCC
      No. 21,175.
NUM  5.
PAR  5. The method of claim 1, wherein the sorbed xylose isomerase is placed in
      a column isomerization reactor.
NUM  6.
PAR  6. The method of claim 1, wherein the sorbed xylose isomerase is placed in
      a pressure leaf filter comprising one or more filtering elements or leaves
      supported vertically or horizontally in a cylindrical tank.
NUM  7.
PAR  7. The method of claim 6, wherein a glucose-containing solution is pumped
      through the filtering elements or leaves containing the sorbed xylose
      isomerase to enzymatically isomerize the glucose to levulose.
NUM  8.
PAR  8. The method of claim 7, wherein the levulose product so produced contains
      less than 0.3%, dry basis, psicose and less than 1%, dry basis, ash.
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ABST
PAL  The invention concerns a process for producing citric acid during which
      ferri- or ferrocyanide ions like potassium ferrocyanide are added at a
      particular time and in a preselected amount.
BSUM
PAR  This invention deals with a process for making citric acid by submerged
      fermentation under aerobic conditions in sugar-containing or other
      carbohydrate fermentable substrates, in particular substrates of sugar
      cane or sugar beet molasses. More particularly the invention deals with a
      process involving addition of specific amounts of ferri- or ferrocyanide
      ions, especially potassium ferrocyanide, at specified times.
PAR  The prior art has described the addition of potassium ferrocyanide to
      surface and submerged fermentations with sugar cane or sugar beet
      molasses. There are extensive publications showing that the effect of the
      potassium ferrocyanide in the treatment of the molasses appears to be
      predicated on its property to form substantially insoluble complexes with
      a large number of cations, and thereby to effectuate the removal of
      assimilable heavy metals (particularly iron) which when present even in
      small amounts cause undesirable filamentous growth of the microorganism.
      There is also some indication that the ferrocyanide has a toxic action on
      the mold itself which favorably affects citric acid production. Usually,
      an aqueous solution of the ferrocyanide is added to the dilute molasses in
      conjunction with heat treatment, usually above 80.degree.C. In this manner
      the concentration of the undesirable trace metals in the molasses is
      decreased.
PAR  It has further been disclosed that the amount of potassium ferrocyanide can
      influence the production of citric acid significantly, and that citric
      acid production is decreased when high amounts of potassium ferrocyanide
      are added to the medium after inoculation. Likewise, a similar adverse
      effect on the yield of citric acid is obtained when large amounts of
      potassium ferrocyanide are added to the fermentation medium before its
      sterilization. In practice, because of the variations in the composition
      of the molasses, the problems of controlling the conditions of the
      fermentation are aggravated.
PAR  Apparently, there is such a delicate and unpredictable relationship between
      the effect of the timing of addition and amounts of ferrocyanide and
      yields of citric acid that, notwithstanding various attempts at solving
      this problem, these difficulties have not yet been overcome. As a result,
      yields of citric acid are still obtained which are far from optimum. It
      has now been discovered that such adverse effects on the production of
      citric acid can be overcome in accordance with the process of the
      invention.
PAR  The process of the invention involves a recognition of the potential role
      and of the use of the buffering capacity of the molasses with respect to
      ferro- or ferricyanide ions and the complexing property of the ferro- or
      ferricyanide, in particular potassium ferrocyanide, with respect to
      certain metals. Generically ferro- and ferricyanide ions will be referred
      to as ferrocyanide herein. It has now been recognized that while the
      complexing property of the ferrocyanide is limited to its ability to tie
      up certain metals, as described above, its buffering capacity includes the
      complexing property with respect to the metals, and also its reactiveness
      with other substances and compounds in the molasses. Further, the cyanide
      ions act, in certain amounts as a toxin for the enzymes of the respiratory
      cycle of the fungi. The ferrocyanide buffer capacity is thus an integral
      entity which is part of the fermentation system as a whole and includes,
      in accordance with this invention, the metal complexing property. Unless
      the molasses contain only complexable metals and no other substances that
      can be bound by the ferrocyanide ions, the amount of ferrocyanide ions
      necessary to form a complex by tying up the metals, like the heavy metals,
      is smaller than the total amount of ferrocyanide necessary to bind the
      other substances in the medium and also for a complex of the metals.
PAR  A distinctive aspect of the process comprises maintaining in the medium
      complex-forming sites available for buffering the potassium ferrocyanide
      as it dissociates during the fermentation. In this manner, the
      concentrated effect of the cyanide as enzyme poison is limited. The
      process further comprises having continuously present an excess of cyanide
      ions over the amount required for metal complex-forming. During the
      fermentation, an appreciable amount of free ferrocyanide is thus still
      buffered by the whole buffering capacity of the system. The process of the
      invention is further described hereinafter.
PAR  The process of the invention comprises adding ferri- or ferrocyanide ions
      to the main fermentation medium during the course of the fermentation in
      several steps. Further, the invention comprises adding a specified amount
      of potassium ferrocyanide before i.e. up to the time of but not later than
      sterilization of the fermentation medium and adding a second specified
      amount after its sterilization. In one embodiment, the second amount is
      all added before the inoculation; in another embodiment the second amount
      is added after inoculation during the course of the fermentation. In yet
      another embodiment, the second amount is added partially, i.e., about half
      thereof before, and the remainder after inoculation. All amounts in the
      specified portions, can be added incrementally.
PAR  In accordance with the invention, a highly selective and controlled
      addition of ferrocyanide ions is carried both in terms of timing of
      addition and in amounts used. In the process, the ferrocyanide ions which
      are added before, or at the latest during or in conjunction with
      sterilization, is so controlled that less than all of the assimilable
      heavy metals are complexed or sequestered with the ferrocyanide ion. The
      medium thus retains a residual buffering capacity and complexing property
      which is available for further additions of ferrocyanide ions. The process
      therefore provides for a continuous and gradual decrease of the complexing
      capacity of the medium and the gradual complexing of ferrocyanide ions
      during the fermentation of the carbohydrate, e.g., sugar to citric acid.
      In one aspect of the invention about 25 to 50% of the necessary total
      amount of potassium ferrocyanide ions are added prior to sterilization of
      the medium and the remainder or about 75 to 50% is added after
      sterilization thereof. In a special and advantageous embodiment of the
      invention, the ferrocyanide ions are added in the second step after
      inoculation incrementally or continuously during the process of the main
      fermentation. The selective addition of ferrocyanide ions in accordance
      with the invention before and after sterilization and inoculation causes
      unexpectedly a most efficient production of citric acid in a remarkably
      high yield. In the process of the invention potassium ferrocyanide is
      preferred.
PAR  In another highly advantageous embodiment, it has been found that the
      potassium ferrocyanide added in the first step, before or at the time of
      sterilization shall be adjusted in such an amount that after the
      sterilization and the addition of the remainder only about one-third to
      two-thirds or 33.3 to 66.6% of the total amount of ferrocyanide are bound
      by complexing the metals. In this manner about two-thirds to one-third of
      the total ferrocyanide to be used is still available for complexing with
      the residual buffering capacity of the system. The residual complexing
      capacity of the medium is thus available for free ferrocyanide ions that
      may become available as a result of an increasingly more acidic pH during
      the fermentation. In this manner of practicing the invention, there is
      provided already from the beginning to the end of the fermentation a
      continuous utilization of ferrocyanide. Thus, the amount of excess free
      cyanide ions present is so combined, or complexed, that the enzymes of the
      respiratory chain are left unblocked. Accordingly, the fermentation curve
      remains constant from the beginning to the end, and as a result, the
      conversion of sugar to citric acid reaches over 100%, i.e., the conversion
      rate approaching or even exceeding the theoretical amount.
PAR  In accordance with the invention, there is used, at the time specified, the
      ferro- or ferricyanide ion as a suitable salt, preferably a water-soluble
      salt, such as an alkali metal salt. The salt should be capable of
      liberating ferro- or ferricyanide ions under the process conditions. At
      the present potassium ferrocyanide is preferred. The amount of salt to be
      used in the practice of the invention is based on potassium ferrocyanide.
      For ready conversion to ferro- or ferricyanide ion, the amounts given for
      the potassium salt can be divided by two. The amount of ferrocyanide or
      ferricyanide ions to be used is therefore 0.25 to 1.5, preferably 0.025 to
      0.15 gram per liter.
PAR  The necessary amount of ferrocyanide to be used depends on the composition
      of molasses. The composition of the molasses is determined by a
      preliminary laboratory test simulating sterilization conditions, wherein
      suitable samples of molasses containing varying amounts of ferrocyanide
      ions, e.g., potassium ferrocyanide are heated to 100.degree.C. for half an
      hour and then cooled to 20.degree.C. A heavy precipitate settles out. The
      amount of potassium ferrocyanide is then determined in the respective
      samples. From that data, the amount of ferrocyanide ions as potassium
      ferrocyanide, for example, to be consumed or complexed, i.e., the
      complexing capacity of the molasses depending on the composition of the
      molasses, is determined for the subsequent fermentation in such a manner
      that there is still available a reactant for the potassium ferrocyanide,
      i.e., that the fermentation medium retains a potassium ferrocyanide
      buffering capacity.
PAR  The total amount of potassium ferrocyanide to be added to the medium may
      range from about 0.2 to 3 gram or often 0.8 to 1.5 gram per liter,
      depending on the particular content of heavy metals of the molasses. Under
      certain circumstances because of the properties of the molasses or the
      particular carbohydrate-containing substrate selected, broader ranges of
      potassium ranging from about 0.05 to 4 gram per liter of medium.
PAR  The selective addition of ferrocyanide ions before and after sterilization
      shows remarkable advantages over the conventional process in the
      fermentation of rawsugar molasses such as, for instance, blackstrap, beet,
      cane or citrus molasses, whereby the necessary amount of potassium
      ferrocyanide is added before and after sterilization, and/or after
      inoculation. The advantages of the process of the invention are also
      independent from the manner of growing the microorganism inoculum for the
      fermentation, or the particular amounts of ferrocyanide used so long as
      they are related, as specified, to the buffering capacity of the medium.
PAR  The selective addition of the ferrocyanide in the amount relative to the
      buffering capacity of the medium of the invention can be carried out in
      known citric acid-producing fermentation processes.
PAR  In the process of the invention, there may be used any of the citric acid
      producing microorganisms such as the genera Aspergillus, Penicillium or
      Mucor. Examples of useful species of these genera are A. niger, A. Wentii,
      A. clavatus, P. Citrinum, Mucor Piriformis and Trichoderma viride (ATCC
      No. 1323). The species which has been found most useful is A. niger. Among
      these such strains at ATCC 10577, ATCC 1015 or Wisconsin 72-4, also named
      N.R.C.A. -1-233 (National Research Council Publication No. 2359), and
      mutants thereof are quite suitable. Others are disclosed in the scientific
      literature. Suitable microorganisms which produce citric acid are on
      deposit in recognized depositories like American Type Culture Collection,
      Washington, D.C. (ATCC), Headquarters Quartermaster Research and
      Development Command, Quartermaster Research and Development Center, U.S.
      Army (QM), Northern Regional Research Laboratory of the Department of
      Agriculture, Peoria (NRRI), Nagoa Institute, Tokyo (NI), Institute of
      Fermentation, Osaka (IFO), National Hygienic Laboratory, Tokyo (NHL) and
      Kyowa Hakko Kogyo Co., Ltd. (Kyowa).
PAR  In the process of the invention, it is advisable to use as inoculum pellets
      of the fungi, for instance pellets of a strain Aspergillus niger.
      Preparation of such pellets is known, as for example shown by Martin in
      U.S. Pat. No. 2,739,923 or Fried et al. in U.S. Pat. No. 2,910,409. If
      desired suitable pellets may also be obtained by treating spores of a
      suitable citric acid-producing microorganism, e.g., an Aspergillus or
      Penicillium with potassium ferrocyanide during the intensive physiological
      development period which occurs during the transition period ranging from
      the spore-swelling stage to the spore-germination stage. Such special
      pellets are identified by the substantial absence of an adaptation lag, as
      evidenced for instance by the pH curves, when transferred from a inoculum
      growth medium to a typical fermentation medium for citric acid-producing
      microorganisms and for their ability to produce citric acid at a
      substantially constant rate through the fermentation. Such method for
      making pellets is disclosed in copending application filed on even date
      and entitled PRODUCTION OF CITRIC ACID BY SUBMERGED FERMENTATION.
PAR  The fermentation medium may contain any carbohydrate source which can be
      converted to citric acid by the microorganism, like sugar from
      conventional crude sugar sources, as sugar beet, sugar cane, molasses or
      citrus molasses or other carbohydrates and suitable nutrient salts such
      as, for instance, phosphates, nitrates, and so on in suitable amounts as
      is known from the prior art such as from U.S. Pats. No. 2,739,923;
      2,970,084; 2,910,409; 2,492,673; 2,492,667; 2,400,143; 2,394,031, Belgian
      patent No. 596,964 and others.
PAR  The diluted molasses mash is preferably sterilized before preparing the
      inoculum or the bulk fermentation medium. By sterilization is meant
      treatment in which all or substantially all of the undesirable
      microorganisms are destroyed, but some harmless ones may remain viable.
PAR  Other conditions of growth of the microorganisms, other treatment of the
      molasses, the handling of the inoculum and other conditions of the
      fermentation are known from U.S. Pats. Nos. 2,674,561; 2,970,084;
      2,910,409; 2,739,923; 2,492,673; 2,492,667; 2,400,143; 2,394,031;
      2,883,329; 2,739,923, particularly columns 2, 3 and 4 thereof; 3,105,015;
      3,118,821; and Belgian patent No. 506,964, which are incorporated herein
      by reference.
PAR  The measurement of the residual ferrocyanide ion concentration was carried
      out by the method of Marier and Clark -- "The Analyst," J. Soc. Anal.
      Chem., vol. 85, No. 1013, pp. 574-579 (1960). The accuracy of this method
      is .+-.3 V/ml.
PAR  The yield of citric acid is determined as percent citric acid (wt./vol. of
      medium) or percent conversion of available sugar (wt./wt.).
DETD
PAR  The following working examples are provided as an illustration of the
      preferred embodiments of the invention but are not to be construed as a
      limitation thereto.
PAC  EXAMPLE 1
PAR  In a fermentation vessel, 320 liters of fermentation medium of blackstrap
      molasses are diluted with tap water to approximately 115% by weight sugar.
      There are added to the medium from the beginning 80 grams of monoammonium
      dihydrogen monophosphate and the pH value is adjusted to 5. The medium is
      sterilized by heating at about 100.degree.C. for half an hour. Aeration
      through a sparger is provided at a rate of 6 to 8 cubic meters of air per
      hour which is distributed with a stirrer rotating at 300 r.p.m. The
      temperature is adjusted to about 32.degree.C. and the medium is inoculated
      with spores (4 .times. 10.sup.10) of Aspergillus niger. Eight hours after
      the inoculation, there are added 430 grams of potassium ferrocyanide.
      After a total of about 18 to 19 hours, there is formed under these
      conditions from each spore a long mycelium of a length of about 0.04 to
      0.07 mm, which is thickened, globular and branched in a cauliflower-like
      manner at each end. The mycelium develops during an additional 5 hours
      with a strong pH drop into pellets which have an average diameter of about
      0.2 mm. When the pH drops to about 4.3, the inoculum is ready for use in
      the main fermentation.
PAR  A fermentation medium, 2.4 cubic meter, is prepared in a suitable
      fermentation vessel from blackstrap molasses by diluting to approximately
      15% by weight sugar with tap water and the pH is adjusted to about 5. The
      medium to which there is added 1500 grams of potassium ferrocyanide is
      then sterilized at 100.degree.C. for half an hour. In preliminary tests,
      the buffer capacity to potassium ferrocyanide of the molasses was
      determined to be relatively high; the amount to be added here corresponds
      to about 55% to 60% of the amount that would be required for complete
      complexing of the metals in the molasses. After allowing the fermentation
      medium to cool to the fermentation temperature of about 28.degree. to
      32.degree.C., there is made a further addition of 2400 grams of potassium
      ferrocyanide. The medium is aerated for a few minutes through an air
      sparger at a rate of 0.2 volume of air per volume of medium per minute,
      this being equivalent to an air rate of about 35 to 40 cubic meters per
      hour while agitation is provided with a stirrer rotating at 100 r.p.m. to
      distribute the air thoroughly through the medium.
PAR  The medium is then inoculated with the pellet inoculum of A. niger as
      prepared above.
PAR  After inoculation, the pH of the medium which dropped as a result of the
      acidity of the inoculum is determined. Three hours later, as a result of
      the continuous production of citric acid from the pellet mycelium, it has
      already dropped further by 0.1 to 0.2 pH units. After 18 hours of
      fermentation there are added about 750 grams of ammonium nitrate and the
      concentration of potassium ferrocyanide is determined after 40 hours of
      fermentation. When the concentration of potassium ferrocyanide is found to
      be below 0.3 per liter, it is then raised by further addition of potassium
      ferrocyanide to at least 0.4 gram per liter. In this manner, the
      concentration of potassium ferrocyanide is maintained until the end of the
      fermentation, there are again added 750 grams of ammonium nitrate. After
      three and a half days, the fermentation is terminated. The fermentation
      medium contains 13.2% citric acid, a yield of 89% based on the initial
      amount of sugar available.
PAC  EXAMPLE 2
PAR  In a comparative experiment, the amounts of potassium ferrocyanide used
      prior to sterilization and after are reversed. There are added first 2400
      grams per liter and then after sterilization 1500 grams per liter of
      potassium ferrocyanide. The fermentation is below a pH of 2.9 and is
      slowed down. The yield of citric acid is reduced by about 30 to 35% based
      on the initial sugar present.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 is followed except that the 2400 grams of
      potassium ferrocyanide are added continuously during the course of the
      fermentation in such a manner that the concentration of potassium
      ferrocyanide is maintained through the fermentation at a minimum of at
      least about 0.3 gram per liter. After four and a half days the
      fermentation is terminated. The fermentation medium contains 12% of citric
      acid. This amounts to a yield of 80% based on the initial amount of sugar.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 is repeated except that the 2400 grams of
      potassium ferrocyanide are added incrementally in 10 portions during the
      entire course of the fermentation. Equally high yield is obtained after
      four and a half days of fermentation.
PAC  EXAMPLE 5
PAR  In a fermentation vessel, sugar beet molasses is diluted to approximately
      12% sugar by weight with tap water to obtain 320 liter of medium. There
      are added to the mash 80 grams of monoammoniumdihydrogen monophosphate.
      The pH is adjusted with sulfuric acid to 5.4 and the medium is sterilized
      at 100.degree.C. for 35 minutes. The medium is aerated through a sparger
      so that a total of 6 to 8 cubic meters of air are provided while stirring
      at a rate of 300 r.p.m. to distribute the air thoroughly. The medium is
      then inoculated with Aspergillus niger spores (strain ATCC 10577) in an
      amount of 4 .times. 10.sup.10 at a temperature of 32.degree.C. after 6
      hours of inoculation there are added 480 grams of potassium ferrocyanide.
      After a total of 14 to 15 hours there is formed under these conditions a
      mycelium of a length of about 0.04 to 0.07 mm. from each spore. The
      mycelium has a bulbous, swollen appearance and is cauliflower-like
      branched at each end. These short hyphae develop in an additional 3 to 4
      hours into pellets having an average diameter of about 02. mm. During this
      intensive growth stage, the pH rises to about 6.0. Following this, a
      strong acid formation takes place. During this development phase the pH
      drops rapidly within 2 hours by about 1.5 to 2.0 pH units. When a pH value
      of about 4.6 is reached the inoculum is ready for inoculating the main
      fermentation medium. The inoculum contains from about 5 to 10% mycelium.
      The preparation of the inoculum takes about 20 hours.
PAR  In a suitable fermentation vessel, sugar beet molasses is diluted to
      approximately 15% by weight sugar with tap water to give a total of 2400
      liter of fermentation medium. The pH buffering capacity of such beet
      molasses being very high, it is desirable to lower it by lowering the pH
      to about 5.5 with a suitable acid like a mineral and, like sulfuric acid.
      The solution or mash is therefore adjusted to a pH of about 5.5 with
      sulfuric acid. The mash is then sterilized for half an hour at
      100.degree.C. with addition of 900 grams of potassium ferrocyanide, then
      allowed to cool to the fermentation temperature of about 28.degree. to
      32.degree.C. and there is added an additional amount of 1800 grams of
      potassium ferrocyanide. The medium is then aerated through an air sparger
      for a few minutes at a rate of 0.2 volume of air per volume of medium per
      minute which is equivalent to 40 cubic meters per hour. Agitation is
      provided with a stirrer rotating at 100 r.p.m. for thorough distribution
      of the air throughout the medium.
PAR  The medium is then inoculated with the pellets obtained as described above.
      After inoculation, the pH of the medium which has dropped as a result of
      the inoculum, is again determined. The intensive formation of acid which
      had started in the inoculum is slowed down. The pH drops by about one unit
      within 6 to 10 hours, depending on the buffer capacity of the molasses
      used. When the pH reaches about 5 (which usually occurs in about 4 to 7
      hours) the fermentation temperature is lowered to 29.degree.C. The
      intensive acid formation which had already started in the inoculum
      continues in the main fermentation. During this intensive citric
      acidproducing stage there occurs an active growth. This growth is promoted
      by the high buffering capacity of the sugar beet molasses, with an optimum
      growth in the pH range of about 3.5 to 3. In order to discontinue this
      intensive development phase after the fermentation medium has reached a pH
      of about 4.5 (this occurring in about 5 to 8 hours) and after the
      formation of about 8 to 10% mycelium, the buffering capacity of the
      fermentation medium is disrupted by the addition of sulfuric acid.
      Sulfuric acid is added within one hour in an amount sufficient to reach a
      pH of about 3.0 to 2.9. At the same time there are added 1800 grams of
      potassium ferrocyanide. In this manner it is noted that the intensive
      growth stage development is slowed down while the citric acid formation
      continues. After 20 hours of fermentation there are added 750 grams of
      ammonium dihydrogen monophosphate. If the concentration of ferrocyanide
      ions drops below 0.5 gram per liter, it is raised to 0.6 gram per liter.
      During the fermentation the potassium ferrocyanide concentration is
      thereby maintained at at least 0.4 gram per liter, or higher.
PAR  After five days the fermentation is terminated. The medium contains 12.4%
      of citric acid corresponding to a yield of 83% based on the amount of
      sugar initially used.
PAC  EXAMPLE 6
PAR  In the fermentation vessel of about 3000 liters there is prepared a
      fermentation medium of 2400 liters which is made up in part of blackstrap
      molasses and the remainder with a sugar solution (prepared from
      crystallized sugar). The blackstrap molasses and the sugar mixed in such
      proportion so that about 60% of the total sugar content is due to the
      sugar solution that is from the crystallized sugar and about 40% from the
      blackstrap molasses. The medium is diluted with tap water to a final
      concentration of about 15% sugar. To the fermentation medium there are
      then added 800 grams of potassium ferrocyanide and the pH is then adjusted
      by addition of sulfuric acid to about 5.0. The medium is then sterilized
      by heating for about half an hour at 100.degree.C. After cooling to about
      28.degree. to 32.degree.C. there is once more added potassium ferrocyanide
      in an amount of 1200 grams. The medium is then aerated as described in
      Example 1 and inoculated with pellets as prepared therein.
PAR  After 3 or 4 hours of fermentation there are added 600 grams of ammonium
      nitrate and 600 grams of ammonium dihydrogen phosphate to the medium.
      After further additions of potassium ferrocyanide and ammonium nitrate
      which are carried out during the fermentation following the procedure of
      Example 1, the fermentation is terminated in about 31/2 days. There is
      obtained a fermentation medium which has a content of citric acid of about
      13.1%. The yield based on the initial sugar is 87%.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the process of producing citric acid by submerged aerobic
      fermentation with a citric acid-producing microorganism in a sterilized
      carbohydrate-containing growth medium containing complexable substances
      and assimilable heavy metals, the improvement which comprises adding to
      the medium not later than its sterilization, a first amount of
      ferrocyanide ions in an amount necessary to complex only one-third to
      two-thirds of the total amount of complexable substances and assimilable
      heavy metals of the medium, and adding to the medium after sterilization
      of the medium an additional amount of ferrocyanide ions in an excess over
      the amount sufficient to complex the remaining assimilable heavy metals
      and the buffering capacity of the medium but said excess amount being
      insufficient to block the respiratory system of the microorganism.
NUM  2.
PAR  2. The process of claim 1 wherein the first amount of ferrocyanide ions
      added is about 25 to about 50% of the total amount of ferrocyanide ions
      necessary to complex the complexable substances and assimilable heavy
      metals of the medium.
NUM  3.
PAR  3. The process of claim 1 wherein the medium is a molasses-containing
      medium.
NUM  4.
PAR  4. The process of claim 1 wherein the additional amount of ferrocyanide
      ions is added to the sterilized medium prior to its inoculation.
NUM  5.
PAR  5. The process of claim 1 in which the ferrocyanide ions which are added
      during the fermentation are added continuously.
NUM  6.
PAR  6. The process of claim 1 in which about one-half of the additional amount
      of ferrocyanide ions are added after sterilization and before inoculation
      and the remainder one-half is added after inoculation.
NUM  7.
PAR  7. The process of claim 1 wherein the additional amount of ferrocyanide
      ions are added to maintain a level of at least about 0.4 gram per liter
      during the fermentation.
NUM  8.
PAR  8. The process of claim 3 wherein the medium is sugar beet molasses.
NUM  9.
PAR  9. The process of claim 1 wherein the ferrocyanide ions are provided as
      potassium ferrocyanide.
NUM  10.
PAR  10. The process of claim 2 wherein the amount of ferrocyanide ions added
      during the fermentation are from 75 to about 50% of the total amount of
      ferrocyanide ions necessary to complex the complexable substances and
      assimilable heavy metals of the medium.
NUM  11.
PAR  11. The process of claim 9 in which the total amount of potassium
      ferrocyanide added is in the range of about 0.05 to 4 grams per liter.
NUM  12.
PAR  12. The process of claim 3 wherein the ferrocyanide ions which are made
      available during the fermentation due to increasing acidic conditions
      complex with and satisfy the residual buffering capacity of the molasses.
NUM  13.
PAR  13. The process of claim 3 wherein the ferrocyanide ions are added
      continuously during the fermentation in an amount and rate sufficient to
      satisfy the residual buffering capacity of the molasses.
NUM  14.
PAR  14. The process of claim 1 wherein the microorganism is an Aspergillus.
NUM  15.
PAR  15. The process of claim 14 wherein there are used pellets of Aspergillus.
NUM  16.
PAR  16. The process of claim 15 wherein the pellets are of Aspergillus niger.
NUM  17.
PAR  17. The process of claim 3 wherein the medium is sugar beet molasses.
NUM  18.
PAR  18. The process of claim 3 in which the medium is blackstrap molasses.
NUM  19.
PAR  19. The process of claim 3 in which the medium is a mixture of molasses and
      sugar.
NUM  20.
PAR  20. The process of claim 1 wherein the first amount of ferrocyanide ions is
      added prior to sterilization of the medium.
NUM  21.
PAR  21. The process of claim 1 wherein said additional amount of ferrocyanide
      ions is added to the sterilized medium prior to its inoculation.
NUM  22.
PAR  22. The process of claim 21 wherein said additional amount of ferrocyanide
      ions are added to the sterilized medium after its inoculation.
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ABST
PAL  Process for the separation and purification of d-aminoacid oxidase by
      affinity chromatography. The process comprises contacting a mixture of
      proteins containing the d-aminoacid oxidase with a mineral carrier
      carrying haloalkylsilane grafts, upon which are fixed -- NH --
      (CH.sub.2).sub.3 -- NH -- (CH.sub.2).sub.2 C.sub.6 H.sub.4 COOH residues.
      The enzyme retained by the carrier is then separated by a solution of
      ethyleneglycol. Use of the pure d-aminoacid oxidase for the preparation of
      cetonic acids.
BSUM
PAR  The present invention concerns a process for the separation and
      purification of d-aminoacid oxidase by affinity chromatography.
PAR  Affinity chromatography is a known method of separation and purification,
      which is applied in particular to enzymes. In this case, it comprises
      fixing, by means of covalent bonds, either the enzymes or the impurities,
      on carriers represented by organic gels, such as modified dextrane or
      polyacrylamide, then, when it is the enzyme that is fixed, detaching the
      enzyme from the carrier, by modifying the elution conditions of the
      medium.
PAR  However, the gels used suffer from a number of disadvantages. They are
      unstable and have little resistance to heat, pressure and microorganisms.
      This reduces their time of use, and their efficiency.
PAR  The process of the invention overcomes these disadvantages as the carriers
      used are stable and resistant to heat, pressure and microorganisms, and
      make it possible to separate, without difficulty, d-aminoacid oxidase from
      mixtures thereof with other inactive proteins, and to produce same in a
      high state of purity.
PAR  The process comprises contacting a solution of the mixture of proteins,
      containing the d-aminoacid oxidase, with a carrier onto which the enzyme
      is fixed, then separating the d-aminoacid oxidase from the carrier, and is
      characterized in that the carrier is a mineral carrier bearing
      haloalkylsilane grafts, upon which are fixed residues having the formula
      --NH--(CH.sub.2).sub.3 --NH--(CH.sub.2).sub.2 C.sub.6 H.sub.4 COOH, and
      separating the purified d-aminoacid oxidase from the carrier by a solution
      of the ethyleneglycol.
PAR  The grafted carrier comprises oxides, hydroxides or other porous, insoluble
      mineral compounds on which are grafted, substituted or unsubstituted,
      haloalkylsilane groups whose alkyl residue comprises from 3 to 11 carbon
      atoms. These carriers and the process for the preparation thereof are
      described in French patent application No. 74.13687, Ser. No. 568,797
      filed Apr. 19, 1974, correspondng to United States patent application
      filed concurrently herewith, by the same applicants, and entitled "Grafted
      Mineral Carriers for Fixing Enzymes".
PAR  In order to carry out the process of the present invention, it is essential
      that the carrier have a good capacity for fixing the d-aminoacid oxidase
      in order for it to be retained on the carrier during the separation
      operation, but without this fixing being too stable, in order to permit
      the d-aminoacid oxidase to be separated from the carrier.
PAR  Mineral carriers, grafted with haloalkylsilane groups, give stable
      complexes with the enzyme. It is therefore necessary to modify the carrier
      to be used.
PAR  The carrier is modified by replacing the halogen of the graft by a residue
      having the formula:
EQU  -- NH -- (CH.sub.2).sub.3 -- NH -- (CH.sub.2).sub.2 -- C.sub.6 H.sub.4 COOH
PAL  the process for modifying the graft comprises:
PA1  a. reacting the grafted carrier with the compound having the formula:
      H.sub.2 N -- (CH.sub.2).sub.3 -- NH -- (CH.sub.2).sub.2 -- C.sub.6 H.sub.4
      COOC.sub.2 H.sub.5 in accordance with any known processes, and in
      particular in suspension at boiling temperature; then
PA1  b. converting the ester function into an acid function by the action of any
      concentrated acid, in particular hydrochloric acid.
PAR  When purifying the d-aminoacid oxidase, a column for chromatography is
      filled with the modified carrier, balanced at the pH-value which is
      compatible with the enzyme, then the mixture of proteins containing the
      d-aminoacid oxidase in buffer solution is circulated in the column. The
      carrier is then washed with water to remove the absorbed inactive
      proteins.
PAR  The d-aminoacid oxidase is then separated from the carrier by dissolution
      in a solution of ethyleneglycol in a concentration of less than 50% by
      volume.
PAR  The d-aminoacid oxidase produced is pure and virtually all of the activity
      of the initial mixture is to be found again in the purified enzyme.
PAR  The d-aminoacid oxidase, which has been purified in this way, is
      particularly suitable for the production of cetonic acids such as pyruvic
      acid.
DETD
PAR  An embodiment of the invention is given hereinafter by way of illustration,
      but without limitation.
PAR  Preparation of the grafted carried:
PAR  An aqueous solution of sodium silicate, corresponding to 220 g/l of
      SiO.sub.2, is added dropwise to 230 ml of a 120 g/l aqueous solution of
      H.sub.2 SO.sub.4, which is agitated. When the pH is 3.8, the addition of
      sodium silicate is stopped and the resulting sol, together with 2 drops of
      a sodium alkyl sulfonate, are poured into 8 l of vigorously agitated
      trichloroethylene. The hydrogel balls formed precipitate. 1 l of
      ammoniated water pH 9 is added, followed by filtration.
PAR  The balls are washed 3 times with N/10 HCl, then with water. The hydrogel
      produced contains 80% of water.
PAR  120 g of the hydrogel, 15 g of triethoxy-iodopropylsilane and 200 ml of
      benzene are then heated at boiling temperature. In 3 hours, 95 ml of water
      is separated by azeotropic distillation.
PAR  After cooling, the product formed is drained, washed with acetone and
      dried.
PAR  The result is a silica grafted by iodopropylsilane groups, containing 2.1%
      by weight of iodine, whose grain size is less than 200 .mu., specific
      surface area is 425 sq. m/g and pore volume is 1.1 ml/g.
PAR  Modification of the grafted silica:
PAR  11 g of the grafted silica is introduced into 25 ml of a benzene solution
      containing 1.5 g of the compound H.sub.2 N -- (CH.sub.2).sub.3 --
      NH--(CH.sub.2).sub.2 --C.sub.6 H.sub.4 COO C.sub.2 H.sub.5 and the
      dispersion is heated under reflux for 24 hours.
PAR  After cooling, the silica is filtered and washed with ethanol at
      95.degree.C to dissolve any unreacted compound. This compound being
      colored, the washing operation is continued until the solvent is
      colorless. The silica is then washed with water.
PAR  The resulting product and 50 ml of 4 N HCl are then heated at boiling
      temperature for 24 hours, in order to convert the ester function into an
      acid function.
PAR  After cooling, the balls are filtered and washed with distilled water, and
      then the PH is balanced at 8.6 with a pyrophosphate buffer solution.
PAR  The amount of compound fixed is approximately 1 g.
PAR  Purification of the d-aminoacid oxidase:
PAR  11 G of the modified grafted silica produced is introduced into a column
      for chromatography, then 5 ml of a pH 8.5 pyrophosphate buffer solution,
      containing 150 mg of the mixture of proteins to be treated, comprising
      d-aminoacid oxidase to be purified and inactive proteins, are circulated
      at a speed of 9 ml/h.
PAR  Enzymatic activity is determined on the solution issuing from the column,
      by the addition of d-alanine in 0.2 M pH 8.3 pyrophosphate buffer, then
      dinitrophenylhydrazine, and the absorbence is measured at 440 nm. The
      solution has no enzymatic activity, which shows that the d-aminoacid
      oxidase has been retained on the carrier.
PAR  Water is then circulated in the column, at the same speed, until metering
      by spectrometry at 280 nm, carried out on the solution issuing from the
      column, confirms that there is no longer any inactive protein absorbed on
      the carrier.
PAR  The inactive proteins represent 90% of all of the proteins introduced.
PAR  20 ml of a pH 8.5 pyrophosphate buffer solution, containing 30% by volume
      of ethyleneglycol, is then introduced into the column at a rate of 9 ml/h.
PAR  Enzymatic activity is measured in the solution issuing from the column, as
      described above. The activity represents 90% of the activity of the
      initial mixture. The enrichment factor is approximately 100.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the separation and purification of d-aminoacid oxidase,
      which comprises contacting a solution of a mixture of proteins containing
      the d-aminoacid oxidase with a carrier onto which the enzyme is fixed,
      then separating the d-aminoacid oxidase from the carrier, characterized in
      that the carrier is a mineral carrier bearing haloalkylsilane grafts
      modified by fixing residues having the formula --NH -- (CH.sub.2).sub.3 --
      NH -- (CH.sub.2).sub.2 C.sub.6 H.sub.4 COOH, and that the purified
      d-aminoacid oxidase is separated from the carrier by dissolution in a
      solution of ethyleneglycol.
NUM  2.
PAR  2. A process according to claim 1, characterized in that the grafted
      carrier is an oxide, hydroxide or other porous insoluble mineral compound
      upon which are grafted, substituted or unsubstituted, haloalkylsilane
      groups whose alkyl residue comprises from 3 to 11 carbon atoms.
NUM  3.
PAR  3. A process according to claim 2, characterized in that the grafted
      carrier is modified by reacting the grafted carrier with the compound
      having the formula
EQU  N.sub.2 H -- (CH.sub.2).sub.3 -- NH -- (CH.sub.2).sub.2 --C.sub.6 H.sub.4
      -- COO C.sub.2 H.sub.5
PAL  then treating the resulting product with a concentrated acid.
NUM  4.
PAR  4. A process according to claim 1, characterized in that the concentration
      of the ethyleneglycol solution is less than 50% by volume.
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LREP
FRM  Hammond & Littell
ABST
PAL  A method for the rapid determination of the presence or absence of residues
      of antibiotic such as penicillin, in liquids, for example milk, and meat
      comprising introducing spores of a microorganism which possesses a high
      sensitivity for the antibiotic to be determined into an agar medium so
      that the spores are prevented from starting to germ due to lack of
      nutrients, but stay alive, and being sufficiently heavily inoculated that
      after addition of nutrients and incubation at or near optimal temperature
      in a short time sufficient growth has proceeded so that growth is either
      observable visually or its indicated by an indicator added to the agar
      medium, the said spore culture being allowed to solidify in upright test
      vessels having a cross-sectional dimension sufficiently small to require
      as little of the agar medium as possible but sufficiently large to enable
      a correct determination of inhibition of growth of the microorganism to be
      made, and having a height so that the vessel can contain a sufficient
      amount of medium and a sufficient amount of sample of liquid to be tested,
      placing on the agar surface nutrients required for growth, followed, if
      desired, after a pre-incubation period, by addition of a predetermined
      amount of sample liquid to be tested to the test vessel, and incubating
      the contents of the test vessel at or near optimal temperature for a
      predetermined time so that the extent of growth or inhibition of growth of
      the microorganism read in a vertical sense, indicates absence or presence
      of the antibiotic.
BSUM
PAC  STATE OF THE ART
PAR  Methods for the determination of antibiotic residues, particularly
      penicillin residues, in milk and similar liquids have been known for a
      long time, and several standard methods are accepted officially for the
      purpose in some countries. Examples thereof are the so-called TTC-method
      involving 2,3, 5-triphenyl-tetrazolium chloride such as the method of Neal
      et al [J. Dairy Science, Vol. 38 (1955), p. 629-633] and a method using
      Bacillus stearothermophilus or B. calidolactis of Galesloot et al. [Neth.
      Milk & Dairy J. Vol. 16 (1962), p. 89-95] based on a method of Vincent et
      al. [Proc. Soc. exp. Biol. Med. Vol. 162 (1944), p. 55] and the method of
      Jacobs et al. [Tijdschr. v. Diergeneesk Vol. 79 (1972):9, p. 548-550]. The
      method of Galesloot et al is carried out by placing paper discs soaked in
      the milk to be tested on agar cultures of Bacillus stearothermophilus or
      B. calidolactis on petri dishes and incubating at  55.degree.C for 21/2
      hous. Formation of inhibition zones is an indication of the presence of
      penicillin or other substances inhibiting these bacilli in the milk.
PAR  The method of Galesbot et al. has a sensitivity of about 0.0025 IU
      (international units) of penicillin per ml, but this method is not
      suitable to be carried out by unskilled persons because of the necessity
      to use fresh cultures of the bacilli. Furthermore, the reliability of this
      test is relatively low when carried out by less skilled persons.
PAR  To increase the reliability of the Galesloot method, H. Mol. [Neth. Milk &
      Dairy. J. Vol. 23 (1969), p. 153-162] made use of spores of Bacillus
      stearothermophilus var. calidolactis  prepared in petri dishes. Before
      use, a nutrient disc obtained by soaking a piece of filter paper in an
      aqueous solution of 20% of peptone and 20% of glucose followed by drying
      is soaked in the sample of milk and placed on the agar. The petri dish is
      incubated for 6 hours at 63.degree.C, and the presence of penicillin is
      recognized by the presence of an inhibition zone.
PAR  Although reliability is increased, in the method of Mol the method still
      has several disadvantages. In the first place, it is difficult to
      recognize the inhibition zone, especially for unskilled persons.
      Furthermore, the volume of sample is insufficiently reproducible.
PAR  For a suitable rapid test, the following requirements should be fulfilled:
PA1  i. it should be rapid,
PA1  ii. it should show a high sensitivity for a wide range of antibiotics used
      in practice,
PA1  iii. the vessels containing test material should be storable for a
      reasonably long time (several months or longer),
PA1  iv. the test should be cheap and
PA1  v. the test should give reliable results even when carried out by unskilled
      people, e.g. when the test is adapted to show the presence of a
      predetermined concentration of antibiotic, it should give sufficiently
      reliable positive or negative results.
PAL  Although the method of Mol fulfills requirements (i) to (iv) to a certain
      extent, requirement (v) is not fulfilled and qualified people are needed
      to carry out the method to obtain reliable results.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide a rapid, simple method for the
      determination of the possible presence of antibiotic in liquids fulfilling
      all the above requirements, particularly by unskilled personnel.
PAR  It is another object of the invention to provide a novel test apparatus
      which can be used to rapidly determine the possible presence of antibiotic
      in liquids.
PAR  These and other objects and advantages of the invention will become obvious
      from the following detailed description.
PAC  THE INVENTION
PAR  The novel process of the invention for the rapid determination of the
      presence or absence of residues of antibiotic, for example penicillin, in
      liquids such as milk and meat comprises introducing spores of a
      microorganism which possesses a high sensitivity for the antibiotic to be
      determined in an agar medium so that the spores are prevented from
      starting to germ due to lack of nutrients but stay alive, and being
      sufficiently heavily inoculated that after addition of nutrients and
      incubation at or near optimal temperature in a short time sufficient
      growth has proceeded so that growth is either observable visually or is
      indicated by an indicator added to the agar medium, the said spore culture
      being allowed to solidify in upright test vessels having a cross-sectional
      dimension sufficiently small to require as little of the agar medium as
      possible, but sufficiently large to enable a correct determination of
      inhibition of growth of the microorganism to be made, preferably 3-20 mm,
      more preferably 6-14 mm, and having a height so that the vessel can
      contain a sufficient amount of medium (determined by the test time and
      diffusion speed of the nutrients) and a sufficient amount of sample of
      liquid to be tested, the height of medium and sample together preferably
      being 3-30 mm, more preferably 5-10 mm, placing on the agar surface
      nutrients required for growth, followed, if desired after a pre-incubation
      period, by addition of a predetermined amount of sample liquid to be
      tested (different amounts of sample influence the results of the test) to
      the test vessel, and incubating the contents of the test vessel at or near
      optimal temperatures for a predetermined time so that the extent of growth
      or inhibition of growth of the microorganism read in a vertical sense
      indicates absence or presence of antibiotic.
PAR  When the method is standardized, the test can be carried out easily with
      reliable results, even by unskilled persons, and in some cases, even a
      rough quantitative estimate of the amount of antibiotic present in the
      sample can be made, or the presence of a concentration exceeding the
      sensitivity may be detected. The solidification of the agar medium in
      upright position of the test vessel, combined with standardized amounts of
      sample and medium, has the advantage that the size of the surface area of
      the agar medium is well defined so that when introducing the nutrient
      compounds, reliable incubation results are obtained which may be
      semi-quantitative.
PAR  An indicator may be added to the agar medium containing the spores or to
      the nutrients. If ann indicator is included in the agar medium, a bettr
      distribution in the medium is obtained before the test is carried out.
      Furthermore, the sensitivity of the test is higher, and for liquids other
      than milk, the color is less contamined by color impurities originating
      from the sample. The indicator may be an acid base indicator such as
      bromocresol purple or phenol red, or a redox indicator such as
      2,3,5-triphenyl-tetrazolium chloride. For the determination of penicillin,
      the use of bromocresol purple is preferred.
PAR  The pH of the medium is important as well for the optimal growth rate of
      the test organism as for the activity of the antibiotics to be tested, and
      thus for the sensitivity of the microorganism to the antibiotics. For
      Bacillus stearothermophilus var. calidoactis, for example, the pH of the
      medium should be about 7 in the beginning of the test period to obtain an
      optimal growth rate. By using a suitable indicator such as bromocresol
      purple, a very short test period may be achieved.
PAR  Although the test period will be somewhat longer, the sensitivity of the
      test to certain antibiotics, especially aminoglucoside antibiotics such as
      streptomycin, dihydrostreptomycin, kanamycin and neomycin, may be
      increased by starting the test with a medium having a pH of about 8. A
      suitable indicator in this case is phenol red, for example. The
      sensitivity to the other antibiotics, however, is not influenced
      disadvantageously, when the pH of the medium during the test decreases so
      that each antibiotic at its suitable pH inhibits the growth of the
      microorganism. The pH range between the start and the finish of the test
      may be extended by using mixed indicators, if desired.
PAR  The sensitivity of the test to certain antibiotics may be adapted by using
      more suitable spores or combinations of spores.
PAR  For the purpose of the invention, spores may be used from all bacteria
      which can form spores and are sufficiently sensitive to the antibiotic(s)
      to be tested. A suitable spectrum of sensitivities to different
      antibiotics may be obtained by using spores of one species or strain, or
      by using a mixture of spores of different organisms. Suitable spores are
      those of spore producers of the genus Bacillus with suitable sensitivity
      to the antibiotics involved such as Bacillus calidolactis [Hussong et al.,
      J. Bact., Vol. 15 (1928), p. 179-188], Bacillus subtilis, Bacillus
      stearothermophilus [Bergey's Manual of Determinative Bacteriology, 7th
      Ed., (1957) p. 613-693], the thermophilic bacilli described by Galesloot
      et al. [Neth. Milk & Dairy J. Vol. 13 (1959), p. 155-179], Bacillus
      stearothermophilus var. calidolactis [Mol, Neth. Milk & Dairy J. Vol. 23
      (1969), p. 153-162] and Bacillus calidolactis strain C 953 of the
      Netherlands Institute for Dairy Research at Ede, The Netherlands
      [Galesloot et al., Neth. Milk & Dairy J. Vol. 16 (1962), p. 89-95].
PAR  Preferably, spores are used of Bacillus stearothermophilis var.
      calidolactis, which is deposited with the Laboratory for Microbiology at
      Delft, The Netherlands, and assigned the number L.M.D. 74.1. This
      microorganism has a high sensitivity to penicillin G and pencillin V and a
      very high growth rate, and has the additional advantage that its optimal
      growth temperature is relatively high whereas other microorganisms
      normally don't grow whereby the chance of infection is reduced. Spores of
      this microorganism are not only sensitive to penicillin G and penicillin V
      and other natural penicillins, but are also sensitive to several other
      antibiotics, such as semi-synthetic penicillins, e.g. nafcillin and
      cloxacillin; cephalosporins; aminoglucoside antibiotics, e.g.
      streptomycin, dihydrostreptomycin, neomycin and kanamycin; tetracyclines,
      e.g. chlorotetracycline; chloramphenicol; macrolide antibiotics, e.g.
      oleandomycin and erythromycin; polypeptide antibiotics; and several
      chemotherapeutics, e.g. trimetroprim, sulfadoxine and furazolidone, so
      that the method according to the invention is also useful to indicate the
      presence of these antibiotics and chemotherapeutics, if necessary, after
      adaption of the pH.
PAR  For use in accordance with the invention, the culture preferably contains
      10.sup.5 to 10.sup.8 spores of microorganism per ml of agar medium, more
      particularly 10.sup.6 to 10.sup.7 spores per ml of medium. A suitable
      manner of preparing the spore culture is cultivation of the microorganism
      in surface culture on agar or in a submerged liquid culture, e.g. in
      shaken flasks or in a fermenter as described by Yao et al. [Appl.
      Microbiol. Vol. 15 (1967), p. 455]. The spores are preferably incorporated
      into the agar medium in a manner such that the spores stay alive but are
      prevented from germination. Physiological salt solutions and/or an
      indicator may be added to the agar, but it should not contain nutrients
      for the microorganism.
PAR  It is an additional advantage of the method of the invention that the
      influence of inhibitors, e.g. products produced by leucocytes which are
      normally present in milk and other liquids to be tested and which are not
      antibiotics, is decreased to a considerable extent which is normally not
      the case in previously known methods. The decrease of influence of these
      inhibitors is due to the fact that they do not, or do not to a substantial
      extent, diffuse into the agar inside the test vessels, e.g. test tubes. It
      is evident that this fact increases the reliability of the method of the
      invention, which has the further advantage of being a handy test since
      pre-treatment of the milk to inactivate those inhibitors is normally not
      necessary, even when samples of milk with a slightly altered appearance
      are presented.
PAR  The agar medium containing the spores is allowed to solidify in upright
      test vessels. Those vessels preferably have predetermined sizes so that
      the test results are sufficiently reliable. The test of the invention is
      even quantitative to some extent as, when the test is carried out under
      certain predetermined circumstances, the antibiotic diffuses into the agar
      forming a gradient of decreasing concentrations in the agar. In the region
      where the concentration of the antibiotic is below a certain level,
      inhibition of growth will not occur so that the medium is influenced by
      the growth of the microorganism, and the indicator when present changes
      its color. The region where the concentration of the antibiotic is above
      this level, inhibition of growth occurs and the indicator will not change
      its color. The height of the agar medium in the test vessel, e.g. test
      tube, where the color of the indicator changes, defines the sensitivity of
      the test. The sensitivity may be ascertained in the vessels of the
      invention by standardizing the height of the solidified agar in the
      vessel. This feature may be used advantageously to develop a test in which
      the height of the spore-containing agar is selected in such a manner that
      the indicator changes its color when the antibiotic is present in a
      concentration below a certain value, but does not change its color when
      the concentration of the antibiotic is above this value.
PAR  The cross-sectional dimension of the test vessels is preferably 3-20 mm,
      more preferably 6-14 mm, and the height is such that the vessels may
      contain an amount of medium and sample corresponding to a height of
      preferably 3-30 mm. When the test is arranged to be a quantitative test,
      i.e. a test in which some quantitative results may be read from the height
      of the inhibition zone, this height is preferably 20-30 mm. When the test
      is arranged to be a test from which one can read whether a certain
      concentration of antibiotic is present or not, the height is preferably
      5-15 mm.
PAR  When filled with a predetermined amount of the liquid agar medium, the
      contents are allowed to solidify when the test vessels are in upright
      position so that a horizontal agar surface is obtained. The test vessels
      containing the solidified agar medium containing the spores may be closed
      in which condition they may be stored for at least several months, if
      necessary in a refrigerator, without the spores losing their viability.
PAR  When carrying out the test for the presence of an antibiotic, the required
      nutrient compounds which may contain an indicator are first placed on the
      surface of the spore-containing agar medium in the test vessel. Although a
      predetermined amount of the nutrient compounds in liquid form may be
      placed on the surface of the agar medium, it is preferred to use the
      nutrients in dry form, preferably in the form of filter paper discs or
      tablets containing the required nutrient compounds in a dried state so
      that the nutrients have a better storage stability. The discs or tablets
      should be smaller than the cross-sectional area of the vessel to prevent
      air entrapment when the disc or tablet is laid on the medium as air
      entrapment would influence the diffusion pattern in the agar. Nutrients to
      be used should contain at least an assimilable carbon source and nitrogen
      source, preferably in the form of glucose and peptone, depending on the
      strain applied. The nutrient discs or tablets may contain the indicator
      and/or buffer.
PAR  After placing the nutrient compounds on the surface of the agar medium, a
      predetermined amount of the liquid to be tested, generally milk, or meat,
      is added to the contents of the test vessel. This may be done directly
      after placing the nutrients on the surface of the agar medium or after a
      pre-incubation period. When the nutrients are in a dry form, in the
      pre-incubation method, some water or physiological salt solution may also
      be added. The latter procedure has the advantage that, for example, when a
      batch of milk arrives in a factory where it is used for certain purposes,
      e.g. for distribution as milk for human consumption, for butter and cheese
      making or for yogurt fermentation which may only be done after the absence
      of penicillin (or other antibiotic) residues has been established, the
      period during which the batch should wait before being further used until
      the results of the test are known may be shorter. By applying a
      pre-incubation period, the incubation in the presence of the sample to be
      tested may be shorter than when a pre-incubation period is not applied.
      The pre-incubation period may be, depending on the circumstances, up to
      about  1 hour.
PAR  It is also possible to make a more economical use of the time during which
      the liquid to be tested, generally milk, is transported to the factory by
      starting the test during the transport using thermoblocs to keep the
      temperature constant. Also, a combination of the above-indicated measures
      may be applied.
PAR  The incubation period (including the pre-incubation period) is dependent on
      the circumstances, e.g. the spores used and the nutrient and temperatures
      applied. When using spores of Bacillus stearothermophilus var.
      calidolactis, suitable incubation temperatures are about 55.degree. to
      70.degree.C, preferably 60.degree. to 65.degree.C and incubation periods
      within which reliable results may be obtained are relatively short and
      vary from about 11/2 to 4 hours, preferably from 2 to 3 hours.
PAR  Although the test has been developed especially for application of milk,
      the test may also be used for other materials such as meat. For example, a
      small piece of meat placed directly on the agar, or meat liquid squeezed
      from a sample of meat, or drip liquid from deep-frozen and defrosted meat.
      For that purpose, the nutrients must be adapted to neutralize disturbing
      factors. This may be done by the addition of suitable chemicals, e.g. pH
      buffers, to the test. Disturbing factors such as lactoferine and
      seroferine may be neutralized by the addition of ferrous sulfate.
PAR  As a pre-screening for the residues of antibiotics in slaughter animals,
      the test can be applied to urine since antibiotics accumulate therein. For
      testing undiluted urine, the pH should be adapted to the test by use of
      suitable pH buffers in the tablet. Urine samples may also be tested
      without using additives. In this case, it is necessary, however, to dilute
      the samples about 10 times with water.
PAR  To determine whether an antibiotic present in a sample is a penicillin or
      another antibiotic, it is possible to carry out the test with two test
      vessels. To one of the vessels, a nutrient tablet or an additional tablet
      or disc is added containing penicillinase, while to the other vessel, a
      nutrient tablet is added without penicillinase addition. When
      penicillinase is present, the non-penicillinase-resistant penicillins will
      be decomposed during the test. One could also use another specific
      penicillin inactivator instead of penicillinase such as cysteine.
PAR  According to another feature, the invention provides a test vessel for the
      rapid determination of residues of antibiotic, for example penicillin, in
      liquids, for example milk, or meat, comprising spores of a microorganism
      which possesses a high sensitivity to the antibiotic to be tested in an
      agar medium being sufficiently heavily inoculated that after addition of
      nutrients and incubation at or near optimal temperature in a short time
      sufficient growth has proceeded that either growth is observable visually
      or is indicated by an indicator added to the medium, the said spore
      culture being solidified in the test vessel in its upright position. The
      test vessel may have the dimensions in width and height heretofore
      particularly mentioned.
PAR  It will be appreciated that combinations of a certain number of test
      vessels, e.g. a block of translucent material provided with a number of
      holes shaped to form test vessels of the invention, are also within the
      scope of the present invention. In another embodiment, the vessels which
      may be in the form of test tubes or ampoules containing the spore
      suspension may be combined into a set by means of a suitable rack or
      basket.
PAR  As mentioned above, the test vessels containing the agar medium may be
      stored for a prolonged period depending on maintenance of suitable storage
      conditions, especially temperatures.
PAR  The pH of the agar medium in the test vessel is affected during storage, by
      the ambient air, probably due to the presence of carbon dioxide in the
      air. Therefore, the test vessels such as ampoules are preferably closed
      air-tight during storage.
PAR  Sometimes, the agar tends to come loose from the wall of the vessel. This
      tendency may be decreased by adding to the agar a sticking agent which
      should not act as a nutrient or an inhibitor for the spores. Examples of
      suitable sticking agents are sodium carboxymethylcellulose and sorbitan
      esters known as Tween.
PAR  According to still another feature, the invention provides a test set for
      the rapid determination of residues of antibiotic, for example penicillin,
      in liquids, for example milk or meat, comprising one or more test vessels
      as indicated above and a corresponding amount of discs or tablets
      containing the required nutrients in dried form as indicated above, and
      optionally instruments for placing a disc or tablet on the surface of the
      agar medium and bringing a predetermined amount of sample liquid onto the
      agar surface. Such a set may be wrapped in a suitable packaging material
      such as styropore (a foamed polystyrene) plastic material.
PAR  The test vessels according to the invention may also contain included the
      nutrient discs or tablets. Since the discs or tablets withdraw moisture
      from the agar medium, they are coated for that purpose with a layer
      avoiding moisture transport from the medium into the tablets or discs at
      ordinary or storage temperatures, but allowing nutrients transport under
      the test conditions. An example of a suitable coating is a coating of wax
      having a melting temperature of about 35.degree. to 55.degree.C preferably
      40.degree. to 45.degree.C.
PAR  The set may also contain other useful attributes, for example, a check
      picture from which a rough estimation of the penicillin or other
      antibiotic content may be read from the height of the inhibition zone. It
      may further contain a device for introducing a predetermined amount of
      sample into the test vessel. Preferably, one blank sample without
      penicillin or other antibiotic, e.g. plain water, may be included to
      control the good working of the set.
PAR  As indicated above the method of the invention may be used for
      determination of antibiotic residues, for example penicillin residues, in
      milk. However, residues of antibiotics in other liquids may also be
      determined by means of the method of the invention, for example, residues
      in the liquid which is obtained by squeezing meat, organs, kidneys, drip
      liquid, food-and feed-stuffs, and other liquids such as blood serum and
      urine. If necessary, buffers may be added to control the pH. The buffers
      may be different depending on the animal.
PAR  It will be appreciated that other microorganisms may be used to detect
      other antibiotics if used in practice. This, of course, may involve
      adaption of the medium, the nutrients and the incubation conditions.
DETD
PAR  In the following examples there are described several preferred embodiments
      to illustrate the invention. However, it should be understood that the
      invention is not intended to be limited to the specific embodiment.
PAC  EXAMPLE I
PAC  Preparation of test tubes
PAR  A culture of Bacillus stearothermophilus var. calidolactis L.M.D. 74.1 was
      inoculated on a medium consisting of:
     Bacto nutrient agar, Difco code 0001                                      
                            15         g                                       
     Bacto agar, Difco code 0140                                               
                            5          g                                       
     dextrose               0.5        g                                       
     MnSO.sub.4.H.sub.2 O   30         mg                                      
     distilled water to     1000       ml                                      
     sterilized for 20 minutes at 120.degree.C.                                
PAL  After inoculation, the medium was incubated at 60.degree.C for at least 48
      hours until a good sporulation was observed. The spores were then
      collected, washed with distilled water and stored at 4.degree.C. The
      amount of viable spores was detected by testing on a medium consisting of:
TBL  Bacto agar, Difco code 0140                                               
                            20         g                                       
     Bacto Tryptone, Difco code 0123                                           
                            8.5        g                                       
     Phytone Pepton, BBL code 11905                                            
                            1.5        g                                       
     dextrose               5          g                                       
     distilled water to     1000       ml                                      
     sterilized for 20 minutes at 120.degree.C.                                
PAL  After inoculation, the medium was incubated for 48 hours at 60.degree.C
      after which the colonies were counted. Distilled water was added to, or
      water was removed from, the spore suspension until the suspension
      contained about 10.sup.8 viable germs per ml. One percent of the
      above-mentioned spore suspension containing 10.sup.8 germs per ml was
      added to the following solution:
TBL  Bacto agar, Difco code 0140                                               
                               12      g                                       
     sodium chloride           9       g                                       
     distilled water to        1000    ml                                      
     sterilized for 20 minutes at 120.degree.C.                                
PAL  The medium was liquified by heating and then was cooled at 60.degree.C.
      Sterile test tubes having cross-sectional dimensions of about 9 mm were
      each filled with 0.5 ml of the thus obtained medium and the contents of
      the test tubes were allowed to solidify with the tubes being held in an
      upright position. The tubes were stored at a temperature of 4.degree.C.
PAC  Preparation of nutrient discs
PAR  The following media were prepared:
TBL  (a)  Bromocresol purple (0.1 g) dissolved                                 
          in 9.2 ml of 0.02 N NaOH was diluted                                 
          with distilled water to make 25 ml.                                  
     (b)  dextrose                50          g                                
          distilled water         50          ml                               
     (c)  Bacto Tryptone, Difco code 0123                                      
                                  34          g                                
          Phytone Pepton, BBL code 11905                                       
                                  6           g                                
          distilled water         100         ml                               
PAL  Solutions (a) and (b) were sterilized by passage through a Seitz filter and
      medium (c) was sterilized at 110.degree.C for 30 minutes and medium (c)
      remained a suspension. Five parts of solution (a), two parts of solution
      (b) and three parts of suspension (c) were mixed together, and 0.04 ml of
      the solution obtained was contacted with filter paper discs having a
      cross-sectional dimension of about 8 mm, and the discs were then dried
PAC  EXAMPLE II
PAC  Carrying out a test
PAR  Amounts of penicillin G were added to fresh cow's milk in concentrations of
      0.1, 0.03, 0.01, 0.003 and 0.001 IU per ml, while one sample of cow's milk
      without penicillin G was run as a blank test. Six test tubes, prepared by
      the method of Example I, were each provided with a nutrient disc and 0.2
      ml of each of the samples were added to the test tubes. Immediately, the
      test tubes were placed in a water bath of 65.degree.C and observations
      were made after 3 and 4 hours. The results were:
PAR  Blank sample: the agar turned yellow. In the samples with less than 0.01 IU
      per ml; the agar was colored yellow and In the samples with 0.01 IU per ml
      and higher; the medium was colored violet.
PAC  EXAMPLE III
PAC  Sensitivity of the test compared with sensitivities of known tests
PAR  In the following table, the sensitivity of the test of Example I was
      compared with sensitivities of known tests for the determination of
      residues of antibiotics: a kidney test used in The Netherlands described
      by Schothorst and Peelen-Knol in Tijdschr. v. Diergeneesk; Vol. 95 (1970),
      p. 438-445; and a German method developed by the German
      Bundesgesundheits-Amt. cf. Levetzow, Bundesgesundheitsblatt Vol. 14(1971)
      p. 30-42 and Bartels et al., Die Fleischwirtschaft Vol. 52(1972) p.
      479-482. The test of the invention was carried out in two ways: in the
      first place, the test was carried out with the antibiotics indicated below
      dissolved in saline, and in the second place, with milk contamined with
      the indicated antibiotics. The first test gives an impression as to what
      may be expected when the test is carried out as a meat test.
PAR  It is clear from the table, in which the sensitivities are indicated in
      .mu.g/ml, that the test of the invention is more sensitive than the kidney
      test for most of the antibiotics tested. This is also true for the
      comparison with the German test where it may be appreciated that the test
      of the invention is much more sensitive to penicillin.
TBL                                    TABLE                                   
     __________________________________________________________________________
     Antibiotic   Test of Invention                                            
                                 Kidney test                                   
                                        Modifications kidney                   
                                                     German method             
                  Upper limit                                                  
                         Under and                                             
                                 S. lutea                                      
                                        test; S. lutea                         
                                                     B.subtilis                
                  in phys.                                                     
                         upper limit in                                        
                                 40 ml per                                     
                                        20 ml per plate                        
                  salt sol.                                                    
                         milk    plate  pH 6  pH 8   pH 6  pH                  
     __________________________________________________________________________
                                                           8                   
     1  penicillin Na-salt                                                     
                  0.004  0.003-0.005                                           
                                 0.04   0.02  0.02   0.01  0.01                
     2  kanamycin 10     20-30   ca.200 ca.200                                 
                                              16     3     0.9                 
     3  neomycin  2      2-8     ca.600 ca.400                                 
                                              1      10    0.1                 
     4  streptomycin                                                           
                  10     18-22   80-100 40    1      1     0.2                 
     5  crythromycin                                                           
                  0.8    1.5-3   1-2    0.8-1 0.05   20    0.8                 
     6  oleandomycin                                                           
                  5      5-10    8-10   7     0.05   20    0.2                 
     7  spiramycin       &gt; 10    ca.150 ca.100                                 
                                              0.4    &gt; 200 2                   
     8  oxytetracyclin                                                         
                  0.1    0.2-0.5 2-4    2     ca.10  0.5   8 (?)               
     9  chlorotetracyclin                                                      
                         0.15-0.4                                              
                                 ca.0.8 0.6   1      0.08  0.4                 
     10 tetracyclin-HCl                                                        
                  0.05   0.15-0.4                                              
                                 2-4    2     &gt; 10   0.5   8                   
     11 rifamycin        0.03-0.04                                             
                                 0.03   0.01  0.02   0.02  0.04                
     12 zinc bacitracin                                                        
                  0.1    0.2-0.4 1      0.6   4      ca.300                    
                                                           ca.500              
     13 chloramphenicol                                                        
                  8      5-7.5   5-8    4     6      5     8                   
     14 nafcillin 0.04   0,01-0.02                                             
                                 0.2    0.1   0.1    4     &gt; 10                
     15 furazolidone                                                           
                  5      ?-8     ca.100 ca.60 &gt; 100  1     2                   
     16 sulfamezathin    &gt; 1000  ca.2000                                       
                                        ca.1000                                
                                              ca.700 ca.700                    
                                                           ca.200              
     17 1)               0.6-0.8 50 S;12 T                                     
                                        20 S;4T                                
                                              8 S; 1.2 T                       
                                                     5 S; 1 T                  
                                                           4 S; 0.8 T          
     18 spectinomycin                                                          
                  4      1-?     ca.1000                                       
                                        ca.600                                 
                                              30     70    30                  
     19 lincomycin                                                             
                  0.6    ?-0.5   ca.2   1     0.1    500   5                   
     20 cloxacillin      0.003-0.004                                           
                                 0.4    0.2   0.4    0.2   0.4                 
     __________________________________________________________________________
      1) 200 mg sulfadoxin + 40 mg trimetroprim                                
PAR  Various modifications of the tests and the method of the invention may be
      made without departing from the spirit or scope thereof and it is to be
      understood that the invention is to be limited only as defined in the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the rapid determination of the presence or absence of
      residues of antibiotic in liquids and meat comprising introducing spores
      of a microorganism which possesses a high sensitivity for the antibiotic
      to be determined in an agar medium so that the spores are prevented from
      starting to germ by lack of nutrients, but stay alive, and being
      sufficiently heavily inoculated that after addition of nutrients and
      incubation at or near optimal temperature in a short time sufficient
      growth has proceeded that growth is indicated by an indicator added either
      to the agar medium or to the nutrients, the resulting spore and agar
      mixture being allowed to solidify in upright test vessels having a
      cross-sectional dimension sufficiently small to require as little of the
      agar medium as possible, but sufficiently large to enable a correct
      determination of inhibition of growth of the microorganism to be made and
      having a height so that the vessel can contain a sufficient amount of
      medium and a sufficient amount of sample liquid to be tested, placing on
      the agar surface dried nutrients, in the form of a filter paper disc or
      tablet, required for growth, adding a predetermined amount of sample
      liquid to be tested to the test vessel, and incubating at or near optimal
      temperature the contents of the test vessel for a predetermined time so
      that the extent of growth or inhibition of growth of the microorganism
      read in a vertical sense indicates absence or presence of antibiotic.
NUM  2.
PAR  2. The method of claim 1 wherein the cross-sectional dimension of the test
      vessels is 3 to 20 mm.
NUM  3.
PAR  3. The method of claim 2 wherein the cross-sectional dimension of the test
      vessels is 6 to 14 mm.
NUM  4.
PAR  4. The method of claim 1 wherein the height of the sample to be tested and
      the medium is 3 to 30 mm.
NUM  5.
PAR  5. The method of claim 4 wherein the height of the sample to be tested and
      the medium is 5 to 10 mm.
NUM  6.
PAR  6. The method of claim 1 wherein preincubation is effected before addition
      of the sample liquid.
NUM  7.
PAR  7. The method of claim 1 wherein an indicator is added to the spore culture
      in the agar medium.
NUM  8.
PAR  8. The method of claim 1 wherein an indicator is added to the nutrients.
NUM  9.
PAR  9. The method of claim 7 wherein the indicator is an acid base indicator.
NUM  10.
PAR  10. The method of claim 9 wherein the indicator is selected from the group
      consisting of bromocresol purple and phenol red.
NUM  11.
PAR  11. The method of claim 7 wherein the indicator is a redox indicator.
NUM  12.
PAR  12. The method of claim 11 wherein the redox indicator is
      2,3,5-triphenyl-tetrazolium chloride.
NUM  13.
PAR  13. The method of claim 1 wherein the pH of the medium is about 7 at the
      beginning of the test period to obtain an optimal growth rate.
NUM  14.
PAR  14. The method of claim 1 wherein the pH of the medium is about 8 at the
      beginning of the test period to adapt the sensitivity of the test to
      aminoglucoside antibiotics.
NUM  15.
PAR  15. The method of claim 1 wherein the spores used are of the species of the
      genus Bacillus.
NUM  16.
PAR  16. The method of claim 15 wherein the spores used are selected from the
      group consisting of Bacillus calidolactis, Bacillus subtilis, Bacillus
      stearothermophilus and Bacillus stearothermophilus var. calidolactis.
NUM  17.
PAR  17. The method of claim 16 wherein the spores used are Bacillus
      stearothermophilus var. calidolactis (L.M.D. 74.1).
NUM  18.
PAR  18. The method of claim 1 wherein a mixture of spores of different
      organisms is used.
NUM  19.
PAR  19. The method of claim 1 wherein the spore and agar mixture contains
      10.sup.5 to 10.sup.8 spores of microorganisms per ml of agar medium.
NUM  20.
PAR  20. The method of claim 1 wherein the spore and agar mixture contains
      10.sup.6 to 10.sup.7 spores of microorganisms per ml of agar medium.
NUM  21.
PAR  21. The method of claim 1 wherein the spores of a microorganism are
      obtained by cultivation of the microorganism in surface culture on agar or
      in a submerged liquid culture.
NUM  22.
PAR  22. The method of claim 1 wherein the nutrients in the form of tablets are
      coated with a layer avoiding moisture transport from the medium into the
      tablets at ordinary or storage temperatures, but allowing nutrients to
      transport under the conditions.
NUM  23.
PAR  23. The method of claim 22 wherein the coating layer consists of wax having
      a melting temperature of about 35.degree. to 55.degree.C.
NUM  24.
PAR  24. The method of claim 16 wherein the incubation temperature is about
      55.degree. to 70.degree.C.
NUM  25.
PAR  25. The method of claim 16 wherein the incubation temperature is 60.degree.
      to 65.degree.C.
NUM  26.
PAR  26. The method of claim 16 wherein the incubation period is about 11/2 to 4
      hours.
NUM  27.
PAR  27. The method of claim 16 wherein the incubation period is 2 to 3 hours.
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ABST
PAL  A continuous-flow method and apparatus for the determination of alcohol in
      a biological fluid such as blood is disclosed. A packed column containing
      the enzyme alcohol dehydrogenase physically entrapped in a acrylamide gel
      together with other special ingredients which extend the active life of
      the enzyme in the test environment is provided. Downstream of the packed
      column a transparent measurement cell is provided in conjunction with a
      fluorescence spectrophotometer which is utilized to measure the
      fluorescence of the effluent which is directly related to the amount of
      ethyl alcohol in the original sample. The fluorescence measurement is
      electrically transformed by conventional means into a direct readout of
      the alcohol content of the sample. This obtains from the fact that alcohol
      dehydrogenase catalyzes the oxidation of ethyl alcohol in the presence of
      non-fluorescening NAD to produce acetaldehyde and fluorescing NADH.sub.2.
      The alcohol dehydrogenase is immobilized and its activity preserved in a
      manner which allows many tests to be run without any significant loss of
      enzyme or enzyme activity thereby accomplishing considerable cost
      reduction in the procedure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the field of testing samples of biological
      fluids for specific component species and in particular, the determination
      of alcohol in blood by the use of fluorescence spectroscopy.
PAR  2. Description of the Prior Art
PAR  The use of enzymes in chemical analysis for the determination of various
      components in biological fluids is gaining rapidly as a practical
      analytical technique. This technique generally involves the measurement of
      the concentration of one or more produce species or other change in the
      condition of a solution following an enzyme-catalyzed reaction in which a
      specific enzyme is utilized to catalyze a known specific reaction. One
      specific reaction which has been found very useful is the detection of
      ethyl alcohol or other alcohols in biological fluids utilizing the enzyme
      alcohol dehydrogenase (ADH). It has been found that ADH catalyzes the
      reaction between certain alcohols, for example, ethyl alcohol and
      nicotinamide-adenine-dinucleotide (NAD) to produce the corresponding
      aldehyde plus NADH.sub.2. Using ethyl alcohol as an example, the following
      reaction takes place:
EQU  CH.sub.3 CH.sub.2 OH +  NAD.sup.ADH CH.sub.3 CHO + NADH.sub.2
PAR  the above reaction is normally conducted with a slight excess of NAD to
      assure that all the ethyl alcohol is oxidized. The amount NADH.sub.2 can
      then be measured spectrophotometrically. This has been done, for example,
      by measuring the NADH.sub.2 at 340 nm using a conventional UV
      spectrophotometer.
PAR  Prior art devices utilizing the above reaction for the determination of
      blood alcohol concentration have been essentially batch-type operations
      wherein fresh enzyme must be utilized for each test. Also, special
      cleaning steps must be utilized to insure that residual products of one
      reaction are not present to interfere with readings taken for subsequent
      tests. The cost of continually replenishing the enzyme along with the
      other drawbacks associated with the batch-type operation have rendered the
      costs of such testing in many cases prohibitive.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a method and
      apparatus for chemical analysis which combines an improved
      enzyme-catalyzed reaction system utilizing a reusable immobilized enzyme
      and an improved fluorometric sensing technique in a flow-through
      analytical system. By means of the present invention a large number of
      determinations may be made without replacing either the enzyme or
      utilizing any special cleaning procedure for the system.
PAR  Briefly, the present invention contemplates a method and apparatus for
      determining the concentration of an alcohol in a biological or other
      sample, e.g., the determination of ethyl alcohol in blood, wherein the
      measured sample is combined with an amount of a buffered carrier solution
      and introduced into a flow-through reaction chamber which may be a
      packed-column, for example, containing an amount of an immobilized alcohol
      dehydrogenase, where the desired reaction is catalyzed and takes place.
      After traversing the packed column, the solution, in which the desired
      action is substantially complete, then continues to flow, while remaining
      in a closed system, through a transparent cell wherein the fluorescence of
      the reacted solution is measured utilizing a conventional fluorescence
      spectrophotometer which can, by conventional electronic means, produce a
      recorded or other output indicating the concentration of alcohol in the
      sample. The effluent containing the reacted sample is then discarded via a
      drain.
PAR  The flow-through system of the present invention may be one utilizing a
      constant-head type pump or may be operated by gravity. The flowrate may be
      conveniently controlled by selection of size and length of the column and
      conduit components of the flow system such that the reaction is
      essentially completed by the the time the reacted solution reaches the
      measurement cell.
PAR  The activity of the immobilized alcohol dehydrogenase is really extended in
      life span and increased in amount by the provision of a specially buffered
      carrier solution, gelling and storage techniques. This involves the use of
      certain combinations of ADH stabilizers for gel preparation, storage and
      use. These stabilizers are normally selected from a group including
      ammonium sulfate (0.1 to 1.0 M), dithiothrietol (DTT) (approximately 0.001
      M), glycine (approximately 1%), sodium pyrophosphate (approximately 3%),
      zinc cloride (approximately 0.01 M). In the carrier solution of the
      preferred embodiment pyrosphosphate or Tris buffer is employed in
      combination with ammonium solfate and DTT.
PAR  If desired, a second column-measuring cell system may be utilized wherein
      the packed-column does not contain any immobilized alcohol dehydrogenase
      but is identical to the first column in other respects. Samples may then
      be run through both systems and the difference in the resulting
      fluorescence spectrophotometer measurements utilized to derive the
      concentration of alcohol in the sample. This approach is most useful
      wherein the determination of baseline fluorescence of samples such as
      blood may change from sample to sample.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an illustration, partially in block form and partially in
      section, depicting the apparatus of the invention generally; and
PAR  FIG. 2 is a graphical illustration depicting the relationship between the
      fluorescence of the effluent and the percentage of alcohol in a blood
      sample.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 depicts a typical apparatus in accordance with the present
      invention. For purposes of clarity some of the figure is shown in section
      and for simplification some conventional parts are illustrated in block
      form. A reservoir for containing a buffered organic carrier solution is
      illustrated in block form at 10. This reservoir may be in the form of a
      constant-head tank using a conventional overflow weir system to achieve a
      constant flowrate through a valve 11 and a conduit 12. The conduit 12
      connects with a combining chamber 13 showing in section. A sample
      injection port 14 is provided for the introduction into the analytical
      system of the biological fluid to be analyzed. The injection may be
      accomplished by utilizing a graduated syringe or other premeasured,
      small-volume container. The bottom of the injection port 14 may be closed
      by a septum through which the sample is injected. In the mixing chamber 13
      the carrier solution and sample solution are combined prior to analysis.
PAR  The combined solution then passes through a porous closure member 16 in
      which may be a fine metal screen (approximately 100 mesh) or a glass frit
      material of similar permeability, into a reaction column 17. The reaction
      column 17 contains an amount of the enzyme alcohol dehydrogenase
      immobilized in a finely divided cross-linked polyacrylamide gel matrix, as
      discussed in greater detail below. A second porous member 18, which may be
      identical with the member 16, closes the bottom of the column 17 in a
      manner which allows the test solution to defuse therethrough but prevents
      the loss of any of the enzyme-containing gel from the column. This
      solution then flows through a conduit 19 into a transparent
      fluorescence-measurement cell 20. After the fluorescence is measured in a
      manner discussed in greated detail below, the measured effluent solution
      then flows through a final conduit 21 to a drain opening as at 22 where it
      is discarded.
PAR  If samples of the biological fluid to be analyzed have a background
      fluorescence which may vary from sample to sample, as is the case with
      whole blood samples, a second or reference flow system may be provided
      substantially identical to the first system with one noteable exception.
      Thus, the second system, not shown in section, has a constant head supply
      23 which supplies solution through a valve 24 via a conduit 25 to a mixing
      chamber 26 associated with a sample injection port 27. The combined
      solution then flows through a column 28, conduit 29,
      fluorescence-measurement cell 30 and a conduit 31 to a drain 32. A septum
      similar to 15 and semipermeable or diffusion membranes similar to 16 and
      18 are also provided in this second system although not illustrated. The
      only difference between the two systems is the fact that the gel located
      in the reaction column 28 contains no immobilized enzyme corresponding to
      that contained in the reaction column 17.
PAR  Remaining system components include a fluorescence spectrophotometer shown
      partially in section at 33 which may be equipped with a readout meter 34
      and a recording output device as at 35.
PAR  The several conduit means and chambers connected thereby in both the
      analysis and reference systems may be made of glass tubing or any other
      conventional material normally used for such analytical apparatus. The one
      important limitation, of course, is that they must be constructed of a
      material which does not chemically affect or is not affected by the
      solutions passing therethrough. The connecting fittings also may be any
      conventional type fittings compatable with the materials used in
      constructing the conduit and chambers. Thus, screwed compression fittings
      have been used, for example.
PAR  The gel utilized for entrapping the enzyme is a specially prepared
      crossed-linked acrylamide gel in which cross-linking agent is normally N,
      N'-methylenebisacrylamide and wherein the mole ratio of the acrylamide
      monomer to the cross-linking agent is normally in the range from about
      45:1 to about 55:1 and the solids content is about 21 percent. The high
      ratio gel used yields a much improved enzyme lattice in which leaching out
      of ADH molecules is greatly reduced. The general preparation of the gel is
      well known in the art and that of a particularly successful gel is more
      fully described in the copending application of Koch et al., Ser. No.
      425,043 filed Dec. 14, 1973 (which is a division of Ser. No. 276,630 filed
      July 31, 1972, now abandoned) and assigned to the same assignee as the
      present application.
PAR  An important aspect of the present invention in regard to the
      immobilization and longer-term use of the ADH lies in the particular
      technique of keeping the ADH activity at a high level for a relatively
      long period of time. It has been found that ADH, in contrast to many other
      successfully immobilized enzymes, required chemical stabilizers in
      gelling, storage and use in order to keep its activity at a sufficiently
      high level for more than a few hours. The stabilizers which have been
      effectively used include ammonium sulfate (0.1 M to 1.0 M) dithiothrietol
      (DTT) -- (approximately 0.001 M), glycine (approximately 1%), sodium
      pyrosphosphate (approximately 3%), and zinc chloride (approximately 0.01
      M).
PAR  Tests on supernatant and gel activity showed that the above stabilizers
      indeed keep the ADH from inactivating during the gelling process.
      Experimentation to date indicates that use of all of the above stabilizers
      during gelling produces the most active immobilized ADH.
PAR  After successful preparation of active immobilized ADH was achieved, much
      experimentation was required to determine the best method of retaining
      this activity both in storage of the immobilized ADH and its use in the
      analytical column environment.
PAR  Some of the more important results of the experimental work in varying the
      preparation and storage conditions for the immobilized ADH are shown in
      tables I-A and I-B, below.
TBL                TABLE I                                                     
     ______________________________________                                    
     COMPARATIVE ACTIVITY.sup.(a) OF TWO GELS                                  
     UNDER DIFFERECT STORAGE CONDITIONS                                        
     I-A Same Gels Tested In Column Repeatedly                                 
     Days   Gel I           Gel II                                             
            Solution        Solution                                           
     ______________________________________                                    
     A          B       C       A    B      C                                  
     2                      99.3              124.6                            
     3                      79.5              97.4                             
     6                      82.5              77.4                             
     7                      88.0              84.9                             
     8      14.8                  0                                            
     9              71.3               69.9                                    
     10             49.4                                                       
     13             32.7               21.8                                    
     14                     68.8              69.6                             
     42                     11.3               9.5                             
     I-B Stored Gel Portions Previously Unused                                 
     Days   Gel I           Gel II                                             
            Solution        Solution                                           
     ______________________________________                                    
            A       B       C     A    B      C                                
     2                      99.3              124.6                            
     8      14.8                  0                                            
     9              71.3               69.9                                    
     10     11.5                                                               
     15                     95.3              114.8                            
     28                     54.7                                               
     35             75.0               109.0                                   
     36      1.0                  0                                            
     44             58.5                                                       
     48                                       119.2                            
     Conditions:                                                               
              Gel I prepared with all stabilizers.sup.(b)                      
              including 1.0 M (NH.sub.4) .sub.2 SO.sub.4.                      
              Gel II prepared with all stabilizers including                   
              0.1 M (NH.sub.4).sub.2 SO.sub.4.                                 
              Each gel was divided into three equal portions                   
              (A,B,C) and soaked in 10 ml of different                         
              solutions as follows:                                            
     Solution A:                                                               
              0.1 M Phosphate Buffer, pH 7.4 (NH.sub.4) .sub.2 SO.sub.4        
              gel conc.), 10.sup.-.sup.3 M DTT.                                
     Solution B:                                                               
              (NH.sub.4) .sub.2 SO.sub.4 (gel conc.), 10.sup.-.sup.3 M DTT.    
     Solution C:                                                               
              (NH.sub.4) .sub.2 SO.sub.4 (gel conc.), 10.sup.-.sup.3 M DTT -   
              then dried                                                       
              in N.sub.2 Stream with hydration prior to tests.                 
     ______________________________________                                    
      .sup.(a) Activity values are expressed in % and correspond to an arbitrar
      NADH.sub.2 reference concentration of 0.14, .mu.M set at 100%. This is an
      accurate gage of the ability of the enzyme to catalyze the ETOH + NAD    
      CH.sub.3 CHO + NADH.sub.2 reaction.                                      
      .sup.(b) Ammonium sulfate (0.1 N to 1.0 M, dethiothrietol                
      (DTT)-(approximately 0.001), glycine (approximately 1%), sodium          
      pyrosphosphate (approximately 3%), and zinc chloride (approximately 0.01 
      M).                                                                      
PAR  Table I shows experimental results of two gels which were prepared to
      determine optimum storage conditions, optimum concentration of (NH.sub.4)
      .sub.2 SO.sub.4, and gel longevity.
PAR  Table I-A shows activity of the same gel column on different days. Between
      testing, gels were returned to the indicated (i.e., A, B or C) storage
      conditions. The results obtained from corresponding portions of Gels I and
      II are similar indicating no significant difference due to the indicated
      levels of (NH.sub.4) .sub.2 SO.sub.4 concentration used in gel formation.
      However, the gels soaked in the presence of 0.1 M phosphate (A portions)
      even initially had very low or no enzyme activity, indicating phosphate
      buffer should not be used to store the gel. The gels soaked in (NH.sub.4)
      .sub.2 SO.sub.4 and DTT (B portions) had more activity than those in the A
      portion. However, the gel activity did drop substantially with time over a
      period of only 3 days. The gels soaked in (NH.sub.4) .sub.2 SO.sub.4 and
      DTT, which were dried for storage and rehydrated for each test (C
      portions) maintained activity quite well over a period of about 2 weeks.
PAR  Table I shows comparative activity of samples of the gel from a previously
      unused (i.e., stored unused since preparation) portion I-B of the same gel
      prep used in Table I-A. Table I-B shows the same general trend for
      corresponding portions of Gels I and II. The buffer soaked gels (A
      portions) were very low in activity. Those soaked without buffer (B
      portions) were again higher in activity than the A portions but still
      lower than the C portions which were dried for storage and rehydrated just
      before testing. This again shows that drying the gel is the best method of
      storage. Since portion C of Gel II was consistently higher in activity
      than portion C of Gel I it appears that gels should be prepared with 0.1 M
      (NH.sub.4) .sub.2 SO.sub.4 rather than the 1.0 M solution.
PAR  The buffer utilized in the carrier solution may be any one which does not
      interfere with the desired analytical reaction and does not in itself
      fluoresce or inhibit the activity of the ADH during its useful life in the
      column. The most desirable range of pH in which the desired reaction
      should be conducted is from about 7.5 to about 8.5. Although other buffer
      systems no doubt can be used, success has been achieved using a buffer
      solution of 0.02 M to 0.04 M sodium pyrophosphate or about 0.1 M Tris
      (hydroxymethyl) aminomethane buffer.
PAR  In the buffered carrier solution and analytical environment described, it
      has been found that reproducibility of results over an 8 hour period have
      been good. Because of the decreases in gel activity from day to day,
      however, the gel should be calibrated each day by running a standard
      aqueous alcohol solution to recalibrate the system.
PAR  As mentioned above, the amount of NADH.sub.2 which is directly related to
      the amount of alcohol in a given sample can be measured either
      spectrophotometrically or flurospectrophotomatrically. The level of lethal
      dosage of alcohol in human blood is approximately 0.5% and the range of
      concentrations for legal intoxication is from approximately 0.05% to
      approximately 0.15%, depending on the applicable state law, of course. At
      very low concentrations of NADH.sub.2 fluorescence spectroscopy can be
      many times more sensitive than regular spectroscopy. Thus, the fluorescent
      method of NADH.sub.2 measurement is preferred, since in the determination
      of ethyl alcohol concentration found in a sample of blood, the range of 0
      to 0.5% is all that is required to be measured. In this range tests
      results have indicated that approximately one hundred times the
      sensitivity of regular spectroscopy may be achieved by utilizing
      fluorescence spectroscopy in the system of the present invention.
PAR  As indicated above, because of the variation in background fluorescence of
      samples of whole or blood serum, it is normally necessary to compare a
      blank or unreacted sample with a reacted sample to determine the amount of
      fluorescence attributable solely to the production of NADH.sub.2. As shown
      in FIG. 1, and described above, this is best achieved by utilizing a
      second or reference column of like dimensions packed with a gel of the
      same composition as the first column but containing no enzyme. By
      comparing the difference in fluorescence between blank sample and the
      measured sample the amount of fluorescence directly attributable to the
      ADH action on alcohol may be determined.
PAR  In one experimental embodiment, sample and reference columns were prepared
      by utilizing glass columns approximately 2.5 inches long by 0.13 inches
      I.D. The sample column was filled with ADH gel wherein the concentration
      of ADH in the gel was approximately 2 mg (900 units) per ml of gel and
      wherein the gel was screened through a number 20 sieve. The reference
      columns were attached to cells downstream of the columns in which the
      fluorescence could be measured. A flow of buffer solution consisting of
      aqueous solution of 0.032 M (pH 7.9) sodium pyrophosphate buffer, 0.038 M
      ammonium sulfate, and 0.001 M DTT was established at a rate of
      approximately 0.764 ml/min. The constant flow rate was obtained by
      utilizing a Harvard infusion pump equipped with 50 ml syringes. Identical
      samples of whole blood containing NAD in the approximate concentration of
      0.0035 M and, measuring approximately 50 .mu.l were injected into flowing
      solution. After the solution containing the samples had traversed the
      analysis and reference columns, samples of the effluent were collected and
      the amount of fluorescence measured for each. The size of the columns was
      such that the reaction in the column containing the enzyme was
      substantially completed by the time the effluent emerged from the bottom
      of that column. A Perkin-Elmer-Hitachi flurorescence spectrophotometer
      (model MPF-2A) equipped with a recorder output was utilized to record the
      fluorescence both the analysis and reference samples. With that instrument
      a reading of 100% is set to equal 0.14 .mu.M NADH.sub.2.
PAR  A graph depicting the amount of fluorescence, i.e., the fluorescence
      obtained in the analysis equal to the difference between the analysis and
      reference fluorescence reading is depicted in FIG. 2. It is known that NAD
      when converted to NADH.sub.2 by the ADH column has a fluorescence
      excitation peak of approximately 346 nm and an emission peak at
      approximately 457 nm. Thus, the fluorescence spectrophotometer utilized is
      normally set on these peaks and, in the experimentation described above, a
      4 nm slit or bank width was used in the excitation spectrum and a 16 nm
      slit or band was utilized in the emission spectrum.
PAR  One problem that has been encountered in the analysis of the ethyl alcohol
      concentration found in whole blood samples occurs because of red blood
      cell interference which may greatly reduce the corresponding fluorescence
      reading. However, it has been found that red blood cells travel through
      the system at a much faster rate than the fluorescencing product of the
      enzyme reaction and therefore it is possible to obtain excellent blood
      alcohol concentration values by reading the fluorescence value of the
      effluent after substantially all the red blood cells have passed by, i.e.,
      by reading the last one-third of the effluent, for example.
PAR  Although the preferred embodiment is described with particular reference to
      the detection of ethyl alcohol, alcohol dehydrogenase has been found
      useful in detecting a broad range of compounds including primary,
      secondary and tertiary alcohols, glycerol, cyclopentanol, cyclohexanol,
      amino-ethanol, steriods, etc. Of importance, is the fact that none of the
      above compounds (which could cause interference in blood alcohol
      determination) are normally present in blood at a concentration that would
      interfere with blood alcohol measurements.
PAR  It should also be noted that inasmuch as the rate of the enzyme-catalyzed
      reaction involved is somewhat temperature dependent, conventional
      temperature control means may be required in applications where
      temperature variations are likely.
CLMS
STM  The embodiments of the invention in which an exclusive property or right is
      claimed are defined as follows:
NUM  1.
PAR  1. In a method of determining the concentration of an alcohol of interest
      in a sample wherein the detection of the concentration or change therein
      of the indicating species NADH.sub.2 produced by the reaction of said
      alcohol with NAD in a buffered carrier solution in the presence of the
      enzyme ADH wherein said ADH is immobilized by physical entrapment in a
      cross-linked polyacrylamide gel in a manner which allows free contact
      between the species in the buffered carrier solution and the enzyme
      molecules with little or no loss of enzyme into said carrier solution
      thereby and wherein after said reaction is substantially complete, the
      reacted solution is caused to fluoresce, said fluorescence is measured and
      an output indicative of said fluorescence is generated, the improvement
      comprising the step of adding a quantity of one or more stabilizers
      selected from the group consisting of:
PA1  Ammonium Sulfate (0.1 M to 1.0 M)
PA1  Dithiothrietol (approximately 0.001 M)
PA1  Glycine (approximately 1%)
PA1  Sodium Pyrophosphate (approximately 3%)
PA1  Zinc Chloride (approximately 0.01 M)
PAL  and during the gelling of said gel.
NUM  2.
PAR  2. A method of claim 1 including the steps of placing said immobilized
      enzyme in a packed column and controlling the flowrate of said buffered
      carrier solution through said column.
NUM  3.
PAR  3. The method of claim 1 wherein said alcohol is ethyl alcohol and said
      sample is a solution of blood.
NUM  4.
PAR  4. The method of claim 1 wherein all of said stabilizers are added and
      wherein the concentration of said ammonium sulfate added is approximately
      0.1 M.
NUM  5.
PAR  5. The method of claim 1 including the further steps of soaking said
      prepared gel in an aqueous solution of approximately 0.1 M ammonium
      sulfate and approximately 0.001 M dithiothrietol and drying said gel in a
      stream of gaseous nitrogen prior to storage.
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PAL  A method and apparatus is described for determining the presence and
      quantity of micro-organisms, such as bacteria, fungue and yeast, in a
      given sample. The apparatus includes two sealed containers, a portion of
      which may be penetrated by a sharp instrument, as for example, glass vials
      with flexible septum tops. One container includes a radioactive nutrient
      medium which is capable of s supporting the life process of the
      micro-organism whose presence is being tested. The second container
      includes a liquid scintillation solution which absorbs the product of
      metabolism of the organisms. The sample is introduced into the first
      sealed container, for example, by means of a standard syringe. Any
      micro-organisms present will consume the radioactive nutrient and as a
      result produce radioactive waste. Means are then applied to penetrate the
      containers and allow the flow of the radioactive metabolic product from
      the first container to the second container while preventing any
      contamination from the ambient. The liquid scintillation solution will
      emit light in proportion to the amount of the product of metabolism
      collected from the first container. This light may be detected by standard
      liquid scintillation counters, thus providing a qualitative and
      quantitative measure of the micro-organism in the tested sample.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and apparatus for detecting the presence
      of micro-organisms.
PAR  The need presently exists, in a great variety of applications, for
      detecting the presence of micro-organisms, especially bacteria of various
      types. In clinical medicine and medical research, it is frequently
      necessary to determine the bacteria count of blood, urine or tissue
      cultures. In the food and drug industry, it is essential that lots be
      tested for purity to insure safe consumption of the product.
PAR  Various methods have been proposed for such testing. For example, in
      laboratory testing it has been suggested that the sample be mixed with a
      radioactive nutrient medium in a flask and a cup containing a CO.sub.2
      absorbing material be held above the medium to collect gas emitted by any
      bacteria (Warburg apparatus). The cup is then removed from the flask and
      the absorbing material mixed with a liquid scintillation solution. The
      light emitted from the solution as a result of the CO.sub.2 contained in
      the material is then measured by a scintillation counter. It will be
      realized that this process is fairly cumbersome and would not be entirely
      suitable for testing on a large scale. In addition, exposing the sample
      and the CO.sub.2 absorbing material to the ambient could lead to
      contamination. Furthermore, only a small amount of CO.sub.2 can be
      absorbed by that method and sensitivity is reduced. Other methods have
      been proposed utilizing the concept of measuring the CO.sub.2 emitted by
      micro-organisms during a life-support process, whether for measuring
      directly the sterility of a sample or for the distinctly different
      objective of determining the efficacy of a sterilization process by
      including a special chamber in the sterilizing atmosphere (see for
      example, U.S. Pat. No. 3,657,073 and U.S. Pat. No. 3,313,712). Presently
      available methods usually suffer from one or more of the problems of
      unreliability, contamination, ineffectiveness of separating nutrient
      medium from detection means, or excessively costly or complex equipment.
      It is therefore a primary object of the present invention to provide a
      reliable apparatus and method for detecting micro-organisms with a minimum
      number of processing steps and utilizing inexpensive, disposable apparatus
      to permit testing on a large scale.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, apparatus is provided which includes two
      sealed containers which may be penetrated without exposing the contents to
      the environment, as for example, glass vials with flexible septum tops. A
      first container includes a radioactive nutrient medium which is utilized
      in the life process of the organism to be tested, and the second container
      includes a liquid scintillation solution which can indicate the presence
      of radioactive metabolic products by emitting light in response thereto.
      The sample to be tested is introduced into the first container by
      penetrating with a sharp instrument such as a standard syringe. Means are
      provided in the apparatus for coupling together the two containers such
      that the metabolic products produced in the first will be introduced into
      the second. The light produced by the scintillation solution can then be
      measured by a standard scintillation counter and the presence of
      micro-organisms therefore determined.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other features of the invention will be delineated in detail in
      the description to follow. In the drawing:
PAR  FIG. 1 is a cross-sectional view, partly schematic, of apparatus for
      detecting the presence of micro-organisms in accordance with one
      embodiment of the invention; and
PAR  FIG. 2 is a cross-sectional view of apparatus for detecting the presence of
      micro-organisms in accordance with a further embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The method, as well as the apparatus, of the invention can best be
      described in relation to FIG. 1. A first sealed container, 10, comprises a
      glass vial 11, with a flexible membrane 12, tightly secured to the top by
      cap 13. The flexible cover can be any suitable material which is resilient
      enough to be penetrated by a sharp instrument without exposing the
      contents of the vial to the ambient and which is inert to the contents of
      the container. A material found particularly suitable is a teflon-lined
      rubber membrane, but any of a number of other materials may be used. The
      container itself may also be made from other materials such as plastic. A
      second sealed container 14, is also provided which in the above respects
      may be identical to the first container.
PAR  Within the first container 10, there is a liquid nutrient medium 15, which
      is radioactive. The particular medium chosen will depend on the type of
      micro-organism which is being tested for. In general, it is known in the
      art what medium will support the life processes of a particular organism.
      For example, for the detection of E. coli bacteria, a suitable medium
      would be fluid thioglycollate medium along with a radioactive material
      comprising L-Cystine (.sup.14 C). Provided within the second vial 14, is a
      liquid scintillation solution 16. The solution is one which will absorb
      the metabolic products of the micro-organisms, intersperse the products
      homogeneously throughout the solution and emit light in response thereto.
      In this embodiment, radioactive carbon dioxide will be produced by the
      micro-organisms in vial 10. A particularly useful material for detecting
      CO.sub.2 has been found to comprise: approximately 500 ml/liter of a
      solvent of toluene or xylene, approximately 5 gms/liter of a primary
      phosphor such as 2,5-diphenloxazole (PPO), approximately 200 mg/liter of a
      secondary phosphor such as 2,2'-p-phenylenebis (5-phenyloxazole) (POPOP),
      approximately 300 ml/liter of phenethylamine as a trapping agent, and
      approximately 200 ml/liter of a secondary solubility agent such as
      methanol. Other solutions capable of performing the functions necessary in
      the present invention may be either known in the art or devised, and such
      solutions may be utilized in place of the particular example described
      here. It will also be clear that the proportions given here are
      illustrative and may be varied.
PAR  The apparatus further includes a first pair of needles 17 and 18, which are
      capable of penetrating the top of the first vial without exposing the
      contents to the ambient, and a second pair of needles 19 and 20, which are
      likewise capable of penetrating the top of the second vial. These needles
      are secured within a suitable holder 21, which is cut away for purposes of
      illustration in FIG. 1. The holder may comprise, for example, aluminum.
      Each needle is coupled by means of fittings, 22, such as luer fittings, to
      an opening in one of three pieces of tubing provided in the holder. The
      tubes may be made of a material such as neoprene. As shown, needle 17 is
      coupled to tubing 23 which extends outside the holder, needles 18 and 19
      to opposing ends of tube 24, and needle 20 to one opening of tube 25 which
      also extends outside the holder and is coupled to a receptacle 26. The
      holder is capable of moving in a vertical direction in the Figure so that
      the needles may be inserted in and withdrawn from the vials, the holder
      being in the lower position in FIG. 1. Any suitable mechanical means (not
      shown) may be provided for this purpose. For example, the holder may be
      operated by a lever as in a standard drill press or by a rotating knob by
      utilizing a worm screw. The precise means employed for this purpose is not
      significant in the context of the invention.
PAR  In accordance with this embodiment of the method of the invention, the
      holder is initially in its upper position so that the needles have not
      penetrated the vial tops. The sample to be tested is introduced into
      container 10, by penetrating the top with a standard syringe (not shown).
      Any bacteria present in the test sample will feed on the nutrient medium
      15 in container 10 and as a result give off radioactive CO.sub.2. A
      sufficient period of time should be allowed to permit the bacteria to grow
      (approximately 15 minutes). The containers are then put in place and the
      holder 21 is lowered to the position shown in FIG. 1 so that the needles
      penetrate into the appropriate container. Advantageously, tube 23 is
      coupled to a source of inert gas (not shown), such as nitrogen so that the
      gas is introduced into container 10 through needle 17. It will be noted
      that needle 17 lies above the liquid medium 15. The inert gas flushes out
      any radioactive CO.sub.2 through needle 18. The radioactive CO.sub.2
      therefore flows through tube 24 and needle 19 into container 14. In
      particular, since needle 19 preferably extends into the solution 16, the
      CO.sub.2 is introduced directly into the liquid. The solution 16, will
      absorb the CO.sub.2 present and emit light in proportion thereto. Thus,
      after a short period of time (of the order of a few seconds), the holder
      is raised and the container 14 removed. The light emanating from container
      14 can be measured by placing the container in a standard liquid
      scintillation counter (not shown). The measure of light therefore provides
      an accurate measure of any bacteria present in the tested sample. If any
      excess CO.sub.2 is produced, it will flow through needle 20 and tube 25
      into receptacle 26 which acts as a CO.sub.2 trap. This receptacle may be
      removed when full and replaced.
PAR  It will be seen that many advantages accrue from the method and apparatus
      of the invention. The system is completely closed to the environment thus
      preventing any contamination which would result in errors in measurement.
      The process is easily performed on a large scale. The vials used are
      disposable, while the holder and its associated tubes and needles may be
      used repeatedly. The apparatus is also inexpensive. The only complex
      equipment required in the entire operation is the liquid scintillation
      counter. However, counters are usually standard equipment for other
      applications in research laboratories and hospitals and so no
      extraordinary expense would be required for the present application.
PAR  An additional advantage of the present invention over most prior art
      methods is the capability of a quantitative as well as qualitative
      measurement. The number of counts produced by the scintillation counter
      will be proportional to the number of light bursts in the scintillation
      solution, which in turn will be directly proportional to the amount of
      CO.sub.2 produced. Thus, the number of counts can be correlated to the
      number of bacteria present in the sample.
PAR  A second embodiment of the invention is shown in FIG. 2, with elements of
      the apparatus corresponding to those of FIG. 1 similarly numbered. As in
      the previous example, two sealed containers 10 and 14, are provided which
      include, respectivley, a radioactive nutrient medium 15 and a liquid
      scintillation solution 16. In this case, however, the containers are shown
      as sealed by rubber stoppers 30. Other means may be employed to close off
      the containers including the membrane of the previous embodiment, as long
      as the material is resilient and inert to the contents of the container.
      Container 10 is provided with a pair of tubes 31 and 32, which extend from
      the environment through the rubber stopper into the liquid medium as
      shown. The tubes may, for example, be made of glass or metal. Attached to
      one end of tube 32 by means of fitting 33 is a needle 34. Caps (not shown)
      may be provided at the end of tube 31 and needle 34 to prevent
      contamination of the medium prior to use. Tube 35 extends through the
      stopper of container 14 and terminates in the space above the liquid
      scintillation solution 16. The end of tube 35 outside the container may be
      coupled to receptacle 26.
PAR  In accordance with this embodiment, the test sample is introduced by
      piercing the stopper with a standard syringe (not shown) as in the
      previous example. After giving the micro-organisms a chance to grow (a
      period of approximately 15 minutes), the container 10 is turned upside
      down and needle 34 is inserted through stopper 30 of container 14. The
      length of needle 34 is chosen so that when inserted it can extend into the
      liquid 16. The lengths of tubes 31 and 32 are also chosen so that when
      container 10 is inverted, the ends of the tubes lie in the space above
      liquid 15. Tube 31 can then be coupled to a source of inert gas (not
      shown) such as nitrogen in order to flush out of container 10 any
      radioactive CO.sub.2 produced by the micro-organisms. The CO.sub.2 thereby
      flows through tube 32 and needle 34 into liquid 16. Again, the two
      containers need be coupled together for only a few seconds. Any excess
      CO.sub.2 will flow through tube 35 into receptacle 26 which acts as a
      CO.sub.2 trap, as in the previous embodiment.
PAR  The vials are then decoupled and container 14 in placed in a liquid
      scintillation counter as before to measure the light produced by liquid 16
      in response to the CO.sub.2 absorbed therein. It will seen that this
      embodiment affords the same advantages as the previous embodiment, with
      the added feature of not requiring any special apparatus external to the
      vials for allowing the CO.sub.2 to flow from one vial to the other.
PAR  While the above-described embodiments have utilized the detection of
      radioactive carbon dioxide produced by micro-organisms, it should be clear
      that other products of metabolism may be measured with some modifications
      in the contents of the two vials. For example, it is possible to detect
      radioactive water produced by the micro-organisms, if the nutrient medium
      in the first vial (10) includes tritiated cystine as the radioactive
      element and the second vial (14) includes a substance for absorbing the
      water and emitting light, such as a solvent of p-dioxane, approximately 5
      gm/liter of PPO and approximately 200 mg/liter of POPOP. Similarly,
      radioactive SO.sub.2 may be produced and detected if the nutrient medium
      includes L-Cystine (S.sup.35) and the solution in vial 14 comprises one
      which will absorb SO.sub.2 and emit light such as approximately 500
      ml/liter of a solvent such as toluene, approximately 5 gm/liter of PPO,
      approximately 200 mg/liter of POPOP and approximately 200 mg/liter of
      methanol as a trapping agent. Again, these proportions are illustrative.
PAR  Various additional modifications will become apparent to those skilled in
      the art. All such variations which basically rely on the teachings through
      which the invention has advanced the art are properly considered within
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for detecting micro-organisms in a sample comprising:
PA1  a first sealed container into which the sample may be introduced including
      therein a radioactive nutrient medium which is capable of supporting the
      life process of the micro-organisms to be detected;
PA1  a second sealed container including therein a solution which is capable of
      absorbing the radioactive metabolic product of the micro-organisms in said
      sample and emitting light in response thereto; and
PA1  means for coupling together the first and second containers so that the
      radioactive metabolic product produced by the micro-organisms of the
      sample in the first container may be introduced into said second container
      without contamination of the contents of said containers by the
      environment and without physical contact of the medium with any portion of
      the second container.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein each of said containers
      includes an opening covered by a resilient material which material may be
      penetrated by said means without exposing the contents to the environment.
NUM  3.
PAR  3. The apparatus according to claim 1 wherein the means comprises first and
      second needles coupled to opposing ends of a first conduit and secured in
      spaced relation by a movable holder such that each of said needles may be
      inserted into one of said containers to allow the radioactive metabolic
      product to flow from the first to the second container and said needles
      may then be withdrawn without contamination of the contents by the
      environment.
NUM  4.
PAR  4. The apparatus according to claim 3 further comprising
PA1  a third needle secured by said holder adjacent to said first needle and
      coupled to a second conduit, said third needle being in position to
      penetrate said first container along with said first needle and said
      second conduit extending outside said holder.
NUM  5.
PAR  5. The apparatus according to claim 4 further comprising
PA1  a fourth needle secured by said holder adjacent to said second needle and
      coupled to a third conduit extending outside said holder, said fourth
      needle being positioned so as to penetrate said second container along
      with said second needle.
NUM  6.
PAR  6. The apparatus according to claim 1 wherein each of said containers
      includes an opening therein sealed by a resilient material and said means
      for coupling the containers comprises a tube extending through said
      material of said first container one end of which extends within the
      container and the other end of which extends outside said container and
      further comprising a needle coupled to the end of the tube extending
      outside the container which needle is capable of penetrating the resilient
      material of said second container without contamination of the contents by
      the environment.
NUM  7.
PAR  7. The apparatus according to claim 6 further comprising a second tube
      extending through the resilient material of the first container, one end
      of which extends into the container and the other end of which extends
      outside the container and which may be coupled to a source of gas for
      flushing the radioactive metabolic product out of said container, and a
      third tube extending through the resilient material of said second
      container one end of which extends into the second container in the space
      above said solution and the other end of which extends outside the
      container and may be coupled to a receptacle for collecting the excess
      metabolic product introduced into said second container.
NUM  8.
PAR  8. The apparatus according to claim 1 wherein the solution in said second
      container comprises a solvent selected from the group consisting of
      toluene and xylene, 2,5-diphenyloxazole, 2,2'-p-phenylenebis
      (5-phenyloxazole), phenethylamine, and methanol.
NUM  9.
PAR  9. The apparatus according to claim 1 wherein the nutrient medium comprises
      fluid thioglycollate and L-Cystine (.sup.14 C).
NUM  10.
PAR  10. Apparatus for detecting micro-organisms in a sample comprising:
PA1  a first sealed container into which the sample may be introduced defining a
      volume including therein a radioactive liquid nutrient medium which is
      capable of supporting the life process of the micro-organism to be
      detected;
PA1  a second sealed container defining a volume therein including a solution
      which is capable of absorbing radioactive carbon dioxide produced by the
      micro-organisms in said sample and emitting light in response thereto,
      each of said containers comprising a rigid enclosure including an opening
      therein covered by a resilient material which may be penetrated by sharp
      instruments without exposing the contents of said containers to the
      environment; and
PA1  means for coupling together the volumes of the containers comprising first
      and second needles coupled to opposing ends of a first conduit and secured
      in spaced relation by a movable holder such that each of said needles may
      be inserted through the resilient material of a respective one of said
      containers to allow radioactive CO.sub.2 to flow from the first to the
      second container and said needles can then be withdrawn without exposing
      the contents of the containers to the environment.
NUM  11.
PAR  11. Apparatus according to claim 10 further comprising a third needle
      secured by said holder adjacent to said first needle and coupled to a
      second conduit which may be coupled to a source of inert gas, said third
      needle being in position to penetrate said first container along with said
      first needle.
NUM  12.
PAR  12. Apparatus according to claim 11 further comprising a fourth needle
      secured by said holder adjacent to said second needle and coupled to a
      third conduit which may be coupled to a receptacle for receiving excess
      radioactive carbon dioxide introduced into said second container, said
      fourth needle being positioned so as to penetrate said second container
      along with said second needle.
NUM  13.
PAR  13. Apparatus according to claim 10 wherein the solution contained in said
      second container comprises a solvent selected from the group consisting of
      toluene and xylene, 2,5-diphenyloxazole, 2,2'-p-phenylenebis
      (5-phenyloxazole), phenethylamine, and methanol.
NUM  14.
PAR  14. Apparatus according to claim 10 wherein the liquid nutrient medium
      comprises fluid thioglycollate and L-Cystine (.sup.14 C).
NUM  15.
PAR  15. Apparatus for detecting micro-organisms in a sample comprising:
PA1  a first sealed container into which the sample may be introduced defining a
      volume therein including a radioactive liquid nutrient medium which is
      capable of supporting the life process of the micro-organisms to be
      detected;
PA1  a second sealed container defining a volume therein including a solution
      which is capable of absorbing radioactive carbon dioxide produced by the
      micro-organisms in said sample and emitting light in response thereto,
      each of said containers comprising a rigid enclosure including an opening
      therein covered by a resilient material which may be penetrated by sharp
      instruments without exposing the contents of said containers to the
      environment; and
PA1  means for coupling together the volumes of the containers comprising a
      first conduit extending through the resilient material of the first
      container one end of which extends within the container and the other end
      of which extends outside the container and further comprising a needle
      coupled to the end of the conduit extending outside the container, which
      needle is capable of penetrating the resilient material of the second
      container and extending into the solution of the second container without
      contamination of the contents by the environment.
NUM  16.
PAR  16. Apparatus according to claim 15 further comprising a second conduit
      extending through the resilient material of the first container one end of
      which extends into the container and the other end of which extends
      outside the container and which may be coupled to a source of gas for
      flushing the radioactive carbon dioxide out of said container.
NUM  17.
PAR  17. Apparatus according to claim 15 further comprising a third conduit
      extending through the resilient material of said second container, one end
      of which extends into the second container above said solution and the
      other end of which extends outside the container and may be coupled to a
      receptacle for collecting excess carbon dioxide introduced into said
      second container.
NUM  18.
PAR  18. Apparatus according to claim 15 wherein the solution in said second
      container comprises a solvent selected from the group consisting of
      toluene and xylene, 2,5-diphenyloxazole, 2,2'-p-phenylenebis
      (5-phenyloxazole), phenethylamine, and methanol.
NUM  19.
PAR  19. Apparatus according to claim 15 wherein the liquid nutrient medium
      comprises fluid thioglycollate and L-Cystine (.sup.14 C).
NUM  20.
PAR  20. A method of detecting micro-organisms in a sample comprising the steps
      of:
PA1  introducing said sample into a sealed container defining a volume which
      includes therein a radioactive nutrient medium which is capable of
      supporting the life process of the micro-organisms to be detected;
PA1  coupling together the volume of said first container with the volume
      defined by a second sealed container which includes therein a solution
      capable of absorbing the radioactive metabolic product of the said sample
      and emitting light in response thereto, so that the metabolic product
      produced in said first container is introduced into said second container,
      said coupling being done without exposure of the contents of the container
      to the environment;
PA1  de-coupling the volumes of the two containers; and
PA1  measuring the light emitted by the solution in said second container in
      response to the metabolic product of the micro-organisms of the sample.
NUM  21.
PAR  21. The method according to claim 20 wherein the light is measured by a
      liquid scintillation counter.
NUM  22.
PAR  22. The method according to claim 20 wherein the nutrient medium comprises
      fluid thioglycollate and L-Cystine (.sup.14 C).
NUM  23.
PAR  23. The method according to claim 20 wherein the solution within the second
      container comprises a solvent selected from the group consisting of
      toluene and xylene, 2,5-diphenyloxazole, 2,2'-p-phenylenebis
      (5-phenyloxazole), phenethylamine, and methanol.
NUM  24.
PAR  24. The method according to claim 20 wherein the volumes of the containers
      are coupled together by inserting first and second needles respectively,
      through said first and second containers, said needles being coupled to
      opposing ends of a conduit which is capable of transmitting the
      radioactive metabolic product therethrough.
NUM  25.
PAR  25. The method according to claim 20 wherein the volumes of the containers
      are coupled together by inserting a needle through said second container
      which needle is coupled to one end of a conduit secured to said first
      container where the other end of said conduit lies within the volume of
      said first container.
NUM  26.
PAR  26. The method according to claim 20 wherein the radioactive metabolic
      product of the micro-organisms is flushed out of said first container by
      introducing an inert gas into the volume of the first container.
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ABST
PAL  A plastic spiral insert for use in existing roller culture bottles
      effective to increase the total surface area available for cell culture.
      The insert consists of a continuous coil of plastic sheet material that
      may be thermally set so as to retain its spiral configuration within the
      roller bottle and may also include integral raised portions on the sheet
      material effective to maintain uniform spacing between successive layers
      of the coil. The invention also includes retraction apparatus for removing
      the insert from small necked bottles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates generally to fermentation chemistry, and more
      particularly to apparatus for propagating or fermenting including
      submergers, agitators, circulators or dispersers.
PAR  2. Description of the Prior Art
PAR  The use of roller tubes and bottles for the cultivation of microorganisms
      and cells, particularly anchorage dependent cells, is well known in the
      art. A machine for rolling culture tubes is shown in the patent to McBee,
      U.S. Pat. No. 3,338,795.
PAR  More sophisticated apparatus for the cultivation of microorganisms is shown
      in the patent to Monod, U.S. Pat. No. 2,686,754. The apparatus of Monod
      includes a rotary drum that is partially filed with culture medium and is
      disposed to rotate about a horizontal axis. The drum is formed on its
      interior with a continuous spiral rib which passes through the medium and
      on which a liquid film is formed. This provides for the required aeration
      of the liquid without the formation of foam, such as might be formed when
      air is bubbled through the medium. Aeration by bubbling commonly does
      produce foam which requires the addition of a surfactant to suppress. The
      addition of any foreign element to the culture medium is not desirable.
PAR  Another method for bulk culture of animal cells on plastic film is
      described in Experimental Cell Research 71 (1972) 293-296, by W. House,
      Moira Shearer and N. G. Maroudas. Their apparatus includes a roller bottle
      with a spiral interior film, the successive coils of which are separated
      by corrugated film. The bottle is rolled in a horizontal plane to obtain
      cell adherence and then set erect in a vertical plane to bubble air
      through the medium. Their bottle requires an opening equal to the diameter
      of the bottle in order to admit the spiral film.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a collapsible spiral
      insert for use in a roller culture bottle whereby the effective surface
      area available for the growth of cells and microorganisms is increased
      several fold.
PAR  It is a more particular object to provide a spiral insert in the form of a
      continuous coil of plastic sheet material that may be thermally set so as
      to retain its spiral configuration within the culture bottle when in
      contact with a warm culture medium.
PAR  It is a still more particular object to provide an insert of the type
      described that is formed with integral bosses or dimples that are
      effective to maintain uniform spacing between successive layers of the
      coil. The raised bosses or dimples preferrably are formed when the insert
      is tightly coiled or are otherwise formed so as to inter-nest when the
      spiral is tightly coiled so as to permit easy insertion into the
      relatively small neck of a culture bottle.
PAR  It is another object to provide an altermative form of insert in the form
      of a continuous coil of plastic sheet material formed with a continuous
      loop or bead along one or both edges. The loops being collapsible for
      tightly coiling the spiral insert and being effective to provide uniform
      spacing between layers of the coil in an operable condition. The
      continuous bead also functions to contain the culture medium on the
      surface of the sheet between successive layers.
PAR  It is also an object of the invention to provide apparatus for the
      retraction of the spiral insert from a culture bottle which includes a
      rigid metal or plastic tube formed with a longitudinal slot and an
      elongated fork operable to engage a leading edge of the spiral insert for
      winding the insert into the tube.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the plastic spiral insert of the present
      invention;
PAR  FIG. 2 is a fragmentary view of the tightly coiled insert of FIG. 1;
PAR  FIG. 2A shows a portion of the spiral in expanded form;
PAR  FIG. 3 is a perspective schematic view of apparatus for forming loops on
      the edges of the spiral sheet material
PAR  FIG. 4 is a fragmentary perspective view of the plastic sheet material with
      completed loops;
PAR  FIG. 5 is a partial sectional view showing the sheet material of FIG. 4 in
      coiled form;
PAR  FIG. 6 is an exploded view of a roller culture bottle and apparatus for
      retracting the spiral insert from the bottle; and
PAR  FIG. 7 is a fragmentary view of an alternative form of plastic sheet
      material.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The plastic spiral insert of the present invention is shown in perspective
      form in FIG. 1 and is designated generally by the numeral 10. The insert
      preferably is formed of a continuous sheet 11 of thermal setting plastic
      material. The material of the sheet 11 should be relatively inert
      chemically and should be capable of retaining a thermal set under
      relatively high temperatures, as in a steam autoclave, for example.
      However, it is intended that the insert described may be inexpensive
      enough to be disposable after one use if desired.
PAR  I have found that sheet Mylar of a thickness of 10 to 40 mils is suitable
      for most applications. Some variation in thickness or number of turns may
      be desired to accommodate different size bottles or different culture
      media. The surface of the sheet 11 may also be treated or coated with a
      suitable material to aid cell adherence, as by ionic attraction.
PAR  The spiral insert 10 is formed in one embodiment by winding the sheet of
      plastic 11 into a continuous coil on a suitable form, heating it to a
      temperature where it begins to soften so that internal stresses are
      relieved, and then cooling it so that it takes a "set" in the form of the
      desired expanded spiral. The insert 10 is collapsed into a tight coil of
      small diameter for packaging or for insertion into the neck of a roller
      bottle, such as the bottle 60 shown in FIG. 6. After the insert 10 is
      passed through the neck of the bottle, it expands to the shape in which it
      was thermally set. It is desirable that the expanded form of the spiral
      closely match the internal diameter of the roller bottle for which it is
      intended. This is to ensure that the insert 10 rotates with the bottle and
      does not float in the culture medium. If the expanded form of the insert
      10 greatly exceeds the internal diameter of the roller bottle, the outer
      layers of the spiral 10 may be compressed together too closely to allow
      free passage of the culture medium therebetween.
PAR  The sheet 11 of plastic may be formed at its inner leading edge with a loop
      or bead 12 to facilitate easy recoiling of the spiral 10. The loop 12 may
      be formed by folding the leading edge over on itself and heat sealing, or
      by bonding with a suitable adhesive. Other devices may also be attached to
      the leading edge for this purpose.
PAR  Uniform radial spacing of successive layers of the spiral insert 10 can be
      obtained by preforming the sheet 11 with a plurality of dimples or
      depressions 13 of the desired depth. Preformed raised bosses might also be
      provided for the same purpose. The desired spacing may not be the same for
      all applications, depending on the viscosity and wettability of the
      culture medium.
PAR  A method for forming the depressions 13 or bosses on the plastic sheet 11
      is shown in FIG. 2. The sheel 11 is first collapsed into a tight coil 14.
      One member 20 of a forming die is inserted into the center 15 of the coil
      14. The other member 21 of the forming die is then pressed into contact
      with the coil 14 against the die member 20. In this manner, the
      depressions 13 are stacked or nested when the spiral 10 is tightly coiled.
      When the spiral 10 is allowed to expand to its pre-set size, the
      depressions 13 are staggered, as shown in FIG. 2A, and act as spacers
      between successive layers. The dimples 13 formed may be of a depth (or
      height) as to provide a spacing between layers of as little as 1 or 2
      millimeters. When the spiral 10 is recoiled, the depressions 13 are again
      nested to allow a tight coil 14 to be formed. The plastic sheet 11 has
      enough flexibility to allow the dimples 13 to fall into place.
PAR  An alternative method of preforming the plastic sheet 11 is shown in FIGS.
      3, 4 and 5. In this method, the sheet 11 is passed through a machine 30
      for forming beads or loops 40 and 41 on the edges of the sheet 11. The
      machine 30 comprises a pair of forming blocks 31 and 32, and a pair of
      heat sealing rollers 33 and 34. The blocks 31 and 32 may be heated to
      facilitate the folding over of the edges of the sheet 11. The sealing
      rollers 33 and 34 bond the edges upon the sheet 11 to form the continuous
      loops or beads 40 and 41, as shown in FIG. 4.
PAR  The loops 40 and 41 are compressible, and when the sheet 11 is wound into a
      spiral 50, as shown in FIG. 5, these loops act as spacers for successive
      layers 11A, 11B, 11C, etc. The loops 40 and 41 are also compressible
      enough to allow the spiral 50 to be collapsed into a tight coil for
      insertion into the neck of a culture bottle. The loops also serve to keep
      the culture medium on the surface of the sheet 11 by preventing flow off
      the edges. Thermal setting of the spiral 50 in this embodiment may be
      unnecessary.
PAR  Apparatus 70 for retracting a spiral 10 from a culture bottle 60 is shown
      in FIG. 6. The apparatus 70 comprises a rigid metal or plastic tube 71
      formed with a tangentially opening longitudinal slot 72, and a fork 75
      formed with a knob or handle 76 and a pair of elongated tines 77 and 78.
      The tube 71 is inserted through the neck 61 of the bottle 60 with the slot
      72 engaging the leading inner edge 12 of the spiral 10. The fork 75 is
      then inserted so that one tine of the fork 75 engages the loop 12 on the
      leading edge 12. By holding the tube 71 stationary, the knob 76 is then
      turned winding the spiral 10 within the tube 71. When the spiral 10 is
      completely wound within the tube 71, the tube is removed from the bottle.
      It is preferable that the length of the tube 71 be greater than the depth
      of the bottle 60.
PAR  In operation, the spiral insert 10 is utilized in a culture bottle 60 as
      follows:
PAR  The spiral 10 is first sterilized and then collapsed into a tight coil 14
      and inserted through the neck of a sterile bottle 60. The coil 14 expands
      to its normal size filling the bottle 60. The bottle 60 is set upright and
      a volume of medium containing a certain number of cells is added. The cap
      62 is attached to the bottle 60 and the bottle is then rotated rapidly by
      hand to distribute the medium and cells over the surface of the spiral 10.
      The bottle 60 is then placed on a rolling machine and caused to rotate
      slowly about a horizontal axis. The slow rotation of the spiral 10 through
      the medium provides the necessary aeration for cell growth and
      multiplication.
PAR  When the cell growth has reached a desired stage, the medium is removed
      from the bottle 60 and the cells are removed from the spiral 10 surface.
      The cells may be removed by the conventional means of trypsinization,
      either with the spiral 10 still within the bottle 60 or after the spiral
      10 has been removed from the bottle.
PAR  It should be noted that the use of the spiral 10 in a culture bottle 60
      having a relatively small neck permits the filling of the bottle 60 with
      culture media to a greater depth than one layer of the spiral.
PAR  It should also be noted that the spiral 10 herein defined might be used to
      advantage in existing perfusion culture flasks in order to provide a
      continuous exchange of medium, if so desired.
PAR  The invention may be still further improved by the substitution of an open
      porous plastic material 80 (shown in FIG. 7) for the smooth solid Mylar
      sheet 11. Such a porous sheet material 80 might be composed of high
      density polyethylene in a form supplied by the Porex Materials Corp. of
      Fairburn, Ga. Other porous sheet material, such as polystyrene may also be
      used in this application.
PAR  I have found that the cells growing on such a porous structure are
      effectively lifted off in the presence of a trypsin solution. In this
      embodiment, the total cell growth thus is multiplied severalfold, first
      due to the multiple layers of the spiral, and secondly due to the
      increased surface area provided by the porous structure.
PAR  It is to be understood that many modifications can be made to the
      embodiments shown and described without departing from the spirit of the
      invention. The invention is not to be considered as limited to the
      embodiments described herein except in-so-far as the claims may be so
      limited.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for use in a roller culture bottle that is partially filled
      with a culture medium for the growing of cells or microorganisms and
      comprising:
PA1  a continuous elongated sheet of plastic material wound into a tight
      cylindrical coil and thermally set so as to retain a spiral configuration
      for insertion into the culture bottle and further adapted to expand into
      an enlarged spiral configuration after insertion into the bottle, and
PA1  spacing means formed integrally with said sheet for separating successive
      layers of said spiral when present within the culture bottle so as to
      permit the passage of culture medium therethrough as the bottle is rolled
      about an axis coincident with the axis of said spiral.
NUM  2.
PAR  2. The apparatus of claim 1 wherein,
PA1  said sheet of plastic material is formed with a plurality of integral
      raised bosses, each adapted to contact a successive layer of said spiral
      for maintaining a uniform spacing between successive layers.
NUM  3.
PAR  3. The apparatus of claim 1 wherein,
PA1  said sheet of plastic material is formed on at least one edge with a
      continuous integral loop.
NUM  4.
PAR  4. The apparatus of claim 1 wherein,
PA1  said sheet of plastic material is comprised of open porous material.
NUM  5.
PAR  5. The apparatus of claim 1 wherein,
PA1  said sheet of plastic material is formed on its inner leading edge with
      integral engagement means to facilitate removal of said sheet from the
      bottle.
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ABST
PAL  Cells are grown in a layer attached to the roughened inner wall of a
       conter of fluorinated ethylenepropylene copolymer filled with a culture
      medium buffered with bicarbonate ions. The pH of the medium is monitored
      and maintained by varying the rate at which carbon dioxide is fed to the
      gas phase in an incubator enclosing the container which is permeable to
      gas, but impermeable to liquid. The partial pressure of oxygen in the gas
      phase is monitored, and controlled by varying the rate at which oxygen is
      fed to the incubator. Nitrogen is fed to the incubator at a rate varying
      inversely to the change in carbon dioxide feeding rate to maintain the
      partial pressure of oxygen under otherwise stable conditions. The medium
      may be pumped through the container intermittently or continuously and may
      be replaced by fresh medium when pH changes cannot be compensated by
      varying the carbon dioxide feeding rate.
PARN
PAR  This is a division of application Ser. No 260,629, filed June 7, 1972, now
      U.S. Pat. No. 3,873,423.
BSUM
PAR  This invention relates to the culturing of cells, and particularly to the
      culturing of cells of animal origin. In its more specific aspect, the
      invention is concerned with a method of culturing cells suitable for cell
      production on a relatively large scale, and to apparatus for performing
      the method.
PAR  Cells are commonly cultured in vitro over extended periods of time for
      screening chemical compounds for their physiological effects prior to
      testing on laboratory animals and ultimately on humans However, the
      culturing methods in present use cannot approach conditions prevailing in
      a living body closely enough for providing more than an approximate
      correlation. The results obtained in cell cultures cannot be duplicated in
      test animals in many instances. There is a well recognized need for cell
      culturing methods which permit a more reliable prediction of the behaviour
      of cells in a living creature.
PAR  The partial pressures of carbon dioxide and oxygen in the environment of
      cells of living beings are known to be maintained at normally constant
      values by physiological feedback mechanisms. Yet, such partial pressures
      cannot be controlled by methods available heretofore in cell layers
      cultured outside the animal body. In some instances, the pH value of the
      culture medium is monitored and may be adjusted and maintained by
      electronic feedback mechanisms. The known devices for maintaining pH in a
      culture medium, however, are complex, and are not commonly employed for
      this reason outside of the fermentation industry.
PAR  The effects of carbon dioxide pressure on a cell culture are not yet
      precisely known. It has been suggested that carbon dioxide causes the
      formation of protein carbamates. The effects of oxygen pressure are better
      understood. Partial oxygen pressures greater than those in atmospheric air
      are known in many instances to enhance the growth of tumors, and to cause
      death of cells and of the entire animal even in the absence of tumors.
PAR  It is a primary object of this invention to provide a method of culturing
      cells under controlled conditions of oxygen and carbon dioxide pressure. A
      concomitant object is the provision of apparatus for performing the
      method.
PAR  With these and other objects in view, the invention in one of its more
      specific aspects provides a method in which a container of a material
      permeable to gases, but impermeable to liquid, is charged with a liquid
      culture medium containing bicarbonate ions and capable of sustaining
      growth of the cells to be cultured. The container is also charged with an
      inoculum of such cells and placed in an incubator enclosure. The partial
      oxygen pressure in the enclosure and the pH value of the medium are
      sensed, and carbon dioxide and oxygen are fed to the incubator enclosure
      at a rate to maintain the pH value in the medium and the partial oxygen
      pressure in the enclosure substantially constant.
PAR  The apparatus employed includes a substantially gastight incubator
      enclosure and a plurality of containers supported in the enclosure. Each
      container essentially consists of chemically inert material premeable to
      gas, but impermeable to liquid. A pump may be provided for circulating a
      stream of liquid culture medium through the containers. A first detecting
      device senses the pH value of the medium, and a second detecting device
      senses the partial pressure of oxygen in the enclosure and outside the
      container. Valves are interposed between the enclosure and respective
      sources of carbon dioxide and oxygen under pressure and are operatively
      connected to the detecting devices for admitting carbon dioxide and oxygen
      to the enclosure at rates responsive to the sensed pH value and the sensed
      oxygen pressure respectively.
DRWD
PAR  Other features, additional objects, and many of the attendant advantages of
      this invention will readily become apparent from the following detailed
      description of preferred embodiments when considered in connection with
      the appended drawing in which:
PAR  FIG. 1 shows apparatus of the invention partly in elevational section and
      partly by conventional symbols;
PAR  FIG. 2 illustrates additional apparatus of the invention in fragmentary
      elevational section on the line II -- II of FIG. 3; and
PAR  FIG. 3 is a fragmentary top plan view of the device of FIG. 2 on a smaller
      scale, portions of the structure being broken away to reveal normally
      concealed features.
DETD
PAR  Referring now to the drawing in detail, and initially to FIG. 1, a broken
      line I indicates a gastight incubator, the interior of which is held at a
      precisely controlled, uniform temperature by electric heating elements and
      thermostats, not shown and conventional in themselves. Integrally
      connected, tubular containers 1 are supported in the incubator I in a
      common plane. They essentially consist of two sheets of fluorinated
      ethylene-propylene copolymer (Teflon FEP) heat-sealed along spacedly
      parallel seams. Feed pipes 2 are sealed to the longitudinal ends of
      respective containers 1 which are at the left in FIG 1, and discharge
      pipes 3 are similarly sealed to the right ends. Except for openings
      communicating with the pipes 2, 3, the containers 1 are sealed and
      impermeable to liquids, but the sheet material is only 25 .mu.m thick and
      permeable to gases.
PAR  The pipes 2, 3 are connected to respective feed and discharge manifolds 4,
      5 connected by a circulating system including a pump 6, a ceramic filter
      7, and a rotary control valve 8. In the illustrated position of the valve,
      an aqueous culture medium is drawn by the pump from a storage container
      (not shown), as indicated by the arrow 9, and discharged to another
      storage container or to waste after passing through the containers 1 as
      indicated by an arrow 10, but not otherwise illustrated. When the valve 8
      is shifted clockwise 45.degree., as will presently be described, the same
      liquid is circulated through the containers 1 as long as the pump 6
      operates.
PAR  The hydrogen ion concentration in the liquid leaving the discharge manifold
      5 is monitored by a pH-responsive glass electrode 11 in conventional,
      non-illustrated cooperation with a Ag/AgCl reference electrode The output
      signal of the electrode, amplified by an amplifier 12, is fed to
      electrically operated control valves 13, 14. The valve 13 connects the
      interior of the incubator I with a storage tank for carbon dioxide under
      pressure, and the valve 14 similarly connects the incubator to a nitrogen
      tank. As is not explicitly shown in the drawing, the gases pass through
      water-filled gas washing bottles so that they re saturated with water
      vapor at the temperature of the incubator I.
PAR  The partial pressure of carbon dioxide in the incubator is separately
      sensed in the circulating liquid by a CO.sub.2 -electrode 15. The output
      of the electrode 15 is amplified by the amplifier 16 to control the
      solenoid, not shown, which may shift the valve 8 into the illustrated
      position against the restraining force of a return spring. The oxygen
      concentration in the gas phase of the incubator is monitored by an oxygen
      electrode 17. The output signal of the electrode 17, amplified by an
      amplifier 18, operates a control valve 19 which admits moist oxygen from a
      tank to the incubator I.
PAR  The inner face of the containers 1 are chemically etched prior to heat
      sealing to make them sufficiently hydrophilic and to improve adhesion of
      cells that it is desired to cultture. The cells or tissue may be
      introduced into the containers 1 under sterile conditions together with a
      necessary amount of culture medium through one of the terminal openings
      before connecting the opening to an associated tube 2, 3, or a cell
      suspension may be injected through the wall of the container into the
      liquid medium by means of a syringe carrying a fine needle. The puncture
      is sealed spontaneously by the resilient sheet material upon withdrawal of
      the needle. If the pump 6 is reversed, and the valve 8 is turned manually
      90.degree. from the illustrated position, the cells or tissue may also be
      introduced into the system as a suspension in the culture medium
      introduced as indicated by the arrow 9. The pump 6 is deenergized for one
      hour or longer after the cells are introduced into the containers 1 so as
      to permit the cells to attach themselves to the rough container wall. They
      are anchored to the wall with sufficient strength to withstand later
      circulation of the liquid medium.
PAR  The medium is buffered by bicarbonate ions, and the composition of the
      medium changes as the cells grow and multiply. As soon as the cells cling
      firmly to the container wall, the pump 6 is operated continuously or
      intermittently to permit the values of pH, CO.sub.2, and oxygen to be
      tested by the electrodes 11, 15, 17 and adjusted before they greatly
      deviate from the desired values.
PAR  The cells and the gas phase in the enclosure of the incubator I are in
      direct gas equilibrium through the permeable walls of the containers 1.
      While cells are being grown in the containers, the inculator I is held at
      a desired temperature, typically 37.degree.C, and the pH of the
      circulating medium, the partial pressure of CO.sub.2 in the gas phase, and
      the bicarbonate ion concentration in the medium then satisfy the
      Henderson-Hasselbach equation:
      ##EQU1##
PAR  The bicarbonate ion concentration may conveniently be chosen at 0.024 mole,
      and the pH chosen may be 7.1 .+-. 0.05. The amplifier 12 is thus set to
      open the valve 13 wider when the pH sensed by the electrode 11 rises to
      7.15, and to throttle flow through the valve 13 when the pH is lowered by
      the admitted carbon dioxide to 7.05. The nitrogen valve 14 admits a
      continuous stream of nitrogen and throttles the nitrogen supply when the
      valve 13 is opened, while increasing the nitrogen stream when the valve 13
      is moved toward the closing position, the valves 13, 14 being balanced in
      such a manner as to maintain a steady partial pressure of oxygen in the
      incubator I under otherwise stable conditions.
PAR  The oxygen concentration is kept at a desired value, that may be set on the
      amplifier 18, by the valve 19 in response to the output signal of the
      electrode 17, oxygen entering the incubator in a normally continuous
      stream. A non-illustrated pressure relief valve maintains a desired total
      gas pressure in the incubator.
PAR  Lactid acid is produced by many growing cells and accumulates in the
      circulating liquid to such an extent that the desired pH may no longer be
      maintained by reducing the CO.sub.2 supply. When the concentration of
      buffering HCO.sub.3 ions drops below a value that may be chosen by setting
      the amplifier 16, the amplified output signal of the electrode 15 shifts
      the valve 8 into the illustrated position. At least a portion of the
      circulating culture medium is thereby replaced by fresh medium
      uncontaminated by the products of cell metabolism.
PAR  The apparatus shown in FIG. 1 permits culturing of cells in a much smaller
      incubator enclosure than would be required for culturing cells at a
      comparable rate by conventional methods. Even less space is occupied by
      the apparatus illustrated in FIGS. 2 and 3 only to the extent required for
      an understanding of the invention.
PAR  A turntable 20 is mounted on the upright output shaft 21 of a gear motor 22
      equipped with an internal, non-illustrated clutch which turns the shaft 21
      through a small acute angle, thereafter stops the shaft for a fixed
      period, such as about 1 minute, whereupon the cycle is repeated. The
      turntable carries circumferentially juxtaposed, wedge-shaped incubator
      enclosures 23 kept at a desired temperature by electric heating elements
      (not shown) which may be embedded in the turntable 20. The apex angle of
      each enclosure 23 corresponds to the angular movement of the shaft 21
      during each cycle.
PAR  An end plate 24 at the radially outer end of each enclosure 23 is removable
      to provide access to the enclosure, and has a radial passage 25 aligned
      with a corresponding passage 26 in the raised outer rim of the turntable.
      A check valve is provided in the passage 25 to permit outward flow of gas
      from the container 23, but to prevent inward flow. The valve is not
      capable of pictorial representation on the scale of FIGS. 2 and 3, and is
      conventional in itself.
PAR  The opposite narrow end plate 27 of each enclosure is provided with a
      radial passage 28 and with a non-illustrated valve in the passage which
      may be opened by an inserted hollow needle 29 defining a control station,
      but is normally closed. The needle 29 is mounted on the armature of a
      solenoid 30 fastened to the shell of the motor 22. A flexible hose 31
      connects the needle 29 to valves 32, 33, 34. The valves are connected to
      respective, non-illustrated tanks containing nitrogen, carbon dioxide, and
      oxygen under pressure.
PAR  Two wide-meshed, stainless steel screens 35, 36 are retained in each
      enclosure 23 in parallel relationship between bosses 37 and support
      therebetween individual containers 38 of Teflon FEP similar to those
      described with reference to FIG. 1. The containers 38 are sealed tubes
      flattened between the screens 35, 36.
PAR  Near the radially outer end of each enclosure 23, its top and bottom walls
      are provided with vertically aligned quartz windows 39 aligned with
      corresponding apertures 40 in the turntable 20. The beam 41 of a light
      source, not itself shown, passes through a filter 42 which transmits only
      a narrow range of wave lengths. The filtered beam is reflected by a mirror
      43 through a condensing lens 44 on the aligned windows 39 of the enclosure
      23 temporarily halted at the control station.
PAR  The light released from the top wall of the enclosure 23 passes through a
      quartz diffuser 45 and is directed by a lens 46 on a photoelectric cell
      47. The output of the cell is amplified by an amplifier 48 to operate the
      afore-mentioned valves 32, 33, one being moved toward the closed position
      while the other moves toward the open position, as described with
      reference to valves 13, 14 in FIG. 1. The oxygen valve 34 is controlled by
      an oxygen electrode, not shown, and inserted into the container 23
      together with the needle 29. The valves admit gases to the container 23 as
      long as it is halted at the control station and the needle 29 is inserted.
      The solenoid is energized as long as the shaft 21 stands still so that gas
      flows to each container 23 for a uniform period at a rate set by the
      valves 32, 33, 34.
PAR  In operating the apparatus shown in FIGS. 2 and 3, the sealed containers 38
      are sterilized by exposure to ultraviolet light, and a suspension of cells
      to be cultured in a suitable culture medium containing bicarbonate ions
      and an indicator having a pK value in the desired range of about 7.0 to
      7.4, such as bromethymol blue or cresol red, is injected into each
      container 38 intended for the same enclosure 23. While all containers on
      the turntable 20 may contain inocula of the same type of cells, different
      cultures may be produced simultaneously in different enclosures.
PAR  The containers 38 intended for the same enclosure 23 are placed between the
      screens 35, 36 and slipped into the enclosure through the open wide end of
      the same in such a manner that one of the containers is located in the
      path of the beam 41. The thickness of the culture medium intercepting the
      beam is precisely determined by the bosses 37 and the thicknesses of the
      screens 35, 36 and of the sheet material constituting the container 38.
      When the filter 42 is properly chosen for the color change of the
      indicator employed, the output of the cell 47 is indicative of the pH of
      the culture medium for operating the valves 32, 33 in a manner evident
      from the mode of operation of the first-described embodiment.
PAR  Exhaustion of the buffering bicarbonate in the culture medium may be
      indicated by a carbon dioxide electrode (not shown) introduced into the
      gas space of the enclosure 23 with the needle 29, or a signal may be
      provided by the cell 47 calling for an operator to replace the medium in
      the containers 38.
PAR  The devices shown in the drawing have been used successfully for growing
      cells under precisely controlled conditions of partial oxygen and carbon
      dioxide pressures, and precisely controlled pH, and for evaluating the
      effects of variations in these parameters and in the composition of the
      culture medium, as by addition of chemicals to be tested for their
      physiological action.
PAR  The output of the photoelectric cell 47 is indicative of the density of the
      culture in the container 38 when the filter 42 is replaced by one
      permeable only to light having a wavelength outside the color range of the
      indicator employed, for example 256 m.mu., and the windows 39 permit
      direct microscopic examination of the cells in the aligned container. The
      influence of varied culturing conditions may thus be observed readily.
PAR  Obviously, the invention is not limited to specific cells nor to the
      culture medium capable of sustaining their growth, as long as the latter
      contains a bicarbonate buffer system. Many types of cells have been
      cultured successfully in apparatus of the invention under controlled
      partial pressures of oxygen and carbon dioxide.
PAR  Such cells include mouse peritoneal cells which were cultured in Eagle's
      medium + 20% fetal calf serum at pH 7.1; cells of the same type cultured
      in Eagle's medium + 20% inactivated 0 Rh+ human serum, pH 7.1; primary rat
      fibroblasts cultured in Eagle's medium + 20% inactivated calf serum, pH
      7.3; and bovine mammary tissue culture in Eagle's medium + 20% fetal calf
      serum, pH 7.2.
PAR  The cultures mentioned above were held under a total gas pressure not
      significantly different from ambient gas pressure by suitable choice of
      the pressure relief valves on the incubator enclosures I, 23, but total
      gas pressures significantly higher and lower can be resorted to in an
      obvious manner if so desired. When operating at room pressure, a partial
      oxygen pressure of approximately 135 mm Hg may be chosen as a starting
      condition and may be modified as conditions warrant, while a carbon
      dioxide pressure of 100 mm Hg is calculated from the Henderson-Hasselbach
      equation under the conditions indicated above which may be considered
      typical. Nitrogen and water vapor saturating the gases at the practically
      constant temperature of the incubator enclosure account for the balance of
      the total gas pressure.
PAR  Inasmuch as the partial pressure of carbon dioxide and oxygen, the total
      gas pressure, the temperature, the pH value, and the basic composition of
      the culture medium may be among the variables to be investigated in
      conjunction with the physiological effect of tested chemicals, the
      exemplary date given above will be understood merely to provide starting
      conditions for investigations which may lead to very different operating
      parameters readily maintained by the disclosed apparatus.
PAR  Fluorinated ethylene-propylene copolymer in a thickness of 10 to 100 .mu.m
      has been found to be the best material available to us at this time for
      making the containers 1, 38. It is chemically fully inert under the
      conditions of the instant invention and transparent both to visible light
      and to ultraviolet light, thereby permitting convenient sterilization by
      exposure to ultraviolet light for 10 to 15 minutes and the opitcal pH
      determination illustrated in FIGS. 2 and 3. Its surface can be made
      adequately hydrophilic by simple chemical etching to permit the cells to
      attach themselves to the container wall. The material also is readily
      welded or heat-sealed by the type of equipment commonly employed for
      thermoplastics.
PAR  Other fluoroplastics, such as polytetrafluoroethylene and copolymers of
      hexafluoropropylene and tetrafluoroethylene combine fewer of the desirable
      properties indicated above, but may also be resorted to.
PAR  The shape of the containers which are charged with the culture medium and
      an inoculum of the cells to be cultured is not critical. Depending on the
      incubator enclosure employed and the arrangment of the containers in the
      enclosure, the containers may have a width and length between 1 and 200
      cm, and a height of 0.5 to 50 mm, these dimensions, however, being capable
      of further modification, if so desired, and not critical.
PAR  Although the cells attach themselves to the container wall with sufficient
      strength to permit pumping of the culture medium through the container, as
      is shown in FIG. 1, the culture is readily harvested by releasing the
      cells from the walls after treatment with trypsin or other enzymes or
      chemicals as is known in this art. The cells adhere to the plastic wall
      much less tenaciously than to glass, and it is frequently possible to peel
      a coherent layer of cells, particularly a monolayer, from the container
      wall after repeatedly folding and otherwise deforming the latter.
PAR  It is an outstanding feature of this invention that the inoculated medium
      is sealed from contamination by solids or liquids through the entire
      culturing period in a simple and effective manner. The circulating system
      illustrated in FIG. 1 preferably employs a peristaltic pump whose tube may
      be connected directly to the valve 8 and the filter 7.
PAR  While the invention has been described particularly with reference to the
      culturing of cells of animal origin in a manner suitable for testing the
      physiological effects of chemicals added to the culture medium, it will be
      appreciated that products of cell metabolism may be recovered from the
      culture medium and provide the principal incentive for performing the
      method of the invention.
PAR  It should be understood, therefore, that the foregoing disclosure relates
      onto to preferred embodiments of the invention, and that it is intended to
      cover all changes and modifications of the examples of the invention
      herein chosen for the purpose of the disclosure which do not constitute
      departures from the spirit and scope of the invention set forth in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for culturing cells comprising, in combination:
PA1  a. a substantially gas-tight incubator enclosure;
PA1  b. support means in said enclosure;
PA1  c. a plurality of containers on said support means,
PA2  1. each container essentially consisting of chemically inert material
      permeable to gas, but impermeable to liquid;
PA1  d. pump means for circulating a stream of liquid culture medium through
      said containers;
PA1  e. first detecing means for sensing the pH value of the circulating culture
      medium;
PA1  f. second detecting means for sensing the partial pressure of oxygen in
      said enclosure outside said containers;
PA1  g. a source of carbon dioxide under pressure;
PA1  h. a source of oxygen under pressure;
PA1  i. first valve means interposed between said source of carbon dioxide and
      said enclosure and operatively connected to said first detecting means for
      admitting said carbon dioxide to said enclosure in response to the sensed
      pH value;
PA1  j. second valve means interposed between said source of oxygen and said
      enclosure and operatively connected to said second detecting means for
      admitting said oxygen to said enclosure in response to the sensed partial
      pressure; and
PA1  k. means for maintaining a substantially constant total gas pressure in
      said enclosure.
NUM  2.
PAR  2. Apparatus as set forth in claim 1, wherein said material is a sheet
      material permeable to light, said sheet material having an inner face in
      said container and an outer face exposed in said enclosure, said inner
      face being rougher than said outer face.
NUM  3.
PAR  3. Apparatus as set forth in claim 2, wherein said sheet material
      essentially consists of a fluoroplastic.
NUM  4.
PAR  4. Apparatus as set forth in claim 3, wherein said fluoroplastic is a
      copolymer of fluorinated ethylene and propylene.
NUM  5.
PAR  5. Apparatus as set forth in claim 2, wherein the thickness of said sheet
      material is between 10 and 100 .mu.m.
NUM  6.
PAR  6. Apparatus as set forth in claim 1, further comprising a source of
      nitrogen under pressure, and third valve means interposed between said
      source of nitrogen and said enclosure and operatively connected to said
      first detecting means for admitting said nitrogen to said enclosure in
      response to the sensed pH value, the rate of nitrogen admission being
      varied inversely to the variation in the rate of carbon dioxide admission.
NUM  7.
PAR  7. Apparatus for culturing cells comprising, in combination:
PA1  a. a carrier;
PA1  b. a plurality of gas-tight incubator enclosures on said carrier;
PA1  c. drive means for moving said carrier and for thereby moving said
      enclosures sequentially and cyclically through a control station;
PA1  d. support means in each enclosure;
PA1  e. a container on said support means, said container essentially consisting
      of chemically inert material permeable to gas, but impermeable to liquid;
PA1  f. first detecting means at said control station for sensing the pH value
      of a liquid in said container;
PA1  g. second detecting means for sensing the partial pressure of oxygen in
      each enclosure;
PA1  h. a source of carbon dioxide under pressure;
PA1  j. a source of oxygen under pressure;
PA1  k. first valve means connected to said source of carbon dioxide and to said
      first detecting means for admitting carbon dioxide to each enclosure in
      response to the sensed pH value while the enclosure is at said control
      station; and
PA1  l. second valve means connected to said source of oxygen and to said second
      detecting means for admitting oxygen to each enclosure in response to the
      sensed partial pressure thereof while the enclosure is at said control
      station.
NUM  8.
PAR  8. Apparatus as set forth in claim 7, wherein each enclosure has two wall
      portions permeable to light, said container being permeable to light and
      located between said two wall portions, said first detecting means
      including a source of a beam of light directed against one of said wall
      portions when said enclosure is in said control station for passage of
      said beam through said container, and a photoelectric cell located for
      receiving the portion of said beam released through the other wall
      portion.
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ABST
PAL  Distillation apparatus having a plurality of substantially identical
      effects arranged in a side-by-side relation. Each effect includes means
      for distributing feed liquid as a thin film over the outer surfaces of
      tubes of a horizontally oriented heat exchange tube bundle for condensing
      a portion of vapor disposed therein. A portion of the feed liquid
      evaporates and is provided as the vapor to the heat exchange tubes of the
      next succeeding effect and the unevaporated feed liquid in each effect is
      passed to the next succeeding lower effect where a portion vaporizes by
      flash evaporation. An uncondensed portion of the vapor exits the heat
      exchange tubes for condensing on a feed liquid preheater associated with
      each effect. Each effect is disposed in substantially identical
      cylindrical sections for being joined in a unitary assembly. Suitably
      apertured transverse divider panels between each effect permit the passage
      of feed water and vapor between effects.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to distillation apparatus and more particularly to
      multi-effect evaporators.
PAR  Multi-effect evaporators of the type wherein portions of the feed liquid
      are successively evaporated in a series of progressively lower temperature
      effects are well known. In one type of multi-effect evaporator, a vapor is
      condensed in each effect to evaporate a portion of the feed liquid with
      the resulting vapor employed for feed liquid evaporation in a lower
      temperature effect. In multi-effect evaporators of this type, the
      individual effects may be disposed one above the other in a vertical array
      or horizontally in a side-by-side fashion. The vertical arrangement of
      effects may be costly because a relatively large vertical housing is
      required. In horizontally arranged evaporators, the effects are generally
      fabricated in individual tanks or housing which require substantial
      interconnecting piping. Because distilling apparatus of this type are
      generally installed in underdeveloped areas, it is desirable to minimize
      on-site construction and assembly. Further, prior art side-by-side effects
      have the disadvantage of requiring a separate feed liquid distributing
      pump for each effect.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a new and improved multi-effect
      evaporator.
PAR  Another object of the invention is to provide a multi-effect evaporator the
      individual effects of which are arranged in substantially identical
      modules.
PAR  Yet another object of the invention is to provide a multi-effect evaporator
      in which on-site construction and assembly is minimized.
PAR  A further object of the invention is to provide a multi-effect evaporator
      wherein only a single feedwater pump is required.
PAR  These and other objects and advantages of the instant invention will become
      more apparent from the detailed description thereof taken with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 schematically illustrates the multi-effect evaporator to which the
      present invention is applicable;
PAR  FIG. 2 is a side elevational view of the multi-effect evaporator shown in
      FIG. 1;
PAR  FIG. 3 is a view of the effects of the evaporator shown in FIG. 2 with
      parts broken away.
PAR  FIG. 4 is a view taken along lines 4--4 of FIG. 3;
PAR  FIG. 5 is a view taken along lines 5--5 of FIG. 3;
PAR  FIG. 6 is a view taken along lines 6--6 of FIG. 5;
PAR  FIG. 7 is a top plan view of the effect shown in FIG. 3 with parts broken
      away; and
PAR  FIGS. 8 and 9 illustrate an alternate embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 schematically illustrates a multi-effect distillation apparatus 10
      according to the preferred embodiment of the invention which will be
      discussed in relation to the distillation of sea water, although the
      inventive concept may also be employed for the distillation of other
      liquids as well. While the invention will be discussed in relation to
      distillation apparatus having eight effects, numbered 11, 12, 13, 14, 15,
      16, 17 and 18, those skilled in the art will appreciate that the number of
      effects may vary with requirements and the design parameters of the
      system.
PAR  When the apparatus 10 is employed for the distillation of sea water, the
      latter initially passes through a heat rejection and chemical treatment
      system 20 where it is preheated, receives chemical treatment, and is
      deaerated and degassed. After this pretreatment, the feed water is passed
      through heat exchangers associated with each effect and a portion of the
      total is then provided as the feed water for that effect.
PAR  Sea water is introduced into the system 10 by a suitable sea water pump
      (not shown) through a pipe 22 and to a final condensor and distillate
      cooler 23 where it extracts heat from the evaporator distillate and
      condenses the vapor exiting from effect 18. After passing through final
      condensor 23, a first portion of the sea water is discharged through
      conduit 24 and a second portion is provided through conduit 26 to the
      feedwater preheater 28, where the feed water receives heat from vapor
      exiting from the heat exchange tubes of effect 18. The warmed sea water
      from preheater 28 receives a suitable scale preventing chemical, such as
      polyphosphate, from source 29 and is then conducted by pipe 30 to the
      spray nozzles 32 of deaerator 33. As those skilled in the art will
      appreciate, nozzles 32 will be fabricated of a suitable corrosion
      resistant material such as stainless steel. While the chemical is shown as
      being inserted into the system prior to deaeration, those skilled in the
      art will appreciate that it may be injected at other points in the system
      such as after exiting the deaerator 33.
PAR  The deaerator 33 is of a type well known in the art and includes a suitable
      packing 34 for providing a large contact area for vapor and liquid. A vent
      36 connects deaerator 33 to the vapor chamber of the final condensor 23
      and the latter in turn is vented by conduit 37 to a vacuum system 39. As
      the feed water passes through the packing bed 34, dissolved gases are
      released for withdrawal through vent 36. A demister 40 may be provided in
      the upper end of the deaerator 33 for removing water from the vented gas
      stream. The vapor produced in the effect 18 as symbolized by the arrow 42,
      is conducted into the deaerator 33 and pass upwardly through the packing
      bed 34 to scrub the feed water stream and thereby enhance the removal of
      dissolved gases. The deaerated feed water is collected in a sump 43 in the
      lower end of the deaerator 32 and is then fed to the effects 11-18 through
      main feed water conduit 46 by pump 45.
PAR  In order to simplify the discussion, when discussing parts of all the
      effects 11-18 a general reference numeral is used and when discussing a
      part of a particular effect the same reference numerals will be employed
      along with suffixes 1-8 corresponding to effects 11-18. Effects 11-17 are
      substantially similar and each include a heat exchange tube bundle 50
      disposed in an evaporating space 51 and a feed water preheater 53 coupled
      to a condensate collecting space 54. Each heat exchange tube bundle 50
      includes a plurality of heat exchange tubes 55 arranged generally
      horizontally and extending through the evaporating space 51 and between a
      vapor distributing space 57 and the condensate collecting space 54. Feed
      water is distributed as a thin film over the exterior of the heat exchange
      tubes 55 of each bundle 50 by any suitable means such as a nozzle 56.
      Effect 18 differs from the remaining effects in that, among other things,
      it does not include a feed water preheater in its condensate collecting
      space 54-8.
PAR  The nozzle 56-8 of effect 18 is connected directly to the main feed water
      pipe 46. In each of effects 11-17 the feed water from the preceeding
      effect passes through each effect preheater 53 coupled to its respective
      condensate collecting space 54 and a portion is then provided to the spray
      nozzle 56 of such effect and the remaining feed water is passes on to the
      feed water preheater 53 of the next higher effect. Thus, the feed water
      provided to each effect has been preheated in the feed water preheater 53
      of each lower temperature effect.
PAR  The vapor distributing space 57-1 of effect 11 may receive heating steam at
      a suitable temperature, such as 212.degree. F, for example, from any
      available source. A first portion of the steam provided to the heat
      exchange tubes 55-1 of effect 11 condenses on the interior of said tubes
      to evaporate a portion of the feed water passing as a thin film over the
      exterior surfaces thereof. A second portion of the steam symbolized by the
      arrows 60 exits from the heat exchange tubes 55-1 and condenses on the
      feed water preheater 53-1 for preheating the feed water passing
      therethrough. The condensate 61-1 exiting from heat exchange tubes 55-1
      and that condensed in the feed water preheater 53-1 is collected in the
      lower end of the condensate collecting chamber 54-1 of effect 11 for
      return by pump 63 and conduits 64 and 65 to the source of heating steam.
PAR  The evaporated feed water in effect 11, symbolized by arrows 67-1, passes
      through moisture separator or demister element 68-1 and to the interior of
      heat exchange tubes 55-2 of effect 12. The unevaporated feed water 70-1
      collects in the lower end of the evaporating space 51-1 of effect 11 and
      which is connected to effect 12 through openings formed in the walls which
      separate effect 11 from effect 12. A weir 74-1 extends across the openings
      between effects 11 and 12 to control the flow of unevaporated feed water
      and thereby provide a seal against the pressure difference between said
      effects. Because effect 12 is at a lower temperature and pressure than
      effect 11, a portion of the feed water 70-1 passing through the opening
      between effects 11 and 12, flash evaporates. The vapor produced by this
      flash evaporation joins the evaporated feed water 67-2 in evaporating
      space 51-2 of effect 12 for passage through demister 68-2 and into the
      tubes 55-3 of effect 13. In addition, the condensate 61-2 collected in
      condensate collecting space 54-2 of effect 12 is conducted by conduit 76-2
      to the condensate collecting space 54-3 of effect 13 where a portion flash
      evaporates and is condensed in the feed water preheater 53-3.
PAR  The distillation procedure just discussed is repeated in each of the
      remaining effects 13-17. In effect 18 the vapor 42 passes through the
      deaerator 33 and is condensed in the final condensor 23 discussed above.
      The condensate from effect 18 is passed by conductor 76-8 to the final
      condensor 23 and from there it is delivered by pump 80 as the product
      water of the system. The unevaporated sea water 70-8 from effect 18 is
      collected in sump 82 for discharge by blow down pump 83.
PAR  Referring now to FIG. 2 each of the effects 11-18 of the distilling
      apparatus according to the preferred embodiment of the present invention
      are respectively shown to be disposed within substantially identical
      housing portions 91-98, respectively, which may take the form of
      cylindrical sections. These housing portions are joined in an end-wise
      relation to provide an elongated cylindrical housing for containing the
      entire assembly. The deaerator 33 may be disposed in a similar cylindrical
      housing section 99 which is joined to housing 98 of effect 18 and the
      entire assembly may be supported in any suitable manner such as on
      supports 100.
PAR  As indicated above, each of the effects 11-18 are substantially identical.
      Accordingly, effect 13, which is typical, will be discussed in relation to
      FIGS. 3-7. Referring now to FIG. 3, effect 13 is shown to have a pair of
      end panels 72-3 and 73-3 disposed on the opposite ends of the cylindrical
      housing 93 and for being joined with corresponding end panels of the
      adjacent effects 12 and 14. Referring now to FIG. 4, the heat exchange
      bundle 50-3 is shown to include a plurality of heat exchange tubes 55-3
      whose opposite ends are fixed in tube sheets or walls 108-3 and 109-3
      which are secured in a vertical spaced apart relation in the housing 93.
      Tube sheets 108-3 and 109-3 extend from the end wall 73-3 to a second wall
      110-3 (see FIGS. 3 and 5) intermediate the ends of housing 93 and which
      extends from the upper end of housing 93 to a point above the lower end
      thereof. The tube sheets 108-3 and 109-3 and the walls 73-3 and 110-3
      define an evaporating space 51-3 surrounding the tube bundle 50-3. With
      reference to FIG. 4, the tube sheet 109-3, walls 72-3 and 73-3 and the
      adjacent portion of housing 93 defines a condensate collecting space 54-3.
      Similarly, the tube sheet 108-3, the walls 72-3 and 73-3 and the adjacent
      portion of housing 93 defines a vapor distributing space 57-3. Also, the
      wall 110-3, the wall 72-3 and the intermediate portion of the housing 93
      define a vapor receiving space 112-3.
PAR  Attached to the end panel 72-2 of effect 12 is a vapor conducting hood
      114-2. As seen in FIGS. 5 and 7, the hood 114-2 is generally rectangular
      and includes a first side wall 116 opposite tube sheet 109-3, a second
      side wall 117 which is adjacent the vapor distributing space 57-3 and a
      top wall 119 extending between the sides 116 and 117. The bottom of hood
      114 is open except for a short bottom wall 120 extending from side wall
      117 to a short intermediate vertical section 122 which extends a partial
      distance toward the top wall 119. In addition, a front wall 123 extends
      downwardly from the top wall 119 and between the side walls 116 and 118. A
      moisture separator or demister element 124 is disposed in the open bottom
      of hood 114-2 and between the side wall 116, the vertical section of 122
      the front panel 123 and the wall 72-2.
PAR  As seen in FIGS. 4 and 5 registering openings 130 and 131 are respectively
      formed in walls 72-2 of effect 12 and 73-3 of effect 13. Openings 130 and
      131 place the evaporating space 51-2 of effect 12 in communication with
      the vapor distributing space 57-3 of effect 13. It will be appreciated,
      therefore, that the vapor 67-2 generated in effect 2 will pass upwardly
      through demister 124 around section 122, through openings 130 and 131 and
      into the vapor distributing space 57-3 on the inlet end of the tubes 55-3
      of tube bundle 50-3. A similar hood 114-3 is mounted on wall 72-3 of
      effect 13 for conducting vapor generation in effect 13 to the heat
      exchange tubes of effect 14.
PAR  It may be desirable in the higher temperature effects, such as effects
      11-14, to divide the heat exchange tubes into two groups 55a and 55b in
      such a manner that the vapor passes first through tubes 55a where a
      portion is condensed and the uncondensed vapor then passing through tubes
      55b. The division of tubes is made such that there are substantially more
      tubes in the first pass group 55a than in the second pass group 55b so
      that at least some vapor passes through a majority of the tubes to sweep
      the condensate formed in said tubes out into the condensate collecting
      chamber 54-3. Toward this end, a vertical partition 134-3 is provided
      between the housing 93 and the tube sheet 108-3 for dividing the vapor
      distributing space 57-3 at the inlet ends of the first pass tubes 55a from
      a second condensate collecting chamber 54-3' at the outlet ends of the
      second pass tubes 55b. The uncondensed vapor exiting from the tubes 55a in
      condensate collecting chamber 54-3 reverses and enters the second pass
      tubes 55b  where a second portion of the vapor is condensed and collected
      in the second condensate collecting chamber 54-3'. In addition, a portion
      of the vapor exits from the tubes 55b for being condensed on the feed
      water preheater 53-3 as will be described more fully below. This insures a
      sweeping action in both tubes 55a and 55b.
PAR  The feed water preheater 53-3 is disposed within a cylindrical housing 140
      which extends transversely across the housing 93 and above the hood 114-3.
      Sea water enters the heat exchanger 53-3 through pipe 141 (FIG. 7) and
      exits through pipe 142. A header 143 disposed on the end of the housing
      140 includes a partition 144 which divides the feed water entering through
      pipe 141 and that exiting through pipe 142. Disposed within housing 140
      are a plurality of heat exchange tubes 145 which may be generally U-shaped
      and have opposite open ends fixed in a tube sheet 146 and on each side of
      the header partition 144. As a result, the feed water enters through pipe
      141, passes downwardly to the end of housing 140 and back through heat
      exchange tubes 145 and exits through pipe 142.
PAR  As seen in FIG. 4, a pair of feed water nozzles 56-3 are provided in effect
      13 above the heat exchange tubes 55-3 and each is coupled to one of a pair
      of inlets 147-3 for receiving feed water preheated in preheater 53-3.
PAR  Referring now to FIGS. 4 and 7 an opening 149 is shown to be formed in
      housing 93 at the upper end of the second condensate collecting space
      54-3' and is connected by a housing 150 to an opening 151 formed in the
      preheater housing 140. As a result, uncondensed vapors exiting the second
      pass heat exchange tubes 55b, pass into the feed water preheater housing
      140 before being condensed on the heat exchange tubes 145 disposed
      therein. The distillate condensed in feed water preheater housing 140
      drains back into the second condensate collecting chamber 54-3' and may be
      removed from the lower end thereof by conduit 155. A pipe 156 extends
      between the tube sheets 108 and 109 and from the first condensate
      collecting chamber 54-3 to the second condensate chamber 54-3' so that the
      vapor condensed in the first pass heat exchange tubes 55a may also be
      removed by a pipe 155. Normal venting is provided by vents 156 and 157.
PAR  As seen particularly in FIG. 3, openings 160-2 and 161-3 are respectively
      formed in each of the end walls 72-2 and 73-3 adjacent their lower ends. A
      weir 162-3 consisting of a generally U-shaped member is attached to the
      inside face of wall 73-3 and around openings 160-2 and 161-3.
      Corresponding openings 160-3 and 161-4 are formed in walls 72-3 and 73-4
      of effects 13 and 14. A hood 163-3 may be affixed above weir 162-3 to
      prevent feed water from splashing upwardly as it passes between effects.
      In this manner, the unevaporated feed water in each effect may flow to the
      evaporating chamber of the next lowest effect which is at a lower
      temperature pressure. Accordingly, a portion of this feed water flash
      evaporates and is added to the vapor produced as a result of feed water
      evaporation on tubes 55. It will be noted that the upper ends of the weirs
      162-3 and 162-4 are higher than the upper ends of the openings between
      effects so that the depth of feed water in each effect will remain above
      said openings. Accordingly, a vapor seal will be maintained between
      effects to insure the proper pressure and temperature differential.
PAR  To summarize the operation of the evaporator briefly with reference to
      effects 12, 13 and 14, the incoming feed water to effect 13 enters feed
      water preheater through pipe 141 and exits through pipe 142. A portion of
      the exiting feed water is conducted through pipe 148 to the spray nozzles
      56-3 for being sprayed over the outer surfaces of the heat exchange tubes
      55. The vapor from effect 12 enters hood 114-2 and passes through openings
      130 and 131 into the vapor distributing space 57-3 of effect 13. The vapor
      then enters the first pass heat exchange tubes 55-3 for evaporating a
      portion of the feed water cascading downwardly from the nozzles 56-3. A
      portion of the vapor is condensed in the first pass heat exchange tubes
      55a and is collected in the first condensate collecting chamber 54-3. The
      uncondensed portion of the vapor exiting tubes 55a passes into the second
      pass heat exchange 55b as seen in FIG. 7 where a second portion is
      condensed and collects in condensate collecting chamber 54-3'. The
      remaining uncondensed vapor is passed into the feed water preheater
      housing 140 for being condensed on the feed water preheater tubes 145. The
      feed liquid evaporated on the outer surfaces of the heat exchange tube 55a
      and 55b, as symbolized by arrows 67-3, passes downwardly around the
      partition 110 (See FIGS. 3 and 6) and upwardly into the hood 114-3 for
      being conducted to the heat exchange tubes of effect 14. The unevaporated
      feed liquid 70-3 collects in the lower end of the housing 93 for being
      passed into effect 14 through openings 160-3 and 161-4 where a portion
      flash evaporates.
PAR  It can be seen that each of the effects 11-18 are identical and may be
      joined into and by coupling the flanges on their respective walls 72 and
      73. In this manner also, lesser or greater numbers of effects may be
      employed without modification in design or construction. Further, the open
      passages for conducting feed liquid and vapor between effects minimizes
      pressure drops thereacross.
PAR  FIGS. 8 and 9 show an alternate embodiment of the invention wherein the
      preheater tubes 170 extend in the axial direction and continuously through
      the connected effects 11-17. Some of the individual tubes 170 terminate in
      each effect and branch off into the feed water nozzle connecting pipes
      148. The tubes 170 in each effect are surrounded by a housing 171 which is
      sealed at its opposite ends by tube sheets 172. Because the number of
      tubes diminishes in each succeedingly higher effect, from effect 17 to
      effect 11, the succeeding housings 171 may have smaller diameters as shown
      in FIG. 8. Each of the individual housings 171-1 to 171-7 will be
      connected to its respective condensate collecting space 54-1 to 54-7 in a
      manner analogous to that discussed with respect to the embodiment of FIGS.
      1-7.
PAR  While only a few embodiments of the invention have been shown and
      described, it is not intended to be limited thereby but only by the scope
      of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An evaporator having a plurality of effects, a plurality of said effects
      including an outer housing portion disposed with its axis substantially
      horizontal and being generally curvilinear in a plane transverse to said
      axis,
PA1  each housing portion including first and second pairs of spaced
      substantially vertical walls disposed in a substantially rectangular
      array, one of the walls of said first pair intersecting a first part of
      said housing portion to form therewith a vapor distributing space and a
      second one of the first pair of said walls intersecting a second part of
      said housing to form therewith a distillate collecting chamber,
PA1  said first and second pairs of vertical walls defining an evaporating space
      with the upper and lower margins of said housing,
PA1  a plurality of heat exchange tubes extending substantially horizontally
      through said evaporation space and between said first pair of vertical
      walls and opening at one end into said vapor distributing space and at
      their other ends into said distillate collecting space,
PA1  a first one of said second pair of vertical walls of each effect being
      disposed at one end of said housing portion and the other of said second
      pair of walls being disposed intermediate the ends of said housing portion
      and extending from the upper end thereof and defining a vapor receiving
      space with the other end of said housing portion, an aperture formed in
      the lower end of the other one of said second pair of vertical walls for
      connecting said evaporating space to said vapor receiving space whereby
      vapor generated in the evaporating space of each effect is flowed
      downwardly and through said aperture,
PA1  feed liquid distributing means disposed in said evaporating space and above
      said heat exchange tubes for distributing feed liquid as a thin film over
      the outer surfaces of said tubes,
PA1  the housing portions of each effect being joined end to end in a
      substantially horizontal array to form a unitary housing for said
      evaporator,
PA1  means for coupling the vapor distributing space of the first one of said
      effects to a source of steam, means for coupling the evaporating space of
      the last one of said effects to condensing means,
PA1  the first one of the second pair of walls of each effect having a first
      opening formed therein and communicating with the vapor receiving space of
      the respective next higher effect for passage of vapor to the vapor
      distributing spaces of said effects from said respective next higher
      effects,
PA1  a second opening formed in the lower end of the first one of said second
      pair of walls of each effect for permitting the flow of unevaporated feed
      liquid between effects,
PA1  and feed liquid preheater means disposed in at least some of said effects
      and including a preheater housing surrounding said feed liquid preheater
      means and having an opening formed therein, said opening being coupled to
      the condensate collecting space of its respective effect for conducting
      uncondensed vapor exiting from the effect heat exchange tubes to said feed
      liquid preheater means.
NUM  2.
PAR  2. The evaporator set forth in claim 1 and wherein at least some of said
      effects include hood means mounted in said vapor receiving space adjacent
      the first opening in the first one of said second pair of walls and having
      a first portion communicating with the vapor receiving space of such
      effects and another portion communicating with said first opening so that
      said hood collects vapor generated in said effects whereby the same is
      collected and conducted through said first opening to the next succeeding
      effect.
NUM  3.
PAR  3. The evaporator set forth in claim 1 wherein said feed liquid preheater
      means of said effects are serially connected to each other and each being
      connected to the feed liquid distributing means in its respective effect
      as the sole source of feed liquid therein.
NUM  4.
PAR  4. The evaporator set forth in claim 3 wherein the preheater housings in
      said at least some effects is oriented in a direction generally transverse
      to the axis of said outer housing, said feed liquid preheater means
      including a plurality of tube means extending longtudinally of said
      preheater housing.
NUM  5.
PAR  5. The evaporator set forth in claim 3 wherein the preheater housings in
      said at least some effects extend in a direction generally parallel to the
      axis of said housing and are arranged in generally horizontal alignment,
      said feed liquid preheater means including a plurality of tubes extending
      through said aligned housings, certain of said tubes terminating in at
      least some of said effects to provide the feed liquid for said effects.
NUM  6.
PAR  6. The evaporator set forth in claim 1 wherein said first pair of walls are
      disposed in a generally parallel relation to each other and extend
      generally in the direction of said longitudinal axis, said second pair of
      walls are disposed substantially parallel to each other and normal to said
      axis.
NUM  7.
PAR  7. The evaporator set forth in claim 6 wherein
PA1  the heat exchange tubes of each effect is arranged in a heat exchange tube
      bundle having a generally elongated cross sectional area, a first
      plurality of said tubes being disposed along the upper periphery of said
      cross sectional area for direct exposure to said feed liquid distributing
      means and a second plurality of tubes disposed below said first plurality
      of tubes so that feed liquid distributed over said first plurality of
      tubes passes downwardly over said second plurality of tubes prior to
      collection of the unevaporated portion thereof at the lower end of said
      effect, the dimensions of said cross sectional area being substantially
      greater in said vertical direction that in the horizontal direction so
      that the average number of tubes disposed in any vertical path traversed
      by said feed liquid as it moves downwardly through said bundle is
      substantially greater than said first plurality of tubes, whereby said
      feed liquid may be passed over a large number of heat exchange tubes with
      a single passage through said effect and without recirculation.
NUM  8.
PAR  8. The evaporator set forth in claim 7 and including hood means mounted on
      the one of said second pair of walls of at least some of said effects and
      adjacent the first opening in said walls, said hood means extending into
      the vapor receiving space of its respective effect and having a first
      portion in communication with said vapor receiving space and a second
      portion communicating with said first openings, moisture separating means
      disposed between the first and second portions of each hood means and wier
      means disposed over the second openings in each of the first one of said
      second pair of walls to seal the passage between effects against
      differences in effect pressures.
NUM  9.
PAR  9. The evaporator set forth in claim 8 wherein said feed liquid preheater
      means of said effects are serially connected to each other and each is
      connected to the feed liquid distributing means in its respective effect
      as the sole source of feed liquid therein.
NUM  10.
PAR  10. The evaporator set forth in claim 9 and including an opening formed in
      the second part of said housing portion of each effect, and means coupling
      said housing openings to the openings in the preheater housing associated
      with said effects, said feed water preheater housings being generally
      cylindrical and extending between the other of said second pair of walls
      and said end wall.
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ABST
PAL  A method for control of the steam flashing of poly(arylene sulfide)
      reaction product to remove substantially all of the reaction diluent from
      a reaction mixture containing poly(arylene sulfide) polymer, organic polar
      diluent, byproduct alkali metal halide, and reaction mixture impurities is
      provided by measuring the vapor effluent from the flashing operation,
      producing a signal representative of this flow, controlling the rate of
      flow of the effluent from the reactor in response to this signal, and
      controlling the rate of flow of steam admixed with the reactor effluent in
      ratio to the effluent flow.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to recovery of the constituents of the poly(arylene
      sulfide) from reaction slurries. In accordance with one aspect of the
      invention it relates to the recovery of polar organic diluent from a
      poly(arylene sulfide) reaction mixture. In another aspect of the invention
      it relates to the evaporation of diluents from a mixture of reaction
      slurry with steam. In still another aspect of the invention it relates to
      the control of flows in a flash evaporation operation.
PAR  In one of its concepts, this invention relates to the evaporation of polar
      organic diluent from a mixture of a reaction effluent with steam added to
      reduce the dew point of the reaction diluent as an aid to evaporation. In
      another of its concepts, the invention relates to control of flows of
      reaction slurry and steam to produce an optimum evaporation mixture using
      steam dilution of a slurry.
PAR  In copending application Ser. No. 214,036, filed Dec. 30, 1971, now
      abandoned a method for removal of substantially all of the reaction
      diluent from a reaction mixture containing poly(arylene sulfide) polymer,
      organic polar diluent, byproduct alkali metal halide, and reaction slurry
      impurities is described. This method provides for mixing reactor effluent
      with high pressure steam and reducing the pressure of the mixture to
      atmospheric pressure in a flash tank. To best take advantage of the steam
      dilution evaporation techniques taught by the above-mentioned application,
      a method for controlling the amount of steam in relation to the polymer
      slurry is desirable. Although other control methods have been proposed for
      atmospheric, steam diluted, evaporation processes it has now been
      discovered that excellent results in diluent removal can be obtained by
      ratioing the steam dilution to the reactor effluent which is controlled by
      the amount of vapor leaving the flash zone in the evaporation process.
PAR  Accordingly, it is an object of this invention to provide an economical and
      effective method of control for the recovery of polar diluent from the
      reaction mixture of a poly(arylene sulfide) reaction using steam dilution
      of the reaction slurry. It is another object of this invention to provide
      a control system for the recovery of polar diluent from the reaction
      mixture of a poly(arylene sulfide) reaction using steam dilution.
PAR  Other aspects, objects and the several advantages of this invention will be
      apparent to one skilled in the art upon reading the specification and
      appended claims of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, in a process for the recovery of polar
      organic diluent from a reaction effluent slurry comprising poly(arylene
      sulfide), polar organic diluent, byproduct alkali metal halide, and
      reaction impurities by mixing the reactor effluent with steam and reducing
      the pressure to flash the mixture, a method of controlling the flashing
      operation is provided which comprises (1) determining the flow of flashed
      vapor from the flashing operation and producing a signal representative
      thereof; (2) controlling the rate of flow of effluent from the reactor in
      response to said signal; and (3) controlling the rate of flow of steam
      admixed with the reactor effluent in ratio to the effluent flow.
PAR  In one embodiment of the invention a system for recovering polar organic
      diluent from a poly(arylene sulfide) reaction effluent slurry using steam
      dilution of the reactor effluent is provided in which the system comprises
      in combination (1) means for flash evaporating a mixture of reaction
      slurry and steam; (2) means for measuring the vapor flow from the flash
      evaporation and producing a signal representative thereof; (3) means for
      controlling the rate of flow of effluent from the reactor in response to
      the signal produced above; and (4) means for controlling the rate of flow
      of steam admixed with the effluent in ratioed relation to the effluent
      flow.
PAR  The process of this invention is useful with poly(arylene sulfides)
      generally, regardless of the method of preparation. However, the invention
      is especially useful with polymers prepared by the reaction of polyhalo
      compounds with metal sulfide as described in U.S. Pat. No. 3,354,129.
PAR  According to said patent poly(arylene sulfide) polymers can be prepared at
      high yield by reacting at least one polyhalo-substituted cyclic compound
      containing unsaturation between adjacent ring atoms and wherein the
      halogen atoms are attached to ring carbon atoms with an alkali metal
      sulfide in a polar organic diluent at an elevated temperature. Generally,
      the polar organic diluent will substantially dissolve both of the alkali
      metal sulfide and the polyhalo-substituted aromatic compound or other
      compound which can be present. The polymers produced by the process of
      said patent are ordinarily particulate materials and the properties of
      these materials will vary considerably depending upon the chosen
      reactants. Some are high melting thermoplastic materials having excellent
      high temperature stability, while others can be much lower in molecular
      weight, including liquids and grease-like materials. Melting point or
      softening point of these polymers can range all the way from liquids at
      25.degree.C. to polymers melting above 400.degree.C.
PAR  The polyhalo-substituted compounds which can be employed as primary
      reactants according to said patent are represented by the formulas:
      ##EQU1##
      wherein each X is a halogen selected from the group consisting of
      chlorine, bromine, iodine, and fluorine, preferably chlorine and bromine,
      each Y is selected from the group consisting of hydrogen, --R,
      --N(R).sub.2,
      ##EQU2##
      --O--R', --S--R', --SO.sub.3 H, and --SO.sub.3 M, wherein each --R is
      selected from the group consisting of hydrogen and alkyl, cycloalkyl,
      aryl, aralkyl, and alkaryl radicals containing from 1 to 12 carbon atoms,
      inclusive; each R' is selected from the group consisting of alkyl,
      cycloalkyl, aryl, aralkyl and alkaryl radicals containing from 1 to 12
      carbon atoms inclusive; each Z is selected from the group consisting of
      --N= and --C=, D is selected from the group consisting of --O--, --S--,
      and
      ##EQU3##
      G is selected from the group consisting of
      ##EQU4##
      M is an alkali metal selected from the group consisting of sodium,
      potassium, lithium, rubidium, and cesium; n is a whole integer of from 2
      to 6, inclusive; when both Z's in Formula I are --C=, m=6--n, when one Z
      in Formula I is --C=, m=5--n, when both Z's in Formula I are --N=, m=4--n;
      b is a whole integer of from 2 to 8, inclusive, when Z in Formula II is
      --C=, a=8--b, when Z in Formula II is --N=, a=7--b; c is a whole integer
      of from 2 to 10, inclusive; e is a whole integer of from 1 to 5,
      inclusive; g is a whole integer of from 2 to 4, inclusive; and p is a
      whole integer selected from the group consisting of 0 and 1.
PAR  The compounds of the above general formulas which are preferred are those
      which contain not more than three halogen atoms, and more preferably are
      dihalo-substituted compounds.
PAR  The alkali metal sulfides which can be employed in the process of said
      patent are represented by the formula M.sub.2 S wherein M is as defined
      above, and includes the monosulfides of sodium, potassium, lithium,
      rubidium and cesium, including the anhydrous and hydrated forms of these
      sulfides. The preferred sulfide reactant is Na.sub.2 S and its hydrates.
      This sulfide can be purchased having 9 mols of water of hydration per mol
      of Na.sub.2 S, or it can be obtained containing about 60-62 weight percent
      Na.sub.2 S and about 38-40 weight percent water of hydration.
PAR  The polar organic compounds which are employed as reaction media in the
      process of said patent should be solvents for the polyhaloaromatic
      compounds and the alkali metal sulfides. Representative examples of
      suitable classes of compounds include amides, lactams, sulfones, and the
      like. Specific examples of such compounds are hexamethylphosphoramide,
      tetramethylurea, N,N'-ethylene dipyrrolidone, N-methyl-2-pyrrolidone
      (NMP), pyrrolidone, caprolactam, N-ethylcaprolactam, sulfolane,
      dimethylacetamide, low molecular weight polyamides, and the like.
PAR  Some specific examples of polyhalo-substituted compounds of the above
      general formulas which can be employed in the process of said patent are:
PA1  1,2-dichlorobenzene
PA1  1,3-dichlorobenzene
PA1  1,4-dichlorobenzene
PA1  2,5-dichlorotoluene
PA1  1,4-dibromobenzene
PA1  1,4-diiodobenzene
PA1  1,4-difluorobenzene
PA1  2,5-dibromoaniline
PA1  N,n-dimethyl-2,5-dibromoaniline
PA1  1,3,5-trichlorobenzene
PA1  1,2,4-trichlorobenzene
PA1  1,2,4,5-tetrabromobenzene
PA1  hexachlorobenzene
PA1  1-n-butyl-2,5-dichlorobenzene, and the like.
PAR  The reactor effluent from the reaction producing arylene sulfide polymer
      will have a composition of about 1:1:2 of polymer:salt:polar diluent plus
      various impurities from the reaction. The temperature of the reactor
      effluent will be in the range of 450.degree. to 600.degree.F. and will be
      pressured from the reactor with steam or nitrogen at a pressure in the
      range of 50 to 250 psig, preferably about 200 psig.
PAR  The steam used for mixing with the polymer effluent should be superheated
      and be about the same pressure as the effluent before the pressure is
      reduced. Good results are obtained at a pressure of about 200 psig for the
      steam. The temperature in the blending-drying equipment is maintained by
      jacketed heaters at a temperature sufficiently high to vaporize the polar
      diluent and water.
PAR  The operation of this invention can be best understood by reference to the
      drawing which shows a control system and method for controlling the
      removal of polar diluent from a poly(arylene sulfide) reaction mixture
      containing arylene sulfide polymer, sodium chloride, polar diluent, and
      various impurities from the reaction. For purposes of illustration the
      operation of the invention will be described for a reaction mixture
      containing N-methyl pyrrolidone as the polar diluent. As stated above,
      other diluents can be used in the process of this invention.
PAR  Referring now to the drawing, effluent from the reactor is pressured from
      about 20 psig to about 200 psig, for this example at 200 psig, to a
      transfer line 1 through a pressure reducing motor valve 2 where the
      pressure is reduced to substantially atmospheric pressure, into a transfer
      line 3. Although steam at pressure ranging from 10 psig to 1500 psig could
      be used, for this example superheated 200 psig steam at about 450.degree.F
      from line 4 is transferred through pressure reducing valve 5 into transfer
      line 3 to mix with the reaction effluent at substantially atmospheric
      pressure. Upon entering flash tank 6, water, N-methyl pyrrolidone (NMP)
      and dichlorobenzene (DCB) vaporize and go overhead through line 7 while
      poly(phenylene sulfide) (PPS), salt, solid impurities and residual NMP
      drop to the bottom of the flash tank and are removed through line 8. The
      solid product can then be further treated for the removal of residual
      polar diluent.
PAR  The flashed vapors consisting mainly of NMP, water vapor and DCB with some
      solid fine particulate material passes through line 7 into a cyclone
      separator 20 where most of the fine particulate matter is removed from the
      base of the cyclone separator through line 9 while the vapors are removed
      from the top of the cyclone through line 10. The remaining fines materials
      are removed in a bag filter 11 from which the vapors are removed through
      line 12 and fines through line 21. Fines material collected in both the
      cyclone and the bag filter can be processed with the polymer solids that
      were removed from the flash zone. The fines from the cyclone can be
      returned directly by a suitable line to be admixed with the polymer solids
      and the bag filter fines can be removed as necessary for the separation of
      the filter for return to a polymer treatment system.
PAR  In the vapor line 12 effluent from the bag filter, the vapor flow, is
      measured by a flow element 13. A flow transmitter 14 transmits a signal
      representative of the flow to a flow recorder controller 15 which adjusts
      the motor valve 2 in reactor effluent line 1 in response to the signal.
      The flow signal from flow transmitter 14 also is fed to a ratio relay 16
      which sets the flow of superheated steam in a flow recorder controller 17
      at a predetermined ratio to the flow passing through flow element 13. This
      flow recorder controller regulates the flow through motor valve 5 and
      records the flow of steam measured at flow element 18 acting on a signal
      produced by flow transmitter 19. A ratio in the range of 0.5 pounds steam
      per pound of total flow has been effective. A ratio in the range of 0.15
      pounds steam per pound of total flow is presently preferred.
PAR  A material balance for typical operation of this system is presented below.
      In this material balance the composition of the streams is shown on the
      basis of pounds per pound of poly(phenylene sulfide) in the reactor
      effluent stream using a ratio of pounds of steam to pounds of total flow
      in line 12 of approximately .15 to 1.
TBL  ______________________________________                                    
     Stream                                                                    
           1      3      7    8    9    10   21   12                           
     ______________________________________                                    
     PPS   1.0    1.0    0.05 0.95 0.02 0.03 0.03                              
     NaCl  1.1    1.1    0.05 1.05 0.02 0.03 0.03                              
     NMP   2.0    2.0    1.98 0.02      1.98      1.18                         
     DCB   0.01   0.01   0.01           0.01      0.01                         
     H.sub.2 O    0.36   0.36           0.36      0.36                         
     ______________________________________                                    
PAR  Reasonable variation and modification are possible within the scope of the
      foregoing disclosure, the drawing and the appended claims to the invention
      the essence of which is that there has been provided a method and system
      of control for the removal of polar diluent from the reaction mixture of
      poly(arylene sulfide) containing arylene sulfide polymer, salt, polar
      diluent, and various impurities, using steam dilution of the reaction
      mixture with flash evaporation.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for recovering polar organic diluent from reactor effluent
      slurry comprising poly(arylene sulfide), polar organic diluent, alkali
      metal halide, and reaction impurities, by mixing the reactor effluent with
      steam and reducing the pressure to flash the mixture, with a method for
      control, the improvement comprising:
PA1  1. generating a signal characteristic of the flow rate of flashed vapor
      from the flashing operation;
PA1  2. controlling the rate of flow of effluent from the reactor in response to
      said signal; and
PA1  3. controlling the rate of flow of steam admixed with the reactor effluent
      in predetermined ratio to the flow of flashed vapor in response to said
      signal.
NUM  2.
PAR  2. The process of claim 1 wherein entrained solids particles are removed
      from the flashed vapor upstream of the flashed vapor flow determination.
NUM  3.
PAR  3. The process of claim 1 wherein polar organic diluent is
      N-methylpyrrolidone.
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ABST
PAL  In the measurement of ion concentration, a selected base is added to the
      sample liquid which reduces the hydrogen ion content without producing
      other cations of a size to which the measuring electrode is sensitive.
      Bases having a high molecular weight and a dissociation constant,
      particularly secondary and tertiary amines are suitable for us. The system
      includes an absorber which mixes sample liquid with gaseous base, means
      for pressurizing the reference electrode, and an analyzer cell which
      prevents contamination of the measuring electrode with reference fluid
      leaking from the reference electrode. A separate reservoir mixes known
      concentration solutions for calibration purposes. The concentration
      readout meter of the system includes an auxiliary dial for ease of
      calibration.
PARN
PAR  This is a divisional of application Ser. No. 750,388, filed Aug. 5, 1968,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The measurement of sodium ion is of importance in several fields. In
      addition to important laboratory applications in chemistry and biology,
      the sodium ion electrode is finding acceptance in industry, particularly
      in water pollution and water purity applications. Power plants require
      very high purity water for successful operation of their generating
      equipment. Raw water must be extensively treated to remove impurities, and
      the high quality of water used in generating systems must be rigorously
      maintained.
PAR  Heretofore electrolytic conductivity measurements have been extensively
      used to monitor the quality of water in power plants. An electrolytic
      conductivity measurement has the limitation, however, of responding not
      only to the harmful impurities which operators want to detect but also to
      certain other substances they deliberately add to the boiler water to
      improve operating conditions. Recently, there has been a trend toward
      specific measurement of sodium ion to indicate the total impurity content
      of boiler water. Sodium ion is almost always present in substances that
      contaminate boiler water. Hence, the presence of sodium ion is a good
      indication of contamination, as may enter, for instance, through a leaky
      tube in a condenser unit.
PAR  Flame photometry has been used to measure the sodium ion content of boiler
      water. However, this measurement is rather difficult to make, requires
      trained personnel, and entails the use of complicated apparatus that is
      not suitable in its present state of development for continuous monitoring
      of plant streams. Accordingly, there has been considerable interest in
      attempting to adapt the sodium ion electrode to the problem.
PAR  Sodium ion analyzers of the electrode type are described in "Monitoring
      Sodium in High Purity Water," R. H. Jones, Industrial Water Engineering,
      Vol. 1, No. 2, March/April, 1964; and in Calgon Bulletin 5-1038-S, Sept.
      1, 1965, Equipment and Instruments, a publication of the Calgon
      Corporation, Pittsburgh, Pennsylvania.
PAR  Sodium ion glass electrodes are similar to ordinary pH glass electrodes
      except that the composition of the glass used in the ion sensitive
      membrane is selected to respond primarily to the sodium ion rather than to
      the hydrogen ion as in the pH electrode. Whereas the pH electrode responds
      faithfully to hydrogen ion over an extremely wide range of concentration
      and almost without any interference effects, the sodium ion electrode will
      respond not only to sodium ion but also to hydrogen ion and to a number of
      other cations. By shifting the glass composition, one can modify the
      relative degree of response to these several cations, but thus far it has
      not been possible to make an electrode that is uniquely sensitive to
      sodium ion alone.
PAR  The discrimination capability of a sodium ion electrode is expressed by the
      so-called selectivity ratio, which is a measure of the extent to which the
      electrode will respond to two different ions in question, for example,
      sodium ion versus hydrogen ion, sodium ion versus potassium ion, or sodium
      ion versus ammonium ion. The selectivity ratio constant, K may be thought
      of as that factor by which the activity, or concentration, of a second ion
      species must be multiplied in order for the electrode to respond equally
      to the two species. Electrodes are usually very much more selective to
      hydrogen ion than to metal ions, and the K values (hydrogen/sodium) may
      range from 10 to 1000. Accordingly, for equal response to hydrogen ion and
      the metal ion, the hydrogen ion activity (concentration) must be much less
      than the metal ion activity value.
PAR  In some applications, the level of sodium ion may be sufficiently high that
      measurements can be made successfully in neutral (7pH) solutions, or even
      at lower pH values. In other applications, the level of sodium ion may be
      quite low, in which case the pH of the sample must be raised to a suitable
      value to eliminate effects of hydrogen ion on the measurement.
PAR  For example, in boiler water applications it is desired to measure very low
      levels of sodium ion, at times going down to 1/10 part per billion. This
      concentration corresponds to a molarity or normality of approximately 4
      .times. 10.sup.-.sup.9 in sodium ion. In order to measure this very low
      concentration of sodium, the hydrogen ion concentration must be reduced.
PAR  The prior art has accomplished this by adding a buffering agent, or base,
      to the sample liquid in order to reduce hydrogen ion activity. Commonly,
      ammonia and morpholine have been added to the sample liquid to raise the
      pH so that the hydrogen ion background is reduced. These prior art
      techniques have not been completely successful, particularly where
      extremely low levels of sodium ion concentration must be measured. As
      noted in the article "Beckman's Specific Ion Electrodes," Beckman
      Analyzer, Vol. 4 (1) 1963, page 3, the pH of the resulting solution must
      be raised to a value higher than 10.5. This article attributes the adverse
      effect on the electrode during prolonged contact to the high pH or high
      hydroxyl ion content of the solution.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to methods of and means for measuring ion
      concentration by an electrode that is sensitive to the selected ion and
      more particularly to methods of measuring sodium ion concentration with a
      sodium ion glass electrode.
PAR  An important aspect of the present invention is based on the discovery that
      the deteriorating performance of ion selective electrodes when a strong
      base is added to the sample liquid is not caused by the adverse effect of
      the strong base (hydroxyl ion) on the electrode itself. Rather, poor ion
      selectivity is brought about by the production of secondary ions of a size
      to which the ion selective glass electrode is sensitive. Therefore, in
      accordance with this invention a high pH solution (high hydroxyl ion
      concentration) can be used provided the base is selected from a group
      which produces positive ions of sufficient size that the electrode will
      not respond to them.
PAR  The use of the base agents taught in the prior art produced in solution a
      high background of ions to which the electrode was sensitive. For example,
      when ammonia is used as the base, as taught in the prior art, the ammonium
      ion NH.sub.4 .sup.+ is produced in solution. The ammonium ion is a
      relatively small cation similar in characteristics to the alkali metal
      cations. The ion selective electrode responds to ammonium ion. Because of
      this, ammonia cannot be mixed with the sample liquid in an amount
      sufficient to reduce the amount of hydrogen ions present to a suitable
      level.
PAR  Accordingly, it is an important object of the present invention to add to
      the sample liquid a base which reduces the amount of hydrogen ions present
      in the resulting solution to a suitable level without the formation of
      small cations to which an ion selective glass electrode would otherwise
      respond and which would otherwise obscure the measurement of selected
      cations.
PAR  It has been found that the production of secondary ions of a size to which
      the ion selective glass electrode is sensitive is primarily a function of
      the molecular weight of the base. In particular, a base selected from the
      group which has a molecular weight of at least 45 and a dissociated
      constant greater in magnitude that 5 .times. 10.sup.-.sup.5 is
      particularly effective in reducing the amount of hydrogen ions present in
      the resulting solution without the formation of small cations to which the
      electrode will respond.
PAR  Even more particularly, the group of secondary and tertiary amines are used
      as a base to reduce the amount of hydrogen ions present in a sample liquid
      without forming small cations to which the ion sensitive electrode will
      respond. The cations of the secondary and tertiary amines are of a size
      such that cation sensitive glass electrodes are not particularly sensitive
      to them. See "Response of the Cation Sensitive Glass Electrodes to
      Alkali-Substituted Ammonium Ions" by G. A. Rechnitz and G. Kugler, Z.
      anal. Chem. Vol. 210, pages 174-6, (1965). The uses of these secondary and
      tertiary amines as a base in the treatment of sample liquids is an
      important part of the present invention.
PAR  In addition to the hydrogen ions present in the sample liquid, ammonium
      ions may be present in concentration several decades higher than that of
      the sodium ion to be measured.
PAR  Of the total ammonium (NH.sub.4 .sup.+ and NH.sub.4 OH) present in a
      solution of pH 10.5, about 6 percent will be in ionized form. At a pH of
      11.0, the ionized fraction drops to about 2 percent, while at pH 11.5 the
      ionization further diminishes to about 0.6 percent. It is not feasible to
      obtain the desired suppression effect with weak bases. The use of ammonia
      as the hydroxyl producing agent is particularly objectionable in this
      regard because it produces as much ammonium ion as hydroxyl ion.
PAR  Accordingly, it is another object of the present invention to add to the
      sample liquid a base from the group described above in a quantity
      sufficient to produce a pH greater than 11 and which will produce in
      solution undissociated ammonium hydroxide with a small ionized fraction
      thereby further improving the response of the analyzer to sodium ions
      relative to ammonium ions. It should be understood that to accomplish this
      it is necessary that the dissociation constant of the base be appreciably
      higher than that of ammonia and should be at least 5 .times.
      10.sup.-.sup.5.
PAR  In one particular embodiment of the invention, liquid diisopropyl amine is
      used as the base agent. A non-reactive gas is bubbled through the liquid
      amine to produce a transported vapor which is mixed with the sample liquid
      in an absorber. In another embodiment of the invention, gaseous dimethyl
      amine is the base. In accordance with another important object of the
      present invention, there is provided an absorber which is suitable for use
      with a gaseous base of the type described above, whether it be a pure
      gaseous base or a transported vapor formed from a mixture of liquid base
      and non-reactive gas.
PAR  It is a further object of the present invention to provide an ion
      concentration analysis system of the type which includes a reference
      electrode having a liquid junction wherein the system includes means for
      supplying a reference fluid to the liquid junction with a pressure greater
      than approximately 4 psi.
PAR  It is a further object of the present invention to provide an analyzer cell
      for a system of the type described above constructed in a manner which
      prevents under usual operating conditions reference fluid from reaching
      the ion sensitive element of the meansuring electrode.
PAR  It is a further object of the present invention to provide an analyzer cell
      for an ion concentration measuring system constructed in such a manner
      that the liquid level in the cell drops when there is an interruption in
      the normal flow of sample liquid to prevent contamination of the ion
      measuring element with reference fluid.
PAR  It is a further object of the present invention to provide calibration
      techniques for an ion concentration measuring system which are accurate,
      convenient and reliable.
PAR  It is a further object of the present invention to provide an ion
      concentration measuring system including a calibration reservoir for
      mixing a sample of known concentration and an auxiliary scale on the
      concentration meter providing ease of calibration.
PAR  The foregoing and other objects, features and advantages of the present
      invention will be more apparent from the following more detailed
      description and appended claims in conjunction with the drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a flow sheet of a particular embodiment of the invention;
PAR  FIG. 2 shows plots of concentration of different bases as a function of
      hydroxide ion concentration;
PAR  FIG. 3 shows the absorber;
PAR  FIG. 4 shows the analyzer cell;
PAR  FIG. 5 shows an advantageous arrangement for the amine reservoirs;
PAR  FIG. 6 shows a flow sheet of an alternate embodiment of the invention;
PAR  FIG. 7 shows an alternate absorber;
PAR  FIG. 8 shows another type of absorber;
PAR  FIG. 9 shows the meter scale and an auxiliary scale;
PAR  FIG. 10 shows another auxiliary scale; and
PAR  FIG. 11 shows another auxiliary scale.
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PAC  DESCRIPTION OF A PARTICULAR EMBODIMENT
PAR  Studies indicate that relatively small cations, such as sodium, potassium,
      or ammonium, diffuse into the glass of the electrodes and associate
      themselves with specific sites available in the glass structure. In this
      way, they effect the electrode response. On the other hands, the larger
      cations are unable to relate themselves with the glass structure in this
      way.
PAR  It has been found that a group of bases having a molecular weight greater
      than 45 and having a dissociation constant greater in magnitude than 5
      .times. 10.sup.-.sup.5 produce in solution the larger cations which are
      unable by reason of their size to relate themselves to the glass structure
      of the electrode. Further, these strong bases are very effective in
      reducing the hydrogen ion content of the sample liquid. Examples of the
      group of bases which are suitable for use in accordance with this
      invention are listed in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Properties of Various Bases                                               
               Dissociation  Vapor                                             
               Constant                                                        
                       Boiling                                                 
                             Pressure                                          
               K Values                                                        
                       Point at 20.degree.C                                    
                                    Molecular                                  
               at 25.degree.C                                                  
                       .degree.C                                               
                             mm Hg. Weight                                     
     Compound  (.times. 10.sup.5)                                              
     __________________________________________________________________________
     Betaine   1,450 (20.degree.)                                              
                       m.p.239      117.15                                     
     Sparteine 570.    325          234.37                                     
     Piperidine                                                                
               160.    106.3        85.15                                      
     Pyroxilidine                                                              
               130.                                                            
     Diisopropyl                                                               
      Amine    113.    84.1  61.7   101.19                                     
     Coniine   100.    168.         127.23                                     
     Diethyl Amine                                                             
               96      56    195.   73.14                                      
     Phenylguan-                                                               
      idine    58.9                                                            
     Triethyl                                                                  
      Amine    56.5    89.7  53.5   101.19                                     
     Ethyl Amine                                                               
               56.     16.6  873.   45.09                                      
     Isopropyl                                                                 
      Amine    53.     32.4  455.   59.11                                      
     Dimethyl Amine                                                            
               52.     7.4   1340.  45.08                                      
     Tetramethylene                                                            
      Diamine  51                                                              
     Diisobutyl                                                                
      Amine    48      139-140      129.25                                     
     n-Amyl Amine                                                              
               43.9    99.1  31.    87.17                                      
     Isoamyl Amine                                                             
               43.9                 87.17                                      
     Methyl Amine                                                              
               43.8    -6.3  1790.  31.06                                      
     n-Butyl Amine                                                             
               40.9    77.8  71.7   73.14                                      
     .alpha.-Ethyl Pyrroli-                                                    
      dene     27.                                                             
     Methyldiethyl                                                             
      Amine    27.                                                             
     Triisobutyl                                                               
      Amine    26.     191.5        185.36                                     
     n-Methyl                                                                  
      Pyrrolidene                                                              
               15.                                                             
     Ethylene Diamine                                                          
               8.5     116.9 10.9   60.10                                      
     Piperazine                                                                
               6.4     146.0 0.16   86.14                                      
     Trimethyl                                                                 
      Amine    5.45                 59.                                        
     __________________________________________________________________________
PAR  The properties of the foregoing bases may be contrasted with commonly used
      buffering agents, such as ammonia which has a dissociation constant of
      1.77 .times. 10.sup.-.sup.5 and a molecular weight of 17.03 and to
      morpholine which has a dissociation constant of 0.244 .times.
      10.sup.-.sup.5 and a molecular weight of 87.12.
PAR  It should be understood that bases that are suitable for use in accordance
      with this invention may, under normal conditions, be gases, liquids or
      solids.
PAR  Examples of ions that are produced from several of the bases of Table 1 are
      shown below: Ions produced respectively from the primary amines,
      methylamine, ethylamine and isopropylamine:
      ##EQU1##
      Ions produced respectively from the secondary amines, dimethylamine,
      diethylamine and diisopropylamine:
      ##EQU2##
      Ion produced from the tertiary amine triethylamine:
      ##EQU3##
      On the other hand, the ion produced from ammonia is:
      ##EQU4##
PAR  The above structural formulas dramatically show the effect of substitution
      on the size of the resulting positive ion. The ion of methylamine is
      appreciably larger than that from ammonia, but is quite a bit smaller than
      the ions from ethylamine and isopropylamine. The secondary amines offer
      more opportunity for substitution, as compared with the primary amines,
      with corresponding increase in ion size. It is interesting to note that
      the secondary amines diethyl and diisopropyl in addition to producing ions
      of large size are also quite strong bases, as reference to Table 1 will
      show. The dissociation constant of diethylamine is 54 times greater, and
      that of diisopropylamine, 73 times greater than that of ammonia.
PAR  The effect of dissociation constant on the hydroxide-producing capability
      of a base is graphically shown in FIG. 2. This figure shows the resulting
      pH value as a function of concentration, when each of four bases of
      different dissociation constant is added to pure water. Two of the bases,
      namely methyl amine and diisopropyl amine, are selected from the group of
      the present invention, while the other two, morpholine and ammonia, are
      prior art bases. The effect of dissociation constant is evident from the
      spread between the curves. At a concentration value of 10.sup.-.sup.3
      molar, for example, morpholine, with dissociation constant of 2.44 .times.
      10.sup.-.sup.6 will produce a solution pH of 9.7; ammonia with a constant
      of 1.77 .times. 10.sup.-.sup.5, a pH of 10.1; methyl amine with a constant
      of 4.38 .times. 10.sup.-.sup.4, a pH of 10.7; and diisopropyl amine with a
      constant of 1.13 .times. 10.sup.-.sup.3, a pH of 10.8. Moreover, the
      differences are greater at higher pH. Accordingly, bases with a larger
      value of dissociation constant are more efficient in producing the desired
      high pH property of the solution. For this reason, it is advantageous to
      chose a base having a dissociation constant at least as large as 5 .times.
      10.sup.-.sup.5. It is not difficult to find such a base, as all of the
      bases of Table 1 have dissociation constants exceeding this value.
      Moreover, the table is by no means complete with respect to available
      bases having dissociation constant greater than 5 .times. 10.sup.-.sup.5.
PAR  Another way of expressing the effect of dissociation constant is to
      indicate the solution concentration values of the respective base
      substances that will be needed to produce the same pH of solution.
      Referring to FIG. 2, if a resulting solution pH of 10.7 be assumed,
      morpholine will have to be present at a concentration of about 0.1 molar;
      ammonia, 0.013 molar; methylamine 0.001 molar; and diisopropylamine,
      0.0008 molar. Amounts of these substances needed on a weight basis will
      depend on the molecular weight figures, and for the preceding comparison,
      assuming one liter of solution in each case, the amounts will be 8.71,
      0.17, 0.031, and 0.081 grams respectively.
PAR  Because quite different amounts of the various bases are needed, the cost
      of running equipment will obviously differ. In making a cost comparison
      not only will the mass rate of consumption of the base substance be
      important, but also the molecular weight and the price of the substance in
      commercial quantities as would be purchased for routine maintenance of the
      equipment. Cost comparisons made in this manner have indicated that both
      morpholine and ammonia are relatively expensive to use, with morpholine
      being appreciably more expensive than ammonia. The comparison was made
      assuming that the same final solution pH would be maintained in every
      case. The amount of morpholine needed to produce a satisfactory pH value
      (above pH 10.5) is too great for this agent to be considered practical.
PAR  Factors other than those discussed above must be considered. Particularly,
      safety, convenience of handling, long-term reliability and low maintenance
      requirements are important. A sodium ion concentration measuring system
      which meets the foregoing considerations is shown in FIG. 1. The system in
      FIG. 1 is for use with diisopropyl amine, but it will be appreciated that
      the system is suitable for use with other volatile liquid bases. Some of
      these bases are noxious and may present a fire hazard. However, liquid
      amines, and particularly liquid diisopropyl amine, are somewhat safer for
      use.
PAR  Also, the appreciable vapor pressure of these liquid amines offers an
      advantageous way of adding the amine to the sample water. The flow of a
      non-reactive gas through the amine can be used as an effective transport
      means. This technique permits the addition to be safely and conveniently
      made, at exactly controlled flow rate, and in a reliable manner over long
      periods of time. Since the amine in transferral passes through the vapor
      state, the method has the further advantage of protecting against sodium
      ion contamination, a real possiblity where liquid or solid amine is added
      directly to the sample solution. Other liquid bases with sufficient vapor
      pressure, besides diethyl and diisopropylamine, are available for use in
      the vapor transport scheme, and examples may be found in Table 1 and
      elsewhere. It should be understood that the method and apparatus now to be
      described comprise an important part of the present invention.
PAR  A schematic representation of equipment that uses the vapor transport
      scheme is shown in FIG. 1. Sample water to be analyzed enters the pipe 10
      and flows through valve 11, pipe 12, pipe 13 and into overflow chamber 14.
      Excess flow passes into pipe 15 and is discarded through discharge pipe
      16. A portion of the sample water passes through pipe 17, valve 18, pipe
      19, flow regulating valve 20, pipe 21, flowmeter 22, pipe 23 and into the
      absorber 24. From absorber 24 the sample water passes through pipe 25,
      into the flow cell 26 where the electrode measurement of sodium ion is
      made, and then discharges through pipe 27 and is discarded through pipe
      28. The overflow chamber 14 is located at an elevation above the absorber
      24, which in turn is located in elevation above the flow cell 26. Hence
      the sample water is able to flow by gravity in the manner described. The
      open-ended stand pipe 29 ensures that the water in pipe 27 will discharge
      at atmospheric pressure, uneffected by the liquid flow in pipe 28.
PAR  A flow of non-reactive gas, such as nitrogen or air, is provided for amine
      transport. As shown in FIG. 1, nitrogen gas contained in the cylinder 31
      passes through the cylinder shut off valve 32, pipe 33, pressure reducing
      valve 34, pipe 35, pipe 36, and through the flow control valve 37. Gauge
      38 indicates cylinder pressure. The pressure reducing valve 34 operates to
      maintain essentially constant gas pressure in pipe 35, and this pressure
      is indicated by the gauge 39. The flow of gas as regulated by the valve 37
      flows through the flowmeter 40, the pipe 41, the check valve 42 and then
      into the base containing vessel 43 through the pipe 44. The end of pipe 44
      is located below the liquid level of the base 45. The gas flow thus
      bubbles through the supply base 45 and acquires a vapor concentration of
      base in amount approaching the equilibrium vapor pressure of the liquid at
      the existing temperature. The combined flow of gas and vapor discharges
      from vessel 43 through pipe 46, check valve 47 and into the absorber 24.
      Absorber 24 provides contact between the stream of sample water flowing
      through it and the gas and vapor stream entering through check valve 47.
      Since the water has a strong affinity for the vapors of the base, the base
      is substantially entirely absorbed by the sample water stream, leaving the
      nitrogen gas to discharge through pipe 48. The overall effect is to raise
      the pH of the sample water entering the measurement flow cell 26 to a
      value within the approximate range of 10.5 to 11.5.
PAR  The check valves 42 and 47 prevent mishap when the equipment is shut down.
      Check valve 42 prevents the flow of amine backward through line 41, while
      check valve 47 prevents flow of water into line 46.
PAR  The adjustment of flow rate is not critical, neither with respect to the
      sample water stream nor with respect to the gas stream. It has been found
      that a sample water flow rate of 125 ml./min. and a gas flow rate of 0.2
      cu. fit./hr. are quite satisfactory, although these rates may be varied by
      a factor of 2:1 or more in either direction without harming operation.
      These values pertain to the use of diisopropylamine at a temperature of
      about 25.degree.C when contained in a 5-gallon steel can (vessel 43). The
      amine vaporization rate is relatively small in magnitude, and only a
      moderate influx of heat through the walls of vessel 43 will be required to
      supply the needed latent heat of vaporization. If ambient temperature is
      considerably lower than 25.degree.C, one might use an amine of greater
      vapor pressure; or at appreciably higher ambient temperature, an amine
      with lower vapor pressure than diisopropylamine. Latitude in adjustment of
      the relative flow rates is afforded by the fact that the measurement of
      sodium ion is not critically dependent upon maintaining an exact value of
      pH, so long as the pH value is in a range sufficiently high to repress
      hydrogen ion response of the electrode.
PAR  Polyethylene and stainless steel are satisfactory materials of construction
      and are recommended for use in the piping lines, the valves and fittings
      and other components of the system. Glass bottles and tubing and other
      glass items are to be avoided, as this material will introduce sodium ion
      contamination into the sample water. Also to be avoided are pipe dopes,
      greases, cements, and other materials commonly used to seal joints against
      leaks. The pipe threads may be sealed with the special Teflon material
      "Ribbon Dope Thread Sealant," supplied by Permacel, New Brunswick, New
      Jersey.
PAR  It should be pointed out that specific embodiments of some of the details
      of FIG. 1 need not be carried out exactly as shown. For example, the
      overflow chamber serves to provide a pressure of sample water to supply
      the flow control scheme indicated. Other methods of gaining flow control
      of the sample water would be quite satisfactory. Also the gas supply need
      not be from a cylinder. An air pump might be used or air might be drawn
      from an air service line, with proper precautions in every case to avoid
      dirt or other forms of contamination.
PAR  Although other sodium ion electrodes may be used, electrodes produced from
      L&N No. 914 glass are preferred (produced by Leeds & Northrup Company,
      Philadelphia, Pennsylvania). The cation-responsive membrane of this
      electrode is within the scope of published prior art.
PAR  The sodium ion electrode 58, the reference electrode 59, and the
      temperature compensator 61 are connected to conventional high impedance
      voltage measuring instrumentation 67 by means of the conductors 89, 90 and
      91. The voltage measuring instrumentation 67 may take the form of an L&N
      7405 pH meter provided with an L&N Speedomax Type H recorder for readout
      indication and recording. It is convenient to make the recorder display a
      3-decade change in sodium ion concentration and to use 3-decade
      logarithmic chart paper (L&N 660,790). The recorder scale is made to match
      the above paper. In order to make the signal from the pH meter of correct
      magnitude, a dropping resistor of 46.67 .+-. 0.05 ohms is used across the
      output of the pH meter. With the automatic temperature compensator
      connected in the usual manner to the pH meter, the output reading of the
      recorder is automatically compensated for temperature change. Sodium ion
      electrodes usually exhibit response characteristics corresponding to the
      slope constant of the theoretical Nernst equation, that is, 59.16 mv. per
      decade change in concentration at 25.degree. C. Sometimes, electrodes may
      give slightly less than theoretical response, but the response for a one
      decade concentration change will almost never be deficient by more than
      about 2 or 3 mv. which would introduce a negligible error in many
      applications.
PAR  At times, it may be desirable to calibrate the equipment for the specific
      characteristics. In this event, the automatic temperature compensator may
      be made adjustable to take care of this small error. Another way is to
      disconnect the automatic compensator 61 and to use the temperature dial of
      the pH meter to introduce the correct slope characteristic for the
      electrode. Details of how this is done and other calibration information
      is subsequently given.
PAC  LIQUID JUNCTION REQUIREMENTS
PAR  As compared with the usual industrial pH measurement, the measurement of
      sodium ion requires superior performance of the electrochemical cell. The
      reason is that ion measurement uses a full-scale voltage span that is
      appreciable less in magnitude than that in a 0-14 pH measurement (180 mv.
      versus 840 mv.). The output of the electrochemical cell in effect is being
      amplified and hence any noise (undesired signal variations) is also
      amplified.
PAR  It has been found that the liquid junction of the electrochemical cell can
      be a serious source of noise if the junction is not properly designed and
      operated. The high pH of the sample water as it flows through the cell
      appears to aggravate the liquid junction problem. In addition to the
      effect of high pH, there appears also to be susceptibility to flow rate
      changes or concomitant changes in hydrostatic head. A bad junction is
      indicated by a chart trace that exhibits hunting in a sporadic way.
      Sideways excursions of the record may amount to 5 or more millivolts. A
      bad junction may also cause a sudden sharp jump in the indicated potential
      occasionally amounting to 20 or 30 mv. in magnitude, depending on
      particular cell and junction conditions. Noise of this kind is intolerable
      and has been observed to a serious extent in prior art systems.
PAR  In accordance with an important aspect of this invention, many of the
      difficulties previously associated with liquid junction operation are
      obviated by operating the junction under considerably greater hydrostatic
      pressure difference than usually employed. Pressures on the order of 4 to
      8 psi should be used and may even be greater than this if the potassium
      chloride leakage rate does not become excessive. Under pressurized
      conditions, a small porous plug may be advantageously used in the present
      invention to provide the reference solution leakage path. Junction devices
      of this type are commercially obtainable (A. H. Thomas Company, Cat. No.
      4857-F15) but must be modified to accommodate the pressure line.
PAR  Although the pressure may be applied in other ways, the pressurizing means
      shown in FIG. 1 is particularly advantageous. Gas pressure is used to
      drive the potassium chloride solution into the reference electrode.
      Nitrogen gas pressure of 4 to 8 lbs. per square inch contained in pipe 35
      is led through pipe 1, valve 2, pipe 3, trap 4, pipe 5, and into the gas
      space 6, over the supply of potassium chloride solution 7 contained in
      reservoir 8. The gas pressure exerted in space 6 forces potassium chloride
      solution to flow into the immersed tube 9 and thence through the
      connecting pipe 9a and into the reference electrode 59. The 4 to 8 lbs. of
      pressure as indicated by the gauge 39, which is connected to the pipe 35,
      will cause the equivalent of about 110 inches to 220 inches head of
      potassium chloride solution. The function of the trap 4 is to prevent
      accidental back flow of potassium chloride solution in the line 3 if the
      gas pressure is suddenly reduced. For corresponding reasons and also to
      ensure proper functioning of the reference electrode 59, the equipment
      should be assembled with no air, or a minimal amount of air, trapped in
      the lines 9 and 9a and inside the reference electrode 59.
PAC  THE ABSORBER, FIG. 3
PAR  The absorber shown in FIG. 3 is advantageous in allowing optional use of
      either a gaseous amine (such as dimethyl amine) or a transported vapor
      formed from a liquid amine (diisopropyl amine) without requiring equipment
      change. (In this specification, the term "gaseous base" includes a vapor
      base, as well as a base which is naturally in gaseous form.) This absorber
      also has the advantage, if the normal amine flow should stop for any
      reason, of avoiding suck-back of the sample liquid back into the base
      supply.
PAR  An elongated cylindrical chamber 311, mounted vertically, is provided in
      its upper region with a sample solution inlet pipe 312 and in its lower
      region with a sample solution outlet pipe 313. The interior of chamber 311
      may be provided with a baffle 314 in the form of a helix which fits
      against the interior wall of chamber 311 and which serves to spread the
      flow of sample solution uniformly over the interior surface of chamber
      311. The chamber is also provided with an amine supply tube 315, the
      discharge end 316 of which is located in the middle of the space in a
      region near to but not at the bottom of chamber 311. The top of chamber
      311 is provided with a vent pipe 317 the check valve 318 is interposed in
      the pipe line 319 that leads to the amine supply tube 315. Dimensions of
      the parts are chosen such that when sample solution flows through chamber
      311 it never comes in contact with the discharge end 316 of amine pipe
      315.
PAR  The flow of amine, either as a gas coming directly from a cylinder or as a
      vapor carried by inert gas from a liquid reservoir enters pipe 319, flows
      through check valve 318, tube 315 and discharges inside chamber 311.
      Inside chamber 311, the amine gas or vapor flow is upward but very rapidly
      becomes absorbed in the sample water that is flowing downward along the
      interior wall of chamber 311. If non-reactive carrier gas is used, this
      gas will traverse the length of chamber 311 and discharge from pipe 317.
PAR  Since the discharge end 316 of the amine line is normally never in contact
      with liquid water, water can not suck-back through the amine line if flow
      of amine stops. In the case of flooding caused by improper, excess sample
      water flow, the check valve will protect the amine line. Also, the amine
      tube 315 may be made of narrow bore so that the velocity of amine flow
      will be greater than the counter flow velocity of water absorption.
PAR  The vent 317 which communicates the interior of the chamber with the
      atmosphere is quite important whether a transported vapor or a pure
      gaseous base is introduced into the absorber, as it is essential to
      maintain the interior of the chamber at atmospheric pressure. When the
      transported vapor technique such as that shown in FIG. 1 is used, the vent
      48 allows the escape of the inert gas to the atmosphere, thereby
      preventing pressure build-up. When pure gaseous base is introduced, the
      vent avoids a reduction in pressure below atmospheric that might occur as
      gaseous base dissolves in the liquid sample. Negative pressure is
      undesirable as it might lead to suck-back already mentioned, and
      furthermore, if sample flow stops might cause withdrawal of sample liquid
      from the measurement cell, thereby leaving the ion sensing membrane of the
      electrode undesirably exposed.
PAC  ANALYZER CELL CONFIGURATION, FIG. 4
PAR  Flow cells of conventional type are objectionable primarily because they do
      not adequately take care of the potassium chloride leakage that comes from
      the reference electrode. As has already been indicated, a sodium ion
      electrode will respond to potassium ion if the concentration level is of a
      magnitude to satisfy the requirements of the selectivity ratio constant.
      As previously discussed, it is desirable to operate the reference
      electrode with a relatively full flow of potassium chloride solution
      passing through the junction and into the sample water stream.
      Accordingly, appreciable amounts of potassium ion are introduced in the
      sample stream. Potassium choride solution introduced into the sample
      stream has an appreciably higher density than the sample water, and hence
      tends to stratify in the region at the bottom of the sample stream. In a
      flow cell of conventional construction, the motion of the stratified
      potassium chloride layer is not necessarily in the same direction as the
      nominal direction of water flow through the cell. The potassium chloride
      solution may undergo a circulatory movement within the cell, with some of
      the more dense stratified layer moving in a direction opposite to the
      nominal flow direction through the cell. Hence, even though the reference
      electrode is mounted downstream from the glass electrode, ctrode, the
      potassium chloride solution at times is able to work its way upstream
      against the flow and come into contact with the glass electrode to produce
      a false reading.
PAR  To overcome this undesirable effect, the cell configuration of FIG. 4 is
      provided. Three vertically oriented chambers 51, 52 and 53 are bored in a
      block of polyethylene. Flow communication between chambers 51 and 52 is
      provided by passageway 54. Communication between chambers 52 and 53 is
      provided by the exit port 55.
PAR  In normal operation, sample water enters by way of the pipe 56 located at
      the bottom of chamber 51. The water flows upwardly, promptly makes contact
      with the ion sensitive membrane 57 of the glass electrode 58, and thence
      continues its upward flow through the annular space between electrode 58
      and the wall of the chamber 51. Solution flow then passes to chamber 52 by
      means of the fluid passageway 54, and proceeds downwardly in the annular
      space between the reference electrode 59 and the wall of chamber 52.
      Before leaving chamber 52, the solution makes contact with the liquid
      junction interface 60 of reference electrode 59 and then passes into
      chamber 53 via exit port 55. Solution flow then proceeds upward through
      the annular space between automatic temperature compensating unit 61 and
      the wall of chamber 53 and finally exits through the discharge pipe 62. It
      will be noted that the downward flow of solution through the relatively
      narrow annular space around reference electrode 59 effectively prevents
      the potassium chloride solution leaking from liquid junction interface 60
      from finding its way into chamber 51 and making contact with the ion
      sensitive membrane 57. The more dense potassium chloride solution will
      always tend to flow downward with the current, rather than upward.
      Although there may be some small accumulation of potassium chloride
      solution in the exit port 55, the flow of water towards the discharge pipe
      62 will eventually carry the potassium chloride out of the cell.
PAR  The height of discharge pipe 62 will determine the normal water level 63 in
      the cell. The height of fluid passageway 54 is positioned so that this
      passageway will be substantially filled with solution when solution flows
      in the normal manner through the cell. Thus the electrolytic conduction
      path between the ion sensitive membrane 57 and the liquid junction
      interface 60 will be properly maintained. The passageway 64 located a
      little above the normal solution level 63 ensures that the upper part of
      chamber 52 does not become air-bound.
PAR  Trouble from potassium chloride reaching the glass electrode may occur
      during down time when there is no sample flow through the cell, unless
      provisions are made to take care of the situation. If the cell stands
      filled with quiescent solution, potassium chloride can diffuse from the
      reference electrode chamber 52, through the passageway 54 and into the
      glass electrode chamber 51, where it will eventually come into detrimental
      contact with the ion sensitive membrane 57. To prevent this from
      happening, the cell may be provided with a leakage path that allows some
      cell solution to discharge through the flow regulating tube 65 and into
      the drain pipe 66. The leakage rate as determined by the bore of the tube
      65 is made substantially less than the normal sample flow rate through the
      cell. Hence in normal operation the water level in the cell will be
      maintained at the level 63 as previously described. When the flow of water
      to the cell stops, however, the leakage path will let the water level in
      chambers 52 and 53 fall to the level 67a, and that in chamber 51, to the
      level 67b. When this happens there will no longer be solution continuity
      between chambers 51 and 52 and therefore no possibility of back diffusion
      of potassium chloride electrolyte to interfere with the sodium ion
      electrode. The electrodes may remain for protracted periods of time in
      contact with the solutions that remain in their respective chambers. When
      sample water flow commences again, the electrodes will be in satisfactory
      condition to begin measuring the sodium ion concentration. With some forms
      of liquid junction it may be desirable to position tube 65 and pipe 66 to
      make the liquid level 67a fall below the junction interface 60, thereby
      causing the junction interface 60 to be non-immersed during standby
      periods.
PAR  It should be noted that the electrolytic conductivity of the amine treated
      sample water is relatively high, as compared with the very low
      conductivity of untreated sample water as it may come to the analyzer.
      Hence, the flow cell should not exhibit interference caused by streaming
      potential effects. It should further be pointed out that Hysol or epoxy
      construction of the flow block may cause serious electrode interference
      problems in the presence of amine, and accordingly such material should be
      avoided. Polyethylene may be used and the mounting collars 68, 69, and 70
      may also be made of polyethylene. The conventional materials of
      construction used for these parts (synthetic rubber and the like) should
      be avoided.
PAC  THE AMINE RESERVOIR, FIG. 5
PAR  In FIG. 5 there is shown an advantageous arrangement of the amine
      reservoirs. Since amine is somewhat noxious and volatile, disposal of
      amine which remains in the bottom of the reservoir when the supply in a
      can becomes low is a problem. The arrangement in FIG. 5 disposes of all
      amine from a can before the can is discarded without requiring the
      operator to transfer amine. The arrangement also insures against
      inadvertently running out of amine with resultant equipment shutdown.
      Maintenance requirements are reduced.
PAR  The arrangement includes two amine reservoirs which are cans 501 and 502.
      Each can is fitted with a vaporizing tube assembly 503 and 504. These
      include a tube which extends to the bottom of the can. The jumper tube 505
      connects the two cans. The tube 44 from the inert gas supply is connected
      to the assembly 503. The tube which leads to the absorber is connected to
      the other assembly 504. When the can 501 is empty, can 502 is moved to its
      position. A fresh can is placed in the previous position of can 502.
PAR  As a modification of the reservoir system described above, it will be
      advantageous to provide caps which can be removed from the cans without
      disconnecting the tubing 44,, 505 and 46 from the vaporizing tube
      assemblies. In this case, each vaporizing tube assembly is provided with a
      screw cap which fits the conventional amine can. The screw cap is
      rotatable on the tube so that the cap can be unscrewed without turning the
      assembly. This allows the entire assembly to be removed from the can 501
      and replaced onto the can 502 when it is desired to change cans. Above the
      screw cap a lock nut, also rotatable on the tube, is provided to secure
      the cap and to seal the interior of the can.
PAC  ALTERNATIVE INSTRUMENTATION SYSTEMS
PAR  Although the instrumentation scheme illustrated in FIG. 1 operates very
      satisfactorily and may be considered a preferred arrangement,, it should
      be understood that alternative ways of arranging the equipment may be
      used. Substances suitable for adding to the sample water to produce the
      desired measurement conditions may at ambient temperatures be gases, or
      liquids of low or high vapor pressures, or solids. Hence, the vapor
      transport scheme of FIG. 1 will not be applicable in all cases.
PAC  GASEOUS AGENTS
PAR  It will be noted in Table 1 that dimethylamine with dissociation constant
      of 52 .times. 10.sup.-.sup.5 will be quite satisfactory as an agent for
      making the sample water basic. Also, its molecular weight of 45.08 and the
      two methyl radicals on the nitrogen atom will effectively prevent the
      positive ion of this amine from adversely affecting the sodium ion
      electrode. Dimethylamine will thus be satisfactory as an addition agent,
      but its boiling point at 7.4.degree. C and its vapor pressure of 1340 mm
      of mercury at 20.degree. C indicates the gaseous state under ordinary
      conditions.
PAR  Dimethylamine can be used as the addition agent in a system as illustsrated
      in FIG. 6. Parts of the equipment that are labeled with the same numbers
      as in FIG. 1 have the same functions as corresponding parts in FIG. 1. The
      parts used for the calibration procedure have been omitted in FIG. 6 and
      are indicated by the dotted block 221. The modified part of the diagram
      relating to the introduction of gaseous amine will now be described.
PAR  Sample water flowing through pipe 23 enters the absorber 24 and proceeds
      through pipe 25 to the measurement cell 26. The gaseous amine is contained
      under pressure in the cylinder 223. Amine in gaseous form flows through
      pipe 224, pressure reducing valve 225, pipe 226, flow control valve 227,
      pipe 228, flowmeter 229, and check valve 47 into absorber 24. The check
      valve 47 is an added precaution to prevent accidental backflow of sample
      water.
PAR  The amine gas pressure in pipe 226 is controlled by adjusting the pressure
      reducing valve 225 and is measured by means of the gauge 236. The rate of
      amine gas addition to the absorber 24 is controlled by adjusting the valve
      227 and is measured by the flowmeter 229.
PAR  It will be observed in the system of FIG. 6 that a supply of non-reactive
      gas (nitrogen) under pressure is not available to operate the reference
      electrode 59 in the desired pressurized manner. Accordingly, an
      alternative method of pressurizing the reference electrode is illustrated
      in FIG. 6. The electrolyte chamber in reference electrode 59 communicates
      by means of pipe 80 with 3-way valve 241, pipe 242 and with the bellows
      chamber 243, which may be of polyethylene construction. The bellows is
      surrounded by a loose fitting tubular guide 244. A weight 245 fits loosely
      in the upper portion of the guide 244 and is connected by the pin 246 to
      the bellows handle 247. A cord 248 attached to the fixed point 249 passes
      over the pulley 250 and connects with the weight 245. The volume within
      bellows 243 is a variable depending on conditions and is kept filled with
      potassium chloride solution 251. In normal operation when valve 241 is set
      to communicate between pipes 242 and 80, the downward force of the weight
      245 exerted on the bellows handle 247 creates a positive solution pressure
      of 4 to 8 psi inside bellows 243 which is transmitted through pipes 242
      and 80 to the reference electrode 59. When the volume inside the bellows
      243 diminishes to the point where replenishment of solution is necessary,
      valve 241 is turned so that pipe 242 communicates with the pipe 251a and
      the reserve supply of solution 252 contained in the reservoir bottle 253.
      Simultaneously the cord 248 is pulled with the hand so as to counteract
      the gravitational force of weight 245 and to raise the position of the
      bellows handle 247, thereby allowing the bellows chamber 243 to expand and
      draw in solution from reservoir 253. When the bellows chamber 243 is
      expanded to its maximum size, valve 241 is returned to the first position
      establishing solution communication with pipes 242 and 80 and with
      electrode 59. When hand tension on cord 248 is relaxed, pressurized flow
      of electrolyte to the electrode returns to normal condition.
PAR  It should be understood that a piston and cylinder, such as a large volume
      syringe, may take the place of the bellows 243. The weight 245 or a spring
      may be attached to the handle of the syringe piston to exert a suitable
      driving force. The syringe cylinder will provide mechanical guidance for
      the piston and force. With the guide tube 244 removed, the refilling
      operation can be performed directly by lifting the syringe piston and
      weight 245 to cause solution to flow into the displacement space inside
      the cylinder.
PAC  NONVOLATILE LIQUID AGENTS
PAR  Reference to Table 1 will show that some of the listed substances of
      satisfactory dissociation constant value have rather high boiling points,
      and hence would exhibit rather low vapor pressures at ordinary
      temperatures. In this category might be mentioned coniine and
      diisobutylamine. Another suitable material in this category (not included
      in Table 1) is the commercially available mixture of isomers of
      diamylamine, quoted as having a boiling point of 190.degree. C and a vapor
      pressure of 0.3 mm of mercury at 20.degree. C. These isomers are strong
      bases; the dissociation constant of diisoamylamine is 77 .times.
      10.sup.-.sup.5. The use of a gas-vapor transport scheme as in FIG. 1 for
      substances such as these would be difficult or impossible to carry out
      because of the very low vapor pressure.
PAR  Liquids of low vapor pressure can be added to the sample water by a scheme
      that allows a small, controlled flow of the liquid agent to enter the
      sample water stream directly. The sample water stream is under flow
      control as has already been described. If flow control is also applied to
      the liquid agent stream, the final concentration of amine in the sample
      water will be held constant, within satisfactory tolerance as determined
      by the precision of flow control of the two streams. It will suffice for
      the flow control of each stream to be approximate, as the concentration of
      agent in the sample water may be allowed to vary within limits to obtain
      satisfactory operating conditions.
PAR  The flow of the added agent may be controlled by any one of a number of
      techniques. A metering pump of conventional type may be used. The agent
      may be fed at constant head through a flow impeding device, such as a
      capillary tube or a porous frit. The flow of the liquid agent from a
      container may be controlled by slow displacement, affected for example by
      the controlled small flow of gas into the space above the liquid agent in
      the container.
PAR  A method for controlling the flow of liquid agent into the water stream
      based on limited solubility of the agent in the water, is illustrated in
      FIG. 7. the solubility of dibutylamine in water is 0.47 percent by weight.
      The corresponding property for diamylamine is 0.07 percent. A saturated
      water solution of diamylamine (molecular weight 157.3) would be 0.0045
      normal, a satisfactory value as reference to FIG. 2 will indicate.
PAR  In FIG. 7, sample water flows as previously described, reaching the pipe
      23, which conducts the stream into the treating unit 261. After acquiring
      a concentration of treating agent approaching the solubility limit, the
      sample water flows through pipe 262 to the flow cell where measurement of
      sodium ion content is accomplished as previously described. Liquid
      treating agent 263 contained in a reservoir 264 flows through pipe 265,
      level controlling valve 266 and then through pipe 267 into the treating
      unit 261.
PAR  Most organic bases have a specific gravity less than that of water; the
      specific gravity of diamylamine is 0.77. Accordingly, an immiscible layer
      of this agent will float above the water phase in which it is in contact.
      Inside the treating unit 261 of FIG. 7, the organic agent phase 268 is
      shown above the aqueous phase 269. The water inlet port 270 is located at
      the top of the treating unit 261. Hence in flowing through the unit the
      aqueous phase must pass through the organic agent phase 268 before
      reaching the aqueous phase 269. In passing through the organic agent phase
      268, the sample water stream absorbs some of the organic agent to an
      extent limited by the solubility relationship. The design of the treating
      unit 261 is such as to prevent emulsification or carryover of liquid agent
      into the aqueous phase flowing through pipe 262 into the measurement cell
      26. (FIG. 1)
PAR  The amount of organic agent in the treating unit 261 is controlled by the
      liquid level controller 266 which maintains the level 271. The height of
      the pipe carrying effluent from the analyzer cell controls the discharge
      level and hence the pressure exerted in one arm of the liquid system. The
      pressure in the other arm is controlled by the level 271.
PAR  The height of the level 271 is a little above the height of the level in
      the analyzer cell because of the lower density of phase 268 as compared
      with phase 269. To maintain this differential level constant as will be
      necessary, the amount of organic agent 268 between the levels 271 and 272
      must remain constant, thereby maintaining equal hydrostatic heads in the
      two sides of the liquid system. The automatic controller 266 may be of the
      chicken-feeder type or it may be a float controlled valve as shown.
PAR  With the system operating as described, the sample water in flowing to the
      analyzer cell will acquire the desired basic property by dissolving a
      controlled amount of the liquid base agent during its passage through the
      treating unit 261. Liquid base agent will be automatically supplied from
      the reservoir 264 as needed to maintain the desired quantity in the
      treating unit 261.
PAR  The equipment arrangement of FIG. 7 does not use pressurized gas, and hence
      some means other than that described in connection with FIG. 1 must be
      used to achieve the flow of potassium chloride solution into the reference
      electrode under suitable pressure. The method described in connection with
      FIG. 6 may be used for this purpose.
PAC  AGENT ADDITION BY DIFFUSION
PAR  Liquid and gaseous agents may be introduced in controlled manner by letting
      them diffuse through a suitable diaphragm material and into the sample
      water stream. One form of equipment for diffusion transfer of liquid agent
      is illustrated in FIG. 8. The base agent 287 contained in reservoir 288
      flows through pipe 289 and into the diffusion tube 290, which is
      substantially closed at the far end. Sample water entering through pipe 23
      flows into jacket 291, passes upwardly through the annular space
      surrounding diffusion tube 290, exits through pipe 25 and proceeds to the
      flow cell for sodium ion measurement. As agent diffuses through the wall
      of tube 290 it is absorbed in the sample water stream flowing along the
      outer wall of the tube.
PAR  While the tube 290 may be constructed so that diffusion is primarily from
      the base agent supply into the sample water, some sample water may diffuse
      back into the tube 290, thereby producing an aqueous solution inside the
      tube 290. In order to minimize this effect, the vent 292 in the bottom of
      the tube 291 provides for controlled discharge of base agent from tube
      290. Valve 293 may normally be kept closed and periodically opened for a
      brief period to flush tube 290, or it may be adjusted to cause a slow
      leakage flow to allow continuous purging of tube 290.
PAR  The properties and dimensions of diffusion tube 290 are chosen to establish
      a proper rate of diffusion to produce the desired agent concentration in
      the sample water. The rate at which agent diffuses can be calculated from
      well known principles and will be proportional to the pertinent permeation
      constant, the area of the wall of the diffusion tube and the reciprocal of
      its thickness. The diffusion tube may be made of a plastic material such
      as polyethylene or silicone rubber. The equipment may take forms other
      than that illustrated in FIG. 8 to adapt to available forms of diffusion
      membrane materials and to the specific requirement imposed by the
      diffusion process.
PAC  CALIBRATION PROVISIONS AND PROCEDURES
PAR  Successful field operation of an analytical instrument will depend on the
      convenience and reliability of the particular means and techniques used
      for keeping the instrument in calibration. Hence, the calibrating
      techniques and equipment now to be described are considered an important
      part of the present invention. It should be understood that the use of
      these techniques is not necessarily limited to ion measurement systems,
      but may be applied to other instrumentation, particularly where a
      logarithmic scale response is obtained.
PAC  PROVISIONS FOR CALIBRATING
PAR  Referring to FIG. 1, the 3-way stop cock 11 permits the stream of sample
      water in pipe 10 to be diverted into pipe 151, from whence with stop cock
      152 closed it flows into pipe 153 and reservoir bottle 154 (of about 5
      gallons capacity). The supply of sample water in overflow chamber 14 is
      sufficient to keep water flowing through the analyzer system while
      reservoir bottle 154 is being filled. When reservoir 154 is filled, stop
      cock 11 is returned to the normal position thereby closing pipe 151 and
      causing water to flow in the usual manner through pipe 12 and into the
      overflow chamber.
PAR  Reservoir bottle 154 is located at an elevation above the mixing chamber
      155, which in turn is located at an elevation a little above the normal
      water level in overflow chamber 14. Hence when 3-way valve 152 is turned
      to connect pipe 156 with 157, water from the reservoir bottle 154 will
      flow through pipes 153 and 156, valve 152, pipes 157 and 158 and into the
      mixing chamber 155. With valves 152 and 18 turned appropriately, water
      from the mixing chamber 155 will flow through pipes 158 and 157, valve
      152, pipes 159 and 160 and through valve 18 into the sodium ion
      measurement part of the system. When valve 161 is open, water will
      discharge from the mixing chamber 155 through pipes 158, 162 and 163. When
      valve 152 communicates with pipes 156 and 157, and when valve 161 is open,
      the contents of reservoir 154 may be discharged through the pipes 153,
      156, 157, 162 and 163. With appropriate positioning of valves 152 and 18,
      water from reservoir 154 may be run through pipes 153, 156, 159, 160, 19,
      21, 23 and 25 and into flow cell 26 for measurement of sodium ion
      concentration.
PAR  The mixing chamber 155 is provided with a stirring paddle 164, which is
      customarily kept in the chamber 155 as shown. A spout 165 provided with a
      cap 166 fits over the projecting handle of the stirrer 164 and furnishes a
      protective cover for the neck of the chamber 155. The neck of the chamber
      155 has a reference position 167 to mark the water level when the chamber
      is filled. Also, a 1 ml. micro-pipette 1688 is provided. The micro-pipette
      may be a "Digi-Pet" unit as supplied by Manostats Corporation, and should
      have its glass delivery tip bent at a right angle as indicated in FIG. 1.
      All other parts of the equipment that come in contact with sample water,
      should be constructed of polyethylene or stainless steel, as mentioned
      earlier.
PAC  CALIBRATING PROCEDURE
PAR  The calibrating procedures of this invention make use of the logarithmic
      relationship between the voltage on the electrodes and the concentration
      of the solution being measured. In the absence of interferences, the
      response of the electrode essentially follows the Nernst equation:
EQU  E = E.sub.o + B log c                                      (1)
PAL  where
PA1  E is the voltage of the electrode,
PA1  c is the sodium ion concentration (activity), and
PA1  E.sub.o and B are constants at constant temperature.
PAL  When the electrode operates theoretically, the value of the constant B will
      be proportional to absolute temperature. At the low concentrations used in
      this work, the concentration values can be used interchangeably with the
      fundamentally more correct activity value. Full calibration of the
      instrument requires that appropriate instrument adjustment be made for the
      zero or bias constant E.sub.o and for the slope constant B.
PAR  The calibration procedure can be better understood with reference to FIG. 9
      which shows the scale of the concentration measuring meter.
PAR  As for the first step in the procedure, a first sample from the sample
      fluid stream is introduced into the reservoir 154. (FIG. 1). This first
      sample has an unknown concentration since it is assumed that the system is
      not yet in calibration.
PAR  By proper adjustment of the valves as previously described, this sample
      fluid of unknown concentration is supplied to the analyzer cell 26. This
      will produce a reading on the meter as indicated by the position 201 of
      the indicator. As shown in FIG. 9 the meter is indicating a reading of
      approximately .6 parts per billion.
PAR  On FIG. 9 there is also shown a voltage scale below the concentration
      scale. The position 201 of the indicator is reading a voltage value of
      approximately 45 millivolts. This voltage reading will be denoted E.sub.a.
PAR  The next step in the calibration procedure is to mix a sample having a
      known concentration increment above the unknown concentration.
PAR  As previously described, this second sample is mixed in the mixing chamber
      155. By using the pipette 168, a known amount of ionic material is added
      to a known volume of sample fluid to produce a calibrating solution. In
      the example under consideration assume that the known concentration
      increment, denoted c.sub.i, is 10 parts per billion. This second sample,
      that is, the calibrating solution, has a concentration of c.sub.a +
      c.sub.i. By proper adjustment of the valves this second sample is supplied
      to the analyzer cell.
PAR  On FIG. 9 the position of the indicator when the concentration of the
      second sample is being measured is indicated at 205. As illustrated, the
      meter indicates a concentration of approximately 6.5 parts per billion and
      a voltage reading of approximately 110 millivolts. This second voltage
      reading is denoted E.sub.b.
PAR  From the two voltage readings E.sub.a and E.sub.b and from the known
      increment c.sub.i, the unknown concentration c.sub.a can be determined
      from the following:
      ##EQU5##
PAR  It will be noted that c.sub.a is the only unknown in the above equation.
      The value B is a constant generally known to a very close degree. When the
      electrodes are truly operating in accordance with the Nernst equation as
      discussed above, the value of B will be approximately 59 millivolts at
      25.degree. C. The value of B is referred to as the slope constant. Under
      certain circumstances it may vary and subsequently, a calibration
      technique will be described for adjusting for a varying value of B.
PAR  Having determined the unknown concentration c.sub.a, the zero of the meter
      can be set so that the indicator is at the actual concentration when the
      unknown sample is being supplied to the analyzer cell. For example, assume
      that from the values of E.sub.a, E.sub.b and c.sub.i described above, it
      was determined that the actual concentration was 0.5 parts per billion.
      Then the zero of the meter would be adjusted so that the indicator was at
      0.5 when the unknown concentration was being measured.
PAR  Alternatively, it will be more convenient to set the zero when the
      concentration of the second sample is being measured by the system. Since
      the second sample will normally already be in the analyzer cell it will be
      convenient to merely adjust the indicator of the meter to read the actual
      value of this concentration. Note that the actual concentration of the
      second fluid is c.sub.a + c.sub.i and this value can be determined from
      Equation (2) above. To summarize, the actual concentration of one of the
      first sample or the second sample may be determined from Equation (2)
      above although it will normally be more convenient to determine the actual
      concentration of the second sample. Thereafter, the indicator on the meter
      is set to a scale value representing this actual concentration.
PAR  The use of a sample liquid having a concentration which is a known
      concentration increment above the concentration of the first unknown
      solution is a convenient way of obtaining the zero calibration which will
      be satisfactory for almost all purposes. While the Equation (2) above can
      be solved as a step in this calibration procedure it will often be more
      convenient to use an auxiliary scale, or nomograph. Such an auxiliary
      scale is shown at 202 in FIG. 9. The auxiliary scale 202 is movable with
      respect to the fixed scale. It has a reference marking R and scale
      calibration markings each representing an actual concentration. The
      distance between the reference mark 204 and any given scale mark is given
      by
      ##EQU6##
      where the quantities were as previously described.
PAR  The procedure in making the calibration with the nomograph is as follows:
PAR  When the instrument pointer 201 is indicating the concentration of the
      first sample, the position of the movable nomogram 202 is adjusted along
      the instrument scale 203 to make the nomogram reference mark R (204) align
      with the instrument pointer position 201. It is advisable to have the
      concentration increment of the second solution at least a little greater
      in magnitude than the concentration level originally present in the water
      in reservoir 154. After it is prepared, the second sample is led into the
      analyzer for measurement. The instrument indicator will move upscale to a
      new position 205, depending on the particular solution concentration
      values. Nomograph 202 is provided with a plurality of scale markings 206
      calibrated to indicate the actual concentration of the second solution.
      Thus the concentration of the second solution is obtained by reading the
      pointer position 205 with respect to the nomogram scale markings 206. If
      the pointer position 205 as read with respect to the instrument scale 203
      does not agree with the indicated nomogram scale value 206, the electrical
      zero of the instrument is adjusted to make the indicator position read the
      correct value on the instrument scale 203. The instrument will now be in
      calibration with respect to the zero constant E.sub.o.
PAR  The solution remaining in mixing chamber 155 may be saved for use again to
      repeat the zero check after a period of instrument operation. The correct
      concentration value of that solution may be stored for recall by means of
      an erasable memorandum written on chamber 155, or the auxiliary sliding
      indicator 207, which was previously set at the solution value, may furnish
      the information.
PAR  While the fixed increment method of calibration described above is a very
      convenient one, another procedure may be used. In this procedure, the
      sodium ion concentration increment is made a fixed multiple of the first
      sample concentration as indicated by the analyzer. That is, the
      concentration of the first sample is measured. Then a second solution is
      prepared having a concentration such that the sodium ion concentration
      increment is made a fixed multiple of the starting solution concentration
      as indicated by the analyzer. It will be appreciated that a nomogram can
      conveniently be made in this instance to directly indicate the actual
      concentration of the second sample and to provide an indication of the
      value at which the meter indicator is to be set when the analyzer cell is
      measuring the concentration of the second sample.
PAR  Calibration of the sodium analyzer for adjustment of both the slope and
      zero constant will now be described. It is assumed for illustrative
      purposes that the instrument scale covers three decades of sodium ion
      concentration from 1 to 1000 parts per billion and that the sample
      concentration is below 5 ppb. Initially, the "temperature" dial of the pH
      meter is set at the 25.degree. C reading. By using the mixing chamber as
      described above, a solution having a sodium ion concentration increment
      (above sample background) of exactly 500 ppb is prepared. The
      concentration of this solution can be taken as 500 ppb since the
      background will not contribute an appreciable effect. A flow of this
      solution is directed into the analyzer for measurement. When the
      instrument reading is steady, the "zero-standardization" dial of the pH
      meter is adjusted to make the recorder readout equal 500, thereby
      establishing tentative zero-calibration of the instrument. This adjusted
      reading with magnitude of 500 is termed R.sub.1.
PAR  Now, valve 152 is switched to the position to shut off chamber 155 and to
      introduce into the analyzer water from reservoir bottle 154. While as
      analyzer reading R.sub.2 is being obtained on the water from the reservoir
      154, the contents of chamber 155 are discharged through valve 161, and a
      second solution is made up in the chamber 155. After the preliminary
      rinse, a solution is made up having a total sodium ion concentration of 50
      ppb. This is done by making the increment from the micro-pipette
      correspond to the quantity 50 ppb minus R.sub.2. This latter quantity
      R.sub.2 is the approximate sodium ion content (ppb) of the reservoir
      water. If the reservoir water is of high quality, the instrument indicator
      may go to the bottom end of the scale. If this should occur, no change is
      made in the instrument settings and an arbitrary value of 1 ppb is
      assigned to the quantity R.sub.2.
PAR  The 50 ppb solution prepared in mixing chamber 155 is now introduced into
      the analyzer by appropriately changing the setting of valve 152, and the
      instrument is allowed to continue to operate on this solution until the
      remainder of the calibration procedure is completed. After a steady
      reading is obtained, the concentration value, reading R.sub.3, is
      obtained.
PAR  The voltage change between readings R.sub.1 and R.sub.3 correspond to the
      actual slope constant, because the one-decade concentration change makes
      the logarithmic term of Equation 2 equal unity. The R.sub.1 and R.sub.3
      readings are now logarithmically converted to values that are proportional
      to voltage. Table 2 makes this conversion for an array of R.sub.3 values,
      and presents in column 3 the voltage difference values or actual slope
      constants relative to the theoretical 25.degree. C value. Since the
      theoretical slope constant is proportional to absolute temperature
      (.degree.K) the relative relationship between the actual and theoretical
      slopes may be expressed in terms of a "corresponding temperature." Columns
      4 and 5 of Table 2 respectively give Kelvin and Centigrade "corresponding
      temperatures". It should be understood that a "corresponding temperature"
      figure different from the original 25.degree. setting of the pH meter may
      be attributable to an actual operating temperature other than 25.degree.
      C, a nontheoretical electrode response, or both.
TBL                Table 2                                                     
     ______________________________________                                    
     Data for Adjustment of the Slope Constant                                 
     (1)    (2)      (3)      (4)       (5)                                    
     Analyzer        Log of R.sub.1                                            
                              Corresponding                                    
                                        Corresponding                          
     Reading                                                                   
            Log of   Minus    Temperature                                      
                                        Temperature                            
     R.sub.3                                                                   
            R.sub.3  Log of R.sub.3                                            
                              .degree.X .degree.C                              
     ______________________________________                                    
     35     1.54407  1.15490  344.34    71.2                                   
     36     1.55630  1.14267  340.70    67.5                                   
     37     1.56820  1.13077  337.15    64.0                                   
     38     1.57978  1.11919  333.70    60.5                                   
     39     1.59106  1.10791  330.33    57.2                                   
     40     1.60206  1.09691  327.06    53.9                                   
     41     1.61278  1.08619  324.10    50.9                                   
     42     1.62325  1.07572  320.79    47.6                                   
     43     1.63347  1.06550  317.69    44.5                                   
     44     1.64345  1.05552  314.71    41.6                                   
     45     1.65321  1.04576  311.80    38.6                                   
     46     1.66276  1.03621  308.96    35.8                                   
     47     1.67210  1.02687  306.17    33.0                                   
     48     1.68124  1.01773  303.45    30.3                                   
     49     1.69020  1.00877  300.78    27.6                                   
     50     1.69897  1.00000  298.16    25.0                                   
     51     1.70757  0.99140  295.59    22.4                                   
     52     1.71600  0.98297  293.08    19.9                                   
     53     1.72428  0.97469  290.61    17.5                                   
     54     1.73239  0.96658  288.20    15.0                                   
     55     1.74036  0.95861  285.82    12.7                                   
     56     1.74819  0.95078  283.48    10.3                                   
     57     1.75587  0.94310  281.19    8.0                                    
     58     1.76343  0.93554  278.94    5.8                                    
     59     1.77085  0.92812  276.73    3.6                                    
     60     1.77815  0.92082  274.55    1.4                                    
     61     1.78533  0.91364  272.41    -0.8                                   
     ______________________________________                                    
PAR  With the aid of Table 2, the obtained reading R.sub.3 is converted to a
      temperature value. The temperature dial of the pH meter is set to this
      value to adjust the span of the meter. This effectively adjusts the system
      for any variation in the slope constant B.
PAR  Then, the zero setting, or "zero-standardization" dial of the pH meter is
      adjusted to make the reading of the instrument equal exactly to 50 ppb.
      The system has now been calibrated for both slope and zero. All meters of
      the type used in ion concentration measurement systems have a span
      adjustment. One convenient span adjustment which is present in almost all
      meters is by means of the temperature compensation dial. The span
      adjustment has been described herein as being made with this temperature
      compensation dial although it will be appreciated that the same principles
      may be used in making the calibration with span adjustment in units other
      than temperature.
PAR  Instead of using Table 2 above, the information contained therein can be
      converted to a nomogram which can be used in conjunction with the readings
      on the meter dial to directly obtain the proper span adjustment. Such a
      nomogram is shown in FIG. 10.
PAR  The nomogram 124 is placed in fixed position on scale 125 with its index Q
      (126) aligned with the scale value corresponding to 500 ppb. Downscale
      from Q the nomogram is provided with a plurality of markings 127, each
      corresponding to a particular setting of the pH meters's "temperature"
      dial, and these are labeled with temperature designations. The markings
      127 are positioned by first locating the 25.degree. C marking at a
      distance exactly one instrument scale decade downscale from the index Q.
      The markings corresponding to other temperatures are located by making the
      distance greater or less than one-decade distance as determined by
      applying the pertinent factor of Column 3 of Table 2. It may be necessary
      to interpolate the data to obtain factors corresponding to the particular
      temperature markings desired.
PAR  In the calibration procedure when the analyzer is measuring the 500 ppb
      solution (R.sub.1), the position of the instrument indicator 128 will be
      adjusted to align with the Q-index 126 of the nomogram. When the 50 ppb
      solution is introduced, the indicator will assume a new position 129
      downscale from R.sub.1. The correct setting of the "temperature" dial of
      the pH meter is obtained by reading the position 129 of the indicator with
      respect to the nomogram markings 127. After making the correct
      "temperature" dial setting, adjustment for E.sub.o is carried out as
      before.
PAR  It should be understood in this and the following sections that the
      principles described may be applied to scale ranges and concentration
      increment values other than the particular ones used for illustration. The
      method above described depends on establishing a one-decade ratio between
      the two solution concentrations, simply because values in Table 2 are
      based on this ratio. In general, values other than the 50 ppb and 500 ppb
      of the above example will be used, but the concentration ratio will be
      kept 10:1. The method conveniently accomplishes this by selecting the
      magnitude of incremental concentrations to make the background sample
      concentration R.sub.2 appreciably smaller than R.sub.3 and very much
      smaller than R.sub.1.
PAR  An alternative form of nomogram for the constant increment procedure and
      for use with a deflection indicator of the ammeter type is illustrated in
      FIG. 11. The nomogram 211 of transparent material is made rotatable around
      the pointer pivot point 212, thereby allowing the angular position of the
      nomogram to be adjusted. As before, the nomogram has an R reference mark
      204 and a specially calibrated scale comprising a plurality of markings
      206. The procedure in operating the nomogram of FIG. 11 is quite analogous
      to that which has already been described for the nomogram of FIG. 9, and
      need not be described again.
PAR  The way in which the special scale calibration 206 of the nomograms of
      FIGS. 9 and 11 is obtained will now be described, along with an
      explanation of the operating principle. The fundamental instrument
      equation is repeated for convenience:
      ##EQU7##
      where the symbols are defined as before. Rearranging the above gives:
      ##EQU8##
PAR  Application of this Equation to the case where the fixed concentration
      increment c.sub.i is 10 ppb is given in Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
     1.        2.        3.        4.     5.                                   
     First Sample                                                              
               Second                     Indicator                            
     Concentration                                                             
               Sample                     Displace-                            
     in ppb    Concen-                    ment                                 
     c.sub.a   tration             log    in Decades                           
               (c.sub.a +c.sub.i)                                              
                         log c.sub.a                                           
                                   (c.sub.a +c.sub.i)                          
                                          .DELTA.E/B                           
     ______________________________________                                    
     0.10      10.10     -1.0000   1.0043 2.0043                               
     0.15      10.15     -0.8239   1.0065 1.8304                               
     0.20      10.20     -0.6980   1.0086 1.7066                               
     0.25      10.25     -0.6021   1.0107 1.6128                               
     0.30      10.30     -0.5229   1.0128 1.5357                               
     0.40      10.40     -0.3979   1.0170 1.4149                               
     0.50      10.50     -0.3010   1.0212 1.3222                               
     0.60      10.60     -0.2218   1.0253 1.2471                               
     0.70      10.70     -0.1549   1.0294 1.1843                               
     0.80      10.80     -0.0969   1.0334 1.1303                               
     0.90      10.90     -0.0458   1.0374 1.0832                               
     1.0       11.0      0         1.0414 1.0414                               
     1.5       11.5      +0.1761   1.0607 0.8846                               
     2.0       12.0      0.3010    1.0792 0.7782                               
     2.5       12.5      0.3979    1.0969 0.6990                               
     3.0       13.0      0.4771    1.1139 0.6368                               
     4.0       14.0      0.6020    1.1461 0.5441                               
     5.0       15.0      0.6990    1.1761 0.4771                               
     6.0       16.0      0.7782    1.2041 0.4259                               
     7.0       17.0      0.8451    1.2304 0.3853                               
     8.0       18.0      0.9031    1.2553 0.3522                               
     9.0       19.0      0.9542    1.2788 0.3246                               
     10.0      20.0      1.0000    1.3010 0.3010                               
     ______________________________________                                    
PAR  The first column gives an array of starting solution concentrations ranging
      from 0.1 to 10.0 ppb. The second column shows values of concentration of
      the second solution corresponding to the values of the first column. The
      last column gives values of upscale displacement, expressed as the number
      of scale decades, for corresponding values of initial concentration listed
      in the first column. The nomograms of FIGS. 9 and 11 are constructed by
      measuring upscale from point R the distance or angular displacement values
      of .DELTA.E/B, corresponding to each designated value of the concentration
      of the second solution.
PAR  While particular embodiments of the invention have been shown and
      described, it will, of course, be understood that various modifications
      may be made without departing from the principles of the invention. The
      appended claims are, therefore, intended to cover any such modification
      within the true spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of calibrating a system for measuring ion concentration
      including an analyzer cell having an electrode which produces a voltage
      representing the concentration of selected ions in contact with said
      electrode and a meter having an indicator which moves over a meter scale
      in accordance with the voltage on said electrode and an auxiliary scale on
      said meter movable with respect to said fixed scale comprising:
PA1  supplying to said analyzer cell a first sample having unknown concentration
      c.sub.a,
PA1  moving said auxiliary scale to a position such that a reference mark on
      said auxiliary scale corresponds with the position of said indicator when
      said first sample is in said analyzer cell,
PA1  supplying a second sample liquid having a concentration which is a known
      increment c.sub.i above the concentration c.sub.a,
PA1  determining from said auxiliary scale the actual concentration of said
      second sample as indicated by the position of said indicator with respect
      to calibration markings on said second scale, and
PA1  adjusting the zero adjustment of said meter so that said indicator reads
      said value of actual concentration on said meter scale when said second
      sample is in said analyzer cell.
NUM  2.
PAR  2. In a system for measuring ion concentration in a sample liquid, said
      system including an analyzer cell having an electrode which produces a
      voltage representing the concentration of ions in contact with said
      electrode, and a meter having an indicator which moves over a meter scale
      in accordance with the voltage on said electrode, calibration apparatus
      comprising:
PA1  means for supplying to said analyzer cell a first sample having unknown
      concentrations c.sub.a and for supplying a second sample liquid having a
      concentration which is a known concentration increment c.sub.i above the
      concentration c.sub.a, and
PA1  an auxiliary scale on said meter movable with respect to said fixed scale,
      said auxiliary scale having:
PA2  a reference marking,
PA2  scale calibration markings representing concentration, the distance between
      the reference marking and any scale marking being given by
      ##EQU9##
      where B is a known constant and E.sub.a is the voltage on the electrode
      when said first solution is in contact with it, E.sub.b is the voltage on
      said electrode when said second voltage is in contact with it,
PA2  said auxiliary scale being movable with respect to said fixed scale so that
      said reference mark is aligned with said indicator when said first sample
      liquid is supplied to said analyzer.
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ABST
PAL  N-(.alpha.-alkoxyethyl)-carboxylic acid amides of the
      ##EQU1##
      where R.sup.1 is H or lower alkyl and R.sup.2 is lower alkyl, are prepared
      by anodic alkoxylation of a N-acyl-.alpha.-aminopropionic acid neutralized
      at a rate of from 3 to 50 mole % with an alcohol R.sup.2 OH. The compounds
      are valuable intermediate products for the preparation of
      N-vinylcarboxylic acid amides which may be converted to water-soluble
      polymers having multiple technological properties.
BSUM
PAR  It is known to obtain N-(.alpha.-methoxyethyl)-acetamide by converting 2 %
      of N-acetyl-.alpha.-alanine to the sodium salt and electrolyzing the
      methanolic solution of this partially neutralized mixture; amounts of up
      to 15 % of diamine, so-called Kolbe condensation product, being obtained
      as by-product in this process (see J. Chem. Soc. (1951), 2854 - 2858, or
      Quart. Rev. 6 (1952), 389). The energy yield of this anodic alkoxylation
      proceeding with splitting-off of CO.sub.2, however, is entirely uneconomic
      for use in industrial practice, since at least 3- to 6-fold of the
      theoretically necessary current quantity of 2 Faradays per mole has to be
      passed through the electrolysis solution.
PAR  It is furthermore known that Kolbe condensation products are obtained in
      electrolysis cells having vibrating electrodes by electrolysis of
      methanolic solutions of optionally substituted carboxylic acids, for
      example aminocarboxylic acids having "protected" amino groups; the
      carboxylic acid used in this case being partially neutralized at a
      slightly elevated percentage of from 2 to 10 % (German Offenlegungsschrift
      No. 1 643 693). However, .alpha.-amino acids are not cited as starting
      substances.
PAR  It is furthermore known that higher neutralization degrees have a favorable
      effect on the formation of Kolbe condensation products, and that therefore
      Kolbe syntheses are carried out at considerably higher neutralization
      degrees (from 10 to 30 %) in cells containing non-vibrating electrodes,
      thus obtaining higher yields of Kolbe condensation products, and more
      current and energy efficiency (see Quart. Rev. 6 (1952), 380; F. Fichter,
      Organische Elektrochemie, p. 42, Dresden 1942); the electrolysis being
      generally carried out in aqueous solutions in these cases.
PAR  Surprisingly, it has now been found that, in modification of the known
      electrochemical processes for the preparation of Kolbe products,
      N-(.alpha.-alkoxyethyl)-carboxylic acid amides of the formula (1)
      ##EQU2##
      where R.sup.1 is hydrogen or lower alkyl having preferably from 1 to 4
      carbon atoms, especially methyl, and R.sup.2 is lower alkyl having
      preferably from 1 to 4 carbon atoms, especially also methyl, are obtained
      with excellent yields and current efficiency by anodic alkoxylation of a
      partially neutralized N-acyl-.alpha.-aminopropionic acid of the formula
      (2)
      ##EQU3##
      where R.sup.1 is as defined above, in an alcoholic solution, a process
      which comprises electrolyzing the compounds of formula (2 ) converted to
      an alkali metal salt, preferably the sodium or potassium salt, to the
      extent of from 3 to 50 mole %, preferably from 5 to 20 mole %, with an
      alcohol of the formula (3)
EQU  R.sup.2 OH                                                 (3),
PAL  where R.sup.2 is as defined above, in a molar ratio of from 1 : 2 to 1 :
      50, preferably from 1 : 5 to 1 : 30, especially from 1 : 10 to 1 : 20, at
      temperatures of from -10.degree. to +100.degree.C, preferably from
      0.degree. to 60.degree.C, in an electrolysis cell containing static
      electrodes and stagnant or flowing electrolytes, and isolating the
      anodically formed alkoxylation product in known manner.
PAR  The required current quantity is from 2 to 6, preferably from 2 to 4, and
      especially from 2.2 to 3 Faraday per mole of N-acylated
      .alpha.-aminopropionic acid. The theoretically required current quantity
      is 2 Faraday per mole.
PAR  As N-acylated .alpha.-aminopropionic acids, there are used for example
      especially N-acetyl-.alpha.-alanine, N-propionyl-.alpha.-alanine or
      N-butyroyl-.alpha.-alanine. As alcohols, primary or secondary aliphatic
      alcohols having from 1 to 4 carbon atoms are used, for example methanol,
      ethanol, n-propanol, i-propanol, n-butanol or s-butanol; the primary
      alcohols, especially methanol or ethanol, being preferably employed.
PAR  The electrochemical alkoxylation with simultaneous decarboxylation of the
      starting component may be carried out contimuously or batchwise. Batchwise
      electrolysis may for example be carried out in the electrolysis cell 1 as
      shown in the accompanying drawing. The cell 1 has a tightly fitting cover
      2 through which the leads for the electrodes 3 and 4 are passed, and in
      which there are openings for feeding in the electrolysis solution 5, for
      the discharge of the reaction gases 6, and for introducing a thermometer
      9. The opening for the discharge of the gases may be connected to a reflux
      condenser where vaporized quantities of the electrolysis mixture may be
      recondensed. The electrolysis cell has a jacket and may be connected to a
      heating or (liquid) cooling cycle by means of the inlet 7 and outlet 8
      pipes. The temperature of the electrolysis solution is measured by means
      of a thermometer 9 or a thermocouple. Both the electrodes, the anode 3 and
      the cathode 4 are mounted at a distance of from 0.5 to 50 mm, preferably
      from 1 to 15 mm, from each other. As electrode material, nets or sheets of
      palladium or platinum, or metal electrodes coated with noble metals,
      preferably titanium electrodes, metal electrodes coated with mixed oxides
      (as anodes), preferably titanium anodes, nickel or nickel containing
      alloys, or slotted or unslotted graphite plates are used. A net-like shape
      of the electrodes is especially advantageous, since carbon dioxide and
      hydrogen gases developed during the electrolysis may be more easily
      discharged, and the gas current thus formed ensures a homogeneous
      intermixture of the electrolysis solution. The electrodes may also be
      arranged horizontally instead of vertically. It is also possible to
      provide several electrode pairs in a block-like combination of angular or
      non-angular electrodes having capillary slots. During the electrolysis,
      the solution is thoroughly intermixed by means of an agitator, for example
      a magnetic agitator 10, or by pump-circulation, especially in the case of
      block-like electrode combinations. Since the space-time yield is thereby
      increased, it is advantageous to operate on the basis of flowing
      electrolytes when continuous-flow cells and packed-bed electrodes of
      bipolar connection in mixtures of conductive and nonconductive particles
      of identical grain in a ratio of from 1 : 2 to 1 : 4 are used; the
      conductive particles consisting of the abovementioned electrode materials
      (with the exception of the titanium particles coated with mixed oxides),
      preferably of graphite. More favorable energy and space-time yields still
      are obtained when continuous-flow cells and layer-bed electrodes are
      employed; the layers consisting of conductive particles of the
      above-mentioned electrode materials (with the exception of the titanium
      particles coated with mixed oxides), preferably of graphite, which
      particles have identical grain. The layers in this case are separated by
      porous nonconductive inorganic or organic materials in the form of thin
      plates, fabrics, meshes, felts or fleeces, for example glass fiber fleece
      or polypropylene mesh, in such a manner that these materials are in a
      vertical or parallel position with respect to the electric field lines.
PAR  When the process is carried out continuously, a further opening for the
      continuous pump-circulation of the electrolysis solution is provided in
      the cover 2 of the electrolysis vessel 1. A certain portion of the
      pump-circulated electrolysis solution is continuously separated for
      work-up of the product. After examination of the electrolysis solution
      with respect to the ratio of desired reaction product to starting
      substance by means of nuclear resonance spectroscopy or gas
      chromatography, the solution is worked up in known manner. The starting
      substances recovered by distillation, after having been adjusted to the
      molar ratio used, are returned to the continuously pump-circulated
      electrolysis solution, simultaneously with the required amount of a base
      or a base former.
PAR  The electrolysis is generally carried out at normal pressure, but reduced
      pressure is also admissible. In order to avoid the formation of explosive
      gas mixtures of hydrogen and air, it is advantageous to operate with
      addition of an inert gas, for example nitrogen.
PAR  The electrolysis solution in accordance with the present invention is an
      alcoholic solution of partially neutralized N-acyl-.alpha.-alanine.
      Partial neutralization is obtained by adding a base or a base former,
      whereby neutralization degrees of from 3 to 50 %, preferably from 5 to 20
      %, may be obtained. As bases or base formers, there are employed for
      example alkali metal hydroxides per se or in alcoholic solution,
      preferably sodium or potassium hydroxide, or alkali metals, preferably
      sodium or potassium, or alkali metal alcoholates, preferably sodium or
      potassium methylate (in methanol as solvent) or sodium or potassium
      ethylate (in ethanol as solvent). The base or base former is added after
      the N-acyl-.alpha.-alanine is dissolved in the alcohol, but the sequence
      may also be inverted. It is not necessary to exclude water completely from
      the electrolysis, since small amounts of moisture do not adversely affect
      the course of the reaction in accordance with the present invention;
      however, large amounts of water should not be present.
PAR  The process may be optimized with respect to energy or product yield by
      elevating the conversion rate of N-acyl-.alpha.-alanine, for example up to
      more than 90 %, which is very advantageous for the work-up of the
      electrolysis solution. Generally, therefore, the starting substance is
      electrolyzed until it is practically completely converted, so that a
      subsequent separation from the reaction product is not necessary.
PAR  After the desired current quantity is passed through the vessel, the
      electrolysis current is switched off, the discharged electrolysis product
      is neutralized and worked up by distillation in known manner. The reaction
      product of the electrolysis is examined with respect to its purity by
      means of nuclear resonance spectroscopy or gas chromatography.
PAR  As operating temperature for the electrolysis, a temperature is chosen
      which is below the boiling temperature of the alcohol and above the
      melting point of the electrolysis solution. Generally, the temperatures
      are from about -10.degree.C to +100.degree.C, preferably from about
      0.degree.C to 60.degree.C.
PAR  The current density is adjusted to values of from 2 to 100 A/dm.sup.2,
      preferably from 4 to 80 A/dm.sup.2. Lower current densities are possible
      but they slow down the formation of product.
PAR  The N-.alpha.-alkoxyethyl-carboxylic acid amides prepared according to the
      electrochemical process of the invention are valuable intermediate
      products for the preparation of N-vinylcarboxylic acid amides which may be
      converted to water-soluble polymers having multiple technological
      properties (see Ullmanns Encyklopadie der Techn. Chemie, 3rd edition,
      volume 14, pp. 261 - 264).
DETD
PAR  The following examples illustrate the invention.
PAC  Comparative EXAMPLE 1 (electrolysis conditions according to the indications
      of J. Chem. Soc. (1951), pp. 2855/2856)
PAR  An electrolysis cell according to the drawing having a capacity of 100 ml
      and provided with a cover and a reflux condenser is charged with a mixture
      of 26.1 g of N-acetyl-.alpha.-alanine and 95.0 g of methanol, in which
      mixture 2 % of the N-acetyl-.alpha.-alanine is neutralized with sodium.
      Two concentrically arranged cylindrical platinum nets having 225 meshes
      per cm.sup.2, a diameter of 10 and 30 mm, respectively, and a height of 50
      mm are immersed in the solution as electrodes, the cathode being in the
      interior. The temperature is maintained at 0.degree.C during the
      electrolysis. Agitation is carried out by means of a magnetic agitator at
      30 to 35 r.p.m.
PAR  After switching on the electrolysis d.c., the anode current density is 4.5
      A/dm.sup.2. After a current quantity of 6 Faraday per mole of
      N-acetyl-.alpha.-alanine has been passed through the cell, the current is
      switched off. The calculated average cell voltage is 75.2 volts.
PAR  After work-up of the electrolysis solution in known manner (neutralization
      of the solution and distillation), 19.5 g of
      N-(.alpha.-methoxyethyl)-acetamide (melting point 35.degree. -
      40.degree.C, n.sub.D.sup.35 = 1.4339) are obtained which correspond to a
      product yield of 83.7 %, a current efficiency of 27.9 %, and an energy
      yield of 8.1 g/kWh, that is, an energy expenditure of 123.5 kWh/kg.
PAC  Comparative EXAMPLE 2
PAR  Operations are carried out according to Comparative Example 1, with the
      difference of switching off the electrolysis current after having passed
      through the cell a current quantity of 2 Faraday per mole. An average cell
      voltage of 73.6 volts is calculated. After work-up of the reaction
      mixture, 7.5 g of N-(.alpha.-methoxyethyl)-acetamide are obtained, which
      correspond to a product yield of only 31.7 %, a current efficiency of 31.7
      %, and an energy yield of 9.5 g/kWh, that is, an energy expenditure of
      105.2 kWh/kg.
PAR  This test shows that there are no advantages over Comparative Example 1
      even by drastically reducing the current quantity. On the contrary, the
      product yield drops considerably (to 31.7 %), while the values of current
      and energy efficiency and energy expenditure show an insignificant
      improvement only.
PAC  EXAMPLE 1
PAR  The electrolysis cell as described in Comparative Example 1 is charged with
      a mixture of 26.1 g of N-acetyl-.alpha.-alanine and 95.0 g of methanol; 20
      % of the N-acetyl-.alpha.-alanine being neutralized by means of sodium.
      The temperature is maintained at 0.degree.C during the electrolysis.
      Agitation is carried out by means of a magnetic agitator at 30 to 35
      r.p.m. After switching on the electrolysis current, the anode current
      density is 5.4 A/dm.sup.2. After passing the 3-fold theoretical current
      quantity, relative to the required 2 Faraday per mole of
      N-acetyl-.alpha.-alanine, through the electrolysis solution as in
      Comparative Example 1, the current is switched off. An average cell
      voltage of 28.1 volts is calculated. Work-up of the electrolysis solution
      in known manner (neutralization of the solution and distillation) yields
      20.0 g of pure N-(.alpha.-methoxyethyl)-acetamide. This corresponds to a
      product yield of 85.4 %, a current efficiency of 28.5 %, and an energy
      yield of 22.1 g/kWh, that is, an energy expenditure of 45.2 kWh/kg.
PAC  EXAMPLE 2
PAR  The process is carried out according to the conditions indicated in Example
      1, but equivalent amounts of different bases or base formers are used for
      a 20 % partial neutralization of the N-acetyl-.alpha.-alanine used. The
      results obtained are listed in the following Table.
TBL  __________________________________________________________________________
                 N-(.alpha.-methoxyethyl)-acetamide                            
     Base or                                                                   
            Average                                                            
                    yield of     energy                                        
     base former                                                               
            cell material                                                      
                      current                                                  
                           energy                                              
                                 expenditure                                   
            voltage                                                            
            [V]  [%]  [%]  [g/kWh]                                             
                                 [kWh/kg]                                      
     __________________________________________________________________________
     lithium 24.9 69.3 23.1 20.4  49.1                                         
     sodium.sup.1                                                              
             28.1 85.4 28.5 22.1  45.2                                         
     potassium                                                                 
             21.5 90.3 30.1 30.6  32.7                                         
     NaOH    23.5 86.7 28.9 27.5  36.4                                         
     KOH     23.2 91.5 30.5 28.7  34.8                                         
     __________________________________________________________________________
      .sup.1 Values taken from Example 1                                       
PAC  EXAMPLE 3
PAR  The process is carried out according to the conditions indicated in Example
      1, but potassium is used as base former in equivalent amount, and the
      neutralization degree of N-acetyl-.alpha.-alanine is varied. The results
      obtained are listed in the following Table.
TBL  __________________________________________________________________________
                  N-(.alpha.-methoxyethyl)acetamide                            
     Neutralization                                                            
             Average                                                           
                     yield of                                                  
     degree  cell                 energy                                       
             voltage                                                           
                  material                                                     
                        current                                                
                             energy                                            
                                  expenditure                                  
     [%]     [V]  [%]   [%]  [g/kWh]                                           
                                  [kWh/kg]                                     
     __________________________________________________________________________
      2      76.7 83.0  27.6  7.8 127.5                                        
      5      29.5 90.7  30.2 22.3  44.8                                        
     10      25.8 89.0  29.7 25.3  39.5                                        
     20.sup.1                                                                  
             21.5.sup.1                                                        
                  90.3.sup.1                                                   
                        30.1.sup.1                                             
                             30.6.sup.1                                        
                                   32.7.sup.1                                  
     50      15.2 91.3  30.4 63.3  15.8                                        
     __________________________________________________________________________
      .sup.1 Values taken from Example 2                                       
PAC  EXAMPLE 4
PAR  The process is carried out according to the conditions indicated in Example
      1, but potassium is used as base former in equivalent amount, and the
      current quantity passed through the solution per mole of
      N-acetyl-.alpha.-alanine is varied from 6 to 2 Faraday/mole.
PAR  The results obtained are listed in the following Table.
TBL  __________________________________________________________________________
                 N-(.alpha.-methoxyethyl)-acetamide                            
     Current                                                                   
            Average              energy                                        
     quantity                                                                  
            cell    yield of     expenditure                                   
            voltage                                                            
                 material                                                      
                      current                                                  
                           energy                                              
     [Faraday/                                                                 
            [V]  [%]  [%]  [g/kWh]                                             
                                 [kWh/kg]                                      
      mol]                                                                     
     __________________________________________________________________________
     2.0    23.2 89.4 89.4 82.0  12.2                                          
     2.2    23.2 90.0 81.8 82.0  12.2                                          
     2.5    23.8 94.3 75.4 65.8  15.2                                          
     3.0    21.6 90.8 60.5 59.9  16.7                                          
     4.0    22.0 92.5 46.3 43.9  22.8                                          
     6.0    21.5.sup.1                                                         
                 90.3.sup.1                                                    
                      30.1.sup.1                                               
                           30.1.sup.1                                          
                                 32.7.sup.1                                    
     __________________________________________________________________________
      Values taken from Example 2                                              
PAC  EXAMPLE 5
PAR  The process is carried out according to the conditions indicated in Example
      1, but potassium is used as base former in equivalent amount, and the
      molar ratio of methanol to N-acetyl-.alpha.-alanine is varied from 5 : 1
      to 15 : 1. Furthermore, the current quantity passed through the solution
      is only 2 Faraday per mole of N-acetyl-.alpha.-alanine. The results
      obtained are listed in the following Table.
TBL  __________________________________________________________________________
                  N-(.alpha.-methoxyethyl)-acetamide                           
     Molar ratio                                                               
             Average                                                           
     methanol to                                                               
             cell    yield of     Energy                                       
     N-acetyl-.alpha.-                                                         
             voltage                                                           
                  material                                                     
                        current                                                
                             energy                                            
                                  expenditure                                  
     alanine                                                                   
             [V]  [%]   [%]  [g/kWh]                                           
                                  [kWh/kg]                                     
     __________________________________________________________________________
      5 : 1  37.4 89.4  89.4 52.6 19.0                                         
     10 : 1  22.6 90.6  90.6 94.3 10.6                                         
     15 : 1.sup.1                                                              
             23.2.sup.1                                                        
                  89.4.sup.1                                                   
                        89.4.sup.1                                             
                             82.0.sup.1                                        
                                  12.2.sup.1                                   
     __________________________________________________________________________
      .sup.1 Values taken from Example 4                                       
PAC  EXAMPLE 6
PAR  The process is carried out according to the conditions indicated in Example
      1, but potassium is used as base former in equivalent amount, and the
      average cell temperature is varied. Furthermore, the current quantity
      passed through the solution is 4 Faraday per mole of
      N-acetyl-.alpha.-alanine, and the current density is 10 A/dm.sup.2. The
      results obtained are listed in the following Table.
TBL  __________________________________________________________________________
                 N-(.alpha.-methoxyethyl)-acetamide                            
     Average                                                                   
            Average                                                            
                    yield of                                                   
     cell   cell                 Energy                                        
     temperature                                                               
            voltage                                                            
                 material                                                      
                      current                                                  
                           energy                                              
                                 expenditure                                   
     [.degree.C]                                                               
            [V]  [%]  [%]  [g/kWh]                                             
                                 [kWh/kg]                                      
     __________________________________________________________________________
     20      21.1 91.5 45.8 47.4  21.1                                         
     40      18.5 94.0 47.0 55.6  18.0                                         
     60      17.1 91.0 45.5 58.1  17.2                                         
     __________________________________________________________________________
PAC  EXAMPLE 7
PAR  In an electrolysis cell according to Example 1, wherein, however, two
      graphite plates having vertical slots of a width of 2 mm (thickness 4 mm,
      width 30 mm, height 60 mm, distance 4 mm) are used as electrodes, the
      electrolysis is carried out under the conditions indicated in Example 1,
      but potassium is used as base former in equivalent amount, and the molar
      ratio of methanol to N-acetyl-.alpha.-alanine is 5 : 1, the current
      quantity is 2.5 Faraday per mole of N-acetyl-.alpha.-alanine and the
      current density is 10 A/dm.sup.2. After the usual work-up of the reaction
      mixture, the N-(.alpha.-methoxyethyl)-acetamide is obtained with a product
      yield of 88.3 %, a current efficiency of 70.7 %, an energy yield of 104.2
      g/kWh and an energy expenditure of 9.6 kWh/kg of product at an average
      cell voltage of 14.8 volts.
PAC  EXAMPLE 8
PAR  A methanolic solution of 393.0 g of N-acetyl-.alpha.-alanine (molar ratio
      methanol: N-acetyl-.alpha.-alanine = 30 : 1), in which the
      N-acetyl-.alpha.-alanine is partially neutralized to the extent of 20 % by
      means of NaOH, is electrolyzed for 1 hour in a layerbed cell with flowing
      electrolytes at a current density of 76.4 A/dm.sup.2 and an average cell
      temperature of 55.degree.C. The layerbed cell used consists of a screwed
      cylinder made from polyacetal having an inner diameter of 145 mm, which
      contains current conductor electrodes of perforated graphite plates
      (thickness 20 mm, hole diameter 2 mm, total number of holes 1027, plate
      distance 25 mm) and 15 layers of graphite granules (grain size 1.25 to
      1.50 mm) between these plates, as well as intermediate layers of porous
      glass fiber fleece (thickness 0.3 mm).
PAR  After the usual work-up, the N-(.alpha.-methoxyethyl)-acetamide is obtained
      with a product yield of 81.5 %, an energy yield of 70.5 g/kWh at an
      average cell voltage of 270 volts and an energy expenditure of 14.2 kWh/kg
      of product.
PAC  EXAMPLE 9
PAR  In an electrolysis cell according to Example 1, a solution of 15.0 g of
      N-formyl-.alpha.-alanine and 82.1 g of methanol, partially neutralized by
      NaOH to the extent of 5 %, is electrolyzed at a current density of 5.4
      A/dm.sup.2 and a temperature of 0.degree.C with agitation by means of a
      magnetic agitator at 30 to 35 r.p.m. After a current quantity of 0.307
      Faraday is passed through the solution and the electrolysis solution is
      worked up in known manner, 11.5 g of N-(.alpha.-methoxyethyl)-formamide
      (boiling point 66.5.degree.C/1.3 mbar; n.sub.D.sup.25 = 1.4344) are
      obtained, which corresponds to a product yield of 87.3 % and a current
      efficiency of 72.8 %. At an average cell voltage of 12.9 volts, an energy
      expenditure of 9.2 kWh/kg of product can be calculated from the above
      data.
PAC  EXAMPLE 10
PAR  In an electrolysis cell according to Example 1, a solution of 19.7 g of
      N-acetyl-.alpha.-alanine and 103.5 g of ethanol, partially neutralized by
      means of potassium to the extent of 20 %, is electrolyzed at a current
      density of 5.4 A/dm.sup.2 and a temperature of 0.degree.C with agitation
      by means of a magnetic agitator at 30 to 35 r.p.m. After a current
      quantity of 0.358 Faraday is passed through the cell and the electrolysis
      solution is worked up in known manner, 14.9 g of
      N-(.alpha.-ethoxyethyl)-acetamide (boiling point 81.degree.C/0.66 mbar;
      n.sub.D.sup.25 = 1.4332) are obtained which correspond to a product yield
      of 75.6 % and a current efficiency of 62.9 %. At an average cell voltage
      of 68.9 volts, an energy expenditure of 44.4 kWh/kg of product can be
      calculated on account of the above dates.
PAC  EXAMPLES 11
PAR  In an electrolysis cell according to Example 1, a solution of 39.9 g of
      N-acetyl-.alpha.-alanine and 111.2 g of i-butanol, partially neutralized
      by means of NaOH to the extent of 40 %, is electrolyzed at a current
      density of 5.4 A/dm.sup.2 and a temperature of 0.degree.C with agitation
      by means of a magnetic agitator at 30 to 35 r.p.m. After a current
      quantity of 0.647 Faraday is passed through the cell and the electrolysis
      solution is worked up in known manner, 31.1 g of
      N-(.alpha.-i-butoxyethyl)-acetamide (boiling point 83.degree. -
      84.degree.C/0.33 mbar; melting point 59.degree. - 61.degree.C;
      n.sub.D.sup.61 = 1.4209) are obtained which correspond to a product yield
      of 65.1 % and a current efficiency of 59.2 %. At an average cell voltage
      of 81.5 volts, an energy expenditure of 45.4 kWh/kg of product can be
      calculated on account of the above dates.
PAC  EXAMPLE  12
PAR  In an electrolysis cell according to Example 1, a solution of 28.3 g of
      N-(n-butyroyl)-.alpha.-alanine and 85.3 g of methanol, partially
      neutralized by sodium to the extent of 20 %, is electolyzed at a current
      density of 5.4 A/dm.sup.2 and a temperature of 0.degree.C with agitation
      by means of a magnetic agitator at 30 to 35 r.p.m. After a current
      quantity of 0.534 Faraday is passed through the cell and the electrolysis
      solution is worked up in known manner, 22.8 g of
      N-(.alpha.-methoxyethyl)-n-butyramide (boiling point
      81.degree.-84.degree.C/0.33 mbar; n.sub.D.sup.25 = 1.4382) are obtained
      which correspond to a product yield of 86.6 % and a current efficiency of
      57.7 %. At an average cell voltage of 14.4 volts, an energy expenditure of
      9.0 kWh/kg of product can be calculated on account of the above dates.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of N-(.alpha.-alkoxyethyl)-carboxylic acid
      amides which comprises partially neutralizing an
      N-acyl-.alpha.-aminopropionic acid to convert from 3 to 50 mole % of the
      acid groups thereof to alkali metal salt groups, preparing an alcoholic
      solution of said partially neutralized N-acyl-.alpha.-aminopropionic acid
      and electrolyzing said solution to convert said partially neutralized
      N-acyl-.alpha.-aminopropionic acid into an
      N-(.alpha.-alkoxyethyl)-carboxylic acid amide.
NUM  2.
PAR  2. A process for making an N-(.alpha.-alkoxyethyl)-carboxylic acid amide of
      the formula
      ##EQU4##
      wherein R.sup.1 is hydrogen or lower alkyl and R.sup.2 is lower alkyl,
      which comprises forming a solution in an alcohol of the formula R.sup.2 OH
      wherein R.sup.2 is as defined above, of a partially neutralized
      N-acyl-.alpha.-aminopropionic acid of the formula
      ##EQU5##
      wherein R.sup.1 is as defined above, said N-acyl-.alpha.-aminopropionic
      acid being partially neutralized by conversion of 3 to 50 mole % of the
      carboxyl groups thereof to alkali metal salt groups, the molar ratio of
      partially neutralized N-acyl-.alpha.-aminopropionic acid to said alcohol
      being from 1:2 to 1:50, and electrolyzing said partially neutralized
      N-acyl-.alpha.-aminopropionic acid in an electronic cell containing static
      electrodes and a stagnant or flowing electrolyte to produce said
      alkoxyethyl carboxylic acid amide.
NUM  3.
PAR  3. A process as claimed in claim 2 wherein 5 to 20 mole % of the acid
      groups of the compound of formula II are converted to alkali metal salt
      groups.
NUM  4.
PAR  4. A process as claimed in claim 2 wherein the electrolysis is carried out
      at a temperature from -10.degree. to +100.degree.C.
NUM  5.
PAR  5. A method according to claim 2 wherein the N-acyl group of said
      N-acyl-.alpha.-aminopropionic acid is an acetamide group.
NUM  6.
PAR  6. A method according to claim 2 wherein the N-acyl group of said
      N-acyl-.alpha.-aminopropionic acid is a formamide group.
NUM  7.
PAR  7. A method according to claim 2 wherein said alcohol is methanol.
NUM  8.
PAR  8. A method according to claim 2 wherein said alcohol is ethanol.
NUM  9.
PAR  9. A method according to claim 2 wherein said alcohol is isobutanol.
NUM  10.
PAR  10. A method according to claim 2 wherein the N-acyl group of said
      N-acyl-.alpha.-aminopropionic acid is a butyramide group.
NUM  11.
PAR  11. A method according to claim 2 wherein a current density of 2 to 100
      A/dm.sup.2 is used.
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ABST
PAL  A method for the reprocessing of cell liquor from diaphragm cell
      electrolysis plants that operate on potassium chloride brine. The cell
      liquor is contacted with an SO.sub.2 -bearing gas, and the effluent
      solution is oxidized with an oxygen-bearing gas, then a definite quantity
      of KCl is added to said oxidized solution, and this solution is subjected
      to a filtration and precipitation step, and finally it is then recycled as
      make-up brine to the electrolysis cell plant.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known that a diaphragm cell electrolysis plant is fed with a
      potassium chloride brine of a certain definite composition. By the
      application of electricity, the brine contained in the electrolysis cell
      is subjected to electrolytic decomposition into chlorine and hydrogen with
      the simultaneous formation of potassium solution, i.e. KOH. An adequate
      quantity of potassium solution, hereinafter referred to as cell liquor,
      must continuously be withdrawn from the electrolysis cell, said quantity
      being related to the production of Cl.sub.2 and H.sub.2. There is
      generally no direct use for this cell liquor because its KOH concentration
      is very low while the percentage of residual KCl is appreciable. The cell
      liquor commonly contains, for example, 100-150 g KOH/l and 180-200 g
      KCl/l. To convert this cell liquor into a marketable product, it is
      necessary to raise its concentration to approximately 700 g KOH/l by
      evaporation which causes the major portion of KCl to be precipitated from
      the liquor in crystalline form. Evaporation of the liquor and separation
      of crystalline KCl requires inherently uneconomical multistage facilities
      of highly corrosion-resistant materials of construction, such as nickel
      for example. In addition, a quantity of 2 to 3 tons of steam per ton of
      KOH is needed for cell liquor evaporation, said quantity being dependent
      on the number of evaporation stages.
PAR  The high capital costs of the cell liquor evaporation facilities and the
      high process energy requirements are bound to burden the final product
      heavily from the standpoint of sales price.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide a method for combining a
      diaphragm cell KCl electrolysis plant with other processes in such a way
      that costly facilities for cell liquor evaporation and crystallization may
      be omitted.
PAR  According to the invention, the problem is solved by contacting the cell
      liquor from the diaphragm cell electrolysis plant with an SO.sub.2
      -bearing gas, oxidizing the effluent solution with an oxygen-bearing gas,
      adding a defined quantity of KCl to said oxidized solution, subjecting
      this solution to a filtration and precipitation step and recycling it as
      make-up brine to the electrolysis cell plant.
PAR  The invention offers the particular advantage that it eliminates the need
      for the conventional costly cell liquor reprocessing facilities, such as
      liquor evaporation with the aid of superheated steam and separation of the
      crystals of filtration or other means. In addition, the method according
      to the invention is not accompanied by the continuous formation of an
      intermediate product, for example KOH, which would involve certain storage
      problems.
PAR  It is another particular advantage that the K.sub.2 SO.sub.4 obtained by
      precipitation is in good demand and that the K.sub.2 SO.sub.4 can be
      stored at any place if and when required.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  The FIGURE is a diagram of the several steps of the method in accordance
      with the invention showing the concentration levels and quantities
      involved.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The example shown on the drawing starts from a diaphragm cell electrolysis
      plant receiving a brine feed stream as electrolyte which has a
      concentration of 300 g KCl/l and 20 g K.sub.2 SO.sub.4 /l.
PAR  Assuming that the electrolysis process be adjusted to yield an effluent
      electrolyte, now designated as cell liquor, that contains 150 g KCl/l, 114
      g KOH/l, and 20 g K.sub.2 SO.sub.4 /l, said effluent solution can be
      employed for retaining SO.sub.2 at a rate of 65 g SO.sub.2 /l solution.
      The exhaust gas discharged from the waste gas cleaning unit 2 has a
      residual SO.sub.2 content of some ppm, said content depending on the
      design of the scrubbing tower.
PAR  Absorption of the SO.sub.2 is expediently performed at a pressure of
      approximately 3 to 25 bar and a temperature ranging from 50.degree. to
      100.degree.C. The effluent solution from the gas scrubbing tower is
      oxidized with air or any similar oxygen-bearing gas in a downstream
      oxidation stage 3. It is imperative that all K.sub.2 SO.sub.3 be oxidized
      to K.sub.2 SO.sub.4. It has been evidenced that the inventive idea
      incorporates a significant and advantageous feature in that the K.sub.2
      SO.sub.4 contained in the circulating solution at a rate of 20 g/l, for
      example, has a favorable effect on the oxidation rate in oxidation tower
      3. If the effluent mixture from the oxidation tower is sent to dissolver 4
      for being stirred and simultaneously admixed with KCl at a rate required
      to obtain the composition of make-up brine for the diaphragm cell
      electrolysis plant, the major portion of K.sub.2 SO.sub.4 precipitates in
      a crystalline and relatively pure form, said precipitation being
      conditional upon relative solubility. The K.sub.2 SO.sub.4 crystals are
      separated and dried in a downstream stage 5 and can subsequently be sent
      to storage. The mother liquor withdrawn from KCl dissolver and K.sub.2
      SO.sub.4 separator, i.e. stages 4 and 5, is a ready-to-use make-up brine
      for feeding the diaphragm cell electrolysis plant and does not require any
      further reprocessing or adjustment of concentration.
PAR  After recycling the brine through the diaphragm electrolysis cell for the
      electrolytic production of chlorine and hydrogen, the reprocessing cycle
      starts again with the cell liquor being sent to the top of scrubbing tower
      2. It is another characteristic feature of the invention that the waste
      gas scrubbing unit for the removal of SO.sub.2 does not need any
      regeneration facilities for the scrubbing solution. The inventive idea to
      combine a diaphragm cell electrolysis plant for the processing of
      potassium chloride brine and a gas scrubbing unit for the removal of
      SO.sub.2 eliminates the need for conventional regeneration facilities.
PAR  By adding KCl in the fourth stage, the solubility of the K.sub.2 SO.sub.4
      is reduced to a point where not more than approximately 20 g K.sub.2
      SO.sub.4 /l remains in the circulating solution. This potassium sulphate
      concentration will not cause operating troubles in a diaphragm cell
      electrolysis plant equipped with dimensionally stable anodes (metal
      anodes). Even a rise of the sulphate concentration in the electrolyte will
      not entail an enrichment of the gaseous chlorine with O.sub.2, CO.sub.2
      and CO because metal anodes with an activating coating are known to have a
      higher O.sub.2 overvoltage than graphite anodes.
PAR  The performance of the various process steps and the design of the
      different items of equipment may be considered as being common
      technological practice.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Method for reprocessing cell liquor from a diaphragm cell electrolysis
      plant having potassium chloride brine cycle comprising
PA1  1. removing an effluent cell liquor solution from the diaphragm cell
      electrolysis plant,
PA1  2. contacting the solution with an SO.sub.2 -bearing gas,
PA1  3. oxidizing the solution with an oxygen-bearing gas,
PA1  4. adding a predetermined quantity of KCl to the oxidized solution,
PA1  5. subjecting the solution to a filtration and precipitation step, and
PA1  6. recycling the solution as a make-up brine to the diaphragm cell of the
      electrolysis plant.
NUM  2.
PAR  2. The method of claim 1, in which the make-up brine fed to the diaphragm
      cell has a KCl content of 250 to 300 grams/liter.
NUM  3.
PAR  3. The method of claim 1 wherein the solution produced is a K.sub.2
      SO.sub.3 solution, comprising oxidizing the K.sub.2 SO.sub.3 solution to
      K.sub.2 SO.sub.4 with an oxygen-bearing gas at a temperature of 50.degree.
      to 100.degree.C., and under a pressure of 3 to 24 atmospheres.
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ABST
PAL  Process for beneficiating ores which contain metallic values in the form of
      refractory oxides as well as in the form of pyrometallurigically reducible
      metallic compositions. The portion of the ore which is pyrometallurgically
      reducible is so reduced to produce a metallic-refractory oxide product.
      The metallic portion of the product is solubilized by utilizing the
      product as a consumable anode in an aqueous saline electrolytic cell. A
      substantially metallic-free refractory oxide product is recovered from the
      electrolytic cell.
BSUM
PAR  This invention relates to the production of synthetic refractory ores,
      particularly titaniferous ores from raw materials in which metallic values
      are present both as refractory oxide compounds and as pyrometallurgically
      reducible compounds.
PAR  Previously, considerable difficulty had been experienced in the
      beneficiation of both synthetic and naturally occurring refractory oxide
      ores. In general, refractory oxide ores occur with several different
      metallic values contained in them. Usually some of the metallic values are
      present in the form of refractory oxides and some are present in a form
      which will admit of their being pyrometallurgically reduced to the
      metallic state. Particularly, with regard to titaniferous ores, titanium
      usually occurs as the brookite crystal form of titanium dioxide. The
      titanium dioxide is present in the ore with other metallic oxides; such
      as, iron, manganese, nickel, cobalt, copper, chromium, and the like. In
      general, only the titanium is present as a refractory oxide in the ore so
      that the other metallic values may be separated from the titanium values
      by reducing the other values to their metallic state. Procedures for
      reducing the other metallic constituents in a titaniferous ore are known;
      however, in general, they are highly undesirable because carrying them out
      results in substantial pollution problems, as well as substantial
      corrosion problems. In general, the techniques for removing metallic
      values from natural and synthetic refractory oxides require the use of or
      result in the production of acidic solutions or large volumes of metallic
      salt solutions which are uneconomic to utilize in further processes and
      are not disposable because of their polluting nature.
PAR  In general, there are two primary procedures which are used in the
      production of titanium dioxide for pigment purposes. These procedures may
      be characterized conveniently as the sulfate process and the chloride
      process. The chloride process requires a raw material which is virtually
      pure titanium dioxide. This material occurs in nature as the ore rutile.
      The sulfate process uses the titanium ore ilmenite which contains about
      one atom of iron for each atom of titanium. The refractory titanium oxide
      is present in the rutile ore in the rutile crystal form which is insoluble
      in sulfuric acid. In the chloride process the rutile crystal form is
      digested with chlorine. In the ore ilmenite the refractory titanium oxide
      is present in the brookite crystalline form which is digestible in
      sulfuric acid. The sulfate process for the production of titanium dioxide
      pigment includes a sulfuric acid digestion step for the titanium bearing
      ore raw material. It is, therefore, not possible to use rutile in the
      sulfate process. The use of ilmenite in the chloride process is highly
      undesirable because the chlorination of the iron consumes a large amount
      of chlorine which is uneconomical to recover. The iron tends to
      contaminate the titanium dioxide pigment, and the iron usually presents
      serious pollution problems.
PAR  According to the present invention, a virtually ironfree synthetic titanium
      ore is produced in which the refractory titanium oxide is in the brookite
      form. Alternatively, a synthetic titanium ore is produced in which the
      refractory titanium oxide is in the rutile form. These synthetic titanium
      ores are produced under virtually noncorrosive conditions utilizing
      inexpensive equipment. These synthetic titanium ores are also produced
      without the formation of any significant quantity of pollutant material.
PAR  According to the present invention, natural and synthetic refractory ores,
      and in particular titanium bearing ores, are subjected to
      pyrometallurgical reduction followed by an electrolytic step to
      substantially increase the refractory oxide content of the material. In
      general, the pyrometallurgical reduction step reduces the iron and other
      metallic constituents which are not present as refractory oxides in the
      raw material to the metallic state. The use of the reduced natural or
      sythetic ore as a consumable anode in an aqueous electrolytic cell system
      results in the solubilization of virtually all of the metallic
      constituents except those which are present as refractory oxides. The
      metallic constituents which are so solubilized may be recovered as
      metallic plate at the cathode as hydrous oxides or as dissolved salts. In
      general, it is preferred to recover the solubilized metallic values as
      either metallic plate at the cathode or precipitated hydrous oxides
      because the solid form of this material is easier to handle and has less
      potential for pollution. When the solubilized metallic values are allowed
      to remain in solution, some of the same pollution problems that are
      presented by the sulfate process are encountered in attempting to utilize
      or dispose of the solubilized metallic values.
PAR  The pyrometallurgical reduction of the ore can usually be carried out at
      temperatures above the 1,000.degree. centigrade in a fluid bed or a rotary
      kiln using reductants, such as reducing gases and solids. At temperatures
      of at least about 1,100.degree.0 centigrade the reduction is substantially
      complete in about 15 minutes. Reducing gases include, for example,
      hydrogen and gas phase hydrocarbons. Suitable solids include, for example,
      coal, coke, charcoal, and the like. In general, stoichiometric quantities
      of the gas or solid reductants, equal to the nonrefractory oxide metallic
      values present in the natural or synthetic ore, are sufficient to convert
      these values to the metallic state. The reduction step is carried out in a
      nonoxidizing atmosphere, and the reduced ore is collected under
      nonoxidizing conditions and cooled to ambient temperatures so as to avoid
      reoxidizing the metallic values. Since the major portion of the metallic
      values are usually iron, it is possible to separate the reduced material
      from any excess solid reductant or gangue using well-known magnetic
      separation procedures and equipment. The reduced material which is thus
      magnetically separated is a metallic-refractory oxide cell feed stock.
PAR  The operation of the pyrometallurgical reduction step with the inclusion of
      an iron oxide stoichiometric reduction step with the inclusion of an iron
      oxide stoichiometric amount of alkaline reacting material; such as,
      calcium carbonate, magnesium carbonate, sodium hydroxide, sodium
      carbonate, or other alkali metal or alkaline earth metal salt, together
      with the ilmenite ore and the reductant will produce a metallic-refractory
      oxide material in which the titanium oxide is in the brookite rather than
      the rutile form. If the alkaline reacting material is not present, the
      heating of the ilmenite ore will convert the crystalline form of the
      titanium oxide from the brookite to the rutile. The ilmenite ore which has
      been reduced in the presence of an alkaline reacting material may be
      digested by sulfuric acid, whereas that which has been reduced in the
      absence of an alkaline reacting material cannot be digested by sulfuric
      acid.
PAR  The metallic-refractory oxide cell feed stock is utilized as a consumable
      anode in an aqueous electrolytic cell for the purpose of solubilizing the
      metallic portion of the cell feed stock. In general, the purpose of the
      electrolytic step is to beneficiate the refractory ore without creating
      any significant pollution problems and without the use of any highly
      corrosive liquids. If desired, however, the solubilized metallic values
      may be recovered in an economically useful manner, provided that recovery
      does not interfere with the beneficiation of the refractory ore and does
      not create any significant pollution problems. The metallic-refractory
      oxide cell feed stock may be used as a consumable anode in aqueous
      electrolytic cells of conventional design. The cell may be constructed of
      plastic materials because the temperatures at which the cell is operated
      generally range from approximately 40.degree. to 50.degree. centigrade,
      and the solute utilized in the cell is a generally noncorrosive salt which
      does not present serious corrosion problems. The electrodes may be
      constructed of conventional materials; such as, stainless steel, graphite,
      lead, carbon, and the like. If desired, the cell may be constructed so
      that the electrodes are horizontal, and the cell feed stock is placed on
      the anode at the bottom of the cell. The electrodes may be disposed
      generally vertically in the cell with the cell feed stock being suspended
      in the electrolyte by agitation. The fine particles of cell feed stock
      suspended in the electrolyte constantly come into contact with the current
      carrying, nondestructive anode where the desirable solubilization of the
      metallic values takes place. No adverse effect results from the ore coming
      into contact with the cathode. A partitioned cell having anode and cathode
      compartments may be utilized if desired.
PAR  The form in which the solubilized metallic values are recovered from the
      electrolytic step is dictated by the choice of solute. The use of sodium
      salts results in the formation of a caustic at the cathode which reacts
      with the solubilized metallic values to produce a hydrous oxide which
      precipitates as a very fine solid. The fine hydrous oxide precipitate is
      readily separable from the beneficiated refractory oxide because of
      differences in density, particle size, and settling rates. Various
      conventional operations; such as, filtration, classification, and
      elutriation, may be used to separate the beneficiated refractory oxide
      from the hydrous oxide. When sodium chloride is used as the solute, the
      reaction between the caustic and the iron chloride at the cathode
      regenerates the sodium chloride. The use of a solute in the aqueous
      electrolyte which contains iron may result in the plating out of iron at
      the cathode. Suitable iron solutes include ferrous sulfate, ferrous
      ammonium sulfate, ferrous chloride, and the like. Ferrous sulfate and
      ferrous ammonium sulfate are generally the most widely used solutes in
      aqueous iron plating baths. The use of ammonium salts, such as ammonium
      chloride and ammonium sulfate, results in most of the solubilized iron
      remaining in the cell solution. The ammonium salts are generally the least
      preferred solutes because their usage results in the formation of an
      aqueous iron solution which is difficult to dispose of and is generally
      not suitable for further economic usage.
PAR  In general, the titaniferous ores; such as, ilmenite, pseudobrookite, and
      the like, occur in combination with other minerals and with other metallic
      compositions as impurities. As a result, the operation of the electrolytic
      cell produces a number of solubilized metallic values in addition to the
      iron which is normally present. These additional solubilized metallic
      values generally follow the iron so that they are plate out, precipitated
      as hydrous oxides or left in solution together with the iron. In general,
      the materials, which are removed from the refractory oxide in the
      electrolysis procedure include iron, manganese, nickel, cobalt, copper,
      chromium, alkali metals, and alkaline earth metals. When synthetic
      titaniferous ores, such as highly reduced titanium slags, are used, the
      concentrations of the metallic impurities are usually lower, but they are
      still present in the synthetic ore. Titanium slags are produced, for
      example, by heating ilmenite under reducing conditions to the point where
      it is rendered fluid, at which point the refractory oxide forms the slag,
      and the iron and other metallic values are drawn off as molten metal. The
      slag product may be usable directly as the cell feed stock because the
      iron in the slag has been pyrometallurgically reduced in the smelting
      process. The titanium dioxide in the slag is in the brookite crystal form.
      This titaniferous slag is generally produced in an arc furnace utilizing
      an iron ore which contains a significant percentage of titanium. The
      smelting is carried out utilizing an alkali or alkaline earth salt as a
      flux. The more dense iron settles to the bottom of the molten admixture
      and is withdrawn.
PAR  In the operation of the cell, conventional cell additives may be included,
      as desired. Such conventional cell additives include, for example, boric
      acid, various dispersants, antifoaming agents, and the like.
PAR  In general, it is preferred to operate the cell with the solute at about
      its saturation concentration for the minimum operating temperature of the
      cell. In general, the operating temperature of the cell is maintained at
      or below about 50.degree. centigrade so as to reduce the rate of
      evaporation from the cell and to minimize the corrosive attack on the
      materials of the cell construction.
PAR  If the cell is operated so that it is inefficient and less than 100 percent
      of the current as applied to the solubilization of the metallic values at
      the anode, the overall efficiency of the operation is not seriously
      impaired. The inefficient operation of the cell results in the generation
      of an acid at the anode, which, in the case of a sulfate solute, is
      sulfuric acid and in the case of a chloride solute is hydrochloric or
      hypochlorous. These acids which are generated at the anode during
      inefficient cell operation are consumed in attacking the metallic values
      within the metallic-refractory oxide consumable anode material. If
      desired, it would be possible to operate the cell very inefficiently so
      that the primary product produced at the anode would be an acid which
      would in turn digest metallic values in the consumable anode material.
      Such an operation would be, however, less preferred than the efficient
      operation of the cell.
PAR  The natural and synthetic ores which are amenable to use in the present
      process include, as a class, those ores which contain pyrometallurgically
      reducible metallic impurities. The metallic impurities are necessary in
      the operation of the electrolytic cell because it is these metallic values
      which carry the electrical current that is necessary to accomplish the
      desired solubilization in the electrolytic process.
PAR  The efficiency of the electrolytic step in beneficiating the refractory
      oxide material is to a large extent dependent upon the accomplishment of
      as complete a reduction as possible in the pyrometallurgical reduction
      step. If the iron and other metallic values in the ore are not reduced as
      completely as possible to the metallic state, the product obtained from
      the electrolysis step will not have the desired degree of purity. It is
      possible to operate the electrolytic cells under extreme conditions of
      time and current density so as to compensate somewhat for a less than
      complete reduction in the pyrometallurgical reduction step; however, this
      is very inefficient and is not as effective as a more complete reduction
      step would be. In general, as complete a reduction as possible is
      accomplished by operating the kiln or fluidized bed in an efficient manner
      so that good contact is obtained between the reductant and the
      pyrometallurgical reduction step feed stock. If necessary, stoichiometric
      excesses of reductant and extended times may be utilized to accomplish
      substantially complete reduction. Care should be taken in the recovery of
      the reduced product to insure that reoxidation does not occur before the
      product is cooled.
PAR  Preferably, the electrolytic cell is operated so that the solubilized
      metallic values are recovered by being plated out in the metallic state at
      the cathode. This provides a metallic product which has a further economic
      value and also eliminates any pollution problems that might result from
      disposing of the metallic values in some other way. The recovery of the
      metallic values as a hydrous oxide precipitate is advantageous where there
      is no economic value to the metals which might be recovered from a plating
      procedure or where the plating operation cannot advantageously be carried
      out. The recovery of the solubilized metallic values in the dissolved
      state is available as an alternative where it is not feasible to either
      plate or precipitate these metallic values.
PAR  The process of this invention may be applied to the beneficiation of a wide
      variety of refractory oxide ores in which there are pyrometallurgically
      reducible metallic impurities. Various refractory oxide materials occur in
      both natural and synthetic ores in admixture with contaminant metallic
      compositions which are pyrometallurgically reducible. Such refractory
      oxides which may be beneficiated according to the present invention
      include, for example, silica, alumina, zirconium oxide, hafnium oxide,
      thorium oxide, and vanadium oxide. Alumina in the form of oxide ores often
      includes iron contaminants that are removable according to the present
      procedure. The requirements for pure thorium materials in nuclear
      applications may be satisfied in substantial part by beneficiating the
      synthetic or natural thorium oxide refractory materials according to the
      present invention. A very pure silica for the manufacture of glass may be
      produced according to the present invention.
DETD
PAR  In the following specific examples all parts and percentages are by weight
      unless otherwise indicated.
PAC  EXAMPLE I
PAR  This example was conducted to demonstrate that the process could be
      practiced to beneficiate ilmenite.
PAR  Lakehurst ilmenite in the form of a fine (-20 mesh) black sand was roasted
      under oxidizing conditions in a tube furnace at 1,100.degree. centigrade
      for a period of about 1 hour. The oxidation was carried out to break the
      crystalline structure of the ilmenite. The resultant roasted ilmenite sand
      was pyrometallurgically reduced in a tube furnace using the following
      procedure. Thirty-five grams of powdered vegetable charcoal was thoroughly
      admixed with 35 grams of the roasted ilmenite ore and 2 grams of calcium
      oxide. This charcoal-roasted ore-calcium oxide intimate admixture was
      placed in a silica tube. The tube was then placed in a tube furnace which
      had been preheated to 900.degree. centigrade. There was an initial
      exothermic rise of about 50.degree. centigrade, and after 20 minutes the
      temperature was 1,100.degree. centigrade. The temperature after an
      additional 20 minutes was about 1,050.degree. centigrade. After a further
      period of 40 minutes, the temperature had fallen to 1,000.degree.
      centigrade, whereupon the furnace was turned off, after a total operating
      time of about 80 minutes. The tube was left in the tube furnace with the
      muffle closed and was allowed to cool overnight so as to avoid reoxidizing
      the metallic portion of the pyrometallurgically reduced product. The
      cooled product was subjected to a wash with detergent water to float the
      excess charcoal away from the reduced product. The residue was filtered
      and was then mixed thoroughly to insure uniformity. The dried product was
      tested with a magnet and it was found that virtually all of the particles
      adhered strongly to the magnet. An electrolytic cell was prepared as
      follows. A 1,000 milliliter beaker was selected and 225 milliliters of 5
      weight percent ferrous ammonium sulfate solution were placed in the
      beaker. A one-half inch diameter carbon rod was selected for the anode,
      and a 1 inch wide stainless steel spatula was selected for the cathode. An
      extraction thimble was placed around each of the electrodes. A 5 gram
      portion of the dried mixed reduced product was placed in the extraction
      thimble in contact with the carbon rod anode. Electrolysis was commenced
      using 5 volts at 0.5 amps. Electrolysis was continued under these
      conditions for about 1 hour and 40 minutes. During the electrolysis, the
      pH of the aqueous electrolyte in the cell was about 3. The round carbon
      anode was rotated occasionally to insure good contact with the reduced
      product. Each of the electrodes was immersed in the cell electrolyte to a
      depth of about 11/2 inches. After 1 hour and 40 minutes of electrolysis,
      the electrolysis was discontinued and it was observed that there was a
      small amount of red oxidized iron floating on top of the liquid in the
      cathode thimble and that there was a small amount of green precipitate on
      the bottom of the cathode thimble. There was a thin gray mat of iron
      plated on the stainless steel cathode. The iron was dissolved from the
      cathode in hydrochloric acid. The anodic residue from the extraction
      thimble surrounding the carbon rod anode was dried and tested for magnetic
      attraction with a magnet. It was found that only a few particles adhered
      to the magnet and that these particles only adhered weakly to the magnet.
PAR  The preoxidation of the Lakehurst ilmenite to break the crystal structure
      contributed significantly to permitting complete reduction to take place
      in the pyrometallurgical reduction step. This in turn permitted the
      electrolysis to proceed with ease to the point of substantial completion.
PAC  EXAMPLE II
PAR  A sample of domestic ilmenite ore having the following analysis:
TBL  Constituents      Percent by Weight                                       
     ______________________________________                                    
     TiO.sub.2         60.0                                                    
     FeO               6.0                                                     
     Fe.sub.2 O.sub.3  25.0                                                    
     Al.sub.2 O.sub.3  2.1                                                     
     MnO               1.2                                                     
     SiO.sub.2         1.0                                                     
     MgO               3.0                                                     
     CuO               0.5                                                     
     ______________________________________                                    
PAL  was mixed with 20 weight percent of its weight of ground charcoal and
      heated in a nonoxidizing atmosphere at 1,100.degree. centigrade for 2
      hours. After cooling, out of contact of air, the sample was separated from
      unreacted charcoal and was analyzed. It was found that substantially all
      the iron had been reduced to the metallic state to produce a
      metallic-refractory oxide. This reduced product was added to the anode
      compartment of a partitioned electrolysis cell having a cathode made of
      stainless steel in the form of a flat plate 3 inches square and an anode
      of carbon in the form of a round rod having a 11/4 inch diameter. The cell
      solution consisted of a 10 weight solution of ferrous ammonium sulfate.
      After electrolyzing for 2 hours, at 3 amps and 4.5 volts, during which
      time the ilmenite was kept in suspension at the anode by agitation, it was
      found that substantially all of the iron in the ilmenite was leached out
      of the ilmenite and plated on the cathode. The only iron remaining in the
      beneficiated refractory oxide appeared to be in the form of iron oxide
      which had not been reduced in the pyrometallurgical reduction step. Cell
      temperature was 40 degrees centigrade.
PAR  After separating from the cell liquors, the washed and dried beneficiated
      ilmenite, upon analysis, had the following composition:
TBL  Constituents      Percent by Weight                                       
     ______________________________________                                    
     TiO.sub.2         96.3                                                    
     Fe (total)        1.8                                                     
     Al.sub.2 O.sub.3  3.0                                                     
     SiO.sub.2         1.6                                                     
     MgO               0.4                                                     
     MnO               0.1                                                     
     ______________________________________                                    
PAL  X ray analysis showed the refractory oxide product to be rutile. The
      refractory oxide product was not soluble in sulfuric acid.
PAC  EXAMPLE III
PAR  A sample of the reduced metallic-refractory oxide ilmenite, as used in
      Example II, was transferred to a stirred, nonpartitioned cell having both
      the cathode and anode made of round inch and one-quarter diameter carbon
      rod and containing a 20 weight percent of sodium chloride. After
      electrolyzing at 5 amps and 3.5 volts for 11/2 hours, during which time
      the pH of the solution rose to 9.5, it was found that the cell liquor
      contained a large quantity of a brown voluminous precipitate. Analysis
      showed that the precipitate consisted primarily of iron hydroxide, along
      with some manganese hydrate and trace amounts of other hydrous oxides. The
      electrolyzed ilmenite, after filtration from the cell liquor and washing,
      was found to have the following composition:
TBL  Constituents      Percent by Weight                                       
     ______________________________________                                    
     TiO.sub.2         94.3                                                    
     Fe (total)        3.2                                                     
     Al.sub.2 O.sub.3  2.7                                                     
     SiO.sub.2         1.5                                                     
     MgO               0.3                                                     
     MnO               0.2                                                     
     ______________________________________                                    
PAC  EXAMPLE IV
PAR  A sample of Australian ilmenite having the following analysis:
TBL  Constituents      Percent by Weight                                       
     ______________________________________                                    
     TiO.sub.2         55.40                                                   
     FeO               22.50                                                   
     Fe.sub.2 O.sub.3  18.30                                                   
     MnO               1.36                                                    
     Al.sub.2 O.sub.3  0.40                                                    
     SiO.sub.2         1.55                                                    
     MgO               0.20                                                    
     ______________________________________                                    
PAL  was calcined under oxidizing conditions to convert all the iron to the
      ferric state and to render the ore more amenable to reduction and then
      reduced with producer gas in a fluid bed at 1,025.degree. centigrade until
      the iron was substantially converted to metal. This material was next
      added to a non-partitioned cell having a flat carbon anode placed
      horizontally at the base of the cell and a perforated flat carbon cathode
      positioned parallel to and above the anode and at a distance of about 4
      inches above the ilmenite sand layer, which had been placed on the upper
      side of the anode. Ultrasonic agitation was applied to maintain the
      ilmenite in a fluidized condition. The cell solution was a 15 weight
      percent solution of ammonium chloride. The pH of the solution was slightly
      acidic during the electrolysis which continued for 2 hours at about 3.0
      volts and 3.5 amps. A small quantity of iron was deposited in the cathode,
      but the bulk of the iron was found in the cell solution as iron-ammonium
      chloride. After the beneficiated ilmenite was removed from the cell and
      washed by decantation, it was found to have the following composition:
TBL  Constituents      Percent by Weight                                       
     ______________________________________                                    
     TiO.sub.2         96.5                                                    
     Fe (total)        2.3                                                     
     MgO               0.1                                                     
     MnO               0.15                                                    
     SiO.sub.2         1.6                                                     
     ______________________________________                                    
PAC  EXAMPLE V
PAR  Another sample of the preroasted reduced Australian ore of Example IV was
      similarly electrolyzed but a 10 weight percent solution of sodium sulfate
      was used in the cell in place of the ammonium chloride. Unlike the results
      in the prior experiment, the cell liquor became alkaline (pH 11.0), and
      the iron and other hydrate-forming metal oxides precipitated in the cell
      liquor. Nevertheless, the electrolyzed ilmenite had approximately the same
      composition as the sample electrolyzed with ammonium chloride. Cell
      temperature was about 45.degree. centigrade.
PAC  EXAMPLE VI
PAR  A sample of highly reduced titanium slag obtained from smelting
      titaniferous iron ore under reducing conditions in the presence of calcium
      oxide was added to a nonpartitioned cell containing a 12 weight percent
      solution of ammonium chloride and electrolyzed for 2.5 hours at 3.5 volts
      and 2.1 amps. At the end of this time the beneficiated slag was removed
      from the cell, washed and dried and analyzed. The product was of the
      following composition.
TBL  Constituents      Percent by Weight                                       
     ______________________________________                                    
     TiO.sub.2         90.90                                                   
     Fe (total)        1.24                                                    
     MgO               2.50                                                    
     SiO.sub.2         2.20                                                    
     ______________________________________                                    
PAL  X ray analysis showed the refractory oxide product to have the
      pseudobrookite crystal form.
PAC  EXAMPLE VII
PAR  In this experiment Indian ilmenite ore was mixed with 30 percent by weight
      of wood charcoal, plus 35 percent by weight of magnesium carbonate, and
      calcined under nonoxidizing conditions at 1,150.degree. centigrade for 1
      hour. After calcination, the reduced ore was magnetically separated from
      the unused carbon residue. The separated ore was then used as a consumable
      anode in an aqueous saline electrolytic cell system, employing ammonium
      chloride as solute. After electrolyzing for 2 hours at 3.5 amps and 4
      volts, the ore residue was filtered, washed free of salt, dried and, on
      analysis, was found to contain 90.5 weight percent TiO.sub.2 and 3.2
      weight percent iron. X ray analysis showed the TiO.sub.2 crystal structure
      was pseudobrookite with no rutile present. The ground product was soluble
      in sulfuric acid.
PAC  EXAMPLE VIII
PAR  In this experiment Indian ilmenite ore was blended with 25 percent by
      weight of an equi-molar mix of sodium hydroxide and sodium carbonate, plus
      30 percent by weight of petroleum coke and calcined at 1,150.degree.
      centigrade for 1.5 hours. After separating the calcined ore from the
      unused coke, it was used as the consumable anode in an aqueous saline cell
      employing sodium chloride as the solute. After removal from the cell, the
      ore analyzed 92 weight percent TiO.sub.2, 4.1 weight percent iron, and, by
      X ray, analysis was of the pseudobrookite crystal structure. It was
      soluble in sulfuric acid.
PAR  The preroasting of the synthetic or natural ores accomplishes two
      objectives. First, the preroasting oxidizes the ferrous iron to the ferric
      state. Second, the preroasting tends to open up the crystal structure so
      as to facilitate the reduction step. Both the opening of the crystal
      structure and the conversion of the ferrous to the ferric state tend to
      increase the percentage of the iron oxide which is reduced completely to
      the metallic state in the reduction step.
PAR  In general, it is preferred to carry both the reduction and electrolysis
      steps to substantial completion. It has generally been found that it is
      impossible to reduce all of the metallic oxide to the metallic state so
      that the electrolysis does not remove all of the undesired metallic
      contaminants. In general, it is possible to carry the electrolysis step
      substantially to completion so as to remove all of the metallic
      contaminants which are present in the metallic state. In some instances
      where small amounts of impurities may be tolerated in the end use to which
      the beneficiated refractory may be put, it is possible to operate the
      reduction and electrolysis steps under conditions such that a major
      portion, but less than substantially all, of the metallic contaminants are
      removed. According to the present process, the degree of purity may be
      adjusted either through incomplete reduction or incomplete electrolysis,
      depending upon whether it is desired to retain the metallic impurity in
      the oxide or the metallic state.
PAR  In general, the purpose of the present process is to beneficiate the
      refractory oxide and the recovery from the electrolysis step of the
      solubilized metallic values in an economically useful form is an added
      benefit. The electrolytic cell is, therefore, operated primarily for the
      purpose of solubilizing the metallic values in the reduced
      metallic-refractory oxide cell feed stock. In general, it has been found
      that the solute for use in solubilizing the metallic values in the
      consumable anodic material may be selected from acidic, slightly acidic,
      neutral, or basic salts; such as, sodium bisulfate, ammonium chloride,
      ammonium sulfate, ammonium nitrate, ferrous ammonium sulfate, ferrous
      chloride, ferrous sulfate, sodium sulfite, sodium sulfate, sodium
      chloride, sodium nitrate, and the like. As indicated previously, the
      preferred solutes are those which minimize pollution problems by providing
      the solubilized metallic values in the form of solid phase materials. From
      an economic standpoint, the neutral salts, such as sodium chloride and
      sodium sulfate, are preferred. Conventional electrolytic cell solutes are
      utilized in the process. In general, the concentration of the solutes is
      kept as high as possible without incurring the risk of precipitation in
      the bath at room temperature. The risk of undesired precipitation is
      avoided if the concentration of the solute is maintained below about
      saturation at 20.degree. centigrade. The solutes may be used in very
      dilute solutions, if desired, but in general this does not result in an
      economic operation. The temperature of the cell is generally between
      approximately 40.degree. and 60.degree. centigrade, and in any event is
      below the boiling point of the electrolyte. The invention may be practiced
      in cells of conventional design in either batch or continuous operations.
      In general, it is preferred to operate the electrolytic cell so that the
      solubilized metallic values are recovered substantially in all one form or
      another. However, if desired, the cell may be operated so that some of the
      metallic values are plated out of the cathode and some are precipitated as
      hydrous oxides. The cell design and operation may be carried out according
      to conventional procedures in order to recover the solubilized metallic
      values in the desired form so long as the cell is operated so as to
      accomplish the primary purpose of beneficiating the refractory oxide.
PAR  The embodiments in which an exclusive right is claimed are defined in the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. a method of producing synthetic refractory oxide ore comprising:
PA1  subjecting a refractory oxide ore which includes pyrometallurgically
      reducible metallic values to pyrometallurgical reduction to produce a
      metallic-refractory oxide product, the metallic portion of said
      metallic-refractory oxide product being the reduced product of said
      pyrometallurgically reducible metallic values; and
PA1  utilizing said metallic-refractory oxide product as a consumable anode in
      an aqueous saline electrolytic cell to solubilize at least a substantial
      part of the metallic portion of said metallic-refractory oxide product.
NUM  2.
PAR  2. A method of claim 1 including carrying the pyrometallurgical reduction
      to substantial completion.
NUM  3.
PAR  3. A method of claim 1 including solubilizing substantially all of the
      metallic portion of said metallic-refractory oxide product.
NUM  4.
PAR  4. A method of claim 1 including removing substantially all of the
      pyrometallurgically reducible metallic values from the refractory oxide
      ore.
NUM  5.
PAR  5. A method of claim 1 including calcining the refractory oxide ore under
      oxidizing conditions before subjecting said refractory oxide ore to
      pyrometallurgical reduction.
NUM  6.
PAR  6. A method of beneficiating ores which contain metallic values in the form
      of both refractory oxides and pyrometallurgically reducible metallic
      compositions comprising:
PA1  pyrometallurgically reducing the pyrometallurgically reducible metallic
      compositions in said ores to substantially the metallic state to produce a
      metallic-refractory oxide, the metallic portion of said
      metallic-refractory oxide being the reduced product of said
      pyrometallurgically reducible metallic compositions;
PA1  solubilizing substantially all of the metallic portion of said
      metallic-refractory oxide by utilizing said metallic-refractory oxide as a
      consumable anode in an electrolytic cell; and
PA1  recovering a substantially metallic-free refractory oxide product from said
      electrolytic cell.
NUM  7.
PAR  7. The method of claim 6 wherein the solubilization is accomplished in an
      aqueous saline electrolytic cell.
NUM  8.
PAR  8. The method of claim 6 including permitting the solubilized metallic
      portion to plate out in the metallic state at the cathode.
NUM  9.
PAR  9. The method of claim 6 including permitting the solubilized metallic
      portion to precipitate in the electrolytic cell as hydrous oxides.
NUM  10.
PAR  10. The method of claim 6 including permitting the solubilized metallic
      portion to remain in solution.
NUM  11.
PAR  11. The method of claim 6 wherein the ore is a titaniferous ore which
      includes a substantial amount of iron and the electrolytic cell is
      operated so as to permit the iron to precipitate as hydrous oxide of iron.
NUM  12.
PAR  12. The method of claim 6 wherein the ore is a titaniferous ore which
      includes a substantial amount of iron and the electrolytic cell is
      operated so as to permit the iron to plate out as metallic iron at the
      cathode.
NUM  13.
PAR  13. A method of producing synthetic rutile from ilmenite ore which
      comprises:
PA1  subjecting said ilmenite ore to pyrometallurgical reduction to reduce
      substantially all of the metallic values in said ilmenite ore, except
      titanium, to the metallic state to produce a metallic-titanium oxide;
PA1  utilizing said metallic-titanium oxide as a consumable anode in an aqueous
      electrolytic cell, said metallic-titanium oxide being subjected to
      electrolysis to solubilize substantially all of the metallic portion of
      said metallic-titanium oxide to produce a synthetic rutile.
NUM  14.
PAR  14. A method of beneficiating ores which contain metallic values in the
      form of refractory oxides and pyrometallurgically reducible metallic
      compositions comprising:
PA1  pyrometallurgically reducing the pyrometallurgically reducible metallic
      compositions in said ores to substantially the metallic state to produce a
      metallic-refractory oxide, the metallic portion of said
      metallic-refractory oxide being the reduced product of said
      pyrometallurgically reducible metallic compositions, said
      pyrometallurgical reduction being carried out in the presence of an
      alkaline reacting compound; and
PA1  subjecting said metallic-refractory oxide to electrolysis to solubilize the
      metallic portion of said metallic-refractory oxide, thereby producing a
      refractory oxide which is capable of being substantially solubilized in
      sulfuric acid.
NUM  15.
PAR  15. A method of producing a sulfuric acid soluble synthetic titanium oxide
      ore comprising:
PA1  subjecting a titaniferous ore to pyrometallurgical reduction in the
      presence of an alkaline reacting material to produce a metallic-titanium
      oxide product in which substantially all of the titanium is present as
      titanium oxide; and
PA1  utilizing said metallic-titanium oxide product as a consumable anode in an
      aqueous saline electrolytic cell to solubilize the metallic portion of
      said metallic-titanium oxide product thereby producing a sulfuric acid
      soluble synthetic titanium oxide ore.
NUM  16.
PAR  16. A method of beneficiating ilmenite ores which contain metallic values
      in the form of refractory titanium oxide and pyrometallurgically reducible
      metallic compositions comprising:
PA1  pyrometallurgically reducing the pyrometallurgically reducible metallic
      compositions in said ores to substantially the metallic state to produce a
      metallic-refractory titanium oxide in which the metallic portion of said
      metallic-refractory titanium oxide is the reduced product of said
      pyrometallurgically reducible metallic compositions, said
      pyrometallurgical reduction being carried out in the presence of an
      alkaline reacting compound; and
PA1  subjecting said metallic-refractory titanium oxide to electrolysis to
      solubilize the metallic portion of said metallic-refractory titanium
      oxide, thereby producing a refractory titanium oxide which is capable of
      being substantially solubilized in sulfuric acid.
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PAL  A fluidized bed electrode system comprises an electrode chamber having a
      porous base, a main electrode consisting of a bed of fine solid particles
      contained in such chamber and selected from the group consisting of
      metals, metal coated glass beads and metal coated plastic beads, a current
      feeder extending into the bed, means for leading air or inert gas through
      the porous base at a predetermined velocity and pressure to fluidize the
      bed, and means for introducing a solution to be treated into the electrode
      chamber at a point above the porous base and for circulating such solution
      through the bed at a predetermined flow rate.
BSUM
PAR  This invention relates to a fluidized-bed electrode system and to a method
      for treating a solution by such fluidized-bed electrode system.
PAC  BACKGROUND OF THE INVENTION
PAR  The advantages of using fluidized-bed electrodes in various electrochemical
      processes such as electrowinning of metals from dilute solutions or
      electrosynthesis of organic materials are increasingly recognized. In the
      literature, the fluidized-bed electrode system is described as being
      basically composed of fine particles of metals or metal-coated glass or
      plastic beads contained in a suitably designed cell and fluidized by the
      passage of an electrolyte solution to be treated through the bed of
      particles. Electrical feeders in contact with the particulated bed and
      auxiliary electrodes complete the electrochemical circuit.
PAR  To obtain optimum performance from this type of fluidized-bed electrodes,
      it has been disclosed in the prior art that a bed expansion varying
      between 10 and 50% was necessary. To obtain bed expansions of these
      magnitudes, the electrolyte has to be circulated through the cell at a
      fixed flow rate depending mostly on the specific gravity of the
      electrolyte and of the particles to be fluidized, on the dimension of the
      particles and on the geometry of the cell. One important implication of
      this is that, to achieve any desired degree of completeness of an
      electrochemical reaction, that is complete removal of an ionic species
      from the electrolyte solution, it is often necessary to recirculate the
      solution through the fluidized-bed electrode cell or to mount plural cells
      in series. Another possible way of overcoming this problem is to increase
      the total height of the fluidized-bed electrode; however, this may lead to
      several difficulties in practice such as the necessity of introducing the
      electrolyte into the cell at a high pressure to overcome the pressure drop
      due to the weight of the particles composing the bed.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the object of the present invention to provide a novel
      fluidized-bed electrode system permitting to obtain any desired degree of
      fluidization independently of the speed at which the electrolyte is
      circulated through the cell.
PAR  It is also the object of the present invention to provide a novel method of
      fluidizing the bed which permits to treat a solution or to effect
      selective removal of predetermined ionic species from a solution in a
      minimum number of passes through the bed and using a minimum number of
      cells in series.
PAR  The above objects of the invention are achieved, generally, by fluidizing
      the particulated bed solely by means of air or inert gas thus allowing one
      extra degree of freedom in the operation of the fluidized bed electrode
      cell.
PAR  The apparatus, in accordance with the invention, comprises an electrode
      chamber having a porous base, a main electrode consisting of a bed of fine
      solid particles contained in such chamber and selected from the group
      consisting of metals, metal coated glass beads and metal coated plastic
      beads, an auxiliary electrode located in such chamber and electrically
      insulated from the main electrode, a current feeder extending into such
      bed, means for leading air or inert gas through the porous base at a
      predetermined velocity and pressure to fluidize the bed, and means for
      introducing a solution to be treated through the fluidized bed at a point
      above the porous base and for circulating such solution at a predetermined
      flow rate.
PAR  The gas used to fluidize the bed may be air or other gases preferably
      inert.
PAR  The auxiliary electrode is normally made of lead or lead alloys, and such
      electrode may be insulated from the main electrode by means of a non
      conductive screen material preferably consisting of a synthetic organic
      fiber screen cloth partially impregnated into the conductive base material
      so as to permit direct introduction of the auxiliary electrode into the
      fluidized bed without any risk of short circuit. The synthetic organic
      fiber screen cloth may be selected from the group consisting of nylon,
      polyester, polyethylene, polypropylene and Teflon materials.
PAR  The method for treating a solution using the above disclosed fluidized-bed
      electrode consists in fluidizing such bed solely by leading air or inert
      gas through the porous base at a predetermined velocity and pressure to
      obtain a desired degree of fluidization, and introducing the solution
      through the fluidized bed at a point above the porous base and circulating
      such solution at a predetermined flow rate.
PAR  The solution to be treated may contain at least one metal which may be
      recovered by electrodeposition on the particles of the bed. The metal may
      also be recovered by a chemical reaction wherein the metal adheres poorly
      to the solid particles of the bed and subsequently flows out of the
      chamber with the solution. In such case, the metal is separated from the
      solution flowing out of the electrolytic cell by filtration or by any
      other suitable method.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be disclosed, by way of example, with reference to a
      preferred embodiment thereof illustrated in the accompanying drawings in
      which:
PAR  FIG. 1 illustrates a side view of a fluidized-bed electrode system in
      accordance with the invention:
PAR  FIG. 2 illustrates another side view of the fluidized-bed electrode system
      in accordance with the invention; and
PAR  FIG. 3 illustrates a section taken through lines 3--3 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 1-3, there is shown a typical fluidized-bed electrode
      system in accordance with the invention. The cell is composed of three
      housing sections 12, 14 and 16 secured together by any suitable means such
      as bolts 18 and sealed by gaskets 20. The housing may, of course, be made
      of a lower or higher number of sections depending on its size and also on
      the manufacturing facilities. The housing is normally made of an
      electrically non conductive material which is resistant to corrosion, or
      of metal coated with electrically non conductive material for electrical
      insulation purposes. A porous base support 22 is provided between sections
      14 and 16 and such support is used to hold a porous plate 24 illustrated
      in dash lines and made of non conductive material such as polyethylene or
      polypropylene having a mesh size of not more than about half the size of
      the particles of the bed. The particulated bed 25 composing the fluidized
      main electrode is supported by the porous plate 24 and the particles of
      the bed are made of metal or metal coated glass or plastic beads varying
      preferably from 100-1000 microns in diameter depending upon the specific
      gravity of the particles. Fluidization of the bed is obtained through a
      gas which enters section 16 of the housing through air inlets 26. The
      housing is closed by a cover 28 which supports the auxiliary electrodes 30
      and the current feeders 32 which are introduced into the fluidized bed
      electrode. The electrolytic solution to be treated is introduced into the
      cell through inlets 34 in the sides of the cell and flows out of the cell
      through outlets 36 located in the bottom of a small enclosure 38
      communicating with the cell. A screen 40 separates the cell from the
      enclosure 38 for retaining the particles of the bed in the cell. The mesh
      size of the screen 40 should be less than half the diameter of the
      particles of the bed.
PAR  The auxiliary electrode 30 is connected to a source of positive potential
      whereas the current feeders are connected to a source of negative
      potential. The particles of the bed of the above-disclosed electrode
      system form the cathode of the cell. Of course, when such particles form
      the anode of the cell, the polarities are reversed.
PAR  The auxiliary electrode may take various configurations. Indeed, the
      fluidized-bed electrode cells disclosed in the literature present
      different forms in regard to the geometry and location of the anodes and
      cathodes such as, side by side, concentric or plane parallel. However,
      each of these configurations requires a minimum separation between the
      oppositely charged electrodes. To achieve the separation, a porous
      membrane is normally used as for example in the side by side and the
      concentric cells, or the auxiliary electrode is placed at a sufficient
      distance above the fluidized bed electrode as in the plane-parallel
      configuration.
PAR  The configuration disclosed in the present application, although not
      limited thereto, is the one of U.S. patent application Ser. No. 466,086
      filed May 1, 1974. As illustrated more particularly in FIGS. 2 and 3, the
      auxiliary electrode is in a sheet form and made of lead or lead alloys. In
      addition, a non conductive screen material is pressure-impregnated into
      the surface of the auxiliary electrode. The non conductive screen material
      may be a screen cloth of a synthetic organic fiber material resistant to
      the electrolyte solution, such as nylon, polyester, polyethylene,
      polypropylene or Teflon. Care must be taken during impregnation to control
      the pressure so that the screen cloth is only about 50% pressed into the
      lead, so as to prevent the particles of the bed from contacting the lead
      or lead alloy composition of the auxiliary electrode. Usually, a pressure
      of 2500-3500 psi is sufficient to achieve a proper impregnation using pure
      lead auxiliary electrodes. The mesh opening of the cloths depends on the
      size of the particles of the fluidized bed but should not preferably be
      more than about half the size of the particles of the fluidized bed. The
      impregnated electrodes prepared in sheet form may further be worked to any
      reasonable shape by careful shaping so as to conform to the geometric
      requirements of the cell.
PAR  It has been found that the above disclosed auxiliary electrode permits the
      cell voltage to be lowered and consequently the power consumption of the
      cell. For example, using the impregnated auxiliary electrode disclosed
      above during copper electrowinning experiments from dilute solutions,
      power consumptions of 1.2-1.6 kWhr/lb were measured, while using the same
      electrolyte but with conventional (bare) electrodes placed above the bed
      the power consumption was 4.9 kWhr/lb.
PAR  The main advantage of the present invention is that, because the gas flow
      through the particulated bed provides the necessary bed fluidization
      characteristics, it is possible to introduce the electrolyte solution into
      the cell at any convenient flow rate depending on the objectives of the
      operation. For example, if complete removal of an ionic species from a
      given electrolyte solution has to be carried out, the solution flow rate
      may be adjusted so that the complete removal can be achieved in one pass
      through the cell independently of the fluidized bed height or of the
      specific gravity and size of the particles. Moreover, the flow rate of the
      electrolyte solution can be adjusted during the operation to compensate
      for any change in concentration of the ionic species to be removed.
PAR  Another advantage of the gas fluidized-bed electrode system is that the
      electrolyte can be introduced into the cell without the necessity of
      passing it through the porous base. This eliminates the necessity of
      having an electrolyte solution free of fine suspended solids which could
      block the porous base as may be the case with particulated bed electrodes
      fluidized by the electrolyte solution.
PAR  In one example of electrolysis carried out with the fluidized bed electrode
      cell in accordance with the invention, a solution containing 1.7 gpl
      copper ions (as cupric sulfate) and 50 gpl sulfuric acid was passed
      through a fluidized bed electrode made of copper particles of about 130
      microns. The cell was 2 inch thick, 43/4 inch wide and 14 inch high and
      the flow rate of the solution was 1.3 L/min. The fluidizing gas was air
      providing a bed expansion of about 30%. For a cell current of 200 amp and
      a cell voltage of 3-4 volts, the concentration of the solution at the
      outlet of this cell was 0.13 gpl copper corresponding to 92.4% removal of
      copper ions in one pass of the electrolyte through the fluidized-bed
      electrode cell.
PAR  In another example, various acidic dilute solutions containing copper,
      tellurium and selenium were passed through another cell in accordance with
      the invention (31/2 inch thick, 6 inch wide and 40 inch high). The various
      parameters of the cell are illustrated in the following Table:
TBL                                    TABLE                                   
     __________________________________________________________________________
     Fixed                                                                     
     Bed Cell Cell Solution                                                    
                          Cu      Te      Se      Type                         
     Height                                                                    
         Current                                                               
              Voltage                                                          
                   Flow Rate                                                   
                          Concentration                                        
                                  Concentration                                
                                          Concentration                        
                                                  of                           
     cm. amp. Volts                                                            
                   L/min. gpl     gpl     gpl     Solution                     
     __________________________________________________________________________
     28  250  8.0  1.0    0.19    0.36    0.26    Acid                         
                          0.28    0.04    0.12    Solution                     
                                                  pH&lt;0                         
     20  250  20.0 1.0    0.03    0.06    0.05    acidified                    
                          0.02    0.02    &lt;0.01   solution                     
                                                  pH 1.3                       
     14  250  17.5 1.0    0.03    0.06    0.04    acidified                    
                          0.02    &lt;0.01   0.01    solution                     
                                                  pH 1.3                       
     25  250  17   1.5    0.03    0.05    0.04    acidified                    
                          0.02    0.01    &lt;0.01   solution                     
                                                  pH 1.3                       
     __________________________________________________________________________
PAR  The first line of each row is the original concentration of copper,
      tellurium and selenium, while the second line represents the concentration
      of copper, tellurium and selenium left in the dilute solution after one
      pass of the solution through the cell. It will be noted that the
      concentration of tellurium and selenium in all cases is greatly reduced.
      In the above examples, a chemical reaction is involved as follows:
EQU  4Cu + SeO.sub.3.sup.2.sup.- +  6H.sup.+  .fwdarw. CU.sub.2 Se +
      2Cu.sup.2.sup.+ +  3H.sub.2 O
EQU  4Cu + TeO.sub.3.sup.2.sup.- +  6H.sup.+  .fwdarw. Cu.sub.2 Te +
      2Cu.sup.2.sup.+ +  3H.sub.2 O
PAR  The copper telluride or copper selenide adheres poorly to the copper
      particles of the bed and subsequently flows out of the cell chamber
      through the screen 40. The copper telluride or selenide is then easily
      recovered from the solution by any suitable method such as filtration. The
      copper ions released during the chemical reaction are further
      electrochemically deposited onto the copper particles composing the
      fluidized bed cathode.
PAR  Although the invention has been disclosed with reference to a preferred
      embodiment thereof, it is to be understood that it is not limited to such
      embodiments. For example, the gas used for fluidizing the bed may be air
      or other gases preferably inert. Similarly, the fluidized-bed electrode
      system may find applications in methods of treating solutions which are
      other than the ones disclosed herein by way of example only.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluidized-bed electrode-system comprising:
PA1  a. an electrode chamber having a porous base;
PA1  b. a main electrode consisting of a bed of fine solid particles contained
      in said chamber, said solid particles being selected from the group
      consisting of metals, metal coated glass beads, and metal coated plastic
      beads;
PA1  c. an auxiliary electrode located in said chamber and electrically
      insulated from said main electrode;
PA1  d. a current feeder extending into said bed;
PA1  e. means for leading air or inert gas through said porous base at a
      predetermined velocity and pressure to fluidize said bed; and
PA1  f. means for introducing a solution to be treated through said fluidized
      bed at a point above said porous base and for circulating said solution at
      a predetermined flow rate.
NUM  2.
PAR  2. A fluidized-bed electrode system as defined in claim 1, wherein said
      auxiliary electrode is made of lead or lead alloys.
NUM  3.
PAR  3. A fluidized-bed electrode system as defined in claim 2, wherein said
      auxiliary electrode is electrically insulated from said main electrode by
      means of a non conductive screen material partially impregnated in the
      lead or lead alloy so as to permit direct introduction of the auxiliary
      electrode into the fluidized bed without any risk of short circuit.
NUM  4.
PAR  4. A fluidized-bed electrode system as defined in claim 3, wherein said non
      conductive screen material is a synthetic organic fiber screen cloth.
NUM  5.
PAR  5. A fluidized-bed electrode system as defined in claim 4, wherein said non
      conductive screen cloth is selected from the group consisting of nylon,
      polyester, polyethylene, polypropylene and Teflon.
NUM  6.
PAR  6. A fluidized-bed electrode system as defined in claim 2, wherein said
      auxiliary electrode has a sheet configuration.
NUM  7.
PAR  7. A method for recovering a metal from a solution containing such metal
      using a fluidized-bed electrode system comprising an electrode chamber
      having a porous base, a main electrode located in such chamber and
      consisting of a bed of fine solid particles at least coated with metals,
      an auxiliary electrode insulated from said main electrode, and a current
      feeder extending into said bed, said method comprising the steps of:
PA1  a. fluidizing said bed solely by leading air or inert gas through the
      porous base at a predetermined velocity and pressure to obtain a desired
      degree of fluidization; and
PA1  b. introducing said solution into the electrode chamber at a point above
      the porous base and circulating the solution through the fluidized-bed at
      a predetermined flow rate.
NUM  8.
PAR  8. A method as defined in claim 7, wherein the solution to be treated
      contains at least one metal and wherein said metal is deposited on the
      particles of the bed.
NUM  9.
PAR  9. A method as defined in claim 8, wherein said metal is copper.
NUM  10.
PAR  10. A method as defined in claim 7, wherein the solution to be treated
      contains at least one metal and wherein such metal adheres poorly to the
      solid particles of the bed and subsequently flows out of the chamber with
      the solution, and further comprising the steps of separating the metal to
      be recovered from the solution.
NUM  11.
PAR  11. A method as defined in claim 10, wherein the metals recovered are
      tellurium and selenium.
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ABST
PAL  A method of altering (i.e., deactivating or activating) the biological
      activity of macromolecular species that employs laser beam radiation at a
      frequency that excites vibrational and rotational states of the irradiated
      species and at an intensity sufficient to activate the species (but below
      the denaturation level) or to a level such that the weak bonds-- e.g.,
      hydrogen bonds--that determine the spatial character, and hence the
      biological activity of macromolecules are irreversibly broken to such
      extent that the macromolecule loses its original form (the process of
      denaturation) and assumes an inactive (denatured) configuration. The
      latter is a sterilization or inactivating process and for such
      sterilization the macromolecular species may be disposed on a highly
      reflecting surface, such as a metal, which reflects the beam and is
      capable of amplifying the destructive characteristic, or upon absorbing
      surfaces, such as plastics, cloth or paper which ordinarily would be
      destroyed by the beam. In the case of absorbing materials, pulses of
      energy from the beam, which are obtained by interrupting a c.w. beam,
      using a pulsed laser, or as a Q-switched configuration, are used so as to
      deactivate the macromolecular species of interest but not to damage
      significantly the absorbing material. The invention is also directed to
      the sterilization of air and other gases as well as liquids and is
      accomplished by exposing these vapors or fluids to the beam.
BSUM
PAR  The present invention relates to methods of and means for altering the
      activity the macromolecular species by exposing said species to laser
      radiation in a particular frequency range to excite rotational and
      vibrational levels in the species at a particular intensity level and for
      a sufficient period of time to produce either reversible or irreversible
      changes therein; these changes can in some instances occur in the species
      itself without the presence of any other chemical agent as, for example,
      in the process of inactivation, or in other cases the radiation may
      enhance or retard a chemical reaction by activating one or more
      participants.
PAR  It has been known that electromagnetic radiation can alter the chemical
      and/or biological properties of many substances. Thus, for example,
      sterilization by gamma rays, .beta.-rays, x-rays and ultra violet light
      have been extensively investigated. The discovery underlying the present
      invention is that infrared radiation in a relatively narrow band of
      frequencies (e.g., 3 to 30 microns) introduced into the vibrational and/or
      rotational states of certain complex organic molecules has an unusually
      large influence upon the irradiated molecules. The process hereinafter
      described employs high energy infrared laser radiation sources which, by
      way of illustration, can be a CO.sub.2 laser which can produce c.w.
      radiation levels in the kilowatt range and pulses in the megawatt power
      range. Furthermore, it is now possible to tune the frequency of high power
      infrared lasers over a considerable range (5 microns to 20 microns). These
      high powers over a range of frequencies allow the efficient transfer of
      large amounts of energy into macromolecular organic systems. It has been
      found for present purposes that this energy transfer can be due to
      absorption of the laser radiation into electronic levels of the molecules,
      but, also, and more importantly, into the excitation of vibrational and
      rotational levels. Furthermore, the high power densitites available allow
      the absorption of significant amounts of power.
PAR  The Raman spectra of many amino acids, nucleic acids, and biopolymers that
      are the molecular structures of greatest interest herein, have vibrational
      and rotational absorptions in a range from 350 cm.sup.-.sup.1 to 3,500
      cm.sup.-.sup.1, more or less. There is a non-linear coupling of a
      vibrating molecular bond to an electromagnetic ambient field of
      appropriate frequency. In order that the field induce amplitudes of
      vibration or rotation so large that molecular bonds will be either
      reversibly or irreversibly broken, an intense radiation source is
      necessary and preferably one that can be tuned to obtain any resonant
      enhancement possible. Lasers operating in the above frequency range, e.g.,
      CO.sub.2 lasers which operate at 10.6 microns and CO lasers which operate
      in a range from 5.2 to 6 microns, are ideal radiation sources. Not only
      are they capable of delivering enormous pulse powers, e.g., in the
      megawatt range, and very large c.w. powers, e.g., in the kilowatt range,
      but they can also be tuned, for example, using frequency doubling
      techniques and spin-flip Raman scattering.
PAR  Tunable Raman scattering may be accomplished in at least two ways. First,
      it is possible to tune continuous stimulated spin-flip Raman scattering,
      e.g., in Insb as reported by Mooradian et al. (Appl. Phys. Lett, 1970).
      Secondly, it is possible to vary the elastic constants of the Raman
      scatterer by altering its carrier concentration which in turn alters the
      elastic constants of the scatterer and hence its vibrational frequencies,
      as hereinafter discussed.
PAR  It should be further noted that the biological activity of many
      macromolecular species or biopolymers depends upon rather weak bonds as
      discussed in Chapter IV of J. D. Watson's book "Molecular Biology of the
      Gene." These bonds can be effectively broken by exposure of the
      macromolecule to laser radiation either by direct absorption of the energy
      or indirectly. The indirect process starts with the absorption of
      electromagnetic radiation by vibrational and/or rotational modes involving
      covalently bound atoms. For example the skeletal frequencies lying in the
      800 to 1,150 cm.sup.-.sup.1 range for Ribonuclease or the "breathing" mode
      of the monosubstituted phenyl ring at 1,006 cm.sup.-.sup.1 in phenyl
      alanine would be strongly excited by a CO.sub.2 laser operating at 10.6 or
      9.6 microns. Large amplitude oscillations of this type can lead to the
      destruction of weaker bonds and cause the molecule to lose its original
      form, i.e., become denatured or deactivated by assuming an inactive
      configuration. This is to be contrasted with burning wherein the process
      of combustion occurs.
PAR  The invention disclosed herein is described in greatest detail in
      connection with sterilization whereby macromolecular configurations are
      deactivated by laser radiation. It is to be noted, however, that some
      aspects of the present teaching make it useful in connection with
      processes wherein such macromolecules are activated. The sterilization
      process has been found to be particularly useful in connection with the
      deactivation of dry Bacillus subtilis spores. In tests conducted in
      connection with the present invention, a spore sample of approximately
      10.sup.7 spores distributed over 3 cm.sup.2 on acetate paper was exposed
      to an unfocused CO.sub.2 laser beam of 23 watts power for 1/10 of a
      second. All the spores struck by the beam were rendered completely
      inactive. That is to be compared with required exposure times 600 to
      10,000 times longer in steam at 170.degree. C to obtain the same effect.
      In similar tests, exposure of a paper substrate to the same laser beam for
      1/25 of a second did not burn or otherwise substantially damage the paper.
PAR  Infra red radiation is almost totally reflected from metallic surfaces.
      Consequently, a metallic or other highly reflecting object can be exposed
      to an intense laser beam for prolonged periods of time, seconds or
      hundreds of seconds depending on the laser power, without the transfer of
      damaging amounts of energy to the reflecting material. Electromagnetic
      waves incident upon a metallic surface combine with reflected waves to
      produce a vanishing tangential electric field for an ideal metal. For
      normal incidence the tangential component of the electric field reaches a
      maximum at odd multiples of .lambda./4, where .lambda. is the wavelength
      of the radiation. For a CO.sub.2 laser .lambda. = 10.6 microns.
      Consequently, macromolecular species of size considerable less than
      .lambda./4 in extent from the metal surface would lie on a space of low
      electric field and would be unable effectively to couple to and absorb
      energy from the laser beam. Consequently, oblique incidence of the laser
      beam to the metal surface is used. It can be shown that the
      electromagnetic field is then described as a combination of a standing and
      travelling wave. Wherever the tangential component of the E field
      vanishes, the normal component reaches a maximum, and, when the normal
      component vanishes, the tangential component is a maximum.
PAR  Infrared laser radiation incident obliquely on a metallic or other highly
      reflecting surface provides an excellent means for rendering that surface
      sterile, which is useful in sterilizing surgical instruments, metallic
      vessels and tanks, metallic pipes, needles, etc. This radiation process is
      accomplished by sweeping the beam over the surface of these objects by
      moving the laser, using moving mirrors, or moving the object itself or any
      combination of these means, as later discussed. A further important use
      for the present teaching is the sterilization of highly reflective
      packaging material such as aluminum foil. The foil is passed under the
      beam in such a way that the entire area required to be sterile is exposed
      to the beam. In order that the laser beam intercept as large an area as
      practical for a given position of the surface and laser, the laser beam
      can be reflected obliquely back and forth between the foil surface and a
      reflecting surface as hereinafter discussed.
PAR  Accordingly, a principal object or the present invention is to provide a
      new and useful method of sterlization, one which employs laser radiation
      of particular frequencies, intensities, and time durations.
PAR  The energy required to deactivate surface contaminants is small compared to
      that required to significantly damage an absorbing material. Therefore,
      the invention can be used to sterilize plastics, cloth, glass, as well as
      foodstuffs that are subject to spoilage or other deterioration due to
      surface contamination. A particularly useful technique when dealing with
      such absorbing material is the use of high energy, short time duration
      laser pulses achieved by operation of the laser in a pulsed or Q-switched
      configuration. Still another object of the invention, therefore, is to
      provide laser apparatus adapted to irradiate macromolecular species
      disposed on surfaces of materials which are attacked by the laser
      radiation, but to maintain the level of intensity or time of exposure, or
      a combination thereof below magnitudes sufficient to cause undesirable
      damage to the absorbing surface.
PAR  A further object is to provide laser apparatus adapted to irradiate
      macromolecular species and in particular those responsible for infection
      such as viruses, bacteria, and the like, as well as bacteria and enzymes
      which may be disposed on reflecting or absorbing surfaces, in partially
      transparent liquids or in gases; this aspect of the invention has
      particular application in medical situations in operating rooms and the
      like wherein a sterile atmosphere is highly desirable such as burn
      recovery and certain types of surgical procedures, in the process of
      pasteurization, and for the purpose of controlling a process such as
      fermentation.
PAR  A still further object is to provide laser apparatus adapted to sterilize
      flesh laid bare in a medical procedure where surface contamination of the
      bare tissue is to be prevented; in this instance the laser is pulsed so
      that only a monomolecular layer of tissue and the contaminants thereon are
      biologically deactivated.
PAR  The foregoing objects may be classified loosely as being directed to a
      method of activating (i.e., changing the level of activity thereof) or
      deactivating (i.e., inactivating) biological type macromolecules. The
      invention has use, however, in connection with other molecular species as
      well. Thus, by way of illustration, it can be used to perform catalytic
      action in an oil cracking operation wherein complex molecules are broken
      down into less complex molecules. Broadly, therefore, the objects of the
      invention are to teach a method of irradiation of a macromolecular or
      complex molecule species wherein laser radiation is introduced into the
      vibrational and/or rotational states of the species thereby to affect the
      activity of the irradiated molecules.
PAR  Yet another aspect of the invention is that of activating molecules to
      change, for example, the rates at which spores, viruses and the like
      multiply or to change the rate at which less complex molecules enter into
      chemical reactions; this is accomplished, again, by introducing laser
      radiation at a frequency which excites the vibrational and rotational
      states of the irradiated species, but in this instance the intensity of
      such radiation is kept below a level which would deactivate spores,
      viruses and living molecules and below a level which would change the form
      of the less complex molecules.
PAR  Since, as above mentioned, particular frequencies of laser radiation or a
      particular band of frequencies may best serve the purposes herein
      discussed, it is necessary to provide such frequencies or sweep the band
      of frequencies to function as intended. A still further object is,
      therefore, the provide in laser apparatus, means for choosing a particular
      frequency output and for shifting or sweeping that output as well as to
      provide means for detecting the effect of such radiation as a function of
      frequency, intensity, etc.
PAR  These and still further objects will be evident upon reference to the
      descriptive portion of the specification hereinafter and are particularly
      delineated in the appended claims.
PAR  By way of summary, the objects are embraced by a process for altering
      (i.e., deactivating and activating) the biological activity of
      macromolecular species (e.g., living cells, enzymes, spores, viruses,
      bacteria and other cells and combinations of cells) and the chemical
      activity of further molecular species (e.g., high molecular weight
      hydrocarbons), the process, in the latter case, acting, in effect, like a
      catalyst. The species are subjected to laser radiation at a frequency that
      excites the vibrational and rotational states thereof; for example, in a
      case of spores, etc. a frequency of interest is the 10.6 micron output of
      the CO.sub.2 laser. The intensity of radiation is maintained at the level
      high enough to effect such altering, but the level of such intensity and
      the time of exposure are kept to less than some combination which would
      affect adversely the material upon which the species rest or at an
      appropriate level to provide desired catalytic action. The intensity level
      and time duration aspect is of consequence in pasteurization or
      sterilization uses of the process wherein the species is located on
      plastic, paper and the like which are destructible by laser frequencies
      and intensities of the range most useful in the sterilization or
      pasteurization process herein described; or when the species is in a fluid
      containing one or more constituents which are destructible by laser
      frequencies and intensities of the range most useful in the sterilization
      or pasteurization process herein described.
DRWD
PAR  The invention is described hereinafter upon reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a diagrammatic representation of an embodiment of the present
      invention and shows, schematically, a laser apparatus adapted to irradiate
      a target with Q-switched radiation which may be passed into a frequency
      selecting or tuning device whose output is directed onto the target;
PAR  FIG. 2 shows, diagrammatically, an arrangement whereby the
      characteristically small laser beam, which may arise from the laser of
      FIG. 1, is reflected between the surfaces of reflecting plates or other
      media so as to fill the entire volume between the plates defined by the
      cross-hatched area in the x-y plane and of thickness t in the z direction,
      t being the thickness in the z direction of the incoming laser beam, whose
      width in the x-y plane is W as shown;
PAR  FIG. 3 is a view taken upon the line 3--3 in FIG. 2 looking in the
      direction of the arrows;
PAR  FIG. 4 is a view taken upon the line 4--4 in FIG. 2 looking in the
      direction of the arrows;
PAR  FIG. 5 shows, schematically, an arrangement for effecting longitudinal
      movement of the target material of FIG. 1 which appears as a strip, foil,
      or ribbon in FIG. 5, transverse motion between the beam and strip material
      being accomplished, for example, by a pivoting mirror scheme as indicated
      in FIG. 1;
PAR  FIG. 6 is an embodiment similar to FIG. 1 in which the beam may or may not
      be Q-switched or pulsed and the particular frequency may be selected by
      using the left-hand mirror or mirror-grating combination and/or frequency
      shifts might be produced by a Raman scattering cell to provide the beam
      which finally impinges upon a target;
PAR  FIG. 7 is a diagrammatic representation of apparatus wherein a liquid is
      used to wash an object and the liquid which is partially transparent to
      the beam is thereafter sterilized by a laser beam, the representation
      being intended to illustrate, as well, apparatus adapted to pass air or
      some other gas past the laser beam;
PAR  FIG. 8 is a further diagrammatic representation of apparatus wherein the
      air entering a room is sterilized by passing through a duct filled with
      radiation;
PAR  FIG. 9a is a diagrammatic representation of apparatus used to disperse and
      spread the beam over the walls of a surface which surrounds the device
      shown and said device may be moved into and out of a volume surrounded by
      the walls to-be-sterilized;
PAR  FIG. 9b is a modification of the apparatus of FIG. 9a;
PAR  FIG. 10 shows an arrangement for scattering an incoming laser beam
      throughout a reflection cell (partially cutaway) by using reflecting
      bodies within the liquid in the cell, which are contained therein by the
      filters at the input and output ports of the cell;
PAR  FIG. 11 shows, schematically, an arrangement for altering the frequency of
      a laser beam to select a particular frequency using a Raman scattering
      cell, the Raman scattering being tuned by using a magnetic field to alter
      spin flip Raman scattering frequencies or by varying the elastic constants
      of the scatterer;
PAR  FIG. 12 shows, schematically, apparatus used to frequency shift and
      frequency modulate an incoming laser beam by varying the elastic constants
      of a semiconductor forming part of a diode whose bias is supplied by a
      modulated voltage source, the modulated signal appearing in the scattered
      beam;
PAR  FIG. 13 shows, schematically, apparatus used to frequency shift and
      frequency modulate an incoming laser beam by varying the elastic constants
      of a semiconductor wherein the incident beam is directed to an area also
      illuminated by an amplitude modulated pump beam which alters the
      electron-hole concentrations in the region where it is absorbed, the
      amplitude modulated pump signal being converted into a frequency modulated
      scattered laser beam;
PAR  FIG. 14 is a diagrammatic representation of a light conducting fibre or
      pipe used to convey sterilizing radiation to the interior walls of a
      tubular surface, the entire wall area being swept by the light beam by
      rotating the light pipe whose end is mirrored at an angle so as to divert
      the reflected light to the walls, the light pipe being allowed to move in
      a lateral fashion into and out of the tubular cavity;
PAR  FIG. 15 is a diagrammatic representation, partially cutaway, similar to the
      representation in FIG. 14 except that the light beam is reflected by a
      conical surface; and
PAR  FIG. 16 shows in block diagram form, an arrangement whereby laser radiation
      directed upon a target area is reflected, transmitted or scattered and
      detected, and the detected radiation functions as an output or as a
      control signal.
DETD
PAR  Turning now to FIG. 1, apparatus is shown generally at 1 for altering
      (deactivating or activating) the biological and/or chemical activity of
      macromolecular species which may be located in the block labeled 3 and
      described as an irradiated target. Such altering, as discussed above, is
      effected by irradiating the macromolecular species by directing thereupon
      radiation from a CO.sub.2 laser 9 (that contains CO.sub.2 as well as
      N.sub.2 and He gases) which produces, by the process of stimulated
      emission, radiation primarily at 960.99 cm.sup.-.sup.1 and 1063.77
      cm.sup.-.sup.1. The laser 9 may be Q-switched as shown at 2 to provide
      short, intense bursts of radiation. The emitted radiation numbered 23 may
      further be frequency shifted, modulated, or tuned by a device 26. The
      radiation is directed upon the target 3 by a mirror arrangement 24 which
      may be capable of oscillatory motion for the purpose of sweeping the beam
      over the target. Work done to date has been primarily with dry Bacillus
      subtilus spores, as later discussed herein, which are made up at least in
      part of macromolecular species or biopolymers which control the biological
      activity of said spores. The deactivation of said spores is an important
      aspect of the present invention. Radiation from the laser 9 excites
      vibrational and rotational states of the irradiated spores located at the
      target 3, the large amplitudes of induced oscillation in the spores being
      sufficient to disrupt these macromolecules to the extent that they are no
      longer biologically active. This disruption and disorientation is physical
      or mechanical and is not of the nature of the chemical reaction that
      obtains in a burning process. Said another way, the spores are inactivated
      but not necessarily (or desirably) burned. This inactivation can be
      effected by correlating the time of exposure and beam intensity, by the
      use, for example, of a shutter or a chopper to pass and not pass the beam,
      or by the use of the Q-switch 2 which produces a very high intensity, but
      very short pulse 2'. The Q-switch embodies a rotatable mirror 5 forming a
      cavity which emits radiation at one angular position only thereof and is
      capable of quite large intensity build-up between pulses. The frequency
      shifter, selector, or modulator at 26 is used to pick out radiation whose
      frequency is particularly adapted to inactivate or activate the target.
      The optical cavity in the embodiment of FIG. 1 is between the mirror 5 and
      a mirror 4. The mirror 4 can be a grating which can also be used as a
      frequency selector by varying the angle at which radiation strikes the
      grating.
PAR  The optical cavity defined by the mirror or mirror-grating 4 and the mirror
      5 which, as mentioned, may include a Q-switch, contains a gaseous medium
      adapted to receive energy from electrodes 21 and 22 energized by a d-c
      power supply 20 to produce, in the enclosed space within the gaseous laser
      medium between the mirror or mirror-grating combination 4 and a window 6,
      an inverted population of energy states so that electromagnetic radiation
      therein is amplified by the process of stimulated emission. The reflecting
      surface 5 is partially transparent to allow the laser beam 23 to emit from
      the optical cavity. The beam 23 in FIG. 1 and in FIG. 6 is shown entering
      a frequency shifting device 26 which may be used to select a frequency
      particularly adapted to be effective upon the target to-be-irradiated,
      although frequency shifting is not always necessary. The frequency shifted
      beam labeled 27 in FIG. 1, is shown reflected by the oscillatory
      reflective surface 24 to cover a portion of the target between the
      position shown at 25 and 28, respectively, thereby to spread over a larger
      area the characteristically small laser beam. This oscillation is shown to
      be in the x-y plane but it can go into the y-z plane, as well. The target
      may be moved, as well, to effect a greater coverage by the laser beam. The
      laser 1, as mentioned, lases at 10.6 microns, primarily. However, other
      frequencies may be selected by use of a grating-mirror combination 4 in
      which the angle of the grating is varied to provide effective optical
      feedback to the cavity at frequencies which vary with the position of the
      grating. Further control of the frequency may be achieved by the frequency
      shifting, or modulating, or tuning device 26 which may be one of several
      mechanisms. One such means for shifting the frequency is to employ at 26
      spin flip Raman scattering of the entering laser beam 23, as shown in FIG.
      11, by an InSb crystal 32 suitably cooled by liquid nitrogen and placed in
      a variable magnetic field (represented by pole pieces 33 and 34) whose
      strength determines (the order of 10,000 gauss), at least in part, the
      frequency of the Raman scattered beam. (The Raman scatterer 32 can also be
      a ferroelectric such as BatiO.sub.3, LiNbO.sub.3, and the elements 33 and
      34 can be plates electrically charged to provide a field the order of
      kilovolts/cm.) Another means of shifting the frequency is to use Raman
      scattering wherein the elastic constants of the Raman scatterer are
      changed or modulated as shown in FIGS. 12 and 13. In FIG. 12 the elastic
      constants of the p-side of a diode 35 are varied by varying the voltage
      output of a potential source 34' applied between the p-side numbered 31'
      and the n-side numbered 32'. The scattered beam labeled 27" is frequency
      modulated as a consequence of modulating the elastic constants of the
      crystal 35. The device can be arranged so that the beam 23 strikes the
      n-side 32' instead of the p-side 31'. In FIG. 13, the elastic constants of
      a semiconductor scatterer 36 are varied by subjecting the scatterer 36 to
      a modulated pump beam 30' which alters the number of electrons and holes
      in the scatterer 36 which is temperature controlled by a heat sink 77. The
      pump beam 30' is arranged to strike the scatterer at the same spot struck
      by the incident beam 23. The variation of elastic constants with carrier
      concentration is detailed in a work of R. W. Keyes, I.B.M. Journal 5, 266
      (1961). By the foregoing methods the frequency of the beam can be swept so
      as to in react effectively with the vibrational and/or rotational levels
      of the target materials. The frequency modulation methods discussed above
      are also useful in the transmission of information in communications.
PAR  In FIG. 2 the laser radiation 23 is shown entering a beam expander or
      focussing means 52 the output beam 23' from which is directed upon the
      reflecting surface 11' of a moving sheet or metal strip 11 in order to
      sterilize that reflecting surface. (The sheet 11 can contain a thin liquid
      film upon the surface 11', as later mentioned, to provide exposure of the
      film and any macromolecules carried therein to selective radiation
      frequencies thereby to affect the carried molecules.) The radiation in the
      illustrative example has cross dimensions W and is directed at an angle
      .theta. to the normal n to the planar surface of the strip 11. A sheet 10
      having lower surface 10' is shown disposed in a closely-spaced plane
      parallel to the plane of the surface 11'. The beam is directed at the
      surface 11' at an angle .theta. no greater than sin.sup.-.sup.1 W/2S,
      where S is the distance between the upper surface of 11' of the strip 11
      and the lower surface 10' of the sheet 10. In actual apparatus, the
      reflecting strip or ribbon 11 may be moving sheet of aluminum foil or
      other material which it is desired to sterilize on the upper surface
      thereof as the foil moves from a roll 39 to a roll 40, as shown in FIG. 5,
      the roll 40 being driven by an electric drive designated 41. The laser
      beam is shown reflecting back into the space between the upper surface 10'
      and the lower surface 11' by a mirror 100; the reflected beam can be
      caused to pass back across the surfaces to irradiate other strips similar
      to the strips designated 12 and 13 in FIGS. 3 and 4. In FIG. 2 the ribbon
      11 moves longitudinally (i.e. the z direction) into or out of the paper
      and the beam is reflected to move transversely (i.e., the x direction) of
      the moving sheet 11.
PAR  Of course, neither the upper nor the lower surface need move and the gap
      therebetween can contain a gas, such as air, or a liquid which can be
      sterilized as it passes between the reflective surfaces; and the
      arrangement shown diagrammatically in FIGS. 7 and 8 can be used. In these
      figures a pump 43 moves a fluid, gas or partially absorbant liquid, into
      the region between the reflecting surfaces of an upper plate 10" and a
      lower plate 11". The fluid can be a liquid used in connection with a
      washing operation in a wash tank 44 in FIG. 7; or the element 43 can be a
      blower and the fluid can be a gas recirculated from an operating room 45
      in a hospital for sterilization by the laser beam of the room air, as
      shown in FIG. 8. The sterilization of the air or other fluid as it passes
      between the plates 10" and 11" is accomplished because of the rapid
      biological inactivation possible using laser beams of appropriate
      frequencies, as discovered by the present inventor and as discussed
      herein. The process is particularly useful in sterilizing air because
      spores and the like carried by air are physically separated from one
      another and the inactivation thereof can be effected in milliseconds or
      less; however, spores and the like located on material surfaces have some
      thickness and the outer layers tend to absorb the laser radiation and to
      protect the lower layers; also, spores and the like in water or some other
      solutions are somewhat protected by solution absorption of the radiant
      energy. Thus, higher beam intensities may be necessary adequately to
      expose multi-layer spores, or selective frequencies may be needed to
      inactivate spores in solution. The process is also useful in controlling
      the activity of enzymes in a process such as fermentation.
PAR  In the apparatus of FIG. 6, much of the apparatus shown is duplicative of
      FIG. 1 or other figures and to that extent the same number designations
      are applied; other elements are merely named since, again, they are
      discussed elsewhere herein. The illustrative example shown does disclose,
      schematically, a more complete apparatus than in some of the other figures
      and does differ somewhat in other particulars. For example, a mirror 5' is
      shown at the right side of the optical cavity for use in instances in
      which the Q-switch 2 is replaced by a chopper or other device.
PAR  As discussed elsewhere herein, irradiation of a metal or other reflecting
      surface has the definite advantage of the reinforced electric field effect
      of the laser radiation near the surface. Also, a metal surface can be
      irradiated for a substantial time period to insure complete inactivation
      of the spores and the like in those instances in which there is some
      substantial thickness of the material to be inactivated. However, the
      principal value of the present discovery is the capability of the
      appropriate-frequency radiation of relatively modest intensity to
      inactivate or denature in a very, very short time period. This makes
      possible the sterilization of air and some other fluids, (e.g. Nujol,
      carbon disulphide (CS.sub.2) and benzene (C.sub.6 H.sub.6)) but it makes
      possible, as well, the sterilization of plastics and other substances that
      cannot be sterilized of such things as B. subtilus short of destruction of
      the substance, as by burning, since prior art practice requires exposure
      of the B. subtilus to 170.degree. C temperature of the order of three
      hours. Thus, the present discovery allows faster sterilization, but it
      permits, as well, sterilization that was not heretofore possible (for
      example, paper is not suitable for heating in an autoclave under steam,
      however, sterilization of a paper surface is possible here). One more
      point is of interest. Mention has been made that the deactivation or
      denaturing process does not, or at least need not, involve burning or
      combustion of the spores, viruses, bacteria or cells denatured. For that
      reason, the deactivation time is quite short, and the amount of energy
      absorbed in the deactivation process is quite small. The inventor has
      found that life, even in the hard-to-deactivate spores and the like, can
      be terminated relatively easily by attacking the organism at its weakness.
PAR  In the foregoing discussion, the combination of exposure time and beam
      intensity is emphasized, and one way of controlling the magnitude of both
      is mentioned in connection with Q-switching. It should be evident from the
      discussion also that the laser beam can be c.w. and that the exposure time
      of macromolecules on the surface 11' in FIGS. 2-5 will be a function of
      the moving velocity of the strip 11; and, similarly, the exposure time of
      macromolecules in the embodiments of FIGS. 7 and 8 will depend upon the
      velocity of movement of the fluid between the plates 10" and 11". And in
      either situation the exposure time, of course, can be increased by
      reflecting the beam back and forth to create a plurality of strips 12, for
      example. Also, the intensity can be varied by a beam expander or focusing
      means 52 which can act upon the incoming beam 23 and provide the input
      beam 23' to the surface 11'. Tests have shown that even thin paper or
      cellulose samples such as thin filter material can be exposed to radiation
      of the order of 23 watts/cm.sup.2 for 1/25 second without destroying the
      filter, and in tests conducted dry B. subtilus spores were inactivated as
      above discussed. The exposure time that a material will withstand depends,
      of course, on the mass of the material undergoing radiation as well as the
      material itself. Certainly, cellulose filters represent a class of easily
      damaged materials. The effect of the input radiation upon the backing
      material or the fluid within which the species is carried or the exposed
      species itself is determined also by the frequency of the input radiation,
      and recent developments have made very precise (the order of one hundred
      cycles or less) frequency control. Also, there is selective enhancement by
      non-linear coupling of a vibrating molecule of the species to the
      electromagnetic field of the input radiation as mentioned elsewhere
      herein.
PAR  The apparatus of FIG. 10 can be used in a system similar to that shown in
      FIG. 7 to replace the reflecting plates 10" and 11". In FIG. 10 the laser
      beam 23 is introduced to a cell or housing 90 through a window 91, as
      before, to pass into and through the liquid contained in said housing and
      be reflected by reflective walls 96. The radiation within the cell 90 is
      also scattered by reflectors 93 which are suspended in the liquid and kept
      in the cell by a pair of filters 94 and 95. In this way, the whole of the
      liquid within the cell volume receives the full intensity of the laser
      beam. A cooling coil 92 serves to remove laser introduced heat energy from
      the liquid. The embodiment of FIG. 10 is of particular use in a
      pasteurization process as, for example, in the production of alcoholic
      beverages. Again, the laser can be a CO.sub.2 laser adapted to radiate
      principally at 10.6 and 9.6 microns; or a CO laser adapted to radiate at
      many frequencies between 5 and 6.2 microns; or a YAG: Nd.sup.+.sup.3
      solidstate laser adapted to radiate at about 1 micron. Also, the output
      radiation frequency from the particular laser used can be modulated and
      filtered to produce substantially one determined frequency and the
      amplitude can also be controlled, thereby selectively to affect particular
      macromolecular species (of many disposed within the liquid in the cell 90)
      while having a lesser effect on others; in addition, frequencies can be
      found to which the liquid is transparent. Furthermore, a detector as
      discussed in connection with FIG. 16 can be used to measure or determine
      the effect of the radiation on said particular species. Some aspects of
      the invention discussed in this paragraph have applicability in connection
      with the other embodiments discussed elsewhere herein.
PAR  The discussion in this paragraph relates to apparatus adapted to irradiate
      the inner surface of a cavity (large or small) which may be a cylinder,
      container, vessel or even a region within the human body, the purpose of
      such irradiation being, broadly, to affect biological activity in the
      region of such irradiation. One such apparatus is shown in FIG. 9a,
      wherein the laser radiation 23 is shown directed into a light pipe 73 to
      be reflected by a mirror 74 pivotally attached at 75 to the light pipe. As
      is indicated in the figure, the light pipe 73 can be moved laterally along
      its axis 76 or rotationally about its axis. Means for effecting lateral
      and rotational movement of the pipe 73 is shown in block diagram form at
      77'. In FIG. 9b, a mirror 78 is shown pivotally attached at 80 to a hollow
      shaft 79 adapted to vibrate to the left and right in FIG. 9b and to
      rotate. The light pipe can be the light conducting fibre shown at 72 in
      FIG. 14 and having a mirrored end surface 71 inclined to the fibre axis to
      reflect incoming light to the interior surface 70 of a cylinder 70'.
      Again, the pipe is capable of axial and/or rotational movement. A similar
      light pipe or fibre is shown at 82 in FIG. 15. The light pipe or fibre 82
      has an inwardly axially oriented conical reflecting surface 81 at its
      terminating end adapted to spread the incoming beam 23 to the inner
      surface of the cylinder 70', as before.
PAR  The deactivation process discussed in greatest detail herein is concerned
      with very large molecules such as the double helix type discussed in the
      Watson reference, spores, etc. Such macromolecules contain hydrogen bonds
      which are the bonds generally disrupted by the input radiation (but are
      not necessarily the bonds which couple to the input radiations); this
      hydrogen bond is a dipole and is one which couples quite readily with
      radiation of appropriate frequency. The deactivating process is one
      wherein a relatively small amount of laser irradiation acts to disrupt the
      bond and the actual deactivation is effected then by the normal thermal
      type agitation which is always present in these species but which is,
      normally, not of destructive proportions. Said another way, the laser
      radiation acts to disrupt the binding forces of the molecules and allows
      the molecules to be torn asunder by the other forces which act within
      these complex molecules. Thus, a relatively small packet of laser
      radiation can perform the deactivation function. This is to be contrasted
      with burning wherein energy is introduced primarily to the electronic
      levels of the molecules and in which the resulting action is chemical,
      requiring the presence of other chemicals.
PAR  Another aspect of the invention is that of activating molecules to change,
      for example, the rates at which spores, viruses and the like multiply or
      to change the rate at which enzymes and less complex molecules enter into
      chemical reactions. This is accomplished, again, by introducing laser
      radiation at a frequency which excites the vibrational and rotational
      states of the irradiated species, but in this instance the intensity of
      such radiation is kept below a level which would change the form of the
      molecules. The activating process may be likened to that of a catalyst in
      chemical processes whereby a chemical reaction can be made to occur with
      greater facility. By way of further illustration, the activating process
      is useful in the petroleum cracking industry wherein complex molecules are
      broken down into less complex molecular structures.
PAR  The thermal agitation before discussed can be replaced by other forces such
      as high magnetic background fields (i.e., 12,000 gauss and up) and high
      field gradients (the order of 1,300 kilogauss per centimeter) to provide a
      dividing or other force; and such field can be a high electric background
      field as well. Both fields are represented by the block shown at 89 in
      FIG. 1. Or the species acted upon can be subjected to a high stress in the
      form of a pressure or shock wave to provide and enhance the dividing
      force. Such shock wave can be produced by wellknown mechanical means.
      Also, the laser beam itself can create pressure or shock waves in gaseous,
      liquid and solid media. Such shock waves can best be provided by
      Q-switching or pulsing the laser to provide very short exposure of the
      gas, liquid or solid to very high intensity laser radiation. In this way,
      the laser provides the irradiating means as well as the shock generating
      or creating means. The medium can be in a substantial volume, as the
      fluids shown in FIGS. 7 and 8, or it can be in the form of a thin layer of
      film such as might be located on the surface 11' in FIG. 2; and in any of
      the gas, liquid or solid mediums, the shock wave can even detonate an
      explosion. It is to be appreciated that the disruptive or dividing forces
      discussed in this paragraph have some or probably greatest use in
      connection with chemical acts, such as the cracking process before
      mentioned, rather than the strictly biological aspects, but the biological
      aspects are of some importance.
PAR  In FIG. 16 incident radiation 23 from the laser 9 is delivered or directed
      upon the target 3 and the scattered or transmitted radiation from the
      target, labeled 50 in the figure is picked up by a detector 51. In this
      way, the nature of the macromolecular species in the target area and the
      effect thereon of the laser radiation is determined by measuring the
      scattered or transmitted or reflected radiation 50 as a function of
      frequency amplitude, and time. The detector 51 can be connected to a
      feedback control 52' to modify appropriately the output of the laser 9.
      The detector 51 can be gold-doped germanium or copper-doped germanium or a
      pyroelectric detector. Also, the detector 51 could activate an alarm 51'
      or other like device in the event of failure of the laser or other vital
      elements of the system, and this type arrangement can be included in the
      circuitry of FIGS. 5,6,7 and 8. Also, the biological or chemical activity
      of different macromolecular species can be altered selectively by varying
      the frequency and/or amplitude of the laser beam, and this too can be
      monitored.
PAR  A number of terms are used herein to denote similar actions, but the terms
      are not necessarily identical. The term "alter" is used to define a
      situation wherein molecules are activated or a situation wherein molecules
      are deactivated. The term "deactivate" is used to embrace "denaturation"
      as well as "inactivation" although the former is more properly concerned
      with protein cells and the latter is more properly concerned with bacteria
      generally. The term "activate" is intended to embrace, among other things,
      a catalytic effect which may, by way of illustration, accelerate or make
      possible a chemical reaction such as the cracking of petroleum before
      discussed.
PAR  Further modifications of the invention will occur to persons skilled in the
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of altering the biological and/or chemical activity of
      macromolecular species by irradiation, that comprises, generating laser
      radiation at a frequency which delivers energy to said species by either
      directly or indirectly exciting vibrational and/or rotational states of
      the irradiated species, and directing said radiation upon the
      macromolecular species, said frequency being in the infrared frequency
      range.
NUM  2.
PAR  2. A method as claimed in claim 1 that includes the further steps of
      disposing the species upon a reflective surface, directing the radiation
      at an oblique incident angle to the surface, and controlling the frequency
      of radiation to lie between three and thirty microns.
NUM  3.
PAR  3. The method of claim 2 that includes the further step of detecting at
      least one of scattered, transmitted and reflected radiation, the nature of
      the macromolecular species and the effect thereon of the laser radiation
      being determined by measuring at least one of scattered, transmitted and
      reflected radiation as a function of at least one of frequency, amplitude
      and time.
NUM  4.
PAR  4. A method as claimed in claim 1 in which the species is disposed upon a
      material which absorbs radiation at said frequency and in which the time
      of exposure to the radiation is long enough to effect said species both
      directly and indirectly through interaction of the species with said
      material but not long enough to cause undesirable damage to said material.
NUM  5.
PAR  5. A method as claimed in claim 1 in which the species is disposed on an
      absorbent material and in which the level of intensity of said radiation
      or time of exposure, or a combination thereof, is adjusted to a level
      which will alter the biological and/or chemical activity of said species
      both directly or indirectly through interaction of the species with said
      material but below magnitudes sufficient to cause undesirable damage to
      the absorbing material.
NUM  6.
PAR  6. A method of altering the biological or the chemical activity of
      molecular species by irradiation, that comprises, generating laser
      radiation at a frequency which selectively excites vibrational and
      rotational states of the irradiated species, directing said laser
      radiation upon the molecular species, said laser radiation being adjusted
      to lie in a range from about 350 cm.sup.-.sup.1 to about 3,500
      cm.sup.-.sup.1, and controlling the frequency and at least one of the
      intensity and the time duration of the laser radiation to cause said
      altering of the biological or the chemical activity selectively to occur
      and to selectively control the level of said activity.
NUM  7.
PAR  7. A method as claimed in claim 6 in which said chemical activity is a
      cracking process wherein complex molecules are broken down into less
      complex molecular structures and in which the radiation is used to
      activate a catalytic effect.
NUM  8.
PAR  8. A method as claimed in claim 6 in which the frequency and at least one
      of the intensity and the time duration of the irradiation are controlled
      to cause said irradiation to influence catalytic action in a chemical
      reaction whereby the reaction can be made to occur with greater facility.
NUM  9.
PAR  9. A method as claimed in claim 6 that includes exposing the molecular
      species to a catalyst and effecting catalytic action and in which at least
      one of the intensity and time duration of the irradiation is controlled to
      cause said irradiation to influence catalytic action and thereby affect
      said altering.
NUM  10.
PAR  10. A method as claimed in claim 6 in which said frequency is tuned to an
      appropriate value to effect non-linear coupling of the radiation to a
      vibrating molecular band of the species.
NUM  11.
PAR  11. A method of altering the structure of molecules, that comprises,
      subjecting the molecules to laser radiation at a frequency that is
      characteristic of the binding force between the constituents of the
      molecules, thereby to introduce a disruptive effect to said binding force,
      controlling said frequency and at least one of the intensity and the time
      duration of the laser radiation of influence in a determined fashion the
      level of said disruptive effect, and simultaneously applying a dividing
      force between the constituents to separate one from the other during the
      occurrence of said disruptive effect, said frequency being in the range
      from about 350 cm.sup.-.sup.1 to about 3,500 cm.sup.-.sup.1.
NUM  12.
PAR  12. A method as claimed in claim 11 that includes subjecting the molecules
      to a high magnetic background field having a very high magnetic field
      gradient to provide said dividing force.
NUM  13.
PAR  13. A method as claimed in claim 11 that includes subjecting the molecules
      to a high electric background field having a very high electric field
      gradient to provide said dividing force.
NUM  14.
PAR  14. A method as claimed in claim 11 that includes subjecting the molecules
      to a high stress in the form of a shockwave to provide and enhance said
      dividing force.
NUM  15.
PAR  15. A method of selectively removing one or more molecular layers of tissue
      and the macromolecular contaminants thereon, that comprises, generating
      laser radiation and controlling the amplitude, frequency and time duration
      of such radiation, and exposing the tissue to the laser radiation, the
      amplitude, frequency and time duration of which radiation is adapted to
      deliver energy to the vibrational and/or rotational states of the
      irradiated tissue and contaminants in sufficient amount to alter the
      biological activity thereof, said frequency being in the range from about
      350 cm.sup.-.sup.1 to about 3,500 cm.sup.-.sup.1.
NUM  16.
PAR  16. A method as claimed in claim 15 in which the radiation is generated by
      a CO.sub.2 laser, the time duration is maintained at less than
      10.sup.-.sup.1 seconds, and the power level is adjusted to be greater than
      10 watts.
NUM  17.
PAR  17. A method of altering by irradiation the biological and/or chemical
      activity of macromolecular species which are a constituent of a liquid,
      that comprises, generating laser radiation at a frequency which delivers
      energy to said species by exciting vibrational and/or rotational states of
      said species either directly or indirectly, and directing said radiation
      upon the macromolecular species, said frequency being in the infrared
      frequency range.
NUM  18.
PAR  18. A method as claimed in claim 17 that includes providing reflecting
      bodies dispersed in the liquid to effect a spreading of incident radiation
      therein.
NUM  19.
PAR  19. A method as claimed in claim 17 in which the alteration of biological
      and/or chemical activity is a pasteurization of the liquid.
NUM  20.
PAR  20. A method as claimed in claim 17 in which the liquid is at least
      partially transparent to the irradiating beam.
NUM  21.
PAR  21. A method of destroying living cells, spores and other like
      macromolecular species to effect sterilization, that comprises applying to
      the species laser radiation that is characteristic of the bonding force
      between various constituents of the species thereby to provide a
      disruptive effect to said bonding force and to allow other disruptive
      forces to affect such species to cause the species to change their spatial
      configuration and thereby be destroyed, said laser radiation being
      adjusted to lie in a range from about 350 cm.sup..sup.-1 to about 3,500
      cm.sup..sup.-1.
NUM  22.
PAR  22. A method as claimed in claim 21 that includes controlling the
      frequency, amplitude and time exposure of the radiation, thereby
      selectively to deactivate one or more macromolecular species of a group of
      said species.
NUM  23.
PAR  23. A method as claimed in claim 21 in which the radiation is generated by
      a CO.sub.2 laser, the time duration is maintained at less than
      10.sup..sup.-1 seconds, and the power level is adjusted to be greater than
      10 watts.
NUM  24.
PAR  24. A method as claimed in claim 21 in which the time duration is adjusted
      to the nanosecond range and the power level of the generated laser
      radiation is provided in the megawatt range.
NUM  25.
PAR  25. A method of destroying living cells, spores, and other like
      macromolecular species to effect sterilization of a medium contaminated
      with said species, which comprises applying to the species laser radiation
      that is characteristic of the bonding force between various constituents
      of the species thereby to provide a disruptive effect to said bonding
      force and to allow other disruptive forces that affect such species to
      cause the species to change their spatial configuration and thereby be
      destroyed, the laser radiation being applied at a frequency which lies in
      a range from about 350 cm.sup..sup.-1 to about 3,500 cm.sup..sup.-1.
NUM  26.
PAR  26. A method as claimed in claim 25, wherein the laser radiation is varied
      in amplitude and/or frequency, thereby selectively to affect particular
      macromolecular species while having a lesser effect upon others, and which
      includes the further step of detecting at least one of scattered,
      reflected, and transmitted radiation from the species to determine the
      effect thereupon of the radiation.
NUM  27.
PAR  27. A method as claimed in claim 25, which includes the further steps of
      disposing the species upon a reflective surface, directing the radiation
      at an oblique incident angle to the surface, and controlling the frequency
      of radiation to lie between 3 and 30 microns.
NUM  28.
PAR  28. A method of destroying by irradiation living cells, spores, and other
      like macromolecular species to effect sterilization of a medium
      contaminated with said species, which comprises generating laser radiation
      at a frequency which excites vibrational and rotational states of the
      irradiated species either directly or indirectly, and directing said laser
      radiation upon said species thereby to effect sterilization of the medium,
      said laser radiation being adjusted to lie in a range of from about 350
      cm.sup..sup.-1 to about 3,500 cm.sup..sup.-1.
NUM  29.
PAR  29. A method as claimed in claim 28 in which the medium is flesh.
NUM  30.
PAR  30. A method as claimed in claim 28 in which the medium is the surface
      tissue selected from the group consisting of vegetables, fruit, fish, meat
      and other foodstuffs.
NUM  31.
PAR  31. A method as claimed in claim 28 in which the medium is selected from
      the group consisting of cloth, paper, glass, and plastics.
NUM  32.
PAR  32. A method of altering by irradiation the biological and/or chemical
      activity of compounds selected from the group consisting of nucleic and
      amino acids, which comprises generating laser radiation at a frequency
      which excites vibrational and/or rotational states of the irradiated
      species, and directing said laser radiation upon said species, said
      frequency being in the infrared frequency range.
NUM  33.
PAR  33. A method as set forth on claim 32, in which frequency is adjusted to
      lie in a range from about 350 cm.sup..sup.-1 to about 3,500
      cm.sup..sup.-1.
NUM  34.
PAR  34. A method as claimed in claim 33 in which the radiation is generated by
      a CO.sub.2 laser, the time duration is maintained at less than
      10.sup..sup.-1 seconds, and the power level is adjusted to be greater than
      ten watts.
NUM  35.
PAR  35. A method as claimed in claim 33 in which the time duration is adjusted
      to the nanosecond range and the power level of the generated laser
      radiation is provided in the megawatt range.
NUM  36.
PAR  36. A method of altering the biological or the chemical activity of
      molecular species by irradiation, that comprises, generating laser
      radiation at a frequency which selectively excites vibrational states of
      the irradiated species, directing said laser radiation upon the molecular
      species, adjusting said laser radiation to lie in the infrared frequency
      range, tuning said frequency to an appropriate value to effect non-linear
      coupling of the radiation to a vibrating molecular bond of the species,
      and controlling at least one of the intensity and the time duration of the
      laser radiation to cause said altering of the biological or the chemical
      activity to occur and to control the level of said activity.
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ABST
PAL  A stable aqueous dispersion of unexpectedly high molecular weight
      polytetrafluoroethylene, containing no additives such as dispersing and
      emulsifying agents, is prepared by radiation-polymerizating
      tetrafluoroethylene monomer in an aqueous phase in the absence of
      dispersing or emulsifying agent.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to a process for the production of an aqueous
      dispersion of polytetrafluoroethylene. More particularly, the invention
      relates to a process for the production of a very stable aqueous
      dispersion of high purity polytetrafluoroethylene having exceptionally
      high molecular weight, which can be carried out by means of irradiation
      without using any dispersing or emulsifying agent.
PAC  BACKGROUND OF THE INVENTION
PAR  A dispersion of polytetrafluoroethylene is industrially produced by the
      polymerization of tetrafluoroethylene monomer dispersed in an aqueous
      phase either in the form of emulsion or suspension in the presence of an
      emulsifying or a dispersing agent, using free radical-generators as
      catalysts. It is also known that said process can be carried out by
      initiating the polymerization with ionizing radiation instead of using
      free radical-generators in the presence of either emulsifying or
      dispersing agent. Radiation-initiated polymerization is convenient,
      because it is easier to control the reaction. However, according to the
      present inventors' detailed studies, the molecular weights of the polymers
      obtained by said radiation-initiated polymerizations were at most
      1,000,000 or so, and this is remarkably low compared with those of the
      polymers obtained by the free radical polymerizations. Accordingly, the
      molded articles obtained from the polymers obtained by radiation-initiated
      polymerization have defects in that their mechanical strength is low,
      which is very disadvantageous from a practical viewpoint. Experiments to
      increase the molecular weights of such polymers by applying the
      "post-irradiation polymerization method" thereto have been made, but,
      without success.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, the present inventors studied carefully and carried out many
      experiments to find out why polymers with high molecular weights cannot be
      obtained by said radiation polymerization processes. The experimental
      results suggested that the decomposition products resulting from the
      radiolysis of dispersing or emulsifying agents acted as "chain-transfer
      agents" in the polymerization reaction of tetrafluoroethylene, thereby
      limiting the degree of polymerization to a certain low level. So, the
      present inventors conducted experiments in which said radiation
      polymerization was effected without the use of such dispersing or
      emulsifying agents, and they were able to obtain a dispersion of
      polytetrafluoroethylene having very high molecular weight. It is natural,
      however, that if necessary the molecular weight of polytetrafluoroethylene
      can be controlled to a certain low level by stopping the polymerization at
      a proper period, raising the temperature or lowering the pressure. Thus,
      it will be understood that according to the process of the present
      invention, an aqueous dispersion of pure polytetrafluoroethylene having
      the molecular weight in the region of 5 .times. 10.sup.5 .about. 3 .times.
      10.sup.7 can be obtained. Further, the aqueous dispersion thus obtained
      was very stable and also, the polymerization ratios were almost equal to
      those in cases in which dispersing or emulsifying agents were present. The
      features of the polymerization observed and the properties of the polymers
      produced when no additives were used were to some extent analogous to
      those of the radiation polymerization of ethylene in emulsion, and were
      quite different from the features and properties of the polymerization
      products obtained by the radiation polymerization of ethylene in an
      aqueous phase in the absence of emulsifying or dispersing agents. Thus, it
      is assumed that these features and properties are inherent in
      tetrafluoroethylene and its polymer.
PAR  According to the present invention, a process is provided for the
      production of a stable aqueous dispersion of polytetrafluoroethylene of
      high purity having high molecular weight, which does not contain even the
      slightest fraction of such additives as catalyst or dispersing or
      emulsifying agent.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the practice of the present invention, the polymerization is initiated
      by means of ionizing radiations. The term "ionizing radiations" herein
      used includes alpha-rays, beta-rays, gamma-rays, X-rays, electron beams,
      neutron beams, proton beams and the like.
PAR  According to the process of the present invention, tetrafluoroethylene
      monomer, preferably 3-50 parts by weight, is put into 100 parts by weight
      of an aqueous medium containing no dispersing or emulsifying agent. The
      suspension thus obtained is subjected to ionizing radiations, while the
      suspension is continuously agitated. Through such simple procedures as
      mentioned above, a stable aqueous dispersion of polytetrafluoroethylene
      with satisfactory properties can be obtained.
PAR  In the practice of the present invention, irradiation is conveniently
      carried out at temperatures ranging from 0.degree. to 100.degree. C,
      preferably at temperatures ranging from 20.degree. to 100.degree. C, and
      under pressures ranging from about atmospheric pressure, e.g. 1
      kg/cm.sup.2, to about 50 kg/cm.sup.2, preferably from 10 to 40
      kg/cm.sup.2.
PAR  Dose-rates are not restricted to a specific range, but it is convenient to
      use a dose-rate above about 1 .times. 10.sup.4 R/hr in order to obtain an
      industrially practicable polymerization rate. However, if the dose is too
      high, it may lead to violent reactions. Thus, the selection of proper
      dose-rate is essential. In general, dose-rate ranging from about 1 .times.
      10.sup.4 R/hr to 1 .times. 10.sup.6 R/hr is used. The dose-rates ranging
      from 1 .times. 10.sup.4 to 1 .times. 10.sup.5 R/hr are preferable.
PAR  The total dose required to obtain satisfactory results in the practice of
      the present invention is in the region of 1 .times. 10.sup.3 R to 2
      .times. 10.sup.5 R.
PAR  In the practice of the present invention, about 0.5% by weight or more,
      about 0.5 to about 2.0%, based on the amount of water, of one or more of
      liquid hydrocarbons such as, for example, hexane, cyclohexane, dodecane,
      hexadecane, paraffin wax and the like are preferably added to the reaction
      system in order to avoid bulk polymerization of tetrafluoroethylene which
      may occur in gas phase.
PAR  In the polymerization of the present invention, as in the radiation
      polymerization using emulsifying or dispersing agents, the so-called
      "post-irradiation polymerization" is observed. Namely, the polymerization
      proceeds after stopping the irradiation. This post-irradiation
      polymerization increases further the molecular weights of the produced
      polymers.
PAR  In the practice of the present invention, every trace of oxygen must be
      removed from the reaction system before starting, because the presence of
      any oxygen remarkably checks the progress of polymerization.
PAR  The particles of the polymer obtained by the process of the present
      invention are very small, and the range of particle size distribution is
      narrow. Electron microscope observation shows the particle size to be in
      the region of 0.05 .about. 0.3 .mu. (microns), and this is believed to
      account for the high stability of the aqueous dispersion of the present
      invention.
DRWD
PAR  FIG. 1 shows an electron microscopic photograph of an aqueous dispersion of
      polytetrafluoroethylene obtained by the process of the present invention.
DETD
PAR  When the polymerization process of the present invention is carried out
      through a batch process, an aqueous dispersion having a polymer content in
      the region of 10% by weight or so is obtained. However, if the
      polymerization is carried out through a semi-continuous process in which
      tetrafluoroethylene is continuously fed, a dispersion having higher
      polymer content can be obtained.
PAR  The following examples will serve to illustrate the present invention but
      are not intended to restrict the scope of the invention.
PAC  EXAMPLE 1
PAR  In a pressure-resisting 200 ml capacity stainless steel reactor equipped
      with an agitator, 1.5 g of hexadecane was placed, and the reactor was
      evacuated by means of a vacuum pump. Then, high purity nitrogen gas was
      introduced into the reactor, and the nitrogen in the reactor was replaced
      with nitrogen gas with pressure. This replacement procedure was repeated
      five times. Then, the last charge of nitrogen was replaced with
      tetrafluoroethylene. This first charge of tetrafluoroethylene was replaced
      with a second charge of tetrafluoroethylene. This replacement was repeated
      five times. Then, 28 g of tetrafluoroethylene monomer was put into the
      reactor and 150 ml of distilled water, which had beforehand been
      deoxygenated with nitrogen, was introduced into the reactor under pressure
      applied by using a plunger pump. The reactor containing the above
      mentioned materials was kept at 70.degree.C and was subjected to
      gamma-rays at a dose rate of 2 .times. 10.sup.4 R/hr, with agitation given
      by an agitator rotating at 800 r.p.m. After an hour and a half
      irradiation, as polymerization progressed, pressure within the reactor
      decreased from the original pressure of 38 kg/cm.sup.2 to 18 kg/cm.sup.2.
      Hereupon, the polymerization was terminated by purging the unreacted
      tetrafluoroethylene and the reaction product was taken out. The product
      was a milk-white aqeous dispersion which was highly stable and contained
      50 g/l of the produced polymer. A portion of the produced dispersion was
      observed through an electron microscope, and the pattern observed is shown
      in FIG. 1. As is seen from FIG. 1, particles of polytetrafluoroethylene
      having an average diameter in the region of about 0.1 .about. about 0.2
      microns are dispersed in the aqueous medium. The molecular weight of the
      polymer thus obtained, which was determined by a conventional S.S.G.
      (standard specific gravity) method, turned out to be, astonishingly, as
      high as in the region of about 20,000,000 or so.
PAR  To compare with the above example, irradiation polymerization was effected
      according to the same procedures and conditions as those in the above
      example, except that 0.75 g of an ammonium salt of perfluoroctanoic acid,
      in an amount of 0.5% by weight based on the amount of water, was added as
      an emulsifying agent. As a result, an aqueous dispersion containing 29 g/l
      of the polymer was obtained. The molecular weight of the polymer thus
      obtained, as determined by the same procedure as mentioned above, was
      800,000, which was remarkably small as compared with that of the polymer
      obtained in the first example.
PAR  It is obvious from the above two examples that the molecular weight of the
      polymer contained the dispersion of polytetrafluoroethylene obtained by
      the process of the present invention using no emulsifying or dispersing
      agents is remarkably high, and that the polymer content of the dispersion
      is higher than in the case of prior art in which an emulsifying agent or a
      dispersing agent is used.
PAC  EXAMPLE 2
PAR  Irradiation polymerization was carried out under the same conditions as
      those in Example 1 except that the temperature was set at 25.degree.C,
      irradiation time was 1 hour and the initial pressure in the reactor was 30
      kg/cm.sup.2. When polymerization was finished, the pressure was found to
      have been lowered from the initial pressure of 30 kg/cm.sup.2 to 16.5
      kg/cm.sup.2. The dispersion obtained appeared milk-white as in Example 1
      and contained 6.3 g/l of the polymer. The molecular weight of the polymer,
      which was determined as in Example 1, was 1,750,000.
PAR  To compare with the above Example 2, irradiation polymerization was carried
      out under the same conditions except that 0.75 g of an ammonium salt of
      perfluoroctanoic acid was added to the initial system as an emulsifying
      agent. The aqueous dispersion obtained contained 40 g/l of polymer with a
      molecular weight of 470,000.
PAR  It is obvious from the above two examples that according to the process of
      the present invention, the aqueous dispersion produced has a higher
      polymer content and the polymer has higher molecular weight than the
      dispersion obtained by the prior art process.
PAC  EXAMPLE 3
PAR  Irradiation polymerization was carried out under the same conditions as in
      Example 1 except that the temperature was 25.degree.C, the dose rate was
      3.7 .times.  10.sup.4 R/hr and the initial pressure was 28 kg/cm.sup.2. As
      the reaction progressed, the pressure decreased from the initial 28
      kg/cm.sup.2 to 7 kg/cm.sup.2. The resulting dispersion of the polymer was
      milk-white as in Example 1 and contained 75.3 g/l of the polymer product.
      The molecular weight of the polymer product, as determined according to
      the same procedure as in Example 1, was 2,700,000.
PAR  In order to compare with the result of the above Example 3, irradiation
      polymerization was carried out under the same conditions as those in
      Example 3 except that 0.75 g of an ammonium salt of perfluoroctanoic acid
      was added to the initial system as an emulsifying agent. An emulsion
      containing 43 g/l of the polymer was obtained. The molecular weight of the
      polymer product was 200,000. It is obvious from the above two examples,
      that the dispersion obtained by the present invention had a higher polymer
      content and that the polymer had remarkably higher molecular weight than
      the polymer product in the dispersion of the prior art.
PAC  EXAMPLE 4
PAR  Into the same reactor as used in Example 1, 2.0 g of hexadecane and 20 g of
      tetrafluoroethylene were placed according to the same procedure as in
      Example 1. Then, 150 ml of distilled water was introduced into the reactor
      under pressure.
PAR  A feed line for tetrafluoroethylene supply was kept connected to the
      reactor, and the materials in the reactor were irradiated with gamma-rays
      at a dose rate of 2 .times. 10.sup.4 R/hr with agitation provided by an
      agitator rotating at the rate of 800 r.p.m., after the temperature had
      been raised to 70.degree.C.
PAR  During the polymerization, the pressure of the system was kept almost
      constant at 38 kg/cm.sup.2. The particular difference between this Example
      4 and Example 1 was that in the former tetrafluoroethylene was
      continuously applied through said feeding line in order to replace the
      monomer consumed as a result of polymerization, thereby keeping the
      pressure of the reaction system at a constant value of about 38
      kg/cm.sup.2. After an hour and a half irradiation, unsaturated
      tetrafluoroethylene monomer was purged from the reaction system and the
      reaction product was taken out. The product was a stable, milk-white
      aqueous dispersion containing 120 g/l of the produced polymer. The
      molecular weight of the produced polymer was determined to be 27,000,000.
PAC  EXAMPLE 5
PAR  Simultaneous irradiation-induced polymerization was carried out in the same
      manner as in Example 2, and after termination of the polymerization,
      tetrafluoroethylene was introduced into the reactor until the pressure
      became 20 kg/cm.sup.2, without opening the reactor. The reaction system
      was kept at 25.degree.C for 4 hours, continuously replacing
      tetrafluoroethylene monomer consumed during the polymerization in order to
      keep the pressure of the reaction system at about 20 kg/cm.sup.2. When
      this reaction system was irradiated again, after-effect polymerization was
      observed. The final reaction product was a stable dispersion which was
      milk-white and contained 110 g/l of the produced polymer having the mean
      molecular weight of 3,000,000.
PAR  By comparing the above result with that of Example 2, it is seen that yield
      and the molecular weight of the polymer further increase as a result of
      post-irradiation polymerization which occurs after the additional
      irradiation.
PAC  EXAMPLE 6
PAR  Irradiation polymerization was carried out in the same manner as in Example
      4, except that the pressure of the reaction system was 10 kg/cm.sup.2, the
      reaction temperature was 25.degree.C and irradiation time was 5 hours. A
      milk-white, stabe dispersion was obtained. The dispersion contained 82 g/l
      of the polymer of which molecular weight was 155,000.
PAR  Although the invention has been described in considerable detail with
      reference to certain preferred embodiments thereof, it will be understood
      that variations and modifications can be effected without departing from
      the spirit and scope of the invention as described hereinabove and as
      defined in the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the production of a stable aqueous dispersion of high
      molecular weight polytetrafluoroethylene of molecular weight in the range
      of 5 .times. 10.sup.5 to 3 .times. 10.sup.7 and of average particle size
      of 0.05 to 0.3 microns, which comprises
PA1  polymerizing while agitating in the substantial absence of oxygen
      tetrafluoroethylene monomer present in an amount of 3-50 parts by weight
      in 100 parts by weight of an aqueous medium by irradiation with ionizing
      radiation at 0-100.degree.C and a pressure of about atmospheric to 50
      kg/cm.sup.2 in the absence of dispersing or emulsifying agents, the
      irradiation dose rate being greater than 1 .times. 10.sup.4 R/hr. and less
      than that dose rate leading to a violent reaction, and the total dose
      being in the region of 1 .times.to 10.sup.3 to 2 .times. 10.sup.5 R.
NUM  2.
PAR  2. A process for the production of a stable aqueous dispersion of high
      molecular weight polytetrafluoroethylene of molecular weight in the range
      of 5 .times. 10.sup.5 to 3 .times. 10.sup.7 and of average diameter
      particle size of 0.05 to 0.3 microns, which comprises
PA1  charging 3-50 parts by weight of tetrafluoroethylene monomer into 100 parts
      by weight of an aqueous medium containing neither a dispersing nor an
      emulsifying agent,
PA1  continuously agitating the resulting mixture, and
PA1  irradiating the mixture with ionizing radiation selected from the group
      consisting of alpha-rays, beta-rays, gamma-rays, X-rays, electron beams
      and proton beams, at a dose rate of about 1 .times. 10.sup.4 R/hr or more
      for a total dose of 1 .times. 10.sup.3 R to 2 .times. 10.sup.5 R, at a
      temperature of 0-100.degree.C and a pressure of 1 to 50 kg/cm.sup.2 and in
      the substantial absence of oxygen.
NUM  3.
PAR  3. The process of claim 1 in which a liquid hydrocarbon in an amount of
      from about 0.5 to about 2.0% by weight of the weight of water is added to
      the aqueous system before irradiation.
NUM  4.
PAR  4. The process of claim 3 in which said liquid hydrocarbon is one selected
      from the group consisting of hexane, cyclohexane, dodecane, hexadecane and
      paraffin wax.
NUM  5.
PAR  5. A process in accordance with claim 2 wherein said temperature is
      20.degree. to 100.degree.C and said pressure is 10 to 40 kg/cm.sup.2.
NUM  6.
PAR  6. A process in accordance with claim 2 wherein said radiation dose rate is
      from 1 .times. 10.sup.4 to 1 .times. 10.sup.5 R/hr.
NUM  7.
PAR  7. A stable aqueous dispersion of pure and high molecular weight
      polytetrafluoroethylene made by the process of claims 2 and having a
      molecular weight in the range of 5 .times. 10.sup.5 to 3 .times. 10.sup.7,
      the average diameter of the particles of said polymer being in the region
      of 0.05-0.3 microns, said particles being dispersed in substantially pure
      water which contains neither dispersing nor emulsifying agent.
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ABST
PAL  A method of manufacturing a light sensitive heterodiode comprising an
      n-type transparent conductive layer and a p-type photoconductive layer
      provided thereon and forming rectifying contact therewith, in which before
      providing the p-type photoconductive layer on the n-type transparent
      conductive layer the surface of the latter is smoothed down by mechanical
      polishing or by bombarding it with ions accelerated by discharge.
BSUM
PAR  The present invention relates to a method of manufacturing a light
      sensitive element, and more particularly to a method of manufacturing an
      improved interface of the p-n junction of a photo-diode, a photoconductive
      cell, or a light sensitive element used as a target of a vidicon type
      image pick-up tube.
PAR  A light sensitive element is known in which an n-type oxide conductive
      layer extending on a transparent substrate and a p-type conductive layer
      provided on the n-type oxide conductive layer from a rectifying contact to
      which a voltage is applied in a reversely biassing manner. Also known is a
      light sensitive element in which an n-type conductive metal chalcogenide
      layer provided on an n-type transparent conductive metal oxide layer and a
      p-type conductive layer form a rectifying contact.
PAR  An advantage of these light sensitive elements is that the photo-response
      thereof is rapid and the dark current is low to improve the signal to
      noise ratio because the rectifying hetero-junction thereof is ordinarily
      backwardly biassed, and another advantage is that elements of a large area
      can be provided easily because they use ordinarily a poly-crystalline or
      amorphous material instead of a mono-crystal.
PAR  However, the backward breakdown voltage of such a hetero-junction diode is
      largely dependent upon the state of the interface between the n-type
      transparent conductive layer and the p-type conductive layer. It can be
      seen by observing with an electron microscope that the n-type transparent
      conductive layer prepared by, for example, a vacuum evaporation method, a
      chemical vapour deposition (CVD) method, or a pyrolytic decomposition
      method consists of a polycrystal having a gain size of the order of from
      several hundreds to several thousands of Angstroms and the surface thereof
      is considerably rough. If p-type conductive layers are formed directly on
      such n-type conductive layers with a constant composition and at a
      constant thickness, the range of the deviation of the threshold voltage
      for the breakdown of reverse biased hetero-junction in the dark V.sub.B
      (hereinafter abreviated by backward breakdown voltage) is determined by
      the material of the n-type transparent conductive layer, the manufacturing
      method and the manufacturing condition. This fact is detrimental to the
      manufacture of the photosensitive element having a low dark current and a
      high backward breakdown voltage with a good reproducibility.
PAR  An object of the present invention is to provide a method of preparing a
      smooth interface of a p-n junction to improve the backward breakdown
      voltage and the reproducibility of a light sensitive teterojunction diode.
PAR  According to the present invention there is provided a method of
      manufacturing a light sensitive element comprising the steps of forming an
      n-type transparent conductive layer on a transparent substrate and forming
      a p-type photoconductive layer on the n-type transparent conductive layer
      to form a rectifying contact therewith, characterized in that it further
      comprises the step of smoothing the tips of microprotrusions of the
      surface of the n-type transparent conductive layer before the step of
      depositing the p-type photoconductive layer, and in that the p-type
      photoconductive layer is a layer of a material whose main component is a
      chalcogenide containing at least selenium.
PAR  Thus, the feature of the present invention is that the considerably rough
      surface of an n-type transparent conductive layer is smoothed down or the
      tips or extremities of sharp protrusions of the surface thereof are
      smoothed by mechanical polishing or bombardment by ions accelerated by
      discharge.
PAR  The n-type transparent conductive layer can be formed by depositing a
      substance selected from the group consisting of tin oxide, indium oxide,
      titanium oxide, tantalum oxide, thallium oxide, zinc oxide and mixtures
      thereof on a transparent substrate by a method of vacuum evaporation, CVD,
      pyrolytic decomposition, or rf sputtering. The thus deposited n-type
      transparent conductive layer may be further overlaid by an n-type
      conductivity chalcogenide layer of CdS, CdSe, ZnS, ZnSe or the like.
PAR  The photosensitive element fabricated by depositing a p-type chalcogenide
      containing selenium on the thus formed n-type conductive layer the surface
      of which is smoothed down according to the present invention is, when used
      in the backwardly biassed state, considerably improved in the backward
      breakdown voltage as compared with the conventional one which is not
      smoothed in the interface of the p-n junction.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will become more apparent from the following detailed
      description of the preferred embodiments of the present invention made by
      way of example only and not for limitation when taken in conjunction with
      the accompanying drawings, in which:
PAR  FIGS. 1, 9, 11 and 13 are cross-sectional views of photosensitive elements
      manufactured by the method of the present invention;
PAR  FIG. 2 is an electron micrograph (x 20,000) of the surface of an n-type tin
      oxide conductive layer which is not smoothed down;
PAR  FIG. 3 is an electron micrograph of the surface of an n-type tin oxide
      conductive layer which is smoothed down by mechanical polishing;
PAR  FIGS. 4 and 5 are scanning electron micrographs (x 6,000) of the surfaces
      of n-type conductive layers which are not smoothed down and smoothed down,
      respectively;
PAR  FIG. 6 is a graph of backward breakdown voltage versus etching depth
      characteristics;
PAR  FIG. 7 is an electron micrograph (x 20,000) of the surface of an n-type tin
      oxide conductive layer which is smoothed down to a certain extent but in
      which grains of the polycrystal still remain;
PAR  FIG. 8 is an electron micrograph (x 20,000) of the surface of an n-type tin
      oxide conductive layer which is smoothed down by rf plasma etching;
PAR  FIG. 10 is a graph showing the effects of the interface state on the
      backward breakdown voltage of a junction of an n-type tin oxide conductive
      layer with a pure selenium film having a thickness of 1 micron;
PAR  FIG. 12 is an electron micrograph (x 20,000) of the surface of an n-type
      indium oxide conductive layer which is not smoothed down; and
PAR  FIG. 14 is an electron micrograph (x 20,000) of the surface of a tin oxide
      layer deposited by rf sputtering.
DETD
PAC  EXAMPLE 1
PAR  Referring to FIG. 1, an n-type tin oxide transparent conductive layer 2 is
      deposited on a glass plate 1 to a thickness of about 2,000 Angstroms by
      pyrolytic decomposition of an alcohol solution of tin chloride. Observing
      with an electron microscope the surface of the deposited layer consists of
      polycrystals having grain sizes of about several hundreds to several
      thousands of Angstroms as shown in FIG. 2, each of the grains having
      vertices and edges. When a potential is applied to the deposited layer,
      electric fields concentrate at the vertices and edges, so that most
      current flows concentratedly through these parts. As a results, it is
      considered that the backward breakdown voltage is reduced. As a secondary
      effect, it is considered that the part around the extremities of the
      microcrystals changes in the quality due to the Joule heating, or, when an
      amorphous one is used as the chalcogenide, crystal nuclei are liable to be
      produced to give rise to paths of control.
PAR  If this surface is polished for about one hour by a lapping machine with
      alumina powder of a grain size of the order of from 500 to 1,000 Angstroms
      as an abrasive, the n-type conductive layer can be ground off by about 500
      to 1,000 Angstroms. After having polished, the surface of n-type
      conductive layer is sufficiently subjected to ultrasonic washing, and then
      is sufficiently dried by being heated to 150.degree. C.
PAR  An electron micrograph of the thus prepared surface is shown in FIG. 3. As
      can be seen from FIG. 3, the surface of the n-type oxide conductive layer
      is smoothed down. The state of the smoothing down can be observed in more
      stressed manner than the observation through an electron microscope by
      observing the state of secondary electron emission due to the electric
      field concentration through a scanning electron micrograph of the n-type
      conductive layer overlaid with a gold film of a thickness of about several
      hundreds of Angstroms as shown in FIGS. 4 and 5.
PAR  FIG. 4 is a scanning electron micrograph of the surface of the n-type
      conductive layer which is not smoothed down. The electric field is locally
      concentrated in each crystal grain.
PAR  FIG. 5 is a scanning electron micrograph of the smoothed surface of the
      n-type conductive layer. The electric field is distributed considerably
      uniformly over the entire surface.
PAR  On the n-type oxide conductive layer 2 is deposited a layer 3 of a p-type
      photoconductive material such as selenium which forms a rectifying contact
      with the n-type conductive layer 2. A metal electrode 4 which forms an
      ohmic contact with the p-type photoconductive layer 3 is provided on the
      p-type photoconductive layer 3 to complete a light sensitive element.
      Reference numerals 5 and 6 designate lead wires for signal derivation.
PAR  FIG. 6 shows relations between the etching depth and the breakdown voltage.
      When the etching depth is about 100 Angstroms, the roughness owing to
      polycrystalline grains still remains. However, the sharp extremities of
      the crystal grains are dulled as seen from FIG. 7. The backward breakdown
      voltage of the n-type conductive layer having such a surface rises rapidly
      to around the backward breakdown voltage of the n-type conductive layer
      having the surface shown in FIG. 3.
PAR  However, to improve the life time and the reproducibility of the
      characteristics of the light sensitive element it is desirable to remove
      at least 30 percent of the thickness of the n-type conductive layer the
      protrusions of which have not yet been dulled. At this time, however, be
      careful not to remove the n-type conductive layer to such an extent that
      the conductivity of the n-type conductive layer is impared.
PAR  Though any polishing method and any abrasive may be utilized for the
      mechanical polishing of the n-type conductive layer so far as a smooth and
      clean surface without any protrusions can be prepared, a suspension in
      water of cerium oxide, aluminum oxide, chromium oxide, or silicon oxide
      having a grain size of about several hundreds to several thousands of
      Angstroms is utilized as the abrasive. When subjected to mechanical
      polishing, sometimes the rectifying contact happens to deteriorate due to
      the contamination of the surface as a result of the mechanical polishing.
      Accordingly, it is necessary for the surface, after polishing, to be
      subjected to ultrasonic washing to be cleaned and to be subjected to
      heating to be sufficiently dried.
PAC  EXAMPLE 2
PAR  The surface of the n-type conductive layer can be smoothed down by
      discharge instead of the mechanical polishing in Example 1.
PAR  For surface treatment of the n-type conductive layer by discharge an rf
      triode sputtering apparatus of an rf diode sputtering apparatus, for
      example, is utilized. The transparent substrate provided with the n-type
      conductive layer is installed as the cathode (also called the target side
      electrode) of the rf sputtering apparatus and supplied with an rf high
      voltage between it and the opposite electrode (called the anode or the
      substrate side electrode) to produce a glow discharge in an inert gas.
      Inert gas ions produced by the discharge bombard the surface of the n-type
      conductive layer to etch it out. When observed with an electron
      microscope, the thus treated surface of the n-type conductive layer 2 is
      smoothed down as shown in FIG. 8. The inert gas means He, Ne, Ar, Kr or
      Xe. In this case, the plasma-etching is performed under the condition that
      the pressure of the inert gas is 1 .times. 10.sup..sup.-2 to 1 .times.
      10.sup..sup.-1 Torr, and the accelerating voltage is about 0.5 to 3 KV.
PAR  When the dimension of the transparent substrate provided with the n-type
      conductive layer is smaller than that of the cathode of the rf sputtering
      apparatus, the metal composing the cathode is also plasma-etched to
      contaminate the surface of the n-type conductive layer. Hence, it is
      desirable to make the cathode of a material difficult to be etched or to
      cover the cathode with an insulating material. As the insulating material,
      for example, an insulating oxide, including SiO.sub.2 or Al.sub.2 O.sub.3,
      is utilized. The transparent substrate provided with the n-type conductive
      layer is placed on the covering insulator.
PAR  The photosensitive element made of the n-type conductive layer subjected to
      such a plasma-etching process and a p-type chalcogenide containing
      selenium with a rectifying contact therebetween can have the
      characteristics of a better reproducibility than that subjected to the
      mechanical polishing treatment in Example 1. It is understood that this is
      because the control of the etching of the n-type conductive layer is easy
      and the accuracy thereof is high, the flaw, unevenness, and contamination
      of the surface liable to produce when subjected to mechanical polishing
      are of a low degree, the depth of the mechanical strain produced by
      etching is slight.
PAC  EXAMPLE 3
PAR  Removing the electrode 4 in FIG. 1, a light sensitive element of the type
      being scanned with an electron beam as shown in FIG. 9 can be formed. In
      FIG. 9 reference numeral 7 designates a glass substrate, reference numeral
      12 designates a lead wire for signal derivation, and reference numeral 8
      designates an n-type conductive layer the surface of which is smoothed
      down is in Example 1. A p-type amorphous semiconductor layer 9 of
      Se.sub.90 Te.sub.3 As.sub.7 is evaporated on the n-type conductive layer 8
      to a thickness of 5 microns in a vacuum of 3 .times. 10.sup..sup.-6 Torr.
      On the semiconductor layer 9 is evaporated a porous layer 10 of Sb.sub.2
      S.sub.3 to a thickness of about 1,000 Angstroms in an Ar atmosphere at
      about 5 .times. 10.sup..sup.-2 Torr to improve the landing of a scanning
      electron beam 11.
PAR  FIG. 10 shows relations between the dark current and the reverse biassing
      voltage of light sensitive elements of the type shown in FIG. 9 in which a
      pure selenium film of a thickness of 1 micron is used for the p-type
      conductive layer. This shows that the backward breakdown voltage depends
      mainly on the pattern of the electric field around the interface of the
      rectifying contact. The backward breakdown voltage is considerably
      improved by smoothing down the surface of the n-type conductive layer. In
      FIG. 10 the curve 13 is for the n-type conductive layer which is not
      smoothed down and the curve 14 is for the smoothed down n-type conductive
      layer.
PAC  EXAMPLE 4
PAR  FIG. 11 is a light sensitive element similar to that of FIG. 1 except that
      an n-type chalcogenide conductive layer 17 is interposed between the
      n-type oxide conductive layer 16 and the p-type photoconductive layer 18
      to improve the thermal and chemical stability of the rectifying contact.
      The current versus voltage characteristics of the element of FIG. 11 as a
      diode is substantially the same as that of the element of FIG. 1 so far as
      the thickness of the n-type chalcogenide conductive layer 17 is
      sufficiently small.
PAR  FIG. 12 is an electron micrograph of an n-type transparent conductive film
      of indium 16 having a thickness of about 1,500 Angstroms evaporated on a
      glass substrate 15 maintained at 200.degree. to 300.degree. C in an oxygen
      atmosphere at 5 .times. 10.sup..sup.-3 Torr. As can be seen from FIG. 12
      the surface of the n-type conductive layer is considerably rough. This
      n-type conductive layer can be ground off by about 300 to 500 Angstroms by
      being subjected to mechanical polishing for about 20 minutes with cerium
      oxide abrasive of a grain size of about 200 to 800 Angstroms. The
      resulting n-type conductive layer 16 is sufficiently cleaned by ultrasonic
      washing in pure water and then sufficiently dried at 150.degree. C. CdSe
      is evaporated on the thus treated n-type conductive layer 16 maintained at
      200.degree. C to a thickness of about 250 Angstroms in a vacuum of 5
      .times. 10.sup..sup.-6 Torr to form an n-type conductive layer 17. This
      structure is fitted in an aluminium substrate holder provided on the
      cathode of an rf sputtering apparatus covering the cathode, an Ar gas
      atmospeher at 4 .times. 10.sup..sup.-2 Torr is established, and a voltage
      of 1 KV is applied between the opposite electrodes so that rf
      plasma-etching at 13.56 MHz is performed for 30 sec. to etch off the
      n-type conductive layer by about 100 Angstroms. Then, a p-type amorphous
      semiconductor layer 18 of Se.sub.80 Ge.sub.10 Te.sub.10 is evaporated on
      the n-type conductive layer 17 to a thickness of 6 microns in a vacuum of
      4 .times. 10.sup..sup.-6 Torr, and finally a gold electrode 19 is
      evaporated on the p-type semiconductor layer 18 to a thickness of about
      1,000 Angstroms in a vacuum of 1 .times. 10.sup..sup.-6 Torr. Reference
      numerals 20 and 21 designate lead wires.
PAC  EXAMPLE 5
PAR  For the manufacture of the device of FIG. 9 described in Example 3 the
      smoothing by the rf plasme-etching described in Example 2 can be applied.
PAR  The n-type transparent conductive layer 8 is deposited on the glass
      substrate 7 by pyrolytic decomposition of an alcoholic solution of tin
      chloride to a thickness of about 1,500 Angstroms. The glass substrate 7
      overlaid by the n-type conductive layer 8 is placed on a quartz glass
      glass plate covering the cathode of an rf sputtering apparatus, an Ar
      atmosphere at about 5 .times. 10.sup..sup.-2 Torr is established, and a
      voltage of 1 KV is applied between the opposite electrodes so that rf
      plasma-etching at 13.56 MHz is performed for 3 min. to etch off the n-type
      conductive layer by about 400 Angstroms. Then, a p-type amorphous
      semiconductor layer 9 of Se.sub.90 As.sub.5 Te.sub.5 is evaporated on the
      n-type conductive layer 8 to a thickness of 5.5 microns in a vacuum of 3
      .times. 10.sup..sup.-6 Torr, and finally, to improve the landing of an
      electron beam 11, a porous layer 10 of As.sub.2 Se.sub.3 is evaporated on
      the p-type layer 9 to a thickness of about 1,500 Angstroms in an Ar
      atmosphere at 2 .times. 10.sup..sup.-2 Torr.
PAC  EXAMPLE 6
PAR  In some cases the polishing and etching of the n-type conductive layer 17
      in Example 4 may be omitted.
PAR  A glass substrate 15 overlaid by an n-type transparent conductive layer 16
      of Tl.sub.60 Zn.sub.40 evaporated to a thickness of 2,000 Angstroms in an
      oxygen atmosphere at 1 .times. 10.sup..sup.-2 Torr is placed on the
      covered cathode for plasma-etching described in Example 2. By a discharge
      in a Kr gas atmosphere at about 3 .times. 10.sup..sup.-4 Torr a plasma is
      produced by another electrode for plasma generation which is coverged by a
      converging coil. By applying a voltage of 3 KV to the electrode for
      plasma-etching disposed perpendicularly to the converged plasma to perform
      rf plasma-etching for 10 min. the n-type conductive layer 16 is etched off
      by about 800 Angstroms. Then, an n-type conductive layer 17 of ZnSe is
      deposited on the n-type conductive layer 16 to a thickness of 100
      Angstroms in a vacuum of 5 .times. 10.sup..sup.-6 Torr at 250.degree. C.
      The thus prepared ZnSe film 17 is sufficiently smooth, even without being
      subjected to a smoothing process, due to the smoothness of the n-type
      conductive layer 16 because the ZnSe film 17 is very thin. At 6 .times.
      10.sup..sup.-6 Torr alloys CdTe and Se.sub.80 As.sub.20 are co-evaporated
      at a ratio 1:9 on the n-type conductive layer 17 to a thickness of 10
      microns to form a p-type conductive layer 18. Finally, an electrode 19 of
      tellurium is evaporated on the p-type conductive layer 18 at 5 .times.
      10.sup..sup.-6 Torr.
PAC  EXAMPLE 7
PAR  It is of course possible to form a light sensitive element of the electron
      beam scanning type by removing the electrode 19 in Example 6. In FIG. 13
      reference numerals 22, 23 and 24 designate a glass plate, an n-type
      transparent oxide conductive layer and an n-type chalcogenide conductive
      layer, respectively. Similarly to the process described in Example 3 a
      p-type amorphous semiconductor layer 25 is deposited on the n-type
      conductive layer 24, and then, to improve the landing of a scanning
      electron beam 27, a porous layer 26 of Sb.sub.2 S.sub.3 is evaporated on
      the p-type semiconductor layer 25 to a thickness of about 1,000 Angstroms
      in an Ar atmosphere at about 5 .times. 10.sup..sup.-2 Torr. Reference
      numeral 28 designates a lead wire for signal derivation.
PAR  The relation between this light sensitive element and that described in
      Example 3 and shown in FIG. 9 is all the same as the relation between the
      light sensitive elements shown in FIGS. 11 and 4, described in Example 4.
      That is, the thus manufactured light sensitive element is somewhat
      inferior to that of FIG. 1 in the strength of the rectifying contact at
      the initial characteristic (more definitely, the initial value of the
      backward breakdown voltage), but the thermal stability of the rectifying
      contact is improved. For example, the deterioration of the rectifying
      characteristic due to the crystallization of the p-type amorphous
      photoconductive layer at the interface of the contact hardly occurs.
      Furthermore, there is also a chemical change preventing effect.
      Consequently, the lifetime is prolonged and the reliability is high as a
      light sensitive element.
PAC  EXAMPLE 8
PAR  It is also possible to provide an n-type oxide conductive layer by rf
      sputtering.
PAR  A covering material of pyrex glass on the cathode of rf sputtering
      apparatus is painted with sufficiently ground stannic oxide, a glass plate
      is placed on the opposite electrode (anode), the inner space of the
      sputtering apparatus is filled with Ar gas at 6 .times. 10.sup..sup.-2
      Torr, and a voltage of 2 KV is applied between the two electrodes to
      perform an rf sputtering at 13.56 MHz for 15 min. Then, an n-type tin
      oxide conductive layer about 2,000 Angstrom thick is formed on the glass
      plate. Though, a considerably smooth evaporated surface can be provided as
      shown in FIG. 14 by the rf sputtering, a more smoothed surface can be
      provided by being subjected to plasma-etching similarly to the process
      described in Example 5. A p-type amorphous semiconductor layer of
      Se.sub.85 As.sub.10 Te.sub.5 is evaporated on the n-type conductive layer
      to a thickness of 4 microns in a vacuum of 3 .times. 10.sup..sup.-6 Torr.
      Then, to improve the landing of a scanning electron beam, a porous layer
      of Sb.sub.2 S.sub.3 is evaporated on the p-type semiconductor layer to a
      thickness of about 1,000 Angstroms in an Ar atmosphere at 5 .times.
      10.sup..sup.-2 Torr.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of manufacturing a light sensitive element comprising forming
      an n-type transparent conductive layer on a transparent substrate, the
      surface of said n-type layer defining microprotrusions, and forming a
      p-type photoconductive layer on the n-type transparent conductive layer to
      form a rectifying contact therewith, said process characterized in that
      said n-type transparent layer is subjected to plasma etching to remove at
      least 100 A of said n-type transparent layer and thereby smooth said
      microprotrusions before the p-type photoconductive layer is deposited
      thereon and in that the p-type photoconductive layer is a layer of a
      material whose main component is a chalcogenide containing selenium.
NUM  2.
PAR  2. A method of manufacturing a light sensitive element according to claim
      1, wherein at least 30% of the thickness of the n-type conductive layer is
      removed during the plasma etching step.
NUM  3.
PAR  3. A method of manufacturing a light sensitive element according to claim
      2, characterized in that the n-type transparent conductive layer is made
      of a material whose main component is selected from the group consisting
      of indium oxide, titanium oxide, tantalum oxide, thallium oxide, zinc
      oxide, and mixtures thereof and on which there is deposited after the
      plasma etching step a thin layer of a material selected from the group
      consisting of CdS, CdSe, ZnS, ZnSe, and mixtures thereof.
NUM  4.
PAR  4. A method of manufacturing a light sensitive element according to claim
      3, wherein said thin layer of material defines microprotrusions, said
      process further comprising smoothing the tips of said microprotrusions of
      said thin layer by plasma etching or by mechanical polishing.
NUM  5.
PAR  5. A method of manufacturing a light sensitive element according to claim
      2, characterized in that the main component of the material of the n-type
      transparent conductive layer is selected from the group consisting of
      indium oxide, titanium oxide, tantalum oxide, thallium oxide, zinc oxide,
      and mixtures thereof.
NUM  6.
PAR  6. A method of manufacturing a light sensitive element according to claim
      2, characterized in that said p-type photoconductive layer is in an
      amorphous state.
NUM  7.
PAR  7. A method of manufacturing a light sensitive element according to claim
      2, wherein said n-type transparent conductive layer comprises a
      polycrystal having a grain size of the order of from several hundred to
      several thousand A, said n-type transparent conductive layer being formed
      by vacuum evaporation, chemical vapour deposition, pyrolytic decomposition
      of rf sputtering.
NUM  8.
PAR  8. A method of manufacturing a light sensitive element according to claim
      2, wherein plasma-etching is performed by means of an inert gas selected
      from the group consisting of He, Ne, Ar, Kr and Xe under a pressure of
      about 1 .times. 10.sup..sup.-2 to 1 .times. 10.sup..sup.-1 Torr and an
      accelerating voltage of about 0.5 to 3 KV.
NUM  9.
PAR  9. A method of manufacturing a light sensitive element according to claim
      2, wherein said n-type transparent conductive layer has a thickness of
      about 1500 to 2000 A prior to the plasma-etching step.
NUM  10.
PAR  10. A method of manufacturing a light sensitive element according to claim
      1, wherein said n-type conductive layer is formed by rf sputtering
      deposition.
NUM  11.
PAR  11. A process for manufacturing a light sensitive element, comprising (a)
      forming an n-type transparent conductive layer on a transparent substrate
      by means of vacuum evaporation, chemical vapor deposition, pyrolytic
      decomposition or rf sputtering, said n-type transparent conductive layer
      being formed of a polycrystal having a grain size of the order of from
      several hundred to several thousand A and a microscopically rough surface
      defined by a plurality of microprotrusions, (b) subjecting said n-type
      layer to plasma etching to remove at least 100 A of said n-type layer and
      thereby smooth the surface of said n-type layer, and thereafter (c)
      coating said n-type transparent conductive layer with a p-type
      photoconductive layer of a material whose main component is chalcogenide
      containing selenium.
NUM  12.
PAR  12. The process of claim 11, wherein said n-type transparent conductive
      layer is formed from at least one member selected from the group
      consisting of tin oxide, titanium oxide, indium oxide, tantalum oxide,
      thallium oxide, zinc oxide and mixtures thereof.
NUM  13.
PAR  13. The process of claim 12 further comprising overlaying on the smoothed
      surface of said n-type transparent conductive layer an n-type conductivity
      chalcogenide layer.
NUM  14.
PAR  14. The process of claim 13 further comprising smoothing the surface of the
      n-type conductivity chalcogenide layer before said p-type layer is applied
      thereto by plasma etching or mechanical polishing.
NUM  15.
PAR  15. The process of claim 13, wherein said n-type conductivity chalcogenide
      layer is formed from at least one member selected from the group
      consisting of CdS, CdSe, ZnS and ZnSe.
NUM  16.
PAR  16. The process of claim 12, wherein said p-type layer includes tellurium
      and arsenic.
NUM  17.
PAR  17. The process of claim 11, wherein plasma-etching is performed by means
      of an inert gas selected from the group consisting of He, Ne, Ar, Kr and
      Xe under a pressure of about 1 .times. 10.sup..sup.-1 Torr and an
      accelerating voltage of about 0.5 to 3 KV.
NUM  18.
PAR  18. The process of claim 11, wherein said n-type transparent conductive
      layer has a thickness of about 1500 to 2000 A prior to the plasma-etching.
NUM  19.
PAR  19. The process of claim 11, wherein about 500 to 1000 A of said n-type
      layer is removed by plasma etching.
NUM  20.
PAR  20. The process of claim 11, wherein said p-type layer includes tellurium
      and arsenic.
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ABST
PAL  An electrode of an oxygen sensor of the concentration cell type is made of
      a material such as Au or a Pt/Pb/S mixture, which material is devoid of
      catalytic oxidizing effect on CO and HC in an engine exhaust gas, so that
      the EMF characteristics depend on actual O.sub.2 concentrations.
BSUM
PAR  The present invention generally relates to a concentration cell of the
      solid oxygen-ion electrolyte type, and more particularly to an oxygen
      sensor essentially consisting of such a cell, wherein catalytic oxidizing
      effect on a gas being subjected to oxygen concentration measurement is
      absent.
PAR  An oxygen concentration cell can be used to measure oxygen concentration in
      a mixed gas because the magnitude of the electromotive force (EMF) between
      the two electrodes of such a cell is dependent on the oxygen concentration
      difference between the atmospheres surrounding the respective electrodes.
      When one of the electrodes is allowed to communicate with a reference gas
      such as air, variation of oxygen concentration in a sample gas can be
      detected continuously. A solid electrolyte such as an oxide of a certain
      kind of tetravalent element in which oxygen ion functions as electron
      carrier is commonly employed to make a cell available as a practical
      oxygen sensor. This type of oxygen sensor thus far provided consists of a
      layer of stabilized zirconia ZrO.sub.2 as the electrolyte, which is a
      solid solution of ZrO.sub.2 and a stabilizer such as calcia CaO, and a
      pair of platinum electrodes deposited on the surfaces of the electrolyte
      layer.
PAR  It is known to employ such an oxygen sensor in a control system for
      automatically controlling the air to fuel ratio (A/F) of a combustible
      mixture fed to an engine, especially an automobile engine, in order to
      achieve top engine efficiency and/or to produce an innoxious or clean
      exhaust gas. The oxygen sensor is usually disposed in the exhaust system
      of the engine to measure oxygen concentration in the exhaust gas using air
      as a reference gas and thereby to determine actual A/F values of an
      air-fuel mixture being supplied to the engine.
PAR  It is, however, a problem that the magnitude of the EMF developed in the
      sensor is not in accordance with the Nernst's equation
      ##EQU1##
      where R is the gas constant, T is the absolute temperature, F is the
      Faraday constant, (PO.sub.2) is the partial pressure of oxygen, and the
      subscripts 1 and 2 refer to the reference air and exhaust gas,
      respectively.
PAR  In actual observations, the EMF of such a sensor remains at a nearly
      constant value when the A/F is lower than the stoichiometric ratio and
      shifts rather abruptly to another value considerably different from the
      former if the A/F is raised above the stoichiometric ratio, while the
      actual oxygen concentration in the exhaust gas shows a progressive
      increase as the A/F increases.
PAR  The reason for the discrepancy between the theoretical and actual EMF
      values is considered to be attributable to the catalytic action of the
      platinum electrode communicating with the exhaust gas. Since platinum is a
      catalytic substance for oxidation reactions, carbon monoxide and unburned
      hydrocarbons in the exhaust gas react with the co-existing oxygen on the
      surface of the electrode until equilibrium is almost established. As the
      result of the oxygen consumption, the partial pressure of oxygen on the
      electrolyte becomes lower than the theoretical values corresponding to
      non-equilibrium states, especially by a large magnitude when the
      concentrations of oxygen and oxidizable substances in the exhaust gas are
      low and high, respectively, that is, when the A/F is lower than the
      stoichiometric value.
PAR  Accordingly, a conventional oxygen sensor of the above described type may
      be of use in a control system for regulating the A/F intermittently or in
      an on-and-off mode bordering the stoichiometric ratio, but is of little
      use in measuring oxygen concentration in an exhaust gas quantitatively
      thereby to enable a continuous and minute control of the A/F.
PAR  It is therefore an object of the present invention to provide an oxygen
      sensor which has no catalytic action with respect to oxidation reactions
      in an exhaust gas and developes an EMF in accordance with the Nernst's
      equation.
PAR  According to the invention, in an oxygen sensor having a layer of a solid
      oxygen-ion electrolyte, a first electrode formed on a surface of the layer
      to communicate with a reference gas and a second electrode formed on the
      opposite surface of the layer to communicate with a gas subject to
      measurement, the improvement comprises the second electrode being made of
      an electrically conductive material being devoid of catalytic action with
      respect to oxidation of carbon monoxide and hydrocarbons.
PAR  The material of the second electrode is preferably gold, silver or a
      composite material which consists of platinum or rhodium and a catalytic
      poison such as lead, sulfur, phosphorus, arsenic and their compounds
      formed by reaction with each other.
DRWD
PAR  The invention will become more clear from the following detailed
      description taken with the accompanying drawings, in which:
PAR  FIG. 1 is a sectional view of an oxygen concentration cell having a
      non-catalytic metal electrode on an exhaust gas side according to the
      invention;
PAR  FIG. 2 is a similar view but showing employment of a composite material
      electrode;
PAR  FIG. 3 is a sectional view of an oxygen sensor according to the invention
      disposed in an exhaust duct;
PAR  FIG. 4 is a graph showing qualitatively concentrations of oxygen and carbon
      monoxide in an engine exhaust gas as functions of the A/F of an air-fuel
      mixture supplied to the engine; and
PAR  FIG. 5 is a graph showing qualitatively the relationship between the A/F
      and the magnitude of EMF developed in the cells of FIGS. 1 and 2 and a
      conventional cell when the cells are exposed to the exhaust gas of FIG. 4.
DETD
PAR  Based upon considerations of the influence of a conventional concentration
      cell platinum electrode on oxidation reactions, the invention contemplates
      to employ a material having no catalytic action on oxidation reactions as
      a cell electrode to be exposed to a sample gas such as an engine exhaust
      gas. The material is required also to have good electric conductivity and
      a sufficiently high heat resistance.
PAR  According to the invention, an oxygen concentration cell 10 of FIG. 1 to
      serve as an oxygen sensor consists of a solid electrolyte layer 11, a
      first electrode 12 deposited on a side of the layer 11 to communicate with
      a reference gas and a second electrode 13 deposited on the opposite side
      of the layer 11. The general construction of the cell 10 is the same as
      conventional cells, and both the electrolyte layer 11 and the first
      electrode 12 are made of conventional materials. Examples of suitable
      solid oxygen-ion electrolytes are solid solutions of zirconia ZrO.sub.2,
      ceria CeO.sub.2 or thoria ThO.sub.2 and a stabilizing oxide such as calcia
      CaO. Platinum is usually used as the first electrode 12 material. The
      second electrode 13 is made of gold or silver and is formed in a similar
      manner as the conventional platinum electrode 12 so as to be sufficiently
      gas permeable. For example, a paste containing gold or silver powder and
      an organic binder is applied on the surface of the layer 11 and is heated
      to remove the binder and to fix the metal powder to the electrolyte 11.
PAR  The electrode 13 made of gold or silver exhibits no catalytic action on
      oxidation reactions even at high temperatures, so that the EMF
      characteristic of the cell 10 is in good agreement with the Nernst's
      equation as is described hereinafter. It may be possible to select an
      alternative material for gold and silver from other non-catalytic metals
      and alloys of high melting point and electric conductivity.
PAR  Furthermore, the present invention provides another group of non-catalytic
      materials other than ordinary metals and alloys to form the electrode 13.
      Another cell 10A of FIG. 2 is fundamentally similar to the cell 10 of FIG.
      1 except that a second electrode 13A thereof is made of a composite
      material consisting of a conventional electrode material such as platinum
      or rhodium and a substance which functions as a catalytic poison. Lead,
      sulfur, phosphorus, arsenic and their compounds formed by reaction with
      each other or with a halogen are preferred examples of the poisoning
      substances. The composite material electrode 13A can be formed similarly
      to the metal electrodes 11 and 13 using a paste containing a mixture of
      the metal and the poisoning substance powders in an organic binder. The
      cell 10A having thus formed electrode 13A shows an EMF characteristic
      approximately equal to that of the cell 10 of FIG. 1.
PAR  It is permissible to form the first electrode 12 with the same material as
      the second electrode 13 though is of no particular benefit.
PAR  FIG. 3 shows an oxygen sensor 14 as a preferred embodiment of the
      invention. A top-sealed tube 15 made of a solid solution of 85 mole%
      ZrO.sub.2 and 15 mole% CaO serves as the oxygen-ion electrolyte layer 11
      of FIG. 1. The first electrode 12 of platinum is deposited on the inner
      surface of the tube 14, and the second electrode 13 of gold is deposited
      on the upper portion including the sealed end of the outer surface of the
      tube 14. An attaching metal member 16 is fixed to the bottom side of the
      tube 14 establishing a good electrical connection with the exterior
      electrode 13, and a pair of platinum wire leads 17 connect the two
      electrodes 12 and 13 to a potentiometer 18.
PAR  The osygen sensor 14 is produced preferably by the following method. The
      inner and outer surfaces of the stabilized zirconia tube 15 are initially
      roughened by means of sand-blast. A paste containing platinum powder
      dispersed in an organic binder and another paste containing gold powder
      are applied on the inner surface and on the upper portion of the outer
      surface of the tube 15, respectively, and then the tube 15 is baked at
      900.degree.C for 1 hr. Both the resulting electrodes 12 and 13 are porous
      enough to allow the surfaces of the tube 15 to communicate with
      atmospheres surrounding the respective electrodes 12 and 13.
PAR  A second preferred embodiment of the invention is identical with the oxygen
      sensor 14 shown in FIG. 3 except for the material of the second electrode
      13. In this embodiment, the second electrode 13 corresponds to the
      composite material electrode 13A of FIG. 2 and comprises platinum, lead
      and sulfur. The composite material electrode 13A is formed by applying a
      paste containing a 50/25/25 by weight mixture of finely powdered Pt, Pb
      and S dispersed in an organic binder followed by baking at 1,100.degree.C
      for 1 hr. Alternatively, a paste containing finely powdered Pt and PbS may
      be used. The thus formed electrode 13A is porous like the above described
      gold electrode 13.
PAR  The oxygen sensors 14 according to the invention, one having the second
      electrode 13 of Au and another of Pt/Pb/S, and a conventional sensor of
      the identical construction but having a second electrode of Pt were
      subjected to an experiment to examine the EMF characteristic in an actual
      engine exhaust gas stream. A six-cylinder automobile engine of 2,000
      cm.sup.3 displacement was used, and the test sensors 14 were disposed in
      an exhaust manifold 19 as seen in FIG. 3, so that the second electrodes 13
      were exposed to an exhaust gas E. Air A was introduced into the interiors
      of the tubes 15 as a reference gas to communicate with the first
      electrodes 12. The engine was operated under the condition of the modified
      AMF ten-mode cycle. The concentrations of oxygen and carbon monoxide in
      the exhaust gas were measured analytically, and showed a progressive
      increase and decrease, respectively, as the A/F of the air-fuel mixture
      was increased as shown in FIG. 4. The point S represents the
      stoichiometric ratio of approximately 14.5.
PAR  The results of the experiment are shown by the graph of FIG. 5, in which
      the curves I, II and III represent the sensors having the second
      electrodes of Au, Pt/Pb/S and Pt, respectively. As is described
      hereinbefore, the curve III obtained using a conventional Pt electrode
      sensor shows an extreme deviation from a theoretical curve estimated from
      the concentration curves of FIG. 4 and the Nernst's equation. The abrupt
      transition of the EMF level at the point S means doubtless that oxidation
      reactions are caused to proceed to attain equilibrium during measurement.
      On the other hand, the curves I and II of the sensors having non-catalytic
      electrodes of the invention are almost identical with the CO concentration
      curve of FIG. 4 or bear inverse relationships with the O.sub.2
      concentration, well following the Nernst's equation.
PAR  These experimental results are considered sufficient to justify the
      assumption with respect to the catalytic action brought about by the Pt
      electrode and verify the advantages of the non-catalytic electrode
      materials according to the invention.
PAR  As is apparent from the above description, an oxygen sensor according to
      the invention can, due to close relationship between the EMF and oxygen
      concentration, detect both quantitatively and continuously the oxygen
      concentration in an exhaust gas and hence the concentration in a
      combustible mixture from which the exhaust gas is produced. Accordingly,
      employment of this oxygen sensor in a control system makes it possible to
      regulate precisely the A/F of an air-fuel mixture fed to an automobile
      engine to a predetermined value whether the value is near the
      stoichiometric ratio or is somewhat deviated from it.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an oxygen sensor having a layer of a solid oxygen-ion electrolyte, a
      first electrode formed on one side of said layer to communicate with a
      reference gas and a second electrode formed on the opposite side of said
      layer to communicate with a gas subject to measurement of oxygen content,
      the improvement comprising said second electrode being made of a composite
      material comprising a platinum group metal selected from the group
      consisting of platinum and rhodium and at least one catalytic poison
      selected from the group consisting of lead, sulfur, phosphorous, arsenic
      and their compounds formed by reaction with each other, said catalytic
      poison amounting to such that said complex material is devoid of catalytic
      activity with respect to oxidation of carbon monoxide and hydrocarbons in
      an engine exhaust gas.
NUM  2.
PAR  2. The improvement as claimed in claim 1, wherein said composite material
      contains substantially 50% by weight of Pt, 25% by weight of Pb and 25% by
      weight of S.
NUM  3.
PAR  3. An oxygen sensor for measuring oxygen concentration in an engine exhaust
      gas, comprising a tubular body made of a solid solution of ZrO.sub.2 and
      CaO, one end thereof being sealed, a first electrode of Pt deposited on
      the inner surface of said body and a second electrode deposited on the
      outer surface of said body including the sealed end, said second electrode
      being made of a material which is devoid of catalytic action with respect
      to oxidation of carbon monoxide and hydrocarbons, and said material
      containing substantially 50% by weight of Pt, 25% by weight of Pb and 25%
      by weight of S.
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ABST
PAL  A plating rack for use in plating a plurality of cylindrically shaped
      articles such as piston rods. The articles are supported in vertical
      orientation between upper and lower frame structures. A plurality of
      individual drive assemblies each having a threaded socket are rotatably
      supported on the upper frame structure, and a plurality of tubular
      protection sleeves are supported on the lower frame structure. The upper
      end of each article is threaded for connection with the drive socket of
      one of the drive assemblies, and the lower end of each article fits within
      one of the protection sleeves. The drive sockets rotate in unison, and
      plating current is supplied to each article through its associated drive
      assembly via brushes which are biased against the drive assembly. The
      protection sleeves on the lower frame structure are hingedly mounted
      thereon to facilitate loading and unloading of the articles into and from
      the rack. The lower frame structure can be positioned with respect to the
      upper frame structure thereby rendering the rack suitable for articles of
      different lengths.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention pertains generally to plating apparatus and, in
      particular, to a novel plating rack with which a plurality of
      cylindrically shaped articles may be simultaneously plated.
PAR  In conventional plating practice, such as in chrome plating, etc., it is
      usually desired to obtain a substantially uniform thickness in the layer
      of plating deposited on the article or articles being plated. This is
      especially important where cylindrical piston rods having a circular cross
      section are to be plated, since variations in the thickness of the chrome
      plating layer can result in departure from a true circular shape. Where
      such piston rods are plated on a mass production basis, the techniques of
      the prior art leave much to be desired in attaining an accurate yet
      efficient process. Heretofore, groups of piston rods have been
      simultaneously plated in a plating bath with the aid of plating racks in
      which the articles are fixedly set. By way of example, these racks may
      include a contact beam, or contact bar, having a plurality of threaded
      holes at locations along the length of the rod into which threaded ends of
      the piston rods are threaded. The beam is usually oriented either
      horizontally or vertically on the rack with the piston rods being
      correspondingly oriented either vertically or horizontally. The rack is
      placed in the plating bath between a pair of anodes which are electrically
      coupled with the anode terminal of a source of plating current. The piston
      rods are electrically connected via the contact beam to the cathode
      terminal of the plating current source. Where the free ends of the piston
      rods are intended not to be plated, a protection screen is provided on the
      rack to screen these ends from the anodes. With this technique, the
      plating layer is of irregular thickness, typically oval. A further problem
      is that the number of piston rods which can be plated at one time is
      limited because each piston rod must face both anodes. In some racks, a
      row of piston rods is placed above another row of piston rods, and this
      has the disadvantage of exposing the piston rods in the upper row to gas
      generated by those in the lower row during plating which can adversely
      affect the plating of the articles in the upper row. Also, loading and
      unloading of the piston rods into and out of the rack is tedious. Although
      it is known in the art to rotatably support a single cylindrically shaped
      article in a plating tank during plating, as evidenced by U.S. Pat. No.
      3,664,944, such a technique is hardly suitable for mass production plating
      of cyindrical articles.
PAR  Accordingly, the present invention is directed to a novel plating rack
      which enables a plurality of cylindrically shaped articles to be
      simultaneously plated with greater uniformity in the resulting plating
      thickness and with improved efficiency. Pursuant to principles of the
      present invention, the articles to be plated are rotatably supported in
      the rack for rotation about their longitudinal axes. With the rack
      immersed in a plating tank, the articles rotate in unison as plating
      current flows from each article to an anode which faces the rack. The
      features of the present invention include: improved facility in loading
      and unloading the rack; improved efficiency in supplying the plating
      current to the articles in the rack; and adaptability for articles of
      different lengths. These features are attained through novel plating rack
      structure including: novel gear and drive socket assemblies via which the
      articles are rotated and via which plating current is conducted to the
      articles; hingedly mounted protection sleeves for protecting the ends of
      the articles to prevent plating thereof; vertical adjusters at the sides
      of the rack for vertically adjusting upper and lower rack structure with
      respect to each other; an improved rack structure via which plating
      current is conducted from the cathode of the plating current supply to the
      articles mounted in the rack.
DRWD
PAR  The foregoing features, along with additional features and advantages of
      the invention, will be seen in the ensuing description and claims which
      are to be taken in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a plating rack embodying principles of the
      present invention and having portions broken away.
PAR  FIG. 2 is a top view of FIG. 1 having portions broken away.
PAR  FIG. 3 is an enlarged right-hand view of FIG. 1 having portions broken
      away.
PAR  FIG. 4 is an enlarged fragmentary horizontal sectional view taken in the
      direction of arrows 4--4 in FIG. 1.
PAR  FIG. 5 is a vertical sectional view taken in the direction of arrows 5--5
      in FIG. 4.
PAR  FIG. 6 is an enlarged view partly in section of the lower portion of FIG.
      3.
PAR  FIG. 7 is an enlarged view partly in section of the upper portion of FIG.
      3.
PAR  FIG. 8 is an enlarged longitudinal sectional view through one of the drive
      socket assemblies mounted on the rack.
PAR  FIG. 9 is a view showing a power mechanism for rotating the drive socket
      assemblies.
PAR  FIG. 10 is a semi-schematic view illustrating the plating rack in use.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIGS. 1, 2, and 3, a generally rectangular plating rack 10 embodying
      principles of the present invention comprises parallel upper and lower
      frame structures 12 and 14 respectively and adjusters 16 and 18 connecting
      opposite ends of the upper and lower frame structures. A plurality of
      cylindrically shaped articles 20, hereinafter illustratively described as
      piston rods 20, are mounted vertically on rack 10 and extend between the
      upper and lower frame structures. Upper frame structure 12 includes an
      enclosed rectangular casing 12' having a top, two sides, and two ends but
      open at the bottom. A horizontal mounting plate 22 (FIG. 1) is contained
      within casing 12' and serves to mount a plurality of individual drive
      assemblies 24, each of which drivingly connects with a piston rod 20. A
      plurality of protection sleeves 26 mount on lower frame structure 14 with
      each sleeve 26 being vertically aligned with a corresponding drive
      assembly 24. Drive assemblies 24 are arranged in two horizontally
      extending parallel rows, as are the sockets 26, whereby piston rods 20,
      when mounted in the rack, form two parallel horizontally extending rows in
      which the axes of piston rods 20 are vertically oriented. Each drive
      assembly 24 is journaled for rotation via bearings in a vertical bore 27
      in mounting plate 22.
PAR  Drive assemblies 24 rotate in unison and are powered from a drive mechanism
      which includes a gear train operatively coupling the drive assemblies (see
      FIGS. 4 and 5 also). A driven pinion 28 is affixed to each drive assembly
      24 above mounting plate 22. A plurality of pairs of pinions 30 and 32 are
      rotatably supported on mounting plate 22 to rotate together. Each pinion
      pair 30, 32 is located at the center of a set of four driven pinions 28
      with each pinion 30 meshing with the four driven pinions 28 in the set.
      Thus, the pinions 30 and 32, along with the four pinions 28 in the set,
      rotate in unison. Pinions 32 are operatively coupled together via idler
      pinions 34 rotatably supported on mounting plate 22 between adjacent
      pinions 32. In this way, each successive set is driven by the immediately
      preceding set. As will be explained in greater detail later, power input
      to the gear train assembly is via the pinion 28 at the upper left-hand
      corner of FIG. 4. With this arrangement, therefore, rotation of that
      pinion 28 rotates the remaining three pinions 28 in the first set and the
      pinions 30 and 32 in the first set. The first idler pinion 34 couples the
      rotation of the first set to the second set, and so on down the line. In
      this way, all drive assemblies 24 rotate in unison.
PAR  Further details of drive assemblies 24 can be seen in FIGS. 3 and 8. Each
      drive assembly 24 comprises a vertical drive shaft 36 journaled by the
      bearings in its bore 27 for rotation on mounting plate 22. The upper end
      of each drive shaft 36 includes a circular cylindrical bushing 38 (FIGS. 3
      and 7) against which a pair of conductive brushes 40 on casing 12' are
      biased into engagement to supply plating current to the drive assembly and
      piston rod, as will be explained in greater detail later. The lower end of
      drive shaft 36 terminates in a threaded tip 42 onto which a drive socket
      44 is threaded. Each socket 44 is locked in place on tip 42 by a jam nut
      46. As best seen in FIG. 8, the lower end of each socket 44 is provided
      with a bore 48 into which the threaded upper end of piston rod 20 is
      threaded. In accordance with one feature of the present invention, bore 48
      is provided with sections 48a, 48b of different thread. Section 48a is
      provided with a screw thread of a certain size while the counter-bore
      section 48b is provided with a screw thread of a different size. The upper
      end of piston rod 20 is provided with mating screw threads 20a and 20b
      respectively which threadedly engage screw threads 48a, 48b respectively.
      This mechanical connection for mounting the piston rods, while being
      mechanically expeditious, also affords improved electrical conductivity
      between each drive assembly and piston rod thereby promoting efficiency in
      conducting plating current to the rods. A projecting tip 50 on the lower
      end of socket 44 is threaded to receive a short tubular protection sleeve
      52 which may be used to shield the upper end segment of piston rod 20.
PAR  Cathode blocks 54 (FIG. 1) are provided at the ends of casing 12' for
      connection to the cathode terminal of a conventional source of plating
      current (not shown). Plating current is conducted from the source through
      casing 12' to the brushes 40. Brushes in turn carry the current to drive
      assemblies 24 and, hence, to the rods 20, two brushes per drive assembly.
      As best shown in FIG. 7, each brush 40 is disposed within a bushing 56
      mounted in a corresponding hole in one of the sides of casing 12'. Each
      bushing 56 is securely retained by means of a lip on the inner end of the
      bushing and a lock nut 58 which is threaded onto the threaded end of the
      bushing which protrudes through to the outside of the casing. A threaded
      cap 60 is threaded onto the exterior end of bushing 56, and each brush 40
      is biased against the drive assembly bushing 38 by means of a helical coil
      spring 62 disposed between the brush and the cap 60. A conductor wire 64
      has one end thereof making contact with the brush 40, and the other end
      thereof making contact with a plate 66 which is held between the end cap
      60 and the outer end of bushing 56 thereby providing suitable electrical
      connection from casing 12' to the brush. As drive assemblies 24 are
      rotated by the gear train, plating current is conducted via brushes 40 to
      drive assemblies 24 and, hence, to the rods threaded into the drive
      assemblies.
PAR  Also supported on upper frame structure 12 is an upper protection screen 68
      which is guided on sockets 44 for vertical movement between a lower
      position shown in the solid lines in FIG. 3 and an upper position shown in
      broken lines. Upper protection screen 68 is manually operated by means of
      handles 70 which extend generally parallel to the upper frame structure 12
      on opposite sides thereof. Handles 70 are connected with upper protection
      screen 68 by means of levers 72 which are pivotally mounted on the rack as
      at 74 and which connect with tabs on the protection screen 68 as indicated
      at 76. As either one of the handles 70 is operated in the manner indicated
      by arrows 78, upper protection screen 68 is displaced as indicated by the
      arrows 80. Normally, screen 68 assumes the lower position when shielding
      the drive assemblies during plating and the upper position when the rack
      is removed from the plating bath to provide convenient access for loading
      and unloading of rods.
PAR  Details of lower frame structure 14 and protection sleeves 26 are best
      shown in FIGS. 1 and 6. The ends of the lower frame structure are fixedly
      secured to the lower ends of the side assemblies 16 and 18. The lower
      frame structure 14 includes a pair of horizontal tubes 82 which extend the
      full length of the rack. Sleeves 26 are arranged in groups of a
      predetermined number (for example, four sleeves as shown at the lower
      left-hand corner of FIG. 1) affixed at right angles to a tubular sleeve
      84. Sleeves 84 are journaled on tubes 82. A plate 86 is centrally
      supported on the lower frame structure to assist in supporting the sleeves
      26 in the vertical position indicated in solid lines in FIG. 6. The
      construction provided by journaling sleeves 84 on tubes 82 permits sleeves
      26 to be swung outwardly about tubes 82 from the vertical position to an
      inclined position indicated in broken lines in FIG. 6. This facilitates
      loading and unloading of articles into and out of the rack. Protection
      screens 88 mount to protection sleeves 26 to screen the lower end sections
      of the piston rods from the anodes. The protection sleeves themselves
      comprise an exterior tube 90, an interior liner 92, and cap 94 is threaded
      into the bottom of each tube 90.
PAR  Details of the power source for rotating the drive assemblies are shown in
      FIG. 9. A gear set 98 mounts on casing 12' (at the upper left-hand corner
      thereof as viewed in FIG. 1) to rotate the first drive assembly 24 as
      mentioned earlier. The gear set 98 is powered from a conventional electric
      motor 100 via gear reduction 102. It should be noted that the motor 100
      need not be mounted on the rack itself and could be mounted on suitable
      support structure adjacent the rack as indicated at 104.
PAR  A further feature of rack 10 resides in vertical adjusters 16 and 18 along
      with the associated adjustment mechanism. Adjusters 16 and 18 permit upper
      and lower frame structures 12 and 14 to be vertically positioned with
      respect to each other to accommodate rods of varying lengths. The vertical
      adjusters 16 and 18 include threadedly engaged elements 16a, 16b, and 18a,
      18b respectively. Simultaneous adjustment of elements 16a and 18a with
      respect to elements 16b and 18b respectively is accomplished by rotating
      hand wheel 105 (FIG. 2) on the upper frame structure. The hand wheel
      operates a beveled gear set 105a, element 18a being operated directly from
      the gear set 105a while element 16a is operated via shaft 105b and a
      second gear set 105c. With this arrangement, as hand wheel 105 is turned
      in one direction, the adjusters 16 and 18 extend to increasingly separate
      the upper and lower frame structure; operation of the hand wheel in the
      other direction retracts the adjusters thereby decreasing the separation
      between the upper and lower frame structures.
PAR  FIG. 10 shows plating rack 10 in use in a plating tank 106 containing
      plating solution to a level 108 and a pair of anodes 110 which connect to
      the anode terminal of the source of plating current. Plating rack 10 is
      disposed between the pair of anodes so that each row of rods in the rack
      faces one of the anodes 110. Note that only one anode is required per row
      of rods. As the piston rods rotate within the rack, plating current is
      supplied to the rods.
PAR  In light of the foregoing description of the preferred embodiment of
      plating rack 10, the manner in which the plating rack may be used can now
      be explained. Piston rods 20 which are to be plated may be expeditiously
      loaded into the rack by hand. Each piston rod is loaded by first inserting
      the lower end thereof into one of the lower protection sleeves 26. Where
      the length of the piston rod is greater than the vertical clearance
      between the bottom of each drive assembly sleeve 52 and the top of each
      protection sleeve 26, protection sleeve 26 are pivoted outwardly away from
      the vertical position to permit the piston rods to be inserted therein.
      Each pivotally mounted set of protection sleeves 26 is loaded with its
      complement of piston rods with the protection sleeves 26 being
      sufficiently deep that the upper end of each piston rod can clear the
      corresponding drive assembly sleeve 52 as the set of protection sleeves is
      pivoted back toward the vertical position preparatory to connecting the
      piston rods with the drive assemblies 24. Upper protection screens 68 can
      be raised by operating one of the handles 70 to provide clearance for the
      upper end of the piston rods as they are swung to the vertical position.
      Each piston rod 20 is now raised vertically and threaded into the
      corresponding drive socket 44. The connection of each piston rod to its
      drive socket is most expeditiously accomplished by operating motor 100 in
      a direction which will cause threads 20a and 20b to be threaded into bores
      48a and 48b respectively as each piston rod is inserted into its drive
      socket. Conveniently, the piston rods may be grasped with a pliers which
      permits the loading operation to be done without damaging the surface
      portion of the piston rod which is to be plated. The entire rack may be
      loaded with a full complement of the piston rods in this manner.
PAR  Once the rack has been loaded, it is ready to be placed in the plating bath
      as indicated in FIG. 10. The rack may be supported by means of brackets
      112 on suitable supporting structure (not shown). Cathode blocks 54 on the
      rack are electrically connected with the cathode of a source of plating
      current (not shown). The anodes 110 are connected to the anode of the
      plating current source. The plating source and the connections of the rack
      and anodes thereto can be accomplished in any conventional manner. With
      the plating rack in the bath, motor 100 is operated to rotate the drive
      socket assemblies and, hence, to rotate all piston rods in unison. The
      plating current is conducted from the cathode blocks 54 through casing 12'
      to all the brushes 40 which are supported thereon. The brushes in turn
      carry the current to each bushing 38 of each drive assembly 24 and through
      the drive assembly to the piston rod connected therewith. With this
      construction of the rack, an efficient conductive path is provided in the
      rack via which plating current is conducted to each article. As the piston
      rods rotate in the rack, a substantially uniform layer of plating is
      deposited on each piston rod. The protection screens and the sockets serve
      to shield the end segments of the pistons rods from plating current so
      that only the intermediate surface portion of each rod is plated. It will
      be also noted that with the present invention the number of rods which can
      be plated in a given setup is increased since it is unnecessary that each
      row of rods face both anodes. In other words, only one anode is required
      per row of rods. It will also be noted that the contact between the rack
      and each piston rod is disposed at a level above the plating solution.
      Consequently, electrochemical wear is avoided, and preventive maintenance
      and inspection can be more easily accomplished. In the event that the
      contact between any socket 44 and piston rod becomes poor, this condition
      can be observed by the operator when the parts are unloaded. A defective
      or worn socket is simply replaced by unthreading it from the drive shaft
      and installing a new drive socket. It will be appreciated that suitable
      insulating and shielding material can be provided on the rack to insulate
      the parts thereof from contact with the plating current path through the
      rack. Well-known insulating material can be used and can be applied
      between the parts which are to be insulated from the other parts which
      form the current-carrying path through the rack. The particular details of
      the plating operation, such as current density, duration, temperature,
      bath composition, etc., can be selected with known techniques to provide
      the desired plating layer. With the present invention, it is possible to
      provide an extremely accurate plating thickness (for example, a tolerance
      of three microns) without the need for any subsequent operation such as
      regrinding and/or buffing. Furthermore, selected portions of the articles
      can be plated with other portions thereof remaining unplated.
PAR  After plating, piston rods 20 may be unloaded from the rack in the opposite
      manner in which they are loaded. The piston rods may be grasped with a
      pliers, and the drive sockets rotated in a direction which will cause the
      piston rods to unthread from the drive sockets. The piston rods drop into
      the protection sleeves to clear the drive assemblies, and screen 68 may be
      elevated to permit the piston rods and protection sleeves to be swung
      outwardly whereby the rods may be removed from the sleeves.
PAR  Thus, it can be seen that the present invention provides a novel plating
      rack which greatly facilitates loading and unloading of articles and yet
      which provides an improved plating technique for attaining a more uniform
      plating thickness for cylindrically shaped objects. Although the
      particular articles with the use of the rack has been illustratively
      described herein are of circular, cylindrical shape, it will be
      appreciated that the inventive principles embodied in the rack are not
      limited by the particular shape of the articles with which it is used.
PAR  While it will be apparent that the preferred embodiment of the invention
      disclosed is well calculated to fulfill the objects above stated, it will
      be appreciated that the invention is susceptible to modification,
      variation, and change without departing from the spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A plating rack for use in plating cylindrically contoured surfaces of
      articles having threaded end portions, said plating rack comprising: a
      frame comprising generally parallel, vertically spaced upper and lower
      frame structures; support means on said frame structures, said support
      means including vertically oriented drive assemblies for supporting said
      articles on said frame such that said articles are rotatable about
      parallel vertical axes defined by the cylindrically contoured surface
      thereof; drive means for simultaneously rotating said articles in the same
      direction about their respective axes; and conductor means including means
      for conducting plating current through each of said drive assemblies to
      the article connected thereto.
NUM  2.
PAR  2. A plating rack as claimed in claim 1 wherein said support means is
      arranged to support said articles in two rows on opposite sides of said
      frame.
NUM  3.
PAR  3. A plating rack as claimed in claim 1 wherein each of said drive
      assemblies includes a screw thread means thereon for effecting connection
      to the threaded end portions of the articles being plated.
NUM  4.
PAR  4. A plating rack as claimed in claim 3 wherein said screw thread means
      comprises a pair of differently sized screw threads.
NUM  5.
PAR  5. A plating rack as claimed in claim 4 wherein said screw thread means is
      fashioned as an internal screw thread on each drive assembly.
NUM  6.
PAR  6. A plating rack as claimed in claim 5 wherein one screw thread is
      fashioned in a bore in said drive assembly and the other screw thread is
      fashioned in an adjacent counter-bore.
NUM  7.
PAR  7. A plating rack as claimed in claim 1 including protection screening
      means for protectively screening a limited portion of the surface of each
      article during plating, said protection screening means being mounted for
      movement between different positions.
NUM  8.
PAR  8. A plating rack as claimed in claim 7 wherein said protection screening
      means is arranged for movement with respect to said support means.
NUM  9.
PAR  9. A plating rack as claimed in claim 8 wherein said drive means includes a
      plurality of drive assemblies, each of which is arranged to connect to
      each article, said protection screening means being mounted for
      displacement lengthwise of said drive assemblies.
NUM  10.
PAR  10. A plating rack as claimed in claim 1 wherein said frame is of generally
      rectangular shape and arranged such that said articles are supported
      between one pair of opposite sides of said frame and including positioning
      means at the other pair of opposite sides of said frame for positioning
      the sides of said first pair with respect to each other.
NUM  11.
PAR  11. A plating rack as claimed in claim 23 including manual adjustment means
      for adjusting said positioning means to thereby position the sides of said
      first pair with respect to each other.
NUM  12.
PAR  12. A plating rack as claimed in claim 1 wherein said conductor means is
      arranged to supply plating current to each article through a path
      including the drive assembly to which the article connects.
NUM  13.
PAR  13. A plating rack as claimed in claim 12 wherein each said drive assembly
      includes a cylindrical portion and said conductor means includes brush
      means biased against said cylindrical portion.
NUM  14.
PAR  14. A plating rack as claimed in claim 1 wherein each said drive assembly
      includes a screw thread via which the article connects to the drive
      assembly.
NUM  15.
PAR  15. A plating rack as claimed in claim 14 wherein said screw thread is an
      internal screw thread provided on said drive assembly.
NUM  16.
PAR  16. A plating rack as claimed in claim 1 further including a plurality of
      protection sleeves on the other of said frame structures, each of said
      protection sleeves being in alignment with a corresponding drive assembly,
      each article having one end connected with a drive assembly and its
      opposite end disposed within the corresponding protection sleeve.
NUM  17.
PAR  17. A plating rack as claimed in claim 16 wherein said protection sleeves
      are hingedly mounted on said other frame structure.
NUM  18.
PAR  18. A plating rack as claimed in claim 16 wherein the vertical clearance
      between each drive assembly and a corresponding protection sleeve is less
      than the overall length of the article mounted thereon.
NUM  19.
PAR  19. A plating rack as claimed in claim 16 including protection screen means
      mounted on said protection sleeves.
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ABST
PAL  A bipolar multiple electrolytic cell having an alkali-chlorine diaphragm
      cell for obtaining caustic solution, chlorine and hydrogen in which the
      titanium metal electrodes act on one side as the anode and on the other as
      the cathode, the anode side being coated with a metal or metal oxide for
      activation purposes, and the cathode side having a dense coating of metal
      alloy of nickel and elements of the Group III or V of the periodic system,
      which is applied chemically, preferably by employing the so-called
      "Kanigen" process.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application consitutes a continuation-in-part of application, Ser. No.
      292,328, entitled BIPOLAR MULTIPLE ELECTROYLTIC CELL COMPRISING A
      DIAPHRAGM, filed Sept. 26, 1972 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a bipolar multiple electrolytic cell comprising a
      diaphragm for the decomposition of alkali-halogenide solutions into lye,
      halogenide and hydrogen. In particular, the improved construction relates
      to electrical alkali-chlorine diaphragm cells for obtaining caustic
      solution, chlorine and hydrogen.
PAR  Electrolytic cells of this kind are required to be compact, to be of simple
      construction, to be capable of carrying a heavy electrical load and thus
      to be very economical in use. Since the media passing through the
      electrolytic cell are particularly aggressive, chemically and/or
      physically, the material of construction must be resistant, and a form of
      construction is needed that meets the requirements.
PAR  Various constructions of multiple electrolytic cells are known in which the
      electrodes are bipolar and use is made of a diaphragm. In these types of
      cell the bipolar electrode consists of a metal structure with a diaphragm
      applied thereto. Thus, for example, the bipolar electrode shown in FIG. 5
      of German Pat. No. 1,421,041, as laid open, consists of a sheet of
      titanium which is coated on the anode side with a noble metal such as
      platinum, while its other side is uncoated and comprises small projections
      through which it is connected electrically to a wire mesh, the chamber so
      formed constituting the cathode. The outer surface of the wire mesh is
      covered with an asbestos fibre cloth which constitutes the diaphragm. Even
      distribution of the current in the electrolyte and uniform flow of current
      in the electrode cannot be achieved with a bipolar electrode of this kind.
      The uniformly distributed current flowing from the electrode side of the
      anode, coated with noble metal, passes through the anolyte and the
      asbestos diaphragm into the wire mesh and from here travels by way of the
      individual projections on the titanium electrode into the titanium sheet
      itself and then to the coating of noble metal. The point of contact at the
      small projections poses a problem. Furthermore, because of the many point
      contacts at the places where the wires cross, a wire mesh in addition
      offers resistance to the flow of electric current. The corrosive media in
      the cell furthermore lead to breaks in contact in the wire mesh through
      oxide formation. The titanium electrode, unprotected on the cathode side,
      is exposed to hydrogen and becomes brittle after a short time.
PAR  According to German Pat. Nos. 1,592,020 and 2,030,610, as laid open, a
      bipolar electrode is constituted by a carrier plate, which also acts as a
      partition for the individual cells, by a plurality of anode plates on one
      side of the carrier plate, and by a plurality of cathode fingers on the
      other side of the carrier plate. The anodes are made of a suitable
      chlorine-resisting material, and the cathodes, which are in the form of
      metal wire or lattice work structures, are made of iron, nickel or
      chromium, or of a metal which resists the hydrogen and alkaline compounds.
      The metal wire mesh is fixed on the carrier plate by means of a supporting
      device and is covered with a cloth of asbestos fibre which acts as a
      diaphragm. In order to be able to accommodate the greatest possible area
      of electrode in a given space, the anode and cathode parts of the
      electrodes are of comb-like structure and in the assembled condition they
      extend into each other without touching. Bipolar electrodes of this
      construction are complicated, comprise a large number of contact points
      endangered by corrosion, and exhibit uneven current distribution and long
      current paths in the conductor material, in the anodes and the cathodes,
      since the electric current passes through some of these in the
      longitudinal and not the transverse direction. The repair and maintenance
      of bipolar electrodes of the known construction are not without their
      problems on account of the many individual parts in each electrode and the
      inability to check the contact points during use.
PAR  Electrodes covered by a coating of an alloy, e.g. steel or titanium, have
      been used in electrolytic cells. The coating is performed by
      electroplating. The coating material is a non-ferrous metal, mostly an
      alloy (see table II of U.S. Pat. No. 3,291,714). The coating alloys
      according to prior art consist of two or more metals and these inventions
      are based on the idea that an electrode made from metal, iron or titanium,
      must be covered by a coating of pure metal or an alloy, which consists of
      pure metals only and does not contain any metalloids, in order to
      guarantee an optimum current flow through the electrode. In the above U.S.
      patent, alloys of molybdenum, nickel, cobalt and tungsten are preferably
      used for the coating by electroplating.
PAR  These alloys of pure metals cannot meet the requirements of the surface of
      an electrode, which is used for obtaining caustic solution and hydrogen,
      i.e.
PA0  a. a non-porous coating on the cathode side must be guaranteed to prevent
      diffusion of gaseous or atomic hydrogen and caustic solution which usually
      can be found on the cathode in concentrations of 5 to 30 percent;
PA0  b. the coating must be sufficiently "dense" to prevent diffusion of atomic
      hydrogen;
PA0  c. corrosion protection must be optimum with regard to the following
      solutions:
PA1  Na OH -- 20 percent approx.
PA1  Na Cl -- 0.1 - 2 percent approx.
PA1  hypochlorite in small quantities
PA0  d. the coating must be electrochemically suitable for obtaining hydrogen
      from aqueous solutions, particularly from aqueous caustic solution;
PA0  e. the coating must be very thin, approximately 0.2 - 1 mm.
PAR  The electrodes that are already known meet the requirements of (d) and (c),
      as the coating on the cathode side is of pure metal or pure metal alloys.
      However, because of their metallic construction, they cannot adequately
      meet the requirements of (a), (b), and (c). Additionally, the
      electroplated galvanic coating has the disadvantage of a non-uniform
      electric field and uneven or even disengaged coating.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to overcome the disadvantages of the
      devices normally used heretofore.
PAR  According to the invention, this object is achieved by the cathode side
      being constituted by that side of the titanium sheet entirely coated with
      a metal or a metal alloy. Suitable metal for the cathode side is, in
      particular, nickel alloyed with elements of group III or V of the periodic
      system, that are resistant to hydrogen and the catholyte. According to a
      further feature of the invention, and for the purpose of achieving a good
      seal against the exterior and a large effective area for the
      electro-chemical reaction, for given external dimensions of the multiple
      electrolytic cell, the metal electrodes are smooth in the area of the
      frame and are profiled in the area of the reaction chamber. The profiling
      of the metal electrodes may be such that the distance from one electrode
      to the next is the same at each point, or that the projections and
      recesses on and in two neighboring metal electrodes are positioned
      opposite each other. If required, the metal electrode and the multiple
      electrolytic cell can be so formed that the projections on the metal
      electrodes support the diaphragm fitted between them.
PAR  The advantages achieved by the invention are, in particular, that the metal
      electrode of the invention does not comprise contact points endangered by
      corrosion, provides even distribution of current and is thus capable of
      carrying a heavy electro-chemical load whilst requiring little space for
      the purpose. The necessary spaces for the discharge of gas are not
      affected because the profiling is of the required expedient form. From the
      standpoint of mechanical construction, the metal electrode spacings which
      are responsible for the electrolytic resistance can easily be set and
      maintained.
PAR  The prejudice that the coating on the cathode side must be of pure metal or
      pure metal alloy has been overcome. It was found that a coating of a
      nickel alloy, which contains 7 to 10 % phosphorous and was chemically
      applied according to the Kanigen process, is able to meet all requirements
      of an electrode.
PAR  Kanigen is the trademark of General American Transportation Corporation in
      respect of a chemical nickel plating process. It is well known to those
      skilled in the art, and is a continuous process for assuring the
      deposition of a uniform, non-porous coating of heavy specific weight and
      controllable density. Suffice it to say that in the plating solution the
      ions of nickel and of hypophosphite on the one hand and the pH value on
      the other are kept within the limits that correspond to the best
      conditions of deposition. Such solution, kept at a temperature of
      55.degree.C feeds one or more nickel plating tanks after being heated by a
      supply of steam to 98.degree.C. When discharged from the plating tank, the
      solution is cooled to 55.degree.C, automatically recharged, and filtered
      and then returned to a storage tank.
PAR  The coating is thin and has good electrochemical activity by virtue of the
      nickel content being 90 to 93 percent. The phosphorous atoms present in
      the coating have no adverse affect on the conductivity but do strongly
      impede the diffusion of hydrogen through the coating. Bipolar electrodes,
      nickel coated by the Kanigen process, were tested in a 0.1 m.sup.2 pilot
      cell and found to be excellently suitable for decomposing concentrated
      common salt solutions to chlorine, hydrogen and caustic soda solution at
      temperatures of 20.degree. to 90.degree.C. The overpotential in
      electrochemical H.sub.2 production was less than with an electroplated
      nickel coating. The corrosion resistance of the chemically applied nickel
      coating was twice to three times as good as that of the electroplated
      nickel coating. Likewise, there was no evidence of the solution
      penetrating below the coating nor of any subsequent disengagement of the
      coating.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal section through a bipolar multiple electrolytic
      cell,
PAR  FIG. 2 is a cross section through the electrolytic cell illustrated in FIG.
      1,
PAR  FIG. 3 shows a cross section illustrating profiled electrodes,
PAR  FIG. 4 is a horizontal section through one form of electrode,
PAR  FIG. 5 is a horizontal section through a further form of the electrode, and
PAR  FIG. 6 is a cross section, on an enlarged scale, through a metal electrode.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The multiple electrolytic cell illustrated in FIGS. 1 and 2 consists of a
      face plate 1 to which the current conductor 2 is attached. Disposed
      adjacent this face plate, which acts as an anode on the cell side, is the
      nonconducting frame 3. The frame is generally of such width as is required
      for spacing the diaphragm 4 which follows next. The diaphragm 4 is
      followed by a frame 5 which is adjoined by the first bipolar metal
      electrode 6 of the invention. A multiple electrolytic cell of the required
      length can be built up by repeating the assembly of frames, diaphragms,
      further frames and metal electrodes. The multiple electrolytic cell is
      closed off by a second face plate 7, the conductor 8 leading off this
      plate. The entire multiple electrolytic cell is held together by means of
      known clamping devices, such as tie rods, not illustrated. A fluid-tight
      seal is established by means of known sealing elements, not illustrated,
      fitted between the individual components such as the metal electrodes, the
      frames and the diaphragms. The frame 3 for the anolyte chamber contains a
      supply duct 9 for the electrolyte and a discharge duct 10 for the chlorine
      gas and the anolyte. The frame 5 for the catholyte chamber has a discharge
      duct 11 for the catholyte and the hydrogen.
PAR  The metal electrodes illustrated in FIGS. 3, 4 and 5 show on the one hand a
      possible form of profiling, and on the other the manner in which two
      opposite metal electrodes are arranged.
PAR  In the cross section through a portion of the metal electrode of the
      invention illustrated on an enlarged scale in FIG. 6, the numeral 12
      designates the titanium sheet which is covered on the anode surface with
      an activating layer 13 of metal or metal oxide. Platinum, for example, may
      be employed as the activating layer. This activating layer should be as
      dense as possible so that no inactive areas are left. It need not however
      be absolutely dense, since the uncovered titanium oxidizes immediately and
      is resistant to anolyte and chlorine. The application of the activating
      layer on the anode side of the titanium sheet can be achieved by a number
      of methods. The activating layer is only necessary in the surface zone
      wetted by the anolyte, since the electro-chemical processes take place
      here.
PAR  The metal or metal alloy layer 14 applied to the cathode side however, is
      non-porous and of such thickness and extent that it covers the surface of
      the titanium closely and completely. A preferred coating for the cathode
      side is a nickel alloy containing phosphorous or boron or another element
      of the 5th or 3rd group of the periodic system. The catholyte and hydrogen
      thus do not come in contact with the titanium sheet. The nickel alloy
      layer is applied to the cathode side by purely chemical means, such as the
      Kanigen process. In accordance with that process, the nickel coating, thus
      applied to cathode, usually contains 7 to 10 % phosphorous or boron or
      another element of the 5th or 3 rd group, which modifies the nickel
      structure making it less permeable to H.sub.2. The coating thus applied
      may be described as a dense metallic coating. Consequently, hardly any
      H.sub.2 diffuses toward the titanium plate and the coating does not
      disengage, which otherwise would reduce the current flow. The coating
      applied chemically in this fashion is almost non-porous and the corrosion
      protection is optimum.
PAR  The metal alloy layer must adhere so firmly to the titanium sheet that
      despite profiling of the metal electrode, the required electrical contact
      between the two metals is ensured over the entire surface. Since the
      coating on the cathode side extends over the entire surface, reduction of
      the contact areas cannot take place as a result of chemical or physical
      attack by the reaction media.
PAR  The profiling of the metal electrode of the invention is not limited to a
      one dimensional periodic arrangement, e.g. linear undulations, but may
      also be two dimensional, e.g. in the form of rows and files of small
      projections. Spaces in which the rising chlorine and hydrogen might build
      up should, however, be avoided.
PAR  Cells of the type described herein and comprising metal electrodes can also
      be used as fuel cells. In this case, the two words anode and cathode are
      transposed as regards their meaning, and the reaction media are other than
      alkali-halogenide mixtures. However, the use of such cells as fuel cells
      is optional and is not to be construed as a limiting feature of the
      invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A bipolar multiple electrolytic cell comprising a diaphragm for
      decomposing alkali-halogenide solutions, and in which the cells,
      electrically connected in series, are formed by a continuous series of
      planar metal electrodes, frames, diaphragms and further metal electrodes,
      the metal sheet electrodes acting on one side as the anode and on the
      other as the cathode, and the anode side being of titanium coated with a
      metal or metal oxides for activation purposes, the improvement comprising
      a metallic coating closely and completely covering and bonded to that side
      of said sheet constituting the cathode and applied chemically, said
      coating comprising an alloy of nickel and elements of group III or V of
      the periodic system.
NUM  2.
PAR  2. A cell as claimed in claim 1, in which the nickel alloy coating on the
      cathode side contains 7 to 10% phosphorous and 90 to 93% nickel.
NUM  3.
PAR  3. A cell as claimed in claim 1, in which the nickel alloy contains 7 to
      10% boron and 90 to 93% nickel.
NUM  4.
PAR  4. A cell according to claim 1 in which the metal compound on the cathode
      side contains between 7 and 10% phosphorous.
NUM  5.
PAR  5. A cell according to claim 1 in which the metal compound on the cathode
      side contains between 7 and 10% boron.
NUM  6.
PAR  6. In a bipolar multiple electrolytic cell comprising a diaphragm for
      decomposing alkali-halogenide solutions and in which the cells are
      electrically connected in series and are formed by a continuous series of
      metal sheet electrodes, frames, diaphragms and further metal sheet
      electrodes, the metal sheet electrodes acting on one side as an anode and
      on the other side as the cathode, and the anode side being of titanium
      coated with a metal or metal oxide for activation purposes.
PA1  the improvement comprising a chemically applied metallic coating closely
      and completely covering and bonded to the cathode side of the sheet, the
      metallic coating comprising between 90 and 93% nickel and between 70 to
      10% of an element chosen from the third or fifth group of elements in the
      periodic system.
NUM  7.
PAR  7. A cell according to claim 6 wherein said element is chosen from the
      group consisting of phosphorous and boron.
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ABST
PAL  An adjustable electrode for use in electrolytic cells is provided. The
      electrode comprises two electrode surfaces positioned in parallel and
      having a space between them. A rotatable element is attached to each of
      the electrode surfaces. Upon rotation of the element, the space between
      the electrode surfaces may be varied. Variation in the space between
      electrode surfaces is desirable when assembling the electrodes in the cell
      and in providing the optimum gap between electrodes of opposite charge.
PAL  The adjustable electrode is employed in cells for providing chlorine and
      caustic soda or oxychlorine compounds by the electrolysis of alkali metal
      chloride solutions.
BSUM
PAR  The invention relates to electrolytic cells for the electrolysis of aqueous
      salt solutions. More particularly, this invention relates to adjustable
      electrodes employed in electrolytic cells for the electrolysis of aqueous
      alkali metal chloride solutions.
PAR  It is known to employ adjustable electrodes in, for example, diaphragm-type
      electrolytic cells, as illustrated by U.S. Pat. No. 3,674,676, issued July
      4, 1972, to E. I. Fogelman. In this patent, expandable electrodes are
      employed in a cell having the electrodes attached to the bottom or base of
      the cell and extending upwards. Current is supplied to the electrodes
      through a riser which is attached to the cell bottom or cell base and is
      positioned in the space between two adjacent and parallel anode surfaces.
      Two movable members are attached to each of the electrode surfaces and are
      also positioned in the space between the electrode surfaces. The movable
      members are separate units which may also be attached to the riser; where
      this is the case, they must be electrically conductive. To change the
      electrode space, each of the members must be adjusted separately. In
      addition, after the cell has been assembled, it is difficult to readjust
      the electrode spacing. Further, the adjustable electrodes of U.S. Pat. No.
      3,674,676 are not suitable for use in electrolytic cells where the
      electrodes are attached to electrode plates which are positioned
      vertically.
PAR  An improved adjustable electrode is therefore required where the
      inter-electrode spacing can be readily and conveniently changed.
PAR  It is an object of the present invention to provide a novel adjustable
      electrode useful in electrolytic cells for the production of chlorine and
      oxychlorine compounds.
PAR  An additional object of this invention is to provide a novel adjustable
      electrode useful in electrolytic cells employing metal electrodes.
PAR  A further object of the present invention is to provide a novel adjustable
      electrode useful in electrolytic cells in which the electrode plates are
      positioned vertically.
PAR  Another object of the present invention is to provide a novel adjustable
      electrode where the adjustable elements are independent of those elements
      supplying current to the electrodes.
PAR  These and other objects of the present invention are accomplished in an
      adjustable electrode suitable for use in a cell for the electrolysis of
      alkali metal chlorides which comprises two electrode surfaces positioned
      in parallel and having a space between the electrode surfaces. A rotatable
      shaft having means of attachment to each of the electrode surfaces whereby
      upon rotation of the rotatable shaft, the space between the electrode
      surfaces may be varied.
DRWD
PAR  Accompanying FIGS. 1-7 illustrate the novel adjustable electrodes of the
      present invention. Corresponding parts have the same numbers in all
      Figures.
PAR  FIG. 1 illustrates a side view of an adjustable electrode of the present
      invention in expanded form.
PAR  FIG. 2 represents the adjustable electrode of FIG. 1 in contracted form.
PAR  FIG. 3 depicts a perspective view of a portion of an adjustable electrode
      of the present invention.
PAR  FIG. 4 illustrates a side view of an electrode assembly employing the
      adjustable electrode of the present invention.
PAR  FIG. 5 portrays an alternate embodiment of the rotatable shaft of the
      present invention.
PAR  FIG. 6 represents an additional embodiment of the rotatable shaft of the
      present invention.
PAR  FIG. 7 depicts a top view of a pair of adjustable electrodes of the present
      invention.
DETD
PAR  Electrode 8 in FIG. 1 is composed of electrode surfaces 10 having space 12
      between them. Rotatable shaft 14 is positioned within space 12 and is
      retained by clips 16 which are alternately attached to electrode surfaces
      10. Rotatable shaft 14 has upper threaded end 18 to which nut 20 is
      secured by weld 21 and lower threaded end 22 on which space bar 24 is
      supported by nut 26. Nut 26 permits rotatable shaft 14 to turn the desired
      distance while retaining the space bar in position. In FIG. 1, space 12 is
      at a maximum and electrode 8 is in an expanded position. By turning nut
      20, electrode surfaces 10 are drawn together and space 12 is at a minimum
      and electrode 8 is in a contracted position, as shown in FIG. 2.
PAR  FIG. 3 illustrates a perspective view of a portion of electrode 8 which
      includes electro-conductive supports 28, each of which is attached to only
      one of the electrodes surfaces 10 and are alternately positioned along
      electrode surfaces 10. Clips 16 are attached to the ends of
      electro-conductive supports 28. Positioned above nut 20 on upper threaded
      end 18 of rotatable shaft 14 is space bar 25 which is secured by nut 30.
PAR  An electrode assembly incorporating the rotating shaft for adjusting the
      intra-electrode surface space is illustrated in FIG. 4. Electrode plate 32
      has electrode 8 attached by means of a plurality of electroconductive
      supports 28 which are secured to electrode plate 32 by nuts 34. Rotatable
      shaft 14, attached to electrode surfaces 10, by clips 16, is positioned
      near the leading edge 60 of electrode 8. Nuts 20 and 19 are welded to
      threaded ends 18 and 22, respectively. Space bars 25 and 24 are secured by
      nuts 30 and 26, respectively.
PAR  FIG. 5 depicts an alternate embodiment where the rotatable shaft is a cam
      shaft 36 having truncated cams 38.
PAR  In a further embodiment shown in FIG. 6, the rotatable shaft is a crank
      shaft 40 composed of sections 42 laterally attached along a portion of
      each end of the sections.
PAR  FIG. 7 illustrates a top view of a cross section in which two adjustable
      electrodes of the present invention are employed as anodes. Anodes 44,
      having anode surfaces 46 are interleaved between cathodes 48 having
      cathode surfaces 50 attached to conductor 52 which is attached to the
      cathode plate (not shown). Anodes 44, in the expanded mode, are spaced
      apart from cathodes 48 by the minimum anode-cathode gap 54. Rotatable
      shaft 14 is contained in clips 16 which are attached to electroconductive
      supports 28. Space bar 24, attached to the lower ends of rotatable shafts
      14, maintains a constant inter-anode distance.
PAR  In the adjustable electrode of the present invention, the rotatable shaft
      used may have any suitable configuration, such as that of a crank shaft,
      cam shaft, drive shaft or arbor.
PAR  The shaft has attachment means interconnecting the shaft and the electrode
      surface. Suitable attachment means include clips or plates which are
      secured to the electrode surfaces and affixed to the rotatable shaft. For
      example, the attachment means of FIGS. 1-3 is a U-shaped clip which is
      attached, for example by brazing or welding, along one side of the U to
      the electrode surface and which encloses a section of the rotatable shaft.
      The shaft's attachment means are preferably attached to the electrode
      surfaces on the non-active sides that is, on the sides not adjacent to the
      opposite electrode. They are attached in the space between electrode
      surfaces having the same electrical charge. If desired, the attachment
      means may also be attached to the electroconductive supports supplying
      current to the electrode surfaces. The space betweeen electrode surfaces
      may be any suitable distance, for example, from about 0.25 inch to about 4
      inches, preferably from about 0.5 to about 1.5 inches, and more preferably
      from about 0.625 inch to about 1.25 inches.
PAR  The rotatable shaft may be located within the space between electrode
      surfaces, being positioned at any suitable location. A preferred location
      is near the leading edge of the electrode. The leading edge is that edge
      of the electrode, which in the assembled cell is furthest away from the
      electrode plate supplying current to the electrode. Where the electrode
      plates are positioned vertically, as shown in FIG. 4, the leading edge of
      the electrode corresponds to edge 60.
PAR  Where the rotatable shaft is positioned outside of the intra-electrode
      space, for example, above or below the electrode surfaces, the shaft has
      attachment means to the electrode surfaces which may be rigid or flexible.
      Suitable examples include a brace or strut or a spring or leaf. It is
      desirable where the rotatable shaft is located above or below the
      electrode surfaces to allow sufficient space between the edges of the
      electrode surfaces and the shaft to permit the flow of fluids through the
      intra-electrode space.
PAR  Rotation means for turning the shaft may be any suitable mechanical or
      manual means. In one embodiment, the rotatable shaft is threaded at one
      end and a nut secured to the threaded section, for example, by welding.
      The shaft can then be rotated manually with a wrench. The degree of
      rotation for the rotatable shaft may be any convenient amount, for
      example, from about 5.degree. to about 90.degree..
PAR  Upon rotation of the shaft, the spacing between the two electrode surfaces
      is varied and the spacing between the anode and cathode changed. It is
      desirable prior to assembling the electrodes in a cell to bring the
      electrode surfaces as close together as possible, providing the maximum
      spacing between anodes and cathodes. After the electrodes have been
      intermeshed, the space between anodes and cathodes is reduced to the gap
      desired during cell operation. The adjustable electrode of the present
      invention provides for ease and convenience of adjustment of the
      anode-cathode spacing, both before and after electrode assembly.
PAR  Any suitable material of construction for the rotatable shaft may be used
      which is resistant to the gases and liquids to which it is exposed. For
      example, non-conducting materials such as a ceramics or plastics such as
      polytetrafluoroethylene, or polyvinylchloride may be employed. When the
      rotatable shaft is suitably electrically conductive, the material selected
      may depend on whether the electrode is being used as an anode or a
      cathode. For example, when serving as an anode, a suitable metal is
      copper, silver, steel, magnesium or aluminum covered by a
      chlorine-resistant metal such as titanium or tantalum. Where the electrode
      serves as the cathode, the rotatable shaft is suitably, for example,
      steel, nickel, copper or coated conductive materials, such as nickel
      coated copper.
PAR  The electrodes used are preferably metal electrodes. Where the electrode
      surface serves as the anode, a foraminous metal which is a good electrical
      conductor may be used. It is preferred to employ a valve metal, such as
      titanium or tantalum or a metal, for example, steel, copper or aluminum
      clad with a valve metal such as tantalum or titanium. The valve metal has
      a thin coating over at least part of its surface of a platinum group
      metal, platinum group metal oxide, an alloy of a platinum group metal or a
      mixture thereof. The term "platinum group metal" as used in the
      specification, means an element of the group consisting of ruthenium,
      rhodium, palladium, osmium, iridium, and platinum.
PAR  The anode surfaces may be in various forms, such as an expanded mesh which
      is flattened or unflattened, and having slits horizontally, vertically or
      angularly. Other suitable forms include woven wire cloth, which is
      flattened or unflattened, bars, wires, or strips arranged, for example,
      vertically, and sheets or plates having perforations, slits, or louvered
      openings.
PAR  A preferred anode surface is a foraminous metal mesh having good electrical
      conductivity in the vertical direction.
PAR  As the cathode, the electrode surface is suitably a metal screen or mesh
      where the metal is, for example, iron, steel, nickel, or tantalum. If
      desired, at least a portion of the cathode surface may be coated with a
      platinum group metal, oxide or alloy, as defined above.
PAR  Conductive supports are attached to the electrode surfaces to supply
      electric current from the electrode plates to the electrode surfaces. The
      conductive supports are preferably located within the intra-electrode
      surface space. In a preferred embodiment, the conductive supports are
      attached substantially perpendicular to the electrode plate, with one
      conductive support separately attached to each of the electrode surfaces.
      The conductive supports may be attached so that they are directly opposite
      each other, or alternately positioned. Where alternated, the spacing
      between conductive supports on the same electrode surface is selected to
      provide optimum current distribution and mechanical support.
PAR  Any convenient physical form of conductive support may be used such as
      rods, strips or bars. A preferred form of conductive support is a rod
      having a diameter of from about 0.25 to about 3 inches and preferably from
      about 0.5 to about 1.5 inches.
PAR  The electrode plates are suitably constructed of non-conductive materials,
      such as concrete or fiber-reinforced plastic or a conductive metal, such
      as steel or copper. To avoid corrosive damage, the conductive metal may be
      covered with, for example, hard rubber or a plastic, such as
      polytetrafluoroethylene or fiber-reinforced plastic. If desired, titanium
      or a titanium-clad base metal may be used where the electrode plate serves
      as the anode plate.
PAR  In a preferred embodiment, the adjustable electrode of the present
      invention is used in a diaphragm cell where the electrode plates are both
      positioned vertically. The anode plate has a plurality of anodes attached
      and the cathode plate, which is positioned opposite the anode plate has a
      plurality of cathodes attached. The anodes and cathodes project
      horizontally across the cell. When the cell is assembled, each cathode is
      inserted between two adjacent anodes. An anode is spaced apart from an
      adjacent cathode a distance of from about 0.125 to about 0.375 of an inch,
      preferably from about 0.190 to about 0.325 of an inch.
PAR  A plurality of electrodes are attached to the electrode plates, the exact
      number depending on the size of the electrode plate. For example, in an
      electrolytic cell employing the electrode assembly of the present
      invention, from about 2 to about 100 or more, or preferably from about 5
      to about 50 electrodes are attached to the electrode plate.
PAR  A diaphragm material is applied or deposited on the cathodes. Any inert
      material which is fluid permeable and halogen-resistant may be used.
      Suitable diaphragm materials include asbestos, polyvinylidine chloride,
      perfluorosulfonic acid membranes made from a copolymer of
      tetrafluoroethylene and a vinyl ether (such as "Nafion" produced by E. I.
      DuPont de Nemours and Company), polypropylene or polytetrafluoroethylene.
PAR  To maintain constant or equal spacing between a group of electrodes having
      the same electrical charge, a spacer bar is employed. The bar has a series
      of openings equidistantly spaced along the bar with the number of openings
      corresponding to the number of rotatable shafts in the group. The bar is
      mounted on the rotatable shafts to interconnect the rotatable shafts and
      is secured to the shaft, for example, by a nut. The bar may be located at
      either the upper end or lower end, or both ends of the rotatable shaft to
      maintain a constant distance between rotatable shafts.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adjustable electrode for an electrolytic cell which comprises:
PA1  a. two electrode surfaces positioned in parallel and having a space between
      said electrode surfaces,
PA1  b. conductive supports attached to said electrode surfaces,
PA1  c. a rotatable shaft, independent of said conductive supports, having means
      of attachment to each of said electrode surfaces whereby upon rotation of
      said rotatable shaft said space between said electrode surfaces may be
      varied.
NUM  2.
PAR  2. The adjustable electrode of claim 1 wherein said space between said
      electrode surfaces is from about 0.25 to about 4.0 inches.
NUM  3.
PAR  3. The adjustable electrode of claim 1 wherein said rotatable shaft is
      comprised of a non-conductive material.
NUM  4.
PAR  4. The adjustable electrode of claim 1 wherein said rotatable shaft is
      positioned in said space between said electrode surfaces.
NUM  5.
PAR  5. The adjustable electrode of claim 4 wherein said rotatable shaft is
      positioned near the leading edges of said electrode surfaces.
NUM  6.
PAR  6. An adjustable electrode assembly suitable for use in a cell for the
      electrolysis of alkali metal chloride solutions which comprises:
PA1  a. an electrode plate,
PA1  b. an electrode having two electrode surfaces positioned in parallel and
      having a space between said electrode surfaces,
PA1  c. at least two conductive supports, one said conductive support separately
      attached to each of said electrode surfaces and positioned in said space
      between said electrode surfaces,
PA1  d. openings in said electrode plate for attachment of said conductive
      supports, said conductive supports being attached to and substantially
      perpendicular to said electrode plate,
PA1  e. a rotatable shaft having means of attachment to each of said electrode
      surfaces whereby upon rotation of said rotatable shaft said space between
      said electrode surfaces may be varied.
NUM  7.
PAR  7. The adjustable electrode assembly of claim 6 wherein said electrode is
      an anode and said electrode plate is an anode plate and has a plurality of
      said anodes.
NUM  8.
PAR  8. A diaphragm cell for the electrolysis of an aqueous solution of an
      alkali metal chloride containing the electrode assembly of claim 7 and
      having a plurality of cathodes each having a diaphram thereon, said
      cathodes being interleaved with and spaced apart from said anodes wherein
      said cathodes are attached to an electrode plate positioned vertically.
NUM  9.
PAR  9. The diaphragm cell of claim 8 wherein said cathodes are spaced apart
      from said anodes a distance of from about 0.125 to about 0.375 inch.
NUM  10.
PAR  10. The diaphragm cell of claim 9 wherein said anode plate is positioned
      vertically.
NUM  11.
PAR  11. The diaphragm cell of claim 9 wherein said rotatable shaft for each
      said anode is positioned between said anode surfaces near the leading edge
      of said anode.
NUM  12.
PAR  12. The diaphragm cell of claim 11 wherein said rotatable shaft for each
      said anode is a crank shaft.
NUM  13.
PAR  13. The diaphragm cell of claim 7 wherein a bar having openings
      equidistantly spaced along said bar and corresponding to the number of
      said rotatable shafts interconnects said rotatable shafts of said anodes
      and maintains said space between said rotatable shafts at a constant
      distance.
NUM  14.
PAR  14. An adjustable electrode for an electrolytic cell which comprises:
PA1  a. two electrode surfaces positioned in parallel and having a space between
      said electrode surfaces,
PA1  b. a rotatable shaft selected from the group consisting of a crank shaft,
      cam shaft, drive shaft, or arbor, said rotatable shaft having means of
      attachment to each of said electrode surfaces whereby upon rotation of
      said rotatable shaft said space between said electrode surfaces may be
      varied.
NUM  15.
PAR  15. The adjustable electrode of claim 14 wherein said rotatable shaft is a
      crank shaft.
NUM  16.
PAR  16. The adjustable electrode of claim 14 wherein said rotatable shaft is a
      cam shaft.
NUM  17.
PAR  17. The adjustable electrode of claim 15 wherein said attachment means is a
      clip and said electrode is an anode.
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ABST
PAL  Apparatus for electrolyzing a liquid having an electrolytically
      regeneratable ionic oxidizing agent, the apparatus including an anode
      having a tubular portion and a cathode having a cylindrical portion inside
      the tubular portion of the anode. The opposing surfaces of the tubular
      anode portion and the cylindrical cathode portion are substantially
      uniform and concentric about a common axis. In one embodiment, the anode
      and cathode are each made of a plurality of portions, with means for
      electrically connecting anode-cathode pairs of said portions in series.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to apparatus for electrolyzing an
      electrolytically regeneratable substance included in a liquid, and in
      particular to apparatus for elecctrolyzing an electrolytically
      regeneratable inonic oxidizing agent included in an aqueous acid stream.
PAR  2. Description of the Prior Art
PAR  Commonly assigned U.S. Pat. No. 3,793,171 entitled "Process for Removing
      Pollutants from Gas Streams," which issued on Feb. 19, 1974, is directed
      to a process for removing oxidizable impurities from a gas stream by
      contacting the gas stream in a mass transfer relationship with an aqueous
      acid stream containing an electrolytically regeneratable ionic oxidizing
      agent, so that the oxidizing agent reacts with the impurities to destroy
      the latter. The oxidizing capacity of the ionic oxidizing agent is reduced
      by the preceding reaction because the valence state of the oxidizing agent
      decreases. Therefore, the ionic oxidizing agent is electrolytically
      regenerated to a valence state higher than that to which it has been
      reduced to restore its oxidizing capacity. The regenerated ionic oxidizing
      agent is then recirculated in a mass transfer relationship with the gas
      stream. The nature of the ionic oxidizing agent and of the chemical
      reactions which occur in the foregoing process are described in detail in
      the cited patent.
PAR  The advantages of incorporating electrolytic regeneration apparatus in a
      system for practicing the preceding process are explained in the patent.
      First, regeneration is explained as being rapid and efficient. Second,
      some destruction of the objectionable oxidizable material occurs at the
      electrodes of the regeneration apparatus. Moreover, electrolytic
      regeneration is relatively inexpensive, it does not require additional
      external chemicals, operation of the apparatus can be accomplished at
      ambient temperatures, and this method provides a simplified means for a
      continuous pollution control cycle.
PAR  The electrolytic regeneration apparatus used in the process described above
      thus includes an electrolytic cell having one or more cathodes and
      corresponding, cooperating anodes. The valence of the ionic oxidizing
      agent decreases at the cathode of the cell as the ions accept electrons,
      and the valence of the ions at the anode increases as the ions release
      electrons. Since the purpose of the cell is to increase the valence of the
      ionic oxidizing agent, the rate at which the valence of the ions at the
      cathode is decreased must be inhibited, and this can advantageously be
      accomplished by making the anode area much larger than the cathode area.
      Prior electrolytic cells previously used for practicing the foregoing
      process were similar to electrolytic cells used in the art of
      electroplating. Accordingly, these cells comprised a set of perforated
      flat anode plates suspended in a tank of acid, and a set of smaller
      cathodes suspended in the spaces between the anode plates. The
      regeneration apparatus for the foregoing process should ideally regenerate
      the oxidizing agent at a rapid rate so as not to impede a high flow rate
      of liquid through the system, and with a minimal usage of power. To attain
      the first of these objectives, the apparatus should electrolyze the acid
      solution while the solution is flowing. Electrolytic cells are known for
      purifying flowing water. For example, U.S. Pat. No. 3,378,479 described an
      electrolytic cell having a mesh-like tubular anode positioned adjacent a
      transparent casing and a cylindrical cathode extending along the axis of
      the anode. U.S. Pat. No. 3,718,540 discloses an electrolysis cell which
      comprises tubular cathode and a generally cylindrical anode extending
      along the axis of the cathode and terminating in a point. Water swirls
      through the cell due to the arrangement of the inlet passages. Other
      patents disclosing similar electrolytic cells include U.S. Pat. Nos.
      1,020,001, 3,457,152, and 3,528,905.
PAR  The second objective of the ideal regeneration apparatus relates to its
      electrical efficiency, which can be defined as the amount of oxidant
      produced (i.e. regenerated) per ampere of current (alternatively, such
      efficiency can be expressed as the coulombic efficiency, or the ratio of
      the amount of oxidant actually produced and the amount of oxidant
      theoretically produced as determined from the Faraday laws of
      electrochemistry). An increase in the electrical efficiency of the
      apparatus results in an increase in the effectiveness of the solution in
      treating air because of the increased amount of oxidant in the solution
      contacting the air. It has been found that the electrical efficiency of an
      electrolytic regeneration cell depends upon the uniformity of current
      density in the fluid being electrolyzed. The presence of edges and other
      irregularites in the electrodes of prior electrolytic cells has prevented
      uniform current density between the electrodes and has, therefore, limited
      their electrical efficiency.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to electrolyze electrolytically
      regeneratable oxidizing agents in an aqueous acid solution in an efficient
      and economical manner.
PAR  Another object of the invention is to provide an improved apparatus for
      elctrolyzing electrolytically regeneratable oxidizing agents in an aqueous
      acid solution circulating through an air treatment system.
PAR  A further object is to provide apparatus of the preceding type which
      regenerates the oxidizing agents without impeding the flow rate of the
      solution.
PAR  Another object of the invention is to provide electrolytic regeneration
      apparatus of above type wherein oxidizing agents are rapidly produced and
      carried from the apparatus for circulation through the air treatment
      system.
PAR  Still another object is to provide apparatus of the foregoing type which
      has a high electrical efficiency.
PAR  A still further object of the present invention is to provide an
      electrolytic cell of the preceding types wherein the ratio of the anode
      area to the cathode area can be easily and accurately controlled.
PAR  Yet another object of the invention is to provide regeneration apparatus of
      the foregoing type which is susceptible to use in modular form.
PAR  Still another object of the invention is to provide an electrolytic cell
      which is not susceptible to corrosion by acidic materials.
PAR  An additional object is to provide apparatus for safely electrolyzing an
      oxidizing agent in an aqueous acid solution.
PAR  Other objects will be apparent from the description to follow and from the
      appended claims.
PAR  The preceding objects are achieved according to the preferred embodiment of
      the invention by the provision of an electrolytic cell for
      electrolytically regenerating ionic oxidizing agents carried in an aqueous
      acid solution, the valence state of the agents having been reduced by
      virtue of their reaction with oxidizable impurities carried in a gas
      stream. The electrolytic cell comprises an anode having at least one
      tubular portion and a cathode having a cylindrical portion disposed within
      each tubular anode portion. Opposing surfaces of the electrodes are
      uniform and concentric about a common axis. Each electrode has a portion
      defining an exterior surface of the cell to which electrical connections
      from a power supply are attached. An inlet is provided near one end of the
      cell and an outlet is provided at the opposite end. Spent acid solution
      from the scrubber of an air treatment system is pumped into the inlet of
      the cell and through the passageway defined by the tubular anode portion
      and the cylindrical cathode portion to the outlet of the cell. As the
      liquid flows through the cell, it is electrolyzed and the valence of the
      ionic oxidizing agents in the solution is increased, thus regenerating the
      oxidizing agents.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows in schematic form a gas purification system incorporating an
      electrolytic cell according to the present invention.
PAR  FIG. 2 shows in cross section an electrolytic cell according to the
      invention.
PAR  FIGS. 3 and 4 are side, cross-sectional views of different modifications of
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The electrolytic regeneration cells described below comprise anodes having
      tubular portions and cathodes having cylindrical portions extending along
      the axes of the anodes. Opposing surfaces of the electrode portions are
      uniform and concentric about a common axis. Aqueous acid solution carrying
      electrolytically regeneratable ionic oxidizing agents whose oxidizing
      capacity has been reduced, flows into the tubular anode portion and
      proceeds at a relatively high velocity across the surfaces of the
      electrodes of the cell. The valence state of the ionic oxidizing agent in
      the solution is increased by virtue of the electrolytic reaction in the
      cell, and the regenerated solution flows out of the cell. Gases produced
      by virtue of the preceding reaction are carried with the liquid and are
      vented downstream of the cell. The electrolytic reaction occurs
      continuously and rapidly as the liquid passes through the cell so that the
      size of the cell is relatively small. Characteristics of the cell relating
      to its geometry, construction and functioning are described below.
PAR  The electrolytic regeneration apparatus which is the subject of the present
      invention finds particular application in air purification systems of the
      type shown schematically in FIG. 1. Referring to this figure, a system is
      depicted which includes a scrubber 1 wherein a waste gas stream is placed
      in a mass transfer relationship with an aqueous acid stream containing an
      electrolytically regeneratable ionic oxidizing agent. This agent reacts
      with and destroys impurities in the air stream. The system further
      includes a pump 3 for circulating an acid solution containing the
      foregoing oxidizing agent, a regenerator or electrolytic cell 5 which is
      the subject of the present invention and serves to electrolytically
      regenerate the oxidizing agent, and a distributor 7 for distributing the
      acid solution across the area of the scrubber. Regenerator 5 is energized
      by a low voltage direct current power source 8. Air containing odorous
      materials and other pollutants emanates from a source 9 and flows through
      a series of ducts 10, 11 and 12, and through an air inlet 13 into scrubber
      1. A bed of packing 15 extends upwardly from a support near the lower
      portion of scrubber 1 to a level near the uppermost part of distributor 7.
      Air from duct 13 flows upwardly through packing 15 whrein it contacts the
      acid solution flowing downwardly from distributor 7. The treated gas seeps
      through a demisting apparatus 17 in which liquid droplets are filtered
      from the air stream, and thence through outlet 19 into the atmosphere.
PAR  The acid solution referred to above is preferably an aqueous acid stream
      containing an electrolytically regeneratable ionic oxidizing agent as
      discussed more fully in previously cited U.S. Pat. No. 3,793,171. The acid
      solution, whose oxidizing agent is at the higher of its possible valence
      states, flows from distributor 7 downwardly through packing 15 and the
      oxidizing agent reacts with and oxidizes oxidizable impurities in the
      waste gases moving upwardly through the packing. Spent acid falls to the
      base of scrubber 1 and proceeds through a drain 21 into a receiving tank
      23. Pump 3 moves the spent acid solution through a pipe 25 into
      regenerator 5 wherein the liquid is electrolyzed to regenerate the
      oxidizing agents in the solution. The acid solution then proceeds back to
      distributor 7 through a pipe 27.
PAR  Regenerator 5 is an essential part of the foregoing system for it makes
      possible the continuous recycling of the acid solution and the oxidizing
      agents carried thereon. The rate at which the regenerator can restore the
      oxidizing agents to the valence state necessary to render the oxidizing
      potential of the agent sufficient to satisfactorily oxidize impurities in
      the gas stream being treated, generally controls the rate at which the gas
      stream can be treated. The functioning and electrical efficiency of the
      regenerator thus, in large part, controls the functioning and efficiency
      of the entire system.
PAR  Proceeding now to FIG. 2, an electrolytic regeneration cell or regenerator
      31 is shown. The cell comprises an anode 32 having a tubular portion 33
      fabricated from lead and a flange 35 supporting the tubular portion.
      Flange 35 defines an exterior surface of the cell to which an electrical
      connection 36 from low voltage power source 8 is attached. A cylindrical,
      protective casing 37 surrounds tubular anode portion 33 and is fabricated
      from some appropriate, sturdy material such as polyvinyl chloride. A
      cathode 38 includes a cylindrical portion 39 in the form of an elongate
      copper rod having a protective lead coating. Cylindrical cathode portion
      39 is supported by a flange 41. Flange 41 is constructed from lead and is
      disposed at the opposite end of the cell from flange 35 which supports the
      anode. Flange 41, like flange 35, has an exterior surface to which an
      electrical connection 42 from the low voltage direct current power source
      is attached. The opposing surfaces of anode portion 33 and cathode portion
      39, i.e. the inner surface of the former element and the outer surface of
      the latter element, are uniform and concentric about a common axis. The
      term uniform as used herein refers to an imperforate, substantially smooth
      surface which is generally devoid of irregularities. Such construction
      results in the previously discussed uniform current density needed for a
      high electrical efficiency of the regenerator. The cathode and anode are
      electrically insulated from each other so that any current passing
      therebetween is through liquid in the cell.
PAR  A flanged cylindrical section 43 forms an end of casing 37, and includes a
      conduit 44 extending radially toward cell 31. An opening 45 in tubular
      anode portion 33 is aligned with conduit 44 to admit solution into the
      passageway between electrode portions 33 and 39. Similarly, a discharge
      conduit 46 is provided in a second flanged cylindrical casing section 47
      near the opposite end of the cell from the inlet. An opening 48 in anode
      portion 33 is aligned with conduit 46 for directing liquid thereto.
PAR  When the D.C. power source is connected across electrodes 32 and 38, and
      electric potential is established across the anode and cathode so that a
      desired current flow from the anode to the cathode occurs. The electrodes
      of cell 31 shown in FIG. 2 are designed to carry a current flow of, for
      example, 1000 amps with a voltage drop of 3 volts from the anode to the
      cathode when an aqueous acid solution of the type used in the system shown
      in FIG. 1 flows through the cell.
PAR  Cost studies have shown that power supplies having equal power outputs vary
      in cost according to the current output of the power supply, so that it is
      less expensive to produce low amperage, high voltage power than it is to
      produce high amperage, low voltage power. In order to make use of the less
      expensive power supplies, the inventor has designed a modification of cell
      31 wherein the electrodes are connected in series so that a lower amperage
      requirement is placed on the power source than in the preceding
      embodiment, although the power source must supply the reduced amperage at
      a higher voltage. Referring to FIG. 3, there is shown an electrolytic cell
      51 which includes an anode 52 having a pair of aligned, coaxial, tubular
      anode portions 53 and 55 which are insulated from each other. Anode
      portion 53 is supported at one end by a flange 57 which defines an
      exterior surface of the cell to which an electrical connection 58 from the
      power supply is attached. Cell 51 further includes a cathode 59 comprising
      a pair of aligned cylindrical cathode portions 60 and 61 which are
      fabricated from lead coated copper rods and which extend along the axes of
      the tubular anode portions 53 and 55 respectively. Cathode 59 further
      includes a lead flange 63 from which cathode portion 61 extends. Flange 63
      also defines an exterior surface of the cell to which an electrical
      connection 64 from the power supply is attached. The means of support of
      anode portion 55 and cathode portion 60 are not shown, but they should
      comprise means which insulate elements 55 and 59 from the other electrode
      portions and which are of sufficient strength and durability. Cell 51 thus
      comprises two anode-cathode pairs, e.g. anode portion 53 and cathode
      portion 60, and anode portion 55 and cathode portion 61. The opposing
      surfaces between which current flows of each anode-cathode pair are
      uniform and concentric about a common axis as discussed hereinbefore.
      These electrode pairs are connected in series by an electrical connector
      65. A generally cylindrical casing 67 surrounds anode portions 53 and 55
      to protect these anodes, and is preferably fabricated from a sturdy
      material such as polyvinyl chloride. A removable plate 69 is provided at
      the midsection of casing 69 to provide access to connector 65. A flanged
      cylindrical section 70 forms an end of casing 67, and a conduit 71 is
      provided in section 70 for admitting the aqueous acid solution into cell
      51. An opening 72 in anode portion 53 permits the passage of the liquid
      into the passageway between the tubular anode portions and their
      concentric cathode portions. Similarly, a flanged cylindrical section 73
      forming the other end of casing 67 includes a conduit 74 for discharging
      liquid from cell 51, and again, an aligned opening 75 is provided in anode
      portion 55 to permit this passage of the liquid.
PAR  The embodiment shown in FIG. 3 differs from that shown in FIG. 2 in that
      the latter regenerator or cell 31 includes but one anode-cathode pair,
      whereas in FIG. 3, the embodiment includes two anode-cathode pairs in
      series. For identical current requirements, cell 51 can use a less
      expensive power supply than that in the preceding figure. For example, if
      1000 amps of current are required of each of the two cells, this could be
      accomplished using cell 31 with a power supply having an output of 1000
      amps and 3 volts. The same net result can be accomplished with cell 51
      using a power supply having an output of 500 amps at 6 volts. In the
      latter case, 500 amps of current flow between anode portion 53 and cathode
      portion 60 at a voltage drop of approximately 3 volts betweeen these two
      electrodes. Then, since these electrodes are connected in series, a second
      current flow of 500 amps occurs between anode portions 55 and 61 at
      another voltage drop of approximately 3 volts. The total of amperage
      flowing across the liquid solution is the required 1000 amps.
PAR  A variation of the embodiment shown in FIG. 3 is illustrated in FIG. 4.
      Since there is substantial similarity of construction between these
      embodiments, the parts in the embodiment shown in FIG. 4 have been
      ascribed the same numerals as those of the corresponding parts in the
      embodiment of FIG. 3, with a prime designation. Reference is made to the
      description of the embodiment of FIG. 3 to explain the construction of the
      embodiment in FIG. 4. The main difference between the embodiments of FIGS.
      3 and 4 resides in the location of connections 65 and 65'. Connection 65
      is disposed within electrolytic cell 51, whereas connection 65' extends
      between an exterior surface on a flange 55" (which supports tubular anode
      portion 55') and an exterior surface of an end 59" of cylindrical cathode
      portion 59' which extends through a support flange 59' . The attachment of
      electrical connections to exterior portions of the respective electrodes
      facilitates the ease with which such attachments can be made, and avoids
      the deleterious effects from the acidity and motive force of the aqueous
      acid solution. These advantages apply not only to connections between
      anode-cathode pairs, but also to the exterior connections from the
      electrical power sources in the embodiments of FIGS. 2-4.
PAR  Each of the embodiments of the invention described above is characterized
      by numerous advantages. The uniform current density in the aqueous acid
      solution flowing through the apparatus effects a high electrical
      efficiency of the regeneration cell. Such efficiency reflects a high rate
      of regeneration for the amount of electrical energy expended. Therefore,
      the size of the regenerative apparatus can be kept small, and effective
      use is made of the aqueous acid solution in the air treatment system.
      Furthermore, the previously referred to anode to cathode area ratio can be
      controlled with ease according to the diameters of cooperating electrode
      portions. In addition (or alternatively) portions of either electrode can
      be masked off and rendered ineffective by means of some insulating
      material such as an appropriate plastic.
PAR  The flow of aqueous acid solution through the apparatus is fast and
      vigorous, so that recirculation of the solution in the air treatment
      system is not impeded by the apparatus. High concentrations of the
      oxidants do not accumulate on the electrodes because of the vigorous flow
      of solution, adding to the effectiveness thereof. The vigorous flow of
      liquid through the cell occurs across all of the surface areas of the
      electrodes so that the disadvantages associated with stagnant pools of
      solution in the cell are avoided.
PAR  The electrolytic reaction which occurs within the cell in the above system
      forms hydrogen gas which is highly flammable and potentially very
      dangerous. The apparatus according to the present invention enables the
      safe venting of this and any other dangerous gas without the need for any
      additional equipment. The gas is simply carried out of the cell by the
      flowing liquid and, referring to FIG. 1, simply escapes into the
      atmosphere through the discharge openings at the top of scrubber 1 as the
      acid solution flows into the scrubber. This hydrogen gas leaves the system
      in a highly dilute and hence safe condition because it is mixed with the
      relatively tremendous volume of air exiting through the same openings.
PAR  The present invention has in practice been found to be highly efficient,
      economical, and reliable. Since the regenerator cell lends itself to
      modular construction, a plurality of such cells can be connected together
      hydraulically and electrically in series or in parallel, should the
      requirements of the system require a high rate of electrolysis.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but variations and modifications within the
      spirit and scope of the invention may occur to those skilled in the art to
      which the invention pertains.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for electrolyzing electrolytically regeneratable ionic
      oxidizing agents in a fluent aqueous acid solution to increase the
      oxidation state of said ions, said apparatus comprising:
PA1  an anode comprising an elongated tubular member;
PA1  a cathode comprising an elongated cylindrical rod positioned inside the
      tubular anode, said tubular anode and said cylindrical rod cathode having
      opposing surfaces, said opposing surfaces being uniform, and concentric
      about a common axis and defining a passageway therebetween;
PA1  means for connecting said anode and said cathode to an electric energy
      source to impress an electric potential across said anode and said cathode
      to effect an electric current flow between said opposing surfaces through
      solution flowing in said passageway;
PA1  inlet means for admitting the aqueous acid solution into said passageway
      adjacent one end of said apparatus;
PA1  outlet means for discharging the aqueous acid solution from said passageway
      adjacent the other end of said apparatus,
PA1  the exterior diameter of the rod cathode being smaller than the interior
      diameter of the tubular anode so that the anode area in contact with the
      regeneration ionic oxidizing agents in the aqueous acid solution passing
      through said apparatus is larger than the cathode area in contact
      therewith, to thereby inhibit the rate at which the valence of the ions at
      the cathode are reduced and increase the production of ions in a high
      oxidation state in the aqueous acid solution leaving the apparatus,
PA1  said anode tubular member comprising a plurality of axially aligned tubular
      anode portions having ends substantially open to one another for free flow
      of said aqueous acid solution through said apparatus from one anode
      portion to the next anode portion, said cathode cylindrical rod comprising
      a plurality of axially aligned cylindrical rod cathode portions, each said
      cylindrical rod cathode portion being positioned inside one of said
      tubular anode portions to form an anode-cathode pair having opposing
      surfaces, and said apparatus further comprising means for electrically
      connecting said anode-cathode pairs in series to decrease effective
      current required by said apparatus.
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ABST
PAL  Apparatus for electrophoretic analysis of ions or like electrically charged
      particles, wherein the potential gradients of the different kinds of ions
      contained in a liquid column formed in an electrophoretic capillary tube
      are detected and the ratio between potential gradient of a selected one of
      said different kinds of ions and that of each of the other kinds of ions
      is calculated to obtain a value relating to the mobility of each of said
      different kinds of ions.
BSUM
PAR  This invention relates to an apparatus for electrophoretic analysis of ions
      or like electrically charged particles.
PAR  Isotachophoretic analysis is generally conducted in the following manner. A
      leading electrolytie, a terminal electrolyte and a sample solution between
      the two electrolytes are introduced into a capillary tube to form a liquid
      column therein, to which an electric field is applied along the length of
      the liquid column for separation of the component ions of the sample. In
      this case, if the ions or other electrically charged particles in the
      sample to be analyzed (which will be referred to simply as the ions) are
      cations, for example, the leading electrolyte contains a single kind of
      cations having a higher mobility than that of the sample ions while the
      terminal electrolyte contains a single kind of cations having a lower
      mobility than that of the sample ions.
PAR  The cations in the sample solution are separated as they migrate toward the
      cathode and when they have been completely separated, different zones are
      formed lying in the order of their respective mobilities and then these
      zones migrate at a constant speed. The width (that is, the thickness in
      the direction of migration) of each zone is proportional to the number of
      the ions contained therein. Therefore, by measuring the width of each of
      the completely separated zones it is possible to quantitatively determine
      the sample ions. The width of the zone can be measured by detecting the
      boundary between adjacent zones containing different kinds of ions.
PAR  Various types of detectors have hitherto been used for detecting the zone
      boundaries, such as those which depend for detection of the zone
      boundaries upon difference in absorption of ultra-violet rays by different
      zones or difference in the amount of heat pproduced due to the difference
      in the amount of heat produced due to the difference in the resistance
      between different zones, and those which are so designed as to detect the
      potential gradient along the liquid column in the capillary tube. The
      latter type, which is generally referred to as the potential gradient
      detector, has come to be in wide use due to its high sensitivity and
      versatility.
PAR  As is well known, in isotachophoresis the migration current is always at a
      constant level and determines the migration speed of the ion, so that so
      long as the migration current is kept at a constant level, the migration
      speed of the ion is kept constant.
PAR  On the other hand, the migration speed S of the ion can be expressed as the
      product of the inherent mobility M of the ion and the potential gradient V
      thereof as follows:
EQU  S = M.sup.. V                                              (1)
PAR  if the speed S is constant, the above equation is expressed as:
EQU  M.sup.. V = k                                              (2)
PAR  This means that the mobility is in inverse proportion to the potential
      gradient V.
PAR  Suppose that different kinds of ions contained in a sample have mobilities
      M1, M2, M3 . . . Mn and potential gradient values V1, V2, V3, . . . Vn,
      respectively, the following equation is obtained provided that the
      migration speeds of the ions are equal.
EQU  M1V1 = M2V2 = M3V3 . . . = MnVn = k                        (3)
PAR  From this equation we obtain
      ##EQU1##
PAR  It is obvious from the equation (4) that the ratio of the potential
      gradient of one of the different kinds of sample ions to that of another
      kind is equal to the ratio of the mobilities of the two kinds of sample
      ions, and these values are independent of the migration speed. Therefore,
      if the potential gradients of the sample ions in the separated zones are
      measured so that with the potential gradient (e.g., V1 in equation (4)) of
      one particular kind of the sample ions being chose as a standard or
      reference, if the ratio of each of the potential gradients (V2, V3, . . .
      and Vn) of the other sample ions to the standard value V1 is calculated,
      it is possible to obtain values related to the mobilities of the sample
      ions and from these values the sample components being measured can be
      identified.
PAR  Accordingly, the primary object of the invention is to provide an apparatus
      for electrophoretic analysis of samples, which is capable of obtaining a
      value relating to the mobility specific to each of the separated sample
      ions so that the sample ions can easily be identified. To this end, in
      accordance with the invention the potential gradient of a standard or
      reference ion and those of the sample ions are measured and the ratio of
      the potential gradient of each of the sample ions to that of the reference
      ion is calculated.
PAR  In one embodiment of the invention the apparatus comprises a first detector
      for detecting the potential gradient of a leading ion, a second detector
      for detecting the potential gradients of the different kinds of ions
      contained in a sample, the first and second detectors being arranged
      alongside the capillary tube in which isotachophoretic separation of the
      sample ions is to be effected, an operation circuit for performing a
      predetermined operation on the outputs from the two detectors to produce
      an output corresponding to the ratio of the potential gradient of each of
      the different kinds of sample ions to that of the leading ion; and an
      indicator for indicating the output from the operation circuit.
PAR  In another embodiment of the invention the apparatus comprises a detector
      for detecting the potential gradient of each of different kinds of ions, a
      circuit for storing the output from the detector corresponding to the
      potential gradient of a particular kind of ions, an operation circuit for
      the outputs from both the storing circuit and the detector to produce an
      output corresponding to the ratio of the potential gradient of each of the
      different kinds of ions to that of said particular kind of ions, and an
      indicator for indicating the output from the operation circuit.
PAR  As previously mentioned, the migration speed S of a certain kind of ions is
      given by the product of the mobility M and the potential gradient V
      thereof, that is, S = M.sup.. V. Therefore, the mobility M can be
      expressed as
EQU  M = S/V                                                    (5).
PAR  if the migration speed and the potential gradient of a sample ion are
      measured, it is possible to calculate the mobility specific to the ion and
      consequently identify the ion.
PAR  Another object of the invention is, therefore, to provide an apparatus for
      electrophoretic analysis of ions or like charged particles, which is
      capable of directly obtaining the mobility of a sample ion immediately
      after it has been separated, so that the sample ion can be identified. To
      this end the apparatus of the invention comprises a detector for detecting
      the potential gradient of each separated ion to produce a corresponding
      output signal, a detector for detecting the migration speed of the ion to
      produce a corresponding output signal, an operation circuit for conducting
      a predetermined operation on the outputs from the detectors to produce a
      corresponding output signal, and an indicator for indicating the output
      from the operation circuit.
DRWD
PAR  The invention will be explained in detail with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a schematic view of an apparatus for electrophoretic analysis;
PAR  FIG. 2 is a sectional view of a potential gradient detector used in the
      apparatus of FIG. 1;
PAR  FIG. 3A is a schematic representation of separated ions in a capillary
      tube;
PAR  FIG. 3B shows the potential distribution along the capillary tube;
PAR  FIG. 3C shows the potential gradients and mobilities of the separated ions;
PAR  FIG. 3D shows the differentiated values of the potential gradients; and
PAR  FIGS. 4 to 6 are schematic views of different embodiments of the apparatus
      of the invention.
DETD
PAR  Referring in detail to the drawings, first to FIG. 1, there is shown a
      capillary tube 1, which is made of an insulating material such as Teflon.
      The inner and outer diameters of the tube are, for example, 0.5 mm and 2
      mm, respectively. A chamber or cell 2 enclosing a terminal electrode 21 is
      connected to one end of the capillary tube, to the other end of which
      another chamber or cell 3 enclosing a leading electrode 31 is connected.
      The two electrodes 21 and 31 are connected through lines 41 and 42 to the
      negative and positive output terminals of a source of electricity 4, which
      may comprise a current stabilized power supply which provides an
      adjustable constant output direct current, with a neutral tap being
      preferably grounded.
PAR  A pair of conduits 51 and 52 connect the terminal and leading electrode
      chambers 2 and 3 to a pair of tanks 54 and 53, respectively, adjacent the
      bottom portions thereof, which contain terminal and leading electrolytes,
      respectively. Stop valves 57 and 58 are inserted in the conduits 51 and 52
      to control the supply of the electrolytes from the tanks 53 and 54 to the
      chambers 2 and 3. A pipe 55 connects the upper portions of the tanks 53
      and 54 to a sourse 56 of presurized inert gas such as helium.
PAR  The capillary tube is provided with a sample introducing device 22 through
      which a leading electrolyte are introduced into the capillary tube to form
      a liquid column therein in the well known manner.
PAR  A heating chamber 7 encloses the capillary tube 1 to keep the liquid column
      at a predetermined temperature, which is controlled by a source of
      electricity 71.
PAR  Adjacent one end of the capillary tube there is provided a detector 8, one
      example of which is shown in FIG. 2 as a potential gradient detector. The
      detector comprises a holding block 81 made of a transparent insulating
      material such as methacrylic resin, and along the axis of the block 81
      there is provided a hollow cylindrical detecting chamber 82 having its
      opposite ends connected to the end portions 11 and 12 of the capillary
      tube 1.
PAR  The end portions of the tube are secured to and supported by the block 81
      by means of screw plugs 84 with a seal tape 83 sealing between the
      adjacent members. A pair of electrodes 85 and 86 for detecting the
      potential gradient, made of a platinum wire having a diameter of about
      0.08 mm, extend normal to the axis of the detecting chamber through a pair
      of holes formed in the block 81 as far as the inner ends of the electrode
      wieres are expposed at, but not projecting from, the inner surface of the
      detecting chamber 82, with the other ends of the electrodes being soldered
      to the bare ends of cable wires 87 held by the block 81. The space about
      the electrodes and the bare ends of the cable is filled with a suitable
      insulating adhesive material 88 such as Araldite (a trademark of CIBA).
PAR  It should be noted as the important features of the detector shown in FIG.
      2 that, firstly, the inner diameter of the detecting chamber 82, e.g. 0.8
      mm, is somewhat greater than that of the capillary tubes 11 and 12, e.g.
      0.5 mm and, secondly, the electrodes 85 and 86 comprise as thin wires as
      possible the inner ends of which do not project into the detecing chamber
      82 but agree with the inner wall surface thereof.
PAR  Due to the first feature the current density becomes lower in the detecting
      chamber than in the capillary tubes 11, 12 and due to the second feature
      the area of the electrodes which is in contact with the liquid in the
      detecting chamber is minimized so that discharge of the ions at the
      electrode surface and consequent formation of bubbles and attachement of
      deposits to the electrodes can be suppressed to a great extent.
PAR  Returning to FIG. 1, the sensing electrodes 85 and 86 are connected through
      a pair of cables 87 to an impedance converter 91 having a high input
      impedance and a low output impedance. The output of the impedance
      converter 91 is applied to a voltage-to-frequency converter 92 which
      produces a pluse signal the frequency of which is proportional to the
      output of the impedance converter 91. A first energy converter 93 such as
      a light emitting diode receives the output electrical signal from the
      converter 92 to convert it to a corresponding optical or other
      electromagnetic wave signal. A channel 94 transmits the electromagnetic
      wave from the first energy converter 93 to a second energy converter 95
      such as a phototransistor or phototube which converts the optical signal
      again to a corresponding electrical pulse signal. The electrical signal is
      applied to a frequency-to-voltage converter 96 which produces a voltage
      corresponding to the frequency of the electrical signal received from the
      converter 95.
PAR  The output from the frequency-to-voltage converter 96 is applied to a
      signal processing circuit 97 including a differentiator and other elements
      not shown, the output from which is applied to a recorder 98, which may be
      replaced by an indicator, a displayer or any other suitable device for
      measuring the zone width.
PAR  An insulating means 99 isolates the circuits 91, 92 and 93 from the ground
      so as to prevent any leakage current from flowing between the sensing
      electrodes and the ground. The arrangement helps completely isolete the
      sensing portion from the fixed potential source such as the ground so that
      no leakage current flows between the sensing electrodes and the exterior
      parts thereby preventing formation of bubbles.
PAR  In operation, a leading electrolyte, a sample solution and a terminal
      electrolyte are introduced into the capillary tube, with the sample being
      interposed between the two electrolytes. When the output from the source 4
      is impressed across the electrodes 21 and 31, a potential gradient is
      produced along the liquid column formed in the capillary tube 1, so that
      the ions, say, anions in the sample migrate toward the positive electrode
      31.
PAR  The different kinds of anions in the sample are gradually separated into
      different zones according to their inherent mobilities as they move at
      their respective migration speeds which are betwwen the migration speed of
      the anions of the leading electrolyte and that of the anions of the
      terminal electrolyte. When the separation has been completed, each of the
      separated zones includes a different single kind of ions contained in the
      sample and the widths of the zones are proportional to the amounts of the
      sample ions introduced. After that the zones move at the same speed.
PAR  FIG. 3A schematically shows the zones completely separated in the above
      manner. In FIG. 3A the symbols + and - designates the polarities of the
      voltage impressed across the liquid column in the capillary tube; the
      numeral 8 designates the potential gradient detector; and the symbols
      A.sup.- and B.sup.- designate the leading and the terminal ions,
      respectively, with different kinds of sample ions C.sup.-, D.sup.- and
      E.sup.- in the separated zones between the leading and the terminal
      electrolytes.
PAR  FIG. 3B shows the potential distribution of each ion in the capillary tube
      at a time corresponding to the separated condition shown in FIG. 3A, and
      FIG. 3C shows the potential gradient values VA, VB, VC and VE and
      mobilities MA, MC, MD and ME of the ions. This means that the potential
      gradient values detected by the detectors 8 as the separated zones pass
      the detector one after another will draw the same curve as shown in FIG.
      3C provided that the capillary tube has a sufficient length between the
      sample introducing device 22 and the detector 8 for the sample ions to be
      completely separated.
PAR  If the output from the detector 8 is differentiated so that the
      differentiated signal is plotted aginst time, a graph as shown in FIG. 3D
      is obtained. By the distance between adjacent differentiated signal peaks
      it is possible to know the width of each zone and consequently determine
      the quantity of each component of the sample, and by the difference in
      height between adjacent peaks it is possible to known the presence of a
      difference in mobility between the sample ions in adjacent two separated
      zones. However, these informations can be obtained only after the data on
      the recorder chart have been analyzed, and such analysis requires somewhat
      troublesome work.
PAR  According to this invention, the ratio of the potential gradient of each
      sample ion to that of a specific or reference ion is calculated, and
      directly from the ratio the sample ion can be identified.
PAR  FIGS. 4 and 5 schematically show different embodiments of the invention.
      First in FIG. 4 a pair of electrodes b and c apply a constant current to
      an electrophoretic capillary tube a, within which leading ions A.sup.- and
      terminal ions B.sup.- and three different kinds of sample ions C.sup.-,
      D.sup.- and E.sup.- now completely separated migrate at a constant speed
      toward the anode b.
PAR  A pair of first and second potential gradient detectors d and e are
      provided on the capillary tube, the detector d being at the side of the
      anode and the detector e being at the side of the cathode. The two
      detectors detect the potential gradients of the ions A.sup.-, C.sup.-,
      D.sup.- and E.sup.- to produce corresponding output signals. A storing
      circuit f is connected to the output of the detector d to store the
      detected potential gradient of the leading ion A.sup.-. An operation
      circuit g is connected to the output of the storing circuit f and that of
      the second detector e to calculate the ratios VC/VA, VD/VA and VE/VA,
      wherein Va is the potential gradient of the leading ion A.sup.- and VC, VD
      and VE are those of the sample ions C.sup.-, D.sup.- and E.sup.-.
PAR  As previously mentioned, these ratios are equal to the ratios of the
      mobility MA of the leading ion A.sup.- to those MC, MD and ME of the
      sample ions C.sup.-, D.sup.- and E.sup.-, that is, MA/MC, MA/MD and MA/ME,
      respectively. Since the ratios VC/VA, VD/VA and VE/VA are constant
      regardless of the measuring conditions such as the migration current, the
      diameter of the capillary tube, the concentrations of the electrolytes,
      etc., each of the ratios VC/VA, VD/VA and VE/VA expresses a value specific
      to the corresponding component ion of the sample.
PAR  Therefore, by indicating these values on a recorder or indicator h it is
      possible to obtain values relating to the mobilities specific to the
      sample components.
PAR  Turning to FIG. 5 which shows another embodiment of the invention, and
      wherein the same reference numerals denote corresponding parts, a
      potential gradient detector d detects the potential gradients of the
      leading ion A.sup.- and the sample ions C.sup.-, D.sup.- and E.sup.-
      succesively, and a storing circuit f is connected through a switch i to
      the detector d so as to store the potential gradient VA of the leading ion
      A.sup.-. An operation circuit g is connected to the output of the storing
      circuit f and that of the detector d so as to calculate the ratios VC/VA,
      VD/VA and VE/VA of the potential gradients VC, VD and VE of the sample
      ions successively detected by the detector d to the potential gradient VA
      of the leading ion.
PAR  In the above description, the ratio of the potential gradient of each
      sample ion to that of the leading ion is calculated, but the arrangement
      may be such that one of the different kinds of sample ions is chosen as
      the standard or reference ion and the ratio of the potential gradient of
      each of the other kinds of ions to that of the reference ion is
      calculated.
PAR  The following table shows the results of an experiment conducted in
      accordance with the invention. Chloride ion is used as the leading ion and
      chosen as the standard or reference and the ratios of the potential
      gradients of the other ions to that of the reference ion are obtained,
      while the inverse ratios of the mobilities of these ion are obtained
      theoretically from the mobilities of the ions. The migration current is
      100 .mu.A and the pH is 6.0.
TBL            Ratios of potential                                             
                               Inverse ratios of                               
               gradients       mobilities                                      
                               (theoretical values                             
     ______________________________________                                    
     Chloride ion                                                              
               1.00            1.00                                            
     Sulphate ion                                                              
               1.20            1.30                                            
     Nitrate ion                                                               
               1.35            1.39                                            
     Oxalate ion                                                               
               1.50            1.45                                            
     Formate ion                                                               
               1.90            1.82                                            
     Citrate ion                                                               
               2.10            1.99                                            
     Maleinate ion                                                             
               2.50            2.42                                            
     Acetate ion                                                               
               4.10            --                                              
     Gultamate ion                                                             
               8.00            --                                              
     ______________________________________                                    
PAR  As shown in the table, the ratios of the potential gradients are slightly
      different from the inverse ratios of the mobilities although theoretically
      these two ratios must be equal.
PAR  The cause for the discrepancy may be due to errors in the experiments which
      have been caused by the low precision of the measuring device or by the
      fact that the mobility of each ion, unlike its atomic or molecular weight,
      considerably varies with the pH of the solution, the ambient temperature
      and other measurement conditions. However, the discrepany is negligible in
      practice in identification of various ions and can be reduced by improving
      the precision of the measuring device.
PAR  FIG. 6 schematically shows a third embodiment of the invention for directly
      obtaining the mobility of each separated sample ion from the potential
      gradient and the migration speed thereof. In FIG. 6 the same reference
      symbols as in FIGS. 4 and 5 denote corresponding parts so that explanation
      of these parts will be omitted.
PAR  In addition to the potential gradient detector d, the capillary tube a is
      provided with a migration speed detector generally designated by 60. The
      detector 60 comprises: a pair of zone bundary detectors 61 and 62 arranged
      a predetermined distance apart from each other along the length of the
      capillary tube; a time measuring circuit 63 controlled by the output
      signals from the detectors 61 and 62; and a migration speed signal
      producing circuit 64 which receives the output from the time measuring
      circuit 63 to produce an output signal corresponding to the migration
      speed of the ion that has passed the zone boundary detectors 61 and 62.
      The migration speed signal from the circuit 64 is stored in a storing
      circuit 65.
PAR  The output from the potential gradient detector d is stored in a storing
      circuit f, the output from which and the migration speed signal from the
      storing circuit 65 are applied to an operation circuit g which conducts
      the calculation of S/V to produce an output signal corresponding to the
      mobility M of the ion. The signal expressing the mobility of the ion is
      indicated by recorder or indicator h.
PAR  In operation, the potential gradient detector d detects the potential
      gradient of one of the separated ions after another as they move through
      the capillary tube toward the anode, and the detected potential gradient
      values are successively stored in the storing circuit f.
PAR  On the other hand, if the zone boundary detectors 61 and 62 are so designed
      as to produce an output in response to a change in the potential gradient,
      when the boundary between the zone containing the A.sup.- ions and the
      zone containing the C.sup.- ions passes the detector 61, this detector
      produces an output pulse whereupon the time measuring circuit 63 is
      started to produce an output signal until the same boundary passes the
      detector 62, whereupon the detector 62 produces an output pulse to
      terminate the output from the time measuring circuit 63. In response to
      the output from time measuring circuit 63, the circuit 64 calculates the
      migration speed of the ions C.sup.- to produce a corresponding signal.
PAR  Since the different kinds of ions have the same migration speed, the
      migration speed signal is stored in the storing circuit 65, so that from
      this migration speed and each of the potential gradient values of the
      different kinds of ions the mobility specific to each of the different
      kinds of ions is calculated and then indicated on the indicator h.
PAR  As mentioned just above, since the different kinds of ions have the same
      migration speed, if the time required for the boundary between the zones
      of the A.sup.- and C.sup.- ions to move from one of the two zone boundary
      detectors to the other is measured and memorized, it is not necessary to
      detect the migration speed again.
PAR  Various modifications and changes of the arrangements of the invention are
      possible. For example, in FIG. 6 the storing circuit f may be omitted; and
      one of the two zone boundary detectors may be replaced by the potential
      gradient detector.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Apparatus for electrophoretic analysis of ions and like electrically
      charged particles comprising: a capillary tube; means for providing within
      said tube a liquid column containing different kinds of ions; means for
      providing a potential difference between the opposite ends of said liquid
      column to separate said ions into different zones; means for detecting the
      potential gradients of said ions in said separated zones; and operation
      circuit means for calculating the ratio between the potential gradient of
      one of said different kinds of ions and that of each of the other kinds of
      ions.
NUM  2.
PAR  2. The apparatus of claim 1, further including means for indicating the
      output from said operation circuit means.
NUM  3.
PAR  3. The apparatus of claim 2, wherein said liquid column comprises a leading
      electrolyte containing leading ions, a terminal electrolyte containing
      terminal ions and a sample solution containing a single or different kinds
      of ions and interposed between said leading and terminal electrolytes.
NUM  4.
PAR  4. The apparatus of claim 3, wherein said detecting means comprises a first
      detector for detecting the potential gradient of said leading ions and a
      second detector for detecting the potential gradient of each of said
      sample ions; and wherein said operation circuit means calculates the ratio
      of the potential gradient of each of said different kinds of sample ions
      to that of said leading ions.
NUM  5.
PAR  5. The apparatus of claim 1, further including means for storing the
      potential gradient of a particular one of said different kinds of ions
      detected by said detecting means, and wherein said operation circuit means
      calculates the ratio between the potential gradient of said particular one
      kind of ions to the potential gradient of each of the other kinds of ions.
NUM  6.
PAR  6. Apparatus for electrophoretic analysis of ions and like electrically
      charged particles, comprising; a capillary tube; means for providing
      within said capillary tube a liquid column containing different kinds of
      ions; means for producing a potential difference between the opposite ends
      of said liquid column to separate said ions into different zones; means
      for detecting the potential gradients of said different kinds of ions;
      means for detecting the migration speed of at least one of said different
      kinds of ions; operation circuit means for performing a predetermined
      operation on the outputs from said potential gradient detecting means and
      said migration speed detecting means to produce an output corresponding to
      the mobility of each of said different kinds of ions; and means for
      indicating the output from said operation circuit means.
NUM  7.
PAR  7. The apparatus of claim 6, wherein said liquid column comprises a leading
      electrolyte containing leading ions, a terminal electrolyte containing
      terminal ions and a sample solution containing a single or different kinds
      of ions and interposed between said leading and terminal electrolytes.
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ABST
PAL  Methods of and apparatus for separating hydrocarbonaceous substances from
      mineral solids with which they are mixed, in situ or after they have been
      removed from the geological formation in which they occur. A solvent
      extraction technique is employed; and trichlorofluoromethane is used as,
      or a major constituent of, the extraction solvent.
BSUM
PAR  The present invention relates to the recovery of native hydrocarbons and,
      more particularly, to novel, improved methods of and apparatus for
      recovering such hydrocarbons from tar sands, oil shales, and other
      geological composites of hydrocarbons and mineral solids and from
      exhausted oil bearing formations.
PAR  Tar sands and oil shales represent the world's greatest known reserves of
      native hydrocarbons. The Athabaska tar sand deposits in Canada alone cover
      an estimated 30,000 square miles and are believed to contain some two
      hundred fifty to three hundred billion barrels of a bituminous material
      which can be converted to a synthetic crude. This is five times the proved
      reserves of conventional crude in all of North America and three times
      that produced in all of the world since 1895.
PAR  Other large deposits of oil or tar sands exist elsewhere. There are
      substantial deposits, for example, in Utah and California and in Iran and
      a number of other countries.
PAR  The reserves of petroleumlike hydrocarbons in oil shales are equally
      immense. Deposits occur worldwide with large deposits being found in
      Colorado, Utah, Wyoming, and Texas in this country. The hydrocarbon
      content of the oil shale deposits in the Western United States alone has
      been estimated to be as high as two trillion barrels.
PAR  Tar sands such as those in the Athabaska reserves are composed of sand,
      clay, and silt saturated with a heavy, viscous bitumen which will
      typically constitute 5-21 percent by weight of the composition. The
      formations are highly cohesive and almost impenetrable. They have a
      sticky, molasses-like consistency in warm weather and are rock hard in the
      subzero temperatures which exist in the Athabaska region in the
      wintertime.
PAR  Oil shales are fine-grained sedimentary rocks formed by the consolidation
      of beds of mud, clay, or silt. The rock contains from 20-50 gallons/ton of
      an organic, oil yielding material of bituminous character termed kerogen.
PAR  The separation of the hydrocarbon constituents from the mineral solids of
      tar sands, oil shales, and similar geological composites poses great
      difficulties because of the high viscosity and chemical structure of these
      organic constituents and because of the impermeability of the formations,
      especially in the case of the oil shales. However, because of the rapid
      depletion of proven conventional petroleum reserves and the increasing
      cost of conventional crudes, major efforts have been devoted to the
      development of processes for recovering the hydrocarbon values from such
      geological composites on a commercial scale and at a competitive cost.
PAR  The heretofore proposed techniques for recovering the hydrocarbon
      constituents from tar sands and from oil shales differ to some extent.
      Several approaches to the extraction problem have been promoted in both
      cases.
PAR  Among the techniques proposed for separating the bitumen from tar sands are
      the cold and hot water processes. In the former the tar sand is excavated
      and mixed with an organic solvent. The mixture is then introduced into a
      large volume of water and subjected to pressure or gravity separation.
PAR  In the hot water or flotation process the excavated sands are contacted
      with steam and then mixed with hot water. This produces a pulp which is
      introduced into a stream of hot water, creating a froth containing the
      bitumen. The froth is diluted with naphtha and centrifuged to remove water
      and mineral matter. The naphtha is then distilled off and the bitumen
      coked, yielding a synthetic crude which is suitable for further
      processing.
PAR  Another proposal for recovering hydrocarbons from tar sands, described in
      U.S. Pat. No. 3,157,231 issued Nov. 17, 1964, to Darley, involves the in
      situ extraction of the bitumen with naphtha. A variation of the Darley
      process, which also employs physical dislodgement of grains of sand from
      the formation, is disclosed in U.S. Pat. No. 3,472,553 issued Oct. 14,
      1969, to Miller.
PAR  A quite different approach to the in situ recovery of native hydrocarbons
      from tar sands is promoted in U.S. Pat. No. 3,123,546 issued Mar. 3, 1964,
      to Bodine. This patentee proposes to use acoustical energy to release the
      hydrocarbon constituents from tar sands. The bitumen is then recovered by
      skimming it from the surface of a body of water employed to transmit the
      energy from the acoustical generator to the sands.
PAR  In a still different approach (see U.S. Pat. No. 3,050,289 issued Aug. 21,
      1962, to Gerner), the tar sands are hydraulically mined with a high
      pressure jet of kerosene, naphtha, or gas-oil. The bitumen solution is
      pumped to a fractionator where the solvent is stripped off, and the sands
      are conveyed to a kiln where they are steam stripped of solvent and any
      remaining bitumen.
PAR  All of the heretofore made proposals have serious disadvantages, especially
      from the economic point-of-view.
PAR  One disadvantage of the prior art processes is that recovery rates are low.
      For example, in the flotation process as presently carried out
      commercially, only 60-70 percent of the bitumen present in the material
      removed from the formation ends up as crude.
PAR  The problem is in fact even more serious than might appear from a
      consideration of numerical values alone because it is the valuable, low
      boiling constituents which are lost to the greatest extent.
PAR  Another significant disadvantage of many heretofore proposed processes for
      extracting hydrocarbons from tar sands is that large quantities of water
      are required. This alone can disqualify a process in arid or semiarid
      regions and can cause considerable problems in a cold temperature locale
      such as the Athabaska region.
PAR  In those processes which employ a heating step or steps, the energy
      consumption is also an unattractive economic factor.
PAR  In the case of solvent extraction processes, another disadvantage from an
      economic point-of-view, discussed in U.S. Pat. No. 2,587,729 issued Mar.
      4, 1952, to Huff, is that the solvents heretofore employed in recovering
      hydrocarbons from tar sands have such an affinity for the sand that a
      significant percentage of the solvent is lost in the extraction process.
      This adds appreciably to the cost of the process.
PAR  Yet another disadvantage of many heretofore proposed processes is that they
      generate large quantities of environmentally undesirable waste products.
      Disposal of these materials creates significant problems, both technically
      and economically.
PAR  In addition, many of the proposed processes involve ancillary or
      preliminary steps which make them undesirable. The Darley process, for
      example, involves the sinking of piling to form a divided, enclosed area
      and the excavation of the tar sands from one of the enclosed areas. This
      is unattractive from an economic point-of-view.
PAR  The heretofore proposed processes for recovering hydrocarbons from oil
      shales and substances of a similar nature have, if anything, more
      disadvantages than those available for processing tar sands.
PAR  Probably the most widely investigated technique for processing oil shale
      involves mining and crushing the shale and loading it into a closed retort
      where it is destructively distilled in a non-oxidizing atmosphere.
PAR  Another proposal which has received wide publicity involves the detonation
      of nuclear explosives in oil shale strata to fracture the shale. The shale
      is then heated to release the hydrocarbons, typically by burning a
      combustible gas underground. U.S. Pat. No. 3,342,257 issued Sept. 19,
      1967, to Jacobs describes a process of this character.
PAR  More conventional techniques for the in situ recovery of the kerogen from
      oil shales are described in U.S. Pat. Nos. 3,501,201 issued Mar. 17, 1970,
      to Closmann and U.S. Pat. No. 3,695,354 issued Oct. 3, 1972, to Dilgren.
      Both processes involve the circulation of a hot fluid through fractured
      oil shale to dissolve out the hydrocarbon constituents of the shale or to
      thermally convert them to fluids which can be entrained in the circulating
      medium. The hydrocarbons are then recovered from the circulating medium
      for further processing.
PAR  A related process is described in U.S. Pat. No. 3,661,423 issued May 9,
      1972, to Garret. This patentee's process differs from that just described
      in that hot gases are employed to release the hydrocarbons from the
      fractured shale.
PAR  Yet another type of process for recovering hydrocarbons from oil shale
      involves the steps of mining and crushing the shale and then contacting
      the crushed shale with a solvent to extract the hydrocarbons. This process
      is disclosed in U.S. Pat. Nos. 2,596,793 issued May 13, 1952, to
      Schabelitz and 3,503,868 issued Mar. 31, 1970, to Shields.
PAR  As in the case of tar sands, a major disadvantage of at least the majority
      of the heretofore proposed techniques for recovering hydrocarbons from oil
      shales is that only a fraction of the hydrocarbon is recovered in the form
      of crude.
PAR  Also, the hydrocarbons present in oil shales have a high sulfur content.
      This creates a pollution control problem in processes involving high
      temperatures and vapor generation such as retorting.
PAR  And, in the processes employing high temperatures, energy consumption
      becomes a limiting factor as it does in the recovery of hydrocarbons from
      tar sands.
PAR  The solvent extraction processes heretofore proposed for recovering
      hydrocarbons from oil shale employ high pressures as well as elevated
      temperatures. For example, the process described in the Shields patent
      identified above involves pressures as high as 1000 psi and the process
      disclosed in the Schabelitz patent may employ even higher pressures.
PAR  High pressures are undesirable because of the safety factor. Also, reactors
      and ancillary components capable of withstanding high pressures are
      costly.
PAR  Another disadvantage of heretofore proposed oil shale solvent extraction
      processes is that the solvents employed in them have undesirable
      properties. The Schabelitz process, for example, utilizes methylene
      chloride as the solvent. Inhalation of this compound can cause
      physiological damage as can prolonged or repeated contact of the compound
      with the skin.
PAR  We have now invented novel processes for recovering hydrocarbons from tar
      sands, oil shales, and other hydrocarbon bearing geological composites
      which are free of the above-discussed disadvantages of the prior art
      processes.
PAR  Our hydrocarbon recovery processes are of the solvent extraction type. They
      are, in one respect, novel in that liquid trichlorofluoromethane is
      utilized as the extraction solvent. We have unexpectedly discovered that
      the bitumen found in tar sands and the kerogen in oil shales dissolve
      readily in this medium, permitting the hydrocarbon values to be easily
      separated from the mineral solids of the geological composite. The solvent
      can be removed by a simple and conventional distillation step, by
      stripping, etc. to isolate the hydrocarbons.
PAR  The extraction of the hydrocarbons from the mineral solids can be
      accomplished in situ in the formation or in an appropriate reactor.
PAR  This extraction step can be carried out at atmospheric pressure and at
      ambient temperatures as low as -50 to 60.degree. F. This, coupled with the
      unique capability of trichlorofluoromethane for dissolving the hydrocarbon
      constituents of tar sands, oil shales and other hydrocarbon bearing
      geological composites and additional desirable characteristics of the
      trichlorofluoromethane solvent, gives our novel process a number of
      important advantages.
PAR  Essentially all of the hydrocarbons can be extracted from the mineral
      solids. And, because the process can operate at ambient temperatures, low
      boiling point compounds are not lost in the extraction process.
PAR  A further advantage flowing from the ambient character of the process is
      that fuel requirements are reduced to a fraction of what they are in
      typical prior art processes.
PAR  Only a miniscule amount of water is employed in our extraction process.
      Thus, the difficulties and expense of furnishing the large volumes of
      water required for the flotation process discussed above are eliminated as
      well as the problem of disposing of or reclaiming the water after it has
      become contaminated in the extraction process.
PAR  Also, the mineral residue can be economically cleaned to the point where it
      is essentially free of contaminants capable of posing an ecological
      hazard.
PAR  Because extraction of the hydrocarbons proceeds rapidly at atmospheric
      pressure, the need for carrying out the process at elevated pressures is
      eliminated. This is important from the viewpoints of safety and equipment
      costs.
PAR  Trichlorofluoromethane is not flammable. It has low boiling and freezing
      points (ca. 75 and -168.degree. F., respectively), a low heat of
      vaporization and low viscosity and surface tension, all of which are
      desirable. The compound does not react with hydrocarbons; and it is
      non-toxic and non-corrosive, available in large quantities at reasonable
      cost, and almost completely recoverable in the course of the extraction
      process. Again, there are important factors from the economic and safety
      viewpoints.
PAR  It is surprising not only that the extraction of hydrocarbons from
      geological composites with trichlorofluoromethane has the many advantages
      discussed above but that it can be used at all for this purpose. This is
      particularly true in the case of oil shales and the like because kerogens
      are noted for their poor solubility in organic solvents (see the Shields
      patent identified above; The Condensed Chemical Dictionary, 6th Ed.,
      Reinhold Publishing Co., New York, N.Y., 1961, p. 642; and A dictionary of
      Mining, Mineral, and Related Terms, U.S. Government Printing Office, 1968,
      p. 764).
PAR  In another aspect we have also invented novel apparatus for extracting
      hydrocarbon values from hydrocarbon bearing geological composites. If the
      composite is mined and then produced, the apparatus will typically include
      components for excavating the composite and, in the case of shales and the
      like, crushing the excavated material. In line therewith are reactors in
      which the hydrocarbons are stripped from the mineral solids and the latter
      then cleaned.
PAR  Provision is also made for recovering the diluted hydrocarbon bearing
      liquor after it has circulated through the reactors and separating any
      solids. The solvent is then removed and recovered, isolating the
      hydrocarbons for further processing.
PAR  There is also provision in the apparatus for separating liquid solvent from
      the cleaned mineral solids and then drying the solids to recover the
      remaining solvent associated with the solids. The vapor evolved in the
      dryer is combined with vapor recovered from the reactors, condensed, and
      returned to solvent storage.
PAR  In our novel apparatus the extraction solvent is preferably circulated in
      counterflow relationship to the composite being extracted both within each
      reactor and in the system as a whole, the latter goal being accomplished
      by employing the liquid effluent from each extraction stage as the solvent
      for the preceding stage. This makes the most efficient use of the solvent,
      which is important from an economic viewpoint and, also, maximizes the
      concentration of the hydrocarbons in the liquid delivered to the system
      component where the solvent is separated from the hydrocarbons. This
      latter factor is important in that it minimizes the amount of solvent
      which must be separated and, therefore, the energy required to recover and
      cost of recovering the solvent.
PAR  The apparatus for in situ recovery of hydrocarbons will, in a typical
      embodiment, include submersible pumps in the formation being produced and
      equipment for pumping extraction solvent into the formation. The solvent
      percolates downwardly through the formation, separating the hydrocarbons
      from the mineral solids to produce a liquor which is lifted to the surface
      by the submersible pumps.
PAR  Above ground is a concentrator where fines unavoidably pumped to the
      surface with the liquor are removed and the concentration of the
      hydrocarbons in the liquor increased. Also located above ground is
      equipment for cleaning the solids, for separating the extraction solvent
      from the hydrocarbons, and for recovering this solvent and any solvent
      which vaporizes in the various system components.
PAR  In addition to those discussed above, our invention has the advantage that
      apparatuses in accord with its principles have extremely high throughput
      rates. In tests involving several different samples, throughput rates of
      less than two minutes have been readily obtained.
PAR  Another advantage of our novel apparatus is that in applications involving
      mining or excavating of the composite to be produced, the entire system
      can be made mobile as by mounting the system components on tracked or
      other chassis. This allows the entire system to move through the area in
      which the deposit of geological composite is located, continuously
      excavating the composite and discharging hydrocarbons and cleaned mineral
      solids.
PAR  In addition to the obvious advantages this results in a system which can be
      employed to recover hydrocarbons from composites such as tar sands in both
      warm weather and in the sub-zero temperatures which reign in areas such as
      the Athabaska region in the wintertime. This capability is unique.
PAR  In another aspect we have also invented techniques for the in situ solvent
      extraction of hydrocarbon values from geological composites which are
      unique aside from the solvent used in the process.
PAR  As suggested above in the description of the equipment we employ for the in
      situ recovery of hydrocarbon values, our novel approach involves locating
      submersible pumps in the formation of the composite to be produced or in a
      sump in the formation and fracturing or otherwise making the formation
      permeable, if necessary. The extraction solvent is then injected into the
      formation at one or more levels above the pumps and allowed to percolate
      down through the formation.
PAR  As it migrates downwardly, the solvent extracts the hydrocarbon values from
      the mineral solids of the composite. The hydrocarbon, solvent liquor is
      recovered by the submersed pumps and lifted to the surface where fines
      entrained in the liquor are separated and the solvent stripped from the
      hydrocarbons, isolating the latter and recovering the solvent.
PAR  The extraction phase is followed by one in which solvent vaporized in the
      formation during the extraction phase is vacuum pumped to the surface and
      condensed. Finally, air or nitrogen may be pumped through the formation to
      recover any remaining vaporized solvent. This results in a virtually
      complete recovery of the extraction solvent.
PAR  This novel technique of producing geological composites in situ contributes
      to a number of the important advantages discussed above -- high recovery
      rates and reduced production costs are included among these.
PAR  Another important advantage of the novel in situ hydrocarbon recovery
      technique just described is that it can be employed to recover oil from
      wells which have been exhausted by conventional production techniques at
      an attractive cost.
PAR  From the foregoing it will be apparent to the reader that one primary
      object of the invention resides in the provision of novel, improved
      processes and apparatus for extracting hydrocarbons from tar sands, oil
      shales, and other hydrocarbon bearing geological composites and from
      exhausted oil bearing formations.
PAR  Other important but more specific objects of the invention reside in the
      provision of processes in accord with the preceding object:
PAR  1. which permit the separation of hydrocarbons from mineral solids to be
      accomplished at an economically attractive cost.
PAR  2. which permit hydrocarbons to be recovered from tar sands, oil shales,
      and other composites with a minimum of ecological disruption.
PAR  3. which, in conjunction with the preceding object, produce less residue
      than prior art processes such as the flotation type.
PAR  4. which, in conjunction with objects 2 and 3, produce residues essentially
      free of hydrocarbons and harmful chemicals.
PAR  5. which are readily adaptable for use in arid regions and in regions of
      low and widely different ambient temperatures.
PAR  6. which provide a high rate of recovery of hydrocarbon constituents.
PAR  7. which, in conjunction with the preceding object, minimize the loss of
      the lower boiling point, more volatile hydrocarbons.
PAR  8. which can be carried out in situ or by first mining and then processing
      the composite.
PAR  9. which eliminate safety hazards and economic disadvantages appurtenant to
      those prior art processes employing high pressures and toxic chemicals.
PAR  10. which have a reduced energy requirement in comparison to heretofore
      proposed extraction processes, especially those employing retorting and
      acoustical energy, for example.
PAR  11. which can be carried out at atmospheric pressure.
PAR  12. which employ solvent extraction and in which the solvent is essentially
      completely recoverable in the course of the extraction process.
PAR  13. in which, in conjunction with the preceding object, the effectiveness
      of the extraction solvent is maximized.
PAR  14. which, in conjunction with the preceding object, employ an extraction
      solvent which is not flammable, has low boiling and freezing points,
      viscosity, and surface tension, is non-toxic, non-corrosive, and available
      at reasonable cost and in which the types of hydrocarbons found in tar
      sands, oil shales, and other hydrocarbon bearing formations are readily
      and highly soluble.
PAR  15. which have various combinations of the foregoing attributes.
PAR  Another important and primary object of the invention resides in the
      provision of novel, improved apparatus for so extracting hydrocarbons from
      hydrocarbon bearing geological composites and from oil bearing formations
      as to contribute to realization of the benefits discussed above.
PAR  Related and also important objects of our invention reside in the provision
      of apparatus in accord with the preceding object:
PAR  16. which can be made mobile and can therefore move along the deposit being
      produced, eliminating the necessity of transporting the material to be
      produced to an extraction plant and of transporting the tailings from the
      extraction process away from the plant.
PAR  17. which can be operated at temperatures ranging from those found in the
      warmer climates in the summertime to as low as -50 to 60.degree.
      Fahrenheit.
DRWD
PAR  Other important objects and features and additional advantages of the
      invention will become apparent from the appended claims and as the ensuing
      detailed description and discussion proceeds in conjunction with the
      accompanying drawing, in which:
PAR  FIG. 1 is a diagrammatic illustration of apparatus for recovering
      hydrocarbons from tar sands in accord with the principles of the present
      invention.
PAR  FIG. 2 shows, diagrammatically, modifications which can be made to adopt
      the apparatus of FIG. 1 to the recovery of hydrocarbon values from oil
      shales and the like.
PAR  FIGS. 3A and 3B show, diagrammatically, certain of the equipment employed
      and the steps involved in one process for recovering hydrocarbon values in
      situ in accord with the principles of the present invention from tar sands
      and other formations which are or can be made permeable and from exhausted
      oil bearing formations; and
PAR  FIG. 4 illustrates, diagrammatically, a complete system for the in situ
      recovery of hydrocarbon values from a hydrocarbon bearing geological
      composite or from an exhausted oil bearing formation.
DETD
PAR  Referring now to the drawing, FIG. 1 shows, in diagrammatic form, the
      apparatus 18 employed and the steps involved in one exemplary method for
      recovering hydrocarbons from tar sands in accord with the principles of
      the present invention.
PAR  Among the major components of apparatus 18 are a miner 20 for excavating
      solids from the deposit 22 of tar sands, a first reactor section 24 where
      the bulk of the bitumen is separated from the tar sand solids by solvent
      extraction, and a second reactor section 26 where the sand is cleaned and
      the remaining hydrocarbon values recovered, again by solvent extraction.
      Only two extraction stages are shown in FIG. 1 and described below for the
      sake of convenience. In actual practice as many extraction stages can be
      employed as are deemed desirable.
PAR  The initial step in the process is the mining of the tar sand from deposit
      22. This is accomplished by hydraulic mining and, more specifically, by
      discharging trichlorofluoromethane through nozzles 28 incorporated in
      miner 20 against the face of the tar sands deposit.
PAR  High pressures will typically not be required in this step as contact of
      trichlorofluoromethane with the tar sands will result in the dislodgement
      of tar sands from the formation. This capability for mining the sands with
      at most only low energy inputs is both unique and important from the
      energy conservation and economic viewpoints.
PAR  Because the details of the hydraulic mining step are not critical in the
      practice of the present invention except for the use of
      trichlorofluoromethane as the cutting liquid and as techniques and
      equipment for the hydraulic mining of tar sands are described in U.S. Pat.
      Nos. 2,587,729 issued May 4, 1952, to Huff and U.S. Pat. No. 3,050,289
      issued Aug. 21, 1962, to Gerner and elsewhere, the hydraulic mining step
      will not be described further herein.
PAR  A substantial porportion of the bitumen in the tar sand dissolves in the
      trichlorofluoromethane solvent in the mining step. This results in a
      more-or-less plastic mixture typically having approximately the same
      consistency as wet cement.
PAR  This mixture is conveyed away from the working face of the deposit by an
      auger type conveyor 30 and discharged into the feed end of the first or
      extraction reactor section 24 of apparatus 18. This reactor section will
      typically consist of an auger type conveyor 34 in a housing 36 sloping
      upwardly from its inlet toward its discharge end.
PAR  Spray nozzles 38 are located toward the discharge side of reactor section
      24. Trichlorofluoromethane recovered from the second reactor section 26 in
      a manner which will be explained presently and diluted by hydrocarbons
      recovered from reactor section 26 is sprayed through nozzles 38 onto the
      tar sands moving upwardly through reactor section 24. Auger 34 agitates
      the sand, ensuring intimate contact between the solids and the extraction
      solvent.
PAR  The solvent flows downwardly toward the feed end of the reactor in
      counterflow relationship to the movement of the tar sand. As mentioned
      above, this flow relationship makes the most effective use of the
      extraction solvent.
PAR  The diluted extraction solvent and the hydrocarbons separated from the tar
      sands in reactor 24 collect in the lower, inlet side of the latter. This
      liquor, typically having a bitumen content of 40-60 percent by weight, is
      removed from reactor section 24 and delivered to a centrifugal separator
      40. Here, any solids mixed with the solvent and recovered hydrocarbons are
      separated and returned to reactor section 24 as indicated in FIG. 1.
PAR  The liquid bitumen and trichlorofluoromethane phase proceeds to a stripper
      or evaporator 42, also of conventional character. Here, the
      trichlorofluoromethane is separated from the hydrocarbons, typically by
      distillation.
PAR  Because the trichlorofluoromethane flows through both reactor sections and
      last through the lower end of reactor section 24 where the tar sands have
      the heaviest concentration of bitumen, the liquor flowing to system
      component 42 consists primarily of bitumen. This is important in that it
      minimizes the amount of solvent to be separated and, therefore, the energy
      consumed in and the cost of recovering the solvent.
PAR  The energy consumed in the solvent separation step is also low because the
      boiling point of trichlorofluoromethane permits the solvent to be
      distilled off at a low temperature. An added advantage of the low
      temperature solvent separation step is that unwanted chemical changes in
      and loss of low boiling point constituents from the bitumen are avoided.
PAR  At this stage, the hydrocarbons have been isolated and are ready for
      upgrading and conversion into gasoline, lubricants, and other products.
      The solvent is condensed and converted back to liquid form in a
      conventional condenser 44 and then returned to a solvent storage facility
      46.
PAR  The tar sand exiting from the extraction reactor section 24 is partially,
      but not entirely, free of hydrocarbons. This sand is discharged into the
      inlet of reactor section 26, which is similar to the reactor section 24 in
      that it includes an auger type conveyor 48 encased in an upwardly inclined
      housing 50.
PAR  As the sand is conveyed through housing 50 by the auger, essentially
      hydrocarbon free liquid trichlorofluoromethane is sprayed on the sand
      through nozzles 51, again with agitation provided by the auger and in
      counterflow relationship to the tar sand moving through the reactor. This
      removes essentially all of the remaining bitumen from the mineral solids.
PAR  The recovered hydrocarbons and the solvent collect in the lower end of
      housing 50. This liquor is composed of liquid trichlorofluoromethane and
      bitumen recovered in the cleaning step.
PAR  The bitumen content of the liquor is preferably kept at a low value (in the
      5-20 percent range, for example). This, coupled with the small amount of
      liquor discharged from reactor 26 with the cleaned sand, results in only
      minute amounts of the bitumen remaining on the sand when the
      trichlorofluoromethane is subsequently recovered.
PAR  The solvent, hydrocarbon liquor is recovered from reactor section 26 and
      flows through piping 52 to extraction section 24 where it is utilized as
      the extraction solvent in the initial hydrocarbon recovery stage of the
      process for the reasons discussed above.
PAR  The discharge from conveyor 48 in reactor section 26 consists of clean sand
      and trichlorofluoromethane. The mixture is delivered to a second
      centrifugal separator 54 where the mixture is separated into liquid and
      solid phases. The liquid is combined with that recovered from the lower
      end of reactor section 26 for use as an extraction solvent in extraction
      section 24 of apparatus 18.
PAR  The sand is transferred to a dryer 56 where any remaining solvent is
      vaporized. Again, because of the low boiling point of the solvent and the
      relatively small amount of solvent involved, energy requirements for this
      step are low (the dryer temperature will typically not be in excess of
      100.degree. F.).
PAR  The sand discharged from dryer 56 is essentially free of carbonaceous
      material and of toxic chemicals that would discourage the growth of new
      vegetation. Furthermore, on a by weight basis it constitutes only about
      one-fourth as much as the tailings from the now employed flotation
      process. The latter, moreover, are laden with bitumen, sulphurous
      compounds, and water and must be impounded in a settling basin. One basin
      of this character presently in existence is three miles in circumference
      and surrounded by three hundred foot high dikes. It is an eyesore and a
      threat to wildlife.
PAR  The vapors evolved in dryer 56 are recovered and pumped to condenser 44,
      there converted to a liquid, and returned to the extraction solvent
      storage facility 46.
PAR  Another important though not indispensable component of apparatus 18 is a
      compressor 58 connected between the outlet side of reactor section 26 and
      condenser 44.
PAR  Compressor 58 serves two important functions. First, it compresses the
      trichlorofluoromethane vapors to a pressure such that they can be
      condensed to a liquid in condenser 44 with water or ambient air.
PAR  Second, pump 58 maintains the interior of reactor sections 24 and 26 and
      mining section 20 at a slight negative pressure. Accordingly, any
      trichlorofluoromethane vaporized in these three sections is also recovered
      and pumped to condenser 44 for liquification and return to solvent
      extraction storage facility 46.
PAR  This, coupled with the recovery of the solvent in centrifugal separators 40
      and 54 and from stripper or evaporator 42 and dryer 56, results in an
      almost complete recovery of the extraction solvent. If desired, the
      solvent loss can be reduced even further by connecting the centrifugal
      separators to the inlet side of compressor 58 as shown in FIG. 1 to
      maintain a negative pressure in and to recover vapors evolved in these
      components. Also, an air or nitrogen purge can be employed to flush from
      dryer 56 any remaining trichlorofluoromethane vapor.
PAR  In comparison to the conventional flotation process, that just described
      and carried out in apparatus 18 is capable of extracting hydrocarbons from
      tar sands at one half the cost and with approximately one-fourth the fuel
      consumption. The process further contrasts with flotation techniques in
      that the consumption of water in our process is minimal (ca. 10 tons/hr.
      for a 50,000 barrel/day system).
PAR  The rate of hydrocarbon recovery is much higher (typically about 0.9
      barrels of bitumen per ton of tar sand) as is the throughput rate (less
      than one minute from the mining of the tar sands to the isolation of the
      bitumen and cleaning and drying of the mineral solids).
PAR  In a typical application, the three stages or sections 20, 24, and 26 of
      apparatus 18 will be on the order of 4 feet in diameter and 30 feet long.
      This makes it practical to mount these sections and the ancillary
      equipment discussed above on one or more mobile chassis. This permits the
      apparatus to be moved through the deposit being produced, eliminating the
      necessity of transporting the excavated tar sand from the mining face to a
      stationary plant and minimizing the problem of waste product disposal.
PAR  Apparatus 18 can, with readily made modifications, also be employed to
      extract the kerogen from oil shales and for similar applications. In this
      case, explosives rather than hydraulic mining will typically be employed
      to mine the hydrocarbon bearing solids because oil shale is more
      monolithic and difficult to mine than those less consolidated composites
      such as tar sands.
PAR  The mined rubbleized oil shale is elevated to the surface from the mining
      face and delivered to a crusher 62 by a conventional conveyor system 64 as
      shown in FIG. 2.
PAR  Crusher 62 reduces the shale to a particulate material typically resembling
      coarse sand (particles less than 0.25 inch in diameter but retainable on a
      number 6 mesh screen).
PAR  The crushed shale is transported by a second conveyor 66 to and discharged
      into the inlet end of a solvent extraction reactor 68 of the same
      character as the extraction section 24 of apparatus 18 for recovery of the
      hydrocarbon values.
PAR   The apparatus may, with the exceptions just discussed, be essentially as
      described above in conjunction with the embodiment of the invention
      illustrated in FIG. 1.
PAR  The particular techniques used and equipment employed in mining and
      crushing the shale are not critical in the practice of the present
      invention as just described. One shale mining method which may be employed
      is described in U.S. Pat. No. 3,537,753 issued Nov. 3, 1970, to Arendt.
      U.S. Pat. No. 3,112,255 issued Nov. 26, 1963, to Campion shows that
      methods and machinery for crushing oil shale to particles from which
      kerogen can be extracted are known.
PAR  As indicated previously, the principles of the present invention can also
      be applied to the in situ recovery of hydrocarbons from tar sands and
      similar geological composites and from exhausted oil bearing formations.
      The steps in an exemplary method of this character and certain of the
      equipment employed in the process is shown in FIGS. 3A and 3B.
PAR  The hydrocarbon recovery step of the process is shown in FIG. 3A. Vertical
      shafts 70 are sunk in the tar sand deposit, and submersible pumps 72 are
      located in the lower ends of the shafts. A further vertical shaft 74 is
      sunk into the deposit at generally equal distances from the shafts in
      which pumps 72 are located.
PAR  In the initial or start-up phase of the recovery step, liquid
      trichlorofluoromethane is injected under pressure into all of the shafts
      70 and 74, allowed to stand, and then recovered. This sequence is repeated
      as many times as necessary to produce breakthroughs or channels between
      shaft 70 and shafts 74. Alternatively, high pressure, for example, can be
      employed to produce communication between the shafts.
PAR  Liquid trichlorofluoromethane is then injected under pressure through shaft
      74 into the formation at one or more levels above pumps 72 by pump 76, the
      liquid flowing from shaft 74 into the surrounding deposit as indicated by
      arrows 78.
PAR  The liquid solvent dissolves the hydrocarbons associated with the tar
      sands, forming a fluid mixture which flows downwardly through the
      formation to the level of submersed pumps 72. Here the solvent diluted
      with hydrocarbons is recovered and pumped to the surface.
PAR  Again, maximum use is made of the extraction solvent in our process. Tar
      sands such as those existing in the Athabaska region have a bitumen
      content which increases with the depth of the bed. As a consequence, the
      trichlorofluoromethane reaches the richest tar sands last, resulting in
      the high concentration of hydrocarbons desired for economy in the
      subsequent step of stripping the solvent from the hydrocarbons.
PAR  It was pointed out previously that the principles of the present invention
      can be applied to the recovery of hydrocarbon values from oil shales and
      similar hydrocarbon bearing geological composites as well as from tar
      sands and the like. In situ recovery of oil shale kerogen can be effected
      in the manner just described in conjunction with FIG. 3A if, before the
      trichlorofluoromethane is pumped into the oil shale formation, the latter
      is fractured or otherwise made permeable in a manner which permits the
      shale to expand so that the solvent can circulate freely through the
      formation.
PAR  U.S. Pat. Nos. 3,661,423 issued May 9, 1972, to Garret; U.S. Pat. No.
      1,422,204 issued July 11, 1922, to Hoover; and U.S. Pat. No. 3,481,398
      issued Dec. 2, 1969, to Prats disclose exemplary techniques for fracturing
      oil shale formations with explosives.
PAR  Hydraulic fracturing and other, well-known and conventional techniques for
      reducing rock formations may also be employed for this purpose. An
      exemplary technique for hydraulically fracturing oil shale formations is
      described in U.S. Pat. No. 3,501,201 issued Mar. 13, 1970, to Closmann.
PAR  In conjunction with the foregoing, the fracturing of oil shale formations
      is often accomplished by removing solids at the bottom of the formation
      and expanding the remaining shale into the void (see, for example, the
      Garret patent just cited). If this approach is employed in the practice of
      the present invention, a sump can be created at the bottom of the
      fractured region. The solvent and recovered hydrocarbons will collect in
      and can be pumped to the surface from the sump.
PAR  It will be apparent to those skilled in the relevant arts that the
      hydrocarbon recovery technique just described is equally applicable to the
      recovery of oil from oil bearing formations which have been exhausted by
      conventional production techniques. In this application, advantage can
      typically be taken of existing well holes to reduce the number of shafts
      it is necessary to sink or to even eliminate the need for additional
      shafts.
PAR  The in situ recovery of the hydrocarbon values from the tar sand bed or
      other produced formation is followed by recovery of any
      trichlorofluoromethane which may have vaporized in the course of the
      extraction process. This is readily accomplished by connecting a
      compressor through appropriate plumbing to the upper end of the shaft
      through which the extraction solvent was injected.
PAR  In the exemplary embodiment of the invention shown in FIGS. 3A and 3B, the
      compressor 80 pumps the vaporized solvent from the tar sand deposit back
      into shaft 74 as shown by arrows 82 in FIG. 3B and then upwardly through
      the shaft to the surface. The recovered vapor is pumped to a condenser
      (not shown) to convert it to liquid form and then returned to the solvent
      extraction storage facility or reinjected into the formation.
PAR  To complete the recovery of the extraction solvent, air or nitrogen can be
      pumped into and through the formation to flush out the vaporized solvent.
      A vacuum pump is then employed to recover the solvent.
PAR  Alternatively, or in addition, the formation can be flooded with water to
      recover the solvent.
PAR  It will be apparent that the technique for producing formations just
      described does not depend for the advantages it has entirely on the use of
      trichlorofluoromethane as the extraction solvent. Therefore, while the
      solvent just identified is preferred, other solvents can be employed
      without losing all of the benefits of our techniques. Solvents which the
      prior art suggests might be useful in this process are identified in
      various ones of the patents identified above.
PAR  Referring again to the drawing, FIG. 4 shows the remaining above-ground
      components of an exemplary system 90 for the in situ recovery of
      hydrocarbon values from subterranean geological formations in accord with
      the principles of the present invention as well as a modified technique
      for injecting the extraction solvent into the formation. Also, in this
      Figure, the system is shown in association with an oil shale formation
      rather than tar sands simply to reinforce the point that the in situ
      hydrocarbon recovery techniques we have invented are applicable to
      hydrocarbon bearing formations other than tar sands.
PAR  Turning now to the drawing, the solvent and hydrocarbon containing liquid
      lifted to the surface by pumps 72 flows to a concentrator 92 consisting of
      a shell 94 housing a condensing coil 96 (or, alternatively, a jacketed
      sluiceway, a baffled heat exchanger, etc.). The heat exchanger is located
      where it will be submerged in the liquor flowing to the concentrator.
PAR  Solids present in the fluid mixture pumped into the concentrator settle to
      the bottom of the concentrator and are removed by an appropriate conveyor,
      here shown as an auger type conveyor 100. The solids are cleaned and the
      extraction solvent associated with them recovered in any suitable manner,
      typically as discussed above in conjunction with the embodiment of the
      invention shown in FIG. 1 and utilizing the components incorporated in
      stage III of apparatus 18.
PAR  At the same time, trichlorofluoromethane vapor is circulated through heat
      exchanger 96 by compressor 102. This vaporizes trichlorofluoromethane from
      the body 104 of liquid in concentrator 92, increasing the concentration of
      hydrocarbons in this liquid.
PAR  As discussed above, high concentrations of hydrocarbons are preferred for
      economy in recovering the trichlorofluoromethane in the recovery step.
PAR  The concentrated liquor flows to an evaporator 106 of the thin film,
      agitated film, or other appropriate type where the solvent is recovered
      from the kerogen. This isolates the kerogen for further processing.
PAR  The vaporized solvent is returned through line 108 to the inlet side of
      compressor 102.
PAR  The extraction solvent vapor given off in the liquor concentration step
      just described flows upwardly through a demister 110, which separates any
      liquid associated with the vapor, and then passes through line 112 to the
      inlet side of compressor 102.
PAR  The heat given up to the solvent, hydrocarbon liquor by the
      trichlorofluoromethane in condensing coil 96 converts this solvent to a
      liquid. The liquid solvent flows through line 114 to pump 76 which injects
      it into the formation being produced as described above.
PAR  As shown in FIG. 4, the temperature of the extraction solvent can be
      elevated by a heater 116 connected in series with pump 76 before the
      solvent is injected into the formation. The addition of moderate amounts
      of heat to the solvent may be desirable as this will increase the rate at
      which the solvent diffuses through the formation being produced.
PAR  FIG. 4 also shows that the solvent may be injected into the formation
      through a casing 118 in one of the vertical shafts 70 sunk for a
      submersible pump 72. This eliminates the necessity of sinking a separate
      shaft for injecting the extraction solvent.
PAR  The concentrator described above in conjunction with FIG. 4 and other
      arrangements for increasing the concentration of the hydrocarbons in the
      trichlorofluoromethane can also be employed to advantage in other
      applications of the invention including those described above to reduce
      the cost of recovering the solvent. In the system shown in FIG. 1, for
      example, the concentrator can be interposed between centrifugal separator
      40 and stripper 42 for this purpose.
PAR  The invention may of course be embodied in forms other than those just
      described without departing from the spirit or essential characteristics
      thereof. The present embodiments are therefore to be considered in all
      respects as illustrative and not restrictive, the scope of the invention
      being indicated by the appended claims rather than the foregoing
      description; and all changes which come within the meaning and range of
      equivalency of the claims are therefore fully intended to be embraced
      therein.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. A process of separating a hydrocarbonaceous substance from mineral
      solids with which said hydrocarbonaceous substance is mixed, said method
      comprising the steps of: forming a fluid phase containing the hydrocarbon
      substance by contacting the composite containing said substance with a
      non-aqueous extraction solvent which contains trichlorofluoromethane and
      is capable of separating said hydrocarbonaceous substance from the mineral
      solids with which it is mixed in the composite, the extraction solvent
      being chemically non-reactive with the hydrocarbonaceous substance under
      the process conditions and having a boiling point below the boiling point
      of water and the step being carried out under conditions such that the
      solvent remains essentially in the liquid state; separating said fluid
      phase from the mineral solids without the introduction of an aqueous fluid
      into the process; and stripping the extraction solvent from the fluid
      phase to isolate the hydrocarbonaceous substance.
NUM  2.
PAR  2. The method of claim 1, together with the step of recovering from the
      mineral solids after the separation of the fluid phase therefrom
      extraction solvent then associated with said mineral solids.
NUM  3.
PAR  3. The method of claim 1, wherein the extraction solvent contains
      trichlorofluoromethane and extracted hydrocarbonaceous substance.
NUM  4.
PAR  4. The method of claim 1, wherein the step of separating the
      hydrocarbonaceous substance from the mineral solids with extraction
      solvent to form the fluid phase is carried out at ambient temperature.
NUM  5.
PAR  5. The method of claim 1, wherein the step of separating the
      hydrocarbonaceous substance from the mineral solids with extraction
      solvent to form the fluid phase is carried out at ambient pressure.
NUM  6.
PAR  6. The method of claim 1, wherein the separation of the hydrocarbonaceous
      substance from the mineral solids with an extraction solvent is carried
      out in a plurality of stages and wherein the liquid effluent from each
      stage is employed as the extraction solvent in the preceding stage.
NUM  7.
PAR  7. The method of claim 1, wherein, in the step of separating the
      hydrocarbonaceous substance from the mineral solids of the composite,
      counterflow of the composite and the extraction solvent is effected to
      maximize the effectiveness of said solvent.
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ABST
PAL  A process for the production of lubricating oil in order to obtain lower
      viscosity lubricating oils of increased viscosity index by separating a
      crude lubricating oil into a residual fraction and a distillate fraction
      and thereafter subjecting the residual fraction to hydrotreating and
      separately subjecting the distillate fraction to hydrotreating under more
      severe conditions than employed in hydrotreating the residual fraction.
BSUM
PAR  Our invention relates to the production of lubricating oils wherein
      comparatively low viscosity lubricating oils of enhanced viscosity index
      are obtained. More particularly, our invention relates to the process of
      producing such lubricating oils by hydrotreating wherein crude lubricating
      oil is fractionated to provide a residual fraction and a distillate
      fraction and wherein the distillate fraction is separately subjected to
      hydrotreating under more severe conditions than employed in the
      hydrotreating of the residual fraction.
PAR  It has been previously suggested in the art to subject hydrocarbon
      fractions boiling in the lubricating oil range to various treatments with
      hydrogen in order to provide lubricating oil base stocks meeting desired
      specifications, such as, for example, viscosity, viscosity index (VI),
      pour point and acceptable contaminant levels. These hydrogen treatment
      techniques are designated by a variety of terms whose definitions tend to
      overlap depending upon the individual employing such terms. Regardless of
      the inadequacy of nomenclature in this area, these hydrogen treatment
      processes can be categorized into four different groups. We chose to term
      these categories as hydrocracking, hydrotreating, hydrogenation and
      hydrofinishing.
PAR  As employed herein the term "hydrocracking" is meant to describe an
      extremely severe hydrogen treatment, usually conducted at comparatively
      high temperatures and requiring the employment of a catalyst having
      substantial cracking activity, e.g., an activity index (AI) greater than
      40 and generally greater than 60. This type of process is conducted to
      effect extensive and somewhat random severing of carbon to carbon bonds
      resulting in a substantial overall reduction in molecular weight and
      boiling point of treated material. Thus, for example, hydrocracking
      processes are generally employed to effect an extremely high conversion,
      e.g., 90% by volume, to materials boiling below the boiling range of the
      feed stock or below a designated boiling point. Usually a hydrocracking
      process is employed to produce a product boiling predominantly, if not
      completely, below about 600.degree. to 650.degree.F. Most frequently this
      type of process is employed to convert higher boiling hydrocarbons into
      products boiling in the furnace oil and naphtha range. When applied in
      connection with lubricating oils, hydrocracking processes produce only a
      minor quantity of materials boiling in the lubricating oil range, i.e.,
      625.degree. to 650.degree.F.+, to the extent that, at times, the
      production of a lubricating oil is merely incidental to the production of
      naphtha and furnace oil. Hydrocracking is the most severe of the four
      types of processes mentioned above.
PAR  On the other end of the spectrum, "hydrofinishing" is an extremely mild
      hydrogen treatment process employing a catalyst having substantially no
      cracking activity. This process effects removal of contaminants such as
      color forming bodies and a reduction of minor quantities of sulfur, oxygen
      and nitrogen compounds, but effects substantially no saturation of
      unsaturated compounds such as aromatics. This process, of course, effects
      no cracking. As a general rule, hydrofinishing is employed in lieu of the
      older techniques of acid and clay contacting.
PAR  A third type of hydrogen treatment process is "hydrogenation" which, as
      employed herein, describes another comparatively mild process.
      Hydrogenation, although being comparatively mild, is more severe than
      hydrofinishing and generally effects saturation of unsaturated materials
      such as aromatics. A hydrogenation process is also capable of removing
      somewhat larger quantities of contaminants such as sulfur. A hydrogenation
      process is conducted with a catalyst having substantially no cracking
      activity and accordingly does not produce any significant reduction in
      boiling point of the material treated over and above that which might be
      effected from sulfur removal alone. Accordingly, therefore, a
      hydrogenation process is employed, albeit infrequently, in the area of
      lubricating oil production in order to effect saturation of aromatics and
      removal of sulfur from a charge stock already boiling within the
      lubricating oil range without the production of any lower boiling
      materials.
PAR  As distinguished from hydrocracking, hydrofinishing and hydrogenation, the
      term "hydrotreating" is employed herein to describe a processing technique
      significantly more severe than hydrogenation although substantially less
      severe than hydrocracking. The catalyst required in a hydrotreating
      process must possess cracking activity and generally possess a particular
      type of activity termed "ring scission activity". The degree of cracking
      and ring scission activity is dependent upon feedstock and product
      desired. Thus, a hydrotreating process effects a substantial molecular
      rearrangement as compared to hydrogenation or hydrofinishing but does not
      effect the extensive and somewhat random breakdown of molecules effected
      in hydrocracking. Accordingly, this type of process effects substantially
      complete saturation of aromatics and the reactions are believed to follow
      the course of converting condensed aromatics to condensed naphthenes
      followed by selective cracking of the condensed naphthenes to form single
      ring alkylnaphthenes. Thus, polynuclear cyclic compounds are attacked and
      the rings are opened, while mononuclear cyclic compounds are not
      substantially affected. The alkyl side chains formed by opening the rings
      are not further reacted to sever the alkyl side chains. Hydrotreating
      processes are also effective for the isomerization of paraffins. As with
      the less severe hydrogenation process and the more severe hydrocracking
      process, hydrotreating is also effective to remove contaminants such as
      sulfur, nitrogen and oxygen. Thus, a hydrotreating process removes
      contaminants, reduces the quantity of aromatics and polynuclear cyclic
      compounds and increases the quantity of paraffins, thereby enhancing the
      quality of the material treated, reducing its bromine number and
      increasing its VI.
PAR  A hydrotreating process can also be identified by the fact that the
      particular combination of operating conditions and catalyst selected to
      accomplish the above-mentioned results produces a product wherein there is
      a general decrease in VI from the highest viscosity fraction to the lowest
      viscosity fraction of the lubricating oil. While at times the rate of
      decrease in VI with decreasing viscosity may be extremely slight or even
      non-existent among extremely high viscosity fractions, the rate of
      decrease in VI tends to become greater as the viscosity of the lubricating
      oil fraction decreases. Usually, this decrease in VI with decreasing
      viscosity is particularly pronounced among the lighter lubricating oils
      having the lowest viscosities, such as, for example, materials whose
      viscosity is usually measured in Saybolt Universal Seconds (SUS) at
      100.degree.F. Additionally, this phenomenon is evidenced quite drastically
      in hydrotreated lubricating oil products having viscosities of less than
      about 300 SUS at 100.degree.F. and obtained from distillate charge stocks.
      This is not to say, however, that the decrease in VI with decreasing
      viscosity cannot be seen quite clearly in the hydrotreated products of
      residual stocks whose viscosities, at times, are more conveniently
      measured in SUS at 210.degree.F.
PAR  The particular operation involved in the process of our invention is
      hydrotreating as distinguished from hydrofinishing, hydrogenation and
      hydrocracking. The material normally charged to a hydrotreating operation
      can be termed a "crude lubricating oil stock" and is generally obtained
      from crude petroleum by distillation so as to provide a material boiling
      at least above about 600.degree.F. and preferably above about 625.degree.
      to 650.degree.F. Depending upon the crude petroleum from which the crude
      lubricating oil stock is obtained, such material may be subjected to a
      pretreatment such as solvent extraction prior to being charged to a
      hydrotreating operation. Within the overall boiling range of crude
      lubricating oils, we term materials boiling up to about 950.degree. to
      1000.degree.F. as "distillates" or "distillate crude lubricating oil
      stocks" while we term the portions boiling above about 950.degree. to
      1000.degree.F. "residuals" or "residual crude lubricating oil stocks". In
      connection with residual crude lubricating oils, it may be desirable,
      depending upon the source of the crude, to subject such material to
      deasphalting such as, for example, propane deasphalting, prior to charging
      it to a hydrotreating process. The products from hydrotreating operations
      can be fractionated and blended with each other to produce desired
      lubricating oil products and in some instances, depending upon specific
      end uses of the lubricating oils, such materials can be subjected to
      finishing operations, such as acid and clay contacting or the
      hydrofinishing treatment described previously.
PAR  In the petroleum refinery field generally, and particularly with processes
      effecting any substantial molecular rearrangement of the material being
      treated, it is usually anticipated that the heavier or higher boiling feed
      stocks must be treated at more severe conditions than those employed for
      the treatment of a lighter or lower boiling feed stock. From this it
      follows that the severity of the operation is in many instances determined
      by the severity required to effect molecular rearrangement of the heavier
      components in the feed stock. We have found, however, that in the area of
      hydrotreating a wide boiling lubricating oil fraction that the severity of
      the operation is limited by the tendency of the higher boiling components,
      e.g., materials boiling above 950.degree. to 1000.degree.F., to crack into
      extremely low boiling, e.g., less than 650.degree. or 600.degree.F., less
      valuable non-lubricating oil materials at conditions of high severity.
      Consequently, the severity of a hydrotreating operation must be adjusted
      to avoid such cracking or hydrocracking. This restriction on severity
      limits the possible increase in VI for the lower viscosity, lower boiling,
      e.g., boiling below 950.degree. to 1000.degree.F., portions of the charge
      stock thereby producing lower viscosity lubricating oils of undesirably
      low VI. In many instances the VI of such low viscosity lubricating oil
      base stocks is too low to meet even minimum specifications for given
      lubricating oils.
PAR  Accordingly, our invention provides a process for producing lower viscosity
      lubricating oils of increased VI. In accordance with our invention, a
      crude lubricating oil, preferably, a wide boiling crude lubricating oil,
      containing components boiling both above and below 950.degree.F. is
      fractionated to obtain a distillate fraction and a residual fraction. The
      residual fraction is subjected to hydrotreating, preferably employing
      conditions which avoid production of significant quantities of materials
      boiling below the lubricating oil boiling range. The distillate fraction
      is separately subjected to hydrotreating under more severe conditions than
      employed in hydrotreating the residual fraction, preferably under
      conditions for optimizing increase in VI. The hydrotreated crude
      lubricating oils are then recovered as lubricating oil base stock product.
      In this connection, it should be pointed out that the hydrotreated
      residual fraction and the hydrotreated distillate fraction can be
      fractionated separately or can be combined and fractionated in one unit so
      as to separate the lubricating oil base stock product from any
      decomposition product boiling below the lubricating oil range which might
      be formed during hydrotreating. Such fractionation can also be conducted
      so as to provide a plurality of lubricating oil base stock fractions
      suitable for blending with each other or with other stocks.
PAR  The crude lubricating oil feed stock suitable for employment in our
      invention can be any lubricating oil boiling range material which contains
      a significant quantity of both distillate compounds and residual
      compounds. Thus a crude lubricating oil containing from about 10% to about
      90% by volume distillate component and containing from 90% to 10% by
      volume residual components can be treated advantageously in accordance
      with our invention. Greater benefit can be obtained from our invention,
      however, if the crude lubricating oil base stock is comprised of a
      substantial quantity of both residual components and distillate components
      such as, for example, at least about 25% by volume each of distillate and
      residual components.
PAR  The catalyst employed in the process of our invention is a dual functional
      catalyst comprised of a hydrogenating component on a cracking carrier.
      Suitable catalysts include metalliferous hydrogenating components selected
      from the group consisting of Group VI and Group VIII metals, their oxides
      and sulfides supported on a carrier having cracking activity. Suitable
      cracking carriers include those having an Activity Index of at least about
      15. Carriers having an Activity Index which is comparatively high, e.g.,
      greater than about 60, are also quite satisfactory. Conversely, we have
      found that in some employments carriers having an Activity Index of less
      than about 20 and even less than about 18 can be utilized satisfactorily.
      Illustrative of these catalysts are those containing a plurality of
      hydrogenating components such as combinations of nickel, cobalt and
      molybdenum; nickel and tungsten; cobalt and molybdenum, etc. supported on
      refractory metal oxide carriers. Suitable carriers can be comprised of a
      single oxide or a plurality of such oxides, e.g., alumina, silica-alumina,
      silica-magnesia, silica-zirconia, silica-alumina-mangesia, etc. We have
      found a catalyst comprised of nickel and tungsten hydrogenating components
      supported on a silica-alumina carrier to be quite satisfactory.
      Additionally, all of these catalysts can be promoted by the addition
      thereto of a small quantity of halogen in the range from about 0.1 to
      about 10% by weight based on the total catalyst, and preferably from about
      1 to about 4% by weight based upon the total catalyst. We prefer to employ
      a catalyst containing from about 1 to 3% by weight of fluorine based on
      the total catalyst.
PAR  The operating conditions employed in the low severity hydrotreating of a
      residual fraction in accordance with our process include a temperature in
      the range from about 650.degree. to about 850.degree.F. and preferably
      from about 700.degree. to 800.degree.F; a pressure (hydrogen partial
      pressure) in the range from about 2,000 to about 10,000 psig and
      preferably in the range from about 2,000 to about 5,000 psig; a liquid
      hourly space velocity (LHSV) in the range from about 0.1 to about 10,
      preferably from about 0.5 to about 3.0 volumes of residual crude
      lubricating oil feed stock per volume of catalyst per hour, and a hydrogen
      feed rate in the range from about 2,000 to about 10,000 standard cubic
      feet per barrel (SCF/B) and preferably in the range from about 3,000 to
      about 6,000 SCF/B. It is not necessary to employ pure hydrogen gas in this
      operation but it is desirable to maintain a hydrogen purity of at least
      50% by volume and preferably of at least 75% by volume. Thus, impure
      hydrogen streams of the type generally found in a refinery such as, for
      example, reformer off-gas, containing from 70 to 90% by volume hydrogen
      are quite satisfactory.
PAR  The reaction conditions suitable for employment in the high severity
      hydrotreating of a distillate fraction in accordance with our process
      include a temperature in the range from 700.degree. to 900.degree.F. and
      preferably from about 750.degree. to 850.degree.F. It is essential,
      however, that the temperature employed in hydrotreating the distillate
      stock in accordance with our invention be maintained at least 10.degree.F.
      higher than the temperature employed in hydrotreating the residual
      fraction. Preferably, we employ a temperature in the distillate
      hydrotreating at least 15.degree.F. higher than employed in the residual
      hydrotreating. The other operating conditions employed in the high
      severity hydrotreating of the distillate fraction include a pressure in
      the range from about 2,000 to about 10,000 psig and preferably in the
      range from about 2,500 to about 5,000 psig; LHSV from about 0.1 to about
      10 and preferably from 0.5 to 3; a hydrogen feed rate in the range from
      2,000 to 10,000 SCF/B of distillate feed stock and preferably from  3,000
      to 6,000 SCF/B. The purity of the hydrogen stream can be the same as
      described previously for the residual hydrotreating step.
PAR  Further, we prefer to employ operating conditions in our hydrotreating
      operations selected from the above-described ranges so as to obtain a
      yield of at least 50% by volume based upon total reactor charge stock of
      625.degree.F.+ material. Accordingly, the operating conditions are
      selected so that at reactor outlet conditions the 625.degree.F.+ material
      comprises at least 22 mol % of the product which is normally liquid at
      60.degree.F. and one atmosphere. Furthermore, operating conditions are
      selected so that the actual hydrogen consumption (measured as standard
      cubic feet per barrel of fresh feed) is less than the product of 30
      multiplied by the volume % (measured at 60.degree.F. and one atmosphere)
      of 625.degree.F.+ material in the total C.sub.5 .sub.+ reactor effluent.
PAR  From the foregoing description, it will be seen that an essential part of
      our invention is to subject the distillate portion of a lubricating oil to
      hydrotreating under more severe conditions than employed in hydrotreating
      the residual portion of the lubricating oil. This is not to say, however,
      that it is in any way detrimental to subject a distillate lubricating oil
      fraction to hydrotreating under the mild conditions employed for the
      residual fraction so long as the distillate fraction is also subjected to
      hydrotreating under more severe conditions. Accordingly, therefore, the
      process of our invention can be practiced through the technique of blocked
      operation wherein the distillate portion and the residual portion of the
      lubricating oil are separately subjected to hydrotreating in the same
      reaction zone but at different times and at different levels of severity.
      Similarly, our inventive process can be practiced employing parallel
      reactors, in one reactor of which the distillate fraction is treated at
      comparatively severe conditions, while the residual fraction is
      simultaneously being treated at less severe conditions in another reactor.
      The hydrotreating products from such parallel reactors can then be
      combined and subjected to a single fractionation to obtain the various
      desired lubricating oil product fractions. In still another embodiment of
      our process, it is possible to employ reactors in series wherein the
      distillate fraction is subjected to hydrotreating under comparatively
      severe conditions in one reactor and thereafter the hydrotreated effluent
      of such reactor can be combined witih the residual fraction and the
      combined stream can then be subjected to hydrotreating under less severe
      conditions. These different modes of operation are illustrated in the
      attached drawing wherein FIG. 1 is a schematic flow diagram illustrating
      parallel operation; FIG. 2 is a schematic flow diagram illustrating
      blocked operation; and FIG. 3 is a schematic flow diagram illustrating a
      series operation.
PAR  In FIG. 1, a full range crude lubricating oil boiling upwards from about
      650.degree.F. and containing substantial components boiling above about
      950.degree.F. is passed by means of line 10 to a vacuum distillation unit
      12 wherein it is separated into a 650.degree. to 950.degree. to
      1000.degree.F. distillate fraction, which is removed overhead via line 14,
      and a residual fraction boiling above about 950.degree. to 1000.degree.F.,
      which is removed via line 16. The residual fraction of line 16 is
      introduced into a deasphalting unit 18, such as a propane deasphalter. In
      the drawing, block 18 represents a conventional deasphalting unit and
      merely shows introduction of solvent by means of line 20, removal of
      asphalt by means of line 22 and removal of separated solvent by means of
      line 24. Deasphalted residual fraction is removed from deasphalting unit
      18 by means of line 26 and is passed to a hydrotreating reactor 28, which
      contains a suitable catalytic material, such as, for example, nickel and
      tungsten supported on a silica-alumina carrier and promoted with a
      halogen. Prior to introduction of the residual fraction of line 26 into
      reactor 28, hydrogen is introduced into line 26 by means of line 30 and
      the combined hydrogen and residual fraction is contacted with the catalyst
      in reactor 28 under selected hydrotreating conditions.
PAR  Similarly, hydrogen is introduced into line 14 and is combined with the
      distillate fraction of line 14 and the combined stream is then introduced
      into a second hydrotreating reactor 34 wherein the combined stream is
      contacted with a suitable hydrotreating catalyst such as that employed in
      reactor 28, but under selected hydrotreating conditions more severe than
      those employed in reactor 28.
PAR  The effluent from hydrotreating reactors 28 and 34 is then removed
      therefrom and passed to separate fractionation or stripping towers 36 and
      38, respectively, by means of lines 40 and 42, respectively. In stripper
      or fractionator 36, the hydrotreated effluent of line 40 is separated into
      a gas stream containing hydrogen and gaseous hydrocarbons, a hydrocarbon
      stream boiling below the lubricating oil range, e.g., below about
      650.degree.F., and a lubricating oil product stream; which streams are
      shown being removed via lines 44, 46 and 48, respectively. Similarly, the
      hydrotreated effluent of line 42 is separated in stripper or fractionator
      38 into a gas stream, a lower boiling hydrocarbon stream and a lubricating
      oil product stream, shown as being removed via lines 50, 52 and 54,
      respectively.
PAR  Alternatively, the hydrotreated effluent streams of lines 40 and 42 can be
      combined in line 56 (shown in dotted lines) and passed to a single
      stripper or fractionator 58 (also shown in dotted lines) wherein the
      combined hydrotreated effluent stream of line 56 can be separated into a
      gas stream, a light hydrocarbon stream and a lubricating oil product
      stream shown as being removed from fractionator 58 via lines 60, 62 and
      64, respectively, (also shown in dotted lines).
PAR  In FIG. 2, there is illustrated an embodiment of our process employing
      blocked operation. In this figure, distillate lubricating oil is
      introduced via line 70 containing valve 72 and is then passed via line 74
      into reactor 76. Similarly, a residual fraction, such as deasphalted oil,
      is introduced by line 78 containing valve 80 and is then passed via line
      74 into reactor 76. Prior to the introduction into reactor 76, the
      hydrocarbon stream of line 74 is admixed with hydrogen introduced via line
      82.
PAR  During one period of operation, valve 72 is maintained in the open
      position, while valve 80 is maintained in the closed position thereby
      permitting the passage of distillate fraction through line 70, valve 72
      and line 74 into hydrotreating reactor 76 wherein it is contacted with an
      appropriate catalyst in admixture with hydrogen. The hydrotreated effluent
      from reactor 76 is then removed via line 84 and passed to a stripper or
      fractionator (not shown) in substantially the same manner as described
      previously in connection with FIG. 1.
PAR  When it is desired to treat a residual fraction, valve 72 is closed and
      valve 80 is opened thereby permitting the passage of residual fraction
      through line 78, valve 80 and line 74 into hydrotreating reactor 76
      wherein it is contacted with a suitable catalyst while in mixture with
      hydrogen. The hydrotreating conditions employed for the treatment of the
      residual fraction are, of course, less severe than those employed for
      treatment of the distillate fraction. Again, the hydrotreated effluent
      from reactor 76 is removed therefrom via line 84 and passed to a stripper
      or fractionator (not shown).
PAR  Referring now to FIG. 3, there will be seen an embodiment of our process
      employing reactors in series. In this figure, distillate lubricating oil
      boiling below 950.degree.F. is introduced by line 100 into hydrotreating
      reactor 102. Prior to introduction into the reactor 102, the distillate
      fraction of line 100 is admixed with hydrogen introduced into the system
      via line 104. In reactor 102, the distillate fraction in admixture with
      hydrogen is contacted under selected hydrotreating conditions with an
      appropriate catalyst. The hydrotreated effluent of reactor 102 is removed
      therefrom by means of line 106. A residual lubricating oil fraction, such
      as a deasphalted oil, is introduced into the system via line 108 and is
      combined with the effluent stream of line 106 and this combined residual
      fraction and hydrotreated distillate effluent stream is then introduced
      into a second hydrotreating reactor 110. If desired, additional hydrogen
      can also be introduced into the system via line 112 and admixed with the
      combined residual fraction and hydrotreated distillate effluent from
      reactor 102 prior to introduction into reactor 110. The hydrotreated
      effluent from reactor 110 is removed therefrom via line 114 and passed to
      stripper or fractionator 116 wherein it is separated into a gaseous
      stream, a hydrocarbon stream boiling below the lubricating oil range,
      e.g., below about 650.degree.F., and a lubricating oil product stream.
      These three streams are shown as being removed from stripper or
      fractionator 116 by means of lines 118, 120 and 122, respectively.
PAR  In order to illustrate our invention in greater detail, reference is made
      to the following examples:
PAC  EXAMPLE 1
PAR  In this example, the feed stock employed was a comparatively wide boiling
      range crude lubricating oil containing components boiling both above and
      below about 950.degree.F. and having the inspections set forth in Table I
      below:
TBL                Table I                                                     
     ______________________________________                                    
     Gravity .degree.API         19.6                                          
     Vis SUS                                                                   
      at 150.degree.F.                                                         
                     334                                                       
      at 210.degree.F.           99.7                                          
     Distillation                                                              
      ASTM D-1160.degree.F.,                                                   
                     10%         861                                           
                     30%         909                                           
                     50%         956                                           
                     70%         1013                                          
                     90%         --                                            
     ______________________________________                                    
PAR  Different samples of this crude lubricating oil were subjected to different
      hydrotreating techniques. In the first operation, one sample of the entire
      crude lubricating oil, i.e. both distillate and residual components, was
      subjected to hydrotreating employing a temperature dictated by the
      consideration of conversion of residual components. In a second operation,
      a second sample of the entire crude lubricating oil was subjected to
      hydrotreating employing a temperature dictated by the consideration of
      increasing the VI of the lower viscosity product fractions.
PAR  In a third hydrotreating operation, a third sample of crude lubricating oil
      was separated into a distillate fraction boiling up to about
      1000.degree.F. and comprising about 66.3% by volume of the crude
      lubricating oil and a residual fraction boiling above about 1000.degree.F.
      and comprising about 33.7% by volume of the crude lubricating oil, and
      each of the distillate and residual fractions are separately subjected to
      hydrotreating in accordance with our process. The catalyst employed in all
      hydrotreating operations of this example was a fluorine promoted
      nickel-tungsten on silica-alumina carrier having a cracking activity index
      (AI) of about 75.
PAR  The operating conditions for all hydrotreating operations together with the
      product inspections are set forth in Table II below:
TBL                                    Table II                                
     __________________________________________________________________________
     Operating  Entire Crude                                                   
                        Distillate Residual                                    
     Conditions Lube Oil                                                       
                        Fraction   Fraction                                    
     __________________________________________________________________________
     Avg. bed temp. .degree.F.                                                 
                740 755 755        740                                         
     Pressure, psig     3000                                                   
     Space Velocity,                                                           
      LHSV               1.0                                                   
     Gas Rate, SCF/B    5000                                                   
     Gas Purity, % H.sub.2                                                     
                        82-87                                                  
     Mol % 625.degree.F. +                                                     
      liq. at R.sub.x outlet                                                   
                61.5                                                           
                    45.0                                                       
                        44.5       67.5                                        
     Yield 625.degree.F.+     Combined                                         
      % by vol. charge                                                         
                85.0                                                           
                    73.0                                                       
                        72.5       88.7                                        
      % by vol. crude                                                          
                85.0                                                           
                    73.0                                                       
                        48.1  78.0 29.9                                        
        lube oil                                                               
      % by vol. liq.                                                           
                80.6                                                           
                    67.9                                                       
                        67.1       83.1                                        
        product                                                                
     H.sub.2 consumption                                                       
                975 1140                                                       
                        1185  1067 835                                         
      SCF/B fresh feed                                                         
     H.sub.2 Factor                                                            
                2418                                                           
                    2037                                                       
                        2013       2493                                        
      (30X Vol% of                                                             
      liq. product                                                             
      625.degree.F.+)                                                          
                              Blend                                            
     Products       VI                                                         
     __________________________________________________________________________
     100 SUS at 100.degree.F.                                                  
                82   95        95                                              
     150 SUS at 100.degree.F.                                                  
                92  103       102                                              
     200 SUS at 100.degree.F.                                                  
                98  105       104                                              
     __________________________________________________________________________
PAR  From the data shown in Table II above, it will be seen that the more
      conventional technique of hydrotreating the combined distillate and
      residual crude lubricating oil as a single entity and employing the
      operating temperature required to avoid excessive conversion of the
      residual components results in a product wherein the lower viscosity
      components of the hydrotreated material have a comparatively low VI and
      wherein the decrease in VI with decreasing viscosity is quite drastic. On
      the other hand, however, when the same feed stock is treated at a higher
      temperature in order to increase the viscosity index of the lowest
      viscosity product fraction there is a substantial loss of lubricating oil
      product. Furthermore, this overall decrease in lubricating oil product is
      accompanied by a substantial increase in hydrogen consumption.
PAR  As distinguished from the results just described, the technique of our
      invention, comprising a separate processing of residual and distillate
      components under different degrees of severity, is effective to increase
      the viscosity index of the lowest viscosity fraction of the product
      without needlessly effecting as great an increase in the VI of high
      viscosity product fractions. Furthermore, it will be seen this desirable
      result is achieved while providing a substantially greater quantity of
      lubricating oil product as compared with that obtained when treating the
      entire crude lubricating oil at conditions necessary to provide the
      desired VI enhancement. Additionally, such desirable result is achieved
      with a significantly lower hydrogen consumption.
PAC  EXAMPLE 2
PAR  In this example, a sample of the residual fraction of Example 1, a sample
      of the full crude lubricating oil of Example 1, and two samples of the
      distillate fraction of Example 1 are subjected to hydrotreating employing
      the same catalyst, pressure, space velocity, gas rate and gas purity
      employed in Example 1.  The residual fraction, the full crude lubricating
      oil and one sample of the distillate fraction are all subjected to
      hydrotreating at a temperature of 740.degree.F. The second sample of the
      distillate fraction is subjected to hydrotreating at 755.degree.F. The VI
      for various viscosity fractions of the products of such treatments are set
      forth in Table III.
TBL                                    Table III                               
     __________________________________________________________________________
             Operating                                                         
                    100 SUS                                                    
                           150 SUS                                             
                                  200 SUS                                      
     Charge Stock                                                              
             Temperature                                                       
                    at 100.degree.F.                                           
                           at 100.degree.F.                                    
                                  at 100.degree.F.                             
     __________________________________________________________________________
     Residual                                                                  
     fraction                                                                  
             740.degree.F.                                                     
                    96 VI  102 VI 103 VI                                       
     Entire crude                                                              
     lube oil                                                                  
             740.degree.F.                                                     
                    82 VI   92 VI  98 VI                                       
     Distillate                                                                
     Fraction                                                                  
             740.degree.F.                                                     
                    73 VI   89 VI  99 VI                                       
     Distillate                                                                
     Fraction                                                                  
             755.degree.F.                                                     
                    89 VI  104 VI 110 VI                                       
     __________________________________________________________________________
PAR  Examination of the above data shows the severely detrimental affect of
      processing both the residual and distillate fractions together. It will be
      noted that the VI of the distillate fraction which is processed separately
      at the same conditions employed in treating the residual fraction provides
      a hydrotreated distillate product wherein the VI of the 100 SUS material
      is some 23 points below that obtained from the separate processing of the
      residual fraction. Furthermore, it will be noted that when the combined
      distillate and residual stocks are treated as an entity, the distillate
      fraction appears to have a disproportionately large and deleterious effect
      upon the VI of the 100 SUS product components. It will also be seen that,
      when separately hydrotreating the distillate fraction under more severe
      conditions, there is a general increase in the VI of the various viscosity
      components in the product. Quite unexpectedly, however, upon blending of
      the separately treated residual fraction and more severely treated
      distillate fraction, the resultant product does not have merely a slight
      increase in VI of the lower viscosity components, as might be anticipated
      from the results achieved in treating both distillate and residual
      fractions together, but rather there is a drastic increase in the VI of
      the lower viscosity materials, an elimination of the sharp drop in VI with
      decreasing viscosity and the production of a hydrotreated lubricating oil
      product having a more uniform distribution of VI from one end of the
      spectrum to the other. Illustrative of this is the following Table IV
      showing the VI for various viscosity components of the overall blended
      product.
TBL                                    Table IV                                
     __________________________________________________________________________
     100 SUS   150 SUS                                                         
                      200 SUS                                                  
                             500 SUS                                           
                                    750 SUS                                    
                                           155 SUS                             
     at 100.degree.F.                                                          
               at 100.degree.F.                                                
                      at 100.degree.F.                                         
                             at 100.degree.F.                                  
                                    at 100.degree.F.                           
                                           at 210.degree.F.                    
     __________________________________________________________________________
     VI 95     102    104    105    105    107                                 
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of lubricating oils in order to obtain
      comparatively low viscosity lubricating oil base stocks of enhanced
      viscosity index from a crude lubricating oil which process comprises
      fractionating a crude lubricating oil containing from about 10% to about
      90% by volume of a distillate fraction boiling below 950.degree. F. and
      from 90% to 10% of a residual fraction boiling above 950.degree. F. into a
      residual and a distillate fraction, subjecting the residual fraction to
      hydrotreating wherein the operating conditions employed comprise a
      temperature in the range from about 650.degree. F. to about 850.degree.
      F., a pressure in the range from about 2,000 to about 10,000 psig, a
      liquid hourly space velocity in the range from about 0.1 to about 10
      volumes of residual charge stock per volume of catalyst per hour and a
      hydrogen feed rate in the range from about 2,000 to about 10,000 standard
      cubic feet per barrel of residual charge stock, said operating conditions
      being selected so as to maintain a yield of at least 50% by volume based
      upon the residual fraction of hydrotreated material boiling above about
      625.degree. F., separately subjecting the distillate fraction to
      hydrotreating under more severe conditions than employed in hydrotreating
      the residual fraction wherein the operating conditions employed comprise a
      temperature in the range from about 700.degree. to about 900.degree. F.
      and at least 15.degree. F. greater than the temperature employed in
      hydrotreating the residual fraction when the remaining hydrotreating
      process parameters are substantially the same as like hydrotreating
      process parameters for the residual fraction, a pressure in the range from
      about 2,000 to about 10,000 psig, a liquid hourly space velocity in the
      range from about 0.1 to about 10 volumes of distillate charge stock per
      volume of catalyst per hour and a hydrogen feed rate in the range from
      about 2,000 to about 10,000 standard cubic feet per barrel of distillate
      charge stock, said operating conditions being selected so as to maintain a
      yield of at least 50% by volume based upon the distillate fraction of
      hydrotreated material boiling above about 625.degree. F., and recovering
      hydrotreated crude lubricating oil boiling above about 625.degree. F. as
      lubricating oil base stock product from each hydrotreating process.
NUM  2.
PAR  2. The process of claim 1 wherein the operating conditions for
      hydrotreating the residual fraction and for hydrotreating the distillate
      fraction are selected so that at least 22 mol per cent of the normally
      liquid hydrotreated material boils above about 625.degree.F.
NUM  3.
PAR  3. The process of claim 1 wherein the operating conditions for
      hydrotreating the residual fraction and for hydrotreating the distillate
      fraction are selected so as to maintain a hydrogen consumption (measured
      as standard cubic feet per barrel of fresh feed) in each such
      hydrotreating of less than the product of 30 multiplied by the volume % of
      625.degree.F.+ material in the total C.sub.5 .sub.+ reactor effluent.
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ABST
PAL  A process for converting inferior heavy oil into light oil and gasifying
      the same characterized in that a hydrocracking zone comprising coke
      fluidized bed and a gasification zone comprising a molten alkali salt are
      provided, the raw oil is fed in said hydrocracking zone to be hydrocracked
      and produce coke to form a fludized bed, and a part of the raw oil is fed
      in said gasification zone for obtaining the fluidizing gas.
BSUM
PAR  The present invention relates to a process for preparing light oil and fuel
      oil from inferior heavy oil. More particularly, the present invention
      relates to a process for preparing light oil rich in saturated components
      and fuel oil of a high calorific value from an inferior heavy oil such as
      an atmospheric or reduced pressure residual oil, thermally cracked oil,
      tar or pitch.
PAR  As conventional processes, there may be mentioned three processes disclosed
      in specifications of U.S. Pat. No. 3,202,603 and Official Gazettes of
      Japanese Pat. Lay-Opens Nos. 15406/1972 and 45503/1973.
PAR  A reactor used in the process of said U.S. Pat. No. 3,202,603 is a one
      tower system comprising three parts, i.e. a fluidized bed cracking zone, a
      fixed bed middle zone and a fluidized bed burning zone. A formed coke is
      introduced into the burning zone through the fixed bed middle zone. In the
      cracking zone, hydrogen gas is fed so as to keep a partial pressure of
      hydrogen of higher than 35 psi. A raw oil is hydro-cracked in the cracking
      zone. It is supposed that, according to this process, it is possible to
      introduce the formed carbon from the cracking zone into the burning zone,
      since the preferred temperature range in the cracking zone is as high as
      704'-816.degree.C. However, if the temperature in the cracking zone is
      lowered to 450.degree.-650.degree.C which is a preferred condition in the
      hydro-cracking zone, it is quite difficult to transfer the formed carbon
      into the cracking zone, since caking coke is formed. Even if the transfer
      is possible, carbon will adhere to a filler in the middle zone and the
      middle zone cannot be prevented from blocking with carbon. Thus,
      continuous operation is impossible. Further, due to the high temperature
      employed in the cracking zone, the cracked oil formed is small in
      quantity. As to the composition of the product, it comprises benzene
      hydrocarbons and naphthalene hydrocarbons. Thus, the process of said U.S.
      Pat. No. 3,202,603 has a disadvantage that a high temperature is
      indispensable in the cracking zone due to the structure of the reactor and
      the reaction operation of the process.
PAR  According to the present invention, the raw materials can be treated at a
      low temperature without the above disadvantages.
PAR  In the process of said Japanese Pat. Lay-Open No. 15406/1972, a two-column
      system is employed. The formed coke is fluidized and circulated in both
      the coker zone and gasification zone. Due to the facts that the system
      comprises a fluidized bed of two columns and that a circulation system of
      coke is employed, control of the materials, heat and flow is complicated
      and a precise operation is required. Another disadvantage is that a large
      amount of the formed coke must be circulated for keeping the thermal
      balance. According to the present invention, thermal circulation of
      particles is eliminated and heat supply is made possible. Further,
      according to the process of said Japanese Pat. Lay-Open No. 15406/1972,
      operation under pressure is impossible, hydrocracking in the coker zone is
      impossible and the light oil thus formed is rich in unsaturated
      components. The inventors of the present invention have succeeded in the
      preparation of light oil rich in saturated components by hydrocracking raw
      oil in a high-hydrogen atmosphere under pressure.
PAR  A reactor used in said Japanese Pat. Lay-Open No. 45503/1973 comprises two
      columns of gasification zone and coker zone in which a molten medium
      containing an alkaline reactant and a glass-forming oxide is circulated.
      It is described therein that by the incorporation of the glass-forming
      oxide in the alkaline reactant, coke formed in the reactor is prevented
      from forming of a separate phase instead of being suspended in the molten
      medium and that it is made possible to suspend the coke uniformly in the
      melt. However, it has been proved from the results of the inventors'
      investigations that in such continuous operation, the coke granules formed
      accumulate and float on the molten medium. As a result, the formed
      floating coke cannot be circulated, while the molten medium along is
      circulated. This tendency is increased as the ratio of quantity of oil fed
      to the quantity of the molten medium is increased. According to the
      present invention, the molten alkali medium is used in only the
      gasification zone and the molten medium is not circulated and, therefore,
      the formed coke is not suspended in the molten medium. Accordingly, the
      addition of the glass-forming oxide which is inconvenient for the control
      of composition of the molten medium is unnecessary.
PAR  In the above three conventional processes, it is desirable to simplify the
      apparatus and thus also simplify the circulation and control of the solid
      particles, coke and molten medium.
PAR  According to the present invention, this problem has been solved by
      eliminating the thermal circulation system. As to the properties of the
      formed light oil, the product of said U.S. Pat. No. 3,202,603 contains a
      large quantity of aromatic components due to the high temperature in the
      cracking zone; the products of both Japanese Pat. Lay-Open No. 15406/1972
      and Japanese Pat. Lay-Open No. 45503/1973 contain unsaturated components
      due to the thermal cracking reaction. According to the present invention,
      light oil rich in saturated components can be obtained, since the raw oil
      is hydrocracked in a high-hydrogen atmosphere under pressure.
PAR  The object of the present invention is to provide a method with which it is
      possible to prepare light oil rich in saturated components in a maximum
      yield from an inferior heavy oil with a unified apparatus comprising a
      hydrocracking zone and a gasification zone.
PAR  The characteristic features of the present invention are as follows: (a)
      The gasification zone comprises a molten alkali salt bath and the reaction
      is carried out under pressure. (b) The hydrocracking zone comprises a
      fluidized bed of the formed coke. (c) The heat source in the hydrocracking
      zone is the sensible heat of a gas generated in the gasification zone but
      heat supply by circulation system is not effected. (d) The reaction in the
      hydrocracking zone is carried out at a high hydrogen concentration under
      pressure to hydrocrack mainly the inferior heavy oil.
PAR  The alkali salt of the present invention may be any salt having a melting
      point lower than 900.degree.C and lower than the gasification temperature.
      An effective molten medium is a mixture of two or three compounds selected
      from the group consisting of potassium carbonate, lithium carbonate and
      sodium carbonate. Accumulation of a simple substance such as vanadium,
      nickel, iron, silicon, aluminum, magnesium, calcium or sulfur or a
      compound comprising those elements does not disturb the catalytic reaction
      at all. In case the accumulation is remarkable, a part of the reaction
      mixture is removed from the reaction system and treated with water to
      remove the accumulation to thereby regenerate the same. The utilization of
      a molten medium such as an alkali salt, an alkali hydroxide, a
      glass-forming oxide or a metal in the gasification zone has already been
      known in the gasification technique of coal and heavy hydrocarbons.
      Particularly, alkali salts act powerfully as water-gasification and
      dehydrogenation catalyst to promote the gasification reaction, although
      the activity thereof is less than that of the alkali hydroxides. Thus, an
      advantage of the present invention is that the reaction proceeds at a
      relatively low temperature in the gasification section. The alkali salts
      thus act as water-gasification and dehydrogenation catalysts as described
      above and, accordingly, the formed gas which is rich in hydrogen acts
      effectively in the hydrocracking reaction in the hydrocracking zone.
PAR  The gasification zone is supplied with the raw inferior heavy oil as a part
      of the heat source for heating the entire reactor. Coke by-produced by the
      cracking of the raw oil and coke from the hydrocracking zone are gasified
      completely with oxygen and steam in the gasification zone. On the other
      hand, the raw oil may be introduced in the hydrocracking zone in the
      non-cracked form, being not completely gasified. The reason therefore is
      that non-cracked raw oil formed in the gasification zone and the formed
      light oil are collected by entrainment in the coke fluidized bed in the
      hydrocracking zone and the heavy components are hydrocracked or coked,
      whereby the yield of the cracked oil is improved. This is an important
      advantage of the present invention which is obtained by unifying the
      hydrocracking zone and the gasification zone.
PAR  The fact that the reaction can be carried out rapidly at a relatively low
      temperature in the gasification zone is very advantageous to the selection
      of structural materials of the gasification zone. In conventional
      gasification processes, a temperature of above 1,000.degree.C. has been
      necessitated in the gasification zone. However, according to the
      inventors' corrosion tests wherein various metallic materials were treated
      with molten alkali salts, a material resistant to a temperature above
      1,000.degree.C. could not be found. According to the present invention,
      the operation at a preferred temperature of 750.degree. - 900.degree.C has
      been made possible by (a) the catalytic action of the molten alkali salt,
      (b) effect of unifying the reactor and (c) finding that high nickel steel
      is a metallic material resistant to the molten alkali salt.
PAR  Generally, cracked oils contain unsaturated components in a large quantity
      and, therefore, hydrodesulfurization thereof after removing heavy oil
      components therefrom with a fractionator requires a large amount of
      hydrogen. If a large amount of hydrogen is consumed, the temperature in
      the reactor is raised. As a result, it is difficult to control the
      reaction, since the hydrodesulfurization is an exothermic reaction. By
      circulating a hydrogen-rich gas in the hydrocracking zone under pressure
      as in the present invention, the raw oil is hydrocraked to form an oil
      containing a smaller quantity of unsaturated components which oil is
      easily hydrodesulfurized in the subsequent step. Further, as compared with
      simple thermal cracking, the hydrocracking has a less endothermic value
      and, consequently, the calorific volume required for the heating is
      smaller. The heat source in the hydrocracking is the sensible heat of the
      gas generated in the gasification zone. In case the thermal cracking
      reaction is mainly caused in the hydrocracking, quantities of oxygen,
      steam and fuel oil to be fed into the gasification zone are large due to a
      high endothermic volume of the thermal cracking reaction and,
      consequently, the gas formed has a high carbon dioxide content. However,
      in the present invention, sensible heat of the heating gas may be small,
      since the hydrocracking is carried out in the hydrocracking zone and,
      consequently, quantities of oxygen, steam and fuel oil in the gasification
      zone are relatively small. A rate of oxygen consumption in cost of the
      product is quite high. In this regard, the present invention is very
      advantageous. Further, methanization reaction is caused, since the
      gasification is effected under a pressure of 5 - 8 atms. and, therefore,
      oxygen consumed is small in quantity from the viewpoint of equilibrium.
      Calorific volume is thus increased a little.
PAR  Another important effect of the present invention is that flow in the
      entire reactor and control of the heat balance are easy. Main causes
      thereof are that the thermal circulation system for heat transfer between
      the hydrocracking zone and the gasification zone is not provided and that
      the gasification zone comprises the melt. Thus, by controlling the
      fluidity condition in the hydrocracking zone, the flow in the entire
      reactor can be controlled. In addition, thermal control as in thermal
      circulation system in conventional processes is eliminated and thermal
      control is simplified according to the present invention.
DRWD
PAR  The present invention will be described with reference to the accompanying
      drawing, in which
PAR  The single FIGURE is a schematic drawing of an embodiment of reactor
      suitable for carrying out the present invention.
DETD
PAR  Referring to the drawing, a reactor 1 comprises a hydrocracking zone 2 and
      a gasification zone 3. The reactor 1 is operated under a pressure of 5 -
      80 atms., preferably 20 - 50 atms. If the pressure in the hydrocracking
      zone 2 is lower than stated, the rate of thermal cracking is increased to
      increase the unsaturated component content of the produced oil. Therefore,
      a hydrogen partial pressure of at least 3 atms. is required. The operating
      temperature in the hydrocracking zone 2 is 450.degree. - 650.degree.C,
      preferably 500.degree. - 600.degree.C. Temperature in the gasification
      zone 3 is 700.degree. - 1,000.degree.C, preferably 750.degree. -
      900.degree.C. If the molten medium used in the gasification zone 3 is a
      molten alkali salt of the present invention or another molten medium which
      does not participate in the present invention and if a material of the
      apparatus is corrosion-resistant, the process of the present invention can
      be carried out at a high temperature of above 1,000.degree.C.
PAR  Raw oil 4 is preheated to 200.degree. - 420.degree.C and fed into the
      hydrocracking zone 2 through an inner tube of a double tube nozzle 5. 80 -
      95 Vol. % of circulating hydrogen is fed through an outer tube of the raw
      oil nozzle. Clogging of the nozzle by carbon is prevented, since the
      circulating hydrogen prevents the inner tube of nozzle from overheating. 5
      - 20 Vol. % of the circulating hydrogen is mixed with steam 18 and fed
      into a coke discharge zone 7 through 6a so that the discharge may be
      smoothly carried out. Further, flowing coke prevents the adhesion
      entrainment of the molten alkali salt on the wall of the zone 7. Steam 8
      is supplied for fluidizing the coke bed and also for heat control.
PAR  The raw oil 4 is hydrocracked into light oil and fuel gas with hydrogen
      formed in the hydrocracking zone and circulating hydrogen. The light oil
      thus produced is rich in saturated components, since it is formed by
      hydrocracking. In the hydrocracking zone, a partial water-gasification
      reaction of the raw oil, produced heavy oil and coke occurs with steam
      from the gasification zone, in addition to the hydrocracking reaction.
      Simple thermal cracking reaction also occurs slightly. The raw oil 4,
      circulating hydrogen and controlling steam 8 absorb a calorific volume
      required for elevation from the preheated temperature to reaction
      temperature. The water-gasification reaction and thermal cracking reaction
      are both endothermic. The endothermic volumes of these reactions are
      balanced by the heat generated by hydrocracking and the sensible heat of
      the gas formed in the gasification zone to keep the temperature of the
      hydrocracking zone constant.
PAR  The major part of the coke formed in the hydrocracking zone overflows from
      downcomer 17 and is then introduced to the gasification zone 3 through the
      coke discharge zone 7, while a part of the coke is converted to water gas
      in the hydrocracking zone.
PAR  In the gasification zone, the raw oil 9, steam 10 and oxygen 11 preheated
      to 200.degree. - 420.degree.C, 200.degree. - 500.degree.C and 200.degree.
      -  500.degree.C, respectively, are introduced into the molten alkali salt.
      The raw oil is fed through the inner tube of the introduction nozzle of a
      double structure. The steam is fed through the outer tube thereof. Coking
      of the raw oil in the nozzle is thus prevented. The ratio of the raw oil 4
      to the raw oil 9 is preferably 1 - 20. Amounts of steam 10 and oxygen 11
      are preferably 0.1 - 5.0 and 0.1 - 1.0 part by weight, respectively, based
      on the raw oil 4. As the ratio of the raw oil 4 to the raw oil 9 is
      increased, quantity of steam to into the gasification zone is increased
      and, consequently, the partial pressures of carbon dioxide, carbon
      monoxide and unreacted steam in the formed gas are elevated to reduce the
      partial pressure of hydrogen. Too large a ratio of raw oil 4 to raw oil 9
      is thus uneconomical, because the rate of hydrocracking is reduced.
      However, the process of the present invention can be carried out even if
      said ratio of 20 or more is employed for some reasons. In the present
      invention, as the ratio of oxygen fed to the total raw oil fed is
      increased, the ratio of the whole steam fed to the total raw oil fed is
      decreased. Further, as the former ratio is increased, yield of the oil
      formed is decreased and yield of gas formed is increased. In the
      gasification zone, coke suspended in the molten alkali salt and a part of
      the raw oil are oxidized by oxygen to generate heat. By the heat thus
      generated, the raw oil is thermally cracked to produce gas, oil and a
      large amount of coke. Coke remaining unburnt rapidly undergoes
      water-gasification reactions of following formulae (1) and (2) with steam
      by a catalytic effect of the molten alkali salt.
EQU  C + H.sub.2 O .revreaction. CO + H.sub.2                   (1)
EQU  co + h.sub.2 o .revreaction. co.sub.2 + h.sub.2            (2)
PAR  the gas formed in the gasification zone, light oil and non-cracked oil are
      introduced into a coke fluidized bed in the hydrocracking zone. The
      non-cracked oil is collected at the coke fluidized bed and hydrocracked
      together with the raw oil 4.
PAR  Recovered molten alkali salt is taken out from the tower bottom 12 in the
      gasification zone, introduced into a treatment step, then subjected to
      regeneration and sent in the form of a solid or liquid together with make
      up molten alkali salt through a feeding nozzle 13.
PAR  The gas from the hydrocracking zone is introduced in a purification process
      through a cyclone 14. The formed gas after heat recovery is divided into
      gas and liquid with an oil scrubber. The gas thus isolated is washed with
      an alkali after converting carbon monoxide into carbon dioxide and
      hydrogen with a carbon monoxide shift reactor. Thus, carbon dioxide and
      hydrogen sulfide are removed therefrom. The purified gas is rich in
      hydrogen (hydrogen content: 60 - 80 vol. %), 40 - 60 % of which is
      introduced again as circulating hydrogen in the hydrocracking zone. The
      rest (40 - 60%) of the purified gas is mixed with LPG which will be
      described below to form a high calorific fuel gas.
PAR  Water is removed from the liquid isolated with the oil scrubber and the
      liquid is then subjected to fractional distillation to divide the same
      into gas, gasoline, light lamp oil, gas oil and bottom residue. The
      gaseous components are washed with an alkali and mixed as LPG with the
      gaseous product. The gasoline, light lamp oil and gas oil fractions are
      taken out as oil products. A part of the gas oil fraction is introduced to
      circulating oil 15 and mixed with the raw oil 4. A part of the residual
      gas oil is used as circulating oil for the oil scrubber. The bottom
      residue is introduced as circulating bottom oil in 16 and mixed with the
      raw oil 9. The oil product thus obtained still contains 0.5 - 2 wt. % of
      sulfur and, therefore, it is introduced in the desulfurization process,
      through the product is rich in saturated hydrocarbons, since it is a
      hydrocracked oil.
PAC  EXAMPLES 1 - 3
PAR  In a unified reactor of a length of 1.5 m and an inside diameter of 10 cm
      comprising hydrocracking zone and gasification zone, 3.0 kg of coke were
      charged in the hydrocracking zone and 4.7 kg of a salt mixture of sodium
      carbonate and potassium carbonate (molar ratio = 55 : 45) were charged in
      the gasification zone. A reduced pressure residue of Gattisaran having
      physical properties as shown in Table 1 was used as raw oil. The operation
      was effected under conditions of a pressure of 30 atms., temperature of
      the hydrocracking zone of 500.degree.C and temperature of the gasification
      zone of 850.degree.C. The formed oil and gas from the top of the column of
      hydrocracking zone were cooled with a tubular cooler. The gas was analyzed
      by the gas chromatography and the formed oil was subjected to a
      distillation test after water was removed from the oil. Operation
      conditions and results of the analysis are shown in Table 2.
PAC  EXAMPLES 4-5 4 -
PAR  The same procedure as in Examples 1 - 3 was repeated except that a mixture
      of alkali salts comprising sodium carbonate, potassium carbonate and
      lithium carbonate (molar ratio = 38 . 30 : 32) was used in the
      gasification zone and the that temperature of the hydrocracking zone was
      550.degree.C. Operation conditions and results of the analysis are shown
      in Table 3.
TBL                Table 1                                                     
     ______________________________________                                    
     Properties of raw oil                                                     
     ______________________________________                                    
     Name            : Gattisaran reduced pressure                             
                      distillation residue                                     
     Specific gravity                                                          
                     : 1.02                                                    
     Penetration     : 86 (25.degree.C)                                        
     Sulfur content  : 3.3 wt.%                                                
     Conradson carbon residue                                                  
                     : 19.1 wt.%                                               
     H/C ratio (atomic ratio)                                                  
                     : 1.575                                                   
     Metal contents  : V      492 ppm                                          
                      Fe       24 ppm                                          
                      Ni      143 ppm                                          
     ______________________________________                                    
TBL                Table 2                                                     
     ______________________________________                                    
     Operation conditions and results of analysis                              
     ______________________________________                                    
     Operation conditions:                                                     
                          Ex.     Ex.     ex.                                  
                          1       2       3                                    
     ______________________________________                                    
     Gasification zone                                                         
     Raw oil feed rate (Kg/hr.)                                                
                          0.16    0.30    0.82                                 
     Steam feed rate (Kg/hr.)                                                  
                          2.0     1.8     0.9                                  
     Oxygen feed rate (Nm.sup.3 /hr.)                                          
                          0.27    0.32    0.5                                  
     Hydrocracking zone:                                                       
     Raw oil feed rate (Kg/hr.)                                                
                          1.0     1.0     1.0                                  
     Steam feed rate (Kg/hr.)                                                  
                          0.1     0.1     0.1                                  
     Hydrogen gas feed rate                                                    
                          0.2     0.2     0.2                                  
     (Nm.sup.3 /hr.)*                                                          
     Results of analysis                                                       
     Product gas (kg/hr.) 1.44    1.66    2.69                                 
     H.sub.2 S (mol %)    0.5     0.5     0.3                                  
     H.sub.2              41.6    40.8    39.5                                 
     CH.sub.4             6.9     8.5     11.3                                 
     C.sub.2              4.0     5.0     6.9                                  
     C.sub.3 + C.sub.4    1.6     1.4     0.8                                  
     CO                   16.0    15.6    14.9                                 
     CO.sub.2             29.4    28.7    26.4                                 
     Cracked oil formed (kg/hr.)                                               
                          0.58    0.64    0.68                                 
      0 - 300.degree.C (vol.%)                                                 
                          18.5    --      19.0                                 
     300 - 320.degree.C   7.0     --      9.0                                  
     320 - 340.degree.C   10.5    --      11.0                                 
     340 - 360.degree.C   27.0    --      26.0                                 
     360 - 368.degree.C   17.0    --      18.0                                 
     above 368.degree.C   20.0    --      17.0                                 
     ______________________________________                                    
      *Gaseous mixture of 80 vol.% of hydrogen and 20 vol.% of steam.          
TBL                Table 3                                                     
     ______________________________________                                    
     Operation conditions and results of analysis                              
     ______________________________________                                    
     Operation conditions:                                                     
                          Example   Example                                    
                          4         5                                          
     ______________________________________                                    
     Gasification zone:                                                        
     Raw oil feed rate (kg/hr.)                                                
                          0.18      0.29                                       
     Steam feed rate (kg/hr.)                                                  
                          2.57      2.34                                       
     Oxygen feed rate (Nm.sup.3 /hr)                                           
                          0.34      0.53                                       
     Hydrocracking zone:                                                       
     Raw oil feed rate (kg/hr.)                                                
                          1.0       1.0                                        
     Steam feed rate (kg/hr.)                                                  
                          0.1       0.1                                        
     Hydrogen gas feed rate (Nm.sup.3 /hr)*                                    
                          0.2       0.2                                        
     Results of analysis:                                                      
     Product gas (kg/hr.) 1.5       1.7                                        
     H.sub.2 S (mol.%)    0.5       0.4                                        
     H.sub.2              38.5      38.4                                       
     CH.sub.4             7.5       8.7                                        
     C.sub.2              4.4       5.2                                        
     C.sub.3 + C.sub.4    1.7       1.5                                        
     CO                   14.6      14.5                                       
     CO.sub.2             32.8      31.3                                       
     Cracked oil formed (kg/hr.)                                               
                          0.56      0.6                                        
      0 - 260.degree.C (vol.%)                                                 
                          15.0      16.0                                       
     260 - 300            11.5      12.0                                       
     300 - 320            10.0      9.5                                        
     320 - 340            14.5      14.5                                       
     340 - 356            19.0      20.5                                       
     above 356.degree.C   30.0      27.5                                       
     ______________________________________                                    
      *Gaseous mixture of 80 vol.% of hydrogen and 20 vol.% of steam.          
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for converting inferior heavy oil into light oil and gasifying
      the same, comprising the steps of providing a hydrocracking zone
      comprising coke fluidized bed and a gasification zone comprising a molten
      alkali salt, feeding said inferior heavy oil into said hydrocracking zone,
      introducing produced gas into said hydrocracking zone to hydrocrack said
      raw inferior heavy oil in a high-hydrogen atmosphere, feeding the
      by-produced coke in said gasification zone together with a part of the
      circulating hydrogen and steam, feeding a part of said raw inferior heavy
      oil into said gasification none, to gasify the same with oxygen and steam
      in the molten salt, and feeding obtained high temperature gas into the
      hydrocracking zone for obtaining the fluidizing gas and sensible heat
      thereof.
NUM  2.
PAR  2. A process for converting inferior heavy oil into light oil and gasifying
      the same in accordance with claim 1 in which said hydrocracking zone and
      gasification zone are provided in a single reaction vessel.
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ABST
PAL  Supported iridium-containing hydrocarbon conversion catalysts which are at
      least partially deactivated due to the deposition of carbonaceous residues
      thereon during contact with hydrocarbons are regenerated by (1) contacting
      the catalyst in a reaction zone with oxygen to burn at least a portion of
      the carbonaceous residues from the catalyst, (2) contacting the
      carbonaceous residuedepleted catalyst in a reaction zone with hydrogen at
      an elevated temperature to reduce a substantial portion of the iridium
      present on the catalyst to its metallic form, (3) contacting the treated
      catalyst in a reaction zone with an elemental halogen-containing gas in a
      reaction zone with an elemental halogen-containing gas at a temperature
      greater than about 850.degree.F., said gas being introduced into said
      reaction zone at a rate such that the halogen concentration of the
      treating gas at the outlet of said reaction zone is at least 50% of the
      inlet halogen concentration within at least 15 minutes from the time of
      the introduction of said treating gas into the inlet of said reaction
      zone, (4) contacting the treated catalyst in a reaction zone with hydrogen
      at an elevated temperature to reduce a substantial portion of the iridium
      present in the catalyst to its metallic form, and (5) contacting the
      catalyst from step (4) in a reaction zone with an elemental
      halogen-containing gas at a temperature of at least about 850.degree.F.
      Steps (4) and (5) may be repeated, in sequence, at least one additional
      time to redisperse the iridium catalyst component to a highly active, high
      surface area state.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method for regenerating supported
      iridium-containing hydrocarbon conversion catalyst. More particularly, the
      present invention relates to a multi-step process sequence for
      regenerating a supported iridium-containing hydrocarbon conversion
      catalyst that has been at least partially deactivated because of the
      presence of the iridium in the catalyst in a large crystallite, low
      surface area form.
PAR  2. Description of the Prior Art
PAR  The deactivation of nobel metal-containing hydrocarbon conversion catalyst
      due to the deposition on the catalyst of carbonaceous residues is a common
      refinery problem. Catalyst deactivation is particularly acute with respect
      to supported nobel metal-containing catalysts, such as platinum on
      alumina, employed in the hydroforming of naphtha feed stocks.
      Platinum-containing reforming catalysts are reactivated or regenerated by
      burning the coke or carbonaceous residues from the catalyst followed by a
      redispersion operation whereby the platinum contained on the catalyst,
      which is agglomerated with loss of surface area during the burning
      operation, is redispersed by treatment with chlorine or other
      halogen-providing reagents, alone or in combination with oxygen at
      elevated temperatures. The techniques useful for the reactivation of
      platinum-containing catalysts, such as those disclosed in U.S. Pat. Nos.
      3,134,732 and 3,625,860, are not directly applicable for the redispersion
      of iridium. Unlike platinum, iridium tends to agglomerate to crystallites
      of low surface area when exposed to a halogen-free, oxygen-containing gas
      at temperatures in excess of about 700.degree. F. Further, unlike
      platinum, large iridium and iridium oxide crystallites are not readily
      redispersed to their high surface area state by a simple chlorine
      treatment immediately following the burning operation used to remove
      carbonaceous residues.
PAR  It has been discovered that iridium present on a supported catalyst can be
      redispersed to a high surface area state by contacting the catalyst, after
      the removal of carbonaceous residues, by subjecting the catalyst to one or
      more sequential reduction/halogenation cycles. Ordinarily, a plurality of
      such reduction/halogenation cycles are needed to completely redisperse the
      iridium. Because of the time involved in subjecting the catalyst to a
      plurality of such reduction/halogenation cycles and the corrosive nature
      of such treatment operations, it is desirable that a number of such
      reduction/halogenation cycles to which the catalyst is subjected be held
      to a minimum.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, it has been discovered that the
      number of reduction/halogenation cycles needed to redisperse the iridium
      following a carbonaceous residue burning operation can, in some cases, be
      diminished by conducting the burning operation at reduced temperatures and
      by providing the catalyst with rapid, elevated temperature halogen
      protection prior to conducting the elevated temperature
      reduction/halogenation cycles needed to redisperse the iridium catalyst
      metal. The first step of the regeneration sequence comprises contacting
      the carbonaceous reisdue-containing catalyst with a gaseous mixture
      containing oxygen at an elevated temperature for a time sufficient to burn
      at least a portion of the carbonaceous residues from the catalyst. The
      duration of the burning operation at the selected burning temperature
      should be insufficient to convert more than about 70 wt. % of the iridium
      on the catalyst to crystalline agglomerates having crystallite sizes
      greater than about 50A (length of a side of an assumed cubic crystallite).
      A burning operation conducted at temperatures below about 850.degree. F.
      is normally insufficient to convert more than about 70 wt. % of the
      iridium on the catalyst to iridium metal and/or iridium oxide agglomerates
      having crystallite sizes greater than about 50A.
PAR  The resulting carbonaceous residue-depleted, partially agglomerated
      iridium-containing catalyst is then contacted, prior to contact with a
      substantially halogen-free, oxygen-containing gas at a temperature
      sufficient to agglomerate further the iridium on said catalyst, with a
      hydrogen-containing gas at an elevated temperature for a time sufficient
      to convert a substantial portion of the iridium on the catalyst to its
      metallic state. The reduced catalyst is then contacted with elemental
      halogen, preferably elemental chlorine, at a temperature greater than
      about 850.degree. F. at high treating rates to provide protection for the
      dispersed iridium present on the reduced partially agglomerated catalyst
      against further agglomeration. The contacting of the reduced catalyst with
      elemental halogen is conducted at a rate such that the halogen
      concentration of the treating gas at the outlet of the reaction zone
      containing the catalyst is at least 50% of the inlet halogen concentration
      within at least about 15 minutes from the time of introduction of the
      treating gas into the inlet of the reaction zone containing the catalyst.
PAR  Thereafter the protected catalyst is subjected to a redispersion operation
      involving contacting the protected catalyst with one or more sequential
      reduction/halogenation treatment cycles. Each such treatment cycle
      consists of (a) contacting the catalyst with a hydrogen-containing gas at
      an elevated temperature for a time sufficient to convert a substantial
      portion of the iridium present on the catalyst to its metallic state and
      (b) contacting the reduced catalyst with an elemental halogen-containing
      gas, preferably chlorine, at a temperature of at least about 850.degree.
      F. A sufficient number of reduction/halogenation cycles are used to
      increase the surface area of the iridium metal present on the catalyst to
      at least 200 square meters per gram (m.sup.2 /gm.) of iridium as
      determined by the carbon monoxide chemisorption method described by Yates
      and Sinfelt, J. Catalysis, 8 348 (1967).
PAR  The supported iridium-containing catalyst composites that are regenerated
      by the process of the present invention comprise a porous carrier or
      support material in combination with an iridium component and, for certain
      uses, a halogen component. The support component of the catalyst is
      preferably a porous, adsorptive material having a surface area, as
      determined by the Brunauer-Emmett-Teller (BET) method, of about 20 to 800,
      preferably 100 - 300 square meters per gram. This support material should
      be substantially refractory at the temperature and pressure conditions
      utilized in any given hydrocarbon conversion process. Useful support
      materials include: (a) silicon-based materials such as silica or silica
      gel, silicon carbide, clays, natural or synthetic silicates such as
      kieselguhr, kaolin, china clay, Attapulgus clay, etc.; (b) aluminosilicate
      zeolite materials such as naturally occurring or synthetic erionite,
      mordenite, faujasite, etc. that may or may not be previously converted to
      a hydrogen or ammonia form and reduced in soda content by virtue of an
      exchange reaction with various metal cations, including rare earth metal
      cations: (c) refractory inorganic oxides, including alumina, titanium
      dioxide, zinc oxide, magnesia, thoria, chromia, silica-alumina,
      alumina-titania, silica-zirconia, alumina-chromia, etc. and (d) mixtures
      of one or more of the materials referred to above.
PAR  Refractory inorganic oxide materials are preferred catalyst support
      materials. In general, superior results are obtained when alumina, in
      particular the gamma or eta forms, is employed. Alumina is the preferred
      catalyst support material when the catalyst is employed in naphtha
      reforming operations. The support materials described above are known
      articles of commerce and can be prepared for use as catalyst constituents
      by many varied techniques. Typically, the support materials are prepared
      in the form of spheres, granules, powders, extrudates or pellets. The
      precise size or shape of the support material used is dependent upon many
      engineering factors not within the purview of the instant invention.
PAR  As noted above, the regeneration process of the instant invention is
      particularly adapted to the treatment of deactivated iridium-containing
      catalysts. Iridium may be the sole catalyst metal present on the support;
      however, iridium may also be used in combination with other Group VIII
      metals or metals from Groups IB, VIA or VIIA of the Periodic Table of the
      Elements. More specifically, the iridium may be used in conjunction with
      one or more additional catalyst metals selected from copper, silver, gold,
      iron, cobalt, nickel, tungsten, molybdenum, chromium, platinum, palladium,
      rhodium, ruthenium, osmium, manganese or rhenium. The catalysts may also
      contain germanium, tin or lead. Particularly effective naphtha reforming
      catalysts are combinations of iridium and platinum. Most preferably, the
      catalyst metals are present in the form of highly dispersed clusters of
      atoms of said metals.
PAR  Certain minimum amounts of iridium, alone or in combination with additional
      catalyst metals, should be present on the catalyst. This is particularly
      true with respect to catalysts employed in a naphtha reforming operation
      where the catalyst should contain greater than about 0.1 wt. % iridium,
      based upon the dry weight of the total catalyst. For other types of
      operations, lesser quantities of iridium may be employed. Specifically,
      iridium may be present on the catalyst in amounts varying from about 0.01
      to about 3.0 wt. %, preferably in amounts varying from about 0.1 to about
      3.0 wt. %, preferably in amounts varying from about 0.1 to about 1.0 wt.
      %, based upon the total weight of the dry catalyst. Typically, any
      additional catalyst metals, such as platinum, are present in the catalyst
      in amounts varying from about 0.01 to 3.0 wt. % preferably 0.1 to 1.0 wt.
      %, based upon the dry weight of the catalyst. Iridium/platinum naphtha
      reforming catalysts having maximum effectiveness normally contain 0.15 to
      1.0 wt. % each, preferably about  0.15 to 0.5 wt. % each, of iridium and
      platinum, based on total catalyst.
PAR  Iridium-containing catalysts may be prepared employing simple impregnation
      techniques. Such a catalyst may be prepared by impregnating a support
      material with a solution of a soluble iridium compound and soluble
      compounds of any additional metals to be incorporated in the catalyst.
      Generally, an aqueous solution of the metal compounds is used. In the case
      of multimetallic systems, the support material may be impregnated with the
      various metal-containing compounds either sequentially or simultaneously.
      However, it is highly desirable that the metal compounds, in the case of a
      polymetallic system, be impregnated on the catalyst support simultaneously
      to maximize the desired interaction between the metal components and
      thereby promote the formation of a highly dispersed polymetallic cluster
      structure in the final reduced form of the catalyst. The carrier material
      is impregnated with solutions of appropriate concentration to provide the
      desired quantity of metal in the finished catalyst. In the case of
      iridium-containing catalysts, compounds suitable for the impregnation of
      iridium onto the carrier include, among others, chloroiridic acid, iridium
      tribromide, iridium trichloride, and ammonium chloroiridate. Additional
      catalyst metals may be incorporated onto the support by employing
      compounds such as chloroplatinic acid, ammonium chloroplatinate, platinum
      amine salts, perrhenic aicd, ruthenium trichloride, rhodium trichloride,
      rhodium nitrate, palladium chloride, palladium amine salts, osmium
      trichloride, chloroosmic acid, auric chloride, chloroauric acid, silver
      nitrate, copper nitrate, copper chloride, ferric nitrate, cobalt nitrate,
      nickel nitrate, etc. The preferred catalyst manufacturing technique
      involves contacting a previously prepared support, such as alumina, with
      an aqueous solution of an iridium compound, alone or in combination with a
      compound of at least one additional catalyst metal.
PAR  After impregnation of the carrier, the composite catalyst is dried at a
      temperature varying from about 220.degree. to 250.degree. F. The catalyst
      may be dried in air at the above-stated temperatures or may be dried by
      treating the catalyst in a flowing stream of inert gas or hydrogen. The
      drying step may be followed by an additional calcination step at
      temperatures of about 500.degree. - 700.degree. F. Care must be taken to
      avoid contacting the catalyst at temperatures in excess of about
      700.degree. F. with air or other gases of high oxygen concentration. If
      the catalyst is contacted with oxygen at too high a temperature, at least
      a portion of the iridium present will be oxidized, with loss of surface
      area, to crystallites of iridium oxide. In the case of polymetallic
      systems, the desired polymetallic cluster structure will not be obtained
      on reduction.
PAR  Additional materials may be added to the iridium-containing catalyst
      composite to assist in the promotion of various types of hydrocarbon
      conversion reactions for which the catalyst might be employed. For
      example, the naphtha reforming activity of the catalyst is enhanced
      markedly by the addition of a halogen moiety, particularly a chlorine or
      fluorine moiety, to the catalyst. The halogen should be present in the
      catalyst in amounts varying from about 0.1 to about 3.0 wt. %, based on
      the total dry weight of the catalyst. The halogen may be incorporated into
      the catalyst at any suitable stage in the catalyst manufacturing
      operation, i.e., before, during or after incorporation of the active metal
      component onto the support material. Halogen is often incorporated into
      the catalyst by impregnating the support with halogen-bearing metal
      compounds such as chloroiridic acid. Further amounts of halogen may be
      incorporated in the catalyst by contacting it with hydrogen fluoride,
      ammonium fluoride, hydrogen chloride, or ammonium chloride, either prior
      to or subsequent to the impregnation step. Other components may also be
      added to the catalyst composite. For example, the catalyst may be sulfided
      before or during use. For certain applications other than naphtha
      reforming, alkali or alkaline earth metal compounds may be added to the
      catalyst.
PAR  The iridium-containing catalyst composites may be used to promote a wide
      variety of hydrocarbon conversion reactions such as hydrocracking,
      isomerization, dehydrogenation, hydrogenation, alkylation, polymerization,
      cracking, and the like. The catalysts are particularly useful in promoting
      the dehydrogenation, isomerization, dehydrocyclization and hydrocracking
      reactions that occur in a naphtha hydroforming process.
PAR  In a naphtha hydroforming process (reforming) a substantially sulfur-free
      naphtha stream that typically contains about 15 to 80 volume % paraffins,
      15 to 80 volume % naphthenes and about 2 to 20% aromatics and boiling at
      atmospheric pressure substantially between about 80.degree. and
      450.degree. F., preferably between about 150.degree. and 375.degree. F.,
      is contacted with the iridium-containing catalyst composite in the
      presence of hydrogen. The reactions typically occur in a vapor phase at a
      temperature varying from about 650.degree. to 1000.degree. F., preferably
      about 750.degree. to 980.degree. F. Reaction zone pressures may vary from
      about 1 to 50, preferably from about 5 to 30 atmospheres. The naphtha feed
      stream is passed over the catalyst composite at space velocities varying
      from about 0.5 to 20 parts by weight of naphtha per hour per part by
      weight of catalyst (W/hr./W), preferably from about 1 to 10 W/hr./W. The
      hydrogen to hydrocarbon mole ratio within the reaction zone is maintained
      between about 0.5 and 20, preferably between about 1 and 10. During the
      reforming process, the hydrogen used may be in admixture with light
      gaseous hydrocarbons. In a typical operation, the catalyst is maintained
      as a fixed bed within a series of adiabatically operated reactors. The
      product stream from each reactor (except the last) in the reactor train is
      reheated prior to passage to the following reactor. As an alternate to the
      above-described process, the catalyst may be used in a moving bed in which
      the naphtha charge stock, hydrogen and catalyst are passed in parallel
      through the reactor or in a fluidized system wherein the naphtha feed
      stock is passed upwardly through a turbulent bed of finely divided
      catalyst particles. Finally, if desired, the catalyst may be simply
      slurried with the charge stock and the resulting mixture conveyed to the
      reaction zone for further reaction.
PAR  Regardless of the hydrocarbon conversion reaction in which
      iridium-containing catalyst composites are employed, the catalyst tends to
      deactivate after use due at least in part to the formation of coke or
      carbonaceous residues on the surface of the catalyst. The carbonaceous
      residues on the surface of the catalyst cover the active catalyst sites
      and thus decrease activity. Accordingly, it becomes necessary to remove
      the carbonaceous deposits from the catalyst in order to return the
      catalyst to an economically viable activity level.
PAR  Turning now in more detail to the regeneration process of the present
      invention, the first step in the regeneration sequence consists of
      treating the catalyst with oxygen to burn at least a portion of the
      accumulated carbonaceous deposits from the catalyst. The temperature and
      duration of the burning operation are selected to avoid converting more
      than about 70 wt. % of the iridium on the catalyst to agglomerates having
      crystallite sizes greater than about 50A. Crystallites of greater than
      about 50A are detectable using X-ray diffraction techniques. The burning
      operation is conducted at a temperature not exceeding about 850.degree. F.
      preferably a temperature not exceeding about 800.degree. F. The coke
      burning operation is normally carried out by contacting the catalyst with
      oxygen contained in minor concentrations in a substantially sulfur-free
      inert gas, preferably flue gas. Minor oxygen concentrations, typically
      varying between 0.1 to 0.5 mole % of the total treating gas, are desirable
      in order to maintain a maximum burning temperature of less than about
      850.degree. F. Following the completion of the burning operation, the
      catalyst may be subjected to an after-treatment operation by contacting
      the catalyst with a burning gas containing from 0.3 to 21 mole %,
      preferable from about 6 to 10 mole % oxygen, at a temperature of less than
      about 850.degree. F. Higher oxygen concentrations can be tolerated after
      the initial burning step since the bulk of the carbonaceous residues are
      removed in the initial burning operation. Reaction zone pressures during
      the burning operation vary from about 0.1 to 30, preferably 5 to 20
      atmospheres. The low temperature burning operation is remarkedly effective
      for the substantially complete removal of carbonaceous residues. The
      catalyst, after completion of the burning operation, desirably contains
      less than about 0.3 wt. % carbonaceous residues, based upon the dry weight
      of the total catalyst. Normally, the burning operation in a commercial
      environment is completed in 1 to 100, preferably 5 to 40 hours.
PAR  Following the burning operation, it is desirable that the carbonaceous
      residue depleted catalyst be contacted with a substantially oxygen-free
      inert gas, preferably nitrogen, to remove from the reaction zone any
      carbon monoxide, carbon dioxide and oxygen remaining after the burning
      operation. Because of the presence of oxygen within the reaction zone, it
      is desirable that the purging operation be carried out at a temperature
      below about 750.degree. F., preferably below about 650.degree. F. The
      purging operation can be achieved by sweeping nitrogen through the
      reaction zone containing the catalyst. Alternatively, the reaction zone
      may be pressurized up to about 3 to 4 atmospheres with nitrogen and then
      depressurized.
PAR  Following the purging operation, if used, the catalyst is subjected to a
      reduction treatment wherein the catalyst is contacted with hydrogen in an
      inert gas at a temperature varying from about 400.degree. to 1100.degree.
      F., preferably from about 650.degree. to about 950.degree. F. in order to
      convert (reduce) a substantial portion of the iridium present on the
      catalyst to its metallic state. Following the reduction operation, it is
      desirable that the reaction zone containing the catalyst be purged with an
      inert gas, preferably nitrogen, in the manner described above with respect
      to the purging operation following the burning step. The purging operation
      serves to remove unreacted hydrogen from the reaction zone.
PAR  Following the reduction operation, the reduced catalyst is contacted with
      an elemental halogen-containing gas, preferably a chlorine-containing gas,
      at a temperature of at least about 850.degree. F., preferably at a
      temperature ranging from about 850.degree. F. to 1150.degree. F. most
      preferably at a temperature of from 900.degree. to 1000.degree. F. As
      noted earlier, the halogen pretreatment operation should be conducted at
      high treat rate, specifically the halogen-containing gas should be
      introduced into the reaction zone containing the catalyst at a rate such
      the halogen concentration of the treating gas at the outlet of the
      reaction zone is at least 50% of the inlet halogen concentration within at
      least about 15 minutes, preferably within at least about 10 minutes, from
      the time of introduction of said treating gas into the inlet of the
      reaction zone. The halogen treating operation may be continued after the
      initial treat has been completed, that is, after the 15 minute period,
      preferably 10 minute period after the halogen concentration in the outlet
      gases is at least 50% of the halogen concentration in the inlet gases.
      Preferably, the halogen treatment operation is continued for a time
      sufficient to introduce from about 0.1 to 4.0, preferably 0.5 to 2.0 wt. %
      halogen onto the catalyst, based upon the anhydrous weight of the
      catalyst. It has been discovered that the rapid contacting of the catalyst
      with elemental halogen, even at temperatures in excess of about
      850.degree. F., serves to diminish the further agglomeration of the
      nonagglomerated iridium present on the catalyst during subsequent
      redispersion operations. Because the halogen treating operation is
      conducted rapidly, the halogen treat gas may optionally contain oxygen in
      significant quantities. Preferably the treat gas is substantially
      oxygen-free; however, when oxygen is present, the molar ratio of oxygen to
      elemental halogen in the treat gas should be maintained below about 10:1.
      Preferably, the oxygen to halogen molar ratio is 1:1  or less. The
      treating gas may also contain water in concentrations varying from about
      0.005 to 10.0%, preferably 0.02 to 1.0% by volume of the total treat gas.
      The pressure within the reaction zone during the time of the rapid halogen
      treatment may vary from about 0.1 to 30, preferably 5 to 20 atmospheres.
PAR  After the catalyst has been pretreated with halogen, preferably chlorine,
      the catalyst is subjected to one or more reduction/halogenation cycles in
      order to redisperse agglomerated iridium on the catalyst, that is, to
      increase the iridium surface area of the catalyst to a level greater than
      about 200 m.sup.2 /gm., as determined by the aforementioned carbon
      monoxide chemisorption technique. This metal surface area corresponds to
      an average iridium particle size (length of a side of an assumed cubic
      crystallite) of less than about 11A.
PAR  The reduction step of the redispersion operation is accomplished by
      contacting the halogen treated catalyst with a hydrogen-containing gas,
      preferably hydrogen contained in nitrogen, at a temperature varying from
      about 400.degree. to 1100.degree. F., preferably from about 650.degree. -
      950.degree. F. Preferably, the treating gas is substantially sulfur free.
      The contacting of the catalyst with the hydrogen-containing gas is carried
      out for a time sufficient to convert at least a portion, preferably a
      substantial portion, of the catalyst iridium to its metallic form. The
      pressure within the contacting zone during reduction can vary from about
      0.1 to 30, preferably 5 to 20 atmospheres.
PAR  Following the reduction operation, the reaction zone containing the
      catalyst may be purged in the manner described earlier with respect to the
      purging operation following the burning step to remove unreacted hydrogen.
      Thereafter, the reduced catalyst is contacted with an elemental halogen
      containing gas, preferably a chlorine-containing gas, at a temperature
      greater than about 850.degree. F., preferably at a temperature varying
      from greater than about 850.degree. F. to 1150.degree. F., most preferably
      at 900.degree. - 1000.degree. F. The reaction zone pressure during the
      halogenation operation is maintained between about 0.1 to 30 atmospheres,
      preferably between about 5 to 30 atmospheres. The halogen employed in the
      treating operation is preferably used in admixture with an inert gas, such
      as nitrogen. Preferably the concentration of halogen in the treating gas
      mixture is relatively low, that is, the halogen partial pressure in the
      treating gas mixture varies from about 0.0001 to 1.0, preferably 0.01 to
      0.1 atmospheres. The contacting of the catalyst with the
      halogen-containing gas is generally continued for a time sufficient to
      incorporate from 0.1 to 4.0 wt. %, preferably 0.5 to 2.0 wt. %, additional
      halogen onto the catalyst, based upon the anhydrous weight of the
      catalyst.
PAR  While elemental halogen, preferably chlorine, is an essential constituent
      of the treating gas, other materials may be present in the treating gas
      mixture. For example, the gas mixture may contain water, hydrogen halides,
      oxygen, and the like. When oxygen is present in the treating gas, the
      molar ratio of oxygen to elemental halogen in the treating gas should be
      maintained below about 10:1, preferably 1:1 or less. It is desirable that
      minor quantities of oxygen be present in the treating gas. It is believed
      that the presence of oxygen in the halogen-containing treating gas aids in
      the redispersion of the metals present on the catalyst. The presence of
      water in the treating gas mixture is beneficial from a corrosion
      standpoint. The water concentration of the treating gas, if water is
      present, should be maintained at levels varying from about 0.005 to 10%,
      preferably 0.02 to 1.0% by volume of the total treating gas.
PAR  The required halogen may be introduced directly into the reaction zone
      containing the catalyst or may be generated in situ by the thermal and
      oxidative degradation of materials containing halogen. For example,
      chlorine may be generated by the in situ oxidation of hydrogen chloride.
      Similarly chlorine may be generated by the thermal and/or oxidative
      degradation of C.sub.1 - C.sub.4 chlorinated hydrocarbons such as carbon
      tetrachloride, trichloroethylene, ethylene dichloride, t-butyl chloride,
      etc.
PAR  Upon completion of the inital hydrogen reduction/halogen treatment
      redispersion cycle following rapid halogen treatment of the catalyst, the
      catalyst may be subjected to additional reduction/halogen treatment cycles
      if the desired degree of iridium dispersion is not secured with a single
      cycle. Generally, from one to six additional cycles may be employed in
      order to completely convert the iridium present in the catalyst to a
      metallic surface area greater than about 200 m.sup.2 /gm. Because of the
      deleterious effects encountered by contacting supported iridium-containing
      catalysts with oxygen at elevated temperatures, it is important that the
      catalyst, after completion of the initial reduction operation and prior to
      reuse in the hydrocarbon conversion operation, not be contacted with a
      substantially halogen-free, oxygen-containing gas at a temperature
      sufficient to agglomerate further the iridium on the catalyst. The degree
      of iridium agglomeration encountered with contacting the catalyst with
      oxygen is a function of the temperature and duration of contacting.
      Prolonged contact with oxygen at temperatures in excess of about
      700.degree. F. should be avoided. Prior to the initial reduction, the
      catalyst should not be contacted with a substantially halogen-free
      oxygen-containing gas at a temperature substantially greater than the
      maximum temperature employed in the burning operation to avoid further
      agglomeration of the iridium catalyst metal. Further, it is preferred that
      all of the steps of the regeneration process be carried out sequentially
      and without interruption. There is no necessity for cooling the catalyst
      between the reduction and halogenation steps of the redispersion
      operation. It is preferred that the reduction/halogenation steps of the
      redispersion treatment be completed without reducing the temperature of
      the catalyst below about 575.degree. F.
PAR  The regeneration process of the present invention is generally carried out
      in situ, that is, the catalyst treated is maintained within the reactor
      vessels in which the hydrocarbon conversion reactions are carried out.
      Also, the regeneration process may be conducted in a separate regenerator
      vessel. Typically, the regeneration sequence is commenced by discontinuing
      contacting the catalyst with the process feed stock and the feed stock
      purged from the reaction vessels using techniques known to those skilled
      in the art. Thereafter, nitrogen is circulated through the reactor(s) at
      an elevated temperature and oxygen slowly introduced into the circulating
      nitrogen stream in order to burn carbonaceous residues from the catalyst.
      Following the burn operation, the reaction zone containing the catalyst
      may, if desired, be purged of O.sub.2, CO, and CO.sub.2 by circulating
      nitrogen gas therethrough. The catalyst is reduced thereafter by
      introducing hydrogen into the circulating nitrogen stream being passed
      through the reaction zone. After the desired degree of reduction is
      secured, the introduction of hydrogen into the circulating nitrogen gas is
      discontinued and elemental chlorine introduced into the circulating
      stream. Optionally, the reaction zone may be purged using an inert gas
      purge before introduction of the elemental halogen. Initially the chlorine
      reacts with the hydrogen remaining in the circulating stream to form
      hydrogen chloride (if no purge is used); however, after the remaining
      hydrogen is consumed, the catalyst is contacted rapidly with elemental
      chlorine. After rapid chlorine protection is achieved, the reaction zone
      is purged of chlorine treat gas with an inert gas purge and the catalyst
      is reduced following the procedure described above. After purging the
      reaction zone of reducing gas with an inert purge gas, the catalyst is
      contacted with elemental chlorine contained in the circulating nitrogen
      stream at a temperature in excess of about 850.degree. F. Following the
      initial reduction/chlorination dispersion sequence, the sequence may be
      repeated at least one additional time in order to redisperse further the
      iridium present on the catalyst.
PAR  A preferred embodiment of the present invention involves reversing the
      direction of flow of the halogen-containing gas with each halogenation
      treatment. For example, in the first treatment with halogen, the halogen
      may be passed downwardly over the catalyst. In the second treatment,
      (after an intervening reduction step) the halogen treat gas is passed
      upwardly over the catalyst. In the next cycle, the halogen-containing gas
      is passed downwardly over the catalyst.
PAR  After the desired degree of redispersion is secured, the catalyst is
      treated with hydrogen alone or in combination with process feed stock and
      returned to use without further contact with a halogen-free,
      oxygen-containing gas at a temperature sufficient to form crystalline
      agglomerates of the iridium, e.g., temperatures in excess of about
      700.degree. F. Prior to use, the catalyst may be contacted with hydrogen
      sulfide or other sulfur donor contained in hydrogen or an inert gas at an
      elevated temperature in order to sulfide the catalyst. The sulfiding
      operation is typically conducted for a time sufficient to add from about
      0.03 to 0.15 wt. % sulfur on the catalyst, based upon the dry weight of
      the catalyst.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples illustrate further the regeneration process of the
      present invention.
PAC  EXAMPLE 1
PAR  An experiment illustrating the advantage secured using the fast
      breakthrough regeneration technique of the present invention was
      conducted. A 1 inch diameter silica glass tubular reactor, 36 inches long,
      was employed to retain the catalyst being treated. The experiment was
      conducted at atmospheric pressure. In this and the following example, a
      0.3 wt. % iridium/0.3 wt. % platinum on alumina catalyst was utilized. A
      typical preparative procedure for manufacturing the catalyst includes
      contacting 100 grams of alumina (in the form of 1/16 inch extrudates) with
      a solution containing both iridium and platinum salts. The solution is
      prepared by admixing 150 milliliters of distilled water with 3 milliliters
      of chloroiridic acid solution containing 0.1 gram of iridium per
      milliliter of solution and 3 milliliters of a chloroplatinic acid solution
      containing 0.1 gram of platinum per milliliter of solution. The alumina is
      added to the water solution and left for several hours at room
      temperature. After removing excess water, the catalyst is dried in air at
      110.degree. C. for 16 hours and then at 250.degree. C. for 3 hours.
PAR  The catalysts used in this example were previously employed to promote a
      naphtha reforming operation. At the end of the on-oil cycle, carbonaceous
      residues were burned from the catalyst at conditions such that none of the
      platinum was converted to crystallites detectable by X-ray diffraction
      (i.e., larger than about 50A). Approximately 14 wt. % of the iridium on
      the catalyst was present in the form of crystallites having particle size
      greater than about 50A.
PAR  One hundred grams of the catalyst were charged to the silica reactor and
      maintained therein in two discrete beds of 50 grams each. The catalyst was
      then treated using a fast breakthrough chlorination procedure defined by
      the following sequence of steps:
PAR  (1) The catalyst was heated from room temperature to 950.degree. F. in
      flowing hydrogen and held at 950.degree. F. under the same conditions for
      one hour. All subsequent steps were conducted at 950.degree. F.
PAR  (2) Hydrogen flow over the catalyst was then halted and the hydrogen purged
      from the system by flowing helium through the catalyst beds.
PAR  (3) A treating gas comprising 1 volume % chlorine in nitrogen was then
      passed over the catalyst at a rate producing a chlorine breakthrough at
      the exit of the bed in 41/3 minutes.
PAR  (4) One minute after breakthrough the flow rate was reduced by a factor of
      about 30 and the direction of flow of the chlorine/nitrogen mixture was
      reversed and was continued for 1 hour.
PAR  (5) Thereafter helium was passed through the beds to purge the catalyst of
      excess chlorine and to cool the catalyst to room temperature.
PAR  An X-ray diffraction analysis of bed 1 showed that 19 wt. % of the iridium
      in the catalyst existed as large crystallites of metallic iridium. There
      were no detectable large crystallites of iridium oxide. The second
      catalyst bed had 10 wt. % of the iridium in the catalyst existing in the
      form of large crystallites of metallic iridium and no detectable iridium
      oxide crystallites. These results show that the protection technique did
      not materially increase the amount of agglomerated iridium on the catalyst
      as the average degree of agglomeration for the two beds is approximately
      equal to the degree of agglomeration for the starting catalyst and no
      iridium oxide was formed.
PAC  EXAMPLE 2
PAR  A comparative experiment to Example 1 was conducted wherein the chlorine
      breakthrough was secured after a relatively long treating time. The
      experimental arrangement employed was identical to that used in Example 1.
      The catalyst used in the test was previously employed to promote a naphtha
      reforming operation and after use was subjected to a burning operation for
      carbonaceous residue removal. The burning conditions were such that none
      of the platinum was found to be in the particle size range detectable by
      X-ray diffraction; however, approximately 25 wt. % of the iridium of the
      catalyst employed was in the form of large (greater than about 50A)
      particles.
PAR  One hundred grams of the above catalyst were charged to the tubular reactor
      and maintained therein in two discrete beds of 50 grams each. The catalyst
      was treated in accordance with the following sequence of steps:
PAR  (1) The catalyst was heated from room temperature to 930.degree. F. in
      flowing hydrogen and then held at 930.degree. F. under the same conditions
      for 0.5 hour. All subsequent steps were conducted at 930.degree. F.
PAR  (2) Thereafter hydrogen flow was halted and hydrogen purged from the
      reactor by flowing helium through the beds.
PAR  (3) A treating gas comprising 1 volume % chlorine in nitrogen was then
      passed over the catalyst at a rate which produced a chlorine breakthrough
      at the exit side of the catalyst beds in about 37 minutes.
PAR  (4) At breakthrough the rate of flow of the treating gas was reduced by a
      factor of 6 giving a flow rate approximately that used in step (4) of
      Example 1. This flow was continued at 930.degree. F. for 9.5 hours.
PAR  (5) Thereafter chlorine flow was halted and helium passed through the
      catalyst beds to purge the catalyst of excess chlorine and to cool the
      catalyst to room temperature.
PAR  X-ray diffraction examination of bed 1 showed 10 wt. % of the total iridium
      on the catalyst was present as detectable elemental iridium and 29 wt. %
      as detectable iridium oxide giving a total of 39 wt. % of iridium in the
      catalyst in large particle size, catalytically inactive form. The iridium
      of the second bed consisted of 31 wt. % detectable elemental iridium and
      24 wt. % detectable iridium oxide giving a total of 55 wt. % of large
      particle size iridium. As evident by comparing the results of this example
      with the results of Example 1, the overall agglomeration of the catalyst
      in the slow breakthrough experiment became substantially larger,
      particularly by the formation of relatively large quantities of large
      particle size iridium oxide.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the catalytic reforming of hydrocarbons wherein a
      hydrocarbon feed stock is contacted with a catalyst comprising from about
      0.01 to about 3.0 wt. % of an iridium component contained on a refractory
      inorganic oxide support at reforming conditions, the catalyst having been
      at least partially deactivated during contact with said feed stock by the
      deposition of carbonaceous residues, a method for regenerating said
      catalyst after discontinuing said contact of said catalyst with said feed
      stock comprising:
PA1  1. contacting said catalyst in a reaction zone with a gaseous mixture
      containing oxygen at an elevated temperature for a time sufficient to burn
      a substantial portion of said carbonaceous residues from said catalyst,
      the duration of said contacting at said elevated temperature being
      insufficient to convert more than about 70 wt. % of the iridium on said
      catalyst to agglomerates having crystalline sizes greater than about 50A;
PA1  2.
NUM  2.
PAR  2. contacting said carbonaceous residue-depleted catalyst in said reaction
      zone with a hydrogen-containing gas at an elevated temperature for a time
      sufficient to convert a substantial portion of said iridium to its
      metallic form, said step (2) being effected prior to contact with a
      substantially halogen-free, oxygen-containing gas at a temperature
      sufficient to agglomerate further the iridium on said catalyst;
PA1  3. contacting said treated catalyst having a substantial portion of the
      iridium contained thereon in the metallic form in said reaction zone with
      an elemental halogen-containing gas at a temperature greater than about
      850.degree. F., said gas being introduced into said reaction zone at a
      rate such that the halogen concentration of the treating gas at the outlet
      of said reaction zone is at least 50% of the inlet halogen concentration
      within at least 15 minutes from the time of the introduction of said
      treating gas into the inlet of said reaction zone;
PA1  4. contacting said halogen treated catalyst in said reaction zone with a
      hydrogen-containing gas at an elevated temperature for a time sufficient
      to convert a substantial portion of said iridium to its metallic form; and
PA1  5. contacting said treated catalyst having a substantial portion of the
      iridium contained thereon in the metallic form in said reaction zone with
      an elemental halogen-containing gas at a temperature of at least about
      850.degree. F. for a time sufficient to redisperse at least a portion of
PAR   the iridium on the catalyst. 2. The process of claim 1 wherein, after
      completion of said step (1), said catalyst is contacted with an inert
      purge gas at a temperature of below about 750.degree. F. for a time
      sufficient to remove substantially all of the carbon dioxide, carbon
      monoxide and oxygen present in said reaction zone.
NUM  3.
PAR  3. The process of claim 1 wherein said steps (4) and (5) are repeated, in
      sequence, at least one additional time.
NUM  4.
PAR  4. The process of claim 1 wherein said halogen-containing gas employed in
      steps (3) and (5) is a chlorine-containing gas.
NUM  5.
PAR  5. The process of claim 2 wherein said halogen-containing gas employed in
      said steps (3) and (5) is a chlorine-containing gas.
NUM  6.
PAR  6. The process of claim 1 wherein said steps (2) and (4) are conducted at a
      temperature varying from about 650.degree. to 950.degree. F.
NUM  7.
PAR  7. The process of claim 2 wherein said steps (2) and (4) are conducted at a
      temperature varying from about 650.degree. to 950.degree. F.
NUM  8.
PAR  8. The process of claim 5 wherein said steps (2) and (4) are conducted at a
      temperature varying from about 650.degree. to 950.degree. F.
NUM  9.
PAR  9. In a process for the catalytic reforming of a naphtha feed stock wherein
      said naphtha feed stock and hydrogen are contacted with a catalyst
      comprising from about 0.01 to about 3.0 wt. % of an iridium component and
      a halogen component contained on an alumina support at naphtha reforming
      conditions, the catalyst having been at least partially deactivated during
      contact with said naphtha feed stock by the deposition of carbonaceous
      residues, a method for regenerating said catalyst after discontinuing
      contact of said catalyst with said feed stock comprising;
PA1  1. contacting said catalyst in a reaction zone with a gaseous mixture
      containing oxygen at an elevated temperature for a time sufficient to burn
      a substantial portion of said carbonaceous residues from said catalyst,
      the duration of said contacting at said elevated temperature being
      insufficient to convert more than about 70 wt. % of the iridium on said
      catalyst to agglomerates having crystallite sizes greater than about 50A;
PAR  2. contacting said carbonaceous residue-depleted catalyst in said reaction
      zone with a gas mixture containing hydrogen at a temperature varying from
      about 650.degree. - 950.degree. F. for a time sufficient to convert a
      substantial portion of said iridium to its metallic form, wherein said
      step (2) is effected prior to contact with a substantially halogen-free,
      oxygen-containing gas at a temperature sufficient to agglomerate further
      the iridium on said catalyst;
PA1  3. contacting said treated catalyst having a substantial portion of the
      iridium contained thereon in the metallic form in said reaction zone with
      a gas mixture containing chlorine at a temperature of greater than about
      850.degree. F., said gas mixture being introduced into said reaction zone
      at a rate such that the chlorine concentration of the treating gas at the
      outlet of said reaction zone is at least 50% of the inlet chlorine
      concentration within at least 15 minutes from the time of the introduction
      of said treating gas into the inlet of said reaction zone;
PA1  4. contacting said chlorine treated catalyst in a reaction zone with a gas
      mixture containing hydrogen at a temperature varying from about
      650.degree. to 950.degree. F. for a time sufficient to convert a
      substantial portion of said iridium to its metallic form;
PA1  5. contacting said treated catalyst having a substantial portion of the
      iridium contained thereon in the metallic form in said reaction zone with
      a gas mixture containing chlorine at a temperature greater than about
      850.degree. F. for a time sufficient to redisperse at least a portion of
      the iridium on the catalyst; and
PA1  6. contacting said treated catalyst from step (5) in a reaction zone with
      said naphtha feed stock and hydrogen at naphtha reforming conditions,
      wherein said step is effected prior to contact with a substantially
      halogen-free, oxygen-containing gas at a temperature sufficient to
      agglomerate the iridium on said catalyst.
NUM  10.
PAR  10. The process of claim 9 wherein said step (1) operation is conducted at
      a temperature of less than about 850.degree. F.
NUM  11.
PAR  11. The process of claim 9 wherein said steps (3) and (5) are conducted at
      a temperature varying from about 850.degree. to 1150.degree. F.
NUM  12.
PAR  12. The process of claim 9 wherein, after completion of said step (1), said
      catalyst is contacted with an inert purge gas at a temperature of below
      about 750.degree. F. for a time sufficient to remove substantially all of
      the carbon dioxide, carbon monoxide and oxygen present in said reaction
      zone.
NUM  13.
PAR  13. The process of claim 9 wherein said steps (4) and (5) are repeated, in
      sequence, at least one additional time.
NUM  14.
PAR  14. The process of claim 9 wherein said hydrogen-containing gas is
      substantially removed from the reaction zone prior to each of said
      subsequent steps wherein said catalyst is contacted with a
      chlorine-containing gas and said chlorine-containing gas is substantially
      removed from said reaction zone prior to contacting said catalyst with
      said hydrogen-containing gas.
NUM  15.
PAR  15. The process of claim 12 wherein said hydrogen-containing gas is
      substantially removed from the reaction zone prior to each of said
      subsequent steps wherein said catalyst is contacted with a
      chlorine-containing gas and said chlorine-containing gas is substantially
      removed from said reaction zone prior to contacting said catalyst with
      said hydrogen-containing gas.
NUM  16.
PAR  16. The process of claim 13 wherein said hydrogen-containing gas is
      substantially removed from the reaction zone prior to each of said
      subsequent steps wherein said catalyst is contacted with a
      chlorine-containing gas and said chlorine-containing gas is substantially
      removed from said reaction zone prior to contacting said catalyst with
      said hydrogen-containing gas.
NUM  17.
PAR  17. The process of claim 1 wherein the halogen-containing gas of steps (3)
      and (5) contains water in amounts ranging from about 0.02 to 1.0% by
      volume, based on total treat gas.
NUM  18.
PAR  18. The process of claim 1 wherein the halogen-containing gas in steps (3)
      and (5) contains oxygen, the molar ratio of oxygen to elemental halogen in
      said halogen-containing gas being less than about 10;1.
NUM  19.
PAR  19. The process of claim 9 wherein the gas mixture in steps (3) and (5)
      comprises chlorine and oxygen, the molar ratio of oxygen to chlorine in
      said gas mixture being less than about 10:1.
NUM  20.
PAR  20. The process of claim 9 wherein the contacting in steps (3) and (5) is
      continued for a time sufficient to introduce from 0.1 to 4.0 wt. %
      additional chlorine onto the catalyst.
NUM  21.
PAR  21. The process of claim 1 wherein said steps (2) and (4) are conducted at
      a temperature varying from about 400.degree. to 1100.degree. F.
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ABST
PAL  A two-stage process for hydrodesulfurization of a metal-containing
      hydrocarbon oil employing a hydrodesulfurization catalyst in the second
      stage having an activated support prepared by drying and calcining a
      crystalline alumina containing 1.2 to 2.6 mols of water of hydration per
      mol of alumina.
BSUM
PAR  This invention relates to the use of an activated alumina supported
      hydrodesulfurization catalyst in the second stage of a process employing
      at least two reactor stages in series for the hydrodesulfurization of
      metal-containing and asphaltene-containing crude or residual petroleum
      oils. The invention applies to treatment of metal-containing hydrocarbon
      oils generally so that synthetic oils such as coal liquids, shale extracts
      and tar sand bitumens can also be treated. The activated alumina employed
      is referred to herein as pseudoboehmite.
PAR  The pseudoboehmite support for the second stage catalyst of this invention
      has a pore volume and average pore diameter which is generally lower than
      that of alumina supports of prevailing commercial crude or residual oil
      hydrodesulfurization catalysts, such as are employed in the first stage of
      the process of this invention. It would be expected that these
      characteristics would tend to reduce the useful life in
      hydrodesulfurization service of the pseudoboehmite catalyst for treating
      metal-containing oils, since metals deposition results in plugging and
      filling of pores which tends to deactivate small pore volume and small
      average pore diameter catalysts more rapidly than large pore volume and
      large average pore diameter catalysts.
PAR  In accordance with the present invention it has been discovered that a
      pseudoboehmite supported catalyst unexpectedly exhibits higher
      disulfurization activity than prevailing commercial hydrodesulfurization
      catalysts having a larger pore volume and average pore diameter when the
      pseudoboehmite catalyst is utilized in the second stage of the process of
      this invention. In the process of this invention a pseudoboehmite
      supported catalyst is employed at a high hydrodesulfurization activity for
      long throughput durations for the treatment of oils having high metals
      contents, that is, a nickel and vanadium metals level of at least 20 ppm,
      but particularly higher than 200 parts per million by weight.
PAR  In catalytic hydrodesulfurization of metal-containing oils, the
      desulfurization rate is primarily affected by the active metals on the
      catalyst support, i.e. by Group VI-B and Group VIII metals, by the process
      temperature and by the contact time. The alumina support of the catalyst
      does not itself possess desulfurization activity, but it does possess
      demetallization activity. In order for the alumina support to exert its
      demetallization activity, sufficient time must be allowed for the feed oil
      to become adsorbed on the alumina support. The present invention utilizes
      the discovery that pseudoboehmite alumina possesses very low
      demetallization activity when employed as a support for a residual oil
      hydrodesulfurization catalyst, especially at low oil residence times.
PAR  The pseudoboehmite catalyst of the present invention is characterized as a
      Group VI-B and Group VIII metal hydrodesulfurization catalyst supported on
      alumina wherein all or a major proportion of the alumina support is
      derived from a crystalline precursor alumina hydrate containing between
      about 1.2 and 2.6 mols of water of hydration per mol of alumina prior to
      calcining. The alumina support is essentially free of constituents which
      tend to impart cracking activity. Therefore, it contains less than 1
      weight percent of silica, preferably less than 0.5 weight percent of
      silica, and can be essentially free of silica. This precursor itself is
      pseudoboehmite. The precursor hydrate can comprise pseudoboehmite entirely
      or in major part, with the remainder comprising other alumina hydrates,
      such as bayerite and/or gibbsite which are trihydrates. Pseudoboehmite and
      its method of preparation is disclosed in U.S. Pat. No. 3,188,174 and U.S.
      Pat. No. 3,222,273, which are hereby incorporated by reference.
PAR  The pseudoboehmite alumina supported catalyst of this invention has been
      subjected to comparative tests against various catalysts, all of which
      were supported on alumina which is free of pseudoboehmite. The
      pseudoboehmitefree aluminas were either derived entirely from a boehmite
      precursor, which is alumina monohydrate, or were derived from a precursor
      comprising boehmite in minor proportion together with bayerite in major
      proportion. Similar aluminas were employed in the non-pseudoboehmite first
      stage tests of this invention.
PAR  The operating conditions employed in each stage of the process of this
      invention comprise a temperature in the range from about 600.degree. to
      about 1,000.degree.F. (316.degree. to 538.degree.C.), and preferably from
      about 650.degree. to about 800.degree.F. (343.degree. to 427.degree.C.).
      The liquid space velocity can be in the range from about 0.1 to about
      10.0, preferably less than about 5.0 and more preferably from about 0.2 to
      about 3.0 volumes of charge stock per volume of catalyst per hour. The
      hydrogen feed rate employed ranges from about 500 to about 10,000 standard
      cubic feet per barrel of feed stock (9 to 180 SCM/100L), preferably ranges
      from about 1,000 to 8,000 standard cubic feet per barrel (18 to 144
      SCM/100L) and more preferably ranges from about 2,000 to about 6,000
      standard cubic feet per barrel (36 to 128 SCM/ 100L). The hydrogen partial
      pressure is in the range from about 50 to about 5,000 psi (3.5 to 350
      Kg/cm.sup.2), preferably is less than about 3,500 psi (245 Kg/cm.sup.2),
      and more preferably is less than about 2,500 psi (175 Kg/cm.sup.2), with
      equally acceptable results in the pseudoboehmite stage being obtained with
      hydrogen partial pressures as low as 1,500, 1,000 or 900 or even lower
      than 500 or 400 psi (105, 70 or 63 or even lower than 35 or 28
      Kg/cm.sup.2). Hydrogen partial pressures of at least 200 psi (14
      Kg/cm.sup.2) are preferred. The total pressure generally does not greatly
      exceed the hydrogen partial pressures and can extend up to about 5,500 psi
      (385 Kg/cm.sup.2), but preferably the total pressure is less than about
      3,000 psi (210 Kg/cm.sup.2).
PAR  The catalyst of the present invention comprises in minor proportion
      metalliferous hydrogenating compounds, including Group VI and Group VIII
      metals, their oxides and sulfides. In the pseudoboehmite stage the metals
      are composited with dried and calcined pseudoboehmite alumina. The
      preferable hydrogenating components are nickel, cobalt, platinum,
      palladium, molybdenum and tungsten. Preferred catalysts contain cobalt and
      molybdenum or nickel, cobalt and molybdenum or nickel, titanium and
      molybdenum. In the nonpseudoboehmite first catalyst stage of this
      invention, the alumina hydrate from which the alumina support is derived
      is sufficiently free of pseudoboehmite that the first stage catalyst
      exhibits the characteristics of a non-pseudoboehmite catalyst, as
      exemplified in tests presented below. The alumina hydrate from which the
      first stage catalyst is prepared is mostly free of pseudoboehmite, or is
      at least 80 or 90 weight percent free of pseudoboehmite, so that it can be
      characterized as essentially a non-pseudoboehmite alumina type.
PAR  The carrier or support for the pseudoboehmite supported catalyst of this
      invention can be a mixture of two different aluminas obtained by
      mechanically blending two different crystalline alumina hydrate
      precursors, one of which is an alumina trihydrate while most of the
      alumina is pseudoboehmite, i.e. a crystalline alumina hydrate containing
      from about 1.2 to about 2.6 mols of water of hydration per mol of Al.sub.2
      O.sub.3. For example, the alumina trihydrate can be employed in an amount
      from about 1 percent to about 35 percent weight, while the remainder can
      be pseudoboehmite. Preferably, the alumina trihydrate comprises 2 or 5 up
      to 18 or 30 percent by weight, based upon total alumina hydrate precursor.
      The preferred support is synthesized in one step as a mixture of the two
      precursors, as described in U.S. Pat. No. 3,846,285, hereby incorporated
      by reference.
PAR  The pseudoboehmite catalyst support of this invention is capable of
      hydrodesulfurizing a metals-containing residual oil with relatively low
      metals pick-up and therefore has superior aging characteristics providing
      extended catalyst life and, unexpectedly, is regenerable, i.e. relatively
      fresh catalyst activity can be achieved upon regeneration. The superior
      regenerability of the pseudoboehmite catalyst is illustrated in the
      aforesaid U.S. Pat. No. 3,846,285.
PAR  Regeneration of the pseudoboehmite catalyst can be accomplished either by
      solvent extraction with an aromatic solvent, preferably one containing a
      good hydrogen transfer agent such as hydrofuran and anthracene, or by
      oxidative burn-off. The solvent extraction can be accomplished in the
      presence of at least about 500 SCF of hydrogen per barrel of solvent (9
      SCM/100L), at pressures of about 250 psi (17.5 Kg/cm.sup.2), or greater
      and at temperatures of about 500.degree.F. (260.degree.C.) or greater. The
      liquid hourly space velocity employed is usually greater than about 0.1
      volume of solvent per volume of catalyst per hour. Somewhat more severe
      conditions are employed for the solvent treatment, such as pressures of at
      least about 500 psi (35 Kg/cm.sup.2) and advantageously greater than about
      1,000 psi (70 Kg/cm.sup.2), temperatures of at least about 700.degree.F.
      (371.degree.C.), hydrogen feed rates of at least about 1,000 standard
      cubic feet per barrel (18 SCM/100L) of solvent and liquid hourly space
      velocities of at least about 0.2 volumes of solvent per volume of catalyst
      per hour. Generally, there is no advantage in employing pressures greater
      than about 3,000 or 4,000 psi (210 or 280 Kg/cm.sup.2), temperatures
      greater than about 900.degree.F. (482.degree.C.), space velocities greater
      than about 2.0 or hydrogen feed rates greater than about 10,000 standard
      cubic feet per barrel (180 SCM/100L). Normally, the regeneration by
      solvent treatment is accomplished within about 20 to 30 hours. The
      oxidative burn-off can be accomplished by techniques well known in the art
      and the temperature can preferably be maintained at a level of
      800.degree.F. (427.degree.C.) or lower.
PAR  It has now been discovered that as hydrodesulfurization reaction
      temperatures increase, although the desulfurization reaction rate
      increases, when a pseudoboehmite catalyst support is employed the
      demetallization rate is especially low, indicating that desulfurization
      occurs preferentially to demetallization. At high temperatures, the
      desulfurization rate is high primarily because the adsorption and
      desorption rate of the high sulfur-containing asphaltene and resin
      molecules in crude and residual oils is rapid. Because of this phenomenon,
      the time that the asphaltenes reside on the catalyst surface is too short
      for the more tenaciously held nickel and vanadium to be removed. Rapid
      desulfurization reaction rates cause resin and asphaltene molecules, which
      are the high metal-containing molecules as well as the high
      sulfur-containing molecules, to depart rapidly from the catalyst surface,
      thus avoiding sufficient residence times at catalyst sites to allow for
      adsorption and significant demetallization of these molecules on the
      catalyst support. Therefore, employment of high desulfurization
      temperatures rapidly completes the desulfurization reaction, permitting
      metal-containing asphaltene molecules to leave catalyst sites before
      occurrence of excessive adsorption onto the alumina support with resulting
      demetallization.
PAR  In a process for residual oil hydrodesulfurization in two stages in series
      with an interstage flash for removal of contaminant by-product gases such
      as hydrogen sulfide, ammonia and gaseous hydrocarbons and with
      progressively increasing temperatures in each stage to compensate for
      catalyst aging as the cycle duration progresses, it has been found that
      the aging rate is considerably more rapid in the second stage than in the
      first stage. In the first stage, peripheral alkyl groups on feed
      asphaltene and resin molecules provide steric hindrance which tends to
      prevent contact of the polycondensed ring inner body of the residual
      molecules with the catalyst. Since the peripheral alkyl groups constitute
      the least refractory portion of the molecule, lengthy residence time of
      the polycondensed rings inner body on the catalyst surface is avoided in
      the first stage reaction. However, in the second stage, the remaining
      sulfur and metals in the asphaltene molecules are more refractory since
      they tend to be deeply imbedded in the aromatic nucleus. Also, since the
      asphaltene molecules have been dealkylated in the first stage the
      molecules are sterically better adapted to permit the aromatic nucleus to
      abut broadly against the catalyst sites. Therefore, with low start-of-run
      temperatures in the first and second stages, the second stage exhibits
      higher start-of-run aging rates and the second stage catalyst is more
      prone to coking at start-of-run, as compared to the first stage. The first
      stage can safely operate at low start-of-run temperatures without coking
      because of the described steric hindrance effect, although it is not
      advantageous for the second stage to operate at low start-of-run
      temperatures. The second stage advantageously utilizes higher start-of-run
      temperatures than does the first stage in order to reduce start-of-run
      coking and demetallization rates and in order to avoid a high resulting
      initial aging rate. Therefore, in the two stage residual oil
      hydrodesulfurization process of this invention, the second stage is
      preferably operated at higher start-of-run or initial temperatures than
      the first stage because the molecules in the effluent from the first stage
      lack the steric hindrance of alkyl groups to avoid excessive coking at low
      start-of-run second stage temperatures. Similarly, at any given time in a
      catalyst cycle, the second stage temperature is advantageously higher than
      the first stage temperature.
PAR  A series of tests were performed to illustrate this temperature effect and
      to show the superiority of pseudoboehmite as a catalyst support in the
      second stage of a two-stage petroleum residual oil hydrodesulfurizing
      process wherein the feed to the second stage is the effluent of a first
      hydrodesulfurization stage employing a non-pseudoboehmite catalyst
      support. Table 1 shows the characteristics of a typical 53 percent reduced
      Kuwait crude feed to a first non-pseudoboehmite hydrodesulfurization stage
      and also shows the characteristics of the same reduced crude after being
      processed over the non-pseudoboehmite alumina catalyst in the first stage
      and prior to being charged to a second stage employing a pseudoboehmite
      supported catalyst.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Inspections of Feed Stocks to First and Second Stages                     
                                    Feed to Second Stage Effluent              
                      53% Reduced Kuwait Crude                                 
                                    from First Stage Employing a               
     Feed Stock       Feed to First Stage                                      
                                    Non-Pseudoboehmite Catalyst)               
     __________________________________________________________________________
     Inspections                                                               
     Gravity, .degree.API                                                      
                      15.1          22.2                                       
     Viscosity, SUS, 100.degree.F.(38.degree.C.)                               
                      4882          652                                        
     130.degree.F.(54.degree.C.)                                               
                      1439          --                                         
     210.degree.F.(99.degree.C.)                                               
                      184.6         69                                         
     Sulfur, Weight % 4.06          0.97                                       
     Nitrogen, Weight %                                                        
                      0.23          0.16                                       
     Carbon Res., Rams, Weight %                                               
                      8.92          4.44                                       
     Total Insol., Weight %                                                    
                      6.36          2.87                                       
     Nickel, ppm, Weight                                                       
                      18            4.3                                        
     Vanadium, ppm, Weight                                                     
                      57            9.6                                        
     Carbon, Weight % 84.32         86.68                                      
     Hydrogen, Weight %                                                        
                      11.24         12.15                                      
     Volume % Vacuum Distillation                                              
      Temperature, .degree.F., 10 mmHg                                         
     5                628 (311.degree.C.)                                      
                                    543 (284.degree.C.)                        
     10               688 (364.degree.C.)                                      
                                    596 (313.degree.C.)                        
     20               769 (410.degree.C.)                                      
                                    676 (358.degree.C.)                        
     30               833 (445.degree.C.)                                      
                                    744 (396.degree.C.)                        
     40               887 (475.degree.C.)                                      
                                    807 (431.degree.C.)                        
     50               947 (508.degree.C.)                                      
                                    868 (464.degree.C.)                        
     Cracked at, .degree.F.                                                    
                      962 (517.degree.C.)                                      
                                    1000 (538.degree.C.)                       
     __________________________________________________________________________
PAR  Table 2 shows the characteristics of the product obtained when the effluent
      from the first non-pseudoboehmite catalyst stage, illustrated in Table 1
      is processed at various severities over a non-pseudoboehmite supported
      catalyst in the second stage.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                             375.degree.F.+ (191.degree.C.+)Products From      
                             Second Stage                                      
                        Feed Employing a Non-Pseudoboehmite Catalyst           
     __________________________________________________________________________
     Sulfur, weight %   0.97 0.5       0.3       0.1                           
     Nitrogen, weight %      0.14      0.13      0.11                          
     Nickel, ppm        4.3  2.5       1.1       0.2                           
                        13.9 6.0       1.9       0.3                           
     Vanadium, ppm      9.6  3.5       0.8       0.1                           
     Gravity, .degree.API    23.8      24.5      26.0                          
     Vol. % Vacuum Distillation                                                
      Temperature, .degree.F., 10 mmHg                                         
     5                       479(248.degree.C.)                                
                                       468(242.degree.C.)                      
                                                 464(240.degree.C.)            
     10                      548(287.degree.C.)                                
                                       543(284.degree.C.)                      
                                                 541(283.degree.C.)            
     20                      646(341.degree.C.)                                
                                       639(337.degree.C.)                      
                                                 636(336.degree.C.)            
     30                      734(390.degree.C.)                                
                                       726(386.degree.C.)                      
                                                 724(384.degree.C.)            
     40                      792(422.degree.C.)                                
                                       788(420.degree.C.)                      
                                                 778(414.degree.C.)            
     50                      841(450.degree.C.)                                
                                       842(450.degree.C.)                      
                                                 832(444.degree.C.)            
     60                      913(490.degree.C.)                                
                                       905(485.degree.C.)                      
                                                 893(478.degree.C.)            
     70                      1,015(546.degree.C.)                              
                                       981(527.degree.C.)                      
                                                 963(517.degree.C.)            
     80                      --        --        1,048(565.degree.C.)          
     Carbon Residue (Ram), weight %                                            
                             3.8       3.3       2.2                           
     Heat of Combustion: Btu/lb                                                
                             19,200    19.250    19.350                        
                             (10,560 cal/gm)                                   
                                       (10,588 cal/gm)                         
                                                 (10,643 cal/gm)               
     Pour Point: .degree.F.  40(4.degree.C.)                                   
                                       20(-7.degree.C.)                        
                                                 0(-18.degree.C.)              
     Viscosity: SUV at .degree.F.                                              
       100                   430(221.degree.C.)                                
                                       435(224.degree.C.)                      
                                                 320(160.degree.C.)            
       210                   60(16.degree.C.)                                  
                                       55(13.degree.C.)                        
                                                 53.5(12.degree.C.)            
     Yeild: Vol. % of HDS Charge                                               
                             98.8      98.6      98.6                          
     Desulfurization, weight %                                                 
                             48.5      69.1      89.7                          
     Demetallization, weight %                                                 
                             56.8      86.3      97.8                          
     %Demetallization/%Desulfurization                                         
                             1.17      1.25      1.09                          
     __________________________________________________________________________
PAR  Table 3 shows the results of second stage treatment of the first stage
      effluent shown in Table 1 when employing a pseudoboehmite supported
      catalyst comprising 0.5 weight percent nickel, 1 weight percent cobalt and
      8 weight percent molybdenum in the second stage and also shows the results
      of second stage treatment of the first stage effluent shown in Table 1
      when employing in the second stage a non-pseudoboehmite catalyst of the
      type employed in the first stage.
TBL                TABLE 3                                                     
     ______________________________________                                    
             Second Stage Cata-                                                
                          Second Stage Catalyst                                
             lyst Supported                                                    
                          Supported on Non-                                    
             on           Pseudoboehmite                                       
             Pseudoboehmite                                                    
                          Alumina                                              
     ______________________________________                                    
     Product                                                                   
     sulfur,                                                                   
     weight %  0.5       0.3      0.5     0.3                                  
     LHSV, Hr.sup.-.sup.1                                                      
     in second                                                                 
     stage     2         1        1.0     0.5                                  
     ______________________________________                                    
PAR  Table 3 shows that the use of a pseudoboehmite supported catalyst in the
      second stage provides unusually high desulfurization activity when
      treating the residual oil effluent from a first stage employing a
      non-pseudoboehmite alumina support so that a reduced quantity of catalyst
      or a higher space velocity with the same quantity of catalyst can be
      employed in the second stage as compared to the first stage. Table 3 shows
      that use of a pseudoboehmite supported second stage catalyst reduces
      required second stage residence time by one-half (i.e. permits double the
      space velocity) to provide a given product sulfur level as compared to use
      of a non-pseudoboehmite catalyst in the second stage. Therefore, it is
      possible to employ only one-half the amount of catalyst in the second
      stage at a given flow rate when employing a pseudoboehmite second stage
      catalyst, as compared to the amount of catalyst required when employing a
      non-pseudoboehmite second stage catalyst to achieve a given effluent
      sulfur level. Since the second stage pseudoboehmite supported catalyst
      removes very little metals from the stream being treated, its high
      desulfurization activity is due in large part to its high ability to
      resist deactivation due to coking.
PAR  Table 4 shows the effluent of changing various parameters in second stage
      operation when employing a pseudoboehmite catalyst for treatment of the
      non-pseudoboehmite first stage effluent described in Table 1.
TBL                                    TABLE 4                                 
     __________________________________________________________________________
                       Effluent from Second Stage Employing a                  
                       Pseudoboehmite Catalyst for Processing                  
                       the Product from a Non-Pseudoboehmite                   
                       First Stage                                             
               Feed to 2000 psi (140 Kg/cm.sup.2),                             
                                         700.degree.F. (371.degree.C.),        
               Second Stage                                                    
                       1 LHSV            0.5 LHSV                              
     __________________________________________________________________________
     Temperature, .degree.F.                                                   
               --      675   700   725   --     --     --                      
                       (375.degree.C.)                                         
                             (371.degree.C.)                                   
                                   (385.degree.C.)                             
     Pressure, psi                                                             
               --      --    --    --    500    1000   2000                    
                                         (35Kg/cm.sup.2)                       
                                                (70Kg/cm.sup.2)                
                                                       (140Kg/cm.sup.2)        
     Product                                                                   
     Gravity, .degree.API                                                      
               22.2    23.3  23.7  24.4  22.1   23.3   24.5                    
     Hydrogen, weight %                                                        
               12.15   12.45 12.50 12.6  12.23  12.46  12.64                   
     Sulfur, weight %                                                          
               0.97    0.45  0.34  0.28  0.53   0.35   0.22                    
     Ni+V, ppm weight                                                          
               13.9    13.3  12.9  12.0  13.9   13.3   11.1                    
     Desulfurization, %                                                        
               --      53.6  64.9  71.1  45.4   63.9   77.3                    
     Demetallization, %                                                        
               --      4.3   7.2   13.7  0      4.3    20.1                    
     %Demetallization/                                                         
               --      0.08  0.11  0.193 0      0.067  0.26                    
      %Desulfurization                                                         
     __________________________________________________________________________
PAR  Table 4 shows that under all conditions tested, the pseudoboehmite
      supported catalyst in the second stage accomplishes desulfurization with a
      relatively low accompanying demetallization level. This is contrasted with
      the data of Table 2 showing that the non-pseudoboehmite alumina in the
      second stage removes sulfur with a relatively high accompanying
      demetallization level.
PAR  The great ability of the pseudoboehmite catalyst to reject essentially all
      metals in second stage operation, as shown in Table 4, is surprising
      because, as shown in Table 5, a similar ability to reject metals is not
      observed when a pseudoboehmite catalyst is employed in first stage
      operation.
TBL                                    TABLE 5                                 
     __________________________________________________________________________
     First Stage Operation at 500 psig (35 Kg/cm.sup.2), 700.degree.F.         
     (371.degree.C.), 500 SCF H.sub.2 /Bbl (9 SCM/100L)                        
                                       Non-Pseudoboehmite                      
                     Pseudoboehmite Catalyst                                   
                                       Catalyst                                
     __________________________________________________________________________
     Supported Metals, weight %                                                
                     0.5Ni,1Co,8Mo                                             
                              0.5Ni,1Co,8Mo                                    
                                       4.5Ni,12Mo,5Ti                          
     LHSV, Hr.sup.-.sup.1                                                      
                     0.5      1        1                                       
     On-Stream Time, Hours                                                     
                     205 - 301                                                 
                              8 - 72   359 - 407                               
     Desulfurization, percent                                                  
                     62(0.78).sup.(1)                                          
                              61(1.04).sup.(1)                                 
                                       39(1.60).sup.(1)                        
     Demetallization, percent                                                  
                     32(167).sup.(2)                                           
                              34(230).sup.(2)                                  
                                       20(134).sup.(2)                         
     Deasphalting, percent                                                     
                     20       3        12                                      
     %Demetallization/                                                         
      %Desulfurization                                                         
                      0.52    0.56     0.51                                    
     __________________________________________________________________________
      .sup.(1) Sulfur remaining in the 50 percent reduced crude                
      .sup.(2) Metals remaining in the 50 percent reduced crude                
PAR  Table 5 shows that in the first stage the pseudoboehmite and
      non-pseudoboehmite catalysts both exhibit about the same demetallization
      to desulfurization ratio at the conditions tested, and the ratio in the
      first stage is much higher than the demetallization to desulfurization
      ratio in the second stage with a pseudoboehmite supported catalyst, as
      illustrated in Table 4. Therefore, use of the pseudoboehmite catalyst in
      first stage operation does not provide any suggestion of its great ability
      to reject metals when employed in second stage operation. The discovered
      ability of the second stage pseudoboehmite catalyst to reject metals
      contributes greatly to the regenerability of the pseudoboehmite second
      stage catalyst.
PAR  The FIGURE presents graphs of data illustrating use of a pseudoboehmite
      catalyst.
PAR  Referring to the FIGURE, curve A shows first stage aging data employing a
      pseudoboehmite first stage catalyst at 710.degree.F. (377.degree.C.) and
      500 psi (35 Kg/cm.sup.2). All curves disposed beneath Curve A represent
      second stage operation at the conditions indicated in the FIGURE, with all
      curves to the left of vertical line B representing product from a
      pseudoboehmite first stage operation treated in a non-pseudoboehmite
      second stage, while the curves to the right of vertical line B represent
      product from a pseudoboehmite first stage operation treated in a
      pseudoboehmite second stage.
PAR  The FIGURE shows that if a pseudoboehmite catalyst is utilized in the first
      stage, the difference between utilizing a non-pseudoboehmite catalyst or a
      pseudoboehmite catalyst in the second stage is not great. This is in sharp
      contrast to the data presented in Table 3, above, which show that when
      employing a non-pseudoboehmite catalyst in the first stage, the advantage
      of employing a pseudoboehmite catalyst in the second stage (compared to a
      non-pseudoboehmite catalyst in the second stage) is about twofold.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process of hydrodesulfurizing a metalcontaining hydrocarbon feed oil
      at a temperature between 600.degree. and 1,000.degree.F., and a hydrogen
      pressure between 50 and 5,000 psi comprising passing said feed oil and
      hydrogen through first and second hydrodesulfurization zones in series
      with interzone removal of gaseous by-products, the catalyst in said second
      zone comprising Group VI-B and Group VIII metals supported on a first
      alumina said first alumina being prepared by drying and calcining a
      crystalline alumina hydrate having 1.2 to 2.6 mols of water of hydration
      per mol of alumina, the catalyst in said first zone comprising Group VI-B
      and Group VIII metals supported on a second alumina, said second alumina
      being prepared by drying and calcining an alumina hydrate selected from
      the group consisting of alumina monohydrate and alumina trihydrate, and
      maintaining the temperature in said second zone higher than the
      temperature in said first zone.
NUM  2.
PAR  2. The process of claim 1 wherein said crystalline alumina hydrate of said
      first alumina includes a minor amount of alumina hydrate selected from the
      group consisting of bayerite, gibbsite and mixtures thereof.
NUM  3.
PAR  3. The process of claim 1 wherein the space velocity is higher in the
      second zone than in the first zone.
NUM  4.
PAR  4. The process of claim 1 wherein the quantity of catalyst in the second
      zone is less than the quantity of catalyst in the first zone.
NUM  5.
PAR  5. The process of claim 1 wherein the hydrogen pressure is below 1,500 psi.
NUM  6.
PAR  6. The process of claim 1 wherein the hydrogen pressure is below 500 psi.
NUM  7.
PAR  7. The process of claim 1 wherein the hydrogen pressure is 200 to 400 psi.
NUM  8.
PAR  8. The process of claim 1 wherein the feed oil contains at least 20 parts
      per million by weight of nickel plus vanadium.
NUM  9.
PAR  9. The process of claim 1 wherein the feed oil contains at least 200 parts
      per million by weight of nickel plus vanadium.
NUM  10.
PAR  10. The process of claim 1 including regeneration of the second zone
      catalyst.
NUM  11.
PAR  11. The process of claim 1 wherein the feed oil is a residual petroleum
      oil.
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ABST
PAL  A system for size reduction and separation of plastic-metal assemblies for
      the purpose of reclaiming the plastic and/or metal for reuse. The system
      includes a granulator followed by a fiber/dust separator with these
      components preferably being repeated, followed by a screening separator,
      and finally a hightension separator for separating plastic and metal. The
      system particularly incorporates an impact-counterflow separator for
      removing fiber/dust from heavier plastic and metallic particles.
BSUM
PAR  This invention relates in general to new and useful systems for size
      reduction and separation of plastic-metal assemblies for the purpose of
      reclaiming the plastic and/or metal for reuse.
PAC  BACKGROUND OF THE INVENTION
PAR  It is known to reclaim composite metal and plastic elements by first
      granulating the same and then, by means of suitable separators, to
      separate the metallic and plastic particles for reuse. However, prior
      systems lacked in purity of the separated components, which is extremely
      important for reuse, as well as efficiency.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, the elements which are to be reclaimed
      are first passed through a granulator and thereafter through a separator
      wherein fiber/dust is removed from the granulated particles. Thereafter,
      depending upon the construction of the materials or the elements to be
      reclaimed, the particles may be passed through one or more granulators
      and, when necessary, through at least one further fiber/dust separator.
PAR  The fiber/dust free particles, depending upon the product, may then be
      passed either directly to a high-tension electrostatic separator for
      separating the plastic and metallic particles, or the plastic and metallic
      particles may be directed to a screener wherein the finer particles are
      removed and delivered to the high-tension electrostatic separator with the
      larger particles being returned to a selected one of the granulators for
      reprocessing through the same system.
PAR  Also, in accordance with this invention, metallic particles may be removed
      at preselected stages in the system by means of magnetic separators.
      Further, where the metallic and plastic particles may be separated by
      screening, a certain degree of plastic and metallic particles separation
      may be effected at the screener.
PAR  A further feature of this invention is a novel impact-counterflow separator
      for removing fiber/dust from plastic and metallic particles. The
      impact-counterflow separator includes a housing into which fiber/dust and
      plastic and metallic particles entrained in air are delivered under
      pressure and impacted against a wall within the housing, preferably an
      inner surface of an exterior wall of the housing, with the impact being
      substantially normal to the wall and the wall being substantially vertical
      whereby the metallic and plastic particles lose their velocity and fall by
      gravity down along the wall and wherein a large portion of the fiber/dust
      remains entrained within the air.
PAR  The separator also includes a suction exhaust which is utilized to draw out
      the air and the fiber/duct entrained therewith. The housing is provided
      below the impact wall surface with a curved baffle which is positioned and
      so configurated wherein there is air flow over the particles falling over
      the baffle and wherein there is further separation of fiber/dust from the
      particles by the flowing air.
PAR  The separator may also be provided with an inlet duct which has an impact
      wall so as to initiate the separation of fiber/dust from the particles
      prior to the low thereof into the separator housing.
PAR  Where utilized above and hereinafter, the term "fiber/dust" is intended to
      cover "fiber and/or dust."
DRWD
PAR  With the above and other objects in view which will hereinafter appear, the
      nature of the invention will be more clearly understood by reference to
      the following detailed description, the appended claims, and the several
      views illustrated in the accompanying drawings.
PAR  FIG. 1 is a vertical sectional view taken through a typical
      impact-counterflow separator formed in accordance with this invention;
PAR  FIG. 2 is a schematic of a system utilizing the separator of FIG. 1;
PAR  FIG. 3 is a schematic of another system utilizing the separator of FIG. 1;
      and
PAR  FIG. 4 is a process schematic of an ideal salvage system in accordance with
      this invention.
DETD
PAR  Referring now to the drawings, FIG. 1 illustrates the impact-counterflow
      separator of this invention, generally identified by the numeral 10. The
      separator 10 includes an upright housing 11, which may be cylindrical,
      square or otherwise shaped. The housing 11 has a tapered lower chamber 12
      which terminates in a discharge 13 which is preferably in the form of a
      rotary air lock.
PAR  The housing 11 also includes a top wall 14 through which there passes a
      portion of inlet duct which is generally identified by the numeral 15. The
      inlet duct 15 has coupled to an inlet thereof a blower 16 which, in turn,
      will be coupled to a granulator (not shown) or other source of granulated
      or comminuted material which is to be salvaged.
PAR  The inlet duct 15 includes a straight-run 17 which is preferably generally
      horizontally disposed and which is in abrupt intersection with a further
      straight-run 18 which is preferably vertically disposed. The straight-run
      18 is fitted into the housing 11 through the top wall 14 thereof and is
      coupled to an internal duct 20 having a discharge opening 21 facing an
      external wall of the housing 11 in direct, opposed, spaced relation.
PAR  It is noted that the relationship of the duct sections 17 and 18 is such
      that directly opposing flow through the duct section 17 is an upstanding
      wall 22 of the duct section 18. Due to the effect of the blower 16, air at
      a predetermined pressure and moving at a predetermined velocity and having
      entrained therein fiber/dust and particles, normally both plastic and
      metallic, flows through the duct section 17 and generally impacts against
      the wall 22 with the particles, which are heavier than the air and the
      fiber/dust, particularly impacting against the wall 22 so as to effect an
      initial separation of the particles from the fiber/dust.
PAR  As the air and the entrained fiber/dust and particles pass out through the
      discharge opening 21, there is somewhat of a tendency for a counterflow of
      the air and the entrained fiber/dust while the heavier particles continue
      in a generally straight line direction and impact against the wall of the
      housing 11. The impaction of the particles against the wall of the housing
      11 results in the loss of velocity of the particles with the further
      result that the particles fall down along the wall due to gravitational
      forces.
PAR  The particles are permitted to fall down along the wall of the housing 11
      for a limited distance and thereafter flow over a curved baffle 23 which
      faces generally upwardly away from the impact surface of the wall of the
      housing 11 and generally towards a discharge opening 24 in the top wall
      14. The position and shape of the baffle 23 is such that it influences the
      air flow within the housing 11 and effects a flow of air over the
      particles falling down the wall of the housing 11 and over the baffle 23
      so as to effect a further removal of fiber/dust from the particles.
PAR  It is noted that removal of the air and entrained fiber/dust from the
      housing 11 is particularly facilitated by means of a second blower 25
      which is connected to a discharge line 26 into which the discharge opening
      24 opens. Thus, there will be a continuous flow of air through the housing
      11, thereby preventing the settling out of the fiber/dust from the air and
      wherein a substantially complete removal of fiber/dust from the heavier
      particles is effected.
PAR  As will be apparent from FIG. 1, the heavier particles, generally plastic
      and metallic, will fall from the baffle 23 down into the tapered chamber
      12 where the particles are moved through the discharge 13.
PAR  It is pointed out that a typical separator housing would have a four-foot
      diameter or cross-section with an air flow of 2,000 CFM and a capacity of
      1,500 pounds of scrap per hour, with the preferred particle size being
      that passing a 1/8 inch screen opening.
PAR  Reference is now made to FIG. 2 wherein there is illustrated a typical
      usage of the impact-counterflow separator 10. Materials to be salvaged are
      passed through a conventional type granulator 27 wherein they are
      granulated or comminuted into a predetermined particle size, for example,
      particles which pass through 1/8 inch screen openings. A typical
      granulator is illustrated in Bulletin 73-G of Cumberland Engineering
      Company, Inc., Providence, R.I., with particular reference being made to
      the Series C granulating machines appearing on pages 14 through 17
      thereof.
PAR  The granulated scrap from the granulator 27 passes into a three-stage
      aspirator-type separator 28 having a light fraction discharge 30 and a
      heavy fraction discharge 31. The light fraction discharge 30 is coupled to
      the inlet of the blower 16 and is directed thereby into the
      impact-counterflow separator 10 in which fiber/dust is removed and the
      heavier particles are discharged into a discharge line 32 which is coupled
      to the heavy fraction discharge 31 and wherein the particles pass onto
      other equipment, as will be described hereinafter, for possible further
      granulating and for separation.
PAR  The suction blower 25 has a discharge duct 33 which is connected to a
      conventional cyclone-type separator 34 which removes fiber/dust from the
      air and discharges the same as at 35. Depending upon the nature of the
      fiber/dust, the same may be considered as waste or may be subject to
      suitable salvaging.
PAR  Reference is now made to a further typical usage of the impact-counterflow
      separator 10. The system of FIG. 3 is very similar to that of FIG. 2 and
      differs therefrom primarily in that it includes a granulator 36 having a
      conventional airvey discharge 37 which is coupled by means of a duct 38 to
      the inlet end of the blower 16. The granulator 36 may be of the same as
      the aforedescribed granulator 27 and the operation of the system will be
      the same as that of FIG. 2 except for the fact that all of the discharge
      of the granulator 36 will be directed into the impact-counterflow
      separator 10 and that the particles discharged from the impact-counterflow
      separator 10 through the discharge line 32 will be all of the particle
      discharge of the system. The particle discharged will, as in the case of
      the system of FIG. 2, be directed to possibly other granulating and
      fiber/dust separating means, as well as particle separating means.
PAR  A number of sets of materials have been processed successfully through the
      impact-counterflow separator system. The overall application and the
      specific separation performed by this system are as follows:
     APPLICATION       MATERIALS SEPARATED                                     
     ______________________________________                                    
     1.   scrap telephone  nylon fiber from PVC, nylon                         
          cordage          and bronze particles                                
     2.   fine wire        fiber and paper from wire and                       
                           plastic/rubber insulation                           
                           particles                                           
     3.   general wire     fiber and paper from wire and                       
                           plastic/rubber insulation                           
                           particles                                           
     4.   reinforced garden                                                    
                           nylon/rayon fibers from PVC                         
          hose             particles                                           
     5.   plated plastics  dust from plated and unplated                       
                           ABS particles                                       
     6.   used plastic textile                                                 
                           fibers from plastic particles                       
          spools with yarn                                                     
          ends remaining                                                       
     7.   telephone cord end                                                   
                           mica dust (stripping agent)                         
          strippings       from PVC particles                                  
     ______________________________________                                    
PAR  It is obvious that the separation system is not limited to the above-listed
      material sets.
PAR  Reference is now made to FIG. 4 wherein there is specifically disclosed an
      overall salvage process. In accordance with the illustrated schematic,
      scrap to be salvaged is fed into a conventional granulator 40 which may
      correspond to the granulator 27 of FIG. 2. Granulated scrap passes from
      the granulator 40 through a duct 41, preferably by means of a blower, such
      as illustrated in FIG. 2, to a junction point 42 wherein, depending upon
      the system, the granulated scrap may pass along either path A or path B.
      It is to be noted that, depending upon the desired particle size, the
      granulated scrap passing from the granulator 40 may pass into another and
      similar granulator which will reduce the particle size.
PAR  The granulated scrap, when it passes along path A from the junction point
      42, passes through a separator 43 which is preferably in the form of an
      impact-counterflow separator, such as the impact-counterflow separator 10
      in FIG. 1. In the separator 43, fiber/dust is removed from the heavier
      particles and discharged through line 44. The heavy particles discharged
      from the separator 43 passes through a line or duct 45 to a junction point
      46.
PAR  It is also pointed out that path A may include more than one of the
      separators 43 in series so as to insure proper fiber/dust removal.
      Further, while the impact-counterflow separator 10 of FIG. 1 is preferred,
      it is to be understood that under certain operating conditions a
      conventional cyclone-type separator may be utilized.
PAR  If the granulated scrap material passes along path B, it may pass directly
      to junction point 46. On the other hand, if it is feasible to remove
      metallic particles prior to the junction point 46, a conventional magnetic
      separator (not shown) may be incorporated in either path A or in path B in
      advance of junction point 46.
PAR  From the junction point 46 flow is into a further granulator 47 which may
      be of the same type as the granulator 40, but with a smaller screen size.
      If necessary, an additional granulator may be placed in the series with
      the granulator 47. Flow from the granulator 47 is to a junction point 48.
PAR  Flow from the junction point 48 is to a further separator 50 wherein there
      is a further separation of fiber/dust from heavier particles. Once again,
      if desired, an additional separator corresponding to the separator 50 may
      be incorporated in the system. The separator 50 is preferably of the
      impact-counterflow type, but under certain operating and material
      conditions could be of the conventional cyclone-type. Removed fiber/dust
      passes from the separator 50 through a discharge 51. Scrap particles pass
      from the separator 50 to a junction point 52. However, if the scrap
      product is of a suitable type, there may be incorporated in the system in
      advance of the junction point 52 a conventional magnetic separator for
      removing metallic particles from the granulated scrap.
PAR  Scrap flow from the junction point 52 may be through a path C or a path D.
      Scrap flow along path C is directly to a junction point 53 where scrap
      flow along the path D is to a screener 54 wherein the screening of the
      particles is effected and finer particles pass along a line 55 to the
      junction point 53, whereas larger particles pass along a path E and are
      returned into the system at junction point 46 for further granulation and
      repeated processing. The screener 54 may also have incorporated therein
      under suitable particle conditions a separator arrangement for separating
      either selected plastic or selected metal particles which are discharged
      along a discharge path 56.
PAR  Suitable screeners are manufactured by the Syntron Division of FMC
      Corporation, Homer City, Pa., and described in their Bulletin 220571.
PAR  At this time it is to be noted that more than one of the screeners 54 may
      be arranged in series along the path D.
PAR  The granulated scrap passes from junction point 53 to a high-tension
      separator 57 which is of the conventional type and wherein the metal
      particles and plastic particles are separated and suitably discharged
      along a metal particle discharge 58 and a plastic particle discharge 60.
      The high-tension separator is an electrostatic separator and may be of the
      type manufactured by CARPCO Research and Engineering, Inc., Jacksonville,
      Fla., and described in Bulletin No. HPB114. Separators of this type are
      also disclosed in U.S. Pat. Nos. 3,322,275 and 3,370,703.
PAR  It is to be understood that with the process schematic of FIG. 4 numerous
      flow paths are feasible. The various processing steps will be
      incorporated, omitted, or repeated depending upon the particular product
      which is being salvaged. Accordingly, no attempt will be made here to
      specifically define specific flow paths. However, the system in general
      will be reviewed here so that one skilled in the art can determine the
      most feasible flow path for a particular product to be salvaged.
PAR  The initial step is to reduce the material to be salvaged from a
      non-uniform bulky size to a flow of more uniform particles by using the
      granulator 40. The flow of particles from the granulator 40 can then
      follow one of two flow paths. Path A introduces the material to a
      separation system (separator 43) where fibers and/or dust are removed. The
      other, path B, carries the material directly to another granulator 47. The
      choice between these process paths is determined by the presence or
      absence of dust and/or fines created by the size reduction of the scrap
      material being salvaged in the granulator 40.
PAR  The second stage of granulation, granulator 47, reduces the particles to a
      more uniform size. During the granulation steps within the granulators 40
      and 47, liberation occurs if the bonds between materials are significantly
      weaker than the bonds within the materials themselves. The term
      "liberation" is used to signify that the attachment between materials has
      been eliminated and the individual particles are of homogenous
      composition. The case of bonds between materials being stronger then those
      within each of the materials changes the parameters of the granulating
      steps. For this situation, the materials are reduced to the smallest
      particle size practical through granulation to facilitate separation and
      maximum yields and purity. Thus, the parameters for granulating vary among
      sets of materials, depending principally on bonding and physical sizes of
      the actual assemblies and the components of those assemblies.
PAR  The materials from the final stage of granulation, granulator 47, are then
      processed through a separator where fiber and/or dust caused by
      granulation are removed.
PAR  At this point the two schematic paths C and D are available. Completed
      liberated materials or materials reduced to relatively small particle
      sizes may be conveyed along path C directly to the high-tension separator
      57. On the other hand, partially liberated materials are conveyed along
      path D to the screener 54. The screener 54 then separates liberated from
      unliberated particles by size parameters. The liberated mixture of
      particles of plastic and metal are conveyed to the high-tension separator
      57. Unliberated particles, again sorted by size using the screener 54, are
      recycled in the process along the path E. These particles are regranulated
      in the granulator 47 and reprocessed.
PAR  If a homogenous product can be removed by the screener 54, it is discharged
      from the system at this point. It is to be noted that the screener 54 is
      particularly suited for the separation of the plastic and metal contained
      in small diameter wire.
PAR  As described above, the separator 57 is a high-tension separator wherein
      the mixture of individually homogenous particles are separated on the
      basis of conductivity or non-conductivity. The non-conductive particles
      are charged in an ionizing field, formed dipoles within the individual
      particle, and are segregated in a high-voltage electrostatic field. The
      products discharged from this are high purity plastics and high purity
      metals.
PAR  Typical examples of scrap which has been successfully salvaged with the
      process of FIG. 4 are small diameter wire and refrigerator parts with
      metal plating on ABS (acrylonitrile-Butadiene-Styrene) plastic. The small
      diameter wire has been separated from its plastic insulation with
      exceptional purity and very high yields. Purities of better than 99
      percent and yields of 97 percent have been accomplished. The scrap wire
      was passed through the granulator 40, the separator 43, the granulator 47,
      the separator 50, the screener 54, and the separator 57.
PAR  With respect to the metal plated ABS, this scrap was passed through the
      granulator 40 directly to the granulator 47, then through the separator
      50, and then directly to the separator 57. Ninety-eight to ninety-nine
      percent purity and 80 to 90 percent yield of the reclaimed ABS has been
      obtained. The reclaimed ABS has been successfully tested for mechanical
      properties and has been successfully replated, demonstrating its purity
      and usefulness after being reclaimed.
PAR  Although only a preferred embodiment of the separator and only several
      preferred embodiments of separator systems have been specifically
      disclosed and illustrated herein, it is to be understood that minor
      variations may be made in the separator construction and the separator
      systems without departing from the stated scope of the invention, as
      defined by the appended claims.
CLMS
STM  What is claimed as new:
NUM  1.
PAR  1. An impact-counterflow separator for removing fiber/dust from heavier
      particles comprising, a housing, an inlet duct leading into said housing
      and operable to receive pressurized air and entrained fiber/dust and
      heavier particles, said housing having an upright wall, means for
      effecting pressurized air flow into said housing through said inlet duct
      to thereby convey said fiber/dust and particles to said housing, said
      inlet duct having a discharge opening directed towards and substantially
      normal to said upright wall, said upright wall being spaced from said
      discharge opening, means for controlling the air flow pattern as the air
      is emitted from said discharge opening to effect impaction of the
      particles against said upright wall and at least momentarily reduce the
      velocity of the particles to substantially zero with the fiber/dust being
      substantially precluded from impaction with said upright wall to thereby
      gravitationally substantially separate the particles from said fiber/dust,
      baffle means below said upright wall for receiving descending particles
      and fiber/dust, said baffle means cooperating with said means for
      controlling the air flow pattern to effect removal of fiber/dust from
      descending particles, and said means for controlling the air flow pattern
      being operable to remove the separated fiber/dust from said housing.
NUM  2.
PAR  2. The separator of claim 1 wherein said means for controlling said air
      flow is suction means.
NUM  3.
PAR  3. The separator of claim 2 wherein said suction means includes an outlet
      from said housing, said housing outlet being vertically spaced relative to
      said discharge opening.
NUM  4.
PAR  4. The separator of claim 3 wherein said baffle means includes a portion
      facing towards said outlet.
NUM  5.
PAR  5. The separator of claim 1 wherein said means for controlling the air flow
      pattern includes suction means connected to an outlet of said housing,
      said housing outlet being vertically spaced relative to said discharge
      opening and remote therefrom in a direction opposite from the direction of
      discharge therefrom.
NUM  6.
PAR  6. The separator of claim 1 wherein said baffle means is a continuation of
      said upright wall.
NUM  7.
PAR  7. The separator of claim 1 wherein said inlet duct includes an abrupt turn
      defining a duct wall disposed substantially normal to the flow of air and
      fiber/dust and particles directed toward said duct wall, said duct wall
      forming an impact surface for fiber/dust and particles to reduce the
      velocity thereof.
NUM  8.
PAR  8. The separator of claim 1 wherein said means for effecting pressurized
      air flow includes a blower, and said blower includes an inlet connected to
      an outlet of a granulator.
NUM  9.
PAR  9. The separator of claim 8 wherein said granulator outlet receives the
      entire production of said granulator.
NUM  10.
PAR  10. The separator of claim 8 wherein said granulator includes separator
      means for separating material granulated thereby into heavy fractions and
      light fractions, said granulator having separate discharges for heavy
      fractions and light fractions, and said light fractions discharge being
      said granulator outlet to which said blower is connected.
NUM  11.
PAR  11. The separator of claim 10 including discharge means coupled to said
      heavy fractions discharge and said discharge for separated particles for
      receiving heavy fractions and particles therefrom.
NUM  12.
PAR  12. A method of salvaging granulated materials of the type including
      fiber/dust and heavier particles comprising the steps of, entraining the
      fiber/dust and heavier particles in an air stream, moving said fiber/dust
      in a selected path in said air stream, impinging said fiber/dust and
      particles against a surface generally normal to said selected path to
      change the direction of movement and initiate separation of the fiber/dust
      and particles, thereafter flowing the same into an enclosure while
      controlling the air flow pattern under a suction induced air current as
      the fiber/dust and heavier particles enter the enclosure to effect
      impingement of the particles against an upright wall substantially normal
      thereto thereby reducing the momentum of the particles with the particles
      falling from the upright wall under the influence of gravity while the
      fiber/dust is substantially precluded from impingement against the upright
      wall, and removing the air and fiber/dust in said suction induced air
      current.
NUM  13.
PAR  13. The method of claim 12 wherein after impinging against said wall the
      falling particles and a portion of the air are directed along a generally
      common path wherein fiber/dust falling with the particles may be separated
      therefrom.
NUM  14.
PAR  14. The method of claim 12 wherein said granulated materials are formed as
      a continuous part of said method.
NUM  15.
PAR  15. A process for salvaging the materials of composite metallic and plastic
      members to yield fiber/dust and heavier particles of metal, and plastic
      comprising the steps of granulating the members, entraining the fiber/dust
      and particles in a stream of air to flow the same into an enclosure while
      controlling the air flow pattern under a suction induced air current as
      the fiber/dust and particles enter the enclosure to effect impingement of
      the particles against an upright wall substantially normal thereto thereby
      reducing the momentum of the particles with the particles falling
      downwardly under the influence of gravity while the fiber/dust is
      substantially precluded from impingement against the upright wall,
      removing the fiber/dust in said air stream, and finally separating the
      plastic from the metallic particles.
NUM  16.
PAR  16. The process of claim 15 wherein the plastic and metallic particles are
      separated into large and small particles in advance of the separation of
      the plastic particles and metallic particles with the large particles
      being returned for further granulation, further fiber/dust separation, and
      only the selected small particles are separated as to plastic and metallic
      particles.
NUM  17.
PAR  17. The process of claim 15 wherein there is a further granulating of the
      plastic and metallic particles having fiber/dust separated therefrom,
      followed by a further separation of fiber/dust from the plastic and
      metallic particles.
NUM  18.
PAR  18. The process of claim 17 wherein following the further separation the
      plastic and metallic particles are separated into large and small
      particles in advance of the separation of the plastic particles and
      metallic particles with the large particles being returned for further
      granulation, further fiber/dust separation, and only the selected small
      particles are separated as to plastic and metallic particles.
NUM  19.
PAR  19. The process of claim 17 wherein there is a removal of metallic
      particles prior to the further granulating.
NUM  20.
PAR  20. The process of claim 15 wherein in the granulating of the members there
      is a first granulation to a first particle size and a second granulation
      to a second and smaller particle size.
NUM  21.
PAR  21. The process of claim 20 wherein there is a removal of metallic
      particles between said first granulation and said second granulation.
NUM  22.
PAR  22. An impact-counterflow separator for removing fiber/dust from heavier
      particles comprising, a housing, an inlet duct leading into said housing,
      said housing having an upright wall, means for effecting flow of
      pressurized air in a path through said duct to convey the fiber/dust and
      particles to said housing, said inlet duct having an abrupt turn defining
      a duct wall disposed substantially normal to said path, said inlet duct
      having a discharge opening directed toward and substantially normal to
      said upright wall, said upright wall being spaced from said discharge
      opening, said fiber/dust and said particles moving in said path impacting
      against said duct wall to reduce the velocity and direct said fiber/dust
      and particles toward said discharge opening, means for controlling the air
      flow pattern as the air is emitted from said discharge opening to effect
      impaction of the particles against said upright wall and reduce the
      velocity thereof with the fiber/dust being substantially precluded from
      impaction against said upright wall to thereby gravitationally
      substantially separate the particles from the fiber/dust, and said means
      for contolling the air flow pattern being operable to remove the
      fiber/dust from said housing.
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ABST
PAL  An improved process is disclosed for electrostatic separation of pyrite
      from powdered crude coal comprising vigorously mixing the powdered crude
      coal with a selected fatty acid glyceride as a conditioning substance and
      conducting the electrostatic separation at a relative humidity of 2.5-20%
      and a temperature between room temperature and 100.degree. C. In a
      multiple stage process yields of purified coal substantially greater than
      those of prior art processes can be obtained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A current goal of coal technology is to separate pyrite and coal from one
      another to prepare a coal of the greatest possible purity.
PAR  German Patent No. 744,805 discloses a process for electrostatic separation
      of mixtures of coal and ore by applying an oily wetting agent to increase
      the surface resistance of at least a portion of the mixture. The wetting
      agent also has the purpose of increasing the adhesion of the wetted
      separable material to the wetted electrode. The oil used is not further
      described as to its chemical composition. The separation of the components
      relies on the conductivity difference between the components which is
      produced or enhanced by the wetting agent and not on the contact electric
      charge of the components as in the process of this invention.
PAR  The process of this invention uses a different method of solving the
      problem which has significant technical advantages.
PAR  U.S. Pat. No. 3,073,447 discloses an electrostatic beneficiation of crude
      potassium salts containing langbeinite into a sylvine concentrate, using
      known potassium chloride selective reagents, and a langbeinite concentrate
      using langbeinite-selective reagents at a temperature between 40.degree.
      and 150.degree.C. Table 1, line 15, shows that sylvine is also recovered
      by separation using glycerine esters of fatty acids at 60.degree.C., a
      method which, in comparison to other potassium chloride specific methods,
      shows a very poor yield of K.sub.2 O. According to the process of this
      invention, no glycerine esters of fatty acids are used but rather selected
      glycerides of stearic, palmitic, oleic, linoleic, and linolenic acids.
PAR  In contrast with the above technology, the process of this invention uses
      other conditioning substances and produces a surprisingly selective
      separation. A coal concentrate containing over 80% pure coal is attained
      with a yield of at least 80%.
PAR  Various authors have addressed themselves in "Aufbereitungs-Technik" (No.
      4/1970, pages 207-220) to the problem of separation of pyrite from coal
      dust in electric and magnetic fields.
PAR  The separation was undertaken in the electrodynamic field of a cylindrical
      separator at a temperature between 14.degree. and 34.degree.C. and
      relative humidity of 20-90%. As conditioning substances for altering the
      conductivity, HNO.sub.3, H.sub.2 SO.sub.4, H.sub.2 O.sub.2, and KM.sub.g
      PO.sub.4 were employed. The report states concerning the separation
      results:
PAR  "From a complete review of all the results, which were obtained in numerous
      experiments with the electrodynamic cylindrical separator, it was
      abandoned, since the separation results in all experiments -- even in the
      case of the most favorable assumptions about raw materials -- were
      unsatisfactory."
PAR  These investigations did not suggest the conditioning means used in the
      process of this invention. Rather, the prior technology proceeded in an
      entirely different direction in which separations were made using
      differences between conductors and non-conductors and not by means of
      contact electric charges. These processes have the disadvantage of a low
      specific output of the cylindrical separator, since the electric field for
      charging and separation must come in contact with each mineral particle at
      the charging electrode for the purpose of charging and charge
      equalization.
PAC  SUMMARY OF THE INVENTION
PAR  According to the process of this invention which operates with contact
      electric charges, the electric field serves only for separating components
      according to their charge. The specific throughput of the process of the
      invention is greater by a factor of 40 than that of the above scheme
      according to present technology.
PAR  A process for electrostatic separation of pyrite from crude coal at a
      temperature from room temperature to about 100.degree.C. has now been
      found in which the powdered crude coal is vigorously mixed with glycerides
      of the high and middle saturated and unsaturated fatty acids as
      conditioning substances for between 10 seconds and 30 minutes, and at
      relative humidity of about 2.5 to 20% is separated by known procedures in
      one separation step into a first purified coal concentrate containing over
      80% purified coal with a yield of at least 80% and a first residue, and a
      first intermediate fraction is recovered which may be recycled into the
      starting material.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A process has further been found in which mono-di-, and tri-glyceride
      esters of stearic, palmitic, oleic, linoleic, and linolenic acids are used
      as conditioning substances in quantities of about 100-200 grams per ton of
      crude coal, preferably 200-500 grams per ton, and the separation of the
      material is carried out at 30.degree.-60.degree.C. at a relative humidity
      of 5-15%. Furthermore, a process has been discovered in which the first
      purified coal concentrate, without reconditioning and without heating, is
      separated in a second separation step into a second purified coal
      concentrate with over 90% pure coal and with a yield of at least 90%, a
      second residue which is recycled into the starting material and a second
      intermediate fraction which is recycled into the first purified coal
      concentrate. By way of example, crude coal of the following particle size
      is used for the separation according to the process of this invention:
TBL  Particle Size (mm)   %                                                    
     ______________________________________                                    
     larger     than  1.0     2.0                                              
                1.0  - 0.8    2.7                                              
                0.8  - 0.5    15.3                                             
                0.5  - 0.25   33.0                                             
                0.25 - 0.16   22.7                                             
                0.16 - 0.1    14.1                                             
     smaller    than  0.1     10.2                                             
     ______________________________________                                    
PAL  The material for purification contains about 57% pure coal. The pyrite
      content is about 4.3%, the silica content about 8.3%, and the total sulfur
      content about 2.8%. This crude coal was separated at a relative humidity
      of 5% and a temperature of 58.degree.C. in a free falling plate-type
      separator with a throughput of 5 tons per hour at a field strength of 4
      Kilovolts per centimeter. 500 grams of conditioner were used per ton of
      crude coal.
PAR  The results of the separation are shown in the following table for one
      stage of separation. The intermediate fraction is the difference between
      the initial material (100%) and the total of concentrate and residue. The
      time of mixing of the conditioning material with the starting material was
      about 1 minute.
TBL  __________________________________________________________________________
                  Concentrate     Residue                                      
     Example                                                                   
          Conditioning                                                         
                  (Fraction at the                                             
                                  (Fraction at the                             
      No. Substance                                                            
                  negative electrode                                           
                                  positive electrode)                          
                  Percent of                                                   
                        Concentration                                          
                                  Percent of                                   
                                        Concentration                          
                  Mixture                                                      
                        of Pure Coal (%)                                       
                                  Mixture                                      
                                        of Pure Coal (%)                       
     __________________________________________________________________________
     1    Vegetable oil                                                        
                  26    81        30    27                                     
     2    Bone oil                                                             
                  32    78        32    31                                     
     3    Peanut oil                                                           
                  32    84        31    29                                     
     4    Olive Oil                                                            
                  35    84        33    27                                     
     5    Glycerine and                                                        
          Oleic acid                                                           
                  35    85        34    29                                     
     6    Poppy-seed oil                                                       
                  27    86        33    32                                     
     7    Sunflower oil                                                        
                  28    84        35    36                                     
     8    Castor oil                                                           
                  34    85        32    29                                     
     9    Monoolein                                                            
                  31    81        33    33                                     
     10   Monostearin                                                          
                  29    78        30    31                                     
     11   Tripalmitin                                                          
                  28    84        35    28                                     
     12   Tristearin                                                           
                  30    84        34    29                                     
     __________________________________________________________________________
DETD
PAR  The following examples show the dependence of the degree of separation on
      the proportion of conditioning material for the same starting material at
      43.degree.C. and a relative humidity of 10% using olive oil as the
      conditioning means.
TBL  __________________________________________________________________________
                 Concentrate       Residue                                     
     Example                                                                   
          Conditioner                                                          
                 (Fraction at      (Fraction at                                
     No.  grams/ton                                                            
                 negative electrode)                                           
                                   positive electrode)                         
                 Fraction of                                                   
                        Pure Coal                                              
                               S   Fraction of                                 
                                          Pure Coal                            
                                                 S                             
                 Mixture (%)                                                   
                        (%)    (%) Mixture (%)                                 
                                          (%)    (%)                           
     __________________________________________________________________________
     13   2,000  36     87     1.3 30     30     4.0                           
     14   1,000  31     87     1.3 32     30     4.0                           
     15    500   27     86     1.4 33     37     3.8                           
     16    250   28     84     1.5 32     30     4.0                           
     __________________________________________________________________________
PAL  These results establish that the separation results are already attained
      with proportions of 200-500 grams per ton of conditioning material.
PAR  The further separation in the second and third separative steps is
      described in the following examples and illustrated in the flowsheet shown
      in the drawing.
PAR  The material to be beneficiated 1 is separated in the first step into three
      fractions, of which the first intermediate fraction 3 is recycled in a
      continuous process. The concentrate separated at the negative electrode
      and the residue falling at the positive electrode are separated without
      further conditioning, in a second and a third separation steps in which
      likewise three fractions are separated. The intermediate fractions in the
      second and third steps 6 and 9 are likewise recycled in the same
      separation step while the fractions 7 and 8 together with the intermediate
      fraction 3 are led back to the first separation step.
PAR  Typically, from a crude coal comprising 100% mixture, in a continuous
      process which comprises recycling of the intermediate fractions, the
      following products are obtained: 54% of the mixture as concentrate 10
      containing 94.7 pure coal, 46% of the mixture as residue 5 containing 14%
      pure coal. The yield of pure coal amounts to about 88%.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for electrostatic separation of particles of pyrite from
      powdered crude coal in a mixture thereof at a temperature between room
      temperature and 100.degree.C, by contact electrification of said
      particles, comprising
PA1  a. vigorously mixing said particles with a conditioning substance
      comprising glycerides of high and middle saturated and unsaturated fatty
      acids for a period of between 10 seconds and 30 minutes and in quantities
      of about 100-2000 grams per ton of powdered crude coal, thereby to form
      conditioned electrified particles thereof in said field, and
PA1  b. separating said conditioned electrified particles in an electric field
      produced by a free falling plate type separator according to their charge
      at a relative humidity of about 2.5-20% whereby there is obtained a first
      purified coal concentrate, a first residue containing the greater portion
      of the pyrite, and an intermediate fraction.
NUM  2.
PAR  2. An improved process according to claim 1, wherein said intermediate
      fraction is recycled into the initial powdered crude coal.
NUM  3.
PAR  3. An improved process according to claim 1, wherein said glycerides are
      selected from the group consisting of the mono-, di- and tri-glyceride
      esters of stearic, palmitic, oleic, linoleic, and linolenic acids.
NUM  4.
PAR  4. An improved process according to claim 1, wherein said glycerides are
      used in quantities of 200-500 grams per ton of powdered crude coal.
NUM  5.
PAR  5. An improved process according to claim 1, wherein the separation is
      carried out at a temperature of 30.degree.-60.degree.C.
NUM  6.
PAR  6. An improved process according to claim 1, wherein the separation is
      carried out at a relative humidity of 5-15%.
NUM  7.
PAR  7. An improved process accroding to claim 1, wherein the first purified
      coal concentrate without further conditioning is separated in a second
      separation step into a second purified coal concentrate, a second residue,
      and a second intermediate fraction.
NUM  8.
PAR  8. An improved process according to claim 7, wherein said second
      intermediate fraction is recycled into said first purified coal
      concentrate.
NUM  9.
PAR  9. An improved process according to claim 7 wherein said second residue is
      recycled into said powdered crude coal.
NUM  10.
PAR  10. An improved process according to claim 1, wherein said first residue
      without further conditioning is separated in a third separation step into
      a third purified coal concentrate, a third intermediate fraction, and a
      third residue.
NUM  11.
PAR  11. An improved process according to claim 10 wherein said third
      intermediate fraction is recycled into said first residue.
NUM  12.
PAR  12. An improved process according to claim 10 wherein said third purified
      coal concentrate is recycled into the powdered crude coal.
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ABST
PAL  An improved memory for a glass container inspection machine. In one common
      form of glass container inspection machines, the containers are indexed
      through multiple stations where they are inspected for various attributes.
      Rejection of defective containers can take place only after all of the
      inspections have been made. The information relative to a defective
      container is placed in a master-slave type flip-flop uniquely associated
      with a particular inspection station. Information is then shifted through
      a group of series-connected master-slave type flip-flops in synchronism
      with the movement of the container until the container, if defective,
      reaches a location where it can be rejected. The information is moved or
      clocked by a generated clock pulse that has a rise time that is faster
      than the information transfer time through the flip-flops.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a memory for a glass container inspection
      machine. More particularly, this invention relates to a memory for a glass
      container inspection machine which indexes glass containers from station
      to station for inspection. Specifically, this invention relates to a solid
      state memory for such an inspection machine.
PAR  One well-known type of inspection machine for glass containers is that
      known as the FP machine, manufactured by Owens-Illinois, Inc. This is a
      rotary, indexing machine where glass containers are indexed through a
      plurality of stations for inspection. A defect may be found at any
      station, but rejection of a defective container cannot occur until the
      last inspection station has been passed. Thus, these machines require a
      memory to allow retention of defective container information until a
      rejection location is reached. In the past, pin-type or magnetic belt
      memories have been used. However, these are basically mechanical devices
      which have presented not only maintenance problems but also accuracy of
      information storage problems. I have devised a solid state memory for this
      machine which uses reliable, durable electronic components. This reduces
      maintenance problems and raises the reliability with which the memory is
      retained. A very fast clock pulse is used to clock a group of
      series-connected flip-flops in a time less than the transfer time of
      information through the flip-flops.
PAR  Memory systems of this general type are not unknown in the prior art. For
      example, see U.S. Pat. Nos. 3,259,240; 3,263,810; 3,565,249; and
      3,581,889. The best example of the prior art known to me is U.S. Pat. No.
      3,757,940. This patent teaches a solid state memory for a similar FP type
      machine. The memory of the cited patent has been successful, but it is
      quite complex and is designed for very high speed operation. It requires
      two memories and two separate clock frequencies to allow downstream
      rejection of the defective containers. In addition, the clock pulses must
      be delayed and conditioned to avoid false shifts of information. My
      invention is designed for FP machines which operate at moderate speeds and
      do not require downstream rejection. In addition, I have simplified the
      circuit of the cited patent and eliminated the need for delay and
      conditioning of the clock pulses. Furthermore, my clock pulse generation
      technique is much simpler since only a single clock pulse at a single
      frequency is required.
PAC  SUMMARY OF THE INVENTION
PAR  My invention resides in an inspection machine for glass containers. In this
      machine, the glass containers are removed one at a time from a continually
      moving conveyor and serially indexed through a plurality of inspection
      stations. The inspection machine includes a bottle defect logic and
      detection means which generates output signals if the inspected glass
      containers are defective in one or more aspects at any one of the
      inspection stations. My invention is specifically an improved memory for
      this machine. A plurality of master-slave type flip-flops are connected in
      series, with the number of flip-flops being one more than the number of
      inspection stations. Means are provided for connecting an output conductor
      from the logic means to each one of the flip-flops except the last one of
      the plurality of flip-flops. A timing means presents a first electrical
      state when the inspection machine is inspecting and a second electrical
      state when the inspection machine is in its index cycle. An electronic
      clock circuit means generates a clock pulse having a rise time faster than
      the information transfer time through any one of the flop-flops in
      response to the transition of the timing means from the second electrical
      state to the first electrical state. The clock circuit means is connected
      to the timing means and each of the flip-flops. An electronic output
      circuit means generates a signal when the last of the plurality of
      flip-flops carries a signal indicating the presence of a defective glass
      container and when the clock pulse is present. The output circuit means is
      connected to an output terminal of the last flip-flop and the clock
      circuit means.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic top plan view showing the inter-relation of the
      present invention with a glass container inspection machine; and
PAR  FIG. 2 is a block diagram of the memory of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the mechanical and electronic apparatus of the present
      invention in a schematic form. The present invention is designed
      specifically to operate with a bottle gauging apparatus such as that
      described in U.S. Pat. No. 3,313,409 the teachings of which are hereby
      incorporated by reference. It is believed that the teachings of the cited
      patent are sufficiently clear to allow one skilled in the art to utilize
      the present invention when described in a schematic form. A gauging
      apparatus or article inspection machine is generally designated by the
      numeral 10. The inspection machine 10 includes a rotatable disk 12 having
      pockets cut therein for receiving glass containers 14 to be inspected. The
      glass containers 14 are presented to the inspection machine 10 in a single
      file by a continually moving conveyor 16. The conveyor 16 also serves to
      remove the articles from the gauging machine 10. The conveyor 16 thus
      serves as a means for delivering and removing articles from the gauging
      apparatus 10. As taught in U.S. Pat. No. 3,313,409, the glass container 14
      which is positioned in the pocket designated as A is sequentially rotated
      or indexed to positions or stations designated as B, C, D, E and F.
      Inspection of the glass container 14 is carried out at positions B, C, D,
      E and F by apparatus which is not shown but which is well known to those
      skilled in the art. Position G is a position in which a container 14 is
      held prior to its release to the conveyor 16. If the container 14 has been
      passed by all the inspections performed upon it during its indexing from
      station to station, the container 14 is released and allowed to proceed
      down the conveyor 16. If the container 14 has shown some defect, it is
      rotated toward the position noted as H. However, a diverter bar 18 sweeps
      the container 14 off the conveyor 16 and into a rejection area before it
      can complete the index and then be further indexed to position A where it
      would interfere with incoming containers 14. At station G, an air motor
      20, supported from the conveyor 16 by a suitable bracket 22, serves to
      control the release of containers to the conveyor 16 and for holding
      defective conveyors for rejection by the diverter bar 18. The air motor 20
      includes an extensible operating rod 24 which carries on its end a tip 26.
      The tip 26 is retracted or removed from contact with the glass container
      14 by retraction of the operating rod 24 in response to a signal
      indicating that a glass container 14 has passed all of the inspections
      performed upon it in the inspection machine 10. If the glass container 14
      has proven defective in one or more attributes, the operating rod 24 is
      not retracted and consequently the tip 26 prevents the glass container 14
      from moving along the conveyor 16. Then, the next index cycle of the
      inspection machine 10 forces the container 14 into contact with the
      diverter bar 18 for rejection. The operation of the air motor 20 is
      controlled by a solenoid valve 28 which is furnished a source of air under
      pressure from a source not shown through a pipeline 30. This air is then
      selectively supplied to the air motor 20 through a pipeline 32. As is well
      known in these general types of inspection machines 10, the glass
      containers 14 are indexed from station to station in a controlled manner
      by an indexing drive. A rotary cam 34 is driven in a continuously rotating
      fashion by the main machine drive. This cam 34 is thus in synchronism with
      the indexing drive and can be used to provide timing signals. While the
      disk 12 is driven in an intermittent, indexing mode, the cam 34 rotates
      continuously and makes one complete revolution for each cycle of the disk
      12, one cycle including an inspection mode when the disk 12 is stopped and
      an index mode when the disk 12 is moved. In fact, a switch 36, which has
      an operating plunger 38, is positioned in proximity to the cam 34 so that
      the cam 34 operates the plunger 38 of the switch 36 and thus generates
      electrical timing signals along two output conductors 40 and 41. The
      conductors 40 and 41 carry information from the switch 38 indicating
      whether the machine is in the inspection mode or in the indexing mode. The
      information is carried in terms of two different electrical states of the
      switch 36 and the cam 34 and switch 36 therefore form a means to present
      these two states. The conductors 40 and 41 are connected to a main machine
      memory 42. The bottle defect logic and detection unit 46 is of the type
      well known in the art and may be of that type as shown in U.S. Pat. No.
      3,313,409. Signals from the detection equipment mounted above or below the
      rotatable disk 12 are fed into the logic unit 46 through five input
      conductors 48a, b, c, d and e. It is possible for a glass container 14 to
      be inspected for multiple attributes at any one of the stations B through
      F. It should be quite evident that a glass container 14 may be found
      defective at any one of the inspection stations B, C, D, E or F. However,
      implementation of the decision to reject such a defective glass container
      14 cannot be made until station G is reached. Therefore, the memory 42
      serves the function of maintaining the information which indicates that a
      particular glass container 14 is defective and processing this information
      so that any glass container which exhibits a defect in any one of the
      inspection stations will be rejected at stations G and F. To this end,
      five separate sets of conductors 50a and b, 51a and b, 52a and b, 53a and
      b, and 54a and b carry defective bottle information from the bottle defect
      logic and detection unit 46 to the memory 42. Then, at the proper time, a
      signal is transmitted from the memory 42 through an electrical conductor
      56 to the solenoid valve 28 to cause cycling of the solenoid valve 28 to
      either accept or reject a glass container 14 presented at station G.
PAR  FIG. 2 shows the construction of the memory unit 42 in a block diagram
      form. The conductors 50a and 50b are connected to a normally open relay 58
      which is a part of the bottle defect logic and detection unit 46. When a
      defective glass container 14 has been detected at station B, the relay 58
      will close in response thereto and therefore complete a circuit with the
      conductors 50a and 50b. The circuit is completed with an optical isolator
      60. The optical isolator 60 is of a generally conventional type which
      contains within it a photo-diode 62 which is connected in series with the
      conductors 50a and 50b and the relay 58, and a photo-transistor 64 whose
      base is positioned to receive light energy from the photo-diode 62 when it
      is turned on. In operation, closing of the relay 58 will allow power to
      flow through the conductors 50a and 50b, noting that the conductors 50a
      and 50b are connected across a voltage supply 59, noted by way of
      illustration as an AC source, thereby energizing the photo-diode 62. This
      in turn will allow the photo-transistor 64 to generate an output signal
      from its emitter along a conductor 66. Note that the collector of
      photo-diode 64 is connected to the positive voltage supply of the circuit.
      In a similar fashion, the conductors 51a and 51b are connected to a relay
      68, the conductors 52a and 52b to a relay 70, the conductors 53a and 53b
      to a relay 72, and the conductors 54a and 54b to a relay 74. The relays
      68, 70, 72 and 74 are also connected to the voltage supply 59 in the same
      manner as the relay 58. The relays 68, 70, 72 and 74 correspond to the
      inspection stations C, D, E and F and will be closed in response to a
      defective glass container 14 being detected at these stations. As was the
      case with the first pair of conductors 50a and 50b, all the other
      conductors 51a through 54b are connected to respective optical isolators
      76, 77, 78 and 79. The operation and functioning of the optical isolators
      76 through 79 is identical to that described with respect to the optical
      isolator 60 and further detailed discussion is believed unnecessary. In
      addition, all of the photo-transistors in the optical isolators 76 through
      79 have their collectors connected to the positive voltage supply of the
      circuit. In a similar manner, each of the optical isolators 76 through 79
      present individual outputs from their emitters on respective conductors
      82, 83, 84 and 85. Of course it is understood that these output signals
      will be generated on these conductors only when a signal has been received
      from the appropriate inspection station indicating the presence of a
      defective glass container 14. The conductor 66 from the optical isolator
      60 is connected to the direct set input of a first flip-flop 88. The
      flip-flop 88 contains in addition to the direct set input a conditional
      set input D, a clock input C and an output terminal Q. The flip-flop 88 is
      preferably a model CD4013 AE manufactured by the RCA Corporation. This
      particular type of flip-flop is of the master-slave type which indicates
      that internally there is a two-stage transfer of information from the D
      terminal to the Q terminal before the Q terminal will display information
      presented to the D terminal. This function is of importance in that there
      is a delay in propagation of information through the flip-flop 88. This
      particular property will be taken advantage of as will be described later.
      It is possible that other types of flop-flops could be used, and the
      conditions for their use will be described with respect to the description
      of the clocking of the flip-flops. The D terminal of the first flip-flop
      88 is connected to ground to assure that no spurious or false inputs are
      placed in this particular unit. The only input to the first flip-flop 88
      is through the direct set terminal S and is from the optical isolator 60.
      Thus a signal to the first flip-flop 88 indicates that a defective glass
      container 14 has been detected at inspection station B. In order to
      present a consistent signal to the flip-flop 88 when no signal is present
      from the optical isolator 60, the S terminal of the first flip-flop 88 is
      also connected to ground through a resistor 90. The Q output terminal of
      the first flip-flop 88 is connected to the D or conditional set terminal
      of a second flip-flop 92 which is identical to the first flip-flop 88.
      Similarly, the Q output terminal of the second flip-flop 92 is connected
      to the D input terminal of a third flip-flop 94. The Q output terminal of
      the third flip-flop 94 is connected to the D input terminal of a fourth
      flip-flop 96. The fourth flip-flop 96 has its Q output terminal connected
      to the D input terminal of a fifth flip-flop 98. The fifth flip-flop 98
      has its Q output terminal connected to the D input terminal of a sixth and
      final flip-flop 100. There are therefore in total six flip-flops, five of
      which are used to store information relative to defective bottles which
      are detected at stations B, C, D, E and F. The second flip-flop 92 has its
      S terminal connected to the conductor 82 which carries information from
      the optical isolator 76 relative to defects occurring at station C. As was
      the case with the first flip-flop 88, the second flip-flop 92 also has its
      S terminal connected to ground through a resistor 102. The third flip-flop
      94 has its S terminal connected to the conductor 83 which carries
      information from the optical isolator 77 indicating the presence of a
      defective glass container 14 at station D. A resistor 104 connects the S
      terminal of the third flip-flop 94 to ground. The fourth flip-flop 96 has
      its S terminal connected to the conductor 84 which in turn carries a
      signal from the optical isolator 78 which will indicate the presence of a
      defective glass container at station E. A resistor 106 connects the S
      terminal of the fourth flip-flop 96 to ground. The fifth flip-flop 98 is
      the final unit which actually receives direct information relative to the
      detection of a defective glass container during the inspection cycle. The
      conductor 85 is connected to the S terminal of the fifth flip-flop 98 and
      carries information from the optical isolator 79 indicating the detection
      or presence of a defective glass container at inspection station F. A
      resistor 108 connects the S terminal of the fifth flip-flop 98 to ground.
      The sixth flip-flop 100 is a final output flip-flop which carries the
      total sum of the information which has been stored in the preceding five
      flip-flops. Its S terminal is connected to ground directly to prevent
      entry of any signal into this particular terminal of the flip-flop 100.
      This is necessary because any information entered into the flip-flop 100
      must be information which has been passed through the preceding flip-flops
      in series. It should therefore be clear from this arrangement and
      connection of units that any signal indicating the presence of a defective
      glass container 14 at any one of the inspection stations is independently
      entered into its respective flip-flop at the time this defect is detected.
      This information is then shifted in sequence as this particular glass
      container is indexed from station to station until the information finally
      enters the final flip-flop 100. At this time, the decision must be made
      whether to accept or reject the glass container 14 which has been passed
      through the entire inspection machine 10. An anti-bounce fast-rise time
      circuit 110 is used to provide a very fast rising clock pulse and to
      overcome any tendency of the switch 36 to bounce during its cycle. As is
      evident in FIG. 2, the switch 36 is connected to ground and has two
      separate terminals, one connected to the output conductor 40 and the other
      connected to the output conductor 41. The output conductor 41 connected to
      one input terminal of a first NAND gate 112. The conductor 41 is also
      connected to the positive voltage supply v plus of the circuit through a
      resistor 114. The conductor 40 is connected to one input terminal of a
      second NAND gate 116. The conductor 40 is also connected to the positive
      voltage supply of the circuit through a resistor 118. The output terminal
      of the second NAND gate 116 is connected to a second input terminal of the
      first NAND gate 112 by a conductor 120. The output of the first NAND gate
      112 is connected to a second input of the second NAND gate 116 through a
      conductor 122. The output of the first NAND gate 112 is also connected to
      the C or clocking input terminal of all of the flip-flops 88, 92, 94, 96,
      98 and 100 through a conductor 124. The output of the first NAND gate 112
      is also connected to one input terminal of a third NAND gate 126 by a
      conductor 128. The Q output terminal of the final flip-flop 100 is
      connected to a second input terminal of the third NAND gate 126 by a
      conductor 130. The output terminal of the third NAND gate 126 is connected
      to a control relay 132 by a conductor 134. The output of the control relay
      132 is the conductor 56 which controls the cycling of solenoid valve 28.
PAR  The operation of the memory system seen in FIG. 2 may be described as
      follows: During the time the cam 34 is indicating that the gauging of the
      glass containers 14 is taking place, the switch 36 is in the position
      shown in FIG. 2. Under these conditions, the resistor 114 is actually
      grounded and may not supply the v plus voltage to the input of the NAND
      gate 112. Therefore, the NAND gate 112 has one zero input at this time. It
      is well known that the characteristics of NAND gates are such that if one
      of the inputs to a NAND gate is zero the output of the NAND gate must be
      one or high regardless of the condition of the other inputs thereto.
      Therefore, the conductor 122 will carry a high or one signal to one of the
      inputs of the second NAND gate 116. Since the conductor 40 is not
      connected to ground at this time, the resistor 118 will connect the
      voltage supply to the other input of the second NAND gate 116 therefore
      making the output of the second NAND gate 116 zero or low. This signal
      will be transmitted along the conductor 120 to the other input of the
      first NAND gate 112. The output of the first NAND gate 112 therefore being
      high or one will be transmitted along the conductor 124 to the clock
      inputs of all of the flip-flops. The flip-flops are all of the type which
      will clock or move the information therein one stage whenever a rising
      pulse is presented to them. Note that since all of the flip-flops are
      clocked by the same pulse, it is necessary that the rise time of the clock
      pulse be less than the total propagation time within the flip-flops. In
      this case, these particular flip-flops have a propagation time of
      approximately 150 nano seconds as a result of the master-slave
      relationship built into them. Therefore, the rise of the clock pulse which
      is generated by the first NAND gate 112 must be faster than 150 nano
      seconds. This will occur, as will be demonstrated, and therefore the
      information contained within the flip-flops 88, 92, 94, 96, 98 and 100
      will be moved one stage when the clock pulse is received. Assume, for
      example, that a defective glass container has been detected and that this
      information is stored in the flip-flop 98 which would then indicate that
      the output Q of the flip-flop 98 is one or high. When the clock pulse
      occurs, this information is then shifted into the flip-flop 100 which then
      presents this information on its Q output terminal along the conductor 130
      to the NAND gate 126. Simultaneously, the output from the NAND gate 112
      will be high or one and will be carried by the conductor 128 to the NAND
      gate 126. This is a unique condition for the NAND gate 126, that is two
      simultaneously high inputs, and the output of the NAND gate 126 will be a
      zero signal along the conductor 134. Note that while these signals from
      the NAND gate 112 remain on during the entire gauging period, all of the
      flip-flops will be clocked only once during this time since they are
      responsive only to the rising voltage which occurs at the beginning of the
      gauging cycle or conversely at the end of the index cycle. Thus with a
      zero output on the conductor 134 to the control relay 132, the control
      relay 132 will transmit a signal to the solenoid valve 28 along the
      conductor 56 which will cause the tip 26 to remain extended during the
      gauging period. Then, during the next index cycle, the glass container
      that was so held will be rejected by the diverter bar 18. At the end of
      the gauging cycle, the switch 34 will move from contact with the conductor
      41 to contact with the conductor 40. When this occurs, it is desired to
      have a very sharp transition to give the fast rise time necessary to
      prevent spurious clocking of the flip-flops within the system. Also, it is
      desirable to avoid ambiguous signals resulting from possible bouncing of
      the contacts within the switch 36. Therefore, note that when a wiper arm
      136 within the switch 36 begins to move from the conductor 41 to the
      conductor 40, the output of the NAND gates 112 and 116 will not change
      state immediately. This is so because the NAND gate 112 will immediately
      see a high input through the resistor 114 to the positive voltage supply.
      In addition though, it will continue to see a low input along the
      conductor 120 from the NAND gate 116. When contact of the wiper arm is
      made with the conductor 40, the NAND gate 116 will then have one low
      input, since the resistor 118 will now be grounded, and will therefore
      immediately switch states since it no longer has presented to it two high
      inputs. Likewise, the first NAND gate 112 will also switch states
      immediately at this point since it will then have presented to it two high
      inputs, namely the input through the resistor 114 to the positive voltage
      supply and the now high output along the conductor 120 from the NAND gate
      116. The result is a very fast switching time with a correspondingly fast
      rise time of the voltage and immunity from ambiguous results caused by
      possible bounce of the wiper arm 136 as it makes contact with the
      conductor 40. Since the switch 36 is a mechanical switch, there may be
      some vibration at the time the wiper arm 136 moves. However, as can be
      seen in the description of the movement of the wiper arm 136 from one
      position to another, once contact is made, the NAND gates 112 and 116
      unambiguously switch states and will stay in the state to which they were
      switched unless the wiper arm 136 has sufficient momentum to make contact
      once again with the conductor 41. The net result is an output which is
      very rapid in rise time and which is immune to switch bouncing. Then, at
      the beginning of the next gauging cycle, the wiper arm 136 will then move
      from contact with the conductor 40 into contact with the conductor 41 with
      the result previously noted of rapidly clocking all of the flip-flops one
      position while not allowing the information contained therein to be moved
      more than one position. I have, therefore, determined that, in general,
      any master-slave flip-flop may serve as the information storage and
      transmission element so long as the clock pulse thereto may be shaped to
      have a rise time which is faster than the transmission time of information
      through the flip-flops.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In an inspection machine for glass containers wherein glass containers
      are removed one at a time from a continually moving conveyor, wherein said
      glass containers are serially indexed through a plurality of inspection
      stations and wherein said inspection machine includes a bottle defect
      logic and detection means, having a plurality of output conductors, for
      generating signals on said output conductors if said inspected glass
      containers are determined to be defective in one or more aspects at any
      one of said inspection stations, an improved memory system for said
      inspection machine which comprises, in combination:
PA1  a plurality of master-slave type flip-flops, connected in series, said
      plurality of flip-flops being one more in number than the number of said
      inspection stations;
PA1  means for connecting an output conductor from said logic means to each one
      of said flip-flops except the last one of said plurality of flip-flops;
PA1  timing means for presenting a first electrical state when said inspection
      machine is inspecting and a second electrical state when said inspection
      machine is in its index cycle;
PA1  electronic clock circuit means, connected to said timing means and each of
      said flip-flops, for generating a clock pulse, having a rise time faster
      than the information transfer time through said flip-flops, in response to
      the transition of said timing means from said second electrical state to
      said first electrical state; and
PA1  electronic output circuit means, connected to said clock circuit means and
      the output of the last one of said flip-flops, for generating a signal
      when said last flip-flop carries a signal indicating the presence of a
      defective glass container and when said clock pulse is present.
NUM  2.
PAR  2. The improvement of claim 1 which further includes:
PA1  means responsive to a signal from said output circuit means for causing
      rejection of a defective glass container.
NUM  3.
PAR  3. The improvement of claim 1 wherein said means for presenting a first and
      a second electrical state comprises:
PA1  a rotary cam; and
PA1  a switch operated by said cam, said cam being contoured to place said
      switch in a first electrical state when said inspection machine is
      inspecting and in a second electrical state when said inspection machine
      is indexing.
NUM  4.
PAR  4. The improvement of claim 1 wherein said electronic clock circuit means
      comprises:
PA1  a first NAND gate having a first input terminal connected to ground through
      said timing means when said inspection machine is gauging, a second input
      terminal and an output terminal connected to a clock input terminal of
      each one of said plurality of flip-flops and further connected to said
      electronic output circuit means;
PA1  a second NAND gate having a first input terminal connected to ground
      through said timing means when said inspection machine is in its index
      cycle, a second input terminal connected to the output terminal of said
      first NAND gate, and an output terminal connected to said second input
      terminal of said first NAND gate;
PA1  a voltage supply;
PA1  a first resistor connecting said voltage supply to said first input
      terminal of said first NAND gate; and
PA1  a second resistor connecting said voltage supply to said first input
      terminal of said second NAND gate.
NUM  5.
PAR  5. The improvement of claim 1 wherein said plurality of flip-flops each
      includes a direct set input terminal and wherein said means for connecting
      said logic means to each of said flip-flops comprises:
PA1  a plurality of optical isolators, equal in number to the number of
      inspection stations, one optical isolator being uniquely associated with
      each one of said inspection stations, said optical isolators generating an
      output signal when the inspection station with which it is associated
      detects a defective glass container as determined by a signal from said
      bottle defect logic and detection means; and
PA1  a plurality of electrical conductors for conducting a signal from the
      optical isolator associated with a particular inspection station to the
      direct set input of one of said flip-flops, the connections being such
      that the first one of said flip-flops is associated with the first one of
      said inspection stations and the Nth one of said flip-flops is associated
      with the Nth one of said inspection stations.
NUM  6.
PAR  6. A method for retaining memory of a defective glass container during the
      entire cycle of a glass container inspection machine which indexes glass
      containers through a plurality of inspection stations and generates a
      defect signal when a glass container fails to pass the inspection
      performed at any one of said plurality of inspection stations, which
      comprises the steps of:
PA1  loading a defect signal from any one of said inspection stations into a
      master-slave type flip-flop uniquely associated with that one of said
      inspection stations;
PA1  presenting a first electrical state when said inspection machine is
      inspecting;
PA1  presenting a second electrical state when said inspection machine is in its
      index cycle;
PA1  generating a clock pulse, in response to the transition from said second
      electrical state to said first electrical state, having a rise time faster
      than the information transfer time through said flip-flop;
PA1  shifting any information carried by said first mentioned flip-flop into a
      second master-slave type flip-flop uniquely associated with the next one
      in sequence of said inspection stations in response to said clock pulse;
PA1  continuing to shift information relative to a defective glass container in
      response to successive clock pulses as said glass container is indexed
      from inspection station to inspection station;
PA1  shifting any information carried by a flip-flop associated with the last
      one of said inspection stations into an output master-slave type flip-flop
      in response to said clock pulse; and
PA1  rejecting any glass containers causing a signal to be carried by said
      output flip-flop.
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ABST
PAL  A solids separation system is provided, designed for pneumatic separation
      of pieces of scrap particularly metallic scrap, into light and heavy
      fractions. The mixture of pieces of scrap is fed into an enclosed
      separation vessel wherein they fall by gravity into a horizontally
      directed stream of air blown into and across the separator vessel, whereby
      the heaviest pieces fall through the air stream into a heavy solids hopper
      and the lighter materials are carried downstream by the force of the
      horizontal air stream into a second hopper. A gas outlet port is provided
      at the top of the vessel thereby imparting an upward velocity vector to
      the gas. The horizontal velocity of the gas being reduced by expansion,
      light metal pieces fall out of the influence of the gas stream into the
      light solids hopper. Means are provided for adjusting the air flow path
      from the first into the second hopper comprising a pivoted angularly
      disposed baffle plate defining the rear wall of the first hopper, the
      surface of which plate also serves to direct solids intercepted thereby
      into said first hopper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to apparatus and process for separating a
      mixture of solid particles into separate light and heavy fractions. The
      separation system of the invention, while not limited thereto, finds
      particular use in the scrap metal industry where it can be beneficially
      applied for the separate recovery of light and heavy metal fractions from
      crushed scrap, substantially freed of non-metallic components.
PAR  It has been known since early times that dry granular materials could be
      separated by dropping a mixture of such materials through a transverse air
      blast whereby the trajectory of the falling particles was differentially
      modified and the lighter particles blown by the air stream through a
      greater horizontal distance were thus separately recoverable from the
      heavier materials. Early examples of such devices are illustrated by U.S.
      Pat. No. 775,965 (1904) proposed for separation of gold from accompanying
      gravel; and in later U.S Pat. No. 2,791,331 proposed for cleaning gravel
      to free the same of dirt and light trash or other undesired contaminants.
      Means are commonly provided in separators of this type for adjusting the
      feed rate of the granular materials to the separator and the velocity of
      the air stream and/or the size of the air inlet opening into the
      separator.
PAR  In certain devices of the type described, instead of using positive
      blowers, the movement of the traversing air stream is effected by suction
      applied at the air outlet of the separator, as seen for example in U.S.
      Pat. Nos. 3,005,547 and 3,441,134. The use of a substantially closed air
      circulating system wherein the air and lightest materials are withdrawn
      overhead and the air recycled by admission into the suction inlet of a
      blower discharging to the separator inlet, is disclosed in U.S. Pat. No.
      3,655,043.
PAR  It has also been proposed, see for example U.S. Pat. No. 1,877,861, to
      direct a stream of air carrying granular solids into a closed separating
      chamber communicating with an overhead suction line, wherein the heavier
      granules drop out of the ascending air stream under the influence of
      gravity, while the lighter materials are withdrawn overhead into the
      suction line passing enroute through a cyclone separator in which further
      separation of the components in the ascending air stream may take place.
      Other modifications of systems for density separation of solids by an air
      stream have been described in the art, as for example in U.S. Pat. No.
      3,311,234, which features projecting the granular solids into the air
      stream at a positive inlet velocity normal to the direction of the higher
      velocity air stream.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is concerned with improvements in solids separating
      devices of the general type of those hereinbefore described, and is
      particularly designed for more efficient separation of components of
      metal-containing mixtures of crushed scrap to facilitate the economic
      separate recovery therefrom of desired metal values such as copper and
      aluminum, essentially freed of non-metallics such as asbestos, rubber and
      other insulating materials that may be present in the crushed scrap. The
      solids separator of the invention has particular advantages when used as a
      component of systems designed for recovery of copper and aluminum, for
      example, from scrap comprising discarded electric motors or other similar
      electrical equipment used on automobiles or in industrial or domestic
      appliances. The separator of the invention, however, is not limited in its
      practical application to these purposes since the principles thereof and
      the improvements therein can be beneficially utilized in other situations,
      such as in the recovery of reusable metal values from municipal wastes or
      other sources.
PAR  In a preferred embodiment thereof, the separator of the invention comprises
      principally an enclosed separation vessel provided with means for
      restricting leakage of air therefrom at the solids feed inlet thereto and
      at the discharge outlets for the separated solids. Below the feed inlet
      for the granular solids provision is had for blowing a horizontally
      directed blast of air across the stream of solid pieces falling
      therethrough. An adjustable baffle arranged in the path of the air blast
      controls the available horizontal distance traversed by the solids feed
      from its point of discharge into the separator to the intercepting baffle
      and thus serves to divide the heavy granular materials falling thereon
      from the intermediate fraction of lighter metallic materials blown over
      the edge of the baffle by the force of the air blast. Further novel means
      are provided within the separator for controlling the area of discharge of
      the ascending air stream, containing dust, fluff and other lightest
      materials, enroute to the overhead gas outlet.
PAR  The manner of operation and the applied principles of the device of the
      invention will be understood and the advantages of the novel features
      therein more fully appreciated from the detailed description below, read
      in connection with the accompanying drawings illustrating a preferred
      embodiment.
DRWD
PAR  FIG. 1 is a top plan view of the apparatus, parts being broken away and
      shown in cross-section;
PAR  FIG. 2 is a partial vertical side view, with parts in cross-section, taken
      along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a vertical front view taken along the line 3--3 of FIG. 2; with
      parts broken away and shown in section; and
PAR  FIG. 4 is a partial vertical side view, opposite to that of FIG. 2, with
      parts in section, and taken along the line 4--4 of FIG. 3.
DETD
PAR  The principal parts of the apparatus as shown particularly in FIG. 1, are
      comprised of a pneumatic separator 10 and a blower system, 11
      communicating with the separator by an air supply duct 12 and a return
      duct 13. Solids to be separated are charged to separator 10 by conveyor
      means 15, which may be a vibrating feeder or the like (FIG. 2). The
      solids, separated into light and heavy fractions, are discharged from the
      separator 10 onto conveying means which, as shown, may comprise endless
      belt conveyors, 16 and 17 for the heavy and light fractions, respectively.
      Other types of discharge conveyors may be employed.
PAR  As shown more particularly in FIGS. 1 and 2, air duct 12 discharges into a
      manifold 20, which is provided with a plurality of distributing ducts 21,
      directing a substantially horizontal blast of air into the separator 10.
      In the embodiment illustrated, three such distributing ducts 21 are showh,
      but it will be understood that a smaller or larger number may be employed.
      By using a plurality of such distributing ducts 21 a more uniform
      distribution of the air across the separator 10 is had than could be
      obtained using a single outlet over the wide area of discharge. Moreover,
      if desired, further individual control of the velocity of the discharging
      gas can be achieved by providing individual dampers or other regulating
      devices at the respective discharge outlets of the ducts 21.
PAR  Approximate the point at which the conveyor 15 discharges the feed into a
      separator 10, an adjustable curtain 18 is provided to limit discharge of
      air from the separator.
PAR  The pieces of metallic scrap, or other material to be separated, are
      discharged by conveyor 15 directly into the separator and fall by gravity
      into the air stream. The heavier pieces fall through the air stream and
      are deflected by angularly disposed baffle plate 23 into separating
      chamber 24, while the lighter materials are blown beyond the free end of
      baffle plate 23, into separating chamber 25. Preferably, at least the
      upper portion of baffle plate 23 is arcuate in configuration. Plate 23 is
      hinged or otherwise rotatably mounted at its lower end 26, about which it
      can be pivoted through an arc to adjust the position of the upper end of
      the baffle plate. Such adjustment of the position of baffle plate 23 sets
      the outermost point at which the edge of the plate will intercept the
      falling pieces of scrap to direct the same into heavy-solids receiving
      chamber 24. While the adjusted position of baffle plate 23 also determines
      the area of the throat for gas passage from chamber 24 into chamber 25,
      the gas flow velocity across the separator is principally controlled by
      other means hereinafter described.
PAR  Separation chamber 25 is provided at its inner boundary with an angularly
      disposed deflecting baffle plate 27. Thus, because of their respective
      angularly disposed baffle members, the chambers 24 and 25 are of funneled
      or hopper-shape configuration. The angular position of baffle plate 23 in
      the embodiment illustrated, is adjusted by a plurality of cam members 30
      rotatable about a common shaft 31, which shaft extends beyond the outer
      wall of separator 10. On the extended end of shaft 31, there is fixedly
      mounted a selector device 32 (see FIG. 4), by means of which the position
      of baffle 23 can be adjustably fixed. It will be understood that means
      other than rotating cams may be employed for adjusting the angular
      position of baffle 23.
PAR  From chamber 24 the heavy pieces of scrap separated therein fall onto an
      endless conveyor 17, while the lighter pieces separated in chamber 25
      discharge onto a similar conveyor 16, by means of which conveyors the
      separated fractions are transported to separate storage or further
      treatment.
PAR  Separator 10 is provided at the top thereof with a gas discharge outlet
      port 35. Thus, the air passing through the inlet throat bounded by the
      edge of plate 23, and expanding therebeyond over the transverse area of
      the separator, has an upward component of flow velocity imparted thereto.
      The distribution of the air and its velocity gradient of horizontal flow
      across the separator is controllably adjusted by means of a pair of
      throttle plates 36, pivoted on a common shaft 37. The plates 36 are
      individually movable through respective adjusting screw linkages 38, at
      least the outer free ends of which linkages are screw-threaded and fitted
      into internally screw-threaded retainer bearings 39 provided on the
      opposite side walls near the top of the separator 10. Handwheels 40 are
      fixedly attached to the outer ends of the linkages 38. Thus, by rotation
      of a handwheel 40, the throttle plate linked thereto through a
      screw-threaded member 38 can be swung about its pivot at shaft 37, thereby
      individually adjusting the throat through which the ascending air must
      pass, respectively at the side of the separator nearest to and above
      chamber 24 and that above chamber 25. By such adjustment of the gas blow
      area between a plate 36 and the adjacent side wall of the separator, the
      split between particles falling by gravity out of the influence of the air
      stream flowing into chamber 25 and those carried upwardly by the ascending
      air to discharge from the separator through outlet 35, can be selectively
      fixed. Thus, the heaviest metal solids will be directed into chamber 24
      and onto solids conveyor 17, lighter metals falling out in chamber 25 will
      be discharged on conveyor 16, while the lightest essentially non-metallic
      materials, including pieces of insulation, dust dirt, fluff, etc, will be
      discharged with the gas stream leaving the separator through outlet port
      35. Means similar to linkage 38 and its associated mechanism may be
      employed, if desired, for adjusting the position of baffle plate 23.
PAR  As shown in FIG. 1, the air and solid particles carried thereby, leaving
      the separator through outlet port 35 flow into communicating duct 13 and
      are discharged thereby into cyclone separator 42. In the cyclone, the
      solid particles are centrifugally separated from the air stream. From the
      top of the cyclone the air, essentially freed of solid contaminant
      particles, discharges into a duct 43, communicating with the inlet of a
      radial blower fan housing at 44. Thus, viewed in elevation, the duct 43
      comprises a horizontal run from the top of the cyclone (delineated by
      solid lines in FIG. 1), then turn downwardly through an elbow connection
      at 45, to flow through an upright section 54 (dotted outline), the lower
      end of which is connected by an elbow (not shown) to a second horizontal
      run 46 (shown in dotted outline in FIG. 1), in flow communication with the
      inlet to the blower housing at 44. Control of air flow into the blower is
      had by means of a damper as indicated at 47, which constitutes the main
      control on the recycled air admitted to manifold 20 and discharged into
      separator 10. The radial fan in housing 44 discharges into air supply duct
      12, by means of which the air is delivered to manifold 20 for distribution
      into separator 10. The fan shown in dotted lines inside housing 44 is
      driven by a motor 48 connected to the driven shaft of the fan by belt or
      other suitable mechanical arrangement (not shown).
PAR  The separator 10 and associated conveyors are supported by a suitable frame
      structure generally indicated by 49, while the blower system 11, included
      the cyclone 42, and the fan blower and motor therefor, are supported in
      frame structure indicating generally at 50.
PAR  To control the static air pressure in the separator 10, a gas vent is
      provided, as indicated at 51, connected to an exhaust blower (not shown).
PAR  Except for the intended air outlets at 35 and the vent provided at 51,
      uncontrolled escape of air from the separator 10 is restricted by the
      adjustable curtain 18 at the solids feed inlet thereto and by the
      provision of bounding curtains 52 at the lateral sides of the belt
      conveyors 16 and 17 and curtains 53 at the upper and lower ends of these
      conveyors where they pass under the discharge outlets of chambers 24 and
      25. These curtains may be made of heavy impervious textile material,
      rubber sheet or other flexible plastic.
PAR  In the preferred embodiment illustrated the separation vessel is
      substantially boot-shaped in vertical section, the gas inlet being located
      at the toe of the boot, the light solids receiving chamber 25 at the heel
      of the boot, the solids feed inlet at the instep thereof and the gas
      discharge port at the top of the boot.
PAR  While the use of air as the separating gas has been designated, it will be
      understood that other inert gases may be substituted, particularly in
      instances in which the material to be treated may present combustion
      hazards.
PAR  In operation of the described system, the stream of crushed scrap material
      is fed by conveyor 15 to the inlet of separator 10 and the portion
      comprising essentially metallic solids falls by gravity into the
      horizontal stream of air blown across the separator from the manifold 20
      through the distributing ducts 21. The velocity of the air stream can be
      varied as desired or required by the nature and composition of the scrap
      material and the size of the solids pieces, to effect the wanted division
      between light and heavy fractions. Such control of the air stream velocity
      can be had, as heretofore explained, by setting the volume of air admitted
      at the fan inlet through damper 47, and to a minor extent by adjusting the
      flow area of the air stream at the inlet throat under control of baffle
      plate 23. The heavy chunks of metal entering the separator fall directly
      through the air stream into separation chamber 24 and are directed by
      baffle plate 23 onto the heavy fraction conveyor 17. The lighter material
      is blown across the separator into separation chamber 25 and falls by
      gravity out of the influence of the air stream, downwardly onto the light
      fraction conveyor 16. Very light material including non-metallics such as
      insulating materials and the like, fluff, dirt, dust, etc., are carried
      upwardly by the vertical velocity component of the ascending air stream
      exiting through discharge outlet 35. The velocity of the ascending air
      stream at the left and right sides of the separator as viewed in FIG. 2 is
      regulated by the individual adjustment of the angular positions of baffle
      36.
PAR  The dirt-laden air is fed by duct 13 into the cyclone separator 42 where
      the insulation materials and other light solids are removed and the clean
      air is recycled to the fan blower which in turn supplies the duct 12,
      conducting the blown air to manifold 20.
PAR  If the solids feed to the separator consists essentially of crushed
      metallic scrap which has previously undergone magnetic separation to
      remove ferrous materials such as iron and steel, the heavy fraction
      falling out in hopper 24 will generally comprise a product rich in copper.
      On the other hand, if the original feed scrap contains iron or steel in
      addition to copper and aluminum, the separated heavy fraction will include
      these heavier metals falling out in hopper 24 while the aluminum
      principally will be removed in hopper 25. Separation of copper from iron
      and steel may then be carried out magnetically or by other known means.
PAR  The apparatus of the invention may also be employed in separation of useful
      values from municipal waste. Such waste may contain, for example, paper,
      aluminum, steel, glass, organic matter, etc. The operating conditions
      would accordingly be adjusted to split between a heavy fraction containing
      the steel, glass and other contained heavy metals from the light fraction
      composed chiefly of aluminum and organic matter, while lightest materials
      such as paper, dust, fluff and the like, would be carried off by the air
      discharged from the separator at port 35 and be removed in cyclone 42.
PAR  By adjustment principally of the damper 47 the velocity of the air passing
      through the throat above the edge of baffle 23 can be varied over a wide
      range to accommodate the nature and size of the principal components of
      the feed. The split point between heavy and light fractions will depend
      upon such factors as respective bulk densities and weight to area ratios
      of the solids. While not necessarily limited thereto, the scrap charge may
      comprise pieces of comminuted scrap of about one-half inch (about 1.25 cm)
      in largest dimensions or larger pieces up to about 3 inches (about 7.6 cm)
      in major dimension. For separation of such scrap comprising heavy metals
      such as copper and/or steel admixed with light metals, such as aluminum,
      the air velocity into chamber 25 may be adjusted accordingly over the
      range of from about 1000 to 6000 feet/minute (about 300 to 1800
      meters/min). On the other hand, for handling municipal waste, lower air
      velocities can be employed as in the order of 500 feet/minute (150
      meters/min). In either case the lightest materials which do not fall out
      in hopper 25 will be carried off by the air stream to discharge through
      port 35 and be removed in the cyclone 42.
PAR  The simultaneous removal of the very light insulating materials and other
      contaminants from the metal fractions separated in 10 at this early stage
      in the overall separation process, is highly beneficial in reducing the
      bulk of the materials streams, particularly that of the light fraction
      discharged onto and by conveyor 16. This light fraction will ordinarily
      require further processing in a secondary recovery section of the plant,
      for selective separation of the different metal values therein.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A solids separation system for assorting pieces of a mixture fragmented
      of metal scrap including non-metallic solid contaminants into respective
      light and heavy metallic fractions, said system comprising:
PA1  An enclosed separation vessel having forward and rear walls, means for
      feeding a mixture of discrete pieces of fragmented metal scrap solids to
      an inlet of said vessel at said forward wall, for free fall into the
      vessel, means at said solids inlet to restrict escape of gas from said
      vessel, means below disposed normal to and laterally apart from said free
      fall path of said solids fed through said solids inlet for horizontally
      directing a stream of air into an air inlet of said vessel for flow across
      said vessel; a heavy-solids receiving chamber at said air inlet into which
      chamber the air is initially admitted, a light-solids receiving chamber
      downstream of said air inlet, said heavy-solids receiving chamber having
      an angularly disposed wall sloping upwardly towards said light-solids
      chamber, said wall being adjustable to vary its slope, the upper edge of
      said wall being spaced from said solids inlet to provide an adjustable
      flow path, by varying the slope of said wall and thus the space between
      said upper edge and said solids inlet for adjusting gas flow from said
      heavy-solids chamber into said light-solids chamber, an air discharge port
      at the upper end of said vessel, whereby the air admitted from said heavy
      solids chamber into said light solids chamber is induced to flow upwardly
      toward said discharge port, adjustable first air deflector means below
      said air discharge port and in the path of the upwardly flowing gas at the
      forward wall side of the vessel and separately adjustable second air
      deflector means in the path of the upwardly flowing gas at the rear wall
      of said vessel, said first and second air deflectors so constructed and
      arranged to adjust the transverse size of the air flow path formed between
      each of said air deflectors and the vessel wall adjacent thereto.
NUM  2.
PAR  2. A solids separation system as defined in claim 1 wherein the angularly
      disposed wall of said heavy-solids receiving chamber is pivotally mounted
      at its lower edge for arcuate movement of said wall, whereby the gap
      between the solids feed inlet and the opposed surface of said wall can be
      adjusted.
NUM  3.
PAR  3. The system as defined in claim 2 wherein the angular position of said
      pivotally mounted wall is adjustable by cam means in contact with said
      wall.
NUM  4.
PAR  4. The system as defined in claim 3 wherein said cam means comprises a
      plurality of laterally spaced cam elements fixedly mounted on a common
      rotatable shaft.
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ABST
PAL  A method for the separation of a mixture of a polyester and a cellulose
      derivative comprising introducing gas bubbles into an aqueous liquid
      medium containing the mixture of the polyester and the cellulose
      derivative, optionally in the presence of at least one wetting agent and
      at least one flotation agent thereby separating the mixture by flotation
      into the polyester and the cellulose derivative.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for the separation of a mixture of a
      polyester and a cellulose derivative. More particularly, this invention
      relates to a method for the separation of a mixture of a polyester and a
      cellulose derivative into each material by introducing gas bubbles in an
      aqueous liquid medium containing the mixture of the polyester and the
      cellulose derivative.
PAR  2. Description of the Prior Art
PAR  No method for separating a mixture of a polyester and a cellulose
      derivative is known due to the close similarity in physical properties,
      such as specific gravity and the like, of these materials. Therefore, a
      mixture of a polyester and a cellulose derivative, for example, film
      scraps resulting from the manufacturing of photographic films, has been
      disposed of as a waste material.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a method for easily and
      efficiently separating a mixture of a polyester and a cellulose derivative
      into each of the materials.
PAR  The present invention provides a method for separating a polyester from a
      cellulose derivative which comprises introducing gas bubbles into an
      aqueous liquid medium containing a mixture of the polyester and the
      cellulose derivative and thereby floating the polyester. An embodiment
      includes a method for separating a cellulose derivative from a polyester
      which comprises introducing gas bubbles into an aqueous liquid medium
      containing a mixture of a polyester and a cellulose derivative in the
      presence of a wetting agent and a flotation agent and thereby floating the
      cellulose derivative.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As a result of extensive studies on methods for the separation of a mixture
      of a polyester and a cellulose derivative, the present inventors found
      that a polyester and a cellulose derivative differ from each other in
      wettability by water, i.e., the cellulose derivative is wettable by water
      whereas the polyester is hardly wettable by water, and therefore,
      polyester which is hydrophobic can be floated due to adherence of the
      bubbles to the polyester thereby floating the polyester. The inventors
      also found that if a wetting agent is present in the water the polyester
      can be rendered more hydrophilic than the cellulose derivative whereby the
      cellulose derivative can be floated by adhering to bubbles introduced in
      the presence of the flotation agent. The method of this invention is based
      on these findings.
PAR  The term "polyester" as used throughout the specification and appended
      claims is employed to designate high molecular weight substances having an
      ester bond in their main chain and includes materials such as polyethylene
      terephthalate, alkyd resins, unsaturated polyester resins, maleic acid
      resins and the like.
PAR  The cellulose derivatives to which the method of this invention is
      applicable include cellulose diacetate, cellulose triacetate,
      nitrocellulose and the like.
PAR  The shapes and sizes of the polyester and the cellulose derivative
      subjected to the method according to the present invention are not
      critical and can vary. It is suitable, however, that the mixture of these
      materials be comminuted into pieces having a size less than about 50 mm,
      preferably 1 to 10 mm either as a film or granules where a large quantity
      is to be treated.
PAR  In a first embodiment of the present invention wherein a cellulose
      derivative is floated, a mixture of the polyester and the cellulose
      derivative is mixed with an aqueous liquid medium such as water or salt
      water and at least one wetting agent. Suitable examples of wetting agents
      are alkali metal and alkaline earth metal salts of lignin sulfonic acid
      such as sodium lignin sulfonate, calcium lignin sulfonate, magnesium
      lignin sulfonate, etc., an organic colloid and mixtures thereof. The term
      "organic colloid"  used herein refers to hydrophilic organic colloids
      which render the surface of the polyester more hydrophilic than the
      surface of the cellulose derivative thereby increasing the wetting
      characteristics of the cellulose derivatives. Such hydrophilic organic
      colloids are well known in the art in the field of ore processing as
      described in, for example, A. F. Taggart, Handbook of Mineral Dressing
      Ores and Industrial Minerals, 1948, 12-33 to 12-34, John Wiley and Sons,
      Inc., New York. Suitable examples of the hydrophilic organic colloid which
      can be used in the present invention are tannic acid, a quebracho extract,
      gelatin, glue, saponin and the like. These hydrophilic organic colloids
      can be used alone or as a mixture of two or more colloids. The amount of
      the wetting agent employed suitably is up to about 1,000 g per ton,
      preferably 10 to 500 g per ton, of the raw material (i.e., the mixture of
      the polyester and the cellulose derivative). It is desirable that the
      mixture of the raw material and the aqueous liquid medium be stirred for
      several minutes after the addition of the wetting agent. To the resulting
      mixture is further added at least one flotation agent. Suitable examples
      are conventionally known flotation agents such as pine oil, kerosene,
      cresylic acid, eucalyptus, oil, camphor oil, higher alcohols such as
      propyl alcohol, amyl alcohol, etc., methyl isobutyl carbinol, pyridine,
      o-toluidine and the like. A suitable amount of the flotation agent is up
      to about 1,000 g per ton, preferably 100 to 500 g per ton, of the raw
      material. Gas bubbles are then introduced into the aqueous liquid medium
      thereby floating the cellulose derivative.
PAR  In this first embodiment of the present invention, due to the wetting agent
      the surface of the polyester which is hydrophobic in nature becomes more
      hydrophilic than the surface of the cellulose derivative. Gas bubbles are
      then introduced into the aqueous liquid medium in the presence of the
      above-described flotation agent whereby the cellulose derivative can be
      floated and separated.
PAR  In the second embodiment of the present invention wherein a polyester is
      floated, the separation of the polyester and the cellulose derivative can
      be carried out by introducing gas bubbles into an aqueous liquid medium
      containing a mixture of the polyester and the cellulose derivative whereby
      the hydrophobic polyester is adhered to gas bubbles to float while the
      hydrophilic cellulose derivative remains in the aqueous liquid medium.
PAR  In this second embodiment of the present invention the above described
      flotation agent can optionally be employed. The flotation agent can be
      suitably used in a proportion of less than about 200 g per ton of the raw
      material thereby promoting the floating separation of the polyester.
PAR  The separation tank which can be used in the present invention can be any
      type of tank such as a tank which is tetragonal type, regular or
      non-regular polygonal or circular and the tank can be a trough type, a
      thickner type or a cyclone type tank.
PAR  The generation of gas bubbles can be effected using mechanical stirring,
      bubbling a gas through the medium, release of a gas dissolved under
      pressure, evacuation to release dissolved gases, electrolysis or a
      combination of two or more of these methods. The gases which can suitably
      be used include air, oxygen, nitrogen, carbon dioxide, inert gases such as
      argon, etc.
PAR  A suitable proportion of the raw material, i.e., the mixture of the
      polyester and the cellulose derivative, to be separated and the aqueous
      liquid medium in the separation tank can range from about 0.1 to about 10
      parts by weight of the mixed materials per 100 parts by weight of the
      mixture. The temperatue of the aqueous liquid medium is not critical in
      the method of this invention, but is preferably in the range of from about
      0.degree. to about 70.degree. C, most preferably at an environment
      temperature (about 15.degree. to about 35.degree. C). Temperatures below
      about 0.degree. C are practically not preferred since at such low
      temperatures the efficiency of separation of the mixture in the flotation
      tends to decrease. On the other hand, the use of a temperature higher than
      about 70.degree. C makes the method of the present invention uneconomical
      and, in addition, such a higher temperature is not desirable from the
      standpoint of the working environment. The aqueous liquid medium is
      usually employed at room temperature but separation by flotation can be
      promoted by heating the aqueous liquid medium.
PAR  The present invention is carried out in an aqueous liquid medium which
      includes water and salt water. Suitable examples of salt water include sea
      water, brine, bittern-containing water as well as aqueous solutions
      containing halides such as NaCl, MgCl.sub.2 and MgBr.sub.2, etc., sulfates
      such as MgSO.sub.4, CaSO.sub.4, K.sub.2 SO.sub.4 and Na.sub.2 SO.sub.4,
      etc. and bicarbonates such as Ca(HCO.sub.3).sub.2 and NaHCO.sub.3, etc.
      Water generally is employed as the aqueous liquid medium.
PAR  Further, the process of inorganic or organic substances, such as those
      substances contaminating river water, industrial water, etc., in the
      aqueous liquid medium does not interfere with the present invention.
PAR  As previously described, the present invention provides a method for
      separating a mixture of a polyester and a cellulose derivative, for
      example, arising in the manufacture of photographic films into each of the
      components of the mixture with an excellent efficiency by utilizing the
      surface wettability of the mixture of materials and, in case of floating
      the cellulose derivative, using a wetting agent. The present invention
      makes it possible to convert a waste material which has hitherto been
      disposed of into a reusable material as a fresh raw material and therefore
      has a great advantage from the standpoint of resource utilization.
DETD
PAR  The present invention will now be illustrated in greater detail by the
      following examples. In these examples all parts, percentages, ratios and
      the like are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  A mixture of 50 parts of polyester and 50 parts of cellulose triacetate
      both obtained from film scraps arising from the manufacture of
      photographic films after removal of the silver halide emulsion coated
      thereon was cut into pieces having a size less than 10 mm and 100 g of the
      resulting pieces was placed in a separation tank of a rectangular type
      containing 8,000 ml. of water. Tannic acid was added thereto as a wetting
      agent in a proportion of 250 g per ton of the raw material pieces followed
      by stirring for 2 minutes. 200 g of pine oil was placed in the tank as a
      flotation agent. The mixture was separated into a float and a residue
      while introducing gas bubbles into the water for a period of 10 minutes.
      Cellulose triacetate contents in the resulting float and residue thus
      separated were determined by measuring the soluble matter in the float and
      the residue using methylene chloride containing 10% methanol.
PAR  As a result of the above separation, 46 parts of the polyester having a
      purity of 99.1% was collected as a residue but the float, cellulose
      triacetate, was found to contain a small amount of the polyester. 100 g of
      tannic acid and 100 g of pine oil per ton of the raw material were added
      to the float and cleaning was carried out by introducing gas bubbles into
      the water for 5 minutes to collect 46.5 parts of cellulose triacetate
      having a purity of 97.5% as a final float. The intermediate product in
      which both the cellulose triacetate and the polyester were present was
      found to be 7.5 parts by weight.
PAR  Since the final float and residue thus separated had a remarkably high
      purity, each could be reused as a raw material for the manufacturing of
      films and other products.
PAR  In the same manner as described above, mixtures of various combinations of
      an alkyd resin, an unsaturated polyester resin, a maleic acid resin and
      the like with cellulose diacetate, cellulose triacetate, nitrocellulose
      and the like were separated into each component.
PAC  EXAMPLE 2
PAR  A mixture of 50 parts of a polyester and 50 parts of cellulose triacetate
      both obtained from film scraps arising from the manufacturing of
      photographic films after the removal of the silver halide emulsion coated
      thereon was cut into pieces having a size less than about 6 mm. 100 g of
      the resulting pieces was placed in a rectangular type separation tank
      containing 8000 ml of water followed by introducing gas bubbles into the
      water for a period of 2 minutes thereby separating the mixed material into
      a float and a residue. The cellulose triacetate contents in the float and
      in the residue thus separated were determined by measuring the soluble
      matter contained therein using methylene chloride containing 10% methanol.
PAR  As a result of the above separation, 47.0 parts of cellulose triacetate
      having a purity of 99.8% was collected as residue but it was found that
      the float, the polyester, contained a small amount of cellulose
      triacetate. Gas bubbles were introduced twice into water for 3 minutes to
      clean the float thereby collecting 48.5 parts of the polyester having a
      purity of 100% as a final float. The intermediate product in which both
      the polyester and the cellulose triacetate were present was found to be
      4.5 parts.
PAR  Since the final float and the residue thus separated have a high purity,
      each could be reused as a raw material for the manufacture of films and
      other products.
PAR  In the same manner as described above, mixtures of various combinations of
      an alkyd resin, an unsaturated polyester resin, a maleic acid resin, and
      the like with cellulose diacetate, cellulose triacetate, nitrocellulose
      and the like were separated into each component.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the separation of a mixture of a polyester and a cellulose
      derivative selected from the group consisting of cellulose diacetate,
      cellulose triacetate and nitrocellulose comprising introducing gas bubbles
      into a dispersion of a mixture of said polyester and said cellulose
      derivative, said polyester and said cellulose derivative being solid
      pieces having a size of 1 to 50 mm, in an aqueous liquid medium in the
      presence of at least one wetting agent to render the surfaces of the
      polyester pieces more hydrophilic than the surfaces of the cellulose
      derivative pieces and at least one flotation agent, whereby said cellulose
      derivative is floated thereby separating said mixture into said polyester
      and said cellulose derivative.
NUM  2.
PAR  2. The method as claimed in claim 1, wherein said polyester is polyethylene
      terephthalate, an alkyd resin, an unsaturated polyester resin or a maleic
      acid resin.
NUM  3.
PAR  3. The method as claimed in claim 1, wherein said wetting agent is an
      alkali metal lignin sulfonate, an alkaline earth metal lignin sulfonate,
      an organic colloid, or a mixture thereof.
NUM  4.
PAR  4. The method as claimed in claim 3, wherein said wetting agent is sodium
      lignin sulfonate, calcium lignin sulfonate, tannic acid, a quebracho
      extract, gelatin, glue, saponin or a mixture thereof.
NUM  5.
PAR  5. The method as claimed in claim 3, wherein the amount of said wetting
      agent is up to about 1,000 g per ton of said mixture.
NUM  6.
PAR  6. The method as claimed in claim 1, wherein said flotation agent is pine
      oil, kerosene, cresylic acid, eucalyptus oil, camphor oil, a higher
      alcohol, methyl isobutyl carbinol, pyridine, o-toluidine, or a mixture
      thereof.
NUM  7.
PAR  7. The method as claimed in claim 6, wherein the amount of said flotation
      agent is up to about 1,000 g per ton of said mixture.
NUM  8.
PAR  8. The method as claimed in claim 1, wherein the amount of said mixture is
      about 0.1 to about 10 parts by weight per 100 parts by weight of said
      aqueous liquid medium,
NUM  9.
PAR  9. The method as claimed in claim 1, wherein said aqueous liquid medium is
      water or salt water.
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ABST
PAL  An apparatus is presented for effectively sorting and disposing of waste.
      Waste is sorted into three or more groups enabling post treatment or
      reutilization of the sorted waste with less possibility of environmental
      contamination. The apparatus comprises mainly a drum having a plurality of
      screen means and a plurality of rotatable reducing means, each of the
      reducing means facing a corresponding screen means, respectively and being
      driven at a properly selected speed depending on the constituents of the
      waste and the mesh size of the opposing screen.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an apparatus for disposing of waste such
      as municipal waste and more particularly relates to an apparatus for
      progressively pulverizing municipal waste or the like comprising a mixture
      of various constituents and for selectively separating or sorting the
      same.
PAC  BACKGROUND OF THE INVENTION
PAR  In disposing of municipal waste, a drum pulverizer has been used quite
      often. In case of a drum pulverizer primarily employed for producing
      fertilizer out of the municipal waste, a drum is rotatably supported by a
      roller means, the drum axis being slightly canted relative to the horizon
      and is driven by a motor through a gear means. The drum is provided with
      an inner cylindrical screen and the municipal waste received therein is
      turned and advanced as the drum rotates. The waste is sprayed with water
      in this case and the constituents of the waste such as waste paper, straw,
      grass and plants and garbage or the like tending to absorb moisture are
      selectively struck and mashed into small size by cans, bottles or pebbles
      contained in the waste and are passed through the screen so as to be
      discharged from an outlet of the drum.
PAR  Therefore, the municipal waste is only sorted into two groups by means of
      the drum pulverizer heretofore used and the efficiency of separation is
      degraded by clogging of the screen mesh. Further the screening of the
      pulverized waste with the drum pulverizer of the prior art relies on
      gravity and, thus, the screening rate is naturally limited and a high rate
      is not attained since the acceleration applied on the pulverized waste is
      only 1 g (g = gravitational acceleration).
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      apparatus for sorting and disposing of waste which is free of the
      drawbacks above.
PAR  It is a further object of the present invention to provide an apparatus by
      which the waste can be treated after pulverization so as to increase the
      utilization of the waste.
PAR  Another object of the present invention is to provide means for sorting the
      waste into a plurality of groups for more effective utilization of the
      waste.
PAR  Still another object of the present invention is to increase the efficiency
      or capacity of sorting the pulverized waste by applying the increased
      acceleration thereon.
PAR  It is also an object of the present invention to decrease the frequency of
      clogging the screen mesh during processing of the waste.
PAR  The objects above are accomplished by the apparatus of the present
      invention.
PAR  The apparatus of the present invention is provided with at least two
      sorting screens each being accompanied by a reducing means such as
      hammers, shearing or beating blades so as to sort the waste into a
      plurality of groups. These screens are mounted on a stationary drum of the
      apparatus and there is a discharge opening at a position adjacent each of
      the respective screens. The rotational speed of each reducing means is
      individually adjusted to a suitable rate. Also, the mesh of each screen
      may be different to increase the efficiency of sorting or to improve the
      quality of the sorted waste. Also it is considered that the relative
      circumferential speed of each reducing means with respect to its
      corresponding screen may be varied depending on the constituents of the
      waste.
PAR  The present invention together with its objects and advantages discussed
      above and those not yet touched upon will become apparent to those skilled
      in the art when the detailed description of the preferred embodiment which
      follows is reviewed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross section of the apparatus according to the present
      invention; and
PAR  FIG. 2 is a partial drawing illustrating the helical twist of the size
      reducing means so as to advance the waste in the drum.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown one preferred embodiment of the present
      invention as an illustrative example. The process carried out by the
      apparatus for sorting and disposing of waste in this embodiment comprises
      two stages of separating or sorting the waste and thereby it segregates
      the waste into three groups I, II and III as shown. However, this does not
      mean that the sorting by the present invention is limited to segregation
      into three groups and, of course, it is possible to increase the number of
      the sorting groups to the extent that the mechanical design of the
      apparatus permits.
PAR  Returning to the drawing, there is shown a hopper 1 at one end of the
      apparatus for receiving the waste and a discharge opening 2 at the other
      end. A first screen 3 and a second screen 4 are mounted on a stationary
      drum 5. The mesh size of respective screens may be different, for example,
      the mesh of the first screen may be relatively small compared to that of
      the second screen. However, both may be the same size. Facing the first
      and second screens 3 and 4 are a group of hammers 6 and a group of beating
      blades 8 mounted, within the drum 5, on rotatable shafts 7 and 9,
      respectively. These shafts are preferably disposed so that an end of one
      shaft may be journaled within the hollow end of the other shaft for
      convenience of bearing purpose. In the illustrated embodiment, the end of
      the shaft 9 is journaled in the hollow end of the shaft 7 so that the end
      of the latter acts as a bearing to permit relative rotation between the
      two shafts 7 and 9. More specifically, the shaft 9 in this embodiment is
      constructed so as to extend over the entire drum length and to be
      rotatably supported at the opposite ends of the drum 5 by bearings 19, 19'
      and 19". At the left hand of the shaft 9 in the drawing, the hollow
      tubular shaft 7 is coaxially placed on the shaft 9 so as to rotate about
      the shaft 9. The mounting of the hammers 6 above may be similar to that of
      the blades 8; however, it is preferable to mount the respective hammers 6
      so rockably on a suitable bracket means provided on the shaft 7 so that
      centrifugal force may be applied on the hammers when they are rotated.
      Also the hammers 6 may be replaced with the ones similar to the blades 8.
PAR  The drum 5 is cylindrical in form and may be disposed horizontally with
      respect to the axis thereof or disposed with its axis canted slightly
      relative to the horizon by supporting columns 20 and 20' on a base 21. The
      hollow shaft 7 is driven by a motor 16 through a suitable power
      transmitting means 15 (which is a belt in the illustrated embodiment) so
      that the respective hammers 6 rotate while opposing the first cylindrical
      screen 3. Similarly, the shaft 9 is driven by a motor 18 through a
      suitable power transmitting means such as a belt 17 so that the scraping
      blades 8 rotate while opposing the second screen 4.
PAR  At the outer side of the screens 3 and 4 of the drum 5, there are disposed
      rotatable outer cylinders 12 and 12' surrounding the screens 3 and 4,
      respectively. The inner surfaces of outer cylinders 12 and 12' are
      provided with blades (not shown) arranged helically on the inside thereof
      so as to discharge the pulverized waste I and II passed through the
      respective screens through the respective discharge openings 10 and 11
      when the outer cylinders are rotated. The rotation of the outer cylinders
      12 and 12' is effected by any suitable means such as motor 14 and gear
      mechanism comprising drive gears 13 and driven gears 13' fixed on the
      outer surface of the outer cylinders 12 and 12'.
PAR  Now the operation of the apparatus is explained. Waste such as collected
      municipal waste is charged into the drum 5 through the hopper 1. At first,
      the constituents of the waste least resistant to impact such as clay,
      sand, glass, pottery, garbage (kitchen refuse) or the like are instantly
      crushed by the hammers 6. Such waste becomes granular waste I which will
      be passed through the screen 3 into the outer cylinder 12 and thence
      discharged outwardly from the opening 10.
PAR  The rest of the waste is advanced inside of the drum in the direction
      toward the opening 2 due to the inclination of the axis of the drum 5 or
      the arrangement of the hammers 6 and blades 8 as schematically illustrated
      in FIG. 2 so as to gradually advance the waste axially due to the
      helically twisted shape of the hammers 6 and blades 8 when the shafts 7
      and 9 are rotated. During the advancement of the waste as above, the
      constituents such as waste paper, straw, or the like having greater
      resistance to impact or shearing action are selectively pulverized or
      sheared by beating blades 8 then passed through the second screen 4 into
      the outer cylinder 12' by centrifugal action of the blades 8 and finally
      discharged as waste II out of the discharge opening 11 by the rotation of
      the outer cylinder 12'. The waste III left within the drum 5 at this stage
      comprises the constituents having the greatest toughness -- the most
      resistance to impact and shearing -- such as metals, plastics, rubber,
      hides, and pieces of wood. This Waste III is discharged from the discharge
      opening 2 of the drum.
PAR  As explained above, by utilization of the preferred embodiment of the
      present invention, municipal waste comprising several kinds of
      constituents is progressively crushed and/or pulverized and, according to
      the physical characteristics of the constituents, is effectively sorted
      into three groups I, II and III.
PAR  As the shafts 7 and 9 are arranged to be driven independently by employment
      of respective motors 16 and 18, it is possible that circumferential speed
      of each set of hammers 6 and blades 8 can be selected to achieve the ideal
      screening efficiency .eta. depending on the nature of the constituents
      contained in the waste. The screening efficiency .eta. is defined by the
      following equation:
EQU  .eta. = 1 - (intermixed ratio of the constituents of the waste other than
      those to be sorted)
PAR  Also it is possible to add moisture to the waste at the time when waste
      paper, straw or the like are reduced or pulverized prior to passing
      through the second screen 4 so as to weaken the strength of the waste
      thereby increasing the screening efficiency as well as reducing or saving
      power. For this purpose, water nozzle means (not shown) may be disposed
      between the first and second screens.
PAR  Further, according to the present invention, the constituents of the waste
      tending to generate or produce harmful gases or materials when they are
      incinerated such as plastics, rubber or the like are substantially
      removed. Therefore, the present invention provides remarkable advantages
      in that waste processed within the apparatus, can be re-utilized to the
      maximum and contamination of environment is kept to a minimum.
PAR  Now the advantages derived from the mechanism of the present invention are
      summarized. Since the apparatus utilizes the acceleration given by the
      rotation of the hammers 6 and the beating blades 8, the pulverized waste
      passing through the screens 3 or 4 is given acceleration as high as 1.5 to
      400 times gravitational acceleration whereby the screening efficiency is
      remarkably improved. Further, the rotating feature of the hammers and
      beating blades both serving as size reducing means contributes to make it
      easy to crush or pulverize the waste, to facilitate agitating the waste
      and to increase the screening efficiency.
PAR  The increased acceleration applied on the waste makes it possible to charge
      a relative large volume of the waste into the hopper compared to that of
      the prior apparatus which relies on only the standard or unit
      gravitational acceleration applied on the pulverized waste since the
      sorting speed is remarkably improved by use of the present apparatus.
PAR  Further, it is appreciated that, according to the hammering and agitating
      effect afforded by the hammers and beating blades, small pieces of waste
      which tend to clog the mesh of the screens in the prior art are forcibly
      passed through the screens thereby avoiding the clogging of the screen
      which degrades the screening efficiency and is the common drawback
      encountered in most screening devices of the prior art. Also, by the
      advantages discussed above, the entire area of the respective screens is
      substantially utilized in contrast to the prior apparatus in which a large
      part is not used. For example, the capacity of the apparatus for treating
      the waste is increased to two or three times that of the prior apparatus.
PAR  The number and arrangement of the hammers and beating blades is properly
      selected depending on the constituents of the waste. Also, in addition to
      the selection above, the adjustment of the respective gaps between the
      tips of the hammers / blades and the opposing screens is made so as to
      control the size of the respective sorted waste and so as to discharge
      uncrushable waste such as pieces of steel or the like from the discharge
      opening at the end of the drum opposite the hopper thereby providing
      safety means without adding the means ordinarily required to protect the
      apparatus from materials which might otherwise damage the elements of the
      apparatus. As explained above, the sorting and pulverizing operations are
      performed simultaneously within a single common drum and, thus, the
      present apparatus is also advantageous in reducing the necessary
      installation area and manufacturing cost.
PAR  The embodiment explained above is only one example of the present
      invention, and it may be modified in various ways by those skilled in the
      art. For example, as already touched upon in the foregoing paragraphs, the
      number of the sorting stages may be increased so as to provide capability
      to sort the waste into more than three groups. This may be accomplished by
      employing concentrical shafts, one being housed within the other hollow
      shaft and so on and driven independently. In the illustrated embodiment,
      driving sources 16 and 18 are disposed at opposite ends of the drum 5,
      respectively; however, it is also possible to locate these sources at one
      side of the drum 5. Also one of the driving sources may be eliminated if
      an appropriate differential speed coupling is employed between the shafts
      7 and 9. The respective speeds of the hammers 6 and beating blades 8 are
      selected giving due consideration to the respective mesh sizes of the
      screens 3 and 4, the constituents contained in the waste and, thus, they
      are generally different from each other; however, under certain conditions
      they may be the same.
PAR  Also it is noted that, instead of the hammers 6 facing the first screen 3,
      a group of scraping blades are alternately and preferably employed to
      obtain a desired end. This choice is also dependent on the condition
      explained above.
PAR  The invention has been described in detail with particular reference to the
      preferred embodiment, but it will be understood that variations and
      modifications can be effected within the spirit and scope of the invention
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for disposing of and sorting waste, comprising:
PA1  a hopper for receiving waste;
PA1  a cylindrical drum communicating with said hopper and having a discharge
      opening, said drum being provided with a first screen and a second screen
      axially disposed; and
PA1  a first and second reducing means in opposed relation to said first and
      second screens, respectively;
PA1  supporting means for rotatably supporting said first and second reducing
      means so as to rotate said reducing means within said drum, a first
      portion of said supporting means supporting said first reducing means
      being coaxial with a second portion of said supporting means supporting
      said second reducing means,
PA1  driving means for driving said first and second reducing means at an
      independent rotational speed, respectively through said supporting means;
PA1  a first outer cylinder and a second outer cylinder disposed around said
      first and second screens, respectively, said first and second outer
      cylinders being provided witha discharge opening, respectively, so as to
      discharge the sorted waste received therein which has passed through the
      corresponding screen.
NUM  2.
PAR  2. An apparatus as claimed in Claim 1, wherein said supporting means are a
      first shaft and a second shaft on which said first and second reducing
      means are mounted, respectively, said first and second shafts being
      coupled to individual driving sources, respectively.
NUM  3.
PAR  3. An apparatus as claimed in Claim 1 wherein said reducing means are
      constructed and arranged within the drum so that the waste received in the
      drum from the hopper is advanced toward the discharge opening upon
      rotation of the reducing means.
NUM  4.
PAR  4. An apparatus as claimed in Claim 1 wherein the mesh size of the first
      screen is relatively small compared to that of the second screen.
NUM  5.
PAR  5. An apparatus for disposing of and sorting waste, comprising:
PA1  a hopper for receiving waste;
PA1  a cylindrical drum with said hopper and having a discharge opening at a
      position opposite said hopper, said drum being provided with a first
      screen and a second screen axially disposed and the mesh size of said
      first screen being relatively small compared to that of said second
      screen;
PA1  a first shaft and a second shaft arranged coaxially with each other, said
      shafts centrally extending through said drum and being rotatably
      supported;
PA1  a first size reducing means mounted on said first shaft in opposed relation
      to said first screen within said drum;
PA1  a second size reducing means mounted on said second shaft in opposed
      relation to said second screen within said drum;
PA1  a first driving means coupled to said first shaft to rotate the same;
PA1  a second driving means coupled to said second shaft so as to rotate said
      second shaft independently from said first shaft and at a speed different
      from that of said first shaft; and
PA1  a first outer cylinder and aa second outer cylinder disposed around said
      first and second screens, respectively, said first and said second
      cylinders being provided with a discharge opening, respectively, so as to
      discharge the sorted waste received therein which has passed through the
      corresponding screen.
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ABST
PAL  A portable sluice pan is described for panning for gold and other valuable
      heavy minerals from placer deposits. The pan includes an elongated trough
      having a feed hopper at one end and a removable flexible riffle mat in the
      bottom of the trough to cause the placer pulp to flow in a turbulent
      manner over the riffles to stratify the heavier and lighter materials. The
      sluice pan is constructed of light weight material such as aluminum and
      may be hand held during operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to devices for panning for gold and other valuable
      heavy minerals from placer material.
PAR  Traditionally, the principal means of panning for gold involved the use of
      a pie shaped pan in which the placer material and water are placed in the
      pan and then the pan is agitated in reciprocating motion to separate and
      stratify the heavier particles by specific gravity from the lighter
      particles.
PAR  It is a principal object of this invention to provide a more efficient
      device for panning for gold and separating the more valuable materials
      such as gold, sapphire, garnets and black sand, which may contain
      platinum, from less valuable materials and sands.
PAR  A further objective of this invention is to provide a sluice pan that is
      portable and lightweight and may be easily carried on one's back.
PAR  A further object of this invention is to provide a very inexpensive sluice
      pan that may be readily utilized by novice and professional alike in
      recovering gold and other valuable materials from placer deposits.
PAR  These and other objects and advantages of this invention will become
      apparent upon reading the following detailed description of a preferred
      embodiment.
DRWD
PAC   BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of this invention is illustrated in the accompanying
      drawings, in which:
PAR  FIG. 1 is a perspective view of a portable sluice pan incorporating the
      principal features of this invention:
PAR  FIG. 2 is a perspective view of a fragmentary portion of a flexible riffle
      mat illustrating a riffle configuration;
PAR  FIG. 3 is a vertical cross sectional view taken along line 3--3 in FIG. 1
      illustrating the internal structure of the sluice pan;
PAR  FIG. 4 is an enlarged vertical cross sectional view illustrating a throat
      area between a hopper and a sluice trough.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now in detail to the drawings, there is illustrated in FIG. 1 a
      portable sluice pan which is the subject of this invention for receiving
      placer deposit material and water to form a placer pulp and to process the
      pulp and efficiently separate heavier specific gravity materials such as
      sapphire, garnets, gold, black sand from lighter materials while
      discharging the lighter materials from the pan and retaining the heavier
      specific gravity material therein. The placer pulp formed by the mixture
      of water and placer material, is identified with the numeral 11 as it is
      processed through the sluice pan.
PAR  The sluice pan 10 contains three principal components -- (1) sluice trough
      14; (2) hopper 15; and (3) riffle mat 16.
PAR  As specifically illustrated in FIGS. 1 and 3, the sluice trough 14 extends
      from a head end 20 to an overflow open end 21. The trough 14 has a
      substantially U-shaped cross section with parallel opposing side walls 23
      and 24 that terminate in upper edges 25. Side walls 23 and 24 are joined
      by a bottom or floor wall 27.
PAR  The hopper 15 has inclined downwardly converging walls that are
      individually identified as rear wall 30, forward wall 31 and side walls 32
      and 33. The upper ends of the walls 30-33 terminate in upper edges 35
      forming an intake opening for the sluice pan for receiving placer gravel
      and sand and water.
PAR  The rear wall 30 extends downwardly into the trough 14 forming an incline
      back wall 38 that intersects with the bottom wall at intersection 40. The
      side walls 32 and 33 extend downwardly terminating in edges 42 and 43
      respectively that abut against and mate with the upper edges 25 of the
      side walls of the trough 14.
PAR  The forward wall 31 of the hopper has an inclined projecting section 45
      that projects downwardly into the sluice pan 14 and is directed toward the
      back wall 38 terminating in a throat edge 44. The throat edge 44 forms a
      restricted cross section area referred to as throat and is identified with
      the numeral 46. The throat has the smallest cross section through which
      the material flows from the hopper to the sluice trough. The throat 46 may
      be referred to as the exit opening of the hopper communicating with the
      sluice trough 14. The throat 46 has a height dimension A (FIG. 4) which
      extends from the throat edge 44 on a line normal to the back wall 38. The
      width or other major dimension of the throat is dimension B which in the
      preferred embodiment is also the width of the trough 14 between the side
      walls 23 and 24.
PAR  Another important feature of this invention is that the throat edge be in
      vertical alignment with the intersection 40. The height distance from the
      intersection 40 to the edge 44 is identified as dimension C. Such vertical
      alignment enables the pulp to flow onto the riffle mat in a turbulent
      tumbling manner. Such vertical alignment prevents the pulp from being
      "dumped" directly onto the riffle mat and also minimizes the velocity of
      the pulp flow so that good mixing and agitation is obtained. It is an
      additional important feature of this invention that the dimension C be
      greater than dimension A so that the restrictive throat 46 serves as an
      orifice with the fluid expanding through the opening defined by dimension
      C.
PAR  A plane of discontinuity 48 is defined as a plane that extends horizontally
      through the hopper at the location of the edges 42 and 43. The plane of
      discontinuity 48 intersects the back wall 38 at intersection 49. The plane
      of discontinuity 48 represents the location in which the side walls 32 and
      33 no longer converge and that the only converging portions are the rear
      wall 30 and the forward wall 31. At this point additional agitation and
      mixing of the water and the placer material take place. From the plane of
      discontinuity 48, the material is more rapidly mixed in a tumbling and
      turbulent manner as it flows through the restricted throat 46. An
      additional feature of this invention is that the distance from the throat
      edge 44 to the intersection 49, which will be referred to as dimension D,
      is substantially equal to the distance from the throat edge 44 to the
      intersection 40 (dimension C).
PAR  To separate the large particles from the placer material a grizzly screen
      52 is mounted in the hopper 15. It is important that the grizzly screen 52
      be located at an elevation in which the screen has a cross section at
      least six times greater than the restricted throat 46. The applicant has
      found that excellent mixing without clogging can be obtained with such an
      arrangement.
PAR  To assist the operator in removing the large particles and rocks from the
      grizzly screen, the sluice pan 10 is provided with a hinge 51 across the
      rear wall 30 so that the hopper may be tilted backward to dump the larger
      particles that will not pass through the grizzly screen 52. Various types
      of locking mechanisms may be utilized to lock the hopper in the
      configuration illustrated in FIGS. 1 and 3. No purpose is seen in
      describing various locking mechanisms that may be utilized. The important
      feature is to have the hinged arrangement to enable the larger particles
      to be easily dumped from the sluice pan at desired intervals.
PAR  The riffle mat 16 is elongated and extends from end 55 to end 56. The
      riffle mat is made of a flexible material so that the mat may be rolled
      into a roll either for storage or during the process of removal from the
      sluice pan. The riffle mat has sides 57 and 58 with the width of the mat
      being coextensive or somewhat larger than the inside width of the sluice
      trough so that the mat will be held in the sluice trough by frictional
      engagement of the sides 57 and 58 against the side walls 23 and 24
      respectively. Preferably, the mat is made of a rubberized molded material
      having reinforced strands extending through the mat. The mat 16 has a base
      60 with a plurality of riffles extending crossways between the sides 57
      and 58. The riffles extend upward from the base 60 to engage and control
      the flow and pattern of flow of the pulp through the sluice trough. It is
      preferable that the riffles be formed integrally with the base 60.
      Additionally, it is preferable that the riffles have reinforced cord
      extending therethrough such as polyester cord to reinforce the riffles. In
      a preferred embodiment, the mat has main or large riffles 62 and
      intermediate minor or trap riffles 63 interspersed between the main
      riffles 62. Each of the main riffles 62 have diverging side surfaces 65
      and 66 that extend upward and outward from the base terminating in a wide
      top surface 67. The diverging side surfaces form eddy spaces 69 adjacent
      to the riffles to cause the pulp to flow in a rising current on the
      upstream side of the riffle at a velocity that is less than the settling
      rate of the heavy particles and to fall on the downstream side of the
      riffle in an eddy turbulent configuration to deposit the heavier materials
      on both the up side and down side of the riffles. The minor or trap
      riffles 63 are preferably of a similar configuration but of a smaller size
      and have lesser heights than the main riffles 62. The main purpose of the
      minor or trap riffles 63 is to trap the heavy particles once they have
      been stratified beneath the lighter material. The main riffles 62 have a
      desired height which is indicated by the dimension E. It is important in
      the design of the sluice pan that the dimension E or height of the main
      riffles 62 be coordinated with the size of the restrictive throat 46 so
      that the height liquid level of the pulp flowing through the trough is at
      a height of at least three times the height of the riffle (dimension E).
      It is found that maximum efficiency can be obtained with this
      relationship. Additionally, it is important that the spacing between the
      main riffle 62 be related to the width of the top surfaces 65. For
      purposes of explanation, the width of the top surfaces 67 will be
      designated as dimension F and spacing between the main riffles as
      dimension G. It is preferable that the dimension G be at least twice the
      dimension F.
PAR  It has been found that the sluice pan as illustrated and described is quite
      efficient with the high percentage of the heavier materials beginning to
      stratify and be held by the riffles throughout the entire length of the
      sluice trough.
PAR  If desirable, the sluice pan 10 may be provided with an overflow seperator
      75 for seperating the overflow solids by size of the pulp flowing from the
      overflow end 21. The separator 75 has parallel side walls 76 and 77 hinged
      at 79 to the side walls 23 and 24 respectively for pivotal movment from an
      operative position shown in solid lines in FIGS. 1 and 3, to an
      inoperative position shown in dotted lines in FIG. 3. The side walls 76
      and 77 extend outward and downward from the overflow end 21. The separator
      75 includes an inclined screen 81 extending forward and downward from the
      overflow end 21 for receiving the overflow pulp from the trough 14 and for
      permitting the fine or small size material to drop through the screen 81.
      The larger material rolls down the screen and out the end of the
      separator. A back chute 84 is provided immediately below the screen 81 to
      receive the material passing or dropping through the screen 81. The back
      chute 84 is sloped downward and inward to deposit the fine material spaced
      from material discharged from screen 81. It is desirable to segregate the
      overflow material by size so that the operator may restore the land with
      overflow material to meet environmental considerations.
PAR  The sluice pan 10 is constructed of very lightweight material, preferably
      thin guage aluminum. The sluice pan 10 is designed to be sufficiently
      portable to be carried on one's back. Also the pan 10 may be hand held
      during operation with the operator moving the pan 10 from side to side to
      assist the stratification process. In one embodiment, the pan 10 weighs
      less than three pounds.
PAR  Alternatively, the pan 10 may be supported on a bracket 87 having a
      mounting screw 90. The bracket 87 is constructed to enable the pan to be
      held at a slight inclined angle to facilitate the flow of the pulp through
      the trough 14. Additionally, the bracket 87 may be easily pushed from side
      to side to agitate the flow.
PAR  It should be understood that the above described embodiment is simply an
      illustration of the applicant's invention and that numerous other
      embodiments may be readily devised by persons of ordinary skill in the art
      incorporating the principles thereof. Therefore only the following claims
      are intended to define or limit the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable sluice pan for concentrating gold-bearing placer material
      comprising:
PA1  an elongated channel sluice trough having a head end and an open overflow
      end, said trough having a U-shaped cross section with a bottom wall and
      opposing side walls extending from the head end to the overflow end;
PA1  a mixing hopper having an exit opening communicating with the trough
      adjacent the head end for receiving the placer material and water and for
      mixing the placer material and water to form a sluice pulp and for
      directing the pulp into the trough at the head end;
PA1  said hopper having inclined walls with a rear wall extending downward into
      the sluice trough terminating at the bottom wall of the sluice trough
      intersecting the bottom wall at a predetermined longitudinal location of
      the sluice trough;
PA1  said hopper having a forward wall extending downward into the sluice trough
      terminating in a throat edge which is vertically spaced from the trough
      bottom wall directly overlying the intersection of the rear wall of the
      hopper and the bottom wall of the sluice trough; and
PA1  an elongated flexible riffle mat removably mounted in the trough on the
      bottom wall and extending from the head end to the overflow end; said
      riffle mat having a plurality of cross riffles spaced at intervals along
      the mat to permit the pulp to flow from the head end and the overflow end
      while causing the pulp to flow in a turbulent manner over the riffles to
      separate the heavier gold-bearing particles from lighter particles.
NUM  2.
PAR  2. The portable sluice pan as defined in claim 1 wherein the elongated
      flexible riffle mat is constructed of a flexible rubber material.
NUM  3.
PAR  3. The portable sluice pan as defined in claim 2 wherein the riffles having
      reinforcing cords imbedded therein.
NUM  4.
PAR  4. The portable sluice pan as defined in claim 1 wherein the mat has a
      plurality of high riffles interspaced by low riffles.
NUM  5.
PAR  5. The portable sluice pan as defined in claim 1 wherein the mat has a base
      portion with riffles projecting upward from the base into the path of the
      flowing pulp to create flow turbulence; and
PA1  wherein at least two of the riffles have side surfaces that extend upward
      and outward diverging from the base to a wide top surface creating eddy
      spaces adjacent the riffle side surfaces to facilitate gravitational
      separation.
NUM  6.
PAR  6. The portable sluice pan as defined in claim 4 wherein the high riffles
      have a preselected height from a mat base and a preselected riffle width
      and wherein the high riffles are spaced from each other along the sluice
      trough a distance at least twice the preselected riffle width.
NUM  7.
PAR  7. The portable sluice pan as defined in claim 1 wherein the throat edge of
      the forward hopper wall is vertically spaced from the bottom wall of the
      trough a distance greater than the normal distance from the throat edge to
      the rear wall of the hopper.
NUM  8.
PAR  8. The portable sluice pan as defined in claim 1 wherein the hopper has
      inclined side walls that terminate in a horizontal plane that intersects
      the hopper rear wall and wherein the distance between the throat edge of
      the forward hopper wall and the intersection of said horizontal plane with
      the rear hopper wall is substantially equal to the vertical distance
      between the throat edge of the forward hopper edge and the bottom wall of
      the trough.
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ABST
PAL  A method of biological purification of industrial effluents from chromates
      and bichromates, wherein industrial effluents are mixed with domestic
      sewage and then the chromates and bichromates contained therein are
      biochemically reduced under anaerobic conditions using a strain of
      Bacterium dechromaticans Romanenko B-1167 microorganism, selected by
      repeated seeding on liquid nutrient medium containing sources of carbon,
      nitrogen, phosphorus, under anaerobic conditions, in the presence of
      potassium chromate in the function of oxygen donor, followed by separation
      from the seeding on a meat-infusion agar under aerobic conditions without
      chromate, the strain having the following morphological features and
      physiological properties: small bacilli of about 1.2 micron long and 0.4
      micron wide, forms rows when spread over a glass plate, sometimes at an
      angle to each other; forms no spores; Gramm negative; under anaerobic
      conditions with chromates they grow as single bacilli or in the form of
      short chains; immobile; under aerobic conditions they grow in a
      meat-infusion agar; the colonies are small in the beginning, in the form
      of dew droplets, watery, glittering, with even edges, they further become
      light pinkish and the colonies grow in size, the centre of the colony is
      elevated; in the bulk of agar they grow as small lenses; at the edge of
      the meat-infusion agar the colonies are small, then they join together to
      form a streak, the tint is slightly pinkish, then it is milky white with a
      slight pinkish tint, the streak is opalescent, flat, paste-like; grows on
      gelatine without diluting the latter in the form of a pale streak, the
      growth rate is very slow, the streak is slightly pinkish; grows on potato
      as a colliculus streak, the colour is pinkish or reddish, grows slowly,
      the streak is firm, colliculus; does not grow on glucose, lactase or
      cellular tissue; grows on sucrose, maltose, mannite, decomposes starch,
      grows well on ethyl alcohol forming acid; slightly peptonizes milk; does
      not reduce nitrates; assimilates small quantities of CO.sub.2 ; reduces
      chromates and bichromates to chromic hydroxide at a rate of 2.1 gram of
      potassium chromate during a period of three days per gram of dry biomass
      matter.
BSUM
PAR  The present invention relates to the art of waste water treatment and more
      specifically to a method of biological purification of industrial
      effluents from chromates and bichromates that can find application in the
      machine-building, instrument-building, radio-engineering and other
      industries.
PAR  The effluents of these industries are toxic owing to the fact that they
      contain chromates and bichromates, with the result that they cannot be
      discharged into water basins without prior decontamination.
PAR  Known in the art is a method for purification of mine effluents with the
      help of microorganisms, the effluents containing bound oxygen in the form
      of sulfates. In this case SO.sub.4.sup..sup.-2 is removed with the aid of
      sulfate-reducing bacteria Desulfovibro desulfuricans, by reducing to
      hydrogen sulfide under anaerobic conditions, the hydrogen sulfide reacting
      with iron to settle in the form of sulfide. The source of carbon and
      energy for these bacteria is provided by the decomposition products of
      sawdust owing to the metabolism of heterothropic microorganisms.
PAR  Desulfovibro desulfuricans bacteria are not capable of reducing chromates
      and bichromates and therefore they cannot be used for the purification of
      chromates- and bichromates-containing industrial effluents.
PAR  Known in the art is a method for biochemical treatment of industrial
      effluents containing bound oxygen in the form of inorganic compounds of
      hexavalent chromium, chlorine or a mixture thereof, wherein said
      industrial effluents are mixed with domestic sewage containing organic
      wastes, followed by biochemical reduction of oxygen-containing inorganic
      compounds of chromium and chlorine under anaerobic conditions with active
      sludge, with simultaneous oxidation of the organic matter contained in the
      domestic sewage (cf. U.S. Pat. No. 3,755,156).
PAR  A disadvantage of the above-mentioned method resides in the low rate of
      chromate and bichromate reduction by active sludge (3.0 to 4.0 mg of
      chrome per gram of dry active sludge per hour).
PAR  It is an object of the present invention to obviate the above
      disadvantages.
PAR  The object was achieved in a method for biologic treatment of industrial
      effluents from chromates and dichromates wherein industrial effluents are
      mixed with domestic sewage and the chromates and bichromates present
      therein are reduced under anaerobic conditions, followed by separation of
      purified water, wherein according to the invention the biologic reduction
      of chromates and bichromates is carried out with the aid of Bacterium
      dechromaticans microorganism, Romanenko B-1167 strain, obtained
      selectively by repeated reseeding on a liquid nutrient medium containing
      sources of carbon, nitrogen, phosphorus, under anaerobic conditions, in
      the presence of potassium chromate in the function of an oxygen donor,
      followed by separation from the meat-infusion agar under anaerobic
      conditions without chromate, which strain has the following morphological
      features and physiological properties: small bacilli of about 1.2 micron
      long and 0.4 micron wide, forms rows when spread over a glass plate,
      sometimes at an angle to each other; forms no spores; Gram-negative; under
      anaerobic conditions with chromates they grow as single bacilli or in the
      form of short chains, immobile; under aerobic conditions they grow in
      meat-infusion agar; the colonies are small in the beginning, in the form
      of dew drops, watery, glittering, with even edges, they further become
      light pinkish and the colonies grow in size, the centre of the colony is
      elevated; in the bulk of agar they grow as small lenses; at the edge of
      the meat-infusion agar the colonies are small, then they join together to
      form a streak; the shade is slightly pinkish, then it is milk white with a
      slight pinkish tint, the streak is opalescent flat, paste-like; grows on
      gelatine without diluting the latter, in the form of a pale streak, the
      growth is very slow, the streak is slightly pinkish; grows on potato as a
      colliculus streak, the colour is pinkish or reddish, grows slowly, the
      streak is firm, colliculus; does not grow on glucose, lactase, or cellular
      tissue; grows on sucrose, maltose, mannite, decomposes starch, grows well
      on alcohol, ethyl forming acid; slightly peptonizes milk; does not reduce
      nitrates; assimilates small quantities of CO.sub.2 ; reduces chromates and
      bichromates to chromic hydroxide at a rate of 2/g of potassium chromate
      for three days per gram of dry biomass matter.
PAR  The proposed strain of Bacterium dechromaticans Romanenko B-1167 is
      deposited in the Institute of Microbiology of the Academy of Science of
      the USSR, No. B-1167.
PAR  The strain Bacterium dechromatocans Romanenko B-1167 is preferably
      introduced into a mixture of industrial effluents and domestic sewage in
      amounts of from 3 to 7 g/l, based on dry biomass matter, the process being
      carried out with said microorganism maintained in a suspended state.
PAR  The method according to the present invention is effected as follows. The
      industrial effluents to be treated which contain chromates and bichromates
      are delivered to an averaging reservoir wherein the content of chromium in
      the effluent is averaged, then the effluents are continuously fed to a
      sealed receiving vessel (boilogical reducer). The domestic sewage is first
      fed to a settler where large suspended matter settles to the bottom and
      the clarified sewage is continuously fed to the sealed receiving vessel
      (biological reducer). The amount of industrial effluents and domestic
      sewage entering the sealed receiving vessel is adjusted so as to have the
      amount of easily oxidized organic matter (on the basis of the BOD thereof)
      introduced with the domestic sewage at least 1.2 times higher than the
      amount of bound oxygen in the chromate or bichromate introduced together
      with the industrial effluents. The capacity of the sealed reservoir
      (biological reducer) is calculated based on the time required for the
      chromate or bichromate to be biologically reduced. From the settler, the
      Bacterium dechromaticans Romanenko B-1167 is continuously fed into the
      sealed reservoir in ammounts sufficient for the concentration of enriched
      culture to be maintained in the biological reducer to within 3 to 7 g per
      liter based on dry biomass matter. The mixture thus obtained of industrial
      effluents and domestic sewage together with the Bacterium dechromaticans
      Romanenko B-1167 culture is continuously stirred in the absence of air
      oxygen, then it is continuously fed to a settler tank where the Bacterium
      dechromaticans Romanenko B-1167 culture will settle, and the clear water
      free from chromates and bichromates is discharged. The required amount of
      the Bacterium dechromaticans Romanenko B-1167 is continuously pumped to
      the biological reducer.
PAR  Application of the Bacterium dechromaticans Romanenko B-1167 culture
      permitted the process of purification of industrial effluents from
      chromates and bichromates to be intensified owing to the increased rate of
      reduction of chromates and bichromates, which is 3 to 9 times higher than
      that offered by any known prior art process, thus reducing the time
      required for industrial effluents to be treated, and the required capacity
      of the equipment as well.
PAR  The process of biological reduction of chromates and bichromates with the
      Bacterium dechromaticans Romanenko B-1167  microorganisms proceeds at a
      very fast rate and will be complete provided the amount of easily oxidized
      organic matter characterized by the BOD value (biological oxygen demand)
      exceeds the amount of bound oxygen in the chromates and bichromates at
      least by a factor of 1.2. The rate of chromate and bichromate reduction is
      up to 30 g (as chrome) per gram of dry biological mass matter per hour.
DETD
PAR  The invention will now be explained in greater detail with reference to the
      following examples of effecting the present method of treating industrial
      effluents to remove chromates and bichromates.
PAC  EXAMPLE 1
PAR  Industrial effluents containing potassium chromate are fed to an averaging
      receiving vessel, from which at a chromium concentration of 200 mg/l (250
      mg/l oxygen concentration) it is pumped to a biological reducer at a rate
      of 266 l/hr.
PAR  The domestic sewage is first directed to a settler and the clarified sewage
      having 180 mg/l BOD are pumped to the biological reducer at a rate of 534
      l/hr. The concentration of potassium chromate in the mixture of industrial
      effluents and domestic wastes is 83 mg/l of oxygen, the biological oxygen
      demand being 120 mg/l. An enriched Bacterium dechromaticans Romanenko
      B-1167 culture is continuously pumped into the biological reducer. The
      concentration of said culture in the biological reducer is 4.2 g/l,
      counting by dry biological mass matter. The residence time of the mixture
      of industrial effluents, domestic sewage and said culture of Bacterium
      dechromaticans Romanenko b- 1167, when constantly stirred with mechanical
      stirrers in the biological reducer in the absence of air oxygen ingress is
      1.5 hours, based on 1.8 cubic meter of the biological reducer volume.
      During this time the hexavalent chromium present in the biological reducer
      will be completely reduced to trivalent chromium, in the form of chromic
      hydroxide. The mixture of water, culture and hydroxide from the biologic
      reducer continuously flows by gravity to a thickener, where the solids
      precipitate and said culture and chromic hydroxide are separated, while
      the water, purified from the potassium chromate is discharged. The rate of
      potassium chromate reduction (as chromium) is 11 mg per gram of dry matter
      of the culture per hour.
PAC  EXAMPLE 2
PAR  Into a sealed vessel there is introduced one liter of a medium having the
      following composition: NH.sub.4 Cl -- 0.3 g; K.sub.2 HPO.sub.4 -- 0.3 g;
      KH.sub.2 PO.sub.4 -- 0.5 g.; MgSO.sub.4.7H.sub.2 O -- 0.1 g.; NaCl -- 0.1
      g.; CaCO.sub.3 -- 0.05 g.; FeCl.sub.3. 6H.sub.2 O -- 0.05 g.; sodium
      acetate -- 0.2 g.; microelements to Hogland -- 0.5 ml. Vitamin B.sub.12 --
      10 microgram; meat-infusion agar -- 100 kl.; water from a water basin,
      filtered through a paper filter -- up to 1000 ml.; 110 mg. of potassium
      bichromate (as chromium); 5 g of pure culture of Bacterium dechromaticans
      Romanenko B-1167, and the content of said vessel is kept for 40 minutes
      while continuously stirring with a mechanical stirrer under anaerobic
      conditions, i.e. without air oxygen ingress. Thereafter the stirrer is
      stopped and the culture of Bacterium dichromaticans Romanenko B-1167 is
      allowed to settle in the vessel. Then the clarified water, purified from
      bichromate, is removed by syphoning. During this period the concentration
      of potassium bichromate (as chromium) is reduced to zero. The rate of
      potassium bichromate reduction is 2.1 g. of potassium bichromate for three
      days per gram of dry culture biomass, or 30 mg. (as chromium) per gram of
      dry culture biomass per hour.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of biological purification of industrial effluents from
      chromates and bichromates which comprises mixing industrial effluents
      containing chromates and bichromates with domestic sewage waters,
      contacting the thus obtained mixture of waste waters with a culture of
      Bacterium decromaticans Romanenko B-1167 microorganism and maintaining the
      resulting mixture under anaerobic conditions until substantially complete
      reduction of the chromates and bichromates to chromium hydroxide, and
      separating said culture from the purified water.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein the strain Bacterium
      dechromaticans Romanenko B-1167 is introduced into a mixture of industrial
      effluents and domestic sewage in amounts of from 3 to 7 gram per liter,
      based on dry biomass matter, and the process is carried out by maintaining
      the microorganisms in a suspended state.
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ABST
PAL  Oil is removed from sea water, for example, in the cleaning of tanks of oil
      transport ships, by utilizing bacteria or cell-free solutions from such
      bacteria in a confined space with the addition of a source of nitrogen and
      a source of phosphorus, under aerated conditions. The resultant microbial
      fermentation converts the oil to protein-containing by-products making it
      possible to discharge the contents of the tanks without oil contamination
      and, if desired, to recover useful by-products.
PARN
PAR    This is a continuation of application Ser. No. 364,048, filed May 25,
      1973, now abandoned.
BSUM
PAR  This invention relates to the cleaning of maritime vessels, and more
      particularly, to economical and safe methods for cleaning cargo tank
      compartments of maritime vessesl that carry petroleum hydrocarbon oils.
PAR  Petroleum fuels and good water are two of the modern world's most important
      necessities, with the demand for both continually increasing. One of the
      most economical methods of transporting liquid petroleum fuels, such as
      crude oil, fuel oil, heavy diesel oil and lubricating oil, has been by
      maritime carriers and, unfortunately, this has led to considerable
      pollution problems on the high seas and on waterways. This pollution
      problem has been intensified by the development of very large crude
      carriers, which formerly were in the size class of 20,000-30,000 DWT, and
      now range up to 326,000 DWT. It is expected that the pollution problem
      will be further aggravated by the use of even larger carriers, now being
      built.
PAR  While water pollution occurs through accidental oil spills, an equally
      serious source of pollution is the petroleum fuel that is intentionally
      discharged by carriers during the washing of the emptied compartment
      tanks, and also with the ballast water. The cargo compartments contain
      considerable amounts of residual fuel oil after they have been emptied and
      they must be cleaned to eliminate a fire hazard. A recent study of three
      70,000 DWT carriers by Cities Service Tankers Corporation over a 3-year
      period indicated that approximately 0.25-0.30% of the oil remained in the
      emptied cargo tank. Projecting this percentage to a 326,000 DWT carrier,
      would indicate a residual oil weight of about 1000 tons. The ballast water
      is taken on by the emptied carrier during its trip back to the originating
      port terminal, in order to properly immerse the propeller and rudder for
      controllability, as well as immerse the ships hull to reduce structural
      stress. Efforts to control this source of pollution have not been
      completely successful even though international laws relating to the
      problem are continually being strengthened. For example, regulations of
      the International Convention for Prevention of Pollution of the Seas by
      Oil (1954, amended 1962, and 1969) specified (1) that the instantaneous
      rate of oil discharge should not exceed 10 liters per mile, (2) that the
      total quantity discharged should not exceed 1/15,000 of the total
      cargo-carrying capacity, and (3) that the tanker should not be less than
      50 miles from the nearest land at the time of discharge. These regulations
      do not apply, however, if the carrier's compartments have been cleaned and
      the subsequent discharged ballast water does not produce visible traces of
      oil on the water surface. At the 1970 NATO meeting in Brussels,
      international support was given for the eventual termination of all
      intentional discharge of oil from ships into the oceans. These are strong
      stringent requirements that are obviously necessary to prevent the
      continuing pollution buildup. Unfortunately, these regulations are
      difficult to enforce, and surveillance techniques for detection and
      identification of discharges are not completely developed.
PAR  There are some alternative solutions for eliminating the oily ballast
      discharge. For example, the carriers could be constructed with sufficient
      clean ballast space so that the water would not have to be taken into the
      oily cargo compartments. Obviously, this would be an expensive
      modification in the carrier design and would reduce the ships carrying
      capacity. Another suggestion is to have ballast water discharge and
      treatment facilities at the terminal ports, to receive the oily ballast
      before loading the fresh cargo. Still another suggestion is to clean the
      ship at a special cleaning station after the cargo has been discharged.
      These procedures would entail considerable time delay in port as well as
      the construction of expensive special port facilities. Thus, it would
      appear that the elimination of water pollution due to the cleaning of
      cargo compartments or the discharge of oily ballast, requires expensive
      and time consuming corrective measures.
PAR  There is another problem that has to be considered in the washing of the
      cargo tanks after the oil has been discharged. Serious explosions may
      occur during the washing procedure, or later on passage. Earlier
      investigations had indicated that forced ventilation of the cargo tanks
      before and during the cleaning would reduce the danger of explosions.
      Recently, however, explosions have occurred in very large crude carriers
      even though the atmosphere in the cargo tanks was kept below the lower
      explosive limit. The washing techniques in very large crude carriers
      involve the use of high velocity rotating jets of cold, clean,
      unrecirculated seal water, usually at flow rates of approximately 180 tons
      per hour at 140 psig. The disintegration of the water jet on the tank
      walls has been shown to give rise to a cloud of charged water droplets,
      and it is thought that this electrostatic condition is responsible for the
      ignition of the explosive atmosphere. Obviously it would be very desirable
      to reduce these electrostatic hazards. Crude oil, however, is an impure
      product containing insoluble solids and sludge, and the heavy deposits
      formed on the tank surfaces necessitate stringent cleaning methods. One
      possible solution would be to use very low pressure water containing
      chemical detergents; however, the toxicity of the chemical detergents on
      marine life would have to be considered. Reports in 1968, after the Torrey
      Canyon Oil Spill, indicated that the chemical detergent that was used, did
      more biological damage than the oil itself. Present indications are that
      the use of chemical detergents would add to the pollution problem, unless
      the cleaning operation was carried out at a shore facility having
      regulated disposal procedures.
PAR  Thus, it would be very desirable to develop other economical methods of
      cleaning cargo tanks without concurrently increasing the hazard of
      explosion or the danger of water pollution. It would also be desirable to
      develop tank cleaning methods that would facilitate the use of ballast
      water during the voyage.
PAR  It is therefore an object of this invention to provide an economical and
      safe process for cleaning petroleum maritime carrier cargo tank
      compartments without the danger of creating explosive electrostatic
      conditions.
PAR  Another object is to provide an economical and safe process for the
      disposal of oily ballast water from petroleum maritime carrier cargo tank
      compartments without the danger of exceeding International standards of
      water pollution.
PAR  A further object of this invention is to provide an economical and safe
      process of carrying out the cleaning of the cargo tank compartments and
      the use of water ballast, in one operation, without the loss of operating
      time or the need for expensive shore facilities.
PAR  Still a further object of this invention is to provide an economical and
      safe process of carrying out the cleaning of the cargo tank compartments
      and the use of water ballast, in one operation, and at the same time, of
      converting the waste petroleum oil in the cargo tank compartment into
      useful and valuable protein products.
PAR  Other objects include the use of petroleum maritime carrier cargo
      compartments as economical fermentation vessels for the production of
      valuable products. These and other objects and advantages of the invention
      will be apparent upon reference to the following description.
PAR  In accordance with the invention, it has been discovered that the residual
      oil in the cargo tanks, after they have been emptied, can be converted
      wholly or in part to non-oily products by means of microbial action, so
      that the subsequent cleaning of the cargo compartment can be carried out
      with a minimum effort and without the buildup of dangerous electrostatic
      charges. It is an important feature of the invention that microbial
      cultures or products of microbial cultures, are used to convert the oil to
      non-oily products, and that the action take place in the cargo
      compartment, or alternatively, in a conversion system which utilizes the
      cargo compartment as part of the system.
PAR  Although the action of microbial cultures on petroleum products has been
      known and studied for many years, the degradation of petroleum by marine
      microorganisms has been investigated primarily in relationship to their
      effect on oil slicks which pollute the seas. It has been known that the
      degradation of oil slicks occurs naturally; however, the process is very
      slow and is rarely of any immediate value in preventing danger to marine
      life or pollution of the coastal areas. Once the petroleum has been
      discharged into the sea, and an oil slick formed, there is little that can
      be done except to attempt to confine and remove the oil. Such methods of
      treating the oil discharge problem are costly and rarely successful. It is
      one of the objects of this invention to provide a simple, economical and
      safe procedure for preventing water pollution from petroleum discharges.
PAR  In one embodiment of the invention, sea water is added to the cargo
      compartment tank, after it has been emptied of its oil. The sea water is
      added primarily as a vehicle for the subsequent microbial fermentation
      process and no attempt is made at this point to wash the compartment. The
      water is preferably added under low pressure without jet nozzles in order
      to avoid any impingement on the tank walls and resultant buildup of
      electrostatic charges. Sea water typically contains about 3% salts with
      relatively low nitrogen and phosphorus levels and it is an important
      feature of our invention that additional nitrogen and phosphorus must be
      added to the water, preferably as KH.sub.2 PO.sub.4, K.sub.2 HPO.sub.4,
      NH.sub.4 Cl, (NH.sub.4).sub.2 SO.sub.4, NH.sub.3, NaNO.sub.3, urea, and
      the like. Depending on the culture(s) and process, it may also be
      desirable to add small amounts of other carbohydrate sources such as
      glucose, starch and the like, and small amounts of other nitrogen sources
      such as corn steep liquor, peptone, meat extract, yeast extract, fish
      solubles, and the like. The mixture of residual oil, nutrients and water
      is then used without sterilization. A preferred suitable microbial
      inoculum is then added and the fermentation carried out under aerated
      conditions. Alternatively, a separable microbial inoculum is not added,
      and the microbial organisms present in the sea water and the fuel oil
      allowed to grow in the mixture under aerated conditions. It is important
      that a suitable microbial inoculum is available so that the fermentation
      results in a relatively rapid degradation of the oil. The fermentation is
      carried out under aeration, for a period of approximately 1-6 days, during
      which time the microbial organisms multiply and the oil present in the
      mixture degraded. It is an important feature of our invention that the
      fermentation process is carried out under aerated conditions, and that the
      aeration be carried out in the cargo compartment or in a recirculating
      system connected to it. After a suitable period of microbial growth,
      usually 2-4 days, the oil in the mixture is converted, all or in part, to
      non-oily products. The fermented mixture is then pumped from the cargo
      compartment and discharged into the sea, without any evidence of a typical
      oil slick in the wake of the carrier. The portions of the compartment wall
      in contact with the fermenting mixture are now relatively clean, without
      any typical sludge, and with only a small amount of oil which is easily
      washed off with a low pressure water hose.
PAR  Alternatively, the fermented mixture in the cargo compartment is not
      immediately emptied, and serves as ballast during the return voyage. The
      fermented mixture-ballast is discharged prior to the end of the voyage,
      and the compartments given a low pressure water rinse to prepare them for
      the next load of fuel oil. Combining the tank cleaning and the ballast
      step into one economical and safe operation is a very desirable feature of
      the invention.
PAR  In another modification of the invention, the microbial cells present in
      the fermented mixture are harvested by any of the procedures known to the
      art, as for example, centrifugation, and the clarified supernatant
      discharged into the sea with the excellent results previously observed,
      while the harvested microbial cells are recovered as a source of protein
      and other biochemical products.
PAR  We have also discovered that certain cultures secrete factor(s) into the
      supernatant, which rapidly convert oily mixtures into non-oily mixtures
      suitable for discharge into the sea. These factor(s) act in the absence of
      the microbial cells which are separated off. It is therefore a further
      modification of the invention that the cell-free supernatant, which is
      obtained after the cells are harvested from the fermented mixture, and
      which contains the oil-dispersing factor(s), is used to convert residual
      oil in cargo compartments to non-oily mixtures, wholly or in part. It is
      also part of the invention that the cell-free supernatant, containing the
      oil-converting factor(s) in crude or purified form, can be produced in
      suitable fermentation equipment away from the maritime oil carrier, and
      then supplied to the tanker as required to carry out the residual oil
      degradation operation. The use of cell-free supernatants, in crude or
      purified form, to carry out the conversion of the oil to non-oily products
      is an important feature of the invention.
PAR  It is a further important feature of the invention that the culture(s), or
      alternatively the cell-free factor(s), that are used to carry out the
      process are selected so as to give the desired degree of conversion of the
      petroleum product. For example, while almost all kinds of hydrocarbons are
      susceptible to microbial degradation, some microbial cultures may degrade
      a particular type of oil slowly while others may degrade the same oil
      radidly. Similarly, one species may only be able to partially degrade a
      particular type of oil while another species, which is unable to attack
      the original oil, is now able to degrade the partially degraded oil.
      Further, since oils from different sources, and from different strata of
      the same source, may vary considerably in composition, it is important to
      be able to use different microbial cultures or cell-free factors, to
      convert such oils. Thus, in a modification of our process, we use a series
      of selected microbial cultures of cell-free solutions of factor(s), to
      carry out the desired degradation. In still another modification, we use
      different species of microbial cultures growing together, or
      alternatively, combined cell-free solutions of factor(s) to accomplish the
      same purpose.
DETD
PAR  The following examples are illustrative of the methods and compositions
      according to the invention. It is to be understood that the invention is
      not limited to the examples nor to the particular materials, proportions,
      conditions and procedures set forth therein.
PAC  EXAMPLE I
PAR  a. A nutrient medium was prepared from the following materials:
TBL                        Grams                                               
     ______________________________________                                    
     Yeast Extract           0.005                                             
     (NH.sub.4).sub.2 SO.sub.4                                                 
                             1.000                                             
     K.sub.2 HPO.sub.4       0.010                                             
     Sea water to 1000 ml.                                                     
     ______________________________________                                    
PAR  The medium was not sterilized and was dispersed 20 ml per 125 ml Erlenmeyer
      flask. Unsterilized Iranian crude oil (155 mg) was then added to each
      flask and the flask incubated at 32.degree.C. on a rotary shaker under
      conditions of aeration and agitation. After about 7 days, the oil which
      initially was not soluble in the solution, became dispersed throughout the
      solution.
PAR  b. A nutrient medium was prepared as described above under section (a). The
      medium was dispensed 20 ml per 125 ml Erlenmeyer flask and sterilized at
      121.degree.C. for 20 minutes. Iranian crude oil (155 mg), previously
      sterilized by passage through a 0.45 .mu.m membrane filter (Millipore
      Corp.), was then added to each flask. The unsterilized bacterial culture
      (1 ml), prepared and grown as described under section (a), was used to
      inoculate the sterilized medium, and the inoculated flask incubated at
      32.degree.C. on the rotary shaker under conditions of aeration and
      agitation. The oil which was initially not soluble in the solution, became
      dispersed throughout the solution in about 2-4 days. It was now possible
      to maintain this culture population in a viable condition by transfer to
      fresh medium in a similar manner at 3 day intervals.
PAR  c. Sterile nutrient agar medium, or medium supplemented with sterile crude
      oil were then used to isolate pure bacterial cultures by streaking the
      mixed bacterial cultures described in section (b). The pure culture
      isolates which were obtained in this manner, were maintained in viable
      condition by periodic transfer on nutrient agar.
PAR  d. To determine the extent of oil dispersion in the bacterial culture
      solution, uniform agitated aliquots of the culture solution were
      transferred to 14.times.150 mm test tubes, and after a two minute rest
      period, a 2 ml aliquot was carefully removed from the center of the
      solution and transferred to micro-Klett tubes. The solution turbidity was
      then determined using a Klett-Summerson Colorimeter fitted with a green
      filter. Sterile uninoculated medium was used to determine the solution
      lbank. Where oil dispersion had occurred, turbidities of 100 to 1,000
      Klett Units (KU) were obtained. The turbidity due to the bacterial cells
      alone was determined to be very low, in the order of 10 KU for
      1.times.10.sup.8 bacterial cells per ml.
PAR  e. Oil conversion was determined by extracting a 300 ml sample of the
      culture solution with 300 ml of benzene, separating off the aqueous phase,
      and reextracting the aqueous phase with an additional 300 ml of benzene.
      The combined benzene extracts were then filtered through No. 1 Whatman
      paper, and the solvent evaporated at 37.degree.C. to constant dry weight.
PAR  f. Viable cell counts were determined by plating methods using nutrient
      agar and incubation at 32.degree.C. for 4 days. Within experimental error,
      the viable cell count was equal to the total cell count determined with a
      Petroff-Hauser counting chamber.
PAC  EXAMPLE II
PAR  A nutrient medium was prepared as described in Example I(a) and dispensed
      30 ml per 125 ml Erlenmeyer. The medium was sterilized at 121.degree.C.
      for 20 minutes, and 150 mg of Iranian crude oil, previously sterilized by
      membrane filtration, added. The flask was inoculated with 0.1 ml of a
      2-day old mixed bacterial culture prepared as described in Example I(b),
      and the inoculated flask incubated at 32.degree.C. on a rotary shaker
      under conditions of aeration and agitation. The added oil was visibly
      dispersed in 2-4 days. The data obtained are shown in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
                                    Oil Dispersion                             
     Days  Solution pH   Cells/ml   Klett Units                                
     ______________________________________                                    
     0     7.5           6.5.times.10.sup.6                                    
                                    10                                         
     1     6.8           3.5.times.10.sup.8                                    
                                    30                                         
     2     5.1           1.5.times.10.sup.8                                    
                                    60                                         
     3     5.1           9.0.times.10.sup.7                                    
                                    250                                        
     4     5.1           6.0.times.10.sup.7                                    
                                    370                                        
     ______________________________________                                    
PAC  EXAMPLE III
PAR  A nutrient medium was prepared and inoculated as described in Example II,
      except that the flasks were incubated at 32.degree.C. without shaking
      under conditions of aeration and agitation. There was no visible evidence
      of oil dispersion after 4 days, or on continued incubation, and the added
      oil remained as a separate phase on the surface of the medium.
PAC  EXAMPLE IV
PAR  A nutrient medium was prepared and inoculated as described in Example II,
      except that in one series of flasks, the (NH.sub.4).sub.2 SO.sub.4 plus
      the K.sub.2 HPO.sub.4 were omitted from the medium. The flasks were all
      incubated at 32.degree.C. on a rotary shaker under conditions of aeration
      and agitation. After 4 days incubation, the medium containing the
      (NH.sub.4).sub.2 SO.sub.4 plus the K.sub.2 HPO.sub.4 showed visible
      dispersion of the added oil and had a Klett value of 350. The medium which
      did not contain these salts showed no signs of oil dispersion and had a
      Klett value of 10.
PAC  EXAMPLE V
PAR  A nutrient medium was prepared as described in Example I(a) except that the
      yeast extract was omitted, and dispensed 30 ml per 250 ml Erlenmeyer. The
      medium was sterilized at 121.degree.C. for 20 minutes and 125 mg of
      Iranian crude oil, previously sterilized by membrane filtration, added.
      The flask was inoculated with 1 ml of a pure bacterial culture which had
      been isolated following the procedure described in Example I(c). This
      bacterial culture was characterized bacteriologically as a member of the
      genus Arthrobacter and was coded RAG-1 (ATCC 31012). The innoculated flask
      was then incubated at 32.degree.C. on a rotary shaker under conditions of
      aeration and agitation. As shown by the data in Table II, the results
      obtained for culture RAG-1 were similar to the results obtained for the
      mixed culture, with the added oil visibly dispersed in 3 days.
TBL                TABLE II                                                    
     ______________________________________                                    
                                    Oil Dispersion                             
     Days  Solution pH   Cells/ml.  Klett Units                                
     ______________________________________                                    
     0     7.5           6.0.times.10.sup.6                                    
                                    10                                         
     1     6.9           5.5.times.10.sup.7                                    
                                    50                                         
     2     5.2           8.0.times.10.sup.7                                    
                                    450                                        
     3     5.1           2.5.times.10.sup.7                                    
                                    550                                        
     ______________________________________                                    
PAC  EXAMPLE VI
PAR  The incubated RAG-1 bacterial culture prepared as described in Example V
      was centrifuged to remove the bacterial cells. The oil dispersing
      factor(s) produced by the bacterial cells was found to be in the cell-free
      supernatant, and when crude oil was added to this cell-free supernatant,
      the oil was visibly dispersed within 60 minutes.
PAC  EXAMPLE VII
PAR  The starboard slop tank (Tank A) and the port slop tank (Tank B) of a
      120,000 ton oil carrier were carefully cleaned prior to taking on a cargo
      of Agajari crude oil at Kargh Island in the Persian Gulf. These slop tanks
      measured about 12 meters .times. 5 meters .times. 25 meters (depth). After
      cleaning, and prior to taking on the oil cargo, Tank A was fitted with an
      aeration system which consisted of a polyethylene pipe (32 mm diameter)
      which ran from an air compressor on the deck down into the tank, where it
      was connected to branched polyethylene sections on the tank bottom. The
      branched bottom polyethylene sections had a total of 50 air holes (2 mm
      diameter) drilled in the piping to provide uniform distribution of air.
      The compressor provided air to this system at the rate of 1-3 cubic meters
      per minute. Tank B was not fitted with an aeration system.
PAR  The tanker discharged its cargo of Agajari crude oil at Eilat in the normal
      manner, and Tanks A and B were not cleaned. The carrier left Eilat, and
      about 7 hours later, sea water was added to both tanks. The total volume
      of liquid in Tank A was 107 cubic meters and that in Tank B 121 cubic
      meters. Urea (20 kilograms) and K.sub.2 HPO.sub.4 (1 kilogram) were
      dissolved in sea water and added to Tank A, and similar amounts to Tank B.
      Air was then introduced into Tank A at the rate of 1-3 cubic meters per
      minute. Tank A was then inoculated with a suspension of bacteria
      containing a total of 1.times.10.sup.12 bacterial cells prepared according
      to Example V. The value of bacteria at 0 hour was 10.sup.4 per ml which
      comprises both the inoculem and bacteria present in the sea water and
      residual oil.
PAR  The tanks were sampled at the start of the test, and every day thereafter.
      As indicated by the data in Table III, no increase of bacteria occurred in
      Tank A during the first day; however, there was an increase of over a
      thousand fold from the first day to the fourth day, when the bacterial
      count increased from 10.sup.4 to over 10.sup.7 per ml. In contrast, Tank
      B, which was essentially identical to Tank A except that it was not
      aerated or inoculated, showed a smaller bacterial increase, from 10.sup.4
      to 10.sup.5 per ml.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Tank A                Tank B                                              
        Solution                                                               
             Cells                                                             
                  Oil Dispersion                                               
                           Solution                                            
                                Cells                                          
                                     Oil Dispersion                            
     Days                                                                      
        pH   Per ml                                                            
                  Klett Units                                                  
                           pH   per ml.                                        
                                     Klett Units                               
     __________________________________________________________________________
     0  7.8.+-..2                                                              
             3.times.10.sup.4                                                  
                  10       7.8.+-..2                                           
                                9.times.10.sup.3                               
                                     20                                        
     1  7.8.+-..2                                                              
             3.times.10.sup.4                                                  
                  17       7.8.+-..2                                           
                                5.times.10.sup.3                               
                                     25                                        
     2  7.8.+-..2                                                              
             2.times.10.sup.5                                                  
                  15       7.8.+-..2                                           
                                1.times.10.sup.4                               
                                     15                                        
     3  7.8.+-..2                                                              
             3.times.10.sup.6                                                  
                  20       7.8.+-..2                                           
                                3.times.10.sup.4                               
                                     35                                        
     4  7.8.+-..2                                                              
             1.times.10.sup.7                                                  
                  175      7.8.+-..2                                           
                                1.times.10.sup.5                               
                                     50                                        
     5  7.8.+-..2                                                              
             2.times.10.sup.7                                                  
                  300      7.8.+-..2                                           
                                1.times.10.sup.5                               
                                     60                                        
     __________________________________________________________________________
PAR  Oily ballast water in untreated tanks on the carrier had a bacterial count
      of approximately 5.times. 10.sup.3 per ml, and sea water had a count of
      approximately 0.5.times. 10.sup.3 per ml.
PAR  When the test was started, a thick layer of oil could be seen floating on
      the surface of the solutions in Tanks A and B. The amount of oil present
      was estimated to be in the range of 2-5%. The oil layer in Tank B did not
      change in appearance throughout the run. The oil in Tank A, however,
      started to coagulate at about the 96th hour and streaks could be seen on
      the solution surface. The oil became "mushy" with the consistency of
      pudding at about the 100th hour, and as the test proceeded, more and more
      of the oil dispersed into the water phase.
PAR  At the 156th hour of the test, the solution in Tank A was discharged into
      the sea, and no oily material could be seen in the wake of the carrier. In
      contrast, when Tank B was discharged in a similar manner, a thick black
      expelled mixture was immediately observed, followed by a yellow oil slick
      in the wake of the carrier. Both tanks were then vented and washed for a
      few minutes with sea water using a hose at low pressure. In contrast to
      the normal oily appearance of emptied tanks, Tank A was relatively clean;
      there was no crude oil sludge and only small amounts of oil visible where
      the aerated culture solution reacted on the tank walls. It was evident
      that the tank could be used for clean ballast with only a low pressure
      water rinse. Tank B exhibited oil sludge throughout the compartment.
PAR  From the foregoing examples, it will be seen that the oil in the sea water
      was converted to a non-oily form both by means of the pure culture of
      RAG-1, as well as by cell-free solutions from RAG-1.
PAR  RAG-1 has the following characteristics:
PAR  During the exponential growth phase the cells appear mostly as irregular
      short rods, 0.9 to 1.2 by 1.5 to 3.0 .mu.m. The cells occur often as
      V-shaped pairs, indicating snapping division. Occasionally the rods are
      slightly bent or swollen. Coccoid cells, approximately 1.2 .mu.m in
      diameter, are characteristic of stationary phase cultures. The cocci are
      gram-positive; the rods are gram-negative.
PAR  Agar colonies: circular, glistening and smooth, up to 5.0 mm in diameter,
      gelatin is liquefied; starch is not hydrolyzed; indole and H.sub.2 O.sub.2
      are not produced; nitrites are produced from nitrate only when the cells
      are grown in citrate medium containing KNO.sub.3 ; urease is not produced;
      catalase - positive; aerobic; hemolysis of rabbit blood agar; citrate can
      serve as the sole carbon and energy source; no acid from glucose,
      cellulose, maltose, lactose, rhamnose, sucrose or mannitol; optimum
      temperature 30.degree. to 35.degree.C. These properties characterize RAG-1
      as a member of the genus Arthrobacter.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. A process for removing oil from sea water in ship compartments which
      comprises adding to oil-containing sea water in a ship compartment a
      microbial organism, a source of nitrogen and a source of phosphorus and
      converting the resultant mixture to a non-oily form with said microbial
      organism or the products of said microbial organism under aerobic
      conditions in said ship compartment, said microbial organism being the
      microbial organism herein defined at RAG-1.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the conversion is effected with
      a cell-free solution which is a product of said microbial organism.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein aeration is effected by bubbling
      through a stream of air.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the source of nitrogen is urea,
      ammonia, a nitrate or an ammonium salt.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the source of phosphorus is a
      water soluble inorganic phosphate.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein by products are recovered from
      the resultant converted mixture.
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ABST
PAL  Recovery of ion-exchange regenerants and precipitation of mineral salts is
      disclosed. The spent cation and anion regenerant streams are combined to
      form a weak dissociable complex of the regenerants and to reconstitute the
      removed inorganic mineral salt. The mixture is adjusted stoichiometrically
      to balance the anion and cation of the removed salt. The salt is
      precipitated by limiting solubility thereof either by concentrating the
      mixture or by reducing the solubility of the salts therein, suitably by
      the addition of a water-miscible solvent such as methanol. The complex is
      dissociated to reconstitute the separate anion and cation regenerants
      which are adjusted to the appropriate solvent concentration for recycle
      and reuse. Excess water in the system provided by water of hydration
      released by the resin during regeneration or by washing steps is removed
      prior, during or after separation of the regenerants depending on the
      nature of the separation technique employed and the optimum time for
      precipitation and removal of the mineral salts. Separation and recovery of
      the regenerants may be accomplished by distillation of regenerants having
      disparate volatilities, solvent extraction using an immiscible solvent
      having preferential solubility for one of the regenerants or by forming an
      insoluble complex of one of the regenerants. The recovered regenerants are
      reused as regenerants for spent anion and cation resin columns and the
      precipitated slats are removed by filtration, sedimentation or
      centrifugation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the removal of mineral pollutants from
      water and, more particularly, to an improved method for recovery of spent
      regenerants and removal of mineral salts therefrom.
PAR  2. Description of the Prior Art
PAR  Water is becoming an increasingly scarce natural resource and with
      increasing population and industrial and commercial use of water, ionic
      pollution in the form of waste and by-product streams from industrial
      plants, refineries and municipal sewage is having a drastic effect on the
      ecological balance of lakes, rivers streams and even the oceans. Ionic
      pollution is found to destroy the food chain of marine life and in some
      cases so upsets the biological balance as to cause hazards to swimmers and
      fishermen. Even low ionic pollution in irrigation waters can have a
      drastic effect in terms of the accumulation of salts in the soil over
      extended periods of time. One of the main concerns of the present
      invention is to provide a method for demineralizing industrial and other
      waste streams prior to discharge into surface waterways. Water can be
      demineralized by many processes such as distillation, reverse osmosis,
      chemical precipitation or ion exchange. These processes, though all
      practiced commercially, suffer from limitations such as scaling, poor
      economics, and excessively high total dissolved solids (TDS) in the
      effluent, or the production of ecologically undesirable waste streams such
      as concentrated brines which are both expensive and difficult to dispose.
PAR  Since the development of commercially practicable synthetic ion-exchange
      resins, ion-exchange techniques have been the preferred methods for
      demineralizing water because of the high purity water produced, i.e., low
      TDS. However, the chemical costs for these systems have been quite high
      per unit of various salts removed. The ion-exchange method which
      conventionally has been used consisted of the use of beds of strong acid
      cation exchanger in the hydrogen form. The resin must be regenerated with
      a strong acid or strong base, depending upon the nature of the chosen
      resin. In these prior art systems, regeneration requires a considerable
      excess of regenerant and the original reaction does not proceed to
      completion, even though the regeneration may.
PAR  Deionization processes employing weak acid and weak base resins are per se
      known to the art. Two very real advantages in using these weak resins are
      the achievement of very high regeneration efficiencies, and a high
      theoretical loading capacity. Both types of weak exchangers can easily and
      effectively be regenerated to high levels by employing amounts of
      regenerant only slightly in excess of stoichiometry.
PAR  An improved process for the removal of mineral pollutants from water is
      disclosed and claimed in U.S. Pat. No. 3,700,592 issued on Oct. 24, 1972.
      This process comprises the following steps:
PAR  A. Passage of the aqueous mineral solution through weakly acidic cationic
      resin and weakly basic anion resin contained in a mixed bed to remove the
      mineral salts and provide a salt-free product stream.
PAR  B. Separation of the spent cationic and anionic resins.
PAR  C. Regeneration of the cationic resin with a solution of a chelating agent.
PAR  D. Regeneration of the anionic resin with an organic solution of a base.
PAR  E. Contacting the cationic regenerant stream (metal chelate solution) with
      carbon dioxide to precipitate metal carbonates and recover the cationic
      regenerant for recycle.
PAR  F. Contacting the above metal carbonates with the anionic regenerant stream
      (organic solution of amine salts) at elevated temperatures to precipitate
      metal salts and recover carbon dioxide and the amine regenerant for
      recycle.
PAR  The above-described process requires that the two regenerant streams are
      separated during the salt precipitation step. Furthermore, the mineral
      salts are separately recovered as metal carbonates from the cation
      regenerant stream and as a metal salt from the anion regenerant stream and
      the process is unnecessarily complex.
PAC  SUMMARY OF THE INVENTION
PAR  A basic spent cation regenerant is combined with an acidic spent anion
      regenerant to form a weak dissociable complex of the regenerants and to
      reconstitute the mineral salt. The spent cation and anion regenerants are
      combined either in a continuous or batch fashion by blending near
      stoichiometric quantities of the materials. This stoichiometric adjustment
      is based on the amount of the two streams necessary to reconstitute the
      mineral salts to be removed from the ion-exchange resins. The regenerant
      streams may be either aqueous solutions or organic solvent water
      solutions. In either case, the regenerant streams are diluted by the
      amount of water of solvation released by the resin during regeneration and
      possibly by washes of the resin beds. This additional water is removed
      prior, during or after separation of the regenerants depending on the
      nature of the separation technique employed and the best time for
      precipitation and removal of the salts.
PAR  Separation and recovery of the free-base forms of the regenerants may be
      accomplished by a physical separation technique such as one of the
      following:
PAR  1. Distillation of a more volatile regenerant from a relatively
      non-volatile regenerant;
PAR  2. Solvent extraction using an immiscible solvent having preferential
      solubility for and of the regenerants; or
PAR  3. By forming an insoluble complex of one of the regenerants.
PAR  The recovered regenerants are adjusted in concentration and recycled to
      regenerate the spent anion and cation resins and the precipitated mineral
      salts are separated by filtration, sedimentation or centrifugation.
PAR  The instant process minimizes expenditures for chemicals by recycling all
      reagents required in the process and by otherwise limiting reagent loses.
      The process is with minimum modifications adaptable to the treatment of a
      wide variety of mineral containing streams and particularly to brackish
      water and tertiary waste streams from sewage plants. A further advantage
      of the instant process is that it is compatible with state of the art
      regeneration techniques.
PAR  The unique and flexible system of the invention will cleanse source water
      in unlimited quantity and will eliminate brine disposal if used in
      conjunction with specialized regeneration techniques now available. The
      instant systems can reduce the mineral content of the irrigation waters to
      prevent the loss of soil productivity and remove nitrates, phosphates and
      other ions which can foster algae growth. The systems can aid in the
      recovery of valuable minerals from manufacturing waste water, provide
      economical methods for tertiary treatment of waste water and have broad
      application in brackish water conversion. It can thus open up vast new
      sources of water that without economical proper treatment would be
      unusable or unfit for general use. Since these systems provide economies
      in waste water tertiary treatment to remove dissolved, inorganic solids,
      they make possible the recycling of this water supply or reinjection of
      the treated water into ground reservoirs without lowering the overall
      water quality.
DRWD
PAR  These and many other attendant advantages of the invention will become
      apparent as the invention becomes better understood by reference to the
      following detailed description when considered in conjunction with the
      accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagrammatic process flowsheet of the recovery process of
      the invention;
PAR  FIG. 2 is a graph illustrating the regeneration efficiency at 25.degree.C
      of a N-methyl morpholine buffered CC-3 resin column with MOPA at different
      Na+ loading levels;
PAR  FIG. 3 is a graph illustrating the regeneration excess vs. cation resin
      loading at the time of regeneration for 100% CC-3 resin regenerated with
      MOPA;
PAR  FIG. 4 is a block diagrammatic process flowsheet of the complexation
      recovery technique of the invention;
PAR  FIG. 5 is a block diagrammatic process flowsheet for the extraction
      recovery technique of the invention;
PAR  FIG. 6 is a graph illustrating chloride ion removal from Anion Resin ES-340
      at different water levels;
PAR  FIG. 7 is a block diagrammatic process flowsheet of the distillation
      recovery technique of the invention;
PAR  FIG. 8 is a schematic view of a distillation recovery apparatus; and
PAR  FIG. 9 is a schematic view of a further embodiment of a distillation
      recovery system in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, the invention in its most general aspects includes
      the combination of spent cation regenerant 10 with spent anion regenerant
      12 in a vessel 14 in which the cation M from the cation regenerant
      MR.sub.c combines with the anion X from the spent anion regenerant R.sub.a
      X to form a weak dissociable complex R.sub.a R.sub.c and to reconstitute
      the salt, MX. The salt MX may be in solution depending on the water
      content of the neutralization mixture and precipitates on removal of this
      excess water from the system.
PAR  The excess water may be removed from the spent cation regenerant 10 at 16
      and/or from the spent anion regenerant 12 at 18 before combination of the
      regenerants from the regenerant neutralization vessel 14 or from the
      separation phase 20. Salt precipitation will occur at the point at which
      the excess water is removed from the system. The salt is suitably removed
      through line 22 when the spent regenerants are separately dewatered.
PAR  The spent regenerant complex R.sub.c R.sub.a is then delivered to
      separation phase 20 in which the spent regenerants are separated into
      anion resin regenerant (R.sub.a) stream 24 and cation resin regenerant
      (R.sub.c) stream 26 which are recycled to the spent anion and cation beds,
      respectively for regeneration.
PAR  The process of the invention is preferably utilized in the purification of
      aqueous streams by the use of weak or moderately strong cation exchange
      and anion exchange resins. The resin beds may be mixed as disclosed in
      U.S. Pat. No. 3,700,592 or may be separate as disclosed in copending
      application Ser. No. 476,835, filed June 6, 1974.
PAR  The separation technique to be employed depends on the specific ion
      exchange resins, the regenerants used to regenerate the resins and the
      particular salts which are to be precipitated.
PAR  The high degree of efficiency required of the process for it to be
      economical requires that not only the resin regenerations be essentially
      quantitative but that the separation and recovery of the regenerants be
      highly efficient. To achieve this separation it is necessary that the
      complex formed between the cation regenerant and the anion regenerant be
      sufficiently dissociated to provide enough of the anion regenerant for its
      rapid removal by distillation, complexation or solvent extraction. This
      separation becomes progressively more difficult as the acid concentration
      in the pot increases due to amine removal. Four requirements must thus be
      met by the regenerants: (1) the pK of the cation and anion regenerants
      must be low enough to assure quantitative regeneration of the respective
      spent ion-exchange resins, (2) the pK of these regenerants must be high
      enough to provide adequate dissociation of their complex to permit ease of
      separation, (3) the regenerant heel remaining in the regenerant mixture
      after separation must not significantly interfere with the regeneration of
      the other resin bed or remain deposited on this resin bed after
      regeneration and (4) the regenerant to be separated must be stable to the
      separation media and must be stable under the conditions of the separation
      step. The pK of the regenerant will generally be between 3 and 6,
      preferably 5-7. Regeneration efficiency is related to the type of
      ion-exchange resin to be regenerated and the primary process of
      demineralization. The regenerant recovery process of the invention is
      generally adaptable to spent regenerant streams from separate or mixed
      beds of buffered or unbuffered weakly acidic cation exchange resins and
      weakly basic anion exchange resins such as those disclosed in U.S. Pat.
      No. 3,700,582 and in U.S. patent application Ser. Nos. 476,835 and
      476,966, filed June 6, 1974. The term pK is utilized in the context as
      defined in the Condensed Chemical Dictionary, 8th Edition, Van Nostrand
      Reinhold Company, C 1971, at page 698.
PAR  The process is applicable to removal of water soluble inorganic salts from
      water, mainly halides, sulphates, sulfites, phosphates, phosphites,
      carbonates, bicarbonates, nitriles and nitrates of such metals as K, Na,
      Ca, Ba, Mg, Sn, Fe, Cu, Zn, Al, V, Cr, Mn and others. Excellent results
      are obtained with the Group IA and IIA alkali and alkaline earth metals,
      the most naturally occurring impurities since these are difficult to
      remove by nonbuffered processes. The process in both embodiments will also
      work on saline feeds containing mixtures of anions and/or cations.
PAR  The pK of the resins, both cationic and anionic should fall between about 3
      and about 7. The resins are used in particulate bead form and may be large
      beads in the size range of 20-50 mesh or larger or small beads in the
      range of 40-80 mesh or smaller.
PAR  The weak cation-exchange resins which are particularly useful in the
      practice of this invention are those which contain carboxylic acid groups.
      These resins can conveniently be obtained by the copolymerization of
      compounds such as acrylic acid, methacrylic acid, acrylic esters,
      methacrylic esters, acrylonitrile or methacrylonitrile, and other
      unsaturated acrylates or nitriles with appropriate cross-linking agents
      such as divinylbenzene. If the resins are formed, however, from the
      polymerization of compounds containing ester or nitrile groups, hydrolysis
      to the corresponding acid must be effected prior to buffer addition.
      Further illustrations to the resins useful in the practice of the present
      invention and of methods for their preparation may be found by reference
      to U.S. Pat. Nos. 2,340,111; 2,371,818; 2,597,437; 2,885,371 and
      2,963,453. In addition to the above-mentioned ionexchange resins, other
      weak-acid resins may be used. These resins may include those containing
      phosphonous, phosphonic, phosphinic or phosphoric acid groups and those
      resins which are made from phenol-formaldehyde condensates which also
      contain carboxylic acid groupings. The ion-exchange resins preferred at
      this time are those which contain either acrylic or methacrylic acid
      functional groups.
PAR  Representative weak-acid resins are Amberlite IRC-50 (a carboxylic resin
      based on a methacrylic acid cross-linked copolymer) having a pK of 6.1,
      B10-Rex 63 (a moderately acidic phosphonic acid polystyrene type) of
      Biorad Corporation, Chelex-100 (a very weakly acidic, iminodiacetic acid
      polystyrene type), and Duolite CC-3 (a polyacrylic acid having a pK of
      5.57) of Diamond Shamrock Corp. Duolite CC-3 is favored due to high
      loading.
PAR  Weak "base" ion-exchange resins are generally resins having primary amine,
      secondary amine or tertiary amine as the principal functional group.
      Typically the weak base polyamines are copolymers of acrylonitrile and
      methyl acrylate cross-linked with divinylbenzene and then subjected to
      aminolysis with polyamines; copolymers of styrene-divinylbenzene
      chloromethylates treated with primary or secondary amines; and reaction
      products of phenolformaldehyde with a polyalkyleneamine. A weakly basic
      anion exchange resin may be defined as one which on titration with
      hydrochloric acid in water free from electrolytes has a pH below 7 when
      the amount of hydrochloric acid added is one-half the amount required to
      reach the inflection point (equivalence point).
PAR  Representative resins are set forth in Table I below.
TBL                Table I                                                     
     ______________________________________                                    
     Anionic Resins  Composition      pK                                       
     ______________________________________                                    
     ES-340       85% Amine Functionality,                                     
                                      6.49                                     
     (Diamond Shamrock)                                                        
                  15% Quaternary,                                              
                  Amine/Epoxy Polymer Matrix,                                  
                  Gel Type                                                     
     Dowex FDS-4024L                                                           
                  Benzyl Dimethyl Amine Active                                 
                                      6.81                                     
     (Dow Chemical)                                                            
                  Groups, Macroporous                                          
     Amberlite IRA-68                                                          
                  Tertiary Amine Active Groups,                                
                                      5.82                                     
     (Rhom & Haas)                                                             
                  Crosslinked Acrylic Matrix,                                  
                  Gel Type                                                     
     Amberlite IRA-94                                                          
                  Amine Functional Groups                                      
                                      6.77                                     
     (Rhom & Haas)                                                             
                  Styrene-Divinylbenzene                                       
                  Matrix, Macroporous                                          
     ______________________________________                                    
PAR  Even though ES-340 and FDS-4024L have similar basicities, the former is
      preferred due to its capability of achieving rapid equilibration during
      deionization and loading in the range of 25-30%. IRA-68 is the most
      preferred due to the lack of quaternary amine functional groups.
PAR  The regeneration process proceeds through the following steps:
      ##EQU1##
      where: H(AC) = Cation Resin, H Form
PA1  Mx = inorganic salt; M = cation, X = anion
PA1  An(hoh) = anion Resin, OH Form
PA1  Mac = metal cation loaded cation resin
PA1  An hx = anion loaded anion resin
PA1  R.sub.c = Cation regenerant
PA1  R.sub.a = Anion regenerant
PA1  R.sub.c R.sub.a = Dissociable complex
PAR  In steps I and II, the spent resins are regenerated to displace the metal
      cation M and anion X to essentially quantitatively regenerate the resins
      to the acid and base forms yielding a metal salt MR.sub.c of cation
      regenerant and a salt R.sub.a X of the anion regenerant. In step III the
      two salts in essentially stoichiometric amounts are combined to
      reconstitute the removed salt MX and to form the dissociable complex of
      the regenerants R.sub.c R.sub.a.
PAR  The anion regenerant according to the invention is an organic base. Among
      the organic bases, the amines (substituted and unsubstituted) are
      particularly suitable herein as anion regenerants. These amines may be
      selected from compounds of the formula:
      ##EQU2##
      where R.sub.1, R.sub.2 and R.sub.3 are selected from hydrogen, alkyl,
      alkynyl, alkenyl, aryl, alkaryl, aralkyl, alkoxy and may be substituted
      with hetero atoms or groups such as hydroxyl, ether, halogen, cyano; or
      R.sub.2 and R.sub.3 may be linked to form a cycloaliphatic structure. The
      molecular weight of the amine is preferably maintained below about 500 and
      preferably below 200 to avoid extensive swelling and deterioration of the
      resin particles. Preferred anion regenerants have a pK in water at
      25.degree.C of 5 to 7. The pK of the regenerant is a compromise between
      the ability to regenerate and the ability to separate the regenerants. As
      the basicity decreases, the ability to regenerate decreases but the
      separation from the cation regenerant is facilitated.
PAR  Representative amine anion regenerants are N,N-dimethylethylamine,
      trimethylamine (TMA), dimethylamine, pyridine N-methyl-morpholine,
      N,N-dimethyl-2-methoxyethyl amine, isopropanol amine, tri-n-octyl amine,
      tri-n-decyl amine, N,N-diethylmethyl amine, triethylamine,
      dimethylethanolamine and the like. Higher pK organic bases such as
      trimethylamine provide better separation from the cation regenerant. The
      regenerant should be at least one order of magnitude in pK more basic than
      the anion resin for efficient regeneration.
PAR  The anion regenerant is generally provided in at least a 30% stoichiometric
      excess with respect to the anion loading level of the column, generally a
      50 to 200% excess. Regeneration need not proceed to completion but may be
      60% or more depending on requirements of the primary demineralization
      step. The regenerant steam may be water or organic solvent based such as
      an alcohol, suitably methanol. The water content must be at least 5%,
      preferably at least 10%, to allow efficient removal of anions while
      preventing collapse of the resin due to dehydration.
PAR  Fifteen anion regeneration cycles of chloride loaded ES-340 were conducted
      in a pilot plant with dimethylethanolamine (DMEA), dimethylethylamine
      (DMA) and trimethylamine (TMA) and sodium hydroxide in excesses ranging
      from 22% to 226% and concentrations ranging from 1N to 4N. The anion
      loading and residual anion loading are stated in gram equivalents (g-eq).
      The direction of flow is identified as bottom to top (B-T) or top to
      bottom (T-B) and the regenerant flow in gallons per hour (GPH). The anion
      resin in each case was ES-340. The results are presented in the following
      table.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     ANION REGENERATION RESULTS - PILOT PLANT                                  
     __________________________________________________________________________
          Resin   Regen.                                                       
                      Regen.                                                   
                          g-eq.                                                
                               Eff. of                                         
                                    Direction                                  
                                          Approx.       g-eq                   
     Run  Column                                                               
              Regen.                                                           
                  Conc.                                                        
                      Excess                                                   
                          Anion                                                
                               Regen.                                          
                                    of Reg.                                    
                                          Regen.        Anion                  
     No.  No.  Used                                                            
                  Normal                                                       
                      %   Loaded                                               
                               %    Flow  Flow GPH      Left on                
     __________________________________________________________________________
                                                        Bed                    
     1    3   DMA 2   116 9.7  49   B-T   1.8   air     4.9                    
                                                inclusion                      
                                                in resin                       
     2    6   DMA 2   116 9.7  61   B-T   4.3           3.8                    
     3    6   DMA 2    68 12.5 52   B-T   2.0           6.0                    
     4    3   NaOH                                                             
                  1    46 7.9  100  B-T   2.1           0.0                    
     5    6   NaOH                                                             
                  1   105 5.6  95   B-T   2.2           0.3                    
     6    3   DMA 2   106 10.7 70   T-B   2.7           3.2                    
     7    6   TMA 2    47 9.2  60   T-B   1.8           3.7                    
     8    3   TMA 2   216 9.5  69   T-B   2.2           3.0                    
     9    6   TMA 2   226 9.2  64   T-B   2.0           3.3                    
     10   3   TMA 1   126 9.5  67   T-B   1.8   incl.   3.1                    
                                                overnight soak                 
     11   6   TMA 4   361 9.0  67   T-B   1.7           3.0                    
     12   3   TMA 2    90 10.5 56   B-T   1.6           4.6                    
     13   6   DMEA                                                             
                  2   157 7.4  39   B-T   2.7           4.5                    
     14   3   NaOH                                                             
                  1   168 3.7  100  B-T   2.5           0.0                    
     15   6   NaOH                                                             
                  1    22 8.1  100  B-T   2.3           0.0                    
     __________________________________________________________________________
PAR  It is seen that DMA and TMA perform equally well and much better than DMEA
      which has a higher pK. Top to bottom regenerant flow appeared to be
      somewhat superior to bottom to top flow. More efficient regeneration
      occurs when at least 100% excess amine is utilized.
PAR  Amberlite IRA-68 resin (pK = 5.8) has an average basicity greater than
      ES-340 resin (pK = 6.8). Nevertheless, IRA-68 is quantitatively
      regenerated with TMA when as little as 50% excess amine is utilized as
      shown in the following table.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     REGENERATION OF AMBERLITE IRA-68 ANION EXCHANGE RESIN                     
     WITH TRIMETHYLAMINE                                                       
     __________________________________________________________________________
               Loading Level     TMA Solution                                  
     Type of Loading                                                           
               % of Theory                                                     
                        Regeneration, %                                        
                                 Concentration                                 
                                         TMA Excess, %                         
     __________________________________________________________________________
     NH.sub.4 Cl Solution                                                      
               46.5     98.5     3.15 N   50                                   
     (Simulating run                                                           
      conditions)                                                              
     NH.sub.4 Cl Solution                                                      
               27.2     100      2.0 N   100                                   
     __________________________________________________________________________
PAR  The more efficient regeneration is attributable to the presence of
      approximately 15% quaternary amine sites in the ES-340 resin and absence
      of quaternary amine sites in IRA-68. Furthermore, the greater penetration
      of organic soluble amines such as TMA into the resin matrix provides for
      more rapid equilibration during regeneration.
PAR  The cation resin regenerants are metal complexing agents and weakly acidic
      carboxylic acids which form weak, strongly dissociated complexes with the
      anion resin regenerant. The complexing agents are chelating agents and
      preferably those which are soluble in an appropriate organic liquid and
      which preferentially form organic-soluble chelates with specific metal
      ions. Selectivity of preferred chelates toward specific metal ions is
      attained primarily by adjusting the steric effects displayed by the
      chelating agent. Steric effects may be varied by proper choice of
      substituent groups.
PAR  Examples of monomeric chelating agents useful in our process include
      diketones, esters, amides, nitrocompounds, amines, amine acids, hydroxyl
      compounds and combinations of compounds containing these structures which
      are capable of enol formation and cyclization with metal ions to form
      chelates. Preferred chelating agents include nitrodiphenylamines and
      .beta.-diketones. Particularly useful in our process are various
      sterically hindered .beta.-diketones including those having a single
      exchangeable hydrogen. Specific examples of .beta.-diketones having a
      single exchangeable hydrogen include the substituted cyclohexanones such
      as 2-acetylcyclohexanone.
PAR  In the case of a weakly acidic cation exchange resin loaded with calcium or
      magnesium ions, the .beta.-diketone may be a cycloaliphatic diketone such
      as 1,3-cyclohexanedione and its derivatives as disclosed in U.S. Pat. No.
      3,658,729. Although the above complexing agents are extremely effective
      regenerants for cation exchange resins, they suffer to some extent from
      loss through dimerization under alkaline conditions especially at elevated
      temperatures such as encountered in the distillation recovery steps of the
      present process. This is because both the hydrogen form and the anionic
      form of the chelating agent are present in the regenerant solution.
      Consequently, loss of regenerant takes place during the regenerant
      recovery cycle. It has been found that substituted cycloaliphatic
      .beta.-diketones undergo little or no dimerization under the same
      regenerant recovery conditions.
PAR  When, for example, 1,3-cyclohexanedione is partially neutralized with a
      base and then the water solution heated, the following dimerization
      reaction occurs. A mechanism for this equation is shown in the following
      equation.
      ##SPC1##
PAR  The experiments described in the following example demonstrate that little
      if any dimerization occurs when the free acid is heated in water solution
      or that little if any dimerization occurs when all of the ligand is in the
      salt form. These experiments show, however, that when the mixture of the
      free ligand and amine or alkali metal chelate is heated in water solution
      a significant amount of dimerization occurs.
PAC  EXAMPLE 1
PAR  A total of 50 ml water solution of 1,3-cyclohexanedione were prepared.
      1,3-cyclohexanedione (a) in the free state, (b) totally converted to the
      sodium chelate, (c) approximately half as the sodium chelate and (d) half
      as the N,N-dimethylethylamine salt. The solutions were stored at
      65.degree.C in a constant temperature bath for 41/2 hours and analyzed
      initially, after 1.5 hours and after 4.5 hours for 1,3-cyclohexanedione
      and its salt by acid/base titrimetry. The dimer formed by degradation of
      the material is monofunctional, hence a reduction in total titration, in
      fact in free ligand indicates the formation of dimer.
PAR  The analytical results obtained were as follows:
TBL                TABLE 3                                                     
     ______________________________________                                    
     Initial                                                                   
     Sample Free Ligand, Na Chelate,  Amine Salt,                              
     Number equiv.       equiv.       equiv.                                   
     ______________________________________                                    
     (a)    0.040        --           --                                       
     (b)    --           0.044        --                                       
     (c)    0.024        0.020        --                                       
     (d)    0.021        --           0.025                                    
     After 1.5 Hours at 65.degree.C                                            
     (a)    0.040        --           --                                       
     (b)    --            0.0438      --                                       
     (c)     0.0217      0.020        --                                       
     (d)    0.020        --           0.023                                    
     After 4.5 Hours at 65.degree.C                                            
     (a)     0.0398      --           --                                       
     (b)    --            0.0438      --                                       
     (c)     0.0162      Not Analyzed --                                       
     (d)     0.0165      --            0.0223                                  
     ______________________________________                                    
PAR  Sterically hindered derivatives of 1,3-cyclohexanedione have been
      discovered which are not prone to the dimerization reaction. Substitution
      with aliphatic groups even in the 5 position inhibits the reaction while
      substitution in the 2 position, the site of the dimerization link, is
      particularly effective. The data presented in the following examples
      clearly demonstrates this inhibition of the side reaction.
PAC  EXAMPLE 2
PAR  Water solutions of three sterically hindered derivatives of
      1,3-cyclohexanedione combined with their salts were subjected to 41/2
      hours of storage at 65.degree.C. Within the limits of experimental
      accuracy no formation of dimer could be detected. The solutions stored
      were the following:
PA1  a. 5,5-dimethyl-1,3-cyclohexanedione in combination with its sodium salt.
PA1  b. 5,5-dimethyl-1,3-cyclohexanedione in combination with its
      N,N-dimethylethylamine salt.
PA1  c. 2,2'-methylenebis, 1,3-cyclohexanedione in combination with its sodium
      salt.
PA1  d. 2-methyl-1,3-cyclohexanedione in combination with its sodium salt.
PAR  Again, as in previous Example 2, dimer formation was assessed as a loss in
      free ligand as determined by titrimetry. The data obtained were as
      follows:
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     Total Composition, Equivalents                                            
     (a)              (b)       (c)        (d)                                 
     Storage               Amine                                               
     Time, hr.                                                                 
           Ligand                                                              
                Na Salt                                                        
                      Ligand                                                   
                           Salt Ligand                                         
                                     Na Salt                                   
                                           Ligand.sup.(1)                      
                                                  Na Salt                      
     __________________________________________________________________________
     0     0.0100                                                              
                0.0084                                                         
                      0.0135                                                   
                           0.0210                                              
                                0.0040                                         
                                     0.0032                                    
                                           0.0020 0.023                        
     1.5   0.0100                                                              
                --    0.0131                                                   
                           --   0.0040                                         
                                     --    --     --                           
     4.5   0.0102                                                              
                --    0.0131                                                   
                           --   0.0038                                         
                                     --    0.0020.sup.(2)                      
                                                  0.023.sup.(2)                
     __________________________________________________________________________
      .sup.(1) Concentration limited by insolubility of free ligand.           
      .sup.(2) Concentration after 3 hours storage at 65.degree.C.             
PAR  Substitution of 1,3-cyclohexanedione hindering groups does not adversely
      affect the capability of the compound to regenerate cation exchange
      resins. However, the nature of the substituent has a significant influence
      on both the water and/or methanol solubility of the regenerant and hence
      it is desirable to substitute with such polar groups as ethers, nitriles
      and the like in order to provide optimum solubility to achieve high
      concentrations of regenerant.
PAR  The preferred recoverable carboxylic acid cation resin regenerants are
      hydroxy or alkoxy substituted alkanoic acids of the formula:
      ##EQU3##
      where R.sup.1, R.sup.2 and R.sup.3 may be any of --H, --OH, --
      (CH.sub.2).sub.n CH.sub.3, --O(CH.sub.2).sub.n -- CH.sub.2 R.sup.5,
      --O[(CH.sub.2).sub.q O].sub.m CH.sub.2 R.sup.5 where n is an integer from
      0 to 5, m is an integer from 1 to 3, q is an integer from 1 to 3 and
      R.sup.5 is --H or --OH; provided at least one of R.sup.1, R.sup.2 and
      R.sup.3 contain at least one --C--O--C-- or --C--OH moiety. R.sup.4 is a
      divalent aliphatic hydrocarbon bridge containing 0-4 carbon atoms. The
      regenerants are disclosed in more detail and are claimed in U.S. patent
      application Ser. No. 496,482, filed concurrently herewith, the disclosure
      of which is incorporated herein by reference.
PAR  The hydroxyl or alkoxyl substituents provide high solubility for the parent
      acid and its cationic salts, particularly such as alkaline earth metal
      ions as calcium and magnesium. These substituents also insure that the
      acid is high boiling and demonstrates non-azeotropic behavior for ease of
      separation from the anion regenerant such as a tertiary amine. The weak
      complexing ability of these acids can be a positive factor in enhancing
      cation removal.
PAR  Specific cation resin regenerants are .alpha.-hydroxy alkanoic acids of
      from 2-6 carbon chain length, .beta.-hydroxy acids of from 2-6  carbon
      atom chain length and the methyl, ethyl and propyl ethers of the above
      acids. Representative acids are .alpha.-lactic acid, .beta.-lactic acid,
      .beta.-methoxypropionic acid (MOPA) and 4,7-dioxacaprylic acid (DOCA).
PAR  The regenerantion efficiency of several of these acids is illustrated by
      results of laboratory scale regeneration of both sodium and calcium loaded
      resins representing both the polyacrylic (Duolite CC-3) and
      polymethacrylic (Amberlite IRC-84) types using both water and
      methanol/water solutions as shown in the following table.
TBL                                    TABLE 5                                 
     __________________________________________________________________________
     REGENERATION OF CATION EXCHANGE RESINS WITH                               
     HYDROXYL OR ALKOXYL SUBSTITUTED CARBOXYLIC ACIDS.                         
     __________________________________________________________________________
                       Excess                         Regen.                   
     Regenerant  Conc. N                                                       
                       % Over Theory                                           
                                Solvent   Cation                               
                                              Resin   %                        
     __________________________________________________________________________
     .alpha.-Lactic Acid                                                       
                 1.98   20      H.sub.2 O Na.sup.+                             
                                              Duolite CC3                      
                                                      94                       
     "           1.39  100      15%CH.sub.3 OH/85%H.sub.2 O                    
                                          Na.sup.+                             
                                              Duolite CC3                      
                                                      90                       
     "           1.46  100      15%CH.sub.3 OH/85%H.sub.2 O                    
                                          Ca.sup.+.sup.+                       
                                              Duolite CC3                      
                                                      94                       
     .beta.-Lactic Acid                                                        
                 2.0N   50      H.sub.2 O Ca.sup.+.sup.+                       
                                              Amberlite                        
                                                      84.5                     
                                              IRC-84                           
     "           1.03N 100      H.sub.2 O Ca.sup.+.sup.+                       
                                              Duolite CC3                      
                                                      96.2                     
     .beta.-Methoxy Propionic                                                  
                 2.0N   50      H.sub.2 O Na.sup.+                             
                                              Duolite CC3                      
                                                      100                      
     Acid                                                                      
     __________________________________________________________________________
PAR  The cation regenerant is preferably utilized in excess in order to achieve
      efficient regeneration. The excess is suitably at least 50% of the amount
      theoretically required and preferably at least 100% of the stoichiometric
      amount. Furthermore, these cation regenerants are capable of efficient
      regeneration even in the presence of anion regenerant residues and salt
      heels. In fact, as shown in the following table, relatively high
      concentrations of these residues have little effect on regeneration
      efficiency.
TBL                                    TABLE 6                                 
     __________________________________________________________________________
     EFFECT OF SALT AND AMINE REGENERANT HEELS ON                              
     REGENERATION EFFICIENCY OF HYDROXYL AND ALKOXYL                           
     SUBSTITUTED CARBOXYLIC ACIDS                                              
     __________________________________________________________________________
                Amine Heel, % of                                               
                           Salt     Excess                                     
     Cation Regenerant                                                         
                Cation Regenerant                                              
                           Heel %                                              
                                Cation                                         
                                    Cation Regenerant %                        
                                                Regeneration                   
     __________________________________________________________________________
                                                %                              
     .alpha.-Lactic Acid                                                       
                Trimethyl Amine                                                
                           0    Na.sup.+                                       
                                    50          91.9                           
                12.5                                                           
     "          Trimethyl Amine                                                
                           0    Na.sup.+                                       
                                    50          98.4                           
                22.0                                                           
     "          Trimethyl Amine                                                
                           0    Ca.sup.+.sup.+                                 
                                    50          88.9                           
                24.5                                                           
     "          Trimethyl Amine                                                
                           0    Na.sup.+                                       
                                    50          97.6                           
                32.3                                                           
     "          Trimethyl Amine                                                
                           0    Ca.sup.+.sup.+                                 
                                    50          85.0                           
                31.0                                                           
     .beta.-Lactic Acid                                                        
                Trimethyl Amine                                                
                           0    Na.sup.+                                       
                                    50          93.6                           
                22.0                                                           
     "          Trimethyl Amine                                                
                           7.7% Na.sup.+                                       
                                    50          87.7                           
                20.2       NaCl                                                
     __________________________________________________________________________
PAR  Regeneration requirements in terms of stoichiometry, concentration and flow
      rates for regeneration of sodium, calcium, magnesium and their mixtures
      loaded onto Duolite CC-3 resin are presented in Table 7 below. Similar
      data for the regeneration of chloride, nitrate and sulfate loaded
      Amberlite IRA-68 is presented in Table 8 below.
TBL                                    TABLE 7                                 
     __________________________________________________________________________
     REGENERATION REQUIREMENTS FOR CATION RESINS                               
     (LOADING LEVEL .about.40% OF THEORY)                                      
     __________________________________________________________________________
                          STOICHIOMETRY                                        
              CONC. LIMITS                                                     
                          REGEN. CHARGE, %                                     
                                     WASH REQ., (EST)                          
     CATION   REGEN. SOLUTION, N                                               
                          OF METAL LOADED                                      
                                     BED VOLUMES                               
     __________________________________________________________________________
     Na.sup.+ 0.5 - 2      175.sup.(1)                                         
                                      3.sup.(1)                                
     Ca.sup.+.sup.+                                                            
              0.5 - 1         300 (est.)                                       
                                     3                                         
     Mg.sup.+.sup.+                                                            
              0.5 - 1     320        3                                         
     Na.sup.+/Ca.sup.+.sup.+60/40.sup.(2)                                      
              0.5 - 1     315        3                                         
     Na.sup.+/Mg.sup.+.sup.+80/20.sup.(2)                                      
              0.5 - 1     225        3                                         
     __________________________________________________________________________
      .sup.(1) Pilot Plant Data                                                
      .sup.(2) Ratio of Equivalents                                            
      Solution N = Solution Normality                                          
TBL                                    TABLE 8                                 
     __________________________________________________________________________
     REGENERATION REQUIREMENTS FOR ANION RESINS                                
     (LOADING LEVEL .about.50% OF THEORY)                                      
     __________________________________________________________________________
                      STOICHIOMETRY                                            
          CONC. LIMITS                                                         
                      REGEN. CHARGE, %                                         
                                 WASH REQ., (EST)                              
     ANION                                                                     
          REGEN. SOLUTION, N                                                   
                      OF ANION LOADED                                          
                                 BED VOLUMES                                   
     __________________________________________________________________________
     Cl.sup.-                                                                  
          2           150        3                                             
     NO.sub.3 .sup.-                                                           
          2           200        3                                             
     SO.sub.4 .sup.-.sup.-                                                     
          2           175        3                                             
     PO.sub.4 .sup.-.sup.-.sup.-                                               
          2           165        3                                             
     __________________________________________________________________________
PAR  The requirements for adequate regeneration of a sodium loaded, previously
      buffered CC-3 cation resin are contained in FIGS. 2-3. This data was
      obtained from pilot plant runs utilizing MOPA at 25.degree.C as the
      regenerant. The data shows the effect of cation loading and excess
      regenerant on the efficiency or completeness of regeneration. For MOPA
      complete regeneration with a reasonable excess of acid requires a cation
      loading of 50% or higher.
PAR  As previously discussed, the choice of physical method of separating and
      recovering the regenerants influences the selection of regenerants. A more
      detailed description of particular separation techniques follows.
PAR  The removal from the neutralization mixture of one of the regenerants is
      dependent first on the dissociation of the complex formed between the two
      regenerants and the formation of an essentially non-dissociated complex
      with the complexing agent. It is found that when an INSOLUBLE COMPLEXING
      AGENT is employed to form an insoluble complex, this latter complex is
      little dissociated and hence the reaction to remove the regenerant is
      driven to an adequate degree of completion. A second requirement for this
      recovery is that the complex formed for the removal of regenerants must be
      destroyed by some means such as heat in order to recover the regenerant
      for use.
PAR  Separation of the regenerants at ambient conditions reduces the high
      temperature exposure of the regenerants and thus minimizes degradative
      side reactions such as oxidation, ester formation, amide formation, or
      dimerization which may occur on prolonged heating and which limit the
      types of regenerants which may be used. Although a complex of either the
      anion or cation regenerant could be used for the process from a practical
      standpoint, the anion regenerant such as the organic amines are more
      easily complexed and can most readily be removed. The properties of the
      complexing agent have a direct bearing on the efficiency of the process.
      In order to achieve efficient removal of one of the regenerants, a
      complexing agent should provide a complex which is essentially
      undissociated at ambient or low temperature. This is best achieved through
      the use of an insoluble complexing agent which in turn produces an
      insoluble complex, thus removing the regenerant from the ionizing medium.
      The use of volatile complexable regenerant, on the other hand, aids the
      recovery of the complexed regenerant for use. Thus, heat can be used to
      increase dissociation of the complex after isolation and the volatility
      permits the removal of the regenerant from the complexing agent. Preferred
      insoluble complexing agents are transition metal salts of water insoluble
      cross-linked polyacids. These acids are commercially available as
      cation-exchange resins and include polyacrylates, polymethacrylates,
      phosphonic acid and sulfuric acid substituted polystyrene based materials.
      The transition metals suitable for application to this process include
      copper, cobalt, chromium, iron and nickel, among others.
PAR  Strong polyacids provide complexes with the transition metal which are not
      subject to dissociation and therefore could form soluble amine complexes
      which interfere with the removal of the amine. Preferred acids are strong
      polyacids, such as Dowex-50, a polysulfuric acid on a polystyrene lattice.
      A typical example follows.
PAC  EXAMPLE 3
PAR  25 mil of water solution containing 5.7% (13.7 milliquivalents) of
      .beta.-methoxypropionic acid and 3.5% (13.7 milliequivalents) of
      trimethylamine were treated with 20 mil of Dowex-50 resin (38
      milliequivalents), 60% of the acid sites substituted with cupric ions. The
      resin was stirred for several hours and the supernatant liquid remained
      colorless. Analysis of the supernatent liquid and the resin after
      separation showed the resin to contain 4.2% copper and 7.16%
      trimethylamine. Essentially all of the trimethylamine had been removed
      from solution as indicated by the following analysis of the supernatant
      liquid.
TBL  ______________________________________                                    
     C.sup.+.sup.+          1.3 ppm                                            
     TMA                    0.1 ppm                                            
     ______________________________________                                    
PAR  Referring now to FIG. 4, a simple flow diagram describing a complexing
      process is illustrated. The near stoichiometric neutralized mixture in a
      common solvent of the spent ion and cation regenerants in feed tank 30
      contains the mineral ions removed from the cation and anion resins and a
      weak complex formed between the anion and cation resin regenerants. This
      mixture is then treated at 32 with an insoluble complexing agent from
      supply tank 34 to form an insoluble complex with on of the regenerants.
      The removal of this regenerant is dependent upon the presence of some free
      regenerant formed from the dissociation of the complex between the anion
      and cation resin regenerants and the insolubility and low dissociation of
      the second complex formed with insoluble complexing agent. Although a
      complex of either the anion or cation regenerant could be used for the
      process from a practical standpoint, the anion regenerants which are
      usually organic amines are more eadily complexed and can be most readily
      removed.
PAR  In the next step, the insoluble complex which was removed by some
      separatory method such as filtration or centrifugation is subjected to
      heating in vessel 36 to break down the complex into regenerant and
      complexing agent. The complexing agent is recycled to supply tank 34 while
      the recovered regenerant, usually an organic amine, is removed either by
      washing or distillation and its concentration adjusted with common solvent
      in supply tank 38 for recycle and reuse.
PAR  The residual solution in vessel 32 containing mineral ions and the
      non-complexible, non-volatile regenerant is concentrated either by
      atmospheric or vacuum distillation to remove solvent in concentrator 40.
      This causes excess mineral salts to precipitate which are removed by
      filtration or centrifugation in precipitator 42. The residual regenerant
      solution is delivered to tank 44 for adjustment with the common solvent to
      appropriate concentration for recycle and reuse.
PAR  It is readily apparent that the separation of the regenerants by
      complexation and subsequent recovery of the separated regenerants and
      precipitate mineral salts can be conducted either in a batch,
      semicontinuous or continuous manner, depending only on the nature of the
      particular equipment selected for conducting the process. It is also
      apparent that the nature of the common solvent because of the degree of
      dissociation of the anion/cation regenerant complex and its dependence on
      the nature of the solvent has a strong influence on the operation of the
      process. It is preferred both from the standpoint of economy and ease of
      operation that the common solvent be water, although other solvents such
      as alcohols may also be used.
PAR  The technique of separating cation and anion regenerants from each other by
      complexation is the subject matter of concurrently filed, copending
      application Ser. No. 496,484 filed Aug. 12, 1974, the disclosure of which
      is incorporated herein by reference.
PAR  Efficient separation of the regenerants by SOLVENT EXTRACTION can also be
      accomplished in accordance with the invention. The separation and removal
      of one regenerant from the other extraction of the near stoichiometric
      adjustment mixture with a non-miscible solvent is also dependent on the
      dissociation of the complex formed between the regenerants. This
      dissociation occurs readily between weak acids and weak bases under the
      higher temperature conditions attained during distillation. However,
      surprisingly it has also been found that sufficient dissociation also
      occurs at ambient temperature to permit ready extraction of a single
      component.
PAR  Separation at ambient conditions provides a significant advantage over high
      temperature conditions in that the degradative side reactions occurring at
      temperatures above the boiling point of water such as oxidation, ester
      formation, amide formation, or dimerization which limits the selection of
      regenerants for higher temperature applications are minimized and hence a
      wider variety of chemical structures are suitable as regenerants. A second
      significant advantage is that the organic amine anion regenerant need not
      be volatile and hence losses due to volatility or the abnoxious odors
      associated with volatile amines are minimized. The process is also
      emenable to continuous operation. Suitable amines are primary, secondary
      or tertiary amines such as trimethylamine, pyridine, N-methyl morpholine,
      isopropanolamine, N,N-dimethylethylamine. The cation regenerants may be
      those previously described.
PAR  Referring now to FIG. 5, the near stoichiometric mixture of spent anion and
      cation resin regenerants in feed tank 50 in a common solvent is composed
      of the mineral ions removed and the regeneration of the cation and anion
      exchange resins and a weak complex formed between the two regenerants. The
      mixture is extracted in extraction tank 52 which receives a flow of
      extractant from tank 54. The common solvent may be water, alcohol or
      water/alcohol mixtures. The common solvent immiscible extractant has
      preferential solubility for only one of the regenerants. This extraction
      may be run continuously by means of heavy continuous liquid/liquid
      extraction apparatus or in a series of separate sequential batch
      extractions. The removal of one of the regenerants is dependent on both
      the partition coefficient of solubility for the regenerant between the
      solvent and the extractant and on the degree of dissociation of the
      complex between the anion and cation resin regenerants. The extractant
      solvent is removed from tank 52 and separated from the extracted
      regenerant in tank 56 for recycle to the extractant supply tank 54. The
      extractant regenerant is adjusted in concentration with miscible solvent
      in recycle tank 58 for reuse in the process. Removal of the extractant for
      recycle may be by any physical means such as distillation, either at
      atmosphere conditions or under reduced pressure.
PAR  The non-extracted regenerant remaining in tank 52 is concentrated in
      concentrator 60 by any physical means such as distillation and the mineral
      salts when they exceed their solubility in the common solvent precipitate
      and are removed by filtration, centrifugation or settling into tank 62.
      The residual regenerant is then delivered to tank 64 and adjusted in
      concentration for recycle.
PAR  The extractants may be aliphatic, alicyclic, or aromatic hydrocarbons
      containing 4-12 carbon atoms such as hexane, heptane, cyclohexane, toluene
      or benzene and halogenated derivatives thereof such as trichloroethylene.
      Other extractants include aliphatic or aromatic ethers such as
      diethylether or diphenyl oxide. Although it is possible to extract the
      cation regenerant, there are more readily available extractants which are
      good solvents for the amine regenerants and which are non-solvent for the
      cation regenerants and hence they are preferred in the practice of this
      embodiment. Examples of practice follow. Additional extractants include
      diphenyl oxide, diethly ether, toluene and heptane.
PAC  EXAMPLE 4
PAR  .beta.-methoxypropionic acid (cation resin regenerant) and trimethylamine
      (an anion resin regenerant) in approximately equimolar quantities in
      aqueous solution simulating a stoichiometric adjustment mixture, was
      subjected to extraction with two separate immiscible solvents, hexane and
      benzene. Extraction was effected by means of shaking equal quantities of
      the aqueous mixture with the extractant in separatory funnel, allowing the
      two immiscible phases to separate and then analyzing each of the phases
      for amine and acid regenerants by potentiometric titration with
      standardized hydrochloric acid solution and then with standardized sodium
      hydroxide solution. In a like manner a series of three different mixtures
      of regenerants were continuously extracted with various immiscible
      extractants using a laboratory liquid/liquid extractor. The apparatus was
      so designed that spent extractant was continuously distilled to provide
      fresh extractant which was reused and the non-volatile, unextracted
      regenerant concentrated in the distillation pot. The results are shown
      below. Repeated extractions are required to remove the bulk of the amine
      but the data indicates the feasibility and operability of the process.
TBL                                    TABLE 9                                 
     __________________________________________________________________________
     SEPARATION ANION AND CATION EXCHANGE REGENERANTS BY EXTRACTION OF THE     
     ANION                                                                     
     REGENERANT FROM AQUEOUS SOLUTION WITH AN IMMISCIBLE SOLVENT               
     __________________________________________________________________________
     I. Extraction by Agitation and Phase Separation                           
                              Analysis, Normality                              
     Cation      Anion        Water Phase    Solvent Phase                     
     Solvent                                                                   
          Regenerant                                                           
                 Regenerant                                                    
                        Time  Cation Reg.                                      
                                      Anion Reg.                               
                                             Cation Reg.                       
                                                     Anion Reg.                
     __________________________________________________________________________
     Hexane                                                                    
          .beta.-Methoxy-                                                      
                 Trimethyl-                                                    
                        Initial                                                
                              0.99    1.05   0.00    0.000                     
          propionic                                                            
                 amine  Final 0.99    0.85   0.00    0.201                     
          acid                                                                 
     Benzene                                                                   
          .beta.-Methoxy-                                                      
                 Trimethyl-                                                    
                        Initial                                                
                              0.914   1.03   0.00    0.000                     
          propionic                                                            
                 amine  Final 0.930   0.96   0.00    0.018                     
          acid                                                                 
     II. Continuous Extraction (Laboratory Liquid Liquid Extractor)            
     Benzene                                                                   
          .beta.-Methoxy                                                       
                 Pyridine                                                      
                        0   hrs                                                
                              2.00    2.00   0.00    0.000                     
          propionic     2.5 hrs                                                
                              --      --     0.00    0.758                     
          acid          6.0 hrs                                                
                               2.86*  1.18   --      1.500                     
     Hexane                                                                    
          .beta.-Lactic                                                        
                 N-methyl-                                                     
                        0   hrs                                                
                               1.89   1.90   0.00    0.000                     
          acid   morpholine                                                    
                        2.5 hrs                                                
                              --      --     0.00    0.025                     
     Diethyl                                                                   
          .alpha.-Lactic                                                       
                 Isopropanol-                                                  
                        0   hrs                                                
                               1.01   0.94   0.00    0.000                     
     ether                                                                     
          acid   amine  2.5 hrs                                                
                              --      --     0.00    0.007                     
     __________________________________________________________________________
      *Increase in acid strength due to water removal by benzene.              
PAR  Total separation cannot be achieved since there will always be a partition
      of each regenerant between the two media. Furthermore, with respect to the
      complexation, this requires the addition, separation and recovery of
      another chemical to the process which adds additional cost and complexity.
PAR  The subject matter of the technique of extraction separation is the subject
      matter of concurrently filed, copending application Ser. No. 496,484 Aug,
      12, 1974 said disclosure being incorporated herein by reference.
PAR  For these reasons, the DISTILLATION technique is preferred as the method of
      regenerant for separation and recovery. All that is necessary is that one
      of the regenerants have a significantly lower boiling point than the
      other, suitably being separated by at least 10.degree.F, preferably at
      least 25.degree.F. In practice it is found that amines with lower boiling
      points are more readily available than low boiling chelates or acids used
      for regenerating the cation. Hence, in most instances a low boiling amine
      would be used in combination with the higher boiling cation regenerant,
      although the reverse, that is the use of a low boiling cation regenerant
      with a high boiling amine, will work equally as well. The process may be
      carried out in a variety of ways dependent upon the resins, regenerants
      and mineral salts to be precipitated. For example, if excess process water
      is removed prior to bringing the regenerant streams together as generally
      indicated in FIG. 1, salt precipitation will occur during the first step
      of combination of the two streams on or off stoichiometry. However, to
      maintain a balanced process, stoichiometry is preferred for the mineral
      ions.
PAR  However, if on the other hand, excess water is removed after the separation
      of the lower boiling amine regenerant, then salt precipitation will occur
      when the composition of the remaining cation regenerant is being
      concentrated.
PAR  Some examples of practice follow.
PAC  EXAMPLE 5
PAR  In this experiment, sodium lactate (boiling point lactic acid =
      122.degree.C at 4mm Hg pressure) was used as the spent cation regenerant
      and N,N-dimethylethylamine hydrochloride (boiling point
      N,N-dimethylethylamine = 37.degree.C at 760mm Hg pressure) in
      methanolwater solution as the spent anion regenerant. The combined
      reagents simulating stoichiometric adjustment and the presence of a
      residual sodium chloride heel from previous runs had the following
      composition:
     Compound             Wt, g     Moles                                      
     ______________________________________                                    
     N,N-Dimethylethylamine                                                    
                          13.2      0.18                                       
     Lactic Acid          16.0      0.18                                       
     Methanol             70.0                                                 
     Water                26.0                                                 
     ______________________________________                                    
PAR  The above solution was charged to the distillation pot of a 2 ft. packed
      distillation column and the amine removed by distillation using a 10/1
      reflux ratio. Initially amine in a predominance of methanol was removed
      and finally amine and water. Analysis of the distillate and pot for amine
      by potentiometric titration after six hours showed 48% of the amine to
      have been removed in the distillate. Analysis of the pot and distillate
      for lactic acid accounted for all of the lactic acid and showed it to have
      remained in the distillation pot.
PAR  Separation of the amine from the ligand can be accomplished as previously
      indicated either by a phase separation technique or preferably by
      distillation.
PAR  Separation of the amine from the ligand can also be accomplished by a phase
      separation technique utilizing either miscible or immiscible solvents.
      Phase separation can be achieved by the proper selection of solvents for
      the regenerants which solvents are initially immiscible, wherein after the
      mixing step of the two regenerant solutions and the stoichiometric
      adjustment phase separation takes place automatically due to the chemistry
      involved. The ease of separation in phase separation is dependent upon the
      relative partition coefficients, and requires that the anion regenerant be
      substantially insoluble in the cation regenerant solvent and that the
      cation regenerant be substantially insoluble in the anion regenerant
      solvent. The selection of mutually immiscible solvents having the desired
      partition coefficient leads directly to distribution of the regenerants,
      one in each phase and to the precipitation of the mineral salt. The upper
      layer contains predominantly one of the regenerants for recovery and the
      lower layer contains substantially all of the other regenerant. The salt
      formed will be at least partially dissolved in the layer in which the
      salts have greatest solubility. Such phenomena are well understood in the
      art. Agitation of the mixture of the spent regenerant streams is preferred
      in order to increase contact of the spent regenerants to foster formation
      of the weak dissociable complex and to reconstitute the mineral salt. This
      technique is illustrated by the following example wherein the immiscible
      solvent systems are methanol-water, and normal heptane. In general
      practice because of the presence of water of hydration released from the
      resins, the salt will be found in the water containing layer, either in
      one of the two solvent layers or as a separate phase if neither of the
      solvents employed is water miscible.
PAR  Recovery of the individual regenerants from their solvent layers can be
      easily accomplished by known technique if required.
PAC  EXAMPLE 6
PAR  The spent cation regenerant solution (100 ml) was a methanol solution of
      the potassium chelate of 2-acetylcyclohexanone containing 1% potassium by
      weight and 2-5% water. This solution was combined with a spent anion
      regenerant solution comprised of the hydrochloric tri-n-octylamine in 100
      ml n-heptane containing 1% chloride by weight. On combination and
      agitation a fine precipitate of potassium chloride formed and on standing,
      two separate layers. Infrared analysis of the upper layer after
      evaporation showed it to contain the amine with only a slight trace of any
      carbonyl compound. The lower layer was identified as methanol containing
      the .beta.-diketone with a trace of amine.
PAR  An alternative extraction means utilizes one common solvent or miscible
      solvents in the regeneration step of the water demineralization process,
      as discussed previously herein, wherein the two streams are brought
      together. Subsequent extraction of one of the regenerants from the mixture
      of the streams is accomplished by treatment with a nonmiscible extractant.
      Thus, while the regenerants are both soluble in the common or miscible
      solvent system originally employed, upon the addition of the extractant,
      which has preferential solubility for only either the cation regenerant(s)
      or only the anion regenerant(s), one regenerant system will be separated
      out from the other. Ultimate removal of the now separated regenerant
      material from its separate layer can be accomplished by known techniques,
      as desired. Additional material describing this technique is presented
      elsewhere herein.
PAR  As indicated previously water accumulates in the regenerant system from
      dehydration of the resins during resing regeneration and from any washing
      steps employed. This water may be removed from the spent regenerants prior
      to mixing of the two streams, or later after separation and recovery of
      the regenerants. Removal of this excess water is beneficial to the
      maintenance of desired stoichiometry. An example of removal of water from
      a spent regenerant, prior to the mixing of the spent anion and cation
      regenerants is shown in Example 6A.
PAC  EXAMPLE 6A
PAR  A 750 ml volume of aqueous spent cation regenerant solution of lactic acid
      was combined with a water wash. The combined solution contained 0.41 vols
      of sodium lactate and 0.08 mols of free lactic acid and was concentrated
      by distillation of the water in a simple single plate still. The solution
      was concentrated to 114 ml and then rediluted to 150 ml with deionized
      water and analyzed to sodium lactate and free lactic acid by titration
      with hydrochloric acid followed by back titration with sodium hydroxide.
      The analytical results showed 0.41 mols of sodium lactate and 0.15 mols
      free lactic acid. The increase in lactic acid was attributed to hydrolysis
      of lactide impurity in the starting regenerant solution.
PAR  Separation of amine and chelating agent (liquid) by distillation is also
      enhanced by the use of a highly dissociated weak complex requiring again
      that either the amine be a relatively weak base and/or the liquid be a
      relatively weak acid. This separation is shown in the following example.
PAC  EXAMPLE 7
PAR  In the instant experiment, 1,3-cyclohexanedione, a chelating agent with an
      acidity approximately 1.5 orders of magnitude more weakly acidic than
      lactic acid, was used as the regenerating agent. To simulate the spent
      cation regenerant, 0.5 mols of 1,3-cyclohexanedione was treated with 0.2
      mols of sodium hydroxide to give a 40% conversion to the sodium chelate.
      In addition, 30g of sodium chloride was added to simulate a salt heel from
      previous regeneration and recovery cycles. This composition was diluted to
      250 ml with water containing 15% methanol.
PAR  The above spent cation regenerant solution was combined with a simulated
      spent anion regenerant solution containing 0.5 mols of
      N,N-dimethylethylamine, 0.2 mols of hydrochloric acid, 100 ml of methanol
      and diluted to 250 ml with deionized water.
PAR  Upon distillation using a single plate, i.e., directly into a condenser and
      receiver, approximately 75% of the amine was removed.
PAR  Referring again to the preferred distillation technique for separating a
      more volatile amine anion resin regenerant from a weakly acidic carboxylic
      acid cation resin regenerant, the complex separation process can be
      depicted according to the following formula:
      ##EQU4##
      where R.sup.1 COOH is the cation resin regenerant and N(R.sup.2).sub.3 is
      the anion resin regenerant.
PAR  The amine carboxylate complex is a loosely bound compound which is partly
      associated and partly ionized. The amine and acid regenerant should have
      preferably narrow boiling point to ensure full removal and these boiling
      points and/or the boiling points of their respective azeotropes should be
      separated by at least 20.degree.F in order to permit effective separation.
      The lower boiling regenerant or an azeotrope thereof, must have sufficient
      volatility so that it can be readily removed from the complex containing
      mixture while the higher boiling regenerant or its azeotrope should be
      essentially non-volatile or have very low volatility. This is desired in
      order to minimize carry over and contamination of the lower boiling
      regenerant. Any carried-over regenerant can be removed in a secondary
      distillation column to increase the efficiency of regeneration if desired.
PAR  Though separation need not proceed to completion, it is desirable to
      recover at least 70% of the amine to provide effective regeneration of the
      anion resin column. The cation regenerant will the contain 70% of the free
      acid and about 30% undissociated complex. Less excess regenerant and less
      energy input are required as the degree of separation of the complex is
      increased.
PAR  As previously discussed, there is always a compromise involved between
      regeneration optimization and separation efficiency. Stronger acids and
      bases are better regenerants but are more difficult to separate. Weaker
      acids and bases provide a better hydrolysis constant promoting separation
      but are poorer regenerants. The selection depends on the properties of the
      complex of the two regenerants. Satisfactory hydrolysis and dissociation
      is possible with the combination of a stronger base and weaker acid or
      weaker base and stronger acid.
PAR  The selection of the solvent for the regenerants is dependent upon resin
      characteristics; the regenerants and its choice influences the separation
      and recovery stage of the process. Alcohols such as methanol reduce the
      regeneration efficiency of available resins but facilitate precipitation
      and recovery of the reconstituted salt. Certain regenerants are more
      soluble in alcohol or alcohol-water mixtures. Suitable alcohols include
      methanol, ethanol, isopropanol, n-propanol, ethylene glycol, and other
      water miscible mono and polyhydric alcohols.
PAR  The solvent must be non-reactive with the regenerants throughout all stages
      of the regeneration of reecovery process. It has been found that certain
      chelating agents such as 1,3-cyclohexanedione are converted to an ether in
      the presence of methanol. This cation regenerant should only be utilized
      with water or an alcohol such as isopropanol which does not lead to ether
      formation.
PAR  Studies of the effect of methanol content on the completeness of
      regeneration of sodium loaded CC-3 cation exchange resin with a 3N
      solution of 1,3-cyclohexanedione (100% excess) show that the removal of
      Na+ ion is essentially quantitative with pure water and decreases slightly
      as the alcohol content is increased as shown in the following table.
TBL                                    TABLE 10                                
     __________________________________________________________________________
     Effect of Methanol Content on Completeness of Regeneration of Na+ Loaded  
     Duolite CC-3 Resin                                                        
     __________________________________________________________________________
                                                Titratable Total               
     Theoretical Capacity                                                      
                 Na+ Loaded on Column                                          
                             Methanol Content                                  
                                        Na+ Removed,                           
                                                1,3-Cyclohexanedione           
     of Column, equiv.                                                         
                 at Start, equiv.                                              
                             Regenerant, % vol.                                
                                        %       Recovered, %                   
     __________________________________________________________________________
     0.5         0.45         0         100     93                             
     0.5         0.45         3         98      91                             
     0.5         0.45        10         91      85                             
     0.5         0.45        20         87      81                             
     __________________________________________________________________________
      NOTE: 1,3-Cyclohexanedione Concentration = .about. 3N                    
PAR  Nevertheless, very acceptable yields are achieved at methanol
      concentrations of from 10 to 20%. These are the low alcohol levels that
      are desirable to minimize ether formation. The rate of feed was kept very
      low in the above experiments to provide ample time for equilibration and
      diffusion of regenerants. Reduced recovery of a total ligand charged
      reflects possible variation in sampling technique (i.e., an approximate 5%
      loss was found as a result of poor drainage of the pipette, and no
      correction for this error is applied) and formation of the ether. If a 5%
      pipette drainage correction is applied, the recovery from pure water is
      98%. The ether formed from methanol reaction does not titrate and, hence,
      though probably recovered, accounts for the reduced titratable recoveries
      shown in the last column.
PAR  The effects of ligand concentration on the completeness of the regeneration
      was also determined under the same conditions. The data obtained show that
      reducing the concentration appears to have little effect on the yield
      providing the amount of excess ligand remains the same.
PAR  The effect of water content of the 2N methanol solution of amine regenerant
      on the completeness of chloride removal was determined using chloride
      loaded Duolite ES-340 resin. The water concentration was varied from 0 to
      10 volume %. The cumulative percent chloride ion removal as a function of
      regenerant charged is presented in FIG. 6. As indicated by the data, water
      concentrations of over 5% are required to achieve efficient regeneration.
PAR  In separate studies in which resin was treated with methanol containing
      various amounts of water, it was shown that a water concentration of at
      least 10% is required to prevent collapse of the resin as a result of
      dehydration.
PAR  Essentially, quantitative regeneration (97%) of chloride loaded ES-340
      resin was subsequently achieved by draining the column and treating the
      resin in a back-flow manner with a 100% excess of a 2N solution of the
      amine in methanol (10% water by volume). Similar results would have been
      obtained by a top-flow treatment.
PAR  The location of mineral salt recovery depends on the solvent and the place
      the solvent becomes a non-solvent for the mineral salt. As shown in FIG.
      1, the mineral salt separation may occur in the regenerant combination
      step, if the solvent has a high alcohol content or if the excess water is
      removed from the spent regenerants before combination. Water requirements
      may also be decreased by modification of resin characteristics to prevent
      shrinkage or by utilizing a swelling agent other than water.
PAR  Referring now to FIG. 7, another emodiment is illustrated in which the
      excess water is removed after separation of the regenerants. The spent
      cation resin regenerant 10 and spent anion resin regenerant 12 are
      combined in vessel 14 in near stoichiometric ratio with respect to the
      mineral salt. The regenerant complex solution is separated in separator 20
      by evaporating or distilling off the lower boiling regenerant such as the
      amine which is recovered and adjusted in concentration in tank 21 for
      recycle.
PAR  The higher boiling regenerant such as lactic acid is further concentrated
      in evaporator 23 to remove excess water via line 16 until the mineral
      salts precipitate and are recovered through line 22. The remaining higher
      boiling regenerant is adjusted in concentration in tank 25 for recycle to
      regenerate the cation resin column.
PAR  Thoush a recovery system utilizing batch fractionating columns can be
      utilized, the rate of recovery of regenerants may differ and may not fit
      the requirement of resin regeneration demands. A continuous recovery
      system suitable for use with a methanol-water solvent system is
      illustrated in FIG. 8. The recovery system has an anion holding tank 200
      and a cation holding tank 202 capable of accepting and holding the cyclic
      discharge of the resin regenerant effluents. The anion/cation effluents
      are mixed in spent regenerant neutralization tank 204 to an end point that
      frees the anion regenerant such as the amine and the cation regenerant
      such as the acid from their respective complexes with the cation and anion
      of the mineral salt. This step will be pH controlled in the tank 204. The
      stoichiometrically adjusted mixture containing the regenerant chemicals to
      be recovered, dissolved salt to be disposed of and the excess water to be
      removed is batch fed to a surge tank 206 by means of pump 208 and from
      there fed continuously to a first fractionating tower 210 by means of pump
      212. The tower 210 has a rectifying section 214 that produces a solution
      of amine and methanol in water and a stripping section 216 that produces a
      solution of acid and salt in water. The amine-methanol solution collects
      in tank 218 and is fed to second rectifying column 220 by means of pump
      222.
PAR  The second column 220 produces a water deficient reconstituted anion
      regenerant solution as the overhead from rectifying section 224 and yields
      a methanol rich water solution as the bottoms product from stripping
      section 226. The methanol-water solution is collected in tan 228 and with
      the addition of water is reconstituted to the appropriate concentration as
      the methanol-water wash solution required in the regeneration steps.
PAR  The bottoms product from the first column collects in tank 230 and is fed
      by pump 232 to an evaporator 234. The evaporator removes the required
      water from the overhead which is condensed by condenser 236. The bottoms
      product is a salt rich, methanol deficient, cation regenerant solution
      which is cooled in vessel 238. When methanol makeup is added through line
      240, the excess salt precipitates and is removed through line 242. A fully
      reconstituted cation regenerant solution ready for use after precipitate
      removal is removed through line 244 for recycle.
PAR  Preliminary heat balance at 10,000 gpd indicate that this recovery system
      can operate at energy demands lower than 187 lb. of 30 psig steam per
      1,000 gallons of process water at 700 ppm NaCl and 30 kw electrical power
      per 1,000 gallons. At energy costs of $0.25/1,000 lb. steam and $0.02/kw
      hour, the total energy cost is about $0.107/1,000 gallon water process
      containing 700 ppm NaCl. Because normal industrial energy costs about
      one-half the rates quoted, the energy cost at a small scale to large
      industry would be less than $0.05/1,000 gallons.
PAR  The recovery system is simplified by eliminating methanol as a required
      constituent of both the cation and anion regenerant solutions. Such a
      system is shown in FIG. 9. The mixture in spent regenerant tank 250 is fed
      by means of pump 252 to evaporator 254. The overhead product consisting of
      an aqueous solution of amine is fed by line 256 to rectifying column 258.
      The rectifying column 258 can be eliminated if a suitable high boiling
      regenerant having good thermal stability is utilized. The overhead from
      the rectifying column is delivered through line 260 to a distillation
      column 262 containing a rectifying section 264. The amine is recovered as
      an overhead product and collects in tank 266 and the excess water and
      makeup water are recovered as a bottom product from stripping section 268
      in makeup water tank 270. Makeup water is pumped through line 272 by means
      of pump 274 to the rectifying column 258. The bottom product from
      evaporator 254 consisting of the solution of cation regenerant and mineral
      salts in water is concentrated in concentrator 276 and the waste solids
      removed through centrifuge 278 while the cation regenerant is recovered as
      an overhead through line 280 and collects in supply tank 282 for recycle
      to the cation resin column.
PAR  The effect of loading level on the regeneration requirements for cation
      exchange resins such as Duolite CC-3 resin loaded with calcium ion and
      regenerated with MOPA is presented in Table 11 below.
TBL                                    TABLE 11                                
     __________________________________________________________________________
     EFFECT OF LOADING LEVEL ON THE REGENERATION REQUIREMENTS                  
     FOR CATION EXCHANGE RESINS.                                               
     (DUOLITE CC-3 RESIN, LOADED WITH CALCIUM, MOPA REGENERANT)                
     __________________________________________________________________________
     LOADING    CONC. REGEN.                                                   
                         STOICHIOMETRY OF REGEN.                               
                                         FLOW RATE,                            
                                                 REGENERATION                  
     % OF THEORETICAL                                                          
                SOLUTION, N                                                    
                         CHANGE, % OF CA.sup.+.sup.+ LOAD                      
                                         ml/MIN. YIELD, %                      
     __________________________________________________________________________
     70         1        300.sup.(1)     1       94                            
     40.5       0.5      200.sup.(2)     1.5     68                            
     38         1        200.sup.(2)     0.5 - 1 66                            
     28.5       1        610.sup.(1)     1       100                           
     __________________________________________________________________________
      .sup.(1) Profile technique of regeneration.                              
      .sup.(2) Standard regeneration with wash.                                
      MOPA = .beta.-methoxypropionic acid                                      
PAR  This data shows that very high levels of regeneration at 50% stoichiometric
      excess is achieved when a relatively high sodium chloride heel (7.6%) is
      present as a contaminant. However, when high residues of TMA are present
      in the regeneration stream, 40% or more significant quantities of TMA
      remain on the column as a substituent ion. Such a residue would appear
      later as contaminant in the product water and result in a significant loss
      of regenerant. In laboratory and pilot plant scale tests of the separation
      of TMA from the TMA lactate complex indicated that for the selected
      regenerants 70% amine removal appears to be an upper limit. Average
      operation would indicate removal on the order of 50%. A method of
      overcoming this difficulty has been successfully tested. This constitutes
      maintaining a 25% alkali or alkaline earth metal heel on the cation
      regenerant. Such an imbalance results in excellent amine separation. At
      the same time the metal is the residue which is left on the cation column.
      Although this reduces the efficiency of the cation column, the presence of
      a metal, e.g. sodium, would not contaminate the product water nor would
      this cause a serious loss of regenerant. Regeneration of a sodium loaded
      cation column with .beta.-lactic acid (100% stoichiometric as excess
      lactate ion) resulted in a 92.1% removal of sodium ion with 100% recovery
      of the .beta.-lactic moiety.
PAR  The above technique of using an excess of sodium or other metal ion to
      reduce the amine residue is limited by the fact that the amine deposits on
      the resin, because it moves down the column more slowly. Hence, regardless
      of the degree of imbalance, some residue of amine will remain due to this
      difference in rate of travel. Even adding the metal cation regenerant
      incrementally does not solve the problem because of the presence of a
      small amount of amine contaminant in the regenerant itself. Thus, one
      could only tend to go toward reaching a progressively smaller amine
      residue without actual achievement of complete removal. Thus recycling
      will not achieve the desired result. However, a secondary treatment of
      post introduction on the toe of the resin with an inorganic metal salt
      solution (free of contaminants) will act to displace completely the amine
      heel on the resin. Such post treatment metal salt can have its metal ion
      the same or different from that present in the cation regenerant. The
      negative ion so long as it does not form complexes or insoluble products
      can be any negative ion, inorganic or low molecular weight organic such as
      formate. When this technique of post treatment is employed, the use of an
      imbalanced system is not required but may be utilized. Experimentation has
      shown that post treatment salt concentrations of the order of 5,000 to
      10,000 ppm and in stoichiometric excess over the amount of amine residue
      should be employed to give the best results.
PAR  Summary of the pilot plant tests with TMA-.beta.-lactate system on
      continuous runs is shown in the following table.
TBL                                    TABLE 12                                
     __________________________________________________________________________
     SUMMARY OF PILOT PLANT TESTS                                              
     TMA - .beta.-Lactate System                                               
     (Continuous Runs)                                                         
     __________________________________________________________________________
                  Distillate                                                   
     Feed Composition                                                          
                  Composition                                                  
                           Reboiler Composition                                
     Lactate                                                                   
           Free Amine                                                          
                  Free Amine                                                   
                         Lactate                                               
                                Free Acid                                      
                                       % Dissociate                            
     __________________________________________________________________________
     FEEDING NEUT. REGEN. SOLUTION TO DISTILLATION COLUMN                      
     0.28N   .05N  1.57N  0.45N  0.12N   25.6                                  
     2.5 wt%                                                                   
            0.3 wt%                                                            
                   9.55 wt%                                                    
                          4.06 wt%                                             
                                  1.04 wt%                                     
     FEEDING NEUT. REGEN. SOLUTION TO EVAPORATOR                               
     0.28N   .05N  0.33N  4.8N    2.5N   52.1                                  
     2.5 wt%                                                                   
            0.3 wt%                                                            
                   2.0 wt%                                                     
                         39 wt%  20 wt%                                        
     FEEDING CONCENTRATED NEUT. REGEN. SOLUTION TO EVAPORATOR                  
     1.36N  0.12N  0.7N   4.5N    2.4N   63.3                                  
     12 wt% 0.7 wt%                                                            
                   4.1 wt%                                                     
                         37 wt%  20 wt%                                        
     FEEDING AMINE SOLUTION TO EVAP. AS CK ON EQUILIBRIUM                      
     0.01N  0.7N   0.7N   7.5N    5.3N   70.7                                  
     Trace  4.0 wt%                                                            
                   4.0 wt%                                                     
                         60 wt%  42 wt%                                        
     __________________________________________________________________________
PAR  A list of the pertinent physical properties of ingredients useful in the
      system of the invention are provided in the following table.
TBL                                    TABLE 13                                
     __________________________________________________________________________
     PHYSICAL PROPERTY DATA                                                    
     __________________________________________________________________________
                              .rho.20.degree.C                                 
                                    .mu.20.degree.C                            
                                          at in B.P.                           
                                                   M.P.                        
     Description         M.W. g/cc  g/cm-sec                                   
                                          .degree.C                            
                                                   .degree.C                   
     __________________________________________________________________________
     Methanol (MeOH)     32.04                                                 
                               0.7914                                          
                                    --    65.0     -93.9                       
     .beta.-methoxypropanoic acid (MOPA)                                       
                         104.10                                                
                              1.105 8.7   102 at 10mm Hg                       
                                                   liq.                        
     N-methylmorpholine  101.15                                                
                               0.9051     115      liq.                        
     Sodium Methoxypropanoate                                                  
                         126.08                                                
                              --    Solid --       --                          
     Trimethylamine (TMA)                                                      
                         59.11                                                 
                              0.662 .about.0.3                                 
                                          2.9      -117.2                      
     TMA.sup.. MOPA      163.21                                                
                              --    Solid --       --                          
     Spent Anion Regen. (TMA sol'n)                                            
                         --   1.003 0.92  --       --                          
     Spent Cation Regen. (recycled MOPA sol'n)                                 
                         --   1.043 --    --       --                          
     Anion Regen. (2.15N TMA)                                                  
                         --   0.963  1.86 --       --                          
     Mixed Spent Regenerants Recited                                           
                         --   1.020 --    --       --                          
     Recovery MOPA sol'n) (5.5N)                                               
                         --   1.139 8.4   --       --                          
     Cation Regenerant (2N MOPA)                                               
                         --   1.033 --    --       --                          
     Dimethylethanolamine                                                      
                         89.14                                                 
                              0.887 --    133.5    --                          
     .beta.-Lactic Acid  90.08                                                 
                              1.449 --    Decomposes                           
                                                   --                          
     Recovered MOPA sol'n (2.5N)                                               
                         --   1.056 --    --       --                          
     __________________________________________________________________________
PAR  A pilot plant as shown in FIG. 9 capable of processing 1,000 gallons per
      day of waste water was operated as follows. The ion-exchange system
      consisted of a series of cation-anion resin bed sets identified as the
      carousel fixed beds buffered system as disclosed in application Ser. No.
      476,835, entitled Buffered, Weak, Ion-Exchange Water Demineralization
      Process, filed June 6, 1974. The resins were CC-3 cation resins, IRA-68
      anion resins, N-methylmorpholine as buffer at 40% of theoretical cation
      capacity, trimethylamine (2N) as anion regenerant and
      .beta.-methoxypropionic acid (2N) as cation regenerant.
PAR  The resin columns are all 6 inches inside diameter, the cation resin
      columns are loaded to a 27-inch bed depth (fully regenerated) with 0.442
      cubic foot of CC-3 resin (54 g-eq theoretical capacity); the anion resins
      are loaded to a 54-inch bed depth (fully regenerated) with 0.884 cubic
      foot of IRA-68 resin (38.5 g-eq theoretical capacity). Eight columns were
      provided in five sets. The loading capacity of the lead anion resin column
      would be reached between 19 and about 29 hours with the system reducing
      500 ppm in NaCl feed to water containing below 2 ppm NaCl with the column
      loaded to a level of 40%. Highest purity water is achieved when the ion
      beds have been essentially 100% regenerated. The anion resin is completely
      regenerated by using a 2N trimethylamine solution containing a 35% excess
      of regenerant; excess beyond a stoichiometric amount of anion loaded on
      the resin. The recycled cation regenerant composition is considerably more
      complex. The composition used successfully for regeneration is: 2.5 N MOPA
      acid, 0.8N TMA-MOPA acid salt, 0.4N sodium chloride, and 0.15N of
      unidentified ionized chlorides or chlorinated compounds. When the sodium
      chloride concentration approaches 0.8N and the TMA-MOPA nears 1.7N, the
      regeneration efficiency drops below 100%, sodium removal and cation bed
      performance suffers. The data demonstrates that with the use of TMA and
      MOPA as the regenerants, dissociation approaching 80% are regularly
      obtained at evaporator temperatures of 250.degree.F. At current
      ion-exchange loadings of 35% of theory, the regenerant recovery load is
      0.1 gallon spent regenerant for every gallon of water at 1,000 ppm NaCl
      processed. By increasing the ion-exchange loading to 70%, this load will
      be reduced almost inversely to 0.05 gallons regenerant per gallon process
      water at 1,000 ppm NaCl. This reduction results since the wash water
      represents the bulk of the spent regenerant volume and remains essentially
      constant regardless of ion bed loading. In addition, the cation regenerant
      volume remains constant since less excess regenerant is required as
      loading increases.
PAR  It is to be realized that only preferred embodiments of the invention have
      been described, and that numerous substitutions, alterations and
      modifications are all permissible without departing from the spirit and
      scope of the invention as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of recovering and recycling spent ion-exchange regenerants
      comprising the steps of:
PA1  1. passing through a first, separate bed of spent, weakly-basic, anion
      exchange resin containing bound inorganic anion, X, a weak organic base
      anion regenerant, R.sub.a, to regenerate said resin and to form a first
      effluent stream containing spent anion regenerant of the formula, R.sub.a
      X;
PA1  2. passing through a second, separate bed of spent, weakly acidic cation
      exchange resin containing bound inorganic cation, M, a cation regenerant,
      R.sub.c, selected from organic complexing agents for the inorganic cation,
      M, and weakly acidic organic carboxylic acids to regenerate said resin and
      to form a second effluent stream containing spent cation regenerant of the
      formula, MR.sub.c ;
PAR  3. combining said first stream containing spent anion regenerant, R.sub.a
      X, with said second stream containing spent cation regenerant, MR.sub.c,
      to form a mixture containing a strongly dissociated, ionizable complex,
      R.sub.c R.sub.a, and reconstituted inorganic salt, MX;
PA1  4. dissociating the complex to free R.sub.c or R.sub.a regenerant;
PA1  5. separating one of the regenerants from the mixture and recycling it to
      one of said beds; and
PA1  6. separating the remaining regenerant from the mixture and recycling it to
      the other of said beds.
NUM  2.
PAR  2. A method according to claim 1 in which the first and second streams are
      combined in a manner to sotichiometrically adjust the amount of MR.sub.c
      combined with R.sub.a X such that MX is formed in the mixture.
NUM  3.
PAR  3. A method according to claim 1 further including the step of removing
      said salt from the mixture.
NUM  4.
PAR  4. A method according to claim 3 in which the concentration of the salt is
      increased until it precipitates from the mixture.
NUM  5.
PAR  5. A method according to claim 4 in which the concentration step is
      effected on the residue of the mixture after separation of one of said
      regenerants therefrom.
NUM  6.
PAR  6. A method according to claim 1 in which each of the streams contain at
      least 5% by weight of water.
NUM  7.
PAR  7. A method according to claim 6 further including the step of reducing the
      amount of water in at least one of said streams before they are combined.
NUM  8.
PAR  8. A method according to claim 6 further including the step of reducing the
      concentration of water in the mixture.
NUM  9.
PAR  9. A method according to claim 1 further including the step of adjusting
      the concentration of the separated regenerants before recycling them to
      regenerate spent ion-exchange resin beds.
NUM  10.
PAR  10. A method according to claim 1 in which the recycled regenerant is
      provided in at least a 30% stoichiometric excess with respect to ion
      loading of the ion-exchange resin bed.
NUM  11.
PAR  11. A method according to claim 10 in which said excess is from 50-200%.
NUM  12.
PAR  12. A method according to claim 1 in which the pK of the regenerants is
      between 5 and 7.
NUM  13.
PAR  13. A method according to claim 12 in which the anion regenerant is a weak
      organic base having a pK magnitude at least 2 more basic than the anion
      resin.
NUM  14.
PAR  14. A method according to claim 13 in which the anion regenerant is an
      amine having a molecular weight below 500.
NUM  15.
PAR  15. A method according to claim 14 in which the amine regenerant is
      selected from compounds of the formula:
      ##EQU5##
      where R.sub.1, R.sub.2 and R.sub.3 are selected from hydrogen, alkyl,
      alkynyl, alkenyl, aryl, alkaryl, aralkyl, alkoxy and may be substituted
      with hereto atoms or groups such as hydroxyl, ether, halogen, cyano; or
      R.sub.2 and R.sub.3 may be linked to form a cycloaliphatic structure.
NUM  16.
PAR  16. A method according to claim 15 in which the amine is selected from the
      group consisting of N,N-dimethylethylamine, trimethylamine, dimethylamine,
      pyridine, N-methylmorpholine, N,N-dimethyl-2-methoxyethyl amine,
      isopropanol amine, tri-n-octyl amine, tri-n-decyl amine,
      N,N-diethylmethylamine, triethylamine and dimethylethanol amine.
NUM  17.
PAR  17. A method according to claim 1 in which said inorganic cation complexing
      agents form organic soluble chelates and are selective toward the metal M.
NUM  18.
PAR  18. A method according to claim 17 in which the chelates are selected from
      diketones, esters, amides, nitrocompounds, amines, amine acids, hydroxyl
      compounds and combinations thereof capable of enol formation and
      complexation with metal ions to form chelates.
NUM  19.
PAR  19. A method according to claim 18 in which the chelates are selected from
      nitrodiphenylamines and .beta.-diketones having a single exchangeable
      hydrogen.
NUM  20.
PAR  20. A method according to claim 19 in which the chelate is
      2-acetylcyclohexanone.
NUM  21.
PAR  21. A method according to claim 3 in which separation is accomplished by
      distilling one of said regenerants from the mixture and one of said
      regenerants is substantially more volatile than the other.
NUM  22.
PAR  22. A method according to claim 21 in which the boiling point of the more
      volatile regenerant is at least 10.degree.F less than the other
      regenerant.
NUM  23.
PAR  23. A method according to claim 22 in which the more volatile regenerant is
      an amine anion resin regenerant and at least 80% of the amine is separated
      and recovered.
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ABST
PAL  The adherence of oil to siliceous material, such as beach sand, is reduced
      by contacting the material with a blend of a primary long chain alcohol
      and an aliphatic solvent either before or after the oil contacts the
      siliceous material.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 15,952,
      filed Mar. 2, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many of the beaches of the world have been despoiled in recent years by oil
      spills. Oil tankers wrecked at sea and discharge of bilge water by ships
      at sea have accounted for large quantities of oil which has eventually
      washed onto beaches. Not only have such beaches suffered a considerable
      aesthetic loss, but also marine life and water fowl in the vicinity of the
      beaches have been eradicated. As a result, considerable efforts by many
      parties have been devoted to developing various means not only to prevent
      oil from contacting such beaches, but also to clean such beaches after
      they have been contacted by oil. Such efforts have to date been very
      expensive and only modestly successful.
PAR  One of the more usual methods of protecting beaches is through the use of
      straw. The straw is spread at the waters edge in order to catch incoming
      oil slicks. Once the straw has been soaked with oil it must be immediately
      retrieved or it will sink, making retrieval difficult. At best, the straw
      is highly inefficient and much oil passes through it and soaks into the
      beach sand. The oil soaked sand must then be picked up and taken to waste
      disposal and fresh clean sand deposited in its place. As evident, the use
      of straw alone is not entirely satisfactory for several reasons.
PAR  The present invention overcomes the above described difficulties and
      provides a successful solution to the problems of the prior art, as will
      be apparent from the following description thereof.
PAC  SUMMARY OF THE INVENTION
PAR  The primary purpose of this invention resides in providing a method for the
      control of oil spills which can be employed to prevent such spills from
      contaminating beaches and shore lines.
PAR  The above purpose has been achieved through the utilization of a surface
      active chemical agent which reduces the adherence of oil to siliceous
      material such as beach sand.
PAR  The method of this invention broadly extends to reducing the adherence of
      oil to siliceous material by contacting the material with a blend of a
      primary long chain aliphatic alcohol and an aliphatic solvent.
PAR  Within the framework of the above described process, the present invention
      not only solves the above mentioned problems of the prior art, but also
      achieves further significant advantages as will be apparent from the
      description of preferred embodiments following.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The method of the present invention is largely independent of
      inconveniences inherent in most existing means for cleaning beach sands or
      other siliceous materials. Not only is the present method effective under
      inclement weather conditions, but it also is highly mobile and even air
      transportable. Generally, the method involves distributing surface active
      chemicals either at the waters edge so as to be washed onto the beach sand
      or directly onto the sand. Either way, the method serves to keep the beach
      sand or other siliceous material from becoming impregnated with oil so
      that the oil may then be picked up rather easily by sorbents for example.
PAR  The surface active chemical may be distributed onto the sand or siliceous
      material either before or after contact of the sand or siliceous material
      with oil. If distributed before oil contact, the chemical serves to keep
      the sand or other material from becoming oil impregnated. Thus, the oil
      stands in drops or puddles on the treated sand or other material which is
      water wet and does not spread or soak thereinto. If distributed after oil
      contact, the chemical serves to clean the sand or other material by
      eluting the oil therefrom by a displacement action.
PAR  The surface active chemical preferred for use with the invention is a
      non-toxic blend of a primary essentially straight long chain aliphatic
      alcohol having some branching of less than 5% and having the formula R--OH
      where R is preferably a straight-chain alkyl or alkenyl radical of from 10
      to 20 and preferably 12 to 15 carbon atoms, the alcohol being dispersed in
      a polar aliphatic solvent containing at least one hydroxyl, ether, ester,
      keto, keto-alcohol, keto-ether, keto-ester, or ether-alcohol group in the
      molecule, the alcohol being dispersable in concentrations of from 10 to
      85% by weight or greater, in the solvent. The solvent increases the rapid
      spreading of the aliphatic alcohol on the water surface and prevents
      solidification of the alcohol-solvent blend at temperatures below
      50.degree.F.
PAR  Primary long chain aliphatic alcohols useful for forming oil slick
      combating blends of the present invention should contain at least 10
      carbon atoms in the molecule, preferably between 12 and 15 carbon atoms,
      and are commercially available from the Shell Chemical Company under the
      trade name of Neodol, such as Neodol 23, 25, and 45 wherein the figures
      indicate the number of carbon atoms in the alkyl radical; thus, Neodol is
      essentially a straight-chain primary aliphatic alcohol R--OH wherein R can
      be a C.sub.12-13, C.sub.12-15, or C.sub.14-15 alkyl radical, respectively.
      The properties of such alcohols are shown in Table 1.
TBL                TABLE 1                                                     
     ______________________________________                                    
                  NEODOLS                                                      
     PROPERTY       25        23        45                                     
     ______________________________________                                    
     Molecular Weight                                                          
                    207       197       221                                    
     Active Content, %W                                                        
                    100       100       100                                    
     Melting Range, .degree.C.                                                 
                    21-23     21-22     22-23                                  
     Color, APHA    20        20        20                                     
     Sp. Gravity, 25/25.degree.C.                                              
                    0.834     0.830     0.834                                  
     Viscosity,                                                                
     cs at 100.degree.F.                                                       
                    18.3      18.9      29.3                                   
     Acid Value, eg/100g                                                       
                    &lt;0.0001   &lt;0.0001   &lt;0.0001                                
     Carbonyl Value,                                                           
     ppm as CO      80        80        70                                     
     Hydroxyl Value,                                                           
     eg/100g        0.483     0.517     0.458                                  
     Hydroxyl Number,                                                          
     mgKOH/g        271       288       256                                    
     Flash Point, .degree.F*                                                   
                    310       310       310                                    
     Odor           Mild      Mild      Mild                                   
     ______________________________________                                    
      *Tag Open Cup                                                            
PAR  Aliphatic solvents particularly preferred are the mono- and di-ethers or
      corresponding esters of alkylene glycol wherein the alkylene radical is
      ethylene and/or propylene and wherein such compounds can be represented by
      formulas:
EQU  (1) R'--(OR")n--OH
EQU  (2) R'--(OR")n--OR'
EQU  (3) R'COOR"-- OH
EQU  (4) R'COO(R" -- O).sub.n OH
EQU  (5) R'COOR" -- OOCR'
EQU  (6) R'COO(R"O).sub.n R'OOCR'
PAL  wherein R' is an alkyl radical of from 4 to 20 carbon atoms, R" i an
      alkylene radical of 2 or 3 carbon atoms, e.g., ethylene, and n is an
      integer of 1 or 2; preferred are the mono C.sub.4-10 alkyl ethers of
      ethylene and/or propylene glycol such as monobutyl ether of ethylene
      glycol, mono- pentyl ether of ethylene glycol, mono octyl ether of
      ethylene glycol, mono butyl ether of propylene glycol. Solvents of this
      invention can be prepared by methods well known in the art as described in
      U.S. Pat. Nos. 2,816,932; 2,870,220; 2,998,572; 3,281,477; 3,282,843;
      3,294,848; 3,321,533; and 3,431,308. Preferred solvents are the mono- and
      di- butyl ethers of ethylene glycol commercially available from Shell
      Chemical Company under the trade name Butyl Oxitol and Butyl Dioxitol
      which have the following properties. (See Table 2).
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                                       Specific Gravity                        
                                                 Boiling Pt.                   
                                                         Vapor Pressure at     
              Chemical Formula                                                 
                             Molecular Weight                                  
                                       20/20.degree.C.                         
                                                 760 mm. Hg.                   
                                                         20.degree.C. mm.      
     __________________________________________________________________________
                                                         Hg.                   
     Butyl OXITOL                                                              
              C.sub.4 H.sub.9 O CH.sub.2 CH.sub.2 OH                           
                             118.17    0.9019    171.2   0.6                   
     Butyl DIOXITOL                                                            
              C.sub.4 H.sub.9 CH.sub.2 CH.sub.2 O CH.sub.2 CH.sub.2            
                             162.23    0.9536    230.4   0.02                  
                                               Solubility with water gms/      
              Refractive Index 20 D                                            
                           Latent Heal of Vaporization cal/gm.                 
                                               100gms. of Solution at          
                                               20.degree.C                     
                                               Compound in water               
                                                         Water in Compound     
     Butyl OXITOL                                                              
              1.4193       95                  Complete  Complete              
     Butyl DIOXITOL                                                            
              1.4316       62                  Complete  Complete              
              Coefficient of Expansion                                         
                            Specific Heat                                      
                                       Flash Point                             
              per .degree.C., at 20.degree.C.                                  
                            at 20.degree.C., cal/gm.                           
                                       .degree.F .+-. Tag Open Cup             
     Butyl OXITOL                                                              
              0.00092       0.583      165                                     
     Butyl DIOXITOL                                                            
              0.00085       0.546      240                                     
              VISCOSITIES               EVAPORATION RATES                      
              R.S. 1/2" NC at                                                  
                         Neat at 25.degree.C                                   
                                        Relative n-BUOAC                       
                                                  Shell Thin Film              
                                                  Evaporometer                 
              25.degree.C (Centipoises)                                        
                         Comm. Prod. (Centipoises)                             
                                        = 1.0     to 90% Evap. in Sec.         
     Butyl OXITOL                                                              
              107        2.9            0.06      8,125                        
     Butyl DIOXITOL                                                            
              215        5.3            0.01      --                           
              DILUTION RATIO                                                   
              Toluene                                                          
                   Aliphatic Naphtha                                           
     Butyl OXITOL                                                              
              3.3  1.8                                                         
     Butyl DIOXITOL                                                            
              3.9  1.9                                                         
     __________________________________________________________________________
PAR  The alcohols and solvents of the present invention may be blended to
      control surface tension spreading properties and melting ranges in order
      to achieve greatest effective oil elution. In general, the alcohol should
      constitute the major portion, e.g. 50 to 60% by weight, of the
      composition. Suitable blends are shown in Table 3 below.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     Properties of Neodol Blends                                               
         Test           Butyl                                                  
                             Surface                                           
                                  Pour                                         
                                      Specific                                 
     Blend                                                                     
         Temp.,                                                                
             Neodol 25, Oxitol,                                                
                             Tension,                                          
                                  Point,                                       
                                      Gravity at                               
     No. .degree.F.                                                            
             %v         %v   dyne/cm                                           
                                  .degree.F.                                   
                                      77.degree.F. gm/ml                       
     __________________________________________________________________________
     A   80  100         0   32.3 71  0.834                                    
     B   80  90         10   28.9 54  0.844                                    
     C   80  80         20   28.8 48  0.849                                    
     D   80  70         30   28.5 42  0.855                                    
     E   80  60         40   28.5 36  0.860                                    
     F   80  50         50   28.1 31  0.867                                    
             Isopropyl Alcohol                                                 
             %v                                                                
     G   88  100         0   32.3 70  0.834                                    
     H   88  85         15   29.7 42  0.826                                    
     I   88  80          15* 27.6 49  0.829                                    
     J       95          5        56                                           
     K       90         10        46                                           
     __________________________________________________________________________
       *80%v Neodol 25; 15%v Isopropyl Alcohol; 5%v Neodol 25-3                
DETD
PAC  EXAMPLE I
PAR  A beach area exposed to a threat of oil intrusion was simulated in the
      laboratory. Neodol 25 (60%v), Butyl Oxitol (40%v) blend (Blend E, Table
      3,) was added to sea water off an artificial beach area. Artificial waves
      exposed the beach area to the Neodol layer. Shallow Yates crude was added
      to the sea water off the beach area and was subsequently washed ashore by
      waves and currents. The oil did not wet the sand to the depth and the area
      covered by oil was less than for a similar beach exposed to Shallow Yates
      crude when no Neodol was present ashore. Wetting the beach with Neodol
      lessened the damage due to oil wetting.
PAC  EXAMPLE II
PAR  Example I was repeated with the following variations: (a) the sand was
      prewet with water, Blend E was applied thereto, and finally the sand was
      contacted with oil; (b) Blend E was applied to dry sand, and then the sand
      was contacted with oil; (c) the sand was soaked with oil, Blend E was
      applied thereto, and last the sand was contacted with water; (d) the sand
      was prewet with water, then oil soaked, and finally Blend E applied
      thereto. In each variation the surface active chemical substantially
      reduced the adherence of the oil to the sand.
PAR  As above mentioned, once the sand, other siliceous material, or the like,
      has been treated with surface active chemical and the oil is restricted to
      droplets or puddles at the surface of the waterwetted sand or other
      material, the oil may be recovered by conventional means, for example
      sorbents. A roller having a polyurethane foam facing which may be rolled
      down the beach or other area and periodically cleaned or have its foam
      facing replaced, is especially suitable for picking up the oil. Of course,
      other polymers known to the art as well as cork, rubber, straw and the
      like, may be employed with this or other suitable known apparatus.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method for reducing the adherence of oil to siliceous material
      comprising contacting the material with a blend of a primary long chain
      aliphatic alcohol having from 10 to 20 carbon atoms with a
      polar-containing aliphatic solvent.
NUM  2.
PAR  2. The method of claim 1 wherein the alcohol is a C.sub.12-15 primary
      aliphatic alcohol having less than 5% branching and the solvent is
      selected from a group consisting of ether and ester derivatives of an
      alkylene glycol.
NUM  3.
PAR  3. The method of claim 1 wherein the alcohol is a C.sub.12-13 primary
      aliphatic alcohol having less than 5% branching and the solvent is
      selected from a group consisting of ether and ester derivatives of an
      alkylene glycol.
NUM  4.
PAR  4. The method of claim 1 wherein the alcohol is a C.sub.14-15 primary
      aliphatic alcohol having less than 5% branching and the solvent is
      selected from the group consisting of ether and ester derivatives of
      alkylene glycol.
NUM  5.
PAR  5. The method of claim 1 wherein the solvent is a mono C.sub.4-10 alkyl
      ether of ethylene glycol.
NUM  6.
PAR  6. The method of claim 1 wherein the solvent is a mono butyl ether of
      ethylene glycol.
NUM  7.
PAR  7. The method of claim 1 wherein the alcohol consists of from 50 to 60
      percent of the blend and the balance is mono butyl ether of ethylene
      glycol.
NUM  8.
PAR  8. The method of claim 1 wherein the siliceous material is sand.
NUM  9.
PAR  9. The method of claim 1 wherein the siliceous material is contacted with
      the blend before being contacted with oil.
NUM  10.
PAR  10. The method of claim 1 wherein the siliceous material is contacted with
      the blend after being contacted with oil.
NUM  11.
PAR  11. The method of claim 1 including recovering the oil with sorbents.
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ABST
PAL  A flocculator for use in water treatment plants which comprises a paddle
      wheel disposed in a sedimentation basin. The wheel is defined by a
      plurality of equally spaced semicylindrical paddles which at all times are
      fully submerged in the water and which are constructed of a relatively
      thin sheet material that is undulated in a direction perpendicular to the
      length of the paddles. The paddles extend across the full width of the
      basin and they are secured to rotatably mounted hubs. The water flow in
      the basin provides the sole source of motive power for rotating the wheel.
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PAC  BACKGROUND OF THE INVENTION
PAR  Water treatment plants generally process raw water, which includes
      particulate impurities, into potable water. In this process chemicals are
      introduced into the raw water for killing harmful bacteria and for an
      initial removal of particulate impurities suspended in the water. The
      chemicals and the water are mixed and the mixture is then passed via a
      flocculator to a sedimentation basin. In the sedimentation basin the water
      flows evenly and slowly and remains for a sufficient time so that
      particulate impurities entrapped in coagulated flocs can settle to the
      floor of the basin for subsequent removal. From the sedimentation basin
      the water passes to the water filters and hence to a suitable potable
      water storage for introduction in the water distribution system.
PAR  A major part of impurities in the raw water is removed in the sedimentation
      basin. This removal is performed by introducing a chemical, such as
      aluminum sulphate which coagulates into particles around particulate
      impurities. The particles are of such small size that they remain
      suspended in the water. To effectively settle them they must be combined
      into larger flocs which is accomplished by bringing as many particles as
      possible into contact.
PAR  It is conventional to provide flocculators which agitate the water as it
      enters the sedimentation basin. This agitation causes turbulence and an
      intimate mixing and brings particles into mutual contact so that flocs are
      formed. It is known that increased agitation enhances the formation of
      larger flocs which in turn shortens the required time to settle them in
      the basin. A shorter sedimentation time, in turn, makes it possible to
      shorten the length of the settlement basin and thus lowers the costs for
      the water treatment plant.
PAR  It is also known, however, that the increase in agitation is limited since
      the higher relative water speeds have a tendency to tear apart or separate
      the flocs into smaller agglomeration of particles. Thus, there is an
      optimal point in the operation of prior art flocculators which limits the
      maximum floc size that is attainable. Repeated attempts have been made to
      decrease the sedimentation times by increasing the floc density. However,
      an increase in the floc size, if it can be attained, would be more
      desirable since the sedimentation rate increases at a faster rate with an
      increase in the particle size.
PAR  A further and very costly drawback of prior art flocculators is their
      relatively large power consumption. The flocculators normally comprise
      rotatable hubs from which radial arms extend. Paddles made from wire mesh,
      flat boards or the like are mounted to the ends of the arms. To obtain the
      required water agitation the flocculators are power driven. Their
      relatively large size and their substantial water resistance consumes
      large amounts of energy. To reduce the energy consumption the effective
      flocculator areas opposing the water flow and causing the water agitation,
      such as the wires in the wire mesh or the boards, represent a relatively
      small proportion of the water flow cross section. Although in the past
      this was not thought to be significant, such a construction of the
      flocculators in fact reduces the flocculation effect as will be pointed
      out more fully hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a flocculator which enables the formation of
      relatively large coagulant flocs while the need for any exterior power
      input to drive the flocculator is eliminated. The formation of such large
      flocs is possible by eliminating water agitation as the primary tool
      enhancing the formation of the flocs. Instead, the present invention
      relies heavily on gently flowing the raw water over large surfaces of the
      flocculator while water agitation is of only secondary importance.
      Furthermore, the need for an external power drive for the flocculator is
      eliminated by forming the surfaces into elongate cups or troughs which
      face the water flow in the basin and which are rotatable about an axis
      transverse to the water flow. The water flow thus is the sole source for
      motive power of the flocculator. Energy that was heretofore consumed in
      driving prior art flocculators is saved, thereby substantially reducing
      the operating costs of water treatment plants.
PAR  In its broadest aspects the present invention contemplates a flocculator
      for placement in a sedimentation basin which is defined by a hub that is
      rotatable about an axis extending transversely to the water flow. A
      plurality of equally spaced trough-shaped paddles is mounted to the hub
      for rotation therewith. The paddles are completely submerged and defined
      by relatively thin, undulated sheet members such as semi-circular sections
      of corrugated culvert pipe to enhance the strength and rigidity of the
      paddles and maximize the paddle surface. This surface maximization results
      from the added surface areas obtained from the semi-cylindrical paddle
      configurations and from the paddle undulations. This in turn increases the
      ultimate floc size, apparently because an increase in the total surface
      area of the paddle enhances the contacts between coagulant particles
      suspended in the raw water. Thus, the increase in floc size is not
      dependent on an increase in the water agitation and heretofore encountered
      limitations in the attainable floc size are eliminated. Additionally, the
      flocculator wheel rotates slowly with the water flow and thus causes only
      gentle water agitation which aids the formation of flocs without the
      danger of tearing apart already formed flocs.
PAR  In a preferred embodiment of the invention the paddles are oriented so that
      each trough faces upstream when it is adjacent the floor of the basin.
      This slightly increases the water speed in the space between the outermost
      edge of such paddle and the basin floor and helps prevent the accumulation
      of flocs, commonly referred to as sludge, in the space immediately beneath
      the flocculator. Furthermore, the projected width of the paddles, that is
      their width projected onto a plane aligned with the axis of rotation, is
      between about one-third to about one-fourth of the total water depth. This
      avoids an excessive obstruction of the water path past the flocculator.
      The flocculator includes at least four equally spaced, trough-shaped
      paddles so that water flowing unobstructed through the space between the
      paddles contacts at least partially the other paddle pair.
PAR  In another form of the invention the flocculator wheel can be installed in
      vertical water conduits where the water raises or falls instead of
      travelling horizontally. The operation of the flocculator, however,
      remains the same.
PAR  The trough-shaped configuration of the paddles and their transverse
      orientation to the water flow causes a rotation of the flocculator wheel
      by virtue of the water flow past it. The flocculator acts much like a
      water wheel and does not require an exterior power source.
PAR  Thus, the present invention increases the efficiency of the flocculator in
      terms of its intended function of aiding the formation of relatively large
      flocs while it eliminates the heretofore necessary exterior power drive.
      Consequently, the present invention enables the construction or shorter
      sedimentation tanks and eliminates the heretofore necessary expenditures
      for the power drive equipment and its energy consumption. Accordingly, the
      preent invention affords great cost savings as compared to the prior art.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic, side elevational view of the flocculation and
      sedimentation basin employed in a water treatment plant;
PAR  FIG. 2 is an enlarged front elevational view of a flocculator wheel
      constructed in accordance with the present invention; and
PAR  FIG. 3 is a side elevational view of the flocculator wheel illustrated in
      FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, the portions of a water treatment plant 2
      relevant to this invention are schematically illustrated. Raw water 4 is
      supplied through an intake pipe 6 to a flash mixer 8 which mixes the raw
      water with chemicals supplied by feeder tubes 10. The resulting mixture
      enters a sedimentation tank 12 which may have a length of several hundred
      feet at an upstream end 14 of the tank. As is more fully described
      hereinafter the tank has a substantial width and depth so that the mixture
      flows at a slow and even speed toward a downstream or discharge end 16 of
      the tank. A flocculator 18 is disposed adjacent the upstream end and aids
      the formation of relatively large flocs that settle to a floor 20 of the
      tank and there form a sludge that is removed through a suitable sludge
      drain 22 and a cross collector 24. A sludge scraper 26 is normally
      provided which can reciprocate over the length of the sedimentation tank
      to move the sludge to the removal points. From the downstream end of the
      tank the water flows via suitable conduits 28 to water treatment filters
      30, a treated water storage tank 32 in which potable water 34 is stored
      for later introduction into a water distribution system 36.
PAR  In operation raw water is continuously sent to mixer 8 and admixed with a
      coagulant, such as aluminum sulphate, and other chemicals supplied through
      feeder pipes 10. The coagulant forms a gelatinous substance which causes
      impurities suspended in the raw water to bind together into small
      particles. When the water enters sedimentation tank 12 at upstream end 14
      it first contacts flocculator 18 which facilitates this binding together
      of particles into flocs of a sufficiently large size so that they will
      settle as sludge on the floor 20 of the tank before the water exits at
      downstream end 16. The present invention is particularly concerned with
      the construction and operation of the flocculator to increase the ultimate
      size of the flocs.
PAR  Referring now to FIGS. 2 and 3, the flocculator of the present invention
      broadly comprises a flocculator wheel 38 defined by an elongate hub 40 and
      a plurality of arms 42 that extend generally radially away from the hub in
      opposite directions. Paddles 44 are mounted to the arms. The hub extends
      across the width of the sedimentation tank substantially perpendicular to
      the flow of water therethrough and is mounted to bearings 46 supported by
      upright pillars 48. The flocculator wheel and the hub are rotatable about
      an axis 50 that extends perpendicular to the water flow across the width
      of the tank by journalling the hub in bearings 46 or by providing a fixed
      shaft about which the hub is rotatable. The number of pillars is
      determined by the construction of the hub and the tank width and is
      selected in accordance with well-known engineering principles. For
      relatively wide sedimentation tanks it is normally desired to provide
      intermediate support pillars at the center of the tank, for example. In
      such a case separate flocculator wheels are provided on each side of the
      central pillars and the paddles have a length slightly less than the
      spacing between the adjacent support pillars. For relatively narrow
      sedimentation tanks a single, continuous flocculator wheel in which the
      paddles 44 extend substantially across the full width of the tank is
      frequently more economical.
PAR  Each paddle is defined by a relatively thin sheet 52 that has a curved,
      semi-cylindrical configuration and that defines a concave trough 54 and a
      convex back 56. For the purposes of this specification and the claims the
      term "semi-cylindriccal configuration" includes any curved configuration,
      whether or not the curvature is circularly arcuate, which extends over an
      arc of no more than approximately 180.degree.. The sheet member of the
      paddle includes a multiplicity of undulations 58 which alternatingly
      define peaks 60 and valleys 62 that extend over the width of the paddle
      perpendicular to the paddle length and generally parallel to the water
      flow direction. In the preferred embodiment of the invention the sheet
      member is defined by a half section of a conventional culvert pipe of the
      appropriate diameter.
PAR  The transverse undulations of the paddle serve a double purpose. First,
      they increase the surface area of the paddle and secondly they enhance its
      rigidity. Flocculator wheel arms 42 are conventionally secured to the
      sheet member by welding or riveting or with removable fasteners such as
      threaded bolts. The ends of the trough of each paddle may be left open, as
      illustrated in the righthand portion of FIG. 2, or they may be closed with
      end plates 64 as is illustrated in the lefthand portion of FIG. 2. The
      open troughs are more economical to construct and more suitable for
      applications in which the water in the sedimentation tank flows at an
      intermediate or relatively high speed. The closed construction, on the
      other hand, is more suitable for applications in which the water in the
      tank flows at a relatively low speed since this construction enhances the
      motive power transferred from the flowing water to the paddle for rotation
      of the flocculator wheel as is more fully described hereinafter.
PAR  In the preferred embodiment of the invention the flocculator wheel 38 is
      fitted with four equally spaced paddles 44 defining two opposing paddle
      pairs. The troughs 54 of all paddles face in the same direction of
      rotation of the flocculator wheel and for applications in which the water
      flow is horizontal, as is normal, the paddles are oriented so that when a
      paddle is at its lowermost position adjacent the tank floor 20 its trough
      54 faces in an upstream direction. Thus, in operation the paddle adjacent
      the floor rotates in the same direction as the water flow. This, together
      with a slight increase of the water speed in the space 66 between the tank
      floor 20 and the paddle facilitates the constant removal of sludge from
      beneath the flocculator wheel and thus forestalls the possibility of a
      sludge accumulation which might impede the operation of the flocculator.
PAR  Although it is desired to maximize the surface area for contact between the
      water flow past the flocculator wheel and the paddle, care must be taken
      that the water flow is not impeded. Consequently, the paddle width, as
      projected onto a plane passing through the rotation axis 50 should not
      exceed approximately one-third of the water depth in the tank and
      preferably that width is between about one-fourth to one-third of the
      depth. There remains, therefore, a free central water flow area 68 between
      the paddles that is between one-third to one-half the full water depth.
      Although the water flowing through that space is not contacted by the
      adjacent paddles disposed above and below (when the flocculator wheel is
      in the position illustrated in FIGS. 2 and 3, for example) it does flow
      past the paddles in the second set which are disposed upstream and
      downstream of the axis of rotation. Consequently, at least a part of the
      water flowing through the free space will contact either the trough or
      convex back of such paddles to further enhance the formation of large
      flocs.
PAR  In operation the flocculator wheel 38 of the present invention performs a
      dual function. First, it presents a paddle surface area over which the
      incoming water must flow which is substantially greater than the
      "projected paddle surface" due to the semi-cylindrical configuration of
      the paddle and the surface enlarging undulations. The ultimate floc size
      appears to increase with the total surface area over which the water must
      flow. From this it can be deduced that the larger surface area has a
      direct relation to the increase in the floc size. Additionally, the
      undulations strengthen the paddle and render it more rigid so that a
      lesser number of connecting arms 42 is required.
PAR  The second function of the flocculator wheel is that by virtue of the
      uniformly oriented troughs 54 of paddles 44 the wheel acts as a water
      wheel that is powered by the water flow and rotates at a speed roughly
      equal to the speed of the water flow. This rotation is obtained without
      any external power supply. Consequently, all rotating parts of the wheel
      can be disposed within the confines of the sedimentation tank 12 and the
      body of water therein without any need to have parts protruding therefrom
      for connection to a suitable power drive. This simplifies the construction
      and reduces installation and operating costs.
PAR  The slow rotation of the flocculator wheel virtually assures that every
      water flow laminate contacts a paddle surface since in projection, as best
      seen in FIG. 3, there is substantially no water laminate which could pass
      the wheel without contacting one of the paddles and further since the
      rotation of the paddles continuously cuts across the water flow laminates.
      In addition, the rotating flocculator wheel provides the added advantage
      that it causes gentle water agitation which, as above summarized, enhances
      the formation of flocs. However, the wheel rotates at a very low rate
      since the floc formation due to water agitation is of only secondary
      importance so that there is no danger of tearing apart already formed
      flocs.
PAR  After the formation of the flocs they pass with the water flow to the
      sedimentation zone of the tank. The large floc sizes, as compared to the
      prior art, increase the rate with which the flocs settle on tank floor 20.
      Consequently, the stay time of the water in the tank can be reduced and,
      for a given water speed, the tank length can be shortened as compared to
      prior art tanks.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method for processing raw water into potable water which includes
      the steps of forming a mixture by adding to the raw water a coagulating
      chemical, mixing the raw water with the chemical, forming flocs defined by
      a plurality of individual coagulated particles in a sedimentation basin
      holding the mixture, and separating the floc from the raw water by
      permitting the floc to settle in the basin, the improvement comprising the
      step of mechanically enhancing the formation of flocs by flowing the
      mixture through the basin in a downstream direction, placing a flocculator
      wheel in the mixture flow, the wheel having a plurality of cup-shaped,
      interconnected plate means, submerging the plate means in the mixture
      flow, and rotating the wheel about its axis by employing the mixture flow
      in the basin as the sole source of motive power for the wheel.
NUM  2.
PAR  2. A method according to claim 1 wherein the plate means are disposed
      transversely to the water flow, and including the steps of rotating the
      plate means in the vicinity of a basin floor in the direction of the water
      flow.
NUM  3.
PAR  3. A method of operating a flocculator in a water works settlement tank
      comprising the steps of flowing water in a generally horizontal direction
      through the tank and retaining the water for a sufficient time in the tank
      to permit coagulated floc particles to settle in the tank, providing a
      flocculator wheel having a plurality of generally cup-shaped paddles
      arranged about a rotatably mounted hub, submerging the wheel in the water
      in the settlement tank so that the cup-shaped paddles are arranged
      transversely to the direction of the water flow through the tank, and
      rotating the wheel with motive power derived solely from the water flow in
      the tanks.
NUM  4.
PAR  4. A method according to claim 3 including the step of guiding water
      contacting the paddles generally parallel to the direction of the water
      flow.
NUM  5.
PAR  5. In a water works sedimentation basin through which raw water treated
      with a coagulant flows at a relatively constant speed a flocculator
      comprising a wheel defined by a hub, a plurality of paddles submerged in
      this water disposed about and connected to the hub, each paddle comprising
      a curved sheet member having an elongate configuration and defining a
      trough, the troughs of all paddles facing in the same direction of
      rotation of the hub, the troughs extending over substantially the full
      width of the basin, and means rotatably mounting the wheel and positioning
      it within the basin so that the water flow therein rotates the wheel,
      whereby the water flow in the basin is diverted over relatively moving
      surfaces to enhance the coagulation process without the need for an
      external power supply to rotate the wheel.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein ends of the troughs defined by
      the sheet members are open.
NUM  7.
PAR  7. Apparatus according to claim 5 including means closing ends of the
      troughs defined by the sheet members.
NUM  8.
PAR  8. Apparatus according to claim 5 wherein the members are positioned so
      that the troughs face in an upstream direction when they are disposed
      adjacent a floor of the basin.
NUM  9.
PAR  9. Apparatus according to claim 5 wherein the sheet member includes
      undulations oriented substantially perpendicular with respect to the
      length of the trough.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein the sheet member prescribes an
      arc of no more than 180.degree..
NUM  11.
PAR  11. Apparatus according to claim 5 wherein the basin has a predetermined
      water depth, and wherein a projected width of each paddle is no more than
      about one-third the water depth.
NUM  12.
PAR  12. Apparatus according to claim 11 wherein the projected width is between
      about one-fourth to about one-third the water depth.
NUM  13.
PAR  13. Apparatus according to claim 12 wherein the wheel includes at least one
      pair of opposite paddles disposed at 180.degree. spaced-apart points on
      the hub.
NUM  14.
PAR  14. In a water treatment plant for converting raw water into potable water
      a flocculation and sedimentation basin through which chemically treated
      water flows in a downstream direction and means for facilitating the
      formation of relatively large flocs from relatively small coagulants and
      particles suspended in the water for the subsequent sedimentation of such
      flocs and their removal from the raw water, the means comprising an
      elongated flocculator wheel substantially completely submerged in the
      water flow adjacent an upstream end of the basin and extending across the
      width of the basin, the wheel having a hub, means mounting the hub for
      rotation about an axis extending across the width of the basin, at least
      two equally spaced paddles completely submerged in the water and means
      connecting the paddles to the hub, each paddle being defined by a
      relatively thin plate having a semi-cylindrical configuration defining a
      concave trough and a convex back, the troughs of the paddles facing in the
      same direction of rotation of the hub, the plate including a multiplicity
      of undulations extending transversely to the length of the trough, the
      plate further having a projected width which is at least about one-fourth
      the water depth in the basin, whereby the water flow in the basin rotates
      the flocculator wheel about the axis at a speed comparable to the water
      speed while coagulants in the water impinge on and are guided by the
      undulations of the plates which enhances the formation of the relatively
      large flocs and thereby shortens the time within which such flocs settle
      in the basin.
NUM  15.
PAR  15. Apparatus according to claim 14 including a plurality of axially spaced
      paddles which together substantially span the width of the basin, and
      including means between the paddles for rotatably mounting the hub.
NUM  16.
PAR  16. Apparatus according to claim 14 wherein the basin includes a
      substantially horizontal floor, and wherein the paddles are mounted so
      that each trough faces in an upstream direction when it is adjacent the
      floor.
NUM  17.
PAR  17. Apparatus according to claim 14 wherein the sheet member comprises a
      semi-circular section of a culvert pipe.
NUM  18.
PAR  18. Apparatus according to claim 14 wherein the hub mounting means includes
      journal bearings that mount the hub for free rotation in the bearings, and
      wherein all parts movable with the flocculator wheel are disposed within
      the confines of the basin and the body of water disposed therein.
NUM  19.
PAR  19. In a water treatment plant including a flocculation and sedimentation
      basin receiving raw water treated with a coagulating chemical, a
      flocculator comprising at least two equally spaced paddles and means
      mounting the paddles for rotation about an axis transverse to the water
      flow in the basin, parts movable with the paddles being wholly disposed
      within the basin, each paddle being fully submerged in the water and
      having a width of at least about one-fourth the water depth in the basin
      and an enlarged surface area defined by a semi-cylindrical paddle
      configuration and a multiplicity of undulations in the paddle, concave
      sides of the paddles facing in a like direction of rotation of the
      flocculator so that the flocculator acts as a water wheel and receives its
      sole source of motive power from the water flow.
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ABST
PAL  Wastewaters heavily laden with organic compounds and containing viruses and
      other microbiological flora are sterilized and maintained sterile for
      prolonged periods of time by the addition of a base, such as lime, and a
      quaternary compound, preferably cetyl pyridinium chloride, in amounts to
      maintain the pH of the wastewaters at about 9-11, or higher, and with
      sufficient quaternary compound for suspended solids present. This prevents
      the formation of methane gases, which are tentative hazards in that they
      are inflammable, asphyxiant and narcotic. Similarly, toilets are rendered
      sterile by the addition of the base and quaternary compound so that, upon
      flushing, aerosols generated will not contain active infectious agents.
      All bacteria and fungi are inactivated under these basic conditions by the
      addition of quaternary compounds. Viruses are also inactivated under these
      basic conditions but only with quaternary compounds which contain the
      pyridinium moiety. The disclosure includes products for and methods of
      sterilizing wastewaters. A number of examples are given.
PARN
PAR  This is a continuation of application Ser. No. 426,793, filed Dec. 20,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  At the present, holding tanks and ponds for wastewaters contaminated with
      bacteria, fungi and viruses are treated with a variety of agents which are
      only slightly bacteriostatic, are not virucidal, and generally mask the
      odor of the holding tanks and ponds. Some of the additives used for
      holding tanks are: phenols, zinc sulfate, and formaldehydes. Data have not
      been forthcoming to indicate the above additives will sterilize holding
      tanks and ponds laden with organic waste. Chlorine is ineffective in the
      presence of such increased loads of organic compounds; these readily
      deplete the activity of chlorine by converting this oxidizing agent to
      chloramines. Formaldehyde is not effective at normal pH of wastewaters. In
      our copending application, Ser. No. 392,962, however, formaldehyde is
      enhanced and becomes quite effective to sterilize wastewaters.
PAR  Similarly, additives used in toilet bowls usually are scented, colored
      compounds which are only weakly bactericidal and not at all virucidal. The
      flushing of toilets results in aerosolization of a percentage of the
      infectious agents excreted therein, which may account for transmission of
      infectious diseases to the next person using the toilet, or even to the
      next person entering the washroom in which the toilet is located.
PAR  Since the passage of the 1972 Water Pollution Control Act, vessels are no
      longer allowed to discharge their wastewaters overboard, but must retain
      these wastewaters in holding tanks for eventual removal from the vessel
      after arrival in port. At this point the wastewater contaminated with
      bacteria and viruses is physically removed and then disposed of, often
      overloading land-based sewage disposal plants. Active microbiologic flora
      from wastewater from boats may eventually find their way to surface or
      ground waters.
PAR  The prevention of contamination of our surface and ground waters of
      viruses, bacteria and fungi is of signal importance to our ecologic
      problems as related to public health. Similarly, the prevention of
      aerosolization of a percentage of infectious agents excreted in toilets
      upon the flushing of the toilets is of signal importance in the prevention
      of transmission of infectious diseases to the next person using the
      toilet, or even to the next person entering the washroom in which the
      toilet is located.
PAR  It would be highly advantageous, and the present invention is directed to,
      a product and method which inactivate bacteria, fungi and viruses
      contained in organic wastewaters, clean waters, and hard surfaces, which
      make the storage of wastewaters in tanks, ponds and the like safe and
      practical, and reduce the aerosolization of infectious agents which often
      contaminate toilets.
PAR  It is also of importance that holdings tanks aboard seagoing vessels and
      submarines, and airplanes, as well as other landbased holding tanks, be
      maintained odor free by sterilization of the wastewater. Holding tanks
      which are not maintained sterile will contain increasing amounts of
      methane synthesized by bacterial activity, which presents a hazard. It
      would be highly advantageous, and the present invention is directed to a
      product and method by which such wastewaters may be sterilized by
      heretofore ineffective compounds, quaternary compounds, but unexpectedly
      these quaternary compounds sterilize these wastewaters inactivating
      bacteria and fungi when the wastewaters are brought to pH 9-11 or greater,
      and that compounds of the pyridinium group, e.g., cetyl pyridinium
      chloride (CPC) will inactivate viruses as well as bacteria and fungi when
      the wastewaters are brought to this basic pH of 9-11 or greater.
PAR  Although it is known in the literature that quaternary compounds are more
      efficient bactericidal agents at higher pH levels than at neutral pH, none
      of the products presently on the market which contain quaternary compounds
      (mostly cetyl pyridinium chloride) are at basic pH levels. In fact, most
      are in the acid range, e.g., Cepacol, Scope, etc.
PAR  Although it is documented that the quats are more active at basic pH
      levels, the levels which have been tested are at pH 8 to 9, and
      furthermore they have been tested in clean water systems without organic
      loads. We have shown that in the presence of heavy organic loads cetyl
      pyridinium chloride at neutral pH levels is completely ineffective as a
      disinfectant, whereas at pH 10 it is an effective in the presence of
      organics as it is in the absence of organics. Thus, in the present
      invention, the adjustment to basic ph levels renders the quaternary
      resistant to inactivation by organics; this has never been reported.
PAC  SUMMARY
PAR  The present invention resides in the discovery that viruses and other
      microbiologic flora contained in wastewaters heavily laden with organic
      compounds, e.g., holding tanks, ponds, are rendered sterile, thus
      preventing the formation of methane gases which are tentative hazards,
      inflammable, asphyxiant and narcotic, by the addition of a base to bring
      the wastewaters to pH of 9-11 or greater and the addition of a quaternary
      compound in amounts sufficient to inactivate microbiologic flora contained
      therein.
PAR  Similarly, toilets can be rendered sterile so that upon flushing, aerosols
      generated will not contain active infectious agents.
PAR  In addition to inactivating bacteria and fungi in these wastewaters, by
      using a quaternary compound which contains the pyridinium moiety,
      preferably cetyl pyridinium chloride, viruses are inactivated when the
      wastewaters are brought to pH 9-11 or greater.
PAR  It is therefore an object of the present invention to provide for the
      sterilization of microbiologic flora contained in wastewaters heavily
      laden with organic compounds, e.g., holding tanks, ponds, toilets, thus
      preventing the formation of methane gases which are tentative hazards by
      the addition of a base to make the wastewaters basic pH of about 9-11 or
      greater, and a quaternary compound in an amount sufficient to inactivate
      the viruses and other microbiologic flora contained therein.
PAR  A further object of the present invention is markedly enhancing the
      sterilizing properties of quaternary compounds by making them basic so
      that when added to fluids or surfaces the final pH is in the range of 9-11
      or higher and which effectively inactivate bacteria and fungi in
      wastewaters.
PAR  A further object of the present invention is the inactivation of bacteria,
      fungi and viruses in wastewaters in holding tanks, holding ponds, toilets,
      and the like, by the addition of quaternary compounds containing the
      pyridinium moeity and a base to render the waste waters of a final pH in
      the range of 9-11 or higher.
PAR  A further object of the present invention is the provision of a method and
      a product which renders toilets sterile so that upon flushing, aerosols
      generated will not contain active infectious agents.
PAR  A further object of the present invention is the provision of an effective,
      reliable, safe and inexpensive product and method by which holding tanks,
      ponds, toilets and the like are rendered sterile.
PAR  Other and further objects, features and advantages will be apparent from
      the abstract of the disclosure, the background of the invention, this
      summary, the description of the preferred embodiments and the claims.
DETD
     DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention is based upon the surprising discovery that bacteria,
      fungi, and viruses contained in organic wastewaters, clean waters, and
      hard surfaces in holding tanks, ponds, toilets and the like can be
      inactivated by the addition of normally ineffective quaternary compounds
      and a base which brings the wastewater to pH 9-11 or greater. The present
      invention is further based upon the surprising discovery that normally
      ineffective quaternary compounds which contain the pyridinium moiety or
      group can be utilized for inactivation of these agents when the wastewater
      is brought to pH 9-11 or higher.
PAR  The invention is applicable to all wastewaters, for example, wastewaters
      derived from holding tanks, which are mainly composed of fresh fecal and
      urine excreta, shredded toilet paper, soaps and detergents, and other
      matter disposed of in toilets; wastewaters containing animal excreta; and
      wastewaters containing industrial organics and the like. Accordingly, the
      terms "wastewater" or "wastewaters" as used herein include all wastewaters
      containing suspended solids which are or become contaminated with
      bacteria, fungi or viruses.
PAR  Any of the quaternary compounds may be used which include those listed in
      Example 3 below. If viruses are to be inactivated, only the pyridinium
      quaternary compounds when added to fluids of a pH of 9 and above are
      effective, which include cetyl pyridinium chloride (CPC) and those listed
      in Example 3 below. The other quaternary compounds, however, are quite
      effective to inactivate bacteria and fungi when the wastewater is made
      basic to pH 9 or higher.
PAR  Any suitable base may be used for adjusting the pH levels of wastewaters.
      These include lime (calcium hydroxide), sodium hydroxide, potassium
      hydroxide, calcium carbonate, sodium carbonate and the like.
PAR  The amount of quaternary compound introduced should be from 10 to 400 ppm
      per 1,000 ppm of suspended solids in the wastewater. The amount of base
      injected should be sufficient to establish a pH level 9-11 or higher, and
      preferably about 9.5 to 10.5.
PAR  In the case of holding tanks or ponds, the concentration of suspended
      solids is determined by any suitable means, such as the macerated effluent
      being driven into the holding tank or pond through an in-line turbidimeter
      thus establishing a turbidometric nomograph relating suspended solids to
      turbidity. Based on the amount of suspended solids being directed into the
      holding tank, the base and quaternary compound, such as lime and CPC, are
      automatically injected into the holding tank at a ratio within the range
      of 10 to 400 mg/l and a pH of 9.5 to 10.5, preferably 50 to 100 mg/l, and
      more preferably a ratio of 40 mg/l of CPC and a pH of 10.5 to 1000 mg/l of
      suspended solids. The holding tank is constantly stirred with a
      paddle-type mixer, and a pH probe monitors the holding tank to signal when
      the pH of the wastewaters in the holding tank decreases, for example, to
      pH 10.3. Additional base, such as lime, is automatically injected into the
      tank or pond to maintain the desired pH, for example, 10.5. In the case of
      toilets, the additives, a quaternary compound and base, preferably CPC and
      soda ash, are contained in the toilet tank to come into contact with water
      each time the tank refills, which releases a sufficient amount of CPC and
      base to give a final concentration of 20 mg/l of CPC and tank water that
      will attain a pH of 9.5-10.
PAR  In this specification and in the following examples bacteria and fungi were
      assayed by the methods described in "Antibiotics and Chemotherapeutic
      Agents in Clinical and Laboratory Practice" (Lorian, V., ed., Charles C.
      Thomas Publ., Springfield, Illinois, 1966). Viruses were assayed by the
      plaque-forming unit method (see "Diagnostic Procedures for Viral and
      Rickettsial Infections," 4th ed., Amer. Publ. Hlth. Assoc., 1969).
PAR  The following examples are given to illustrate representative embodiments
      of the present invention. Variations may be made, however, depending upon
      particular wastewater involved and conditions of use.
PAC  EXAMPLE 1
PAR  To a gallon of wastewater composed of fresh fecal matter, urine, soap and
      detergents, shredded paper and tap water (total suspended solids of 1000
      mg/l), type 1 poliovirus was added to contain 100,000 infectious
      particles. The colony-forming units of bacteria and fungi at the
      initiation of this experiment were 1,000,000,000 per gallon. The
      wastewater was stirred with a paddle unit, and lime was added to attain a
      pH of 10.5. CPC was then added to attain 40 mg/l. After 24 hours at
      ambient temperature (20.degree.-24.degree.C), the wastewater was assayed
      for microbiological flora. No detectable bacteria, fungi or viruses were
      evident. A duplicate sample of 1 gallon of sewage processed without the
      addition of CPC, but maintaining the pH of the sewage at 10.5, manifested
      an excess of 500,000,000 assorted bacteria and fungi and 75,000 infectious
      virus particles after the 24 hour process period.
PAR  A duplicate sample with 40 mg/l of CPC but at the natural pH of the
      wastewater (pH 7.4), manifested an excess of 200,000,000 assorted bacteria
      and fungi and 90,000 infectious virus particles per gallon.
PAR  When the sample containing CPC at pH 10.5 was retested after one month,
      infectious agents still could not be detected, neither bacteria, nor
      fungi, nor viruses.
PAC  EXAMPLE 2
PAR  To a gallon of wastewater composed of fresh fecal matter, urine, soap and
      detergents, shredded paper and tap water (total suspended solids 5000
      mg/l), type 1 poliovirus was added to contain 100,000 infectious
      particles. The colony-forming units of bacteria and fungi at the
      initiation of this experiment were 1,000,000,000 per gallon. The
      wastewater was stirred with a paddle unit, and lime was added to attain a
      pH of 10.5. CPC was then added to attain 200 mg/l. After 24 hours at
      ambient temperature, the wastewater was assayed for microbiological flora.
      No detectable bacteria, fungi or viruses were evident. A duplicate sample
      of 1 gallon of sewage processed without the addition of CPC, but only
      maintaining the pH of the sewage at 10.5, manifested an excess of
      500,000,000 assorted bacteria and fungi and 75,000 infectious virus
      particles after the 24-hour process period.
PAR  A duplicate sample with 200 mg/l of CPC but at the natural pH of the
      wastewater (pH 7.4), manifested an excess of 200,000,000 assorted bacteria
      and fungi and 90,000 infectious virus particles per gallon.
PAR  When the sample containing CPC at pH 10.5 was retested after one month,
      again no detectable infectious agents could be detected.
PAC  EXAMPLE 3
PAR  To gallon samples of wastewater composed of fresh fecal matter, urine, soap
      and detergents, shredded paper and tap water (total suspended solids 1000
      mg/l), type 1 poliovirus was added to contain 100,000 infectious
      particles. The colony-forming units of bacteria and fungi at the
      initiation of this experiment was 1,000,000,000 per gallon. The wastewater
      was stirred with a paddle unit, and lime was added to attain a pH of 10.5.
      Representative samples were treated with 40 mg/l Roccal
      (alkyldimethyl-benzylammonium chloride), Centrimide
      (cetyltrimethylammonium bromide), Ceepryn (cetylpyridinium bromide or
      chloride), Fixanol (tetradecylpyridinium bromide), Emulsept
      [N-(acylolaminoformylmethyl) pyridinium choride], cetramide (a mixture of
      C.sub.12, C.sub.14, C.sub.16 alkyl trimethylammonium bromide), Arquad S
      (alkyltrimethylammonium chloride), Bradosol
      (phenoxyethyldimethyldodecylammonium bromide), Virac
      [acylcholaminoformylpyridinium chloride complexed with iodine (an
      iodophor)], Laurodin (4 aminoquinalidiniumlauryl acetate), or Triburon (
     -iononetric lobisonium chloride). After 24 hours at ambient temperature the
      wastewater samples were assayed for microbiological flora. No bacteria or
      fungi were detectable in samples treated with the quaternary compounds at
      pH 10.5. Viruses were not detectable in those samples at pH 10.5
      containing quaternary compounds with the pyridinium moiety, e.g. Ceepryn,
      Fixanol, Emulsept or Virac. On the other hand, viruses were present at
      high infectious levels in the pH 10.5 samples containing the other
      quaternary compounds not of the pyridinium moiety. (Roccal, Cetrimide,
      Arquad S, Bradasol, Laurodin, or Triburon).
PAR  Duplicate samples of wastewater treated with 40 mg/l of the above
      quaternary compounds, but not made basic with lime (natural pH of
      wastewater, 6.8), still contained large numbers of bacteria, fungi and
      viruses after the 24-hour holding period.
PAR  Additional control samples of wastewaters at ph 10.5 which were free of
      quaternary compounds manifested large numbers of bacteria, fungi and
      viruses after the 24-hour experimental period.
PAR  Essentially the same results were obtained when the experiment described in
      this example was performed with NaOH, soda ash or KOH for adjustment of
      the wastewater to pH 10.5.
PAC  EXAMPLE 4
PAR  Public toilet facilities were monitored for aerosolization of bacteria
      (including aerobic and anaerobic spores). Impingers were attached to the
      ceiling over the toilet bowl. Air was sucked into the impinger fluids at
      the rate of 1 cubic foot per minute. In one toilet stall, coliform
      bacteria isolated from impinger fluids at daily intervals for a period of
      one month averaged 150,000 coliforms per day. In the adjoining toilet
      stall which was monitored as described above, with the exception that the
      toilet tank was loaded with a device which maintained the toilet water at
      pH 10 with a final concentration of 20 ppm of CPC, the coliform count was
      less than 3 per day. In the next adjoining toilet monitored as described
      above, with toilet tank water containing CPC at the same concentration as
      used above but without pH control and with the natural pH of the toilet
      water (7.5), the coliform counts averaged 64,000 per day.
PAC  EXAMPLE 5
PAR  To an experimental toilet system, viruses were added to the toilet bowl to
      determine the amount of viruses aerosolized during flushing. Type 1
      poliovirus was added to the bowl to contain 10,000,000 infectious
      particles, the level usually excreted per bowel movement by a person
      afflicted with an enteric virus disease, or by a healthy carrier of the
      virus. The bowl was flushed and the aerosol impinger collected 20 cubic
      feet of air immediately during and after the flushing. The impinger fluids
      (500 ml) were than concentrated (see Wallis, C. and Melnick, J. L. J.
      Viology 1:472-477, 1967) so that the final volume of 2 ml contained all
      the virus present in the original 500 ml used in the impinger. 72,000
      infectious poliovirus particles were recovered from the air. When a
      duplicate experiment was conducted with toilet water containing 20 ppm of
      CPC and a final pH of 10 and the same level of virus as described above,
      no detectable virus was recovered from the concentrated impinger fluids. A
      third experiment carried out with toilet water containing only the base at
      pH 10 and no CPC, yielded 68,000 infectious particles, almost the same
      amount of virus in impinger fluids as described for the initial
      experiment. In a fourth experiment, toilet water was first treated with
      the same dose of CPC as described above, but without addition of a base;
      the natural pH of the toilet water was 7.5. Virus was again recovered from
      the impinger fluids, the count being 58,500 infectious particles.
PAC  EXAMPLE 6
PAR  Public toilet facilities were monitored for aerosolization of bacteria
      (including aerobic and anaerobic spores) as described in Example 4. In the
      toilet stalls, coliform bacteria isolated from impinger fluids at daily
      intervals for a period of one month averaged 200,000 coliforms per day.
      Adjoining stalls were monitored as described in Example 4, except the
      toilet tanks were loaded with a device which maintained the toilet tank
      water at pH 10 with a final concentration of 20 ppm of the quaternary
      compounds listed in Example 3. The coliform count in these representative
      toilets was less than 5 per day. In other toilets monitored in the same
      manner, with toilet tank water containing the quaternary compounds at the
      same concentration as used above but without pH control and at the natural
      pH of the toilet water (7.5), the coliform counts averaged 75,000 per day.
PAC  EXAMPLE 7
PAR  An experimental toilet system was monitored for aerosolization of viruses
      as described in Example 5. Duplicate experiments were conducted with
      toilet water containing 20 ppm of quaternary compounds with the pyridinium
      moiety (e.g. Ceepryn, Fixanol, Emulsept, and Virac). With a final pH of 10
      and the same level of virus as described in Example 5, no detectable virus
      was recovered from the impinger fluids, even after concentration.
PAR  Another set of experiments carried out with toilet water at pH 10 but
      without the above quaternary compounds with the pyridinium moiety yielded
      almost the same amount of virus in impinger fluids as were detected in the
      initial experiment -- 70,000 infectious particles.
PAR  In a fourth experiment, toilet water was first treated with the quaternary
      compounds listed above, but without addition of a base; the natural pH of
      the toilet water was 7.5. Virus was again recovered from the impinger
      fluids, the count being 60,000 infectious particles.
PAR  In all the foregoing examples, advantageously, the quaternary compounds and
      bases were added to the wastewater at ambient temperatures, no heating or
      cooling of the water being required.
PAR  The method of the invention comprises added to wastewaters 10 to 400 ppm of
      the quaternary compound and a base in an amount to bring the pH up to at
      least pH 9 and preferably 10.0 to 10.5. Preferably the quaternary compound
      should be pyridinium compound, for example CPC, to inactivate viruses as
      well as bacteria and fungi.
PAR  The amount of suspended solids should be determined, such as by an in-line
      turbidity meter and the pH should be maintained by a pH probe.
PAR  The wastewaters should be stirred, and preferably constantly, to assure
      complete dispersion of the quaternary compound and base in the
      wastewaters.
PAR  The quaternary compound and base may be added separately, in which event
      the base should be added first to bring the wastewater pH to 9 or greater.
      If desired, they may be added simultaneously and may be combined and added
      in combined form. They may be contained in a dispenser, for example, a
      perforate container for placing inside of toilet tanks so that contact
      with the refill tank water is made.
PAR  If desired, the tanks and ponds may be empty when the quaternary compounds
      and base are added. In this case, sufficient quaternary compound and base
      should be added to be effective for the expected volume of wastewater or
      capacity of the tank or pond for the solids suspended therein.
PAR  The terms "holding tanks" and "tanks" as used herein and in the claims are
      used in the broad meaning of these terms and include all ponds,
      receptacles, toilets, lakes and the like.
PAR  The present invention, therefore, is well suited and adapted to attain the
      objects and ends and has the advantages and features mentioned as well as
      others inherent therein.
PAR  While presently-preferred embodiments of the invention have been given for
      the purpose of disclosure, changes may be made to accommodate the
      conditions of use which are within the spirit of the invention as defined
      by the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of sterilizing wastewater in tanks and the like, the wastewater
      having an organic load containing bacteria not inactivated by basicity
      alone and viruses comprising,
PA1  adding 10 to 400 ppm liquid quaternary compound containing a pyridinium
      moiety to the wastewater for 1000 ppm suspended solids in the wastewater,
      and
PA1  adding a liquid base to the wastewater to interact with said quaternary
      compound to cause said quaternary compound to inactivate said bacteria and
      viruses and in an amount sufficient to bring the wastewater to a pH of
      about 10.5.
NUM  2.
PAR  2. The method of claim 1 where the quaternary compound is CPC
NUM  3.
PAR  3. The method of claim 2 wherein the base is lime.
NUM  4.
PAR  4. The method of claim 3 wherein the base and the quaternary compound are
      added simultaneously as a unitary liquid.
NUM  5.
PAR  5. The method of claim 4 wherein 10 to 100 ppm quaternary compound is added
      to the wastewater.
NUM  6.
PAR  6. The method of claim 4 wherein 50 to 100 ppm CPC is added to the
      wastewater.
NUM  7.
PAR  7. The method of claim 3 wherein 10 to 100 ppm quaternay compound is added
      to the wastewater.
NUM  8.
PAR  8. The method of claim 3 wherein 50 to 100 ppm CPC is added to the
      wastewater.
NUM  9.
PAR  9. The method of claim 2 wherein the base and the quaternary compound are
      added simultaneously as a unitary liquid.
NUM  10.
PAR  10. The method of claim 9 wherein 10 to 100 ppm quaternary compound is
      added to the wastewater.
NUM  11.
PAR  11. The method of claim 9 wherein 50 to 100 ppm CPC is added to the
      wastewater.
NUM  12.
PAR  12. The method of claim 2 wherein 10 to 100 ppm quaternary compound is
      added to the wastewater.
NUM  13.
PAR  13. The method of claim 2 wherein 50 to 100 ppm CPC is added to the
      wastewater.
NUM  14.
PAR  14. The method of claim 1 where the base is lime.
NUM  15.
PAR  15. The method of claim 14 wherein the base and the quaternary compound are
      added simultaneously as a unitary liquid.
NUM  16.
PAR  16. The method of claim 15 wherein 10 to 100 ppm quaternary compound is
      added to the wastewater.
NUM  17.
PAR  17. The method of claim 14 wherein 10 to 100 ppm quaternary compound is
      added to the wastewater.
NUM  18.
PAR  18. The method of claim 1 wherein the base and the quaternary compound are
      added simultaneously as a unitary liquid.
NUM  19.
PAR  19. The method of claim 18 wherein 10 to 100 ppm quaternary compound is
      added to the wastewater.
NUM  20.
PAR  20. The method of claim 1 wherein 10 to 100 ppm quaternary compound is
      added to the wastewater.
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ABST
PAL  A filter assembly capable of being removably disposed in a resilient hose
      adjacent a cooling liquid inlet to an automotive radiator for removing
      foreign particle material entrained with the cooling liquid as the latter
      circulates, and by such removal permitting the liquid to perform its
      intended function at maximum efficiency. The assembly includes a generally
      cylindrical rigid member that serves a two-fold purpose, namely, that of
      providing a support for a cone-shaped resilient screen, and also as a
      support for a V-shaped handle. The handle permits inserting of the
      assembly in a hose and removal therefrom without appreciable stressing of
      the screen. Stressing of the screen is highly undesirable, as it may
      result in permanent damage being done thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Automotive cooling system filter assembly.
PAR  2. Description of the Prior Art
PAR  The efficiency of an automotive cooling system is dependent on having the
      liquid circulating through the radiator lose a maximum amount of heat
      prior to the liquid discharging from the radiator back to the engine. Such
      maximum heat loss is achieved when the circulating liquid has maximum
      surface contact with the metallic interior of the radiator. An automotive
      radiator, except when new, does not operate at maximum efficiency in
      removing heat from the circulating liquid, as the liquid will contain
      particles of foreign material such as rust, sludge, and the like, that are
      deposited on the interior surface of the radiator, and act as heat
      regulators. Thus, due to the deposit of such foreign material on the
      interior surface of the radiator, a substantial quantity of heat is
      retained in the cooling liquid as it is recirculated back to the engine,
      and the engine may become overheated as a result thereof. Also, the
      direction of circulation of the cooling liquid is such that it tends to
      carry the deposited material to the bottom of the radiator, with the
      deposited material as it builds up on the bottom resulting in a restricted
      flow of cooling liquid back to the engine with detrimental results.
PAR  The primary purpose in devising the present invention is to provide a
      simple, inexpensive filter assembly that may be removably mounted in a
      resilient hose adjacent the liquid inlet to a radiator, and with the
      assembly when so disposed removing particles of foreign material from the
      liquid prior to the liquid entering the radiator, and in so doing
      maintaining the radiator in a condition where it will operate at maximum
      efficiency in removing heat from the liquid as the latter circulates
      through the radiator and prior to the liquid being returned to the engine.
PAC  SUMMARY OF THE INVENTION
PAR  The filter assembly includes a generally cylindrical rigid member that may
      be removably mounted on a flexible hose adjacent to the liquid inlet on an
      automotive radiator, and the cylindrical member serving the dual function
      of acting as a support for a forwardly extending conical screen, as well
      as a support for a forwardly extending wire handle of V-shaped
      configuration that extends around the screen. When the filter assembly is
      positioned as above described, particles of foreign material such as rust,
      sludge or the like that are entrained with the liquid as it circulates are
      removed from the liquid prior to the latter entering the automotive
      radiator.
PAR  The handle allows the filter assembly to be positioned in or removed from
      the flexible hose without appreciable force being exerted on the screen.
      If the screen is of fine mesh and formed from relatively fine wire, but
      little force need be exerted on the screen on a local area thereof to
      permanently deform or damage the screen. Damaging of the screen is
      subsequently eliminated due to the structure of the present invention.
PAR  The efficiency of an automotive radiator is dependent on the circulating
      liquid having maximum contact with the bare interior surface of the
      radiator, and it is accordingly highly desirable that particled foreign
      material such as rust, sludge or the like be precluded from entering the
      radiator and forming a heat insulating layer and coating in the interior
      thereof. The entry of rust and sludge into the automotive radiator is
      highly undesirable for the further reason that the circulating liquid
      tends to carry it to the bottom of the radiator where it accumulates and
      prevents free flow of the cooling liquid back to the engine.
PAR  The present invention substantially eliminates the building up of a layer
      of heat insulating material in the radiator as well as preventing the
      accumulation of such foreign material in the lower interior portion
      thereof, and as a result of the elimination of these two detrimental
      effects the engine with which the invention is used will tend to run cool.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the filter assembly;
PAR  FIG. 2 is a perspective view of a radiator and flexible inlet hose in which
      the invention shown in FIG. 1 is disposed;
PAR  FIG. 3 is a fragmentary longitudinal cross sectional view of the radiator
      hose and the invention taken on the line 3--3 of FIG. 2; and
PAR  FIG. 4 is an end elevational view of the filter assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A filter assembly A is shown in FIG. 1 that is adapted to be removably
      positioned in a flexible hose B that is secured to a rigid inlet tube C
      shown in FIG. 3, which tube extends rearwardly from the upper portion of a
      conventional automotive radiator D. The hose B, is removably held in
      sealing engagement in the tube C by a transverse circumferentially
      extending clamp E as shown in FIGS. 2 and 3. The radiator D is provided
      with a liquid filling inlet tube F that is normally closed by a cap G that
      is mounted thereon.
PAR  The radiator D is of conventional design, and has a liquid discharge
      opening (not shown) in the bottom thereof, through which cooled liquid is
      returned by suitable conduit means to an internal combustion engine of
      conventional design (not shown). The filter assembly A includes a cone
      shaped screen 10, preferably formed of wire mesh that permits a cooling
      liquid to flow therethrough, but not particles G of a foreign material
      such as rust, sludge or the like that are entrained with the liquid.
PAR  The screen A as may best be seen in FIG. 3 includes an apex portion 12 and
      a base portion 14, with the base portion having a diameter such that the
      screen 10 may be disposed within the interior of the tube C as shown in
      FIG. 3. The base portion 14 of the screen is rigidly secured to a forward
      and inwardly extending circular flange 16 that is preferably an integral
      part of a generally cylindrical member 18. The member 18 has a circular
      lip 20 extending outwardly therefrom as shown in FIG. 3. The cylindrical
      member 18 has an exterior diameter that is slightly less than the interior
      diameter of the tube C to permit the member to be snuggly and slidably
      inserted within the free end of the tube as shown in FIG. 3, with the lip
      20 acting as a stop to prevent longitudinal movement of the assembly A
      towards the radiator D beyond the position shown in FIG. 3.
PAR  The flange 16 preferably has two diametrically spaced openings 22 formed
      therein that are engaged by a pair of hooks 24 formed on the free ends of
      a generally V-shaped wire handle 26. The handle 26 is of such size and
      length as to extend around the screen 10 and outwardly from the end 28 of
      the hose B as shown in FIG. 3.
PAR  The filter assembly A is placed in an end portion of the hose B when the
      clamp E is loosened and the hose is is removed from engagement with the
      tube C. The filter assembly A may then be placed either in the hose B or
      the tube C as shown in FIG. 3, and the hose then slid onto the tube C and
      sealingly secured thereto by tightening the clamp E. When it is desired to
      remove the filter assembly A from the hose B, the clamp E is loosened, and
      the hose B is disengaged from the tube C. The handle 26 projects outwardly
      from the forward end 28 of the hose B, and as a result this handle may be
      grasped manually to longitudinally move the screen assembly A from the
      tube B without any appreciable force being exerted on the screen 10. When
      the engine (not shown) is operated, cooling liquid H will be circulated
      through the hose B in the direction of the arrow 32 and entrained
      particles G of solid material such as rust and sludge are collected on the
      interior surface of the screen 10. Due to the velocity of the cooling
      liquid H, these particles G tend to move forwardly in the screen 10 and
      accumulate as a body G' thereof in the apex portion 12 of the screen.
      These particles G when disposed as a body G' in the apex portion 12 of the
      screen reduce the transverse interior area of the tube C to a minimum, and
      as a result there is a minimum obstruction of flow of the cooling liquid H
      through the tube C as the body G' of foreign material builds up in the
      apex portion 12 of the screen 10. Periodically the screen assembly A
      should be removed from the tube C and cleaned of particles G of foreign
      material.
PAR  After the filter assembly A has been cleaned, it is then returned to the
      positionn shown in FIG. 3 and is again used until a substantial body of
      foreign particles G' build up in the cone portion 12 of screen 10. From
      the previous description of the structure of the screen assembly and the
      manner in which it is used, it will be apparent that the interior surface
      of the radiator D will have a minimum of foreign material deposited
      thereon, and as a result the cooling liquid H should in combination with
      the radiator D operate at maximum efficiency in removing heat from the
      circulating cooling liquid. Removing of such heat from the liquid as well
      as the prevention of sludge building up in the lower portion of the
      radiator D will assure the engine (not shown) operatively associated with
      the radiator D running at a substantially lower temperature than would
      occur if the invention were not used. The base portion 14 of screen 10 is
      preferably secured to flange 16 by solders.
PAR  The use and operation of the screen assembly A has been previously
      described in detail and need not be repeated.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with an automotive radiator having a liquid inlet tube
      extending rearwardly therefrom to which a resilient hose is connected, a
      filter assembly of the type that includes a conical filter screen having a
      base portion said filter assembly being characterized by including:
PA1  a. a cylindrical rigid member that is snuggly and slidably insertable
      within said tube, said member having first and second ends;
PA1  b. a forwardly and inwardly extending rigid flange that is an integral part
      of said member and extends forwardly from said first end thereof;
PA1  c. a circumferentially extending lip that projects outwardly from said
      second end of said member and acts as a stop to prevent said member being
      moved forwardly beyond a predetermined position in said tube;
PA1  d. a V-shaped wire handle that may be longitudinally disposed in said tube,
      said handle of such size as to extend around said screen, and said handle
      having two laterally spaced first ends;
PA1  e. first means for securing said base portion of said screen to said
      flange; and
PA1  f. second means for pivotally securing said first ends of said handle to
      said flange, said flange and handle cooperating to permit a longitudinal
      force to be exerted on said filter assembly to withdraw the same from said
      hose without any strain being placed on said screen during such
      withdrawal, with said screen when cooling liquid is discharged through
      said tube collecting foreign particles of solid material entrained with
      said liquid on the interior surface of said screen, and said collected
      solid particles due to the velocity of said liquid tending to move
      forwardly in said screen to accumulate as a compact body in the apex
      portion thereof where said particles define a minimum of resistance to the
      flow of said cooling liquid through said tube, with said cylindrical rigid
      member serving as dual support for said lip and said flange screen and
      handle.
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ABST
PAL  A grit selector having an upper settling chamber and a lower grit storage
      chamber. The settling chamber communicates with the storage chamber
      through a relatively small opening in a flat transition surface
      therebetween. Rotating paddles critically positioned within the settling
      chamber cause the flow of liquid entering the settling chamber adjacent
      the outer periphery to rotate about the chamber in a forced vortex having
      upward spiral flow. Settled grit attaches to the transition surface at the
      settling chamber perimeter before one revolution. The spiral flow urges
      the grit across the transition surface towards the opening while the
      organics are lifted upward and back into the flow. The grit drops through
      the opening into the grit storage chamber and the organics are carried out
      of the settling chamber through an outlet passageway. A unique air scour
      arrangement is provided to remove any organic material which has settled
      in the grit storage chamber and an air lift is provided to remove the
      settled grit from the grit storage chamber.
PARN
PAR  This is a continuation, of application Ser. No. 443,667, filed Feb. 19,
      1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a grit selector or trap for selectively
      catching grit of all sizes desired and passing all organics into a waste
      treatment plant.
PAR  Grit is one of the most unpredictable and difficult materials a sewage
      treatment plant must handle. Grit can be defined as the heavy mineral
      matter present in sewage. It is principally made up of sand and soil, but
      frequently contains cinders, coffee grounds, seeds, corn, and other coarse
      sediment which reaches a sewage disposal plant. It is desirous to remove
      this material as it cannot be treated, reduced in size, or eliminated by
      treatment methods. It presents a problem to waste treatment as it is hard
      and abrasive. It wears pumps and other mechanical devices. It is heavy and
      accumulates in clarifiers, treatment basins, digesters, etc., where it
      must often be removed by hand.
PAR  This problem has been apparent for years. In conventional grit removal
      devices, control of sewage velocity is utilized to remove the grit. The
      basins are generally long and narrow and have some type of velocity
      controlling outlet. The problem of selective removal of grit particles is
      complicated by fluctuations in rate of flow, especially those that
      accompany storm rainfalls. Aside from subdividing the grit chamber into
      several compartments that can be taken in and out of service, a solution
      to the velocity problem is sought by combining opportunity for
      sedimentation of wanted particles with scour or resuspension of unwanted
      particles. This requires the provision of adequate surface area and
      maintenance of an adequate displacement velocity. Fluctuations in flow
      require, ideally, that both (1) a constant value of Q/A and (2) a constant
      displacement velocity V be maintained in the chamber. Ordinarily a
      compromise solution is offered in order to keep the required structure
      simple. The cross-section of the chamber at right angles to the direction
      of flow is made uniform throughout its length, and its shape is so chosen
      that the displacement velocity is held substantially constant at all
      depths of flow. For this purpose, a flow control device, such as a
      proportioned flow weir, a vertical throat, or a standing wave flume, may
      be placed at the end of the chamber. The velocity at maximum flow is then
      made large enough to ensure deposition of wanted large and heavy
      particles, and selective movement and resuspension of smaller and lighter
      particles which will settle as flow is reduced, being cared for by the
      constant scouring action of the flowing water.
PAR  Once the grit has settled in the chamber, some type of removal procedure
      must be provided. Many of the older plants employed hand or manually
      cleaned grit chambers. Most plants of more recent design provide some type
      of continuous mechanical collection of the grit. Chain and scraper, bucket
      conveyors, and circular scraper mechanisms have been utilized.
PAR  There are many significant disadvantages of the types of conventional grit
      chambers discussed above. It is difficult to control the velocity through
      the grit chamber and this results in deposition of unwanted organic matter
      and possibly a wash through of some grit. This means many organics are
      settled out that could be treated by various means. It also means the grit
      cannot be disposed of readily because of its pollution load. Conventional
      grit chambers further have grit removal systems which include collection
      mechanisms (i.e., chains, buckets, bearings) below the water surface in a
      high abrasion atmosphere. Another drawback of conventional grit chambers
      is their large size.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide a grit selector
      which more efficiently eliminates all other particles than heretofore
      known devices, even though they have the same settling rate as the grit.
PAR  Another object of the invention is to provide a grit selector which
      operates efficiently even when velocities through the device are varying.
PAR  A further object of the invention is to provide a grit selector which
      includes an air scour which does not cause grit to be carried back into
      the treatment plant.
PAR  A still further object of the invention is to provide a grit selector which
      removes the grit by a lift having no moving parts.
PAR  These and other objects are realized in accordance with the present
      invention by providing a grit selector having an upper settling chamber
      and a lower grit storage chamber. The settling chamber, being of large
      diameter, communicates with the storage chamber through a relatively small
      opening in a flat transition surface therebetween. Rotating paddles
      critically positioned within the settling chamber, a short distance above
      the transition surface, cause the flow of liquid entering the settling
      chamber adjacent the outer periphery to rotate about the chamber. The
      velocities are maintained more or less constant, no matter what the flow
      rate by the rotating paddles. A spiral circulation is achieved in the
      chambers because of the hydraulics involved. The flow in the settling
      chamber is kept near laminar so the grit can settle readily. Settled grit
      attaches to the transition surface at the settling chamber perimeter
      before one revolution. The spiral flow urges the grit and organics of
      similar settling velocity across the transition surface towards the
      opening. The paddles are uniquely positioned to provide sufficient extra
      velocity to lift the larger sized organics upward and back into the flow
      while the grit continues to move towards the middle and drops through the
      opening, into the storage chamber. The upward moving organic particles are
      carried upward and out of the settling chamber through an outlet
      passageway.
PAR  As no device is perfect, some small amounts of organic material will
      accumulate in the grit within the storage chamber. To remove this organic
      material, the grit is lightly air scoured prior to removal. This brings
      all organics into the settling chamber where they are returned to the
      flow. The unique manner of air scour provided by the present invention
      precludes grit particles from being lifted out of the storage chamber. To
      remove the grit from the storage chamber, it is air lifted to a point
      above the unit by an air lift having no mechanical parts below the liquid
      surface which might cause maintenance problems.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings, in which like reference numerals designate like
      parts throughout the figures thereof and wherein:
PAR  FIG. 1 is a top plan view of a grit separator constructed in accordance
      with the present invention;
PAR  FIG. 2 is a vertical sectional view of the grit separator illustrated in
      FIG. 1;
PAR  FIG. 3 is an enlarged elevational view of a portion of the air distribution
      system in accordance with the present invention; and
PAR  FIG. 4 is a sectional view taken along line 4--4 in FIG. 3.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, the grit selector is indicated generally at 10.
      Grit selector 10 comprises a housing or tank 12, which may be constructed
      of any suitable material, such as concrete. The tank 12 defines a
      cylindrical settling chamber 14 and a cylindrical grit storage chamber 16
      of smaller diameter positioned concentric therewith and immediately
      therebelow. Storage chamber 16 is open at its upper edge and communicates
      with settling chamber 14 through an annular floor 18. Floor 18 is in
      contact with the lower peripheral edge of the vertical wall 20 defining
      settling chamber 14 at its outer peripheral edge and the upper peripheral
      edge of the vertical wall 22 defining storage chamber 16 at its inner
      peripheral edge. Floor 24 closes off the bottom of storage chamber 16.
PAR  An inlet trough 28 is provided in fluid communication with the interior of
      chamber 14 tangent to the outer periphery thereof. Inlet trough 28 has a
      floor 29 which slopes downward and outward towards the wall 20. An outlet
      trough 30 is provided in fluid communication with a portion of the
      interior of chamber 14 spaced from the section in communication with the
      inlet trough 28 by approximately 270.degree.. Inlet trough 28 and outlet
      trough 30 extend down into chamber 14 to a depth approximately equal to
      75% of the depth of the chamber.
PAR  Extending diametrically across the top of chamber 14 is an equipment
      support platform 32. A motor and gear box assembly 34 of conventional
      construction is supported on top of platform 32 for rotation of a hollow
      shaft or sleeve 36 which extends centrally downward into chambers 14 and
      16. An air bell 37 is provided concentric with sleeve 36 to prevent liquid
      from rising into assembly 34. Secured to sleeve 36 for rotation therewith
      are paddle type propeller blades 38 affixed to a paddle hub 39.
PAR  Referring to FIGS. 2-4, an air lift discharge pipe 40 and a pair of air
      pipes 42 and 44 extend downward through assembly 34 and sleeve 36 towards
      the bottom of chamber 16. The lower end of discharge pipe 40 is positioned
      a short distance above the floor 24 of chamber 16 within a grit receiving
      area 46 defined by a 45.degree. fill area 48 around the periphery of floor
      24. A pair of annular air receiving chambers 50 and 52 are defined around
      pipe 40 a short distance above the lower end thereof. The lower end of air
      pipe 42 is in fluid communication with air chamber 50 which in turn is in
      fluid communication with the inside of pipe 40 through a plurality of
      openings 54 formed circumferentially around pipe 40. The lower end of air
      pipe 44 is in fluid communication with air chamber 52 which in turn is in
      fluid communication with a plurality of air distributing steady arms 56
      which extend radially outward from chamber 52 for contact with the wall 22
      of chamber 16. Steady arms 56 have openings (not shown) in the bottom
      sides thereof which permit air to exit therefrom.
PAR  The upper end of discharge pipe 40 is secured to a control valve 58 for
      control of flow therethrough and an extension pipe 60 to deliver the
      lifted material onto a corra-trough conveyor 62 of well known
      construction. Conveyor 62 is supported on a platform 64 having a drain
      pipe 66 provided therein to direct liquid back into the inlet trough 28.
      The upper ends of air pipes 42 and 44 are suitably connected to a
      conventional source of compressed air (not shown).
PAR  An annular plate 68 is received within a recess 69 formed in floor 18 so as
      to define a flat transition surface 70 which includes the upper surfaces
      of plate 68 and floor 18. Plate 68 extends across the upper edge of wall
      22 and has an opening 72 therein which is sized to permit sleeve 36 to
      pass therethrough and define an annular passage around sleeve 36. The
      spacing of paddle blades 38 above plate 68 forms an important part of the
      invention and will hereinbelow be discussed in further detail.
PAR  A discussion of the theory of operation of grit selector 10, which
      hereinbelow follows, brings out, in addition to the method and theory of
      operation, a disclosure of various optimum space relationships which
      optimizes performance. Water or sewage from which grit is to be removed is
      introduced into settling chamber 14 through inlet trough 28. The diameter
      of settling chamber 14 is preferably sized to give 30 seconds retention at
      design flow. At peak flow, the retention should be around twenty seconds
      and at low flow, the retention should be approximately 100 seconds. At
      high flows, the dimensions of the outlet trough 30 are such that the
      liquid level in chamber 14 will rise so the volume gives 20 seconds
      retention even though the flow therethrough may be twice the design flow
      or greater. The rotation of paddle blades 38 within chamber 14 adds
      rotational energy to cause the liquid in chamber 14 to rotate at a
      velocity of 1 ft. per second. The entry of liquid into chamber 14 through
      inlet trough 28 is designed to give an entry velocity of 2 ft. per second
      no matter what the flow rate, which is sufficient energy to overcome the
      frictional resistance of the revolving contents and keeps the contents
      moving at the 1 ft. per second velocity. The flow is laminar and not
      turbulent. The Reynolds number will be below 1,200 which keeps the flow
      laminar. Since turbulent flow inhibits settling, the flow velocity must be
      kept below the turbulent range.
PAR  As the liquid rotates around chamber 14 in the direction indicated by the
      arrow in FIG. 1, grit and certain organics settle towards the bottom of
      chamber 14 onto transition surface 70. It should be noted that floor 29 of
      inlet trough 28 slopes downward and outward which results in an increasing
      depth in trough 28 in proportion to the distance between the point of
      entry into chamber 14 and the outlet trough 30. Since particles start to
      settle within trough 28, this allows for equal settling time for particles
      which enter the chamber 14 at any point along the inlet trough 28. The
      grit being small and having a high density, settles at the same rate as
      some organics which are larger in diameter but have a lower density.
      Particles settle according to the following formula:
      ##EQU1##
      Where: v = settling velocity (cm/sec.)
PA1  a = radius (cm)
PA1  g = gravity (cm/sec..sup.2)
PA1  ps = density of solid
PA1  p = density of fluid
PA1  u = coefficient of viscosity
PAL  As can be seen, a particle settles at a rate proportional to the radius
      squared and linearly as to the density. As an example, feces about 3/4
      inch in diameter, corn and small particles of grit all settle at the same
      rate. This means that all of these particles will accumulate on the
      transition surface 70.
PAR  The liquid rotates within chamber 14 as a forced vortex. In a forced
      vortex, all of the liquid is moving as a mass. The outer periphery liquid
      having a higher head tends to flow down the wall 20 and move towards the
      central axis of chamber 14 across the transition surface 70. This results
      in what can be called an upward spiral flow. It is this upward spiral flow
      which urges the settled particles across surface 70 toward the opening 72.
      The positioning of paddle blades 38 in chamber 14 is critical in achieving
      this upward spiral flow. In accordance with the present invention, the
      distance from the middle of the paddle blades 38 to the surface 70 should
      be within the following range.
      ##EQU2##
      Where: D = distance from middle of blades 38 to surface 70 (ft.)
PA1  X = height of liquid at maximum flow (ft.)
PA1  Q = maximum flow rate (cu. ft./sec.)
PA1  B = outlet width (ft.)
PAL  Additionally, the paddle blades should turn at a speed slightly in excess
      of the liquid rotation speed to increase the upward velocity of the liquid
      flow. This difference is such as to not agitate the liquid and cause
      turbulent flow.
PAR  The Stokes equation for settling is R = K (6 uav.sub.s).
PAL  Where:
PA1  R = resistance to settling (grams)
PA1  K = correction factor
PA1  u = viscosity
PA1  a = radius (cm)
PA1  v.sub.s = velocity of settling (meters/sec.)
PAL  K varies as the solid approaches the bottom by K = 1 + 9a/8s where s is the
      distance from the bottom. A solid settles towards or moves away from the
      bottom in this manner. Since the grit particles have a smaller a than the
      organic particles, they will more readily attach to the surface 70, than
      the organic particles. Thus, the larger organic particles, which initially
      settle on the surface 70, are caught up in the upward spiral flow of the
      liquid, while the grit is carried on across the surface 70 to opening 72
      and is deposited therethrough into chamber 16. The diameter of opening 72
      is preferably maintained at about 6 inches larger than the diameter of
      sleeve 36. The upward moving organic particles are carried upward and
      leave chamber 14 in the accompanying liquid flow through outlet trough 30.
PAR  The lifting force on a particle moving along a surface is:
      ##EQU3##
      Where: F.sub.L = lifting force
PA1  C.sub.L = coefficient of lift
PA1  d = particle diameter
PA1  p = liquid density
PA1  u.sub.b = fluid velocity on surface
PAL  It is apparent that the smaller diameter grit has a smaller lifting force
      than the larger diameter organic particles, which permits the organic
      particles to be lifted, while the grit particles remain on surface 70. It
      is also apparent that by controlling the velocity of the liquid on the
      surface 70, the relative size of the grit selected for removal may be
      varied.
PAR  Ideally, all of the organic particles will be caught in the upward flow of
      liquid and removed via trough 30, while all of the grit particles are
      delivered through opening 72 into storage chamber 16. However, since no
      system operates at 100% efficiency, there will be a minimum of organics
      interspersed amongst the grit which has settled to the bottom of chamber
      16 and collected in grit receiving area 46. To rid the grit of these
      organics, an air scour is provided. With the control valve 58 remaining
      closed, pressurized air is periodically pumped down pipe 44 into air lift
      chamber 52. The air is then forced out the openings in steady arms 56 to
      gently air wash and lift the grit particles and thereby wash out the
      organic particles. The air scour is sufficient to cause only the organic
      particles to rise within chamber 16 towards opening 72, while the grit
      particles remain at the bottom of chamber 16. As the organics reach
      opening 72, the increase in velocity of air through the small opening
      carries them therethrough and rapidly up into the spiral liquid flow in
      chamber 14 where they are carried into the outlet trough 30.
PAR  When the air scour is completed and the supply of air through pipe 44 is
      shut off, the control valve 58 is opened and pressurized air is caused to
      flow down pipe 42 through openings 54 into pipe 40. This causes the grit
      to be air lifted from grit receiving area 46 up through pipe 40 and past
      valve 58 into pipe 60 for delivery onto conveyor 62. The liquid drained
      from conveyor 62 is returned to the inlet trough 28 through drain pipe 66.
PAR  The unique combination of structural elements and their space relationship
      to one another as hereinabove described results in a grit selector for
      selectively catching grit which operates more efficiently than heretofore
      known devices. Grit selector 10 operates efficiently even when velocities
      through the device are varying. A unique air scour system is provided
      which does not cause grit to be carried back into the treatment plant. An
      air lift is also provided to remove the grit from the settling device
      which has no moving parts to cause maintenance problems.
PAR  It should be understood, of course, that the foregoing disclosure relates
      to only a preferred embodiment of the invention and that numerous
      modifications or alterations may be made therein without departing from
      the spirit and the scope of the invention as set forth in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for separating out grit from liquid sewage while retaining
      organic solids therein, comprising: a cylindrical settling chamber; a
      cylindrical grit storage chamber, having a smaller diameter than said
      settling chamber, disposed immediately below said settling chamber; a
      substantially flat transition surface separating said settling chamber and
      said storage chamber, said transition surface having a centrally disposed
      opening therethrough permitting communication between said settling
      chamber and said storage chamber; inlet means for introducing liquid
      sewage into an upper portion of said settling chamber along the outer
      periphery thereof, outlet means for removing grit free liquid from an
      upper portion of said settling chamber along the outer periphery thereof,
      said outlet means being spaced from said inlet means by a distance equal
      to a substantial portion of the circumference of said settling chamber in
      the direction of liquid flow; said liquid flow having a flow velocity in
      the laminar range; and paddle means mounted within said settling chamber
      for rotation about a substantially verticla axis, said paddle means being
      positioned a short distance above said transition surface opening and
      rotated at a sufficient rate for causing the liquid within said settling
      chamber to rotate as a forced vortex resulting in an upward spiral flow
      which urges the settled particles across said transition surface toward
      said opening and causes said grit to fall through said opening into said
      storage chamber and said organic particles to rise in said spiral flow.
NUM  2.
PAR  2. Apparatus as defined in claim 1 further including a substantially
      vertical air lift tube means extending from said settling chamber through
      said opening into said storage chamber for removing grit from the bottom
      of said storage chamber.
NUM  3.
PAR  3. Apparatus as defined in claim 2 further including a plurality of
      substantially horizontal air scour arms extending radially outward from
      said air lift tube means for providing air scour through openings formed
      therein to the grit settled on the bottom of said storage chamber so as to
      separate organic material from the grit.
NUM  4.
PAR  4. Apparatus as defined in claim 3 further including an air lift chamber
      formed concentrically around said air lift tube means within said storage
      chamber, said air lift chamber being in communication with a source of
      pressurized air, and a plurality of circumferentially spaced openings
      passing through said air lift tube means permitting pressurized air from
      said air lift chamber to pass into said air lift tube.
NUM  5.
PAR  5. Apparatus as defined in claim 3 further including an air scour chamber
      formed concentrically around said air lift tube means within said storage
      chamber, said air scour chamber being in fluid communication with a source
      of pressurized air and with said air scour arms.
NUM  6.
PAR  6. Apparatus as defined in claim 2 wherein said paddle means is secured to
      a sleeve mounted concentric with and for rotation about said air lift tube
      means.
NUM  7.
PAR  7. Apparatus as defined in claim 5 wherein said air scour arms contact the
      side wall of said settling chamber to steady said air lift tube.
NUM  8.
PAR  8. Apparatus as defined in claim 7 wherein said storage chamber has a
      centrally located grit settling area defined within a fill area around the
      lower periphery of said storage chamber.
NUM  9.
PAR  9. Apparatus as defined in claim 6 wherein said transition surface includes
      a transition plate positioned in covering relationship to said storage
      chamber, said transition plate having a centrally disposed opening to
      receive said sleeve therethrough and define an annular opening
      therebetween for passage of said grit into said storage chamber.
NUM  10.
PAR  10. Apparatus as defined in claim 9 wherein the distance (H) measured in
      feet from the center line of the middle of said paddle means to said
      transition surface is in the range H = 3/4 to 7/8
      ##EQU4##
      where X = height of water in said settling chamber at maximum flow
      measured in feet, Q = maximum flow rate through said settling chamber
      measured in cubic feet per second, and B = the width of said outlet means
      measured in feet.
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ABST
PAL  An evacuated tube having both ends closed has a centrifugally actuated slit
      type valve fixedly disposed between the ends for dividing the tube into
      upper and lower chambers. The valve is formed and arranged to provide a
      passageway between the upper and lower chambers when subjected to a
      centrifugal force of proper intensity and direction. Upon cessation of the
      force, the valve closes to provide a separation between the upper and
      lower chambers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to separators and more particularly to a
      device for separating blood plasma from cellular material of the type
      disclosed in commonly assigned application Ser. No. 247,483, filed Apr.
      25, 1972, now U.S. Pat. No. 3,849,072.
PAR  2. Description of the Prior Art
PAR  With the development of modern pathology laboratories, it has become the
      common practice to send blood samples to a centralized laboratory facility
      for analysis. The normal procedure requires that the patient's blood
      sample be taken at a doctor's office or a clinic and thereafter mailed in
      a proper container to a centrally located laboratory to be tested. In many
      instances, it is desirable that the cellular material contained in a blood
      sample be separated from the blood plasma shortly after the sample is
      taken from the patient and prior to mailing. Centrifuging has become the
      accepted method for separation of the suspended cellular material from the
      blood plasma.
PAR  It is known to separate blood into its component parts by centrifugation,
      for example, the assembly disclosed in U.S. Pat. No. 2,460,641. However,
      this particular assembly does not employ a means for sealing the separated
      plasma or serum phase from the cellular phase.
PAR  It is also known to provide assemblies for manually separating the plasma
      or serum phase from the cellular phase, for example, as disclosed in U.S.
      Pat. Nos. 3,586,064 3,661,265; 3,355,098; 3,481,477; 3,512,940 and
      3,693,804. In all of these devices the serum is collected in a blood
      collection container and means are provided for separating the plasma or
      serum phase from the cellular phase employing filters, valves, transfer
      tubes or the like.
PAR  It is also known to provide assemblies for the sealed separation of blood
      in which a piston is actuated by centrifugal force such as is disclosed in
      U.S. Pat. Nos. 3,508,653 and 3,779,383. These devices use either a
      distortable piston made of a resilient material or valve means associated
      with the piston to affect a sealed separation after centrifugation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates an evacuated tube having closed ends and
      a centrifugally actuated slit valve fixedly disposed between the ends to
      divide the tube into upper and lower chambers. The valve includes an
      elastomeric body having a centrally located cylindrical opening closed off
      by an elastomeric bulb defined by a cylindrical member having a
      dome-shaped end provided with a normally closed slit. A pair of
      diametrically opposed masses are on the cylindrical member in line with
      the slit.
PAR  In a preferred embodiment, a tube is used having an opening at each end,
      said openings being closed with penetrable stoppers. The tube is evacuated
      through the stopper in the lower end so that the lower chamber is
      evacuated first. A pressure differential is developed across the valve
      which causes the slit to open. When this occurs, the upper and lower
      chambers come into communication so that the upper chamber is also
      evacuated.
PAR  The tube is filled by puncturing the stopper disposed in the upper end of
      the tube and the vacuum in the upper chamber draws blood into the tube. As
      the upper chamber is filled with blood, a pressure differential is
      developed across the bulb causing the slit to open and the blood to flow
      into the evacuated lower chamber. Thus, the entire container is filled
      with a blood sample.
PAR  Upon subsequent centrifuging the masses acting on each end of the slit in
      the bulb cause the slit to open. In this way a passage is formed
      connecting the upper and lower chambers so that the heavier blood cells
      flow in a downwardly direction causing the lighter plasma to be displaced
      into the upper chamber of the tube in a manner well known in the art.
PAR  When centrifuging is discontinued, the elastomeric bulb returns to its
      normal position with the slit closed so that a seal is provided between
      the cellular material and the plasma.
PAR  The primary objective of the present invention is to provide an improved
      device that may be used to collect a blood sample from a patient, and
      separate the blood sample into its light and heavy phases, all at
      relatively reduced costs.
PAR  The foregoing objectives and advantages of the invention will appear more
      fully hereinafter from a consideration of the detailed description which
      follows, taken together with the accompanying drawings. It is to be
      expressly understood, however, that the drawings are for illustrative
      purposes only and are not to be considered as defining the limits of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal section of the present invention with blood
      collected in both chambers, and the centrifugally actuated valve in a
      closed condition;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1 showing the base
      of the slitted bulb and opposed masses;
PAR  FIG. 3 is a view similar to FIG. 1 showing the valve open when subjected to
      centrifugal force and the blood separated into its component phases; and
PAR  FIG. 4 is a bottom plan view of the open slit valve.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a glass tube 10, having openings at
      each end which are closed by stoppers 12 and 14. Stoppers 12 and 14 are
      preferably resilient and penetrable by a cannula for purposes of
      evacuating and filling the tube.
PAR  It is to be understood that the valve could be positioned in many ways well
      known in the art as discussed in the above referenced application. The fit
      between the valve and the inside diameter of the tube is of sufficient
      tightness so that once the valve is forced into a particular position
      during assembly the frictional forces between the valve and the tube will
      retain the valve at the desired position during its life including periods
      of centrifuging.
PAR  The valve is positioned so that it is above an interface 17 that is formed
      between the plasma and the cellular material of the blood after
      centrifuging. This is essential so that the plasma remains free of
      cellular material during mailing of the sample.
PAR  Valve 18 is made of an elastomeric material such as an inert rubber or
      plastic material. Valve 18 has a conical-shaped upper surface 22 forming a
      funnel that is in communication with a cylindrical opening 24 formed in
      the center of the valve and extending therethrough. The upper periphery of
      surface 22 terminates in a feather edge which seals against the inner
      surface of the tube 10 to facilitate unrestricted flow of cellular
      material through the valve during centrifuging and to prevent blood cells
      from being caught between the valve and the inner surface of the tube.
PAR  Forming part of the valve 18 and extending across the cylindrical
      passageway 24 is a bulb 26 of relatively thin, resilient material. The
      bulb includes a cylindrical part 28 defining an extension of passageway 24
      and a dome-shaped closed end 30. A normally closed slit 32 is cut in the
      end 30. Masses 33 are located at the ends of the slit and function as
      unbalanced masses under the thrust of centrifugal force to open the slit
      32 thereby providing a passage between the upper chamber 11 and lower
      chamber 13. In this connection, the masses 33, being attached only at
      their inner ends will produce inward thrust vectors, as represented by the
      arrows in FIG. 4. These squeezing vectors will cause slit 32 to open.
PAR  After the valve is inserted in tube 10, stoppers 12 and 14 are placed in
      their respective ends and the tube may be evacuated through stopper 12 in
      a manner well known in the art. Evacuation of the lower chamber 11 causes
      a pressure differential across valve 18 thereby causing the bulb 26 to be
      displaced downwardly opening a slit 32 to the upper chamber 13 so that it
      too is evacuated.
PAR  When the tube is to be filled with a blood sample, stopper 14 is punctured
      with a cannula so that blood is drawn into the evacuated upper chamber 13.
      As the upper chamber 13 fills with blood, a pressure differential is again
      created across valve 18 causing slit 32 to open thereby allowing blood to
      flow into the lower chamber 11 so that the entire tube is filled with the
      blood sample.
PAR  In order to separate the plasma from cellular material, the entire device
      is centrifuged so that centrifugal force is exerted in the direction of
      stopper 12. The masses 33 are urged in a downwardly direction causing
      squeezing force vectors which open slit 32 so that a passage is formed
      between the upper 11 and lower 13 chambers. The heavier red blood cells
      flow in a downwardly direction displacing the plasma in the lower chamber
      13 so that it flows in an upwardly direction into the upper chamber 11
      until a plasma-cell interface 17 is established below valve 18. After
      interface 17 is established, centrifuging is stopped and the bulb 26
      returns to its normal position whereby slit 32 is closed thereby creating
      a permanent separation between the upper and lower chambers.
PAR  Thus the present invention provides an inexpensive and uncomplicated device
      for taking blood samples, and for separating the blood into its
      constituent phases. Thus the several aforenoted objects and advantages are
      most effectively attained. Although a preferred embodiment has been
      disclosed and described in detail herein, it should be understood that
      this invention is in no sense limited thereby and its scope is to be
      determined by that of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A separator device for separating mixed light phase and heavy phase
      constituents of blood and establishing a permanent barrier between said
      phases, including:
PA1  a tubular container sealed at both ends and adapted to contain the blood to
      be separated;
PA1  elastomeric barrier means fixedly located intermediate the container ends
      and dividing the container into first and second chambers which upon the
      application of centrifugal force are adapted to contain in major
      proportions the light phase and heavy phase, respectively;
PA1  a passageway through the barrier means connecting the first and second
      chambers; and
PA1  a bulb extending over and closing the passageway, the bulb having a
      normally closed slit, and thrust generating means attached to said bulb
      and responsive to centrifugal force to open the slit, the bulb normally
      sealing off the passageway to provide a barrier between first and second
      chambers, and when subjected to a predetermined centrifugal force, the
      thrust generating means flexes open the slit to open the passageway to
      provide communication between the chambers to permit the light phase to
      travel to the first chamber and the heavy phase to travel to the second
      chamber, and upon cessation of the applied centrifugal force, the bulb
      returns to its normal position to seal off the passageway and provide a
      barrier between the first and second chambers.
NUM  2.
PAR  2. A separator device according to claim 1, wherein one of the container
      closed ends includes a needle penetrable stopper facilitating the
      introduction of blood into the container.
NUM  3.
PAR  3. The invention in accordance with claim 1, wherein the barrier means
      includes a conical surface, adjacent the first chamber, which forms a
      funnel that is in communication with the passageway to facilitate the
      separation of the phases and the flow of the heavy phase into the second
      chamber.
NUM  4.
PAR  4. The invention in accordance with claim 1, wherein the thrust generating
      means includes a pair of diametrically opposed masses, one on each end of
      the slit which provide a radially inwardly extending force vector during
      centrifugation to provide the squeezing action which opens the slit.
NUM  5.
PAR  5. The invention in accordance with claim 4, wherein the bulb includes a
      cylindrical portion being an integral part of the barrier means and
      defining an extension of the passageway and an integral dome-shaped end
      which includes the slit, and the masses extending radially from the
      cylindrical portion.
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PAL  An apparatus for magnetic treatment of a flowing liquid, such as water for
      the purpose of preventing precipitation of dissolved substances and
      corrosive effect of the liquid on the conduits and service apparatus
      contacted by the liquid.
BSUM
PAR  The present invention relates to an apparatus for magnetic treatment of a
      flowing liquid, such as water for the purpose of preventing precipitation
      of dissolved substances and corrosive effect of the liquid on the conduits
      and service apparatus contacted by the liquid.
PAR  Such magnetic treatment of liquids and various apparatus for effecting the
      treatment are previously known and are of particular interest in relation
      to water of the type which is apt to cause scale-like, calciferous
      deposits or corrosion.
PAR  The apparatus according to the invention is of the type which comprises a
      flow through housing which is made, at least in part, of a ferro-magnetic
      material, and at least one permanent magnet provided with pole shoes so
      mounted in the housing that one pole shoe is in magnetically conducting
      connection with the housing and the other defines a gap against the
      housing. The characteristic feature of the apparatus consists i.a. in that
      the permanent magnet is formed like an annular cylinder having disc shaped
      pole shoes and is mounted in a cup-shaped part of the apparatus housing
      with the liquid inlet and outlet connected to the interior cylindrical
      space of the magnet and the space between the magnet and the wall of the
      cup-shaped part, respectively, or vice versa. With such an arrangement of
      the apparatus it is possible, relatively small dimensions of the apparatus
      to obtain a flow section in the annular gap and a magnetic field strength
      in the same which will provide a very efficient treatment of the liquid.
      Due to the fact that the active parts of the apparatus are situated in a
      cup-shaped part which may be positioned laterally to the axis of the flow
      conduit of the liquid, it is easy to insert the apparatus into such a
      conduit and it will occupy a very small space.
PAR  Due to the fact that the liquid when flowing into the apparatus is directed
      axially through the cylindrical cavity of the annular-cylindrical cavity
      of the annular-cylindrical magnet, the liquid will, while passing through
      the magnet be subjected to the magnetic leakage flux prevailing between
      the poles of the magnet in the cylindrical cavity. Consequently, particles
      of ferromagnetic material which might be contained in the liquid will be
      subjected to a magnetic flux in the flow direction of the liquid, before
      arriving at the place of the main treatment of the apparatus, namely the
      annular gap. Through this influence, particles of ferromagnetic materials
      will be separated out and may be accumulated on the interior wall of the
      magnet or on filters and thereby prevented from fouling the boundary
      surfaces of the magnet gap proper, to the effect that this is kept clean.
      This influence may be advanced by so shaping the magnet that the length of
      the annular cylinder is small relative to the exterior ring diameter, as
      the leakage flux within the hollow cylinder may then adopt a considerable
      value.
PAR  An amplification of this leakage flux and an easier collection may be
      obtained if a member of ferromagnetic material extending axially towards
      the inlet be arranged in the cavity of the annular-cylindrical magnet and
      in magnetically conducting connection with the same near the outlet from
      the cavity. This member will then form a secondary magnetic pole against
      the magnet pole situated at the inlet, so that the leakage flux in the
      cavity will have a radial component and thereby more surely be effective
      all over the flow section.
PAR  For the collection of solid particles born by the liquid flow or separated
      out by the longitudinal magnetic effect, it is convenient to so mount the
      apparatus according to the invention that the axis of the annular
      cylindrical magnet will adopt a vertical position. The bottom of the
      cup-shaped part which contains the magnet is formed by a removable cap
      with an inserted sieve so that the solid particles carried by the liquid
      are retained on the sieve when the liquid passes the same on its way
      towards the place of the main treatment.
PAR  The sieve may also be formed by a cylinder which is inserted in the cavity
      of the magnet and covers the outlet from the same. Such a sieve will also
      collect the ferromagnetic particles which have been magnetically
      influenced in the cavity.
PAR  The passing of the liquid from the inner cavity of the magnet to the
      outside of the latter may also be obtained by supporting the magnet at an
      axial distance from the bottom of the cup-shaped casing, so that the
      liquid may flow around the lower edge of the magnet. However, it is also
      possible to provide the annular cylindrical magnet with passage openings
      near the outlet and, from the inner cavity to the space around the magnet.
      In this last embodiment the supporting of the magnet is simpler than in
      the first embodiment, and the axial height of the apparatus may be reduced
     .
DRWD
PAR  The accompanying drawings illustrate how an apparatus according to the
      invention, by way of example, may be shaped.
PAR  FIG. 1 is a vertical sectional view along the axis of the conduit in which
      the liquid is directed.
PAR  FIG. 2 is a vertical sectional view as seen in a direction at right angles
      to the conduit direction, along the line II--II in FIG. 1.
PAR  FIG. 3 is a sectional view similar to that of FIG. 1, in a second
      embodiment of the apparatus.
DETD
PAR  In the drawing, 1 is a pipe nipple which may be inserted in a pipe
      conveying a liquid in the direction of the two arrows. This nipple is
      provided with a circular flange 2 having an interiorly threaded lip 3, and
      with guide walls 4 and 5 guiding the liquid through the apparatus from the
      inlet 6 to the outlet 7. The nipple 1 is made of a non-ferromagnetic
      material, such as brass, aluminium or plastic.
PAR  As shown in FIGS. 1 and 2, a tubular member 8 made of a ferromagnetic
      material is threaded into the lip 3 and closed at its free end by a
      threaded cap 9 made of non-ferro-magnetic material, such as brass,
      aluminium or plastic. An annular cylindric permanent magnet 10 is arranged
      within the tubular member 8 and with the south pole S, provided with an
      annular pole shoe 12, the circumference of which is in magnetically
      conducting connection with the tubular member 8. At the top end is the
      north pole N, with an equally annular pole shoe 11 of a diameter which is
      slightly smaller than the interior diameter of the tube 8, to the effect
      that an annular gap is formed between the circumference of the pole shoe
      11 and the interior wall of the tube 8. Consequently, the tube 8 will
      constitute a magnetic continuation of the pole shoe 12, to the effect that
      the magnetic circuit of the magnet 10 will extend from the south pole S,
      through the pole shoe 12, the tube 8, and the gap 13 to the north pole N.
      Consequently, a magnetic flux will prevail in the gap 13, the flux lines
      extending from the tube 8 towards the circumference of the pole shoe 11,
      at right angles to a liquid flow through the gap. According to the axial
      length of the magnet 10, a magnetic leakage flux will also, secondarily,
      prevail directly between the south and north poles of the magnet through
      the interior cavity of the magnet 10.
PAR  The pole shoes 11 and 12 are provided with a central opening 14 and 15,
      respectively, both of a diameter substantially corresponding to that of
      the cavity of the magnet 10, and additionally, the pole shoe 12 is
      provided with holes 16 having a total sectional area corresponding to that
      of the openings 14 and 15.
PAR  The guide walls 4 and 5 in the nipple 1 are so shaped that liquid which is
      introduced through the inlet 6, will pass through the opening 15 in the
      pole shoe 12, into the cap 9, through the holes 16, through the space
      between the exterior wall of the magnet 10 and the interior wall of the
      tube 8, and through the gap 13 to the outlet 7.
PAR  A sieve 17 is mounted in the cavity of the cap 9, in the flow path between
      the opening 15 and the holes 16, the sieve being kept in position between
      the pole shoe 12 and the cap 9 by means of rings 18 made of
      non-ferromagnetic material, preferably plastic.
PAR  When a liquid is passed through the inlet 6 into the cavity in the magnet
      10, it is subjected to the influence of the leakage flux between the south
      and north poles of the magnet, with strength lines extending axially
      against the direction of flow of the liquid. Through the influence of
      these strength lines, particles of ferro-magnetic substances which are
      carried along with the liquid are separated out and retained on the inner
      wall of the magnet, whereas other particles are collected on the sieve 17.
      When the liquid is passed on through the gap 13, it is subjected to a
      magnetic flux, the strength lines of which are extending at right angles
      to the direction of flow, to the effect that substances in the liquid
      which might give rise to deposits or corrosion in conduits or apparatus
      further on in the direction of flow of the liquid are neutralized in a
      manner known per se.
PAR  FIG. 3 illustrates a slightly modified embodiment of the apparatus. The
      manner of operation is, however, the same as explained above, only the
      structural details are modified.
PAR  Thus, the lips 3 of FIGS. 1 and 2 are here made in the form of a sleeve
      like projection 3' interiorly receiving the ferro-magnetic member 8 and
      carrying the cap 9 at the lower end.
PAR  An axial sieve 17' is arranged in the inner cavity of the magnet 10. The
      sieve 17' is of the same diameter as the inlet opening 14 and extends
      downwardly right on to the top side of the cap 9. In this embodiment, the
      magnet 10 with its pole shoes 11 and 12 and the exterior member 8 are
      supported directly by the cap 9, the flow passage of the liquid from the
      cavity inside of the magnet to the space around the same being formed by
      recesses 19 in the lower edge of the magnet 10. Hereby, the assembly of
      the apparatus is highly facilitated, as i.a. the supporting rings 18 are
      avoided.
PAR  Further, the cap 9 carries a cruciform member 20 which, at the lower end of
      the same is in magnetic contact with the pole shoe 12 at 21 and which
      extends axially towards the inlet opening 14. Consequently, this member 20
      forms a secondary pole shoe in continuation of the pole shoe 12 and also
      forms a projection into the leakage flux between the magnet poles proper,
      so that the leakage flux will have a radially extending component and
      thereby provide a more effective influence on particles of ferro-magnetic
      material all over the flow area.
PAR  As the member 8 is here fully enclosed by the sleeve 3' with the cap 9, it
      is possible to provide the same with one or more axial windows, not shown,
      extending into the pole shoe 12, so that the space outside of the magnet
      10 may be cleansed without a total dismounting of the apparatus, a
      dismounting which would involve a weakening of the magnet.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for the magnetic treatment of a flowing fluid, comprising:
PA1  a flow-through housing including an inlet, a removable dependent cup-shaped
      part defining a chamber in fluid communication therewith, and an outlet in
      fluid communication with said chamber;
PA1  at least one annular cylindrically shaped magnet axially arranged within
      said cup-shaped part and with its lower end spaced above the bottom
      thereof;
PA1  a ferromagnetic tubular-shaped member inserted within said cup-shaped part
      along the walls thereof;
PA1  a first disc-shaped magnetic pole piece with a central opening therethrough
      arranged with its peripheral edge spaced away from said tubular member and
      with its central opening arranged to direct fluid axially and interiorly
      of said annular magnet;
PA1  a second disc-shaped magnetic pole piece with a central opening and located
      within said cup-shaped part above the bottom thereof and the peripheral
      edge of said pole piece in magnetic connection with the walls of said
      cup-shaped part; and
PA1  apertures located in said second pole piece adjacent the walls of said
      tubular member whereby fluid is conducted from said inlet to the interior
      of said cylindrical magnet through the central opening of said first pole
      piece to the space defined above the bottom of the cup-shaped part by the
      location of the lower end of said magnet thereabove and upwardly therefrom
      through said second pole piece apertures past the peripheral edge of said
      first pole piece to the outlet in said housing.
NUM  2.
PAR  2. An apparatus as in claim 1, wherein said annular cylindrical magnet is
      mounted with its longitudinal axis substantially transverse to the axis
      formed by said liquid inlet and outlet, the bottom of said cup shaped
      house part being in the form of a removable cap.
NUM  3.
PAR  3. An apparatus as in claim 1, wherein the longitudinal axial length of
      said annular cylindrical magnet is small relative to the exterior diameter
      thereof.
NUM  4.
PAR  4. An apparatus as in claim 1, further comprising a sieve inserted between
      said annular cylindrical magnet and said cup shaped part thereof.
NUM  5.
PAR  5. Apparatus for the magnetic treatment of a flowing fluid, comprising:
PA1  a flow-through housing including an inlet,
PA1  a removable dependent cup-shaped part defining a chamber in fluid
      communication therewith, and an outlet in fluid communication with said
      chamber;
PA1  at least one annular cylindrically shaped magnet axially arranged within
      said cup-shaped part;
PA1  a ferromagnetic tubular shaped member inserted within said cup-shaped part
      along the walls thereof and resting on the bottom thereof;
PA1  a first disc-shaped magnetic pole piece with a central opening therethrough
      arranged with its peripheral edges spaced away from said tubular member
      and with its central opening arranged to direct fluid axially and
      interiorly of said annular magnet;
PA1  a second disc-shaped magnetic pole piece located within said cup-shaped
      part on the bottom thereof and the peripheral edge of said pole piece in
      magnetic connection with the walls of said tubular member; and
PA1  said annular magnet further including passages from the interior cavity
      thereof to the space surrounding said magnet whereby fluid is conducted
      from said inlet to the interior of said cylindrical magnet through the
      central opening of said first pole piece and through said passages to the
      space surrounding the magnet and upwardly therefrom through the gap formed
      between said first pole piece and the walls of said tubular member to the
      outlet in said housing.
NUM  6.
PAR  6. An apparatus as in claim 5, further comprising a ferro-magnetic member
      mounted within the cavity of said annular cylindrical magnet and in
      magnetically conductive connection with the same adjacent to the outlet
      from the magnet interior space, said ferro-magnetic member extending
      towards the inlet to the cavity.
NUM  7.
PAR  7. An apparatus as in claim 5, further comprising a cylindrical sieve
      inserted in the cavity of said annular cylindrical magnet for covering the
      outlet thereof.
PATN
WKU  039417018
SRC  5
APN  5016495
APT  1
ART  176
APD  19740829
TTL  Apparatus for continuous dewatering of aqueous suspensions
ISD  19760302
NCL  4
ECL  1
EXA  Spitzer; Robert H.
EXP  Hart; Charles N.
NDR  2
NFG  4
INVT
NAM  Stahl; Ulrich
CTY  Tutzing
CNT  DT
INVT
NAM  Busse; Oswald
CTY  Aarbergen
CNT  DT
INVT
NAM  Klesper; Hugo
CTY  Aarbergen
CNT  DT
INVT
NAM  Junker; Werner
CTY  Aarbergen
CNT  DT
ASSG
NAM  Passavant-Werke Michelbacher Huette
CNT  DT
COD  03
PRIR
CNT  DT
APD  19731015
APN  7338316[U]
CLAS
OCL  210386
XCL  210401
XCL  210418
EDF  2
ICL  B01D 3304
FSC  100
FSS  110;116;118-120;151-154
FSC  198
FSS  193
FSC  210
FSS  77;386;387;400;401;406;418
UREF
PNO  1958279
ISD  19340500
NAM  Morgan
XCL  210400
UREF
PNO  2349080
ISD  19440500
NAM  Deck
XCL  100151
UREF
PNO  3049236
ISD  19620800
NAM  DeLara et al.
XCL  210 77
UREF
PNO  3477583
ISD  19691100
NAM  Krynski et al.
OCL  210401
UREF
PNO  3537584
ISD  19701100
NAM  MacDonald
XCL  210400
UREF
PNO  3677411
ISD  19720700
NAM  Ishigaki
XCL  210401
UREF
PNO  3770626
ISD  19731100
NAM  Ayers
XCL  210400
UREF
PNO  3821928
ISD  19740700
NAM  Sugita
XCL  210386
LREP
FR2  Thompson, Jr.; Woodford R.
ABST
PAL  The upper flight of an endless filter belt is supported by a backing sheet
      as it passes through a feeding and initial partial dewatering zone. The
      upper flight of the filter belt then passes through a main dewatering zone
      while being subjected to pressure in a direction to force liquid
      therethrough. Drainage slots in the upper surface of the backing sheet
      extend at an angle to the direction of travel of the upper flight and
      leave narrow strips between adjacent slots which engage the under surface
      of the upper flight.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for the continuous dewatering of
      aqueous suspensions such as slurries and sludges resulting from the
      purification of waste water.
PAR  Recently, filter belts running over a number of guide rolls similar to
      those employed in paper production have been employed in sludge dewatering
      systems. Such belts pass through two different zones; a feeding and
      initial partial dewatering zone and a main dewatering zone. At the initial
      dewatering zone, the aqueous liquid passing through the filter medium
      leaves a more or less solid filter cake on the belt which is further
      dewatered by compression and/or a wicking action whereby the final product
      has a higher content of solids and a reduced residual moisture level.
PAR  Heretofore, difficulties have been encountered in dewatering the slurry
      sufficiently in the initial partial dewatering zone to form a firm layer
      of solids which will not give way under the pressure exerted thereon in
      the main dewatering zone. One attempt to solve this problem has been to
      extend the initial dewatering zone so that its length equals that of the
      main dewatering zone. However, this requires an increase in space and is
      expensive. Another attempt to solve the problem has been to make the unit
      more compact by positioning one dewatering zone over another so that
      initial dewatering takes place on the upper flight of an upper, endless
      belt. The partially dewatered sludge then passes into the main dewatering
      zone where it is pressed between the lower flight of the upper endless
      belt and a main filter belt to form a filter cake layer. While this
      apparatus is compact it offers no solution as far as the cost of equipment
      is concerned.
PAR  Another form of prior art dewatering apparatus consists of two zones
      arranged in alignment with each other with the feeding and initial
      dewatering zone of the belt rising sharply and forming one wall of a
      slurry collecting tank. The front wall of the collecting tank has an inlet
      for introducing the suspension. While the long retention time in the
      collecting tank and the increased hydrostatic head prevailing therein will
      increase the dewatering efficiency of the initial dewatering zone,
      difficulties are encountered in providing an effective seal where the
      outer surfaces of the belt move adjacent the walls of the collecting tank.
      That is, to provide an effective seal, the belt is susceptible to
      excessive wear whereby it has only a short service life.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with our invention we overcome the above difficulties
      providing apparatus which, not only is comparatively low in cost, but also
      offers an increase in dewatering efficiency and a reduction in residual
      cake moisture.
PAR  This is accomplished by providing an endless filter belt having its upper
      flight passing through a feeding and initial partial dewatering zone while
      engaging a perforated backing sheet. The upper flight then passes through
      a main dewatering zone while being exposed to a positive pressure and/or a
      negative pressure. The backing sheet is provided with grooves, slots or
      similar passages which extend at an angle to the direction of travel of
      the belt and in closely spaced relation to one another so as to leave
      small strips on the backing sheet which support the filter belt. Due to
      this arrangement the passage of liquid through the sludge layer and the
      porous filter belt is greatly improved. Also, the friction caused by
      engagement of the filter belt with the strips extending between the
      grooves and/or slots serves to overcome the adhesion of liquid to the
      filter belt. Furthermore, a negative pressure is created at the underside
      of the filter belt due to movement of the belt over the edges of the
      strips whereby the liquid flow through the filter belt is further
      improved. The dewatering rate is improved further by sloping the initial
      partial dewatering zone and its backing sheet.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Apparatus embodying features of our invention is illustrated in the
      accompanying drawings forming a part of this application in which:
PAR  FIG. 1 is a side elevational view, partly broken away, showing the feeding
      and initial partial dewatering zone and the receiving end of a main
      dewatering zone;
PAR  FIG. 2 is a fragmental, vertical sectional view taken through a portion of
      the initial partial dewatering zone showing a portion of the backing sheet
      and the filter belt;
PAR  FIG. 3 is a fragmental plan view showing a portion of the backing sheet
      with the filter belt removed; and,
PAR  FIG. 4 is a fragmental, side elevational view showing a modified form of
      the initial partial dewatering zone.
DETD
PAC  DETAILED DESCRIPTION
PAR  As shown in FIG. 1, mounted on a cantilever beam 1 of a supporting frame 2
      and driven by a geared motor 3 is a feed conveyor 4 having its discharge
      end 5 communicating with a chute 6. The chute 6 discharges an aqueous
      suspension into a feeder box 7 having front and side walls which enclose
      three sides of and defines the initial partial dewatering zone. An endless
      filter belt 8 runs through this initial dewatering zone to define a bottom
      therefor and is guided at its head end by means of an adjustable guide
      roll 9 mounted on a supporting shaft 8a which rides in a guide slot 16
      provided in a support frame 13. The filter belt 8 is driven by suitable
      means such as a motor 8b operatively connected to shaft 8a.
PAR  In the initial partial dewatering zone, the under side of the traveling
      filter belt 8 passes over and engages a backing sheet 10, having the under
      side thereof communicating with drainage units 11 and 12. All elements
      associated with the initial partial dewatering zone are carried by the
      support frame 13 which is pivotally connected at one end to the frame 2 by
      means of a pivot joint 14. The support frame 13 is inclined upwardly and
      forwardly, as viewed in the direction of travel of the filter belt 8, and
      is locked in selected positions by locking bolts 34 which pass through
      suitable openings in the support frame 13 and an arcuate slot 15 provided
      in a depending bracket 35 carried by a diagonal brace member 36 in the
      supporting frame 2. The upper flight of the filter belt 8 and the backing
      sheet 10 move with the support frame 13 whereby they are also movable to
      selected inclined positions. The degree of slope ranges from 10.degree. to
      25.degree. and preferably 12.degree. to 15.degree. relative to a
      horizontal plane passing therethrough. This inclination of the upper
      flight of the feed belt 8 and the backing sheet 10 has the following
      effect: In the feeder box 7, the heavy solids will quickly settle on the
      upper surface of the filter belt 8 to be carried off thereon. The
      supernatant liquid passes through the filter belt 8 countercurrent to the
      direction of travel of the belt at a velocity slightly greater than that
      of the filter belt travel. Accordingly, the supernatant liquid invariably
      passes to areas of the filter belt 8 in which the latter is practically
      free of solids so as to be easily penetrated by the liquid. To enable the
      handling of a variety of sludges and solids concentrations, the backing
      sheet 10 and its front end guide roller 9 are thus adapted to be set at
      selected inclined positions within the feeding and initial partial
      dewatering zone. As shown in FIG. 1, the feed chute 6 introduces and
      retains the suspension at a location in the initial partial dewatering
      zone which is spaced from the head roll 9. Also the portion of the belt 8
      between the feeder box 7 and the head roll 9 is not subjected to pressure.
      The dewatering efficiency of the apparatus is still further improved by
      connecting each of the drainage units 11 and 12 provided beneath the
      backing sheet 10 to a suitable vacuum unit indicated generally at 29 so as
      to maintain a negative pressure ranging from 15 to 30 mm pressure, water
      gauge and preferably at 20 mm pressure, water gauge. In actual practice we
      have found that this pressure is sufficient to considerably increase the
      dewatering efficiency of the apparatus. Such a vacuum or negative pressure
      may be obtained by other conventional means well known in the art.
PAR  While the slight inclination of the filter belt 8 in the feeding and
      initial partial dewatering zone facilitates the countercurrent seepage of
      liquid through the filter media, this effect is further improved where the
      feeder means through which the aqueous suspension is fed onto the filter
      belt is spaced from the head end guide roll as described above.
      Accordingly, there remains a zone intermediate the feeder means and the
      guide roll 9 which is practically unobstructed by solids suspended in the
      liquid whereby the liquid can pass freely therethrough. Due to this
      arrangement, the zone intermediate the feeder means and the guide roll 9
      does not have to be connected with the vacuum means, whereby the equipment
      size and cost may be further reduced.
PAR  A guide slot 16a is provided in an arm 30 carried by the frame 2 for
      receiving the shaft 17a of a head end guide roll 17 that supports an
      endless compression belt 18 which moves adjacent the upper surface of the
      filter belt 8 in a main dewatering zone 28.
PAR  The frame 2 also supports a tension roller 19 which engages the inner
      surface of the lower flight of the filter belt 8. The tension roller 19 is
      carried by an elbow lever 20 which is connected by a pivot joint 21 to the
      frame 2. A compression spring 22 is interposed between one end of the
      elbow lever 20 and the frame 2, as shown. Instead of being attached to the
      frame 2, the tension roller 19 and its support means could be carried by
      the support frame 13.
PAR  In FIG. 4 we show a modification in which the backing sheet indicated at
      10' and the adjacent portion of the filter belt 8 are curved upwardly in
      the direction of travel of the upper flight of the belt 8 into the feeding
      and initial partial dewatering zone. The feed box 7' and the drainage unit
      11' are shaped correspondingly to this curvature. The curvature is such as
      to allow the filter belt 8 to merge gradually into the straight and
      preferably horizontally disposed main dewatering zone 28. Accordingly, the
      upper surface of the backing sheet and the adjacent portion of the filter
      belt 8 are convexly curved in the direction of travel of the upper flight
      of belt 8 and merge into a generally horizontally disposed section. The
      advantage of this modified configuration is that the pressure at which the
      filter belt 8 engages the backing sheet remains constant throughout the
      entire feeding zone, thus enabling the backing sheet to strip off the
      seepage with optimum efficiency.
PAR  As shown in FIg. 2 the backing sheet 10 is provided with a serrated surface
      defined by drainage slots 23 which are triangular as viewed in cross
      section and spaced from each other in the direction of travel 24 of the
      upper flight of the belt 8. The strips 26 remaining between the slots 23
      may be slightly convexly rounded at the point of contact with the filter
      belt 8 in order to reduce undue friction. The object of this design is the
      following: the steeper wall 25 which is first contacted by the filter belt
      8 will wipe the water off the under side of the belt, while a slight
      vacuum pressure is produced in the wedged or triangular section defined by
      the steeper wall 25, a generally flat wall 30 and the under surface of the
      filter belt which will effectively drain the water through the filter
      belt.
PAR  As shown in FIG. 3, the slots 23 extend at an angle or diagonally to the
      direction of travel 24 of the upper flight of belt 8 and may be generally
      chevron-shaped or L-shaped. This configuration helps to reduce wear of the
      filter cloth and results in an outward deflection of the drained water.
      Where the slots are chevron-shaped the drainage holes 27 for the backing
      sheet 10 are disposed in the center and at both ends of the grooves or
      slots 23. The holes 27 may however be more numerous and other distribution
      or arrangements of such holes 27 may be employed, especially in the
      feeding zone where major quantities of drainage water may be expected.
PAR  The backing sheet 10' shown in FIG. 4 may be made of plastic material
      whereby the slots 23 and drainage passages 27 are punched out of the
      plastic sheet prior to its being curved. Consequently, the edges of the
      resulting ribs or strips 26 will project upwardly relative to the
      remaining surfaces so as to form a series of wiper edges. Also, the more
      or less pronounced curvature of the belt 8 and its merging with the
      horizontal section improves the dewatering performance of the apparatus by
      facilitating the discharge of large quantities of filtrate while the
      filter cake adheres to the filter belt 8 as the belt gradually merges in
      the horizontal section.
PAR  While we have shown our invention in but two forms, it will be obvious to
      those skilled in the art that it is not so limited, but is susceptible of
      various other changes and modifications without departing from the spirit
      thereof.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Apparatus for continuously dewatering an aqueous suspension comprising:
PA1  a. an endless filter belt supported for movement with its upper flight
      passing through a feeding and initial partial dewatering zone and then
      through a main dewatering zone,
PA1  b. means supplying an aqueous suspension to said upper flight as it passes
      through said feeding and initial partial dewatering zone,
PA1  c. a backing sheet engaging the under surface of said upper flight while
      said upper flight is passing relative thereto through said feeding and
      initial partial dewatering zone and prior to passing through said main
      dewatering zone,
PA1  d. there being drainage slots in the upper surface of said backing sheet
      extending at an angle to the direction of travel of said upper flight and
      spaced from each other to leave narrow strips between adjacent slots which
      support said upper flight as it passes through said feeding and initial
      partial dewatering zone,
PA1  e. means subjecting said upper flight to pressure in a direction to force
      liquid downwardly therethrough while said upper flight is passing through
      said main dewatering zone,
PA1  f. a head roll receiving the end of said filter belt adjacent said feeding
      and initial partial dewatering zone and operatively connected to said
      backing sheet and movable therewith, and
PA1  g. means operatively connected to said head roll to retain said head roll
      at selected elevations so that said filter belt and backing sheet are
      movable to selected inclinations within said feeding and initial partial
      dewatering zone.
NUM  2.
PAR  2. Apparatus as defined in claim 1 in which each said slot is generally
      triangular in cross section and the walls of said slot are inclined at
      different angles with the steeper wall being on the downstream side of the
      slot as viewed in the direction of travel of said upper flight of said
      filter belt.
NUM  3.
PAR  3. Apparatus as defined in claim 1 in which a feed chute retains the
      suspension in said initial partial dewatering zone and is spaced from said
      head roll.
NUM  4.
PAR  4. Apparatus as defined in claim 3 in which a portion of the upper flight
      of said filter belt between said feed chute and the head roll is not
      subjected to pressure.
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ABST
PAL  A filter is spread over each side of the strainer casing rotated by a
      horizontal driving shaft, and a plurality of radially extending partition
      plates are provided in the inside peripheral part of said casing, whereby
      alien matter such as sludge contained in the liquid supplied into said
      casing is separated by said filters. The alien matter such as sludge
      remaining in the casing is moved upwardly with rotation of the casing and
      then dropped gravitationally into a chute-like passage and thereby
      discharged out of the casing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a rotary strainer which is capable of always
      effectively and efficiently separating the mixture liquid of sludge such
      as cuttings and detergent or wash oil used for washing and cleaning, for
      example, machined works.
PAR  Filters are generally used for separating alien substances such as sludge
      from a liquid in which such alien substances are contained. However, if
      alien substances are contained in great quantity in the liquid, the filter
      could be fouled in a short time, resulting in a reduced filtering
      performance and unsatisfactory separating effect.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a rotary
      strainer which is capable of separating mixture liquids from alien
      substances such as sludge contained therein at extremely high efficiency.
PAR  Another object of the present invention is to provide a device whereby the
      alien substances such as sludge adhering to the filters can be perfectly
      removed.
PAR  Other objects of the present invention will become apparent from the
      following detailed description of the invention as given with reference to
      the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a rotary strainer according to an embodiment of
      the present invention;
PAR  FIG. 2 is a side elevation; and
PAR  FIG. 3 is a plane view.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  Referring to the drawings, there is shown a hexagonal strainer, generally
      designated by the numeral 1, which consists of a hexagonal casing 3 having
      filters 4, 4, . . . spread over the respective peripheral sides thereof, a
      plate 6 mounted over the front side of the casing 3, said plate 6 being
      formed with a circular opening 5, a base plate 2 mounted over the rear
      side of said casing 3, and a plurality of partition plates 7, 7, . . .
      disposed between said plate 6 and said base plate 2 and extending toward
      the centre 0 of the casing 3.
PAR  The outer end face of the base plate 2 of the strainer 1 is fixed to an end
      of a driving shaft 9 arranged horizontally on the underframe 8, and a
      sprocket 10 is secured to the other end of said shaft 9. A chain 13 is
      passed round said sprocket 10 and round a sprocket 12 mounted at the end
      of the revolving shaft of a prime mover 11 so that said strainer 1 may be
      rotated with the driving of said prime mover 11.
PAR  Also, a trough- or chute-like passage 14 for supplying the mixture of
      sludge and washing liquid and another similar passage 15 disposed above
      said passage 14 for discharging sludge are provided extending into the
      casing 3 through said opening 5. It is to be noted that these passages 14
      and 15 are provided with opposed gradients relative to each other so as to
      allow a smooth supply of mixture liquid and smooth discharge of sludge.
PAR  Above the topmost outer periphery of the strainer 1 is provided an air
      nozzle 17 adapted for forcibly removing sludge adhering to the filters 4.
      The numeral 16 denotes a washing liquid tank in which the washing liquid
      passing through the filters 4 is reservoired.
PAR  In operation of the present device, the prime mover 11 is driven to rotate
      the strainer 1 at a speed of for instance 1 r.p.m. while the mixture
      liquid of sludge and washing liquid discharged from a washing machine (not
      shown) is supplied into the lower portion of the strainer 1 through said
      passage 14, whereby said mixture liquid is separated from sludge by the
      filters 4. Sludge is left in the strainer 1 while the filtered washing
      liquid flows down into the reservoir tank 16 in the manner described
      above. Sludge left in the strainer 1 is gradually moved upwardly with the
      rotation of the strainer and tends to fall down owing to the force of
      gravity, but such falling is obstructed by the partition plates 7.
      However, the strainer 1 keeps on rotating and therefore when a particular
      partition plate 7 is raised above the horizontal plane passing the centre
      0 of the casing 3, sludge on said particular partition plate is urged to
      fall down along its surface to finally drop into the chute-like passage
      15. The sludge which dropped into said passage 15 is forced to move
      downwardly owing to the falling gradient of the passage and is thus
      discharged out.
PAR  A certain portion of sludge may not fall down gravitationally and will stay
      adhering to the filters, but such sludge is forcibly removed, by a high
      pressure air jet from the air nozzle 17 when any of the filters passes the
      highest point of the assembly, so that each and every filter 4 is kept
      perfectly free of fouling.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotary strainer comprising a box-like casing having a plurality of
      angularly related sides and a like plurality of filters mounted on the
      sides, a first closed rear plate perpendicularly connected to the sides,
      and a front plate perpendicularly joined to the sides parallel to the rear
      plate, the front plate having a central opening, and the rear plate being
      secured to and rotated by a horizontally driving shaft, a like plurality
      of partition plates provided in said casing and secured to the sides and
      the front and rear plates and extending between the plates and from
      intersections of adjacent filters radially inward in the casing to the
      opening in the front plate, the plates having inner edges extending
      rearward from the opening, and the plates thereby extending toward the
      center of said casing from said respective filters, supply means extending
      from outside of the casing centrally through the opening into the casing
      and terminating above a filter in a lower most position for supplying a
      mixture liquid containing alien substances such as sludge into said
      casing, and onto the filters and discharge means extending from outside
      the casing through a lateral position of the opening and rearward beneath
      inner edges of the partition plates, for receiving alien substance from
      inner edges of rising partition plates and discharging said alien
      substances out of said casing.
NUM  2.
PAR  2. A rotary strainer as set forth in claim 1, wherein said casing is
      polygonal.
NUM  3.
PAR  3. A rotary strainer as set forth in claim 1, wherein an air nozzle adapted
      for forcibly removing alien matters such as sludge adhering to said
      filters is provided above the topside peripheral portion of said casing.
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PAL  A process for producing metal wire screens having extremely narrow slot
      widths. The process comprises compressing along the longitudinal axes of
      the supporting wires a wire screen having parallel narrowly spaced
      screening wires supported by parallel supporting wires and wherein the
      average spacing of the screening wires is larger than desired. The
      compression effects plastic deformation of the supporting wires whereby
      the desired average slot width is formed.
BSUM
PAR  The invention relates to the manufacture of metal wire screens having very
      narrow slot widths, more particularly slot widths smaller than 25 .mu.m.
PAR  Conventional wire screens basically comprise a first set of substantially
      parallel wires, or alternatively one or more wires curved (e.g. by
      spiralling), whereby portions of the wire are parallel to other portions
      of the wire, so-called screening wires, which constitute the sieve surface
      and between which there are narrow slot widths, and a second set of wires,
      so-called supporting wires, which serve to support the screening wires.
      Such wire screens are hereinafter described as "wire screens of the type
      referred to". In general, the supporting wires are conveniently parallel
      and are fixed to the screening wires in positions substantially transverse
      thereto.
PAR  Wire screens of the type referred to have generally been produced by
      welding. In practice, the minimum wire screen slot width which can
      generally be achieved by means of welding is approximately 25 .mu.m and
      the straightness tolerance for screening wires is approximately 10 .mu.m.
      A further deviation of the same order must be taken into account in regard
      to the welding operation carried out in the manufacture of the screens.
      Specifically, allowance must be made for the transverse thermal expansion
      of the screening wires in the area of the weld during the resistance
      welding operation and individual screening wires must be prevented from
      touching adjacent welded wires as a result of such transverse expansion.
      Otherwise, a current leakage would arise via the adjacent screening wire
      and the quality of the new welding spot would thereby be greatly
      diminished. Thus, it has in the past generally been necessary to ensure a
      minimum slot width of approximately 25 .mu.m during welding.
PAR  For certain applications, however, there is a need to separate solid,
      viscous or liquid particles of cross-sections smaller than 25 .mu.m from
      liquids or gases by means of wire screens. It is therefore an object of
      the present invention to provide a process for producing wire screens with
      slot widths smaller than 25 .mu.m suitable for such applications.
PAR  According to the present invention we provide a process for producing wire
      screens of the type referred to having a desired average slot width less
      than 25 .mu.m which comprises compressing along the longitudinal axes of
      the supporting wires a wire screen of the type referred to having a larger
      than desired slot width whereby plastic deformation of the supporting
      wires is effected and a wire screen having the desired average slot width
      is thereby formed. It is in general convenient to apply the process
      according to the invention to screens which prior to compression have an
      average slot width of at least 25 .mu.m.
PAR  In order to ensure an efficient compression operation in the production of
      the wire screens, it is desirable that the supporting wires be capable of
      being plastically deformed under the application of a low axial
      compressive force. The need to apply high compressive force can thus give
      rise to problems, particularly when a slot width of not more than 10 .mu.m
      is desired, due to the transmission of such forces directly to the
      mutually juxtaposed contacting surfaces of the screening wires. With
      certain screening wires, this can result in deformation and even damage of
      the contacting surfaces and consequently in undesired slot width
      irregularities. In practice, this means, on the one hand, that the
      supporting wire material should preferably not be too hard, and on the
      other hand that the ratio of the cross-sectional area of the supporting
      wire (even for supporting wires of relatively ductile material) to the
      cross-sectional area of the screening wire should preferably be less than
      4:1. It is also advantageous for the quality of fixing the welds if the
      above-mentioned ratio-limit is respected.
PAR  On the other hand, the axial compressive force on the supporting wires
      should result in permanent plastic deformation thereof. Since only very
      slight deformations are generally involved, e.g. of the order of about 1%
      to 4% in length, the supporting wires should be made of a ductile material
      since a slight compression of hard metal supporting wires would tend to be
      elastic and would consequently cause no permanent deformation.
      Furthermore, it may be advantageous to effect the compression treatment
      while the screen is at an elevated temperature.
PAR  Using the process of the invention, it has been found possible to effect a
      substantially constant reduction in slot width in wire screens of the type
      referred to.
PAR  In wire screens to which the present invention is applied, the distance
      between adjacent supporting wires is preferably at least 5 times but not
      more than 25 times the width of the screening surface of individual
      screening wires. The screening wires preferably have an essentially
      triangular cross-section and in the form of an isosceles triangle or in a
      form approximating same and, if desired, may have rounded corners. For
      convenience of manufacture, it is particularly preferred that the
      supporting wires have a cross-section and shape similar to that of the
      screening wires, the cross-sectional areas of the screening and supporting
      wires preferably being approximately equal.
DRWD
PAR  The wire screens produced in accordance with the present invention are
      illustrated in the accompanying drawings in which:
PAR  FIG. 1 is an enlarged cross-section taken along the center line of a
      supporting wire in a screen made in accordance with the present invention.
PAR  FIG. 2 is a sectional view of FIG. 1 taken along line II--II and viewed in
      the direction of the arrows.
PAR  FIG. 3 is a cross-sectional view of a small portion of a screen, taken
      through one supporting wire and showing undesired narrowing of screening
      wires due to bending.
PAR  FIG. 4 is a plan view of a small portion of a screen again having undesired
      narrowing of screening wires due to bending.
DETD
PAR  As shown in FIGS. 1 and 2 of the drawings, the touch welding points of both
      wire sets 1 and 2 are situated at a corner edge. Base b of the screening
      wire 1 and the supporting wire 2 is approximately half the height h
      thereof and lies opposite the corner adjacent the two equal sides of the
      triangle. The b/h ratio will preferably be between 0.3 and 0.9 so that an
      optimum depth d of the screen slot 3 and an optimum welding seam and
      compressibility can be obtained. If the b/h ratio is smaller than 0.3, the
      welding seam can fill the free space 4 between the contact areas of the
      screening and supporting wires to an undesirable extent, which may impede
      successive compression operations. Another detrimental consequence of too
      small a b/h ratio is the increase of slot depth d, which increases the
      risk of choking slot 3. If the b/h ratio is higher than 0.9, there is a
      risk that the slot width will be more irregular, for example due to the
      decrease in d. In addition, in case of too high a b/h ratio the edges
      adjacent to the slot would become too sharp and too vulnerable. The wear
      of the slot edges during operation would therefore rapidly increase the
      slot width to an undesirable extent, such as increase being much more
      rapid than with the preferred embodiment according to FIGS. 1 and 2.
      Preferred values for b vary between 2 mm and 500 .mu.m.
PAR  When an average slot width of 15 .mu.m is desired and allowance is made for
      the wire straightness tolerance, it may be assumed that the actual slot
      width will vary between 10 .mu.m and 20 .mu.m. Correspondingly, an average
      slot width of 10 .mu.m will correspond to an actual slot width varying
      from 5 .mu.m to 15 .mu.m while for an average slot width of 5 .mu.m, the
      actual slot width will in fact be smaller than 10 .mu.m, e.g. varying
      between 1 and 10 .mu.m. When the wire screen width, i.e. the length of the
      supporting wires to be compressed, is considerable, it is generally
      desirable to support the wire screen in an independent framework of
      wear-resistant supporting members in order to avoid the formation of kinks
      in the wires, especially in the supporting wires.
PAR  The screening and supporting wires can, if desired, be made of the same
      material. Ductile properties may be imparted at least to the supporting
      wires by, for example, a suitable heat treatment for the purpose of
      facilitating the compression operation. If only the supporting wires are
      made of a ductile material, it will be appreciated that the
      ductility-imparting (heat) treatment should take place prior to their
      welding to the screening wires. It is generally more advantageous to make
      only the supporting wires, and not both the screening and supporting
      wires, out of a ductile material since harder screening wires possess
      better wear resistance and a higher mechanical strength than ductile
      screening wires. Since good resistance to both wear and corrosion is often
      required for wire screens, a combination of ordinary stainless steel
      screening wires with annealed stainless steel supporting wires is one
      preferred combination for the wire screens of the present invention.
PAR  Provided that the weldability is not unduly affected, different metals may
      be used for the supporting and screening wires respectively, providing
      that at least the supporting wires are ductile or can be rendered so. In
      addition to steel, Titan, Monel, Hastelloy and various other alloys can
      also be used in the production of wire screens according to the present
      invention. For example, both the screening and supporting wires can be
      made of Titan or Monel, or the screening wires of Hastelloy and the
      supporting wires of annealed Hastelloy. It may also be desirable to
      support the compressed wire screen produced according to the invention on
      one or more independent grid-like frames of more highly resistant wires if
      it is envisaged that the wire screen will be subjected during use to
      considerable variations in pressure perpendicular to the screening area.
PAR  The screening area of the wire screens according to the invention can be,
      for example, a surface of revolution such as a cylinder, although a flat
      surface can be used, particularly for low pressure filtration or small
      filtering surfaces. It is generally preferred that the supporting wire
      direction coincide with that of the generating line of the surface of
      revolution. Curved screens of various shapes can be obtained by suitably
      bending flat screens and another form of curved screen can be obtained by
      bending a cylindrical screen about its axis. Sharp bending of the
      screening wires adjacent a supporting wire, however, should generally be
      avoided as this produces in the area of the bend a very pronounced
      narrowing of the screen wires and consequently an undesirable increase in
      the slot width in the vicinity of the supporting wire as shown in FIGS. 3
      and 4.
PAR  For high pressure filtration, flat screen surfaces are not generally
      preferred since not only the supporting wires but also the screening wires
      would need to be too thick in order to resist bending under the pressure.
      Cylindrical screens are thus preferably used for this purpose since the
      screening wires in the form of a continuous spiral are able to resist more
      effectively the effects of the pressure gradient across the peripheral
      surface of the cylinder. Thus, the principal function of the supporting
      wires is to link the successive convolutions of the spiralled screening
      wire.
PAR  In order to form such cylindrical wire screens by the process according to
      the invention, one preferably employs a cylindrical wire screen formed
      from a spiral of hard screening wire, successive turns of the spiral being
      spaced apart to provide an average slot width of approximately 25 .mu.m,
      and a plurality of ductile supporting wires disposed parallel to the
      longitudinal axis of the spiral of screening wire and welded to the
      screening wire. This wire screen is then compressed along the longitudinal
      axes of the supporting wires to effect a reduction of the average slot
      width to less than 25 .mu.m.
PAR  For filtering large volumes of material, it is desirable to have the total
      area of filtering slots per unit area of filter screen surface as large as
      possible. The base b of the screening wires should thus be as small as
      possible, e.g. 0.5 mm, to provide more slots per unit area of filter
      screen surface. However, this generally necessitates the use of supporting
      wires with a similarly small base b, for the reasons stated above. In this
      way, the overall resistance of the screen to high pressure gradients or
      pressure pulses can be greatly reduced. However, since filtration output
      not only increases with the percentage of slot area but also with
      increasing pressure gradient across the screen surface, it may be
      advantageous to reinforce or support the screens made from thin wires,
      especially the cylindrical filter screens for high pressure filtration,
      with a grid-like rigid framework, to avoid any distortion, distention or
      collapse of the screen, the slots and/or the end caps or portions thereof.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A wire screen having substantially parallel screening wires separated by
      slots of a desired average slot width less than 25 microns, said screen
      produced by compressing, along the longitudinal axes of the supporting
      wires, a wire screen comprising substantially parallel screen wires
      supported by supporting wires and wherein the screening wires are
      separated by slots having an average slot width greater than desired, the
      compression effecting plastic deformation of the supporting wires to
      narrow the slot width of the screening wires to thereby form the said wire
      screen having the desired average slot width.
NUM  2.
PAR  2. A process for producing wire screens having substantially parallel
      screening wires separated by slots of a desired average slot width less
      than 25 microns, the process comprising compressing, along the
      longitudinal axes of the supporting wires, a wire screen comprising
      substantially parallel screening wires supported by supporting wires and
      wherein the screening wires are separated by slots having an average slot
      width greater than desired, the compression effecting plastic deformation
      of the supporting wires to narrow the slot width of the screening wires to
      thereby form a wire screen having the desired average slot width.
NUM  3.
PAR  3. A process for producing wire screens of the type referred to having a
      desired average slot width which is less than 25 .mu.m which comprises
      compressing along the longitudinal axes of the supporting wires a wire
      screen of the type referred to having a larger than desired average slot
      width whereby plastic deformation of the supporting wires is effected and
      a wire screen having the desired average slot width is thereby formed.
NUM  4.
PAR  4. A process as claimed in claim 3 wherein the screen prior to compression
      has an average slot width of at least 25 .mu.m.
NUM  5.
PAR  5. A process as claimed in claim 3 wherein the screening wires and/or the
      supporting wires have an essentially triangular cross-section.
NUM  6.
PAR  6. A process as claimed in claim 5 wherein the screening wires and/or the
      supporting wires have an essentially isosceles triangular cross-section.
NUM  7.
PAR  7. A process as claimed in claim 6 wherein the ratio of the length of the
      unequal side of the said cross-section to the perpendicular distance from
      said unequal side to the apex formed by the two equal sides of the said
      cross-section is in the range of 0.3:1 to 0.9:1.
NUM  8.
PAR  8. A process as claimed in claim 6 wherein the length of the unequal side
      of the said cross-section is 2mm to 500 .mu.m.
NUM  9.
PAR  9. A process as claimed in claim 5 wherein the said triangular
      cross-section has rounded apexes.
NUM  10.
PAR  10. A process as claimed in claim 3 wherein the screening wires and the
      supporting wires have essentially the same cross-sectional shape.
NUM  11.
PAR  11. A process as claimed in claim 3 wherein the ratio of the
      cross-sectional area of the supporting wires to the cross-sectional area
      of the screening wires is less than 4:1.
NUM  12.
PAR  12. A process as claimed in claim 11 wherein the screening wires and the
      supporting wires have essentially the same cross-sectional area.
NUM  13.
PAR  13. A process as claimed in claim 3 wherein the distance between adjacent
      supporting wires is from 5 to 25 times the width of the screening surface
      of individual screening wires.
NUM  14.
PAR  14. A process as claimed in claim 3 wherein the wire screens formed have a
      slot width of from 10 .mu.m to 20 .mu.m.
NUM  15.
PAR  15. A process as claimed in claim 14 wherein the wire screens formed have
      an average slot width of about 15 .mu.m.
NUM  16.
PAR  16. A process as claimed in claim 3 wherein the wire screens formed have a
      slot width of from 5 .mu.m to 15 .mu.m.
NUM  17.
PAR  17. A process as claimed in claim 16 wherein the wire screens formed have
      an average slot width of about 10 .mu.m.
NUM  18.
PAR  18. A process as claimed in claim 3 wherein the wire screens formed have a
      slot width of from 1 .mu.m to 10 .mu.m.
NUM  19.
PAR  19. A process as claimed in claim 18 wherein the wire screens formed have
      an average slot width of about 5 .mu.m.
NUM  20.
PAR  20. A process as claimed in claim 3 wherein the reduction in length
      effected by plastic deformation of the wire screen amounts to 1 to 4%
      measured along the longitudinal axes of the supporting wires.
NUM  21.
PAR  21. A process as claimed in claim 3 wherein the supporting wires are
      composed of a material which is at least as ductile as the material of the
      screening wires.
NUM  22.
PAR  22. A process as claimed in claim 3 wherein the supporting wires are
      composed of annealed stainless steel and the screening wires of stainless
      steel.
NUM  23.
PAR  23. A process as claimed in claim 3 wherein the supporting wires and the
      screening wires are composed of Titan alloy.
NUM  24.
PAR  24. A process as claimed in claim 3 wherein the supporting wires and the
      screening wires are composed of Monel alloy.
NUM  25.
PAR  25. A process as claimed in claim 3 wherein the supporting wires are
      composed of annealed Hastelloy alloy and the screening wires of Hastelloy
      alloy.
NUM  26.
PAR  26. A process as claimed in claim 3 wherein the wire screen is supported in
      a framework of retaining members during the compression of the screen,
      whereby the formation of kinks in the supporting wires and screening wires
      is substantially avoided.
NUM  27.
PAR  27. A process as claimed in claim 3 wherein the compression is effected
      while the wire screen is at an elevated temperature.
NUM  28.
PAR  28. A process as claimed in claim 3 for the preparation of cylindrical wire
      screens which comprises compressing a cylindrical wire screen formed from
      a spiral of screening wire and a plurality of supporting wires disposed
      parallel to the longitudinal axis of the spiral of screening wire, the
      wire screen being compressed along the longitudinal axes of the supporting
      wires.
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ABST
PAL  A liquid conditioning and settling tank employing the sludge blanket
      principle in which a body of floc particles termed a sludge blanket is
      maintained in suspension in the lower portion of the tank by agitation.
      The floc particles gather impurities in the liquid being treated and thus
      gain weight. The heavier fraction of these particles settle to the base of
      the tank whence they are removed. In such a tank a sump is located with an
      overflow lip at or below the upper level of the sludge blanket. The
      lighter fractions overflow into the sump where they are able to settle
      more readily for removal from the tank through the base of the sump.
BSUM
PAR  The present invention relates to liquid conditioning and settling tanks
      employing the sludge blanket principle.
PAR  In liquid conditioning and settling tanks liquid to be treated is mixed
      with floc forming chemicals. The floc particles collect the impurities in
      the liquid leaving it clear. The production or cultivation of floc
      particles is termed conditioning. As the floc particles collect the
      impurities they become heavier and, together with heavy impurities, e.g.
      grit tend to settle to the base of the tank leaving clarified liquid which
      is drawn off at the top of the liquid. The floc particles with their
      collected impurities are termed sludge.
PAR  In such tanks employing the sludge blanket principle, a body of sludge
      particles termed a "sludge blanket" is maintained in suspension in the
      lower portion of the tank by agitation in that portion. The sludge blanket
      serves to trap impurities, provides nuclei for the formation of new floc
      particles and is believed to aid to a certain extent the chemical reaction
      from which the floc particles result.
PAR  The suspension of the sludge particles for an extended period aids
      collection of impurities and also causes the sludge particles to become
      larger and heavier and more settleable. However, the agitation of the
      particles to maintain them in suspension inhibits settling to a certain
      extent, allowing only the very heavy fractions to settle on the base of
      the tank.
PAR  It is an object of the present invention to provide a tank of the kind
      described with improved settling.
PAR  According to the invention, in a liquid conditioning and settling tank
      including a generally flat base, a wall surrounding the base, means for
      feeding liquid to be treated into a lower portion of the tank, velocity
      reducing take off means for removing from the tank treated liquid at or
      near the upper surface of the liquid, means for maintaining a sludge
      blanket in the lower portion of the tank, a sludge outlet in or near the
      base of the tank and means for inducing sludge particles which have
      settled on the base to move to the sludge outlet, the improvement is
      provided of a sludge concentrating receptacle or sump within the lower
      portion of the tank defining a substantially quiescent zone in the tank,
      the receptacle having an inlet lip above the base of the tank to receive
      sludge particles from the surface of the sludge blanket and an outlet for
      discharging concentrated sludge in the receptacle from the tank.
PAR  With the improved tank of the invention the particles at the upper level of
      the sludge blanket which are too light to settle to the base of the tank
      can flow over the lip into the sump where the liquid is quiescent and
      allows the particles to settle more readily.
PAR  Further according to the invention, while the sump may be or may include a
      well which tapers downwardly to a drain, in a preferred form the sump has
      a flat floor with a well, which is preferably tapered downwardly, and
      means are provided for urging settled particles toward the well.
PAR  According to a feature of the invention, the sludge sump is preferably
      located in the center of the tank, and extends over a substantial plan
      area of the tank. An extent of at least 15% is considered optimum. In one
      form of the invention, the tank is circular in plan and the means for
      introducing liquid to be treated into the tank preferably includes a
      tangential inlet directed at or below the horizontal.
PAR  In this form of the invention, the liquid introduced through the inlet
      produces a liquid current, flowing about the circumference of the tank,
      which impinges on a series of inclined vanes projecting radially inwardly
      from the wall, the vanes being inclined from their upper to lower edges in
      the direction of flow of the current and having exposed lower edges
      beneath which a major part of the liquid current impinging on the vanes is
      deflected.
DRWD
PAR  In the accompanying drawings which illustrate by way of example a preferred
      embodiment of the invention,
PAR  FIG. 1 is a plan view of a tank according to the invention,
PAR  FIG. 2 is a section taken along line 2--2 in FIG. 1, and
PAR  FIG. 3 is a detail of the velocity controlled inlet.
DETD
PAR  The tank illustrated comprises a cylindrical body, e.g. of concrete, having
      a flat base 12 and a cylindrical wall 14. At the upper end of the tank
      there is an annular channel 16, the inner wall of which provides a
      peripheral weir 18 for the tank. The channel 16 leads to a discharge duct
      20.
PAR  Centrally mounted within the tank is a rotor 22 having a series of arms 24,
      cranked downwardly as shown in FIG. 2. The arms 24 have on their
      undersides a series of floor sweeping nozzles 26 which are inclined
      radially outwards as shown in FIG. 2. At the tip of each arm 24 there is
      also a drive jet nozzle 30 which projects substantially at right angles
      from the arm 24 and generally horizontally. The arms 24, which are hollow
      are fed with liquid through a line 32. The liquid issuing from the nozzles
      30 produces jets which serve to rotate the arms 24, while the liquid
      issuing from the nozzles 26 produces downwardly and radially outwardly
      directed jets which sweep the base of the tank. The nozzles 26 and 30 and
      their operation have been more fully described in U.S. Pat. No. 3,113,100.
      Substantially midway up the wall of the tank there are provided a series
      of inclined vanes 34, formed by flat metal sheets. The function of the
      vanes will be described below.
PAR  Immediately beneath the vanes 34 is a main inlet 36 for the liquid to be
      treated. The inlet 36 is comprised of a flash mixing unit 38 of known
      construction for mixing the liquid with floc forming chemicals, leading
      through an aperture 39 in the tank wall to a tangential nozzle 40 which is
      slightly downwardly inclined to the horizontal. The nozzle 40 consists of
      a housing 42 secured to the tank wall and containing a pivotal flap 44
      which defines with the tank wall a variable mouth to control the velocity
      of liquid issuing from the nozzle. The flap 44 is operated by means of a
      cam carrying lever 45.
PAR  In the base of the tank adjacent its periphery there is provided a sludge
      outlet 46 in the form of an inverted truncated pyramid leading via a pipe
      48 to a vacuum pump 50.
PAR  In the center of the tank there is a sludge sump 52 having a cylindrical
      wall 54 which defines at its upper end a circular lip 56. The sump 58 has
      a floor 60 in which there is a tapered well 62 which is connected through
      a pipe 64 to the pipe 48 and hence to the vacuum pump 50.
PAR  In operation, liquid to be treated after being mixed in the mixer 38 with
      floc forming chemicals is forced through the tangential nozzle 40 into the
      tank, producing a liquid current which flows about the circumference of
      the tank and strikes the inclined vanes 34.
PAR  Liquid is also fed to the arms 24 and out through the floor sweeping
      nozzles 26 and the drive jet nozzles 30, the latter causing the arms 24 to
      rotate as already mentioned.
PAR  The rotating arms 24, the drive jets, the floor sweeping jets and the
      circumferential liquid current act in conjunction to provide conditions in
      the lower zone of the tank which promote the formation of floc particles
      and which maintain a body of the floc particles in suspension forming a
      sludge blanket.
PAR  As the floc particles in the sludge blanket collect impurities they gain
      weight and the heavier particles settle to the base of the tank together
      with any grit or other heavy impurities. The settled particles are swept
      outwardly by the floor sweeping jets to the circumference where the
      circumferential liquid current carries them to the sludge outlet 46.
PAR  The lighter floc particles, which tend to concentrate at the upper level of
      the sludge blanket and which are too light to settle under the conditions
      in the main body of the tank, flow over the lip 56 into the sump 52. Being
      isolated from the main body of the tank, the liquid in the sump 52 is
      relatively quiescent and the floc particles are thus enabled to settle to
      the floor of the sump 52. The settled floc particles are then moved to the
      well 62 for removal through the pipe 64 by means of floor scrapers 66
      depending from the arms 24.
PAR  The sludge blanket should ideally be maintained at or slightly above the
      level of the lip 56. This can be achieved either by manual control of
      sludge discharge valve 68 or by automatic control of this valve using a
      sensor 70.
PAR  The circumferential liquid current can be accentuated by means of one or
      more booster jets 72 fed by a pump 71. In the drawing the inlet of the
      pump 71 is shown connected through valve controlled pipes 74 and 76 to the
      discharge duct 20 and the upper zone of the tank respectively. However the
      booster jets may also be connected to the raw liquid supply to be fed
      therefrom.
PAR  The liquid current impinging on the inclined vanes 34 has an important
      effect on the action of the tank. Due to the inclination of the vanes the
      major part of the liquid striking the vanes will be deflected downwardly
      to pass beneath the exposed lower edges of the vanes 34. This downwardly
      deflected liquid firstly produces high intensity turbulence at the lower
      edge of the vane which enhances floc formation and secondly serves as a
      deflector to prevent the tendency of liquid in the lower zone of the tank
      to rise through the tank to the clarified liquid zone at the top of the
      tank. The lateral edges of the vanes 34 serve to still any swirl in the
      tank above the vanes ensuring quiescence in the clarified liquid zone.
PAR  While the velocity reducing take off means illustrated is a peripheral weir
      other forms of take off means can also be used. Thus one may use for
      instance a multiple weir system comprised of a number of weirs spanning
      the tank or a perforated pipe system consisting of a series of perforated
      pipes scanning the tank diametrically.
PAR  The upper level of the sludge blanket is indicated at A in FIG. 2, and
      should ideally be located at the design blanket height of the tank.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid conditioning and settling tank including a substantially flat
      base, a wall surrounding the base, means partitioning the lower portion
      only of the tank into first and second compartments, means for feeding
      liquid to be treated into the first compartment, velocity reducing take
      off means for removing treated liquid at or near the upper surface of the
      liquid, from the upper potion of the tank above the partition means, means
      for maintaining a sludge blanket in the first compartment, a first sludge
      outlet in or near the base of the first compartment, means for inducing
      sludge particles which have settled on the base of the first compartment
      to move to the first outlet, an overflow sill at an upper end of the
      partition means over which to transfer sludge particles from the surface
      of the sludge blanket into the second compartment, the second compartment
      defining a substantially quiescent zone in the tank, means for
      concentrating sludge particles in the second compartment and means for
      discharging concentrated sludge from the second compartment.
NUM  2.
PAR  2. A tank as claimed in claim 1 in which said partitioning means is
      constituted by a wall which extends upwardly from the base of the tank.
NUM  3.
PAR  3. A tank as claimed in claim 1 in which the second compartment is located
      in the centre of the tank.
NUM  4.
PAR  4. A tank as claimed in claim 1 in which the second compartment has a
      substantially flat base, the sludge concentrating means includes a well in
      the base, the means for discharging concentrated sludge includes a sludge
      drain in the well, the second compartment further including means for
      urging sludge particles which have settled on the base to the well.
NUM  5.
PAR  5. A tank as claimed in claim 4 in which the siid well tapers downwardly to
      the sludge drain.
NUM  6.
PAR  6. A tank as claimed in claim 4 comprising an arm, means for rotating the
      arm, the arm carrying said settled sludge inducing means in the first
      compartment, and said settled sludge urging means in the second
      compartment comprising a scraper mechanism driven by said arm.
NUM  7.
PAR  7. A tank as claimed in claim 1 in which the second compartment is circular
      in plan.
NUM  8.
PAR  8. A tank as claimed in claim 1 in which the second compartment extends
      over a substantial plan area of the tank.
NUM  9.
PAR  9. A tank as claimed in claim 1 in which said means for introducing liquid
      to be treated into the tank includes a tangential inlet directed at or
      below the horizontal, and opening into the first compartment.
NUM  10.
PAR  10. A tank as claimed in claim 9 comprising a series of vanes projecting
      inwardly from the wall of the tank and spaced above the base of the tank
      to permit liquid flow thereunder, the liquid introduced through the
      tangential inlet flowing circumferentially in said tank below the vanes
      and impinging on the lower portion of the said vanes, the vanes being
      inclined to the vertical with their lower edges leading their upper edges
      in the direction of liquid flow.
NUM  11.
PAR  11. A tank as claimed in claim 9 comprising means for controlling the
      velocity of the liquid issuing from the tangential inlet into the tank.
NUM  12.
PAR  12. A tank as claimed in claim 9 including at least one jet to boost
      circumferential liquid flow.
NUM  13.
PAR  13. A tank as claimed in claim 1 in which said means for maintaining the
      sludge blanket includes a mechanical agitator.
NUM  14.
PAR  14. A tank as claimed in claim 13 comprising floor sweeping jets for urging
      the settled sludge particles to move to the first sludge outlet and also
      aiding in sludge blanket maintenance.
NUM  15.
PAR  15. A tank as claimed in claim 1 in which said partition means extends from
      the base of the tank to a height which is between one third and one half
      the height of the tank.
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ABST
PAL  A surface-active fluorinated composition characterized by the association
      therein of from 35% to about 60% of at least one surface-active ampholyte
      compound of the formula
      ##EQU1##
      wherein n is an integer between 1 and 20, a is a number between 2 and 10,
      R.sub.1 is an atom of hydrogen or an alkyl radical containing from 1 to 6
      atoms of carbon, R.sub.2 and R.sub.3 are alkyl radicals containing from 1
      to 3 atoms of carbon, at least one of which is the methyl radical and p
      and q are integers between 0 and 10; from about 20% to about 40% of at
      least one surface-active fluorinated non-ionic compound of the formula
EQU  C.sub.n F.sub.2n.sub.+1 -- (CH.sub.2).sub.a -- CO--O--(CH.sub.2 --CH.sub.2
      --O).sub.m R.sub.4
PAL  wherein n and a have the same meaning as above, m is an integer between 1
      and 20 and R.sub.4 is an alkyl radical containing from 1 to 6 atoms of
      carbon; and from about 8% to about 40% of at least one amine salt compound
      of the formula
      ##EQU2##
      wherein X is the group CO or SO.sub.2 R.sub.1, R.sub.5 and R.sub.6 may be
      hydrogen atoms, alkyl radicals containing from 1 to 6 atoms of carbon, or
      the group
      ##EQU3##
      in which R.sub.2, R.sub.3, p and q have the values given above.
PARN
PAR  This is a continuation of application Ser. No. 361,135 filed May 17, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to a composition of superactive
      fluorocarbonated products useful as bases or starting materials for the
      manufacture of fire extinguishing mixtures and having particular utility
      in combating hydrocarbon fires.
PAR  2. Description of the Prior Art
PAR  The efficacy of the compositions of the present invention as fire
      extinguishing agents depends essentially on their film-forming properties
      and on the solidity or strength of the films produced. It is moreover
      additionally advantageous that these solutions have good foaming
      properties, since the most commonly employed method of combating fire
      comprises projecting the solution at the base of the fire in the form of a
      foam. Unfortunately, the foam itself does not resist the heat radiated
      from adjacent localities or parts of the fire as well as would be desired,
      and the action of the foam should be supplemented by the formation of a
      film which is impermeable to the vapors [products of combustion] and
      resulting from spreading of the solution. The film actually consists of a
      colloidal fluorinated membrane which adheres to the surface of the
      hydrocarbon and which supports a liquid film of the aqueous surface-active
      solution, according to the principle which is well known under the name of
      "light water" and which is described in U.S. Pat. No. 3,258,423.
PAR  The film has several functions, first it isolates the combustible material
      from the oxygen of the atmosphere, further since it releases water vapor
      directly at the base of the flames it thereby retards combustion, and
      finally it functions as a thermal screen, that is as an insulator, between
      the combustible material and the vapors that are already in the process of
      burning.
PAR  It is known that a liquid, B, can spread on a liquid, A, only if the work
      of adhesion, T.sub.AB, corresponding to the formation of the interface AB,
      is greater than the work of cohesion of the liquid B, T.sub.cohB, which
      work of cohesion is equal to twice the surface tension, X.sub.B. If
      T.sub.AB is replaced by the value for it in the Dupre equation and if the
      spreading coefficient, S, denotes the quantity T.sub.AB - T.sub.cohB, then
      the condition for spreading can be written as
EQU  S = (.gamma..sub.A +.gamma..sub.B - .gamma..sub.AB) - 2.gamma..sub.B &gt;0,
PAL  wherein
PAL  .gamma..sub.AB is the interfacial tension between the liquids A and B, i.e.
EQU  S = .gamma..sub.A - (.gamma..sub.B +.gamma. .sub.AB) &gt; 0
PAR  these quantities are directly determinable from experimentation and
      conequently it is possible to predict the behavior of the two immiscible
      liquids in presence of each other.
PAR  The above formulae show that the spreading properties of the aqueous
      surface-active solutions will be inversely related to their surface
      tension and to their interfacial tension with respect to the hydrocarbon.
      The interfacial tension is determined by the molecular structure of the
      compounds and the polar interactions which can result therefrom, and has
      only a small effect on aliphatic hydrocarbons.
PAR  The surface tension of an aqueous solution can be reduced by increasing the
      concentration of the surface-active agent, however, there is a limit to
      achieving a reduction in this manner, due to the critical micellar
      concentration beyond which it is not possible to obtain a decreased value.
PAR  In practice, the majority of the fluorinated surface-active compounds which
      are described in the literature, and particularly those cited in French
      patents Nos. 1,405,794 and 2,035,584, and in U.S. Pat. Nos. 2,764,602 and
      3,258,423, do not permit the formation of durable films on hydrocarbons
      whose surface tension is lower than 22 to 23 dynes per centimeter, for
      example, high octane gasoline whose surface tension is 22.4 dynes/cm.
PAC  SUMMARY OF THE INVENTION
PAR  The fire extinguishing material of this invention, which are to be utilized
      in aqueous solution, may be made up exclusively of mixtures of the
      disclosed fluorinated materials or of mixtures of these materials and of
      proteins, optionally supplemented with other ingredients. These proteins
      or additives are known and described in 3M U.S. Pat. No. 3,258,423, and
      are substances such as, for example, keratin, albumin, globulin,
      hemoglobulin and cereal flours, modified by hydrolysis and stabilized with
      salts of polysolvent metals such as ferrous sulphate. These additives may
      also be dried powders, such as for example potassium bicarbonate. By
      virtue of their remarkable tensio-active or surface-active film-forming
      properties, the solutions obtained from mixtures of the disclosed
      fluorinated material may also find use in particular hydrocarbons as
      evaporation retarding agents for volatile liquid organic compounds.
      Protection of the free surfaces of a hydrocarbon mass by an impermeable
      fluorinated film substantially increases the safety of all installations
      where large quantities of flammable liquid organic materials are stored
      and handled.
PAR  Such materials are obtained by taking advantage of the conjoined actions
      of:
PAR  1. a surface-active fluorocarbonated ampholyte of the formula:
      ##EQU4##
PAR  2. anion-ionic surface-activated fluorcarbonated material of the formula:
EQU  C.sub.n F.sub.2n.sub.+1 -- (CH.sub.2).sub.a -- CO -- O -- (CH.sub.2 --
      CH.sub.2 -- O).sub.m P.sub.4                              (II)
PAL  and,
PAR  3. a salt of a polyfluorinated acid and an amine including at least one
      hydrophilic group
      ##EQU5##
      or one quaternized tertiary group of the formula:
EQU  C.sub.n F.sub.2n.sub.+1 -- (CH.sub.2).sub.a -- XO.sup.-, N.sup.+H.sub.2
      R.sub.1 -- (CH.sub.2).sub.p N.sup.+(R.sub.2 R.sub.3) -- (CH.sub.2).sub.q
      --COO.sup.-                                               (IV)
PAR  the surface active fluorcarbonated ampholyte compounds of Formula I which
      may be used as constituents of the compositions of this invention are the
      products described in French Patents Nos. 2,088,699 of Dec. 13, 1971, and
      2,127,287 of Sept. 18, 1972. They correspond to Formula I
      ##EQU6##
      which contains a straight or branched perfluorinated chain, and in which n
      is an integer between 1 and 20; a is a number between 2 and 10, R.sub.1 is
      a hydrogen atom or an alkyl radical containing from 1 to 6 carbon atoms,
      R.sub.2 and R.sub.3 are alkyl radicals containing from 1 to 3 carbon
      atoms, at least one of these radicals being a methyl radical, and in which
      p and q are integers between 0 and 10.
PAR  The non-ionic surface-active fluorcarbonated compounds are products of the
      general formula:
EQU  C.sub.n F.sub.2n.sub.+1 -- (CH.sub.2).sub.a -- CO -- O -- (CH.sub.2 --
      CH.sub.2 -- O).sub.m R.sub.4                              (II)
PAL  wherein n and a have the same meanings as set forth above, m is an integer
      between 1 and 20, and R.sub.4 is an alkyl radical containing from 1 to 6
      carbon atoms.
PAR  These compounds are prepared by conventional esterification of the acids
      C.sub.n F.sub.2n.sub.+1 -- (CH.sub.2).sub.a COOH by means of
      polyethoxylated .omega.-alkylated alcohols of the general formula
EQU  HO -- (CH.sub.2 -- CH.sub.2 -- O).sub.m R.sub.4
PAR  the salts of polyfluorinated acids and of the quaternized amines of the
      Formula IV are obtained by the action of a lactone
      ##EQU7##
      on salts of polyfluorinated acids of the formula
EQU  C.sub.n F.sub.2n.sub.+1 -- (CH.sub.2).sub.a -- XOH
PAL  and diamines of the formula
      ##EQU8##
      in which C.sub.n F.sub.2n.sub.+1 ; a n, a, p, q, R.sub.1, R.sub.2, and
      R.sub.3 correspond to the definitions given above.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The applicants have found that solutions of mixtures of two fluorinated
      surface-active agents, one the ampholyte of Formula I and the other the
      non-ionic agent of Formula II, possess a surface tension which varies as a
      function of the proportions of the two constituents and which can in
      certain cases and for a given composition possess minimum values lower by
      several dynes per centimeter than the value possessed by solutions of the
      pure constituents at the same total concentration.
PAR  Table I shows by way of example the variation of the surface tension in
      solutions prepared from 0.5% solutions of the ampholyte surface-active
      agent
EQU  C.sub.8 F.sub.17 C.sub.2 H.sub.4 -- CO -- NH -- (CH.sub.2).sub.3 N.sup.+
      (CH.sub.3).sub.2 CH.sub.2 -- CH.sub.2 -- COO.sup.-        (I.sub.1)
PAL  and of the non-ionic surface-active compound
EQU  C.sub.6 F.sub.13 -- C.sub.2 H.sub.4 -- COO -- (CH.sub.2 -- CH.sub.2 --
      O).sub.7 -- CH.sub.3                                      (II.sub.1)
TBL                                    table i                                 
     __________________________________________________________________________
     volumes of aqueous 0.50% solutions in cm.sup.3                            
                            Surface tension of the                             
                            mixtures in dynes/cm                               
     Ampholyte fluorinated                                                     
                  Non-ionic fluori-                                            
                            at 20.5.degree.C                                   
     compound     nated compound                                               
     I.sub.1      II.sub.1                                                     
     __________________________________________________________________________
     100 cm.sup.3  0 cm.sup.3  20.9                                            
     75 cm.sup.3  25 cm.sup.3  17.1                                            
     50 cm.sup.3  50 cm.sup.3  15.7                                            
     25 cm.sup.3  75 cm.sup.3  16.4                                            
      0 cm.sup.3  100 cm.sup.3 17.1                                            
     __________________________________________________________________________
PAR  The solutions obtained starting with the two types of compounds described
      produce films which spread very rapidly but which are fragile and have
      rather low foam-forming properties.
PAR  Drainage or run-off of the aqueous solutions must be sufficiently rapid to
      compensate for the destruction of the film by the fire and at the same
      time be sufficiently slow and progressive to extend throughout the
      extinction process and to avoid the formation of large continuous sheets
      of dense liquid whose weight would overcome the interfacial tensions.
PAR  The applicants have determined that the addition of a salt of a
      polyfluorinated acid and a diamine:
      ##EQU9##
      substantially increases the foaming properties of the previously described
      binary i.e. two element, combination. For example, Table 2 shows that the
      foaming power increases continuously in solutions of 0.5% by weight of
      fluorinated products having increasing proportions of the diamine salts
EQU  C.sub.6 F.sub.13 C.sub.2 H.sub.4 COOH, NH.sub.2 -- (CH.sub.2).sub.3 --
      N(CH.sub.3).sub.2
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Ampholyte fluoro-                                                         
                Non-ionic fluori-                                              
                           Salt of fluori-                                     
                                     Foaming                                   
     nated compound I.sub.1                                                    
                nated compound II.sub.1                                        
                           nated acid and                                      
                                     power                                     
                           of diamine                                          
     Volume of 0.5%                                                            
                Volume of 0.5%                                                 
                           Volume of 0.5%                                      
     solution in cm.sup.3                                                      
                solution in cm.sup.3                                           
                           solution in cm.sup.3                                
                                     in cm.sup.3                               
     __________________________________________________________________________
     590          410         0        470                                     
     540          360        100       420                                     
     640          160        200       520                                     
     480          120        400       620                                     
     __________________________________________________________________________
PAR  The foaming power, determined according to the ISO TC 91 - 182 F standard,
      corresponds to the volume of foam developed when, under specified
      conditions, 500cc of an aqueous solution of the surface-active mixture are
      poured with the aid of a calibrated funnel into 100cc of the same solution
      placed at the bottom of a calibrated two litter vessel. The quality of the
      foam obtained is defined by the speed at which it drains off which is
      determined by the time necessary to collect at the bottom of the graduated
      vessel a volume of solution equal to one-quarter the volume of foam
      initially introduced. For the results to be comparable, the foam must be
      brought to a constant level or degree of expansion corresponding to an 8
      to 10 ratio of the volume of foam to the volume of solution used for its
      preparation.
PAR  The efficacy of a fire-extinguishing solution is also dependent on the
      speed of spreading of the film and on its cohesion. A good film is one
      which spreads at a speed of 30 to 40 square centimeters per second on
      cyclohexane and which resists mechanical disturbance such as bubbles of
      vapor emanating from the subjacent liquid or turbulent motion without
      being permanently torn.
PAR  The speed of spreading of the film is an important characteristic and is
      evaluated in the following manner: A crystallizer of 145mm diameter is
      half filled with cyclohexane. Five (5) drops of a 0.5% solution of the
      mixture of fluorinated surface-active materials are deposited in the
      center of the cyclohexane. The difference in light reflecting power makes
      it possible to follow the spread of the fluorinated film and thus to
      measure the time necessary for coverage of the entire surface of the
      cyclohexane.
PAR  Two methods have already been proposed to improve the spreading speeds of
      film forming fluorinated surface-active compounds. According to French
      patent No. 2,009,827 a water soluble hydrocarbon surface-active compound
      is added to the fluorinated surface active material. According to British
      patent BP 1,230,980, a hydrocarbon surface-active agent, preferably chosen
      from among the quaternary ammonium salts is added instead. The applicants
      have found that the salts of polyfluorinated acids and diamines
      hereinabove described also act to increase the film spreading speed as is
      shown in Table 3 for tests carried out with mixtures prepared from the
      products used previously in the tests for which results were shown in
      Tables 1 and 2.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     Volumes of aqueous 0.5% solutions in cm.sup.3                             
     Ampholyte fluori-                                                         
                Non-ionic fluori-                                              
                           Salt of fluori-                                     
                                    Spreading                                  
     nated compound I.sub.1                                                    
                nated compound II.sub.1                                        
                           nated acid and                                      
                                    speed in                                   
                           of diamine                                          
                                    seconds                                    
     __________________________________________________________________________
     30         20         0        13                                         
     28.8       19.2       2        18                                         
     28.2       18.8       3        8                                          
     27.6       18.4       4        10                                         
     27         18         5        7                                          
     24         16         10       6                                          
     18         12         20       4                                          
     12         8          30       4                                          
     6          4          40       3                                          
     0          0          50       2                                          
     __________________________________________________________________________
PAR  When the experiment is carried out with one of these three component
      mixtures, it is observed after an initial spreading period that the film
      has a tendency to shrink. If the film is ruptured with a stirrer, the
      edges do not weld back together and the film is no longer complete.
      Observation of the fringes in white light shows that in this situation the
      film is extremely thin along its edges and does not have a uniform
      thickness over its whole surface.
PAR  The applicants have found to their surprise that this shortcoming
      disappears when the tertiary amine function of the salts
EQU  C.sub.n F.sub.2n.sub.+1 -- (CH.sub.2).sub.a -- COOH, NHR.sub.1 --
      (CH.sub.2).sub.p -- N (R.sub.2 R.sub.3)
PAL  is quarternized with the help of a lactone
      ##EQU10##
      to produce a salt of the formula:
EQU  C.sub.n F.sub.2n.sub.+1 -- (CH.sub.2).sub.a -- COO.sup.-,N.sup.+H.sub.2
      R.sub.1 -- (CH.sub.2).sub.p -- N.sup.+R.sub.2 R.sub.3 -- (CH.sub.2).sub.q
      -- COO.sup.-                                              (IV)
PAL  not only are the spreading speed and foaming power increased as compared to
      the results obtained with the binary mixtures of the compounds of Formula
      I and II alone, but in addition a uniform film which cannot be torn and
      which is extremely stable results.
PAR  The film-forming power PF.sub.t of the films is characterized by the ratio
      of the evaporation speed of the solvent measured with and without the
      fluorinated film under experimental conditions otherwise identical:
      ##EQU11##
PAR  This index corresponds to the time interval occuring between the beginning
      the formation of the film and the time of measurement.
PAR  It is also possible to measure the film forming power of the solutions by
      comparison with cyclohexane. For this test, which is more severe than the
      preceeding one, the same material as in the determination of the spreading
      speed is used. The formation of the film is obtained by spreading, with
      the aid of a syringe, 0.1 cc of surface-active solution over the entire
      surface of the hydrocarbon. The results are expressed in the same way as
      above.
PAR  The fire-extinguishing compounds of the invention can be measured for the
      impermeability to flame and for the resistance to reignition by the
      following tests:
PAC  Impermeability To the Flame
PAR  80cc of cyclohexane are placed in a flat bottomed stainless steel vessel
      having 150 millimeters in diameter and 32 millimeters in height. 0.1cc of
      the surface-active solution are deposited at the center of the surface of
      the cyclohexane and thirty seconds later an additional 0.15cc of the
      solution are distributed with help of a syringe over the entire surface of
      the sample. After one minute a microflame is placed in the center of the
      vessel, 25 millimeters from the surface of the cyclohexane, and one
      measures the elapsed time prior to ignition or flaming of the hydrocarbon.
PAC  Resistance to Reignition
PAR  This test measures the behavior of the film vis-a-vis the fire, namely fire
      retardant action by generation of water vapor and protective action by
      self-spreading. The test is carried out after the completion of the
      preceeding test by bringing the microflame into contact with the surface
      at a location on the wall of the vessel. The time is measured from when
      the cyclohexane begins to burn until the region of combustion spreads to
      one half the surface of the sample.
PAR  Applicant has determined that in the case of compositions having as a base
      mixtures of the fluorinated ampholyte surfactant of Formula I, the
      non-ionic fluorinated surfactant of Formula II, and the quaternized
      fluorinated diamine salt of Formula IV, the spreading speed of the film
      has two maximum values which are functions of the proportions of the
      constituents.
PAR  This completely unexpected variation in the speed of spreading as a
      function of the composition of the mixtures, for a given total
      concentration of fluorinated surface-active material, shows the existence
      of a region of concentrations which produce particularly efficacious
      compositions.
PAR  The results gathered together in Table 4 below show that, for solutions
      composed of mixtures of products I.sub.1, II.sub.1 and IV.sub.1 these
      concentrations are located between 36 and 55.2 percent for the ampholyte
      composition of Formula I.sub.1, between 24 and 36.8% for the non-ionic
      compound of Formula II.sub.1, between 8 and 40% for the diamine salt of
      Formula IV.sub.1 quaternized with propiolactone.
EQU  C.sub.6 F.sub.13 C.sub.2 H.sub.4 COO.sup.-, NH.sup.+.sub.3 --
      (CH.sub.2).sub.3 N.sup.+ (CH.sub.3).sub.2 CH.sub.2 --CH.sub.2 --
      COO.sup.-(IV.sub.1)
TBL                table 4                                                     
     ______________________________________                                    
     volumes of aqueous 0.5% solutions in cm.sup.3                             
     Ampholyte fluori-                                                         
                Non-ionic fluori-                                              
                             Quaternized                                       
                                       Spreading                               
     nated constituent                                                         
                nated constituent                                              
                             diamine salt                                      
                                       speed in                                
     I.sub.1    II.sub.1     IV.sub.1  seconds                                 
     ______________________________________                                    
     30         20           0         12                                      
     29.4       19.6         1         8                                       
     28.8       19.2         2         30                                      
     28.2       18.8         3         12                                      
     27.6       18.4         4         6                                       
     27         18           5         5                                       
     24         16           10        5                                       
     18         12           20        5.5                                     
     12         8            30        30                                      
     6          4            40        no spreading                            
     ______________________________________                                    
PAL  The extent of the most advantageous region diminishes with increase of the
      ratio by weight of the fluorinated ampholyte constituent to the non-ionic
      fluorinated constituent. When the value of this ratio is increased from
      1.5 to 4, the limits of the most advantageous concentrations take on the
      following values:
TBL  (for a total concentration in                                             
      fluorinated products of 0.5%)                                            
     fluorinated ampholyte constituent                                         
                             64-73%                                            
     non-ionic fluorinated constituent                                         
                             16-19%                                            
     quaternized diamine salts                                                 
                             8-20%                                             
PAR  The total 0.5% concentration used in the tests above described by the
      applicant does not constitute a lower limit, and good film forming
      properties can be obtained with aqueous solutions having a total of 0.1%
      to 2% of fluorinated mixture.
PAR  In the use of the fire extinguishing compositions of this invention it is
      often advantageous from an economic point of view to use the three
      compounds I.sub.1, II.sub.1 and IV.sub.1 derived from the same fluorinated
      acid:
EQU  C.sub.n F.sub.2n.sub.+1 -- (CH.sub.2).sub.a -- COOH.
PAR  it is however likewise possible without adverse affect on the results
      obtained, to use mixtures of the derivatives I, II and III or IV obtained
      from different fluorinated acids.
PAR  Examples 1-4 give the mode of preparation of fluorinated products used in
      preparing fire extinguishing compositions according to this invention.
      Examples 5-12 illustrate these compositions in examplary manner and
      examples 13, 14 and 15 illustrate their film-forming properties and their
      effectiveness in extinguishing fires and slowing the evaporation of
      hydrocarbons.
PAC  EXAMPLE I
PAR  The fluorinated ampholyte surface-active agent
EQU  C.sub.8 F.sub.17 -- C.sub.2 H.sub.4 -- CONH -- (CH.sub.2).sub.3
      N.sup.+(CH.sub.3).sub.2 --CH.sub.2 --CH.sub.2 --COO.sup.-
PAL  is prepared by addition of the .beta.-propriolactone or of acrylic acid to
      the polyfluoroamine
      ##EQU12##
PAC  EXAMPLE 2
PAR  150cc of xylene, 300 grams (0.755mole) of the acid C.sub.6 F.sub.13 C.sub.2
      H.sub.4 COOH, 268 grams (0.755 mole) of the polyethoxylated alkylated
      alcohol HO(CH.sub.2 --CH.sub.2 --O).sub.7 CH.sub.3 sold by Produits
      Chimiques Ugine Kuhlmann under the name EMKANOL M350, and 0.74 grams of
      concentrated sulfuric acid, were introduced into a one liter pyrex reactor
      equipped with a stirrer, tube for the introduction of nitrogen, and an
      extraction device of the DEAN and STARCK type surmounted with an ascending
      refrigerant. The mixture was heated with reflux and subjected to a slow
      scavenging with nitrogen, and after four hours the theoretical quantity of
      water was recovered. The xylenic solution was clarified by refluxing for a
      quarter of an hour in the presence of 10 grams of activated carbon. After
      filtration and evaporation of the solvent, 525 grams of a viscous yellow
      liquid were recovered having the formula
EQU  C.sub.6 F.sub.13 C.sub.2 H.sub.4 COO (CH.sub.2 --CH.sub.2 --O).sub.7
      CH.sub.3
PAL  with a yield of 95%.
PAC  EXAMPLE 3
PAR  39.2 grams (1/10 mole of C.sub.6 F.sub.13 C.sub.2 H.sub.4 COOH acid were
      dissolved in 80cc of ethyl acetate and neutralized with 10.2 grams (1/10
      mole) of N-dimethylpropanediamine 1-3. Infrared analysis of the product
      obtained after evaporation of the solvent confirmed the formation of a
      salt of the diamine on the primary amine function, giving the derivative
      ##EQU13##
PAR  The compound was quaternized with .beta.-propiolactone by addition to the
      reaction mixture of 7.2 grams (1/10 mole) of .beta.-propiolactone and by
      maintaining this mix at a temperature in the vicinity of 0.degree.C. After
      a contact time of 2 hours, the solvent was removed and the compound
EQU  C.sub.6 F.sub.13 C.sub.2 H.sub.4 COO.sup.- NH.sub.3 .sup.+ --
      (CH.sub.2).sub.3 --N.sup.+ (CH.sub.3).sub.2 --CH.sub.2 --CH.sub.2
      --COO.sup.-
PAL  the structure of which was confirmed by infrared spectometry, was
      recovered.
PAC  EXAMPLE 4
PAR  21.4 grams of polyflurosulphonic acid C.sub.6 F.sub.13 C.sub.2 H.sub.4
      SO.sub.3 H of 95% purity were dissolved in 150cc of ethyl acetate. 7.45
      grams of triethanolamine were added. The precipitated sulfonate was
      isolated by filtration on a filter crucible and washed twice with 50cc of
      ethyl acetate. 24 grams of a white product corresponding to the following
      formula
EQU  C.sub.6 F.sub.13 C.sub.2 H.sub.4 SO.sub.3.sup.-, N.sup.+H -- (C.sub.2
      H.sub.4 OH).sub.3
PAL  were obtained.
PAC  EXAMPLE 5
PAR  The following mixture was produced including in addition 0.3% of isopropyl
      alcohol.
TBL  ______________________________________                                    
     C.sub.8 F.sub.17 C.sub.2 H.sub.4 CONH--(CH.sub.2).sub.3 N(CH.sub.3).sub.2 
     CH.sub.2 --CH.sub.2 --COO.sup.-                                           
                             68% by weight                                     
     C.sub.6 F.sub.13 C.sub.2 H.sub.4 COOH (CH.sub.2 --CH.sub.2 --O).sub.7     
     CH.sub.3                18% by weight                                     
     C.sub.6 F.sub.13 C.sub.2 H.sub.4 COO--, NH.sub.3.sup.+ --(CH.sub.2).sub.3 
     --N.sup.+(CH.sub.3).sub.2                                                 
     -- CH.sub.2 -- CH.sub.2 -- COO.sup.-                                      
                             14% by weight                                     
     ______________________________________                                    
PAL  The presence of the isopropanol makes it possible to prepare concentrated
      mixtures of 400 grams per liter which were diluted to a suitable ratio at
      the time of use. All of the solutions hereinafter considered thus contain
      the same quantity of this alcohol. The properties of the solution diluted
      down to 0.5% are as follows:
TBL  foaming power:                                                            
                 400cc                                                         
     pH:         5.6                                                           
     dynamic viscosity:                                                        
                 10.5 mPo at 23.degree.C                                       
     surface tension:                                                          
                 14.8 dynes/cm at 21.degree.C                                  
     interfaced tension with cyclohexane: 5.9 dynes/cm at 21.degree.C          
PAR  Since cyclohexane at this temperature possesses a surface tension of 25.5
      dyness/cm, this solution has a distinct positive spreading coefficient of
      +4.8.
TBL  ______________________________________                                    
     spreading speed:                                                          
                7 seconds                                                      
     drainage speed:                                                           
                2 minutes 45 seconds                                           
                     After 1   After 10  After 15                              
     Film forming power                                                        
                     Minute    Minutes   Minutes                               
     ______________________________________                                    
     of the foam with reference                                                
     to high test gasoline                                                     
                     0.22                0.26                                  
     of the solution with                                                      
     reference to cyclohexane                                                  
                     0.18      0.20      0.41                                  
     ______________________________________                                    
     impermeability to flame:                                                  
                      greater than 38 mm.                                      
     resistance to flame return:                                               
                      12.5 seconds (reignition)                                
                      time                                                     
     ______________________________________                                    
PAR  It will be noted that this extinguishing composition makes it possible to
      simultaneously obtain good foaming capabilities, high spreading speed and
      drainage speed, high film-forming properties, high impermeability to flame
      and high resistance to flame return or low reignition characteristics.
PAC  EXAMPLE 6
PAR  The following ternary mixture was produced
TBL  C.sub.8 F.sub.17 C.sub.2 H.sub.4 COHN--(CH.sub.2).sub.3 --N               
     (CH.sub.3).sub.2      68% by weight                                       
     --CH.sub.2 --CH.sub.2 --COO.sup.-                                         
     C.sub.6 F.sub.13 C.sub.2 H.sub.4 COO (CH.sub.2 --CH.sub.2 --O).sub.7      
     CH.sub.3              18% by weight                                       
     C.sub.6 F.sub.13 C.sub.2 H.sub.4 COO.sup.-NH.sub.3 .sup.+--(CH.sub.2).sub.
     3 --N(CH.sub.3).sub.2 14% by weight                                       
PAL  A 0.5 percent aqueous solution of fluorinated product including 0.3%
      isopropyl alcohol was prepared from this mixture.
PAR  The characteristics of this solution were as follows:
TBL  foaming power:                                                            
                 360cc                                                         
     pH:         7.65                                                          
     dynamic viscosity:                                                        
                 13.2mPo at 23.degree.C                                        
     spreading speed:                                                          
                 9 seconds                                                     
     drainage speed:                                                           
                 9 minutes                                                     
                     After 1   After 10  After 15                              
     Film forming power                                                        
                     Minute    Minutes   Minutes                               
     ______________________________________                                    
     of the foam with reference                                                
     to high test gasoline                                                     
                     0.66      0.20      0.23                                  
     of the solution with                                                      
     reference to cyclohexane                                                  
                     0.23      0.45      0.45                                  
     ______________________________________                                    
     impermeability to flame:                                                  
                     10 minutes                                                
     resistance to cyclohexane                                                 
                     11 seconds                                                
PAR  It will be noted that this fire-extinguishing composition, which includes
      as a third ingredient a non-quaternized salt of diamine, produces results
      inferior to those obtained in example 5, particularly with regard to
      impermeability to the flame, film-forming power, and spreading capacities.
PAC  EXAMPLE 7
PAR  The following mixture was prepared:
TBL  C.sub.8 F.sub.17 C.sub.2 H.sub.4 CONH -- (CH.sub.2).sub.3 N.sup.+(CH.sub.3
     ).sub.2 CH.sub.2        55% by weight                                     
     --CH.sub.2 --COO.sup.-                                                    
     C.sub.6 F.sub.13 C.sub.2 H.sub.4 COO (CH.sub.2 --CH.sub.2 --O).sub.7      
     CH.sub.3                37% by weight                                     
     C.sub.6 F.sub.13 C.sub.2 H.sub.4 COO.sup.-, NH.sub.3 .sup.+--(CH.sub.2).su
     b.3 N.sup.+(CH.sub.3).sub.2                                               
                             8% by weight                                      
     CH.sub.2 --CH.sub.2 --COO.sup.-                                           
PAL  This mixture was put into an 0.5% aqueous solution.
PAR  The solution possessed the following properties:
TBL  foaming power:                                                            
                 340cc                                                         
     pH:         5.2                                                           
     dyanmic viscosity:                                                        
                 11.5 mPo at 23.degree.C                                       
     spreading speed:                                                          
                 6 seconds (same value after one month)                        
                       After 1  After 10 After 15                              
     Film forming power                                                        
                       Minute   Minutes  Minutes                               
     ______________________________________                                    
     of the foam with respect to                                               
     high-octane gasoline                                                      
                       0.27              0.26                                  
     of the solution with respect                                              
     to cyclohexane    0.13     0.18     0.32                                  
     ______________________________________                                    
     impermeability to flame:                                                  
                      12 minutes                                               
     resistance to reignition:                                                 
                      13 seconds                                               
PAC  EXAMPLE 8
PAR  From the following mixture:
TBL  C.sub.8 F.sub.17 C.sub.2 H.sub.4 CONH--(CH.sub.2).sub.3 N.sup.+(CH.sub.3).
     sub.2 CH.sub.2 --CH.sub.2 --COO.sup.-                                     
                               36% by weight                                   
     C.sub.6 F.sub.13 C.sub.2 H.sub.4 COO (CH.sub.2 --CH.sub.2 --O).sub.7      
     CH.sub.3                  24% by weight                                   
     C.sub.6 F.sub.13 C.sub.2 H.sub.4 COO.sup.-,NH.sub.3 .sup.+(CH.sub.2).sub.3
      N (CH.sub.3).sub.2       40% by weight                                   
PAL  an 0.5% aqueous solution was prepared having the following properties:
TBL  foaming power:                                                            
                 640 cc                                                        
     pH:         8.35                                                          
     dynamic viscosity:                                                        
                 10.2mPo at 23.degree.C                                        
     spreading speed:                                                          
                 4.5 seconds (40 seconds after 30 days)                        
     drainage speed:                                                           
                 3 minutes (solution 30 days)                                  
                       After 1  After 10 After 15                              
     Film forming power                                                        
                       Minute   Minutes  Minutes                               
     ______________________________________                                    
     of the foam with respect                                                  
     to high-octane gasoline                                                   
                       0.25              0.15                                  
     of the solution with respect                                              
     to cyclohexane    0.26     0.84     1.0                                   
     ______________________________________                                    
     impermeability to flame:                                                  
                         12 minutes                                            
     resistance to reignition:                                                 
                         12 seconds                                            
PAC  EXAMPLE 9
PAR  The following mixture was prepared:
TBL  C.sub.8 F.sub.17 C.sub.2 H.sub.4 CONH (CH.sub.2).sub.3 N.sup.+(CH.sub.3).s
     ub.2 CH.sub.2 --CH.sub.2 --COO.sup.-                                      
                              54% by weight                                    
     C.sub.6 F.sub.13 C.sub.2 H.sub.4 COO -- (CH.sub.2 --CH.sub.2 --O).sub.7   
     CH.sub.3                 36% by weight                                    
     C.sub.6 F.sub.13 C.sub.2 H.sub.4 COO.sup.-NH.sub.3 .sup.+--(CH.sub.2)N.sup
     .+(CH.sub.3).sub.2 CH.sub.2 CH.sub.2 COO.sup.-                            
                              10% by weight                                    
PAL  This mixture was put into an 0.5% aqueous solution. The solution possessed
      the following properties:
TBL  foaming power:   390cc                                                    
     pH:              4.0                                                      
     dynamic viscosity:                                                        
                      10.25mPo at 23.degree.C                                  
     surface tension: 15.6 dynes/cm at 21.degree.C                             
     interfacial tension with cyclohexane:+4.4 dynes/cm                        
     spreading speed: 4 seconds                                                
     drainage speed:  2 minutes 55 seconds                                     
                       After 1  After 10 After 15                              
     Film forming power                                                        
                       Minute   Minutes  Minutes                               
     ______________________________________                                    
     of the foam with respect to                                               
     high-octane gasoline                                                      
                       0.25              0.17                                  
     of the solution with respect                                              
     to cyclohexane    0.18     0.58                                           
     ______________________________________                                    
     impermeability to flame:                                                  
                      &gt; 15 minutes                                             
     resistance to reignition:                                                 
                       15.5 seconds                                            
PAC  EXAMPLE 10
PAR  The following mixture was prepared:
TBL  C.sub.8 F.sub.17 C.sub.2 H.sub.4 CONH (CH.sub.2).sub.3 N.sup.+CH.sub.2    
     --CH.sub.2 --COO.sup.-   62% by weight                                    
     C.sub.6 F.sub.13 C.sub.2 H.sub.4 COO (CH.sub.2 --CH.sub.2 --O).sub.7      
     CH.sub.3                 30% by weight                                    
     C.sub.6 F.sub.13 C.sub.2 H.sub.4 COO.sup.-, N.sup.+H.sub.3 (CH.sub.2).sub.
     3 N.sup.+(CH.sub.3)CH.sub.2 --CH.sub.2                                    
                               8% by weight                                    
     --COO.sup.-                                                               
PAL  This mixture was put into an 0.5% aqueous solution. The solution possessed
      the following properties:
TBL  foaming power:   450cc                                                    
     pH:              4.05                                                     
     dynamic viscosity:                                                        
                      10.2 mPo at 23.degree.C                                  
     spreading speed: 4 seconds                                                
     drainage speed:  4 minutes                                                
                       After 1  After 10 After 15                              
     Film forming power                                                        
                       Minute   Minutes  Minutes                               
     ______________________________________                                    
     of the foam with respect to                                               
     high-octane gasoline                                                      
                       0.28     0.29     0.30                                  
     of the solution with respect                                              
     to cyclohexane    0.18     0.37     0.45                                  
     ______________________________________                                    
     impermeability to flame:                                                  
                      &gt; 10 minutes                                             
     resistance to reignition:                                                 
                       12 seconds                                              
PAC  EXAMPLE 11
PAR  The following mixture was produced:
TBL  C.sub.8 F.sub.17 C.sub.2 H.sub.4 CONH--(CH.sub.2).sub.3 N.sup.+(CH.sub.3).
     sub.2 CH.sub.2 --CH.sub.2 --COO.sup.-                                     
                              60% by weight                                    
     C.sub.6 F.sub.13 C.sub.2 H.sub.4 COO(CH.sub.2 --CH.sub.2 --O).sub.7       
     CH.sub.3                 40% by weight                                    
PAR  An 0.5% solution of this mixture produced the following properties:
TBL  foaming power:     130cc                                                  
     pH:                4.95                                                   
     surface tension:   17.7 dynes/cm                                          
     spreading speed:   13 seconds                                             
PAL  This example shows that poorer results are obtained only when there is used
      a mixture of the two first constituents of the extinguishing compositions
      according to the invention.
PAC  EXAMPLE 12
PAR  The following mixture was prepared:
TBL  C.sub.8 F.sub.17 C.sub.2 H.sub.4 CONH -- (CH.sub.2).sub.3 N.sup.+(CH.sub.3
     ).sub.2 CH.sub.2 --CH.sub.2                                               
                              83% by weight                                    
     --COO.sup.-                                                               
     C.sub.6 F.sub.13 C.sub.2 H.sub.4 SO.sub.3 .sup.-, N.sup.+H (CH.sub.2      
     H.sub.4 OH).sub.3        17% by weight                                    
PAL  This mixture was put into an 0.5% aqueous solution. The solution possessed
      the following properties:
TBL  foaming power:  100cc                                                     
     pH:             6.15                                                      
     dynamic viscosity:                                                        
                     34.5 mPo at 23.degree.C                                   
     surface tension:                                                          
                     14.3 dynes/cm                                             
     spreading speed:                                                          
                     35 seconds                                                
     drainage speed: &gt;30 minutes                                               
PAC  EXAMPLE 13
PAR  0.36% and 0.10% solutions of the mixture described in EXAMPLE 7 were
      prepared and the film forming properties of the solutions with reference
      to cyclohexane were determined.
TBL              After 1    After 10   After 15                                
     Concentration                                                             
                 Minute     Minutes    Minutes                                 
     ______________________________________                                    
     0.36 %      0.19       0.27       0.46                                    
     0.10 %      0.32       0.70       0.93                                    
     ______________________________________                                    
PAL  These results show that with the composition of EXAMPLE 7 one should not go
      to total concentrations of fluorinated products below 0.1%, if it is
      desired to retain a good film forming property.
PAC  EXAMPLE 14
PAR  Extinction of a type 233Bl fire (tub 3 meters in diameter having 7 square
      meter surface and containing 233 liters of domestic fuel oil) was attained
      in 22 seconds by use of 0.22% solution of the mixture described in EXAMPLE
      10. The fire extinguisher employed was of the type producing a waterspray
      and the fire was attacked after one minute of burning.
PAC  EXAMPLE 15
PAR  Three one-liter beakers A, B, and C each 110 millimeters in diameter were
      partly filled with 900 cc of cyclohexane. In beakers B and C on the
      surface of the cyclohexane, 0.1cc of the film-forming solutions described
      in EXAMPLE 5 and 10 respectively were placed. Beaker A served as a
      reference and the rate of evaporation of the hydrocarbon was measured in
      all three beakers. The results obtained are summarized in table 5 and show
      the power of the products of the invention to retard evaporation of
      hydrocarbons
TBL  Time    A            B           C                                        
     ______________________________________                                    
     3 days  17.8%        3.3%        3.9%                                     
     5 days  30.4%        5.5%        6.1%                                     
     7 days  42.3%        8.3%        8.3%                                     
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A surface-active fluorinated composition characterized by the
      association therein of from 35% to about 60% of at least one
      surface-active ampholyte compound of the formula
      ##EQU14##
      wherein n is an integer between 1 and 20, a is a number between 2 and 10,
      R.sub.1 is an atom of hydrogen or an alkyl radical containing from 1 to 6
      atoms of carbon, R.sub.2 and R.sub.3 are alkyl radicals containing from 1
      to 3 atoms of carbon, at least one of which is the methyl radical and p
      and q are integers between 0 and 10; from about 20% to about 40% of at
      least one surface-active fluorinated non-ionic compound of the formula
EQU  C.sub.n F.sub.2n.sub.+1 -- (CH.sub.2).sub.a -- CO--O--(CH.sub.2 --CH.sub.2
      --O).sub.m R.sub.4
PAL  wherein n and a have the same meaning as above, m is an integer between 1
      and 20 and R.sub.4 is an alkyl radical containing from 1 to 6 atoms of
      carbon; and from about 8% to about 40% of at least one amine salt compound
      of the formula
      ##EQU15##
      wherein X is the group CO or SO.sub.2, R.sub.1, R.sub.5 and R.sub.6 may be
      hydrogen atoms, alkyl radicals containing from 1 to 6 atoms of carbon, or
      the group
      ##EQU16##
      in which R.sub.2, R.sub.3, p and q have the values given above.
NUM  2.
PAR  2. A method of extinguishing fires which comprises applying thereto an
      effective amount of an aqueous solution, including from 0.1 to 2% of the
      surface-active fluorinated compositions of claim 1.
NUM  3.
PAR  3. A method of reducing the surface tension of a liquid which comprises
      adding thereto an effective amount of at least one surface-active
      fluorinated composition of claim 1.
NUM  4.
PAR  4. A method of retarding the evaporation of a volatile organic liquid which
      comprises applying thereto an effective amount of at least one
      surface-active fluorinated composition of claim 1.
NUM  5.
PAR  5. A method of extinguishing hydrocarbon fires which comprises applying
      thereto an effective amount of a protein containing or protein-type
      solution including from 0.1 to 2% of the surface-active fluorinated
      compositions of claim 1 and from 2 to 6% of protein.
NUM  6.
PAR  6. A surface-active fluorinated composition of claim 1 in which the
      surface-active ampholyte compound is the derivative
EQU  C.sub.8 F.sub.17 C.sub.2 H.sub.4 CONH-- (CH.sub.2).sub.3 N.sup.+
      (CH.sub.3).sub.2 CH.sub.2 --CH.sub.2 --COO.sup.-
PAL  and the non-ionic compound is the derivative
PAL  C.sub.6 f.sub.13 -- c.sub.2 h.sub.4 coo --(ch.sub.2 --ch.sub.2 --o).sub.7
      ch.sub.3
PAL  and the amine salt compound is the derivative
EQU  C.sub.6 F.sub.13 --C.sub.2 H.sub.4 --COO.sup.-, N.sup.+H.sub.3
      --(CH.sub.2).sub.3 --N.sup.+(CH.sub.3).sub.2 --CH.sub.2 --CH.sub.2
      --COO.sup.-.
NUM  7.
PAR  7. a method of extinguishing fires which comprises applying thereto an
      effective amount of an aqueous solution containing from about 0.1 to 2% of
      the surface-active fluorinated composition of claim 6.
NUM  8.
PAR  8. A method of reducing the surface tension of a liquid which comprises
      adding thereto an effective amount of the surface-active fluorinated
      composition of claim 6.
NUM  9.
PAR  9. A method of retarding the evaporation of a volatile organic liquid which
      comprises applying thereto an effective amount of the surface-active
      fluorinated composition of claim 6.
NUM  10.
PAR  10. A method of extinguishing hydrocarbon fires which comprises applying
      thereto an effective amount of a protein containing or protein-type
      solution including from 0.1 to 2% of the surface-active fluorinated
      compositions of claim 6 and from 2 to 6% of protein.
NUM  11.
PAR  11. A surface-active fluorinated composition characterized by the
      association therein of from 35% to about 60% of at least one
      surface-active ampholyte compound of the formula
      ##EQU17##
      wherein n is an integer between 1 and 20, a is a number between 2 and 10,
      R.sub.1 is an atom of hydrogen or an alkyl radical containing from 1 to 6
      atoms of carbon, R.sub.2 and R.sub.3 are alkyl radicals containing from 1
      to 3 atoms of carbon, at least one of which is the methyl radical and p
      and q are integers between 0 and 10; from about 20% to about 40% of at
      least one surface-active fluorinated non-ionic compound of the formula
EQU  C.sub.n F.sub.2n.sub.+1 -- (CH.sub.2).sub.a -- CO--O(CH.sub.2 --CH.sub.2
      --O).sub.m R.sub.4
PAL  wherein n and a have the same meaning as above, m is an integer between 1
      and 20 and R.sub.4 is an alkyl radical containing from 1 to 6 atoms of
      carbon; and from about 8% to about 40% of at least one diamine salt
      compound of the formula
      ##EQU18##
      wherein n, a, p, R.sub.1, R.sub.2 and R.sub.3 have the same meaning as
      above, or at least one amine salt compound of the formula
      ##EQU19##
      wherein n and a have the same meaning as above, X is the group CO or
      SO.sub.2, R.sub.1, R.sub.5 and R.sub.6 may be hydrogen atoms, alkyl
      radicals containing from 1 to 6 atoms of carbon, hydroxyalkyl radicals
      containing from 1 to 3 atoms of carbon, or the group
      ##EQU20##
      in which R.sub.2, R.sub.3, p and q have the values given above
NUM  12.
PAR  12. A method of extinguishing fires which comprises applying thereto an
      effective amount of an aqueous solution, including from 0.1 to 2% of at
      least one surface-active fluorinated composition of claim 11.
NUM  13.
PAR  13. A method of reducing the surface tension of a liquid which comprises
      adding thereto an effective amount of at least one surface-active
      fluorinated composition of claim 11.
NUM  14.
PAR  14. A method of retarding the evaporation of a volatile organic liquid
      which comprises applying thereto an effective amount of at least one
      surface-active fluorinated composition of claim 11.
NUM  15.
PAR  15. A method of extinguishing hydrocarbon fires which comprises applying
      thereto an effective amount of a protein containing or protein-type
      solution including from 0.1 to 2% of at least one surface-active
      fluorinated composition of claim 11 and from 2 to 6% of protein.
NUM  16.
PAR  16. A surface-active fluorinated composition of claim 11 in which the
      surface-active ampholyte compound is the derivative
EQU  C.sub.8 F.sub.17 C.sub.2 H.sub.4 CONH-- (CH.sub.2).sub.3 N.sup.+
      (CH.sub.3).sub.2 CH.sub.2 --CH.sub.2 --COO.sup.-
PAL  and the non-ionic compound is the derivative
EQU  C.sub.6 F.sub.13 -- C.sub.2 H.sub.4 COO -- (CH.sub.2 --CH.sub.2 --O).sub.7
      CH.sub.3
PAL  and the amine salt compound is the derivative
EQU  C.sub.6 F.sub.13 --C.sub.2 H.sub.4 --COO.sup.-, N.sup.+H.sub.3
      --(CH.sub.2).sub.3 --N.sup.+(CH.sub.3).sub.2 --CH.sub.2 --CH.sub.2
      --COO.sup.-.
NUM  17.
PAR  17. a method of extinguishing fires which comprises applying thereto an
      effective amount of an aqueous solution containing from about 0.1 to 2% of
      the surface-active fluorinated composition of claim 16.
NUM  18.
PAR  18. A method of reducing the surface tension of a liquid which comprises
      adding thereto an effective amount of the surface-active fluorinated
      composition of claim 16.
NUM  19.
PAR  19. A method of retarding the evaporation of a volatile organic liquid
      which comprises applying thereto an effective amount of the surface-active
      fluorinated composition of claim 16.
NUM  20.
PAR  20. A method of extinguishing hydrocarbon fires which comprises applying
      thereto an effective amount of a protein containing or protein-type
      solution including from 0.1 to 2% of the surface-active fluorinated
      composition of claim 16 and from 2 to 6% of protein.
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ABST
PAL  A functional liquid for use as a heat transfer medium, anti-freezing
      liquid, insulating oil or the like, comprising at least one of
      dicyclopentylalkylbenzenes as the base.
BSUM
PAR  This invention relates to a novel functional liquid and more particularly
      it relates to a novel functional liquid comprising at least one
      dicyclopentylalkylbenzene as the base material.
PAR  Polychlorinated diphenyls, diphenyl ether, alkylnaphthalenes,
      alkylbenzenes, triaryldimethane, mineral and the like have heretofore been
      known as examples of organic compounds which may be used as functional
      liquids such as a heat transfer medium, antifreezing fluid, working fluid,
      insulating oil and vaporization preventing fluid. Among these compounds
      polychlorinated diphenyls have been widely used as one of the most
      excellent functional liquids in various industrial fields. However, the
      use of polychlorinated diphenyls has recently raised a serious social
      problem as to the environmental pollution caused thereby. Thus, attempts
      have been expedited to obtain less poisonous functional liquids in
      substitution for polychlorinated diphenyls. Among diphenyl type compounds
      other than polychlorinated diphenyls, and alkylnaphthalene type compounds,
      there are many which have a relatively low boiling point of 240.degree. -
      280.degree.C as well as a relatively high pour point of about
      -10.degree.C, and they are therefore disadvantageous in that they when
      used at high temperatures will produce their vapor pressure that is high,
      they will solidify in cold climates and they are not necessarily
      satisfactory in thermal stability, lubricating properties and the like.
PAR  Intense studies had been made by the present inventors in an attempt to
      reduce or eliminate the various drawbacks of the conventional functional
      liquids and, as a result, it has been found that alkylbenzene derivatives
      wherein two cyclopentyl groups are attached to the benzene nucleus, have a
      high boiling point and low pour point thereby rendering them adapted for
      use as a functional liquid, thus accomplishing this invention.
PAR  It is the primary object of this invention to provide novel functional
      liquids which are odorless and are excellent in thermal stability,
      oxidation resistance, low-temperature properties, electrical insulation
      and lubricating properties.
PAR  The functional liquid of this invention is a compound which is prepared by
      introducing two cyclopentyl groups to the benzene nucleus of a lower
      alkyl-substituted benzene such as toluene and ethyl benzene. Typical of
      the compounds for use as the functional liquid are dicyclopentyltoluene,
      dicyclopentylethylbenzene and dicyclopentylcumene, dicyclopentyltoluene
      being the most preferable.
PAR  The lower-alkylbenzene derivatives which may be used in this invention may
      easily be prepared by reacting an alkylbenzene with cyclopentene in the
      presence of a Friedel-Crafts type catalyst such as aluminum chloride or
      aluminum bromide. To this end, the cyclopentene may be substituted by a
      cyclopentyl halide or may be replaced by cyclopentadiene followed by
      hydrogenation. However, the process for the preparation of
      dicyclopentylalkylbenzenes according to this invention is not limited to
      these processes mentioned above. In this reaction toluene or ethyl benzene
      may be used with toluene being particularly preferred.
PAR  The alkylbenzene derivatives which may be used in this invention are each a
      compound which is a non-viscous liquid at room temperatures and has a
      boiling point of not lower than 300.degree.C and a pour point of not
      higher than -50.degree.C. It is considered that functional liquids of a
      high boiling point generally have a high pour point and, on the contrary,
      functional liquids of a low pour point generally have a low boiling point.
      It is unexpected and specific, however, that the functional liquid of this
      invention has a boiling point of as high as 300.degree.C or higher, while
      it has a pour point of as low as -50.degree.C or lower.
PAR  The compounds having these boiling and pour points will not be obtained
      unless two cyclopentyl groups are introduced to the benzene nucleus. For
      example, the introduction of one or three cyclopentyl groups to the
      benzene nucleus will not give products having satisfactory boiling and
      pour points; more particularly, the compounds containing one cyclopentyl
      group have low pour and boiling points, while those containing three
      cyclopentyl groups have high pour and boiling points, thus proving these
      compounds having less or more than two cyclopentyl groups to be unsuitable
      for use as a functional liquid according to this invention. The
      introduction of cyclohexyl groups in substitution for cyclopentyl groups
      will give a product having a too high pour point thereby rendering it
      unsuitable as a functional liquid according to this invention.
PAR  The functional liquid of this invention when heated to high temperatures
      will produce its vapor pressure that is low since it has a high boiling
      point. In addition the liquid is stable against thermal decomposition,
      excellently stable against oxidation, and substantially odorless.
      Furthermore, since the liquid has a pour point of -50.degree.C or lower,
      it will have a low viscosity without solidification in cold climates.
      Thus, heat exchangers using such functional liquid as the heat transfer
      medium are advantageous in that they may rapidly resume their operation
      even after discontinuance of the operation thereof.
PAR  The functional liquid of this invention may also be used as a refrigerant
      because of its low pour point. It is useful as a high boiling solvent
      because of its high flash point and excellent compatibility with various
      organic materials. It is further useful as an insulation oil because of
      its excellent insulation, useful as a base oil for lubricating oils and
      grease because of its excellent lubricating properties, useful as an
      additive for other lubricating oils because of its capability of enhancing
      the viscosity index of the other lubricating oils and lowering the pour
      point thereof and useful as an antifreezing liquid, operating liquid and
      vaporization-preventing fluid.
DETD
PAR  This invention will be better understood by the following Reference
      examples and Working example wherein all parts are by weight unless
      otherwise specified.
PAC  Reference example 1
PAR  One hundred parts of n-heptane were incorporated with a catalytic amount of
      aluminum chloride and the resulting mixture allowed gaseous hydrogen
      chloride to be blown thereinto, after which the mixture was incorporated
      with 100 parts of toluene and 148 parts of cyclopentene and the whole was
      then reacted to produce a reaction mixture. The reaction mixture so
      produced was washed with water and distilled under reduced pressure to
      obtain a fraction boiling at temperatures from 320.degree. to 327.degree.C
      (at 760 mmHg).
PAR  This fraction was tested for its molecular weight and analyzed by means of
      infra-red ray absorption spectra with the result that the fraction was
      found to be dicyclopentyltoluene wherein two cyclopentyl groups are
      introduced into the benzene nucleus. The yield of dicyclopentyltoluene was
      at least 85% of the theoretical amount based on the amount of cyclopentene
      used.
PAC  Reference example 2
PAR  One hundred parts of n-heptane were incorporated with a catalytic amount of
      aluminum chloride, allowed gaseous hydrogen chloride to be blown thereinto
      and then incorporated with 115 parts of ethyl benzene and 148 parts of
      cyclopentene. The resulting mixture was subjected to reaction to form a
      reaction mixture which was washed with water and then distilled under
      reduced pressure thereby obtaining a fraction boiling at 330.degree. -
      335.degree.C (760 mmHg). This fraction was tested for its molecular weight
      and then analyzed by means of infra-red ray absorption spectra thereby to
      find that the fraction was dicyclopentylethylbenzene wherein two
      cyclopentyl groups are introduced into the benzene nucleus. The yield of
      dicyclopentylethylbenzene was at least 80% of the theoretical amount based
      on cyclopentene used.
PAC  Example
PAR  Dicyclopentyltoluene (Sample A) and dicyclopentylethylbenzene (Sample B)
      respectively prepared in Reference examples 1 and 2 were tested for their
      properties and further for their performances as a functional fluid. For
      comparison, commercially available functional fluids which have heretofore
      been generally used were likewise tested. The results are as follows.
PAR  (1) External appearance
TBL  Sample A    Colorless, transparent (Hazen                                 
                 number, 10 or less) and odorless                              
                 (at room temperatures) oily material                          
     Sample B    The same as above                                             
PAR  (2) Specific gravity and Refractive index
TBL           Sp. gr. (d.sub.4.sup.20)                                         
                         Ref. index (n.sub.D.sup.20)                           
     ______________________________________                                    
     Sample A   0.970        1.5383                                            
     Sample B   0.963        1.5357                                            
     ______________________________________                                    
PAR  (3) Acid value
TBL                   Acid value                                               
                      (JIS-K 2501)                                             
     ______________________________________                                    
     Sample A           0.00 mg KOH/g                                          
     Sample B           0.00                                                   
     ______________________________________                                    
PAR  (4) Viscosity
TBL  Sample A          14.7 cst (at 20.degree.C)                               
     Sample B          18.2 cst (at 20.degree.C)                               
PAR  (5) Boiling point, Pour point and Flash point
TBL            Boiling point                                                   
                         Pour point  Flash                                     
               (converted at         point                                     
               760 mmHg)             (C.O.C.)                                  
     ______________________________________                                    
     Sample A    320 - 327.degree.C                                            
                             -60.degree.C                                      
                                         168.degree.C                          
                             or lower                                          
     Sample B    330 - 335.degree.C                                            
                             -50.degree.C                                      
                                         178.degree.C                          
                             or lower                                          
     KSK-oil*.sup.1 No. 260                                                    
                 268.degree.C                                                  
                             -50.degree.C                                      
                                         120.degree.C                          
                             or lower                                          
     KSK-oil No. 330                                                           
                 323.degree.C                                                  
                             -30.degree.C                                      
                                         165.degree.C                          
                             or lower                                          
     Therm S 600*.sup.2                                                        
                 286.degree.C                                                  
                             -10.degree.C                                      
                                         148.degree.C                          
     Kanechlor*.sup.3                                                          
                 325 - 360.degree.C                                            
                             -19 - -15.degree.C                                
                                         None                                  
     Therm S 900*.sup.4                                                        
                 340.degree.C                                                  
                             -10.degree.C                                      
                                         178.degree.C                          
                 or higher   or lower                                          
     Marlotherm-S*.sup.5                                                       
                 390.degree.C                                                  
                             -35.degree.C                                      
                                         190.degree.C                          
     ______________________________________                                    
      *.sup.1 :Commercially available alkylnaphthalene type compound (produced 
      by Soken Kagaku Co., Ltd.).                                              
      *.sup.2 :Commercially available diphenyl type compound (produced by Shin 
      Nippon Seitetsu Kagaku Co., Ltd.).                                       
      *.sup.3 :Commercially available polychlorinated diphenyl type compound   
      (produced by Kanegafuchi Kagaku Co., Ltd.).                              
      *.sup.4 :Commercially available triphenyl derivative type compound       
      (produced by Shin Nippon Seitetsu Kagaku Co., Ltd.).                     
      *.sup.5 :Commercially available triaryldimethane type compound (produced 
      by Huls Co., Ltd.).                                                      
PAR  The conventional functional liquids which have heretofore been marketed
      tend to have a higher pour point as they have a higher boiling point,
      while the functional liquids of this invention have a boiling point of as
      high as 300.degree.C or higher, a pour point of as low as -50.degree.C or
      lower and a relatively high flash point which is nearly equal to that of
      commercially available functional liquids having a high boiling point.
PAR  (6) Residual carbon (Measured by the Conradson method prescribed in JIS-K
      2270)
TBL  Sample A        not more than 0.01 wt.%                                   
     Sample B        not more than 0.01 wt.%                                   
PAR  (7) Copper plate corrosion test (100.degree.C, 3 hours) in accordance with
      JIS K-2513
TBL  Sample A           not more than 1                                        
     Sample B           not more than 1                                        
PAR  (8) Compatibility
PAR  Samples A and B were each mixed with each of the following compounds to
      find their compatibility. The results are shown below, and Samples A and B
      exhibited quite the same compatibility.
TBL  ______________________________________                                    
     Water                    X                                                
     Methanol                 X                                                
     Ethanol                  X                                                
     n-Propanol                                                                
     n-Butanol                                                                 
     iso-Butanol                                                               
     Ethylene glycol          X                                                
     Trimethylolpropane       X                                                
     Acetic acid              X                                                
     Acetic anhydride         X                                                
     Caprylic acid                                                             
     Acrylic acid                                                              
     Methacrylic acid                                                          
     Stearic acid                                                              
     Cinnamic acid            O                                                
     Maleic acid              X                                                
     Fumaric acid             X                                                
     Phthalic acid            X                                                
     Terephthalic acid        X                                                
     Benzoic acid                                                              
     Acetone                                                                   
     Methyl ethyl ketone                                                       
     Ethyl acetate                                                             
     Methyl acrylate                                                           
     Ethyl acrylate                                                            
     Pyridine                                                                  
     Hexamethylenediamine                                                      
     Dimethyl formamide                                                        
     Olive oil                                                                 
     Phenol                                                                    
     p-Cresol                                                                  
     Gasoline                                                                  
     Petroleum ether                                                           
     Benzene                                                                   
     Toluene                                                                   
     Xylene                                                                    
     Carbon tetrachloride                                                      
     Chloroform                                                                
     Methylene chloride                                                        
     Ethylene dichloride                                                       
     ______________________________________                                    
      Note:                                                                    
       Very soluble at room temperatures.                                      
      O Soluble at room temperatures.                                          
      X Insoluble or almost insoluble at room temperatures.                    
PAR  (9) Oxidation stability (Stability against oxidation)
PAR  Sample A which was not incorporated with an anti-aging agent, was heated to
      120.degree.C for 75 hours in an oxygen atmosphere in the presence of a
      copper catalyst to find its oxidation stability. For comparison, a
      commercially available alkylnaphthalene type compound (KSK-oil No. 260)
      and a commercially available diphenyl type compound (Therm S 600) were
      subjected to the same test as above. The results are indicated in the
      following Table.
TBL                Table                                                       
     ______________________________________                                    
     Condition after                                                           
                  Increment of                                                 
                              Gardner   Sludge                                 
     test         acid value  color     formed                                 
     Sample       (mg KOH/g)            (wt.%)                                 
     ______________________________________                                    
     Sample A     0.30         5        0.09                                   
     KSK-oil No. 260                                                           
                  0.42        15        0.20                                   
     Therm S 600  0.50        12        0.14                                   
     ______________________________________                                    
PAR  It is seen from this Table that the Sample A had a smaller increment of
      acid value, formed sludge in a smaller amount and was found less colored
      after the end of the test than the commercially available functional
      liquids although said Sample did not contain an anti-aging agent. The
      copper used as the catalyst in the heating of the Sample A was found to be
      not corroded at all after the test, from which it is seen that the Sample
      had a very excellent oxidation stability.
PAR  (10) Heat stability
PAR  Three hundred and fifty grams of Sample A (oil) were charged in a 500-ml
      autoclave made of a stainless steel (SUS-32) and heated to 350.degree.C in
      an atmosphere of nitrogen. After kept under this condition for 520 hours
      the Sample A was cooled and tested for various properties; and the
      aforesaid procedure was followed except that the heating is effected for
      1040 hours. The following Table shows a comparison of the properties
      between the original Sample A (before the heating), Sample A (after the
      520 hours' heating) and Sample A (after the 1040 hours' heating).
TBL                                    Table                                   
     __________________________________________________________________________
                        Sample A Sample A Sample A                             
                        original, before                                       
                                 after 520 hrs'                                
                                          after 1040 hrs'                      
                        heating  heating  heating                              
     __________________________________________________________________________
     Exterior appearance                                                       
                        Colorless,                                             
                                 Slightly Light-yellow                         
                        transparent                                            
                                 light-yellow                                  
     Odor (at room temp.)                                                      
                        None     None     Almost none                          
     Deposit (at room temp.)                                                   
                        None     None     None                                 
     Specific gravity (d.sub.4.sup.20)                                         
                        0.970    0.970    0.972                                
     Refractive index (n.sub.D.sup.20)                                         
                        1.5383   1.5383   1.5394                               
     Acid value (mg KOH/g)                                                     
                        0.00     0.01     0.01                                 
     Viscosity (cst, at 20.degree.C)                                           
                        14.7     15.1     19.4                                 
     Residual carbon (wt.%)                                                    
                        0.01 or less                                           
                                 0.01 or less                                  
                                          0.03                                 
     Copper plate corrosion test                                               
                        1 or less                                              
                                 1 or less                                     
                                          1 or less                            
     Naphtha-insoluble matter                                                  
                        None     None     None                                 
     (at room temp.)                                                           
     Flash point (.degree.C)                                                   
                        168      165      164                                  
     Variation in pressure during test                                         
     (Kg/cm.sup.2)                                                             
       at 30.degree.C    0       0.4      1.5                                  
       at 350.degree.C  1.1      1.8      2.6                                  
     Rate of decomposition gas produced*                                       
                        --       5.4 .times. 10.sup.-.sup.6                    
                                          1.3 .times. 10.sup.-.sup.5           
     (mol gas/mol oil, hr)                                                     
     Rate of degradation**                                                     
                        --       2.0                                           
     (vol.%/100 hrs)                                                           
     __________________________________________________________________________
       *Rate of gases produced from the Sample A by thermal decomposition durin
      the test and still remaining gaseous at room temperatures.               
      **Rate of new fractions produced from the Sample A during the heating tes
      and boiling at temperatures outside the boiling point range of the       
      original Sample A.                                                       
PAR  For comparison, a commercially available triaryldimethane type compound
      (Marlotherm-S produced by Huls Co., Ltd.) which has heretofore been
      recommended as a functional liquid having a high boiling point was heated
      for 520 hours in the same manner as above to find its rate of
      decomposition gas produced and rate of degradation with the respective
      results of 7.2 .times. 10.sup.-.sup.5 mol gas/mol oil, hr and 8.0 vol. %.
      On the other hand, Sample A was heated to 380.degree.C for 520 hours to
      find its rate of decomposition gas produced with the result of 3.4 .times.
      10.sup.-.sup.5 (mol gas/mol oil, hr) which was lower than that obtained
      with said commercially available compound by heating to 350.degree.C. From
      the foregoing it will be understood that the Sample A is superior in heat
      stability.
PAR  (11) Electrical properties
PAR  In accordance with the method prescribed in JIS-C 2320 (Insulating oil),
      Samples A and B were respectively tested at 80.degree.C and 50 Hz for
      their dielectric loss tangent, further tested at 80.degree.C and under a
      condition of 2.5 mm in distance between the electrodes for their
      dielectric breakdown strength and still further tested at 80.degree.C for
      their volume resistivity. The values obtained are indicated in the
      following Table in which are also indicated, for comparison, the values
      required in Insulating Oil No. I prescribed in JIS (Japanese Industrial
      Standard) and those for conventional insulating oils (polychlorinated
      diphenyl type and polybutene type insulating oils).
TBL                                    Table                                   
     __________________________________________________________________________
                   Dielectric loss                                             
                             Dielectric breakdown                              
                                        Volume resistivity                     
                   tangent   strength (KV)                                     
                                        (.OMEGA. . cm)                         
     __________________________________________________________________________
     Sample A      1.times.10.sup.-.sup.4                                      
                             50 or higher                                      
                                        2.2.times.10.sup.14                    
     Sample B      1.times.10.sup.-.sup.4                                      
                             50 or higher                                      
                                        2.2.times.10.sup.14                    
     Insulating Oil No. I                                                      
                   2.times.10.sup.-.sup.3 or less                              
                             30 or higher                                      
                                        1.times.10.sup.13 or higher            
     Kanechlor No. 300                                                         
                   5.times.10.sup.-.sup.3                                      
                             50 or higher                                      
                                        not measured                           
     Idemitsu polybutene 15R*                                                  
                   2.times.10.sup.-.sup.4                                      
                             50 or higher                                      
                                        8.0.times.10.sup.14                    
     __________________________________________________________________________
      *Commercially available polybutene type compound (produced by Idemitsu   
      Sekiyu Kagaku Co., Ltd.).                                                
PAR  (12) Lubricating properties
PAR  In order to investigate the lubricating properties of Sample A, a portion
      of Sample A was tested for viscosity index in accordance with JIS K-2284,
      and another portion thereof was subjected to the four ball test for load
      carrying capacity and wear dint diameter in accordance with JIS K-2519,
      the four ball test being carried out at 20.degree.C and 200 r.p.m. while
      increasing the pressure by 0.5 Kg/cm.sup.2 per minute. The results are
      shown hereunder.
TBL  ______________________________________                                    
     Viscosity index            80                                             
     Load carrying capacity (Kg/cm.sup.2)                                      
                                8.5                                            
     Wear dint diameter (mm)    1.34                                           
     ______________________________________                                    
PAR  In addition a portion of Sample A was added to a mineral oil type
      lubricating oil to find the properties thereof as an additive to a
      lubricating oil. The results are shown in the following Table.
TBL                                    Table                                   
     __________________________________________________________________________
     Amount of Sample A used                                                   
     Amount of mineral                                                         
     oil type lubricating oil (wt. ratio)                                      
                        0/100 10/90 20/80 30/70                                
     __________________________________________________________________________
     Viscosity index    104   115   124   131                                  
     Viscosity (cst) 37.78.degree.C                                            
                        223.5 144.7 98.1  67.2                                 
             98.89.degree.C                                                    
                        19.2  15.6  12.7  10.1                                 
     Pour point (.degree.C)                                                    
                        -55   -57   -59   -61                                  
     __________________________________________________________________________
PAR  Sample A has, per se, excellent properties as a lubricating oil and is
      further capable of improving other lubricating oils in lubricating
      properties by adding the Sample A thereto.
PAR  From these results it is seen that dicyclopentylalkylbenzenes are specific
      compounds which have a high boiling point and, at the same time, a low
      pour point, and that they further have the following features. These
      specific compounds are very satisfactorily compatible with various organic
      materials and have much more excellent oxidation stability and heat
      stability than the conventional, commercially available functional
      liquids. Said specific compounds also exhibit excellent electrical and
      lubricating properties.
PAR  As mentioned above dicyclopentylalkylbenzenes are suitable as a functional
      liquid because of their various properties or features, and they are used
      as a heat transfer medium, insulating oil, lubricating agent, solvent
      having a high boiling point, working fluid or the like.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A functional liquid consisting essentially of at least one organic
      compound which is a dicyclopentylalkylbenzene represented by the following
      formula
      ##SPC1##
PAL  wherein R is an alkyl group having 1 to 3 carbon atoms.
NUM  2.
PAR  2. A functional liquid according to claim 1, wherein the
      dicyclopentylalkylbenzene has a boiling point of not lower than
      300.degree.C and a pour point of not higher than -50.degree.C.
NUM  3.
PAR  3. A functional liquid according to claim 1, wherein the
      dicyclopentylalkylbenzene is a member selected from the group consisting
      of dicyclopentyltoluene and dicyclopentylethylbenzene.
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PAL  A method of producing an aluminum oxide and tungstate powder for insulating
      cathode heaters includes mixing a finely divided aluminum oxide powder
      with ammonium tungstate, rinsing out excess ammonium tungstate, drying the
      mixture and heating in a nitrogen-hydrogen atmosphere to about
      700.degree.C.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method of producing an insulating
      material for coating the heater elements of indirectly heated cathodes.
PAR  2. Description of the Prior Art
PAR  The use of aluminum oxide as an insulating material for coating cathode
      heater elements is known. The aluminum oxide is applied to the filament in
      the form of a fine powder either mechanically with a spray nozzle or
      electrophoretically in a coating bath. It then forms a white, highly
      insulating layer. The white color of the layer of aluminum oxide presents
      a high thermal resistance since the transfer of heat is effected primarily
      by way of heat conduction and only slight heat radiation takes place.
      Prior attempts have been made to overcome this disadvantage of the
      aluminum oxide by coating the insulating layer with a second darker layer.
      Up to now it was not considered feasible to employ a dark coloring
      throughout because the desired heating effect could not be achieved while
      also maintaining both the desired electrical insulation property and long
      service lifetime. The present improved method is used for making materials
      for coating cathode heater elements such as described in copending U.S.
      Application Ser. No. 418,644, filed Nov. 23, 1973, now U.S. Pat. No.
      3,895,249, and assigned to the same assignee as the instant application.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the object of the present invention to provide an
      insulating material which has the advantages of pure aluminum oxide with
      improved thermal properties. This is accomplished by employing a novel
      method of manufacturing including mixing a finely divided premixed
      aluminum oxide powder with a tungstate salt, rinsing the mixture with a
      suitable liquid such as methanol, drying the mixture, and heating the
      mixture in a nitrogen and hydrogen atmosphere to a temperature of about
      700.degree.C. When using the insulating material in an electrophoretic
      coating bath it has proven particularly favorable for the mixture to
      contain a tungstate salt, of approximately 30% by weight of the amount of
      aluminum oxide. With this material and method, the cathode filaments are
      coated in an electrophoretic coating bath which provides a precipitated
      layer of insulating material having a desired porosity.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The method of manufacturing may be carried out as follows:
PAR  Very finely divided aluminum oxide is very thoroughly and carefully
      premixed and stirred with ammonium tungstate which is in the liquid state.
      This is followed by a rinsing process with a suitable liquid, such as
      methanol, which rinses out excessive ammonium tungstate. The resulting
      compound is then dried. Thereafter, the dried compound is placed in an
      oven having a nitrogen and hydrogen atmosphere and is heated to about
      700.degree.C for a suitable time. This produces an insulating material of
      aluminum oxide and a tungstate salt in the form of a fine powder which may
      be used for the actual coating process in an electrophoretic bath. A
      desired mixture for the bath contains a tungstate salt, of about 30% by
      weight of the amount of aluminum oxide.
CLMS
STM  What is Claimed is:
NUM  1.
PAR  1. A method of producing an electrical insulating material for coating
      cathode heater elements including mixing a finely divided aluminum oxide
      powder and ammonium tungstate, rinsing the mixture with a liquid, drying
      the resultant mixture, and heating the mixture in a nitrogen and hydrogen
      atmosphere to provide a fine powder of aluminum oxide and ammonium
      tungstate.
NUM  2.
PAR  2. The method of claim 1 wherein said mixture contains ammonium tungstate
      of about 30% by weight of the amount of aluminum oxide.
NUM  3.
PAR  3. The method of claim 2 wherein said ammonium tungstate is in the form of
      a liquid into which said aluminum oxide powder is stirred, said rinsing
      liquid removing excess ammonium tungstate.
NUM  4.
PAR  4. The method of claim 3 wherein said rinsing liquid is methanol.
NUM  5.
PAR  5. The method of claim 1 wherein said mixture is heated to a temperature of
      about 700.degree.C.
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ABST
PAL  A hydraulic fluid comprising (1) a base stock material, and (2) a
      cycloalkyl epoxide and a phenyl naphthylamine in a ratio of from about
      1:10 to about 10:1 by weight. By incorporating about 0.1 to about 10
      percent by weight of the hydraulic fluid of said epoxide and amine in said
      hydraulic fluid, acid buildup therein is controlled.
BSUM
PAC  Background of the Invention
PAR  A number of fluids are known which are intended for use to transmit power
      in various hydraulic systems including some fluids intended for use in the
      hydraulic systems of aircraft. The hydraulic power systems of aircraft and
      certain industrial systems for operating various mechanisms impose
      stringent requirements on the hydraulic fluid used. Not only must the
      hydraulic fluid meet stringent functional and use requirements, but in
      addition such fluid should be sufficiently non-flammable to satisfy
      requirements for fire resistance. In certain instances, the viscosity
      characteristics of this fluid must be such that it may be used over a wide
      temperature range; that is, adequate viscosity at high temperatures, low
      viscosity at low temperatures and a low rate of change of viscosity with
      temperature. Its pour point should be low. Its volatility should be low at
      elevated temperatures of use; that is, selective evaporation or
      volatilization of any important component should not take place at high
      temperatures of use. It must possess sufficient lubricity and mechanical
      stability to enable it to be used in hydraulic systems of aircraft which
      are exceedingly severe on the fluid used. It should be chemically stable
      to resist such chemical reactions as oxidation, thermal degradation, etc.,
      so that it will remain stable under conditions of use against loss of
      desired characteristics, due to high and sudden changes of pressure,
      temperature, high tensile stresses, and contact with various metals which
      may be, for example, aluminum, bronze, certain steels, cadmium, magnesium,
      and the like. It should also not deteriorate or swell the gaskets and
      packing of the industrial or aircraft hydraulic system. It must not
      adversely affect the materials of which the system is constructed, and in
      the event of a leak, should not adversely affect the various parts of the
      hydraulic system with which it may accidentally come in contact.
PAR  In the practice of the present invention functional fluids, to which the
      epoxide-phenyl naphthylamine compositions of the present invention can be
      added, are referred to as base stocks. They include, but are not limited
      to, esters and amides of an acid of phosphorus, mineral oil and synthetic
      hydrocarbon oil base stocks, monoesters, dicarboxylic acid esters and
      esters of polyhydric compounds.
PAR  Various hydraulic fluid mixtures have been suggested. Phosphate esters to
      which suitable pour point depressants, viscosity index improvers, rust
      inhibitors, corrosion inhibitors, etc., have been added, are among the
      best so far proposed and these have been used somewhat extensively as
      aircraft hydraulic fluids.
PAR  These fluids can, however, exhibit undesirable acid buildup during use. In
      the event that this acid buildup becomes too excessive, the base stock
      materials will break down and will lose their physical properties of
      viscosity and the like. The acid can also attack the metal parts within
      the hydraulic system that are exposed to the fluids. In order to combat
      this acid attack, corrosion inhibitors are added to the functional fluid
      compositions.
PAR  One such corrosion inhibitor is described and claimed in U.S. Pat. No.
      2,636,861, which includes a combination of specific epoxy compositions
      with a sulfur containing organic compound. The function of these corrosion
      inhibitors is to coat the exposed metal with a thin film in such a manner
      so as to not allow the acid within the fluid to attack the metals. This
      approach to protecting the exposed metal parts has not been notably
      successful since the high acid buildup in fact causes corrosion of the
      metal in addition to breaking down the chemical composition of the
      functional fluid material so as to require frequent drainage of the system
      and replacement with new functional fluid compositions.
PAR  U.S. Pat. No. 3,637,507 utilizes an epoxide composition to obtain improved
      acid stability. U.S. Pat. No. 3,019,191 in disclosing the use of diaryl
      amines as oxidation inhibitors, illustrated by
      phenyl-.alpha.-naphthylamine, finds that substantial amounts of sludge
      result under oxidative conditions, impeding the flow of the hydraulic
      fluid and may even result in stoppage.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  It has been discovered that improved acid stability is provided to a
      functional fluid material when there is present in the fluid a combination
      of a certain epoxide and a phenyl naphthyl amine. The addition or
      incorporation of said epoxide and amine, as hereinafter disclosed,
      unexpectedly produces synergistic results in terms of improved acid
      stability and viscosity stability of the functional fluid, without
      manifesting any deleterious characteristics such as sludge buildup, metal
      corrosion, and the like.
DETD
PAC  DETAILED DESCRIPTION
PAR  The particular epoxides employed are the epoxycycloalkyl compounds as
      emplified by the following structure:
      ##SPC1##
PAL  wherein R.sub.1 is --(CH.sub.2)    C(O)OR, --OR, --CH.sub.2 OR or
      ##SPC2##
PAL  R is an alkyl radical having from 1 to about 12 carbon atoms, R.sub.2 is
      R.sub.1, hydrogen, or an alkyl radical having from 1 to about 9 carbon
      atoms and n, m=3 to 8.
PAR  Preferred epoxide compounds are the 3,4-epoxy cycloalkyl carboxylates.
      Representative of this class is 3,4-epoxy cyclohexyl methyl, 3,4-epoxy
      cyclohexane carboxylate which is, particularly preferred and has the
      following formula:
      ##SPC3##
PAR  The phenyl naphthylamines employed may be illustrated by the following
      formula:
      ##SPC4##
PAL  wherein R', R" and R'" can be the same or different and are members of the
      group consisting of hydrogen, alkyl, aryl, alkaryl and aralkyl of from 1
      to 16 carbon atoms.
PAR  Particularly preferred members of this group are
      phenyl-.alpha.-naphthylamine, octylated phenyl-.alpha.-naphthylamine
      (phenyl-.alpha.-naphthylamine alkylated with diisobutylene in a 1:1 to 3:1
      molar ratio), dioctylphenyl-.alpha.-naphthylamine,
      trioctylphenyl-.alpha.-naphthylamine, and the like.
PAR  The concentration of cycloalkyl epoxide and phenyl naphthylamine in the
      functional fluid is adjusted in terms of the particular system and the
      functional fluid compositions of this invention which contain amounts of
      cycloalkyl epoxide and phenyl naphthylamine sufficient to inhibit acid
      buildup. Thus, it has been found that the concentration of cycloalkyl
      epoxide and phenyl naphthylamine required to inhibit and control acid
      buildup of a base stock varies according to the base stock or blends of
      base stocks. Since the cycloalkyl epoxide and phenyl naphthylamine are
      incorporated in the fluid at levels sufficient to inhibit acid buildup and
      whereas fluid properties can be altered by the incorporation of any
      foreign element, it has generally been found that preferred total additive
      level of cycloalkyl epoxide and phenyl naphthylamine is from about 0.10
      percent to about 5.0 percent by weight of the total fluid, although 10.0
      weight percent additive concentration is effective and contemplated within
      the scope of this invention. The ratio of epoxy to secondary diaryl amine
      can range from about 1:10 to about 10:1 by weight, most preferably about
      1:1 by weight.
PAR  Thus, included in the present invention are compositions comprising a
      functional fluid and a cycloalkyl epoxide and phenyl naphthylamine in
      concentrations sufficient to control and inhibit acid buildup. The
      functional fluid composition of this invention can be compounded in any
      manner known to those skilled in the art for incorporation of an additive
      into a base stock, as for example, by adding the cycloalkyl epoxide and
      phenyl naphylamine in any order, or together to the base stock with
      stirring until a homogeneous fluid composition is obtained.
PAR  In practice of the present invention, functional fluid compositions that
      are suitable for use as base stock materials can be esters and amides of
      an acid of phosphorus which can be represented by the structure:
      ##EQU1##
      wherein Y is selected from the group consisting of oxygen, sulfur, and
      ##EQU2##
      Y.sub.1 is selected from the group consisting of oxygen, sulfur and
      ##EQU3##
      and Y.sub.2 is selected from the group consisting of oxygen, sulfur and
      ##EQU4##
      R, R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are each selected from
      the group consisting of alkyl, aryl, substituted aryl and substituted
      alkyl containing 1-30 carbon atoms, wherein R, R.sub.1, R.sub.2, R.sub.3,
      R.sub.4 and R.sub.5 each can be identical or different with respect to any
      other radical and a, b and c are whole numbers having a value of 0 to 1
      and the sum of a+b+c is from 1 to 3.
PAR  Typical examples of alkyl radicals are as follows: methyl, ethyl, normal
      propyl, isopropyl, normal butyl, isobutyl, secondary butyl, tertiary
      butyl, normal amyl, isoamyl, 2-methylbutyl, 2,2-dimethyl propyl, 1-methyl
      butyl, diethylmethyl, 1,2-dimethyl propyl, tertiary amyl, normal hexyl,
      1-methylamyl, 1-ethyl butyl, 1,2,2-trimethyl propyl, 3,3-dimethyl butyl,
      1,1,2-trimethyl propyl, 2-methyl amyl, 1,1-dimethyl butyl, 1-ethyl
      2-methyl propyl, 1,3-dimethyl butyl, isohexyl, 3-methylamyl, 1,2-dimethyl
      butyl, 1-methyl 1-ethyl propyl, 2-ethyl butyl, normal heptyl,
      1,1,2,3-tetramethyl propyl, 1,2-dimethyl 1-ethyl propyl, 1,1,2-trimethyl
      butyl, 1-isopropyl 2-methyl propyl, 1-methyl 2-ethyl butyl, 1,1-diethyl
      propyl, 2-methyl hexyl, 1,1-dimethyl amyl, 1-isopropyl butyl, 1-ethyl
      3-methyl butyl, 1,4-dimethyl amyl, isoheptyl, 1-methyl 1-ethyl butyl,
      1-ethyl 2-methyl butyl, 1-methyl hexyl, 1-propyl butyl, normal octyl,
      1-methyl heptyl, 1,1-diethyl 2-methyl propyl, 1,1,3,3-tetramethyl butyl,
      1,1-diethyl butyl, 1,1-dimethyl hexyl, 1-methyl 1-ethyl amyl, 1-methyl
      1-propyl butyl, 2-ethyl hexyl, 6-methyl heptyl (iso-octyl), normal nonyl,
      1-methyl octyl, 1-ethyl heptyl, 1,1-dimethyl heptyl, 1-ethyl 1-propyl
      butyl, 1,1-diethyl 3-methyl butyl, diisobutyl methyl, 3,5,5-trimethyl
      hexyl, 3,5-dimethyl heptyl, normal decyl, 1-propyl heptyl, 1,1-diethyl
      hexyl, 1,1-dipropyl butyl, 2-isopropyl 5-methyl hexyl and C.sub.11-18
      alkyl groups.
PAR  Typical examples of substituted alkyl radicals are the haloalkyl radicals
      which can be represented by the structure
      ##EQU5##
      where Hal refers to a halogen, m is less than or equal to 2.sub.n+1 and n
      may have any value from 0 to 18, and R.sub.6 and R.sub.7 can be hydrogen,
      halogen or alkyl radicals. The halogenated alkyl radicals can be primary,
      secondary or tertiary.
PAR  Typical examples of aryl and substituted aryl radicals are phenyl, cresyl,
      xylyl, halogenated phenyl, cresyl and xylyl in which the available
      hydrogen on the aryl or substituted aryl is partially or totally replaced
      by a halogen, o-, m- and p-trifluoromethylphenyl, o-, m- and
      p-2,2,2-trifluoroethylphenyl, o-, m- and p-3,3,3-trifluoropropylphenyl and
      o-, m- and p-4,4,4-trifluorobutylphenyl.
PAR  Dicarboxylic acid esters which are suitable as base stocks are represented
      by the structure
      ##EQU6##
      wherein R.sub.20 and R.sub.22 are each selected from the group consisting
      of alkyl, substituted alkyl, aryl and substituted aryl and R.sub.21 is a
      divalent radical selected from the group consisting of alkylene and
      substituted alkylene, and are prepared by esterifying dicarboxylic acids
      as adipic acid, azelaic acid, suberic acid, sebacic acid, hydroxysuccinic
      acid, fumaric acid, maleic acid, etc., with alcohols such as butyl
      alcohol, hexyl alcohol, 2-ethylhexyl alcohol, dodecyl alcohol,
      2,2-dimethyl heptanol, 1-methyl cyclohexyl methanol, etc.
PAR  Typical examples of alkyl, aryl substituted alkyl and substituted aryl
      radicals are given above.
PAR  Polyesters which are suitable as base stocks are represented by the
      structure
      ##EQU7##
      wherein R.sub.23 is selected from the group consisting of hydrogen and
      alkyl, R.sub.24 and R.sub.25 are each selected from the group consisting
      of alkyl, substituted alkyl, aryl and substituted aryl, a is a whole
      number having a value of 0 to 1, Z is a whole number having a value of 1
      to 2 and when Z is 1 R.sub.26 is selected from the group consisting of
      hydrogen, alkyl acyloxy and substituted acyloxy and when Z is 2 R.sub.26
      is oxygen, and are prepared by esterifying such polyalcohols as
      pentaerythritol, dipentaerythritol, trimethylolpropane, trimethololethane
      and neopentyl glycol with such acids as propionic, butyric, isobutyric,
      n-valeric, caproic, n-heptylic, caprylic, 2-ethylhexanoic,
      2,2-dimethylheptanoic and pelargonic. Typical examples of alkyl,
      substituted alkyl, aryl and substituted aryl radicals are given above.
PAR  Other esters which are also suitable as base stocks are the mono esters.
PAR  Hydrocarbon oils including mineral oils derived from petroleum sources and
      synthetic hydrocarbon oils are suitable base stocks. The physical
      characteristics of functional fluids derived from a mineral oil are
      selected on the basis of the requirements of the fluid systems and
      therefore this invention includes as base stocks mineral oils having a
      wide range of viscosities are volatilities such as naphthenic base,
      paraffinic base and mixed base mineral oils.
PAR  The synthetic hydrocarbon oils include but are not limited to those oils
      derived from oligomerization of olefins such as polybutenes and oils
      derived from high alpha olefins of from 8 to 20 carbon atoms by acid
      catalyzed dimerization and by oligomerization using trialuminum alkyls as
      catalysts.
PAR  It is also contemplated within the scope of this invention that mixtures of
      two or more of the aforedescribed base stocks can be utilized as base
      stocks.
PAR  The fluid compositions of this invention when utilized as a functional
      fluid can also contain dyes, pour point depressants, antifoam agents,
      viscosity index improvers such as polyalkyl acrylates, polyalkyl
      methacrylates, polycyclic polymers, polyurethanes, polyalkylene oxides and
      polyesters, lubricity agents, water and the like.
PAR  It is also contemplated that the base stocks as aforementioned can be
      utilized singly or as a fluid composition containing two or more base
      stocks in varying proportions. The base stocks can also contain other
      fluids which include, in addition to the functional fluids, desired fluids
      derived from coal products, synthetics, and synthetic oils, e.g., alkylene
      polymers (such as polymers of propylene, butylene, etc., and mixtures
      thereof), alkylene oxide type polymers (e.g., propylene oxide polymers),
      and derivatives, including alkylene oxide polymers prepared by
      polymerizing the alkylene oxide in the presence of water or alcohol, e.g.,
      ethyl alcohol, alkyl benzenes, (e.g., monoalkyl benzene such as dodecyl
      benzene, tetradecyl benzene, etc.) and dialkyl benzene (e.g., n-nonyl
      2-ethyl hexyl benzene); and polyphenols, (e.g., biphenyls and terphenyls),
PAR  In the preferred form of the present invention, the cycloalkyl epoxide and
      phenyl naphthylamine will be combined with a phosphate functional fluid
      base stock. The base stock will consist primarily of trialkylphosphates
      being present in amounts from 50 to 95% by weight and preferably from 60
      to 90% by weight. The trialkylphosphates which give optimum results are
      those wherein each of the alkyl groups contain from 1 to 20 carbon atoms,
      preferably from 3 to 12 carbon atoms and more preferably, from 4 to 9
      carbon atoms. The alkyl groups are preferably of straight chain
      configuraton. A single trialkyl phosphate may contain the alkyl group in
      all three positions or may possess a mixture of different alkyl groups.
      Mixtures of various trialkyl phosphates can be used. Suitable species of
      trialkyl phosphates which may be employed as the base stock composition
      include tripropyl phosphates, tributyl phosphates, trihexyl phosphates,
      trioctyl phosphates, dipropyl octyl phosphates, dibutyl octyl phosphates,
      dipropyl hexyl phosphate, dihexyl octyl phosphate, dihexyl propyl
      phosphate, and propyl butyl octyl phosphate.
PAR  The trialkyl phosphates can be combined with triaryl phosphates. Preferred
      triaryl phosphates are cresyl diphenyl phosphate, tricresyl phosphate,
      trixylenyl phosphate, tertiary butyl phenyl phenyl phosphates, ethyl
      phenyl dicresyl phosphate or isopropylphenyl diphenyl phosphate,
      phenyl-bis(4-alpha-methylbenzylphenyl) phosphate. In one preferred
      embodiment, a base stock containing primarily trixylenyl phosphate is
      employed. The triaryl phosphates function as a thickener for the trialkyl
      phosphates. Thus, the amount of triaryl phosphate can range between about
      0 to about 35% by weight. The preferred range of the triaryl phosphates
      will be from about 5 to about 30% by weight of the composition.
PAR  Conventional polymeric thickeners or viscosity index (VI) improvers may be
      blended with the mixture of trialkyl and triaryl phosphate material to
      achieve the desired viscosity. Typical thickeners used may be
      polyacrylates, polymethacrylates, polyethylene oxides, polypropylene
      oxides, polyesters and the like.
PAR  Preferably, a polyester based upon an azelaic acid and a diol in the range
      of .3 to 20% by weight is used as the viscosity index improver.
PAR  Corrosion inhibitors such as benzotriazole, quinizarin or the like in an
      amount ranging between 0.001 and 0.5% by weight can be added to the
      mixture and thoroughly blended therewith. A dye in a concentration range
      between 5 to 20 parts per million can be added to the composition and
      blended therewith in a conventional manner. Effective amounts of a
      silicone antifoaming agent can also be incorporated into the composition
      and are usually most effective in an amount ranging between 5 and 50 parts
      per million. The functional fluids of this invention can contain up to
      about 1 percent by weight of water. It is preferred, however, to maintain
      water levels below 0.6 weight percent, and most preferably below 0.3
      weight percent.
PAR  It has been found and practiced that when the cycloalkyl epoxide and phenyl
      naphthylamine of the present invention are blended in the proper
      proportions with the above preferred functional fluid composition, the
      properties thereof are superior to known commercial fluids.
PAR  The invention can be better appreciated by the following nonlimiting
      example. All parts and percentages are by weight, unless otherwise noted.
PAC  EXAMPLE
PAR  Base stock material samples were prepared, consisting of approximately 68%
      tributyl phosphate, 19% mixed aryl phosphates of approximately 150 Saybolt
      Universal Seconds (SUS), 12% of a polybutyl methacrylate viscosity index
      (VI) improver, 0.5% water, .02% benzotriazole metal deactivator, and an
      alkyl succinic acid rust inhibitor to which was added 1%
      3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate and 1% by
      weight of the following antioxidants:
TBL                         Total Acid Number                                  
                            (Mg KOH/g)                                         
            Antioxidant     After Test                                         
     ______________________________________                                    
     None                   200                                                
     Ethyl 702 (a hindered bisphenol)                                          
                            73                                                 
     Pentaerythritol Phosphite Heptanoate                                      
                            83                                                 
     Octylated Phenyl-alpha-naphthyl amine                                     
                            10                                                 
     N-ethyl-dioctyl phenothiazine                                             
                            59                                                 
     Vanlube 81 (a substituted diphenyl amine)                                 
                            95                                                 
     Phenyl-alpha-naphthylamine                                                
                            0.3                                                
     ______________________________________                                    
PAL  These tests demonstrate that phenyl-alpha-naphthylamine stabilizes the
      formulation to the greatest extent in the presence of the cycloalkyl
      epoxide mentioned above.
PAR  In a series of similar oxidation tests performed on a blend consisting of
      approximately 79 weight percent of tributyl phosphate, 10 weight percent
      of mixed cresyl and xylenyl phosphates, 9 weight percent of a polyester
      thickener, Plastolein 9789, sold by Emery Industries, 1 weight percent of
      phenyl alphanaphthyl-amine, and 0.02 weight percent of benzotriazole, and
      about 0.25 weight percent water, the following results were obtained with
      various epoxide acid acceptors at a 1.0 weight percent concentration:
TBL                        Total Acid Number                                   
                           (Mg KOH/g)                                          
     Acid Acceptor         After Test                                          
     ______________________________________                                    
     Proctor and Gamble Epoxide 8                                              
                           134                                                 
     Shell Cardura E (glycidyl ester                                           
     of decanoic acid)     194                                                 
     Phenyl glycidyl ether 155                                                 
     3,4-epoxycyclohexylmethyl-                                                
     3,4-epoxycyclohexane carboxylate                                          
                           0.3                                                 
     None                  200                                                 
     ______________________________________                                    
PAR  These results in conjunction with the results in the beginning of this
      example demonstrate that phenyl alpha-naphthyl amine and
      3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate form a unique
      synergistic additive combination for the stabilization of phosphate esters
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A functional fluid composition comprising a mixture of
PA1  a base stock material consisting essentially of an ester or esters of an
      acid of phosphorus, and from about 0.1 to about 10%, by weight of the
      total fluid, of an additive combination comprising an epoxycycloalkyl
      carboxylate and a phenyl naphthylamine, in a ratio of from about 1:10 to
      about 10:1 by weight.
NUM  2.
PAR  2. A functional fluid in accordance with claim 1, wherein said ester of an
      acid of phosphorus comprises a trialkyl phosphate.
NUM  3.
PAR  3. A functional fluid in accordance with claim 1 wherein said ester of an
      acid of phosphorus comprises a triaryl phosphate.
NUM  4.
PAR  4. A functional fluid in accordance with claim 1 wherein said ester of an
      acid of phosphorus comprises a mixture of trialkyl phosphates and triaryl
      phosphates.
NUM  5.
PAR  5. A functional fluid in accordance with claim 4, wherein said trialkyl
      phosphates are present in an amount ranging between 50 and 95% by weight
      and said triaryl phosphates are present in an amount up to about 35% by
      weight.
NUM  6.
PAR  6. A functional fluid in accordance with claim 1 wherein said phenyl
      naphthyl amine is phenyl-.alpha.-naphthylamine.
NUM  7.
PAR  7. A functional fluid in accordance with claim 1 wherein said
      epoxycycloalkyl carboxylate is 3,4,-epoxycyclohexylmethyl
      3,4-epoxycyclo-hexane carboxylate.
NUM  8.
PAR  8. A functional fluid in accordance with claim 1 together with a viscosity
      index improver or thickener.
NUM  9.
PAR  9. A functional fluid in accordance with claim 8, together with a dye and
      antifoaming agent mixed therewith.
NUM  10.
PAR  10. A functional fluid in accordance with claim 9, together with a
      corrosion inhibitor.
NUM  11.
PAR  11. A functional fluid composition in accordance with claim 10 wherein said
      corrosion inhibitor is benzotriazole.
NUM  12.
PAR  12. An aircraft hydraulic fluid comprising a base stock material consisting
      essentially of an ester or esters of an acid of phosphorus, and from about
      0.1 to about 10% by weight of the total fluid of an additive combination
      comprising an epoxycycloalkyl carboxylate and a phenyl naphthylamine in a
      ratio from about 1:10 to about 10:1 by weight.
NUM  13.
PAR  13. The composition of claim 12 wherein said phenyl naphthylamine comprises
      phenyl-.alpha.-naphthyl amine.
NUM  14.
PAR  14. The composition of claim 12 also containing a viscosity index improver.
NUM  15.
PAR  15. The composition of claim 12 which also contains a rust inhibitor.
NUM  16.
PAR  16. The composition of claim 12 wherein said carboxylate is
      3,4-epoxycyclohexylmethyl 3,4-epoxycyclohexane carboxylate.
NUM  17.
PAR  17. The composition of claim 12 also containing a corrosion inhibitor
      selected from the group consisting of benzotriazole and quinizarin.
NUM  18.
PAR  18. The composition of claim 17 wherein said corrosion inhibitor is
      benzotriazole.
NUM  19.
PAR  19. The composition of claim 12 in which said ester of an acid of
      phosphorus is a trialkyl phosphate.
NUM  20.
PAR  20. The composition of claim 12 wherein said ester of an acid of phosphorus
      is a mixture of trialkyl phosphates and triaryl phosphates.
NUM  21.
PAR  21. The composition of claim 20 in which said trialkyl phosphates are
      present in an amount ranging between about 50 and about 95% by weight and
      the triaryl phosphates are present in an amount up to about 35% by weight.
NUM  22.
PAR  22. The composition of claim 12 wherein said ester of an acid of phosphorus
      comprises a mixture of a trialkyl phosphate and an ester selected from the
      group consisting of alkyl diaryl phosphate and dialkyl aryl phosphate.
NUM  23.
PAR  23. The composition of claim 12 wherein said additive is present in an
      amount of from about 0.1 to about 5 weight percent.
NUM  24.
PAR  24. A method for controlling acid buildup in an aircraft hydraulic fluid
      comprising a base stock selected from the group consisting of esters of an
      acid of phosphorus, which comprises incorporating in said hydraulic fluid
      from between about 0.1 to about 10% by weight of an additive comprising an
      epoxycycloalkyl carboxylate and a phenyl naphthylamine in a ratio of from
      about 1:10 to about 10:1 by weight.
NUM  25.
PAR  25. The method of claim 24 wherein said phenyl naphthylamine comprises
      phenyl-.alpha.-naphthylamine.
NUM  26.
PAR  26. The method of claim 25 wherein said carboxylate comprises
      3,4-epoxycyclohexylmethyl 3,4-epoxycyclohexane carboxylate.
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PAL  Functional fluid compositions comprising a major amount of a base stock
      material which is an ester or amide of an acid phosphorus, a di- or
      tricarboxylic acid ester, an ester of a polyhydric compound or mixtures
      thereof, optionally minor amounts of other base stock materials or base
      stock modifiers such as viscosity index improvers, cavitation damage
      inhibitors, and lubricity agents, and an additive amount of an acid
      scavenger and corrosion inhibitor which is a monoepoxy norbornyl
      carboxylate such as C.sub.1.sub.-4 alkyl-5,6-epoxynorbornane carboxylate.
      The compositions are particularly useful as aircraft hydraulic fluids.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to functional fluid compositions, particularly
      hydraulic fluids and to monoepoxycyclohexyl compounds which are effective
      to inhibit acid buildup in such fluids.
PAR  2. Description of the Prior Art
PAR  Functional fluids have been utilized in many different types of
      applications such as electronic coolants, diffusion pump fluids,
      lubricants, damping fluids, bases for greases, power transmission and
      hydraulic fluids, heat transfer fluids, heat pump fluids, refrigeration
      equipment fluids and as filter mediums for air-conditioning systems. Of
      these uses, hydraulic fluids intended for use in the hydraulic system of
      aircraft for operating various mechanisms and aircraft control systems
      must meet stringent functional and use requirements. One of the most
      important requirements for an aircraft hydraulic fluid is that the fluid
      be chemically stable to resist oxidative and thermal degradation which can
      result in the formation of acids and the corrosive attack of metals in
      contact with the hydraulic fluid.
PAR  In order to control the degree of acid buildup during use of the fluid and
      inhibit corrosion of the components in the hydraulic system, it is
      conventional to add certain acid scavengers and/or corrosion inhibitors to
      the hydraulic fluid base stock.
PAR  Although a variety of compounds have been suggested for use as corrosion
      inhibitors, acid acceptors which act as proton acceptors and prevent the
      buildup of corrosive acids in the fluids when they undergo decomposition
      under prolonged use at high temperatures are generally preferred. A
      particularly preferred class of such materials comprises epoxy compounds,
      especially epoxidized naturally occurring materials such as epoxidized
      unsaturated glycerides including epoxidized soybean oil, epoxidized castor
      oil, epoxidized linseed oil, epoxidized fats and the like. Other suggested
      materials include epoxy esters such as butylepoxyacetoxystearate, glyceryl
      triepoxyacetoxystearate, isooctylepoxystearate, epoxidized isooctyl
      phthalate and the like. Also suggested are various alkyl and arylalkyl
      epoxides such as epoxy decane, epoxy hexadecane, epoxy octadecane,
      cyclododecane, and the like, and glyceryl and various glycidyl ethers such
      as phenyl glycidyl ether, glycidyl cyclohexyl ether, alkyl glycidyl ether,
      and the like.
PAR  More recently it has been suggested that a particular class of epoxy
      compounds, the 3,4-epoxycycloalkyl-3,4-epoxycycloalkyl carboxylates, are
      particularly useful as acid acceptors for hydraulic fluids and are more
      effective than the epoxy compounds used heretofore. A particularly
      preferred compound is 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane
      carboxylate. These compounds are well known chemical entities which have
      been used as acid scavengers for chlorinated diphenyl dielectric fluids
      prior to their introduction as inhibitors for hydraulic fluids.
PAR  Although 3,4-epoxycycloalkyl-3,4-epoxycycloalkyl carboxylates are effective
      acid scavengers for common hydraulic fluid compositions, they have a
      disadvantage in that they cause resinous deposits to form around the fluid
      pump shaft at the point of seal. The formation of deposits is of
      particular concern in aircraft hydraulic systems which operate under
      pressure and where the deposits soon result in fluid leakage through the
      seal. Although the problem of shaft seal leakage is not serious from an
      aircraft operational point of view, it represents a sufficient nuisance
      that the aircraft industry and aircraft hydraulic fluid manufacturers have
      actively sought alternative acid acceptors which are as effective and
      efficient as the 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane
      carboxylate but which do not have the deposit and leakage problem
      associated with this material.
PAR  It is accordingly an object of this invention to provide an acid acceptor
      effective to prevent acid buildup in functional fluid compositions.
      Another object of this invention is to provide an acid acceptor which can
      be used without adverse secondary effects in functional fluids which may
      also contain a polymeric viscosity index improver. A further object of
      this invention is to provide functional fluid compositions which are
      resistant to thermal and oxidative degradation and which are suitable for
      use in aircraft hydraulic systems. It is a yet further object of this
      invention to provide an aircraft hydraulic fluid containing a polymeric
      viscosity index improver and an epoxide acid acceptor which does not cause
      pump shaft seal leakage. Yet further objects will be apparent from the
      following description of the invention.
PAC  SUMMARY
PAR  Functional fluid compositions of this invention comprise a major amount of
      at least about 50 percent by weight of a base stock material selected from
      the group consisting of esters or amides of an acid or phosphorus, di- or
      tricarboxylic acid esters, esters of polyhydric compounds and mixtures
      thereof, from 0 to minor amounts of one or more other base stock materials
      or base stock modifiers, and from about 0.1 to 10 percent of a compound
      having the structure
      ##SPC1##
PAL  wherein R.sub.1 is --(CH.sub.2).sub.0.sub.-3 --C(O)OR, --C(O)R, --OR, or
      --CH.sub.2 OR where R is an alkyl radical having from 1 to about 18 carbon
      atoms, preferably 1 to 12, carbon atoms, R.sub.2 is R.sub.1, hydrogen, or
      an alkyl radical having from 1 to about 9 carbon atoms, and R.sub.3 and
      R.sub.4 are individually hydrogen or an alkyl radical having from 1 to
      about 4 carbon atoms. A particularly preferred compound is
      ethyl-5,6-epoxynorbornane-2-carboxylate. The compositions may include
      polymeric V.I. improvers and other conventional additives and are
      particularly useful as aircraft hydraulic fluids.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The functional fluid compositions of the present invention comprise as the
      essential components a base stock material and an epoxy compound. The
      concentration of the epoxy compound in the functional fluid is adjusted
      according to the demands of the system and nature of the base stock being
      employed in order to provide compositions which contain sufficient amounts
      of epoxy material to inhibit acid buildup during normal operation. It has
      been found that the concentration of epoxy compound required to inhibit
      and control acid buildup in a particular base stock varies according to
      the composition of the base stock or blends of base stocks. It has
      generally been found that preferred additive levels of epoxy compounds are
      from 0.10 weight percent to 7.0 weight percent, although concentrations of
      10 percent or higher are also effective and may be used. Thus, included in
      the present invention are functional fluid compositions comprising a base
      stock material and an epoxy material in a concentration sufficient to
      control and inhibit acid buildup in the base stock. The fluid compositions
      of this invention can be compounded in any manner known to those skilled
      in the art for incorporating an additive into a base stock, as for example
      by adding the epoxy compound to the base stock with stirring until a
      uniform fluid composition is obtained.
PAR  As described above, suitable epoxy materials are the monoepoxynorbornyl
      compounds and alkyl-substituted monoepoxynorbornyl compounds including,
      for example, epoxy norbornanecarboxylates, examples of which appear below;
      dialkyl esters of epoxy norbornanedicarboxylic acids such as
      diethyl-5,6-epoxynorbornane-2,3-dicarboxylate,
      dibutyl-1-methyl-5,6-epoxynorbornane-2,3-dicarboxylate,
      di-(2-ethyhexyl)-5,6-epoxynorbornane-2,3-dicarboxylate,
      di-(tridecyl)-5,6-epoxynorbornane-2,3-dicarboxylate,
      di-(2-ethylhexyl)-5,6-epoxy-3-methylnorbornane-2,3-dicarboxylate; C.sub.1
      to C.sub.18 alkyl ethers of 5,6-epoxynorbane, particularly the C.sub.1 to
      C.sub.6 alkyl ethers; C.sub.1 to C.sub.18 alkyl ethers of
      5,6-epoxycyclonorbane methanol, particularly the C.sub.1 to C.sub.6 alkyl
      ethers; and C.sub.1 to C.sub.18 alkyl ketones of 5,6particularly the
      C.sub.1 to C.sub.6 alkyl ketones.
PAR  Particularly preferred epoxy compounds that can be employed in the practice
      of the present invention are those 5,6-epoxynorbornane carboxylates having
      the following structure:
      ##SPC2##
PAL  wherein R.sub.2 is hydrogen, an alkyl of from 1 to about 9 carbon atoms, or
      a
      ##EQU1##
      R.sub.3 and R.sub.4 are individually hydrogen or an alkyl of from 1 to
      about 4 carbon atoms, R is an alkyl of from 1 to about 18 carbon atoms and
      n is an integer of from 0 to 3.
PAR  Representative examples of this class of epoxy compounds include
PA1  C.sub.1 -.sub.4 alkyl-5,6-epoxynorbornane carboxylate,
PA1  C.sub.1 -.sub.4 alkyl-5,6-epoxynorbornyl methylene carboxylate,
PA1  C.sub.1 -.sub.4 alkyl-5,6-epoxynorbornyl ethylene carboxylate,
PA1  C.sub.1 -.sub.4 alkyl-5,6-epoxynorbornyl propylene carboxylate,
PA1  methyl-1-methyl-5,6-epoxynorbornane carboxylate,
      butyl-1,4-dimethyl-5,6-epoxynorbornane carboxylate
PA1  methyl-1-ethyl-5,6-epoxynorbornyl methylene carboxylate,
PA1  butyl-1-isopropyl-5,6-epoxynorbornyl ethylene carboxylate,
PA1  and methyl-1-isobutyl-5,6-epoxynorbornane carboxylate.
PAR  These compounds may be prepared by those procedures well known in the art
      for preparing epoxy compounds, for example the procedures described in
      U.S. Pat. No. 3,187,018 which is incorporated herein by reference.
PAR  Cyclopentadiene or substituted cyclopentadiene can be used to prepare the
      epoxynorbornyl mono or di-carboxylates of this invention. It is reacted
      with an acrylate represented by the formula CH.sub.2 CHCOOR' where R' is a
      C.sub.1 to C.sub.18 alkyl group. This reaction product is then reacted
      with H.sub.2 O.sub.2 to give the mono epoxynorbornyl carboxylates of this
      invention. When the diesters are desired, maleic anhydride can be used in
      place of the acrylate. The reaction product of maleic anhydride and
      cyclopentadiene is then reacted with a C.sub.1 to C.sub.18 alcohol to get
      the di-ester which is then reacted with hydrogen peroxide to get the mono
      epoxy dicarboxylate of this invention.
PAR  As mentioned, the base stock material which comprises at least about 50% by
      weight of the functional fluids of the present invention, is selected from
      the group consisting of esters and amides of an acid of phosphorus, di- or
      tri- carboxylic acid esters, esters of polyhydro compounds, and mixtures
      thereof. These base stock materials and examples thereof are described in
      U.S. Pat. No. 3,723,320, the subject matter of which is incorporated
      herein by reference.
PAR  Hydrocarbon phosphates are preferred. Phosphorus ester base stocks include
      trialkyl phosphates, triaryl and/or alkyl substituted aryl phosphates and
      mixed aryl and/or substituted arylalkyl phosphates. With respect to the
      alkyl groups, it is preferred to have from about 2 to about 18 carbon
      atoms, more preferably from about 2 to about 12 carbon atoms and with
      respect to the aryl and substituted aryl groups, it is preferred to have
      from about 6 to about 16 carbon atoms and more preferably, from about 6 to
      about 12 carbon atoms.
PAR  Typical examples of preferred phosphates are dibutylphenyl phosphate,
      triphenyl phosphate, tricresyl phosphate, tributyl phosphate,
      tri-2-ethylhexyl phosphate, trioctyl phosphate, the phosphates described
      in U.S. Pat. No. 3,723,315 which is incorporated herein by reference, such
      as di(nonylphenyl) phenyl phosphate, di(cumylphenyl) phenyl phosphate,
      (cumylphenyl) (nonylphenyl) phenyl phosphate, and mixtures of the above
      phosphates such as mixtures of tributyl phosphate and tricresyl phosphate,
      mixtures of triphenyl phosphate and 2-ethylhexyl diphenyl phosphate,
      mixtures of cumylphenyl diphenyl phosphate, nonylphenyl diphenyl
      phosphate, 2-ethylhexyl diphenyl phosphate and triphenyl phosphate. A
      preferred mixture contains 45 to 65% triphenyl phosphate, 25 to 45% by
      weight of the reaction product of 1.5 to 2 moles of nonylphenol, 0.5 to 1
      mole of cumylphenol, 6 to 7 moles of phenol with 3 moles of phosphorus
      oxychloride and 5 to 15% of 2-ethylhexyl diphenyl phosphate. All
      percentages are by weight based on the total weight of the mixture.
PAR  In addition to these base stock materials, the functional fluid may contain
      up to about 50 percent of one or more other base stock materials. Examples
      of these other base stock materials are given in U.S. Pat. No. 3,723,320.
      Although it is not permissible to employ these other base stock materials
      in major amounts in fluid compositions of the instant invention, they may
      be used singly or in combination as a minor component of the total base
      stock present in amounts of less than about 50 percent by weight.
PAR  In addition to the base stock materials and the monoepoxynorbornyl
      compound, the fluids of the instant invention may also contain one or more
      base stock modifiers. As used herein, "base stock modifier" means any
      material which when added to the base stock effects a determinable change
      in the chemical or physical properties of the base stock. Examples of
      typical classes of such modifiers which are widely used in formulating
      hydraulic and other functional fluids include dyes, pour point
      depressants, antioxidants, antifoam agents, viscosity index improvers such
      as polyalkyl acrylates, polyalkyl methacrylates, polycylic polymers,
      polyurethanes, polyalkylene oxides and polyesters, lubricity agents and
      water.
PAR  The preferred polymeric viscosity index improvers which may be employed in
      the compositions of this invention are the polymers of alkyl esters of
      unsaturated monocarboxylic acids having the formula
      ##EQU2##
      wherein R.sub.5 and R.sub.6 are each individually hydrogen or a C.sub.1 to
      about C.sub.10 alkyl group, and R.sub.7 is a C.sub.1 to about C.sub.12
      alkyl group. Illustration of the alkyl groups represented by R.sub.5,
      R.sub.6 and R.sub.7 within their definitions as given above are for
      example methyl, ethyl, propyl, butyl, t-butyl, isopropyl, 2-ethylhexyl,
      hexyl, decyl, undecyl, dodecyl and the like. These polymers include, for
      example, poly(butylmethacrylates), poly(hexylmethacrylates),
      poly(octylacrylates), poly(dodecylacrylates) and polymers wherein the
      ester is a mixture of compounds obtained by esterifying the .alpha.-.beta.
      unsaturated monocarboxylic acid with a mixture of monoalcohols containing
      from 1 to 12 carbon atoms. These and other "base stock modifiers" are
      described in U.S. Pat. No. 3,723,320.
PAR  In a preferred embodiment of the present invention the functional fluid
      compositions comprise at least about 50 percent by weight of a phosphate
      ester or mixture of phosphate esters represented by the structure
      ##EQU3##
      wherein R.sub.8, R.sub.9, and R.sub.10 are hydrocarbon radicals selected
      from the group consisting of alkyl, alkoxyalkyl, aralkyl, aroxyalkyl,
      aryl, aroxyaryl, alkoxyaryl, alkaryl, and mixtures thereof and halogenated
      and alkyl-substituted members thereof having up to about 18 carbon atoms,
      and from about 0.1 to 10 percent by weight of an epoxy compound as
      hereinbefore defined. In addition to the phosphate ester and epoxy
      compound, these preferred fluid compositions can also contain certain
      additives as hereinbefore defined and can also contain minor amounts,
      e.g., less than about 50 percent by weight of one or more other base stock
      compositions as hereinbefore defined.
PAR  Particularly preferred functional fluids compositions comprise at least
      about 65 percent by weight of such phosphate esters and less than about 35
      percent by weight of other materials including other base stocks and base
      stock modifiers, and even more preferably contain at least about 80
      percent by weight of such phosphate esters and less than about 20 percent
      by weight of other materials. Particularly preferred phosphate esters for
      use in the compositions of this invention are dialkylaryl phosphates
      wherein the alkyl radicals have 1 to 18 carbon atoms, e.g., dibutylphenyl
      phosphate, and mixtures of trialkyl phosphate and triaryl phosphate such
      as 88/12 tributyl phosphate/tricresyl phosphate.
PAR  The invention will now be illustrated by the following Examples. All parts
      and percentages are by weight unless otherwise indicated.
DETD
PAC  EXAMPLE I
PAR  Preparation of Ethyl-5-6-Epoxynorbornane Carboxylate
TBL  To a suitable reaction vessel was charged:                                
     Ethyl-5-norbornene carboxylate                                            
                                100 gm                                         
      M.W. 166.22 -                                                            
                  --CO.sub.2 C.sub.2 H.sub.5                                   
     CH.sub.2 Cl.sub.2              400 ml                                     
     Na.sub.2 CO.sub.3               90 gm                                     
PAR  To this was slowly added 135 ml of an aqueous peracetic solution containing
      25 g of NaOAc.3H.sub.2 O. The reaction vessel was kept in an ice bath to
      maintain the reaction temperature at a 3.degree. to 8.degree.C. during the
      addition. CH.sub.2 Cl.sub.2 was removed by stripping. The reaction mixture
      was washed of dissolved salts. The product yield was 93.1 g of which 99.5%
      was the desired epoxy carboxylate.
PAC  EXAMPLE II
PAR  Preparation of Dibutyl-5-6-Epoxynorbornane-2,3-dicarboxylate
PAR  A. Preparation of the dibutyl ester of 5-norbornene-2-3-dicarboxylic
      anhydride.
PAR  To a suitable reaction vessel equipped with a reflux condenser and stirrer
      was charged
TBL  5-norbornene-2-3-dicarboxylic anhydride                                   
                              164.16    gm                                     
     M.W. 164                                                                  
     Normal butyl alcohol     178       gm                                     
     p-toluene sulfonic acid  1         gm                                     
PAL  After charging the ingredients, the mixture was brought to a temperature of
      97.degree.C. and maintained during the reaction at a temperature of
      97.degree.C. to 104.degree.C. The pressure was kept at about 240 mm of
      mercury; during the last hour of the reaction it was 185 mm. After 7.34
      hours the reaction was stopped. The reaction mixture was washed and the
      organic and aqueous layers separated. The yield of the desired ester was
      275.3 gm.
PAR  B. Epoxidation of A
PAR  To a suitable reaction vessel was charged 58.8 gm of Preparation A. 44.6 gm
      of 85% metachloroperbenzoic acid was dissolved in 325 ml of methylene
      chloride and this was slowly added over a 21/2 hour period while
      maintaining the reaction temperature below 23.degree.C. with an ice bath.
PAR  The reaction mixture was washed and the solvent removed by stripping. The
      reaction yielded 94.6 gm of the desired epoxide. Test results of fluids
      containing these epoxides are given in the following Table.
TBL                                    TABLE                                   
     __________________________________________________________________________
     Test                                                                      
        Base                                                                   
            % Epoxide                                                          
                   Acid.sup.1                                                  
                        Shaft.sup.2                                            
                              Corrosion Rate, mg/cm.sup.2                      
     No.                                                                       
        Fluid      Buildup                                                     
                        Seal                                                   
                        Leakage                                                
                              Mg   Al   Cd   Fe   Cu   Ag                      
     __________________________________________________________________________
     1  A   3.8 Ex. 1                                                          
                   158  0.3/210                                                
                              -5.34                                            
                                   -0.01                                       
                                        -1.32                                  
                                             +0.06                             
                                                  -0.73                        
                                                       --                      
     2  A   4.7 Ex. 2                                                          
                   150        -1.33                                            
                                   -0.01                                       
                                        -0.18                                  
                                             NC   -0.43                        
                                                       -0.06                   
     __________________________________________________________________________
      .sup.1 Acid buildup, hours to 0.50 titratable acid number (TAN)          
      .sup.2 Shaft seal leakage, grams of fluid/hours of test.                 
      BASE Fluid A comprises 94.2% dibutylphenyl phosphate; 5.1%               
      polyalkylmethacrylate polymer V.I. improver; 0.2% water.                 
PAR  The stability of fluid to oxidation and acid buildup was determined by
      maintaining the fluid at 275.degree.F. and periodically titrating samples
      of the fluid to monitor the acid buildup. A titratable acid number (TAN)
      of 0.50 was taken as the end point, and the number of hours required for
      the fluid to reach this level of acid content was recorded as the acid
      buildup figure. Corrosion rates were determined and are given as metal
      loss in mg/cm.sup.2.
PAR  Shaft seal leakage data was obtained by circulating the fluid in a closed
      loop through a Type APL-10v-7B aircraft hydraulic pump operated at 3600
      r.p.m. and at a fluid temperature of 225.degree.F. and pressure of 30
      psig. The shaft seal rotor was constructed of Type 440 stainless steel
      while the stator was of sintered bronze. The fluid leaking from around the
      pump shaft was collected and weighed and the data reported as grams
      collected/hours of test. The predetermined test period was 200 hours
      minimum unless significant leakage justified premature termination.
PAR  While this invention has been described with respect to various specific
      examples and embodiments, it is to be understood that the invention is not
      limited thereto and that it can be variously practiced within the scope of
      the following claims.
CLMS
STM  The embodiments of this invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A functional fluid composition comprising at
PA1  A. least about 50 percent by weight of a base stock material selected from
      the group consisting of esters and amides of an acid of phosphorus, di- or
      tri- carboxylic acid esters, esters of polyhydric compounds, and mixtures
      thereof, and
PA1  B. from about 0.1 to 10 percent by weight of an epoxide compound
      represented by the structure
      ##SPC3##
PAL  wherein R.sub.1 is -- (CH.sub.2).sub.0.sub.-3 --C(O)OR, --C(O)R, --OR, or
      --CH.sub.2 OR where R is an alkyl radical having from 1 to about 18 carbon
      atoms, R.sub.2 is R.sub.1, hydrogen, or an alkyl radical having from 1 to
      about 9 carbon atoms, and R.sub.3 and R.sub.4 are individually hydrogen or
      an alkyl radical having from 1 to about 4 carbon atoms.
NUM  2.
PAR  2. A composition of claim 1 wherein the epoxide compound is a
      5,6-epoxynorbornane carboxylate having the following structure
      ##SPC4##
PAL  wherein R.sub.2 is hydrogen, an alkyl of from 1 to about 9 carbon atoms, or
      a
      ##EQU4##
      R.sub.3 and R.sub.4 are individually hydrogen or an alkyl of from 1 to
      about 4 carbon atoms, R is an alkyl of from 1 to about 18 carbon atoms and
      n is an integer of from 0 to 3.
NUM  3.
PAR  3. A composition of claim 2 wherein the base stock material is a phosphate
      ester represented by the structure
      ##EQU5##
      wherein R.sub.8, R.sub.9, and R.sub.10 are hydrocarbon radicals selected
      from the group consisting of alkyl, alkoxyalkyl, aralkyl, aroxyalkyl,
      aryl, aroxyaryl, alkoxyaryl, alkaryl, and mixtures thereof and halogenated
      and alkyl-substituted members thereof having up to about 18 carbon atoms.
NUM  4.
PAR  4. A composition of claim 3 wherein R.sub.10 and R.sub.9 are C.sub.1-18
      alkyl radicals and R.sub.8 is a C.sub.6-18 aryl radical.
NUM  5.
PAR  5. A composition of claim 3 wherein the phosphate ester is
      dibutylphenylphosphate.
NUM  6.
PAR  6. A composition of claim 5 wherein the epoxide compound is C.sub.1-12
      alkyl-5,6-epoxynorbornane carboxylate.
NUM  7.
PAR  7. A composition of claim 3 wherein the phosphate ester is a mixture of
      tributyl phosphate and triaryl phosphate.
NUM  8.
PAR  8. A composition of claim 7 wherein the epoxide compound is C.sub.1-12
      alkyl-5,6-epoxynorbornane carboxylate.
NUM  9.
PAR  9. A functional fluid composition comprising a composition of claim 3 and
      from about 2 to 20 percent by weight of a viscosity index improver which
      is a polymer of an ester having the structure
      ##EQU6##
      wherein R.sub.5 and R.sub.6 are each individually hydrogen or a C.sub.1 to
      about C.sub.10 alkyl group, and R.sub.7 is a C.sub.1 to about C.sub.12
      alkyl group.
NUM  10.
PAR  10. A functional fluid composition comprising a composition of claim 3 and
      from about 2 to 20 percent by weight of a viscosity index improver which
      is a polymer of an alkylene oxide having a polymeric molecular weight of
      from about 1,500 to 4,500.
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ABST
PAL  Low phosphate and phosphate-free automatic dishwashing compositions
      containing a unique surfactant system comprising an anionic polyether
      carboxylate surface active agent in combination with a low-sudsing
      nonionic surface active agent, an active chlorine compound and a silicate.
PARN
PAR  This is a continuation, of application Ser. No. 246,734, filed Apr. 24,
      1972 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION AND PRIOR ART
PAR  The present invention relates to a solid detergent composition for use in
      automatic or mechanical dishwashing machines.
PAR  Detergent compositions suitable for use in mechanically washing dishes,
      glasses, eating and cooking utensils are extremely difficult to formulate
      because of the many influencing factors encountered which are not
      encountered in providing detergent compositions for other uses.
PAR  For example, in a dishwashing machine food soil is removed in part by
      mechanical action and partly by physico-chemical influences. The
      mechanical action normally takes place when the soiled surfaces of the
      load are deluged with wash liquor. Among the physico-chemical factors that
      affect the cleaning of dishes and cutlery are wetting, emulsification,
      adhesion of soiled substrate, alkalinity, oxidation potential, soil
      suspension, anti-flocculation and foam control.
PAR  More specifically, food soil may be present in a variety of states. Some
      foodstuffs are oxidized, polymerized or partially decomposed by cooking,
      and this will affect the ease with which they may be removed. In addition,
      generally the main foodstuffs are proteins, phospholipids, triglycerides
      and carbohydrates and each of these may respond in a different way to
      physical and chemical conditions. Also the foodstuff may coat widely
      different substrates. For example, glass, glazes (plain and pigmented)
      present on pottery and chinaware, metals and plastics present another
      problem with regard to deleterious effects due to the washing ingredients.
PAR  Considering further some of the problems encountered in formulating
      dishwashing compositions, it is known that in all mechanical dishwashing
      equipment a serious problem results from "aeration" and "foaming" of the
      washing solution or rinsing water. The foam is produced primarily by the
      accumulation of protein food soils (such as egg solids and milk solids)
      during the various cycles as the dishes are washed. These materials have a
      natural tendency to foam. Also, since most dishwashing detergents are
      composed of inorganic alkaline salts, the fatty food soils become
      saponified in the hot solution and produce copious foam in the machine,
      even though the inorganic dishwashing detergents do not foam in
      themselves. The foam not only causes the machine to overflow, but cushions
      and impedes the mechanical operation of the machine to the extent that
      performance is measurably decreased.
PAR  Consequently, it is generally recognized that the high-foaming conventional
      anionic surfactants and those having anionic properties are not useful in
      detergent formulations proposed for use in automatic dishwashers and in
      place thereof the art has suggested the use of low-foaming nonionics.
PAR  In addition to a nonionic surfactant, detergent compositions for use in
      mechanical dishwashing equipment have invariably contained an alkaline
      sequestrant builder salt. Utilization of a strong sequestrant or chelate
      builder is necessary to remove hardness ions, buffer the solution at a pH
      conducive to good washing, and act as an anti-redeposition agent for soil.
      Complete, or even partial removal of this material normally results in
      badly spotted and filmed dishes, glasses, etc. More particularly, the
      detergent compositions for use in mechanical dishwashing according to the
      prior art contain from about 20% to 80% condensed phosphates. When used as
      the sole chelating agent it is necessary to use at least 40% phosphate in
      order to obtain efficient results, particularly with respect to preventing
      spotting and filming of glasses.
PAR  Of late, attempts by us and others have been made to formulate
      low-phosphate or phosphate-free products because of potential problems of
      eutrophication. It is noteworthy that all these attempts have apparently
      been based upon the replacement of the usual tripolyphosphate sequestrant
      builder with nonphosphate substitutes. Sodium nitrilotriacetate (NTA) has
      been an obvious choice, since it sequesters hardness ions equal to or
      better than the phosphates. Examples of such formulations are given in
      U.S. Pat. No. 3,544,473. It may be noted that the formulations of the
      prior art contain high levels of NTA or combinations of NTA with other
      sequestrant builders.
PAR  The present invention affords efficient dishwashing compositions which can
      be formulated without the need for a builder and particularly provides
      nonphosphorus formulations which are highly effective and do not present
      environmental problems.
PAC  SUMMARY OF THE INVENTION
PAR  It is one object of the present invention to provide detergent compositions
      for use in mechanical dishwashing which contain lower levels of phosphate
      than has heretofore been possible.
PAR  It is another object of the present invention to provide detergent
      compositions suitable for use in home automatic dishwashing machines which
      are free or substantially free of inorganic phosphates.
PAR  It is another object of the present invention to provide detergent
      compositions which are low foaming even in the presence of food.
PAR  Still another object of the present invention is to provide dishwashing
      compositions which leave the dishes, glassware and cutlery free of spots,
      streaks, films and residue.
PAR  Yet another object of the present invention is to provide dishwashing
      compositions which afford minimal attack of overglaze colors and
      decorations of fine china and aluminum pots.
PAR  The aforementioned objects and advantages are afforded by the detergent
      compositions of the invention to be described.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention we have surprisingly found that by
      employing a specific type of surfactant we have been able to obviate all
      or most of the usual strong alkaline builders usually present in detergent
      compositions designed for use in mechanical dishwashing machines.
PAR  We have found that a specific class of anionic surface active agents known
      in the art as polyether carboxylates are capable of obviating the need for
      phosphates or other alkaline chelating agents normally indicated to be
      necessary in formulating efficient detergent compositions for use in
      automatic dishwashing.
PAR  Thus according to one embodiment of the present invention is provision for
      detergent compositions suitable for use in mechanical dishwashing which
      contain less than 20% of a strong alkaline chelating agent.
PAR  According to still another embodiment of the present invention is provision
      of detergent compositions which are substantially free from strong
      sequestrating or chelating agents, and particularly inorganic phosphates.
PAR  According to one aspect, the detergent compositions of the present
      invention are suitably detergent compositions for use in mechanical
      dishwashers which have reduced phosphates or are substantially free of
      phosphates and comprise:
PAR  a. from about 1 to about 10% of at least one low-foaming nonionic surface
      active agent;
PAR  b. from about 1 to about 10% of a polyether carboxylate; and
PAR  c. 80 to about 98% of a dishwashing detergent base and containing, based on
      the total weight of said composition, not more than 15% phosphate.
PAR  The detergent base referred to herein above and in the claims comprise the
      noncritical elements of the invention and include nondetergent adjuvants,
      usually present in a dishwashing composition adapted for use in a
      mechanical dishwasher. Accordingly, the base may comprise by weight from
      about:
PAR  a. 0-100% of a silicate;
PAR  b. 0-100% of a nonphosphate precipitant or sequestrant builder such as
      sodium carbonate, sodium polyacrylates, oxidized starches, trisodium
      citrate, sodium nitrilotriacetate, trisodium carboxymethyloxysuccinate and
      the like;
PAR  c. 0-14.7% (preferably 0-10% and more preferably 0-5%) of a phosphate
      builder such as sodium tripolyphosphate, tetrasodium pyrophosphate,
      potassium pyrophosphate and the like;
PAR  d. 0-100% of a substantially inert filler such as sodium sulfate, sodium
      chloride, sodium borate and the like;
PAR  e. 0-6% of an antifoaming agent;
PAR  f. 0-5% of a processing agent such as the usual anticaking agents such as
      carboxymethyl cellulose and the like;
PAR  g. 0-4% of a suspending agent such as carboxymethyl cellulose and the like;
PAR  h. 0-5% of additional optional ingredients selected from perfumes and dyes;
      and
PAR  i. 0-5% of an oxidizing and preferably an active chlorine compound.
PAR  In a more preferred aspect, the compositions of the present invention
      comprise, based on the total weight of the composition, from about:
PAR  a. 1% to about 10% (preferably 2-4%) of a polyether carboxylate surface
      active agent;
PAR  b. .05% to about 2% (preferably 0.5-1.5%) of an active chlorine-containing
      compound;
PAR  c. 1% to about 10% (preferably 4-6%) of a low-foaming nonionic surface
      active agent;
PAR  d. 0.005% to about 6% (preferably 0.01-1.0%) of a defoaming agent;
PAR  e. 5% to about 97.5% (preferably 5-30% and more preferably 10-25%) of a
      silicate;
PAR  f. the balance comprising a filler;
PAR  g. 0-4% (preferably 2%) of a suspending agent;
PAR  h. 0-5% of an inert ingredient selected from perfumes and dyes; and
      containing not more than 15% (preferably 0-10%, more preferably 0-10%, and
      still more preferably 0%) phosphates.
PAR  Of the aforementioned ingredients those designated as (a), (b), (c) and (e)
      are ingredients preferably present in the compositions of the present
      invention. It will also be appreciated that with the exception of
      ingredient (a), the polyether carboxylate, the remaining elements are
      conventionally used in the dishwashing art.
PAR  Considering the components of the composition set forth above, the
      polyether carboxylates are a class of surfactants that exhibit both
      anionic and nonionic properties and have the following general formula:
PAC  FORMULA I
EQU  r-(cr.sub.1 h-ch.sub.2 o).sub.x (CR.sub.2 R.sub.3).sub.y COOM
PAL  wherein
PA1  R represents
PA1  1. hydroxy;
PA1  2. a primary secondary or tertiary alkyloxy group containing 1 to about 22
      (preferably 12-18) carbons in the alkyl chain and preferably a primary
      alkyl group;
PA1  3. an acyloxy moiety containing 2 to about 22 (preferably 12-18) carbon
      atoms;
PA1  4. a mono- or dihydroxyalkyloxy group containing 2 to 22 (preferably 12 to
      18) carbons in the alkyl chain;
PA1  5. a mono- or dihydroxyacyloxy moiety containing 2 to about 22 (preferably
      12 to 18) carbon atoms;
PA1  6. an alkoxyalkyleneoxy, phenoxyphenyleneoxy or alkoxy phenyl substituted
      ethoxy moiety, said alkyl groups containing about 1 to about 22
      (preferably 12 to 18) carbon atoms;
PA1  7. an aryloxy moiety such as
PA1  8. alkyl substituted aryloxy moiety wherein the alkyl group has about 1 to
      about 20 (preferably 8 to about 18) carbon atoms such as benzyloxy;
PA1  9. aryl substituted aryloxy moiety such as biphenyloxy;
PA1  10. bi- or polycyclic aryloxy such as naphthyloxy;
PA1  11. a monocyclic cycloalkyloxy moiety containing about 5 to about 8 carbons
      such as cyclopentyloxy, cyclohexyloxy or cyclooctyloxy;
PA1  12. an oxygen-linked acyclic nitrogen containing a moiety selected from the
      group consisting of:
PA2  a. alkyl bis(polyethenoxy) amino moieties having the general formula:
      ##EQU1##
      wherein R' is an alkyl group of 12-18 carbons and x'+y' is 2-50; b. a
      dialkyl bis(polyetheneoxy) quaternary ammonium moiety having the following
      formula:
      ##EQU2##
      wherein R' is an alkyl group of 12 to 18 carbons and z+z' is about 2-15;
      c. a alkyl bis(ethenoxy) amine oxide moiety of the formula:
      ##EQU3##
      wherein  R' is 12 to 18 carbon atoms; and
PA1  13. an oxygen-linked monocyclic or bicyclic heterocycle containing N, O or
      S containing 2 to 20 carbons total, such as furyloxy,
      tetrahydroxyfuryloxy, pyrrollyloxy, pyrrolidinyloxy, piperidinyloxy,
      pyridinyloxy, tetrahydropyronyloxy, thiofuryloxy, thiopyronyloxy,
      benzofuryloxy, quinolyloxy, carbazolyloxy, acridinyloxy and quinoxalyloxy;
      and wherein
PA1   R.sub.1 is hydrogen or a methyl or ethyl group;
PA1   R.sub.2 and R.sub.3 are hydrogen, alkyl containing 1 to about 5 carbons
      (preferably 1-3 carbons), carboxyl or carboxyalkyl containing a total of
      2-4 carbon atoms;
PA1   x is 1 to 50 (preferably 2-30 and more preferably 10-20);
PA1   y is 1 to 3 when R.sub.2 and R.sub.3 are hydrogen and y is 1 when either
      R.sub.2 or R.sub.3 is other than hydrogen; and M is an alkali metal
      cation.
PAR  In addition to specific polyether carboxylates falling within the scope of
      Formula I, it will be appreciated that when R of Formula I contains a
      functional group with a replaceable hydrogen (i.e., mono- or dihydroxyl,
      carboxyl, mono- or dihydroxylacyl) said hydrogen(s) may be replaced by 1-3
      additional (CR.sub.1 H-CH.sub.2 O).sub.x (CR.sub.2 R.sub.3).sub.y COOM
      moieties.
PAR  From the aforementioned list, those skilled in the art will now realize
      that a wide variety of polyether carboxylates are suitable for use in
      accordance with the present invention. As far as we are able to determine,
      all of the compounds disclosed above are equivalent for purposes of the
      use disclosed herein. Of course, from the standpoint of economy and ease
      of preparation certain of the polyether carboxylates are naturally
      preferred. For example, the polyether carboxylates of Formula I which are
      particularly useful are those wherein R is:
PA1  a. an alkoxy group;
PA1  b. an acyloxy moiety;
PA1  c. a mono- or dihydroxy straight-chain alkoxy moiety wherein the hydroxy
      group(s) may be attached to any carbon on the chain;
PA1  d. a phenoxy moiety;
PA1  e. alkylphenoxy such as nonylphenoxy; and
PA1  f. an acyclic nitrogen containing moiety.
PAR  In the preferred embodiment of the present invention it is desirable to use
      polyether carboxylates of Formula 1 wherein R is an alkoxy group and
      preferably one containing a straight chain of 12-18 carbons and more
      preferably 12-15 and still more preferably 14-15 carbons and x is
      preferably 10 to 20.
PAR  The polyether carboxylates of the present invention individually and as a
      class are for the most part well known; and although certain
      representative members have been employed as ingredients in laundry
      detergents, lubricating greases and to render textiles more receptive to
      bleaches and dyes, the use thereof has never been suggested in a
      formulated dishwashing composition for use in automatic machines. In fact
      it is surprising in view of the anionic character and the other critical
      demands required that the polyether carboxylates may be so utilized.
PAR  It is even more surprising that by employing polyether carboxylates it is
      possible to reduce the phosphate content to levels lower than heretofore
      possible when phosphates are used as the sole builder or when used in
      combination with other builders. As previously stated, it is even possible
      to formulate a detergent composition which is efficient for use in
      mechanical dishwashing wherein the traditional builders are completely
      absent.
PAR  The nonionics, which also form a critical part of the present invention,
      are those surface active agents which:
PA1  1. are low foaming and/or
PA1  2. are capable of defoaming food soils such as milk or at least not
      influenced by the presence of food.
PAR  Specifically, the low-sudsing nonionic surface active agents used in
      conjunction with the polyether carboxylates in accordance with the present
      invention are well known. For example some of the better known ones are
      the "Pluronic" series of ethylene oxide-propylene oxide block polymers,
      the alkylaryl polyethers such as "Triton CF-10" and amine polyglycol
      condensates such as "Triton CF-32".
PAR  Accordingly one class of low-foaming nonionic surface active agents usable
      in the present invention may be described as polyoxyalkylene adducts of
      hydrophobic bases wherein the oxygen/carbon atom ratio in the oxyalkylene
      portion of the molecule is at least 0.5. More specifically, the nonionics
      are those adducts resulting from the condensation of ethylene oxide,
      butadiene oxide, glycidol or polyoxypropylene with such hydrophobic bases
      as mono- and polyalkyl phenols, fatty acids, fatty amines, fatty amides,
      alkyl mercaptans and fatty alcohols.
PAR  Another class of suitable low-foaming nonionics are cogeneric mixtures of
      conjugated polyoxyalkylene compounds containing in their structure at
      least one hydrophobic oxyalkylene chain in which the oxygen/carbon atom
      ratio does not exceed about 0.33 and at least one hydrophobic oxyalkylene
      chain in which the oxygen/carbon atom ratio is not less than about 0.5.
      The aforementioned conjugated polyoxyalkylene compounds particularly
      useful in the present invention correspond to the following general
      formulae.
PAC  FORMULA II
EQU  r--(c.sub.3 h.sub.6 o).sub.n (C.sub.2 H.sub.4 O).sub.m H
PAL  wherein R is an organic radical having 1-7 carbons and one reactive
      hydrogen; n has an average value of at least 6; and m has a value such
      that the oxyethylene portion constitutes about 10-90% of the molecule.
      Surface active agents falling within this description are described in
      U.S. Pat. No. 2,677,700 and generally known as the "Pluronic" series;
PAC  FORMULA III
EQU  r--[(c.sub.3 h.sub.6 o).sub.n (C.sub.2 H.sub.4 O).sub.m H]
PAL  wherein R is an organic radical having from 2-6 carbons containing at least
      2 reactive hydrogens; n has a value such that the molecular weight of the
      polyoxypropylene portion is at 900; m is as stated for Formula II above;
      and x has a value of at least 2. Thus R in Formulae I and II above may
      include for example, propylene glycol, glycerine, pentaerythritol,
      ethylenediamine, triethylenetetraamine, butylamine, etc. Where R is
      ethylenediamine, the nonionics are known as the "Tetronic" series.
      Compounds falling within Formulae II and III are further described in U.S.
      Pat. No. 2,674,619 and 2,979,528.
PAR  Other suitable low-foaming nonionics include ethylene oxide and/or
      propylene oxide adducts of higher alcohols having from 8-22 carbons in the
      aliphatic portion and about 3-30 ethenoxy or propenoxy units in the
      oxyalkylene portion; and polyoxyalkylene surface action agents having
      heteric polyoxyethylene solubilizing chains more specifically described in
      U.S. Pat. No. 3,101,374.
PAR  All of the aforementioned nonionics containing a hydroxyl group can be
      reacted with chloroacetic acid to form the polyether carboxylates of
      Formula I. Of course it will be appreciated that since the polyether
      carboxylates are derived from nonionics, the commercial form thereof may
      contain small amounts of unreacted nonionic. The presence of this
      so-called impurity however in no way affects the performance of the
      compositions of the present invention.
PAR  The chlorinating agents which are necessary in the compositions are the
      conventional organic active chlorine-containing compounds capable of
      liberating chlorine when solution of the detergent composition is effected
      in use. Active chlorine-containing compounds include:
PA1  trichlorocyanuric acid
PA1  sodium and potassium salts of dichlorocyanuric acid
PA1  1,3-dichloro-5,5-dimethylhydantion
PA1  N,n'-dichlorobenzoylene urea
PA1  N-chloroammeline
PA1  N,n'-dichloroazodicarbonamide
PA1  N-chloroacetyl urea
PA1  chlorinated trisodium phosphate
PA1  N,n'-dichlorobiuret
PA1  chlorinated dicyandiamide
PA1  dichloroglycoluril
PA1  N-chloromalonamide
PA1  N-chloromelamine (tri- and hexachloro)
PA1  N-chloronaphthalamide
PA1  N-chlorosuccinimide
PA1  P-toluenesulfonchloramide - (Na and K salts)
PA1  benzene sulfonchloramide - (Na and K salts)
PA1  N,n'-dichloro-p-toluenesulfonchloramide
PAR  The preferred active chlorine compounds usable in the present invention are
      the alkali metal (Na and K) dichlorocyanurates and the isomeric forms
      thereof. It must be appreciated however that the exact type of
      chlorinating agent is not critical to the invention and the aforementioned
      list is only illustrative of a few that may be employed.
PAR  The silicates employed in the compositions of the present invention are
      those conventionally used in automatic dishwashing formulations. For
      example typical alkali metal silicates are those particulate silicates
      which are anhydrous or which contain waters of hydration. These include
      anhydrous sodium metasilicate and "GD Silicate" which are products having
      a Na.sub.2 O SiO.sub.2 ratio of 1:1 and 1:2 respectively and typically
      available in the form containing bound water in the amount of about 18%.
      In general the silicates of the present invention will have a Na.sub.2
      O:SiO.sub.2 ratio of 1:1 to about 1:3.75, preferably 1:2 to 1:3.75 and
      more preferably 1:2 to 1:2.4. These ratios may be obtained with single
      silicates or combinations of silicates. Ratios below 1:3.75 (i.e., 1:4)
      dissolve too slowly and are not normally effective and ratios of 2:1
      (i.e., orthosilicate) like NaOH are too alkaline for use in the present
      invention. The exact amount of silicate present in the compositions of the
      present invention will vary between 5% to about 97.5% depending on the
      particular silicate and its Na.sub.2 O:SiO.sub.2 ratio, the pH desired in
      the final composition, and its intended function in the composition. For
      example, in addition to regulating pH, the silicate may also serve as a
      filler in which case a less alkaline silicate will be used (i.e., Na.sub.2
      O:SiO.sub.2 ratio 1:2).
PAR  The defoaming agents used in the present invention may be any of the
      conventional agents commonly employed to control foaming of nonionic-based
      detergent formulations such as a long chain alcohol or a mono- or dialkyl
      phosphate, or a long chain fatty acid.
PAR  The defoaming alcohols are suitable the higher aliphatic alcohols of at
      least 10 to about 22 carbon atoms. The alcohols may be of the primary,
      secondary or tertiary type. These aliphatic alcohols may be saturated or
      unsaturated in character. It is preferred to use the normal or straight
      chain, saturated primary alcohols. Examples of suitable alcohols falling
      within this preferred classification are dodecanol, tetradecanol,
      hexadecanol and octadecanol. It is also within the contemplation of the
      present invention to employ unsaturated higher aliphatic alcohols (e.g.,
      oleyl alcohol), branched chain and secondary higher aliphatic alcohols,
      and higher aliphatic diols. It is not necessary to use the pure substances
      themselves as the commercial mixtures of these substances are also
      operable and are preferred from the viewpoint of economy. Thus, commercial
      mixtures of fatty alcohols containing predominantly the alcohols of 12-18
      carbon atoms are included within the scope of this invention, even though
      such mixtures may contain minor amounts of fatty alcohols of different
      chain lengths.
PAR  The preferred defoamers however are the monoalkyl or dialkyl phophate
      esters wherein the alkyl moieties are saturated or unsaturated, straight
      or branched chains containing from 16-20 carbon atoms and the alkali metal
      salts thereof. Suitable examples of the alkyl phosphate esters are:
PA1  monopalmityl acid phosphate
PA1  dipalmityl acid phosphate
PA1  monostearyl acid phosphate
PA1  distearyl acid phosphate
PA1  monoarchidyl acid phosphate
PA1  diarachidyl acid phosphate
PA1  monooleyl acid phosphate
PA1  dioleyl acid phosphate
PAL  of which monostearyl acid phosphate is most preferred.
PAR  Another class of defoamers found particularly useful in the present
      invention are free fatty acids such as stearic and palmitic acids and
      preferably mixtures thereof, the relative proportions are such that they
      are sufficient to form an eutectic mixture.
PAR  The fillers used in the present invention are as a rule inert substances or
      salts such as sodium sulfate, sodium chloride if sodium silicate is
      present, sodium bicarbonate, sodium sesquicarbonate, borax, as well as
      many others known and conventionally used in the art. The particular
      filler is not critical to the invention. Ordinarily the filler may be
      present in an amount ranging from 30% to about 97.5% and thus may
      constitute a minor or major proportion of a product suitable for
      commercial use.
PAR  The suspending agents which may be optionally incorporated in the
      compositions of the present invention are polymeric materials of the type
      generally used as antiredeposition agents in laundry detergents. These
      include:
PA1  a. carboxymethyl cellulose;
PA1  b. poly(methylvinylether/maleic anhydride) copolymers;
PA1  c. ethylene/maleic anhydride resins such as linear and cross-linked
      ethylene/maleic anhydride copolymers;
PA1  d. polyvinylpyrolidine;
PA1  e. polyvinyl alcohol;
PA1  f. polyacrylates; and
PA1  g. polymaleates.
PAR  In addition to the polymeric compounds, other suspending agents may include
      those compounds used as lime soap dispersants, particularly semi-polar
      compounds such as dodecylmethyl sulfoxide. Another class of suspending
      agents are the anionic or cationic exchange resins.
PAR  To further illustrate the invention, dishwasher detergent compositions were
      prepared containing the polyether carboxylates of the present invention
      and tested in a home dishwasher under soil conditions simulated to match
      those encountered in home use. The test was designed to show spotting and
      film build-up on glass tumblers when washing was effected using moderately
      hard (about 110 ppm) and very hard (240 ppm) water. Depending on the
      quantity and quality of spotting and degree of filming the formulations
      were judged to be acceptable (A) or unsatisfactory (U).
PAR  Tables 1 to 4 illustrate the results obtained when typical
      phosphate-containing detergents and detergent compositions of the
      invention were tested according to the method described above. All
      formulations of the present invention were equal to and in many cases
      superior with respect to filming and spotting to similarly constituted
      nonphosphate compositions as well as standard phosphate-containing
      formulations of commerce. All parts, percentages and ratios used in the
      specification and claims are by weight unless otherwise indicated.
PAR  More specifically, Table 1 demonstrates that a small amount of a polyether
      carboxylate (Compositions C and E) can effectively obviate the need for
      40% tripolyphosphate in dishwashing compositions (A and D) containing
      nonionic surface active agents and further demonstrates the
      unacceptability of a similarly formulated nonphosphate composition (B and
      F).
PAR  Table 2 demonstrates the superiority of a nonphosphate composition
      containing 5% polyether carboxylate in combination with two nonionic
      actives (C) over a similarly formulated nonphosphate composition (B).
PAR  Table 3 demonstrates that in addition to a polyether carboxylate,
      compositions of the present invention also require at least one nonionic
      surface active agent in combination therewith.
PAR  Table 4 illustrates the invention with respect to the variety of polyether
      carboxylates falling within the scope of Formula I as well as a variety of
      nonionics usable therewith.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Composition    A    B    C    D    E    F                                 
     __________________________________________________________________________
     TPP.sup.1      40.00                                                      
                         --   --   40.00                                       
                                        --   --                                
     Polyether Carboxylate.sup.2                                               
                    --   --   3.60 --   3.96 --                                
     Silicate 1:2.4 30.00                                                      
                         30.00                                                 
                              30.00                                            
                                   30.00                                       
                                        30.00                                  
                                             30.00                             
     Filler.sup.3   22.05                                                      
                         62.05                                                 
                              58.45                                            
                                   22.45                                       
                                        58.49                                  
                                             62.45                             
     Nonionic.sup.4 0.40 0.40 0.40 6.00 6.00 6.00                              
     Nonionic.sup.5 6.00 6.00 6.00 --   --   --                                
     Defoamer.sup.6 0.05 0.05 0.05 0.05 0.05 0.005                             
     Active Chlorine Compound.sup.7                                            
                    1.50 1.50 1.50 1.50 1.50 1.50                              
                    .rarw. 100% .fwdarw.                                       
          A = acceptable                                                       
     Results        A    U    A    A    A    U                                 
          B = unacceptable                                                     
     __________________________________________________________________________
      .sup.1 Tripolyphosphate (Na)                                             
      .sup.2 Based on C.sub.14 -C.sub.15 alcohol mixture condensed with 13.5   
      moles EO added (CH.sub.3 (CH.sub.2).sub.12,13 CH.sub.2 O(CH.sub.2 CH.sub.
      O).sub.13.sub.-15 CH.sub.2 COONa                                         
      .sup.3 Sodium sulfate                                                    
      .sup.4 CH.sub.3 (CH.sub.2).sub.12,13 CH.sub.2 --O(CH.sub.2 CH.sub.2      
      --O).sub.13.5 H (10% EO)                                                 
      .sup.5 Polyoxyethylene-polypropylene condensate MW-1750                  
      .sup.6 Monostearyl acid phosphate                                        
      .sup.7 Dichlorocyanurate                                                 
TBL                TABLE 2                                                     
     ______________________________________                                    
       Composition    A               B                                        
     ______________________________________                                    
     TPP              --              --                                       
     Polyether Carboxylate.sup.2                                               
                      --              5.00.sup.1                               
     Silicate         30.00           30.00                                    
     Filler (Na.sub.2 SO.sub.4)                                                
                      62.50           58.25                                    
     Nonionic.sup.3   4.00            3.50                                     
     Nonionic.sup.4   2.00            1.75                                     
     Active Cl.sub.2 Compound                                                  
                      1.50            1.50                                     
                      .rarw.   100%   .fwdarw.                                 
     A = acceptable                                                            
     Results          U               A                                        
     U = unacceptable                                                          
     ______________________________________                                    
      .sup.1 85% polyether carboxylate + 15% unreacted nonionic                
      .sup.2 Same as Table 1                                                   
      .sup.3 Polyoxyethylene-polypropylene condensate containing 20% ethylene  
      oxide                                                                    
      .sup.4 Polyoxyethylene-polypropylene condensate containing 10% ethylene  
      oxide                                                                    
TBL                TABLE 3                                                     
     ______________________________________                                    
       Composition     A               B                                       
     ______________________________________                                    
     Polyether Carboxylate.sup.1                                               
                       5.0             10.0                                    
     Na Metasilicate   15.0            15.0                                    
     Filler (Na.sub.2 SO.sub.4)                                                
                       72.5            73.5                                    
     Nonionic.sup.2    6.0             --                                      
     Active Cl.sub.2 Compound                                                  
                       1.5             1.5                                     
                       .rarw.   100%   .fwdarw.                                
     Results           S               U                                       
     ______________________________________                                    
      .sup.1 CH.sub.3 (CH.sub.2).sub.12,13 CH.sub.2 O(CH.sub.2 CH.sub.2        
      O).sub.11 CH.sub.2 COONa                                                 
      .sup.2 Polyoxyethylene-polypropylene condensate containing 10% ethylene  
      oxide                                                                    
TBL                                    TABLE 4                                 
     __________________________________________________________________________
        Composition                                                            
                   A    B    C    D    E    F    G    H    I                   
     __________________________________________________________________________
     Polyether Carboxylate.sup.1                                               
                   5.0                                5.0  5.0                 
     Polyether Carboxylate.sup.2                                               
                        5.0                                                    
     Polyether Carboxylate.sup.3                                               
                             5.0                                               
     Polyether Carboxylate.sup.4  5.0                                          
     Polyether Carboxylate.sup.5       5.0                                     
     Polyether Carboxylate.sup.6            6.0                                
     Polyether Carboxylate.sup.7                 6.0                           
     Polyether Carboxylate.sup.8                      5.0  5.0                 
     Sodium Metasilicate                                                       
                   15.0 15.0 15.0 15.0 15.0                                    
     G.D. Silicate                          15.0 30.0 30.0 30.0                
     Hydrous Polysilicate                   20.0                               
     Sodium Sulfate                                                            
                   72.5 72.5 72.5 72.5 72.5 55.45                              
                                                 57.45                         
                                                      55.50                    
                                                           55.50               
     Grantez Resin.sup.9                    2.0  2.0  2.0  2.0                 
     Nonionic.sup.10                                                           
                   6.0  6.0  6.0  6.0  6.0  4.0  4.0                           
     Nonionic.sup.11                        2.0  2.0                           
     Nonionic.sup.12                                  6.0                      
     Nonionic.sup.13                                       6.0                 
     Active Chlorine Compound                                                  
                   1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5                 
     Miscellaneous                          3.0  3.0                           
                   .rarw.              100% .fwdarw.                           
     Results       A    A    A    A    A    A    A    A    A                   
     __________________________________________________________________________
      .sup.1 Derived from mixed C.sub.16 -C.sub.18 sec. alcohol + 50% EO       
      .sup.2 Derived from mixed C.sub.16 -C.sub.18 sec. alcohol + 30% EO       
      .sup.3 Derived from mixed C.sub.12 -C.sub.14 sec. alcohol + 40% EO       
      .sup.4 Derived from mixed C.sub.11 -C.sub.15 sec. alcohol + 12% EO       
      .sup.5 Derived from st. chain C.sub.14 -C.sub.15 ethoxylated alcohol + 3%
      EO                                                                       
      .sup.6 Derived from ethoxylated tridecyl alcohol                         
      .sup.7 Derived from mixture of C.sub.11 -C.sub.15 sec. alcohols condensed
      with an average of 9 molar proportions of ethylene oxide                 
      .sup.8 Derived from C.sub. 14 -C.sub.15 alcohol condensed with 13.5 molar
      proportions of ethylene oxide                                            
      .sup.9 A linear copolymer of maleic anhydride and methylvinylether       
      .sup.10 Polyoxyethylene-polypropylene condensate containing 10% EO       
      (nonionic)                                                               
      .sup.11 Polyoxyethylene-polypropylene condensate containing 20% EO       
      (nonionic)                                                               
      .sup.12 C.sub.14 -C.sub.15 alcohol condensed with 13.5 moles ethylene    
      oxide (nonionic)                                                         
      .sup.13 A mixture of C.sub.11 -C.sub.15 sec. alcohols condensed with an  
      average of 5 moles of ethylene oxide                                     
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nonphosphate detergent composition suitable for use in mechanical
      dishwashing consisting of:
PA1  a. 2 percent to about 6 percent of a polyether carboxylate based on a
      C.sub.14 -C.sub.15 alcohol mixture condensed with 13.5 moles of ethylene
      oxide;
PA1  b. 20 percent to about 35% of a silicate having a Na.sub.2 :SiO.sub.2 ratio
      of between about 1:2 to about 1:24;
PA1  c. 2% to about 6% of a low-foaming nonionic surface active agent;
PA1  d. 0.5% to about 1.5% of an anti-foaming agent selected from the group
      consisting of monostearyl acid phosphate and a eutectic mixture of stearic
      acid and palmitic acid;
PA1  e. 1 percent to about 2 percent of dichlorocyanurate, and
PA1  f. the balance comprising filler.
PATN
WKU  039417115
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ART  165
APD  19740124
TTL  Novel combination soap bar
ISD  19760302
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EXP  Albrecht; Dennis L.
INVT
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CTY  Austin
STA  TX
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CTY  Houston
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FR2  Kirk, Jr.; John R.
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ABST
PAL  A novel combination soap bar effective in hard water is disclosed which is
      comprised of a major amount of a fatty acid soap and a minor amount of an
      alkali metal, amine or ammonium salt of an N-2(2-hydroxyethoxy)ethyl fatty
      amide-H-sulfate containing about 12 to 18 carbons in the fatty amide
      chain. The inventive combination bar produces a stable lather when used in
      hard water, yet will not produce a scum or insoluble precipitates. The
      novel combination bar may also include other ingredients such as perfumes,
      deodorants, anti-microbial agents, emollients, and other surfactants and
      processing aids, such as fatty acids, starch, polyethylene glycol, and the
      like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the detergent art and more particularly pertains
      to soap-based toilet bars and their preparation which are useful in light
      duty cleaning applications, personal hygiene and the like.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  There are many types of soap-based bars, usually referred to as toilet or
      bath bars, that have been prepared and marketed over the years for
      personal bathing, hand washing, and the cleaning of delicate articles such
      as delicate fabrics. Conventionally, toilet bars have been prepared from
      proprietary formulations of sodium and potassium soaps of higher fatty
      acids containing about 8 to 20 carbon atoms and other ingredients which
      improve the texture, appearance, and cleaning performance of bars. Some
      examples of other ingredients commonly employed include plasticizing
      agents, perfumes and/or deodorants, antimicrobial agents, inert inorganic
      fillers or builders and other surfactants. Conventional toilet soap bars
      are generally prepared from sodium and potassium soaps of fatty acid
      mixtures derived from natural fats and oils such as tallow, coconut oil,
      palm oil, palm kernel oil, soybean oil and the like. As is known in the
      detergent art, sodium fatty acid soaps are usually harder than potassium
      soaps and soaps of saturated fatty acids are harder than those prepared
      from unsaturated fatty acids. Accordingly, the hardness of fatty acid
      soaps increases with the length of the fatty chain. Most commercial toilet
      soap bars contain major amounts of sodium soaps of saturated fatty acid
      mixtures with minor amounts of potassium soaps and unsaturated fatty acid
      soaps to alter the feel, texture, appearance and wearability of the bar.
      In order to increase the hardness, many fatty acid soaps are prepared from
      natural fats and oils that have been hydrogenated by known processes.
PAR  However, toilet soap bars comprised primarily of fatty acid soaps have the
      disadvantage of producing scum when used for cleaning in hard water. The
      scum, generally comprised of insoluble alkaline earth or other multivalent
      metal soap (calcium, magnesium, etc.) precipitates, is not only unsightly
      and difficult to remove from the washing basin, but also interferes with
      cleaning effectiveness. Moreover, fatty acid soap bars swell and slough
      off when immersed in water for extended periods of time and tend to crack
      and fall apart when removed therefrom and allowed to dry.
PAR  Due to these disadvantages, there has been a trend in the industry to
      manufacture toilet bars from blends of sodium and/or potassium soaps and
      compounds classified in the art as synthetic detergents or surfactants.
      There are also many commercially available bars prepared from these
      synthetic detergent compounds entirely devoid of the traditional fatty
      acid soaps. An extensive literature exists on synthetic detergents or
      surfactants and their use in toilet bar formulations, for example: U.S.
      Pat. Nos. 2,894,912; 2,781,320; 3,154,494; 3,186,948; 3,223,645;
      3,224,976; 3,226,330; and others to point out a few. The specific
      compositions of many synthetic detergent and soap-synthetic detergent
      bars, usually referred to as combination bars in the industry, vary
      greatly, the majority of formulations being proprietary to the particular
      manufacturer.
PAR  Although many of the recent prior art combination bars are improvements
      over conventional fatty acid soap bars, there has been a tremendous amount
      of activity in the detergent industry to produce toilet bars having
      improved appearance, texture, feel and wearability acceptable to all
      consumers and that will perform satisfactorily under practically all
      working conditions. It is believed that the novel combination soap bar of
      the present invention does just that inasmuch as the product of this
      invention is a surprising improvement over the prior art combination bars.
PAR  Accordingly, it is an object of the invention to present a novel
      combination soap bar that exhibits effective cleansing action in the
      presence of hard water for personal hygiene, washing of delicate articles,
      and the like.
PAR  It is another object of the invention to provide a novel combination soap
      bar that produces a stable lather with no scum formation in the presence
      of hard water.
PAR  It is another object of the present invention to provide a combination soap
      bar that exhibits many of the more desirable properties of soap bars such
      as good feel, good lathering properties, a pleasing lustrous appearance, a
      moderate rate of wear, little tendency to swell or slough off in the
      presence of water or to crack in the absence of water, and
PAR  It is yet another object of the present invention to provide a combination
      soap bar that can include other ingredients such as perfumes, deodorants,
      emollients, other surfactants and appearance and processing aids without
      reducing the cleansing effectiveness thereof.
PAR  Other objects and advantages, if not set forth specifically herein, will
      become readily apparent from the ensuing description.
PAC  SUMMARY OF THE INVENTION
PAR  Generally, the present invention is a novel toilet combination soap bar
      effective in hard water that produces a stable lather and is substantially
      resistant to scum formation which is comprised of an intimate admixture of
      a major amount of a fatty acid soap of sodium, potassium or mixtures
      thereof and a minor amount of an alkali metal, amine or ammonium salt of
      an N-2(2-hydroxyethoxy)ethyl fatty amide-H-sulfate that contains about 10
      to 18 carbons in the fatty amide chain. The inventive combination bars do
      not swell, smear or slough off when left standing in water for extended
      periods of time and dry rapidly to their original textures without
      cracking. Moreover, the bars have good feel, a pleasing lustrous
      appearance and exhibit excellent cleaning ability in tap water of
      practically any hardness.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The alkali metal, amine or ammonium salts of N-2(2-hydroxyethoxy)ethyl
      fatty amide-H-sulfates of the inventive combination soap bars are known
      compounds and have been employed as surfactants or dispersants in
      heavy-duty synthetic detergent and liquid shampoo formulations. However,
      heretofore, these specific sulfated amide compounds have not been found to
      be useful in the preparation of combination toilet bars.
PAR  The fatty amide sulfate salts of the invention are generally prepared in a
      known manner by mixing and reacting 2(2-aminoethoxy)ethanol with a fatty
      acid compound, followed by sulfation of the reaction product with sulfur
      trioxide, chlorosulfonic acid, sulfamic acid, or sulfuric acid. More
      particularly, the fatty acid compounds are fatty acids containing about 12
      to about 18 carbon atoms per molecule, their esters and glycerides, and
      mixtures thereof.
PAR  Preferably, the inventive combination soap bars contain minor amounts of
      sodium or potassium salts of N-2(2-hydroxyethoxy)ethyl fatty
      amide-H-sulfates derived from lauric, palmitic, myristic, stearic, or
      oleic acids, or naturally occurring mixtures thereof such as those found
      in palm oil, soybean oil, tallow or the hydrogenated fatty acids from the
      same sources. Examples of the preferred fatty amide sulfate salts are
      sodium N-2(2-hydroxyethoxy)ethyl tallow amide-H-sulfate, sodium
      N-2(2-hydroxyethoxy)ethyl palm amide-H-sulfate, sodium
      N-2(2-hydroxyethoxy)ethyl (hydrogenated) tallow amide-H-sulfate, sodium or
      potassium N-2(2-hydroxyethoxy)ethylstearamide-H-sulfate, ammonium
      N-2(2-hydroxyethyoxy)ethyloleamide-H-sulfate, triethanolamine salt of
      N-2-(2-hydroxyethoxy)ethylmyristamide-H-sulfate, sodium or potassium
      N-2(2-hydroxyethyoxy)ethylpalmitamide-H-sulfate and the like or mixtures
      thereof.
PAR  The sodium and/or potassium fatty acid soap employed in the inventive
      combination soap bar may be any conventional soap of fatty acids derived
      from naturally occurring fats and oils, such as the sodium or potassium
      soaps of tallow, palm, soybean, or coconut fatty acids, their mixtures or
      their hydrogenated counterparts. Since potassium soaps are usually softer
      than sodium soaps, as mentioned hereinbefore, it is preferred that the
      fatty acid soap employed in the inventive bars be a sodium soap or that
      the fatty acid soap component contain at least 80% of sodium fatty acid
      soap, by weight of the fatty acid soap. Moreover, optimum results have
      been obtained by employing sodium soap mixtures of coconut and tallow.
      Sodium tallow soaps are generally hard, while sodium coconut soaps are
      quite soft. Intimate admixtures thereof in ratios, for example, between
      about 90:10 to about 70:30 tallow:coconut soaps, by weight, are especially
      preferred.
PAR  More particularly, the novel combination soap toilet bars of the present
      invention contain in intimate admixture about 75% to 90% of fatty acid
      soap and from about 10% to about 25% of the N-2(2-hydroxyethoxy)ethyl
      fatty amide-H-sulfate salt, based upon the weight of the combination. Test
      bars of such combinations have been found to produce very stable lathers
      in all types of hard water tested, yet no scum formation has been
      detected. The fatty amide sulfate salts, when employed in these amounts,
      effectively disperse any heavy metal insoluble soap precipitates as they
      are formed in hard water and enhance or do not adversely affect lathering
      stability of the fatty acid soaps.
PAR  Other materials and ingredients conventionally employed in the manufacture
      of toilet bars may be included in the combination bars of the present
      invention if desirable. For example, the bars can include other synthetic
      surfactants, plasticizing agents and processing aids such as water, fatty
      acids, polyethylene glycols, alkanol amides, non-ionic surfactants, and
      the like. Starch, inorganic salts, divided clays and other inert fillers
      can be used if desired. Moreover, the bars can include the usual toilet
      bar additives such as colorants, perfumes or deodorants, emollients,
      anti-microbial agents, etc. Preferably, these additional ingredients are
      used in effective amounts of their intended use, and can be added in
      combination, in amounts up to about 15% by weight of the combination bar
      without producing adverse effects.
PAR  The combination soap bars of the present invention have been found to have
      many of the more desirable properties of toilet or bath bars such as good
      feel, good lathering properties, a moderate rate of wear, little tendency
      to swell or smear in the presence of water or to crack in the absence of
      water. Moreover, the combination bars of the present invention are highly
      effective for cleansing in personal hygiene and the washing of delicate
      fabrics even while used in hard water.
PAR  The product of this invention may be prepared by conventional toilet bar
      manufacturing procedures utilizing conventional equipment. For example,
      the products are preferably prepared by dissolving fatty acid soaps and
      fatty amide sulfate salts in hot water to form an intimate admixture along
      with any other desired additional ingredients, drying the mixture to a
      paste-like consistency containing less than about 10% by weight moisture
      and forming bars by milling, plodding, and stamping in the conventional
      manner. Alternatively, the dissolved admixture may be dried to granules or
      flakes containing 0% to 10% moisture and additional ingredients such as
      plasticizers and processing aids can be added to the granules prior to bar
      formation.
PAR  The following examples are given for the purpose of illustration, and not
      by way of limitation.
PAC  EXAMPLE I
PAR  80 g. of fatty acid soap (an 80:20 ratio of sodium tallow-coconut soaps)
      and 20 g. of sodium N-2(2-hydroxyethoxy)ethyl tallow-amide-H-sulfate were
      mixed and dissolved in a minimum amount of hot water
      (70.degree.-90.degree.C.). The solution was evaporated to a paste-like
      consistency and molded into bars weighing about 25-50 g. Additional bars
      were prepared in the same manner from 90 g. of the 80:20 tallow coconut
      soap and 10 g. of the tallow amide sulfate. All of the resultant bars had
      pleasing appearances, i.e., no cracking, lathered readily in hard water
      (200 ppm as CaCO.sub.3) with stable bubbles and did not form a scum in the
      hard water. After being used for hand washing, the bars dried readily with
      retention of their good appearance. Storing the bars partially immersed in
      water caused no undue sloughing or swelling. The bars were stored on a
      desk top exposed to the air for four months without noticeable drying or
      cracking.
PAC  EXAMPLE II
PAR  The following combination bars were prepared in accordance with the method
      set forth in Example I. The amounts of compounds are set forth in percent
      by weight:
PAC  Bar A
PAC  80% sodium tallow soap
PAC  20% sodium N-2(2-hydroxyethoxy)ethyl palm amide-H-sulfate
PAC  Bar B
PAC  80% sodium tallow soap
PAC  20% sodium N-2(2-hydroxyethoxy)ethyl (hydrogenated) tallow amide-H-sulfate
PAC  Bar C 80% sodium tallow soap
PAC  15% sodium N-2(2-hydroxyethoxy)ethyl tallow amide-H-sulfate
PAC  5 % N-2(2-hydroxythoxy)ethyl tallow amide
PAR  Bar A had a pleasing appearance and feel. It lathered readily in hard water
      (150 ppm CaCO.sub.3) and no soap scum was formed. It dried quickly after
      use with no change in appearance or feel. Bar B was good in appearance and
      feel but was slightly brittle. This bar also lathered readily in the hard
      water, formed no soap scum and dried quickly after use. Bar C exhibited
      the same good appearance and performance in hard water, but was slightly
      softer than Bars A or B. Bar C was slightly slower to dry after use, but
      returned to good feel and appearance after about four hours. All of Bars
      A, B and C retained their good appearance with no cracking after storage
      for one week on a bench top.
PAR  Obviously many modifications and variations of the invention as
      hereinbefore set forth may be made without departing from the spirit and
      scope thereof and, therefore, only such limitations should be imposed as
      are indicated in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combination soap bar effective in hard water that produces a stable
      lather and is substantially resistant to scum formation in the presence of
      hard water, said bar comprising:
PA1  about 80% by weight of a fatty acid soap of sodium, potassium or mixtures
      thereof wherein at least about 80% of said fatty acid soap is in the form
      of the sodium salt, and wherein at least 70% by weight of said fatty acid
      soap is a tallow soap; and
PA1  about 20% by weight of an alkali metal, amine or ammonium salt or mixtures
      thereof of an N-2(2-hydroxyethoxy)ethyl fatty amide-H-sulfate containing
      12 to 18 carbon atoms in the fatty amide chain.
NUM  2.
PAR  2. The combination soap bar of claim 1 wherein said
      N-2(2-hydroxyethoxy)ethyl fatty amide-H-sulfate salt is a sodium or
      potassium salt or mixtures thereof of a sulfated reaction product of
      2-(2-aminoethoxy)ethanol and a fatty acid compound, said fatty acid
      compound being selected from the group consisting of fatty acids
      containing about 12 to 18 carbon atoms per molecule, and naturally
      occurring fats and oils containing mixtures of fatty acids having 12 to 18
      carbons per fatty acid chain.
NUM  3.
PAR  3. The combination soap bar of claim 2 wherein said fatty acids are
      selected from the group consisting of lauric acid, palmitic acid, myristic
      acid, stearic acid, oleic acid, and mixtures thereof.
NUM  4.
PAR  4. The combination soap bar of claim 2 wherein the naturally occurring fats
      and oils are selected from the group consisting of palm oil, soybean oil,
      tallow, coconut, and mixtures thereof.
NUM  5.
PAR  5. The combination soap bar of claim 4 wherein the
      N-2(2-hydroxyethoxy)ethyl fatty amide-H-sulfate salt is selected from the
      group consisting of sodium N-2(2-hydroxyethoxy)ethyl tallow
      amide-H-sulfate, sodium N-2(2-hydroxyethoxy)ethyl palm amide-H-sulfate,
      sodium N-2(2-hydroxyethoxyl)ethyl (hydrogenated) tallow amide-H-sulfate,
      and mixtures thereof.
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ABST
PAL  Solid soap such as framed or milled toilet soap, which is conventional in
      all aspects except that it contains as part of its composition 5 to 100
      percent, based upon the weight of free fatty acid components, of at least
      one "bath oil." The solid soap composition is produced by first
      saponifying an appropriate fatty acid or mixture thereof in the usual way,
      solidifying the saponified material by cooling, extruding ribbons of
      solidified material, drying the extrudate, and then framing the dried
      extrudate into soap bars. The process hereof differs from this "usual"
      process in that bath oil, in whatever quantity is desired, is added to the
      liquid saponification mixture, rather than just prior to the framing step
      as in the prior art.
PARN
PAR  This application is a continuation of application Ser. No. 216,828, filed
      Jan. 10, 1972, now U.S. Pat. No. 3,814,698.
BSUM
PAR  This invention relates to soap. It more particularly refers to solid soaps,
      most especially of the milled type.
PAR  Milled soaps have been made for many years. It is usual to produce such
      soaps by liquifying a mixture of fatty acid, or acids, or glycerides
      thereof, and aqueous sodium hydroxide solution at elevated temperatures;
      saponifying the fatty acid content of the warm liquid mixture; cooling the
      saponification mixture to a substantially solid, but suitably soft,
      condition; forming the solidified saponification mixture into a suitable
      shape, e.g. by extrusion into a ribbon or the like; drying the shaped
      extrudate to an acceptable moisture content; milling the dried "soap" with
      conventional additives and ajuvants such as dyes, pigments, perfumes and
      the like; and then forming the milled soap composition into bars or other
      desired shapes.
PAR  For many years it has been the desire of the soap industry to incorporate
      so-called bath oils or the emoluents into milled soap. To date it has only
      been possible, by presently known processes, to incorporate up to about
      1.5 percent, based upon the weight of fatty acid, bath oil in milled soap.
      The soap industry would like to incorporate orders of magnitude higher
      proportions of bath oil in milled soap but to date has not been able to.
PAR  The known method of incorporating bath oil milled soap is to do so during
      the above recited milling step. It has been discovered that the problems
      of the prior art are at this point in the process.
PAR  It is therefore an important object of this invention to provide a novel
      process for incorporating bath oil into milled soap.
PAR  It is another object of this invention to provide a milled soap having a
      much higher proportion of bath oil incorporated therein than prior art
      soaps.
PAR  It is a further object of this invention to utilize as a bath oil in milled
      soap, a broad spectrum of esters, oils, long chain alcohols, waxes and the
      like.
PAR  It is a further object of this invention to utilize a wide range of
      ingredient proportions in the manufacture of bar soap containing high
      proportions of bath oil.
PAR  Other and additional objects of this invention will become apparent from a
      consideration of this entire specification including the claims hereof.
PAR  In accord with and fulfilling these objects, one aspect of this invention
      resides in a novel milled soap, having constituents and proportions
      thereof conventionally formed in milled soap, which contains a high
      proportion of bath oil substantially homogeneously incorporated therein.
      While in the prior art it has been possible to substantially homogeneously
      incorporate only as much as up to about 11/2 weight percent bath oil,
      there is apparently no upper limit on the proportion of the bath oil which
      is and can be homogeneously incorporated in the soap of this invention.
      The proportions of bath oil are not per se critical, although they do
      define a composition which is distinguished from the  prior art. Any
      proportion of bath oil which exceeds that which the prior art could
      homogeneously incorporate in milled soap constitutes the lower limit of
      this proportion in this invention. Suitable lower limits may be 2, 3, 5 or
      10 weight percent depending upon what the prior art says it can do. As
      noted above, as a practical matter milled soaps having 11/2 percent bath
      oil are about as good as have been achieved commercially. As noted above,
      there is no real upper limit on the proportion of bath oil which can be
      substantially homogeneously incorporated in milled soap according to this
      invention. As a practical matter, however, proportions higher than about
      150 percent based upon the weight of fatty acid, are not particularly
      advantageous in that at above these levels the bath oil starts to effect
      the lathering and cleaning qualities of the soap.
PAR  It is to be noted that the term "bath oil" as used herein is intended to
      represent those materials generally categorized under this heading in the
      soap and cosmetic arts. Exemplary materials which fall within this group
      are oils, esters, waxes and long chain alcohols such as isopropyl
      myristate, palmitate esters, laurate esters, lanolins, castor oils,
      mineral oils, C.sub.12 to C.sub.15 normal alcohols, and ethoxylated long
      chain linear alcohols of the type exemplified above. The ethoxylation may
      be with as little as one (1) or as much as five (5) moles of ethylene
      oxide (or glycol) per alcohol molecule. It should be understood that bath
      oils are per se known and those materials referred to above are exemplary
      and non-limiting Tests, to be reported hereinafter, using isopropyl
      myristate are fully exemplary of this group of materials and the results
      reported are to be considered as representative of the entire group of
      water insoluble bath oils.
PAR  While the prior art has been generally unable to incorporate large
      proportions of bath oils into milled soap, this has been accomplished
      according to this invention by a change in the process of producing milled
      soap which change, in hindsight, may not appear to be that dramatic.
      Nevertheless, a most important aspect of this invention is in the process
      of producing high bath oil containing, substantially homogeneous, milled,
      solid soap.
PAR  As noted above, the prior art has always attempted to incorporate the bath
      oil during the milling step, which is the point in the processing at which
      other additives, such as colorants and odorants, are incorporated in the
      soap. The departure of this invention from the prior art is to incorporate
      the bath oil into the liquid saponification mixture before it has been
      solidified and/or dried.
PAR  While it is not really known why more bath oil can be homogeneously
      incorporated in milled soap by the process of this invention than the
      prior art techniques, it is thought that there may be some connection with
      the crystal structure of the soap.
PAR  The physical structure of soap has been researched by many scientific
      workers using a variety of techniques. The general conclusion is that soap
      is a solid solution with a complicated and hard to define lattice
      structure. By x-ray diffraction studies, electron microscopy and vapor
      tension data, it is apparent that the lattice structure is capable of
      physically incorporating or enclosing some molecules of water. It is
      generally agreed that the absorption of moisture by an over-dried soap
      flake or granule is exothermic and may produce enough heat to cause
      spontaneous combustion, particularly when large quantities of dry soap are
      stored in a confined area. This seems to reinforce the idea that water
      molecules do in fact become absorbed in the lattices or crystalline
      structure of the soap in question.
PAR  There is also agreement on the physical forms of the soap lattices and this
      is reflected in the literature accord on the four presently known phases
      of soap structure, namely, alpha, beta, omega and delta forms. The alpha
      phase is the least important in that it appears at very low levels in most
      soaps of commerce. It is believed the alpha phase has the lowest
      attractive forces for encompassing water, and, as its internal held water
      readily shifts to another soap phase, usually reduction in alpha phase
      shows up as an increase in the beta phase. Therefore most solid forms of
      soap may be considered as consisting of the other three phases. It is
      possible in producing a soap in solid from to vary the percentages of
      beta, omega and delta over a considerable range.
PAR  In the so-called framed soaps, which are solutions brought to a
      solidification stage without agitation, the main soap lattice appears as
      the omega phase. The usual milled soaps are predominantly the beta phase.
      Milling and plodding result in the dominance of the beta phase. Even the
      framed soaps will show a shift from omega to beta on applying mechanical
      work such as milling and plodding. It is also known that in a rapid
      chilling of a framed soap the omega form will be by-passed and the product
      will be predominantly in beta form.
PAR  One of the interesting phenomenon of the framed soaps (sometimes
      transparent or translucent types) is the gradual loss of translucency if
      the corners or edge of a bar of soap are damaged with a sudden force such
      as by striking the corners against a hard surface. The introduction of
      even a few crystalline units of beta phase soap by this damaging force
      seems to result in a gradual conversion of the omega to the beta phase,
      with a corresponding loss in transparency values. A parallel case of beta
      crystals invading the province of the omega may be observed by making a
      composite bar by hydraulic pressing together the smooth faces of a frame
      soap and an ordinary milled soap. The rate of crystalline invasion will
      vary with a number of factors including moisture content, ingredients,
      hardness, etc. . . . though a period lapse of 6-8 weeks is usually enough
      to reflect the shift in crystallinity of the beta phase in the framed
      portion of the composite bar.
PAR  The delta form appears to an intermediate between beta and omega in terms
      of water solubility and lather capacity and also in terms of hardness.
PAR  The main physical attributes of beta, omega and delta forms to a soap maker
      appear in the reaction of these forms when soaked in water. The beta form
      soap tends to absorb water readily as evidenced by swelling and its
      tendency to disintegrate. The omega phase is the least water soluble form,
      in terms of its response to water soaking, and gives practically no
      evidence of swelling. The delta phase has reactivity constants between
      beta and omega phases, with a tendency to form cracks or fissures with
      only a slight swelling.
PAR  Manufacturers of milled soaps have made numerous unsuccessful attempts to
      mill into the crystalline lattices of the usual soaps, a variety of water
      insoluble oils and esters, generally referred to as bath oils. The
      objective has been to incorporate into milled soaps enough bath oil
      substance to achieve a simultaneous soap bathing effect, and the covering
      of the body with a protective film of bath oil. The usual techniques
      require the production of soaps, and reducing the soaps to flakes, ribbons
      or chips to simplify the drying out to moisture levels between 5 and 12
      percent. On reaching these levels of moisture, the flakes are put through
      milling rolls to incorporate ingredients such as pigments, opacifiers,
      fragrances and different colors. At this stage, an attempt is made to
      incorporate various and sundry bath oils. The inclusion of bath oils by
      these classic methods has been limited to levels of 1 - 1.5 percent of
      weight of the soap. Additions in excess of 1.5 percent produced soaps that
      were soft and somewhat oily, with poor lathering ability. In terms of the
      soap tendency to disintegrate, it seemed obvious that the soap lattice had
      all the characteristics of the beta phase. This phase appears to resist
      the absorption of oils irrespective of moisture levels.
PAR  There has now been discovered a technique which enables the incorporation
      of relatively large percentages of bath oils, yet produces a milled soap
      with the desired physical properties and eminently suitable properties of
      bathing and laying on bath oils. By the use of our technique, bath oil
      additions measuring up to 100 percent or more, based on the free fatty
      acid content, can be achieved. Such elevated levels are set forth merely
      to emphasize the extent to which the same ingredient compositions are
      compatible with very high levels of bath oils.
PAR  The very core of this invention is the discovery that if the bath oils are
      incorporated after the saponification step but prior to the formation of
      the crystalline phases such as those previously reviewed, then the
      crystalline phases which forms are predominantly the omega phases. The
      omega phase appears to have large and unexpected tolerance for bath oils.
      Not only does the omega phase have an unexpectedly high absorption
      capacity for bath oils, e.g. mineral oils, esters, alcohols, etc. but the
      omega crystalline lattice appears to be capable of withstanding a
      considerable amount of milling and plodding without the exudation or loss
      of oil, or diversion from the omega state.
PAR  The moisture content of the high oil soaps made by the procedure set forth
      in the preceding paragraphs may be reduced to levels of 5 - 12 percent as
      preferred, by drying out soap noodles, flakes or ribbons through the
      conventional warm air heating type of apparatus.
PAR  Whether or not the theory, that the addition of bath oils right after
      saponification but prior to solidification is truly a matter of
      maintaining the soap lattices in the omega phase, is an exact
      representation of what takes place, may or may not be easily proven. The
      following examples and references however tend to support the omega phase
      theory or concept as an acceptable view.
DETD
PAR  One series of experiments serve to illustrate how the sequential process of
      putting the ingredients together produce soaps having the same composition
      chemically, but with surprisingly different properties. The variations in
      properties is thus a striking view of the effects of the particular
      crystalline lattices of the soap.
PAR  A batch of soap noodles was prepared by saponifying equal molar quantities
      of stearic acid and lauric acid with a stoichiometric equivalent of sodium
      hydroxide dissolved in a water solution. The ratios were 284 grams of
      stearic acid, 200 grams of lauric acid and 80 of sodium hydroxide (2 mols)
      in 160 ml. of water -- 29 grams of glycerine were added to the molten
      fatty acids. The saponification was conducted at a temperature range of
      190.degree.-200.degree. F. The hot mixture was transferred to trays and
      cooled until well solidified, then extruded into ribbons for drying. The
      ribbons were dried to a moisture level of 10 percent. These ribbons were
      processed in the normal manner of soap making and produced firm bars with
      excellent sheen and superior lather and detergent effects.
PAR  Using the prepared ribbons of the preceding paragraph, we go to the first
      of our three experiments:
PAC  EXAMPLE 1
PAR  In this Example, 2000 grams of the dried flakes were mixed with 844 grams
      of isopropyl myristate and recycled through a mixing screw and pressed
      through a plodder. The myristate was added in increments, and the product
      was recycled until the ester was completely taken up. Bars of soap made
      from the soap base plus myristate by this method were soft with an oily
      feel. When placed in water, the bars tended to disintegrate. The lathering
      capacity of the soap bars was retarded, and the detergency of the bars was
      less than satisfactory.
PAR  The bars of soap thus produced failed to improve on standing even as long
      as 6 months.
PAC  EXAMPLE 2
PAR  In this Example the same ribbons used in producing the base for the
      previous experiment, were handled in a different manner. The 2000 grams of
      soap ribbons and the 844 grams of isopropyl myristate were mixed together
      in a kettle and the mixture brought to a temperature of 240.degree. F. At
      this temperature, the mix resembled the consistency of soft, mashed
      potatoes. The kettle was emptied and the contents placed on trays to
      solidify. The solidified mass was then processed into bars of soap in
      accordance with the same steps followed in EXAMPLE 1. The bars of soap
      made according to this procedure were firmer than those made in the
      previous example, yet lacking in a full measure of the desired properties
      sought in a quality toilet soap.
PAC  EXAMPLE 3
PAR  In this Example, we will describe the formulation of an "in situ" soap
      composition, having the same proportion of ingredients as in the previous
      Examples 1 and 2.
PAR  We combined 568 grams of stearic acid and 400 grams of lauric acid. These
      were melted in a kettle along with 65 grams of glycerine. A sodium
      hydroxide solution containing 160 grams of alkali in 320 ml. of water was
      also prepared. The molten fatty acid and glycerine were brought to a
      temperature of 190.degree. F and the alkali added with vigorous agitation.
      When the saponification ingredients had been thoroughly mixed, 350 grams
      of isopropyl myristate was added (this corresponds to the 844 grams used
      per 2000 grams. in the previous Examples). Mixing was continued until the
      liquid phase of myristate had been incorporated in the saponification
      mixture.
PAR  The mash-potato like mixture was removed to trays and cooled. When cool, it
      was extruded into ribbons and dried to a moisture level of 10 percent.
PAR  Bars of soap made from a composition processed in the manner just described
      are outstandingly different from those covered in the prior Examples 1 and
      2. The bars were firm, lathered well and produced a combination of
      detergency and residual oil feed that was notable. It is apparent
      therefore that this technology of producing a bath oil soap bar results in
      a combination of ingredients, and crystalline structure of superior
      characteristics.
PAR  These Examples were repeated with a number of bath oil ingredients as
      substitutes for the isopropyl myristate. These substitutions included
      palmitate and laurate esters, lanolins, castor oils, mineral oils, and a
      number of linear primary alcohols ranging in chain length from C-12 to
      C-15. Some of the linear alcohols were ethoxylated with various degrees of
      ethylene oxide substitution. In all cases, the same kind of
      differentiation as brought out in the 3 Examples was evident.
PAR  As a matter of indicating the extreme capacity of a soap base to absorb
      bath oils, tests were made where the ratio of bath oils to fatty acids
      were as high as 1.5 to 1.0. While these high ratios may be impractical
      from the standpoint of a commercially saleable bar because of economics,
      it is evident that the technology set forth herein is applicable to many
      soap formulations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the process of producing solid, milled bar soap comprising:
PA1  A. heating a mixture of soap making ingredients comprising soap producing
      fatty acids, fatty acid glycerides or mixtures thereof and a saponifying
      proportion of alkali to an elevated saponifying temperature sufficient to
      form a hot liquid mixture of soap and water;
PA1  B. cooling said hot liquid mixture thereby solidfying such;
PA1  C. drying said mixture; and then
PA1  D. forming said dried solid mixture into solid bar soap by a process
      comprising milling, plodding and extruding; the improvement, whereby
      producing solid, milled bar soap containing about 5 to 100 weight percent,
      based upon the fatty acid content of said soap, of mineral oil, which
      comprises:
PA2  adding to said hot liquid mixture of soap and water produced by step A a
      substantially water insoluble additive comprising mineral oil whereby
      forming a homogeneous, hot liquid mixture comprising said soap, water and
      about 5 to 100 weight precent, based upon the fatty acid content of said
      soap, of said mineral oil; and
PA1  subjecting said homogeneous, hot liquid mixture to steps B, C and D as
      aforesaid.
NUM  2.
PAR  2. The process claimed in claim 1 wherein said additive is an emollient
      mixture containing said mineral oil.
NUM  3.
PAR  3. The process claimed in claim 1 wherein said mineral oil is present in a
      proportion of about 5 to 50 weight percent based on the fatty acid content
      of said soap.
NUM  4.
PAR  4. the process claimed in claim 2 wherein said emollient consists
      essentially of mineral oil.
NUM  5.
PAR  5. The process claimed in claim 1 wherein the heating of step A is to about
      190.degree. to 200.degree. F and the mixture is dried to a moisture
      content of 5 to 12 percent in step C.
NUM  6.
PAR  6. A substantially homogeneous solid milled bar soap produced by the
      process of claim 1.
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PAL  A machine dishwasher rinse aid having the property of imparting an
      anti-resoiling or non-stick finish to aluminium articles such as pans. The
      rinse aid contains an anti-resoiling agent which is preferably a
      monoalkylphosphate ester to achieve this effect. It also contains a
      nonionic surface active agent and a pH controller in the form of citric,
      lactic or glutaric acid.
BSUM
PAR  The present invention relates to a liquid rinse composition for use in
      machine dishwashing which contains an anti-resoiling agent for imparting a
      non-stick effect to aluminium articles rinsed with the composition.
PAR  British Pat. No. 1,188,577 relates to rinse aids for machine dishwashers
      and discloses, in Example 1, a rinse aid which contains an anionic
      surfactant which is described quite generally as an aliphatic phosphate
      ester.
PAR  We have discovered that aliphatic phosphate esters and also other materials
      defined hereafter can be incorporated into a rinse composition base of a
      special type so that an anti-resoiling effect on aluminium surfaces can be
      achieved in a wide range of waters of different hardnesses.
PAR  Accordingly the present invention provides a liquid rinse composition for
      use in machine dishwashing comprising:
PA1  A. a low foaming nonionic surface active agent
PA1  B. an anti-resoiling agent as herein defined and
PA1  C. from 35-80% by weight of lactic, citric or glutaric acid or a mixture
      thereof.
PAR  The composition has the usual and essential attributes of the products well
      known as "rinse aids", viz no or low foam, wettability of crockery and
      glassware without damage thereto, ready solubility in the rinse water,
      pleasant odour, and avoidance of spotting, filming and streaking of
      articles rinsed thereby in the rinse cycle of a machine dishwasher. The
      present rinse composition has the further attributes of phase stability
      and chemical stability when stored on the shelf, and, more importantly,
      when stored in the reservoir of the machine. It will be appreciated that
      the reservoir in some machine designs is subjected to the effect of the
      temperature used in the washing and rinsing cycles, and that the rinse
      composition present in the machine reservoir can vary in temperature from
      room temperature to about 40.degree.C.
PAR  The compositions may be applied in the final rinse cycle of the dishwashing
      programme to (a) pans which have just been washed clean in an immediately
      preceding dishwashing cycle, (b) pans cleaned manually, or (c) new pans.
      As pans are the usual aluminium surfaces met with in machine dishwashing,
      the specification will illustrate the invention therewith, but it will be
      understood that any cleaned aluminium surface to which a machine
      dishwashing rinse cycle can be applied, can be treated by the rinse
      compositions of the invention. Generally, the final rinse cycle into which
      the rinse composition is injected, is programmed at a temperature of at
      least 60.degree.C, sometimes up to 70.degree.C, and extends for at least 3
      minutes, sometimes up to 10 minutes, and is accompanied by agitation or
      spinning. The rinse compositions of the present invention are intended to
      confer the anti-resoiling effect to substantially clean aluminium surfaces
      under the above conditions.
PAR  The anti-resoiling effect is the effect by which a temporary film is laid
      upon the aluminium surface during the rinse cycle which inhibits
      subsequent soil from attaching itself firmly to the surface. Any
      subsequent soil is readily removable in a later dishwashing cycle.
PAR  The anti-resoiling agent is an agent which satisfies the following test.
PAR  The inside surface of a small 5 inch diameter aluminium pan is prepared by
      scouring the warm tap water with a non-woven nylon fleece impregnated with
      mineral abrasive until the surface is completely wetted by the water. The
      pan is then dried with a paper tissue. 25 ml of an egg/milk mixture of
      ratio 50:50 by volume is poured into the pan in the usual way. The mixture
      is cooked for 11/2 minutes on an electric hot plate maintained at
      200.degree.C without stirring. Under these conditions the egg/milk mixture
      leaves the coherent light brown residue adhering to the pan when the loose
      bulk of the cooked mixture has been scraped out with a wooden spoon. This
      soiled pan is immersed in a solution of 0.01% material being assessed as
      an anti-resoiling agent in distilled water at pH 5 and manually scoured
      with the above-mentioned abrasive fleece for 60 seconds, during which all
      the burnt soil is removed. The pan is rinsed in tap water and dried with a
      paper tissue.
PAR  The cooking procedure with the egg/milk mixture is repeated after which the
      soiled pan freed of the loose bulk of soil is immersed in the same (used)
      solution as above for 30 seconds. A soft polyurethane sponge is then used
      manually to remove the adhering residue. If the pan is completely clean
      after 15 seconds rubbing the test is terminated and a score of 1 wash/cook
      cycle recorded. If the soil cannot be totally removed with the sponge in
      15 seconds a further 15 seconds scouring with the above abrasive fleece is
      carried out. The pan is then rinsed and dried as before and subjected to
      the above egg/milk cooking procedure. The soiled pan freed of the loose
      bulk of soil is immersed in the same (used) solution for 30 seconds. If
      the soil can be removed in 15 seconds with the soft sponge a score of 2
      wash/cook cycles is recorded. If not the test is repeated until the 15
      seconds clean is obtained.
PAR  An anti-resoiling agent is one in which complete removal of soil residues
      can be attained with a soft sponge in 15 seconds in 3 or fewer wash/cook
      cycles.
PAR  Whilst the selection of the nonionic surface active agent is in accordance
      with usual rinse aid technology, careful selection of the anti-resoiling
      agent and the pH controller is necessary in order to maintain the
      properties required of a conventional rinse aid described above whilst
      providing an anti-resoiling effect in the rinse cycle.
PAR  The low foaming, nonionic surface active agent may be selected from, for
      example,
PAR  i. polyoxyethylene-polyoxypropylene-polyoxyethylene polyols;
PAR  ii. polyoxyethylene-polyoxypropylene condensates of higher aliphatic
      alcohols having from 8-22 carbon atoms in the aliphatic portion and 3-50
      oxyalkylene units in the oxyalkylene portion;
PAR  iii. polyoxyethylene esters of higher fatty acids having from 8-22 carbon
      atoms in the acyl group and from 8-30 ethylene oxide units in the
      oxyethylene portion; and
PAR  iv. polyoxyethylene condensates of higher fatty acid amines and amides
      having 8-22 carbon atoms in the fatty alkyl or acyl group and 10-30
      ethylene oxide units in the oxyethylene portion.
PAR  When selecting the nonionic surface active agent, choice is on the basis of
      good biodegradability, and cloud point less than 60.degree.C (this is the
      normal use temperature of the rinse solution). It will be appreciated that
      these surface active agents produce minimum foam in solution when the
      temperature of the solution is greater than the cloud point of the agent.
PAR  The monoalkylphosphate ester as preferred antiresoiling agent is selected
      from:
PAR  1. Mono-substituted organic phosphates of the general formula:
      ##EQU1##
      wherein n is the actual number of ethylene oxide units, i.e., not the
      average number, and is 0-5; R.sub.1 and R.sub.2 are hydrocarbon chains
      where R.sub.1 is --(CH.sub.2).sub.x CH.sub.3 or --(CH.sub.2).sub.x C.sub.6
      H.sub.5, R.sub.2 is --(CH.sub.2).sub.y CH.sub.3 or --(CH.sub.2).sub.y
      C.sub.6 H.sub.5, and R.sub.3 is one of
EQU  &gt;CH -- (CH.sub.2).sub.z --
EQU  &gt;CH -- (CH.sub.2).sub.z -- C.sub.6 H.sub.4 --
EQU  &gt;C.sub.6 H.sub.3 -- (CH.sub.2).sub.z --
      ##EQU2##
      x, y or z may be zero. x + y + z total 7-17 (inclusive) when alkyl
      hydrocarbon organic groups are employed in R.sub.1, R.sub.2 or R.sub.3 ; x
      + y + z total 6-16 (inclusive) when aryl or hydroxyalkyl organic groups
      are employed in R.sub.3.
PAR  2. Mono-substituted organic phosphates of the general formula:
      ##EQU3##
      wherein n is the actual number of ethylene oxide units and R.sub.4 is a
      linear alkyl hydrocarbon chain. When n is 0, R.sub.4 may have 10-16 carbon
      atoms and when n is 1-5 R.sub.4 may have 10-18 carbon atoms.
PAR  3. The reaction product of the commercially available alcohols which
      contain a mixture of linear and branched alcohols, (particularly those
      made from the catalytic addition of carbon monoxide and hydrogen to an
      alpha-olefin) with phosphorus pentoxide (P.sub.2 O.sub.5) in the correct
      proportions to produce substantially monoalkylphosphate esters.
PAR  The preferred phosphates from 1. above are those wherein x + y + z total
      9-13 when alkyl groups are concerned and 6 or 14-16 when aryl or
      hydroxyalkyl groups are concerned. The phosphates of formula 1. are
      preferred because at least two terminal groups R.sub.1 and R.sub.2 are
      essential for the property of anti-resoiling in the rinse cycle carried
      out in all naturally occurring waters. They are used, preferably, in their
      mono salt form, i.e. sodium, potassium, ammonium or substituted ammonium.
      Although compounds having more than two terminal groups can be used
      successfully, they are not recommended because they may cause
      biodegradation problems.
PAR  Other preferred phosphates from formula 1. are the phosphate monoesters of:
PA1  a. an adduct of p-tertiary nonyl phenol and an average of 2 or 4 ethylene
      oxide molecules per mol of phenol,
PA1  b. an adduct of ditertiary nonyl phenol and an average of 8 ethylene oxide
      molecules per mol of phenol,
PA1  c. C.sub.11 -C.sub.15 random secondary alcohols,
PA1  d. an adduct of C.sub.11 -C.sub.15 random secondary alcohols and an average
      of 3 ethylene oxide units per molecule,
PA1  e. an adduct of C.sub.13 -C.sub.15 random secondary alcohols and an average
      of 1 ethylene oxide unit per molecule,
PA1  f. 7-ethyl 2-methyl, 4 undecanol,
PA1  g. C.sub.14-16 random vicinal diols,
PA1  h. an adduct of C.sub.14-16 random vicinal diols and an average of 3
      ethylene oxide molecules per mol of diol.
PAR  The phosphates of formula 2 are successful in distilled or soft water, but
      precipitate at all pH's in hard water. This precipitate is detrimental to
      the anti-resoiling property. Furthermore, it may lead to a high incidence
      of deposits on glassware seen as "spotting," undesirable in a composition
      which is intended to have the properties usual in a rinse aid.
PAR  A preferred formula 2 phosphate is lauryl phosphate where R.sub.4 is
      C.sub.12 H.sub.25 and n = 0. Compounds of formula 2 where R is greater
      than 16 and n is zero are unsuitable, because of phase instability in use.
PAR  The preferred phosphates of formula 3 for use in all naturally occurring
      waters, have at least 30% of the mixture as a phosphate according to
      formula 1 above.
PAR  A preferred example of formula 3 is a mixture of formula 1:
PA1  R.sub.1 = ch.sub.3 (ch.sub.2).sub.9 and CH.sub.3 (CH.sub.2).sub.11
PA1  R.sub.2 = ch.sub.3, c.sub.2 h.sub.5
PA1  r.sub.3 = &gt;chch.sub.2 -- and n = 3 (average) 0-5 actual.
PAL  and formula 2:
PA1  R.sub.4 is C.sub.13 H.sub.27 and C.sub.15 H.sub.31 and n = 3 (average) 0-5
      actual.
PAR  The mixture has approximately 33% of hydrocarbon chains having 15 carbon
      atoms, and approximately 67% of hydrocarbon chains having 13 carbon atoms.
      The mixture has approximately 45% of compounds according to formula 2 and
      approximately 55% of compounds according to formula 1.
PAR  The function of the pH controller in the rinse composition is to reduce the
      effect of water hardness ions such as Ca.sup.+.sup.+ and Mg.sup.+.sup.+ on
      the anti-resoiling ability of the selected mono alkyl phosphate ester. At
      pH values above approximately 6.5 in aqueous solution all monoalkyl
      phosphate esters form insoluble precipitates when added to naturally
      occurring hard water. The formation of this precipitate prevents the mono
      alkyl phosphate ester from forming an anti-resoiling film on the surface
      of aluminium cooking utensils and in addition the precipitate may cause
      excessive "spotting" on glassware being rinsed in a solution of the
      composition. The pH controller which is acidic must be present in type,
      and in amount, so as to ensure that the pH of the rinse solution is
      sufficiently low to prevent the formation of undesirable precipitates. The
      composition of the rinse composition must be such that sufficient pH
      controller is provided to overcome the buffering capacity of naturally
      occurring water, due to the presence of bicarbonate ions and dissolved
      carbon dioxide.
PAR  The majority of dishwashing machines currently sold are provided with (i)
      an automatic device for dosing up to 6 mls rinse aid per cycle at the
      required stage of the overall wash cycle, and (ii) a programme which gives
      a reasonable time (up to 10 minutes) for the rinse cycle. The rinse
      composition is dosed into 8-10 liters of water, to form the rinse
      solution. The rinse solution also may contain some carry-over of alkaline
      liquor from the main wash cycle.
PAR  Consequently, a commercially useful rinse composition for effecting an
      anti-resoiling finish in the rinse cycle must contain enough acidity in
      order that a dilution, such as, for example, that described above, will
      ensure a rinse solution pH of less than pH 6.5, preferably 5.0 to 5.5,
      when diluted in a range of different machine dishwashers using a wide
      range of naturally occurring waters.
PAR  The rinse compositions of the invention, as marketed, are formulated to a
      pH of 2-3, neutralising the acid where necessary. 0.880 ammonia is a
      suitable material for this neutralisation. The pH of 2-3 is the optimum
      balance between maximum reserve hydrogen ion and minimum corrosive attack
      on the material of the dosage chamber and any sensitive substrate in
      direct alignment into the injection path of the rinse composition in the
      machine.
PAR  For practical purposes, as explained above, the pH controller is selected
      on the basis that a 6 ml dose of rinse composition per 9-10 liters of
      24.degree.H water should give a rinse solution pH of less than 6.5. That
      is at a solution of approximately 6 mls in 9000 mls, i.e. 0.067% of rinse
      composition by weight of the rinse solution present in the rinse cycle.
PAR  Selection of a suitable acid, which will not impair the chemical and phase
      stabilities of the rinse composition, nor impair the rinse aid properties,
      whilst attaining the pH in use now found to be essential for
      anti-resoiling effect in all waters is difficult. Any slight phase
      instability can be dealt with by inclusion of up to 15% isopropanol. In
      general, the acid strength is dependent upon the type of acid viz.
      molecular weight, pKa and number of labile hydrogen atoms. The stability
      of the rinse composition at the pH of 2-3 is assessed visually after 6
      cycles from room temperature to 40.degree.C, the composition being
      homogeneous at 40.degree.C.
PAR  In the rinse compositions of the present invention, the pH controller is
      selected from lactic acid, citric acid and glutaric acid. Acids such as
      phosphoric, maleic, acetic, malic, oxalic, malonic, succinic, fumaric,
      formic, adipic and mixtures thereof are unsuitable. The preferred acid is
      lactic acid.
PAR  The rinse compositions of the invention are for use on substantially clean
      aluminium surfaces. It will be appreciated that some dishwashing machines
      are not very effective in removing certain difficult soils such as heat
      degraded soup, scrambled eggs and porridge from cooking utensils. This is
      particularly true where only a little manual cleaning is done before
      loading the soiled utensil into the machine.
PAR  The rinse compositions are therefore preferably used on a clean aluminium
      pan before use of the pan for cooking. The rinse cycle or a process
      equivalent thereto is a suitable means of obtaining the anti-resoiling
      effect, so to render all subsequent soils readily removable in all
      machines. This pretreatment can be affected simply by placing the pan in
      the normal load of dirty crockery etc. and subjecting the load plus pan to
      the conventional full wash and rinse programme, using the rinse
      composition of the invention in the rinse cycle. This pretreatment may
      also be sufficient with lightly soiled pans washed in this manner. The
      surface modification effected by the rinse composition of the invention on
      a clean pan is therefore of great value in assisting in the clean washing
      of such pans when heavily soiled subsequently, in all machines. Once the
      temporary film is upon the surface, soils are readily removed in the main
      washing cycle. The temporary film is maintained on the surface during
      subsequent rinse cycles by the rinse composition of the invention.
PAR  The rinse composition as marketed contains by weight of composition 3-30%
      of low foaming nonionic surface active agent, preferably 4-10%; 0.5-10% of
      defined anti-resoiling agent, preferably 2-6%, 35-80% of the pH
      controller, preferably at least 50%. A preferred composition provides an
      average in-use concentration by weight of rinse solution of 0.0035% low
      foaming nonionic surface active agent, 0.002% anti-resoiling agent, and
      0.05% pH controller. It will be appreciated that when a monoalkyl
      phosphate ester is used as the anti-resoiling agent, commercial supplies
      of monoalkyl phosphate ester contains substantial quantities of di-alkyl
      phosphate ester, some trialkyl phosphate ester, unphosphated alcohol and
      phosphoric acid. The figures quoted in respect of the commercial ester
      refer to the monoalkyl phosphate ester content of the rinse composition.
PAR  The use of monoalkyl phosphates in the main wash cycle of a machine
      dishwasher is not practical because the main wash cycle is normally
      carried out with a strongly alkaline liquor and under these conditions the
      monoalkyl phosphate is readily precipitated by any divalent metal ions
      present in solution e.g. calcium and magnesium ions. Its interaction with
      aluminium to provide and anti-resoiling effect is therefore impaired. The
      anti-resoiling effect is also impaired in aqueous solution by the presence
      of high levels of condensed phosphates such as those often present in
      machine dishwashing powders.
PAR  The rinse compositions of the invention will now be described by way of
      Examples. Examples 1-16 employed a Hoover Autojet (Registererd Trade Mark)
      machine and its programme is given below for completeness and convenience.
      The .degree. hardness are on the French scale (parts per 100,000 as
      calcium carbonate).
PAR  A Hoover Autojet (RTM) machine dishwasher was used. This has the wash
      programme as follows:
TBL         Duration                                                           
                 Vol of H.sub.2 O                                              
                        Temperature of H.sub.2 O                               
                                   Agitation                                   
     __________________________________________________________________________
     Pre-rinse                                                                 
            2 mins                                                             
                 8.5 litres                                                    
                        20.degree.C                                            
                                   Yes                                         
     Main wash                                                                 
            23 mins                                                            
                 8.5 litres                                                    
                        20.degree.C-63.degree.C in 10                          
                                   Yes                                         
                        mins. Maintained                                       
                        to end of wash.                                        
     Intermediate                                                              
            11/2 mins                                                          
                 8.5 litres                                                    
                        20.degree.C                                            
                                   Yes                                         
     rinse (1)                                                                 
     Intermediate                                                              
            11/2 mins                                                          
                 8.5 litres                                                    
                        20.degree.C                                            
                                   Yes                                         
     rinse (2)                                                                 
     Final rinse                                                               
     Heat:  12 mins                                                            
                 8.5 litres                                                    
                        20.degree.C-60.degree.C                                
                                   No                                          
     Spin:  12 mins                                                            
                 8.5 litres                                                    
                        60.degree.C                                            
                                   Yes                                         
     Empty  1/2 min                                                            
                 8.5 litres                                                    
                        60.degree.C                                            
                                   No                                          
     __________________________________________________________________________
PAR  30 gms of a commercial dishwashing powder were dosed manually, i.e. "over
      the side" after 8 minutes operation of the main wash cycle. (The dosage is
      normally mechanical, by way of the temperature sensitised dosing device
      found to operate at 40.degree.C .+-. 2.degree.C, a temperature reached in
      about 8 mins from starting with tape water.)
PAR  The rinse composition was dosed "over the side" in the amount specified,
      after 1 min of the "final rinse-spin" cycle, the water for the rinse
      solution being at 60.degree.C.
DETD
PAC  EXAMPLE 1
PAR  A rinse composition of the present invention consisting of: 67.5% lactic
      acid, 3.5% monoalkyl phosphate ester of C.sub.11-15 random sec. alcohol
      with an average of 3 ethylene oxide mols per mol of alcohol, 5% Plurafac
      RA40 (RTM), (commercially available from Wyandotte, a low foaming nonionic
      surface active agent of type (ii) above described), 15% isopropanol, the
      balance water and neutralised with ammonia to pH 2.5 established as its
      anti-resoiling effect as follows:
PAR  12 abraded aluminium plates measuring 6 inches .times. 6 inches by 1/16
      inch were divided into two groups of six. Pretreatment. One group of six
      was subjected to the full wash and rinse programme of the Hoover Autojet
      (RTM) using a 6 ml dose of the rinse composition. The other six plates
      were washed in the same way, but using a 6 ml dose of a rinse aid (A) as
      control. Rinse aid (A) consisted of 30% Plurafac RA40, 0.5% isopropanol
      and 69.5% water. After this wash and rinse programme the 12 plates were
      soiled with egg by spreading 3 mls of beaten raw egg on each plate and
      heating for 2 minutes on a hot plate at 230.degree.C. They were then
      subjected to the full wash rinse programme in two groups of six in each
      group; each six consisting of three of the plates treated with the rinse
      composition of the invention and three of the plates treated with rinse
      aid (A). One group was washed in  24.degree.H water using a 6 ml dose of
      the rinse composition of the invention and the other group was washed in
      24.degree.H water using a 6 ml dose of rinse aid (A). The plates were
      arranged in the machine such that they were fully exposed to the water
      jets. On completion of the full wash and rinse programme the plates were
      assessed visually for cleanliness and ranked on a scale from 1-4 based on
      the area of soiling remaining on the plates, 1 being completely clean and
      4 being visually unchanged.
TBL  ______________________________________                                    
     Set   Pretreatment                                                        
                       Rinse agent in                                          
                                     Anti-resoiling                            
           Rinse agent wash/rinsing of                                         
                                     assessment                                
                       soiled Al plates                                        
     ______________________________________                                    
     1     According to                                                        
                       According to  1,   1,   1                               
           invention   invention                                               
     2     (A)         According to  3,   4,   4                               
                       invention                                               
     3     According to                                                        
                       (A)           1,   1,   1                               
           invention                                                           
     4     (A)         (A)           4,   4,   4                               
     ______________________________________                                    
PAL  These results clearly demonstrate the anti-resoiling effect of the
      composition according to the invention. The composition possesses the
      usual attributes of a rinse aid and is phase stable.
TBL  ______________________________________                                    
     Example No.       2        3        4                                     
     ______________________________________                                    
     Lactic acid       70        65      50                                    
     Monoalkyl phosphate ester                                                 
                       1.0*     10.sup.+ 5*                                    
     Nonionic surface active agent                                             
                       I 10     II 10    III 10                                
     Isopropanol       10        10       5                                    
     Water             balance  balance  balance                               
     0.880 ammonia to pH                                                       
                       (2.5)    (2.5)    (2.5)                                 
     ______________________________________                                    
      The test was as for Example 1 for compositions 2 and 3; results all score
      1 using compositions of Examples 2, 3 and 4, and 4 when using rinse aid A
      Composition 4 was checked in 6.degree.H water.                           
      .sup.+=of dinonyl phenol-8EO                                             
      *=of a mixture containing approximately 67% C.sub.13 and 33% C.sub.15    
      nominally linear aliphatic alcohols containing approximately 55%         
      alpha-methyl and alpha-ethyl branching, condensed with an average of 3   
      ethylene oxide mols per mol of alcohol                                   
      I=Triton DS 16 ex Rohm & Haas and believed to be class (ii)              
      II= a polyoxyethylene ester of a higher fatty acid of class (iii)        
      III= of class (iv)                                                       
      Example 4 is satisfactory in soft water.                                 
PAC  EXAMPLES 5-15
PAR  These examples demonstrate the necessity to provide pH control in order to
      obtain satisfactory anti-resoiling performance, in waters commonly
      encountered.
PAR  The tests were done using clean, abraded, aluminium plates pretreated in
      the rinse cycle of the Hoover Autojet (RTM) as described in Example 1,
      with the specified dose of rinse compositions consisting of, according to
      Example 1, with modified acid component and pH level.
PAR  These pretreated plates together with untreated control plates were soiled,
      washed and assessed as described in Example 1, the assessment being done
      at the end of the main wash cycle, for practical convenience, because this
      is the earliest point at which the degree of soil removal can be assessed.
      The abbreviation IC means Inoperative Conditions.
TBL  __________________________________________________________________________
                               Anti-resoiling assessment                       
     Ex                                                                        
       Composition Dose                                                        
                      In-use pH                                                
                               24.degree.H                                     
                                        6.degree.H                             
                                                 0.degree.H                    
     No                                                                        
       Acid content                                                            
              pH   Mls                                                         
                      24.degree.H                                              
                         6.degree.H                                            
                            0.degree.H                                         
                               treated                                         
                                   untreated                                   
                                        treated                                
                                            untreated                          
                                                 treated                       
                                                     untreated                 
     __________________________________________________________________________
     5 40%    to pH 2.5                                                        
                   6  6.6                                                      
                         -- -- 2   4    --  --   --  --                        
       citric acid 3  -- -- 3.5                                                
                               --  --   --  --   1   4                         
                   5  7.7                                                      
                         -- -- 4   4    --  --   --  --                        
     IC            4  7.8                                                      
                         -- -- 4   4    --  --   --  --                        
                   3  7.8                                                      
                         -- -- 4   4    --  --   --  --                        
     6 50%    to pH 2.5                                                        
                   6  5.0                                                      
                         -- -- 1   4    --  --   --  --                        
       citric acid 3  -- -- 3.6                                                
                               --  --   --  --   1   4                         
                   5  6.2                                                      
                         -- -- 2   4    --  --   --  --                        
                   4  8.0                                                      
                         -- -- 4   4    --  --   --  --                        
     IC            3  8.0                                                      
                         -- -- 4   4    --  --   --  --                        
     7 50%    to pH 3.0                                                        
                   6  5.0                                                      
                         -- -- 1   4    --  --   --  --                        
       citric acid 5  6.0                                                      
                         -- -- 1   4    --  --   --  --                        
                   4  7.8                                                      
                         -- -- 4   4    --  --   --  --                        
     IC            3  8.0                                                      
                         -- -- 4   4    --  --   --  --                        
     8 50%    to pH 3.5                                                        
                   6  5.7                                                      
                         -- -- 1   4    --  --   --  --                        
       citric acid 3  -- -- 3.6             --   1   4                         
                   5  8.0                                                      
                         -- -- 4   4    --                                     
     IC            4  8.0                                                      
                         -- -- 4   4    --  --   --  --                        
                   3  7.9                                                      
                         -- -- 4   4             --  --                        
     9 45% of to pH 2.5                                                        
                   6  -- 3.8                                                   
                            --          1   4    --  --                        
       lactic acid 5  -- 4.0                                                   
                            -- --  --   1   4    --  --                        
                   4  -- 4.3                                                   
                            -- --  --   1   4    --  --                        
                   3  -- 6.4                                                   
                            3.4                                                
                               --  --   1   4    1   4                         
     IC            6  7.5                                                      
                         -- -- 4   4    --  --   --  --                        
     10                                                                        
       54% of to pH 2.5                                                        
                   6  6.6                                                      
                         3.7                                                   
                            -- 2   4    1   4    --  --                        
       lactic acid 5  -- 3.8                                                   
                            -- --  --   1   4    --  --                        
                   4  -- 4.0                                                   
                            -- --  --   1   4    --  --                        
                   3  -- 4.3                                                   
                            3.5                                                
                               --  --   1   4    1   4                         
     IC            5  8.0                                                      
                         -- -- 4   4    --  --   --  --                        
                   4  7.8                                                      
                         -- -- 4   4    --  --   --  --                        
                   3  7.9                                                      
                         -- -- 4   4    --  --   --  --                        
     11                                                                        
       58.5% of                                                                
              to pH 2.5                                                        
                   6  5.5                                                      
                         -- -- 1   4    --  --   --  --                        
       lactic acid 5  6.5                                                      
                         -- -- 2   4    --  --   --  --                        
                   3  -- -- 3.3                                                
                               --  --   --  --   1   4                         
     IC            4  7.8                                                      
                         -- -- 4   4    --  --   --  --                        
                   3  8.0                                                      
                         -- -- 4   4             --  --                        
     12                                                                        
       63% of to pH 2.5                                                        
                   6  4.8                                                      
                         3.5                                                   
                            -- 1   4    1   4    --  --                        
       lactic acid 5  6.3                                                      
                         3.6                                                   
                            -- 2   4    1   4    --  --                        
                   4     3.8                                                   
                            -- --  --   1   4    --  --                        
                   3     4.1                                                   
                            3.3                                                
                               --  --   1   4    1   4                         
     IC            4  7.9                                                      
                         -- -- 4   4    --  --   --  --                        
                   3  8.0                                                      
                         -- -- 4   4    --  --   --  --                        
     13                                                                        
       67.5% of                                                                
              to pH 2.5                                                        
                   6  4.5                                                      
                         3.5   1   4    1   4    --  --                        
       lactic acid 5  4.6                                                      
                         3.6   1   4    1   4    --  --                        
                   4  -- 3.7   --  --   1   4    --  --                        
                   3  -- 3.9                                                   
                            3.3                                                
                               --  --   1   4    1   4                         
     IC            4  7.5                                                      
                         -- -- 4   4    --  --   --  --                        
                   3  8.0                                                      
                         -- -- 4   4    --  --   --  --                        
     14                                                                        
       67.5%  to pH 3.0                                                        
                   6  4.65                                                     
                         -- -- 1   4    --  --   --  --                        
       lactic acid                                                             
     IC            5  7.0                                                      
                         -- -- 4   4    --  --   --  --                        
                   4  7.8                                                      
                         -- -- 4   4    --  --   --  --                        
                   3  8.0                                                      
                         -- -- 4   4    --  --   --  --                        
     15                                                                        
       67.5%  to pH 3.5                                                        
                   6  6.6                                                      
                         -- -- 2-3 4    --  --   --  --                        
       lactic acid 3  -- 3.4                                                   
                            -- --  --   1   4    --  --                        
     IC            5  7.2                                                      
                         -- -- 4   4    --  --   --  --                        
                   4  7.0                                                      
                         -- -- 4   4    --  --   --  --                        
                   3  7.6                                                      
                         -- -- 4   4    --  --   --  --                        
     __________________________________________________________________________
PAC  EXAMPLES 16-19
PAR  Rinse compositions according to the Example 1, modified by amount of
      phosphate ester. They possessed the usual rinse aid properties and were
      chemically and physically stable.
PAR  The Comparative compositions, rinse aids (B) and (C), excluded the
      monoalkyl phosphate ester.
TBL  ______________________________________                                    
          % monoalkyl       pH of rinse                                        
     Ex   phosphate  Dose   solution                                           
                                    Anti-resoiling assessment                  
     No   ester      Mls    24.degree.H                                        
                                 0.degree.H                                    
                                      24.degree.H                              
                                              0.degree.H                       
     ______________________________________                                    
     16   3.5        6      4.5  3.1  1       1                                
     17   0.75       6      4.6  3.1  2       1                                
     18   3.5        3      --   3.3  --      1                                
     19   0.75       3      --   3.4  --      2                                
     (B)  0          6      4.5  --   4       --                               
     (C)  0          3      --   3.3  --      4                                
     ______________________________________                                    
PAC  EXAMPLES 20-23
PAR  These examples demonstrate the use of the rinse composition of the
      invention in machines other than the Hoover Autojet (RTM). These tests
      were carried out using aluminium pans soiled in the way described in
      Example 1 for the plates. The pans were pretreated before soiling using
      either the rinse composition of Example 1 or, as control, the rinse aid
      (A) described in Example 1. Only the rinse cycle of the machines were used
      at a 6 ml does of the rinse composition/aid. All the pans were washed
      together with a load of soiled glassware, in the machine specified in the
      table. The main wash detergent powder dose was 30 gms in all cases. Where
      possible the water softening device attached to the machines was
      by-passed. Results from pretreatment at a 3 ml dosage of rinse
      composition/aid bore out the effect of pH, since in these machines 3 ml
      dosage gives an in-use pH in excess of 6.5, and no antiresoiling effect is
      attained. Assessment of the glass for spotting and filming showed that the
      rinse composition of the invention was equivalent in performance to the
      control rinse aid.
TBL  __________________________________________________________________________
            Pretreatment Conditions                                            
                           Wash and rinse Conditions                           
                           pH of pH of rinse solution                          
                                           Assessment                          
     Ex     Rinse agent                                                        
                  H.sub.2 O                                                    
                     Final rinse                                               
                           main wash                                           
                                 pre rinse                                     
                                      post rinse                               
                                           Pretreated                          
                                                 Control                       
     No                                                                        
       Machine                                                                 
            Type                                                               
               Mls                                                             
                  .degree.H                                                    
                     time (mins)                                               
                           cycle agent                                         
                                      agent                                    
                                           pan   pan                           
     __________________________________________________________________________
     20                                                                        
       Bosch                                                                   
            Ex 1                                                               
               6  32.degree.                                                   
                     3     10.9  8.5  4.3  1     4                             
     --     A  6  32.degree.                                                   
                     3     10.8  8.5  8.5  4     4                             
     21                                                                        
       Zanussi                                                                 
            Ex 1                                                               
               6  32.degree.                                                   
                     3     10.9  8.4   4.35                                    
                                           1     4                             
       SL12 A  6  32.degree.                                                   
                     3     10.8   8.35                                         
                                      8.2  4     4                             
     --                                                                        
     22                                                                        
       Miele                                                                   
            Ex 1                                                               
               6  32.degree.                                                   
                     3     11.4  8.7  4.7  2     4                             
       G500 A  6  32.degree.                                                   
                     3     11.4  8.7  8.5  4     4                             
     --                                                                        
     23                                                                        
       Indesit*                                                                
            Ex 1                                                               
               6   6.degree.                                                   
                     3     11.6  8.0  3.7  1     4                             
     --     A  6   6.degree.                                                   
                     3     11.6  8.0  8.1  4     4                             
     __________________________________________________________________________
      *This machine was not equipped with a by-pass for the water softening    
      unit.                                                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A liquid rinse composition for use in machine dishwashing comprising
PA1  a. from 3-30% by weight of a low foaming nonionic surface active agent
      selected from the group consisting of
      polyoxyethylene-polyoxypropylene-polyoxyethylene polyols;
      polyoxyethylene-polyoxypropylene condensates of higher aliphatic alcohols
      having from 8-22 carbon atoms in the aliphatic portion and from 3-50
      oxyalkylene units in the oxyalkylene portion; polyoxyethylene esters of
      higher fatty acids having from 8-22 carbon atoms in the acyl group and
      from 8-30 ethylene oxide units in the oxyethylene portion; and
      polyoxyethylene condensates of higher fatty acid amines and amides having
      from 8-22 carbon atoms in the fatty alkyl or acyl group and from 10-30
      ethylene oxide units in the oxyethylene portion;
PA1  b. from 0.5-10% by weight of a monoalkylphosphate ester selected from the
      group consisting of esters of the general formula
      ##EQU4##
      where n, the actual number of ethylene oxide units, is 0-5;
PA2  R.sub.1 is --(CH.sub.2).sub.x CH.sub.3 or --(CH.sub.2).sub.x C.sub.6
      H.sub.5 ;
PA2  R.sub.2 is --(CH.sub.2).sub.y CH.sub.3 or --(CH.sub.2).sub.y C.sub.6
      H.sub.5 ;
PA2  R.sub.3 is &gt;CH-(CH.sub.2).sub.z --,&gt;CH--(CH.sub.2).sub.z --C.sub.6 H.sub.4
      --,&gt;C.sub.6 H.sub.3 --(CH.sub.2).sub.z --, or
      ##EQU5##
      and x,y or z are zero or integers such that x + y + z are from 7 to 17
      when R.sub.1, R.sub.2 or R.sub.3 comprise alkyl hydrocarbon groups and 6
      to 16 when R.sub.3 comprises aryl or hydroxyalkyl groups; and
      mono-substituted organic phosphates of the general formula
      ##EQU6##
      n being the actual number of ethylene oxide units and R.sub.4 a linear
      alkyl hydrocarbon chain wherein when n is 0 R.sub.4 is C.sub.10-16 alkyl
      and when n is from 1-5 R.sub.4 is C.sub.10-18 alkyl; and
PA1  (c) from 35-80% by weight of lactic, citric or glutaric acid or a mixture
      thereof.
NUM  2.
PAR  2. A rinse composition according to claim 1 wherein the monoalkylphosphate
      ester is an ester of a C.sub.11-15 random secondary alcohol containing an
      average of 3 moles of ethylene oxide per mole of alcohol.
NUM  3.
PAR  3. A rinse composition according to claim 1 comprising from 0-15% by weight
      of isopropanol.
NUM  4.
PAR  4. A rinse composition according to claim 1 having a pH of from 2 to 3.
NUM  5.
PAR  5. A method of providing an anti-resoiling film on the surface of aluminium
      articles which comprises rinsing the articles in a dilute solution of a
      rinse composition, said rinse comprising
PA1  a. from 3-30% by weight of a low foaming surface active agent selected from
      the group consisting of polyoxyethylene-polyoxypropylene-polyoxyethylene
      polyols; polyoxyethylenepolyoxypropylene condensates of higher aliphatic
      alcohols having from 8-22 carbon atoms in the aliphatic portion and from
      3-50 oxyalkylene units in the oxyalkylene portion; polyoxyethylene esters
      of higher fatty acids having from 8-22 carbon atoms in the acyl group and
      from 8-30 ethylene oxide units in the oxyethylene portion; and
      polyoxyethylene condensates of higher fatty acid amines and amides having
      from 8-22 carbon atoms in the fatty alkyl or acyl group and from 10-30
      ethylene oxide units in the oxyethylene portion;
PA1  b. from 0.5-10% by weight of a monoalkylphosphate ester selected from the
      group consisting of esters of the general formula
      ##EQU7##
      where n, the actual number of ethylene oxide units, is 0-5;
PA2  R.sub.1 is --(CH.sub.2).sub.x CH.sub.3 or --(CH.sub.2).sub.x C.sub.6
      H.sub.5 ;
PA2  R.sub.2 is --(CH.sub.2).sub.y CH.sub.3 or --(CH.sub.2).sub.y C.sub.6
      H.sub.5 ;
PA2  R.sub.3 is &gt;CH--(CH.sub.2).sub.z --,&gt;CH--(CH.sub.2).sub.z --C.sub.6 H.sub.4
      --,&gt;C.sub.6 H.sub.3 --(CH.sub.2).sub.z --, or
      ##EQU8##
      and x, y or z are zero or integers such that x + y + z are from 7 to 17
      when R.sub.1, R.sub.2 or R.sub.3 comprise alkyl hydrocarbon groups and 6
      to 16 when R.sub.3 comprises aryl or hydroxyalkyl groups; and
      mono-substituted organic phosphates of the general formula
      ##EQU9##
      n being the actual number of ethylene oxide units and R.sub.4 a linear
      alkyl hydrocarbon chain wherein when n is 0 R.sub.4 is C.sub.10-16 alkyl
      and when n is from 1-5 R.sub.4 is C.sub.10-18 alkyl; and
PA1  c. citric, lactic or glutaric acids or a mixture thereof in amount, being
      not less than 35 nor more than 80% by weight of said rinse composition,
      such that when 6 mls of said rinse composition is added to from 9-10
      liters of water of 24.degree. hardness the dilute solution obtained has a
      pH of less than 6.5.
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ABST
PAL  A process suitable for reclaiming europium-activated yttrium oxysulfide
      contaminated with europium-activated yttrium oxide and other non-rare
      earth cathodoluminescent phosphors comprises forming a relatively uniform
      admixture of specific fluxing agents, the contaminated yttrium oxysulfide
      phosphor, a sufficient amount of reactive rare earth source selected from
      reactive yttrium and europium sources to achieve a predetermined yttrium
      to europium ratio in the admixture and an excess of the theoretical amount
      of sulfur required to convert the yttrium oxide and the yttrium source to
      yttrium oxysulfide, heating the admixture at a temperature of at least
      850.degree.C in non-oxidizing atmosphere for a time sufficient to convert
      the yttrium oxide and the yttrium source to a europium-activated yttrium
      oxysulfide whereby the rare earth materials form a cathodoluminescent
      material and whereby the non-rare earth materials form water soluble
      reaction products, washing the resulting material with sufficient water to
      remove water soluble materials leaving a cathodoluminescent
      europium-activated yttrium oxysulfide phosphor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to reclaiming europium-activated yttrium oxysulfide
      phosphors contaminated with other cathodoluminescent phosphor materials.
      More particularly it relates to a process for removing the contaminants
      and additionally enables the particle size, emission color, body color and
      the chemical composition of the resulting phosphor to be controlled in
      such a manner as to yield a highly satisfactory cathodoluminescent
      europium-activated yttrium oxysulfide phosphor.
PAR  2. Prior Art
PAR  Europium-activated yttrium oxysulfide phosphor is one of the most used red
      emitting phosphors in color picture tubes. Another red emitting phosphor
      used in sizeable quantities is europium-activated yttrium oxide. However,
      in many instances due to poor quality tubes, tube breakage and the like,
      these phosphors become contaminated with other phosphors. Since these rare
      earth phosphors are expensive recovery or reclamation is necessary for
      economic reasons. Generally the red emitting phosphor has also been
      contaminated with the blue and green emitting phosphors which are
      generally the zinc sulfide or zinc-cadmium sulfide. Heretofore, the
      contaminated red rare earth phosphors have been reclaimed by treating with
      mineral acid washes, caustic washes and with or without oxidizing agents
      such as hydrogen peroxide and sodium hypochlorite. Such treatment is
      adequate for many types of reclaims, however when a europium-activated
      yttrium oxysulfide phosphor has an appreciable amount of yttrium oxide
      along with the other cathodoluminescent phosphors; the methods used to
      remove the blue and green contaminants dissolve some of the yttrium oxide
      europium-activated red phosphor. Since the rare earth materials are very
      expensive, this adds appreciably to the cost of the phosphors.
      Additionally, even if the yttrium oxide is not lost, the chromaticity of
      the reclaimed phosphor may be shifted because the europium that is present
      in the europium-activated yttrium oxysulfide. It is believed that a method
      which enables the treatment of a contaminated europium-activated yttrium
      oxysulfide phosphor wherein the contaminants include europium-activity
      yttrium oxide along with the other cathodoluminescent materials used in
      color picture tube manufacture in which the europium-activated, yttrium
      oxide material is converted to a satisfactory europium-activated yttrium
      oxysulfide having a desired or predetermined yttrium to europium ratio
      would be an advancement in the art.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved process for
      reclaiming europium-activated yttrium oxysulfide.
PAR  It is an additional object of this invention to provide a method whereby a
      europium-activated yttrium oxysulfide phosphor contaminated with
      europium-activated yttrium oxide can be efficiently and economically
      processed to an acceptable red emitting cathodoluminescent phosphor
      without an appreciable loss of the rare earth values.
PAR  It is still another object of this invention to provide a process for
      reclaiming a contaminated europium-activated yttrium oxysulfide phosphor
      wherein the particle size and distribution is controlled, the emission
      spectra is controlled, the body color is improved and the chemical
      composition is purified.
PAR  These and other objects of the invention are achieved in one embodiment of
      this invention by providing a process wherein a relatively uniform
      admixture of a cathodoluminescent europium-activated yttrium oxysulfide
      phosphur contaminated with europium-activated yttrium oxide and other
      non-rare earth cathodoluminescent phosphor materials is formed in
      conjunction with a flux selected from a group consisting of alkali metal
      phosphates and alkali metal carbonates, a sufficient amount of a reactive
      rare earth source selected from reactive yttrium and europium sources to
      achieve a predetermined yttrium to europium molar ratio in the admixture
      and an excess of the theoretical amount of sulfur required to convert the
      yttrium oxide and the yttrium source to yttrium oxysulfide, heating the
      foregoing admixture at a temperature of at least 850.degree.C in a
      non-oxidizing atmosphere for a time sufficient to convert the yttrium
      oxide and the yttrium source to a europium-activated yttrium oxysulfide
      having the predetermined yttrium to europium molar ratio whereby the rare
      earth materials form the foregoing cathodoluminescent material and the
      non-rare earth materials form a water soluble reaction product and
      thereafter washing the resulting material with sufficient water to remove
      the water soluble material and drying the resulting europium-activated
      cathodoluminescent yttrium oxysulfide phosphor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages, and capabilities thereof, reference is
      made to the following disclosure and appended claims in connection with
      the above description of some of the aspects of the invention.
PAR  The contaminated material is generally analyzed by routine chemical
      analysis to determine the amount of yttrium oxide, europium, and other
      contaminants present. From this analysis it can be determined whether or
      not the desired yttrium to europium ratio is present in the material. The
      amount of addition of either the reactive yttrium source or europium
      source to achieve the desired yttrium to europium ratio can be determined
      prior to forming the admixture. About 0.5 to about 5.0 percent by weight
      based upon the contaminated material of a suitable flux selected from the
      group consisting of the alkali metal phosphates and alkali metal
      carbonates is added to the contaminated material and the desired amount of
      the reactive rare earth source. From about 5 percent to about 10 percent
      excess of the amount of sulfur that is theoretically required to convert
      the yttrium oxide and the amount of the reactive yttrium source is added.
      The alkali metal phosphates and alkali metal carbonates are of the
      preferred fluxing materials since they form either water soluble or
      volatile reaction products with the materials with which they react. For
      example, an alkali metal carbonate when reacted with yttrium oxide and
      sulfur along with yttrium phosphate as the reactive yttrium source to form
      Y.sub.2 O.sub.2 S sodium phosphate which is water soluble and carbon
      dioxide is evolved. Sulfur that is in excess either forms water soluble
      polysulfides or is vaporized. The desired yttrium and europium sources are
      generally the oxides or the oxalates, carbonates, phosphates, and the
      like, since these materials react to form either water soluble or volatile
      reaction products.
PAR  After the admixture is formed it is heated at a temperature of at least
      about 850.degree.C in a non-oxidizing atmosphere for sufficient time for
      the yttrium oxide and the reactive yttrium source to be sulfurized to form
      yttrium oxysulfide. The preferred temperature for firing the admixture is
      from about 950.degree.C to about 1100.degree..iota.C and the time required
      to convert the material at about 1000.degree.C is about 1.5 hours. Longer
      times are required if lower temperatures are used. After firing, the fired
      material is washed with hot water to remove the water soluble materials.
      The completeness of the removal can easily be determined by measuring the
      pH of the wash water after it has washed the fired material. When the pH
      becomes neutral the water soluble materials have been removed. The
      phosphor is then filtered, dried, and generally has the desired particle
      size and particle size distribution and the proper chromaticity. Generally
      the brightness of the claimed phosphor is as bright as virgin
      europium-activated yttrium oxysulfide. To more fully illustrate the
      subject invention the following detailed examples are presented. All
      parts, proportions, and percentages are by weight unless otherwise
      indicated.
PAC  EXAMPLE 1
PAR  About 23 parts of an europium-activated yttrium oxysulfide phosphor
      contaminated with about 5 percent of yttrium oxide and about 1 percent of
      green and blue emitting sulfide phosphors is mixed with about 0.56 parts
      of sulfur, about 0.636 parts of sodium carbonate, and about 0.142 parts of
      yttrium phosphate in order to achieve the proper europium to yttrium ratio
      as determined by the chemical analysis of the contaminated phosphor. After
      the admixture is formed, and blended to achieve a relatively uniform
      admixture, it is placed in a non-oxidizing atmosphere and heated for 1
      hour at about 1100.degree.C. After cooling the material to atmospheric
      temperature it is washed in hot water until a neutral pH of the wash water
      is achieved. Thereafter the solids are removed by filtration, dried, and
      sieved through a 400 mesh screen. An analysis of a sample of the resulting
      phosphors shows that it is 99.9% europium-activated yttrium oxysulfide and
      is essentially free of original contaminants which included rare earth
      oxides and the green and blue emitting sulfide phosphors. The brightness
      of the phosphor is compared to a standard europium-activated yttrium
      oxysulfide is about 98 percent of the standard under cathode ray
      excitation.
PAR  In some instances when the recontaminated material contains large amounts
      of contaminants the foregoing process can be preceded by various
      treatments to remove some of the organic contaminants and major portions
      of the sulfides. The contaminated phosphor is treated with weak caustic
      and weak acid washes. By "weak" caustic it is meant no greater than
      5percent by weight of sodium hydroxide and by "weak" acid is meant with an
      acid containing less than 2 percent by weight of nitric acid. By this
      method no appreciable amount of the rare earth phosphor is lost.
PAR  While there has been shown and described what are at present considered the
      preferred embodiments of the invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process suitable for reclaiming cathodoluminescent europium-activated
      yttrium oxysulfide phosphor, contaminated with europium-activated yttrium
      oxide, and non-rare earth cathodoluminescent green and blue emitting
      sulfide phosphor materials said process comprising:
PA1  a. forming a relative uniform admixture of said contaminated oxysulfide
      phosphor, from about 0.5 to about 5.0 percent by weight of said admixture
      of a flux selected from the group consisting of alkali metal phosphates
      and alkali metal carbonates, a sufficient amount of a reactive rare earth
      source selected from reactive yttrium and europium sources to achieve a
      predetermined Y:Eu molar ratio in the europium activated yttrium
      oxysulfide formed upon subsequent heating and an excess of the theoretical
      amount of sulfur required to convert said yttrium oxide and said yttrium
      source to yttrium oxysulfide; said reactive yttrium and europium sources
      forming europium activated yttrium oxysulfide and water soluble or
      volatile reaction products upon said subsequent heating
PA1  b. heating said admixture at a temperature of at least 850.degree.C in
      non-oxidizing atmosphere for a time sufficient to convert said europium
      activated yttrium oxide and said yttrium and europium sources to a
      europium-activated yttrium oxysulfide cathodoluminescent material having
      said predetermined Y:Eu ratio whereby the non-rare earth sulfide phosphor
      materials form water soluble reaction products.
PA1  c. washing the heated admixture with sufficient water to remove water
      soluble reaction products, and
PA1  d. drying the resulting europium-activated Y.sub.2 O.sub.2 S.
NUM  2.
PAR  2. A process according to claim 1 wherein said excess of said sulfur is
      from about 5 to about 15 molar percent.
NUM  3.
PAR  3. A process according to claim 2 wherein said temperature is from about
      950.degree.C to about 1100.degree.C.
NUM  4.
PAR  4. A process according to claim 3 wherein said flux is sodium carbonate.
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ABST
PAL  Self-activated ultraviolet-emitting zirconium pyrophosphate phosphors,
      wherein 0.01 to 20 mole percent of the zirconium is substituted with one
      or more of hafnium, germanium and silicon. The phosphors, which may be
      excited by ultraviolet radiation, x-rays and electron beams, may be used
      as energy converters in photodevices.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel ultraviolet-emitting phosphors and to
      methods of preparation thereof.
PAR  Very little is known about inorganic cathodoluminescent materials which can
      emit at wavelengths shorter than 3000 A, and very few such phosphors are
      known. One such phosphor, disclosed in U.S. Pat. No. 2,770,749 to A. Bril
      et al, is a self-activated zirconium pyrophosphate phosphor (ZrP.sub.2
      O.sub.7). This phosphor contains highly-charged zirconium ions with an
      np.sup.6 nd.sup.0 configuration. The emission is believed to come from the
      metal ions themselves through charge-transfer transitions between the
      O.sup.2 .sup.- anions and the central metal ion. No activators are needed
      for this process.
PAC  SUMMARY OF THE INVENTION
PAR  The novel phosphors herein consist essentially of zirconium pyrophosphate
      wherein 0.01 to 20 mole percent of the zirconium is substituted with at
      least one of hafnium, germanium and silicon. The unsubstituted phosphor
      may be represented by the molecular formula ZrP.sub.2 O.sub.7. The novel
      phosphors may be represented by the molecular formula Zr.sub.1.sub.-x
      M.sub.x P.sub.2 O.sub.7 wherein M is at least one of Hf, Ge and Si and x
      is in the range of 0.0001 to 0.20.
PAR  The novel phosphors are roentgenoluminescent, cathodoluminescent and
      photoluminescent, emitting in broad spectral bands which peak at about
      2800 to 3000 A. The novel phosphors may be used for their ultraviolet
      emission; for example, in cathode-ray display tubes, flying-spot scanners,
      or in any of the applications mentioned in the above-cited patent to Bril
      et al.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a spectral-emission curve which is typical of the novel
      substituted zirconium pyrophosphate phosphors.
PAR  FIG. 2 comprises two curves showing the effect on power efficiency of
      substituting hafnium for up to about 20-mole percent of zirconium in
      ZrP.sub.2 O.sub.7, and silicon for up to about 5-mole percent of the
      zirconium in ZrP.sub.2 O.sub.7.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  EXAMPLE 1
PAR  To prepare a hafnium-substituted zirconium pyrophosphate phosphor, react
      0.0125-gram hydrated hafnium oxychloride, HfOCl.sub.2.sup.. 8H.sub.2 O,
      with hot concentrated phosphoric acid. The quantity of phosphoric acid is
      more than the stoichiometric amount needed for converting all of the
      oxychloride to pyrophosphate. Then, add 8 grams of hydrated zirconium
      oxychloride, ZrOCl.sub.2.sup.. 8H.sub.2 O, to the mixture. The reaction is
      done in a Teflon container while stirring. The heating and stirring are
      continued until a homogeneous slurry is formed. Usually the slurry is kept
      at the mixing temperature of above 100.degree.C for about 4 hours. Then
      the slurry is transferred to a silica container and placed in a furnace
      for the following heat treatment in air: 400.degree.C for about 15 hours,
      800.degree.C for about 6 hours, and then 1000.degree.C for about 15 hours.
      The reaction product is cooled to room temperature, crushed and ground,
      and then refired in air at about 1200.degree.C for about 6 hours. The
      product is then cooled to room temperature. The product is Zr.sub.0.99
      Hf.sub.O.01 P.sub.2 O.sub.7 having the cubic crystal structure with a =
      8.2448 A. The product is roentgenoluminescent, photoluminescent, and
      cathodoluminescent, emitting in the 2200 to 3200 A spectral range with a
      peak at about 2970 A. With cathode-ray excitation, the phosphor exhibits a
      power efficiency of about 10.2 percent. The cathodoluminescence emission
      spectra obtained from the sample is similar to the one shown in FIG. 1.
PAC  EXAMPLE 2
PAR  To prepare a silicon-substituted zirconium pyrophosphate phosphor, react
      0.0125-gram hydrated SiO.sub.2 with hot concentrated phosphoric acid. Then
      add 8.0 grams of hydrated zirconium oxychloride to the mixture. Then,
      follow the same procedure described in Example 1. The product is
      Zr.sub.0.995 Si.sub.0.005 P.sub.2 O.sub.7 having a cubic crystal structure
      with a = 8.2430 A. The product is roentgenoluminescent, photoluminescent,
      and cathodoluminescent, emitting in the 2200 to 3200 A spectral range with
      a peak at about 2960 A. With cathode-ray excitation, the phosphor exhibits
      a power efficiency of about 10.8 percent. The cathodoluminescent emission
      spectra obtained from the sample is similar to the one shown in FIG. 1.
PAC  EXAMPLE 3
PAR  To prepare a germanium-substituted zirconium pyrophosphate phosphor, react
      0.013 gram of germanium dioxide with hot concentrated phosphoric acid and
      then add 8.0 grams of hydrated zirconium oxychloride powder. Then, follow
      the same procedure described in Example 1. The reaction product is
      Zn.sub.o.995 Ge.sub..005 P.sub.2 O.sub.7 having a cubic crystal structure
      with a = 8.2438 A. The product is roentgenoluminescent, photoluminescent
      and cathodoluminescent, emitting in a broad band which peaks at about 2970
      A with a power efficiency of about 9 percent. The emission spectra
      obtained from the sample is similar to the spectral emission curve shown
      in FIG. 1.
PAC  EXAMPLE 4
PAR  Follow the procedure in Example 1  except substitute a mixture of P.sub.2
      O.sub.5 and water for the phosphoric acid. The resulting product is
      similar to the one described in Example 1.
PAC  EXAMPLE 5
PAR  Follow the procedure in Example 2 except substitute a mixture of P.sub.2
      O.sub.5 and water for the phosphoric acid. The resulting product is
      similar to the one described in Example 2.
PAC  EXAMPLE 6
PAR  Follow the procedure in Example 3 except substitute a mixture of P.sub.2
      O.sub.5 and water for the phosphoric acid. The resulting product is
      similar to the one described in Example 3.
PAC  GENERAL CONSIDERATIONS
PAR  The novel phosphor may be prepared by a variety of synthesis methods. All
      of the examples involve the synthesis of the novel pyrophosphate phosphors
      by a first method from phosphoric acid or P.sub.2 O.sub.5 and water, which
      serve as the sources of phosphate anions. The pyrophosphates claimed in
      the application can be prepared also by a second method from ammonium
      dihydrogen phosphate, sodium pyrophosphate or other light-cation
      water-soluble phosphates. Phosphors prepared by the first method with
      phosphoric acid or P.sub.2 O.sub.5 and water exhibit superior
      roentgenoluminescent, cathodoluminescent and photoluminescent properties
      to phosphors prepared from the light-cation phosphate salt. The product of
      the first method is single-phase cubic material which is free from
      residual oxides. Residual oxide is always present as a second phase in the
      novel pyrophosphate phosphors prepared by the second method.
PAR  By the first method of synthesis, a zirconium compound and a compound of at
      least one of Hf, Ge and Si are reacted with phosphoric acid or P.sub.2
      O.sub.5 and water. The first method yields pure pyrophosphates that are
      substantially free of residual oxide. In one embodiment of the first
      method, the synthesis is done by reacting oxychlorides and phosphoric acid
      (or a solution of P.sub.2 O.sub.5 and water). A mixture of zirconium and
      substituent cation oxychlorides and phosphoric acid is first heated while
      stirring in a Teflon container on a hot plate. Then the mixture is
      transferred to a silica container. The container and contents are heated
      gradually to 1000.degree.C. First, the temperature of the container is
      raised to 400.degree.C, then to 800.degree.C, and then to 1000.degree.C,
      soaking the contents for a few hours at each of the mentioned
      temperatures. After the heat treatment at 1000.degree.C, the material is
      cooled to room temperature, crushed and ground. Then, the ground material
      is heated in air at 1200.degree.C.
PAR  By the second method of synthesis, a zirconium compound and a compound of
      one or more of hafnium, silicon and germanium are reacted with a phosphate
      compound. Any zirconium compound, such as zirconium oxide or zirconium
      oxychloride, may be used. Similarly, any compound of Hf, Si and Ge may be
      used. Any phosphate, such as ammonium phosphate, ammonium dihydrogen
      phosphate, sodium pyrophosphate, or potassium dihydrogen phosphate, may be
      used. Water-soluble phosphates of light cations are preferred. Besides
      zirconium, one or more substituent cations, and phosphate ions, no other
      ions are necessary. Cations which degrade the luminescence in the product,
      particularly cations of the heavy metals, should be avoided. The materials
      should be thoroughly mixed, and then given a preliminary firing to reduce
      the volatilization of phosphate during the main firing. Then, the mixture
      is reheated in air at temperatures between 1000.degree. and 1300.degree.C,
      preferably 1150.degree. to 1250.degree.C, for any convenient length of
      time greater than about 30 minutes, and then cooled to room temperature.
      The reheating (main firing) cycle may be repeated as many times as is
      desired in order to improve the uniformity of the product. The starting
      mixture may be mixed as dry powders, but is preferably mixed with an
      excess of water, which is later evaporated. The wet mixing helps to obtain
      a more homogeneous mixture. After the water is evaporated from the slurry,
      the remaining solid is ready for heat treatment. Following heat treatment,
      the reaction product may be washed to remove any water-soluble material
      that is present.
PAR  FIG. 1 shows a typical cathodoluminescence spectral emission curve 21 for
      substituted zirconium pyrophosphate phosphors. Generally, the emission
      spectra for the novel phosphors peak between 2950 and 2980 A. The novel
      phosphors exhibit power efficiencies of up to about 11 percent. Other
      cation substitutions than hafnium, silicon and germanium were found to be
      detrimental to the emission in the ultraviolet region which peaks below
      3000 A.
PAR  U.S. Pat. No. 2,770,749 issued to A. Bril et al. describes a self-activated
      zirconium pyrophosphate phosphor ZrP.sub.2 O.sub.7 , which is said to emit
      in a broad band which peaks at about 2850 A with power efficiency of about
      4 percent. That efficiency is much lower than the efficiencies of the
      novel substituted zirconium pyrophosphate phosphors. The novel substituted
      phosphors luminesce in the ultraviolet region, and their emission peaks
      are at somewhat longer wavelengths than the prior unsubstituted zirconium
      pyrophosphate phosphors but with much higher power efficiencies.
PAR  Impurities which are introduced into the starting mixtures of synthesis may
      have a large influence on the cathodoluminescence power efficiency of the
      phosphors. Substituting one or more of silicon, germanium and hafnium for
      a portion of the zirconium in zirconium pyrophosphate increases
      significantly the cathodoluminescence efficiency of the phosphor. Curve 23
      of FIG. 2 shows the power efficiencies of novel phosphors which contain up
      to about 20 mole percent hafnium versus the amount of substitution in mole
      percent. Curve 25 of FIG. 2 shows the power efficiencies of novel
      phosphors which contain up to about 5 mole percent silicon. The most
      efficient phosphors are those containing around 0.1 to 1.0 mole percent of
      substituent cations, where the power efficiencies were measured to be over
      8 percent, and the emission peaks were measured at between 2950 and 2980 A
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A luminescent material consisting essentially of Zr.sub.1.sub.-x M.sub.x
      P.sub.2 O.sub.7, wherein M is at least one of Hf, Ge and Si, and x is in
      the range of 0.0001 and 0.20, said luminescent material having a
      cathodoluminescent power efficiency greater than that of unsubstituted
      self-activated ZrP.sub.2 O.sub.7 phosphor.
NUM  2.
PAR  2. The luminescent material defined in claim 1, wherein x is in the range
      of 0.001 to .01.
NUM  3.
PAR  3. The luminescent material defined in claim 1, wherein M is Hf.
NUM  4.
PAR  4. The luminescent material defined in claim 1, wherein M is Ge.
NUM  5.
PAR  5. The luminescent material defined in claim 1, wherein M is Si.
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PAL  In a process for redispersion of the iridium agglomerates (irridium and/or
      iridium oxide) of a deactivated iridium-containing catalyst, especially a
      platinum-iridium catalyst, in ferrous metal equipment, wherein the
      agglomerated iridium, or agglomerated platinum and iridium, is redispersed
      and the catalyst reactivated by sequential prereduction-halogen
      treatments, the improvement comprising adding and maintaining small
      amounts of water with the halogen to suppress ferrous metal corrosion and
      catalyst contamination during the required treatment with halogen.
BSUM
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  Reference is made to application Ser. No. 343,304 by D. J. C. Yates, filed
      Mar. 21, 1974 (which is a continuation-in-part of application Ser. No.
      248,603 filed Apr. 28, 1972); application Ser. Nos. 388,742; 388,743;
      388,744 by D. J. C. Yates et al, filed Aug. 16, 1973; application Ser. No.
      388,741 by J. D. Paynter et al filed Aug. 16, 1973; application Ser. No.
      388,746 by J. H. Sinfelt et al, filed Aug. 16, 1973; and application Ser.
      No. 411,192 by J. H. Sinfelt et al, filed Aug. 16, 1973 (which is a
      continuation-in-part of Ser. No. 388,746, filed Aug. 16, 1973), all of
      which relate to the reactivation of iridium-containing catalysts.
PAR  Catalytic reforming, or hydroforming, is a process well known to the
      petroleum refining industry and has been used for improving the octane
      quality of naphthas and straight run gasolines for decades. In a typical
      process, a series of reactors, constructed of ferrous metal, are provided
      with fixed beds of a supported noble metal/halogen catalyst, and each
      reactor is preceded by a reheat furnace. A naphtha feed, with hydrogen, is
      co-currently passed sequentially through a reheat furnace and then
      downflow to the preceding reactor of the series. The vapor effluent from
      the last reactor of the series is a gas rich in hydrogen, which usually
      contains small amounts of normally gaseous hydrocarbons, and it is
      separated from the C.sub.5.sup.+ liquid product and recycled to the
      process to inhibit coke formation on the catalyst, though overall there is
      net hydrogen production.
PAR  Iridium-containing catalysts, or catalysts comprising composites of
      platinum and iridium with an inorganic oxide base, particularly alumina,
      were reported many years ago and are described in U.S. Pat. No. 2,848,377.
      Though the activity of these catalysts is very high, serious loss of
      activity occurs quite rapidly due to the tendency of the iridium, when
      exposed to oxygen at elevated temperatures, to form larger aggregates, or
      agglomerates; and, as the size of the agglomerates increases, there
      results a progressive decline in catalyst activity. X-ray diffraction
      patterns taken, e.g., on fresh, or carefully reactivated, platinum-iridium
      catalysts thus fails to show any significant lines corresponding to
      platinum, or iridium, this indicating that platinum and iridium are
      present in very finely dispersed atomic forms. X-ray diffraction patterns
      taken on the same catalyst used in reforming, from which the coke has been
      burned, not only shows the presence of platinum and iridium, but also
      agglomerates of relatively large or massive crystals of a size (length of
      a side of an assumed cubic crystallite) in excess of about 50A and even
      150A, and greater. The crystallite size of the platinum is sharply
      contrasted with the state of dispersion of the platinum on fresh catalysts
      which is shown by carbon monoxide chemisorption techniques to range in
      average size to a maximum of about 11 or 12A. (See J. of Catalysis, 8 348,
      1967 by D. J. C. Yates and J. H. Sinfelt.) Iridium metal not only exhibits
      similar behavior but, additionally, possesses an acute tendency to
      agglomerate into large crystallites which contain iridium oxide in
      admixture with the agglomerated metal. The activity of such catalysts is
      substantially lowered as a result of the loss of metal dispersion on the
      catalytic surface.
PAR  The iridium-containing catalyst must be periodically regenerated to remove
      coke which forms on the catalytic surfaces, since deposited coke shields
      the active sites from the reactants and results in catalyst deactivation.
      Regeneration is accomplished by burning the coke from the catalyst. In
      burning coke from the catalyst, a moderately high or high temperature,
      oxygen environment is required at which conditions iridium metal
      agglomeration, and iridium oxide formation (wherein the iridium oxide
      generally forms in admixture with the metal) becomes particularly acute,
      and redispersal of the metal, or metals, is essential to reactivate the
      catalyst.
PAR  Satisfactory techniques have only recently been discovered for redispersing
      iridium and iridium oxide containing agglomerates. In accordance with
      these procedures, it has been found that the agglomerates of
      iridium-containing catalysts can be redispersed, and the deactivated
      catalyst thereby reactivated, by sequential (a) pre-reduction, preferably
      with hydrogen, (b) with subsequent contact of the reduced catalyst with
      halogen, or halogen-containing gaseous mixtures, e.g., chlorine or
      chlorinecontaining gaseous mixtures, which may or may not contain oxygen.
      Of the techniques described, multiple cycle treatments of (a)
      pre-reduction and (b) halogen contacts are most preferred in reactivation
      of the iridium-containing deactivated catalysts. Whereas these techniques
      have proven effective in redispersing iridium agglomerates, particularly
      the multiple cycle treatments which can, in varying degrees of
      effectiveness, completely redisperse the iridium agglomerates, the
      sequential prereduction-halogen treament cycle, and use of large amounts
      of halogen, can cause some particularly troublesome corrosion problems
      with conventional ferrous metal reactors, and auxiliary process
      equipment--viz., inlet pipes, condensers, pumps, etc.--as well as iron
      catalyst contamination problems.
PAR  The present invention is concerned with improvements in a process for
      redispersing the iridium agglomerates (iridium or iridium oxide, or both)
      of a deactivated iridium-containing catalyst, especially platinum and
      iridium metals containing catalysts, in ferrous metal process equipment,
      wherein the agglomerated iridium (or, e.g., agglomerated iridium and
      platinum) is redispersed and the catalyst reactivated by sequential
      prereduction-halogen treatments such as is practiced in reactivation of
      iridiumcontaining catalyst deactivated during catalytic reforming in
      improving the octane quality of C.sub.5.sup.+ naphtha or gasoline, supra,
      this improvement comprising adding and maintaining small amounts of water
      within the halogen to suppress ferrous metal corrosion and contamination
      during the required treatment with halogen.
PAR  It is found that water can be added to the halogen in concentration ranging
      from about 0.1:1 to about 15:1, and higher, and preferably from about
      0.4:1 to about 3.0:1, molar ratio of water:halogen to suppress or prevent
      ferrous metal corrosion, and contamination. Whereas it is found that water
      to some extent suppresses, or retards, the rate of redispersion of the
      agglomerated iridium, this slight adverse effect is off-set by the
      advantages achieved by suppression or prevention of ferrous metal
      corrosion, and contamination. The water:halogen molar ratios required for
      optimum effectiveness is affected by the manner in which the water and
      halogen are added to the ferrous metal zone which contains the deactivated
      catalyst. The lower water:halogen molar ratios thus appear more effective
      in suppressing ferrous metal corrosion when some water is introduced into
      the ferrous metal zone prior to introduction of the water-halogen
      admixture, as contrasted with the introduction of similar concentration of
      water and halogen as separate components, or even as admixtures of water
      and halogen wherein the water and halogen are introduced without prior
      introduction of water. In the preferred mode of practicing the invention,
      therefore, water is pre-introduced prior to addition of the water-halogen
      admixture for a time sufficient to assure that the ferrous metal surfaces
      of the reaction zone are adequately wetted, this requiring generally from
      about 0.25 to about 4 hours, or more. Suitably, following pre-reduction,
      the desired amount of water is added, generally in admixture with a
      nonreactive or inert gas and subsequently the halogen is cut in in the
      amount required to provide the desired water:halogen molar ratio. It is
      desired to use as little water as possible in the water-halogen mixture
      consistent with the overall objective of suppressing ferrous metal
      corrosion, such that retardation of the rate of redispersion is suppressed
      to no greater extent than necessary. Whereas such variables as the
      temperature of redispersion, the nature and relative concentration of the
      hydrogenation-dehydrogenation components constituting the agglomerates,
      the physical size of the agglomerates, the nature and concentration of
      halogen employed in the treating gas mixture, and the like, will cause
      some variation of the molar ratios employed in the water:halogen
      equilibrium mixtures, in most instances, it appears that the optimum molar
      ratio of water:halogen in waterhalogen admixtures ranges from about 1:1 to
      about 2:1, and preferably from about 1.2:1 to about 1.6:1. Since water
      retards the rate of dispersion of iridium agglomerates, it may be
      desirable in some instances to dry the catalyst bed prior to contact with
      the moisture-containing chlorine. When the catalyst beds are pre-dried,
      the front part of the dry bed of catalyst, however, tends to soak up much
      of the moisture from the incoming chlorine/water mixture, leaving
      relatively dry chlorine to contact the middle and exit portions of the
      bed. In other words, the rate of redispersion of the agglomerated metal is
      optimized for the exit portion of the bed wherein it is most needed, and
      yet ferrous metal surfaces at the bed inlet remain fully protected against
      corrosion and iron carryover. In most procedures for reactivation of
      reforming catalysts, however, the added cost factor imposed by additional
      drying steps is not justified. It is not justified in most situations
      involving multiple-cycle treatments because the agglomerated metal is
      generally completely redispersed after only about two or three cycles of
      treatment without the intermediate drying step and, even with intermediate
      drying, it is not generally desirable to lessen the number of cycles of
      treatment despite the increased efficiency resultant from drying the
      catalyst.
PAR  It is essential in the practice of the present process to remove coke or
      carbonaceous deposits from coke fouled catalyst, such as typically occurs
      in reforming wherein the reforming catalyst becomes fouled with coke or
      carbonaceous deposits. After this is accomplished, the catalyst is then
      contacted with a reducing gas and the iridium metal component, or
      components, and oxides thereof, if any, are reduced, along with any other
      metal component, or components, which may be present, e.g., platinum
      metal, or compounds thereof. The purpose of the hydrogen treat is to
      reduce the metal hydrogenation-dehydrogenation component, or components,
      to its metallic state. Subsequent halogenation treatment will then more
      effectively disperse the metals. The purpose of the halogenation
      treatment, on the other hand, is to reduce the average crystallite size of
      the hydrogenation-dehydrogenation component of the catalyst, i.e., the
      iridium or platinum metal component, or both. To restore fresh catalyst
      activity, substantially all of the iridium must be dispersed to a
      crystallite size less than about 50A, and preferably to crystallite sizes
      down in the 11 and 12A range, which approximates essentially atomically
      dispersed metal, this being generally the metal crystallite size of fresh
      catalyst.
PAC  REGENERATION
PAR  In initiating regeneration in a reforming process, one of the series of
      reactors, provided with ferrous metal surfaces, is shut down, and the
      reactor, or reactors, is purged to remove reactive vapors, and the
      regeneration is accomplished in situ or ex situ.
PAR  A reactor (constituting a reaction zone) containing a bed of the catalyst,
      the latter having reached an objectionable degree of deactivation due to
      coke deposition thereon, is first purged of hydrocarbon vapors with a
      nonreactive or inert gas, e.g., helium, nitrogen, or flue gas. The coke or
      carbonaceous deposits are then burned from the catalyst by contact with an
      oxygencontaining gas at controlled temperature below the sintering point
      of the catalyst, generally below about 1300.degree.F., and preferably
      below about 850.degree.F. The temperature of the burn is controlled by
      controlling the oxygen concentration and inlet gas temperature, this
      taking into consideration, of course, the amount of coke to be burned and
      the time desired in order to complete the burn. Typically, the catalyst is
      treated with a gas having an oxygen partial pressure of at least about 0.1
      psi (pounds per square inch), and preferably in the range of about 0.3 psi
      to about 2.0 psi, to provide a temperature ranging from 575.degree.F. to
      about 850.degree.F., and preferably from about 575.degree.F. to about
      750.degree.F., at static or dynamic conditions, preferably the latter, for
      a time sufficient to remove the coke deposits. Coke burn-off can be
      accomplished by first introducing only enough oxygen to initiate the burn
      while maintaining a temperature on the low side of this range, and
      gradually increasing the temperature as the flame front is advanced by
      additional oxygen injection until the temperature has reached optimum.
      Most of the coke can be readily removed in this way. For example, a
      catalyst obtained from a conventional reforming operation typically
      containing from about 1 to 20 weight percent of coke deposited thereon,
      based on total catalyst, can be depleted of coke in this manner.
      Generally, the amount of coke can be reduced to as little as about 0.1
      weight percent with oxygen partial pressures such as described, requiring
      generally from about 0.1 to about 48 hours, and preferably from about 0.5
      to about 20 hours.
PAR  In accordance with the best mode of practicing the present invention, at
      least two, and generally up to about five, or more, cycles of sequential
      hydrogen reduction and halogenation treatment are required to reactivate
      the reforming catalysts to their original state of activity, or activity
      approaching that of fresh catalyst after coke or carbonaceous deposits
      have been burned from the catalyst. Preferably, from 2 to about 4 cycles,
      most preferably 3 cycles, of sequential hydrogen reduction and
      halogenation treatment are employed, after carbon burn-off, in treating
      partially agglomerated catalysts resultant from typical coke removal
      operations. The process of the present invention can, in any event, be
      properly regarded as a process in itself useful for reactivation of coke
      fouled, halogen depleted, partially agglomerated catalysts from any
      source, but particularly such as results from a typical reforming process,
      or as a reforming process which, after catalyst inactivation and coke
      burn-off, includes a plurality (at least two) of cycles of sequential
      hydrogen reduction and halogen treating steps, as follows:
PAC  REDUCTION
PAR  After the coke burn-off step, oxygen is purged from the reaction zone by
      introduction of a nonreactive or inert gas, e.g., nitrogen or helium, to
      eliminate the hazard of a chance explosive combination of hydrogen and
      oxygen. A reducing gas, particularly hydrogen, or a hydrogen-containing
      gas, generated in situ or ex situ, is first introduced into the reaction
      zone and contacted with the coke-depleted catalyst at temperature ranging
      from about 400.degree.F. to about 1100.degree.F., and preferably from
      about 650.degree.F. to about 950.degree.F., sufficient to effect reduction
      of the metal hydrogenation-dehydrogenation component, or components,
      contained on the catalysts. Pressures are not critical, but typically
      range between about 5 psig to about 100 psig. Suitably, the gas employed
      comprises from about 0.5 to about 50 percent hydrogen, with the balance of
      the gas being substantially nonreactive or inert. Pure, or essentially
      pure, hydrogen is, of course, suitable but is quite expensive and
      therefore need not be used. The concentration of the hydrogen in the
      treating gas and the necessary duration of such treatment, and temperature
      of treatment, are interrelated, but generally the time of treating the
      catalyst with a gaseous mixture such as described ranges from about 0.1
      hour to about 48 hours, and preferably from about 0.5 hour to about 24
      hours, at the more preferred temperatures.
PAR  Subsequent to the reduction, and prior to the halogenation/water treatment,
      the reduced form of the catalyst is not to be contacted with a
      halogen-free, oxygen-containing gas at temperatures ranging in excess of
      about 775.degree.F. Contact of the catalyst with oxygen, e.g., air or
      other gases of high oxygen concentration, at sufficient temperature will
      produce back-oxidation and agglomeration of the iridium to produce iridium
      oxide.
PAC  HALOGENATION
PAR  Prior to introduction of halogen, hydrogen may be purged from the reaction
      zone, if desired, suitably by use of a nonreactive or inert gas such as
      helium, nitrogen or flue gas. If desired, the catalyst bed can be dried,
      e.g., to less than 150 ppm water, based on the weight of the catalyst, as
      by contact with dry hydrogen at about 930.degree.F. at periods ranging
      from 1 to about 22 hours. The halogenation step is then carried out, prior
      to contact with a substantially halogen-free, oxygen-containing gas at a
      temperature in excess of about 775.degree.F., sequentially or
      simultaneously, by injecting water and halogen, or a halogen component
      which will decompose in situ and liberate halogen, e.g., chlorine,
      bromine, fluorine or iodine, in the desired quantities, into the reaction
      zone and into contact with the reduced catalyst. The halogen is generally
      introduced as free halogen, or as a gaseous mixture which contains free
      halogen, and preferably the halogen, or halogen-containing gaseous mixture
      is presaturated with the desired amount of water and then injected into
      the reforming zone and into contact with the catalyst at temperature
      ranging from about 550.degree.F. to about 1150.degree.F., sufficient to
      effect redispersion of the agglomerated metal, or metals. Preferably,
      temperatures range from about 850.degree.F. to about 1150.degree.F., and
      more preferably from about 900.degree.F. to about 1000.degree.F. The
      introduction is generally continued up to the point of halogen
      breakthrough, or point in time when halogen is emitted from the bed
      downstream of the location of entry where the halogen gas is introduced.
      The concentration of halogen is not critical, and can range, e.g., from a
      few parts per million to essentially pure halogen gas. Suitably, the
      halogen, e.g., chlorine, is introduced in a gaseous mixture wherein the
      halogen is contained in concentration ranging from about 0.01 mole percent
      to about 10 mole percent, and preferably from about 0.1 mole percent to
      about 3 mole percent. The concentration of water contained within the
      water-halogen mixture is critical and is preferably added in minimum
      concentration consistent with the desired objective of suppressing ferrous
      metal surface corrosion, and iron contamination.
PAR  Suitable halogen-containing materials for the purpose of this invention,
      added alone or in admixture with other materials, include free halogen,
      e.g., chlorine, bromine, fluorine, iodine, and the like, and including the
      hydrogen halides, e.g., hydrogen chloride, hydrogen bromide and halide
      precursors, e.g., halogen compounds of the type which thermally or
      oxidatively decompose in situ to liberate elemental halogen. Preferred
      halogen-containing compounds include organic halides such as alkyl and
      aryl mono- and poly-halides, as well as halogenated acids, aldehydes,
      ketones, etc. Suitable alkyl halides, for example, include methyl
      chloride, ethyl bromide, methyl chloroform, carbon tetrachloride, and the
      like. Preferred organic halides are those having a relatively high halogen
      content such as tetrahalide, e.g., carbon tetrachloride, etc., or a
      trihalide, e.g., chloroform, tertiary butyl chloride, or other polyhalide
      compounds such as methyl chloroform, perchloroethane, and the like.
PAR  After the initial reduction of the coke-depleted catalyst, care should be
      exercised to avoid exposing the reduced catalyst to a substantial
      halogen-free, oxygen-containing gas at a temperature in excess of about
      775.degree.F. Preferably, the redispersion process of this invention is
      completed and the catalyst returned to use without contacting the same
      (after the initial reduction operation) with a substantially halogen-free,
      oxygen-containing gas at a temperature in excess of about 775.degree.F.
PAR  The invention will be more fully understood by reference to the following
      selected nonlimiting examples and comparative data which illustrate its
      more salient features. All parts are given in terms of weight except as
      otherwise specified.
PAR  In a series of runs described in detail hereafter, Inconel reactors are
      separately charged with partially agglomerated, inactivated
      platinum-iridium catalyst and carbon steel lathe turnings are placed at
      each reactor inlet. The Inconel reactors and steel turnings provide a
      controlled source of iron which simulates conditions found in a full size
      commercial reactor built of carbon steel. In an initial step, pure
      hydrogen is injected into a reactor, at conditions simulating those
      required to prereduce the metal components of the catalyst, as required in
      commercial practice. After the prereduction, the flow of hydrogen is
      discontinued. Dry chlorine is then injected into a first reactor, and
      chlorine and water are injected into a second reactor, the chlorine and
      water being added in varying concentrations so that the effect of the
      added water, as well as the effect of not adding water, can be determined.
      In the runs described by reference to Examples 1 through 8, where an
      admixture of chlorine and water are added, the desired amount of water to
      be added to the chloride is preintroduced with nitrogen, subsequent to
      which time the chlorine is cut in to provide an admixture of water and
      chlorine in desired ratio to the reaction. As will be shown in the
      examples, iron corrosion and iron carryover are readily suppressed in each
      instance when water is introduced in sufficient concentration with the
      chlorine, and yet the agglomerated metal is effectively redispersed. In
      fact, with multicycle treats, it is shown that the iridium agglomerates
      can be completely redispersed, and the catalyst thereby reactivated.
DETD
PAC  EXAMPLE 1
PAR  A pair of runs was made wherein each of two reactors were separately
      charged with 130 parts of 50+ percent agglomerated cokefree
      platinum-iridium catalyst (crystallite size metals &gt;50A), and 5 parts of
      carbon steel lathe turnings, the latter charge being placed within an
      inlet leading into a reactor. The two reactors were then separately
      treated with pure hydrogen at temperature ranging 700.degree.F. to
      930.degree.F. in an initial step to prereduce the catalyst, and the
      hydrogen then cut out of the reactor. The prereduced charges of catalyst
      were then treated with an admixture of 0.13 percent chlorine in nitrogen
      at 930.degree.F., 100 psig, 25.3 SCF/Hr. for a period of 1 hour at which
      point in time chlorine breakthrough at the bed was achieved. In one of the
      runs, dry chlorine was added to a reactor (Reactor 1) while in the other
      (Reactor 2), wet nitrogen, sufficient to provide 4000 ppm total water, was
      added to the reactor for a period of 16 hours, after which time chlorine
      in concentration sufficient to provide 0.13 percent chlorine in nitrogen
      is then cut in, or additionally added, with the following results:
TBL                     % Iron Deposited                                       
                                  %                                            
     Run    Description on Catalyst                                            
                                  Redispersion                                 
     __________________________________________________________________________
     Reactor 1                                                                 
            1 hr. treat with                                                   
                        0.42      54                                           
            0.13% Cl.sub.2 in N.sub.2                                          
            (system prereduced)                                                
     Reactor 2                                                                 
            1 hr. treat with                                                   
                        0.00      19                                           
            0.13% Cl.sub.2 in wet N.sub.2                                      
            (4000 ppm H.sub.2 O)                                               
            (system prereduced)                                                
     __________________________________________________________________________
PAR  It is thus observed that iron corrosion and carryover was eliminated by
      injection of water, though the effectiveness of the redispersion is
      lessened. Thus, in Reactor 1, the agglomerates were 54 percent redispersed
      to crystallite sizes ranging below 50A, whereas in Reactor 2, the
      agglomerates were only 19 percent redispersed to crystallite sizes ranging
      below 50A. In the best mode of practicing the invention, it was found
      desirable to add only sufficient water to achieve the desired suppression
      of iron corrosion and carryover, without additional water since the rate
      of redispersion was found to be adversely affected, and the rate of
      retardation was found to increase with increasing concentrations of water.
PAC  EXAMPLES 2-8
PAR  A series of runs was made to define the minimum water level needed to
      suppress iron corrosion and carryover. These runs were made at various
      Cl.sub.2 and H.sub.2 O concentrations. In the front of each Inconel
      reactor was placed the usual 5 parts by weight charge of iron filings, and
      130 parts by weight of the prereduced, cokefree, agglomerated
      platinum-iridium catalyst, at the conditions of the preceding example, and
      iron carryover was determined as the percent of the original iron filings
      found on the catalyst after the chlorine treat. One run was conducted, for
      reference, wherein no water, but only chlorine, was added (Run No. 1),
      three runs were conducted wherein water was preintroduced into the
      reactor, with nitrogen, for periods ranging from 1 to 24 hours prior to,
      or in advance of, the introduction of the wet chlorine into the reactor
      (Run Nos. 2-4), and four runs were conducted wherein water, with nitrogen,
      was preintroduced into the reactor for a period of only about 5 to 15
      minutes prior to initiation of the run (Run Nos.  5-8) wherein an
      admixture of water and chlorine was added, with the following results:
TBL  Zero Water Addition                                                       
     Run No. H.sub.2 O/Cl.sub.2 Molar Ratio                                    
                                  %Iron Carryover                              
     ______________________________________                                    
     1       0.0                  10.6                                         
     Long Water Preaddition Period                                             
     2       0.4                  12.2                                         
     3       0.6                  0.0                                          
     4       3.0                  0.0                                          
     Short Water Preaddition Period                                            
     5       0.95                 2.0                                          
     6       1.05                 2.8                                          
     7       1.4                  0.0                                          
     8       1.45                 0.2                                          
     ______________________________________                                    
PAR  From these data it will thus be observed that relatively low values for
      H.sub.2 O/Cl.sub.2 ratios suppress iron carryover if long (1-24 hours)
      water preaddition periods (time period of water introduction prior to time
      that the mixture of water and chlorine is added) are used. There appears
      to be a very sharp change in iron carryover between H.sub.2 O/Cl.sub.2
      molar ratio of about 0.4 and 0.6. If shorter water preaddition periods
      (5-15 min.) are used, an H.sub.2 O/Cl.sub.2 molar ratio of about 1.4
      appears optimum to assure no iron carryover.
PAC  EXAMPLES 9-14
PAR  An additional series of runs was made with long water preaddition periods,
      as described above, to learn more of the iron corrosion and carryover
      problem utilizing a TBA instrument (Mettler Vacuum Recording Thermal
      Gravimetric Analyzer, Model TA-1). A carbon steel bar was placed in the
      instrument, in a first run, and heated to 930.degree.F. in hydrogen. A
      stream of dry 1% chlorine in nitrogen was passed over the sample and
      weight loss versus time was recorded. A second run was then made, over the
      same time period, wherein water was continuously added, and the
      concentration of water incrementally increased, as tabulated below, until
      iron carryover ceased. The recorded data are as follows:
TBL             Iron Loss              Iron Loss                               
                (Grams)                (Grams)                                 
     Time Period                                                               
                No Added   Added Water with Added                              
     (Hrs.)     Water      (ppm)       Water                                   
     ______________________________________                                    
     0.0        0.000      0.000       0.000                                   
     0.5        0.040      2000        0.036                                   
     1.0        0.080      4000        0.074                                   
     1.5        0.120      6000        0.098                                   
     2.0        0.160      8000        0.095                                   
     2.5        0.200      10,000      0.094                                   
     ______________________________________                                    
PAL  It is thus shown that iron carryover is stopped between 4000 and 6000 ppm
      water, this corresponding to a molar ratio of water: chlorine ranging
      between about 0.4:1 and 0.6:1.
PAC  EXAMPLE 15
PAR  Another series of runs was made, corresponding to those described by
      reference to Examples 9-14, except that in this instance 0.2 percent
      chlorine was employed and water, where injected, was injected each
      half-hour period from time zero, in concentrations of "0" water, 400 ppm,
      800 ppm, 1200 ppm, and 1600 ppm, respectively. These data are tabulated as
      follows:
TBL             Iron Loss              Iron Loss                               
                (Grams)                (Grams)                                 
     Time Period                                                               
                No Added   Added Water with Added                              
     (Hrs.)     Water      (ppm)       Water                                   
     ______________________________________                                    
     0.0        0.00       0.00        0.000                                   
     0.5        0.060      400         0.060                                   
     1.0        0.012      800         0.011                                   
     1.5        0.018      1200        0.011                                   
     2.5        0.032      --          --                                      
     ______________________________________                                    
PAR  In this instance, iron carryover was stopped at 800 ppm H.sub.2 O. From
      these data, it thus appears that iron carryover is stopped at an H.sub.2
      O/Cl.sub.2 molar ratio ranging between 0.4-0.6.
PAC  EXAMPLES 16-19
PAR  An additional series of runs was made to show that a higher rate of
      redispersion of iridium agglomerates can be achieved by drying a bed of
      the iridium-containing catalyst after the hydrogen prereduction step, and
      prior to the treatment with wet chlorine vis-a-vis the treatment of a
      similar bed of catalyst at identical conditions except that the bed was
      not dried prior to treatment with the wet chlorine. In each type of run, a
      single cycle of treatment (i.e., prereduction with hydrogen and subsequent
      treatment with chlorine to the point of chlorine breakthrough), followed
      by another cycle, or cycles of treatment, showed that multiple cycle
      treatments could be employed, whether or not the bed of catalyst was dried
      prior to chlorine treatment, to completely redisperse the agglomerates and
      reactivate the catalyst. These runs, along with runs made with identical
      catalyst at identical conditions, except that dry chlorine only was used
      to redisperse the agglomerates on the catalyst, without the intermediate
      step of drying the catalyst bed, are also presented, in data given in the
      table below, to provide a comparative basis for the effectiveness of
      redispersion using the different techniques.
PAR  Portions of coke-free platinum-iridium catalyst sixty percent agglomerated
      (crystallite size of metals &gt;50A), except as otherwise indicated, were
      thus prereduced with pure hydrogen in the manner and at the conditions
      described by reference to the foregoing examples. The prereduced portions
      of catalyst, in the series of runs described, are treated with dry or wet
      chlorine, with or without intermediate drying of the catalyst bed at
      930.degree.F. and at 100 psig. The percent of redispersion of these
      several portions of catalyst, subsequent to the completion of a series of
      one, two and three cycles of treatment to the point of chlorine
      breakthrough is as tabulated below:
TBL          Dry Chlorine                                                      
                      Wet Chlorine                                             
                      H.sub.2 O/Cl.sub.2 =                                     
                                 H.sub.2 O/Cl.sub.2 =                          
                      2000 ppm/1400 ppm                                        
                                 2000-4000 ppm/                                
     Percent          with H.sub.2 Drying                                      
                                 1300 ppm - No                                 
     Redispersion                                                              
             (No Drying                                                        
                      between Each                                             
                                 Drying between                                
     at End of:                                                                
             between Stages)                                                   
                      Cycle      Each Cycle                                    
     __________________________________________________________________________
     Cycle No. 1                                                               
             50.0     42.5 (Est.)                                              
                                 30.0                                          
     Cycle No. 2                                                               
             100.0    70.0.sup.(1)                                             
                                 70.0.sup.(2)                                  
     Cycle No. 3                                                               
             --       100.0 (Est.)                                             
                                 100.0.sup.(3)                                 
     __________________________________________________________________________
      .sup.(1) Catalyst was 40 percent agglomerated prior to initiation of run.
      This point was established by averaging three runs.                      
      .sup.(2) This point was established by averaging two runs.               
      .sup.(3) Catalyst was 40 percent agglomerated prior to initiation of run.
PAR  These data thus show that intermediate drying of the catalyst bed provides
      a higher rate of dispersion than a totally wet procedure (without catalyst
      drying). However, since it is generally desirable to completely redisperse
      the agglomerated metal, a three-cycle treat without intermediate drying is
      equally as suitable as a procedure which utilizes an intermediate drying
      step. The intermediate drying step may thus be preferable in those
      instances where complete redispersion of the agglomerates is not required.
      However, where complete dispersion is desired, there is no necessity, in
      most situations, to practice intermediate drying.
PAR  In the practice of this invention, suitably, the metal
      hydrogenation-dehydrogenation components are composited with mildly or
      moderately acidic refractory inorganic oxides which are employed as
      supports, e.g., silica, silica-alumina, magnesia, thoria, boria, titania,
      zirconia, various spinels and the like, including in particular alumina
      which is preferred. High surface area catalysts, or catalysts having
      surface areas ranging upwardly from about 100 square meters per gram are
      preferred. In particular, catalysts having surface areas ranging from
      about 300 to about 600 square meters per gram prove quite satisfactory.
PAR  In formation of the more active catalysts, porous refractory inorganic
      oxides of desired particle size distribution, in dry state, can be
      contacted, admixed, or otherwise incorporated with a metal-containing
      solution, or solutions, and thereby impregnated. The refractory inorganic
      oxide can thus be pilled, pelleted, beaded, or extruded, alone or in
      admixture with other materials, and dried and crushed to form particles of
      desired size ranging, e.g., from about 0.1 to about 0.4 inch, and
      preferably from about 0.2 to about 0.3 inch average diameter. The material
      can then be treated by contact with a solution containing the desired
      amount of a metal hydrogenation-dehydrogenation component, or components,
      e.g., iridium or iridium and platinum, or treated sequentially by contact
      with a solution containing one metal and then the other in the desired
      amounts. On the other hand, larger particles can be so treated and then
      crushed to the desired size. The particulate mass, in either instance, can
      be dried, calcined, and contacted with hydrogen, in situ or ex situ, to
      reduce the salt. Suitably, also, the catalyst composite can be formed by
      adding together suitable reagents such as salts of platinum and/or
      iridium, along or in admixture with other metals, and ammonium hydroxide
      or ammonium carbonate, and a salt of alumina such as aluminum chloride or
      aluminum sulfate to form aluminum hydroxide. The aluminum hydroxide
      containing the salts of platinum and/or iridium, alone or in admixture
      with other metals, can then be heated, dried, and simultaneously converted
      to alumina, impregnated with platinum and/or iridium, and other salts. The
      material can then be calcined and then hydrogen-treated, in situ or ex
      situ, to reduce the salts and complete the formation of the catalyst
      composite.
PAR  Reforming, i.e., the on-oil portion of an operating cycle, is conducted at
      temperatures ranging from about 600.degree. to about 1050.degree.F., and
      preferably at temperatures ranging from about 850.degree. to about
      1000.degree.F. Pressures range generally from about 50 to about 750 psig.,
      and preferably from about 100 to about 250 psig. The reactions are
      conducted in the presence of hydrogen to suppress side reactions normally
      leading to the formation of unsaturated carbonaceous residues, or coke,
      which causes deactivation of the catalyst. The hydrogen rate, once-through
      or recycle, is generally within the range of from about 1000 to about
      10,000 SCF/Bbl., and preferably within the range of from about 2000 to
      about 5000 SCF/Bbl. The feed stream, in admixture with hydrogen, is passed
      over the catalyst at space velocities ranging from about 0.1 to about 25
      W/W/Hr., and preferably from about 1.0 to about 5.0 W/W/Hr.
PAR  It is apparent that various modifications can be made in the conditions of
      operation, the precise amount of water added, the time period of pre-water
      addition to the reaction zone prior to use of the wet halogen, and the
      like, without departing the spirit and scope of the invention.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. In a process for reactivating a reforming catalyst, which includes an
      iridium component composited with a refractory porous inorganic oxide,
      previously inactivated by coke deposition thereon during contact with a
      hydrocarbon feed at hydrocarbon conversion conditions and subsequently
      regenerated by burning at elevated temperatures in the presence of oxygen
      containing gases to remove accumulated coke deposits therefrom, the
      improved combination which comprises:
PA1  contacting, without interim contact with a substantially halogen-free,
      oxygen-containing gas at temperatures in excess of about 775.degree.F., a
      bed of the coke-depleted catalyst in a cycle which includes, in sequence,
      the steps of
PA1  i. contacting the coke-depleted catalyst with hydrogen or a
      hydrogen-containing gas at a temperature sufficient to reduce the said
      iridium component and then
PA1  ii. contacting said reduced catalyst at an elevated temperature from about
      550.degree.F to about 1150.degree.F in a reaction zone provided with
      exposed ferrous metal surfaces with a gas comprising elemental halogen or
      halogen precursor and water in amount ranging from about 0.1:1 to 15:1
      molar ratio of water:halogen, in a non-oxygen containing atmosphere,
      sufficient to suppress corrosion of the ferrous metal surfaces of the
      reaction zone and to effect redispersion of the iridium.
NUM  2.
PAR  2. The process of claim 1 wherein the water and halogen are added to the
      reaction zone in concentration ranging from about 1:1 to 2:1 molar ratio
      of water: halogen.
NUM  3.
PAR  3. The process of claim 2 wherein the molar ratio of water:halogen ranges
      from about 0.4:1 to about 3.0:1.
NUM  4.
PAR  4. The process of claim 1 wherein water is preintroduced into the reaction
      zone prior to the introduction of the admixture of halogen and water into
      the reaction zone.
NUM  5.
PAR  5. The process of claim 4 wherein the molar ratio of the water:halogen
      admixture ranges from about 1:1 to about 2:1.
NUM  6.
PAR  6. The process of claim 4 wherein the molar ratio of the water:halogen
      admixture ranges from about 1.2:1 to about 1.6:1.
NUM  7.
PAR  7. The process of claim 1 wherein the halogen is chlorine.
NUM  8.
PAR  8. In a process for reactivating reforming catalyst, comprised of halogen
      and iridium composited with a refractory porous inorganic oxide,
      previously inactivated by coke deposition thereon during contact with a
      hydrocarbon feed at reforming conditions, and subsequently contacted with
      oxygen at an elevated temperature to burn accumulated coke deposits
      therefrom, a method for reactivating said coke depleted catalyst by
PA1  contacting a bed of the said coke-depleted catalyst without intermediate
      contact with a substantially halogen-free, oxygencontaining gas at
      temperatures in excess of about 775.degree.F., which includes the sequence
      of steps comprising
PA1  i. contacting said coke-depleted catalyst in a reaction zone with hydrogen
      or a hydrogen-containing gas at an elevated temperature for a time
      sufficient to reduce at least a portion of the iridium of said catalyst to
      its metallic state;
PA1  ii. contacting said reduced catalyst at an elevated temperature from about
      550.degree.F to about 1150.degree.F in a reaction zone, in a non-oxygen
      atmosphere, with a gas comprising elemental halogen or elemental halogen
      precursor and water in concentration ranging from about 0.1:1 to 15:1
      molar ratio of water:halogen to effect redispersion of the iridium;
PA1  iii. contacting said treated catalyst from step (ii) in said reaction zone,
      with hydrogen or a hydrogen-containing gas at an elevated temperature for
      a time sufficient to further reduce at least a portion of said iridium to
      its metallic state; and
PA1  iv. contacting said treated catalyst from step (iii) in said reaction zone,
      in a non-oxygen-atmosphere with a gas comprising elemental halogen or
      elemental halogen precursor and water at an elevated temperature from
      about 550.degree.F to about 1150.degree.F in concentration ranging from
      about 0.1:1 to 15:1 molar ratio of water:halogen to effect redispersion of
      the iridium.
NUM  9.
PAR  9. The process of claim 8 wherein the water and halogen are added to the
      reaction zone in steps (ii) and (iv) in concentration ranging from about
      1:1 to to 2:1 molar ratio of water:halogen.
NUM  10.
PAR  10. The process of claim 9 wherein the molar ratio of water:halogen ranges
      from about 0.4:1 to 3.0:1.
NUM  11.
PAR  11. The process of claim 8 wherein the water and halogen are admixed prior
      to the introduction of these components into the reaction zone.
NUM  12.
PAR  12. The process of claim 11 wherein the molar ratio of water:halogen in the
      admixture ranges from about 1:1 to about 2:1.
NUM  13.
PAR  13. The process of claim 11 wherein the molar ratio of water:halogen ranges
      from about 1.2:1 to about 1.6:1.
NUM  14.
PAR  14. The process of claim 8 wherein the halogen is chlorine.
NUM  15.
PAR  15. The process of claim 8 wherein the catalyst is comprised of a composite
      of iridium and platinum.
NUM  16.
PAR  16. In a process for reactivating a reforming catalyst, comprised of
      halogen and iridium composited with a refractory porous inorganic oxide,
      previously inactivated by coke deposition thereon during contact with a
      hydrocarbon feed at reforming conditions, and subsequently contacted with
      oxygen at an elevated temperature to burn accumulated coke deposits
      therefrom, a method for reactivating said coke-depleted catalysts by
PA1  contacting a bed of the said coke-depleted catalyst in a plurality of
      cycles without intermediate contact with a substantially halogen-free,
      oxygen-containing gas at temperatures in excess of about 775.degree.F., a
      cycle of which includes the sequence of steps comprising
PA1  i. contacting said coke-depleted catalyst in a reaction zone with hydrogen
      or a hydrogen-containing gas at an elevated temperature for a time
      sufficient to reduce at least a portion of the iridium of said catalyst to
      its metallic state; and then
PA1  ii. contacting said reduced catalyst at an elevated temperature from about
      550.degree.F to about 1150.degree.F in a reaction zone, in a non-oxygen
      containing atmosphere, with a gas comprising elemental halogen or
      elemental halogen precursor and water in concentration ranging from about
      0.1:1 to 15:1 molar ratio of water:halogen up to, but not substantially
      beyond, the point of halogen breakthrough to effect redispersion of the
      iridium.
NUM  17.
PAR  17. The process of claim 16 wherein the water and halogen are added to the
      reaction zone in step (ii) in concentration ranging from about 1:1 to 2:1
      molar ratio of water:halogen.
NUM  18.
PAR  18. The process of claim 17 wherein the molar ratio of water:halogen ranges
      from about 0.4:1 to 3.0:1.
NUM  19.
PAR  19. The process of claim 16 wherein the water and halogen are admixed prior
      to introduction of these components into the reaction zone.
NUM  20.
PAR  20. The process of claim 16 wherein the molar ratio of water:halogen ranges
      from about 1.2:1 to about 1.6:1.
NUM  21.
PAR  21. The process of claim 16 wherein the halogen is chlorine.
NUM  22.
PAR  22. The process of claim 16 wherein the catalyst is comprised of a
      composite of iridium and platinum.
NUM  23.
PAR  23. The process of claim 16 wherein the catalyst is treated in a series of
      from 2 to about 5 cycles of said sequential hydrogen reduction and
      halogenation treatments.
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ABST
PAL  Catalysts of noble metals on activated carbon are subjected to the action
      of a sulfoxide together with hydrazine or its derivatives. The catalysts
      are particularly useful in the selective hydrogenation of
      chloronitro-aromatic compounds.
BSUM
PAR  The invention is directed to a process for the production of a catalyst
      containing a noble metal on activated carbon. The catalyst is suitable for
      use in the selective hydrogenation of chloronitro-aromatic compounds.
PAR  The suitability of catalysts for the hydrogenation of chloronitro-aromatic
      compounds depends on their selectivity and activity. With normal
      platinum-activated carbon catalyst this reaction can only be carried out
      poorly when selecting milder reaction conditions because of the hydrogen
      chloride splitting off in a side reaction. The platinum-activated carbon
      catalyst can be sulfidized for example with hydrogen sulfide and its salts
      or polysulfides (German Patent No. 1,260,444 and German Offenlegungschrift
      1,959,578). The yields of chloro-amino-aromatic compounds obtained by
      hydrogenation of chloronitro-aromatic compounds with such catalysts are
      95-98%. The reaction time is less than one hour. However, a relatively
      large amount of catalyst is required for example corresponding to a ratio
      of platinum : substrate of 1 : 1,560.
PAR  It is also known from the Annals New York Academy of Sciences Vol. 145 (1),
      pages 31-45(1967) to use sulfoxide to influence the selectivity.
PAR  The invention is based on the problem of providing a catalyst for the
      hydrogenation of chloronitro-aromatic compounds which at an at least as
      good activity permits the obtaining of a better selectivity.
PAR  It has now been found surprisingly that this goal can be attained with a
      catalyst which is prepared by subjecting a noble metal-activated carbon
      catalyst to the action of a sulfoxide and then to hydrazine or its
      derivatives.
PAR  As starting materials there can be used noble metal-activated carbon
      catalysts produced in known manner. Thus there can be used catalysts of
      platinum, palladium, rhodium, iridium or rhenium or their mixtures, e.g.
      platinum-rhodium, on activated carbon. According to a preferred form of
      the process there are used as starting materials platinum or
      palladium-activated carbon catalysts. These have proven especially
      suitable.
PAR  In the process there can be added all kinds of sulfoxides, for example
      alkyl, aryl and aralkyl sulfoxides such as dimethyl sulfoxide, diethyl
      sulfoxide, di n-propyl sulfoxide, di n-butyl sulfoxide, diisoamyl
      sulfoxide, benzyl phenyl sulfoxide, diphenyl sulfoxide, methyl phenyl
      sulfoxide, dibenzyl sulfoxide, di p-tolyl sulfoxide. Expecially suitable
      is dimethyl sulfoxide.
PAR  The hydrazine treatment in the second step produces in an unexpected manner
      an observable increase in the catalyst activity. In the realm of the
      invention process all kinds of hydrazine compounds can be added. Thus
      there can be used in place of hydrazine, alkyl, alkenyl, aralkyl and aryl
      hydrazine such as methyl hydrazine, ethyl hydrazine, allyl hydrazine,
      isopropyl hydrazine, cyclohexyl hydrazine, n-hexadecyl hydrazine, benzyl
      hydrazine, phenyl hydrazine, p-tolyl hydrazine, and 2-naphthyl hydrazine.
      Normally there is used unsubstituted hydrazine hydrate.
PAR  The outstanding selectivity of the catalysts modified according to the
      invention can be seen from the following comparison. In the hydrogenation
      of 2-chloronitrobenzene with the use of a dimethyl sulfoxide treated
      platinum-activated carbon catalyst there were obtained a yield of 98.4% of
      2-chloroamino benzene. In contrast using a platinum-activated carbon
      catalyst which was treated according to the invention in a first step with
      dimethyl sulfoxide and in a second step with aqueous hydrazine hydrate
      solution there was obtained reproducibly a yield of 99.6% of
      2-chloroaminobenzene.
PAR  Palladium-activated carbon catalysts modified according to the invention
      give yields of about 98%. Palladium catalysts are less selective then
      platinum catalysts in the hydrogenation of chloronitro aromatic compounds.
      In view of the lower basic costs of palladium-activated carbon catalysts
      it is a great advantage that using such palladium-activated carbon
      catalysts there can be obtained the optimum yields that are set forth for
      sulfidized platinum catalysts in German Offenlegungsschrift 1,959,578.
      This was not to be expected. Advantageously the sulfoxide and hydrazine
      treating agents are preferably added as solutions, especially in water.
      The strength of such solutions is not critical. The starting noble
      metal-activated carbon catalyst can either be modified with the liquid
      treating agents (sulfoxide and hydrazine) or their solutions of the
      treating agents or vapors of the treating agent. The amount of treating
      agent is not critical, thus for example the sulfoxide can be used in an
      amount of 0.1 to 10 moles per mole of noble metal and the hydrazine
      compound can be used, for example, in an amount of 0.1 to 10 moles per
      mole of noble metal.
PAR  In regard to their selectivity especially suitable catalysts are obtained
      if an aqueous suspension of the starting noble metal-activated carbon
      catalyst is treated with aqueous dimethyl sulfoxide, after 10 minutes
      stirring 24% aqueous hydrazine hydrate solution is added, then stirring is
      again carried out for 10 minutes and subsequently hydrogenation can take
      place.
PAR  Both treating steps can be carried out at the same temperatures. A wide
      range of temperatures can be used in the process. Mild conditions are
      preferred. In working in the aqueous phase with dimethyl sulfoxide and
      hydrazine hydrate for example as the modifying agent, good results are
      produced in the temperature range of 50.degree. to 80.degree.C. However,
      as stated the temperature is not critical, e.g. room temperature can be
      used.
PAR  Unless otherwise indicated all parts and percentages are by weight.
PAR  The catalysts of the invention can be used to hydrogenate
      chloronitro-aromatic compounds to the corresponding chloroamino aromatic
      compounds, e.g. 2-chloronitrobenzene, 3-chloronitrobenzene,
      4-chloronitrobenzene, 3-chloro-4-methyl nitrobenzene,
      3,5-dichloronitrobenzene, 1-chloro-2,4-dinitrobenzene, 3-chloro-5-ethyl
      nitrobenzene.
DETD
PAR  The invention will be further explained by the following examples in which
      the production of catalysts is shown in examples 1 to 3 and the catalysts
      produced are added in the hydrogenation of chloronitro aromatic compounds
      in examples 4 to 7.
PAR  In examples 4 to 7 there was always used a pressure of 10 atmospheres
      absolute and a maximum temperature of 105.degree.C. However, it is also
      possible to operate at higher pressures and temperatures although, based
      on principle, the mildest possible conditions are strived for. The use of
      sulfoxides therefore is of especial significance since they can be
      unhesitatingly be handled in contrast to the poisonous sulfides.
PAC  EXAMPLE 1
PAR  100 grams of platinum-activated carbon catalyst (F 103 R of Degussa) having
      a platinum content of 1% were suspended in 400 ml of water and heated to
      60.degree.C. After addition of 1 gram of dimethyl sulfoxide the mixture
      was stirred further for 15 minutes at 60.degree.C. The catalyst was then
      filtered with suction and washed. It can be added in the wet condition.
PAC  EXAMPLE 2
PAR  100 grams of the same platinum-activated carbon catalyst used in Example 1
      (1% platinum on activated carbon) were suspended in 400 ml of water and
      heated to 60.degree.C. Then there was added 1 gram of dimethyl sulfoxide.
      After stirring for 10 minutes it was treated with 2 ml of a 24% aqueous
      hydrazine hydrate solution. After 10 minutes further of stirring at
      60.degree.C. it was filtered with suction and washed with water.
PAC  EXAMPLE 3
PAR  100 grams of catalyst E 10 R of Degussa (5% palladium on activated carbon)
      were suspended with stirring in 400 ml of water and heated to 60.degree.C.
      Then there were added 4 grams of dimethyl sulfoxide. After 10 minutes
      stirring it was treated with 8 ml of 24% aqueous hydrazine hydrate. After
      a further 10 minutes stirring at 70.degree.C. the product was filtered
      with suction and washed with water.
PAC  EXAMPLE 4
PAR  160 grams of 2-chloronitrobenzene was hydrogenated in a Hofer autoclave
      (capacity 1/2 liter) at a constant pressure of 10 atmospheres absolute
      without a solvent. 2 grams of moist catalyst produced according to Example
      1 and having a 50% dry material content was added. The amount of platinum
      was 1/16,000 of the amount of substrate. The hydrogenation took 146
      minutes at 90.degree.C. There were obtained by gas chromatographic
      analysis 98.4% of the theoretical chloroaniline yield.
PAC  EXAMPLE 5
PAR  The catalyst of Example 2 was employed under identical conditions with
      Example 4. At 90.degree.C, inside of 157 minutes there was obtained a
      yield of 99.6% of chloroaniline.
PAC  EXAMPLE 6
PAR  There was used in this case also the catalyst of Example 2 and using the
      conditions of Example 4. However, the chloronitroaromatic compound
      employed was 3-chloro-4-methyl-nitrobenzene. The temperature amounted to
      105.degree.C., the reaction time was 105 minutes. The yield of
      3-chloro-4-methyl aniline was 99.8%.
PAC  EXAMPLE 7
PAR  The catalyst of Example 3 was employed in the hydrogenation of
      2-chloronitrobenzene, again under the conditions of Example 4. There were
      added, based on the dry material, 0.5 grams of catalyst (ratio of
      substrate : palladium was 6400 : 1). The hydrogenation temperature was
      80.degree.C. In the space of 185 minutes there was obtained a yield of
      98%.
PAR  The amount of noble metal on the activated carbon can be that
      conventionally employed, e.g., 1 to 10%.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of a catalyst of a noble metal on activated
      carbon suitable for the selective hydrogenation of chloronitro-aromatic
      compounds comprising treating the noble metal-activated carbon with a
      sulfoxide of the formula R.sub.1 SOR.sub.2 where R.sub.1 and R.sub.2 are
      alkyl, aralkyl or aryl and then with a hydrazine material having the
      formula R.sub.3 NHNH.sub.2 where R.sub.3 is hydrogen, alkyl, aryl, aralkyl
      or alkenyl.
NUM  2.
PAR  2. The process according to claim 1 wherein the noble metal is platinum or
      palladium.
NUM  3.
PAR  3. A process according to claim 2 wherein the noble metal is platinum.
NUM  4.
PAR  4. A process according to claim 2 wherein the noble metal is palladium.
NUM  5.
PAR  5. A process according to claim 2 wherein the sulfoxide is dimethyl
      sulfoxide.
NUM  6.
PAR  6. A process according to claim 5 wherein the hydrazine material is
      hydrazine in the form of hydrazine hydrate.
NUM  7.
PAR  7. A process according to claim 2 wherein the hydrazine material is
      hydrazine in the form of hydrazine hydrate.
NUM  8.
PAR  8. A process according to claim 2 wherein an aqueous suspension of the
      noble metal-activated carbon catalyst is first treated with aqueous
      dimethyl sulfoxide, stirred for 10 minutes, 24% aqueous hydrazine hydrate
      solution is then added, stirring is again carried out for 10 minutes and
      the product filtered.
NUM  9.
PAR  9. The product produced by the process of claim 2.
NUM  10.
PAR  10. The product produced by the process of claim 1.
NUM  11.
PAR  11. A process according to claim 1 wherein the sulfoxide is dimethyl
      sulfoxide, diethyl sulfoxide, di-n-propyl sulfoxide di-n-butyl sulfoxide,
      diisoamyl sulfoxide, benzyl phenyl sulfoxide, diphenyl sulfoxide, methyl
      phenyl sulfoxide, dibenzyl sulfoxide, or di-p-tolyl sulfoxide and the
      hydrazine material is hydrazine, methyl hydrazine, ethyl hydrazine, allyl
      hydrazine, isopropyl hydrazine, cyclohexyl hydrazine, n-hexadecyl
      hydrazine, benzyl hydrazine, phenyl hydrazine, p-tolyl hydrazine or
      2-naphthyl hydrazine.
NUM  12.
PAR  12. A process according to claim 1 wherein both the sulfoxide and the
      hydrazine material are employed as solutions in water.
NUM  13.
PAR  13. A process for the production of a catalyst of a noble metal on
      activated carbon consisting essentially of the treatment set forth in
      claim 1.
NUM  14.
PAR  14. A process according to claim 13 wherein both the sulfoxide and the
      hydrazine material are employed as solutions in water.
NUM  15.
PAR  15. A process according to claim 14 wherein there is used 0.1 to 10 moles
      of sulfoxide and 0.1 to 10 moles of hydrazine material per mole of noble
      metal.
NUM  16.
PAR  16. A process according to claim 13 wherein there is used 0.1 to 10 moles
      of sulfoxide and 0.1 to 10 moles of hydrazine material per mole of noble
      metal.
NUM  17.
PAR  17. A process according to claim 15 including the steps of filtering and
      washing the product.
NUM  18.
PAR  18. A process according to claim 1 wherein the two steps of the treatment
      are carried out at room temperature to 80.degree.C.
NUM  19.
PAR  19. A process for the production of a catalyst of a noble metal on
      activated carbon suitable for the selective hydrogenation of chloronitro
      aromatic compounds consisting essentially of treating the noble
      metal-activated carbon with a sulfoxide of the formula R.sub.1 SOR.sub.2
      where R.sub.1 and R.sub.2 are alkyl, aralkyl or aryl and then with a
      hydrazine material having the formula R.sub.3 NHNH.sub.2 where R.sub.3 is
      hydrogen, alkyl, aryl, aralkyl or alkenyl, the two steps of said treatment
      being carried out at 50.degree.-80.degree.C and using 0.1 to 10 moles of
      sulfoxide and 0.1 to 10 moles of hydrazine material per mole of noble
      metal.
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PAL  Crosslinked homopolymers and copolymers of N-vinyl-2-pyrrolidone formed by
      addition polymerization through ethylenically unsaturated groups are
      polymerized on solid, inert carriers. Heavy crosslinking is employed to
      render the polymers insoluble. The polymers can be made by copolymerizing,
      with N-vinyl-2-pyrrolidone, amides or substituted amides of unsaturated
      carboxylic acids, such as acrylamide, substituted and unsubstituted
      unsaturated carboxylic acids, such as methacrylic acid or halfacid
      maleates. Also included are comonomers containing basic nitrogen groups
      therein, such as vinyl pyridine, or alkylamino acrylates and
      methacrylates. The polymers are formed on inert substrates of both solid
      and porous types.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of a copending application of
      Eugene S. Barabas et al., application Ser. No. 294,522, filed Oct. 3,
      1972, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to water insoluble crosslinked homopolymers and
      copolymers formed on an inert substrate by the addition polymerization of
      monomers containing ethylenic unsaturation.
PAR  2. Description of the Prior Art
PAR  Polymers and copolymers of N-vinyl lactams and particularly N-vinyl
      pyrrolidone have been heretofore produced in insoluble form. As used
      herein the term "insoluble" is intended to define products which are
      insoluble in water, strong mineral acids, caustic solutions and common
      organic solvents. Illustrative insoluble polymers of N-vinyl lactams are
      those represented by the polyvinyl pyrrolidones of U.S. Pat. Nos.
      3,216,579; 2,927,913 and 3,511,823, as distinguished from the polyvinyl
      pyrrolidones such as represented by U.S. Pat. Nos. 2,265,450 and
      2,335,454.
PAR  It is known that beverages such as beer can be purified when contacted with
      inorganic clay carriers coated with a vinyl resin such as polyvinyl
      acetate or a poly N-vinyl pyrrolidone, as disclosed for example in U.S.
      Pat. No. 3,424,588, or with polyvinyl pyrrolidone which has been
      crosslinked or complexed with polyacids such as polyacrylic and tannic
      acids and their derivatives.
PAR  It has been found that polymeric selective adsorbents heretofore employed
      were not as effective as might be desired. A primary difficulty with these
      adsorbents is that they do not efficiently utilize the potentially
      available active sites. When employed as fine powders of the polymeric
      material, a large proportion of the potentially active sites is buried
      within the polymeric particle and is thus not available for adsorption.
      And, even when these polymers are coated on inert carriers by conventional
      coating techniques, the coating thickness is so great that a large
      proportion of the potentially active sites remain unavailable for
      adsorption. The present invention, however, embraces means for overcoming
      these difficulties, and provides improved polymeric selective adsorbents
      useful for purification of beverages, such as beer, by complexing
      undesirable dissolved materials from the liquid, and removing them by
      filtration; and a method for obtaining a uniform, shape-stable insoluble,
      as well as a crosslinked polymeric film on an inert carrier.
PAC  SUMMARY OF THE INVENTION
PAR  The accomplishment of the present invention is achieved by blending at
      least one monomer capable of addition polymerization through an
      unsaturated bond, a crosslinking agent and an inert carrier and then
      polymerizing the blend until a water insoluble polymeric coating is formed
      on the inert carrier. The crosslinking agent can be a polyfunctional
      monomer containing more than one polymerizable unsaturated group. Typical
      monomers capable of addition polymerization through an unsaturated bond,
      are, for example, unsaturated monocarboxylic acids, amides of unsaturated
      monocarboxylic acids, mono esters of unsaturated polycarboxylic acids,
      N-vinyl lactams, vinyl monomers containing basic nitrogen groups therein
      and copolymerizable mixtures thereof. The inert substrates or carriers
      employed in the present invention can be either organic or inorganic,
      synthetic or naturally occurring materials. Typical carriers can be
      swelling or non-swelling clays, zeolites, alkaline earth metal oxides and
      hydroxides, silica gel, glasses, ion exchange resins, talc, diatomaceous
      earth and the like.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the system of the present invention, a polymer or copolymer is
      polymerized in situ on the surface of a solid carrier thus producing a
      system which consists of a carrier and an insoluble polymeric coating on
      the surface of the carrier.
PAR  The products of the present invention have a highly desirable degree of
      shape-stability which is believed to be obtained by means of the in situ
      crosslinking reaction which produces such a strong film that usual rupture
      of the film and swelling of the substrate are minimized or eliminated
      entirely.
PAR  The body of the carrier can be non-absorbent, in which case the insoluble
      polymer forms a continuous coating on the surface of the carrier. A
      porous, absorbent carrier is, however, preferred, in which case the
      insoluble polymer will be deposited as a continuous coating on both the
      surface of the carrier and in the canals of its pores. This is a prime
      advantage of the present invention and it is directly attributable to
      coating with polymerizable monomers as opposed to coating with a polymer
      or polymer solution. The relatively small molecular size of the monomer
      molecules enables penetration of the monomer into the pores of a porous
      carrier. Like penetration of the greatly larger polymer molecules is not
      possible. After in situ polymerization according to the present invention,
      an extremely thin polymeric film is achieved not only on the exterior
      surface of the porous carrier but also on the interior surfaces of the
      canals thereof. Thus, the present invention provides polymeric selective
      absorbents having higher specific area and coordinately more efficient
      utilization of active adsorption sites than were previously known.
PAR  The vehicle or carrier used can be either organic or inorganic, as well as
      synthetic or naturally occurring, so long as it has sufficiently high
      surface area and adsorptive capacity for the particular end use. Clays,
      such as the nonswelling clays, including kaolinite, attapulgite and other
      sub-bentonites can be used, as well as swelling clays such as the
      bentonites and montmorillonites, particularly hectorite.
PAR  The carrier can also be selected from natural and synthetic zeolites,
      alkaline earth metal oxides and hydroxides, talc, silica gel, glasses, ion
      exchange resins, diatomaceous earth, as well as polymeric substrates.
PAR  Usefull resins in accordance with the present invention, which can be
      employed in combination with the abovedescribed carriers include all of
      those polymeric entities which can be prepared by addition polymerization
      through an unsaturated bond and which react with phenols, acids and bases
      in order to bind them and remove them from the reaction medium. The most
      preferred group of resins are the homopolymers and copolymers of N-vinyl
      lactams, particularly N-vinyl-2-pyrrolidone.
PAR  One group of compounds suitable as monomers and comonomers includes
      unsaturated organic acid monomers containing one or more carboxyl groups
      and capable of copolymerization with N-vinyl lactams such as
      N-vinyl-2-pyrrolidone. Preferred acids include, e.g., half esters of
      maleic acid and fumaric acid, respectively. Furthermore, itaconic acid,
      crotonic acid, methacrylic acid, acrylic acid and the like, are also
      useful. Substituted and unsubstituted derivatives of the foregoing
      unsaturated carboxylic acids are also utilizable herein and include, e.g.,
      amides such as acrylamide, or dimethyl-acrylamide.
PAR  Useful resins include copolymers, containing hydroxy groups such as
      polyvinyl alcohols. This type of material is prepared by controlled
      hydrolysis of the copolymers of vinyl esters.
PAR  Another group of suitable monomers and comonomers includes the unsaturated
      basic N-containing compounds such as the 2- and 4- vinyl pyridines and
      their derivatives: e.g., .alpha.- or .beta.- vinyl picoline, vinyl 2,5-
      lutidine, etc. Also suitable are the mono- and di- C.sub.1 -C.sub.4
      alkylamino acrylates and methacrylates such as dimethylamino acrylate or
      methacrylate, t-butylamino acrylate or methylacrylate, etc.
PAR  The insolubility of the present polymers is brought about by using a
      polyfunctional comonomer which contains more than one polymerizable
      unsaturated bond. Monomers such as divinyl benzene,
      methylene-bis-acrylamide, ethylidene-bis-vinyl pyrrolidone, divinyl ethers
      of polyalkylene glycol, diacrylates of a polyalkene glycol, diallyl,
      allyacrylates and the like are suitable for producing a network which
      renders the polymeric coating on the surface of the carrier insoluble.
PAR  The polymers formed according to the present invention have molecular
      weights within the range of from about 5,000 to 1,000,000, preferably from
      about 10,000 to 100,000.
PAR  The ratio of the mono-functional to poly-functional comonomers can be
      varied from about 99.9:0.1 to 1:1, preferably 99:1 to 9:1, depending upon
      the desired density of the network. Extensive crosslinking of the polymer
      is obtained throughout the above broad range; and, sufficient crosslinking
      is effected to render the polymer insoluble even at the lower limits
      thereof.
PAR  Preferred polymers in accordance with the present invention are represented
      by the following formula:
      ##EQU1##
      wherein R is hydrogen or an alkyl group containing from 1 to 5 carbon
      atoms; R.sub.1 is a monomer containing one double bond; R.sub.2 is a
      monomer containing two or more double bonds; m represents the number of
      moles of R.sub.1 ; n represents the number of moles of the residuum of a
      N-vinyl lactam; and p represents the number of moles of R.sub.2 ; where
      the ratio of m to n is within the range of from 0 to 1:1; and the ratio of
      (m+n) to p is within the range of from 99.9:0.1 to 1:1.
PAR  Typical of the functional comonomers which contain one double bond and
      which can be employed in the copolymers defined by the above formula are
      vinyl monomers having the characteristic &gt;C=C&lt; monomeric structure,
      including: esters of saturated alcohols with polybasic unsaturated acids
      such as mono-alkyl maleates, mono-alkyl fumarates and mixtures thereof;
      vinyl esters such as vinyl acetate, which may optionally be hydrolyzed
      after polymerization; unsaturated amides such as acrylamide,
      methacrylamide and mixtures thereof; N-substituted unsaturated amides such
      as N,-N-di-methyl acrylamide, N-methyl acrylamide and mixtures thereof;
      unsaturated ketones such as methyl vinyl ketone; unsaturated aldehydes
      such as acrolein, methacrolein, and mixtures thereof; unsaturated basic
      heterocyclic compounds such as vinyl pyridine, vinyl picoline, N-vinyl
      carbazole, and mixtures thereof; unsaturated thio compounds such as vinyl
      thioethers; unsaturated acids such as acrylic acid, methacrylic acid and
      mixtures thereof; and isocyanates such as vinyl isocyanate; etc.
PAR  Typical of the polyfunctional comonomers containing more than one double
      bond which can be employed in the polymers defined by the above formula
      are divinyl monomers including: divinyl benzene; methylene-bis-acrylamide;
      ethylidene-bis-vinyl pyrrolidone; divinyl ethers of polyalkylene glycol;
      divinyl ketone; conjugated diolefins such as butadiene, isoprene and
      mixtures thereof; diallyl compounds such as diallyl, diallyl ether,
      diallylphthalate and mixtures thereof; allylacrylates, such as allyl
      acrylate; triallylacyanurate; diacrylates of a polyalkene glycol; etc.
PAR  The resin is present in combination with the carrier in an amount
      sufficient to achieve the desired result of hydration resistance and
      insolubility in the fluid containing the solute to be adsorbed, the
      carrier comprising a major part of the adsorbent. In general, the carrier
      comprises about 50% to about 99% by weight of the adsorbent, and the
      polymer comprises about 1 to about 50% by weight of the adsorbent,
      depending upon the porosity of the carrier and the particular system in
      which the polymer-carrier combination is to be used.
PAR  The blending of the comonomers with the carrier takes place prior to
      polymerization by absorbing the ingredients of the reaction in the solid
      carrier. Mechanical devices, such as a hammer or ball mill can be used in
      order to achieve uniform distribution. A uniform distribution of the
      ingredients of the reaction in the carrier can be achieved by combining
      the carrier and the ingredients in a solution or a slurry such as an
      aqueous slurry. A suitable organic solvent such as benzene or alcohol in
      which the monomers can be dissolved can be used. Thereafter, the dissolved
      monomers can be admixed with the carrier. While it is preferred to carry
      out the polymerization reaction in the absence of solvents or diluents,
      such ingredients can be used to facilitate the absorption of the monomers,
      or to dissipate the heat of polymerization.
PAR  The preparation of the polymeric coating is effected by subjecting the
      mixture to conditions fostering polymerization through ethylenically
      unsaturated groups. The polymerization can be induced by high energy
      radiation or by free radical initiators such as azo-bis-isobutyronitrile,
      t-butyl peroxypivalate, benzoyl peroxide or the like. The reaction is
      preferably carried out in the absence of free oxygen, conveniently under a
      blanket of a neutral or inert gas.
PAR  The following examples will serve to further illustrate the practice of the
      invention with greater particularity although it is to be understood that
      the invention is not limited thereto. Unless otherwise stated, all
      percentages and parts referred to herein and the appended claims are by
      weight.
DETD
PAC  EXAMPLE I
PAR  200 grams of a diatomaceous earth produced under the name "Celite 503" by
      the Johns-Manville Corp. are charged to a 2 liter kettle. The contents of
      the kettle are heated to 80.degree.C., then the kettle is attached to a
      vacuum pump, and the pressure in the kettle is reduced to 30 millimeters
      of mercury. The temperature and the vacuum are held for four hours in
      order to remove occluded air, and then the system is cooled to
      25.degree.C.
PAR  A mixture of 380 grams of N-vinyl-2-pyrrolidone, 20 grams divinyl benzene
      and 1 gram azo-bis-isobutylronitrile is added to the Celite, and then the
      vacuum is broken with nitrogen. Heating is started, and the mixture is
      heated to 60.degree.C. At this point the heating is stopped, and cooling
      is started with the help of an exterior ice-water cooling bath. The
      temperature peaks at 112.degree.C., then it is brought back to
      90.degree.C., which is then maintained for four hours. The system is then
      cooled to 25.degree.C.
PAR  The reaction product, a grayish-white material is placed in a Soxhlet
      apparatus and extracted with ether to remove the unreacted monomer. Then
      the reaction product is slurried in water and filtered through an 80 mesh
      screen in a pressure filter to remove uncoated fines. The cake is
      re-slurried in water and the slurry is centrifuged and washed until the
      effluent is negative for vinyl pyrrolidone. It is then extracted again for
      sixteen hours with ether and washed with water on the centrifuge in order
      to remove uncrosslinked polyvinyl pyrrolidone. Finally the material is
      placed in a vacuum oven and dried at 65.degree.C. The dry polymer-carrier
      combination is ball-milled.
PAR  The final product has a nitrogen content of 2.8%, equivalent to 22.2% vinyl
      pyrrolidone.
PAC  EXAMPLE 2
PAR  Into a 1 liter kettle are charged, in the following order, 400 grams
      distilled water, 50 grams Celite 503, 50 grams N-vinyl-2-pyrrolidone and 1
      gram ethylene-bis-vinyl pyrrolidone.
PAR  The system is purged by nitrogen and then the contents of the kettle are
      heated to 80.degree.C. At this temperature, 0.25 grams
      azo-bis-isobutyronitrile is introduced. The mixture is stirred for 1 hour
      at 80.degree.C. and then cooled to room temperature.
PAR  The mixture is slurried in 500 milligrams of distilled water and stirred
      for one hour. After filtration, the polymer-carrier system is reslurried
      in 800 milligrams water and stirred for one hour. This treatment is
      followed by a third extraction with 300 ml water. Finally, the product is
      filtered and dried in vacuo at 65.degree.C.
PAR  The final product has a nitrogen content of 5.89%, equivalent to 46.7%
      crosslinked polyvinylpyrrolidone.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 is followed, except that the carrier is
      montmorillonite which is ground and sieved through a 100 mesh screen and
      the charge thereof is as follows: 320 grams N-vinyl-2-pyrrolidone, 60
      grams acrylamide, 20 grams methylene-bis-acrylamide and 1 gram
      tetra-potassium peroxy diphosphate dissolved in 1 gram distilled water.
      Substantially similar results are obtained.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 is followed, except that the carrier is
      glass-helices, and the charge is as follows: 320 grams
      N-vinyl-2-pyrrolidone, 60 grams dimethylaminoethyl methacrylate, 20 grams
      divinyl benzene, 1 gram t-butyl-peroxy pivalate. Substantially similar
      results are obtained.
PAC  EXAMPLE 5
PAR  The procedure of Example 1 is followed, except that the carrier is clay
      boiling chips ground and sieved through a 100 mesh screen and the charge
      is as follows: 320 grams N-vinyl-2-pyrrolidone, 60 grams maleic acid butyl
      ester, 20 grams ethylidene-bis-vinyl pyrrolidone, 1 gram
      azo-bis-isobutyronitrile. Substantially similar results are obtained.
PAC  EXAMPLE 6
PAR  The procedure of Example 1 is followed, except that the carrier is beads of
      silicon rubber, and the charge is as follows: 320 grams
      N-vinyl-2-pyrrolidone, 60 grams 4-vinyl pyridine, 20 grams allyl
      methacrylate, 1 gram benzoyl peroxide. Substantially similar results are
      obtained.
PAR  The polymer-carrier systems of the present invention have unique
      characteristics which are essential in their use as selective adsorbents.
      The polymer coating is very thinly distributed, but completely covers the
      large surface area of the porous carrier, thus providing an increased
      efficiency per gram of polymer used, as compared with systems which do not
      employ the features of the present invention. The polymer film on the
      surface of the carrier has shape-stability because of the heavy
      crosslinking which is achieved. The crosslinking limits the extent of
      swelling which carriers, such as swelling clays can undergo, thus keeping
      the total surface of the polymer film available over the total surface of
      the carrier. The heavy crosslinking renders the polymer completely
      insoluble. This property is very important, especially when these
      materials are used as a selective adsorbent in food, industrial,
      pharmaceutical or medical applications.
PAR  Examples of the selective adsorbent applications of the polymer-carrier
      systems of the present invention include their use in removing harmful
      solutes from liquids, such as proteinaceous complexes, tannins and
      phenols; and their use in concentrating and recovering valuable solutes
      such as enzymes, noble and rare metals from solutions in which they are
      present in very small or trace amounts, as well as their use in the
      adsorption of gases and vapors.
PAR  The following example illustrates the suitability of the polymer-carrier
      systems of the present invention as selective adsorbents.
PAC  EXAMPLE 7
PAR  13.81 grams of salicyclic acid are dissolved in 500 ml. methanol and
      diluted to one liter with distilled water. 64.5 grams of the resulting
      solution is placed in an 8 oz. bottle together with 6.76 grams of the
      crosslinked poly(N-vinyl-2-pyrrolidone) on Celite selective adsorbent
      prepared in the manner described in Example 1. This latter amount of
      selective adsorbent corresponds to 1.5 grams of 100% active polymer. The
      mixture is placed on a shaker and is shaken for 5 minutes. The bottle is
      then removed and the contents thereof are filtered through Whatman No. 4
      filter paper on an 8 cm. Buchner funnel using 23 in. vacuum. Exactly 50
      ml. of the filtrate are transferred to a 250 ml. Erlenmeyer flask. After
      addition of 6 drops of phenolphthalein indicator, the solution is titrated
      to a pink endpoint with 0.1 N sodium hydroxide solution.
PAR  The adsorption efficiency (calculated as the percent difference between a
      treated sample and a blank) is 30.5%. Adsorption efficiencies of this
      magnitude render these selective adsorbents of the present invention
      useful, for example, as active chill-proofing agents for removal of
      impurities, especially of the phenolic-type, from beers, wines and the
      like.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved method for the forming of an improved adsorbent consisting
      essentially of an insoluble, cross-linked polymeric coating having
      selective adsorption properties and an inert, porous carrier comprising:
PA1  a. blending (1) at least one monomer selected from the group consisting of
      N-vinyl-2-pyrrolidone, vinyl acetate, a mono-alkyl maleate, a mono-alkyl
      fumarate, itaconic acid, crotonic acid, acrylic acid, methacrylic acid,
      acrylamide, methacrylamide, dimethylacrylamide, and mixtures thereof, (2)
      a cross-linking agent which is a poly-functional monomer containing more
      than one polymerizable unsaturated group selected from the group
      consisting of divinyl benzene, methylene-bis-acrylamide,
      ethylidine-bis-vinyl pyrrolidone, divinyl ethers of polyalkylene glycol,
      divinyl ketone, butadiene, isoprene, diallyl, diallyl ethers,
      diallylphthalate, allyl acrylate, and mixtures thereof, and (3) an inert
      solid carrier comprising about 50% to about 99% by weight of the
      adsorbent, the weight ratio of said monomer to said cross-linking agent
      being within the range of from about 99.9:0.1 to about 1:1, respectively,
      the monomer and cross-linking agent being employed in a sufficient amount
      to achieve a uniform distribution of said materials over the surface area
      of the inert carrier, and
PA1  b. subjecting said blend to polymerization-inducing conditions so as to
      polymerize said monomer and said cross-linking agent in situ on the
      surface of said carrier, thus forming an insoluble polymeric film
      completely covering the surface area of said carrier, whereby the
      polymeric selective adsorbent having an enhanced availability of active
      sites available for adsorption is produced.
NUM  2.
PAR  2. The method of claim 1 in which the inert carrier is a member selected
      from the group consisting of clays, zeolites, alkaline earth metal oxides,
      alkaline earth hydroxides, silica gel, glasses, ion exchange resins,
      diatomaceous earth and mixtures thereof.
NUM  3.
PAR  3. The method of claim 1 in which said polymerizable monomer is
      N-vinyl-2-pyrrolidone.
NUM  4.
PAR  4. The method of claim 1 in which said inert carrier is a porous, absorbent
      carrier, said insoluble polymeric film being formed as a continuous film
      on both the exterior surface of the carrier and on the pore surfaces
      thereof.
NUM  5.
PAR  5. A selective adsorbent comprising an inert carrier having a substantially
      uniform, shape-stable coating thereon of an insoluble, crosslinked
      polymeric film obtained by the process of claim 1.
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ABST
PAL  A transparent, activated, nonparticulate alumina with a total porosity of
      about 63% which consists of a unique pore morphology and size distribution
      and is thermally stable up to about 1200.degree.C. at which temperature it
      can be nondestructively converted to alpha alumina is disclosed as well as
      a method of preparing said alumina by hydrolyzing aluminum alkoxides to
      form a particular sol which is essentially clear to the naked eye and the
      gel of which retains its integrity during drying and pyrolysis. The
      alumina thus produced is useful as a catalyst, absorbent and desiccant. In
      addition, a method of preparing the intermediate clear colloidal sol or
      gel consisting essentially of aluminum monohydrate is disclosed. This
      intermediate can be used to coat various substrates.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a divisional application of U.S. Ser. No. 281,434 filed Aug. 17,
      1972 which in turn is a continuation-in-part application of U.S. Ser. No.
      234,303 filed Mar. 13, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are many known forms of alumina such as alpha, gamma, delta, eta,
      theta, kappa, and chi all of which are activated except alpha. Such
      activated aluminas are of commercial importance because of their high
      surface areas which make them especially useful as catalyst supports.
      However, these aluminas are usually in power or particle form and must be
      dispersed in a liquid medium before they can be applied as a coating over
      other materials. Dispersing the active forms of alumina is not only
      difficult but in some cases impossible due to agglomeration of the
      particles.
PAR  Activated aluminas as set forth by Stumpf et al, Industrial and Engineering
      Chemistry, 42, 1398 (1950) can be prepared in various ways. One method
      disclosed in U.S. Pat. No. 3,019,080 involves the hydrolysis of aluminum
      alkoxides in the presence of aqueous ammonia to produce pure alumina of
      unspecified form.
PAR  Another method set forth in U.S. Pat. No. 3,038,784 comprises hydrolyzing
      an aluminum alcoholate in the presence of hydrogen peroxide at from
      0.degree. to 22.degree.C. to form amorphous alumina. Gamma alumina is
      produced in U.S. Pat. No. 2,749,216 by hydrolyzing aluminum alkoxides at a
      temperature of 212.degree. to 300.degree.F. In U.S. Pat. No. 2,796,326
      aluminum secondary butoxide is hydrolyzed with water at 32.degree. to
      70.degree.F. to yield eta alumina. U.S. Pat. No. 3,357,791 discloses the
      hydrolysis of aluminum alkoxides in the presence of either acid or base to
      obtain colloidal particles of alpha alumina. All of these methods result
      in nontransparent, particulate forms of alumina as contrasted to the
      nonparticulate, transparent, porous form of the present invention.
PAR  More recently, Continental Oil Corporation, Ponca City, Oklahoma, developed
      a dispersed form of alumina marketed under the tradename of DISPAL. When
      this material is dispersed in an acidic medium, it has a milky appearance
      and can be dehydrated at about 500.degree.C. to gamma alumina with a
      surface area of 320 square meters per gram. However, this dispersed
      product has a much larger particle or agglomerate size and cannot be
      converted by heat to the transparent, nonparticulate, porous alumina now
      claimed.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered that a novel form of alumina with unique properties
      can be prepared by hydrolyzing aluminum alkoxides such as the methoxide,
      ethoxide, isopropoxide and secondary butoxide provided certain critical
      processing parameters are observed. These parameters include (1) at least
      8 moles and preferably more than 20 moles of water per mole of aluminum
      alkoxide for hydrolysis (2) addition of about 0.03 to about 0.2 mole of a
      strong or moderately strong acid with an ionization constant of at least 1
      .times. 10.sup..sup.-5 per mole of aluminum alkoxide (3) using acids of
      sufficient strength which do not complex with aluminum at low
      concentrations and which are added preferably after the aluminum alkoxide
      is hydrolyzed and (4) heat treating the resulting slurry above
      80.degree.C. for a period of time to obtain a clear, colloidal solution
      which can be applied over other materials to form a thin and continuous
      coating. If desired, the solution can be concentrated to form a gel which
      is then dried and pyrolyzed at about 500.degree.C. to complete the
      conversion to alumina in a transparent, nonparticulate, porous form with a
      high surface area.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the first step of the process of this invention, one mole of an aluminum
      alkoxide (preferably aluminum isopropoxide or aluminum secondary butoxide)
      or combinations thereof is added to at least 8 moles and preferably from
      70 to 200 moles of water at a temperature preferably from 60.degree. to
      80.degree.C. The mixture is stirred for about 15 minutes or until the
      hydrolysis of the alkoxide is essentially complete.
PAR  If less than 8 moles of water per mole of alkoxide are used, the desired
      transparent, nonparticulate alumina is not produced. If 8 to 20 moles of
      water per mole of alkoxide are used, a clear gel rather than a solution
      results in which case the heat treatment must be carried out in a closed
      system. Below 12 moles of water, heat supplied by the exothermic reaction
      of hydrolysis may be sufficient to obviate the necessity of the subsequent
      heat treatment. If a water temperature of less than 60.degree.C. is used
      for the hydrolysis, the aluminum monohydrate first formed is unstable and
      is converted to aluminum trihydrate within 20 hours or less. When this
      occurs, peptizing the slurry to a clear solution is very difficult if not
      impossible so that slurries prepared with cold water should be heated and
      peptized before such conversion takes place.
PAR  In the second step, an acid with an ionization constant of at least 1
      .times. 10.sup..sup.-5 and having a noncomplexing anion with aluminum in
      low concentration such as nitric, hydrochloric, perchloric, formic, acetic
      or chloroacetic acids or combinations thereof is added. The acid
      concentration employed is within the range of about 0.03 to 0.2 mole per
      mole of alkoxide and preferably about 0.07 mole of acid per mole of
      alkoxide is added in the case of noncomplexing, strong acids. However,
      with acids of moderate strength such as acetic acid, it is possible to add
      as much as 0.250 mole of acid per mole of alkoxide. This acid should be
      introduced preferably after the hydrolysis of the alkoxide is
      substantially complete to avoid longer heat treatment and formation of
      non-colloidal particles which must be removed before peptization.
PAR  If desired, the acid can be introduced in the form of a water soluble salt
      such as zirconium nitrate, calcium nitrate, ammonium nitrate, aluminum
      chloride and the like which will hydrolyze to produce an acidic solution.
PAR  The third step of the present invention consists in heat treating the
      hydrolyzed aqueous slurry above 80.degree.C. until a clear solution is
      formed. Below this temperature, peptization of the precipitate in the
      slurry is extremely slow and may require as much as 30 days whereas at
      about 95.degree.C. peptization is complete in about several hours to
      several days depending upon the acid concentration. Stirring during the
      heat treatment will enhance the rate of peptization. Alternatively, the
      slurry can be heated above 100.degree.C. in a pressurized container to
      enhance the rate of peptization. The colloidal solution is then evaporated
      to any desired concentration. About 25 gram equivalents of Al.sub.2
      O.sub.3 per 100 milliliters of solution can be obtained prior to gelling
      if the amount of acid employed is about 0.07 mole per mole of alkoxide.
      Variations from this acid concentration above or below cause a rapid
      increase in the gelling volume of the sol and therefore a sharp decrease
      in the concentration of equivalent alumina occurs.
PAR  If required, the fourth step involves the formation of the gel by either
      heating the clear, colloidal solution of step 3 above to evaporate the
      excess liquid or by adding an organic base such as urea and preferably an
      inorganic base such as ammonium hydroxide. Gels can also be formed using 8
      to 20 moles of water per mole of alkoxide in the initial hydrolysis step
      without going through the solution stage. Since the gel has a low
      cohesion, it must be supported on a liquid or solid which has a low
      adhesion to the gel. The concentrated solutions can be gelled in dialysis
      bags by evaporation or by contacting the bags with liquid or gaseous
      ammonia. A preferred support is mercury which prevents cracking due to the
      shrinkage which occurs during drying. Once the gel has formed, it is dried
      at room temperature during which time considerable shrinkage occurs unless
      it is in the form of a thin coating on a rigid substrate. These gels can
      also be extruded to produce monolithic, activated alumina articles such as
      tubing for filtering and catalytic reactor applications. The strength of
      such articles is significantly increased if exposed to ammonia during the
      forming stage.
PAR  In the fifth step of the present process, the dried gel is pyrolyzed at a
      temperature of about 500.degree. to 1200.degree.C. and preferably below
      1000.degree.C. to remove water and residual carbon resulting in a weight
      loss of about 17 - 20%. The time of heating at temperatures above
      900.degree.C. must be limited to avoid alpha alumina formation and
      sintering. Most of the loss occurs at 375.degree. - 475.degree.C. and
      within this heating range extreme care must be taken to prevent fracture
      such as by heating at a rate of 2.degree.C. per hour. At temperatures
      below about 500.degree.C., the partially pyrolyzed product is mainly a
      mixture of aluminum monohydrate and alumina. The solid alumina which
      results is transparent, activated, nonparticulate, about 63% porous with
      an orderly domain of 50 to 100 angstroms and over 90% of the pores are
      within several angstroms of a radius which can be varied from 30 to about
      150 angstroms anstroms by heat treatment without causing any broadening of
      the pore size distribution.
PAR  Finally, if desired, the alumina produced in the preceding step can be
      converted to alpha alumina nondestructively by heat treating at a
      temperature above 900.degree.C. The conversion proceeds very slowly at
      900.degree.C. and is completed within a few minutes at 1200.degree.C.
DETD
PAC  PREFERRED EMBODIMENTS
PAR  The following examples more clearly set forth the metes and bounds of the
      critical parameters which must be employed in the now claimed process in
      order to obtain the unique alumina resulting from the practice of the
      present invention.
PAC  EXAMPLE 1
PAR  Deionized water (100 moles, 1800 ml.) was heated to 75.degree.C. and one
      mole (204 grams) of aluminum isopropoxide was added. The mixture was
      stirred for 15 minutes and then 0.072 mole (2.4 grams) of hydrochloric
      acid was added. The resulting slurry was heated in an oven at 95.degree.C.
      and after 24 hours a clear, colloidal solution of aluminum monohydrate
      formed. The term "aluminum monohydrate" as employed herein means an
      aluminum containing material which has a loss on ignition corresponding to
      about the monohydrate form of aluminum and also contains small amounts of
      organic material corresponding to a carbon content of about 2%. The same
      procedure was then used except that the hydrolysis was performed with
      water at room temperature (23.degree.C.). After holding samples for
      various intervals up to 60 hours, each slurry was heated for 4 days at
      95.degree.C. Good peptization was obtained during the first 21/2 hours but
      after that period of time, the aluminum monohydrate formed was
      substantially converted to aluminum trihydrate and could not be peptized.
      It was also found that the rate of conversion to the trihydrate could be
      retarded by adding an alcohol to the slurry. However, when water above
      40.degree.C. is used initially for the hydrolysis, no significant
      conversion to the trihydrate occurs.
PAC  EXAMPLE 2
PAR  One mole of aluminum isopropoxide was hydrolyzed with 100 moles of water at
      75.degree.C. and acidified with 0.072 mole of HCl. The resulting slurry
      was heated at 75.degree.C. for 4 days but about half of the precipitate
      remained since the temperature was below 80.degree.C. but readily peptized
      when heated at 95.degree.C.
PAC  EXAMPLE 3
PAR  Aluminum isopropoxide (51 grams, 0.25 mole) was hydrolyzed, with 360 grams
      (20 moles) of water at 75.degree.C. and 0.064 mole (1.7 grams) of
      hydrochloric acid per mole of alkoxide was added. The slurry was placed in
      a pressurized container and heated at 120.degree.C. for 6 hours after
      which time a colloidal solution which appeared clear to the naked eye
      formed.
PAC  EXAMPLE 4
PAR  One mole of Al(OC.sub.3 H.sub.7).sub.3 was hydrolyzed with 100 moles of
      water at 75.degree.C. After 15 minutes of stirring, various amounts of HCl
      were added to aliquots thereof, then heat treated, gelled by evaporation
      and pyrolyzed above 500.degree.C. with the following results.
TBL  __________________________________________________________________________
     Moles of Acid Per                                                         
                Condition of Slurry After                                      
                               Appearance of Al.sub.2 O.sub.3                  
     Mole of Alkoxide                                                          
                Heating 4 days at 95.degree.C.                                 
                               After Pyrolysis                                 
     __________________________________________________________________________
     0.015      Precipitate remains                                            
                                 --                                            
     0.023      Precipitate remains                                            
                                 --                                            
     0.038      Clear, no precipitate                                          
                               Transparent & non-                              
                               particulate                                     
     0.046      Clear, no precipitate                                          
                               Transparent & non-                              
                               particulate                                     
     0.053      Clear, no precipitate                                          
                               Transparent & non-                              
                               particulate                                     
     0.069      Clear, no precipitate                                          
                               Transparent & non-                              
                               particulate                                     
     0.107      Clear, no precipitate                                          
                               Transparent & non-                              
                               particulate                                     
     0.154      Clear, no precipitate                                          
                               Opaque & particu-                               
                               late                                            
     0.207      Clear, no precipitate                                          
                               Opaque & particu-                               
                               late                                            
     0.246      Clear, no precipitate                                          
                               Opaque & particu-                               
                               late                                            
     __________________________________________________________________________
PAR  This data shows that when the acid-alkoxide ratio is below about 0.03 mole
      of acid per mole of alkoxide, only part of the precipitate peptizes upon
      heating. Above 0.150 mole of acid per mole of alkoxide, the slurry becomes
      clear and free of precipitate when heat treated but the resulting alumina
      from these sols is opaque and particulate whereas within the critical
      range of about 0.03 to 0.2 mole of acid per mole of alkoxide, not only all
      the precipitate peptized but also when pyrolyzed the resulting alumina is
      always transparent, nonparticulate and porous.
PAC  EXAMPLE 5
PAR  One mole (246 grams) of aluminum secondary butoxide was hydrolyzed with 200
      moles of water at 75.degree.C. and aliquots thereof treated with various
      amounts of HCl, heat treated, gelled by evaporation and pyrolyzed at
      600.degree.C. as shown in the table below.
TBL  __________________________________________________________________________
     Moles HCl Per                                                             
               Condition of Slurry After                                       
                              Appearance of Al.sub.2 O.sub.3                   
     Mole of Alkoxide                                                          
               Heating 4 days at 95.degree.C.                                  
                              After Pyrolysis                                  
     __________________________________________________________________________
     0.014     Precipitate remains                                             
                                --                                             
     0.022     Precipitate remains                                             
                                --                                             
     0.037     Clear, no precipitate                                           
                              Transparent, non-                                
                              particulate                                      
     0.044     Clear, no precipitate                                           
                              Transparent, non-                                
                              particulate                                      
     0.052     Clear, no precipitate                                           
                              Transparent, non-                                
                              particulate                                      
     0.066     Clear, no precipitate                                           
                              Transparent, non-                                
                              particulate                                      
     0.104     Clear, no precipitate                                           
                              Transparent, non-                                
                              particulate                                      
     0.149     Clear, no precipitate                                           
                              Transparent, non-                                
                              particulate                                      
     0.202     Clear, no precipitate                                           
                              Opaque, particu-                                 
                              late                                             
     0.238     Clear, no precipitate                                           
                              Opaque, particu-                                 
                              late                                             
     __________________________________________________________________________
PAR  As with the aluminum isopropoxide of the preceding example, only a small
      amount of the precipitate peptized upon heating when less than about 0.03
      mole of HCl per mole of butoxide was employed. Within the critical limits
      of about 0.03 to 0.2 mole of acid per mole of butoxide, a clear colloidal
      solution forms when heat treated which when gelled and heated above
      500.degree.C. produces the desired transparent, nonparticulate alumina
      which is 63% porous and thermally stable up to about 1200.degree.C. When
      the upper limit of acid is exceeded, a clear solution results but after
      heat treating, gelling and pyrolyzing, alumina formed is opaque and
      particulate.
PAC  EXAMPLE 6
PAR  One mole of aluminum secondary butoxide was hydrolyzed with 100 moles of
      water at 75.degree.C. and 17 grams (.04 mole) zirconium nitrate
      pentahydrate were added. After a 3-day heat treatment at 95.degree.C. a
      clear sol resulted. This and similar examples show that the necessary
      acidity can be produced by the addition of a water soluble salt or other
      acid producing compounds such as aldehydes which when heated form acids.
PAC  EXAMPLE 7
PAR  One mole of aluminum secondary butoxide was hydrolyzed with 25 moles of
      water at 75.degree.C. After mixing for 15 minutes, 0.20 mole of acetic
      acid having an ionization constant of 1.7 .times. 10.sup..sup.-5 was
      added. The resulting slurry was heated 7 days at 95.degree.C. and the
      colloidal solution obtained which was clear to the unaided eye was gelled
      with NH.sub.4 OH and pyrolyzed at 600.degree.C. to form a transparent,
      nonparticulate, porous alumina.
PAR  If desired, other selected acids may be used for acidification. In general,
      the acids must meet two requirements (1) the anion of the acid must be
      noncomplexing with aluminum within the critical acid range employed and
      (2) the acid must be sufficiently strong to produce the necessary charge
      effect at these concentrations. Such acids include nitric, perchloric,
      formic, monochloroacetic, dichloroacetic and trichloroacetic or
      combinations thereof. To determine if an acid will complex with aluminum,
      it is simply added to the alkoxide after hydrolysis above 40.degree.C. and
      then peptized above 80.degree.C. and if a clear colloidal solution of
      aluminum monohydrate forms, then no complexing occurred. Similar results
      are obtained when other aluminum alkoxides or combinations thereof are
      hydrolyzed, acidified and peptized such as the methoxide, ethoxide,
      pentoxide, hexoxide, heptoxide and octoxide and isomers thereof but
      aluminum isopropoxide and aluminum secondary butoxide are preferred.
PAR  Once the alkoxide, water and acid have been combined and peptized and a
      clear, colloidal sol prepared, a gel can be formed by either evaporation
      of the excess liquid such as by boiling or alternatively, by adding an
      organic base like urea or an inorganic base such as NH.sub.4 OH. Since the
      gel generally shrinks to about 1/3 to 1/2 its original size, a greased
      container should be used to minimize friction. When a thin film of the
      colloidal solution is applied on a rigid material, the gel formed will
      retain the dimensions of the substrate without cracking. After the gel is
      formed, it is dried at about 20.degree.-35.degree.C. until it attains its
      final size. The dried gel is ultimately pyrolyzed at temperatures above
      500.degree.C. by slowly heating at a uniform rate of about 2.degree.C. per
      hour to prevent cracking of the porous, transparent, activated, solid
      alumina which results. If a partially pyrolyzed product is desired, the
      maximum temperature is limited to below 500.degree.C.
PAC  EXAMPLE 8
PAR  One mole of aluminum isopropoxide was hydrolyzed with 100 moles of water at
      75.degree.C., treated with various amounts of hydrochloric acid, heated at
      95.degree.C. for 4 days to obtain a colloid sol clear to the naked eye,
      then gelled by evaporation and pyrolyzed at 500.degree.C. The results are
      shown in the table below wherein m.sup.2 /g is square meters per gram and
      ml/g is milliliters per gram. The surface area, pore volume and pore
      radius were determined by the B-E-T (Brunauer, Emmett and Teller) method
      which makes use of gas adsorption and desorption measurements.
TBL  __________________________________________________________________________
     Moles Acid                                                                
            % Equivalent                                                       
                    Appearance                                                 
                              Surface                                          
     Per Mole                                                                  
            of Al.sub.2 O.sub.3 at                                             
                    of Al.sub.2 O.sub.3                                        
                              Area in                                          
                                   Pore Volume                                 
     Alkoxide                                                                  
            Gel Point                                                          
                    After Pyrolysis                                            
                              m.sup.2 /g                                       
                                   in ml/g                                     
     __________________________________________________________________________
     0.038  15      Transparent, non-                                          
                              230  0.420                                       
                    particulate                                                
     0.053  17      Transparent, non-                                          
                              228  0.431                                       
                    particulate                                                
     0.070  25      Transparent, non-                                          
                              232  0.451                                       
                    particulate                                                
     0.107  11      Tendency to                                                
                              210  0.393                                       
                    crack                                                      
     0.246  2.5     Opaque, parti-                                             
                              154  0.186                                       
                    culate                                                     
     __________________________________________________________________________
PAR  This example shows that beyond the upper limit of 0.150 mole of acid per
      mole of alkoxide, the equivalent alumina concentration at the gelling
      point of the sol greatly diminishes, the Al.sub.2 O.sub.3 after pyrolysis
      becomes opaque and both the surface area and pore volume are drastically
      reduced. However, about 0.07 mole of acid per mole of alkoxide results in
      optimum porosity strength, surface area and transparency of the resultant
      alumina.
PAC  EXAMPLE 9
PAR  A gel prepared under the optimum conditions described in Example 8 was heat
      treated for 24 hours at various temperatures to determine the effect on
      surface area, pore radius and pore volume of the resulting alumina. The
      data are shown in the following table.
TBL  ______________________________________                                    
     Heat     Pore Radius                                                      
     Treatment                                                                 
              With most Vol.                                                   
                           Pore Volume Surface Area                            
     Temp. .degree.C.                                                          
              in Angstroms in ml/g     in m.sup.2 /g                           
     ______________________________________                                    
     200      36           0.367       251                                     
     300      39           0.363       249                                     
     400      50           0.457       248                                     
     500      53           0.477       197                                     
     900      94           0.437       115                                     
     1000     114          0.353        80                                     
     ______________________________________                                    
PAR  It is apparent from this data that pore size can be increased by a heat
      treatment. The surface area decreases as the temperature increases but at
      any selected temperature below 900.degree.C., the surface area becomes
      stable after 24 hours. In contrast, the pore volume increases up to
      500.degree.C. and then remains constant up to 900.degree.C. At
      temperatures at 500.degree.C. and above, no further weight loss occurs
      which indicates the conversion to alumina is essentially complete.
PAC  EXAMPLE 10
PAR  A colloidal sol prepared as described in Example 1 was gelled by the
      addition of ammonium hydroxide. After drying at room temperature, the gel
      was heated to 200.degree.C. and then machined by drilling several holes
      and channels in the material. The drilled article was thereafter pyrolyzed
      at 600.degree.C. to obtain a solid, transparent alumina which was 63%
      porous. Upon heating to 1200.degree.C., a porcelain-like, pure alpha
      alumina was formed with about 18% shrinkage but no cracks since surface
      nucleation and crystallization occur simultaneously during the heat
      treatment. It was found that the tendency to crack during machining is
      diminished when the heat treatment does not exceed 400.degree.C.
      Alternatively, the entire article can be impregnated with a liquid such as
      benzyl alcohol during the machining process to prevent cracking.
PAC  EXAMPLE 11
PAR  A mixture of 100 moles (1800 ml.) of water and 0.150 mole (5.4 grams) of
      HCl was heated to 75.degree.C. and one mole (204 grams) of aluminum
      isopropoxide was added with stirring. The slurry which formed was heated
      at 95.degree.C. in an oven but was still somewhat cloudy after 48 hours as
      contrasted to a similar slurry prepared in Example 1 which formed a clear
      solution after 24 hours at 95.degree.C. but wherein the acid was added
      after the hydrolysis of the alkoxide.
PAC  EXAMPLE 12
PAR  One mole of aluminum isopropoxide was hydrolyzed with 12 moles of water
      containing 0.1 mole of acetic acid at 25.degree.C. The resulting mixture
      was placed in a closed container and heated in an oven at 120.degree.C.
      for 12 hours. The clear gel which formed was extruded into tubes one
      millimeter in diameter. The tubes were dried and fired at 500.degree.C. to
      form monolithic, activated alumina.
PAC  EXAMPLE 13
PAR  Aluminum methoxide (78 grams) was added in portions to one liter of boiling
      water with stirring in 10 minutes. Concentrated nitric acid (4.1 grams)
      was then added and the mixture gently boiled to remove the methanol
      formed. After one hour, the mixture was refluxed for 3 hours to complete
      the sol formation which was found to have the same properties as the sols
      prepared from other aluminum alkoxides used in the preceding examples.
PAR  Although high surface area aluminas are well known for their use as
      catalysts, adsorbents and desiccants, some potential applications of these
      materials are limited by the fact that they cannot be coated over other
      materials as continuous films and produced as nonparticulate, monolithic
      articles. These desirable properties are characteristic of the transparent
      alumina of this invention whose X-ray diffraction pattern shows broad
      peaks at 1.40, 1.96 and 2.40 angstroms similar to delta alumina except for
      the peak intensity ratios. The index of refraction for the new transparent
      alumina is 1.62 - 1.67 compared to 1.76 for alpha alumina. The claimed
      alumina is stable in HCl, H.sub.2 SO.sub.4, HNO.sub.3 and water but not in
      HF or NH.sub.4 OH. It has a porosity of about 63%, a surface area of 80 to
      250 square meters per gram controlled by heat treatment, reasonably good
      optical transmission and is stable up to about 1000.degree. to
      1200.degree.C. at which temperature it transforms to alpha alumina
      nondestructively. The thermal coefficient of expansion is about 60 .times.
       10.sup..sup.-7 per degree centigrade.
PAR  As previously stated, the intermediate clear colloidal sol containing
      essentially aluminum monohydrate can be used to coat various porous and
      nonporous substrates such as glass, glass ceramic or porous ceramic to
      produce after pyrolysis a surface area which is extremely active and is
      capable of absorbing obnoxious gases from the atmosphere. The essentially
      transparent nonparticulate, porous product obtained by incomplete
      pyrolysis at 100.degree. - 500.degree.C. also has a high surface area and
      is useful as an adsorbent and dessicant. The transparent, solid, porous
      alumina prepared from the clear sol by gelling and pyrolyzing above
      500.degree.C. is useful as a catalyst in chemical reactions.
PAR  The type of aluminum alkoxide contemplated for use in the present invention
      can be represented by the formula Al(OR).sub.3 wherein R is a straight or
      branched alkyl group containing from 1 to 24 carbon atoms, although alkyl
      groups of from 2 to 8 carbon atoms are preferred.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for preparing an essentially transparent, monolithic,
      nonparticulate, porous, partially pyrolyzed product consisting essentially
      of aluminum monohydrate and alumina which comprises the steps of:
PA1  a. providing an acid peptized, clear colloidal solution by hydrolyzing an
      aluminum alkoxide of the formula Al(OR).sub.3, wherein R is an alkyl of
      1-24 carbon atoms, with water, wherein the mole ratio of water to said
      alkoxide is at least 8:1 and wherein said acid peptization is effected
      with about 0.03 to about 0.250 moles of acid per mole of said alkoxide,
      said acid having an ionization constant of at least 1 .times.
      10.sup..sup.-5 and having a noncomplexing anion with aluminum,
PA1  b. gelling said clear solution, and
PA1  c. drying said gel and partially pyrolyzing same by heating at a rate
      sufficiently slow to preclude cracking at a temperature range of about
      100.degree. to about 500.degree.C. so as to form said transparent
      monolithic, porous, nonparticulate partially pyrolyzed product, said
      product upon further heating at about 500.degree.C., or above, being
      convertible to a transparent, porous, monolithic, nonparticulate Al.sub.2
      O.sub.3.
NUM  2.
PAR  2. A method as in claim 1 in which the alkoxide is a member of the group
      consisting of the methoxide, ethoxide, propoxide and butoxide of aluminum
      and isomers thereof.
NUM  3.
PAR  3. A method as in claim 2 in which the alkoxide is aluminum isopropoxide.
NUM  4.
PAR  4. A method as in claim 2 in which the alkoxide is aluminum secondary
      butoxide.
NUM  5.
PAR  5. A method as in claim 1 in which the acid employed is a member of the
      group consisting of hydrochloric, nitric, perchloric formic, acetic,
      monochloroacetic, dichloroacetic and trichloroacetic acids.
NUM  6.
PAR  6. A method as in claim 5 in which the hydrolyzed product is acidified with
      about 0.07 mole of acid per mole of alkoxide.
NUM  7.
PAR  7. The method of claim 1 wherein the moles of said acid per mole of
      alkoxide is about 0.03 to about 0.15 and wherein the mole ratio of water
      to said alkoxide is about 70:1 to about 200:1.
NUM  8.
PAR  8. The method of claim 7 wherein said acid is HCl.
NUM  9.
PAR  9. The method of claim 1 wherein step (a) comprises combining said alkoxide
      and water at a temperature of about 40.degree. to about 80.degree.C.,
      adding said acid thereto, and then heating at a temperature of about
      80.degree.C. to about 160.degree.C.
NUM  10.
PAR  10. A method as in claim 9 wherein said heating temperature is about
      80.degree.C. to about 95.degree.C. and said heating is done for a period
      of from 2 to 4 days.
NUM  11.
PAR  11. A method as in claim 9 wherein said heating is done in a pressurized
      container at about 100.degree. to 160.degree.C.
NUM  12.
PAR  12. A method as in claim 9 in which from 70 to 200 moles of water are
      combined with each mole of alkoxide at a temperature of from 60.degree. to
      80.degree.C.
NUM  13.
PAR  13. A method as in claim 1 in which the equivalent acidity is produced by
      adding a water soluble, acidic salt having a non-complexing anion with
      aluminum.
NUM  14.
PAR  14. A method as in claim 1 in which the colloidal solution is gelled by
      evaporation of the excess liquid.
NUM  15.
PAR  15. A method as in claim 1 in which the clear colloidal solution is gelled
      by adding a base thereto.
NUM  16.
PAR  16. A method as in claim 15 in which said base is NH.sub.4 OH.
NUM  17.
PAR  17. A method for preparing a transparent, monolithic, nonparticulate,
      porous, partially pyrolyzed product consisting essentially of aluminum
      monohydrate and alumina which comprises the steps of:
PA1  a. providing a gel of the hydrolysis product obtained by hydrolyzing an
      aluminum alkoxide of the formula Al(OR).sub.3, wherein R is an alkyl of
      1-24 carbon atoms, with water and an acid wherein the mole ratio of water
      to said alkoxide is in the range of 8:1 to 20:1 and wherein said acid is
      employed in an amount of about .03 to about .250 moles of acid per mole of
      said alkoxide, said acid having an ionization constant of at least 1
      .times. 10.sup..sup.-5 and having a noncomplexing anion with aluminum,
PA1  b. drying said gel, and
PA1  c. partially pyrolyzing said dried gel by heating at a rate sufficiently
      slow to preclude cracking at a temperature of about 100.degree.C. to about
      500.degree.C. so as to form said transparent, monolithic, porous,
      nonparticulate product, said product upon further heating at about
      500.degree.C., or above, being convertible to a transparent, porous,
      monolithic, nonparticulate Al.sub.2 O.sub.3.
NUM  18.
PAR  18. The method of claim 17 wherein the amount of acid is between about 0.03
      to about .150.
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ABST
PAL  An improved technique for making a Raney copper catalyst by contacting
      particulate copper/aluminum alloy particles with an aqueous solution
      containing dissolved therein both alkali metal hydroxide and
      polyhydroxylated carboxylic acid.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of our earlier filed U.S.
      application Ser. No. 473,266, filed May 24, 1974 and now abandoned which
      in turn is a continuation-in-part of our earlier filed U.S. application
      Ser. No. 405,874, filed Oct. 12, 1973 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Raney copper catalysts are conventionally prepared by contacting a starting
      copper aluminum alloy in particulate form with aqueous alkali metal
      hydroxide to remove some portion of the aluminum present initially. The
      manner in which such contacting is conducted affects the properties of the
      resulting Raney copper catalyst in such reactions, for example, as the
      hydrolysis of acrylonitrile to acrylamide under aqueous liquid phase
      conditions conducted in the presence of such catalyst.
PAR  Apparently, Raney copper catalysts have heretofore always been prepared
      with attention being given primarily to aluminum removal. Apparently
      complete aluminum removal was heretofore sometimes believed to have been
      achieved and to be desirable for purposes of enhancing catalyst activity
      for this nitrile hydrolysis reaction; see, for example, Canadian Pat. No.
      899,380, at p. 5, where the Kawaken Fine Chemicals Co. Raney copper
      catalyst is used. According to Kawaken Fine Chemical Co. trade literature,
      it appears that substantially complete aluminum removal is achieved in
      such catalyst.
PAR  The art theorizes that Raney catalysts can contain amounts of insoluble
      aluminates which are sufficient to adversely affect catalyst activity and
      life for whatever reason, and the art has described processing procedures
      alleged to remove such impurities; see for example, U.S. Pats. Nos.
      2,673,189; 2,604,455; 2,950,260; and British Pat. Nos. 642,861 and
      658,863.
PAR  It has heretofore been proposed to activate Raney alloys for use as fuel
      cell electrodes by using in the activating solution alkali metal tartrates
      or polycarbonxylates aliphatic amino compounds; see U.S. Pat. No.
      3,235,513. See also U.S. Pat. No. 3,067,276 for a discussion of catalyst
      regeneration using citric acid.
PAR  Because of the limitations and short-comings observed for prior art Raney
      copper catalysts as respects catalyst initial activity and catalyst life,
      the art continues to seek improved Raney copper catalysts such as will be
      particularly suitable for use in such a nitrile hydrolysis reaction
      operated, for example, at rapid conversion rates and high conversion
      levels using a concentrated acrylonitrile/water feed.
PAR  So far as is known, no one has ever heretofore used gluconic acid and
      closely related materials in preparing a Raney copper catalyst. For one
      thing, the prior art teachings above indicated would clearly lead those
      skilled in the art away from this type of material. Thus, when the
      tricarboxylic hydroxylated citric acid and the dicarboxylic hydroxylated
      tartaric acid are each used to activate a Raney copper catalyst with
      caustic and the product catalyst is then evaluated for activity in the
      catalytic hydrolysis of acrylonitrile to acrylamide, it is found that the
      tricarboxylic citric acid is somewhat more effective in increasing
      catalyst initial activity over the caustic conventionally activated
      catalyst than is the dicarboxylic tartaric acid which leads to the
      tentative hypothesis that increase in degree of carboxylation in an
      additive promotes catalyst initial activity. This hypothesis would appear
      to be strengthened by the added fact that monocarboxylic hydroxylated
      acids when similarly evaluated as additives to promote Raney copper
      catalyst activity display little or no effectiveness over the use of
      aqueous caustic employed above for catalyst activation when evaluated for
      activity in the same catalytic hydrolysis of acrylonitrile to acrylamide.
PAR  Thus, lactic and glycolic acids offer no advantage or particular value as
      additives for activation with alkali metal hydroxide of a Raney copper
      catalyst. On the other hand, if hydroxylation is a key to additive
      effectiveness in promoting such desired good initial Raney copper catalyst
      activity (in such a catalyzed nitrile conversion) then such prior art
      still fails to teach or suggest this type of material. Glycolic and lactic
      all are monohydroxylated acids. While tartaric acid is dihydroxylated, it
      displays less activity as an additive used for catalyst promotion than
      does, for example, citric acid. Furthermore, even a tetrahydroxylated
      compound like pentaerythritol, when similarly evaluated as an additive for
      a Raney copper catalyst and the product catalyst used for such nitrile
      hydrolysis, displays inferior activation additive value compared to
      gluconic acid and materials closely related thereto.
PAR  Nothing in the prior art teaches or suggest gluconate type materials for
      use in alkali metal hydroxide activation of Raney copper catalysts.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention is directed to an improved process for preparing a
      Raney copper catalyst and to the resulting catalyst so prepared. The
      process involves contacting at a temperature below about 80.degree.C.
      particles of a metal alloy comprised of copper and aluminum with an
      aqueous solution which has dissolved therein on a 100 weight percent total
      solution basis from greater than 0 to about 25 weight percent alkali metal
      hydroxide and from greater than 0 to about 25 weight percent, or the
      solubility limit thereof in water, whichever one thereof is lower, of at
      least one polyhydroxylated carboxylic acid compound. Preferred
      polycarboxylic acid compounds are represented by the formula:
EQU  HOCH.sub.2 --(CHOH).sub.n --COOH                           (1)
PAL  where n can range from 3 through 6 as well as the alkali metal salts, the
      ammonium salt, and caustic hydrolyzable esters thereof (especially the
      lactones and the lower alkanol esters).
PAR  The catalyst so prepared characteristically and typically comprises from
      about 2 to 45 weight percent aluminum with the balance up to 100 weight
      percent being copper in any given catalyst. Minor quantities of other
      materials, such as oxygen, may be present. More preferably, such catalyst
      comprises, on a 100 weight percent total weight basis, from about 10 to 35
      weight percent aluminum with the balance up to 100 weight percent thereof
      being copper. This catalyst characteristically and typically has an
      average particle size (diameter) in the range from about 0.001 to 0.5
      inch, though larger and smaller particle sizes may be used if desired.
PAR  Because of the characteristically high initial catalytic activity, and also
      the characteristically long catalyst activity life, associated with the
      type of catalyst so prepared by the process of this invention, the present
      invention provides an improved catalyst which can be used under conditions
      of continuous and extended use to produce desired, economically
      significant, high conversion yields of a product, such as acrylamide from
      acrylonitrile by hydrolysis.
PAR  In addition, the process of this invention offers operating efficiencies
      and economies, particularly in fixed catalyst bed reactors adapted for
      continuous operation, which are believed to be greater than heretofore
      known in the art of Raney copper catalysts.
PAR  Other and further aims, objects, purposes, advantages, utilities, and
      features will be apparent to those skilled in the art from a reading of
      the present specification.
PAC  DETAILED DESCRIPTION
PAR  The catalyst of the present invention is a Raney copper catalyst which has
      been activated through contact with an aqueous composition containing
      therein dissolved alkali metal hydroxide and dissolved polyhydroxylated
      carboxylic acid. The starting material is a preformed binary metal alloy
      comprised of aluminum and copper in particulate form which contains a
      weight percent ratio of Al/Cu in the range from about 70:30 to 30:70
      (preferably about 45:55 to 55:45, and most preferably about 50:50).
PAR  In general, no particular special conditions need be employed when
      contacting starting alloy particles with an aqueous solution of alkali
      metal hydroxide and polyhydroxylated carboxylic acid. Typically, the alloy
      starting material is, as indicated, in the form of particles ranging in
      size from about 0.001 to 0.5 inch. Preferably, this solution comprises
      from greater than 0 to about 5 weight percent compound of formula (1), and
      with the balance up to 100 weight percent thereof being water, total
      by-product free (aluminate free) composition basis. More preferably, such
      a solution comprises from greater than 0 to about 5 percent alkali metal
      hydroxide, from about 0.01 to about 1.0 weight percent compound of formula
      (1), and with the balance up to 100 weight percent thereof, total
      by-product free basis, being water, though some aluminate may be present
      with other by-products. Preferably, the process of contacting with such a
      solution is conducted while maintaining the reaction zone in the region of
      the particles being activated into Raney copper catalyst at a temperature
      in the range of from about 0.degree. to 80.degree. C. Preferably, the
      contacting time ranges from about 1/2 to 30 hours. More preferably, the
      contacting temperature is in the range of from about 30.degree. to
      60.degree. C. More preferably, the contacting time is adjusted to be in
      the range of from about 4 to 12 hours.
PAR  The Raney copper catalyst should have at least about 25 weight percent of
      the initially present aluminum in such alloy particles removed during
      alkali contacting; however, it is apparently not necessary to remove
      aluminum from a catalyst during activation thereof by contacting such with
      a mixed solution of alkali metal hydroxide and compound of formula (1), as
      taught by this invention.
PAR  In one preferred and exemplary plant operational mode of catalyst
      preparation, activation of such starting alloy is accomplished by first
      contacting an aqueous solution of at least one compound of formula (1)
      with a group of such alloy particles. This aqueous solution can contain
      dissolved therein from about 0.01 to 1.0 weight percent of compound of
      formula (1) (total solution basis). Conveniently, the particles are
      preferably initially immersed in water and the compound(s) of formula (1)
      is (are) added to such water of immersion until the desired concentration
      of such compound(s) is (are) obtained. Such alloy particle group has an
      average particle size (diameter) in the range from about 0.001 to 0.5
      inch, and such copper alloy preferably has a copper to aluminum weight
      ratio of from about 45:55 to 55:45. This aqueous solution prefeably has a
      temperature in the range from about 30.degree. to 60.degree. C. during
      contacting. The time of such first contacting is relatively unimportant,
      though times of from about 5 minutes up to several hours have been found
      to be convenient.
PAR  Secondly, one contacts the resulting said group of alloy particles with an
      aqueous caustic (alkali metal hydroxide) solution. Conveniently, the
      caustic (alkali metal hydroxide) is added to (and dissolved in) the
      previously utilized solution of compound of formula (1) while continuous
      contact of such solution with such particles is maintained. Such second
      contacting is accomplished over a total time interval of from about 1/2 to
      30 hours, and such caustic solution is added gradually to said group over
      said time interval. The contact rate or addition rate of starting caustic
      solution being added to said group of particles during such contacting
      typically ranges from about 0.01 to 10 pounds caustic per pound of said
      starting group of alloy particles per hour. The total quantity of caustic
      so added to the aqueous medium in the raction zone is typically in the
      range of from about 0.5 to 25 pounds of caustic per pound of said group of
      particles (dry weight basis). During such contacting, such aqueous caustic
      solution and the resulting aqueous medium produced in such contacting each
      have a temperature in the range from about 0.degree. to 80.degree. C.
      During such second contacting, said group of particles is thus maintained
      in contact with at least one compound of formula (1). Preferably at least
      about 25 weight percent (total starting weight basis) of this aluminum
      initially present is removed during such a contacting operation conducted
      in accord with the teachings of this invention during the course of such
      an initial catalyst operation using fresh starting alloy particles.
PAR  While some alkali metal hydroxide during the contacting characteristically
      reacts with the aluminum of the alloy particles, the manner in which a
      compound of formula (1) functions in the practice of the present invention
      is presently unknown. One theory (and there is no intent herein to be
      bound by theory) is that a compound of formula (1) functions as a
      sequestering or stabilizing agent which present the precipitation of solid
      particles of alumina (or derivatives) on the surface or in the pores of
      the catalyst, a theory which may be supported by U.S. Pat. No. 2,345,134
      where polyhydroxylated compounds apparently act as stabilizing agents for
      sodium aluminate. Particles previously contacted with an alkali metal
      hydroxide solution may advantageously be post-contacted with an aqueous
      solution of aliphatic hydroxylated hydrocarbon compound using
      concentrations as taught herein.
PAR  After such second contacting, the resulting group of Raney copper catalyst
      particles is preferably washed to separate therefrom any remaining formula
      (1) compound, the remaining unreacted caustic and aluminate. Thereafter,
      the so-washed group of particles may optionally interveningly be stored
      before being used in a subsequent catalytic process.
PAR  For example, such a subsequent catalytic precess can be a hydrolysis
      process which preferably involves contacting such particles of Raney
      copper catalyst with an aqueous composition comprising, for example, from
      about 30 to 40 weight percent acrylonitrile with the remainder to 100
      weight percent thereof being water while maintaining a temperature of, for
      example, from about 70.degree. to 125.degree. C., as indicated.
PAR  Examples of formula (1) compounds include gluconic acid, sodium gluconate,
      ammonium gluconate, glucono delta lactone and the like.
PAR  In addition to the polyhydroxylated carboxylic acids indicated, one can
      employ acids and esters thereof which will form in alkaline water solution
      the same anions as do the corresponding acids themselves, the anions being
      preferably of the type within the scope of formula (1). Preferred such
      acids have a solubility in water of at least about 5 weight percent.
      Generally, such acids have a molecular weight less than about 1000 and
      preferably less than about 500, and, when repeating or condensed molecules
      are combined in a single molecule, no more than a dimer or trimer is used.
PAR  Most preferred compounds of formula (1) are gluconic acid, glucono delta
      lactone, and sodium gluconate. A presently most preferred alkali metal
      hydroxide is sodium hydroxide.
PAR  The exact amount of additive material used in a given catalyst activation
      performed in accord with the teachings of this invention can vary over
      relatively wider ranges as indicated. When a catalyst activation procedure
      using a particular additive material is being optimized so as to produce,
      for example, a catalyst having maximized control activity, it can be borne
      in mind that apparently each additive has its own particular optimized
      concentration level above which further increases thereof may result in no
      substantial further increase in product activated catalyst activity, as
      data presently available suggests. Indeed, at relatively high
      concentrations, at least some additive material may cause such reactions
      or other (presently unknown) effects to occur which exert an adverse
      influence upon a given activation procedure. Thus, as those skilled in the
      art will appreciate, it is practically impossible to express for each
      additive a broad usable range or an optimized use range. In general, lower
      as opposed to higher concentrations of an additive material are preferred
      for reasons of economy and general effectiveness in commercial activation
      procedures.
PAR  Those skilled in the art will readily appreciate that any convenient
      procedure or technique may be employed for contacting starting
      copper/aluminum alloy particles with an aqueous mixture of alkali metal
      hydroxide and formula (1) compound. The starting alloy particles can be
      added to a starting mixture composition, or vice versa, or otherwise as
      desired. While pretreatment of particles of alloy with a starting mixture
      comprising an aqueous solution of compound of formula (1) is more
      convenient, such is not necessary. A preformed Raney copper catalyst
      conventionally prepared by alkali contact can be post treated, if desired,
      with a starting solution comprised of alkali metal hydroxide and formula
      (1) compound in accord with the teachings of this invention, particularly
      when optimized catalyst performance is not needed. It is preferred to
      activate a catalyst as taught herein for use in this invention under
      conditions such that the metal particles are subjected to a minimum of
      heat exposure, such as is generated when, for example, concentrated
      aqueous alkali metal hydroxide contacts the starting alloy particles. It
      is preferred to activate a catalyst as taught herein for use in this
      invention using temperatures which do not exceed about 80.degree. C., and
      by using controlled incremental or continuous addition of alkali metal
      hydroxide over an extended time period to an aqueous medium being used to
      activate a group of particles.
PAR  One can conveniently employ, during catalyst activation, a total quantity
      of aqueous hydroxide, for example, such that the molar quantity of
      hydroxide used totals from about 0.25 to 2.0 (preferably 1.1 to 2.0) times
      the toatl molar amount of aluminum initially present in a starting group
      of alloy particles, as when a batch preparation procedure is being
      employed, where the aqueous hydroxide is being added to a vessel
      containing a fixed quantity of starting alloy with aqueous formula (1)
      compound and the aqueous hydroxide leaching composition being allowed to
      accumulate in this vessel during the leaching operation.
PAR  During the contacting of starting alloy with such a leaching composition,
      an aluminate (in solution) and hydrogen gas are characteristically
      produced. Conveniently, the hydrogen gas is vented more or less at the
      rate generated from the reaction zone, and most of the aluminate may be
      removed in the water of the laching composition, if desired. It is
      preferred to conduct the activation operatiion under inert conditions,
      such as under a blanket of nitrogen gas or a gas of the helium family,
      primarily to avoid forming explosive mixtures of hydrogen and oxygen.
PAR  At the end of a contacting operation by the teachings of this invention,
      the resulting solid catalyst particles remaining are preferably washed
      with water preferably to a neutral pH (e.g. a pH in the range of from
      about 7.0 to 7.5). The product catalyst is then removed from the reaction
      zone, and wet-screened to separate fines, preferably.
PAR  The product catalyst is conveniently stored under water, as in drums, prior
      to charging to a reactor for use in the practice of the process of the
      present invention. Keeping the catalyst under water prevents oxidation by
      air which occurs rapidly if the catalyst is allowed to have oxygen
      exposure.
PAR  When practicing the process of the present invention to make a Raney copper
      catalyst for use in a suspension reactor bed system, it is preferred to
      employ the Raney copper catalyst in the form of particles at least 90
      weight percent of which are in an average size range from about 0.002 to
      0.100 inch. Similarly, when the present invention is used to make a Raney
      copper catalyst for use in a fixed bed system, it is convenient and
      preferred to use the Raney copper catalyst in the form of particles at
      least 90 weight percent of which range in average size from about 0.02 to
      0.50 inch.
PAR  In one more preferred catalyst preparation procedure, using the preferred
      route above described, the said group of alloy particles is confined to a
      reaction zone. A caustic solution and a solution of formula (1) compound
      may be admixed and contacted with said group of particles in said zone,
      but the resulting aqueous medium is gradually removed from the zone during
      the contacting. In another more preferred catalyst preparation procedure,
      using the preferred route above described, the said resulting aqueous
      medium is so removed at a volumetric rate which is about equal to the rate
      of addition of said caustic solution. In such a removal procedure,
      substantially 100 weight percent of this so removed resulting aqueous
      medium can be recycled back into contact with the group of particles being
      activated. During such a recycle, the so recycled aqueous medium is
      admixed with at least a portion of fresh caustic solution before or during
      recycle contact with such a group of particles.
PAR  Alternatively, less than 100 weight percent of said so removed resulting
      aqueous medium can be recycled back into contact with said group of
      particles. The balance up to 100 weight percent thereof is permanently
      removed from said reaction zone and can be discarded. Caustic may be added
      to such reaction zone at a rate approximately equal to the rate at which
      caustic is consumed through reaction with the aluminum in the alloy. The
      contacting process involving caustic addition may preferably be practices
      continuously at a rate which is approximately equal to the rate of caustic
      consumption. The amount of aluminum left in the catalyst after an
      activation, as described herein, can vary widely, but in the case of an
      active catalyst used for fixed bed catalysts, it has been found that as
      much as 20 weight percent aluminum (based on total catalyst weight) can be
      present in a catalyst without apparently affecting catalyst use and
      performance characteristics, such as conversion rate, throughput rate of
      reactants, catalyst life, catalyst activity, etc., a fact which is
      somewhat surprising in view of the prior art above reviewed. Formula (1)
      compound can be added with caustic.
PAR  In preparing a catalyst of this invention, it will be appreciated that
      there apparently is a sensitive relationship between the temperature of
      activation and the time of caustic contact with starting alloy. In
      general, the higher the temperature, the longer should be the time for
      caustic addition to provide a most active catalyst, because under such
      conditions localized overheating of the catalyst particles is avoided or
      reduced to a minimum level. Localized overheating of alloy particles may
      interfere with generation of a catalyst having an optimum desired group of
      characteristics associated therewith. If one employs a rapid reaction
      between alloy particles and alkali, there tends to be produced a lessening
      of catalyst activity. A surprising amount of heat is liberated when one
      contacts alloy particles with caustic so that on a large scale of catalyst
      activation, refrigeration equipment could be used to remove the exotherm.
PAR  As used herein the term "gradual" includes not only conditions, but also
      intermittent addition of alkali to alloy particles or removal of a
      resulting aqueous medium from the zone of a given activation reaction.
PAR  Even after a great portion of removable aluminum in particles has been
      etched away by caustic, as in a conventional Raney copper catalyst
      activation procedure, one can still obtain a benefit (improved catalyst
      activity in the hydrolysis process of this invention) by contacting such
      particles with a solution of alkali metal hydroxide and compound of
      formula (1) in accord with the teachings of this invention. Hence, a
      starting alloy material in particulate form for purposes of this invention
      can be one which has previously undergone a contacting with alkali metal
      hydroxide using, for example, prior art Raney copper catalyst activation
      technology. The beneficial results achieved by a contacting conducted in
      accord with the invention are characteristically producible even when
      using an aqueous treating or contacting medium wherein the concentration
      of alkali metal hydroxide and of compound of formula (1), respectively, is
      very low. Though as those skilled in the art will appreciate, one can
      employ, as taught herein, relatively high such concentrations, low such
      concentrations are preferred during a contacting operation as taught
      herein. Mixture of different ones of the additives taught herein may
      sometimes be advantageously employed during contacting.
PAC  EMBODIMENTS
PAR  The present invention is further illustrated by reference to the following
      Examples. Those skilled in the art will appreciate that other and further
      embodiments are obvious and within the spirit and scope of this invention
      from the teachings of these present Examples taken with the accompanying
      specification.
DETD
PAC  EXAMPLE 1
PAC  Activation of Alloy to Raney Copper Catalyst
PAR  A leaching reaction to activate a 50:50 weight ratio copper aluminum alloy
      is carried out using an apparatus arrangement where a group of particles
      are confined to a reaction zone and an alkali metal hydroxide solution is
      added into the reaction zone. The liquid is added to the reaction zone and
      is allowed to accumulate in the reaction zone. At the end of such caustic
      addition, in accordance with a preferred catalyst activation procedure of
      the present invention, and after caustic addition is terminated, the
      resulting treated particles are removed from the reaction zone. The
      particles are initially wet with water before caustic addition is
      commenced. The alloy, which is in the form of particles ranging in size
      from about 0.06 to 0.25 inch average diameter size, is placed in a wire
      basket which is rotated in a 1 to 3 liter reaction flask. The flask is
      provided with a nitrogen purge inlet, a buret for caustic addition, a
      thermometer and a hydrogen outlet connected to a Wet Test Meter.
      Circulation of the leaching solution is accomplished by using a
      turbo-agitator in the flask beneath the basket.
PAR  After the alloy is placed in the basket mounted in the reactor flask,
      sufficient deionized water is added to the flask to completely immerse all
      particles and the agitator is set for about 120 r.p.m. Heating to a
      reaction temperature of 105.degree. F. is undertaken concurrently with a
      30 minute nitrogen purge. Prior to the addition of the caustic solution an
      aqueous solution of gluconic acid, 50% by weight at ambient temperature,
      is added to the water. The resulting aqueous solution of gluconic acid is
      estimated to contain from about 0.1 to 0.3 weight percent gluconic acid.
      The total amount of acid thus added is about 0.01 grams of acid per gram
      of alloy, on a dry basis.
PAR  When the flask reaches 105.degree. F. and the purge is completed, a 50
      weight percent sodium hydroxide solution is added continuously over a 380
      minute period to the system until 3 pounds of sodium hydroxide solution
      per pound of alloy have added, while controlling the temperature within
      .+-. 2.degree. F. with external cooling.
PAR  Contacting with the sodium hydroxide solution is continued until an
      estimated amount of about 80 to 90 weight percent of the total aluminum
      present in the starting alloy has been leached, based on hydrogen
      evolution. The reaction rate is evaluated by monitoring the hydrogen
      evolution every 15 to 30 minutes. Thereafter, the product catalyst is
      immediately removed from the leaching solution and placed into a large
      excess of deionized water. The product catalyst is rinsed with deionized
      water until the pH of the rinse water approaches 7.0 after which the
      product catalyst is stored under deionized water to prevent oxidation
      thereof.
PAC  EXAMPLE 2
PAC  Activation of Alloy to Raney Copper Catalyst
PAR  A leaching reaction using an apparatus arrangement similar to that used in
      Example 1 but equipped with a drain arrangement which permits one to
      remove gradually from the vicinity of the group of particles in the
      reaction zone the medium which results after the alkali metal hydroxide
      solution and the formula (1) compound solution have each been brought into
      contact with the group of particles therein to activate a 50:50 weight
      ratio copper aluminum alloy is performed using a 1/2 inch outside diameter
      semi-batch fixed bed reactor. The reactor is provided with a nitrogen
      purge inlet, a buret for caustic addition, a thermometer, and a hydrogen
      outlet connected to a Wet Test Meter.
PAR  At the bottom of the reactor a 3 to 4 inch bed of 4 mm glass beads are
      initially placed, and on top of this bed is positioned a charge of
      starting alloy, which is in the form of particles ranging from about 0.06
      to 0.25 inch average diameter. A second bed of similar bead thickness is
      then placed on top of the alloy charge in the reactor. Then deionized
      water at ambient temperature is circulated through the bed while the
      reactor is being heated to 105.degree. F. Immediately after heating is
      commenced, an aqueous solution of 50 weight percent gluconic acid at
      ambient temperature is added to the circulating water solution at a level
      sufficient to produce a ratio of 0.001 grams gluconic acid per gram of
      alloy in the reactor; such addition is continued during this entire
      activation procedure during subsequent caustic solution addition to the
      reactor.
PAR  Circulation of the laching solution is accomplished by pumping a 1% caustic
      solution (dry basis) at a rate of 0.1 grams caustic per gram alloy per
      hour and allowing the resulting aqueous medium to be removed from the
      reactor at a rate approximating the pumping rate. A liquid level,
      sufficient to immerse the alloy and resulting catalyst, is maintained
      during the activation with a liquid leg device so that greater heat
      transfer capabilities may be obtained.
PAR  When the unit reaches 105.degree. F., the caustic solution, containing
      added gluconic acid in solution at a concentration estimated to be from
      0.01 to 0.03 weight percent, is added until a total charge of about 3
      grams of caustic per gram of alloy has been contacted with the alloy. The
      circulation rate is thus about 10 grams resulting solution per gram of
      alloy particles per hour. The reaction is continued until about 80 to 90
      weight percent of the total amount of aluminum estimated to be present in
      the starting alloy has been leached, based on hydrogen evolution. The
      reaction rate is evaluated by monitoring the hydrogen eveolution every 15
      to 30 minutes.
PAR  The resulting product catalyst is then washed with deionized water until
      the pH of the wash water reaches the range of from about 7 to 7.5. The
      product catalyst is then retained under water to prevent oxidation.
PAC  EXAMPLE 3
PAC  Activation of Alloy to Raney Copper Catalyst
PAR  A leaching reaction using an apparatus arrangement similar to that used in
      Example 1 except that here, after the caustic solution from a first
      conduit has contacted the group of particles, the resulting aqueous medium
      is gradually removed through another conduit. In such other conduit, this
      resulting aqueous medium is conveyed to a connection region where such
      other conduit is interconnected with a third conduit. Fresh caustic
      solution and fresh compound of formula (1) are each conveyed to and mixed
      with the aqueous medium in such other conduit so that a mixture of the
      aqueous medium and fresh caustic solution and fresh compound of formula
      (1) solution results, which mixture is then conveyed through the first
      conduit back into the reaction zone. Such a system permits economical use
      of caustic, as those skilled in the art will appreciate. In this way, a
      50:50 weight ratio copper/aluminum alloy is activated using a 1/2 inch
      outside diameter semi-batch fixed bed reactor. The reactor is provided
      with a nitrogen purge inlet, a buret for caustic addition, a thermometer,
      and a hydrogen outlet connected to a Wet Test Meter. Circulation of the
      leaching solution is accomplished by using a pump that is connected in a
      closed loop to the fixed bed reactor.
PAR  At the bottom of the reactor a 3 to 4 inch bed of 4 mm glass beads are
      placed on top of which is positioned a charge of starting alloy, which is
      in the form of particles ranging from about 0.06 to 0.25 inch average
      diameter. A second bed of similar bead thickness is placed on top of the
      alloy charge in the reactor. Thereafter, deionized water is circulated
      through the bed while the reactor is being heated to 105.degree. F.
      Thereafter, an aqueous solution of 50 weight percent gluconic acid at
      ambient temperature is added to the water in a quantity to provide about
      0.01 grams of gluconic acid perr gram of alloy. The resulting aqueous
      gluconic acid concentration is estimated to be from 0.1 to 0.3 weight
      percent.
PAR  When the unit reaches 105.degree. F., a 50 weight percent sodium hydroxide
      solution is begun to be added at a rate of about 0.2 grams sodium
      hydroxide per gram of alloy per hour until a total charge of about 2.0
      grams of such sodium hydroxide solution have been added per gram of alloy.
      Using a medium circulation rate similar to that employed in Example 2, the
      reaction is continued until about 80 to 90 weight percent of the total
      amount of aluminum estimated to be present in the starting alloy has been
      leached, based on hydrogen evolution. The reaction rate is evaluated by
      monitoring the hydrogen evolution every 15 to 30 minutes.
PAR  The resulting product catalyst is then washed with deionized water until
      the pH of the wash water reaches the range of from about 7 to 7.5. The
      product catalyst is then retained under water to prevent oxidation.
PAC  EXAMPLE 4
PAC  Activation of Alloy to Raney Copper Catalyst
PAR  A leaching reaction using an apparatus arrangement similar to that of
      Example 1, except that here caustic solution and compound of formula (1)
      are gradually added into the reaction zone through a conduit and after the
      caustic solution and formula (1) compound solution from this conduit have
      contacted the group of particles, the resulting aqueous medium is
      gradually removed through another conduit from which a portion of the
      resulting medium is removed from the system before the remainder thereof
      is recycled back to the reaction zone. Fresh caustic solution and fresh
      formula (1) compound solution are mixed with the aqueous medium being
      recycled so that a mixture results, which mixture is passed into the
      reacton zone. Thus, a 50:50 weight ratio copper/aluminum alloy is
      activated using a 1/2 inch outside diameter semi-batch fixed bed reactor.
      The reactor is provided with a nitrogen purge inlet, a buret for caustic
      addition, a thermometer, and a hydrogen outlet connected to a Wet Test
      Meter. Circulation of the leaching solution is accomplished by using a
      pump that is connected in a closed loop to the bed reactor.
PAR  At the bottom of the reactor a 3 to 4 inch bed of 4 mm glass beads are
      placed on top of which is positioned a charge of starting alloy, which is
      in the form of particles ranging from about 0.06 to 0.25 inch average
      diameter. A second bed of similar bead thickness is placed on top of the
      alloy charge in the reactor. Thereafter, deionized water at ambient
      temperature is circulated through the bed while the reactor is being
      heated to 105.degree. F. Immediately after heating is commenced an aqueous
      solution of 50 weight percent gluconic acid solution is added at ambient
      temperature to the water in a quantity to provide about 0.01 grams of
      gluconic acid per gram of alloy. The resulting aqueous gluconic acid
      concentration is estimated to be from 0.1 to 0.3 weight percent. When the
      unit reaches 105.degree. F., a 50 weight percent sodium hydroxide solution
      containing added gluconic acid in solution at a concentration estimated to
      be from 0.01 to 0.03 weight percent, is added at a rate of 0.2 grams of
      sodium hydroxide solution per gram of alloy per hour until a total charge
      of about 3.0 grams of such sodium hydroxide solution have been added per
      gram of alloy. A circulation rate similar to that of Example 2 is
      employed. During such sodium hydroxide addition, a portion of the
      resulting aqueous medium is removed from the system at a rate of 0.25
      grams per hour per gram of alloy.
PAR  The reaction is continued until about 80 to 90 weight percent of the total
      amount of aluminum estimated to be present in the starting alloy has been
      leached, based on hydrogen evolution. The reaction rate is evaluated by
      monitoring the hydrogen evolution every 15 to 30 minutes.
PAR  The resulting product catalyst is then washed with deionized water until
      the pH of the wash water reaches the range of from about 7 to 7.5. The
      product catalyst is then retained under water to prevent oxidation.
PAC  EXAMPLE 5
PAC  Hydrolysis Process
PAR  The catalyst prepared according to the procedure of Example 1 is packed
      into a 12 inch continuous acrylonitrile hydrolysis reactor so as to form a
      fixed catalyst bed therein, the catalyst being covered with water during
      the charging operation to avoid oxidizing same. The reactor is sealed and
      pressure checked.
PAR  Water at the rate of 3.7 ml per minute and acrylonitrile at the rate of 1.5
      ml per minute are charged to the reactor and the reactor temperature is
      raised to 175.degree. F. When the reactor reaches 175.degree.F and the
      flow rates are lined out, a one hour conditioning period is undertaken to
      insure that the system is equilibrated. A test is then started and a
      composite sample of the product stream is taken after 60 minutes followed
      by a second composite sample at the end of the next 30 minutes to check
      for possible variations.
PAR  Thereafter the water feed rate is reset to 2.65 ml per minute and the
      acrylonitrile feed rate is reset to 1.1 ml per minute. The unit is allowed
      to equilibrate for 30 minutes, and then a sample of the product is taken
      in the same manner as done previously.
PAR  The samples are submitted to gas chromatographic analysis for determination
      of water, acrylamide, and acrylonitrile content. Samples that are two
      phased are dissolved in methanol to yield a single phase sample for this
      analysis. The shut-down procedure requires cooling the reactor,
      terminating the nitrile feed, and flushing the reactor with water to
      remove any residual nitrile.
PAR  The catalyst evaluated in this procedure is compared with other catalysts
      produced using the process of example 1 with modifications as shown in
      Table 1. Evaluation of the catalysts provided information relating the
      relative activity of catalyst to the process condition under which the
      catalyst is prepared. The aforementioned relative activity is based on the
      concept that under a specific set of reactor operating conditions, e.g.,
      temperature, feed contact time, acrylonitrile concentration in the feed,
      the same conversion level of acrylonitrile to acrylamide is obtained by
      varying the weight of catalyst present in the reaction zone. The ratio of
      the weight of catalyst required, to obtain the same conversion level of
      acrylonitrile to acrylamide as obtained with the catalyst assigned an
      activity of 1.0, to the weight of catalyst an activity of 1.0, is the
      reciprocal of the catalyst activity. To illustrate, if the catalyst
      arbitrarily assigned an activity of 1.0 requires 50 grams of catalyst to
      obtain a conversion level of acrylonitrile to acrylamide of about 80% and
      a second catalyst requires 25 grams of catalyst to effect the same
      conversion of acrylonitrile to acrylamide of about 80%, then the
      reciprocal of the relative activity of the latter catalyst is 25 grams/50
      grams = 0.5, and thus the relative activity is 1/0.5 = 2.0. Use of this
      analysis under the operating conditions described in this example provides
      the relative activity value of catalysts produced under various operating
      conditions using the activation process of Example 1. The results are
      summarized below in Table 1. The aforementioned relative activity is
      measured by the procedure described in Example 8 (parts a-n). When each of
      the catalysts prepared by the teachings of Examples 2,3 and 4 is used in
      the hydrolysis reaction in the manner just described, similar results are
      obtained. The information contained in Table 1 demonstrates the vast
      difference in generating a catalyst as defined in this invention when
      compared to a catalyst activated by the method thereinabove referred to as
      the Kawaken method. It is evident to those familiar with the art that the
      relative activity of a catalyst activated by the method claimed in this
      invention is significantly more active, i.e., by a factor of 4 to 7 times
      as active, as a catalyst prepared by the Kawaken method.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                                                     CATALYST                  
     CATALYST     CATALYST ACTIVATION CONDITIONS     ACTIVITY                  
                              NaOH  grams Gluconic   Relative to the           
          Tyler Sieve                                                          
                  Activation                                                   
                         % NaOH                                                
                              addition                                         
                                    acid per 100                               
                                            Comments standard basis-           
     Catalyst                                                                  
          Size Range                                                           
                  Temperature                                                  
                         (4)  time (3)                                         
                                    grams of alloy                             
                                            (5)      dimension                 
     __________________________________________________________________________
                                                     less                      
     a    6-8 mesh                                                             
                  85.degree.F                                                  
                         20%  0     0.00    Prepare catalyst                   
                                                     1.00                      
                                            using method de-                   
                                            scribed by Ka-                     
                                            waken Chemical                     
                                            Company (2)                        
     b    6-8 mesh                                                             
                  85.degree.F                                                  
                         20%   94 min.                                         
                                    0.00    Prepare catalyst                   
                                                     3.15                      
                                            using method                       
     c    6-8 mesh                                                             
                  105.degree.F                                                 
                         10%  135 min.                                         
                                    1.33    claimed in this                    
                                                     4.96                      
                                            invention (1)                      
     d    6-8 mesh                                                             
                  105.degree.F                                                 
                         10%  381 min.                                         
                                    5.32             7.63                      
     e    6-8 mesh                                                             
                  85.degree.F                                                  
                         10%  381 min.                                         
                                    5.32             7.82                      
     __________________________________________________________________________
      FOOTNOTES FOR TABLE 1                                                    
      1. The catalysts (b),(c),(d) and (e) are prepared according to the method
      taught in Example 1, except that the activation temperatures, percent    
      NaOH, NaOH addition time, and grams gluconic acid per 100 grams of alloy 
      are varied as summarized in this Table.                                  
      2. Catalyst (a) is prepared by the method described by Kawaken Chemical  
      Company, in which the alloy particles are incrementally added over a 1.5 
      hour period to an agitated solution to which all of the sodium hydroxide 
      has been added prior to adding the alloy particles. After adding all allo
      particles, the particles and sodium hydroxide are contacted for an       
      additional 21/2 to 3 hours before removing the particles from the sodium 
      hydroxide solution and washing them free of excess caustic.              
      3. In all cases, 2.5 to 3.0 grams of 50% sodium hydroxide solution per   
      gram of alloy are added to the reactor flask over the indicated NaOH     
      addition time.                                                           
TBL                  W (0.5)                                                   
     4. Percent NaOH is calculated as:                                         
                     S+W                                                       
      where W is the weight of 50% NaOH solution added to the reactor flask, an
      S is the weight of water initially present in the reactor flask just     
      before starting the addition of the NaOH solution to the reaction flask. 
      5. Catalyst (b) is inferior to catalysts (c),(d) and (e) because of the  
      presence of the gluconic acid during catalyst activation in catalysts    
      (c),(d) and (e).                                                         
PAC  EXAMPLE 6
PAC  Hydrolysis Process for Testing Catalyst Life
PAR  A system for hydrolyzing acrylonitrile to acrylamide is a reactor in the
      design of a double pipe heat exchanger with a flow system as indicated in
      FIG. 2. The inner tube which constitutes the reaction zone which has a
      5-foot length and is formed of 316 stainless steel and has 1 in. outside
      diameter schedule 10S pipe. The inner tube is uniformly surrounded by a
      jacket which is provided with an inlet at the bottom of the jacket and
      also with an outlet at the top of the jacket to allow circulation of a
      heat transfer medium to remove heat generated from the reaction. A
      temperature sensing device is installed in the inner pipe to allow
      temperature measurements throughout the reaction zone.
PAR  During operation of the reactor, acrylonitrile and water are separately
      pumped from volumetrically calibrated feed tanks, combined, heated, and
      introduced into the bottom of the reactor. The reactor is maintained under
      pressure to allow maintaining liquid phase conditions. In this Example,
      the following process conditions apply to the operation in test of a
      catalyst prepared in the manner of Example 1, except that 0.053 grams of
      gluconic acid per gram of alloy are initially added to the water and
      approximately 4.1 grams of 50% NaOH solution are added per gram of alloy
      over a 5-hour period, and also except that the metal particles are not
      placed in a basket but are deposited on the bottom of the reaction vessel.
TBL  Reactor temperature                                                       
                      220.degree.                                              
                              .+-. 2.0.degree.F                                
     Weight percent acrylonitrile                                              
                      35      .+-. 1.0%                                        
     in the feed                                                               
     Weight hourly space velocity                                              
                      2.0     .+-. 0.3 pounds of                               
                                       feed per                                
                                       pound of                                
                                       catalyst per                            
                                       hour.                                   
PAR  As previously mentioned, the catalyst here used is a nominal 50% copper,
      50% aluminum alloy activated in the manner described in this invention. A
      quantitative analysis of this catalyst after activation indicates that the
      activated catalyst composition is 81 weight percent copper and 19 weight
      percent aluminum. The catalyst, which is in the form of particles ranging
      in size from about 0.06 to 0.125 inch in diameter, is typical of other
      catalysts prepared as taught herein and evaluated in the process of this
      invention.
PAR  Product leaving the reactor is cooled before being reduced to atmospheric
      pressure. Such product is collected in a final receiver and analyzed for
      acrylamide, acrylonitrile and water content. Based on these respective
      analyses, conversion level of acrylamide, and activity of the catalyst at
      a particular point in time is determined by the method of Example 8 (a-n).
PAR  The initial activity of the catalyst is determined to be 7.1. After about
      500 hours of operation at the described test conditions, catalyst activity
      remains at 7.1, within experimental error. After approximately 1700 hours
      of operation at the described test conditions, the catalyst activity is
      determined to be 4.7.
PAC  EXAMPLE 7 (PARTS A THROUGH H)
PAR  A series of 8 different Raney copper catalysts are prepared using the
      following standarized procedure.
PAR  A three-liter reaction flask is provided with a nitrogen purge inlet, a
      buret for caustic addition, a thermometer, and a hydrogen outlet connected
      to a wet test meter. A basket is attached to a motor-driven agitator shaft
      so that the basket can be rotated inside the reaction flask during the
      activation procedure.
PAR  A total of 200 grams of copper/aluminum alloy particles are placed inside
      of the basket. The particles are between 6 and 8 Tyler mesh in size, and
      they are approximately 50% aluminum and 50% copper on a weight percentage
      basis. A total of approximately 2650 grams of deionized water and a
      preselected amount of an organic additive are charged to the flask. The
      flask is subsequently closed and purged with nitrogen to prevent forming
      an explosive gas mixture during activation. A total of 662 grams of a 50%
      by weight solution of sodium hydroxide in water are added to the flask
      incrementally over approximately a four-hour period. After completing the
      sodium hydroxide addition, the mixture is held for an additional time
      period sufficient to allow a total of 4.2 to 4.7 cubic feet of hydrogen to
      evolve from the flask, as measured by the wet test meter. During the
      sodium hydroxide addition and the subsequent hold period the temperature
      of the liquid is maintained between 40.degree. and 43.degree. C. The
      basket containing the metal particles is rotated inside the liquid during
      the sodium hydroxide addition and subsequent hold period. After completing
      the activation procedure, the resulting Raney copper catalyst particles
      are washed repeatedly with water until the washings show a pH which is
      less than eight. Fines are removed by wet screening on a 10 Tyler mesh
      screen and subsequently are stored under water prior to testing for
      acrylonitrile hydration activity.
PAR  A total of 6 different organic additives are individually tested using the
      preceding procedure. The additives tested are (a) gluconic acid; (b)
      lactic acid; (c) malic acid; (d) malonic acid; (e) tartaric acid; (f)
      glycolic acid; (g) citric acid; and (h) gluconic acid. A blank or control
      catalyst test (designated (i) is )) in which no additive is added to the
      catalyst preparation reaction vessel. Results are summarized in Table 2.
PAC  EXAMPLE 8 (PARTS A THROUGH I)
PAR  The 9 catalysts (8 with additives) prepared in Example 7 are each tested
      for acrylonitrile hydration activity by using the following standardized
      procedure.
PAR  A total of 80.6 grams of wet catalyst are charged to a reaction tube which
      has been fabricated from 3/4 inch diameter pipe. The reaction tube is
      immersed in a hot water bath which is used to control temperature inside
      the tube, as measured by thermocouples which are enclosed inside a
      thermowell which projects into the reaction tube from one end.
PAR  When this reactor is used to determine activity of a catalyst,
      acrylonitrile and water are separately pumped from volumetrically
      calibrated feed tanks, combined, heated, and introduced into the bottom of
      the reactor. The reactor is maintained under pressure as necessary to
      allow maintaining liquid phase conditions. Product leaving the reactor is
      cooled before reducing pressure to atmospheric. Product is collected and
      analyzed by gas chromatography for weight % acrylamide, acrylonitrile and
      water. From this analysis the percent conversion of acrylonitrile to
      acrylamide is estimated.
PAR  For each catalyst, a series of different tests are run at different contact
      times with all other variables held constant, as follows:
PAR  1. Arithmetic mean catalyst bed temperature of approximately 175.degree. F.
PAR  2. Feed composition 100% basis of 25 weight % acrylonitrile and 75 weight %
      water.
PAR  Contact time is inversely measured as weight hourly space velocity (WHSV),
      which is defined as weight hourly feed rate divided by dry catalyst weight
      in the reaction zone.
PAR  The contact times are varied to bracket a 35% conversion of acrylonitrile
      to acrylamide. The WHSV required for a 35% conversion is estimated by
      graphical or statistical interpolation. The catalyst activity (a) is then
      calculated from the following expression:
EQU  a = 1.2 (WHSV.sub.35)
PAL  where WHSV.sub.35 is the weight hourly space velocity required for 35%
      conversion of acrylonitrile to acrylamide.
PAR  The activities determined by the preceding procedure for the catalysts
      prepared in Example 7 are tabulated in Table 2.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                  Additive Level                                               
                           Additive Concentration                              
                  (percent based                                               
                           in Solution* Catalyst                               
     Additive     on alloy charge)                                             
                           (% by Wt.)   Activity                               
     __________________________________________________________________________
     (a) gluconic acid                                                         
                  2.5      0.15         6.2                                    
     (b) lactic acid                                                           
                  2.5      0.15         2.8                                    
     (c) malic acid                                                            
                  2.5      0.15         3.7                                    
     (d) malonic acid                                                          
                  2.5      0.15         3.1                                    
     (e) tartaric acid                                                         
                  2.5      0.15         4.2                                    
     (f) glycolic acid                                                         
                  2.5      0.15         3.2                                    
     (g) citric acid                                                           
                  1.25     0.08         4.3                                    
     (h) gluconic acid                                                         
                  33       2.0          --**                                   
     (i) blank - no additive                                                   
                  0        0            3.2                                    
     __________________________________________________________________________
      *After NaOH addition is complete, on an aluminate-free basis.            
      **Dash marks indicate that though particular product catalyst was prepare
      with indicated additive, the particular product catalyst was not evaluate
      to determine catalyst activity as respects conversion of acrylonitrile to
      acrylamide.                                                              
PAC  EXAMPLE 9
PAR  A catalyst first is prepared in the same manner as described in Example 7
      but, without adding any additive to the reaction flask prior to or during
      the sodium hydroxide addition period.
PAR  Then this catalyst is treated as follows: A clean reaction flask as
      described and equipped in Example 7 is filled with approximately 2650
      grams of deionized water, 662 grams of a 50% aqueous sodium hydroxide
      solution, and 10 grams of a 50% gluconic acid solution. The previously
      prepared Raney copper catalyst is charged into the basket which is
      immersed into this resulting solution and the basket is rotated in the
      solution for 31/3  hours. The liquid temperature is held between the
      40.degree. and 43.degree. C. Only 0.143 cubic feet of hydrogen are
      evolved, as measured by a Wet Test Meter.
PAR  The catalyst is subsequently tested for acrylonitrile hydration activity by
      the method of Example 8. The catalyst is found to have an activity of 4.9,
      which is about 50% higher than the non-additive treated catalyst of
      Example 8(i) which was prepared without any exposure to any additive with
      the sodium hydroxide.
PAC  EXAMPLE 10
PAR  A Raney copper catalyst is prepared using the apparatus of FIG. 3. The
      preparation is conducted without the use of an additive in the activating
      sodium hydroxide.
PAR  The system is charged with 10.5 pounds of 50% copper/ 50% aluminum alloy
      particles of 6 to 8 mesh particle size. Approximately 36 gallons of water
      are charged to this system, and a circulation rate of 1.5 gpm is begun
      through the particle bed and continues throughout the sodium hydroxide
      addition step period. A total of about 31 pounds of a 50% aqueous sodium
      hydroxide solution is subsequently added to the water at a substantially
      uniform rate over an 81/2  hour period. The circulation is continued until
      about 80 to 90 weight percent of the aluminum initially present is
      removed, as measured by hydrogen evolution. The catalyst is then first
      washed over wash water until a pH of less than 8 is achieved, and
      subsequently is screened on a 10 mesh screen.
PAR  This catalyst is charged to the apparatus of Example 6, and is run for an
      extended period at the following test conditions:
PAR  Temperature 220.degree. F.
PAR  WHSV 1.5
PAR  Acrylonitrile to water weight ratio 35/65.
PAR  Initial activity of the catalyst is determined by the procedure of Example
      8 to be approximately 2.8. After about 500 hours of operation, the
      activity is determined by the procedure of Example 8 to have declined to
      1.3.
PAR  The catalyst of Example 6, which was prepared using gluconic acid, showed
      no decline in activity over a 500-hour test period when similarly
      evaluated, and in fact retained a higher percentage of its initial
      activity after over 1700 hours of operation than the non-additive treated
      catalyst of this Example retained after only 500 hours of operation,
      thereby demonstrating that a more useful catalyst is obtained with the use
      of gluconic acid as an additive in the activation period.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an improved process for preparing a Raney copper catalyst, said
      catalyst comprising from about 2 to 45 weight percent aluminum with the
      balance up to 100 weight percent being copper, the improvement which
      comprises contacting particles of a metal alloy comprised of copper and
      aluminum with an aqueous solution which had dissolved therein on a 100
      weight percent total by-product free solution basis from greater than 0 to
      about 25 weight percent alkali metal hydroxide and at least one soluble
      polyhydroxylated carboxylic acid which has a solubility in water at least
      about 5 weight percent said acid being selected from the group consisting
      of (a) a compound of the formula:
EQU  HOCH.sub.2 -- (CHOH).sub.n -- COOH
PAL  where n can range from 3 through 6 as well as the alkali metal salts, the
      ammonium salt, the lower alkanol esters and lactones thereof and (b)
      citric acid.
NUM  2.
PAR  2. The process of claim 1 wherein said contacting being conducted at a
      temperature which is below about 80.degree.C.
NUM  3.
PAR  3. The process of claim 1 wherein said metal alloy is comprised of aluminum
      and copper in a weight ratio of from about 70:30 to 30:70 aluminum to
      copper in the form of particles ranging in size from about 0.001 to 0.5
      inch.
NUM  4.
PAR  4. The process of claim 1 wherein said solution comprises from greater than
      0 to about 15 weight percent alkali metal hydroxide, from greater than 0
      to about 5 weight percent polyhydroxylated compound and with the balance
      up to 100 weight percent thereof being water.
NUM  5.
PAR  5. The process of claim 1 wherein said solution comprises from greater than
      0 to about 5 weight percent alkali metal hydroxide, from about 0.01 to
      about 1.0 weight percent polyhydroxylated compound and with the balance up
      to 100 weight percent thereof being water.
NUM  6.
PAR  6. The process of claim 1 wherein at least about 25 weight percent of the
      initially present aluminum in said alloy particles is removed during said
      contacting.
NUM  7.
PAR  7. The process of claim 1 wherein said contacting is conducted for a time
      ranging from about 1/2 to 30 hours.
NUM  8.
PAR  8. The process of claim 1 wherein before said contacting with said solution
      said alloy is preliminarily contacted with a preliminary composition which
      comprises an aqueous solution of at least on polyhydroxylated compound.
NUM  9.
PAR  9. The process of claim 8 wherein said preliminary composition comprises
      from greater than 0 to about 25 weight percent of said polyhydroxylated
      compound with the balance up to 100 weight percent on a total composition
      basis being water.
NUM  10.
PAR  10. The process of claim 9 wherein said preliminary composition comprises
      from greater than 0 to about 5 weight percent polyhydroxylated compound
      with the balance up to 100 weight percent on a total composition basis
      being water.
NUM  11.
PAR  11. The process of claim 1 wherein said Raney copper catalyst is in the
      form of particles at least 90 weight percent of which range in average
      size from about 0.002 to 0.100 inch.
NUM  12.
PAR  12. The process of claim 1 wherein said Raney copper catalyst is in the
      form of particles at least 90 weight percent of which range in average
      size from about 0.02 to 0.05 inch.
NUM  13.
PAR  13. In an improved process for making a Raney copper catalyst, said
      catalyst comprising from about 2 to 45 weight percent aluminum with the
      balance up to 100 weight percent being copper, the improvement which
      comprises the step of activating a Raney copper catalyst through contact
      of aqueous alkali metal hydroxide with a metal alloy in particulate form
      comprising copper and aluminum thereby to remove from such alloy particles
      at least about 25 weight percent of the aluminum initially present
      therein, at least a portion of such contacting being conducted over a time
      interval of from 1/2 to 30 hours using an aqueous alkali metal hydroxide
      solution which additionally contains dissolved therein a polyhydroxylated
      hydrocarbon compound of the formula:
EQU  HOCH.sub.2 --(CHOH).sub.n --COOH                           (1)
PAL  where n can range from 3 through 6 as well as the alkali metal salts, the
      ammonium salt, lower alkanol esters and lactones thereof.
NUM  14.
PAR  14. In an improved process for preparing a Raney copper catalyst, said
      catalyst comprising from about 2 to 45 weight percent aluminum with the
      balance to 100 weight percent being copper, the improvement which
      comprises the steps of:
PA1  a. first contacting an aqueous solution of a polyhydroxylated compound with
      a group of metal alloy particles comprised of copper and aluminum, said
      polyhydroxylated compound having the formula:
EQU  HOCH.sub.2 --(CHOH).sub.n -- COOH                          (1)
PAL  where n can range from 3 through 6 as well as the alkali metal salts, the
      ammonium salt, lower alkanol esters and lactones thereof,
PAR  1. said solution containing about 0.01 to 1 weight percent of said
      polyhydroxylated compound in dissolved form,
PA2  2. said group having an average particle size diameter in the range of from
      about 0.001 to 0.5 inch,
PA2  3. said alloy having a copper to aluminum weight ratio of from about 30:70
      to 70:30,
PA2  4. said solution having a temperature in the range from about 0.degree. to
      80.degree.C, and
PA1  b. secondly contacting the resulting said group of alloy particles with an
      aqueous caustic solution,
PA2  1. said aqueous solution containing greater than 0 to about 5 weight
      percent dissolved alkali metal hydroxide,
PA2  2. said contacting being accomplished over a total time interval of from
      about 1/2 to 30 hours,
PA2  3. said caustic solution being added gradually to said group over said time
      interval,
PA2  4. the contact rate of starting caustic solution being added to said group
      during such contacting being from about 0.01 to 10 pounds caustic per
      pound of said starting group of alloy particles per hour,
PA2  5. the total quantity of caustic so added being in the range of from about
      0.5 to 25 pounds of caustic per pound of said starting group of particles,
PA2  6. said solution and the resulting aqueous medium produced in such
      contacting each having a temperature in the range from about 0.degree. to
      80.degree.C,
PA2  7. said group being maintained in said contact with said solution of said
      polyhydroxylated compound during said contacting with said aqueous caustic
      solution by admixture of such respective solutions.
NUM  15.
PAR  15. The process of claim 14 wherein time interval of said second contacting
      ranges from about 4 to 12 hours.
NUM  16.
PAR  16. The process of claim 14 wherein said group of particles is confined to
      a reaction zone and said caustic solution is added into said reaction zone
      and said resulting medium is allowed to accumulate in said zone.
NUM  17.
PAR  17. The process of claim 14 wherein said group of particles is confined to
      a reaction zone, and said caustic solution is first contacted with said
      group of particles in said zone and said resulting medium is gradually
      removed from said zone.
NUM  18.
PAR  18. The process of claim 17 wherein said resulting medium is so removed at
      a volumetric rate which is about equal to the rate of addition of said
      caustic solution.
NUM  19.
PAR  19. The process of claim 17 wherein substantially 100 weight percent of
      said so removed, resulting medium is recycled back into contact with said
      group of particles.
NUM  20.
PAR  20. The process of claim 19 wherein said so recycled medium is admixed with
      at least a portion of said caustic solution before or during recycle
      contact with said group of particles.
NUM  21.
PAR  21. The process of claim 19 wherein less than 100 weight percent of said so
      removed, resulting medium is recycled back into contact with said group of
      particles and the balance up to 100 weight percent thereof remains removed
      from said reaction zone.
NUM  22.
PAR  22. The process of claim 1 wherein said hydroxylated hydrocarbon compound
      is selected from the group consisting of gluconic acid, its alkali metal
      and ammonium salts, and lower alkanol esters and lactones thereof.
NUM  23.
PAR  23. The catalyst prepared by the process of claim 1.
NUM  24.
PAR  24. The process of claim 14 wherein said polyhydroxylated compound is
      gluconic acid.
NUM  25.
PAR  25. The catalyst prepared by the process of claim 14.
NUM  26.
PAR  26. The catalyst prepared by the process of claim 22.
NUM  27.
PAR  27. The catalyst prepared by the process of claim 24.
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ABST
PAL  The compound Ni.sub.6 Al.sub.2 (OH).sub.16. CO.sub.3. 4H.sub.2 O is
      isolated from aqueous solution. The catalyst is obtained from this
      compound by drying, calcination and subsequent reduction in a stream of
      hydrogen, whilst maintaining very specific temperature gradients between
      the drying stage and the calcination stage. A process for the manufacture
      of gases containing methane from hydrocarbons by steam cracking, in which
      the abovementioned catalyst is employed, is also described.
BSUM
PAR  The invention relates to catalysts which have been obtained by drying,
      calcination and reduction of specific compounds, the so-called catalyst
      precursors, produced in aqueous solution, or by precipitation of the
      catalyst precursors on supports suspended in the aqueous phase, and to the
      use of these catalysts for the manufacture of gases containing methane by
      cracking hydrocarbons.
PAR  The industrial cracking of preferably gaseous hydrocarbons such as, for
      example, methane, ethane, propane or butane on nickel catalysts in the
      presence of steam, to give gases essentially containing carbon monoxide
      and hydrogen (so-called synthesis gases) has been known for a long time.
      It is generally carried out at temperatures from 600.degree. to
      900.degree.C. This reaction is referred to as steam reforming.
PAR  However, hydrocarbons can also be cracked by means of nickel catalysts at
      lower temperatures to give gases rich in methane. The production of
      methane-rich gases from hydrocarbons such as ethane, propane, butane or
      naphtha and the like, at low temperatures, is, however, an exothermic
      process, in contrast to steam reforming; hence, this reaction is carried
      out adiabatically in shaft furnaces whilst synthesis gases are
      manufactured by steam reforming in tubular reactors.
PAR  German Printed application No. 1,180,481 discloses that liquid hydrocarbons
      can be converted into gases rich in methane (containing more than 50% of
      methane after drying) by means of steam on supported nickel catalysts, at
      temperatures from 400.degree. to 550.degree.C, provided certain ratios of
      steam to hydrocarbon are maintained during the reaction.
PAR  Conventional supported nickel catalysts are proposed, quite generally, for
      this process. However, it has been found that the nickel catalysts known
      from steam reforming at high temperatures are unsuitable for cracking
      hydrocarbons at low temperatures since their activity is in general
      inadequate because their supports have in most cases been calcined at high
      temperatures in order to meet the steam reforming requirements.
PAR  The alkali-free catalyst, containing 15% of nickel on aluminum oxide, which
      the abovementioned German Printed application states to be preferred (cf.
      column 4, lines 29 to 49) is also rather unsuitable for the process since,
      if such a catalyst is to have a working life of somewhat more than 14
      days, the maximum space velocities permissible are 0.5 kg of hydrocarbon
      per liter of catalyst. On the other hand, such a process is uneconomical
      unless space velocities of about 1 to 1.5 kg of hydrocarbon per liter of
      catalyst per hour are permissible (see comparative experiment in Examples
      8 and 9).
PAR  German Printed application No. 1,227,603, by the same applicant company,
      states that the catalyst life in the process described in British Patent
      No. 820,257 -- which is equivalent to the abovementioned DAS 1,180,481 --
      is relatively short, particularly if higher-boiling hydrocarbons from the
      boiling range of gasoline are to be cracked.
PAR  The abovementioned German Printed application No. 1,227,603, proposes a
      supported nickel catalyst which contains, in addition to nickel and
      aluminum oxide, 0.75 to 8.6% of oxides, hydroxides and carbonates of
      alkali metals or alkaline earth metals, including magnesium. Column 2,
      from line 44 onward, and column 3, up to line 16, state that optimum
      results are achieved when alkali metals, especially potassium, are used as
      catalyst additives. Potassium compounds were therefore used as alkalizing
      agents in all the examples.
PAR  The obligatory alkalization of nickel catalysts before they are used for
      the steam reforming of, in particular, liquid hydrocarbons in the
      temperature range from 350.degree. to 1,000.degree.C, that is to say both
      for the actual steam reforming process and for the production of
      methane-rich gases, has also been proposed in ICI's German Printed
      application No. 1,199,427.
PAR  In the light of the art, as described above, it was obvious to those
      skilled in the art to use catalysts containing alkali for the cracking of
      hydrocarbons since it was generally assumed that only if nickel catalysts
      containing alkali were used was it possible to prevent the deposition of
      carbon on the catalyst for acceptable periods of time when carrying out
      the reaction under economically acceptable conditions -- low values of the
      ratio (H.sub.2 O)/(C).
PAR  Hence, because of the statements in German Printed application No.
      1,227,603 those skilled in the art were prejudiced against the use of the
      alkali-free nickel catalysts for the production of rich gases since, on
      the one hand, the promoter action of alkalis such as, for example,
      potassium, was proven whilst, on the other hand, only a negative result
      was to be expected from the use of aluminum oxide as the support (cf.
      Example 9 and the comparative experiments in Example 11 of the present
      application).
PAR  We have found, surprisingly, that alkali-free catalysts containing nickel
      and aluminium oxide can be manufactured which are superior -- for the
      production of gases containing methane -- to those known from the art, if
      the new catalysts are manufactured from specific catalyst precursors and
      the latter are converted into the actual catalyst by precipitation,
      drying, calcination and reduction.
PAR  The present invention therefore relates to a catalyst which is
      characterized in that the compound Ni.sub.6 Al.sub.2 (OH).sub.16.CO.sub.3
      .4H.sub.2 O is produced, from aqueous solution, as the catalyst precursor
      and this compound is converted by drying at temperatures from 80.degree.
      to 180.degree.C, calcination at temperatures from 300.degree. to
      550.degree.C and subsequent reduction in a stream of hydrogen, into the
      actual catalyst, with the provise that between the drying stage and the
      calcination stage the temperature is raised at a gradient in the range
      from 1.66.degree.C/minute to 3.33.degree.C/minute.
PAR  The invention further relates to the use of this catalyst for the
      production of gases containing methane; and in particular gases rich in
      methane, by cracking hydrocarbons of 2 to 30 C atoms, corresponding to a
      boiling range from 30.degree. to 300.degree.C, in the presence of steam.
PAR  Hence, the invention is further characterized by the use of the catalyst
      for the manufacture of gases containing methane from hydrocarbons of 2 to
      30 C atoms or their mixtures, in which process the hydrocarbon vapors and
      steam are passed through the catalyst bed under atmospheric pressure or
      superatmospheric pressures at rates of 1 to 2 kg of hydrocarbon per liter
      of catalyst per hour and at temperatures above 250.degree.C, and the
      catalyst is kept at temperatures from 300.degree. to 550.degree.C by the
      heat liberated in the reaction which takes place.
PAR  As already described in the introduction, this reaction is exothermic and
      can therefore be performed adiabatically in a shaft furnace if the
      reactants have been preheated to a sufficiently high temperature. In the
      case of prior art catalysts this process was generally performed by
      preheating the feedstocks to temperatures exceeding 350.degree.C and
      passing them into the catalyst bed in such a way that the bed was kept at
      temperatures from 400.degree. to approx. 550.degree.C as a result of the
      reaction which occurs (cf. DAS No. 1,180,481 and DAS No. 1,227,603).
PAR  The catalysts of the invention make it possible to perform the
      abovementioned process adiabatically at lower temperatures. This means
      that the hydrocarbon feedstocks need be heated to less high temperatures;
      preheating to temperatures of 250.degree.C even suffices. If the reaction
      is carried out adiabatically, the cracking can therefore be effected at
      temperatures from 250.degree. to 550.degree.C though preferably the
      process is performed at temperatures from 300.degree. to 450.degree.C and
      especially from 300.degree. to 400.degree.C. The above data relate to the
      temperature to which the steam/hydrocarbon mixture is preheated. This
      temperature depends on the feedstock used and can be the lower, the
      lower-boiling is the hydrocarbon mixture and the higher is the proportion
      of paraffin in this hydrocarbon mixture.
PAR  It is known that the equilibrium of the reaction, and hence the methane
      content in the gas, greatly depends on the temperature and pressure; it is
      the higher, the lower is the selected reaction temperature and the higher
      is the selected pressure.
PAR  It is therefore advantageous that the catalysts according to the invention
      can be used at pressures from 10 to 100 atmospheres gauge; preferably,
      pressures from 25 to 85 atmospheres gauge are chosen.
PAR  The feedstocks which can be used are hydrocarbons of higher molecular
      weight than methane. Mixtures of hydrocarbons of average C number from
      C.sub.2 to C.sub.30, corresponding to a boiling range from about
      30.degree. to 300.degree.C, are preferred. Hydrocarbon mixtures consisting
      predominantly of paraffinic hydrocarbons are particularly suitable. The
      proportion of paraffinic hydrocarbons in the mixture should be not less
      than 70 percent by volume.
PAR  The feedstock (naphtha) should be desulfurized to sulfur contents below 0.5
      ppm since the prior art nickel catalysts, like the catalysts of the
      invention, do not stand up well to higher sulfur contents for a prolonged
      period. This poisoning is a feature shown by all nickel cracking
      catalysts, so that as a matter of principle the feedstock must be
      thoroughly desulfurized before being employed for cracking. This
      desulfurization is known in the art and is usually effected with
      sulfur-resistant catalysts.
PAR  The catalysts of the invention can be exposed to 1.0-2.5 kg of
      naphtha/liter of catalyst per hour; preferably, space velocities of 1.2 to
      1.5 kg of naphtha/liter of catalyst per hour are used for industrial
      installations. In comparative experiments, a space velocity of 5 kg of
      naphtha/liter of catalyst per hour was employed (compare Example 11) in
      order to be able to achieve appropriate effects within acceptable periods
      of time. The abovementioned space velocity is not relevant to the
      industrial cracking of liquid hydrocarbons. However, the catalyst of the
      invention is capable of reliably splitting petroleum fractions of upper
      boiling limits extending to 300.degree.C at space velocities of up to 2 kg
      of naphtha/liter of catalyst. In the case of gasolines whose upper boiling
      limits are lower, higher space velocities than 2 can be employed. When
      cracking propane or butane, space velocities of up to 3.5 kg of
      naphtha/liter of catalyst per hour can be employed. These data shown that
      the space velocity depends on the hydrocarbon used.
PAR  The weight ratio of steam/naphtha should be not less than 0.8. For steam
      reforming using the catalyst of the invention, ratios from 1.0 to 2.0 kg
      of steam per kg of naphtha are used. The use of higher ratios is not
      critical but is uneconomical. The amount of steam required depends on the
      nature of the feedstock; the ratio chosen can be lower when low-boiling
      hydrocarbons are used, especially if the hydrocarbons to be cracked are
      predominantly paraffinic.
PAR  Preferably, 1 M to 2 M aqueous solutions of the nitrates are used to
      produce the catalyst precursor Ni.sub.6 Al.sub.2
      (OH).sub.16.CO.sub.3.4H.sub.2 O. The precipitant (alkali metal carbonate)
      is also preferably used as a 1 M to 2 M solution. The following method has
      been found suitable for the production of a catalyst precursor of the
      abovementioned composition:
PAR  The compound Ni.sub.6 Al.sub.2 (OH).sub.16.CO.sub.3.4H.sub.2 O is
      precipitated with alkali metal carbonates (sodium carbonate or potassium
      carbonate or mixtures of both) at pH values from 6.5 to 10.5, especially
      from 7.0 to 8.5. The starting material is an aqueous solution of the
      nitrates of the divalent and trivalent metals, the pH of which has been
      adjusted to 8 with sodium carbonate. The molar ratio Me.sup.2.sup.+
      :Me.sup.3.sup.+  in this solution should at least exceed 1 but should
      preferably be from 2.5 to 3.5; in particular, a value of 3:1 (the
      stoichiometric value) is chosen for the ratio of Me.sup.2.sup.+
      :Me.sup.3.sup.+.
PAR  The catalyst precursor can be precipitated at temperatures from 0.degree.
      to 100.degree.C but preferably the precipitation is effected at
      temperatures from 70.degree. to 90.degree.C. Preferably, the catalyst
      precursor is produced by adding 2 M solutions of the alkali metal
      carbonates to 2 M mixtures of the nitrates. The precipitate formed is
      carefully washed until its residual alkali content is less than 0.1 or
      less than 0.01 percent, based on the dry catalyst precursor. The resulting
      compounds, when dried, calcined and reduced in a stream of hydrogen, give
      catalysts superior to those known from the art (cf. in particular, Example
      11).
PAR  The subsequent treatment stages, such as drying, calcination and the use of
      a certain rate of heating between the drying stage and the calcination
      stage, are as important as the observance of certain precipitation
      conditions, such as the pH value and careful removal of alkalis to values
      below 0.1 percent or values below 0.01 percent; hence, the essential
      aspects of the invention are the manufacture of the individual alkali-free
      catalyst precursor, its drying and the defined temperature rise, at a rate
      from 1.66.degree. to 3.33.degree.C/minute, between drying and subsequent
      calcination.
PAR  The subsequent reduction of the catalyst is in general effected in a stream
      of hydrogen at temperatures from 300.degree. to 500.degree.C.
PAR  The catalyst precursor is dried in a narrow temperature range, from
      80.degree. to 180.degree., the range from 90.degree. to 120.degree.C being
      particularly preferred. The drying can be effected in air.
PAR  The dried catalyst precursor is calcined at temperatures from 300.degree.
      to 550.degree.C. Temperatures from 340.degree. to 460.degree.C are
      preferred.
PAR  Between the drying stage and the calcination stage, the substance should be
      heated at a definite rate which is as rapid as possible. The time for
      heating from the preferred drying temperature (90.degree. to 210.degree.C)
      to the preferred calcination temperature range (340.degree. to
      460.degree.) should be not less than 1.5 hours but no more than 3 hours.
      From this, the said gradients for the temperature rise are calculated to
      be from 1.66.degree.C/minute to 3.33.degree.C/minute.
PAR  The nickel content of the catalyst produced directly from the catalyst
      precursor can, of course, not be varied within wide limits since it is
      essentially determined by the stoichiometry of the catalyst precursor.
      After reduction of the catalyst, the nickel contents are of the order of
      magnitude of 72 to 80 percent, preferably about 77.5%.
PAR  These values apply to a catalyst produced directly from the catalyst
      precursor.
PAR  However, the catalyst precursor can also be precipitated on ceramic
      supports, such as aluminum oxide, hydrated alumina (bayerite, boehmite,
      hydrargillite or their mixtures), titanium oxide, silica, zirconium
      dioxide and artificial and synthetic silicates, such as magnesium silicate
      or aluminosilicates.
PAR  This precipitation is preferably effected by having the support in the form
      of an aqueous suspension and precipitating the catalyst precursor onto it.
      The support and precipitate are separated off and treated further in the
      way described for the conversion of the catalyst precursor.
PAR  Hydrated aluminas are preferred supports (cf. Examples 2 and 3). Their use
      makes it possible to obtain any desired nickel content in the finished
      catalyst. In general, nickel contents from 15 to 77.5 percent by weight
      are chosen.
PAR  The use of the catalysts of the invention is particularly preferred, in
      industry, for the production of gases containing methane and for the
      after-treatment of the rich gases produced by naphtha cracking, with the
      object of producing substitute gases for natural gas (the so-called
      post-methanization of methane-rich gases). In multi-stage processes for
      the production of substitute gases for natural gas the catalysts according
      to the invention can be used with particular advantage both in the
      cracking stage and in the postmethanization stages.
PAR  The manufacture of the catalysts of the invention is described in more
      detail in Examples 1, 2 and 3 which follow. Example 4  describes the use
      of the catalysts in cracking hydrocarbons to produce gases containing
      methane. Examples 6 and 7 relate to the post-methanization of the rich
      gases, produced in a 1st process stage, in a further catalytic process
      stage. Example 5 describes how a refinery gas containing carbon monoxide
      and dioxide can be converted into a gas rich in methane, using the
      catalysts according to the invention.
PAR  Example 11 compares the catalyst A of the invention with the catalysts from
      the art according to DAS No. 1,180,481 (H.sub.1 and H.sub.3) in respect of
      their performance in the production of gases containing methane. These
      experiments provide impressive evidence that the alkali-free catalysts
      according to the invention are of substantially greater activity than
      those according to the prior art, especially at high space velocities,
      such as are used nowadays in industry. Example 11 also shows that the
      catalyst (A) according to the invention is superior in all respects to the
      alkalized contact catalysts from the state of the art (cf. K) according to
      DAS No. 1,227,603. In particular, its capacity for higher space
      velocities, and the associated longer life of the catalyst of the
      invention as compared to the alkalized nickel catalysts used in industry,
      should be singled out. When the catalysts are used to produce gases
      containing methane, this increased activity of the catalysts of the
      invention has the advantage that the process can be carried out at lower
      temperatures so that methane contents from 65 to 75 percent by volume  an
      be achieved even in one process stage, and these products can then be
      converted, in only one further catalytic process stage, with subsequent
      drying and a CO.sub.2 wash, into gases which can be used as substitute
      gases for natural gas and which conform to the specifications laid down
      for these gases (sum of H.sub.2 + CO at most 0.1 percent by volume, based
      on the gas after the CO.sub.2 wash).
PAR  When producing methane, the cracked gases can be cooled, after the first
      catalytic process stage, to temperatues below the reactor exit temperature
      in order to condense out the excess water; temperatures below
      100.degree.C, for example temperatures in the range of 20.degree. to
      80.degree.C, are preferably chosen for this purpose (dry methanization).
PAR  However, it is also possible to remove only part of the water from the
      cracked gases after the first catalytic process stage and to convert the
      cracked gases, which still contain water, direct into gases rich in
      methane in a further catalytic stage ("wet methanization", cf. Examples 6
      and 7).
PAR  Gases containing carbon monoxide and dioxide are used as feedstocks for the
      reaction in the second catalytic stage of the process; the rich gases
      obtained from the low temperature cracking of naphtha, which can in
      general contain 50 to 75% of methane, 19 to 25% of carbon dioxide, up to
      16% of hydrogen and up to 5% of carbon monoxide, are particularly
      suitable. We have found that these dry gases can be passed into the bed of
      the nickel catalyst, using preheat temperatures from 200.degree. to
      300.degree.C, without causing coking of the catalyst. This was surprising
      since German Published application No. 1,645,840 alleges that the
      post-methanization of rich gases can only be carried out in the presence
      of water because the nickel catalysts used for the methanization tend to
      coke in the absence of water.
PAR  Space velocities from 2,000 to 10,000 l (S.T.P.) of gas per liter of
      catalyst per hour can be chosen for the second catalytic treatment stage.
      The space velocities chosen are lower for higher carbon monoxide contents
      of the cracked gases whilst conversely somewhat higher space velocities
      can be selected at low carbon monoxide contents of the feedstock. Space
      velocities from 3,000 to 7,000 l (S.T.P.) of gas per liter of catalyst per
      hour are preferred.
PAC  EXAMPLE 1
PAC  Catalyst A
PAR  To precipitate the compound Ni.sub.6 Al.sub.2 (OH).sub.16 CO.sub.3.4H.sub.2
      O, which serves as the catalyst precursor, the following 2 M solutions
      were prepared first:
PAL  Solution 1
PA1  13.960 kg = 48 moles of Ni(NO.sub.3).sub.2.6H.sub.2 O and
PA1  6.002 kg = 16 moles of Al(NO.sub.3).sub.3.9H.sub.2 O
PAL  were dissolved in sufficient water to produce a total of 32 l of solution.
PAL  Solution 2
PAR  7.635 kg = 72 moles of sodium carbonate were also dissolved in water and
      made up to 36 l.
PAR  10 l of water were introduced into a stirred kettle. During the
      precipitation, the pH was measured with an electrode which dipped into the
      water introduced. Both the above solutions, and the water introduced, were
      separately heated to 80.degree.C. The pH of the water introduced was
      adjusted to 8.0 by adding a suitable amount of solution 2.
PAR  To precipitate the above compound, solutions 1 and 2 were allowed to run
      separately into the water and a pH value of 7.5 to 8.0 was maintained by
      regulating the rate of addition, whilst stirring well. After the whole of
      solution 1 had been added the addition of solution 2 was stopped and the
      precipitate was stirred for a further 15 minutes at 80.degree.C. The
      resulting precipitate was filtered off and washed until free of alkali.
      The washed product, which according to X-ray tests proved to be a pure
      precipitate of Ni.sub.6 Al.sub.2 (OH).sub.16 CO.sub.3.4H.sub.2 O was then
      dried for 24 hours at 110.degree.C, calcined for 20 hours at 450.degree.C,
      mixed with 2% of graphite and pressed to give 5 .times. 5 mm pills.
      Analysis showed the following constituents (all the data being in per cent
      by weight, and based on the oxide contact catalyst): nickel 56.8%,
      aluminum 9.5% and sodium 0.009%.
PAC  EXAMPLE 2
PAC  Catalyst B
PAR  The catalyst B contains a hydrated alumina ss the support. This hydrated
      alumina was obtained by parallel precipitation of sodium aluminate
      solution and nitric acid within the pH range of 7.5 to 8.0. The
      precipitate was filtered off, washed until free of alkali and then dried
      at 200.degree.C.
PAR  3,720 kg of this support were suspended in 10 l of water in a stirred
      kettle and the suspension was heated to 80.degree.C. The compound Ni.sub.6
      Al.sub.2 (OH).sub.16 CO.sub.3.4H.sub.2 O was now precipitated on this
      suspended support. For this purpose, two solutions were prepared and
      separately heated to 80.degree.C.
PAL  solution 1
PA1  13.960 kg = 48 moles of Ni(NO.sub.3).sub.2.6H.sub.2 O and
PA1  6.002 kg = 16 moles of Al(NO.sub.3).sub.3.9H.sub.2 O
PAL  were dissolved in water and made up to 32 l of solution.
PAL  Solution 2
PAR  7.635 kg of technical grade sodium carbonate were dissolved in water and
      made up to 36 l of solution.
PAR  The compound Ni.sub.6 Al.sub.2 (OH).sub.16 CO.sub.3.4H.sub.2 O was then
      precipitated onto the hydrated alumina (namely the support) at pH 7.5 to
      8.0, as described in Example 1. The precipitated product was stirred for a
      further 15 minutes and the precipitate was then filtered off, washed until
      free of alkali, dried at 110.degree.C, calcined for 20 hours at
      450.degree.C, mixed with 2% of graphite and finally pressed to give 5
      .times. 5 mm pills. Analysis showed that the oxide contact catalyst
      contained: 39.3% of nickel, 24.1% of aluminum, 0.01% of sodium (all data
      being in percent by weight).
PAC  Catalyst C
PAR  This catalyst was prepared as described above except that the compound
      Ni.sub.6 Al.sub.2 (OH).sub.16 CO.sub.3.4H.sub.2 O was precipitated on
      4.080 kg of the suspended support and the dry precipitate was calcined at
      350.degree.C. The resulting (oxide) catalyst contained: 32.5% of nickel,
      27.1% of aluminum and 0.009% of sodium (all data being in percent by
      weight).
PAC  Catalyst D
PAR  This catalyst was prepared like catalyst C, except that the amount of
      hydrated alumina used to start with was modified. A supported catalyst
      containing: 16.7% of nickel, 38.3% of aluminum and 0.007% of sodium (all
      data being in percent by weight) was obtained.
PAC  Catalyst E
PAR  This catalyst was prepared like catalyst C and D, except that the compound
      Ni.sub.6 Al.sub.2 (OH).sub.16 CO.sub.3.4H.sub.2 O was precipitated on
      6.830 kg of suspended hydrated alumina. The resulting catalyst, in the
      oxide state, contained: 23.9% of nickel, 31.4% of aluminum and 0.01% of
      sodium (all data being in percent by weight).
PAC  EXAMPLE 3
PAC  Catalyst F
PAR  A hydrated alumina support was prepared by parallel precipitation of an
      aluminum sulfate solution with ammonia at pH 7.5. The precipitate was
      filtered off, washed until the sulfate content fell below 0.5% by weight,
      and dried at 200.degree.C.
PAR  0.134 kg of this carrier were suspended in 10 l of water in a stirred
      kettle. The compound Ni.sub.6 Al.sub.2 (OH).sub.16 CO.sub.3.4H.sub.2 O was
      precipitated on the hydrated alumina as described in Example 2. The
      precipitate was filtered off, washed, dried at 110.degree.C, calcined for
      20 hours at 350.degree.C and finally pressed to give 5 .times. 5 mm pills.
      A catalyst containing 52.4% of nickel, 12.2% of aluminum, 0.006% of sodium
      (all data being in percent by weight) was obtained.
PAC  Catalyst G
PAR  This catalyst was prepared like catalyst F except that 4.080 kg of hydrated
      alumina were taken initially. The catalyst contained 33.1% of nickel,
      26.7% of aluminum and 0.008% of sodium (all data being in percent by
      weight and based on the product as oxide).
PAC  EXAMPLE 4
PAC  Catalyst A
PAR  200 ml of catalyst A were reduced with hydrogen at 450.degree.C under a
      pressure of 16 atmospheres absolute, in a reaction tube of 24 mm internal
      diameter, which could be heated externally by means of an aluminum block.
PAR  A desulfurized naphtha (density: 0.727 g/cm.sup.3, boiling range 80.degree.
      to 155.degree.C) was vaporized, 2 kg of water being added per 1 kg of
      naphtha, and the vapor was passed through the catalyst under a pressure of
      30 atmospheres absolute and at an entry temperature of 380.degree.C. The
      space velocity was 5 kg of naphtha per liter of catalyst per hour. The
      temperature of the surrounding aluminum block was kept at 450.degree.C. On
      cooling the cracked gas issuing at 462.degree.C from the catalyst layer,
      the hourly yield was 1.31 kg of water and 1,770 l (S.T.P.) of a dry gas
      which consisted of 65.9 percent by volume of methane, 32.1 percent by
      volume of carbon dioxide, 10.6 percent by volume of hydrogen and 0.4
      percent by volume of carbon monoxide.
PAC  Catalyst B
PAR  Using catalyst B, with the same feedstock and under the conditions stated
      above, a cracked gas issuing from the catalyst bed at a temperature of
      470.degree.C was obtained. On cooling the cracked gas, the hourly yield
      was 1.31 kg of water and 1,680 l (S.T.P.) of a dry gas which consisted of
      64.8% of methane, 23.0% of carbon dioxide, 11.7% of hydrogen and 0.5% of
      carbon monoxide (all data being in percent by volume).
PAC  Catalyst F
PAR  Catalyst F was employed for the cracking of naphtha under the same
      conditions as catalysts A and B. On cooling the cracked gas, which issued
      at 468.degree.C from the catalyst bed, the hourly yield was 1.30 kg of
      water and 1,750 l (S.T.P.) of a dry gas which consisted of 65.0% of
      methane, 23.1% of carbon dioxide, 11.4% of hydrogen and 0.5% of carbon
      monoxide (all data being in percent by volume).
PAC  EXAMPLE 5
PAC  Catalyst C
PAR  200 ml of catalyst C were reduced with hydrogen at 400.degree.C and under a
      pressure of 16 atmospheres absolute in a tubular reactor of 24 mm internal
      diameter which could be heated externally by means of an aluminum block.
PAR  A dry gas consisting of: 60.5% of methane, 25.9% of hydrogen, 12.5% of
      carbon dioxide and 1.1% of carbon monoxide (all data being in percent by
      volume), was withdrawn from a pressure vessel, heated and mixed with steam
      in the ratio of 1.07 moles of H.sub.2 O per 1 mole of dry gas. The wet gas
      thus produced, the composition of which corresponds to a cracked gas
      produced by catalytic steam reforming of a refinery gas, was passed
      through the catalyst at a pressure of 17 atmospheres absolute and an entry
      temperature of 270.degree.C, using a space velocity of 6,020 l (S.T.P.) of
      wet gas per liter of catalyst per hour. The temperature of the surrounding
      aluminum block was kept at 270.degree.C. On cooling the wet gas issuing
      from the catalyst bed at 295.degree.C, the hourly yield was 0.56 liter of
      water and 450 l (S.T.P.) of a dry gas which consisted of 85.5% of methane,
      4.3% of hydrogen, 10.2% of carbon dioxide and less than 0.05% of carbon
      monoxide (all data being in percent by volume).
PAC  Catalyst D
PAR  Catalyst D was employed, under the same conditions as those described for
      catalyst C, for the post-methanization of a refinery cracked gas
      containing carbon monoxide and carbon dioxide.
PAR  On cooling the wet gas issuing at 300.degree.C from the catalyst bed, the
      hourly yield was 0.56 liter of water and 450 l (S.T.P.) of a dry gas which
      consisted of 84.9% of methane, 5.0% of hydrogen, 10.1% of carbon dioxide
      and less than 0.05% of carbon monoxide (all data being in percent by
      volume).
PAC  EXAMPLE 6
PAR  450 ml of catalyst A were reduced with hydrogen at 450.degree.C under a
      pressure of 16 atmospheres absolute in a tubular reactor of 24 mm internal
      diameter which could be heated externally by means of an aluminum block.
PAR  A desulfurized naphtha (density: 0.727 g/cm.sup.3 ; boiling range
      80.degree. to 155.degree.C) was vaporized, with the addition of 2 kg of
      water of 1 kg of naphtha and the vapor was passed through the catalyst
      under a pressure of 30 atmospheres absolute and using an entry temperature
      of 400.degree.C. The space velocity was 0.9 kg of naphtha per liter of
      catalyst per hour. The temperature of the surrounding aluminum block was
      kept at 450.degree.C. On cooling the cracked gas issuing at 455.degree.C
      from the catalyst bed, the hourly yield was 0.54 kg of water and 700 l
      (S.T.P.) of a dry gas which consisted of 67.1% of methane, 22.9% of carbon
      dioxide, 9.6% of hydrogen and 0.4% of carbon monoxide (all data being in
      percent by volume).
PAR  After operating for 24 hours, a second tubular reactor, of 32 mm internal
      diameter, which could also be heated externally by means of an aluminum
      block, was connected in series behind the first tubular reactor. This
      second reactor contained 250 ml of catalyst E which had first been reduced
      with hydrogen at 350.degree.C under a pressure of 16 atmospheres absolute.
      The water which condensed out after the first tubular reactor was fed in
      again before the second reactor, vaporized and mixed with the dry gas from
      the first reactor. The wet gas thus obtained, (the composition of which
      corresponds to that of the wet gas issuing from the catalyst bed of the
      first reactor) was passed through the catalyst E contained in the second
      reactor under a pressure of 30 atmospheres absolute and using an entry
      temperature of 270.degree.C. The temperature of the surrounding aluminum
      block was kept at 270.degree.C. On cooling the gas issuing at 305.degree.C
      from the catalyst bed, the hourly yield was 0.56 kg of water and 650 l
      (S.T.P.) of a dry gas which consisted of 75.6% of methane, 22.8% of carbon
      dioxide, 1.6% of hydrogen and less than 0.05% of carbon monoxide (all data
      being in percent by volume).
PAR  After 1,040 hours, no change in the composition of the gases produced in
      the first and second tubular reactors was as yet ascertainable. Whilst
      continuing to crack the naphtha in the first tubular reactor, the catalyst
      E in the second tubular reactor was now replaced by the catalyst D: 250 ml
      of catalyst D were reduced and employed for 1,090 hours under the same
      conditions as was the catalyst E previously. On cooling the gas issuing at
      302.degree.C from the catalyst bed, the hourly yield was 0.56 kg of water
      and 660 l (S.T.P.) of a dry gas which consisted of 74.0% of methane, 22.8%
      of carbon dioxide, 3.2% of hydrogen and less than 0.05% of carbon monoxide
      (all data being in percent by volume). Since the composition of the gases
      produced in the first and second tubular reactors continued unchanged, the
      experiment was discontinued after 1,220 hours.
PAC  EXAMPLE 7
PAR  200 ml of catalyst A were reduced as described in Example 6 and employed
      for the steam reforming of naphtha under conditions identical to those of
      Example 6 with the exception of the space velocity, which was now 2.0 kg
      of naphtha per liter of catalyst per hour. On cooling the cracked gas
      issuing at 475.degree.C from the catalyst bed, the hourly yield was 0.53
      kg of water and 710 l (S.T.P.) of a dry gas which consisted of 66.2% of
      methane, 22.4% of carbon dioxide, 10.9% of hydrogen and 0.5% of carbon
      monoxide (all data being in percent by volume).
PAR  After 24 hours' operation, a second tubular reactor containing 200 ml of
      catalyst C was connected in series behind the first tubular reactor. The
      reduction and operation of the catalyst C were effected identically to
      those described for catalyst E in Example 6. On cooling the gas issuing at
      315.degree.C from the catalyst bed, the hourly yield was 0.56 kg of water
      and 650 l (S.T.P.) of a dry gas which consisted of 75.4% of methane, 22.9%
      of carbon dioxide, 3.2% of hydrogen and less than 0.05% of carbon monoxide
      (all data being in percent by volume).
PAR  The experiment was discontinued after 520 hours since after this time a
      change in the composition of the gases produced in the first and second
      tubular reactors was not yet detectable.
PAC  EXAMPLE 8
PAR  The comparative experiments were carried out under the conditions indicated
      in Examples 1 and 2 of German Printed application No. 1,180,481, namely:
TBL  Catalyst temperature:                                                     
                          500.degree.C                                         
     Preheat temperature of the mixture:                                       
                          450.degree.C                                         
     Pressure:            25 atmospheres                                       
     Feedstock:           naphtha                                              
     Steam-naphtha ratio: 2 kg/kg                                              
     Space velocity:      0.5 kg of naphtha/1 of                               
                          catalyst.hour.                                       
PAR  The naphtha used had a density of 0.693 g/cm.sup.3 (at 20.degree.C) and a
      boiling range of 63.degree. to 102.degree.C. It contained 88 percent by
      volume of paraffins, 10 percent by volume of naphthenes with 6-membered
      rings and 2 percent by volume of aromatics. Since the examples do not
      specify the space velocity, the low velocity indicated above was chosen.
PAR  Three commercially available nickel catalysts from BASF, suitable for the
      high temperature steam reforming of hydrocarbons, and the special catalyst
      (H.sub.1) containing 15% of nickel, described in the cited Printed
      application, were compared. The table which follows shows the nickel
      contents, the support of the catalysts mentioned, and the tradenames of
      the catalysts:
TBL  Type of catalyst                                                          
                     % by weight                                               
                            Support                                            
                     of nickel                                                 
     __________________________________________________________________________
     G 1 - 11         6     Magnesite                                          
     G 1 - 21        16     Kaolin + magnesium                                 
                            oxide + alumina                                    
                            cement                                             
     G 1 - 40        20     Magnesium oxide +                                  
                            alumina                                            
     H.sub.1 ; manufactured according                                          
     to DAS 1,180,481, column 4,                                               
     lines 29 et seq.                                                          
                     15     Alumina                                            
     __________________________________________________________________________
PAR  The experiments were carried out in a tubular reactor which in each case
      contained 270 cm.sup.3 of the catalysts mentioned.
PAR  The results of the experiments are shown in the table which follows:
TBL  Duration                                                                  
          Catalyst G1-11                                                       
                   Catalyst G1-21                                              
                            Catalyst G1-40                                     
                                       H.sub.1 ; DAS 1,180,481                 
     days % by weight of                                                       
                   % by weight of                                              
                            % by weight of                                     
                                       % by weight of                          
          naphtha  naphtha  naphtha    naphtha                                 
          converted                                                            
                   converted                                                   
                            converted  converted                               
     __________________________________________________________________________
     Start                                                                     
          100.0    100.0    96.7       100 100                                 
     1    93.4     97.9     94.0           100                                 
     2    82.0     82.6     93.1           100                                 
     3    43.7     53.0     91.6           100                                 
     4    --       36.9     76.1           100                                 
     5    --       23.3     75.0           100                                 
     6    30.2     15.9     --             100                                 
     7    18.8     32.7     54.5           100                                 
     8    10.7     --       --             100                                 
     9    --       29.9     61.0           100                                 
     10   --       --       48.2           100                                 
     12   --       --       18.5           100                                 
     14   --       --       0              100                                 
     __________________________________________________________________________
PAR  The experiments show that the process cannot be carried out with the
      commercially available nickel cracking catalysts since all three catalysts
      are deactivated very quickly. The experiment with catalyst G1-11 was
      discontinued after 8 days. When the conversion had fallen to merely 11% by
      weight, and the experiment with catalyst G1-21 was discontinued after 9
      days, at a conversion of 30% by weight. Since the experiment with catalyst
      G1-40 showed a conversion which was still as much as 61% by weight of the
      naphtha after 9 days, this experiment was extended to a total of 14 days.
      After this time, the catalyst was found to be completely deactivated and
      no longer converted any naphtha. This at the same time shows that the
      catalyst activity does not stabilize itself and instead the activity
      decreases until the catalyst has become completely deactivated within a
      very short time.
PAR  These experiments show that nickel catalysts are simply unsuitable for the
      process described in the cited German Printed application. Only the
      special nickel catalyst on a pure alumina support, manufactured according
      to DAS No. 1,180,481, proved suitable to a very limited degree; the
      experiment with this catalyst was also extended to 14 days. After this
      time, the catalyst still converted naphtha completely. However, with a
      commercial space velocity of 1 kg of naphtha per liter of catalyst per
      hour, this catalyst also no longer permits complete cracking of the
      naphtha (compare also Example 9).
PAR  (With regard to the method used for the experiments, it should be noted
      that the gas chromatography method was capable of detecting 1 ppm of
      higher hydrocarbons).
PAC  EXAMPLE 9
TBL  Experimental conditions:                                                  
     Catalyst temperature (maximum                                             
     temperature of aluminum block)                                            
                         470.degree.C                                          
     Preheat temperature of the mixture                                        
                         420.degree.C                                          
     Pressure            30 atmospheres                                        
     Feedstock           naphtha                                               
     Steam/naphtha ratio 2 kg/kg                                               
     Space velocity      1 kg of naphtha/1 of                                  
                         catalyst.hour                                         
PAR  The naphtha used had a density of 0.728 g/cm.sup.3 at 20.degree.C and a
      boiling range of 80.degree. to 150.degree.C. It contained 62% by volume of
      paraffins, 34.5% by volume of naphthalenes and 3.5% by volume of
      aromatics.
PAR  In these comparative experiments, which were carried out with 200 ml of
      catalyst in a tubular reactor, lower temperatures, a higher pressure, a
      higher-boiling naphtha and, in particular, a higher space velocity than in
      Example 8 were used. The results are shown in the table which follows:
TBL                          Time at which                                     
     Catalyst according                                                        
                 Nickel content                                                
                             unchanged naphtha                                 
     to DAS 1,180,481                                                          
                 % by weight is found in the output                            
     ______________________________________                                    
     1      H.sub.1  15          from the start                                
     2      H.sub.2  24.9        from the start                                
     3      H.sub.3  51.2        after 7 hours                                 
     ______________________________________                                    
PAC  EXAMPLE 10
PAC  Catalyst I
PAR  A catalyst was produced by precipitation in accordance with the
      instructions of German Printed application No. 1,227,603. The precipitate
      was filtered off, suspended 6 times in hot water, alkalized, dried at
      110.degree.C and calcined at 450.degree.C. The calcined material was then
      mixed with 2% of graphite and pressed to give 5 .times. 5 mm tablets.
      Analysis of the oxide catalyst showed: 25.0% of nickel, 65.4% of Al.sub.2
      O.sub.3, 3.05% of potassium (all data being in percent by weight).
PAC  Catalyst K
PAR  The catalyst was prepared analogously to Example 6 of German Printed
      application No. 1,227,603. The analysis of the oxide catalyst showed:
      61.4% of nickel, 19.5% of Al.sub.2 O.sub.3, 1.31% of potassium (all data
      being in percent by weight).
PAC  EXAMPLE 11
PAR  To compare the activity of catalysts H.sub.1, H.sub.3, I, K and A, all were
      tested under the following conditions:
PAR  The experiments were carried out in the same tubular reactor, which had an
      internal width of 24 mm and was surrounded by an aluminum block. The
      naphtha-steam mixture entered at 380.degree.C. A desulfurized naphtha of
      density 0.727 g/cm.sup.3 and boiling range 80.degree. to 155.degree.C was
      employed. The space velocity was 5 kg of naphtha per liter of catalyst per
      hour, using a weight ratio of H.sub.2 O/hydrocarbon = 2.0 and a pressure
      of 30 atmospheres absolute. The temperature of the surrounding aluminum
      block was 450.degree.C.
PAR  The parameter measured in order to compare the activity was the time in
      hours after which quantities of unconverted higher hydrocarbons first
      occured in the cracked gas. Results are shown in the table and represented
      in the FIGURE.
TBL  __________________________________________________________________________
     Catalyst                                                                  
             % by weight of                                                    
                     % by weight of                                            
                               Naphtha slip                                    
             Ni in oxide                                                       
                     K or Na in oxide                                          
             catalyst                                                          
                     catalyst                                                  
     __________________________________________________________________________
     H.sub.1 15.2    0.01      from the start                                  
     H.sub.3 51.2    0.01      after 3 hours                                   
     I       25.0    3.05      from the start                                  
     K       61.4    1.31      after 89 hours                                  
     A  (Example                                                               
          1) 56.8     0.009    after 121 hours                                 
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A catalyst produced by the process consisting essentially of
      precipitating the compound Ni.sub.6 Al.sub.2 (OH).sub.16.CO.sub.3.4H.sub.2
      O as a catalyst precursor from an aqueous medium; drying said precipitate
      at a temperature of from 80.degree. to 180.degree.C; raising the
      temperature of said precipitate between the drying stage and the
      calcination stage at a gradient of 1.66.degree.C/minute to
      3.33.degree.C/minute; calcining said precipitate at a temperature of from
      300.degree. to 550.degree.C; and thereafter reducing said precipitate in a
      stream of hydrogen to form said catalyst.
NUM  2.
PAR  2. A catalyst produced by the process consisting essentially of
      precipitating the compound Ni.sub.6 Al.sub.2 (OH).sub.16.CO.sub.3.4H.sub.2
      O on a support as a catalyst precursor from an aqueous medium; drying said
      precipitate and said support at a temperature of from 80.degree. to
      180.degree.C; raising the temperature of said precipitate and said support
      between the drying stage and the calcination stage at a gradient of
      1.66.degree.C/minute to 3.33.degree.C/minute; calcining said precursor at
      a temperature of from 300.degree. to 550.degree.C; and thereafter reducing
      said precursor in a stream of hydrogen to form said catalyst.
NUM  3.
PAR  3. A catalyst produced by a process as set forth in claim 1 wherein the
      precipitate is dried at a temperature of from 90.degree. to 120.degree.C
      and is calcined at a temperature of from 340.degree. to 460.degree.C.
NUM  4.
PAR  4. A catalyst produced by a process as set forth in claim 2 wherein said
      support is hydrated alumina.
PATN
WKU  039417220
SRC  5
APN  4672186
APT  1
ART  165
APD  19740506
TTL  Bath beads containing allantoin
ISD  19760302
NCL  6
ECL  1
EXP  Albrecht; Dennis L.
INVT
NAM  Shevlin; Edward J.
CTY  Signal Mountain
STA  TN
ASSG
NAM  Chattem Drug & Chemical Company
CTY  Chattanooga
STA  TN
COD  02
CLAS
OCL  252524
XCL  252140
XCL  252525
XCL  252538
XCL  252542
XCL  252544
XCL  252557
XCL  252DIG5
XCL  424177
XCL  424273
XCL  424359
EDF  2
ICL  A61K  750
ICL  C11D  328
ICL  C11D  332
ICL  C11D  348
FSC  424
FSS  177;273;359
FSC  252
FSS  135;524;525;140;542;544;538;557;DIG. 5
UREF
PNO  3489688
ISD  19700100
NAM  Pospischil
OCL  252547
UREF
PNO  3548056
ISD  19701200
NAM  Eigen
OCL  424171
UREF
PNO  3798179
ISD  19740300
NAM  Hellyer
OCL  252535
OREF
PAL  S. B. Mecca: "New Allantoin Derivatives," Reprint (6 pp.) From American
      Perfumer & Cosmetics, May 1971.
PAL  "The Allatoins - A Review," 3 p. Bulletin of Schuylkill Chemical Co.,
      Philadelphia, Pa.
PAL  "Tentative Specifications Allantoin Proteinate," 8 pp. data Sheets of
      Schuylkill Chemical Co, Philadelphia, Pa.
LREP
FRM  Hill, Gross, Simpson, Van Santen, Steadman, Chiara & Simpson
ABST
PAL  A free flowing bath bead composition comprising relatively minor amounts of
      allantoin and allantoin proteinate, and a collagen hydrolysate, in
      combination with a relatively large amount of a water softener. The
      composition may also include a foaming agent, particularly sodium lauryl
      sulfoacetate and a finely divided silica.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is in the field of bath bead compositions which have skin
      softening properties as well as skin moisturizing properties and include
      allantoin and protein materials.
PAR  2. Description of the Prior Art
PAR  Conventional bath bead products rely for their moisturizing capability by
      coating the body with a layer of oil. This causes only temporary
      moisturizing of the skin by mitigating water loss from the skin.
PAR  There have been numerous suggestions in the prior art regarding the use of
      allantoin and/or protein for the treatment and amelioration of dry skin.
      There have been a number of creams and lotions proposed containing
      alantoin and/or protein. To my knowledge, however, there has been no
      previously suggested formulation including allantoin and proteinaceous
      materials in the form of a dry, free-flowing bath bead powder which
      combines the properties of non-irritation, cleansing of the skin by
      removal of scaly and callous tissue, moisturizing by increasing the water
      binding capacity of the tissues, soothing, skin softening and healing of
      the skin. The provision of such a composition is the principal object of
      the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The bath bead composition of the present invention preferably contains from
      0.15 to 2.0 percent allantoin, from 0.10 to 2.0 percent allantoin
      proteinate, from 0.5 to 5.0 percent of a collagen hydrolysate and from
      about 10 to 84 percent of the water softener. The composition may also
      include about 10 to 94 percent by weight of a non-irritating foaming agent
      and from 0.1 to 1 percent of a finely divided silica.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention provides allantoin and proteinaceous materials in a
      free-flowing dry bead composition which is readily solble in water and
      produces a soothing and moisturizing effect.
PAR  One of the principal ingredients in the present composition is allantoin
      which is the material which has been known and used in cosmetic and
      dermatological applications for at least 50 years. It is well known that
      allantoin and its derivatives have a soothing effect when applied to the
      skin. This effect may be dependent in part on the neutralization or
      detoxification of irritants as well as the healing and tissue normalizing
      action of allantoin on injured, abrated, irritated tissue and to its
      moisturizing and keratolytic activity.
PAR  The skin moisturizing properties of allantoin apparently result from its
      activity in the cement matrix binding the cornified cells of the horny
      layer of the skin to promote its water-binding ability. It has also been
      shown that allantoin acts directly on the keratin molecule to cause it to
      hold more water by increasing its water binding capacity. This combination
      of keratin dispersing and moisturizing effects results in the skin
      becoming smooth and more pliable upon application of products containing
      allantoin.
PAR  The water holding ability of the stratum corneum is primarily dependent on
      the non-keratin soluble cementing matrix between the cornified cells. In a
      normal stratum corneum, the bulk of the moisture is due to the hydroscopic
      nature of the intercellular cement, and the contribution to the total
      moisture bound by keratin is relatively small. It has been shown, however,
      that keratin can react with allantoin to increase the water binding
      ability of the stratum corneum.
PAR  Allantoin also apparently has an emollient function which may result from
      the action of this material on both the non-keratin soluble cement matrix
      and the keratin molecules, causing increased binding of water in the
      stratum corneum.
PAR  Allantoin and its compounds are also effective against rough, scaly skin
      resulting from cornified cells which remain attached to the skin as
      scales. As a result of the action of allantoin on the components of the
      intercellular cement, the latter no longer acts to hold the cornified
      cells together. Upon application of allantoin to rough, flaky skin, the
      flakes or scales loosen and wash away, leaving the skin smooth.
PAR  Allantoin is an amphotheric compound which combines with various substances
      to form metal salts as well as addition compounds. The present invention
      uses one such addition compound, an allantoin proteinate. The particularly
      preferred material for use in the present invention is that known as
      "Alpro" which is a modified allantoin proteinate distributed by the
      Schuylkill Chemical Company of Philadelphia, Pennsylvania. This material
      is an addition product containing from about 5 to 7 percent by weight
      allantoin and the balance being a substantive protein such as WSP-X 1000C
      which is distributed by the Wilson Pharmaceutical & Chemical Corporation
      of Chicago, Illinois. This substantive protein is derived from collagen
      and chemically consists of straight chain polypeptides with a molecular
      weight on the order of 1,000 but which may have a molecular weight as high
      as 10,000. These substantive proteins are completely soluble over the
      entire pH range, are non-gelling and are free from sulfur containing amino
      acids. They do not possess many of the undesirable conventional properties
      of protein such as coagulability, denaturability or large molecular size.
PAR  The third essential ingredient in the composition of the present invention
      is a refined collagen hydrolysate such as material known as "Crotein SPA."
      This material is produced by enzymatic hydrolysis of a collagen which has
      a molecular weight of 30,000, the hydrolysis being controlled so that the
      final material has a molecular weight of about 2,000. The viscosity of a
      10% solution at 25.degree.C is from 20 to 25 mps. The refined collagen
      hydrolysate is soluble in water at 25.degree.C and in 20 percent and less
      solutions of ethanol. It has a nitrogen content not less than 16 percent,
      and evidences pH in a 10 percent solution at 25.degree.C at 5.5 to 6.5.
      The isoionic point of the material is between 5.0 and 5.5.
PAR  Suitable foaming agents are also added to the composition as desired. Such
      foaming agents, should, of course, be nonirritating to the skin. For this
      reason, I particularly prefer to use sodium lauryl sulfoacetate which is
      an ingredient sometimes used in prescription-type cleansing compositions.
      This surface active agent is also effective to disperse any perfume oil
      which may be added.
PAR  In addition to sodium lauryl sulfoacetate other alkyl sulfates such as
      sodium myristyl sulfate can be used, but these materials have a higher
      irritation potential than the sulfoacetate. Other suitable surfactants are
      those marketed by Standard Chemical Products, Inc., as their "Standapol
      SH" series which are stated to be sodium or ammonium salts of dibasic acid
      half-ester sulfonates and the "Standapol SCH" series which are stated to
      be condensates of dibasic acid half-esters, in the form of their sodium or
      ammonium salts, and sometimes partially ethoxylated.
PAR  The composition may use many of a number of alkali salts which function as
      water softeners. Sodium tripolyphosphate is particularly used for this
      purpose because it not only softens the water but also makes the skin feel
      soft. In addition to this material, I may also employ a mixture of sodium
      sesquicarbonate and sodium chloride at a weight ratio of 9 to 1, or sodium
      hexametaphosphate.
PAR  The compositions of the present invention may also contain finely divided
      silica such as "Cab-O-Sil, M-5" which is a pure fumed silica. Other finely
      divided silica compositions can be used as well, however.
PAR  The broad ranges of ingredients for the materials of the present invention
      are set forth in the following table in weight percent.
TBL  ______________________________________                                    
     Material       % by weight                                                
     ______________________________________                                    
     Allantoin      0.15 - 2.0                                                 
     Allantoin proteinate                                                      
                    0.10 - 2.0                                                 
     Collagen hydrolysate                                                      
                    0.50 - 5.0                                                 
     Foaming agent   10 - 94                                                   
     Water softener  10 - 84                                                   
     Finely divided silica                                                     
                    0.10 - 1.0                                                 
     Perfume and/or dye                                                        
                    as desired                                                 
     ______________________________________                                    
PAR  The following table expresses the particularly preferred compositions of
      the present invention.
TBL  ______________________________________                                    
     Allantoin         0.15%                                                   
     Allantoin proteinate                                                      
                       0.10%                                                   
     Collagen hydrolysate                                                      
                       0.50%                                                   
     Sodium lauryl sulfoacetate                                                
                       10.0%                                                   
     Sodium tripolyphosphate                                                   
                       84.22%                                                  
     Silica            0.10%                                                   
     FD&C Blue No. 1 Dye                                                       
                       0.03%                                                   
     Perfume           5.0%                                                    
     ______________________________________                                    
PAR  The compositions of the present invention provide a skin moisturizing and
      healing composition which takes advantage of the dermatological properties
      of both allantoin and collagen hydrolysates. Allantoin is an anti-irritant
      having the ability of cleansing the skin by removing scaly and calloused
      tissue. It moisturizes by increasing the water binding capacity of the
      tissues. It soothes the skin, softens it and promotes healing.
PAR  The collagen hydrolysate is a protein which is a natural skin moisturizer
      since it can bind water to the skin. The hydrolysate has an amino acid
      composition similar to that of skin and is therefore extremely skin
      compatible and acts as an antiirritant. The low molecular weight
      polypeptides contained in the hydrolysate activate the custaneous strata
      of the skin by a "nourishing" process and are capable of causing cellular
      proliferation, aiding granulation and thus speeding healing of wounds.
PAR  It should be evident that various modifications can be made to the
      described embodiments without departing from the scope of the present
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A free-flowing bath bead composition comprising from 0.1 part to 2.0
      percent allantoin, from 0.10 to 2.0 percent allantoin proteinate
      containing from 5 to 7 percent by weight allantoin, and a substantive
      protein derived from collagen and comprising straight chain polypeptides
      with a molecular weight up to 10,000, from 0.50 to 5.0 percent of a
      collagen hydrolysate, and from 10 to 84 percent of water softener.
NUM  2.
PAR  2. The composition of claim 1 in which said composition includes from 10 to
      94 percent by weight of a surface active foaming agent.
NUM  3.
PAR  3. The composition of claim 1 which includes from 0.1 percent of a finely
      divided fumed silica.
NUM  4.
PAR  4. The composition of claim 1 in which said water softener is sodium
      tripolyphosphate.
NUM  5.
PAR  5. The composition of claim 2 in which said foaming agent is sodium lauryl
      sulfoacetate.
NUM  6.
PAR  6. A free-flowing bath composition containing as its active ingredients
      about 0.15 percent by weight of allantoin, about 0.10 percent by weight of
      an allantoin proteinate containing from 5 to 7 percent by weight allantoin
      and a substantive protein derived from collagen and comprising straight
      chain polypeptides with a molecular weight up to 10,000, about 0.5 percent
      by weight of a collagen hydrolysate having a molecular weight of about
      2,000, about 10 to 94 percent by weight of a surface active foaming agent,
      about 12 to 84 percent by weight of a water softening agent, and about
      0.10 percent by weight of finely divided fumed silica powder.
PATN
WKU  039417239
SRC  5
APN  1436260
APT  1
ART  165
APD  19710514
TTL  Crystallized alkali metal silicate with sequestering agents
ISD  19760302
NCL  5
ECL  1
EXP  Albrecht; Dennis L.
INVT
NAM  Weldes; Helmut H.
CTY  Havertown
STA  PA
ASSG
NAM  Philadelphia Quartz Company
CTY  Valley Forge
STA  PA
COD  02
CLAS
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XCL   23301SP
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XCL  252135
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XCL  252DIG11
EDF  2
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ICL  C11D  714
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NAM  Jelen
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NAM  Baker et al.
OCL   23301R
UREF
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ISD  19701200
NAM  Kitchen et al.
OCL  252 99
UREF
PNO  3579299
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NAM  Sams et al.
OCL   23110A
UREF
PNO  3630923
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NAM  Simmons et al.
OCL  252 99
UREF
PNO  3701735
ISD  19721000
NAM  Finck
OCL  252 99
LREP
FR2  Philpitt; Fred
FR2  Posner; Ernest
ABST
PAL  Composite crystals of alkali metal silicate, particularly hydrated sodium
      metasilicates such as sodium metasilicate pentahydrate with sequestering
      agents, are formed by co-crystallization of liquors that contain both
      alkali metal silicate and sequestering agents.
BSUM
PAC  INTRODUCTION
PAR  Sequestering agents have been added to detergents and cleaners to enhance
      performance, or to allow reduction or replacement of phosphates. It has
      been found that phosphates in detergents and cleaners may be injurious to
      the environment and the levels of phosphate in detergents and cleaners
      should be reduced or even eliminated. Therefore, a greater variety of
      sequestering agents must be considered for use in these products. Most
      currently available sequestering agents are very small in particle size
      and are inconvenient in storage, handling and processing: they cake, are
      subject to dusting and form lumps when in contact with moisture or liquid
      components of detergent slurries. Many other sequestering agents are
      available as solutions of 40 to 60% so that they have limited usefulness.
PAR  Crystalline alkali metal silicates, especially sodium metasilicate
      pentahydrate, have been added to detergents and cleaners to provide
      builder properties and corrosion protection. The preparation of such
      crystals is usually accomplished by preparing a liquor having
      substantially the same composition as the desired crystalline species and
      then crystallizing the liquor. These liquors are very viscous and are
      easily supercooled without any crystallization taking place. The methods
      used to initiate crystallization include seeding, crutching, cooling and
      other known methods of inducing crystallization. Even though these methods
      are employed the crystallization is slow to start and a large amount of
      fine seed particles must be used so that a large amount of material must
      be recycled and the production of product is reduced. The crystallized
      products produced as sheets or cakes are difficult to granulate because of
      the extreme hardness of crystallized material. The intense grinding needed
      adds impurities and the product may be dusty. Also such difficulty in
      grinding tends to form particles that cake.
PAR  I have found a method for producing composites of sodium metasilicate
      pentahydrate and sequestering agents which do not have the disadvantages
      that the individual components exhibit. The method involves preparing a
      liquor that contains sodium metasilicate and the sequestering agent in the
      proper ratio and concentration and crystallizing the liquor. This system
      does not supercool as readily as the metasilicate liquors and the
      crystallization is much easier to initiate. Therefore, the quantity of
      seed needed can be limited to the fines generated in processing that would
      have to be recycled in any case. A further advantage is realized because
      the crystallized cakes or sheets easily crush to granules so that impurity
      levels derived from the granulating equipment are very low and the
      tendency to cake is low. The granules realized from this process have a
      good particle size, are free-flowing and are easily handled.
PAC  THE INVENTION
PAR  The sequestering agents used in this invention can be any chemical or
      chemicals capable of reducing the activity of metal ions in solution and
      maintaining the ions in solution. The most important of such metal ions
      are Ca.sup.+ .sup.+ and Mg.sup.+ .sup.+ which precipitate soap and
      silicates, decrease the efficiency of surfactants and in general, are
      responsible for the reactions of hard water. Many chemicals reduce the
      activity of the metal ions in solution but do not maintain the ions in
      solution while the agents employed in this invention achieve both
      functions. Such agents include the sodium or potassium salts of the
      following organic acids: nitrilotriacetic acid, ethylenediaminetetraacetic
      acid, diethylenetriaminepentaacetic acid and citric acid. Other useful
      materials are sodium gluconate, sodium glucoheptonate, sodium
      boroglucoheptonate and disodium oxydiacetate. Other useful materials
      include polyelectrolytes such as polyacrylamide, modified starches and
      polyols such as Pluronics. These materials can be used as solids or
      concentrated solutions depending on the availability of the agent and on
      the concentration of the liquor to be prepared.
PAR  The alkali metal silicate liquors with which the sequestering agents are
      combined usually have M.sub.2 O:SiO.sub.2 mole ratios of 0.96:1.0 to
      2.3:1.0 and have solids contents of 30% to a near anhydrous condition. M
      stands for an alkali metal. A sodium metasilicate pentahydrate would have
      a mole ratio of Na.sub.2 O:SiO.sub.2 :H.sub.2 O of 1.0:1.0:5.0 and the
      solids content would be 57%. These ratios can be varied somewhat and
      useful products still result. Such liquors are usually prepared by
      blending a more siliceous alkali metal silicate solution with alkali metal
      hydroxide solution. The silicate liquor can be prepared at the
      concentration needed for crystallization so that no further processing
      steps are needed or an anhydrous sequestering agent that hydrates can be
      added to take up any excess water. The sequestering agents can also be
      added as a solution containing its own water of hydration if it does
      hydrate. In some cases, of course, the sequestering agent does not
      hydrate. The ratio of sequestering agent solids to silicate solids can be
      up to 2.5:1.0.
PAR  The mixture of sequestering agent and sodium metasilicate liquor is now
      ready to crystallize. If the sequestering agent is added as a solid no
      additional seed particles may be needed but if the sequestering agent is
      added as a solution or dissolves completely in the silicate liquor, seed
      particles must be added. These can be recycled fines or fine sodium
      metasilicate pentahydrate crystals. The seeded combination-liquor can be
      cost in a sheet or in a mold and crystallization allowed to take place.
      The crystallization takes place rapidly, in fact much more rapidly than
      when just sodium metasilicate pentahydrate is crystallized. As the
      crystallization proceeds the temperature of the material rises because of
      the heat of crystallization but the temperature rise is reduced from that
      of plain sodium metasilicate pentahydrate.
PAR  The resulting product is easily crushed to form a granular product which is
      free-flowing and non-caking. Because the materials are easily crushed the
      insoluble pick-up is very slight and the material is not dusty since very
      few fine particles are produced. This ease of grinding is quite in
      contrast to that of straight crystallized silicates which are very hard
      and must be vigorously ground. This is illustrated by the fact that a
      crystallized sodium metasilicate pentahydrate must be passed through a jaw
      crusher 5 or more times to reduce it to the same particle size as a sodium
      metasilicate pentahydrate with 25% sodium citrate which was passed through
      the jaw crusher twice. The products have a white apperance with a bulk
      density of 40 to 70 lbs/cu.ft. The dissolving rate is very fast and the
      insoluble content is very low.
PAR  These products are quite useful especially in cleaning compounds. Hard
      surface cleaners with excellent cleaning power can be produced containing
      substantial amounts of these products.
DETD
PAC  EXAMPLES
PAR  The following examples are illustrative of embodiments of the invention. It
      should be understood that these examples are not intended to limit the
      invention and that obvious changes may be made by those skilled in the art
      without changing the essential characteristics and the basic concept of
      the invention. The parts and percentages are by weight and the mesh sizes
      refer to Tyler standard screen-scale sieves.
PAC  EXAMPLE 1
PAR  A sodium metasilicate pentahydrate liquor was prepared by blending a sodium
      silicate solution with an SiO.sub.2 /Na.sub.2 O ratio of 3.22 with caustic
      solution. The mole ratio of Na.sub.2 O: O:SiO.sub.2 :H.sub.2 O of the
      liquor was 0.99:1.00:4.97 and the liquor was maintained at 75.degree.C to
      prevent any crystallization until the test was started. The liquor (97.5
      pbw) was cooled to 70.degree.C and 2.5 pbw of seed particles were added.
      The seed was less than 200 mesh and had a composition similar to the
      liquor. The temperature of the liquor fell until the crystallization
      began. The crystallization began after about 45 minutes and continued for
      about 60 minutes until the cake was hard to the touch. Evolution of heat
      of crystallization continued for about 30 minutes more. The cake was
      allowed to equilibrate for 60 minutes and then ground in a jaw crusher.
      The total processing time prior to crushing was 3 hours and 15 minutes.
      The cake and resulting material had to be passed through the jaw crusher 6
      times before all of the material was reduced to below 20 mesh. In the
      process a large percentage of fines were produced and the product was
      dusty. The product contained about 1.5% iron.
PAC  EXAMPLE 2
PAR  The liquor of Example 1 (90 pbw) was cooled to 55.degree.C and 10 pbw of
      the seed of Example 1 added. The crystallization began after about 5
      minutes and continued for about 35 minutes until the cake was hard to the
      touch. The heat of crystallization continued for about 15 minutes more.
      The cake was allowed to equilibrate for 60 minutes and then ground in a
      jaw crusher. The total processing time prior to crushing was 1 hour and 55
      minutes. The cake and resulting material had to be passed through the jaw
      crusher 5 times before all the material was reduced below 20 mesh. In this
      process a large percentage of fines were produced and the product was
      dusty.
PAC  EXAMPLE 3
PAR  The liquor of Example 1 (90 pbw) was cooled to 60.degree.C and 90 pbw of
      solid sodium glucoheptonate dihydrate (NaGH.2H.sub.2 O) was added. The
      NaGH.2H.sub.2 O was in the form of small crystals that were smaller than
      100 mesh. After about 5 minutes the crystallization began and continued
      for 25 minutes until the cake was solid to the touch. The heat of
      crystallization continued for about 15 minutes more. It was found that the
      cake needed to equilibrate for only 30 minutes before jaw crushing. The
      total processing time before crushing was 75 minutes. Two passes through
      the jaw crusher were needed to reduce the cake to particles of less than
      20 mesh. Few fines were produced so that the product was not dusty and the
      iron content was less than 0.3%. The ratio of NaGH solids to metasilicate
      solids was 1.56:1.00 on a weight basis and the water content was 27.8%.
PAC  EXAMPLE 4
PAR  The liquor of Example 1 (90 pbw) was cooled to 60.degree.C and 45 pbw of
      sodium nitrilotriacetic acid monohydrate (SNTA.H.sub.2 O) was added. The
      SNTA.H.sub.2 O was in the form of small crystals that were smaller than 65
      mesh. After 5 minutes the crystallization began and continued for 30
      minutes until the cake was solid to the touch. The heat of crystallization
      continued for about 25 minutes more. It was found that the cake needed to
      equilibrate for only 30 minutes before jaw crushing. The total processing
      time before crushing was 90 minutes. Two passes through the jaw crusher
      were needed to reduce the cake to particles of less than 20 mesh. Few
      fines were produced so that the product was not dusty and the iron content
      was less than 0.3%. The ratio of SNTA solids to metasilicate solids was
      0.82:1.00 on a weight basis and the water content was 30.8%.
PAC  EXAMPLE 5
PAR  SNTA.H.sub.2 O (25 pbw) was dissolved in 90 pbw of the liquor of Example 1
      stirring at 75.degree.C. The mixture was cooled to 60.degree.C and seeded
      with 2.5 pbw of the SNTA-metasilicate composite of example 4 that had been
      crushed to particles that were less than 100 mesh. After about 5 minutes
      the crystallization began and continued for 30 minutes until the cake was
      solid to the touch. The heat of crystallization continued for 17 minutes
      more. It was found that the cake needed to equilibrate for only 30 minutes
      before jaw crushing. The total processing time before crushing was 82
      minutes. Two passes through the jaw crusher were needed to reduce the cake
      to particles of less than 20 mesh. Few fines were produced so that the
      product was not dusty and the iron content was less than 0.3%. The ratio
      of SNTA solids to metasilicate solids was 0.46:1.00 on a weight basis and
      the water content was 38.0%.
PAC  EXAMPLE 6
PAR  A hard surface cleaner was prepared using the product of Example 5. The
      composition of the cleaner was:
TBL  Triton N-101 (Nonionic surfactant,                                        
                                  0.5 pbw                                      
      Rohm and Haas Corp)                                                      
     Nacconol 40-DB (Anionic surfactant, GAF Corp)                             
                                  1.5                                          
     SNTA-Sodium Metasilicate Composite of Example 5                           
                                 98.0                                          
PAL  The mixture was blended easily and the product was not dusty. The material
      was an excellent cleaner in hard water for hard surfaces such as cement
      floors, etc.
PAR  More or less detailed claims will be presented hereinafter and even though
      such claims are rather specific in nature those skilled in the art to
      which this invention pertains will recognize that there are obvious
      equivalents for the specific materials recited therein. Some of these
      obvious equivalents are disclosed herein, other obvious equivalents will
      immediately occur to one skilled in the art, and still other obvious
      equivalents could be readily ascertained upon rather simple, routine,
      noninventive experimentation. Certainly no invention would be involved in
      substituting one or more of such obvious equivalents for the materials
      specifically recited in the claims. It is intended that all such obvious
      equivalents be encompassed within the scope of this invention and patent
      grant in accordance with the well-known doctrine of equivalents, as well
      as changed proportions of the ingredients which do not render the
      compositon unsuitable for the disclosed purposes. Therefore, this
      application for Letters Patent is intended to cover all such
      modifications, changes and substitutions as would reasonably fall within
      the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A process for the production of free flowing, non-caking readily soluble
      granules comprising the steps of
PA1  a. preparing an alkali metal silicate liquor having an M.sub.2 O:SiO.sub.2
      mole ratio of 0.96 to 2.3:1.0 and a solids content of at least 30%,
PA1  b. introducing a sequestering agent of particle size less than 65 mesh into
      said silicate liquor, the ratio of said sequestering agent solids to
      alkali metal silicate solids being up to 2.5:1.0 and selected from the
      group consisting of sodium salts of organic amino acids, potassium salts
      of organic amino acids sodium salts of organic hydroxy acids, potassium
      salts of organic hydroxy acids, sodium salts of organic polyhydroxy acids,
      potassium salts of organic polyhydroxy acids,
PA1  c. crystallizing the resultant solution to obtain an easily crushable cake,
PA1  d. crushing said cake to obtain the desired granules.
NUM  2.
PAR  2. The process of claim 1 in which the sequestering agent is added in a
      crystalline form and acts as seed to initiate the crystallization.
NUM  3.
PAR  3. The process of claim 1 in which the sequestering agent is dissolved in
      the alkali metal silicate liquor and fines of previously prepared granules
      are recycled for seed.
NUM  4.
PAR  4. The process of claim 1 wherein the sequestering agent is selected from
      the group consisting of sodium nitrilotriacetic acid, potassium
      nitrilotriacetic acid, sodium ethylenediaminetetraacetic acid, potassium
      ethylenediaminetetraacetic acid, sodium diethylenetriaminepentaacetic
      acid, potassium diethylenetriaminepentaacetic acid, sodium citrate,
      potassium citrate, sodium gluconate, sodium glucoheptonate, sodium
      boroglucoheptonate and disodium oxydiacetate.
NUM  5.
PAR  5. The process of claim 1 wherein the ratio of sequestering agent solids to
      alkali metal silicate solids is 0.46:1.0 up to 2.5:1.0 and wherein said
      sequestering agent is selected from the group consisting of sodium
      nitrilotriacetic acid, potassium nitrilotriacetic acid and sodium
      glucoheptonate.
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ABST
PAL  In the known process of manufacturing an amphoteric polymeric composition
      which process comprises firstly polymerising a mixture comprising a
      monomer containing a basic group and a monomer containing an acidic group,
      the improvement of carrying out the process in the presence of a solvent
      system comprising formic acid.
BSUM
PAR  This invention is concerned with ion-exchange resins which have both acidic
      and basic ion-exchange sites. Such "amphoteric" resins may be formed as a
      composite of acidic and basic ion-exchange sub-particles or moieties in an
      ion-permeable matrix. They may also be formed as a true or block
      copolymer, as a resin comprising an interlocked mixture of at least two
      polymers which may be in the form of either interpenetrating networks or
      the so-called "snake-cage" polymers -- or as a resin comprising a mixture
      of these various types of structure in the one composition having these
      desired ion-exchange properties.
PAR  Amphoteric ion-exchange resins are of use in the purification of biological
      media and polymers, and pharmaceuticals, for example, penicillin,
      cosmetics, slow release medicines and water demineralisation processes.
      Amphoteric ion-exchange resins are of use because of their property of
      sequestering or chelating metal ions, in particular heavy metal ions.
PAR  Amphoteric ion-exchange resins also have a potentially important
      application in water demineralisation processes using thermally
      regenerable ion-exchange resins, for example the "Sirotherm" process.
      ("Sirotherm" is a Registered Trade Mark for ICI Australia's thermally
      regenerable ion-exchange resins). The "Sirotherm" process is described in
      the publications:
PA0  "The Sirotherm" Demineralisation Process -- an Ion Exchange Process with
      Thermal Regeneration", Part 1. J. Inst. Engr. Aust. (1965) 37, 193;
PA0  "An Ion-Exchange Process with Thermal Regeneration", Aust. J. Chem. (1966),
      19, 561 (Part II), 589 (Part III), 765 (Part IV) and 791 (Part V)
PA0  Australian Journal of Chemistry (1968) 21, pp 2703-2710, "An Ion-Exchange
      Process with Thermal Regeneration", Part VI;
PA0  "thermally Regenerated Ion-Exchange Process -- An Aid to Water Management",
      J. Water Poll. Control Fed. (1966), 38, 1782;
PA0  And Australian Pat. No. 274,029.
PAR  Resins having a thermally regenerable ion-exchange capacity of use in the
      "Sirotherm" process are of the weak-acid or weak-base type and have such
      inherently slow rates of salt-uptake that their use in conventional
      mixed-bed systems is impractical for large-scale water treatment. As it
      would be expected that smaller acidic and basic particles and closer
      particle spacing should greatly improve the rate of ion-exchange, attempts
      have been made to produce amphoteric resins having acidic and basic
      moieties; but, although the ion-exchange rates can be high, such polymers
      normally have a thermally regenerable ion-exchange capacity of no more
      than a few percent of the chemically regenerable total capacity, and
      certainly below 0.2 meq/gm, which renders them quite impractical for water
      demineralisation.
PAR  One attempt to avoid these difficulties is the use of a particulate
      amphoteric ion-exchange resin in which minute but discrete particles of
      ion-exchange resins are incorporated in an ion-permeable matrix. Though
      the ion-exchange rates of such "plum-pudding" resins are interior to the
      amphoteric polymers previously mentioned, the thermally regenerable
      capacities are superior, and the overall kinetics are much better than
      those of a conventional mixed bed.
PAR  It has been postulated that the ion-exchange rates of mixed beds of weak
      electrolyte resins are probably limited by the rate of proton transfer
      between the acidic and basic resins, even where the dimensions of the
      ion-exchange particles and their spacing is of the order of microns; and
      that the ion-exchange capacity of an amphoteric polymer is probably
      limited by self-neutralisation, that is pairing of moieties of opposite
      polarity within the polymer itself. Thus, very close spacing of acidic and
      basic moieties is highly desirable but the tendency for
      self-neutralisation must be minimised. Moreover, it is also appreciated
      that self-neutralisation probably takes place to a large degree in the
      constituent acidic and basic components of the system before or during the
      formation of the final polymeric structure.
PAR  We have now found a method of substantially reducing self-neutralisation of
      the acidic and basic moieties during polymerisation and of obtaining an
      amphoteric resin of increased ion-exchange capacity.
PAR  In the known process of manufacturing a polymeric composition which process
      comprises firstly polymerising a mixture comprising a monomer containing a
      basic group and a monomer containing an acidic group we provide the
      improvement of carrying out the process in the presence of a solvent
      system comprising formic acid.
PAR  The amount of formic acid is not narrowly critical but preferably the
      formic acid comprises a major proportion of the solvent system. Preferably
      the weight ratio of formic acid to acidic monomer is in the range from 1:5
      to 5:1.
PAR  Formic acid appears unique in its ability to prevent self neutralisation
      reactions occuring during the preparation of amphoteric resins. We have
      found that other carboxylic acids such as acetic acid or propionic acid
      are not satisfactory solvents for the polymerisation of a mixture of
      acidic and basic monomers as the resultant product has neglible thermally
      regenerable ion-exchange activity.
PAR  The process may be carried out in the presence of a minor proportion of an
      additional solvent. If an additional solvent is used it is preferably a
      solvent in which all the monomers are soluble. e.g. water or a polar
      organic solvent such as acetone, dimethylformamide, acetonitrile, dimethyl
      sulphoxide, methyl ethyl ketone, lower alkyl alcohols containing from 1 to
      6 inclusive carbon atoms, e.g. methanol, ethanol, propan-2-ol, butan-1-ol.
PAR  The monomers chosen for the preparation of the resins in accordance with
      the present invention may be, typically, those known in the art to be
      suitable for the production of ion-exchange resins. The basic sites may,
      for example, be derived from any weakly basic groups, such as substituted
      amines, preferably ethylenically substituted amines such as allylamines
      and especially triallylamine; similarly, acidic sites may be those derived
      from unsaturated carboxylic acids containing groups such as acrylic acid
      and methacrylic acid. Other monomers which would be suitable for resins of
      this type include basic monomers such as N-alkylethyleneimines,
      dimethylaminoethyl methacrylate, t-butylaminoethyl methacrylate,
      N,N-dialkylaminomethylstyrene and acidic monomers such as maleic acid,
      vinylacetic acid, allylacetic acid, maleamic acid, N-alkylmaleamic acids,
      N-arylmaleamic acids and the like.
PAR  The nature of the allylamine if present is not narrowly critical and the
      composition of our invention may be prepared using any amine having one or
      more allyl substituents. Suitable allylamines include, for example,
      allylamine, diallylamine, triallylamine and alkyldiallylamines. Other
      suitable allylamines include compounds of the general formula I
      ##SPC1##
PAL  wherein R.sup.1 is an allyl group; R.sup.2 is either a hydrogen atom or an
      alkyl or substituted alkyl, which group being either saturated or
      olefinically unsaturated; R.sup.3, R.sup.4, R.sup.5, R.sup.6 and R.sup.7
      separately, is a hydrogen or halogen atom or an alkyl, substituted alkyl,
      aryl, substituted aryl, nitro, dialkylamino alkyl or
      ##EQU1##
      except that not more than two of R.sup.3, R.sup.4, R.sup.5, R.sup.6 and
      R.sup.7 may be the group
      ##EQU2##
      and except that not more than four of R.sup.3 , R.sup.4, R.sup.5, R.sup.6
      and R.sup.7 may be hydrogen.
PAR  Preferably the olefinically unsaturated group is allyl. A preferred class
      of compounds of general formula 1 as defined hereinbefore consists of
      compounds of general formula II:
      ##SPC2##
PAL  wherein R.sup.5, R.sup.7 and R.sup.9 are as defined hereinabove and U, V,
      W, X, Y and Z are allyl. A further preferred class of compounds of general
      formula I as defined hereinbefore consists of compounds of general formula
      III.
      ##SPC3##
PAL  wherein R.sup.5, R.sup.6, R.sup.8 and R.sup.9 are as defined hereinabove
      and W, X, Y and Z are allyl.
PAR  Other suitable allylamines include, for example, amines of the general
      formula IV:
      ##EQU3##
      where A is an alkylene group containing 2 to 8, preferably 5 to 7
      inclusive carbon atoms, for example, 1,6-bis (N,N-diallylamino)hexane.
PAR  Preferred monomers for use in the preparation of ion-exchange resins
      suitable for use in the "Sirotherm" process include, for example:
      triallylamine, methyldiallylamine, ethyldiallylamine,
      1,4-bis(N,N-diallylaminomethyl) benzene,
      2,4,6-tris(N,N-diallylaminomethyl)toluene,
      1,2,4-tris(N,N-diallylaminomethyl)benzene,
      1,6-bis(N,N-diallylamino)hexane, n-propyldiallylamine, benzyldiallylamine.
PAR  It will be understood by those skilled in the art that, in order to
      polymerize the allylamines must normally be present as salts. Hence all
      references in this specification to the polymerisation of allylamines,
      even when not specifically described as salts, are to the amines in their
      polymerisable form.
PAR  Suitable salts are the salts of allylamines with strong acids such as, for
      example, hydrochloric, sulphuric, nitric or phosphoric acid. However, the
      amine monomer may also be used in the free base form; upon the addition of
      formic acid the amine formate is produced. Generally speaking, the pH,
      temperature and other conditions associated with the polymerisation
      process may be those known in the art for the polymerisation of the
      appropriate monomers concerned. The nature of the polymerisation initiator
      is not critical. Radiation initiated polymerisation is particularly
      convenient. Nevertheless, monomers have been successfully polymerised by
      the use of chemical initiators to yield resins with analogous ion-exchange
      properties to those of essentially the same resin prepared in the same way
      but employing gamma radiation for polymerisation. When aqueous solvent
      systems are used, water soluble initiators of various sorts, such as
      potassium persulphate, alpha, alpha'-azo-bis-bis-beta-cyanoisovaleric
      acid, alpha, alpha'-azo-bis-isobutyronitrileamidinium hydrochloride and
      cumene hydroperoxide, and various redox systems such as K.sub.2 S.sub.2
      O.sub.8 /K.sub.2 S.sub.2 O.sub.5 and cumene hydroperoxide/FeSO.sub.4 may
      be employed. When the more preferred solvent systems comprising polar
      solvents such as acetone, dimethylformamide and the like are used,
      chemical initiators such as alpha, alpha'-azo-bis-isobutyronitrile, cetyl
      peroxide carbonate, lauryl peroxide, t-butyl perpivalate,
      t-butylcyclohexyl peroxydicarbonate, azo-bis-dimethyl-valero nitrile,
      benzoyl peroxide and organic soluble analogues thereof may be employed.
PAR  In certain cases it is advantageous to combine chemical initiation with
      radiation initiation. For example, it is possible to increase the degree
      of crosslinking of a polymer formed by chemical initiation if the polymer
      is further treated with radiation.
PAR  It is possible to use irradiation as the initiator. Irradiation can be used
      to initiate the polymerisation of all the allylamines in the form of
      salts.
PAR  Accordingly in one aspect of our invention we provide a process of
      manufacturing polymeric compounds, said process comprising exposing the
      mixture as defined hereinbefore to high energy radiation at a temperature
      of between -80.degree. and 120.degree.C and isolating the polymer or
      polymer salt so formed.
PAR  By high energy radiation we mean radiation having a wavelength of less than
      100 Angstrom, in particular gamma- and beta- rays derived from isotopes or
      in the form of fast electrons such as produced by a Van de Graaff
      generator and an electron accelerator. Other sources of ionising or high
      energy radiation are known in the art, e.g. from British Pat. No. 801,528,
      page 1, lines 49 - 56; these include neutrons, accelerated heavy particles
      and X-rays or mixtures of them. A convenient practical source of high
      energy radiation is a cobalt 60 source.
PAR  The dose rate of irradiation controls the rate of initiation of the
      polymerisation, but has little effect on the properties of the polymer
      formed. Dose rates between 10 rad/hr and 5 megarad/hr are operative and
      rates between 20,000 rad/hr and 1 megarad/hr are convenient in practice.
      However, the total dose delivered to the polymerisation mixture affects
      the yield as well as the physical properties of the polymer produced.
      Doses from 3 megarad up to 20 megarad are operative; optimum yield of
      polymer is usually achieved at 5 to 15 megarad.
PAR  Radiation, usually and preferably, is carried out in an inert atmosphere
      such as nitrogen or argon. The presence of air does not stop the
      polymerisation, but a reduction in yield and capacity was observed.
PAR  For use as ion-exchange resins the polymers and copolymers of this
      invention must be produced within controlled particle size ranges.
PAR  The particles of the required size range may be obtained by bulk
      polymerisation followed by grinding and sieving. Preferably the particles
      are prepared in the required size range by a dispersion polymerisation
      technique.
PAR  It will be appreciated by those skilled in the art that the solvent and
      monomer systems referred to above concern the components which are
      actively involved in the production of the desired amphoteric resins.
PAR  The polymerisation is preferably carried out in a medium which will
      dissolve the monomer components to form a homogeneous solution. In some
      cases it may be advantageous to partially polymerise one of the monomers
      before the other monomer is added.
PAR  Whether the resins are produced in bulk or particulate form can be
      determined by the use of a secondary liquid phase which need not include
      any reacting components but merely makes it possible to disperse the
      monomer solution in a supporting medium which is immiscible with the
      monomers and the solvent used to make up the monomer solution. In this
      way, the product can be made in the form of particulate bead-like material
      having a particle size which makes it suitable for use in ion-exchange
      columns. The size of the beads depends on the concentration of
      stabilisers, the monomer solution, the stirring rate, the temperature and
      the geometry of the reaction vessel. Beads between 200 mesh BSS and 10
      mesh BSS can easily be achieved. The choice of supporting medium is not
      narrowly critical, provided the insolubility requirements are satisfied.
PAR  Suitable supporting media are solvents which form two separate phases when
      mixed with the solution of monomers. Convenient supporting media are
      non-polar solvents such as for example, petroleum ether, paraffin oils,
      aromatic hydrocarbons or chlorinated hydrocarbons.
PAR  The choice of stabiliser is not narrowly critical; certain surfactants used
      in dispersion polymerisation, e.g. hydrocarbon soluble surface active
      agents as well as cellulose ethers or polyvinyl alcohols and derivative
      polyvinyl alcohols are suitable.
PAR  Following polymerisation and washing to remove low molecular weight
      material, it is preferable to subject the product resin in particulate
      form to a pH equilibration treatment to achieve the optimum ion-exchange
      performance. Normally, this simply involves stirring the resin in an
      aqueous salt solution at room temperature (ca.20.degree.C) and adding
      sodium hydroxide until the desired pH level is obtained, care being taken
      to ensure that the final equilibrium salt concentration employed is that
      of the water to be treated by the desalination process. The resin is now
      suitable for use in column operation of a thermally regenerable process,
      as described in our prior Australian Pat. No. 274,029. For purposes of
      evaluation, however, the resin may be washed with hot water at ca.
      80.degree.C to obtain it in a regenerated form, and the amount of salt
      taken up by stirring the regenerated resin in salt solution at room
      temperature used as a measure of the effective capacity of the system. The
      time necessary to achieve salt uptake equivalent to 50% of the equilibrium
      level (the "half time") may be used as a convenient measure of the rate of
      salt adsorption.
PAR  Finally, it will be appreciated that the amphoteric resins formed in
      accordance with the present invention must differ from the prior art
      amphoteric resins where self-neutralisation must involve association of
      oppositely charged sites which, from the steric or structural standpoint,
      defines a resin which is significantly different from one where
      self-neutralisation has been minimised. However, while this difference in
      structure is difficult to define by chemical or physical analysis, a ready
      indicator is provided by the significantly increased effective capacity.
PAR  The ion-exchange capacity of the product produced by our process depends to
      a great extent on the monomers used.
PAR  Suitable combinations of monomers to give a desired ion-exchange capacity
      may be found by simple experiment.
PAR  Thermally regenerable resins have a potentially important application in
      water demineralisation processes because low-grade heat can be efficiently
      employed for regeneration and certain of these resins are of use in the
      desalination of water by the so-called "Sirotherm" process.
PAR  For use in the "Sirotherm" process we prefer that the monomer containing a
      basic group is an allylamine.
PAR  Although a suitable amphoteric polymeric composition can be produced by the
      polymerisation of a mixture consisting solely of a basic and an acidic
      monomer or derivatives thereof, the number of monomers employed need not
      be restricted to two. In certain instances it may be advantageous to have
      more than one acidic or basic monomer, so that three, four or even more
      monomers may be present in the polymerisation mixture. A range of products
      may be prepared which are homofunctional in basic and acidic groups or
      homofunctional in only basic or acidic groups and heterofunctional in the
      other, or heterofunctional in both types of groups.
PAR  We have found that in certain cases it is advantageous to add a third
      monomer component which is preferably non-charged. We believe that it acts
      to separate the acidic and basic groups of the amphoteric polymeric
      composition thus further hindering self-neutralisation.
PAR  Suitable neutral third monomers are for example: vinyl acetate, methyl
      vinyl ether, styrene and the like.
PAR  Polymeric compositions having useful ion-exchange properties may be made
      when the proportion of the third monomer lies in the range from 0 - 70%
      w/w of the polymeric composition preferably from 5 - 50% w/w.
PAR  Preferably the third monomer is di-functional and acts as a crosslinking
      agent, leading to extension of the polymeric network.
PAR  Suitable crosslinking agents are, for example, ethylene glycol
      dimethacrylate, 1,3-butylene glycol dimethacrylate, divinylbenzene,
      triallyl cyanurate, the triallyl ether of pentaerythritol and the like. We
      believe that the addition of a crosslinking agent has a twofold purpose:
      to aid in the permanent separation of the acidic and basic sites, and to
      minimise loss of linear polymer. Hence if the crosslinking agent
      polymerises at a rate comparable with that of the acid monomer, two
      interpenetrating networks may be formed, with the crosslinked polyacid
      enmeshed in the polytriallylamine network, the latter being
      self-crosslinking. In cases where a non-crosslinking allylamine monomer is
      employed, a further crosslinking agent compatible with the allylamine may
      be used; two interpenetrating networks will again be formed.
PAR  We believe that the increase in effective capacity of such additionally
      crosslinked amphoteric polymeric compositions is due to the greater
      rigidity of the system; the ion-exchange groups cannot as readily relocate
      after the polymerisation because the network is held more firmly in its
      non-associated configuration.
PAR  The amount of crosslinking agent present is not narrowly critical but we
      have found that resins for use in the "Sirotherm" process may be prepared
      by polymerising mixtures comprising an allylamine salt, an acidic monomer
      in a solvent system as defined herein above and a crosslinking agent
      wherein the crosslinking agent is present in an amount from 0 - 50% w/w of
      the polymeric composition preferably from 10 - 30% w/w.
PAR  The compounds of our invention may be used as chelating agents and
      sequestering agents and in the purification of biological materials.
DETD
PAR  The invention is illustrated by but by no means limited to the following
      examples in which all parts are parts by weight unless otherwise
      specified.
PAC  EXAMPLE 1
PAR  This example illustrates the preparation of an amphoteric resin by the
      polymerization of methacrylic acid and triallylamine hydrochloride using
      gamma irradiation in the presence of formic acid.
PAR  Methacrylic acid (6.0 ml, 70 meq) was mixed with 70% solution of
      triallylamine hydrochloride (8.5 ml, 35 meq), together with 98% formic
      acid (10.0 ml, 260 meq). The homogeneous solution was deoxygenated by a
      vacuum treatment cycle, in which the mixture was cooled to liquid nitrogen
      temperature, and the container connected to a vacuum system where pumping
      was maintained for 2 minutes. The container was then sealed and placed in
      an acetone/dry ice slurry, and after thermal equilibrium had been
      established, pumping was carried out for 0.5 minutes. The cycle was
      repeated a number of times to ensure complete oxygen removal.
PAR  The sample was irradiated in vacuo using a Co.sup.60 source at a dose rate
      of 0.3 megarad/hr, to give a total dose of 10 megarad. The hard, opaque
      mass which resulted was broken up into fine particles and the 16-60 mesh
      BSS fraction retained. It was extracted with ethanol under nitrogen in a
      Soxhlet apparatus for 12 hours to remove soluble organic material. The
      product was then washed in an ion-exchange column with 0.3N alkali, 2N
      hydrochloric acid, and water, using 20 bed volumes of the washing liquor
      in each case.
PAR  The particles were stirred in 1000 mg/l sodium chloride solution and the pH
      adjusted to 6.2 by the addition of alkali. When full equilibrium had been
      obtained the resin was regenerated with hot distilled water in a jacketed
      column at 80.degree.C. The uptake of salt from a 1200 mg/l solution at
      ambient temperature was then measured and found to be 0.58 meq/g, which is
      a measusre of the thermally regenerable or effective capacity of the resin
      under these conditions.
PAC  EXAMPLE 2
PAR  This example illustrates the preparation of amphoteric resins by the
      polymerization of methacrylic acid and triallylamine hydrochloride using
      gamma irradiation in the presence of various solvents.
PAR  The resins were prepared as in Example 1. except that a range of solvents
      (10 ml) was used in lieu of formic acid.
PAR  The results obtained are tabulated below:
TBL  Solvent            Effective Capacity                                     
                        (in meq/g)                                             
     ______________________________________                                    
     Water              0.00                                                   
     i - Propanol       0.03                                                   
     n - Hexanol        0.03                                                   
     Diethyl ether      0.05                                                   
     Di-n-butyl ether   0.01                                                   
     Dioxane            0.06                                                   
     Dimethyl cellosolve                                                       
                        0.14                                                   
     Dimethyl digol     0.15                                                   
     Methoxy polyethylene glycol                                               
                        0.12                                                   
     Acetone            0.08                                                   
     Methyl i-butyl ketone                                                     
                        0.05                                                   
     Ethyl acetate      0.12                                                   
     Dimethyl carbonate 0.10                                                   
     Acetic acid        0.02                                                   
     Propionic acid     0.00                                                   
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  This example illustrates the preparation of a amphoteric resin by the
      polymerization of methacrylic acid and triallylamine hydrochloride using
      chemical initiation in the presence of formic acid.
PAR  Methacrylic acid (6.0 ml, 70 meq), a 70% solution of triallylamine
      hydrochloride (8.5 ml, 35 meq), 98% formic acid (10.0 ml, 260 meq) and
      alpha, alpha'-azo-bis-isobutyronitrile (0.3 g or 2.5% w/w on the two
      monomers) were mixed and shaken to achieve a clear, homogeneous solution.
      After dexoygenation, it was heated under nitrogen at 70.degree.C for 17
      hours. The solid product was worked up as described in Example 1.
PAC  EXAMPLE 4
PAR  This example outlines the preparation of an amphoteric resin by the
      suspension polymerization of acrylic acid and triallylamine hydrochloride
      using chemical initiation in the presence of formic acid.
PAR  Triallylamine hydrochloride solution (70% solution in water, 17.0 ml, 70
      meg) was dehydrated on a boiling water bath using a water pump to evacuate
      the system, and to it was added acrylic acid (5.0 g, 70 meg) and
      commercial divinylbenzene, (54% divinylbenzene, 8.8 ml i.e. sufficient to
      give 20% crosslinking by weight, based on the total amount of
      polymerizable monomers present). To the cold solution was added alpha,
      alpha'-azo-bis-isobutyronitrile (0.46 g) as initiator and formic acid
      (10.0 ml).
PAR  The deoxygenated solution was added to paraffin oil (400 ml) containing
      sorbitan monooleate (4 ml), and stirred at 80.degree. under nitrogen using
      a fixed-blade stirrer at 300 rpm.
PAR  The stirring was continued with heating overnight (17 hr). The solid beads
      were filtered off and washed with hexane, followed by acetone, using three
      alternating washes with each solvent. The beads were then washed in a
      column using 2N alkali, 2N hydrochloric acid, and water to pH3, to give a
      crosslinked amphoteric resin with the acid groups in the hydrogen form and
      the amino groups in the hydrochloride form.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the process of manufacturing a polymeric composition which process
      comprises firstly polymerizing a mixture comprising a monomer containing a
      basic group, said monomer being an ethylenically unsaturated substituted
      amine, and a monomer containing an acidic group, said latter monomer being
      an unsaturated carboxylic acid; the improvement of carrying out the
      process in the presence of a solvent system comprising formic acid.
NUM  2.
PAR  2. A process according to claim 1 wherein formic acid comprises a major
      proportion of the solvent system.
NUM  3.
PAR  3. A process according to claim 1 wherein the weight ratio of formic acid
      to acidic monomer is in the range from 1 : 5 to 5 : 1.
NUM  4.
PAR  4. A process according to claim 1 wherein the ethylenically unsaturated
      substituted amine is chosen from the group consisting of triallylamine,
      methyl-diallylamine, ethyl-diallylamine, 1,4-bis(N,N-diallylaminomethyl)
      benzene, 2,4,6-tris(N,N-diallylaminomethyl)toluene,
      1,2,4-tris(N,N-diallylaminomethyl)benzene,
      1,6-bis(N,N-diallylamino)hexane, n-propylidiallylamine,
      benzyldiallylamine.
NUM  5.
PAR  5. A process according to claim 1 wherein the unsaturated carboxylic acid
      is chosen from the group consisting of maleic acid, vinylacetic acid,
      allylacetic acid, maleamic acid, N-alkylmaleamic acids and N-arylmaleamic
      acids.
NUM  6.
PAR  6. A process according to claim 1 wherein the unsaturated carboxylic acid
      is acrylic acid or methacrylic acid.
NUM  7.
PAR  7. A process according to claim 1 wherein the polymerization is initiated
      by a chemical free radical generator.
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ABST
PAL  Epoxide resin foams are manufactured by curing a mixture which contains an
      epoxide resin, a blowing agent, a surface-active agent and the
      tetraglycidyl ester of cyclohexanone- or
      methylcyclohexanone-2,2,6,6-tetrapropionic acid, with a Lewis acid or an
      addition compound or complex compound of a Lewis acid. The foams obtained
      show a homogeneous pore structure and no tendency to crack formation, and
      are heat-stable and largely light-fast. They can be employed in sandwich
      constructions, as insulating materials against heat and cold, sound and
      mechanical impact, and in the electrical industry.
BSUM
PAR  Epoxide resin foams are distinguished by good strength and dimensional
      stability, low water absorption, good heat resistance and, in general,
      good resistance to chemical factors. Their heat resistance, light
      resistance and stability at elevated temperatures are better then those of
      polyurethane foams. Foams of low density are used, for example, as potting
      agents for electronic equipment or as fillers in parts of honeycomb
      structures which are subjected to pressure. Foams of higher density can be
      employed as constructional elements, as heat-insulating coatings or for
      the manufacture of straight-edges for building work and checking work.
PAR  A disadvantage is the tendency to strains in epoxide resin-foams, which
      frequently occurs and leads to crack formation. Admittedly, it has already
      proved possible largely to avoid these strains by adding certain materials
      or using certain curing agents (for example Swiss Patent Specifications
      490,451 and 505,177). However, in these processes it is necessary to
      accept the fact that to achieve satisfactory cured foams the proportion of
      curing agent must, for each fresh batch, be suited to the amount of resin
      used, that is to say the ratio of resin to curing agent varies with the
      amount of resin. Crack-free and strain-free epoxide resin foams can also
      be manufactured in accordance with the process disclosed by British Patent
      Specification 1,009,164, wherein organosilicon compounds are used. In this
      case, however, quick-acting curing agents cannot be employed so that the
      very long curing time is an adverse factor for many purposes.
PAR  A process for the manufacture of epoxide resin foams has now been found in
      which these disadvantages do not apply and no tendency to cracks, and no
      shrinkage, is detectable even when the resin is foamed to form large
      blocks.
PAR  According to the process of the invention, a resin mixture which contains
      an epoxide resin based on bisphenol A and/or a polyester containing
      epoxide groups and/or an aliphatic polyglycidyl ether or a cycloaliphatic
      epoxide resin and in addition contains the tetraglycidyl ester of
      cyclohexanone- or methylcyclohexanone-tetrapropionic acid of the formula I
      ##SPC1##
PAL  in which R denotes hydrogen or the methyl group, and a blowing agent and a
      surface-active agent to regulate the pore structure, is cured with a Lewis
      acid or an addition compound or complex compound thereof.
PAR  The ratio of the amounts in which the epoxide resin and the tetraglycidyl
      ester of the formula I are employed can vary greatly. Good foams are
      obtained on the one hand with 25 parts by weight of epoxide resin per 75
      parts by weight of the compound I and on the other hand with 75 parts by
      weight of epoxide resin per 25 parts of the compound I.
PAR  Preferably, the resins based on bisphenol A have an epoxide equivalent
      weight of 100 to 500.
PAR  The following are examples of compounds which can be used as curing agents:
      boron trifluoride, aluminium chloride, tin chloride, iron-(III) chloride,
      zinc chloride and antimony-(III) trichloride, as well as their complexes
      with, for example, water, diethyl ether, acids, such as acetic acid and
      phosphoric acid, anhydrides, phenols, a monofunctional or polyfunctional
      alcohol, acid amides, amines or esters.
PAR  Solvents which can be used for these catalysts are carboxylic acids,
      esters, carboxylic acid anhydrides, aliphatic monools or polyols,
      cycloaliphatic polyols, aromatic polyols or phosphoric and esters. The
      solvents are in general employed in concentrations of 1 - 100 parts by
      weight, relative to 100 parts by weight of the epoxide resin.
PAR  The curing catalysts are suitably employed in concentrations of 0.3 - 2% by
      weight, preferably of 0.5 - 1% by weight, relative to the resin mixture.
PAR  Preferably, liquid epoxide resins are employed for foaming at room
      temperature. However, it is also possible to use solid epoxide resins
      which are dissolved in liquid resins or in comonomers. Comonomers which
      can be used are monoepoxide compounds, such as epichlorohydrin and phenyl
      glycidyl ether, cyclic ethers, such as oxacyclobutane, tetrahydrofurane
      and trioxane, and lactones, such as propiolactone, butyrolactone,
      valerolactone or caprolactone.
PAR  The foaming can be carried out at room temperature or when manufacturing
      integral foams at temperatures of 25.degree.- 100.degree.C.
PAR  Suitable surface-active agents for regulating the pore structure are, in
      particular, non-ionic materials, such as esters, containing hydroxyl
      groups, of fatty acids, such as lauric acid, palmitic acid, stearic acid
      or oleic acid, with polyhydric alcohols, such as sorbitol, and their
      addition products formed by reaction of ethylene oxide at the free
      hydroxyl groups ("Tweens"), for example polyoxyethylene-sorbitane
      monolaurate or monostearate, and also polyoxyglycols ("Pluronics"). The
      silicone oils are known to be good pore regulators. They are suitably
      employed in amounts of 0.1 - 0.5 per cent by weight, relative to the
      mixture of resin and compound of the formula I,
PAR  Blowing agents which can be used are halogenohydrocarbons, such as
      monofluorotrichloromethane, monofluorodichloromethane,
      trifluorotrichloroethane and methylene chloride, and hydrocarbons such as
      isopentane, pentane, hexane, cyclopentane and cyclohexane.
PAR  Further, dyestuffs, fillers, plasticisers or flame-proofing agents can be
      added to the mixture, for example Al.sub.2 O.sub.3 H.sub. 2 O,
      polyethylene, polypropylene or polyvinyl chloride.
PAR  The foam mixtures can be processed manually or by means of a suitable
      machine.
PAR  The pot life of the foam mixture depends on the particular epoxide resin
      and catalyst used and on the temperature chosen. Normally, foaming starts
      10 to 600 seconds after the mixing process.
PAR  To manufacture integral foams, mixtures which foam up shortly after
      introduction into the mould are mostly employed.
PAR  In this way, cycle times of 10 - 20 minutes can be achieved. The foams
      obtained are distinguished by a homogeneous pore structure; they are white
      in colour and largely light-fast. They show no tendency to shrink or form
      cracks and can be obtained with improved heat stability. Both as free
      foams and when produced by the integral process they show no tendency to
      crack formation or hairline crack formation, even if large pieces or
      blocks of foam are being manufactured. The foams can be employed in
      sandwich constructions, or as insulating materials against cold and heat,
      sound and mechanical impact, and in the electrical industry. They can also
      be used for the manufacture of furniture, windows or doorframes. They can
      also be used in the form of decorative sheets. Further, it is possible to
      obtain foams which have good adhesion to aluminium or other metals,
      plastics or wood covering layers, if the resins are suitably chosen,
      particularly if resins containing hydroxyl groups are employed.
PAR  Surprisingly, the process according to the invention makes it possible
      simultaneously to fulfil, with epoxide compounds, the following conditions
      which are essential for the manufacture of perfect foams: rapid and
      complete foaming, as a rule at between 50.degree. and 80.degree.C, no
      cracks or hairline cracks and no shrinkage of the foamed articles. The
      mixture can be used in any size of batch without having to change the
      resin/curing agent ratio, and can be used for the manufacture of foams of
      very diverse densities.
PAR  Using the process according to the invention, integral foam mouldings can
      be obtained in a simple manner. Such structural foams have advantageous
      electrical, thermal and mechanical properties, such as high breakdown
      resistance, low tg .delta. and temperature-independent stability. They are
      largely light-fast and their skin thickness can be varied from between
      simple densification to several millimetres.
PAR  The new process can be carried out on commercially available mixing and
      metering machines, in the same way as when using polyurethane systems. The
      cycle times for the manufacture of integral foams lie in the range of the
      times achievable with a polyurethane system.
PAR  The manufacture of cyclohexanone-2,2,6,6-tetrapropionic acid glycidyl ester
      and the corresponding methyl derivative is described below.
PAR  The surfaces obtained show a flawless appearance, so that for many purposes
      the mouldings can be used without a subsequent surface treatment.
PAC  Cyclohexanone-2,2,6,6-tetrapropionic acid glycidyl ester
PAR  193 g (0.5 mol) of cyclohexanone-2,2,6,6-tetrapropionic acid manufactured
      according to BRUSON & RIENER (J.Am.Chem.Soc. 64, 1942, page 2850), 1,295 g
      (14.0 mols) of epichlorohydrin and 14 g of 50% strength aqueous
      tetramethylammonium chloride solution are first introduced into a
      sulphonation flask equipped with a Hefel separator, thermometer, dropping
      funnel and stirrer. The mixture is heated to 90.degree.C and the addition
      reaction of the epichlorohydrin, which may take place slightly
      exothermically, is followed potentiometrically. The pH value rises from 5
      to 10 over the course of about one hour, after which the mixture is
      allowed to cool to 50.degree.C. A further 7 g of 50% strength
      tetramethylammonium chloride solution are added at this temperature and
      the dropwise addition of 184 g (2.3 mols) of 50% strength aqueous sodium
      hydroxide solution is started, the water from the sodium hydroxide
      solution and the water of reaction being simultaneously removed
      azeotropically at 70-80 mm Hg. After about one and a half hours, the
      addition of sodium hydroxide solution is complete. After the theoretical
      amount of water (139 ml) has been separated off, the sodium chloride which
      has precipitated is filtered off warm and the filtrate is neutralised with
      200 g of 10% strength NaH.sub.2 PO.sub.4 solution and washed with 250 ml
      of water. The filtrate is then dried with sodium sulphate and the
      epichlorohydrin is stripped off in vacuo at 80.degree.C. The residue is
      dried additionally for 30 minutes at 100.degree.C.
PAC  4-Methylcyclohexanone-2,2,6,6-tetrapropionic acid glycidyl ester
PA0  a. 4-Methylcyclohexanone-2,2,6,6-tetrapropionitrile
      ##SPC2##
PAR  98 g (0.875 mol) of 4-methyl-cyclohexanone, 4.4 g of 40% strength aqueous
      potassium hydroxide solution and 273 g of t-butanol are initially
      introduced into a sulphonation flask equipped with a stirrer, thermometer
      and dropping funnel. 185.5 g (3.5 mols) of acrylonitrile are added
      dropwise, with good stirring, at a rate such that a temperature of
      40.degree. - 50.degree.C can be maintained by means of the exothermic
      reaction. After completion of the addition of the acrylonitrile, the
      mixture is allowed to react for a further four hours at room temperature
      and is then cooled to 5.degree.C, and the thick crystal sludge is filtered
      off, washed with water and dried in vacuo at 80.degree.. 262 g (92% of
      theory) of crude product of melting point 125.degree.C are obtained.
PAR  10 g of the crude product can be recrystallised from a mixture of 40 ml of
      acetone and 150 ml of ethanol. 9 g of white crystals of melting point
      129.degree.C are obtained.
PA0  b. 4-Methylcyclohexanone-2,2,6,6-tetrapropionic acid
      ##SPC3##
PAR  195 g (0.6 mol) of 4-methyl-cyclohexanone-2,2,6,6-tetrapropionitrile, 168 g
      (3 mols) of solid potassium hydroxide and 1,680 g of water are initially
      introduced into a sulphonation flask equipped with a stirrer, thermometer
      and reflux condenser. The mixture is heated to the reflux temperature
      whilst stirring well and is allowed to boil until all the nitrile has
      dissolved. The mixture is then cooled to room temperature and rendered
      acid to Congo Red with about 300 g of concentrated hydrochloric acid. The
      batch is diluted with 500 ml of water and cooled, and the acid is filtered
      off, thoroughly washed with water and dried in vacuo at 80.degree.C. 220 g
      (91.7% of theory) of the tetrapropionic acid are obtained in the form of a
      white powder of melting point 190.degree.-191.degree.C, having an acid
      content of 98.8% of theory.
PA0  c. 4-Methyl-cyclohexanone-2,2,6,6-tetrapropionic acid glycidyl ester
      ##SPC4##
PAR  250 g (0.625 mol) of 4-methyl-cyclohexanone-2,2,6,6-tetrapropionic acid,
      1,618 g (17.5 mols) of epichlorohydrin and 17.5 g of 50% strength aqueous
      tetramethylammonium chloride solution are initially introduced into a
      sulphonation flask equipped with a Hefel separator, thermometer, dropping
      funnel and stirrer. The mixture is heated to 90.degree. and the addition
      reaction of the epichlorohydrin, which takes place slightly
      exothermically, is followed by measuring the pH. The pH value rises from 5
      to 10 over the course of about 1 hour, after which the mixture is allowed
      to cool to 50.degree.C. At this temperature, a further 8.7 g of 50%
      strength tetramethylammonium chloride solution are added and the dropwise
      addition of 229 g (2.87 mols) of 50% strength aqueous sodium hydroxide
      solution is commenced, the water from the sodium hydroxide solution and
      the water of reaction being simultaneously removed azeotropically at 70-80
      mm Hg. The addition of the sodium hydroxide solution is complete after
      about one hour. After the theoretical amount of water (165 ml) has been
      separated off, the sodium chloride which has precipitated is filtered off
      warm and washed with epichlorohydrin. The filtrate is neutralised with 100
      ml of 5% strength NaH.sub.2 PO.sub.4 solution and the aqueous phase is
      separated off. The organic phase is washed with 250 ml of water and dried
      with sodium sulphate after separating off the wash water. The
      epichlorohydrin is then stripped off in vacuo at 80.degree.. The resin
      residue is additionally dried for 30 minutes at 100.degree.C.
PAR  Yield: 284 g (85.2% of theory) of a highly viscous, clear resin of epoxide
      content 5.72 equivalents/kg (89% of theory).
DETD
PAR  The parts in the examples which follow denote parts by weight.
PAC  EXAMPLE 1
PAR  A resin mixture is prepared by mixing 37.5 parts of an epoxide resin based
      on bisphenol A and having an epoxide equivalent weight of 190 with 12.5
      parts of cyclohexanone-2,2,6,6-tetrapropionic acid tetraglycidyl ester.
PAR  0.1 part of a silicone oil, and monochlorotrifluoromethane ("Freon 11") as
      a blowing agent, are added to this mixture.
PAR  The curing agent mixture consists of 0.25 part of BF.sub.3 -dihydrate and 8
      parts of a tetrafunctional polyol based on pentaerythritol (OH equivalent
      weight 150, molecular weight range 570 - 620, density 1.05, .eta. at
      25.degree.C 1,200 cps). The resin and curing agent are mixed at room
      temperature, and foamed. The values indicated in Table I are measured.
PAR  Following the same procedure as in Example 1, two-fold (Example 2),
      four-fold (Example 3) and eight-fold (Example 4) amounts of resin and
      curing agent mixtures are mixed together and foamed. The results of the
      measurements are shown in Table I.
TBL                                    Table I                                 
     __________________________________________________________________________
                Time required                                                  
                        Time required                                          
                for foaming                                                    
                        for foaming                                            
                                Tack-free                                      
     Example    to start                                                       
                        to be complete                                         
                                 time Volume                                   
     __________________________________________________________________________
     1          1'30"   3'30"    7'   0.5 liter                                
     2 (2-fold amounts)                                                        
                1'40"   3'30"    7'   0.9 liter                                
     3 (4-fold amounts)                                                        
                1'45"   4'       6'30"                                         
                                      2.3 liters                               
     4 (8-fold amounts)                                                        
                1'45"   4'       6'   5.2 liters                               
     __________________________________________________________________________
PAR  All the foams are white and have homogeneous and fine pore structures. They
      exhibit neither shrinkage nor cracks.
PAC  EXAMPLE 5
PAR  A resin mixture is prepared by mixing 37.5 parts of an epoxide resin based
      on bisphenol A and having an epoxide equivalent weight of 190 with 12.5
      parts of cyclohexanone-2,2,6,6-tetrapropionic acid glycidyl ester. 0.1
      part of a silicone oil and 5 parts of the blowing agent
      monochlorotrifluoromethane are added to this mixture.
PAR  The curing agent mixture consists of 0.25 part of BF.sub.3 -dihydrate and 8
      parts of a trifunctional polyol based on glycerol (OH equivalent weight
      133, molecular weight range 400-450, density 1.05, .eta. at 25.degree.C
      400 cps). The resin and curing agent are mixed at room temperature and
      foamed. The values indicated in Table II are measured.
PAR  Following the same procedure as in Example 5, two-fold (Example 6),
      four-fold (Example 7) and eight-fold (Example 8) amounts of resin and
      curing agent mixtures are mixed together and foamed. The results of the
      measurements are shown in Table II.
TBL                                    Table II                                
     __________________________________________________________________________
                Time required                                                  
                        Time required                                          
                for foaming                                                    
                        for foaming                                            
                                Tack-free                                      
     Example    to start                                                       
                        to be complete                                         
                                 time Volume                                   
     __________________________________________________________________________
     5          2'30"   4'      7'    0.6 liter                                
     6 (2-fold amount)                                                         
                2'30"   5'      7'    1  liter                                 
     7 (4-fold amount)                                                         
                2'35"   4'30"   7'    2.7 liter                                
     8 (8-fold amount)                                                         
                2'35"   5'      7'    4  liter                                 
     __________________________________________________________________________
PAR  The foams are white and fine-pored. They show neither shrinkage nor cracks.
PAC  EXAMPLE 9
PAR  A resin mixture is prepared by mixing 37.5 parts of an epoxide resin based
      on bisphenol A and having an epoxide equivalent weight of 190 with 12.5
      parts of cyclohexanone-2,2,6,6-tetrapropionic acid glycidyl ester.
PAR  0.1 part of a silicone oil and 5 parts of monochlorotrifluoromethane are
      added to this mixture.
PAR  The curing agent mixture consists of 0.25 part of BF.sub.3 -dihydrate and a
      mixture of 5 parts of a diol based on dipropylene glycol (OH equivalent
      weight 200, molecular weight range 400-450, density 1.01 .eta. at
      25.degree.C 50 cps) and 5 parts of a tetrafunctional polyol based on
      pentaerythritol (OH equivalent weight 100, molecular weight range 397-419,
      density 1.08, .eta. at 25.degree.C 4,500 cps).
PAR  The resin and curing agent are mixed at room temperature and foamed. The
      values indicated in Table III are measured.
PAR  Following the same procedure, two-fold (Example 10), four-fold (Example 11)
      and eight-fold (Example 12) amounts of resin and curing agent mixtures are
      mixed together and foamed. The results of the measurements can be seen
      from Table III:
TBL                                    Table III                               
     __________________________________________________________________________
                Time required                                                  
                        Time required                                          
                for foaming                                                    
                        for foaming                                            
                                Tack-free                                      
     Example    to start                                                       
                        to be complete                                         
                                 time Volume                                   
     __________________________________________________________________________
      9         3'45"   6'      7'30" 0.6 liter                                
     10 (2-fold amount)                                                        
                3'30"   5'30"   8'    1  liter                                 
     11 (4-fold amount)                                                        
                2'45"   5'      8'    2.5 liter                                
     12 (8-fold amount)                                                        
                2'40"   5'30"   8'    5.3 liter                                
     __________________________________________________________________________
PAR  Fire-pored white foams, which show neither shrinkage nor cracks, are
      obtained.
PAC  EXAMPLE 13
PAR  A resin component of the following composition is prepared: 300 parts of
      epoxide resin based on bisphenol A and having an epoxide equivalent weight
      of 190, 100 parts of cyclohexanone-2,2,6,6-tetrapropionic acid glycidyl
      ester, 0.8 part of a silicone oil and 40 parts of
      monochlorotrifluoromethane as a blowing agent.
PAR  The curing agent component has the following composition: 4.8 parts of
      diphenylamine/BF.sub.3 complex and 64 parts of diol having an OH
      equivalent weight of 200 (as in Example 9).
PAR  The resin and curing agent are mixed at room temperature, using a high
      speed stirrer, and foamed.
PAR  The time required for foaming to start is 1'45" and the time required for
      foaming to be complete is 4'. The volume is 3.5 litres.
PAR  The foam obtained is white and free from shrinkage and from cracks. It has
      a density of 0.124 g/cm.sup.3 and a compressive strength of 107
      kg/mm.sup.2.
PAC  EXAMPLE 14
PAR  A resin mixture which contains the following constituents is used: 75 parts
      of epoxide resin based on bisphenol A and having an epoxide equivalent
      weight of 190, 25 parts of cyclohexanone-2,2,6,6-tetrapropionic acid
      glycidyl ester, 0.2 part of a surface-active agent ("Si 3193" silicone
      oil) and 10 parts of monochlorotrifluoromethane as the blowing agent.
PAR  The curing agent consists of: 0.5 part of BF.sub.3 -dihydrate and 6 parts
      of diethylene glycol.
PAR  The resin and curing agent are mixed at room temperature and foamed. The
      time required for foaming to start is 4' and the time required for foaming
      to be complete is 5'. The volume is 1.5 litres. A white homogeneous foam
      is thus obtained, which shows neighter shrinkage nor cracks.
PAC  EXAMPLE 15
PAR  A resin mixture of the following composition: 75 parts of an epoxide resin
      based on bisphenol A and having an epoxide equivalent weight of 190, 25
      parts of cyclohexanone-2,2,6,6-tetrapropionic acid glycidyl ester, 0.2
      part of a silicone oil and 10 parts of monochlorotrifluoromethane as the
      blowing agent is mixed at room temperature with a curing agent of the
      following composition: 1.2 parts of diphenylamine/BF.sub.3 -complex and 6
      parts of diethylene glycol, and the mixture is foamed.
PAR  The time required for foaming to start is 2'30" and the time required for
      foaming to be complete is 4'30". The volume is 1.5 litres. The resulting
      foam has no cracks and shows no shrinkage.
PAC  EXAMPLE 16
PAR  A resin mixture consisting of: 150 parts of epoxide resin based on
      bisphenol A and having an epoxide equivalent weight of 190, 50 parts of
      cyclohexanone-2,2,6,6-tetrapropionic acid glycidyl ester, 2 parts of
      silicone oil and 10 parts of pentane as the blowing agent is mixed with
      100 parts of a curing agent consisting of 98% of tetrahydrofurfuryl
      phthalate and 2% of BF.sub.3 -dihydrate. The time required for foaming to
      start is 20' and the time required for foaming to be complete is 2'30".
      The volume is 2.6 litres. The resulting foam is beige in colour and free
      of cracks and shrinkage, and has a fine pore structure.
PAC  EXAMPLE 17
PAR  The same resin and curing agent composition as in Example 16 is processed
      using a 2-component metering and mixing machine. This given blocks of
      foamed resin which are free of cracks and shrinkage and have the following
      mechanical properties:
PA1  d = 0.071 g/cm.sup.3
PA1  Compressive strength (kg/cm.sup.2) = 5.11
PA1  Flexural strength (kg/cm.sup.2) = 9.24
PA1  Deflection (mm) = 6.2
PAC  EXAMPLE 18
PAR  The following resin mixtures are prepared
PAR  A. 75 parts of epoxide resin based on bisphenol A and having an epoxide
      equivalent weight of 190, 25 parts of cyclohexanone-2,2,6,6-tetrapropionic
      acid glycidyl ester, 0.2 part of silicone oil and 5 parts of pentane.
PAR  B. 100 parts of epoxide resin based on bisphenol A and having an epoxide
      equivalent weight of 190, 0.2 part of silicone oil and 5 parts of pentane.
PAR  The two resin mixtures are each separately mixed with the same curing agent
      mixture of the following composition: 49 parts of tetrahydrofurfuryl
      phthalate and 1 part of BF.sub.3 -dihydrate.
PAR  The values measured are shown in Table IV.
TBL                Table IV                                                    
     ______________________________________                                    
                          A            B                                       
     Time required for foaming to start                                        
                          20"          20"                                     
     Time required for foaming to be                                           
     complete             3'          1'30"                                    
     Temperature on completion of foaming                                      
                           60.degree.C                                         
                                        85.degree.C                            
     Tack-free time       7'          1'10"                                    
     Cracks               None        Yes                                      
     ______________________________________                                    
PAC  EXAMPLE 19
PAR  The following composition is used to produce an integral foam: 50 g of
      epoxide resin based on bisphenol A and having an epoxide equivalent weight
      of 190, 20 g of cyclohexanone-2,2,6,6-tetrapropionic acid glycidyl ester,
      0.2 g of silicone oil, 4 g of pentane, 0.6 g of BF.sub.3 -dihydrate and 37
      g of tetrahydrofurfuryl phthalate.
PAR  A steel tube 18 cm high and of 5 cm diameter is brought to 40.degree.C. The
      mixture is poured into this and the mould is closed immediately. 8 minutes
      after introducing the mixture, the mould is cooled in cold water. 10
      minutes after closing the mould, the moulding is released. A foamed
      article having a density of 0.28 g/cm.sup.3 and an approximately 2 mm
      thick skin has been produced.
PAR  If the mould is preheated to 60.degree.C, a foamed article of the same
      density, with a 1 mm thick skin is obtained.
PAR  If, in the above composition, the 20 g of cyclohexanone 2,2,6,6-glycidyl
      ester are replaced by 20 g of an epoxide resin based on bisphenol A and
      having an epoxide equivalent weight of 190, a foamed article which has
      numerous cracks is obtained.
PAC  EXAMPLE 20
PAR  The following resin mixture and curing agent mixture is used to produce an
      integral foamed resin slab
PAR  Resin mixture: 315 g of epoxide resin based on bisphenol A and having an
      epoxide equivalent weight of 190, 105 g of
      cyclohexanone-2,2,6,6-tetrapropionic acid glycidyl ester, 0.6 g of
      silicone oil and 36 g of monochlorotrifluoromethane.
PAR  Curing agent mixture: 52 g of a tetrafunctional polyol having an OH
      equivalent of 150 (as in Example 1) and 2.1 g of BF.sub.3 -dihydrate.
PAR  The mould is prewarmed to 40.degree.C. After introducing the mixture, the
      mould is closed and the temperature is raised to 80.degree.C. The mixture
      is cured for 20'. After cooling, a foamed article having an excellent
      structure and an overall density of 0.48 g/cm.sup.3 is obtained.
PAC  EXAMPLE 21
PAR  A resin mixture consisting of: 200 parts of epoxide resin based on
      bisphenol A and having an epoxide equivalent weight of 190, 75 parts of
      cyclohexanone-2,2,6,6-tetrapropionic acid glycidyl ester, 25 parts of an
      adduct (epoxide equivalent weight 422) of a liquid bisphenol-A diglycidyl
      ether (epoxide equivalent weight 187) and an acid polyester of adipic acid
      and hexanediol in the molar ratio of 11:10 (compare Example 8 of French
      Patent Specification 1,559,969), 0.6 part of silicone oil and 15 parts of
      pentane is mixed with 150 parts of a mixture consisting of 98% of
      tetrahydrofurfuryl phthalate and 2% of BF.sub.3 -dihydrate for 20", using
      a high-speed stirrer. The time required for forming to start is 30' and
      the time required for foaming to be complete is 2'.
PAR  The volume is 2.6 liters. A foam having a fine pore structure and
      exhibiting neither cracks nor shrinkage is obtained.
PAC  EXAMPLE 22
PAR  A resin mixture consisting of: 65 parts of epoxide resin based on bisphenol
      A and having an epoxide equivalent weight of 190, 20 parts of epoxide
      resin based on bisphenol A and having an epoxide equivalent weight of 450,
      15 parts of cyclohexanone-2,2,6,6-tetrapropionic acid glycidyl ester, 0.2
      part of silicone oil, 100 parts of aluminium oxide trihydrate and 15 parts
      of monochlorotrifluoromethane is mixed with a curing agent consisting of
      0.7 part of BF.sub.3 -dihydrate and 6 parts of diethylene glycol, for 60"
      using a high speed stirrer.
PAR  This mixture is then poured into a mould, prewarmed to 40.degree.C, which
      is made from cured epoxide resin containing aluminium powder. The mould is
      closed immediately and is again opened after a curing time of 10 minutes.
      The resulting hard, fine-poured foam is self-extinguishing.
PAC  EXAMPLE 23
PAR  A resin mixture consisting of: 75 parts of an epoxide resin based on
      bisphenol A and having an epoxide equivalent weight of 190, 25 parts of
      4-methyl-cyclohexanone-2,2,6,6-tetrapropionic acid tetraglycidyl ester,
      0.2 part of a silicone oil and 10 parts of pentane as the blowing agent is
      mixed for 20 seconds, using a high speed stirrer, with the following
      curing agent: 49 parts of tetrahydrofurfuryl phthalate and 1 part of
      BF.sub.3 -dihydrate.
PAR  The time required for foaming to start is measured to be 45 seconds, and
      the time for foaming to be complete is measured to be 3 minutes. The
      volume is 0.6 liter.
PAR  The resulting light beige foam exhibits neither cracks nor shrinkage.
PAC  EXAMPLE 24
PAR  A resin mixture consisting of: 75 parts of epoxide resin based on bisphenol
      A and having an epoxide equivalent weight of 190, 25 parts of
      cyclohexanone-2,2,6,6-tetrapropionic acid tetraglycidyl ester, 0.2 part of
      a silicone oil and 5 parts of pentane is intimately mixed for 20 seconds
      by means of a high speed mixer, with the following curing agent component:
      10 parts of tetrahydrofurfuryl phthalate and 0.5 part of BF.sub.3
      -dihydrate.
PAR  The mixture is introduced into an iron mould which has been prewarmed to
      50.degree.C.
PAR  After 15 minutes the mould is opened and the foamed article is removed. It
      has a thin skin, and a density of 0.2 g/cm.sup.3.
PAC  EXAMPLE 25
PAR  If the same procedure as in Example 24 is followed with the same resin but
      with the following composition of curing agent: 10 parts of
      tetrahydrofurfuryl phthalate and 1.5 parts of chloroaniline-BF.sub.3
      complex, 15 minutes' curing at 60.degree.C in the same mould gives a foam
      which has an 0.5 mm thick skin and a density of 0.2 g/cm.sup.3.
PAC  EXAMPLE 26
PA0  Manufacture of a ski component.
PAR  A resin mixture consisting of 225 parts of epoxide resin based on bisphenol
      A and having an epoxide equivalent weight of 190, 75 parts of
      cyclohexanone-2,2,6,6-tetrapropionic acid tetraglycidyl ester, 0.6 part of
      a silicone oil and 25 parts of trichloromonofluoromethane as the blowing
      agent is mixed, by means of a high speed stirrer, with the following
      curing agent component: 15 parts of diethylene glycol and 1.8 parts of
      BF.sub.3 -dihydrate.
PAR  This mixture is immediately introduced into a mould of size 40 .times. 9
      .times. 2 cm which is provided with 2 aluminium sheets. After curing for
      30 minutes at 80.degree.C, the piece of foam, which now firmly adheres to
      the 2 aluminium sheets and thus forms a sandwich construction, is removed.
      The foam density is 0.38 g/cm.sup.3. After three weeks' storage at room
      temperature, the following mechanical values are determined on the
      sandwich obtained:
PA1  F.sub.max = 475 kg
PA1  .delta..sub.B = 57.6 N/mm.sup.2
PA1  E.sub.b = 7,170 n/mm.sup.2
PA1  S.sub.b = 435 mn/mm.sup.2
PAL  The symbols denote the following:
PA1  F.sub.max = the maximum breaking force in a 3-point flexural test on the
      sandwich
PA1  .delta..sub.B = flexural strength
PA1  E.sub.b = flexural E-modulus
PA1  S.sub.b = flexural rigidity.
PAR  The adhesion to the aluminium is excellent.
PAC  EXAMPLE 27
PAR  A resin mixture consisting of: 75 parts of bisphenol A resin having an
      epoxide equivalent weight of 190, 10 parts of hexanetriol diglycidyl
      ether, 15 parts of cyclohexanone-2,2,6,6-tetrapropionic acid glycidyl
      ester, 0.2 part of silicone oil, 100 parts of aluminium hydroxide and 15
      parts of trichloromonofluoromethane as the blowing agent is mixed with 67
      parts of a curing agent consisting of: 60 parts of diethylene glycol and 7
      parts of BF.sub.3 /2H.sub.2 O and the mixture is poured into a mould
      warmed to 40.degree.C. The resulting foamed article, which is released
      after 10 minutes, has a density of 0.2 g/cm.sup.3 and has an integral
      structure.
PAR  The inflammability test shows that the foam ceases to burn immediately the
      flame is removed.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Process for the manufacture of epoxide resin foams using a resin mixture
      which contains an epoxide resin based on bisphenol A or a polyester
      containing epoxide groups and/or an aliphatic polyglycidyl ether and/or a
      cycloaliphatic epoxide resin and also a blowing agent and a surface-active
      agent for regulating the pore structure, characterised in that the resin
      mixture furthermore contains the tetraglycidyl ester of cyclohexanone- or
      methylcyclohexanone-tetrapropionic acid of the formula I
      ##SPC5##
PAL  in which R denotes hydrogen or the methyl group, and that the curing is
      carried out with a Lewis acid or an addition compound or complex compound
      of a Lewis acid.
NUM  2.
PAR  2. Process according to claim 1, characterised in that the ratio of epoxide
      resin to compound of the formula I in the resin mixture is 25 to 75 per
      cent by weight to 75 to 25 per cent by weight.
NUM  3.
PAR  3. Process according to claim 1, characterised in that the curing agent is
      employed in an amount of 0.3 to 2 per cent by weight, based on the resin
      mixture.
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ABST
PAL  A polyguanidine foam is prepared by reacting an amine or ammonia with a
      polycarbodiimide foam which has been prepared from a reaction mixture
      containing an addition product of an alcohol and a phospholine oxide or
      sulphide. The novel foam may be used for heat insulation or as an
      absorbent material.
BSUM
PAR  This invention relates generally to cellular synthetic resins and more
      particularly to cellular synthetic resins which have a polyguanidine
      structure and to a method for making them.
PAR  Synthetic resins which contain potentially anionic groups are disclosed in
      Ullmann, Enzyklopadie d. Techn. Chemie, Volume 8, Munich 1957, page 787.
      The disadvantage of these synthetic resins is that such potentially
      anionic groups can only be introduced into the resin with difficulty and
      in small amounts and moreover the synthetic resins have a poor resistance
      to temperatures of about 100.degree.C.
PAR  Polycarbodiimide resins including foam resins and processes for producing
      them have been disclosed in U.S. Pat. No. 2,941,966. The preparation of
      non-porous polyguanidine polymers by the reaction of polycarbodiimide
      polymers with amines is described in the patent.
PAR  Polyguanidine foam resins, on the other hand, have not previously been
      disclosed. It is clear from the publication by Campbell and Smeltz in
      Journal of American Chemical Society, 1963, pages 2069, et seq. that there
      has been an obvious prejudice against the production of polyguanidine
      synthetic resins, e.g., polyguanidine foam resins, by reacting
      non-cellular polycarbodiimide synthetic resins with amines.
PAR  It is therefore an object of this invention to provide improved cellular
      synthetic resins containing potentially ionic groups. Another object of
      the invention is to provide a cellular synthetic resin containing
      polyguanidine structures. Still another object of the invention is to
      provide a process for making cellular synthetic resins or foams containing
      polyguanidine structures.
PAR  The foregoing objects and others are accomplished in accordance with this
      invention, generally speaking, by providing a process wherein a solid
      cellular polycarbodiimide resin is reacted with ammonia or a primary or
      secondary amine to produce a foam resin which contains polyguanidine
      structures. It has been found surprisingly that a polycarbodiimide foam
      resin can be reacted with ammonia or a primary or secondary monoamine,
      diamine or polyamine having more than two amino groups to produce a foam
      resin which contains polyguanidine structures. Not only does this reaction
      result in foams which have a high capacity for binding anions but it also
      provides a means of cross-linking polycarbodiimide foams.
PAR  The preferred embodiment of this invention is a cellular, preferably
      open-celled synthetic resin having a density of about 10 kg/m.sup.3 to
      about 100 kg/m.sup.3 which has a molecular chain which contains guanidine
      groups.
PAR  The foams provided by the invention may be easily produced by causing
      amines in the gaseous phase or in solution or in the liquid state to act
      on polycarbodiimide foams. The molar ratio of carbodiimide groups to
      amines may vary widely, preferably between 1:1 and 1:1000. If less than
      the molar equivalent of amine is used, the synthetic resin obtained still
      contains carbodiimide groups in addition to guanidine groups.
PAR  The process provided by the invention is therefore a process for producing
      polyguanidine foams which is characterized in that polycarbodiimide foams
      are reacted with liquid or gaseous ammonia or with a fluid containing a
      primary and/or a secondary monoamine, diamine and/or a polyamine having
      more than two primary or secondary amino groups, preferably in a molar
      ratio of amine to carbodiimide of between 1:1 and 1000:1. Any suitable
      polycarbodiimide foam can be used in the process of the invention.
PAR  The polycarbodiimide foams used as a starting material according to the
      invention are known per se and may be prepared, for example, by the
      methods disclosed in U.S. Pat. Nos. 2,941,966 and 2,941,983, the
      disclosures of which are incorporated herein by reference. In the process
      according to the invention, on the other hand, the polycarbodiimide foams
      preferable used as starting material are those described in U.S. Pat.
      application Ser. No. 394,427 filed Sept. 4, 1973, the disclosure of which
      is incorporated herein by reference. The polycarbodiimide foams prepared
      in accordance with the process disclosed in the patent application are
      prepared in the presence of the addition compounds of the following
      components:
PA1  a. phospholine oxides, phospholine sulphides, phospholane oxides and
      phospholane sulphides and,
PA1  b. monohydric alcohols, dihydric alcohols or polyhydric alcohols having
      more than two hydroxyl groups and a molecular weight of about 32 to about
      250 or protonic acids which in N/10 aqueous solutions have a pH of between
      1 and 8 or metals salts or acid chlorides.
PAR  In accordance with the process of the aforesaid patent application, these
      addition compounds are generally used in such a concentration as to
      provide from about 0.1% to about 20% by weight, preferably about 0.5% to
      about 10% by weight of component (a), based on the quantity of isocyanate.
PAR  Any suitable phospholine oxide and -sulphide and the corresponding
      phospholane oxide and -sulphide may be used as component (a) of the
      addition compound such as, for example, 1-phenyl-1-oxo-phospholine,
      1-ethyl-1-oxo-phospholine, 3-methyl-1-phenyl-1-oxo-phospholine,
      1-methyl-1-oxo-phospholine, 1-butyl-1-oxo-phospholine,
      1-methoxy-1-oxo-phospholine, 1-hydroxy-1-oxo-phospholine and the like and
      the corresponding phospholane oxides and -sulphides.
PAR  Any suitable compound may be used as component (b) of the addition
      compounds such as, for example, monomeric alcohols, glycols and other
      polyhydric alcohols, organic acids which have a pH of between 1 and 8 when
      prepared as N/10 aqueous solutions, and inorganic and organic salts. Any
      suitable monohydric or polyhydric alcohol may be used such as, for
      example, methanol, ethanol, butanol, isopropanol and the like. Also any
      suitable polyhydric alcohol may be used, such as, for example, ethylene
      glycol, diethylene glycol, triethylene glycol, propanediol, butanediol,
      glycerol, trimethylolpropane, hexanediol, hexanetriol, pentaerythritol,
      sorbitol, amino alcohols such as triethanol amine and the like.
PAR  Any suitable organic acid such as, for example, formic acid, acetic acid,
      propionic acid, butyric acid, monochloroacetic acid, dichloroacetic acid,
      tri-chloroacetic acid, oxalic acid, fumaric acid, maleic acid and the like
      may be used. Any suitable inorganic acid may be used such as, for example,
      hydrogen chloride, hydrogen bromide, hydrogen iodide, orthophosphoric
      acid, boric acid and the like. Any suitable organic and inorganic salt may
      be used such as, alkali metal salts, alkaline earth metal salts and salts
      of phosphoric acid, including sodium oxolate, potassium acetate, potassium
      formate, zinc chloride, magnesium chloride, calcium chloride, tin
      chloride, phosphorus trichloride, phosphorus oxitrichloride, phosphorus
      pentachloride, titanium(IV)chloride, aluminum trichloride, antimonium
      pentachloride and the like.
PAR  Addition compounds obtained from the following components are preferred:
PA1  a. 1-phenyl-1-oxo-phospholine, 1-ethyl-1-oxo-phospholine,
      3-methyl-1-phenyl-1-oxo-phospholine, 1-methyl-1-oxo-phospholine,
      1-butyl-1-oxo-phospholine, 1-methoxy-1-oxo-phospholine,
      1-hydroxy-1-oxo-phospholine;
PA1  b. monohydric or polyhydric alcohols which have a molecular weight of about
      32 to about 250 or monocarboxylic acids or polycarboxylic acids which have
      a molecular weight of about 46 to about 250 or metal salts or acid halides
      or inorganic acids.
PAR  Addition compounds from the following components are particularly
      preferred:
PA1  a. 1-methyl-1-oxo-phospholine;
PA1  b. glycerol, ethylene glycol, formic acid, oxalic acid, phosphorus
      trichloride, phosphorus oxichloride, HCl, zinc chloride, or aluminium
      trichloride, which represent the most suitable addition partners for
      1-methyl-1-oxo-phospholine.
PAR  To prepare the addition compounds, component (a) and component (b) may be
      mixed in a molar ratio of between 1:20 and 20:1, preferably between 1:5
      and 5:1 and more particularly between 1:2 and 3:1.
PAR  The catalysts disclosed in Canadian Pat. No. 885,490, the disclosure of
      which is incorporated herein by reference, may be used. According to the
      said patent, a mixture of 2,4,6-tris-(dialkanol-amino)-s-triazine and
      1,3,5-tris-(N,N'-dialkylaminoalkyl)-s-hexahydrotriazine may be used in
      quantities of 0.1% to 10% based on the isocyanate.
PAR  The amines used for the process according to the invention may be any
      suitable known primary or secondary amine. Primary and/or secondary
      aliphatic and aromatic amines containing 1 to 5 primary and/or secondary
      amino groups are preferred. Hydrazine, ammonia or aqueous ammonia
      solutions may also be used. Ammonia and primary amines are preferred. The
      following are examples of suitable aliphatic amines: methylamine
      ethylamine, propylamine, butylamine, dimethylamine, diethylamine,
      dipropylamine, and dibutylamine; 1,2-diaminoethane,
      N,N'-bis-(2-aminoethyl)-ethylenediamine,
      1,11-diamino-3,6,9-triazaundecane, 1,14-diamino-3,3,9,12-tetraza-tetradeca
     ne, piperazine, 1,2-diaminopropane, 1,4-diamino-butane, 1,6-diaminohexane,
      N,N'-dimethyl-1,2-diaminoethane, 3-amino-1-methylaminopropane,
      2-amino-ethanol, methyl-(2)-aminoethanol, benzylamine, cyclohexylamine and
      1,4-diaminocyclohexane.
PAR  Any suitable aromatic amine may be used such as, for example, aniline,
      2-chloroaniline, 2,4-dichloroaniline, m-toluidine, p-toluidine,
      p-phenylenediamine, 2,4-aminotoluene, 2,6-aminotoluene,
      4,4'-diaminodiphenylmethane, crude condensation products of aniline and
      formaldehyde, isopropyl ester of anthranilic acid, triethylene glycol
      ester of dianthranilic acid, N-methyl aniline and the like.
PAR  Any suitable organic polyisocyanate may be used for producing
      polycarbodiimide foams including aliphatic, cycloaliphatic, araliphatic,
      aromatic or heterocyclic polyisocyanates such as those described, e.g., by
      W. Siefken in Justus Liebigs Annalen der Chemie, 562, pages 75 to 136, the
      disclosure of which is incorporated herein by reference, for example,
      ethylene diisocyanate, tetramethylene-1,4-diisocyanate,
      hexamethylene-1,6-diisocyanate, dodecane-1,12-diisocyanate,
      cyclobutane-1,3-diisocyanate, cyclohexane-1,3-diisocyanate,
      cyclohexane-1,4-diisocyanate and any mixtures of these isomers,
      1-isocyanato-3,3,5-trimethyl-5-isocyanato-methyl-cyclohexane (DAS No.
      1,202,785), hexahydrotolylene-2,4-diisocyanate,
      hexahydrotolylene-2,6-diisocyanate and any mixtures of these isomers,
      hexahydro-1,3-diisocyanate, hexahydro-1,4-phenyl-diisocyanate,
      perhydro-2,4'-diphenylmethane diisocyanate, perhydro-4,4'-diphenylmethane
      diisocyanate, phenylene-1,3-diisocyanate, phenylene-1,4-diisocyanate,
      tolylene-2,4-diisocyanate, tolylene-2,6-diisocyanate and any mixtures of
      these isomers, diphenylmethane-2,4'-diisocyanate,
      diphenylmethane-4,4'-diisocyanate, naphthylene-1,5-diisocyanate,
      triphenylmethane-4,4',4"-triisocyanate, polyphenyl-polymethylene
      polyisocyanates such as those which can be obtained by
      aniline-formaldehyde condensation followed by phosgenation and which have
      been described, e.g., in British patent specification Nos. 874,430 and
      848,671, perchlorinated aryl polyisocyanates as described, e.g., in German
      Auslegeschrift No.  1,157,601, polyisocyanates containing carbodiimide
      groups as described in German Pat. No. 1,092,007, the diisocyanates
      described in U.S. Pat. No. 3,492,330, polyisocyanates containing
      allophanate groups as described, e.g., in British patent specification No.
      994,890, Belgian Pat. No. 761,626 and published Dutch patent application
      No. 7,102,524, polyisocyanates containing isocyanurate groups as
      described, e.g., in German Pat. Nos. 1,022,789, 1,222,067 and 1,027,394
      and in German Offenlegungsschrift Nos. 1,929,034 and 2,004,048,
      polyisocyanates containing urethane groups as described, e.g., in Belgian
      Pat. No. 752,261 or in U.S. Pat. No. 3,394,164, polyisocyanates containing
      acylated urea groups as described in German Pat. No. 1,230,778,
      polyisocyanates containing biuret groups as described, e.g., in German
      Pat. No. 1,101,304, in British patent specification No. 889,050 and in
      French Pat. No. 7,017,514, polyisocyanates prepared by telomerization
      reactions as described, e.g., in Belgian Pat. No. 723,640, polyisocyanates
      containing ester groups such as those mentioned, e.g., in British patent
      specification Nos. 965,474 and 1,072,956, in U.S. Pat. No. 3,567,763 and
      in German Pat. No. 1,231,688 and reaction products of the above mentioned
      isocyanates with acetals in accordance with German Pat. No. 1,072,385.
PAR  The distillation residues from the commercial production of isocyanates,
      which residues still contain isocyanate groups may also be used, if
      desired in the form of solutions in one or more of the above mentioned
      polyisocyanates. Any mixtures of the above mentioned polyisocyanates may
      also be used.
PAR  It is generally preferred to use the commercially readily available
      polyisocyanates such as tolylene-2,4-diisocyanate and
      tolylene-2,6-diisocyanate and any mixtures of these isomers ("TDI"),
      polyphenyl-polymethylene-polyisocyanates which can be obtained by
      aniline-formaldehyde condensation followed by phosgenation ("crude MDI")
      and polyisocyanates which contain carbodiimide groups, urethane groups,
      allophanate groups, isocyanurate groups, urea groups or biuret groups
      ("modified polyisocyanates").
PAR  Optionally any organic compound which contains at least two hydrogen atoms
      determinable by the Zerewitinoff method and capable of reacting with
      isocyanates and having a molecular weight in the range of about 62 to
      about 10,000 may be included in the reaction mixture as starting
      components for the production of the polycarbodiimide foams. These
      compounds may be compounds which contain amino groups, thiol groups or
      carboxyl groups but are preferably polyhydroxyl compounds, preferably
      those which contain 2 to 8 hydroxyl groups and especially those with a
      molecular weight of about 400 to about 10,000 preferably about 1,000 to
      about 6,000 for example, hydroxyl polyesters, polyethers, polythioethers,
      polyacetals, polycarbonates containing at least 2, generally 2 to 8 but
      preferably 2 to 4 hydroxyl groups, and polyester amides of the kind which
      are known per se for the production of homogeneous and cellular
      polyurethanes.
PAR  The hydroxyl-containing polyesters used for the process are, e.g., reaction
      products of polyhydric, preferably dihydric alcohols with the optional
      addition of trihydric alcohols, with polybasic, preferably dibasic
      carboxylic acids. Instead of the free polycarboxylic acids, the
      corresponding polycarboxylic acid anhydrides or corresponding
      polycarboxylic acid esters of lower alcohols or mixtures thereof may be
      used for the preparation of the polyesters. The polycarboxylic acids may
      be aliphatic, cycloaliphatic, aromatic and/or heterocyclic and may be
      substituted, e.g., with halogen atoms, and/or unsaturated. The following
      are examples thereof: succinic acid, adipic acid, suberic acid, azelaic
      acid, sebacic acid, phthalic acid, isophthalic acid, trimellitic acid,
      phthalic acid anhydride, tetrahydrophthalic acid anhydride,
      hexahydrophthalic acid anhydride, tetrachlorophthalic acid anhydride,
      endomethylene tetrahydrophthalic acid anhydride, glutaric acid anhydride,
      maleic acid, maleic acid anhydride, fumaric acid and dimeric and trimeric
      fatty acids, such as oleic acid, optionally mixed with monomeric fatty
      acids, dimethyl terephthalate, bis-glycol-terephthalate and the like. The
      following are examples of suitable polyhydric alcohols: ethylene glycol,
      propylene-1,2-glycol, propylene-1,3-glycol, butylene-1,4-glycol,
      butylene-2,3-glycol, hexane-1,6-diol, octane-1,8-diol, neopentyl glycol,
      cyclohexane dimethanol (1,4-bis-hydroxy-methyl cyclohexane),
      2-methyl-propane-1,3-diol, glycerol, trimethylolpropane
      hexane-1,2,6-triol, butane-1,2,4-triol, trimethylolethane,
      pentaerythritol, quinitol, mannitol and sorbitol, methyl glycoside,
      diethylene glycol, triethylene glycol, tetraethylene glycol, polyethylene
      glycol, dipropylene glycol, polypropylene glycols, dibutylene glycol,
      polybutylene glycols and the like. The polyesters may contain a proportion
      of terminal carboxyl groups. Polyesters of lactones such as
      .epsilon.-caprolactone and hydroxy carboxylic acids such as
      .omega.-hydroxy caproic acids may also be used.
PAR  Any hydroxyl polyether may be used according to the invention which
      contains at least two and generally two to eight, but preferably two or
      three hydroxyl groups. Such polyethers are known per se. The polyethers
      may be prepared by polymerization of epoxides, such as ethylene oxide,
      propylene oxide, butylene oxide, tetrahydrofuran, styrene oxide or
      epichlorohydrin, each with itself, e.g., in the presence of BF.sub.3, or
      by addition of these epoxides, optionally as mixtures or successively, to
      starting components which contain reactive hydrogen atoms such as alcohols
      or amines, e.g., water, ethylene glycol, propylene-1,3-glycol,
      propylene-1,2-glycol, trimethylolpropane, 4,4'-dihydroxy-diphenylpropane,
      aniline, ammonia, ethanolamine or ethylene diamine. Sucrose polyethers
      such as those described, e.g., in U.S. Pat. No. 3,153,002 and in German
      Auslegeschrift No. 1,064,938 may also be used in the process according to
      the invention. It is frequently preferred to use those polyethers which
      contain predominantly primary OH-groups (up to 90% by weight, based on all
      the OH-groups present in the polyether). Polyethers which have been
      modified by vinyl polymerization, e.g., by polymerization of styrene or
      acrylonitrile in the presence of polyethers (U.S. Pat. Nos. 3,383,351;
      3,304,273; 3,523,093 and 3,110,695 and German Pat. No. 1,152,536) and
      polybutadienes which contain OH groups are also suitable.
PAR  Any suitable polythioether may be used such as, for example, the
      condensation products of thiodiglycol with itself and/or with other
      glycols, dicarboxylic acids, formaldehyde, aminocarboxylic acids or amino
      alcohols. The products obtained are either polythio mixed ethers,
      polythioether esters or polythioether ester amides, depending upon the
      component used in making them.
PAR  Any suitable polyacetal may be used, e.g., the compounds which can be
      prepared from glycols such as diethylene glycol, triethylene glycol,
      4,4'-dihydroxy-ethoxy-diphenyldimethylmethane or hexanediol and
      formaldehyde. Polyacetals suitable for the process of the invention may
      also be obtained by polymerizing cyclic acetals.
PAR  Any suitable polycarbonate which contains hydroxyl groups may be used,
      including those obtained by reacting diols such as propane-1,3-diol,
      butane-1,4-diol and/or hexane-1,6-diol, diethylene glycol, triethylene
      glycol or tetraethylene glycol with diaryl carbonates such as diphenyl
      carbonate or phosgene.
PAR  Any suitable polyester amide or polyamide may be used such as, for example,
      the predominantly linear condensate obtained from polyvalent saturated and
      unsaturated carboxylic acids or their anhydrides and polyvalent saturated
      and unsaturated amino alcohols, diamines, polyamides and mixtures thereof.
PAR  Polyhydroxyl compounds which already contain urethane or urea groups and
      modified or unmodified natural polyols such as castor oil, carbohydrates
      or starch may also be used. Addition products of alkylene oxides with
      phenol formaldehyde resins or with urea-formaldehyde resins may also be
      used according to the invention.
PAR  Representatives of these organic compounds having reactive hydrogens may be
      used according to the invention have been described e.g., in High
      Polymers, Volume XVI "Polyurethanes, Chemistry and Technology" by Saunders
      and Frisch, Interscience Publishers, New York, London, Vol. I, 1962, pages
      32-42 and pages 44-54 and Vol. II, 1964, pages 5-6 and 198-199 and in
      Kunststoff-Handbuch, Volume VII, Vieweg-Hochtlen, Carl-Hanser Verlag,
      Munich 1966, e.g., on pages 45 to 71, the disclosures of which are
      incorporated herein by reference.
PAR  Water and/or readily volatile organic substances may be used as blowing
      agents for producing the carbodiimide foams. Suitable organic blowing
      agents are e.g., acetone, ethylacetate, halogenated alkanes such as
      methylene chloride, chloroform, ethylidene chloride, vinylidene chloride,
      monofluorotrichloromethane, chlorodifluoromethane, and
      dichlorodifluoromethane, as well as butane, hexane, heptane, diethyl ether
      or the like. A blowing action can also be obtained by adding compounds
      which decompose at temperatures above room temperature to liberate gases
      such as nitrogen, e.g., azo compounds such as azoisobutyric acid nitrile.
      Other examples of blowing agents and details of the methods of using
      blowing agents may be found in Kunststoff-Handbuch, Volume VII, published
      by Vieweg and Hochtlen, Carl-Hanser-Verlag, Munich 1966, e.g., on pages
      108 and 109, 453 to 455 and 507 to 510. However, the polycarbodiimide
      foams used in the invention can be made without blowing agent.
PAR  Any catalytic amount of any suitable catalyst known to be effective in
      polyurethane chemistry may also be used in making the polycarbodiimide
      foam. The following are examples of known catalysts which are suitable:
      tertiary amines such as triethylamine, tributylamine, N-methyl-morpholine,
      N-ethyl-morpholine, N-cocomorpholine,
      N,N,N',N'-tetramethylethylenediamine, 1,4-diaza-bicyclo-(2,2,2)-octane,
      N-methyl-N'-dimethyl-aminoethyl-piperazine, N,N-dimethylbenzylamine,
      bis-(N,N-diethylaminoethyl)-adipate, N,N-diethylbenzylamine, pentamethyl
      diethylenetriamine, N,N-dimethyl-cyclohexylamine,
      N,N,N',N'-tetramethyl-1,3-butanediamine, N,N-dimethyl-.beta.-phenyl
      ethylamine, 1,2-dimethyl imidazole, 2-methyl imidazole and the like.
PAR  The following are examples of suitable tertiary amine catalysts which
      contain hydrogen atoms that are reactive with isocyanate groups:
      triethanolamine, triisopropanolamine, N-methyldiethanolamine,
      N-ethyldiethanolamine, N,N-dimethylethanolamine and their reaction
      products with alkylene oxides such as propylene oxide and/or ethylene
      oxide.
PAR  Silaamines with carbon-silicon bonds as described, e.g., in German Pat. No.
      1,229,290 may also be used as catalysts, e.g.,
      2,2,4-trimethyl-2-silamorpholine or
      1,3-diethylaminomethyl-tetramethyl-disiloxane.
PAR  In certain cases, e.g., when foaming undistilled phosgenation mixtures of
      tolylene diamine, it may be advantageous to use catalysts which accelerate
      the reaction of NCO groups with themselves to form an isocyanurate in
      addition to polycarbodiimide-catalyst addition compounds.
PAR  The catalysts used for the formation of isocyanurate groups may be any
      catalyst of this kind, preferably one of those which brings about gelling
      of the isocyanate accompanied by isocyanurate formation at a temperature
      of 20.degree.C within 10 minutes if they are added in a quantity of 1 g to
      10 g per 100 g of organic polyisocyanate. Catalysts which fulfill these
      conditions are, for example, sodium phenoxide, sodium trichlorophenoxide,
      2,4,6-tri-(dimethylaminomethyl)-phenol, a mixture of 80% of ortho- and 20%
      of para-dimethylaminomethyl phenol, potassium acetate,
      N,N',N"-tris-(dimethylaminopropyl)-s-hexahydrotriazine and the like.
PAR  Bases which contain nitrogen, such as tetraalkyl ammonium hydroxides, or
      alkali metal hydroxides such as sodium hydroxide or alkali metal
      alcoholates such as sodium methoxide may also be used as catalysts for
      isocyanurate formation.
PAR  Organic metal compounds may also be used as catalysts, particularly organic
      tin compounds.
PAR  The organic tin compounds used are preferably tin(II) (stannous) salts of
      carboxylic acids such as tin(II)-acetate, tin(II)-octoate, tin(II)-ethyl
      hexoate and tin(II)-laurate and the dialkyl tin salts of carboxylic acids
      such as dibutyl tin diacetate, dibutyl tin dilaurate, dibutyl tin maleate
      or dioctyl tin diacetate.
PAR  Other representatives of catalysts which may be included for the production
      of polycarbodiimide foams and details of the mode of action of the
      catalysts are described in Kunststoff-Handbuch, Volume VII, published by
      Vieweg and Hochtlen, Carl-Hanser-Verlag, Munich 1966, e.g., on pages 96 to
      102, the disclosure of which is incorporated herein by reference.
PAR  Any catalytic amount of catalyst may be used in making polycarbodiimide
      foams. Preferably, the catalyst is used in an amount which is between
      about 0.001% and 10% by weight, based on the weight of polyisocyanates.
PAR  Any suitable surface-active additive (emulsifier or foam stabilizer) may
      also be used in the production of polycarbodiimide foams. The emulsifier
      may be, e.g., the sodium salts of ricinoleic sulphonates or of fatty acids
      or salts of fatty acids with amines such as oleic acid diethylamine or
      stearic acid diethanolamine. Alkali metal or ammonium salts of sulphonic
      acids such as dodecyl benzene sulphonic acid or dinaphthyl methane
      disulphonic acid or of fatty acids such as ricinoleic acid or of polymeric
      fatty acids may also be included as surface-active additives.
PAR  The foam stabilizers used are mainly water-soluble polyether siloxanes.
      These compounds are generally constructed so that a copolymer of ethylene
      oxide and propylene oxide is connected to a polydimethyl siloxane radical.
      Foam stabilizers of this type have been described, e.g., in U.S. Pat. No.
      3,629,308.
PAR  Reaction retarders may also be used, e.g., substances which are acid in
      reaction such as hydrochloric acid or organic acid halides, or
      cell-regulators known per se such as paraffins or fatty alcohols or
      dimethyl polysiloxanes, as well as pigments or dyes and flame-retarding
      agents known per se, e.g., tris-chloroethyl phosphate or ammonium
      phosphate and polyphosphate, age resistors and stabilizers to prevent
      weathering, plasticizers and fungistatic and bacteriostatic substances as
      well as fillers such as barium sulphate, kieselguhr carbon black or
      whiting.
PAR  The fillers may be introduced into the reaction mixture which will give
      rise to the foam. Suitable fillers also include barium sulphate, graphite,
      chalk, asbestos, silica calcium silicate, aluminum oxide and fibrous
      materials such as nylon, polyacrylonitrile, polyethylene terephthalate and
      glass fibers.
PAR  Other examples of surface-active additives, foam stabilizers,
      cell-regulators, reaction retarders, stabilizers, flame-retarding
      substances, plasticizers, dyes, fillers and fungistatic and bacteriostatic
      substances which may also be included as well as details of their methods
      of use and mode of action may be found in Kunststoff-Handbuch, Volume VI,
      published by Vieweg-Hochtlen, Carl-Hanser-Verlag, Munich 1966, e.g., on
      pages 103 to 113.
PAR  According to the invention, the reactants are reacted together in making
      the polycarbodiimide foam by the one-step process, prepolymer process or
      semi-prepolymer process known per se, in may cases using mechanical
      devices such as those described in U.S. Pat. No. 2,764,565. Details of
      equipment which may be used for applying or working up the products in
      accordance with the invention may be found in Kunststoff-Handbuch, Volume
      VI, published by Vieweg and Hochtlen, Carl-Hanser-Verlag, Munich 1966,
      e.g., on pages 121 to 205.
PAR  It has been found that the polyguanidine foams according to the invention
      are eminently suitable for use as absorbents for substances which are acid
      in reaction as well as heat and/or sound insulating materials. This
      invention therefore also relates to the use of polyguanidine foams
      according to the invention as absorbents for substances which are acid in
      reaction and as heat and/or sound insulating material.
PAR  The polyguanidine foams according to the invention may be used for removing
      acidic constituents from gases or liquids; for example, when a
      polyguanidine foam which has been prepared by an addition reaction of
      ammonia with a polycarbodiimide foam is stored in hydrochloric acid, a
      polyguanidine-hydrocarbide foam is produced. The polyguanidine foams
      according to the invention may also advantageously be used as heat and/or
      sound insulating materials.
DETD
PAC  EXAMPLES
PAR  Carbodiimide foams are first produced.
PAC  Example A
PAR  100 g of a polyphenyl polymethylene polyisocyanate prepared by phosgenating
      the reaction product of aniline with formaldehyde, said polyphenyl
      polymethylene polyisocyanate having the following formula:
      ##SPC1##
PAL  wherein n has an average value of about 1.1 and contains about 45 percent
      diisocyanate, about 20 percent triisocyanate, the balance being tetra- and
      pentaisocyanates sufficient to give n a value of about 1.1, said
      polyphenyl polymethylene polyisocyanate having an --NCO content of 31.7%
      by weight, is vigorously mixed in a beaker with 5 g of glycerol, 2.5 g of
      1-methyl-1-oxophospholine and 0.5 g of a silicone stabilizer L 5310 for 15
      seconds. The mixture foams up in the beaker and hardens after 2 minutes.
      The foam has a density of 18 kg/m.sup.3. 300 g of the foam product
      contains 1 mol of carbodiimide.
PAR  L 5310 used in these Examples has the formula:
      ##EQU1##
      where the sum of w, y and z is about 16.
PAC  Example B
PAR  Example A is repeated but the formulation is foamed in a closed mold and
      compressed. The resulting foam has a density of 46 kg/m.sup.3.
PAC  Example C
PAR  100 g of a mixture of distilled 80% 2,4- and 20% 2,6-tolylene diisocyanate
      and a distillation residue obtained from the distillation of tolylene
      diisocyanate, which residue has an isocyanate content of 38%, are
      vigorously mixed with 0.5 g of 1-methyl-1-oxo-phospholine, 7.5 g of
      tris-(dimethylaminopropyl)-s-hexahydrotriazine and 5 g of trichloroethyl
      phosphate in a beaker for 15 seconds. A foam which contains isocyanurate
      and carbodiimide groups and has a density of 29 kg/m.sup.3 is obtained.
      According to IR spectroscopic investigation, the foam predominantly
      contains carbodiimide groups in addition to isocyanurate groups.
PAC  Example 1
PAR  1 g of the foam described in Example A and 10 g of
      N,N'-dimethyl-ethylenediamine are boiled under reflux for 3 hours.
      According to IR spectroscopic investigation, approximately 50% of the
      carbodiimide groups have undergone reaction (molar ratio
      carbodiimide/amine approximately 1:70.)
PAC  Example 2
PAR  10 g of the foam described in Example A and 20 g of n-butylamine are boiled
      under reflux for 2 hours. According to IR spectroscopic investigation,
      complete conversion has taken place (molar ratio carbodiimide/amine
      approximately 1:8).
PAR  The polyguanidine foam obtained has a density of 19 kg/m.sup.3 and a
      compression strength of 0.5 kg.wt/cm.sup.2.
PAC  Example 3
PAR  1 g of the foam described in Example A is boiled under reflux in 10 g of
      benzene and 2 g of ethylenediamine for 3 hours. According to IR
      spectroscopic investigation, complete conversion has taken place (molar
      ratio carbodiimide/amine approximately 1:20).
PAC  Example 4
PAR  100 g of the foam described in Example A are boiled in 1000 g of 25%
      aqueous ammonia solution for 5 hours. IR spectroscopic investigation
      indicates complete conversion to the guanidine. The foam has a density of
      19 kg/m.sup.3, a coefficient of thermal conductivity of 0.03 kcal/m.h
      degree 95% open cells and a compression strength of 0.6 kg/m.sup.3. Part
      of the foam is stirred in 10% aqueous hydrochloric acid for 12 hours. The
      foam is filtered, washed with water and dried. The chlorine content found
      by elementary analysis is 8.3%. From this value, the capacity is
      calculated to be 2.5 mval of acid/g of polyguanidine foam. This foam
      undergoes volumetric shrinkage by less than 1% when stored for 5 hours at
      120.degree.C.
PAC  Example 5
PAR  10 g of the foam prepared in accordance with Example B, 100 g of benzene
      and 10 g of aniline are boiled for 3 hours. According to IR spectroscopic
      investigation, approximately 40% of all the carbodiimide groups have been
      converted to guanidine groups (molar ratio carbodiimide/amine 1:3). The
      resulting foam has a density of 50 kg/m.sup.3.
PAC  Example 6
PAR  4 g of the foam described in Example C are boiled under reflux with a
      solution of 2 g of n-butylamine in 8 g of benzene for 3 hours and then
      dried. According to IR spectroscopic investigation, approximately 20% of
      the carbodiimide has been converted to guanidine.
PAC  Example 7
PAR  4 g of the foam described in Example C are boiled with a solution of 50 g
      of 25% aqueous ammonia solution for 3 hours and then dried. According to
      IR spectroscopic investigation, all the carbodiimide groups have been
      converted into guanidine groups. The resulting foam has a density of 30
      kg/m.sup.3.
PAR  Any of the other components disclosed as suitable herein may be substituted
      for those in the foregoing examples.
PAR  Although the invention has been described in detail in the foregoing, for
      the purpose of illustration, it is to be understood that such detail is
      solely for that purpose and that variations can be made therein by those
      skilled in the art without departing from the spirit and scope of the
      invention except as it may be limited by the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a polyguanidine foam which comprises reacting a
      solid polycarbodiimide foam with a fluid containing a primary or secondary
      amine or ammonia.
NUM  2.
PAR  2. The process of claim 1 wherein the polycarbodiimide foam was prepared
      with an aromatic polyisocyanate.
NUM  3.
PAR  3. The process of claim 1 wherein the amine is a primary or secondary amine
      containing from 1 to 5 amino groups.
NUM  4.
PAR  4. The process according to claim 1 wherein a primary amine is reacted with
      the polycarbodiimide foam.
NUM  5.
PAR  5. A method of making polyguanidine foam which comprises contacting a
      carbodiimide foam with a fluid containing hydrazine, ammonia or a primary
      or secondary amine, said polycarbodiimide foam having been prepared from a
      reaction mixture containing an organic polyisocyanate, addition product of
      phospholine oxide or sulfide and an alcohol or a protonic acid which in a
      N/10 aqueous solution has a pH of 1 to 8, a metal salt or an acid chloride
      and optionally a blowing agent.
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ABST
PAL  Polymeric particles are homogeneously dispersed in aqueous medium by a
      process which comprises dissolving a water-insoluble film-forming polymer
      in a water-insoluble, ethylenically unsaturated monomer which is liquid at
      room temperature. The solution formed is dispersed by stirring in an
      aqueous solution of a hydrophilic colloid and of a dispersing agent,
      stirring being continued until a stable dispersing of polymer-in-monomer
      solution droplets having a diameter between 1 and 10 microns, preferably
      between 1 and 6 micron, in said aqueous solution is obtained. While
      continuously stirring the dispersion in the presence of a free-radical
      forming polymerisation initiator, the dispersion is heated at the
      decomposition temperature of said polymerisation initiator to effect
      polymerisation of the water-insoluble, liquid monomer and to form an
      aqueous dispersion of solvent-free polymer particles.
PAL  The homogeneously dispersed polymer particles are used in hydrophilic
      coating compositions as matting agents, particularly in protective layers
      for photographic materials formed of these hydrophilic coating
      compositions.
BSUM
PAR  The invention relates to a process for homogeneously dispersing polymeric
      particles in aqueous medium, to hydrophilic coating compositions
      comprising these homogeneously dispersed polymer particles as matting
      agents and particularly to photographic materials comprising protective
      layers formed of these hydrophilic coating compositions.
PAR  It is generally known in the photographic art to use light-sensitive silver
      halide materials containing as matting agents finely divided silica
      particles in the outer layer. Silica particles are incorporated as matting
      agents into the outer layer of photographic material for all kinds of
      purposes. For instance, it has been proposed to include finely divided
      silica particles in the outer layer of photographic material in order to
      reduce the sticking tendency of said material, e.g. when the material is
      to be stored or packed in the form of a roll or stack. The roughness
      produced by the silica particles at the surface of the photographic
      material gives a matted appearance to the material and also prevents the
      generation of static electricity, which causes sparks and thus exposure of
      the photographic light-sensitive layer as well as the formation of
      Newton's rings during printing and enlarging operations, because the
      contact surface of said material with another material is relatively
      small. Further, the outer layer with silica particles also considerably
      decreases abrasion by dry-friction and reduces the tendency of scratching
      when materials are stored or packed in contact with other material, as is
      the case e.g. with X-ray material packed without interleaves (non
      interleaved fold-scratching).
PAR  However, the use of silica particles in a surface coating, e.g. a
      protective coating, applied to the light-sensitive silver halide emulsion
      layer of a photographic material, also presents a number of drawbacks. For
      instance it has been observed that the presence of silica particles in a
      protective hydrophilic colloid surface coating of a photographic material
      produces an objectionable slightly milky appearance, which is undesirable,
      especially in transparent photographic materials.
PAR  It has also been proposed to use finely divided cellulose or derivatives
      thereof as a matting agent. In this case it is essential that the
      cellulose or derivative thereof be comminuted mechanically or chemically
      to the required grain size, which involves tedious additional measures.
PAR  Hydrophobic polymers may be dissolved in an organic solvent and this
      solution dispersed in water containing a hydrophilic colloid such as
      gelatin. Upon evaporation of the organic solvent interesting dispersions
      can be formed having a particle size as required for matting agents. The
      disadvantage of this process is the almost unavoidable presence of
      residual amounts of organic solvent, which gives rise to undesired
      agglomeration of the polymer particles.
PAR  It is further known that very fine dispersions of polymeric materials are
      obtained when the polymers are formed according to an emulsion
      polymerisation process. The particle size of emulsion polymer particles,
      however, is always less than 0.5 micron, and on the average less than 0.1
      micron, which makes them inappropriate for use as matting agents.
PAR  As a result thereof the particle size of the majority of the matting agents
      so far proposed is either too small or their grain size is too coarse and
      consequently an undesirable clouding is formed on the surface of the
      photographic layer, to which they are applied.
PAR  It is an object of the invention to provide a process for the preparation
      of homogeneously dispersed polymeric particles, which are suitable for use
      as matting agents in hydrophilic coating compositions.
PAR  According to the invention a process is provided for homogeneously
      dispersing polymeric particles in aqueous medium, which process comprises,
      dissolving a water-insoluble film-forming polymer in a water-insoluble,
      ethylenically unsaturated monomer, which is liquid at room temperature,
      dispersing by stirring the solution thus formed in an aqueous solution of
      a hydrophilic colloid and of a dispersing agent, the stirring being
      continued until a stable dispersion of polymer-in-monomer solution
      droplets having a diameter between 1 and 10 micron, preferably between 1
      and 6 micron, is formed in said aqueous solution, and while continuously
      stirring the dispersion in the presence of a free-radical forming
      polymerisation initiator, heating the dispersion to the decomposition
      temperature of said polymerisation initiator to effect polymerisation of
      said water-insoluble, liquid monomer and to form an aqueous dispersion of
      solvent-free polymer particles.
PAR  The ethylenically unsaturated monomer, in which the hydrophobic polymer is
      dissolved, has to meet several requirements. First, it has to be liquid at
      room temperature and to be insoluble in water so that it can be dispersed
      easily in water. This does not mean that the monomer has to be totally
      insoluble in water, but that its solubility in water has to be so low that
      it can be neglected practically. Indeed, methyl methacrylate, styrene, and
      acrylonitrile are generally known to be insoluble in water, although at
      40.degree.C 1.43 %, 0.03 %, and 7.9 % respectively by weight of them are
      dissolved.
PAR  Further the monomer used has to be a solvent at room temperature for the
      water-insoluble film-forming polymer and upon polymerisation, possibly
      together with the hydrophobic polymer it should produce relatively hard
      polymer particles having a glass transition temperature of at least
      60.degree.C.
PAR  This lower limit of 60.degree.C for the glass transition temperature is
      determined by the polymerisation conditions and the necessary physical
      properties of the matting layer.
PAR  As to the polymerisation conditions it is generally known that the minimum
      temperature, at which the polymerisation can be carried out, depends on
      the nature of the polymerisation initiating agent used. If low temperature
      types are used, the lowest polymerisation temperature is comprised between
      30.degree. and 50.degree.C, whereas with high temperature types
      100.degree.C can be exceeded.
PAR  On the other hand the polymerisation is to be carried out in the presence
      of a hydrophilic colloid, preferably gelatin. The use of such a natural
      product places further restrictions on the temperature range, in which the
      polymerisation can be carried out and reduces it to
      40.degree.-80.degree.C. Indeed below 40.degree.C a very important increase
      in viscosity of the aqueous solution of the hydrophilic colloid is
      observed, whereas a heating beyond 80.degree.C gives rise to a quick
      lowering of the viscosity of the solution due to hydrolytic degradation of
      the gelatin. As will be demonstrated further on this is associated in the
      first case with the formation of far too small particles and in both cases
      to agglomeration of the particles during the polymerisation.
PAR  As to the physical properties of the matting layer to be formed the latter
      layer must not be sticky at the common processing temperatures. If e.g.
      polymers with a glass transition temperature of approximatively
      40.degree.C are formed, the polymerisation should necessarily be initiated
      beneath 40.degree.C, since otherwise agglomeration of the polymer
      particles would take place as a result of sticking.
PAR  In order to avoid all this, the monomer and the hydrophobic polymer have to
      be selected in such a way, that the particles obtained after dispersion
      and polymerisation possess a sufficient hardness, which is attained when
      the polymer particles have a glass transition temperature of at least
      60.degree.C and preferably higher than 80.degree.C.
PAR  Suitable water-insoluble ethylenically unsaturated monomers that are liquid
      at room temperature and the polymers of which possess a glass transition
      temperature above 60.degree.C are e.g. styrene, o- and p-chlorostyrene,
      vinyl toluene, .alpha.-methylstyrene, methyl methacrylate, isopropyl
      methacrylate, tert.butyl methacrylate, vinylidene chloride and
      acrylonitrile.
PAR  The water-insoluble polymer has to be soluble in the ethylenically
      unsaturated monomer used and its molecular weight has to be sufficiently
      high to procure film-forming properties. Molecular weights of at least
      10,000 are in general required.
PAR  Suitable hydrophobic polymers for the process of the invention are
      polystyrene, polyvinyl toluene, poly-.alpha.-methyl styrene, copolymers of
      styrene and methyl methacrylate, vinyl toluene, acrylonitrile and
      .alpha.-methyl styrene, poly-o-chlorostyrene, poly-p-chlorostyrene,
      mixtures of poly-o-chlorostyrene and poly-p-chlorostyrene and their
      copolymers with styrene, .alpha.-methyl styrene, vinyl toluene, methyl-,
      isopropyl-, and tert.butyl methacrylate and acrylonitrile, further esters
      of polymethacrylic acid with methanol, isopropanol and tert.butanol and
      their mutual copolymers, the copolymers of methyl methacrylate and ethyl
      acrylate comprising at most 30 % by weight of ethyl methacrylate, and the
      copolymers of methyl methacrylate, and acrylonitrile comprising less than
      20 % by weight of acrylonitrile.
PAR  The viscosity of the solution of hydrophobic polymer in a given liquid
      monomer will depend on the molecular weight of the polymer. So it is
      obvious that this viscosity will be higher with increasing molecular
      weight. As described hereinafter the viscosity has a great influence on
      the possible agglomeration of the polymer particles and on the general
      size of these particles.
PAR  The solution of hydrophobic polymer in water-immiscible liquid monomer,
      which will be named polymer-in-monomer solution hereinafter, is dispersed
      in an aqueous solution of a hydrophilic colloid, such as gelatin,
      polyvinyl alcohol, polyvinyl pyrrolidon, or polyethylene oxide, this
      solution comprising dissolved therein a dispersing agent.
PAR  A free-radical forming polymerisation initiator may be present during the
      dispersing of the polymer-in-monomer solution in the aqueous solution of
      hydrophilic colloid. Preferably this polymerisation initiator is soluble
      in the monomer, and insoluble in water, although in some cases
      water-soluble initiators, such as potassium persulphate, may also be used.
      For practical reasons, however, the polymerisation initiator is not
      present during the dispersing step in order to prevent the polymerisation
      from starting already during this dispersing step. It is preferable to add
      the polymerisation initiator just before the heating of the mixture to the
      polymerisation temperature.
PAR  The polymerisation initiator forming free radicals on heating is present in
      an amount comprised between 0.1 and 5 % by weight based on the weight of
      liquid monomer present.
PAR  In principle any polymerisation initiator known in the art to form free
      radicals upon heating may be used, such as organic peroxides, e.g. benzoyl
      peroxide, methyl ethyl ketone peroxide, cyclohexanone peroxide, lauroyl
      peroxide, capryloyl peroxide and diacetyl peroxide, inorganic peroxides
      such as potassium persulphate and ammonium persulphate, azo compounds such
      as azo-bis-isobutyronitrile, and dialkyl peroxide carbonates such as
      diisopropyl peroxide carbonate.
PAR  The selection of the initiators depends on their temperature of
      decomposition and on the desired temperature of polymerisation, specified
      by the volatility of the monomer or the glass transition temperature of
      the final copolymer, but especially on their solubility. In order to
      initiate the polymerisation optimally in the polymer-in-monomer droplets
      and to form the least possible emulsion polymers, the initiators chosen
      have to be soluble preferably in the monomer phase and preferably,
      although not necessarily, insoluble in the aqueous phase.
PAR  Taking into account the aforesaid one can use methyl ethyl ketone peroxide
      or cyclohexanone peroxide for polymerisations at temperatures between
      30.degree. and 50.degree.C, benzoyl peroxide and azobis-isobutyronitrile
      for polymerisations at temperatures between 50.degree. and 80.degree.C,
      whereas the high-temperature free-radical initiators such as
      p-chlorobenzoyl peroxide, di-tert.-butyl peroxide or dibenzal peroxide,
      only effective as catalysts in the higher temperature range, cannot be
      used.
PAR  Although for practical reasons a compound corresponding to the following
      formula is used exclusively as dispersing agent in the examples
      hereinafter:
EQU  R -- CH.sub.2 -- SO.sub.3 Na
PAL  wherein R represents an unbranched alkyl group having 14 to 18 carbon
      atoms, any dispersing agent being sufficiently photographically inert can
      be used in principle. The above dispersing agent is marketed by
      Farbenfabriken Bayer in the form of a 70 % aqueous solution under the
      trade name MERSOLAT H.
PAR  Other dispersing agents that can be used are:
PA0  1. non ionogenic:
PA1  Hexapon d: trade name of Societe Chimique Elbeuvienne for a product
      according to the formula:
      ##SPC1##
PA1  Adjupal a: trade name of Adjubel for a product according to the formula:
      ##SPC2##
PA1  Span 85: trade-name of Atlas for a sorbitan-trioleate
PA1  Bry 78: trade-name of Atlas for a product according to the formula:
EQU  R--O--(CH.sub.2 --CH.sub.2 --O).sub.20 --H
PA2  wherein R represents stearyl
PA0  2. anionic:
PA1  Ultravon w: trade-name of Ciba for a product according to the formula:
      ##SPC3##
PA1  Hostapon t: trade-name of Farbwerke Hoechst for a product according to the
      formula:
      ##EQU1##
      DOWFAX 2A1: trade-name of Dow for dodecylated oxydibenzene disodium
      disulfonate.
PA1  Aerosol 22: trade-name of American Cyanamid Corp. for a product according
      to the formula:
      ##EQU2##
      3. cationic: ARQUAD 12: trade-name of Armour & Co for a product according
      to the formula:
      ##EQU3##
      TRITON X400: trade-name of Rohm & Haas for a product according to the
      formula:
      ##EQU4##
      4. amphoteric: AMPHIONIC D: trade-name of Glovers Chemicals Ltd., for a
      product according to the formula:
EQU  R--NH--(CH.sub.2).sub.x --COONa
PA2  wherein:
PA2  R represents an alkyl group comprising 6 to 18 carbon atoms
PA2  x represents an integer from 1 to 4.
PA1  Solutionsalz b: trade-name of B.A.S.F. for a product according to the
      formula:
      ##SPC4##
PA1  and the tetraethylpyrophosphate marketed by Albright & Wilson according to
      the following formula:
      ##EQU5##
PAR  The dispersing of the polymer-in-monomer solution in the aqueous solution
      of hydrophilic colloid is performed by stirring. The rate of stirring
      greatly influences the particle size of the polymer-in-monomer solution
      droplets.
PAR  Simple stirring of the aqueous solution while adding the polymer-in-monomer
      solution, usually results in a far too heterogeneous distribution of
      droplets sizes so that upon polymerisation the sizes of polymer particles
      would also be too heterogeneous. So it is preferable to effect dispersion
      of the polymer-in-monomer solution in an aqueous solution of a hydrophilic
      colloid, by means of a commercially available dispersing apparatus, the
      rate of stirring and the stirring technique used being of great
      importance. Very interesting results have been obtained with the
      continuous flow mixing apparatus described in our United Kingdom Patent
      Application 15,950/70 filed Apr. 3, 1970 by Agfa-Gevaert N.V. This
      apparatus comprises a central rotor and a casing or housing surrounding
      the mantle surface of the rotor. The housing and rotor are arranged
      co-axially to form a clearance or layer space in the form of an annular
      passage having a section continuously decreasing in a direction
      perpendicular to the axis of revolution. The end of larger cross-section
      of the layer space serves as the inlet for the mixing zone that is formed
      between the mantle of the rotor and the surrounding surface of the
      housing, and the end of smaller cross-section serves as the outlet for the
      mixing zone. The facing walls defining the layer space are non-perforated,
      smooth or helicoidally grooved or have a roughness and/or dot-like
      protuberances that contribute to create turbulence in a liquid that is
      forced to pass through the clearance. The rotor and/or the housing are
      provided with actuating means for its or their rotational movement about
      the axis. At the zone of larger section the housing has an extension, via
      which liquid material can be fed into the apparatus and the top surface of
      the rotor at the inlet end has a surface free from guiding slots which
      could isolate separate portions of the liquid.
PAR  In the following paragraphs will be described more detailedly the
      dispersion in an aqueous gelatin solution comprising a dispersing agent,
      of a solution of polymethyl methacrylate having a molecular weight of
      about 85,000 dissolved in monomeric methyl methacrylate. The same
      reasoning, however, can be applied to combinations of other hydrophobic
      polymers of varying molecular weights dissolved in liquid, water-insoluble
      monomers.
PAR  With respect to polymethyl methacrylate of molecular weight of about 85,000
      dissolved in methyl methacrylate it has been found experimentally that
      very interesting dispersions are obtained when the ratio by weight of
      dissolved polymethyl methacrylate to methyl methacrylate is comprised
      between 0.25 and 0.4 and preferably is about 0.3. The upper limit is
      governed by the viscosity of the polymer-in-monomer solution. For polymers
      of the same molecular weight an increasing of the ratio of dissolved
      polymethyl methacrylate, of course, results in an increase in viscosity of
      the solution. When this ratio exceeds 0.4, the solution is too viscous so
      that it becomes impossible to produce a homogeneous dispersion of droplets
      of 1 to 10 micron, preferably of 2 to 6 micron.
PAR  The lower limit is defined by the polymerisation conditions of the liquid
      monomer. It has been found that in the case of polymethyl methacrylate
      dissolved in methyl methacrylate, beneath a ratio by weight of 0.25,
      agglomerates are formed during polymerisation of the monomer, so that also
      the polymer particles formed become unsuitable for use as matting agents.
PAR  During the polymerisation the total content of polymer and monomer in the
      aqueous dispersion of hydrophilic colloid has a great influence on the
      agglomeration. A small amount of polymer-in-monomer solution per kg of
      dispersion does not change the quality of the final dispersion at all
      during the polymerisation. For economical reasons, however, it is
      important to use the highest possible concentration. The higher the total
      concentration of polymer and monomer, the higher is the viscosity of the
      reaction medium. This increase in viscosity causes the droplets to be
      subjected to higher friction forces during the dispersion and consequently
      they will be smaller. Moreover these droplets are cooled less easily and
      thus will give rise more easily to undesired agglomeration as a result of
      their poorer mobility in the viscous medium during the exothermic phase in
      the after-polymerisation of the monomer.
PAR  For economical reasons it can thus be put that the minimum amount of
      polymer-in-monomer solution during the polymerisation should exceed 50 g
      per kg of dispersion, whereas for reasons of quality it has been
      established experimentally that the maximum amount of polymer-in-monomer
      solution should be smaller than 150 g per kg of dispersion. The optimum
      value is approximatively 100 g of polymer + monomer per kg of dispersion.
PAR  The presence of the hydrophilic colloid, i.e. gelatin in the aqueous phase
      also has an influence on the droplet formation during the dispersing. It
      has been found experimentally that with increasing concentration of the
      gelatin during the dispersing the mean diameter of the liquid droplets
      diminishes and that the stability of the dispersion increases, but also
      that an increasing gelatin concentration results in an increase of the
      agglomeration during the subsequent polymerisation.
PAR  These phenomenons can probably be explained as follows. During the
      dispersing spherical particles are formed, the nucleus of which is
      composed mainly of liquid monomer, which is surrounded by an envelope of
      the film forming polymer. This envelope is formed during the dispersing,
      when the monomer dissolves in the water in the neighbourhood of the
      interface between the aqueous and the non aqueous phase. The solubility of
      methyl methacrylate in water at 40.degree.C is 1.43 %. This is sufficient
      to enhance the concentration of polymer at the interface, so that
      eventually a protecting polymer envelope is formed. The addition of
      gelatin considerably enhances the solubility in water of the methyl
      methacrylate and also increases the viscosity of the reaction medium. By
      the greater friction forces during the dispersing smaller particles are
      formed again. The monomer dissolved in aqueous gelatin may promote the
      agglomeration during the after-polymerisation. The amount of dissolved
      monomer as well as the chances for the formation of agglomerates increase
      with rising gelatin content.
PAR  On the other hand it has also been found experimentally that in the case of
      too small a concentration of gelatin the dispersion during the preparation
      of the very dispersion as well as during the subsequent polymerisation is
      not sufficiently stable so that agglomerates are formed. The amount of
      gelatin per kg of dispersion can vary between 10 and 50 g and the optimum
      amount of gelatin averages 25 g of gelatin per kg of dispersion in the
      case of a polymethyl methacrylate having a molecular weight of
      approximately 85.000. After polymerisation of the polymer-in-monomer
      droplets, the optimum amount of gelatin being used preferably, it is
      advisable to stabilize the polymer dispersion even further and
      simultaneously to adapt the viscosity of the dispersion to the coating
      conditions, by the addition of an increased amount of gelatin. Moreover, a
      small amount of preserving agent for gelatin can be added e.g. a small
      amount of a 20 % solution of phenol is ethanol.
PAR  The dispersing agent also has an important influence on the results
      obtained. The purpose of the dispersing agent is to avoid any formation of
      agglomerates during the dispersion of the polymer-in-monomer solution in
      water to droplets of the desired size as well as during the polymerisation
      of these droplets. In the first case, i.e. during the dispersing of the
      polymer-in-monomer solution, the dispersing agent as a result of repulsion
      should prevent the droplets from agglomerating. A certain amount of
      dispersing agent is required therefor. It has been found that in order to
      obtain a homogeneous dispersion and a dispersion remaining stable during
      the pumping or stirring at approximatively 60.degree.C, 0.1 g to 0.9 g of
      MERSOLAT H is required per 100 g of polymer-in-monomer solution. In the
      case of amounts lower than 0.1 g the dispersion is not sufficiently
      stable, since the tendency towards agglomeration increases by the
      insufficient repulsion. So an important weight fraction of droplets larger
      than 6 micron is obtained in this case, even when the flow and all other
      variables in the continuous flow mixing apparatus used for the dispersing
      step remain the same. In the case of 0.9 g and more the dispersion becomes
      too unstable during the pumping and the weight fraction of particles
      smaller than 2 micron increases considerably. An optimum amount during the
      dispersing step is approximatively 0.4 g per 100 g of polymer-in-monomer
      solution.
PAR  During the subsequent polymerisation and in order to avoid the formation of
      agglomerates a larger amount of dispersing agent is required than that
      necessary for the dispersing of the polymer-in-monomer droplets. At least
      the critical micel concentration of the dispersing agent used has to be
      reached. In this case the dissolved monomer can diffuse from the aqueous
      phase towards the "monomer-dispersing agent"-micels formed, whereby the
      monomer which is not encased in the polymer-in-monomer droplets is
      transformed into small latex particles which excludes the possibility of
      agglomeration but that are not suitable for matting purposes.
PAR  It has been found that during the polymerisation between 0.4 g and 8.0 g of
      MERSOLAT H should be present per 100 g of polymer-in-monomer solution. In
      the case of 0.4 g and less during the polymerisation agglomerates are
      formed, whereas in the case of amounts exceeding 8.0 g the number of
      particles having a diameter less than 2 microns increases considerably.
      Indeed, as a result of a higher concentration of dispersing agent, the
      interfacial surface tension between the dissolved phase (methyl
      methacrylate) and the dispersed phase (droplets consisting of polymethyl
      methacrylate and methyl methacrylate) is lowered, so that more methyl
      methacrylate is transferred from the droplets to the gelatin-water phase,
      which results in an increase of the latex fraction and a decrease of the
      diameter of the previously prepared dispersion of polymer-in-monomer
      droplets. An optimum amount of dispersing agent during the polymerisation
      is approximatively 3.5 g per 100 g of polymethyl methacrylate plus methyl
      methacrylate.
PAR  This amount of 3.5 g of MERSOLAT H per 100 g of polymethyl methacrylate +
      methyl methacrylate is far beyond the amount required for dispersing the
      polymer-in-monomer droplets. So for quality reasons, it is necessary to
      add a larger amount of dispersing agent before the polymerisation but
      after the dispensing step. In this way an amount of latex particles having
      a diameter beneath 0.05 micron is formed together with the particles
      required as matting agents. These latex particles however, have not
      disturbing influence, when the coating composition is used in photographic
      materials for the application of matting layers. They are photographically
      inert and have almost no influence on the brightness of the material.
PAR  The above-mentioned numbers relate to a system, wherein polymethyl
      methacrylate is dissolved in methyl methacrylate and wherein this solution
      is dispersed in an aqueous gelatin solution in the presence of MERSOLAT H,
      whereafter polymerisation of the dispersed droplets occurs. For all other
      combinations of polymers, monomers, dispersing agents, and hydrophilic
      colloid, such values can be found by simple testing.
PAR  When the polymer differs from the monomer, wherein it is dissolved graft
      copolymers can be formed in certain cases. The process of the invention,
      does not depend on the fact whether graft copolymers are obtained or not.
      The purpose of the invention is to form a polymer dispersion with very
      narrow distribution of the size of the polymer particles formed, whatever
      the composition of these very particles may be.
PAR  The most important characteristic of the particle dispersions according to
      the invention is that hard polymer pearls without an encased amount of
      solvent are obtained, so that agglomeration after polymerisation and
      during coating of the matting layer are excluded. An other advantage is
      the fact that the matting particles can be obtained with a very narrow
      distribution of the polymer particle sizes. Indeed, particles having
      diameters between 1 and 6 micron are prepared. A great number of them have
      a diameter comprised between 2 and 4 micron.
PAR  The aqueous dispersions of polymer particles according to the invention, if
      necessary after adaptation of their concentration, are incorporated by
      stirring into an aqueous binder solution, which can be provided with the
      usual coating additives. The aqueous binder solution may be any binder
      solution normally used in the photographic art. From this coating
      composition a protective layer is coated on the light-sensitive silver
      halide emulsion layer and/or on the rear side of the photographic element
      according to known coating methods.
PAR  The protective layers should have a thickness of 0.5 to about 3 micron so
      that in fact a great number of the particles protrude from the surface of
      the protective layer and gave it a matted and rough appearance. They do
      not have a deleterious influence on the light-sensitive silver halide
      emulsion layers and can be applied to any type of black-and-white and
      colour photographic silver halide emulsion layer, filter layers,
      antihalation layers or non-curling layers. They may be used to reduce the
      sticking tendency of the photographic material, e.g. when the material is
      to be stored or packed in the form of a roll or stack. They may be used to
      provide sufficient surface roughness to prevent the formation of Newton's
      rings during printing and enlarging operations, because the contact
      surface of the photographic material with another material is reduced.
      Further, they may be used to reduce abrasion by dry-friction and to reduce
      the tendency of scratching when materials are stored or packed in contact
      with another material as is the case e.g. with X-ray materials packed
      without interleaves. It is also possible to use the matting agents in
      order to obtain the desired coefficient of friction for film materials
      intended for use in apparatus for rapid handling and transport. Moreover,
      the matting agents may have in some cases a slight effect in that they
      reduce the generation of static electricity in photographic elements,
      since a rough surface is obtained and therefore the contacting surface of
      the photographic element with other materials, which might cause static
      discharges, is reduced.
DETD
PAR  The invention is illustrated by the following examples.
PAC  EXAMPLE 1
PAR  In a first vessel 5.54 kg of polymethyl methacrylate having a molecular
      weight of 85,000 and 18.46kg of methyl methacrylate were stirred at room
      temperature for 1 hour and then at 50.degree.C for another hour. A
      homogeneous solution was formed.
PAR  In another vessel were introduced 6 kg of gelatin, 29.9 l demineralized
      water and 103 g of MERSOLAT H 70 % (trade name) and the whole was stirred
      for 1 hour to allow the gelatin to swell. The mixture was then heated at
      50.degree.C.
PAR  After complete dissolution, the contents of the first vessel were added
      with stirring in 2-3 minutes. Heating at 47.degree.-48.degree.C was
      continued. A relatively unstable coarse predispersion was obtained.
PAR  This coarse dispersion was introduced at a temperature of
      47.degree.-48.degree.C in a continuous flow mixing apparatus as described
      in our United Kingdom Patent Application 15,950/70. The clearance between
      the rotor and the housing was adjusted at 1.9-2.1 mm and the rotor turned
      at 600-650 rounds per minute. The uniform dispersion of polymer-monomer
      droplets formed was catched in a polymerisation vessel wherein 0.63 kg of
      MERSOLAT H 70 % in 150 l of demineralized water at about 45.degree.C was
      present.
PAR  50 kg of the dispersion was collected from the continuous flow mixing
      apparatus in a 70 % MERSOLAT H solution in approximatively 1 hour with
      slow stirring in the polymerisation vessel. In the mean time the
      polymerisation vessel was rinsed, with a nitrogen current of 5 l per min.
      As soon as approximatively 50 kg of dispersion were present in the
      polymerisation vessel, 0.154 kg of dibenzoylperoxide were added at once.
      The temperature of the polymerisation vessel was then regulated as
      follows:
PA0  1 hour at 50.degree.-55.degree.C: the reaction temperature rose to
      50.degree.C
PA0  1 hour at 60.degree.-65.degree.C: the reaction temperature rose to
      61.degree.C
PA0  1 hour at 65.degree.-70.degree.C: the reaction temperature remained
      61.degree.C
PA0  1 hour at 75.degree.-80.degree.C: the reaction temperature rose to
      67.degree.C.
PAR  After this period 13 kg of gelatin were added and the stirring rate was
      enhanced to approximatively 50 revolutions per min. The stirring was
      continued for 15 min. and 1 l of an alcoholic phenol solution was added as
      preserving agent.
PAR  The dispersion was then filtered while warm through a nylon screen of 50
      micron.
PAR  The resulting product chilled to form a white gel with a very weak odour of
      methyl methacrylate. The dispersion contained approximatively 36 g of
      matting particles per kg. The particle distribution was checked in a
      Coulter Counter.
PAR  The distribution of the particle sizes can be deduced from the diagram. In
      this diagram curve I represents the distribution curve of polymer
      particles obtained according to the process of the invention. Curve II
      belongs to a comparison system as described hereinafter. It appears from
      curve I that most of the polymer particles obtained according to the
      process of the invention have a diameter of approximatively 4.5 micron and
      that approximatively 96.7 % by weight of the polymer particles have a
      diameter of 1.75 to 6.25 micron.
PAR  For comparison the particle size distribution (curve II) of the following
      system is given. Polymethyl methacrylate having a molecular weight of
      approximatively 85,000 was dissolved in ethyl acetate and then dispersed
      in an aqueous gelatin solution in optimum conditions. It appears from
      curve II that in this case only 82.6 % by weight of the polymer particles
      have a diameter of 1.75-6.25 micron. Approximatively 1.2 % by weight of
      the particles have a diameter smaller than 1.75 micron whereas the
      remainder, approximatively 16.2 %, is composed of particles having a
      diameter of 12-15 micron, which is inacceptable for protective layers.
      Since in the particles, however, residual solvent, in casu ethyl acetate
      remains present, agglomeration occurs easily during the subsequent coating
      operation, thus resulting in an undesirable cloudiness of the protective
      layer obtained.
PAR  A gelatin silver bromoiodide (2 mole % of iodide) X-ray emulsion comprising
      per kg 80 g of gelatin and an amount of silver halide corresponding to 190
      g of silver nitrate was coated on both sides of a subbed cellulose
      triacetate support at a ratio of about 27 sq.m (per side of support) per
      kg of emulsion.
PAR  At both sides of the support, the emulsion layers while still wet were
      covered with a gelatin antistress layer from the following coating
      composition:
TBL  gelatin                30      g                                          
     sodium diisooctyl sulphosuccinate                                         
     (5 % aqueous solution) 28      ml                                         
     antistatic agent       2       g                                          
     formol (4 % aqueous solution)                                             
                            30      ml                                         
     matting agent          28.8    g                                          
     water until            1000    ml                                         
PAR  A 10 % aqueous solution of ethoxylated ricinoleic acid containing 40 % of
      ethylene oxide groups was used as antistatic agent.
PAR  As matting agent the dispersion of polymethyl methacrylate particles as
      prepared above according to the process of the invention, was used.
PAR  The gelatin antistress layers were coated at a ratio of 1.1 g of gelatin
      per sq.m.
PAR  The photographic material thus formed was compared with a material prepared
      in an analogous way but comprising as matting agent a dispersion of
      polymethyl methacrylate particles prepared by dispersing in water a
      solution of the polymer in ethyl acetate (curve II of the diagram).
PAR  The latter material, unlike the material according to the invention, had an
      undesirable milky appearance.
PAR  The antistatic properties of the photographic material of the invention
      were also investigated. They were determined on the one hand by measuring
      the triboelectric charging of the photographic X-ray film material by
      rubbing against rubber, packaging of interleave paper and brass and on the
      other hand by estimating the discharge images produced in the emulsion
      layer by the sparks formed on rubbing the material in the dark against
      rubber, brass, polyvinyl chloride and intensifying lead screens, whereupon
      the light-sensitive material was developed to make visible the discharge
      images produced. In both cases the antistatic properties proved to be
      excellent.
PAC  EXAMPLE 2
PAR  A longitudinally stretched (3.5 times) polyethylene terephthalate film was
      covered with the following subbing layer composition at a ratio of 70
      sq.m/liter:
TBL  latex                    420     ml                                       
     gelatin                  30      g                                        
     sodium salt of sulphosalicylic acid                                       
                              12      g                                        
     20 % aqueous solution of adipic acid                                      
                              120     g                                        
     10 % aqueous solution of ULTRAVON W                                       
     (trade name)             6       ml                                       
     water                    574     ml                                       
PAR  The latex used had a concentration of 20 % by weight and was obtained by
      the emulsion polymerisation of vinyl chloride, vinylidene chloride,
      n-butyl acrylate and itaconic acid (63:30:5:2 % by weight) such as
      described in United Kingdom Patent Specification 1,234,755 filed Sept. 28,
      1967 by Gevaert-Agfa N.V. ULTRAVON W is the trade-name of CIBA AG,
      Switzerland, for a dispersing agent consisting of the disodium salt of
      heptadecyl-benzimidazole disulphonic acid.
PAR  After drying of the coating the film was stretched to 3.5 times in the
      transverse direction at a temperature of about 87.degree.C.
PAR  The thus subbed polyethylene terephthalate film support was substituted for
      the subbed cellulose triacetate film support, used in Example 1.
PAR  The same good results were obtained.
PAC  EXAMPLE 3
PAR  In a first vessel 150 g of polystyrene having a molecular weight of 40,000
      were dissolved in 250 g of styrene by stirring at room temperature for 1
      hour.
PAR  In a second vessel were introduced 100 g of gelatin, 1.71 g of MERSOLAT H
      70 % (trade name) and demineralised water was added to a total weight of
      600 g.
PAR  The contents of the first vessel were dispersed in the second one,
      according to the process and with the apparatus described in Example 1,
      whereafter polymerisation occurred in the following mixture:
TBL  dispersion (as prepared above)                                            
                            1000    g                                          
     MERSOLAT H 70 %        12.5    g                                          
     benzoyl peroxide       2.50    g                                          
     demineralised water    3000    g                                          
PAR  The polymerisation vessel was heated for 1 hour at 50.degree.C, 1 hour at
      55.degree.C, 1 hour at 60.degree.C and 11/2 hour at 75.degree.C with slow
      stirring. Subsequently, 260 g of gelatin were added to the dispersion.
PAR  The dispersion contained 4.5 g of polystyrene particles having a diameter
      of 2 to 5 micron per 100 g of dispersion.
PAR  The process of Example 1 was then repeated, a silver halide emulsion layer
      being coated on both sides of a subbed cellulose triacetate film. The
      protective layer of Example 1, however, was replaced by a layer in which
      the dispersion of polymethyl methacrylate particles was replaced by a
      dispersion of polystyrene particles as prepared above.
PAR  The same good results were obtained.
PAC  EXAMPLE 4
PAR  The process of Example 3 was repeated with the sole difference that the
      polymerisation initiator benzoyl peroxide was replaced by a same amount of
      potassium persulphate. The dispersion formed contained 4.16 g of
      polystyrene particles, having a diameter comprised between 2 and 5 micron,
      per 100 g of dispersion.
PAR  When this dispersion was used in a protective coating composition as
      described in Example 1, the same good results were obtained.
PAC  EXAMPLE 5
PAR  The process described in Example 1 was repeated. The first vessel contained
      109.2 g of polymethyl methacrylate (molecular weight 85,000) dissolved in
      290.8 g of styrene. The second vessel contained 100 g of gelatin, 1.71 g
      of MERSOLAT H 70 % and distilled water to a total weight of 600 g. The
      dispersing of both contents occurred as described in Example 1 whereafter
      polymerisation of the following mixture took place:
TBL  dispersion (as prepared above)                                            
                           1000    g                                           
     MERSOLAT H 70 %       12.5    g                                           
     benzoyl peroxide      2.9     g                                           
     demineralised water   3000    g                                           
PAR  During polymerisation the heating was as follows:
PA0  1 hour at 50.degree.C,
PA0  16 hours at 60.degree.C,
PA0  2 hours at 75.degree.C,
PAL  and after polymerisation 260 g of gelatin in 80 ml of water were added for
      stabilization purposes.
PAR  The dispersion contained 4.5 g of polystyrene/polymethyl methacrylate
      particles (diameter between 2 and 6 micron) per 100 g of dispersion.
PAR  When this dispersion was worked up in a protective layer on light-sensitive
      photographic silver halide emulsion layers as described in Example 1, the
      same good results were obtained.
PAC  EXAMPLE 6
PAR  In a first vessel were introduced 400 g of polymethyl methacrylate having a
      molecular weight of 85,000 and 1000 g of methyl methacrylate. The
      resulting mixture was stirred until a clear solution was formed.
PAR  In a second vessel were introduced at 50.degree.C 58.5 g of polyethylene
      oxide having a molecular weight of 600,000, 6.69 g of MERSOLAT H 70 %, and
      2287 ml of water.
PAR  The contents of the two vessels were dispersed according to the method and
      with the apparatus of Example 1, whereafter polymerisation of the
      following mixture took place:
TBL  dispersion (as prepared above)                                            
                           1000    g                                           
     MERSOLAT H 70 %       11.6    g                                           
     benzoyl peroxide      2.89    g                                           
     demineralised water   2990    g                                           
PAR  During the polymerisation the dispersion was stirred according to the
      following reaction scheme:
PA0  1 hour at 50.degree.C,
PA0  2 hours at 60.degree.C,
PA0  2 hours at 80.degree.C.
PAR  The polymer dispersion thus obtained was used for applying antistress
      layers to photographic film materials as described in Example 1.
PAR  The same good results were obtained.
PAC  EXAMPLE 7
PAR  A biaxially oriented polyethylene terephthalate film support of 65 .mu.m,
      was provided on both sides with a known subbing layer composition. For
      application in microphotography an antihalation layer was applied to the
      rear side of the support and this layer was covered with an antistatic
      layer comprising matting agents which had been obtained according to the
      process of the invention.
PAR  The antihalation layer was applied at 47 sq.m/liter from the following
      coating composition:
TBL  copolymer of styrene and acrylic acid                                     
     (70:30 % by weight)         25     g                                      
     triphenylmethane dye of the formula                                       
                                 4.6    g                                      
     triphenylmethane dye of the formula                                       
                                 4      g                                      
     azomethine dye of the formula                                             
                                 3      g                                      
     ethanol                     260    ml                                     
     n-propanol                  200    ml                                     
     ethylenechlorohydrin        40     ml                                     
     acetone                     500    ml                                     
     35 % by weight aqueous solution                                           
     of hydrochloric acid        1.5    ml                                     
PAR  The dried antihalation layer was coated with an antistatic layer from the
      following coating composition, at 30 sq.m/liter:
TBL  mono-sodium salt of the copolymer of                                      
     styrene and maleic acid 4       g                                         
     starch                  3.8     g                                         
     HEXAPON D (trade-name)  0.7     g                                         
     30 % by weight dispersion of poly-                                        
     methyl methacrylate matting agent                                         
                             1.5     ml                                        
     distilled water         850     ml                                        
     isopropanol             150     ml                                        
PAR  The starch used was a potato-starch sold by Pfersee, Augsburg, Germany,
      under the trade-name RABIC, and the matting agent was a dispersion of
      polymethylmethacrylate prepared according to the process of the invention
      as described in Example 1.
PAR  When the photographic material was kept in rolled form, storage tests
      proved that the photographic deviations found were negligible. Indeed, the
      contact between the back layer and the emulsion layer was reduced to a
      minimum by the presence of the matting particles in the antistatic layer.
PAR  During the photographic processing the antihalation layer and the
      antistatic layer were eliminated by dissolution in the photographic baths.
      As a consequence the matting particles also disappeared, which is of
      utmost importance in the case of microfilms. Indeed, in this way the
      matting particles cannot adversely affect the sharpness of the resulting
      images any longer.
CLMS
STM  We claim:
NUM  1.
PAR  1. Hydrophilic coating composition containing an aqueous binder solution
      and a homogeneous aqueous dispersion of polymer particles, said dispersion
      prepared by dissolving a water-insoluble, film-forming polymer in a
      water-insoluble ethylenically unsaturated monomer which is liquid at room
      temperature to provide a solution thereof, dispersing by stirring the
      solution thus formed in an aqueous solution of a hydrophilic colloid and
      dispersing agent, the stirring being continued until a stable dispersion
      of polymer-in-monomer solution droplets having a diameter between 1 and 10
      micron is formed in said aqueous solution and, while continuously stirring
      in the presence of a free-radical forming polymerization initiator,
      heating the dispersion to the decomposition temperature of said
      polymerization initiator to effect polymerization of said water-insoluble
      liquid monomer and to form an aqueous dispersion of solvent-free polymer
      particles, said unsaturated monomer being selected so as to be a solvent
      at room temperature for said film-forming polymer, and to provide upon
      said polymerization in the presence of said film-forming polymer, polymer
      particles having a glass transition temperature of at least 60.degree.C.,
      and said binder of said aqueous binder solution when in an aqueous
      solution being compatible with said dispersion.
NUM  2.
PAR  2. The coating composition according to claim 1 wherein the
      polymer-in-monomer solution droplets obtained after dispersion have a
      diameter between 1 and 6 micron.
NUM  3.
PAR  3. The coating composition according to claim 1 wherein the water-insoluble
      film-forming polymer is polymethyl methacrylate or polystyrene and the
      water-insoluble ethylenically unsaturated monomer is methyl methacrylate
      or styrene.
NUM  4.
PAR  4. The coating composition according to claim 1 wherein the hydrophilic
      colloid is gelatin or polyethylene oxide.
NUM  5.
PAR  5. The coating composition according to claim 1 wherein the dispersing
      agent has the formula:
EQU  R--CH.sub.2 --SO.sub.3 Na
PAL  wherein R is a straight chain alkyl group of 14 to 18 carbon atoms.
NUM  6.
PAR  6. The coating composition according to claim 1 wherein from 0.1 to 5
      percent by weight of water-insoluble film-forming polymer is dissolved
      with respect to the weight of water-insoluble ethylenically unsaturated
      monomer.
NUM  7.
PAR  7. The coating composition according to claim 1 wherein from 10 to 50 g of
      hydrophilic colloid is dissolved per 1000 g total weight of the
      dispersion.
NUM  8.
PAR  8. The coating composition according to claim 1 wherein from 50 to 150 g of
      polymer-in-monomer solution is present per kilogram of the dispersion.
NUM  9.
PAR  9. The coating composition according to claim 1 wherein during the
      dispersion of polymer-in-monomer solution in the aqueous solution of
      hydrophilic colloid, from 0.1 to 0.9 g of dispersing agent is present per
      100 g of dispersion.
NUM  10.
PAR  10. The coating composition according to claim 1 wherein during
      polymerization from 0.4 to 8.0 g of dispersing agent is present per 100 g
      of dispersion.
NUM  11.
PAR  11. The coating composition according to claim 1 wherein from 0.1 to 5.0
      percent by weight of polymerization initiator with respect to the weight
      of water-insoluble, ethylenically unsaturated monomer is present.
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ABST
PAL  Mixture of polyvinyl alcohol-polysaccharide microgel in water comprising
      water and, based on the total mixture, about 0.1 to 10 percent by weight
      of a partially crosslinked mixture of polyvinyl alcohol and polysaccharide
      in which the mixture is partially crosslinked with titanium ions, said
      polyvinyl alcohol being present in an amount of 0.05 to 9.95 percent by
      weight, said polysaccharide being present in the amount of about 0.05 to
      9.95 percent by weight and being selected from the group consisting of
      about 0.05 to 9.95 percent by weight of starch and about 0.05 to 3 percent
      by weight of sodium carboxymethylcellulose, said microgel being a stable
      fluid derived from polyvinyl alcohol which has a Hoeppler viscosity of
      about 4 to 150 centipoises and in which at least about 50 mole percent of
      the monomeric units are vinyl alcohol units, the water and partially
      crosslinked mixture of polyvinyl alcohol and polysaccharide having a
      Brookfield viscosity of about 1.15 to 1000 centipoises, the viscosity
      being at least about 15 percent greater than the viscosity of the aqueous
      polyvinyl alcohol-polysaccharide mixture from which the microgel is
      derived. The microgels are useful as size for paper, as paper coatings, as
      warp size for textile fibers, and as adhesives.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of application Ser. No. 259,666, filed June
      5, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to polyvinyl alcohol microgels and their use as
      paper and paperboard sizes, in paper and paperboard coatings, as textile
      warp sizes, as adhesives, and as soil and dust stabilizers.
PAR  2. Description of the Prior Art
PAR  Certain materials such as starch, sodium carboxymethyl cellulose, sodium
      alginate, and polyvinyl alcohol, with or without the addition of clay,
      have been used as surface sizes for paper and paperboard. By "surface
      size" is meant a material which is applied to the surface of the paper or
      paperboard, thereby forming a barrier which prevents or retards wicking
      and absorption of ink and other fluids into the paper or paperboard.
      Surface sizes are to be distinguished from internal sizes which are added
      in the process of making the sheet.
PAR  Although polyvinyl alcohol is many times more expensive than starch on a
      per pound basis, it has been shown that polyvinyl alcohol can perform as
      well as, or in many cases, better than starch as a surface size for paper
      or paperboard on an equal cost basis. However, in most use areas the
      improvement in performance has not been sufficient to cause former starch
      users to switch to polyvinyl alcohol. At present polyvinyl alcohol is
      definitely preferred to starch only in specialty areas where quality is
      important.
PAR  There is evidence that polyvinyl alcohol solutions readily penetrate into
      paper and paperboard. It is felt that even better performance for
      polyvinyl alcohol would be demonstrated if its "hold out" characteristics
      could be improved; that is, if penetration of polyvinyl alcohol size
      solutions into paper and paperboard could be substantially reduced or
      eliminated.
PAR  In a copending application of Alden J. Deyrup, Ser. No. 259,552, filed June
      5, 1972, polyvinyl alcohol microgels are described which exhibit improved
      hold out characteristics over aqueous polyvinyl alcohol solutions. These
      microgels are stable fluids comprising water and polyvinyl alcohol
      partially crosslinked with tetravalent titanium ions and having a
      Brookfield viscosity of about 1.15 to 2000 centipoises.
PAR  Deyrup U.S. Pat. No. 3,492,250, in Example 4, discloses in a solution
      containing polyvinyl alcohol the presence of a polysaccharide thickener
      (Abbott Laboratories B 1459) together with Congo Red as the gelling agent.
      The solution of Example 4 does not contain a tetravalent titanium compound
      and the polysaccharide is a xanthan gum as disclosed in Whistler and Be
      Miller, Industrial Gums, second edition, Academic Press, New York, VII, 1.
      History on page 486, 1973. A repeat of Example 4 shows that the xanthan
      gum polysaccharide does not crosslink with the Congo Red gelling agent
      present in the solution. The Brookfield viscosity at 60 rpm of the
      solution of Example 4 containing Congo Red was found to be 70 centipoises
      while the Brookfield viscosity at 60 rpm of a solution without Congo Red
      was found to be 73 centipoises.
PAR  Deyrup U.S. Pat. No. 3,318,856 can be distinguished in that it teaches a
      system wherein polyvinyl alcohol is present with two different polyvinyl
      alcohol gelling agents, one gelling agent reinforcing the other. A
      polysaccharide is not present in the system. In Example 3 of said patent,
      boric acid functions as the initial gelling agent. Tetravalent titanium,
      present as potassium titanium oxalate, is the primary gelling agent used
      to form the rigid polyvinyl alcohol based foam described in Example 3
      which has a Brookfield viscosity in excess of 2000 centipoises. The gelled
      skin formed in minutes on exposure to air also has a Brookfield viscosity
      in excess of 2000. Deyrup U.S. Pat. No. 3,492,250 in Column 4, lines 48 to
      65, explains the function of two polyvinyl alcohol gelling agents
      including boric acid.
PAR  There has been some investigation of the use of mixtures of starch and
      polyvinyl alcohol as a surface size. This investigation was designed to
      explore the possibility of improving the quality of starch without a
      disproportionate increase in cost, or in lowering the cost of using
      polyvinyl alcohol without a disproportionate reduction in quality. These
      efforts, however, have been hindered by the general incompatibility of
      aqueous mixtures of starch and polyvinyl alcohol.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, mixtures of polyvinyl
      alcohol-polysaccharide microgel in water have been discovered which
      exhibit superior performance to polyvinyl alcohol microgels, particularly
      in uses such as the surface sizing of paper. A mixture of polyvinyl
      alcohol-polysaccharide microgel in water comprises water, and, based on
      the total mixture, about 0.1 to 10 percent by weight of a partially
      crosslinked mixture of polyvinyl alcohol and polysaccharide in which the
      mixture is partially crosslinked with titanium ions, said polyvinyl
      alcohol being present in the amount of about 0.05 to 9.95 percent by
      weight, said polysaccharide being present in the amount of about 0.05 to
      9.95 percent by weight and being selected from the group consisting of
      about 0.05 to 9.95 percent by weight of starch and about 0.05 to 3 percent
      by weight of sodium carboxymethylcellulose, said microgel being a stable
      fluid derived from polyvinyl alcohol which has a Hoeppler viscosity of
      about 4 to 150 centipoises and in which at least about 50 mole percent of
      the monomeric units are vinyl alcohol units, the water and partially
      crosslinked mixture of polyvinyl alcohol and polysaccharide having a
      Brookfield viscosity of about 1.15 to 1000 centipoises, said viscosity
      being at least about 15 percent greater than the viscosity of the aqueous
      polyvinyl alcoholpolysaccharide mixture from which the microgel is derived
     .
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The mixture of polyvinyl alcohol-polysaccharide microgel in water of this
      invention is a stable fluid containing water and a partially crosslinked
      mixture of polyvinyl alcohol and polysaccharide. Although it is not
      intended that this invention be limited to any particular theory, it is
      believed that the microgels of this invention are entanglements of a
      partially crosslinked mixture of polyvinyl alcohol and polysaccharide
      chains possessing colloid-like properties dispersed in water.
PAR  The microgels of this invention have characteristics which distinguish them
      from prior art mixtures of starch and polyvinyl alcohol. These microgels
      contain a mixture of polyvinyl alcohol and polysaccharide which has been
      crosslinked sufficiently to increase the viscosity of the aqueous mixture
      by at least about 15 percent, but insufficiently to increase the viscosity
      above about 1000 centipoises. This intermediate amount of crosslinking is
      referred to herein as partial crosslinking. By "stable" is meant a product
      which is viscosity stable and stable against precipitation or layer
      separation for a period of at least two days. This period of stability is
      sufficient to allow the use of freshly prepared microgels in sizing
      applications.
PAR  The term "polyvinyl alcohol", as used throughout the specification and
      claims, refers to the product obtained by replacing all or a portion of
      the acyl groups in a polyvinyl ester with hydroxyl groups. Well-known
      methods of preparing polyvinyl alcohol include the hydrolysis, alcoholysis
      or saponification of a polyvinyl ester. Suitable polyvinyl esters include
      polyvinyl formate, polyvinyl acetate, polyvinyl propionate, polyvinyl
      butyrate, and the like. The preferred polyvinyl ester is polyvinyl
      acetate.
PAR  The polyvinyl alcohol used in accordance with this invention may be a
      homopolymer or a copolymer. When the polyvinyl alcohol is derived from a
      polyvinyl ester homopolymer, it is generally referred to as a polyvinyl
      alcohol homopolymer, regardless of whether it is partially or fully
      hydrolyzed; that is; whether only a portion or all of the acyl groups in
      the original polyvinyl ester have been replaced by hydroxyl groups.
PAR  When the polyvinyl alcohol is derived from a polyvinyl ester copolymer, it
      is generally referred to as a polyvinyl alcohol copolymer. The term
      "copolymer," as used throughout the specification and claims, is intended
      to include polymers derived from two or more copolymerizable monomers, for
      example, dipolymers, terpolymers, etc. The polyvinyl alcohol copolymer may
      be partially or fully hydrolyzed; that is, only a portion or all of the
      hydrolyzable acyl groups in the original copolymer may have been replaced
      by hydroxyl groups.
PAR  In any event, at least about 50 mole percent of the monomeric units in the
      resulting polyvinyl alcohol, whether it be a homopolymer or a copolymer,
      should be vinyl alcohol units. In the case of a polyvinyl alcohol
      homopolymer, this means that the polyvinyl alcohol should be at least
      about 50 mole percent hydrolyzed. When less than about 50 mole percent of
      the monomeric units in the polyvinyl alcohol are vinyl alcohol units, the
      polyvinyl alcohol may no longer have sufficient water solubility or
      hydroxyl functionality to be suitable for forming a microgel in accordance
      with this invention. Preferably, at least about 85 mole percent, and more
      preferably, at least about 93 mole percent of the monomeric units in the
      polyvinyl alcohol are vinyl alcohol units.
PAR  Any ethylenically unsaturated monomer which will copolymerize with vinyl
      acetate may be used for preparing polyvinyl alcohol copolymers. Typical
      monomers include alpha, beta-unsaturated aliphatic hydrocarbons such as
      ethylene, propylene, butylene, isobutylene, hexene, dodecene, octadecene,
      and the like; unsaturated lower-aliphatic mono- and di-carboxylic acids
      such as acrylic, methacrylic, maleic, maleic anhydride, fumaric, itaconic,
      and the like; loweralkyl esters of unsaturated lower-aliphatic mono- and
      dicarboxylic acids such as the methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, and tert.-butyl esters of acids such as acrylic, methacrylic,
      maleic, fumaric, itaconic, and the like; vinyl esters of saturated
      aliphatic acids such as vinyl formate, vinyl propionate, vinyl butyrate,
      vinyl pivalate, vinyl versatate, and the like; vinyl lower-alkyl esters
      such as methyl vinyl ether, ethyl vinyl ether, tert.-butyl vinyl ether,
      and the like; unsaturated aliphatic amides such as acrylamide,
      methacrylamide, dimethyl acrylamide, and the like; substituted amino
      lower-alkyl esters of unsaturated lower-aliphatic acids such as
      dimethylaminoethyl acrylate and methacrylate, diethylaminoethyl acrylate
      and methacrylate, diisopropylaminoethyl acrylate and methacrylate and the
      like; and unsaturated aliphatic amines such as vinylamine which is
      obtained by copolymerizing with vinyl succinimide and treating with strong
      caustic, and the like.
PAR  The molecular weight of the polyvinyl alcohol should be such as to provide
      a Hoeppler viscosity of about 4 to 150 centipoises. The Hoeppler
      viscosities referred to herein are measured as a 4% aqueous solution at
      20.degree.C. by the falling ball method using a Hoeppler viscosimeter.
      This procedure is described in the Hoeppler Precision Viscosimeter
      Operating Manual published by the Fish-Schurman Corp.
PAR  When the molecular weight of the polyvinyl alcohol corresponds to a
      viscosity of less than about 4 centipoises, uneconomically large amounts
      of crosslinking agent are necessary to cause microgel formation. When the
      molecular weight of the polyvinyl alcohol corresponds to a viscosity in
      excess of about 150 centipoises, formation of the microgel is difficult to
      control, in that significant amounts of solid gel are formed. Preferably
      the molecular weight corresponds to a Hoeppler viscosity of about 10 to 70
      centipoises.
PAR  The preferred polyvinyl alcohols are those which have a Hoeppler viscosity
      of about 20 to 40 centipoises and in which at least about 93 mole percent
      of the monomeric units are vinyl alcohol units. One class of particularly
      preferred polyvinyl alcohols are homopolymers which are at least about 99
      mole percent hydrolyzed. Another particularly preferred class of polyvinyl
      alcohols are copolymers derived about 94 to 98 percent by weight from
      vinyl acetate and about 2 to 6 percent by weight from methyl methacrylate
      and which are at least about 99 mole percent hydrolyzed.
PAR  The polysaccharides which are useful in accordance with this invention
      include starches and sodium carboxymethyl cellulose. The term "starch," as
      used herein, is intended to include natural starches of all descriptions,
      and derivatives thereof. Suitable starches include corn starch, potato
      starch, amylose starch, pearl starch, hydroxyethylated starches, oxidized
      starches, carboxymethylated starches, oxidized carboxymethylated starches,
      and the like. The degree of polymerization of sodium carboxymethyl
      cellulose is determined by measuring the Brookfield viscosity of an
      aqueous solution in accordance with test method D-1439-65 of the American
      Society for Testing Materials (ASTM).
PAR  The microgels of this invention comprise water and, based on the total
      fluid, about 0.1 to 10 percent by weight of a partially crosslinked
      mixture of about 0.05 to 9.95 percent by weight of polyvinyl alcohol and
      about 0.05 to 9.95 percent by weight of polysaccharide selected from the
      group consisting of about 0.05 to 9.95 percent by weight of starch and
      about 0.05 to 3 percent by weight of sodium carboxymethylcellulose.
PAR  When the microgel contains no components other than water and partially
      crosslinked mixture of polyvinyl alcohol and polysaccharide, the water
      content of the microgel is, of course, about 90 to 99.9 percent by weight.
      In this range of concentrations the microgels are readily applied and give
      satisfactory results in a variety of use applications. Preferably, the
      microgel contains about 1 to 8 percent of partially crosslinked mixture of
      polyvinyl alcohol and polysaccharide, and most preferably, about 2 to 6
      percent.
PAR  The polyvinyl alcohol-polysaccharide microgels of this invention have
      Brookfield viscosities of about 1.15 to 1000 centipoises. This viscosity;
      that is, the viscosity of the water and partially crosslinked mixture of
      polyvinyl alcohol and polysaccharide, should be at least about 15 percent
      greater than the viscosity of the aqueous polyvinyl alcohol-polysaccharide
      mixture from which the microgel is derived. The percent increase in
      viscosity is determined by measuring the Brookfield viscosity of the
      aqueous polyvinyl alcohol-polysaccharide mixture at the same temperature
      and concentration before and after it is partially crosslinked to form the
      microgel. Preferably, the microgel has a Brookfield viscosity of about 25
      to 1000 centipoises, and most preferably about 35 to 500 centipoises. The
      Brookfield viscosities referred to herein are determined at 25.degree.C.
      using a Brookfield Viscometer, Model RVT, operating at 100 revolutions per
      minute as described in the manual from Brookfield Engineering
      Laboratories, Inc.
PAR  The polyvinyl alcohol-polysaccharide microgels of this invention may also
      contain other ingredients which make them especially suitable for a
      particular use. For example, when the microgel is to be used for paper or
      paperboard sizing, it may be desirable to incorporate a finely divided
      filler such as clay or calcium carbonate, or a pigment such as titanium
      dioxide.
PAR  The polyvinyl alcohol-polysaccharide microgels of this invention are
      prepared by partially crosslinking a mixture of polyvinyl alcohol and
      polysaccharide using tetravalent titanium ions as the crosslinking agent.
      Suitable sources of these ions are titanium complexes which may be added
      as such or formed in situ in the process. One class of suitable complexes
      includes titanium salts of chelating organic acids of 2 to 10 carbon
      atoms. Suitable organic acids include oxalic, malic, itaconic, lactic,
      tartaric, citric, salicylic, and the like. Such salts can be prepared in
      situ, for example, by reacting a tetraalkyl titanate such as
      tetraisopropyl titanate with the acid. It has been found that a little
      alcohol aids in keeping this salt in solution. In some cases,
      water-soluble fluorotitanates such as sodium fluotitanate, potassium
      fluotitanate, and the like may be used.
PAR  Another class of suitable titanium complexes includes titanium complexes
      with beta-diketones of the formula
      ##EQU1##
      in which R is hydrogen, lower-alkyl or aryl, and Y and Y' are aryl,
      cycloalkyl or lower-alkyl. Typical beta-diketones of this structure
      include 2,4-pentanedione, 2,4-hexanedione, 2,4-heptanedione,
      5-methyl-2,4-hexanedione, 2,4-octanedione, 5,5-dimethyl-2,4-hexanedione,
      3-ethyl-2,4-pentanedione, 2,4-decanedione, 2,2-dimethyl-3,5-nonanedione,
      3-methyl-2,4-pentanedione, 2,4-tridecanedione,
      1-cyclohexyl-1,3-butanedione, 5,5-dimethyl-1,3-cyclohexanedione,
      1,3-cyclohexanedione, 1-phenyl-1,3-butanedione,
      1(4-biphenyl)-1,3-butanedione, 1-phenyl-1,3-pentanedione,
      3-benzyl-2,4-pentanedione, 1-phenyl-5,5-dimethyl-2,4-hexane,
      1-phenyl-2-butyl-1,3-butanedione, and dibenzoylmethane. The preferred
      beta-diketone is 2,4-pentanedione which complexes with titanium to form
      titanium acetylacetonate.
PAR  Another class of suitable titanium complexes includes titanium complexes
      with tri(hydroxylalkyl) amines in which the alkyl groups contain 2 to 6
      carbon atoms. Typical examples include triethanol amine, triproponal
      amine, triisopropanol amine, tributanol amine, trihexanol amine, mixed
      hydroxylalkyl amines, and mixtures thereof.
PAR  The process of preparing the polyvinyl alcohol microgels of this invention
      comprises mixing (a) water, (b) 0.1 to 10 percent by weight of suitable
      mixture of polyvinyl alcohol and polysaccharide, based on the total fluid,
      and (c) titanium complex in an amount sufficient to provide 0.05 to 10
      parts by weight of tetravalent titaniun ion per 100 parts of mixture of
      polyvinyl alcohol and polysaccharide. The titanium complex reacts with the
      dissolved polyvinyl alcohol and polysaccharide, thereby forming the
      microgel.
PAR  In some cases the pH must be adjusted before the titanium complex will
      react with the polyvinyl alcohol-polysaccharide mixture. For example, when
      using titanium salts of carboxylic acids such as potassium titanium
      oxalate or titanium citrate, the pH should be adjusted to about 6 to 10
      and preferably about 7 to 9. Suitable water-soluble alkaline materials for
      controlling pH include the hydroxides and orthosilicates of alkali metals
      such as lithium, sodium, potassium, and the like; ammonium hydroxide; and
      the hydroxides of alkaline earth metals such as calcium, strontium, and
      barium; and the like. Sodium and ammonium hydroxides are preferred.
PAR  In the case of titanium lactate, pH control is not necessary for microgel
      formation, although more efficient use of the titanium ion can be achieved
      by pH control. Titanium complexes with beta-diketones such as titanium
      acetylacetonate also react directly with the polyvinyl
      alcohol-polysaccharide mixture to form microgels without adjustment of the
      pH. Dissolution of titanium acetylacetonate is assisted by the presence of
      a small amount of alcohol.
PAR  The specific amount of tetravalent titanium ion within the above range used
      to partially crosslink the polyvinyl alcohol-polysaccharide mixture will
      depend upon factors such as the concentration of the polyvinyl
      alcohol-polysaccharide, the molecular weight of the polyvinyl alcohol, the
      particular polysaccharide present, the desired final viscosity, etc. The
      amount should be controlled so as to provide a microgel having a
      Brookfield viscosity of about 15 to 1000 centipoises. In most cases about
      0.2 to 2 parts by weight of tetravalent titanium ion is used per 100 parts
      of polyvinyl alcohol-polysaccharide mixture.
PAR  Since the microgels of this invention contain a large amount of water, it
      is not economical to transport them long distances. Moreover, they should
      be prepared only a short time before they are to be used, since they may
      not be stable for more than several days. Accordingly, it is preferred
      that these microgels be supplied on a commercial basis as a dry blend of
      microgel precursor ingredients. This method has the advantages of lower
      transportation costs, more uniform product quality, and minimal microgel
      preparation difficulties. For example, polyvinyl alcohol can be dry mixed
      with polysaccharide and a suitable solid titanium complex such as titanium
      citrate, titanium lactate or potassium titanium oxalate to form the
      commercial product.
PAR  A preferred precursor blend is one containing polyvinyl alcohol,
      polysaccharide and titanium citrate. When ready for use, this blend is
      dissolved in water, and sufficient base, such as ammonium hydroxide, is
      added to adjust the pH to 9 to 10, whereby the microgel is formed.
PAR  Another technique of preparing a dry microgel precursor mixture is to spray
      a finely divided, dry mixture of polyvinyl alcohol and polysaccharide with
      a suitable amount of a solution containing a titanium complex. For
      example, a solution containing a mixture of ethyl alcohol, lactic acid,
      and tetraisopropyl titanate may be used. The sprayed solution is adsorbed
      by the polyvinyl alcohol and polysaccharide powder which remains
      essentially dry. When ready for use, this product is dissolved in water
      with heating. It appears that the ingredients first react to form titanium
      lactate and then the microgel forms directly without need of pH
      adjustment.
PAR  The amount of tetravalent titanium ion which is required to form a microgel
      of a given viscosity is significantly reduced by the presence of starch or
      sodium carboxymethylcellulose is the polyvinyl alcohol solution. The
      amount of tetravalent titanium ion added, for example, up to 0.22 gram/200
      gram sample is not sufficient to significantly increase the viscosity of
      the 1% polyvinyl alcohol or the 5% starch alone, but has a marked effect
      on the mixture of polyvinyl alcohol and starch. The tetravalent titanium
      ion has a much greater effect upon the viscosity of the mixture of 3%
      polyvinyl alcohol and 0.2% sodium carboxymethylcellulose than on the 3.2%
      polyvinyl alcohol or 0.2% sodium carboxymethylcellulose alone. When sodium
      carboxymethylcellulose alone is reacted with tetravalent titanium ions the
      viscosity begins to increase but a precipitate forms as the reaction
      proceeds.
PAR  The microgels of this invention are especially useful as sizes for paper
      and paperboard, in coatings, as textile warp sizes, and in adhesives. The
      application techniques for these uses are well known to those skilled in
      the art. In each case microgels are used in a manner similar to the manner
      in which polyvinyl alcohol solutions have been used except that these
      microgels may be used in lower polymer concentrations than polyvinyl
      alcohol solutions. The polyvinyl alcohol-polysaccharide microgels of this
      invention are particularly useful for sizing paper which is to be used for
      printing. The printing quality of such sized paper is superior to the
      printing quality of the same paper sized with the polyvinyl alcohol
      microgel described in Deyrup application Ser. No. 259,552, filed June 5,
      1972.
PAC  EXAMPLES OF THE INVENTION
PAR  The following examples, illustrating the novel polyvinyl
      alcohol-polysaccharide microgels of this invention and the method of their
      preparation and use, are given without any intention that the invention be
      limited thereto. All parts and percentages are by weight.
PAC  EXAMPLE 1
PAR  To 200 grams of an aqueous solution having a Brookfield viscosity of 43
      centipoises and containing 4.5% of hydroxyethylated corn starch and 1% of
      polyvinyl alcohol which was 99.5% hydrolyzed and had a Hoeppler viscosity
      of 30 centipoises was added 1.4 grams of a mixture containing equal
      amounts of ethyl alcohol, lactic acid, and tetraisopropyl titanate. The
      microgel produced by this addition had a Brookfield viscosity of 120
      centipoises.
PAR  For comparison, 5.2 grams of the same ethyl alcohollactic
      acid-tetraisopropyl titanate mixture was added to 200 grams of an aqueous
      solution having a Brookfield viscosity of 30 centipoises containing 5% of
      the same hydroxyethylated corn starch. The resulting solution had a
      Brookfield viscosity of only 33 centipoises.
PAR  For further comparison, 3.7 grams of the same ethyl alcohol-lactic
      acid-tetraisopropyl titanate mixture was added to 200 grams of an aqueous
      solution having a Brookfield viscosity of 16 centipoises and containing 1%
      of the same polyvinyl alcohol. The resulting solution had a Brookfield
      viscosity of only 22 centipoises.
PAC  EXAMPLE 2
PAR  To 300 grams of an aqueous solution having a Brookfield viscosity of 56
      centipoises containing 4% of oxidized corn starch and 2% of polyvinyl
      alcohol which was 99.5% hydrolyzed and had a Hoeppler viscosity of 30
      centipoises was added 3.5 grams of a mixture of equal amounts of ethyl
      alcohol, lactic acid, and tetraisopropyl titanate. The microgel produced
      by this addition had a Brookfield viscosity of 195 centipoises.
PAR  For comparison, 4 grams of the same ethyl alcohol-lactic
      acid-tetraisopropyl titanate mixture was added to 300 grams of an aqueous
      solution containing 4% of the same oxidized corn starch and having a
      Brookfield viscosity of 28 centipoises. The resulting solution had a
      Brookfield viscosity of only 33 centipoises.
PAC  EXAMPLE 3
PAR  To 300 grams of an aqueous solution having a Brookfield viscosity of 94
      centipoises containing 8.0% of hydroxyethylated starch and 1.0% of a
      polyvinyl alcohol which was 99.0% hydrolyzed and had a Hoeppler viscosity
      of 30 centipoises was added 0.06 gram of titanium acetylacetonate
      dissolved in 0.02 gram of isopropyl alcohol and 0.72 gram of methyl
      alcohol. The resulting microgel was uniform and had a Brookfield viscosity
      of 136 centipoises.
PAC  EXAMPLE 4
PAR  To 10 gallons of an aqueous solution containing 3.8% of hydroxyethylated
      starch and 1.1% of polyvinyl alcohol which was 99.5% hydrolyzed and had a
      Hoeppler viscosity of 30 centipoises was added a sufficient amount of a
      mixture containing equal parts of tetraisopropyl titanate, ethyl alcohol,
      and lactic acid to raise the Brookfield viscosity to 200 centipoises. The
      resulting microgel was used to size both sides of 37 pound per ream paper
      on a Beloit size press pilot coater operating at a constant speed of 250
      feet per minute with the nip pressure of the applicator roll held at 8.1
      psi. The coat weight was established as 1.7 pounds per ream. This paper
      was then printed on a lithographic offset press. There was essentially no
      linting or picking of paper fibers while the paper passed through the nip
      of the press, as evidenced by the condition of the blanket, both when
      applying ink to the paper (wet pick) and when running dry (dry pick).
PAR  For comparison, a sample of the same raw stock was sized on both sides
      under the same conditions with a 3.4% polyvinyl alcohol microgel derived
      from the same polyvinyl alcohol. The coat weight was 2.5 pounds per ream.
      When printed, this sample showed a greater amount of dry pick than the
      above polyvinyl alcohol-starch microgel sized sample.
PAC  EXAMPLE 5
PAR  To 300 grams of an aqueous solution having a Brookfield viscosity of 55
      centipoises containing 3% of polyvinyl alcohol which was 99.5% hydrolyzed
      and had a Hoeppler viscosity of 30 centipoises and 0.2% of standard
      refined sodium carboxymethyl cellulose which had a Brookfield viscosity of
      approximately 3250 centipoises, measured as a 1% solution at 25.degree.C.,
      and was substituted by an average of approximately 0.75 sodium
      carboxymethyl groups per anhydroglucose unit was added 1 gram of a mixture
      of equal amounts of ethyl alcohol, lactic acid, and tetraisopropyl
      titanate. The microgel produced by this addition was a clear solution
      having a Brookfield viscosity of 150 centipoises.
PAR  For comparison, 1 gram of the same ethyl alcohol-lactic acid-tetraisopropyl
      titanate mixture was added to 300 grams of an aqueous solution having a
      Brookfield viscosity of 40 centipoises containing 3.2% of the same
      polyvinyl alcohol. The resulting solution had a Brookfield viscosity of
      only 50 centipoises.
PAR  For further comparison, 1 gram of the same ethyl alcohol-lactic
      acid-tetraisopropyl titanate mixture was added to 300 grams of an aqueous
      solution containing 0.2% of the sodium carboxymethyl cellulose and having
      a Brookfield viscosity of 24 centipoises. The resulting solution had a
      Brookfield viscosity of 24 centipoises.
PAC  EXAMPLE 6
PAR  To 300 grams of an aqueous solution having a Brookfield viscosity of 156
      centipoises containing 1.0% of polyvinyl alcohol which was 99.5%
      hydrolyzed and had a Hoeppler viscosity of 30 centipoises, 2.0% of sodium
      carboxymethyl cellulose, and 3.0% of hydroxyethylated starch was added
      0.24 gram of titanium acetylacetonate dissolved in 0.08 gram of isopropyl
      alcohol and 2.9 grams of methyl alcohol. The microgel produced by this
      addition was a uniform fluid having a Brookfield viscosity of 286
      centipoises.
PAC  EXAMPLE 7
PAR  To 300 grams of an aqueous solution having a Brookfield viscosity of 122
      centipoises containing 3% of pearl starch, 0.9% of polyvinyl alcohol which
      was 99.5% hydrolyzed and had a Hoeppler viscosity of 30 centipoises, and
      0.1% of the sodium carboxymethyl cellulose described in Example 5 was
      added 0.7 gram of a mixture of equal parts of ethyl alcohol, lactic acid,
      and tetraisopropyl titanate. The resulting microgel had a Brookfield
      viscosity of 445 centipoises.
PAR  Sixteen point cylinder board was sized using the above microgel and a No.
      15 Myer rod. To the sized cylinder board was applied a drop of water which
      took 24 minutes to penetrate completely. For comparison, a water drop
      applied to the unsized base stock took 11 minutes to penetrate completely.
PAR  For comparison, 3 grams of the same ethyl alcohollactic acid-tetraisopropyl
      titanate mixture was added to 300 grams of an aqueous solution having a
      Brookfield viscosity of 108 centipoises containing 3% of the same pearl
      starch and 0.1% of the same sodium carboxymethyl cellulose. The resulting
      solution had a Brookfield viscosity of only 110 centipoises.
PAR  For further comparison, 3 grams of the same ethyl alcohol-lactic
      acid-tetraisopropyl titanate mixture was added to 300 grams of an aqueous
      solution having a Brookfield viscosity of 78 centipoises containing 3% of
      the same pearl starch. The resulting solution had a Brookfield viscosity
      of 77 centipoises.
PAC  EXAMPLE 8
PAR  To 300 grams of an aqueous solution containing 1% of a high molecular
      weight polyvinyl alcohol which was 99% hydrolyzed and had a Hoeppler
      viscosity of 60 centipoises and 4.5% of a hydroxyethylated corn starch and
      having a Brookfield viscosity of 46 centipoises was added 1.2 grams of a
      mixture containing equal amounts of ethyl alcohol, lactic acid, and
      tetraisopropyl titanate. The microgel produced by this addition was a
      viscous solution having a Brookfield viscosity of 935 centipoises.
PAR  For comparison, 2.9 grams of the ethyl alcohollactic acid-tetraisopropyl
      titanate mixture was added to 300 grams of an aqueous solution containing
      1% of the same polyvinyl alcohol and having a Brookfield viscosity of 20
      centipoises. The resulting solution had a Brookfield viscosity of only 44
      centipoises.
PAC  EXAMPLE 9
PAR  Three hundred grams of an aqueous solution was prepared which contained
      4.5% of a hydroxyethylated corn starch and 1% of a copolymer containing
      96% vinyl alcohol and 4% methyl methacrylate. This copolymer was 99%
      hydrolyzed and had a Hoeppler viscosity of 30 centipoises. The aqueous
      solution containing the hydroxyethylated corn starch and copolymer had a
      Brookfield viscosity of 41 centipoises. To this solution was added 2.0
      grams of a mixture containing equal amounts of ethyl alcohol, lactic acid,
      and tetraisopropyl titanate. The microgel produced by this addition was a
      viscous solution having a Brookfield viscosity of 305 centipoises.
PAR  For comparison, 2.9 grams of the ethyl alcohol-lactic acid-tetraisopropyl
      titanate mixture was added to 300 grams of an aqueous solution containing
      1% of the same copolymer and having a Brookfield viscosity of 20
      centipoises. The resulting solution had a Brookfield viscosity of only 20
      centipoises.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mixture of polyvinyl alcoholpolysaccharide microgel in water
      comprising water and, based on the total mixture, 0.1 to 10 percent by
      weight of a partially crosslinked mixture of polyvinyl alcohol and
      polysaccharide in which the mixture is partially crosslinked with a
      titanium complex containing tetravalent titanium ions in an amount of 0.05
      to 10 parts by weight per 100 parts of said mixture of polyvinyl alcohol
      and polysaccharide, said polyvinyl alcohol being present in the amount of
      0.05 to 9.95 percent by weight, said polysaccharide being present in the
      amount of 0.05 to 9.95 percent by weight and being selected from the group
      consisting of 0.05 to 9.95 percent by weight of starch and 0.05 to 3
      percent by weight of sodium carboxymethylcellulose, said microgel being a
      stable fluid derived from polyvinyl alcohol which has a Hoeppler viscosity
      of 4 to 150 centipoises and in which at least 50 mole percent of the
      monomeric units are vinyl alcohol units, the water and partially
      crosslinked mixture of polyvinyl alcohol and polysaccharide having a
      Brookfield viscosity of 1.15 to 1000 centipoises, the viscosity being at
      least 15 percent greater than the viscosity of the aqueous polyvinyl
      alcohol-polysaccharide mixture from which the microgel is derived.
NUM  2.
PAR  2. A mixture of polyvinyl alcoholstarch microgel in water comprising water
      and, based on the total mixture, 0.1 to 10 percent by weight of a
      partially crosslinked mixture of polyvinyl alcohol and starch in which the
      mixture is partially crosslinked with a titanium complex containing
      tetravalent titanium ions in an amount of 0.05 to 10 parts by weight per
      100 parts of said mixture of polyvinyl alcohol and polysaccharide, the
      polyvinyl alcohol being present in the amount of 0.05 to 9.95 percent by
      weight, and the starch being present in the amount of 0.05 to 9.95 percent
      by weight, the microgel being a stable fluid derived from polyvinyl
      alcohol which has a Hoeppler viscosity of 4 to 150 centipoises and in
      which at least 50 mole percent of the monomeric units are vinyl alcohol
      units, the water and partially crosslinked mixture of polyvinyl alcohol
      and starch having a Brookfield viscosity of 1.15 to 1000 centipoises, the
      viscosity being at least 15 percent greater than the viscosity of the
      aqueous polyvinyl alcohol-starch mixture from which the microgel is
      derived.
NUM  3.
PAR  3. The polyvinyl alcohol-starch microgel of claim 2 in which the microgel
      contains 1 to 8 percent by weight of a partially crosslinked mixture of
      polyvinyl alcohol and starch, the polyvinyl alcohol has a Hoeppler
      viscosity of 10 to 70 centipoises, at least 85 mole percent of the
      monomeric units in the polyvinyl alcohol are vinyl alcohol units, and the
      microgel has a Brookfield viscosity of 25 to 1000 centipoises.
NUM  4.
PAR  4. The polyvinyl alcohol-starch microgel of claim 3 in which the microgel
      contains 2 to 6 percent by weight of a partially crosslinked mixture of
      polyvinyl alcohol and starch, the polyvinyl alcohol has a Hoeppler
      viscosity of 20 to 40 centipoises, at least 93 mole percent of the
      monomeric units in the polyvinyl alcohol are vinyl alcohol units, and the
      microgel has a Brookfield viscosity of 30 to 500 centipoises.
NUM  5.
PAR  5. The polyvinyl alcohol-starch microgel of claim 4 in which the polyvinyl
      alcohol is a homopolymer which is at least 99 mole percent hydrolyzed.
NUM  6.
PAR  6. The polyvinyl alcohol-starch microgel of claim 4 in which the polyvinyl
      alcohol is a copolymer derived 94 to 98 percent by weight from vinyl
      acetate and 2 to 6 percent by weight from methyl methacrylate and is at
      least 99 mole percent hydrolyzed.
NUM  7.
PAR  7. The polyvinyl alcohol-starch microgel of claim 2 in which 0.05 to 3
      percent by weight of starch has been replaced by 0.05 to 3 percent by
      weight of sodium carboxymethylcellulose.
NUM  8.
PAR  8. The polyvinyl alcohol-starch microgel of claim 3 in which 0.05 to 3
      percent by weight of starch has been replaced by 0.05 to 3 percent by
      weight of sodium carboxymethylcellulose.
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PAL  Chem. Absts. Vol. 76, (1972), 113872y, "Suspension Polymerization of
      Styrene," Richards.
ABST
PAL  An aqueous suspending agent solution or vehicle useful for suspension
      polymerization of a styrene-monomer such as styrene as well as derivatives
      of it and also mixtures with it to produce styrene-polymers. Also included
      is a suspension polymerization batch, as well as an improvement in the
      method, for the suspension polymerization of a styrene-monomer.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 700,704 filed Jan. 26, 1968 and now abandoned, and is a division of my
      copending application Ser. No. 218,596 filed Jan. 17, 1972 and now U.S.
      Pat. No. 3,880,771.
BSUM
PAR  This invention is that of an aqueous suspending agent solution or vehicle
      useful for suspension polymerization of a styrene-monomer such as styrene
      as well as derivatives of it and also mixtures with it, as defined further
      below, to produce styrene-polymers (also as defined below). The invention
      includes also a suspension polymerization batch, as well as an improvement
      in the method, for the suspension polymerization of a styrene-monomer.
PAR  As these various parts of the invention initially are applicable to the
      suspension polymerization of styrene, although not to be limited to it,
      the invention conveniently can be explained with earlier particular
      reference to its application to suspension polymerization of styrene, for
      example, for the production of styrene-polymer spheres as a direct product
      of the suspension polymerization, and especially in larger sizes than
      heretofore so obtainable. More particularly, the improved aqueous
      suspending vehicle for the suspension polymerization of a styrene-monomer
      and the polymerization conducted by using that vehicle provides the
      finished styrene-polymer in spheres of a size considerably well beyond one
      and two millimeters and up to even as much as 15 millimeters, and even
      higher, in diameter.
PAR  By "styrene-monomer" is meant not only styrene itself but also the other
      vinyl monomers that similarly polymerize by addition, i.e. a polymerizable
      styrene such as a nuclear(lower)alkylated styrene, e.g. a
      ring-methyl-substituted styrene such as the vinyltoluenes and the mixed
      vinyltoluenes, a nuclear-halogenated styrene such as a ring
      chlorine-substituted sytrene as para-chlorostyrene, a dichlorostyrene and
      mixed dichlorostyrenes, or ortho-chlorostyrene, or even an
      alpha-(lower)alkylstyrene as alpha-methyl styrene, isopropylstyrene,
      tertiary-butylstyrene, vinylxylene, and mixtures of any of them and also
      mixtures of styrene (to provide copolymers of it) with generally a minor
      portion of one or more compatible polymerizable beta-unsaturated esters
      such as methyl methacrylate, ethers, amides, or nitriles of acrylic acid
      and their alpha-position-alkylated homologs, vinyl esters of aliphatic and
      aromatic carboxylic acids, N-vinyl cyclic azoles as N-vinylcarbazole and
      N-vinylimidazole, or N-vinylpyrrolidone.
PAR  Thus, by a "styrene-polymer" is meant any of the resulting polymers
      obtained by the herein described emulsification polymerization of any of
      these styrene-monomers. The styrene-polymers include also the copolymers
      resulting from the copolymerization of any of the foregoing mentioned
      mixtures of styrene with one or more of these other compatible
      polymerizable substances.
PAR  Such copolymers of styrene ordinarily optimally contain at least about 50%
      of styrene by weight, or it may be the predominant component or at least
      equal in predominance to the other higher present part of any terpolymer.
PAR  Polystyrene for use by extrusion to provide polystyrene crystal pellets has
      been made by aqueous suspension polymerization which provides commercially
      polystyrene spheres of only about a few hundred microns in diameter. To
      obtain polystyrene beads useful, for example, in custom jewelry and
      related applications, there were prepared in the desired sizes for the
      beads polystyrene spheres either by molding from molding powder or by
      extruding polystyrene crystals into rods of desired diameters and grinding
      out from them the desired size spheres.
PAR  Those procedures not only are costly but have certain undesirable features
      such as showing mold marks on the molded spheres and grinding marks as
      well as considerable digression from sphericity on those prepared by
      grinding from rods. Their costs are increased by efforts to remove mold
      marks by a subsequent tumbling operation. However, generally neither of
      these types has entirely satisfactory finished surfaces. Each of them can
      be colored only by expensive inclusion of pigment with the molding powder
      or crystal pellets or by applying coatings which also are costly and
      subject to the possibility of flaking. Attempts to dye them result in
      crazed color, matte and generally dull appearance.
PAR  Use of the aqueous suspending agent solution or vehicle of the invention,
      and its improvement in the method of suspension polymerization eliminates
      the molding and grinding cost by providing as a direct product of the
      polymerization spheres having not only a range of highly variedly useful
      sizes but also smooth, clean lustrous surfaces which readily can be dyed
      to give a highly attractive, durable, non-flaking color appearance.
PAR  Heretofore there has been used as the suspending agent in the aqueous
      suspension vehicle for suspension polymerization various water-soluble,
      organic polymeric suspending agents such as carboxymethylcellulose,
      polyacrylic acid, polymethacrylic acid, and the sodium or ammonium salts
      of any of them, as well as hydroxyethyl cellulose of high viscosity (such
      as `Cellosize 4400` H grade, of Union Carbide Corporation, New York,
      N.Y.), a 2% (by weight, dry basis) aqueous solution of which at
      20.degree.C. has a Hoopler viscosity of 6175 to 7600 centipoises and
      corresponding Brookfield viscosity at about 25.degree. C. of 4700 to 5200
      with spindle No. 4 at 60 rpm. dissolved in water, for example, to at least
      about one percent by weight.
PAR  They are used in the suspension polymerization of styrene together with
      ordinary rotating shaft agitation as with a propeller or paddle type
      agitator, but with the earlier mentioned limited result in the range of
      but a few hundred microns in diameter of resulting polystyrene spheres.
      That necessitated molding, or rod extrusion and grinding, to produce
      larger size spheres of diameter over 1.5 or 2 millimeters and up to 12
      millimeters or more.
PAR  By use of the aqueous suspension vehicle of this invention, the amount of
      water-soluble organic polymeric suspending agent inert to reaction with
      styrene heretofore required to be used can be reduced markedly, for
      example, even by at least 50% or more by replacing part, say, up to about
      one-third or one-half of it by a water-soluble organic solvent for the
      suspending agent, such as formic acid, or a non-ionizable such solvent as
      tetrahydrofuran or dimethyl sulfoxide, or an amino group-bearing such
      solvent as a dimethyl amide as dimethylformamide and dimethyl acetamide,
      or an alkylene polyamine as ethylenediamine and diethylenetriamine, or
      3-cyanopyridine or 2-bromopyridine.
PAR  Thus, to illustrate, it was found that not only was the amount needed of,
      for example, hydroxyethyl cellulose suspending agent reduced by at least
      about two-thirds, but also the possibility of agglomeration of the polymer
      spheres was greatly reduced by including in the aqueous suspension vehicle
      a sufficient amount of any of these water-soluble organic solvents for it,
      e.g., dimethylformamide to the extent of, say, from about 5 to about 50%
      of the total hydroxyethyl cellulose suspending agent content. There also
      was found an indication of the possibility that the extent of formation of
      the desired larger sized spheres is enhanced, as well as of obtaining a
      high percentage of a desired range of size of spheres.
PAR  As another part of the invention, it was found that by replacing a
      significant part of that earlier above described high viscosity
      hydroxyethyl cellulose by, say, from about 10 to about 50% by weight of a
      lower viscosity hydroxyethyl cellulose (e.g. `Cellosize WPO9` H grade of
      Union Carbide Corporation) whose 5% (by weight, dry basis) aqueous
      solution shows a Hoopler viscosity of 120 to 160 centipoises at 20.degree.
      C. and corresponding Brookfield viscosity of 100 to 140 centipoises at
      about 25.degree.C. with spindle No. 1 at 30 rpm, as the suspending agent
      in the aqueous vehicle, the resulting suspension polymerization of styrene
      results in reducing the chance of agglomeration of the spheres than is
      possible when using the higher viscosity hydroxyethyl cellulose alone.
PAR  It also was found as part of the invention that by agitating the charge of
      admixed improved aqueous suspension vehicle and the styrene monomer with
      its polymerization catalyst and the small percentage (less than 0.5% by
      weight of the styrene) of mineral oil, by end over end rotation in a
      polymerization vessel that can be fluid-tightly closed and is mounted for
      rotation on a shaft whose axis is perpendicular to the longitudinal axis
      of the polymerization vehicle, the production of desired larger sized
      polystyrene spheres is enhanced further.
PAR  It is advantageous first to add the suspending agent, for example, the
      hydroxyethyl cellulose beneficially in about equal parts by weight of the
      above described higher and lower viscosity products, to the extent by
      weight of a total (of both) of about one percent in the water to be used
      in the suspension, advantageously together with the water-soluble organic
      solvent to be used for the suspending agent, such as dimethyl formamide to
      the extent of about 0.5% by weight of what is to be preliminary charge for
      preparing the suspension agent solution, and to agitate that charge until
      the hydroxyethyl cellulose goes into solution, say, for about one hour at
      about 170.degree.F. Thereby is prepared a stock aqueous suspending agent
      solution.
PAR  An initial weight of water, say, about 4 times that to be used of the
      styrene monomer can be charged into the polymerization vessel or reactor.
      To it is added an amount of the stock aqueous suspension agent solution
      about half the weight of the water. Then the polystyrene with the catalyst
      and small amount (less than 0.5%) of the lubricant mineral oil dissolved
      in it can be added to the reactor and to about the extent to fill it. More
      water than can be added to fill any air space.
PAR  After the reactor is fluid-tightly closed, the suspension polymerization
      can be conducted at a sufficient temperature for a sufficient time for the
      planned degree of polymerization to be reached, while the reactor is
      rotated end over at a low rate of rotation about an axis perpendicular to
      the axis of the reactor.
PAR  Such a reactor can be a steel cylinder about three times as long as its
      diameter and equipped with an outwardly extending flange at each end, each
      to be fluid-tightly closed with a bolted on cap and an intermediate water,
      styrene and lubricating oil resistant gasket such as of the
      tetrafluoroethylene fluorohydrocarbon polymer (available under the
      trademark `Teflon` from E. I. duPont de Nemours).
PAR  The reactor can be fitted with a shaft extending diametrically oppositely
      outwardly from its cylinder wall along an axis diametrically perpendicular
      to the middle of the cylinder axis. The cylinder can be mounted for
      rotation end over end on suitable shaft supports while submerged in a
      water tank maintained at a temperature to provide the desired
      polymerization temperature, and connected with suitable means for rotating
      the shaft in driving connection with a source of rotation power.
PAR  The stock aqueous suspending agent solution conveniently can contain by
      weight about 98.5 parts of water, about 10 parts of the selected
      suspending agent such as the hydroxyethylcellulose suspending agent and
      beneficially with half of it being the earlier above described higher
      viscosity product and the other half being the lower viscosity product,
      and advantageously about 5 parts of the selected water-soluble organic,
      letter non-ionizable, solvent for the suspending agent, such as
      dimethylformamide. Such stock aqueous suspending solution is illustrated
      by, but not limited to, the following:
DETD
PAC  EXAMPLE 1
PAC  Stock Aqueous Suspending Agent Solution
PAR  24 pounds each of (i) the higher viscosity hydroxyethylcellulose
      (`Cellosize 4400` H16), and (ii) the lower viscosity hydroxyethylcellulose
      (`Cellosize WPO9` H17), and also of dimethylformamide were added to 570
      gallons of tap water and heated and stirred to solution, in a suitable
      vessel at 170.degree. F. for one hour. The resulting aqueous solution was
      allowed to cool and held as a stock aqueous suspending agent solution for
      use in separate portions as needed.
PAR  The water-soluble polymeric organic suspending agent inert to reaction with
      the styrene-monomer is included, in the aqueous suspension vehicle useful
      in suspension polymerization of the styrene-monomer, in a concentration
      above that which will allow the styrene-polymer to agglomerate under the
      polymerization conditions and below 0.4 weight percent and to the extent
      which provides a pH as low as about 5 in said vehicle.
PAR  The water-soluble organic solvent for the said organic suspending agent is
      present in the aqueous suspension vehicle in the range of from about 0.01
      to about 0.5 percent by weight.
PAR  The suspension polymerization advantageously was carried out in a
      cylindrical reactor (such as described earlier above) designed for end
      over end rotation about an axis perpendicular to the longitudinal axis of
      the reactor, for example, with an inside diameter of about 17 inches and
      about 54 inches long.
PAR  A polymerization effective sufficient amount of the free radical-providing
      catalyst, suitable to the selected polymerization conditions, in a total
      amount by weight of, say, from about 0.37 to about 0.45% of the monomer is
      added to and dissolved in the styrene together with a lubrication
      effective amount by weight (such as from about 0.4 to about 0.5%) of
      lubricating mineral oil.
PAR  The reaction batch is prepared, for example, by diluting in the reactor an
      amount by weight of the stock aqueous suspending agent solution double
      that of the amount of styrene to be used, with tap water in an amount of
      about twice that of the aqueous suspending agent solution. To that diluted
      suspending agent is added the styrene monomer containing the catalyst and
      the mineral oil. Beneficially any space above the liquid mixture is filled
      with additional water and the reactor is fluid-tightly closed as described
      earlier above.
PAR  As the styrene-polymerization free-radical type catalysts can be used, for
      example, one or more of alpha, alpha'-azobisisobutyronitrile, benzoyl
      peroxide, cumene hydroperoxide, or mono- or di-tertiary butyl
      hydroperoxide can be used. Especially effective is the
      azo-bisisobutyronitrile, the effectiveness of which is enhanced by
      including benzoyl peroxide to the extent by weight about 10% of the total
      catalyst.
PAR  A processing batch useful for the suspension polymerization of sytrene (as
      the styrene-monomer) is composed of an aqueous phase which is the aqueous
      suspension vehicle of the invention and an organic phase composed of the
      styrene monomer and a polymerization-effective amount of free
      radical-providing catalyst; and in such batch the water-soluble organic
      suspending agent is present in the range of from about 0.2 to about one
      pound of it to about 50 pounds of styrene, and the styrene is present in
      the range of from about one pound of it to from about 6 to about 7 pounds
      of water.
PAR  The suspension polymerization is illustrated by, but not restricted to, the
      following example:
PAC  EXAMPLE 2
PAC  Suspension Polymerization Producing Polystyrene Comprising Large Diameter
      Spheres
PAR  100 pounds of the stock aqueous suspending agent solution of Example 1 was
      admixed with 200 pounds of tap water in the earlier above described
      reactor. To the thus diluted aqueous suspending agent solution was added
      50 pounds of styrene monomer containing dissolved in it 80 grams of
      alpha,alpha'-azobisisobutyronitrile, 10 grams of benzoyl peroxide, and 100
      grams of polystyrene lubricant brand mineral oil.
PAR  Sufficient additional water was added to raise the liquid level in the
      upright open reactor to about its top. The reactor was fluid-tightly
      sealed and immersed in a bath that provided a polymerization temperature
      of 157.degree. F. while the reactor was rotated at 3 r.p.m. for a time
      sufficient for the reaction to be completed. That usually is at least
      about 12 to 15 hours, but conveniently was run overnight to a total of
      approximately 18. It can be run overnight for even about 20 hours because
      no harm results from any extra time.
PAR  After the run was completed, one end cap of the reactor was unbolted. The
      reactor was rotated a little over a quarter revolution and its contents
      emptied into a screen which retained the polystyrene spheres and on which
      they are washed with tap water after the aqueous suspension vehicle
      drained off. The resulting polystyrene spheres ran in diameter from one
      thirty-second up to about one-quarter inch, which after drying were
      screened into various desired size ranges. Any quite small percentage of
      out of round approximately tear drop shaped product, if desired, can be
      removed by suitable screening means.
PAR  Quite advantageous in extending the range of operating conditions that
      produce increased percentages of desired larger size spheres is to include
      in the reactor with the fresh charge about a handful of
      agitation-enhancing pieces such as stainless steel balls or nuts or pipe
      caps. Doing so enables reducing the quantity of the stock aqueous
      suspending agent solution below the minimum of it effective to give
      satisfactory yield of the desired spheres without the use of such added
      inert steel pieces.
PAR  For example, instead of using the stock aqueous suspending solution in an
      amount twice the weight of the styrene monomer, the quantity of stock
      aqueous suspension solution can be reduced to various amounts lower than
      twice that of the styrene down to even about 80% of its weight, that is,
      to about 40 pounds of the stock suspension solution to 50 pounds of
      styrene and yet give a satisfactory yield of desired large size
      polystyrene spheres within the range of diameter including over one
      millimeter and greater than two millimeters and even up to 12 and also to
      about 18 millimeters, without using any inert agitation-enhancing pieces
      such as the stainless steel balls or the like as described above.
PAR  However, with the inclusion of such agitation-enhancing pieces, the weight
      quantity of the stock suspension agent solution was reduced still further
      even to as little as 40% of the weight of the styrene monomer and yet gave
      a satisfactory yield of the large size spheres within the just above
      described range of diameters, and at the same time increasing the
      production per batch.
PAR  The relative quantities of any of the various other ingredients used in
      either of the foregoing examples can be modified. For example, various
      changes can be made in the relative proportions of the two different
      viscosity hydroxyethylcellulose suspending agents used in Example 1 and
      within the range disclosed for them. So also, either of these
      hydroxyethylcelluloses can be replaced in whole or in part by the other of
      them or by an equivalently effective amount of any other of the herein
      described and specifically identified suspending agents which include also
      polyvinyl alcohol.
PAR  So also the dimethylformamide can be replaced at least in part, for
      example, up to at least about fifty percent by weight, and in some
      combinations, for example, with dimethylacetamide, tetrahydrofuran, or
      dimethylsulfoxide, as a whole, by some other one of the herein described
      and specifically identified other of the water-soluble solvents for the
      suspending agents.
PAR  Also, various changes can be made in Example 2 as to the various
      constituents of its polymerization batch, as in the individual aqueous
      suspension solution and its styrene-monomer, e.g. styrene, phase
      ingredients, and/or its operating conditions.
PAR  Thus, for example, the total of the catalyst can be varied from about 85 to
      at least about 100 grams per 50 pounds of styrene or other styrene-monomer
      wherein the azobisisobutyronitrile can vary from about 80 to about 75
      grams and the benzoyl peroxide from about 10 to about 80 grams. Use of the
      latter to the extent of over 100 grams may so accelerate the
      polymerization as to result in agglomeration of the polymer mass.
PAR  The polymerization temperature can be reduced to as low as about
      155.degree. F. and up to about 163.degree. F. and yet give a satisfactory
      yield of the desired range of diameter spheres. To illustrate, the charge
      as used in Example 2 heated at 153.degree. or at 164.degree. F. can
      produce a viscous mess, but that is avoided by operating within the range
      from about 155.degree. to 163.degree. F.
PAR  So also, the styrene in Example 2, or in any of the various modifications
      of it (as described after that example) can be replaced at least in part,
      for example, by one or more of the compatible polymerizable olefinic
      substances described above (page 1 line 28 to page 2 line 13) for
      admixture with styrene (or any of its above disclosed derivatives) to
      provide copolymers, such as an aliphatic beta-unsaturated ester as methyl
      methacrylate, or in part or as a whole, for example, with a
      nuclear-halogenated styrene such as a nuclear-chlorostyrene or
      -dichlorostyrene, or an alpha(lower)alkylstyrene as alpha-methylstyrene,
      or by any other of the earlier above described vinyl monomers that also
      polymerize by addition.
PAR  In order to avoid unduly extending the specification, Example 1 is to be
      considered as if it is modified by the various above described possible
      changes to provide additional respectively so modified examples as if
      appearing herein as written out in full with the respective earlier above
      described various changes that can be made in it. So also, Example 2 is to
      be considered as likewise so modified by making any of the above described
      possible variations in it and thus to provide the resulting respective
      additional different examples as if appearing herein as written out in
      full as they would appear as separate complete examples embracing these
      various different modifications.
PAR  The free falling agitation-enhancing pieces, for example, the caps, can be
      approximately octagonal in cross-section in a plane perpendicular to the
      axis and about 2 inches in outside diameter with one quarter inch walls,
      and about 2 inches high. Such caps were used in repeat run of that
      described in Example 2.
PAR  While the invention has been explained by detailed description of certain
      specific embodiments of it, it is understood that various substitutions
      and modifications cn be made in them within the scope of the appended
      claims which are intended also to cover equivalents of these embodiments.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A batch useful for the suspension polymerization of a styrene-monomer,
      which batch comprises (A) an aqueous phase which is the aqueous suspension
      vehicle which consists essentially of (a) water and dissolved therein (b)
      a water-soluble suspending agent inert to reaction with the
      styrene-monomer, which is at least one of (i) a hydroxyethylcellulose
      having a viscosity within the range of one whose 2% by weight, on dry
      basis, aqueous solution at 20.degree. C. has a Hoopler viscosity of from
      6175 to 7600 centipoises (ii) a hydroxyethylcellulose whose whole such 5%
      aqueous solution at 20.degree. C. has a Hoopler viscosity of from 120 to
      160 centipoises, (iii) carboxymethylcellulose, (iv) polyacrylic acid, (v)
      polymethacrylic acid, (vi) the sodium or ammonium salt of any of the
      carboxylic acid substances (iii), (iv), and (v), and (vii) polyvinyl
      alcohol; said suspending agent being present in said suspension vehicle in
      a concentration above that which will allow the produced styrene-polymer
      to agglomerate under the polymerization conditions and below about 0.4
      weight percent, and (c) from about 0.01 to about 0.5 percent of a
      water-soluble organic solvent for said suspending agent, which solvent is
      selected from the group consisting of formic acid, dimethylformamide,
      dimethylacetamide, tetrahydrofuran, ethylenediamine, diethylenetriamine,
      2-bromopyridine, and 3-cyanopyridine; and (B) an organic phase composed of
      a styrene-monomer having dissolved therein a styrene-monomer
      polymerization effective amount of a styrene-monomer polymerization free
      radical-providing catalyst; said suspending agent being present in the
      range of from about 0.2 to about 1 pound thereof for each about 50 pounds
      of the styrene-monomer, and said styrene-monomer is present in the range
      of from about 1 pound thereof for each from about 6 to about 7 pounds of
      water.
NUM  2.
PAR  2. A suspension polymerization batch as claimed in claim 1, wherein the
      styrene-monomer is styrene.
NUM  3.
PAR  3. A batch as claimed in claim 2, wherein said catalyst is a mixture of (i)
      azobisisobutyronitrile as its major portion, and (ii) benzoyl peroxide as
      its minor portion.
NUM  4.
PAR  4. A batch as claimed in claim 3, wherein both of said catalysts are
      present in about equal amounts and their total is under 0.5% of the
      styrene.
NUM  5.
PAR  5. A batch as claimed in claim 3, wherein said organic solvent is
      dimethylformamide.
NUM  6.
PAR  6. In the method of suspension polymerization of a styrene-monomer, the
      improvement wherein its suspension polymerization is carried out in a
      batch which is composed as is that claimed in claim 1.
NUM  7.
PAR  7. The improvement in the method of suspension polymerization as claimed in
      claim 6, wherein the styrene-monomer is styrene.
NUM  8.
PAR  8. The improvement in the method of suspension polymerization as claimed in
      claim 6, wherein the suspension batch is that of claim 4.
NUM  9.
PAR  9. The improvement in the method of suspension polymerization as claimed in
      claim 6, wherein the suspension batch is that of claim 5.
NUM  10.
PAR  10. The method as claimed in claim 6, wherein the batch is maintained at a
      temperature from about 155.degree. to about 163.degree. F. while it is
      fluid-tightly enclosed in a cylindrically confined reaction zone, and said
      batch is agitated by rotating it as so confined in said zone about an axis
      diametrically perpendicular to about the middle of the axis of said zone.
NUM  11.
PAR  11. The method as claimed in claim 10, wherein there is included within the
      batch free fall agitation-enhancing pieces in a number below that which
      can crush the polymerizing styrene-monomer to the extent to prevent
      significant formation of the styrene-polymer spheres of a size from at
      least 2 millimeters in diameter and up to from 6 to 18 millimeters in
      diameter, during said polymerization operation.
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ABST
PAL  Stable, fluid polyvinyl alcohol-containing microgels in water having a
      Brookfield viscosity of 1.15 to 1000 centipoises may be prepared more
      economically from a dry blend which comprises (A) a polymer mixture
      consisting of at least about 0.5% by weight of polyvinyl alcohol and one
      or more polysaccharide selected from the group consisting of up to about
      99.5% by weight of starch and up to about 33% by weight of sodium
      carboxymethylcellulose, said polyvinyl alcohol having a Hoeppler viscosity
      of about 4 to 150 centipoises and having at least about 50 mole percent of
      the monomeric units present as vinyl alcohol units, (B) water-soluble,
      solid titanium salt of a hydroxy carboxylic acid of 2 to 10 carbon atoms
      in an amount which provides about 0.05 to 10 parts by weight of
      tetravalent titanium ions per 100 parts of polymer mixture, and (C) about
      0.05 to 20 parts by weight of water-soluble, solid hydroxy carboxylic acid
      of 2 to 10 carbon atoms per 100 parts of polymer mixture.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part application of Ser. No. 259,665, filed June
      5, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to polyvinyl alcohol microgels and, more
      particularly, to dry precursor blends which may be used to prepare
      polyvinyl alcohol microgels.
PAR  2. Description of the Prior Art
PAR  Certain materials such as starch, sodium carboxymethylcellulose, sodium
      alginate, and polyvinyl alcohol, with or without the addition of clay,
      have been used as surface sizes for paper and paperboard. By "surface
      size" is meant a material which is applied to the surface of the paper or
      paperboard, thereby forming a barrier which prevents or retards wicking
      and adsorption of ink and other fluids into the paper or paperboard.
      Surface sizes are to be distinguished from internal sizes which are added
      in the process of making the sheet.
PAR  Although polyvinyl alcohol is many times more expensive than starch on a
      per pound basis, it has been shown that polyvinyl alcohol can perform as
      well as, or in many cases better than, starch as a surface size for paper
      or paperboard on an equal cost basis. However, in most use areas the
      improvement in performance has not been sufficient to cause former starch
      users to switch to polyvinyl alcohol. At present polyvinyl alcohol is
      definitely preferred to starch only in specialty areas where quality is
      important.
PAR  There is evidence that polyvinyl alcohol solutions readily penetrate into
      paper and paperboard. It is felt that even better performance for
      polyvinyl alcohol would be demonstrated if its "hold out" characteristics
      could be improved; that is, if penetration of polyvinyl alcohol size
      solutions into paper and paperboard could be substantially reduced or
      eliminated.
PAR  It is known that polyvinyl alcohol can be gelled by the addition of various
      gelling agents such as Congo Red, Direct Orange 8 (Colour Index 22120),
      Direct Green 12 (Colour Index 30290), borax, boric acid, and various
      compounds of aluminum, chromium, copper, iron, titanium, vanadium and
      zirconium. In U.S. Pat. Nos. 2,720,468; 3,318,856; and 3,492,250 the use
      of various organo-titanium complexes to gel polyvinyl alcohol is taught.
      Since these gels are amorphous-to-rigid solids they are not useful as
      surface sizes for paper or as textile warp sizes.
PAR  In U.S. Pat. No. 3,318,856, Alden J. Deyrup discloses the use of a dry
      blend containing titanium oxalate to prepare solid gels of polyvinyl
      alcohol. It is stated that the dry blend must be dissolved in water at a
      pH of about 6. This acidic pH may be obtained by the addition of certain
      acids. It is further stated that acids which form complexes or insoluble
      precipitates with tetravalent titanium, such as citric acid, should not be
      used.
PAR  U.S. Pat. No. 3,318,856 also teaches a system wherein polyvinyl alcohol is
      present with two different polyvinyl alcohol gelling agents, one gelling
      agent reinforcing the other. In Example 3 of said patent boric acid
      functions as the initial gelling agent. Tetravalent titanium, present as
      potassium titanium oxalate, is the primary gelling agent used to form the
      rigid polyvinyl alcohol based foam described in Example 3 which has a
      Brookfield viscosity in excess of 2000 centipoises. The gelled skin formed
      in minutes on exposure to air also has a Brookfield viscosity in excess of
      2000. Deyrup U.S. Pat. No. 3,492,250 in column 4, lines 48 to 65, explains
      the function of two polyvinyl alcohol gelling agents, including boric
      acid.
PAR  Deyrup U.S. Pat. No. 3,492,250, in Example 4, discloses in a solution
      containing polyvinyl alcohol the presence of a polysaccharide thickener
      (Abbott Laboratories B 1459) together with Congo Red as the gelling agent.
      The solution of Example 4 does not contain a tetravalent titanium compound
      and the polysaccharide is a xanthan gum as disclosed in Whistler and
      BeMiller, Industrial Gums, second edition, Academic Press, New York, VII,
      1. History on page 486, 1973. A repeat of Example 4 shows that the xanthan
      gum polysaccharide does not crosslink with the Congo Red gelling agent
      present in the solution. The Brookfield viscosity at 60 rpm of the
      solution of Example 4 containing Congo Red was found to be 70 centipoises
      while the Brookfield viscosity at 60 rpm of a solution without Congo Red
      was found to be 73 centipoises.
PAR  In a copending application of Alden J. Deyrup, Ser. No. 259,552, filed June
      5, 1972, polyvinyl alcohol microgels are claimed which exhibit improved
      hold out characteristics over aqueous polyvinyl alcohol solutions. These
      microgels are stable fluids comprising water and polyvinyl alcohol
      partially crosslinked with tetravalent titanium ions and having a
      Brookfield viscosity of about 1.15 to 2000 centipoises. The polyvinyl
      alcohol in these microgels is crosslinked sufficiently to increase the
      viscosity of the aqueous polyvinyl alcohol solution from which they are
      derived by at least about 15 percent, but insufficiently to increase the
      viscosity above about 2000 centipoises. This intermediate amount of
      crosslinking is referred to herein as partial crosslinking. It is believed
      that these microgels are entanglements of partially cross-linked polyvinyl
      alcohol chains possessing colloid-like properties dispersed in water.
PAR  In my copending application, Ser. No. 486,900, filed July 9, 1974,
      polyvinyl alcohol-polysaccharide microgels are claimed which provide sized
      paper having improved printing quality over the same paper sized with the
      polyvinyl alcohol microgels claimed in Deyrup U.S. Pat. application Ser.
      No. 259,552.
PAR  The microgels described in these two copending patent applications are
      prepared by partially crosslinking an aqueous solution of polyvinyl
      alcohol or a mixture of polyvinyl alcohol and one or more polysaccharide
      selected from the group consisting of starch and sodium
      carboxymethylcellulose using a titanium complex. Since the resulting
      microgels contain a large amount of water, it is not economical to
      transport them long distances. Moreover, they should be prepared only a
      short time before they are to be used, since they may not be stable for
      more than several days. Accordingly, it is preferred that these microgels
      be supplied on a commercial basis as a dry blend of microgel precursor
      ingredients. For example, polyvinyl alcohol can be dry mixed with a
      suitable solid titanium complex to form the commercial product. When ready
      for use, this blend is dissolved in water, whereupon the microgel is
      formed.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that when preparing stable, fluid polyvinyl
      alcohol-containing microgels in water having a Brookfield viscosity of
      1.15 to 1000 centipoises from titanium salts of hydroxy carboxylic acids,
      more economical use of the titanium ion can be achieved, contrary to what
      would be suggested by the teachings of the above-cited patents to Alden J.
      Deyrup, by preparing a dry blend containing a hydroxy carboxylic acid such
      as citric acid. The dry precursor blends of this invention comprise (A)
      polymer mixture consisting of at least about 0.5 percent by weight of
      polyvinyl alcohol and one or more polysaccharide selected from the group
      consisting of up to about 99.5 percent by weight of starch and up to about
      33 percent by weight of sodium carboxymethylcellulose, said polyvinyl
      alcohol having a Hoeppler viscosity of about 4 to 150 centipoises and
      having at least about 50 mole percent of the monomeric units present as
      vinyl alcohol units, (B) water-soluble, solid titanium salt of hydroxy
      carboxylic acid of 2 to 10 carbon atoms in an amount which provides about
      0.05 to 10 parts by weight of tetravalent titanium ions per 100 parts of
      said polymer mixture, and (C) about 0.05 to 20 parts by weight of
      water-soluble, solid hydroxy carboxylic acid of 2 to 10 carbon atoms per
      100 parts of said polymer mixture.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The dry blends of this invention contain as their primary component a
      polymer mixture consisting of polyvinyl alcohol and one or more
      polysaccharide such as starch or sodium carboxymethylcellulose. The term
      "polyvinyl alcohol", as used throughout the specification and claims,
      refers to the product obtained by replacing all or a portion of the acyl
      groups in a polyvinyl ester with hydroxyl groups. Well-known methods of
      preparing polyvinyl alcohol include the hydrolysis, alcoholysis or
      saponification of a polyvinyl ester. Suitable polyvinyl esters include
      polyvinyl formate, polyvinyl acetate, polyvinyl propionate, polyvinyl
      butyrate, and the like. The preferred polyvinyl ester is polyvinyl
      acetate.
PAR  The polyvinyl alcohol used in accordance with this invention may be a
      homopolymer or a copolymer. When the polyvinyl alcohol is derived from a
      polyvinyl ester homopolymer, it is generally referred to as a polyvinyl
      alcohol homopolymer, regardless of whether it is partially or fully
      hydrolyzed; that is, whether only a portion or all of the acyl groups in
      the original polyvinyl ester have been replaced by hydroxyl groups.
PAR  When the polyvinyl alcohol is derived from a polyvinyl ester copolymer, it
      is generally referred to as a polyvinyl alcohol copolymer. The term
      "copolymer", as used throughout the specification and claims, is intended
      to include polymers derived from two or more copolymerizable monomers, for
      example, dipolymers, terpolymers, etc. The polyvinyl alcohol copolymer may
      be partially or fully hydrolyzed; that is, only a portion or all of the
      hydrolyzable acyl groups in the original copolymer may have been replaced
      by hydroxyl groups.
PAR  In any event, at least about 50 mole percent of the monomeric units in the
      resulting polyvinyl alcohol, whether it be a homopolymer or a copolymer,
      should be vinyl alcohol units. In the case of a polyvinyl alcohol
      homopolymer, this means that the polyvinyl alcohol should be at least
      about 50 mole percent hydrolyzed. When less than about 50 mole percent of
      the monomeric units in the polyvinyl alcohol are vinyl alcohol units, the
      polyvinyl alcohol may no longer have sufficient water solubility or
      hydroxyl functionality to be suitable for forming a microgel in accordance
      with this invention. Preferably, at least about 85 mole percent, and more
      preferably, at least about 93 mole percent of the monomeric units in the
      polyvinyl alcohol are vinyl alcohol units.
PAR  Any ethylenically unsaturated monomer which will copolymerize with vinyl
      acetate may be used for preparing polyvinyl alcohol copolymers. Typical
      monomers include alpha, beta-unsaturated aliphatic hydrocarbons such as
      ethylene, propylene, butylene, isobutylene, hexene, dodecene, octadecene,
      and the like; unsaturated lower-aliphatic mono- and di-carboxylic acids
      such as acrylic, methacrylic, maleic, maleic anhydride, fumaric, itaconic,
      and the like; lower-alkyl esters of unsaturated lower-aliphatic mono- and
      di-carboxylic acids such as the methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, and tert.-butyl esters of acids such as acrylic, methacrylic,
      maleic, fumaric, itaconic, and the like; vinyl esters of saturated
      aliphatic acids such as vinyl formate, vinyl propionate, vinyl butyrate,
      vinyl pivalate, vinyl versatate, and the like; vinyl lower-alkyl esters
      such as methyl vinyl ether, ethyl vinyl ether, tert.-butyl vinyl ether,
      and the like; unsaturated aliphatic amides such as acrylamide,
      methacrylamide, dimethyl acrylamide, and the like; substituted amino
      lower-alkyl esters of unsaturated lower-aliphatic acids such as
      dimethylaminoethyl acrylate and methacrylate, diethylaminoethyl acrylate
      and methacrylate, diisopropylaminoethyl acrylate and methacrylate, and the
      like; and unsaturated aliphatic amines such as vinylamine which is
      obtained by copolymerizing with vinyl succinimide and treating with strong
      caustic, and the like.
PAR  The molecular weight of the polyvinyl alcohol should be such as to provide
      a Hoeppler viscosity of about 4 to 150 centipoises. The Hoeppler
      viscosities referred to herein are measured as a 4 percent aqueous
      solution at 20.degree.C. by the falling ball method using a Hoeppler
      viscosimeter. This procedure is described in the Hoeppler Precision
      Viscosimeter Operating Manual published by the Fish-Schurman Corp.
PAR  When the molecular weight of the polyvinyl alcohol corresponds to a
      viscosity of less than about 4 centipoises, uneconomically large amounts
      of crosslinking agent are necessary to cause microgel formation. When the
      molecular weight of the polyvinyl alcohol corresponds to a viscosity in
      excess of about 150 centipoises, formation of the microgel is difficult to
      control, in that significant amounts of solid gel are formed. Preferably
      the molecular weight corresponds to a Hoeppler viscosity of about 10 to 70
      centipoises.
PAR  The preferred polyvinyl alcohols are those which have a Hoeppler viscosity
      of about 20 to 40 centipoises and in which at least about 93 mole percent
      of the monomeric units are vinyl alcohol units. One class of particularly
      preferred polyvinyl alcohols are homopolymers which are at least about 99
      mole percent hydrolyzed. another particularly preferred class of polyvinyl
      alcohols are copolymers derived about 94 to 98 percent by weight from
      vinyl acetate and about 2 to 6 percent by weight from methyl methacrylate
      and which are at least about 99 mole percent hydrolyzed.
PAR  In the polymer mixture with the polyvinyl alcohol is one or more
      polysaccharide selected from the group consisting of starch and sodium
      carboxymethylcellulose. The term "starch", as used herein, is intended to
      include natural starches of all descriptions, and derivatives thereof.
      Suitable starches include corn starch, potato starch, amylose starch,
      pearl starch, hydroxyethylated starches, oxidized starches,
      carboxymethylated starches, oxidized carboxymethylated starches, and the
      like. The degree of polymerization of sodium carboxymethyl cellulose is
      determined by measuring the Brookfield viscosity of an aqueous solution in
      accordance with test method D-1439-65 of the American Society for Testing
      Materials (ASTM).
PAR  The polymer mixture contains at least about 0.5 percent by weight of
      polyvinyl alcohol and up to about 99.5 percent by weight of starch and/or
      up to about 33 percent by weight of sodium carboxymethylcellulose. One
      preferred mixture contains about 5 to 40 percent by weight of polyvinyl
      alcohol, 60 to 95 percent by weight of starch, and 0 to 10 percent by
      weight of sodium carboxymethylcellulose. Another preferred mixture
      contains about 67 to 95 percent by weight of polyvinyl alcohol and about 5
      to 33 percent by weight of sodium carboxymethylcellulose.
PAR  The dry blends of this invention contain as a second component a
      water-soluble, solid titanium salt of a hydroxy carboxylic acid of 2 to 10
      carbon atoms. Suitable acids include hydroxy mono-, di-, and
      tri-carboxylic acids such as lactic, tartaric, citric, salicyclic, and the
      like. The preferred salt is titanium citrate.
PAR  The titanium salt should be present in an amount which provides about 0.05
      to 10 parts by weight of tetravalent titanium ions per 100 parts of
      polymer mixture. Preferably the titanium salt is present in an amount
      which provides about 0.1 to 2 parts by weight of tetravalent titanium ion
      per 100 parts of polymer mixture.
PAR  The third essential component of the dry blends of this invention is a
      water-soluble, solid hydroxy carboxylic acid of 2 to 10 carbon atoms.
      Suitable acids are the same as those listed above in connection with the
      titanium salts. The preferred acid is citric acid.
PAR  The amount of hydroxy carboxylic acid in the dry blend should be about 0.05
      to 20 parts by weight per 100 parts of polymer mixture. Preferably, the
      acid is present in the amount of about 0.2 to 10 parts by weight per 100
      parts of polymer mixture.
PAR  The dry blends of this invention may also contain other ingredients which
      make them especially suitable for a particular use. For example, when the
      microgel is to be used for paper or paperboard sizing, it may be desirable
      to incorporate into the precursor blend a finely divided filler such as
      clay or calcium carbonate, or a pigment such as titanium dioxide.
PAR  The dry blends of this invention are prepared by mixing together in proper
      proportions each of the solid ingredients in finely divided form.
      Conventional mixing equipment such as tumble blenders or fluidized bed
      mixers are suitable for preparing these blends.
PAR  Polyvinyl alcohol-containing microgels are prepared by first dissolving the
      dry precursor blend of this invention in water at the proper
      concentration. The dry blend should be added to water in an amount which
      provides an aqueous mixture containing about 0.05 to 10 percent by weight
      of polymer mixture. Preferably the aqueous mixture contains about 1 to 8
      percent by weight of polymer mixture and most preferably about 2 to 6
      percent.
PAR  This aqueous mixture is then reacted thereby partially crosslinking the
      polymer mixture with the titanium ions to form a stable, fluid polyvinyl
      alcohol microgel in water having a Brookfield viscosity of about 1.15 to
      1000 centipoises, said viscosity being at least about 15 percent greater
      than the viscosity of the aqueous polyvinyl alcohol solution from which
      the microgel is derived. This percent increase in viscosity is determined
      by measuring the Brookfield viscosity of the aqueous polymer mixture at
      the same temperature and concentration before and after it is partially
      crosslinked to form the microgel. Preferably, the microgel has a
      Brookfield viscosity of about 25 to 1000 centipoises, and most preferably
      about 35 to 500 centipoises. The Brookfield viscosities referred to herein
      are determined at 25.degree.C. using a Brookfield Viscometer, Model RVT,
      operating at 100 revolutions per minute as described in the manual from
      Brookfield Engineering Laboratories, Inc.
PAR  The polyvinyl alcohol microgels may also be prepared by forming the
      titanium salt in situ rather than by using the premixed dry precursor
      blend. For example, the mixture of titanium lactate and lactic acid may be
      obtained by adding tetraisopropyl titanate and excess lactic acid. In this
      case, the addition of a little alcohol helps the titanate go into
      solution.
PAR  In some cases the pH must be adjusted before the titanium salt will react
      with the polymer mixture. For example, when using titanium citrate, the pH
      should be adjusted to about 6 to 10 and preferably about 7 to 9. In the
      case of titanium lactate, pH control is not necessary for microgel
      formation, although more efficient use of the titanium ion can be achieved
      by pH control. Suitable water-soluble alkaline materials for controlling
      pH include the hydroxides and orthosilicates of alkali metals such as
      lithium, sodium, potassium, and the like; ammonium hydroxide; and the
      hydroxides of alkaline earth metals such as calcium, strontium, and
      barium; and the like. Sodium and ammonium hydroxides are preferred.
PAR  When using the principle of this invention which involves the use of free
      hydroxy carboxylic acid, a significantly higher microgel viscosity is
      achieved at a given level of titanium ion than would be achieved in the
      absence of the acid. Since the titanium salt is the most expensive
      ingredient in the system, the presence of the free acid leads to a more
      economical system for achieving a given viscosity.
DETD
PAC  EXAMPLES OF THE INVENTION
PAR  The following examples, illustrating the novel dry blends of this invention
      and the method of preparing microgels in the presence of excess hydroxy
      carboxylic acid, are given without any intention that the invention be
      limited thereto. All parts and percentages are by weight. In each of these
      examples the Hoeppler viscosities given for the various polyvinyl alcohols
      refer to a 4 percent solution at 20.degree.C.
PAC  EXAMPLE 1
PAR  Three grams of the polyvinyl alcohol which was 99.5 percent hydrolyzed and
      had a Hoeppler viscosity of 30 centipoises were dry mixed with 0.26 gram
      of titanium citrate, 0.30 gram of a semi-refined, low viscosity sodium
      carboxymethylcellulose (Du Pont T-75-L), 15 grams of a hydroxyethylated
      starch, and 0.19 gram of citric acid monohydrate. This dry blend was
      dissolved in hot water and the solution was made up with water to a total
      weight of 300 grams at 25.degree.C. The resulting solution had a pH of 3.3
      and a Brookfield viscosity of 54 centipoises. To the solution was then
      added 2 ml. of concentrated ammonium hydroxide. The resulting microgel was
      a uniform, viscous fluid having a Brookfield viscosity of 108 centipoises.
PAR  For comparison the above procedure was followed except that the sodium
      carboxymethylcellulose used was a premium refined, low viscosity sodium
      carboxymethylcellulose (Du Pont P-75-L). The resulting solution had a pH
      of 3.4 and a Brookfield viscosity of 15 centipoises. Upon addition of 2
      ml. ammonium hydroxide the pH was 9.7 and the Brookfield viscosity was 115
      centipoises. After standing in open air for 2 days the Brookfield
      viscosity remained at 115 centipoises.
PAR  For comparison, a dry blend was made up in the same manner as above but
      without the citric acid monohydrate. The 300 grams of resulting aqueous
      solution had a Brookfield viscosity of 56 centipoises and a pH of 4.1. The
      addition of 2 ml. of concentrated ammonium hydroxide produced a uniform
      fluid having a Brookfield viscosity of only 76 centipoises and a pH of
      9.7.
PAC  EXAMPLE 2
PAR  Fifteen grams of a hydroxyethylated starch, 3 grams of a polyvinyl alcohol
      which was 99.5 percent hydrolyzed and had a Hoeppler viscosity of 30
      centipoises, 0.3 gram of titanium citrate, and 0.16 gram of citric acid
      monohydrate were dry mixed together. This dry blend was then dissolved in
      hot water and the solution made up with water to a total of 300 grams at
      25.degree.C. The resulting solution had a pH of 3.0 and a Brookfield
      viscosity of 48 centipoises. To the solution was added three ml. of
      concentrated ammonium hydroxide. The resulting microgel was a uniform,
      viscous fluid having a Brookfield viscosity of 70 centipoises.
PAC  EXAMPLE 3
PAR  Nine grams of a polyvinyl alcohol which was 99.5 percent hydrolyzed and had
      a Hoeppler viscosity of 30 centipoises, 0.3 gram of a premium refined
      medium viscosity sodium carboxymethylcellulose (Du Pont P-75-M), 0.11 gram
      of titanium citrate, and 0.08 gram of citric acid were dry mixed together.
      The dry blend was dissolved in hot water and the solution made up to 300
      grams total weight with water at 60.degree.C. The solution had a pH of 4.8
      and a Brookfield viscosity of 32 centipoises. To the solution was added
      three ml. of concentrated ammonium hydroxide. The resulting microgel was a
      uniform, viscous fluid having a Brookfield viscosity at 25.degree.C. of 62
      centipoises, and had a pH of 10.9.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dry blend for forming a stable, fluid polyvinyl alcohol containing
      microgel in water having a Brookfield viscosity of 1.15 to 1000
      centipoises which comprises (A) a polymer mixture consisting of at least
      about 0.5 percent by weight of polyvinyl alcohol and one or more
      polysaccharide selected from the group consisting of up to 99.5 percent by
      weight of starch and up to 33 percent by weight of sodium
      carboxymethylcellulose, said polyvinyl alcohol having a Hoeppler viscosity
      of 4 to 150 centipoises measured as a 4 percent aqueous solution at
      20.degree.C. by the falling ball method and having at least 50 mole
      percent of the monomeric units present as vinyl alcohol units, (B)
      water-soluble, solid titanium salt of a hydroxy carboxylic acid of 2 to 10
      carbon atoms in an amount which provides 0.05 to 10 parts by weight of
      tetravalent titanium ion per 100 parts of said polymer mixture, and (C)
      0.05 to 20 parts by weight of water-soluble, solid hydroxy carboxylic acid
      of 2 to 10 carbon atoms per 100 parts of said polymer mixture.
NUM  2.
PAR  2. The dry blend of claim 1 in which the polyvinyl alcohol has a Hoeppler
      viscosity of 10 to 70 centipoises and at least 85 mole percent of the
      monomeric units in the polyvinyl alcohol are vinyl alcohol units.
NUM  3.
PAR  3. The dry blend of claim 2 in which the polyvinyl alcohol has a Hoeppler
      viscosity of 20 to 40 centipoises, at least 93 mole percent of the
      monomeric units in the polyvinyl alcohol are vinyl alcohol units, the
      titanium salt is present in an amount which provides 0.1 to 2 parts by
      weight of tetravalent titanium ions per 100 parts of polymer mixture, and
      the hydroxy carboxylic acid is present in the amount of 0.2 to 10 parts by
      weight per 100 parts of polymer mixture.
NUM  4.
PAR  4. The dry blend of claim 3 in which the polyvinyl alcohol is a homopolymer
      which is at least 99 mole percent hydrolyzed.
NUM  5.
PAR  5. The dry blend of claim 4 in which the titanium salt is titanium citrate
      and the hydroxy carboxylic acid is citric acid.
NUM  6.
PAR  6. The dry blend of claim 5 in which the polymer mixture contains 5 to 40
      percent by weight of polyvinyl alcohol, 60 to 95 percent by weight of
      starch, and 0 to 10 percent by weight of sodium carboxymethylcellulose.
NUM  7.
PAR  7. The dry blend of claim 5 in which the polymer mixture contains 67 to 95
      percent by weight of polyvinyl alcohol and 5 to 33 percent by weight of
      sodium carboxymethylcellulose.
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ABST
PAL  Improved powder paint compositions employing particulate metal color
      producing components comprise a unique combination of (a) aluminum flakes
      individually encapsulated in a thin, thermoplastic organic film-former (b)
      nickel powder, and (c) the principal film-former of the powder paint
      composition in particulate form. The encapsulated aluminum flake is
      prepared by intimately dispersing the aluminum flake in a solution of the
      thermoplastic, organic film-former of controlled concentration and spray
      drying the resultant dispersion. In the preferred embodiment, the
      principal film-former of the powder paint composition is also a
      thermoplastic material and, in the most preferred embodiment, it is also
      of the same composition as the principal film-former of the powder coating
      composition.
PARN
PAC  RELATION TO PARENT APPLICATION
PAR  This application is a continuation-in-part of copending U.S. Pat.
      application Ser. No. 422,470 filed Dec. 6, 1973 under the same title and
      now abandoned. This application contains the illustrative examples of the
      parent application and additional illustrative wherein the amounts of
      thermoplastic film-forming material deposited on the metal particles prior
      to their incorporation into a powder paint are above that illustrated in
      the parent. The recitational disclosures as to the same in the body of the
      specification are conformed to take into account the additional examples.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One basic technique for the manufacture of powder coating materials is the
      so-called fusion method. This involves the mixing of solvent-free raw
      materials in their molten state, usually via some form of extruder,
      cooling, pulverization and size separation-classification. This method has
      a number of disadvantages unrelated to pigmentation and an additional
      short-coming when metal flakes are employed as pigments. The high shear
      employed in the mixing stage results in deformation of the metal flakes.
      Additionally, during the pulverization step, the metal flakes are further
      deformed and reduced in particle size. Coatings produced from such powders
      are characterized by a low level of brilliance and poor polychromatic
      appearance.
PAR  Another basic technique for the manufacture of powder coating materials is
      the so-called solution-preparation, solvent-separation technique which can
      be effected by more than one method. This general technique involves the
      preparation of a coating material in an organic solvent, separation of the
      solvent from the paint solids, and size-separation classification. Also,
      pulverization in some form may or may not be required depending upon the
      solvent separation method involved.
PAR  The separation of the solvent can be carried out by conventional spray
      drying techniques or by heat exchange separation wherein the components of
      a paint solution are separated by volatilization of the more volatile
      solvent and separation of the volatilized solvent from the nonvolatilized
      paint solids by gravitational forces. Since the metal flakes can be added
      after pulverization, if pulverization is required when using any of the
      solvent separation methods, damage to the metal flakes during
      pulverization can be avoided by using the solution
      preparation-solvent-separation technique. Problems do arise, however, with
      respect to distribution and orientation of the metal flakes when the
      powder coating material is applied to the substrate to be coated. This is
      particularly true when the method of application is that of electrostatic
      spray, the method most commonly employed to apply the final coating of
      paint to automobiles and a variety of other metal manufacturers. In such
      applications, the flakes tend to orient in a random fashion with a low
      percentage of the flakes parallel to the substrate. The net result is a
      high degree of metal protrusion with little metallic brilliance and a low
      gloss factor.
PAR  Thus, when either of the aforedescribed methods are used to produce
      metal-pigmented, powder-paint coatings in accordance with the prior art
      processes, a substantially higher aluminum to non-metal pigment ratio is
      required, relative to the same ratio in liquid paints, in order to achieve
      the same degree of brightness and metallic appearance obtained with liquid
      paints. Further, the problem of metal flake protrusion remains even when
      brightness and metallic appearance are achieved.
PAR  In liquid paints, it is known to partially coat aluminum flakes used as
      pigments to increase the electrostatic spray efficiency of such paints. In
      U.S. Pat. No. 3,575,900 a method is disclosed for precipitating the resin
      of the solution coating upon the aluminum flake in colloidal form. This
      solution is then used as such or mixed with another solution for use. The
      patentee specifically points out that, while it may be convenient to call
      this encapsulation, it is not intended to denote that the aluminum
      particles are completely enveloped. The resin disclosed for this purpose
      is a copolymer of vinyl chloride and monoethylenically unsaturated
      monomers containing about 60 to about 90% by weight vinyl chloride.
      Aluminum flake is also partially coated in U.S. Pat. No. 3,532,662. Here
      the coating was carried out with a random copolymer of methyl methacrylate
      and methacrylic acid adsorbed on the pigment. By this method, a dispersion
      is made of the solid particles in a liquid continuous phase comprising an
      organic liquid containing in solution a polymer which is adsorbed by the
      particles and a stabilizer, and modifying the polarity of the continuous
      phase so that the polymer is insoluble therein, the stabilizer being a
      compound containing an anchor component which becomes associated with the
      adsorbed polymer on the particle surface and a pendant chain-like
      component which is solvated by the modified continuous phase and provides
      a stabilizing sheath around the particles. It is alleged that this
      improves the "wetting" of the treated particles by the film-forming
      material dispersion-type coating composition.
PAR  Powder paints have certain advantages over conventional liquid paints in
      that they are essentially free of volatile solvents but they also present
      problems which differ from the problems encountered with liquid paints.
      These differences include differences with respect to employment of
      aluminum flakes as a color producing component. For instance, when flakes
      partially coated by resin precipitate are employed in liquid paints, there
      remains the organic solvent and other components of the solution to
      prevent direct exposure of the flake to the atmosphere and other external
      influences. Further, in powder paints, if aluminum flake is coated, the
      coating must be a relatively dry solid and the size, weight and continuity
      of the organic encapsulation are all factors in affecting the distribution
      of such particles when electrostatically sprayed with the powder that is
      the principal film-former of the coating composition.
PAR  Coated aluminum flakes, i.e., aluminum flakes individually encapsulated in
      a continuous thermopolastic film, admixed with the particulate principal
      film-former of a powder paint and electrostatically sprayed on a metal
      substrate will in a substantial portion orient in parallel relationship to
      the substrate. This substantially reduces or eliminates flake protrusion.
      Unfortunately, however, there remains a tendency for these coated flakes
      to assume a substrate-parallel orientation close to the outer surface of
      the cured coating. This can produce two undesired results. The first of
      these is the insufficient appearance of metallic depth in the coating
      wherein the metal flakes are seen through varying depths of a film which
      is usually colored with a non-metal color producing component. The second
      is an undesired "silvery" effect which dominates the non-metal color
      producing component if the concentration of the near-surface,
      substrate-parallel flakes is too high.
PAC  THE INVENTION
PAR  A dominance of "silvery" effect in polychromatic finishes resulting from an
      overabundance of aluminum flake near and parallel to the outer surface of
      a cured coating is avoided and depth variation for the metal color
      producing component in polychromatic or monochromatic finishes is achieved
      by icluding in a powder coating composition a combination of (1) aluminum
      flakes encapsulated in a thin, continuous, coating of thermoplastic,
      organic film-former and (2) nickel powder.
PAR  As these metal pigments are most frequently used in polychromatic finishes,
      the powder coating composition will ordinarily contain at least one
      non-metal color producing component. The "non-metal color producing
      component" may be a particulate pigment, dye or tint and may be either
      organic, e.g., carbon black, or inorganic, e.g., a metal salt.
PAR  Aluminum flakes which are incorporated in powder paints to provide a
      metallic color producing component are herein encapsulated in a thin,
      continuous, thermoplastic organic coating through which the aluminum
      particle is visible to the human eye. This coating is preferably
      transparent but may be translucent. The term "substantially transparent"
      as used herein means materials which are either transparent or translucent
      or partially transparent and partially translucent.
PAR  The nickel powder used as the second metal color producing-component does
      not require encapsulation. Suitable nickel powder for use as particulate
      pigment is available from a variety of sources. Advisedly, this powder is
      of a size that will pass through a 400, preferably a 325, mesh screen or
      finer. The nickel powder is ordinarily in the form of flakes.
PAR  In accordance with this invention, the total metal color producing
      component quantitatively can be the same as where aluminum flake alone is
      employed although the difference in the densities of aluminum and nickel
      will make a weight difference when the particles are quantitatively equal
      to an all aluminum pigmentation. In accordance with this invention one
      employs a nickel to coated aluminum ratio of between about 1:4 and about
      5:1. The preferred range is about 1.5:1 to about 2.5:1.
PAR  In accordance with this invention, the encapsulated aluminum flakes and the
      nickel powder are admixed, i.e., cold blended, with the balance of the
      coating material after the principal film-former is in particulate form.
      The encapsulated flakes may be admixed before, after or simultaneously
      with nickel powder. The non-metal color producing component may be admixed
      with the film-forming powder before, after or during the addition of the
      coated aluminum flakes and/or the nickel powder. In the preferred
      embodiment, the non-metal color producing component is added before the
      metal color producing components, i.e., the coated aluminum flakes and the
      nickel powder.
PAR  The aluminum color producing component is most often aluminum flakes in the
      form of aluminum paste. To avoid unnecessary complication of the
      description of this invention, such aluminum flakes will be used to
      illustrate the invention. It should be understood, however, that this
      method is applicable to any particulate aluminum used as a color producing
      component in a powder coating material. This includes aluminum particles
      which are solely aluminum, aluminum coated organic particles and
      polymer-sandwiched metal particles having exposed metal edges.
PAR  The film-former used to coat the metal particles in accordance with this
      invention may be the same as or different than the principal film-former
      of the powder coating material. The film-former used to coat the metal
      particles is an organic, thermoplastic, film-former that is soluble in the
      volatile solvent used for spray drying.
PAR  The preferred method for coating the aluminum flakes is to disperse the
      flakes, preferably in the form of aluminum paste, in a small amount of
      thermoplastic organic film-former and a solvent for the film-former that
      is suitable for spray drying. The dispersion is then spray dried by
      conventional spray drying techniques. Since there is a small amount of
      film-former relative to the amount of metal flakes, the net result is a
      metal flake coated with a relatively thin, continuous, coating of the
      film-former as opposed to a metal flake imbedded in a relatively large
      particle of the film-former.
PAR  More specifically, one first disperses the aluminum flakes in about 2 to
      about 200 weight percent of thermosettable film-former, based on the
      actual weight of aluminum flakes, i.e., about 2 to about 200 parts by
      weight of thermosettable film-former per 100 parts by weight aluminum
      flakes. In one embodiment wherein the coating of such flakes is relatively
      light, the aluminum flakes are dispersed in about 2 to about 30 weight
      percent of thermosettable film-former based on the actual weight of the
      aluminum flakes, i.e., about 2 to about 30 parts by weight of
      thermosettable film-former per 100 parts by weight aluminum flakes. In
      most applications, it will be found advantageous to use between 10 and
      200, preferably between about 30 and about 70, parts by weight of
      thermosettable film-former per 100 parts by weight aluminum flakes. When
      metal particles of different density are used, the weight of aluminum
      flakes of the same surface area can be used to determine the amount of
      film-former to use in coating the metal particles. When less than about 2
      weight percent of the film-former is used, complete encapsulation of the
      metal flakes may not result. When more than about 30 weight percent of the
      film-former is used, care must be taken in controlling the spray drying
      operation to minimize the formation of an excessive amount of spherical
      particles containing more than one metal flake. The incidence of full
      coverage is high in the 30 to 70 range above described. Such spherical
      particles can be removed from the other coated aluminum flakes by
      screening. The inclusion of large, multileafed particles in a cured
      coating provides an irregular appearance. A similar result may be obtained
      if one mixes the uncoated metal flakes with the principal film-former of a
      powder paint while the latter is in liquid state and then removes the
      solvent.
PAR  Aluminum paste is aluminum flakes, usually about 60 to about 70 weight
      percent, in a smaller amount, usually about 30 to about 40 weight percent,
      of a liquid hydrocarbon solvent which serves as a lubricant, e.g., mineral
      spirits. A small amount of an additional lubricant, e.g., stearic acid,
      may be added during the milling operation which produces the aluminum
      flakes. Everett J. Hall is credited with originating the method of beating
      aluminum into fine flakes with polished steel balls in a rotating mill
      while the flakes are wet with a liquid hydrocarbon. See U.S. Pat. No.
      1,569,484 (1926). A detailed description of aluminum paste, its
      manufacture, flake size, testing, uses in paint, etc. is found in Aluminum
      Paint and Powder, J. D. Edwards and Robert I. Wray, 3rd Ed. (1955),
      Library of Congress Catalog Card Number: 55-6623, Reinhold Publishing
      Corporation, 430 Park Avenue, New York, New York, U.S.A. and the same is
      incorporated herein by reference.
PAR  The thermoplastic film-former used to coat the aluminum flakes may be the
      same as or different from the principal film-former of the powder coating
      composition. When the principal film-former is thermoplastic, it is
      preferred to have the filmformed used to coat the aluminum flakes of the
      same composition as the principal film-former.
PAR  The best acrylic, thermoplastic, powder coatings known to applicants are
      copolymers of alpha-beta olefinically unsaturated monomers. These are made
      up either solely or predominantly of acrylic monomers, i.e., in excess of
      51 weight percent acrylic monomers, the balance is made up of C.sub.8 -
      C.sub.12 monovinyl hydrocarbons, e.g., styrene, vinyl toluene, alpha
      methyl styrene, tertiary butyl sytrene, and acrylic or methacrylic acid.
      The acrylates and methacrylates used in either of these embodiments are
      preferably esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic
      acid or methacrylic acid or mixture of acrylic and methacrylic acids.
      Thus, such a copolymer could contain about 46 to 100 weight percent of
      esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid, 0 to about 49 weight percent of C.sub.8 - C.sub.12
      monovinyl hydrocarbons, and 0 to about 5 weight percent acrylic or
      methacrylic acid with the sum of the aforementioned esters and acrylic or
      methacrylic acid comprising in excess of 51 weight percent of the
      comonomers as stated earlier in this paragraph. One such copolymer
      contains about 76 to about 81 mole percent methyl methacrylate, 1 to 3
      mole percent acrylic acid or methacrylic acid or a mixture of acrylic and
      methacrylic acids, and 16 to 23 mole percent butyl methacrylate.
PAR  One thermoplastic film-former preferred for use as the principal
      film-former is an acrylic polymer having a molecular weight (M.sub.n) in
      the range of 30,000 to 80,000 and a glass transition temperature in the
      range of 60.degree.C. to 110.degree.C. and is exemplified by the
      thermoplastic acrylic powder coating composition disclosed in U.S. Pat.
      application Ser. No. 172,227 filed Aug. 16, 1971 and now abandoned for
      continuation-in-part application Ser. No. 442,290 filed Feb. 12, 1974 and
      continuation-in-part application Ser. No. 442,291 filed Feb. 12, 1974. The
      disclosures of this patent application are incorporated herein by
      reference. Ideal for coating the aluminum flakes for use with these paints
      are polymeric mixtures of the same composition but of lower molecular
      weight.
PAR  When a thermoplastic film-former is chosen for use in coating the aluminum
      flakes in accordance with this invention, such material should be
      operationally compatible with the principal film-former to be chosen for
      the principal film-former. Also the volatile solvent or solvents employed
      to carry out the solution coating and spray drying steps are chosen with a
      view to the solvency of the coating material and their effectiveness in
      spray drying. Starting with this concept, the details for a given flake
      coating or given principal film-former are, of course, well within the
      skill of the paint makers art. With the foregoing in mind, other
      thermoplastic filmformers which can be used to encapsulate the aluminum
      flake include, but not by way of limitation (1) acrylic homopolymers,
      e.g., poly (methyl methacrylate), poly (acrylonitrile), poly (ethyl
      methacrylate), and poly (methyl acrylate), (2) acrylic copolymers, e.g.,
      ethylmethyl acrylate copolymers, ethylene-ethyl acrylate copolymers, and
      ethylene-ethyl methacrylate copolymers (3) vinyl hydrocarbon - acrylic
      copolymers, e.g., sytrene-methyl methacrylate copolymers, styrene-methyl
      acrylate copolymers, and styrene-ethyl acrylate copolymers, (4) vinyl
      hydrocarbon monopolymers, e.g., polystyrene, (5) ethylene allyl
      copolymers, e.g., ethylene-allyl alcohol copolymers, ethylene-allyl
      acetate copolymers, and ethylene-allyl benzene copolymers, (6) cellulose
      derivations, e.g., cellulose acetate, cellulose butyrate, cellulose
      propionate, cellulose acetate propionate and ethyl cellulose, (7)
      polyesters, (8) polyamides, e.g. polyhexamethylene adipamide,
      polyhexamethylene sebacamide, and polycaproloctam, (9) poly (vinyl
      butyral), (10) poly (vinyl alcohol), and (11) poly (vinyl acetal), (12)
      ethylene vinyl acetate copolymers, (13) ethylene-vinyl alcohol copolymers,
      Thermoplastic powder coating materials, their preparation and use are
      disclosed in U.S. Pat. No. 3,532,530 which is incorporated herein by
      reference.
PAR  The principal film-former of the paint with which the thermoplastic coated
      aluminum flakes is blended may be a thermosettable film-former. The
      preferred film-formers for this purpose include thermosettable copolymer
      systems comprising: (a) an epoxy-functional copolymer of monovinyl
      monomers and as crosslinking agent therefor a C.sub.4 - C.sub.20,
      saturated, straight chain, aliphatic, dicarboxylic acid crosslinking agent
      -- exemplified by U.S. Pat. application Ser. No. 172,236 filed Aug. 16,
      1971, now U.S. Pat. No. 3,752,870; (b) an epoxy-functional copolymer of
      monovinyl monomers and as crosslinking agent therefor a mixture of about
      90 to 98 percent by equivalent weight of a C.sub.4 - C.sub.20, saturated,
      straight chain, aliphatic dicarboxylic acid and about 10 to about 2
      percent by equivalent weight of a C.sub.10 - C.sub.22, saturated, straight
      chain, aliphatic, monocarboxylic acid-exemplified by U.S. Pat. No.
      3,730,980; (c) an epoxy-functional copolymer of monovinyl monomers and as
      crosslinking agent therefor a diphenol having a molecular weight in the
      range of about 110 to about 550 -- exemplified by U.S. Pat. application
      Ser. No. 172,228 filed Aug. 16, 1971, now U.S. Pat. No. 3,752,870; (d) an
      epoxy-functional copolymer of monovinyl monomers and as crosslinking agent
      therefor a carboxy terminated polymer-exemplified by U.S. Pat. application
      Ser. No. 172,229 filed Aug. 16, 1971, now U.S. Pat. No. 3,781,380; (e) an
      epoxy-functional copolymer of monovinyl monomers and as crosslinking agent
      a phenolic hydroxy terminated polymer -- exemplified by U.S. Pat.
      application Ser. No. 172,225 filed Aug. 16, 1971, now U.S. Pat. No.
      3,787,520; (f) an epoxy-functional, carboxyfunctional, self-crosslinkable
      copolymer of ethylenically unsaturated monomers -- exemplified by U.S.
      Pat. application Ser. No. 172,238 filed Aug. 16, 1971, now U.S. Pat. No.
      3,770,848; (g) a hydroxy-functional, carboxy-functional copolymer of
      monoethylenically unsaturated monomers -- exemplified by U.S. Pat.
      application Ser. No.  172,237 filed Aug. 16, 1971, now U.S. Pat. No.
      3,787,340; (h) an epoxy-functional copolymer of monovinyl monomers and as
      crosslinking agent therefor an anhydride of a dicarboxylic acid --
      exemplified by U.S. Pat. application Ser. No. 172,224 filed Aug. 16, 1971,
      now U.S. Pat. No. 3,781,379; (i) a hydroxy-functional copolymer of
      monoethylenically unsaturated monomers and as crosslinking agent therefor
      a compound selected from dicarboxylic acids, melamines, and anhydrides --
      exemplified by U.S. Pat. application Ser. No. 172,223 filed Aug. 16, 1971,
      and abandoned in favor of continuation application Ser. No. 406,128 filed
      Oct. 17, 1973 in turn abandoned in favor of continuation-in-part
      application Ser. No. 526,547 filed Nov. 25, 1974; (j) an epoxy-functional
      copolymer of monovinyl monomers and as crosslinking agent therefor a
      compound containing tertiary nitrogen atoms -- exemplified by U.S. Pat.
      application Ser. No. 172,222 filed Aug. 16, 1971, now U.S. Pat. No.
      3,758,635; (k) a copolymer of an alpha-beta unsaturated carboxylic acid
      and an ethylenically unsaturated compound and as crosslinking agent
      therefor an epoxy resin having two or more epoxy groups per molecule -- as
      exemplified by U.S. Pat. application Ser. No. 172,226 filed Aug. 16, 1971,
      now U.S. Pat. No. 3,758,633;  (l) a self-crosslinkable, epoxy-functional
      anhydride-functional copolymer of olefinically unsaturated monomers --
      exemplified by U.S. Pat. application Ser. No. 172,235 filed Aug. 16, 1971,
      now U.S. Pat. No. 3,758,632;  (m) an epoxy-functional copolymer of
      monovinyl monomers and as crosslinking agent therefor a carboxy terminated
      polymer, e.g., a carboxy terminated polymer, e.g., a carboxy terminated
      polyester, -- exemplified by application Ser. No. 223,746 filed Feb. 4,
      1972, and abandoned in favor of continuation-in-part application Ser. No.
      489,271 filed Aug. 5, 1974; (n) an epoxy-functional copolymer of vinyl
      monomers and as crosslinking agent therefor a dicarboxylic acid --
      exemplified by U.S. Pat. application Ser. No. 228,262 filed Feb. 22, 1972,
      now U.S. Pat. No. 3,787,521; (o) an epoxy-functional and
      hydroxy-functional copolymer of monovinyl monomers and as crosslinking
      agent therefor a C.sub.4 - C.sub.20, saturated, straight chain, aliphatic
      dicarboxylic acid -- exemplified by U.S. Pat. application Ser. No. 394,874
      filed Sept. 6, 1973 and now abandoned in favor of continuation-in-part
      application Ser. No. 552,676 filed Feb. 24, 1975; (p) an epoxy-functional
      copolymer of monovinyl monomers with optional hydroxy and/or amide
      functionality and as crosslinking agent therefore (1) a C.sub.4 -
      C.sub.20, saturated, straight chain, aliphatic dicarboxylic acid and (2) a
      polyanhydride -- exemplified by U.S. Pat. application Ser. No. 344,881
      filed Sept. 6, 1973 and now abandoned in favor of continuation-in-part
      application Ser. No. 552,556 filed Feb. 24, 1975 and continuation-in-part
      Ser. No. 552,557 filed Feb. 24, 1975; (q) an epoxy-functional
      amide-functional copolymer of monovinyl monomers and as crosslinking agent
      therefor an anhydride of a dicarboxylic acid exemplified by U.S. Pat.
      application Ser. No. 394,880 filed Sept.  6, 1973 and now abandoned in
      favor of continuation-in-part application Ser. No. 552,572 filed Feb. 24,
      1975; (r) an epoxy-functional, hydroxy-functional copolymer of monovinyl
      monomers and as crosslinking agent therefore an anhydride of a
      dicarboxylic acid -- exemplified by U.S. Pat. application Ser. No. 394,879
      filed Sept. 6, 1973 and now abandoned in favor of continuation-in-part
      application Ser. No. 552,511 filed Feb. 24, 1975; (s) an epoxy-functional,
      amide-functional copolymer of monovinyl monomers and as crosslinking agent
      therefore a carboxy-terminated polymer -- exemplified by U.S. Pat.
      application Ser. No. 394,875 filed Sept. 6, 1973 and now abandoned in
      favor of continuation-in-part application Ser. No. 552,518 filed Feb. 24,
      1975; (t) an epoxy-functional copolymer of monovinyl monomers and as
      crosslinking agent therefore a monomeric or polymeric anhydride and a
      hydroxy carboxylic acid -- exemplified by U.S. patent application Ser. No.
      394,878 filed Sept. 6, 1973 and now abandoned in favor of
      continuation-in-part application Ser. No. 552,079 filed Feb. 24, 1975; (u)
      an epoxy-functional, amide-functional copolymer of monovinyl monomers and
      as crosslinking agent therefore a monomeric or polymeric anhydride and a
      hydroxy carboxylic acid -- exemplified by U.S. Pat. application Ser. No.
      394,877 filed Sept. 6, 1973 and now abandoned in favor of
      continuation-in-part application Ser. No. 552,077 filed Feb. 24, 1975; and
      (v) an epoxy-functional, hydroxy-functional copolymer of monovinyl
      monomers and as crosslinking agent therefore a monomeric or polymeric
      anhydride and a hydroxy carboxylic acid -- exemplified in U.S. Pat.
      application Ser. No. 394,876 filed Sept. 6, 1973.
PAR  The disclosures of the aforementioned patents and patent applications are
      incorporated herein by reference.
PAR  Other thermoset film-formers suitable for use in coating the metal
      particles include, but not by way of limitation thermosettable systems in
      which the polymeric component is a polyester, a polyepoxide and
      urethane-modified polyesters, polyepoxides and acrylics. As with the
      acrylics heretofore more specifically described, these may be
      self-crosslinking polymers or may be a combination of functional polymer
      and a coreactable monomeric compound which serves as crosslinking agent.
PAR  The preferred thermosettable powder paints known to applicants for
      automotive topcoats, the use wherein metallic pigments find their greatest
      use, consist essentially of an epoxy-functional copolymer of olefinically
      unsaturated monomers and a crosslinking agent therefor. Such paints,
      exclusive of pigments, may also contain flow control agents, catalysts,
      etc. in very small quantities.
PAR  The copolymer referred to in the preceding paragraph has average molecular
      weight (M.sub.n) in the range of about 1500 to about 15,000 and glass
      transition temperature in the range of about 40.degree.C. to about
      90.degree.C. The epoxy functionality is provided by employing a glycidyl
      ester of a monoethylenically unsaturated carboxylic acid, e.g., glycidyl
      acrylate or glycidyl methacrylate, as a constituent monomer of the
      copolymer. This monomer should comprise about 5 to about 20 weight percent
      of the total. Additional functionality, e.g., hydroxy functionality or
      amide functionality, may also be employed by inclusion of a C.sub.5 -
      C.sub.7 hydroxy acrylate or methacrylate, e.g., hydroxyethyl acrylate,
      hydroxyethyl methacrylate, hydroxypropyl acrylate, or hydroxypropyl
      methacrylate, or an alpha-beta olefinically unsaturated amide, e.g.,
      acrylamide or methacrylamide, among the constituent monomers. When such
      additional functionality is used, the monomers providing it comprise about
      2 to about 10 weight percent of the constituent monomers. The balance of
      the copolymer, i.e., about 70 to about 93 weight percent of the
      constituent monomers, are made up of monofunctional, olefinically
      unsaturated monomers, i.e., the sole functionality being ethylenic
      unsaturation. These monofunctional, olefinically unsaturated monomers are,
      at least in major proportion, i.e., in excess of 50 weight percent of the
      constituent monomers, acrylic monomers. The preferred monofunctional
      acrylic monomers for this purpose are esters of C.sub.1 - C.sub.8
      monohydric alcohols and acrylic or methacrylic acid, e.g., methyl
      methacrylate, ethyl acrylate, propyl methacrylate, butyl acrylate, butyl
      methacrylate, hexyl acrylate and 2-ethylhexyl acrylate. In this preferred
      embodiment, the remainder, if any, aside from the aforementioned epoxy,
      hydroxy and amide functional monomers which also have olefinic
      unsaturation functionality used up in the polymerization formation of the
      copolymer, is preferably made up to C.sub.8 - C.sub.12 monovinyl
      hydrocarbons, e.g., styrene, vinyl toluene, alpha methyl styrene and
      tertiary butyl styrene. Other vinyl monomers which are suitable in minor
      amounts, i.e., between 0 and 30 weight percent of the constituent
      monomers, include vinyl chloride, acrylonitrile, methacrylonitrile, and
      vinyl acetate.
PAR  The crosslinking agents employed with the aforedescribed copolymer will
      have functionality that will react with the functionality of the
      copolymer. Thus, all of the crosslinking agents heretofore mentioned in
      the recital of powder paint patents and patent applications, e.g., C.sub.4
      - C.sub.20 saturated, aliphatic dicarboxylic acids, mixtures of C.sub.4 -
      C.sub.20 saturated aliphatic dicarboxylic acids and monocarboxylic acids
      of carbon number in the same range, carboxy terminated copolymers having
      molecular weight (M.sub.n) in the range of 650 to 3000, monomeric
      anhydrides preferably anhydrides having a melting point in the range of
      about 35.degree. to 140.degree.C., e.g., phthalic anhydride, maleic
      anhydride, cyclohexane-1,2-dicarboxylic anhydride, succinic anhydride,
      etc., homopolymers of monomeric anhydrides, and mixtures of such
      anhydrides and hydroxy acids having a melting point in the range
      40.degree. to 150.degree.C., are suitable for use as crosslinking agents
      for these copolymers. The disclosures of all patents and patent
      applications recited herein are incorporated herein by reference. In
      general, these crosslinking agents are employed in amounts such as to
      provide between about  0.3 and about 1.5, preferably between about 0.8 and
      about 1.2, functional groups which are reactable with functional groups on
      the copolymer per functional group on the copolymer.
PAR  The term "vinyl monomer" as used herein means a monomeric compound having
      in its molecular structure the functional group
      ##EQU1##
      wherein X is a hydrogen atom or a methyl group.
PAR  "Alpha-beta unsaturation" as used herein includes both the olefinic
      unsaturation that is between two carbon atoms which are in the alpha and
      beta positions relative to an activating group such as a carboxyl group,
      e.g., the olefinic unsaturation of maleic anhydride, and the olefinic
      unsaturation between the two carbon atoms which are in the alpha and beta
      positions with respect to the terminus of an aliphatic carbon-to-carbon
      chain, e.g., the olefinic unsaturation of acrylic acid or styrene.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The preparation of the coated metal flakes is carried out in a solvent for
      the film-former that is sufficiently volatile for efficient spray drying
      and which will not chemically react with either the film-former or the
      metal flakes to a degree that will significantly modify their properties
      or appearance within the contact times employed to carry out the spray
      drying process. A preferred solvent for this purpose is methylene
      chloride. Other solvents which can be used include toluene, xylene, methyl
      ethyl ketone, methanol, acetone and low boiling napthas.
PAR  A typical formulation for a feed stock for the spray drier in accordance
      with this invention would include the following:
TBL                     Parts by Weight                                        
     aluminum paste (65% Al)                                                   
                        30.00                                                  
     film-former        11.00                                                  
     MeCl.sub.2         200.00                                                 
PAR  Typical operating parameters for a conventional, 3 ft. diameter spray drier
      equipped with a conventional two-fluid nozzle atomizer, e.g., a gas and a
      liquid as in a conventional air-atomizing, liquid-paint, spray gun, are as
      follows:
TBL  air flow           197 cubic feet/minute                                  
     feed flow          380 ml/minute                                          
     inlet air temperature                                                     
                        180.degree.F.                                          
     outlet air temperature                                                    
                        80.degree.F.                                           
     product rate       6 lbs./hr.                                             
PAR  The coated aluminum, as received from the spray drier, is then sieved
      through a screen of desired particle size, e.g., a 44 micron screen, to
      remove excessively large particles. Approximately 20% of the product in
      the form of oversize particles is discarded.
PAR  The non-metal powder component, hereinafter called the "powder component"
      comprises the primary film-forming component and, where the finish is to
      be polychromatic, at least one nonmetal color producing component. This
      non-metal color produring component may be a particulate pigment, dye or
      tint. For purposes of this invention, white and black shall be considered
      colors inasmuch as a light reflecting or light absorbing material must be
      added to the organic film-former to provide the finish with a white or
      black appearance in the same manner that a material must be added to the
      organic film-former to reflect light rays that convey to the eye one color
      while absorbing others.
PAR  The formulation of the non-metal powder component, which in the case of a
      polychromatic finish contains a non-metal color producing component, is
      prepared taking into consideration the particular color chosen for
      employment with the metallic color component and the amount of the
      metallic color component to be employed. The powder component is
      quantitatively formulated taking into account the amount of material to be
      brought in through the addition of the coated metal particles.
PAR  A typical composition for the powder component is as follows:
TBL                    Parts by Weight                                         
     film-former       94.33                                                   
     flow control additive                                                     
                       0.67                                                    
     pigment           5.00                                                    
PAR  The preparation and processing of the non-metal powder component into
      powder form is carried out by one of the conventional powder preparation
      techniques, e.g., extrusion, spray drying, or solvent extraction. Once in
      powder form, this material is sieved through a suitable screen, e.g., a 74
      micron screen.
PAR  The final step in the preparation of the powder coating material of this
      invention is the blending of the two major components, i.e., the metal
      component consisting of encapsulated aluminum flakes and nickel powder and
      the non-metal powder component. The exact proportions of the two major
      components will, of course, depend on the specific formulation and the
      amount of metal needed. In the typical example aforedescribed, if one
      blends about 98.5 parts by weight of the non-metal powder component with
      about 1.5 parts by weight of the coated aluminum, a "low metallic"
      automotive topcoat paint results.
PAR  Appearance of the finished coating will, of course, be a primary factor in
      selecting the total concentration of metal in the total powder paint
      composition. This concentration will vary from a very low weight percent
      of the total powder paint composition in some polychromatic finishes,
      i.e., as low as about 0.005 weight percent, to a much higher weight
      percent of the total powder paint composition in the so called "Argent"
      finishes, i.e., as high as about 25 weight percent when aluminum is the
      only metal used. If for example, the spray dried coating on the flakes
      comprises about 2 to about 30 weight percent by weight of the flakes then,
      the total metal component of the powder paint composition will comprise
      between about 0.005 to about 32.50, advantageously between about 0.25 to
      about 28.75, and preferably between about 0.54 to about 28.25, weight
      percent of the total powder paint composition. These figures will be
      modified by the weight of nickel powder substituted for a portion of the
      aluminum. The principal film-forming powder and non-metal pigment, if any,
      will make up the balance of the powder paint composition. The non-metal
      pigment will constitute between 0 and 22 weight percent of the total
      composition.
PAR  This invention will be more fully understood from the following
      illustrative examples.
DETD
PAC  EXAMPLE 1
PAR  a. Preparation of the Coated Aluminum Flakes
PAR  A thermoplastic coating material for coating aluminum flake is prepared
      from the following materials using the procedure hereinafter outlined:
TBL                     Parts By Weight                                        
     poly (methyl methacrylate)                                                
                        100                                                    
        M.sub.n = 15,000                                                       
     poly (lauryl methacrylate)                                                
                         2                                                     
        M.sub.n = 10,000                                                       
PAR  The above ingredients are mixed together in a twin shell tumbling mixer for
      10 minutes and then mill rolled at 190.degree.C. for 15 minutes. The blend
      is cooled and pulverized to pass through a 200 mesh screen.
PAR  Two (2) parts by weight of this thermoplastic mixture are combined with 30
      parts by weight of aluminum paste (35% by weight mineral spirits and 65%
      by weight aluminum flakes that will pass through a 325 mesh screen and
      have typical surface area of 7.5 m.sup.2 /gram, maximum particle diameter
      below 45 microns and most common particle size distribution in the range
      of about 7 to about 15 microns) and 200 parts by weight of methylene
      chloride under low shear agitation so as to disperse the aluminum in the
      thermoplastic material without damage to the aluminum flakes.
PAR  Once the above dispersion has been prepared, it is spray dried in a manner
      which produces individual aluminum flakes coated with a thin, continuous
      coating of dry polymers. This is accomplished in a 3 foot diameter spray
      drier equipped with a two-fluid nozzle in counter-current position using
      the following conditions:
TBL  air flow in drying chamber                                                
                           200 cubic feet                                      
     feed rate of mixture  380 ml/minute                                       
     inlet air temperature 180.degree.F.                                       
     two fluid atomization air                                                 
     pressure              80 lbs.                                             
PAR  The product obtained from this process has an overall composition of about
      19.5 parts by weight of aluminum, about 2.0 parts by weight of the
      thermoplastic mixture above described in this example, and a small amount
      of residual solvent, i.e., 0.05 to 0.2 parts, that has not volatilized
      during the spray dry process. This product is then screened through a 44
      micron screen.
PAR  b. Preparation of the Non-Metal Powder Component
PAR  A thermoplastic powder paint is prepared from the following materials using
      the procedure and materials hereinafter described:
TBL                     Parts By Weight                                        
     poly (methyl methacrylate)                                                
                        100                                                    
        M.sub.n = 40,000                                                       
     poly (lauryl methacrylate)                                                
                        2                                                      
        M.sub.n = 120,000                                                      
     tetrabutylammonium bromide                                                
                        0.5                                                    
PAR  The above ingredients are mixed in a twin shell tumbling mixer for 10
      minutes and then mill rolled at 190.degree.C. for 15 minutes. The blend is
      cooled and pulverized to pass through a 200 mesh screen.
PAR  The non-metal powder component of the powder coating composition is
      prepared by mixing 188 parts by weight of this thermoplastic material with
      the following materials:
TBL                     Parts By Weight                                        
     poly (lauryl acrylate)                                                    
                        1.34                                                   
        M.sub.n = 10,000                                                       
     phthalo green pigment                                                     
                        2.77                                                   
     yellow iron oxide pigment                                                 
                        7.24                                                   
PAR  A homogeneous mixture of the above is obtained by ball milling for 2 hours.
      This mixture is then extruded at 100.degree.C. from a kneading extruder.
      The solid thus obtained is pulverized in an impact mill, i.e., an air
      classified impact mill, and sieved through a 200 mesh screen.
PAR  c. Preparation of the Powder Coating Material
PAR  A powder coating material in accordance with this invention is produced by
      mixing 0.55 part by weight of the coated aluminum flakes from (a) and 1.0
      parts by weight of nickel powder (325 mesh) with 98.35 parts by weight of
      the non-metal powder component. A homogeneous mixture of the two
      components is obtained by rapidly tumbling the material in a partially
      filled container for 20 minutes under ambient room conditions, i.e., about
      65.degree. to 75.degree.F. In preparing the powder by this method, it will
      be obvious to those skilled in the art that actual mixing times will vary
      somewhat with the size of the container and the mechanical action.
PAR  The powder thus obtained is then sprayed on an electrically grounded steel
      substrate with a conventional electrostatic powder spray gun operating at
      about 50 KV charging voltage. After spraying, the coated substrate is
      heated to about 392.degree.F. for about 20 minutes. The coating thus
      obtained has good appearance and physical properties. The coating thus
      obtained demonstrates a more random metal particle orientation with
      respect to depth and increased polychromatic light reflection of the cured
      film than is obtained when this process is duplicated except for
      substituting an equal volume of aluminum flakes of like size for the
      nickel powder.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is repeated except for the difference that the
      weight ratio of nickel powder to coated aluminum flake is 1:4. The coating
      thus obtained has good appearance, good physical properties, and a random
      metal particle orientation with respect to depth. With the change in
      ratio, there is, of course, a change in polychromatic appearance. This
      flexibility is advantageous in preparing a variety of market-acceptable,
      polychromatic coatings with the same or different non-metal pigments.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 is repeated except for the difference that the
      weight ratio of nickel powder to coated aluminum flake is 5:1. The coating
      thus obtained has good appearance, good physical properties, and a random
      metal particle orientation with respect to depth. This flexibility is
      advantageous in preparing a variety of market-acceptable, polychromatic
      coatings with the same or different non-metal pigments.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 is repeated except for the difference that the
      weight ratio of nickel powder to coated aluminum flake is 1.5:1. A coating
      of outstanding appearance is obtained and the physical properties of the
      film are good.
PAC  EXAMPLE 5
PAR  The procedure of Example 1 is repeated except for the difference that the
      weight ratio of nickel powder to coated aluminum flake is 2.5:1. A coating
      of outstanding appearance is obtained and the physical properties of the
      film are good.
PAC  EXAMPLE 6
PAR  A powder coating material is prepared following the procedure of Example 1
      with the following differences: (1) the coated aluminum flakes are
      prepared from the following materials:
TBL                          Parts by Weight                                   
     aluminum paste           30.000                                           
     (65% aluminum flakes and                                                  
     35% mineral spirits)                                                      
     thermoplastic mixture    0.218                                            
     (a) poly (methyl methacrylate - 100                                       
       M.sub.n = 12,000 and                                                    
     (b) poly (lauryl methacrylate - 2                                         
       M.sub.n = 9,000                                                         
     poly (butyl acrylate)    0.001                                            
        M.sub.n = 10,000                                                       
     methylene chloride      197.000                                           
PAR  The product obtained after spray drying has a composition of 19.50 parts by
      weight aluminum, 0.218 parts by weight of the thermoplastic mixture and
      0.001 parts by weight poly (lauryl acrylate).
PAR  The coated aluminum thus produced in the amount of 0.52 parts by weight and
      1.0 parts by weight of 325 mesh nickel powder are combined with 98.48
      parts by weight of the non-metal powder component of Example 1.
PAR  This powder coating material is electrodeposited upon a metal substrate and
      heat cured as in Example 1. The resulting coating demonstrates good gloss,
      good orientation of the aluminum flakes, good depth variation of the metal
      particles, and weathering resistance.
PAC  EXAMPLE 7
PAR  A powder coating material is prepared following the procedure of Example 1
      with the following differences:
PAR  1. The starting mixture for preparation of the coated aluminum flakes is of
      the following composition:
TBL                          Parts By Weight                                   
     aluminum paste          30.0                                              
     (65% by weight aluminum and                                               
     35% by weight mineral spirits                                             
     thermoplastic mixture   5.46                                              
     (a) poly (methyl methacrylate) 100                                        
       M.sub.n = 12,000 and                                                    
     (b) poly (lauryl methacrylate 2                                           
       M.sub.n = 9,000                                                         
       poly (butyl acrylate) 0.03                                              
       M.sub.n = 9,000                                                         
     methylene chloride      250.00                                            
PAR  This material is mixed and spray dried as in Example 1 and in the resultant
      material the flakes have coating about 2.5 times thicker than that of the
      coated flakes of Example 1. The empirical composition of the spray dried
      product by weight is as follows:
TBL                    Parts By Weight                                         
     aluminum (dry)    19.5                                                    
     thermoplastic coating                                                     
                       5.49                                                    
PAR  2. Since the amount of coating on the aluminum flakes is here large enough
      to be a significant factor, it is taken into consideration when
      formulating the non-metal powder component and this component is adjusted
      to keep the pigment concentration essentially the same as that in Example
      1.
PAR  3. The weight ratio of the nickel powder to coated aluminum flakes in this
      example is 2.1:1.
PAR  The coating obtained from this material has good appearance and good metal
      particle orientation and depth variation.
PAC  EXAMPLE 8
PAR  The procedure of Example 1 is repeated except for the differences:
PAR  1. the coating of the aluminum flakes is prepared from 30 parts by weight
      of the same aluminum paste used in Example 1 (19.5 parts by weight
      aluminum), 4.7 parts by weight of the thermoplastic material of Example 1
      and 0.03 parts by weight poly (lauryl acrylate), (2) Following the
      procedure of Example 7, the non-metal powder component is adjusted and
      employed in an amount to provide the powder coating material to be sprayed
      with the same level of pigment loading as in such material in Example 1. (
      3) the weight ratio of nickel powder to coated aluminum flakes is 1.8:1.
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 9
PAR  The procedure of Example 1 is repeated except for the differences:
PAR  1.  The coating of theaaluminum flakes is prepared from 30 parts by weight
      of aluminum paste used in Example 1 (19.5 parts by weight aluminum), 2.93
      parts by weight of the thermoplastic material of Example 1, and 0.02 parts
      by weight poly (lauryl acrylate), (2) Following the procedure of Example
      7, the non-metal powder component is adjusted and employed in an amount to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1, and (3) the weight ratio
      of nickel powder to coated aluminum flakes is 1:2.
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 10
PAR  The procedure of Example 1 is repeated except for the following
      differences:
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of the aluminum paste used in Example 1 (19.5 parts by weight aluminum)
      and 1.76 parts by weight of the thermoplastic material of Example 1 and
      0.01 parts by weight poly (lauryl acrylate) M.sub.n = 10,000, and (2) the
      weight ratio of nickel powder to coated aluminum flakes is 1:1.
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 11
PAR  The procedure of Example 1 is repeated except for the following
      differences:
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of the aluminum paste used in Example 1 (19.5 parts by weight aluminum)
      and 2.54 parts by weight of the thermoplastic material of Example 1, and
      0.01 parts by weight poly (lauryl acrylate)- M.sub.n = 10,000, (2)
      Following the procedure of Example 7, the non-metal powder component is
      adjusted and employed in an amount to provide the powder coating material
      to be sprayed with the same level of pigment loading as in such material
      in Example 1 and (3) the weight ratio of nickel powder to coated aluminum
      flakes is 1:3.
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 12
PAR  The procedure of Example 1 is repeated except for the following
      differences:
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of the aluminum paste used in Example 1 (19.5 parts by weight aluminum)
      and 0.39 parts by weight of the thermoplastic material of Example 1, and
      0.002 parts by weight poly (lauryl acrylate) - M.sub.n = 10,000, and (2)
      the weight ratio of nickel powder to coated aluminum flakes is 1:2.
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 13
PAR  The procedure of Example 1 is repeated except for the differences:
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      aluminum paste used in Example 1 (19.5 parts by weight aluminum) and 0.98
      parts by weight of the thermoplastic coating material used for coating in
      Example 1.
PAR  2. Following the procedure of Example 7, the non-metal powder component is
      adjusted and employed in an amount to provide the powder coating material
      to be sprayed with the same level of pigment loading as in such material
      in Example 1, and (3) The weight ratio of nickel powder to coated aluminum
      flakes is 1.7:1.
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment position.
PAC  EXAMPLE 14
PAR  The procedure of Example 1 is repeated except for the difference that the
      non-metal powder component (b) is prepared by the same procedure but with
      different materials. Here, the thermoplastic film-former is made up of the
      following materials:
TBL                      Parts by Weight                                       
     poly (methyl methacrylate)                                                
                         100                                                   
        M.sub.n = 60,000                                                       
     poly (tridecyl methacrylate)                                              
                         4                                                     
        M.sub.n = 80,000                                                       
     tribenzylammonium chloride                                                
                         0.2                                                   
PAC  EXAMPLE 15
PAR  The procedure of Example 1 is repeated except for the differences that the
      film former for coating the aluminum flake in (a) is prepared by the same
      procedure but with different materials and the non-metal powder component
      (b) is prepared by the same procedure but with different materials: The
      film-former used to coat the aluminum flakes (a) in this example is made
      up of a mixture of:
TBL                     Parts by Weight                                        
     poly (methyl methacrylate)                                                
                        100                                                    
        M.sub.n = 10,000                                                       
     poly (butyl methacrylate)                                                 
                         6                                                     
        M.sub.n = 15,000                                                       
PAL  The film-former of the non-metal powder component (b) in this example is
      made up of a mixture of:
TBL                          Parts by Weight                                   
     poly (methyl methacrylate)                                                
                             100                                               
        M.sub.n = 80,000                                                       
     poly (butyl methacrylate)                                                 
                             6                                                 
        M.sub.n = 100,000                                                      
     Stearyldimethyl benzyl-ammonium chloride                                  
                             0.6                                               
PAC  EXAMPLE 16
PAR  The procedure of Example 1 is repeated except for the difference that the
      thermoplastic film-former of the nonmetal powder component (b) is prepared
      by the same procedure but with different materials. Here, the
      thermoplastic film-former is made up of the following materials:
TBL                        Parts by Weight                                     
     acrylate copolymer (M.sub.n = 15,000                                      
                           100                                                 
     (75 parts methyl methacrylate                                             
     and 25 parts butyl methacrylate)                                          
     poly (2-ethylhexyl acrylate)                                              
                           0.8                                                 
        M.sub.n = 10,000                                                       
     tetraethyl ammonium bromide                                               
                           0.3                                                 
PAC  EXAMPLE 17
PAR  The procedure of Example 16 is repeated with the sole exception that the
      copolymer of 75 parts methyl methacrylate and 25 parts butyl methacrylate
      is replaced with an equal amount of a copolymer of 60 parts methyl
      methacrylate and 40 parts butyl methacrylate (M.sub.n = 80,000).
PAC  EXAMPLE 18
PAR  The procedure of Example 16 is repeated with the sole exception that the
      copolymer of 75 parts methyl methacrylate and 25 parts butyl methacrylate
      is replaced with an equal amount of a copolymer of 80 parts methyl
      methacrylate and 20 parts ethyl acrylate (M.sub.n = 80,000).
PAC  EXAMPLE 19
PAR  The procedure of Example 16 is repeated with the sole exception that the
      copolymer of 75 parts methyl methacrylate and 25 parts butyl methacrylate
      is replaced with an equal amount of a copolymer of 85 parts styrene and 15
      parts butyl acrylate.
PAC  EXAMPLE 20
PAR  The procedure of Example 1 is repeated with the difference that the
      thermoplastic film-former of the non-metal powder component (b) is
      prepared by the same procedure but with different materials. Here, the
      thermoplastic film-former is made up of the following materials:
TBL                        Parts by Weight                                     
     acrylate copolymer -- M.sub.n = 40,000                                    
                           100                                                 
     (a copolymer of 98 parts methyl                                           
     methacrylate and 2 parts of                                               
     glycidyl methacrylate)                                                    
     polybutyl acrylate    0.8                                                 
      M.sub.n = 50,000                                                         
     triethylene diamine   0.2                                                 
PAC  EXAMPLE 21
PAR  The procedure of Example 1 is repeated with the difference that the
      film-former of the non-metal powder component (b) is thermosettable and is
      prepared using the materials and procedures hereinafter set forth.
PAR  An epoxy-functional acrylic copolymer of vinyl monomers is prepared as
      follows:
TBL  Ingredients       Parts by Weight                                         
     ______________________________________                                    
     glycidyl methacrylate                                                     
                       15                                                      
     methyl methacrylate                                                       
                       45                                                      
     butyl methacrylate                                                        
                       40                                                      
     ______________________________________                                    
PAR  The above named ingredients are mixed together. Three (3) parts by weight
      of 2,2' - azobis - (2-methylpropionitrile), hereinafter called AIBN, is
      dissolved in the monomer mixture. The mixture is slowly added to refluxing
      toluene (100 parts) which is stirred vigorously under a nitrogen
      atmosphere. A condenser is provided at the top of the toluene container to
      condense the toluene vapors and return them to the container. The monomer
      mixture is added through a regulating valve and the rate of addition is
      controlled to maintain a reflux temperature (109.degree.C. -
      112.degree.C.) with only a small fraction of heat supplied from an
      external heater. After the addition of the monomer mixture is complete,
      the refluxing is maintained by external heat source for 3 additional
      hours.
PAR  The solution is poured into shallow stainless steel trays. These trays are
      placed in a vacuum oven and the solvent evaporated therefrom. As the
      solvent is removed, the copolymer solution becomes more concentrated. The
      temperature of the vacuum oven is raised to about 110.degree.C. Drying is
      continued until the solvent content of the copolymer is below 3 percent.
      The trays are cooled and the copolymer collected and ground to pass
      through a 20 mesh screen. The copolymer has a glass transition temperature
      of 53.degree.C. and a molecular weight (M.sub.n) of 4,000.
PAR  One hundred parts by weight of the ground copolymer are mixed with the
      following materials:
TBL                          Parts by Weight                                   
     azelaic acid            10.0                                              
     tetrabutyl ammonium bromide                                               
                             0.2                                               
     poly (lauryl acrylate) (M.sub.n = 10,000                                  
                             0.5                                               
PAR  The materials are mixed together in a ball mill for 2 hours. The mixture is
      mill rolled at 85.degree.C. to 90.degree.C. for 5 minutes. The solid
      obtained is ground in a ball mill and the powder is sieved with a 140 mesh
      screen.
PAC  EXAMPLE 22
PAR  The procedure of Example 21 is repeated with the difference that the
      film-former of the non-metal powder component is prepared as in Example 21
      using 166 parts by weight of the ground epoxy-functional copolymer of
      Example 21, 22.64 parts by weight of azelaic acid and 1.33 poly (lauryl
      acrylate) - M.sub.n = 10,000.
PAC  EXAMPLE 23
PAR  The procedure of Example 1 is repeated except for the difference that the
      non-metal powder component is an epoxy-functional and hydroxy-functional
      copolymer of vinyl monomers prepared as follows:
TBL                             Percent by Weight                              
     Reactants       Grams      Of Total Reactants                             
     ______________________________________                                    
     glycidyl methacrylate                                                     
                     225.0      15                                             
     hydroxyethyl methacrylate                                                 
                      75.0      5                                              
     butyl methacrylate                                                        
                     600.0      40                                             
     styrene          75.0      5                                              
     methyl methacrylate                                                       
                     525.0      35                                             
     ______________________________________                                    
PAR  The above mentioned monomers are admixed in the proportions above set forth
      and 70.0 grams (4.5% based on combined weights of reactants) of 2,2' -
      azobis - (2-methyl propionitrile), hereinafter called AIBN, are added to
      the monomer mixture. The solution is added dropwise over a 3 hour period
      into 1500 ml. toluene at 100.degree. - 108.degree.C. under nitrogen
      atmosphere. Then 0.4 grams of AIBN dissolved in 10 ml. of acetone are
      added over a 1/2 hour period and refluxing is cdontinued for 2 additional
      hours.
PAR  The toluene-polymer solution is diluted in 1500 ml. acetone and coagulated
      in 16 liters of hexane. The white powder is dried in a vacuum oven at
      55.degree.C. for 24 hours. This copolymer has molecular weight - M.sub.w
      /M.sub.n = 6750/3400 and the molecular weight per epoxy group is about
      1068.
PAR  A thermosettable material is produced by mixing 166 parts of the
      epoxy-functional, hydroxy-functional copolymer with 22.65 parts by weight
      of azelaic acid, and 1.34 parts by weight of poly (lauryl acrylate -
      M.sub.n = 10,000).
PAR  A homogeneous mixture of the above is obtained by ball milling for 2 hours.
      This mixture is then extruded at 100.degree.C. from a kneading extruder.
      The solid thus obtained is pulverized in an impact mill, i.e., an air
      classified impact mill, and sieved through a 200 mesh screen.
PAC  EXAMPLE 24
PAR  The procedure of Example 23 is repeated except for the difference that a
      functionally equivalent amount of poly (azelaic anhydride) is substituted
      for the azelaic acid.
PAC  EXAMPLE 25
PAR  The procedure of Example 24 is repeated except for the difference that
      about 35% of the poly (azelaic anhydride) is replaced with a functionally
      equivalent amount of 12-hydroxystearic acid.
PAC  EXAMPLE 26
PAR  The procedure of Example 24 is repeated with the following differences:
PAR  1. The epoxy-functional, hydroxy-functional copolymer is replaced with an
      epoxy-functional, amide-functional copolymer prepared from the below
      listed components in the manner hereinafter described:
TBL                             Percent By Weight                              
     Reactants     Grams        Of Total Reactants                             
     ______________________________________                                    
     glycidyl methacrylate                                                     
                   45           15                                             
     acrylamide    15           5                                              
     butyl methacrylate                                                        
                   111          37                                             
     methyl methacrylate                                                       
                   129          43                                             
     ______________________________________                                    
PAR  The above mentioned monomers are admixed in the proportions above set forth
      and 11.0 grams of 2,2' - azobis - (2-methylpropionitrile), hereinafter
      called AIBN, are added to the mixture. The mixture is slowly added to 200
      ml. of toluene heated to 80.degree. - 90.degree.C. which is being stirred
      vigorously under a nitrogen atmosphere. A condenser is provided at the top
      of the toluene container to condense the toluene vapors and return the
      condensed toluene to the container. The monomer mixture is added through a
      regulating valve and the rate of addition is controlled to maintain a
      reaction temperature of 90.degree. - 110.degree.C. with the rest of the
      heat supplied from an external heater. After the addition of the monomer
      mixture is completed (3 hours), 0.8 grams of AIBN dissolved in 10 ml.
      acetone is added over a one-half (1/2) hour period and refluxing is
      continued for two (2) additional hours.
PAR  The resultant toluene-polymer solution is diluted with 200 mls. acetone and
      coagulated in 2 liters of hexane. The white powder is dried in the vacuum
      oven at 55.degree.C. for 24 hours. Its molecular weight is determined to
      be M.sub.w /M.sub.n = 6700/3200 and WPE (molecular weight per epoxide
      group) is about 1000. (2) The azelaic acid is replaced with a
      functionally-equivalent amount of carboxy-terminated polymer crosslinking
      agent. This crosslinking agent is prepared in the following manner: Five
      hundred grams of a commercially available epoxy resin, Epon 1001, (epoxide
      equivalent 450-525, melting range 64.degree. - 76.degree.C. and molecular
      weight average 900.degree.C.), is charged into a 500 ml. stainless steel
      beaker having a heating mantle. The epoxy resin is heated to 110.degree.C.
      As the epoxy resin is stirred, 194 grams of azelaic acid is added. After a
      reaction time of 30 minutes, a homogeneous mixture is obtained. The
      mixture resin, only semi-reacted, is poured out into an aluminum pan and
      cooled. The solid mixture is pulverized to pass through a 100 mesh screen
      by use of a blender. The mixture resin is only semi-reacted because if
      fully reacted it could not be powdered.
PAC  EXAMPLE 27
PAR  The procedure of Example 1 is repeated except for the difference that the
      poly (lauryl acrylate - M.sub.n = 10,000) is replaced with an equivalent
      amount of polyethylenne glycol perfluro octonoate (M.sub.n = 3400).
PAC  EXAMPLE 28
PAR  The procedure of Example 1 is repeated except for the difference that the
      poly (lauryl acrylate) is replaced with an equivalent amount of poly
      (butyl acrylate) - M.sub.n = 9000.
PAC  EXAMPLE 29
PAR  The procedure of Example 1 is repeated except for the difference that the
      poly (lauryl acrylate) is replaced with an equivalent amount of poly
      (isododecyl methacrylate).
PAC  EXAMPLE 30
PAR  The procedure of Example 1 is repeated except for the difference that the
      coated aluminum flakes and the nickel powder are mixed with the principal
      film-forming powder in an amount such as to provide a metal pigment
      component which commprises 0.1 weight percent of the total powder paint
      composition and the weight ratio of nickel powder to coated aluminum
      flakes is 1.75:1.
PAC  EXAMPLE 31
PAR  The procedure of Example 1 is repeated except for the difference that the
      coated aluminum flakes and the nickel powder are mixed with the principal
      film-forming powder in an amount such as to provide a metal pigment
      component which comprises 32.50 weight percent of the total powder paint
      composition and the weight ratio of nickel powder to coated aluminum
      flakes is 2.25:1.
PAC  EXAMPLE 32
PAR  The procedure of Example 1 is repeated except for the difference that the
      coated aluminum flakes and the nickel powder are mixed with the principal
      film-forming powder in an amount such as to provide a metal pigment
      component which comprises 0.25 weight percent of the total powder paint
      composition and the weight ratio of nickel powder to coated aluminum
      flakes is 1.5:1.
PAC  EXAMPLE 33
PAR  The procedure of Example 1 is repeated except for the difference that the
      coated aluminum flakes and the nickel powder are mixed with the principal
      film-forming powder in an amount such as to provide a metal pigment
      component which comprises 28.75 weight percent of the total powder paint
      composition and the weight ratio of nickel powder to coated aluminum
      flakes is 2.5:1. In this example, non-metal pigments are not used.
PAC  EXAMPLE 34
PAR  The procedure of Example 1 is repeated except for the difference that the
      coated aluminum flakes and the nickel powder are mixed with the princial
      film-forming powder in an amount such as to provide a metal pigment
      component which comprises 0.45 weight percent of the total powder paint
      composition and the weight ratio of nickel powder to coated aluminum
      flakes is 2:1.
PAC  EXAMPLE 35
PAR  The procedure of Example 1 is repeated except for the difference that the
      coated aluminum flakes and the nickel powder are mixed with the principal
      film-forming powder in an amount such as to provide a metal pigment
      component which comprises 10 weight percent of the total powder paint
      composition and the weight ratio of nickel powder to coated aluminum
      flakes is 2:1.
PAC  EXAMPLE 36
PAR  The procedure of Example 1 is repeated with the differences that the coated
      aluminum flakes and the nickel powder are mixed with the principal
      film-forming powder in an amount such as to provide a metal pigment
      component which comprises 1 weight percent of the total powder paint
      composition and the weight ratio of nickel powder to coated aluminum
      flakes is 2:1. In this example, the non-metal pigments constitute 21.9
      weight percent of the total powder paint composition.
PAC  EXAMPLE 37
PAR  The procedure of Example 1 is repeated with the following compositional
      differences. The coated aluminum flakes and the nickel powder are mixed
      with the principal film-forming powder in an amount such that they provide
      a metal pigment component which comprises 31.0 weight percent of the total
      paint composition, the weight ratio of nickel powder to coated aluminum
      flakes is 2:1 and the principal film-forming powder contains, as the sole
      non-metal pigment, phthalo green pigment in an amount such that it
      comprises 0.25 weight percent of the total powder paint composition.
PAC  EXAMPLE 38
PAR  The procedure of Example 1 is repeated with the following compositional
      differences. The coated aluminum flakes and the nickel powder are mixed
      with the principal film-forming powder in an amount such that they
      comprise 0.5 weight percent of the total powder paint composition and the
      weight ratio of nickel powder to coated aluminum flakes is 2:1.
PAC  EXAMPLE 39
PAR  The procedure of Example 1 is repeated with the following compositional
      differences. The coated aluminum flakes and the nickel powder are mixed
      with the principal film-forming powder in an amount such that they
      comprise 4.0 weight percent of the total powder with a weight ratio of
      nickel powder to coated aluminum flakes is 2:1 and the principal
      film-forming powder contains a mixture of metal-free pigments in an amount
      such that it comprises 22 weight percent of the total powder paint
      composition. The mixture of metal-free pigments consists predominantly of
      chrome yellow with flaventhron (yellow organic), red iron oxide and carbon
      black present from trace amounts to above one weight percent.
PAC  EXAMPLE 40
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with polyacrylonitrile M.sub.n = 15,000 and
      such coating is in the amount of 5 percent by weight of the aluminum
      flakes.
PAC  EXAMPLE 41
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with polyhexamethylene adipamide - M.sub.n =
      5,000, and such coating is in the amount of 3 percent by weight of the
      aluminum flakes.
PAC  EXAMPLE 42
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with cellulose butyrate - M.sub.n = 10,000, the
      solvent is methanol, and such coating is in the amount of 5 percent by
      weight of the aluminum flakes. The temperature of the spray drier is
      adjusted to compensate for the change of solvent.
PAC  EXAMPLE 43
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with a polyester, i.e., glycol phthalate -
      M.sub.n = 5,000, the solvent is acetone and such coating is in the amount
      of 10 percent by weight of the aluminum flakes. The temperature of the
      spray drier is adjusted to compensate for the change of solvent.
PAC  EXAMPLE 44
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with a styrenemethyl methacrylate copolymer -
      M.sub.n = 15,000, the solvent is acetone and such coating is in the amount
      of 13 percent by weight of the aluminum flakes. The temperature of the
      spray drier is adjusted to compensate for the change of solvent.
PAC  EXAMPLE 45
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with cellulose acetate - M.sub.n = 15,000, the
      solvent is methanol, and such coating is in the amount of 7 percent by
      weight of the aluminum flakes. The temperature of the spray drier is
      adjusted to compensate for the change of solvent.
PAC  EXAMPLE 46
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with polystyrene, the solvent is toluene and
      the coating is in the amount of 2.5 percent by weight of the aluminum
      flakes. The temperature of the spray drier is adjusted to compensate for
      the change of solvent.
PAC  EXAMPLE 47
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of a hydroxy-functional copolymer is
      substituted for the epoxy-functional copolymer of Example 1 and a
      functionally equivalent amount of hexamethoxy melamine is substituted for
      the azelaic acid.
PAR  The hydroxy-functional copolymer used in this example is prepared from the
      below listed components in the manner hereinafter described:
TBL  Reactants           Parts By Weight                                       
     ______________________________________                                    
     2-hydroxyethyl methacrylate                                               
                         15                                                    
     ethyl acrylate      25                                                    
     methyl methacrylate 60                                                    
     ______________________________________                                    
PAR  A one liter, four-necked flask which contains 150 ml. of methyl ethyl
      ketone is heated until the contents of the flask are at a refluxing
      temperature of 85.degree.C. A mixture of the above listed monomers and 4
      parts by weight of 2,2'-azobis-(2-methyl propionitrile), hereinafter
      called AIBN, in the total amount of 208 grams is added in a dropwise
      fashion over a period of one and a half hours to the reaction mixture
      which is maintained at 85.degree.C. After the monomer addition is
      complete, 0.5 grams of AIBN (dissolved in 20 grams of toluene) is added
      dropwise. The refluxing is continued for an additional one-half hour to
      complete the polymerization.
PAR  The solution is poured into shallow stainless steel trays. These trays are
      placed in a vacuum oven and the solvent evaporated therefrom. As the
      solvent is removed, the copolymer becomes more concentrated. The
      temperature of the vacuum oven is raised to 110.degree.C. Drying is
      continued until the solvent content of the copolymer is below 3 percent.
      The trays are cooled and the copolymer collected and ground to pass
      through a 20 mesh screen.
PAR  The cured finish obtained from the powder coating composition utilizing the
      above film-former demonstrates good physical properties, good metal
      particle orientation and good depth variation of the metal particles.
PAC  EXAMPLE 48
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of a self-crosslinking copolymer is
      substituted for the epoxy-functional copolymer and the azelaic acid.
PAR  The self-crosslinking copolymer used in this example is prepared from the
      following listed components in the manner hereinafter described:
TBL  Reactants            Grams                                                
     ______________________________________                                    
     glycidyl methacrylate                                                     
                          30                                                   
     methacrylic acid     21                                                   
     methyl methacrylate  129                                                  
     butyl methacrylate   120                                                  
     ______________________________________                                    
PAR  The monomers above listed are mixed with 12 grams of an initiator, i.e.,
      t-butylperoxypivate. Three hundred grams of benzene if charged into a one
      liter flaks which is equipped with a dropping funnel, condenser, stirrer,
      thermometer and nitrogen inlet. The monomer mixture is placed in the
      dropping funnel. The flaks is heated to 80.degree.C., and a refluxing of
      the solvent is achieved While maintaining the reaction temperature at
      80.degree.C., the monomer mixture is added in a dropwise fashion over a
      two-hour period. After the addition is complete, the reaction is continued
      for another two hours. The contents of the flaks are then cooled to room
      temperature.
PAR  One hundred milliters of the resultant solution are mixed with 0.3 grams of
      poly (20 ethylhexyl acrylate). The mixture is dispersed and then is dried
      in a vacuum oven at 70.degree.C. The powder coating obtained is ground to
      pass through a 200 mesh sieve.
PAR  The cured finish obtained from the powder coating composition utilizing the
      above film-former demonstrates good physical properties, good metal
      particle orientation and good depth variation of the metal paticles.
PAC  EXAMPLE 49
PAR  A series of powder paints, A-E are prepared from the following materials in
      the manner hereinafter set forth and later electrostatically sprayed as in
      Example 1 for test purposes.
PAR  Step I. The materials listed below are thoroughly mixed.
TBL  __________________________________________________________________________
                     A     B     C     D     E                                 
                     PARTS BY WEIGHT                                           
     __________________________________________________________________________
     1.                                                                        
       aluminum paste                                                          
       (65% metal)   30.00 30.00 30.00 30.00 30.00                             
     2.                                                                        
       thermoplastic coating                                                   
       material of paragraph (a)                                               
       Example 1     9.75  13.65 19.5  29.25 39.00                             
       % based on weight of                                                    
       aluminum      50.00 70.00 100.00                                        
                                       150.00                                  
                                             200.00                            
     3.                                                                        
       poly(lauryl acrylate)                                                   
                     0.06  0.08  0.12  0.18  0.23                              
     4.                                                                        
       methylene chloride                                                      
                     250.00                                                    
                           250.00                                              
                                 250.00                                        
                                       250.00                                  
                                             250.00                            
     __________________________________________________________________________
PAR  Step II. This mixture is then spray dried as in the preceding examples and
      a product comprising aluminum flakes encapsulated in a thermoplastic
      coating is obtained wherein the relative weights of the components are as
      follows:
TBL                A    B    C    D    E                                       
                   PARTS BY WEIGHT                                             
     __________________________________________________________________________
     1.                                                                        
       aluminum flakes                                                         
                   19.5 19.5 19.5 19.5 19.5                                    
     2.                                                                        
       thermoplastic coating                                                   
       material from Step I                                                    
                   9.75 13.65                                                  
                             19.50                                             
                                  29.25                                        
                                       39.00                                   
     3.                                                                        
       poly(laurylacrylate)                                                    
                   0.06 0.08 0.12 0.18 0.23                                    
     __________________________________________________________________________
PAR  Step III. These encapsulated aluminum flakes are sieved through a 44 micron
      screen. All particles left on the screen are rejected.
PAR  Step IV. A non-metallic powder mixture is made up by thoroughly mixing the
      below listed materials after which the mixture is pulverized and sieved
      through a 75 micron screen. All particles left on the screen are rejected.
TBL  __________________________________________________________________________
                   A     B     C     D     E                                   
                   PARTS BY WEIGHT                                             
     __________________________________________________________________________
     1.                                                                        
       Resin*      166   166   166   166   166                                 
     2.                                                                        
       Azelaic acid                                                            
                   22.64 22.64 22.64 22.64 22.64                               
     3.                                                                        
       Poly(lauryl acrylate)                                                   
                   1.34  1.34  1.34  1.34  1.34                                
     4.                                                                        
       Pigments                                                                
       (a) thalo green                                                         
                   2.03  2.03  2.04  2.06  2.08                                
       (b) yellow iron oxide                                                   
                   8.04  8.07  8.11  8.18  8.25                                
     __________________________________________________________________________
      *epoxy-functional copolymer of Example 18.                               
PAR  Step V. An evenly mixed blend is formed from the encapsulated aluminum
      flakes of Step III and the nonmetallic powder mixture of Step IV in the
      following relative proportions:
TBL                A     B     C     D     E                                   
                   PARTS BY WEIGHT                                             
     __________________________________________________________________________
     1.                                                                        
       encapsulated aluminum                                                   
       flakes      2.255 2.556 3.009 3.764 4.518                               
     2.                                                                        
       nonmetallic powder                                                      
                   97.745                                                      
                         97.444                                                
                               96.991                                          
                                     96.236                                    
                                           95.482                              
     __________________________________________________________________________
PAR  The relative concentrations of ingredients in each of these blends is as
      follows:
TBL  Ingredient      Parts by Weight                                           
     ______________________________________                                    
     aluminum        1.50                                                      
     film-former     93.57                                                     
     phthalo green   0.99                                                      
     yellow iron oxide                                                         
                     3.93                                                      
     ______________________________________                                    
PAR  Each of the powders thus obtained are blended with nickel powder in an
      amount such that the weight ratio of nickel to aluminum is 2:1 and are
      sprayed on electrically grounded substrates and baked as in Example 1.
      Metal pigment spacing and orientation is best when the resin encapsulation
      on the aluminum flakes is in the range of 50 to 70 weight percent of the
      aluminum with the very best achieved with paint A (50 weigt percent
      encapsulation based on the weight of aluminum flakes).
PAC  EXAMPLE 50
PAR  Aluminum flakes are encapsulated as in Example 1 except for the differences
      that solvents other than methylene chloride, i.e., toluene, xylene,
      acetone, hexane and methyl ethyl ketone, are used to disperse the
      film-forming material and aluminum flakes prior to spray drying. The spray
      drying operation is adjusted in conformance with the relative volalities
      of the solvent used in each test. The encapsulated flakes thus prepared
      are incorporated into the powder paint of Example 1, electrostatically
      sprayed upon substrates and the substrates are baked as in Example 1.
PAR  Hydrocarbons, alcohols and ketones boiling in the range of 50.degree.C. to
      152.degree.C., preferably 50.degree.C. to 90.degree.C., can be used for
      this purpose. The amount of solvent used is in excess of the combined
      weights of the aluminum flakes and the film-former used for encapsulation.
      Advantageously, the amount of solvent used is in the range of about 3 to
      100 times the combined weights of film-former and aluminum flakes.
PAR  Apparatus and methods for electrostatically spraying powder coating
      materials are illustrated and described in U.S. Pat. Nos. 3,536,514;
      3,595,678; and 3,598,629.
PAR  The term "copolymer" is used herein to mean a polymer formed from two or
      more different monomers.
PAR  Many modifications of the foregoing examples will be apparent to those
      skilled in the art in view of this specification. It is intended that all
      such modifications which fall within the scope of this invention be
      included within the appended claims.
PAR  The disclosures of U.S. Pat. application Ser. No. 442,291, filed Feb. 12,
      1974 by Santokh S. Labana et al and entitled "Powder Coating Compositions
      Including Glycidyl Ester-Modified Copolymer" are incorporated herein by
      reference.
PAR  Any and all disclosures appearing in the claims and not specifically
      appearing in the body of this specification are herewith incorporated in
      the body of this specification.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a powder paint which exclusive of catalysts, antistatic agents,
      plasticizers and flow control agents, the same being known and optional
      additives to powder paints, consists essentially of aluminum flakes,
      non-metal pigment and a particulate, organic, film-former, the improvement
      wherein
PA1  A. said non-metal pigment comprises 0 to about 22 weight percent of said
      powder paint,
PA1  B. said aluminum flakes comprise about 0.005 to about 25 weight percent of
      said powder paint and are encapsulated prior to admixture with said
      particulate, organic, film-former with about 2 to about 200 parts by
      weight of a continuous coating of a thermoplastic organic, film-former per
      100 parts by weight aluminum flakes, said thermoplastic, organic,
      film-former consisting essentially of thermoplastic, organic film-formers
      selected from the group consisting of
PAR  1. polymers of alpha-beta olefinically unsaturated monomers of which about
      51 to about 100 weight percent are acrylic monomers aid 0 to about 49
      weight percent are monovinyl hydrocarbons,
PA2  2. polyamides,
PA2  3. polyesters,
PA2  4. homopolymers of monovinyl hydrocarbons,
PA2  5. cellulose acetate, and
PA2  6. cellulose butyrate,
PA1  C. nickel powder is dispersed in said powder paint, the weight ratio of
      said nickel powder to the encapsulated aluminum flakes being between about
      1:4 and about 5:1, and
PA1  D. said particulate, organic film-former is
PA2  1. a thermoplastic, particulate, film-former that is a polymer of
      alpha-beta olefinically unsaturated monomers of which about 51 to about
      100 weight percent are acrylic monomers and 0 to about 49 weight percent
      are monovinyl hydrocarbons, and
PA2  2. thermosettable, particulate, film-formers consisting essentially of a
      copolymer having average molecular weight (M.sub.n) in the range of about
      1500 to about 15,000 and gloss transition temperature in the range of
      about 40.degree.C. to about 90.degree.C., bearing functional groups
      provided by constituent monomers selected from the group consisting of
      glycidyl esters of a monoethylenically unsaturated carboxylic acid,
      C.sub.5 - C.sub.7 monohydroxy acrylates, C.sub.5 - C.sub.7 monohydroxy
      methacrylates and alpha-beta olefinically unsaturated amides and wherein
      at least above 50 weight percent of the constituent monomers are acrylic
      monomers and the remainder weight percent, if any, of the constituent
      monomers consist essentially of C.sub.8 - C.sub.12 monovinyl hydrocarbons,
      said copolymer being self-crosslinkable or employed in combination with a
      monomeric or polymeric crosslinking agent that is capable of reacting with
      said functional groups on said copolymer.
NUM  2.
PAR  2. A powder paint in accordance with claim 1 wherein the weight ratio of
      said nickel powder to said encapsulated aluminum flakes is between about
      1.5:1 and about 2.5:1.
NUM  3.
PAR  3. A powder paint in accordance with claim 1 wherein the encapsulation of
      said aluminum flakes is in the amount of about 2 to about 30 parts by
      weight of thermoplastic, organic, film-former per 100 parts by weight of
      said aluminum flakes.
NUM  4.
PAR  4. A powder paint in accordance with claim 1 wherein the encapsulation of
      said aluminum flakes is in the amount of about 30 to about 70 parts by
      weight of thermoplastic, organic, film-former per 100 parts by weight of
      said aluminum flakes.
NUM  5.
PAR  5. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former is thermosettable and said copolymer bearing
      functional groups is a copolymer of about 5 to about 20 weight percent of
      glycidyl ester of a monoethylenically unsaturated carboxylic acid, about 2
      to about 10 weight percent of a hydroxy acrylate or methacrylate and about
      70 to about 93 weight percent of esters of a C.sub.1 - C.sub.8 monohydric
      alcohol and acrylic or methacrylic acid and is employed with a
      crosslinking agent selected from the group consisting of dicarboxylic
      acids and anhydrides of dicarboxylic acids.
NUM  6.
PAR  6. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former is thermosettable and said copolymer bearing
      functional groups is a copolymer of about 5 to about 20 weight percent of
      a glycidyl ester of a monoethylenically unsaturated carboxylic acid, about
      2 to about 10 weight percent of an alpha-beta olefinically unsaturated
      amide and about 70 to about 93 weight percent of esters of a C.sub.1 -
      C.sub.8 monohydric alcohol and acrylic or methacrylic acid and is employed
      with a cross-linking agent selected from the group consisting of
      dicarboxylic acids and anhydrides of dicarboxylic acids.
NUM  7.
PAR  7. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former is thermosettable and said copolymer thereof is a
      copolymer having as its sole functionality hydroxyl groups and is employed
      with a melamine crosslinking agent.
NUM  8.
PAR  8. A powder paint in accordance with claim 1 wherein said thermoplastic,
      organic, film-former encapsulating said aluminum flakes is a homopolymer
      of acrylonitrile or methacrylonitrile.
NUM  9.
PAR  9. A powder paint in accordance with claim 1 wherein said thermoplastic,
      organic, film-former encapsulating said aluminum flakes is poly
      (acrylonitrile).
NUM  10.
PAR  10. A powder paint in accordance with claim 1 wherein said thermoplastic,
      organic film-former encapsulating said aluminum flakes is poly
      (hexamethylene adipamide).
NUM  11.
PAR  11. A powder paint in accordance with claim 1 wherein said thermoplastic,
      organic, film-former encapsulating said aluminum flakes is poly (styrene).
NUM  12.
PAR  12. A powder paint in accordance with claim 1 wherein said thermoplastic,
      organic, film-former encapsulating said aluminum flakes is a homopolymer
      of an acrylate or methacrylate which is an ester of a C.sub.1 - C.sub.8
      monohydric alcohol and acrylic or methacrylic acid.
NUM  13.
PAR  13. A powder paint in accordance with claim 5 wherein said thermoplastic,
      organic, film-former encapsulating said aluminum flakes is a copolymer of
      about 51 to about 100 weight percent of esters of C.sub.1 - C.sub.8
      monohydric alcohols and acrylic or methacrylic acid and 0 to about 49
      percent of C.sub.8 - C.sub.12 monovinyl hydrocarbons.
NUM  14.
PAR  14. A powder paint in accordance with claim 1 wherein said thermoplastic,
      organic, film-former encapsulating said aluminum flakes is a copolymer or
      homopolymer of esters of acrylic or methacrylic acid and a C.sub.1 -
      C.sub.8 alcohol.
NUM  15.
PAR  15. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former is a thermoplastic, particulate, film-former and has
      average molecular weight (M.sub.n) in the range of about 30,000 to about
      80,000 and a glass transition temperature in the range of about
      60.degree.C. to about 110.degree.C.
NUM  16.
PAR  16. A powder paint in accordance with claim 1 wherein said thermoplastic,
      organic, film-former is cellulose butyrate.
NUM  17.
PAR  17. A powder paint in accordance with claim 1 wherein said thermoplastic,
      organic, film-former is cellulose acetate.
NUM  18.
PAR  18. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former is a thermosettable particulate, film-former
      consisting essentially of a copolymer of monoethylenically unsaturated
      monomers of which about 5 to about 20 weight percent of the constituent
      monomers are glycidyl esters of a monoethylenically unsaturated carboxylic
      acid, in excess of 50 weight percent of the constituent monomers are
      acrylic monomers, and a crosslinking agent reactable with said copolymer
      and selected from the group consisting of dicarboxylic acids and
      anhydrides of dicarboxylic acids.
NUM  19.
PAR  19. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of about 5 to
      about 20 weight percent of a glycidyl ester of a monoethylenically
      unsaturated carboxylic acid and about 80 to about 95 weight percent of
      esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid and a crosslinking agent selected from the group
      consisting of dicarboxylic acids and anhydrides of dicarboxylic acids.
NUM  20.
PAR  20. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of a
      monoethylenically unsaturated carboxylic acid, about 2 to about 10 weight
      percent of a C.sub.5 - C.sub.7 hydroxy acrylate or methacrylate and about
      70 to about 93 weight percent of esters of a C.sub.1 - C.sub.8 monohydric
      alcohol and a crosslinking agent selected from the group consisting of
      dicarboxylic acids and anhydrides of dicarboxylic acids.
NUM  21.
PAR  21. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of a
      monoethylenically unsaturated carboxylic acid, about 2 to about 10 weight
      percent of acrylamide or methacrylamide and about 70 to about 93 weight
      percent of esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid and a cross-linking agent selected from the group
      consisting of dicarboxylic acids and anhydrides of dicarboxylic acids.
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PAL  A stiffener, 3,9-(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane,
      is used for improving physical properties of rubber compositions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a vulcanizable rubber composition having
      improved physical properties.
PAR  2. Description of the Prior Art
PAR  Application fields of rubber composition have been recently broadened and
      as a result various specific properties have been demanded. For example, a
      tire, especially a tire used on a rough road, or a rubber article for
      industry such as a rubber belt for a mine should be prepared by a rubber
      composition which is not injured by rocks or stones, that is, it should
      have a high cut growth resistance. According to conventional methods, the
      cut resistance has been improved by incorporating an inorganic reinforcing
      agent such as carbon black, silica and the like or an organic reinforcing
      agent such as phenolic resin, rosin and the like, or incorporating a
      rubber having a different structure, for example, incorporating an
      unsaturated polar rubber into an unsaturated non-polar rubber. When the
      former method of incorporating an inorganic or organic reinforcing agent
      is used, the cut growth resistance of the vulcanized rubber is improved;
      however, the resilience of the rubber article decreases and the heat
      buildup shortens the life of the tire. When the latter method of
      incorporating an unsaturated polar rubber in an unsaturated non-polar
      rubber is used, a large quantity of the unsaturated polar rubber is
      required to improve cut growth resistance of the rubber composition and
      breaking strength of a vulcanized rubber, while the decrease of resilience
      can be prevented. As described above, it has been very difficult to obtain
      a rubber composition having both improved cut resistance and resilience.
PAR  On the other hand, cut growth resistance of the rubber composition can be
      improved by increasing the hardness. A stiffener is used to increase
      hardness of rubber. As a stiffener for rubber, organic polyamino
      compounds, quinones, hydrazine sulfate and the like are known. These
      stiffeners have been used to harden an unvulcanized rubber, prevent the
      deformation and improve the green strength. However, when these stiffeners
      are used to improve the hardness of a vulcanized rubber, a large quantity
      thereof is required. In this case, since vulcanization is greatly
      accelerated to cause scorching, increase crosslinking density, and cause
      other properties to deteriorate with increase of hardness. Accordingly the
      usual stiffeners are not satisfactory.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a vulcanizable rubber
      composition having improved physical properties which comprises rubber and
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane as a
      stiffener.
PAR  According to another aspect of the present invention, there is provided a
      stiffener for a rubber composition having improved physical properties
      comprising 3,9-bis(hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane.
PAR  According to a further aspect of the present invention, there is provided a
      vulcanized rubber produced by vulcanizing a rubber composition in the
      presence of 3,9-bis(hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane
      as a stiffener.
PAR  An object of the present invention is to provide an improved stiffener for
      a vulcanizable rubber composition.
PAR  Another object of the present invention is to provide a vulcanizable rubber
      composition incorporating the improved stiffener.
PAR  A further object of the present invention is to provide a vulcanizable
      rubber composition having improved cut growth resistance and resilience in
      the vulcanized state, as well as improved green strength in the
      unvulcanized state.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows the relation between crosslinking density and Young's modulus
      in three kinds of rubber compositions. The values in the parentheses are
      amounts, in parts by weight of stiffeners per 100 parts by weight of
      rubber.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present inventors have found that the green strength of an unvulcanized
      rubber and the hardness, cut growth resistance and resilience of a
      vulcanized rubber are improved together by using as a stiffener
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane which is a
      dihydrazide compound having spiroacetal ring and the structural formula
      ##SPC1##
PAL  without generating scorching or increasing the crosslinking density as
      observed in the case using an amine compound or hydrazine sulfate.
PAR  In the present invention, the hardness, cut resistance and resilience of
      the vulcanized rubber as well as the green strength of the unvulcanized
      rubber are easily improved together by incorporating a small quantity of a
      hydrazide compound having a spiroacetal ring as a stiffener with natural
      rubber, synthetic rubber or a mixture thereof. This fact has provided one
      solution to the problem which was difficult to achieve in spite of various
      trials. It could not be expected that a rubber composition having high
      hardness, improved cut growth resistance and resilience could be prepared
      without deteriorating other properties by incorporating only a stiffener.
PAR  Rubber to be used in the present invention may be natural rubber, synthetic
      rubbers such as polyisoprene, styrene-butadiene copolymer, polybutadiene,
      ethylene-propylene copolymer, butyl rubber, nitrile rubber and the like
      and mixtures thereof.
PAR  The dihydrazide compound having a spiroacetal ring to be used in the
      present invention as a stiffener is
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane. This
      compound is easily prepared by reacting
      3,9-bis(2-carbomethoxyethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane with
      hydrazine hydrate by the method described below.
PAR  One mole of
      3,9-bis(2-carbomethoxyethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane and 2
      moles or more of hydrazine hydrate are heated and refluxed in methanol for
      about 5 hours, and then methanol and the excess of hydrazine hydrate are
      removed by a rotary evaporator under reduced pressure to prepare
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane which is a
      white solid. This compound may be purified by recrystallization from
      methanol, and it is preferable to use this purified dihydrazide compound.
      The 3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane thus
      purified has a melting point of 155.degree. - 156.degree.C.
PAR  The amount of the stiffener used in the present invention is preferably 0.1
      - 5.0 parts by weight per 100 parts by weight of rubber, and more
      preferably 0.5 - 2.0 parts by weight.
PAR  Further, common compounding ingredients, for example, a vulcanizing agent,
      an accelerating agent, an auxiliary agent, an antioxidant, a reinforcing
      agent such as carbon black, silica and the like, a softener, a coloring
      agent, a filler and the like may be added simultaneously in the practice
      of the present invention.
PAR  Mixing of compounding ingredients in the present invention may be carried
      out by a conventional mixing procedure using a mixing roll or Banbury
      mixer. The compounded rubber is changed to optional shapes by means of
      sheeting or extruding and is vulcanized by a usual vulcanizing procedure
      to obtain end products.
PAR  Since the rubber composition of the present invention has an improved
      hardness and green strength in the unvulcanized state, it is effective for
      preventing from deforming in the process of forming various products.
      Further the rubber composition of the present invention has an improved
      hardness, cut growth resistance and resilience in vulcanized state, and
      therefore it is used to produce a rubber tire, particularly, of a tread, a
      side wall and a carcass of tires for rough roads such as off the road
      tires, truck and bus tires, passenger tires for rough roads, bicycle tires
      for rough road and the like. Moreover, the rubber composition of the
      present invention is suitable for materials of belts for a mine, road
      building or repairing and the like.
PAR  Further, there is shown in FIG. 1 the relation between the crosslinking
      density and Young's modulus of the following three kinds of the rubber
      compositions. That is, the rubber composition prepared by incorporating
      1.0 part by weight of
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane to natural
      rubber (Examples 1 and 2), the rubber composition containing no stiffener
      (Comparative Examples 1) and the rubber composition prepared by
      incorporating 1.0 part by weight of hydrazine sulfate, to natural rubber
      (Comparative Examples 2 and 3). FIG. 1 clearly shows that the rubber
      composition of the present invention has improved properties.
PAR  The invention will be understood more readily by reference to the following
      examples, however, these examples are intended to illustrate the invention
      and are not to be construed to limit the scope of the invention. In the
      examples, parts are by weight unless otherwise specified.
PAC  EXAMPLES 1-2 AND COMPARATIVE EXAMPLES 1-3
PAR  The rubber compositions were obtained by compounding natural rubber with
      carbon black and
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane as a
      stiffener and examined with respect to green strength in unvulcanized
      state and hardness, cut growth resistance and resilience in the vulcanized
      state.
PAR  The compounding recipe for each rubber composition is shown in Table 1. In
      addition, as other than the compounding ingredients shown in Table 1, 2.0
      parts of sulfur, 4.0 parts of zinc oxide, 3.0 parts of stearic acid, 5.0
      parts of pine tar, 1.5 parts of paraffin wax, 1.0 part of NOCRAC 810NA
      (trade mark of N-isopropyl-N'-phenyl-p-phenylene diamine, supplied by
      Ouchi Shinko Chemical Industrial Co. Ltd.) 0.4 part of NOCCELER MSA (trade
      mark of N-oxydiethylene-2-benzothiazol sulfonamide, supplied by Ouchi
      Shinko Chemical Industrial Co. Ltd.) as an accelerator and 1.0 part of
      phenyl-.beta.-naphthylamine as an antioxidant, were commonly added to each
      rubber composition. The green strength in the unvulcanized state of each
      sample was estimated by measuring tensile strength of JIS No. 1 dumbbell
      sample which was prepared by punching out from each unvulcanized rubber
      sheet by means of an Instron tester according to JIS-K-6301. The hardness
      was estimated by means of JIS tester of hardness according to JIS-K-6301.
PAR  The resilience was estimated by means of a Dunlop trimeter according to
      British Standard 903. A higher value of the specimen shows a greater
      resiliency of the rubber composition.
PAR  The cut growth resistance was estimated by measuring cut area suffered by
      impact strength by means of an impact cut tester having impact weight of
      100 Kg and arm length of 100 cm. The smaller value shows the better cut
      growth resistance of the rubber composition.
PAR  The values of physical properties shown in Table 1 are represented as an
      index number based on the values of the physical properties of the
      composition not containing any stiffener which is represented as 100.
TBL                                    Table 1                                 
     __________________________________________________________________________
                      Example or Comparative Example No.                       
     __________________________________________________________________________
     Com-                                                                      
     pounding         Comparative                                              
                             Example 1                                         
                                   Example 2                                   
                                         Comparative                           
                                                Comparative                    
     Ingredients      Example 1          Example 2                             
                                                Example 3                      
     (parts by wt.)                                                            
     __________________________________________________________________________
     Natural Rubber   100    100   100   100    100                            
     Carbon black      45    45    45    45     45                             
     Stiffener A *           0.5   1.0                                         
     Stiffener B **                      0.5    1.0                            
     Physical Properties                                                       
      Green strength (index)                                                   
                      100    116   128   106    113                            
      Hardness (index)                                                         
                      100    103   105   100    102                            
      Cut growth resistance (index)                                            
                      100    92    79    91     86                             
      Resilience (index)                                                       
                      100    105   107   104    105                            
     __________________________________________________________________________
      NOTE:                                                                    
      * 3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane        
      ** hydrazine sulfate                                                     
PAR  Table 1 shows that the rubber compositions (Examples 1 and 2) of the
      present invention are superior to the rubber composition (Comparative
      Example 1) containing no stiffener and the rubber compositions
      (Comparative Examples 2 and 3) containing hydrazine sulfate which is
      usually used as a stiffener in the green strength in unvulcanized state
      and in hardness, cut growth resistance and resilience in vulcanized state.
PAR  The relation between Young's Modulus and crosslinking density was examined
      with respect to each rubber vulcanizate shown in Table 1.
PAR  The results obtained are shown in FIG. 1. FIG. 1 shows that the rubber
      vulcanizate obtained by the present invention had markedly higher Young's
      Modulus in the same level of crosslinking density than that of the rubber
      vulcanizate to which a usual stiffener was added.
PAC  EXAMPLES 3-4 AND COMPARATIVE EXAMPLES 4-6
PAR  The same experiments as those in Examples 1 and 2 were repeated except that
      Natsyn IR 2200 (trade mark for cis 1,4-polyisoprene, supplied by Japan
      Synthetic Rubber Co.) was used in place of natural rubber.
PAR  The results are shown in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
                      Comparative Example & Example No.                        
     __________________________________________________________________________
     Com-                                                                      
     pounding         Comparative                                              
                             Example 3                                         
                                   Example 4                                   
                                         Comparative                           
                                                Comparative                    
     Ingredients      Example 4          Example 5                             
                                                Example 6                      
     (parts by wt.)                                                            
     __________________________________________________________________________
     Polyisoprene     100    100   100   100    100                            
     Carbon black      45    45    45    45     45                             
     Stiffener A *           0.5   1.0                                         
     Stiffener B **                      0.5    1.0                            
     Physical Properties                                                       
      Green strength (index)                                                   
                      100    115   120   109    112                            
      Hardness (index)                                                         
                      100    103   105   102    103                            
      Cut growth resistance (index)                                            
                      100    82    66    88     80                             
      Resilience (index)                                                       
                      100    101   104   103    105                            
     __________________________________________________________________________
      NOTE:                                                                    
      *  3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane       
      ** Hydrazine sulfate                                                     
PAR  Table 2 shows that the rubber compositions (Examples 3 and 4) of the
      present invention are superior to the rubber composition (Comparative
      Example 4) containing no stiffener and the rubber compositions
      (Comparative Examples 5-6) containing hydrazine sulfate which is usually
      used as a stiffener.
PAR  Furthermore, it is concluded that the effect of the stiffener of the
      present invention on synthetic rubber is equivalent to, or larger than
      that on natural rubber, whereas the usual stiffener is effective only on
      natural rubber.
PAC  EXAMPLE 5 AND COMPARATIVE EXAMPLES 7 AND 8
PAR  The rubber compositions were prepared by compounding SBR 1500 (trade mark
      of styrene-butadiene copolymer containing 23.5% by weight of styrene,
      supplied by Japan Synthetic Rubber CO.), carbon black and
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane as a
      stiffener and evaluated with respect to green strength in the unvulcanized
      state and hardness, cut growth resistance and resilience in the vulcanized
      state in the same manner as in Examples 1 and 2.
PAR  The compounding recipes for each rubber composition are shown in Table 3.
      In addition, the others than the compounding ingredients shown in Table 3,
      which were 1.6 part of sulfur, 3.0 parts of zinc oxide, 9.0 parts of an
      aromatic oil, 3.0 parts of stearic acid, 1.5 part of paraffin wax, 1.0
      part of NOCRAC 810 NA (trade mark of
      N-isopropyl-N'-phenyl-p-phenylenediamine, supplied by Ouchi Shinko
      Chemical Industrial Co. Ltd.), 0.3 parts by weight of NOCCELER D (trade
      mark of diphenyl guanizine supplied by Ouchi Shinko Chemical Industrial
      Co. Ltd.) as an accelerating agent and 1.0 part of
      phenyl-.beta.-naphtylamine as an antioxidant, were commonly added to each
      composition.
PAR  The results are shown in Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
                      Comparative Examples & Example No.                       
     __________________________________________________________________________
     Com-             Comparative                                              
                             Example                                           
                                   Comparative                                 
     pounding         Example 7                                                
                             5     Example 8                                   
     Ingredients                                                               
     (parts by wt.)                                                            
     __________________________________________________________________________
     Styrene-butadiene copolymer                                               
                      100    100   100                                         
     Carbon black      47    47    47                                          
     Stiffener A *           0.75                                              
     Stiffener B **                0.75                                        
     Physical Properties                                                       
      Green strength (index)                                                   
                      100    106   97                                          
      Hardness (index)                                                         
                      100    108   100                                         
      Cut growth resistance (index)                                            
                      100    67    96                                          
      Resilience (index)                                                       
                      100    104   101                                         
     __________________________________________________________________________
      Note:                                                                    
      * 3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro[5,5]-undecane         
      ** Hydrazine sulfate                                                     
PAR  Table 3 shows that the rubber composition (Example 5) of the present
      invention was remarkably improved in green strength in the unvulcanized
      state and in hardness, cut growth resistance and resilience in the
      vulcanized state as compared to both the rubber composition (Comparative
      Example 7) containing no stiffener and the rubber composition (Comparative
      Example 8) containing hydrazine sulfate which is a usual stiffener.
PAR  In the case described above, hydrazine sulfate was hardly effective,
      whereas the stiffener of the present invention was markedly effective.
CLMS
STM  We claim:
NUM  1.
PAR  1. A vulcanizable rubber composition which comprises rubber and
      3,9-bis(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane as a
      stiffener.
NUM  2.
PAR  2. A vulcanizable rubber composition according to claim 1 which comprises
      100 parts by weight of rubber and 0.1 - 5.0 parts by weight of 3,9-bis
      (2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane.
NUM  3.
PAR  3. A vulcanizable rubber composition according to claim 1 which comprises
      100 parts by weight of rubber and 0.5 - 2.0 parts by weight of
      3,9-(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane.
NUM  4.
PAR  4. A vulcanizable rubber composition according to claim 1, in which said
      rubber is at least one selected from the group consisting of natural
      rubber, polyisoprene, styrene-butadiene copolymer, polybutadiene,
      ethylene-propylene copolymer, butyl rubber, nitrile rubber and the mixture
      thereof.
NUM  5.
PAR  5. A vulcanizable rubber composition according to claim 1, in which said
      rubber is at least one selected from the group consisting of natural
      rubber, polyisoprene, styrene-butadiene copolymer and the mixture thereof.
NUM  6.
PAR  6. A vulcanizable rubber composition which comprises 100 parts by weight of
      at least one rubber selected from the group consisting of natural rubber,
      polyisoprene, styrene-butadiene copolymer and the mixture thereof and 0.5
      - 2.0 parts by weight of
      3,9-(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane as a
      stiffener.
NUM  7.
PAR  7. A vulcanized rubber which is obtained by vulcanizing a rubber
      composition in the presence of
      3,9-(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane as a
      stiffener.
NUM  8.
PAR  8. A stiffener for a rubber composition comprising
      3,9-(2-hydrazidoethyl)-2,4,8,10-tetraoxaspiro-[5,5]-undecane.
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PAL  Dispersions of poly(urethane-urea) terminated by hydrolyzable or hydrolyzed
      silyl groups form self-supporting films and coatings on webs. Leather
      coated with one of these compositions has excellent wear-resistance.
BSUM
PAR  This invention relates to aqueous dispersions of poly(urethane-urea)
      terminated by hydrolyzable or hydrolyzed silyl groups and containing
      solubilizing or emulsifying groups, particularly carboxyl groups. This
      invention further relates to films formed from said dispersions and to
      materials and surfaces such as leather, woven and nonwoven webs, glass,
      glass fibers, wood, aluminum, etc., coated with said dispersions or films
      formed therefrom.
PAR  It is well known to treat substrates such as leather with urethanes,
      generally polyurethanes. Polymers are generally applied either neat or
      from solvent solution as one-part or two-part systems. Frequently,
      isocyanate terminated polymers are used, so that the material can be
      "chemically bonded" to the leather.
PAR  The use of solvents creates problems of pollution, toxicity, flammability,
      cost, etc. The avoidance of solvents has had limited applicability because
      of the relatively high viscosity of the polymers and difficulty of
      control. Although the use of aqueous dispersions or latices has been
      described from time to time in the literature, the instability of most of
      the latices to the mechanical action required in applying the material to
      the substrate, and the generally unsatisfactory nature of the coating
      derived from the process has retarded commercialization.
PAR  The art most closely approaching the present invention is found in several
      United States Patents which overall emphasize polyurethane materials which
      are unstable to water and are generally kept from contact with water until
      after application to the surface, e.g., leather, being treated. Thus, U.S.
      Pat. No. 3,179,713 describes the treatment particularly of leather with
      polysiloxanes containing isocyanate radicals as terminal groups. These are
      employed in amounts of 10-75% by weight with triorganosilyl endblocked
      diorgano polysiloxanes. The resulting product has all the characteristics
      of a siloxane-treated leather, except that the reactive isocyanate groups
      are stated to provide better bonding. Such compositions must be applied
      from solvent and must be protected from exposure to moisture prior to
      application to the leather. The compositions are applied at 15% to 25% by
      weight of the leather.
PAR  A class of silyl group-containing polymers which is cured by moisture is
      described by Brode et al., U.S. Pat. No. 3,632,557. The polymers are
      described as "vulcanizable" and are formed as films and plaques which cure
      by exposure to atmospheric moisture. This curing by moisture appears to be
      what is meant by vulcanizing in this instance. Because of this
      sensitivity, patentee taught that care had to be exerted at all times to
      avoid premature exposure to moisture. A polyurethane sealant containing
      alkoxysilyl terminating groups and which cures by moisture is described by
      Seiter, U.S. Pat. No. 3,627,722.
PAR  Latex polymers which are vinyl addition polymers formed by free radical
      polymerization and comprise vinyl hydrolyzable silane, an ester of the
      group of acrylic, maleic and fumaric esters and/or vinyl acetate are
      described by Kowalski et al. in U.S. Pat. No. 3,814,716. These are
      dispersed in water using anionic or nonionic surfactants and are said to
      be useful to give durable coatings on various substrates which are
      generally rigid.
PAR  It would be desirable to have the advantages of silicon-containing groups,
      particularly curability, in a polyurethane composition which is not
      sensitive to water. Accordingly, it is an aim and object of this invention
      to provide a curable composition containing polyurethane and silyl groups
      which is not sensitive to moisture before application and reduce the use
      of expensive and polluting solvents for application. A further object is
      to provide silyl group-containing polyurethanes which are film-forming. A
      yet further object of the invention is to produce polyurethane latices
      which are stable to shear as to be mechanically pumpable. Other objects
      will become evident hereinelsewhere.
PAR  In accordance with the above and other objects of the invention, it has now
      been found that -SiY.sub.3 group-containing poly(urethane-urea)s in
      aqueous dispersion are useful as film-forming and coating materials. The
      term poly(urethane-urea), or sometimes polyurethane-polyurea, refers to a
      polymeric material, the backbone of which comprises a multiplicity of
      urethane linkages,
      ##EQU1##
      and may also contain one or more urea linkages:
      ##EQU2##
PAR  Aqueous poly(urethane-urea)s dispersions of the invention are found to be
      stable to shear, to have enhanced chemical and mechanical stability, to
      have relatively low viscosities even at high polymer concentrations. They
      present reduced hazards and costs as compared to polyurethane solutions of
      the art because of their lower contents of solvents. Because they are
      aqueous, there are no problems associated with continuous maintenance of
      anhydrous conditions prior to use. Films formed from these dispersions are
      free from the problems associated with the presence of surfactants which
      are encountered with films formed from conventional externally emulsified
      dispersions.
PAR  A particularly convenient method of preparing -SiY.sub.3 group-containing
      poly(urethane-urea)s in aqueous dispersion or latex form is by dispersion
      of suitable intermediate reaction mixtures containing intermediate
      isocyanate compounds in which ultimately terminal Y.sub.3 Si-(or
      -SiY.sub.3) groups are attached to a small predetermined fraction of
      isocyanate groups by using suitable X.sub.3 Si-silanes, where X.sub.3 Si-
      is a functional silyl group including three hydrolyzable substituents X,
      such as H, alkoxy, acyloxy, halogen, amino and the like, wherein
      preferably the hydrolyzable substituents are alkoxy or acyloxy and the
      functional silyl group is X.sub.3 'Si-. Y is a labile group, one of the
      hydrolyzable groups of X or it can be the non-hydrolyzable OH. Preferably
      the labile group is Y' in the group Y.sub.3 'Si- where Y' is acyloxy or
      --OQ where Q is hydrogen or lower alkyl of 1 to 4 carbon atoms.
PAR  Another predetermined small fraction of the isocyanate groups is reacted
      with compound, herein termed a water-solubilizing compound, although
      dispersed polymers are generally not water soluble, containing, in
      addition to the solubilizing group, two isocyanate-reactive hydrogen atoms
      to provide internal emulsifying groups and thus to provide
      self-emulsifying characteristics to the polymer. Suitable solubilizing
      groups are those which ionize in water, such as carboxyl, sulfate,
      sulfonate, phosphonate, ammonium, including quaternary ammonium, and the
      like. Preferred isocyanate-reactive hydrogen atoms are those which react
      readily with an isocyanate group at or below about 75.degree. C. such as
      the hydrogen atoms of aliphatic hydroxyl, aliphatic mercapto, and
      aliphatic or aromatic amino groups. Hydrogen atoms which react slowly,
      such as the "acidic" hydrogen atoms in amido groups, and those which form
      thermolabile isocyanate adducts, such as aromatic hydroxyl hydrogen atoms,
      are not included.
PAR  Either before or after reaction with X.sub.3 Si- silane and with or without
      water-soluble compound, part or all remaining isocyanate groups are
      reacted with one or more compounds containing more than one
      isocyanate-reactive group. In a preferred process, reaction with a
      polyoxyalkylene glycol is effected with a large fraction of the isocyanate
      groups before reaction with X.sub.3 Si- silane and water-soluble compound
      and subsequently the resulting prepolymer mixture is reacted with water to
      form multiplicities of chain-extending urea linkages. At least a portion
      of the hydrolyzable X groups are likely to be hydrolyzed during
      emulsification to -OH groups. The preferred compositions of the invention
      are thus seen to be Y.sub.3 Si- terminated poly(urethane-urea)s and
      aqueous dispersions thereof.
PAR  The inclusion of diol acids in polyurethane compositions has been described
      by Herman et al. in U.S. Pat. No. 3,640,924. The intermediates are
      emulsified in the presence of tertiary amine and thickeners are added to
      give curable adhesives.
PAR  A preferred procedure for preparing compositions of this invention
      comprises (1) reacting polymeric polyol with a stoichiometric excess of
      polyisocyanate to prepare isocyanate-terminated prepolymer, (2) reacting
      the prepolymer with less than stoichiometric amounts of
      isocyanate-reactive X.sub.3 Si-compound and water-solubilizing compound,
      (3) finally mixing the resluting isocyanate-containing prepolymer with
      water, under agitation, to produce a stable dispersion of
      silanol-terminated, i.e., Y.sub.3 Si-terminated, poly(urethane-urea).
      Alternative procedures involve simultaneous or sequential reaction of at
      least two fold stoichiometric excess of diisocyanate with
      isocyanate-reactive X.sub.3 Si-compound and isocyanate-reactive ionic
      water-solubilizing compound. Separately reacted materials may then be
      combined or the X.sub.3 Si-containing material is used alone and either of
      these or the isocyanate-terminated material prepared by sequential
      reactions is then reacted with more or less than stoichiometric amount of
      diol and the resulting reaction mixture emulsified in water. Preferably,
      reaction is with not more than the stoichiometric amount so that the
      emulsified polymer will have Y.sub.3 Si-groups at each end. The backbone
      chain will contain more or less urea linkages after emulsification
      depending on the number of isocyanate groups entering into reaction with
      water.
PAR  The isocyanate-terminated polyurethane prepolymers useful in the present
      invention are prepared by reacting a molar excess of organic
      polyisocyanate with one or more polyols, as is well known in the art. A
      summary of urethane polymer chemistry and technology can be found, for
      example, in Polyurethanes: Chemistry and Technology, Saunders and Frisch,
      Interscience Publishers (New York, 1963 (Part I) and 1964 (Part II)).
PAR  The poly(urethane-urea)s of the dispersions of the invention are composed
      of several moieties. Urethane and urea moieties link together polyvalent,
      generally divalent, isocyanate-derived moieties, diol-derived moieties and
      solubilizing moieties in the chain and monovalent terminal silyl moieties.
      Isocyanate-derived moieties and diol-derived moieties are the radicals
      derived from polyisocyanates and diols respectively by elimination of
      isocyanate and isocyanate-reactive groups respectively. Water-solubilizing
      ionic compounds and silyl compounds yield solubilizing moieties and silyl
      moieties by elimination of isocyanate-reactive groups. Each moiety is of
      from 25 to 5000 daltons in size. The molecule as a whole is thus made up
      of recurring isocyanate-derived moieties and diol-derived moieties
      together with interspersed solubilizing moieties separated by urethane and
      urea moieties. The molecules as a whole are generally terminated by silyl
      moieties. To some extent, of course, two or more molecules in aqueous
      dispersion may be connected by siloxane linkages.
PAR  Any suitable organic polyisocyanate, either aliphatic, cycloaliphatic,
      araliphatic or aromatic, may be used either singly or in mixtures of two
      or more. Either aromatic or aliphatic isocyanates are suitable, the
      aliphatic isocyanates generally giving softer polymers and coatings having
      better light stability than the aromatic compounds. The aromatic compounds
      are more economical and generally useful. Isocyanates containing more than
      two isocyanate groups in the molecule can be included without measurable
      changes in the characteristics of the resulting polymer; diisocyanates are
      preferred. Suitable organic polyisocyanates include m-phenylene
      diisocyanate, p-phenylene diisocyanate, 2,4-tolylene diisocyanate,
      2,6-tolylene diisocyanate, 4,4'-diphenylmethane diisocyanate, benzidine
      diisocyanate, naphthalene-1,5-diisocyanate, hexamethylene diisocyanate,
      and other alkylene diisocyanates, 4,4',4" -triphenylmethane triisocyanate,
      decamethylene diisocyanate, polyphenylmethylene polyisocyanates that are
      produced by phosgenation of aniline/formaldehyde condensation products
      containing up to about four aromatic rings, dianisidine diisocyanate,
      xylylene diisocyanate, bis(2-isocyanatoethyl)fumarate,
      bis(2-isocyanatoethyl) cyclohex-4-ene-1,2-dicarboxylate,
      bis(2-isocyanatoethyl) carbonate and many other organic polyisocyanates
      known in the art. The isocyanate-derived moiety is thus a polyvalent
      organic radical of from about 2 to about 30 carbon atoms free from
      isocyanate-reactive or hydroxyl-reactive groups, e.g., OH, SH, CO.sub.2 H,
      COCl, SO.sub.3 H, SO.sub.2 Cl, etc.
PAR  In producing the isocyanate-terminated polyurethane prepolymers of the
      present invention, one or more polyhydroxy compounds or polyols can be
      employed in the reaction with the organic polyisocyanate.
PAR  Illustrative polyhydroxy compounds include the following classes of
      compounds:
PA1  a. lactone polyols and the alkylene oxide adducts thereof:
PA1  b. the polyester polyols, and the alkylene oxide adducts thereof:
PA1  c. the polyoxyalkylene polyols and polyoxycycloalkylene polyols and the
      alkylene oxide adducts thereof;
PA1  d. the polytetramethylene glycols.
PAR  The term "diol" is intended to include mixtures of diols as well as
      mixtures containing amounts of triols or tetrols sufficient to provide a
      low level of cross-linking without excessively affecting the properties of
      the final product. An amount of cross linking not exceeding about 1 cross
      link per 3000 daltons is considered suitable.
PAR  The term "alkylene oxide" includes, for example, ethylene oxide,
      1,2-epoxypropane, 1,2-epoxybutane, 2,3-epoxybutane, isobutylene oxide,
      epichlorohydrin, and the like and mixtures thereof.
PAR  Lactone polyols are prepared by reacting a lactone such as
      epsilon-caprolactone or a mixture of epsilon-caprolactone and an alkylene
      oxide with a polyfunctional initiator such as polyhydric alcohol. The term
      "lactone polyols" also includes the various "copolymers" such as lactone
      copolyesters, lactone polyester/polycarbonates. Lactone
      polyester/polyethers, lactone polyester/polyether/polycarbonates, and the
      like.
PAR  Polyester polyols are esterification products which range from liquids to
      non-crosslinked solids, i.e., solids which are soluble in many of the more
      common inert normally liquid organic media, and which are prepared by the
      reaction of polycarboxylic acids, their anhydrides, their esters or their
      halides, with a stoichiometric excess of a polyol. Illustrative of the
      polycarboxylic acids which can be employed to prepare the polyester
      polyols preferably include dicarboxylic acids and tricarboxylic acids,
      such as maleic acid, succinic acid, glutaric acid, adipic acid, pimelic
      acid, suberic acid, azelaic acid, sebacic acid, chlorendic acid,
      1,2,4-butane-tricarboxylic acid, phthalic acid, and the like, while the
      esterification reaction is well known in the art.
PAR  Polyoxyalkylene polyols include alkylene oxide adducts of, for example,
      water, ethylene glycol, diethylene glycol, propylene glycol, dipropylene
      glycol, glycerol, 1,2,6-hexanetriol, 1,1,1-trimethylol ethane or propane,
      pentaerythritol, and the like. The alkylene oxides employed in producing
      polyoxyalkylene polyols normally have from 2 to 4 carbon atoms. Ethylene
      oxide, propylene oxide and mixtures of propylene oxide with ethylene oxide
      are preferred. Such polyalkylene polyols are well known in the art.
PAR  Another useful class of polyols is the polyoxytetramethylene glycols, which
      are prepared by polymerizing tetrahydrofuran in the presence of acidic
      catalyst. Preferred diols are the polyester diols and polyoxyalkylene
      diols.
PAR  As indicated above, triols, tetrols, triisocyanates, etc., can be used in
      making the polyurethanes used in the invention. Small amounts of
      cross-linking in the polyurethane-polyurea backbone of the polymer improve
      tensile strength and decrease cold-flow. On the other hand, excessive
      amounts cause poor flow and thus less desirable film formation.
      Preferably, there should not be more than 1 crosslink from polyol or
      polyisocyanate for each 3000 daltons. The unit "dalton" is defined as
      one-twelfth the mass of a neutral carbon-12 atom (or one-sixteenth the
      mass of an oxygen-16 atom) and is also called the atomic mass unit
      (international). It is conveniently used in discussions of large molecules
      and is herein abbreviated as a captial letter D.
PAR  The molecular weight of the diol component is one significant factor in
      determining the final properties of the polymer; generally, the higher the
      molecular weight, the softer the resulting polymer. The term "molecular
      weight" is used herein to refer to the number average molecular weight
      (M.sub.n). Diols of molecular weight as low as 200 and as high as 5000
      produce suitable products, molecular weight ranges of 300-3000 being
      preferred and most readily commercially available. Diols of lower
      molecular weight can be used for chain extension. The diol-derived moiety
      is thus a polyvalent organic radical of from about 2 to about 275 carbon
      atoms free from isocyanate-reactive or hydroxyl reactive groups.
PAR  It is important that the prepolymer prepared be isocyanate-terminated,
      i.e., that more than one isocyanate radical be present in the reaction
      mixture for each hydroxyl radical in the included diol. Isocyanate to
      hydroxyl ratios of 1.05 to 5 are suitable. Ratios of less than 1.5 tend to
      produce polymers which are softer than desirable, show lower adhesion to
      substrates and form weaker films. Ratios higher than about 4 provide a
      high polyurea content in the molecule when the material is emulsified in a
      subsequent step, and the final products tend to be hard and stiff. Diols
      having higher equivalent weights can be employed in higher weight ratios
      of isocyanate to hydroxyl. Although useful polymeric dispersions are
      obtained over a wide range of urea/urethane linkages ratio, including
      polymer with no significant urea content, preferred polymers comprise both
      urea and urethane linkages in a urea/urethane ratio of 0.25 to 2.
PAR  Silyl-terminated prepolymers formed by reacting isocyanate-terminated
      prepolymer with a minor amount of isocyanate-reactive solubilizing
      compound, and silyl compound, then chain-extended with at least a
      stoichiometric amount of a diol, e.g., ethylene glycol or 1,6-hexandiol,
      neat or in the presence of an aprotic solvent to control viscosity, can
      readily be dispersed in water to provide stable film-forming dispersions.
      Such dispersions are well suited impregnants for leather or paper, which
      surfaces preferably will subsequently be coated with a silyl-terminated
      polyurethane polyurea latex topcoat.
PAR  Silane compounds containing three hydrolyzable groups on the silicon (as
      X.sub.3 Si-) and one organic group including an isocyanate-reactive
      radical are most suitable for forming the terminal groups. As has been
      pointed out above, any of the conventional hydrolyzable groups, such as
      hydrogen, alkoxy, acyloxy, halogen, amino, and the like, designated "X"
      can be used. These and the product of their hydrolysis, i.e., hydroxy, are
      designated as "Y" groups. The hydrogen halide liberated from
      halogen-containing silanes may be disadvantageous when cellulose
      substrates are used and amino containing silazines are relatively unstable
      and difficult to handle. The alkoxy group is the most preferred
      hydrolyzable group and particularly preferred compounds are thus of the
      structure (RO).sub.3 SiR'Z wherein (RO).sub.3 SiR'- is a silyl moiety, R
      is lower alkyl radical of one to four carbon atoms, preferably one or two,
      i.e., methoxy, ethoxy, lower acyl of 2 to 5 carbon atoms, preferably 2 or
      3, i.e., acetyl or propionyl, R' is a divalent organic bridging radical of
      2 to 20, and preferably 3-10 carbon atoms selected from the group
      consisting of a divalent hydrocarbyl radical free from olefinic
      unsaturation and free from isocyanate-reactive groups, a divalent
      polyoxyalkylene mono- or poly-oxaalkylene radical containing not more than
      one ether oxa oxygen per two carbon atoms, and a divalent hydrocarbylamino
      radical, Z is an isocyanate reactive group such as --OH, --SH, --NHR,
      --NH.sub.2, and --N(C.sub.2 H.sub.4 OH).sub.2. Representative divalent
      alkylene radicals include --CH.sub.2 CH.sub.2 --, --CH.sub.2 CH.sub.2
      CH.sub.2 --, --CH.sub.2 CH.sub. 2 CH.sub.2 OCH.sub.2 CH.sub.2 --,
      --CH.sub.2 CH.sub.2 CH.sub.2 NHCH.sub.2 CH.sub.2 --, --CH.sub.2 CH.sub.2
      C.sub.6 H.sub.4 CH.sub.2 CH.sub.2 --. Such silicon compounds are well
      known in the art and many are commercially available or are readily
      prepared. Sufficient silane must be present to provide the desired level
      of water resistance and film properties. In general, these levels are
      attained with polymers containing, on the average, no more than two
      silicon atoms (or terminal silyl groups) per 1000 daltons and no less than
      two silicon atoms per 125,000 daltons. The preferred range is two silicon
      atoms (or silyl groups) per 1500 to 100,000 daltons.
PAR  The terminal silyl groups make the polymers curable by mutual interreaction
      to form siloxane linkages, e.g.,
      ##EQU3##
PAR  Representative isocyanate-reactive silanes include:
PA1  H.sub.2 nch.sub.2 ch.sub.2 ch.sub.2 si(OC.sub.2 H.sub.5).sub.3
PA1  Hsch.sub.2 ch.sub.2 ch.sub.2 si(OCH.sub.3).sub.3
PA1  (hoc.sub.2 f.sub.5).sub.2 nc.sub.3 h.sub.6 si(OCH.sub.3).sub.3
PA1  Ho(c.sub.2 h.sub.4 o).sub.3 c.sub.2 h.sub.4 n(ch.sub.3)(ch.sub.2).sub.3
      si(OC.sub.4 H.sub.9).sub.3
PA1  H.sub.2 nch.sub.2 c.sub.6 h.sub.4 ch.sub.2 ch.sub.2 si(OCH.sub.3).sub.3
PA1  Hsch.sub.2 ch.sub.2 ch.sub.2 si(OCOCH.sub.3).sub.3
PAR  Solubilizing compounds contain two groups containing isocyanate-reactive
      hydrogen which are connected through an organic radical to each other and
      to a water-solubilizing ionic group. A suitable composition is represented
      by the formula (HB).sub.2 R"A in which R"A is a solubilizing moiety; B
      represents O, S, NH, NR; R" represents a trivalent organic linking group
      having 2-25 carbon atoms which may include tertiary nitrogen or ether
      oxygen atoms and is free from isocyanate-reactive hydrogen containing
      groups and preferably free from olefinic unsaturation; A is a water
      solubilizing ionic group such as --SO.sub.3 M, --OSO.sub.3 M, --CO.sub.2
      M, --PO(OM).sub.2, --NR.sub. 2.sup.. HX, -NR.sub.3 X, where M is H or one
      equivalent of a mono- or divalent soluble cation such as sodium,
      potassium, calcium, NR.sub.3 H+, and R is lower alkyl of 1-4 carbon atoms.
      The group --NR.sub.3 X represents a quaternary ammonium substituent which
      is a salt of water soluble acid, e.g., trimethyl ammonium chloride,
      pyridinium sulfate, etc. or ammonium substituent and the group
      --NR.sub.2.sup.. HX which is salt of a water soluble acid, such as
      dimethyl ammonium acetate or propionate. A representative suitable
      solubilizing molecule would be alpha, alpha bis(hydroxymethyl) propionic
      acid ammonium salt. The water soluble thermolabile salts of volatile
      cations such as ammonium carboxylates are preferred because, when heated,
      they can decompose to provide acidic and basic components which can
      accelerate the rate of cure of the silanol-terminated polyurethane
      coatings. The amount of solubilizing group provided should be sufficient
      to self-emulsify the material. That is, there should be about one
      solubilizing group in the polymer for each 800 to 20,000 daltons or for
      each two silyl groups. At the higher concentrations of solubilizing
      groups, i.e., one or more per 1000 dalton, polymers tend to be more
      water-sensitive and may even be water-soluble prior to curing. Polymers in
      which there is an average of one or less solubilizing groups per 20,000
      daltons tend to be difficult to emulsify.
PAR  Illustrative solubilizing compounds include:
EQU  H.sub.2 N--C.sub.2 H.sub.4 --NH--C.sub.2 H.sub.4 --SO.sub.3 H
EQU  HOCH.sub.2 --CHOH--CO.sub.2 Na
EQU  [(HOCH.sub.2).sub.2 CHCH.sub.2 --COO].sup.-[NH(CH.sub.3).sub.3 ].sup.+
EQU  CH.sub.3 (CH.sub.2).sub.7 CHOH--CHOH(CH.sub.2).sub.3 CO.sub.2 K
EQU  (HOC.sub.2 H.sub.4)N--C.sub.3 H.sub.6 --OSO.sub.3 Na
EQU  [H.sub.2 N--C.sub.2 H.sub.4 --NH--C.sub.2 H.sub.4 --N(CH.sub.3).sub.3
      ].sup.+Cl.sup.-
      ##EQU4##
EQU  (HOCH.sub.2 CH.sub.2).sub.2 NC.sub.6 H.sub.4 O(CH.sub.2 CH.sub.2 O)SO.sub.2
      OH
EQU  [(H.sub.2 N).sub.2 C.sub.6 H.sub.3 SO.sub.3 ].sup.-[NH(C.sub.2
      H.sub.5).sub.3.sup.+
PAR  As indicated hereinabove, the chain-extended silyl-terminated
      poly(urethane-urea) polymers cure by hydrolysis of the silyl group and
      formation of siloxane linkages. This reaction begins as soon as the
      polymer is exposed to water, but generally proceeds slowly at room
      temperature and within a pH range of about 6.5 to 9. The reaction proceeds
      more rapidly after drying and is markedly accelerated in the presence of
      acidic or basic catalysts. Although cures can be attained at room
      temperature or slightly above, it is generally preferred to cure articles
      coated with, or films deposited from, dispersions of the invention at
      temperatures of 75.degree. to 200.degree.C for times of about 5 to 60
      seconds, the higher temperatures requiring shorter times. Curing results
      from the formation of siloxane cross-links. These cross-links are
      distinguished from cross-links formed in low concentration from the use of
      triols, triisocyanates, tetrols, and other highly functional reactants in
      preparing the prepolymer. The latter cross-links are herein sometimes
      referred to as prepolymer-derived cross-links and are to be understood as
      the type of cross-links present before curing.
DETD
PAR  The invention is now further illustrated by examples.
PAC  EXAMPLE 1
PAR  Into a 2-liter round-bottom glass flask equipped for heating, cooling,
      agitation and vacuum stripping are charged 1,350 parts (2.75 equivalents)
      of polyoxypropylene diol (average equivalent wt. 490), 34 parts (0.25
      equivalent) of polyoxypropylene triol (average equivalent wt. 137). The
      solution is heated under reduced pressure of 2 torr at
      130.degree.-140.degree. C. with stirring for 30 minutes, to dry the
      system. The solution is then cooled to 40.degree. C. and 471 parts (5.4
      equivalents) of toluene diisocyanate (80:20 percent mixture of 2,4 and
      2,6) are added. The solution temperature increases to
      65.degree.-70.degree. C. and is maintained in that range for 2 hours. To
      the reaction mixture is added 0.3 grams of a 25% solution of stannous
      octoate in dioctyl phthalate and stirring is continued, temperature being
      maintained at 65.degree.-70.degree. C. for an additional 3 hours. The
      solution is cooled to 60.degree.-65.degree.  C. and diluted with 200 grams
      of methyl ethyl ketone to decrease the viscosity. The resulting solution
      comprises about 90% by weight of intermediate prepolymer containing 1
      prepolymer-derived cross-link per 23,000 daltons for reaction herebelow.
PAR  A solution of isocyanate-reactive water-soluble salt is prepared by
      dissolving 170 parts of the triethylamine salt of
      .alpha.,.alpha.-bis(hydroxymethyl) propionic acid in 50 parts of methyl
      ethyl ketone.
PAR  To 275 parts of the vigorously stirred intermediate prepolymer solution in
      a 1 liter glass flask under a dry nitrogen blanket are added 5 parts of an
      isocyanate-reactive trialkoxysilane, triethoxysilylpropyl amine, H.sub.2
      N(CH.sub.2).sub.3 Si(OC.sub.2 H.sub.5).sub.3 (0.025 equivalent NH)
      followed by 25 parts of the above triethylamine salt solution containing
      0.08 mols of carboxylic acid. Stirring is continued for 2 minutes. The
      reaction mixture comprises about 270 parts of linear polyurethane
      prepolymers all or most molecules of which contain terminal isocyanate
      groups; some contain terminal trialkoxy silyl groups and some contain
      pendent solubilizing ionic groups. The reaction mixture is dispersed in
      500 g. water in the range of 20.degree.-65.degree. C. by a high-shear
      mechanical homogenizer (Gifford Homomixer at 80-90 reading for 15 seconds)
      to form a stable latex (designated A) containing emulsified
      silyl-terminated poly(urethane-urea) averaging about one carboxyl group
      per 3,300 daltons, about 1 prepolymer-derived cross-link per 8000 daltons
      and 23,000 daltons per pair of silyl groups. A second latex (designated B)
      is prepared as above, except that the trialkoxy silane is omitted, that
      is, it contains no terminal hydrolyzable silyl groups.
PAR  Both latices are allowed to stand at room temperature for 24 hours,
      filtered through cheesecloth and evaluated. Each latex is applied as a
      0.0075 mm. (wet) coating to glass plates and dried for 15-20 minutes at
      95.degree. C. Water droplets placed on film from latex A, the
      silanol-terminated polyurethane, produced no detectable change at room
      temperature; water droplets on the surface of film from the second latex
      quickly caused white spots and loss of integrity of the film, indicating
      penetration through the film and displacement of the film from the
      substrate.
PAC  EXAMPLE II
PAR  A series of latices is prepared to determine the effect of varying silane
      content. Latices are prepared in accordance with Example I except that the
      polyol is a polyoxypropylene diol having a hydroxyl equivalent weight of
      384 (M.sub.n = 768).
PAR  A prepolymer is prepared as a 91% solution in methyl ethyl ketone from 1536
      parts (4.0 equivalents) of diol and 696 parts (8.0 equivalents) of
      2,4-toluene diisocyanate. To 220 parts of the solution (200 parts by
      weight of prepolymer) are added the respective amounts of
      3-triethoxysilylpropyl amine as indicated in Table I for products, C, D
      and E. After 30 minutes agitation at 30.degree. C., 22 parts of the salt
      solution of Example I (17 parts salt) is added for each run and the
      solution is further stirred rapidly at 30.degree. C. for 10 minutes. Each
      mixture is then dispersed in water to form a stable latex, designated C, D
      and F.
TBL                Table I                                                     
     ______________________________________                                    
                    C      D        E                                          
     ______________________________________                                    
     g. Silane       30       20       1                                       
     D/ionic group.sup.(a)                                                     
                     3000     3000     3000                                    
     D/Si.times.2.sup.(b)                                                      
                     3200     4800     96000                                   
     Water, g.       500      500      400                                     
     pH              8.5      8.3      7.5                                     
     Coagulation     High     Moderate None                                    
     Water Resistance                                                          
                     Excel-   Excel-   Fair                                    
                     lent     lent                                             
     ______________________________________                                    
      .sup.(a) Daltons per water-solubilizing group, neglecting minor weight   
      chances on emulsification.                                               
      .sup.(b) Two times the daltons per silicon atom, neglecting minor weight 
      changes on emulsification.                                               
PAL  All three form stable low viscosity latices with fine particle size that
      produce clear, acetone-resistant films.
PAR  Latex C produces a large amount of precoagulum, a gummy mass that is
      readily separated from the remaining latex. The yield of latex solids is
      poor, but the resulting film is highly water-resistant. Latex D shows very
      little precoagulum, the yield of latex solids is good and the resulting
      film is highly water resistant. Latex E shows no precoagulum, giving
      excellent yield and producing a film with fair water resistance, although
      inferior to films from C and D.
PAR  When a water-soluble cationic, anionic or nonionic surfactant free of
      isocyanate-reactive groups is added to the silane-containing prepolymer
      above in place of the reactive salt, agitation of the resulting mixture
      with water results in an undesirable amount of precoagulum and films
      formed from the resulting latex are useful but inferior to those from a
      "self-emulsified" latex. Similarly, addition of the silane-containing
      prepolymer to an aqueous surfactant solution results in poor yield of
      latex which forms film inferior in water resistance to C, D or E.
PAC  EXAMPLE III
PAR  Two cationic latices are formed from the prepolymer of Example II with
      methyl diethanolamine acetate as the isocyanate-reactive water
      solubilizing salt.
TBL  ______________________________________                                    
                       F       G                                               
     ______________________________________                                    
     Prepolymer (as 91% solution)                                              
                         200       200                                         
     Methyl ethyl ketone           15                                          
     Methyl diethanolamine                                                     
                         4         8                                           
     H.sub.2 N(CH.sub.2).sub.3 Si(OC.sub.2 H.sub.5).sub.3                      
                         4         4                                           
     CH.sub.3 CO.sub.2 H 12        12                                          
     Water               500       400                                         
     ______________________________________                                    
PAL  Latex F is made by adding the methyl diethanolamine slowly to the
      prepolymer, with agitation, at 70.degree. C. After one hour, the silane is
      added and mixing continued for 10 minutes. The mixture is cooled to
      35.degree. c. and dispersed in the solution of acetic acid and water to
      form a stable latex, but with extensive precoagulum. Latex G is prepared
      by first mixing the silane into the prepolymer for 30 minutes at
      30.degree. C., then adding to the mix a solution of methyl diethanolamine
      and acetic acid in methyl ethyl ketone, mixing for 10 minutes, and then
      dispersing the mixture in water. A stable latex with negligible
      precoagulum is formed. Latex F polymer has an average prepolymer weight of
      6200 daltons per ionic group and an average of 23,000 daltons per pair of
      silyl terminal groups, Latex G had an average of 3000 daltons per ionic
      group and 23,000 daltons per silane pair.
PAR  Both latices are of low viscosity and have a relatively large particle
      size. They form tough films showing excellent water resistance and good
      acetone resistance. The latices improve the tensile strength, bursting
      strength and water resistance of paper when added at about 1% by weight of
      latex solids on pulp weight to the beater of a paper forming system.
PAC  EXAMPLE IV
PAR  The effect of polyol molecular weight is shown in runs H, I and J. The
      polyol is a polyoxypropylene diol of number average molecular weight
      (M.sub.n) as indicated, the isocyanate is 80:20 2,4- to 2,6-toluene
      diisocyanate in an equivalence ratio to diol as indicated, the reactive
      soluble salt and the alkoxy silane are those used in Example II, and the
      procedure is essentially that of Example II.
TBL                Table II                                                    
     ______________________________________                                    
                     H     I        J                                          
     ______________________________________                                    
     Polyol M.sub.n    4,000    4,000    400                                   
     Isocyanate/polyol ratio                                                   
                       2        3        2                                     
     D/ionic group     12,000   5,900    6,100                                 
     D/2 Si            21,000   23,000   23,000                                
     Latex yield, %    40       50       90                                    
     ______________________________________                                    
PAL  The films formed from H and I are soft and tacky, suitable for, for
      example, a laminating layer bonding two sheets of glass or plastic to
      glass. Coatings from J are tack free, insensitive to water and acetone and
      provide excellent impregnants to improve the dimensional stability of
      non-woven webs.
PAC  EXAMPLE V
PAR  In accordance with the procedure of Example II, an aqueous polymer
      dispersion (designated K) is prepared from:
TBL  polyoxypropylene diol, M.sub.n = 700                                      
                               875                                             
     polyoxypropylene triol M.sub.n = 410                                      
                               68.5                                            
     80:20 2,4:2,6-tolylene diisocyanate                                       
                               522                                             
     H.sub.2 N(CH.sub.2).sub.3 Si(OC.sub.2 H.sub.5).sub.3                      
                               29.3                                            
     CH.sub.3 C(CH.sub.2 OH).sub.2 CO.sub.2 H.sup.. N(C.sub.2 H.sub.5).sub.3   
                               73.3                                            
     Water                     3000                                            
PAR  The resulting dispersed polymer contains an average of 2800 daltons per
      carboxy salt solubilizing group, 23,000 daltons per two silyl end groups,
      and 9200 daltons per cross-link. A film is cast from 25 ml. of the
      dispersion placed in a 150 mm. diameter polypropylene petri dish, dried
      and cured in a 105.degree. C. oven. The clear film is found to have the
      following properties:
TBL  Tensile strength       320 kg/cm.sup.2                                    
     Tensile Modulus, 100%  87   kg/cm.sup.2                                   
     Tear strength          45  kg/cm                                          
     Elongation at break    420 %                                              
PAL  The film is found to show unexpected resistance to yellowing in aging.
PAR  The high tensile strength, elongation and resistance to water and abrasion
      of films made from this polymer makes formulations containing dispersion
      of this polymer suitable as top coats or over-print varnish for decorative
      print sheets or label stock. Clay-coated print sheet stock is coated with
      the above dispersion by pouring a small amount on the sheet, spreading
      with a wire-wrapped rod for coating paper (No. 6 Mayer rod), and drying
      for 20 seconds at 150.degree. C., providing a clear, colorless,
      scuff-resistant, water resistant coated paper.
PAR  Heavier paper or fabric stock, such as is used for wall paper or decorative
      laminates, can be coated with dispersions of the invention and, after
      drying and curing, it can then be deeply embossed to provide a
      stain-resistant washable surface.
PAR  Heavy paper stock, e.g. decorative print sheet, is sprayed with the above
      dispersion to deposit 0.001 g/cm.sup.2, then the polymer is embossed,
      again sprayed to deposit 0.001 g/cm.sup.2 and cured. It shows an abrasion
      loss one-third that of a commercially available embossed paper.
PAR  Two separate samples of clay-coated paper board are coated at a level of
      0.0005 g/cm.sup.2 of polymer solids with (1) a commercial acid catalyzed
      melamine-formaldehyde-cured alkyd resin and (2) the above polymer
      dispersion latex K. A Taber Abraser is used to evaluate the two samples in
      substantial accordance with A.S.T.M. D1175-71. It is run for one hundred
      revolutions at 500 g. load using CS-17 Calibrase abrasive wheel.
TBL  ______________________________________                                    
                Original Weight                                                
                             Weight Loss                                       
                grams        grams                                             
     ______________________________________                                    
     Commercial Resin                                                          
                  3.14           0.031                                         
     Latex K      3.15           0.020                                         
     ______________________________________                                    
PAR  The dispersion is particularly suitable for formulation as a top coat for
      finishing garment and shoe leather, to which the formulation can be
      applied by any of the conventional wipe, brush, spray, roll or dip
      methods, followed by drying and curing at 65 to 100.degree. C. for 30
      seconds to 2 minutes, the higher temperatures allowing the use of shorter
      times.
PAR  Abrasion resistance of cotton duck (weighing about 0.02 grams/cm.sup.2) is
      compared on untreated fabric and fabric treated by padding with diluted
      dispersions A and K. These are diluted with water to 10% polymer solids
      and applied at the rate of 0.003 grams polymer solids per square
      centimeter of dry fabric, dried, and cured for 3 minutes at 120.degree. C.
      Loss in weight is determined after 1,000 cycles on a Taber Abraser, using
      H-22 Calibrade abrasive wheel at a 1,000 gram loading, in substantial
      accordance with test method A.S.T.M. D1175-71; rotary platform double head
      method.
TBL  ______________________________________                                    
              Weight of                                                        
     Dispersion                                                                
              Original Sample (g.)                                             
                               Weight Loss (g.)                                
     ______________________________________                                    
     None     4.69             0.25                                            
     A        5.05             0.09                                            
     K        5.06             0.08                                            
     ______________________________________                                    
PAR  Tensile strength tests are carried out on a felt material of 0.20
      grams/cm.sup.2 weight. The felt is padded in a dispersion of 10% by weight
      polymer solids of latices A and K, squeezed to 120-150% wet pick-up, dried
      and cured for 3 minutes at 120.degree. C. Samples for testing are stamped
      in standard tensile dumb-bell shapes, cut for measurement parallel to
      machine direction (MD) and perpendicular to machine direction (CD) of the
      felt and tested.
TBL  ______________________________________                                    
            Polymer Solids                                                     
                        Tensile Strength, kg/cm.sup.2                          
     Dispersion                                                                
              Wt. %         MD         CD                                      
     ______________________________________                                    
     Untreated                                                                 
              0             12.6       10.5                                    
     A        13.5          43.5       25.4                                    
     K        19.0          68.0       38.0                                    
     ______________________________________                                    
PAR  Nonwoven fabrics for dusting and polishing treated with the dispersion or
      formulations thereof can be used on polished surfaces without leaving the
      characteristic haze found when similar "wipes" are prepared from
      conventional dispersions made with an external emulsifier. This further
      demonstrates the advantages of bound ionic groups pendent from the
      backbone of the poly(urethane-urea) characteristic of the self-emulsifying
      prepolymers of the invention.
PAR  The dispersion can be used to coat reusable glass bottles, the tough
      adherent water and abrasion resistant film serving to protect the bottle
      during cleaning, filling and shipping and serving to minimize
      fragmentation in case of breakage.
PAR  The dispersion, when added to a resin-based floor polish formulation, can
      provide a durable polished non-skid abrasion resistant finish.
PAC  EXAMPLE VI
PAR  An aqueous polymer dispersion is prepared in accordance with the procedure
      of Example II by making an icocyanate-terminated prepolymer, which is
      subsequently dispersed in water, by using:
TBL  polyoxypropylene diol (M.sub.n = 1250)                                    
                             623                                               
     80:70 2,4:2,6-tolylene diisocyanate                                       
                             174                                               
     2-butanone              80                                                
     H.sub.2 N(CH.sub.2).sub.3 Si(OC.sub.2 H.sub.5).sub.3                      
                             16                                                
     CH.sub.3 C(CH.sub.2 OH).sub.2 CO.sub.2 H.sup.. N(C.sub.2 H.sub.5).sub.3   
                             40                                                
     Water                   1600                                              
PAR  The resulting dipsersion contains linear polymer in anionic dispersion
      having on the average 2800 daltons per carboxyl group and 11,000 daltons
      per pair of terminal silyl groups. The dispersion is particularly useful
      for impregnation of porous substrates, such as paper, nonwoven fabric,
      glass fiber fabric, leather, wood, and ceramic or lithic articles. Fibrous
      articles become water resistant tough products with, for example, reduced
      tendency to unravel and resist undue nap formation while retaining a soft
      hand. Treated substrates can be colored, dyed, printed and embossed. For
      application of the dispersions of the invention to substrates it is
      generally desirable to formulate coating compositions from dispersions of
      the invention in order to take into account the characteristics of the
      substrate. Such formulations are also conventional with heretofore known
      polymer dispersions.
PAR  The isocyanate-terminated prepolymer above has a low viscosity prior to
      chain extension by water, and hence gives an excellent dispersion with
      small particles which is especially suitable for impregnation of leather.
      The dispersion, L, is mixed with 10% of its total weight of
      butoxy-ethoxyethanol and 4% of sodium dodecylsuccinate (to improve
      penetration), diluted with water to 10% polymer solids, and applied to
      top-grain cowhide at a weight of about 0.003 g/cm.sup.2 of polymer solids.
      The finished leather shows excellent resistance to cracking on repeated
      flexing at room temperature or below, and exceptional abrasion resistance
      as compared to a commercial coating. For comparison, another piece of
      leather is similarly treated with a poly(ethylacrylate coacrylic acid)
      latex, (Primal 510, Rohm and Haas Company) diluted to 10% polymer solids.
      Each sample, with one of untreated leather, was subjected to 1000 cycles
      on a Taber Abraser using CS-17 Calibrase abrasive wheel at 1000 gram load.
TBL  ______________________________________                                    
                 Original Weight                                               
                             Weight Loss                                       
                 Grams       Grams                                             
     ______________________________________                                    
     Control       8.13          0.19                                          
     Commercial Latex                                                          
                   10.9          0.12                                          
     Dispersion L  11.9          0.06                                          
     ______________________________________                                    
PAR  A three part leather-treating system is formulated:
TBL  Part (1) - Impregnation Coat                                              
     Dispersion L (30% solids)   50                                            
     Sodium Dodecyl Succinate Solin (1% solids)                                
                                 150                                           
     Butoxyethoxyethanol         5                                             
     Part (2) - Color Coat (Black)                                             
     Dispersion A (30% solids)   100.0                                         
     Aqueous Carbon Dispersion (12% solids)                                    
                                 62.5                                          
     *Poly(ethylacrylatecoacrylic acid) Dispersion                             
                                 0.5                                           
     (30% solids)                                                              
     Butoxyethoxyethanol         1.5                                           
     Water                       100.0                                         
     Part (3) - Top Coat                                                       
     Dispersion L (30% solids)   50                                            
     Butoxyethoxyethanol         0.5                                           
     Water                       100.0                                         
      *"Acrysol 60", Rohm and Haas Company                                     
PAR  A piece of chrome-tanned top-grain cowhide suitable for shoe-upper leather
      is impregnated with Part (1) at a pick-up to provide about 0.003
      g/cm.sup.2 polymer solids and dried at 70.degree. C. This is then sprayed
      twice with Part (2), about 0.002 g/cm.sup.2 /coat, drying after each coat.
      Finally it is embossed with a pattern at 95.degree. C., 2100 kg/cm.sup.2
      for 10 seconds, sprayed with one coat of Part (3) at about 0.002
      g/cm.sup.2, dried at 70.degree. C. for 10 minutes and cured at 95.degree.
      C. for one minute. As a control, a piece of commercially finished leather,
      with an acrylic impregnation coat, an acrylic color coat, and a
      nitrocellulose top coat is selected. The pieces are cycled on a Bally Flex
      tester, then a piece of pressure sensitive adhesive-coated tape is applied
      onto the surface and removed. The leather finished according to the
      invention with the silyl-terminated urethane shows loss of less than 1% of
      the coating to the adhesive after 100,000 cycles. The commercial sample
      shows a loss of about 50% of the finish after only 10,000 cycles.
PAC  EXAMPLE VII
PAR  An aqueous polymer dispersion is prepared from:
TBL  polyester diol       822                                                  
     80:20 tolylene diisocyanate                                               
                          348                                                  
     2-butanone           117                                                  
     Water                2300                                                 
PAR  The polyester diol (available as polycaprolactone D-520 with number average
      molecular weight of 820 from Union Carbide Chemicals) is melted and
      charged to a glass flask fitted with stirrer, reflux condenser, and means
      for heating and cooling. Pressure is reduced to about 5 torr at
      130.degree.-140.degree. C. and maintained for about 30 minutes to strip
      adventitious moisture from the polyester diol. The liquid is then cooled
      to 55.degree. C. and the diisocyanate slowly charged; cooling is applied
      periodically to maintain the temperature at about 75.degree. C. while the
      diisocyanate is being added. The temperature is maintained at 75.degree.
      C. for two hours, with stirring. Stannous octoate (0.3 g. 25% solution in
      dioctyl phthalate) is added and stirring continued at 75.degree. C. for 3
      hours. Methyl ethyl ketone is added to reduce viscosity. There is obtained
      a 91% isocyanate terminated prepolymer solution. This solution is further
      processed in accordance with Example II as indicated in the table in which
      amounts are parts by weight.
TBL  ______________________________________                                    
                    M    N      O       P                                      
     ______________________________________                                    
     prepolymer       200     200    200   200                                 
     H.sub.2 N(CH.sub.2).sub.3 Si(OC.sub.2 H.sub.5).sub.3                      
                      4       --     4     4                                   
     CH.sub.3 C(CH.sub.2 OH).sub.2 CO.sub.2 H.sup.. N(C.sub.2 H.sub.5).sub.3   
                      17      17     51    3.7                                 
     2-butanone       5       5      15    1                                   
     water            400     400    800   400                                 
     daltons/ionic group                                                       
                      2770    2770   920   13800                               
     daltons/2 silyl groups                                                    
                      22000   --     22000 22000                               
     dispersion quality                                                        
                      good    good   clear good                                
                                           high                                
                                           coagu-                              
                                           lation                              
     ______________________________________                                    
PAR  Films cast on glass from dispersions M and N and cured are hard, tough, and
      tack-free. The film from M has excellent water resistance. Characteristics
      of films from M and N are tabulated below:
TBL                   M       N                                                
     ______________________________________                                    
     Tensile, kg/cm.sup.2                                                      
                        424       319                                          
     100% Modulus, kg/cm.sup.2                                                 
                        58        25                                           
     Tear Strength, kg/cm                                                      
                        36        34                                           
     Elongation at break, %                                                    
                        590       590                                          
     ______________________________________                                    
PAR  The silane-free polymer, N, gives a film which disrupts after 20 minutes
      exposure to water. The film from P is relatively brittle and hazy with
      poor water resistance, suggesting a large particle size for the
      dispersion. Dispersion O, with the highest water-solubilizing group
      content, is almost transparent. Electrodeposition of the dispersion of O
      on iron or stainless steel anode strips results in a clear colorless hard
      abrasion-resistant protective film when cured for 5 minutes at 200.degree.
      C. In contrast, a film of the same dispersion cast on glass is soft and
      requires extensive drying to reduce tackiness.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aqueous dispersion of poly(urethane-urea) characterized in having a
      poly(urethane-urea) backbone containing interspersed bound
      water-solubilizing ionic groups pendant from said backbone and terminal
      mutually interractive silyl groups.
NUM  2.
PAR  2. An aqueous dispersion of curable poly(urethane-urea) characterized in
      having a poly(urethane-urea) backbone containing interspersed bound
      solubilizing ionic moieties pendant from said backbone and terminal
      mutually interreactive silyl moieties, said solubilizing moieties being
      present to an extent of about one per 800 to 20,000 daltons and the silyl
      group of said silyl moieties being of the general form Y.sub.3 Si- where Y
      is a labile group and said silyl moieties further being present to an
      extent of about two per 1000 to 125,000 daltons and there being no more
      than one prepolymer-derived cross-link per 3000 daltons in said curable
      poly(urethane-urea).
NUM  3.
PAR  3. An aqueous dispersion of curable poly(urethane-urea) according to claim
      2 wherein the silyl group is (QO).sub.3 Si-wherein Q is H or alkyl of 1 to
      4 carbon atoms.
NUM  4.
PAR  4. Process for production of an aqueous dispersion of poly(urethane-urea)
      comprising the steps of
PA1  1. reacting polymeric polyol with a stoichiometric excess of polyisocyanate
      to produce isocyanate-terminated prepolymer,
PA1  2. reacting said prepolymer with less than stoichiometric amounts of
      isocyanate-reactive X.sub.3 Si- compound and water solubilizing ionic
      compound, X being H, alkoxy, acyloxy, halogen or amino, to obtain an
      isocyanate containing prepolymer and thereafter,
PA1  3. mixing said isocyanate-containing prepolymer with water under agitation
      thereby obtaining a stable dispersion of silyl-terminated
      poly(urethane-urea).
NUM  5.
PAR  5. An at least partially siloxane cross-linked self-supporting film of
      poly(urethane-urea) comprising interspersed bound water solubilizing ionic
      groups pendent from the backbone of said poly(urethane-urea).
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TTL  Process for preparing a sulfite modified melamine resin solution
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PAL  The aqueous melamine resin solutions prepared according to the process of
      U.S. Pat. No. 2,730,516 by sequential condensation of a sulfite bearing,
      aqueous solution of melamine and formaldehyde at alkaline and acid pH and
      subsequent neutralization is stabilized by preliminary condensation of the
      melamine and formaldehyde prior to addition of the sulfite and by
      refluxing the ultimate condensation mixture at pH 8.5 for 1 hour or more.
      Concrete mixtures prepared with the stabilized resin solutions cure more
      rapidly.
BSUM
PAR  This invention relates to sulfite-modified melamineformaldehyde resins, and
      particularly to a process for preparing an aqueous, sulfite-modified
      melamine resin solution.
PAR  In its more specific aspects, the invention relates to an improvement in
      the process of U.S. Pat. No. 2,730,516. The known process reacts melamine
      with formaldehyde and an alkali metal sulfite in an aqueous medium to
      produce water soluble resins which are not thermosetting. The aqueous
      solutions of the known resins, however, have a limited shelf life. Both
      the pH value and the viscosity of the solution drop relatively fast. Since
      the resins have found an important field of application in the
      construction industry as additives to concrete mixtures, an extended
      storage life of the aqueous resin solutions would be desirable.
PAR  It has now been found that the pH and viscosity of such resins can be kept
      virtually unchanged for several months if the resin solutions prepared in
      the known manner are refluxed, or kept at a temperature at which they
      would reflux at ordinary atmospheric pressure, for 1 to 3 hours at a pH
      value of 8 to 11, preferably approximately pH 8.5. It has further been
      found that the curing time of concrete mixtures and like cementitious
      compositions containing the resins is reduced if the melamine and
      formaldehyde are held under mild condensing conditions before being
      further reacted with sulfite. Best resins are obtained by combining both
      measures.
PAR  According to the known process, a resin solution is prepared by first
      dissolving melamine in aqueous formaldehyde solution at elevated
      temperature until a clear solution is formed, promptly cooling the
      solution, dissolving an alkali metal sulfite in the cooled solution,
      adjusting the resulting, sulfite-bearing solution to a pH above 7, heating
      the alkaline solution for a first, alkaline condensation, cooling and
      acidifying the mixture, again heating it to cause condensation, and
      adjusting the acid condensation mixture to a pH above 7.
PAR  According to a primary feature of this invention, the ultimate condensation
      mixture is adjusted to a pH of 8 to 11, and heated for 1 to 3 hours to the
      temperature at which it refluxes when at ordinary, atmospheric pressure.
      It is further preferred to hold the clear solution of melamine in
      formaldehyde solution at pH 3.5 to 5 and 75.degree. to 85.degree.C for 20
      to 100 minutes prior to cooling and addition of the sulfite.
PAR  The formaldehyde solution employed should preferably have a concentration
      of 25 to 40%, and the commercial formaldehyde solution having a nominal
      concentration of 30% is conveniently employed. The sulfite-bearing
      solution which is subjected to sequential alkaline and acid condensation
      should contain 2.5 to 3 gram-mole formaldehyde and 0.8 to 1.2 gram-atom
      sulfur as sulfite per gram-mole melamine for producing a resin of longest
      storage life.
PAR  The temperature during the acid condensation step may be chosen between
      40.degree. and 80.degree.C, and the condensation period must be chosen to
      match the temperature and pH of the acid condensation mixture, the time
      decreasing with decreasing pH and increasing temperature. The sources of
      hydrogen and hydroxyl ions employed for the several pH adjustments during
      the process are not critical, and sulfuric or phosphoric acid, sodium or
      potassium hydroxide are preferred because of low cost.
PAR  The following Examples are further illustrative of this invention. All
      parts and percentage values are by weight.
DETD
PAC  EXAMPLE 1
PAR  700 Parts aqueous, 30% formaldehyde solution was adjusted to pH 4.5 by
      means of sodium hydroxide, and 294 parts melamine was added to the
      adjusted formaldehyde solution. The mixture so obtained was held at
      80.degree.C until a clear solution was formed. The solution was further
      held at 80.degree.C for 30 minutes and then cooled to 45.degree.C. 222
      Parts sodium pyrosulfite (Na.sub.2 S.sub.2 O.sub.5) was added, the
      resulting solution was diluted with 332 parts water, adjusted to pH 10.5
      sodium hydroxide, and kept at 80.degree.C for 2 hours. Thereafter, it was
      cooled to 50.degree.C, acidified with a mixture of 2116 parts water and 70
      parts concentrated sulfuric acid, and held at 50.degree.C for 5 hours to
      cause condensation of the melamine and formaldehyde in the acid medium.
      The acid condensation mixture was then adjusted with sodium hydroxide to
      pH 8.5 and refluxed for one hour.
PAR  The resin solution so obtained contained 20% solids and had a pH of 6.7 and
      a viscosity of 16 cp at 20.degree.C, as determined with a Brookfield
      rotary viscosimeter at 20 r.p.m., spindle No. 1. After two months of
      storage at ambient temperature of approximately 15.degree. to 25.degree.C,
      the pH was 6.8, but there was no measurable viscosity change.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated except for omission of continued
      heating of the clear formaldehyde-melamine solution and of the ultimate
      refluxing step. The mixture of melamine and formaldehyde solution was
      promptly cooled to 45.degree.C after it formed a clear solution, and the
      acid condensation mixture was stored under the same conditions as the
      product of Example 1 after pH adjustment to 8.5.
PAR  The resin solution at pH 8.5 obtained by the known procedure of Example 2
      had an initial viscosity of 45 cp at 20.degree.C, but the viscosity
      dropped to 27 cp after 2 months, and the pH dropped to 7.1.
PAC  EXAMPLE 3
PAR  Following the procedure of German Industrial Standard DIN 1164, Portland
      cement mixtures were prepared by the standard procedure and with addition
      of 10 or 20% of the resin solutions prepared according to Examples 1 and
      2. The beginning and the termination of the solidification of each cement
      mixture were recorded. The results are listed in the Table in which the
      additives are identified by the Examples according to which they were
      prepared.
TBL                TABLE                                                       
     ______________________________________                                    
     Additive       Solidification, min.                                       
                  Beginning    Termination                                     
     ______________________________________                                    
     None           225            345                                         
     10% Ex. 1      300            390                                         
     20% Ex. 1      345            435                                         
     10% Ex. 2      720            825                                         
     20% Ex. 2      735            870                                         
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for preparing a solution of sulfite modified melamine
      resin, wherein melamine is dissolved in aqueous formaldehyde solution at
      elevated temperature, the clear solution so formed is cooled, an alkali
      metal sulfite is dissolved in the cooled solution, the resulting sulfite
      bearing solution is adjusted to a pH value above 7, heated, again cooled,
      acidified, and heated to cause formation of said resin by condensation,
      and the condensation mixture obtained is adjusted to a pH value above 7,
      the improvement which comprises heating said condensation mixture at pH 8
      to 11 for 1 to 3 hours at a temperature at which said mixture refluxes at
      atmospheric pressure.
NUM  2.
PAR  2. In a process as set forth in claim 1, said clear solution being held at
      a pH of 3.5 to 5 for 20 to 100 minutes at 75.degree. to 85.degree.C prior
      to said cooling.
NUM  3.
PAR  3. In a process as set forth in claim 2, said clear solution being held at
      a pH of 4.5 for said 20 to 100 minutes, and the pH of said condensation
      mixture during said heating thereof being approximately 8.5.
NUM  4.
PAR  4. In a process as set forth in claim 1, the respective amounts of said
      melamine, said formaldehyde, and said alkali metal sulfite being such that
      said sulfite bearing solution contains 2.5 to 3 gram-moles formaldehyde
      and 0.8 to 1.2 gram-atom sulfur as sulfite per gram-mole melamine.
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ABST
PAL  Vinyl esters, such as vinyl acetate, are copolymerized, especially with
      ethylene or maleate or fumarate diester to provide adhesives which develop
      water resistance through cure by including in the copolymer at least 0.5%
      of an N-methylol functional derivative of an allyl carbamate etherified
      with a C.sub.1 - C.sub.8 alcohol. The monomers are stabilized during the
      copolymerization by an hydroxy functional protective colloid.
BSUM
PAR  The present invention relates to vinyl ester aqueous emulsion adhesives
      which develop water resistance through cure, especially using copolymers
      of vinyl acetate with ethylene.
PAR  In the aqueous emulsion adhesives under consideration, the adhesive
      characteristic is supplied by the combination of an emulsion copolymer
      stabilized in the emulsion by an hydroxy functional protective colloid,
      especially polyvinyl alcohol or hydroxy ethyl cellulose, as the essential
      agents stabilizing the emulsion. Specifically, anionic and nonionic
      surfactants should not be present as the primary emulsifier, though small
      amounts of such agents for ancillary purpose, such as reducing surface
      tension, may be used.
PAR  Adhesives of the type under consideration are known, as illustrated for
      example in U.S. Pat. No. 3,708,388, in which I am a coinventor. However,
      these prior adhesives lack water resistance, and this limits the utility
      of the adhesive.
PAR  In U.S. Pat. No. 3,708,388 it was found that when monomers providing
      thermosetting capacity were present, instead of protective colloids, such
      as polyvinyl alcohol or hydroxy ethyl cellulose, that the adhesive quality
      was impaired. Further, if monomers providing thermosetting capacity, and
      especially N-methylol acrylamide, are present during the emulsion
      copolymerization together with the hydroxy functional protective colloid,
      then it is found that the curing reaction between the N-methylol group and
      the hydroxy group takes place during the polymerization. This produces
      excessive emulsion viscosities and, at times, produces a cheesy or
      gel-like emulsion which is useless.
PAR  The tendency for excessive emulsion viscosity or gelation can be combatted
      by reducing the resin solids content of the emulsion, but this is
      disadvantageous because compounding is more difficult, and the adhesive
      dries more slowly. Also, one has not prevented the premature reaction
      between the N-methylol group and the hydroxy group, but merely rendered
      such premature reaction more tolerable. As a result, the ultimate curing
      potential is sacrificed. Moreover, the maximum proportion of N-methylol
      functionality which can be accepted in the copolymer is also reduced.
PAR  It is noted in passing that the reaction between the N-methylol group and
      the hydroxy group is extremely rapid, and the aqueous emulsion environment
      easily allows the water of reaction to dissipate into the aqueous phase of
      the latex, so there is no control over water removal as is possible when
      proceeding in water immiscible solvent solution to minimize premature
      reaction.
PAR  In accordance with this invention, vinyl ester, especially vinyl acetate,
      is polymerized in aqueous emulsion in the presence of hydroxy-functional
      protective colloid as the essential emulsifying agent, and an
      N-methylol-functional monomer (etherified) is included in order that the
      copolymer which is formed will include such functionality. In this
      invention it is found that when the N-methylol functional monomer is
      present as a preformed ether with a C.sub.1 - C.sub.8 alcohol, that
      prereaction of the ether with the hydroxy-functional protective colloid is
      largely avoided and the resulting aqueous emulsion suffers very little
      increase in viscosity and retains substantially all of its adhesive
      quality. At the same time, and where water resistance is desired, the
      imposition of a moderate bake causes the alcohol to volatilize away and
      the N-methylol functionality which is thereby regenerated reacts rapidly
      to provide the desired water resistance.
PAR  It will be appreciated that the curing reaction may include reaction of
      N-methylol with itself, with the hydroxy groups in the protective colloid
      (which form part of the deposited film) and also with reactive groups,
      such as hydroxy groups, which may be present on the surfaces which are
      bonded together. In such instance, the initial adhesive bond can be
      substantially enhanced as opposed to the degradation in adhesion reported
      for the polyvinyl alcohol stabilized copolymer in said U.S. Pat.
      3,708,388.
PAR  Referring more particularly to the hydroxyfunctional protective colloid,
      these have been illustrated hereinbefore and are employed in an amount of
      about 0.05 to 10%, preferably from 0.1 to 5%, based on the total weight of
      the latex.
PAR  The vinyl ester which is used is preferably vinyl acetate, but all of the
      vinyl esters with saturated aliphatic monocarboxylic acids are useful,
      vinyl propionate, vinyl stearate and vinyl versatate further illustrating
      the class under consideration. At least 40% of the copolymer, preferably
      at least 55% of the copolymer, will consist of vinyl ester, preferably
      vinyl acetate.
PAR  The vinyl ester may constitute the entire balance of the copolymer aside
      from the reactive monomer or monomers conferring curing capacity. Indeed,
      a copolymer containing in excess of 90% by weight of vinyl acetate with
      less than 10% by weight of N-methylol ether can be used. These copolymers
      provide excellent adhesives for wood, with the N-methylol ether providing
      the cure capacity needed to provide desired water resistance.
PAR  On the other hand, it is frequently desired to include in the copolymer
      from 5-40%, preferably from 20-40% of ethylene, based on the weight of the
      copolymer. Ethylene is of significance in the development of the desired
      adhesive characteristic in many instances, e.g., for the lamination of
      plastic films, such as polyvinyl chloride, to paper or wood. While the
      ethylene can be omitted or replaced, this invention has especial
      applicability to vinyl esterethylene copolymers. These are also of
      especial value for carpet backing, where water resistance is particularly
      desired.
PAR  If the ethylene component is to be replaced, an acrylate, maleate or
      fumarate ester containing from 2-18 carbon atoms in the ester group can be
      used, such as n-butyl acrylate, isobutyl acrylate or dibutyl maleate.
      These esters, if used, would be employed in an amount of 5-60%, preferably
      from 20-50%, based on the weight of the copolymer.
PAR  The monomers providing thermosetting or cure capacity may be used in an
      amount of from 0.5-15%, preferably 2-10%, based on the weight of the
      copolymer. At least 0.5, preferably at least 1%, based on the weight of
      the copolymer, will be constituted by the monoethylenic N-methylol ether,
      preferably from 1 to 8%. However, other monomers which can coreact with
      the N-methylol group may also be present to assist in the cure, such as
      monoethylenic amides or alcohols, either alone or together with a
      monoethylenic carboxylic acid.
PAR  The coreactive monomers are illustrated by acrylamide, methacrylamide, or
      other monoethylenic amide, or by allyl alcohol, 2-hydroxy ethyl acrylate
      or methacrylate, or the like. Monoethylenic carboxylic acids are
      illustrated by acrylic, methacrylic, crotonic or itaconic acids, or the
      like. Sulphonic acids, or their salts, such as 2-sulpho ethyl methacrylate
      or sodium vinyl sulphonate are also useful.
PAR  The selection of the N-methylol component which is used herein in ether
      form is subject to wide variation. Thus, N-methylol acrylamide or
      methacrylamide are useful herein, though these are not preferred. First,
      N-methylol acrylamide and N-methylol methacrylamide are highly reactive
      and etherification is frequently accompanied by homopolymerization or by
      the presence of excessive amounts of polymerization inhibitor which
      interferes with the subsequent vinyl acetate or ethylene polymerization.
      Second, and of great significance, is the fact that the polymerization is
      in aqueous emulsion. Particularly when ethylene is present, and even when
      it is not, the acrylamide derivative is partially in the water phase where
      it is more proximate to the polyvinyl alcohol or other protective colloid,
      and less proximate to the emulsified monomers where copolymerization is
      desired. This minimizes the insolubilization capacity of the N-methylol
      monomer.
PAR  Accordingly, preferred practice in this invention involves selecting, as
      the N-methylol monomer which is etherified for use herein, a formaldehyde
      adduct with an allyl carbamate. These allyl carbamates have the formula:
      ##EQU1##
      in which R.sub.1 is hydrogen or methyl, R.sub.2 is an alkylidene group
      containing from 2-4 carbon atoms, and n is an integer from 0-10,
      preferably from 0-2.
PAR  Various allyl carbamates are useful herein, especially allyl carbamate.
      Allyl carbamate has the formula:
      ##EQU2##
PAR  This monoethylenic monomer is not an amide and it will react with
      formaldehyde in an addition reaction with the two amino hydrogen atoms to
      generate the N-methylol group. When one molar proportion of formaldehyde
      is taken up, the derivative can be described by the formula:
      ##EQU3##
PAR  The same reaction can proceed to take up more formaldehyde to increase the
      hydroxy functionality which is generated.
PAR  Regardless of whether one or two moles of formaldehyde are reacted into the
      molecule, the monomer is an allyl ester and this is most important in the
      copolymerization with vinyl acetate, or other vinyl ester such as vinyl
      butyrate with ethylene, since the monomer reactivity ratio of the allylic
      unsaturation of the allyl ester with vinyl acetate is close to 1:1. In
      contrast, methylol acrylamide enters the vinyl ester-ethylene copolymer
      much more rapidly than the vinyl ester or the ethylene and is consumed
      long before the vinyl acetate and ethylene are polymerized, forcing a
      considerable portion of the polymer to lack the reactive group which is
      the basis for subsequent insolubilization.
PAR  The emulsion copolymerization is also improved herein by the increased
      hydrophobicity conferred by the allyl group creating a synergistic
      improvement in the capacity of the copolymer to become insolubilized on
      curing. Such hydrophobicity can also be conferred by the ether group, but
      this is not the case with the methyl and ethyl ethers which are the most
      volatile and preferred for that reason, making the allylic hydrophobicity
      more important.
PAR  As previously indicated, the allyl carbamate may include ether groups
      between the allyl group and the carbamate group. These ethers can be
      provided by reacting the allyl alcohol with an alkylene oxide, such as
      ethylene oxide, before converting the resulting alcohol to the carbamate
      as will be illustrated hereinafter.
PAR  The adduction of the carbamate with formaldehyde is well known and
      conventional and yields N-methylol derivatives. These are a mixture of the
      mono-N-methylol adduct, the di-N-methylol adduct and unreacted carbamate
      which, if present, is not harmful.
PAR  The N-methylol groups in this invention are etherified with a
      C.sub.1-C.sub. 8 alcohol, preferably a C.sub.1-C.sub. 4 alcohol. The
      alcohol is released on baking to regenerate the N-methylol group for cure,
      as is well known. Preferred alcohols are methyl alcohol and ethyl alcohol.
      Isopropyl alcohol and isobutyl alcohol are also highly effective. 2-ethoxy
      ethanol and 2-butoxy ethanol are also useful.
PAR  The invention is illustrated in the following examples in which all parts
      are by weight unless otherwise indicated. Some of the examples illustrate
      the invention by way of contrast.
DETD
PAC  EXAMPLE 1
PAR  The following was charged to a 1 - gallon stainless steel polymerization
      reactor equipped with temperature controls and an agitator
TBL  Charge Composition (Parts)                                                
     1100   grams                                                              
                Water                                                          
     53.3   grams                                                              
                Polyvinyl Alcohol (88% hydrolyzed polyvinyl                    
                acetate [4% solution viscosity 5 cps.])                        
     74     grams                                                              
                Seed Latex (Previously prepared - see Note 1)                  
     5      grams                                                              
                Sodium Formaldehyde Sulfoxylate                                
     0.4    gram                                                               
                Sodium Benzoate                                                
     0.02   gram                                                               
                Ferrous Sulfate                                                
     900    grams                                                              
                Vinyl Acetate                                                  
     500    grams                                                              
                Dibutyl Maleate                                                
PAR  Water and polyvinyl alcohol were first charged to the reactor and agitated
      at 50.degree.C. until completely dissolved before the remaining
      ingredients were charged.
PAR  The pH of the monomer emulsion was adjusted to 4.8 with 2 cc. of 18% HCl,
      and the temperature raised to 60.degree.C. at which point a catalyst
      solution prepared as shown below is introduced drop wise over 2 hours to
      maintain the reaction.
TBL  Catalyst Solution                                                         
     66    grams  Water                                                        
     5     grams  Sodium Benzoate                                              
     29    grams  Hydrogen Peroxide (35% H.sub.2 O.sub.2 in water)             
PAR  A total of 50 cc. of the above catalyst solution was used to complete the
      reaction.
PAR  Periodic additions of a 15% solution of sodium formaldehyde sulfoxylate
      were made to maintain a reducing environment until a total of 20 cc's had
      been added.
PAR  The reaction was carried out a minimum reflux temperature,
      (69.degree.-74.degree.C.). The reaction was completed with the addition of
      2 cc's of tertiary butyl hydroperoxide when the unreacted monomer was
      reduced to about 2%, and this lowers the unreacted monomer content to
      about 0.5%.
PAR  Note 1
PAR  The seed latex is a commercially produced polyvinyl acetate latex with
      particle size of .15 micron (any latex having the same particle size may
      be substituted).
PAR  The final latex product had the following properties:
TBL  Viscosity (Brookfield, spindle No. 2, 20 rpm)                             
                               1180 cps.                                       
     Solids (percent)          54.8                                            
     Intrinsic viscosity (dimethyl formamide                                   
     at 30.degree.C.)          1.47                                            
     Average particle size (microns)                                           
                               0.35                                            
     Insolubles in Trichloroethylene (percent)                                 
                               4.3                                             
     Mechanical stability (Hamilton Beech)                                     
                               Stable 20+                                      
                               minutes                                         
     pH                        5.7                                             
     Surface Tension (dynes/cm)                                                
                               49                                              
PAR  Note 2
PAR  3.4 grams of Hercules 831, a known defoamer may be added, if desired, to
      help control foaming.
PAR  The 4.3% insolubility is measured after a bake of 5 minutes at
      280.degree.F. and reflects the fact that there is no curing mechanism
      available, so the bulk of the film simply dissolved.
PAC  EXAMPLE 2
PAR  The procedure and recipe set forth in Example 1 were repeated except that
      28 grams of N-methoxy methyl acrylamide were added to the monomer emulsion
      prior to polymerization, and then the reaction was carried out as before.
PAR  The latex product had the following properties:
TBL  Viscosity (Brookfield, spindle No. 4, 20 rpm)                             
                               3100 cps.                                       
     Solids (percent)          54.3                                            
     Intrinsic viscosity (dimethyl                                             
     formamide, 30.degree.C.)  0.70                                            
     Average particle size (microns)                                           
                               0.77                                            
     Insolubles in Trichloroethylene (percent)                                 
                               20.2                                            
     Swell Index               11.3                                            
     Mechanical Stability (Hamilton Beech)                                     
                               Stable 20+                                      
                               minutes                                         
     pH                        4.9                                             
     Surface Tension (dynes/cm)                                                
                               49                                              
PAR  As can be seen, the viscosity is about three fold higher and the
      insolubility after the standard bake is only 20.2%, indicating that almost
      80% of the film dissolved.
PAC  EXAMPLE 3
PAR  The procedure and recipe set forth in Example 1 were repeated except that
      28 grams of N-isobutoxy methyl acrylamide were uniformly and continuously
      added over 2 hours.
PAR  The product had the following properties:
TBL  Viscosity (Brookfield, spindle No. 2, 20 rpm)                             
                               1500 cps.                                       
     Solids (percent)          55.8                                            
     Intrinsic Viscosity (dimethyl formamide,                                  
     30.degree.c.)             0.74                                            
     Average particle size (microns)                                           
                               0.39                                            
     Insolubles in Trichloroethylene (percent)                                 
                               33.1                                            
     Swell Index               9.8                                             
     Mechanical stability (Hamilton Beech)                                     
                               Stable 20+                                      
                               minutes                                         
     pH                        6.2                                             
     Surface Tension (dynes/cm)                                                
                               51.8                                            
PAR  As can be seen, the viscosity is far lower than in Example 2, and almost as
      low as in the thermoplastic Example 1, and the insolubility was distinctly
      raised from 20.2% to 33.1%.
PAC  EXAMPLE 4
PAR  The procedure and recipe set forth in Example 1 were repeated except that
      28 grams of N-methoxymethyl allyl carbamate were added to the monomer
      emulsion, and then the reaction carried out as in Example 1.
PAR  The product had the following properties:
TBL  Viscosity (Brookfield, spindle No. 2, 20 rpm)                             
                               700 cps.                                        
     Solids (percent)          54.2                                            
     Intrinsic viscosity (dimethyl formamide,                                  
     30.degree.C.)             0.936                                           
     Average particle size (microns)                                           
                               0.48                                            
     Insolubles in trichloroethylene (percent)                                 
                               66.1                                            
     Swell Index               6.9                                             
     Mechanical stability (Hamilton Beech)                                     
                               Stable 20+                                      
                               minutes                                         
     pH                        5.2                                             
     Surface Tension (dynes/cm)                                                
                               47                                              
PAR  As is apparent, the viscosity is excellent, but the insolubility was far
      higher, 66.1% as compared to 20.2% in Example 2.
PAC  EXAMPLE 5
PAR  The procedure and recipe set forth in Example 1 were repeated except that
      42 grams of N-methoxymethyl allyl carbamate were added to the monomer
      emulsion and then the reaction carried out as in Example 1. The total
      solids were reduced to 45% at the end of the reaction.
PAR  The product had the following properties:
TBL  Viscosity (Brookfield spindle No. 2, 20 rpm)                              
                               520 cps.                                        
     Solids (percent)          45.0                                            
     Intrinsic viscosity (dimethyl formamide,                                  
     30.degree.C.)             1.32                                            
     Average particle size (microns)                                           
                               0.7                                             
     Insolubles in trichloroethylene (percent)                                 
                               76.6                                            
     Swell Index               6.68                                            
     Mechanical stability (Hamilton Beech)                                     
                               Stable 20+                                      
                               minutes                                         
     pH                        5.1                                             
     Surface Tension (dynes/cm)                                                
                               56                                              
PAR  This example shows how a larger proportion of reactive monomer can be used
      herein to raise the insolubility to 76.6%. Viscosity was lowered to
      improve handling, though 45% solids is an acceptable solids content.
PAC  EXAMPLE 6
PAR  Example 1 was repeated, but with a somewhat larger proportion of polyvinyl
      alcohol (56.0 grams instead of the 53.3 used in Example 1). This new
      control was then used as a basis for a series of further comparisons. The
      data in Examples 1-5 is tabulated below, together with the additional data
      from the present series of examples and with further results presented on
      Example 8 as a control, Example 8 being a repeat of this example.
TBL  __________________________________________________________________________
                      % Insolubility                                           
                      in Trichloro-                                            
     Example                                                                   
          Solids                                                               
               Viscosity                                                       
                      ethylene Cross-Linking Monomer                           
                                                Percent                        
     __________________________________________________________________________
     1    54.8%                                                                
               1180   4.3          --             --                           
     2    54.3%                                                                
               3100   20.2     N-methoxymethyl acrylamide                      
                                                  2                            
     3    55.8%                                                                
               1500   33.1     N-isobutoxymethyl acrylamide                    
                                                  2                            
     4    54.2%                                                                
               700    66.1     N-methoxymethyl allyl carbamate                 
                                                  2                            
     5    45%  520    76.6     N-methoxymethyl allyl carbamate                 
                                                  3                            
     6    46.3%                                                                
               6000   25.0     N-methoxymethyl acrylamide                      
                                                  4                            
     7*   45%  950    87.7     N-ethoxymethyl allyl carbamate                  
                                                  2                            
     8    52%  625    13.57        --                                          
     9**  48.5%                                                                
               920    16.44    N-methylol acrylamide                           
                                                  2                            
     10** 52%  400    75.2     N-ethoxymethyl allyl carbamate                  
                                                  2                            
     11** 53.2%                                                                
               530    54.6     N-ethoxymethyl allyl carbamate                  
                                                  1                            
     __________________________________________________________________________
      *made using Example 6 as control                                         
      **made using Example 8 as control                                        
PAR  As can be seen from the above tabulation, N-methylol acrylamide was
      detrimental. It would appear that much of the N-methylol acrylamide
      reacted with the hydroxy functional colloid (the polyvinyl alcohol) which
      is dispersed in the aqueous continuum. Thus, viscosity was greatly
      increased, but the insolubility remained poor. Capping the N-methylol
      acrylamide with methyl alcohol was somewhat helpful since some limited
      insolubilization took place, but a very extensive reaction occurred with
      the hydroxy functional colloid resulting in extensive thickening. On the
      one hand, and in comparison with the use of N-methylol acrylamide,
      N-methoxymethyl acrylamide showed a considerable improvement. On the other
      hand, and in comparison with the other results achieved in accordance with
      the invention, N-methoxymethyl acrylamide is quite inferior. Moreover, the
      carbamate derivatives were distinctly superior as can be seen by comparing
      Examples 2 and 3 with Example 4.
PAR  By far the best results are obtained when the insolubilization of the
      N-methylol allyl carbamate is combined with the protection and further
      water insolubilization obtained through etherification. Moreover, the vast
      improvement achieved using allyl carbamate cannot be fully explained on
      the basis of water insolubilization, and it seems clear that the
      effectiveness of copolymerization as well as the uniformity of
      copolymerization are also important characteristics leading to the
      improved results reported.
PAR  While detailed comparisons have been made in the vinyl acetate-ethylene
      copolymer system, essentially the same results are obtainable with any
      vinyl acetate polymer as illustrated by the following data obtained for a
      vinyl acetate homopolymer.
TBL  __________________________________________________________________________
                      % Insolubility                                           
                      in Trichloro-                                            
     Example                                                                   
          Solids                                                               
               Viscosity                                                       
                      ethylene Cross-Linking Monomer                           
                                               Percent                         
     __________________________________________________________________________
     12   55.7%                                                                
               1400   51           --            --                            
     13   54%  1040   95.5     N-ethoxymethyl allyl carbamate                  
                                                 1                             
     14   54.2%                                                                
               550    97.1     N-ethoxymethyl allyl carbamate                  
                                                 2                             
     __________________________________________________________________________
PAR  Some insolubilization occurs without baking, especially on exposure to
      sunlight. Thus, the adhesive emulsions disclosed herein can be pigmented
      to form paints which insolubilize on exposure, especially in the sun, for
      use both indoors and outdoors.
PAR  All of the previous results were obtained by baking 5 minutes at
      280.degree.F. which represents typical baking conditions. On the other
      hand, particularly where the methyl and ethyl ethers are employed, these
      volatilize at room temperature, and insolubility develops with time.
PAR  The results obtained in this invention using ethylene in the copolymer are
      illustrated in the following examples.
PAC  EXAMPLE 15
PAR  A stainless steel pressure reactor equipped with agitator, temperature
      controls, feed pumps, and gas inlet tube was charged with the following
      ingredients:
TBL  Main Charge       Parts                                                   
     ______________________________________                                    
     Water             3200       grams                                        
     Polyvinyl Alcohol*                                                        
                       205        grams                                        
     Polyvinyl Alcohol**                                                       
                       619.5      grams                                        
     Hydrochloric Acid 5.24       grams                                        
     Ferrous Sulfate   0.32       grams                                        
     Water             1670       grams                                        
     ______________________________________                                    
      *(88% hydrolyzed polyvinyl acetate [4% solution viscosity = 22           
      **(88% hydrolyzed polyvinyl acetate [4% solution viscosity = 5 cps.])    
PAR  The polyvinyl alcohols were first completely dissolved in 13,200 grams of
      water before charging to the reactor. On completion of addition of these
      ingredients, the reactor was thoroughly purged of residual oxygen by
      repeated flushing with nitrogen, then ethylene with pressure reduced
      between purging with a water aspirator. Following the purging 17,250 grams
      of vinyl acetate were added to the reactor and reactor pressured to 650
      pounds with ethylene.
PAR  An activator solution prepared as shown was added initially.
TBL  ______________________________________                                    
     Water                  118 grams                                          
     Sodium Formaldehyde Sulfoxylate                                           
                             19 grams                                          
     ______________________________________                                    
PAR  An additional 66 grams of sodium formaldehyde sulfoxylate was added as an
      8% solution during the course of reaction in order to maintain the
      reaction on the reducing side.
PAR  The reaction was catalyzed by continuous addition of an oxidizing solution
      made up as shown:
TBL  Hydrogen Peroxide (35% active)                                            
                            14.3    grams                                      
     Water                  1170    grams                                      
PAR  The reaction was run at 50.degree.C. and ethylene pressure maintained
      between 650 and 700 pounds per square inch until the free monomer was
      below 0.6% at which point the excess ethylene was vented and pH adjusted
      to 4.5 with 25 cc. ammonium hydroxide.
PAR  The product had the following properties:
TBL  Percent Solids        52.0                                                
     pH                    4.5                                                 
     Free Monomer          0.4%                                                
     Mechanical Stability (Hamilton Beech)                                     
                           Stable 20+ minutes                                  
     Viscosity (Brookfield, spindle 2, 20 rpm)                                 
                           880 cps.                                            
     Intrinsic Viscosity (dimethyl                                             
      formamide at 30.degree.C.)                                               
                           1.91                                                
     Particle size, microns                                                    
                           0.52                                                
     % Insolubles in Trichloroethylene                                         
                           16.9%                                               
     Glass Transition Temperature                                              
                           -13.degree.C. (about 20%                            
                               ethylene)                                       
     Swell Index           14.5%                                               
PAR  This copolymer lacks any cure mechanism, and the bulk of the copolymer
      simply dissolved.
PAC  EXAMPLE 16
PAR  The procedure and recipe cited in Example 15 were repeated except that 345
      grams of N-ethoxymethyl allyl carbamate were added to the initial reactor
      charge, and then the reaction carried out as in Example 6. At completion
      of reaction, the solids were reduced to 46.7% by adding 1800 grams water.
PAR  The product had the following properties:
TBL  Total Solids (percent) 46.7                                               
     pH                     4.7                                                
     Mechanical Stability (Hamilton Beech)                                     
                            20+ minutes                                        
     Free Monomer           0.5%                                               
     Viscosity (Brookfield, spindle No. 6, 20 rpm)                             
                            2350 cps.                                          
     Intrinsic Viscosity (dimethyl formamide                                   
      at 30.degree.C.)      1.24                                               
     % Insolubles in Trichloroethylene                                         
                            80.2%                                              
     Glass Transition Temperature                                              
                            9.degree.C. (about 15%                             
                               ethylene)                                       
     Swell Index            10.3%                                              
PAR  As can be seen, the insolubility was vastly increased from 16.9 to 80.2%,
      even though less ethylene was incorporated in this run.
PAR  The invention is defined in the claims which follow in which all
      proportions are by weight.
CLMS
STM  I claim:
NUM  1.
PAR  1. An aqueous adhesive emulsion which develops water resistance through
      cure, the water of said emulsion having emulsified therein an aqueous
      emulsion copolymer of monoethylenic monomers, at least 40 up to 99.5% of
      the copolymer being vinyl ester of a saturated aliphatic monocarboxylic
      acid having up to 18 carbon atoms and from 0.5 - 15% of the copolymer of
      monomers providing thermosetting characteristics and consisting
      essentially of C.sub.1 - C.sub.8 alcohol ether of an N-methylol derivative
      of an allyl carbamate having the formula:
      ##EQU4##
      in which R.sub.1 is hydrogen or methyl, R.sub.2 is an alkylidene group
      containing from 2-4 carbon atoms, R.sub.3 is the residue of the C.sub.1 -
      C.sub.8   etherifying alcohol, Z is hydrogen or another --CH.sub.2
      OR.sub.3 group, and n is an integer from 0-10, any balance of said
      copolymer consisting essentially of nonreactive monoethylenic monomers
      copolymerizable with said vinyl ester, the monomers of said copolymer
      being emulsified during copolymerization by from 0.5 to 10% of an hydroxy
      functional protective colloid.
NUM  2.
PAR  2. An aqueous adhesive emulsion as recited in claim 1 in which said
      copolymer includes from 5-40% of ethylene.
NUM  3.
PAR  3. An aqueous adhesive emulsion as recited in claim 1 in which said
      copolymer includes from 20-40% of ethylene.
NUM  4.
PAR  4. An aqueous adhesive emulsion as recited in claim 1 in which from 5-60%
      of monoethylenic maleate or fumarate alcohol diester containing from 2-18
      carbon atoms is included in the copolymer.
NUM  5.
PAR  5. An aqueous adhesive emulsion as recited in claim 1 in which said
      monomers providing thermosetting characteristics are present in an amount
      of from 2-10%
NUM  6.
PAR  6. An aqueous adhesive emulsion as recited in claim 1 in which said
      hydroxy-functional protective colloid is selected from the group
      consisting of polyvinyl alcohol and hydroxy ethyl cellulose.
NUM  7.
PAR  7. An aqueous adhesive emulsion as recited in claim 6 in which said hydroxy
      functional protective colloid is polyvinyl alcohol.
NUM  8.
PAR  8. An aqueous adhesive emulsion as recited in claim 1 in which said
      copolymer includes at least 55% of vinyl acetate.
NUM  9.
PAR  9. An aqueous adhesive emulsion as recited in claim 1 in which said
      N-methylol functional derivative has the formula:
      ##EQU5##
      where R.sub.3 is the residue of a C.sub.1 - C.sub.8 alcohol.
NUM  10.
PAR  10. An aqueous adhesive emulsion which develops water resistance through
      cure, the water of said emulsion having emulsified therein an aqueous
      emulsion copolymer consisting essentially of monoethylenic monomers, at
      least 55% up to 94.5% of the copolymer being vinyl acetate, from 5-40% of
      the copolymer being ethylene, and from 0.5-15% of the copolymer of
      monomers providing thermosetting characteristics, and consisting
      essentially of C.sub.1 - C.sub.8 alcohol ether of an N-methylol derivative
      of an allyl carbamate having the formula:
      ##EQU6##
      in which R.sub.1 is hydrogen or methyl, R.sub.2 is an alkylidene group
      containing from 2- 4 carbon atoms, R.sub.3 is the residue of the C.sub.1 -
      C.sub.8 etherifying alcohol, Z is hydrogen or another --CH.sub.2 OR.sub.3
      group, and n is an integer from 0-10, the monomers of said copolymer being
      emulsified during copolymerization by from 0.05 to 10% of an hydroxy
      functional protective colloid.
NUM  11.
PAR  11. An aqueous adhesive emulsion as recited in claim 1 in which said
      copolymer consists essentially of vinyl acetate, ethylene, and C.sub.1 -
      C.sub.4 alcohol ether of mono-N-methylol allyl carbamate, and said
      protective colloid is polyvinyl alcohol.
NUM  12.
PAR  12. An aqueous adhesive emulsion copolymer as recited in claim 10 in which
      said N-methylol monoethylenic monomer is a methyl or ethyl ether of
      mono-N-methylol allyl carbamate, and is present in an amount of from 1 to
      8%.
NUM  13.
PAR  13. An aqueous adhesive emulsion which develops water resistance through
      cure, the water of said emulsion having emulsified therein an aqueous
      emulsion copolymer consisting essentially of at least 55% up to 94.5% of
      the copolymer of vinyl acetate, from 5-60% of maleate or fumarate diester
      containing 2-18 carbon atoms in the ester group, and from 0.5-15% of the
      copolymer of monomers providing thermosetting characteristics and
      consisting essentially of C.sub.1 - C.sub.8 alcohol ether of an N-methylol
      derivative of an allyl carbamate having the formula:
      ##EQU7##
      in which R.sub.1 is hydrogen or methyl, R.sub.2 is an alkylidene group
      containing from 2- 4 carbon atoms, R.sub.3 is the residue of the C.sub.1 -
      C.sub.8 etherifying alcohol, Z is hydrogen or another --CH.sub.2 OR.sub.3
      group, and n is an integer from 0- 10, the monomers of said copolymer
      being emulsified during copolymerization by from 0.05 to 10% of an hydroxy
      functional protective colloid.
NUM  14.
PAR  14. An aqueous adhesive emulsion as recited in claim 13 in which said
      copolymer consists essentially of vinyl acetate, said maleate or fumarate
      diester, and C.sub.1 - C.sub.4 alcohol ether of mono-N-methylol allyl
      carbamate, and said protective colloid is polyvinyl alcohol.
NUM  15.
PAR  15. An aqueous adhesive emulsion which develops water resistance through
      cure, the water of said emulsion having emulsified therein an aqueous
      emulsion copolymer consisting essentially of at least 90% up to 99.5% of
      the copolymer of vinyl acetate, and from 0.5-10% of the copolymer of
      monomers providing thermosetting characteristics and consisting
      essentially of C.sub.1 - C.sub.8 alcohol ether of an N-methylol derivative
      of an allyl carbamate having the formula:
      ##EQU8##
      in which R.sub.1 is hydrogen or methyl, R.sub.2 is an alkylidene group
      containing from 2- 4carbon atoms, R.sub.3 is the residue of the C.sub.1 -
      C.sub.8 etherifying alcohol, Z is hydrogen or another --CH.sub.2 OR.sub.3
      group, and n is an integer from 0-10, the monomers of said copolymer being
      emulsified during copolymerization by from 0.05 to 10% of an hydroxy
      functional protective colloid.
NUM  16.
PAR  16. An aqueous adhesive emulsion as recited in claim 15 in which said
      copolymer consists essentially of vinyl acetate and C.sub.1 - C.sub.4
      alcohol ether of mono-N-methylol allyl carbamate, and said protective
      colloid is polyvinyl alcohol.
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ABST
PAL  Disclosed are essentially stable aqueous dispersions of hydrocarbon resins
      which consist essentially of at least one hydrocarbon resin in
      finely-divided form; a water-soluble cationic resin, a specific example of
      which is a water-soluble cationic aminopolyamide--epichlorohydrin resin;
      and water. The dispersion can be used to size paper.
BSUM
PAR  This invention relates to novel aqueous dispersions of hydrocarbon resins.
      Particularly, this invention relates to aqueous dispersions which consist
      essentially of finely-divided particles of at least one hydrocarbon resin,
      a water-soluble cationic polymeric dispersing agent for the finely-divided
      particles, and water. The dispersing agent will be detailed more fully
      hereinafter. The novel dispersions of this invention are useful in the
      sizing of paper.
PAR  In accordance with this invention there are provided aqueous dispersions of
      hydrocarbon resin particles for use in the sizing of paper. The aqueous
      dispersions of this invention have good stability (shelf life) for
      prolonged periods of time of up to about 3 to 6 months.
PAR  The dispersions of this invention consist essentially of, by weight, from
      about 5.5 parts to about 50 parts solids and from about 94.5 parts to
      about 50 parts water, the total of solids and water being 100 parts. The
      solids content consists essentially of, by weight, (a) from about 5 parts
      to about 45 parts hydrocarbon resin particles (preferably from about 10
      parts to about 40 parts) and (b) from about 0.5 part to about 10 parts of
      a water-soluble cationic polymeric dispersing agent (preferably from about
      1 part to about 8 parts). The dispersing agent will be detailed more fully
      hereinafter. The dispersions of this invention require no dispersing agent
      other than component (b) dispersing agent.
PAR  Hydrocarbon resins employed in this invention are noncrystalline
      thermoplastic synthetic polymers having a ring and ball softening point of
      from about 45.degree.C. to about 150.degree.C., preferably from about
      50.degree.C. to about 120.degree.C.; a molecular weight within the range
      of from about 350 to about 2000, preferably from about 400 to 1400; and an
      acid number of less than about 1. These hydrocarbon resins can be prepared
      by methods known in the art by homopolymerizing and copolymerizing
      ethylenically unsaturated hydrocarbon monomers containing only hydrogen
      and carbon in their molecular structure.
PAR  Hydrocarbon resins meeting the above requirements can be derived from
      liquid petroleum distillates boiling in the range of from about
      20.degree.C. to about 280.degree.C., and preferably in the range of about
      30.degree.C. to about 140.degree.C., or any fraction boiling within these
      ranges. Petroleum hydrocarbon resins having the above properties and which
      are suitable for use in this invention are disclosed and described in U.S.
      Pat. No. 3,379,663, reference to which is hereby made.
PAR  Terpene resins having the above properties can also be employed in carrying
      out this invention.
PAR  In place of cracked petroleum distillates, unsaturated hydrocarbon
      compounds from other sources, alone or in admixture, can be used. Thus,
      synthetically derived ethylenically unsaturated hydrocarbons, alone or in
      admixture with other synthetically derived or naturally occurring
      ethylenically unsaturated hydrocarbons, can be polymerized to produce
      hydrocarbon resins for use in this invention. All that is required is that
      the polymer have properties as above set out. Thus, relatively pure
      hydrocarbon compounds such as diolefins and olefins can be homopolymerized
      or can be polymerized in admixture with varying amounts of cyclic
      diolefins or cyclic olefins, or both, or of substituted benzene
      hydrocarbons such as styrene, alpha-methyl styrene, vinyl toluene or
      divinyl benzene to produce resins having the above properties. Various
      proportions of these unsaturated hydrocarbons of any or all of the classes
      mentioned above can be mixed with certain fractions of cracked distillates
      to provide satisfactory materials for resin formation.
PAR  Hydrocarbon resins can be prepared by causing the hydrocarbons to react in
      the presence of a suitable catalyst or activating agent or by the use of
      heat alone. The catalysts which can be used include acidic catalysts such
      as AlCl.sub.3, ZnCl.sub.2, BF.sub.3, H.sub.2 SO.sub.4, H.sub.3 PO.sub.4
      and acid clays, anionic catalysts such as metallic lithium and sodium or
      their alkyl derivatives, metal coordinate catalysts such as aluminum
      triisobutyl and TiCl.sub.4 or TiCl.sub.3, and free radical catalysts such
      as benzoyl peroxide, cumene hydroperoxide, tertbutyl hydroperoxide, and
      hydrogen peroxide. Temperatures utilized will vary depending on the
      monomers and catalysts used and are well known in the art.
PAR  After the reaction is essentially complete, any residual catalyst can be
      removed if required. Unreacted hydrocarbons and low molecular weight
      materials can be removed by vacuum or steam distillation, if desired.
PAR  The following resins are illustrative of hydrocarbon resins that can be
      used in this invention.
PAC  Resin A
PAR  A suitable hydrocarbon resin that can be used in this invention is a
      petroleum resin available commercially under the proprietary designation
      Piccopale 70. This resin has a ring and ball softening point of about
      70.degree.C., a molecular weight of about 800, and an acid number of less
      than 1.
PAC  Resin B
PAR  Another suitable petroleum hydrocarbon resin is that available commercially
      as Piccopale 100. This resin has a ring and ball softening point of about
      100.degree.C., a molecular weight of about 1400, and an acid number of
      less than 1.
PAC  Resin C
PAR  Another hydrocarbon resin that can be used in this invention is a vinyl
      toluene--.alpha.-methyl styrene copolymer available commercially under the
      proprietary name Piccotex 120 which has a molecular weight of about 1400
      and a ring and ball softening point of about 120.degree.C. The acid number
      of this resin is less than 1.
PAC  Resin D
PAR  Another resin that can be used in this invention is a vinyl toluene
      copolymer that has been hydrogenated to an alpha value at 262 millimicrons
      of less than 0.05. This resin has a ring and ball softening point of about
      135.degree.C. and a molecular weight of about 1400. The acid number of
      this resin is less than about 1.
PAC  Resin E
PAR  Another resin that can be used in this invention is a vinyl
      toluene--.alpha.-methyl styrene copolymer available commercially under the
      proprietary name Piccotex 100. This resin has a molecular weight of about
      1100 and a ring and ball softening point of about 100.degree.C. The acid
      number of the resin is less than 1.
PAC  Resin F
PAR  Another suitable resin is that available under the proprietary name
      Petrosin 80, the average molecular weight of which ranges between about
      900 and 1000. It has a ring and ball softening point .degree.C. of
      80.+-.5. Petrosin 80 has an acid number less than 1.
PAR  Terpene resins are hydrocarbon resins and, as above set forth, those having
      the properties above set forth can be used in this invention. Encyclopedia
      of Chemical Technology, Vol. 14, The Interscience Encyclopedia, Inc., New
      York, 1955, reports that Southern sulfate turpentines are comprised of, by
      weight, 60% to 65% alpha-pinene and 25 to 35% beta-pinene. Refined
      Southern sulfate turpentine (200 parts) is added dropwise to an agitated
      mixture of 450 parts dry toluene and 18 parts aluminum chloride. The
      temperature during addition is held at 4.degree.C. to 10.degree.C. by
      cooling. The time of addition is 55 minutes. Reaction is continued at
      8.degree.-10.degree.C. for 4 hours after turpentine addition is complete.
      Water (22.degree.C.) is added with agitation while keeping the temperature
      below 20.degree.C. Fifteen minutes after water addition is complete, 45
      parts calcium hydroxide is added and the mixure is warmed and held at
      70.degree.C. for 20 minutes. The hot mixture is filtered and the filter
      cake is washed with toluene, and the washings are combined with the
      product filtrate. When the filtrate cools, additional solids form which
      are separated by an additional filtration. The resulting filtrate is
      stripped using a heated oil bath for heat. Stripping is stopped at 120 mm.
      pressure with the oil bath at 200.degree.C. The residue is a soft terpene
      hydrocarbon resin consisting of polymerization products of terpene
      hydrocarbons and has a molecular weight of about 500 and a ring and ball
      softening point of about 75.degree.C. Vacuum topping of this resin
      provides a residue having a molecular weight of about 840 and a ring and
      ball softening point of about 115.degree.C.
PAR  In preparing aqueous hydrocarbon resin dispersions of this invention the
      hydrocarbon resin is first dissolved in a waterimmiscible organic solvent
      therefor such, for example, as benzene, xylene, chloroform, and
      1,2-dichloropropane. Mixtures of two or more solvents can be used if
      desired. The selected solvent will also be nonreactive to the components
      of the aqueous dispersion to be subsequently prepared.
PAR  The organic solvent--hydrocarbon resin solution is then mixed with an
      aqueous solution of cationic resin dispersing agent to provide an emulsion
      which is essentially unstable and in which the organic solvent--
      hydrocarbon resin solution forms the dispersed phase. The essentially
      unstable aqueous emulsion is then subjected to extreme shear to provide an
      essentially stable aqueous emulsion. Extreme shear is conveniently
      accomplished by means of an homogenizer. Thus passing, at least once, the
      unstable aqueous emulsion through an homogenizer under a pressure of the
      order of from about 1000 p.s.i.g. to about 8000 p.s.i.g., will provide an
      essentially stable emulsion. Subsequently, the organic solvent component
      of the emulsion is removed from the emulsion and there is provided an
      essentially stable aqueous dispersion of hydrocarbon resin particles.
PAR  The aqueous hydrocarbon resin dispersions of this invention can be prepared
      by the inversion process. Thus, the hydrocarbon resin--organic solvent
      solution is admixed with an aqueous solution of cationic resin dispersing
      agent in an amount to provide a stable water-in-oil emulsion which is
      subsequently inverted to a stable oil-in-water emulsion by the rapid
      addition of water with vigorous stirring. The organic solvent is
      subsequently removed as by distillation under reduced pressure.
PAR  The dispersing agents used to prepare the substantially stable aqueous
      dispersions of this invention are cationic polymeric resinous materials
      that are water-soluble.
PAR  Particularly suitable dispersing agents are the cationic thermosettable
      water-soluble aminopolyamide--epichlorohydrin resins disclosed and
      described in U.S. Pat. Nos. 2,926,116 and 2,926,154. These resins are
      water-soluble polymeric reaction products of epichlorohydrin and an
      aminopolyamide. The aminopolyamide is derived by reaction of a
      dicarboxylic acid and a polyalkylenepolyamine in a mole ratio of
      polyalkylenepolyamine to dicarboxylic acid of from about 0.8:1 to about
      1.4:1.
PAR  Particularly suitable dicarboxylic acids are diglycolic acid and saturated
      aliphatic dicarboxylic acids containing from 3 through 10 carbon atoms
      such as malonic acid, succinic acid, glutaric acid, adipic acid, pimelic
      acid, suberic acid, azelaic acid, and sebacic acid.
PAR  Other suitable dicarboxylic acids include terephthalic acid, isophthalic
      acid, phthalic acid, maleic acid, fumaric acid, itaconic acid, glutaconic
      acid, citraconic acid, and mesaconic acid.
PAR  The available anhydrides of the above acids can be used in preparing the
      water-soluble aminopolyamide as well as the esters of the acids. Mixtures
      of two or more dicarboxylic acids, their anhydrides, and their esters can
      be used to prepare the water-soluble aminopolyamides, if desired.
PAR  A number of polyalkylene polyamines, including polyethylene polyamines,
      polypropylene polyamines, polybutylene polyamines and the like can be
      employed. Polyalkylene polyamines can be represented as polyamines in
      which the nitrogen atoms are linked together by groups of the formula
      --C.sub.n N.sub.2n -- where n is a small integer greater than unity and
      the number of such groups in the molecule ranges from two up to about
      eight. The nitrogen atoms can be attached to adjacent carbon atoms in the
      groups --C.sub.n H.sub.2n -- or to carbon atoms farther apart, but not to
      the same carbon atom. Polyamines such as diethylenetriamine,
      triethylenetetramine, tetraethylenepentamine, and dipropylenetriamine,
      which can be obtained in reasonably pure form are suitable for preparing
      water-soluble aminopolyamides. Other polyalkylene polyamines that can be
      used include methyl bis-(3-aminopropyl)amine; methyl
      bis-(2-aminoethyl)amine; and 4,7-dimethyltriethylenetetramine. Mixtures of
      polyalkylene polyamines can be used, if desired.
PAR  The spacing of an amino group on the aminopolyamide can be increased if
      desired. This can be accomplished by substituting a diamine such as
      ethylenediamine, propylenediamine, hexamethylenediamine and the like for a
      portion of the polyalkylene polyamine. For this purpose, up to about 80%
      of the polyalkylene polyamine can be replaced by a molecularly equivalent
      amount of diamine. Usually, a replacement of about 50% or less will be
      adequate.
PAR  Temperatures employed for carrying out reaction between the dicarboxylic
      acid and the polyalkylene polyamine can vary from about 110.degree.C. to
      about 250.degree.C. or higher at atmospheric pressure. For most purposes
      temperatures between about 160.degree.C. and 210.degree.C. are preferred.
      The time of reaction will usually vary from about 1/2 hour to 2 hours.
      Reaction time varies inversely with reaction temperatures employed.
PAR  In carrying out the reaction, it is preferred to use an amount of
      dicarboxylic acid sufficient to react substantially completely with the
      primary amine groups of the polyalkylene polyamine but insufficient to
      react with the secondary amine groups and/or tertiary amine groups to any
      substantial extent. This will usually require a mole ratio of polyalkylene
      polyamine to dicarboxylic acid of from about 0.9:1 to about 1.2:1.
      However, mole ratios of from about 0.8:1 to about 1.4:1 can be used. The
      aminopolyamide, derived as above described, is reacted with
      epichlorohydrin at a temperature of from about 45.degree.C. to about
      100.degree.C., and preferably between about 45.degree.C. and 70.degree.C.,
      until the viscosity of a 20% solids solution in water at 25.degree.C. has
      reached about C or higher on the Gardner-Holdt scale. This reaction is
      preferably carried out in aqueous solution to moderate the reaction. pH
      adjustment is usually not necessary. However, since the pH decreases
      during the polymerization phase of the reaction, it may be desirable, in
      some cases, to add alkali to combine with at least some of the acid
      formed. When the desired viscosity is reached, water can be added to
      adjust the solids content of the resin solution to a desired amount,
      usually from about 2% to about 50%.
PAR  In the aminopolyamide--epichlorohydrin reaction, satisfactory results can
      be obtained utilizing from about 0.1 mole to about 2 moles of
      epichlorohydrin for each secondary or tertiary amine group of the
      aminopolyamide, and preferably from about 1 mole to about 1.5 moles of
      epichlorohydrin.
PAR  A monofunctional alkylating agent can be employedd as an additional
      reactant in carrying out the above reaction, if desired. A monofunctional
      alkylating agent can be first reacted with the aminopolyamide followed by
      reaction of the aminopolyamide--alkylating agent reaction product with
      epichlorohydrin, or the alkylating agent can be reacted with the
      aminopolyamide--epichlorohydrin reaction product. Thus, for example,
      epichlorohydrin can be added to an aqueous solution of the aminopolyamide
      at a temperature from about 45.degree.C. to 55.degree.C. The reaction
      mixture is then heated at a temperature from about 50.degree.C. to
      100.degree.C., and preferably from about 60.degree.C. to 80.degree.C.,
      depending upon the rate of reaction desired. After a suitable time at this
      temperature, i.e., from about 10-100 minutes, and preferably until the
      viscosity of an approximately 25% solids solution of the reaction mixture
      at 25.degree.C. is from A to B on the Gardner-Holdt scale, at which time
      most of the epoxy groups of the epichlorohydrin have reacted with the
      amine groups of the aminopolyamide, a monofunctional alkylating agent is
      added and the reaction mixture heated, preferably at a temperature from
      about 60.degree.C. to about 80.degree.C., until the viscosity of an
      approximately 25% solids solution at 25.degree.C. is at least A and
      preferably at least B to C on the Gardner-Holdt scale. The
      solids-viscosity relationship can be obtained by direct reaction at the
      25% level followed by dilution to 25% solids, or reaction at a lower level
      followed by concentration at less than 40.degree.C. and under reduced
      pressure to 25% solids. Lower alkyl esters of mineral acids such as the
      halides, sulfates and phosphates, substituted alkyl halides, and the like
      are suitable monofunctional alkylating agents. Illustrative of the
      compounds which can be used are dimethyl, diethyl and dipropyl sulfate;
      methyl chloride, methyl iodide; ethyl iodide; methyl bromide; propyl
      bromide; and the mono-, di- or tri-methyl, ethyl and propyl phosphates.
      Certain aromatic compounds such as benzyl chloride and methyl p-toluene
      sulfonate can be used. From about 0.1 mole to about 0.9 mole of
      monofunctional alkylating agent for each amine group can be used.
PAR  In the examples that follow, all parts and percentages are by weight unless
      otherwise specified. Sizing results are set forth in some of the examples.
      Sizing results are determined on the Hercules Sizing Tester. The sizing
      test determines the resistance of a sized sheet of paper to penetration by
      No. 2 Test Solution, (an aqueous solution of, by weight, 1.0% formic acid
      and 1.25% naphthol Green B). The time necessary for ink penetration to
      reduce light reflectance either 80% or 85% (as indicated in the examples)
      of the sheet's initial value is used to represent the degree of sizing.
PAR  The two examples that follow are illustrative of the preparation of an
      aminopolyamide--epichlorohydrin resin, said resin being useful as a
      cationic resin dispersing agent in this invention.
DETD
PAC  EXAMPLE 1
PAR  An aminopolyamide is formed by adding 219.3 parts of adipic acid slowly,
      with stirring, to 151.3 parts of diethylenetriamine in a flask fitted with
      a stirrer and a condenser for collecting water distillate. The reaction
      mixture is stirred and heated at 170.degree.-180.degree.C. under a
      nitrogen blanket until amide formation is complete. After air cooling to
      approximately 140.degree.C., hot water is added with stirring to provide a
      50% solids solution of polyamide resin with an intrinsic viscosity of
      0.140 measured by using a 2% solution in 1 N NH.sub.4 Cl. An
      epichlorohydrin derivative of the aminopolyamide is prepared by adding
      about 150 parts of water to about 50 parts of the 50% solids solution and
      then adding 13.7 parts (0.149 mole) of epichlorohydrin. The reaction
      mixture is heated at 70.degree.C. with stirring under a reflux condenser
      until the Gardner-Holdt viscosity attains a value of D. The reaction
      mixture is diluted with water to a solids content of about 10%.
PAC  EXAMPLE 2
PAR  An aminopolyamide is formed by adding 219.3 parts of adipic acid slowly,
      with stirring, to 151.3 parts of diethylenetriamine in a flask fitted with
      a stirrer and a condenser for collecting water distillate. The reaction
      mixture is stirred and heated at 170.degree.-180.degree.C. under a
      nitrogen blanket until amide formation is complete. After air cooling to
      approximately 140.degree.C., hot water is added with stirring to provide a
      50% solids solution of polyamide resin with an intrinsic viscosity of
      0.140 measured by using a 2% solution in 1 N NH.sub.4 Cl. An
      epichlorohydrin derivative of the aminopolyamide is prepared by adding
      about 110.25 parts of water to about 50 parts of the 50% solids solution
      and then adding 14.4 parts (0.157 mole) of epichlorohydrin. The reaction
      mixture is heated at 70.degree.-75.degree.C. with stirring under a reflux
      condenser until the Gardner-Holdt viscosity attains a value of about E to
      F. The reaction mixture is diluted with water to a solids content of about
      12.5%.
PAR  Other suitable dispersing agents that can be used in this invention are the
      water-soluble alkylene polyamine--epichlorohydrin resins which are
      water-soluble polymeric reaction products of epichlorohydrin and an
      alkylene polyamine.
PAR  Alkylene polyamines which can be reacted with epichlorohydrin have the
      formula H.sub.2 N(C.sub.n H.sub.2n NH).sub.x H wherein n is an integer 2
      through 8 and x is an integer 1 or more, preferably 1 through 6. Examples
      of such alkylene polyamines are the alkylene diamines such as
      ethylenediamine; propylene diamine-1,2; propylene diamine-1,3;
      tetramethylenediamine; and hexamethylenediamine. The polyalkylene
      polyamines such as the polyethylene polyamines, polypropylene polyamines,
      polybutylene polyamines and the like are examples of alkylene polyamines
      that can be used. Specific examples of these polyalkylene polyamines
      include diethylenetriamine, triethylenetetramine, tetraethylenepentamine,
      and dipropylenetriamine. Other polyalkylene polyamines that can be used
      include methyl bis(3-aminopropyl)amine; methyl bis(2-aminoethyl)amine; and
      4,7-dimethyltriethylenetetramine. Mixtures of alkylene polyamines can be
      used if desired.
PAR  The relative proportions of alkylene polyamine and epichlorohydrin employed
      can be varied depending upon the particular alkylene polyamine used. In
      general, it is preferred that the molar ratio of epichlorohydrin to
      alkylene polyamine be in excess of 1:1 and less than 2:1. In the
      preparation of a water-soluble resin from epichlorohydrin and
      tetraethylenepentamine, good results are obtained at molar ratios of from
      about 1.4:1 to 1.94:1. Reaction temperature is preferably in the range of
      from about 40.degree.C. to about 60.degree.C.
PAR  The following example illustrates the preparation of a dispersing agent of
      the above type.
PAC  EXAMPLE 3
PAR  To a mixture of 29.2 parts triethylenetetramine and 70 parts water is added
      44.4 parts epichlorohydrin over a period of about 12 minutes with periodic
      cooling. After the epichlorohydrin addition is complete, the reaction
      mixture is heated to 75.degree.C. and maintained at a temperature of from
      about 70.degree.C. to about 77.degree.C. for about 33 minutes, at which
      point the Gardner-Holdt viscosity reached about I. The resulting reaction
      mass is diluted with 592 parts water to provide an aqueous solution that
      has a solids content of about 11.7% and a pH of about 6.3.
PAR  Another suitable dispersing agent for use in this invention is a
      poly(diallylamine--epihalohydrin resin. Resins of this type can be
      prepared in accordance with the teachings of U.S. Pat. No. 3,700,623,
      reference to which is hereby made.
PAR  A poly(diallylamine)--epihalohydrin resin is the resinous reaction product
      of (A) a linear polymer having units of the formula
      ##EQU1##
      where R is hydrogen or lower alkyl and R' is hydrogen, alkyl or a
      substituted alkyl group and (B) an eiphalohydrin.
PAR  In the above formula, each R can be the same or different and, as stated,
      can be hydrogen or lower alkyl. The alkyl groups contain from 1 to 6
      carbons and are preferably methyl, ethyl, isopropyl or n-butyl. R' of the
      formula represents hydrogen, alkyl or substituted alkyl groups. The R'
      alkyl groups will contain from 1 to 18 carbon atoms (preferably from 1 to
      6 carbon atoms) such as methyl, ethyl, propyl, isopropyl, butyl,
      tertbutyl, hexyl, octyl, decyl, dodecyl, tetradecyl, and octadecyl. R' can
      also be a substituted alkyl group. Suitable substituents include, in
      general, any group which will not interfere with polymerization through a
      vinyl double bond. Typically, the substituents can be carboxylate, cyano,
      ether, amino (primary, secondary or tertiary, amide, hydrazide and
      hydroxyl.
PAR  Polymers having units of the above formula can be produced by polymerizing
      the hydrohalide salt of a diallylamine
      ##EQU2##
      where R and R' are as indicated above, either alone or as a mixture with
      other copolymerizable ingredients, in the presence of a free radical
      catalyst and then neutralizing the salt to give the polymer free base.
PAR  Specific hydrohalide salts of the diallylamines which can be polymerized to
      provide the polymer units of the invention include diallylamine
      hydrochloride; N-methyldiallylamine hydrochloride; N-methyldiallylamine
      hydrobromide; 2,2'-dimethyl-N-methyldiallylamine hydrochloride;
      N-ethyldiallylamine hydrobromide; N-isopropyldiallylamine hydrochloride;
      N-n-butyldiallylamine hydrobromide; N-tert-butyldiallylamine
      hydrochloride; N-n-hexyldiallylamine hydrochloride;
      N-octadecyldiallylamine hydrochloride; N-acetamidodiallylamine
      hydrochloride; N-cyanomethyldiallylamine hydrochloride;
      N-.beta.-propionamidodiallylamine hydrobromide;
      N-carboethoxymethyldiallylamine hydrochloride;
      N-.beta.-methoxyethyldiallylamine hydrobromide;
      N-.beta.-aminoethyldiallylamine hydrochloride; N-hydroxyethyldiallylamine
      hydrobromide; and N-acetohydrazide substituted diallylamine hydrochloride.
PAR  Diallylamines and N-alkyldiallylamines, used to prepare the polymers
      employed in this invention, can be prepared by the reaction of ammonia or
      a primary amine with an allyl halide employing as a catalyst for the
      reaction a catalyst that promotes the ionization of the halide such, for
      example, as sodium iodide, zinc iodide, ammonium iodide, cupric bromide,
      ferric chloride, ferric bromide, zinc chloride, mercuric iodide, mercuric
      nitrate, mercuric bromide, mercuric chloride, and mixtures of two or more.
      Thus, for example, N-methyldiallylamine can be prepared by reaction of two
      moles of an allyl halide, such as allyl chloride, with one mole of
      methylamine in the presence of an ionization catalyst such as one of those
      enumerated above.
PAR  In preparing the homopolymers and copolymers, reaction can be initiated by
      redox catalytic system. In a redox system, the catalyst is activated by
      means of a reducing agent which produces free radicals without the use of
      heat. Reducing agents commonly used are sodium metabisulfite and potassium
      metabisulfite. Other reducing agents include water-soluble thiosulfates
      and bisulfites, hydrosulfites and reducing salts such as the sulfate of a
      metal which is capable of existing in more than one valence state such as
      cobalt, iron, manganese and copper. A specific example of such a sulfate
      is ferrous sulfate. The use of a redox initiator system has several
      advantages, the most important of which is efficient polymerization at
      lower temperatures. Conventional peroxide catalysts such as tertiary-butyl
      hydroperoxide, potassium persulfate, hydrogen peroxide, and amonium
      persulfate used in conjunction with the above reducing agents or metal
      activators, can be employed.
PAR  As stated above, the linear polymers of diallylamines which are reacted
      with an epihalohydrin can contain different units of formula (I) and/or
      contain units of one or more other copolymerizable monomers. Typically,
      the comonomer is a different diallylamine, a monoethylenically unsaturated
      compound containing a single vinyl or vinylidene group or sulfur dioxide,
      and is present in an amount ranging from 0 to 95 mole % of the polymer.
      Thus the polymers of diallylamine are linear polymers wherein from 5 to
      100% of the recurring units have the formula (I) and from 0 to 95% of the
      recurring units are monomer units derived from (1) a vinylidene monomer
      and/or (2) sulfur dioxide. Preferred comonomers include acrylic acid,
      methacrylic acid, methyl and other alkyl acrylates and methacrylates,
      acrylamide, methacrylamide, acrylonitrile, methacrylonitrile, vinyl
      acetate, vinyl ethers such as the alkyl vinyl ethers, vinyl ketones such
      as methyl vinyl ketone and ethyl vinyl ketone, vinyl sulfonamide, sulfur
      dioxide or a different diallylamine embraced by the above formula (II).
PAR  Specific copolymers which can be reacted with an epihalohydrin include
      copolymers of N-methyldiallylamine and sulfur dioxide; copolymers of
      N-methyldiallylamine and diallylamine; copolymers of diallylamine and
      acrylamide; copolymers of diallyl amine and acrylic acid; copolymers of
      N-methyldiallylamine and methyl acrylate; copolymers of diallylamine and
      acrylonitrile; copolymers of N-methyldiallylamine and vinyl acetate;
      copolymers of diallylamine and methyl vinyl ether; copolymers of
      N-methyldiallylamine and vinylsulfonamide; copolymers of
      N-methyldiallylamine and methyl vinyl ketone; terpolymers of diallylamine,
      sulfur dioxide and acrylamide; and terpolymers of N-methyldiallylamine,
      acrylic acid and acrylamide.
PAR  The epihalohydrin which is reacted with the polymer of a diallylamine can
      be any epihalohydrin, i.e., epichlorohydrin, epibromohydrin,
      epifluorohydrin or epiiodohydrin and is preferably epichlorohydrin. In
      general, the epihalohydrin is used in an amount ranging from about 0.5
      mole to about 1.5 moles and preferably about 1 mole to about 1.5 moles per
      mole of secondary plus tertiary amine present in the polymer.
PAR  The poly(diallylamine)--epihalohydrin resin can be prepared by reacting a
      homopolymer or copolymer of a diallylamine as set forth above with an
      epihalohydrin at a temperature of from about 30.degree.C. to about
      80.degree.C. and preferably from about 40.degree.C. to about 60.degree.C.
      until the viscosity measured on a solution containing 20 to 30% solids at
      25.degree.C. has reaced a range of A to E and preferably about C to D on
      the Gardner-Holdt scale. The reaction is preferably carried out in aqueous
      solution to moderate the reaction, and at a pH of from about 7 to about
      9.5.
PAR  When the desired viscosity is reached, sufficient water is added to adjust
      the solids content of the resin solution to about 15% or less and the
      product cooled to room temperature (about 25.degree.C.).
PAR  The poly(diallylamine--epihalohydrin resin can be stabilized against
      gelation by adding to the aqueous solution thereof sufficient
      water-soluble acid (such as hydrochloric acid and sulfuric acid) to obtain
      and maintain the pH at about 2.
PAR  The following example illustrates the preparation of a
      poly(diallylamine)--epichlorohydrin resin.
PAC  EXAMPLE 4
PAR  A solution of 69.1 parts of methyldiallylamine and 197 parts of 20.degree.
      Be hydrochloric acid in 111.7 parts of demineralized water is sparged with
      nitrogen to remove air, then treated with 0.55 part of tertiary butyl
      hydroperoxide and a solution of 0.0036 part of ferrous sulfate in 0.5 part
      of water. The resulting solution is allowed to polymerize at
      60.degree.-69.degree.C. for 24 hours to give a polymer solution containing
      about 52.1% solids with an RSV of 0.22. 122 parts of the above solution is
      adjusted to pH 8.5 by the addition of 95 parts of 3.8% sodium hydroxide
      and then diluted with 211 parts of water and combined with 60 parts of
      epichlorohydrin. The mixture is heated at 45.degree.-55.degree.C. for 1.35
      hours until the Gardner-Holdt viscosity of a sample cooled to 25.degree.C.
      reach B+. The resulting solution is acidified with 25 parts of 20.degree.
      Be hydrochloric acid and heated at 60.degree.C. until the pH becomes
      constant at 2.0. The resulting resin solution has a solids content of
      20.8% and a Brookfield viscosity = 77 cp. (measured using a Brookfield
      Model LVF Viscometer, No. 1 spindle at 60 r.p.m. with guard).
PAR  The following examples are illustrative of the preparation of the aqueous
      dispersions of this invention.
PAC  EXAMPLE 5
PAR  A solution is prepared by dissolving 300 parts Resin F in 300 parts
      benzene. This solution is thoroughly mixed with 500 parts (50 parts
      solids) of an epichlorohydrin modified aminopolyamide resin solution
      prepared as in Example 1 diluted with 250 parts of water providing a
      premix which is homogenized twice at 3000 p.s.i. The resulting product is
      a stable oil-in-water emulsion from which substantially all of the benzene
      is subsequently removed by distillation to a maximum pot temperature of
      about 100.degree.C. The solids content of the resulting stable suspension
      is about 35% (30% Resin F and 5% epichlorohydrin modified aminopolyamide
      resin). The dispersion is applied to 40 lb./3000 ft..sup.2 bleached kraft
      waterleaf paper in a size press in an amount sufficient to provide about
      0.61% (dispersion solids) based on the weight of the paper and the thus
      treated paper drum dried. Hercules sizing test results show 240 seconds.
PAC  EXAMPLE 6
PAR  A solution is prepared by dissolving 300 parts Resin E in 300 parts
      benzene. This solution is thoroughly mixed with 400 parts (50 parts
      solids) of an eipichlorohydrin modified aminopolyamide resin solution
      prepared as in Example 2 diluted with 350 parts of water providing a
      premix which is homogenized twice at 3000 p.s.i. The resulting product is
      a stable oil-in-water emulsion from which substantially all of the benzene
      subsequently is removed by distillation to a maximum pot temperature of
      about 100.degree.C. The solids content of the resulting stable suspension
      is about 35% (about 30% Resin E and about 5% epichlorohydrin modified
      aminopolyamide resin).
PAR  It is to be understood that the above description and examples are
      illustrative of this invention and not in limitation thereof.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. An essentially stable aqueous hydrocarbon resin dispersion consisting
      essentially of, by weight, from about 5.5 parts to about 50 parts solids
      and from about 94.5 parts to about 50 parts water; the solids content
      consisting essentially of, by weight, (a) from about 5 parts to about 45
      parts hydrocarbon resin particles and (b) from about 0.5 part to about 10
      parts of a water-soluble cation polymeric dispersing agent, component (a)
      being a hydrocarbon resin from ethylenically unsaturated hydrocarbon
      monomers having a ring and ball softening point of from about 45.degree.C.
      to about 150.degree.C., a molecular weight of from about 350 to about
      2000, and an acid number of less than about 1, component (b) being a
      water-soluble polyaminopolyamide--epichlorohydrin resin consisting
      essentially of the reaction product of an aminopolyamide and
      epichlorohydrin utilizing from about 1 mole to about 1.5 moles of
      epichlorohydrin for each amine group of the aminopolyamide, said
      aminopolyamide consisting essentially of the reaction product of a
      polyalkylenepolyamine and a dicarboxylic acid in a mole ratio of
      polyalkylenepolyamine to dicarboxylic acid of from about 0.8:1 to about
      1.4:1.
NUM  2.
PAR  2. The aqueous dispersion of claim 1 wherein (a) is present in an amount of
      from about 10 parts to about 40 parts and (b) is present in an amount of
      from about 1 part to about 8 parts.
NUM  3.
PAR  3. The aqueous dispersion of claim 2 wherein (a) is a hydrocarbon resin
      having a ring and ball softening point of from about 50.degree.C. to about
      120.degree.C., a molecular weight of from about 400 to about 1400, and an
      acid number less than about 1.
NUM  4.
PAR  4. The aqueous dispersion of claim 3 wherein the polyaminopolyamide moiety
      of the resin is from adipic acid and diethylenetriamine.
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ABST
PAL  Plastisols based upon plasticizable polyvinyl chloride, or co-polymers of
      vinyl chloride, and plasticizers, as well as a content of polymerizable
      esters of .alpha.,.beta.-unsaturated carboxylic acids and polyhydroxy
      alcohols, and solid inorganic percompounds, which can be used for the
      production of firmly adhering coatings and adhesives.
BSUM
PAC  THE PRIOR ART
PAR  Plastisols based upon PVC and plasticizers for PVC are used to a large
      extent as coating materials for metals and other substrates, as well as
      being used as adhesives. One difficulty in the use of these plastisols is
      that the metals or other substrates for the coating or bonding agent must
      pass through certain cleaning processes. Therefore it has been attempted
      to improve the adhesion also on uncleaned or non-pretreated supports by
      additives to the plastisols themselves. Examples of suitable additives for
      improved adhesion include ethyleneglycol-dimethacrylate or also the
      acrylic and/or methacrylic acid esters of polyhydroxy alcohols such as for
      example trimethylol-propane-pentaerythrite or sorbitol. For these
      additives to become effective, however, it is necessary to add organic
      peroxides or hydroperoxides, such as cumolhydroperoxide,
      t-butylhydroperoxide, diisopropylbenzene-hydroperoxide or
      t-butyl-permaleinate, cyclohexanone peroxide or the like.
PAR  A disadvantage in using the combination of acrylic acid or methacrylic acid
      ester of polyhydroxy alcohols with inorganic peroxides is that the
      polymerization can readily be brought about at temperatures slightly above
      room temperature. These additives thus become ineffective and the
      plastisol may also become so highly viscous that it cannot be processed
      any more.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide plastisols based on
      plasticizable polyvinyl chloride, or copolymers of vinyl chloride, and
      plasticizers, as well as a content of polymerizable esters of
      .alpha.,.beta.-unsaturated carboxylic acids and polyhydroxy alcohols and
      solid inorganic percompounds, which can be used for the production of
      firmly adhering coatings and adhesives.
PAR  It is another object of the present invention to provide a PVC plastisol
      comprising
PAR  A. from 10 to 50% by weight of a plasticizable polymer selected from the
      group consisting of polyvinyl chloride and copolymers of from 80 to 100%
      by weight of vinyl chloride and from 0 to 20% by weight of
      ethylenically-unsaturated monomers copolymerizable with vinyl chloride,
PAR  B. from 6 to 60% by weight of a plasticizer for polyvinyl chloride, wherein
      the ratio of component A to component B is from 1:0.6 to 1:2,
PAR  C. from 1 to 20% by weight of an ester of an .alpha.,.beta.-unsaturated
      carboxylic acid having from 3 to 8 carbon atoms and at least one carboxyl
      group, with an aliphatic polyhydroxy alcohols, with the proviso that at
      least two olefinic bonds are present in said ester,
PAR  D. from 0.1 to 6% by weight of a solid inorganic percompound, and
PAR  E. from 0 to 70% by weight of inert material selected from the group
      consisting of inorganic fillers and mineral pigments.
PAR  These and further objects of the present invention will become apparent as
      the description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  The disadvantages of the prior art described above can be avoided by adding
      to the plastisols, solid inorganic percompounds instead of the commonly
      used organic hydroperoxides and/or peroxides.
PAR  The present invention relates to plastisols based upon plasticizable
      polyvinyl chloride, or co-polymers of vinyl chloride and plasticizers, as
      well as a content of polymerizable esters of .alpha.,.beta.-unsaturated
      carboxylic acids and polyhydroxy alcohols and solid inorganic
      percompounds, which can be used for the production of firmly adhering
      coatings and adhesives.
PAR  More particularly the present invention provides a PVC plastisol comprising
PAR  A. from 10 to 50% by weight of a plasticizable polymer selected from the
      group consisting of polyvinyl chloride and copolymers of from 80 to 100%
      by weight of vinyl chloride and from 0 to 20% by weight of
      ethylenically-unsaturated monomers copolymerizable with vinyl chloride,
PAR  B. from 6 to 60% by weight of a plasticizer for polyvinyl chloride, wherein
      the ratio of component A to component B is from 1:0.6 to 1:2,
PAR  C. from 1 to 20% by weight of an ester of an .alpha.,.beta.-unsaturated
      carboxylic acid having from 3 to 8 carbon atoms and at least one carboxyl
      group, with an aliphatic polyhydroxy alcohol, with the proviso that at
      least two olefinic bonds are present in said ester,
PAR  D. from 0.1 to 6% by weight of a solid inorganic percompound, and
PAR  E. from 0 to 70% by weight of inert material selected from the group
      consisting of inorganic fillers and mineral pigments.
PAR  The present invention is further directed to providing an improvement in
      the process for producing a coated article which comprises applying a PVC
      plastisol to a substrate, heating said coated substrate to a temperature
      and for a time effective to gel said plastisol and to produce said coated
      article, and recovering said coated article; wherein the improvement
      comprises utilizing the above-described plastisol, as said plastisol.
PAR  The present invention further provides an improvement in a PVC plastisol
      comprising
PAR  A. a plasticizable polymer selected from the group consisting of polyvinyl
      chloride and copolymers of from 80 to 100% by weight of vinyl chloride and
      from 0 to 20% by weight of ethylenically-unsaturated monomers
      copolymerizable with vinyl chloride.
PAR  B. a plasticizer for polyvinyl chloride, wherein the ratio of component A
      to component B is from 1:0.6 to 1:2,
PAR  C. an ester of an .alpha.,.beta.-unsaturated carboxylic acid having from 3
      to 8 carbon atoms and at least one carboxyl group, with an aliphatic
      polyhydroxy alcohol, with the proviso that at least two olefinic bonds are
      present in said ester, and
PAR  D. an effective amount of a percompound, wherein the improvement comprises
      utilizing in (D) from 0.1 to 6% by weight of a solid inorganic
      percompound, as said effective amount of a percompound.
PAR  Suitable examples of solid inorganic percompounds include primarily
      alkaline earth metal peroxides such as the peroxides of barium and
      calcium. Suitable also are alkali metal perhydrates, such as alkali metal
      perborates, for example sodium perborates, such as sodium perborate
      tetrahydrate or sodium perborate monohydrate (NaBO.sub.2.H.sub.2 O.sub.2.3
      H.sub.2 O and NaBO.sub.2.H.sub.2 O.sub.2), perborax (Na.sub.2 B.sub.4
      O.sub.4.4 H.sub.2 O.sub.2) or else perhydrates such as peroxycarbonates,
      for example, alkali metal percarbonates such as Na.sub.2 CO.sub.3.1.5
      H.sub.2 O.sub.2. Also suitable are alkali metal permanganates such as
      potassium permanganate KMnO.sub.4 alkali metal perchlorates such as
      potassium perchlorate KClO.sub.4, and alkali metal persulfates such as
      sodium persulfate Na.sub.2 S.sub.2 O.sub.8.
PAR  Mixtures of the inorganic percompounds may be utilized. Lastly it is
      possible to use peroxypyrophosphates or to use the salts of Caro's acid,
      for example, potassium persulfate (KHSO.sub.5). The amount of inorganic
      percompounds should usually be from 0.1 to 6% by weight, preferably from
      0.2 to 4% by weight of the total amount of the plastisol.
PAR  The plastisols according to the present invention have the advantages that
      the shelf life of the plastisols produced with said solid inorganic
      percompounds is excellent and is usually more than one year under normal
      storage conditions. Under certain conditions, however, it may be expedient
      also, in order to further improve the storage stability and, as well as to
      preserve the activity of the percompounds, to use stabilizers for the
      percompounds as well. These stabilizers may, for example, be magnesium
      silicates, cadmium silicates or tin silicates. Such stabilizers as
      magnesium silicate may be used simultaneously as a filler.
PAR  Suitable examples of esters of .alpha.,.beta.-unsaturated carboxylic acids
      of 3 to 8 carbon atoms and at least one carboxyl group with polyhydroxy
      alcohols include esters of alkenoic acids having 3 to 8 carbon atoms with
      alkanediols having 2 to 8 carbon atoms or alkanetriols having 3 to 8
      carbon atoms, or polyoxy-lower alkylene glycols having 4 to 12 carbon
      atoms, such as methacrylic acid esters or acrylic acid esters of ethylene
      glycol, diethylene glycol, triethylene glycol, and trimethylol propane.
      Suitable also are esters of alkenedioic acids havin 3 to 8 carbon atoms
      such as esters of maleic acid, fumaric acid or itaconic acid with said
      alcohols; and in the latter case it is possible to also use in the
      esterification, monoalcohols such as alkanols having 2 to 6 carbon atoms
      for example, propanol, butanol and the like. Also the so-called
      unsaturated poly-esters are accordingly useful for the plastisols of the
      invention, although the known methacrylic acid esters and acrylic acid
      esters are preferred. The ratio of plastisol to the esters of
      .alpha.,.beta.-unsaturated carboxylic acids should be such that there is
      about 1 to 20% by weight, more particularly 2 to 10% by weight, of the
      ester present in the total plastisol.
PAR  The PVC plastisol contains from 10 to 50% by weight of a plasticizable
      polymers. For the production of the plastisols of the invention it is
      possible to employ all of the known plasticizable polymers. These polymers
      should have a K value of about 50 to 80. Besides PVC itself, it is
      possible to use copolymers of from 80 to 100% by weight of vinyl chloride
      and from 0 to 20% by weight of ethlenically-unsaturated monomers
      copolymerizable with vinyl chloride.
PAR  Examples of suitable plasticizable powders include copolymer of vinyl
      chloride, for example, with vinylidene chloride or with alkyl esters of
      alkenoic acids having 3 to 8 carbon atoms such as acrylic acid or
      methacrylic acid esters, or with vinyl esters of alkanoic acids having 2
      to 22 carbon atoms such as vinyl acetate or vinyl propionate or also with
      vinyl esters of higher fatty acids. Also suitable are unsaturated
      carboxylic acids or their anhydrides which may be used in small quantity
      in the production of the plasticizable copolymerizates of vinyl chloride.
      Suitable examples of unsaturated carboxylic acids are for example alkenoic
      acids having 3 to 8 carbon atoms such as acrylic acid, methacrylic acid
      and/or crotonic acid; as well as alkenedioic acids having 4 to 8 carbon
      atoms such as maleic acid, itaconic acid and/or fumaric acid, and mixtures
      of these acids.
PAR  The plastisols according to the invention contain the usual plasticizers
      for polyvinyl chloride in an amount from 6 to 60% by weight, preferably 15
      to 40% by weight. There enter into consideration, for example, the esters
      of phthalic acid with cycloalkanols of 5 to 7 carbon atoms such as
      dicyclohexyl phthalate, or the esters of phthalic acid with alkanols of 4
      to 16 carbon atoms such as dibutyl phthalate, dioctyl phthalate,
      diethylhexyl phthalate, didecyl phthalate or mixed esters of phthalic acid
      with said alcohols such as octyldecyl phthalate. Also suitable as
      plasticizers are sulfonic acids esters of aromatic alcohols, such as
      octadecylsulfonic acids esters of cresol or phenol, more particularly
      technical mixtures of C.sub.14 to C.sub.16 alkylsulfonic acid esters of
      cresols or phenol. Also suitable are phosphoric acid esters of aromatic
      alcohols, such as tricresyl phosphate. Also suitable are adipic acid or
      sebacic acid esters of alcohols of medium chain length such as alkanols
      having 4 to 10 carbon atoms, for instance butanol, octanol or decanol. In
      some cases it is desirable if the plastisols contain in addition to the
      above types of plasticizers, the so-called polymeric plasticizers, which
      can be obtained by esterification of polyhydroxy alcohols with polycarboxy
      carboxylic acids. In many cases it is advisable to add to the plastisols
      of the invention stabilizers againt aging. These may be lead carbonate,
      lead sulfate, lead phosphite or lead phthalate. Preferred is the use of
      epoxide stabilizers, as for example, epoxidized linseed oil, epoxidized
      soybean oil or epoxidized esters of oleic acid or alkyl esters of
      epoxidized soybean fatty acid, such as the ethylhexyl ester of epoxidized
      soybean fatty acid.
PAR  The weight ratio of the plasticizable polymer to the plasticizer for
      polyvinyl chloride is preferably from 1:0.6 to 1:2.
PAR  In addition to said compounds the plastisols according to the invention can
      also contain advantageously mineral pigments or inorganic fillers in an
      amount from 0 to 70% by weight. Suitable inorganic fillers are, for
      example, chalk, barium sulfate, talc, ground alumina, dolomite and the
      like. Suitable mineral pigments are titanium oxide, iron oxide, copper
      phthalocyanin, carbon black and red iron oxide.
PAR  The plastisols of the invention can be applied onto the materials to be
      coated or to be bonded, in known manner, and can be caused to gel by
      heating to temperatures of about 150.degree. to 200.degree. C. The heating
      time depends, of course, on the required temperature and is between about
      5 minutes to 1 hour. Generally, at medium temperatures of 160.degree. to
      180.degree.C, a gelling time of 15 to 20 minutes is sufficient to produce
      a firm adhesion on steel plates, phosphatized steel plate and metals
      pretreated by electrocoating.
PAR  In addition, firmly adhering coatings can be applied onto various other,
      particularly metallic, materials such as zinc, aluminum, chromium,
      vanadium, titanium as well as alloys of said metals, or onto ceramic
      parts, natural stones, concrete parts, mineral fibers and the like.
PAR  The coatings that can be produced with the plastisols of the invention have
      a firm adhesion on a variety of substrates. It is therefore generally not
      necessary to carry out an especially careful cleaning of the substrate
      beforehand. In principle all materials can be coated or bonded with the
      plastisols of the invention if they are able to withstand the temperature
      reuired for the gelling of the plastisol.
PAR  The following examples are merely illustrative of the present invention
      without being deemed limitative in any manner thereof.
DETD
PAC  EXAMPLE 1
PAR  In a kneader, a plastisol was prepared by mixing the following components:
PA1  150 gm of Polyvinyl chloride (K value 70)
PA1  400 gm of Chalk (CaCo.sub.3)
PA1  217 gm of Barium sulfate
PA1  120 gm of 2-ethylhexyl ester of epoxidized soybean fatty acid
PA1  80 gm of Technical mixture of C.sub.14 to C.sub.16 alkylsulfonic acid ester
      of cresol (commercial)
PA1  30 gm of Trimethylolpropane trimethacrylate
PA1  3 gm of Barium peroxide.
PAR  With this prepared plastisols, sheets of untreated steel, phosphatized
      steel, and steel pretreated by the electrocoating process were coated. For
      this purpose the plastisol was gelled for 20 minutes at 170.degree. C
      (object temperature). Firmly adhering coatings were produced, which could
      be separated from the sheet only under material failure.
PAR  The plastisol obtained was stored for 6 months at an average room
      temperature of about 23.degree. C. It showed no viscosity increase, and
      there was no decrease in adhesivity. Also after it had been stored for 72
      hours at 40.degree. C, a viscosity increase of only 18% was observed. The
      plastisol showed the same firm adhesion properties as the freshly prepared
      mixture.
PAC  EXAMPLE 2
PAR  Using a procedure analogous to that of Example 1, a plastisol was prepared
      in a kneader, except that instead of using barium peroxide,
PA1  (a) 2 gm of NaBO.sub.2.H.sub.2 O.sub.2 was used, or
PA1  (b) 2 gm of Na.sub.2 CO.sub.3. 1.5 H.sub.2 O.sub.2 was used.
PAR  Then with each plastisol (a) and (b) firmly adhering coatings were produced
      on sheets of untreated steel and phosphatized steel at 170.degree. C
      object temperature by gelling for 20 minutes. The plastisol showed
      practically the same viscosity behavoir and adhesion behavior as that
      described in Example 1.
PAC  EXAMPLE 3
PAR  In a kneader, a plastisol was prepared by mixing the following components:
PA1  150 gm of Polyvinyl chloride (K value 70)
PA1  400 gm of Chalk (CaCO.sub.3)
PA1  217 gm of Barium sulfate
PA1  100 gm of epoxidized linseed oil (8.2% epoxide oxygen) and
PA1  20 gm of di-ethylhexyl phthalate
PA1  80 gm of Technical mixture of C.sub.14 to C.sub.16 alkylsulfonic acid ester
      of cresol (commercial)
PA1  30 gm of Trimethylolpropane trimethacrylate
PA1  3 gm of Barium peroxide.
PAR  With this prepared plastisol, sheets of brass and untreated steel (V2A)
      were coated. For this purpose the plastisol was gelled for 20 minutes at
      165.degree. C (object temperature). Firmly adhering coatings were
      produced, which could be separated from the sheet only under material
      failure. The storage capabilities of the plastisol were compatible to
      those of Example 1.
PAC  EXAMPLE 4
PAR  Utilizing a procedure analogous to that of Example 1, a plastisol was
      prepared in a kneader, except that instead of using barium peroxide.
PA1  (a) 2 gm of KMnO.sub.4 was used,
PA1  (b) 2.5 gm of KClO.sub.4, was used, or
PA1  (c) 3 gm of Na.sub.2 S.sub.2 O.sub.8 was used.
PAR  With each plastisol (a), (b) and (c) firmly adhering coatings were produced
      on sheets of untreated steel, phosphatized steel and an aluminum alloy
      according to DIN 1783 (Al/Cu/Mg/2BLF-43). DIN is the abbreviation for
      "Deutsche Industrie-Norm" representing a series of standard German
      published test procedures. Each plastisol (a), (b) and (c) was gelled for
      20 minutes at 165.degree. C. Each plastisol showed practically the same
      storage capabilities and adhesion behavior as that described in Example 1.
PAC  EXAMPLE 5
PAR  In a kneader, a plastisol was prepared by mixing the following components:
PA1  30 gm of a mixed polymerizate of 86% vinyl chloride and 14% vinylidene
      chloride (K-value 48)
PA1  120 gm of PVC (K-value 74)
PA1  400 gm of Chalk (CaCO.sub.3)
PA1  217 gm of Barium sulfate
PA1  100 gm of epoxidized linseed oil (8.2% epoxide oxygen) and
PA1  20 gm of di-ethylhexyl phthalate
PA1  80 gm of Technical mixture of C.sub.14 to C.sub.16 alkylsulfonic acid ester
      of cresol (commercial)
PA1  30 gm of Trimethylolpropane trimethacrylate
PA1  3 gm of Barium peroxide.
PAR  With this prepared plastisol, sheets of the above aluminum alloy according
      to DIN 1783, untreated steel (V2A), and steel pretreated by
      electrocoating, were coated. For this purpose the plastisol was gelled for
      20 minutes at 170.degree. C (object temperature). Firmly adhering coatings
      were produced, which could be separated from the sheet only under material
      failure. The storage capabilities of the plastisol were comparable to that
      of Example 1.
PAR  Although the present invention had been disclosed in connection with a few
      preferred embodiments thereof, variations and modifications may be
      resorted to by those skilled in the art without departing from the
      principles of the new invention. All of these variations and modifications
      are considered to be within the true spirit and scope of the present
      invention as disclosed in the foregoing description and defined by the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A PVC plastisol comprising
PA1  A. from 10 to 50% by weight of a plasticizable polymer selected from the
      group consisting of polyvinyl chloride and copolymers of vinyl chloride
      with up to 20% by weight of ethylenically unsaturated monomers
      copolymerizable with vinyl chloride,
PA1  B. from 6 to 60% by weight of a plasticizers for polyvinyl chloride,
      wherein the ratio of component A to component B is from 1:0.6 to 1:2,
PA1  C. from 1 to 20% by weight of an ester of an .alpha.,.beta.-unsaturated
      carboxylic acid having from 3 to 8 carbon atoms and at least one carboxyl
      group with an aliphatic polyhydroxy alcohol, with the proviso that at
      least two olefinic bonds are present in said ester,
PA1  D. from 0.1 to 6% by weight of a solid inorganic percompound selected from
      the group consisting of an alkaline earth metal peroxide, an alkali metal
      peroxycarbonate, an alkali metal perborate, an alkali metal permanganate,
      alkali metal perchlorate, alkali metal persulfate and the mixtures
      thereof, and
PA1  E. from 0 to 70% by weight of inert material selected from the group
      consisting of inorganic fillers and mineral pigments.
NUM  2.
PAR  2. The plastisol of claim 1, wherein there is from 0.2 to 4% by weight of
      said solid inorganic percompound.
NUM  3.
PAR  3. The plastisol of claim 1, wherein said solid inorganic percompound is
      selected from the group consisting of barium peroxide, potassium
      permanganate, potassium perchlorate, sodium persulfate, sodium
      percarbonate, sodium perborate and the mixtures thereof.
NUM  4.
PAR  4. The plastisol of claim 1, wherein there is from 2% to 10% by weight of
      said ester of an .alpha.,.beta.-unsaturated carboxylic acid with a
      polyhydroxy alcohol.
NUM  5.
PAR  5. The plastisol of claim 1, wherein said ester of an
      .alpha.,.beta.-unsaturated carboxylic acid is selected from the group
      consisting of esters of alkenoic acids having 3 to 8 carbon atoms with
      alkanediols having 2 to 8 carbon atoms, esters of alkenoic acids having 3
      to 8 carbon atoms with alkanetriols having 3 to 8 carbon atoms, ester of
      alkenoic acids having 3 to 8 carbon atoms with polyoxy-lower alkylene
      glycols having 4 to 12 carbon atoms, esters of alkenedioic acids having 3
      to 8 carbon atoms with alkanediols having 2 to 8 carbon atoms, and
      alkenedioic acids having 3 to 8 carbon atoms with alkanetriols having 3 to
      8 carbon atoms.
NUM  6.
PAR  6. The plastisol of claim 1, wherein there is from 15 to 40% by weight of
      said plasticizer.
NUM  7.
PAR  7. In a PVC plastisol comprising
PA1  A. a plasticizable polymer selected from the group consisting of polyvinyl
      chloride and copolymers of vinyl chloride with up to 20% by weight of
      ethylenically unsaturated monomers copolymerizable with vinyl chloride,
PA1  B. a plasticizer for polyvinyl chloride, wherein the ratio of component A
      to component B is from 1:0.6 to 1:2,
PA1  C. an ester of an .alpha.,.beta.-unsaturated carboxylic acid having from 3
      to 8 carbon atoms and at least one carboxyl group, with an aliphatic
      polyhydroxy alcohol, with the proviso that at least two olefinic bonds are
      present in said ester, and
PA1  D. an effective amount of a percompound, and the improvement which
      comprises utilizing in (D) from 0.1 to 6% by weight of a solid inorganic
      percompound selected from the group consisting of an alkaline earth metal
      peroxide, an alkali metal peroxycarbonate, an alkali metal perborate, an
      alkali metal permanganate, alkali metal perchlorate, alkali metal
      persulfate and the mixtures thereof, as said effective amount of a
      percompound.
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ABST
PAL  Chloroprene or a mixture of chloroprene and a comonomer is polymerized by
      emulsion polymerization in the presence of an alkali metal or ammonium
      salt of an aliphatic substituted benzoic acid or a non-ionic
      polyoxyethylene ether or ester surfactant. The resulting chloroprene
      polymer is admixed with a solvent, a metal oxide and a thermosettable
      resin, e.g., an alkylphenol-formaldehyde resin to yield a non-phasing
      adhesive composition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to an improved non-phasing chloroprene polymer
      adhesive composition and preparation thereof.
PAR  2. Description of the Prior Art:
PAR  Adhesive compositions comprising polychloroprene, metal oxide, an
      alkylphenol-formaldehyde resin and a solvent, having high adhesive
      strength are well known. These adhesive compositions are homogeneous and
      opaque when freshly prepared. However, when the adhesive compositions are
      stored for a long term, they have separated non-uniformly into an upper
      phase of transparent polychloroprene and the resin and a lower phase
      containing the sedimented metal oxide. When an inorganic filler is
      incorporated in the adhesive composition, the inorganic filler is
      sedimented together with the metal oxide. The phenomenon of separation
      into an upper phase and a lower phase is referred to as "phasing". When
      phasing of an adhesive composition occurs, the workability of a coating
      therefrom is low and a desirable adhesive strength cannot be obtained.
PAR  It is now believed that one reason for the phasing is that the
      polymerization of the chloroprene was conducted in the presence of a
      disproportionated rosin emulsifier.
PAR  A need exists, therefore, for a chloroprene adhesive which can be formed
      without use of a disproportionated rosin and hence will not phase.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is one object of this invention to provide an adhesive
      composition which can be stored or maintained for a long term without
      phasing.
PAR  It is another object of the invention to provide a non-phasing chloroprene
      polymer adhesive composition having no disproportionated rosin emulsifier.
PAR  These and other objects of this invention as will hereinafter become more
      readily apparent can be attained by providing a non-phasing chloroprene
      polymer adhesive composition comprising a chloroprene polymer, a metal
      oxide, a thermosettable resin such as an alkylphenol-formaldehyde resin
      and a solvent wherein the chloroprene polymer is prepared by an emulsion
      polymerization in the presence of an emulsifier selected from alkali metal
      or ammonium salts of aliphatic substituted benzoic acids and non-ionic
      polyoxyethylene ether or ester type surfactants.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The chloroprene polymer of polychloroprene or chloroprene copolymer used in
      the composition of the invention is prepared by emulsion polymerization of
      chloroprene or a mixture of chloroprene and comonomer copolymerizable with
      chloroprene using an alkali metal or an ammonium salt of an aliphatic
      substituted benzoic acid or a non-ionic polyoxyethylene ether or ester
      surfactant, as the specified emulsifier. The sodium, potassium or ammonium
      salt of aliphatic substituted benzoic acid is preferred.
PAR  Although it is possible to add an alkali metal or ammonium salt of
      aliphatic substituted benzoic acid, it is possible to add an aliphatic
      substituted benzoic acid and an alkali, separately, and to react them in
      situ in the polymerization of the chloroprene.
PAR  A suitable substitutuent on the benzoic acid is a C.sub.4-8 alkyl group.
      Sodium salts of di-tert-butylbenzoic acid and mono-para-tert-butylbenzoic
      acid are especially preferred as the alkali metal or ammonium salt of an
      aliphatic substituted benzoic acid.
PAR  A preferred emulsifier is the salt prepared by adding para-t-butyl benzoic
      acid or di-t-butyl benzoic acid with alkali, e.g., sodium hydroxide to the
      polymerization system.
PAR  The non-ionic polyoxyethylene ether or ester surfactants can be
      polyoxyethylene alkyl ethers, such as polyoxyethylene lauryl ether,
      polyoxyethylenecetyl ether, polyoxyethylene stearyl ether, polyoxyethylene
      oleyl ether; polyoxyethylene alkylphenol ethers, such as polyoxyethylene
      octylphenol ether, polyoxyethylene nonylphenol ether; sorbitan aliphatic
      acid esters, polyoxyethylene sorbitan aliphatic acid esters such as
      sorbitan monolaurate, polyoxyethylene sorbitan monolaurate;
      polyoxyethylene acyl esters, such as polyoxyethylene laurate,
      polyoxyethylene stearate, polyoxyethylene oleate. Nonionic surfactants are
      generally characterized by their HLB (hydrophile-lypophile balance), and
      in this invention, suitable nonionic surfactants are thos having an HLB
      number of 6-18.
PAR  HLB of nonionic surfactant
      ##EQU1##
      The amount of the alkali metal or ammonium salt of aliphatic substituted
      benzoic acid or a non-ionic polyoxyethylene ether or ester surfactant is
      at least 0.5 wt. parts, preferably 3-5 wt. parts to 100 wt. parts of the
      monomer.
PAR  When the emulsifier is less than 0.5 wt. part, a large amount of coagulated
      material is produced and the polymerization velocity is remarkably
      reduced. The desired degree of tackiness can thus not be imparted by using
      the resulting chloroprene polymer in an adhesive composition. In order to
      prevent the formation of a coagulated material during the polymerization
      or during storage, and to maintain good emulsion stability, it is
      preferable to add a sodium, potassium or ammonium salt of condensate of
      formaldehyde and naphthalenesulfonic acid as an additional dispersing
      agent. It is preferable to add 0.3 to 5 wt. parts of the sodium salt of a
      condensation product of formaldehyde-naphthalenesulfonic acid (Na
      condensate of formaldehyde-naphthalene sulfonate) to 100 parts of the
      monomer.
PAR  In this invention, the chloroprene can be polymerized alone or can be
      polymerized in admixture with up to 50 wt.% of another comonomer. Suitable
      such comonomers include, vinyl substituted aromatic compounds, such as
      styrene, vinyltoluene and vinylnaphthalene; acrylic acid, methacrylic acid
      and derivatives thereof, such as the esters or nitrile of acrylic acid or
      methacrylic acid, e.g., methyl methacrylate and acrylonitrile; conjugated
      diolefin compounds, such as 1,3-butadiene, isoprene,
      2,3-dichloro-1,3-butadiene. The emulsion of the monomer can contain up to
      2 wt.% of sulfur to toal monomer.
PAR  The emulsion polymerization of chloroprene or a mixture of chloroprene and
      comonomer can be performed in the presence of any of a variety of suitable
      additives. For example, a suitable amount of a conventional chain transfer
      agent can be added whereby a sol polymer can be formed. The conventional
      chain transfer agents can be an alkylmercaptan, dialkyl xanthogene
      disulfide and iodoform, or the like. The polymerization temperature can be
      in the range of 0.degree. - 50.degree.C, preferably 5.degree. -
      15.degree.C. The polymerization can be initiated and maintained by adding
      a suitable free radical catalyst. Typical such catalysts include the
      organic or inorganic peroxides, such as potassium persulfate,
      dibenzoylperoxide, hydrogen peroxide, and cumene hydroperoxide and
      azobisisobutylonitrile, or the like. The conversion of total monomer to
      polymer is preferably greater than 55%, and often greater than 60%.
      Conventional polymerization inhibitors can be used, such as t-butyl
      catechol and thiodiphenyl amine to stop polymerization.
PAR  The polymer can be separated from the latex by freeze-coagulating the latex
      to form a thin film and thereafter drying, or by drying with a drum drier.
      When chloroprene or a mixture of chloroprene and a comonomer is
      polymerized, using as the emulsifier a salt of an aliphatic substituted
      benzoic acid, it is possible to dry the product by either
      freeze-coagulation or in a drum drier. When a polyoxyethylene nonionic
      surfactant having HLB of less than 11 is used, it is possible to dry the
      product by either freeze-coagulation or in a drum drier. When a nonionic
      surfactant having an HLB of more than 11 is used, the emulsion will be too
      stable to freeze-coagulate, so that the polymer can be separated by
      washing with water. Accordingly, it is preferable to dry with a drum
      drier.
PAR  Freeze-coagulation is usually carried out in neutral or weak acidic pH
      range. For this purpose the pH of the latex can be adjusted by adding a
      weak acid, such as acetic acid.
PAR  Heat treatment of the resulting latex before separating the polymer is
      effective for improving the adhesive properties of the product,
      particularly high temperature adhesive strength. This treatment is carried
      out in a temperature range of 30.degree. - 80.degree.C for a time such
      that the polymer solubility to solvent ratio is not changed. This effect
      is clearly apparent in the case of a nonionic surfactant. However, when a
      nonionic surfactant is used, the tack retention time of the adhesive
      composition will be less than that obtained when using an alkali metal or
      ammonium salt of an aliphatic substituted benzoic acid.
PAR  In the adhesive composition of this invention, a chloroprene polymer
      prepared by polymerizing in the presence of an alkali metal or ammonium
      salt of aliphatic substituted benzoic acid or a non-ionic polyoxyethylene
      ether or ester surfactant, should be used as the base polymer. The
      adhesive composition of this invention comprises the chloroprene polymer,
      a modified phenol resin, particularly alkylphenol-formaldehyde resin
      wherein alkyl refers to the presence of at least one lower alkyl
      substituent on the phenol, a metal oxide, particularly magnesium and/or
      zinc oxide and an organic solvent. It is possible to add an inorganic
      filler such as hydrated silica, antioxidant or other conventional
      additives. Usually, 5 - 100 wt. parts of the modified phenol resin and 1 -
      50 wt. parts of the metal oxide are added to 100 wt. parts of the
      chloroprene polymer (including copolymer).
PAR  The solid content of the adhesive composition is usually in the range of 5
      - 60%.
PAR  The modified phenol resin can be added to a polymer solution after
      preliminarily reacting the resin with the metal oxide, but can also be
      added directly to a polymer solution. The metal oxide is added by a roller
      or a Bambury mixer to the chloroprene polymer (including copolymer) or to
      the polymer solution, directly. Suitable organic solvents can be any of
      the various solvents or mixtures of solvents, in which the chloroprene
      polymer is soluble.
PAR  The adhesive compositions of this invention have substantially the same
      composition as conventional polychloroprene adhesive compositions, except
      that the chloroprene polymer is polymerized in the presence of the
      specific emulsifier. This results in the advantageous property that the
      adhesive compositions of this invention can be stored over long periods of
      time without phasing. As to adhesive properties, the adhesive compositions
      of this invention have desirable tack and high adhesive strength.
DETD
PAR  Having generally described the invention, a further understanding can be
      obtained by reference to certain specific Examples which are provided
      herein for purpose of illustration only and are not intended to be
      limiting in any manner. The parts and percentages shown in the Examples
      are percentages by weight.
PAR  The tests were performed by the following methods.
PA0  A. phasing test
PAR  I. 435 parts of solvent, 30 parts of alkylphenol-formaldehyde resin and 4
      parts of magnesia were mixed and shaken at room temperature for 24 hours.
PAR  II. 100 parts of the chloroprene polymer was kneaded (by a rubber mixing
      roller) with 2 parts of styrenated phenol. 4 parts of magnesia and 5 parts
      of zinc oxide were added to the chloroprene polymer.
PAR  The products (I) and (II) were mixed and stirred at room temperature to
      prepare an adhesive composition. The adhesive composition was weighed in a
      glass test tube having an inner diameter of 20 mm and a height of 200 mm,
      and was stored at 20.degree. - 25.degree.C, whereby any separation to a
      transparent or opaque upper phase and an opaque solid lower phase, was
      observed.
PAR  The results are shown by the days required for forming a phasing or the
      sedimentation degree calculated by the following equation, from
      measurement of heights of the upper phase and the lower phase.
      ##EQU2##
PAR  The alkylphenol-formaldehyde resins and the solvents used in the tests are
      as follows.
PA0  Alkylphenol-formaldehyde resin:
PA1  a. Alkylphenol-formaldehyde resin having melting point of 190.degree. -
      220.degree.F and specific gravity of 1.09 - 1.11.
PA1  b. Alkylphenol-formaldehyde resin having melting point of 145.degree. -
      165.degree.F and specific gravity of 1.05 - 1.15.
PA1  c. Alkylphenol-formaldehyde resin having melting point of 145.degree. -
      165.degree.F and specific gravity of 1.09.
PA0  Solvents:
PA1  I. mixture of equal volume of toluene, n-hexane and ethyl acetate.
PA1  Ii. mixture of equal volume of toluene, n-hexane and acetone.
PA1  Iii. mixture of equal volume of toluene, ethyl acetate and methylethyl
      ketone.
PAL  The mixed solvents of I - III are known as solvents which facilitate
      polychloroprene adhesives phasing.
PA0  B. measurement of adhesive strength at elevated temperature
PAR  A vulcanized rubber sheet having a thickness of 2mm was wiped with a cloth
      and methylethyl ketone and used as one substrate for the test of adhesive
      strength. The vulcanized rubber was prepared by kneading the following
      mixture with a roller-mill and vulcanizing the mixture with a
      vulcanization press at 141.degree.C for 30 minutes.
TBL  ______________________________________                                    
     Vulcanized rubber                                                         
     ______________________________________                                    
     Polychloroprene     100     parts                                         
     Phenyl-.alpha.-naphthylamine                                              
                         1       part                                          
     MgO                 4       parts                                         
     ZnO                 5       parts                                         
     SRF carbon black    30      parts                                         
     Ethylenethiourea    0.35    part                                          
     ______________________________________                                    
PAR  A plasticized polyvinylchloride sheet containing dioctylphthalate as a
      plasticizer was used as the other substrate after it was wiped with a
      cloth and methylethyl ketone and dried. After 20 minutes, a liquid primer
      for plasticized polyvinylchloride was coated on the polyvinylchloride
      substrate, to be used for the test of adhesive strength.
PAR  The size of both of the test pieces of vulcanized rubber and plasticized
      polyvinylchloride was 25mm .times. 150mm and the area of the surface
      coated with the adhesive composition was 25mm .times. 100mm.
PAR  100 parts of the following adhesive composition was admixed with 3 parts of
      20% solution of triphenylmethane triisocyanate in methylenechloride, and
      the mixture was coated on the surface of the styrenated phenol substrates
      so as to be 100 g/m.sup.2.
TBL  ______________________________________                                    
     Adhesive composition:                                                     
     ______________________________________                                    
     Polychloroprene     100     parts                                         
     Styrenated phenol   2       parts                                         
     MgO                 4       parts                                         
     ZnO                 5       parts                                         
     Toluene             333     parts                                         
     ______________________________________                                    
PAR  The both coated substrates were adhered after 30 minutes of open time and
      the adhered substrates were pressed by a roller having a load of 4.5 kg
      for 5 strokes and were kept at room temperature for 3 hours.
PAR  The adhered substrates were preheated at 85.degree.C for 15 minutes in a
      constant temperature oven and an adhesive strength required for peeling at
      85.degree.C was measured at 200 mm/min. of peeling speed by an Instron
      universal tension tester with a constant temperature oven.
PAR  The demonstrated strength is thus adhesive strength at elevated
      temperature.
PA0  C. pot life measurement
PAR  The viscosity of a mixture of 100 parts of the following adhesive
      composition and 3 parts of 20% solution of triphenylmethane triisocyanate
      in methylenechloride, was measured at 25.degree.C by a Brookfield
      viscosity meter. This is an initial viscosity. The pot life was measured
      by the time necessary for providing twice the initial viscosity.
TBL  ______________________________________                                    
     Adhesive composition:                                                     
     ______________________________________                                    
     Polychloroprene     100     parts                                         
     Styrenated phenol   2       parts                                         
     MgO                 4       parts                                         
     ZnO                 5       parts                                         
     Toluene             333     parts                                         
     ______________________________________                                    
PAC  EXAMPLE 1
PAR  Into a 2 liter flask, equipped with a stirred and a reflux condenser, the
      chloroprene monomer mixture, shown in Table I, was charged, and an aqueous
      solution of 0.5% of potassium persulfate, and 0.05% of sodium
      anthraquinone-.beta.-sulfonate as a plymerization catalyst, were added to
      the mixture, and the polymerization was performed at 10.degree.C in
      nitrogen gas stream atmosphere.
PAR  An emulsion containing 0.01 part of phenothiazine, and 0.01 part of t-butyl
      catechol, was added to the reaction mixture, so as to stop the
      polymerization at a conversion of 70%. The unreacted monomer was removed
      under reduced pressure. 10% aqueous solution of acetic acid was added to
      the resulting alkaline emulsion to adjust to pH 7.0 and the polymer was
      separated by a freeze roll and dried.
PAR  The above adhesive composition was prepared by using the resulting
      polychloroprene and the phasing test was performed to measure a
      sedimentation degree.
PAR  As a reference, the process of Example 1 was followed except using 5.0
      parts of disproportionated rosin acid instead of di-t-butyl benzoic acid
      (DTBBA).
PAR  The phasing test was performed by using the same adhesive composition. The
      results are shown in Tables II, III, and IV.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Polymerization of chloroprene (parts)                                     
                     Example                                                   
                           Example                                             
                                 Example                                       
                                       Ref.                                    
                     A     B     C     A                                       
     __________________________________________________________________________
     Chloroprene     100   100   100   100                                     
     n-Dodecylmercaptan                                                        
                     0.22  0.13  0.13  0.13                                    
     Di-t-butyl benzoic acid                                                   
                     0.5   3.0   5.0   --                                      
     Disproportionated rosin acid                                              
                     --    --    --    5.0                                     
     Water           150   150   150   150                                     
     NaOH            0.1   0.6   1.0   1.0                                     
     Na condensate of formaldehyde-                                            
     naphthalenesulfonate                                                      
                     1.0   1.0   1.0   1.0                                     
     Na.sub.2 SO.sub.3                                                         
                     0.3   0.3   0.3   0.3                                     
     Polymerization period (min.)                                              
                     590   330   240   300                                     
     Conversion (%)  69.0  70.3  71.5  70.6                                    
     Mooney viscosity (MS.sub.2.sub.+ 2.5                                      
     at 100.degree.C)                                                          
                     56.5  48.0  50.5  50.0                                    
     __________________________________________________________________________
TBL                TABLE II                                                    
     ______________________________________                                    
     Sedimentation degree                                                      
     (with the alkylphenol-formaldehyde resin a)                               
     Sol- Days                                                                 
     vent storing    Sample                                                    
     adhesive    Example  Example  Example                                     
                                          Reference                            
     composition A        B        C      A                                    
     ______________________________________                                    
           5         0        0      0      6.7                                
     I    20         0        0      0      27.5                               
          40         0        0      0      51.4                               
           5         0        0      0      31.6                               
     II   20         +        0      0      61.5                               
          40         5.0      0      0      71.0                               
           5         0        0      0      23.3                               
     III  20         0        0      0      51.5                               
          40         0        0      0      67.5                               
     ______________________________________                                    
      +: tendency of phasing                                                   
TBL                TABLE III                                                   
     ______________________________________                                    
     Sedimentation degree                                                      
     (with the alkylphenol-formaldehyde resin b)                               
     ______________________________________                                    
     Sol- Days                                                                 
     vent storing    Sample                                                    
     adhesive    Example  Example  Example                                     
                                          Reference                            
     composition A        B        C      A                                    
     ______________________________________                                    
           5         0        0      0      +                                  
     I    20         0        0      0      80.2                               
          40         0        0      0      81.6                               
           5         0        0      0      +                                  
     II   20         0        0      0      70.8                               
          40         0        0      0      75.2                               
           5         0        0      0      +                                  
     III  20         0        0      0      82.3                               
          40         0        0      0      87.2                               
     ______________________________________                                    
      +: tendency of phasing                                                   
TBL                TABLE IV                                                    
     ______________________________________                                    
     Sedimentation degree                                                      
     (with the alkylphenol-formaldehyde resin c)                               
     ______________________________________                                    
     Sol- Days                                                                 
     vent storing    Sample                                                    
     adhesive    Example  Example  Example                                     
                                          Reference                            
     composition A        B        C      A                                    
     ______________________________________                                    
           5         0        0      0      0                                  
     I    20         0        0      0      0                                  
          40         0        0      0      0                                  
           5         0        0      0      79.8                               
     II   20         0        0      0      84.1                               
          40         0        0      0      85.0                               
           5         0        0      0      0                                  
     III  20         0        0      0      78.0                               
          40         0        0      0      80.5                               
     ______________________________________                                    
      + : tendency of phasing                                                  
PAC  EXAMPLE 2
PAR  In a 3 liter flask equipped with a stirrer and a reflux condenser, the
      chloroprene mixture shown in Table V was charged and an aqueous solution
      of 0.5% of potassium persulfate and 0.05% of sodium
      anthraquinone-.beta.-sulfonate as a polymerization catalyst were added to
      the mixture and the polymerization was conducted at 10.degree.C in
      nitrogen gas stream atmosphere.
PAR  An emulsion containing 0.01 part of phenothiazine and 0.01 part of t-butyl
      catechol was added to the reaction mixture so as to stop the
      polymerization at the conversion of 70%. The unreacted monomer was removed
      under a reduced pressure. 10% aqueous solution of acetic acid was added to
      the resulting alkaline emulsion to adjust pH5.6 and the resulting polymer
      was separated by a freeze roll and dried.
PAR  The resulting chloroprene polymer had a Mooney viscosity of
      MS.sub.2.sub.+2.5 (at 100.degree.C) of 48.
TBL                TABLE V                                                     
     ______________________________________                                    
     Formula               Weight (parts)                                      
     ______________________________________                                    
     Chloroprene           100                                                 
     para-t-butylbenzoic acid                                                  
                           3                                                   
     n-dodecylmercaptan    0.28                                                
     Water                 150                                                 
     NaOH                  1.0                                                 
     Na condensate of formaldehyde-                                            
     naphthalenesulfonate  0.8                                                 
     Na.sub.2 SO.sub.3     0.3                                                 
     ______________________________________                                    
PAR  In accordance with Example 1, the adhesive composition was prepared by
      using choroprene polymer, and the phasing test was performed and the
      sedimentation degree was measured. The adhesive strength at elevated
      temperature and the pot-life of the adhesive composition were also
      measured. The results are shown in Tables VI - IX.
PAC  EXAMPLE 3
PAR  The process of Example 2 was followed except adding 2 parts of
      tetraethylthiuram disulfide in an emulsion form to 100 parts of the
      polymer. The polymer had a Mooney viscosity of MS.sub.2.sub.+2.5 (at
      100.degree.C) of 44 (measured by a small rotor). In accordance with
      Example 2 (except using the resulting chloroprene polymer), the phasing,
      the sedimentation degree, the adhesive strength and the pot-life of the
      adhesive composition were measured. The results are shown in Tables VI -
      IX. The results of Reference A of Example 1 are shown again in Tables VI -
      XI as a reference.
PAR  As is clear from the results of Tables VI - VIII, when para-t-butyl benzoic
      acid and alkali were used, effective inhibition of phasing of the adhesive
      composition was obtained and the pot-life was improved for application of
      bonding of both of plasticized type polyvinylchloride substrates or
      bonding of soft type polyvinylchloride substrates and other substrates, as
      compared with those adhesive composition prepared using a
      disproportionated rosin acid as an emulsifier in polymerization of
      chloroprene.
TBL                TABLE VI                                                    
     ______________________________________                                    
     Sedimentation degree                                                      
     (with the alkylphenol-formaldehyde resin a)                               
     ______________________________________                                    
     Solvent                                                                   
            Days                                                               
            storing    Sample                                                  
     adhesive      Example   Example   Reference                               
     composition   2         3         A                                       
     ______________________________________                                    
             5         0         0       6.7                                   
     I      20         0         0       27.5                                  
            40         0         0       51.4                                  
             5         0         0       31.6                                  
     II     20         0         0       61.5                                  
            40         +         0       71.0                                  
             5         0         0       23.3                                  
     III    20         0         0       51.5                                  
            40         0         0       67.5                                  
     ______________________________________                                    
      + : tendency of phasing                                                  
TBL                TABLE VII                                                   
     ______________________________________                                    
     Sedimentation degree                                                      
     (with the alkylphenol-formaldehyde resin b)                               
     ______________________________________                                    
     Solvent                                                                   
            Days storing                                                       
                       Sample                                                  
     adhesive      Example   Example   Reference                               
     composition   2         3         A                                       
     ______________________________________                                    
             5         0         0       +                                     
     I      20         0         0       80.2                                  
            40         0         0       81.6                                  
            5          0         0       +                                     
     II     20         +         0       70.8                                  
            40         8.2       0       75.2                                  
             5         0         0       +                                     
     III    20         0         0       82.3                                  
            40         0         0       87.2                                  
     ______________________________________                                    
      + : tendency of phasing                                                  
TBL                TABLE VIII                                                  
     ______________________________________                                    
     Sedimentation degree                                                      
     (with the alkylphenol-aldehyde resin c)                                   
     ______________________________________                                    
     Solvent                                                                   
            Days storing                                                       
                       Sample                                                  
     adhesive      Example   Example   Reference                               
     composition   2         3         A                                       
     ______________________________________                                    
             5         0         0       0                                     
     I      20         0         0       0                                     
            40         0         0       0                                     
             5         0         0       79.8                                  
     II     20         0         0       84.1                                  
            40         0         0       85.0                                  
             5         0         0       0                                     
     III    20         0         0       78.0                                  
            40         0         0       80.5                                  
     ______________________________________                                    
TBL                TABLE IX                                                    
     ______________________________________                                    
     Sample      Example 2  Example 3  Reference A                             
     ______________________________________                                    
     Adhesive strength                                                         
                 2.79       2.12       0.43                                    
     (kg/2.5 cm)                                                               
     Pot-life (min.)                                                           
                 657        702        405                                     
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Polychloroprene latex was prepared by using the following aqueous emulsion
      system:
TBL  A.     Monomer mixture                                                    
            Chloroprene        100     parts                                   
            Polyoxyethylene                                                    
            alkylphenol ether  4       parts                                   
            (HLB 9.5)                                                          
            n-dodecylmercaptan 2.05    parts                                   
     B.     Aqueous solution                                                   
            Pure water         150     parts                                   
            Na condensate of                                                   
            formaldehyde-                                                      
            naphthalene sulfonate                                              
                               0.8     part                                    
            NaHSO.sub.3        0.5     part                                    
     C.     Catalyst solution                                                  
            Potassium persulfate                                               
                               2       parts                                   
            Na anthraquion-.beta.-                                             
            sulfonate          0.5     part                                    
            Pure water         100     parts                                   
PAR  Polymerization was conducted by mixing A and B at 10.degree.C and adding C
      continuously so as to provide uniform polymerization velocity. 0.02 part
      of t-butyl catechol and 0.02 part of phenothiazine were added to the
      reaction mixture so as to stope the polymerization at a conversion of 70%.
      The unreacted monomer was removed under reduced pressure. The
      polychloroprene latex was heated at 70.degree.C for 2 hours. The
      polychloroprene was separated by a freeze coagulation and was washed with
      water and was dried by a hot air dryer. The polymer had a Mooney viscosity
      MS.sub.2.sub.+2.5 (at 100.degree.C) of 48 (measured by a small rotor).
PAC  EXAMPLE 5
PAR  The process of Example 4 was followed except using 1 part of
      polyoxyethylenealkylphenol ether (HLB 9.5) in the monomer mixture and 2.10
      parts of diethyl xanthogen disulfide instead of n-dodecylmercaptan. The
      polymer had a Mooney viscosity of MS.sub.2.sub.+2.5 (at 100.degree.C) of
      58. The phasing and the adhesive strength of the adhesive compositions
      using the polychloroprene of Examples 4 and 5 were measured.
PAR  As a reference, polychloroprene having a Mooney viscosity of
      MS.sub.2.sub.+2.5 (at 100.degree.C) of 53 was prepared by polymerizing
      chloroprene with 4 parts of disproportionated rosin acid (instead of
      polyoxyethylene alkylphenol ether) and 0.21 part of n-dodecylmercaptan and
      using 0.8 part of NaOH in aqueous solution, in accordance with Example 1.
      The result of the phasing test is shown in Table X.
TBL                                    TABLE X                                 
     __________________________________________________________________________
                   Example 4                                                   
                          Example 5                                            
                                 Reference B                                   
     MS.sub.2.sub.+2.5                                                         
     (at 100.degree.C)                                                         
                   48     58     53                                            
     Adhesive strength                                                         
     (kg/2.5 cm)   1.13   1.62                                                 
     Phasing                                                                   
           solvent                                                             
               resin                                                           
     __________________________________________________________________________
     I         a                 15 days                                       
     II        b                 15 days                                       
     III       a                 10 days                                       
     III       b                 10 days                                       
     __________________________________________________________________________
        :no phasing for 30 days                                                
PAR  As is clear from Table X, no phasing was found for longer than 30 days when
      the polyoxyethylenealkylphenol ether was used for the polymerization of
      chloroprene, as compared with those compositions which used
      disproportionated rosin acid in the polymerization of chloroprene.
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be secured by Letters Patent is:
NUM  1.
PAR  1. In a non-phasing chloroprene polymer adhesive composition comprising:
PA1  a. 100 parts by weight of a chloroprene polymer;
PA1  b. 1-50 parts by weight of a metal oxide;
PA1  c. 5-100 parts by weight of an alkylphenol-formaldehyde resin,
PAL  a, b and c being admixed with an organic solvent so as to obtain a solids
      content of said adhesive composition of from 5-60%;
PA1  the improvement wherein said chloroprene polymer is prepared by the
      emulsion polymerization of chloroprene or a mixture of chloroprene and a
      comonomer in the presence of a salt of a C.sub.4 -C.sub.8 aliphatic
      substituted benzoic acid surfactant.
NUM  2.
PAR  2. In the preparation of a non-phasing chloroprene polymer adhesive
      composition comprising:
PA1  a. 100 parts by weight of a chloroprene polymer;
PA1  b. 50 parts by weight of a metal oxide;
PA1  c. 5-100 parts by weight of an alkyl phenol-formaldehyde resin;
PAL  a, b, and c being mixed with an organic solvent so as to obtain a solids
      content of said adhesive composition of from 5 to 60%;
PA1  the improvement wherein said chloroprene polymer is prepared by the
      emulsion polymerization of chloroprene or a mixture of chloroprene and a
      comonomer in the presence of a salt of a C.sub.4 -C.sub.8 aliphatic
      substituted benzoic acid surfactant.
NUM  3.
PAR  3. The non-phasing chloroprene polymer adhesive composition according to
      claim 1, wherein the salt of the aliphatic substituted benzoic acid is an
      alkali metal or ammonium salt thereof.
NUM  4.
PAR  4. The non-phasing chloroprene polymer adhesive composition according to
      claim 1, wherein the salt of the aliphatic substituted benzoic acid is an
      alkali metal salt of para-t-butyl benzoic acid or an alkali metal salt of
      di-t-butyl benzoic acid.
NUM  5.
PAR  5. The non-phasing chloroprene polymer adhesive composition according to
      claim 4, wherein the alkali salt of para-t-butyl benzoic acid or alkali
      salt of di-t-butyl benzoic acid is formed by mixing chloroprene or a
      mixture of chloroprene and a comonomer containing para-t-butyl benzoic
      acid or di-t-butyl benzoic acid, with an aqueous solution of alkali.
NUM  6.
PAR  6. The preparation of non-phasing chloroprene polymer adhesive composition
      according to claim 2, wherein the salt of aliphatic substituted benzoic
      acid is an alkali metal or ammonium salt of the aliphatic substituted
      benzoic acid.
NUM  7.
PAR  7. The preparation of non-phasing chloroprene polymer adhesive composition
      according to claim 2, wherein the salt of the aliphatic substituted
      benzoic acid is an alkali metal salt of para-t-butyl benzoic acid or an
      alkali metal salt of di-t-butyl benzoic acid.
NUM  8.
PAR  8. The non-phasing chloroprene polymer adhesive composition according to
      claim 1, wherein the aliphatic substituted benzoic acid is an alkyl
      substituted benzoic acid, said alkyl having 4 - 18 carbon atoms.
NUM  9.
PAR  9. The non-phasing chloroprene polymer adhesive composition according to
      claim 4, wherein the alkali metal salt of para-t-butyl benzoic acid is
      sodium salt of para-t-butyl benzoic acid.
NUM  10.
PAR  10. The non-phasing chloroprene polymer adhesive composition according to
      claim 4, wherein the alkali metal salt of di-t-butyl benzoic acid is
      sodium salt of di-t-butyl benzoic acid.
NUM  11.
PAR  11. The non-phasing chloroprene polymer adhesive composition according to
      claim 2, wherein the aliphatic substituted benzoic acid is an alkyl
      substituted benzoic acid, said alkyl having 4 - 18 carbon atoms.
NUM  12.
PAR  12. The non-phasing chloroprene polymer adhesive composition according to
      claim 6, wherein the alkali salt of para-t-butyl benzoic acid is sodium
      salt of para-t-butyl benzoic acid.
NUM  13.
PAR  13. The non-phasing chloroprene polymer adhesive composition according to
      claim 6, wherein the alkali metal salt of di-t-butyl benzoic acid is
      sodium salt of di-t-butyl benzoic acid.
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ABST
PAL  A fluidized flocculant being a dispersion of from about 5 to 60 weight
      percent of finely ground polyacrylamides in a fluid, water soluble
      polyhydric alcohol carrier. The fluidized flocculant is prepared as a
      dispersion having a particle size of less than 75 microns and can be
      metered and pumped into a water stream and mixed therewith to form a
      flocculant solution that can be readily metered and pumped into water to
      be clarified.
BSUM
PAR  This invention relates to a flowable flocculant, the method of making same,
      and the method of clarifying water with the flowable flocculant. A
      flocculant for use in aqueous systems is dispersed in a water soluble
      carrier to form a fluidized flocculant that is flowable at room
      temperatures, but still has a high solids content. The prepared fluidized
      flocculant may be pumped and metered into an aqueous system to accomplish
      desired flocculation.
PAR  Polyacrylamides and other polymeric compounds of high molecular weight are
      widely used as flocculants for the treatment of water in order to
      agglomerate and separate out suspended particles. Polyacrylamides are
      recognized as having superior flocculating properties. However, before
      these properties can be utilized, it is necessary to dissolve the
      polyacrylamides in the water to be treated. Once dissolved,
      polyacrylamides become effective flocculants for suspended material in
      water.
PAR  It is well known in the art, for example, as taught in U.S. Pat. No.
      3,165,465, to utilize flocculants such as polyacrylamides in their dry,
      powdery form. Commercial use of such dry flocculants has proved to be
      inconvenient and excessively time-consuming. One of the major difficulties
      is that, to completely dissolve requisite quantities of prior art
      commercial flake or granular form polyacrylamides into aqueous solution,
      constant, mechanical stirring and a minimum dissolving time of from 1 to 2
      hours are needed.
PAR  Also, during the handling of dry flocculants, the flocculating agent coats
      surrounding objects. Removal of spilled material is extremely difficult
      because of the viscous nature of the solution, and if spilled material is
      not removed a serious safety hazard is created due to the extraordinary
      slickness of the wetted flocculant. Moreover, considerable care must be
      taken to prevent lumping as the viscosity of the flocculant solution
      increases to the point where the stirring action ceases to effectively
      suck the flocculant into the water. Such difficulties are compounded since
      the formation of such lumps requires excessive mixing times which can
      depolymerize the flocculant. Lumping can also block feeding devices or
      rotometers.
PAR  All of these problems are especially troublesome when one wishes to treat a
      continuous flow of water in an automated fashion. This treatment could,
      for example, take place before water is permitted to enter a natural body
      of water such as a river, stream or lake.
PAR  One prior art attempt to avoid some of these problems is to feed prewetted
      flocculant into the water in an effort to lessen the flocculant dissolving
      and mechanical mixing time. The flocculant is prewet by means of an
      eductor, which is an ejector-type device that can introduce a flocculant
      powder into a high velocity water stream to prewet the powder. This
      attempt has proved unsatisfactory. The eductor has a strong tendency to
      block with wetted flocculant powder, and if the water pressure is
      insufficient the entire device works very poorly. Moreover, mere
      prewetting does not fully overcome the problems encountered in dissolving
      a flocculant which are discussed herein.
PAR  Another attempt to solve the problems encountered in utilizing commercial
      flake or granular form flocculant polyacrylamides is to pre-dissolve
      polyacrylamides and market such as an aqueous flocculant solution. This
      attempt has been found to have very serious disadvantages. Polyacrylamides
      have very high molecular weights within a range on the order of from
      300,000 to 15 million; and, apparently due to this high molecular weight,
      a polyacrylamides solution of a concentration greater than 2% is extremely
      viscous. This high viscosity makes impractical the pumping and metering of
      same into the water to be treated, thereby making it difficult to achieve
      even, automatic treatment.
PAR  An aqueous polyacrylamides solution having acceptable pumping and flowing
      properties has a polyacrylamides content of about 0.5 to 2% by weight. If
      a product this dilute is prepared, it then becomes necessary to make and
      ship a product that is primarily water. However, it has been found that
      substantially higher percentages of polyacrylamides may be dispersed in a
      water soluble carrier.
PAR  It is, therefore, a principal object of this invention to provide a
      flocculant product that is readily flowable, that is receptive to
      automated handling, that can be metered into a water source and dissolved
      therein with minimal spillage, lump formation, mixing time and
      inconvenience.
PAR  Another object of the present invention is the method of preparing a
      flowable flocculant of relatively low viscosity which is in a fluid state
      at room temperature.
PAR  Still another object of the present invention is a method to disperse from
      about 5 to 60 weight percent of a flocculating agent within a water
      soluble carrier with minimal damage to the flocculating agent.
PAR  A further object of the present invention is the method of providing a
      flowable flocculant having finely ground polyacrylamides as the
      flocculating agent, such flocculating agent being dispersed within a water
      soluble polyhydric alcohol carrier having a relatively low molecular
      weight and within which the flocculating agent will not dissolve to any
      appreciable extent, the flowable flocculant containing about 5 to 60
      weight percent of the flocculating agent.
PAR  It is a still further object of the present invention to meter a finely
      ground flowable flocculant dispersion of polyacrylamides within a low
      molecular weight, water soluble polyhydric alcohol carrier, and to pump
      same into a source of water, quickly dissolving such flocculant in the
      water, whereby the polyacrylamides flocculating agent can be added to
      water to be treated to agglomerate impurities within the water to achieve
      separation of the thus agglomerated impurities from the clarified water.
PAR  The present product is a flocculant concentrate dispersion that is flowable
      at room temperature. The present method relates to mixing a flocculating
      agent and a watersoluble carrier, including milling to a fine grind, to
      form a flowable flocculant concentrate dispersion. The present method
      further relates to mixing the flowable flocculant dispersion with water
      and dissolving same therein to achieve flocculation of an aqueous system.
PAR  Other objects, if not set forth specifically herein, will be readily
      apparent to those skilled in the art from the detailed description of the
      invention which follows.
PAR  It has been found that the utility of flocculating agents can be quite
      advantageously enhanced if the flocculant is flowable and of relatively
      low viscosity at room temperature. To be commercially feasible, such a
      flowable flocculant must contain high concentrations of the flocculating
      agent.
PAR  The present composition includes finely ground polyacrylamides as a
      flocculating agent present in amounts of from 5 to 60 weight percent of
      the total composition. The amount of flocculating agent in the product is
      roughly dependent upon the fineness to which the flocculating agent is
      ground. Conceivably, the weight percent can be as high as 70 if particle
      sizes of considerably less than 75 microns could be realized without
      excessive polymer damage. The preferred range of polyacrylamides is from
      about 30 to about 40 weight percent.
PAR  Any commercially available polyacrylamides may be utilized. Polyacrylamides
      are copolymers of acrylic acid and acrylamide monomers. Polymerization may
      be accomplished by any suitable vinyl polymerization initiator, usually
      free radical forming compounds such as azo compounds and peroxides. The
      polyacrylamides may be cationic, having a molecular weight of about 6
      million. They may be anionic, having a molecular weight within the
      approximate range of 12 to 15 million. The polyacrylamides may also be
      nonionic of a molecular weight range of about 12 to 15 million.
PAR  The flocculating agent is dispersed within a water soluble, low molecular
      weight polyhydric alcohol carrier. Preferred carriers include diethylene
      glycol, propylene glycol, and dipropylene glycol. A polyhydric alcohol
      carrier of a simpler chemical structure, such as glycerol or ethylene
      glycol, is an unsatisfactory carrier since the polyacrylamides tend to
      dissolve therein and swell, creating an undesirable degree of viscosity.
      The carrier, to be acceptable, must exhibit properties such that the
      polyacrylamides will be insoluble therein to prevent swelling of the
      polyacrylamides. Acceptable carriers are those that are dimers, trimers,
      or of higher order that have a molecular weight range of greater than 65
      and less than 500, preferably the range being about 75 to 150. The
      preferred glycol carrier is dipropylene glycol because of its low cost,
      low toxicity, low volatility, and relatively low hygroscopicity.
PAR  On long standing, the flowable flocculant dispersion product tends to
      exhibit settling out, requiring mixing of the product prior to use. Such
      settling out can be reduced, if desired, by adding to the dispersion a
      thickening agent that is soluble in both water and carrier. Generally
      found to be acceptable for these purposes are polyvinyl pyrrolidone or any
      commercially available inorganic thickening agent such as
      micro-crystalline asbestos and those which are clays having a silicate
      base. The inclusion of any such conventional thickening agent is optional.
      If present, the thickening agent comprises about 0.1 to 20% by weight of
      the total composition. The preferred range is approximately 0.5 to 10% by
      weight.
PAR  The present inventive method includes mixing at atmospheric pressure from
      about 5 to about 60 weight percent polyacrylamides with from about 30 to
      about 95 weight percent based on the final composition of a polyhydric
      alcohol carrier to form a dispersion. The carrier is water soluble and is
      one in which polyacrylamides are not soluble. Carriers found to be
      particularly suitable are glycols that have a molecular weight of greater
      than 65 and less than 500, preferably between 75 and 150. The prepared
      mixture or slurry is ground into as fine a particle size as possible
      without extensively damaging the polyacrylamides. Such a particle size is
      approximately 75 microns. Alternatively, polyacrylamides may be ground
      prior to their dispersion in the carrier. It is also within the scope of
      this invention to first grind the polyacrylamides to a particle size of
      approximately 75 microns and then to disperse same within the carrier to
      form a dispersion of the desired composition.
PAR  The grinding step may be carried out in a conventional milling or grinding
      device, such as a ball mill, an attrition mill, or a friction grinder.
      Although faster, an attrition or friction mill tends to damage the
      polyacrylamides, apparently due to friction-generated heat buildup. If
      excessive polymer damage is observed, it can be controlled by suitable
      cooling apparatus. Ball milling tends to be slower but causes little
      damage to the polymers, and generally a cooling apparatus is not needed.
PAR  The prepared flocculant is capable of being metered and pumped, along with
      a supply of water, into and through a conventional mixing device such as
      an inline mixer. Such a mixing device customarily is essentially a
      water-tight chamber having mixing means and through which liquid can be
      pumped. Depending upon the mixing device utilized, the flowable flocculant
      and water can be introduced into the mixer either individually or in a
      combined stream. Upon mixing, the flowable flocculant quickly dissolves
      within the water.
PAR  After mixing, the solution can be pumped and metered into the water to be
      treated at flow rates acceptable for automated water treatment. The amount
      of polyacrylamides flocculant introduced into the water being treated is
      approximately 0.1 ppm to 2 ppm polyacrylamides (dry basis weight) per unit
      volume of water treated; that is, the polyacrylamides solid concentration
      in the treated water is within the approximate range of 10.sup..sup.-5 to
      2.times.10.sup..sup.-4. Concentrations greater than this range will not
      appreciably increase the degree of flocculation but will significantly
      increase the cost of flocculation. While greater concentrations are
      possible with the present invention, they are not desirable due to these
      two economic disincentives.
PAR  The polyacrylamides combine with the impurities in the water being treated,
      thereby agglomerating said impurities. The carrier (and thickening agent,
      if any) also dissolve in the water and remain dissolved in the treated
      water. The agglomerate is then separated from the treated water by any
      suitable, conventional means.
DETD
PAR  The following examples are presented to illustrate the invention. It will
      be understood that the specific embodiments and illustrations should not
      be taken in any manner as limiting the invention as defined in the
      appended claims.
PAC  EXAMPLE I
PAR  Into a ball mill was placed 400 g of anionic polyacrylamides, having an
      approximate molecular weight of about 12 to 15 million and 680 g
      dipropylene glycol. The polyacrylamides had an initial particle size of
      350 microns or greater. The slurry was slowly milled for 24 hours, after
      which the particle size had been reduced to about 75 microns, the
      polyacrylamides exhibiting minimal damage. The viscosity of the thus
      produced fluid flocculant at 78.degree.F. was found to be 80 poises. The
      fluid flocculant product was readily solvated with water within an in-line
      mixer and fed into a source of water to be treated. Impurities within the
      water were agglomerated and separated.
PAC  EXAMPLE II
PAR  A slurry of 30% polyacrylamides and 70% diethylene glycol was passed
      through an attrition grinder, such as a Moorehouse-Cowles Mill, a number
      of times. After each pass the clearance between the grinding stones was
      narrowed until a good dispersion was obtained. Cold water was passed
      through the cooling jacket to hold the temperature of the dispersion to
      below 100.degree.F. during grinding, thereby avoiding polyacrylamides
      damage. A 1% by weight portion of polyvinyl pyrrolidone was added after
      the grinding process to control settling. The fluid flocculant dispersion
      was mixed with water and dissolved as in Example I.
PAC  EXAMPLE III
PAR  Dry polyacrylamides were ground through a friction grinder such as a
      Fitzpatrick Homoloid Impact Mill using liquid nitrogen to keep the product
      cold and friable. The powdered polymer was then dispersed in propylene
      glycol, using a ball mill. A silicate base clay settling agent (with 0.5%
      of a nonionic surfactant) was added in an amount of 0.5% by weight of the
      total composition to control settling. Mixing and solvating was
      accomplished as in Example I.
PAC  EXAMPLE IV
PAR  Dry polyacrylamides were ground in a conventional mill such as a Strong
      Scott Pulvocron Pulverizer until the particle size was reduced to about 75
      microns. A quantity of 800 g of this material was then dispersed into 1180
      g dipropylene glycol, using a high speed disperser. Polyvinyl pyrrolidone
      (20 g) was added as a suspending aid. The viscosity was found to be 175
      poises at 85.degree.F. This product, containing 40% by weight
      polyacrylamides, was used to treat the waste water from an edible oil
      manufacturing plant. This was accomplished by metering the fluid
      dispersion into a water stream, through an in-line mixer, and then feeding
      the aqueous solution immediately into the waste water going into a
      flotation separator. The following data indicate the effectiveness of this
      operation, when compared with a control treatment by an equal
      concentration of a conventionally prepared flocculant.
TBL  ______________________________________                                    
     Influent into Separator                                                   
     Total Solids     4,250       ppm                                          
     Suspended Solids 3,150       ppm                                          
     Ether Solubles   2,800       ppm                                          
     Effluent Treated With                                                     
     2 ppm Solids Content of a                                                 
     Conventionally Prepared                                                   
     Flocculant Solution:                                                      
     Total Solids     1,400       ppm                                          
     Suspended Solids 81          ppm                                          
     Ether Solubles   80          ppm                                          
     Effluent Treated With                                                     
     5 ppm of the 40% Poly-                                                    
     acrylamides Solids                                                        
     Dispersion Prepared                                                       
     According to this Example:                                                
     Total solids     1,300       ppm                                          
     Suspended Solids 67          ppm                                          
     Ether Solubles   69          ppm                                          
     ______________________________________                                    
PAR  It will be evident to one skilled in the art that modifications and
      variations of the invention as set forth herein may be made without
      departing from the spirit and scope of the invention; therefore, only such
      limitations should be imposed as are indicated in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluidized flocculant for use in an aqueous system comprising a
      dispersion of a finely ground polyacrylamide flocculating agent in a
      polyhydric alcohol carrier having an approximate molecular weight greater
      than 65 and less than 500 said dispersion being flowable at room
      temperature, the concentration of said flocculating agent in the
      dispersion being substantially greater than the concentration dissolvable
      in the aqueous system.
NUM  2.
PAR  2. The fluidized flocculant of claim 1, wherein the amount of said
      flocculating agent is within the approximate range of from 5 to 60 percent
      by weight of the total dispersion.
NUM  3.
PAR  3. The fluidized flocculant of claim 1, wherein the carrier is a polyhydric
      alcohol selected from the group consisting of dipropylene glycol,
      propylene glycol, and diethylene glycol.
NUM  4.
PAR  4. The fluidized flocculant of claim 1, said dispersion further including
      about 0.1 to about 20% by weight of a thickening agent soluble both in
      water and in said carrier.
NUM  5.
PAR  5. The fluidized flocculant of claim 4, wherein the thickening agent is
      about 0.5 to about 10% by weight of the total dispersion.
NUM  6.
PAR  6. The fluidized flocculant of claim 1, wherein the amount of said
      flocculating agent is from about 30 to 40% by weight of the total
      dispersion.
NUM  7.
PAR  7. A method of producing a fluidized flocculant, comprising steps of:
      mixing from about 5 to 60 weight percent, based upon the total
      composition, of polyacrylamides together with a polyhydric alcohol carrier
      having an approximate molecular weight greater than 65 and less than 500
      to form a slurry, and milling said slurry to a particle size of
      approximately 75 microns to form a dispersion.
NUM  8.
PAR  8. The method of claim 7, wherein the amount of polyacrylamides in the
      mixing step is from 30 to 40 weight percent.
NUM  9.
PAR  9. The method of claim 7, further comprising mixing into the dispersion
      from about 0.1 to 20 weight percent of a thickening agent soluble in both
      water and in said carrier.
NUM  10.
PAR  10. A method of producing a fluidized flocculant comprising the steps of:
      grinding polyacrylamides to a particle size of approximately 75 microns,
      and mixing from about 5 to 60 weight percent of the ground polyacrylamides
      with a polyhydric alcohol carrier having an approximate molecular weight
      greater than 65 and less than 500 to form a flowable dispersion.
NUM  11.
PAR  11. The fluidized flocculant of claim 1, wherein said finely ground
      polyacrylamide flocculating agent has a particle size of approximately 75
      microns.
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ABST
PAL  A low shear method of adequately dispersing carbon black in liquid
      elastomers by adding the liquid elastomers to a container, adding from 30
      parts to about 160 parts by weight per 100 parts of liquid elastomer of an
      oil beaded carbon black containing from 5 to about 60 parts of oil and
      from 25 to about 100 parts of carbon black and mixing the compounds to
      produce a relatively low viscosity carbon black dispersed elastomeric
      composition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of dispersing carbon black in
      liquid elastomers. More specifically, the present invention relates to a
      low shear method for adequately dispersing carbon black in liquid
      elastomers.
PAR  Cured or vulcanized elastomers invariably must be compounded with
      reinforcing fillers to improve properties such as tensile strength,
      stiffness, abrasion resistance and tear resistance in order to permit
      their use for items such as tire tread, tire carcass as well as for hoses,
      belts and other mechanical goods. One outstanding reinforcing filler for
      both natural and synthetic elastomers is carbon black.
PAR  Heretofore in the field of liquid elastomers, that is, elastomers which are
      liquids at ambient or slightly above ambient temperatures, carbon black
      (which has been beaded or pelletized either by blending with water to form
      water beaded blacks or with glycerin to form glycerin beaded carbon
      blacks) was incorporated by adding the carbon black to the liquid
      elastomer and dispersed by the use of very high shear equipment or mixers
      such as the three roll paint mill. In the mixing of conventional rubbers,
      shear is generated partially by the rubber or polymer itself whereas in
      liquid elastomers, such internal shear generating properties are not
      present and thus carbon black cannot be adequately dispersed by using high
      shear mixers such as the Banbury, Brabender or the like. High shear
      equipment such as the three roll paint mill must be used. However, this
      high shear equipment is expensive, consumes great amounts of power or
      energy and requires long periods of time to adequately incorporate or
      disperse the carbon black. Moreover, heat build-up is often a problem and
      would sometimes scorch or degrade the elastomer. This high shear three
      roll paint mill is also not readily scaled-up to production capacity.
PAR  In the production of conventional rubbers, the vulcanization route briefly
      involves cutting rubber stock, mixing the cut rubber stock as in a Banbury
      Mixer, heating the stock via warm-up rolls, either extruding, injecting
      molding or pressing the stock and then vulcanizing the stock. These many
      steps, of course, require a high amount of capital as well as several
      pieces of expensive equipment. On the other hand, the liquid elastomers of
      this invention, after having been adequately dispersed with oil, carbon
      black and other compounding ingredients, are still relatively low in
      viscosity and can be processed and cured in equipment requiring much less
      energy and capital costs than conventional rubber processing equipment.
PAR  A search of the United States Patent Office has not revealed any patents
      which incorporate carbon black into liquid elastomers by a method similar
      to or suggestive of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide a method of
      readily, easily and adequately dispersing carbon black into a liquid
      elastomer.
PAR  It is another object of the present invention to provide a method of
      dispersing carbon black into a liquid elastomer, as above, which utilizes
      oil beaded carbon black.
PAR  It is still another object of the present invention to provide a method of
      dispersing carbon black into a liquid elastomer, as above, which utilizes
      inexpensive and low shear mixing equipment.
PAR  It is a further object of the present invention to provide a method of
      dispersing carbon black into a liquid elastomer, as above, wherein no heat
      build-up or scorch problems occur, even with the use of catalysts.
PAR  It is a still further object of the present invention to provide a method
      of dispersing carbon black into a liquid elastomer, as above, and to
      readily cure such liquid elastomer formulation to produce a final product.
PAR  These and other objects of the present invention are described in detail
      without attempting to discuss all of the various modifications in which
      the invention may be embodied; the invention being measured by the
      appended claims and not by the details of the specification.
PAR  In general, a method of dispersing carbon black in a liquid elastomer
      comprises adding the liquid elastomer to a container, adding from 30 parts
      to about 160 parts by weight of oil beaded carbon black to the container
      for every 100 parts of liquid elastomer, the oil beaded carbon black
      containing from 5 to about 60 parts by weight of oil and from 25 to about
      100 parts by weight of carbon black and mixing to produce an elastomeric
      composition containing carbon black adequately dispersed therein which has
      a relatively low viscosity.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Liquid elastomers which can be used in the present invention include any
      elastomers which are liquid at ambient or slightly above ambient
      temperatures. Such liquid elastomers usually have short chains or low
      molecular weights and therefore generally take a long period of the time
      to cure or vulcanize when sulfur curative systems are utilized. Since it
      is highly desirable to reduce such lengthy cure times, preferably
      crosslinking or chain extending systems which react quickly to cure
      elastomers are utilized in the present invention. In order for the liquid
      elastomers to be curable, they must contain two or more terminally
      reactive groups. Terminal hydroxyl groups constitute a preferred class of
      terminally reactive groups. Other terminally reactive groups include
      mercaptan and carboxylic acid groups. In general, liquid elastomers which
      contain reactive end groups preferred for the present invention include
      polybutadienes, poly(butadiene/styrene) copolymers, polyisoprenes, and
      polychloroprenes all of which contain two or more terminal hydroxyl,
      mercapto or carboxyl groups, polyoxypropylene glycols,
      polyoxytetramethylene glycols and the nitrile elastomers (copolymers of
      butadiene and acrylonitrile which have terminal hydroxyl, mercapto or
      carboxyl groups). Such terminated elastomers are produced according to
      conventional processes and techniques well known to those skilled in the
      art. Representative examples of liquid elastomers which contain terminally
      active groups and are commercially produced include the following:
TBL  Poly bd R45 HT                                                            
              Hydroxy terminated                                               
                        polybutadiene      Atlantic Richfield Co.              
     Poly bd R45M                                                              
              "          "                 "                                   
     Poly Bd CS-15                                                             
              "         butadiene/styrene copolymer                            
                                           "                                   
     Poly bd CN-15                                                             
              "         butadiene/acrylonitrile copolymer                      
                                           "                                   
     Butarez HTS                                                               
              "         polybutadiene      Phillips Petroleum Co.              
     Butarez CTL 11                                                            
              Carboxyl terminated                                              
                        polybutadiene      "                                   
     Hycar CTB                                                                 
              "          "                 B.F. Goodrich Co.                   
     HC434    "          "                 Thiokol Co.                         
     Hycar CTBN                                                                
              "         butadiene/acrylonitrile copolymer                      
                                           B.F. Goodrich Co.                   
     Neoprene PS                                                               
              Hydroxy terminated                                               
                        chloroprene        E.I. DuPont                         
      Other commercial liquid elastomers containing terminally reactive groups 
      may, of course, also be used.                                            
PAR  The carbon black which is incorporated into the liquid elastomer may
      generally be any type carbon black which is used for reinforcing
      elastomers. Furnace grade carbon blacks have been found to be particularly
      suited to the present invention and therefore are preferred. Generally,
      from 25 to about 100 parts by weight of carbon black for every 100 parts
      by weight of liquid elastomer is desirable. Although amounts of carbon
      black in excess of 100 parts may be used, such high levels usually
      resulted in compounds which were viscous and required much higher capacity
      shearing equipment to disperse carbon black than otherwise needed. A range
      of 40 to about 70 parts by weight of carbon black is generally favored.
      Representative grade types of carbon black include SAF, ISAF, 4AF, AND FF.
PAR  According to the present invention, it has unexpectedly been found that
      hydrocarbon oils when added to carbon black and mixed to form oil beaded
      carbon blacks greatly reduce the amount of shear or energy requirements
      necessary to disperse the carbon black in the liquid elastomers. Such
      results were completely unexpected since the oil has a much higher
      viscosity than water and glycerin which have heretofore been used. The
      hydrocarbon oil may be entirely added to the carbon black to form oil
      beaded carbon black before the addition to or mixing with the liquid
      elastomer or a part of the oil may be added to or mixed with the liquid
      elastomer before separately adding the oil beaded carbon black. In either
      situation, the unexpected and unusually low viscosity of the liquid
      elastomer/oil-beaded carbon black mixture makes it possible to use
      conventional rubber mixing equipment such as the Banbury, Brabender, or a
      two-roll mill to obtain adequate dispersion of the carbon black and liquid
      elastomer. In general, the three-roll paint mill which produces very high
      shear has been the only method for obtaining adequate dispersions of
      carbon black in liquid elastomers. The three roll-paint mill, however, has
      the disadvantage that it is not readily adaptable to large scale and
      consumes large amounts of energy. However, it has now been found that
      adequate dispersions can be obtained when one uses oil-beaded carbon
      blacks in the relatively low shear Baker-Perkins Mixer. This mixer
      consumes considerably less energy and is more applicable to large scale
      processing.
PAR  Although the hydrocarbon oil may be any conventional oil used in processing
      of rubber, aromatic oils are preferred. In general, from 5 parts to about
      60 parts of oil by weight may be used for every 100 parts by weight of
      liquid elastomer. A more desirable range is from 15 to about 40 parts by
      weight. Thus, the amount of oil beaded carbon black will range from 30 to
      160 parts by weight wherein the oil content will range from 5 to 60 parts.
PAR  Preferably, to produce low shear mixing requirements, a substantial amount
      of the oil is added via the oil beaded carbon black such that the amount
      of oil added separately to the liquid elastomer ranges from 0 to about 35
      parts by weight so that the amount of oil contained in the oil beaded
      carbon black is now from 5 to 25 parts by weight. Hence, the amount of oil
      beaded carbon black will range from 5 to about 125 parts by weight wherein
      the oil content will range from 5 to about 25 parts. An example of an
      aromatic oil is Dutrex 916 produced by Shell. Examples of commercially
      available oil beaded carbon black types heretofore never used or suggested
      for use in the field of elastomers include ISAF carbon black produced by
      Columbia containing from 16 to 27% by weight of an aromatic oil, Raven 800
      carbon black produced by Cabot Corporation and containing approximately
      15% by weight of an aromatic oil and HAF carbon black produced by Cabot
      Corporation and containing approximately 5% by weight of an aromatic oil.
      The commercially available oil beaded carbon blacks generally contain low
      amounts of oil and hence additional oil often must be added and mixed
      before the oil beaded carbon black can be added to the liquid elastomers
      to produce the low viscosity mixtures of the present invention. An
      advantage of using blended oil beaded carbon black is that severe dust and
      pollution problems encountered with final carbon black mixing operations
      are eliminated. Such blending operations can readily be carried out in
      airtight mixing vessels.
PAR  Regardless of whether the oil is added totally as oil beaded carbon black
      or a part of the oil is added to the liquid separate from the oil beaded
      carbon black to a mixer containing the liquid elastomer and the carbon
      black, inexpensive low viscosity or shear mixers such as the Baker-Perkins
      Mixer may be utilized. The mixing of the compounds in such a mixer does
      not result in any significant build-up of heat or scorching since the low
      viscosity of the compounds does not require large amounts of energy.
PAR  An indication of the low amount of shear force and energy required to
      disperse the carbon black with the use of oil compounds as compared to the
      dispersement of carbon black directly in liquid elastomers is given by the
      mixing time of a low shear mixer to produce a 0/0 reading on the NPIRI
      grindometer scale. 1) Three materbatches were prepared and tested. Each of
      these masterbatches contained 100 parts by weight of Arco CS-15, a hydroxy
      terminated polybutadiene styrene liquid copolymer. The recipe of these
      masterbatches are set forth below in Table I as 1B, and 2B, and 3B. The
      carbon black ranged from 50 to 70 parts and the total amount of aromatic
      oil ranged from 15 to 40 parts. These masterbatches were premixed by hand
      to produce oil beaded carbon blacks and then dispersed in a Baker-Perkins
      Mixer. All masterbatches when sampled gave a 0/0 grindometer reading as
      follows: 1B, 10 minutes; 2B, 20 minutes; 3B, 20 minutes.
PAR  In contrast, similar masterbatches were prepared in the same proportions
      except that the carbon black used was not oil-beaded prior to the mixing.
      All of these three masterbatches gave a 250/250 grindometer reading after
      having been mixed for times in excess of 60 minutes.
PAR  In order to test the physical properties of liquid elastomers containing
      carbon blacks dispersed therein according to the present process and to
      impart favorable properties for practical applications, the liquid
      elastomer compositions must be cured.
PAR  1)(The conventional National Printers Ink Research Institute grindometer
      has a scale from 0/0 which represents the best dispersion to 250/250 which
      represents a very poor dispersion. On this scale, the first number
      represents the point where three scratches appear and the second number
      represents the point where ten scratches appear.) Any cure system for
      hydroxyl or carboxyl terminal groups may be used. Thus for hydroxyl
      groups, diisocyanate cure systems may be used whereas for carboxyl groups,
      aziridines and epoxy/amine cure systems may be used. Preferably,
      diisocyanates cure systems are desirable because of their short cure time.
      To insure a fairly complete reaction and a short cure time, a slight
      equivalent excess of diisocyanate to the active hydrogen terminated liquid
      elastomers is favored. However, since diisocyanates react readily with
      water, it is desirable that the liquid elastomer compositions be
      substantially free from water so that a large equivalent excess
      diisocyanate is not needed. This result can be obtained as by heating the
      entire liquid elastomer composition or subjecting it to a vacuum to drive
      off the water. The use of oil beaded carbon black blends further abates
      this problem since they have been found to be fairly dry and fluffy even
      though the oil content is as high as 50% and are less susceptible to
      absorbing and retaining atmospheric moisture after drying as compared to
      regular pelletized carbon black. When liquid elastomer compositions which
      are substantially free of water are utilized, the optimum ratio of
      isocyanate to the active hydrogens (NCO/OH) will range from 1.0 to about
      1.7. Should the liquid elastomer compositions contain water, the optimum
      equivalent ratio may range up to about 3.0, depending, of course, upon the
      amount of water. An optimum equivalent isocyanate to hydroxy ratio can be
      readily determined by simple experimentation by hand mixing small batches
      with varying amounts of isocyanate and curing small test samples. The test
      samples will then show optimum properties at the optimum isocyanate level.
      This is illustrated in Table II. Recipes 4, 5, 6 and 7 are identical
      except that the NCO/OH ratio is varied from 1.00 to 1.60. In examining the
      normal stress-strain properties, it is evident that the optimum ratio (of
      those studied) is 1.60.
PAR  Diisocyanates or diisothiocyanates which can be used in the present
      invention are generally represented by the formula R(N=C=X).sub.2 where R
      can be an aliphatic type group containing from 2 to 20 carbon atoms, a
      cycloaliphatic type group containing from 4 to about 20 carbon atoms or an
      aromatic type group containing from 6 to about 20 carbon atoms and X is a
      chalcogen (oxygen or sulfur). Examples of diisocyanates include:
PA1  1,5-Naphthylene diisocyanate
PA1  Chlorophenyl 2,4-diisocyanate
PA1  3,3'-dimethyl-4,4'-diphenyl diisocyanate
PA1  3,3'-dimethyl-4,4'-diphenylmethane diisocyanate
PA1  4,4'-diphenylisoproplylidine diisocyanate
PA1  4,4'-Diphenylmethane diisocyanate
PA1  4,4'-Dicyclohexylmethane diisocyanate
PA1  Isophorone diisocyanate
PA1  2,3,5,6-Tetramethyl-1,4-benzene diisocyanate
PA1  2,4,4-Trimethyl-hexamethylene diisocyanate
PAL  Preferred diisocyanates include:
PA1  2,4-Toluene diisocyanate
PA1  1,4-Phenylene diisocyanate
PA1  1,6-Hexamethylene diisocyanate
PA1  Dianisidine diisocyanate
PAR  Triisocyanates such as 4,4',4"-Triphenylmethane triisocyanate may also be
      used.
PAR  Of course, the diisothiocyanates which correspond to the above
      diisocyanates can also be used. It is to be understood that whenever
      reference is made in this specification to diisocyanate, it should be
      obvious to one skilled in the art that such reference also includes
      diisothiocyanates.
PAR  The curing procedure of the liquid elastomer compositions can be carried
      out according to well known methods of procedures. In order to increase
      the curing rate and decrease the cure time, usually conventional catalysts
      which can be classified as metallic esters (soaps) or amine catalysts can
      be utilized in small amounts of approximately 0.01 to 1.0 parts by weight
      per 100 parts of liquid elastomer. An example of such catalysts which are
      well known to those skilled in the art is dibutyltin dilaurate. Moreover,
      to retard oxidation during the curing step, and to retard oxidation in the
      finished article, conventional antioxidants well known to the elastomer
      art may be used. The phenolic types such as 2,6-dibutyl-p-cresol are
      preferred.
PAR  The liquid elastomers of the present invention may also be blended with
      reinforcing fillers or other materials other than carbon black to usually
      improve specific properties. For example, various amounts of polyether
      diols such as polytetrahydrofuran (OH terminated) (produced by the Quaker
      Oats Company as Polymeg 5202) or polyoxypropylene glycols may be
      substituted for part of the liquid elastomer to improve the strength of
      the cured liquid elastomer composition. Similarly, other reinforcing
      fillers such as silica may be used to impart desired properties to help
      tailor make elastomeric compositions for specific end uses.
PAR  The liquid elastomer compositions may generally be processed by adding to a
      low shear mixer or a mixer of average power requirements a terminally
      reactive liquid elastomer. The desired amount of oil beaded carbon black
      may then be added. Preferably, the carbon black and oil are blended
      together and dried as by heating or in a vacuum to remove the water and
      the blend then added to the mixer. These compounds are then mixed for a
      short period of time until the carbon black and oil has been dispersed
      adequately into the liquid elastomer. The mixed liquid elastomer
      composition may then be cured using a conventional diisocyanate compound.
      The optimum amount of diisocyanate curing compound will vary, of course,
      according to the amount of water in the mixed liquid elastomer
      composition. Moreover, catalysts which increase the cure rate and
      antioxidants which prevent oxidation may be added, as desired. Thus, the
      present method presents a very practical approach to the reinforcement of
      liquid elastomers with carbon black. Additionally, the level or amount of
      carbon black and oil may be varied over a fairly wide range.
PAR  The unique advantage of the present invention is that because of the low
      viscosity of the liquid elastomer composition, the particular elastomer
      may be cured in a mold to produce the final product or to produce an
      article such as a tire tread which may be applied to produce a final
      product. Elastomers so produced, of course, can be used as tire treads,
      and for numerous mechanical goods such as conveyor belts, rubber tubing,
      rubber hoses and the like. The necessity of several operations requiring
      expensive machinery as in the production of solid elastomers is thereby
      avoided.
PAR  Masterbatches of liquid elastomer compositions made according to the above
      steps were prepared in low shear mixers and physical tests conducted.
      Moreover, masterbatches made according to the same recipes were tested on
      a high shear paint mill to determine whether any significantly different
      physical properties were obtained by a high shear dispersement. The exact
      composition of the liquid elastomers and the physical test data results
      are set forth in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     RECIPE AND PHYSICAL CURE DATA OF CARBON BLACK AND OIL DISPERSIONS IN      
     LIQUID ELASTOMERS                                                         
     RECIPE NO.   1A     1B       2A     2B     3A     3B                      
     __________________________________________________________________________
     Dispersing Mixer                                                          
                  Paint Mill                                                   
                         Baker-Perkins                                         
                                  P.M.   B-P    P.M.   B-P                     
     ARCO CS-15   100    100      100    100    75     75                      
     (Bd/St-OH term't)                                                         
                  --     --       --     --     25     25                      
     Polymeg 5202                                                              
     Type and Amt. of                                                          
                  ISAF            ISAF          HAF                            
     Carbon Black/                                                             
                  70/13.6                                                      
                         70/13.6  50/18.6                                      
                                         50/18.6                               
                                                50/2.63                        
                                                       50/2.63                 
     Aromatic Oil                                                              
     Shell        26.4   26.4     1.4    1.4    12.37  12.37                   
      Durex 916 oil,                                                           
     Isonate 143-L                                                             
      (MDI)       12.80  12.80    14.63  14.63  --     --                      
     Hylene-T (TDI)                                                            
                  --     --       --     --     12.22  12.22                   
     NCO/OH Ratio 1.40   1.40     1.60   1.60   2.50   2.50                    
      (optimum)                                                                
     Ethyl 702 Antioxidant                                                     
                  1.0    1.0      1.0    1.0    1.0    1.0                     
     DBTDL        --     --       --     --     0.05   0.05                    
     Cure Cycles                                                               
     Tensile Slabs       35'/300.degree.F                                      
                                         25'/300.degree.F                      
                                                       20'/300.degree.F        
     Compression Set     35'/300.degree.F                                      
                                         33'/300.degree.F                      
                                                       20'/300.degree.F        
      Buttons                                                                  
     Stanley-London Blocks                                                     
                         35'/300.degree.F                                      
                                         33'/300.degree.F                      
                                                       20'/300.degree.F        
     Flexometer Blocks   50'/300.degree.F                                      
                                         38'/300.degree.F                      
                                                       30'/300.degree.F        
     Normal Stress-Strain Properties                                           
     100% Modulus, psi                                                         
                  525    675      400    425    625    650                     
     300% Modulus, psi                                                         
                  1525   1775     1275   1300   --     1700                    
     Tensile Strength, psi                                                     
                  2000   1850     1400   1575   1725   1750                    
     Ultimate Elong., %                                                        
                  380    310      320    350    280    310                     
     Aged Stress-Strain Properties - 4 days at 212.degree.F                    
     100% Modulus, psi                                                         
                  750    --       500    500    875    850                     
     200% Modulus, psi                                                         
                  1675   --       1100   1150   --     --                      
     300% Modulus, psi                                                         
                  --     --       --     --     --     --                      
     Tensile Strength, psi                                                     
                  2200   --       1875   1700   1600   1350                    
      Retention, %                                                             
                  110    --       134    108    92.8   77.1                    
     Ultimate Elong., %                                                        
                  250    --       300    270    190    160                     
      Retention, %                                                             
                  66     --       94     77     67.9   51.6                    
     Hot Ring Tear                                                             
      Lbs./in.:                                                                
      at 212.degree.F                                                          
                  207    214      54     64     154    163                     
      at 275.degree.F                                                          
                  --     --       --     48     --     --                      
     Shore "A" Hardness at 73.degree.F (on Compression Set Button)             
                  76     77       69     69     75     77                      
     Compression Set - 22 Hrs./158.degree.F (on Compression Set Button)        
     %            70     58       53     49     40     38.4                    
     Dispersion Rating* (on Compression Set Button)                            
                  2      1        1      1      1      1                       
      *The dispersion rating scale ranges from one through seven, with a rating
      of one giving the best dispersion and seven being the poorest dispersion.
      The dispersion rating is determined as follows: A compression set button 
      of the cured composition under test is cut through with a guillotine and 
      the cut surface compared visually with a series of 7 standard cut blocks,
      and the number of the most nearly similar standard button assigned as the
      dispersion rating of the composition under test. The test is essentially 
      that of ASTM D-2663-69 Method A visual inspection except that 7 standards
      are used instead of 5 as in the ASTM test.                               
     COMPOUND IDENTIFICATION                                                   
     ARCO CS-15                                                                
               Butadiene/Styrene (75/25) hydroxy terminated copolymer - ARCO   
               Chemical                                                        
     Polymeg 5202                                                              
               Polytetrahydrofuran, hydroxy terminated M.W. 5200 - Quaker      
               Oats                                                            
     Dutrex 916 Oil                                                            
               Highly aromatic Processing Oil - Shell Oil Co.                  
     Isonate 143L                                                              
               4,4'-Diphenylmethane diisocyanate - Upjohn                      
     Hylene T  Toluene 2,4-diisocyanate - DuPont                               
     Ethyl 702 4,4'-Methylene-bis-2,6-di-t-butyl phenol - Ethyl Corp.          
     DBTDL     Dibutyltin dilaurate - Ventron Chem.                            
     __________________________________________________________________________
      .sup.1) P.M. designates Three Roll Paint Mill B.P. designates            
      Baker-Perkins Mixer                                                      
PAR  In general, ISAF grade carbon black loaded liquid elastomers were better
      than those with HAF carbon black at the optimum NCO/OH ratio. In
      comparison to the high shear paint mill carbon black dispersion, the low
      shear Baker-Perkins stocks showed equal to better dispersion ratings and
      slightly lower compression set. Overall, the properties for the low shear
      Baker-Perkins stocks were better than those of the high shear stocks.
PAR  Further masterbatches of liquid elastomer compositions were made in a
      manner as set forth above in low shear mixers and physical tests
      conducted. The results are set forth in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     RECIPE AND PHYSICAL CURE DATA OF OIL BEADED CARBON BLACK DISPERSIONS IN   
     LIQUID ELASTOMERS                                                         
     RECIPE NO.    4   5    6   7    8   9    10  11   12  13   14             
     __________________________________________________________________________
     Dispersion    Baker-Perkins     Baker-Perkins                             
                                                  Baker-Perkins                
     ARCO CS-15    100 100  100 100  100 100  100 100  100 100  100            
      (Bd/St-OH term't)                                                        
     Type and Amt. of Carbon                                                   
     Black/Aromatic Oil                                                        
                   ISAF              ISAF              ISAF                    
                   50/9.74           50/9.74 (not dried)                       
                                                       50/18.59 (not dried)    
     Shell                                                                     
      Dutrex 916 oil                                                           
                   10.26                                                       
                       10.26                                                   
                            10.26                                              
                                10.26                                          
                                     5.26                                      
                                         5.26 5.26                             
                                                  1.41 1.41                    
                                                           1.41 1.41           
     Isonate 143-L (MDI)                                                       
                   9.15                                                        
                       10.98                                                   
                            12.81                                              
                                14.64                                          
                                     10.98                                     
                                         12.81                                 
                                              14.64                            
                                                  9.15 10.98                   
                                                           12.81               
                                                                14.64          
     NCO/OH Ratio (optimum)                                                    
                   1.00                                                        
                       1.20 1.40                                               
                                1.60 1.20                                      
                                         1.40 1.60                             
                                                  1.00 1.20                    
                                                           1.40 1.60           
      Ethyl 702 Antioxidant                                                    
                   1.00                                                        
                       1.00 1.00                                               
                                1.00 1.00                                      
                                         1.00 1.00                             
                                                  1.00 1.00                    
                                                           1.00 1.00           
       DBTDL Dibutyltin                                                        
                   0.05                                                        
                       0.05 0.05                                               
                                0.05 0.05                                      
                                         0.05 0.05                             
                                                  0.05 0.05                    
                                                           0.05 0.05           
        Dilaurate                                                              
     Normal Stress-Strain Properties - Cured 35' at 300.degree.F               
     100% Modulus, psi                                                         
                   400 525  550 790  900 525  850 210  360 550  575            
     200% Modulus, psi                                                         
                   750 1250 1200                                               
                                1525 1525                                      
                                         1125 1600                             
                                                  565  825 925  1175           
     300% Modulus, psi                                                         
                   1225                                                        
                       1675 1725                                               
                                2150 --  --   --  1040 --  1335 1735           
     Tensile Strength, psi                                                     
                   1550                                                        
                       2170 2000                                               
                                2500 1800                                      
                                         1475 1950                             
                                                  1210 1075                    
                                                           1400 1865           
     Ult. Elongation, %                                                        
                   380 360  360 360  250 260  270 340  260 320  310            
     Steel Ball Rebound - Compression Set Button - Cured 35' at 300.degree.F   
      %: at 73.degree.F                                                        
                    36  37   38  41   40  37   41  36   39  43   44            
       %: at 212.degree.F                                                      
                    37  41   44  48   45  37   47  34   42  51   50            
     Shore "A" Hardness - Compression Set Button - Cured 35" at 300.degree.F   
      at 73.degree.F                                                           
                    60  65   75  74   66  57   68  45   57  68   63            
     __________________________________________________________________________
PAR  In order to compare the dispersions of non-oil beaded carbon blacks and
      oil-beaded blacks processed in a Baker-Perkins mixer as well as the
      physical properties thereof, masterbatches were prepared and tested which
      gave the following results.
TBL                                    TABLE III                               
     __________________________________________________________________________
     BAKER-PERKINS VS. PAINT MILL MIX OF VARIOUS CARBON BLACKS IN LIQUID       
     RUBBER                                                                    
     RECIPE NO.       15A    15B   16A    16B                                  
     __________________________________________________________________________
     Meth. of Carbon Black Disp.                                               
                      PM     B-P   PM     B-P                                  
     ARCO CS-15 (Bd/St-OH term't)                                              
                      100    100   100    100                                  
     Carbon Black, type                                                        
                      HAF    HAF   HAF    HAF                                  
                   (glycerin base  (oil-beaded)                                
     phr of black     50     50    50     50                                   
     phr of oil       --     --    2.63   2.63                                 
     Additional Dutrex 916 oil, phr                                            
                      15     15    12.37  12.37                                
     Hylene-T (TDI), phr                                                       
                      6.48   6.48  6.48   6.48                                 
     NCO/OH Ratio     1.20   1.20  1.20   1.20                                 
     Ethyl 702 Antioxidant                                                     
                      1.0    1.0   1.0    1.0                                  
     DBTDL            0.05   0.05  0.05   0.05                                 
     NPIRI RATINGS    5/0    250/250                                           
                                   10/0   10/0                                 
     Normal Stress-Strain Properties - Cured 40' at 300.degree.F               
     100% Modulus, psi                                                         
                      260    110   325    278                                  
     300% Modulus, psi                                                         
                      875    --    1150   975                                  
     Tensile Strength, psi                                                     
                      1800   110   1900   1825                                 
     Ultimate Elongation, %                                                    
                      550    130   500    500                                  
     Aged Stress-Strain Properties - 4 days/212.degree.F - Cured 40' at        
     300.degree.F                                                              
     100% Modulus, psi                                                         
                      450    --    550    500                                  
     200% Modulus, psi                                                         
                      1125   --    1225   1025                                 
     300% Modulus, psi                                                         
                      1825   --    1950   1500                                 
     Tensile Strength, psi                                                     
                      2100   200   1950   1750                                 
      Retention, %    116.7  186.1 102.6  95.9                                 
     Ultimate Elongation, %                                                    
                      340    70    300    370                                  
      Retention, %    61.8   53.8  60.0   74.0                                 
     Hot Ring Tear at 212.degree.F - Cured 40' at 300.degree.F                 
      Lbs./inch       170    27    160    234                                  
     Shore "A" Hardness - Compression Set Button - Cured 40' at 300.degree.F   
      at 73.degree.F  57     55    60     68                                   
     Compression Set - ASTM (B) - 22 hours at 158.degree.F - Cured 40' at      
     300.degree.F                                                              
      %               36.8   60.0  37.6   46.1                                 
     Dispersion Rating                                                         
                      1      *7    1      1                                    
     __________________________________________________________________________
      *The dispersion rating scale ranges from one through seven, with a rating
      of one giving the best dispersion and seven being the poorest dispersion,
      determined as described under Table I above.                             
PAR  As apparent from the above table, compound 15B which did not contain
      oil-beaded black but rather contained a conventional glycerin base carbon
      black, had a very poor dispersion rating. In contrast, compound 16B which
      contained an oil-beaded carbon black compound gave a very good dispersion
      rating when mixed in a low shear Baker-Perkins mixer. Additionally, the
      physical properties of the oil-beaded compound tend to be much better than
      the compound 15B which had poor dispersion.
PAR  It can thus be seen that the disclosed invention carries out the objects of
      the invention set forth above. While according to the Patent Statutes the
      best mode has been set forth, it will be apparent to those skilled in the
      art that many other modifications can be made without departure from the
      spirit of the invention herein disclosed and described, the scope of the
      invention being limited solely by the scope of the attached claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A low shear method of adequately dispersing carbon black in liquid
      elastomers comprising the steps of:
PA1  adding to a container a liquid elastomer,
PA1  an amount of from 5 to about 60 parts by weight of a hydrocarbon oil,
PA1  adding to said container from 30 to about 60 parts by weight based on 100
      parts of said liquid elastomer of an oil beaded carbon black containing
      from 25 to about 100 parts by weight of carbon black and containing said
      entire amount from 5 parts to about 60 parts by weight of said hydrocarbon
      oil so that said entire amount of hydrocarbon oil is added in the form of
      an oil beaded carbon black,
PA1  mixing said compounds to produce a low viscosity, carbon black dispersed
      elastomeric composition,
PA1  and mixing said compounds in a lower shear mixer.
NUM  2.
PAR  2. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 1, including the additional step of curing said
      carbon black dispersed elastomeric composition.
NUM  3.
PAR  3. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 1, wherein said oil ranges from 15 to about 40
      parts by weight based on said liquid elastomer.
NUM  4.
PAR  4. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 1, wherein said liquid elastomer has two or more
      terminally reactive groups and is selected from the class consisting of
      polybutadiene, polybutadienestyrene, polyisoprene, polychloroprene,
      coploymers of polybutadiene and acrylonitrile, polyoxytetramethylene
      glycol and polyoxypropylene glycol.
NUM  5.
PAR  5. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 4, wherein said terminally reactive groups are
      selected from the class consisting of hydroxyl, mercapto and carboxyl end
      groups.
NUM  6.
PAR  6. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 5, wherein said carbon black ranges from 40 to
      about 70 parts by weight.
NUM  7.
PAR  7. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 5, including the additional step of preliminarily
      drying said oil-beaded carbon black before incorporating said oil-beaded
      carbon black into said liquid elastomer.
NUM  8.
PAR  8. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 5, wherein said oil is an aromatic hydrocarbon oil.
NUM  9.
PAR  9. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 5, wherein said terminally reactive liquid
      elastomers are cured with curing agents.
NUM  10.
PAR  10. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 9, wherein said curing agents are compounds having
      the formula R(N=C=X).sub.2 where R is an aliphatic group having from 2 to
      about 20 carbon atoms, a cycloaliphatic group having from 4 to about 20
      carbon atoms or an aromatic group having from 6 to about 20 carbon atoms,
      and X is oxygen or sulfur.
NUM  11.
PAR  11. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 10, wherein said diisocyanate compounds are
      selected from the group consisting of toluene diisocyanate, 1,4-phenylene
      diisocyanate, bitoluene diisocyanate, hexamethylene diisocyanate, and
      dianisidine diisocyanate.
NUM  12.
PAR  12. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 11 wherein said liquid elastomers are selected from
      the class consisting of polybutadiene, polybutadiene-styrene and
      copolymers of polybutadiene and acrylonitrile.
NUM  13.
PAR  13. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 10, wherein from 0.01 to 1.0 percent by weight of a
      catalyst based on said liquid elastomer is added to increase the cure
      rate.
NUM  14.
PAR  14. A low shear method of adequately dispersing carbon black in liquid
      elastomers as set forth in claim 12, wherein said carbon black ranges from
      about 40 to about 70 parts by weight.
NUM  15.
PAR  15. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 12, wherein from 1.0 to about 3.0 equivalent
      amounts of R(N=C=X).sub.2 to said terminally reactive groups are added.
NUM  16.
PAR  16. A low shear method of adequately dispersing carbon black in liquid
      elastomers according to claim 15, wherein said equivalent amount ranges
      from 1.0 to about 1.7.
NUM  17.
PAR  17. A low shear method of adequately dispersing carbon black in liquid
      elastomers according to claim 10, wherein said oil is an aromatic oil.
NUM  18.
PAR  18. A low shear method of adequately dispersing carbon black in liquid
      elastomers according to claim 15, wherein said oil is an aromatic oil.
NUM  19.
PAR  19. A low shear method of adequately producing a cured elastomer article
      comprising the steps of:
PA1  adding to a low shear mixer a liquid elastomer selected from the group
      consisting of polybutadiene, a polybutadiene-styrene, polyisoprene,
      polychloroprene, copolymers of polybutadiene and acrylonitrile and
      polypropylene glycol, said liquid elastomers terminated by two or more
      hydroxyl groups, from 5 to about 60 parts of a hydrocarbon oil by weight,
      adding from 30 to 160 parts of an oil beaded carbon black containing from
      25 to about 100 parts by weight of carbon black and containing said entire
      amount of said 5 to 60 parts of said hydrocarbon oil to said mixer so that
      said entire amount of hydrocarbon oil is added in the form of an oil
      beaded carbon black, mixing said compounds to disperse said carbon black,
      adding an equivalent excess based upon said hydroxyl groups of a
      diisocyanate curing agent having the formula R(N=C=X).sub.2 where R is an
      aliphatic group containing from 5 to about 20 carbon atoms or an aromatic
      group containing from 6 to about 20 carbon atoms and X is oxygen or
      sulfur, said amount being from about 1.0 to about 3.0 equivalent of said
      diisocyanate, mixing said diisocyanate curing compound in said dispersed
      carbon black-oil liquid elastomer, forming an article and curing to
      produce a cured solid elastomer article.
NUM  20.
PAR  20. A low shear method of adequately dispersing carbon black in liquid
      elastomers comprising the steps of:
PA1  adding to a container a liquid elastomer,
PA1  adding to said container from 30 to about 125 parts by weight based on 100
      parts of said liquid elastomer of an oil beaded carbon black containing
      from 25 to about 100 parts by weight of carbon black and containing from 5
      to about 25 parts by weight of a hydrocarbon oil,
PA1  adding separately from 0 to about 35 parts by weight of a hydrocarbon oil,
PA1  mixing said compounds to produce a low viscosity, carbon black dispered
      elastomeric composition,
PA1  and mixing said compounds in a low shear mixer.
NUM  21.
PAR  21. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 20, wherein said liquid elastomer has two or more
      terminally reactive groups and is selected from the class consisting of
      polybutadiene, polybutadienestyrene, polyisoprene, polychloroprene,
      copolymers of polybutadiene and acrylonitrile, polyoxytetramethylene
      glycol and polyoxypropylene glycol.
NUM  22.
PAR  22. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 21, wherein said terminally reactive groups are
      selected from a class consisting of hydroxyl mercapto and carboxyl end
      groups.
NUM  23.
PAR  23. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 22, wherein said carbon black ranges from 40 to
      about 70 parts by weight.
NUM  24.
PAR  24. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 22, including the additional step of preliminarily
      drying said oil-beaded carbon black before incorporating it into said
      liquid elastomer.
NUM  25.
PAR  25. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 24, wherein said oil-beaded carbon black is vacuum
      dried.
NUM  26.
PAR  26. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 22, wherein said carbon black is a furnace grade
      carbon black.
NUM  27.
PAR  27. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 22, wherein said oil is an aromatic hydrocarbon
      oil.
NUM  28.
PAR  28. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 22, wherein said terminally reactive liquid
      elastomers are cured with curing agents.
NUM  29.
PAR  29. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 28, wherein said curing agents are compounds having
      the formula R(N=C=X).sub.2 where R is an aliphatic group having from 2 to
      about 20 carbon atoms, a cycloaliphatic group having from 4 to about 20
      carbon atoms or an aromatic group having from 60 to about 20 carbon atoms,
      and X is oxygen or sulfur.
NUM  30.
PAR  30. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 29, wherein said compounds having the formula
      R(N=C=X).sub.2 are selected from the group consisting of toluene
      diisocyanate, 1,4-phenylene diisocyanate, bitoluene diisocyanate,
      hexamethylene diisocyanate, and dianisidine diisocyanate.
NUM  31.
PAR  31. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 29, wherein said liquid elastomers are selected
      from the class consisting of polybutadiene, polybutadiene-styrene, and
      copolymers of polybutadiene and acrylonitrile.
NUM  32.
PAR  32. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 29, wherein from 0.01 to 1.0 percent by weight of a
      catalyst based on said liquid elastomer is added to increase the cure
      rate.
NUM  33.
PAR  33. A low shear method of adequately dispersing carbon black in liquid
      elastomers as set forth in claim 29, wherein an antioxidant is added to
      retard oxidation during cure and retard oxidation in the finished article.
NUM  34.
PAR  34. A low shear method of adequately dispersing carbon black in liquid
      elastomers as set forth in claim 31, wherein said carbon black ranges from
      about 40 to about 70 parts by weight.
NUM  35.
PAR  35. A low shear method of adequately dispersing carbon black in liquid
      elastomers as in claim 31, wherein from 1.0 to about 3.0 equivalent
      amounts of R(N=C=X).sub.2 to said terminally reactive groups are added.
NUM  36.
PAR  36. A low shear method of adequately dispersing carbon black in liquid
      elastomers as set forth in claim 35, wherein said equivalent amount ranges
      from 1.0 to about 1.7.
NUM  37.
PAR  37. A low shear method of adequately dispersing carbon black in liquid
      elastomers according to claim 29, wherein said oil is an aromatic oil.
NUM  38.
PAR  38. A low shear method of adequately dispersing carbon black in liquid
      elastomers according to claim 35, wherein said oil is an aromatic oil.
NUM  39.
PAR  39. A low shear method of adequately producing a cure elastomer article
      comprising the steps of:
PA1  adding to a low shear mixer a liquid elastomer selected from the group
      consiting of polybutadiene, polybutadiene-styrene, polyisoprene,
      polychloroprene, copolymers of polybutadiene and acrylonitrile or
      polypropylene glycol, said liquid elastomers terminated by 2 or more
      hydroxyl groups, adding from 30 to about 125 parts by weight based on 100
      parts of said liquid elastomer of an oil beaded carbon black containing
      from 25 to about 100 parts by weight of carbon black and containing from 5
      to about 25 parts by weight of a hydrocarbon oil, adding separately from 0
      to about 35 parts of a hydrocarbon oil, mixing said compounds to disperse
      said carbon black, adding an equivalent excess based upon said hydroxyl
      groups of a diisocyanate curing agent having the formula R(N=C=X).sub.2
      where R is an aliphatic group containing from 5 to about 20 carbon atoms
      or an aromatic group containing from 60 to about 20 carbon atoms and X is
      an oxygen or sulfur, said amount being from about 1.0 to about 3.0
      equivalence of said diisocyanate, mixing said diisocyanate curing compound
      in said liquid elastomer, forming an article and curing to produce a cured
      solid elastomer article.
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PAL  Self-bonding, heat-curable silicone rubber composition comprising (a) a
      diorganopolysiloxane polymer (b) a curing catalyst and (c) a compound of
      the formula,
      ##EQU1##
      where R.sup.6 is selected from alkyl radicals and hydrogen, Z is seleccted
      from COO, phenylene, CO, CONH and CON-R.sup.2, R.sup.2 is selected from
      monovalent hydrocarbon radicals and halogenated monovalent hydrocarbon
      radicals, R.sup.5 is selected from unsaturated monovalent hydrocarbon
      radicals and unsaturated halogenated monovalent hydrocarbon radicals,
      G.sup.1 is selected from hydrogen, R.sup.2 radicals and R.sup.5 radicals.
      There may also be used in the above composition a process aid, a filler,
      and other ingredients commonly used in heat-curable silicone rubber
      compositions. In place of the maleate set forth above, and/or in addition
      to the maleate set forth above, there may be used a silylmaleate.
PARN
PAR  This application is a continuation of application Ser. No. 144,249 filed
      May 17, 1971, was issued into U.S. Pat. No. 3,730,932.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to heat-curable silicone rubber compositions
      and, in particular, relates to heat-curable silicone rubber compositions
      which are self-bonding to various substrates, such as plastics, metals or
      glass.
PAR  Heat-curable silicone rubber is applied to various substrates for various
      purposes. It may, for instance, be applied to various synthetic fiber
      substrates, such as dacron or nylon, which imparts enhanced physical
      properties to the resulting laminate so that the laminate can be used for
      such purposes as gaskets, radiator hoses and the like. Further, for
      various reasons, it is desirable to apply heat-curable rubber to various
      hard substrates, such as metals or glass, so as to impart improved
      weatherability to the resulting laminated product.
PAR  At the present time, when heat-curable rubber is applied to various
      substrates, it is necessary to employ a primer, that is, a primer is
      applied on the surface of the substrate and then the silicone rubber
      composition is applied thereover and cured onto the substrate. If the
      silicone rubber composition is applied to the substrate without a primer,
      then in many cases the bond between the silicone rubber and the substrate
      is not as strong as would be desired. In discussing bonds, it is necessary
      to distinguish between two types of failure that may occur in the bonding
      between a silicone rubber layer and a substrate, that is cohesive failure
      and adhesive failure. Insofar as it relates to this application, adhesive
      failure occurs when the silicone rubber layer separates from the substrate
      at the point wherein the two layers meet, that is the bond between the
      silicone rubber layer and the substrate ruptures before the silicone
      rubber layer or the substrate. Cohesive failure occurs when the silicone
      rubber layer or the substrate rupture before the bond between the silicone
      rubber layer and the substrate fails.
PAR  In order to obtain cohesive failure with the present silicone rubber
      materials, it is necessary in many cases to use a primer before the
      application of the silicone rubber layer to the substrate. However, the
      use of a primer entails an additional step in the preparation of the
      laminate and thus is costly, as well as time consuming.
PAR  Further, there are presently only a limited number of primers that can be
      used with silicone rubber materials. Further, when some of these primers
      are used, they produce results of adhesive failure rather than cohesive
      failure when the laminate is tested. In addition, with these primers that
      are known, it is not always possible to obtain cohesive failure in the
      laminate when the silicone rubber is applied to certain substrates. In the
      copending docket of DeZuba, Berger and Selin, Docket 8SI-1189, there is
      disclosed one type of self-bonding, heat-curable silicone rubber
      composition. In the present case, there is disclosed another type of
      self-bonding, heat-curable silicone rubber composition.
PAR  Accordingly, it is one object of the present invention to provide a
      heat-curable silicone rubber composition that is self-bonding to all types
      of substrates.
PAR  It is another object of the present invention to provide a heat-curable
      silicone rubber composition that is self-bonding to various substrates and
      has good physical properties.
PAR  It is yet another object of the present invention to provide a heat-curable
      silicone rubber composition that will self-bond to various substrates and
      results in cohesive failure when tension is applied to separate the rubber
      composition from the substrate.
PAR  It is an additional object of the present invention to provide a process
      for producing a heat-curable silicone rubber composition that is
      self-bonding to all types of substrates and which can be used and applied
      immediately to any substrate without the use of a primer.
PAR  These and other objects of the present invention are accomplished by means
      of the composition and process set forth below.
PAC  SUMMARY OF THE INVENTION
PAR  There is provided by the present invention a self-bonding, heat-curable
      silicone rubber composition comprising an organopolysiloxane polymer
      having a viscosity of at least 100,000 centistokes at 25.degree.C of the
      formula,
EQU  (R).sub.a SiO.sub.(4.sub.-a)/ 2                            (1)
PAL  a curing catalyst and a compound of the formula,
      ##EQU2##
      or a compound of the formula,
      ##EQU3##
      where R is selected from monovalent hydrocarbon radicals and halogenated
      monovalent hydrocarbon radicals, R.sup.6 is selected from alkyl radicals
      of up to 10 carbon atoms and hydrogen, Z is selected from COO, phenylene,
      CO, CONH and CONR.sup.2, R.sup.2 is selected from the same radicals as R,
      R.sup.5 is selected from unsaturated monovalent hydrocarbon radicals and
      unsaturated halogenated monovalent hydrocarbon radicals, G' is selected
      from hydrogen, R radicals and R.sup.5 radicals and a varies from 1.95 to
      2.0, inclusive. In the above composition, there is present 82 to 99.65% by
      weight of the organopolysiloxane, 0.1 to 8% by weight of the curing
      catalyst and 0.25 to 10% by weight of the maleate or fumarate based on the
      weight of the composition. There usually is in the above composition a
      process aid which comprises 1 to 25% by weight of the organopolysiloxane.
      There may also be present a filler which is usually a silica filler, which
      can comprise 20 to 60% by weight of the organopolysiloxane. In addition,
      there of course can be any of the other ingredients and additives normally
      to be found in heat-curable silicone rubber compositions.
PAR  In place of the maleates and fumarates set forth above, or in addition to
      the maleates of formulas (2) and (3), there may be present in the
      composition silyl compounds selected from the group consisting of the
      formula,
      ##EQU4##
      and of the formula,
      ##EQU5##
      where Z is selected from COO, phenylene, CO, CONH, and CONR.sup.2, G is
      selected from hydrogen, R' and R.sup.4 SiR.sub.n.sup.2 (M).sub.3.sub.-n, M
      is selected from R.sup.3 O and R.sup.3 COO, where R, R.sup.2 and R.sup.3
      are selected from monovalent hydrocarbon radicals and halogenated
      monovalent hydrocarbon radicals, R.sup.6 is selected from alkyl radicals
      of up to 10 carbon atoms and hydrogen, R.sup.4 is selected from divalent
      hydrocarbon radicals and halogenated divalent hydrocarbon radicals, R' is
      selected from monovalent hydrocarbon radicals and halogenated monovalent
      hydrocarbon radicals and is preferably an unsaturated monovalent
      hydrocarbon radical such as alkenyl, and n is a whole number that varies
      from 1 to 3.
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the above formulas, that is, formulas (1) through (5), the radicals R,
      R.sup.2 and R.sup.3 may be aryl radicals and halogenated aryl radicals
      such as phenyl, chlorophenyl, xylyl, tolyl, etc; aralkyl radicals, such as
      phenethyl, benzyl, etc; aliphatic, haloaliphatic and cycloaliphatic
      radicals such as alkyl, alkenyl, cycloalkyl, haloalkyl, including methyl,
      ethyl, propyl, chlorobutyl, cyclohexyl, etc; cyanoalkyl radicals such as
      cyanoethyl, cyanopropyl, cyanobutyl, etc. Preferably, the R radical is
      represented by methyl and phenyl radicals, where more than 50% of the R
      radicals are methyl. Further, in the organopolysiloxane polymer
      represented by formula (1), there is preferably 0.1 to 0.6 weight per cent
      of the polymer of vinyl radicals. Further, preferably the R.sup.2 and
      R.sup.3 radicals are alkyl radicals of not more than 8 carbon atoms and
      are preferably methyl or ethyl. The R.sup.6 radical is selected from
      hydrogen and alkyl radicals of up to 10 carbon atoms. Preferably, the
      R.sup.6 radical is hydrogen. Radicals represented by R.sup.5 are alkenyl
      radicals, cycloalkenyl radicals and arylalkenyl radicals, such as vinyl,
      allyl, cyclohexyl, phenyl-2-propenyl, etc. In addition, the R.sup.5
      radicals may be represented by alkynyl radicals, such as propargyl, etc.
      It is preferred that R.sup.5 be either vinyl or allyl or an alkenyl
      radical of less than 8 carbon atoms. The R' radical in formulas (4) and
      (5) may be a saturated monovalent hydrocarbon radical or an unsaturated
      monovalent hydrocarbon radical and is preferably represented by the
      radicals recited in the exemplification of the R, R.sup.2 and R.sup.3
      radicals. However, more preferably, the R' radical is selected from
      unsaturated monovalent hydrocarbon radicals and halogenated unsaturated
      monovalent hydrocarbon radicals such as alkenyl radicals of up to 8 carbon
      atoms. It is preferred that G' be an R.sup.5 radical, that is, an
      unsaturated monovalent hydrocarbon radical. In formulas (4) and (5), it is
      preferable that G be an R' radical such as an unsaturated monovalent
      hydrocarbon radical exemplified by alkenyl radicals of up to 8 carbon
      atoms. In formulas (2) to (5), it is preferable that Z be equivalent to a
      carboxyl radical, since when Z is equal to the other radicals enumerated
      above, these compounds are more difficult to synthesize. In formulas (2)
      through (5), both the cis and trans isomers have been shown and are
      intended to be covered. Any of the isomers of the maleates and the
      silylmaleates disclosed in the use or mixtures of the isomers may be used.
      In addition, there may be used the maleates and silylmaleates alone or a
      mixture of the maleates and silylmaleates. Radicals included by R.sup.4
      are divalent saturated and unsaturated hydrocarbon radicals such as
      alkenyl, alkenylene, alkynylene and arylene radicals, which are
      exemplified by ethylene, trimethylene, tetramethylene, phenylene,
      ethylene-phenylene, etc. The radical R.sup.4 may have 2 to 20 carbon
      atoms, and is preferably ethylene.
PAR  Maleates coming within the scope of formulas (2) and (3) are
      diallylmaleate, dipropenylmaleate, dibutenylmaleate, etc. The preferred
      silylmaleate coming within the scope of formulas (4) and (5) is
      bis-trimethoxysilylpropylmaleate and bis-trimethoxysilylbutylmaleate.
      Other compounds coming within the scope of formulas (2) through (5) which
      are the preferred compounds in the present case and exemplify the
      compounds intended to be covered within the scope of formulas (2) through
      (5) are as follows:
PA1  bis-trimethoxysilylpropylmaleate
PA1  diallylfumarate
PA1  allyl acid maleate
PA1  bis-(3-chloropropenyl)maleate
PA1  ethyl allyl fumarate
PA1  diisopropenyl fumarate
PA1  bis-trimethoxysilylpropyl fumarate
PA1  bis-dimethoxymethylsilylpropyl maleate
PA1  trimethoxysilylpropyl allyl fumarate
PA1  bis-ethoxydimethylsilylpropenyl maleate
PAR  There are also within the scope of formula (1) polydiorganosiloxanes which
      can be copolymers containing two or more different diorganosiloxane units
      therein and copolymers of dimethylsiloxane units and methylphenylsiloxane
      units; or copolymers of methylphenylsiloxane units, diphenylsiloxane
      units, dimethylsiloxane units and methylvinylsiloxane units, as well as
      copolymers of dimethylsiloxane units, methylvinylsiloxane units and
      diphenylsiloxane units.
PAR  Preparation of the diorganopolysiloxane of formula (1) which can contain
      both saturated and olefinically unsaturated hydrocarbon groups may be
      carried out by any of the procedures well known to those skilled in the
      art. Such polysiloxanes can be produced by following a procedure involving
      hydrolysis of one or more hydrocarbon-substituted dichlorosilanes in which
      the substituents consist of saturated hydrocarbon groups to produce a
      crude hydrolyzate containing a mixture of linear and cyclic polysiloxanes.
      Further, one or more hydrocarbon-substituted dichlorosilanes whose
      hydrocarbon substituents comprise one or more olefinically unsaturated
      hydrocarbon groups are hydrolyzed to produce a crude hydrolyzate
      containing a mixture of linear and cyclic polysiloxanes. The two crude
      hydrolyzates are depolymerized by being treated with KOH to form mixtures
      of low boiling, low molecular weight cyclic polymers and undesirable
      material such as the monofunctional and trifunctional chlorosilane
      starting material. The resulting compositions are fractionally distilled
      and there is collected two pure products containing the low boiling, low
      molecular weight cyclic polymers free of any significant amount of
      monofunctional and trifunctional groups.
PAR  In order to depolymerize the crude hydrolyzates, there is added to them a
      catalyst and the mixture is heated at a temperature above 150.degree.C to
      produce and recover by evaporization a product consisting of low molecular
      weight cyclic polysiloxanes comprising, for example, about 85 per cent of
      the tetramer and 15 per cent of the mixed trimer and pentamer. When the
      hydrocarbons on the silicon atom are methyl, materials resulting from the
      presence of monomethyltrichlorosilane in this initial product produced
      from dimethyldichlorosilane remain as residue in the distillation vessel
      or tower.
PAR  The distillate consisting essentially of low molecular weight cyclic organo
      polymers, free of any significant amount of monofunctional and
      trifunctional groups, is collected in a vessel. The then dried cyclic
      siloxane contains less than 50 ppm of water. The cyclic dimethyl,
      methylvinyl and diphenyl cyclic siloxanes are prepared in the same way.
PAR  The pure cyclic siloxanes are added in the desired proportions in a
      reaction vessel so as to be subjected to an equilibration reaction to form
      the polysiloxanes of formula (1). Thus, about 0.5 - 17 mole per cent
      cyclic diphenylsiloxane can be added to 82 - 97.5 mole per cent dimethyl
      cyclic siloxanes. Then, 0.1 - 1.0 mole per cent of methylvinyl cyclic
      siloxane may be mixed with the dimethyl and diphenyl cyclic siloxane or
      other desired proportions of the cyclic siloxanes may be used to produce
      the desired polymer. To the above mixture of pure cyclic siloxanes there
      is added a polymerization catalyst, such as KOH. The KOH breaks the ring
      of cyclic siloxanes to form a potassium silanolate which has the formula,
      ##EQU6##
      This compound, the potassium silanolate, thus can attack other cyclics to
      break the rings and increase the chain length of the siloxanes formed.
      There is further added to the reaction mixture an amount of one or more
      monofunctional compounds calculated to function as end-blockers for
      limiting the degree of polymerization and consequently the lengths and
      molecular weights of the linear polysiloxane chains and for stabilizing
      the polymers. Usually, a small amount of monofunctional compounds are
      added to function as end-blockers so as to regulate the chain length of
      the polymers. Preferably, a compound is used as the chain-stopped groups
      having the formula,
      ##EQU7##
PAR  Other monofunctional compounds that may be employed satisfactorily for
      controlling polymer growth include, among others, hexamethyldisiloxane,
      tetramethyldiethoxydisiloxane, diethyltetraethoxydisiloxane and
      divinyltetraethoxydisiloxane.
PAR  The equilibration reaction is carried out from 2 to 4 hours until about 85%
      of the cyclic diorganosiloxanes have been converted to polymers
      end-stopped with monofunctional groups. When the 85% conversion point has
      been reached, there are just as many polymers being converted to the
      cyclic siloxanes as there are cyclic siloxanes being converted to the
      polymer. At that time, there is added to the mixture a sufficient amount
      of an acid donor, such as phosphorous acid, that will neutralize the KOH
      catalyst so as to terminate the polymerization reaction. The cyclic
      diorganosiloxanes in the reaction mixture are then distilled off to leave
      the polydiorganosiloxane gum which is useful in the present invention.
PAR  Alternatively, the mixture of polydiorganosiloxane may be then further
      reacted with the cyclic siloxanes therein and then during compounding of
      the mixture with process aid and fillers on a doughmixer, the remaining
      cyclic siloxanes may be removed by a gas purge.
PAR  The polydiorganosiloxane is produced so that it preferably registers a
      penetration of 50 - 4,000 mm per minute on a standard penetrameter.
      Further, the polymer preferably has a molecular weight in the range of
      100,000 to 2,000,000 and a viscosity of 100,000 to 100,000,000 centipoise
      at 25.degree.C.
PAR  Hydrocarbon-substituted polysiloxanes whose pendant groups consist largely
      of groups other than methyl, such as ethyl or other saturated hydrocarbon
      groups and olefinically-unsaturated hydrocarbon groups other than, or in
      addition to, vinyl groups, can be produced by means of procedures similar
      to that described above or by means of procedures modified in accordance
      with the known characteristics of the various hydrocarbon groups to be
      included.
PAR  The polydiorganosiloxane gum employed is preferably produced under
      conditions so controlled as to avoid the incorporation therein of any
      significant amounts of trifunctional compounds, groups, or molecules to
      avoid crosslinking of linear polysiloxane chains through silicon and
      oxygen atoms and the incorporation therein of any significant amount of
      monofunctional compounds or radicals than those specifically provided to
      serve as end-blockers for limiting the degree of polymerization.
      Accordingly, the starting polydiorganosiloxane gum contains 2.0
      hydrocarbon groups per silicon atom. Deviations from a ratio of 2 to 1,
      for example, ratios of 1.95 to 2.01, will be insignificant for all
      practical purposes since it will attribute to the presence of other
      hydrocarbon groups whose total numbers will be insignificant as compared
      with the total number of hydrocarbon groups attached to silicon atoms of
      linear polysiloxane chains.
PAR  In producing the silicone rubber composition of the present invention,
      there is utilized any of the filler materials of the highly reinforcing
      types consisting of inorganic compounds or any suitable combination of
      such filler materials employed in the production of elastomers as is
      customary in the prior art. There is preferably employed finely divided
      silica base fillers of the highly reinforcing type which are characterized
      by a particle diameter of less than 500 millimicrons and by surface areas
      of greater than 50 square meters per gram. Inorganic filler materials of a
      composition other than those preferred can be employed alone or in
      combination with the preferred fillers with good results. Such filler
      materials such as titanium, iron oxide, aluminum oxide, as well as the
      inorganic filler materials known as inert fillers which can include among
      others, diatomaceous earth, calcium carbonate and quartz can preferably be
      employed in combination with highly-reinforcing silica fillers to improve
      the tensile strength or the hardness of the elastomeric product. Other
      examples of suitable fillers are diatomaceous silica, aluminum silicate,
      zinc oxide, zirconium silicate, barium sulfate, zinc sulfide, aluminum
      silicate and finely divided silica having surface-bonded alkoxy groups.
PAR  There is preferably employed in the present compositions 10 - 100 per cent
      by weight of said polysiloxane gum of the inorganic filler and preferably
      20 to 60 per cent by weight.
PAR  There is also employed in the present composition 1 to 25 per cent and
      preferably 5 to 15 per cent by weight based on the polydiorganosiloxane
      gum of a process aid for preventing the gum and the filler mixture from
      structuring prior to curing and after compounding. One example of such a
      process aid is a compound of the formula,
      ##EQU8##
      where R is a member selected from the class consisting of methyl and
      phenyl, X is a member selected from the class consisting of --OH,
      --NH.sub.2 or --OR', where R' is methyl or ethyl, n has a value of from 2
      to 4, inclusive, and b is a whole number equal to from 0 to 10, inclusive.
      Further details as to the properties, as well as the method of preparation
      of the compound of formula (6), are to be found in the disclosure of
      Martellock U.S. Pat. No. 3,464,945, which is herein incorporated by
      reference.
PAR  The process aid may also be a dihydrocarbon-substituted polysiloxane oil
      having hydrocarbon substituent to silicon atom ratio of from 1.6 to 2.0
      and whose hydrocarbon substituents comprise at least one member selected
      from the class consisting of methyl, ethyl, vinyl, allyl, cyclohexenyl and
      phenyl groups, said polysiloxane oil comprising polysiloxane molecules
      containing an average of from one to two lower alkoxy groups bonded to
      each of the terminal silicon atoms where the alkoxy groups are selected
      from the class consisting of methoxy, ethoxy, propoxy and butoxy.
PAR  Preparation of the alkoxy-containing hydrocarbon-substituted polysiloxane
      oils that can be employed as a process aid in the present invention can be
      carried out by producing one or more types of cyclic
      dihydrocarbon-substituted polysiloxanes from one or more types of
      dihydrocarbon-substituted dichlorosilanes and dialkoxysilanes in
      accordance with the hydrolysis, depolymerization and fractional
      distillation procedures described in detail above with reference to the
      preparation of the gum of formula (1). Then one or more types of cyclic
      siloxanes so produced are mixed with predetermined amounts of a
      dihydrocarbon-substituted dialkoxysilane and the mixture is subjected to
      an equilibration treatment under controlled conditons to produce the
      desired alkoxy end-blocked hydrocarbon-substituted linear polysiloxane
      oil.
PAR  The alkoxy-containing hydrocarbon-substituted polysiloxane oils suitable
      for use in the present invention are relatively low molecular weight
      polysiloxane oils whose polymer chains have at least four and as much as
      thirty-five and more dihydrocarbon siloxy units per molecule. The
      polysiloxane oils preferably have an average of at least one and not more
      than two alkoxy groups bonded to each of the terminal silicon atoms of the
      molecule. A more detailed disclosure of the alkoxy end-blocked
      polysiloxane process aids, as well as their method of preparation, is to
      be found in the disclosure of Fekete, U.S. Pat. No. 2,954,357 which is
      hereby incorporated into this specification by reference.
PAR  There may also be used as a process aid hydroxylated organosilanes which
      contain from one silicon-bonded hydroxyl per 70 silicon atoms to two
      silicon-bonded hydroxyls per silicon atom and contains from 1.9 to 2.1
      hydrocarbon radicals per silicon atom. The remaining valences of the
      silicon atom are satisfied by oxygen atoms. The hydroxylated materials
      include both monomers such as diphenylsilanediol and polymeric materials
      which contain two silicon-bonded OH groups in the molecule. In addition,
      the hydroxylated organosilane may be a mixture of hydroxyl-containing
      siloxanes and completely condensed siloxanes. Irrespective of the
      particular composition of the hydroxylated organosiloxane, it is necessary
      that there be present in said organosilane from one OH to 70 silicon atoms
      to two OH per silicon atom.
PAR  The hydroxylated siloxanes may be prepared by any suitable method, such as
      heating said siloxanes with steam under pressure at temperatures of about
      120.degree.C or hydrolyzing silanes of the formula R.sub.n SiX.sub.4-n
      where X is any hydrolyzable group such as Cl, OR, H, --OOR and R is a
      monovalent hydrocarbon radical. The former method is preferred for the
      preparation of those hydroxylated materials in which the hydrocarbon
      radicals are alkyl, while the latter method is best for the siloxanes in
      which hydrocarbon radicals are monocyclic aryl hydrocarbon radicals.
      Further, detailed information as to the hydroxylated organosiloxanes which
      may be used as process aids is to be found in Konkle et al U.S. Pat. No.
      2,890,188, the disclosure of which is being incorporated into this
      application by reference.
PAR  Any of the above process aids may be used alone or mixtures thereof may be
      used in the above-defined concentrations. Further, other suitable process
      aids may also be used in the silicone rubber compositions of the present
      invention.
PAR  The curing of the silicone rubber composition of the present invention can
      be effected by chemical vulcanizing agents or by high energy electron
      radiation. More often, chemical vulcanizing agents are employed for the
      curing operation and any of the conventional curing agents can be
      employed. The preferred curing agents are organic peroxides conventionally
      used to cure silicone elastomers. Especially suitable are the dimethyl
      peroxides which may have the structural formulas,
      ##EQU9##
      wherein R represents the same alkyl group throughout or alkyl groups of
      two or more different types and n is zero or a larger integer.
PAR  Among the specific peroxide curing catalysts that are preferred are
      di-tertiary-butyl peroxide, tertiary-butyltriethylmethyl peroxide,
      tertiary-butyl-tertiary-butyl-tertiary-triphenyl peroxide, t-butyl
      perbenzoate and a ditertiary alkyl peroxide such as dicumyl peroxide.
      Other suitable peroxide catalysts which effect curing through saturated as
      well as unsaturated hydrocarbon groups on the silicon chain are aryl
      peroxides which include benzoyl peroxides, mixed alkyl-aryl peroxides
      which include tertiary-butyl perbenzoate, chloroalkyl peroxides such as
      1,4-dichlorobenzoyl peroxide; 2,4-dichlorobenzoyl peroxide,
      monochlorobenzoyl peroxide, benzoyl peroxide, etc. Generally 0.1 - 8 per
      cent of said peroxide by weight of the polydiorganosiloxane gum is used to
      cure the silicone rubber composition and preferably 0.5 - 3.0 per cent by
      weight of the above curing catalyst, t-butyl perbenzoate, is preferred.
PAR  To obtain the compounds of formulas (2) and (3), benzene is reacted at a
      temperature of 250.degree.C to 400.degree.C and preferably above
      300.degree.C in the presence of air in a vapor phase reaction to produce
      maleic anhydride. In this reaction, vanadium pentoxide is a necessary
      catalyst. The reaction takes place without a solvent to produce the
      desired maleic anhydride, as well as carbon dioxide and water. The maleic
      anhydride can then be reacted with an unsaturated alcohol at room
      temperature to produce the half acid ester of maleic acid. The resulting
      half ester can then be reacted with another mole of an unsaturated
      alcohol, such as allyl alcohol, in the presence of a strong acid such as
      toluene sulfonic acid, and a solvent to produce the diunsaturated
      hydrocarbon substituted maleate. Any type of unsaturated alcohol may be
      used in the above reactions.
PAR  The above method results in di-unsaturated hydrocarbon maleates. In order
      to obtain the isomeric fumarates, the maleate is equilibrated at a
      temperature of 75.degree.C to 400.degree.C in the presence of hydrogen
      chloride gas. As a result of the reaction, there is obtained a mixture of
      the cis- and trans-isomers which can be separated by fractionation. When
      the second mole of unsaturated alcohol is reacted with monounsaturated
      hydrocarbon-substituted maleic acid, a solvent is preferably used such as
      a solvent selected from commonly inert solvents, such as toluene, xylene,
      mineral spirits, benzenes and other types of solvents.
PAR  To obtain the maleates and fumarates of formulas (2) and (3), where Z is
      equal to CONH or CONR.sup.2, maleic anhydride as produced in accordance
      with the above process is once more used as a starting material. The
      maleic anhydride is first reacted with an unsaturated hydrocarbon amine
      which may be a primary amine or a secondary amine, such as allylamine, to
      obtain the mono-substituted N-allyl maleamic acid. This reaction is
      preferably carried out without any solvent and at room temperature. The
      maleamic acid reaction product is then taken and placed in an inert
      solvent such as benzene and refluxed at 60.degree.C to 80.degree.C so that
      it may react while it is refluxing with sulfonyl chloride. The resulting
      maleamoyl chloride product may then be reacted with a second mole of
      allylamine so as to obtain the diallylmaleamide. This second reaction is
      preferably carried out without any solvent and in the temperature range of
      0.degree.C to 50.degree.C in order for the reaction to proceed to
      completion. In place of the allylamine as exemplified above, there may be
      used any other type of unsaturated hydrocarbon amine although allylamine
      is the preferred reactant. Further, in place of the primary unsaturated
      hydrocarbon amine, there may be used a secondary unsaturated hydrocarbon
      amine to obtain a product coming within the scope of formulas (2) and (3),
      where Z is equal to CONR.sup.2.
PAR  In order to obtain a compound within the scope of formulas (2) and (3),
      wherein Z is equal to a phenylene group, it is desirable to utilize a
      Wittig reacent which Wittig reagent is discussed in detail in "Organic
      Reactions" Vol. 14, Chap. J. published by John Wiley & Sons in 1965. Thus,
      using such a Wittig reagent, one type of maleate that can be produced in
      which Z is equal to phenylene groups and R.sup.5 is equivalent to a vinyl
      group, is obtained by reacting two compounds of the formula,
      ##EQU10##
      to obtain the desired diphenylmaleate. A similar type of reaction can be
      carried out where it is desired that the unsaturated hydrocarbon group be
      other than vinyl. This reaction is preferably carried out in solvents such
      as tetrahydrofuran or other solvents, such as 1,2-dimethoxyethane, and the
      Glymy solvents produced by the Ansul Chemical Co. Further, in order for
      the reaction to proceed as desired to obtain the reaction product set
      forth in the above reactions, it is necessary to carry out the reaction at
      a temperature range of -40.degree.C to -20.degree.C. To obtain a compound
      of formulas (2) and (3), where Z is equal to a carbonyl, CO, a Grignard
      type of reaction is used. This type of reaction is set forth in detail in
      the publication "Organic Synthesis", Vol. 3, p. 109 published by John
      Wiley & Sons (1965) and "Organic Reactions", Vol. H by D. A. Shirley,
      published by John Wiley & Sons (1964).
PAR  In the case where R.sup.5 is desired to be allyl and G' is also desired to
      be an unsaturated hydrocarbon, such as allyl, the reactants for producing
      the desired diketone product are as follows.
      ##EQU11##
      In this reaction, a solvent is used such as exemplified before with the
      Wittig reagents, such solvents being exemplified by tetrahydrofuran and
      ether solvents, such as 1,2-dimethoxyethane. Further, in order to obtain
      the desired product, it is necessary to cool the reaction temperatures so
      as to maintain it in the range of -60.degree.C to -80.degree.C. The above
      reaction can be carried out with any other Grignard reactant where R.sup.5
      is equal to unsaturated hydrocarbon other than allyl. If one mole of the
      allyl Grignard reagent is reacted with one mole of the fumaryl chloride
      reactant, there will be obtained an allyl-substituted group for one of the
      chlorine atoms, with the other chlorine atom terminal group being left
      unreacted. These resulting products can then be hydrolyzed so as to change
      the acid chloride group to an acid group as desired.
PAR  The reactants in the above reactions for obtaining the compounds of
      formulas (2) and (3), where Z is equal to CONH, CONR.sup.2, phenylene and
      CO, are well known compounds whose synthesis can be found in any advanced
      work in organic chemistry. However, for further details as to the manner
      of preparation of these compounds, as well as the reactions examplified
      above, one is referred to the references disclosed herein before. The
      fumaryl chloride which is in the last reaction set forth above, is
      obtained by reacting maleic anhydride with phthaloyl chloride in the
      presence of a zinc chloride as a catalyst. The reaction is allowed to
      proceed at room temperature in the range of 100.degree.C to 150.degree.C
      for 2 hours. The resulting fumaryl chloride is obtained as the desired
      reaction product. This reaction is more fully described in "Organic
      Synthesis", Vol. 3, p. 222 published by John Wiley & Sons (1955), and the
      reader is referred to that reference for a fuller description of this
      reaction, as well as the other references specified above.
PAR  The silyl compounds of formulas (4) and (5) are obtained by reacting the
      compounds of formulas (2) and (3) with a hydrosilane of the formula,
EQU  HSiR.sup.2.sub.n X.sub.3.sub.-n                            ( 7)
PAL  in the presence of a platinum catalyst, where R.sup.2 is as defined
      previously, X is halogen and preferably chlorine, and n is a whole number
      that varies from 1 to 3, as defined previously. If G' in formulas (2) and
      (3) is the same as the R.sup.5 radical, that is, it is a monovalent
      unsaturated hydrocarbon radical, the hydrosilane of formula (6) may be
      added on to both of the unsaturated linkages in the R.sup.5 radicals by
      reacting two moles of the hydrosilane of formula (7) with one mole of the
      compounds of formulas (2) and (3). However, even if G' is equal to an
      R.sup.5 radical, such as an allyl radical, mono-addition can be carried
      out by controlling the stoichiometry, that is by reacting one mole of the
      hydrosilane of formula (7) with one mole of the compounds of formulas (2)
      and (3). If di-substitution is desired, on the other hand, two moles of
      the hydrosilane of formula (7) is reacted with one mole of either the
      maleates and/or fumarates of formulas (2) and (3) and a di-addition
      product will be obtained.
PAR  The reaction is preferably carried out at room temperature and a solvent is
      not required. In that case, any inert solvent such as toluene, xylene,
      mineral spirits, benzene, etc., can be used. Suitable catalysts for the
      addition of the silane of formula (6) to the compounds of formulas (2) and
      (3) are the various platinum and platinum compound catalysts known in the
      art. These catalysts include elemental platinum in the finely divided
      state which can be deposited on charcoal or aluminum, as well as the
      various platinum compounds such as chloroplatinic acid, a platinum
      hydrocarbon complex of the type shown in U.S. Pat. Nos. 3,159,601,
      3,159,602, as well as the platinum alcoholic complexes prepared from the
      chloroplatinic acids which are described and claimed in Lamoreaux U.S.
      Pat. No. 3,220,972. Preferably, the platinum catalyst is added to the
      hydrosilane located in the reaction chamber to which is also added the
      solvent, and then the unsaturated maleate or fumarate is slowly added to
      the reaction mixture at the reaction temperatures described above. When
      elemental platinum or one of the platinum complex catalysts is used, the
      catalyst is generally used in an amount sufficient to provide about
      10.sup.-.sup.4 to 10.sup.-.sup.6 moles of platinum per mole of reactants.
      The reaction is allowed to proceed to completion in 4 to 15 hours and
      preferably in 5 to 8 hours. After the reaction period is over, a sample of
      the reaction mixture may be checked by infrared analysis for SiH bonds to
      determine how far the reaction has proceeded to completion. When at least
      95% of the SiH silane has been converted to the reaction product, the
      reaction mixture may be cooled and the reaction may be considered to have
      proceeded to a sufficient extent for the conversion to the silyl
      compounds. After the silylmaleate, whether the mono-substituted or
      di-substituted product is obtained, there is still halogen atoms attached
      to the silicon atoms which have to be substituted, otherwise the resulting
      compound is hydrolytically unstable.
PAR  To replace these chlorine atoms, the halosilyl may be reacted with an
      alcohol or an acid of the formula R.sup.3 OH, R.sup.3 COOH, where R.sup.3
      is as defined previously and is preferably a saturated monovalent
      hydrocarbon radical, such as alkyl, with no more than 8 carbon atoms. In
      preparing the reaction mixture, one mole of the halosilylmaleate is
      reacted with 3-n moles of the alcohol or acid, that is, the number of
      moles of the alcohol or acid must be equivalent to the number of moles of
      the halogen attached to the silicon atom, and the reaction is allowed to
      proceed at reduced pressures and molderate temperatures when it is carried
      out in the absence of a solvent. The reduced pressures and moderate
      temperatures are preferred so that the acid that is formed from the
      alkoxylation or acylation would be boiled off and will not contaminate the
      desired product. Thus, it is preferred that the reaction be carried out at
      less than 100 mm of mercury pressure at temperatures in the range of
      75.degree.C to 100.degree.C.
PAR  As an alternative, the alkoxylation or acylation reaction may be carried
      out in the presence of a hydrocarbon solvent, in which solvent the
      hydrogen chloride that was released is not soluble so that during the
      course of the reaction, the acid which is given off does not affect the
      silylmaleate or silylfumarate product which is within the scope of
      formulas (4) and (5). As an alternative, both the maleates and the
      fumurates of formulas (2) and (3) may be reacted with a hydroalkoxysilane
      in place of the hydrohalosilane of formula (6). However, with the
      alkoxysilane, the SiH-olefin addition in the presence of a platinum
      catalyst proceeds more slowly than in the case where the silane of formula
      (6) is used.
PAR  In accordance with an additional embodiment of the present invention, there
      is within the scope of the present invention polysiloxane compounds of the
      formulas,
      ##EQU12##
      and polysiloxane compounds of the formula,
      ##EQU13##
      wherein Z, R, R.sup.4 and R.sup.6 are as defined previously and G" is
      selected from hydrogen, where R' is as defined previously, and the
      radical,
      ##EQU14##
      in which a varies from 0.005 to 2.0 and b varies from 1.0 to 2.5, the sum
      of a plus b is equal to 1.005 to 3.0, inclusive. Further, in the above
      formulas c varies from 0 to 1.0, d varies from 1.0 to 2.5, and the sum of
      c plus d varies from 1.0 to 2.5. To obtain the polysiloxane maleates and
      fumarates of formulas (8) and (9), the unsaturated hydrocarbon maleates
      and fumarates of formulas (2) and (3) are reacted with a hydrogen
      polysiloxane of the formula,
EQU  H.sub.a R.sub.b SiO.sub.(4-a-b)/2                          ( 10)
PAL  in the presence of a platinum catalyst, where R, a and b are as previously
      defined. The reaction conditions, as well as the type of platinum catalyst
      that may be used and the concentration of the platinum catalyst is the
      same as that previously set forth in describing the reactions between the
      maleates and fumarates of formulas (2) and (3) and the hydrohalosilane of
      formula (6).
PAR  Methods for making the silicon hydride of formula (7) are well known as
      shown in "Organosilicon Compounds" by Eaborn, p. 24 (1960), Butterworth
      Scientific Publications. The hydrogenpolysiloxane of formula (10) is also
      a well known compound in the art. The hydrogenpolysiloxane may be obtained
      by hydrolyzing hydrogenorganochlorosilanes with diorganodichlorosilanes in
      the presence of water. As a result, there is obtained a mixture of cyclic
      and linear siloxanes. The cyclic polysiloxanes that are formed are boiled
      off and collected. The different diorgano cyclic and organohydrogen cyclic
      polysiloxanes are then mixed together and equilibrated in the presence of
      a polymerization catalyst, such as potassium hydroxide, to form the
      hydropolysiloxane of formula (10). In the equilibration procedure there is
      also added as a reactant a chain-stoppper such as hexamethyldisiloxane of
      dihydrogentetramethyldisiloxane so as to provide the appropriate
      chain-stoppers to the polysiloxane polymers that are formed. The type of
      chain-stopper that is used determines the identity of the terminal group
      on the polymer chain. Further, the amount of the chain stopper that is
      used relative to the cyclic polysiloxanes determines the length of the
      polymer chains that are formed. As far as the equilibration procedure and
      reaction conditions, this is much the same as that used to form the
      polysiloxane of formula (1) and one is referred to that description above
      for more detailed description of the procedure.
PAR  In order to obtain the polysiloxane of formulas (8) and (9), where G" is
      equal to a polysiloxane radical, one mole of the maleates or fumarates of
      formulas (2) and (3), separately or together, is reacted with one mole of
      the hydroxygenpolysiloxane of formula (10). The resulting compound will be
      a maleate or fumarate having an R.sup.5 radical thereon and having a G
      radical thereon which is equal to the polysiloxane. That is, the majority
      of the product formed will contain an R.sup.5 terminal group and a
      polysiloxane terminal group. This reaction, of course, is carried out in
      the presence of a platinum catalyst. Then the resulting product is
      separated as is normal in an SiH-olefin addition reaction and the product
      is again reacted with a hydropolysiloxane of formula (10) in the presence
      of a platinum catalyst. In this case, one mole of the polysiloxane maleate
      or fumarate product is reacted with one or more moles of the
      hydrogenpolysiloxane of formula (10). The final product that is obtained
      from this second reaction of the hydrogenpolysiloxane of formula (10) with
      a polysiloxane maleate or fumarate is a polysiloxane within the scope of
      formulas (8) and (9) above.
PAR  In all the above synthetic reactions which were described in detail,
      R.sup.6 was examplified by hydrogen. However, it can be appreciated that
      R.sup.6 can be any alkyl radical of up to 10 carbon atoms, such as methyl,
      ethyl, etc.
PAR  The self-bonding additives which are added to the composition of the
      present case are utilized in the composition in amounts of 0.25 to 10% by
      weight of the composition. Less than 0.25 weight per cent does not render
      the resulting composition self-bonding. In excess of 10% by weight of the
      additives does not increase the self-bonding properties of the cured
      polysiloxane but, in addition, tends to degrade the properties of the
      rubber. Preferably, the self-bonding additives are used in the composition
      in the range of 1.0 to 4.0% by weight. It should be mentioned that the
      above percentages are based on a composition which only includes the
      organopolysiloxane, a curing catalyst and the self-bonding additive.
PAR  For a fuller description as to the process by which the self-bonding
      additives in the present case are synthesized, one is referred to the
      disclosure of the patent application of Terry G. Selin and Abe Berger,
      Docket 8SI-1193, which is copending with the present case.
PAR  In addition to the fillers, process aid, curing catalyst and the maleates,
      the organopolysiloxane composition of the present invention can also
      contain structure control additives, pigments, heat stabilizers, etc.
      Examples of heat stabilizers are iron oxide, arylurethanes, etc., which
      can be employed in proportions up to 5 parts per 100 parts of the
      organopolysiloxane polymer of formula (1). In the practice of the
      invention, the organopolysiloxane composition is produced by forming a
      mixture of the organopolysiloxane polymer, filler, process aid and maleate
      material, a structure control additive and a heat stabilizer. The order of
      addition of the various ingredients is not critical. For example, the
      various ingredients or mixtures can be blended together by use of standard
      rubber mixing equipment, such as a doughmixer, rubber mill, Waring blender
      and the like. One procedure, for example, is to add the filler to the
      polymer while it is being milled, followed by the addition of the maleate,
      heat stabilizers, plasticizers, curing catalysts, etc.
PAR  Another procedure which can be employed is to dough-mix the polymer and
      filler and add the maleate material, curing catalyst, etc., to the polymer
      filler blend while it is miled in the rubber mill. Those skilled in the
      art would know, depending upon the properties desired in the final cured
      product and applications to which the cured product is to be employed, the
      nature and amount of the particular ingredients utilized and the manner of
      blending to produce the desired organopolysiloxane compositions. The
      organopolysiloxane composition can be converted to the solid, elastomeric
      state at temperatures in the range of from 80.degree.C to 650.degree.C,
      depending upon the nature of the curing catalyst, duration of the cure,
      amount and type of filler, etc. The direct conversion of the
      organopolysiloxane composition to the cured, solid, elastic state can be
      effected as a result of the conditions normally utilized during the
      conventional molding, extrusion and calendering operation. For example,
      depending upon the curing catalyst used, a temperature of 80.degree.C to
      300.degree.C can be employed for compression and transfer molding for
      either 30 minutes or more, or a minute or less. Hot air vulcanization
      temperatures from 150.degree.C to 650.degree.C or steam vulcanization at
      temperatures between 110.degree.C to 210.degree.C can be employed for
      periods of from 5 to 10 minutes or a matter of seconds during extrusion
      operation, again depending upon the curing catalyst used.
PAR  Those skilled in the art would know, in view of the application for which
      the cured product is intended, the particular means to be utilized in any
      particular situation. If desired, the cured product of the present
      invention can be oven-cured following the fabrication treatment after it
      has achieved optimum properties without adverse effects. Irrespective of
      the type of curing used, the organopoly-siloxane mixed with filler,
      process aid, curing catalyst and maleate can be applied directly on the
      substrate with which the laminate is formed.
PAR  The heat-curable polysiloxane composition of the present case will
      self-bond to various synthetic fiber substrates, such as dacron, nylon,
      heat-resistant nylon, glass cloth, rayon, cotton, wool, acetate fibers,
      acrylate fibers, teflon and polyester fibers. It will also self-bond with
      good adhesion so as to produce cohesive rupture upon being tested with
      natural fibers, such as wool and cotton. Further, this self-bonding
      composition of the present case will bond to plastic substrates, such as
      polycarbonates, polyvinyl chloride plastics, polyethylene plastics,
      polypropylene plastics, polyester plastics, polyamide plastics, teflon
      plastic and other types of plastics.
PAR  Other substrates to which the heat-curable silicone rubber composition will
      bond which results in cohesive failure upon being tested is steel
      substrates, aluminum substrates, glass substrates, concrete and wood.
PAR  In the above procedure for mixing and curing the organopolysiloxane
      composition, there was mentioned many different types of methods.
      Particularly, it is preferred that the different ingredients, such as the
      organopoly-siloxane polymer, the silica filler, the process aid and the
      maleate additive, the curing catalyst and the other ingredients be mixed
      in a doughmixer and then be placed on a calender. Then the mixture can be
      calendered onto a substrate, and particularly a synthetic fiber substrate.
      Of course, the silicone rubber composition of the present case cannot be
      milled onto a brittle substrate or a hard substrate such as glass or
      steel. However, with synthetic fiber or soft plastic substrates that are
      flexible, the silicone rubber composition of the present case is
      preferably milled or calendered onto the substrate and then presscured
      from 1 minute to 2 hours at a temperature in the range of 150.degree.C to
      250.degree.C or at a temperature in the range of 200.degree.F to
      400.degree.F. In the case where the substrate is brittle or hard and
      unflexible so that it cannot be milled or calendered together with the
      silicone rubber composition of the present case, then the silicone rubber
      composition is preferably milled in the form of a sheet and the sheet is
      applied to the substrate and press-cured.
PAR  As pointed out previously, the maleate additives of formulas (2) - (5) are
      added and milled or doughmixed into the organopolysiloxane polymer,
      filler, process aid and curing catalyst mixture. The resulting composition
      may then be used immediately so as to bond and cure on the substrate, or
      it may be placed and stored for a period of time. A silicone rubber
      composition of the present case containing the maleate of formulas (2) and
      (3) can be stored indefinitely without any adverse effects to the
      self-bonding properties of the composition when it is finally applied to
      substrates and cured.
PAR  Another method in which the silicone composition of the present case can be
      applied to various fibers is by the dip coating method. That is, the
      composition of the present case as defined above is dissolved in a solvent
      such as xylene, so as to obtain 15 to 40% solids solution and then the
      fibers or other elongated pieces of fabric or other type of substrate is
      dipped into the solution, taken out of the solution and heated within a
      period of one minute to 30 minutes at a temperature within the range of
      300.degree.C to 400.degree.C to evaporate the solvent and cure the
      composition of the present case on to the fabric substrate. If desired,
      the fabric having the coating of self-bonding, heat-cured silicone
      composition of the present case can be redipped as many times as desired
      into the solution to obtain successive layers of silicone rubber covering
      the fabric in order to obtain the desired thickness of silicone rubber on
      the fabric. As pointed out previously, and will be indicated below, the
      compositions of the present case were prepared and cured on various
      substrates to determine whether there would be cohesive or adhesive
      failure. In the tests indicated in the examples below, a Tinius Olsen
      tester which reads in pounds per inch of pull is used. The procedure in
      carrying out the test with the machine was to mix the organopolysiloxane
      polymer with a process aid, filler, maleate additive and curing catalyst
      in a doughmixer and then take the resulting mixture and mill it so as to
      obtain two sheets of substantially the same thickness on two sections of
      the same substrate. The two sections of the same type of substrate were
      brought then together so that the silicone rubber sheets touched one
      another. The resulting laminate was placed in a mold and cured for a
      period of time from one minute to 60 minutes in the temperature ranges
      indicated above. Before the laminate was cured, there was placed in one
      part of the laminate a spacer between the two sheets of silicone rubber.
      After the laminate had been cured, the spacer was removed and the
      substrates and silicone rubber were cut along the sides in the area of the
      spacer so that two strips were formed from the laminate which could be put
      on the Tinius Olsen tester. The tester was then started and the pull was
      measured until there was adhesive or cohesive failure. In order that those
      who are skilled in the art will be able to understand the practice of the
      present invention, the following examples are given by way of illustration
      and not by way of limitation. All parts are by weight.
DETD
PAC  EXAMPLE 1
PAR  A polydimethylsiloxane gum having the formula,
      ##EQU15##
      is mixed with 15 parts of an alkoxy-stopped dimethyldiphenylsiloxane
      process aid. To this mixture there is added 80 parts of fumed silica and
      the mixture is thoroughly mixed in a doughmixer. After the mixture is
      thoroughly mixed in the doughmixer, it is placed on the mill and there is
      milled into it per 100 parts of the mixture, 0.25 part of t-butyl
      perbenzoate as a curing catalyst, which composition is hereinafter
      referred to as Composition A. To different samples of Composition A there
      is added the self-bonding additives enumerated in Table I. The silicone
      rubber sheets that are formed are placed on a sheet of nylon fiber. These
      sheets are press-cured for a period of 60 seconds at a temperature of
      300.degree.C. At the end of that time, the sheets are subjected to the
      Tinius Olsen test specified above. From the initial samples of Compoaition
      A mixed with the various additives there also are taken further samples
      which are aged 7 days, 14 days and 6 months.
PAR  These further samples which are then applied to sheets of nylon fiber and
      press-cured for the same length of time and at the same temperature as the
      unaged samples, are then subjected to the Tinius Olsen test. The bond
      strength as determined by the Tinius Olsen test discussed above using the
      various self-bonding additives at various concentrations and at various
      self-aging times is given in Table I below.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Bond Strengths and Shelf Stability                                        
     Bond Strengths in lbs/in.                                                 
     Self-Bonding Additives                                                    
                      phr 0 Days                                               
                               8 Days                                          
                                    14 Days                                    
                                          6 Mos.                               
                                               % Retention                     
     __________________________________________________________________________
     Diallylmaleate   1.2 45-62                                                
                               49-65                                           
                                    49-60 47-60                                
                                               100                             
     Diallylfumarate  1.0 43-55                                                
                               45-60                                           
                                    49-63 45-55                                
                                               100                             
     Allyl Acid Maleate                                                        
                      1.1 42-48                                                
                               47-60                                           
                                    50-60 47-58                                
                                               100                             
     Bis-(3-chloropropenyl)maleate                                             
                      0.8 38-40                                                
                               40-55                                           
                                    44-58 40-50                                
                                               100                             
     Ethyl Allyl Fumarate                                                      
                      1.25                                                     
                          47-55                                                
                               53-60                                           
                                    53-63 50-60                                
                                               100                             
     Diisopropenyl Fumarate                                                    
                      2.00                                                     
                          60-70                                                
                               65-75                                           
                                    67-75 59-70                                
                                               100                             
     __________________________________________________________________________
PAR  The above results indicate that the various self-bonding additives
      enumerated in Table I give very good adhesion to undyed, unprimed nylon
      fiber which is, in fact, much better than that using primers on the nylon
      and then applying on top of the primer layer the heat-curable silicone
      rubber material. Further, the above self-bonding additives enumerated in
      Table I are shown to have superior self-aging properties such that even
      after a six month period, the gum, filler, process aid, curing agent and
      self-bonding additive mixture has the same self-bonding capabilities as it
      did on the day that the mixture was prepared.
PAC  EXAMPLE 2
PAR  There is prepared a mixture of the polysiloxane gum of Example 1 with 20
      parts of the process aid of Example 1 and 40 parts of silica filler. These
      compounds are mixed in the doughmixer until there is obtained a uniform
      mixture which is referred to as Composition B. Different samples of
      Composition B are taken and samples are placed on a mill and there are
      milled into the samples 0.25 part of dicumyl peroxide per 100 parts of the
      samples. There is also milled into the samples different amounts of the
      self-bonding additives enumerated in Table II below per 100 parts of
      Composition B. The resulting sheets are placed on the various substrates
      set forth in Table II below such as stainless steel, bare aluminum, alclad
      aluminum, cold rolled steel, glass and the resulting laminates are either
      press-cured in a press for 30 seconds at 400.degree.F or cured in an air
      oven at 300.degree.C. The cured laminates are then subjected to a shear
      test comprising taking one square inch of the sheets prepared as stated
      above and placing them on a one inch wide strip of substrate. Then a one
      inch wide strip of substrate is placed above the silicone rubber sheet and
      the resulting laminate is cured. The cured laminate comprising a layer of
      substrate, a layer of silicone rubber and a layer of substrate is then
      placed in a testing machine which pulls the substrates apart and the
      resulting force required to separate the substrates is measured in pounds
      per square inch as distinguished from the previous tests of Example 1
      which measures the force necessary to separate the silicone rubber layer
      from the substrate in pounds per inch. There is also prepared a sample
      sheet in which no self-bonding additive was used. Further, the glass
      silicone rubber layer laminate cannot be placed on a testing machine
      because of the brittleness of the glass. However, by merely pulling of the
      silicone rubber layer from the glass substrate, it is possible to
      determine whether the failure is cohesive or adhesive. The results of the
      tests are indicated in Table II below. In this Table II, after the pounds
      per square inch of pull necessary to cause failure of the laminate, there
      is indicated by a C where the failure is cohesive or by an A where the
      failure is indicated to be adhesive.
PAR  As indicated by Table II, with the self-bonding additives of the present
      invention incorporated into silicone rubber Composition B, there is
      obtained a laminate which is at least twice as strong as the laminate
      obtained without the use of the self-bonding additives. Further, without
      the self-bonding additives in all cases, the failure was adhesive, while
      with the self-bonding additives of the present invention in all cases the
      failure of the laminate was cohesive.
PAR  In addition to 100 parts of Composition B, there is milled 1.25 parts of
      diallylmaleate and 0.5 part of t-butyl perbenzoate. The mixture that is
      formed is calendered on a 2.0 mil strip of etched taflon and press-cured
      for 20 minutes at 300.degree.F. A similar mixture of Composition B without
      a maleate of the present case and with 0.5 part of t-butyl perbenzoate is
      calendered on a 2.0 mil thick strip of teflon and press-cured for 20
      minutes at 300.degree.F. The laminate that is formed having no
      self-bonding additive permitted the etched teflon to be peeled off easily
      from the silicone rubber layer. In the case where the laminate contained
      the silicone rubber composition with diallylmaleate therein, the etched
      teflon layer cannot be peeled off the silicone rubber layer.
TBL                                    TABLE II                                
     __________________________________________________________________________
     BOND STRENGTH FOR DIFFERENT TYPES OF SUBSTRATES IN PSI                    
                                  Stainless                                    
                                         Bare  Alclad                          
                                                     Cold Rolled               
     Self-Bonding Additive                                                     
                       Cure  phr  Steel  Aluminum                              
                                               Aluminum                        
                                                     Steel    Glass            
     __________________________________________________________________________
     bis-Trimethoxysilyl-                                                      
                       Press 1.25 580/C  410/C 500/C 750/C    C                
     propyl Maleate                                                            
     bis-Trimethoxysilyl-                                                      
                       Press 1.45 600/C  450/C 550/C 780/C    C                
     propyl Fumarate                                                           
     bis-Dimethoxymethyl-                                                      
                       Press 1.00 570/C  350/C 520/C 760/C    C                
     silylpropyl Maleate                                                       
     Trimethoxysilylpropyl-                                                    
                       Press 0.85 600/C  480/C 520/C 800/C    C                
     allyl Fumarate                                                            
     bis-Ethoxydimethyl-                                                       
                       Press 1.50 730/C  525/C 575/C 860/C                     
     silylpropyl Maleate                                                       
     None              Press      186/A   30/A  0/C  193/A    A                
     CH.sub.3 OO                                                               
     .vertline..parallel..parallel.                                            
     --SiCH.sub.2 CH.sub.2 CH.sub.2 O--CC.fwdarw.                              
                       1 Hr/ 2.00 800/C  310/C 790/C 891/C    C                
     .vertline.        700.degree.F                                            
     CH.sub.3 HH                                                               
     CH.sub.3                                                                  
     .vertline.                                                                
     OCH.sub.2 CH.sub.2 CH.sub.2 SiO                                           
     .vertline.                                                                
     CH.sub.3x                                                                 
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for forming a self-bonding, heat-curable silicone rubber with
      superior adhesion to substrates comprising mixing from 82 to 99.65% by
      weight of an organopolysiloxane polymer having a viscosity of at least
      100,000 centipoise at 25.degree.C of the formula,
EQU  (R).sub.a SiO.sub.(4.sub.-a)/2 ,
PAL  with from 0.1 to 8% by weight of a curing catalyst and from 0.25 to 10% by
      weight of a self-bonding additive selected from the group consisting of
      the formula,
      ##EQU16##
      and of the formula,
      ##EQU17##
      where R is selected from monovalent hydrocarbon radicals and halogenated
      monovalent hydrocarbon radicals, R.sup.6 is selected from alkyl radicals
      and hydrogen, Z is selected from COO, phenylene, CO,
      ##EQU18##
      R.sup.2 is selected from the same radicals as R, R.sup.5 is selected from
      unsaturated monovalent hydrocarbon radicals and unsaturated halogenated
      monovalent hydrocarbon radicals, G' is selected from hydrogen, R radicals
      and R.sup.5 radicals, a varies from 1.95 to 2.01, inclusive, and heating
      the resulting mixture to a temperature in the range of 80.degree.C to
      650.degree.C.
NUM  2.
PAR  2. The process of claim 1 further including a silica filler which comprises
      20 to 60% by weight of the organopolysiloxane.
NUM  3.
PAR  3. The process of claim 1 wherein there is added to said organopolysiloxane
      a process aid selected from the class consisting of a
      dihydrocarbon-substituted oil and a hydroxylated organosiloxane which
      comprises 1 to 25% by weight of said organopolysiloxane.
NUM  4.
PAR  4. The process of claim 1 wherein the curing catalyst is t-butyl
      perbenzoate.
NUM  5.
PAR  5. The process of claim 1 wherein at least 50% of the R radicals are
      methyl, R.sup.6 is hydrogen, and G' is the same as the R.sup.5 radicals.
NUM  6.
PAR  6. The process of claim 1 wherein the self-bonding additive is
      diallylmaleate.
NUM  7.
PAR  7. A process for forming a self-bonding, heat-curable silicone rubber with
      superior adhesion to substrates comprising mixing from 82 to 99.65% by
      weight of an organopolysiloxane polymer having a viscosity of at least
      100,000 centipoise at 25.degree.C of the formula,
EQU  (R).sub.a SiO.sub.(4.sub.-a)/2 ,
PAL  with from 0.1 to 8% by weight of a curing catalyst and from 0.25 to 10% by
      weight of a self-bonding additive selected from the group consisting of
      the formula,
      ##EQU19##
      and of the formula,
      ##EQU20##
      where Z is selected from the group consisting of COO, phenylene, CO,
      ##EQU21##
      G is selected from hydrogen, R' and R.sup.4 SiR.sup.2.sub.n
      (M).sub.3.sub.-n, M is selected from R.sup.3 O and R.sup.3 OOO, where R,
      R.sup.2 and R.sup.3 are selected from the group consisting of monovalent
      hydrocarbon radicals and halogenated monovalent hydrocarbon radicals,
      R.sup.6 is selected from alkyl radicals and hydrogen, R.sup.4 is selected
      from divalent hydrocarbon radicals and halogenated divalent hydrocarbon
      radicals, R' is selected from the group consisting of monovalent
      hydrocarbon radicals and halogenated monovalent hydrocarbon radicals, a
      varies from 1.95 to 2.01, inclusive, n is a whole number that varies from
      1 to 3, and heating the resulting mixture to a temperature in the range of
      80.degree.C to 650.degree.C.
NUM  8.
PAR  8. The process of claim 7 further including a silica filler which comprises
      20 to 60% by weight of the organopolysiloxane.
NUM  9.
PAR  9. The process of claim 8 wherein there is added to said organopolysiloxane
      a process aid selected from the class consisting of a
      dihydrocarbon-substituted oil and a hydroxylated organosiloxane which
      comprises 1 to 25% by weight of said organopolysiloxane.
NUM  10.
PAR  10. The process of claim 7 wherein the curing catalyst is t-butyl
      perbenzoate.
NUM  11.
PAR  11. The process of claim 7 wherein Z is COO and G is R.sup.4
      SiR.sup.2.sub.n (M).sub.3.sub.-n.
NUM  12.
PAR  12. The process of claim 11 where R.sup.4 is propylene, M is R.sup.3 O and
      R.sup.2 and R.sup.3 are methyl.
NUM  13.
PAR  13. The process of claim 7 wherein the self-bonding additive is
      trimethoxysilylpropylallylmaleate.
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PAL  A process for the mass coloration of polyamide chips in which a dye of the
      formula
      ##SPC1##
PAL  In which R is hydrogen or chloro is used. The dye is absorbed
      quantitatively or virtually quantitatively from the aqueous phase. After
      shaping, pure blue colorations are obtained having great thermal
      stability.
BSUM
PAR  The invention relates to the use of
      1-amino-4-arylaminoanthraquinone-2-sulfonic acids for the mass coloration
      or dope dyeing of polyamides.
PAR  German Laid-Open Specifications (DOS) Nos. 1,903,235 and 1,794,122 disclose
      the use of reaction products of 1-amino-4-bromoanthraquinone-2-sulfonic
      acid and aromatic amines for the mass coloration of polyamides. Dyes used
      for mass coloration have to have good tinctorial properties. In
      particular, they have to be stable in the melt which has a reducing
      action.
PAR  For the dope dyeing of polyamides it is preferred to use chips or granules
      of polyamide colored from an aqueous liquor. In the interests of ecology
      it is now required that waste dye liquor should contain little or no dye,
      i.e. the dye has to be absorbed more or less quantitatively from the
      aqueous liquor.
PAR  The object of the present invention is to provide dyes which under the
      conditions of chip dyeing are absorbed quantitatively or substantially
      quantitatively by polyamide chips or granules, the colored chips being
      used for mass coloration or dope dyeing.
PAR  I have found that in the mass coloration or dope dyeing of polyamides the
      abovementioned disadvantages can be obviated by coloring polyamide chips
      or granules with a dye of the formula:
      ##SPC2##
PAL  In which R is hydrogen or chloro and processing the colored polyamide into
      filaments, threads, wires, film or sheeting by a melt process.
PAR  Dyes to be used according to the invention are eminently suitable for the
      dope dyeing or melt coloration of polyamides because they have excellent
      resistance to high temperature and in the chip dyeing method are absorbed
      substantially quantitatively by the polyamide material from the aqueous
      phase.
PAR  The dyes give pure blue colorations which have excellent tinctorial
      properties.
PAR  The dyeing of the polyamide chips or granules is carried out by a
      conventional method, for example by the dusting method or preferably by
      the chip dyeing method.
PAR  Since the dye is not so finely dispersed in the molten material in the
      dusting method it is generally only the coarser items, for example
      bristles and wires, which can be prepared by this method.
PAR  The chip dyeing method is important for the production of colored granules
      or chips to be used for dope dyeing. The polyamide material colored by
      this method contains the dye in a very fine dispersion and may therefore
      be spun satisfactorily into very fine textile filaments and threads.
PAR  At a liquor ratio of from about 1:1 to 4:1 polyamide granules (chips) are
      colored up to exhaustion of the dye liquor at the boiling temperature. To
      accelerate absorption and to increase the degree of absorption it is
      advantageous to carry out dyeing in a weakly acid medium, for example
      after adding an acid or a buffer system or a salt of a weak base with a
      weak acid, such as ammonium acetate at a pH of from 5 to 6. The amount of
      dye may be varied within wide limits; it depends on the depth of color
      desired. A medium depth of color is achieved for example with a 0.5%
      dyeing. Coloring the polyamide granules may also be carried out at a
      temperature above 100.degree.C, for example at 130.degree.C, at
      superatmospheric pressure.
PAR  Instead of clear polyamide material it is also possible to use polyamide
      material which has been delustered, for example with titanium dioxide.
PAR  The dye may be used in the form of the free acid or a water-soluble salt of
      the same. Examples of salts are the alkaline earth metal salts and
      preferably the alkali metal salts, the ammonium salts and the amine salts.
PAR  Dyes of the formula (Ia):
      ##SPC3##
PAL  in which R is hydrogen or chloro are of special interest and the dye in
      which R is chloro is particularly preferred.
PAR  Dyes to be used according to this invention and particularly the dye of
      formula (Ia) with R equal to chloro have a much higher affinity in dyeing
      by the chip dyeing method than dyes of the closest prior art, for example
      the dye of the formula:
      ##SPC4##
PAL  or the dye of Example 2 of German Laid-Open Specification (DOS) No.
      1,903,235.
DETD
PAR  The following Example will further illustrate the invention. Percentages
      hereinafter given are by weight.
PAC  EXAMPLE
PAR  Nylon-6 granules are dyed in a stainless steel vessel provided with a
      stirrer and heating and cooling means at a liquor ratio of about 1:1 with
      0.5% of the dye:
      ##SPC5##
PAL  and 0.5% of ammonium acetate at 98.degree. to 99.degree.C until the liquor
      is completely exhausted. This takes from about one hour to three hours.
      The whole is cooled to about 30.degree. to 40.degree.C and the granules
      are separated from the clear, practically colorless liquor, washed with
      water until neutral, centrifuged, dried as usual in vacuo at 80.degree.C,
      then spun in a spinning machine of the extruder type and finally drawn
      into 5-denier dilaments.
PAR  Dope-dyed filaments having a pure blue shade are obtained with very good
      fastness to light, wet treatments and crocking.
PAR  The dye has excellent stability at high temperature in the polyamide
      material. Thermostability is determined by melting the colored granules in
      a tube in three stages:
PA0  stage 1: upon reaching 240.degree.C; heating-up period: nine minutes
PA0  stage 2: upon reaching 280.degree.C; heating-up period: twenty minutes
PA0  stage 3: twenty minutes at 280.degree.C.
PAR  The molten rods in each case are spun in a rod spinning apparatus. The
      samples in stages 2 and 3 show no change with respect to the sample in
      stage 1.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the mass coloration or dope dyeing of a polyamide which
      comprises:
PA1  coloring or dyeing chips or granules of the polyamide by dry dusting
      contact or by absorption from an aqueous liquor with a dye of the formula:
      ##SPC6##
PAL  in which R is hydrogen or chloro; and
PA1  melting the colored polyamide granules or chips in dry form and processing
      the melt by extrusion into threads, filaments, wires, sheeting, film or
      the like.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the polyamide granules or chips
      are dyed from an aqueous liquor at a liquor ratio of from 1:1 to 4:1 at
      from the boiling temperature to 130.degree.C.
NUM  3.
PAR  3. A process as claimed in claim 2 wherein the granule or chip dyeing is
      carried out in a liquor whose pH is from 5 to 6.
NUM  4.
PAR  4. A process as claimed in claim 2 wherein the dye used for dyeing is one
      having the formula:
      ##SPC7##
PAL  in which R is hydrogen or chloro.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the dye used for dyeing has the
      formula
      ##SPC8##
NUM  6.
PAR  6. A process as claimed in claim 2 wherein the dye used for dyeing has the
      formula
      ##SPC9##
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ABST
PAL  The present invention relates to metal filled resin compositions having a
      cast metal appearance, curable at room temperature comprised of certain
      phenol-formaldehyde resins, a polyisocyanate hardener therefor, a
      catalytic concentration of a base, and a metallic powder of proper size
      and configuration.
BSUM
PAR  The present invention relates in brief to metal filled resin compositions
      having a metallic appearance. More particularly the present invention
      relates to metal filled resin compositions having a cast metal appearance
      which are curable at room temperature and are comprised of a
      phenol-formaldehyde resin, a polyisocyanate hardener therefor, a catalytic
      concentration of a base, and at least about 2% of a metallic powder such
      as aluminum, bronze, copper, etc. The metal filled resin compositions of
      this invention are suitable substitutes for cast metal articles where a
      metallic appearance is paramount to great physical strength.
PAC  BACKGROUND OF THE DISCOVERY
PAR  In order to prepare materials with a cast metal appearance, it has
      generally been required to prepare them as cast metals per se. To do so,
      however, it has involved the use of equipment needed for working with
      molten metals or equipment necessary for die or investment casting or
      necessary to prepare sintered metal powder castings. While all of these
      various methods and techniques have been suitable with varying degrees of
      acceptability for certain applications they have all suffered some
      disadvantage. One major disadvantage to all of the foregoing is that the
      cost of the equipment and procedures involved generally makes it
      economically unfeasible to produce a limited and relatively small number
      of casting by such methods. Each of these methods has suffered one or more
      additional of the following non-exhaustive list of disadvantages;
      difficulty of obtaining good replication of pattern detail, the relatively
      high degree of skill involved in working with the techniques and the
      safety factor to personnel involved in working with molten or very hot
      metals or equipment.
PAR  I have now found that compositions having a cast metal appearance, which
      give good replication of pattern detail and that can be prepared at room
      temperature are obtainable by filling a polyisocyanate and certain
      phenol-formaldehyde resin compositions with metal particulate matter of
      proper configuration and curing said resin with a base catalyst having a
      pK.sub.b value in the range of about 7-11.
PAR  The art of filling resinous compositions to achieve various objectives is
      legion. However so far as I am aware none have prepared compositions as
      herein described and particularly having the overall properties of the
      present compositions.
PAC  SUMMARY STATEMENT OF THE INVENTION
PAR  The present invention comprises compositions of organic solvent, phenolic
      resins containing benzylic ether structure and/or methylol end groups in
      non-aqueous systems which have been combined with sufficient
      polyisocyanate to cross-link the phenolic resin, containing as the curing
      catalyst a base having a pK.sub.b value in the range of about 7 to about
      11 and filled with a metallic powder composition.
PAR  Before proceeding with a discussion of the metallic fillers that can be
      employed the resin, the curing catalyst, curing characteristics and other
      parameters of the foregoing will be discussed.
PAR  It is first desired to point out that the resins, the curing catalyst, the
      curing characteristics are described in great detail in U.S. Pat. No.
      3,676,392 to Janis Robins on July 11, 1972 and entitled "Resin
      Composition". The applicable teachings of that patent are incorporated
      herein by reference although for convenience of the reader a major part of
      the teachings of that patent which are applicable here will be set forth
      herein. However, it is to be clearly understood that the other teachings
      which those skilled in the art recognize would be applicable are
      incorporated. With the exception of the cure times being altered slightly
      by the filler as will be discussed hereinbelow, the chemistry of the
      resin, the cure catalyst, the physical properties and parameters related
      to the foregoing are the same.
PAR  The phenol-formaldehyde and polyisocyanate resinous composition to be
      filled according to this invention will be described in more detail
      hereinafter; however, in order to facilitate the understanding of certain
      parameters and other aspects of the resin composition and eventually the
      metal filler some general desired characteristics of the resin composition
      will be described.
PAR  It is important in any plastic molding or plastic casting operation that
      there be adequate work-time with the catalyzed resin in order to insure
      complete filling of the mold or pattern and thereby achieve good
      replication of pattern detail. At the same time once that condition has
      been achieved, a minimum of time is desired before the cast article can be
      stripped from the pattern. The presently employed resinous composition is
      ideal in both of the foregoing respects. The work-time can be varied by
      the catalyst selected and amount thereof. At the same time it is also
      possible to vary the cure speed by the amount of polyisocyanate so that
      once cure begins it is virtually instantaneous and the article can be
      immediately stripped from the mold. Such cure speeds constitute preferred
      embodiments of the invention. With this general discussion as a background
      in regard to the resinous composition the details of the resin components
      and catalyst will now be discussed.
PAR  The resin compositions of the present invention are generally made
      available as a two-package system comprising the phenolic resin component
      in one package and the polyisocyanate hardner component in the other
      package, both components being in liquid form and therefore generally
      comprising organic solvent solutions. In general the catalyst is
      incorporated into the resin component although such is not essential. At
      the time of use, the contents of the two packages are combined and are
      thoroughly mixed. The filler can be added to one of the two packages
      before mixing together or the filler can be separately added at the time
      the catalyst is added or after the catalyst has been added provided
      sufficient allowance is made in the work-time for doing so.
PAR  The benzylic ether resins which comprise one species of the phenolic resins
      employed in the present invention are characterized by containing a unit
      having the formula:
      ##SPC1##
PAL  wherein A, B, and C are hydrogen, hydrocarbon radicals, oxyhydrocarbon
      radicals or halogen, the R's are individually H or hydrocarbon radical of
      one to eight carbon atoms and which have average degrees of
      polymerization, as measured by the number of repeating aromatic rings, of
      generally 3 to 100 and preferably 4 to 10. Although higher molecular
      weight resins are operable in the curing reactions above described such
      resins are difficult to handle from the standpoint of viscosity in
      requiring excessive amounts of solvents to bring the viscosity of the
      resin component to a level normally desired in coating and binder
      applications.
PAR  The described benzylic ether resins are condensation polymers of a phenol
      having the general formula:
      ##SPC2##
PAL  wherein A, B and C are hydrogen, hydrocarbon radicals, oxyhydrocarbon
      radicals, or halogen, with an aldehyde having the general formula R'CHO
      wherein R' is a hydrogen or a hydrocarbon radical of one to eight carbon
      atoms, prepared in the liquid phase in the substantial absence of water at
      temperatures below about 130.degree.C in the presence of catalytic
      concentrations of a metal ion dissolved in the reaction medium. The molar
      ratio of aldehyde to phenol can generally be varied from 3:1 to 1:1,
      although some resin is also formed outside these ratios. The preparation
      and characterization of these resins is disclosed in greater detail in
      copending application Ser. No. 536,180, filed Mar. 14, 1966 now U.S. Pat.
      No. 3,485,797 issued Dec. 23, 1969. In the preferred form, these resins
      have the general formula:
      ##SPC3##
PAL  wherein R is a hydrogen or a phenolic substituent meta to the phenolic
      hydroxyl group, the sum of m and n is at least 2, X is an end group from
      the group consisting of hydrogen and methylol, and wherein m is at least 1
      and the sum of m and the number of methylol end groups is at least 2.
PAR  The most preferred benzylic ether resins employed in the resin compositions
      of the present invention are those in which R is hydrogen.
PAR  The phenols employed in the formation of the benzylic ether resins are
      generally all phenols which have heretofore been employed in the formation
      of phenolic resins generally and which are not substituted at either of
      the carbon atoms ortho to the hydroxyl group. Any one, all, or none of the
      remaining carbon atoms of the phenol ring can be substituted. The nature
      of the substituent can vary widely and it is only necessary that the
      substituent not interfere in the polymerization of the aldehyde with the
      phenol at the ortho-position. Substituted phenols employed in the
      formation of the phenolic resins include alkyl substituted phenols,
      aryl-substituted phenols, cycloalkyl-substituted phenols,
      alkenyl-substituted phenols, alkoxy-substituted phenols,
      aryloxy-substituted phenols, and halogen-substituted phenols, the
      foregoing substituents containing from one to 26 and preferably from one
      to six carbon atoms. Specific examples of suitable phenols, aside from the
      preferred unsubstituted phenol, include: m-cresol, p-cresol, 3,5-xylenol,
      3,4-xylenol, 2,3,4-trimethyl phenol, 3-ethyl phenol, 3,5-diethyl phenol,
      p-butyl phenol, 3,5-dibutyl phenol, p-amyl phenol, p-cyclohexyl phenol,
      p-octyl phenol, 3,5-dicyclohexyl phenol, p-phenyl phenol, p-crotyl phenol,
      3,5-dimethoxy phenol, 3,4,6-trimethoxy phenol, p-ethoxy phenol, p-butoxy
      phenol, 3-methyl-4-methoxy phenol, and p-phenoxy phenol.
PAR  The aldehyde reacted with the phenol can include any of the aldehydes
      heretofore employed in the formation of phenolic resins such as
      formaldehyde, acetaldehyde, propionaldehyde, furfuraldehyde, and
      benzaldehyde. In general, the aldehydes employed have the formula R'CHO
      wherein R' is a hydrogen or a hydrocarbon radical of one to eight carbon
      atoms. The most preferred aldehyde is formaldehyde.
PAR  The methylol-terminated phenolic resins useful in the present invention are
      resole resins which are organic solvent soluble. The organic solvent
      soluble resole resins are a well established class of resins the
      preparation of which is known. However, since the resole resins having a
      high proportion of ortho-ortho methylene linkages are generally the
      organic solvent soluble resole resins, the majority of the resole resins
      useful in this invention are prepared from alkyl-substituted phenols
      wherein the para position is substituted. On the other hand, organic
      solvent soluble resole resins may also be prepared from phenols
      unsubstituted in the ortho and para positions by first preparing an
      ortho-ortho novolac and then reacting the novolac with further
      formaldehyde under milder conditions to produce a methylol-terminated
      resin which is an organic solvent soluble resole resin unsubstituted at
      the para positions. As an illustration of this procedure, a mixture of
      phenol and formaldehyde wherein the molar ratio of phenol to formaldehyde
      is greater than 1:1 may be condensed in the presence of an ortho-ortho
      directing catalyst, such as sodium hydroxide, under alkaline pH, e.g.
      between 5 and 6, and at a temperature in the neighborhood of 160.degree.
      C. When essentially no free formaldehyde remains, the excess phenol is
      removed by vacuum distillation and the resin cooled to the neighborhood of
      40.degree. C to 50.degree. C. Additional formaldehyde is then added and
      the subsequent exothermic reaction controlled to keep the temperature
      below about 95.degree.  C. This mixture is then rapidly cooled before the
      resin becomes insoluble, which results in a methol-terminated organic
      solvent soluble resole resin having essentially no para substitution and
      being useful in this invention. The disclosures of British Pat. Nos.
      773,510 and 773,547 are particularly pertinent to the above resole resins
      prepared from phenol unsubstituted in the meta and para positions.
PAR  The phenolic resin component is generally employed as a solution in an
      organic solvent although it is also feasible to employ the low molecular
      weight liquid resins without dilution. The desirability and effect of
      solvents will subsequently be described in greater detail. The optimum
      solvent concentrations for the phenolic resins will vary depending on the
      type of resins employed and its molecular weight. In general, the solvent
      concentration will be in the range of up to 80% by weight of the resin
      solution and preferably in the range of 20 to 80 percent. It is preferred
      to keep the viscosity of the resin component at less than X-1 on the
      Gardener-Holt Scale.
PAR  The catalyst employed in the compositions of the present invention is a
      base having a pK.sub.b value in the range of about 7 to about 11. The
      pK.sub.b value is the negative logarithm of the dissociation constant of
      the base and is a well known measure of the basicity of a basic material.
      The higher this number is, the weaker the base. The bases falling within
      this range are generally organic compounds containing one or more nitrogen
      atoms. Preferred materials are heterocyclic compounds containing at least
      one nitrogen atom in the ring structure. Specific examples of bases which
      have pK.sub.b values within the necessary range include 4-alkyl pyridines
      wherein the alkyl group has from one to four carbon atoms, isoquinoline,
      aryl-pyridines such as phenyl pyridine, pyridine, acridine,
      2-methoxypyridine, pyridazine, 3-chloro pyridine, quinoline, N-methyl
      imidazole, 4,4-dipyridine, phenyl-propyl pyridine, 1-methylbenzimidazole,
      and 1,4-thiazine.
PAR  In view of the varying catalytic activity and varying catalytic effect
      desired, catalyst concentrations will vary widely. In general the lower
      the pK.sub.b value is, the shorter will be the work-time of the
      composition and the faster, more complete will be the cure. Solvents and
      any acidity present in added ingredients such as sand may affect the
      catalytic activity. In general, however, catalyst concentrations will
      range from 0.01 to 10 percent by weight of the phenolic resin. Preferably
      catalyst concentrations in the range of about 0.25% to 2% and most
      preferably about 0.6% to 2% are employed. In testing to determine cure
      times it is to be understood that I have found that cure times are slowed
      about 10% by the addition of the metallic filler.
PAR  The determination of pK.sub.b values of organic compounds may be made in
      various conventional manners depending upon the nature of the particular
      organic compound. The pK.sub.b values of compounds useful as catalysts in
      this invention may be determined according to methods described in D. D.
      Perrin in Dissociation Constants of Organic Bases in Aqueous Solution
      (Butterworths, London, 1965).
PAR  The second component or package of the novel binder composition comprises
      an aliphatic, cycloaliphatic, or aromatic polyisocyanate having preferably
      from two to five isocyanate groups. If desired, mixtures of
      polyisocyanates can be employed. Less preferably, isocyanate prepolymers
      formed by reacting excess polyisocyanate with a polyhydric alcohol, e.g. a
      prepolymer of toluene diisocyanate and ethylene glycol, can be employed.
      Suitable polyisocyanates include the aliphatic polyisocyanates such
      hexamethylene diisocyanate, alicyclic polyisocyanates such as
      4,4'dicyclohexylmethane diisocyanate, and aromatic polyisocyanates such as
      3,4- and 2,6-toluene diisocyanate, diphenylmethyl diisocyanate, and the
      dimethyl derivatives thereof. Further examples of suitable polyisocyanates
      are 1,5-naphthalene diisocyanate, triphenylmethane triisocyanate, xylylene
      diisocyanate, and the methyl derivatives thereof, polymethylenepolyphenol
      isocyanates, chlorophenylene-2,4-diisocyanate, and the like. Although all
      polyisocyanates react with the described phenolic resin to form a
      cross-linked polymer structure, the preferred polyisocyanates are aromatic
      polyisocyanates and particularly diphenylmethane diisocyanate,
      triphenylmethane triisocyanate, complex commercially-available
      compositions containing polymeric isocyanates sold under such trademarks
      as "PAPI", "Mondur MR" and "NCO-120," and mixtures thereof.
PAR  The polyisocyanate is employed in sufficient concentrations to cause the
      curing of the phenolic resin and other active hydrogen-containing
      materials when present. This refers to materials with hydrogen atoms which
      display activity according to the well known Zerewitinoff method as
      described by Kohlen in JACS. 49, 3181 (1927). Thus, for example,
      phenol-formaldehyde resins of the Novolac and/or resole types having an
      average of two or more active hydrogen atoms per molecule may be employed.
      For information on Novolacs and resoles the disclosure of U.S. Pat. Nos.
      3,242,107 and 1,409,571 and British Pat. No. 757,392 are hereby
      incorporated by reference to the extent pertinent. When present the total
      weight of such other active hydrogen containing material should not exceed
      three times the weight of the phenolic resin and should preferably be less
      than that of the phenolic resin. In general, the polyisocyanate will be
      employed in a range of 10 to 500 weight percent of the polyisocyanate
      based on the weight of the phenolic resin component. Preferably, from 20
      to 300 weight percent of polyisocyanate on the same basis is employed. The
      polyisocyanate is employed in liquid form. Liquid polyisocyanates can be
      employed in undiluted form. Solid or viscous polyisocyanates are employed
      in the form of organic solvent solutions, the solvent being present in a
      range of up to 80 percent by weight of the solution.
PAR  Although the solvent employed in combination with either the phenolic resin
      or the polyisocyanate or for both components does not enter, to any
      significant degree into the reaction between the isocyanate and the
      phenolic resin, it can affect the reaction. Thus the difference in the
      polarity between the polyisocyanate and the benzylic ether resins
      restricts the choice of solvents in which both components are compatible.
      Such compatibility is necessary to achieve complete reaction and curing of
      the resin compositions of the present invention. Additionally, the
      solvent, by reducing the viscosity of the binder, aids in the uniform
      distribution of the resin composition on a substrate or a particulate
      solid. Polar solvents of either the protic or aprotic type are good
      solvents for the phenolic resin, but have limited compatibility with the
      polyisocyanates. Aromatic solvents, although compatible with the
      polyisocyanates, are less compatible with the phenolic resins. It is
      therefore preferred to employ combinations of solvents and particularly
      combinations of aromatic and polar solvents. Suitable aromatic solvents
      are benzene, toluene, xylene, ethylbenzene, naphthalene, and mixtures
      thereof. Preferred aromatic solvents are mixed solvents that have an
      aromatic content of at least 90 percent and a boiling point range of
      280.degree. to 450.degree. F. The polar solvents should not be extremely
      polar such as to become incompatible with the aromatic solvent. Suitable
      slightly polar solvents which are compatible with aromatic solvents
      include, in particular, ester and ether solvents. Suitable more polar but
      less costly solvents are generally those which have been classified in the
      art as coupling solvents and include furfural, furfuryl alcohol,
      cellosolve acetate, butyl cellosolve, butyl carbitol, diacetone alcohol,
      and "Texanol".
PAR  On combining the two components of the resin composition of the present
      invention, the resulting mixture is capable of cross-linking at room
      temperature although, of course, elevated temperatures can be used to
      accelerate cure if desired.
PAR  While the ratios of the two components of the two-package resin system
      discussed hereinabove provide the best physical properties and especially
      strength, certain application according to this invention do not require
      great strengths and accordingly the ratios may be varied with more
      latitude. The extent of acceptable variation in such cases can be readily
      determined by routine experimentation.
PAR  The metallic particles to be employed as the filler can be virtually any
      relatively inert metal or metallic composition under normal ambient
      conditions. Illustrative but non-limiting examples of suitable metals are
      aluminum, copper, nickel, brass, bronze, steel, lead, pewter and other
      metals or alloys or mixtures thereof. Metals not sufficiently inert are
      for example sodium and lithium.
PAR  The metals are to be in particulate form generally varying in size from
      about 400 mesh up to about 150 mesh (Tyler sieve). Preferably they vary in
      the range of about 325 mesh to about 200 mesh. One reason why metal of
      particle size below about 400 is normally not employed is because of
      viscosity considerations since smaller particles cause increased
      viscosity. Another reason is the higher cost of such finer particles. The
      reason why particles larger than about 150 mesh are usually not employed
      is because the individual metal particles and resin therebetween will be
      too readily visible to the eye and the product will not have a genuine
      cast metal appearance. Below about 325 mesh the cure time must be delayed
      in order to allow for sufficient settling of the metal particles to the
      bottom of the mold which will be the visible metallic appearing surface of
      the articles produced. Preferably the metals are allowed to settle
      sufficiently to maximize that amount which gravitates to the bottom
      surface or proximity thereof. The cure time of the resin composition is
      thus to be adjusted accordingly by means of the catalyst to allow for
      settling of the metal particles where desired. Of course where large
      amounts of metal are employed little or no settling time is required to
      obtain sufficient metal particles in the bottom of the mold since the
      metallic filler is to be thoroughly and relatively uniformly mixed before
      introducing same into the mold. The manner or equipment employed in mixing
      the components is not critical except that it must have sufficient speed
      to provide thorough mixing with a remainder of work-time left to allow for
      proper filling of the mold and if desired some settling of metallic
      powder.
PAR  The configuration of the metallic particles is very important. Flakes or
      platelet type configuration are not suitable. The metallic particles are
      preferably of a generally spherical shape. They, however, are not
      absolutely required to be. They may be of a granular form and of angular
      of sub-angular shape. The important thing is that they have a sufficiently
      compact configuration so as to enable settling without undue delay if
      settling is desired. In all cases the configuration must permit adequate
      compaction of the particles to prevent the presence of quantities of resin
      between same being readily visible to the eye and thereby not appear to be
      a cast metal.
PAR  As to the amount of metal filler that is to be employed, that can vary
      between about 2% and 80% by weight based on the composition (i.e.
      phenol-formaldehyde, polyisocyanate, catalyst and metal filler). The
      minimum amount required to achieve a metallic appearance depends primarily
      on the particular metal filler. For example when copper, brass or bronze
      are employed, the minimum can be as low as about 2% by weight. The maximum
      amount of these metals can generally be as high as about 80% by weight.
      Preferably an amount in the range of about 20% to 50% is employed. On the
      other hand when aluminum metal powder is employed a minimum of about 30%
      by weight is required and a maximum of about 60% by weight can be
      employed. Preferably about 35% to 45% of aluminum is employed.
PAR  The surface of the finished product can be polished to increase the lustre
      of the metallic surface or portions thereof. Polishing can be done by
      generally conventional techniques and equipment. Thus polishing by hand or
      any of the various powered buffer devices can be employed with or without
      chemical polishing aids. A particular lustre finish may be desired to be
      obtained by grinding the surface or portions thereof of the article. Care
      should be taken so that the chemical polishing aid or heat achieved by the
      buffering or grinding means does not have a deleterious affect on the
      resin. This can be readily checked by simple tests on a few test
      specimens. The metal filler will rust, tarnish or corrode so that if this
      is not desired an appropriate protective clear coating can be applied to
      the article. Lustre increases with decreasing particle size and
      accordingly this can influence the size of particle chosen in a particular
      application.
PAR  Varying degrees of lustre will be desired, even on the same metal filled
      casting, and maintaining the initial level of lustre will be desired in
      some cases. However, in other cases a coating which partially or
      completely (i.e., of a portion) obscures the metallic appearance will be
      desired. It is obvious that where the coating completely obscures the
      metallic surface that the application of such coatings will be normally
      limited to a portion of the surface. The composition may also be colored
      if desired with such materials as Hansa yellow, Thalo Blue, Red Iron
      Oxide, Fast Red, Raw Umber, Perma-Cal Yellow.
PAR  The peak exotherm achieved during the cure of the compositions of this
      invention is on the order of about 200.degree.F and accordingly short
      strip times are preferred in order to reduce the adverse effect on the
      pattern where same is made of a plastic, rubber or similar material.
PAR  The invention is further illustrated by the following examples in which,
      unless otherwise indicated, all parts are by weight and all percentages
      are weight percentages.
DETD
PAC  EXAMPLE I
PAR  One part of phenol-formaldehyde substantially as described in Example I of
      U.S. 3,676,392 containing about 1.2% of 4-phenylpropyl pyridine was hand
      mixed with one part by weight of Mondur MR (dissolved in solvent as
      described in Example I of U.S. Pat. No. 3,676,392) and about 331/3 % of
      Alcan Aluminum (X-70 spherical) which was 325 mesh (98%) particle size.
      The metal filled resin and catalyst was hand mixed for about 30 seconds
      and then transferred to a mold having a circular cavity about 31/2  inches
      in diameter and about 1/4 inches deep. The mold provided for some raised
      lettering and design to be produced by the casting. After about 50 more
      seconds lapsed after mixing, cure started and the casting was stripped
      after about a lapse of about 10 seconds more. The casting was rigid, gave
      good replication of the mold and had the appearance of being a cast
      aluminum plaque. The raised design was buffed to a high lustre which
      enhanced its metallic appearance.
PAC  EXAMPLE II
PAR  When the above example was repeated using 200 mesh prealloyed bronze powder
      (i.e., about 89% copper and 10% tin) in the place of aluminum and using
      about 0.8% of catalyst a pot life of about 120 seconds was obtained (i.e,
      cure started in about 120 seconds) and the part was stripped from the mold
      after about 10 more seconds. It looked to the unaided eye like a solid
      bronze metal casting. Again good mold replication was obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing a cast metal appearing article which comprises:
PA1  A. providing a metal filled resin composition curable at room temperature
      and comprising a phenolic resin component, a hardener component, and a
      curing catalyst wherein said resin component is (a) an organic solvent
      soluble benzylic ether resin which contains benzylic ether group and which
      comprises a condensation polymer of a phenol having the general formula:
      ##SPC4##
PAL  wherein A, B and C are hydrogen, hydrocarbon radicals, oxyhydrocarbon
      radicals or halogen, condensed with an aldehyde having the general formula
      R'CHO wherein R' is hydrogen or a hydrocarbon radical of one to eight
      carbon atoms in the presence of catalytic concentrations of a metal ion,
      or (b) a methylol-terminated phenolic resin which comprises a resole resin
      which is organic solvent soluble; said hardener component is liquid
      polyisocyanate containing at least two isocyanate groups; and is present
      in an amount equal to 10 to 500 weight percent based on the weight of the
      resin and said curing agent is a base having a pK.sub.b value in the range
      of about 7 to about 11 and is present in an amount equal to 0.01 to 10.0
      weight percent based on the weight of the resin and between about 20% to
      about 50% by weight of the composition of a metallic powder selected from
      the group consisting of copper, nickel, brass, bronze, iron, steel, and
      mixtures thereof, or from about 35% to about 45% by weight of aluminum
      powder, said powder having a particle size in the range of about 200 to
      325 mesh, and having a general spherical shape;
PA1  B. adding said metal filled resin composition to a mold;
PA1  C. curing said metal filled resin composition in said mold;
PA1  D. stripping the cured and molded article from the mold; and
PA1  E. then polishing at least a portion of a surface of the cured article to
      increase the lustre of at least a portion of the article.
NUM  2.
PAR  2. The process of claim 1 wherein said composition is cured at room
      temperature.
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PAL  Piperidine derivatives having the formula
      ##SPC1##
PAL  Wherein
PA1  R' represents an alkyl group, a substituted alkyl group, an acyl group, an
      alkoxycarbonyl group, a substituted alkoxycarbonyl group, an amino group,
      a substituted amino group, or nitroso group;
PA1  X represents oxygen atom or sulfur atom;
PA1  Y represents oxygen atom, sulfur atom or a group of the formula = N -- R"
      in which R" is hydrogen atom, an alkyl group or a substituted alkyl group;
PA1  Z represents oxygen atom or a group of the formula &gt;N -- R'" in which R'"
      is hydrogen atom, an alkyl group or a substituted alkyl group;
PA1  n is an integer of 1 through 4 inclusive; and
PA1  R represents, when n is 1, an alkyl group, a substituted alkyl group, an
      aryl group, a substituted aryl group, a cycloalkyl group, an
      alkoxycarbonyl group, a substituted alkoxycarbonyl group, a substituted
      phosphino group or a substituted phosphinyl group, when n is 2, an
      alkylene group, an alkenylene group, an arylene group, a substituted
      arylene group, an aralkylene group; an alkylenediphenylene group, a
      bis-(acyloxyalkylene) group, an alkylene-bis-(oxycarbonylalkyl) group, a
      dialkylene ether group or a diphenylene ether group, when n is 3, an
      alkanetriyl group, a tris(acyloxyalkylene) group, an
      alkane-tris(oxycarbonylakyl) group or a group of the group
      ##SPC2##
PAL  In which
PA1  p is an integer of 1 through 8 inclusive, and, when n is 4, an
      alkanetetrayl group, a tetrakis-(acyloxyalkylene) group or an
      alkane-tetrakis-(oxycarbonylalkyl) group.
PAL  The piperidine derivatives (I) of this invention are prepared in various
      manners and useful as stabilizers for synthetic polymers against thermal-
      and photo-deterioration thereof.
PARN
PAR  This is a division of application Ser. No. 258,392 filed on May 31, 1972
      and now abandoned.
BSUM
PAR  This invention relates to new piperidine derivatives and their use as
      stabilizers.
PAR  More particularly, this invention is concerned with the piperidine
      derivatives having the formula
      ##SPC3##
PAL  Wherein
PA1  R' represents an alkyl group, a substituted alkyl group, an acyl group, an
      alkoxycarbonyl group, a substituted alkoxycarbonyl group, an amino group,
      a substituted amino group or nitroso group;
PA1  X represents oxygen atom or sulfur atom;
PA1  Y represents oxygen atom, sulfur atom or a group of the formula = N - R" in
      which R" is hydrogen atom, an alkyl group or a substituted alkyl group;
PAL  Z represents oxygen atom or a group of the formula &gt;N - R'" in which R'" is
      hydrogen atom, an alkyl group or a substituted alkyl group;
PA1  n is an integer of 1 through 4 inclusive; and
PA1  R represents, when n is 1, an alkyl group, a substituted alkyl group, an
      aryl group, a substituted aryl group, a cycloalkyl group, an
      alkoxycarbonyl group, a substituted alkoxycarbonyl group, a substituted
      phosphino group or a substituted phosphinyl group, when n is 2, an
      alkylene group, an alkenylene group, an arylene group, a substituted
      arylene group, an aralkylene group, an alkylenediphenylene group, a
      bis-(acyloxyalkylene) group, an alkylene-bis-(oxycarbonylalkyl) group, a
      dialkylene ether group or a diphenylene ether group, when n is 3, an
      alkanetriyl group, a tris-(acyloxyalkylene) group, an
      alkane-tris-(oxycarbonylalkyl) group or a group of the group
      ##SPC4##
PAL  in which
PA1  p is an integer of 1 through 8 inclusive, and when n is 4, an alkane
      tetrayl group, a tetrakis-(acyloxyalkylene) group or an
      alkanetetrakis-(oxycarbonylalkyl) group.
PAR  The p's as appeared herein may be the same or different.
PAR  This invention is also concerned with stabilization of synthetic polymers
      against photo- and thermal-deterioration thereof by having incorporated
      therein, in a sufficient amount to prevent said deterioration, at least
      one of the piperidine derivatives (I).
PAR  The term "synthetic polymer" as used herein are intended to embrace
      polyolefins including
PA1  homopolymers of olefins such as low-density and high-density polyethylene,
      polypropylene, polystyrene, polybutadiene, polyisoprene and the like, and
      copolymers of olefins with other ethylenically unsaturated monomers such
      as ethylene-propylene copolymer, ethylene-butene copolymer, ethylene-vinyl
      acetate copolymer, styrene-butadiene copolymer,
      acrylonitrile-styrene-butadiene copolymer and the like;
PA1  polyvinyl chlorides and polyvinylidene chlorides including homopolymer of
      each of vinyl chloride and vinylidene chloride, vinyl chloride-vinylidene
      chloride copolymer and copolymers of each of vinyl chloride and vinylidene
      chloride with vinyl acetate or other ethylenically unsaturated monomers;
PA1  polyacetals such as polyoxymethylene and polyoxyethylene;
PA1  polyesters such as polyethylene terephthalate; polyamides such as 6-nylon,
      6,6-nylon and 6,10-nylon; and polyurethanes.
PAR  In the above formula (I), R' may be exemplified by an alkyl group of 1 to
      20 carbon atoms, e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl, octyl,
      nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,
      hexadecyl, heptadecyl, octadecyl, nonadecyl or eicosyl; a hydroxyalkyl
      group, e.g., 2-hydroxyethyl, allyl group, 2-propynyl group, a cyanoalkyl
      group, e.g., 2-cyanoethyl, an alkoxyalkyl group, e.g., 2-methoxyethyl or
      ethoxymethyl, an alkenyloxyalkyl group, e.g., vinyloxyethyl, an
      aryloxyalkyl group, e.g., phenoxyethyl, an alkylthioalkyl group, e.g.,
      methylthioethyl, an epoxyalkyl group, e.g., 2,3-epoxypropyl, an
      acyloxyalkyl group, e.g., acetoxyethyl, octanoyloxyethyl,
      acryloyloxyethyl, benzoyloxyethyl, m-toluoyloxyethyl,
      m-methoxybenzoyloxyethyl or p-chlorobenzoyloxyethyl, an
      alkoxycarbonylalkyl group, e.g., ethoxycarbonylmethyl or
      phenoxycarbonylmethyl, an aralkyl group, e.g., benzyl, phenethyl,
      p-methylbenzyl or p-chlorobenzyl; an acyl group, e.g., acryloyl, an
      acryloyl group which is substituted with alkyl or phenyl, e.g., crotonoyl
      or cinnamoyl; an alkoxy carbonyl group, e.g., ethoxycarbonyl or
      acryloxycarbonyl; an aralkyloxycarbonyl group, e.g., benzyloxycarbonyl;
      amino group; an aroylamino group, e.g., benzoylamino or an alkylamino
      group, e.g., ethylamino; or nitroso group.
PAR  The group of the formula = N -- R" may be exemplified by imino,
      methylimino, acrylimino, 2-propynylimino, 2-hydroxyethylimino,
      2-methoxyethylimino or bynzylimino.
PAR  The group of the formula &gt;N - R'" may be exemplified by imino, methylimino,
      ethylimino, butylimino, acrylimino, 2-propynylimino, 2-hydroxyethylimino,
      ethoxymethylimino, 2-vinyloxyethylimino, 2-phenoxyethylimino,
      2-acetoxyethylimino, 2-benzyloxyethylimino or benzylimino.
PAR  The substituent R may be exemplified, when n is 1, by the unsubstituted or
      substituted alkyl groups as illustrated above or
      2,3-epoxypropylcarbonylmethyl; phenyl or naphthyl; a halogen- or
      alkyl-substituted phenyl or naphthyl group, e.g., p-tolyl, m-chlorophenyl
      or o-chlorophenyl; cyclohexyl; the unsubstituted or substituted
      alkoxycarbonyl groups as illustrated above;
PA1  the group of the formula
      ##SPC5##
PA1  or the group of the formula
      ##SPC6##
PAR  The substituent R, when n is 2, may be exemplified by a polymethylene group
      of 1 to 10 carbon atoms, e.g., trimethylene or hexamethylene; a group of
      the formula --(CH.sub.2).sub.p --CH=CH--(CH.sub.2).sub.p -- in which p is
      an integer of 1 through 8 inclusive and p's may be the same or different
      herein, e.g., --CH.sub.2 --CH=CH--CH.sub.2 --; a phenylene group which may
      be substituted with alkyl, e.g.,
      ##SPC7##
PAL  a group of the formula
      ##SPC8##
PAL  a group of the formula
      ##SPC9##
PAL  a group of the formula
      ##EQU1##
      in which p is as defined above and p.sub.1 is an integer of zero through 8
      inclusive, e.g., --(CH.sub.2).sub.2 OCO(CH.sub.2).sub.4 COO(CH.sub.2)--;
PAL  a group of the formula
      ##SPC10##
PAL  in which p is as defined above, e.g.,
      ##SPC11##
PAL  a group of the formula
      ##EQU2##
      in which p is as defined above, e.g., --CH.sub.2 COO(CH.sub.2).sub.2
      OCOCH.sub.2 --; a group of the formula --(CH.sub.2).sub.p
      --O--(CH.sub.2).sub.p -- in which p is as defined above, e.g., --CH.sub.2
      --O--CH.sub.2 --; or a group of the formula
      ##SPC12##
PAR  The substituent R, when n is 3, may be exemplified by a group of the
      formula -(CH.sub.2).sub.p
      ##EQU3##
      in which p is as defined above, e.g.,
      ##EQU4##
      a group of the formula
      ##EQU5##
      in which p is as defined above, e.g.,
      ##EQU6##
      a group of the formula
      ##SPC13##
PAL  in which p is as defined above, e.g.,
      ##SPC14##
PAL  a group of the formula
      ##EQU7##
      in which p is as defined above, e.g.,
      ##EQU8##
      or a group of the formula
      ##SPC15##
PAL  in which p is as defined above, e.g.,
      ##SPC16##
PAR  The substituent R, when n is 4, may be exemplified by a group of the
      formula
      ##EQU9##
      in which p is as defined above; a group of the formula
      ##SPC17##
PAL  in which p is as defined above, e.g.,
      ##SPC18##
PAL  or a group of the formula
      ##EQU10##
      in which p is as defined above.
PAR  Synthetic polymers have been widely utilized in the art, in view of their
      excellent properties, in various forms or shapes, for example, filament,
      fibre, yarn, film, sheet, other molded article, latex and foram. However,
      these polymers have some drawbacks such as poor light- and
      heat-stabilities and the like. STated illustratively, polyolefins and
      polyurethane elastomers frequently tend to undergo severe deterioration
      when exposed to light such as sunlight or ultraviolet ray, and polyvinyl
      chloride and polyvinylidene chloride frequently tend to deteriorate and
      become colored by the action of light and heat together with elimination
      of hydrogen chloride therefrom. Polyamides are also frequently subjected
      to photo-deterioration. For the purpose of stabilizing these synthetic
      polymers against such deterioration, there have heretofore been proposed
      in the art a number of stabilizers; for example, for polyolefins,
      benzotriazole compounds and benzophenone compounds; for polyurethanes,
      phenol compounds and benzophenone compounds; and for polyvinyl chloride
      and polyvinylidine chloride, lead salts such as basic lead silicate and
      tribasic lead maleate, and organotin compounds such as dibutyltin laurate
      and dibutyltin maleate.
PAR  Although such prior stabilizers are known to be considerably satisfactory,
      there still remained some problems to be improved.
PAR  Thus, numerous attempts have been made in the art to find and develop new
      and more effective stabilizers.
PAR  As a result of our extensive studies, it has now been found that the new
      piperidine derivatives (I) of this invention can be satisfactorily
      prepared and exhibit a high stabilizing effect against photo- and
      thermal-deterioration of the synthetic polymers.
PAR  It is, accordingly, an object of this invention to provide new and useful
      piperidine derivatives (I).
PAR  Another object is to provide synthetic polymer composition stabilized
      against the deterioration thereof by having incorporated therein a
      sufficient amount to prevent the deterioration of at least one of the
      piperidine derivatives (I).
PAR  Other objects of this invention will become apparent to those skilled in
      the art from the following description.
PAR  In one aspect of this invention, the piperidine derivatives (I) are all new
      substances unknown in the art.
PAR  Among the piperidine derivatives (I) of this invention, particularly useful
      are the piperidine derivatives having the formula (I) wherein
PA1  R' represents an alkyl group of 1 to 20 carbon atoms, a hydroxyalkyl group,
      allyl group, 2-propynyl group, a cyanoalkyl group, an alkoxyalkyl group,
      an alkenyloxyalkyl group, an aryloxyalkyl group, an alkylthioalkyl group,
      an epoxyalkyl group, an acyloxyalkyl group, an alkoxycarbonylalkyl group,
      an aralkyl group, acryloyl group, an acryloyl group which is substituted
      with alkyl or phenyl, an aralkyloxycarbonyl group, amino group or an amino
      group which is substituted with aroyl or alkyl;
PA1  R represents, when n is 1, the above-defined unsubstituted or substituted
      alkyl group, a phenyl or naphthyl group which may be substituted with
      halogen or alkyl in the aryl moiety, a cycloalkyl group, an alkoxycarbonyl
      group, an aralkyloxycarbonyl group, the group of the formula
      ##SPC19##
PA1   or the group of the formula
      ##SPC20##
PA1   when n is 2, a polymethylene group of 1 to 10 carbon atoms, a group of the
      formula --(CH.sub.2).sub.p --CH=CH-(CH.sub.2).sub.p -- in which p is an
      integer of 1 through 8 inclusive and p's may be the same or different, a
      phenylene group which may be substituted with alkyl, a group of the
      formula,
      ##SPC21##
PA1   a group of the formula
      ##SPC22##
PA1   a group of the formula
      ##EQU11##
      in which p and p.sub.1 are as defined above, a group of the formula
      ##SPC23##
PA1  in which p is as defined above, a group of the formula
      ##EQU12##
      in which p is as defined above, a group of the formula --(CH.sub.2).sub.p
      --O--(CH.sub.2).sub.p -- in which p is as defined above or a group of the
      formula
      ##SPC24##
PA1  when n is 3, a group of the formula
      ##EQU13##
      in which p is as defined above, a group of the formula
      ##EQU14##
      in which p is as defined above, a group of the formula
      ##SPC25##
PA1  in which p is as defined above, a group of the formula
      ##EQU15##
      in which p is as defined above or a group of the formula
      ##SPC26##
PA1  in which p is as defined above, and,
PA1  when n is 4, a group of the formula
      ##EQU16##
      in which p is as defined above, a group of the formula
      ##SPC27##
PA1  in which p is as defined above or a group of the formula
      ##EQU17##
      in which p is as defined above, Y represents oxygen atom, sulfur atom or a
      group of the formula =N-R" in which R" is hydrogen atom or the
      above-defined unsubstituted or substituted alkyl group; Z represents
      oxygen atom or a a group of the formula &gt;N-R'" in which R'" is hydrogen
      atom or the above-defined unsubstituted or substituted alkyl group.
PAR  More preferable group of the piperidine derivatives (I) of this invention
      can be represented by the following formula (II):
      ##SPC28##
PAR  In the above formula (II),
PA1  R.sub.1 represents an alkyl group, allyl group, an aralkyl group an
      acyloxyalkyl group or a hydroxyalkyl group or 2,3-epoxypropyl group;
PA1  R.sub.3 represents hydrogen atom or an alkyl group; m is an integer of 1 or
      2; and
PA1  R.sub.2 represents when m is 1, an alkyl group, allyl group, an aralkyl
      group, an acyloxyalkyl group or 2,3-epoxypropyl group, and
PA2  when m is 2, an alkylene group, a group of the formula
      ##SPC29##
PA2   or a group of the formula --(CH.sub.2).sub.p --O--(CH.sub.2).sub.p -- in
      which p is as defined above.
PAR  Representatives of the new piperidine derivatives (I) of this invention are
      illustratively listed below. However, it should be understood that these
      illustrated compounds are not contemplated to be limiting the scope of
      this invention.
PA1  1. 1,3,8-triaza-3,7,7,8,9,9-hexamethyl-spiro[4.5]decane-2,4-dione
PA1  2. 1,3,8-triaza-3-butyl-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-dione
PA1  3. 1,3,8-triaza-7,7,8,9,9-pentamethyl-3-octyl-spiro[4.5]decane-2,4-dione
PA1  4. 1,3,8-triaza-3,8-diethyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dione
PA1  5.
      1,3,8-triaza-3-butyl-8-ethyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dion
     e
PA1  6.
      1,3,8-triaza-8-ethyl-7,7,9,9-tetramethyl-3-octyl-spiro[4.5]decane-2,4-dion
     e
PA1  7. 1,3,8-triaza-1,3,7,7,8,9,9-heptamethyl-spiro[4.5]decane-2,4-dione
PA1  8.
      1,3,8-triaza-3-butyl-1,8-diethyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-
     dione
PA1  9.
      1,3,8-triaza-1-butyl-8-ethyl-7,7,9,9-tetramethyl-3-octyl-spiro[4.5]decane-
     2,4-dione
PA1  10.
      3,8-diaza-7,7,8,9,9-pentamethyl-3-octadecyl-1-oxa-spiro[4.5]decane-2,4-dio
     ne
PA1  11.
      8-allyl-1,3,8-triaza-7,7,9,9-tetramethyl-3-octyl-spiro[4.5]decane-2,4-dion
     e
PA1  12.
      1,3,8-triaza-8-benzyl-7,7,9,9-tetramethyl-3-octyl-spiro[4.5]decane-2,4-dio
     ne
PA1  13.
      1,3,8-triaza-8-benzyl-7,7,9,9-tetramethyl-3-octadecyl-spiro[4.5]decane-2,4
     -dione
PA1  14.
      1,3,8-triaza-3,7,7,8,9,9-hexamethyl-1-ethoxymethyl-spiro[4.5]decane-2,4-di
     one
PA1  15.
      1,3,8-triaza-3,7,7,8,9,9-hexamethyl-1-(2-phenoxyethyl)-spiro[4.5]decane-2,
     4-dione
PA1  16.
      1,3,8-triaza-3,7,7,8,9,9-hexamethyl-1-(2-vinyloxyethyl)-spiro[4.5]decane-2
     ,4-dione
PA1  17.
      1,3,8-triaza-3-butyl-8-(2-hydroxyethyl)-7,7,9,9-tetramethyl-spiro[4.5]deca
     ne-2,4-dione
PA1  18.
      1,3,8-triaza-8-(2-hydroxyethyl)-7,7,9,9-tetramethyl-3-octyl-spiro[4.5]deca
     ne-2,4-dione
PA1  19.
      1,3,8-triaza-8-(2-cyanoethyl)-1,3,7,7,9,9-hexamethyl-spiro[4.5]decane-2,4-
     dione
PA1  20.
      1,3,8-triaza-3-butyl-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-spiro[4.5]dec
     ane-2,4-dione
PA1  21.
      1,3,8-triaza-8-(2-ethoxyethyl)-3,7,7,9,9-pentamethyl-spiro[4.5]decane-2,4-
     dione
PA1  22.
      1,3,8-triaza-8-crotonoyl-3,7,7,9,9-pentamethyl-spiro[4.5]decane-2,4-dione
PA1  23.
      1,3,8-triaza-8-cinnamoyl-3,7,7,9,9-pentamethyl-spiro[4.5]decane-2,4-dione
PA1  24.
      1,3,8-triaza-8-benzyloxycarbonyl-3-butyl-7,7,9,9-tetramethyl-spiro[4.5]dec
     ane-2,4-dione
PA1  25. 1,3,8-triaza-3,7,7,9,9-pentamethyl-8-nitroso-spiro[4.5]decane-2,4-dione
PA1  26.
      1,3,8-triaza-3-butyl-7,7,9,9-tetramethyl-8-nitroso-spiro[4.5]decane-2,4-di
     one
PA1  27.
      8-amino-1,3,8-triaza-3-butyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dion
     e
PA1  28.
      1,3,8-triaza-8-benzamido-3-butyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-
     dione
PA1  29.
      1,3,8-triaza-3-butyl-8-ethylamino-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4
     -dione
PA1  30. 3-allyl-1,3,8-triaza-7,7,8,9,9-pentamethyl-spiro[4.5]-decane-2,4-dione
PA1  31.
      3-allyl-1,3,8-triaza-8-ethyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dion
     e
PA1  32.
      1,3-diallyl-1,3,8-triaza-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-dithio
     ne
PA1  33. 3,8-diallyl-1,3,8-triaza-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dione
PA1  34.
      3,8-diallyl-1,3,8-triaza-1-benzyl-7,7,9,9-tetramethylspiro[4.5]decane-2,4-
     dione
PA1  35.
      3-allyl-1,3,8-triaza-8-(2,3-epoxypropyl)-7,7,9,9-tetra-methylspiro[4.5]dec
     ane-2,4-dione p
PA1  36.
      3-allyl-1,3,8-triaza-8-benzyl-7,7,9,9-tetramethylspiro[4.5]decane-2,4-dion
     e
PA1  37.
      1,3,8-triaza-7,7,9,9-tetramethyl-3,8-di(2-propynyl)spiro[4.5]decane-2,4-di
     one
PA1  38.
      1,3,8-triaza-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-3-(2-propynyl)-spiro[
     4.5]decane-2,4-dione
PA1  39.
      1,3,8-triaza-3,8-bis(2-hydroxyethyl)-7,7,9,9-tetramethylspiro[4.5]decane-2
     ,4-dione
PA1  40.
      1,3,8-triaza-8-cyanomethyl-3-(3-hydroxypropyl)-7,7,9,9-tetramethyl-spiro[4
     .5]decane-2,4-dione
PA1  41.
      1,3,8-triaza-7,7,9,9-tetramethyl-3,8-bis(2-methoxyethyl)spiro[4.5]decane-2
     ,4-dione
PA1  42.
      1,3,8-triaza-1,7,7,9,9-pentamethyl-3,8-bis(2-methoxyethyl)spiro[4.5]decane
     -2,4-dione
PA1  43.
      1,3,8-triaza-3-ethoxymethyl-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-dio
     ne
PA1  44.
      1,3,8-triaza-8-ethyl-7,7,9.9-tetramethyl-3-(2-vinyloxyethyl)-spiro[4.5]dec
     ane-2,4-dione
PA1  45.
      8-allyl-1,3,8-triaza-7,7,9,9-tetramethyl-3-(2-phenoxyethyl)-spiro[4.5]deca
     ne-2,4-dione
PA1  46.
      3-(2-acetoxyethyl)-1,3,8-triaza-8-benzyl-7,7,9,9-tetramethyl-spiro[4.5]dec
     ane-2,4-dione
PA1  47.
      3,8-bis(2-acetoxyethyl)-1,3,8-triaza-7,7,9,9-tetramethylspiro[4.5]decane-2
     ,4-dione
PA1  48.
      1,3,8-triaza-2,2,6,6-tetramethyl-3,8-bis(2-octanoyloxyethyl)-spiro[4.5]dec
     ane-2,4-dione
PA1  49.
      8-acryloyl-3-(2-acryloyloxyethyl)-1,3,8-triaza-7,7,9,9-tetramethyl-spiro[4
     .5]decane-2,4-dione
PA1  50.
      3,8-bis(2-acryloyloxyethyl)-1,3,8-triaza-7,7,9,9-tetramethyl-spiro[4.5]dec
     ane-2,4-dione
PA1  51.
      1,3,8-triaza-3-(2-benzoyloxyethyl)-8-ethyl-7,7,9,9-tetramethyl-spiro[4.5]d
     ecane-2,4-dione
PA1  52.
      1,3,8-triaza-3,8-bis(2-benzoyloxyethyl)-7,7,9,9-tetramethyl-spiro[4.5]deca
     ne-2,4-dione
PA1  53.
      1,3,8-triaza-7,7,9,9-tetramethyl-3,8-bis(2-m-toluoyloxyethyl)-spiro[4.5]de
     cane-2,4-dione
PA1  54.
      3,8-bis(2-o-anisoyloxyethyl)-1,3,8-triaza-7,7,9,9-tetramethyl-spiro[4.5]de
     cane-2,4-dione
PA1  55.
      1,3,8-triaza-3,8-bis(2-p-chlorobenzoyloxyethyl)-7,7,9,9-tetramethyl-spiro[
     4.5]decane-2,4-dione
PA1  56.
      1,3,8-triaza-3,8-bis(2--cyanoethyl)-7,7,9,9-tetramethylspiro[4.5]decane-2,
     4-dione
PA1  57.
      1,3,8-triaza-7,7,8,9,9-pentamethyl-3-(2-methylthioethyl)sprio[4.5]decane-2
     ,4-dione
PA1  58.
      1,3,8-triaza-3-(2,3-epoxypropyl)-7,7,8,9,9-pentamethylspiro[4.5]decane-2,4
     -dione
PA1  59.
      1,3,8-triaza-3,8-bis(2,3-epoxypropyl)-7,7,9,9-tetramethylspiro[4.5]decane-
     2,4-dione
PA1  60.
      1,3,8-triaza-3-ethoxycarbonylmethyl-7,7,8,9,9-pentamethylspiro[4.5]decane-
     2,4-dione
PA1  61.
      1,3,8-triaza-3-(2,3-epoxypropyloxycarbonylmethyl)7,7,8,9,9-pentamethyl-spi
     ro[4.5]decane-2,4-dione
PA1  62.
      1,3,8-triaza-7,7,8,9,9-pentamethyl-3-phenoxycarbonylmethyl-spiro[4.5]decan
     e-2,4-dione
PA1  63.
      1,3,8-triaza-3-ethoxycarbonyl-7,7,8,9,9-pentamethylspiro[4.5]decane-2,4-di
     one
PA1  64. 1,3,8-triaza-3-benzyl-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-dione
PA1  65.
      1,3,8-triaza-3-benzyl-7,7,9,9-tetramethyl-8-octyl-spiro[4.5]decane-2,4-dio
     ne
PA1  66.
      1,3,8-triaza-3-benzyl-1,8-diethyl-7,7,9,9-tetramethylspiro[4.5]decane-2,4-
     dione
PA1  67.
      1,3,8-triaza-1,3-dibenzyl-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-dithi
     one
PA1  68.
      1,3,8-triaza-7,7,9,9-tetramethyl-3-phenethyl-8-(2-propynyl)spiro[4.5]decan
     e-2,4-dione
PA1  69.
      1,3,8-triaza-3,8-dibenzyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dione
PA1  70.
      1,3,8-triaza-3,8-dibenzyl-1,7,7,9,9-pentamethyl-spiro[4.5]decane-2,4-dione
PA1  71.
      1,3,8-triaza-3,8-dibenzyl-1-butyl-7,7,9,9-tetramethylspiro[4.5]decane-2,4-
     dione
PA1  72.
      1,3,8-triaza-3,8-dibenzyl-1-(2-hydroxyethyl)-7,7,9,9-tetramethyl-spiro[4.5
     ]decane-2,4-dione
PA1  73.
      1-(2-acetoxyethyl)-1,3,8-triaza-3,8-dibenzyl-7,7,9,9-tetramethyl-spiro[4.5
     ]decane-2,4-dione
PA1  74.
      1,3,8-triaza-1-(2-benzoyloxyethyl)-3,8-dibenzyl-7,7,9,9-tetramethyl-spiro[
     4.5]decane-2,4-dione
PA1  75.
      1,3,8-triaza-3,8-dibenzyl-7,7,9,9-tetramethyl-1-(2-propynyl)-spiro[4.5]dec
     ane-2,4-dione
PA1  76.
      1,3,8-triaza-1,3,8-tribenzyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dion
     e
PA1  77.
      1,3,8-triaza-3-benzyl-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-spiro[4.5]de
     cane-2,4-dione
PA1  78.
      1,3,8-triaza-7,7,8,9,9-pentamethyl-3-(p-methylbenzyl)spiro[4.5]decane-2,4-
     dione
PA1  79.
      1,3,8-triaza-3-(p-chlorobenzyl)-7,7,8,9,9-pentamethylspiro[4.5]decane-2,4-
     dione
PA1  80.
      8-acryloyl-1,3,8-triaza-3-benzyl-7,7,9,9-tetramethylspiro[4.5]decane-2,4-d
     ione
PA1  81.
      1,3,8-triaza-3-cyclohexyl-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-dione
PA1  82.
      1,3,8-triaza-3-cyclohexyl-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-spiro[4.
     5]decane-2,4-dione
PA1  83.
      1,3,8-triaza-8-benzyl-3-cyclohexyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,
     4-dione
PA1  84.
      1,3,8-triaza-8-benzyl-4-benzylimino-3-cyclohexyl-7,7,9,9-tetramethyl-spiro
     [4.5]decane-2-one
PA1  85. 1,3,8-triaza-7,7,8,9,9-pentamethyl-3-phenyl-spiro[4.5]decane-2,4-dione
PA1  86.
      1,3,8-triaza-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-3-phenyl-spiro[4.5]de
     cane-2,4-dione
PA1  87.
      1,3,8-triaza-4-amino-7,7,8,9,9-pentamethyl-3-phenylspiro[4.5]decane-2-one
PA1  88.
      1,3,8-triaza-7,7,8,9,9-pentamethyl-4-methylimino-3-phenyl-spiro[4.5]decane
     -2-one
PA1  89.
      1,3,8-triaza-4-imino-7,7,8,9,9-pentamethyl-3-phenyl-spiro[4.5]decane-2-thi
     one
PA1  90.
      8-allyl-4-allylimino-1,3,8-triaza-7,7,9,9-tetramethy-3-phenyl-spiro[4.5]de
     cane-2-one
PA1  91.
      1,3,8-triaza-8-(2-hydroxyethyl)-4-(2-hydroxyethylimino)-7,7,9,9-tetramethy
     l-3-phenyl-spiro[4.5]decane-2-one
PA1  92.
      1,3,8-triaza-1,7,7,9,9-pentamethyl-8-(2-methoxyethyl)-4-(2-methoxyethylimi
     no)-3-phenyl-spiro[4.5]decane-2-one
PA1  93.
      1,3,8-triaza-1,8-dibenzyl-7,7,9,9-tetramethyl-3-phenyl-spiro[4.5]decane-4-
     one-2-thione
PA1  94.
      3,8-diaza-4-amino-7,7,8,9,9-pentamethyl-3-(.alpha.-naphthyl)-1-oxa-spiro[4
     .5]decane-2-thione
PA1  95.
      1,3,8-triaza-8-benzyl-7,7,9,9-tetramethyl-3-(p-tolyl)spiro[4.5]decane-2,4-
     dione
PA1  96.
      3,8-diaza-7,7,8,9,9-pentamethyl-1-oxa-3-(p-tolyl)spiro[4.5]decane-2,4-dion
     e
PA1  97.
      3,8-diaza-4-imino-7,7,8,9,9-pentamethyl-1-oxa-3-(p-tolyl)spiro[4.5]decane-
     2-one
PA1  98.
      3,8-diaza-3-(o-chlorophenyl)-7,7,8,9,9-pentamethyl-1-oxa-spiro[4.5]decane-
     2,4-dione
PA1  99.
      3,8-diaza-3-(o-chlorophenyl)-7,7,8,9.9-pentamethyl-4-methylimino-1-oxa-spi
     ro[4.5]decane-2-one
PA1  100.
      1,3,8-triaza-7,7,8,9,9-pentamethyl-3-diphenoxyphosphinospiro[4.5]decane-2,
     4-dithione
PA1  101.
      1,3,8-triaza-7,7,8,9.9-pentamethyl-3-diphenoxyphosphinylspiro[4.5]decane-2
     ,4-dithione
PA1  102.
      1,3-bis(1,3,8-triaza-1,7,7,8,9,8-hexamethyl-2,4-dioxospiro[4.5]-3-decyl)pr
     opane
PA1  103.
      1,6-bis(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxospiro[4.5]-3-decyl)hex
     ane
PA1  104.
      1,6-bis(1,3,8-triaza-1,7,7,8,9,9-hexamethyl-2,4-dioxospiro[4.5]-3-decyl)he
     xane
PA1  105.
      1,6-bis[1,3,8-triaza-7,7,9,9-tetramethyl-2,4-dioxo-8-(2-propynyl)-spiro[4.
     5]-3-decyl]hexane
PA1  106.
      1,6-bis[1,3,8-triaza-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-2,4-dioxo-spi
     ro[4.5]-3-decyl]hexane
PA1  107.1,6-bis(1,3,8-triaza-8-benzyl-7,7,9,9-tetramethyl-2,4-dioxo-spiro[4.5]-
     3-decyl)hexane
PA1  108.
      1,4-bis(1,3,8-triaza-1,7,7,8,9,9-hexamethyl-2,4-dioxospiro[4.5]-3-decyl)tr
     ans-2-butene
PA1  109. 2,2'-bis(1,3,8-triaza-7,7,8,9,9
      -pentamethyl-2,4-dioxospiro[4.5]-3-decyl)diethylether
PA1  110.
      2,2'-bis(1,3,8-triaza-1,7,7,8,9,9-hexamethyl-2,4-dioxospiro[4.5]-3-decyl)d
     iethylether
PA1  111,
      .alpha.,.alpha.'-bis(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxospiro[4.5
     ]-3-decyl)-p-xylene
PA1  112.
      .alpha..alpha.'-bis(1,3,8-triaza-1,7,7,8,9,9-hexamethyl-2,4-dioxospiro[4.5
     ]-3-decyl)-p-xylene
PA1  113.
      .alpha.,.alpha.'-bis[1,3,8-triaza-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-
     2,4-dioxo-spiro[4.5]-3-decyl] -p-xylene
PA1  114.
      .alpha.,.alpha.'-bis(1,3,8-triaza-8-benzyl-7,7,9,9-tetramethyl-2,4-dioxo-s
     piro[4.5]-3-decyl)-p-xylene
PA1  115.
      2,4-bis(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxospiro[4.5]-3-decyl)tol
     uene
PA1  116.
      2,4-bis(3,8-diaza-4-imino-7,7,8,9,9-pentamethyl-1-oxa-2-oxo-spiro[4.5]-3-d
     ecyl)toluene
PA1  117.
      4,4'-bis(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxospiro[4.5]-3-decyl)di
     phenylmethane
PA1  118.
      4,4'-bis[1,3,8-triaza-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-2,4-dioxo-sp
     rio[4.5]-3-decyl]diphenylmethane
PA1  119.
      4,4'-bis[1,3,8-triaza-7,7,9,9-tetramethyl-2-oxo-8-(2-propynyl)-4-(2-propyn
     ylimino)-spiro[4.5]-3- decyl]-diphenylmethane p
PA1  120.
      4,4'-bis(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxospiro[4.5]-3-decyl)di
     phenylether
PA1  121.
      bis[2-(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxospiro[4.5]-3-decyl)ethy
     l]adipate
PA1  122. bis
      [2-(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxospiro[4.5]-3-decyl)ethyl]t
     erephthalate
PA1  123. ethyleneglycol
      bis(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxo-spiro[4.5]-3-decylmethylc
     arboxylate)
PA1  124.
      4-(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxo-spiro[4.5]-3-decylmethyl)-
     1,7-bis(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxo-spiro[4.5]-3-
      decyl)heptane
PA1  125.
      tris[2-(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxospiro[4.5]-3-decyl)eth
     yl]tricarballylate
PA1  126.
      tris[2-(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxospiro[4.5]-3-decyl)eth
     yl]trimellitate
PA1  127.
      tris(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxospiro[4.5]-3-decyl)acetin
PA1  128.
      2,2',2"-tris[1,3,8-triaza-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-2,4-diox
     o-spiro[4.5]-3-decyl]triethyl-isocyanurate
PA1  129. tetrakis
      [2-(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxo-spiro[4.5]-3-decyl)ethyl]
     pyromellitate
PA1  130. pentaerythritol
      tetrakis(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxo-spiro[4.5]-3-decylme
     thylcarboxylate)
PAR  In view of stabilizing effects, the following piperidine derivatives (I)
      are, in particular, preferable and effective:
PA1  1,3,8-triaza-3-butyl-7,7,8,9,9-pentamethyl-spiro [4.5]decane-2,4-dione,
PA1  1,3,8-triaza-7,7,8,9,9-pentamethyl-3-octyl-spiro[4.5]decane-2,4-dione,
PA1  8-allyl-1,3,8-triaza-7,7,9,9-tetramethyl-3-octyl-spiro[4.5]decane-2,4-dione
PA1  1,3,8-triaza-8-benzyl-
      7,7,9,9-tetramethyl-3-octyl-spiro[4.5]-decane-2,4-dione,
PA1  1,3,8-triaza-8-(2-hydroxyethyl)-7,7,9,9--tetramethyl-3-octylspiro[4.5]-deca
     ne-2,4-dione,
PA1  1,3,8-triaza-3-butyl-8-(2,3-epoxypropyl)-7,7,9,9-tetramethylspiro[4.5]-deca
     ne-2,4-dione,
PA1  3-allyl-1,3,8-triaza-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-dione,
PA1  3,8-diallyl-1,3,8-triaza-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dione,
PA1  3-allyl-1,3,8-triaza-(2,3-epoxypropyl)-7,7,9,9-tetramethylspiro[4.5]decane-
     2,4-dione,
PA1  3,8-bis(2-acetoxyethyl)-1,3,8-triaza-7,7,9,9-tetramethylspiro[4.5]decane-2,
     4-dione,
PA1  1,3,8-triaza-3-(2,3-epoxypropyl)-7,7,8,9,9-pentamethylspiro[4.5]decane-2,4-
     dione
PA1  1,3,8-triaza-3,8-di(2,3-epoxypropyl)7,7,9,9-tetramethylspiro[4.5]decane-2,4
     -dione,
PA1  1,3,8-triaza-3,8-dibenzyl-1,7,7,9,9-pentamethyl-spiro[4.5]decane-2,4-dione,
PA1  1,3-bis(1,3,8-triaza-1,7,7,8,9,9-hexamethyl-2,4-dioxo-spiro[4.5]-3-decyl)pr
     opane,
PAR  1,6-bis(1,3,8-triaza-1,7,7,8,9,9-hexamethyl-2,4-dioxospiro[4.5
      ]-3-decyl)hexane,
PA1  2,2'-bis(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxospiro[4.5]-3-decyl)die
     thylether,
PA1  2,2'-bis(1,3,8-triaza-1,7,7,8,9,9-hexamethyl-2,4-dioxospiro[4.5]-3-decyl)di
     ethylether,
PA1  1,3,8-triaza-1,3,7,7,8,9,9-heptamethyl-spiro[4.5]decane-2,4-dione and
PA1  .alpha.,.alpha.'-bis(1,3,8-triaza-1,7,7,8,9,9-hexamethyl-2,4-dioxospiro[4.5
     ]-3-decyl)-p-xylene.
PAR  The piperidine derivatives (I) of this invention may be readily prepared in
      various manners. For instance, they are prepared by any of the thirteen
      routes as illustratively shown below.
PAR  1. The compound (III) or the alkalimetal salt thereof is reacted with the
      halide (R.sub.O -- X.sub.1) in a molar ratio of 1 : 2 by heating in the
      presence or absence of a base to produce the compound (IV).
      ##SPC30##
PAL  In the above formulae, R represents an alkyl group, allyl group, 2-propynyl
      group, an epoxyalkyl group or an aralkyl group and X.sub.1 represents a
      halogen atom.
PAR  This method will be more fully exemplified by Examples 1 and 2. and
      provide, for example, those compounds designated by Nos. 1, 4, 33, 37, 59
      and 69 hereinabove.
PAR  2. The compound (V) is reacted with the halide (R.sub.4 --X.sub.1) by
      heating in the presence or absence of a base to produce the compound (VI).
      ##SPC31##
PAL  In the above formulae, R and n are as defined above, R.sub.4 represents an
      alkyl group, allyl group, 2-propynyl group, a cyanoalkyl group, an
      epoxyalkyl group, an aralkyl group, an acyl group or nitroso group,
      Z.sub.1 represents oxygen atom or the group --NH-- and X.sub.1 represents
      a halogen atom.
PAR  This method will be more fully exemplified by Examples 3, 4 and 5 and
      provide, for example, those compounds designated by Nos. 2, 3, 5, 6, 10,
      11, 12, 13, 20, 25, 26, 30, 31, 35, 36, 38, 40, 43, 44, 45, 46, 49, 51,
      57, 58, 60, 64, 68, 77, 78, 79, 80, 81, 82, 83, 85, 86, 95, 96, 98, 103,
      105, 106, 107, 109, 111, 113, 114, 115, 117, 118, 120, 121, 122, 123, 124
      and 128 hereinabove.
PAR  3. The compound (VII) is reacted with the halide (R.sub.5 --X.sub.1) by
      heating in the presence of a base to produce the compound (VIII).
      ##SPC32##
PAR  In the above formulae, R, R' and n are as defined above, R.sup.5 represents
      an alkyl group, allyl group, 2-propynyl group, a hydroxyalkyl group, an
      alkoxyalkyl group, an alkenyloxyalkyl group, an aryloxyalkyl group, an
      acyloxyalkyl group or an aralkyl group and X.sub.1 represents a halogen
      atom.
PAR  This method will be more fully exemplified by Example 6 and provide, for
      example, those compounds designated by Nos. 7, 8, 9, 14, 15, 16, 19, 32,
      34, 42, 66, 67, 70, 71, 72, 73, 74, 75, 76, 92 and 93 hereinabove.
PAR  4. The compound (IX) is reacted with the halide (R.sub.6 -X) by heating in
      the presence or absence of a base to produce the compound (X)
      ##SPC33##
PAR  In the above formulae, R, n, X and Z.sub.1 are as defined above and R.sub.6
      represents an alkyl group, allyl group, 2-propynyl group, a hydroxyalkyl
      group, an alkoxyalkyl group or an aralkyl group.
PAR  This method will be more fully exemplified by Example 7 and provide, for
      example, those compounds designated by Nos. 84, 88, 90, 91, 92, 99 and 119
      hereinabove. (5) The compound (XI) is reacted with formaldehyde and formic
      acid to produce the compound (XII).
      ##SPC34##
PAL  In the above formulae, R, n and Z.sub.1 are as defined above and Y.sub.1
      represents oxygen atom, sulfur atom or the group = NH.
PAR  This method will be more fully exemplified by Example 8 and provide, for
      example, those compounds designated by Nos. 2, 3, 10, 30, 64, 81, 85, 87,
      89, 94, 97, 103, 109, 111, 115, 116 and 117 hereinabove.
PAR  6. The compound (XIII) is reacted with ethylene oxide by heating under
      pressure in the presence of an acid to produce the compound (XIV).
      ##SPC35##
PAL  In the above formulae, R, n, Y.sub.1 and Z are as defined above.
PAR  This method will be more fully exemplified by Example 9 and provide, for
      example, those compounds designated by Nos. 17 and 18 hereinabove.
PAR  7. The compound (XV) is reacted with ethylene oxide by heating under
      pressure in the presence of an acid to produce the compound (XVI).
      ##SPC36##
PAL  In the above formulae, Y.sub.1 and Z.sub.1 are as defined above.
PAR  This method will be more fully exemplified by Example 10 and provide, for
      example, the compound designated by No. 39 hereinabove.
PAR  8. The compound (XVII) or (XIX) is reacted with the acid halide in the
      presence of a base to produce the compound (XVIII) or (XX).
      ##SPC37##
PAL  In the above formulae, n, X.sub.1, Y.sub.1 and Z.sub.1 are as defined
      above, the acyl moiety of the acyl halide R.sub.8 --(COX.sub.1).sub.n or
      R.sub.8 COX.sub.1 represents a monoacyl group, a biacyl group, a triacyl
      group or tetraacyl group, R.sub.7 represents an alkyl group, allyl group,
      2-propynyl group, a cyanoalkyl group, an alkoxyalkyl group, an
      alkenyloxyalkyl group, an aryloxyalkyl group, an epoxyalkyl group, an
      alkoxycarbonylalkyl group, an aralkyl group, an acyl group or nitroso
      group and m.sup.1 is an integer of 2 through 4 inclusive.
PAR  This method will be more fully exemplified by Example 11 and provide, for
      example, those compounds designated by Nos. 46, 47, 48, 49, 50, 51, 52,
      53, 54, 55, 121, 122, 125, 126 and 129 hereinabove.
PAR  9. The compound (XXI) or the alkali metal salt thereof is reacted with the
      halide [R.sub.9 (X.sub.1).sub.n ] to produce the compound
      ##SPC38##
PAL  In the above formulae, n, X.sub.1 and Z.sub.1 are as defined above. R.sub.9
      represents, when n  is 1, an alkyl group, allyl group, 2-propynyl group, a
      hydroxyalkyl group, a cyanoalkyl group, an alkoxyalkyl group, an
      alkenyloxyalkyl group, an aryloxyalkyl group, an epoxyalkyl group, an
      acyloxyalkyl group, an alkylthioalkyl group, an alkoxycarbonylalkyl group,
      an aryloxycarbonylalkyl group, an aralkyl group, an alkoxycarbonyl group,
      an aralkyloxycarbonyl group, a substituted phosphino group or a
      substituted phosphinyl group; when n is 2, an alkylene group, an
      alkenylene group, an aralkylene group, a bisacyloxyalkylene group, an
      alkylenebisoxycarbonylalkyl group or a dialkyleneether group; when n is 3,
      an alkanetriyl group, a trisacyloxyalkylene group, an
      alkanetris(oxycarbonylalkyl) group or the group
      ##SPC39##
      4,
PAL  in which p is as defined above; and, when n is 4, an alkanetertrayl group,
      a tetrakis(acyloxyalkylene) group or an alkanetetrakis(oxycarbonylalkyl)
      group. R.sub.10 represents an alkyl group, a cyanoalkyl group, an
      alkoxyalkyl group, an acyl group, an aralkyloxycarbonyl group or nitroso
      group.
PAR  This method will be more fully exemplified by Example 12 and provide, for
      example, those compounds designated by Nos. 21, 22, 23, 24, 25, 26, 32,
      41, 49, 56, 58, 60, 61, 62, 63, 65, 80, 100, 101, 127 and 130 hereinabove.
      (10) The compound (XXIII) is subjected to reduction to produce the
      compound (XXIV).
      ##SPC40##
PAL  In the above formulae, R, n, Y and Z are as defined above.
PAR  This method will be more fully exemplified by Example 13 and provide, for
      example, the compound designated by No. 27 hereinabove.
PAR  11. The compound (XXIV) is reacted with the acid halide (R.sub.8 COX.sub.1)
      in the presence of a base to produce the compound (XXV).
      ##SPC41##
PAL  In the above formulae, R, n, X.sub.1, Y, the group R.sub.8 CO and Z are as
      defined above.
PAR  This method will be more fully exemplified by Example 14 and provide, for
      example, the compound designated by No. 28 hereinabove.
PAR  12. The compound (XXIV) is reacted with the halide (R.sub.11 X) in the
      presence of a base to produce the compound (XXVI).
      ##SPC42##
PAL  In the above formulae, R, n, X.sub.1, Y and Z are as defined above,
      R.sub.11 represents an alkyl group and R.sub.12 represents hydrogen atom
      or an alkyl group.
PAR  This method will be more fully exemplified by Example 15 and provide, for
      example, the compound designated by No. 29 hereinabove.
PAR  13. The compound (XXVI) is reacted with dialkyl sulfate by heating to
      produce the compound (XXVII).
      ##SPC43##
PAL  In the above formulae, R, R.sub.11 and n are as defined above.
PAR  This method will be more fully exemplified by Example 16 and provide, for
      example, those compounds designated by Nos. 8, 19, 66, 70, 71, 102, 104,
      108, 110 and 112 hereinabove.
PAR  In still another aspect of this invention, there is provided a synthetic
      polymer composition stabilized against photo- and thermal-deterioration
      which contains at least one of the new piperidine derivatives (I) having
      incorporated therein.
PAR  The piperidine derivatives (I) employed as a stabilizer in the present
      invention may be readily incorporated into the synthetic polymers by any
      of the various standard procedures commonly utilized in the art. The
      stabilizer may be incorporated into the synthetic polymers at any desired
      stage prior to the manufacture of shaped articles therefrom. Thus, for
      example, the stabilizer in the form of a dry powder may be admixed with
      the synthetic polymer, or a suspension or emulsion of the stabilizer may
      be admixed with a solution, suspension or emulsion of the synthetic
      polymer.
PAR  The amount of the piperidine derivatives (I) employed in the synthetic
      polymer in accordance with the present invention may be varied widely,
      depending upon the types, properties and particular uses of the synthetic
      polymer to be stabilized. In general, the piperidine derivatives of the
      formula (I) may be added in an amount ranging from 0.01 to 5.0% by weight,
      based on the amount of the synthetic polymer, but the practical range is
      varied depending upon the type of the synthetic polymer, that is 0.01 to
      2.0% by weight, preferably 0.02 to 1.0% by weight for polyolefins, 0.01 to
      1.0% by weight, preferably 0.02 to 0.5% by weight for polyvinyl chloride
      and polyvinylidene chloride, and 0.01 to 5.0% by weight, preferably 0.02
      to 2.0% by weight fo polyurethanes and polyamides.
PAR  The present stabilizer may be used alone or in combination with other known
      antioxidants, ultraviolet absorbents, fillers, pigments and the like.
PAR  If desired, two or more of the present stabilizers i.e. the piperidine
      derivatives of the formula (I) may also be satisfactorily used in this
      invention.
PAR  In order that the invention may be better understood, the following
      Examples are given solely for the purpose of illustration of this
      invention. In the Examples, all parts are given by weight unless otherwise
      indicated and the number of the test compound as used hereinbelow is the
      same as illustratively shown above.
PAR  Examples 1 through 16 describe the preparation of some representative
      compounds of the piperidine derivative (I) of this invention.
PAR  Examples 17 through 29 describe the synthetic polymer compositions having
      incorporated therein the piperidine derivatives (I) and their stabilizing
      effects.
DETD
PAC  EXAMPLE 1
PAC  1,3,8-Triaza-3,8-dibenzyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dione
PAR  To a suspension of 22.5 g. of
      1,3,8-triaza-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dione in 300 ml. of
      ethanol was added 6.2 g. of potassium hydroxide and the resulting mixture
      was heated under reflux for 1 hour. After cooling, acetone was added to
      the reaction mixture, thereby separating crystalline substance, which was
      then recovered by filtration to give the potassium salt of the above
      starting material.
PAR  To 5 g. of the potassium salt obtained above was added 30 g. of benzyl
      chloride and the resulting mixture was heated under reflux for 20 hours.
      After cooling, the reaction mixture was poured into a 10% aqueous solution
      of sodium hydroxide and crystalline substance so separated was recovered
      by filtration and recrystallized from benzene to give the desired product
      as white crystals melting at 262.degree.- 263.degree.C.
PAR  Analysis for C.sub.25 H.sub.31 N.sub.3 O.sub.2 : Calculated: C, 74.10%; H,
      7.65%; N, 10.37%. Found: C, 74.33%; H, 7.66%, N, 10.28%. Mass spectrum:
      M.sup.+ m/e 405 (Calculated 405).
PAC  EXAMPLE 2
PAC  1,3,8-Triaza-7,7,9,9-tetramethyl-3,8-di(2-propynyl)-spiro[4.5]decane-2,4-di
     one
PAR  To a mixture of 2.6 g. of potassium salt of
      1,3,8-triaza-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dione, 2.6 g. of
      2-propynyl bromide and 1.4 g. of potassium carbonate was added 20 ml. of
      dimethylformamide and the resulting mixture was heated at 80.degree.-
      90.degree.C. for 15 hours. After completion of the reaction, the reaction
      mixture was concentrated and the concentrate was extracted with benzene.
      The benzene extract was again concentrated and the residual crystalline
      substance was recrystallized from aqueous ethanol to give the desired
      product as white crystals melting at 198.degree.- 200.degree.C.
PAR  Analysis for C.sub.17 H.sub.23 N.sub.3 O.sub.2 : Calculated: C, 67.75%; H,
      7.69%; N, 13.94%. Found: C, 67.70%; H, 7.73%; N, 13.89%.
PAC  EXAMPLE 3
PAC  8-Allyl-1,3,8-triaza-7,7,9,9-tetramethyl-3-n-octyl-spiro[4.5]decane-2,4-dio
     ne
PAR  To a mixture of 17 g. of
      1,3,8-triaza-7,7,9,9-tetramethyl-3-n-octyl-spiro[4.5]decane-2,4-dione and
      16 g. of allyl chloride were added 20 ml. of triethylamine and 20 ml. of
      dimethylformamide. The resulting mixture was heated under reflux for 20
      hours.
PAR  After completion of the reaction, the reaction mixture was concentrated,
      the residue was washed with an 10% aqueous potassium carbonate solution
      and extracted with benzene. The benzene extract was subjected to a column
      chromatography on alumina and the resulting crystalline substance was
      recrystallized from n-hexane to give the desired product as white crystals
      melting at 123.degree.-124.degree.C.
PAR  Analysis for C.sub.22 H.sub.39 N.sub.3 O.sub.2 : Calculated: C, 70.00%; H,
      10.35%; N, 11.15%. Found: C, 69.74%; H, 10.40%; N, 11.39%.
PAC  EXAMPLE 4
PAC  1,3,8-Triaza-8-benzyl-7,7,9,9-tetramethyl-3-n-octyl-spiro[4.5]decane-2,4-di
     one
PAR  A mixture of 2 g. of
      1,3,8-triaza-7,7,9,9-tetramethyl-3-n-octyl-spiro[4.5]decane-2,4-dione, 10
      g. of benzyl chloride and 1 g. of potassium carbonate was heated under
      reflux for 15 hours. After cooling, the reaction mixture was added to an
      10% aqueous potassium carbonate solution and extracted with benzene. The
      benzene solution so obtained was washed with water, dried over anhydrous
      sodium sulfate and then concentrated. The residual crystalline substance
      was recrystallized from petroleum ether to give the desired product as
      white crystals melting at 167.degree.-168.degree.C.
PAR  Analysis for C.sub.26 H.sub.41 N.sub.3 O.sub.2 : Calculated: C, 73.02%; H,
      9.66%; N. 9.83%. Found: C, 72,83%; H, 9.53%; N, 10.00%. IR spectrum (Nujol
      mull): .nu..sub.NH 3380, .nu..sub.C.sub.=O 1780, 1713 cm.sup.-.sup.1. Mass
      spectrum M.sup.+ m/e 567. (Calculated: 567)
PAC  EXAMPLE 5
PAC  1,3,8-Triaza-3-butyl-8-(2,3-epoxypropyl)-7,7,9,9-tetramethylspiro
      [4.5]decane-2,4-dione
PAR  A solution of 20.0 g. of 1,3,8-triaza-3-butyl-7,7,9,9-tetramethyl-spiro
      [4.5]decane-2,4-dione in 40 g of epichlorohydrin was refluxed with
      stirring for 15 hours. After completion of the reaction, excess
      epichlorohydrin was removed by distillation under reduced pressure and the
      residue was dissolved in 200 ml. of ether. The resulting solution was
      washed with an 20% aqueous solution of potassium carbonate and then with
      water. After drying over anhydrous sodium sulfate, the ether was distilled
      off to give the desired product as crude crystalline substances which were
      then recrystallized from ethyl acetate, thereby yielding the desired
      product in pure state as white crystals melting at
      125.degree.-128.degree.C.
PAR  Analysis for C.sub.17 H.sub.27 N.sub.3 O.sub.3 : Calculated: C, 63.52% H,
      8.47%; N, 13.07%. Found: C, 63.49%; H, 8.51%; N, 13.15%.
PAC  EXAMPLE 6
PAC  1,3,8-Triaza-1,3,8-tribenzyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dione
PAR  To 2 g. of
      1,3,8-triaza-3,8-dibenzyl-7,7,9,9-tetramethylspiro[4.5]decane-2,4-dione
      were added 1 g of sodium hydride and 40 ml of xylene and the resulting
      mixture was heated under reflux for 5.5 hours. Then, 5.25 g. of benzyl
      chloride was added to the mixture and the mixture so obtained was heated
      under reflux for further 10 hours. After cooling, insoluble materials were
      filtered off from the reaction mixture and the filtrate was concentrated.
      To the residue was added 10% aqueous hydrochloric acid and the resulting
      mixture was washed with ether. The aqueous layer was separated from the
      organic layer and neutralized by addition of potassium carbonate followed
      by extraction with benzene. The benzene extract was concentrated and the
      residual crystalline substance was recrystallized from n-hexane to give
      the desired product as white crystals melting at 135.degree.-136.degree.C.
PAR  Analysis for C.sub.32 H.sub.37 N.sub.3 O.sub.2 : Calculated: C, 77.54%; H,
      7.52%; N, 8.48%. Found: C, 77.42%; H, 7.91%; N, 8.50%.
PAC  EXAMPLE 7
PAC  4,4'-Bis[1,3,8-triaza-7,7,9,9-tetramethyl-2-oxo-8-(2-propynyl)4-(2-propynyl
     imino)-spiro[4.5]-3-decyl]diphenylmethane
PAR  To a mixture of 1 g. of
      4,4'-bis(1,3,8-triaza-4-imino7,7,9,9-tetramethyl-2-oxo-spiro-[4.5]-3-decyl
     ) diphenylmethane, 0.9 g. of 2-propynyl bromide and 1 g. of sodium
      carbonate was added 10 ml. of dimethylformamide and the resulting mixture
      was heated at 140.degree.-150.degree.C. for 12 hours. After completion of
      the reaction, the dimethylformamide was distilled off, the residue was
      washed with water and then benzene and finally recrystallized from
      dimethylformamide to give the desired product as pale yellow crystals not
      melting at 250.degree.C.
PAR  Analysis for C.sub.47 H.sub.56 N.sub.8 O.sub.2 : Calculated: C, 73.79%; H,
      7.38%; N, 14.65%. Found: C, 73.86%; H, 7.45%; N, 14.54%. IR spectrum
      (Nujol mull): .nu..sub.NH 3300 cm.sup.-.sup.1, .nu..sub.C.sub.=O 2100
      cm.sup.-.sup.1 ; .nu..sub.C.sub.=O 1720 cm.sup.-.sup.1, .nu..sub.C.sub.=N
      1675 cm.sup.-.sup.1
PAC  EXAMPLE 8
PAC  1,3,8-Triaza-3-butyl-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-dione
PAR  To 281 g. of
      1,3,8-triaza-3-butyl-7,7,9,9-tetramethylspiro[4.5]decane-2,4-dione was
      added 256 g. of 90% formic acid and to the resulting mixture was added
      dropwise at 20.degree.-30.degree.C. over 1 hour 162 g. of 37%
      formaldehyde. After completion of the dropwise addition, the mixture so
      obtained was refluxed with stirring by gradual heating for about 7 hours,
      at the end of which evolution of gaseous carbon dioxide ceased.
PAR  After completion of the reaction, the reaction mixture was colled, diluted
      with 800 ml. of water and then neutralized to a pH of 9 to 9.5 with an 45%
      aqueous sodium hydroxide solution. Crystalline substances thus separated
      were recovered by filtration, washed with water and dried.
      Recrystallization from methanol gave the desired product as white crystals
      melting at 135.degree.-137.degree.C.
PAR  Analysis for C.sub.16 H.sub.29 N.sub.3 O.sub.2 : Calculated: C, 65.05%; H,
      9.89%; N, 14.22%. Found: C, 65.05%; H, 9.93%; N, 14.21%.
PAC  EXAMPLE 9
PAC  1,3,8-Triaza-8-hydroxyethyl-7,7,9,9-tetramethyl-3-n-octylspiro[4.5]decane-2
     ,4-dione
PAR  Into a sealed tube were charged 5.7 g. of
      1,3,8-triaza7,7,9,9-tetramethyl-3-n-octyl-spiro[4.5]decane-2,4-dione, 25
      ml. of methanol and 0.1 ml. of hydrichloric acid. Then, 1.7 g. of ethylene
      oxide was added thereto. The tube was sealed and heated at 103.degree.C.
      for 3 hours. After completion of the reaction, the reaction mixture was
      concentrated and the residue was recrystallized from ligroin to give the
      desired product as white crystals melting at 138.degree.-139.degree.C.
PAR  Analysis for C.sub.21 H.sub.39 N.sub.3 O.sub.3 : Calculated: C, 66.11%; H,
      10.30%; N, 11.01%. Found: C, 65.99%; H, 10.55%; N, 10.91%.
PAC  EXAMPLE 10
PAC  1,3,8-Triaza-3,8-bis(2-hydroxyethyl)-7,7,9,9-tetramethyl-spiro[4.5]decane-2
     ,4-dione
PAR  A mixture of 4.5 g. of
      1,3,8-triaza-7,7,9,9-tetramethylspiro[4.5]decane-2,4-dione, 20 ml. of
      methanol and 0.2 g. of hydrochloric acid was charged into a sealed tube.
      To the tube was then charged 5 g. of ethylene oxide. After sealing the
      tube, the mixture was heated at 110.degree.C. for 5 hours. After
      completion of the reaction, insoluble substances were filtered off and the
      filtrate was concentrated. The residue was recrystallized from a mixture
      of methanol and ether to give the desired product as colorless needles
      melting at 188.degree.-190.degree.C.
PAR  Analysis for C.sub.15 H.sub.27 N.sub.3 O.sub.4 : Calculated: C, 57.51%; H,
      8.69%; N, 13.42%. Found: C, 57.63%; H, 8.55%; N, 13.40%.
PAC  EXAMPLE 11
PAC  1,3,8-Triaza-3,8-bis(2-p-chlorobenzyloxyethyl)-7,7,9,9-tetramethyl-spiro[4.
     5]decane-2,4-dione
PAR  To a suspension of 2.5 g. of
      1,3,8-triaza-3,8-bis(2-hydroxyethyl)-7,7,9,9-tetramethyl-spiro[4.5]decane-
     2,4-dione and 3.3 g. of potassium carbonate in 30 ml. of benzene was added
      4.4 g. of p-chlorobenzoyl chloride at room temperature. The resulting
      mixture was stirred at that temperature for 2 hours and heated under
      reflux for additional 2 hours. After cooling, the reaction mixture was
      washed with water, dried over anhydrous sodium sulfate and the benzene was
      distilled off. The residue so obtained was recrystallized from ethyl
      acetate to give the desired product as white crystals melting at
      202.degree.-202.5.degree.C.
PAR  Analysis for C.sub.29 H.sub.33 N.sub.3 O.sub.6 Cl: Calculated: C, 58.98%;
      H, 5.59%; N, 7.11%; Cl, 12.01%. Found: C, 58.69%; H, 5.80%; N, 6.89%; Cl,
      12.36%. IR spectrum (Nujol mull): .nu..sub.C.sub.=O 1768, 1729, 1710
      cm.sup.-.sup.1.
PAC  EXAMPLE 12
PAC  1,3,8-Triaza-3-(2,3-epoxypropyl)-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4
     -dione
PAR  In 100 ml. of water was dissolved 2.4 g. of sodium hydroxide and to the
      resulting solution was added with stirring 12.0 g. of
      1,3,8-triaza-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2.4-dione to form the
      corresponding sodium salt in situ. To the mixture was then added 0.56 g.
      of epichlorohydrin and the resulting mixture was stirred at room
      temperature for 60 hours. The crystalline substance separated in situ was
      recovered by filtration and washed with water to give the desired product
      as crude crystals, which were then dissolved in 150 ml. of toluene with
      heating and impurities were filtered off and the filtrate was cooled to
      give the desired product as white crystals melting at
      174.degree.-176.degree.C.
PAR  Analysis for C.sub.15 H.sub.25 N.sub.3 O.sub.3 : Calculated: C, 60.99%; H,
      8.53%; N, 14.23%. Found: C, 60.77%; H, 8.42%; N, 14.45%.
PAC  EXAMPLE 13
PAC  8-Amino-1,3,8-triaza-3-butyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dione
PAR  To 9.3 g. of
      1,3,8-traza-3-butyl-7,7,9,9-tetramethyl-8-nitroso-spiro[4.5]decane-2,4-dio
     ne were added 11.2 g. of zinc powder and 35 ml. of water and to the
      resulting mixture was added 25 ml. of 85% acetic acid. The mixture so
      obtained was heated at 60.degree.-65.degree.C. for 1.5 hours. After
      cooling, sodium hydroxide was added to the reaction mixture, which was
      then extracted with benzene. The benzene extract was dried over anhydrous
      sodium sulfate and concentrated. The residue was recrystallized from
      petroleum benzine to give the desired product as white crystals melting at
      154.degree.-156.degree.C.
PAR  Analysis for C.sub.15 H.sub.28 N.sub.4 O.sub.2 : Calculated: C, 60.78%; H,
      9.52%; N, 18.90%. Found: C, 60.50%; H, 9.57%; N, 18.69%. IR spectrum
      (Nujol mull): .nu..sub.C.sub.=O 1770, 1708 cm.sup.-.sup.1.
PAC  EXAMPLE 14
PAC  1,3,8-Triaza-8-benzamido-3-butyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-d
     ione
PAR  To a solution of 2 g. of
      8-amino-1,3,8-triaza-3-butyl7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dione
      and 2 g. of triethylamine in 50 ml. of benzene was added 1.2 g. of benzoyl
      chloride and the resulting mixture was stirred at 40.degree.-50.degree.C.
      for 5 hours. After completion of the reaction, the reaction mixture was
      concentrated and to the residue was added water followed by filtration.
      The crystalline substances so separated were recrystallized from benzene
      to give the desired product as white crystals melting at
      235.degree.-236.degree.C.
PAR  Analysis for C.sub.22 H.sub.32 N.sub.4 O.sub.3 : Calculated: C, 65.97%; H,
      8.05%; N, 13.99%. Found: C, 65.61%; H, 7.99%; N, 13.94%. IR spectrum
      (Nujol mull): .nu..sub.C.sub.=O 1762, 1710, 1690 cm.sup.-.sup.1.
PAC  EXAMPLE 15
PAC  1,3,8-Triaza-3-butyl-8-ethylamino-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-
     dione
PAR  To a solution of 0.45 g. of
      8-amino-1,3,8-triaza-3-butyl-7,7,9,9-tetramethyl-spiro[4.5]-decane-2,4-dio
     ne and 2 g. of potassium carbonate in 10 ml. of dimethylformamide was added
      1 g. of ethyl iodide and the resulting mixture was heated at
      100.degree.-105.degree.C. for 8 hours. After completion of the reaction,
      the reaction mixture was concentrated and to the residue was added water
      followed by filtration. The crystalline substances so separated were
      recrystallized from petroleum benzine to give the desired product as white
      crystals melting at 138.degree.-139.degree.C.
PAR  Analysis for C.sub.17 H.sub.32 N.sub.4 O.sub.2 : Calculated: C, 62.93%; H,
      9.94%; N, 17.27%. Found: C, 63.20%; H, 10.09%; N, 17.01%. Mass spectrum:
      M.sup.+324 (Calculated Molecular Weight 324.46).
PAC  EXAMPLE 16
PAC  1,6-Bis
      (1,3,8-triaza-1,7,7,8,9,9-hexamethyl-2,4-dioxospiro[4.5]-3-decyl)hexane
PAR  To a solution of 2.66 g. of
      1,6-bis(1,3,8-triaza-7,7,9,9-tetramethyl-2,4-dioxo-spiro[4.5]-3-decyl)hexa
     ne and 3.2 g. of sodium hydroxide in 50 ml. of dioxane was added 5 g. of
      dimethyl sulfate and the resulting mixture was heated at
      60.degree.-65.degree.C. for 3 hours. After completion of the reaction, the
      reaction mixture was concentrated and the residue was extracted with
      benzene. The benzene extract was washed with water, dried over anhydrous
      sodium sulfate and then concentrated. The residue was recrystallized from
      petroleum benzine to give the desired product as white crystals melting at
      125.degree.-126.degree.C.
PAR  Analysis for C.sub.32 H.sub.56 N.sub.6 O.sub.4 : Calculated: C, 65.27%; H,
      9.59%; N, 14.27%. Found: C, 65.57%; H, 9.55%; N, 13.95%. IR spectrum
      (Nujol mull): .nu..sub.C.sub.=O 1762, 1700 cm.sup.-.sup.1.
PAR  By utilizing any suitable procedure of those set forth in the above
      Examples, the following compounds were prepared:
PA1  1,3,8-triaza-3,7,7,8,9,9-hexamethyl-spiro[4.5]decane-2,4-dione (m.p.
      209.degree.-210.degree.C.),
PA1  1,3,8-triaza-7,7,8,9,9 -pentamethyl-3-octyl-spiro[4.5]decane-2,4-dione
      (m.p. 127.degree.-128.degree.C.),
PA1  1,3,8-triaza-3,8-diethyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dione
      (m.p. 162.degree.-164.degree.C.),
PA1  1,3,8-triaza-3-butyl-8-ethyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dione
      (m.p. 105.degree.-107.degree.C.),
PA1  1,3,8-triaza-8-ethyl-7,7,9,9-tetramethyl-3-octyl-spiro[4.5]decane-2,4-dione
      (m.p. 137.degree.-138.degree.C.),
PA1  1,3,8-triaza-1,3,7,7,8,9,9-heptamethyl-spiro[4.5]decane-2,4-dione (m.p.
      81.degree.-82.degree.C.),
PA1  1,3,8-triaza-3-butyl-1,8-diethyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-d
     ione (colorless liquid after chromatography),
PA1  1,3,8-triaza-1-butyl-8-ethyl-7,7,9,9-tetramethyl-3-octyl-spiro[4.5]decane-2
     ,4-dione (b.p. 195.degree.-200.degree.C./3mmHg.),
PA1  3,8-diaza-7,7,8,9,9-pentamethyl-3-octadecyl-1-oxa-spiro[4.5]decane-2,4-dion
     e (m.p. 83.degree.-84.degree.C.),
PA1  1,3,8-traza-8-benzyl-7,7,9,9-tetramethyl-3-octadecyl-spiro[4.5]decane-2,4-d
     ione (m.p. 111.degree.-113.degree.C.),
PA1  1,3,8-triaza-3,7,7,8,9,9-hexamethyl-1-ethoxymethyl-spiro[4.5]decane-2,4-dio
     ne (b.p. 161.degree.-162.degree.C./0.9mmHg.),
PA1  1,3,8-triaza-3,7,7,8,9,9-hexamethyl-1-(2-phenoxyethyl)-spiro[4.5]decane-2,4
     -dione (m.p. 92.degree.-93.degree.C.),
PA1  1,3,8-triaza-3,7,7,8,9,9-hexamethyl-1-(2-vinyloxyethyl)-spiro[4.5]decane-2,
     4-dione (b.p. 171.degree.-172.degree.C./0.9mmHg.),
PA1  1,3,8-triaza-3-butyl-8-(2-hydroxyethyl)-7,7,9,9-tetramethylspiro[4.5]decane
     -2,4-dione (m.p. 112.degree.-114.degree.C.),
PA1  1,3,8-triaza-8-(2-cyanoethyl)-1,3,7,7,9,9-hexamethyl-spiro[4.5]decane-2,4-d
     ione (m.p. 23.degree.-26.degree.C.),
PA1  1,3,8-triaza-8-(2-ethoxyethyl)-3,7,7,9,9-pentamethyl-spiro[4.5]decane-2,4-d
     ione (m.p. 135.degree.-136.degree.C.),
PA1  1,3,8-triaza-8-cinnamoyl-3,7,7,9,9-pentamethyl-spiro[4.5]decane-2,4-dione
      (m.p. 279.degree.-280.degree.C.),
PA1  1,3,8-triaza-3,7,7,9,9-pentamethyl-8-nitroso-spiro[4.5]decane-2,4-dione
      (m.p. 228.degree.-229.degree.C.),
PA1  1,3,8-triaza-3-butyl-7,7,9,9-tetramethyl-8-nitroso-spiro[4.5]decane-2,4-dio
     ne (m.p. 131.degree.-132.degree.C.),
PA1  3-allyl-1,3,8-triaza-7,7,8,9,9-pentamethyl-spiro[4.5]decane2,4-dione (m.p.
      137.degree.-139.degree.C.),
PA1  3-allyl-1,3,8-triaza-8-ethyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dione
      (m.p. 166.degree.-167.degree.C.),
PA1  1,3-diallyl-1,3,8-triaza-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-dithion
     e (b.p. 174.degree.-176.degree.C./3mmHg.),
PA1  3,8-diallyl-1,3,8-triaza-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dione
      (m.p. 154.degree.-155.degree.C.),
PA1  3,8-diallyl-1,3,8-triaza-1-benzyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-
     dione (b.p. 205.degree.-207.degree.C./1mmHg.),
PA1  3-allyl-1,3,8-triaza-8-(2,3-epoxypropyl)-7,7,9,9-tetramethylspiro[4.5]decan
     e-2,4-dione (m.p. 162.degree.-164.degree.C.),
PA1  3-allyl-1,3,8-triaza-8-benzyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dion
     e (m.p. 189.degree. - 190.degree.C.),
PA1  1,3,8-triaza-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-3-(2-propynyl)-spiro[4
     .5]decane-2,4-dione (m.p. 193.5.degree. - 196.5.degree.C.),
PA1  1,3,8-triaza-8-cyanomethyl-3-(3-hydroxypropyl)-7,7,9,9-tetramethyl-spiro[4.
     5]decane-2,4-dione (m.p. 191.degree.-192.degree.C.),
PA1  1,3,8-triaza-1,7,7,9,9-pentamethyl-3,8-bis(2-methoxyethyl)-spiro[4.5]decane
     -2,4-dione (m.p. 34.degree. - 36.degree.C.),
PA1  1,3,8-triaza-3-ethoxymethyl-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-dion
     e (m.p. 176.degree. - 177.degree.C.),
PA1  1,3,8-triaza-8-ethyl-7,7,9,9-tetramethyl-3-(2-vinyloxyethyl)-spiro[4.5]deca
     ne-2,4-dione (m.p. 149.degree. - 150.degree.C.),
PA1  8-allyl-1,3,8-triaza-7,7,9,9-tetramethyl-3-(2-phenoxyethyl)-spiro[
      4.5]decane-2,4-dione (m.p. 175.degree. - 176.degree.C.),
PA1  3-(2-acetoxyethyl)-1,3,8-triaza-8-benzyl-7,7,9,9-tetramethylspiro[4.5]decan
     e-2,4-dione (m.p. 191.degree.-191.5.degree.C.),
PA1  3,8-bis(2-acetoxyethyl)-1,3,8-triaza-7,7,9,9-tetramethylspiro[4.5]decane-2,
     4-dione (m.p. 149.degree. - 150.degree.C.),
PA1  1,3,8-triaza-2,2,6,6-tetramethyl-3,8-bis(2-octanoyloxyethyl)-spiro[4.5]deca
     ne-2,4-dione (m.p. 69.degree. - 70.degree.C.),
PA1  8-acryloyl-3-(2-acryloyloxyethyl)-1,3,8-triaza-7,7,9,9-tetramethyl-spiro[4.
     5]decane-2,4-dione (m.p. 173.degree. - 174.degree.C.),
PA1  3,8-bis(2-acryloyloxyethyl)-1,3,8-triaza-7,7,9,9-tetramethylspiro[4.5]decan
     e-2,4-dione (m.p. 119.degree. - 120.degree.C.),
PA1  1,3,8-triaza-3-(2-benzoyloxyethyl)-8-ethyl-7,7,9,9-tetramethyl-spiro[4.5]de
     cane-2,4-dione (m.p. 166.degree. - 167.degree.C.),
PA1  1,3,8-triaza-3,8-bis(2-benzoyloxyethyl)-7,7,9,9-tetramethylspiro[4.5]decane
     -2,4-dione (m.p. 187.degree. - 188.5.degree.C.),
PA1  1,3,8-triaza-7,7,9,9-tetramethyl-3,8-bis(2-m-toluoyloxyethyl)-spiro[4.5]dec
     ane-2,4-dione (m.p. 152.degree. - 153.degree.C.),
PA1  3,8-bis(2-o-anisoyloxyethyl)-1,3,8-triaza-7,7,9,9-tetramethylspiro[4.5]deca
     ne-2,4-dione (m.p. 141.degree. - 142.degree.C.),
PA1  1,3,8-triaza-3,8-bis(2-cyanoethyl)-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4
     -dione (m.p. 126.degree. - 127.degree.C.)
PA1  1,3,8-triaza-7,7,8,9,9-pentamethyl-3-(2-methylthioethyl)spiro[4.5]decane-2,
     4-dione (m.p. 138.degree. - 139.degree.C.),
PA1  1,3,8-triaza-3,8-bis(2,3-epoxypropyl)-7,7,9,9-tetramethylspiro[4.5]decane-2
     ,4-dione (m.p. 164.5.degree. - 166.5.degree.C.),
PA1  1,3,8-triaza-3-ethoxycarbonylmethyl-7,7,8,9,9-pentamethylspiro[4.5]decane-2
     ,4-dione (m.p. 145.degree. - 146.degree.C.),
PA1  1,3,8-triaza-3-ethoxycarbonyl-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-di
     one (m.p. 133.degree. - 134.degree.C.),
PA1   1,3,8-triaza-3-benzyl-7,7,8,9,9-pentamethyl-spiro[4.5]-decane-2,4-dione
      (m.p. 206.degree. - 208.5.degree.C.),
PA1  1,3,8-triaza-3-benzyl-7,7,9,9-tetramethyl-8-octyl-spiro[4.5]-decane-2,4-dio
     ne (m.p. 175.degree. - 176.degree.C.),
PA1  1,3,8-triaza-3-benzyl-1,8-diethyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-
     dione (colorless liquid after chromatography),
PA1  1,3,8-triaza-1,3-dibenzyl-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-dithio
     ne (m.p. 101.degree. - 102.degree.C.),
PA1  1,3,8-triaza-7,7,9,9-tetramethyl-3-phenethyl-8-(2-propynyl)-spiro[4.5]decan
     e-2,4-dione (m.p. 194.degree. - 195.degree.C.),
PA1  1,3,8-triaza-3,8-dibenzyl-1,7,7,9,9-pentamethyl-spiro[4.5]decane-2,4-dione
      (m.p. 132.degree. - 133.degree.C.),
PA1  1,3,8-triaza-3,8-dibenzyl-1-butyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-
     dione (m.p. 133.5.degree. - 134.degree.C.),
PA1  1-(2-acetoxyethyl)-1,3,8-triaza-3,8-dibenzyl-7,7,9,9-tetramethylspiro[4.5]d
     ecane-2,4-dione (colorless liquid after chromatography),
      1,3,8-triaza-1-(2-benzoyloxyethyl)-3,8-dibenzyl-7,7,9,9-tetramethyl-spiro[
     4.5]decane-2,4-dione (colorless liquid after chromatography),
PA1  1,3,8-triaza-3,8-dibenzyl-7,7,9,9-tetramethyl-1-(2-propynyl)spiro[4.5]decan
     e-2,4-dione (m.p. 123.5.degree. - 124.5.degree.C.),
PA1  1,3,8-triaza-3-benzyl-8-(2,3-epoxypropyl)-7,7,9,9-tetramethylspiro[4.5]deca
     ne-2,4-dione (m.p. 197.degree. - 199.5.degree.C.),
PA1  1,3,8-triaza-7,7,8,9,9-pentamethyl-3-(p-methylbenzyl)-spiro[4.5]decane-2,4-
     dione (m.p. 162.degree. - 163.degree.C.),
PA1  1,3,8-triaza-3-(p-chlorobenzyl)-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-
     dione (m.p. 170.5.degree. - 171.5.degree.C.),
PA1  8-acryloyl-1,3,8-triaza-3-benzyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2.4-d
     ione (m.p. 131.degree. - 132.degree.C.),
PA1  1,3,8-triaza-3-cyclohexyl-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-dione
      (m.p. 186.degree. - 188.degree.C.),
PA1  1,3,8-triaza-3-cyclohexyl-8-(2,3-epoxypropyl)-7,7,9,9-tetramethylspiro[4.5]
     decane-2,4-dione (m.p. 179.degree. - 182.5.degree.C.),
PA1  1,3,8-triaza-8-benzyl-3-cyclohexyl-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4
     -dione (m.p. 237.degree. - 238.degree.C.),
PA1  1,3,8-triaza-8-benzyl-4-benzylimino-3-cyclohexyl-7,7,9,9-tetramethyl-spiro[
     4.5]decane-2-one (m.p. 203.degree. - 204.degree.C.),
PA1  1,3,8-triaza-7,7,8,9,9-pentamethyl-3-phenyl-spiro[4.5]decane-2,4-dione
      (m.p. 156.degree.C.),
PA1  1,3,8-triaza-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-3-phenylspiro[4.5]deca
     ne-2,4-dione (m.p. 179.degree. - 182.5.degree.C),
PA1  1,3,8-triaza-4-imino-7,7,8,9,9-pentamethyl-3-phenyl-spiro[4.5]decane-2-one
      (m.p. 140.degree. - 141.degree.C.),
PA1  1,3,8-triaza-7,7,8,9,9-pentamethyl-4-methylimino-3-phenyl-spiro[4.5]decane-
     2-one (m.p. 204.degree.C.),
PA1  1,3,8-triaza-4-imino-7,7,8,9,9-pentamethyl-3-phenyl-spiro[4.5]decane-2-thio
     ne (m.p. 140.degree. - 142.degree.C.),
PA1  8-allyl-4-allylimino-1,3,8-triaza-7,7,9,9-tetramethyl-3-phenyl-spiro[4.5]de
     cane-2-one (m.p. 120.degree. - 121.degree.C.),
PA1  1,3,8-triaza-8-(2-hydroxyethyl)-4-(2-hydroxyethylimino)-7,7,9,9-tetramethyl
     -3-phenyl-spiro[4.5]decane-2-one (m.p. 225.degree. - diphenylmethane C.),
PA1  1,3,8-triaza-
      1,7,7,9,9-pentamethyl-8-(2-methoxyethyl)-4-(2-methoxyethylimino)-3-phenyl-
     spiro[4.5]decane-2-one (m.p. 131.degree. - 132.degree.C.),
PA1  1,3,8-triaza-1,8-dibenzyl-7,7,9,9-tetramethyl-3-phenyl-spiro[4.5]decane-4-o
     ne-2-thione(m.p. 202.degree. - 203.degree.C.),
PA1  3,8-diaza-4-imino-7,7,8,9,9-pentamethyl-3-(.alpha.-naphthyl)-1-oxa-spiro[4.
     5]decane-2-thione (m.p. &gt; 260.degree.C.),
PA1  1,3,8-triaza-8-benzyl-7,7,9,9-tetramethyl-3-(p-tolyl)-spiro[4.5]decane-2,4-
     dione (m.p. 259.degree. - 260.degree.C.),
PA1  3,8-diaza-7,7,8,9,9-pentamethyl-1-oxa-3-(p-tolyl)-spiro[4.5]decane-2,4-dion
     e (m.p. 166.degree. - 167.degree.C.),
PA1  3,8-diaza-4-imino-7,7,8,9,9-pentamethyl-1-oxa-3-(p-tolyl)-spiro[4.5]decane-
     2-one (m.p. 163.degree. - 164.degree.C.),
PA1  3,8-diaza-3-(o-chlorophenyl)-7,7,8,9,9-pentamethyl-1-oxa-spiro[4.5]decane-2
     ,4-dione (m.p. 190.degree. -191.degree.C.),
PA1  3,8-diaza-3-(o-chlorophenyl)-7,7,8,9,9-pentamethyl-4-methylimino-1-oxa-spir
     o[4.5]decane-2-one (m.p. 181.degree.-182.degree.C.),
PA1  1,3,8-triaza-7,7,8,9,9-pentamethyl-3-diphenoxyphosphinyl-spiro[4.5]decane-2
     ,4-dithione (m.p. 176.degree. - 177.degree.C.),
PA1  1,3-bis(1,3,8-triaza-1,7,7,8,9,9-hexamethyl-2,4-dioxo-spiro[4.5]-3-decyl)pr
     opane (m.p. 117.degree. - 118.degree.C.),
PA1  1,6-bis(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxo-spiro[4.5]-3-decyl)hex
     ane (m.p. 231.degree. - 234.degree.C.),
PA1  1,6-bis[1,3,8-triaza-7,7,9,9-tetramethyl-2,4-dioxo-8-(2-propynyl)-spiro[4.5
     ]-3-decyl] hexane (m.p. 231.degree. - 232.degree.C.),
PA1  1,6-bis[1,3,8-triaza-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-2,4-dioxo-spir
     o[4.5]-3-decyl]hexane (m.p. 263.5.degree. - 268.5.degree.C.),
PA1  1,6-bis(1,3,8-triaza-8-benzyl-7,7,9,9-tetramethyl-2,4-dioxospiro[4.5]-3-dec
     yl)hexane (m.p. 281.degree. -283.degree.C.),
PA1  1,4-bis(1,3,8-triaza-1,7,7,8,9,9-hexamethyl-2,4-dioxo-spiro[4.5]-3-decyl)-t
     rans-2-butene (m.p. 175.degree. - 177.degree.C.),
PA1  2,2'-bis(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxo-spiro[4.5]-3-decyl)di
     ethylether (m.p. 235.degree. - 236.degree.C.),
PA1  2,2'-bis(1,3,8-triaza-1,7,7,8,9,9-hexamethyl-2,4-dioxo-spiro[4.5]-3-decyl)d
     iethylether (m.p. 92.degree. - 93.degree.C.),
PA1  .alpha.,.alpha.'-bis(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxo-spiro[4.5
     ]-3-decyl)-p-xylene (m.p. 293.degree. - 295.degree.C.),
PA1  .alpha.,.alpha.'-bis(1,3,8-triaza-1,7,7,8,9,9-hexamethyl-2,4-dioxo-spiro[4.
     5]-3-decyl)-p-xylene (m.p. 197.degree. - 199.degree.C.),
PA1  .alpha.,.alpha.'-bis[1,3,8-triaza-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-2
     ,4-dioxo-spiro[4.5]-3-decyl]-p-xylene (m.p. 254.degree.- 258.degree.C.),
PA1  .alpha.,.alpha.'-bis(1,3,8-triaza-8-benzyl-7,7,9,9-tetramethyl-2,4-dioxospi
     ro[4.5]-3-decyl)-p-xylene (m.p. &gt; 300.degree.C),
PA1  2,4-bis(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxo-spiro[4.5]-3-decyl)tol
     uene (m.p. &gt; 300.degree.C.),
PA1  2,4-bis(3,8-diaza-4-imino-7,7,8,9,9-pentamethyl-1-oxa-2-oxo-spiro[4.5]-3-de
     cyl)toluene (m.p. 243.degree. - 245.degree.C.),
PA1  4,4'-bis(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxo-spiro[4.5]-3-decyl)di
     phenylmethane (m.p. 238.degree. - 242.5.degree.C.),
PA1  4,4'-bis[1,3,8-triaza-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-2,4-dioxo-spi
     ro[4.5]-3-decyl]diphenylmethane (m.p. 232.degree. - 236.degree.C.),
PA1  bis[2-(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxo-spiro[4.5]-3-decyl)ethy
     l]adipate (m.p. 206.degree. - 210.degree.C.),
PA1  bis[2-(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxo-spiro[4.5]-3-decyl)ethy
     l]terephthalate (m.p. 272.degree. - 273.degree.C.),
PA1  tris[2-(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxo-spiro[4.5]-3-decyl)eth
     yl]trimellitate (m.p. 289.degree. - 292.degree.C. with decomposition),
      2,2',2"-tris[1,3,8-triaza-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-2,4-diox
     o-spiro[4.5]-3-decyl]triethylisocyanurate (m.p. 215.degree. -
      220.degree.C.),
PA1  tetrakis[2-(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxospiro[4.5]-3-decyl)
     ethyl]pyromellitate (m.p. &gt;250.degree.C.) and
PA1  pentaerythritol
      tetrakis(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxo-spiro[4.5]-3-decylme
     thylcarboxylate) (m.p. 250.degree.C.).
PAC  EXAMPLE 17
PAR  Into 100 parts of polypropylens ["Noblen JHH-G," trade name, available from
      Mitsui Toatsu Chemicals Inc., Japan, employed after twice
      recrystallizations from monochlorobenzene] was incorporated 0.25 part of
      each of the test compounds of this invention indicated below. The
      resulting mixture was mixed and melted and then molded into a sheet having
      a thickness of 0.5 mm. under heating and pressure.
PAR  As a control, the polypropylene sheet was prepared in a similar manner to
      that described above without any of stabilizers for comparative purpose.
PAR  Then, all of these sheets thus formed were tested for the brittleness time
      (which means the time, expressed in terms of hour, until the test sheet
      will become brittle) under ultraviolet ray irradiation at a temperature of
      45.degree.C. by means of the fade meter prescribed in Japanese Industrial
      Standard JIS-1044 entitled "Testing Method of Color Fastness to Light of
      Dyed Textiles and Dyestuffs," Paragraph 3.8 (in English).
PAR  The results are given in the following Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Test compound                                                             
                Brittleness                                                    
                           Test compound                                       
                                       Brittleness                             
     No.        time (hour)                                                    
                           No.         time (hour)                             
     ______________________________________                                    
     1          760        32          420                                     
     2          800        33          920                                     
     3          820        34          980                                     
     4          700        35          800                                     
     5          680        36          900                                     
     6          1060       37          680                                     
     7          800        38          740                                     
     8          620        39          660                                     
     9          1280       40          700                                     
     10         220        42          780                                     
     11         1100       43          680                                     
     12         1020       44          640                                     
     13         1120       45          680                                     
     14         580        46          600                                     
     15         500        47          840                                     
     16         620        48          660                                     
     17         640        49          580                                     
     18         880        50          700                                     
     19         720        51          620                                     
     20         800        52          560                                     
     21         480        53          520                                     
     22         540        54          640                                     
     23         520        55          500                                     
     25         460        56          640                                     
     26         520        57          420                                     
     27         440        58          1420                                    
     28         580        59          1160                                    
     29         620        60          620                                     
     30         940        63          540                                     
     31         800        64          620                                     
     65         520        96          280                                     
     66         560        97          240                                     
     67         360        98          240                                     
     68         480        99          260                                     
     69         740        101         380                                     
     70         820        102         940                                     
     71         660        103         820                                     
     72         740        104         980                                     
     73         620        105         620                                     
     74         680        106         940                                     
     75         660        107         840                                     
     76         1080       108         600                                     
     77         720        109         880                                     
     78         680        110         880                                     
     79         580        111         580                                     
     80         660        112         820                                     
     81         740        113         820                                     
     82         620        114         920                                     
     83         800        115         580                                     
     84         580        116         460                                     
     85         540        117         560                                     
     86         660        118         980                                     
     87         500        119         500                                     
     88         560        120         860                                     
     89         320        121         680                                     
     90         480        122         520                                     
     91         460        126         640                                     
     92         540        128         1020                                    
     93         640        129         720                                     
     94         220        130         800                                     
     95         780                                                            
     ______________________________________                                    
                           None        100                                     
     ______________________________________                                    
PAC  EXAMPLE 18
PAR  Into 100 parts of high-density polyethylene ["Hi-Zex," trade name,
      available from Mitsui Toatsu Chemicals Inc., Japan, employed after twice
      recrystallizations from toluol] were incorporated 0.25 part of each of the
      test compounds of this invention indicated below. The resulting mixture
      was made into a sheet by the same procedure as in the above Example 17.
PAR  The sheet thus formed was tested for the brittleness time by the same test
      method as in the above Example 17. The results are given in the following
      Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Test compound                                                             
                Brittleness                                                    
                           Test compound                                       
                                       Brittleness                             
     No.        time (hour)                                                    
                           No.         time (hour)                             
     ______________________________________                                    
     1          1360       21           840                                    
     2          1880       22           880                                    
     3          1720       23           820                                    
     4          1320       25          1080                                    
     5          1400       26          1160                                    
     6          2500       27           860                                    
     7          2320       28          1220                                    
     8          1240       29          1300                                    
     9          2660       30          1980                                    
     10          580       31          1820                                    
     11         2480       32           920                                    
     12         2280       33          1900                                    
     13         1960       34          2020                                    
     14         1020       35          2100                                    
     15          920       36          1920                                    
     16         1140       37          1580                                    
     17         1360       38          1280                                    
     18         1900       39          1300                                    
     19         1540       40          1480                                    
     20         1800       42          1660                                    
     43         1520       81          1280                                    
     44         1440       82          1140                                    
     45         1500       83          1760                                    
     46         1320       84           960                                    
     47         2040       85           960                                    
     48         1260       86          1180                                    
     49         1220       87           820                                    
     50         1280       88           980                                    
     51         1200       89           760                                    
     52         1040       90           820                                    
     53         1000       91           780                                    
     54         1260       92           920                                    
     55          980       93          1180                                    
     56         1140       94           540                                    
     57          860       95          1580                                    
     58         2800       96           600                                    
     59         2080       97           560                                    
     60         1100       98           500                                    
     63          960       99           560                                    
     64         1020       101          660                                    
     65          900       102         2280                                    
     66         1100       103         1360                                    
     67          780       104         2300                                    
     68          860       105         1120                                    
     69         1300       106         1580                                    
     70         2080       107         1400                                    
     71         1120       108         1080                                    
     72         1220       109         1800                                    
     73         1140       110         1760                                    
     74         1200       111         1020                                    
     75         1080       112         1440                                    
     76         2100       113         1580                                    
     77         2040       114         1820                                    
     78         1240       115         1100                                    
     79         1060       116          800                                    
     80         1040       117         1080                                    
     118        1640       126         1140                                    
     119         960       128         1880                                    
     120        1680       129         1300                                    
     121        1320       130         1440                                    
     122         940                                                           
     ______________________________________                                    
                           None         400                                    
     ______________________________________                                    
PAC  EXAMPLE 19
PAR  A number of sheets prepared in the above Examples 17 and 18 were aged under
      the following aging condition to determine the brittleness time.
PAC  Aging test
PAR  Aging at 120.degree.C. for the polypropylene and 125.degree.C. for the
      polyethylene in a Geer's aging tester prescribed in Japanese Industrial
      Standard JIS-K-6301 entitled "Physical Testing Methods for Vulcanized
      Rubber," Paragraph 6.5 (in English).
PAR  The results are given in the following Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
     Test compound                                                             
               Brittleness time (hour)                                         
     No.       Polypropylene                                                   
                            High-density polyethylene                          
     ______________________________________                                    
     20        220          240                                                
     35        240          300                                                
     38        280          360                                                
     58        1320         840                                                
     59        432          408                                                
     77        400          380                                                
     86        320          340                                                
     102       960          620                                                
     104       824          680                                                
     110       744          628                                                
     112       720          504                                                
     118       808          552                                                
     128       950          600                                                
     ______________________________________                                    
     None      not more than 20                                                
                             40                                                
     ______________________________________                                    
PAC  EXAMPLE 20
PAR  Into 100 parts of polystyrene ["Styron 666," trade name, available from
      Asahi-Dow Limited, Japan] was incorporated 0.25 part of each of the test
      compounds of this invention indicated below. The resulting mixture was
      made into a sheet having the thickness of 0.5 mm. as shown in the above
      Example 17.
PAR  The sheet thus formed was placed in a fade meter under ultraviolet ray
      irradiation at a temperature of 45.degree.C. for 100 hours.
PAR  Then, infrared spectrum of the sheet was compared at 1700 cm.sup.-.sup.1 to
      determine the increase in a number of carbonyl group.
PAR  The results are given in the following Table 4.
TBL                Table 4                                                     
     ______________________________________                                    
     Test compound    Increase in absorbancy                                   
     No.              1700 cm.sup.-.sup.1                                      
     ______________________________________                                    
      1               5                                                        
      2               4                                                        
      3               4                                                        
      7               5                                                        
     11               4                                                        
     12               3                                                        
     35               3                                                        
     47               3                                                        
     58               3                                                        
     59               3                                                        
     69               5                                                        
     76               3                                                        
     77               3                                                        
     104              3                                                        
     112              3                                                        
     114              4                                                        
     117              4                                                        
     ______________________________________                                    
     None             13                                                       
     ______________________________________                                    
PAC  EXAMPLE 21
PAR  Into 100 parts of polyvinyl chloride ["Geon-103 EP," trade name, available
      from The Japanese Geon Co., Ltd., Japan] were incorporated 30 parts of ABS
      resin ["ABS 60," trade name, available from The Japan Synthetic Rubber
      Co., Ltd., Japan], 3 parts of tribasic lead sulfate, 2 parts of dibasic
      lead phosphate, 2 parts of lead stearate and 1 part of each of the test
      compounds of this invention indicated below. The resulting mixture was
      blended and kneaded for 8 minutes on a kneading roll at 160.degree.C. and
      then formed into a sheet having a thickness of about 0.5 mm. The sheet was
      subjected to the exposure to ultraviolet ray for 50 hours and then tested
      for the retention of ultimate elongation and ultimate tensile strength
      according to a conventional method.
PAR  The results are given in the following Table 5.
TBL                Table 5                                                     
     ______________________________________                                    
     Test compound                                                             
               Retention of ultimate                                           
                               Retention of ultimate                           
     No.       elongation (%)  tensile strength(%)                             
     ______________________________________                                    
      3        55              88                                              
      7        52              87                                              
     11        65              91                                              
     12        61              86                                              
     20        63              90                                              
     33        66              93                                              
     50        53              89                                              
     69        57              87                                              
     76        59              87                                              
     106       63              91                                              
     114       60              92                                              
     ______________________________________                                    
     None      42              82                                              
     ______________________________________                                    
PAC  EXAMPLE 22
PAR  Into 100 parts of polyvinyl chloride ["Geon 103," trade name, available
      from The Japanese Geon Co., Ltd., Japan] were incorporated 1 part of lead
      stearate, 0.5 part of dibasic lead phosphite, 0.5 part of barium stearate,
      0.5 part of cadmium stearate and 0.2 part of each of the test compounds of
      this invention indicated below. The resulting mixture was blended and
      kneaded for 4 minutes on a kneading roll at 180.degree.C. and then formed
      into a sheet having a thickness of 0.5 mm. The sheet was tested for the
      discoloration degree thereof by the aging test method set forth below.
PAC  Aging test
PAR  1. Exposure to the sunshine carbon apparatus prescribed in Japanese
      Industrial Standard JIS Z-0230 entitled "Accelerated Weathering test of
      Rust Proofing Oils", Paragraph 2 for 600 hours.
PAR  2. The sheet was aged for 90 minutes at 170.degree.C. in the Geer's aging
      tester prescribed in the above Example 19. The results are given in the
      following Table 6.
TBL                Table 6                                                     
     ______________________________________                                    
                Sunshine carbon                                                
                             Geer's aging tester                               
     Test compound                                                             
                apparatus after                                                
                             after 90 minutes,                                 
     No.        600 hours    170.degree.C                                      
     ______________________________________                                    
      2         yellow       pale yellow                                       
      7         "            "                                                 
     11         "            "                                                 
     12         pale yellow  "                                                 
     33         yellow       yellow                                            
     58         pale yellow  pale yellow                                       
     69         "            "                                                 
     76         "            "                                                 
     114        "            "                                                 
     ______________________________________                                    
     None       dark brown   black                                             
     ______________________________________                                    
PAC  EXAMPLE 23
PAR  Into 100 parts of 6-nylon ["CM 1011," trade name, available from Toray
      Industries Inc., Japan, containing no stabilizer] was incorporated 0.25
      part of each of the test compounds of this invention indicated below. The
      resulting mixture was heated and melted and then molded into a film having
      a thickness of about 0.1 mm. under pressure. The film thus formed was aged
      under the following aging condition and thereafter subjected to a tensile
      test to determine the retentions of ultimate tensile strength and ultimate
      elongation by a standard method.
PAC  Aging test
PAR  1. Exposure to ultraviolet ray for 200 hours in the fade meter described
      above at 45.degree.C.
PAR  2. The sheet was aged for 2 hours at 160.degree.C. in the Geer's aging
      tester prescribed in the above Example 19.
PAR  The results are given in the following Table 7.
TBL                Table 7                                                     
     ______________________________________                                    
                              Geer's aging tester,                             
     Test     Fade meter, 200 hours                                            
                              2 hours, 160.degree.C                            
     compound Retention Retention Retention                                    
                                          Retention                            
     No.      of ultimate                                                      
                        of ultimate                                            
                                  of ultimate                                  
                                          of ultimate                          
              elongation                                                       
                        tensile   elongation                                   
                                          tensile                              
                        strength          strength                             
     ______________________________________                                    
      1       47        68        73      79                                   
      7       51        70        74      78                                   
     11       32        62        77      72                                   
     12       83        72        70      77                                   
     18       62        68        68      73                                   
     20       78        70        81      72                                   
     33       55        60        63      65                                   
     58       83        78        87      77                                   
     69       96        76        70      75                                   
     76       91        73        72      78                                   
     107      86        74        78      70                                   
     ______________________________________                                    
     None     18        55        31      71                                   
     ______________________________________                                    
PAC  EXAMPLE 24
PAR  Into 100 parts of polyurethane prepared from polycaprolactone ["E-5080,"
      trade name, available from The Nippon Elastollan Industries Ltd., Japan]
      was incorporated 0.5 part of each of the test compounds of this invention
      indicated below. The resulting mixture was heated and melted and then
      molded into a sheet having a thickness of about 0.5 mm. The sheet thus
      formed was subjected to the exposure to ultraviolet ray for 15 hours in
      the fade meter as specified in the above Example 17 at 45.degree.C. and
      then tested for the retentions of ultimate elongation and ultimate tensile
      strength as in the above Example 21.
PAR  The results are given in the following Table 8.
TBL                Table 8                                                     
     ______________________________________                                    
     Test compound                                                             
               Retention of ultimate                                           
                               Retention of ultimate                           
     No.       elongation      tensile strength                                
     ______________________________________                                    
      3        100             95                                              
      8        92              88                                              
     11        88              76                                              
     12        91              90                                              
     20        89              78                                              
     30        87              83                                              
     33        90              88                                              
     47        86              75                                              
     58        97              91                                              
     69        94              97                                              
     76        90              92                                              
     107       97              94                                              
     117       88              92                                              
     ______________________________________                                    
     None      86              56                                              
     ______________________________________                                    
PAC  EXAMPLE 25
PAR  Into 100 parts of polyacetal resin ["Delrin 500," trade name, available
      from Showa Neoprene K. K., Japan] was incorporated 0.5 part of each of the
      test compounds of this invention indicated below. The resulting mixture
      was heated and melted at 220.degree.C.
PAR  The film thus formed was aged by heating at 222.degree.C. in air for 30
      minutes to determine the reduction in weight of the film.
PAR  The results are given in the following Table 9.
TBL                Table 9                                                     
     ______________________________________                                    
     Test compound Reduction in weight at 222.degree.C.                        
     No.           after 30 minutes (%)                                        
     ______________________________________                                    
      1            0.33                                                        
      8            0.45                                                        
     11            0.38                                                        
     13            0.24                                                        
     35            0.34                                                        
     58            0.30                                                        
     69            0.34                                                        
     70            0.35                                                        
     76            0.31                                                        
     104           0.35                                                        
     ______________________________________                                    
     None          0.77                                                        
     ______________________________________                                    
PAC  EXAMPLE 26
PAR  Into 100 parts of polyester resin ["Ester-G13," trade name, available from
      Mitsui Toatsu Chemicals, Inc., Japan]  were incorporated 1 part of benzoyl
      peroxide and 0.2 part of each of the test compounds of this invention
      indicated below. The resulting mixture was mixed and pre-heated at
      60.degree.C. for 30 minutes. Then, the pre-heated mixture was cured by
      heating at 100.degree.C. for 1 hour to form into a plate having a
      thickness of 3 mm.
PAR  The plate thus formed was subjected to the exposure to the sunshine carbon
      apparatus for 60 hours and then the coloration degree thereof was
      determined.
PAR  The results are given in the following Table 10.
TBL                Table 10                                                    
     ______________________________________                                    
                   Sunshine carbon apparatus                                   
     Test compound (Hunter colori and gloss meter)                             
     No.           color difference .DELTA. E                                  
     ______________________________________                                    
      3            3.7                                                         
     11            3.2                                                         
     13            2.4                                                         
     20            2.5                                                         
     33            2.8                                                         
     52            3.6                                                         
     58            2.8                                                         
     76            2.9                                                         
     104           3.7                                                         
     ______________________________________                                    
     None          4.5                                                         
     ______________________________________                                    
PAC  EXAMPLE 27
PAR  Into 100 parts of polyvinylidene chloride resin ["Kureharon DOA," trade
      name, available from Kureha Chemical Industry Co., Japan] was incorporated
      0.1 part of each of the test compounds of this invention indicated below.
      The resulting mixture was dissolved in an appropriate amount of
      tetrahydrofuran and the solvent was distilled off to form a sheet having a
      thickness of about 0.5 mm.
PAR  The sheet thus formed was subjected to the exposure to ultraviolet ray
      irradiation in the fade meter at 45.degree.C. for 5 hours and the
      coloration degree thereof was determined and compared.
PAR  The results are given in the following Table II.
TBL                Table 11                                                    
     ______________________________________                                    
     Test compound Coloration degree in fade meter                             
     No.           after 5 hours                                               
     ______________________________________                                    
      1            pale yellow                                                 
     12            "                                                           
     13            "                                                           
     20            "                                                           
     58            "                                                           
     70            yellow                                                      
     77            "                                                           
     ______________________________________                                    
     None          brown                                                       
     ______________________________________                                    
PAC  EXAMPLE 28
PAR  Into 100 parts of polyethylene ["2100 GP," trade name, available from
      Mitsui Toatsu Chemicals Inc., Japan] were incorporated 0.25 part of each
      of the test compounds of this invention indicated below and 0.5 part of
      BHT (2,6-di-tert.butyl-hydroxy toluene). The resulting mixture was heated
      and melted and then molded into a plate having a thickness of 3 mm.
PAR  The plate thus formed was left in a dark place at 60.degree.C. for 3 weeks
      and then the coloration degree thereof was determined.
PAR  The results are given in the following Table 12.
TBL                Table 12                                                    
     ______________________________________                                    
     Test compound No.   After 3 weeks at                                      
     (+ BHT)             60.degree.C.                                          
     ______________________________________                                    
     11                  Colorless                                             
     12                  "                                                     
     13                  "                                                     
     33                  "                                                     
     58                  "                                                     
     59                  "                                                     
     69                  "                                                     
     76                  "                                                     
     109                 "                                                     
     111                 "                                                     
     ______________________________________                                    
PAC  EXAMPLE 29
PAR  The substantially same procedure as shown in the above Example 28 was
      repeated except that polypropylene ["JHH-G," trade name, available from
      Mitsui Toatsu Chemicals Inc., Japan, employed after twice
      recrystallization from monochlorobenzene] was utilized instead of the
      polyethylene.
PAR  The results are given in the following Table 13.
TBL                Table 13                                                    
     ______________________________________                                    
     Test compound No.   After 4 weeks                                         
     (+ BHT)             at 60.degree.C.                                       
     ______________________________________                                    
     11                  Colorless                                             
     12                  "                                                     
     13                  "                                                     
     33                  "                                                     
     58                  "                                                     
     59                  "                                                     
     69                  "                                                     
     76                  "                                                     
     109                 "                                                     
     111                 "                                                     
     ______________________________________                                    
PAR  It can be apparent from the above-given results that the piperidine
      derivatives (I) of this invention exert a high degree of stabilizing
      effect against thermal- and photo-deterioration of various synthetic
      polymers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A synthetic polymer composition stabilized against photo- and
      thermal-deterioration wherein there is incorporated, in a sufficient
      amount to prevent said deterioration, a compound having the formula
      ##SPC44##
PAL  wherein
PA1  R' represents an alkyl group, a substituted alkyl group, an acyl group, an
      alkoxycarbonyl group, a substituted alkoxycarbonyl group, an amino group,
      a substituted amino group or
PA2  nitroso group;
PA1  X represents oxygen atom or sulfur atom;
PA1  Y represents oxygen atom, sulfur atom or a group of the formula = N--R" in
      which R" is hydrogen atom, an alkyl group or a substituted alkyl group;
PA1  Z represents oxygen atom or a group of the formula &gt; N--R'41  in which R'"
      is hydrogen atom, an alkyl group or a substituted alkyl group;
PA2  n is an integer of 1 through 4 inclusive; and
PA1  R represents, when n is 1, an alkyl group, a substituted alkyl group, an
      aryl group, a substituted aryl group, a cycloalkyl group, an
      alkoxycarbonyl group, a substituted alkoxycarbonyl group, a substituted
      phosphino group or a substituted phosphinyl group,
PA2  when n is 2, an alkylene group, an alkenylene group, an arylene group, a
      substituted arylene group, an aralkylene group, an alkylenediphenylene
      group, a bis-(acyloxyalkylene) group, an alkylenebis-(oxycarbonylalkyl)
      group, a dialkylene ether group or a diphenylene ether group,
PA2  when n is 3, an alkanetriyl group, a tris-(acyloxyalkylene) group, an
      alkane-tris-(oxycarbonylalkyl) group or a group of the group
      ##SPC45##
PA2  in which p is an integer of 1 through 8 inclusive and p's may be the same
      or different, and,
PA2  when n is 4, an alkane tetrayl group, a tetrakis-(acyloxyalkylene) group or
      an alkanetetrakis(oxycarbonylalkyl) group.
NUM  2.
PAR  2. The synthetic polymer composition according to claim 1 wherein said
      compound (I) is a member selected from the compounds (I) in which
PA1  R' represents an alkyl group of 1 to 20 carbon atoms, a hydroxyalkyl group,
      an allyl group, 2-propynyl group, a cyanoalkyl group, an alkoxyalkyl
      group, an alkenyloxyalkyl group, an aryloxyalkyl group, an alkylthioalkyl
      group, an epoxyalkyl group, an acyloxyalkyl group, an alkoxycarbonylalkyl
      group, an aralkyl group, an acryloyl group, an acryloyl group which is
      substituted with alkyl or phenyl, an aralkyloxycarbonyl group, an amino
      group or an amino group which is substituted with aroyl or alkyl;
PA1  R represents, when n is 1, the above-defined alkyl group, a phenyl or
      naphthyl group which may be substituted with halogen or alkyl in the aryl
      moiety, a cycloalkyl group, an alkoxycarbonyl group, an aralkyloxycarbonyl
      group, the group of the formula
      ##SPC46##
PA1   or the group of the formula
      ##SPC47##
PA2  when n is 2, a polymethylene group of 1 to 10 carbon atoms, a group of the
      formula --(CH.sub.2).sub.p --CH=CH--(CH.sub.2).sub.p -- in which p is an
      integer of 1 through 8 inclusive and p's may be the same or different, a
      phenylene group which may be substituted with alkyl, a group of the
      formula
      ##SPC48##
PA2   a group of the formula
      ##SPC49##
PA2   a group of the formula
      ##EQU18##
      in which p is as defined above and p.sub.1 is an integer of zero through 8
      inclusive, a group of the formula
      ##SPC50##
PA2  in which p is as defined above, a group of the formula
      ##EQU19##
      in which p is as defined above, a group of the formula -(CH.sub.2).sub.p
      -O-(CH.sub.2).sub.p -
PA2  in which p is as defined above or a group of the formula
      ##SPC51##
PA2  when n is 3, a group of the formula
      ##EQU20##
      in which p is as defined above, a group of the formula
      ##EQU21##
      in which p is as defined above, a group of the formula
      ##SPC52##
PA2  in which p is as defined above, a group of the formula
      ##EQU22##
      in which p is as defined above or a group of the formula
      ##SPC53##
PA2  in which p is as defined above, and, when n is 4, a group of the formula
      ##EQU23##
      in which p is as defined above, a group of the formula
      ##SPC54##
PA2  in which p is as defined above or a group of the formula
      ##EQU24##
      in which p is as defined above, p's being optionally the same or
      different.
NUM  3.
PAR  3. The synthetic polymer composition according to claim 1 wherein said
      compound (I) is a member selected from the compounds (I) in which
PA1  R' represents an alkyl group, allyl group, an aralkyl group, an
      acyloxyalkyl group, a hydroxyalkyl group or 2,3-epoxypropyl group;
PA1  X and Y represent oxygen atom;
PA1  Z represents a group of the formula &gt; N-R'" in which R'" is hydrogen atom
      or an alkyl group;
PA1  n is an integer of 1 or 2; and
PA1  R represents, when n is 1, an alkyl group, allyl group, an aralkyl group,
      an acyloxyalkyl group or 2,3-epoxypropyl group, and,
PA2  when n is 2, an alkylene group, a group of the formula
      ##SPC55##
PA2   or a group of the formula --(CH.sub.2).sub.p --O--(CH.sub.2).sub.p -- in
      which p is an integer of 1 through 8 inclusive.
NUM  4.
PAR  4. The synthetic polymer composition according to claim 1 wherein said
      compound (I) is incorporated in the amount of 0.01 - 5.0% by weight, based
      upon the amount of the synthetic polymer.
NUM  5.
PAR  5. The synthetic polymer composition according to claim 1 wherein said
      polymer is a polyolefin.
NUM  6.
PAR  6. The synthetic polymer composition according to claim 1 wherein said
      polymer is a polyvinyl chloride.
NUM  7.
PAR  7. The synthetic polymer composition according to claim 1 wherein said
      polymer is a polyurethane.
NUM  8.
PAR  8. The synthetic polymer composition according to claim 1 wherein said
      polymer is a polyamide.
NUM  9.
PAR  9. The synthetic polymer composition according to claim 1 wherein said
      polymer is a polyacetal.
NUM  10.
PAR  10. The synthetic polymer composition according to claim 1 wherein said
      polymer is a polyester.
NUM  11.
PAR  11. The synthetic polymer composition according to claim 1 wherein said
      compound (I) is selected from the group consisting of,
PAR  1. 3,8-triaza-3-butyl-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-dione,
PA1  1,3,8-triaza-7,7,8,9,9-pentamethyl-3-octyl-spiro[4.5]decane-2,4-dione,
PA1  8-allyl-1,3,8-triaza-7,7,9,9-tetramethyl-3-octyl-spiro[4,5]-decane-2,4-dion
     e,
PA1  1,3,8-triaza-8-benzyl-7,7,9,9-tetramethyl-3-octyl-spiro[4.5]-decane-2,4-dio
     ne,
PA1  1,3,8-triaza-8-(2-hydroxyethyl)-7,7,9,9-tetramethyl-3-octyl-spiro[4.5]decan
     e-2,4-dione,
PA1  1,3,8-triaza-3-butyl-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-spiro[4.5]deca
     ne-2,4-dione,
PA1  3-allyl-1,3,8-triaza-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-dione,
PA1  3,8-diallyl-1,3,8-triaza-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dione,
PA1  3-allyl-1,3,8-triaza-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-spiro[4.5]deca
     ne-2,4-dione,
PA1  3,8-bis(2-acetoxyethyl)-1,3,8-triaza-7,7,9,9-tetramethyl-spiro[4.5]decane-2
     ,4-dione,
PA1  1,3,8-triaza-3-(2,3-epoxypropyl)-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4
     -dione,
PA1  1,3,8-triaza-3,8-bis(2,3-epoxypropyl)-7,7,9,9-tetramethyl-spiro[4.5]decane-
     2,4-dione,
PA1  1,3,8-triaza-3,8-dibenzyl-1,7,7,9,9-pentamethyl-spiro[4.5]decane-2,4-dione,
PA1  1,3-bis(1,3,8-triaza-1,7,7,8,9,9-hexamethyl-2,4-dioxo-spiro[4.5]-3-decyl)pr
     opane,
PA1  1,6-bis(1,3,8-triaza-1,7,7,8,9,9-hexamethyl-2,4-dioxo-spiro[4.5]-3-decyl)he
     xane,
PAR  2. 2'-bis(1,3,8-triaza-7,7,8,9,9-pentamethyl-2,4-dioxo-spiro[4.5]-3-decyl)d
     iethylether,
PA1  2,2'-bis(1,3,8-triaza-1,7,7,8,9,9-hexamethyl-2,4-dioxo-spiro[4.5]-3-decyl)d
     iethylether,
PA1  1,3,8-triaza-1,3,7,7,8,9,9-heptamethyl-spiro[4.5]decane-2,4-dione and
PA1  .alpha.,.alpha.'
      -bis(1,3,8-triaza-1,7,7,8,9,9-hexamethyl-2,4-dioxo-spiro[4.5]-3-decyl)-p-x
     ylene.
NUM  12.
PAR  12. A synthetic polymer composition stabilized against photo- and
      thermal-deterioration wherein there is incorporated, in a sufficient
      amount to prevent said deterioration, a compound having the formula
      ##SPC56##
PAL  wherein
PA1  R' is alkyl;
PA1  X and Y represent oxygen;
PA1  Z represents a group of the formula &gt;N-R'"
PA1  in which R'" is hydrogen;
PA1  n is 1, and
PA1  R is alkyl.
NUM  13.
PAR  13. A synthetic polymer composition stabilized against photo- and
      thermal-deterioration wherein there is incorporated, in a sufficient
      amount to prevent said deterioration, a compound having the formula
      ##SPC57##
PAL  wherein
PA1  R' represents an alkyl group, an alkenyl group, an aralkyl group, an
      acyloxyalkyl group, a hydroxyalkyl group or an epoxyalkyl group;
PA1  X and Y represent oxygen;
PA1  Z represents a group of the formula &gt;N-R'"
PA2  in which R'" is a hydrogen atom or an alkyl group;
PA2  n is 1, and
PA1  R represents an alkyl group, an alkenyl group, an aralkyl group, an
      acyloxyalkyl group or an epoxyalkyl group.
NUM  14.
PAR  14. The synthetic polymer composition according to claim 13 wherein said
      compound (I) is incorporated in an amount of 0.01 - 5.0% by weight, based
      upon the amount of the synthetic polymer.
NUM  15.
PAR  15. The synthetic polymer composition according to claim 13 wherein said
      polymer is a polyolefin.
NUM  16.
PAR  16. The synthetic polymer composition according to claim 13 wherein said
      polymer is a polyvinyl chloride.
NUM  17.
PAR  17. The synthetic polymer composition according to claim 13 wherein said
      polymer is a polyurethane.
NUM  18.
PAR  18. The synthetic polymer composition according to claim 13 wherein said
      polymer is a polyamide.
NUM  19.
PAR  19. The synthetic polymer composition according to claim 13 wherein said
      polymer is a polyacetal.
NUM  20.
PAR  20. The synthetic polymer composition according to claim 13 wherein said
      polymer is a polyester.
NUM  21.
PAR  21. The synthetic polymer composition according to claim 13 wherein said
      compound is selected from the group consisting of
PA1  1,3,8-triaza-3-butyl-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-dione,
PA1  1,3,8-triaza-7,7,8,9,9-pentamethyl-3-octyl-spiro[4.5]decane-2,4-dione,
PA1  8-allyl-1,3,8-triaza-7,7,9,9-tetramethyl-3-octyl-spiro[4.5]-decane-2,4-dion
     e,
PA1  1,3,8-triaza-8-benzyl-7,7,9,9,-tetramethyl-3-octyl-spiro[4.5]decane-2,4-dio
     ne,
PA1  1,3,8-triaza-8-(2-hydroxyethyl)-7,7,9,9-tetramethyl-3-octyl-spiro[4.5]decan
     e-2,4-dione,
PA1  1,3,8-triaza-3-butyl-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-spiro[4.5]deca
     ne-2,4-dione,
PA1  3-allyl-1,3,8-triaza-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4-dione,
PA1  3,8-diallyl-1,3,8-triaza-7,7,9,9-tetramethyl-spiro[4.5]decane-2,4-dione,
PA1  3-allyl-1,3,8-triaza-8-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-spiro[4.5]deca
     ne-2,4-dione,
PA1  3,8-bis(2,acetoxyethyl)-1,3,8-triaza-7,7,9,9-tetramethyl-spiro[4.5]decane-2
     ,4-dione,
PA1  1,3,8-triaza-3-(2,3-epoxypropyl)-7,7,8,9,9-pentamethyl-spiro[4.5]decane-2,4
     -dione,
PAR  1. 3,8-triaza-3,8-bis(2,3-epoxypropyl)-7,7,9,9-tetramethylspiro[4.5]decane-
     2,4-dione,
PA1  1,3,8-triaza-3,8-dibenzyl-1,7,7,9,9-pentamethyl-spiro[4.5]decane-2,4-dione,
      and
PA1  1,3,8-triaza-1,3,7,7,8,9,9-heptamethyl-spiro[4.5]decane-2,4-dione.
NUM  22.
PAR  22. A synthetic polymer composition stabilized against photo- and
      thermal-deterioration wherein there is incorporated, in a sufficient
      amount to prevent said deterioration, a compound having the formula
      ##SPC58##
PAL  wherein
PA1  R' represents an alkyl group, a substituted alkyl group, an acyl group, an
      alkoxycarbonyl group, a substituted alkoxycarbonyl group, an amino group,
      a substituted amino group or
PA2  nitroso group;
PA1  X and Y represent oxygen;
PA1  Z represents a group of the formula &gt;N-R'" in which R'" is hydrogen atom,
      an alkyl group or a substituted alkyl group;
PA1  n is an integer of 1 through 4 inclusive; and
PA1  R represents, when n is 1, an alkyl group, a substituted alkyl group, an
      aryl group, a substituted aryl group, a cycloalkyl group, an
      alkoxycarbonyl group, a substituted alkoxycarbonyl group, a substituted
      phosphino group or a substituted phosphinyl group,
PA2  when n is 2, an alkylene group, an alkenylene group, an arylene group, a
      substituted arylene group, an aralkylene group, an alkylenediphenylene
      group, a bis-(acyloxyalkylene) group, an alkylene-bis-(oxycarbonylalkyl)
      group, a dialkylene ether group or a diphenylene ether group,
PA2  when n is 3, an alkanetriyl group, a tris-(acyloxyalkylene) group, an
      alkane-tris-(oxycarbonylalkyl) group or a group of the group
      ##SPC59##
PAL  in which
PA2  p is an integer of 1 through 8 inclusive and p's may be the same or
      different, and,
PA2  when n is 4, an alkane tetrayl group, a tetrakis-(acyloxyalkylene) group or
      an alkanetetrakis(oxycarbonylalkyl) group.
NUM  23.
PAR  23. The synthetic polymer composition according to claim 22 wherein said
      compound (I) is a member selected from the compounds (I) in which
PA1  R' represent an alkyl group of 1 to 20 carbon atoms, a hydroxyalkyl group,
      an allyl group, 2-propynyl group, a cyanoalkyl group, an alkoxyalkyl
      group, an alkenyloxyalkyl group, an aryloxyalkyl group, an alkylthioalkyl
      group, an epoxyalkyl group, an acyloxyalkyl group, an alkoxycarbonylalkyl
      group, an aralkyl group, an acryloyl group, an acryloyl group which is
      substituted with alkyl or phenyl, an aralkyloxycarbonyl group, an amino
      group or an amino group which is substituted with aroyl or alkyl;
PA1  R represents, when n is 1, the above-defined alkyl group, a phenyl or
      naphtyl group which may be substituted with halogen or alkyl in the aryl
      moiety, a cycloalkyl group, an alkoxycarbonyl group, an aralkyloxycarbonyl
      group, the group of the formula
      ##SPC60##
PA1   or the group of the formula
      ##SPC61##
PA2  when n is 2, a polymethylene group of 1 to 10 carbon atoms, a group of the
      formula --(CH.sub.2).sub.p --CH=CH--(CH.sub.2).sub.p -- in which p is an
      integer of 1 through 8 inclusive and p's may be the same or different, a
      phenylene group which may be substituted with alkyl, a group of the
      formula
      ##SPC62##
     a group of the formula
      ##SPC63##
PA1   a group of the formula
      ##EQU25##
      in which p is as defined above and p.sub.1 is an integer of zero through 8
      inclusive, a group of the formula
      ##SPC64##
PA2  in which p is as defined above, a group of the formula
      ##EQU26##
      in which p is as defined above, a group of the formula --(CH.sub.2).sub.p
      --O--(CH.sub.2).sub.p --
PA2  in which p is as defined above or a group of the formula
      ##SPC65##
     when n is 3, a group of the formula
      ##EQU27##
      in which p is as defined above, a group of the formula
      ##EQU28##
      in which p is as defined above, a group of the formula
      ##SPC66##
PA2  in which p is as defined above, a group of the formula
      ##EQU29##
      in which p is as defined above or a group of the formula
      ##SPC67##
PA2  in which p is as defined above, and, when n is 4, a group of the formula
      ##EQU30##
      in which p is as defined above, a group of the formula
      ##SPC68##
PA2  in which p is as defined above or a group of the formula
      ##EQU31##
      in which p is as defined above, p's being optionally the same or
      different.
NUM  24.
PAR  24. A synthetic polymer composition stabilized against photo- and
      thermal-deterioration wherein there is incorporated, in a sufficient
      amount to prevent said deterioration, a compound having the formula
      ##SPC69##
PAL  wherein
PA1  R' represents an alkyl group, an alkenyl group, an aralkyl group, an
      acyloxyalkyl group, a hydroxyalkyl group or an epoxyalkyl group;
PA1  X and Y represent oxygen;
PA1  Z represents a group of the formula &gt;N--R'" in which R'" is hydrogen atom
      or an alkyl group;
PA1  n is 2, and
PA1  R represents an alkylene group, a group of the formula
      ##SPC70##
PA1   or a group of the formula --(CH.sub.2).sub.p --O--(CH.sub.2).sub.p --
PA2  in which p is an integer of 1 through 8 inclusive.
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ABST
PAL  Novel sulfur derivatives of dialkyl-4-hydroxyphenyltriazine were prepared
      which are stabilizers of organic material. Certain of these compounds can
      be prepared (1) by direct alkylation of 2,6-dialkylphenol with a
      2,4-bis(alkylthio)-6-chloro-1,3,5-triazine compound; (2) by the reaction
      of an alkyl mercaptan with the appropriate
      6(3',5'-dialkyl-4'-hydroxyphenyl)2,4-dichloro-1,3,5-triazine; or (3) by
      the reaction of an acid chloride of dialkylhydroxybenzoic acid with a mono
      or dialkyl substituted dithiobiuret. A typical embodiment of this
      invention is
      6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2,4-bis(n-octylthio)-1,3,5-triazine.
      The compounds of this invention are useful as stabilizers of organic
      materials which are subject to oxidative and thermal deterioration.
PARN
PAR  This application is a continuation-in-part of copending application, Ser.
      No. 299,998, filed Oct. 24, 1972, issued as U.S. Pat. No. 3,817,914 on
      June 18, 1974, which in turn is a divisional application of Ser. No.
      159,566, filed July 2, 1971, issued as U.S. Pat. No. 3,709,883 on Jan. 9,
      1973.
BSUM
PAR  This invention relates to novel sulfur derivatives of
      dialkyl-4-hydroxyphenyltriazine which is useful as stabilizers for organic
      materials which are subject to thermal and oxidative deterioration. The
      compounds of this invention are represented by the formula
      ##EQU1##
      wherein each of R.sup.1 and R.sup.2 is a (lower) alkyl of from 1 to 6
      carbon atoms; R.sup.3 is alkyl of from 1 to 18 carbon atoms; and R.sup.4
      is hydrogen or alkyl of from 1 to 18 carbon atoms.
PAR  Each of R.sup.3 and R.sup.4 is the same or different alkyl groups of from 1
      to about 18 carbon atoms such as methyl, ethyl, propyl, pentyl, octyl,
      decyl, dodecyl, octadecyl and the like, both branched and straight
      chained. R.sup.4 may optionally be a hydrogen atom. Groups R.sup.1 and
      R.sup.2 are preferably methyl or branched alkyl such as isopropyl,
      tert-butyl, tert-pentyl and tert-hexyl. Especially preferred are methyl
      and tert-butyl groups. Groups R.sup.3 and R.sup.4 are preferably straight
      chained alkyl of from 1 to 12 carbon atoms. Especially preferred are
      methyl and n-octyl groups.
PAR  The dialkyl-4-hydroxyphenyl derivatives of triazine are useful as
      stabilizers of organic materials normally subject to oxidative and thermal
      deterioration. Such organic materials include: synthetic organic polymeric
      substances such as vinyl resins formed from the polymerization of vinyl
      halides or from the copolymerization of vinyl halides with vinylesters and
      unsaturated hydrocarbons such as butadienes and styrene;
      poly-.alpha.-olefins such as polyethylene, polypropylene, polybutylene,
      polyisoprene, polybutadiene, and the like, including copolymers of
      poly-.alpha.-olefins; polyurethanes and polyamides such as
      polyhexamethylene adipamide and polycaprolactam; polyesters such as
      polyethylene terephthalates; polycarbonates; polyacetals; polystyrene;
      polyethyleneoxide; and copolymers such as those of high impact polystyrene
      containing copolymers of butadiene and styrene and those formed by the
      copolymerization of acrylonitrile, butadiene and/or styrene. The compounds
      of this invention are particularly effective in stabilizing polyolefins
      such as polypropylene, polyethylene, ethylene/propylene copolymers and the
      like.
PAR  Other materials which can be stabilized by the compounds of the present
      invention include lubricating oil of the aliphatic ester type, i.e.,
      di(2-ethylhexyl) azelate, pentaerythritol tetracaproate, and the like;
      animal and vegetable derived oils, e.g., linseed oil, fat, tallow, lard,
      peanut oil, cod liver oil, castor oil, palm oil, corn oil, cottonseed oil,
      and the like; hydrocarbon materials such as gasoline, mineral oil, fuel
      oil, drying oil, cutting fluids, waxes, resins, and the like, salts of
      fatty acids such as soaps and the like.
PAR  In general, one or more of the stabilizers of the present invention are
      employed in amounts, in toto, of from about 0.005 to about 5% by weight of
      the composition to be stabilized. A particularly advantageous range of the
      present stabilizers is from about 0.05 to about 2%. The preferred range is
      particularly effective in polyolefins such as polypropylene.
PAR  These compounds may be incorporated in the polymer substance during the
      usual processing operations, for example, by hot-milling, the composition
      then being extruded, pressed, roll-molded or the like into films, fibers,
      filaments, hollow-spheres and the like. The heat stabilizing properties of
      these compounds advantageously stabilize the polymer against degradation
      during such processing at the high temperatures generally encountered.
PAR  The stabilizers employed in this invention can be also used in combination
      with other stabilizers or additives. Especially useful co-stabilizers are
      dilauryl .beta.-thiodipropionate and distearyl .beta.-thiodipropionate.
PAR  The following formula represents co-stabilizers which are in certain
      instances very useful in combination with the stabilizers of this
      invention:
      ##EQU2##
      wherein R is an alkyl group having from 6 to 24 carbon atoms; and m is an
      integer from 1 to 6. The above co-stabilizers are used in the amount of
      from 0.01 to 2% by weight of the organic material, and preferably from 0.1
      to 1%.
PAR  Other antioxidants, antiozonants, thermal stabilizers, ultraviolet light
      absorbers, coloring materials, dyes, pigments, metal chelating agents,
      etc., may also be used in the compositions in combination with the
      stabilizers of the invention.
PAR  The compounds of this invention wherein R.sup.4 of formula I is other than
      H, may be prepared by the alkylation of 2,6-dialkylphenol having the
      formula
      ##SPC1##
PAL  wherein R.sup.1 and R.sup.2 are as previously defined with
      2,4-bis(n-alkylthio)-6-chloro-1,3,5-triazine having the formula
      ##EQU3##
      wherein R.sup.3 and R.sup.4 are as previously defined, said alkylation
      reaction being carried out in a common Friedel crafts type reaction
      solvent such as carbon disulfide, ethylene chloride and nitrobenzene at
      room temperature and catalyzed with aluminum chloride. The above mentioned
      2,4-bis(n-alkylthio)-6-chloro-1,3,5-triazine compounds can be prepared as
      described in U.S. Pat. No. 3,255,191. This method is preferred when
      R.sup.1 and R.sup.2 are linear and not branched.
PAR  An alternative method involves the reaction of a
      2(3',5'-dialkyl-4'-hydroxyphenyl)-4,6-dichloro-1,3,5-triazine compound
      having the formula
      ##EQU4##
      wherein R.sup.1 and R.sup.2 are as previously defined, with an alkali or
      alkaline earth metal salt of an alkylmercaptan. The alkyl portions of the
      mercaptans thus being defined by R.sup.3 and R.sup.4. Each of the two
      chlorine atoms present on the triazine nucleus may be displaced by the
      same or different type of thioalkyl group.
PAR  This latter method is preferred when either or both of R.sup.1 or R.sup.2
      is an alkyl group which is branched at the .alpha. carbon atom,e.g., a
      t-butyl group.
PAR  The 6(3',5'-dialkyl-4'-hydroxyphenyl)-2,4-dichloro-1,3,5-triazine compound
      may be prepared by reacting a sodium salt of the above mentioned
      2,6-dialkylphenol with cyanuric chloride is a non-aqueous aprotic solvent
      such as dioxane.
PAR  The compounds of this invention may be prepared by reacting an acid
      chloride of a dialkyl-4-hydroxybenzoic acid of the formula
      ##SPC2##
PAL  wherein R.sup.1 and R.sup.2 are as previously defined with a mono or
      dialkyl substituted dithiobiuret of the formula
      ##EQU5##
      wherein R.sup.3 and R.sup.4 are as previously defined, said reaction being
      carried out in an inert solvent at about 70.degree.C in the presence of a
      tertiary amine acid scavenger. The compounds of formula VII are prepared
      by alkylation of dithiobiuret with methyl sulfate or an alkyl halide.
PAR  The acids of formula VI are prepared according to methods described in
      Belgian Pat. No. 6,804,624.
PAR  The acid chloride of the acids of formula VI are obtained through the use
      of thionyl chloride.
DETD
PAR  The following examples, presented for illustration and not limitation, will
      serve to typify further the nature of the present invention.
PAC  EXAMPLE 1
PAC  6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2,4-dichloro-1,3,5-triazine
PAR  To 18.35 g of cyanuric chloride dissolved in dioxane at 5.degree.C was
      added 22.83 g of sodium 2,6-di-t-butylphenoxide over a period of 10 to 15
      minutes. The reaction was maintained below 10.degree.C for 1 hour after
      which it was warmed to room temperature and filtered to remove
      precipitated salt. The filtrate was concentrated to dryness under reduced
      pressure. The product was recrystallized from petroleum ether and had a
      melting point of 178.degree.-179.degree.C.
PAC  EXAMPLE 2
PAC  6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2,4-bis(n-octylthio)-1,3,5-triazine
PAR  To 10 ml of ethanol was added 0.26 g of sodium. After the sodium dissolved,
      1.72 g of n-octyl mercaptan was added to the solution followed by the
      addition of 1.98 g of
      6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2,4-dichloro-1,3,5-triazine. The
      reaction mixture was then heated to boiling after which 10 ml of water was
      added and the reaction mixture allowed to cool to room temperature. An oil
      separated out from the solution which solidified on cooling. The product
      was filtered and washed with 20 ml of water after which it was
      recrystallized twice from methanol. The product had a melting point of
      69.degree.-70.degree.C.
PAR  By following the same procedure,
      6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2,4-bis(n-hexylthio)-1,3,5-triazine
      is prepared by substituting an equivalent amount of n-hexyl mercaptan to
      replace n-octyl mercaptan.
PAR  Similarly,
      6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2,4-bis(n-octadecylthio)-1,3,5-triazi
     ne is prepared by substituting an equivalent amount of n-octadecyl
      mercaptan to replace n-octyl mercaptan. The product had a melting point of
      87.degree.-89.degree.C.
PAC  EXAMPLE 3
PAC  6(3',5'-dimethyl-4'-hydroxyphenyl)-2,4-bis(n-octylthio)-1,3,5-triazine
PAR  a. 2,4-bis(n-octylthio)-6-chloro-1,3,5-triazine. A solution of 36.8 parts
      of cyanuric chloride, 58.4 parts of n-octyl mercaptan and 0.3 parts by
      volume of pyridine in 100 parts by volume of xylene was refluxed for 6
      hours with nitrogen passed through the reactant, until the evolution of
      hydrogen chloride had ceased. The solution was separated by filtration
      from a small amount of insoluble material, the solvent removed under
      vacuum, and the residue was then vacuum distilled to yield the desired
      product. Boiling point 206.degree.-208.degree./0.07 mm.
PAR  b. 6(3',5'-dimethyl-4'-hydroxyphenyl)2,4-bis(n-octylthio)-1,3,5-triazine.
      To the reaction flask was added 40.4 g of
      2,4-bis(n-octylthio)-6-chloro-1,3,5-triazine, 100 ml of carbon disulfide
      and 13.3 g of aluminum chloride. The reaction mixture was stirred under a
      nitrogen atmosphere for 20 minutes after which 30 ml of carbon disulfide
      containing 12.2 g of 2,6-dimethylphenol was added dropwise. The reaction
      mixture was refluxed for 3 hours. The carbon disulfide was boiled off and
      to the residue was added 100 ml of 5 normal hydrochloric acid. To this
      mixture was added 100 ml of water and 200 ml of hexane after which the
      product was filtered and washed with water. The product thus obtained was
      air-dried and had a melting point of 75.degree.-76.degree.C.
PAC  EXAMPLE 4
PAC  6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2,4-bis(methylthio) -1,3,5-triazine
PAR  a. To 8.2 g of S,S'-dimethyldithiobiuret in 50 ml toluene a solution of
      13.6 g of 3,5-di-t-butyl-4-hydroxybenzoyl chloride in 30 ml toluene was
      added dropwise at a temperature of 10.degree.-15.degree.C. After 15
      minutes, 5 g of triethylamine were dropped in. The temperature was raised
      to 50.degree.C and kept for 12 hours. 100 Ml water were added, the toluene
      layer was separated and evaporated to dryness. The remaining yellow oil
      was dissolved in methanol. After a few hours, crystals had separated which
      were filtered off and dried. The yield of the product was 11 g. After
      recrystallization from hexane, the product had a melting point of
      174.degree.C.
PAR  b. Preparation of S,S'-dimethyldithiobiuret. 135 grams of dithiobiuret were
      dissolved in 350 ml of dioxane. The mixture was heated to 75.degree.C and
      252 g of dimethyl sulfate was added with stirring over a 10 minute period.
      The reaction was continued for about 2 hours after which 300 ml of dioxane
      was distilled off. The residue was dissolved in 350 ml of water and cooled
      to 0.degree.C. A 30% by weight sodium hydroxide solution was added to this
      solution over a 1 hour period (final pH 8-9). The precipitated product was
      filtered, washed with water and dried. The product (88g) was
      recrystallized from toluene and had a melting point of 94.degree.C.
PAC  EXAMPLE 5
PAC  6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2-mercapto-4-n-octylthio-1,3,5-triazin
     e
PAR  a. The S-octyldithiobiuret was prepared as follows: To 135 g of
      dithiobiuret in 300 ml ethyleneglycol monomethyl ether were added 210 g of
      n-octyl bromide dropwise at 70.degree.C. After 12 hours the solvent was
      distilled off at 12 mm. The residue was dissolved in toluene and hexane
      was added after which the mixture was cooled at 0.degree.C. The solvent
      was decanted from the semicrystalline precipitate which was dissolved
      again in glacial acetic acid. The solution was poured on icewater and
      stirred for 2 hours. The solid was filtered, stirred with hexane in a
      beaker until it had completely crystallized, filtered and dried. The
      product had a melting point of 75.degree.-77.degree.C.
PAR  b. By following the procedure of Example 4, but utilizing equivalent
      amounts of S-n-octyldithiobiuret in place of S,S'-dimethyldithiobiuret,
      there was obtained
      6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2-mercapto-4-n-octylthio-1,3,5-triazi
     ne.
PAC  EXAMPLE 6
PAR  A batch of unstabilized polypropylene powder (Hercules Profax 6501) was
      thoroughly blended with 0.5% by weight of various compounds of this
      invention. The blended materials were then milled on a two-roll mill at
      182.degree.C, for 10 minutes, after which time the stabilized
      polypropylene was sheeted from the mill and allowed to cool.
PAR  The milled polypropylene sheets were then cut into pieces and pressed for 7
      minutes on a hydraulic press at 218.degree.C, 2,000 pounds per square inch
      pressure. The resulting sheet of 25 mil thickness were tested for
      resistance to accelerated aging in a forced draft oven at 150.degree.C.
      The results are set out in Table I below:
TBL                TABLE I                                                     
     ______________________________________                                    
                          Oven Aging at 150.degree.C                           
     Additive(s)           Hours to Failure                                    
     ______________________________________                                    
     0.5% of 6(3',5'-di-t-butyl-4'-hydroxy-                                    
     phenyl)-2,4-bis(n-octylthio)-1,3,5-                                       
     triazine             520                                                  
     0.1% of 6(3',5'-di-t-butyl-4'-hydroxy-                                    
     phenyl)-2,4-bis(n-octylthio)-1,3,5-                                       
     triazine + 0.5% DLTDP*                                                    
                          595                                                  
     0.5% of 6(3',5'-dimethyl-4'-hydroxy-                                      
     phenyl)-2,4-bis(n-octylthio)-1,3,5-                                       
     triazine             820                                                  
     0.1% of 6(3',5'-dimethyl-4'-hydroxy-                                      
     phenyl)-2,4-bis(n-octylthio)-1,3,5-                                       
     triazine + 0.5% DLTDP*                                                    
                          1645                                                 
     0.5% DLDTP*          300                                                  
     Unstabilized Polypropylene                                                
                          3                                                    
     ______________________________________                                    
      *dilaurylthiodipropionate (a synergist for phenolic antioxidants)        
PAR  The above data clearly indicates the significant increase in the
      stabilization of polypropylene upon addition of the antioxidants of the
      present invention.
PAC  EXAMPLE 7
PAR  To 39.3 g (0.15 moles) of hexamethylene diammonium adipate is added 0.177 g
      (7.5 .times. 10.sup.-.sup.4 mole; 0.5 mole percent) of hexamethylene
      diammonium diacetate as molecular weight control agent, and 0.183 g (0.5%
      of theoretical nylon yield) of
      6(3',5'-dimethyl-4'-hydroxyphenyl)-2,4-bis(n-octylthio)-1,3,5-triazine.
      The mixture is blended thoroughly and added to a Pyrex polymer tube.
PAR  The polymer tube is evacuated three times and each time filled with high
      purity nitrogen. The polymer tube with the continuously maintained,
      slightly positive nitrogen pressure, is placed in a methyl salicylate
      vapor bath at 220.degree.C. After 1 hour at 220.degree.C the polymer tube
      is transferred to an o-phenyl-phenol bath at 285.degree.C for 1 hour. The
      polymer tube is kept in the 285.degree.C vapor bath for an additional
      one-half hour while it is maintained under vacuum of less than 1 mm
      pressure. High purity nitrogen is then readmitted and the polymer tube is
      allowed to cool.
PAR  The nylon-6,6 obtained is ground in a mill at ambient temperature of
      25.degree.C. About 2 g are heated in a small glass Petri dish in a
      circulating air-rotary oven at 140.degree.C for 65 hours. The viscosity of
      a 1% sulfuric acid solution of aged and unaged polymer samples are
      determined at 25.degree.C. Stabilizer effectiveness is judged by the
      percent retention of specific viscosity, color-formation, and weight
      retention after oven aging. The stabilized polyamide has better viscosity,
      color retention and substantially less weight loss after oven aging than a
      polyamide which is unstabilized.
PAR  Stabilized polyamide compositions are prepared in a similar manner as above
      with the following stabilizers:
PA1  a. 0.5% of
      6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2,4-bis(n-dodecylthio)-1,3,5-triazine
PA1  b. 0.5% of
      6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2,4-bis(n-hexylthio)-1,3,5-triazine
PA1  c. 0.5% of
      6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2,4-bis(n-octadecylthio)-1,3,5-triazi
     ne
PAR  Substantially similar results are obtained when 0.5% of the aforementioned
      stabilizers are incorporated into nylon-6,6 flakes before extrusion.
PAC  EXAMPLE 8
PAR  A quantity of SBR emulsion containing 100 g of rubber (500 ml of 20% SBR
      obtained from Texas U.S., Synpol 1500) previously stored under nitrogen,
      is placed in a beaker and stirred vigorously. The pH of the emulsion is
      adjusted to 10.5 with a 0.5N NaOH solution.
PAR  To the emulsion is added 50 ml of 25% NaCl solution. A 6% NaCl solution
      which has been acidified with HCl to a pH 1.5 is added in a thin stream
      with virorous stirring. When pH 6.5 is reached, the rubber begins to
      coagulate and the addition is slowed down in order to maintain uniform
      agitation. The addition of the acidic 6% NaCl solution is terminated when
      a pH 3.5 is reached. The coagulated crumb-rubber slurry at pH 3.5 is
      stirred for one-half hour.
PAR  The coagulated rubber is isolated by filtration through cheese cloth, and
      rinsed with distilled water. After three subsequent washings with fresh
      distilled water, the coagulated rubber is dried, first at 25 mm Hg and
      finally to constant weight under high vacuum (&lt;1 mm.) at
      40.degree.-45.degree.C.
PAR  The dried rubber (25 g) is heated under nitrogen at 125.degree.C in a
      Brabender mixer and to this is added with mixing 0.125 g (0.5%) of
      6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2,4-bis(n-octylthio)-1,3,5-triazine.
      The composition is mixed for 5 minutes after which it is cooled and
      compression molded at 125.degree.C into 5 .times. 5 .times. 0.025 inch
      plaques.
PAR  The plaques are placed on aluminum sheets and heated in a circulating air
      oven at 100.degree.C for up to 96 hours. The viscosity of a 0.5% toluene
      solution of aged and unaged rubber samples are determined at 25.degree.C.
      Stabilizer effectiveness is judged by the percent retention of specific
      viscosity, color formation and gel content after oven aging. The
      stabilized rubber has better viscosity, color retention and less gel
      content than the rubber which is unstabilized after oven aging.
PAR  Similar results are obtained when
      6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2,4-bis(n-octadecylthio)-1,3,5-triazi
     ne is used in place of the above mentioned stabilizer in the rubber
      composition.
PAC  EXAMPLE 9
PAR  High impact polystyrene resin containing elastomer (i.e.,
      butadiene-styrene) is stabilized against loss of elongation properties by
      incorporation of 0.5% by weight of
      6(3',5'-dimethyl-4'-hydroxyphenyl)-2,4-bis(n-octylthio)-1,3,5-triazine.
      Under the test conditions described below, the stabilized resin retains a
      higher percentage of its original elongation properties, whereas the
      unstabilized resin retains less elongation properties. A substantial
      improvement in stability is also noted when only 0.05% of the stabilizer
      is employed.
PAR  The unstabilized resin is dissolved in chloroform and the stabilizer then
      added, after which the mixture is cast on a glass plate and the solvent
      evaporated to yield a uniform film which, upon drying, is removed and cut
      up, and then pressed for 7 minutes at a temperature of 163.degree.C and a
      pressure of 2,000 pounds per square inch into a sheet of uniform thickness
      (25 mil). The sheets are then cut into strips, approximately 4 .times. 0.5
      inches. A portion of these strips is then measured for length of
      elongation in the Instron Tensile tester (Instron Engineering Corporation,
      Quincy, Mass.). The remaining portion of the strips is aged in a forced
      draft oven for 6 weeks at 75.degree.C and thereafter tested for
      elongation.
PAC  EXAMPLE 10
PAR  Cyclohexene, freshly distilled is stabilized by the addition thereto of
      0.01% by weight of
      (3',5'-di-t-butyl-4'-hydroxyphenyl)-2,4-bis(n-octylthio)-1,3,5-triazine.
      The effectiveness of this stabilizer in cyclohexene is tested by the ASTM
      D525-55 oxidation test. The unstabilized cyclohexene failed after 30
      minutes while the stabilized cyclohexene did not fail until 54 minutes.
PAC  EXAMPLE 11
PAR  A stabilized mineral oil composition is prepared by incorporating into a
      refined mineral oil of 183 S.U.S., at 100.degree.F., (Regal Oil B. Texas
      Company) 0.005% by weight of 6(3',
      5'-di-t-butyl-4'-hydroxyphenyl)-2,4-bis(n-octylthio)-1,3,5-triazine.
PAC  EXAMPLE 12
PAR  A stabilized high temperature lubricating oil is prepared by incorporating
      2% by weight of
      6(3',5'-dimethyl-4'-hydroxyphenyl)-2,4-bis(n-octylthio)-1,3,5-triazine to
      the lubricant, which comprises diisoamyl adipate. The stabilized
      composition is compared with the unstabilized lubricant by heating at
      175.degree. in the presence of air and metallic catalysts according to the
      test method described in Military Specification Mil-I-7808c. After 72
      hours, the blank containing no stabilizer contains more sludge and has a
      greater viscosity than the stabilized lubricant.
PAC  EXAMPLE 13
PAR  A composition is prepared comprising linear polyethylene and 1.0% by weight
      of
      6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2,4-bis(n-octylthio)-1,3,5-triazine.
      The composition is injected molded into tensile bars which are placed in a
      circulating air oven at 120.degree.C. In contrast to those molded from
      unstabilized linear polyethylene, tensile bars molded from the instant
      composition retained its tensile strength for a substantially longer
      period.
PAC  EXAMPLE 14
PAR  A composition comprising an acrylonitrile butadiene-styrene terpolymer and
      0.1% of
      6(3',5'-dimethyl-4'-hydroxyphenyl)2,4-bis(n-octylthio)1,3,5-triazine
      resists discoloration at 120.degree.C longer than one which does not
      contain the stabilizer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition of matter stabilized against oxidative deterioration which
      comprises a polyolefin; from 0.1 to 5% by weight of a stabilizing compound
      having the formula
      ##EQU6##
      wherein each of R.sup.1 and R.sup.2 is a lower alkyl of 1 to 6 carbon
      atoms, R.sup.3 is alkyl of 1 to 18 carbon atoms, and R.sup.4 is hydrogen
      or alkyl of 1 to 18 carbon atoms; and from 0.5 to 2% by weight of a
      co-stabilizer of the formula
      ##EQU7##
      where R is alkyl of 6 to 24 carbon atoms and m is an integer from 1 to 6.
NUM  2.
PAR  2. A composition of claim 1 wherein the co-stabilizer is selected from the
      group consisting of dilauryl .beta.-thiodipropionate and distearyl
      .beta.-thiodipropionate.
NUM  3.
PAR  3. A composition of claim 1 wherein the polyolefin is polypropylene.
NUM  4.
PAR  4. A composition of claim 1 wherein each of R.sup.1 and R.sup.2 is methyl
      or t-butyl.
NUM  5.
PAR  5. The composition of claim 1 wherein the stabilizer is
      6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2,4-bis(n-octylthio)-1,3,5-triazine.
NUM  6.
PAR  6. The composition of claim 1 wherein the stabilizer is
      6(3',5'-dimethyl-4'-hydroxyphenyl)-2,4-bis(n-octylthio)-1,3,5-triazine.
NUM  7.
PAR  7. A composition of claim 1 wherein the stabilizer is
      6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2,4-bis(methylthio)-1,3,5-triazine.
NUM  8.
PAR  8. A composition of claim 1 wherein the stabilizer is
      6(3',5'-di-t-butyl-4'-hydroxyphenyl)-2,4-bis(n-octadecylthio)-1,3,5-triazi
     ne.
PATN
WKU  039417468
SRC  5
APN  5825644
APT  1
ART  141
APD  19750530
TTL  Containing hindered phenolic norbornane-2,3-dicarboximides stabilized
      compositions
ISD  19760302
NCL  4
ECL  1
EXP  Hoke; V. P.
INVT
NAM  Stephen; John F.
CTY  New City
STA  NY
ASSG
NAM  Ciba-Geigy Corporation
CTY  Ardsley
STA  NY
COD  02
RLAP
COD  74
APN  429235
APD  19731228
PSC  04
CLAS
OCL  260 458N
XCL  260 458A
EDF  2
ICL  C08J  320
FSC  260
FSS  45.8 N;45.8 A
UREF
PNO  2489000
ISD  19491100
NAM  Valentino
OCL  260 45.8N
UREF
PNO  3340225
ISD  19670900
NAM  Dressler et al.
OCL  260 45.8N
UREF
PNO  3734926
ISD  19730500
NAM  Dexter
OCL  260 45.8N
UREF
PNO  3746721
ISD  19730700
NAM  Stephen
OCL  260 45.8N
UREF
PNO  3790597
ISD  19740200
NAM  Dexter et al.
OCL  260 45.8N
LREP
FR2  Shust; Nestor W.
ABST
PAL  Compounds having the formula
      ##SPC1##
PAL  Wherein R.sup.1 and R.sup.2 are lower alkyl, X and Y are hydrogen or, when
      taken together, they form a bond or an ether linkage, m is 0 to 3, and n
      is 0 to 2, are good ultraviolet light stabilizers for synthetic polymers.
PARN
PAR  This is a division of application Ser. No. 429,235 filed on Dec. 28, 1973.
BSUM
PAC  DETAILED DISCLOSURE
PAR  This invention relates to hindered phenolic norbornane-2,3-dicarboximides
      and organic compositions stabilized therewith. More specifically, these
      compounds are useful as stabilizers of organic materials which are subject
      to ultraviolet light degradation. The compounds of this invention can be
      represented by the formula
      ##SPC2##
PAL  Wherein
PA1  R.sup.1 and R.sup.2 are the same or different (lower) alkyl groups of 1 to
      4 carbon atoms,
PA1  X and Y are hydrogen or, when taken together, they form a bond or an ether
      linkage,
PA1  m has a value of 0 to 3, and
PA1  n has a value of 0 to 2.
PAR  The R.sup.1 and R.sup.2 groups can be any straight or branched chain alkyl
      having 1 to 4 carbon atoms, such as methyl, ethyl, isopropyl, n-butyl and
      tert-butyl. Preferably these groups are methyl, isopropyl and tert-butyl
      groups. Most preferably both groups are tert-butyl.
PAR  The X and Y groups can be hydrogen or, when taken together, they may form a
      bond or an ether linkage. In other words, when they form a bond there will
      be a double bond between positions 5 and 6. When they form an ether
      linkage, an epoxy group would result.
PAR  Imides of the formula I wherein m is 0, 2, 3 and X and Y are hydrogen, and
      X and Y taken together form a bond can be prepared by reacting the
      appropriate anhydride with an appropriate amine of the formula
      ##SPC3##
PAL  Wherein R.sup.1 and R.sup.2 are as defined previously.
PAR  The 3,5-dialkyl-4-hydroxyphenyl substituted amines wherein m is 0 can be
      prepared as described in U.S. Pat. No. 3,198,797. The amine wherein m is 2
      can be prepared, for example, through chloromethylation of a dialkylphenol
      as described in U.S. Pat. No. 2,838,571, followed by treatment of the
      resulting chloromethyl derivative with sodium or potassium cyanide, and
      reduction of the resultant dialkylhydroxyphenylacetonitrile to the amine.
      The amine when m is 3 can be prepared by reducing the appropriate
      3-(3,5-dialkyl-4-hydroxyphenyl)propionitrile with lithium aluminim hydride
      to yield the corresponding amine. The nitrile can be prepared according to
      the method described in U.S. Pat. No. 3,121,732 wherein the appropriate
      dialkylphenol is reacted with acrylonitrile.
PAR  Compounds of formula I wherein m is 1 and X and Y are hydrogen, X and Y
      taken ogether form a bond and X and Y taken together form an ether linkage
      can be prepared by reacting the appropriate imide with the appropriate
      3,5-dialkyl-4-hydroxybenzyldialkylamine of the formula
      ##SPC4##
PAL  Wherein R.sup.1 and R.sup.2 are as defined previously and R is an alkyl
      group such as methyl or ethyl in a suitable solvent such as
      N,N-dimethylformamide. The 3,5-dialkyl-4-hydroxybenzyldialkyl amines can
      be prepared as described by E. P. Previc et al., Industrial and
      Engineering Chemistry, 53, 469 (1961).
PAR  The compounds of formula I wherein m is 0, 1, 2 and 3 and X and Y are both
      hydrogen can also be prepared by catalytic hydrogenation of the
      corresponding compounds of formula 1 wherein X and Y taken together form a
      bond in the presence of a suitable catalyst such as palladium on charcoal.
PAR  The compounds of formula I wherein m is 0, 2 and 3 and X and Y taken
      together form an ether linkage can be prepared by oxidizing the
      corresponding compounds of formula I wherein X and Y taken together form a
      bond with a suitable oxidant, such as hydrogen peroxide and various
      peracids such as peracetic and m-chloroperbenzoic acids.
PAR  5-Norbornene-endo-2,3-dicarboxylic anhydride, cis-.DELTA..sup.4
      -tetrahydrophthalic anhydride,
      bicyclo[2.2.2]oct-5-eneendo-2,3-dicarboxylic anhydride are commercially
      available.
PAR  cis-Hexahydrophthalic anhydride is commercially available.
      Norbornane-endo-2,3-dicarboxylic anhydride can be prepared by catalytic
      reduction of 5-norbornene-endo-2,3-dicarboxylic anhydride.
      Bicyclo[2.2.2]oct-5-ane-endo-2,3-dicarboxylic anhydride can be prepared by
      the procedure outlined in British Patent Number 796,133.
PAR  cis-Hexahydrophthalimide is commercially available.
      Norbornane-endo-2,3-dicarboximide can be prepared by catalytic reduction
      of 5-norbornene-endo-2,3-dicarboximide using a suitable catalyst such as
      palladium on charcoal. 5-Norbornene-endo-2,3-dicarboximide can be prepared
      by the procedure described by W. S. Worrall in J. Amer. Chem. Soc., 82,
      5707 (1960). Bicyclo[2.2.2]octane-endo-2,3-dicarboximide and
      bicyclo[2.2.2]oct-5-ene-2,3-dicarboximide can be prepared as described by
      F. Manabu and O. Keiko, Chem., Pharma. Bull. (Tokyo) 10, 714 (1962).
PAR  cis-.DELTA..sup.4 -tetrahydrophthalimide is commercially available.
PAR  Exo-5,6-epoxynorbornane-endo-2,3-dicarboximide can be prepared, for
      example, by the procedure of W. S. Worrall, J. Amer. Chem. Soc., 82, 5707
      (1960). 4,5-Epoxycyclohexane-1,2-dicarboximide can be prepared by the
      procedure described in U.S. Pat. No. 2,897,208.
      Exo-5,6-epoxybicyclo[2.2.2]octane-endo-2,3-dicarboximide can be prepared
      by peracid oxidation of bicyclo[2.2.2]oct-5-ene-endo-2,3-dicarboximide.
DETD
PAR  The following examples further illustrate the preparation of the compounds
      without introducing any limitations.
PAC  EXAMPLE 1
PAC  N-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-norbornene-endo-2,3-dicarboximide
PAR  In a nitrogen atmosphere, a stirred solution of
      5-norbornene-endo-2,3-dicarboxylic anhydride (12.3 g, 0.075 mole) and
      2,6-di-tert-butyl-4-aminophenol (16.7 g, 0.075 mole) in 150 ml of xylene
      was heated under reflux for 6 hours, water being removed with a Dean-Stark
      trap. The xylene was evaporated under reduced pressure and the residue was
      triturated with hexane-benzene mixture. The resulting solid was filtered
      off and was recrystallized from ethanol to give 12.3 g (45%) of the
      desired imide, m.p. 200.degree.-202.degree..
PAR  Following the above procedure
      N-(3,5-dimethyl-4-hydroxyphenyl)-5-norbornene-endo-2,3-dicarboximide is
      prepared by employing the appropriate starting materials.
PAC  EXAMPLE 2
PAC  N-(3,5-di-tert-butyl-4-hydroxyphenyl)-norbornane-endo-2,3-dicarboximide
PAR  N-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-norbornene-endo-2,3-dicarboximide
      (5.5 g, 0.015 mole) was dissolved in 200 ml of ethanol and hydrogenated
      over 100 mg of 10% palladium on charcoal in a Parr apparatus at 50 psi.
      The catalyst was removed by filtration and the filtrate was evaporated
      under reduced pressure. Recrystallization of the resulting solid form
      benzene-heptane gave 4.8 g (88%) of
      N-(3,5-di-tert-butyl-4-hydroxyphenyl)-norbornane-endo-2,3-dicarboximide,
      m.p. 184.degree.-186.degree..
PAR  Following the above procedure
      N-(3-methyl-5-tert-butyl-4-hydroxyphenyl)-norbornane-endo-2,3-dicarboximid
     e is prepared when the appropriate starting materials are used.
PAC  EXAMPLE 3
PAC  N-(3,5-di-tert-butyl-4-hydroxybenzyl)-norbornane-endo-2,3-dicarboximide
PAR  In a nitrogen atmosphere, a stirred solution of
      norbornane-endo-2,3-dicarboximide (13.0 g, 0.079 mole) and
      2,6-di-tert-butyl-4-dimethylaminomethylphenol (21.7 g, 0.083 mole) in 100
      ml of N,N-dimethylformamide was heated at 120.degree.-125.degree. for 4
      hours. Upon cooling the mixture was poured into water and the precipitated
      solid was taken up in ether. The ether solution was washed with dilute
      hydrochloric acid and then water. The dried (Na.sub.2 SO.sub.4) solution
      was evaporated under reduced pressure and the solid residue was
      recrystallized from methanol to give 19.0 g (50%) of the title imide, m.p.
      158.degree.-160.degree..
PAR  Following the above procedure
      (N-(3,5-diisopropyl-4-hydroxybenzyl)-norbornane-endo-2,3-dicarboximide is
      prepared when the appropriate starting materials are employed.
PAC  EXAMPLE 4
PAC  N-(3,5-di-tert-butyl-4-hydroxyphenyl)-exo-5,6-epoxynorbornane-endo-2,3-dica
     rboximide
PAR  A stirred mixture of
      N-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-norbornene-endo-2,3-dicarboximide
      (5.5 g, 0.015 mole) 25 ml of formic acid and 25 ml of methylene chloride
      was treated with 31.5% hydrogen peroxide solution (3.4 g, 0.03 mole) and
      the mixture was heated at 40.degree.-45.degree. for 18 hours. The solvent
      mixture was stripped off and the residue was dissolved in ether. The ether
      solution was washed with 10% aqueous sodium bicarbonate solution and then
      water. The dried solution was evaporated and the residue recrystallized
      from methanol-water to give 2.5 g (43.5%) of the desired epoxide, m.p.
      158.degree.-160.degree..
PAR  Following the above described procedures and employing the above described
      starting materials, the compounds reported in Table I have been prepared.
TBL                TABLE I                                                     
     ______________________________________                                    
     Ex. No.     X,Y     n       m     m.p..degree.C                           
     ______________________________________                                    
     5           .DELTA..sup.5,6                                               
                         1       1     139-141                                 
     6           .DELTA..sup.5,6                                               
                         1       2     221-223                                 
     7           .DELTA..sup.5,6                                               
                         1       3     112-114                                 
     8           .DELTA..sup.5,6                                               
                         0       0     154-156                                 
     9           H,H     2       1     159-161                                 
     10          H,H     0       0     127-128                                 
     11          H,H     0       1     139-141                                 
     12          epoxy   0       0     159-162                                 
     13          epoxy   1       1     181-183                                 
     ______________________________________                                    
      *The designation + in the above formula means tert-butyl group.          
PAR  The compounds of this invention are stabilizers of organic material
      normally subject to thermal, oxidative or actinic light deterioration.
      Materials which are thus stabilized include synthetic organic polymeric
      substances including homopolymers, copolymers, and mixtures thereof, such
      as vinyl resins formed from the polymerization of vinyl halides or from
      the copolymerization of vinyl halides with unsaturated polymerizable
      compounds, e.g., vinyl esters, .alpha.,.beta.-unsaturated acids,
      .alpha.,.beta.-unsaturated esters, .alpha.,.beta.-unsaturated ketones,
      .alpha.,.beta.-unsaturated aldehydes and unsaturated hydrocarbons such as
      butadienes and styrene; poly-.alpha.-olefins such as high and low density
      polyethylene, cross-linked polyethylene, polypropylene,
      poly(4-methylpentene-1 and the like, including copolymers of
      .alpha.-olefins; such as ethylene-propylene copolymers, and the like;
      dienes such as polybutadiene, polyisoprene, and the like, including
      copolymers with other monomers; polyurethanes such as are prepared from
      polyols and organic polyisocyanates, and polyamides such as
      polyhexamethylene adipamide and polycaprolactam; polyesters such as
      polyethylene terephthalates; polycarbonates such as those prepared from
      bisphenol-A and phosgene; polyacetals such as polyethylene terephthalate
      polyacetal; polystyrene, polyethyleneoxide; polyacrylics such as
      polyacrylonitrile; polyphenyleneoxides such as those prepared from
      2,6-dimethylphenol and the like; and copolymers such as those of
      polystyrene containing copolymers of butadiene and styrene and those
      formed by the copolymerization of acrylonitrile, butadiene and/or styrene.
PAR  Other materials which can be stabilized by the compounds of the present
      invention include lubricating oil of the aliphatic ester type, i.e.,
      di(1,2-ethylene)-azelate, pentaerythritol tetracaproate, and the like;
      animal and vegetable derived oils, e.g., linseed oil, fat, tallow, lard,
      peanut oil, cod liver oil, castor oil, palm oil, corn oil, cottonseed oil,
      and the like; hydrocarbon materials such as gasoline, mineral oil, fuel
      oil, drying oil, cutting fluids, waxes, resins, and the like, salts of
      fatty acids such as soaps and the like; and alkylene glycols, e.g.,
      .beta.-methoxyethyleneglycol, methoxytriethyleneglycol, triethylene
      glycol, octaethyleneglycol, dibutyleneglycol, dipropyleneglycol and the
      like.
PAR  The compounds of this invention are particularly useful as UV light
      stabilizers, especially for the protection of polyolefins, for instance,
      polyethylene, polypropylene, poly(butene-1), poly(pentene-1),
      poly(3-methylbutene-1), poly(4-methylpentene-1), various
      ethylene-propylene copolymers and the like.
PAR  In general, the stabilizers of this invention are employed from about 0.01
      to about 5% by weight of the stabilized composition, although this will
      vary with the particular substrate and application. An advantageous range
      is from about 0.05 to about 2% and especially 0.1 to about 1%.
PAR  For addition to polymeric substrates, the stabilizers can be blended before
      polymerization or after polymerization, during the usual processing
      operations, for example, by hot-milling, the composition then being
      extruded, pressed, blow molded or the like into films, fibers, filaments,
      hollow spheres and the like. The heat stabilizing properties of these
      compounds may advantageously stabilize the polymer against degradation
      during such processing at the high temperature generally encountered. The
      stabilizers can also be dissolved in suitable solvents and sprayed on the
      surface of films, fabrics, filaments or the like to provide effective
      stabilization. Where the polymer is prepared from a liquid monomer as in
      the case of styrene, the stabilizer may be dispersed or dissolved in the
      monomer prior to polymerization or curing.
PAR  These compounds can also be used in combination with other additives such
      as antioxidants, sulfercontaining esters such as
      distearyl-.beta.-thiodipropionate (DSTDP),
      dilauryl-.beta.-thiodipropionate (DLTDP) in an amount of from 0.01 to 2%
      by weight of the organic material, and the like, pourpoint depressants,
      corrosion and rust inhibitors, dispersing agents, demulsifiers,
      antifoaming agents, fillers such as glass or other fibers, carbon black,
      accelerators and the other chemicals used in rubber compounding,
      plasticizers, color stabilizers, di- and tri-alkyl- and
      -alkylphenylphosphites, heat stabilizers, ultraviolet light stabilizers,
      antiozonants, dyes, pigments, metal chelating agents, dyesites and the
      like. Often combinations such as these, particularly the sulfur containing
      esters, the phosphites and/or the ultraviolet light stabilizers will
      produce superior results in certain applications to those expected by the
      properties of the individual components.
PAR  The following formula represents co-stabilizers which are in certain
      instances very useful in combination with the stabilizers of this
      invention:
      ##EQU1##
      wherein R is an alkyl group having from 6 to 24 carbon atoms; and n is an
      integer from 1 to 6. Especially useful compounds of this type are
      dilauryl-.beta.-thiodipropionate and distearyl-.beta.-thiodipropionate.
      The above co-stabilizers are used in the amount of from 0.01 to 2% by
      weight of the organic material, and preferably from 0.1 to 1%.
PAR  Although the compounds of this invention may to some degree also be
      effective as thermal stabilizers, if the processing of the polymer is
      carried out at high temperatures it is advantageous to incorporate
      additional antioxidants.
PAR  In most applications, it is desirable to incorporate into the resin
      composition, sufficient thermal antioxidants to protect the plastic
      against thermal and oxidative degradation. The amount of antioxidant
      required will be comparable to that of the actinic stabilizer. Namely,
      from about 0.005% to 5% and preferably from 0.01% to 2% by weight
      Representative of such antioxidants are phosphite esters, such as
      triphenylphosphite and dibutylphosphite and alkyl arylphosphites such as
      dibutylphenylphosphite, and the like.
PAR  The best results have been obtained with the preferred class of thermal
      antioxidants, the hindered phenols. These compounds have been found to
      provide the best thermal stabilization with the least discoloration in the
      compositions of the invention. Amoung these phenolic antioxidants are
      included the following:
PA1  di-n-octadecyl(3-5-butyl-4-hydroxy-5-methylbenzyl)malonate
PA1  2,6-di-t-butylphenol
PA1  2,2'-methylene-bis(6-t-butyl-4-methylphenol)
PA1  2,6-di-t-butylhydroquinone
PA1  octadecyl-(3,5-di-t-butyl-4-hydroxybenzylthio)acetate
PA1  1,1,3-tris(3-t-butyl-6-methyl-4-hydroxyphenyl)butane
PA1  1,4-bis(3,5-di-t-butyl-4-hydroxybenzyl)-2,3-5,6-tetramethylbenzene
PA1  2,4-bis-(3,5-di-t-butyl-4-hydroxyphenoxy)-6-(n-octylthio)-1,3,5-triazine
PA1  2,4-bis-(4-hydroxy-3,5-di-t-butylphenoxy)-6-(n-octylthioethylthio)-1,3,5-tr
     iazine
PA1  2,4-bis-(n-octylthio)-6-(3,5-di-t-butyl-4-hydroxyanilino)-1,3,5-triazine
PA1  2,4,6-tris-(4-hydroxy-3,5-di-t-butylphenoxy)-1,3,5-triazine
PA1  n-octadecyl-.beta.-(3,5-di-t-butyl-4-hydroxyphenyl)propionate
PA1  n-octadecyl-3,5-di-t-butyl-4-hydroxybenzoate
PA1  2-(n-octylthio)ethyl-3,5-di-t-butyl-4-hydroxybenzoate
PA1  stearamido N,N-bis-{ethylene 3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA1  1,2-propylene glycol bis-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA1  pentaerythritol tetrakis-{3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate}
PA1  dioctadecyl-3,5-di-t-butyl-4-hydroxybenzylphosphonate
PA1  di-n-octadecyl-1-(3,5-di-t-butyl-4hydroxyphenyl)-ethanephosphonate
PAR  The above phenolic hydrocarbon stabilizers are known and many are
      commercially available.
PAR  The above antioxidants have been listed only for the purpose of
      illustration and it is important to note that any other antioxidant can be
      employed with similar improved results. The above exemplified antioxidants
      and other related antioxidants which are incorporated herein by reference,
      are disclosed in greater detail in the following patents: Netherlands
      Patent Specification No. 67/1119, issued Feb. 19, 1968; Netherlands Patent
      Specification No. 68/03498 issued Sept. 18, 1968; U.S. Pat. Nos.
      3,255,191; 3,330,859, 3,644,482, 3,281,505; 3,531,483, 3,285,855;
      3,364,250; 3,368,997; 3,357,944 and 3,758,549.
PAC  Artificial Light Exposure Test
PAR  Deterioration of most polymers caused by ultraviolet light is so slow at
      ambient temperatures, even in the absence of stabilizers, that testing of
      the effects of stabilizers generally must be conducted either at higher
      temperatures or in an accelerated artificial light exposure device in
      order to yield results in a convenient period of time. The tests conducted
      in polymers using an artificial light exposure device is described below:
PAL  a. Sample Preparation
PAR  5 mil Film -- Unstabilized polypropylene powder (Hercules Profax 6501) is
      thoroughly blended with the indicated amounts of additives. The blended
      material is then milled on a two roll mill for 5 minutes at 182.degree.C.
      The milled sheet is then compression molded at 220.degree.C into 5 mil
      thick film under a pressure of 175 psi and water cooled in the press.
PAL  b. Testing Method
PAR  This test is conducted in a FS/BL unit, basically of the American Cyanamid
      design, which consists of 40 tubes of alternating fluorescent sunlamps and
      black lights (20  of each). The 5 mil sample film which are mounted on 3
      inches .times. 2 inches IR card holders with 1/4 inch .times. 1 inch
      windows and are placed on a rotating drum 2 inches from the bulbs in the
      FS/BL unit. The time in hours is noted for the development of 0.5 carbonyl
      absorbance units as determined on an Infrared Spectophotometer. The
      development of carbonyl functional groups in the polymer is proportional
      to the amount of degradation caused by the ultraviolet light exposure.
PAR  The test results reported below were obtained according to the procedures
      described above. The amounts of the additives are expressed in weight
      percent based on the weight of the polymer.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Light Stabilization of Polypropylene                                      
                  Time in Hours to 0.5                                         
                  Carbonyl Absorbance Units                                    
     Stabilizer   Formul. A  Formul. B                                         
                                    Formul. C                                  
     __________________________________________________________________________
     1. Compound of Ex. 1                                                      
                  1210       --     --                                         
     2. Compound of Ex. 5                                                      
                  1170       250    695                                        
     3. Compound of Ex. 2                                                      
                  1460       --     --                                         
     4. Compound of Ex. 3                                                      
                  1280       320    785                                        
     5. Compound of Ex. 9                                                      
                  1345       --     --                                         
     6. Compound of Ex. 11                                                     
                  1010       --     --                                         
     7. Compound of Ex. 4                                                      
                  1545       280    850                                        
     8. Compound of Ex. 13                                                     
                  1195       --     --                                         
     9. None             250                                                   
     __________________________________________________________________________
     Formulation A contains 0.2% of the indicated stabilizer and               
     0.5% of UV absorber 2(2'-hydroxy-3',5'-di-tert-butylphenyl)-              
     5-chlorobenzotriazole.                                                    
     Formulation B contains 0.5% of the indicated stabilizer and               
     0.2% of di-n-octadecyl 3,5-di-tert-butyl-4-hydroxybenzyl-                 
     phosphonate which is an antioxidant.                                      
     Formulation C contains 0.25% of the indicated stabilizer, 0.25%           
     of UV absorber 2(2'-hydroxy-3',5'-di-tert-butylphenyl)-5-                 
     chlorobenzotriazole and 0.2% of antioxidant di-n-octadecyl                
     3,5-di-tert-butyl-4-hydroxybenzylphosphonate.                             
     __________________________________________________________________________
PAR  Other hindered phenolic antioxidants may be used in place of
      di-octadecyl(3,5-di-t-butyl-4-hydroxybenzyl)phosphonate in the above
      mentioned compositions for example, di-n-octadecyl
      .alpha.-(3-t-butyl-4-hydroxy-4-methylbenzyl)malonate,
      2,4-bis(n-octylthio)-6-(3,4-di-t-butyl-4-hydroxyaniline)-1,3,5-triazine,
      octadecyl 3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate,
      pentaerythritol-tetrakis{3-(3,5-di-t-butyl-4-hydroxyphenyl)} propionate,
      tris-(3,5-di-t-butyl-4-hydroxybenzyl)isocyanurate,
      2,6-di-tert-butyl-4-methylphenol,
      N,N,N-tris-(3,5-di-tert-butyl-4-hydroxybenzyl)isocyanurate, and
      2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)-1,3,5-trimethylbenzyl.
PAR  The compositions of Table I are also stabilized with
      2(2'-hydroxy-3',5'-di-t-butylphenyl)-5-chlorobenzotriazole is replaced
      with the following UV absorbers:
PA1  a. 2-hydroxy-4-methoxy-5-sulfobenzophenone trihydrate
PA1  b. 2-hydroxy-4-n-octoxybenzophenone
PA1  c. {2,2'-thiobis(4-t-octylphenolate)}-n-butylamine nickel II
PA1  d. p-octylphenyl salicylate
PA1  e. 2,2'-dihydroxy-4,4'-dimethoxybenzophenone
PA1  f. 2(2'-hydroxy-5'-methylphenyl)-benzotriazole.
PAC  EXAMPLE 14
PAR  High impact polystyrene resin containing elastomer (i.e.,
      butadiene-styrene) is stabilized against loss of elongation properties due
      to exposure to ultraviolet light by incorporation of 0.3% by weight of
      N-(3,5-dimethyl-4-hydroxyphenyl)-5-norbornene-endo-2,3-dicarboximide.
PAR  The unstabilized resin is dissolved in chloroform and the stabilizer then
      added, after which the mixture is cast on a glass plate and the solvent
      evaporated to yield a uniform film which, upon drying, is removed and cut
      up, and then pressed for 7 minutes at a temperature of 163.degree.C and a
      pressure of 2,000 pounds per square inch into a sheet of uniform thickness
      (25 mil). The sheets are then cut into strips approximately 4 .times. 0.5
      inches. A portion of these strips is then measured for percent of
      elongation in the Instron Tensile Testing Apparatus (Instron Engineering
      Corporation, Quincy, Massachusetts). The remaining portions of the strips
      are placed in an FS/BL chamber according to Example 7(B) except that the
      samples are mounted and white cardboard stock and the time to 50%
      reduction in elongation is measured. The stabilized polystyrene resin
      retains its elongation property longer than the unstabilized resin.
PAC  EXAMPLE 15
PAR  Unstabilized linear polyethylene is solvent blended in methylene chloride
      with 0.5% by weight of the substrate of
      N-(3-methyl-5-tert-butyl-4-hydroxyphenyl)-norbornane-endo-2,3-dicarboximid
     e and then vacuum dried. The resin is then extrusion compounded on a 1 inch
      24/1=L/D extruder, melt temperature 450.degree.F (232.degree.C) and
      pressed for 7 minutes at a temperature of 163.degree.C and a pressure of
      2000 psi into a sheet of uniform thickness of 100 mil. The sheets are then
      cut into plaques of 2 inch .times. 2 inch. The plaques are then exposed in
      a FS/BL exposure device and color measurements made periodically using a
      Hunter Color Difference Meter Model D25. Polyethylene stabilized with the
      above compound is found to be much more stable than the unstabilized
      polyethylene or the polyethylene stabilized only with an antioxidant.
PAC  EXAMPLE 16
PAR  A quantity of SBR emulsion containing 100 g of rubber (500 ml of 20% SBR
      obtained from Texas U.S., Synpol 1500) previously stored under nitrogen,
      is placed in a beaker and stirred vigorously. The pH of the emulsion is
      adjusted to 10.5 with a 0.5N NaOH solution.
PAR  To the emulsion is added 50 ml of 25% NaCl solution. A 6% NaCl solution
      adjusted with hydrochloric acid to a pH 1.5 is added in a thin stream with
      vigorous stirring. When pH 6.5 is reached, the rubber begins to coagulate
      and the addition is slowed down in order to maintain uniform agitation.
      The addition of the acidic 6% NaCl solution is terminated when a pH 3.5 is
      reached. The coagulated crumb-rubber slurry at pH 3.5 is stirred for
      one-half hour.
PAR  The coagulated rubber is isolated by filtration through cheese cloth, and
      rinsed with distilled water. After three subsequent washings with fresh
      distilled water, the coagulated rubber is dried, first at 25 mm Hg and
      finally to constant weight under high vacuum ( &lt;1 mm) at
      40.degree.-45.degree.C.
PAR  The dried rubber (25 g) is heated under nitrogen at 125.degree.C in a
      Brabender mixer and to this is added with mixing 0.5% of
      N-(3,5-diisopropyl-4-hydroxybenzyl)norbornane-endo-2,3-dicarboximide. The
      composition is mixed for 5 minutes after which it is cooled and
      compression molded at 125.degree.C into 5.degree. .times. 0.025 inch
      plaques.
PAR  The plaques are exposed to a xenon arc weatherometer and the color
      measurement (L-b) is made after 45, 125 and 290 hours. The samples
      stabilized with the above compound are found to be much more light stable
      than the unstabilized samples.
PAC  EXAMPLE 17
PAR  To 50 g of polyacetal resin containing 0.1% of an acid scavenger,
      dicyandiamide, is added 0.2% by weight of
      N-(3,5-di-tert-butyl-4-hydroxyphenethyl)-5-norbornene-endo-2,3-dicarboximi
     de and milled for 7 minutes at 200.degree.C in a Brabender Plasti-recorder.
      The milled formulation is subsequently pressed into a 40 mil sheet at
      215.degree.C at 350 psi for 90 seconds then cooled quickly in a cold press
      at 350 psi. The stabilized sheets are then remolded for 2 minutes at
      contact pressure and for 3 minutes at 300 psi at 215.degree.C to give
      plaques 11/2 inch .times. 21/4 inch .times. 125 mil. Thereafter, the
      testing procedure described above under artificial Light Exposure Test is
      followed to determine the light stability of the samples. The stabilized
      samples are found to be much more stable than the unstabilized samples.
PAC  EXAMPLE 18
PAR  Unstabilized thoroughly dried polyethylene terephthalate chips are dry
      blended with 1.0% of
      N-(3,5-di-tert-butyl-4-hydroxyphenyl)-5-norbornene-endo-2,3-dicarboximide.
      60/10 denier multifilament is melt spun at a melt temperature of
      290.degree.C. The oriented fiber is wound on white cards and exposed in a
      Xenon Arc Fadeometer. Color measurements are made periodically with a
      Hunter Color Difference Meter Model D25. The stabilized samples are found
      to be much more light stable than the unstabilized samples.
PAC  EXAMPLE 19
PAR  a. A composition comprising acrylonitrilebutadiene-styrene terpolymer and
      1% by weight of N-(3,5-di-tert-butyl-4-hydroxyphenyl)-cis-.DELTA..sup.4
      -tetra hydrophthalimide resists embrittlement due to exposure to
      ultraviolet light longer than one which does not contain the stabilizer.
PAR  b. A composition comprising polyurethane prepared from toluene diisocyanate
      and alkylene polyols and 1.0% by weight of N-
      3,5-di-tert-butyl-4-hydroxybenzyl)bicyclo[2.2.2]octane-2,3-dicarboximide
      is more stable to sunlight, fluorescent sunlamps, black lights and
      fluorescent lights than the unformulated polyurethane.
PAR  c. A composition comprising a polycarbonate prepared from bisphenol-A and
      phosgene and 1% by weight of
      N-(3,5-di-tert-butyl-4-hydroxyphenyl)-hexahydrophthalimide resists
      discoloration due to exposure to ultraviolet light longer than one which
      does not contain the stabilizer.
PAR  d. A composition comprising polymethylmethacrylate and 0.25% by weight of
      N-3,5-di-tert-butyl-4-hydroxybenzyl)-hexadrophthalimide resists
      discoloration due to exposure to ultraviolet light longer than one which
      does not contain the stabilizer.
PAC  EXAMPLE 20
PAR  a. A stabilized polyamide (nylon 6, 6) is prepared by incorporating therein
      0.1% of
      N-(3,5-di-tert-butyl-4-hydroxyphenyl)-4,5-epoxyhexahydrophthalimide. The
      light stability of the stabilized composition is superior to that of an
      unstabilized polyamide.
PAR  b. A stabilized polyphenylene oxide polymer (prepared by polymerizing
      2,6-dimethylphenol is prepared by incorporating therein 0.5% by weight of
      the manganese complex of
      N-(3,5-di-tert-butyl-4-hydroxy-benzyl)-5,6-epoxy-5-norbornane-endo-2,3-dic
     arboximide. The stabilized compositions resist embrittlement due to
      exposure to ultraviolet light longer than one which does not contain the
      stabilizer.
PAR  c. A stabilized crystalline polystyrene is prepared by incorporating
      therein 0.1% by weight of
      N-(3,5-dimethyl-4-hydroxybenzyl)-hexahydrophthalimide. The stabilized
      composition resists embrittlement due to exposure to ultraviolet light
      longer than one which does not contain the stabilizer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition of matter comprising
PA1  a. an organic material normally subject to degradation,
PA1  b. from 0.01 to 5% of a stabilizer of the formula
      ##SPC5##
PA1  wherein
PA2  R.sup.1 and R.sup.2 are the same or different (lower) alkyl groups of 1 to
      4 carbon atoms,
PA2  X and Y are hydrogen or, when taken together, they form a bond or an ether
      linkage,
PA2  m has a value of 0 to 3, and
PA2  n has a value of 0 to 2.
PA1  c. from 0 to 5% of a UV absorber, and
PA1  d. from 0 to 5% of a co-stabilizer.
NUM  2.
PAR  2. A composition of claim 1, wherein the organic material is polyolefin.
NUM  3.
PAR  3. A composition of claim 2, wherein in the stabilizer R.sup.1 and R.sup.2
      are tert-butyl.
NUM  4.
PAR  4. A composition of claim 3 wherein the organic material is polypropylene.
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ISD  19760302
NCL  4
ECL  1
EXP  Hoke; V. P.
INVT
NAM  Roth, Jr.; Clarence Edward
CTY  Orange
STA  TX
INVT
NAM  Lasswell; Joseph Arnold
CTY  Orange
STA  TX
INVT
NAM  Bybee; William Dennis
CTY  Orange
STA  TX
INVT
NAM  Parker, Jr.; Earl Brewer
CTY  Orange
STA  TX
ASSG
NAM  Gulf Oil Corporation
CTY  Pittsburgh
STA  PA
COD  02
CLAS
OCL  260 4595H
EDF  2
ICL  C08G  600
FSC  260
FSS  45.95;45.95 H
UREF
PNO  2785188
ISD  19570300
NAM  Coe
OCL  260 45.95
UREF
PNO  2956306
ISD  19601000
NAM  Conwell et al.
OCL  260 45.95H
UREF
PNO  2957849
ISD  19601000
NAM  Kennedy
OCL  260 45.95H
UREF
PNO  3069369
ISD  19621200
NAM  Galbraith et al.
OCL  260 45.95H
UREF
PNO  3103501
ISD  19630900
NAM  Shearer et al.
OCL  260 45.7P
UREF
PNO  3349072
ISD  19671000
NAM  Alexander et al.
OCL  260 94.9R
UREF
PNO  3351678
ISD  19671100
NAM  McBurney
OCL  260 45.95H
UREF
PNO  3553272
ISD  19710100
NAM  Riley
OCL  260 45.95H
OREF
PAL  Atmospheric Oxidation and Antioxidants,  by Gerald Scott; Elsenier Press;
      1965; pp. 124 to 141.
ABST
PAL  Olefin polymer compositions are provided having enhanced stability against
      discoloration. The polymer compositions consist essentially of a normally
      solid olefin polymer such as polyethylene having incorporated therein, on
      a weight basis, 0.001 - 0.2 percent of 2,6-ditertiarybutyl-4-methylphenol*
      and 0.0005 - 0.4 percent of 2,6-ditertiarybutyl-4-ethylphenol**, with the
      quantity of 2,6-ditertiarybutyl-4-ethylphenol being present in a minimum
      amount of 50 weight % of the 2,6-ditertiarybutyl-4-methylphenol.
FNT  *In subsequent discussions, this chemical sometimes will be referred to as
      BHT, which signifies butylated hydroxy toluene
FNT  **In subsequent discussions, 2,6-ditertiarybutyl-4-ethylphenol sometimes
      will be referred to as BHEB, which signifies butylated hydroxy
      ethylbenzene.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Normally, solid olefin polymers, such as polyethylene and polypropylene,
      are known to be subject to oxidation. Oxidation of the polymers causes
      crosslinking and other undesired changes in the polymer. To alleviate this
      problem, certain antioxidants or stabilizers are conventionally included
      in such olefin polymers.
PAR  One of the most widely used stabilizers for olefin polymers, and
      particularly polyethylene, is 2,6-ditertiarybutyl-4-methylphenol. While
      this stabilizer is quite effective in protecting olefin polymers, and in
      particular polyethylene, it has a shortcoming in that under certain
      conditions of storage it causes yellowing or discoloration of the polymer.
      The yellowing of the polymer is particularly objectionable in film
      applications, where for the end use it is usually desirable to have the
      film as transparent and as color free as is possible.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered pursuant to this invention that it is possible to
      prepare olefin polymer compositions containing
      2,6-ditertiarybutyl-4-methylphenol as a stabilizer while at the same time
      alleviating or minimizing the yellowing which is characteristically
      associated with such resin compositions. These results are obtained by
      incorporating into the olefin polymer, on a weight basis, a mixture of
      0.001 - 0.2 percent of 2,6-ditertiarybutyl-4-methylphenol (BHT) and 0.0005
      - 0.4 percent of 2,6-ditertiarybutyl-4-ethylphenol (BHEB) with the BHEB
      being present in a minimum amount of 50 weight % of the BHT or preferably
      at least 100 weight % of the BHT.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The olefin polymer included in the composition of the invention will be
      normally solid olefin polymers having polymerized therein at least 90
      weight percent of either ethylene or propylene or a mixture thereof.
      Typically, the olefin polymer will be an ethylene homopolymer, which may
      be either of the so-called low density type prepared by mass free radical
      processes or a high density polyethylene prepared in the presence of a
      stereospecific catalyst. The olefin polymer also may be a crystalline
      propylene polymer of the type prepared by polymerizing propylene in the
      presence of stereospecific catalysts. Methods of preparing such olefin
      polymers are well known and are reported in the literature.
PAR  The 2,6-ditertiarybutyl-4-methylphenol (BHT) and
      2,6-ditertiarybutyl-4-ethylphenol (BHEB) employed as stabilizers in the
      compositions of the invention are known compounds which are commercially
      available. The BHT is customarily included in the compositions of the
      invention in the amount of, on a weight basis, 0.001 - 0.2 percent. The
      BHEB is customarily included in the compositions of the invention in the
      amount of, on a weight basis, 0.0005 - 0.4 percent. The BHEB will be
      employed in an amount equal to at least 50% of, and preferably at least
      100% of, the weight of the BHT.
PAR  The compositions of the invention can be prepared by simply dispersing the
      mixture of the two stabilizers into the olefin polymer by conventional
      methods such as compounding in a banbury mixer or in a compounding
      extruder. In an alternate embodiment of the invention, the BHT can be
      incorporated into the ethylene polymer by adding small quantities of the
      BHT to the polymerization reactor in which the ethylene polymer is
      prepared as disclosed in U.S. Pat. No. 3,349,072. Thereafter, the BHEB can
      be incorporated into the thus prepared resin in a compounding step.
PAR  In addition to the mixture of stabilizers previously described, the polymer
      compositions of the invention also may have incorporated therein
      conventional additives such as slip agents, antiblock agents, colorants,
      and the like. Such additives can be incorporated into the resin
      compositions by methods well known in the art.
PAR  The polyolefin resin compositions of the invention have physical properties
      and processing characteristics identical in all material respects to
      polyolefin resin compositions containing like quantities of BHT as the
      sole phenolic stabilizing agent. By reason of their greater resistance to
      yellowing, however, the polyolefin resin compositions of the invention can
      be processed at somewhat higher temperatures in applications where
      discoloration of the fabricated resin article is a matter of critical
      concern.
PAR  An Accelerated Aging Test was developed for use in the studies reported
      herein. The Accelerated Test is based upon two demonstrated principles.
      First, it has been demonstrated that the yellow color bodies which develop
      on aging of a polyolefin resin containing BHT is 3,5,3',5'-tetra-t-butyl
      stilbene-4,4'quinone (SBQ). Second, it has been demonstrated that SBQ can
      be extracted essentially quantitatively from a polyolefin resin containing
      same in a short period of time.
PAR  A 10 gram sample of the resin is ground to a size passing through a 10 mesh
      screen. Ten (10) grams of resin and 1 gram of carbon black are transferred
      into a glass stoppered 250 ml Erlenmeyer flask. The flask is stoppered and
      shaken to homogeneously distribute the carbon black over all the resin
      particles. The unstoppered flask then is maintained in a forced draft oven
      at 50.degree.C. for 12 hours. The flask then is removed from the oven and
      cooled to room temperature. One hundred (100) ml of specially purified
      hexane having no measurable absorption in the visible spectrum are then
      added to the flask. The flask then is stoppered and placed in the
      50.degree.C. oven for 15 minutes. The flask then is removed from the oven
      and allowed to cool to room temperature. The contents of the flask are
      filtered and the hexane is retained for measurement of color absorption in
      the visible spectrum.
PAR  The hexane solution obtained as above described is placed in 1 of a pair of
      matched 10 millimeter or 50 millimeter cells for measuring absorption in a
      spectrophotometer. The second cell is filled with the hexane solvent. The
      absorption at 447 millimicrons of the sample and the pure solvent is
      measured. The difference in the absorption peaks is taken as a measure of
      the concentration of the yellow color bodies. The measured value is
      compared with a standard curve prepared using 3,5,3',5'-tetra-t-butyl
      silbene-4,4'quinone (SBQ) as the colorant. The results are expressed in
      terms of parts per million of SBQ.
PAR  The following examples are set forth and illustrate the principle and
      practice of the invention to those skilled in the art.
DETD
PAC  EXAMPLE 1
PAR  A series of low density polyethylene resins containing varying quantities
      of BHT were prepared to show the level of SBQ which develops in the
      Accelerated Aging Test. The four resins prepared contained, respectively,
      20, 80, 170 and 400 ppm of BHT. The SBQ values are shown in Table I.
TBL                Table I                                                     
     ______________________________________                                    
     BHT Content, ppm    SBQ Developed, ppm                                    
     ______________________________________                                    
     20                  2.7                                                   
     80                  9.3                                                   
     170                 15                                                    
     400                 20                                                    
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  A low density polyethylene resin containing 110 ppm of BHT was prepared.
      The sample was divided into two parts. One part was maintained as a
      control and 390 ppm of BHEB was dispersed into the second portion in a
      banbury mixer.
PAR  Both samples were subjected to the Accelerated Aging Test. The control
      sample developed approximately 10 ppm SBQ, whereas the sample containing
      the BHEB developed less than 1 ppm SBQ.
PAC  EXAMPLE 3
PAR  A series of low density polyethylene resins were prepared to contain
      approximately 500 ppm of a mixture of BHT and BHEB, with the ratio of BHT
      and BHEB being varied. The SBQ values of the resins were measured by the
      Accelerated Aging Test and the results are shown below.
TBL                                    Table II                                
     __________________________________________________________________________
     Sample No.                                                                
            A   B   C   D   E   F   G   H                                      
     __________________________________________________________________________
     ppm BHT                                                                   
            450 142 181 222 261 305 388 451                                    
     ppm BHEB                                                                  
             0  341 306 271 246 200 130  54                                    
     SBQ Value                                                                 
             25 0.8 1.6 2.8 3.9 7.3  10.3                                      
                                        18.                                    
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. An olefin polymer composition consisting essentially of a normally solid
      olefin polymer having incorporated therein, on a weight basis, 0.001 - 0.2
      percent of 2,6-di-tertiarybutyl-4-methylphenol and 0.0005 - 0.4 percent of
      2,6-ditertiarybutyl-4-ethylphenol, the 2,6-ditertiarybutyl-4-ethylphenol
      being present in an amount constituting at least 50% by weight of the
      2,6-ditertiarybutyl-4-methylphenol, said olefin polymer having polymerized
      therein at least 90 weight percent of a monoolefin of the group consisting
      of ethylene and propylene.
NUM  2.
PAR  2. A composition of claim 1 wherein the olefin polymer is an ethylene
      homopolymer.
NUM  3.
PAR  3. A composition of claim 1 wherein the olefin polymer is a crystalline
      propylene polymer.
NUM  4.
PAR  4. A method for retarding the yellowing of a normally solid olefin polymer
      containing 2,6-ditertiarybutyl-4-methyl-phenol as a stabilizer, which
      consists essentially of dispersing 0.0005 - 0.4 weight percent of
      2,6-ditertiarybutyl-4-ethylphenol throughout said olefin polymer, said
      2,6-ditertiarybutyl-4-ethylphenol being added in an amount constituting at
      least 50% by weight of the 2,6-ditertiarybutyl-4-methylphenol contained in
      said olefin polymer, said olefin polymer having polymerized therein at
      least 90 weight percent of a monoolefin of the group consisting of
      ethylene and propylene.
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ABST
PAL  An aromatic polymer comprising recurring units having the formula --Ar--Q--
      is made by a new process which comprises heating an alkali metal fluoride
      with an activated halophenol of the formula X--Ar--QH and/or a
      substantially equimolar mixture of an activated dihalobenzenoid compound
      of the formula X--Ar--X and a dihydric phenol of the formula HQ--Ar--QH in
      which formulae Ar and Q are respectively a bivalent aromatic residue and
      an oxygen or sulphur atom and may vary from unit to unit in the polymer
      chain and X is a halogen atom, the amount of alkali metal fluoride being
      such that together with any of the X atoms that are fluorine the total
      number of fluorine atoms in the reaction system is at least twice the
      number of --QH groups in the system.
PARN
PAR  This application is a continuation of Application Ser. No. 392,010, filed
      Aug. 27, 1973, and now abandoned, which is relied upon and incorporated by
      reference herein; said United States Application Ser. No. 392,010 being a
      continuation of Ser. No. 169,858, filed Aug. 6, 1971, and now abandoned,
      which Application Ser. No. 169,858 is also relied upon and incorporated
      herein by reference.
BSUM
PAR  This invention relates to the manufacture of aromatic polymers containing
      aromatically bound oxygen and/or sulphur atoms in the polymer chain.
PAR  According to the invention, an aromatic polymer comprising recurring units
      having the formula
EQU  --Ar-Q--
PAL  is made by a new process which comprises heating an alkali metal fluoride
      with an activated halophenol of the formula
EQU  X-Ar-QH
PAL  and/or a substantially equimolar mixture of an activated dihalobenzenoid
      compound of the formula
EQU  X-Ar-X
PAL  and a dihydric phenol of the formula
EQU  HQ-Ar-QH,
PAL  in which formulae Ar and Q are respectively a bivalent aromatic residue and
      an oxygen or sulphur atom and may vary from unit to unit in the polymer
      chain and X is a halogen atom, the amount of alkali metal fluoride being
      such that together with any of the X atoms that are fluorine the total
      number of fluorine atoms in the reaction system is at least twice the
      number of --QH groups in the system.
PAR  The alkali metal fluoride required for the reaction may be formed partially
      or wholly in situ by the selfcondensation of an alkali metal salt of an
      activated fluorophenol of the formula
EQU  F-Ar-QM
PAL  or by the condensation of a substantially equimolar mixture of an activated
      difluorobenzenoid compound of the formula
EQU  F-Ar-F
PAL  and an alkali metal salt of a dihydric phenol of the formula
EQU  MQ-Ar-QM,
PAL  m being alkali metal and Ar and Q as previously defined.
PAR  Any halophenol (or halothiophenol) is suitable for the invention provided
      that the halogen atom is linked to an aromatic ring which has an
      activating electronattracting group ortho or para to the halogen atom. The
      halophenol can have the halogen atom and hydroxy or thiol group linked to
      the same benzenoid ring or to different benzenoid rings provided that the
      benzenoid ring to which the halogen atom is linked is activated by an
      electronattracting group. Hence halophenols having the formula I, II or
      III may be used
      ##SPC1##
PAL  Any dihalobenzenoid compound can be employed in this invention provided
      that each of the two halogen atoms is bonded to an aromatic ring which has
      an activating electron-attracting group ortho or para to the halogen atom.
      The dihalobenzenoid compound can be either mononuclear (where the halogen
      atoms are attached to the same benzenoid ring) or polynuclear (where they
      are attached to different benzenoid rings), provided that there is an
      activating electron-attracting group in the ortho or para position to the
      halogen atoms.
PAR  Any electron-attracting group inert under the conditions of the reaction
      can be used as the activating group in these compounds. The more powerful
      electronattracting groups give the highest reaction rates and are
      therefore preferred. Electron-donating groups should be absent from the
      same benzenoid ring as the halogen atom. The electron-attracting group may
      be a univalent group that can activate one or more halogen atoms on the
      same ring, such as for example a nitro, phenylsulphonyl, alkylsulphonyl,
      cyano, trifluoromethyl or nitroso group or a hetero-aromatic nitrogen as
      in pyridine; the electronattracting group may be a bivalent group which
      can activate displacement of halogen atoms on two different rings, e.g.,
      --SO.sub.2 --; --CO--; --SO--; --CH=CH--; --N=N--; --CH.sub.2 --CF.sub.2
      --; --PR(O)-- (where R is a hydrocarbon group); or --C(=CX.sub.2)-- (where
      X can be hydrogen or halogen); or the electron-attracting group may be a
      bivalent group which can activate halogens on the same ring such as in
      difluorobenzoquinone, 1,4- or 1,5- or 1,8-difluoroanthraquinone, or
      tetrachlorobenzoquinone.
PAR  In particular, the halophenol or dihalobenzenoid compound may have the
      formula
      ##SPC2##
PAL  in which X is a halogen atom, Z is respectively a hydroxy or thiol group or
      a halogen atom and Y is --SO.sub.2 --, --SO--, --CO-- or a radical of the
      formula
EQU  --Y'-A-Y"--
PAL  in which Y' and Y" may be the same or different and each is --SO.sub.2 --,
      --SO-- or --CO-- and A is a bivalent organic radical, which may be
      aliphatic, aromatic or heterocyclic and has both valencies linked to
      carbon atoms. For example, A may be a bivalent aromatic radical derived
      from benzene, a fused-ring aromatic hydrocarbon containing not more than
      two aromatic rings (for example naphthalene, indene, fluorene or
      dibenzofuran) or a compound of the formula
      ##SPC3##
PAL  in which B is a direct link, --O--, --S--, SO.sub.2 --, --CO--, a further
      radical of the formula
EQU  --Y'-A-Y"--
PAL  as defined above, a bivalent hydrocarbon or substituted hydrocarbon radical
      (e.g. alkylene, alkylidene or a bivalent cycloaliphatic or aromatic
      radical), or a residue of an organic diol or dithiol (i.e. the bivalent
      radical obtained by removing the hydrogen atoms from the two hydroxy or
      thiol groups). The halogen atom is preferably in the para position to the
      bridging group Y.
PAR  Any dihydric phenol (or thiophenol) can be used for the invention. The
      phenol can be mononuclear (where the hydroxy or thiol groups are attached
      to the same benzenoid ring) or polynuclear (where they are attached to
      different benzenoid rings). The phenols may be substituted with inert
      substituents for example alkyl and alkoxy groups. For example the dihydric
      phenol may have the formula
      ##SPC4##
PAL  in which Z is a hydroxy or thiol group and B is herein before defined.
      Preferred dihydric phenols include the following four types and the
      derivatives thereof which are substituted with inert substituent groups:
      ##SPC5##
PAL  in which each R group represents hydrogen, lower alkyl, or lower aryl and
      the R groups can be the same or different,
      ##SPC6##
PAR  Lower alkyl, alkoxy or alkylthio groups may be present as substituents on
      any of the aromatic rings but are preferably absent from the
      halogen-bearing rings and are also preferably absent altogether when the
      aromatic copolymer is required to be stable at high temperatures.
      Additional halogen atoms may also be present in unactivated positions meta
      to activating groups.
PAR  If desired, the polymers can be prepared using mixtures of two or more
      materials selected from halophenols, halothiophenols, dihydric
      phenol/dihalobenzenoid compound combinations, and dihydric
      thiophenol/dihalobenzenoid compound combinations, and the halocompounds
      may contain different electron-attracting groups.
PAR  The halogen atoms in the halocompounds are preferably chlorine or fluorine.
      The fluorine derivatives generally are more reactive and when they are
      used the amount of alkali metal fluoride can be reduced correspondingly,
      but they are more expensive. Bromine derivatives are also relatively
      expensive and although they resemble the chlorine derivatives in
      performance they would seem to offer no advantages. Iodine derivatives are
      generally less suitable.
PAR  The process of the invention is carried out in the presence of an alkali
      metal fluoride in an amount such that the total number of fluorine atoms
      in the system is at least twice the number of hydroxy and/or thiol groups.
      The molar concentration of alkali metal fluoride present is at least equal
      to the sum of the molar concentration of hydroxy (or thiol) groups and
      halogen atoms other than fluorine present. When the halogen atoms of the
      dihalobenzenoid compound are chlorine, bromine, and/or iodine, there is
      preferably a four-fold molar excess of alkali metal fluoride; when the
      halogen atoms are both fluorine, then there is preferably a two-fold molar
      excess. When the halogen atom of the halophenol is chlorine, bromine or
      iodine there is preferably a two-fold molar excess of alkali metal
      fluoride; when the halogen atom is fluorine, then the alkali metal
      fluoride is preferably present in equivalent molar amount. A greater
      quantity of alkali metal fluoride than that preferred can be used without
      detriment to the reaction but serves no useful purpose and adds to the
      overall cost. The alkali metal is conveniently sodium or potassium.
      Reaction occurs more readily if the potassium cation is present and
      potassium fluoride is therefore preferred.
PAR  The process of the invention may also be used for the preparation of
      aromatic sulphone copolymers by carrying out the reaction in the presence
      of a polyaryl sulphone containing repeat units --Ar'-SO.sub.2 -- where Ar'
      is a bivalent aromatic residue which may vary from unit to unit in the
      polymer chain and at least some of the Ar' units have an aromatic ether or
      thioether group in the polymer chain ortho or para to at least one
      --SO.sub.2 -- group.
PAR  Aromatic polysulphones containing aromatic ether or thioether groups in the
      polymer chain ortho or para to at least one --SO.sub.2 -- group, and
      methods for making them, are described in British specifications Nos.
      1,016,245; 1,060,546; 1,078,234; 1,109,842; 1,122,192; 1,133,561;
      1,153,035; 1,153,528 and 1,177,183; United States specification No.
      3,432,468, Netherlands specification No. 69 03070 and German specification
      No. 1,938,806, the disclosure of which are incorporated herein by
      reference.
PAR  The aromatic polysulphones described in the abovementioned specifications
      comprise repeating units of the formula
EQU  --Ar'-SO.sub.2 --
PAL  in which Ar' is a bivalent aromatic radical and may vary from unit to unit
      in the polymer chain (so as to form copolymers of various kinds).
      Thermoplastic polysulphones generally have at least some units of the
      structure
      ##SPC7##
PAL  in which Y is oxygen or sulphur or the residue of an aromatic diol such as
      a 4,4'-bisphenol. One example of such a polysulphone has repeating units
      of the formula
      ##SPC8##
PAL  another has repeating units of the formula
      ##SPC9##
PAL  and others (which are commercially available in the United States of
      America) are said to have repeating units of the formula
      ##SPC10##
PAL  (Union Carbide Corporation) or copolymerised units in various proportions
      of the formulae
      ##SPC11##
PAL  (Minnesota Mining and Manufacturing Company).
PAR  The polymerisation reaction may be carried out in the presence of a dipolar
      aprotic liquid under essentially anhydrous conditions, and especially when
      the polymerisation reagent is an activated halophenol (or halothiophenol)
      the reaction may also be carried out in the melt. Suitable liquids for the
      reaction include the lower dialkyl and cyclic alkylene sulphoxides and
      sulphones (e.g. dimethyl sulphoxide and 1,1-dioxothiolan), aromatic
      nitriles (e.g. benzonitrile) and diaryl ketones (e.g. benzenophenone),
      sulphoxides and sulphones. Mixtures of such substances may conveniently be
      used, e.g. when one or more components of the mixture would otherwise be
      solid at the reaction temperature. The liquid (or mixture of liquids)
      should be a solvent for the halophenol or the halothiophenol or the
      dihalobenzenoid compound and the dihydric phenol or thiophenol, and
      preferably it should also be a solvent for the aromatic polymer. The
      amount of the liquid is relatively unimportant provided it is sufficient
      to dissolve the organic reactants and is not too large to be economically
      disadvantageous. The total amount of solvent used is desirably sufficient
      to ensure that none of the organic starting materials is in the solid
      state in the reaction mixture. The liquid initially present in the
      reaction medium need not be the same as that present during the final
      formation of the polymer. The original liquid may be allowed to remain
      during the reaction, with the subsequent addition of any desired solvents,
      or it may be removed, e.g. by distillation.
PAR  The rate of polymer formation in the reaction of the invention rises with
      rise of temperature and below 200.degree. C may be slow. It may however be
      advantageous to preheat the reaction mixture between 100.degree. C and
      200.degree. C and then raise the temperature to produce the polymer.
      Temperatures up to 400.degree. C may be employed, and
      200.degree.-250.degree. C is usually convenient.
PAR  The reaction may be carried out under pressure if necessary to prevent the
      escape of any volatile reagent or solvent. heating in vacuum may however
      be desirable at a later stage to remove unwanted solvents, e.g. dimethyl
      sulphoxide which decomposes at the temperatures required to produce high
      polymer.
PAR  The vessel used should be made of or lined with a material that is inert to
      alkali and also to alkali metal halides under the conditions employed. For
      example, glass is unsuitable as it tends to react with alkali metal
      fluoride at high temperatures, contaminating the product with silicate and
      possibly upsetting the stoichiometry of the polymerisation. Some grades of
      stainless steel undergo surface crazing at these temperatures in the
      presence of alkali metal halide, and vessels made of or lined with
      titanium or nickel or an alloy thereof or some similarly inert material
      are preferable.
PAR  The polymerisation must be conducted under substantially anhydrous
      conditions to obtain products of high molecular weight.
PAR  When the polymer is formed in solution, a convenient procedure is to add
      the reaction mixture (which may be decanted or filtered from solid alkali
      metal halide), to an excess of a liquid which is miscible with the
      reaction solvent but in which the polymer is insoluble. If the reaction
      solvent is water-miscible, or is miscible with a liquid in which residual
      alkali metal halide also dissolves, the polymer can thus be obtained in
      one step. Otherwise, as for example if the reaction mixture is poured into
      methanol, the precipitated polymer initially contains alkali metal halide
      which can subsequently be washed out with water.
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1
PAR  4-(4-Fluorophenylsulphonyl)phenol (25.2 g; 0.10 mole), anhydrous potassium
      fluoride (5.8 g; 0.10 mole) and dimethyl sulphone (13.0 g) were placed in
      a 3-necked round-bottomed flask fitted with a stirrer, air condenser, and
      an inlet for dry nitrogen. The reagents were heated with stirring at
      220.degree. C under a stream of dry nitrogen. After 20 hours, the viscous
      reaction mixture was cooled to 140.degree. C and dimethyl formamide added
      to dissolve the polymer. The solution of the polymer in dimethyl formamide
      was filtered to remove insoluble inorganic salts and the clear filtrate
      poured into ethanol in a macerator. A white polymer was precipitated,
      filtered off and boiled with water for one hour. The mixture was filtered
      whilst still hot and the polymer again treated with hot water. The polymer
      was filtered off and dried at 140.degree. C under vacuum to give 21 g (91%
      yield) of polymer having repeat units of the structure
      ##SPC12##
PAL  and a reduced viscosity of 0.52 as measured at 25.degree. C on a solution
      in dimethyl formamide containing 1 g of polymer in 100 cm.sup.3 of
      solution (i.e. 1% w/v).
PAC  EXAMPLE 2
PAR  Bis-(4-chlorophenyl) sulphone (14.35 g; 0.05 moles), bis-(4-hydroxyphenyl)
      sulphone (12.50 g; 0.05 moles), anhydrous potassium fluoride (12.0 g; 0.21
      moles) and sulpholane (1,1-dioxothiolan) (58 g) were reacted at
      220.degree. C for 140 hours and the polymer isolated according to the
      method of Example 1. The resulting polymer (20 g; 86% yield) had repeat
      units of the structure
      ##SPC13##
PAL  and it had a reduced viscosity of 0.40 as a 1% w/v solution in dimethyl
      formamide at 25.degree. C.
PAC  EXAMPLE 3
PAR  The anhydrous potassium salt of 4-(4-fluorophenylsulphonyl)phenol (5.0 g;
      0.0172 moles) and 4-(4-fluorophenylsulphonyl)phenol (4.3 g; 0.0172 moles)
      and 1,1-dioxothiolan (21 g) were reacted at 200.degree. C for 30 hours and
      the polymer isolated according to the method of Example 1. The polymer (7
      g; 87% yield) had a reduced viscosity of 0.42 as a 1% w/v solution in
      dimethyl formamide at 25.degree. C.
PAC  EXAMPLE 4
PAR  2,2-Bis(4-hydroxyphenyl)propane (11.42 g; 0.05 mole), bis-(4-fluorophenyl)
      sulphone (12.71 g; 0.05 mole), anhydrous potassium fluoride (5.8 g; 0.10
      mole) and 1,1-dioxothiolan (36 g) were reacted together at 220.degree. C
      for 72 hours and the polymer isolated according to the method of Example
      1. The polymer had repeat units of the formula
      ##SPC14##
PAL  and had a reduced viscosity of 0.62 as a 1% w/v solution in dimethyl
      formamide at 25.degree. C.
PAC  EXAMPLE 5
PAR  A sample of 4,4'-bis(4-chlorophenyl sulphonyl) biphenyl (25.15 g; 0.05
      mole), bis-(4-hydroxyphenyl) sulphone (12.50 g; 0.05 mole), anhydrous
      potassium fluoride (12 g; 0.21 mole) and 1,1-dioxothiolan (43.1 g) were
      reacted together at 240.degree. C for 43 hours and the polymer isolated
      according to the method of Example 1. The polymer had repeat units of the
      formula
      ##SPC15##
PAL  and had a reduced viscosity of 0.55 as a 1% w/v solution in dimethyl
      formamide at 25.degree. C.
PAR  A sample of the polymer was pressed at 350.degree. C to give a clear tough
      film.
PAC  EXAMPLE 6
PAR  Bis-(3,4-dichlorophenyl)sulphone (17.81 g; 0.05 mole),
      bis-(4-hydroxyphenyl)sulphone (12.51 g; 0.05 mole), anhydrous potassium
      fluoride (12.00 g; 0.21 mole) and 1,1-dioxothiolan (29.2 g) were reacted
      together in a glass flask under a stream of nitrogen for 23 hours at
      240.degree. C. The reaction mixture was cooled to 150.degree. C, diluted
      with 1,1-dioxothiolan (73 g) and methyl chloride gas was bubbled through
      the reaction mixture at 150.degree. C for 1 hour. The polymer was
      precipitated with methanol, filtered, washed with dilute acetic acid and
      extracted with boiling water. Polymer (19.0 g) was recovered as a white
      powder and the infra-red spectrum of the polymer was consistent with the
      structure
      ##SPC16##
PAL  The polymer was found to have a reduced viscosity of 0.34 as a 1% w/v
      solution in dimethyl formamide at 25.degree. C.
PAC  EXAMPLE 7
PAR  4,4'-bis(4-hydroxyphenylsulphonyl)biphenyl (2.91 g; 0.00625 mole),
      bis[4'-(4-chlorophenylsulphonyl)biphenyl] sulphone (4.49 g; 0.00625 mole),
      anhydrous potassium fluoride (1.45 g; 0.025 mole) and 1,1-dioxothiolan
      (8.0 g) were heated under nitrogen atmosphere for 4 hours at 280.degree.
      C. The reaction mixture was cooled to 160.degree. C and a further quantity
      of 1,1-dioxothiolan (10 g) was added. The reaction product was dissolved
      in dimethylformamide and the solution poured into a large volume of
      methanol to yield a white precipitate. The solid material was filtered,
      extracted successively with water and methanol and then dried. The polymer
      has a reduced viscosity of 0.40 as a 1% w/v solution in dimethyl formamide
      at 25.degree. C and was found to have repeat units
      ##SPC17##
PAC  EXAMPLE 8
PAR  4-(4-Chlorophenylsulphonyl)thiophenol (11.38 g; 0.040 moles), anhydrous
      potassium fluoride (4.88 g; 0.084 moles) and degassed 1,1-dioxothiolan
      (16.3 g) were stirred together under a stream of dry nitrogen at
      220.degree. C for 4 hours. The resulting mixture was macerated with water,
      washed with boiling water (2 .times. 400 cm.sup.3) and methanol (2 .times.
      300 cm.sup.3) and dried. The resulting polymer had repeat units
      ##SPC18##
PAL  and a reduced viscosity of 0.38 as measured at 25.degree. C on a 1% w/v
      solution of the polymer in N-methyl pyrrolidone.
PAC  EXAMPLE 9
PAR  4-(4-Chlorophenylsulphonyl)-4'-mercapto biphenyl (10.82 g; 0.030 moles),
      anhydrous potassium fluoride (3.66 g; 0.063 moles) and degassed
      1,1-dioxothiolan (14.5 g) were stirred together under a stream of dry
      nitrogen at 200.degree. C. After 80 minutes, more 1,1-dioxothiolan (12.3
      g) was added and 10 minutes later the reaction mixture was cooled to
      150.degree. C and dimethyl formamide (50 cm.sup.3) was added. The reaction
      was continued for a further 5 hours and the resulting mixture was worked
      up as described in Example 8. The resulting polymer had repeat units
      ##SPC19##
      was crystalline with T.sub.m 330.degree. C and was compression moulded at
      350.degree. C into thin, clear amber film.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the preparation of an aromatic polymer consisting
      essentially of recurring units of the formula
EQU  --Ar-Q--
PAL  which comprises heating a reaction mixture consisting essentially of an
      alkali metal fluoride and (a) a halophenol having the formula
EQU  X-Ar-QH
PAL  and/or (b) a substantially equimolar mixture of a dihalobenzenoid compound
      of the formula
EQU  X-Ar-X
PAL  and a dihydric phenol of the formula
EQU  HQ-Ar-QH
PAL  in which formulae Ar and Q are respectively a bivalent aromatic residue and
      an oxygen or sulphur atom and may vary from unit to unit in the polymer
      chain and X is a halogen atom, and each atom X is activated by a single
      electron attracting group selected from the group consisting of --CO-- and
      --SO.sub.2 -- in the associated aromatic residue Ar, the amount of alkali
      metal fluoride being such that the number of fluorine atoms present as
      alkali metal fluoride together with any of the atoms X in the halophenol
      X-Ar-QH and/or dihalobenzenoid compound X-Ar-X that are fluorine, in the
      reaction mixture is at least twice the number of --QH groups in the
      reaction mixture.
NUM  2.
PAR  2. A process according to claim 1 in which Q is an oxygen atom.
NUM  3.
PAR  3. A process according to claim 1 in which Q is a sulphur atom.
NUM  4.
PAR  4. A process according to claim 1 in which an alkali metal fluoride is
      heated with an activated halophenol having the formula X-Ar-QH.
NUM  5.
PAR  5. A process according to claim 1 in which an alkali metal fluoride is
      heated with a substantially equimolar mixture of an activated
      dihalobenzenoid compound of the formula --Ar-X and a dihydric phenol of
      the formula HQ-Ar-QH.
NUM  6.
PAR  6. A process according to claim 1 in which the alkali metal fluoride is
      potassium fluoride.
NUM  7.
PAR  7. A process for the preparation of an aromatic polymer consisting
      essentially of recurring units of the formula
EQU  --Ar-Q--
PAL  which comprises (1) forming a reaction mixture consisting essentially of a
      first component consisting of (a) a halophenol having the formula
EQU  X-Ar-QH
PAL  and/or (b) a substantially equimolar mixture of a dihalobenzenoid compound
      of the formula
EQU  X-Ar-X
PAL  and a dihydric phenol of the formula
EQU  HQ-Ar-QH
PAL  and a second component consisting of at least one of (c) and alkali metal
      fluoride, (d) a preformed fluorophenate having the formula
EQU  F-Ar-QM
PAL  and (e) a substantially equimolar mixture of a difluorobenzenoid compound
      of the formula
EQU  F-Ar-F
PAL  and a preformed bisphenate of the formula
EQU  MQ-Ar-QM
PAL  in which formulae AR is a bivalent aromatic residue, Q is an oxygen or
      sulphur atom, X is a halogen atom, each of said X and F atoms being
      activated by a single electron attracting group selected from the group
      consisting of --CO-- and --SO.sub.2 -- in the associated aromatic residue
      Ar, and M is alkali metal, and said groups Ar and atoms Q may vary from
      unit to unit in the polymer chain, the amount of said second component
      being such that the number of fluorine atoms present as alkali metal
      fluoride, as F in the fluorophenate F-Ar-QM and/or difluorobenzenoid
      compound F-Ar-F, together with any of the atoms X in the first component
      that are fluorine, in the reaction mixture is from 2.0 to 2.1 times the
      number of --QH groups in the reaction mixture, (2) heating said reaction
      mixture and (3) extracting aromatic polymer from said reaction mixture.
NUM  8.
PAR  8. A process for the preparation of an aromatic polymer consisting
      essentially of recurring units of the formula
EQU  --Ar-Q--
PAL  which comprises (1) forming a reaction mixture consisting essentially of a
      first component consisting of (a) a halophenol having the formula
EQU  X-Ar-QH
PAL  and/or (b) a substantially equimolar mixture of a dihalobenzenoid compound
      of the formula
EQU  X-Ar-X
PAL  and a dihydric phenol of the formula
EQU  HQ-Ar-QH
PAL  and a second component consisting of at least one of (c) an alkali metal
      fluoride, (d) a preformed fluorophenate having the formula
EQU  F-Ar-QM
PAL  and (e) a substantially equimolar mixture of a difluorobenzenoid compound
      of the formula
EQU  F-Ar-F
PAL  and a preformed bisphenate of the formula
EQU  MQ-Ar-QM
PAL  in which formulae Ar is a bivalent aromatic residue, Q is an oxygen or
      sulphur atom, X is a halogen atom, each of said X and F atoms being
      activated by a single electron attracting group selected from the group
      consisting of --CO-- and --SO.sub.2 -- in the associated aromatic residue
      Ar, and M is alkali metal, and said groups Ar and atoms Q may vary from
      unit to unit in the polymer chain, the amount of said second component
      being such that the number of fluorine atoms present as alkali metal
      fluoride, as F in the fluorophenate F-Ar-QM and/or difluorobenzenoid
      compound F-Ar-F, together with any of the atoms X in the first component
      that are fluorine, in the reaction mixture is at least twice the number of
      --QH groups in the reaction mixture, and the amount of said components (d)
      and (e) being up to that wherein the number of fluorine atoms present as F
      in the fluorophenate F-Ar-QM and/or difluorobenzenoid compound F-Ar-F,
      together with any of the X atoms in the first component that are fluorine,
      equals twice the number of QH groups in the reaction mixture, (2) heating
      said reaction mixture and (3) extracting aromatic polymer from said
      reaction mixture.
NUM  9.
PAR  9. A process according to claim 7 in which Q is an oxygen atom.
NUM  10.
PAR  10. A process according to claim 8 in which Q is an oxygen atom.
NUM  11.
PAR  11. A process according to claim 7 in which Q is a sulphur atom.
NUM  12.
PAR  12. A process according to claim 8 in which Q is a sulphur atom.
NUM  13.
PAR  13. A process according to claim 7 in which the alkali metal is potassium.
NUM  14.
PAR  14. A process according to claim 8 in which the alkali metal is potassium.
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ABST
PAL  Polymers containing both oxadiazole and imide recurring units are made from
      soluble polymeric precursors that contain hydrazide and/or amic acid
      recurring units. Dehydration of the hydrazide produces the oxadiazole unit
      and dehydration of the amic acid produces the imide unit. The oxadiazole
      unit may also be advantageously formed in various monomeric hydrazine
      compounds. The monomeric hydrazine compounds are made reactive by
      converting the dinitroso form of the compound into a reactive diamino
      form. The polymers may be used as molding and laminating resins, wire
      coatings, films, filaments and adhesives.
PARN
PAR  This is a continuation of application Ser. No. 405,573, filed Oct. 21,
      1964, now abandoned.
BSUM
PAR  The present invention relates to a class of novel linear oxadiazole-imide
      copolymers. More particularly, the oxadiazole-imide copolymers comprise
      substantially infusible and insoluble polymers in which aromatic groups
      are linked together in part by oxadiazole groups and in part by cyclic
      imide groups. The invention relates to the novel oxadiazole-imide
      copolymers, to the method of their preparation, and to their use.
PAR  The linear polymers of the invention are characterized by extraordinarily
      high thermal and oxidative stability, good film forming properties,
      toughness, and other physical properties which render them particularly
      suitable for use as molding and laminating resins, wire coatings, films
      for electrical insulating or mechanical use, filaments, adhesives, and the
      like.
PAR  It is a primary object of the invention to provide a class of novel
      resinous compositions comprising copolymers in which aromatic groups are
      linked together, in part by oxadiazole groups and in part by cyclic imide
      groups.
PAR  Another object of the invention resides in the provision of soluble
      polymeric precursors, or intermediates, from which the copolymers can be
      applied and converted to infusible and insoluble condition by heat.
PAR  A further object of the invention resides in the provision of a novel
      method for preparing the oxadiazoleimide copolymers.
PAR  Other objects will become apparent from the following detailed description
      of the invention.
PAR  Generically, the novel substantially infusible and insoluble resinous
      compositions of the invention have the following general formula:
      ##SPC1##
PAL  Wherein R is a tetravalent organic radical, R' and R" are divalent aromatic
      radicals, a, b, c, and d are positive integers having values of from zero
      to about 100,000 so chosen that at least one oxadiazole and at least two
      imide groups are present in the molecule, b is a positive integer having a
      value of from 1 to about 100,000 and the sum of a, b, c and d has a value
      of about 10 to about 400,000.
PAR  In the above structural formula R is a tetravalent organic radical derived
      from a tetracarboxylic dianhydride and in which the four bonds are so
      arranged that the imide rings may contain either five or six members.
      Typical organic radicals which may be present as R include the following:
      ##SPC2##
PAR  One or more of these radicals may be present in the polymer. Obviously,
      other similar tetravalent organic radicals may also be present in the
      polymer structure.
PAR  Typical divalent aromatic radicals (R' and R") include the following:
      ##SPC3##
PAL  Other similar divalent aromatic radicals may be included in the polymer
      structure. One or more types of divalent aromatic radicals may be included
      in the polymer structure.
PAR  The cured polymers are essentially infusible and insoluble. It has been
      found, however, that soluble polymeric precursors, or intermediates, are
      easily produced from which the final polymers are obtained by heating or
      by a chemical curing process. Solutions of the intermediates provide a
      convenient means of applying the polymers to a substrate or of casting
      films, drawing fibers, or otherwise fabricating them. Both the imide and
      the oxadiazole groups are generated by dehydration reactions. The former
      is derived from an amic acid group, and the latter from a hydrazide group.
      The reactions involved are illustrated by the following equations:
      ##SPC4##
      ##EQU1##
PAR  From these typical reactions it will be appreciated that the polymer
      precursors, or intermediates, may have one or more of the following
      structures:
      ##EQU2##
      wherein R, R', R", a, b, c, and d have the same values as given above.
PAR  In these intermediates both the amic acid and the hydrazide groups exert a
      solubilizing effect on the polymer and, therefore, all three types are of
      value. It has been established, however, that the amic acid linkage is
      more effective than the hydrazide linkage in contributing to the
      solubility of the polymer.
PAR  Another difference between the precursor groups resides in their relative
      rates of dehydration when heated. For example, the conversion of an amic
      acid to an imide group proceeds more rapidly or under milder conditions
      than the conversion of a hydrazide to an oxadiazole group. If both groups
      are present, the amic acid is converted almost completely to imide before
      appreciable conversion of the hydrazide to oxadiazole occurs. A stepwise
      cure of this type is of value in some applications. For example, in
      laminating or adhesive bonding, it is desirable that a relatively stable,
      partially cured resin be formed as a coating on the substrate. During the
      subsequent bonding operation, additional heat and pressure are applied,
      and the resin must flow sufficiently to bond together, or to fill the
      interstices of the substrate before it cures to an infusible condition.
PAR  For maximum thermal stability of the final polymer it is desirable that
      conversion to both imide and oxadiazole groups be complete. This objective
      is best attained by forming the oxadiazole linkage by chemical or thermal
      dehydration of the monomer, which can then be purified conveniently before
      polymerization. This procedure gives rise to the amic acid-oxadiazole
      intermediate which can be cured either by heat or by a chemical
      dehydration. Since the conversion to imide proceeds easily and
      quantitatively, purification is not necessary at this stage.
PAR  The polymerization procedure is carried out by dissolving the selected
      intermediates in a suitable solvent, for example, dimethylacetamide, and
      stirring the mixture at relatively low temperatures, e.g., room
      temperature down to about 2.degree.-10.degree.C. until the desired
      viscosity has been reached. The preparation of the monomers, their
      reduction to amino compounds, and the preparation of the copolymer
      intermediates will become apparent from the specific examples.
PAR  The invention will be more particularly described by the following specific
      examples. It is to be understood that the examples are given for the
      purpose of illustration only. In the examples, the following symbols are
      used to represent both the monomeric compound itself and the portion of
      the compound incorporated into a monomer or polymer, after reaction of one
      or more functional groups:
     BTDA     3,3',4,4'-benzophenonetetracarboxylic                            
              dianhydride                                                      
     CPDA     1,2,3,4-cyclopentanetetracarboxylic                              
              dianhydride                                                      
     DAPE     4,4'-diaminodiphenyl ether                                       
     H        hydrazine, monosubstituted on one or both                        
              nitrogen atoms                                                   
     IP       isophthaloyl                                                     
     MAB      m-aminobenzoyl                                                   
     MAP      m-aminophenyl                                                    
     MNB      m-nitrobenzoyl                                                   
     MNP      m-nitrophenyl                                                    
     MP       m-phenylene                                                      
     NTDA     1,4,5,8-naphthalenetetracarboxylic                               
              dianhydride                                                      
     ODZ      1,3,4-oxadiazole, substituted in the                             
              2 and 5 positions                                                
     OX       oxalyl                                                           
     PAB      p-aminobenzoyl                                                   
     PAP      p-aminophenyl                                                    
     PMDA     pyromellitic dianhydride                                         
     PNB      p-nitrobenzoyl                                                   
     PNP      p-nitrophenyl                                                    
     IMA      trimellitic anhydride                                            
     TMAC     trimellitic anhydride chloride                                   
DETD
PAC  A. PREPARATION OF MONOMERIC COMPONENTS
PAC  EXAMPLE I
PAC  Preparation of N, N' - bis (m-nitrobenzoyl) hydrazine, (MNB).sub.2 H
      ##SPC5##
PAR  A mixture of 1500 ml of acetone, 212g (2 moles) of sodium carbonate, and
      59g (1 mole) of 85% hydrazine hydrate was stirred rapidly while a solution
      of 371g (2 moles) of m-nitrobenzoyl chloride in 1000 ml of acetone was
      added in 2.5 hours. The mixture was stirred for 3 hours more and was then
      evaporated in a stream of nitrogen at room temperature to near dryness.
      The residue was mixed with 1000 ml of 2.4 N HCl, and the resulting white
      solid was filtered off, washed with water, and recrystallized from about
      5000 ml of glacial acetic acid. The fine white needles were washed with
      acetic acid, followed by methanol, and dried at 135.degree.C. to give 153g
      (46% yield) of N,N'-bis (m-nitrobenzoyl) hydrazine, m.p. 245.degree.C.
PAC  EXAMPLE II
PAC  Preparation of m-Nitrobenzhydrazide, MNB-H
      ##SPC6##
PAR  A mixture of 167g (1 mole) of m-nitrobenzoic acid and 160g (5 moles) of
      methanol was refluxed with stirring for 3 hours while a stream of dry HCl
      was bubbled in. A precipitate which formed on cooling to room temperature
      was filtered off, and dissolved in hot methanol. The solution was boiled
      for 10 minutes with a mixture of sodium carbonate and anhydrous calcium
      sulfate and was then filtered. The filtrate was stirred and refluxed while
      118g (2 moles) of 85% hydrazine hydrate was added. The mixture was
      refluxed for 90 minutes and allowed to cool. The solid product was
      filtered off and recrystallized from water to give 258 g of
      m-nitrobenzhydrazide, m.p. 155.degree.-155.5.degree.C.
PAC  EXAMPLE III
PAC  Preparation of N- (m-nitrobenzoyl)-N'-(p-nitrobenzoyl) hydrazine MNB-H-PNB
      ##SPC7##
PAR  A mixture of 91.5 g (0.5 mole) of m-nitrobenzhydrazide from Example II, 53g
      (0.5 mole) of sodium carbonate, and 200 ml of dimethylacetamide was
      stirred while a warm solution of 93g (0.5 mole) of p-nitrobenzoyl chloride
      in xylene was added slowly. An ice bath was used to keep the mixture below
      100.degree.C. Stirring was continued for 30 minutes, at which time the
      product was almost completely solid. After 2 hours, 1500 ml of water was
      added together with enough HCl to make the mixture slightly acidic. The
      white solid that formed was filtered off, washed with water, and
      recrystallized from glacial acetic acid to give 144g (87% yield) of pale
      yellow needles, m.p. 250.degree.-251.degree.C.
PAC  EXAMPLE IV
PAC  Preparation of Isophthalbis [N' - (p-nitrobenzoyl) hydrazide],
      (PNB-H.sub.2)IP
      ##SPC8##
PAR  A mixture of 48.5g (0.25 mole) of isophthaldihydrazide, 53g (0.5 mole) of
      sodium carbonate, and 200g of dimethylacetamide was stirred while a
      solution of 140g (0.75 mole) of p-nitrobenzoyl chloride in 100g of
      dimethylacetamide was added slowly. An exothermic reaction occurred, with
      the formation of a transient dark red color. When most of the solution had
      been added, the reaction mixture solidified. After standing overnight the
      solid was broken up and mixed with 1000 ml of water and enough HCl to make
      the mixture slightly acid. A light yellow solid separated and was filtered
      off, recrystallized from dimethylacetamide and dried to give 88g (72%
      yield) of white granular product, m.p. 316.degree.C.
PAC  EXAMPLE V
PAC  Preparation of N,N' - bis (p-nitrobenzoyl) hydrazine, (PNB).sub.2 H
      ##SPC9##
PAR  A solution of 250 ml water, 5.9g (0.1 mole) of 85% hydrazine hydrate, and
      55g (0.4 mole) of sodium acetate trihydrate was stirred in a Waring
      blendor while a warm solution of 37g (0.2 mole) of p-nitrobenzoyl chloride
      in 250 ml of benzene was added rapidly. A heavy precipitate formed. An
      additional 50 ml of water was added, and stirring was continued for three
      minutes. The solid product was removed by filtration, washed with benzene
      and water, and dried at 100.degree.C. under vacuum. A yellow powder was
      obtained weighing 30g (91% yield), m.p. 294.degree.C. Recrystallization
      from a mixture of dimethylacetamide and water raised the m.p. to
      296.degree.-297.degree.C.
PAC  EXAMPLE VI
PAC  Preparation of Oxalylbis [N' - (m-nitrobenzoyl) hydrazide], (MNB-H).sub.2
      ##SPC10##
PAR  A mixture of 500 ml of water, 12g (0.1 mole) oxalyl dihydrazide, and 32g
      (0.3 mole) sodium carbonate was stirred in a Waring blendor while a
      solution of 38g (0.2 mole) of m-nitrobenzoyl chloride was added slowly. A
      very thick suspension formed, which was mixed with an additional 500 ml of
      water and stirred by hand for several minutes. The solid product was
      washed with dilute acetic acid, filtered, washed with water,
      recrystallized from a mixture of dimethylacetamide and water, and dried
      for 2 hours at 150.degree.C. to give 36g (100% yield) of a white powder,
      m.p. about 326.degree.C., with decomposition.
PAC  EXAMPLE VII
PAC  Preparation of Isophthalbis [N' - (m-nitrobenzoyl) hydrazide],
      (MNB-H).sub.2 IP
PAR  A mixture of 48.5g (0.25 mole) isophthaldihydrazide, 250g
      dimethylacetamide, and 58g (0.55 mole) sodium carbonate was stirred while
      a solution of 102g (0.55 mole) m-nitrobenzoyl chloride in 200 ml benzene
      was added slowly. Stirring was continued for 2 hours, and the mixture was
      poured into 21 of water. It was made slightly acidic with HCl, and the
      solid product was filtered off, washed with water, recrystallized from a
      mixture of dimethylacetamide and water, and dried at 100.degree.C. in
      vacuum. A white powder was obtained, weighing 99g (81% yield), m.p.
      288.degree.-290.degree.C.
PAC  EXAMPLE VIII
PAC  Conversion of Hydrazides to Oxadiazoles
PAR  The general procedure used to convert substituted hydrazides to the
      corresponding oxadiazoles was to mix the hydrazide with ten times its
      weight of polyphosphoric acid (84.5% P.sub.2 O.sub.5), heat the mixture
      slowly to 200.degree.-220.degree.C., with stirring, cool to about
      120.degree.C., and pour into water. The solid product obtained was
      filtered off and recrystallized from a suitable solvent, usually
      dimethylacetamide. Using this method, the following oxadiazoles were
      prepared:
TBL                                 From Product of                            
     Code Name  Yield %  m.p., .degree.C,                                      
                                    Example Number                             
     ______________________________________                                    
     (MNP).sub.2 -ODZ                                                          
                74       233.5-234  I                                          
     MNP-ODZ-PNP                                                               
                62       251.5-252  III                                        
     (PNP).sub.2 ODZ                                                           
                97       314.5-315  V                                          
     (MNP-ODZ).sub.2                                                           
                58       278-279    VI                                         
     (MNP-ODZ).sub.2 -MP                                                       
                80       328-331    VII                                        
     ______________________________________                                    
PAC  EXAMPLE IX
PAC  Hydrogenation of Nitro Compounds
PAR  Diamines were prepared by hydrogenation of the various dinitro compounds.
      In most cases a mixture of 20-30g of the dinitro compound, 200 ml of
      dimethylacetamide, and one gram of 5% palladium-on-carbon catalyst was
      hydrogenated in a shaker at 40-55 psi and 60.degree.-80.degree.C. until
      hydrogen was no longer absorbed. The resulting solution was filtered, and
      the filtrate was passed through a 1X20 cm column of 80-200 mesh absorption
      alumina. The resulting clear yellow solution was mixed with about an equal
      volume of water and allowed to crystallize. The solid product was filtered
      off and dried in a vacuum oven at 100.degree.-125.degree.C. The diamine
      obtained from (MNP-ODZ).sub.2 (Example VIII) turned out to be rather
      insoluble in dimethylacetamide. It was dissolved in
      hexamethylphosphoramide to give a suitable solution to put through the
      alumina column.
PAR  Diamines prepared as described are listed below:
TBL  Diamine                    From Product of                                
     No.  Code Name                                                            
                   Yield %                                                     
                        m.p., .degree.C.                                       
                                Example Number                                 
     __________________________________________________________________________
     1    (MAB).sub.2 -H                                                       
                   90   261-261.5                                              
                                I                                              
     2    MAB-H-PAB                                                            
                   94   219-220 III                                            
     3    IP-(PAB-H).sub.2                                                     
                   95   305-306 IV                                             
     4    (MAP).sub.2 -ODZ                                                     
                   86   250.5-251.5                                            
                                VIII (MNP).sub.2 -ODZ                          
     5    MAP-ODZ-PAP                                                          
                   89   239-239.5                                              
                                VIII MNP-ODZ-PNP                               
     6    (PAP).sub.2 -ODZ                                                     
                   68   262.5-263                                              
                                VIII (PNP).sub.2 -ODZ                          
     7    (MAP-ODZ).sub.2                                                      
                   59   347.5-348                                              
                                VIII (MNP-ODZ).sub.2                           
     8    (MAP-ODZ).sub.2 -MP                                                  
                   94   273-277 VIII (MNP-ODZ).sub.2 -                         
                                MP                                             
     __________________________________________________________________________
PAC  EXAMPLE X
PAC  Preparation of Oxybis [N-(4'-phenylene)-4-(chlorocarbonyl) phthalimide],
      (TMAC).sub.2 DAPE
PAR  A solution of 50g (0.25 mole) of 4,4'-oxydianiline in 150g of
      dimethylacetamide was stirred while 96g (0.50 mole) of trimellitic
      anhydride was added slowly. The temperature was kept below 40.degree.C. by
      cooling with water. An additional 50g of dimethylacetamide was added to
      reduce the viscosity, and the mixture was stirred for 26 hours. A clear
      solution was obtained, to which was added 56g (0.55 mole) of acetic
      anhydride, followed by 10g of pyridine. A precipitate formed over a period
      of several hours. The mixture was heated to 160.degree.C. to coagulate the
      solid and complete the reaction. After cooling, the solid was filtered
      off. A small amount was obtained also by diluting the filtrate with water.
      The two crops of solid were combined and recrystallized from
      dimethylacetamide to give 102g (75% yield) of yellow-orange powder,
      (TMA).sub.2 DAPE m.p. 384.degree.-386.degree.C.
PAR  A portion of this product (27.4g, 0.05 mole) was refluxed for 2 hours with
      50g (0.42 mole) of thionyl chloride. A mixture of 5 ml of
      dimethylformamide and 25 ml of benzene was added, and refluxing continued
      for 3 more hours. The product was filtered off, washed with benzene, and
      dried for one hour at 150.degree.C. to give 29g (99% yield) of the diacyl
      chloride, m.p. 242.5.degree.-243.5.degree.C.
PAC  B. PREPARATION AND CURE OF AN IMIDE-HYDRAZIDE POLYMER
PAC  EXAMPLE XI
PAC  Preparation of (DAPE-TMA.sub.2) (IP-H.sub.2) Polymer
PAR  A solution of 1.942g (0.01 mole) of isophthaldihydrazide in 50 ml of
      hexamethylphosphoramide was stirred at 0.degree.-2.degree.C. while 5.83g
      (0.01 mole) of the product of Example X was added. The solution was held
      at 2.degree.-5.degree.C. for 3 hours and was then stirred overnight while
      warming slowly to room temperature. A clear yellow, viscous solution was
      obtained, which was poured into rapidly stirred water. The precipitate
      obtained was washed three times with distilled water and twice with
      acetone, and was dried for 30 minutes at 150.degree.C. to give a pale
      yellow powder weighing 6.64g (94% yield). A 10% solution of the polymer in
      dimethylacetamide was a clear yellow liquid when warm but formed a gel at
      room temperature. A 5% solution behaved similarly, but required about an
      hour at room temperature to become sufficiently gelled that it would not
      pour. Both gels became fluid upon stirring at room temperature. A film of
      the solution was baked for an hour at 150.degree.C. and then for 2 hours
      at 300.degree.C. to give an amber colored film, clear and flexible in very
      thin areas, but opaque and cracked in sections 1 mil in thickness. The
      film was insoluble in hot dimethylacetamide, but a similar film without
      the 300.degree.C. bake was slowly soluble in warm dimethylacetamide.
PAC  C. PREPARATION AND CURE OF AMIC ACID - HYDRAZIDE POLYMERS
PAC  EXAMPLE XII
PAC  Reaction of Diamino Hydrazides with Dianhydrides
PAR  The diamino hydrazide compounds described in Example IX (monomers 1-3) were
      reacted with dianhydrides by the following general procedure. The diamine
      was dissolved in sufficient dimethylacetamide to give a 20-25% solution of
      polymer, and the solution was stirred at room temperature while solid
      dianhydride was added in portions. The viscosity was estimated
      periodically by measuring the time of flow of the solution from a glass
      tube dipping into the reaction mixture. When the viscosity reached a
      maximum, addition was stopped. The amount of anhydride required in each
      case was within 1% of that calculated. The product in all cases was a
      clear, yellow, viscous solution. A portion of it was diluted to 0.5% with
      dimethylacetamide for inherent viscosity determination, values of which
      were as follows:
TBL                                 Inh. Visc. at                              
     Polymer                                                                   
            Diamine,                25.degree.C.,                              
     No.    from Ex. IX   Anhydride*                                           
                                    deciliters/g.                              
     ______________________________________                                    
     OI-1   1. (MAB).sub.2 -H                                                  
                          PMDA      0.53                                       
     OI-2   1. (MAB).sub.2 -H                                                  
                          BTDA      0.65                                       
     OI-3   2. MAB-H-PAB  BTDA      0.724                                      
     OI-4   3. IP-(PAB-H).sub.2                                                
                          BTDA      0.924                                      
     ______________________________________                                    
      *PMDA, Pyromellitic dianhydride                                          
      BTDA 3.3',4.4'-Benzophenonetetracarboxylic dianhydride                   
PAC  EXAMPLE XIII
PAC  Cure of Amic Acid - Hydrazide Polymers
PAR  Films were cast by baking the solutions from Example XII on aluminum in air
      at 150.degree.C. for 205 hours. Clear yellow, flexible films were
      obtained. The film from OI-2 was particularly tough. It could be stripped
      from the substrate and creased repeatedly without cracking. Films cast in
      this way are largely in the imide-hydrazide form. Conversion to the
      imide-oxadiazole requires additional heating. For example, a thin film of
      OI-1 polymer was baked for 5 hours at 150.degree.C. and for 8 hours at
      200.degree.C. to complete the imidization reaction, and was then baked at
      325.degree.C. Weight loss data at 325.degree.C. were as follows:
TBL  Time, Hrs.       Wt. Loss at 325.degree.C., %                             
     ______________________________________                                    
     1                3.1                                                      
     4                4.8                                                      
     21               7.4                                                      
     28               8.1                                                      
     45               8.6                                                      
     145              11.6                                                     
     195              12.9                                                     
     241              14.1                                                     
     310              15.7                                                     
     ______________________________________                                    
PAL  The rapid loss of weight up to about 25 hours is believed to be due to
      conversion of hydrazide to oxadiazole groups, with loss of water. Beyond
      that point the rate of loss is nearly constant at about 0.029%/hr. and
      probably represents slow degradation of the cured polymer.
PAR  Infrared absorption spectra of very thin films of OI-1 and OI-2 on salt
      plates were measured periodically as the samples were heated for 20 hrs.
      at 130.degree.C. under vacuum, followed by 80 hrs. at 210.degree.C. under
      vacuum, and then 48 hrs. at 325.degree.C. in air. Imide formation (peaks
      at 5.65, 5.85, and 7.25.mu.) was largely complete at the end of the
      130.degree.C. treatment. The oxadiazole peaks at 6.5 and 6.65.mu. began to
      appear during the 210.degree.C. heating and reached maximum values in the
      first few hours at 325.degree.C. Degradation of the polymer at
      325.degree.C. was accompanied by a slow weakening of all absorption bands.
PAC   D. PREPARATION AND CURE OF AMIC ACID - OXADIAZOLE POLYMERS
PAC  EXAMPLE XIV
PAC  Reaction of Diamino Oxadiazoles with BTDA
PAR  The procedure of Example XII was repeated, using the diamino oxadiazoles
      described in Example IX, with 3,3', 4,4'-benzophenonetetracarboxylic
      dianhydride, and sufficient dimethylacetamide to give 15% solutions.
      Inherent viscosities were determined on 0.5% solutions of these polymers
      at 25.degree.C., with the following results:
TBL           Diamine,         Inh. Visc.                                      
     Polymer  from             at 25.degree.C.,                                
     No.      Example IX       dl/g                                            
     ______________________________________                                    
     OI-2A    4. (MAP).sub.2 -ODZ                                              
                               0.703                                           
     OI-3A    5. MAP-ODZ-PAP   1.052                                           
     OI-5A    6. (PAP).sub.2 -ODZ                                              
                               1.141                                           
     OI-6A    7. (MAP-ODZ).sub.2                                               
                               0.306                                           
     OI-7A    8. (MAP-ODZ).sub.2 -MP                                           
                               0.422                                           
     ______________________________________                                    
PAR  In addition, copolymers were prepared by a similar procedure, using the
      following combinations of ingredients:
TBL  Diamine from Ex. IX,                                                      
                         Dianhydride,                                          
     molar proportion    molar proportion                                      
     ______________________________________                                    
     0.5 (MAP).sub.2 -ODZ + 0.5 (PAP).sub.2 -ODZ                               
                             1.0    PMDA                                       
     1.0 (MAP).sub.2 -ODZ    0.6    BTDA + 0.4 PMDA                            
     1.0 MAP-ODZ-PAP         0.9    BTDA + 0.1 CPDA                            
     1.0 (MAP).sub.2 -ODZ    0.95   BTDA + 0.05 NTDA                           
     0.5 (MAP).sub.2 -ODZ + 0.5 (MAP-ODZ).sub.2 -                              
                             0.5    PMDA + BTDA                                
         IP                                                                    
     ______________________________________                                    
PAL  When more than one diamine was employed, the mixture of diamines was
      dissolved in DMAC before addition of the dianhydride. When more than one
      dianhydride was used, an intimate mixture of the solid dianhydrides was
      added to the diamine solution. In all cases, viscous solutions were
      obtained from which films could be cast by the procedure of EX. XV.
PAC  EXAMPLES XV
PAC  Cure of Amic Acid-Oxadiazole Polymers
PAR  Thin films were cast on aluminum from the various products of Example XIV
      by baking in air for one hour at each of the following successive
      temperatures: 50.degree.-100.degree., 100.degree.-150.degree.,
      200.degree., 250.degree., 300.degree.C.; and 1/2 hr. at 325.degree.C. The
      films were all clear amber throughout. At the end of the 150.degree. bake
      all were flexible, but only OI-3A could be creased sharply without
      cracking. After the 325.degree. bake, all five films could be creased
      repeatedly without cracking. They adhered very strongly to the aluminum
      and could not be peeled off. Films cast from mixtures of OI-2A and OI-5A,
      as well as mixtures of OI-2A, OI-6A, and OI-1 (Example XII) gave similar
      properties.
PAC  E. THERMAL STABILITY AND MECHANICAL PROPERTIES
PAC  EXAMPLE XVI
PAC  Weight Loss of Imide-Oxadiazole Films
PAR  Films about 0.001 inch thick of the products of Example XIV were cast on
      aluminum by the procedure of Example XV. They were aged in air in a forced
      draft oven at 325.degree.C. with periodic measurements of weight loss.
      Results were as follows:
     Hours                                                                     
     of Aging                                                                  
            Wt. Loss, %                                                        
     OI-2A       OI-3A    OI-5A    OI-6A  OI-7A                                
     ______________________________________                                    
     18     1.6      1.1      0.6    7.9    1.8                                
     45     1.4      1.5      1.3    9.9    1.9                                
     139    2.6      1.6      1.7    15.0   5.5                                
     187    3.2      2.4      2.3    16.4   6.0                                
     332    4.4      3.6      4.1    18.8   9.1                                
     ______________________________________                                    
PAR  The films after aging were clear amber, intact, and fairly flexible.
PAC  EXAMPLE XVII
PAC  Oxadiazole-Imide Laminate
PAR  A 15% solution of OI-2A (Example XIV) was applied by dipping to twelve 13
      inch .times. 13 inch sheets of No. 181 E-glass cloth with A1100 sizing.
      Three successive coats were applied. After each coat, the treated cloth
      was air-dried for 12 min. and then baked in a forced draft oven for 24
      min. at 100.degree.C., 36 min. at 160.degree.C., and 15 min. at
      282.degree.C. The treated cloth contained 32.4% resin. The sheets were
      trimmed to 12 inch .times. 12 inch, stacked, and pressed for one hour at
      200 psi and 380.degree.C. A hard, glossy, well-bonded dark brown board was
      obtained, containing 32.0% resin. The average thickness was 0.130 inch.
      Flexural properties were measured on 1 inch .times. 4 inch specimens cut
      from the board. The following values were observed:
TBL                   Flex.    Flex.                                           
                      Strength,                                                
                               Modulus                                         
                      psi      psi                                             
     ______________________________________                                    
     Initial, Room Temp.                                                       
                        45,000     2.57 .times. 10.sup.6                       
     At 600.degree.F., after 24 hrs.                                           
     at 600.degree.F.   24,900     1.91 .times. 10.sup.6                       
     At 600.degree.F., after 250 hrs.                                          
                        11,600     2.04 .times. 10.sup.6                       
     at 600.degree.F.                                                          
     At 600.degree.F., after 500 hrs.                                          
                        10,400     2.20 .times. 10.sup.6                       
     at 600.degree.F.                                                          
     ______________________________________                                    
PAR  Similar laminates were prepared from the amic acid-hydrazide and
      imide-oxadiazole intermediates. The products had exceptionally good
      physical properties and outstanding thermal stability.
PAR  From the foregoing description and illustrative examples it will be seen
      that there is provided to those skilled in the art a novel class of
      resinous oxadiazoleimide copolymers. The resins are easily prepared and
      are characterized by outstanding physical properties and greatly improved
      thermal stability. They are adapted for use as electrical insulation, high
      temperature laminates, cast films, molding powders, and the like uses.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A film and filament forming polymer consisting essentially of the
      repeating unit
      ##SPC11##
NUM  2.
PAR  2. A film and filament forming polymer consisting essentially of the
      repeating unit
      ##SPC12##
PAL  wherein R is selected from the group consisting of
      ##SPC13##
NUM  3.
PAR  3. A substantially insoluble and infusible oxadiazole-imide copolymer
      consisting essentially of the repeating unit
      ##SPC14##
NUM  4.
PAR  4. A substantially insoluble and infusible oxadiazole-imide copolymer
      consisting essentially of the repeating units
      ##EQU3##
      wherein R is
      ##SPC15##
PAL  R' and R" are divalent aromatic radicals selected from the group consisting
      of
      ##SPC16##
NUM  5.
PAR  5. A soluble resinous polymeric intermediate consisting essentially of the
      repeating unit
      ##EQU4##
      wherein R is selected from the group consisting of
      ##SPC17##
PAL  and R' and R" are divalent aromatic radicals selected from the group
      consisting of
      ##SPC18##
NUM  6.
PAR  6. A thin cast resinous film characterized by its outstanding flexibility
      and thermal stability consisting essentially of the repeating unit
      ##EQU5##
      wherein R is selected from the group consisting of
      ##SPC19##
PAL  and R' and R" are divalent aromatic radicals selected from the group
      consisting of
      ##SPC20##
PATN
WKU  039417506
SRC  5
APN  5073073
APT  1
ART  143
APD  19740919
TTL  Polyvinylpyrenal--an intrinsic photoconductor and active matrix polymer
ISD  19760302
NCL  8
ECL  1
EXP  Phynes; Lucille M.
INVT
NAM  Limburg; William W.
CTY  Penfield
STA  NY
ASSG
NAM  Xerox Corporation
CTY  Stamford
STA  CT
COD  02
RLAP
COD  74
APN  393082
APD  19730830
PSC  01
PNO  3884689
CLAS
OCL  260 73R
XCL  260 67A
XCL   96  15
EDF  2
ICL  C08G 1006
ICL  G03G  168
FSC  260
FSS  73 R;67 A
UREF
PNO  3655378
ISD  19720400
NAM  Contois et al.
XCL  260 67A
UREF
PNO  3718463
ISD  19730200
NAM  Young
XCL  260 73R
UREF
PNO  3740218
ISD  19730600
NAM  Contois et al.
XCL  260 67A
UREF
PNO  3776888
ISD  19731200
NAM  Mattor
OCL  260 73R
UREF
PNO  3791824
ISD  19740200
NAM  Bauer et al.
XCL  260 67R
UREF
PNO  3842038
ISD  19741000
NAM  Lohr et al.
OCL  260 67A
LREP
FR2  Crowe; John E.
FR2  Ralabate; James J.
FR2  O'Sullivan; James P.
ABST
PAL  A polyvinylpyrenal copolymer obtained by condensing the corresponding
      aromatic aldehyde with a copolymer of vinyl alcohol and having a number
      average molecular weight of at least 5,000. Also included are
      photoconductive members utilizing such material as an intrinsic
      photoconductor or as matrix material, demonstrating excellent structural
      and electronic properties for xerographic purposes.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a divisional of U.S. Pat. No. 3,884,689, granted May 20, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the electrophotographic or xerographic art it is customary to utilize
      photoreceptor plates having at least an external photoconductive
      insulating layer and a charge conductive supporting substrate. Generally,
      a photoconductive layer is uniformly electrostatically charged in the
      absence of light or other activating radiation and, thereafter, exposed to
      a light pattern which can correspond to a negative image. The areas of the
      photoconductive layer which are so exposed selectively lose their charge
      much more rapidly than non-exposed areas. As a result, the photoconductive
      layer at least temporarily retains a charge corresponding essentially to a
      latent positive image. This image can then be conveniently developed to
      form a visible positive image by contacting with oppositely charged
      pigmented particles, commonly identified as toner particles, which will
      adhere mostly to the charged areas. The resulting image may optionally be
      permanently affixed to the photoconductor if the imaging layer is not to
      be reused. This usually occurs with binder-type photoconductive films
      where the photoconductive imaging layer is also an integral part of the
      finished copy.
PAR  Where "plain paper" copying systems are involved, however, the latent image
      is conveniently developed on the imaging surface of a reusable
      photoconductor, or transferred to another surface such as a sheet of
      paper, and thereafter developed. After a latent image is developed on the
      imaging surface of a reusabletype photoconductor, it is transferred to
      another substrate and then permanently affixed by using any one of a
      variety of well-known techniques such as by overcoating with a transparent
      film, or by thermal fusion of the toner particles to the sheet. In such a
      copying system the materials in the photoconductive layer must be capable
      of rapidly changing from an insulative, to a charge-conductive, and then
      back to an insulative condition to permit cyclic use of the imaging
      surface. Failure to revert back to the insulative state before each
      succeeding charging sequence will result in a high dark decay rate
      commonly referred to as "fatigue" . In the past, the problem has been
      controlled, to some extent, simply by selection of those photoconductive
      materials having the best known rapid switching capacity. Typical of such
      materials are anthracene, poly(N-vinylcarbazole), sulfur, selenium,
      selenium alloys, metal-free phthalocyanines, etc., and mixtures thereof
      (U.S. Pat. No. 2,297,691).
PAR  While organic photoconductive materials such as poly(N-vinylcarbazole)
      generally have good dark decay characteristics, they generally lack
      sufficient inherent photosensitivity to be completely competitive with
      selenium. For this reason, they are usually used together with
      "activators". Poly(vinylcarbazoles), for example, are sensitized with
      2,4,7-trinitro- 9-fluorenone to obtain improved photoresponse, discharge
      characteristics, and even some improvement in dark decay characteristics
      (ref. U.S. Pat. No. 3,484,237). There are also other organic resins which
      are traditionally considered non-photoconductive, but which can be
      sensitized with Lewis Acids to form charge-transfer complexes which are
      photoresponsive at the visible end of the spectrum. U.S. Pat. Nos.
      3,408,181; 3,408,182; 3,408,183; 3,408,184; 3,408,185; 3,408,186;
      3,408,187; 3,408,188; 3,408,189; and 3,408,190 are of interest in this
      area.
PAR  For all practical purposes, the amount of sensitization of both
      photoconductive and non-photoconductive resins depends upon the
      concentration of the activator; within limits, the higher the loading, the
      greater the photoresponse obtained. Unfortunately however, loadings
      exceeding about 10 weight percent of the photoconductive composition will
      usually impair mechanical and/or photoconductive properties of the
      sensitized composition. Excessive amounts of activator in either a
      photoconductive or a nonphotoconductive material of the type disclosed in
      the above patents will tend to crystallize out of the photoconductive
      composition.
PAR  The above inherent limitations make it very difficult and often times
      impossible to obtain the much-desired marriage of a high quantum
      efficiency photoconductor with a tough, transparent, flexible, active
      matrix material having a low injection threshold.
PAR  One very useful discovery in this area utilizes various protective
      polymeric overcoats capable of holding a charge of high field strength on
      an external surface and also permitting selective transmittal of carriers
      from a photoconductive layer through the polymeric overcoat.
PAR  None of the known active matrix materials, however, are capable of
      satisfying all of the important physical and electronic properties needed
      for modern xerographic or electrophotographic usage.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to obtain a new class of polymeric
      materials having the necessary physical and electrical properties to
      permit a wider and more flexible use of xerographic principles for copying
      purposes.
PAR  It is a further object to synthesize and utilize a new class of intrinsic
      organic photoconductors which can be combined with a substantial
      functional amount of an activator without unduly affecting its mechanical
      or photoconductive properties.
PAR  A further object of the present invention is to discover and synthesize a
      new active polymeric matrix material which is compatible with high quantum
      efficiency photoconductor material and which retains its flexability and
      durability.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects are realized by the discovery, preparation and
      utilization of a new class of aromatic polyvinyl polymers and elements
      utilizing such polymeric material conveniently represented by the formula:
      ##SPC1##
PAL  wherein
PAR  R.sub.2 is defined as an aromatic polycyclic substituent group having 4-5
      fused ring nuclei, particularly a pyrene or other radical of the formulae
      ##SPC2##
PAL  or defined as a N- or S-containing heterocyclic group, including a 3 ringed
      N-containing heterocyclic group of the formula
      ##SPC3##
PA1  in which R.sub.4 and R.sub. 5 are individually defined  at each occurence
      as a lower alkyl group of  1-8 carbon atoms; a lower alkoxy of 1-8
      carbon atoms, a halo group such as chloro and  bromo an amino group
      including N, N, disubstituted  lower alkyl amino groups, and a cyano
      group, such  groups being preferably attached to one or more of the
      aromatic rings of the ring systems of formula (II)-(IV); R.sub.7 is a
      lower alkyl exemplified as an alkyl of 1-8 carbons such as octyl; q is
      defined as 0-2 and preferably 0-1.
PAR  R.sub.3 of formula I is defined as a polymeric end group including the
      residue of an initiating chain or otherwise defined as a hydroxyl or ester
      group such as an alkyl carbonyl or an aryl carbonyl group in which the
      alkyl moiety usefully contains 1-18 carbon atoms and the aryl moiety is a
      phenyl group such as phenyl, hydroxy phenyl, an alkyl phenyl or a halo
      phenyl group:
PAR  R.sub.1 is defined as a hydrogen atom, a lower alkyl group, including alkyl
      groups of 1-8 carbon atoms such as methyl, propyl, isopropyl and n-octyl,
      and preferably as an acyl group such as a lower alkyl carbonyl including
      C.sub.2 H.sub.5 CO-- and CH.sub.3 -CO--;
PAR  R.sub.6 is a polymeric end group, including hydrogen or an acyl group such
      as an alkyl carbonyl having an alkyl moeity of 1-18 carbon atoms and an
      aryl carbonyl such as a phenyl carbonyl exemplified by phenylcarbonyl,
      alkyl substituted phenylcarbonyl or halophenylcarbonyl; and
PAR  m, n, o and p are positive number commensurate with a number average
      molecular weight of at least about 5,000, conveniently varying from about
      5,000 - 300,000 or higher and preferably greater than about 10,000; m, n
      and o falling within the respective ratios of about 1-6:0-1:1-8 in random
      or block polymers, and p being defined commensurate with the above
      molecular weights. For purposes of the present invention a preferred,
      although non-exclusive number average molecular weight extends from 10,000
      to 300,000 depending upon the ratio of monomeric units and the definitions
      of R.sub.1 and R.sub.2. The preferred ratio of m:n:o is about 3-6:0-1:1-8.
PAR  Suitable monomeric components and ratios thereof which are includible
      within the present invention are set forth in Table I below with respect
      to formula I.
      ##SPC4##
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Approximate                                                               
     Number Average                                                            
     No. MW     R.sub.1                                                        
                      R.sub.2      R.sub.3                                     
                                      R.sub.4                                  
                                          R.sub.5                              
                                                R.sub.6                        
                                                     Ratio                     
                                                     m:n:o                     
     __________________________________________________________________________
     P-1 12,000 CH.sub.3 --CO--    OH H   H     --OCH.sub.3                    
                                                     5:1:3                     
     P-2 10,000 --    "            "  CH.sub.3 --                              
                                          CH.sub.3 --                          
                                                "    6:0:1                     
     P-3 36,000 CH.sub.3 --CO--                                                
                      "            "  H   H     "    4:1:4                     
     P-4 50,000 "     "            "  "   --Cl--                               
                                                "    4:1:6                     
     P-5 250,000                                                               
                "     "            "  "   C.sub.3 H.sub.7 --                   
                                                "    4:1:8                     
     P-6 1,000,000                                                             
                "     "            "  H   (CH.sub.3).sub.2 N--                 
                                                "    3:1:8                     
     P-7 11,000 CH.sub.3 --CO--    OH H   --    --OCH.sub.3                    
                                                     6:1:6                     
     P-8 15,000 "     "            "  "   --    --OCH.sub.3                    
                                                     3:0:6                     
     P-9 20,000 "                  "  H   --    "    3:1:6                     
     P-10                                                                      
         50,000 "     "            "  "   --    "    3:0:8                     
     __________________________________________________________________________
PAR  Polymers or terpolymers within the scope of the present invention can be
      conveniently synthesized, for instance, by reacting the carboxyaldehyde of
      the desired polycyclic group with a homopolymer or a copolymer in
      accordance with the following general reaction mechanism, in which the
      radicals are defined as in formulae I-IV supra:
      ##SPC5##
PAR  The desired product can also include, for instance, the reaction of a
      completely hydrolyzed poly(vinylacetate) in accordance with the following
      formulae:
      ##SPC6##
PAR  The above reaction best proceeds in a solvent having a high hydrogen
      bonding capability such as alcohols and water, dimethyl sulfoxide, or
      hexamethylphosphoramide.
PAR  Preformed polymeric reactants such as the poly(vinyl alcohol) of formula IV
      can be conveniently obtained from commercial sources, the aldehyde
      reactants being synthesized, for instance, by reacting pure pyrene with
      POCl.sub.3, N-methyl formanilide and o-dichlorobenzene in accordance with
      the Vilsmeier reaction.*
FNT  * Bulletin of the Chemical Society of Japan, Vol. 41, 2719-22, 1968.
PAR  Synthesis of various aldehyde precursors can be effected as follows wherein
      R.sub.2 is defined as above:
      ##EQU1##
PAR  The following Examples further illustrate certain preferred embodiments of
      the invention.
DETD
PAC  EXAMPLE I (P-3)
PAR  0.012 Mole of 1-pyrenecarboxyaldehyde obtained by the Vilsmeier reaction is
      slowly added, with agitation, to a vinylacetate/vinylalcohol copolymer
      (1:6) containing 0.012 molar equivalents of (--OH) functional groups in
      dimethyl sulfoxide. The reaction is allowed to proceed in the presence of
      about 0.25 gm. of toluene sulfonic acid for about 4 hours at about
      110.degree.C., and the resulting terpolymer product is recovered by
      precipitation from cold acetone. The product is found soluble in THF and
      CHCl.sub.2 CHCl.sub.2, and conveniently cast from a THF-Tetrachloroethane
      solution to obtain a clear, hard, tough flexible film. The product,
      identified as P-3, is tested and reported in Tables I-III, and exhibits
      the following characteristics:
PAR  IR: 3550 (OH), 1740 (C=O), 847(.pi.)cm.sup..sup.-1
PAR  UV: .lambda.max 328,343 nm
PAR  Solubility: THF, CHCl.sub.2 CHCl.sub.2
PAR  MW: 36,000
PAR  Analysis (% pyrene by weight) 58.1%
PAC  EXAMPLE II (P-2)
PAR  0.12 Mole of 6, 9-dimethyl-pyrene-1 carboxaldehyde obtained by the
      Vilsmeier reaction is admixed with at least 99% hydrolyzed
      poly(vinylacetate) containing 0.26 molar equivalents of (--OH) functional
      groups dissolved in dimethyl sulfoxide, and the reaction is allowed to
      proceed at about 110.degree.C. with agitation for about 3 hours. The
      resulting copolymeric product is recovered, identified as P-2, and tested
      as in Example I. The results are reported in Tables I-III.
PAC  EXAMPLE III (P-5)
PAR  0.040 Mole of 6-propyl-pyrene-1  carboxaldehyde is admixed with
      vinylacetate/vinyl alcohol (1:10 copolymer) containing 0.04 molar
      equivalents of (--OH) functional groups dissolved in dimethylformamide and
      allowed to react with agitation for 8 hours at about 120.degree.C. The
      resulting terpolymer product is recovered, identified as P-5, and tested
      as in Example I. The results are reported in Tables I-III.
PAC  EXAMPLE IV (P-6)
PAR  Example II is repeated with 0.02 Mole of
      6-dimethylamino-pyrene-1-carboxyaldehyde and vinylacetate/vinyl alcohol
      copolymer (1:10) containing a 0.02 molar equivalent of (--OH) functional
      group is dissolved in a 50:50 mixture of dimethylsulfoxide and
      hexamethylphosphoramide. The reaction is allowed to proceed at about
      130.degree.C. for 10 hours and the resulting terpolymer is recovered and
      identified as P-6. This compound is tested, as in Example I, and reported
      in Tables I-III.
TBL                TABLE II                                                    
     ______________________________________                                    
     Code  Polymer  Hardness**                                                 
                              Flexibility**                                    
                                         Clarity**                             
     ______________________________________                                    
     P-2   Cop.*    vg        vg         vg                                    
     P-3   Ter.*    vg        vg         ex                                    
     P-5   Ter.     vg        ex         vg                                    
     P-6   Ter.     ex        ex         vg                                    
     ______________________________________                                    
      *Cop. = Copolymer                                                        
       Ter. = Terpolymer                                                       
      **  g = good                                                             
        vg = very good                                                         
        ex = excellent                                                         
PAC  EXAMPLE V
PAR  Twelve test photoreceptor strips identified respectively as T 1- 8 and as
      controls C 1-4 are prepared in the usual manner by vapor condensation of a
      6 .mu. selenium alloy (under vacuum) onto an aluminum foil substrate. A
      polymeric overcoat is cast onto the selenium layer from a 50:50
      THF-Tetrachloroethane solution of the polymers of Examples I and II. The
      test strips are then dried, and tested in the usual way for electronic
      properties. The control strips C 1-4 are identically prepared but utilize
      a vinyl acetate/PVA copolymer (1:4 ) overcoat having a number average
      molecular weight of about 40,000. The results are reported in Table III
      below.
TBL                                    TABLE III                               
     __________________________________________________________________________
               Overcoat                                                        
                    Surface                                                    
                          PC Discharge                                         
                                  Residual Dark Decay                          
     No. Polymer                                                               
               .mu. Potential                                                  
                          v/sec.sup..sup.-1 *                                  
                                  (after 15 sec)                               
                                           (v/sec.sup..sup.-1)                 
                    (volt.)                                                    
                          t=O                                                  
     __________________________________________________________________________
     T-1 P-2   9    (+)810                                                     
                          (+)410  110v     30                                  
     T-2 P-2   9    (-)945                                                     
                          (-)350   90v     35                                  
     T-3 P-2   21   (+)1365                                                    
                          (+)900  110v     50                                  
     T-4 P-2   21   (-)1323                                                    
                          (-)600  100v     60                                  
     T-5 P-3   9    (+)810                                                     
                          (+)360  100v     25                                  
     T-6 P-3   9    (-)945                                                     
                          (-)207  100v     14                                  
     T-7 P-3   21   (+)1365                                                    
                          (+ )840  80v     33                                  
     T-8 P-3   21   (-)1323                                                    
                          (-)504  120v     33                                  
         PVAc/PVA                                                              
     C-1 (1:4) 9    (+)810                                                     
                          **                                                   
     C-2 (1:4) 9    (-)945                                                     
                          **                                                   
     C-3 (1:4) 21   (+)1365                                                    
                          **                                                   
     C-4 (1:4) 21   (-)1323                                                    
                          **                                                   
     __________________________________________________________________________
       * measured at 80v/.mu..sup..sup.-1 200 watt tungsten-iodine lamp at 15 c
      ** negligible discharge                                                  
PAC  EXAMPLE VI
PAR  Six test strips identified respectively as T 9-12 and C 5-6 are prepared by
      applying onto an aluminized mylar substrate a photoconductive layer of
      about 14 .mu. thickness consisting of Polymer P-2 (Example I) and P-3, the
      control strips C 5-6 are prepared identically, but utilize the same
      polymer used in control C 1-4 of Example V. Surface charges are applied to
      each sample in the usual way and the initial rate of discharge noted when
      continuously exposed to white light from a 200 watt Tungsten-iodine lamp
      at a distance of 15 cm. The strips are tested as to discharge rate and
      flex, and reported in Table IV below.
TBL                TABLE IV                                                    
     ______________________________________                                    
     Sample                                                                    
           Polymer   Surface    Discharge Adhesion*                            
                     Potential  Rate                                           
                     (Volt)     v/sec.sup..sup.-1                              
                                t 20                                           
     ______________________________________                                    
     T-9   P-3       (+)810     150       vg                                   
     T-10  P-3       (-)945     110       vg                                   
     T-11  P-2       (+)810     175        g                                   
     T-12  P-2       (-)945     125        g                                   
           PVAc/PVA                                                            
     C-5   (1:4)     (+)810     **        vg                                   
     C-6   (1:4)     (-)945     **        vg                                   
     ______________________________________                                    
      * vg = very good (no observable cracks or spalls after 3 bends over a 3" 
      diameter pipe)                                                           
      g = good (minor cracks observable with a low power microscope)           
      ** negligable discharge                                                  
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood that
      variations in form may be made thereon without departing from the spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aromatic polyvinyl polymer represented by the formula
      ##SPC7##
PAL  wherein
PA1  R.sub.1 is defined as a hydrogen atom, a lower alkyl group or as a lower
      alkyl carbonyl group;
PA1  R.sub.2 is an aromatic polycyclic radical having 4-5 fused ring nuclei or a
      3 ringed N-containing heterocyclic group of the formula
      ##SPC8##
PA1  in which R.sub.4 is individually defined at  each occurrence as a lower
      alkyl group,  a lower alkoxy group, a halo group, an  amino group or a
      cyano group, R.sub.7 is a lower alkyl group and q is defined as 0-2;
PA1  R.sub.3 and R.sub.6 are polymeric end groups; and
PA1  m, n, o and p are positive numbers commensurate with a number average
      molecular weight of at least about 5,000; m, n and o falling with the
      respective ratios of about 1-6:0-1:1-8 in random or block polymers.
NUM  2.
PAR  2. An aromatic polyvinyl polymer of claim 1 wherein
PA1  R.sub.1 is defined as hydrogen or a lower alkyl carbonyl group; and
PA1  R.sub.2 is a pyrene group of the formula
      ##SPC9##
PAL  wherein
PA1  R.sub.4 and R.sub.5 are individually defined as a lower alkyl, a halo or a
      cyano group; and q is defined as 0-2;
PA1  the polymer having a number average molecular weight of about 5,000 to
      300,000.
NUM  3.
PAR  3. An aromatic polyvinyl polymer of claim 1 wherein
PA1  R.sub.1 is hydrogen, or a lower alkyl carbonyl group;
PA1  R.sub.2 is a radical of the formulae
      ##SPC10##
PAL  and wherein R.sub.4 is individually defined at each occurrence as a lower
      alkyl group, a halo group or a cyano group, and q is defined as 0-2; and
      R.sub.7 is a lower alkyl group, the polymer having a number average
NUM  4.
PAR  4. An aromatic polyvinyl polymer of claim 2 wherein n is defined as zero.
NUM  5.
PAR  5. An aromatic polyvinyl polymer of claim 3 wherein n is defined as zero.
NUM  6.
PAR  6. An aromatic polyvinyl polymer of claim 2 wherein
PA1  R.sub.1 is a hydrogen atom or CH.sub.3 CO--;
PA1  n is defined as 0 or 1; and
PA1  R.sub.2 is defined as a radical of the formula
      ##SPC11##
PAL  in which R.sub.4 and R.sub.5 are individually defined at each occurrence as
NUM  7.
PAR  7. An aromatic polyvinyl polymer of claim 2 wherein the ratio of m:n:o is
      about 3-6:0-1:1-8 m, n, o and p being defined as positive integers
NUM  8.
PAR  8. An aromatic polyvinyl polymer of claim 7 represented by the formula
      ##SPC12##
PAL  wherein the number average molecular weight is greater than about 10,000.
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PAL  Disclosed are epoxy-azido compounds of the formula
      ##EQU1##
      or
EQU  --SO.sub.2 --
PAL  where R is a polyvalent organic radical, R' is a hydrogen, alkyl,
      cycloalkyl, aryl, or aralkyl radical, A is
PAL  And n and m are integers from 1 to 100. Also disclosed is the use of said
      epoxy-azido compounds in modifying polymers, crosslinking polymers, and
      adhering polymers to certain substrates, e.g. glass and other polymers.
PARN
PAR  This application is a division of my copending patent application Ser. No.
      301,003, filed Oct. 26, 1972, now abandoned, which is in turn a division
      of application Ser. No. 85,300, filed Oct. 29, 1970, now abandoned, which
      is in turn a division of my application Ser. No. 843,230, filed July 18,
      1969, now U.S. Pat. No. 3,608,604.
BSUM
PAR  This invention relates to a new class of organic compounds and to their
      use. More particularly, this invention relates to a new class of
      epoxy-azido compounds and their use in modifying polymers, cross-linking
      polymers and adhering polymers to certain substrates.
PAR  The compounds of this invention are represented by the generic formula
      ##EQU2##
      WHERE R is a polyvalent organic radical, R' is a hydrogen, alkyl,
      cycloalkyl, aryl, or aralkyl radical, A is
      ##EQU3##
      or -- SO.sub.2 -- and n and m are integers, broadly each being 1 to 100,
      most preferably from 1 to 10. Generally, R will be an organic radical
      selected from the group consisting of radicals derived by the removal of
      two or more hydrogen atoms from alkanes such as, for example, ethane,
      propane, butane, isobutane, pentane and its isomers, hexane and its
      isomers, octane and its isomers, decane and its isomers, dodecane and its
      isomers, octadecane and its isomers, and the like; cycloalkanes such as,
      for example, cyclopropane, cyclobutane, cyclopentane, cyclohexane,
      cyclooctane, and the like; alkylcycloalkanes, such as, for example,
      ethylcyclohexane, methylcyclobutane, and the like; arenes, such as, for
      example, benzene, naphthalene, biphenyl, and the like; alkyl substituted
      arene, such as, for example, toluene, ethylbenzene, o-, m- and p-xylene,
      o-, m- and p-diethylbenzene, and the like; alkylene-diarenes, such as, for
      example, diphenyl methane, 1,2-diphenylethane, 1,1-diphenylpropane,
      1,3-diphenylpropane, 2,2-diphenylpropane, and the like;
      dialkylcycloalkanes such as, for example, 1,2-, 1,3- and
      1,4-dimethylcyclohexane, 1,2- and 1,3-dimethylcyclopentane, and the like;
      the alkyloxyalkane, aryloxyarene, alkaryloxy arene, alkaryloxy alkarene,
      aralkyloxyalkane, aralkyloxyaralkane, and the like; as well as the
      corresponding thio and sulfonyl radicals, specific examples of which
      include diethyl ether, propyl butyl ether, diphenyl ether,
      oxy-bis(p-methyl benzene), oxy-bis(phenyl methane), diethyl thioether,
      diphenyl thioether, diphenylmethyl thioether, butyl sulfonyl butane, and
      the like radicals; and the foregoing radicals with fluoro, chloro, bromo,
      or iodo substituents. When an epoxyazido compound of this invention is to
      be used as a coupling or linking agent for polymers R preferably is
      substantially inert to the linking reaction.
PAR  Specific compounds of this invention represented by the foregoing generic
      formula include:
PA0  2,3-epoxybutyl azidoformate
PA0  9,10-epoxyoctadecyl azidoformate
PA0  4-(epoxyethyl)phenyl azidoformate
PA0  4-(epoxyethyl)phenylethyl azidoformate
PA0  3-(epoxyethyl)benzyl azidoformate
PA0  3-cyclohexyl-2,3-epoxypropyl azidoformate
PA0  4-phenyl-2,3-epoxybutyl azidoformate
PA0  4-(2,3-epoxypropyl)phenyl azidoformate
PA0  2-(2,3-epoxypropyl)phenyl azidoformate
PA0  4-(epoxyethyl)cyclohexyl azidoformate
PA0  2,3-epoxypropyl azidoformate
PA0  9,10-epoxydecyl azidoformate
PA0  9,10-epoxydecyl-2,5-diazodoformate
PA0  2,3-epoxypropyloxypropyl azidoformate
PA0  2,3-epoxypropane-1-sulfonyl azide
PA0  4-(epoxyethyl)benzenesulfonyl azide
PA0  5,6-epoxyhexane-1-sulfonyl azide
PA0  7,8-epoxyoctane-3-sulfonyl axide
PA0  11,12-epoxydodecane-3,7-disulfonyl azide
PA0  9,10-epoxyoctadecane-1-sulfonyl azide
      2,3-bis(epoxyethyl)cyclohexane-2-sulfonyl azide
PA0  1-(3,4-epoxycyclohexyl)ethane-2-sulfonyl azide
PA0  4-(3,4-epoxybutyl)benzene sulfonyl azide
PA0  2-(3,4-epoxybutyl)benzene sulfonyl azide
PA0  4-(2,3-epoxypropyl)benzene sulfonyl azide
PA0  4-(2,3-epoxypropyl)benzene-1,3-disulfonyl azide
PA0  2,3-epoxypropyloxypropyl sulfonyl azide.
PAR  The epoxy-azides of this invention range from liquids to solids at room
      temperature and atmospheric pressure and are soluble in chlorinated
      hydrocarbons, aromatics, acetone, etc. They have a characteristic infrared
      spectrum with a strong azide peak around 2135 cm.sup..sup.-1. When heat is
      applied to the compounds of this invention they decompose giving off
      nitrogen; as the temperature increases the overall decomposition rate
      increases. The azidoformate and sulfonyl azide radicals of the compounds
      readily react with receptive polymers and combine therewith when heated.
      They also combine with ethylenically unsaturated hydrocarbon groups in a
      variety of compounds. In so doing, the epoxy portion of the compound
      remains free and unreacted. While the epoxy portion is heat stable it
      readily reacts when contacted with amines or carboxylic acids.
PAR  The epoxy-azido compounds of this invention can be prepared by various
      methods. Most preferably these compounds will be prepared by the
      epoxidation of an unsaturated azide compound with peracetic acid or
      perbenzoic acid. The reaction is usually carried out at a temperature
      below 100.degree.C. in a solvent. Acetic acid is the most preferred
      solvent when using peracetic acid but other solvents can be used such as
      methylene chloride, acetone, ethyl acetate, chloroform, benzene, and the
      like.
PAR  As indicated above this invention includes the use of the unique
      epoxy-azido compounds in modifying polymers, crosslinking polymers and
      adhering polymers to certain substrates. All of these uses involve the
      reaction of the azido portion or portions of the epoxy-azido compounds
      with a receptive polymer. In this specification receptive polymer means a
      polymer having in each polymer chain at least one and generally more than
      one monomer unit capable of combination reaction with an azido radical of
      a compound of this invention, whereby the residue of the compound is
      chemically bonded to the polymer. Nearly all polymers are receptive
      polymers. Preferred examples of a receptive polymer include all types of
      hydrocarbon polymers including saturated and unsaturated, linear and
      nonlinear, crystalline and amorphous, homopolymers, copolymers,
      terpolymers, and the like; for example, polyethylene, polypropylene,
      polystyrene, styrene-butadiene rubber, butyl rubber, natural rubber,
      polybutadiene, polyisobutylene, ethylene--propylene copolymer,
      cis-1,4-polyisoprene, ethylene--propylene--dicyclopentadiene terpolymer,
      and the like; and blends of these polymers with each other and blends of
      these polymers with organic nonhydrocarbon polymers. In addition to
      hydrocarbon polymers preferred examples of a receptive polymer include a
      large number of organic nonhydrocarbon polymers including homopolymers,
      copolymers, terpolymers and the like. Typical of these organic
      nonhydrocarbon polymers are cellulose esters, such as, for example,
      cellulose acetate-butyrate, cellulose acetatepropionate, cellulose
      acetate, cellulose propionate, cellulose butyrate, and the like; cellulose
      ethers, such as, for example, hydroxyethyl cellulose, hydroxypropyl
      cellulose, and the like; polyesters such as poly(ethylene glycol
      terephthalate), drying and non-drying alkyd resins and the like;
      poly(alkylene oxide) polymers, such as poly(ethylene oxide),
      poly(propylene oxide), poly(ethylene oxide-propylene oxide); polyamides
      such as nylon, and the like; allyl pentaerythritol derivatives such as,
      for example, the condensate of triallyl pentaerythritol with diallylidene
      pentaerythritol, esters of triallyl pentaerythritol and drying oil fatty
      acids, and the like; poly(vinyl alkyl ethers) such as, for example,
      poly(vinyl methyl ether) and the like; poly(vinyl acetals) such as, for
      example, poly(vinyl butyral) and the like; vinyl chloride polymers having
      a vinyl chloride content of at least 10 mole percent, such as, for
      example, poly(vinyl chloride), vinyl chloride--vinyl acetate copolymers,
      vinyl chloride--vinylidene chloride copolymers, vinyl chloride--fumaric
      acid copolymers, vinyl chloride--vinyl acetal copolymers, such as, for
      example, the vinyl chloride--vinyl butyral copolymers, vinyl
      chloride--vinylidene chloride--acrylonitrile terpolymers, and the like,
      nitrocellulose; chlorinated natural rubber, sulfochlorinated polyethylene;
      polysulfide rubber; polyurethane rubber; poly(vinyl acetate);
      ethylene--vinyl acetate copolymers; poly (vinylidene chloride); vinylidene
      chloride--acrylonitrile copolymers ethyl acrylate--2-chloroethyl vinyl
      ether copolymers; poly (ethyl acrylate); poly(ethyl methacrylate);
      poly[3,3-bis(chloromethyl)oxetane]; vinyl modified poly(dimethylsiloxane);
      polychloroprene; butadiene--acrylonitrile copolymers; and the like.
PAR  The modified polymers of this invention resulting from the reaction of the
      azido portion or portions of the epoxyazido compounds with the above
      receptive polymers are both useful in themselves and necessary
      intermediates in further modifications of this invention. The amount of
      epoxy-azido compound used to modify a receptive polymer will depend upon
      the desired end use. In general, however, the amount will be from about
      0.01% to about 40% by weight based on the weight of the polymer. The
      resulting modified polymers are quite stable and generally have physical
      properties similar to the unmodified polymers. However, the thus modified
      polymers exhibit new and improved static properties, adhesion properties,
      launderability, etc. Modification can be carried out by admixing the
      required amount of epoxy-azido compound with a receptive polymer and
      heating to a temperature sufficient to react the azido portion or portions
      of the compound with the polymer. In the case of epoxy-sulfonyl azide
      compounds this temperature will be in the range of from about
      120.degree.C. to about 240.degree.C. In the case of epoxy-azidoformate
      compounds the temperature will be in the range of from about 80.degree.C.
      to about 200.degree.C.
PAR  In one modification of this invention the epoxy-azido compounds are used to
      bond various polymers to a substrate selected from siliceous materials,
      metals and other polymers. A typical example of the bonding process of
      this invention is the bonding of an .alpha.-olefin polymer such as
      polypropylene to a glass substrate. The said glass substrate, such as
      glass fibers, glass cloth, plate glass, etc., would first be treated with
      an amino silane compound. In so doing, the silane portion of the compound
      would react with the substrate, leaving the amine portion free for later
      reaction with an epoxy portion of an epoxy-azido compound. Next,
      polypropylene, having been modified with an epoxy-azido compound so as to
      react the azido portion with the polymer leaving the epoxy portion free,
      is placed in contact with the above-described treated glass. The free
      amine groups on the treated glass react with a free epoxy group on the
      modified polymer forming a tight bond between the polymer and the glass
      substrate.
PAR  Another typical example of bonding a polymer to a substrate using an
      epoxy-azido compound is the bonding of poly (ethylene terephthalate) tire
      cord to rubber tire stock. The polyester tire cord is first modified with
      the epoxy-azido compound. In so doing the azido portion or portions react
      with the polyester leaving the epoxy portion or portions free. Next, the
      tire cord is generally coated with a conventional tire cord adhesive
      comprising a mixture of a phenol-aldehyde resin and a rubber terpolymer
      latex prepared from a vinyl aryl monomer, a diene monomer, and a vinyl
      pyridine monomer, and then cured. If desired, the coating of conventional
      tire cord adhesive can be omitted with a proportionate decrease in
      adhesive strength. Finally, the thus treated tire cord is embedded in a
      vulcanizable rubber tire stock and cured. While polyester tire cords are
      mentioned, it will be understood that various other synthetic fibers can
      be incorporated in rubber tire stock in accordance with this invention.
      Such other tire cord fibers are for example, polyolefin, polyamide,
      polycarbonate, rayon, etc., and mixtures of these fibers. Improved
      adhesion of the synthetic fibers to the rubber tire stock can be obtained
      by the process of this invention no matter what the physical form of the
      fibers e.g. monofilament, multifilament, twisted, braided, etc. The tire
      cord can be treated with the epoxy-azido compound by any conventional
      means, for example, by dipping, spraying, brushing, or running the cord
      over a coated roll with a solution of the epoxy-azido compound in a
      suitable liquid. The epoxyazido compound can also be applied as an aqueous
      suspension, emulsion, or dispersion. After the epoxy-azido compound is
      applied, the cord is heated to a temperature at which the azido portion or
      portions react with the synthetic fiber. Various amounts of the
      epoxy-azido compound can be used. The optimum amount will depend upon the
      amount of modification desired, the specific epoxy-azido compound used,
      etc. In general, the amount added, based on the cord, will be from about
      0.1% to about 10% by weight. As indicated above, the thus modified cord is
      generally coated with a conventional tire cord adhesive. This adhesive
      comprises a mixture of (1) a resin, preferably prepared from resorcinol
      and formaldehyde with (2) a terpolymer latex, which is preferably a
      styrene--butadiene--vinyl pyridine terpolymer. The vinyl pyridine content
      of the terpolymer is usually about 5% to about 25%, the styrene content
      about 5% to about 35%, and the butadiene content from about 50% to about
      85%. The latex is applied to the modified tire cord by dipping, spraying,
      brushing, running the modified cord over a coated roll or other
      conventional procedure. The amount of latex added will be from about 2% to
      about 10% based on the weight of the cord. The thus coated cord will be
      cured at a temperature of from about 190.degree.C. to about 235.degree.C.
      for a period of time of from about 0.5 to about 2 minutes. The thus
      treated cord is then embedded in a conventional rubber tire stock and
      cured under pressure. The vulcanizable tire stocks in which the treated
      cord can be embedded as a reinforcing medium include natural rubber, and
      synthetic rubbers such as styrene--butadiene rubbers,
      ethylene--propylene--diene terpolymer rubbers, polybutadiene, polyisoprene
      and mixtures and blends thereof with suitable fillers, pigments,
      antioxidants, and cross-linking (i.e. vulcanizing) agents such as sulfur,
      peroxides, etc.
PAR  Another typical example of bonding a polymer to a substrate using an
      epoxy-azido compound is the bonding of an .alpha.-olefin polymer such as
      polyethylene to a metal substrate. The metal substrate will first be
      treated with a priming agent. The priming agent is a polyfunctional
      compound, such as an amino silane compound, which possesses a portion or
      portions which bond to the metal and another portion or portions which
      remain free to react with the epoxy group or groups on the epoxy-azido
      compounds. The process of bonding polyethylene to a metal substrate can be
      carried out in various ways. For example, the substrate can be coated with
      a solution or suspension of the priming agent, allowed to dry, then coated
      with a solution or suspension of the epoxy-azido compound, allowed to dry
      and finally contacted with the polyethylene at the decomposition
      temperature of the azide. By another method, the substrate can be coated
      with a solution or suspension of the priming agent, allowed to dry, then
      contacted with a solution or mixture of both the epoxy-azido compound and
      the polyethylene and finally heated to the decomposition temperature of
      the azide. By still another method the priming agent, epoxy-azido compound
      and polyethylene can be deposited together on the substrate and then
      heated.
PAR  The substrates to which the polymers may be bonded in accordance with this
      invention include siliceous materials such as glass, asbestos, sand, clay,
      concrete, stone, brick, ceramic materials, etc.; metals such as aluminum,
      cadmium, chromium, copper, magnesium, nickel, silver, tin, iron, titanium,
      zinc, etc., alloys of the metals such as steel, brass, bronze, nickel
      chrome, etc. and including metals which have been surface treated with
      phosphates, chromates, etc. or on the surface of which oxides have formed;
      and other polymers. By the term "other polymers" is meant any polymer
      other than the polymer to which it is to be bonded. These substrates to
      which the polymers may be bonded can be in various forms such as sheets,
      plates, blocks, wires, cloth, fibers, particles, etc.
PAR  In another modification of this invention the epoxyazido compounds are used
      to cross-link receptive polymers. The polymer to be cross-linked is
      admixed with from about 0.1% to about 20% by weight of an epoxy-azide
      compound and heated to a temperature sufficient to react the azido portion
      or portions of the compound with the polymer. To affect cross-linking the
      thus modified polymer is treated with a polyfunctional compound which will
      react with the free epoxy groups on the polymer. Various polyfunctional
      compounds can be used to affect the cross-linking, however, most preferred
      are the polycarboxylic acids and anhydrides such as oxalic acid, phthalic
      acid, phthalic anhydride, pyromellitic anhydride, etc. and the polyamines,
      such as m-phenylenediamine, diethylenetriamine, 4,4'-methylenedianiline,
      etc. When using one of these compounds, the carboxylic acid groups or
      amino groups react with the free epoxy groups tying together, i.e.
      crosslinking, the polymer chains.
PAR  The following examples will serve to illustrate the invention, all parts
      and percentages being by weight unless otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  This example illustrates the preparation of 2,3-epoxybutyl azidoformate.
PAR  To a slurry comprising 110 parts of sodium azide, 200 parts of water, 158
      parts of acetone and 670 parts methylene chloride was added 115 parts of
      crotyl chloroformate with rapid stirring at room temperature. After
      stirring for 24 hours the orange-colored reaction mixture was diluted with
      200 parts of water, separated, the organic layer washed with water, and
      dried over sodium sulfate. Removal of the solvent at room temperature
      yielded 112 parts of a clear colorless oil comprising crotyl azidoformate.
      A solution of 50 parts of the crotylazidoformate in 420 parts of glacial
      acetic acid and 3 parts of anhydrous sodium acetate was cooled to
      20.degree.C. To the crotyl azidoformate solution was added with agitation,
      40% peracetic acid in an amount in excess of that required to convert the
      crotyl groups to epoxybutyl groups. The reaction was allowed to slowly
      come to room temperature and stirred until the theoretical amount of
      peracetic acid had been consumed. The reaction mixture was tested
      periodically to determine the amount of peracetic acid present. At the end
      of the fourth day the reaction was diluted with 600 parts of water and
      then extracted twice with 400 parts of methylene chloride. The methylene
      chloride solution was in turn washed with water and then dried over sodium
      sulfate. After removing the solvent 47 parts of 2,3-epoxybutyl
      azidoformate was obtained. The product was a light colored oil. Analysis
      for azide by nitrogen evolution showed that the compound contained
      approximately 98.7% of the theoretical amount. An analysis for oxirane
      oxygen showed that the compound contained approximately 91% of the
      theoretical amount. A typical infrared spectrum of this product displayed
      a strong azide peak at 2135 cm.sup..sup.-1.
PAC  EXAMPLE 2
PAR  This example illustrates the preparation of 9,10-epoxyoctadecyl
      azidoformate.
PAR  Oleyl azidoformate was prepared from oleyl chloroformate using sodium azide
      as described in Example 1. A solution of 84.5 parts of the oleyl
      azidoformate in 420 parts of glacial acetic acid containing 2 parts of
      sodium acetate was cooled to 20.degree.C. To this solution was added with
      agitation, 40% peracetic acid in an amount in excess of that required to
      convert the oleyl groups to epoxyoctadecyl groups. The reaction was
      followed by testing for the presence of peracetic acid. After seven hours
      the reaction had ceased as indicated by the disappearance of peracetic
      acid. After 24 hours the reaction was diluted with 800 parts of methylene
      chloride and 600 parts of water. The methylene chloride layer was washed
      with water 6 times and then dried over sodium sulfate. Removal of the
      methylene chloride solvent left 82 parts of a colorless oil consisting
      essentially of 9,10-epoxyoctadecyl azidoformate. Analysis for the presence
      of azide by nitrogen evolution showed that the compound contained
      approximately 96% of the theoretical amount.
PAC  EXAMPLE 3
PAR  This example illustrates the preparation of the epoxidation product of the
      azidoformate of the triallyl ether of pentaerythritol.
PAR  To a solution of 43 parts of the azidoformate of the triallyl ether of
      pentaerythritol in 315 parts of glacial acetic acid containing 1 part of
      sodium acetate at room temperature was added with agitation 40% peracetic
      acid in an amount in excess of that required to convert one of the allyl
      groups to an epoxy group. After stirring for 48 hours the reaction was
      diluted with 750 parts of water and 535 parts of methylene chloride. The
      methylene chloride layer was removed and washed with water 5 times and
      then dried over sodium sulfate. Removal of the methylene chloride solvent
      left 39 parts of a clear colorless oil consisting essentially of the
      epoxidation product of the azidoformate of the triallyl ether of
      pentaerythritol. Analysis of the product indicated that it contained 13.6%
      azido nitrogen and 4.2% oxirane oxygen.
PAC  EXAMPLE 4
PAR  This example illustrates the preparation of 2,3-epoxy-propane-1-sulfonyl
      azide.
PAR  To a solution of 14.7 parts of 2-propene-1-sulfonyl azide in 105 parts of
      glacial acetic acid containing one part of sodium acetate was added with
      stirring at room temperature 40% peracetic acid in an amount in excess of
      that required to convert the propene radical to an epoxypropane radical.
      The reaction was stirred at room temperature until the peracetic acid
      content remained constant and then diluted with 200 parts of water and 135
      parts of methylene chloride. The methylene chloride layer was removed and
      washed with water 5 times and then dried over magnesium sulfate. The
      methylene chloride solvent was removed leaving 15.1 parts of
      2,3-epoxypropane-1-sulfonyl azide. The results of an infrared analysis of
      the product for % azido nitrogen and oxirane oxygen is tabulated below:
TBL               Found   Calculated                                           
     ______________________________________                                    
     % N.sub.3      24.6      25.7                                             
     % Oxirane oxygen                                                          
                     9.3       9.8                                             
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  This example illustrates the preparation of 4-(epoxyethyl)benzenesulfonyl
      azide.
PAR  To a slurry of 17.5 parts of sodium azide in 20 parts of water and 40 parts
      of acetone at room temperature was added with rapid stirring a solution of
      18 parts of p-styrenesulfonyl chloride in 61 parts of methylene chloride.
      After stirring at room temperature for 18 hours the orange-colored
      reaction mixture was diluted with 150 parts of water and separated. The
      water layer was re-extracted with 61 parts of methylene chloride and then
      the combined methylene chloride layers were washed with water and dried
      over magnesium sulfate. After removal of the methylene chloride solvent 12
      parts of the resulting p-styrenesulfonyl azide was dissolved in 110 parts
      of glacial acetic acid containing one part of sodium acetate at
      20.degree.C. To the solution was added with agitation 40% peracetic acid
      in an amount in excess of that required to convert the styrene group to an
      epoxy ethyl benzene group. The reaction was allowed to come to room
      temperature and stirred until the peracetic acid content remained
      constant. Then it was diluted with 250 parts of water and 133 parts of
      methylene chloride. The methylene chloride layer was removed and washed 6
      times with water and then dried over sodium sulfate. The methylene
      chloride solvent was removed to give 12.5 parts of
      4-(epoxyethyl)benzenesulfonyl azide. The product was analyzed by infrared
      analysis for azide nitrogen and oxirane oxygen. The results of this
      analysis are tabulated below:
TBL               Found   Calculated                                           
     ______________________________________                                    
     % N.sub.3      17.9      18.6                                             
     % Oxirane oxygen                                                          
                     6.5       7.1                                             
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  This example illustrates the use of the epoxysulfonyl azide of Example 5 in
      cross-linking polyethylene.
PAR  A slurry of 100 parts of high density polyethylene, 0.5 part
      4,4'-thio-bis(6-tertiary-butyl-m-cresol) antioxidant and 5 parts
      4-(epoxyethyl)benzenesulfonyl azide in acetone was prepared. The acetone
      was removed at 50.degree.C. and the polymer reacted with the epoxy-azide
      by heating at 170.degree.C. for 30 minutes. Ten parts of the thus modified
      polyethylene was admixed with 0.15 part diethylenetriamine on a two-roll
      mill and then heated for 30 minutes at 160.degree.C. A control sample of
      the polymer was treated exactly the same way except for the addition of
      the epoxy-azido compound. The two samples were tested for cross-linking by
      soaking in decahydronaphthalene at 140.degree.C. The sample containing the
      epoxy-azide was insoluble in the decahydronaphthalene solvent, indicating
      cross-linking. The control sample, on the other hand, was completely
      soluble.
PAC  EXAMPLE 7
PAR  This example illustrates the use of epoxy-azido compound of Example 1 in
      bonding polypropylene to glass cloth.
PAR  Twelve ply laminates of glass cloth and polypropylene film were prepared
      using 181 style electrical glass woven cloth, heat cleaned and having a
      weight of 8.9 ounces per sq. yd., and 5 mil film of crystalline
      polypropylene having a melt index (I.sub.2 at 230.degree.C.) of 4.0.
      Sheets of the glass cloth were immersed in a benzene solution of
      .gamma.-aminopropyltriethoxysilane and 2,3-epoxybutyl azidoformate. The
      two ingredients were present in the solution in approximately a 1:1 mole
      ratio. The thus treated cloth was allowed to dry overnight and then laid
      up to form the laminate by alternating plies of the treated glass cloth
      and sheets of the polypropylene film. The resulting assembly was
      compression molded at a temperature of 220.degree.C. for 5 minutes at
      contact pressure, 3 minutes at 220.degree.C. under a pressure of 500
      p.s.i. and then cooled to 23.degree.C. under 500 p.s.i. pressure to form a
      1/8 inch thick laminate. A control laminate was prepared exactly as
      described above except for the omission of the epoxy-azido compound. Test
      specimens 1 in. .times. 3 in. were cut from the laminates and tested for
      flexural strength according to ASTM D-790 on a two-inch span at 0.05 in.
      per min. cross-head speed. The results are tabulated below:
TBL                 Flexural strength (psi)                                    
     ______________________________________                                    
     Treated sample   28,000                                                   
     Control          18,000                                                   
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  This example illustrates the use of the epoxy-azido compound of Example 3
      to improve the adhesion of polyester tire cord to rubber tire stock.
PAR  Poly(ethylene terephthalate) tire cord 1,000 denier and 3 ply under about
      500 grams of tension was passed twice through a trough containing a 5%
      solution of the epoxy-azido compound in trichloroethylene. The cord was
      next passed through two ovens in series at 200.degree.F. and 400.degree.F.
      Residence times in the ovens were 65 and 54 seconds respectively. The cord
      dip pick-up was approximately 1% by weight. The modified cord was next
      coated with a conventional latex adhesive, prepared as follows: To a
      solution of 0.24 part of sodium hydroxide in 192.8 parts of water was
      added 8.8 parts of resorcinol with continued stirring until a complete
      solution was achieved. Then 12.2 parts of 37% formaldehyde was added. The
      solution was aged for approximately 5 hours at about 75.degree.C. and then
      added slowly to a mixture of 48 parts water and 195 parts of a latex
      comprising a terpolymer of styrene, butadiene and vinyl pyridine, the
      monomers being present in a ratio of approximately 50:70:15. The mixture
      was stirred slowly for 15 minutes and its pH adjusted to 10.3 using
      concentrated ammonium hydroxide. The resulting gray-violet latex contained
      approximately 20% solids. The epoxy-azido modified cord was passed twice
      through a trough of the latex under a tension of 500 grams and then dried
      and cured for 54 seconds at a temperature of 430.degree.F.
PAR  The thus coated cord was then vulcanized with a rubber tire stock in the
      form of 3/8 inch H-specimens. The rubber tire stock has the following
      formulation:
TBL  Compounds                 Parts                                           
     ______________________________________                                    
     Natural rubber (smoked sheet)                                             
                               80                                              
     Styrene butadiene rubber  20                                              
     Semi-reinforcing furnace black                                            
                               25                                              
     Zinc Oxide                5                                               
     Stearic Acid              2                                               
     Polytrimethyldihydroquinoline                                             
                               1                                               
     Heavy pine tar            0.5                                             
     Benzothiazyl disulfide    1                                               
     Tetramethyl thiuram disulfide                                             
                               0.1                                             
     Sulfur                    2.6                                             
     ______________________________________                                    
PAL  The test specimens were cured for 45 minutes at a temperature of
      307.degree.F. After several hours conditioning at room temperature the
      H-specimens were pulled apart on a tester according to the procedure of
      ASTM D-2138-62T. An average (6 test specimens) of 35.7 pounds was required
      to overcome the tire cord-rubber adhesion. A control specimen treated
      exactly the same as above except for the epoxy azido modification of the
      tire cord gave an average of 12.6 pounds required to overcome the tire
      cordrubber adhesion.
CLMS
STM  What I claim and desire to protect by Letters Patent is:
NUM  1.
PAR  1. A polymer selected from hydrocarbon polymers, cellulose esters,
      cellulose ethers, polyesters, poly(alkylene oxide) polymers, polyamides,
      allyl pentaerythritol derivatives, poly(vinyl alkyl ethers), poly(vinyl
      acetals), vinyl chloride polymers, nitrocellulose, chlorinated natural
      rubber, sulfochlorinated polyethylene; polysulfide rubber, polyurethane
      rubber, poly(vinyl acetate), ethylene--vinyl acetate copolymers,
      poly(vinylidene chloride), vinylidene chloride--acrylonitrile copolymers,
      ethyl acrylate--2-chloroethyl vinyl ether copolymers, poly(ethyl
      acrylate), poly(ethyl methacrylate), poly[3,3-bis(chloromethyl)oxetane],
      vinyl modified poly(dimethylsiloxane), polychloroprene, and
      butadiene--acrylonitrile copolymers, modified by reaction with an
      epoxy-azido compound having the formula
      ##EQU4##
      where R is an organic radical selected from the group consisting of
      radicals derived by the removal of two or more hydrogen atoms from
      alkanes, cycloalkanes, alkylcycloalkanes, arenes, alkyl substituted
      arenes, alkylene-diarenes, dialkylcycloalkanes, alkyloxyalkanes,
      aryloxyarenes, alkaryloxyarenes, alkaryloxyalkarenes, aralkyloxyalkanes,
      aralkyloxyaralkanes, alkylthioalkanes, arylthioarenes, alkarylthioarenes,
      alkarylthioalkarenes, aralkylthioalkanes, aralkylthioaralkanes,
      alkylsulfonylalkanes, arylsulfonylarenes, alkarylsulfonylarenes,
      alkarylsulfonylalkarenes, aralkylsulfonylalkanes,
      aralkylsulfonylaralkanes, and the foregoing radicals with fluoro, chloro,
      bromo or iodo substituents, R' is a radical selected from the group
      consisting of hydrogen, alkyl, cycloalkyl, aryl, and aralkyl radicals, A
      is a radical selected from the group consisting of
      ##EQU5##
      and --SO.sub.2 -- and n and m are integers from 1 to 10.
NUM  2.
PAR  2. A process for making a modified polymer which comprises heating a
      polymer selected from hydrocarbon polymers cellulose esters, cellulose
      ethers, polyesters, poly(alkylene oxide) polymers, polyamides, allyl
      pentaerythritol derivatives, poly(vinyl alkyl ethers), poly(vinyl
      acetals), vinyl chloride polymers, nitrocellulose, chlorinated natural
      rubber, sulfochlorinated polyethylene; polysulfide rubber, polyurethane
      rubber, poly(vinyl acetate), ethylene--vinyl acetate copolymers,
      poly(vinylidene chloride), vinylidene chloride--acrylonitrile copolymers,
      ethyl acrylate--2-chloroethyl vinyl ether copolymers, poly(ethyl
      acrylate), poly(ethyl methacrylate), poly[3,3-bis(chloromethyl)oxetane],
      vinyl modified poly(dimethylsiloxane), polychloroprene, and
      butadiene--acrylonitrile copolymers, in contact with a small amount of an
      epoxy-azido compound having the formula
      ##EQU6##
      where R is an organic radical selected from the group consisting of
      radicals derived by the removal of two or more hydrogen atoms from
      alkanes, cycloalkanes, alkylcycloalkanes, arenes, alkyl substituted
      arenes, alkylene-diarenes, dialkylcycloalkanes, alkyloxyalkanes,
      aryloxyarenes, alkaryloxyarenes, alkaryloxyalkarenes, aralkyloxyalkanes,
      aralkyloxyaralkanes, alkylthioalkanes, arylthioarenes, alkarylthioarenes,
      alkarylthioalkarenes, aralkylthioalkanes, aralkylthioaralkanes,
      alkylsulfonylalkanes, arylsulfonylarenes, alkarylsulfonylarenes,
      alkarylsulfonylalkarenes, aralkylsulfonylalkanes,
      aralkylsulfonylaralkanes, and the foregoing radicals with fluoro, chloro,
      bromo or iodo substituents, R' is a radical selected from the group
      consisting of hydrogen, alkyl, cycloalkyl, aryl, and aralkyl radicals, A
      is a radical selected from the group consisting of
      ##EQU7##
      and --SO.sub.2 -- and n and m are integers from 1 to 10.
NUM  3.
PAR  3. The modified polymer of claim 1 wherein the polymer is a polyester.
NUM  4.
PAR  4. The modified polymer of claim 1 wherein the polymer is a hydrocarbon
      polymer.
NUM  5.
PAR  5. The modified polyester of claim 3 wherein the polymer is in the form of
      fibers.
NUM  6.
PAR  6. The modified hydrocarbon polymer of claim 4 wherein the polymer is in
      the form of a film.
NUM  7.
PAR  7. The modified polymer of claim 4 wherein the hydrocarbon polymer is
      polypropylene.
NUM  8.
PAR  8. The modified polymer of claim 3 wherein the polyester is poly(ethylene
      terephthalate).
NUM  9.
PAR  9. A polyester modified by reaction with an epoxy-azido compound having the
      formula
      ##EQU8##
      where R is an organic radical selected from the group consisting of
      radicals derived by the removal of two or more hydrogen atoms from
      alkanes, cycloalkanes, alkylcycloalkanes, arenes, alkyl substituted
      arenes, alkylene-diarenes, dialkylcycloalkanes, alkyloxyalkanes,
      aryloxyarenes, alkaryloxyarenes, alkaryloxyalkarenes, aralkyloxyalkanes,
      aralkyloxyaralkanes, alkylthioalkanes, arylthioarenes, alkarylthioarenes,
      alkarylthioalkarenes, aralkylthioalkanes, aralkylthioaralkanes,
      alkylsulfonylalkanes, arylsulfonylarenes, alkarylsulfonylarenes,
      alkarylsulfonylalkarenes, aralkylsulfonylalkanes,
      aralkylsulfonylaralkanes, and the foregoing radicals with fluoro, chloro,
      bromo or iodo substituents, R' is a radical selected from the group
      consisting of hydrogen, alkyl, cycloalkyl, aryl, and aralkyl radicals, A
      is a radical selected from the group consisting of
      ##EQU9##
      and --SO.sub.2 -- and n and m are integers from 1 to 10.
NUM  10.
PAR  10. A process for making a modified polyester which comprises heating said
      polyester in contact with a small amount of an epoxy-azido compound having
      the formula
      ##EQU10##
      where R is an organic radical selected from the group consisting of
      radicals derived by the removal of two or more hydrogen atoms from
      alkanes, cycloalkanes, alkylcycloalkanes, arenes, alkyl substituted
      arenes, alkylene-diarenes, dialkylcycloalkanes, alkyloxyalkanes,
      aryloxyarenes, alkaryloxyarenes, alkaryloxyalkarenes, aralkyloxyalkanes,
      aralkyloxyaralkanes, alkylthioalkanes, arylthioarenes, alkarylthioarenes,
      alkarylthioalkarenes, aralkylthioalkanes, aralkylthioaralkanes,
      alkylsulfonylalkanes, arylsulfonylarenes, alkarylsulfonylarenes,
      alkarylsulfonylalkarenes, aralkylsulfonylalkanes,
      aralkylsulfonylaralkanes, and the foregoing radicals with fluoro, chloro,
      bromo or iodo substituents, R' is a radical selected from the group
      consisting of hydrogen, alkyl, cycloalkyl, aryl, and aralkyl radicals, A
      is a radical selected from the group consisting of
      ##EQU11##
      and --SO.sub.2 -- and n and m are integers from 1 to 10.
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ABST
PAL  Flame-repellant linear polyesters are obtained by incorporating by
      condensation phosphorus-compounds having the formula
      ##EQU1##
      wherein R and R.sub.1 are organic radicals which may also contain hereto
      atoms into the linear polyesters, preferably those from terephthalic acid
      and ethylene glycol. These polyesters are materials of which
      flame-repellent filaments, fibers, sheets, press-moulded and
      injection-moulded articles may be made. Products of the invention can be
      used whereever especially acute risks of ignition and fire exist.
BSUM
PAR  It is an object of the present invention to provide flame retarded
      synthetic linear polyesters modified with carboxy-phosphinic acids, as
      well as articles shaped from these modified polyesters.
PAR  It is known that shaped articles, such as filaments and fibers can be
      prepared from linear polyesters which comprise in the polymer molecule
      phosphorus-containing compounds. In these cases, various acids of
      phosphorus and their derivatives were especially used as
      phosphorus-containing modification-compounds, e.g. also phosphonic acids
      and phosphinic acids. Thus, the German Auslegeschrift No. 1,243,819
      describes filaments and fibers made from polyesters modified with
      phosphonic acid esters. The filaments and fibers are well suited for
      dyeing with basic and disperse dyestuffs and have a low pilling tendency.
PAR  Phosphonic and phosphinic acids or their esters are added in course of the
      processes for the preparation of fiber-forming linear polyesters,
      according to the disclosures in German Offenlegungsschrift No. 1,520,079
      and German Offenlegungsschrift No. 1,595,598, and incorporated into the
      polymer chains. The main purpose of this modification is also to improve
      the dyeing properties of the corresponding filaments and fibers, and
      improvement in dyeing properties is the sole purpose of the polyester
      modification with bis-(p-carboxy-phenyl)-phosphinic acid described by
      German Auslegeschrift No. 1,232,348.
PAR  However, it is also known that polyesters comprising phosphorus-containing
      compounds may have flame-repellent properties. Thus, French Pat. No.
      1,196,971 discloses copolyesters having phosphonic acid units, and being
      resistant to flames and heat. These copolyester products can be used as
      flame-protection agents, adhesives, varnish and impregnating substances
      for paper and textiles as well as intermediate products. On the other
      hand, it is not possible to spin these polyesters to yield filaments or
      fibers, since their phosphorus content imparts brittleness to the
      products.
PAR  Furthermore, it has been suggested that flame-repellent polyesters be
      prepared by incorporating by condensation into the polyester molecules
      alkylene-diphosphinic acids, arylene-di-phosphinic acids or
      aralkylene-di-phosphinic acids which may also contain additional hetero
      atoms such as F, Cl, Br, O and S. These polyesters can be worked up to
      filaments, fibers and to shaped articles (German Offenlegungsschrift Nos.
      2,236,037, 2,328,343, 2,236,038 and 2,236,039). But, due to their
      occasionally rather considerable volatility at the condensation
      temperatures, it is quite difficult to incorporate the diphosphinic acids
      by condensation. Therefore, non-volatile oligomers of diphosphinic acids
      with diols are often used and incorporated in the polyester by
      condensation. In such cases it is, of course, necessary to first prepare
      the oligomers.
PAR  Another method for preparation of flame-repellent polyesters has also been
      plasticized which involves incorporating phosphorus compounds into the
      polyester in such a way that they are not built into the polymer chains.
      According to the two Japanese Pat. Nos. 7,142,230 and 7,142,231 certain
      esters of phosphoric acid and halogen-containing aromatic
      dihydroxy-compounds have been used as such additives and according to
      Belgian Pat. No. 769,229 special polyphosphonates and
      poly(phosphonate-phosphates) have been similarly used. While the use of
      these additives provides good flame-protection properties, the
      flame-protection is not permanent and the products are subject to certain
      other disadvantages. These advantages are especially a consequence of the
      considerable tendency of the additives to migrate as a result of which the
      polymer products have a certain toxicity and the additives can be washed
      out relatively easily, e.g. in the course of dry cleaning of articles made
      of corresponding fibers. When the additives are washed out of the
      articles, the polymer products, of course, lose their flame-repellent
      properties.
PAR  In the course of the preparation of such fibers, the additives are often
      responsible for sticking together of the polymer chips during the drying
      process, as a consequence of the additives tending to migrate to the
      surface of the polymer chips. The quite highly-viscous polymer additives
      described in Belgian Pat. No. 769,229 have a viscosity such that mixing
      them homogeneously with the polyesters is rather difficult. Moreover, they
      cause undesirably high diglycol contents in cases where the additives are
      blended in while the polyester-forming reaction is still going on.
PAR  A comparison of these polymers with polymers in which, phosphorus compounds
      are incorporated into the chain molecules shows the polymers with the
      additives in question have poorer dyeing properties. Even red phosphorus
      has been used as an additive for producing flame-repellent and
      self-extinguishing properties of polyester fibers and filaments (German
      Offenlegungsschrift No. 2,148,348).
PAR  Even though such filaments and fibers are sufficiently flame-repellent or
      self-extinguishing, the addition of red phosphorus does not permit white
      products to be obtained. Thus the products obtained are of limited use
      only.
PAR  Therefore, it is an object of the present invention to produce permanently
      flame-retarding linear polyesters by using an appropriate modify agent
      which imparts flame-repellent properties to filaments and fibers spun
      therefrom the textile properties of which compare favorably with those of
      filaments and fibers made of the corresponding non-modified polyesters,
      and which also permit a work-up to yield useful sheets and shaped
      articles. Moreover, the modification agent should not be volatile during
      the process of incorporation by condensation.
PAR  The problems outlined above have been solved by the modified linear
      polyesters of the present invention. These modified polyesters consist of
      dicarboxylic acid components and diol-components as well as of
      phosphorus-containing chain members and comprise phosphorus-containing
      chain members having structural units of the formula
      ##EQU2##
      which constitute about 3 to 20 mol.% of the acid component of the
      polyester.
PAR  In this formula R is a saturated open-chained or cyclic alkylene-radical
      having from one to 15, preferably from two to 10 carbon atoms or an
      arylene or aralkylene-radical for example
PA1  --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --, --(CH.sub.2).sub.3 --,
      ##EQU3##
      --(CH.sub.2).sub.4 --,
      ##SPC1##
PAL  and R.sub.1 is an alkyl radical having up to six carbon atoms, an aryl
      radical or an aralkyl radical for example
PA1  Ch.sub.3, c.sub.2 h.sub.5, n- and i-C.sub.4 H.sub.9, C.sub.5 H.sub.11,
      C.sub.6 H.sub.13, C.sub.6 H.sub.5, C.sub.6 H.sub.5 -CH.sub.2 etc.).
PAR  Preferred phosphorus-containing chain members are the structural units of
      the above formula with R being --CH.sub.2 --CH.sub.2 -- or C.sub.6 H.sub.4
      and R.sub.1 being CH.sub.3 or C.sub.6 H.sub.5, i.e.,
      ##SPC2##
      ##EQU4##
      ##SPC3##
      ##SPC4##
PAR  Radical R as well as radical R.sub.1 may additionally comprise one or more
      hetero atoms, preferably halogen (F, Cl, Br) atoms, oxygen atoms or
      sulphur atoms; they may be located in branches or in the chain, the latter
      being preferred. "In the chain" means here a member of a chian consisting
      of carbon atoms. Due to their monovalence, halogen atoms cannot be located
      in the chain. Most suitable are O atoms and S atoms only. Though N-atoms
      are also possible chain members as --NH-- or --NR'-- groups (R' = an
      organic radical), they are less desirable, since N-compounds, as is well
      known to those skilled in the art are often responsible for producing
      undesirable discoloration in course of the polycondensation process.
PAR  Within the chain the S-atoms can be present as sulfide groups, sulfoxide
      groups or sulfone-groups, whereas on the chain or on the aromatic ring
      they may be present mainly as sulfonate groups.
PAR  The following examples may be cited to illustrate radicals R containing
      hetero atoms:
      ##SPC5##
PAL  and with O atoms and S atoms in chain position.
PA1  --(CH.sub.2).sub.3 --O--(CH.sub.2).sub.3 -, --(CH.sub.2).sub.2
      --O--(CH.sub.2).sub.2 --O--(CH.sub.2).sub.2 --, --(CH.sub.2).sub.4
      --O--(CH.sub.2).sub.4 -, --(CH.sub.2).sub.4 --S--(CH.sub.2).sub.4 --,
      --(CH.sub.2).sub.4 --S--(CH.sub.2).sub.4 --,
      ##SPC6##
PAR  In cases where R is a saturated, open-chained or cyclic alkylene radical a
      halogen-substitution is satisfactory only, if the compounds either do not
      or only slightly yield hydrogen halide under the conditions used for
      preparation of the polyester. Suitable halogen-substituted alkylene
      radicals of this kind are, for example, the radical
      ##EQU5##
      or perfluorinated alkylene radicals.
PAR  Radical R.sub.1 may also contain hetero atoms in similar manner. In this
      case, however, the most suitable substituents are halogen atoms or the
      sulfonate group, for example,
PA1  Ch.sub.2 cl, C.sub.6 H.sub.4 Cl, C.sub.6 H.sub.4 Br, C.sub.6 H.sub.4
      SO.sub.3 Na, etc.
PAR  The linear polyesters comprising the above, special structural units as
      chain members are obtained as follows: The usual starting materials which
      are known to be most suitable for preparing high-molecular and
      particularly fiber-forming and film-forming linear polyesters are reacted
      in known manner, while prior to, during or shortly before the end of the
      polycondensation bifunctional carboxy-phosphinic acids which may
      optionally contain further hetero atoms and/or their esters with a lower
      alcohol of especially from one to four carbon atoms or with diol are
      added, the latter also forming the diol component of the polyester. It is
      also possible to use the oligomers of the above carboxy-phosphinic
      acid-diol esters. It is further possible to use the cyclic anhydrides of
      phosphinic-carboxylic acids which form easily and are readily accessible.
      The quantity of the carboxy-phosphinic acid component may be from about 3
      - 20 mol.% of the total acid component.
PAR  The carboxy-phosphinic acids used here have the formula
      ##EQU6##
      wherein R and R.sub.1 have the aforesaid meaning.
PAR  The dicarboxylic acids used as starting materials may be free acids or may
      be esterified with lower aliphatic alcohols having preferably from one to
      four carbon atoms, especially CH.sub.3 OH, Terephthalic acid is preferred
      and may be used with other dicarboxylic acids as co-components. Other
      suitable acids are, for example, isophthalic acid, 5-sulfo-isophthalic
      acid, 5-sulfopropoxy-isophthalic acid, naphthalene-2,6-dicarboxylic acid,
      diphenyl-p, p-dicarboxylic acid, p-phenylene-diacetic acid,
      diphenyloxide-p, p'-dicarboxylic acid, diphenoxy-alkane-dicarboxylic
      acids, transhexahydro-terephthalic acid, adipic acid, sebacic acid,
      1,2-cyclobutane-dicarboxylic acid etc.
PAR  Suitable diol-components are, besides ethylene-glycol, e.g.
      propane-diol-1,3, butane-diol-1,4 and the higher homologues of
      butane-diol-1,4 as well as, 2,2-dimethyl-propanediol-1,3,
      1,4-cyclohexane-dimethanol etc., as well as co-componets.
PAR  In cases where terephthalic acid is used with additional dicarboxylic acids
      as disclosed above, it is preferable that the additional acid constitute
      not much more than 10 mol.% of the total acid used. Similar considerations
      apply to the composition of the diol component. For example, if further
      diols besides the ethylene-glycol are used as components, their quantity
      preferably should not substantially exceed 10 mol.% of the total diol
      component.
PAR  If the starting materials are free dicarboxylic acids and diols, the first
      step, as usual for these reaction partners, is the esterification,
      followed by polycondensation. If the starting materials are dicarboxylic
      acid esters, and especially dimethyl esters, instead of free dicarboxylic
      acids, the first step is also transesterification which is followed by
      polycondensation, each of these steps using the usual catalysts.
PAR  Of course usual additives (cross-linking agents, delusterants and
      stabilizers, nucleating agents, coloring agent and fillers etc.) can be
      added during the preparation of polyesters, in addition to the usual
      catalysts.
PAR  Bifunctional carboxyphosphinic acids which are added prior to, during or
      shortly before termination of the polycondensation and which contain still
      further hetero atoms, or their esters or their cyclic anhydrides can be
      prepared as follows:
PAR  Carboxyphosphinic acids having but one carbon atom inserted between the
      P-atom and the COOH-group are obtained, for example, according to the
      reaction described by H.G. Hennig and G. Hilgetag in J. Prakt. Chem. 29,
      86 ff (1965), starting from .alpha.-Cl or .alpha.-Br-acetic acid alkyl
      esters and phosphonous acid alkyl esters. A
      carboxymethyl-phenyl-phosphinic acid having e.g. the formula
      ##EQU7##
      is obtainable by this method.
PAR  If R is an alkylene group having two or more carbon atoms, it is useful to
      follow the reaction scheme described by V. K. Chajrullin et al aprox. in
      Z. Obsc. Chim. 37 (1967) No. 3, pg. 710 - 714, starting from
      dichlorophosphines and unsaturated carboxylic acids, such as, for example:
      ##EQU8##
      Among the unsaturated acids preference is given to the use of acrylic
      acid, methacrylic acid and crotonic acid.
PAR  Carboxyphosphinic acids having an aromatic radical (R = arylene) inserted
      between the P and COOH-groups can be prepared for instance according to
      the guidelines of the process described by L. D. Quin et al in J. Org.
      Chem. 27, 4120 (1962) or according to the process disclosed in Application
      serial No. (German Patent Application No. P 2346657.1) filed concurrently
      herewith.
PAR  That latter process consists in reacting halogenobenzoic acid esters with
      phosphoneous acid diesters according to the guidelines of an Arbusov
      reaction. The carboxylalkyl-phosphinic acid esters can be saponified e.g.
      by means of strong inorganic acids or bases.
PAR  Carboxyphosphinic acids with R being aralkylene can be prepared by analogy
      to Belgian Pat. No. 601,710 from carboxybenzylhalides and phosphoneous
      acid esters and subsequent saponification of the ester groups to yield
      free acids.
PAR  The carboxyphosphinic acids or their esters or cyclic anhydrides are not
      volatile under the conditions of the polyester-forming reaction --
      contrary to e.g. various diphosphinic acids -- so that the former may be
      incorporated well and completely by condensation.
PAR  The phosphorus-organic structural unit is randomly distributed in the
      macromolecule of the polyester final product. Occasionally the
      carboxyphosphinic acid units may also be present as terminal groups, due
      to their random distribution. In order to guarantee the desired
      flame-repellent properties, moulding compositions should contain at least
      approx. 0,5 wt.% of phosphorus in the polyester, whilst the amount in
      filaments and fibers should be at least 1 wt.%. The flame-retarding
      qualities are further improved, if the P-containing chain members in the
      polyesters include halides as hetero atoms.
PAR  Subsequently, the completely condensed polyesters are spun to filaments and
      fibers as usual, stretched and submitted to additional treatment or
      extruded to yield sheets or, in known manner, worked-up to obtain shaped
      articles by press-moulding, injection-moulding or extrusion. Particularly
      suitable are filaments, fibers, sheets and shaped articles the
      dicarboxylic acid component of which contains mainly terephthalic acid and
      the diol component of which comprises essentially ethylene-glycol. All
      these shaped articles are also an object of the present invention.
PAR  The fibers and filaments have very good and permanent flame-repellent and
      self-extinguishing properties. Since they have a good degree of whiteness,
      they have very good dyeing properties for disperse dyestuffs and their
      receptivity includes acid dyestuffs in colour shades of average to deep
      intensity. If the P-containing chain members additionally include
      sulfonate groups, the receptivity also extends to basic dyestuffs. The
      diglycol portion of the polyesters increases only slightly. The tensile
      strength of the filaments and fibers, second order transition temperature,
      melting point, etc. approximately correspond to the values of the
      non-modified polyesters.
PAR  Such fibers and filaments are generally useful, for applications where
      readily ignitible textiles and technical articles cannot be tolerated, for
      example for awning cloths, carpets, curtains etc. It is also possible to
      use these filaments as one of the components in bi-component-filaments in
      combination with other polymers.
PAR  The sheets and shaped articles as well are used whereever serious risks of
      ignition and fire exist. If the transparency of the shaped articles is not
      a matter of concern, their solidity can be enhanced by imbedding therein
      e.g. inorganic fiber materials such as glass fibers, fibers from quartz,
      asbestos and carbon in the usual quantities. As examples of such shaped
      articles there can be cited casings, structural parts, electric machinery,
      mechanical transmission parts in automates, hollow articles, structural
      units in large-scale computers and sensitive electronic apparatus.
DETD
PAR  The following examples illustrate the present invention
PAC  EXAMPLE 1
PAR  1,000 g of dimethylterephthalate are transesterified with 720 ml of
      ethylene-glycol in the presence of 230 mg of manganacetate 4 H.sub.2 O as
      catalyst, the transesterification taking place under nitrogen at
      temperatures of from 170.degree. - 220.degree.C. After completion of the
      separation of methanol 100 g of 2-carboxy-ethyl-methylphosphinic acid
      (preparation according to V. K. Chajrullin et al, Z. obsc.Chim 37 (1967)
      No. 3, pg. 710 - 714) are added at 220.degree.C and esterified.
PAR  After having added 350 mg of Sb.sub.2 O.sub.3 the reaction mixture is
      further heated and, simultaneously, evacuated slowly so that a pressure of
      1 torr at 250.degree.C interior temperature is built up. The
      polycondensation is carried out at 0.2 torr and at 275.degree.C until a
      relative viscosity (1 % solution in dichloroacetic acid at 25.degree.) of
      1,85 is attained. Melting point 244.degree. - 248.degree.C, phosphorus
      contents: 1.85 %.
PAR  The condensation product was spun from the melt under the usual conditions
      and, subsequently, stretched in a proportion of 1 : 3.65. The threads
      obtained showed a resistance of 33 g/tex at an elongation at break of 35
      %. They were worked up to a tubular knit which was used for dyeing and
      flame tests.
PAR  Dyeing with the acid dyestuffs having the commercial names of
PA1  "Supranol Echtrot" (C.I. No. 24,790) (Red)
PA1  "Alphanol Echtblau FGLL" (C.I. No. 62,155) and (Blue)
PA1  "Lanaperlgelb 3 G" (C.I. No. 19,025) (Yellow)
PAL  yielded deep colour shades.
PAR  The flammability test was carried out according to the oxygen-index method
      as per the test regulation ASTM D 2863-70. For that purpose the tubular
      knit was fitted vertically into the apparatus and flamed from above. An
      artificial oxygen/nitrogen atmosphere was created with a quantity of
      oxygen which was just enough to allow the test knit to burn.
PAR  A value of 29 vol.% of O.sub.2 had been found. A corresponding tubular knit
      made of non-modified polyethylene-terephthalate started burning at an
      oxygen concentration of 20 vol.%.
PAC  EXAMPLES 2 - 8
PAR  The test according to example 1 was repeated with different
      carboxyphosphinic acids or their derivatives suitable for incorporation
      into polyester molecules. The following table shows the results.
TBL                                    TABLE                                   
     __________________________________________________________________________
                                                   characteristics of          
     Examples 2 - 8:                               polyester  Oxygen-test      
     Ex.                                                                       
        Modification    Preparation      quantity                              
                                              rel..sup.+.sup.)                 
                                                          P-  on tubular       
     No.                                                                       
        agent           according to:    added                                 
                                              viscosity                        
                                                   melting point               
                                                          content              
                                                              knit             
     __________________________________________________________________________
     2                  V.K. Chajrullin et al. Z.obsc. Chim.                   
                                         100 g                                 
                                              1,75 240-242.degree.C            
                                                          1,9                  
                                                              30 Vol.%         
                        38 (1968) Nr. 2, S. 288-292                            
     3                  V.K. Chajrullin et al. Z obsc. Chim.                   
                                          80 g                                 
                                              1,89 241-245.degree.C            
                                                          1,6                  
                                                              30 Vol.%         
                        37 (1967) Nr. 3, S. 710-714                            
     4                                    90 g                                 
                                              1,54 243-245.degree.C            
                                                          1,25                 
                                                              28 Vol.%         
                        simultaneously filed                                   
                        Patent application                                     
                        no. P 23 46 657.1                                      
     5                  our no. HOE 73/F 288                                   
                                         100 g                                 
                                              1,37 241-243.degree.C            
                                                          1,4                  
                                                              29 Vol.%         
     6                                   100 g                                 
                                              1,81 247-249.degree.C            
                                                          1,4                  
                                                              29 Vol.%         
     7                  V.K.Chajrullin et al. Z obsc. Chim.                    
                                         125 g                                 
                                              1,79 240-244.degree.C            
                                                          1,7                  
                                                              30 Vol.%         
                        37 (1967) Nr. 2, S. 455-460                            
        OOH                                                                    
        .uparw..vertline.                                                      
     8  C.sub.2 H.sub.5 --P--CH.sub.2 --CH.sub.2 --COOH                        
                        V.K. Chajrullin et al. Doklady Akad.                   
                                          75 g                                 
                                              1,77 245-247.degree.C            
                                                          1,3                  
                                                              27,5 Vol.%       
                        SSSR 162 (1965) Nr. 4, S 827-828                       
                        or                                                     
                        Z obsc.Chim. 42 (1972) Nr. 8                           
                        S. 1730-1733                                           
     __________________________________________________________________________
      .sup.+.sup.) measured or carried out according to the description of     
      Example 1                                                                
PAC  EXAMPLE 9
PAR  The experiment as per example 1 was repeated, except that 6 mol.% of the
      DMT was replaced by dimethyl-isophthalate in the transesterification step.
      The polymer melting point was then 236.degree. - 238.degree.C. The
      relative viscosity was 1.82. Tubular knits made of this material have an
      oxygen index value of 30 %.
PAC  EXAMPLE 10
PAR  Example 1 was repeated with the difference that, instead of 100 g of
      2-carboxy-ethyl-methyl-phosphinic acid there are used 75 g of its cyclic
      anhydride 2-methyl-2,5-dioxo-1-oxa-2-phospholane having formula
      ##EQU9##
      and, instead of 350 mg of Sb.sub.2 O.sub.3 of example 1, the present
      example 10 used 300 mg of GeHPO.sub.3.
PAR  The purely white polyester containing 1.5 % of phosphorus was crushed in
      the cold. The reduced specific viscosity of the granules was 1.08
      (measured in phenol/tetrachloroethane = 3 : 2 at 25.degree.C). The
      viscosity of the granules was increased to 1.36 by condensation of the
      solid matter in a rotating vessel at 230.degree.C and at 0.2 torr,
      condensation period 8 hours.
PAR  The granules were worked up to plates on an injection moulding machine, the
      cylinder having temperatures of 260.degree./270.degree./260.degree.C, the
      moulding temperature being 20.degree.C. The plates measuring 60 .times. 60
      .times. 2 mm were transparent and completely colorless, their reduced
      specific viscosity was 1.25. The impact strength of the plates was
      examined by means of the drop hammer test, exposing the plates to the
      vertical impact of a dropping object (drop hammer) from various heights,
      the plates being clamped onto a frame. The tip of the drop hammer was
      shaped as a hemisphere having a radius of 10 mm and a weight of 1 kg. For
      each height 10 plates were submitted to the test. For example, at a given
      dropping height of 150 cm the impact was strong enough to break 50 % of
      the plates. The impact strength of the plates of the example was 200 cm.
PAR  Plates being obtained under the same conditions but without the phosphorus
      modification compound and having a reduced specific viscosity of 1.32,
      showed an impact strength of 190 cm when submitted to impact under the
      same conditions.
PAR  For the flammability test the granules were pressed to plates 1.3 mm thick
      at a temperature between 230.degree. and 250.degree.C and under a pressure
      of 80 atm. From these plates were cut test specimens measuring 127 .times.
      12.7 mm. The result of the flammability test according to ASTM D 635-68
      was "non-ignitible," the flammability test being carried out according to
      Underwriters Laboratories (UL) Subject 94 "SE O."
PAC  EXAMPLE 11
PAR  Example 10 was repeated with the difference that instead of 75 g of
      2-methyl-2,5-dioxo-1-oxa-2-phospholane only 35 g of this compound were
      used. The phosphorus portion was then 0.7 %. The flammability test
      according to ASTM D 635-68 showed the material to be "self-extinguishing.
CLMS
STM  We claim:
NUM  1.
PAR  1. A linear polyester which is the polycondensation product of a
      dicarboxylic acid, a diol and a flame-retarding carboxy-phosphinic acid
      monomer, said monomer being used in an amount of from 3 to 20 mol percent,
      based on the total amount of dicarboxylic acid and monomer, said monomer
      being a source of structural units in said polyester of the formula
      ##EQU10##
      wherein R is saturated, open-chain or cyclic alkylene, arylene or
      aralkylene having one to 15 carbon atoms, and may contain one or more
      hetero atoms selected from F, Cl, Br, O and S, and R.sub.1 is alkyl having
      up to six carbon atoms, aryl, or aralkyl and may contain one or more
      hetero atoms selected from F, Cl, Br, O and S, provided that in the R and
      R.sub.1 groups the O, if present, is the oxygen of an ether group, and the
      S, if present, is the sulfur of a thioether, sulfoxide, sulfone or
      sulfonate group.
NUM  2.
PAR  2. A linear polyester according to claim 1 wherein
PA1  R is --CH.sub.2 --CH.sub.2 -- or --C.sub.6 H.sub.4 -and
PA1  R.sub.1 is CH.sub.3 -- or C.sub.6 H.sub.5 --.
NUM  3.
PAR  3. A linear polyester according to claim 1 wherein the radical R or R.sub.1
      contains a hetero atom O or S.
NUM  4.
PAR  4. A linear polyester according to claim 1 wherein the units derived from
      dicarboxylic acid are essentially terephthalic acid units and the units
      derived from the diol are essentially units of a diol of the formula
PA1  Ho (ch.sub.2).sub.n OH
PAL  wherein n is 2 to 10, or the diol units are derived from
      1,4-cyclohexane-dimethanol.
NUM  5.
PAR  5. A linear polyester according to claim 1 wherein the units derived from
      dicarboxylic acid are essentially terephthalic acid units and the units
      derived from diol are essentially ethylene glycol units.
NUM  6.
PAR  6. A method of making a linear polyester which comprises polycondensing a
      dicarboxylic acid or a lower alkyl ester thereof with a diol in the
      presence of a flame-retarding phosphorus containing monomer of the general
      formula
      ##EQU11##
      or a lower alkyl ester or cyclic anhydride of said monomer in an amount of
      about 3 to 20 mole percent of the total acid components wherein the symbol
      R of said formula is saturated, open-chain or cyclic alkylene having one
      to 15 carbon atoms, arylene or aralkylene, and R.sub.1 of the formula is
      alkyl having up to 6 carbon atoms, aryl or aralkyl, and wherein R and
      R.sub.1 may further contain one or more hetero atoms selected from F, Cl,
      Br, O and S, provided that in the R and R.sub.1 groups the O, if present,
      is the oxygen of an ether group, and the S, if present, is the sulfur of a
      thioether, sulfoxide, sulfone or sulfonate group.
NUM  7.
PAR  7. A process according to claim 6 wherein the dicarboxylic acid is
      terephthalic acid and the diol is ethylene glycol.
NUM  8.
PAR  8. Shaped articles made by molding or extrusion of the linear polyester of
      claim 1.
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ABST
PAL  Prepolymers having enamine or ketimine groups therein are prepared by
      reacting a polyisocyanate with a mono-enamine or mono-ketimine having an
      hydroxy group. The prepolymers may be used as mixtures with further
      isocyanate, which mixtures harden in the presence of water or atmospheric
      moisture and are useful as lacquers, casting and patching resins, and for
      coatings and laminates.
PARN
PAR  This application is a continuation-in-part of copending, commonly-owned,
      allowed U.S. Pat. application Ser. No. 240,762 filed Apr. 3, 1972, now
      U.S. Pat. No. 3,865,791, issued Feb. 11, 1975.
BSUM
PAR  The aforementioned pending U.S. patent application, incorporated herein by
      reference, teaches the preparation of stable mixtures which form polyurea
      polymers in the presence of water. The mixtures comprise at least one
      polyisocyanate and, inter alia, a prepolymeric reaction product of a
      polyisocyanate and an enamine having at least one hydroxy group.
PAR  The present application relates to prepolymers containing an enamine or
      ketimine group.
PAR  As disclosed in the aforementioned copending application, compounds having
      an enamine group and an hydroxy group are prepared by reacting a compound
      having at least one secondary amino group and at least one aliphatic
      hydroxy group per molecule, e.g. N-(hydroxy-lower alkyl) piperazines such
      as N-(2-hydroxyethyl)-piperazine or N-(2-hydroxypropyl)-piperazine with
      (a) an aliphatic aldehyde of the formula
      ##EQU1##
      wherein R.sub.1 and R.sub.2, which may be the same or different, are
      hydrogen, methyl, or ethyl (e.g. isobutyraldehyde), or with (b) a
      cycloaliphatic ketone of the formula
      ##EQU2##
      wherein R.sub.3 is a trimethylene or tetramethylene group optionally
      substituted with one or more alkyl groups and having altogether up to 8
      carbon atoms.
PAR  The reaction may proceed with the addition of heat, with cooling, or at
      room temperature, and may take place in or without an inert solvent. The
      reagents are reacted in stoichiometric amounts or, preferably, with the
      cheaper carbonyl reactant in stoichiometric excess. The water of reaction
      and any excess carbonyl compound are removed.
PAR  Water can be removed using dehydrating agents such as calcium oxide, sodium
      sulfate, or the so-called "molecular sieves". Most conveniently it is
      removed by azeotropic distillation using an organic solvent, or the excess
      carbonyl compound, as the entraining agent.
PAR  Acids may optionally be used in small quantity to catalyze the reaction.
      Although mineral acids may be employed, organic acids such as formic,
      acetic, or p-toluene sulfonic acids are preferred. Acid anion exchange
      resins can also be used as catalysts.
PAR  Typically, a secondary diamine is combined with an excess of the carbonyl
      component for reaction and, after the addition of a suitable solvent such
      as toluene or benzene, the mixture is heated in a water separator under an
      inert atmosphere, such as of nitrogen, until water separation is complete.
      In certain cases, the carbonyl compound itself can serve as an entraining
      agent. Thus, secondary amines can be reacted with a reactive aldehyde such
      as isobutyraldehyde, using the latter as an entraining agent, at
      temperatures from about 70.degree. - 100.degree.C. (The boiling point of
      isobutyraldehyde is about 64.degree.C.) With less reactive reagents, such
      as the ketones, higher-boiling entraining agents such as benzene, toluene,
      xylene, or other solvents inert to amines and forming azeotropes with
      water, can be employed.
PAR  Distillation of the product is not strictly necessary. The crude product
      can be directly employed after removal of excess carbonyl component and
      solvent.
PAR  Aliphatic aldehydes and cyclic ketones are particularly suitable as the
      carbonyl component. Examples of aldehydes and ketones which can be used to
      advantage in the preparation of polyenamines according to the invention
      are: acetaldehyde, propionaldehyde, n-butyraldehyde, isobutyraldehyde,
      diethyl acetaldehyde, cyclopentanone, trimethyl cyclopentanone,
      cyclohexanone, trimethyl cyclohexanone, and other substituted
      cyclohexanones and cyclopentanones.
PAR  The less reactive aliphatic ketones give less good yields.
PAR  Compounds containing an hydroxy group and a ketimine group are prepared by
      reacting a compound having at least one primary amino group and at least
      one aliphatic hydroxy group per molecule with an aliphatic ketone of the
      formula
      ##EQU3##
      wherein R.sub.4 and R.sub.5, which may be the same or different are lower
      alkyl, or (b) a cycloaliphatic ketone of the formula
      ##EQU4##
      wherein R.sub.3 has its earlier meaning.
PAR  Suitable primary hydroxy amines are hydroxyalkyl primary amines having 2 to
      6 carbon atoms, such as ethanolamine and hexanolamine-1,6, and hydroxy
      lower alkyl lower alkoxy primary amines such as diglycolamine.
PAR  Examples of ketones which can be used to advantage for the preparation of
      ketimines are: cyclopentanone, trimethylcyclopentanone, cyclohexanone,
      trimethylcyclohexanone, other substituted cyclohexanones and
      cyclopentanones, methylisobutylketone, methylethylketone, diethylketone,
      diisopropylketone, and the like.
PAR  The ketimines are prepared under the same conditions as the enamines.
PAR  For formation of prepolymers, the hydroxy-enamines or hydroxy-ketimines are
      reacted by mixing them with an amount of polyisocyanate, preferably an
      aliphatic polyisocyanate, such that the ratio NCO/OH is 1. Mixing should
      be effected with vigorous stirring until no free isocyanate can be
      detected, e.g. by infrared spectroscopy. Optionally, the mixtures may be
      cooled to temperatures from 0.degree. - 30.degree.C. during the reaction.
PAR  It has heretofore not been known that ketimines containing hydroxy groups
      could be added to isocyanates, with the formation of urethane groups, with
      retention of the ketimine structure in its original form. Rather, it has
      been described in the literature that ketimines react with isocyanates
      with the formation of cyclic addition products or products containing
      amide groups or urea groups [K. Harada, Makromol. Chem. 132, 295- 304
      (1970)].
PAR  As examples of organic polyisocyanates which can be reacted with
      hydroxy-enamines or hydroxy-ketimines according to the invention are:
      aromatic polyisocyanates such as 2,4- and 2,6-toluene diisocyanate,
      4,4'-diisocyanato-diphenylmethane, or 1,5-naphthalene diisocyanate;
      aliphatic diisocyanates, such as hexamethylene diisocyanate,
      trimethylhexamethylene diisocyanate, dimeryl-diisocyanate (dimeryl = the
      radical of a dimerized fatty acid); cycloaliphatic diisocyanates such as
      dicyclohexyl-methane diisocyanate or isophorone-diisocyanate (i.e.
      1-isocyanato-3-isocyanatomethyl-3,5,5-trimethylcyclohexane);
      triisocyanates containing biuret groups; the reaction products of polyols,
      for example low molecular weight aliphatic polyols or polybutadiene diols,
      with polyisocyanates; and prepolymeric isocyanates which are prepared by
      reaction of an excess of diisocyanate with polyesters or polyethers
      containing free hydroxy-groups.
PAR  Particularly preferred prepolymers are obtained by reacting the
      hydroxy-enamine or hydroxy-ketimine with a polyisocyanate pre-adduct
      prepared from a polypropylene glycol and an excess (NCO/OH = 1.8 to 2.2)
      of an aliphatic diisocyanate.
PAR  The polypropylene glycols are suitably linear or branched products having
      an average molecular weight between about 500 and about 10,000.
PAR  For pre-adduct formation, it is advantageous to employ aliphatic
      diisocyanates having isocyanate groups of differing reactivity, since in
      this manner a chain lengthening is avoided. Such diisocyanate is, for
      example, isophorone diisocyanate. In those cases in which a chain
      lengthening is desired, hexamethylene diisocyanate,
      1-methyl-2,4-diisocyanatocyclohexane, or
      4,4'-diisocyanatodicyclohexylmethane can be used.
PAR  In general, it is suitable to mix the components, with cooling, at
      0.degree.-30.degree.C. and to add a catalyst such as, for example, organic
      tin compounds or tertiary amines. Subsequently, the mixture is warmed to
      an elevated temperature, preferably from 50.degree.-100.degree.C., until
      the analytically-determined isocyanate content corresponds with the
      calculated value.
PAR  The pre-adducts and an hydroxy-enamine or hydroxy-ketimine are then reacted
      in an equivalent amount as heretofore described to form the desired
      prepolymers.
PAR  For formation of a storage-stable mixture hardenable in the presence of
      water one or more of the enamine or ketimine prepolymers described above
      is admixed with an equivalent amount of at least one organic
      polyisocyanate, which may be "capped". As capped polyisocyanates useful
      for this purpose, adducts of trimethylolpropane and
      2,4-toluolylene-diisocyanate in a mol ratio of 1:3 are employed, for
      example, wherein the free isocyanate groups can be capped with phenol.
      Further, adducts of polypropylene glycols and 2,4-toluoylene-diisocyanate
      having residual isocyanate groups capped with nonphenol can be employed.
PAR  In the presence of water, these mixtures form poly-urea compounds, suitably
      while the reaction mass is being shaped. Thus, the mixtures are
      particularly useful for the preparation of lacquers, casting and patching
      resins, and for forming coatings and laminates. For application, the
      mixtures are
PA1  a. combined with water and applied in the desired manner or
PA1  b. applied in the desired way and then subjected to the influence of water,
      steam, or atmospheric moisture. Amounts of water less than are equivalent
      to the enamine or ketimine content are suitable for effecting hardening.
DETD
PAR  A better understanding of the present invention and of its many advantages
      will be had by referring to the following examples, given by way of
      illustration.
PAC  EXAMPLE 1
PAR  a. 50 parts of N-(2-hydroxyethyl)-piperazine are heated for 15 hours in a
      water separator with 27.7 parts of isobutyraldehyde and 30 parts of
      toluene. Thereafter, excess aldehyde and toluene are removed and the
      residue is distilled in vacuum.
PAR  B.p. = 112.degree.C./2.5 mm Hg
     Analysis    Calculated                                                    
     (Percent    for                                                           
     by Weight)  Enamine       Found                                           
     ______________________________________                                    
     C           65.3          63.7                                            
     H           10.8          11.1                                            
     N           15.2          15.6                                            
     ______________________________________                                    
PAR  b. 20 parts of a triisocyanate prepared from a branched polypropylene
      glycol and from isophorone diisocyanate
      (1-isocyanato-3-isocyanatomethyl-3,5,5-trimethyl-cyclohexane) are reacted
      with 1.84 parts of the enamine of 1(a) containing an hydroxy group by
      heating for one hour at 80.degree.C.
PAC  EXAMPLE 2
PAR  a. A mixture of 60 parts of N-(2-hydroxyethyl)-piperazine, 45 parts of
      cyclohexanone, and 45 parts of toluene is combined with a catalytic amount
      of formic acid and heated in a water separator until the reaction is
      concluded (about 30 hours). After removal of the toluene, the residue is
      distilled and an enamine of the formula
      ##SPC1##
PAL  is obtained.
PAR  B.p. = 120.degree.C./0.01 mm Hg.
PAR  b. 100 parts by weight of a branched polyether having a molecular weight of
      4700, obtained by the reaction of trimethylolpropane with propylene oxide,
      are reacted with 11.1 parts of 2,4-toluene diisocyanate at 70.degree.C. A
      reaction product having an isocyanate content of 2.5 percent is obtained.
PAR  50 parts of this product are stirred for 10 hours at
      25.degree.-30.degree.C. with (a) 6.05 parts of
      1-(2-hydroxyethyl)-4-cyclohexenyl-piperazine (cf. Example 2a). A further
      50 parts of the product were heated for 2.5 hours at 70.degree.C. with (b)
      6.8 parts of nonyl phenol and 0.1 percent of dibutyl tin dilaurate. A
      blend of (a) and (b) produces a product which is storage-stable over
      several month. However, when exposed to atmospheric moisture a sample of
      the product hardens in several days to form an elastic transparent
      product.
TBL  ______________________________________                                    
     Analysis    Calculated                                                    
     (Percent    for                                                           
     by Weight)  Enamine       Found                                           
     ______________________________________                                    
     C           68.6          67.9                                            
     H           10.5          10.7                                            
     N           13.3          13.8                                            
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  a. 91.5 g of ethanolamine, 225 g of methylisobutylketone, and 100 ml of
      benzene are put into a 1-liter, three-necked flask with a water separator
      and stirrer.
PAR  The mixture is heated under reflux until the calculated water of reaction
      has been separated.
PAR  Then, excess ketone and solvent are removed and the residue is distilled in
      vacuum. B.p. 53.degree.C./0.5 mm Hg
TBL  Analysis C           H           N                                        
     ______________________________________                                    
     Calculated                                                                
              67%         11.9%       9.8%                                     
     Found    66.8%       12.1%       9.8%                                     
     ______________________________________                                    
PAR  In the infrared spectrum, there is a strong ketimine band at 1655
      cm.sup.-.sup.1.
PAR  The formula of the reaction product is
      ##EQU5##
PAR  b. A mixture of 5040 g of a trifunctional polypropylene glycol having an OH
      number of 35.6 and 711 g of isophorone diisocyanate is combined with 5.7 g
      of dibutyltin dilaurate and stirred for 3 hours under nitrogen at
      75.degree.C. The reaction product has an isocyanate content of 2.2 percent
      by weight, corresponding with an equivalent weight of 1914.
PAR  c. 100 g of the pre-adduct containing isocyanate groups prepared according
      to part (b) above are reacted, with cooling, with 74.83 g of the ketimine
      containing hydroxyl groups prepared according to (a) above. The materials
      are vigorously stirred making sure that the temperature does not rise
      above 30.degree.C.
PAR  After 4 to 5 hours of stirring, no more free isocyanate can be detected in
      the infrared spectrum. In contrast, the ketimine band remains. The product
      has an equivalent weight of 2057.
PAC  EXAMPLE 4
PAR  a. A mixture of 105 g of diglycolamine and 150 g of cyclohexanone is
      combined with 100 ml of benzene and heated for 4 hours with separation of
      water. 17.6 g of water separate.
PAR  The excess ketone and the solvent are removed and the residue is distilled
      in vacuum. B.p. 103.degree.C./0.2 mm Hg
TBL  Analysis C           H           N                                        
     ______________________________________                                    
     Calculated                                                                
              64.8%       10.3%       7.6%                                     
     Found    64.8%       10.3%       8.0%                                     
     ______________________________________                                    
PAR  The reaction product has the formula
      ##SPC2##
PAR  b. 1000 g of the pre-adduct containing isocyanate groups prepared according
      to Example 3(b) above are mixed with 96.6 g of the ketimine prepared
      according to Example 4(a) above with cooling and vigorous stirring.
PAR  The temperature is kept below 30.degree.C. during the reaction. After 5
      hours of stirring, no free isocyanate can be detected in the infrared
      spectrum. The product has an equivalent weight of 2100.
PAC  EXAMPLE 5
PAR  a. 324 g of diglycolamine are combined with 300.5 g of methylisobutylketone
      and 300 ml of benzene.
PAR  The mixture is heated in a water separator under nitrogen until water
      separation is concluded. The solvent is removed and the residue is
      distilled in vacuum.
PAR  The reaction product has the formula
      ##EQU6##
PAR  b. 1000 g of the pre-adduct containing isocyanate groups prepared according
      to Example 3(b) are combined with 97.8 g of the ketimine prepared
      according to Example 5(a).
PAR  After four hours' stirring, no free isocyanate is detected by infrared
      spectroscopy. The product has an equivalent weight of 2012.
PAC  EXAMPLE 6
PAR  a. 117 g of hexanolamine-1,6 are heated in a water separator with 150 g of
      cyclohexanone and 100 ml of benzene until no further water of reaction is
      formed. The reaction is completed after about 6 hours.
PAR  The excess ketone and benzene are removed under vacuum and the residue is
      distilled in vacuum. B.p. 153.degree.C./0.8 mm Hg
TBL  Analysis C           H           N                                        
     ______________________________________                                    
     Calculated                                                                
              73.0%       11.7%       7.1%                                     
     Found    73.5%       11.7%       6.8%                                     
     ______________________________________                                    
PAR  The infrared spectrum shows a strong C=N-band at 1660 cm.sup.-.sup.1. The
      reaction product has the formula
      ##SPC3##
PAR  b. 1536 g of a branched polypropylene glycol having an OH-number of 35.6
      are combined with 221 g of isophorone diisocyanate and 1.8 g of dibutyltin
      dilaurate.
PAR  The reaction mixture is warmed to 75.degree.C. and held at this temperature
      for 2.5 hours with good stirring. The reaction product has an isocyanate
      content of 2.39%.
PAR  c. 1000 g of the isocyanate pre-adduct prepared according to part (b) above
      are stirred at room temperature with 112.2 g of the ketimine containing
      hydroxy groups prepared according to part (a) of this Example. After the
      mixture has stood for about 12 hours, no free isocyanate is detectable by
      infrared spectroscopy.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A prepolymer, free of isocyanate groups and containing an enamine or
      ketimine group, prepared by reacting a polyisocyanate and an enamine or
      ketimine having at least one hydroxy group in an amount such that the
      ratio NCO/OH is 1.
NUM  2.
PAR  2. A prepolymer as in claim 1 wherein said polyisocyanate is an aliphatic
      polyisocyanate.
NUM  3.
PAR  3. A prepolymer as in claim 1 wherein said polyisocyanate is a pre-adduct
      prepared by the reaction of a polypropylene glycol with excess
      diisocyanate.
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ABST
PAL  A method of preparing polyamides by anionic polymerization of cyclic
      lactams which comprises polymerizing at least one such lactam in the
      presence of at least one co-catalyst selected from the group consisting of
      N-substituted 1,3-oxazines, 1,3-thiazines, trioxopiperidines and
      thiodioxopiperidines.
PARN
PAR  This is a divisional application of Ser. No. 275,155, filed July 26, 1972,
      now U.S. Pat. No. 3,843,608, granted Oct. 22, 1974.
BSUM
PAR  The invention relates to a method of preparing polyamides by anionic
      polymerization and copolymerization of lactams with from 3 to 12 carbon
      atoms in their rings. The present invention is related to copending U.S.
      application Ser. No. 275,156 filed on even date herewith, based upon
      Czechoslovak Application Nos. PV 5479 and PV 5480, filed July 27, 1971 to
      which reference can be made. In the present application there is utilized
      as co-catalysts, six-membered heterocyclic compounds selected from the
      group consisting of N-subsituted 1,3-oxazines, 1,3-thiazines,
      triexepiperidines and thiodioxopiperidines of the general formulae
      ##SPC1##
PAL  Wherein
PA1  R is an alkyl or alkenyl with from one to 18 carbon atoms, or an aralkyl
      derived from a lower alkyl,
PA1  R.sub.1 is either R or an aryl, or a dialkylaminoaryl or an alkoxyaryl, the
      alkyls being lower alkyls,
PA1  R.sub.2 is an alkenyl with from 2 to 10 carbon atoms.
PAR  Anionic polymerization of lactams as e.g. epsilon-caprolactam, is catalyzed
      by strong bases such as alkali metal salts of the lactam. The rate of
      polymerization is, however, sufficiently high only at comparatively high
      temperatures of about 250.degree.C, thus above the melting point of the
      polyamide. The rate of polymerization can be substantially increased by
      adding co-catalysts with acylating or carbamoylating activity such as
      diacylamines, 3-ketoacylamides or isocyanates, so that the polymerization
      can be carried out without melting the polyamide. In this way, large
      castings may be manufactured by direct polymerization in the mold, bubbles
      and cavitites caused by solidification of the melt being avoided. Said
      co-catalysts possess, however, also some shortcomings. The co-catalysts
      containing imide groups are sensitive to bases, undergoing side-reactions
      by which the co-catalyst is consumed. The polymer-monomer equilibrium may
      be therefore reached only within a narrow range of reaction conditions.
      This shortcoming may be partly removed by using more-than-bicomponent
      catalytic systems, e.g. according to the Czechoslovak Patent Specification
      No. 138,160, such systems are, however, more complex than bi-component
      ones. Activators of the type of amides of 3-oxocarboxylic acids (see U.S.
      Pat. No. 3,600,360) have longer life, their co-catalytic activity is,
      however, very high so that the rate of polymerization is considerable e.g.
      at 150.degree.C, similarly as in the case of isocyanates. Thereby the time
      for filling the molds is restricted and the maintaining of adiabatic
      course of polymerization in large castings is difficult, especially with
      rapidly polymerizing lactams such as caprylolactam or laurolactam.
      Polyisocyanates, often used for manufacturing tough castings, have a
      serious disadvantage in their cancerogenity.
PAR  The present invention defined above removes said shortcomings. The
      polymerization with co-catalysts of the invention is slower at
      comparatively low temperatures (about 150.degree. to 180.degree.C) then
      with imides, isocyanates or 3-oxamides (see United States Patent
      3,600,360). Thereby the pot-life, i.e. the time between the initiation of
      the monomer and filling the mold, is extended and the manufacture of high
      quality castings is made easier. Another advantage is that
      polyisocyanates, used hitherto for obtaining high degree of polymerization
      and toughness, may be replaced by innocuous substances. The process of the
      invention is, however, not limited to preparing polyamides with very high
      molecular weight. The degree of polymerization and thus the viscosity of
      the melt may be controlled in known manner, using carboxamides or
      sulfonamides. Therefore, the process of the invention is applicable also
      for other purposes than making large castings, e.g. also for continuous
      extrusion according to U.S. Pat. No. 3,200,045 corres. Czech. 97.332. As
      the co-catalysts of the invention possess a considerable life in the
      polymerizing system, they may be used also for the two-step polymerization
      where the polymerizate is shaped at lower conversion and the
      polymerization is then finished in the shaped article (see e.g.
      Czechoslovak Patent Specification No. 113,971 corresponding to the U.S.
      application Ser. No. 365,507).
PAR  Co-catalysts of this invention are suitable for most methods of
      manufacturing polyamides by anionic polymerization of lactams. This
      versatility is important in industrial practice.
PAR  The co-catalysts defined above may be easily prepared e.g. by reacting
      dichlorides of malonic acid with amides and thioamids (see the U.S. Patent
      No. 3,373,159 and the paper of Martin, James C. et al: J.Org. Chem. 31,
      2966 /1966/, or also Ziegler E. et al: Monatsh. Chem. 95, 1318 /1964/, and
      ibidem, 96, 1347 /1965/), or also by reacting acylisocyanates with ketenes
      (U.S. Pat. No. 3,394,132). Other co-catalysts mentioned below have been
      prepared analogically.
PAR  The method of the invention is illustrated by following non-limitative
      Examples. All parts and percentages are meant by weight if not stated
      otherwise.
DETD
PAC  EXAMPLE 1
PAR  0.319 mol % of dihydro-2-isopropylidene-3,5,5-trimethyl-4H-1,3-oxazine-4,6
      (5H)-dione were dissolved at 90.degree.C in molten caprolactam containing
      0.314 mol % of its sodium salt. The solution was kept at 152.degree.C
      under inert gas. It solidified within 17 minutes. The polymerizate
      contained 95.5 % of polycapronamide, average degree of polymerization
      about 900.
PAR  When using 0.262 mol % of the same co-catalyst and 0.353 mol % of the
      sodium salt of caprolactam and increasing the temperature to 175.degree.C,
      the melt solidified within about 4 minutes and contained after 30 minutes
      96.5 % of polycaprolactam, intrinsic viscosity in cresol [.eta.] = 5.07.
PAC  EXAMPLE 2
PAR  Polymerization mixture, prepared by gradual dissolving 0.321 mol % of
      sodium hydride and 0.317 mol % of
      dihydro-2-isopropylidene-3-ethyl-5,5-dimethyl-4H-1,3-oxazine-4,6
      /5H/-dione in caprolactam was heated 5 minutes to 210.degree.C and then
      afterpolymerized at 175.degree.C for 25 minutes. The polymerizate
      contained 95.4 % of polyamide with average degree of polymerization 850.
      When using acetylcaprolactam as co-catalyst, the conversion attained, at
      the same conditions, only 89-90 %.
PAC  EXAMPLE 3
PAR  Polymerization of caprolactam was carried out with 0.305 mol % of sodium
      salt of caprolactam and 0.9 mol % of the co-catalyst of the Example 1. The
      polymerization temperature was 210.degree.C, time 30 minutes. The yield of
      the polyamide amounted to 91 %, intrinsic viscosity to 2.14, corresponding
      to an average degree of polymerization 282.
PAC  EXAMPLE 4
PAR  The polymerization of caprolactam was carried out like in Example 1, at
      175.degree.C, except that 0.5 mol % of N-ethylbenzamide was added as
      modifier of molecular weight. At the conversion of 96 % of the average
      degree of polymerization was only 400, in comparison with 900 reached
      without modifier.
PAC  EXAMPLE 5
PAR  The polymerization batch contained 80 % of caprolactam and 20 % of
      gamme-methyl caprolactam, 0.3 mol % of sodium salt of caprolactam and 0.3
      mol % of
      dihydro-2-isopropylidene-3-octadecyl-5,5-dimethyl-4H-1,3-oxazine-4,6-/5H/-
     dione. It was heated for 60 minutes to 175.degree.C. The polymerizate thus
      obtained contained equilibrium amounts of copolyamide and monomers.
      Similar results were obtained if gamma-methyl caprolactam was replaced by
      caprylolactam or laurolactam.
PAC  EXAMPLE 6 - 12
PAR  Polymerizates with equilibrium or almost equilibrium amounts of the
      polyamide were prepared by polymerizing caprolactam at 155.degree.C and
      175.degree.C for 60 minutes in presence of 0.3 mol % of sodium salt of
      caprolactam and 0.3 mol % of a co-catalyst of the general formula
      ##SPC2##
PAL  wherein the substituents had the meaning stated in the following Table:
TBL  Example                                                                   
          R       R.sub.1                                                      
                      R.sub.2                                                  
                          R.sub.3                                              
                                R.sub.4                                        
                                      [.eta.]                                  
     __________________________________________________________________________
     6    C.sub.6 H.sub.5                                                      
                  CH.sub.3                                                     
                      CH.sub.3                                                 
                          CH.sub.3                                             
                                CH.sub.3                                       
                                      6.25                                     
     7    CH.sub.3                                                             
                  CH.sub.3                                                     
                      C.sub.2 H.sub.5                                          
                          CH.sub.3                                             
                                CH.sub.3                                       
                                      5.93                                     
     8    C.sub.6 H.sub.11                                                     
                  CH.sub.3                                                     
                      CH.sub.3                                                 
                          CH.sub.3                                             
                                CH.sub.3                                       
                                      6.31                                     
     9    C.sub.2 H.sub.5                                                      
                  CH.sub.3                                                     
                      CH.sub.3                                                 
                          C.sub.6 H.sub.5 CH.sub.2                             
                                C.sub.6 H.sub.5 CH.sub.2                       
                                      6.20                                     
     10   p-CH.sub.3 O.C.sub.6 H.sub.4                                         
                  CH.sub.3                                                     
                      CH.sub.3                                                 
                          C.sub.2 H.sub.5                                      
                                C.sub.18 H.sub.37                              
                                      6.38                                     
     11   (CH.sub.3).sub.2 N.C.sub.6 H.sub.4                                   
                  CH.sub.3                                                     
                      CH.sub.3                                                 
                          CH.sub.3                                             
                                CH.sub.3                                       
                                      5.67                                     
     12   C.sub.18 H.sub.37                                                    
                  CH.sub.3                                                     
                      C.sub.3 H.sub.7                                          
                          CH.sub.3                                             
                                CH.sub.3                                       
                                      6.01                                     
     __________________________________________________________________________
PAC  EXAMPLE 13
PAR  0.3 mol % of sodium salt of caprolactam was dissolved at 100.degree.C in
      molten caprolactam, whereafter 0.2 mol % of
      1-ethyl-3,3,5,5-tetramethyl-2,4,6-piperidinetrione was added and the
      solution kept at 175.degree.C for 30 minutes. The melt solidified after
      about 5 minutes. After 30 minutes the polymerizate contained 97 % of very
      light-colored polymer having intrinsic viscosity 5.77 (in cresol), which
      corresponds to an average degree of polymerization 1068. If the same
      experiment was repeated with the same amount of
      N,N'-di-(2,2,4-trimethyl-3-oxovaleroyl)-hexamethylendiamine, which is a
      known co-catalyst of the 3-oxoamide type, the average degree of
      polymerization attained but 731.
PAC  EXAMPLE 14
PAR  A caprolactam batch, containing 0.3 mol % of sodium hydride and 0.3 mol %
      of dihydro-2-isopropylidene-3-phenyl-5,5-dimethyl-1,3-thiazine-4,6-dione,
      was polymerized at 175.degree.C according to Example 1. The yield of the
      polyamide amounted to 95.6 %. Similar results were obtained if the above
      co-catalyst was replaced by the same amount of
      dihydro-2-isopropylidene-3-ethyl-5,5-dibenzyl-1,3-thiazine-4,6-dione or
      dihydro-2-isopropylidene-3,5,5-triethyl-1,3-thiazine-4,6-dione.
PAC  EXAMPLE 15
PAR  1 mol % of sodium hydride and 1 mol % of
      dihydro-2-isopropylidene-3-ethyl-5,5-dimethyl-1,3-oxazine-4,6-dione were
      dissolved at 80.degree.C in 8.5 g of pyrrolidone. At 30.degree. C about 25
      % of polypyrrolidone was formed during 24 hours, whereas without the
      co-catalyst the polymerization practically did not take place.
PAC  EXAMPLE 16
PAR  0.3 mol % of sodium hydride and 0.3 mol % of the co-catalyst according to
      the Example 15 were dissolved in molten laurolactam. After 120 minutes at
      160.degree.C the polymerizate contained almost the equilibrium amount of
      the polyamide. Similar result was obtained with caprylolactam.
PAC  EXAMPLE 17
PAR  0.3 mol % of the adduct of pyrrolidone with .alpha.,.alpha.-dimethyl
      malonyl chloride (prepared according to J.Org. Chem. 31, 2996, 1966) was
      added to molten caprolactam, containing 0.5 mol % of its sodium salt.
      After one hour at 170.degree.C a yield of 96 % of polycapronamide was
      attained.
PAC  EXAMPLE 18
PAR  0.3 mol % of the co-catalyst mentioned in Example 1 was dissolved in a 5 %
      solution of 3,4-trimethylene-2-azetidinone in anhydrous dimethylsulfoxide.
      0.3 mol % of butyl lithium in heptane solution was added and the solution
      kept at 30.degree.C for 30 minutes. The polyamide was precipitated with
      ether in a yield of almost 100 %.
PAC  EXAMPLE 19
PAR  The experiment described in Example 13 was repeated, using 0.324 mol % of
      the sodium salt and 0.332 mol % of the same co-catalyst. The batch was
      heated 5 minutes to 210.degree.C and 25 minutes to 175.degree.C. Then the
      polymerizate contained 95.6 % of an almost white polyamide, degree of
      polymerization 872.
PAC  EXAMPLE 20
PAR  Polymerization mixture containing 0.29 mol % of sodium and 0.304 mol % of
      the co-catalyst mentioned in Example 13  was polymerized at 152.degree.C.
      Within 16 to 17 minutes the solution solidified and after 60 minutes at
      the same temperature contained 97.5 % of a highly white polycapronamide
      having the intrinsic viscosity 6.03.
PAC  EXAMPLE 21
PAR  A solution containing 0.305 mol % sodium and 0.9 mol % of the co-catalyst
      as in Example 13 in caprolactam was kept at 210.degree.C for 30 minutes.
      Thereafter the polymerizate contained 91 % of polycapronamide, intrinsic
      viscosity 2.14.
PAC  EXAMPLE 22
PAR  Analogical results as in Examples 13, 19, 20 and 21 were obtained if the
      co-catalyst was replaced by the same amount of 1-phenyl- or 1-(p-methoxy)-
      or also 1-(p-tolyl)-3,3,5,5-tetramethyl piperidinetrione.
PAC  EXAMPLE 23
PAR  A mixture of 15 % of gamma-methyl caprolactam and 75 % of caprolactam was
      polymerized at 175.degree.C in the presence of 0.3 mol % of sodium and 0.3
      mol % of 1-dodecyl-3,3,5,5-tetramethyl-2,4,6-piperidinetrione and 0.1 mol
      % of 1,3,5,5-tetramethyl-2,4,6-piperidinetrione. After 60 minutes the
      polymerizate contained almost equilibrium amount of the copolyamide.
PAC  EXAMPLE 24
PAR  In a melt, containing 75% of caprolactam and 25 % of laurolactam there was
      gradually dissolved 0.29 mol % of sodium hydride and 0.3 mol % of
      1-octadecyl-3,3,5,5-tetramethyl-2,4,6-trione and 0.1 mol % of
      1-phenyl-3,3-dimethyl-2,4,6-trione. After 60 minutes keeping at
      160.degree.C a very light-colored polymerizate was obtained, containing
      almost theoretical equilibrium amount of the polymer.
PAC  EXAMPLE 25
PAR  0.3 mol % of sodium salt of caprolactam and 0.3 mol % of the co-catalyst of
      the Example 13 were dissolved in molten caprolactam. The mixture was
      heated to 160.degree. - 163.degree.C for 120 minutes. The polymerizate
      contained almost theoretical equilibrium amount of the polyamide.
PAR  Similar result was obtained with laurolactam, using the same amount of
      1,3,5,5-tetramethyl-2,4,6-piperidine-trione at equal conditions of
      polymerization.
PAC  EXAMPLE 26
PAR  1 mol % of sodium salt of pyrrolidone, prepared from pyrrolidone and sodium
      hydride, and 1 mol % of 1,3-diethyl-5,5-dimethyl-2,4,6-piperidine-trione
      were dissolved at 80.degree.C in pyrrolidone. After 24 hours at
      30.degree.C about 155 of polypyrrolidone was obtained, while without
      co-catalyst the polymerization practically did not take place (the
      convarsion was lower than 1%).
PAC  EXAMPLE 27
PAR  0.5 mol % of 1,3,3,5,5-pentamehtyl-2,4,6-piperidine-trione and 0.5 mol % of
      butyl lithium were dissolved in a 5% solution of trimethylenepropiolactam
      in anhydrous dimethyl sulfoxide. After 30 minutes at 30.degree.C the
      polymer was precipitated with ether and isolated in an almost theoretical
      yield.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. The method of preparing solid polyamides by anionic polymerization of
      cyclic lactams containing at least 4 atoms in a ring which comprises
      polymerization of at least one such lactam in the presence of a cocatalyst
      having the formula
      ##EQU1##
      wherein R is alkyl having 1 to 18 carbon atoms, alkenyl having 1 to 18
      carbon atomes or arloweralkyl, R.sub.1 is R, aryl, diloweralkylaminoaryl,
      lower arkoxyaryl.
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PAL  Copolymers made from hexamethylenediamine and a mixture of tere- and
      isophthalic acids in which the mixture contains between about 60 and 80
      mole percent terephthalic acid are described as well as useful fibers
      prepared therefrom.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of applicants' copending
      application Ser. No. 378,463, filed July 12, 1973, now abandoned, which in
      turn is a divisional of application Ser. No. 216,206, filed Jan. 7, 1972,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to fiber-forming copolymers consisting essentially
      of recurring units of the formulas
      ##SPC1##
PAL  In which the mole ratio of 6TA to 6IA units is between 60:40 to 80:20. The
      invention also relates to useful fiber prepared from these copolymers.
PAR  2. Description of the Prior Art
PAR  Copolymers consisting of 6TA and 6IA units in which at least 50 mole
      percent of the units are 6IA units are taught in the prior art, for
      example in U.S. Pat. Nos. 3,379,695; 3,382,216; 3,454,536 and 3,475,387.
      While useful coatings and molded articles may be made from these prior art
      copolymers, fiber prepared therefrom lacks necessary dimensional stability
      for most fiber end use applications, that is, the fiber has high boiling
      water shrinkages values, i.e. values in excess of 35%.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides copolymers consisting essentially of 6TA and
      6IA units in which the mole ratio of 6TA to 6IA units is between about
      60:40 and about 80:20 and preferably between 65:35 and 75:25.
      Surprisingly, fiber made from these copolymers has boiling water shrinkage
      values of less than 30%, for example, between 10 and 30% and, thus, has
      adequate dimensional stability for end use applications, such as in
      apparel and carpet applications.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The 6TA/6IA copolymers of the invention may be prepared by melt
      polymerization procedures where an aqueous solution of appropriate amounts
      of a mixture of hexamethylene diammonium terepthalate (designated herein
      as 6TA salt) and hexamethylene diammonium isophthalate (designated herein
      as 6IA salt) is heated in a conventional manner under conditions of
      controlled time, temperature and pressure. Preferably, the polymerization
      is conducted in three cycles. During the first cycle the reaction mixture
      is heated from room temperature to about 220.degree.C. while under
      pressure of about 250 psig. During the second cycle the reaction mixture
      is heated to about 300.degree.C. or higher, for example 310.degree.C.,
      while holding the pressure substantially constant. During the third cycle
      the temperature is increased slightly, for example, 10.degree. to
      20.degree.C. while the pressure is reduced to atmospheric pressure.
      Optionally, after completion of the third cycle the resulting molten mass
      is held at atmospheric pressure at or above the melting temperature
      thereof for a period of time sufficient to bring it to equilibrium, for
      example, 30 minutes. The optimum time, temperatures and pressures involved
      in conducting each of the polymerization cycles will vary somewhat
      depending on the melting point of the particular 6TA/6IA copolymer being
      prepared.
PAR  In preparing the 6TA/6IA copolymers of the present invention in the manner
      just described there is a tendency for the polymerization product to
      phase-out, that is, to form a two phase system, a solid phase and a
      liquid, from which useful fiber cannot be melt spun. Under certain
      circumstances phase-out may even result in complete solidification of the
      polymerization mass. In general, phase-out does not occur unless the mole
      percentage of 6TA of the salt mixture is about 60% or higher and the
      tendency for phase-out to occur increases as the percentage of 6TA of a
      mixture increases from 60%.
PAR  Phase-out may be prevented without adversely affecting the properties and
      quality of the resulting 6TA/6IA copolymer or fiber made therefrom by
      controlling the intrinsic viscosity [.eta.] of the copolymer during
      polymerization to a value about 0.7 to 1.1. This may be accomplished by
      one of several polymerization procedures. One procedure (referred to
      herein as Procedure A) consists of conducting the melt polymerization in
      the presence of a small, but effective, amount of a heat stabilizer, using
      6TA and 6IA salts having a pH of 7.2 .+-. 0.2 and, if necessary, also
      conducting the polymerization in the presence of a plasticizer. Another
      procedure (referred to herein as Procedure B) consists of using 6TA and
      6IA salts having a pH of 7.2 .+-. 0.2 and carefully controlling the time
      taken to accomplish the second cycle of the polymerization to 35 .+-. 5
      minutes and, if necessary, conducting the polymerization in the process of
      a plasticizer. Normally, the use of a plasticizer with Procedure A or B is
      necessary to prevent phase-out only when the 6TA/6IA salt mixture consists
      of about 70 mole percent or more of 6TA salt.
PAR  Preferred heat stabilizers for use in Procedure A include, but are not
      limited to, sterically hindered phenols, such as
      4,4'-dihydroxy-3,3',5,5'-tetra-t-butylbenzylether and
      4-hydroxymethyl-2,6-di-t-butylphenol. Generally, from 0.05 to 1% by
      weight, based on the weight of salts, is effective in preventing polymer
      phase-out when using Procedure A. The presence of the stabilizer during
      polymerization does not have a noticeable affect on the tensile properties
      or boiling water shrinkage values resulting 6TA/6IA copolymer, yet its
      presence does provide for a whiter fiber of enhanced heat stability. Thus,
      if desired, a heat stabilizer may also be used with Procedure B.
PAR  A particularly preferred plasticizer that may be used in carrying out
      either Procedure A or B is Santicizer-8 which is supplied by Monsanto
      Company and is a mixture consisting of 40% by weight of N-ethyl-o-toluene
      sulfonamide and 60% by weight of N-ethyl-p-toluene sulfonamide. Instead of
      or in addition to Santicizer-8 any other suitable plasticizers or mixture
      thereof may be used. Generally, from 5 to 25%, based on the weight of 6TA
      and 6IA salts, is sufficient to prevent phase-out when using Procedure A
      or B to prepare any of the 6TA/6IA copolymers of the present invention.
      The use of a plasticizer with either Procedure A or B has little affect,
      if any, on the properties of fiber made from the resulting 6Ia/6IA
      copolymer since most of the plasticizer is removed by vaporization from
      the copolymer during polymerization and processing thereof into fiber.
      Thus, if desired, a plasticizer may be used in preparing any of the
      copolymers of the invention even though it presence is not required to
      prevent phase-out during polymerization, for example, in preparing 6TA/6IA
      copolymers wherein the mole ration of 6TA to 6IA is between 60:40 and
      70:30.
PAR  Preferably, the 6TA and 6IA salts used in conducting the polymerization
      should be of the highest possible purity. The presences of even trace
      amounts of impurities in the salts may be detrimental to the quality of
      the resulting copolymer and fiber made therefrom. For example, the
      presence of 10 ppm of carboxybenzaldehyde has been found to apparently
      catalyzes formation of bishexamethylenetriamine and other materials such
      as ammonia and hexamethylenimine. Bishexamethylenetriamine can cause
      branching and eventual cross-linking of the resulting copolymer. Under
      these circumstances, the copolymer may not process easily, if at all, into
      useful fiber or fiber processed therefrom may be discolored and/or of
      non-uniform denier and low quality.
PAR  Following the melt polymerization cycles the resulting molten mass may be
      directly melt spun into fiber or it may be extruded and made into flake
      that may subsequently be melted and extruded into fiber. Preferably, when
      melt spinning is conducted using flake, the flake is first dried, for
      example, in a vacuum oven for 12 hours at 70.degree. to 80.degree.C., to
      enhance its extrusion characteristics.
PAR  The copolymer of the invention may be melt spun into fiber by conventional
      techniques. The resulting fiber may be then drawn to a desired denier.
PAC  MEASUREMENTS AND TESTS
PAR  Intrinsic viscosity ([.eta.]) is defined by the following equation:
      ##EQU1##
      where C is the polymer concentration of a solution consisting of 0.5 gram
      of the polymer per 100 ml of concentrated sulfuric acid and N.sub.rel is
      the relative viscosity determined by dividing the flow time in a capillary
      viscometer of this solution by the flow time of pure solvent. The flow
      times are determined at 25.degree.C., using concentrated sulfuric acid
      (95-98%) as solvent, unless otherwise specified.
PAR  Boiling water shrinkage (BWS) is defined by the following equation:
      ##EQU2##
      where L and L', respectively, is the length of a drawn yarn before and
      after submerging it in boiling water for a period of 10 minutes.
PAR  Tenacity (T), expressed in grams per denier (gpd) elongation-to-break (E)
      expressed as a percentage of its unelongated length and initial modulus
      (Mi) expressed in gpd are obtained on an Instron tester (Instron
      Engineering Corp., Canton, Mass.) providing a constant rate of extension
      of 60% per minute, with a gauge length of 25 cm being used unless
      otherwise specified. The measured denier of the yarn and test conditions
      are fed to a computer before the start of the test. The computer records
      the load-elongation curve of the yarn sample until it is broken,
      calculates the T, E and Mi of the sample from the curve and fed
      information and provides a printout sheet with the calculated T, E and Mi
      values recorded thereon.
DETD
PAR  The following nonlimitive examples are given to further illustrate the
      invention.
PAR  Unless otherwise expressed, parts and percentages given in the examples are
      on a weight basis.
PAC  EXAMPLE 1
PAR  This example illustrates the preparation of 6TA and 6IA salts that were
      used in preparing the 6TA/6IA copolymers described in the following
      examples.
PAC  6TA Salt
PAR  Terephthalic acid (9137 g.) was slurried with 22 liters of deionized water
      in a stainless steel vessel equipped with a steam coil and a heavy duty,
      high speed stirrer. Then, 7700 g. of 83% hexamethylenediamine aqueous
      solution was added very rapidly with stirring and the mixture was heated
      (90.degree.-95.degree.C.) until a clear solution resulted. Next, the pH of
      the solution was adjusted to 7.20 .+-. 0.10. Ion exchange resin (100 g. of
      Amberlite IR-120 supplied by Mallinckrodt Company) was added to the hot,
      stirred salt solution. The resulting mixture was stirred for 20 minutes
      and then filtered into a stainless steel vessel. The filtrate was stirred
      at high speed and allowed to cool slowly to room temperature. The
      resulting crystallized 6TA salt was collected on a filter and dried in a
      vacuum oven at 80.degree.C. to a moisture level of less than 0.5%. The dry
      6Ia salt was recrystallized from 15 liters of deionized water. The
      resulting 6TA salt, after drying had a pH of 7.10 .+-. 0.10 (measured on a
      10% aqueous solution) and a moisture level of less than 0.10%.
PAC  6IA Salt
PAR  Isophthalic acid (14,120 g.) was slurried in 14 liters of deionized water
      using the above apparatus. Then, 11,900 g. of 83% hexamethylenidiamine
      aqueous solution was added as above to provide a hot solution having a pH
      of 7.20 .+-. 0.20. The hot solution was filtered into a stainless steel
      vessel and the resulting filtrate was stirred at a high speed and allowed
      to cool to room temperature. The resulting crystallized 6IA salt was
      collected and dried in a vacuum oven at 80.degree.C. to a moisture level
      of 0.5% or less. Then, 14,400 g. of the dried 6IA salt was recrystallized
      from 9.6 liters of deionized water and dried. The resulting dried salt had
      a pH of 7.20 .+-. 0.20 (measured on a 10% aqueous solution) and a moisture
      level of less than 0.10%.
PAC  EXAMPLE 2
PAR  This example illustrates the preparation of a fiber of 6TA/6IA copolymer
      having a mole ratio of 6TA to 6IA of 60:40 using Procedure A, wherein
      4,4'-dihydroxy-3,3',5,5'-tetra-t-butylbenzylether was employed as a heat
      stabilizer.
PAR  90 parts of 6TA salt and 60 parts of 6IA salt together with 100 parts of
      deionized water, and 0.26 parts
      4,4'-dihydroxy-3,3',5,5'-tetra-tertbutylbenzylether were charged to a
      stainless steel, high pressure autoclave. The autoclave was purged of air
      by use of purified nitrogen. While under a nitrogen pressure of 250 psig,
      the autoclave ingredients were slowly heated until a temperature of
      302.degree.C. was reached during which time steam condensate was removed
      and the ingredients were continuously agitated by means of a wall-scraping
      blade contained within the autoclave. At this point (302.degree.C.) the
      autoclave pressure was gradually reduced over a 25-minute period to
      atmospheric pressure while allowing the melt temperature to rise and level
      out at 316.degree.C. When atmospheric pressure was reached, the polymer
      melt was then allowed to equilibrate for 30 minutes at 316.degree.C. The
      finished polymer was then extruded from the autoclave, cooled and ground.
      Intrinsic viscosity of the polymer was 0.86.
PAR  The ground polymer was melted in a three-fourths inch screw extruder. The
      resulting molten polymer was pumped through a single orifice heated
      spinneret (315.degree.C.) to provide a filament that was collected. The
      filament was then drawn 4.15 times over a heated pin (105.degree.C.). The
      resulting filament had the following properties: T/E/Mi values of 4.0
      gpd/9.4%/73 gpd. In another run using the same procedure a yarn was
      prepared by pumping the molten polymer through a 14-hole heated
      (320.degree.C.) spinneret. The resulting yarn had a BWS of 23.8%.
PAC  EXAMPLE 3
PAR  This example illustrates the preparation of yarn of 6TA/6IA copolymer
      having a mole ratio of 6TA to 6IA of 65:35 using Procedure A, wherein
      4-hydroxymethyl-2,6-di-t-butylphenol was employed as a heat stabilizer and
      Stanicizer 8 as a plasticizer.
PAR  97.5 parts of 6TA salt of pH 7.00 and 52.5 parts of 6IA salt of pH 7.00
      together with 100 parts of deionized water, 0.13 parts of
      benzenephosphonous acid (added to improve spinning performance), 0.26
      parts of 4-hydroxymethyl-2,6-di-tert-butylphenol, and 5.20 parts of
      Santicizer-8 were charged to a stainless steel, high pressure autoclave.
      The autoclave was purged of air by use of purified nitrogen. While under a
      nitrogen pressure of 250 psig the autoclave ingredients were slowly heated
      until a temperature of 302.degree.C. was reached during which time steam
      condensate was removed and the ingredients were continuously agitated by
      means of a wall-scraping blade contained within the autoclave. At this
      point (302.degree.C.) the autoclave pressure was gradually reduced over a
      25-minute period to atmospheric pressure while allowing the melt
      temperature to rise and level out at 320.degree.C. The polymer was then
      extruded from the autoclave, cooled and ground. Intrinsic viscosity of the
      polymer was 0.75. Dry ground polymer was melted in a three-fourths inch
      screw extruder. The resulting molten polymer was pumped through a 14-hole
      heated (320.degree.C.) spinneret. The resulting yarn had the following
      properties: T/E/Mi values of 5.1 gpd/7.2%/86 gpd. In another run under the
      same conditions the resulting 72 denier/14 filament yarn had T/E values of
      4.4 gpd/11% and a BWS of 21%. In still another run a 140-hole spinneret
      was used instead of a 14-hole spinneret. The resulting 890 denier yarn in
      this instance had T/E/Mi values of 3.5 gpd/7.0%/ 86 gpd.
PAC  EXAMPLE 4
PAR  This example illustrates the preparation of a yarn of a 6TA/6IA copolymer
      having a mole ratio of 6TA to 6IA of 70:30 using Procedure A, wherein
      4,4'-dihydroxy-3,3',5,5'-tetra-t-butylbenzylether was employed as a heat
      stabilizer.
PAR  105 parts of 6TA salt of pH 7.00 and 45 parts of 6IA salt of pH 7.00
      together with 100 parts of deionized water, and 0.26 parts of
      4,4'-dihydroxy-3,3'5,5'-tetra-tert-butylbenzylether were charged to a
      stainless steel, high pressure autoclave. The autoclave was purged of air
      by use of purified nitrogen. The autoclave was sealed and the contents of
      the autoclave were heated to 264.degree.C. while allowing the pressure to
      build to 600 psig. The pressure was maintained constant at 600 psig while
      increasing the internal temperature to 302.degree.C. during which time
      steam condensate was removed and the ingredients were continuously
      agitated by means of a wall-scraping blade contained within the autoclave.
      At this point (302.degree.C.) the autoclave pressure was gradually reduced
      over a period of 60 minutes to atmospheric pressure. During this pressure
      reduction cycle the polymer melt temperature was allowed to rise and level
      out at 320.degree.C. When atmospheric pressure was reached, the polymer
      melt was then allowed to equilibrate for 30 minutes at 320.degree.C. The
      finished polymer was then extruded directly from the autoclave, cooled in
      an inert atmosphere, and ground to the desired particle size for melt
      spinning. Intrinsic viscosity [.eta.] of the polymer was 1.04. This
      polymer was melted in a three-fourths inch screw extruder and the
      resulting molten polymer was pumped through a 14-hole heated
      (320.degree.C.) to provide a yarn that was collected and drawn as
      described in Example 1. The resulting yarn had a BWS of 15%.
PAC  EXAMPLE 5
PAR  This example illustration preparation of 6TA/6IA copolymer having a mole
      ratio of 6TA to 6IA of 65:35 using Procedure B and 70 denier/14 filament
      yarn spun therefrom.
PAR  6TA salt (975 g.), 6IA salt (525 g.) and deionized water (1000 g.) were
      charged to a stainless steel autoclave equipped with a helical band
      stirrer. After purging the reactor with purified nitrogen, the autoclave
      was sealed from the atmosphere. The contents of the autoclave were heated
      to 220.degree.C. while being stirred at 18 rpm, at which point water began
      to distill from the system at 250 psig. The time required to complete this
      first cycle of the polymerization was 21 minutes. In the second cycle the
      pressure was maintained constant at 250 psig while the contents of the
      autoclave were heated to 300.degree.C. over a 37 minute period. At this
      point (300.degree.C., 250 psig) the pressure was reduced to atmospheric
      pressure over a period of 65 minutes while the temperature of the contents
      was increased to 320.degree.C. At the end of this third cycle of the
      polymerization (320.degree.C., 0 psig) the molten polymer was extruded
      through a one-eigth inch circular die at the bottom of the autoclave. The
      molten polymer was blanketed with nitrogen and rapidly quenched in water.
      The resulting polymer having an [.eta.] of 0.77, melting range of
      300.degree.-310.degree.C. (as measured by differential thermal analysis,
      DTA) and a density of 1.180 (as measured in a calibrated density gradient
      tube) was ground to a particle size of approximately 1/16 inch.
PAR  The ground polymer (1134 g. ) was charged to a 3.785 liter (1 gal.)
      container equipped with an inert gas sweep and mounted on a rotating
      apparatus in an air oven. The container was then swept with nitrogen while
      rotating at about 65 rpm at room temperature for 15 minutes. Next, the
      oven was heated to 175.degree.C. and rotation and nitrogen sweep of the
      container were continued for 3 hours, after which time the oven heat was
      turned off and the contents of the container were allowed to cool to below
      100.degree.C. The polymer was then removed from the container and dried
      for 8 hours in a vacuum oven at 70.degree.-80.degree.C. and at a pressure
      of 736.5 mm. of Hg. The density of the resulting polymer was about 1.21
      g/cc while its melting point and [.eta.] were unchanged. The drying of the
      polymer in the above manner enhances the extrusion characteristics thereof
      during subsequent spinning operations.
PAR  The dried polymer was heated in a screw melter to 320.degree.C. The
      resulting molten polymer was passed from the screw to a metering pump and
      then to a spinneret assembly where the molten polymer was extruded at
      320.degree.C. through a 14-hole spinneret into yarn. The resulting yarn
      then passed over a finishing roll where about 2% by weight, based on the
      weight of the yarn, a textile finish was applied to the yarn and was
      collected. The yarn was then drawn over two draw pins in series (the first
      pin was at a temperature between 60.degree. and 90.degree. and the second
      pin was at a temperature of about 115.degree.C.) to provide a 70 denier
      yarn which was collected. The resulting yarn had T/E/Mi values of
      3.5/7.0/86 and a BWS of 21%.
PAR  The polymerization procedure used in this example is summarized in the
      following Table.
TBL                TABLE A                                                     
     ______________________________________                                    
     Cycle        1         2          3                                       
     Time (min.)  21        37         65                                      
     Temperature (.degree.C.)                                                  
                  RT.fwdarw.220                                                
                            220.fwdarw.300                                     
                                       300.fwdarw.320                          
     Pressure (psig)                                                           
                  250       250        250.fwdarw.0                            
     Spinning Temperature                                                      
                  310.degree.C.                                                
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  This example illustrates the preparating of 6TA/6IA copolymer having a mole
      ratio of 6TA to 6IA of 60:40 using Procedure B and 70 denier/14 filament
      yarn spun therefrom.
PAR  6TA salt (900 g), 6IA salt (600 g.) and deionized water (1000 g.) were
      charged to a stainless steel autoclave and polymer and yarn were prepared
      following the exact procedure recited in Example 5. The resulting
      copolymer had an [.eta.] of 0.79 and the resuling 70 denier/14 filament
      yarn had T/E values of 4.0 gpd/9.0% and a BWS of 24%.
PAC  EXAMPLE 7
PAR  This example illustrates the preparation of 6TA/6IA copolymer having a 6TA
      to 6IA mole ratio of 70:30 using Procedure B and 100 denier/14 filament
      yarn spun therefrom.
PAR  6TA salt (105 g.), 6IA salt (45 g.), deionized water (100 g.),
      hexamethylenediamine (0.772 g. or 1.25 mole %, based on salts) and
      Santicizer-8 (11 mil. or 10% based on weight of polymer) were charged to a
      stainless steel autoclave. The polymer was prepared in the manner
      described in Example 5 using the following procedure:
     Cycle      1           2          3                                       
     Time (min.)                                                               
                32          33         25                                      
     Temperature                                                               
                RT.fwdarw.220.degree.C.                                        
                            220.fwdarw.310                                     
                                       310.fwdarw.316                          
      (.degree.C.)                                                             
     Pressure (psig)                                                           
                250         250        250.fwdarw.0                            
PAL  The resulting polymer had an [.eta.] of 0.76 and was spun directly from the
      bottom of the autoclave through 14-hole heated (320.degree.C.) spinneret
      into yarn that was drawn sufficiently to provide 110 denier yarn. The
      resulting yarn had T/E values of 2.5 gpd/22% and a BWS of 13%.
PAR  In preparing the above copolymer HMD was added to the salts to replace HMD
      which was entrained and loss when the Santicizer-8 was volatilized and
      removed from the polymerization mixture during the second cycle.
PAC  EXAMPLE 8
PAR  This example illustrates the preparation of 6TA/6IA copolymer ha having a
      6TA to 6IA mole ratio of 75:25 using Procedure B and 124 denier/14
      filament yarn spun therefrom. The polymer and yarn were prepared in the
      manner described in Example 7. In this instance the following ingredients
      were charged to the autoclave:
PA1  112.5 g. of 6TA salt
PA1  37.5 g. of 6IA salt
PA1  100 g. of deionized water
PA1  1.235 g. HMD (2 mole % based on salt)
PA1  16.5 ml. of Santicizer-8 (15 wt. % based on polymer)
PAL  and the following procedure was used:
TBL  Cycle        1         2          3                                       
     Time (min.)  29        34         34                                      
     Temperature (.degree.C.)                                                  
                  RT.fwdarw.220                                                
                            220.fwdarw.315                                     
                                       315.fwdarw.326                          
     Pressure (psig)                                                           
                  250       250        250.fwdarw.0                            
PAR  The resulting polymer had an [.eta.] of 0.65 and was spun directly from the
      bottom of the autoclave through a 14-hole heated (322.degree.C.) spinneret
      into a yarn that was drawn sufficiently to provide a 124 denier yarn. The
      resulting yarn had T/E values of 2.8 gpd/12% and a BWS of 10%.
PAR  The following examples illustrate the preparation of 6TA/6IA copolymer
      having a 6TA to 6IA mole ratio of 55:45, 50:50 and 40:60, respectively,
      and yarns made from these copolymers. The BWS values of these yarns when
      compared to the BWS values of yarns made from 6TA/6IA copolyners of the
      present invention are significantly higher.
PAC  COMPARATIVE EXAMPLE I
PAR  This example illustrates the preparation of 6TA/6IA copolymer having a mole
      ratio of 55:45 and 14 filament yarn melt spun therefrom.
PAR  The polymer and yarn were prepared in the manner described in Example 7. In
      this instance the following ingredients were charged to the autoclave:
PA1  82.5 g. of 6TA salt
PA1  67.5 g. of 6IA salt
PA1  100 g. of deionized water
PAL  and the following procedure was used:
TBL  Cycle        1         2          3                                       
     Time (min.)  28        26         25                                      
     Temperature (.degree.C.)                                                  
                  RT.fwdarw.220                                                
                            220.fwdarw.290                                     
                                       290.fwdarw.310                          
     Pressure (psig)                                                           
                  250       250        250.fwdarw.0                            
PAR  At the completion of the third cycle the molten polymer had an [.eta.] of
      0.78 and was extruded directly from the bottom of the autoclave through a
      14-hole spinneret into yarn. The resulting yarn was drawn to a denier of
      77. The drawn yarn had a T/E value of 3.0 gpd/7.0% and a BWS of 40%.
PAC  COMPARATIVE EXAMPLE II
PAR  This example illustrates the preparation of 6TA/6IA copolymer having a 6TA
      to 6IA mole ratio of 50:50 and 13 filament yarn melt spun therefrom.
PAR  The polymer and yarn were made in the same manner as described in
      Comparative Example I. In this instance the following ingredients were
      charged to the autoclave:
PA1  75 g. of 6TA salt
PA1  75 g. of 6IA salt
PA1  100 g. of deionized water
PAL  and the following procedure was used:
TBL  Cycle        1         2          3                                       
     Time (min.)  30        27         25                                      
     Temperature (.degree.C.)                                                  
                  RT.fwdarw.220                                                
                            220.fwdarw.285                                     
                                       285.fwdarw.300                          
     Pressure (psig)                                                           
                  250       250        250.fwdarw.0                            
PAL  The polymer had [.eta.] of 0.86 and was melt spun from the autoclave
      through a 13-hole spinneret in the manner described in Comparative Example
      I. The resulting yarn was drawn to a denier of 74. The drawn yarn had T/E
      values of 3.2 gpd/19.0% and a BWS of 48%.
PAC  COMPARATIVE EXAMPLE III
PAR  This example illustrates the preparation of 6TA/6IA copolymer having a 6TA
      to 6IA mole ratio of 40:60 and 74 denier/13 filament yarn melt spun
      therefrom. The polymer and yarn were made in the same manner as described
      in Comparative Example II. In this instance the following ingredients were
      charged to the autoclave:
PA1  60 g. of 6TA salt.
PA1  90 g. of 6IA salt.
PA1  100 g. of deionized water
PAL  and the following procedure was used:
TBL  Cycle        1         2          3                                       
     Time (min.)  21        37         65                                      
     Temperature (.degree.C.)                                                  
                  RT.fwdarw.220                                                
                            220.fwdarw.300                                     
                                       300.fwdarw.320                          
     Pressure (psig)                                                           
                  250       250        250.fwdarw.0                            
PAL  The resulting polymer was then melt spun to provide a drawn yarn having a
      BWS of 67%.
PAR  In Table B the BWS values of the yarns described in the foregoing examples
      are summarized:
TBL                TABLE B                                                     
     ______________________________________                                    
     Example    6TA:6IA Mole Ratio                                             
                                 BWS                                           
     ______________________________________                                    
     2          60:40            23.8%                                         
     3          65:35            21.0%                                         
     4          70:30            15.0%                                         
     5          65:35                                                          
     6          60:40            24.0%                                         
     7          70:30            13.0%                                         
     8          75:25            10.0%                                         
     I          55:45            40.0%                                         
      II        50:50            48.0%                                         
     III        40:60            67.0%                                         
     ______________________________________                                    
PAR  The above examples illustrate that fiber made from the 6TA/6IA copolymers
      of the present invention unexpectly have low BWS values when compared to
      fiber made from the 6TA/6IA copolymers of the prior art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fiber-forming copolymer consisting essentially of recurring units of
      the formulas:
      ##SPC2##
PAL  wherein the mole ratio of units A to B is between about 60:40 to about
      80:20 and wherein said copolymer in fiber form has a boiling water
      shrinkage between 10 and 30%.
NUM  2.
PAR  2. The copolymer of claim 1 wherein the mole ratio of units A:B is between
      65:35 and 75:25.
NUM  3.
PAR  3. The copolymer of claim 1 in the form of a filament.
NUM  4.
PAR  4. The copolymer of claim 2 in the form of a filament.
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ABST
PAL  There are disclosed water-insoluble proteinic preparations in which a
      protein or polypeptide is bound to a copolymer, which preparations are
      useful for binding enzymes in order to carry out enzyme-catalyzable
      reactions. These preparations comprise a peptide material bound to a
      crosslinked copolymer comprising the following copolymerized units:
PA1  A. about 0.1 to 30 wt. % of at least one .alpha.,.beta.-monoolefinically
      unsaturated dicarboxylic acid anhydride having about 4 to 9 carbon atoms;
PA1  B. about 35 to 90 wt. % of at least one di- and/or poly(meth)acrylate of a
      diol and/or polyol as hereinafter defined; and
PA1  C. about 5 to 60 wt. % of at least one hydrophilic monomer,
PAL  The copolymer having a bulk volume of 1.4 to 30 ml/g and a specific surface
      area of about 1 to 500 m.sup.2 /g, and containing, after saponification of
      the anhydride groups, about 0.01 to 14 milliequivalents of acid per gram.
PARN
PAR  This is a division of application Ser. No. 345,452, filed Mar. 27, 1973,
      now U.S. Pat. No. 3,871,964.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to new water-insoluble proteinic preparations in
      which a protein or polypeptide is bound to a copolymer, to a process for
      the production of these new preparations, and to their use for carrying
      out enzyme-catalyzable reactions.
PAR  2. Description of the Prior Art
PAR  The covalent bonding of substances to insoluble polymeric carriers has
      gained increasingly in importance in recent years. The binding of
      catalytically active compounds, for example enzymes, offers particular
      advantages since they can, in this form, be easily separated off after
      completion of the reaction and repeatedly reused.
PAR  Copolymers of maleic anhydride and vinyl compounds have already been
      proposed repeatedly as carriers with suitable binding groups. However,
      copolymers of maleic anhydride with ethylene and monovinyl compounds
      become more or less water-soluble on reaction with aqueous enzyme
      solutions so that before or during the reaction, an additional
      crosslinking agent, for example a diamine, is desirably added. Enzyme
      preparations obtained in this way are relatively difficult to filter and
      possess soluble constituents, and losses of bound enzyme results (compare
      E. Katchalski, Biochemistry 3, (1964), pages 1905-1919).
PAR  Further, copolymers of acrylamide and maleic acid have been described which
      are converted into the anhydride form by subsequent heating. These
      products are relatively slightly crosslinked, swell very markedly in water
      and only possess moderate mechanical stability which leads to abrasion
      losses when using these resins (compare German Offenlegungsschrift 1 908
      290).
PAR  Furthermore, strongly crosslinked carrier polymers have been produced by
      copolymerization of maleic anhydride with divinyl ethers. Because of the
      alternating type of copolymerization of the monomers, these polymers
      contain a very high proportion of anhydride groups - in each case above 50
      % by weight of maleic anhydride, in the examples disclosed - which is
      determined by the molecular weight of the vinyl ether monomer and is
      therefore only adaptable to the particular end use within relatively
      narrow limits (compare German Offenlegungsschrift 2 008 996).
PAR  We have therefore attempted to find new reaction products of proteins and
      peptides with new, strongly crosslinked, water-swellable copolymers
      possessing a content of cyclic dicarboxylic acid anhydride groups capable
      of great variation, and a convenient process for their production. The new
      reaction products of proteins and peptides with the new copolymers do not
      have the disadvantages of the previously known protein preparations or at
      least, have them to a slighter extent.
PAC  SUMMARY OF THE INVENTION
PAR  There is provided according to this invention, a water-insoluble
      preparation comprising a peptide material bound to a crosslinked copolymer
      comprising the following copolymerized units:
PAR  A. about 0.1 to 30 wt. %, preferably 2 to 20 wt. % of at least one .alpha.,
      .beta.-monoolefinically unsaturated dicarboxylic acid anhydride having
      about 4 to 9 carbon atoms, preferably 4 to 5 carbon atoms;
PAR  B. about 35 to 90 wt. %, preferably 50 to 85 wt. %, of at least one di-
      and/or poly(meth)acrylate of a diol and/or a polyol as hereinafter
      defined; and
PAR  C. about 5 to 60 wt. %, preferably 10 to 50 wt. %, of at least one
      hydrophilic monomer not the same as defined under B; the copolymer having
      a bulk volume of about 1.4 to 30, preferably 2 to 20 ml/g, and a specific
      surface area of 1 to 500 m.sup.2 /g, preferably 1 to 400 m.sup.2 /g and
      containing, after saponification of the anhydride groups, 0.01 to 14,
      preferably 0.02 to 11, milliequivalents of acid per gram.
PAR  We also provide according to the invention a process for the production of
      a preparation as defined above in which, relative to the total weight of
      copolymerizable monomers present:
PAR  A. about 0.1 to 30 wt. %, preferably 2 to 20 wt. %, of the said at least
      one anhydride;
PAR  B. about 35 to 90 wt. %, preferably 50 to 85 wt. %, of the said at least
      one acrylate; and
PAR  C. about 5 to 60 wt. %, preferably 10 to 50 wt. %, of the said at least one
      hydrophilic monomer;
PAR  are copolymerized by precipitation or bead polymerization in a diluent
      inert to anhydride groups at a temperature of 20.degree. to 200.degree.C.
      in the presence of a free-radical initiator and the copolymer thus
      produced is reacted, in aqueous suspension, with a solution of the peptide
      material to give the desired preparation.
PAR  Finally, we also provide according to this invention a process for carrying
      out an enzyme-catalyzed conversion of a substrate comprising contacting a
      preparation as defined above in which the peptide material is an enzyme
      with a substrate for the enzyme under conditions where the said conversion
      occurs.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In this specification the term "peptide material" includes proteins,
      polypeptides, oligopeptides, and aminoacids as understood in the art to
      which this invention pertains.
PAR  The starting materials required for the production of the preparations of
      the invention will first be described.
PAR  Important examples of .alpha.,.beta.-monoolefinically unsaturated
      dicarboxylic acid anhydrides with 4-9 carbon atoms, preferably with 4-5
      carbon atoms, which are required to provide units A are maleic, itaconic
      and citraconic anhydrides, especially maleic anhydride. Mixtures of these
      anhydrides can also be used for the copolymerization.
PAR  The diols and polyols from which the dimethacrylates, polymethacrylates,
      diacrylates and polyacrylates used to provide units B in this invention
      are derived comprise the following categories of compounds:
PA1  i. at least dihydroxy compounds with at least two alcoholic or phenolic,
      preferably alcoholic, hydroxyl groups;
PA1  ii. the reaction products of the said at least dihydroxy compounds (i) with
      alkylene oxides having 2 to 8, preferably 2 to 4 carbon atoms, or mixtures
      of such alkylene oxides, 1 to 10.sup.4, preferably 1 to 10, alkylene oxide
      units being added to one mol of the at least dihydroxy compound (i).
      Examples of suitable alkylene oxides are ethylene oxide, propylene oxide,
      butylene oxide, trimethylene oxide, tetramethylene oxide,
      bischloromethyl-oxacyclobutane and styrene oxide, ethylene and propylene
      oxides being preferred;
PA1  iii, the reaction products of at least one of the alkylene oxides defined
      in (ii) with a compound having at least two Zerewitinoff-active hydrogen
      atoms which is not an alcohol or a phenol.
PAR  The di- and poly(meth)acrylates of diols and polyols, to be employed
      according to the invention, can be obtained in accordance with known
      methods, for example by reaction of the diols and/or polyols with
      (meth)acrylic acid chloride in the presence of about equimolar amounts,
      relative to acid chloride, of tertiary amines such as triethylamine, at
      temperatures below 20.degree.c. in the presence of benzene (compare German
      Offenlegungsschrift 1 907 666). Possible diols or polyols with at least 2
      carbon atoms, preferably 2-12 carbon atoms, are, for example: ethylene
      glycol, 1,2-propanediol, 1,3-propanediol, butanediols, especially
      1,4-butanediol, hexanediols, decanediols, glycerine, trimethylolpropane,
      pantaerythritol, sorbitol, sucrose and their reaction products with
      alkylene oxides, as indicated above. Poly-bis-chloromethyl-oxacyclobutane
      or polystyrene oxide are also suitable. Mixtures of diols and polyols can
      also be employed to produce the acrylates.
PAR  Preferably, diacrylates or dimethacrylates of diols with 2-4 carbon atoms
      and/or reaction products of one mol of these diols with 1-10 mols of
      alkylene oxide with 2-4 carbon atoms or trimethylolpropane trimethacrylate
      are used.
PAR  The dimethacrylates of ethylene glycol, diethylene glycol, triethylene
      glycol, tetraethylene glycol or higher polyalkylene glycols with molecular
      weights of up to 500, or their mixtures, are particularly advantageous.
PAR  The third group of the copolymerization components, giving residues C,
      consists of singly unsaturated, hydrophilic monomers. As such, it is
      possible to use any polymerizable singly unsaturated compound which does
      not possess any functional groups which are reactive towards anhydride
      groups, and which forms hydrophilic polymers.
PAR  The hydrophilic monomers C preferably possess at least one carboxyl,
      aminocarbonyl, sulpho or sulphamoyl group, and the amino groups of the
      aminocarbonyl or sulphamoyl radical can optionally carry as substituents
      alkyl groups with 1-4 carbon atoms or alkoxymethyl groups with 1-4 carbon
      atoms in the alkoxy radical.
PAR  As examples of these hydrophilic monomers, there may be mentioned acrylic
      acid, methacrylic acid, maleic acid halfesters with 1-8 carbon atoms in
      the alcohol radical, N-vinyllactams such as N-vinylpyrrolidone,
      methacrylamide, N-substituted (meth)acrylamides such as N-methyl- and
      N-methoxymethyl-(meth)-acrylamide and N-acryloyldimethyltaurine.
PAR  Depending on the desired hydrophilic character and swellability of the
      copolymers and on the length of the polyalkylene oxide chain or chains of
      the polyfunctional (meth) acrylic ester B, the hydrophilic monomers C are
      added to the monomer mixture in amounts of 5-60% by weight.
PAR  Apart from affecting the hydrophilic character, the addition of these
      monomers surprisingly also affects the structure of the polymers, which is
      of very particular advantage in the production of bead polymers, since
      here the choice of the diluents for the monomer mixture is greatly
      restricted by the conditions that they should be insoluble in paraffin
      hydrocarbons and inert towards anhydride groups.
PAR  Because of the range of variation in the composition of the monomer
      mixture, the hydrophilic character, density of crosslinking, swellability
      and anhydride group content of the copolymers according to the invention
      can be adapted to give optimal results in the intended particular end use
      of the preparation over a very broad range.
PAR  If desired, there may also be added in addition to the di- and/or
      poly-(meth)acrylates to be used according to the invention, at least one
      crosslinking agent having at least two (2) non-conjugated double bonds
      (e.g. divinyl adipate, methylene-bis-acrylamide, triacrylformal, triallyl
      cyanurate etc) to the monomer mixture in amounts of 0.01-30% by weight.
PAR  The polymerization can be carried out, for example, in an organic solvent,
      as a precipitation polymerization, in which case the polymers start to
      precipitate shortly after the start of the polymerization. Inherently, all
      solvents which are inert towards anhydride groups are suitable.
      Particularly advantageous solvents are aliphatic, cycloaliphatic and
      aromatic hydrocarbons and halogen-substituted aromatic and aliphatic
      hydrocarbons, alkyl-aromatic compounds and carboxylic acid esters.
PAR  As examples of suitable organic solvents there may be mentioned: heptane,
      octane, isooctane, benzine fractions with boiling points of 60.degree. to
      200.degree.C., cyclohexane, benzene, toluene, the xylenes, chlorobenzene,
      dichlorobenzenes, ethyl acetate, butyl acetate, and the like.
PAR  The solvent used should preferably possess a boiling point of at least
      60.degree.C. and should be easily removable from the precipitation polymer
      in vacuo. For 1 part of the monomer mixture, about 2-50, preferably 5-20,
      parts by weight of the solvent are used. The properties of the copolymers,
      especially the bulk density and the specific surface area, are
      significantly influenced by the nature and amount of the solvent.
PAR  In many cases it is advantageous to use mixtures of the above mentioned
      solvents or to start the polymerization in a solvent for the polymer and
      continuously to add a precipitant for the polymer over the course of the
      polymerization. The precipitant can also be added in one or more portions
      at particular points in time. Furthermore, the monomer mixture can be fed,
      together with a suitable initiator, as a solution or without solvent, into
      a previously taken amount of solvent, so that during the polymerization a
      uniform low monomer concentration is maintained. Products with
      swellability, density and specific surface area suited to the particular
      end use, and with good mechanical stability, having a very wide range of
      properties, can be produced by using (meth)acrylic monomers B of differing
      hydrophilic character and varying the polymerization conditions.
PAR  The copolymers used according to the invention are preferably produced by
      suspension polymerization. The most customary type of bead polymerization,
      in which the monomers, optionally with the addition of an organic solvent,
      are suspended in water, can in this case only be used with little success,
      since the anhydride hydrolyzes very rapidly and the resulting dicarboxylic
      acid mainly passes into the water phase, only small amounts being
      incorporated into the polymer. Hence, the suspension polymerization is
      preferably carried out in an organic medium. Paraffin hydrocarbons, such
      as hexane, heptane, octane and higher homologues, cycloaliphatic compounds
      such as cyclohexane, and paraffin mixtures such as benzine fractions or
      paraffin oil, are particularly suitable as the continuous phase. The
      monomers and the initiator are generally dissolved in a solvent which is
      immiscible with paraffins and inert towards anhydride groups, such as, for
      example, acetonitrile, dimethylformamide, dimethylsulphoxide or
      hexamethylphosphoric acid triamide, and dispersed in the continuous phase,
      in most cases with addition of at least one dispersing agent. The volume
      ratio of continuous phase: monomer phase is generally 1:1 to 10:1,
      preferably 2:1 to 5:1.
PAR  In order to stabilize the suspension, it is possible to use, for example,
      glycerine monooleate and dioleate, as well as mixtures of these compounds,
      sorbitan monooleate and trioleate or monostearate and tristearate,
      polyethylene glycol monoethers with stearyl alcohol or lauryl alcohol or
      nonylphenol, polyethylene glycol monoesters with oleic acid, stearic acid
      and other fatty acids with more than 10 carbon atoms, and the sodium salt
      of sulphosuccinic acid dioctyl ester. These stabilizing substances are
      generally employed in amounts of, preferably 0.1-10% by weight relative to
      the monomer mixture and are generally dissolved in the hydrocarbon phase.
      The particle size of the copolymeric product can be reduced either by
      increasing the speed of stirring or by adding 0.01-2% by weight relative
      to monomer, of a further surface-active substance, for example an
      alkylsulphonate.
PAR  Polymerization in the process of the invention is initiated by radical
      initiators. Suitable initiators are, for example, azo compounds or
      per-compounds. The most customary azo compound for initiating the
      polymerization is azoisobutyronitrile. Possible per-compounds are mainly
      diacyl peroxides such as dibenzoyl peroxide or percarbonates such as
      diisopropyl percarbonate and dicyclohexyl percarbonate, but it is also
      possible to use dialkyl peroxides, hydroperoxides and redox systems which
      are active in organic solvents for the initiation.
PAR  The initiators are generally added in amounts of 0.01-10 wt. %, preferably
      0.1-3 wt. %, relative to the weight of the monomer mixture.
PAR  The polymerization is generally carried out at temperatures of about
      20.degree.-200.degree.C., preferably 50.degree.14 100.degree.c., depending
      on the speed of decomposition of the initiators and, in most cases, below
      the boiling point of the solvent, and in the case of bead polymerizations,
      below the miscibility temperature of the two phases. Furthermore, it is as
      a rule advantageous to carry out the polymerization in an inert atmosphere
      in the absence of oxygen.
PAR  The copolymers obtained by precipitation polymerization are colorless to
      pale yellow-colored powdery substances with bulk volumes of 1.5-30 ml/g,
      preferably 2-20  ml/g and specific surface areas of 0.1-500 m.sup.2 /g,
      preferably 1-400 m.sup.2 /g. The content of carboxyl groups determined
      titrimetrically after saponification of the anhydride groups is about
      0.01-14 m-equiv/g, preferably about 0.02-11 m-equiv/g.
PAR  The copolymers obtained by suspension polymerization are white or slightly
      colored beads which can in some cases be irregular in shape and have a
      diameter of 0.03-3 mm, preferably 0.05-0.5 mm and bulk volumes of 1.4-8
      ml/g, preferably 1.4-5 ml/g. Their carboxyl group content, determined
      after hydrolysis of the anhydride groups, is 0.01-14 m-equiv/g. preferably
      0.02-11 m-equiv/g.
PAR  The copolymers used according to the invention contain copolymerized units
      essentially in statistical distribution. (random copolymers). Because of
      their high density of crosslinking, they are insoluble in all solvents.
      Molecular weights can therefore not be determined.
PAR  The copolymers can swell in water to between 1.1 and 3 times their bulk
      volume. They are outstandingly suitable for use as carrier resins for
      fixing substances which can react with the anhydride groups of the
      copolymers. They also possess excellent mechanical stability and hence
      practically no abrasion.
PAR  The carrier copolymers described above bind all substances which carry a
      functional group which is capable of reacting with the anhydride groups of
      the polymer. In the case of proteins and peptides, these are primarily the
      terminal amino groups of lysine and the free amino groups of the peptide
      chain ends.
PAR  The following substances are examples of peptide materials which can be
      bound to the copolymers according to the invention:
PAR  Enzymes: Hydrolyases such as proteases, for example trypsin, chymotrypsin,
      papaine and elastase; amidases, for example asparaginase, glutaminase and
      urease; acyltransferases, for example penicillinacylase; lyases, for
      example hyaluronidase.
PAR  Other proteins: plasma constituents and globulins (antibodies).
PAR  Oligopeptides, such as glutathione.
PAR  Polypeptides, such as kallikrein inhibitor and insulin.
PAR  Aminoacids, such as lysine or alanine.
PAR  It is however envisaged that the invention will primarily be used for
      proteins isolated from bacteria, fungi, actinomycetes or animal material.
PAR  After production of the copolymer, it is combined with the peptide material
      in a second step. In this step, the requisite amount of polymer is
      introduced into a stirred aqueous solution of the peptide material at a
      temperature of between 0.degree. and 30.degree.C. The weight ratio of
      peptide materials to carrier resin can be varied within wide limits and be
      suited to the subsequent end use. Good yields are obtained for example
      with a ratio of 1 part by weight of protein to between 4 and 10 parts by
      weight of polymeric carrier. However, the optimum ratios depend both on
      the composition and sturcture of the polymer and on the nature of the
      protein.
PAR  In the case of numerous enzymes it is also advisable to add stabilizers. As
      such stabilizers, it is possible to use polyethylene glycols or non-ionic
      wetting agents for reducing denaturation at surfaces, as well as the known
      SH-reagents or metal ions in the case of special enzymes. The pH is
      appropriately kept by means of a pH-stat at the optimum pH-value for the
      particular bonding. This pH-value lies in a range of 2 to 9, preferably 5
      to 7. When the peptide material is penicillinacylase it has proved
      advisable to work at between pH 5.7 and pH 6.8. In doing so, inorganic
      bases (for example caustic alkali solutions), or organic bases (for
      example tertiary organic amines), must be added in order to keep the
      pH-value constant. The progress of the reaction is discernible from the
      consumption of the amount of base required to keep the pH constant. At
      room temperature, about 16 hours are required to complete the reaction and
      at 4.degree.C. up to 40 hours are required. Thereafter, the copolymer is
      filtered off and is washed with buffers or salts, in the concentration
      range of 0.2 to 1 M, in order to dissolve off a small proportion of
      ionically bound protein.
PAR  The bound substance can be determined either by elementary analysis or, in
      the case of enzymes or inhibitors, by the enzymatic activity or the
      inhibition of the enzymatic activity. The yields of bound substance depend
      on the nature of the substance and the composition of the polymer. Thus,
      for example, aminoacids and low molecular peptides were coupled
      practically completely; however, even with the proteins, the yields of
      bound enzymatic activity are between about 20 and over 90% of the activity
      introduced at start.
PAR  According to the state of the art (German Offenlegungsschriften 1 935 711
      and 2 008 990), the coupling of proteins is effected in buffer solutions
      in concentrations of 0.05 M to 0.2M. If no buffer is used, the proportion
      of ionically bound protein increases (German Offenlegungsschrift 1 935
      711). Surprisingly it was found that with the preparations according to
      the invention the coupling in a medium which is as free of ions as
      possible gives maximum yields of enzyme bound by covalent bonds. In
      practice a conduction range of 0.1 - 1 m mhos at pH 6.3 was achieved. In
      this procedure the pH can be kept constant very accurately at the optimum
      value by means of a pH-stat.
PAR  The use of copolymer-bound enzymes is industrially of particular importance
      since industrially valuable products can be manufactured with their aid.
      The prior bonding of biological catalysts in accordance with the present
      process permits them to be isolated completely from the reaction mixture
      by very simple separation processes and makes it possible to reuse them
      repeatedly, which is a decisive factor economically. Additionally, in most
      cases the stability of the sensitive and expensive proteins is decisively
      improved.
PAR  The following gives some examples of the use of the preparations of the
      invention in carrying out enzyme-catalyzed conversions in accordance with
      the present invention.
PAR  The proteases, such as trypsin, chymotrypsin, papaine and elastase, can be
      used, for example, for the production of protein hydrolysis products for
      microbiological processes. Furthermore, the enzymes can also be used to
      remove antigenic proteins from pharmaceutically active substances.
PAR  Acylases are used industrially for the manufacture of 6-aminopenicillanic
      acid from penicillins or for the separation of racemates of acylated
      aminoacids. Carrier-bound amylase according to the invention can be used
      for the hydrolytic degradation of starch.
PAR  Special hydrolases, such as asparaginase or urease, can be employed
      therapeutically, in the copolymer-bound form, on extra-corporal
      circulation.
PAR  These and numerous other possible uses have been described in the
      literature. See, for example, the summaries in Chem. Eng. News of
      15.2.1971, page 86 and Rev. Pure & Appl. Chem. 21, 83 (1971).
PAR  A further large field of use for substances fixed to carriers is affinity
      chromatography. Thus antibodies can be isolated by means of bound antigens
      or haptens, and conversely antigens can be isolated with fixed antibodies
      (.gamma.-globulins). Equally, enzymes can be enriched specifically with
      the aid of bound inhibitors or substrate analogues. For example, it is
      shown to isolate trypsin and chymotrypsin by means of bound vegetable or
      animal inhibitors. Other examples are the isolation of peptidases on
      special bound peptides or the isolation of plasmin with lysine bound to a
      carrier. Summarizing works of this field of use have been published by G.
      Feinstein in Naturwissenschaften 58, 389 (1971) and F. Fried in
      Chromatographic Reviews 14, 121, (1971).
PAR  In order to produce 6-aminopenicillanic acid (6-APA), penicillins can be
      split by means of acylases from microorganisms, for example, bacteria,
      especially E. coli, Erwinia, Actinomycetes such as Streptomyces,
      Micromonospora and Nocardia; fungi such as Fusarium; and yeasts.
PAR  According to the process of German Patent Specification 1,111,778 for the
      production of 6-APA, a penicillin G solution is treated with a bacterial
      sludge which contains the enzyme penicillinacylase (E.C. 3.6.1.11). As a
      result of the action of the enzyme, the lateral carbonamide grouping of
      the penicillin is split off without opening the .beta.-lactam ring.
PAR  The use of suspensions of micro-organisms has the following disadvantages:
PAR  a. The suspension of micro-organisms, in addition to containing the
      intra-cellular penicillinacylase, contains further proteins and enzymes as
      well as constituents from the nutrient medium or their transformation
      products which have been produced during the fermentation. The impurities
      cannot be completely eluted from the crystalline 6-APA during working up.
PAR  b. The suspension of micro-organisms can economically appropriately only be
      employed once.
PAR  c. The suspension of micro-organisms contains impurities and other enzymes
      which inactivate penicillin and/or 6-APA by opening the .beta.-lactam
      ring.
PAR  d. The suspension only contains small amounts of penicillinacylase. The use
      of more enzyme material, for example to achieve shorter reaction times and
      hence better 6-APA yields with a lower content of extraneous products is
      not possible to practice.
PAR  e. The operating yields of 6-APA depend on the varying formation of
      penicillinacylase in the individual fermentation batches.
PAR  f. The complete removal of suspended micro-organisms requires an additional
      process step when working up the 6-APA batches and this causes losses in
      yield. Further purification steps are necessary to remove protein-like
      impurities which can cause allergic reactions (British Pat. Nos.
      1,169,696, 1,078,847 and 1,114,311).
PAR  All disadvantages mentioned are avoided if instead of a suspension of
      micro-organisms a penicillinacylase is used which is obtained by covalent
      bonding to a water-insoluble carrier.
PAR  While attempts to produce 6-APA by enzymatic splitting of penicillins with
      carrier-bound penicillinacylase are known, (see on the subject, German
      Offenlegungsschrift 1 917 057 and German Offenlegungsschrift 1 907 365) it
      has not been possible to apply the process described on a technical scale.
      The reasons for this are firstly the mechanical properties of the carrier
      material used, which is very vulnerable to abrasion, while with moderate
      process yields only low specific activities of carrier-bound
      penicillinacylase were achievable.
PAR  The insoluble enzyme used in German Pat. application No. 2 157 970, which
      was obtained by covalent bonding of the penicillinacylase to a copolymer
      of acrylamide, N,N'-methylene-bis-acrylamide and maleic anhydride, also
      has disadvantages for the splitting of penicillin on an industrial scale,
      since it swells strongly and is mechanically unstable. These disadvantages
      handicap the repeated reuse of the resin, thus manufactured, on an
      industrial scale. It has now been found that the disadvantages mentioned
      are avoided if a preparation according to the invention comprising a
      penicillinacylase bound to a water-insoluble carrier is used for splitting
      penicillins.
PAR  The splitting of penicillins with carrier-bound penicillinacylase according
      to the invention can be carried out simply and also on a large industrial
      scale. In a preferred form of this process, the carrier-bound insoluble
      enzyme is suspended in a solution containing 75,000-150,000 IU/ml of
      penicillin [1 mg. of potassium benzylpenicillin G corresponds to 1598 IU
      (International Units)], for example penicillin G or penicillin V. The
      enzymatic splitting is carried out at a constant pH value in the range of
      6-9, particularly in the range of the pH optimum of the particular bound
      penicillinacylase, for example at pH 7.8. To neutralize the acyl radical
      split off, for example of phenylacetic acid or of phenoxyacetic acid,
      aqueous alkali solutions, for example potassium hydroxide solution or
      sodium hydroxide solution, or organic amines, preferably triethylamine,
      are used. The reaction velocity and the completion of the splitting can be
      seen from the consumption of the base. The penicillinacylase catalyses
      both the splitting of penicillin to give 6-APA and the resynthesis of the
      penicillins from the splitting products. The equilibrium depends on the pH
      value of the medium. At lower pH value the equilibrium is displaced in
      favor of the starting product, penicillin. This can be utilized for the
      transacylation of penicillins in the presence of other acyl radicals or
      for the synthesis of penicillins from 6-APA.
PAR  The reaction temperature of the enzymatic splitting is preferably
      38.degree.C. At lower temperatures, the activity of the enzyme decreases.
      If the splitting is carried out, for example, at 25.degree.C., twice as
      much enzyme as at 38.degree.C. has to be employed if the same reaction
      times are to be achieved.
PAR  At a given temperature, the reaction velocity depends on the specific
      activity and on the amount of the carrier-bound penicillinacylase.
      Furthermore, the reaction velocity depends on the ratio of the amount of
      the carrier-bound penicillinacylase to the concentration of the
      penicillin. A splitting batch with a concentration of 100,000 IU/ml of
      potassium penicillin G has been completely hydrolyzed to 6-APA and
      phenylacetic acid after 10 hours at pH 7.8 and 38.degree.C. if, per unit
      of penicillinacylase, 3.10.sup.5 units of penicillin G are employed [one
      enzyme unit (U) is defined as the activity which hydrolyzes 1 .mu.mol of
      6-nitro-3-(phenyl-acetyl)-aminobenzoic acid (NIPAB) per minute at
      25.degree.C.]. The proportion of dry enzyme resin is only 0.5-1% of the
      reaction mixture. If 2 units of penicillinacylase are employed per
      10.sup.5 IU of penicillin G, the complete splitting only requires 2 hours.
      Even shorter reaction times are also possible when using even more bound
      penicillinacylase, when using, for example, carrier-bound
      penicillinacylase from crystallized enzyme.
PAR  The carrier-bound penicillinacylase produced according to the invention is
      preferably in the shape of beads and is distinguished by high mechanical
      stability and a comparatively high specific gravity. These properties
      allow it to be employed for prolonged periods of time if it is repeatedly
      used. These properties furthermore make it possible, in batch processes,
      to emply intensive stirring and simple separation by centrifuging without
      loss through mechanical stress, for example through abrasion. Thus, batch
      processes yield clear filtrates which can, without additional filtration,
      be processed further in order to isolate the end product, 6-APA. The
      carrier-bound penicillinacylase produced according to the invention also
      permits rapid and simple filtration, since, as a result of the mechanical
      stability, no very fine particles which block the filter surface are
      produced. The resin offers further advantages in the batch process because
      of the comparatively high specific gravity, which causes the resin to
      settle out rapidly, so that after completion of the process the
      supernatant solution can easily be siphoned off. This results in a
      simplification of the conduct of the process, since in the batch process
      the resin can remain in the reaction vessel and be used directly for the
      next splitting.
PAR  The properties of the polymer furthermore permit the use of the
      carrier-bound penicillinacylase not only in batch processes but also in
      continuous processes, for example in reaction columns, where the bead
      shape permits the requisite high speed of flow through the column.
PAR  After separating off the enzyme resin, the 6-APA formed in the enzymatic
      splitting can be isolated from the reaction solution in accordance with
      known processes (see, for example, German Pat. Specification 1,111,778)
      and is crystallized at pH 4.3. In the splitting of penicillin, according
      to the invention, with the carrier-bound penicillinacylase produced
      according to the invention, substantially higher yields of 6-APA are
      obtained than when using E. coli sludge, but also higher yields than when
      using the enzyme resin according to German Patent Application P 2 157
      970.4. Thus, as is shown in Examples 14 to 17, 6-APA has been isolated in
      a yield of about 90% of theory. The 6-APA thus produced does not contain
      any proteins as impurities. The 6-APA thus produced also contains
      practically no polymers which can be produced in other procedures.
      Allergic side-effects attribute to proteins or polymers are impossible
      with the 6-APA produced according to the invention.
PAR  The carrier-bound penicillinacylase produced according to the invention can
      be used repeatedly over a prolonged period of time. Even thereafter, the
      enzyme activity is still retained practically completely.
PAR  Our copending Application Ser. No. 345,792 filed Mar. 28, 1973, discloses
      and claims new preparations generally similar to those of the present
      invention, but lacking residues C.
PAR  The boiling points in the Examples were determined at normal pressure. The
      following examples are presented to illustrate the invention but it is not
      to be considered as limited thereto.
DETD
PAC  EXAMPLE 1a
PAR  70 g of tetraethylene glycol dimethacrylate, 20 g of methacrylic acid, 10 g
      of maleic anhydride and 1 g of azoisobutyronitrile are dissolved in 1
      liter of benzene and initially polymerized for 4 hours at 60.degree.C. 1 g
      of azoisobutyronitrile and 200 ml of benzine (boiling point
      100.degree.-140.degree.C.) are then added and the polymerization is
      carried out for 2 hours at 70.degree.C. and 2 hours at 80.degree.C.
PAR  The pulverulent polymer is thoroughly washed with petroleum ether (boiling
      point 30.degree.-50.degree.C.) and dried in vacuo.
PA1  Yield:  96 g
PA1  Bulk volume:  8.8 ml/g
PA1  Swelling volume in water:  12.4 ml/g
PA1  Specific surface area:  8.6 m.sup.2 /g
PA1  Acid content after saponification of the anhydride groups = 3.85 m-equiv/g.
PAC  EXAMPLE 1b
PAR  6 g of the carrier copolymer produced according to Example 1a are suspended
      in a solution of 610 U of penicillinacylase in 150 ml of water. The pH
      value is kept at 6.3 by adding 1 N NaOH, using a pH-stat, and the
      suspension is stirred for 20 hours at 25.degree.C.
PAR  The copolymer is then filtered off on a G 3 glass frit and washed with 300
      ml of 0.05 M phosphate buffer of pH 7.5, containing 1 M sodium chloride,
      and with 300 ml of the same buffer without sodium chloride. No further
      activity can be eluted by further washing. The supernatant liquid and the
      wash solutions are combined and their enzymatic activity is determined.
      The enzymatic activity of the moist copolymer is measured in aliquot
      amount.
PAL  Result:
PA1  Enzymatic activities (NIPAB test):
PA2  Starting solution   610 U
PA2  Supernatant liquid + wash solutions  112U
PA2  Carrier copolymer after the reaction  561 U
PA2  (i.e. 92% of the starting activity)
PAR  The enzymatic activity of the penicillinacylase is measured
      colorimetrically or titrimetrically with 0.002 M of
      6-nitro-3-(N-phenylacetyl)-aminobenzoic acid (NIPAB) as the substrate at
      pH 7.5 and 25.degree.C. The molar extinction coefficient of the resulting
      6-nitro-3-aminobenzoic acid is E.sub.405 nm = 9,090. 1 unit (U)
      corresponds to the conversion of 1 .mu.mol of substrate per minute.
PAC  EXAMPLE 1c
PAR  400 mg of the carrier copolymer produced according to Example 1a are
      suspended in a solution of 40 ml of urease in 32 ml of water. The pH value
      is kept constant at pH 6.0 by adding 1 N sodium hydroxide solution, while
      constantly stirring at room temperature. After 16 hours, the reaction is
      complete and the copolymer is filtered off and washed with buffer as in
      Example 1 (b). Result:
PA1  Enzymatic activity:
PA1  Starting solution   168 U
PA2  Supernatant liquid + wash solutions  64.5 U
PA2  Carrier copolymer after the reaction  87 U
PA2  (i.e. 52% of the starting activity)
PAR  The enzymatic activity of the urease is determined titrimetrically with
      0.17 M urea as the substrate, at 25.degree.C. and pH 6.1. 1 unit (U)
      corresponds to the amount of enzyme which consumes 1 .mu.mol of urea, that
      is to say 2 .mu.mol of hydrochloric acid, per minute.
PAC  EXAMPLE 1d
PAR  500 mg of the carrier copolymer produced according to Example 1a are
      suspended in a solution of 100 mg of trypsin in 32 ml of 0.02 M calcium
      chloride. The pH value is kept constant at pH 6.3 by addition of 1 N
      sodium hydroxide solution while constantly stirring at 4.degree.C. After
      16 hours the copolymer is filtered off and washed with buffer as in
      Example 1b.
PA1  Result:
PA1  Enzymatic activity:
PA2  Starting solution   110 U
PA2  Supernatant liquid + wash solutions  15.6 U
PA2  Carrier copolymer after the reaction  64 U
PA2  (i.e. 58% of the starting activity)
PAR  The enzymatic activity was determined colorimetrically according to Tuppy.
      Z. Physiol. Chem. 329 (1962) 278, with benzoyl-arginine-p-nitroanilide
      (BAPNA) as the substrate. 1 unit (U) corresponds to the splitting of 1
      .mu. mol of substrate per minute at 25.degree.C. and pH 7.8.
PAC  EXAMPLE 2a
PAR  A solution of 80 g of tetraethylene glycol dimethacrylate, 10 g of
      methacrylic acid, 10 g of maleic anhydride and 1 g of azoisobutyronitrile
      in 1 liter of benzene is polymerized for 4 hours at 60.degree.C., 2 hours
      at 70.degree.C. and 1 hour at 80.degree.C., while stirring slowly. The
      polymer is filtered off, stirred 3 times in benzene, washed with petroleum
      ether and dried in vacuo.
PA1  Yield: 70 g
PA1  Bulk volume: 7.0 ml/g
PA1  Swelling volume in water: 8.2 ml/g
PA1  Specific surface area: 5.3 m.sup.2 /g
PA1  Acid content after saponification of the anhydride groups = 2.55 m-equiv/g.
PAC  EXAMPLE 2b
PAR  1 g of the polymer produced according to Example 2a is reacted, analogously
      to Example 1b, with penicillinacylase in 33 ml of water at pH 6.3.
PA1  Result:
PA1  Enzymatic activities (NIPAB test):
PA2  Starting solution   118 U
PA2  Supernatant liquid + wash solutions  21 U
PA2  Carrier copolymer after the reaction  82 U
PA2  (i.e. 69% of the starting activity)
PAC  EXAMPLE 3a
PAR  60 g of tetraethylene glycol dimethacrylate, 30 g of methacrylic acid, 10 g
      of maleic anhydride and 1 g of azoisobutyronitrile are dissolved in 300 ml
      of acetonitrile. This solution is suspended in 1 liter of benzine (boiling
      point 100.degree.-140.degree.C.) which contains 5 g of a mixture of
      glycerine monooleate and glycerine dioleate and is polymerized for 22
      hours at 60.degree.C.
PAR  The polymer beads are filtered off, suspended three times in benzene and
      subsequently twice in petroleum ether (boiling point
      30.degree.-50.degree.C.) and dried in vacuo.
PA1  Yield: 94 g of white spheres
PA1  Bulk volume: 4.4 ml/g
PA1  Swelling volume in water: 5.5 ml/g
PA1  Specific surface area: 6.6 m.sup.2 /g
PA1  Mean particle diameter: .about. 200 .mu.
PA1  Acid content after saponification of the anhydride groups = 4.3 m-equiv/g.
PAC  EXAMPLE 3b
PAR  1 g of the polymer produced according to Example 3 (a) is reacted
      analogously to Example 1 (b) with penicillinacylase in 33 ml of water at
      pH 6.3.
PA1  Result:
PA1  Enzymatic activity (NIPAB test):
PA2  Starting solution   118 U
PA2  Supernatant liquid + wash solutions  43 U
PA2  Carrier copolymer after the reaction  96 U
PA2  (i.e. 81% of the starting activity)
PAC  EXAMPLE 4a
PAR  A solution of 2,100 g of tetraethylene glycol dimethacrylate, 600 g of
      methacrylic acid, 300 g of maleic anhydride and 30 g of
      azoisobutyronitrile in 7.5 liters of acetonitrile is suspended in 21
      liters of benzine (boiling point 100.degree.-140.degree.C.) in which 150 g
      of a mixture of glycerine monooleate and glycerine dioleate have been
      dissolved, and is polymerized for 1 hour at 50.degree.C. and 20 hours at
      60.degree.C.
PAR  The bead polymer is filtered off, twice stirred with toluene and once with
      petroleum ether (boiling point 30.degree.-50.degree.C.) and dried at
      60.degree.C.
PA1  Yield: 2.95 kg
PA1  Bulk volume: 4.7 ml/g
PA1  Swelling volume in water: 5.4 ml/g
PA1  Mean particle diameter: approx. 0.3 mm
PA1  Acid content after saponification of the anhydride groups = 4.0 m-equiv/g.
PAC  EXAMPLE 4b
PAR  1 g of the polymer produced according to Example 4a is reacted as described
      in Example 1b with penicillinacylase in 33 ml of water at pH 6.3.
PA1  Result:
PA1  Enzymatic activity (NIPAB test):
PA2  In the starting solution   107 U
PA2  Supernatant liquid and wash solutions  27 U
PA2  Carrier copolymer after the reaction  67 U (i.e. 63% of the starting
      activity)
PAC  EXAMPLE 4c
PAR  20 g of the polymer produced according to Example 4 (a) are introduced into
      600 ml of a solution of 1.0 g of nonspecific elastase from pig pancreas at
      room temperature, while stirring. At the same time the pH is kept constant
      at 5.8. After a reaction time of 16 hours, the copolymer is filtered off
      and worked-up in the manner described in Example 1 (b).
PA1  Result:
PA1  Enzymatic activity (casein test):
PA2  Starting solution   2,180 U
PA2  Supernatant liquid + wash solutions  993 U
PA2  Carrier copolymer after the reaction  1,225 U (i.e. 56% of the starting
      activity)
PAR  The enzymatic activity of the nonspecific elastase is determined
      titrimetrically with casin as the substrate (concentration 11.9 mg/ml) at
      pH 8.0 at 25.degree.C. 1 unit (U) corresponds to a consumption of 1
      .mu.mol of potassium hydroxide solution per minute.
PAC  EXAMPLE 5a
PAR  A solution of 80 g of tetraethylene glycol dimethacrylate, 10 g of
      methacrylic acid, 10 g of maleic anhydride and 1 g of azoisobutyronitrile
      in 300 ml of acetonitrile is polymerized as described in Example 3a.
PA1  Yield: 92 g of white, egg-shaped particles
PA1  Bulk volume: 2.5 ml/g
PA1  Swelling volume in water: 3.2 ml/g
PA1  Specific surface area: 1.7 m.sup.2 /g
PA1  Mean particle diameter: 125 .mu.
PA1  Acid content after saponification of the anhydride groups = 3.5 m-equiv/g.
PAC  EXAMPLE 5b
PAR  1 g of the polymer produced according to Example 5a is reacted as described
      in Example 1b with penicillinacylase in 33 ml of water at pH 6.3.
PA1  Result:
PA1  Enzymatic activity (NIPAB test):
PA2  Starting solution   118 U
PA2  Supernatant liquid + wash solutions  34 U
PA2  Carrier copolymer after the reaction  61 U (i.e. 52% of the starting
      activity)
PAC  EXAMPLE 6a
PAR  A solution of 50 g of ethylene glycol dimethacrylate, 40 g of methacrylic
      acid, 10 g of maleic anhydride and 1 g of azoisobutyronitrile in 300 ml of
      acetonitrile is suspended in 1 liter of benzine (boiling point
      100.degree.-140.degree.C.) in which 5 g of a mixture of glycerine
      monooleate and glycerine dioleate are dissolved, and is polymerized for 20
      hours at 60.degree.C. The bead polymer is filtered off, suspended three
      times in benzene and twice in petroleum ether (boiling point
      30.degree.-50.degree.C.) and dried in vacuo at 50.degree.C.
PA1  Yield: 87 g
PA1  Bulk volume: 4.8 ml/g
PA1  Swelling volume in water: 5.6 ml/g
PA1  Specific surface area: 13.2 m.sup.2 /g
PA1  Acid content after saponification of the anhydride groups = 4.2 m-equiv/g.
PAC  EXAMPLE 6b
PAR  1 g of the polymer produced according to Example 6a is reacted as described
      in Example 1b with penicillinacylase in 33 ml of water at pH 6.3.
PA1  Result:
PA1  Enzymatic activity (NIPAB test):
PA2  Starting solution   118 U
PA2  Supernatant liquid and wash solutions  29 U
PA2  Carrier copolymer after the reaction  55 U
PA2  (i.e. 47% of the starting activity)
PAC  EXAMPLE 7a
PAR  A solution of 50 g of trimethylolpropane trimethacrylate, 30 g of
      methacrylic acid, 20 g of maleic anhydride and 1 g of azoisobutyronitrile
      in 300 ml of acetonitrile is polymerized as described in Example 6a.
PA1  Yield: 86 g
PA1  Bulk volume: 2.0 ml/g
PA1  Swelling volume in water: 2.2 ml/g
PA1  Mean particle diameter: .about.30 .mu.
PA1  Acid content after saponification of the anhydride groups = 4.1 m-equiv/g.
PAC  EXAMPLE 7b
PAR  1 g of the copolymer produced according to Example 7a is added to a
      solution of 100 mg of lysine in 32 ml of water at room temperature, with
      constant stirring. The pH value is kept constant at 6.3. After 16 hours,
      the copolymer is filtered off, suspended in 50 ml of 1 M sodium chloride
      solution, filtered off and rinsed with 100 ml of water. The residue is
      dried in vacuo at 100.degree.C. and the nitrogen content is determined by
      Kjeldahl's method.
PA1  Result:
PA2  Dry weight: 860 mg
PA2  Nitrogen content: 1.5%, corresponding to a content of 65 mg of the lysine
      in the copolymer. This represents 65% of the amount of lysine employed.
PAC  EXAMPLE 8
PAR  The following were polymerized as described in Example 6a  (variation of
      the amount of the maleic anhydride):
TBL  Experi-                                                                   
     ment No.                                                                  
           a    b    c    d    e    f    g                                     
     __________________________________________________________________________
     TGDM  75   70   65   60   55   50   45                                    
     (g)                                                                       
     MAA   20   20   20   20   20   20   20                                    
     (g)                                                                       
     MA    5    10   15   20   25   30   35                                    
     (g)                                                                       
     AIBN  1    1    1    1    1    1    1                                     
     (g)                                                                       
     Aceto-                                                                    
     nitrile                                                                   
           250  250  250  250  250  250  250                                   
     (ml)                                                                      
     Benz-                                                                     
     ine   1,000                                                               
                1,000                                                          
                     1,000                                                     
                          1,000                                                
                               1,000                                           
                                    1,000                                      
                                         1,000                                 
     (ml)                                                                      
     Emuls-                                                                    
     ifier 5    2.5  5    5    5    5    5                                     
     (g)                                                                       
     Yield 95   93   86   88   80   79   70                                    
     (g)                                                                       
     V.sub.S (ml/g)                                                            
           3.4  3.4  3.6  2.6  3.0  3.2  2.5                                   
     V.sub.Q (ml/g)                                                            
           4.4  6.0  4.5  3.5  4.0  4.3  3.4                                   
     Acid  3.1  4.2  3.6  3.8  3.9  4.7  4.3                                   
     (meq./g)                                                                  
     __________________________________________________________________________
      TGDM = Tetraethylene glycol dimethacrylate                               
      MAA = Methacrylic acid                                                   
      MA = Maleic anhydride                                                    
      AIBN = Azoisobutyronitrile                                               
      Emulsifier = Mixture of glycerine monooleate and glycerine dioleate      
      V.sub.S = Bulk volume                                                    
      V.sub.Q = Swelling volume in water                                       
      Acid =  Acid content after saponification of the anhydride groups.       
PAC  EXAMPLE 9a
PAR  A solution of 70 g of tetraethylene glycol dimethacrylate, 20 g of acrylic
      acid, 10 g of maleic anhydride and 1 g of azoisobutyronitrile in 1 liter
      of benzene is warmed for 4 hours at 60.degree.C., 2 hours at 70.degree.
      and 2 hours at 80.degree.C., with exclusion of air and while stirring
      slowly. The finely divided precipitation polymer is suspended three times
      in benzene and twice in acetonitrile, filtered off and dried in vacuo.
PA1  Yield: 94 g
PA1  Bulk volume: 6.8 ml/g
PA1  Swelling volume in water: 7.6 ml/g
PA1  Acid content after saponification of the anhydride groups = 1.64 m-equiv/g
PAC  EXAMPLE 9b
PAR  1 g of the polymer produced according to Example 9a is reacted as described
      in Example 1b, with penicillinacylase in 32 ml of water at pH 6.3.
PA1  Result:
PA1  Enzymatic activity (NIPAB test):
PA2  Starting solution   107 U
PA2  Supernatant liquid + wash solution  26 g
PA2  Carrier copolymer after the reaction  38 U
PA2  (i.e. 36% of the starting activity)
PAC  EXAMPLE 10a
PAR  A solution of 50 g of tetraethylene glycol dimethacrylate, 40 g of
      N-vinylpyrrolidone, 10 g of maleic anhydride and 1 g of dicyclohexyl
      percarbonate in 200 ml of acetonitrile is suspended in 1 liter of benzine
      (boiling point 100.degree.-140.degree.C.) which contains 5 g of a mixture
      of glycerine monooleate and glycerine dioleate and is initially warmed to
      50.degree.C. for 18 hours, while stirring. A further 1 g of the initiator
      is then added and the mixture is stirred for a further 8 hours at
      60.degree.C. The polymer spheres are thoroughly washed with benzene and
      petroleum ether and dried in vacuo. Yield: 54 g of clear beads
PA1  Bulk volume: 1.6 ml/g
PA1  Swelling volume in water: 2.4 ml/g
PA1  Mean particle diameter: .about.0.3 mm
PA1  Acid content after saponification of the anhydride groups = 3.3 m-equiv/g
PA1  Nitrogen content: 3.4%   27% of N-vinylpyrrolidone
PAC  EXAMPLE 10b
PAR  1 g of the polymer produced according to Example 10a is reacted as
      described in Example 1b with penicillinacylase in 33 ml of water at pH
      6.3.
PA1  Result:
PA1  Enzymatic activity (NIPAB test):
PA2  Starting solution   107 U
PA2  Supernatant liquid + wash solutions  26 U
PA2  Carrier copolymer after the reaction  82 U (i.e. 77% of the starting
      activity)
PAC  EXAMPLE 11a
PAR  A solution of 70 g of tetraethylene glycol dimethacrylate, 20 g of
      methacrylamide, 10 g of maleic anhydride, 1 g of azoisobutyronitrile and
      200 ml of acetonitrile is suspended in benzine and polymerized as
      described in Example 5 (a).
PA1  Yield: 93 g
PA1  Bulk volume: 2.0 ml/g
PA1  Swelling volume in water: 3.3 ml/g
PA1  Acid content after saponification of the anhydride groups: 1.7 m-equiv/g
PAC  EXAMPLE 11b
PAR  1 g of the polymer produced as described in Example 11a is reacted as
      described in Example 1b with penicillinacylase in 32 ml of water at pH
      6.3.
PA1  Result:
PA1  Enzymatic activity (NIPAB test):
PA2  Starting solution   107 U
PA2  Supernatant liquid and wash solutions  42 U
PA2  Carrier copolymer after the reaction  33 U (i.e. 31% of the starting
      activity)
PAC  EXAMPLE 12a
PAR  A solution of 60 g of tetraethylene glycol dimethacrylate, 30 g of
      N-methoxymethyl-acrylamide, 10 g of maleic anhydride and 1 g of
      azoisobutyronitrile in 200 ml of acetonitrile is suspended in 1 liter of
      benzine in which 5 g of a mixture of glycerine monooleate and glycerine
      dioleate are dissolved, and is polymerized for 20 hours at 60.degree.C.
PAR  The bead polymer is filtered off, suspended three times in ethyl acetate
      and dried in vacuo at 50.degree.C.
PA1  Yield: 97 g
PA1  Bulk volume: 1.6 ml/g
PA1  Swelling volume in water: 3.1 ml/g
PA1  Mean particle diameter: .about.0.3 mm
PAC  EXAMPLE 12b
PAR  1 g of the polymer produced according to Example 12a is reacted as
      described in Example 1b with penicillinacylase in 32 ml of water at pH
      6.3.
PA1  Result:
PA1  Enzymatic activity (NIPAB test):
PA2  Starting solution   107 U
PA2  Supernatant liquid + wash solutions  49 U
PA2  Carrier copolymer after the reaction  25 U (i.e. 23% of the starting
      activity)
PAC  EXAMPLE 13a
PAR  If in batch 12 (a) 30 g of N-methoxymethylmethacrylamide are employed
      instead of N-methoxymethyl-acrylamide, the following result is obtained:
PA1  Yield: 94 g
PA1  Bulk volume: 2.4 ml/g
PA1  Swelling volume in water: 3.9 ml/g
PA1  Mean particle diameter: 0.6 mm
PAC  EXAMPLE 13b
PAR  1 g of the polymer produced according to Example 13a is reacted as
      described in Examples 1b with penicillinacylase in 32 ml of water at pH
      6.3.
PA1  Result:
PA1  Enzymatic activity (NIPAB test):
PA2  Starting solution   107 U
PA2  Supernatant liquid and wash solutions  60 U
PA2  Carrier copolymer after the reaction  24 U (i.e. 22% of the starting
      activity)
PAC  EXAMPLE 14
PAR  76.1 kg (moist weight) of carrier-bound penicillinacylase produced
      according to Example 4 (b) having an activity of 737,000 U (NIPAB test)
      and 125 kg of potassium penicillin G (purity 98%) are successively added
      to 2,000 liters of water and the mixture is stirred at 38.degree.C. The pH
      value of the reaction batch is kept constant at 7.8 by continuous addition
      of triethylamine. After 8 hours, no further triethylamine is taken up. The
      carrier-bound penicillinacylase is centrifuged off, rinsed with 60 liters
      of water and 80 liters of 0.2 M phosphate buffer of pH 6.5, and reemployed
      for further splitting batches. The filtrate, including the wash water, is
      concentrated to 300 liters in vacuo. The 6-APA is precipitated by addition
      of half-concentrated hydrochloric acid at the isoelectric point at pH 4.3
      in the presence of 200 liters of methyl isobutyl ketone. After one hour
      the product is filtered off and rinsed with 200 liters of water and then
      with 200 liters of acetone. It is dried in vacuo at 40.degree.C.; melting
      point 208.degree.C; yield 66.7 kg, representing 91.9% of theory; purity
      98%.
PAR  The carrier-bound penicillinacylase was successively employed for a total
      of 30 batches. Even after 30 splitting reactions, the carrier-bound
      penicillinacylase has not been consumed. The reaction time does not
      change. Working up took place as described above. The yields of 6-APA
      achieved are listed below:
PA1  1st splitting reaction    91.9% of theory
PA1  2nd splitting reaction    91.4% of theory
PA1  3rd splitting reaction    % of theory
PA1  4th splitting reaction    91.0% of theory
PA1  5th splitting reaction    91.2% of theory
PA1  6th splitting reaction    90.3% of theory
PA1  7th splitting reaction    91.5% of theory
PA1  8th splitting reaction    90.9% of theory
PA1  9th splitting reaction   91.9% of theory
PA1  10th splitting reaction   90.7% of theory
PA1  11th splitting reaction   91.2% of theory
PA1  12th splitting reaction   90.1% of theory
PA1  13th splitting reaction   90.9% of theory
PA1  14th splitting reaction  90.7% of theory
PA1  15th splitting reaction   91.0% of theory
PA1  16th splitting reaction   90.2% of theory
PA1  17th splitting reaction   90.3% of theory
PA1  18th splitting reaction   89.9% of theory
PA1  19th splitting reaction   89.8% of theory
PA1  20th splitting reaction   89.1% of theory
PA1  21st splitting reaction   91.7% of theory
PA1  22nd splitting reaction   91.9% of theory
PA1  23rd splitting reaction   91.6% of theory
PA1  24th splitting reaction   91.1% of theory
PA1  25th splitting reaction   91.8% of theory
PA1  26th splitting reaction   90.7% of theory
PA1  27th splitting reaction   91.7% of theory
PA1  28th splitting reaction   91.4% of theory
PA1  29th splitting reaction   90.8% of theory
PA1  30th splitting reaction   90.3% of theory
PA2  .phi. = 90.95% of theory
PAC  EXAMPLE 15
PAR  330 g of carrier-bound penicillinacylase produced according to Example 1,
      having an enzymatic activity of 3,410 U (NIPAB test) and 129 g of
      potassium penicillin G are successively added to 2,000 ml of water and
      stirred at 38.degree.C. and pH 7.8 as described in Example 14. The
      penicillin G is completely split to 6-APA and phenylacetic acid over the
      course of 2 hours. The 6-APA is isolated as described in Example 14. The
      carrierbound penicillinacylase is employed 20 times in succession. Even
      after the twentieth splitting, the reaction time does not have to be
      extended to achieve complete splitting.
PAC  Yields of 6-APA
PA1  1st splitting reaction    67.5 g (90.1% of theory)
PA1  2nd splitting reaction    68.4 g (91.1% of theory)
PA1  3rd splitting reaction    68.7 g (91.9% of theory)
PA1  4th splitting reaction    68.6 g (91.5% of theory)
PA1  5th splitting reaction    68.4 g (91.0% of theory)
PA1  6th splitting reaction    68.1 g (90.8% of theory)
PA1  7th splitting reaction    68.7 g (91.6% of theory)
PA1  8th splitting reaction    68.4 g (91.2% of theory)
PA1  9th splitting reaction    68.5 g (91.5% of theory)
PA1  10th splitting reaction   68.1 g (90.9% of theory)
PA1  11th splitting reaction   68.5 g (91.3% of theory)
PA1  12th splitting reaction   68.6 g (91.7% of theory)
PA1  13th splitting reaction   68.5 g (91.3% of theory)
PA1  14th splitting reaction   68.1 g (90.8% of theory)
PA1  15th splitting reaction   68.3 g (91.1% of theory)
PA1  16th splitting reaction   67.8 g (90.5% of theory)
PA1  17th splitting reaction   68.0 g (90.6% of theory)
PA1  18th splitting reaction   67.4 g (89.9% of theory)
PA1  19th splitting reaction   67.5 g (90.0% of theory)
PA1  20th splitting reaction   66.8 g (89.1% of theory)
PA2  .phi. = 90.89% of theory
PAC  EXAMPLE 16
PAR  120 g of carrier-bound penicillinacylase (moist weight) according to
      Example 4, with an activity of 1,160 U (NIPAB test) and 120 g of potassium
      penicillin G, are introduced into 1,300 ml of water and stirred for 9
      hours at 38.degree.C. and pH 7.8, as described in Example 14. The mixture
      is worked up as described in Example 14. The carrier-bound
      penicillinacylase is employed 5 times in succession for the enzymatic
      splitting reaction. The yields of 6-APS achieved are listed below:
PA1  1st splitting reaction   61.2 g (87.6% of theory)
PA1  2nd splitting reaction   62.0 g (88.9% of theory)
PA1  3rd splitting reaction   63.3 g (90.6% of theory)
PA1  4th splitting reaction   62.7 g (89.9% of theory)
PA1  5th splitting reaction   63.1 g (90.4% of theory)
PAC  EXAMPLE 17
PAR  290 g of carrier-bound penicillinacylase according to Example 4, having an
      enzymatic activity of 2,803 U (NIPAB test) and 138 g of potassium
      penicillin V are added to 2,000 ml of water and stirred for 9 hours at
      38.degree.C. The pH value is kept constant at 7.8 by continuous addition
      of triethylamine. The mixture is worked up as described in Example 1.
      Yields of 6-APA 64.3 g (86.1% of theory); purity 97.4%.
PAR  the invention has been described herein with reference to certain preferred
      embodiments. However, as variations thereon will become obvious to those
      skilled in the art, the invention is not to be considered as limited
      thereto.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A crosslinked copolymer comprising the following copolymerized units:
PA1  A. about 0.1 to 30 weight percent of at least one
      .alpha.,.beta.-monoolefinically unsaturated dicarboxylic acid anhydride
      having 4 to 9 carbon atoms;
PA1  B. about 35 to 90 weight percent of at least one di- and/or
      poly(meth)acrylate of a diol and/or a polyol; and
PA1  C. about 5 to 60 weight percent of at least one hydrophilic monomer
      containing a carboxyl, aminocarbonyl, sulfo or sulfamoyl group.
NUM  2.
PAR  2. A preparation in accordance with claim 1 in which the copolymer also
      comprises copolymerized units derived from 0.01 to 30 weight percent,
      based on the total monomer units of the copolymer, of a crosslinking agent
      having at least 2 non-conjugated double bonds said agent being additional
      to and other than monomer (B).
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ABST
PAL  Method of producing a copolymer of cyclopentene comprising the steps of
      preliminarily mixing in an inert solvent a polycyclic olefin having at
      least one double bond in a ring, with a metallic compound containing
      tungsten or molybdenum as a catalyst, to form a complex compound with each
      other; polymerizing cyclopentene in an inert solvent in the presence of a
      catalyst system comprising a metallic compound of tungsten or molybdenum
      and an organo metallic compound of Group I-IV of the Periodic Table, and
      then adding the complex compound to the polymerizing cyclopentene system,
      thereby to produce a novel copolymer of cyclopentene.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of producing copolymers of cyclopentene,
      and to novel copolymers of cyclopentene. More particularly, this invention
      relates to two component copolymers consisting of cyclopentene and a
      polycyclic olefin, and to three component copolymers consisting of
      cyclopentene, polycyclic olefin and monoolefin, and a method for producing
      same.
PAR  Recently, polymers obtained by the polymerization of cycloolefin,
      especially 1,5-trans-polypentenamer obtained by ring opening of
      cyclopentene has been widely discussed as a new elastomer and is well
      known for its characteristic properties. However, since the polypentenamer
      has an essential structure of trans-configuration and accordingly has a
      tendency to easily crystallize, one defect of this polymer as an elastomer
      is loss of its elastic property by crystallization when exposed to an
      atmosphere of low temperature. Moreover, although the processability of a
      cyclopentene homopolymer having a relatively low molecular weight such as
      Mooney viscosity in the range of 40 to 80, is not so poor, the
      processability of a cyclopentene homopolymer having a Mooney viscosity of
      about 100 to 150 and accordingly having special feature of the
      polypentenamer is considerably poor. Further, the tear resistance of the
      homopolymer is rather small for practical use. As is well known, increase
      of low temperature proof property can be achieved by decreasing the degree
      of crystallization and by retardation of crystallization velocity.
      However, it was impossible to improve the low-temperature proof property
      of the homopolymer by use of conventional techniques. For example,
      although the resistance to low temperature is expected to improve when the
      content of the cis-configuration in the homopolymer is increased,
      experimental results show that such an effect can not be achieved unless
      the content of cis-configuration is considerably increased. However, such
      increase results in sacrifice, usually to a fatal degree, of other
      necessary properties.
PAR  In the prior art, there are two methods of copolymer production. One is a
      method of copolymerization charging two kinds of monomers at the beginning
      of the polymerization. Another is a method applying a random rearrangement
      reaction between two kinds of homopolymers in the presence of a random
      rearrangement catalyst such as tungsten.
PAR  Using the former method, a polycyclic olefin may be chosen as a component
      of copolymer, since its reactivity compared with that of cyclopentene is
      generally greater and since its ability to coordinate to tungsten which
      may be used as an active component in a catalytic system, is different
      from that of cyclopentene. In that case, it is very difficult to prepare a
      copolymer of uniform composition in molecular structure. The distribution
      of composition in the polymer molecule and the sequence distribution are
      seen to have a tendency to be very broad. Further as disclosed in
      Unexamined Japanese Patent Public Disclosure Ser. No. 47(1972)-3534 and
      Examined Japanese Patent Publication Ser. No. 47 (1972)-5823, there exists
      a side reaction which increases the molecular weight of copolymers, or its
      Mooney viscosity, remarkably in the copolymerization reacting containing a
      polycyclic olefin as a component of copolymer. Moreover, there is no
      improvement of physical properties of the resulting copolymer.
PAR  Using the latter method, as seen in the Examples disclosed in Unexamined
      Japanese Patent Publication Ser. No. 48(1973)-12383, there exists a side
      reaction which breaks down the main chain of the original polymers,
      thereby generating degradated molecules of low molecular weight. This
      prevents the rearrangement reaction from continuing for a sufficient time.
      Moreover, the process itself is disadvantageous, since it is necessary to
      mix two viscous solutions of two polymers in order to react them to each
      other. Furthermore, another undesirable side reaction, such as
      isomerization from cis to trans, also occurs and hence no desirable
      copolymer can be obtained practically.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention aims to improve the physical and mechanical
      properties of the homopolymer such as anti-hardening property at low
      temperature, resistance to tear and processability, and broadening the
      region where the polymer has the appropriate properties as an elastomer.
PAR  After extensive study of the foregoing problems, the present inventors have
      discovered a new method for copolymerization and have succeeded in
      synthesizing a copolymer which has improved low temperature proof
      properties, and moreover, at the same time, has improved processability
      and good tear resistance at high molecular weight of the polymer shown by
      high Mooney viscosity.
PAR  The present inventors have discovered that a copolymer having improved
      resistance to low temperature, improved tear resistance and good
      processability can be produced in good yield if copolymerization is
      carried out using the following procedure. A comonomer solution, before
      adding to cyclopentene, is preliminarily mixed with a metallic compound
      containing tungsten or molybdenum as a catalyst, to form a complex
      compound with each other by adding the catalyst to the comonomer solution.
      Thereafter, the solution containing the catalyst is added to a
      cyclopentene solution under polymerization.
PAR  The method of the present invention surprisingly and unexpectedly did not
      produce an substantial stepwise increase of molecular weight of the
      copolymer or Mooney viscosity, as compared with the homopolymer produced
      in accordance with the method disclosed in Japanese Patent Publication
      Ser. No. 47(1972)-5823.
PAR  It was discovered that when a comonomer of polycyclic olefin is used
      without forming a complex compound with a tungsten catalyst, that is, in
      case of the monomer solution is added to cyclopentene for copolymerization
      without preliminarily mixing with the catalyst, with the addition of the
      comonomer solution comprising polycyclic olefin, a considerable increase
      of molecular weight of the resulting polymer took place and the control of
      the molecular weight was almost impossible, thus, sometimes generating a
      gel. This is a considerable disadvantage from the view point of industrial
      production.
PAR  Therefore, the copolymer produced by the method of the present invention is
      completely new. The method itself also is novel. It is characterized by
      easy control of the molecular weight of the obtained polymer, in an
      industrial production without any accompanying considerable stepwise
      increase of the molecular weight of the copolymer. Furthermore, the
      inventive method does not produce any gel formation. Moreover, the method
      of the present invention also improves various properties of the resulting
      copolymer.
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  As a comonomer used in this invention, polycyclic olefin which has at least
      one carbon-carbon double bond in the cyclic structure of the molecule, may
      be used. Practical examples are dicyclopentadiene, norbornene,
      norbornadiene and tricyclopentadiene, etc. Of course, the method of the
      invention is not limited to those examples. The amount of such polycyclic
      olefin to be used is between 1 to 50 weight percent, and more preferably
      between 1 to 30 weight percent based on the amount of cyclopentene.
PAR  Ring opening polymerization of cyclopentene can be carried out, as is
      known, by using a catalytic system consisting of a metallic compound (A)
      containing tungsten or molybdenum which is soluble in an inert solvent and
      an organo-metallic compound (B) belonging to the Groups I-IV of the
      Periodic Table. In some cases, a cocatalyst (C) may also be used. Although
      any one of well known compounds used widely as rearrangement catalyst of
      olefin can be used, as the metallic compound (A) containing tungsten or
      molybdenum, such metallic salts of tungsten or molybdenum as WCl.sub.6,
      WCl.sub.5, WCl.sub.4, MoCl.sub.5, and MoCl.sub.3, etc are preferred for
      use from the standpoint of their catalytic activity in polymerization.
      Especially favorable results can be obtained by using a catalytic solution
      consisting of tungsten oxide (WO.sub.2, WO.sub.3) and aluminum chloride,
      and is more preferred from the standpoint of high activity in
      polymerization.
PAR  As the organo-metallic compound (B) belonging to the Groups I-IV of the
      Periodic Table, such known compounds can be used, as for example,
      organolithium compounds, organomagnesium compounds, organoaluminum
      compounds, organotin compounds and organosilicon compounds, etc.
      Especially preferred are organoaluminum compounds from the standpoint of
      its catalytic activity in polymerization. As organo aluminum compounds,
      although not limited thereto, there may be used Al(C.sub.2 H.sub.5).sub.3,
      Al(iso-Bu).sub.3, (C.sub.2 H.sub.5).sub.2 AlCl and C.sub.2 H.sub.5
      AlCl.sub.2, etc, and especially, tri-alkyl aluminum compounds are more
      preferred.
PAR  As the co-catalyst (C) any one of known compounds can be used, such as
      epoxide compounds, alcohols, and peroxides, etc.
PAR  The molar ratio of catalytic components (A), (B) and (C) may be used in a
      wide range, such as, for example, the ratio of B/A may be preferably
      within the range of 0.1/1 to 50/1, or more preferably in the range of
      0.1/1 to 10/1. The ratio of C/A may be preferably within the range of 0 to
      10/1, although no special limitation exists. Further, the amount of
      catalytic component (A) to be used in the present invention is from 0.01
      to 10 millimol percent based upon the amount of cyclopentene.
PAR  In the polymerization of cyclopentene using a catalytic system such as
      mentioned above, although the molecular weight of the resulting polymer
      can be regulated by the regulation of the amount of catalyst and other
      polymerization conditions, copolymerization with an alpha olefin or a beta
      olefin is itself an effective procedure for regulation of molecular weight
      of the obtained polymer. As alpha olefin or beta olefin, there may be
      used, for example, ethylene, propylene, 1-butene, 2-butene, 1-pentene and
      1-hexene. A suitable amount of monoolefin may be within the range of 0.01
      to 10 weight percent based on the weight of cyclopentene.
PAR  Copolymerization of cyclopentene in the method of the present invention may
      be carried out in an inert solvent such as aliphatic hydrocarbon, alicylic
      hydrocarbon, aromatic hydrocarbon and halogenated hydrocarbon. Some
      examples of such inert solvents are cyclohexane, n-hexane, toluene and
      chlorobenzene. The solvent should be purified by any suitable method, to
      remove water and other impurities which destroy the catalytic activity.
PAR  The polymerization temperature may be preferably within a broad range of
      from -60.degree.C to 70.degree.C, and more preferably within the range of
      from -30.degree.C to 30.degree.C.
PAR  The method of the present invention can be carried out, generally, in the
      following way. At first, a predetermined amount of the above disclosed
      tungsten or molybdenum catalyst is added to a solution of cyclopentene in
      a suitable inert solvent, such as above disclosed, at room temperature.
      Then, the solution is cooled down to a temperature between -10.degree.C
      and 0.degree.C, and successively, a predetermined amount of the above
      disclosed organoaluminum compound is added to the solution. Polymerization
      reaction proceeds. At the same time, a solution of polycyclic olefin
      containing a certain amount of catalyst is gradually charged into the
      polymerization system of cyclopentene.
PAR  When the conversion rate reaches a desired degree, a known technique is
      applied for recovery of the obtained polymer. That is, after adding
      alcohol, as a stopper for polymerization, and an anti-aging reagent in an
      amount of several percent, the obtained polymer solution is treated with
      hot water, industrially, to separate the polymer in solution and then the
      polymer is dried using a suitable dryer.
PAR  A mixed solution consisting of a metallic compound containing tungsten or
      molybdenum and a comonomer is prepared at room temperature; whereupon, a
      complex compound between the catalyst and the monomer is rapidly formed in
      the solution. In this case, although there exists no special limitation on
      the amount of weight ratio between the inert solvent and the comonomer and
      on the amount of molar ratio between the tungsten catalyst and the
      comonomer, it is of course, necessary to carry out the polymerization in
      such a range of comonomer concentration wherein the homopolymer of the
      comonomer is not generated. That is, the ratio of comonomer to inert
      solvent is preferably within the range of 10/1 to 0.01/1 in weight and the
      molar ratio of comonomer to tungsten catalyst is also preferably between
      500/1 to 50.0/1. Molybdenum catalyst may be substituted in the same
      amounts.
PAR  Various method can be used for adding the mixed solution of catalyst and
      polycyclic olefin thus prepared as mentioned above into the solution of
      cyclopentene under a polymerization reaction. The adding can be carried
      out at any time from the beginning of to near the end of the
      polymerization process. From the standpoint of industrial production, the
      fact that every feed in the method of the present invention can be
      performed continuously has a significant effect on the production. If the
      copolymerization is carried out by feeding continuously a comonomer which
      is not preliminarily formed to a complex compound, the molecular weight of
      the obtained polymer becomes so high as to be uncontrollable and gel
      formation occurs, whereupon the operation must be stopped.
PAR  When a copolymer obtained by copolymerization of two kinds of monomers
      charged at the same time before the beginning of polymerization, is
      compared with a copolymer obtained by the method of the present invention,
      the former elastomer is obviously scarce in stickness and in transparency.
      For example, when dicyclopentadiene is used as a comonomer, the former
      elastomer prepared by the conventional technique can be seen to contain a
      certain amount of fraction insoluble to hot n-hexane extracted by a
      Soxhlet's extractor. The insoluble part was found to be a homopolymer of
      dicyclopentadiene from an infrared spectroscopy test. This conclusion
      proved that the copolymerization using conventional techniques did not
      take place smoothly. Moreover, using conventional polymerization
      techniques, if the amount of comonomer exceeds 5%, a remarkable tendency
      to gel formation exists and accordingly there is a severe problem of
      copolymerizing a polycyclic olefin in a higher content. In the case of the
      method of the present invention, no gelation occurs even if a substantial
      amount of comonomer is used for copolymerization. This has great merit in
      industrial production. Chemically, gelation is considered to have occured
      by the same side reaction which results in substantial stepwise increase
      of molecular weight of the obtained polymer in copolymerization.
PAR  The elastomer obtained by the method of the present invention has a
      tendency to crystallize in a smaller degree than the homopolymer. Further
      from the results of extraction by a Soxhlet's extractor with n-hexane, it
      was proven that the copolymer does not contain any fraction insoluble to
      hot n-hexane. Accordingly, it can be concluded that the copolymer obtained
      by the method of the present invention is a completely copolymerized
      substance.
PAR  Furthermore, when compared with the molecular weight of a homopolymer of
      cyclopentene obtained by component polymerization of cyclopentene, the
      molecular weight of the copolymer obtained by copolymerization using the
      same conditions was found to be almost the same. This means that any
      remarkable side reaction which would substantially stepwisely increase the
      molecular weight of the resulting product does not take place in the
      method of the present invention.
PAR  The copolymer obtained by the method of the present invention can be used
      for tires and other rubber goods which are widely used in industry.
PAR  In the following description, the invention will be further explained with
      several examples, which examples are not to be construed in any limiting
      sense.
DETD
PAC  EXAMPLE 1.
PAR  a. A method of preparation of polymerization catalyst.
PAR  Under a nitrogen stream shielded from moisture, after 10g of anhydrous
      tungsten oxide (43.2 millimoles) and 17.3 g of aluminum chloride (130
      millimoles) were mixed and pulverized intimately, 100 ml of chlorobenzene
      was added to the mixture and heated at 180.degree.C for 7 hours under a
      reflex condenser. After cooling the mixture to room temperature, 95 ml of
      the upper clear liquor was taken out by an injector and transferred into
      another flask under a nitrogen atmosphere. The concentration of tungsten
      in the catalyst system solution thus obtained was 0.160 millimole/ml. This
      catalyst will be referred to hereinbelow as tungsten catalyst.
PAR  b. A polymerization process was carried out in a polymerization vessel with
      an agitator, to which nitrogen and other various agents necessary for
      polymerization can be introduced by injectors.
PAR  The polymerization was carried out completely under a nitrogen atmosphere
      of super high purity. At first, 1200 ml of anhydrous chlorobenzene was
      introduced into the vessel and then 1.13 millimol of tungsten catalyst was
      added to it. The solution turned a deep red color.
PAR  In the next step, 400 ml of cyclopentene was introduced and after standing
      for a while, the content was cooled to -5.degree.C. Then, polymerization
      reaction commenced and there was added 2.26 millimol of tri-isobutyl
      aluminum.
PAR  Concurrently, 150 ml of chlorobenzene was introduced into a dropping funnel
      replaced by nitrogen atmosphere. Then, 0.05 millimole of tungsten catalyst
      and 20 ml of dicyclopentadiene (5 volumne percent of cyclopentene) were
      added to it. The formation of complex compound was sufficiently under way
      until the color of the solution changed from red to dark red.
PAR  The complex compound formed was dropwisely charged to the cyclopentene
      solution under a polymerization reaction. This charge took about 2 hours.
PAR  The copolymerization reaction was continued for 5 hours in total and then
      the reaction was stopped with ethanol amine. Further, there were added an
      anti-aging agent and methanol in an amount of 10 times that of the
      reaction mixture; the polymer was precipitated. The obtained rubber-like
      copolymer was dried up to a constant weight, in a vacuum dryer. The weight
      of the product was 223 g and the degree of conversion was 68%. The Mooney
      viscosity of the obtained raw rubber was 47.
PAC  EXAMPLE 2.
PAR  Treating just the same as in Example 1, 1100 ml of an chlorobenzene was
      introduced into a polymerization vessel, and 1.5 millimole of tungsten
      catalyst and 350 ml of cyclopentene were added to it. After cooling to
      -10.degree.C, 3.0 millimole of tri-isobutyl aluminum was added to begin
      polymerization reaction.
PAR  Next, 150 ml of anhydrous chlorobenzene, 0.05 millimole of tungsten
      catalyst and 35 ml of dicyclopentene (10 volume percent of cyclopentene)
      were received in a dropping funnel replaced by nitrogen atmosphere, for 1
      hour to form a complex compound. The complex compound was charged
      dropwisely to the solution of cyclopentene under polymerization. The
      copolymerization reaction was continued for 5 hours in total and then the
      reaction was stopped.
PAR  The obtained amount of the product was 269 g and the degree of conversion
      was 78.4%. The Mooney viscosity of the raw rubber so obtained was 27. Five
      grams of the obtained product was extracted by a Soxhlet's extractor with
      n-hexane and after the extraction for 24 hours, the sample was found to be
      completely soluble in not n-hexane.
PAR  A homopolymer of dicyclopentadiene prepared by polymerization using the
      same conditions as described above, was insoluble to hot n-hexane. It can
      be thus concluded, that the copolymer obtained in Example 2 does not
      contain homopolymer of dicyclopentadiene. Example 3.
PAR  Treating just the same as in Example 1, 1000 ml of chlorobenzene, 1.31
      millimole of tungsten catalyst and 330 ml of cyclopentene were introduced
      into a polymerization vessel and the mixture was cooled down to
      -10.degree.C. When polymerization reaction commenced there was added 2.65
      millimole of triisobutyl aluminum.
PAR  In the next step, 50 ml of anhydrous chlorobenzene, 0.08 millimole of
      tungsten catalyst and 50 ml of dicyclopentadiene (15 volume percent of
      cyclopentene) were reacted with each other at room temperature for 1 hour
      to form a complex compound in a dropping funnel replaced by nitrogen
      atmosphere. Then, the solution of the complex compound was added to the
      cyclopentene solution dropwisely, taking about 4 hours for dropping. The
      copolymerization was further continued for 5 hours in total and then the
      polymerization reaction was stopped as in Example 1.
PAR  The amount of obtained product was 199 g and the degree of conversion was
      65.7%. Then, 5 g of the obtained copolymer was extracted using n-hexane as
      a solvent. The sample was found to be completely soluble to hot n-hexane
      after continuous extraction for 48 hours. The conclusion is that the
      obtained copolymer does not contain homopolymer of dicyclopentadiene.
PAC  COMPARATIVE EXAMPLE 1.
PAR  Treating just the same as in Example 1, 1200 ml of anhydrous chlorobenzene,
      1.13 millimole of tungsten catalyst and 400 ml of cyclopentene were
      introduced into a polymerization vessel and after cooling to
      -10.degree.C,2.26 millimole of triisobutyl aluminum was added to the
      cyclopentene solution to start polymerization reaction. Next, into a
      dropping funnel replaced by nitrogen atmosphere, 100 ml of anhydrous
      chlorobenzene and 20 ml of dicyclopentadiene (5 volume percent of
      cyclopentene) were introduced, but tungsten catalyst was not introduced
      into the funnel. The mixture was fed into the cyclopentene solution
      dropwisely for 1 hour. After polymerization was continued for 5 hours in
      total, the conversion rate was found to be 36.6 percent. The Mooney
      viscosity of the obtained raw rubber was as high as 200 and roll work was
      already impossible. The Mooney viscosity of the hompolymer of cyclopentene
      without using dicyclopentadiene was less than 10.
PAR  It is clearly seen that a substantial stepwise increase of Mooney viscosity
      from less than 10 to more than 200 occured by the dropwise addition of
      dicyclopentadiene which was not formed into a complex compound with the
      tungsten catalyst.
PAR  Moreover, the product in Comparative Example 1 was scarce in stickiness and
      also in transparency. An extraction test of the product for 48 hours with
      a Soxhlet's extractor using n-hexane showed the existence of a small
      amount of homopolymer of dicyclopentadiene insoluble to hot n-hexane.
      Comparative Example 2.
PAR  Treating just the same as in Example 1, 1200 ml of anhydrous chlorobenzene,
      1.13 millimole of tungsten catalyst, 400 ml of cyclopentene and 20 ml of
      dicyclopentadiene (5 volume percent of cyclopentene) were introduced into
      a polymerization vessel together at once. After settling for a while, the
      mixture was cooled down to -10.degree.C and 2.26 millimole of triisobutyl
      aluminum was added to the mixture to start polymerization reaction.
PAR  After polymerization for 5 hours, the conversion became 49% and the Mooney
      viscosity of the obtained raw rubber was 158.
PAC  COMPARATIVE EXAMPLE 3.
PAR  A one component polymerization of cyclopentene without adding
      dicyclopentadiene, was carried out in the same way as in Comparative
      Example 2. The conversion rate after 5 hours of polymerization time was 72
      % and the Mooney viscosity of the obtained raw rubber was less than 10.
      Therefore, in case of this comparative Example 3, it is clear that a
      substantial stepwise increase of molecular weight of the resulting polymer
      took place.
PAR  The raw rubbers obtained in the above examples were vulcanized at
      140.degree.C for 30 minutes using the following recipe, and the physical
      and mechanical properties of the vulcanized products were tested.
TBL  ______________________________________                                    
     Mixing Recipe for Vulcanization                                           
                          Parts by weight                                      
     ______________________________________                                    
     Copolymer            100                                                  
     Carbon black (ISAF)  50                                                   
     Aromatic oil         10                                                   
     ZnO                  3                                                    
     Stearic Acid         3                                                    
     Anti-aging agent     1.1                                                  
     Accelerator for vulcanization (CZ)                                        
                          0.6                                                  
     Sulphur              1.8                                                  
     ______________________________________                                    
PAR  Workability of the obtained copolymers were tested, wherein the
      processability was evaluated in mixing operation on a roll. The copolymers
      obtained in Examples 1 to 3 had good processability, much better than
      those obtained in Comparative Examples 1 and 2, showing superior stickness
      on the surface of the roll.
TBL  __________________________________________________________________________
     Physical and Mechanicla Properties of the Vulcanized Products             
     of Copolymers                                                             
     __________________________________________________________________________
                      .sup.(1) Homopolymer                                     
                                Ex. 1                                          
                                     Ex. 2                                     
                                          Com. Ex. 2                           
     __________________________________________________________________________
     Tensile Strength.sup.(2) (kg/cm.sup.2)                                    
                      228       220  234  208                                  
     Breaking elongation.sup.(2) (%)                                           
                      486       543  521  472                                  
     Tensile stress at 300%                                                    
     elongation (kg/cm.sup.2).sup.(2)                                          
                      118       108  119  110                                  
     Hardness.sup.(2) 64        63   67   65                                   
     Resilience.sup.(2) (%)                                                    
                      60        54   54   50                                   
     Tear resistance.sup.(3) (kg/cm.sup.2)                                     
                      32        45   51   37                                   
     Permanent compression set.sup.(4)                                         
                      100       80   62   99                                   
     at low temperature (%)                                                    
     __________________________________________________________________________
      Remarks                                                                  
      .sup.(1) The Mooney viscosity of the homopolymer was 53.                 
      .sup.(2) Observations were carried out based on JIS K6301                
      .sup.(3) Observed values by JIS B-type                                   
      .sup.(4) Observed value of permanent deformation of every sample         
      compressed at -20.degree.C for 20 hours.                                 
      (JIS is the abbreviation for Japanese Industrial Standard).              
PAR  The foregoing description is intended for purposes of illustrating the
      principles of the invention. Numerous variations and modifications thereof
      would be apparent to the worker skilled in the art. All such variations
      and modifications are to be considered to be within the spirit and scope
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method of producing a copolymer of cyclopentene comprising the steps of
PA1  preliminarily mixing in an inert solvent a polycyclic olefin and a catalyst
      comprising at least tungsten or molybdenum compound, to form a complex
      compound;
PA1  polymerizing cyclopentene in an inert solvent containing a catalyst
      comprising at least tungsten or molybdenum compound and an organometallic
      compound; and
PA1  adding said complex compound to the polymerizing cyclopentene.
NUM  2.
PAR  2. The method of claim 1, wherein said polycyclic olefin is selected from
      the group consisting of dicyclopentadiene, norbornene norbornadiene and
      tricyclopentadiene, and is in an amount of from 1 to 50 percent by weight
      of the amount of said cyclopentene.
NUM  3.
PAR  3. The method of claim 2, wherein said polycyclic olefin comprises 1 to 30
      percent by weight.
NUM  4.
PAR  4. The method of claim 1, wherein the ratio of said polycyclic olefin to
      inert solvent is between 10/1 to 0.01/1 by weight, and the molar ratio of
      said polycyclic olefin to tungsten compound is between 500/1 to 50.0/1.
NUM  5.
PAR  5. The method of claim 1, wherein the molar ratio of said organometallic
      compound to said tungsten or molybdenum compound is within the range of
      0.1/1 to 50/1, and said tungsten or molybdenum compound is used in an
      amount of between 0.01 to 10 millimole percent based on the amount of
      cyclopentene.
NUM  6.
PAR  6. The method of claim 5, wherein said molar ratio is between 0.1/1 to
      10/1.
NUM  7.
PAR  7. The method of claim 1, wherein said cyclopentene is copolymerized with a
      monoolefin of alpha olefin or beta olefin, said monoolefin being within
      the range of 0.01 to 10 weight percent based on the amount of
      cyclopentene, and said solvent is selected from the group consisting of
      cyclohexane, n-hexane, toluene, and chlorobenzene; and wherein said
      polymerization is carried out at a temperature within the range of
      -60.degree.C to 70.degree.C.
NUM  8.
PAR  8. Method of claim 1, wherein said catalyst further comprises a co-catalyst
      selected from the group consisting of epoxide compounds, alcohols, and
      peroxides, and wherein the ratio of said co-catalyst to said tungsten or
      molybdenum is within the range of 0 to 10/1.
NUM  9.
PAR  9. Method of claim 1, wherein the catalyst mixed with said polycyclic
      olefin comprises tungsten oxide and aluminum chloride, and wherein said
      catalyst for polymerization comprises tungsten oxide, aluminum chloride,
      and triisobutyl aluminum.
NUM  10.
PAR  10. Copolymer produced by the method of claim 1.
NUM  11.
PAR  11. Copolymer produced by the method of claim 7.
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ABST
PAL  Halogenated derivatives of the Diels-Alder adducts of norbornenes and
      halocyclopentadienes are excellent fire retardant additives for polymers,
      which additives are characterized by exceptional heat stability.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new compositions of matter possessing
      unexpectedly good heat stability. More particularly, it relates to
      polyhalogenated norbornene or norbornadiene-halocyclopentadiene adducts,
      and mixtures thereof which are not only more efficient fire retardant
      additives for polymers but also unexpectedly resistant to decomposition at
      polymer molding temperatures.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It is known to prepare the monoadduct of norbornadiene and
      hexachlorocyclopentadiene. The resulting adduct and its use as an
      insecticide is disclosed in U.S. Pat. No. 2,635,977. The bromination of
      the monoadduct at 0.degree. Celsius with elemental bromine is disclosed in
      J. Chem. Soc. 3669 (1960). Bromination at 65.degree. Celsius in the
      presence of ultraviolet light is disclosed in British Pat. No. 692,546 and
      in U.S. Pat. No. 2,676,131. British Patent 692,546 also discloses the
      chlorination of the monoadduct. Various other routes to the preparation of
      dichloro derivatives of the monoadduct of norbornadiene and
      hexachlorocyclopentadiene are disclosed in the art, see, e.g., U.S. Pat.
      No. 2,911,411, U.S. Pat. No. 2,804,420 and British Pat. No. 714,688.
PAR  It is known also to prepare the monoadduct of norbornene and
      hexachlorocyclopentadiene and to monohalogenate the adduct in the presence
      of light. See Cristol, et al, J. Org. Chem., 29, 1279 (1964). Various
      other syntheses of the monochloro derivative and its use as an insecticide
      are disclosed in U.S. Pat. No. 2,635,979 and Gazz. Chem. Ital., 85, 1118
      (1955).
PAR  Although the prior art discloses the preparation of the mono- and di-
      halogen derivaties of the monoadducts of hexahalogenated cyclopentadiene
      and norbornene or norbornadiene and their use as insecticides, the prior
      art does not disclose various other polyhalogenated derivatives, nor the
      use of any of these compounds as fire retardant additives to normally
      flammable polymers. Further the prior art does not disclose the
      chloro-bromo derivatives of the monoadducts of norbornenes (and
      norbornadienes) and halogenated cyclopentadienes.
PAC  FIELD OF THE INVENTION
PAR  It is known to prepare molded articles from polymerized monomers by heating
      the same to temperatures of about 400.degree. F. under pressure in molding
      presses or to prepare extruded articles by forcing the heated polymer
      under pressure through an appropriate extrusion die. It is known further
      to impart varying degrees of fire retardance to the extruded or molded
      articles by incorporating in the extrudable or moldable mass various
      organic and inorganic substances. Many organic additives suggested for
      this purpose contain labile halogen, which under the molding conditions,
      tend to decompose causing discoloration and other physical degradation.
      For example, chlorinated paraffins, such as "chlorowaxes" are relatively
      effective as fire retardant additives and, being relatively inexpensive,
      are widely used. However, such substances decompose under some molding
      temperatures resulting in discloloration of the molded articles and hence
      their use in many molding applications is limited.
PAR  It is an object of the present invention to provide new polymeric
      compositions having improved fire resistance and improved heat stability.
PAR  Another object is to provide new heat stable fire retardant polymer
      compositions which do not discolor under molding conditions.
PAR  It is a further object of this invention to provide a novel fire retardant
      polymer compositions which do not decompose at polymer molding
      temperatures, i.e., at about 400.degree. to 600.degree. F.
PAR  Other objects of this invention will be obvious from the following
      description.
PAC  Summary of the Invention
PAR  The compositions of this invention comprise a normally flammable polymer
      and an effective fire retardant amount of a compound of the formula
      ##SPC1##
PAL  wherein X is a halogen selected from the group consisting of fluorine,
      bromine, and chlorine, Y is independently selected from the group
      consisting of fluorine, chlorine, bromine, alkyl of 1 to 10 carbom atoms,
      alkyloxy wherein the alkyl group contains from 1 to 10 carbon atoms,
      haloalkyl and haloalkyloxy wherein the said alkyl groups contain from 1 to
      10 carbons and said halo- is fluoro, chloro or bromo, n has an average
      value from 0 to 6, preferably 0 to 2, and m has an average value from 0 to
      6, preferably 0 to 4, and the total of n plus m is from 1 to 6, preferably
      1 to 4.
PAR  All of these compounds may be prepared by reacting a norbornene or
      norbornadiene with a halocyclopentadiene of the structure
      ##SPC2##
PAL  wherein X and Y are as defined above, thereafter reacting the resulting
      adduct with a halogenating agent such as sulfuryl chloride, sulfuryl
      bromide, chlorine, bromine, mixture thereof and the like. As disclosed
      hereinafter, it is sometimes advantageous to run these halogenations in
      the presence of a light or a free radical generating halogenation catalyst
      and recovering a halogenated norbornene halocyclopentadiene adduct of the
      above formula.
PAR  In accordance with this invention, it has been found that such products are
      effective fire retardant additives which, when added to normally flammable
      polymers, result in fire retardant polymeric compositions which are
      characterized by excellent stability at the temperatures of the usual
      polymer molding processes.
PAC  Description of the Preferred Embodiments
PAR  A preferred additive of this invention is the dibrominated derivative of
      the norbornene-hexachlorocyclopentadiene adduct, having the structure
      ##SPC3##
PAR  This compound,
      6,7,dibromo-1,2,3,4,10,10-hexachloro-1,4,4a,5,6,7,8,8a-octahydro-1,4:5,8-d
     imethanonaphthalene which is obtainable by brominating the mono adduct of
      norbornadiene and hexachlorocyclopentadiene at about 0.degree. Celsius
      with elemental bromine. Following isolation of the crude dibrominated
      derivative, it may be further purified by recrystallization from a
      suitable solvent, such as chloroform. The purified additive melts at about
      173.degree.-176.degree. Celsius. By the addition of an effective amount of
      the product of this reaction in a normally flammable polymer, there is
      obtained a polymer composition which is not only fire retardant, but also
      surprisingly stable to heat at normal molding temperatures such as about
      400.degree. to 600.degree. F.
PAR  This invention also includes the use of the hitherto unknown halogen
      derivatives having the formula
      ##SPC4##
PAL  wherein X and Y are as defined above, n has an average value from 0 to 6, m
      has an average value from 0 to 6, the total of n plus m is 2 to 6, with
      the proviso that when the total of n plus m is about 2,  m is about 1, and
      n is about 1.
PAR  Such novel compounds are obtainable by, for example, forming the adduct of
      a norbornene or norboradiene and a halogenated cyclopentadiene and
      thereafter dissolving the said adduct in a suitable solvent, e.g., carbon
      tetrachloride. Chlorine, bromine or mixtures thereof (which may be
      dissolved in a suitable solvent, such as carbon tetrachloride) is added to
      the resulting solution of the adduct. The reaction solution may be
      irradiated with a suitable source of wave energy, such as sunlight,
      ultraviolet light, or incandescent light to facilitate the reaction. Other
      chemical free radical initiators, as hereinafter disclosed, may also be
      useful to promote reaction. The solvent is stripped from the mass leaving
      as a residue, an oily product which is identified as chloro-brominated
      norbornene-halogenated cyclopentadiene adduct.
PAR  The invention also includes the use of the hitherto unknown
      tetrachlorinated derivative of the formula
      ##SPC5##
PAL  wherein X and Y are as defined above.
PAR  The new compound is obtained by dissolving the norbornene-halogenated
      cyclopentadiene adduct in a suitable solvent, e.g., carbon tetrachloride
      and bubbling chlorine gas into the solution which is illuminated by a
      suitable source of wave energy, e.g., ultraviolet light. The addition of
      chlorine is continued until the effluent gas is practically free from
      hydrogen chloride, generally from about 4 to about 24 hours. After
      flushing the reaction mass with an inert gas, e.g., nitrogen, the solvent
      is stripped from the mass leaving a residue containing the new compound
      6,6,7,7-tetrachloro derivative of the norbornene-halogenated
      cyclopentadiene adduct of the above formula. This reaction product may be
      used directly or after purification by conventional means, e.g., by
      recrystallization, as a fire retardant additive to normally flammable
      polymers.
PAR  Halogenated cyclopentadienes suitable for use in the preparation of the
      adducts described above include hexahalocyclopentadienes, such as
      hexachlorocyclopentadiene, hexafluorocyclopentadiene and
      hexabromocyclopentadiene, monoalkyl-pentahalocyclopentadienes, such as
      1-methyl-pentachlorocyclopentadiene, 1-ethyl pentabromocyclopentadiene,
      1-hexyl pentafluorocyclopentadiene, 1-decyl pentachlorocyclopentadiene;
      dialkyltetrahalocyclopentadienes such as 1,1-dimethyl
      tetrachlorocyclopentadiene, 1,1-dibutyl-tetrachlorocyclopentadiene,
      1-methyl, 1-hexyl-tetrabromocyclopentadiene,
      1,1-dinonyl-tetrafluorocyclopentadiene, 1,1-didecyl
      tetrachlorocyclopentadiene; alkoxy halocyclopentadienes such as 1
      -methoxy-pentachloro-and 1,1-dimethoxy tetrachlorocyclopentadiene,
      1-hexoxy pentabromo-, and 1-hexoxy, 1-octoxy tetrabromocyclopentadiene,
      1-decoxy-pentachloro- and 1,1-didecoxy-tetrachlorocyclopentadiene,
      1-ethoxy-pentafluoro- and 1-ethoxy, 1-butoxy-tetrafluorocyclopentadiene;
      monohaloalkyl halocyclopentadienes such as
      1-chloromethylpentachlorocyclopentadiene, 1,1-bis(chloro-methyl)
      tetrachlorocyclopentadiene, 1-bromoethylpentabromocyclopentadiene,
      1,1-bis-(bromohexyl) tetrachlorocyclopentadiene, 1-fluorodecyl
      pentafluorocyclopentadiene, 1,1-bis-(fluorodecyl)
      tetrafluorocyclopentadiene, 1-chloromethyl, 1-bromopropyl
      tetrabromocyclopentadiene. The preferred halocyclopentadiene is
      hexachlorocyclopentadiene.
PAR  The adduction step is preferably in liquid phase reaction. Although the
      reactants may be combined directly, the reaction is preferably carried out
      in the presence of a solvent.
PAR  The solvent may be an excess amount, over the stoichiometrical proportion,
      of either of the reactants or a solvent which is inert to the reactants
      and the reaction product may be used. Preferably, the solvent should boil
      above about 90.degree. Celsius. Suitable non-reactive solvents include
      toluene, xylene, nitrobenzene, methylcyclohexane, perchloroethylene,
      acetylene tetrachloride and the like.
PAR  The reactants may be employed in various proportions. When the reactants
      are a halocyclopentadiene and a norbornene, a molar ratio of one to one is
      preferred, but an excess, for example, 20 percent, of either reactant can
      be employed. However, when the reactants are a halocyclopentadiene and a
      norbornadiene, it is preferred to employ at least about 100 percent excess
      of the norbornadiene to obtain maximum yields.
PAR  The temperature employed in the adduction step may range from about
      75.degree. Celsius to about 200.degree. Celsius, although temperatures
      outside this range can be used. Preferably, the adduction reaction is
      effected at about 85.degree. to about 170.degree. Celsius. The time
      required for the adduction to go essentially to completion may vary
      according to the reactivity of the halocyclopentadiene, the presence or
      absence of solvent, the temperature of the reaction, etc. Generally, a
      reaction period between about 5  and 100 hours will suffice, but
      preferably from about 10 to 48 hours.
PAR  The reaction is preferably and conveniently carried out under atmospheric
      pressure conditions although superatmospheric pressures may be used, and
      on occasion may be preferred, especially when one of the reactants is of
      low reactivity and/or high volatility. Generally, when superatmospheric
      pressure is used, autogeneous pressure will suffice although pressures of
      from 1.1 atmospheres to 100 atmospheres or more can be used.
PAR  Following completion of the adduction step, the solvent, if present, may be
      removed, e.g., by distillation and the adduct product purified, e.g., by
      distillation, recrystallization or both. Alternatively, the crude adduct
      can be halogenated directly, before or after removal of the solvent, if
      present. However, if the solvent (for example, toluene) used in the
      adduction step is reactive to halogen, it should be removed prior to
      halogenation of the adduct. In particular, if the solvent for the
      adduction of hexachlorocyclopentadiene is in excess of the latter, it
      should be removed prior to bromination since it has been reported that
      upon reaction with bromine, it produces toxic materials. (J.A.C.S. 83,
      1516 (1961)).
PAR  The second, or halogenation step of the process is preferably a liquid
      phase reaction, also. The temperature employed ranges from about -20 to
      about 150.degree. Celsius. Preferably, the reaction temperature is within
      the range of about -10.degree. to about 100.degree. Celsius. The time
      required may vary considerably and according to the degree of halogenation
      desired. Generally, from a few minutes to about 24 hours will be required
      although this period may vary, according to the temperature of the
      reaction, the rate at which the halogenating agent is fed into the
      reaction solution, the quantity of reactants, the presence, type and
      quantity of catalyst, reactivity of the substrate and the like variables.
PAR  The solvent used in this step should be one that is inert to the reactants
      and the reaction product. Typical of the solvents which may be used
      include chlorinated aliphatics of from 1 to 6 carbon atoms, such as carbon
      tetrachloride, chloroform, and the like.
PAR  When the adduction reactants are a halocyclopentadiene and norbornadiene
      the resultant adduct is halogenated by an addition reaction employing
      halogenation reagents such as chlorine, bromine or mixtures thereof such
      as bromine chloride. This may occur via an ionic or free radical
      mechanism. Subsequent to the halogen addition to the adduct of a
      halocyclopentadiene and norbornadiene, further halogenation may be
      accomplished via a free radical substitution pathway discussed in the
      following paragraph, which relates to free radical halogen substitution of
      the adduct of norbornene and a halocyclopentadiene.
PAR  When the adduction reactants are a halocyclopentadiene and norbornene, the
      resultant adduct is halogenated by a substitution reaction employing a
      free radical halogen substituting agent. Free radical halogenating agents
      which can be used in this process are known. Among the free radical
      chlorinating agents which can be used, the following are typical examples:
      chlorine; t-butyl hypochlorite; sulfuryl chloride; chlorine monoxide;
      trichloromethanesulfonyl chloride; trichloromethanesulfenyl chloride;
      N-chlorosuccinimide; phosphorous pentachloride; iodobenzene dichloride;
      cupric chloride; N-chlorosulfonamide; N-chloro-dimethylamine-sulfuric
      acid-acetic acid-ferrous sulfate.
PAR  As examplary of the free radical bromination agents which are useful in
      this process the following are mentioned: bromine; N-bromosuccinimide;
      sulfuryl bromide; bromotrichloromethane; t-butyl-hypobromite;
      trichloromethanesulfonylbromide; bromine-chlorine mixtures.
PAR  By the term "free radical halogen substituting agent" is meant any
      halogenating agent capable of effecting halogen substitution under free
      radical conditions. A discussion of this type of halogenation reaction is
      contained in "Free Radical Chemistry" E. S. Hyser, editor, published by
      Marcel Dekker, New York, 1969, particularly, for chlorination, see Vol. I,
      Chapter 3, by M. L. Poutsma, and, for bromination, see Vol. II, Chapter 2,
      by W. A. Thaler.
PAR  The preferred free radical halogen substituting agents are chlorine,
      bromine, sulfuryl chloride, sulfuryl bromide and mixtures thereof, because
      of their general effectiveness, availability and relative low cost.
PAR  In the case of substitution reactions, mixtures of bromine and chlorine can
      be used to brominate organic compounds to conserve the amount of the
      relatively expensive bromine. Halogenated products produced using mixtures
      of bromine and chlorine, while essentially brominated derivatives
      invariably also contain some proportions of the mixed halogenated
      derivatives, that is, the products contain bromine and chlorine
      substituents.
PAR  The amount of halogenation agent employed is dependent on the amount of
      halogen desired in the final compound. In general, a molar ratio of from
      about 1 to about 15 moles of halogenation agent per mole of adduct is
      satisfactory.
PAR  The reaction product of the halogenation step may be a mixture of
      halogenated compounds having an average of between about 2 and 6 halogen
      atoms on the norbornene moiety of the adduct. Such a mixed reaction
      product may be separated from the solvent, for example, by a simple
      distillation of the solvent. The resultant mixture of halogenated adduct,
      having an average halogen content in accordance with the above formulae,
      may be employed directly as a fire retardant without further purification.
      Alternatively, the mixture may be separated into its component compounds
      by known separation methods such as vacuum distillation, fractional
      crystallization and the like, and the separated compounds having between
      about 2 and 6 halogen atoms on the norbornene moiety may be used as fire
      retardant additives.
PAR  In either the substitution or addition type reaction, the halogenation step
      can be effected in the presence of a catalytic proportion of a
      halogenation catalyst. Typical of the catalysts suitable for use in this
      step include sunlight; incandescent light; ultraviolet light; organic
      peroxides which decompose to free radicals under reaction conditions, such
      as benzoyl peroxides, lauryl peroxide, 2-ethyl-hexyl peroxydicarbonate,
      methyl ethyl ketone peroxide; azo compounds, such as azo bis
      isobutyronitrile, 2,2' azo bis (2,4-dimethyl valero) nitrile. Preferably,
      a source of wave energy, e.g., sunlight, incandescent or ultraviolet
      light, is used to catalyze the halogenation of the adduct.
PAR  The halogenated norbornene-polyhalocyclopentadiene adducts disclosed above
      are useful as fire retardant additives for normally flammable polymers,
      for example, thermoplastics, such as polyethylene, polypropylene polyst
      rene, high impact polystyrene (a graft blend of polystyrene and
      polybutadiene interpolymer), nylon i.e. polyamides having recurring amide
      groups as integral parts of the main polymer chain, polyesters,
      polyacrylates and graft copolymers of polybutadiene, styrene, and
      acrylonitrile, (commonly called "ABS" resins); thermosets such as
      phenolics, epoxies, unsaturated polyesters, amino-formaldehyde resins, and
      the like; elastomers or rubbers such as polyurethanes, or
      styrene-butadiene rubbers (SBR) and the like. These compounds can also be
      used to impart fire resistant properties to other high molecular weight
      polymers, copolymers and resins including, for example, those disclosed in
      U.S. Pat. No. 3,403,036, the disclosure of which is incorporated herein by
      reference.
PAR  The fire retardent additive compounds are desirably incorporated in the
      normally flammable polymeric materials in an effective fire retardant
      amount. Generally, the compounds in the amount of from about 2 to about 50
      percent by weight of the polymeric composition and desirably from about 5
      to about 40 percent by weight, preferably, from about 10 to about 35
      percent by weight of the polymeric composition are mixed into said
      composition. Improved fire retardance and other desirable characteristics
      can be provided by incorporating other adjuvants such as metallic
      compounds such as antimony, tin, zinc, iron, bismuth and arsenic
      compounds, e.g., antimony oxide, zinc oxide, iron oxide, and arsenic
      sulfide, generally in the amount of about 1 to about 30 percent by weight
      and preferably from about 2 to 25 percent by weight of said polymeric
      composition. The preferred metallic compounds are zinc oxide, iron oxide,
      and antimony oxide.
PAR  Other adjuvants such as plasticizers, mold release agents, lubricants,
      fillers, dyestuffs and pigments, may be included also.
PAR  The components comprising the compositions of this invention can be mixed
      by any of several well known methods. The additives can be introduced into
      the polymer or its precurser(s) while the latter is dissolved in a
      suitable solvent. This procedure is especially suitable when it is desired
      to incorporate the additives during the polymer manufacturing process.
      When the polymer is subsequently recovered from the solvent, the additives
      are intimately mixed with the polymer. The additives may be mixed with the
      polymer in the finely divided state and the mixture dry blended so that an
      intimate mixture is obtained on molding, milling, or extrusion.
      Alternatively, the additives may be mixed with the polymer in the molten
      state at temperatures which can range from the melting point to just below
      the decomposition temperature of the polymeric composition.
PAR  The following examples will illustrate the invention, but such examples are
      not intended to limit the scope of the invention. In the examples as well
      as in the above specification and claims appended hereto, parts and
      percentages are by weight and temperatures are given in degrees Celsius,
      unless otherwise specified. The properties of the polymer compositions
      were tested in accordance with the standard American Society for Testing
      Materials (ASTM), test procedure ASTM D 635-72.
PAR  In some of the examples a modified ASTM D 635-72 test was employed in that
      a cyclindrical specimen about 150 mm long .times. 8 mm in diameter was
      substituted for the usual 127 mm length .times. 12.7 mm width bar, or in
      that the number of samples tested was fewer than the minimum number of
      samples prescribed by the ASTM.
PAR  The properties of the molded polymer compositions were also tested for
      Oxygen Index by the test procedure ASTM D 2863-70, and/or by Underwriters
      Laboratory Test Method 94.
DETD
PAC  EXAMPLE IA
PAC  Preparation of the Mono-Adduct of Norbornadiene and
      Hexachlorocyclopentadiene
PAR  A solution of 273 parts of hexachlorocyclopentadiene and 92.2 parts of
      norbornadiene was added slowly, over a period of one hour to 276.4 parts
      of norbornadiene under reflux conditions in an atmosphere of nitrogen. The
      mixture was held at refluxing temperature (87.degree. to 107.degree.)
      under an atmosphere of nitrogen for 97.5 hours. The excess of
      norbornadiene was removed by distillation at atmospheric pressure. The
      remaining product was twice distilled to yield 285.3 parts of the
      mono-adduct. Further purification was effected by recrystallization from
      ethanol and discolorization with carbon. The purified product,
      1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-1,4:5,8
      dimethanonaphthalene melted at 105.degree. to 107.degree..
PAC  EXAMPLE IB
PAC  Bromination of the Adduct
PAR  A portion, 490.5 parts, of the adduct prepared in Part A, above, was
      dissolved in 1024 parts of carbon tetrachloride. To the cooled solution
      there was added, over a 20-minute period, a solution of 217.2 parts of
      bromine in 352 parts of carbon tetrachloride. During the addition, the
      reaction temperature was moderated at 0.degree. to 2.degree.. The reaction
      mixture was then permitted to stand for about 16 hours without further
      temperature control. The precipitated white solid was filtered off and
      washed with 100 parts of carbon tetrachloride to yield 580.7 parts of
      solid which was purified by recrystallization from chloroform, including a
      treatment with decolorizing carbon. The product thus obtained was
      6,7-dibromo-1,2,3,4,10,10-hexachloro-1,4,4a,5,6,7,8,8a-octahydro-1,4:5,8-d
     imethanonaphthalene which melted at 173.degree. to 176.degree..
PAC  EXAMPLE IIA
PAC  Preparation of the Mono-Adduct of Norbornene and Hexachlorocyclopentadiene
PAR  A mixture of 312 parts of norbornene and 885.6 parts of
      hexachlorocyclopentadiene was heated under a reflux condenser. The mixture
      was heated from 124.degree. to 150.degree. during a 90-minute period and
      maintained at about 150.degree. for about 18 hours thereafter. The mass
      was permitted to cool to ambient temperature. The resulting crude adduct
      was purified by distillation in vacuum. There was thus obtained 1041.7
      parts of
      1,2,3,4,10,10-hexachloro-1,4,4a,5,6,7,8,8a-octahydro-1,4:5,8-dimethanonaph
     thalene, boiling at 139.degree. to 141.degree. at 0.2 mm of mercury. The
      distillate solidified upon cooling.
PAC  EXAMPLE IIB
PAC  Bromination of the Mono-Adduct of Part A with Bromine Chloride
PAR  A solution of 179 parts of bromine and 78 parts of chlorine in about 288
      parts of carbon tetrachloride was added dropwise to a solution of 309
      parts of the adduct prepared in Part A above dissolved in about 1072 parts
      of carbon tetrachloride while the solution was irradiated with a 200 watt
      incandenscent lamp. The mixture was agitated and irradiated for about 1.5
      hours following addition of the halogenating agent and then partially
      stripped of solvent to remove excess halogenating agent. The reaction mass
      was dissolved in fresh carbon tetrachloride and washed with 5% aqueous
      sodium bicarbonate and then with water. The light yellow solution was
      dried over anhydrous magnesium sulfate and then treated with decolorizing
      carbon. The colorless solution was then concentrated to a partially
      crystalline oil. This product (437 parts) was determined by elemental
      analysis to be a mixture of brominated derivatives of
      norbornene-hexachlorocyclopentadiene adduct having an average formula
      C.sub.12 H.sub.8 Br.sub.1.5 Cl.sub.6.
PAC  EXAMPLE III
PAC  Preparation of
      1,2,3,4,6,6,7,7,10,10-Decachloro-1,4,4a,5,6,7,8,8a-Octahydro-1,4:5,8-Dimet
     hanonaphthalene
PAR  An adduct of norbornene and hexachlorocyclopentadiene was prepared as
      described in Example IIA. A solution of 80 parts of this adduct in 640
      parts of carbon tetrachloride was prepared. Chlorine gas (139 parts) was
      bubbled into the solution during a 4 hour period while the solution was
      irradiated with a mercury arc lamp (Westinghouse H5KA). Thereafter the
      solvent was removed and 122.8 parts of white solid was obtained. This was
      recrystallized from hexane. The recrystallized product melted at
      185.5.degree. to 191.5.degree.. Nuclear magnetic resonance and elemental
      analysis of the product confirmed the compound as
      1,2,3,4,6,6,7,7,10,10-Decachloro-1,4,4a,5,6,7,8,8a-octahydro-1,4:5,8-dimet
     hanonaphthalene.
PAC  EXAMPLE IV
PAC  Preparation of a Bromo-Chloro-Derivative of the Mono-Adduct of Norbornene
      and Hexachlorocyclopentadiene
PAR  A solution of 72.3 parts of bromine and 29 parts of chlorine in 160 parts
      of carbon tetrachloride was added slowly over about 3.75 hours to a
      solution of 100.5 parts of
      1,2,3,4,10,10-hexachloro-1,4,4a,5,6,7,8,8a-octahydro-1,4:5,8-dimethanonaph
     thalene dissolved in 640 parts of carbon tetrachloride while the latter
      solution was irradiated with a 200 watt incandescant lamp. After
      completion of the addition of the solution the reaction mixture was
      irradiated for about two additional hours and then permitted to stand
      without irradiation for about 16 hours. The solvent was stripped from the
      reaction mixture to yield 151.5 parts of light yellow oil which was
      determined by elemental analysis to be a mixture of bromochlorinated
      derivatives of the norbornene-hexachlorocyclopentadiene adduct having an
      average formula C.sub.12 H.sub.7.5 Br.sub.1.5 Cl.sub.7.
PAC  EXAMPLE V
PAC  Preparation of
      1,2,3,4,6,6,7,7,10,10-Decachloro-1,4,4a,5,6,7,8,8a-Octahydro-1,4:5,8-Dimet
     hanonaphthalene
PAR  An adduct of hexachlorocyclopentadiene and norbornadiene was prepared as in
      Example IA. A solution of 78 parts of the adduct in 640 parts of carbon
      tetrachloride was prepared. The solution was irradiated with a 200 watt
      mercury arc lamp while 139 parts of chlorine was bubbled in over a 4-hour
      period. The reaction temperature was maintained at 50.degree.C. The
      reaction mixture was stirred for an additional hour. Thereafter, the
      solvent was removed by distillation at reduced pressure to yield 118.8
      parts of a white solid. The solid was recrystallized twice from hexane.
      The recrystallized product melted at 191.degree. to 193.degree.C. Nuclear
      magnetic resonance analysis confirmed the compound as
      1,2,3,4,6,6,7,7,10,10-decachloro-1,4,4a,5,6,7,8,8a-octahydro-1,4:5,8-dimet
     hanonaphthalene.
PAC  EXAMPLE VI
PAR  A molding composition was prepared from 80 parts of Nylon 66 resin, 14
      parts of the product of Example IB, and 6 parts of zinc oxide. The molding
      was tested using a modified ASTM-D-635-72 procedure and found to be
      self-extinguishing within 32 seconds with no afterglow. The composition
      has an oxygen index (ASTM-D2863-70) of 30.
PAC  EXAMPLE VII
PAR  A molding composition was prepared by mixing 80 parts of polyethylene
      terphthalate, 15 parts of the product of Example IB, and 5 parts of
      antimony oxide. The composition was tested using a modified ASTM-D-635-72
      procedure, and found to be self-extinguishing within 3 seconds with a 1
      second afterglow.
PAC  EXAMPLE VIII
PAR  The following materials were compounded in a steam mill at 50.degree. to
      70.degree. to produce a rubber with good compatability:
PA1  50 parts of SBR (Ameripol 1500), a styrene-butadiene rubber;
PA1  A mixture of 20 parts of carbon black and 5 parts of Mobisol oil;
PA1  A mixture of 1 part stearic acid, 1.5 parts zinc oxide and 7.5 parts
      antimony oxide;
PA1  15 parts of the product of Example IB;
PA1  A mixture of 1 part sulfur and 0.6 parts curing agent (Santecure);
PAR  The rubber was molded at 280.degree.F into 1/8  inch bars which when tested
      according to the modified ASTM-D-635-72 procedure were self-extinguishing
      within 10 seconds. The composition exhibited an oxygen index of 26.5.
PAC  EXAMPLE IX
PAR  A mixture of 50 parts of a commercial epoxy resin (Ciba Arnoldite 6010,
      Batch No. 3649), 15 parts of antimony oxide, and 30 parts of the product
      of Example IB, above was ground to a paste. To this paste, a mixture
      composed of 50 parts of the same epoxy resin and 12 parts of diethylene
      triamine was added and the resultant mixture was cured. The cured epoxy
      resin composition was self-extinguishing within one second and had 4
      seconds afterglow (by the modified ASTM-D2863-72 procedure). The
      resinjomposition has an Oxygen Index (ASTM-D2863-70) of 33.5 and a VE-O
      rating according to the Underwriters Laboratories Test Method 94.
PAC  EXAMPLE X
PAR  Twenty parts of a 3:1 mixture of the product of Example IB above, and
      antimony oxide was mixed with 80 parts of polystyrene (Lustrex HF77). When
      tested, using the modified ASTM-D-635-72 procedure, the composition was
      self-extinguishing within 3 seconds with a 1 second afterglow. The
      composition exhibited an oxygen index of 23.7 (ASTM-D2863-70) and a VE-II
      rating according to the Underwriters Laboratories Test Method 94.
PAC  EXAMPLE XI
PAR  A mixture of 69.5 parts of polypropylene (Avisun 1014), 20parts of the
      product of Example IB, 10 parts of antimony oxide, 1 part of zinc stearate
      and 0.5 parts of a modified dibutyltin maleate stabilizer (Thermolite 24)
      was hot milled until homogeneous, sheeted and ground in a Wiley Mill. The
      ground blend was injection molded at 400.degree.F., using a one ounce
      plunger type injection molder to produce bar boldings of the dimensions 5
      .times. 1/2 .times. 1/8 inches. The composition was tested (ASTM-D-635-72)
      and found to be self-extinguishing within 11 seconds with 10 seconds
      afterflow and exhibited an oxygen index of 25.
PAC  EXAMPLE XII
PAR  A molding composition was prepared from a mixture of 75 parts of ABS
      (Blendex 101), 17 parts of the product of Example IB, 7 parts of antimony
      oxide, 0.5 parts of Thermolite 24 stabilizer (a commercially available
      dibutyltin maleate stabilizer) and 1 part of zinc stearate. When tested
      according to ASTM-D-635-72 procedure, the composition was
      self-extinguishing within 5 seconds with a 2 seconds afterglow. The
      composition exhibited an Oxygen Index (ASTM-2863-70) of 30.1.
PAC  EXAMPLE XIII
PAR  The product of Example IB was found to exhibit substantially improved
      thermal stability when tested in comparison with other five retarding
      additives in thermoplastic compositions at molding temperatures.
PAR  Compositions of 83 parts of high impact polystyrene (Styron 492) 14.17
      parts of fire retardant and 2.83 parts of antimony oxide were milled on a
      two-roll Farrel mill, ground and dried in an air circulating oven at
      80.degree.C for 2 hours and then molded at various temperatures in an
      Arburg Allrounder 200S injection molder.
PAR  Initially a 430.degree.F melt temperature was selected and maintained while
      5-10 sample specimens were injection molded. Subsequently, the melt
      temperatures were increased at 20.degree.-25.degree.F increments, allowing
      10-15 minutes for the melt to reach equilibrium temperatures. Temperatures
      were taken with a needlepoint pyrometer. At each of the temperatures,
      several specimens were taken and compared to previous specimens for
      discoloration, streaking and other signs of degradation.
PAR  In this manner the product of Example IB was compared for thermal stability
      with, a commercially available fire retarding additive for styrenes. It
      was determined that the product of Example IB was thermally stable up to
      525.degree. F. in the above composition while the Dechlorane 602
      containing composition showed degradation at 490.degree.-495.degree. F.
PAC  EXAMPLE XIV
PAR  A molded mixture of 75 parts of ABS (Blendex 101), 20.83  parts of the
      product of Example IIB, and 4.17 parts of antimony oxide was prepared and
      tested. The composition was found to be selfextinguishing when tested
      according to ASTM-D-635-72; and had an oxygen index of 29 (according to
      the procedure of ASTM-D-2863-70) and was veO according to test UL-94.
PAC  EXAMPLE XV
PAR  A molded mixture of 83 parts of high impact polystyrene (Styron 492) 14.17
      parts of the product of Example IIB, and 2.83 parts of antimony oxide was
      prepared and tested. The composition was found to be self-extinguishing
      when tested according to the procedure of ASTM-D-635-72. The mixture an
      oxygen index of 23 (ASTM-D2863-70) and was VE-I (according to test UL-94).
PAC  EXAMPLE XVI
PAR  A molded mixture prepared from 85.0 parts polystyrene (Lustrex HF 77) 11.25
      parts of the product of Example IIB and 3.75 parts of antimony oxide, was
      found to be self-extinguishing when tested according to the procedure of
      ASTM-D-635-72. The composition exhibited an oxygen index of 23
      (ASTM-D2863-70) and was VE-II (according to UL-94 test).
PAC  EXAMPLE XVII
PAR  A molded mixture prepared from 60 parts of polypropylene, 27 parts of the
      product of Example IIB and 13 parts of antimony oxide was found to be
      self-extinguishing when tested according to the procedure of
      ASTM-D-635-72. The composition exhibited an oxygen index of 23
      (ASTM-D2863-70) and was VE-II (according to UL-94 test).
PAC  EXAMPLE XVIII
PAR  A molding composition was prepared from 69.5 parts of polyethylene
      (DYNH-1), 20 parts of the product of Example IB, and 10 parts of antimony
      oxide. When tested according to a modified ASTM-D-635-72, the composition
      was self-extinguishing within 8 seconds with a 6 second afterglow. The
      composition had an Oxygen Index of 26.5
PAC  EXAMPLE XIX
PAR  A molding composition was prepared from 80 parts of high impact polystryene
      (Dylene-957), 15 parts of the product of Example III and 5 parts of
      antimony oxide. When tested according to a modified ASTM-D-635-72, the
      composition was self-extinguishing within 17 seconds with a 13 second
      afterglow. The composition had an Oxygen Index of 24.0.
PAC  EXAMPLE XX
PAR  A molding composition was prepared from 69.5 parts of a copolymer of
      propylene and ethylene (Profax-7823) and 30 parts of a previously prepared
      mixture of 20 parts of the product of Example IB and 10 parts of antimony
      oxide. The composition was found to be self-extinguishing when tested
      according to a modified ASTM-D-635-72 test method.
PAC  EXAMPLE XXI
PAR  The product of Example IB was tested for fire retardance in comparison
      with, a commercially available fire retardant additive, in compositions of
      high impact polystyrene. Molding compositions were prepared from 78 parts
      of high impact polystyrene (Styron 492) and 22 parts of a previously
      prepared mixture of 14.66 parts of the fire retardant additive and 7.33
      parts of antimony oxide. The compositions were tested in accordance with
      Underwriters Laboratory Test Method 94. The composition containing the
      product of Example IB was rated VE-O and was found superior to the
      composition containing Dechlorane 604.
PAC  EXAMPLE XXII
PAR  A polymeric molding composition was prepared from ABS resin and the fire
      retardant additive of Example IB. The composition was tested for thermal
      stability in comparison with compositions prepared from ABS resin and
      commercially available fire retardant additives. In each instance the
      molding compositions were prepared by intimately mixing 80 parts of ABS
      resin (Blendex 101) with 20 parts of a previously prepared mixture of 15
      parts of fire retardant additive and 5 parts of antimony oxide. The
      compositions were maintained at a temperature of 450.degree. F. and the
      time at which discoloration occurred was noted. The results were as
      follows:
     Polymeric Composition Discoloration                                       
     Containing Additive   Time                                                
     ______________________________________                                    
     Product of Example IB 18 minutes                                          
     The commercially available                                                
     fire retardant additive                                                   
     of Example XXI        12 minutes                                          
     Citex BC 26, a                                                            
     halogenated organic                                                       
     flame retardant                                                           
     containing both                                                           
     aliphatic bromine and                                                     
     chlorine manufactured                                                     
     by Cities Service                                                         
     Company, Pigments and                                                     
     Specialties Division  3-6 minutes                                         
     ______________________________________                                    
PAC  EXAMPLE XXIII
PAR  A molding composition was prepared from 73 parts of high impact polystyrene
      (Dylene-957) and 27 parts of the product of Example IB. The molding
      composition was found to be self-extinguishing within 11 seconds with no
      afterglow when tested according to a modified ASTM-D-635-72 test method
      and had an Oxygen Index of 28 (ASTM-2863-70).
PAC  EXAMPLE XXIV
PAR  A molding composition was prepared from 80 parts of high impact polystyrene
      (Dylene-957), 5 parts of antimony oxide and 15 parts of the product of
      Example IV. The molding composition was found to be self-extinguishing
      within 2 seconds with an afterglow of 11 seconds when tested according to
      a modified ASTM-D-635-72 test procedure and had an Oxygen Index of 26
      (ASTM-2863-70).
PAR  Certain of the preferred compounds of the present invention are disclosed
      in detail in copending application Ser. No. 447,806, filed Mar. 4, 1974,
      the disclosure of which is incorporated herein by reference.
PAR  It will be apparent to those skilled in the art that many variations and
      modifications of the invention as hereinabove set forth may be made
      without departing from the spirit and scope of the invention. The
      invention is not to be construed as limited only to the examples given.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fire retardant polymeric composition comprising polymer selected from
      the group consisting of acrylonitrile-styrene-polybutadiene copolymers,
      polyurethanes, amino-formaldehyde resins and polyamides having recurring
      amide groups as integral parts of the main polymer chain and an effective
      fire retardant amount of a compound of the formula
      ##SPC6##
PAL  wherein X is a halogen selected from the group consisting of fluorine,
      chlorine and bromine, Y is independently selected from the group
      consisting of fluorine, chlorine, bromine, alkyl of 1 to 10 carbon atoms,
      alkyloxy wherein the alkyl group contains 1 to 10 carbon atoms, haloalkyl
      and haloalkyloxy wherein said alkyl groups contain from 1 to 10 carbon
      atoms and said halo is fluoro, chloro or bromo, n has an average value
      from 0 to 6 and m has an average value from 0 to 6 and the total of n plus
      m has an average value from 1 to 6.
NUM  2.
PAR  2. The composition of claim 1 wherein the polymer is a copolymer of
      acrylonitrile, styrene and polybutadiene.
NUM  3.
PAR  3. The composition of claim 1 wherein the polymer is a polyamide having
      recurring amide groups as integral parts of the main polymer chain.
NUM  4.
PAR  4. The composition of claim 1 wherein the polymer is a polyurethane.
NUM  5.
PAR  5. The composition of claim 1 wherein the polymer is an amino-formaldehyde
      resin.
NUM  6.
PAR  6. The composition of claim 1 wherein n has an average value of from 0 to
      about 2, m has an average value of from 0 to about 4 and the total of n
      plus m is from about 1 to about 4.
NUM  7.
PAR  7. The composition of claim 6 wherein X and Y are chlorine.
NUM  8.
PAR  8. The composition of claim 7 wherein n is about 2 and m is 0.
NUM  9.
PAR  9. The composition of claim 7 wherein n has an average value of about 1.5
      and m has an average value of about 0.
NUM  10.
PAR  10. The composition of claim 1 wherein the total of n plus m is from about
      2 to about 6, with the proviso that when the total of n plus m is about 2,
      m is about 1 and n is about 1.
NUM  11.
PAR  11. The composition of claim 10 wherein n has an average value of about 1.5
      and m has an average value of about 1.
NUM  12.
PAR  12. The composition of claim 10 wherein n is 0 and m is about 4.
NUM  13.
PAR  13. The composition of claim 1 wherein said compound is present in the
      amount of about 2 to about 50 percent by weight, based on the weight of
      the polymeric composition.
NUM  14.
PAR  14. The composition of claim 1 wherein said compound is present in the
      amount of about 10 to about 35 percent by weight, based on the weight of
      the polymeric composition.
NUM  15.
PAR  15. The composition of claim 14 which includes about 1 to about 30 percent
      by weight of antimony oxide, based on the weight of the polymeric
      composition.
NUM  16.
PAR  16. The composition of claim 7 wherein said compound is present in the
      amount of about 2 to about 50 percent by weight based on the polymeric
      composition.
NUM  17.
PAR  17. The composition of claim 1 which includes about 1 to about 30 percent
      by weight of a metallic compound, based on the weight of the polymeric
      composition, wherein the metal is selected from the group consisting of
      antimony, iron, zinc, bismuth and arsenic.
NUM  18.
PAR  18. The composition of claim 17 which includes about 1 to about 30 percent
      by weight of antimony oxide, based on the weight of the polymeric
      composition.
NUM  19.
PAR  19. The composition of claim 17 which includes about 1 to about 30 percent
      by weight of zinc oxide, based on the weight of the polymeric composition.
NUM  20.
PAR  20. A fire retardant polymeric composition comprising between about 20 and
      97 percent by weight of acrylonitrile-styrene-polybutadiene copolymer;
      about 2 to about 50 percent by weight of a compound of the formula
      ##SPC7##
PAL  and about 1 to about 30 percent by weight of antimony oxide.
PATN
WKU  039417590
SRC  5
APN  4083369
APT  1
ART  141
APD  19731023
TTL  Degradable plastics containing dual-function additive system
ISD  19760302
NCL  8
ECL  1
EXP  Hoke; V. P.
INVT
NAM  Taylor; Lynn J.
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STA  OH
INVT
NAM  Tobias; John W.
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PAL  Plastics Technology-July 1971, pp. 23, 26, 28.
PAL  Chemical Abstracts-79359j.
LREP
FR2  Wedding; Donald Keith
ABST
PAL  There is disclosed a photoresistive plastic composition degradable by
      ultraviolet radiation, the composition comprising an organic polymeric
      material having dispersed therein a degradation controlling amount of an
      additive system consisting essentially of at least one organic
      photosensitizer and at least one organic derivative of a transition metal.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation-in-part of copending U.S. Pat. applications Ser. No.
      230,969, filed Mar. 1, 1972, Ser. No. 301,199, filed Oct. 26, 1972 and
      Ser. No. 206,144, filed Dec. 8, 1971, now U.S. Pat. NO. 3,797,690.
BSUM
PAC  RELEVANT PRIOR ART
PAR  Chemical Abstracts, Volume 78, 73161y, (1973).
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to plastic compositions containing additives which
      render the composition degradable by ultraviolet radiation.
PAR  The advent of plastics has given rise to improved methods of packaging
      goods. For example, polyethylene and polypropylene plastic films, bags,
      bottles, styrofoam cups and blister packages have the advantages of being
      chemically resistant, relatively unbreakable, light in weight and
      translucent or transparent. The increasing use of plastics in packaging
      applications has created a serious waste disposal problem. Burning of
      these plastic materials is expensive and may add to air pollution
      problems.
PAR  Unlike some other packaging materials, such as paper and cardboard,
      plastics are not readily destroyed by the elements of nature. Thus,
      burying them is not an effective means of disposal and can be expensive.
PAR  Plastics are biologically recent developments, and hence are not easily
      degradable by micro-organisms which attack most other forms of organic
      matter and return them to the biological life cycle. It has been estimated
      that it may take millions of years for organisms to evolve which are
      capable of performing this function. In the meantime, plastic containers
      and packaging films are beginning to litter the countryside after being
      discarded by careless individuals.
PAR  One means suggested for combating the plastic waste disposal problem has
      been the use of plastic compositions which degrade upon exposure to
      ultraviolet light. This approach would take advantage of the natural
      tendency of most organic polymers to undergo gradual reaction with
      atmospheric oxygen, particularly in the presence of light. Typically, a
      photosensitizing additive is employed in order to accentuate this natural
      tendency. The photosensitizing additive absorbs ultraviolet light (e.g.,
      from sunlight); the additive, in the resulting photo-excited state,
      undergoes a chemical reaction which leads to the generation of free
      radicals which initiate an autoxidation process thereby leading to the
      eventual disintegration of the plastic material.
PAR  In the course of our investigations of the effect of sensitizing additives
      on the photodegradation of common thermoplastics, we have discovered that
      organic photosensitizers such as aromatic ketones and anthraquinone
      derivatives are quite effective in promoting rapid initiation of
      photo-oxidative degradation. However, as the reaction proceeds, the rate
      tends to decrease, presumably as the result of the chemical conversion of
      the sensitizer to a less effective compound or mixture of compounds.
PAR  Organic derivatives of transition metals, such as transition metal
      acetylacetonates and transition-metal salts of fatty acids, also function
      as effective accelerators of the photo-oxidative degradation of plastics.
      However, the utility of such materials as degradation-promoting additives
      is limited, owing to a tendency to cause thermal oxidation of plastics
      during high-temperature processing (e.g., fabrication of shaped articles
      by molding or extrusion); the coloration imparted to plastics by such
      additives; and the potential toxicity of such additives. Consequently,
      such additives must be employed in very low concentrations, if at all.
PAR  In contrast to other organic derivatives of transition metals, the
      dialkyldithiocarbamates such as ferric dimethyldithiocarbamate tend to act
      not only as sensitizers of photo-oxidative degradation, but also as
      retarders of thermal-oxidative degradation. When employed at low
      concentrations, such additives also display an "induction period" in
      photo-oxidative degradation; that is, degradation starts only after a
      certain delay, during which no appreciable degradation takes place. Once
      the degradation has started, the process is auto-accelerating, i.e., the
      degradation rate increases as exposure time increases. While the
      "induction period" feature is sometimes advantageous in the sense that
      undesired degradation due to accidental short-term exposure to light is
      avoided, it is disadvantageous in other instances, e.g., in cases where
      the lifetime of a discarded plastic article must be kept to a minimum or
      in cases where plastic wastes receive only a minimal exposure to light
      prior to earth burial, i.e., as in a land fill.
PAR  The present invention provides a route to degradable plastic compositions
      which display both the rapid initiation of photo-oxidation characteristic
      of compositions containing organic photosensitizers and the continuing,
      auto-accelearating degradation process which is characteristic of
      compositions containing organic derivatives of transition metals. In the
      practice of this invention a composition containing both an organic
      photosensitizer and an organic derivative of a transition metal is
      employed; the organic photosensitizer causes rapid initiation of the
      degradation process whereas the use of the transition-metal compound
      provides for a rapid, continuing photo-oxidation process, which is
      typically auto-accelerating. Furthermore, selected compositions display a
      "synergistic effect", in that the degradation-promoting effect of the
      combination of additives is greater than that which would be expected on
      the basis of the effect of each additive when used alone.
PAR  The practice of the present invention also provides a route to compositions
      which gradually oxidize in the dark after an initial short-term exposure
      to ultraviolet light. We believe that this unexpected but highly desirable
      result is due to the rapid build-up of hydroperoxide groups during the
      photochemical initiation phase, followed by a slower thermal oxidation
      process caused by metal-catalyzed decomposition of these hydroperoxide
      groups.
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention, a degradable plastic composition is
      prepared by the admixture of an organic polymeric material and a
      degradation-controlling additive system, the system consisting essentially
      of at least one organic photosensitizer and at least one organic
      derivative of a transition metal.
PAR  Typical organic polymeric materials contemplated include organic polymers
      (and copolymers) especially polyethylene, polypropylene, poly(1-butene),
      poly(4-methyl-1-pentene), ethylenepropylene copolymers, ethylene-1-butene
      copolymers, ethylene-1-hexene copolymers, ethylene-vinyl acetate
      copolymers, ethyleneethyl acrylate copolymers, ethylene-acrylic acid
      copolymers and their salts, polystyrene, polyvinyl chloride,
      poly(vinylidene chloride), polyvinyl fluoride, poly(vinylidene fluoride),
      polyoxymethylene, poly(ethylene oxide), poly(propylene oxide), polyvinyl
      alcohol, polyvinyl acetate, polyvinyl formal, polyvinyl butyral,
      poly(methyl acrylate), poly(ethyl acrylate), poly(caprolactam),
      poly(hexamethylenedipamide), poly(ethylene terephthalate), vinyl
      chloride-vinyl acetate copolymers, acrylonitrile polymers and copolymers,
      methacrylonitrile polymers and copolymers, cellulose acetate, cellulose
      propionate, cellulose acetate butyrate, ethyl cellulose, methyl cellulose,
      hydroxyethyl cellulose, and hydroxypropyl cellulose. Preferred polymers
      include polyethylene, polypropylene, poly(1-butene),
      poly(4-methyl-1-pentene), polystyrene and polyvinylchloride.
PAR  The phrase "organic photosensitizer", as used herein, may be defined as an
      organic substance which absorbs ultraviolet or visible light, and which
      upon photo-excitation is capable of initiating a chemical reaction such as
      photo-oxidation, photo-polymerization, photo-isomerization, etc.
PAR  Suitable organic photosensitizers include ketones such as acetophenone,
      acetoin, 1'-acetonaphthone, 2'-acetonaphthone, anisoin, anthrone,
      bianthrone, benzil, benzoin, benzoin methyl ether, benzoin isopropyl
      ether, 1-decalone, 2-decalone, benzophenone, p-chlorobenzophenone,
      dibenzalacetone, benzoylacetone, benzylacetone, deoxybenzoin,
      2,4-dimethylbenzophenone, 2,5-dimethylbenzophenone,
      3,4-dimethylbenzophenone, 4-benzoylbiphenyl, butyrophenone, 9-fluorenone,
      4,4'-bis-(dimethylamino)-benzophenone, 4-dimethylaminobenzophenone,
      dibenzyl ketone, 4-methylbenzophenone, propiophenone, benzanthrone,
      1-tetralone, 2-tetralone, valerophenone, 4-nitrobenzophenone, di-n-hexyl
      ketone, isophorone, chalcone, 4,4"-oxydibenzophenone, 10-thioxanthenone,
      xanthone; quinones such as anthraquinone, 1-aminoanthraquinone,
      2-aminoanthraquinone, 1-chloroanthraquinone, 2-chloroanthraquinone,
      1-methyl-anthraquinone, 2-methylanthraquinone, 2-ethylanthraquinone,
      2-tert-butylanthraquinone, 1-nitroanthraquinone, 2-phenylanthraquinone,
      1,2-naphthoquinone, 1,4-naphthoquinone, 2-methyl-1,4-naphthoquinone,
      1,2-benzanthraquinone, 2,3-benzanthraquinone, and phenanthrenequinone;
      nitro compounds such as nitrobenzene, p-nitroanisole, 4-nitrobiphenyl, and
      p-nitroaniline; organic sulfur compounds such as diphenyl disulfide,
      dibenzyl disulfide, dibenzoyl disulfide, tetramethylthiuram monosulfide,
      tetramethylthiuram disulfide, 2-mercaptobenzothiazole, and
      p-toluenesulfinic acid; halogenated organic compounds, such as chlorinated
      paraffins, chlorinated biphenyls and polyphenyls, chlorinated toluenes,
      chlorinated xylenes, benzal chloride, benzhydryl chloride, chlorinated
      naphthalenes, tetrachlorotetrahydrononaphthalene, phenacyl chloride,
      phenacyl bromide, and styrene dibromide; aromatic amines such as
      diphenylamine, triphenylamine, and N-phenyl-betanaphthylamine; organic
      peroxides and hydroperoxides such as tert-butyl hydroperoxide, cumene
      hydroperoxide, p-menthanehydroperoxide, tert-butylperoxybenzoate,
      dicumylperoxide, and 2,4-dimethyl-2,5-bis(tert-butylperoxy)hexane; and azo
      compounds such as azobisisobutyronitrile, azodicarbonamide,
      dimethyl-2-azobisisobutyrate, and azobenzene.
PAR  Organic dyes may also be employed as organic photosensitizers. Typical
      examples include Acridine Orange, Acridine Yellow, Alizarin, Azure B,
      Brilliant Green, Bromthymol Blue, chlorazole Black E, Congo Red, Crystal
      Violet, N,N-Dimethyl-p-phenylazoaniline, Eosin Y, Fluorescein, Indigo,
      Malachite Green, Martius Yellow, Methylene Blue, Methylene Violet, Methyl
      Orange, Methyl Red, Orange II, Pararosaniline, Rhodamine B, Rose Bengal,
      and Solvent Violet 9.
PAR  Preferred organic sensitizers include benzophenone, chalcone,
      4,4"-oxydibenzophenone, 10-thioxanthenone, xanthone,
      2-methylanthraquinone, 2-ethylanthraquinone, and
      2-tert-butylanthraquinone.
PAR  The term "transition metal" as used herein, should be understood to include
      elements 21 through 30, 30 through 48, 57 through 80 and 89 through 103 of
      the Periodic Table. In chemical terms, these are elements having a
      partially filled inner shell of electrons. Preferred transition metals are
      cobalt, chromium, copper, iron, manganese, and nickel.
PAR  The phrase "organic derivative", when applied to the
      transition-metal-containing component of the additive, should be
      understood to include all compounds and mixtures thereof, having a
      structure which contains at least one transition-metal atom and at least
      one organic group. The term is intended to include both chelates and salts
      of organic acids.
PAR  Specific organic derivatives of transition metals, which may be employed in
      the practice of this invention, include naphthenates, octoates, oleates,
      tallates, linoleates, resinates, 3,5,5-trimethylhexoates, neodecanoates,
      acetates, butyrates, valerates, laurates, myristates, palmitates,
      stearates, cyclohexanebutyrates, dialkyldithiocarbamates,
      acetylacetonates, benzoylacetonates, dodecylacetylacetonates, benzoates,
      oxalates, citrates, tartrates, disalicylalethylenediamine chelates, and
      phythalocyanines, all derived from the following elements: cobalt,
      chromium, copper, iron, nickel, and manganese. The metal may be in any
      valence state for which the corresponding organic derivative is
      obtainable: for example, cobalt may be present in the cobaltous or
      cobaltic state, copper in the cuprous or cupric state, and iron in the
      ferrous or ferric state.
PAR  Preferred organic derivatives of transition metals include ferrous octoate,
      ferrous stearate, ferric octoate, ferric stearate, ferric
      dimethyldithiocarbamate, and ferric di-n-butyldithiocarbamate.
PAR  The novel plastic compositions of this invention are prepared by a number
      of methods. A preferred method consists essentially of heating the polymer
      at a temperature below its decomposition temperature, incorporating the
      photosensitizer and transition-metal derivative, and mixing the
      ingredients so as to obtain a substantially uniform mixture. The mixture
      can then be molded and cooled to form a solid molded article. In the
      alternative, the mixture can be extruded and cooled to form a solid
      extrudate. Conventional plastic processing equipment can be used for
      melting the polymer, mixing the polymer with the photosensitizer and
      autoxidizable substance(s) and molding or extruding the resulting mixture.
      Processing conditions, such as temperature, time, and pressure, will be
      obvious to those skilled in the art.
PAR  Another preferred process for preparing the novel plastic compositions of
      this invention consists essentially of blending the photosensitizer and
      transition-metal derivative with a solid polymer to obtain a substantially
      uniform mixture. The polymer is preferably in the form of pellets,
      granules or powder. Conventional plastic processing equipment can be used
      in the blending operation. The processing conditions will be obvious to
      those skilled in the art. The resulting mixture can be melted at a
      temperature below the decomposition temperature of the polymer and
      additives. The resulting melt can be extruded or molded and cooled to form
      a solid extrudate or molded article.
PAR  A preferred process for preparing the novel plastic compositions of this
      invention consists essentially of casting a film from a composition of the
      photosensitizer, transition-metal derivative, and polymer in an inert
      solvent or dispersant. By "inert solvent" is meant that the solvent does
      not react with the polymer, photosensitizer, or transition-metal
      derivative. Use of this method is particularly attractive for preparing
      degradable coating or adhesive materials.
PAR  The photosensitizer and/or transition-metal derivative can also be applied
      as a solution, slurry, or paste to the surface of a plastic article. Such
      surface application can comprise brushing, roller coating, spraying,
      dipping or printing (i.e., uniformly or image-wise) on the surface of the
      article, in the presence or absence of a solvent. If desired, such surface
      application can be followed by heating, in order to promote diffusion of
      the additive(s) into the plastic.
PAR  The novel plastic compositions of this invention can be prepared at the
      time of disposal of conventional plastic articles. For example, a plastic
      article can be crushed, milled or ground, and subsequently or
      simultaneously mixed with the photosensitizer and transition-metal
      derivative.
PAR  The novel degradable plastic compositions can also contain non-reactive
      additives. By the term "non-reactive additive(s)" is meant a chemical
      additive, filler, or reinforcement commonly used in the formulation of
      plastic compositions which does not materially interfere with the
      degradation process. For example, the compositions of this invention can
      contain processing aids, viscosity depressants, mold-release agents,
      emulsifiers, slip agents, anti-static agents, and fibrous reinforcements
      which do not materially detract from the eventual degradation of the
      composition. The compositions of this invention can also contain fillers,
      such as barium sulphate, calcium carbonate, calcium silicate, fumed
      colloidal silica, glass, and clay.
PAR  Flame retardants, lubricants, colorants, plasticizers, adhesion promoters
      and stabilizers, such as those used to prevent thermo-oxidative
      decomposition can also be used. In some cases, it may be necessary to add
      an antioxidant or stabilizer to permit high temperature processing, even
      though such additive may slow the degradation process. In other cases, it
      may be desirable to retard degradation for a limited period of time.
PAR  It is contemplated that the degradable plastic compositions of this
      invention will ordinarily contain about 0.01 to 10% by weight of the
      organic photosensitizer, about 0.001 to 5.0% by weight of the organic
      derivative of a transition metal, and about 85 to 99.99% by weight of the
      organic polymeric material. The quantities of any non-reactive additives
      should not be included in calculating such percentages.
PAR  In one preferred embodiment of the present invention, a mixture of an
      organic polymer, organic photosensitizer, and organic derivative of a
      transition metal is prepared and shaped by conventional means. The
      resulting film, sheet, fiber, tube, or molded article is then exposed to
      an artificial source of ultraviolet radiation, such as a mercury-vapor
      lamp. The function of this exposure is to initiate a gradual chemical
      degradation process and/or to convert the degradable polymeric composition
      to a more readily degradable material by the selective introduction of
      functional groups, such as hydroperoxide groups, which are capable of
      promoting further oxidative and/or photo-oxidative degradation processes.
      This exposure to an artificial source of ultraviolet radiation can be
      carried out immediately after fabrication of plastic bodies, or it may be
      conducted as part of a waste treatment process.
PAR  The following examples represent some of the best embodiments contemplated
      by the inventors.
DETD
PAC  EXAMPLE 1
PAR  A film of unstabilized polyethylene containing 0.05% by weight of
      2-ethylanthraquinone and 0.05% by weight of ferric dibutyldithiocarbamate
      is prepared by casting from hot xylene onto a heated glass substrate. The
      resulting film, thickness 0.003 inch, is exposed in air for 11 days to
      Pyrex-filtered radiation from a UV source consisting of two 40-watt
      tubular lamps mounted in a reflector; the lamps exhibit peak emission at a
      wavelength of 310 millimicrons. The degree of photo-oxidation is then
      ascertained by measurement of the intensity of the carbonyl peak at ca.
      1720 cm.sup.-.sup.1 in the infrared spectrum; a substantial carbonyl peak,
      absorbance 0.445 units, is observed. When a film of additive-free
      polyethylene is prepared and exposed under the same conditions, the
      increase in absorbance in the carbonyl region is only 0.005 units.
PAC  EXAMPLE 2
PAR  Polyethylene films containing 2-ethylanthraquinone and/or ferric octoate
      are prepared in the manner described in EXAMPLE 1, and subjected to
      ultraviolet exposure for 5 days under the same filtered source. Infrared
      examination of the resulting films yields the results indicated in the
      following TABLE I:
TBL                TABLE I                                                     
     ______________________________________                                    
                        Carbonyl Absorbance                                    
     Additive           After 5-Day Exposure                                   
     ______________________________________                                    
     0.10% 2-ethyl-anthraquinone                                               
                        0.005                                                  
     0.01% Fe octoate   0.010                                                  
     0.10% 2-ethylanthraquinone                                                
      plus 0.01% Fe octoate                                                    
                        0.025                                                  
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Polyethylene films containing 2-ethylanthraquinone and/or ferric
      dibutyldithiocarbamate are prepared in the manner described in EXAMPLE 1,
      and exposed to the same filtered ultraviolet source for 1 day and 5 day
      periods. Infrared examination of the resulting films yields the results
      indicated in the following TABLE II:
TBL                TABLE II                                                    
     ______________________________________                                    
                        Carbonyl   Carbonyl                                    
                        Absorbance Absorbance                                  
                        After      After                                       
                        1-Day      5-Day                                       
     Additive           Exposure   Exposure                                    
     ______________________________________                                    
     0.10% 2-ethyl-anthraquinone                                               
                        0.005      0.005                                       
     0.05% ferric dibutyldithio-                                               
      carbamate         0.000      0.010                                       
     0.10% 2-ethylanthraquinone                                                
      plus 0.05% ferric                                                        
      dibutyldithiocarbamate                                                   
                        0.025      0.085                                       
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  A polyethylene film containing 0.10% 2-ethylanthraquinone and 0.05% ferric
      dibutyldithiocarbamate is prepared in the manner described in EXAMPLE 1.
      The film is exposed for 24 hours in air to filtered radiation from the
      source described in EXAMPLE 1; infrared examination indicates that the
      carbonyl absorbance has increased by 0.025 units during the irradation.
      The same film is then stored in the dark, in air, for an 84-day period;
      subsequent infrared examination indicates that the carbonyl absorbance has
      increased by an additional 0.010 unit during the storage period.
CLMS
STM  We claim:
NUM  1.
PAR  1. As a composition of matter, an organic polymeric material containing a
      degradation-controlling amount of an additive system consisting
      essentially of at least one organic photosensitizer selected from the
      group consisting of anthraquinone, 1-aminoanthraquinone,
      2-aminoanthraquinone, 1-chloroanthraquinone, 2-chloroanthraquinone,
      1-methyl anthraquinone, 2-methyl anthraquinone, 2-ethyl anthraquinone,
      2-tert-butyl anthraquinone, 1-nitroanthraquinone, 2-phenylanthraquinone,
      1,2-naphthoquinone, 1,4-naphthoquinone, 2-methyl-1,4-naphthoquinone,
      1,2-benzanthraquinone, 2,3-benzanthraquinone and phenanthrenequinone and
      at least one transition metal dialkyldithiocarbamate.
NUM  2.
PAR  2. The composition of claim 1 wherein the transition metal is selected from
      the group consisting of cobalt, chromium, copper, iron, manganese and
      nickel.
NUM  3.
PAR  3. The composition of claim 2 wherein the transition metal
      dialkyldithiocarbamate is selected from the group consisting of ferric
      dimethyldithiocarbamate and ferric di-n-butyldithiocarbamate.
NUM  4.
PAR  4. The composition of claim 1 wherein the polymeric material is selected
      from the group consisting of polyethylene, polypropylene, poly(1-butene),
      poly (4-methyl-1-pentene), polystyrene and polyvinylchloride.
NUM  5.
PAR  5. A process for preparing a degradable polymeric composition which
      comprises incorporating into a polymeric material a
      degradation-controlling amount of an additive system consisting
      essentially of at least one organic photosensitizer selected from the
      group consisting of anthraquinone, 1-aminoanthraquinone,
      2-aminoanthraquinone, 1-chloroanthraquinone, 2-chloroanthraquinone,
      1-methyl anthraquinone, 2-methyl anthraquinone, 2-ethyl anthraquinone,
      2-tert-butyl anthraquinone, 1-nitroanthraquinone, 2-phenylanthraquinone,
      1,2-naphthoquinone, 1,4-naphthoquinone, 2-methyl-1,4-naphthoquinone,
      1,2-benzanthraquinone, 2,3-benzanthraquinone and phenanthrenequinone and
      at least one transition metal dialkyldithiocarbamate.
NUM  6.
PAR  6. The process of claim 5 wherein the transition metal is selected from the
      group consisting of cobalt, chromium, copper, iron, manganese and nickel.
NUM  7.
PAR  7. The process of claim 6 wherein the transition metal
      dialkyldithiocarbamate is selected from the group consisting of ferric
      dimethyldithiocarbamate and ferric di-n-butyldithiocarbamate.
NUM  8.
PAR  8. The process of claim 5 wherein the polymeric material is selected from
      the group consisting of polyethylene, polypropylene, poly(1-butene),
      poly(4-methyl-1-pentene), poly-styrene and polyvinylchloride.
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ABST
PAL  Particulate polymers of ethylene are prepared by polymerization of ethylene
      or ethylene/.alpha. -monoalkene mixtures in a dry agitated bed (B) of the
      particulate polymer by means of a Ziegler/Natta catalyst system consisting
      of (1) a titanium-containing component and (2) an aluminum-containing
      component, the said components (1) and (2) being separately fed to the bed
      (B). Component (1) is a particulate reaction product (U) (of) (1.1) a
      substance of the formula TiCl.sub.3 . (AlCl.sub.3).sub.n where n is a
      number equal to from 0 to 0.34, and (1.2) a reaction product (R) of
      phosgene and a substnace (S) obtained from a substance of the formula
      Mg.sub.6 . Al.sub.2 . (OH).sub.16 . CO.sub.3 . (H.sub.2 O).sub.4 by
      calcination (heating), provided that (R) has a chlorine content of from 10
      to 76% by weight and (U) has been obtained by milling (1.1) and (1.2)
      together.
BSUM
PAR  The present invention relates to a process for the manufacture of
      particulate ethylene homopolymers (HP) or ethylene copolymers (CP)
      containing up to 20% by weight of polymerized units of C.sub.3-8
      .alpha.-monoalkenes, which polymers have a particle diameter of from 0.1
      to 6 mm and are obtained by polymerization of ethylene or
      ethylene/C.sub.3-8 .alpha.-monoalkene mixtures in a dry agitated (e.g.
      stirred) bed (B) of particulate homopolymer (HP) or copolymer (CP) at
      temperatures of from 30.degree. to 120.degree.C and pressures of from 1
      .times. 10.sup.5 to 2 .times. 10.sup.7 N/m.sup.2 (Pascal) by means of a
      Ziegler/Natta catalyst system consisting of (1) a titanium-consisting
      component and (2) an aluminum (C.sub.1-8 trialkyl) chloride or aluminum
      (C.sub.1-8 dialkyl) chloride, provided that (I) the components (1) and (2)
      of the cataylst system are separately fed to the bed (B) and (II) the
      atomic ratio of titanium in component (1) to aluminum in component (2) is
      from 1:0.1 to 1:1,000.
PAR  Processes of this kind, i.e. processes involving dry-phase polymerization,
      are of great industrial interest, since they dispense with the use of a
      liquid medium such as is essential in the corresponding solution or
      suspension polymerization processes, and is thus a more economical
      technique.
PAR  However, the said advantage pertaining to prior art processes for dry-phase
      polymerizations is offset by a certain drawback, namely the tendency of
      the particulate polymers to be formed in a relatively broad spectrum of
      particle sizes showing, in particular, a relatively high proportion of
      relatively very small particles.
PAR  One disadvantage of the "fines" (granules of a particle size .ltoreq.0.5
      mm) is that they diminish the intensity of mixing of the dry bed (B) and
      thus reduce the essential dissipation of the heat of polymerization and
      impair the distribution of the catalyst system, all to a drastic extent,
      which may lead to complete cessation of mixing of the bed (B) and instead,
      in the case of a stirred bed (B), cause simple rotation of the entire bed
      (B), with the result that polymerization breaks down.
PAR  Even if suitable measures (e.g. modifications to the apparatus) were
      effected to overcome the said difficulties of stirring the bed (B), the
      large portion of fines remains a disadvantage, since it is a general
      nuisance in all processes involving the use of the polymer, because it
      hinders the feed of the polymer to screw machines and tends to cause
      air-trapping.
PAR  It is an object of the present invention to provide a process of the above
      kind which is capable of producing products having a much lower content of
      fines.
PAR  We have found that this object may be achieved by using, in the process, a
      catalyst system in which the titanium-containing component (1) is one
      which has been prepared in a specific manner from specific starting
      materials.
PAR  The present invention relates to a process for the manufacture of
      particulate ethylene homopolymers (HP) or ethylene copolymers (CP)
      containing up to 20% by weight of polymerized units of C.sub.3-8
      .alpha.-monoalkenes, which polymers have a particle size of from 0.1 to 6
      mm and are obtained by polymerization of ehtylene or ethylene/C.sub.3-8
      .alpha.-monoalkene mixtures in a dry agitated (in particular stirred bed
      (B) of particulate homopolymer (HP) or copolymer (CP) at temperatures of
      from 30.degree. to 120.degree.C and in particular from 70.degree. to
      110.degree.C and pressures of from 1 .times. 10.sup.5 to 2 .times.
      10.sup.7 and in particular from 2 .times. 10.sup.6 to 6 .times. 10.sup.6
      N/m.sup.2 (Pascal) by means of a Ziegler/Natta catalyst system consisting
      of (1) a titanium-containing component and (2) an aluminum (C.sub.1-8
      trialkyl) or aluminum (C.sub.1-8 dialkyl chloride, provided that (I) the
      components (1) and (2) of the catalyst system are separately fed to the
      bed (B) and (II) the atomic ratio of titanium in component (1) to aluminum
      in component (2) is from 1:0.1 to 1:1,000 and in particular from 1:100 to
      1:300. The process of the invention is characterized in that the
      titanium-containing component (1) of the catalyst system is a particulate
      reaction product (U) having a particle diameter of from 0.1 to 2,000/um
      and obtained from
PAR  1.1. a substance of the formula TiCl.sub.3 . (AlCl.sub.3).sub.n, where n is
      a number equal to from 0 to 0.34, and
PAR  1.2. a reaction product (R) of phosgene and a substance (S) which has been
      obtained from a substance of the formula Mg.sub.6 . Al.sub.2 . (OH).sub.16
      . CO.sub.3 . (H.sub.2 O).sub.4 ba calcination (heating) at a temperature
      of from 100.degree. to 600.degree.C and in particular from 250.degree. to
      300.degree.C for from 1 to 100 hours and in particular from 20 to 30
      hours,
PAL  provided that (III) the reaction product (R) has been obtained by allowing
      phosgene to act on the substance (S) at a temperature of from 80.degree.
      to 350.degree.C and preferably from 250.degree. to 300.degree.C until the
      reaction product (R) has a chlorine content of from 10 to 76% and
      preferably from 50 to 65% by weight and (IV) the reaction product (U) has
      been obtained by milling its components (1.1) and (1.2) together in a
      ratio of from 1:2 to 1:200 and preferably from 1:10 to 1:20, by weight,
      over a period of time ranging from 5 to 100 hours and preferably from 10
      to 20 hours, the milling acceleration being from 4 to 6 m/s.sup.2.
PAR  If desired, the process may be carried out in the presence of up to 50%
      molar of hydrogen (based on the monomer or monomer mixture to be
      polymerized), which then serves to control the molecular weight of the
      polymers.
PAR  It has been found that the process of the invention not only makes it
      possible to obtain products showing a particularly low content of fines
      but also permits regulation of the molecular weight of the polymers by
      means of hydrogen in a particularly favorable manner. Furthermore, the
      polymers are obtained in surprisingly high yields (per unit weight of
      catalyst system per unit time), even at relatively low temperatures, and
      there is generally no need to remove the residues of catalyst system from
      the products.
PAR  The following are details of the method of carrying out the process of the
      invention.
PAR  As far as the non-characterizing measures are concerned, these may be
      carried out in conventional manner within the limits stated in the above
      definition, and there is no need to consider them further in this
      specification. Reference is made, for example, to German Patent No.
      1,008,000 and German Published Application No. 1,795,109, in which
      dry-phase polymerization is described, and to German Published Application
      No. 1,805,765, in which the separate introduction of components (1) and
      (2) of the catalyst system to the bed (B) is dealt with, and also to
      German Published Application No. 1,420,503, which relates to the control
      of molecular weight of the polymers by means of hydrogen.
PAR  In this context it may be mentioned that the process of the invention
      operates in a particularly advantageous manner when carried out using, as
      component (2) of the catalyst system, aluminumtrialkyl such as, in
      particular, aluminumtriethyl and aluminumtriisobutyl. It may also be
      pointed out that particularly suitable comonomers for the ethylene in the
      present process are the following .alpha.-monoalkenes: propylene, butene-1
      and hexane-1.
PAR  Finally, it may be mentioned that the process may be carried out batchwise
      but is advantageously carried out continuously.
PAR  As regards the characterizing part of the process of the invention, it may
      be stated that the two primary starting materials mentioned in said
      characterizing clause are known per se. One of the primary starting
      materials is a substance of the formula TiCl.sub.3. (AlCl.sub.3).sub.n,
      where n is a number ranging from 0 to 0.34. These are substances such as
      are conventionally used in Ziegler/Natta catalyst xystems and are
      commercially available, particular examples being titanium trichloride and
      mixed compounds of titanium trichloride and aluminum trichloride,
      preferably titanium trichloride itself and substances of the formula
      TiCl.sub.3.1/3 AlCl.sub.3. The other primary starting material is a
      substance of the formula
EQU  Mg.sub.6 . Al.sub.2 . (OH).sub.16 . CO.sub.3 . (H.sub.2 O).sub.4.
PAL  this substance is readily available, for example by following the
      instructions given in German Published Application No. 2,024,282.
PAR  The primary starting material of the formula
EQU  Mg.sub.6 . Al.sub.2 . (OH).sub.16 . CO.sub.3 . (H.sub.2 O).sub.4
PAL  is first calcined under the specific conditions defined above, which
      conditions embrace, for example, the mode of operation as described in the
      cited German Published Application No. 2,024,282, appropriately modified.
      The substance (S) obtained after calcination is then subjected to the
      action of phosgene under the specific conditions defined above. This may
      be effected in the manner normally used for chlorinating oxidic metal
      compounds by means of phosgene, within the said limits.
PAR  For the purposes of the present invention, the chlorination of the calcined
      substance (S) must be carried to a point at which the reaction product (R)
      of the phosgene and calcined substance (S) has a chlorine content of from
      10 to 76% and in particular from 50 to 65%, by weight. This point may be
      readily determined on samples taken at intervals and examined by the usual
      methods of chloride analysis.
PAR  The titanium-containing component (1) of the catalyst system, which is the
      characterizing feature of the process of the invention, is a particulate
      reaction product (U) of the subcomponents (1.1) and (1.2), i.e. a
      substance of the formula TiCl.sub.3. (AlCl.sub.3).sub.n explained above
      and the reaction product (R) also explained above, this reaction product
      (U) being obtained by milling said subcomponents (1.1) and (1.2) together
      under specific conditions as stated above. This milling generally presents
      no difficulties and may be carried out in conventional mills provided they
      can be operated at a milling acceleration of from 4 to 6 m/s.sup.2, as is
      possible, for example, in the case of ball mills. It will be appreciated
      that when operating according to the invention the safety precautions
      normally met when handling Ziegler/Natta catalyst systems or their
      components will be employed, for example the use of a protective gas and
      the substantial exclusion of moisture.
DETD
PAR  In the following Examples, the titanium-containing component (1) of the
      catalyst system used is a particulate reaction product (U) having a
      particle size of from 0.1 to 2,000.mu.m and obtained from
PA1  1.1. a substance of the formula TiCl.sub.3.1/3 AlCl.sub.3 commercially
      available for Ziegler/Natta catalyst systems and
PA1  1.2. a reaction product (R) of phosgene and a substance which has been
      obtained from a substance of the formula
EQU  Mg.sub.6 . Al.sub.2 . (OH).sub.16 . CO.sub.3 . (H.sub.2 O).sub.4
PA1  by calcining (heating) for 24 hours at a temperature of 280.degree.C,
PAL  the conditions being that (III) the preparation of the reaction product (R)
      has been effected by allowing phosgene to act on the substance (S) at a
      temperature of 280.degree.C for a sufficiently long period (24 hours) for
      the reaction product (R) to have a chlorine content of 65% by weight and
      (IV) the reaction product (U) has been obtained by milling its components
      (1.1) and (1.2) together in a ratio of 1:10 by weight over a period of 16
      hours ane at a milling acceleration of 5.2 m/s.sup.2 (vibratory ball mill
      under nitrogen).
PAR  Furthermore, the following Examples involve continuous operation using a
      conventional polymerization reactor having a volume of 200 l and provided
      with a stirrer and having, in its cover, feed means for component (1) of
      the catalyst and, in its side wall, feed means for component (2) of the
      catalyst system. During continuous operation, a dry agitated bed (B) of
      particulate polymer is maintained within the reactor, this filling the
      reactor to an extent of about 70% of its volume.
PAC  EXAMPLE
PAR  During continuous polymerization, a pressure of 3.4 .times. 10.sup.6
      N/m.sup.2 (Pascal) is maintained in the reactor by automatic control
      means. The pressure is produced by ethylene. Component (1) of the catalyst
      system is automatically and continuously fed to the reactor at a rate of
      0.075 g/hr and triethylaluminum is fed, as component (2) of the catalyst
      system, at a rate of 1.0 g/hr (this corresponding to an atomic ratio of
      titanium in component (1) to aluminum in component (2) of 1:235). The
      polymerization temperature is 85.degree.C. In this way, 4.6 kg/hr of
      polymer having a bulk density of 388 g/l are obtained. The particle size
      distribution of the resulting polymer is given in the following Table.
TBL                TABLE                                                       
     ______________________________________                                    
     Particle size (mm)                                                        
                       % w/w                                                   
     ______________________________________                                    
     6 - 4             1.0                                                     
     4 - 3             2.2                                                     
     3 - 2             8.1                                                     
     2 - 1             40.7                                                    
      1 - 0.5          31.7                                                    
     0.5 - 0.4         5.0                                                     
     0.4 - 0.3         6.1                                                     
     0.3 - 0.2         3.3                                                     
     0.2 - 0.1         1.9                                                     
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  During continuous polymerization, a pressure of 3.4 .times. 10.sup.6
      N/m.sup.2 (Pascal) is maintained in the reactor by automatic control
      means. The pressure is produced by a mixture of ethylene (77% v/v) and
      hydrogen (23% v/v). Component (1) of the catalyst system is fed to the
      reactor automatically and continuously at a rate of 0.2 g/hr and
      triethylaluminum, as component (2) of the catalyst system, is fed at a
      rate of 2.96 g/hr (equivalent to an atomic ratio of titanium in component
      (1) to aluminum in component (2) of 1:258). The polymerization temperature
      is 70.degree.C. In this way, 4.4 kg/hr of polymer having a bulk density of
      371 g/l are obtained. The particle size distribution of the resulting
      polymer is given in the following Table.
TBL                TABLE                                                       
     ______________________________________                                    
     Particle size (mm)                                                        
                       % w/w                                                   
     ______________________________________                                    
     6 - 4             0.5                                                     
     4 - 3             2.0                                                     
     3 - 2             7.7                                                     
     2 - 1             41.4                                                    
      1 - 0.5          40.1                                                    
     0.5 - 0.4         4.5                                                     
     0.4 - 0.3         2.3                                                     
     0.3 - 0.2         1.1                                                     
     0.2 - 0.1         0.4                                                     
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  During continuous polymerization, a pressure of 3.4 .times. 10.sup.6
      N/m.sup.2 (Pascal) is maintained in the reactor by automatic control
      means. The pressure is produced by a mixture of ethylene (90.5% v/v) and
      hydrogen (9.5% v/v). Component (1) of the catalyst system is fed to the
      reactor automatically and continuously at a rate of 0.225 g/hr and
      triethylaluminum, as component (2) of the catalyst system, is fed at a
      rate of 2.56 g/hr (equivalent to an atomic ratio of titanium in component
      (1) to aluminum in component (2) of 1:203). The polymerization temperature
      is 100.degree.C. In this way, 7.4 kg/hr of polymer having a bulk density
      of 374 g/l are obtained. The particle size distribution of the resulting
      polymer is given in the following Table.
TBL                TABLE                                                       
     ______________________________________                                    
     Particle size (mm)                                                        
                       % w/w                                                   
     ______________________________________                                    
     6 - 4             0.5                                                     
     4 - 3             0.6                                                     
     3 - 2             5.3                                                     
     2 - 1             41.2                                                    
      1 - 0.5          39.4                                                    
     0.5 - 0.4         4.3                                                     
     0.4 - 0.3         4.7                                                     
     0.3 - 0.2         3.1                                                     
     0.2 - 0.1         0.9                                                     
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  During continuous polymerization, a pressure of 3.4 .times. 10.sup.6
      N/m.sup.2 (Pascal) is maintained in the reactor by automatic control
      means. The pressure is produced by a mixture of ethylene (87.7% v/v),
      butene-1 (1.4% v/v) and hydrogen (10.9% v/v). The component (1) of the
      catalyst system is fed to the reactor automatically and continuously at a
      rate of 0.225 g/hr and triethylaluminum, as component (2) of the catalyst
      system, is fed at a rate of 2.28 g/hr (equivalent to an atomic ratio of
      titanium in component (1) to aluminum in component (2) of 1:180). The
      polymerization temperature is 90.degree.C. In this manner, 6.7 kg/hr of
      polymer having a bulk density of 338 g/l are obtained. The particle size
      distribution of the resulting polymer is given in the Table below.
TBL                TABLE                                                       
     ______________________________________                                    
            Particle size                                                      
                      % w/w                                                    
     ______________________________________                                    
            6 - 4     1.6                                                      
            4 - 3     4.0                                                      
            3 - 2     13.5                                                     
            2 - 1     54.4                                                     
             1 - 0.5  23.5                                                     
            0.5 - 0.4 1.5                                                      
            0.4 - 0.3 0.7                                                      
            0.3 - 0.2 0.5                                                      
            0.2 - 0.1 0.3                                                      
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  During continuous operation, a pressure of 3.4 .times. 10.sup.6 N/m.sup.2
      (Pascal) is maintained in the reactor by automatic control means. The
      pressure is porduced by a compressed mixture of ethylene (87.5% v/v),
      butene-1 (6.4% v/v) and hydrogen (6.1% v/v). The component (1) of the
      catalyst system is fed to the reactor automatically and continuously at a
      rate of 0.158 g/hr and triethylaluminum, as component (2) of the catalyst
      system, is fed at a rate of 1.56 g/hr (equivalent to an atomic ratio of
      titanium in component (1) to aluminum in component (2) of 1:194). The
      polymerization temperature is 90.degree.C. In this manner, 5.2 kg/hr of
      polymer having a bulk density of 340 g/l are obtained. The particle size
      distribution of the resulting polymer is given in the following Table.
TBL                TABLE                                                       
     ______________________________________                                    
     Particle size (mm)                                                        
                       % w/w                                                   
     ______________________________________                                    
     6 - 4             6.0                                                     
     4 - 3             15.4                                                    
     3 - 2             43.5                                                    
     2 - 1             30.7                                                    
      1 - 0.5          3.5                                                     
     0.5 - 0.4         0.4                                                     
     0.4 - 0.3         0.2                                                     
     0.3 - 0.2         0.2                                                     
     0.2 - 0.1         0.1                                                     
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the manufacture of particulate ethylene homopolymers (HP)
      or ethylene copolymers (CP) containing up to 20% by weight of polymerized
      units of C.sub.3-8 .alpha.-monoalkene, which polymers have a particle size
      of from 0.1 to 6 mm and are obtained by polymerization of ethylene or
      ethylene/C.sub.3-8  .alpha.-monoalkene mixtures in a dry, agitated bed (B)
      of particulate homopolymer (HP) or copolymer (CP) at temperatures of from
      30.degree. to 120.degree.C and pressures of from 1 .times. 10.sup.5 to 2
      .times. 10.sup.7 N/m.sup.2 (Pascal) by means of a Ziegler/Natta catalyst
      system consisting of (1) a titanium-containing component and (2) an
      aluminum (C.sub.1-8 trialkyl) or aluminum (C.sub.1-8 dialkyl) chloride,
      provided that (I) the components (1) and (2) of the catalyst system are
      separately fed to the bed (B) and (II) the atomic ratio of titanium in
      component (1) to aluminum in component (2) is from 1:0.1 to 1:1,000,
      wherein the titanium-containing component (1) of the catalyst system is a
      particulate reaction product (U) having a particle diameter of from 0.1 to
      2,000 .mu.m and obtained from
PA1  1.1. a substance of the formula TiCl.sub.3 . (AlCl.sub.3).sub.n, where n is
      a number equal to from 0 to 0.34, and
PA1  1.2. a reaction product (R) of phosgene and a substance (S) which has been
      obtained from a substance of the formula Mg.sub.6 . Al.sub.2 . (OH).sub.16
      . CO.sub.3 . (H.sub.2 O).sub.4 by calcination (heating) at a temperature
      of from 100.degree. to 600.degree.C for from 1 to 100 hours,
PAL  provided that (III) the reaction product (R) has been obtained by allowing
      phosgene to act on the substance (S) at a temperature of from 80.degree.
      to 350.degree.C until the reaction product (R) has a chlorine content of
      from about 50 to 65% by weight and (IV) the reaction product (U) has been
      obtained by milling its components (1.1) and (1.2) together in a vibratory
      ball mill in a ratio of from 1:2 to 1:200 by weight over a period of time
      ranging from 5 to 100 hours, the milling acceleration being from 4 to 6
      m/s.sup.2.
NUM  2.
PAR  2. A process as set forth in claim 1 wherein particulate ethylene
      homopolymers (HP) are produced by polymerizing ethylene in the stated
      manner.
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ABST
PAL  Methods of making polymers from polymerizable 1-olefins which comprise
      polymerizing at least one 1-olefin with a catalyst system consisting
      essentially of a mixture of (1) a support which is a finely divided
      insoluble inorganic support material such as silica, alumina, zirconia or
      thoria or mixtures thereof containing titanium, zirconium or nickel
      prepared by fluidizing the finely divided support in the form of a bed
      with a substantially dry gas while adding to the bed at an elevated
      temperature, while fluidizing, a compound of the class consisting of
      titanium or zirconium or nickel esters, or halides or mixtures thereof
      which were further calcined at a higher temperature and (2) an organotin
      chromate containing the group essentially of the formula
      ##EQU1##
      and (3) cocatalytic amounts of an alkyl aluminum compound of the formula
      R.sub.a AlX.sub.b in each of which formula R is a hydrocarbon radical
      containing from 1 to about 14 carbon atoms, X is hydrogen, halogen or
      alkoxy, a is an integer of 1 to 3, b is an integer of 0 to 2 and the sum
      of a and b is 3, the system having an aluminum-chromium ratio of at least
      2 to 1.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of our copending application Ser. No.
      439,248, filed Feb. 4, 1974 now U.S. Pat. No. 3,884,832 issued May 20,
      1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known that olefins can be polymerized with complex catalyst
      compositions consisting of two or more independent components. For
      example, in the so-called Ziegler process a transition metal compound like
      TiCl.sub.3 is treated with an activating agent like aluminum alkyl and the
      resultant composition is used in ethylene polymerization. Recently in U.S.
      Pat. Nos. 3,488,333, 3,647,722 and 3,642,746 are described modifications
      whereby the transition metal compound is supported on a carrier like
      magnesium carbonate, magnesium chloride, etc. thus enabling higher
      reactivity. These catalysts are insoluble in hydrocarbon solvents and the
      chloride residue left in the polymer is harmful.
PAR  Another well known process is the Phillips process in which chromium oxide
      supported on silica is used after oxygen (air) activation. In U.S. Pat.
      Nos. 3,130,188 and 3,165,504 are described (NH.sub.4).sub.2 SiF.sub.6 and
      ZrF.sub.4 modifications of the basic CrO.sub.3 -silica catalyst system to
      increase the activity. One of the disadvantages of this system is the
      extreme susceptibility of the catalyst to damage by traces of oxygen,
      carbon monoxide, water, etc. Extreme care should be observed in the
      polymerization of this system. The CrO.sub.3 -silica catalyst system has
      another disadvantage of having an induction time which tends to cause
      operational problems in the manufacture of polyolefins such as
      polyethylene by this process.
PAR  In U.S. Pat. No. 3,622,521 there is described a modification of the
      chromium trioxide-silica catalyst by including tetraisopropyl titanate.
      The patentees found that a catalyst containing, for example, 5% titanium
      gives a higher melt index material.
PAR  In Pullukat et al U.S. Pat. No. 3,780,011 assigned to the same assignee as
      the present application there is described a catalyst containing titanium,
      for example 3.5% titanium, on chromium trioxide-silica to give higher
      activity, higher melt index, and higher HLMI/MI for the polymer and also
      no induction time in etylene polymerization.
PAR  Recently a different type of olefin polymerization catalyst has been
      described. In U.S. Pat. Nos. 3,324,101, 3,324,095 and 3,468,865 are
      described catalyst systems consisting of an organosilyl chromate and an
      aluminum alkyl deposited on silica.
PAR  In U.S. Pat. No. 3,493,554 is described a bis(diorgano) chromate-aluminum
      alkyl system. These catalysts even though they do not contain chlorides
      have the disadvantage of being relatively unstable. In fact, some silyl
      chromates are known to explode violently.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In Application Ser. No. 414,177 entitled "A Catalyst System, a New Chromate
      and Method of Polymerizing Olefins" filed Nov. 8, 1973 by T. J. Pullukat,
      one of the inventors here, now U.S. Pat. No. 3,876,554, issued Apr. 18,
      1975, and herein incorporated by reference, there is described and claimed
      a new process and a new catalyst system for olefin polymerization based on
      a new and different class of catalytic compounds, hereinafter called
      tinchromates characterized by the formula:
      ##EQU2##
      wherein R is a hydrocarbon group of from 1 to about 14 carbon atoms, in
      combination with alkyl aluminum compounds. These catalysts can be used in
      solution in an inert hydrocarbon or they may be supported on an inert high
      surface area solid support such as silica, alumina, zirconia, thoria or
      mixtures thereof.
PAR  It has now been discovered by the applicants here that the chemical nature
      of the support has an unexpectedly advantageous effect on the polymerizing
      activity of the final catalyst: that is, if the support, and especially
      silica, is modified by incorporating a titanium or zirconium or nickel
      ester or halide or mixtures thereof into it and then the resulting
      modified silica used with the above combination of organotin chromate and
      alkyl aluminum compound the activity of the resulting catalyst is markedly
      increased over the same catalyst but without the above modification of the
      support. The modifying esters are alkyl esters containing 1 to about 7
      carbon atoms in the alkyl group and the esters as well as the halides are
      substantially free of non-aqueous solvents.
PAR  The adding of the esters and halides to the support is preferably
      accomplished while fluidizing the finely divided support at an elevated
      temperature with a substantially dry gas that is substantially inert to
      the support bed and to the ester or halide. It can also be accomplished by
      using a substantially non-aqueous solvent solution addition of the ester
      or halide. The ester or halide or mixtures thereof are added in an amount
      to give about 0.5-10 weight percent of the titanium, zirconium or nickel
      in the final catalyst. The volatile constituents of the treated support
      are then driven off as by calcining at a temperature of
      300.degree.-1000.degree.C. while fluidizing.
PAR  The treated support is next contacted with the alkyl-aluminum compound and
      then with the tinchromate. This treatment can be done in the presence of a
      substantially non-aqueous diluent at ambient temperature or an elevated
      temperature, for example 100.degree.C. The chemical reaction is faster at
      the elevated temperature and therefore is preferred. An alternate method
      is to contact the titanium or zirconium or nickel treated support with the
      reaction product of the tinchromate and aluminum alkyl compound. Again,
      this can be done in the presence of the diluent and preferably at an
      elevated temperature. Still another method is to deposit the tinchromate
      onto silica which has been treated with the titanium or zirconium or
      nickel compound and then with an alkyl aluminum compound. The catalyst
      prepared by the above methods can be used directly in olefin
      polymerization.
PAR  The tinchromates employed herein are characterized by having the formula:
      ##EQU3##
      wherein each R is a hydrocarbon group having from 1 to about 14  carbon
      atoms, preferably from about 3 to about 10 carbon atoms. Illustrative
      thereof are methyl, ethyl, propyl, isopropyl, n-butyl, iso-butyl,
      n-pentyl, iso-pentyl, t-pentyl, hexyl, 2-methyl-pentyl, heptyl, octyl,
      2-ethylhexyl, nonyl, decyl, hendecyl, dodecyl, tridecyl, tetradecyl,
      benzyl, phenethyl, p-methyl-benzyl, phenyl, tolyl, xylyl, naphthyl,
      ethylphenyl, methylnaphthyl, dimethylnaphthyl and the like. Illustrative
      of the preferred tinchromates (but by no means exhaustive or complete of
      those which can be employed in this process) are the compounds:
PA1  Bis-trimethyltinchromate
PA1  Bis-triethyltinchromate
PA1  Bis-tributyltinchromate
PA1  Bis-triisopentyltinchromate
PA1  Bis-tri-2-ethylhexyltinchromate
PA1  Bis-tridecyltinchromate
PA1  Bis-tri(tetradecyl)tinchromate
PA1  Bis-tribenzyltinchromate
PA1  Bis-triphenethyltinchromate
PA1  Bis-triphenyltinchromate
PA1  Bis-tritolyltinchromate
PA1  Bis-trixylyltinchromate
PA1  Bis-trinaphthyltinchromate
PA1  Bis-triethylphenyltinchromate
PA1  Bis-trimethylnaphthyltinchromate
PA1  Polydiphenyltinchromate
PA1  Polydiethyltinchromate,
PA1  and the like
PAR  While both the aryl- and alkylsubstituted tinchromates can be used, it is
      to be noted that the aryl-tinchromates are more active and are easier to
      prepare.
PAR  It is highly advantageous that the support be finely divided, considering
      the desirability or possibility of later separation by filtration or other
      catalyst removal steps, if desired. Preferably, porous supports having
      large surface areas for the adsorption and/or deposition of the
      tinchromates such as in the order of 50 to 1000 square meters or more per
      gram are employed. This provides for greater ease of contact of the olefin
      monomer with the catalyst. Particle size of porous supports is not
      critical in this invention but can provide economic and materials handling
      benefits, depending upon the recovery techniques employed.
PAR  In this embodiment of the invention it is highly desirable that the inert
      support be completely dried and freed of moisture and extraneous liquids
      before being contacted with the titanium or zirconium or nickel esters or
      halides. This is normally provided by a simple heating or pre-drying of
      the catalyst with an inert gas prior to use herein.
PAR  The volatile constituents of the titanium or zirconium or nickel treated
      support are preferably driven off at this point as by calcining.
      Calcination of the treated support can be accomplished at nearly any
      temperature up to about its sintering temperature for a period of time at
      least sufficient to remove the adsorbed water but avoiding that which will
      remove all of the chemically bound water. Desirably, an air stream through
      the support during the calcination aids in obtaining a desirable product.
      Temperatures of from about 100.degree.C. to 1000.degree.C. for a short
      period of about two hours or so should be sufficient if a well dried gas
      such as air is used. The preferred temperature range is from 400.degree.C.
      through 700.degree.C.
PAR  Any grade of support can be used herein but the microspheroidal
      intermediate density (MSID) silica is preferred. This grade has a surface
      area of 258 square meters per gram and a pore diameter of about 288 A.,
      although the intermediate density (ID) silica having the same area but a
      pore diameter of 164 A is just as satisfactory. Other grades such as the
      G-968 silica and G-966 silica-alumina, as designated by the W. R. Grace
      Co., having surface areas of 700 and 500 square meters per gram,
      respectively, and pore diameters of 50-70 A. are also quite satisfactory.
      Variations in molecular weight control and in polymer productivity can be
      expected between grades of supports.
PAR  The alkyl aluminum compounds that can be used are the trialkylaluminum
      compounds, the alkylaluminum halides, the alkylaluminum hydrides and the
      alkylaluminum alkoxides. In these compounds the alkyl group can contain
      from 1 to about 14 carbon atoms, and the halogen can be chlorine, bromine,
      fluorine or iodine. Illustrative thereof are trimethylaluminum,
      triethylaluminum, tributylaluminum, tridecylaluminum, tridodecylaluminum,
      diethylaluminum chloride, dibutylaluminum chloride, dibutylaluminum
      bromide, dibutylaluminum iodide, dibutylaluminum fluoride, dihexylaluminum
      chloride, methylaluminum dichloride, ethylaluminum dibromide,
      butylaluminum dichloride, pentylaluminum dichloride, diisobutylaluminum
      ethoxide and the like, as are well known in the art. They can be
      generically classed as compounds of the formula R.sub.a AlX.sub.b wherein
      R is an alkyl group as defined above, X is hydrogen, halogen or alkoxy, a
      is an integer from 1 to 3 inclusive and b is an integer from 0 to 2
      inclusive with the sum of a and b being 3.
PAR  The mole ratio of aluminum to chromium in the catalyst system can be varied
      from about 2 to 1 up to about 30 to 1 or more, with preferred ratios being
      from about 4 to 1 up to about 15 to 1. These ratios, however, are not
      critical as proportions outside these values may be used.
PAR  The concentration of the catalyst in the polymerization reaction can be
      varied from about 10 to about 25,000 parts per million based on the amount
      of olefin monomer charged but preferably the concentration is kept below
      about 500 parts per million.
PAR  The olefins that are polymerized with the catalyst system of this invention
      have from 2 to 8 carbon atoms and are 1-olefins and include ethylene,
      propylene, 1-butene, 1-pentane, 1-hexene, 4-methyl-1-pentene, 1-octene,
      butadiene, isoprene, piperylene, 1,3-octadiene, etc. Copolymers of two or
      more monomers can also be prepared according to this invention.
PAR  The homopolymers produced by the process of this invention are high
      density, highly crystalline products varying in molecular weight up to
      extremely high molecular weight which can be used in all of those well
      known applications in which polyolefins are employed, for example, in the
      production of films, fibers, pipes, gears, molded articles, extruded
      articles and the like, and these products can then be employed in the
      known conventional applications therefor. The copolymers are generally
      less crystalline and even amorphous solid high molecular weight polymers
      in some respects resembling rubbers and the like. As with other similarly
      prepared copolymers, they are significantly lower in density than the
      homopolymers.
PAR  The polymerization reaction is carried out at temperatures of from about
      30.degree.C. or less up to about 200.degree.C. or more, depending to a
      great extent on the operating pressure, olefin monomer, the particular
      catalyst and its concentration. Naturally, the selected operating
      temperature is also dependent upon the desired polymer molecular weight
      since temperature is definitely a factor in adjusting the molecular weight
      of the polymer. Preferably the temperature is from about 30.degree.C. to
      about 110.degree.C. in the slurry of "particle forming" technique and from
      100.degree.C. to 200.degree.C. in "solution forming". The control of
      temperature in this process is desirable as hereinafter more fully
      described in providing various effects upon molecular weight of the
      polymers as well as in controlling the phase in which they are made. As
      with most catalyst systems, the high temperatures produce the lower weight
      average molecular weight polymers and consequently are of high melt index.
PAR  Regardless of whether the "particle forming" low temperatures or "solution
      forming" high temperatures are employed, a unique faculty of this catalyst
      system is the ability to carry out the polymerization to very high
      polymers solids, substantially higher than obtainable with any other
      catalyst system without fouling of the equipment.
PAR  The pressure can be any pressure sufficient to initiate the polymerization
      of the monomer to high polymer and can be carried out from subatmospheric
      pressure, using an inert gas as diluent, to superatmospheric pressure up
      to about 1,000,000 psig or more, but the preferred pressure is from
      atmospheric up to about 1000 psig.
PAR  The inert organic solvent medium when employed in this invention is not
      narrowly critical but it should be inert to the catalyst and olefin
      polymer produced and stable at the reaction temperature used. It is not
      necessary, however, that the inert organic solvent medium serve also as a
      solvent for the catalyst composition or for the polymer produced. Among
      the inert organic solvents applicable for such purpose may be mentioned
      saturated aliphatic hydrocarbons such as hexane, heptane, pentane,
      isooctane, isobutane, purified kerosene and the like; saturated
      cycloaliphatic hydrocarbons such as cyclohexane, cyclopentane,
      dimethylcyclopentane and methyl-cyclohexane and the like; aromatic
      hydrocarbons such as benzene, toluene, xylene and the like; and
      chlorinated hydrocarbons such as chlorobenzene, tetrachloroethylene,
      orthodichlorobenzene and the like.
PAR  When it is desired to conduct the polymerization to a high solids level as
      hereinbefore set forth, it is of course desirable that the solvent be
      liquid at the reaction temperature. For example, operating at a
      temperature less than the solution temperature of the polymer in the
      solvent, the process can be essentially a slurry or suspension
      polymerization process in which the polymer actually precipitates out of
      the liquid reaction medium and in which the catalyst is dissolved or
      suspended as finely divided mass of itself or on an insoluble support as
      hereinbefore set forth.
PAR  The bis(triphenyltin) chromate is a new compound that has utility as
      indicated herein as a catalyst for polymerizing olefins particularly when
      used in combination with the alkyl aluminum compounds as defined herein.
      It can be made by the reaction of triphenyltin hydroxide with chromium
      trioxide or chromyl chloride.
PAR  All percentages herein are by weight.
PAR  The following are representative examples of practicing the invention.
DETD
PAC  EXAMPLE 1 (Control)
PAR  Davison Chemical Company 952 grade silica was dried at 550.degree.C.
      Ethylene polymerization using a catalyst prepared by treating this silica
      with triisobutylaluminum and then 10 mg of bis(triphenyltin) chromate
      (Al/Cr = 10) gave polyethylene with a reactivity of 69,000 g/g Cr/hr.
PAC  Examples 2 - 4
PAR  Davison Chemical Company 952 grade silica was dried at 150.degree.C. for an
      hour and it was then treated with tetraisopropyl titanate while fluidizing
      to give 2% titanium on the catalyst. It was activated at different
      temperatures. The resultant support was treated with triisobutylaluminum
      and subsequent reaction with bis(triphenyltin) chromate gave active
      ethylene polymerization catalysts.
TBL  ______________________________________                                    
            Silica   Act.                                                      
            2% Ti    Temp.   Al/Cr Reaction Reactivity                         
     Example                                                                   
            (g)      .degree.C.                                                
                             Ratio Temp. .degree.C                             
                                            g/g Cr/hr                          
     ______________________________________                                    
     2      .71      330     10    86        82000                             
     3      .73      560     10    88       148000                             
     4      .64      780     10    86       114300                             
     ______________________________________                                    
PAR  The optimum activation temperature was 560.degree.C.
PAC  EXAMPLES 5 - 8
PAR  In these examples silica supports modified with different levels of
      titanium introduced as tetraisopropyl titanate and activated at
      550.degree.C. gave the following results in ethylene polymerization.
TBL  ______________________________________                                    
                     (g)                                                       
            Silica   Silica  Al/Cr  Reaction                                   
                                            Reactivity                         
     Example                                                                   
            Ti(%)    (Ti)    Ratio  Temp..degree.C                             
                                            g/g Cr/hr                          
     ______________________________________                                    
     5      0.5      .58     15     85      122800                             
     6      1.0      .58     15     86      152500                             
     7      2.0      .64     15     88      195300                             
     8      3.0      .51     15     90      157500                             
     ______________________________________                                    
PAC  EXAMPLES 9 - 10
PAR  In the following examples zirconium tetrachloride and nickel chloride
      treated Davison 952 silica was used after activation. The aluminum
      compound used was again triisobutylaluminum.
TBL  ______________________________________                                    
            Type                                                               
            of        Support  Al/Cr Reaction                                  
                                            Reactivity                         
     Example                                                                   
            Silica    (g)      Ratio Temp. .degree.C                           
                                            g/g Cr/hr                          
     ______________________________________                                    
     9      952-1%Zr  .71      15    83     112300                             
            (550.degree.C)                                                     
     10     952-2%Ni  .81      15    84     97000                              
            (550.degree.C)                                                     
     ______________________________________                                    
PAC  EXAMPLE 11
PAR  A solution deposition technique was also used for treating silica with
      tetraisopropyl titanate. In a three-necked 250 ml flask was placed 25 g of
      Davison Chemical 952 grade silica and 150 ml of hexane. To this mixture
      was added 3 ml of tetraisopropyl titanate calculated to give 2% Ti on
      silica. The reaction was allowed to proceed for two hours. The excess
      hexane was distilled off. The dry silica containing titanium was heated to
      100.degree.C. and held at that temperature for 0.5 hour in a flow of
      argon. The treated silica was transferred to a storage flask under argon.
      About 8 g of the titanated silica prepared as described above was placed
      in a quartz activator and it was heated to 550.degree.C. in a flow or air.
      The air was replaced with nitrogen and the silica containing 2% Ti was
      transferred to a storage flask. This silica was used as a support in
      ethylene polymerization along with bis(triphenyltin)chromate and
      triisobutylaluminum to give the following results.
TBL  ______________________________________                                    
            Silica     Al/Cr             Reactivity                            
     Example                                                                   
            2% Ti (g)  Ratio    Temp. (.degree.C)                              
                                         g/g Cr/hr                             
     ______________________________________                                    
     12     .61        15       91       1265000                               
     ______________________________________                                    
PAR  Having described our invention as related to the embodiments set out
      herein, it is our intention that the invention be not limited by any of
      the details of description, unless otherwise specified, but rather be
      construed broadly within its spirit and scope as set out in the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of making polymers from polymerizable 1-olefins which
      comprises polymerizing at least one of said olefins under polymerizing
      conditions with a catalyst system consisting essentially of the reaction
      product prepared by reacting together at an elevated temperature (1) a
      support which is a finely divided insoluble inorganic support material of
      the class consisting of silica, alumina, zirconia and mixtures thereof
      modified by reacting said support with a compound of the class consisting
      of alkyl esters containing 1 to about 7 carbon atoms in the alkyl group
      and halides of titanium, zirconium, nickel and mixtures thereof in amounts
      to give about 0.5-10% metal on the support (2) an organotin chromate
      essentially of the formula
      ##EQU4##
      and (3) a cocatalytic amount of an alkyl aluminum compound of the formula
      R.sub.a AlX.sub.b in each of which formula each R is an individually
      selected hydrocarbon radical containing from 1 to about 14 carbon atoms, X
      is a member of the class consisting of halogen, hydrogen and alkoxy, a is
      an integer from 1 to 3 inclusive and b is an integer from 0 to 2
      inclusive, with the sum of a and b being 3, the said system having an
      aluminum-chromium ratio of at least 2 to 1.
NUM  2.
PAR  2. The method of claim 1 wherein said compound of the class consisting of
      said esters and halides is reacted with the support by fluidizing the
      finely divided support in the form of a bed with a substantially dry gas
      while adding to the bed at an elevated temperature while fluidizing said
      compound of the class consisting of said esters and halides, followed by
      driving off the volatile constituents from the bed.
NUM  3.
PAR  3. The method of claim 2 wherein said driving off of the volatile
      constituents is achieved by calcining the bed mixture at an elevated
      temperature.
NUM  4.
PAR  4. The method of claim 1 wherein said chromate is a
      bis-triphenyltinchromate essentially of the formula
      ##EQU5##
NUM  5.
PAR  5. The method of claim 1 wherein said system has an aluminum-chromium ratio
      of 2 to 30:1.
NUM  6.
PAR  6. The method of claim 5 wherein said system has an aluminum-chromium ratio
      of 4 to 15:1.
NUM  7.
PAR  7. The method of claim 1 wherein said chromate is
      bis(trimethyltin)chromate.
NUM  8.
PAR  8. The method of claim 1 wherein said chromate is bis(triethyltin)chromate.
NUM  9.
PAR  9. The method of claim 1 wherein said olefin is ethylene.
NUM  10.
PAR  10. The method of claim 1 wherein said polymerizing is at a temperature of
      about 30.degree.-200.degree.C. and at a polymerizing pressure.
NUM  11.
PAR  11. The method of claim 1 wherein said alkyl esters and halides are
      substantially free of non-aqueous solvents.
NUM  12.
PAR  12. The method of claim 1 wherein said support is substantially dry and the
      modified support of (1) is substantially freed of volatile constituents
      before reacting with said organotin chromate and said alkyl aluminum
      compound.
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ABST
PAL  Antibiotic EM-49, an antimicrobially active material obtained from the
      microorganism Bacillus circulans ATCC 21656, is chemically treated to
      acylate the hydroxyl group, thereby obtaining O-acyl derivatives which are
      effective against a variety of bacteria and fungi.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 357,735,
      filed May 7, 1973, now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Antibiotic EM-49, obtained from the microorganism Bacillus circulans ATCC
      21656, is an antimicrobially active material which has been described in
      the copending application of Murao, Meyers and Parker, Ser. No. 242,047,
      filed Apr. 7, 1972, U.S. Pat. No. 3,856,938, issued Dec. 24, 1974. This
      antibiotic may be separated into component parts comprising closely
      related octapeptide antibiotics as described in that application.
PAR  It has now been found that the antibiotic EM-49, described in the foregoing
      application, has one hydroxyl group which may be acylated, e.g., by
      treatment with an acid anhydride or acid chloride (with protection of the
      free amino groups) to obtain the O-acyl derivative of antibiotic EM-49.
PAR  This invention therefore relates to O-acyl derivatives of antibiotic EM-49
      and certain intermediates therefor.
DRWD
PAR  FIG. 1 shows the infrared spectrum of the tetra(benzyloxycarbonyl)
      derivative of antibiotic EM-49 in KBr.
PAR  FIG. 2 shows the NMR spectrum of the tetra(benzyloxycarbonyl) derivative of
      antibiotic EM-49, at 60 MHz in CDCl.sub.3.
PAR  FIG. 3 shows the infrared spectrum of the tetra(benzyloxycarbonyl)-O-acetyl
      derivative of antibiotic EM-49 in KBr.
PAR  FIG. 4 shows the NMR spectrum of the tetra(benzyloxycarbonyl)-O-acetyl
      derivative of antibiotic EM-49, at 60 MHz in CDCl.sub.3.
PAR  FIG. 3 shows the infrared spectrum of the O-acetyl derivative of antibiotic
      EM-49, tetrahydrochloride, in KBr.
PAR  FIG. 6 shows the NMR spectrum of the O-acetyl derivative of antibiotic
      EM-49, tetrahydrochloride, at 60 MHz in CF.sub.3 COOH
PAR  FIG. 7 shows the infrared spectrum of the O-butyryl derivative of
      antiobiotic EM-49, tetrahydrochloride, in KBr.
PAR  FIG. 8 shows the infrared spectrum of the O-hexanoyl derivative of
      antibiotic EM-49, tetrahydrochloride, in KBr.
PAR  FIG. 9 shows the infrared spectrum of the O-hexanoyl derivative of
      antibiotic EM-49 in KBr.
PAR  FIG. 10 shows the infrared spectrum of the O-hexanoyl derivative of
      antibiotic EM-49, sulfate salt, in KBr.
PAR  FIG. 11 shows the infrared spectrum of the O-hexanoyl derivative of
      antibiotic EM-49, acetate salt, in KBr.
PAR  FIG. 12 shows the infrared spectrum of the O-octanoyl derivative of
      antibiotic EM-49, tetrahydrochloride, in KBr.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Antibiotic EM-49 is a new antibiotic produced by the cultivation under
      controlled conditions of the microorganism Bacillus circulans ATCC 21656
      as described in the copending application of Murao et al. referred to
      above. Briefly, the production of antibiotic EM-49 involves cultivating
      the microorganism Bacillus circulans ATCC 21656 in an aqueous nutrient
      medium comprising an assimilable carbohydrate and an assimilable nitrogen
      source under submerged aerobic conditions until substantial antibiotic
      activity is imparted to the medium.
PAR  The fermentation broth is acidified, the solids are separated by
      filtration, washed with water and the water washings are added to the
      filtrate. The combined washings and filtrate are extracted with a water
      immiscible alcohol, e.g., an aqueous alkanol solvent like a lower alkanol,
      preferably n-butanol. The alcoholic solution is concentrated and the
      antibiotic is precipitated with an organic solvent, e.g., ethyl acetate,
      acetonitrile, ether or preferably with acetone. The product may be further
      purified by counter-current distribution in a water-alcohol-organic acid
      system, e.g., n-propanol-n-butanol-water-acetic acid, or by formulation of
      the helianthate salt and regeneration of the antibiotic from this salt.
PAR  These procedures result in the isolation of the product, antibiotic EM-49,
      as the acid salt corresponding to the acid used for acidification of the
      broth or regeneration from the helianthate. The salt can be converted to
      the free base by neutralization with a base like ammonium hydroxide,
      sodium hydroxide, barium hydroxide, or the like, and extraction with a
      water immiscible alcohol like n-butanol.
PAR  The antibiotic EM-49, obtained in this manner is an antimicrobially active
      substance which can be separated by ion exchange chromatography into four
      major fractions containing active materials closely related structurally.
      These closely related octapeptide antibiotics, each having four free amino
      groups and a hydroxyl group, are referred to herein collectively as
      antibiotic EM-49 and, unless specifically indicated otherwise, the term is
      intended to refer to the antibiotic and its individual components.
PAR  Antibiotic EM-49 and its components are active against various
      microorganisms like fungi, bacteria and yeasts as Staphylococcus aureus,
      Trichomonas vaginalis, Streptococcus pyogenes, Escherichia coli,
      Pseudomonas aeruginosa, Candida albicans and Trichophyton mentagrophytes.
PAR  Antibiotic EM-49 has been tentatively assigned the following structure:
      ##EQU1##
PAR  "Dab" represents 2,4-diaminobutyric acid and the other symbols have the
      conventional meanings in peptide chemistry, i.e., "Leu" is leucine and the
      arrows and Greek symbols indicate the attachment.
PAR  Y represents L-leucine (L-Leu) or L-phenylalanine (L-Phe).
PAR  X represents the C.sub.10 or C.sub.11 acyl group (referred to below) having
      the structure:
      ##SPC1##
PAL  The .beta.-hydroxy-n-decanoic acid (corresponding to the acyl group shown
      above) is a relatively minor constituent (ca, 10%) of the mixture of fatty
      acids produced by acid hydrolysis of antibiotic EM-49.
PAR  This antibiotic has one .beta.-hydroxy fatty acid residue per molecule. The
      fatty acid residue has been identified as a C.sub.10 - or C.sub.11
      -.beta.-hydroxy fatty acid. This hydroxyl group can be acylated in the
      intact antibiotic molecule by treatment with an acylating agent, e.g., an
      acid anhydride such as acetic anhydride, or an acyl halide, preferably the
      acyl chloride, such as acetyl chloride, butyryl chloride, hexanoyl
      chloride, octanoyl chloride or the like. As used herein the actyl
      derivatives and acyl halides refer to those acyl radicals, i.e., lower
      alkanoyl radicals, having two to eight carbons in the acid moiety,
      including acetyl, propionyl, butyryl, pentanoyl, hexanoyl, heptanoyl and
      octanoyl as well as their branched chain isomers. The straight chain
      members are preferred, especially acetyl, butyryl, hexanoyl and octanoyl.
      Especially preferred groups are the acyl derivatives with four to eight
      carbons in the acyl group, particularly butyryl, hexanoyl and octanoyl and
      their acid addition salts. The hexanoyl derivative and acid addition salts
      thereof is a particular choice.
PAR  The acylation is effected by treating antibiotic EM-49, its salt or
      protected derivative thereof with the acylating agent in an inert organic
      solvent, e.g., a dialkyl ketone like methyl ethyl ketone, or an acid like
      trifluoroacetic acid, at a temperature within the range of about
      -5.degree. to 120.degree. centigrade.
PAR  Because of the presence of the free amino groups it is desirable to protect
      these free amino groups prior to the acylation of the hydroxy group. The
      protection is effected in any conventional manner by introducing the
      carbobenzoxy group, t-butoxycarbonyl group, or the like, or by protonation
      in a strongly acidic medium, e.g., trifluoroacetic acid.
PAR  The O-acyl derivatives of antibiotic EM-49 are acylated at the hydroxyl
      group of the .beta.-hydroxy fatty acid residue (represented by X), and the
      acylated fatty acid moiety represented by X' has the structure:
      ##SPC2##
PAL  For example, when the acyl group is n-hexanoyl, X' is structurally depicted
      as follows:
      ##SPC3##
PAL  For convenience hereinafter X' will be depicted as follows:
      ##EQU2##
      wherein R.sup.1 is C.sub.7 H.sub.15 or C.sub.8 H.sub.17 and R.sup.2 is a
      lower alkanoyl group, i.e., the acyl group of a lower fatty acid having
      two to eight carbons.
PAR  Two preferred alternative procedures are as follows:
PAR  Antibiotic EM-49 or an acid salt like the hydrochloride, hydrobromide,
      acetate, etc., is treated to introduce the carbobenzoxy group to protect
      the free amino groups. This is effected by reacting the starting material
      with a carbobenzoxy halide like carbobenzoxy chloride in a ratio of about
      four moles of carbobenzoxy chloride per mole of EM-49 in an inert organic
      solvent, preferably methyl ethyl ketone, in the presence of water and an
      acid binding agent like sodium bicarbonate. This is done at about ambient
      temperature and the reaction is complete in a period of about one hour or
      less. The protected product is then preferably separated from the reaction
      mixture, e.g., by extraction with an organic solvent like ethyl acetate,
      chloroform, methylene chloride or the like, the first being preferred. The
      product is then isolated, e.g., by removal of the solvent under reduced
      pressure or by precipitation with hexane.
PAR  This tetra(benzyloxycarbonyl) derivative of antibiotic EM-49 is then
      treated to acylate to aforementioned hydroxyl group by reaction with an
      acid anhydride like acetic anhydride using a catalyst like sodium acetate.
      An inert organic solvent like dioxane or tetrahydrofuran may be used or
      the acetic anhydride itself may serve as the medium. About one to five
      moles of acid anhydride, per mole of antibiotic is used, but this is
      increased by fifteen to sixty times if the anhydride also serves as the
      reaction medium. A temperature within the range of about 70.degree. to
      120.degree. celsius is employed. Usually about one half hour to five hours
      are sufficient for completion of the acylation reaction. Cooling to room
      temperature and addition of water to destroy the acylating agent then
      permits isolation of the acylated product. This is effected by extraction
      with an inert organic solvent such as ethyl acetate, which is preferred,
      chloroform, methylene chloride or the like, then evaporating the solvent.
PAR  The protecting groups are then removed by conventional procedures such as
      by treatment with hydrogen in the presence of palladium-carbon catalyst or
      with hydrogen bromide in acetic acid.
PAR  The O-acyl derivative of antibiotic EM-49 is then obtained upon separation
      from the reaction mixture, e.g., by precipitation with an organic solvent
      miscible with the reaction solvents, for example, ether, ethyl acetate,
      chloroform or the like.
PAR  It is preferable at this point to convert the product to the hydrochloride
      which is a form convenient for characterization, analysis and various
      testing procedures. This is done by conventional procedures such as ion
      exchange with a strong base exchanger in the chloride form or by
      conversion to the free base with sodium hydroxide or the like and
      acidification with hydrochloric acid.
PAR  An alternative procedure is the treatment of a solution of the antibiotic
      EM-49 or its salt in a strongly acidic medium with the acyl halide or acid
      anhydride, e.g., an acyl chloride like acetyl chloride, which is
      preferred, acetyl bromide, hexanoyl chloride, octanoyl chloride or acetic
      anhydride. Strongly acidic media like trifluoroacetic acid, which is
      preferred, acetic acid containing anhydrous HCl, or nitromethane
      containing anhydrous HBr can be used. The acylation reaction occurs at a
      temperature of about -5.degree. to 25.degree. centigrade within about one
      half to two hours. Higher temperatures may be required when an acid
      anhydride is used as the acylating agent. About one to fifteen moles of
      acylating agent per mole of antibiotic is used in the reaction. The
      product is then worked up in the same manner as described above (after
      removal of the protecting groups).
PAR  By dissolving this product in water and passing the solution through an ion
      exchange resin having the desired salt anion, or by treating the free base
      with the inorganic or organic acid having the desired anion, other
      inorganic or organic acid addition salts such as the nitrate,
      hydrobromide, hydroiodide, sulfate, acetate, tartrate, borate, succinate,
      etc. are obtained. One or more molecular proportions of the acid can be
      present in the acid salt. Illustrative salts are shown in the examples and
      other acid salts are similarly produced.
PAR  The O-acyl derivatives of antibiotic EM-49 and their salts are active
      against yeasts, fungi, protozoa and gram-positive and gram-negative
      bacteria, e.g., Staphylococcus aureus, Staphylococcus epidermis,
      Streptococcus pyogenes, Corynebacterium minutissimum, Escherichia coli,
      Pseudomonas aeruginosa, Candida albicans, Trichophyton mentagrophytes and
      Trichomonas vaginalis. The O-acyl derivatives of antibiotic EM-49 or
      physiologically acceptable salts thereof are therefore useful as
      antimicrobial agents either as environmental disinfectants or sterilizing
      mediums, e.g., in a spray, solution or dust containing up to about 1% of
      the substance in a conventional carrier, or to combat infections in
      various animal species due to microorganisms such as those enumerated,
      e.g., topically in a conventional cream or ointment containing up to about
      1% of the substance. For example, a composition containing 1/2 to 1% of
      the active substance in a cream base protects against a topical
      Staphylococcus aureus infection in mice.
PAR  The following examples are illustrative of the invention. Temperatures are
      on the celsius scale.
PAC  EXAMPLE 1
PAR  Antibiotic EM-49 is prepared as described in the copending application
      referred to above.
PAR  a. Yeast beef agar slants are seeded with Bacillus circulans ATCC 21656 (a
      culture of which is on deposit and available from the American Type
      Culture Collection, Rockville, Maryland). They are incubated overnight at
      37.degree.C. and then used to inoculate 50 ml. of an aqueous soybean meal
      medium contained in 250 ml. Erlenmeyer flasks. The composition of the
      germination medium is:
TBL  Medium                 Grams                                              
     ______________________________________                                    
     Soybean meal           15.0                                               
     Dehydrated mashed potato                                                  
                            15.0                                               
     Glucose                50.0                                               
     CoCl.sub.2.2H.sub.2 O   0.005                                             
     CaCO.sub.3             10.0                                               
     Distilled water to     1 liter                                            
     ______________________________________                                    
PAL  This medium is sterilized for 30 minutes at 121.degree.C and at 15 lbs.
      steam pressure prior to use. The inoculated germination flasks are
      incubated at 25.degree.C. for 72 hours on a rotary shaker, operating at
      280 r.p.m. with a 2 inch throw.
PAR  A 2.5% (v/v) transfer is made from the germination flask to 500 ml.
      Erlenmeyer flasks containing 100 ml. of an aqueous corn steep liquor
      medium. The composition of this medium is:
TBL         Medium         Grams                                               
     ______________________________________                                    
     Corn steep liquor      6.0                                                
     (NH.sub.4)H.sub.2 PO.sub.4                                                
                            3.0                                                
     Yeast extract          2.5                                                
     Dextrose              10.0                                                
     Distilled water to    1 liter                                             
     Adjust pH to 7.0                                                          
     ______________________________________                                    
PAL  The fermentation flasks are incubated and agitated as are the germination
      flasks. Samples are taken at 3 to 6 days, and examined by paper
      chromatography and bioassay. For paper chomatography suitable amounts of a
      butanol extract of the acidified beer are spotted on sheets of Whatman No.
      1 paper and the chromatograms developed with a solvent of the following
      composition: n-butanol, acetic acid, water (4:1:5, by volume). The upper
      phase of this solvent system is utilized as the solvent. In this system,
      EM-49 (as the hydrochloride) has an R.sub.f value of 0.71. The antibiotic
      is detected by bioautography against Staphylococcus aureus FDA 209P and
      Escherichia coli ATCC 10536. For bioassay, both organisms are used in
      conventional tube dilution assays.
PAR  b. A 250 liter batch of Bacillus circulans ATCC 21656 is fermented in a 100
      gal. stainless steel vessel with the medium and operating conditions
      described below:
PAC  Stage 1
PAR  Inoculum: Culture of Bacillus circulans ATCC 21656 is preserved by storage
      in liquid nitrogen, and grown out when needed on yeast beef agar slants
      that have the following composition:
TBL  Medium            Grams                                                   
     ______________________________________                                    
     Beef extract      1.5                                                     
     Yeast extract     3.0                                                     
     Peptone           6.0                                                     
     Dextrose          1.0                                                     
     Agar              15.0                                                    
     Distilled water to 1,000 ml.                                              
     ______________________________________                                    
PAR  The medium is sterilized at 15 lbs. pressure and at 121.degree.C. for 15
      minutes prior to use.
PAR  Growth from the slant is used to inoculate the first germinator flasks.
TBL  Medium                 Grams                                              
     ______________________________________                                    
     Soybean meal           15.0                                               
     Dehydrated mashed potato                                                  
                            15.0                                               
     Glucose                50.0                                               
     CoCl.sub.2.2H.sub.2 O  0.005                                              
     CaCO.sub.3             10.0                                               
     Distilled water to 1000 ml.                                               
     Sterilize at 121.degree.C. for thirty minutes                             
     ______________________________________                                    
PAR  100 ml. of this medium in a 500 ml. Erlenmeyer flask is incubated 72 hours
      on a rotary shaker at 25.degree.C. The shaker operates at 280 r.p.m. with
      a 2 inch throw.
PAC  Stage 2
PAR  Inoculum: 100 ml. from first stage.
PAR  Medium: Same as the germinator medium of stage 1. The inoculum and 1,000
      ml. of medium in a 4,000 ml. Erlenmeyer flask is incubated 72 hours at
      25.degree.C. on a rotary shaker. The shaker is operated at 280 r.p.m. with
      a 2 inch throw.
PAC  Stage 3
PAR  Inoculum: 3,000 ml. from stage 2.
TBL  Medium            Grams                                                   
     ______________________________________                                    
     Corn steep liquor 6.0                                                     
     (NH.sub.4)H.sub.2 PO.sub.4                                                
                       3.0                                                     
     Yeast extract     2.5                                                     
     Dextrose          10.0                                                    
     Distilled water to 1,000 ml.                                              
     Adjust to pH 7.0                                                          
     CaCO.sub.3        2.5                                                     
     ______________________________________                                    
PAR  The inoculum is added to 250 liters of medium and incubated 144 hours.
      During incubation, the broth is aerated at the rate of 2.0 foot per minute
      superficial air velocity, at 10 p.s.i. During this period, the broth is
      agitated at the rate of 0.4 watt per liter and at 155 r.p.m.
PAR  c. The fermentation broth, obtained as described in part b (209 liters), is
      adjusted to pH 2.0 with 1.5 liters of concentrated hydrochloric acid.
      Filter aid (Hyflo, 15 kg.) is added to the acidified beer and the mixture
      filtered to give 41 kg. of insoluble material. The insoluble cake is
      washed with 10 liters of water and the washings combined with the filtrate
      to give 190 liters. The washed cake (41 kg.) is discarded.
PAR  d. The filtrate (190 liters) obtained in part c is extracted three times
      with 56 liter portions of water saturated n-butanol. The butanol layers
      (194 liters) are pooled and concentrated in vacuo, at a temperature less
      than 45.degree. C., to a small volume (2.3 liters).
PAR  e. A 50 ml. portion of the concentrate obtained in part d is diluted with
      750 ml. of acetone and the resulting precipitate is centrifuged. The
      precipitate is washed with acetone (60 ml.) by suspending it in the
      solvent and then centrifuging it. This is repeated using ethyl acetate
      (three 60 ml. portions) and finally ether (three 60 ml. portions). The
      precipitate is dried in air, powdered and dried in vacuo, giving 1.4 g. of
      a light-tan powder.
PAR  f. A 1.4 g. sample of the acetone-insoluble powder obtained in part e is
      further purified by counter-current distribution using a
      n-propanol-n-butanol-water-acetic acid (50:75:100:2 by volume) system.
      Twenty-nine transfers are made using 40 ml. of each phase per tube. The
      maximum activity, as determined by paper disc agar diffusion assay, is in
      tube 11. The contents of tubes 8-14 are combined and the solvents are
      removed in vacuo. The residue is dissolved in a little methanol and the
      antibiotic is precipitated by the addition of acetone and ether. The
      precipitate is washed well with ether, dried in air and then in vacuo,
      giving 0.466 g. of a light-tan powder. This material is primarily the
      basic peptide antibiotic EM-49, in the form of its hydrochloride salt.
PAR  g. The hydrochloride of antibiotic EM-49 is converted to the free base by
      counter-current distribution using a n-butanol-0.5 N NH.sub.4 OH system.
      1.01 g. of the hydrochloride of EM-49, prepared as in part f is processed
      in a 29 transfer counter-current distribution using 40 ml. each of upper
      and lower phases per tube. The contents of tubes 25-29 are combined, and
      the upper phase is separated and taken to dryness in vacuo. The residue is
      then dissolved in warm methanol (ca. 50 ml.). Ethyl acetate (50 ml.),
      benzene (50 ml.) and cyclohexane (50 ml.) are added. Removal of this
      solvent mixture in vacuo gives 0.75 g. of a nearly white powder that is
      the free base of the antibiotic EM-49. This material melts at
      245.degree.-248.degree.C in an evacuated capillary. Analysis: C, 56.64; H,
      8.65; N, 16.50; Cl, 0.0
PAR  h. One g. of the acetone-insoluble powder obtained as described in part e
      is dissolved as much as possible in 10 ml. of water. The insoluble
      material is removed by centrifugation, washed with 10 ml. of water and
      then the supernatants are combined.
PAR  One g. of methyl orange is suspended in 15 ml. of water. Five ml. of
      dimethylformamide is added and the mixture is warmed until the methyl
      orange just dissolves. This warm solution is added to the EM-49 solution.
      The mixture is cooled to room temperature and the solid is isolated by
      centrifugation, washed with 3 .times. 35 ml. of water and dried in vacuo.
PAR  The crude helianthate is dissolved as much as possible in 3 ml. of
      dimethylformamide and the insoluble material is removed by centrifugation,
      washing it with 2 .times. 3 ml. of dimethylformamide. The combined
      dimethylformamide solution is combined with 90 ml. of water, the
      precipitate is separated by centrifugation and this is washed with 3
      .times. 30 ml. of water.
PAR  The helianthate of EM-49 is amorphous but is purified by reprecipitation
      from methanol-acetonitrile (2:1). This material is dried at 0.02 mm. and
      100.degree. for 18 hours and then allowed to equilibrate with atmospheric
      moisture. M.P. (Kofler hot stage): 242.degree.-4.degree.C. (dec.).
PAR  The EM-49 helianthate is converted to the hydrochloride by stirring with 10
      ml. of 0.36 N hydrochloric acid for 20 minutes. The insoluble material is
      removed by centrifugation and washed with 2 .times. 5 ml. 0.36 N
      hydrochloric acid. The combined supernatant is then stirred with 320 mg.
      of Darco G-60 charcoal and filtered through diatomaceous earth, giving a
      nearly colorless solution.
PAR  The filtrate is extracted with two 10 ml. portions of n-butanol. Removal of
      the butanol in vacuo gives an amorphous solid. This is converted to a fine
      powder by dissolving the solid in a small quantity of methanol, adding
      ethyl acetate until the antibiotic precipitates, and then removing the
      solvent mixture in vacuo. The powder is then dried at 50.degree. and 0.02
      mm. for several (e.g., 5) hours and then equilibrated with atmospheric
      moisture overnight.
PAC  EXAMPLE 2
PAR  a. To a suspension of 329 mg. (1 meq.) of antibiotic EM-49 hydrochloride
      (obtained in Example 1 h) in 3.3 ml. of methyl ethyl ketone are added 6.6
      ml. of water followed by 209 mg. (2.5 meq.) of sodium bicarbonate. This
      mixture is stirred and treated with 0.170 ml. (1 meg.) of carbobenzyloxy
      chloride (84% pure by nmr) at one time. The mixture is stirred at room
      temperature for 1 hour. Ethyl acetate is added and the organic phase is
      washed with water, 0.01 N hydrochloric acid and water again. The solution
      is taken to dryness in vacuo and the residue is precipitated from ehtyl
      acetate with hexane to obtain a fine white powder. This powder, the
      tetr(benzyloxycarbonyl) derivative of EM-49, , is dried in vacuo and then
      equilibrated with atmospheric moisture; water content = 2.29%, m.p.
      159.degree.-161.degree.C.
PAR  Analysis: Found C. 59.87; H, 6.79; N, 11.11/ Adjusted to correspond to the
      anhydrous material: C, 61.27;  H, 6.69; N, 11.37. Calc'd. for C.sub.82
      H.sub.115 N.sub.13 O.sub.18. (MW = 1571): C, 62.69; H, 7.38; N, 11.59.
PAR  b. A mixture of 228 mg. of anhydrous sodium acetate, 229 mg. of the
      tetra(benzyloxycarbonyl) derivative of antibiotic EM-49 obtained in part a
      and 5 ml. of acetic anhydride are stirred at 100.degree. for 2 hours. The
      mixture is cooled, mixed with 40 ml. of water and a little ethyl acetate,
      then stirred at room temperature for one hour. This mixture is extracted
      with ethyl acetate and the extract is washed with water, 10% sodium
      bicarbonate and then water again. The solution is dried (MgSO.sub.4) and
      taken to dryness in vacuo, giving 229 mg. of the
      tetra(benzyloxycarbonyl)-O-acetyl derivative of antibiotic EM-49.
PAR  To prepare an analytical example, a portion of the product is dissolved in
      methanol, the solution filtered through a short plug of Celite-Darco G60
      (1:1) and taken to dryness. The reside is dissolved in methylene chloride
      and the product precipitated with hexane. The precipitate is isolated by
      centrifugation, washed several times with hexane and dried in vacuo.
      Equilibration with atmospheric moisture gives the O-acetyl
      tetra(benzyloxycarbonyl) derivative of EM-49 containing 2.26% water and
      melting at 205.degree.-206.degree.C.
PAR  Analysis: Found: C, 60.24; H, 7.34; N, 11.42. Adjusted to correspond to the
      anhydrous material: C, 61.63; H, 7.25; N, 11.68. Calc'd. for C.sub.84
      H.sub.117 N.sub.13 O.sub.19 (MW = 1613): C, 62.55; H, 7.31; N, 11.29.
PAR  c. A solution of 122 mg. of the product of part b in 10 ml. of methanol is
      treated with hydrogen and 10% palladium-carbon (23 mg.) for 20 hours at
      room temperature. The NMR spectrum shows that not all of the protecting
      groups are removed. The product is then dissolved in 1 ml. of
      trifluoroacetic acid. One ml. of a saturated solution of hydrogen bromide
      in acetic acid is added. After 1 hour, the product is precipitated with
      ether and then washed with ether. The NMR spectrum now shows that the
      projecting groups have all been removed. The product, the O-acetyl
      derivative of antibiotic EM-49, is converted to the hydrchloride, by
      dissolving in 50 ml. of n-butanol and 50 ml. of water. The pH of the
      stirred mixture is adjusted to 12 with 5 N sodium hydroxide. The butanol
      phase is washed twice with 0.01 N sodium hydroxide, once with 84 ml. of 1
      N-hydrochloric acid and twice with 0.36 N-hydrochloric acid. The solvent
      is removed in vacuo and the residue is converted to a powder by dissolving
      it in methanol, adding ethyl acetate and removing the solvent mixture in
      vacuo. The hydrochloride of the O-acetyl derivative of antibiotic EM-49 is
      dried for two hours at 0.02 mm and room temperature, then equilibrated
      overnight with atmospheric moisture.
PAR  The analytical sample has a water content of 9.40%.
PAR  Analysis: Found: C, 47.32, H, 7.92; N, 13.26; O (by difference) 21.58; Cl,
      9.92; OAc, 3.09. Adjusted to correspond to the anhydrous material: C,
      52.53; H, 7.59; N, 14.64; O, 14.59; Cl, 10.95; Acetyl, 3.41.
PAC  EXAMPLE 3
PAR  A solution of 2.5 g. of antibiotic EM-49 hydrochloride, obtained as in
      Example 1h, in 25 ml. of trifluoroacetic acid is cooled to 0.degree.,
      treated with 1.47 ml. of acetyl chloride and stirred at 0.degree. for 1
      hour. Addition of ether (125 ml.) gives a precipitate that is washed with
      ether and dried in vacuo. This product is dissolved in a mixture of 50 ml.
      of n-butanol and 50 ml. of water and the pH of the stirred mixture is
      adjusted to 12 with 5 N sodium hydroxide. The butanol phase is washed
      twice with 0.01 N sodium hydroxide, once with 84 ml. of 1 N-hydrochloric
      acid and twice with 0.36 N hydrochloric acid. The solvent is removed in
      vacuo and the residue is converted to a powder by dissolving it in
      methanol, adding ethyl acetate and removing the solvent mixture in vacuo.
      The product is dried for two hours at 0.02 mm and room temperature and
      then equilibrated overnight with atmospheric moisture, giving 2.0 g. of
      the tetrahydrochloride of the O-acetyl derivative of antibiotic EM-49
      containing 7.46% water.
PAR  Analysis (on anhydrous material): Found: C, 51.42; H, 8.20; N, 15.16; Cl,
      11.29; acetyl, 3.19. Calc'd. for C.sub.52 H.sub.97 N.sub.13 O.sub.11
      Cl.sub.4 (MW =  1222): C, 51.10; H, 8.00; N, 14.90; Cl, 11.60; acetyl,
      3.52.
PAR  The O-acetyl group gives a peak at 2.23 ppm. in the NMR spectrum (CF.sub.3
      CO.sub.2 H) and a shoulder at 1720 cm.sup.-.sup.1 in the IR spectrum
      (KBr). The NMR and IR spectra are shown in FIGS. 6 and 5, repectively.
PAR  O-acetyl-EM-49 (as the tetrahydrochloride is soluble in water, methanol,
      dimethylsulfoxide and insoluble in ether, ethyl actate, benzene and
      chloroform. It melts at 216.degree.-230.degree.C. R.sub.f [Gelman ITLC,
      type SAF (silica acid), n-butanol-propionic acid-water (3:1:1)] 0.66;
      [Whatman No. 1 paper, n-propanol-n-butanol-water (2:3:4)] 0.51. The
      O-acetyl derivative is not separated from EM-49 in these systems. The
      specific rotation is [.alpha.].sup.23 D - 16.1 (c 1, DMSO).
PAC  EXAMPLE 4
PAR  2.00 g. (1.59 mmol.) of antibiotic EM-49 hydrochloride is dried in vacuo
      (0.1 mm, 50.degree.) and then dissolved in 20 ml. of trifluoroacetic acid
      under argon. The solution is cooled to 0.degree. and 1.66 ml. (16 mmol.)
      of butyryl chloride are added. The solution is kept at 0.degree. for 1
      hour, then the product is precipitated with ether and washed 3 times with
      ether by centrifugation.
PAR  The wet cake is dissolved in butanol and water and the resulting mixture
      concentrated in vacuo to remove residual ether. The mixture is adjusted to
      pH 8 with saturated sodium bicarbonate solution and a little lM sodium
      carbonate solution. The butanol phase is separated, washed with portions
      of saturated sodium bicarbonate solution until halogen is not detectable
      in the wash water and then with three portions of 1 N hydrochloric acid.
      The butanol solution is filtered, concentrated in vacuo, the residue is
      dissolved in methanol and poured into ether with stirring. The resulting
      precipitate is separated by centrifugation, washed with ether, dried
      briefly in vacuo, powdered, and then dried overnight in vacuo (50.degree.,
      0.02 mm), giving 1.76 g. (88% yield) of O-butyryl-EM-49
      tetrahydrochloride. The product is equilibrated with atompsheric moisture,
      giving 1.87 g. (5.97% water), m.p. 216.degree. R.sub.f 0.57 (silica gel,
      PrOH-conc. NH.sub.4 OH, 7:3). The infrared spectrum is shown in FIG. 7.
PAR  Analysis calc'd. for C.sub.54 H.sub.101 N.sub.13 O.sub.11 Cl.sub.4 (M.W.
      1250.30): C, 51.94; H, 8.16; N, 14.53; Cl.sup.-, 11.32. Found: C, 49.32;
      H, 7.91; N, 13.54; Cl.sup.-, 10.50. Adjusted for water (% found .div.
      0.9403): C, 52.45, N, 14.40, Cl.sup.-, 11.17.
PAC  EXAMPLE 5
PAR  The O-hexanoyl derivative of antibiotic EM-49 hydrochloride is prepared
      from 2 g. of antibiotic EM-49 hydrochloride and hexanoyl chloride (2.21
      ml., 16 mmol.) by the procedure of Example 4. However, the reaction is
      carried out at room temperature instead of 0.degree.. The yield of dry
      O-hexanoyl-EM-49 hydrochloride is 1.78 g. (87%). Equilibration with
      atmospheric moisture gives 1.85 g. (4.06% H.sub.2 O) of product, m.p.
      215.degree. R.sub.f 0.49 (silica gel, PrOH-conc. NH.sub.4 OH, 7:3). The
      infrared spectrum is shown in FIG. 8.
PAR  Analysis calc'd. for C.sub.56 H.sub.105 N.sub.13 O.sub.11 Cl.sub.4 (M.W.
      1278.35): C, 52.68; H, 8.30; N, 14.21; Cl.sup.-, 11.07; Found: C, 50.71;
      H, 7.99; N, 13.32; Cl.sup.-, 10.52; Adjusted for H.sub.2 O (%found .div.
      0.9594): C,52.86 N, 13.88; Cl.sup.-, 10.97.
PAC  EXAMPLE 6
PAR  54 mg. of O-hexanoyl-EM-49 hydrochloride is dissolved in a mixture of
      n-butanol and water. The pH of the mixture is adjusted to 10.0 with 0.1 N
      sodium hydroxide. The upper phase is separated, washed twice with 0.01 N
      sodium hydroxide and then with water until the aqueous wash is neutral.
      The butanol solution is taken to dryness in vacuo and the residue is
      dissolved in methanol. Benzene and heptane are added and the mixture is
      concentrated in vacuo to remove the methanol. The resulting precipitate is
      separated, washed with heptane and dried in vacuo, giving 43.7 mg. (98%
      yield) of the O-hexanoyl derivative of antibiotic EM-49, as an amorphous
      solid.
PAR  A portion of this material is powdered and dried at 0.05 mm and 50.degree.
      for 17 hours and then equilibrated with atmospheric moisture, giving
      material containing 5.77% water, m.p. 213.degree.-218.degree. (dec.). The
      infrared spectrum is shown in FIG. 9.
PAR  Analysis: Calc'd. for C.sub.56 H.sub.101 N.sub.13 O.sub.11 (M.W. 1132.5) C,
      59.39; H, 8.99; N, 16.08. Found: C, 56.38; H, 8.00; N, 14.85. Adjusted for
      water (% found .div. 0.9423): C, 59.83; N, 15.76. Neutral equivalent
      (HClO.sub.4); Calc'd. = 300.5; found 315.
PAC  EXAMPLE 7
PAR  0.50 g. of antibiotic EM-49 hydrochloride is dried in vacuo (50.degree.,
      0.1 mm, 0.5 hr) and then dissolved in 5 ml. of trifluoroacetic acid under
      argon. 0.55 ml. (4.0 mmol.) of hexanoyl chloride are added and the
      solution is left at room temperature for 1 hour. The product is
      precipitated by the addition of ether, separated by centrifugation and
      washed three times with ether.
PAR  The wet cake is dissolved in a mixture of n-butanol and water and the
      residual ether is removed in vacuo. The mixture is adjusted to PH 8 with
      saturated aqueous sodium bicarbonate and a little 1 M sodium carbonate
      solution. The butanol phase is separated, washed three times with
      saturated sodium bicarbonate solution and then water until the wash is
      neutral.
PAR  The butanol solution is filtered, mixed with a little water and adjusted to
      pH 3.8 with 1N sulfuric acid. The mixture is taken to dryness in vacuo and
      the residue is dissolved in methanol (warm). The product is precipitated
      by the addition of ether, separated by centrifugation, washed with ether,
      and dried in vacuo, giving 0.51 g. (96%) of O-hexanoyl EM-49 sulfate salt.
      A portion of this material is powdered, dried in vacuo (0.05 mm.,
      50.degree., 17 hr.) and equilibrated with atmospheric moisture (48 hr.),
      giving the product as an amorphous solid containing 10.63% water, m.p.
      235.degree. (dec.). The infrared spectrum is shown in FIG. 10.
PAR  Analysis calc'd. for C.sub.56 H.sub.105 N.sub.13 O.sub.19 S.sub.2 (M.W.
      1328.67); C, 50.62; H, 7.97; N,13.71; SO.sub.4.sup.=, 14.46%. Found: C,
      44.85; H, 7.46; N, 12.05; SO.sub.4.sup.=, 12.60 Adjusted for water (%
      found .div. 0.8937): C, 50.18; N, 13.48; SO.sub.4.sup.=, 14.10 Neutral
      equivalent: Calc'd. = 372; found 351.
PAC  EXAMPLE 8
PAR  0.50 g. of antibiotic EM-49 hydrochloride is dried in vacuo (50.degree.,
      0.1 mm, 0.5 hr) and then dissolved in 5 ml. of trifluoroacetic acid under
      argon. Hexanoyl chloride, 0.55 ml. (4.0 mmol), is added and the solution
      is left at room temperature for 1 hour. The product is precipitated by the
      addition of ether, separated by centrifugation and washed three times with
      ether.
PAR  The wet cake is dissolved in a mixture of n-butanol and water and the
      residual ether removed in vacuo. The mixture is adjusted to pH 8 with
      saturated aqueous sodium bicarbonate and a little 1 M sodium carbonate
      solution. The butanol is separated, washed three times with saturated
      sodium bicarbonate solution and then water until the wash is neutral.
PAR  The butanol solution is filtered, mixed with 1 ml. of glacial acetic acid
      and taken to dryness in vacuo. The residue is dissolved in methanol and
      the product precipitated by the addition of ether, separated by
      centrifugation, washed with ether and dried in vacuo, giving 0.47 g. of
      solid (86% yield) O-hexanoyl EM-49 acetate salt. A portion is powered,
      dried (0.05 mm, 50.degree., 17 hr), and equilibrated with atmospheric
      moisture, giving the product as an amorphous solid containing 10.78%
      water, m.p. 197.degree. (dec.). The infrared spectrum is shown in FIG. 11.
PAR  Analysis: Calc'd. for C.sub.64 H.sub.117 N.sub.13 O.sub.19 (M.W. 1372.72);
      C, 56.00; H, 8.59; N, 13.27; HOAc, 17.50. Found: C, 51.35; H, 7.92; N,
      12.04; HOAc, 14.79 Adjusted for water (% found .div. 0.8922): C, 57.55; N,
      13.49; HOAc, 16.58
PAC  EXAMPLE 9
PAR  The O-octanoyl derivative of EM-49 hydrochloride is prepared from
      antibiotic EM-49 hydrochloride, (2g., 1.59 mmol.) and octanoyl chloride
      (2.73 ml., 16 mmol.) using the procedure of Example 4. The reaction,
      however, is carried out at room temperature instead of 0.degree.. The
      yield of dry O-octanoyl EM-49 hydrochloride is 1.80 g. (87%).
      Equilibration with atmospheric moisture gives 1.88 g. (4.01% water) of
      product, m.p. 215.degree., R.sub.f 0.49 (silica gel eluting with
      propanol-conc. NH.sub.4 OH, 7:3). The infrared spectrum is shown in FIG.
      12.
PAR  Analysis: calc'd. for C.sub.58 H.sub.109 N.sub.13 O.sub.11 Cl.sub.4 (M.W.
      1306.41): C, 53.39; H, 8.43; N, 13.91; Cl.sup.-, 10.83; Found: C, 51.97;
      H, 8.37; N, 12.96; Cl.sup.-, 10.12; Adjusted for water (% found .div.
      0.9599): C, 54.14; N, 13.50; Cl.sup.-, 10.54.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The O-acetyl derivative of antibiotic EM-49 and acid salts thereof, the
      hydrochloride having the infrared absorption spectrum as in FIG. 5, the
      NMR spectrum as in FIG. 6, the approximate elemental analysis of anhydrous
      material: C, 51.10; H, 8.00; N, 14.90; Cl, 11.60; the approximate
      empirical formula C.sub.52 H.sub.97 N.sub.13 O.sub.11 Cl.sub.4 and an
      approximate molecular weight of 1222.
NUM  2.
PAR  2. The hydrochloride of the product of claim 1.
NUM  3.
PAR  3. The tetra(benzyloxycarbonyl) derivative of antibiotic EM-49 having the
      infrared absorption as in FIG. 1, the NMR spectrum as in FIG. 2, the
      approximate elemental analysis of anhydrous material: C, 61.27; H, 6.69;
      N, 11.37; the approximate empirical formula C.sub.82 H.sub.115 N.sub.13
      O.sub.18 and an approximate molecular weight of 1571.
NUM  4.
PAR  4. The tetra(benzyloxycarbonyl)-O-acetyl derivative of antibiotic EM-49,
      having the infrared absorption spectrum as in FIG. 3, the NMR spectrum as
      in FIG. 4, the approximate elemental analysis of anhydrous material: C,
      61.63; H, 7.25; N, 11.68; the approximate empirical formula C.sub.84
      H.sub.117 N.sub.13 O.sub.19 and an approximate molecular weight of 1613,
      and acid salts thereof.
NUM  5.
PAR  5. The O-butyryl derivative of antibiotic EM-49 and acid salts thereof, the
      hydrochloride having the infrared absorption spectrum as in FIG. 7, the
      approximate elemental analysis of anhydrous material, as the
      hydrochloride: C, 52.45; N, 14.40; Cl.sup.-, 11.17; the approximate
      empirical formula C.sub.54 H.sub.101 N.sub.13 O.sub.11 Cl.sub.4 and an
      approximate molecular weight of 1250.
NUM  6.
PAR  6. The O-hexanoyl derivative of antibiotic EM-49, and acid salts thereof,
      having the infrared absorption spectrum as in FIG. 9, the approximate
      elemental analysis of anhydrous material: C, 59.83; N, 15.76; the
      approximate empirical formula C.sub.56 H.sub.101 N.sub.13 O.sub.11 and an
      approximate molecular weight of 1132.
NUM  7.
PAR  7. The O-octanoyl derivative of antibiotic EM-49, and acid salts thereof,
      the hydrochloride having the infrared spectrum as in FIG. 12, the
      approximate elemental analysis: C, 51.97; H, 8.37; N, 12.96; Cl.sup.-,
      10.12; the approximate empirical formula C.sub.58 H.sub.109 N.sub.13
      O.sub.11 Cl.sub.4 and an approximate molecular weight of 1306.
NUM  8.
PAR  8. A compound of the formula
      ##EQU3##
      wherein Dab is 2,4-diaminobutyric acid, Y is L-leucine or L-phenylalanine;
      X is
      ##EQU4##
      R.sup.1 is C.sub.7 H.sub.15 or C.sub.8 H.sub.17 ; and R.sup.2 is lower
      alkanoyl, and acid salts thereof.
NUM  9.
PAR  9. A compound as in claim 8 wherein Y is L-leucine.
NUM  10.
PAR  10. A compound as in claim 8 wherein Y is L-phenylalanine.
NUM  11.
PAR  11. A compound as in claim 8 wherein R.sup.2 is acetyl.
NUM  12.
PAR  12. A compound as in claim 8 wherein R.sup.2 is butyryl.
NUM  13.
PAR  13. A compound as in claim 8 wherein R.sup.2 is hexanoyl.
NUM  14.
PAR  14. A compound as in claim 8 wherein R.sup.2 is octanoyl.
NUM  15.
PAR  15. Acid addition salt of a compound as in claim 13.
NUM  16.
PAR  16. Hydrochloride of a compound as in claim 13.
NUM  17.
PAR  17. A compound as in claim 9 wherein R.sup.1 is C.sub.7 H.sub.15 and
      R.sup.2 is acetyl.
NUM  18.
PAR  18. A compound as in claim 9 wherein R.sup.1 is C.sub.8 H.sub.17 and
      R.sup.2 is acetyl.
NUM  19.
PAR  19. A compound as in claim 9 wherein R is C.sub.7 H.sub.15 and R.sup.2 is
      butyryl.
NUM  20.
PAR  20. A compound as in claim 9 wherein R.sup.1 is C.sub.8 H.sub.17 and
      R.sup.2 is butyryl.
NUM  21.
PAR  21. A compound as in claim 9 wherein R.sup.1 is C.sub.7 H.sub.15 and
      R.sup.2 is hexanoyl.
NUM  22.
PAR  22. A compound as in claim 9 wherein R.sup.1 C.sub.8 H.sub.17 and R.sup.2
      is hexanoyl.
NUM  23.
PAR  23. A compound as in claim 9 wherein R.sup.1 is C.sub.7 H.sub.15 and
      R.sup.2 is octanoyl.
NUM  24.
PAR  24. A compound as in claim 9 wherein R.sup.1 is C.sub.8 H.sub.17 and
      R.sup.2 is octanoyl.
NUM  25.
PAR  25. A compound as in claim 10 wherein R.sup.1 is C.sub.7 H.sub.15 and
      R.sup.2 is acetyl.
NUM  26.
PAR  26. A compound as in claim 10 wherein R.sup.1 is C.sub.8 H.sub.17 and
      R.sup.2 is acetyl.
NUM  27.
PAR  27. A compound as in claim 10 wherein R.sup.1 is C.sub.7 H.sub.15 and
      R.sup.2 is butyryl.
NUM  28.
PAR  28. A compound as in claim 10 wherein R.sup.1 is C.sub.8 H.sub.17 and
      R.sup.2 is butyryl.
NUM  29.
PAR  29. A compound as in claim 10 wherein R.sup.1 is C.sub.7 H.sub.15 and
      R.sup.2 is hexanoyl.
NUM  30.
PAR  30. A compound as in claim 10 wherein R.sup.1 is C.sub.8 H.sub.17 and
      R.sup.2 is hexanoyl.
NUM  31.
PAR  31. A compound as in claim 10 wherein R.sup.1 is C.sub.7 H.sub.15 and
      R.sup.2 is octanoyl.
NUM  32.
PAR  32. A compound as in claim 10 wherein R.sup.1 is C.sub.8 H.sub.17 and
      R.sup.2 is octanoyl.
NUM  33.
PAR  33. A compound as in claim 10 wherein X is 2-hexanoyloxy-8-methyldecanoyl.
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ABST
PAL  The synthesis of the decapeptide
      pGlu-D-Met-Trp-Ser-Tyr-D-Ala-Leu-Arg-Pro-Gly-NH.sub.2 by solid-phase
      techniques is described. The decapeptide inhibits LH release.
BSUM
PAR  This invention relates to the novel decapeptide
EQU  pGlu--D--Met--Trp--Ser--Tyr--D--Ala--Leu--Arg--Pro--Gly--NH.sub.2
PAL  its process of synthesis, and to the novel intermediates formed in said
      synthesis.
PAR  The "luteinizing hormone releasing hormone" (hereinafter called "LRH") is
      the decapeptide
      L--pGlu--His--Trp--Ser--Tyr--Gly--Leu--Arg--Pro--Gly--NH.sub.2. This
      decapeptide is secreted by the hypothalamus and is carried to the
      pituitary where it stimulates the release of luteinizing hormone (LH) and
      follicle stimulating hormone (FSH) which control the ovulatory cycle. The
      present invention is concerned with a decapeptide which is a structural
      Modification of LRH and which inhibits release of LH from the pituitary.
PAR  In accordance with this invention, there is provided the decapeptide of the
      formula
EQU  pGlu-- D--Met--Trp--Ser--Tyr--D--Ala--Leu--Arg--Pro--Gly--NH.sub.2 (I)
PAL  or a non-toxic salt thereof. Said decapeptide differs from LRH in that
      D-methionine is substituted for histidine in the two position, and
      D-alanine is substituted for glycine in the six position. In peptide
      shorthand, the decapeptide may be represented as D--Met.sup.2
      --D--Ala.sup.6 --LRH. All chiral amino acid residues identified in Formula
      (I) supra, and the other formulas set forth herein, are of the natural or
      L-configuration unless specified otherwise.
PAR  The decapeptide of Formula (I) inhibits the release of LH from the
      pituitary as demonstrated by standard in vitro and in vivo tests in
      laboratory animals. Thus, the decapeptide of the invention is useful for
      treating diseases or undesirable conditions characterized by excessive LH
      secretion, such as precocious puberty or the menopausal syndrome. Although
      certain other structural modifications of LRH, such as D--Phe.sup.2
      --D--Ala.sup.6 --LRH, exhibit antiovulatory activity [See U.S. Pat. No.
      3,855,199], the antiovulatory activity of the decapeptide of Formula (I)
      has not been demonstrated.
PAR  Also contemplated within the scope of the present invention are
      intermediates of the formula
EQU  R.sup.4 --p--Glu--D--Met--Trp--Ser(R.sup.3)--
      Tyr(R.sup.2)--D--Ala--Leu--Arg(N.sup.G --R.sup.1)--Pro--Gly--R (II)
PAL  wherein:
PA1  R is selected from the class consisting of NH.sub.2, OH, O-(lower)alkyl, in
      which (lower)alkyl is C.sub.1 through C.sub.6 (e.g. methyl, ethyl, pentyl,
      hexyl, etc.) and O-benzyl;
PA1  N.sup.g means the side chain nitrogen atoms of arginine;
PA1  R.sup.1 is a protecting group for the N.sup..delta., N.sup..omega. and
      N.sup..omega..sup.' nitrogen atoms of arginine selected from the class
      consisting of nitro, tosyl, benzyloxycarbonyl, adamantyloxycarbonyl and
      tert-butyloxycarbonyl; or R.sup.1 is hydrogen which means there are no
      protecting groups on the side chain nitrogen atoms of arginine. Where the
      protecting group is nitro or tosyl, the protection is on either one of the
      N.sup..omega., N.sup..omega..sup.' nitrogens and in the case of
      benzyloxycarbonyl, or adamantyloxycarbonyl, the protection is on the
      N.sup..delta. nitrogen and either one of the N.sup..omega.,
      N.sup..omega..sup.' nitrogen atoms. The preferred protecting group defined
      by R.sup.1 is tosyl;
PA1  R.sup.2 is a protecting group for the phenolic hydroxyl group of tyrosine
      selected from the class consisting of tetrahydropyranyl, tert-butyl,
      trityl, benzyl, 2,6-dichlorobenzyl, benzyloxycarbonyl and
      4-bromobenzyloxycarbonyl. The preferred protecting group is benzyl; or
      R.sup.2 is hydrogen which means there is no protecting group on the
      phenolic hydroxy function;
PA1  R.sup.3 is a protecting group for the alcoholic hydroxyl group of serine
      and is selected from the class consisting of acetyl, benzoyl,
      tetrahydropyranyl, tert-butyl, trityl, benzyl, 2,6-dichlorobenzyl,
      benzyloxycarbonyl or R.sup.3 is hydrogen which means there is no
      protecting group on the alcoholic oxygen atom.
PAL  Preferably R.sup.3 is benzyl;
PA1  R.sup.4 is preferably hydrogen or an .alpha.-amino protecting group. The
      .alpha.-amino protecting groups contemplated by R.sup.4 are those known to
      be useful in the art in the step-wise synthesis of polypeptides. Among the
      classes of .alpha.-amino protecting groups covered by R.sup.4 are (1) acyl
      type protecting groups illustrated by the following: formyl,
      trifluoroacetyl, toluenesulfonyl (tosyl), benzensulfonyl,
      nitrophenylsulfenyl, tritylsulfenyl, o-nitro-phenoxyacetyl, chloroacetyl,
      acetyl, .gamma.-chlorobutyryl, etc..; (2) aromatic urethan type protecting
      groups illustrated by benzyloxycarbonyl and substituted benzyloxycarbonyl
      such as p-chlorobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl,
      p-bromobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl; (3) aliphatic
      urethan protecting groups illustrated by tert-butyloxycarbonyl,
      diisopropylmethoxycarbonyl, isopropyloxycarbonyl, ethoxycarbonyl,
      allyloxycarbonyl; (4) cycloalkyl urethan type protecting groups
      illustrated by cyclopentyloxycarbonyl, adamantyloxycarbonyl,
      cyclohexyloxycarbonyl; (5) thio urethan type protecting groups such as
      phenylthiocarbonyl; (6) alkyl type protecting groups as illustrated by
      triphenylmethyl (trityl), benzyl; (7) trialkylsilane groups such as
      trimethylsilane. The preferred .alpha.-amino protecting groups defined by
      R.sup.4 are selected from the class consisting of tert-butyloxycarbonyl,
      benzyloxycarbonyl and substituted benzyloxycarbonyl.
PAR  In Formula (II) at least one of R.sup.1, R.sup.2, or R.sup.3 is a
      protecting group.
PAR  A further aspect of the present invention relates to intermediates linked
      to a solid resin support. These intermediates are represented by the
      formula:
EQU  R.sup.4 --p--Glu--D--Met--Trp--Ser(R.sup.3)--
EQU  tyr(R.sup.2)--D--Ala--Leu--Arg(N.sup.G --R.sup.1)--Pro--Gly--A
PAL  wherein:
PA1  R.sup.1, r.sup.2, r.sup.3, and R.sup.4 have the same meaning as in Formula
      II;
PA1  A is an anchoring bond used in solid phase synthesis linked to a solid
      resin support. A is selected from the class consisting of:
      ##EQU1##
      The symbol .phi. means "phenyl." The polystyrene resin support is
      preferably a copolymer of styrene with about 1 to 2% divinyl benzene as a
      cross linking agent which causes the polystyrene polymer to be completely
      insoluble in most organic solvents. The polystyrene polymer is composed of
      long alkyl chains bearing a phenyl ring on every second carbon and the
      terminal amino acid residue (Gly) is joined through a covalent carbon to
      nitrogen or oxygen bond to these phenyl rings. The alkyl chains are cross
      linked at approximately every fiftieth carbon by p-substituted phenyl
      residues derived from divinyl benzene.
PAR  In selecting a particular side chain protecting group to be used in the
      synthesis of the peptides of Formula (I), the following rules should be
      followed: (a) the protecting group must be stable to the reagent and under
      the reaction conditions selected for removing the .alpha.-amino protecting
      group at each step of the synthesis, (b) the protecting group must retain
      its protecting properties (i.e. not be split off under coupling
      conditions), and (c) the side chain protecting group must be removable
      upon the completion of the synthesis containing the desired amino acid
      sequence under reaction conditions that will not alter the peptide chain.
PAR  Illustrative of pharmaceutically acceptable non-toxic salts of Formula I
      are hydrochloride, hydrobromide, sulfate, phosphate, maleate, acetate,
      citrate, benzoate, succinate, malate, ascorbate, and the like.
PAR  The peptides of Formula (I) through (III) are prepared using solid phase
      synthesis. The synthesis is commenced from the C-terminal end of the
      peptide using an .alpha.-amino protected resin. Such a starting material
      can be prepared by attaching an .alpha.-amino protecting glycine to a
      benzhydrylamine resin, a chloromethylated resin or a hydroxymethyl resin,
      the former being preferred. The preparation of a benzhydrylamine resin is
      described by P. Rivaille et al., Helv. 54, 2772 (1971) and the preparation
      of the hydroxymethyl resin is described by Bodanszky et al., Chem. Ind.
      (London) 38, 1597-98 (1966). A chloromethylated resin is commercially
      available from Bio Rad Laboratories Richmond, California and the
      preparation of such a resin is described by Stewart et al., "Solid Phase
      Peptide Synthesis" (Freeman & Co.
PAL  San Francisco 1969), Chapter 1, pp. 1-6. In using the benzhydrylamine resin
      an amide anchoring bond is formed with the .alpha.-amino protected glycine
      as follows:
      ##EQU2##
      This permits the C-terminal amide function to be obtained directly after
      the amino acid sequence in the synthesis is complete by cleaving off the
      resin support to form the glycine amide at the C-terminal portion of the
      desired peptide of Formula (I). When the other resins are used, the
      anchoring bond is the benzylester group as defined supra in Formula
      (IIIb), which after cleavage of the peptide from the resin support must be
      converted to the C-terminal amide. The preferred procedure is to
      ammonolyse the protected peptide off the resin and then remove the
      protecting group by hydrogenolysis or by hydrogen fluoride cleavage. An
      alternate procedure would be to cleave by transesterification with
      methanol/Et).sub.3 N and then convert the resulting ester into an amide
      and subsequently deprotect as described above. See J. M. Stewart "Solid
      Phase Peptide Synthesis", pp. 42-46 (W. H. Freeman & Co. 1968).
PAR  The .alpha.-amino protected glycine is coupled to the benzhydrylamine resin
      with the aid of a carboxyl group activating compound such as
      dicyclohexylcarbodiimide. Following the coupling of the .alpha.-amino
      protected glycine to the resin support, the .alpha.-amino protecting group
      is removed such as by using trifluoroacetic acid in methylene chloride,
      trifluoroacetic acid alone or HCl in dioxane. The deprotection is carried
      out at temperature between about 0.degree.C and room temperature. Other
      standard cleaving reagents and conditions for removal of specific
      .alpha.-amino protecting groups may be used as described in Schroder &
      Lubke, "The Peptides," 1, 72-75 (Academic Press 1965). After removal of
      the .alpha.-amino protecting group the remaining .alpha.-amino protected
      amino acids are coupled step-wise in the desired order to obtain a
      compound of Formula (I). However, as an alternate to adding each amino
      acid separately to the reaction, some of them may be coupled prior to
      addition to the solid phase reactor. If the C-terminal end of the peptide
      unit is represented by glycine or proline and the coupling is carried out
      with DCC, a mininum of racemization is encountered with proline and no
      problems are encountered with glycine which has no asymmetric centre. Each
      protected amino acid or amino acid sequence, is introduced into the solid
      phase reactor in about a four-fold excess and the coupling is carried out
      in a medium of dimethylformamide: methylene chloride (1:1) or in
      dimethylformamide or methylene chloride alone. In cases where incomplete
      coupling occurred the coupling procedure is repeated before removal of the
      .alpha.-amino protecting group, prior to the coupling of the next amino
      acid to the solid phase reactor. The success of the coupling reaction at
      each stage of the synthesis is monitored by the ninhydrin reaction as
      described by E. Kaiser et al., Analyt. Biochem, 34, 595 (1970)
PAR  After the desired amino acid sequence has been synthesized, the peptide is
      removed from the resin support by only with a reagent such as hydrogen
      fluoride which not onnly cleaves the peptide from the resin but also
      cleaves all remaining side chain protecting groups and the .alpha.-amino
      protecting group (if present) on pyroglutamic acid to obtain directly a
      compound of Formula I in the case where the benzhydrylamine resin was
      used. Where a chloromethylated resin is used the peptide may be separated
      from the resin by methanolysis after which the recovered product is
      chromatographed on silica gel and the collected fraction subject to
      ammonolysis to convert the methyl ester to the C-terminal amide. Any side
      chain protecting group may then be cleaved as previously described or by
      other procedures such as catalytic reduction (e.g. Pd on C) using
      conditions which will keep the Trp moiety intact. When using hydrogen
      fluoride for cleaving, anisole is included in the reaction vessel to
      prevent the oxidation of labile amino acid (e.g. tryptophan).
PAR  The solid phase synthesis procedure discussed supra is well known in the
      art and has been essentially described by M. Monahan et al., C. R. Acad.
      Sci. Paris, 273, 508 (1971).
PAR  The nomenclature used for peptide is described by Schroder & Lubke, supra,
      pp viii-xxix and in Biochemistry, 11, 1726-1732 (1972).
PAR  The following examples are illustrative of the preparation of the compounds
      of Formulas I through III.
DETD
PAC  Example I
PAC  N-Benzyloxycarbonyl-L-pyroglutamyl-p-methionyl-L-tryptophyl-O-benzyl-L-sery
     l-O-2,6-dichlorobenzyl-L-tyrosyl-D-alanyl-L-leucyl-N.sup.g
      -tosyl-L-arginyl-L-prolyl-glycyl resin
PAR  Benzhydrylamine hydrochloride resin (20 g.; theor. available amine 0.4
      mmoles per gram) is placed in a Merrifield solid phase flask and is
      treated with the following wash cycle.
PA1  a. trifluoroacetic acid-methylene chloride (1:1) containing 5% 1,2-ethane
      dithiol (30 minutes)
PA1  b. methylene chloride (3 times)
PA1  c. dimethylformamide
PA1  d. 10% triethylamine in dimethylformamide (v/v) (twice for 5 minutes each
      time)
PA1  e. dimethylformamide
PA1  f. methylenechloride (3 times)
PAR  Unless indicated otherwise, each wash is allowed a contact time of at least
      one and one-half minutes. After the wash cycle is completed, the resin is
      tested for reactive amino groups by the ninhydrin test according to the
      procedure of Kaiser, supra, and is shown to give a positive reaction.
PAR  In order to attach the first amino acid residue, the resin so prepared is
      treated with tert-butyloxycarbonyl glycine (25 mmoles) in methylene
      chloride and then, in two portions, with N,N-di-isopropylcarbodiimide (30
      mmoles) in methylene chloride over a period of 30 minutes. The mixture is
      shaken for at least 4 hours and finally filtered. The peptide-resin is
      then washed successively with methylene chloride (three times),
      dimethylformamide, and methylene chloride (three times). To test for
      completion of reaction, the peptide resin is subjected to a ninhydrin test
      and is shown to give a negative reaction.
PAR  The deprotection of the attached amino acid is carried out by treating the
      peptide-resin with trifluoroacetic acid - methylene chloride (1:1)
      containing 5% 1,2-ethane dithiol (first for 10 minutes then for 20
      minutes) and then performing the wash cycle as described above [steps (b)
      through (f)]. Again, a sample of the peptide-resin is subjected to the
      ninhydrin test and is shown to be strongly positive, indicating
      deprotection of the glycine molecule attached to the resin.
PAR  The following amino acid residues are then introduced consecutively:
      BOC-L-proline, BOC-N.sup.g -tosyl-L-arginine, and BOC-L-leucine. Each
      coupling step and deprotection step is performed as described above for
      the preparation of the glycine-resin. Part of the tetrapeptide so produced
      (3 g.) is treated consecutively as described above with 6 m moles of the
      following amino acids: BOC-D-alanine, BOC-O-2,6-dichlorobenzyl-L-tyrosine,
      BOC-O-benzyl-L-serine, BOC-L-tryptophan, BOC-D-methionine, and finally
      N.sup..alpha.-benzyloxycarbonyl-L-pyroglutamic acid. Yield of title
      product: 3.7 g. The abbreviation BOC means the tertbutyloxycarbonyl group.
PAC  Example II
PAC  L-Pyroglutamyl-D-methionyl-L-tryptophyl-L-seryl-L-tyrosyl-D-alanyl-L-leucyl
     -L-arginyl-L-prolyl-glycine
PAR  The peptide-resin prepared according to Example I (3.5 g) is mixed with 5
      ml anisole and treated under vacuo and at 20.degree.C with 100 ml liquid
      hydrofluoric acid for 45 minutes. The excess hydrofluoric acid is removed
      under vacuo as fast as pssible (45-60 minutes) and the residue is treated
      with 10% aq.-acetic acid (ca. 150 ml) then filtered and the filtrate
      extracted with ether. The aqueous phase is separated and lyophilized to
      afford 900 mg of crude product.
PAR  The above crude product is taken in a small volume of the upper phase of a
      biphasic mixture of n-butanol -- 0.1 M ammonium acetate (1:1, v/v) and
      applied onto a column (2.5 .times. 90 cm) of Sephadex G-25 which is
      equilibrated first with the lower phase then with the upper phase of the
      above mixture. The column is eluted with the upper phase and fractions of
      4.8 ml each are collected with the help of an automatic fraction
      collector. The emergence of the product is followed by the Folin-Lowry
      method and the fraction tubes 25-41 are pooled and lyophilized to give 386
      mg of the title decapaptide as the acetate. Rf (n-butanol-water-gl. acetic
      acid, 4:5:1, v/v/v) 0.70 and Rf (iso-amyl alcohol-water-pyridine, 7:6:7,
      v/v/v) 0.79. Ser 0.91, Glu 1.01, Pro 1, Gly 1, Ala 0.97, Met 0.96, Leu
      1.03, Tyr 0.84, NH.sub.3 1.28, Arg 1.01, Trp. N.D.
PAC  Example III
PAR  A. The inhibition of LRH-induced release of LH from the pituitary is
      demonstrated in vitro in rat pituitary tissue cultures by the method of
      Vale et al., Endrocinology, 91, 562 (1972) as modified by Grant et al., B.
      B. R. C., 51, 100 (1973). LH concentration is determined by
      double-antibody radioimmunoassay. The results of the in vitro testing are
      set forth below:
TBL              Concentration, ng/ml                                          
     LRH         D--Met.sup.2 --D--Ala.sup.6 --LRH                             
                                   LH                                          
     ______________________________________                                    
     --          --                92.+-.8                                     
     5           --               282.+-.11                                    
     5           1000              92.+-.2                                     
     5            100             143.+-.2                                     
     5            10              308.+-.2                                     
     ______________________________________                                    
PAR  B. The inhibition of LRH-induced release of LH is demonstrated in vivo in
      rats as follows:
PA1  Male Sprague-Dawley rats are divided into two groups of at least 5 animals
      in each group. One group receives the test compound. The other is the
      control group (no test compound). At zero time, the test group receives a
      100-ng dose (subcutaneous) of D--Met.sup.2 --D--Ala.sup.6 --LRH in 0.2 ml.
      of physiological saline, while the control group receives a 0.2 ml. dose
      of physiological saline alone. At 20 minutes, blood samples are removed by
      cardiac puncture, and LH concentration is determined by double-antibody
      radioimmunoassay. At 45 minutes, the zero-time dose is repeated for each
      group of animals. At 50 minutes, the animals in each group are given a
      200-ng dose (subcutaneous) of LRH in 0.2 ml. of physiological saline. A
      second blood sample is removed by cardiac puncture at 70 minutes and LH
      concentration is determined. The results of the assays for LH plasma
      concentration are given below:
TBL            LH Plasma Conc. (ng/ml)                                         
     Time        Control     D--Met.sup.2 --D--Ala.sup.6 --LRH                 
     ______________________________________                                    
     20*         5.+-.07     10.+-.4                                           
     70**        129.+-.20   25.+-.5                                           
     ______________________________________                                    
       *before LRH administration                                              
      **after LRH administration?                                              
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group consisting of
EQU  L--P--Glu--D--Met--L--Trp--L--Ser--L--Tyr--D--Ala--L--Leu--L--Arg--L--Pro--
     Gly--NH.sub.2
PAL  and
EQU  R.sup.4 --L--p--Glu--D--Met--L--Trp--L--Ser(R.sup.3)-- L--Tyr--(R.sup.2)--
      D--Ala--L--Leu--L--Arg(N.sup.G --R.sup.1)--L--Pro--Gly--R
PAL  or a non-toxic salt thereof; wherein
PA1  R is selected from the class consisting of NH.sub.2, OH, O-(lower)alkyl and
      O-benzyl; R.sup.1 is selected from the class consisting of hydrogen and a
      protecting group for the N.sup..delta.,N.sup..omega., and
      N.sup..omega..sup.' nitrogen atoms of arginine selected from nitro, tosyl,
      benzyloxycarbonyl and adamantyloxycarbonyl;
PA1  R.sup.2 is selected from the class consisting of hydrogen and a protecting
      group for the phenolic hydroxyl group of tyrosine selected from
      tert-butyl, tetrahydropyranyl, trityl, benzyl, 2,6-dichlorobenzyl,
      benzyloxycarbonyl and 4-bromobenzyloxycarbonyl;
PA1  R.sup.3 is selected from the class consisting of hydrogen and a protecting
      group for the alcoholic hydroxyl group of serine and is selected from
      acetyl, benzoyl, tetrahydropyranyl, tertbutyl, trityl, 2,6-dichlorobenzyl,
      benzyl and benzyloxycarbonyl;
PA1  R.sup.4 is selected from the class consisting of hydrogen and an
      .alpha.-amino protecting group; with the proviso that at least one of
      R.sup.1, R.sup.2, and R.sup.3 is a protecting group.
NUM  2.
PAR  2. A compound according to claim 1 wherein R is NH.sub.2.
NUM  3.
PAR  3. A compound according to claim 1 wherein R is NH.sub.2, R.sup.1 is tosyl,
      R.sup.2 is 2,6-dichlorobenzyl, R.sup.3 is benzyl and R.sup.4 is
      benzyloxycarbonyl.
NUM  4.
PAR  4. A compound according to claim 1 which is selected from
      L-pGlu-D-Met-L-Trp-L-Ser-L-Tyr-D-Ala-L-Leu-L-Arg-L-Pro-Gly-NH.sub.2 and a
      non-toxic acid addition salt thereof.
NUM  5.
PAR  5. A compound of the formula:
EQU  R.sup.4 --L--p--Glu--D--Met--L--Trp--L--Ser(R.sup.3)--L--Tyr(R.sup.2)--
      D--Ala--L--Leu--L--Arg--(N.sup.G --R.sup.1)--L--Pro--Gly--A
PAL  wherein:
PA1  R.sup.1 is selected from the class consisting of hydrogen and a protecting
      group for the N.sup..delta., N.sup..omega. and N.sup..omega..sup.'
      nitrogen atoms of arginine selected from nitro, tosyl, benzyloxycarbonyl
      and adamantyloxycarbonyl;
PA1  R.sup.2 is selected from the class consisting of hydrogen and a protecting
      group for the phenolic hydroxyl group of tyrosine selected from
      tert-butyl, tetrahydropyranyl, trityl, benzyl, 2,6-dichlorobenzyl,
      benzyloxycarbonyl and 4-bromobenzyloxycarbonyl;
PA1  R.sup.3 is selected from the class consisting of hydrogen and a protecting
      group for the alcoholic hydroxyl group of serine and is selected from
      acetyl, benzoyl, tetrahydropyranyl, tert-butyl, trityl,
      2,6-dichlorobenzyl, benzyl and benzyloxycarbonyl;
PA1  R.sup.4 is slected from the class consisting of hydrogen and an
      .alpha.-amino protecting group; and A is selected from the class
      consisting of
      ##EQU3##
      wherein said polystyrene resin is cross linked through the phenyl group on
      each second carbon atom of the alkyl chain of said polystyrene.
NUM  6.
PAR  6. A compound according to claim 5 wherein R.sup.4 is an .alpha.-amino
      protecting group which is selected from the class consisting of
      benzyloxycarbonyl, tert-butyloxycarbonyl, cyclopentyloxycarbonyl,
      tert-amyloxycarbonyl and isobornyloxycarbonyl.
NUM  7.
PAR  7. A compound according to claim 5 wherein A is a benzhydrylamine resin and
      R.sup.4 is benzyloxycarbonyl.
NUM  8.
PAR  8. A compound according to claim 7 wherein R.sup.1 is tosyl, R.sup.2 is
      2,6-dichlorobenzyl and R.sup.3 is benzyl.
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ABST
PAL  Hexane and mixtures of hexane containing 2 to 25% acetic acid (v/v) were
      used to prepare oil and protein from glanded cottonseed by solvent
      extraction. As the amount of acetic acid in the solvent increased, the
      amounts of total lipid, phospholipid, neutral oil, and gossypol in each
      miscella increased, but the amount of free fatty acids did not change
      significantly. The solubility of the protein in 0.02N NaOH did not
      decrease until the amount of acetic acid in the solvent used to prepare
      each meal increased to a point between 4 and 10 percent. The drainage of
      the miscella (solvent-lipid solution) through the marc (insoluble residue)
      was much more rapid when the solvent was hexane-acetic acid than when it
      was hexane alone.
BSUM
PAR  This invention relates to a process for preparing protein and oil from
      oilseeds. Specifically, this invention relates to the use of acidified
      hexane for preparing protein and oil from oilseeds. More specifically,
      this invention relates to the use of hexane-acetic acid for preparing
      protein and oil from cottonseed. This invention can be used to separate
      lipids from non-lipids.
PAR  The primary object of this invention is to provide a process for preparing
      protein and oil from oilseeds in a more efficient manner than currently
      employed.
PAR  A second object of this invention is to provide a method for extracting
      more lipids from any tissue in a more efficient manner than currently
      employed.
PAR  Another object of this invention is to provide a method for separating
      oilseed miscella from marc more rapidly than by methods previously
      employed.
PAR  Hexane is the solvent used commercially to extract oil from cottonseed.
      However, mixtures of solvents greatly differing in polarity have been used
      for several years to more completely extract tissue lipids. In the Journal
      of Biological Chemistry 17, 377-384 (1914), W. R. Bloor introduced a
      mixture of alcohol and ether that combined "the penetrating power of
      alcohol with the greater solvent power of ether". This medium was widely
      used in laboratories until J. Folch, et al. introduced chloroform-methanol
      in the Journal of Biological Chemistry 191, 833-841 (1951). Although
      industrial use of mixed solvents has been minimal, extraction of
      cottonseed with such mixed solvents as hexaneacetone-water and
      chloroform-methanol have been explored. In the Journal of the American Oil
      Chemists' Society 38, 19-21 (1961), W. H. King, et al. reported the use of
      a hexane-acetone-water azeotrope for the extraction of cottonseed. Jacks,
      et al. reported in the Journal of the American Oil Chemists' Society 47,
      222-223 (1970), that the solvent mixtures, hexane-acetone-water and
      chloroform-methanol, each extracted more neutral lipid from cottonseed
      than hexane alone. However, the oil extracted with the mixed solvents
      contained more nonneutral lipid contaminants than the oil extracted with
      hexane alone. Jacks, et al. showed in the Journal of the American Oil
      Chemists' Society 50, 72-73 (1973), that the hexane-acetone-water solvent
      mixture disrupts pigment glands and produces a miscella containing amounts
      of pigment prohibitive to commercial applications.
PAR  We have now discovered a mixed solvent system that extracts more lipid from
      cottonseed than hexane alone without disrupting pigment glands or
      extracting amounts of pigment prohibitive to commercial applications. By
      the method of the instant invention a new mixed solvent consisting of
      industrial hexane (Skellysolve B) containing an acid is used to separate
      lipids from non-lipids. This mixed solvent may be used to extract
      preferred lipids from cottonseed (glanded or glandless varieties), other
      oilseeds, or other biological tissues.
PAR  Hydrophilic cytoplasmic components tend to present barriers to movement of
      lipophilic liquids through oilseed tissues. Of these components,
      membranous elements of the cytoplasm are labile in acidic aqueous
      solvents. Therefore, acidification of oil solvents, in this case
      industrial hexane, improved extraction of lipids during processing of
      oilseeds by increasing the permeability of membranes to solvents and
      lipidsolvent mixtures. Results of extracting comminuted cottonseed meats
      with mixtures of hexane-acetic acid showed that these mixtures extracted
      from 3 to over 4% more neutral oil than did hexane alone. Greater amounts
      of other lipodial constituents were also obtained, but depending on time
      of contact and concentration of acetic acid, relatively few pigment glands
      were disrupted by the solvent-acid mixtures (FIGS. 1 and 2). Those
      features indicated that acidified hexane should be especially suitable for
      the liquid cyclone process where glands are separated from other parts of
      tissue during extraction of oil.
PAR  Our results indicated that 10% acetic cid in hexane would be the desired
      upper limit of acidification for commercially extracting oil from glanded
      cottonseeds. At concentrations of 10% acetic acid and above both oil and
      marc were colored. Also some hexane-acetic acid mixtures of concentrations
      below 10% are azeotropic [Horsley, L.H., "Azeotropic Data," Advances in
      Chemistry Series, No. 6, American Chemical Society, Washington, D.C.
      (1952)]. However, the higher levels of acidification might be useful in
      extraction of lipids from glandless cottonseed, other oilseeds, or other
      tissues.
PAR  Since glanded meats were used in this study, the property of acidified
      hexane to rupture pigment glands was examined. Isolated glands were
      treated with hexane-acetone-water, which readily disrupts pigment glands,
      and with mixtures of hexane and acetic acid. Absorbancies at 360 nm of
      miscellae during one hour of contact (FIG. 1) indicated that glands were
      slowly ruptured in hexane containing 5% or more acetic acid. However, even
      after one hour of contact, less than half of the glands were disrupted by
      hexane containing 25% acetic acid. In addition, the effect of acidified
      hexane on glands in the dry-milled meats was examined. Absorbancies of
      miscellae obtained from extractions of these meats, shown in FIG. 2,
      indicated that amounts of pigment in miscellae also increased as
      concentrations of acetic acid in hexane increased.
PAR  Abilities of mixtures of hexane and acetic acid to extract lipoidal
      materials from glanded cottonseed were compared to that of hexane. Two
      grams of dry-milled meats were extracted three times with 6 ml of fresh
      solvent, and the miscellae were combined. Amounts of miscellar components
      extracted by each solvent are presented in Table I. The results show that
      as the amount of acetic acid in the hexane increased, the amounts of total
      lipid, phospholipid(phosphorus), gossypol and neutral oil in each miscella
      increased. The amount of free fatty acids did not change significantly.
PAR  Effects of acidified hexane on proteins of cottonseed were examined by
      determining acidities of extracted meals and solubilities of proteins in
      0.02N NaOH. Results presented in Table II indicated that acetic acid was
      apparently bound in the meals even after the meals had been dried in
      vacuo. Therefore, to comparatively determine solubilities of proteins of
      each meal in alkali, the pH of each meal had to be adjusted to an
      arbitrarily chosen standard value, in this case pH 7.0. Table II shows the
      milliequivalents of base required for this neutralization of each
      suspension of 1 g of meal. Protein solubility of each neutralized meal in
      0.02N NaOH is also shown in Table II. Apparently, contact of cottonseed
      tissue with hexane containing at least 10% acetic acid rendered some of
      the protein insoluble in alkali.
PAR  Since the presence of acetic acid in hexane makes the solvent corrosive,
      effects of acidic hexane on equipment materials were investigated. After
      being in continuous contact with hexane containing 2% acetic acid for 28
      days, stainless steel, Teflon and polyethylene were not affected except
      for slight swelling of the plastics. However, soft steel copper, and
      galvanized metal developed coatings. These observations indicate that use
      of acidic hexane would not be a problem in cottonseed processing if the
      proper materials were used for the processing equipment.
PAR  Another result of using hexane-acetic acid mixtures was that drainage of
      the miscella through the marc was much more rapid when the solvent was
      acidic hexane than when it was hexane alone. Since separation of miscella
      and marc is often a limiting factor in many commercial processes, use of
      acidic hexane might greatly increase the volume of material processed.
PAR  Extracting media were industrial hexane (Skellysolve B) and industrial
      hexane containing from 2 to 25% (v/v) glacial acetic acid. The latter
      mixture was homogeneous and monophasic.
PAR  Dehulled glanded cottonseed meats were dry-milled in a sieveless Alpine
      American Counterplex (impact stud mill) with counter-rotating discs having
      speeds of 9500 and 2500 rpm. The resultant particles were stored over
      phosphorus pentoxide (P.sub.2 O.sub.5) in vacuo. Samples of the dried
      particles were stirred continuously with extracting media in fritted glass
      Buchner funnels of medium porosity (6 ml solvent per 2 g meats; 5 min
      contact), and resultant miscellae were collected by filtration with
      reduced pressure for 2 min. Each marc was re-extracted twice with fresh
      solvent, and the three miscellae obtained from each sample were combined.
      Weights of the extracted lipids were determined after solvents were
      removed in vacuo.
PAC  EVALUATIONS:
PAR  Amounts of neutral oil in the miscellae were determined by a modification
      of methods described previously: W. S. Singleton, et al., Journal of the
      American Oil Chemists' Society, 43, 592 (1963), and T. J. Jacks, et al.,
      Journal of the American Oil Chemists' Society, 47, 222 (1970). In
      addition, the oil was dissolved in acetone and filtered to remove a
      slightly yellow hue and a small amount of finely suspended matter that was
      soluble in hexane but not in the oil or acetone. This particulate matter
      was especially evidenced in miscellae produced with hexane containing high
      concentrations of acetic acid.
PAR  Contents of free fatty acids in miscellae were determined by titration
      according to the A.O.C.S. Official Method Ca 5a-40 (1964 rev.) except that
      the indicator Nile Blue was substituted for phenolphthalein to overcome
      the difficulty of observing red color changes in a reddish milieu.
PAR  Phosphorus in the extracted lipids was determined by the Fiske-Subbarow
      colormetric method [Fiske, C. H. and Y. Subbarow, Journal of Biological
      Chemistry 66, 375 (1925)], after digestion of materials as described by T.
      J. Jacks, et al., in the Journal of the American Oil Chemists' Society 47,
      222-223 (1970).
PAR  Contents of gossypol in miscellae were estimated from absorbancies at 350
      nm, due to gossypol pigments [C. H. Boatner, Cottonseed and Cottonseed
      Products, Edited by A. C. Bailey, Interscience Publishing, Inc., N.Y.,
      1948, p. 258] determined spectrophotometrically as described by L. Y.
      Yatsu, et al., in the Journal of the American Oil Chemists' Society, 47,
      73 (1970).
PAR  Solubility of protein in oil-free meals was determined as follows: After
      being dried in vacuo, 1 g of meal was suspended by sonication for 15 sec
      in 30 ml of H.sub.2 O containing 4 drops of Dow Corning Antifoam B
      (antifoaming agent). The mixture was adjusted to pH 7.0 with 1.0 N NaOH,
      0.8 ml of 1.0N NaOH was then added, and the suspension was diluted to 40
      ml with H.sub.2 O. The mixture was sonicated for 15 sec, continuously
      mixed by shaking for 1 hr, and then centrifuged at 18,000 .times. g for 10
      min. Nitrogen content of the supernatant was determined by the procedure
      of Minari and Zilversmit [Minari, O. and D. E. Zilversmit, Analytical
      Biochemistry 6, 320 (1963)].
PAR  Abilities of solvents to rupture pigment glands were estimated from amounts
      of pigments in miscellae obtained from isolated glands. Dried glands,
      prepared as described by T. J. Jacks, et al., in the Journal of the
      American Oil Chemists' Society 50, 72(1973), were mixed with solvents (50
      ml solvent per 2 mg glands) and occasionally shaken. Absorbancies of
      miscellae at 360 nm were determined during one hr of contact. Hexane in
      the solvents was spectrograde quality. The content of acetic acid in the
      solvents had no effect on the absorbance of purified gossypol at 360 nm.
PAR  The following examples are provided to illustrate the preferred embodiments
      of this invention and should not be construed as limiting the invention in
      any manner whatever.
DETD
PAC  EXAMPLE 1
PAR  Dehulled glanded cottonseed meats were dry-milled in a sieveless Alpine
      American Counterplex (impact stud mill) with disc speeds at 9500 and 2500
      rpm. The resultant particles were stored over P.sub.2 O.sub.5 in vacuo.
      Two grams of the dried particles were stirred continuously with 6 ml of
      industrial hexane (Skellysolve B) for 5 minutes in a fritted glass Buchner
      funnel of medium porosity. The resultant miscella was collected by
      filtration with reduced pressure for 2 min. The marc (extracted residue)
      was re-extracted twice with fresh solvent and the three miscellae were
      combined. It was noted that the filtration of these miscellae through the
      marc was much slower than the filtration of the miscellae containing
      hexane and acetic acid. The solvent was removed in vacuo and the amounts
      of total lipid, phosphorus, gossypol, free fatty acids, and neutral oil in
      the miscella were determined. These amounts are shown in Table I. The
      solubility of the protein in the marc was determined and is shown in Table
      II.
PAC  EXAMPLE 2
PAR  Dehulled glanded cottonseed meats were dry-milled in a sieveless Alpine
      American Counterplex (impact stud mill) with disc speeds at 9500 and 2500
      rpm. The resultant particles were stored over P.sub.2 O.sub.5 in vacuo.
      Two grams of the dried particles were stirred continuously with 6 ml of
      industrial hexane (Skellysolve B) containing 2% (v/v) acetic acid for 5
      minutes in a fritted glass Buchner funnel of medium porosity. The
      resultant miscellae was collected by filtration with reduced pressure for
      2 min. The marc was re-extracted twice with fresh solvent and the three
      miscellae were combined. The solvent was removed in vacuo, and the amounts
      of total lipid, phosphorus, gossypol, free fatty acids, and neutral oil in
      the miscella were determined. These amounts are shown in Table I. The
      solubility of the protein in the extracted meats was determined and is
      shown in Table II.
PAC  EXAMPLE 3
PAR  Dehulled glanded cottonseed meats were dry-milled in a sieveless Alpine
      American Counterplex (impact stud mill) with disc speeds at 9500 and 2500
      rpm. The resultant particles were stored over P.sub.2 O.sub.5 in vacuo.
      Two grams of the dried particles were stirred continuously with 6 ml of
      industrial hexane (Skellysolve B) containing 4% (v/v) acetic acid for 5
      minutes in a fritted glass Buchner funnel of medium porosity. The
      resultant miscella was collected by filtration with reduced pressure for 2
      min. The marc was re-extracted twice with fresh solvent, and the three
      miscellae were combined. The solvent was removed in vacuo and the amounts
      of total lipid, phosphorous, gossypol, free fatty acids, and neutral oil
      in the miscella were determined. These amounts are shown in Table I. The
      solubility of the protein in the extracted meats was determined and is
      shown in Table II.
PAC  EXAMPLE 4
PAR  Dehulled glanded cottonseed meats were dry-milled in a sieveless Alpine
      American Counterplex (impact stud mill) with disc speeds at 9500 and 2500
      rpm. The resultant particles were stored over P.sub.2 O.sub.5 in vacuo.
      Two grams of the dried particles were stirred continuously with 6 ml of
      industrial hexane (Skellysolve B) containing 10% (v/v) acetic acid for 5
      minutes in a fritted glass Buchner funnel of medium porosity. The
      resultant miscella was collected by filtration with reduced pressure for 2
      min. The marc was re-extracted twice with fresh solvent and the three
      miscellae were combined. The solvent was removed in vacuo, and the amounts
      of total lipid, phosphorous, gossypol, free fatty acids, and neutral oil
      in the miscella were determined. These amounts are shown in Table I. The
      solubility of the protein in the extracted meats was determined and is
      shown in Table II.
PAC  EXAMPLE 5
PAR  Dehulled glanded cottonseed meats were dry-milled in a sieveless Alpine
      American Counterplex (impact stud mill) with disc speeds at 9500 and 2500
      rpm. The resultant particles were stored over P.sub.2 O.sub.5 in vacuo.
      Two grams of the dried particles were stirred continuously with 6 ml of
      industrial hexane (Skellysolve B) containing 25% (v/v) acetic acid for 5
      minutes in a fritted glass Buchner funnel of medium porosity. The
      resultant miscella was collected by filtration with reduced pressure for 2
      min. The marc was re-extracted twice with fresh solvent and the three
      miscellae were combined. The solvent was removed in vacuo, and the amounts
      of total lipid, phosphorous, gossypol, free fatty acids, and neutral oil
      in the miscella were determined. These amounts are shown in Table I. The
      solubility of the protein in the extracted meats was determined and is
      shown in Table II.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     COMPONENTS OF MISCELLA FROM 2g OF MEATS.sup.a/                            
     Percent of                                                                
     Acetic                                                                    
           Total             Free Fatty                                        
                                     Neutral                                   
     Acid in                                                                   
           Lipid.sup.b/                                                        
                  Phosphorus                                                   
                        Gossypol                                               
                             Acids   Oil                                       
     Hexane                                                                    
           mg     mg    mg   mg      mg                                        
     (v/v)                                                                     
     __________________________________________________________________________
     0     686 .+-. 6.2                                                        
                  0.12  0.21 15.9 .+-. 0.8                                     
                                     612 .+-. 4.0                              
     2     709 .+-. 2.2                                                        
                  0.37  0.63 19.0 .+-. 0.4                                     
                                     629 .+-. 0.6                              
     4     716 .+-. 3.5                                                        
                  0.60  0.98 18.8 .+-. 0.4                                     
                                     631 .+-. 1.1                              
     10    740 .+-. 3.0                                                        
                  1.05  1.57 17.0 .+-. 0.7                                     
                                     639 .+-. 4.1                              
     25    753 .+-. 6.7                                                        
                  1.22  2.02 16.3 .+-. 0.7                                     
                                     632 .+-. 7.5                              
     __________________________________________________________________________
      .sup.a/ Values represent means .+-. standard deviations from the means. N
      standard deviations are shown when the deviations were so small as to be 
      essentially "0".                                                         
      .sup.b/ Total lipid is all materials in miscella after evaporation of    
      solvent.                                                                 
TBL                                    TABLE II                                
     __________________________________________________________________________
     PROPERTIES OF MEALS FROM EXTRACTED MEATS                                  
     Percent of                                                                
     Acetic Acid                                                               
     in Hexane                                                                 
             pH of Aqueous                                                     
                      mE of Base for                                           
                               Soluble Protein                                 
     (v/v).sup.a/                                                              
             Suspension.sup.b/                                                 
                      Neutralization                                           
                               per g of Meal                                   
     __________________________________________________________________________
                               mg  % of "0"                                    
     0       6.0      0.96     725 --                                          
     2       5.85     0.98     725 100                                         
     4       5.85     0.99     725 100                                         
     10      5.3      1.21     662 91.3                                        
     25      5.0       1.445   488 67.3                                        
     __________________________________________________________________________
      .sup.a/ Solvent used to prepare meal from meats.                         
      .sup.b/ One g of dried meal in 30 ml of H.sub.2 O.                       
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing protein and oil from oilseeds, the process
      comprising:
PA1  a. preparing a homogeneous, monophasic mixture comprising hexane and about
      from 2% to 25% acetic acid,
PA1  b. adding about from 3 ml to 12 ml of the mixture of (a) per 1 gram of
      comminuted oilseeds,
PA1  c. stirring the mixture of (b) at room temperature for about from 2 minutes
      to 4 hours to insure contact of mixture (a) with the comminuted oilseed
      particles, thereby forming a suspension of marc in an oil-containing,
      homogeneous, monophasic miscella, and
PA1  d. separating the miscella from the marc produced in step (c), thereby
      obtaining the proteinaceous marc and the oil-containing, homogeneous,
      monophasic miscella.
NUM  2.
PAR  2. The process of claim 1 wherein the mixture of step (a) consists of
      hexane and about from 2% to 25% acetic acid, and wherein the oilseed is
      glanded cottonseed.
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ABST
PAL  The present invention relates to a process for the manufacture of 1:2
      chromium complexes of metallisable azo dyes, wherein the azo dyes are
      treated in aqueous solution at pH 7 to 9 with at least the stoichiometric
      amount of a chromium complex, and, in the course of the chroming, the
      reaction medium is acidified once or repeatedly to a pH of 6 or less and
      subsequently brought back again to pH 7 to 9.
BSUM
PAR  Attempts to metallise azo dyes with chromium-III salts in the presence of
      oxalic acid are known from the literature. However, these methods present
      difficulties because after a short time a number of the chromium compounds
      precipitate at the pH values necessary for the metallisation. The
      precipitated chromium compounds are to all intents and purposes lost for
      the metallisation, so that it is necessary to use a surplus. This surplus
      not only renders the process less economical, but also poses a problem in
      its elimination. It is for this reason that the chroming of azo dyes in
      the presence of oxalic acid has not up till now gained ground for carrying
      out reactions on an industrial scale, although in the weakly alkaline
      range it is characterised by a relatively high reaction rate and
      consequently shorter reaction times can be attained than e.g. in the
      presence of salicylic acid.
PAR  The present invention is based on the surprising observation it is possible
      to avoid a chromium surplus by reactivating the precipitated chromium
      compounds by briefly acidifying the mixture.
PAR  The invention therefore provides a process for the manufacture of 1:2
      chromium complexes of metallisable azo dyes, wherein the azo dyes are
      treated in aqueous solution at a pH of 7 to 9 with at least the
      stoichiometric amount of a chromium oxalate complex, and, during the
      course of the chroming, the reaction medium is acidified one or repeatedly
      to a pH of 6 or less and subsequently brought back to a pH of 7 to 9. The
      process is carried out at the temperatures ordinarily employed for
      chroming operations. Preferably, the reaction is carried out at
      temperatures between 90.degree.C and 100.degree.C.
PAR  The chromium oxalate complex is used in the form of an aqueous solution in
      which the stoichiometric ratio of chromium to oxalate should be between 1
      and 3, preferably between 1:11/2 to 1:2.
PAR  A rapid metallisation takes place under the indicated conditions, but a
      part of the chromium oxalate complex is converted into a form that reacts
      poorly. This can be reactivated by keeping the reaction mixture for a
      brief time, as a rule between 5 and 60 minutes, at a pH of 6 or less,
      preferably at a pH of 5 to 4. The lower the pH, the shorter the time
      required. The reaction mixture is acidified by advantageously using
      minerals acids, for example hydrochloric or sulphuric acid. The pH is then
      adjusted again to 7 or 9, whereupon the metallisation is terminated as a
      rule after a short time, in general after about a further 30 minutes to 2
      hours. It may prove necessary to carry out the acidification and
      alkalisation a second time.
PAR  The new chroming method is suitable primarily for the manufacture of
      symmetric 1:2 chromium complexes. However, if desired it is also possible
      to use a mixture of metallisable azo dyes, which will yield mixtures of
      symmetric and asymmetric complexes.
PAR  Examples of suitable azo dyes are the known o,o-dihydroxyazo,
      o-hydroxy-o'-aminoazo, o-carboxy-o'-hydroxyazo or o-carboxy-o'aminoazo
      dyes, which are also used for the manufacture of chromium complexes by the
      conventional methods. They can carry sulpho, sulphonamido or sulphone
      groups, and furthermore can be substituted by the customary non-ionogenic
      substituents of azo dyes, e.g. by fluorine, chlorine, nitro, lower
      molecular alkyl or alkoxy groups, aryl, in particular phenyl, and by
      phenyl radicals which are substituted by chlorine, sulpho groups, or low
      molecular alkyl, low molecular alkanoylamino, alkoxycarbonylamino or
      benzoylamino radicals, as well as by carbalkoxy or cyano groups. The term
      "low molecular" is to be understood herein as meaning radicals with 1 to 4
      carbon atoms.
PAR  Such azo dyes are obtained e.g. from the following diazo and coupling
      components:
PA1  diazo components:
PA1  2-amino-4-chlorophenol
PA1  2-amino-4-nitrophenol
PA1  2-aminophenol-4,6-dimethylsulphone
PA1  2-aminophenol-4-nitro-6-sulphonic acid
PA1  2-amino-5-nitrophenol
PA1  1-amino-2-hydroxy-4-sulphonaphthalene
PA1  1-amino-2-hydroxy-4-sulpho-6-nitronaphthalene
PA1  2-amino-4-methoxy-5-chlorophenol
PA1  2-amino-4-sulphonamidophenol and N-substituted
PA1  derivatives thereof
PA1  2-amino-4,6-dinitrophenol
PA1  2-amino-4-sulpho-benzoic acid
PA1  anthranilic acid
PA1  2-amino-5-sulphonamidobenzoic acid
PA1  2-amino-6-nitro-4-tert. amyl-phenol
PA1  2-aminophenol-4-methylsulphone
PA1  5-nitro-2-aminophenol-4-methylsulphone
PA1  1-amino-2-hydroxynaphthalone-4-sulphonic acid
PA1  coupling components:
PA1  1-hydroxynaphthalene-5-sulphonic acid
PA1  1-hydroxynaphthalene-4-sulphonic acid
PA1  1-hydroxynaphthalene-8-sulphonic acid
PA1  1-hydroxynaphthalene-3,6-bis-(N-methylsulphonamide)
PA1  2-naphthol
PA1  2-hydroxy-7-acetylaminonaphthalene
PA1  2-naphthol-6-sulphonamide
PA1  1-phenyl-3-methyl-pyrazolone-(5)
PA1  1-(3'- sulphonamidophenyl)-3-methyl-pyrazolone-(5)
PA1  1-(3'-chlorophenyl)-3-methyl-pyrazolone-(5)
PA1  1-(3'-sulphophenyl)-3-methyl-pyrazolone-(5)
PAR  Further symmetric 1:2 chromium complexes of azo dyes for the manufacture of
      which the process according to the invention is suitable are described in
      British Pat. Nos. 684646, 667168, 724157, 797046, 727535, 775005 and
      774884.
DETD
PAR  The following Example illustrates the invention, the parts being by weight.
PAC  EXAMPLE
PAR  41.4 parts of the azo dye of the formula
      ##SPC1##
PAL  are stirred in 500 parts of water and treated with a chromium oxalate
      solution which has been obtained by boiling 3.8 parts of Cr.sub.2 O.sub.3
      (chromium-II-oxide hydrate) and 9.0 parts of oxalic acid in 50 parts of
      water for 1/2 hour to 1 hour and bulking with water to 110 cm.sup.3. The
      pH is adjusted to 8 with sodium hydroxide solution. The reaction mixture
      is heated to 95.degree.C, bulked to 1000 cm.sup.3 and kept at a pH of 8.0
      to 8.5. After 1 hour the pH is adjusted to 4.0 by addition of hydrochloric
      acid and after a further 30 minutes, sodium hydroxide solution is added in
      sufficient amount to raise the pH from 8.0 to 8.5. The mixture is allowed
      to react for a further hour and the dye is subsequently isolated by spray
      drying or by salting out with 50 parts of common salt.
PAR  It is possible to chrome the following azo dyes in analogous manner:
PA0  2-aminophenol-4-methylsulphone .fwdarw. 1-carbomethoxyamino-7-naphthol
PA0  2-amino-4-chlorophenol-5-sulphonamide .fwdarw.
      1-phenyl-3-methyl-5-pyrazolone
PA0  2-aminophenol-4-sulphonamide .fwdarw.
      1-(4'-chlorophenyl)-3-methyl-5-pyrazolone
PA0  1-amino-2-hydroxynaphthalene-4-sulphonic acid .fwdarw. 2-naphthol
PA0  1-amino-2-hydroxynaphthalene-4-sulphonic acid .fwdarw.
      1-phenyl-3-methyl-5-pyrazolone.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the manufacture of 1:2 chromium complexes of
      metallisable azo dyes, wherein the azo dyes are treated in aqueous
      solution at pH 7 to 9 with at least the stoichiometric amount of chromium
      oxalate solution, the improvement comprising acidifying the reaction
      medium during the course of the chroming once or repeatedly to a pH of 6
      or less to reactivate precipitated chromium compounds and readjusting the
      pH to pH 7 to 9 to complete the metallization process.
NUM  2.
PAR  2. A process according to claim 1, wherein an aqueous chromium oxalate
      solution is used which contains 1 to 3 molecules of oxalate for each
      chromium atom.
NUM  3.
PAR  3. A process according to claim 1, wherein the process is carried out at
      temperatures between 90.degree.C and 100.degree.C.
NUM  4.
PAR  4. A process according to claim 1, wherein the reaction mixture is kept for
      10 minutes at a pH of 4 to 5.
NUM  5.
PAR  5. A process according to claim 1, wherein azo dyes are metallised which
      contain a sulphonic acid or sulphonamide group.
PATN
WKU  039417662
SRC  5
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TTL  Azo compounds from pigments of a heterocyclic-substituted aniline
      coupled to a 2,6-dihydroxy-4-methyl-3-cyano or -3-carbamoylpyridine
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NCL  4
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INVT
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CNT  DT
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ABST
PAL  Azo pigments having 2,6-dihydroxy-4-methyl-3-cyanopyridine or
      2,6-dihydroxy-4-methyl-3-carbamolpyridine as coupling component and a
      heterocyclic substituted aniline as diazo component. The pigments have the
      formula
      ##SPC1##
PAL  In which
PA1  R is cyano or carbamoyl;
PA1  A is an unsubstituted or substituted benzene ring; and
PA1  B is a heterocyclic ring which is fused with the benzene ring and which
      contains at least one --NH-- and --CO-- or at least one --NH--CO-- group.
      Compounds of this formula as pigments are eminently suitable for coloring
      printing inks, surface coatings and resins.
BSUM
PAR  The invention relates particularly to azo pigments of the formula (II):
      ##SPC2##
PAL  in which
PA1  R is cyano or carbamoyl;
PA1  X is the completion of a five-membered or six-membered ring which
      ##EQU1##
      n is zero or 1; R.sup.1 is hydrogen or methyl;
PA1  R.sup.2 is hydrogen;
PA1  R.sup.1 and R.sup.2 together with the carbon atoms joining them may be an
      unsubstituted or substituted benzene or naphthalene ring;
PA1  Y is hydrogen, chloro, bromo, methyl, methoxy or ethoxy; and
PA1  Z is hydrogen or chloro.
PAR  Examples of radicals X are:
      ##EQU2##
      --CO--NH--CO--NH--, --CO--NH--CH=N--,
      ##EQU3##
      --CO--NH--CH.sub.2 --, --NH--CO--NH--, --NH--CO--CO--NH--,
      --O--CO--CO--NH--, --O--CO--NH, --CO--NH--CO--,
      ##SPC3##
      ##SPC4##
PAL  or --CO--NH--SO.sub.2 --NH--.
PAR  The rings formed by R.sup.1 and R.sup.2 together with the carbon atoms
      which link them together may bear for example chlorine, bromine, methyl,
      methoxy, ethoxy, sulfamoyl, N-substituted sulfamoyl or carbamoyl as
      substituents.
PAR  Compounds of the formula (IIa):
      ##SPC5##
PAL  In which
PA1  R is cyano or carbamoyl;
PA1  Y.sup.1 is hydrogen, chloro or methyl; and
PA1  X.sup.1 completes a five-membered or six-membered ring and contains the
      grouping --NHCO--
PAL  are particularly valuable industrially.
PAR  Compounds of formula (I) are excellent pigments which are particularly
      suitable for the production of printing inks, for coloring plastics such
      as polystyrene, polyvinyl chloride or polyurethanes or for coloring
      surface coatings, for example melamine, acrylate or polyester coatings.
      Many of the new compounds are distinguished by hiding power comparable
      with that of inorganic pigments.
PAR  Compounds of formula (I) may be prepared by a conventional method by
      diazotization of an amine of the formula:
EQU  B--A--NH.sub.2
PAL  in which A and B have the above meanings followed by coupling with
      2,6-dihydroxy-4-methyl-3-cyanopyridine or
      2,6-dihydroxy-4-methyl-3-carbamoylpyridine.
PAR  The pigments prepared in this way are not always obtained in the optimum
      physical form for all applications; they may be converted however by
      conventional methods such as grinding, swelling or recyrstallization into
      a particularly suitable form for the special application.
PAR  The following Examples illustrate the invention. Parts and percentages
      refer to weight unless otherwise specified.
DETD
PAC  EXAMPLE 1
PAR  174 parts of the amine of the formula:
      ##SPC6##
PAL   is stirred into 350 parts by volume of concentrated hydrochloric acid for
      half an hour and there are then added 1000 parts of ice and 1000 parts of
      water after which 320 parts of 23% sodium nitrite solution is gradually
      added. The whole is stirred for another three hours at 0.degree. to
      5.degree.C, then the excess of nitrite is destroyed by adding sulfamic
      acid and the solution is filtered. 150 parts of
      2,6-dihydroxy-3-cyano-4-methylpyridine is then added to the solution and
      180 parts of sodium acetate in 1000 parts of water is gradually added. The
      whole is stirred for six hours and then suction filtered and the filter
      cake is washed with water and while moist introduced into 800 parts of
      glacial acetic acid and heated for three hours under reflux, the water
      being allowed to distill off. The whole is suction filtered, washed
      thoroughly with water and dried. 294 parts of a bright orange pigment is
      obtained which when incorporated in the usual way in a strength of 1% into
      flexible PVC without titanium dioxide gives a PVC material having very
      good hiding power, good fastness to migration and good fastness to light.
      In a melamine resin surface coating an excellent bright orange color is
      obtained in a conventional way which has satisfactory overcoating fastness
      and good hiding power.
PAR  Pigments having the hue specified in the following Table are obtained by
      the method of Example 1 with the amines and coupling components specified
      in the Table:
     Example                                                                   
            B--A--NH.sub.2       R        Color                                
     ______________________________________                                    
     2                           --CN     reddish                              
                                          brown                                
     3                           --CONH.sub.2                                  
                                          orange                               
     4                           --CN     red                                  
     5                           --CN     reddish                              
                                          brown                                
     6                           --CN     yellow                               
     7      "                    --CONH.sub.2                                  
                                          yellow                               
     8                           --CONH.sub.2                                  
                                          reddish                              
                                          orange                               
     9                           --CN     red                                  
     10     "                    --CONH.sub.2                                  
                                          orange                               
     11                          --CN     reddish                              
                                          brown                                
     12                          --CN     red                                  
     13     "                    --CONH.sub.2                                  
                                          orange                               
     14                          --CN     orange                               
     15                          --CN     orange                               
     16                          --CN     yellow                               
     17                          --CN     orange                               
     18     "                    --CONH.sub.2                                  
                                          yellow                               
     19                          --CN     reddish                              
                                          brown                                
     20                          --CN     orange                               
     21                          --CN     red                                  
     22                          --CN     orange                               
     23                          --CN     orange                               
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. An azo pigment having the formula
      ##SPC7##
PAL  in which
PA1  R is cyano or carbamoyl,
PA1  X is
      ##EQU4##
       --CO--NH--CO--NH--, --CO--NH--CH=N--,
      ##EQU5##
      --CO--NH--CH.sub.2 --, --NH--CO--NH--, --NH--CO--CO--NH--,
      --O--CO--CO--NH--, --O--CO--NH--, --CO--NH--CO--,
      ##SPC8##
PA1   or --CO--NH--SO.sub.2 --NH--, and
PA1  Y is hydrogen, chlorine, bromine, methyl, methoxy or ethoxy.
NUM  2.
PAR  2. An azo pigment according to claim 1 having the formula
      ##SPC9##
PAL  in which
PA1  R is cyano or carbamoyl,
PA1  X.sup.1 is
      ##EQU6##
       --CO--NHCONH--, --NHCONH--, NHCOCONH--or --CONHCO--, and Y.sup.1 is
      hydrogen or chlorine.
NUM  3.
PAR  3. An azo pigment according to the formula in claim 1 in which R is cyano.
NUM  4.
PAR  4. The azo pigment having the formula
      ##SPC10##
PATN
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ABST
PAL  An improved process is used to prepare encased powdered elastomers which
      replace slab rubber in injection molding formulations and thereby
      eliminates the need for milling and high shear mixing. A composition is
      obtained which is easily blended and is capable of being automatically fed
      to injection molding machines, and which contains less encasement compound
      than prior art powdered elastomers having similar nonagglomerating and
      free-flowing properties.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a method of preparing powdered elastomer
      compositions which is an extension of and an improvement over the methods
      described in commonly assigned U.S. Pat. Nos. 3,830,762; 3,442,832;
      3,480,572; 3,645,940; 3,673,136; and 3,714,087 which are incorporated
      herein by reference.
PAR  The invention has for its objects and advantages all the objects and
      advantages disclosed in U.S. Pat. No. 3,830,762, supra. It is a further
      object of the invention to provide a method of preparing powdered
      elastomer compositions which contain sufficient amounts of encasement
      compounds to completely encase the elastomer particles leaving them
      nontacky and, therefore, nonagglomerating and free flowing (T. P. Abbott
      et al., "Starch-Encased Rubbers: Injection Molding of Conventional
      Powdered Rubber Formulations," J. Elastomers Plast., April 1975,
      incorporated herein by reference).
PAR  In accordance with the above objects, I have discovered in a process for
      preparing powdered elastomer compositions having the following steps:
PA1  A. coprecipitating from 3 to 19 parts of a first encasement compound
      selected from the group consisting of starch xanthate and zinc starch
      xanthate having xanthate degrees of substitution of from 0.2 to 3.0,
      cationic starch and their cereal flour analogs with 100 parts of solids
      contained in a latex selected from the group consisting of natural rubber
      latex, butadiene-acrylonitrile rubber latex, styrene-butadiene rubber
      latex, chloroprene rubber latex, polybutadiene rubber latex, oil-extended
      styrene-butadiene rubber latex, and phenolformaldehyde-extended nitrile
      rubber latex to form a coprecipitate having a particle diameter of about 1
      mm.;
PA1  B. filtering and water washing the coprecipitate resulting from (a);
PA1  C. washing the coprecipitate resulting from (b) with a water-miscible
      solvent;
PA1  D. filtering the washed coprecipitate resulting from step (c); and
PA1  E. repeating steps (c) and (d) until the filtrate resulting from step (d)
      contains from 0 to 10 percent water;
PAL  An improvement comprising, as an additional step prior to step (c), supra,
      resuspending the coprecipitate resulting from step (b), supra, in water
      and precipitating, in the presence of the resuspended coprecipitate, from
      1 to 17 parts per 100 parts of latex solids (phr) of a second encasement
      compound selected from the group consisting of starch xanthate and zinc
      starch xanthate having xanthate degrees of substitution of from 0.2 to
      3.0, cationic starch, their cereal flour analogs, and sodium stearate, the
      total amount of first and second encasement compounds being from 4 to 20
      phr. Steps (c) through (e), supra, constitute "dehydration of the doubly
      encased elastomer coprecipitates."
PAR  An added advantage of the invention is the provision of nontacky powdered
      elastomer compositions encased in starch-containing compounds in amounts
      sufficiently low so that the starch contained therein does not act as a
      filler. In quantities of less than 8 phr, starch has little or no effect
      on the properties of filled vulcanized rubber, and only small effects on
      nonfilled rubber (e.g., gum rubber). When powdered elastomer containing
      over 10 phr starch are used to replace slab rubber in injection molding
      compositions, the amount of filler in the formulation must be adjusted to
      compensate for the amount of starch. The amounts of other ingredients also
      may have to be adjusted to obtain a rubber product having the desired
      properties.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The basis of the invention lies in the double encasement of latex solids
      with suitable encasement compounds. The first encasement is accomplished
      by any of the methods disclosed in U.S. Pat. Nos. 3,830,762; 3,442,832;
      3,480,572; 3,645,940; 3,673,136; and 3,714,087, supra.
PAR  The preferred starting materials for the coprecipitate include the
      following:
PA1  1. Elastomer (i.e., rubber) latex: natural, styrene-butadiene (SBR),
      acrylonitrile-butadiene (NBR), chloroprene (CR), polybutadiene, and
      oil-extended SBR [see Kirk and Othmer Encyclopedia of Chemical Technology,
      Vol. 7, pp. 676-716, and Vol. 17, pp. 660-684, The Interscience
      Encyclopedia, Inc., New York (1965) for a discussion of natural and
      synthetic elastomers];
PA1  2. First encasement compounds: starch xanthate, zinc starch xanthate,
      cationic starches such as aminoalkyl and quaternary ammonium alkyl ether
      derivatives of starch [see Starch: Chemistry and Technology, ed. Whistler
      and Paschall, Vol. II, Chapter 16, Academic Press, New York (1967)],
      cationic starch graft copolymers of the type described in U.S. Pat. No.
      3,669,915, and cereal flour analogs of the above;
PA1  3. Precipitation reagents: ZnSO.sub.4, ZnCl.sub.2, or the equivalent
      mineral acid.
PAR  It is preferred that the coprecipitates contain from 3 to 19 phr of the
      first encasement compounds. Phr is herein defined as parts per hundred
      parts of rubber (i.e., elastomer) solids on a dry basis. The upper limit
      on loading for the first encasement compound is determined by the amount
      of compound required to obtain essentially complete encasement of the
      latex particles. Before coprecipitation, latex particles are approximately
      0.05 .mu.  in diameter. Theoretically, complete encasement of a latex
      particle of this size would require approximately 26 percent encasement
      compound based on particle volume, which would be a coprecipitate having
      an encasement loading of about 20 to 30 phr. Incompletely encapsulated
      coprecipitates tend to be tacky which causes them to agglomerate and
      become less free flowing. This effect is seen in screen analyses of dried,
      singly encased, coprecipitated products where from 35 to over 50 percent
      of particles containing 20 phr or less encasement compound were larger
      than 2,380 .mu. in diameter while 100 percent of particles containing from
      30 to 45 phr were smaller than 2,380 .mu. (Table 1, U.S. Pat. No.
      3,830,762, supra). In storage tests, the singly encased particles having
      from 3 to 10 phr starch xanthide were compressed with a force of from 2 to
      10 p.s.i. for 16 hours. In all tests the particles had agglomerated into
      cohesive masses that had to be broken up by hand before they could be fed
      into a blender with other compounding ingredients. This same
      characteristic is evident in the compositions immediately after drying,
      where the singly encased particles having 20 phr or less first encasement
      loading had agglomerated into a sheet. On the other hand, doubly encased
      compositions prepared according to the invention did not agglomerate after
      drying or after compression, and did not require high shear mixing to
      break up the particles.
PAR  The lower limit on first encasement loading depends on the fact that
      amounts of encasement compound of about 3 phr and above result in an
      encased wet coprecipitate having particle diameter of approximately 1 mm.
      Wet coprecipitates are those compositions which have been coprecipitated
      as described herein for the first encasement, from which the aqueous
      reaction medium has been removed, and which have been washed with water
      and drained.
PAR  Where 0.05 .mu. latex particles required from 20 to 30 phr of encasement
      compound for complete encasement, 1 mm. singly encased particles required
      only about 1 phr of encasement compound to achieve the same result due to
      the much smaller surface to volume ratio of the larger particles.
      Therefore, the lower limit for second encasement loading is 1 phr, giving
      a lower limit of total loading of 4 phr to achieve essentially total
      encasement of latex particles. It is preferred that total encasement
      loading be from 4 to 8 phr in order to obtain a product which could be
      used directly in standard formulations without changing the properties of
      the resulting vulcanized rubber. Total encasement loadings of from 4 to 6
      phr appear to provide optimum results.
PAR  All of the compounds which are suitable for the first encasement are
      suitable for the second encasement along with sodium stearate. The same
      precipitation agents are used for both first and second encasements.
      Calcium chloride is used to precipitate sodium stearate. Xanthate degrees
      of substitution of from 0.2 to 3.0 are suitable for all xanthates
      containing encasement compounds.
PAR  For dehydration of the doubly encased elastomer coprecipitates, any
      water-miscible alcohol or other completely water-miscible solvent such as
      acetone, methyl ethyl ketone, isopropanol, dimethyl sulfoxide,
      tetrahydrofuran, ethanol, or dioxane is suitable. However, methanol or
      ethanol is preferred because of their economy, ready availability, and
      particularly their ease of recovery from aqueous solution for recycling in
      the process. Temperature for the dehydration is not critical; it is
      convenient to work in the range below the boiling point of the solvent or
      under ambient conditions. If the coprecipitate contains more than 10
      percent water by weight after the first water-miscible solvent washing
      step, the washing step was repeated until the coprecipitate contains from
      0 to 10 percent water by weight. Solvents used for the first washing step
      can contain up to 40 percent water by weight. This allows solvents from
      subsequent washings to be recycled back to the first washing step in a
      continuous or semicontinuous operation.
PAR  After dehydration, the solid products are very readily recovered by most
      conventional filtration, centrifugation, or decantation methods. Products
      may then be dried in conventional forced draft or vacuum ovens. However,
      fluidized bed drying is preferred because of its rapidity and economy and
      because it is a continuous process.
PAR  Polysaccharide-elastomer masterbatch compositions of the instant invention
      are compounded with the normal rubber additives. Polysaccharides function
      alone as reinforcing agents, but a combination of polysaccharides and one
      or more other reinforcing agents or fillers is preferred. Additives useful
      for compounding with the instant compositions include carbon black,
      lignin, phenolic resins, sulfur, zinc oxide, organic dyes, clay,
      reinforcing silica, vulcanization agents, lubricants, antioxidants, and
      plasticizers.
PAR  Compounding of this invention's powdered polysaccharide-elastomer
      masterbatches may be accomplished by mixing in V or ribbon blenders if the
      added ingredients are fine powders. If flakes, pelletized, or encapsulated
      ingredients are added, highspeed rotary blade powder mixers of the Waring
      or Henschel type are preferred. Many rubber compounding ingredients can be
      incorporated into the powdered masterbatches by adding them to the
      polysaccharide solution-latex mixture before coprecipitation. It is
      particularly advantageous to incorporate lignin, phenolic resins, and
      carbon blacks in this way. Precaution is necessary when antioxidants and
      plasticizers are added before coprecipitation as water-miscible
      solvent-soluble materials can be extracted and lost during the subsequent
      dehydration procedure. These soluble ingredients of the latex suspension,
      which normally remain in the coprecipitate and are useful in the finished
      rubber (e.g., stearic acid), can be added back to the composition after
      the solvent wash. The powdered elastomer compounds of this invention may
      be shaped into compression mold blanks or into fully fabricated articles
      by direct extrusion from powder feed. However, they are most
      advantageously fabricated directly from powdered compound by high-speed
      automatic injection molding, but for this a screw plasticator injection
      molding machine would be preferred over a ram operated type.
PAR  The following examples are included to further illustrate the invention and
      are not to be construed as limitations thereto. Each specific elastomer
      latex disclosed in the examples will be designated by its ASTM designation
      (e.g., SBR 1502, CR Type 571,  etc.), and all rubber testing will be done
      by ASTM standard methods (1969 Book of ASTM Standards, Part 28, American
      Society for Testing and Materials, Philadelphia, Pennsylvania, 1969).
PAR  All parts and percentages described herein are by weight unless otherwise
      specified.
DETD
PAC  EXAMPLE 1
PAR  A doubly encased powdered elastomer composition was prepared as follows:
PAR  A. First encasement: 3 phr.
PAR  Four thousand grams of the SBR 1502 latex (20 percent solids) were stirred
      with 240 g. of the starch xanthate solution (10 percent solids, xanthate
      D.S. 0.34). Then 1.1 g. of sodium nitrite was added, followed by dropwise
      addition of a 1M sulfuric acid solution until the mixture reached pH 2.0.
      This quantitatively coprecipitated starch xanthide and SBR as
      approximately 1-mm. curd particles. The mixture was stirred for 15
      minutes, and sufficient NaOH was added to obtain pH of 7. The 1-mm. curd
      particles were collected on a cloth filter, then washed by slurrying in
      water and again collecting on a filter.
PAR  B. Second encasement: 2 phr.
PAR  An aqueous slurry of the wet coprecipitate was prepared to which was added
      240 g. of the above starch xanthate solution and 1.2 g. NaNO.sub.2. The
      mixture was stirred for 10 minutes.
PAR  The pH of the mixture was reduced to 2 with 1M H.sub.2 SO.sub.4, and the
      particles were collected on a cloth filter, washed with water, and
      filtered as above.
PAR  C. Alcohol wash.
PAR  The coprecipitate was then suspended in ethanol with vigorous stirring for
      a few seconds to separate and partially dehydrate the individual
      coprecipitate particles. The coprecipitate was separated from the now wet
      alcohol by filtration, then resuspended in dry ethanol and stirred a few
      minutes to complete its dehydration. Extent of dehydration was determined
      by stirring the alcohol-coprecipitate slurry for a time sufficient to
      equilibrate the remaining water with the alcohol. The specific gravity of
      the filtrate was then compared to known alcohol-water mixtures. The
      alcohol dehydration step was repeated until the filtrate contains from 0
      to 10 percent by weight water. The powdered product was then collected and
      dried at 70.degree. C. in a vacuum oven to remove alcohol and residual
      water.
PAR  The resulting product was a free-flowing, nontacky powder containing a
      total of 5 phr starch xanthide. Screen analysis resulted in 51 percent of
      the powdered product passing through an 8-mesh screen.
PAC  EXAMPLE 2
PAR  A doubly encased powdered elastomer composition was prepared and recovered
      as described in Example 1 with the following constituents:
PAR  A. First encasement: 4 phr.
PA1  4,000 g. SBR 1502 latex (20 percent solids)
PA1  320 g. starch xanthate solution (10 percent solids, xanthate D.S. 0.35)
PA1  1.4 g. NaNO.sub.2.
PAR  B. Second encasement: 1 phr.
PA1  80 g. starch xanthate solution
PA1  0.5 g. NaNO.sub.2.
PAR  The resulting product was a free-flowing, nontacky powder containing a
      total of 5 phr starch xanthide. Screen analysis resulted in 50 percent of
      the powder product passing through an 8-mesh screen.
PAC  EXAMPLE 3
PAR  A doubly encased powdered elastomer composition was prepared and recovered
      as described in Example 1 with the following constituents:
PAR  A. First encasement: 4 phr.
PA1  39.69 kg. SBR 1713 latex (19.4 percent solids)
PA1  3.86 kg. Sunthene 0-120 oil (Sun Oil Company) was added to the latex along
      with the starch xanthate
PA1  4.65 kg. starch xanthate solution (10 percent solids, xanthate D.S. 0.35)
PA1  41.2 g. NaNO.sub.2.
PAR  B. Second encasement: 2 phr.
PA1  2.3 kg. starch xanthate solution
PA1  20.6 g. NaNO.sub.2.
PAR  The resulting product was a free-flowing, nontacky powder containing a
      total of 6 phr starch xanthide.
PAC  EXAMPLE 4
PAR  A doubly encased powdered elastomer composition was prepared and recovered
      as described in Example 1 with the following constituents:
PAR  A. First encasement: 4 phr.
PA1  472 g. CR Type W latex (42 percent solids)
PA1  80 g. starch xanthate solution (10 percent solids, xanthate D.S. 0.35)
PA1  0.4 g. NaNO.sub.2
PA1  5.0 g. antioxidant emulsion (Agerite Stalite, R. T. Vanderbilt Company) 40
      percent active added to the mixture after NaNO.sub.2.
PAR  B. Second encasement: 2 phr.
PA1  40 g. starch xanthate solution
PA1  0.2 g. NaNO.sub.2
PA1  2.5 g. antioxidant emulsion.
PAR  The resulting product was a free-flowing, nontacky powder containing a
      total of 6 phr starch xanthide.
PAC  EXAMPLE 5
PAR  A doubly encased powdered elastomer composition was prepared and recovered
      as described in Example 1 with the following constituents:
PAR  A. First encasement: 4 phr.
PA1  1,921 g. CR Type AD latex (41.6 percent solids)
PA1  320 g. starch xanthate (1.0 percent solids, xanthate D.S. 0.34)
PA1  1.4 g. NaNO.sub.2.
PAR  B. Second encasement: 1 phr.
PA1  80 g. starch xanthate
PA1  0.5 g. NaNO.sub.2.
PAR  The resulting product was a free-flowing, nontacky powder containing a
      total of 5 phr starch xanthide.
PAC  EXAMPLE 6
PAR  A doubly encased powdered elastomer composition was prepared and recovered
      as described in Example 1 with the following constituents:
PAR  A. First encasement: 5 phr.
PA1  472 g. CR Type W latex (42 percent solids)
PA1  100 g. starch xanthate (10 percent solids, xanthate D.S. 0.35)
PA1  0.5 g. NaNO.sub.2
PA1  5.0 g. antioxidant emulsion (see Example 4)
PA1  Na.sub.2 CO.sub.3 to pH 5-7.
PAR  B. Second encasement: 2 phr.
PA1  4 g. sodium stearate in 1 liter H.sub.2 O
PA1  3 g. CaCl.sub.2.
PAR  The resulting product was a free-flowing, nontacky powder containing 5 phr
      starch xanthide and 2 phr calcium stearate.
PAC  EXAMPLE 7
PAR  A doubly encased powdered elastomer composition was prepared and recovered
      as described in Example 1 with the following constituents:
PAR  A. First encasement: 5 phr.
PA1  2,500 g. SBR 1502 latex (20 percent solids)
PA1  250 g. starch xanthate solution (10 percent solids, xanthate D.S. 0.35)
PA1  1.1 g. NaNO.sub.2
PA1  12.5 g. antioxidant emulsion (see Example 4)
PA1  Na.sub.2 CO.sub.3 to pH 6-7.
PAR  B. Second encasement: 2 phr.
PA1  10 g. sodium stearate in 1 liter H.sub.2 O
PA1  7.5 g. CaCl.sub.2.
PAR  The resulting product was a free-flowing, nontacky powder containing 5 phr
      starch xanthide and 2 phr calcium stearate.
PAC  EXAMPLE 8
PAR  A doubly encased powdered elastomer composition was prepared and recovered
      as described in Example 1 with the following constituents:
PAR  A. First encasement: 5 phr.
PA1  4,000 g. SBR 1502 latex (20 percent solids)
PA1  400 g. starch xanthate (10 percent solids, xanthate D.S. 0.35).
PAR  B. Second encasement: 2 phr.
PA1  160 g. starch xanthate
PA1  0.7 g. NaNO.sub.2.
PAR  The resulting product was a free-flowing, nontacky powder containing a
      total of 7 phr starch xanthide. Screen analysis resulted in 71 percent of
      the product passing through an 8-mesh screen.
PAC  EXAMPLE 9
PAR  Doubly encased powdered elastomer compositions were prepared and recovered
      as described in Example 1 with the following composition:
PAR  A. First encasement: 3 phr.
PA1  4,000 g. SBR 1502 latex (20 percent solids)
PA1  240 g. starch xanthate (10 percent solids, xanthate D.S. 0.35)
PA1  1.2 g. NaNO.sub.2.
PAR  The resulting singly encased product was divided into four equal portions
      (A.sub.1, A.sub.2, A.sub.3, and A.sub.4).
PAR  A'. 4 phr. First encasement A was repeated with 3,000 g. SBR 1502 latex and
      divided into three equal portions (A'.sub.1, A'.sub.2, and A'.sub.3).
PAR  A". 5 phr. First encasement A was repeated with the following composition,
      2,000 g. SBR 1502 latex, 200 g. starch xanthate, and 1.0 NaNO.sub.2 and
      divided into two equal portions (A".sub.1, A".sub.2).
PAR  B. Second encasement.
TBL  ______________________________________                                    
                                   Screen                                      
     First       Second encasement analysis,                                   
     encasement  NaNO.sub.2        % through                                   
     Product phr     SX.sup.1                                                  
                             g.     phr    8 mesh                              
     ______________________________________                                    
     A.sub.1 3       40      0.2    2      74                                  
     A.sub.2 3       60      0.3    3      75                                  
     A.sub.3 3       80      0.4    4      78                                  
     A.sub.4 3       100     0.5    5      73                                  
     A'.sub.1                                                                  
             4       20      0.1    2      78                                  
     A'.sub.2                                                                  
             4       30       0.15  3      81                                  
     A'.sub.3                                                                  
             4       40      0.2    4      78                                  
     A".sub.1                                                                  
             5       80      0.4    2      79                                  
     A".sub.2                                                                  
             5       120     0.6    3      82                                  
     Control.sup.2                                                             
             5       --      --     --     56                                  
     Control.sup.2                                                             
             6       --      --     --     51                                  
     Control.sup.2                                                             
             7       --      --     --     51                                  
     Control.sup.2                                                             
             8       --      --     --     48                                  
     ______________________________________                                    
      .sup.1 SX = starch xanthate, 10 percent solids.                          
      .sup.2 Singly encased with starch xanthate having a xanthate D.S. of 0.35
      according to the method described in U.S. Patent 3,830,762.              
PAR  The above doubly encased compositions were free-flowing, nontacky powders.
PAC  EXAMPLE 10
PAR  A doubly encased powdered elastomer composition was prepared and recovered
      as described in Example 1 with the following composition:
PAR  A. First encasement: 3 phr.
PA1  3,000 g. SBR 1502 latex (20 percent solids)
PA1  180 g. starch xanthate (10 percent solids, xanthate D.S. 0.35)
PA1  0.9 g. NaNO.sub.2.
PAR  B. Second encasement: 3 phr.
PA1  180 g. starch xanthate (10 percent solids, xanthate D.S. 0.10)
PA1  0.9 g. NaNO.sub.2.
PAR  The resulting product was a free-flowing, nontacky powder containing a
      total of 6 phr starch xanthide.
PAC  EXAMPLE 11
PAR  A doubly encased powdered elastomer composition was prepared and recovered
      as described in Example 1 with the following composition:
PAR  A. First encasement: 4 phr.
PA1  2,886 g. NBR 5529 (21.8 percent solids)
PA1  240 g. starch xanthate (10 percent solids, xanthate D.S. 0.35)
PA1  1.0 g. NaNO.sub.2.
PAR  B. Second encasement: 2 phr.
PA1  120 g. starch xanthate
PA1  0.5 g. NaNO.sub.2.
PAR  The resulting product was a free-flowing, nontacky powder containing a
      total of 6 phr starch xanthide.
PAC  EXAMPLE 12
PAR  Rubber formulations were prepared from the powdered elastomer compositions
      from Examples 1, 2, and 8 according to ASTM Standard D15 from 100 parts
      elastomer composition, 5 parts ZnO, 2 parts sulfur, 1.75 parts
      benzothiazyl disulfide, and 1.5 parts stearic acid. No reinforcing carbon
      black was used.
PAR  Instead of using the method of mixing described in ASTM D15-18.2, all of
      the ingredients were mixed by shaking them together in a plastic bag. This
      mixture was poured through a narrow nip of the differential roll mill,
      banded, cut three times on each side, and passed endwise seven times. The
      rubbers were tested according to ASTM D412, Table 1.
PAC  EXAMPLE 13
PAR  Rubbers were prepared as described in Example 12 from the powdered
      elastomer compositions of Examples 2 and 7 and singly encased powdered
      elastomers containing 20 phr starch xanthate prepared from SBR 1502 latex
      according to U.S. Pat. No. 3,830,762. A control sample containing no
      starch xanthate was prepared from slab SBR 1502 in accordance with ASTM
      D15 using the procedure described in D15-18.2. One hundred parts of
      Examples 2, and 7, and the slab SBR 1502 each were mixed with 50 parts IRB
      No. 3 carbon black, 5 parts ZnO, 2 parts sulfur, 1.75 parts benzothiazyl
      disulfide, 1.5 parts stearic acid, and 1 part phenyl-betanaphthylamine in
      the manner described in Example 12 for powdered and slab rubber. One
      hundred twenty parts of the singly encased 20 phr powdered elastomer were
      mixed with the same ingredients and in the same manner except the amount
      of carbon black was reduced to 30 parts. The resulting rubbers were tested
      in accordance with ASTM D412, Table 2.
PAC  EXAMPLE 14
PAR  Rubber was prepared and tested as described in Example 12 from 100 parts of
      powdered elastomer composition of Example 5, 50 parts carbon black, 5
      parts ZnO, 2 parts sulfur, 1.75 parts benzothiazyl disulfide, 1.5 parts
      stearic acid, and 1 part phenyl-beta-naphthylamine. The resulting rubber
      had the following physical characteristics: moduli 100 percent = 360, 300
      percent = 1,300; percent elongation = 422; tensile = 2,580 p.s.i.; set (10
      minutes) = 20 percent.
PAC  EXAMPLE 15
PAR  One hundred parts of the powdered elastomer composition of Example 3 were
      mixed with 50 parts IRB No. 3 carbon black, 1 part
      phenyl-beta-naphthylamine, 1 part stearic acid, 4 parts ZnO, 2 parts
      sulfur, 0.75 part benzothiazyl disulfide, 0.75 part diphenyl guanidine,
      and 5 parts naphthenic oil. The dry ingredients were blended for 60
      seconds in a Prodex-Henschel 2JSS high intensity mixer. The liquid
      ingredients were added to the mixture and blended an additional 30
      seconds. One hundred twenty parts of a singly encased oe (oil extended)
      SBR 1713 powdered elastomer containing 20 phr starch xanthide were added
TBL                                    Table 1                                 
     __________________________________________________________________________
     Rubber                                                                    
     (Example No.                                                              
             Encasement                Set                                     
     of powdered                                                               
             phr   Moduli  Elongation,                                         
                                  Tensile,                                     
                                       (10 min.)                               
     elastomer)                                                                
             1st                                                               
                2nd                                                            
                   100%                                                        
                       300%                                                    
                           %      p.s.i.                                       
                                       %                                       
     __________________________________________________________________________
     1       3  2  210 470 400    600  10                                      
     2       4  1  190 410 370    520  5                                       
     8       5  2  200 430 360    510  5                                       
     __________________________________________________________________________
TBL                                    Table 2                                 
     __________________________________________________________________________
              Encasement                   Set                                 
              phr     Moduli   Elongation,                                     
                                      Tensile,                                 
                                           (10 min.),                          
     Rubber   1st 2nd 100%                                                     
                          300% %      p.s.i.                                   
                                           %                                   
     __________________________________________________________________________
     Example 2                                                                 
              4   1   680 3,050                                                
                               300    3,050                                    
                                           12                                  
     Example 7                                                                 
              5    2.sup.1                                                     
                      400 --   310    3,340                                    
                                           10                                  
     Singly encased                                                            
              20  --  400 2,600                                                
                               390    3,440                                    
                                           10                                  
     Slab SBR 1502                                                             
              --  --  500 2,720                                                
                               380    3,450                                    
                                           10                                  
     __________________________________________________________________________
      .sup.1 Calcium stearate.                                                 
PAL  to the same formulation as above with the exception that it contained only
      30 parts carbon black.
PAR  The powdered elastomer containing formulations were fed directly to a
      Newberry injection molding machine, model number H3-50RS with a
      masticating type screw. See T. P. Abbott et al., supra, for exact
      conditions and method.
PAR  The resulting rubbers were analyzed in accordance with ASTM, Table 3.
PAC  EXAMPLE 16
PAR  The formulations described in Example 15 containing the powdered elastomer
      of Example 3, and the singly encased powdered oe SBR 1713 containing 20
      phr starch xanthate were milled and compression molded in accordance with
      ASTM D15. A formulation containing 100 parts slab oe SBR 1713, 50 parts
      IRB No. 3 carbon black, 1 part phenyl-beta-naphthylamine, 1 part stearic
      acid, 4 parts ZnO, 2 parts sulfur, 0.75 part benzothiazyl disulfide, 0.75
      part diphenyl guanidine, and 5 parts naphthenic oil were mixed, milled,
      and compression molded in accordance with ASTM D15. The above rubbers were
      tested in accordance with ASTM 412, Table 4.
TBL                                    Table 3                                 
     __________________________________________________________________________
             Encasement                 Set                                    
             phr   Moduli   Elongation,                                        
                                   Tensile,                                    
                                        (10 min.),                             
     Rubber  1st                                                               
                2nd                                                            
                   100%                                                        
                       300% %      p.s.i.                                      
                                        %                                      
     __________________________________________________________________________
     Example 3                                                                 
              4 2  720 --   240    2,080                                       
                                        20                                     
     Singly encased                                                            
             20 -- 440 1,800                                                   
                            350    2,120                                       
                                        30                                     
     __________________________________________________________________________
TBL                                    Table 4                                 
     __________________________________________________________________________
               Encasement                 Set                                  
               phr   Moduli   Elongation,                                      
                                     Tensile                                   
                                          (10 min.),                           
     Rubber    1st                                                             
                  2nd                                                          
                     100%                                                      
                         300% %      p.s.i.                                    
                                          %                                    
     __________________________________________________________________________
     Example 3  4 2  440 2,000                                                 
                              350    2,400                                     
                                          30                                   
     Singly encased                                                            
               20 -- 400 1,700                                                 
                              470    2,880                                     
                                          35                                   
     Slab oe SBR 1713                                                          
               -- -- 240 1,560                                                 
                              420    2,200                                     
                                          25                                   
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for preparing powdered elastomer compositions having the
      following steps:
PA1  a. coprecipitating from 3 to 19 parts of a first encasement compound
      selected from the group consisting of starch xanthate and zinc starch
      xanthate having xanthate degrees of substitution of from 0.2 to 3.0,
      cationic starch, and their cereal flour analogs with 100 parts of latex
      solids contained in a latex selected from the group consisting of natural
      rubber latex, chloroprene latex, polybutadiene latex, styrenebutadiene
      rubber latex, butadiene-acrylonitrile rubber latex, oil-extended
      styrene-butadiene rubber latex, and phenol-formaldehyde-extended nitrile
      rubber latex to form a coprecipitate having a particle diameter of about 1
      mm.;
PA1  b. filtering and water washing the coprecipitate resulting from (a);
PA1  c. washing the coprecipitate resulting from step (b) with a water-miscible
      solvent;
PA1  d. filtering the washed coprecipitate resulting from step (c); and
PA1  e. repeating steps (c) and (d) until the filtrate resulting from step (d)
      contains from 0 to 10 percent water; an improvement comprising, as an
      additional step prior to step (c), supra, resuspending the coprecipitate
      resulting from step (b), supra, in water and precipitating, in the
      presence of the resuspended coprecipitate, from 1 to 17 parts per 100
      parts of latex solids (phr) of a second encasement compound selected from
      the group consisting of starch xanthate and zinc starch xanthate having
      xanthate degrees of substitution of from 0.2 to 3.0, cationic starch,
      their cereal flour analogs, and sodium stearate, the total amount of first
      and second encasement compounds being from 4 to 20 phr.
NUM  2.
PAR  2. A process as described in claim 1 wherein the resuspended coprecipitate
      is encased in calcium stearate by reacting sodium stearate with a
      water-soluble calcium or zinc salt in the presence of said resuspended
      coprecipitate at a pH of from 6 to 7.5.
NUM  3.
PAR  3. A process as described in claim 1 wherein the resuspended coprecipitate
      is encased in starch xanthide by reacting starch xanthate and sodium
      nitrite in the presence of said resuspended coprecipitate at a pH of from
      about 2 to 6.
NUM  4.
PAR  4. A process as described in claim 1 wherein the resuspended coprecipitate
      is encased in zinc starch xanthide by reacting starch xanthate with a
      water-soluble zinc salt at a pH of from 4 to 6.5.
NUM  5.
PAR  5. A process as described in claim 1 wherein the first encasement compound
      is present in amounts of from 3 to 7 phr, the second encasement compound
      is present in amounts of from 1 to 5 phr, and the total amount of first
      and second encasement compounds being from 4 to 8 phr.
NUM  6.
PAR  6. A process as described in claim 1 wherein the first encasement compound
      is present in amounts of from 3 to 5 phr, the second encasement compound
      is present in amounts of from 1 to 3 phr, and the total amount of first
      and second encasement compounds being from 4 to 6 phr.
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ABST
PAL  A process for producing metal-free azo pigments in purely organic liquid or
      aqueous/organic liquid containing at most 10% of water calculated on the
      total weight of the suspension is described. In this one-step process, a
      suitable aromatic amine is diazotized without isolation of the obtained
      diazo compound and coupled with a coupling component. Both reactions are
      carried out in purely or essentially organic medium. The latter consists
      essentially of such amount of an organic liquid that a substantial portion
      either of the diazo component or of the coupling component or of both
      these reactants remain undissolved. Both reactants must be free from
      sulphonic acid groups. If the resulting azo pigment contains carboxylic
      acid groups, these can be subsequently converted to the corresponding
      amido or ester groups.
PARN
PAR  This is a continuation of application Ser. No. 827,933, filed May 26, 1969,
      and now abandoned.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention concerns a new process for the production of suspensions of
      metal-free azo pigments in an organic liquid medium, containing no water
      or at most 10 % of water, and of such metal-free azo pigments.
PAC  STATE OF THE ART
PAR  The difficulties occurring with regard to yield, purity or shade and
      uniform quality of the azo pigments of higher molar weights if, in the
      case of the normal aqueous coupling of diazo compounds not having
      sulphonic acid groups for promoting water solubility, coupling components
      are used which likewise have no sulphonic acid groups which promote water
      solubility, are known and can scarcely be avoided. In these cases, use is
      sometimes made of wetting and dispersing agents, and also protective
      colloids, as auxiliary agents in the reaction mixture. These measures are
      however frequently unsatisfactory technically. Using these standard
      methods, therefore, it is scarcely possible to combine diazo compounds not
      having solubilising sulphonic acid groups with twice coupling azo
      components not having solubilising sulphonic acid groups to produce
      uniform twice coupling products. It has already been suggested that these
      difficulties be avoided by performing the coupling in non aqueous medium,
      in a concentrated reaction mixture and with intensive mechanical mixing
      and, optionally, by conditioning the obtained pigments by means of a heat
      treatment with high-boiling organic solvents. Unavoidably in this case,
      the diazo compounds have to be produced in a separate operation. The diazo
      compounds have to be isolated in the form of their naphthalene mono- and
      disulphonic- acid salts or as double salts of zinc chloride and then,
      generally, they also have to be mixed with inorganic, water-binding salts.
      This is a procedure which is complicated and time-consuming.
PAC  THE INVENTION
PAR  It has now been found that metal-free azo pigments can be produced in one
      operation from diazo components and coupling components, which are free of
      sulphonic acid groups, by diazotizing and coupling in organic solvents and
      in a concentrated reaction mixture, optionally with heat treatment of the
      obtained azo pigments in high-boiling solvents in a one-step process and
      consequently very economically, if the diazotization is performed, without
      isolation of the diazo compound, in an organic medium and the coupling is
      performed in a heterogeneous phase, in such a way that the diazo and/or
      the coupling components are present in organic suspension, whereby the
      organic solvents contain at most 10% water.
PAR  More in particular, the invention provides a novel process for producing
      metal-free azo pigments or suspensions thereof in an organic medium which
      process comprises
PA1  a. diazotizing a diazotizable aromatic amine free from sulphonic acid
      groups with a non-aqueous diazotizing agent or with an aqueous diazotizing
      agent of such concentration that the water content in the final pigment
      suspension does not exceed the said 10 %,
PA2  and at a temperature below the decomposition temperature of the
      unstabilized diazo compound being formed,
PA2  in an easily recoverable organic liquid which contains a coupling component
      free from sulphonic acid groups and has a sufficiently low pH to set free
      nitrogenous acid from the diazotizing agent;
PA2  said organic liquid being selected from an aromatic hydrocarbon which is
      either unsubstituted or substituted by at least one of nitro, halogen and
      lower alkyl;
PA2  the amount of said organic liquid being such that a substantial portion
      either of the diazo component or of the said coupling component, or of
      both these reactants remains undissolved therein, and
PA1  b. reacting said coupling component with the unstabilized diazo compound as
      the latter is being formed, in said organic liquid, thereby obtaining a
      suspension of the corresponding azo pigment in said organic liquid, which
      suspension contains no water or at most up to 10 % of water, calculated on
      the total weight of the suspension.
PAR  In producing azo pigments using this new process, it was not to be
      anticipated that the coupling in heterogeneous organic phase would proceed
      smoothly, even when the coupling components and/or the diazo components
      have low solubility in the concerned organic solvent or mixture of
      solvents, which contain at most 10% water. Surprisingly, pure and deeply
      coloured pigments are obtained in good yield.
PAR  The working procedure according to the invention, renders unnecessary the
      stabilisation, isolation and the drying of the diazo compound. The
      diazotization, coupling and optionally the conditioning too of the
      obtained metal-free azo pigment can, surprisingly, be carried out in a
      solvent or a mixture of solvents, without any involved intermediate
      isolation or intermediate drying, in one operation. A particularly
      remarkable aspect is that, depending on conditions, it is even possible to
      perform the diazotization and coupling practically simultaneously. The
      process, according to the invention, can be carried out rationally and
      economically using relatively cheap solvents, which in the majority of
      cases can be recovered.
PAR  According to the invention, use is made in particular of those metal-free
      pigments containing no sulphonic acid groups, the molecular weight of
      which is at least 500 and which contain at least two -CO-NH-groups in the
      molecule, and which yield inferior products if prepared according to
      commonly used coupling reactions in aqueous medium. With regard to the
      metal-free azo pigments, the ones mainly concerned are those of the
      2-hydroxy-naphthalene-3-carboxylic acid arylamide series, having no active
      methylene or tertiary nitrogen group.
PAR  Listed below are some examples of diazo and tetrazo components as well as
      once and twice coupling components which are suitable with regard to the
      process according to the invention. Those components are preferably chosen
      whereby the obtained metal-free azo pigments contain at least two
      --CO--NH-groups.
PAC  EXAMPLES FOR DIAZO COMPONENTS
PA1  2,4- and 2,5-dichloraniline,
PA1  2,4,5-trichloraniline,
PA1  2-chloro-4-nitraniline,
PA1  4-chloro-2-nitraniline,
PA1  2-methoxy-4-nitraniline,
PA1  4-methoxy-2-nitraniline,
PA1  2-aminobenzoic acid methyl ester,
PA1  aminoterephthalic acid dimethyl ester and -diethyl ester,
PA1  4-methoxy-3-aminophenyl benzyl sulphone,
PA1  4-methyl-3-aminodiphenyl sulphone,
PA1  4-methoxy-3-aminobenzene sulphonic acid diethyl amide,
PA1  2-methoxy-5-methyl-4-aminobenzene sulphonic acid methyl amide,
PA1  2,5-dimethoxy-4-aminobenzoic sulphonic acid anilide,
PA1  2,5-dimethoxy- and 2,5-diethoxy-4-benzoylaminoaniline,
PA1  2-methoxy-5-methyl-4-benzoylaminoaniline,
PA1  4-ethoxy-3-aminobenzamide,
PA1  4-methoxy-3-aminobenzoic acid anilide,
PA1  4-methyl-3-aminobenzoic acid -2'4'-dimethylanilide,
PA1  4-methyl-3-aminobenzoic acid-4'-chloranilide,
PA1  4-chloro-3-aminobenzoic acid -2'-methyl-5' -chloranilide,
      4-chloro-3-aminobenzoic acid-2'4'- and -2'5'-dichloranilide,
PA1  4-chloro-3-aminobenzoic acid-2'4'5'-trichloranilide,
PA1  4-chloro-3-aminobenzoic acid-2'-methyl-3'-chloroanilide,
PA1  4-carbethoxy-3-aminobenzoic acid-2'5'-dichloranilide,
PA1  4-chloro-3-aminobenzoic acid,
PA1  4-methoxy-3-aminobenzoic acid,
PA1  4-methyl-3-aminobenzoic acid,
PAC  EXAMPLES FOR TETRAZO COMPONENTS
PA1  3,3'-dichlorobenzidine,
PA1  2,5,2'5'-tetrachlorobenzidine,
PA1  3,3'-dimethoxybenzidine,
PA1  3,3'-dimethylbenzidine.
PAC  EXAMPLES FOR COUPLING COMPONENTS COUPLING ONCE
PA1  2-hydroxynaphthalene-3-carboxylic acid anilide, -4'-chloranilide,
      -3'-nitranilide, -2'-methoxyanilide, -2'-methylanilide,
      -2'3'-dimethylanilide, -2'4'-dimethoxy-5'-chloranilide,
      -2'5'-dimethoxy-4'-chloranilide, -2'-methyl-4'-chloranilide,
      -2'-methyl-4'-methoxyanilide,
PA1  2-hydroxycarbazole-3-carboxylic acid -4'-chloranilide,
PA1  6-(2'3'-hydroxynaphthoylamino)-2,4-dioxotetrahydroquinazoline,
PA1  5-(2',3'-hydroxynaphthoylamino)-benzimidazolone-(2),
PA1  1-(2', 3'-hydroxynaphthoylamino)-2-methoxy-5-chloro-4-benzoyl-aminobenzene,
PA1  3-(2', 3'-hydroxynaphthoylamino)-4-chlorobenzoic acid-2"5"-dichloranilide,
PA1  2-hydroxynaphthalene-3-carboxylic acid,
PA1  2-hydroxycarbazole-3-carboxylic acid.
PAC  EXAMPLES FOR COUPLING COMPONENTS COUPLING TWICE
PAR  bis-(2'3'-hydroxynaphthoyl)-1,4-diaminobenzene,
      -1,4-diamino-2-chlorobenzene, -1,4-diamino-2-methyl-5-chlorobenzene,
      -benzidine, -o-tolidine, -1,4-diamino-2,5-dimethoxybenzene,
      -1,4-diamino-2,5-dimethylbenzene, -1,4-diamino-2,5-dichlorobenzene,
      -1,4-diamino-2-methoxy-5-chlorobenzene, -pp'-diaminodiphenyl ether.
PAR  Sovents to be used according to the invention are, especially unsubstituted
      and halogenated and/or nitrated liquid aromatic hydrocarbons, e.g.
      o-dichlorobenzene, chlorobenzene, xylene, benzene, toluene, nitrobenzene,
      as well as lower alkanols.
PAR  These solvents should be acidified in order to improve the yield rate of
      diazonium compound.
PAR  The diazotizing and coupling medium can also contain water in addition to
      the predominating organic part. The water content, if any, in the organic
      solvent, whould be less than about 10 %, in order to prevent the formation
      of undesirable emulsions.
PAR  Used as diazotizing agents are the esters of nitrous acid such as amyl
      nitrite, butyl nitrite, the methyl or ethyl ester or also crystalline or
      concentrated aqueous sodium nitrite. But also applicable as diazotizing
      agents are octyl nitrite, dinitrogen tetroxide, dinitrogen trioxide or
      nitrosyl chloride or -bromide, used according to the invention. Sodium
      nitrite can likewise be used, according to the process, in the same way as
      the esters of the nitrous acid.
PAR  The processing of the pigments produced according to the process entails
      removal of the applied solvent, by filtering, centrifuging or distilling.
PAR  If the filtered off azo pigment, produced according to the invention,
      contains sodium chloride or another inorganic salt, it is advantageous to
      firstly wash it with the organic solvent used for conditioning, to which
      suitable wetting agents are added such as, e.g. Turkey-red oil, and
      afterwards with water. If sodium acetate is present in the filter cake, it
      is preferable to wash with the organic solvent and then with methanol. The
      pigment can be particularly easily washed, if it contains no alkali salt
      at all, i.e. where for example, alkyl nitrite is used for diazotizing with
      no alkali salts otherwise having been used. In this case, washing with the
      solvent used in the case of the conditioning or coupling suffices.
PAR  A modification of the process according to the invention consists of
      firstly producing, using an analogous procedure in an organic agent, azo
      dyestuffs having unmodified carboxyl groups and reacting these in the
      dyestuff, likewise without intermediate isolation by way of the acid
      chlorides, with mono- or diamines or alcohols to give the corresponding
      acid amide derivatives or esters. In this case too, the used azocarboxylic
      acids possess, apart from the carboxylic acid groups to be converted into
      the acid halide groups, no water-solubilizing sulphonic acid groups. The
      carboxylic acid group, which is converted to the ester or arylamide group,
      can be present in the diazo component and/or the coupling component. In
      this manner, azo dyestuffs can be produced having one or several free
      carboxyl groups in the molecule and which are suitable as intermediate
      products for the production of pigments, whereby the carboxylic acid group
      or groups are transformed into the corresponding carboxylic acid halide
      groups, to be then converted into arylamides or esters. The advantage of
      this method of procedure, according to the invention, is that valuable azo
      pigments are obtained in a solvent or mixtures of solvents, without any
      intermediate isolation, from diazotization, via coupling and acid chloride
      formation to the ester or arylamide formation and, optionally, heat
      treatment.
PAR  Optionally, a heat treatment follows the production, according to the
      invention, of the pigments, i.e. the diazotization and coupling in an
      organic solvent without intermediate isolation of the diazotization
      component. This heat treatment can take place in the same solvent or
      solvent mixture in which diazotization and coupling have been performed;
      alternatively the solvent can be changed. In general, such a heat
      treatment is performed at temperatures above 100.degree. C, usually
      between 110.degree. and 180.degree. C, and possibly using pressure. A heat
      treatment or conditioning of the pigments is carried out particularly
      where the fastness to migration of the pigments, produced according to the
      invention, in PVC has to be increased.
PAR  A further advantageous embodiment of the process consists of not, or only
      partially, isolating after filtering and washing, the pigment produced
      according to the invention, which is contained, in general, to the extent
      of 5 % in the solvent. After the pigment has been filtered off, the
      solvent concerned still remaining in the pigment can be replaced or
      replenished entirely or partially by another solvent. It is also possible
      to add to these pigment pastes obtained according to the invention,
      organic polymers such as, e.g. PVC, cellulose acetate, cellulose butyrate
      or resins. This addition depends on the application purpose and on the
      specific solvent used or later added.
PAR  Pigment pastes, containing solvent, are obtained in this manner, which
      contain the pigment in very fine dispersion and which are suitable
      directly for the pigmenting of organic polymer material such as, for
      example, lacquers or plastics. Using chlorinated hydrocarbons, according
      to the invention, to which optionally some PVC is also added, the pigment
      pastes obtained after filtering off the pigment, can be used directly for
      the pigmenting of PVC or other plastics.
PAR  The pigments, produced according to the invention, can be used in inorganic
      or organic media for the dyeing or pigmenting of paper in the pulp or in
      the coating, of lacquers, plastics such as, e.g. polyvinyl chloride,
      polyurethane, polypropylene or polyethylene, cellulose ester, spinning
      solutions, foils or for the pigment printing of textiles.
DETD
PAR  The following examples serve to illustrate the invention, whereby the
      temperatures are given in degrees Centigrade. Where otherwise not stated,
      the term "parts" denotes parts by weight. Parts by weight are in relation
      to parts by volume as gram to cm.sup.3.
PAC  EXAMPLE 1
PAR  31.6 g of pulverised 4-chloro-3-amino-benzoic acid 2'4'-dichloranilide and
      29.5 g of likewise pulverised 2-hydroxy naphthalene-3-carboxylic
      acid-2'4'-dimethyl anilide are sprinkled, while stirring, into 710 g of
      o-dichlorobenzene after which are also added 105.0 g of glacial acetic
      acid and 20.0 g of ethanol. After stirring for one hour at 20.degree.,
      22.8 g of 33.3 % aqueous sodium nitrite solution are added dropwise at
      20.degree. C within 15 minutes, whereby the temperature rises to
      27.degree. and pigment formation commences. The suspension is stirred for
      15 hours at 30.degree. - 32.degree. and is then heated within 2 hours to
      140.degree.. A distillate of about 75 ml is thereby obtained on the
      descending condenser. The pigment is then filtered off hot, washed with
      o-dichlorobenzene, then with an 8% solution of Turkey red oil in
      o-dichlorobenzene and finally with hot water and is then dried at
      80.degree..  The amount of red pigment obtained is 55.0 g.
PAR  The o-dichlorobenzene is recovered by distillation or by steam
      distillation.
PAC  EXAMPLE 2
PAR  To 710 g of o-dichlorobenzene are added, while stirring, 31.6 g of
      4-chloro-3-amino-benzoic acid-2'4'-dichloranilide and 29.5 g of
      2-hydroxy-naphthalene-3-carboxylic acid-2'4'-dimethylanilide, both in
      powder form and, finally, 60.0 g of glacial acetic acid. After stirring
      for half an hour, the mixture is cooled to 15.degree. and gaseous ethyl
      nitrite (B.P. 16.degree.) is fed into the suspension through a gas inlet
      tube for 20 minutes, whereby pigment formation commences forthwith. The
      ethyl nitrite is produced in a small connected flask by adding dropwise
      14.2 g of 50% aqueous sulphuric acid to a stirred mixture of 24.9 g of
      33.3% aqueous sodium nitrite solution and 6.25 g of ethanol at
      approximately 25.degree.. The residue of ethyl nitrite finally remaining
      in the apparatus is forced by air into the suspension. The latter is
      heated within one hour to 30.degree., in a further hour to 80.degree. and
      in a further hour to  140.degree., whereby a small amount of easily
      volatile fractions are distilled off. The pigment is then filtered off
      hot, washed with o-dichlorobenzene and dried at 80.degree.. The yield
      amounts to 55.1 g of practically anhydrous red pigment which for example,
      exhibits in soft polyvinyl chloride a good fastness to migration and in
      lacquers a very good fastness to cross-lacquering.
PAR  If the pigment suspension is not heated, being instead filtered at
      30.degree., washed with the above solvent and dried at 80.degree., a
      product is obtained having a somewhat less good fastness to migration but
      having a very good fastness to cross-lacquering.
PAR  The process can be carried out just as well using methyl nitrite in place
      of ethyl nitrite. The methyl nitrite can be conveniently prepared from
      sulphuric acid, methanol and aqueous sodium nitrite. In the small scale
      test, approximately 50% excess of this diazotizing agent is advantageously
      used; there is practically no nitrosation of the coupling components.
PAR  Results which are approximately as good can also be obtained by using
      chlorobenzene, xylene, tetrachloroethane and nitrobenzene in place of
      o-dichlorobenzene. Also suitable are toluene, benzene, carbon
      tetrachloride, chloroform and petroleum hydrocarbons.
PAC  EXAMPLE 3
PAR  To a mixture of 467.0 g of glacial acetic acid and 0.5 g of Turkey-red oil
      are added, while stirring, 31.6 g of 4-chloro-3-amino-benzoic
      acid-2'4'-dichloranilide in powder form. To this mixture are then also
      added dropwise, within 15 minutes, 22.0 ml of 10N hydrochloric acid and
      the thus obtained suspension is stirred over night at 22.degree.. After
      cooling to 15.degree., an addition is made within one minute of 21.5 g of
      33.3% aqueous sodium nitrite solution, whereupon an almost clear brown
      solution is formed. Three minutes later, a solution of 29.5 g of
      2-hydroxy-naphthalene-3-carboxylic acid-2'4'-dimethylanilide in 212.0 g of
      methanol and 8.0 g of sodium hydroxide is added within 3 minutes. The
      temperature attains 28.degree. and a red pigment suspension is formed. Ten
      minutes later, 64.5 g of o-dichlorobenzene are added to this mixture and,
      after a further 40 minutes and while still stirring, heating of the
      mixture commences whereby the volatile constituents are distilled off over
      a column, further o-dichlorobenzene being thereby added to the suspension
      in portions in order to keep the mixture stirrable. Within three hours, an
      inner temperature of 145.degree. is attained and a total of 710.0 g of
      o-dichlorobenzene have been added. The pigment suspension is further
      stirred during one hour at 145.degree. - 147.degree. and is then filtered
      off hot. It is washed with o-dichlorobenzene, then with the first runnings
      of the distillate (up to 96.degree. distillation temperature) and finally
      with water and dried at 80.degree.. By this means are obtained 57.10 g of
      a brilliant red pigment which can be used for printing inks, plastics or
      lacquers.
PAR  The principal amount of distillate can be used, advantageously made up with
      glacial acetic acid, for the next batch.
PAR  In order not to allow the water content to rise too much in the case of
      further batches, solid pulverulent sodium nitrite can be used instead of
      sodium nitrite solution or the aqueous hydrochloric acid can be replaced
      by an equivalent amount of hydrogen chloride gas.
PAC  EXAMPLE 4
PAR  Into 475.0 g of methanol are sprinkled, while stirring, 31.6 of pulverulent
      4-chloro-3-amino-benzoic acid-2'4'-dichloranilide, whereupon 2.5 g of
      Turkey-red oil and 45.8 ml of fuming hydrochloric acid (11.8 N) are also
      added and the suspension is stirred overnight at 25.degree.. The
      suspension is then cooled to 2.degree. and 7.3 g of pulverulent sodium
      nitrite are sprinkled in.
PAR  In addition, 22.8 g of sodium methylate are dissolved in 135 g of methanol
      and to this are also added 29.7 g of 2-hydroxy-naphthalene-3-carboxylic
      acid-2'4'-dimethylanilide, then 2.5 g of an addition product of 18 moles
      of ethylene oxide to 1 mole of cetyl alcohol, dissolved in 8.0 g of
      methanol, and then 103 g of o-dichlorobenzene. The thus obtained solution
      of the coupling components are added, 20 minutes after the nitrite
      addition, to the diazo suspension within 5 minutes and the formed pigment
      suspension is stirred during one hour at 30.degree. - 32.degree.. Heating
      then commences with descending condenser and the mixture is heated, while
      continually stirring, finally to 145.degree., whereby a further 645 g of
      o-dichlorobenzene are added and, firstly, 600 ml are collected as
      distillate and then 230 ml. After heating for one hour to 145.degree. -
      147.degree., the pigment is filtered off hot, washed with
      o-dichlorobenzene, then with  230 ml of the higher-boiling distillate,
      then with some methanol and finally with water. After drying at
      65.degree., 51.2 g of a red pigment are obtained.
PAR  The 600 ml of lower-boiling distillate can be used directly for a further
      diazotization.
PAC  EXAMPLE 5
PAR  To a fine suspension of 35.0 g of 4-chloro-3-amino-benzoic
      acid-2'4'5'-trichloranilide and 32.5 g of
      2-hydroxy-naphthalene-3-carboxylic acid-1'-naphthylamide in 970 g of
      o-dichlorobenzene are also added 60.0 g of glacial acetic acid and the
      mixture is stirred during 2 hours at 15.degree..
PAR  In addition, 14.4 ml of 10N hydrochloric acid are added in 20 minutes,
      while stirring, to a 15.degree. warm mixture of 24.8 g of 33.3% sodium
      nitrite solution, 24.0 g of water, 9.8 g of n-butanol and 61.5 g of
      o-dichlorobenzene. After stirring for a further 10 minutes, the organic
      layer, which contains the formed n-butyl nitrite, is separated in a
      separating funnel. This layer is now added within 15 minutes to the
      suspension of the pigment components, whereby pigment formation commences.
      The mixture is heated in one hour to 30.degree., in a further hour to
      80.degree. and in a further hour to 140.degree., whereby volatile
      fractions are distilled off. Finally, the pigment is filtered off hot,
      washed with o-dichlorobenzene and dried at 80.degree.. The yield amounts
      to 60.5 g. The pigment exhibits in soft polyvinyl chloride a good fastness
      to migration and, in lacquers, a very good fastness to cross-lacquering.
PAR  The press cake containing the o-dichlorobenzene can also be used directly
      without drying or with the addition of further organic solvents for the
      pigmenting of polyvinyl chloride, polyurethane and lacquers.
PAC  EXAMPLE 6
PAR  In a 5-necked-flask are dissolved 7.52 g of
      2-hydroxy-naphthalene-3-carboxylic acid in 340 g of chlorobenzene while
      stirring and with heating. At 30.degree. an addition is also made to the
      solution of 6.48 g of 2,5-dichloraniline, whereupon it is cooled to
      18.degree. and, within 15 minutes, methyl nitrite gas is introduced under
      the surface of the solution, the gas having been generated in a small
      connected flask by the dropwise addition of 4.90 g of 50% sulphuric acid
      to a stirred mixture of 10.60 g of 33.3% aqueous sodium nitrite solution
      and 1.70 g of methanol at 20.degree.. The final residues of the methyl
      nitrite are conveyed to the reaction vessel by the blowing in of air.
PAR  The obtained dyestuff suspension is heated in one hour to 30.degree., in a
      further hour to 60.degree. and, after cooling to about 40.degree. and in a
      vacuum of 22 mm Hg, 20 ml of liquid are distilled off. The content of the
      flask is now cooled at atmospheric pressure to 30.degree., whereupon 7.15
      g of thionyl chloride are added dropwise within 10 minutes. With a mounted
      reflux condenser, provided with a calcium chloride tube, the mixture is
      slowly heated to 80.degree. and it is stirred at 80.degree. - 85.degree.
      until the evolution of hydrogen chloride has ceased and, finally, the
      mixture is heated to boiling, whereby 56 ml of liquid are distilled off.
      Following this, a hot solution of 2.16 g of 1,4-diaminobenzene in 110 g of
      anhydrous chlorobenzene is added within 5 minutes with a further addition
      of 65 g of chlorobenzene and, using a reflux condenser provided with a
      calcium chloride tube, the mixture is stirred, while gently boiling, until
      the evolution of hydrogen chloride has ceased.
PAR  Finally, the pigment is filtered off hot, washed with hot chlorobenzene
      until the filtrate is almost colourless, and is dried at 60.degree.. A red
      pigment is obtained which, in stoving lacquers, has a very good fastness
      to light and is fast to cross-lacquering.
PAC  EXAMPLE 7
PAR  In 16.0 g of methanol at 30.degree. are dissolved 2.70 g of sodium
      methylate and 4.48 g of 1,4-bis-(2'-hydroxy-3'-naphthoylamino)-benzene.
      While stirring, 160.0 g of o-dichlorobenzene are added and the mixture
      briefly heated to 45.degree., cooled to 20.degree. and 3.24 g of
      2,5-dichloraniline are added, the mixture then being cooled to 5.degree..
PAR  Ethyl nitrite gas is now introduced, while stirring, in 20 minutes through
      an inlet tube below the surface of the mixture, the nitrite gas being
      thereby generated in a connected small flask by the dropwise addition of
      5.30 g of 50% sulphuric acid to a stirred mixture of 9.13 g of 33.3%
      aqueous sodium nitrite solution and 2.30 g of ethanol at 25.degree..
      Finally, air is blown in in order to convey the residues of ethyl nitrite
      into the reaction vessel.
PAR  At 8.degree., 6.30 g of glacial acetic acid are now added dropwise, whereby
      the coupling components precipitate and the pigment formation commences.
      The temperature is gradually increased to 20.degree.. After stirring for
      65 hours, the pigment suspension is heated within one hour to 80.degree.
      and within a further hour to 150.degree., whereby easily volatile
      fractions are distilled off. The pigment is then filtered off hot, is
      washed with o-dichlorobenzene until the filtrate is only very slightly red
      in colour, and it is then washed with methanol before being dried at
      60.degree.. By this means are obtained 6.9 g of a deeply coloured red
      pigment which, in lacquers, is fast to cross-lacquering and which, in soft
      polyvinyl chloride, has a good fastness to migration.
PAC  EXAMPLE 8
PAR  In 460 g of distilled o-dichlorobenzene at 135.degree. are dissolved, while
      stirring, 6.86 g of 4-chloro-3-aminobenzoic acid and then 11.65 g of
      2-hydroxy-naphthalene-3-carboxylic acid-2'4'-dimethylanilide. The solution
      is allowed to cool and, at 60.degree., 2.90 g of glacial acetic acid are
      added. Finally, methylnitrite gas, which is generated in a small connected
      flask by adding dropwise 7.83 g of 50% sulphuric acid to a mixture of 17.0
      g of 33.3% aqueous sodium nitrite solution and 2.7 g of methanol, is
      introduced under the surface of the suspension for 40 minutes at
      20.degree.. By blowing air into the small flask, the residual methyl
      nitrite is passed into the obtained dyestuff suspension. This suspension
      is subsequently heated within one hour to 30.degree. and in a further hour
      to 40.degree.. It is further stirred, in the closed flask, for 15 hours at
      this temperature, whereupon 60 ml of liquid are distilled off in vacuo and
      another 80 g of o-dichlorobenzene are added to the dyestuff suspension.
      This is heated at atmospheric pressure to 125.degree., a mixture of 9.53 g
      of thionyl chloride and 133 g of o-dichlorobenzene is added within 30
      minutes and the mixture heated within 30 minutes to 150.degree., whereupon
      100 ml of liquid are distilled off under reduced pressure. A further 80 g
      of o-dichlorobenzene are added at atmospheric pressure to the reaction
      mixture and, finally, an addition is quickly made at 140.degree. of a hot
      solution of 7.13 g of 2,4-dichloroaniline in 133 g of o-dichlorobenzene.
      The obtained pigment suspension is further heated for 2 hours at
      160.degree. - 163.degree. and, finally, filtered off at 100.degree. and
      washed with o-dichlorobenzene and methanol. After drying and grinding to a
      powder, a pigment is obtained ready for use and which can be used, for
      example, in lacquers, plastics or printing inks.
PAC  EXAMPLE 9
PAR  In a five-necked flask are dissolved, while stirring, 7.52 g of
      2-hydroxynaphthalene-3-carboxylic acid and, subsequently, 6.48 g of
      2,5-dichloroaniline in 440 g of distilled chlorobenzene at 105.degree..
      After cooling to 20.degree., methyl nitrite gas is introduced for 40
      minutes under the surface of the mixture. This gas is developed in a small
      connected flask by adding dropwise 4.90 g of 50% sulphuric acid to a
      mixture of 10.70 g of 33.3% aqueous sodium nitrite solution and 1.70 g of
      methanol. By blowing air into the small flask, the residual methyl nitrite
      is passed into the obtained dyestuff suspension. The latter is heated
      within 30 minutes to 30.degree. and in a further 30 minutes to 60.degree.,
      whereupon 50 ml of liquid are distilled off in vacuo from the reaction
      mixture. An addition is then made dropwise at 120.degree. to the dyestuff
      suspension, at atmospheric pressure and within 30 minutes, of 7.15  g of
      thionyl chloride mixed with 55 g of chlorobenzene. The dyestuff suspension
      is subsequently heated to boiling within 30 minutes, whereupon 200 ml of
      liquid are distilled off on the descending condenser. While boiling, 2.05
      g of 1,4-diaminobenzene, dissolved in 110 g of hot chlorobenzene, are
      added in portions in 3 minutes. The obtained pigment suspension is then
      refluxed for one hour. After cooling to 100.degree., the pigment is
      filtered off, washed with chlorobenzene and then with methanol, dried and
      ground to a powder. It is ready for use for the pigmenting of highly
      molecular organic material.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the preparation of a metal free azo pigment having at
      least two -CONH- groups per molecule and a molecular weight of at least
      500, by diazotization of a diazotizable amino benzene with a diazotizing
      agent to form a diazo compound and coupling said diazo compound with a
      coupling compound, the improvement wherein the diazotization and coupling
      are performed in a simple operation without separation of the diazo
      compound, said process comprising admixing:
PA1  a. a diazotizable amino benzene having no sulphonic acid groups
PA1  b. a coupling component which is a 2-hydroxy-naphthalene-3-carboxylic acid
      phenyl or naphthyl amide, said component having no sulphonic acid groups,
      active methylene or tertiary nitrogen groups, and
PA1  c. a diazotizing agent selected from the group consisting of alkyl nitrite,
      dinitrogen tetroxide, dinitrogen trioxide, nitrosyl chloride, nitrosyl
      bromide and sodium nitrite
PA2  in an organic liquid selected from the group consisting of liquid aromatic
      hydrocarbons or liquid aromatic hydrocarbons which are substituted by
      halo, nitro or lower alkyl, said solvent containing at most 10% water,
PA2  the amount of said organic liquid being such that a substantial portion
      either of the diazo component or of the said coupling component, or of
      both these reactants remains undissolved therein.
NUM  2.
PAR  2. A process according to claim 1 wherein the diazotizable amine is
      selected from the group consisting of
PA1  2,4- and 2,5-dichloraniline,
PA1  2,4,5-trichloraniline,
PA1  2-chloro-4-nitraniline,
PA1  4-chloro-2-nitraniline,
PA1  2-methoxy-4-nitraniline,
PA1  4-methoxy-2-nitraniline,
PA1  2-aminobenzoic acid methyl ester,
PA1  aminoterephthalic acid dimethyl ester and -diethyl ester,
PA1  4-methoxy-3-aminophenyl benzyl sulphone,
PA1  4-methyl-3-aminodiphenyl sulphone,
PA1  4-methoxy-3-aminobenzene sulphonic acid diethyl amide,
PA1  2-methoxy-5-methyl-4-aminobenzene sulphonic acid methyl amide,
PA1  2,5-dimethoxy-4-aminobenzoic sulphonic acid anilide,
PA1  2,5-dimethoxy- and 2,5-diethoxy-4-benzoylaminoaniline,
PA1  2-methoxy-5-methyl-4-benzoylaminoaniline,
PA1  4-ethoxy-3-aminobenzamide,
PA1  4-methoxy-3-aminobenzoic acid anilide,
PA1  4-methyl-3-aminobenzoic acid-2'4'-dimethylanilide,
PA1  4-methyl-3-aminobenzoic acid-4'-chloranilide,
PA1  4-chloro-3-aminobenzoic acid-2'-methyl-5'-chloranilide,
PA1  4-chloro-3-aminobenzoic acid-2'4'- and -2'5'-dichloranilide,
PA1  4-chloro-3-aminobenzoic acid-2'4'5'-trichloranilide,
PA1  4-chloro-3-aminobenzoic acid-2'-methyl-3'-chloroanilide,
PA1  4-carbethoxy-3-aminobenzoic acid-2'5'-dichloranilide,
PA1  4-chloro-3-aminobenzoic acid,
PA1  4-methoxy-3-aminobenzoic acid,
PA1  4-methyl-3-aminobenzoic acid,
PA1  3,3'-dichlorobenzidine,
PA1  2,5,2'5'-tetrachlorobenzidine,
PA1  3,3'-dimethoxybenzidine and
PA1  3,3'-dimethylbenzidine,
PAL  and the coupling component is selected from the group consisting of
PA1  2-hydroxynaphthalene-3-carboxylic acid anilide, -4'-chloranilide,
      -3'-nitranilide, -2'-methoxyanilide, -2'-methylanilide,
      -2'3'-dimethylanilide, -2'4'-dimethoxy-5'-chloranilide,
      -2'5'-dimethoxy-4'-chloranilide, =2'-methyl-4'-chloranilide,
      -2'-methyl-4'-methoxyanilide,
PA1  6-(2'3'-hydroxynaphthoylamino)-2,4-dioxotetrahydroquinazoline,
PA1  5-(2',3'-hydroxynaphthoylamino)-benzimidazolone-(2),
PA1  1-(2',3'-hydroxynaphthoylamino)-2-methoxy-5-chloro-4-benzoyl-aminobenzene,
PA1  3(2',3'-hydroxynaphthoylamino)-4-chlorobenzoic acid-2"5"-dichloranilide,
PA1  2-hydroxynaphthalene-3-carboxylic acid,
PA1  2-hydroxycarbazole-3-carboxylic acid,
PA1  bis-(2'3'-hydroxynaphthoyl)-1,4-diaminobenzene,
      -1,4-diamino-2-chlorobenzene, -1,4-diamino-2-methyl-5-chlorobenzene,
      -benzidine, o-tolidine, -1,4-diamino-2,5-dimethoxybenzene,
      -1,4-diamino-2,5-dimethylbenzene, -1,4-diamino-2,5-dichlorobenzene,
      -1,4-diamino-2-methoxy-5-chlorobenzene, and -pp'-diaminodiphenyl ether.
NUM  3.
PAR  3. A process according to claim 1 wherein the alkyl nitrite is a C.sub.1
      -C.sub.8 alkyl nitrite.
NUM  4.
PAR  4. A process according to claim 1 wherein the solvent is chlorobenzene,
      o-dichlorobenzene, benzene, toluene, xylene or nitrobenzene and the
      diazotizing agent is sodium nitrite.
NUM  5.
PAR  5. A process according to claim 1 wherein the diazotizing agent is added to
      the suspension of coupling agent and amine.
NUM  6.
PAR  6. A process according to claim 4 wherein the diazotizing agent is added to
      the suspension of coupling agent and amine.
NUM  7.
PAR  7. A process as defined in claim 1 wherein an azo pigment of the formula
      ##SPC1##
PAL  is prepared.
NUM  8.
PAR  8. A process as defined in claim 1 wherein an azo pigment of the formula
      ##SPC2##
PAL  is prepared.
NUM  9.
PAR  9. A process as defined in claim 1 wherein an azo pigment of the formula
      ##SPC3##
PAL  is prepared.
NUM  10.
PAR  10. A process for manufacturing an azo pigment wherein 31.6g.
      4-chloro-3-amino-benzoic acid-2'4'-dichloranilide and 29.5g.
      2-hydroxy-naphthalene-3-carboxylic acid-2'4'-dimethylanilide are added to
      71.0g. o-dichlorobenzene to form a mixture and then 60.0 g. of glacial
      acetic acid is added to the mixture; the mixture is cooled to 15.degree.C
      and gaseous ethyl nitrite is added; the resultant pigment is heated and
      recovered by filtration.
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PAL  A process for the preparation of saccharose polyethers which makes
      saccharose polyethers with a high functionality easily available. This is
      accomplished by subjecting mixtures of saccharose, a small quantity of
      water, a small quantity of a low molecular weight polyol, monoamine or
      polyamine or any combination of these to an alkoxylation reaction the
      reaction being carried out in suspension in aromatic hydrocarbon solvents
      and in the presence of alkali metal hydroxide catalysts.
BSUM
PAR  This invention relates to a process for the preparation of polyalkylene
      glycol ethers based on saccharose which are valuable starting materials
      for the production of hard polyurethane foams.
PAR  It is known to react saccharose with alkylene oxides to produce
      saccharose-hydroxyalkyl ethers. Saccharose reacts with ethylene oxide in
      aqueous solution in the presence of sodium hydroxide (J. W. LeMaistre, R.
      B. Seymour, J. Org. Chem. 13, 782 (1948). A process for the preparation of
      saccharose-hydroxyalkyl ethers is based on this reaction in which
      saccharose is reacted with ethylene oxide or propylene oxide in
      concentrated aqueous solution at elevated temperature in the presence of
      potassium hydroxide as catalyst (U.S. Pat. Nos. 3,085,085 and 3,153,002,
      German Pat. No. 1,443,026).
PAR  The reaction of saccharose with alkylene oxides in aqueous solution is
      liable to be accompanied by unwanted side reactions, for example the
      partial hydrolysis of alkylene oxide by the water which is used as a
      reaction medium. The hydrolyzed alkylene oxide, the polyalkylene glycols
      formed from them as well as other by-products (indicated by a dark
      discoloration of the reaction mixture) have a deleterious effect on the
      properties of polyurethane foams produced from such saccharosehydroxyalkyl
      ethers. The high proportion of bifunctional linear by-products causes the
      functionality of these polyethers to be severly reduced compared with that
      of a pure saccharose polyol. The high proportion of bifunctional linear
      by-products present means that the saccharose polyethers produced by this
      method are only of limited use for the production of valuable polyurethane
      foams. This is because the use of such saccharose polyethers is likely to
      result in friable foams of moderate strength and non-uniform cell
      structure. Another disadvantage of polyurethane foams obtained from
      saccharose polyethers which have been prepared in this way is their low
      proportion of closed cells which causes them to be poor thermal
      insulators.
PAR  For this reason an attempt has already been made to carry out the
      alkoxylation of saccharose in the absence of water and in the presence of
      xylene (U.S. Pat. No. 2,652,394). This process, however, results in badly
      discolored products due to caramelization or charring of the saccharose.
PAR  The formation of high proportions of bifunctional by-products can be
      reduced by using a process in which saccharose is first reacted with 4 to
      8 mols of alkylene oxide in a concentrated aqueous solution in the
      presence of potassium hydroxide. After this nearly all the water is
      removed from the reaction mixture and the addition of alkylene oxide is
      then continued (U.S. Pat. No. 3,085,085). Even in this process a high
      proportion of the alkylene oxide undergoes reaction in the presence of
      relatively large quantities of water in the reaction mixture. Hence even
      the products of this process tend to have the disadvantages described
      above which occur when the alkoxylation is carried out without an
      intermediate stage in which water is removed. One important technical
      difficulty of the known process of reacting saccharose with alkylene
      oxides in aqueous solution is that the major portion of sugar must be
      added at temperatures which are at or only slightly below the boiling
      point of water. Another disadvantage of this process is that the reaction
      velocity of alkylene oxide addition is relatively low, which greatly
      favors the formation of by-products during the alkylene oxide addition
      reaction.
PAR  It is also known that saccharose, present in a suspension in glycerol, can
      be reacted with propylene oxide in the presence of potassium hydroxide and
      a small quantity of water, a polyether mixture being obtained which in
      addition to propoxylated saccharose contains a high proportion of
      propoxylated glycerol (U.S. Pat. No. 3,442,888). The polyethers prepared
      by this process still contain a substantial proportion of linear
      polypropylene glycols in addition to the propoxylated saccharose and
      propoxylated glycerol, due to the reaction of propylene oxide with the
      water present in the reaction mixture. This, and particularly the high
      proportion of glycerol polyethers, causes the functionality of polyethers
      obtained by this process to be much lower than the functionality of a pure
      saccharose polyol. This low functionality has an undesirable effect on the
      properties of polyurethane foams produced from such saccharose-glycerol
      polyols.
PAR  It is essential when reacting saccharose with alkylene oxides that the
      reaction mixture be freely stirrable. Adequate removal of the large amount
      of heat produced in the reaction with alkylene oxides is only possible if
      the reaction mixture can be stirred vigorously. The problem of being able
      to stir the mixture is particularly difficult when the saccharose is first
      introduced and when large quantities of unreacted solid saccharose are
      present during the addition of alkylene oxide. Mixtures of saccharose and
      alkali metal hydroxide which are difficult to stir may lead to
      caramelization or charring reactions on the walls of the reaction vessel
      which are inevitably hot due to the heating of the reaction mixture.
PAR  Previously one could only insure that the reaction mixtures which contain
      saccharose would be freely stirrable by using fairly concentrated
      solutions of saccharose in water or by suspending saccharose in a large
      quantity of glycerol. These methods have serious disadvantages, as already
      described above. The possibilities of reducing the extent of the side
      reactions by reducing the water content of aqueous solutions or of
      suspensions are limited since mixtures of saccharose and potassium
      hydroxide which contain less than 5% of water cannot be easily stirred.
PAR  It is therefore an object of this invention to provide a process for the
      preparation of saccharose polyethers which makes saccharose polyethers
      with a high functionality easily available and substantially eliminates
      the disadvantages of the existing processes as described above.
PAR  According to the invention, this problem has been solved by subjecting
      mixtures of saccharose, a small quantity of water, a small quantity of a
      low molecular weight polyol, monoamine or polyamine or any combination of
      these to an alkoxylation reaction the reaction being carried out in
      suspension in aromatic hydrocarbon solvents and in the presence of alkali
      metal hydroxide catalysts.
PAR  This invention therefore relates to a process for the preparation of
      saccharose-hydroxyalkyl ethers by the alkoxylation of saccharose,
      characterized in that a mixture containing
PA1  a. 100 parts by weight saccharose,
PA1  b. 2 - 5 parts by weight of water,
PA1  c. 2 - 20 parts by weight of a low molecular weight higher valent alcohol,
      monoamine or polyamine or any combination of these.
PA1  d. 40 - 150 parts by weight of an aromatic hydrocarbon solvent and
PA1  e. 1 - 5 parts by weight of an alkali metal hydroxide is first prepared at
      temperatures of between 20.degree.C and 110.degree.C, and the mixture is
      then reacted with alkylene oxides at temperatures of 85.degree. to
      130.degree.C and pressures of 1.3 to 5.0 atmospheres.
PAR  The process according to the invention is preferably carried out as
      follows:
PAR  Saccharose is first suspended at room temperature, normally between
      10.degree.C and 30.degree.C in an aromatic hydrocarbon solvent, the
      quantity of solvent used being 40 to 150%, preferably 50 to 100% of the
      weight of saccharose.
PAR  A quantity of a water-soluble, short chained polyol, monoamine or polyamine
      which is small compared with the quantity of sugar, a small quantity of
      water and a small quantity of alkali metal hydroxide used as catalyst are
      added in any sequence to this suspension under an atmosphere of nitrogen
      at temperatures of between 20.degree.C and 110.degree.C preferably between
      50.degree.C and 90.degree.C, the alkali metal hydroxide being preferably
      used in the form of a concentrated aqueous solution. The resulting mixture
      which is an easily stirrable paste is then heated to the reaction
      temperature of 85.degree. to 130.degree.C, preferably 95.degree. to
      115.degree.C, and then reacted with alkylene oxide at pressure of 1.3 to
      5.0 atmospheres, preferably 1.5 to 3.5 atmospheres. The reaction
      temperature is maintained within the range of 85.degree. to 130.degree.C,
      preferably 95.degree. to 115.degree.C, either by heating or by cooling of
      the reaction mixture, as required. When alkyleneoxide addition has been
      completed the alkaline polymer is neutralized with dilute mineral acid. If
      desired, an anti-oxidant, e.g. 2,6-di-tert. butyl-p-cresol, may be added
      to the neutralized product. The water and hydrocarbon are distilled off
      down to a small residue under vacuum at elevated temperatures, about
      50.degree. to 130.degree.C, and the salts which separate in the process
      are removed by filtration.
PAR  Any aromatic hydrocarbon solvents boiling within the range of 80.degree. to
      180.degree.C may be used for the process of the invention, for example
      benzene, toluene, ethyl benzene, xylenes or chlorobenzene. The preferred
      solvent for the process of the invention is toluene. The aromatic
      hydrocarbons may also be used as mixtures with aliphatic solvents boiling
      within the range of 80.degree. to 180.degree.C.
PAR  The polyols, monoamine and/or polyamines used for the process according to
      the invention are water-soluble compounds which have melting points below
      100.degree.C and molecular weights generally between 60 to 250. Examples
      of such compounds are: ethylene glycol, propylene glycol, butane-1,4-diol,
      diethylene glycol, dipropylene glycol, trimethylol propane, glycerol,
      sorbitol, mannitol, mono-, di- and triethanolamine, mono-, di and
      triisopropanolamine, N-alkyl-alkanolamines such as N-methyl-diethanolamine
      and N-ethyl-diethanolamine, lower aliphatic monoalkylamines and
      dialkylamines, cycloalkylamines, aralkylamines, alkylene diamines such as
      ethylene diamine and polyalkylene polyamines such as diethylene triamine
      and triethylene tetramine. The preferred compounds for the process of the
      invention are higher valent alcohols and amino alcohols.
PAR  Instead of the pure compounds there may also be used mixtures of two or
      more of the additives described above. In either case, the total quantity
      of additives used is 2 to 20%, preferably 3 to 15% of the weight of
      saccharose.
PAR  According to the invention, the water content of the mixture of saccharose,
      additives and catalyst is between 1 and 5%, preferably between 2.0 and
      4.5% of the weight of the saccharose portion.
PAR  The reaction with the alkylene oxide is carried out in the presence of
      alkali metal hydroxides as catalyst, preferably sodium hydroxide or
      potassium hydroxide. According to a preferred method of carrying out the
      process, potassium hydroxide is used in the form of an approximately 50%
      aqueous solution and the quantity of potassium hydroxide used is between
      1.0 and 5.0%, preferably between 2.0 and 3.0% of the weight of saccharose.
PAR  The alkylene oxides used in the process according to the invention are
      preferably ethylene oxide, propylene oxide and/or 1,2-butylene oxide. The
      alkoxylation reaction according to the invention may be carried out using
      either only one of the above mentioned alkylene oxides or any mixtures of
      alkylene oxides. If desired, various alkylene oxides may be added in
      succession to a reaction mixture in the process according to the invention
      to produce so-called graft polyethers.
PAR  The reaction temperatures may vary within a wide range. Temperatures of
      between 85.degree. and 130.degree.C and preferably between 95.degree. and
      115.degree.C are generally employed. The reaction with alkylene oxides is
      carried out at an elevated pressure of between 1.3 and 5.0 atmospheres,
      preferably between 1.5 and 3.5 atmospheres.
PAR  The process according to the invention may be applied to the preparation of
      polyethers which can be reacted with polyisocyanates to produce hard
      polyurethane foams. These foams are either directly produced with
      polyisocyanates or only after they have been mixed with suitable short
      chain diols or polyols or bifunctional or polyfunctional polyalkylene
      glycols. When it is desired to make such hard foams the quantity of
      alkylene oxide used is such that each saccharose molecule reacts on an
      average with about 8 to 20 and preferably about 8 to 15 molecules of
      alkylene oxide. The polyethers obtained in this way have hydroxyl numbers
      of between 250 and 750, preferably between 350 and 550. The functionality
      of the polyethers is above 5.5 in the case of products with a low hydroxyl
      number and in the region of 7 or more in the case of products with a high
      hydroxyl number.
PAR  The polyethers prepared in accordance with the invention are clear,
      yellowish to brownish, thick liquid or highly viscous oils. The viscosity
      of the products depends on the hydroxyl number and quantity of additives
      contained in them and varies from 7000 cP (at 25.degree.C) in the case of
      low hydroxyl numbers (about 350) to above 400,000 cP in the case of high
      hydroxyl numbers (about 550). By varying the hydroxyl number and the
      proportion of additives rather than by varying the small water content it
      is possible to produce products whose viscosity is optimally adjusted in
      each case to the given use purpose of the product.
PAR  The following are the major advantages of the process according to the
      invention:
PAR  The saccharose can be introduced at room temperature, normally between 10
      and 30.degree.C, so that trouble caused by solvent vapors or hot steam can
      easily be avoided.
PAR  The inert atmosphere which is absolutely essential for the reaction with
      alkylene oxides can very easily be achieved since at room temperature
      atmospheric oxygen can easily be removed by repeated evacuation of the
      reaction vessel and refilling with nitrogen.
PAR  The mixtures of starting materials are easily stirrable at every phase of
      the reaction. This ensures efficient cooling which is necessary for rapid
      reaction with alkylene oxides.
PAR  The reaction mixtures are characterized by a relatively high reaction
      velocity in the reaction with alkylene oxides.
PAR  Due to the ease with which the system can be stirred, saccharose is
      prevented from caking on the hot walls of the reaction vessel and
      carmelization of saccharose is therefore avoided.
PAR  The saccharose undergoes complete reaction with alkylene oxides without any
      residue. Due to the small water content of the reaction mixtures, side
      reactions of alkylene oxides occur only to a slight extent.
PAR  The saccharose polyethers prepared by the process according to the
      invention are pale in color and due to the relatively high proportion of
      saccharose-hydroxyalkyl ethers in them they have a relatively high
      functionality.
PAR  The process according to the invention may, of course, also be modified so
      that only part of the alkylene oxide is reacted at first and the remainder
      is added only after an intermediate removal of water.
PAR  The saccharose polyethers obtained by the process according to the
      invention are valuable starting materials for the production of hard
      polyurethane foams by known processes for the production of polyurethane
      foams by reaction with preferably aromatic polyisocyanates in the presence
      of the usual auxiliary agents and additives.
PAR  The apparatus used for carrying out the practical examples described below
      was an autoclave equipped with a heating and cooling device, a stirrer, a
      device for displacing air with gaseous nitrogen (e.g. vacuum attachment
      and nitrogen inlet) and a device for adding alkylene oxide.
PAR  The invention is further illustrated but is not intended to be limited by
      the following examples in which all parts and percentages are by weight
      unless otherwise specified.
DETD
PAC  EXAMPLE 1
PAR  350 kg of saccharose (1025 mol) were introduced into 182 kg of toluene at
      room temperature with stirring. Atmospheric oxygen was removed from the
      reaction vessel by twice evacuating the vessel and refilling with
      nitrogen. The easily stirrable suspension of saccharose in toluene was
      heated and 20 kg of 1,2-propylene glycol, 15.0 kg of 50% aqueous potassium
      hydroxide solution and 5.9 kg of water were added successively at
      80.degree.C (total quantity of water together with the water used for
      dissolving the potassium hydroxide; 13.4 kg; 3.83% of water based on the
      quantity of saccharose). The easily stirrable, pasty mixture was heated to
      105.degree.C and 874 kg (15070 mol) of propylene oxide were gradually
      added at a pressure of 2.3 to 1.6 atmospheres and a temperature of
      104.degree. to 105.degree.C (55 kg per hour; propylene oxide introduced
      under the surface of the reaction mixture). The reaction temperature was
      kept within this range by either cooling or heating the reaction mixture
      as required. Stirring was continued for a further 3 hours at 105.degree.C
      after all the propylene oxide had been added.
PAR  After the addition of 250 kg of water, the alkaline polymer was neutralized
      with 51 kg of 12.6% aqueous sulphuric acid (pH of the emulsion 6.4). Water
      and toluene were then distilled off under vacuum at 70.degree. to
      90.degree.C after the addition of filtering agents (cellulose powder and
      synthetic magnesium silicate) and an antioxidant
      (2,6-di-tert.-butyl-p-cresol). When the water content of the product was
      0.9%, the salts which separated and the filtering agents were filtered off
      after the addition of 150 liters of toluene. The filtrate was then
      distilled under vacuum of 85.degree. to 99.degree.C for complete removal
      of water and toluene.
PAR  The resulting pale yellow, viscous product had the following physical
      properties:
     Hydroxyl number (mg KOH/g)                                                
                             416                                               
     pH                      7.3                                               
     Water content (%)       0.05                                              
     Viscosity n.sub.25.sub..degree.C (cP)                                     
                             28000                                             
     average functionality                                                     
     (calculated from the quantity of                                          
     starting material and hydroxyl                                            
     number)                 5.95                                              
PAR  Remarks:
PAR  The hydroxyl numbers given in the examples were determined by the usual
      method of acylating the polyether with excess phthalic acid anhydride in
      pyridine.
PAR  To determine the pH values, a mixture of methanol and water in a volumetric
      ratio of 9 : 1 was used as solvent and 10 ml of the polyether and 100 ml
      of the solvent were used for the pH determination. The measurement was
      carried out using a single-rod glass electrode.
PAC  EXAMPLE 2
PAR  Introduction of the starting components, addition of alkylene oxide and
      working up of the alkaline polymer were carried out as described in
      Example 1.
PAR  The following starting materials were used:
TBL  165     kg of toluene                                                     
     315     kg (921 mol) of saccharose,                                       
     32.7    kg of trimethylol propane,                                        
     9.2     kg of propylene glycol,                                           
     13.4    kg                                                                
     5.6     kg of water (total quantity of water 12.3 kg, 3.9% of             
             water based on the weight of the saccharose)                      
     828     kg (14280 mol) of propylene oxide in 15 hours.                    
PAR  First saccharose was added at room temperature, followed by trimethylol
      propane at 60.degree. to 70.degree.C and then by propylene glycol,
      potassium hydroxide solution and water in that order at 80.degree.C. The
      mixture of starting components was freely stirrable.
PAR  The pale yellow, viscous product obtained had the following physical
      properties:
TBL  hydroxyl number (mg KOH/g)                                                
                               417                                             
     pH                        7.3                                             
     water content (%)         0.08                                            
     viscosity n.sub.25.sub..degree.C (cP)                                     
                               21300                                           
     average functionality                                                     
     (calculated from the quantity of                                          
     starting material and hydroxyl number)                                    
                               5.75                                            
PAC  EXAMPLE 3
PAR  The introduction of starting components, addition of alkylene oxide and
      working up of the alkaline polymer were carried out as described in
      Example 1.
PAR  The following starting materials were used:
PA1  182 kg of toluene
PA1  350 kg (1025 mol) of saccharose,
PA1  20 kg of propylene glycol,
PA1  15.0 kg of 50% aqueous potassium hydroxide solution,
PA1  6.0 kg of water (total quantity of water 13.5 kg; 3.85% based on the weight
      of saccharose),
PA1  696 kg (12010 mol) of propylene oxide in 13.5 hours.
PAR  Saccharose was first added at room temperature and then, at 80.degree.C,
      propylene glycol, potassium hydroxide and water in that order. The mixture
      of starting components was freely stirrable.
PAR  The pale yellow, viscous product obtained had the following physical
      properties:
TBL  hydroxyl number (mg KOH/g)                                                
                               470                                             
     pH                        7.3                                             
     water content (%)         0.08                                            
     viscosity n.sub.25.sub..degree.C (cP)                                     
                               104000                                          
     average functionality                                                     
     (calculated from quantity of starting                                     
     material and hydroxyl number)                                             
                               6.30                                            
PAC  EXAMPLE 4
PAR  The introduction of starting components, addition of alkylene oxide and
      working up of the alkaline polymer were carried out as described in
      Example 1. The components were introduced in the following sequence:
PA1  1,330 g of toluene
PA1  2,670 g (7.81 mol) of saccharose at about 25.degree.C,
PA1  91.5 g of propylene glycol at 80.degree.C,
PA1  73.5 g of water at 80.degree.C,
PA1  110.0 g of 50% aqueous potassium hydroxide solution at 80.degree.C (total
      quantity of water 128.5 g; 4.8% of water based on the weight of
      saccharose),
PA1  4,239 g of propylene oxide (73.0 mol) in 14 hours.
PAR  The addition of propylene oxide was carried out at 1.4 to 1.6 atmospheres.
PAR  The mixture of starting components was freely stirrable.
PAR  The brownish yellow, highly viscous product obtained had the following
      physical properties:
TBL  hydroxyl number (mg KOH/g)                                                
                              519                                              
     (the hydroxyl number was determined with                                  
     acetic acid anhydride in pyridine)                                        
     pH                       6.6                                              
     water content (%)        0.05                                             
     viscosity n.sub.25.sub..degree.C (cP)                                     
                              400,000                                          
     average functionality                                                     
     (calculated from the quantity of                                          
     starting material and hydroxyl number)                                    
                              7.18                                             
PAC  EXAMPLE 5
PAR  The introduction of starting components, addition of alkylene oxide and
      working up of the alkaline polymer were carried out as described in
      Example 1. The starting components were introduced in the following
      sequence:
PA1  1,310 g of toluene
PA1  2,180 g (6.38 mol) of saccharose at about 25.degree.C,
PA1  251 g of triethanolamine at 80.degree.C
PA1  46 g of water at 80.degree.C
PA1  104 g of 50% aqueous potassium hydroxide solution at 85% (total quantity of
      water 98.0 g; 4.5% based on the weight of saccharose),
PA1  6,254 g (112.6 mol) of propylene oxide in 20 hours.
PAR  The addition of propylene oxide was carried out at 0.4 to 0.6 excess
      atmospheres.
PAR  The mixture of starting components was freely stirrable.
PAR  The brownish yellow, viscous product obtained had the following physical
      properties:
TBL  hydroxyl number (mg KOH/g)                                                
                              376                                              
     pH                       9.05                                             
     water content (%)        0.04                                             
     viscosity n.sub.25.sub..degree.C (cP)                                     
                              11780                                            
     average functionality                                                     
     (based on the quantity of starting                                        
     material and hydroxyl number)                                             
                              5.96                                             
PAC  EXAMPLE 6
PAR  The introduction of starting components, addition of alkylene oxide and
      working up of the alkaline polymer were carried out as described in
      Example 1. The starting components were added in the following sequence:
PA1  125 kg of toluene
PA1  291 kg (850 mol) of saccharose at about 25.degree.C,
PA1  30.0 kg of trimethylol propane at 70.degree.C,
PA1  6.0 kg of water at 80.degree.C,
PA1  18.5 kg of 50% aqueous potassium hydroxide solution at 80.degree.C (total
      quantity of water 15.25 kg; 5.24% of water based on the weight of
      saccharose),
PAR  873 kg (15,080 mol) of propylene oxide in 16 hours.
PAR  The mixture of starting components was freely stirrable.
PAR  The brownish yellow viscous product obtained had the following physical
      properties:
TBL  hydroxyl number (mg KOH/g)                                                
                               382                                             
     pH                        6.9                                             
     water content (%)         0.09                                            
     viscosity n.sub.25.sub..degree.C (cP)                                     
                               13825                                           
     average functionality                                                     
     (calculated from quantity of starting                                     
     material and hydroxyl number)                                             
                               5.77                                            
PAC  EXAMPLE 7
PAR  The introduction of starting components, addition of alkylene oxide and
      working up of the alkaline polymer were carried out as described in
      Example 1. The starting materials were introduced in the following
      sequence:
PA1  1,000 g of toluene
PA1  1,685 g (4.93 mol) of saccharose at about 25.degree.C,
PA1  107 g of ethylene diamine at 80.degree.C
PA1  46 g of water at 80.degree.C,
PA1  70 g of 50% aqueous potassium hydroxide solution at 80.degree.C (total
      quantity of water 81.0 g; 4.8% of water based on the weight of
      saccharose),
PA1  5,200 g (89.7 mol) of propylene oxide in 23 hours
PAR  The addition of propylene oxide was carried out at 0.4 to 0.6 excess
      atmosphere.
PAR  The mixture of starting components was freely stirrable.
PAR  The brownish yellow, viscous product obtained had the following physical
      properties:
TBL  hydroxyl number (mg KOH/g)                                                
                              398                                              
     pH                       10.3                                             
     water content (%)        0.159                                            
     viscosity n.sub.25.sub..degree. C (cP)                                    
                              16350                                            
     average functionality                                                     
     (calculated from starting material                                        
     and hydroxyl number)     6.01                                             
PAC  EXAMPLE 8
PAR  In this example there is described the preparation of a saccharose
      polyether which was prepared from a mixture of propylene oxide and
      ethylene oxide. The introduction of starting components, addition of
      alkylene oxides and working up of the alkaline polymer were carried out as
      described in Example 1.
PAR  The starting materials were introduced in the following sequence:
PA1  121 kg of toluene
PA1  286 kg (837 mol) of saccharose at about 25.degree.C,
PA1  29.8 kg of trimethylol propane at 70.degree. - 75.degree.C,
PA1  8.4 kg of propylene glycol at 80.degree. - 85.degree.C,
PA1  5.4 kg of water at 85.degree.C,
PA1  12.0 kg of 50% aqueous potassium hydroxide solution at 85.degree.C (total
      quantity of water 11.4 kg; 3.98% of water based on the weight of
      saccharose),
PA1  652 kg (11230 mol) of propylene oxide,
PA1  218 kg (4960 mol) of ethylene oxide as mixture in 13 hours.
PAR  The mixture of starting components was freely stirrable.
PAR  The pale yellow, viscous product obtained had the following physical
      properties:
     hydroxyl number (mg KOH/g)                                                
                              374                                              
     pH                       7.4                                              
     water content (%)        0.09                                             
     viscosity n.sub.25.sub..degree.C (cP)                                     
                              7500                                             
     average functionality                                                     
     (calculated from starting material                                        
     and hydroxyl number)     5.83                                             
PAC  EXAMPLE 9
PAR  In this example there is described a saccharose polyether which was
      prepared by first adding propylene oxide and then adding ethylene oxide
      only after all the propylene oxide had been added and the reaction has
      been left to continue for 2 hours after the addition of propylene oxide.
      The introduction of starting components, addition of alkylene oxides (the
      pressure in the reaction vessel was increased to 2 excess atmospheres
      during the addition of ethylene oxide) and working up of the alkaline
      polymer were carried out as described in Example 1. The starting materials
      were introduced in the following sequence:
PA1  156 kg of toluene
PA1  302 kg (883 mol) of saccharose at about 25.degree.C,
PA1  18.1 kg of trimethylol propane at 70.degree. - 75.degree.C,
PA1  8.5 kg of propylene glycol at 80.degree.C,
PA1  5.0 kg of water at 80.degree.C,
PA1  12.0 kg of 50% aqueous potassium hydroxide solution at 80.degree. -
      85.degree.C (total quantity of water 11.0 kg; 3.64% of water based on the
      weight of saccharose),
PA1  819 kg (14120 mol) of propylene oxide in 15 hours
PA1  48 kg (1091 mol) of ethylene oxide in 1.2 hours.
PAR  The mixture of starting components was freely stirrable. The brownish
      yellow, viscous product obtained had the following physical properties:
     hydroxyl number (mg KOH/g)                                                
                              382                                              
     pH                       7.6                                              
     water content (%)        0.05                                             
     viscosity n.sub.25.sub..degree.C (cP)                                     
                              13600                                            
     average functionality                                                     
     (calculated on starting material                                          
     and hydroxyl number)     6.00                                             
PAC  COMPARISON EXAMPLE
PAR  The stirrability of a mixture of 30.0 g of 50% aqueous potassium hydroxide
      solution, 11.3 g of water and 500.0 g of saccharose (total quantity of
      water 26.3 g; 5.26% of water based on the weight of saccharose) was tested
      in a two liter hard glass beaker fitted with lid and blade stirrer with
      glass shaft.
PAR  Aqueous potassium hydroxide solution and water were introduced into the
      beaker. About 100 g of saccharose were first introduced at about
      50.degree.C with stirring. Additional saccharose was gradually stirred in
      at 90.degree. - 95.degree.C. The thick, pasty mixture obtained after the
      addition of a total of 440 g of saccharose was still stirrable. By the
      time 500 g of saccharose had been added, the mixture was very tough and no
      longer stirrable, there was a marked formation of lumps and the stirrer
      broke after a few minutes.
PAR  It is to be understood that any of the components and conditions mentioned
      as suitable herein can be substituted for its counterpart in the foregoing
      examples and that although the invention has been described in
      considerable detail in the foregoing, such detail is solely for the
      purpose of illustration. Variations can be made in the invention by those
      skilled in the art without departing from the spirit and scope of the
      invention except as is set forth in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the preparation of saccharose-hydroxyalkyl ethers by
      the alkoxylation of saccharose with alkylene oxides selected from the
      group consisting of ethylene oxide, propylene oxide and 1,2-butylene oxide
      at a temperature of 85.degree. to 130.degree.C and a pressure of 1.3 to
      5.0 atmospheres the improvement comprising reacting the alkylene oxides
      with a mixture containing
PA1  a. 100 parts by weight of saccharose,
PA1  b. 2-5 parts by weight of water,
PA1  c. 3-15 parts by weight of a low molecular weight higher valent alcohol,
      momoamine, or polyamine or any mixture of these wherein the alcohol,
      monoamine, or polyamine is water soluble, has a melting point below
      100.degree.C and a molecular weight of between 60 and 250,
PA1  d. 40-150 parts by weight of an aromatic hydrocarbon solvent, and
PA1  e. 1-5 parts by weight of an alkali metal hydroxide, wherein said mixture
      is initially prepared at temperatures of between 20.degree. and
      100.degree.C.
NUM  2.
PAR  2. A process according to claim 1 wherein the aromatic hydrocarbon solvents
      used are benzene, toluene, ethyl benzene, xylenes or chlorobenzene.
NUM  3.
PAR  3. A process according to claim 1 wherein the alkali metal hydroxide used
      is 2.0 to 3.0 parts by weight of potassium hydroxide in the form of a
      concentrated aqueous solution.
NUM  4.
PAR  4. A process according to claim 1 wherein the alcohol, monoamine or
      polyamine is water soluble.
NUM  5.
PAR  5. A process according to claim 1 wherein the amount of alcohol, monoamines
      or polyamines used is present in a quantity of 2 - 20 percent by weight,
      based on the saccharose.
NUM  6.
PAR  6. A process according to claim 1 wherein the alkylene oxide is a mixture
      of ethylene oxide and/or propylene oxide and/or 1,2-butylene oxide.
NUM  7.
PAR  7. A process according to claim 1 wherein the alkylene oxide is selected
      from at least two members of the group consisting of ethylene oxide,
      propylene oxide and 1,2-butylene oxide and wherein the alkylene oxides are
      added in succession to the reaction mixture to produce graft polyethers.
NUM  8.
PAR  8. A process according to claim 1 wherein the alkylene oxide is used in a
      quantity which corresponds to a molar ratio of saccharose : alkylene oxide
      as 1 : 8 to 1 : 20.
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ABST
PAL  3' ,5'-Cyclic-adenylic acid or 3' ,5'-cyclic-deoxadenylic acid can be
      obtained in a high purity and a high yield by adding a water-soluble
      organic solvent such as methyl alcohol, ethyl alcohol, n-propyl alcohol,
      isopropyl alcohol, tert-butyl alcohol, acetone, N,N'-dimethylformamide,
      dioxane, tetrahydrafuran, ethyleneglycolmonomethylether and the like
      singly or in combination to an aqueous solution containing as impurities
      one or more kinds of nucleotides other than 3' ,5'-cyclicadenylic acid and
      3' ,5'-cyclic-deoxyadenylic acid, nucleosides, nucleobases, colored
      substances, proteins and the like in addition to 3' ,5'-cyclic-adenylic
      acid or 3', 5'-cyclic-deoxyadenylic acid.
PAL  The said 3' ,5'-cyclic-adenylic acid or 3' ,5'-cyclic-deoxyadenylic acid
      are useful and valuable as a biochemical reagent.
BSUM
PAR  The present invention relates to a method for purifying
      3',5'-cyclic-adenylic acid or 3',5'cyclic-deoxyadenylic acid. More
      particularly, it relates to a process for purifying 3',5'-cyclic-adenylic
      acid or 3',5'-cyclic-deoxyadenylic acid from an aqueous solution of
      3',5'-cyclic-adenylic acid or 3',5'-cyclic-deoxyadenylic acid, which
      contains as impurities one or more substances such as nucleotides other
      than said ones, nucleosides, nucleobases, colored substances, proteins and
      the like in addition to said 3',5'-cyclic-adenylic acid or
      3',5'-cyclic-deoxyadenylic acid.
PAR  3',5'-Cyclic-adenylic acid (hereinafter referred to as CAMP) has been known
      as a participant in various biochemical reactions in vivo and a meditor
      for a great number of hormones and it is a highly valuable substance. The
      existence of 3',5'-cyclic-deoxyadenylic acid (hereinafter referred to as
      DeCAMP) in vivo has been known and it is highly valuable as a biochemical
      reagent. As stated above, CAMP or DeCAMP is used as a biochemical reagent,
      therefore, the one having a high purity is required.
PAR  CAMP is produced by culturing a microorganism capable of producing CAMP (a
      microorganism capable of producing CAMP from normal nutrient sources or
      the one capable of producing CAMP from nucleobases, nucleosides,
      nucleotides and the like using them as a starting material) in a medium
      comprising normal nutrient sources or a medium prepared by adding
      nucleobases, nucleosides, nucleotides and the like to a normal medium
      (e.g. U.S. Pat. No. 3,630,842); synthesizing by a chemical means using
      5'-adenylic acid, 5'-adenosine-diphosphate, 5'-adenosine-triphosphate as a
      starting material; subjecting 5'-adenosine-triphosphate to an enzymatic
      treatment using an enzyme, adenylcyclase; or extracting from cells of
      microorganisms, plants and animals or the like.
PAR  DeCAMP is produced by culturing a microorganism capable of producing DeCAMP
      from deoxyadenosine in a medium containing deoxyadenosine therein;
      synthesizing by a chemical means using deoxyadenosine as a starting
      material; decomposing 5'-deoxyadenosine-triphosphate by Baryta water; or
      subjecting 5'-deoxyadenosine-triphosphate to an enzymatic treatment using
      the enzyme, adenylcyclase.
PAR  The thus obtained CAMP or DeCamp-containing solution, wherein CAMP or
      DeCAMP exists in the state of free or salt, contains as impurities
      nucleotides other than CAMP or DeCAMP, nucleosides, nucleobases, colored
      substances, proteins and the like.
PAR  On the occasion of purifying CAMP or DeCAMP in a high purity from CAMP or
      DeCAMP-containing solutions in which such impurities as the
      above-mentioned are contained, it is particularly difficult to remove
      nucleotides other than CAMP or DeCAMP, which are closely related to CAMP
      or DeCAMP structurally and in physical and chemical properties. When
      colored substances derived from a medium for fermentation are contained
      therein, there are some difficulties stated below.
PAR  Since said substances often show the quite same behavior as nucleotides
      other than CAMP or DeCAMP, it makes their removal difficult and prevents
      CAMP or DeCAMP from crystallizing.
PAR  The removal of said substances have been hitherto conducted by an
      adsorption means using active carbon, or ion exchange resin, a
      decolorizing resin or the like singly or in combination. A method for
      purifying CAMP or DeCAMP using such adsorption means as mentioned above
      has, however, such drawbacks as an industrial means, that the operation is
      time-consuming and complicate and that the purity of CAMP or DeCAMP
      obtained is not always sufficient.
PAR  There has been known a method for purifying CAMP and DeCAMP by adjusting pH
      of a CAMP or DeCAMP-containing solution to 1 to 2, adding a CAMP or
      DeCAMP-insoluble organic solvent such as alcohol, acetone and the like
      thereto to separate out CAMP or DeCAMP from the solution, however, the
      purity of CAMP or DeCAMP obtained is extremely low.
PAR  An object of the present invention is to provide a method for purifying
      CAMP or DeCAMP in a high purity and a high yield.
PAR  Other objects of the present invention is to provide a highly purified CAMP
      or DeCAMP.
PAR  These and other objects of the prevent invention may become apparent in the
      following description.
PAR  The present inventors have conducted intensively various studies on the
      method for purifying on an industrial scale CAMP or DeCAMP in a high
      purity and a high yield with a great easiness from a CAMP or
      DeCamp-containing aqueous solution in which nucleotides other than CAMP
      and DeCAMP and other impurities are contained, especially, on a method for
      removing impurities which are difficult to remove such as, nucleotides
      other than CAMP or DeCAMP and colored substances derived from a nutrient
      medium for fermentation, and they have found that impurities such as
      nucleotides other than CAMP or DeCAMP, colored substances and the like are
      separated out or precipitated while CAMP or DeCAMP still remain in a
      dissolved state due to the difference in solubility between CAMP or DeCAMP
      and impurities such as nucleotides other than CAMP or DeCAMP when an
      appropriate amount of a water-soluble organic solvent is added to the
      solution at pH 5 or more. The present invention has been completed based
      on the above-mentioned finding.
PAR  The present invention is concerned with a method for purifying CAMP or
      DeCAMP which is characterized by obtaining a solution containing CAMP or
      DeCAMP in a high purity by adjusting an aqueous solution containing as
      impurities one or more kinds of nucleotides other than said nucleotides,
      nucleosides, nucleobases, colored substances, proteins and the like in
      addition to said nucleotides to 5 or more of pH, adding a watersoluble
      organic solvent in a quantity enough to separate out or precipitate said
      impurities while maintaining said CAMP or DeCAMP in a state of being
      dissolved and removing the formed separated materials or precipitates.
PAR  The details of the present invention will be given in the following
      description.
PAR  The impurities contained in a CAMP-containing aqueous solution are:
      nucleotides other than CAMP, (e.g., 3'- or 5'-adenylic acid, 3'- or
      5'-inosinic acid, 3'- or 5'-xanthylic acid, 3'- or 5'-guanylic acid, 3'-
      or 5'-cytidylic acid, 3'- or 5'-uridylic acid and the like), nucleosides
      (e.g., adenosine, inosine, xanthine and the like), nucleobases (e.g.,
      adenine, hypoxanthine and the like) colored substances (e.g., colored
      compounds forming from amino acids and sugars with heating alone or
      together) proteins and the like in the case of fermentation method;
      nucleotides other than CAMP (e.g., 5'-adenylic acid,
      5'-adenosine-diphosphate, 5'-adenosine-triphosphate and the like) and the
      like in the case of synthetic method; nucleotides other than CAMP (e.g.,
      5'-adenosine-triphosphate and the like), proteins and the like in the case
      of enzymatic method; nucleotides other than CAMP (e.g., 5'-adenylic acid,
      5'-adenosine-triphosphate, 5'-adenosine-triphosphate and the like),
      proteins and the like in the case of living body extracting method.
PAR  The impurities contained in a DeCAMP-containing aqueous solution are:
      nucleotides other than DeCAMP (e.g., 5'-deoxyadenylic acid,
      5'-deoxyadenosine-diphosphate, 5'-deoxyadenosine-triphosphate and the
      like) in the case of synthetic method or Baryta-decomposing method;
      nucleotides other than DeCAMP (e.g., deoxyadenosine-triphosphate and the
      like), proteins and the like in the case of enzymatic method; nucleotides
      other than DeCAMP (e.g., deoxyadenylic acid, 3'- or 5'-adenylic acid, 3'-
      or 5'-guanylic acid, 3'- or 5'-uridylic acid, 3'- or 5'-cytidylic acid and
      the like), nucleosides (e.g., deoxyadenosine, deoxyinosine and the like),
      nucleobases (e.g., hypoxanthine and the like), colored substances (e.g.,
      colored compounds forming from amino acids and sugars with heating alone
      or together), proteins and the like in the case of fermentation method.
PAR  The present method is effectively applicable to every solution containing
      one or more kinds of impurities such as nucleotides other than CAMP or
      DeCAMP, nucleosides, nucleobases, colored substances, proteins and the
      like in addition to CAMP or DeCAMP, irrespective of the method for
      preparing the solution (fermentative methods, synthetic method, enzymatic
      solution, living body extractive method and the like).
PAR  Since the solubility of DeCAMP, when added various kinds of water-soluble
      organic solvents, in an aqueous solution containing DeCAMP is the same as
      that of CAMP, the details of present method are given in the following
      using especially CAMP as an illustrative example.
PAR  It is necessary, in the present method, to adjust the pH of an aqueous
      solution containing CAMP or DeCAMP as well as impurities to 5 or more,
      preferably 6 - 12, before or after adding a water-soluble organic solvent.
      In the range that pH is below 5, the aim of the present invention cannot
      be attained since CAMP or DeCAMP are hardly soluble in water. Illustrative
      of pH adjusting agents are: sodium hydroxide, potassium hydroxide,
      ammonium hydroxide, sodium carbonate, sodium bicarbonate, potassium
      carbonate, potassium bicarbonate, barium hydroxide, calcium hydroxide,
      hydrochloric acid, sulfuric acid and the like. Additionally, lower organic
      acids such as formic acid, acetic acid, citric acid and the like may be
      also employed.
PAR  When the pH of an aqueous solution obtained from cultured broth is adjusted
      to 8 or more, inorganic salts such as magnesium phosphate often separate
      out from the solution. In such a case, it is preferred to add a
      water-soluble organic solvent to the solution from which inorganic salts
      separated out have been removed.
PAR  Subsequently, a water-soluble organic solvent is added to the solution
      containing impurities as well as CAMP or DeCAMP. Illustrative of the
      solvents are methyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyl
      alcohol, tert-butyl alcohol, acetone, N,N' -dimethylformamide, dioxane,
      tetrahydrofuran, ethyleneglycolmonomethylether and the like. These
      solvents can be used singly or in combination. Among those solvents,
      acetone, tert.-butyl alcohol, isopropyl alcohol and ethyl alcohol are
      particularly preferable.
PAR  The amount of a water-soluble organic solvent to be added may vary
      slightly, depending upon the concentration of CAMP or DeCAMP in the
      solution, the kind of a water-soluble organic solvent, temperature and the
      like, but, in every case, there is added the amount within the range in
      which impurities separate out while CAMP or DeCAMP are still dissolved in
      the solution.
PAR  An aqueous CAMP solution containing 5'-adenylic acid (belonging to the
      group whose solubility to a water-soluble organic solvent is the highest
      among the impurities) and 5'-inosinic acid, which are the most popular
      impurities of CAMP-containing solution, was prepared by dissolving CAMP
      and then a water-soluble organic solvent was added thereto to study in
      what amount 5'-adenylic acid and 5'-inosinic acid as well as CAMP
      separated out from the solution. The results thereof are shown as
      Experimental Examples 1 and 2, respectively.
PAC  EXPERIMENTAL EXAMPLE 1
PAR  To 1 ml each of an aqueous solution (adjusted to pH 7.5 with 3N NaOH
      containing CAMP, 5'-adenylic acid and 5'-inosinic acid in the quantities
      shown in Table 1, respectively, were added from 1 to 50 ml of a
      water-soluble organic solvent with increasing at the rate of 1 ml at
      25.degree.C and the resultants were mixed well. Subsequently, the mixtures
      in which precipitates were observed after being allowed to stand for 30
      minutes [The solution becomes cloudy at the moment that the organic
      solvent is added, and 50 - 60% of precipitates is usually formed when the
      cloudy solution is allowed to stand for 30 minutes. The amount of
      precipitates is a function of temperature and time, however, the content
      of the remaining substance without separating out in the solution (from
      which the precipitates are removed) becomes negligible when allowed to
      stand for 10 - 17 hours even at the same temperature] was subjected to
      filtration to remove the precipitates. The respective contents of CAMP,
      5'-adenylic acid and 5'-inosinic acid in the filtrates were determined by
      using a paper chromatography to check what substance had separated out.
      The amounts of the water-soluble organic solvents added, in which each
      substance began to precipitate, are given in the term of multiple [the
      amount of a water-soluble organic solvent added to 1 ml of the aqueous
      solution] in Table 1.
PAR  From the industrial viewpoint, the maximum amount of the water-soluble
      organic solvents to be added was decided to be 50-fold. A 80 : 20 : 2
      (volume) mixture of saturated ammonium sulfate: 1 mole/l sodium acetate
      solution: isopropyl alcohol was employed as a developing solvent for the
      paper chromatography. It was conducted at 25.degree.C in the manner of
      ascending chromatography. It was conducted at 25.degree.C in the manner of
      ascending chromatography. In the case of aqueous solutions containing
      substances at the rate of 3 mg/ml and 10 mg/ml in Table 1, the
      determination of the contents of each substance was conducted after the
      solutions were concentrated up to 1 ml under reduced pressure. The sign
      "50&lt; " in Table 1 denotes that there was no formation of precipitates even
      the 50 fold volume of the solvent was added and the terms 5'-AMP and
      5'-IMP denote 5'-adenylic acid and 5'-inosinic acid, respectively.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Content      3 mg/ml   10 mg/ml  15 mg/l   100 mg/ml 250 mg/ml            
     Water-                                                                    
           Nucleotide 5'-                                                      
                         5'-    5'-                                            
                                   5'-    5'-                                  
                                             5'-    5'-                        
                                                       5'-    5'-              
                                                                 5'-           
     Soluble      CAMP                                                         
                      AMP                                                      
                         IMP                                                   
                            CAMP                                               
                                AMP                                            
                                   IMP                                         
                                      CAMP                                     
                                          AMP                                  
                                             IMP                               
                                                CAMP                           
                                                    AMP                        
                                                       IMP                     
                                                          CAMP                 
                                                              AMP              
                                                                 IMP           
     solvent                                                                   
     __________________________________________________________________________
     Ethyl alcohol                                                             
                  50&lt; 25 13 50&lt; 5  4  50&lt; 4  3  50&lt; 2  1  50&lt; 1  1             
     n-Propyl alcohol                                                          
                  50&lt; 10  7 50&lt; 5  4  50&lt; 4  3  9   2  2  8   2  1             
     Isopropyl    50&lt;  6  5 50&lt; 4  3  50&lt; 3  3  6   2  1  6   1  1             
      alcohol                                                                  
     tert.-Butyl  50&lt;  9  8 50&lt; 6  6  50&lt; 5  5  4   2  2  4   1  1             
      alcohol                                                                  
     Acetone      50&lt;  5  4 15  4  3  13  3  5  5   2  1  4   1  1             
     Dioxane      50&lt; 14  9 25&lt; 8  6  23&lt; 7  5  9   4  4  9   3  2             
     Tetrahydrofuran                                                           
                  13  13  8 13  6  4  11  5  3  6   3  2  5   3  2             
     __________________________________________________________________________
PAR  In the case where the substances dissolved in the solution are salts
      thereof, the amount of a water-soluble organic solvent to be added in
      order to precipitate each substance agreed well with the one of the
      water-soluble organic solvent listed in Table 1 when converted the content
      of the salts to the one of free substance.
PAR  The amount of the solvent to be added agreed closely with the one listed in
      Table 1 even when used nucleotides other than 5'-adenylic acid and
      5'-inosinic acid.
PAR  A test was conducted to know the range of amount of the solvent to be added
      in order to precipitate sufficiently impurities such as nucleotides other
      than CAMP, nucleosides, nucleobases, colored substances, proteins and the
      like with maintaining CAMP in a state of dissolving, using a cultured
      broth containing said impurities. The results thereof are given as
      Experimental Example 2.
PAC  EXPERIMENTAL EXAMPLE 2
PAR  To a 2.5 mg/ml CAMP-containing cultured broth which had been prepared by
      culturing a microorganism capable of producing CAMP, Corynebacterium
      murisepticum No. 7 (FERM-P No. 206, ATCC 21374) in a medium composed of
      0.01% of ZnSO.sub.4.sup.. 7H.sub.2 O, 0.5% of urea, 0.5% of
      (NH.sub.4).sub.2 SO.sub.4, 1% of KH.sub.2 PO.sub.4, 1% of K.sub.2
      HPO.sub.4, 1% of polypeptone, 0.5% of yeast extract, 0.7% of sodium
      inosinate, 5% of glucose, and 1% of MgSO.sub.4.sup.. 7H.sub.2 O, with pH
      7.5 with shaking at 30.degree.C for 40 hours [In said cultured broth,
      there were contained as impurities 2.1 mg/ml of 5'-inosinic acid, 0.2
      mg/ml of 3'-adenylic acid, 0.3 mg/ml of 5'-adenylic acid, 1.9 mg/ml of
      inosine, 1.5 mg/ml of hypoxanthine, colored substances (absorbance at 400
      m.mu.: E.sub.400 = 1.24) and 0.8 mg/ml of proteins], after adjusting the
      pH of the cultured broth to 10.0 with 40% aqueous sodium hydroxide
      solution, was added pure CAMP so as to make the content of CAMP the levels
      shown in Table 2, respectively. The inorganic precipitates (magnesium
      phosphate) formed when adjusted the broth to pH 10.0 were removed by
      centrifugation.
PAR  Fifty milliliters each of the thus prepared aqueous solutions were poured
      into a vessel, respectively, and then 1 - 25 fold volume each of
      water-soluble solvents listed in Table 2 was added (The amount was
      increased at the rate of 50 ml). The resultant mixture was kept at
      5.degree.C for 16 hours to form precipitates and the formed precipitates
      were removed by filtration to obtain a CAMP-containing solution.
PAR  One fifth each of thus obtained solutions was taken out to be concentrated
      under reduced pressure to remove the water-soluble organic solvent and the
      contents of various substances in the thus obtained 10 ml of concentrated
      solution were determined. The contents of CAMP and other nucleotides,
      nucleosides and nucleobases were determined by two-dimensional ascending
      paper chromatography at 25.degree.C, using as the first dimensional
      developing solvent a 10 : 1 : 5 (volume) mixture of isobutyric acid:
      1N-acetic acid solution : 1N-ammonium solution and as the second
      dimensional developing solvent a 80 : 20 : 2 (volume) mixture of saturated
      ammonium sulfate solution : 1 mole/l sodium acetate solution :
      isopropylalcohol; the determination of colored substances was conducted by
      using the absorbance at 400 m.mu.  (E.sub.400); and the determination of
      proteins was conducted by Lowry et. al. method [See Journal of Biological
      Chemistry 193, 265 (1951)].
PAR  The thus obtained CAMP-containing solutions were adjusted to pH 1 - 2 using
      a 5N hydrochloric acid solution and the resultants were kept at 5.degree.C
      for 24 hours to form the crystals. The crystals were collected by
      filtration and the collected precipitates were dried in vacuo to determine
      the purity of the CAMP crystals and the yield thereof.
PAR  The purity of the CAMP crystals was conducted by determining the absorbance
      at 260 m.mu.  using spectrophotometer [See Journal of the American
      Chemical Society 83, 698 (1961)].
PAR  Table 2 shows the range of amounts of the solvent to be added; in which
      about 100% of CAMP remained in said concentrated solution; the amount of
      remained 5'-inosinic acid was negligible [less than 0.1 mg/ml (unable to
      determine the one below said level)]; the amounts of remained inosine and
      hypoxanthine were less than 0.5 mg/ml; the absorbance of the colored
      substances at 400 m.mu.  is 0.2 to 0.7; the amount of remained proteins
      was less than 0.2 mg/ml; the purity of the obtained CAMP crystals was 98%
      or more and the yield was 70 - 95%.
PAR  The CAMP-containing cultured broths obtained in the same manner as
      mentioned above were adjusted to pH 1 - 2 and then water-soluble organic
      solvents were added thereto in a quantity enough to precipitate CAMP
      (e.g., 2 - 25 times the volume). The purities of the obtained CAMP
      crystals were extremely low such as 50 - 60% and the yields thereof were
      70 - 150%.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Water-soluble                                                             
             Content of CAMP                                                   
     organic                                                                   
     solvent 3 mg/ml                                                           
                   6 mg/ml                                                     
                         9 mg/ml                                               
                               12 mg/ml                                        
                                     15 mg/ml                                  
     __________________________________________________________________________
     Ethyl alcohol                                                             
             6-25  5-25  4-25  4-25  3-25                                      
     n-Propyl                                                                  
             6-25  5-25  4-25  4-25  3-25                                      
      alcohol                                                                  
     Isopropyl                                                                 
             5-15  4-10  3-8   3-7   3-7                                       
      alcohol                                                                  
     tert-Butyl                                                                
             5-20  4-14  3-10  3-10  3-10                                      
      alcohol                                                                  
     Acetone 4     3     3     3     2                                         
     Dioxane 8-20  6-12  4-10  4-8   4-8                                       
     __________________________________________________________________________
PAR  The procedures of Experimental Examples 1 and 2 were repeated substituting
      DeCAMP for CAMP and the results thereof are given as Experimental Example
      3.
PAC  EXPERIMENTAL EXAMPLE 3
PAR  1. The procedure of Experimental Example 1 was repeated except that aqueous
      solutions containing given amounts of DeCAMP and 5'-deoxyadenylic acid
      (hereinafter referred to as 5'-DeAMP; it belongs to the group whose
      solubility in the water-soluble organic solvents is the highest among the
      impurities contained in an aqueous DeCAMP-containing solution) were
      employed.
PAR  The amounts of various water-soluble organic solvents added, in which each
      substance began to precipitate, are given in the term of multiple [the
      amount of a water-soluble organic solvent added to 1 ml of the aqueous
      solution] in Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Content   3 mg/ml 10 mg/ml                                                
                               15 mg/ml                                        
                                       100 mg/ml                               
                                               250 mg/ml                       
          Nucleo-                                                              
               De- 5'- De- 5'- De- 5'- De- 5'- De-   5'-                       
     Water                                                                     
          tide CAMP                                                            
                   De- CAMP                                                    
                           De- CAMP                                            
                                   De- CAMP                                    
                                           De- CAMP  De                        
     soluble       AMP     AMP     AMP     AMP       AMP                       
     solvent                                                                   
     __________________________________________________________________________
     Ethyl alcohol                                                             
               50 &lt;                                                            
                   25  50 &lt;                                                    
                           5   50 &lt;                                            
                                   4   50 &lt;                                    
                                           2   50 &lt;  1                         
     n-Propyl alcohol                                                          
               50 &lt;                                                            
                   10  50 &lt;                                                    
                           5   50 &lt;                                            
                                   4    9  2    8    2                         
     Isopropyl alcohol                                                         
               50 &lt;                                                            
                    6  50 &lt;                                                    
                           4   50 &lt;                                            
                                   3    6  2    6    1                         
     tert.-Butyl                                                               
               50 &lt;                                                            
                    9  50 &lt;                                                    
                           6   50 &lt;                                            
                                   5    4  2    4    1                         
      alcohol                                                                  
     Acetone   50 &lt;                                                            
                    5  15  4   13  3    5  2    4    1                         
     Dioxane   50 &lt;                                                            
                   14  25 &lt;                                                    
                           8   23 &lt;                                            
                                   7    9  4    9    3                         
     Tetrahydrofuran                                                           
               35  13  13  6   11  5    6  3    5    3                         
     __________________________________________________________________________
PAR  2. Brevibacterium liquefaciens (ATCC 14929) was cultured in a medium
      composed of 20 g/l glucose, 30 g/l DL-alanine, 10 g/l K.sub.2 HPO.sub.4
      and 0.5 g/l MgSO.sub.4.sup.. 7H.sub.2 O, of pH 7.0 (adjusted with 3N-KOH)
      at 30.degree.C for 70 hours with shaking. The resultant cells were
      collected by centrifugation and the collected cells were suspended in a
      100 milli mole/l Tris buffer solution so as to make the absorbance at 660
      m.mu. 20. The thus obtained suspension was subjected to a French-press to
      destroy the cells and the resultant was used as an enzymatic solution
      (adenylcyclase).
PAR  The said enzymatic solution was admixed at the rate of 1 to 1 with a
      reaction mixture containing 100 milli mole/l Tris buffer solution (pH
      9.0), 10 milli mole/l lithium pyruvate, 20 milli mole/l
      deoxyadenosinetriphosphate and 100 milli mole/l MgSO.sub.4. The resultant
      admixture was subjected to reaction at 30.degree.C for 10 hours and then
      the reaction mixture was subjected to heat treatment at 100.degree.C for
      10 minutes. The supernatant was obtained by centrifugation.
PAR  There were contained 6 milli mole of DeCAMP, 0.8 milli mole of
      deoxyadenosine-diphosphate and 3.2 milli mole of
      deoxyadenosine-monophosphate in the 1l of supernatant.
PAR  The supernatant was concentrated under reduced pressure to prepare
      DeCAMP-containing solutions shown in Table 4. The procedure of
      Experimental Example 2 was repeated substituting the concentrated
      supernatants for the CAMP-containing solutions to determine the purities
      of DeCAMP crystals and the yields thereof.
PAR  Table 4 shows the range of the amounts of water-soluble organic solvents,
      in which the purity of the obtained DeCAMP crystals was 93% or more and
      the yield thereof was 70 to 98%.
TBL                                    Table 4                                 
     __________________________________________________________________________
     Water-soluble                                                             
             Content of DeCamp                                                 
     organic                                                                   
     solvent 3 mg/ml                                                           
                   6 mg/ml                                                     
                         9 mg/ml                                               
                               12 mg/ml                                        
                                     15 mg/ml                                  
     __________________________________________________________________________
     Ethyl alcohol                                                             
             10-25 8-25  6-25  6-25   5-25                                     
     n-Propyl                                                                  
             8-25  7-25  6-25  5-25   4-25                                     
      alcohol                                                                  
     Isopropyl                                                                 
             6-20  6-13  5-10  5-9    4-9                                      
     tert.-Butyl                                                               
             8-25  6-20  5-15  4-13   4-13                                     
      alcohol                                                                  
     Acetone 5     4     4     4      3                                        
     Dioxane 10-25 8-15  6-13  6-10   6-10                                     
     __________________________________________________________________________
PAR  As is clear from the above-mentioned Experimental Examples, impurities can
      be precipitated or separated while CAMP or DeCAMP still remain without
      precipitating by choosing an appropriate amount of a water-soluble organic
      solvent to be added.
PAR  In this case, the larger the amount of a water-soluble organic solvent is,
      the more sufficient the separation or precipitation of impurities is if
      the amount of the water-soluble organic solvent is within a range that
      CAMP or DeCAMP still remain without precipitating. From the industrial
      viewpoints, however, it is preferred to minimize the amount of the
      water-soluble organic solvent as much as possible. Therefore, the amount
      of the solvent is decided as the occasion may demand, taking into
      consideration the above-mentioned viewpoints.
PAR  The method according to the present invention, as is clear from the
      Experimental Examples, can be applicable to any CAMP or DeCAMP containing
      solution irrespective of the concentration thereof. The content of CAMP or
      DeCAMP in the solution obtained by fermentation method, synthetic method,
      living body extraction method and enzymatic method and the like is usually
      3 - 15 mg/ml (in the case of salts thereof, they are converted to the
      content as a free acid), the amount of the solvent to be added can be
      decided based on the results shown in Tables 1 to 4, especially in the
      case that the separation is conducted at 5.degree.C or 25.degree.C, while
      the said amount may very depending upon the temperature.
PAR  Even in the case that nucleotides other than CAMP or DeCAMP are contained
      as impurities in such a small quantity as 0.3 mg/ml, it is possible to
      remove said impurity until the remaining amount in the solution becomes
      negligible.
PAR  In the case of a cultured broth, the lowest limit for the amounts of
      organic solvents listed in Tables 2 and 4 except acetone can be lowered to
      the level next to the lowest one shown in the Tables if there is contained
      no nucleotides other than CAMP or DeCAMP. That is, the range in the amount
      of the organic solvent to be added can be expanded.
PAR  As stated above, the present method can be applied to the CAMP or DeCAMP
      and impurities-containing solution without taking into consideration the
      content of CAMP or DeCAMP. However, it is preferable to supply the present
      method thereto after concentrating said solution to make the content of
      CAMP or DeCAMP 100 mg/ml if desired, to thereby the amount of a
      water-soluble organic solvent to be added can be saved.
PAR  The temperature at the time of adding the solvents is usually 0.degree. -
      30.degree.C, however, a lower temperature is preferable since the amount
      of the solvents can be saved.
PAR  The impurities are precipitated or separated out sufficiently by allowing
      the admixture of CAMP or DeCAMP-containing solution and the water-soluble
      organic solvent to stand for an appropriate time, for example, 3 hours or
      more.
PAR  Especially, in the case of a cultured broth, the colored substances are
      contained as an impurity. They are hardly removed by conventional means
      such as the ones using active carbon, decoloring resins and the like since
      they show the same behaviour as nucleotides other than CAMP and DeCAMP. On
      the contrary, since the colored substances can be removed as a precipitate
      according to the present method, the present method is considered to be an
      extremely effective means.
PAR  Even if a cultured broth containing negligible amount of nucleotides other
      than CAMP and DeCAMP containing no said nucleotides, or the resultant
      solution obtained by treating said broth with active carbon were employed,
      it would be impossible to obtain CAMP or DeCAMP in a high yield and a high
      purity by conventional means because of colored substances. According to
      the present method, however, it is possible to obtain CAMP or DeCAMP in a
      high yield and high purity.
PAR  In the case that colored substances are contained in extremely large
      quantities, CAMP or DeCAMP sometimes coprecipitate (CAMP or DeCAMP is not
      in a state of precipitation) with colored substances when the
      water-soluble organic solvent is added, thereby the amounts of remaining
      CAMP or DeCAMP decrease. In such a case, the amounts of remaining CAMP or
      DeCAMP can be increased by stirring the solution containing deposited
      impurities at 20.degree. - 50.degree.C for 2 - 3 hours or refluxing it and
      thereafter allowing it to stand for 30 - 60 minutes or more after
      impurities have been deposited.
PAR  The formed sediments or precipitates of impurities may be removed by
      conventional means such as filtration, centrifugation and the like. Thus,
      the solution containing CAMP or DeCAMP in a high purity can be obtained.
PAR  When CAMP or DeCAMP is collected from the solution as a crystal which is
      free form, for example, pH of the solution is adjusted to 3 or less and
      then the solution is allowed to stand at 0.degree. - 25.degree.C for 6 -
      24 hours. Even extremely small amount of nucleosides or nucleobases is
      contained therein, said substances do not separate out together with CAMP
      or DeCAMP because of the properties thereof (they are basic or
      amphoteric). Therefore, CAMP or DeCAMP can be obtained in an extremely
      high purity.
PAR  When pH of the solution is 5 - 7, CAMP or DeCAMP exists as a mixture of
      free and salt states, and when said pH is more than 7, CAMP or DeCAMP
      exists in the form of salt. In these cases, CAMP or DeCAMP can be
      collected as crystal in a state as they are, that is, in a mixture of free
      and salt forms or in the form of salt. For example, in case where the
      content of CAMP or DeCAMP in the aqueous solution is 100 mg/ml or more,
      and a water-soluble organic solvent, such as n-propylalcohol,
      isopropylalcohol, tert.-butyl alcohol, acetone, dioxane, tetrahydrofuran
      and the like is used to remove the impurities, the same solvent as used
      for removal of the impurities is added to the solution in an amount enough
      to isolate CAMP or DeCAMP therefrom (see Tables 1 and 3) after the removal
      of the impurities and then the solution is allowed to stand at 0.degree. -
      25.degree.C for 16 - 48 hours. Alternatively, for example, the solution is
      concentrated after the removal of impurities to remove the water-soluble
      organic solvent so as to make the content of CAMP or DeCAMP 100 mg/ml or
      more. To this solution, was added a water-soluble organic solvent, such as
      n-propylalcohol, isopropylalcohol, tert.-butylalcohol, acetone, dioxane,
      tetrahydrofuran and the like in an amount enough to isolate CAMP or DeCAMP
      (see Tables 1 and 3) and the resultant solution is allowed to stand at
      0.degree. - 25.degree.C for 16 - 48 hours.
PAR  As explained in detail, the present method is the one that can be carried
      out on an industrial scale with a great easiness. Furthermore, the
      impurities, which have been considered to be the substances difficult to
      remove from the aqueous solution containing CAMP or DeCAMP, can be removed
      as precipitates or sediments, thereby, CAMP or DeCAMP can be obtained in a
      high purity and a high yield. Therefore, it may be concluded that the
      present method is a very useful means as a method for purifying CAMP or
      DeCAMP.
PAR  The following examples will further illustrate the invention but are not to
      be considered a limitation thereupon.
DETD
PAC  EXAMPLE 1
PAR  CAMP-containing cultured broth prepared by culturing a CAMP-producing
      micoorganism, Microbacterium No. 205 (FERM-P No. 106, ATCC 21376), in a
      medium composed of 5% glucose, 0.5% urea, 0.5% ammonium sulfate, 1%
      KH.sub.2 PO.sub.4, 1% K.sub.2 HPO.sub.4, 1% polypeptone, 0.5% yeast
      extract, 1% MgSO.sub.4.sup.. 7H.sub.2 O and 0.5% 5'-insonic acid, of pH
      7.5 (adjusted with 3N-KOH) at 30.degree.C for 40 hours with shaking was
      adjusted to pH 9.5 and the formed inorganic precipitates (magnesium
      phosphate and the like) were removed by centrifugation to obtain the
      aqueous solution containing 12 mg/ml CAMP, 1.3 mg/ml 5'-inosinic acid, 1.4
      mg/ml inosine, 1.1 mg/ml hypoxanthine, colored substance (E.sub.400 =
      0.74) and 2.3 mg/ml proteins.
PAR  Subsequently, to each 50 ml of the aqueous solution were added 250 ml
      (5-fold volume) of various kinds of water-soluble organic solvents. The
      respective resultant mixtures were kept at 20.degree.C for 16 hours and
      then the formed sediments (oily materials) were removed by filtration to
      obtain CAMP-containing solutions.
PAR  Each 60 ml of CAMP-containing solutions was taken out and concentrated
      under reduced pressure, respectively, to remove the organic solvents. The
      contents of CAMP, 5'-inosinic acid, inosine, hypoxanthine, colored
      substances and proteins were determined in the same manner as described in
      Experimental Example 2 using each 10 ml of the thus concentrated
      solutions. The results obtained are shown in Table 5.
TBL                                    Table 5                                 
     __________________________________________________________________________
                     5'-         Hypoxan-                                      
                                      Colored                                  
     Water-soluble                                                             
                CAMP Inosinic                                                  
                            Inosine                                            
                                 thine                                         
                                      substances                               
                                            Proteins (mg/ml)                   
     organic solvent                                                           
                (mg/ml)                                                        
                     acid (mg/ml)                                              
                            (mg/ml)                                            
                                 (mg/ml)                                       
                                      (E.sub.400)                              
     __________________________________________________________________________
     Ethyl alcohol                                                             
                12   trace  0.6  0.4  0.42  trace                              
     n-Propyl alcohol                                                          
                12   "      0.7  0.5  0.28  "                                  
     Isopropyl alcohol                                                         
                12   "      0.7  0.5  0.35  "                                  
     tert.-Butyl alcohol                                                       
                12   "      0.6  0.4  0.30  "                                  
     Acetone    12   "      0.5  0.3  0.21  "                                  
     Dioxane    12   "      0.6  0.4  0.42  "                                  
     __________________________________________________________________________
PAR  Each CAMP-containing solution from which sediments had been removed as
      mentioned above was adjusted to pH 1.5 with 5N-HCl aqueous solution. The
      resultant solutions were kept at 5.degree.C for 40 hours to crystallize
      the CAMP Crystals. The formed crystals were collected to dry in vacuo. The
      yields and purities thereof were determined. The results obtained are
      shown in Table 6. The determination of the purities was conducted in the
      same manner as described in Experimental Example 2.
PAR  For the sake of confirmation, the contents of 5'-inosinic acid, inosine and
      hypoxanthine were determined by the same paper chromatography as described
      in Experimental Example 2, but any of them could not be detected.
TBL                Table 6                                                     
     ______________________________________                                    
     Water-soluble                                                             
                  Yield of                                                     
     organic solvent                                                           
                  crystalline CAMP                                             
                                Purity thereof                                 
                  (%)           (%)                                            
     ______________________________________                                    
     Ethyl alcohol                                                             
                  70            99                                             
     n-Propyl alcohol                                                          
                  76            98                                             
     Isopropyl alcohol                                                         
                  80            98                                             
     tert.-Butyl alcohol                                                       
                  80            97                                             
     Acetone      80            97                                             
     Dioxane      74            98                                             
     ______________________________________                                    
PAR  As a reference, said CAMP-containing solution was adjusted to pH 1.5 with
      5N-HCl aqueous solution and then 5-folds volume of water-soluble organic
      solvents listed in Table 7 were added thereto to precipitate CAMP. The
      results obtained are given in Table 7. The purities thereof were
      determined in the same manner as described in Experimental Example 2.
TBL                Table 7                                                     
     ______________________________________                                    
     Water-soluble                                                             
                  Yield of                                                     
     organic solvent                                                           
                  crystalline CAMP                                             
                                Purity thereof                                 
                  (%)           (%)                                            
     ______________________________________                                    
     Ethyl alcohol                                                             
                   90           51                                             
     n-Propyl alcohol                                                          
                  120           50                                             
     Isopropyl alcohol                                                         
                  110           55                                             
     tert.-Butyl alcohol                                                       
                  130           40                                             
     Acetone      150           40                                             
     Dioxane       80           55                                             
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  To 50 ml each of aqueous solutions A-H (adjusted to pH 8.0 with 3N-NaOH
      aqueous solution) containing 5 mg/ml of respective nucleotides therein
      were added 150 ml (3-folds volume) of acetone and the resultant solutions
      were kept at 5.degree.C for 16 hours to precipitate impurities. The
      precipitated impurities were removed by filtration to obtain
      CAMP-containing solutions.
PAR  Forty milliliters each of the solutions were taken out and concentrated
      under reduced pressure to remove acetone. The contents of respective
      nucleotides contained in the solution were determined in the same manner
      as described in Experimental Example 2, using 10 ml each of respective
      concentrated solutions. The results obtained are given in Table 8.
TBL                                    Table 8                                 
     __________________________________________________________________________
                    Content              Content                               
     Group                                                                     
         Nucleotide (mg/ml)                                                    
                         Group                                                 
                              Nucleotide (mg/ml)                               
     __________________________________________________________________________
         2'-Adenylic acid                                                      
                    trace     2'-Uridylic acid                                 
                                         trace                                 
         3'-Adenylic acid                                                      
                    "         3'-Uridylic acid                                 
                                         "                                     
     A                   E                                                     
         5'-Adenylic acid                                                      
                    "         5'-Uridylic acid                                 
                                         "                                     
         CAMP       5         CAMP       5                                     
     __________________________________________________________________________
         2'-Guanylic acid                                                      
                    trace     2'-Cytidylic acid                                
                                         trace                                 
         3'-Guanylic acid                                                      
                    "         3'-Cytidylic acid                                
                                         "                                     
     B                   F                                                     
         5'-Guanylic acid                                                      
                    "         5'-Cytidylic acid                                
                                         "                                     
         CAMP       5         CAMP       5                                     
     __________________________________________________________________________
         2'-Inosinic acid                                                      
                    trace     5'-Adenosine-                                    
                                         trace                                 
                              diphosphate                                      
         3'-Inosinic acid                                                      
                    "         5'-Adenosine-                                    
                                         "                                     
     C                   G    triphosphate                                     
         5'-Inosinic acid                                                      
                    "                                                          
         CAMP       5         CAMP       5                                     
     __________________________________________________________________________
         2'-Xanthylic acid                                                     
                    trace     5'-Inosine-                                      
                                         trace                                 
                              diphosphate                                      
         3'-Xanthylic acid                                                     
                    "         5'-Inosine-                                      
                                         "                                     
     D                   H    triphosphate                                     
         5'-Xanthylic acid                                                     
                    "                                                          
         CAMP       5         CAMP       5                                     
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  To 50 ml each of the aqueous solution (adjusted to pH 8.0 with 3N-KOH
      aqueous solution) containing 60 mg/ml CAMP and 60 mg/ml 5'-inosinic acid
      was added 1l of the respective organic solvent listed in Table 9. The
      resultant solutions were kept at 5.degree.C for 24 hours to form
      precipitates. The formed precipitates were removed by centrifugation to
      obtain CAMP-containing solutions.
PAR  Two hundred 10 milliliters each of the solutions were taken and
      concentrated under reduced pressure to remove the organic solvent. The
      contents of CAMP and 5'-inosinic acid were determined in the same manner
      as described in Experimental Example 2 using 10 ml of respective
      concentrated solutions. The results obtained are given in Table 9.
TBL                Table 9                                                     
     ______________________________________                                    
     Water-soluble                                                             
                 CAMP         5'-Inosinic acid                                 
     organic solvent                                                           
                 (mg/ml)      (mg/ml)                                          
     ______________________________________                                    
     Methyl alcohol                                                            
                 60           trace                                            
     Ethyleneglycol-                                                           
                 60           "                                                
     monomethyl ether                                                          
     N,N'-Dimethyl-                                                            
                 60           "                                                
     formamide                                                                 
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  A CAMP-containing cultured broth prepared by culturing a CAMP-producing
      microoroganism, Microbaterium No. 205 (FERM-P No. 106, ATCC 21376), in the
      same medium as employed in Example 1 at 28.degree.C for 50 hours with
      shaking was pretreated with active carbon to adsorb CAMP therein. After
      being washed with water, the adsorbed CAMP was eluated with 50% ethyl
      alcohol solution containing 1.4% NH.sub.4 OH and the eluate was
      concentrated under reduced pressure to obtain an aqueous solution
      containing 100.5 mg/ml CAMP, 28 mg/ml inosinic acid, 25 mg/ml
      hypoxanthine, 21 mg/ml inosine and colored substance (E.sub.400 = 8.40).
PAR  To 50 ml of said solution (pH 7.5) was added 150 ml of ethyl alcohol
      (3-folds volume) and the resultant was kept at 20.degree.C for 20 hours to
      form precipitates. The formed precipitates were removed by centrifugation
      to obtain a CAMP-containing solution.
PAR  Sixty milliliters of said solution were taken out and concentrated under
      reduced pressure to remove ethyl alcohol. The contents of CAMP,
      5'-inosinic acid, inosine, hypoxanthine and colored substances were
      determined in the same manner as described in Experimental Example 2 using
      10 ml each of thus concentrated solutions. The results obtained are given
      in Table 10.
TBL                                    Table 10                                
     __________________________________________________________________________
     CAMP 5'-Inosinic                                                          
                 Inosine                                                       
                      Hypoxanthine                                             
                             Colored Substances                                
     (mg/ml)                                                                   
          acid (mg/ml)                                                         
                 (mg/ml)                                                       
                      (mg/ml)                                                  
                             (E.sub.400)                                       
     __________________________________________________________________________
     50.5 trace  0.6  0.5    0.74                                              
     __________________________________________________________________________
PAR  The thus obtained solution from which the precipitates had been removed was
      adjusted to pH 2.0 with 5N-HCl aqueous solution and the resultant was kept
      at 5.degree.C for 40 hours to crystallize CAMP crystals. The thus formed
      crystals were treated in the same manner as described in Example 1 to give
      CAMP crystals having a purity of 99% in a yield of 90%.
PAR  As a reference, the said CAMP-containing solution was adjusted to pH 2.0
      with 5N-HCl aqueous solution and 3-folds volume of ethyl alcohol was added
      thereto to crystallize CAMP crystals. Thus, CAMP crystals having a purity
      of 60% were obtained in a yield of 98%.
PAC  EXAMPLE 5
PAR  To 50 ml of an aqueous solution adjusted to pH 8.0 with 3N-KOH aqueous
      solution containing CAMP, 5'-adenylic acid, 5'-adenosine-diphosphate and
      5'-adenosine triphosphate at the rate of 5 mg/ml, respectively, was added
      250 ml (5-folds volume) of isopropyl alcohol and the resultant solution
      was kept at 5.degree.C for 16 hours to form precipitates. The formed
      precipitates were removed by filtration to obtain a CAMP-containing
      solution.
PAR  Sixty milliliters of said solution were taken out and concentrated under
      reduced pressure to remove isopropyl alcohol until the total volume of the
      concentrated solution became 10 ml. The contents of CAMP and other
      nucleotides therein were determined in the same manner as described in
      Experimental Example 2.
PAR  The rate of remaining CAMP was 100% while that of the other nucleotides
      were negligible.
PAC  EXAMPLE 6
PAR  To 60 ml of an aqueous solution (pH 8.0, adjusted with 3N-NaOH aqueous
      solution) containing DeCAMP, 5'-deoxyadenylic acid,
      5'-deoxyadenosinediphosphate and 5'-deoxyadenosine-triphosphate at the
      rate of 10 mg/ml, respectively, was added 360 ml (6-folds volume) of
      tert.-butyl alcohol and the resultant solution was kept at 5.degree.C for
      16 hours to form precipitates. The formed precipitates were removed by
      filtration to obtain a DeCAMP-containing solution.
PAR  Four hundred and twenty milliliters of the said solution were taken out and
      concentrated under reduced pressure to remove tert.-butyl alcohol. The
      contents of various nucleotides were determined in the same manner as
      described in Experimental Example 1, using 10 ml of the thus concentrated
      solution. Ten mg/ml of DeCAMP were contained while the contents of other
      nucleotides were negligible.
PAR  The thus obtained DeCAMP-containing solution from which the formed
      precipitates had been removed was adjusted to pH 2.0 with 5N-HCl aqueous
      solution and the resultant solution was kept at 5.degree.C for 16 hours to
      crystallize DeCAMP crystals. The crystals were collected by filtration and
      dried in vacuo to give DeCAMP having a purity of 99.8% in a yield of 98%.
PAR  As a reference, said aqueous solution containing DeCAMP, 5'-deoxyadenylic
      acid, 5'-deoxyadenosinediphosphate and 5'-deoxyadenosine-triphosphate at
      the rate of 10 mg/ml, respectively, was adjusted to pH 2.0 with 5N-HCl
      aqueous solution and then 6-folds volume of tert.-butyl alcohol was added
      to precipitate DeCAMP. Thus, DeCAMP crystal having a purity of 30% were
      obtained in a yield of 300%.
PAR  The purity of DeCAMP was obtained by determining the absorbance at 260
      m.mu. using spectrophotometer similar to that in Experimental Example 2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for purifying 3', 5'-cyclicadenylic acid or 3',
      5'-cyclic-deoxyadenylic acid comprising treating an aqueous solution
      containing 3', 5'-cyclic-adenylic acid or 3', 5'-cyclic-deoxyadenylic acid
      and impurities selected from the group consisting of nucleotides other
      than 3', 5'-cyclic-adenylic acid and 3', 5'-cyclic-deoxyadenylic acid,
      nucleosides, nucleobases, colored substances, proteins, and mixtures
      thereof by adjusting the pH to pH 5 or more, and adding a water-soluble
      organic solvent, said solvent being added in an amount sufficient to
      separate out or precipitate said impurities at said pH 5 or more while
      maintaining 3', 5'-cyclic-adenylic acid or 3', 5'-cyclic-deoxyadenylic
      acid in solution, and removing the separated or precipitated impurities
      from said solution.
NUM  2.
PAR  2. A method according to claim 1, wherein the water-soluble organic solvent
      is at least one member selected from the group consisting of methyl
      alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol, tert.-butyl
      alcohol, acetone, N,N'-dimethylformamide, dioxane, tetrahydrofuran and
      ethyleneglycolmonomethylether.
NUM  3.
PAR  3. A method according to claim 1, wherein the water-soluble organic solvent
      is at least one member selected from the group consisting of acetone,
      tert.-butyl alcohol, isopropyl alcohol and ethyl alcohol.
NUM  4.
PAR  4. A method according to claim 1, wherein the aqueous solution is adjusted
      to pH 5 or more with at least one pH-adjusting agent selected from the
      group consisting of sodium hydroxide, potassium hydroxide, ammonium
      hydroxide, sodium carbonate, sodium bicarbonate, potassium carbonate,
      potassium bicarbonate, barium hydroxide and calcium hydroxide.
NUM  5.
PAR  5. A method according to claim 1, wherein the pH of the aqueous solution is
      adjusted to 6 - 12.
NUM  6.
PAR  6. A method according to claim 1, wherein the addition of the water-soluble
      organic solvent is conducted at a temperature of 0.degree.- 30.degree.C.
NUM  7.
PAR  7. A method according to claim 1, wherein the formed separated materials or
      precipitates are removed after being allowed to stand for 3 hours or more.
NUM  8.
PAR  8. A method according to claim 1, wherein the formed separated materials or
      precipitates are removed by filtration or centrifugation.
NUM  9.
PAR  9. A method according to claim 1, wherein the content of 3',
      5'-cyclic-adenylic acid or 3', 5'-cyclicdeoxyadenylic acid in the aqueous
      solution is 100 mg/ml or more.
NUM  10.
PAR  10. A method according to claim 9, wherein the 3', 5'-cyclic-adenylic acid
      or 3', 5'-cyclic-deoxyadenylic acid is collected in the form of crystal by
      adding to the aqueous solution; from which impurities have been previously
      removed by adding at least one water-soluble organic solvent selected from
      the group consisting of n-propylalcohol, isopropylalcohol,
      tert.-butylalcohol, acetone, dioxane and tetrahydrofuran; the same solvent
      as above in an amount sufficient to isolate 3', 5'-cyclic-adenylic acid or
      3', 5'-cyclicdeoxyadenylic acid, allowing the solution to stand at
      0.degree.-25.degree.C for 16-48 hours and collecting the formed crystal
      therefrom.
NUM  11.
PAR  11. The process of claim 1 wherein said aqueous solution is adjusted to pH
      8 or more whereby inorganic salts are separated out or precipitated and
      said salts are removed from said aqueous solution before addition of said
      water-soluble organic solvent.
NUM  12.
PAR  12. The method of claim 1 wherein said impurities comprise colored
      substances present in large quantities such that 3', 5'-cyclicadenylic
      acid or 3', 5'-cyclic-deoxyadenylic acid precipitates with said colored
      substances upon addition of said water-soluble organic solvent, and after
      addition of said solvent, the concentration of said acids in solution is
      increased by stirring the solution containing deposited impurities at
      20.degree.-50.degree.C. for 2-3 hours or refluxing said solution and
      thereafter allowing said solution to stand for 30-60 minutes.
NUM  13.
PAR  13. A method for purifying 3', 5'-cyclic-adenylic acid or 3',
      5'-cyclic-deoxyadenylic acid comprising treating an aqueous solution
      containing 3', 5'-cyclic-adenylic acid or 3', 5'-cyclic-deoxyadenylic acid
      and impurities selected from the group consisting of nucleotides other
      than 3', 5'-cyclic-adenylic acid and 3', 5'-cyclicdeoxyadenylic acid,
      nucleosides, nucleobases, colored substances, proteins and mixtures
      thereof by adjusting the pH of said solution to pH 5 or more, and adding a
      water-soluble organic solvent in an amount sufficient to separate out or
      precipitate said impurities at said pH 5 or more while maintaining 3',
      5'-cyclic-adenylic acid or 3', 5'-cyclic-deoxyadenylic acid in solution,
      removing the separated or precipitated impurities from said solution and
      thereafter recovering 3', 5'-cyclic-adenylic acid or 3',
      5'-cyclic-deoxyadenylic acid from said solution.
NUM  14.
PAR  14. The method of claim 13 wherein the recovering of said 3',
      5'-cyclic-adenylic acid or 3', 5'-cyclic-deoxyadenylic acid is carried out
      by adjusting the pH of said aqueous solution from which impurities have
      been separated or precipitated to pH 3 or less, maintaining said aqueous
      solution of pH 3 or less at a temperature of 0-25.degree.C. for 6-24 hours
      to crystallize said 3', 5'-cyclicadenylic acid or 3',
      5'-cyclic-deoxyadenylic acid from solution and then collecting the
      crystals.
NUM  15.
PAR  15. A method according to claim 14, wherein the pH of the solution is
      adjusted by adding at least one pH-adjusting agent selected from the group
      consisting of hydrochloric acid, sulfuric acid, formic acid, acetic acid
      and citric acid.
NUM  16.
PAR  16. A method for purifying 3', 5'-cyclic-adenylic acid or 3',
      5'-cyclic-deoxyadenylic acid consisting essentially of adjusting an
      aqueous solution containing 3', 5'-cyclic-adenylic acid or 3',
      5'-cyclicdeoxyadenylic acid, at least one impurity selected from the group
      consisting of proteins and nucleotides other than 3', 5'-cyclic-adenylic
      acid and 3', 5'-cyclic-deoxyadenylic acid and at least one impurity
      selected from the group consisting of nucleosides, nucleobases and colored
      substances to pH 5-12, adding at least one water-soluble organic solvent
      selected from the group consisting of methyl alcohol, ethyl alcohol,
      n-propyl alcohol, isopropyl alcohol, tert.-butyl alcohol, acetone, n,
      n'-dimethylformamide, dioxane, tetrahydrofuran and
      ethyleneglycolmonomethylether in an amount sufficient to separate or
      precipitate said impurities with maintaining said 3', 5'-cyclic-adenylic
      acid or 3', 5'-cyclic-deoxyadenylic acid in solution, separating the
      formed separated materials or precipitates therefrom, adjusting the pH of
      the aqueous solution to 3 or less and then collecting the crystallized 3',
      5'-cyclic-adenylic acid or 3', 5'-cyclic-deoxyadenylic acid from the
      solution.
NUM  17.
PAR  17. A method according to claim 16 wherein the aqueous solution, the pH of
      which is adjusted to 3 or less, is kept at a temperature of
      0.degree.-25.degree.C. for 6-24 hours.
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ABST
PAL  A dextrin carboxylate comprising a dextrinized starch of about 20 to about
      100 anhydroglucose units wherein from about 2.2 to about 2.8, preferably
      about 2.6 average OH groups per anhydroglucose unit are esterified through
      one of the carboxyls of a non-aromatic polycarboxylic acid of 2-4
      carboxyls containing 2 to 10 carbon atoms. The products are effective
      biodegradable detergent builders.
BSUM
PAR  This invention relates to detergent builders, particularly to those derived
      from dextrinized starch.
PAR  In the cleansing at it is known that the detergency level of soaps and
      synthetic surfactants can be increased by the presence of certain
      materials commonly referred to as builders. Such cleansing fortifiers make
      possible the attainment of superior cleaning performance and at lower cost
      than can be realized with the so-called non-built detergent compositions.
PAR  The mechanism by which builders enhance the cleansing action of detergents
      is not fully understood. Although several explanations have been advanced,
      none of these has proved entirely satisfactory. This is not too surprising
      considering the complex nature of detergency and the numerous factors
      which contribute to overall cleansing performance. It is generally agreed
      that builder compounds must exhibit at least some effect in such areas as
      stabilization of solid soil suspension, emulsification of soil particles,
      the surface activity of aqueous detergent solutions, solubilization of
      waterinsoluble materials, foaming or suds-producing characteristics of the
      washing solution, peptization of soil agglomerates, neutralization of acid
      soil, and the inactivation of mineral constituents present in the washing
      solution. Builder materials should exhibit certain ancillary properties in
      order to be acceptable in current washing processes and consumer marketing
      techniques. Thus, a builder should preferably be white, inexpensive,
      non-toxic, non-corrosive, non-hygroscopic and stable to oxidizers, hot
      alkaline detergent solutions and spray drying operations.
PAR  Of all of the known builders the condensed inorganic phosphates find the
      widest commercial acceptance. Sodium tripolyphosphate is especially
      favored being used in both home and industrial cleansing. However,
      detergent phosphate is a nutrient which when discharged into natural
      waters, is alleged to contribute to the growth of aquatic plants. Although
      the ecological impact of phosphate is still being debated in scientific
      circles, considerable work is being done in an effort to find suitable
      substitutes. In general, the object is to produce biologically active
      substances which are metabolized by microorganisms.
PAR  A large variety of organic materials containing only carbon, hydrogen and
      oxygen have been examined and tested as biologically degradable builders.
      These include both synthetic and natural products as well as chemically
      modified natural products. In their chemical configuration, the materials
      aforesaid commonly contain a plurality of carboxylic acid functions, often
      as pendant groups attached to a polymer chain.
PAR  One class of carboxylated polymers which has shown promise as biodegradable
      detergent builders are carboxylated starches of the type described in
      German Pat. No. 2,148,279. These are prepared by reacting some of the
      hydroxyl functions in the anhydroglucose units of the starch with a cyclic
      anhydride of a polycarboxylic acid to produce a modified starch having the
      structure
      ##EQU1##
      Wherein R is hydrogen or a carboxylate ester moiety of the formula
      ##EQU2##
      wherein M is an alkali metal; X is the hydrocarbon portion of the
      carboxylate ester and n is about 100 to 5000. For effective detergent
      building properties, the degree of substitution (D.S. value) i.e., average
      number of R groups per anhydroglucose monomer unit is preferably 1.5-3.
PAR  The aforementioned compounds are for the most part known compounds and
      their method of preparation is described in the art (Mullen and Pacsu,
      Ind. Eng. Chem. 35 381 (1943); ibid. 34 1209 (1942); Malm and Fordyce,
      ibid. 32 405 (1940)). In general, they may be prepared by heating starch
      with a cyclic anhydride in a suitable solvent medium such as toluene or
      pyridine and precipitating the resulting acid ester from water by the use
      of an acid such as hydrochloric acid. Accordingly, by heating the starch
      with succinic, glutaric, maleic, phthalic, citraconic, itaconic or
      diglycolic anhydrides, there is formed the corresponding succinate,
      glutarate, maleate, phthalate, citraconate, itaconate or diglycolate acid
      ester of the polysaccharide. Although the carboxylated starches of the
      German patent generally perform well as builders at D.S. levels above 1.5,
      it is exceedingly difficult to reach D.S. levels exceeding 2 using the
      procedure referred to in the specification. From a practical standpoint
      therefore, the detergent builders of the German patent are not
      satisfactory.
PAR  In accordance with the present invention, a new class of starch derived
      detergent builders has been discovered comprising a dextrinized starch of
      about 20 to about 100 anhydroglucose units wherein from about 2.2 to about
      2.8, preferably about 2.6 average OH groups per anhydroglucose unit are
      esterified through one of the carboxyls of a non-aromatic polycarboxylic
      acid of 2 to 4 carboxyls containing 4 to 10 carbon atoms.
PAR  The herein carboxylated dextrinized starches, or more simply carboxylated
      dextrins, are novel polymeric compounds formed by reacting a dextrin with
      a cyclic anhydride of the polycarboxylic acid aforesaid. The resulting
      acid ester is then neutralized with an appropriate base to give the
      soluble dextrin carboxylate salt for use in detergent formulations. In
      general, the reaction can be carried out using the methods of preparing
      the starch carboxylates of the German patent and described in the
      aforecited publications. Following these procedures, the dextrin
      carboxylates of the invention may be prepared by heating the requisite
      dextrin with a polycarboxylic acid anhydride in a suitable solvent medium
      such as toluene or pyridine and precipitating the so-obtained acid ester
      from water by acidification with mineral acid such as hydrochloric. The
      acid form of the dextrin carboxylate is neutralized with base, commonly
      alkali metal hydroxide to produce the soluble alkali salt, usually the
      sodium salt.
PAR  Exemplary non-aromatic polycarboxylic acids include succinic, adipic,
      methylsuccinic, glutaric, 1,2-cyclohexane dicarboxylic acid, maleic,
      citraconic, itaconic, 1,2-cyclobutane dicarboxylic acid, diglycolic or
      others having from 4 to 10 carbon atoms.
PAR  In view of the complex chemical configuration of the herein dextrin
      carboxylates, the degree of substitution (D.S. value) refers to the
      average number of ester carboxylates functions attached per anhydroglucose
      unit. Thus a D.S. of 2.6 signifies that 260 carboxylate ester groups are
      present, on the average, per 100 anhydroglucose units. The distribution of
      the carboxylate ester groups is entirely random, some of the
      anhydroglucose containing less than 2.6 ester group and others containing
      more; up to the theoretical maximum of 3. The degree of substitution can
      be determined by neutralizing the acid ester function with standard alkali
      solutions by the known procedures.
PAR  Dextrins are well known materials which have been commercially available
      for many years. They are made by heating starch, either alone or in the
      presence of chemical reagents such as acids or enzymes. (Kirk-Othmer,
      Encyclopedia of Chemical Technology Second Edition, Vol. 18, p. 682.)
      These reactions fall into the following three catagories:
PAR  1. Fragmentation -- The starch polymer is cleaved at various points to give
      lower molecular weight fragments.
PAR  2. Transglucosidation -- 1,4 carbon oxygen bonds are cleaved and new
      anhydroglucose linkages are formed at the 2, 3 or 6 positions. This is
      illustrated below for a 1, 4.fwdarw. 1,6 cleavage.
      ##SPC1##
PAL  The resulting product has a more highly branched tree-like structure, that
      can markedly affect physical and chemical properties.
PAR  3. Repolymerization -- Small fragments recombine to give higher molecular
      weight products. The individual steps above occur essentially sequentially
      rather than simultaneously during dextrinization. Steps 2 and 3 are
      largely thermodynamically controlled. Therefore, the extent of branching
      and repolymerization can be altered by varying reaction temperature. The
      initial fragmentation reaction (step 1) is primarily controlled by the
      concentration of acid catalyst used.
PAR  There are three types of dextrins identified as white dextrins, yellow or
      canary dextrins and British gums. They are classified according to the
      general methods used in their preparation which produce respectively: very
      slight, intermediate or a high degree of branching. Within each of these
      three general groups, several products are available, which are classified
      with respect to parameters such as cold water solubility, viscosity,
      extent of conversion, etc.
PAR  1. White dextrins are prepared by spraying a powdered starch with acid
      (usually hydrochloric acid) while it is heated at 95.degree.-120.degree.C
      for 3-8 hours. Slight to extensive fragmentation can be brought about, but
      little transglucosidation or repolymerization is allowed to take place.
      The degree of conversion with white dextrins refers to the extent of
      fragmentation since this is essentially the only reaction that takes
      place. White dextrins are a mixture of low molecular weight fragments with
      an average chain length of about twenty anhydroglucose units (D.P. = 20).
PAR  2. Yellow or Canary Dextrins -- are formed under conditions of higher
      heating and lower acidity than white dextrins, and are considered in the
      starch industry to be more highly converted, because of their increased
      branching than white dextrins. D.P. values are in roughly the same range
      as white dextrins.
PAR  3. British Gums are highly branched materials made by heating starches for
      long periods, i.e., 10-20 hours at 170.degree.-195.degree.C usually in
      absence of acid. D.P. values are higher than white and canary dextrins
      because transglucosidation and repolymerization are favored at the higher
      temperatures.
PAR  The desired salts of the dextrin carboxylates herein may be prepared by
      neutralizing the acid ester with a suitable base such as aqueous sodium or
      potassium bicarbonate, or ammonium hydroxide. Similarly, the substituted
      ammonium salts may be prepared by using an appropriately substituted amine
      as the base. Typical organic bases which can be used to form the
      substituted ammonium or amine salts include alkanolamines having 1-7
      carbon atoms (i.e., monoethanolamine, diethanolamine or triethanolamine);
      morpholine; or tetramethylammonium hydroxide.
PAR  In preparing detergent compositions in accordance with the invention, the
      essential ingredients are (a) an organic water-soluble detergent surface
      active material as defined and illustrated below and (b) a herein dextrin
      carboxylate builder desirably as the soluble alkali metal salt. Such
      detergent compositions contain the essential ingredients in a ratio of
      builder to detergent surfactant in the range of about 1:3 to about 10:1 by
      weight. Aqueous solutions of the compositions exhibit a pH range of about
      8 to about 2. The preferred ratio of builder to detergent surfactant is
      about 1:2 to about 5:1 while the optimum pH range is about 9.5 to about
      11.5.
PAR  The organic detergent compounds, i.e., surface active agents, which can be
      utilized in the compositions of this invention are anionic, nonionic,
      ampholytic and zwitterionic synthetic detergents and mixtures thereof and
      are exemplified as follows:
PA0  a. Anionic synthetic non-soap detergents can be broadly described as the
      water-soluble salts, particularly the alkali metal salts, of organic
      sulfuric reaction products having in their molecular structure an alkyl
      radical containing from about 8 to about 22 carbon atoms and a radical
      selected from the group consisting of sulfonic acid and sulfuric acid
      ester radicals. Important examples of the synthetic detergents are the
      sodium or potassium alkyl sulfates, sodium or potassium
      alkylbenzenesulfonates, in which the alkyl group contains from about 9 to
      about 15 carbon atoms (the alkyl radical can be a straight or branched
      aliphatic chain); alkyl (glycerylsulfate) ether; sodium coconut oil fatty
      acid monoglyceride sulfates and sulfonates; sodium or potassium salts or
      sulfuric acid esters of the reaction product of one mole of a higher fatty
      alcohol (e.g., tallow or coconut oil alcohols) and about 1 to 6 moles of
      ethylene oxide, sodium or potassium salts of alkyl phenol ethylene oxide
      ether sulfate with about 1 to about 10 units of ethylene oxide per
      molecule and in which the alkyl radicals contain from 8 to about  12
      carbon atoms: the reaction product of fatty acids esterified with
      isothionic acid and neutralized with sodium hydroxide, sodium or potassium
      salts of fatty acid amide of a methyl tauride, and sulfonated olefins.
PA0  b. Nonionic synthetic detergents: One class can be broadly defined as
      compounds produced by the condensation of alkylene oxide groups
      (hydrophilic in nature) with an organic hydrophobic compound, which may be
      aliphatic or alkyl aromatic in nature. The length of the hydrophilic or
      polyoxyalkylene radical which is condensed with any particular hydrophobic
      group can be readily adjusted to yield a water-soluble compound having the
      desired degree of balance between hydrophilic and hydrophobic elements.
      Another class has semi-polar characteristics. Preferred classes of
      nonionic synthetic detergents are as follows:
PAR  1. A class of nonionic synthetic detergents under the trade name of
      "Pluronic." These compounds are formed by condensing ethylene oxide with a
      hydrophobic base formed by the condensation of propylene oxide with
      propylene glycol;
PAR  2. The polyethylene oxide condensates of alkyl phenols, e.g., the
      condensation products of alkyl phenols having an alkyl group containing
      from about 6 to 12 carbon atoms in either a straight chain or branched
      chain configuration with ethylene oxide;
PAR  3. Those nonionic synthetic detergents derived from the condensation of
      ethylene oxide with the product resulting from the reaction of propylene
      oxide and ethylene diamine;
PAR  4. The condensation product of aliphatic alcohols having from 8 to 22
      carbon atoms, in either straight chain or branched chain configuration,
      with ethylene oxide;
PAR  5. The ammonia, monoethanol and diethanol amides of fatty acids having an
      acyl moiety of from about 8 to about 18 carbon atoms;
PAR  6. Long chain tertiary amine oxides such as dimethyldodecylamine oxide;
      cetyldimethylamine oxide; bis-(2-hydroxyethyl)-dodecylamine oxide;
      bis-(2-hydroxyethyl)-3-dodecoxy-1-hydroxypropylamine oxide;
PAR  7. Long chain tertiary phosphine oxides such as dimethyldodecylphosphine
      oxide; diethyldodecylphosphine oxide; dimethyl-(2-hydroxydodecyl)
      phosphine oxide;
PAR  8. Long chain sulfoxides such as dodecyl methyl sulfoxide;
      3-hydroxytridecyl methyl sulfoxide; 3-methoxytridecyl methyl sulfoxide;
      3-hydroxy-4-dodecoxybutyl methyl sulfoxide.
PA0  c. Ampholytic synthetic detergents can be broadly described as derivatives
      of aliphatic secondary and tertiary amines, in which the aliphatic radical
      may be straight chain or branched and wherein one of the aliphatic
      substituents contains from about 8 to 18 carbon atoms and one contains an
      anionic water solubilizing group, e.g., carboxy, sulfo, sulfato,
      phosphate, or phosphono. Examples of compounds falling within this
      definition are sodium-3-dodecylaminopropionate and
      sodium-3-dodecylaminopropanesulfonate.
PA0  d. Zwitterionic synthetic detergents can be broadly described as
      derivatives of aliphatic quaternary ammonium, phosphonium, and sulfonium
      compounds, in which the aliphatic radical may be straight chain or
      branched, and wherein one of the aliphatic substituents contains from
      about 8 to 18 carbon atoms and one contains an anionic water solubilizing
      group; e.g., carboxy, sulfo, sulfato, phosphato, or phosphono. Examples of
      compounds falling within this definition are
      3-(N,N-dimethyl-N-hexadecylammonio)propane-1-sulfonate and
      3-(N,N-dimethyl-N-hexadecylammonio)-2-hydroxy propane-1-sulfonate.
PAR  It should be noted that the novel builders herein are used either in the
      form of their alkali metal salts or in acid-form together with a
      sufficient quantity of an alkali metal base, such as the carbonate or
      hydroxide, in order to neutralize the carboxyl group and adjust the pH
      level of the final detergent solution to within the desired 9.5-11.5
      range.
PAR  Methods for preparing detergent formulations are well known to those
      skilled in the art, a typical method involving drying the ingredients,
      forming them into an aqueous slurry and then spray drying. The final
      detergent formulations may be a mixture of dry ingredients, a concentrated
      aqueous solution or a solid mix resulting from the drying thereof, or a
      combination of dry solids and dry ingredients as is common in the art.
DETD
PAR  The following examples will further illustrate the embodiments of the
      invention. In these examples, unless noted otherwise, all parts given are
      by weight and temperatures are in degrees centigrade.
PAC  DEXTRIN CARBOXYLATES
PAC  EXAMPLE 1
PAR  To 1300 ml of pyridine in a 3-liter flask was added 486 g (3 moles) of
      dry-Nadex 320 -- a white dextrin available from the National Starch
      Company and the resulting slurry heated to 60.degree.C. Succinic anhydride
      (1035 g. 10.35 moles) was then added and the temperature raised to
      100.degree.C. After about 1 hour, a homogeneous solution had formed.
      Heating at 100.degree.C was continued for 5 hours after which a test
      portion was removed from the reaction flask, added to water, evaporated to
      dryness and analyzed for free acid and ester content. From this data, the
      degree of substitution (D.S.) was calculated and found to be 2.6.
PAR  The remaining reaction mixture was poured into 4 liters of chloroform under
      rapid stirring and the resulting dextrin acid succinate, which
      precipitated as a solid, reslurried twice with cold chloroform. Unreacted
      anhydride was extracted by the solvent. The solids were removed by
      filtration and dried in vacuo giving 1002 gm of product. Purity of the
      product was verified by titration of free acidity and determination of
      ester content.
PAR  100 parts of the dextrin acid succinate was suspended in water with
      stirring and neutralized to pH 8.5 with 10% sodium hydroxide solution. The
      pH was kept below 9.0 during neutralization. The so-obtained soluble
      sodium salt formed by neutralization was bleached with about 1 part of 50%
      hydrogen peroxide and recovered by total evaporation to dry solids under
      reduced pressure. To so-obtained sodium salt was completely soluble, even
      at concentrations above 30%.
PAR  The dried product contained 89% sodium dextrin succinate, calculated as
      D.S.=2.6, 5.3% water and 5.7% sodium succinate. Its calcium sequestering
      value by the LAS procedure was 10.4 g calcium per 100 g builder on a 100%
      pure basis.
PAC  EXAMPLE 2
PAR  A mixture containing 143.8 g of succinic anhydride and 46.6 g of Stadex 140
      -- a highly converted British Gum commercially available from A. E. Staley
      Manufacturing Company -- was allowed to react for 4 hours at 135.degree.C
      in the presence of pyridine. The product, which had a D.S. value of 2.3,
      was recovered as described in Example 1. The final sodium salt was 87%
      pure dextrin acid ester and exhibited a calcium sequestering value of 10.7
      (corrected for impurities) by the LAS method.
PAC  EXAMPLE 3
PAR  Following the procedure of the prior examples, a dextrin acid succinate
      ester was prepared from Nadex 525 -- a British Gum available from the
      National Starch Company. The resulting product has a D.S. value of 2.3.
PAC  EXAMPLE 4
PAR  Succinic anhydride (125 g) and Stadex 128 (4015 g) -- a commercial canary
      dextrin available from the A. E. Staley Manufacturing Company -- were
      combined in the presence of pyridine at 135.degree.C. The so-obtained
      product, in the form of its soluble sodium salt exhibited a calcium
      sequestering value of 9.9 (LAS), uncorrected for impurities and moisture.
PAC  EXAMPLE 5
PAR  Dry Nadex 320 (13.5 g, 0.083 mole) and 38.8 g of cis 4-cyclohexene- 1,2
      dicarboxylic anhydride (0.26 mole) were allowed to react at 115.degree.
      for 2 days in 500 ml of pyridine. The reaction mixture was evaporated to
      dry solids. The product -- dextrin acid tetrahydrophthalate -- was
      suspended in water, neutralized to ph 8.5 with sodium hydroxide and
      evaporated to give dry solids consisting of sodium dextrin
      tetrahydrophthalate.
PAC  EXAMPLE 6
PAR  One part of the sodium dextrin tetrahydrophthalate from the previous
      example was dissolved in water containing 0.2 parts of 50% hydrogen
      peroxide. The solution was ozonized while keeping the pH between 7.5-8.0
      by addition of sodium hydroxide when necessary. After ozoninzation was
      complete, the pH was adjusted to pH 8.5, excess peroxide was destroyed
      with sodium metabisulfite and the solution evaporated to dry solids
      consisting of trisodium dextrin butanetetracarboxylate.
PAC  EXAMPLES OF RAW STARCH (NON-DEXTRINIZED STARCH) CARBOXYLATES
PAC  EXAMPLE 7
PAR  Dry cornstarch (200 g, 124 moles) was suspended in 400 ml of anhydrous
      dimethyl sulfoxide at room temperature, and diluted with 1400 ml of
      pyridine. The mixture was heated to 70.degree.C. Succinic anhydride (432
      g, 4.32 mole) was then added.
PAR  The following data relating to D.S. and reaction time was obtained by
      periodic analysis of portions of the reaction mixture.
TBL  ______________________________________                                    
     Reaction time, hr.  D.S.                                                  
     ______________________________________                                    
     1.5                 1.20                                                  
     2.5                 1.25                                                  
     4.5                 1.67                                                  
     6.5                 1.73                                                  
     22.0                2.04                                                  
     ______________________________________                                    
PAR  After neutralization and evaporation, a soluble sodium salt of starch acid
      succinate with a purity of 92%, determined by saponification, was
      obtained. Its calcium sequestering value was 8.8 on a 100% pure basis
      (LAS).
PAC  EXAMPLE 8
PAR  Following the procedure of Example 7, 10.0 g of dry cornstarch was allowed
      to react with 37.2 g of succinic anhydride in a mixture consisting of 100
      ml of dimethyl sulfoxide and 70 ml of pyridine. The molar ratio of
      anhydride/starch of 6.0 was designed to effect a high degree of
      substitution.
PAR  After reacting overnight at 80.degree.-90.degree.C the starch acid ester
      exhibited a D.S. value of 2.05 despite the large excess of anhydride.
PAR  The sodium starch succinate was obtained by neutralization with sodium
      hydroxide solution and was purified by precipitation from a 10% aqueous
      solution by addition of an equal volume of acetone. The purified salt
      assayed at 97% by saponification. Its calcium sequestering value (LAS) was
      8.0, corrected to 100% impurity.
PAC  EXAMPLE 9
PAR  The procedure of Example 8 was repeated except that dimethyl sulfoxide was
      omitted. A homogeneous reaction mixture could not be obtained.
PAC  EXAMPLE 10
PAR  In this example, the cornstarch was subjected to the prejelling methods
      described by Pascu and Mullen: I. & E.C. 34, 807 (1942); ibid. 34, 1210
      (1942). According to these processes cornstarch was heated to boiling in
      aqueous pyridine to increase its reactivity. The water was then removed by
      azeotropic distillation.
PAR  The so treated product, 40.5 g, was allowed to react overnight with 75.0 g
      of succinic anhydride in 120 ml of pyridine. The temperature was kept at
      approximately 100.degree.. The final D.S. value of the product was 1.9.
      Its sodium salt, prepared as described in Example 7, was sparingly soluble
      at use levels encountered in automatic washing machines, that is 0.08% and
      120.degree.F.
PAR  As the examples aforesaid clearly demonstrate, the dextrin acid
      carboxylates of the invention are easier to prepare having much higher
      D.S. values -- a desirable feature for superior builder efficiency -- than
      the heretofore non-dextrinized or raw starch carboxylates.
PAC  TEST PROCEDURES
PAC  LAS CALCIUM SEQUESTERING METHOD
PAR  Three ml of sodium linear dodecylbenzene sulfonate (a linear
      alkylarenesulfonate; LAS) containing 0.900 g/liter of water is added to
      each of six test tubes (solution A), followed by 3.0 ml of a solution
      consisting of 2250 ppm of test builder (solution B). To each test tube is
      added 3.0 ml of various calcium chloride solutions adjusted to pH 9.5 and
      ranging in concentration from 300-1800 ppm (solution C).
PAR  The final solutions whose surfactant and builder content approximate those
      used under actual laundering conditions are placed in a constant
      temperature bath set at 120.degree.F and allowed to equilibrate for 20
      minutes from the time of mixing. These conditions closely simulate actual
      wash conditions.
PAR  Light scattering measurements are made at 0.degree.C and 45.degree.C.
      Turbidity is calculated and plotted vs. hardness ion concentration.
      Precipitation begins at the hardness level where the calcium sequestering
      value of the builder is exceeded.
PAR  Any calcium ion builder interactions leading to formation of precipitates
      are determined by using distilled water in place of solution A.
EQU  Calcium Capacity = g calcium/100 g builder
      ##EQU3##
PAC  DETERGENT FORMULATION
PAR  Detergent formulations containing the builders of the invention were
      prepared by blending together the recited components in the proportions
      indicated, including sodium silicate as an anticorrosive and buffering
      agent and adjusting the pH where necessary with caustic. The formulations
      were then tested for detergency efficiency in the Terg-O-Tometer test. The
      test conditions and results are summarized in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Terg-O-Tometer Test Results                                               
                        Builder Type                                           
     Detergent Composition                                                     
                        Sodium Tri-                                            
                                Dextrin (white)                                
     % By Weight        polyphosphate                                          
                                Succinate D.S.=2.6.sup.(1)                     
                                             None                              
     __________________________________________________________________________
     Builder            35      50            0                                
     Sodium Metasilicate                                                       
                        12      12            12                               
     pentahydrate (Na.sub.2 SiO.sub.2.sup.. 5H.sub.2 O)                        
     Surfactant         20      20            20                               
     (Sodium linear dodecylbenzene                                             
     sulfonate)                                                                
     Sodium Sulfate     33      18            68                               
     Soil Removal, % of Standard.sup. (2) on:                                  
     Cotton             100     96            92                               
     Polyester-Cotton   84      84            80                               
     __________________________________________________________________________
      .sup.(1) Product of Example 1.                                           
      .sup.(2) Standard taken as 100% for soil removal on cotton by 35% sodium 
      tripolyphosphate formulation. Soil-removal is measured by reflectance    
      using a Gardner automatic color difference meter, Model AC-3.            
PAR  As is evident from the test data of Table I, dextrin succinate of the
      invention is effective as a builder in detergent compositions. Other
      dextrin carboxylates herein behave comparably. The combination of
      biodegradability and good cleansing properties render the dextrin
      carboxylates of the invention suitable as environmentally compatible
      detergent builders.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dextrin carboxylate comprising a dextrinized starch of about 20 to
      about 100 anhydroglucose units wherein from about 2.2 to about 2.8 average
      OH groups per anhydroglucose unit are esterified through one of the
      carboxyls of a non-aromatic polycarboxylic acid of 2-4 carboxyls
      containing 2 to 10 carbon atoms and the water-soluble salts thereof.
NUM  2.
PAR  2. A composition according to claim 1 wherein the dextrin carboxylate is
      dextrin succinate.
NUM  3.
PAR  3. A composition according to claim 1 wherein the dextrin carboxylate is
      dextrin cis 4-cyclohexene-1,2 dicarboxylate.
NUM  4.
PAR  4. The composition according to claim 1 wherein the dextrin carboxylate is
      dextrin butane tetracarboxylate.
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ABST
PAL  Azacycloalkane-2,2-diphosphonic acids having the formula
      ##EQU1##
      wherein R is a member selected from the group consisting of hydrogen and
      alkyl having from 1 to 3 carbon atoms and n is an integer from 3 to 5; as
      well as their water-soluble salts. The azacycloalkane-2,2-diphosphonic
      acids are excellent sequestering agents especially for alkaline earth
      metal ions. They are stabilizers for percompounds and are useful in the
      delaying of the setting times for gypsum.
PAL  In addition, the compound are useful in cosmetic preparations such as
      toothpastes and mouthwashes where they prevent formation of tartar and
      plaque and are useful in therapy in the treatment of diseases related to
      the abnormal deposition or dissolution of difficulty soluble calcium salts
      in the animal body.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the development of an
      azacycloalkane-2,2-diphosphonic acid derivative selected from the group
      consisting of (A) a compound of the formula
      ##EQU2##
      wherein R is selected from the group consisting of hydrogen and alkyl
      having 1 to 3 carbon atoms, and
PA1  n is an integer from 3 to 5; and
PAL  B. a water-soluble salt thereof.
PAR  Another object of the present invention is the development of a process for
      the production of the above azacycloalkane-2,2-diphosphonic acids or their
      water-soluble salts.
PAR  Another object of the present invention is the development of a process for
      the delaying or inhibiting of the precipitation of alkaline earth metal
      ions from solution by the use of stoichiometric to sub-stoichiometric
      amounts of the above azacycloalkane-2,2-diphosphonic acids or their
      water-soluble salts.
PAR  A further object of the present invention is the development of a method
      for delaying the setting time for gypsum which comprises adding to the
      mixture of plaster materials and water a small amount of the above
      azacycloalkane-2,2-diphosphonic acids or their water-soluble salts.
PAR  A yet further object of the present invention is the development of a
      method for the treatment of diseases in warm-blooded animals related to
      the abnormal deposition or dissolution of difficulty soluble calcium salts
      which comprises administering a safe but effective amount of at least one
      of the above azacycloalkane-2,2-diphosphonic acids or their water-soluble
      salts to the warm-blooded animal.
PAR  These and other objects of the invention will become more apparent as the
      description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  The above objects have been achieved by the development of new
      azacycloalkane-2,2-diphosphonic acid derivatives selected from the group
      consisting of a compound of the formula I
      ##EQU3##
      wherein R is selected from the group consisting of hydrogen and alkyl
      having 1 to 3 carbon atoms, preferably methyl, and
PAR  n is an integer from 3 to 5; and
PAL  B. a water soluble salt thereof.
PAR  It has now been found that the above novel phosphorus compounds having the
      formula I or their water-soluble salts are obtained when a lactam having
      the formula
      ##EQU4##
      in which n is an integer of from 3 to 5 and R is hydrogen or alkyl having
      1 to 3 carbon atoms, preferably methyl, is reacted with phosphorus
      trihalide or phosphorous acid and phosphorous trihalides; and then the
      reaction product is hydrolyzed and, if necessary, is converted into the
      salts.
PAR  More particularly, according to the present invention the process for the
      preparation of the azacycloalkane-2,2-diphosphonic acid derivative of
      formula I comprises the steps of reacting a lactam having the formula
      ##EQU5##
      wherein R and n have the same meanings as defined above with at least the
      stoichiometric amount of a phosphorus reactant selected from the group
      consisting of a phosphorus trihalide and a mixture of a phosphorus
      trihalide and phosphorous acid subjecting the resulting reaction product
      to a hydrolysis by the action of an aqueous media selected from the group
      consisting of water and an aqueous alkali metal hydroxide solution, and
      recovering said azacycloalkane-2,2-diphosphonic acid derivative.
PAR  In general, the reaction is carried out at temperatures between 40.degree.C
      and 150.degree.C. Suitable starting materials are lactams having 3 to 5
      carbon atoms, for example, pyrrolidone, N-methylpyrrolidone, piperidone,
      and caprolactam, which are readily accessible and available as technical
      products. The above reaction can be so carried out, for example, that the
      above-named lactam is first melted with phosphorous acid, and that
      PCl.sub.3 is slowly added while stirring.
PAR  Subsequently, the reaction product thus formed is hydrolyzed. The molten
      lactam can be also be reacted directly with phosphorus trihalides and can
      then be hydrolyzed stepwise. Suitable phosphorus trihalides are preferably
      phosphorus trichloride and phosphorus tribromide. The latter has proven to
      be especially preferred when lactams are charged without the addition of
      phosphorous acid. The molar ratio of the lactam to the phosphorus compound
      ranges between 1 : 2 to 1 : 6 preferably about 1 : 4.
PAR  It is advantageous to hydrolyze the reaction product by the addition of
      water to the reaction mixture. If so desired, one can also carry out the
      hydrolysis in the presence of an alkali metal hydroxide, especially in the
      presence of sodium hydroxide or potassium hydroxide. In many cases, the
      novel diphosphonic acids can be also utilized in form of their
      water-soluble salts, such as the alkali metal salts, especially the
      lithium salt, sodium salt, or potassium salt, or also the ammonium salt.
      Insofar as the azacycloalkane-2,2-diphosphonic acids are obtained in the
      form of the acids, these acids can readily be converted into the
      water-soluble salts, for example, by partial or total neutralization with
      the corresponding bases.
PAR  The salts correspond to the following formula:
      ##EQU6##
      wherein X is hydrogen, NH.sub.4 or a metal cation, with the proviso that,
      at the most, 3 hydrogen atoms are present.
PAR  Specific examples of the novel azacycloalkane-2,2-diphosphonic acids
      according to the present invention include
PA1  azacyclopentane-2,2-diphosphonic acid,
PA1  N-methyl-azacyclopentane-2,3-diphosphonic acid,
PA1  azacyclohexane-2,2-diphosphonic acid, and
PA1  azacycloheptane-2,2-diphosphonic acid.
PAR  The novel 2,2-diphosphono-azacycloalkanes embraced by Formula I above are
      excellent sequestering agents for polyvalent metal ions, particularly di-
      and tri-valent metal ions. They are particularly suitable as sequestering
      agents for alkaline earth metal ions, so that they can be used for many
      technical applications, such as in detergents and cleansers, as well as in
      water treatment. They can be employed in stoichiometric and
      substoichiometric amounts as sequestering agents for alkaline earth metal
      ions. They also have a stabilizing effect on percompounds.
PAR  They are also suitable as additives to delay the setting time of gypsum and
      as ceramic slip liquifiers. For delaying the setting time of gypsum, the
      sodium, potassium or ammonium salts, in addition to the acids, can also be
      used. The corresponding lithium salts as well as zinc and magnesium salts
      are likewise suitable.
PAR  Furthermore, the novel compounds can be used in preparations such as mouth
      washes and tooth pastes in order to avoid the formation of tartar or
      plaque. For the prevention of tartar, these preparations can contain the
      free diphosphonic acids, as well as their non-toxic pharmacologically
      acceptable salts, such as the sodium salt, potassium salt, ammonium salt,
      and substituted ammonium salts, such as the mono-, di-, or
      triethanolammonium salts. The partial salts in which only a portion of the
      hydrogens is replaced by other cations can be used as well as the
      completely substituted salts which can be used.
PAR  Preferable are these salts which are approximately neutral in an aqueous
      solution (pH 5 to 9). Mixtures of the above-named salts can also be used.
PAR  The stability of the compounds embraced by Formula I to be used according
      to the invention for tartar treatment and prophylaxis, results from their
      capacity of inhibiting the formation of crystals in the precipitation of
      calcium apatite already in small amounts. Calcium apatite, which is
      precipitated in the presence of the diphosphonic acids, according to the
      invention, is X-ray amorphous, in contrast to crystalline apatite, which
      is usually formed without this addition.
PAR  The novel 2,2-diphosphono-azacycloalkane compounds according to the
      invention and their water-soluble alkali metal and ammonium salts are
      suitable as pharmacologically active substances in pharmaceutical dosage
      unit compositions. They have therapeutic and/or prophylatic effects in the
      treatment of a number of diseases, which are related to the abnormal
      deposition or dissolution of difficultly soluble calcium salts in the
      animal body. These diseases can be divided into two catgeories:
PA1  1. Abnormal depositions of difficultly soluble calcium salts, mostly
      calcium phosphate, cause bone malformations, pathological hardening of
      tissues and secretions in organs.
PA1  2. The abnormal dissolution of hard tissues causes losses of hard bone
      substance, which cannot be replaced or are replaced only by incompletely
      crystallized tissue. This dissolution is frequently accompanied by
      pathologically high calcium and phosphate concentrations in the plasma.
PAR  These diseases include: osteoporosis, osteodystrophy, Paget's disease,
      myositis ossificans, Bechterew's disease, cholelithiasis, nephrolithiasis,
      urinary calculus, hardening of the arteries (sclerosis), arthritis,
      bursitis, neuritis, tetany.
PAR  In addition to the free azacycloalkane-2,2-diphosphonic acids, their
      pharmacologically harmless salts, such as the alkali metal salts, for
      example, the sodium or potassium salts, or the ammonium salts or the
      substituted ammonium salts, such as the lower alkanol ammonium salts for
      example the mono-, di-, or triethanol ammonium salts can be used, for use
      in pharmaceutical preparations in the treatment of these diseases or for
      their prophylaxis. Both the partial salts, in which only a portion of the
      acid protons are replaced by other cations, and complete salts can be
      used, but partial salts, which react substantially neutral in aqueous
      solution (pH 5 to 9) are preferred. Mixtures of the above-mentioned salts
      can likewise be used.
PAR  The dosage range of the 2,2-diphosphono-azacycloalkanes can be from 0.05 to
      500 mg per kg of the warm-blooded animal body weight. The preferred dose
      is 1 to 20 mg per kg of body weight, and can be administered up to four
      times daily. The higher doses are necessary for oral application, due to
      the limited resorption. Doses under 0.05 mg per kg of body weight have
      little effect on the pathological calcification or dissolution of bone
      substance. Doses above 500 mg/kg of body weight may have toxic side
      effects in the long run. The compounds embraced by Formula I above can be
      administered orally, subcutaneously or intraperitoneally in the form of
      tablets, pills, capsules or as injectable solutions. For certain
      warm-blooded animals these compounds can also be used as part of the feed
      or feed additives.
DETD
PAR  The following examples are merely illustrative of the present invention
      without being deemed limitative in any manner thereof.
PAC  EXAMPLE 1
PAC  Azacyclopentane-2,2-diphosphonic acid
      ##SPC1##
PAR  85.0 gm of 2-pyrrolidone (1.0 mol) and 164 gm of H.sub.3 PO.sub.3 (2.0
      mols) were melted at 80.degree.C. While stirring this melt, 176 ml of
      PCl.sub.3 (2.0 mols) were added thereto. The mixture was stirred for three
      additional hours and was left standing at 70.degree.C overnight. Then,
      three liters of H.sub.2 O were used for the hydrolysis. The solution was
      boiled with activated carbon; and after filtration, the reaction product
      was precipitated with acetone. The white substance was dissolved in water,
      and passed over a cation exchanger. The solution was concentrated; and the
      substance was separated upon the addition of ethanol. The yield of
      crystalline azacyclopentane-2,2-diphosphonic acid was 95 gm, or about 41%
      of the theory. The molecular weight of the compound was determined by
      titration to be 230 (calculated: 231.09).
PAR  Elemental Analysis: Calculated: 20.79%C; 4.80%H; 6.06%N; 26.81%P; Found:
      20.64%C; 4.48%H; 6.04%N; 25.79%P
PAR  In the IR-spectrum, the compound showed a .delta..sub.NH -band at 1615
      cm.sup..sup.-1. The compound has a melting point of 277.degree.C.
PAC  EXAMPLE 2
PAC  N-methyl-azacyclopentane-2,2-diphosphonic acid
      ##EQU7##
PAR  99 gm of N-methyl-2-pyrrolidone (1.0 mol) and 164 gm of H.sub.3 PO.sub.3
      (2.0 mols) were melted at 80.degree.C and reacted with PCl.sub.3 utilizing
      a procedure analogous to that described in Example 1. The reaction mixture
      was worked up analogously to that described in Example 1. The product
      which was oily, at first, crystallized after the addition of ethanol and
      after standing for a while. The yield of crystalline
      N-methyl-azacyclopentane-2,2-diphosphonic acid was 54 gm, or about 21% of
      theory. After drying at 60.degree.C in a drying oven, the substance was
      separated as a monohydrate having a titrimetrically determined molecular
      weight of 261 (calculated:263.133).
PAR  Elemental Analysis: Calculated: 22.82%C; 5.75%H; 5.32%N; 23.54%P; Found:
      23.11%C; 5.67%H; 5.01%N; 23.37%P
PAR  The anhydrous compound was obtained after drying at 80.degree.C over
      P.sub.2 O.sub.5.
PAR  Elemental Analysis: Calculated: 24.50%C; 5.35%H; 5.71%N; Found: 24.28%C;
      5.43%H; 5.23%N
PAR  In the IR-spectrum of the anhydrous compound, no absorption was observed in
      the range from 1500-1800 cm.sup..sup.-1. The compound had a m.p. of
      207.degree.C.
PAC  EXAMPLE 3
PAC  Azacyclohexane-2,2-diphosphonic acid
      ##SPC2##
PAR  49.5 of 2-piperidone (0.5 mol) and 82 gm of H.sub.3 PO.sub.3 (1.0 mol) were
      melted at 70.degree.C and reacted with 88 ml of PCl.sub.3 using a
      procedure analogous to that described in Example 1. The reaction mixture
      was worked up analogously to that described in Example 1. The yield of
      crystalline diphosphonic acid was 28 gm, or about 21% of the theory. After
      drying at 60.degree.C in a drying oven, the compound was obtained as the
      monohydrate. The titrimetrically determined molecular weight was 261
      (calculated: 263.1).
PAR  Elemental Analysis: Calculated: 22.82%C; 5.75%H; 5.32%N; 23.54%P; Found:
      23.59%C; 5.29%H; 5.61%N; 24.15%P
PAR  The anhydrous compound, azacyclohexane-2,2-diphosphonic acid, was obtained
      after drying at 80.degree.C over P.sub.2 O.sub.5. The IR-spectrum showed
      the .delta..sub.NH -band at 1585 cm.sup..sup.-1. The compound has a
      melting point of 249.degree.C.
PAC  EXAMPLE 4
PAC  Azacycloheptane-2,2-diphosphonic acid
      ##SPC3##
PAR  a. 113 gm of caprolactam (1.0 mol) and 164 gm of H.sub.3 PO.sub.3 (2.0
      mols) were heated at 100.degree.C until a clear melt was obtained. After
      cooling to 70.degree.C, reaction with 176 ml of PCl.sub.3 (2.0 mols) was
      carried out using a procedure analogous to that described in Example 1.
      The reaction mixture was worked up analogous to the procedure described in
      Example 1. The yield of crystalline azacycloheptane-2,2-diphosphonic acid
      which was difficulty water-soluble was 84 gm, or about 32% of the theory.
PAR  b. 65.5 gm of caprolactam (0.5 mol) were melted at 80.degree.C, and 190 ml
      of PBr.sub.3 (2.0 mols) were slowly added thereto. After four hours,
      hydrolysis were carried out by the slow addition of 100 ml of water; and
      an additional 400 ml of water were added to the reaction mixture. The
      working-up was carried out using a procedure analogous to that described
      in Example 1. The yield of crystalline azacycloheptane-2,2-diphosphonic
      acid was 33 gm, or about 25% of theory.
PAR  c. 56.5 gm of caprolactam (0.5 mol) were dissolved in 300 ml of dioxane at
      70.degree.C, and 190 ml of PBr.sub.3 (2.0 mols) were slowly added
      dropwise. After four hours, hydrolysis was effected by the slow dropwise
      addition of 500 ml of water. After boiling with activated carbon and
      filtration, the dioxane phase was separated, and the aqueous phase was
      worked up analgously to the procedure described in Example 1. The yield of
      azocycloheptane-2,2-diphosphonic acid was 24 gm, or about 18% of theory.
      After drying at 80.degree.C in a vacuum drying oven, the substance has a
      titrimetrically determined molecular weight of 260 (calculated: 259.1).
PAR  Elemental Analysis: Calculated: 27.81%C; 5.83%H; 5.41%N; 23.91%P; Found
      27.71%C; 5.64%H; 5.37%N; 23.60%P
PAR  In the IR-spectrum of the compound, the .delta..sub.NH -band was at 1610
      cm.sup..sup.-1. The compound has a m.p. of 257.degree.C.
PAC  EXAMPLE 5
PAC  Sequestering of calcium
PAR  In the investigation of the sequestering of calcium, a modified Hampshire
      Test was employed and worked as follows
PAR  1 gm of the sequestering agent was dissolved in 50 ml of H.sub.2 O,
      adjusted with NaOH to a pH of 11. 50 ml of a Ca.sup.+.sup.+ solution (1470
      mgm of CaCl.sub.2.2H.sub.2 O/l) were mixed with 100 ml of a sodium
      carbonate solution (7.15 gm Na.sub.2 CO.sub.3. 10 H.sub.2 O/l.). Then the
      solution of the sequestering agent was added dropwise from a burette until
      the calcium carbonate precipitate was redissolved. The values found have
      been reported in Table I. For the sake of simplicity, only the value of n
      and the various substituents for R according to formula I are indicated in
      the left column of the Table.
PAC  TABLE I
      ##EQU8##
      wherein R is selected from the group consisting of hydrogen and alkyl
      having 1 to 3 carbon atoms, and
PA1  n is an integer from 3 to 5.
TBL  ______________________________________                                    
                 Consumption of                                                
     Compound    Sequestering mgm of CaCO.sub.3 Seques-                        
                 Agent Solution                                                
                              tered per gm of                                  
     n      R        (ml)         Compound                                     
     ______________________________________                                    
     3      H        3.6          695                                          
     3      CH.sub.3 2.6          960                                          
     4      H        3.3          760                                          
     5      H        3.4          735                                          
     ______________________________________                                    
PAR  Practically identical results were obatined if, instead of the acids, the
      corresponding sodium, potassium or ammonium salts were employed.
PAC  EXAMPLE 6
PAC  Threshold Effect
PAR  The Hampshire Test at room temperature and the Sodium Carbonate Silicate
      Test at 60.degree.C, as well as at 95.degree.C, were used for studying the
      prevention of the precipitation of difficultly-soluble calcium compounds
      when substoichiometric amounts of sequestering agents were utilized, as
      follows:
PA0  a. Hampshire Test:
PA1  200 mgm of the sequestering agent were dissolved in 10 ml of H.sub.2 O
      (which has been adjusted with NaOH to pH 11); and 100 ml of sodium
      carbonate solution (14.3 gm of Na.sub.2 CO.sub.3 . H.sub.2 O/liter) were
      added. A calcium solution (36.8 gm of CaCl.sub.2. 2H.sub.2 O/liter) was
      added dropwise from a burette until the cloudiness formed barely remains.
PAR  For an explanation of the data in the two left columns of the following
      Table II, see Example 5.
TBL                TABLE II                                                    
     ______________________________________                                    
               Consumption           mgm of CaCO.sub.3                         
     Compound  of Ca-Solution                                                  
                            mgm      Sequestered per                           
     n    R        ml           CaCO.sub.3                                     
                                       gm of Compound                          
     ______________________________________                                    
     3     H       7.8          195     975                                    
     3     CH.sub.3                                                            
                   13.5         338    1690                                    
     4     H       8.5          212    1060                                    
     5     H       8.5          212    1060                                    
     ______________________________________                                    
PA0  b. Sodium Carbonate - Silicate Test
PA1  25 ml of water having a German hardness of 80.degree. (Ca : Mg = 4 : 1) in
      a 100 ml graduated cylinder were treated with the sequestering agent
      solution (7.5 mgm or 15.0 mgm). After dilution with distilled water up to
      a volume of 65 to 70 ml, 25 ml of a sodium carbonate - sodium silicate
      solution having a concentration of 4.5 gm of Na.sub.2 CO.sub.3 /liter and
      600 mgm of sodium silicate/liter (in a ratio of SiO.sub.2 : Na.sub.2 O =
      3.36 :1) were added. After filling up to the 100 ml mark, the sample was
      either heated to 60.degree.C within 20 minutes and maintained at this
      temperature for an additional 10 minutes (see Table III for the results of
      this procedure); or the sample was heated to 95.degree.C within 25 to 30
      minutes and maintained at 95.degree.C for an additional 30 minutes. (See
      Table IV for the results of this procedure).
PAR  Subsequently, the solution, the precipitated portion, and the incrustation
      tightly adhering to the glass were analyzed as to their calcium content.
      In Table III and Table IV, the results of the analyses are expressed in
      percent whereby the sum of the resulting values is set equal to 100%. For
      an explanation of the data specified in the two left columns, see Example
      5.
TBL                TABLE III                                                   
     ______________________________________                                    
                        150 mgm/liter                                          
                        of sequester-                                          
                        ing agent, 60.degree.C                                 
     Compound  CaO      CaO           CaO                                      
     n     R       Solution Precipitation                                      
                                        Incrustation                           
     ______________________________________                                    
     3     H       99.1     0.8         0.1                                    
     3     CH.sub.3                                                            
                   99.0     0.9         0.1                                    
     4     H       98.8     1.1         0.1                                    
     5     H       79.8     20.1        0.1                                    
     ______________________________________                                    
TBL                TABLE IV                                                    
     ______________________________________                                    
     150 mg/liter of sequest-                                                  
                         75 mg/liter of sequest-                               
     ering agent, 95.degree.C                                                  
                         ering agent, 95.degree.C                              
     Compound                                                                  
            CaO     CaO      CaO   CaO   CaO   CaO                             
     n   R      Soln.   Pptd.  Incrust.                                        
                                     Soln. Pptd. Incrust.                      
     ______________________________________                                    
     3   H      99.0    0.9    0.1   88.8  11.1  0.1                           
     3   CH.sub.3                                                              
                92.2    7.7    0.1   71.1  28.6  1.3                           
     4   H      99.0    0.9    0.1   98.4   1.5  0.1                           
     5   H      80.0    19.9   0.1   --    --    --                            
     ______________________________________                                    
PAR  Practically identical results were obtained in Tables III and IV, if,
      instead of the acids, the corresponding sodium, potassium or ammonium
      salts were employed.
PAC  EXAMPLE 10
PAC  Delay in the setting of gypsum
PAR  Gypsum materials in the form of plaster, plaster of Paris, or in mixture
      with aggregates, like limestone, sand, perlite or cellulose, set
      relatively fast, so that rapid processing must take place. A delay of the
      setting time can be achieved with the addition of the above-described
      azacycloalkanediphosphonic acids, and the processing of the gypsum
      materials can thus be considerably facilitated.
PAR  In the following tests, each of the various azacycloalkane-2,2-diphosphonic
      acids of the invention was added to the water before the gypsum was mixed.
      However, water-soluble salts of the phosphonic acids, particularly the
      lithium, sodium, potassium and ammonium salts can also be mixed instead
      with the gypsum or added shortly after the mixing of the gypsum material
      together with the water. Specifically the following setting values were
      found and reported in Table V, using in each test 20.0 gm of gypsum and 9
      ml of H.sub.2 O. The setting time is the time interval in which the gypsum
      was spreadable and easy to handle.
PAR  For the explanation of the data in the left column of Table V, see Example
      5.
TBL                TABLE V                                                     
     ______________________________________                                    
     Compound    Amount       Setting Time                                     
     n      R        (mgm)        (min.)                                       
     ______________________________________                                    
     --     --       --           15                                           
     3      H        25           60                                           
     3      CH.sub.3 25           50                                           
     4      H        25           50                                           
     5      H        25           40                                           
     ______________________________________                                    
PAL  Comparable results were obtained by using the corresponding magnesium and
      zinc salts.
PAC  EXAMPLE 8
PAC  Pharmaceutical application
PA0  a. Apatite crystallization delay test in vitro
PAR  The compounds prepared according to the invention are efficient in
      preventing abnormal calcium depositions. Their efficacy in this respect
      was demonstrated in vitro by their retarding the crystallization of
      apatite.
PAR  Supersaturated solutions of Ca.sup.+.sup.+ and HPO.sub.4 .sup.-.sup.- ions
      are relatively stable, but crystallize after the addition of an apatite
      nuclei according to the reaction.
EQU  5 Ca.sup.+.sup.+ + 3 HPO.sub.4 .sup.-.sup.- + H.sub.2 O .fwdarw. Ca.sub.5
      (PO.sub.4).sub.3 OH + 4 H.sup.+ with the release of protons. The reaction
      can, therefore, be readily observed by titration with a base at a constant
      pH.
PAR  400 ml of 0.0008 molar KH.sub.2 PO.sub.4 solution were mixed with 45 ml of
      a 0.012 molar CaCl.sub.2 solution, and the clear solution was standardized
      with KOH to a pH of 7.4, after being brought to a temperature of
      35.degree.C. After 30 minutes drying which time the pH did not change, a
      suspension of 100 mgm of hydroxyl apatite in 50 ml of H.sub.2 O was added.
      The crystallization set in immediately and was followed by "pH-Stat"
      titration with 0.05 N KOH.
PAR  If a small amount of one of the azacycloalkane-2,2-diphosphonic acids of
      the invention was added to the solution before the apatite was added, the
      crystallization was greatly delayed.
PAR  Table VI gives the values of the delay in crystallization. With respect to
      the data specified in the two left columns of the Table, see Example 5.
TBL                TABLE VI                                                    
     ______________________________________                                    
                        Decreased of the                                       
     Compound Amount    Crystallization in % after                             
     n    R       mgm/liter 4 hrs.  8 hrs.  12 hrs.                            
     ______________________________________                                    
     3    H       4         84      81      79                                 
     3    CH.sub.3                                                             
                  4         --      78      --                                 
     4    H       4         80      73      69                                 
     5    H       4         80      80      76                                 
     ______________________________________                                    
PA0  b. Prevention of hardening of the aorta in rats
PAR  The effectiveness of the azacycloalkane-2,2-diphosphonic acids of the
      present invention in preventing abnormal calcium deposits in vivo in rats
      can be demonstrated as follows.
PAR  This test was based on the observation that high doses of vitamin D.sub.3
      fed to rats cause a considerable hardening of the aorta in rats. 30 Female
      rats weighing 150 to 200 gm each were divided into three groups of ten
      animals each. They received during the test period a normal diet and tap
      water ad libitum. One group of ten animals (control) received no further
      treatment. Another group of the animals received from 3rd to the 7th day,
      75,000 units of vitamin D.sub.3 daily through a stomach sound. The third
      group likewise received from 3rd to the 7th day, 75,000 units of vitamin
      D.sub.3 daily through a stomach sound and, in addition likewise orally, 10
      mgm kg of one of the azacycloalkane-2,2-diphosphonic acids from the 1st to
      the 10th day. After ten days the animals were sacrificed and their aortas
      prepared and dried for 12 hours at 105.degree.C. After determination of
      the dry weight the aortas were ashed; the residue was dissolved, and the
      calcium was determined by flame photometry. The treatment with
      acacycloalkane-2,2-diphosphonic acid reduced the vitamin D.sub.3 induced
      hardening of the aortas of rats considerably.
PAC  EXAMPLE 9
PAC  Pharmaceutical preparations
PAR  For the production of pharmaceutical preparations in the form of a tablet,
      the known methods of preparation were followed to produce a tablet having
      an effective dosage unit composition as follows:
TBL  2,2-Diphosphono-azacycloalkane                                            
                               100 mgm                                         
     Lactose                   100 mgm                                         
     Starch                    47 mgm                                          
     Magnesium Stearate        3 mgm                                           
PAR  For the production of pharmaceutical preparations in the form of a capsule,
      the known methods of preparation are followed to produce a capsule having
      an effective dosage unit composition as follows:
TBL  2,2-Diphosphono-azacycloalkane                                            
                               100 mgm                                         
     Starch                    20 mgm                                          
     Sodium Lauryl Sulfate     1 mgm                                           
PAR  In the specified compositions for tablets and capsules, the amount of the
      2,2-diphosphono-azacycloalkane stated above is the amount used of a
      compound according to the invention; that is a compound embraced by
      formula I above, and preferably refers to the amount of
      2,2-diphosphono-azacyclopentane,
      N-methyl-2,2-diphosphono-azacyclopentane,2,2-diphosphonoazacyclohexane, or
      2,2-diphosphono-azacycloheptane utilized in the respective composition. In
      another series of compositions, the free acids in the above formula were
      replaced by the corresponding amount of the disodium salts of the acids.
PAC  EXAMPLE 10
PAC  Cosmetic preparations
PAR  The following recipes are suitable as a basic formula for tooth pastes:
TBL                       Parts by Weight                                      
     ______________________________________                                    
     (a)  Glycerin              60.0                                           
          Water                 13.5                                           
          Sodium carboxymethyl-cellulose                                       
                                0.6                                            
          Silicic acid xerogel  20.0                                           
          Sodium laurylsulfate  2.0                                            
          Essential oils        1.0                                            
          Sweetening agent      0.4                                            
          2,2-Diphosphono-azacycloalkane                                       
                                2.5                                            
     (b)  Glycerin              30.0                                           
          Water                 18.5                                           
          Sodium carboxymethyl-cellulose                                       
                                1.0                                            
          Aluminum hydroxide    44.0                                           
          Sodium laurylsulfate  1.0                                            
          Pyrogenic silicic acid                                               
                                1.5                                            
          Essential oils        1.5                                            
          Sweetening agent      0.5                                            
          2,2-Diphosphono-azacycloalkane                                       
                                2.0                                            
     ______________________________________                                    
PAR  Suitable as a basic formulation for mouthwashes is the following recipe:
TBL                     Parts by Weight                                        
     ______________________________________                                    
     Ethyl alcohol        19.5                                                 
     Glycerin             7.5                                                  
     Water                70.0                                                 
     Essential oils       0.2                                                  
     Sodium laurylsulfate 0.1                                                  
     Antiseptic (chlorothymol)                                                 
                          0.1                                                  
     Sweetening agent     0.1                                                  
     2,2-Diphosphono-azacycloalkane                                            
                          2.5                                                  
     ______________________________________                                    
PAR  The stated amount of 2,2-diphosphono-azacycloalkane used refers to the
      amount used of a compound according to the invention; that is a compound
      embraced by formula I above, and preferably refers to the amount of
      2,2-diphosphono-azacyclopentane, N-methyl-2,2-diphosphono-azacyclopentane,
      2,2-diphosphonoazacyclohexane, or 2,2-diphosphono-azacycloheptane
      utilized.
PAR  By regular use of the mouthwashes and/or toothpastes containing the
      above-mentioned azacycloalkane-diphosphonic acids, according to the
      invention, the formation of tartar could be considerably reduced. The
      formation of hard compact plaque on the teeth was to a great extent
      prevented.
PAR  The preceding specific embodiments are illustrative of the practice of the
      invention. It is to be understood, however, that other expedients known to
      those skilled in the art or discussed herein may be employed without
      departing from the spirit of the invention or the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An azacycloalkane-2,2-diphosphonic compound selected from the group
      consisting of (A) a compound of the formula
      ##EQU9##
      wherein R is selected from the group consisting of hydrogen and alkyl
      having 1 to 3 carbon atoms, and n is an integer from 3 to 5; and (B) a
      non-toxic, pharmacologically-acceptable water-soluble salt thereof.
NUM  2.
PAR  2. The azacycloalkane-2,2-diphosphonic compound of claim 1, wherein R is
      selected from the group consisting of hydrogen and methyl and n is an
      integer from 3 to 5.
NUM  3.
PAR  3. The azacycloalkane-2,2-diphosphonic compound of claim 1, wherein R is
      hydrogen and n is 3.
NUM  4.
PAR  4. The azacycloalkane-2,2-diphosphonic compound of claim 1, wherein R is
      methyl and n is 3.
NUM  5.
PAR  5. The azacycloalkane-2,2-diphosphonic compound of claim 1, wherein R is
      hydrogen and n is 4.
NUM  6.
PAR  6. The azacycloalkane-2,2-diphosphonic compound of claim 1, wherein R is
      hydrogen and n is 5.
NUM  7.
PAR  7. The azacycloalkane-2,2-diphosphonic compound of claim 1, wherein said
      non-toxic, pharmacologicallyacceptable water-soluble salt is a member
      selected from the group consisting of alkali metals, ammonium, lower
      alkanolammonium, zinc and magnesium.
NUM  8.
PAR  8. The azacycloalkane-2,2-diphosphonic compound of claim 7, wherein said
      water-soluble salts are substantially neutral with a pH of 5 to 9 in an
      aqueous solution.
PATN
WKU  039417735
SRC  4
APN  4081919
APT  1
ART  122
APD  19641102
TTL  Form II ampicillin
ISD  19760302
NCL  2
ECL  1
EXP  Rizzo; Nicholas S.
NDR  2
NFG  2
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CTY  DeWitt
STA  NY
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STA  NY
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STA  NY
COD  02
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COD  72
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FSC  260
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UREF
PNO  3144445
ISD  19640800
NAM  Grant et al.
OCL  260239.1
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ABST
PAL  1. A new crystalline form of D-6-(2-amino-2-phenyl-acetamido)penicillanic
      acid characterized by being substantially free of water in the chemically
      bound state, having a molecular weight of about 349, having an infrared
      spectrograph as disclosed in FIG. 1 of the drawings, and possessing
      substantially greater storage stability than hydrated crystalline
      D-6-(2-amino-2-phenyl-acetamido)penicillanic acid.
PARN
     This application is a continuation-in-part of our prior, co-pending
      application Ser. No. 233,943, filed Oct. 29, 1962, now U.S. Pat. No.
      3,180,862.
BSUM
PAR  This invention relates to a new form of D-(-)-.alpha.-aminobenzylpenicillin
      of value as an antibacterial agent, as a nutritional supplement in animal
      feeds, as an agent for the treatment of mastitis in cattle, as a
      therapeutic agent in poultry and animals, including man, and especially in
      the treatment of infectious diseases caused by Gram-positive and
      Gram-negative bacteria. More particularly, this invention relates to a
      novel, stable crystalline form of D-(-)-.alpha.-aminobenzylpenicillin
      designated as Form II D-(-)-.alpha.-aminobenzylpenicillin or Form II
      ampicillin which is characterized by being substantially free of water in
      the chemically bound state, and by exhibiting an infrared absorption
      spectrum substantially as disclosed in FIG. 1 of the drawings.
PAR  Subsequent to the making of the invention described and claimed herein, it
      was discovered by our colleagues, David A. Johnson and Glenn A.
      Hardcastle, Jr., as disclosed in U.S. Ser. No. 266,807, filed Mar. 21,
      1963, that ampicillin trihydrate was also stable, but that discovery does
      not form part of the present invention.
PAR  Antibacterial agents such as benzylpenicillin have proved highly effective
      in the past in the therapy of infections due to Gram-positive bacteria,
      but such agents suffer from the serious drawbacks of being ineffective
      against numerous strains of bacteria, e.g., most Gram-negative bacteria.
      The compound of the present invention is particularly useful in that it
      possesses potent antibacterial activity against both Gram-positive and
      Gram-negative bacteria upon either parenteral or oral administration, and
      also exhibits resistance to destruction by acid.
PAR  D-(-)-.alpha.-Aminobenzylpenicillin, also known as
      D-6-(2-amino-2-phenyl-acetamido)penicillanic acid,
      6-[D-(-)-.alpha.-aminophenyl-acetamido]penicillanic acid, and as
      ampicillin, is known in the technical literature, having been described,
      for example, in U.S. Pat. No. 2,985,648, the disclosure of which is
      incorporated herein by reference. According to the teachings of that
      patent, this penicillin is prepared by reaction of 6-amino-penicillanic
      acid with an acylating agent such as the acid chloride, acid bromide, acid
      anhydride, mixed anhydride, etc. of a derivative of
      D-(-)-.alpha.-aminophenylacetic acid in which the amino group is protected
      by a carbobenzoxy or other suitable protecting group. After completion of
      the acylation reaction, the protecting group is removed from the amino
      group such as by reduction with hydrogen in the presence of a catalyst.
      D-(-)-.alpha.-Aminobenzylpenicillin is also described in U.S. Pat. No.
      3,140,282.
PAR  The known methods for the preparation of
      D-(-)-.alpha.-aminobenzylpenicillin by the acylation of
      6-aminopenicillanic acid result in the preparation of aqueous mixtures
      which contain, in addition to the desired penicillin, unreacted
      6-aminopenicillanic acid, hydrolyzed acylating agent, and products of side
      reactions such as the products of the acylating agent reacted with itself
      and/or with the desired penicillin, as well as other impurities. The
      D-(-)-.alpha.-aminobenzylpenicillin may then be recovered from the aqueous
      reaction mixture by concentration to small volume and recovering the
      product by filtration. The D-(-)-.alpha.-aminobenzylpenicillin is
      generally obtained in the form of a monohydrate, a dihydrate, or a mixture
      thereof. The monohydrates (as well as the dihydrates of
      D-(-)-.alpha.-aminobenzylpenicillin possess poor stability.
PAR  It is an object of this invention to provide a new form of
      D-(-)-.alpha.-aminobenzylpenicillin which possesses good stability upon
      storage.
PAR  This and other objects are achieved by the practice of this invention which
      comprises providing a new, stable crystalline form of
      D-(-)-.alpha.-aminobenzylpenicillin which is characterized by being
      substantially free of water in the chemically bound state, and by
      exhibiting an infrared absorption spectrum substantially as disclosed in
      FIG. 1 of the drawings. More specifically, this invention comprises
      providing a new crystalline form of D-(-)-.alpha.-aminobenzylpenicillin
      characterized by being substantially free of water in the chemically bound
      state, having a molecular weight of about 349, having an infrared
      spectrograph as disclosed in FIG. 1 of the drawings, and possessing
      substantially greater storage stability than hydrated crystalline
      D-(-)-.alpha.-aminobenzylpenicillin.
PAR  The anhydrous D-(-)-.alpha.-aminobenzylpenicillin of this invention may be
      obtained by suspending D-(-)-.alpha.-aminobenzylpenicillin.sup..
      .beta.-naphthalene sulfonate, also known as
      D-(-)-.alpha.-aminobenzylpenicillin.sup.. .beta.-naphthalene sulfonic acid
      salt, in water and adjusting the pH of the suspension to about 6.0-8.0,
      and preferably 6.7-7.2, with triethylamine. The temperature of the
      suspension during the reaction is about 0.degree.-75.degree. C., and
      preferably 60-70.degree. C. The adjustment of the pH causes precipitation
      of the Form II D-C-)-.alpha.-aminobenzylpenicillin to commence.
      Precipitation of the Form II D-(-)-.alpha.-aminobenzylpenicillin can be
      initiated if necessary by seeding. The pH of the solution is then adjusted
      to about 4.5-5.0 by the addition of an acid such as hydrochloric acid and
      cooled to complete precipitation. After precipitation of the Form II
      D-(-)-.alpha.-aminobenzylpenicillin is completed, it may be recovered by
      filtration. The product may then be washed with water and/or organic
      solvent such as methyl isobutyl ketone, and dried.
PAR  In carrying out the process at low temperatures, i.e., less than 60.degree.
      C., it is essential that the D-(-)-.alpha.-aminobenzylpenicillin.sup..
      .beta.-naphthalene sulfonate suspension or solution does not become
      contaminated with particles of D-(-)-.alpha.-aminobenzylpenicillin
      hydrates. The hydrates act as seeds and cause the precipitation of
      D-(-)-.alpha.-aminobenzylpenicillin hydrates instead of Form II
      D-(-)-.alpha.-aminobenzylpenicillin.
PAR  While .alpha.-aminobenzylpenicillin can exist in two optically active
      isomeric forms [the D-(-)- and L-(+)-diastereoisomers], as well as the
      optically inactive DL form which is a mixture of the two optically active
      forms, the D-(-)- isomer being the most biologically active isomer, it has
      not as yet been determined whether the L-(+)- and DL forms can be prepared
      in crystalline form having the characteristics of Form II
      D-(+)-.alpha.-aminobenzylpenicillin. Therefore, the invention described
      and exemplified herein has been directed only to the D-(-)- isomeric form
      of .alpha.-aminobenzylpenicillin.
PAR  The D-(-)-.alpha.-aminobenzylpenicillin.sup.. .beta.-naphthalene sulfonate
      used in the process for preparing the compound of this invention is
      prepared by contacting an aqueous solution of
      D-(-)-.alpha.-aminobenzylpenicillin, such as an impure aqueous solution
      containing D-(-)-.alpha.-aminobenzylpenicillin obtained as described in
      U.S. Pat. No. 2,985,648, with a .beta.-naphthalene sulfonic acid. After
      reaction, the D-(-)-.alpha.-aminobenzylpenicillin.sup.. .beta.-naphthalene
      sulfonate precipitates and is recovered.
PAR  The novel crystalline form of D-(-)-.alpha.-aminobenzylpenicillin of this
      invention has a molecular weight of about 349, and is free or
      substantially free of water in the chemically bound state, containing less
      than about 1.8% water, and for that reason has been designated Form II
      D-(-)-.alpha.-aminobenzylpenicillin or Form II ampicillin. Form II is
      characterized by its distinct crystal structure as demonstrated by its
      infrared spectrum, an example of which is shown in FIG. 1 of the drawings.
      Form II D-(-)-.alpha.-aminobenzylpenicillin is readily distinguished from
      the D-(-)-.alpha.-aminobenzylpenicillin described in U.S. Pat. No.
      2,985,648, and herein designated Form I, an example of the infrared
      spectrum of which is shown in FIG. 2 of the drawings, by comparing the
      infrared spectrum of FIG. 1 with that of FIG. 2. The novel crystalline
      form of ampicillin of this invention is further characterized by the fact
      that it may be stored for long periods of time without substantial potency
      loss. The novel crystalline form of ampicillin has been found to possess
      substantially greater storage stability than hydrated crystalline
      D-(-)-.alpha.-aminobenzylpenicillin, i.e., mono- and dihydrates of
      D-(-)-.alpha.-aminobenzylpenicillin.
PAR  The peaks at 2530, 1429 and 1009 cm.sup.-.sup.1 in the infrared absorption
      spectra of FIGS. 1 and 2 are artificial and caused by operations within
      the infrared spectrophotometer, and therefore do not constitute a part of
      either infrared absorption spectrum.
PAR  The following examples will illustrate the present invention described
      herein without unduly restricting it.
PAC  EXAMPLE 1
PAR  A reaction mixture containing .alpha.-aminobenzylpenicillin, formed by the
      acylation of 1 kg. of 6-aminopenicillanic acid, is concentrated at less
      than 40.degree. C. to about 15 liters. Methyl isobutyl ketone (7.5 liters)
      is added to the concentrate which is then chilled to 0.degree.-5.degree.
      C., adjusted to pH 1.8-2.0, agitated about five minutes, the resulting
      emulsion filtered, and the filtrates collected. The filter cake is washed
      with 2 liters of cold water, and then with 2.5 liters of methyl isobutyl
      ketone, and these wash portions are combined with the filtrate. The
      aqueous layer and the methyl isobutyl ketone layer of the filtrate are
      then separated, and the organic solvent layer is discarded. The aqueous
      layer is adjusted to pH 4-5 with triethylamine, maintained at
      0.degree.-10.degree. C., and mixed with 7.5 liters of methyl isobutyl
      ketone. To the resulting mixture there is added with vigorous agitation 3
      liters of an aqueous solution containing 1.35 kg. of .beta.-naphthalene
      sulfonic acid. During addition of the .beta.-naphthalene sulfonic acid,
      the reaction mixture is not allowed to exceed 10.degree. C., and the pH is
      maintained above 1.5 by intermittent addition of triethylamine as
      required. Following the addition of the acid solution, the pH of the
      reaction mixture is adjusted to 1.6-2.0, seeded, and agitated for 2-4
      hours at 0.degree.-5.degree. C., and at a pH of 1.6-2.0, whereupon
      .alpha.-aminobenzylpenicillin..beta.-naphthalene sulfonic acid salt
      precipitates. After precipitation of the product is completed, the
      reaction mixture is filtered, and the collected product washed twice with
      2.5 liters of cold water and with three successive washes of 2.5 liters of
      methyl isobutyl ketone. The collected product, the monohydrate of
      .beta.-naphthalene sulfonic acid salt of .beta.-aminobenzylpenicillin is
      dried at 50.degree. C., and found by bioassay to have 600 mcg.
      .beta.-aminobenzylpenicillin activity/mg.
PAR  A 200 gm. portion of .beta.-aminobenzylpenicillin..beta.-naphthalene
      sulfonic acid salt (prepared as described above) is added with agitation
      to 1500 ml. of water at room temperature. Triethylamine (54 ml.) is added
      to the resulting suspension over a period of several minutes. Four
      successive 200 gm. portions of the salt are added to the suspension, each
      portion being followed by the addition of 54 ml. triethylamine, and by
      agitation. Some pure .beta.-aminobenzylpenicillin crystallizes out of the
      solution following each addition. The resulting slurry is agitated at room
      temperature (25.degree.-30.degree. C.) at a pH of 6.7-7.5 for about 1
      hour. Subsequently the slurry is chilled, and, while chiling, the pH is
      slowly adjusted over about a 10-30 minute period to about 4.5-4.6 by the
      addition of about 45 ml. of 6N hydrochloric acid. After the pH is
      adjusted, the slurry is agitated at 0.degree.-5.degree. C. for about 2
      hours, and then filtered. The mother liquors are removed from the
      collected solids which are then washed with two 200 ml. portions of ice
      water and then with 1000 ml. of cold methyl isobutyl ketone. After
      washing, the collected product, .alpha.-aminobenzylpenicillin, is dried at
      50.degree. C., and found to weigh about 415 gm., and to assay 1000 mcg.
      .alpha.-aminobenzylpenicillin/mg. (100% of theoretical activity; 70% of
      theoretical yield).
PAR  This crystalline product is designated Form II
      D-(-)-.alpha.-aminobenzylpenicillin, and is characterized by being
      substantially free of water in the chemically bound state, having a
      molecular weight of about 349, having an infrared absorption spectrum
      substantially as disclosed in FIG. 1 of the drawings, and possessing
      greater storage stability than Form I D-(-)-.alpha.-aminobenzylpenicillin.
PAC  EXAMPLE 2
PAR  To water (5950 ml.) there was added with stirring 792 gm.
      D-(-)-.alpha.-aminobenzylpenicillin..beta.-naphthalene sulfonate and 214
      ml. triethylamine. The additions were repeated three more times with
      10-minute intervals between additions, giving a total addition of 3168 gm.
      D-(-)-.alpha.-aminobenzylpenicillin..beta.-naphthalene sulfonate and 856
      ml. triethylamine. After stirring for 11/2 hours, the pH was adjusted to
      4.6 with 120 ml. 37-38% HCl, and then the aqueous solution was cooled to
      0.degree. C., causing crystals to form. After 2 hours, the crystals were
      separated by filtration, washed twice with 794-ml. portions of ice water,
      and thrice with 760-ml. portions of methyl isobutyl ketone giving 1.80 kg.
      of wet cake. The wet cake dried at 120.degree. F. for 21 hours.
PAR  The dried crystalline Form II D-(-)-.alpha.-aminobenzylpenicillin product
      (1.12 kg.) obtained, was found to contain 0.7% water, to bioassay 1010
      mcg. D-(-)-.alpha.-aminobenzylpenicillin/mg., and to have the infrared
      absorption spectrum disclosed in FIG. 1 of the drawings.
PAC  EXAMPLE 3
PAR  A comparison of the stability of Form II
      D-(-)-.alpha.-aminobenzylpenicillin was made with that of Form I
      D-(-)-.alpha.-aminobenzylpenicillin. Samples of Form II
      D-(-)-.alpha.-aminobenzylpenicillin (product of Example 2) and Form I
      D-(-)-.alpha.-aminobenzylpenicillin were placed in snap-cap vials and
      stored at 56.degree. C. The potency of each sample was determined by
      bioassay before and after storage. The moisture content of each sample was
      determined by Karl Fischer analysis before storage. Sample 1 is Form II
      and Samples 2-5 are Form I D-(-)-.alpha.-aminobenzylpenicillin.
PAR  The test data are presented in the table below.
TBL                TABLE                                                       
     ______________________________________                                    
     POTENCY STABILITY AT 56.degree. C.                                        
              Bio-assay Mcg./mg.                                               
                            % Loss in Potency                                  
     % Mois-    Orig-   Months      Months                                     
     Sample                                                                    
           ture     inal    1     2     1      2                               
     ______________________________________                                    
     1     1.1      1000    990   1040  1      +3.5                            
     2     3.7      920     640   450   30     51                              
     3     4.8      940     580         38.5                                   
     4     5.2      960     620   480   35.5   50                              
     5     6.5      955     500         51                                     
     ______________________________________                                    
PAR  It is apparent from the table that Form II
      D-(-)-.alpha.-aminobenzylpenicillin (Sample 1) was more stable upon
      storage than Form I D-(-)-.alpha.-aminobenzylpenicillin (Samples 2-5).
PAR  While this invention has been described and exemplified in terms of its
      preferred embodiment, those skilled in the art will appreciate that
      modifications can be made without departing from the spirit and scope of
      this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A new crystalline form of D-6-(2-amino-2-phenyl-acetamido)penicillanic
      acid characterized by being substantially free of water in the chemically
      bound state, having a molecular weight of about 349, having an infrared
      spectrograph as disclosed in FIG. 1 of the drawings, and possessing
      substantially greater storage stability than hydrated crystalline
      D-6-(2-amino-2-phenyl-acetamido)penicillanic acid.
NUM  2.
PAR  2. The stable crystalline form of D-(-)-.alpha.-aminobenzylpenicillin which
      is characterized by being substantially free of water in the chemically
      bound state, and by exhibiting an infrared absorption spectrum
      substantially as disclosed in FIG. 1 of the drawings.
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ABST
PAL  Novel substituted amino methyl esters of penicillins and cephalosporins for
      oral administration which are much better absorbed than the parent
      compounds.
BSUM
PAR  This invention relates to aminoalkyl esters of penicillins and
      cephalosporins and, when the compound contains a basic group to acid --
      addition salts thereof.
PAR  Penicillins and cephalosporins are widely used antibacterial agents and
      they are frequently administered orally if the absorption into the blood
      stream is sufficiently good. We have now found a group of aminoalkyl
      esters of penicillins and cephalosporins many of which are much better
      absorbed than the parent compound
PAR  Accordingly the present invention provides a compound of formula (I):
      ##EQU1##
      and acid addition salts thereof when a basic group is present wherein Y
      represents an alkyl, aryl, aralkyl, alkoxy, aralkoxy group; Z represents
      hydrogen or an alkyl cycloalkyl aryl, or aralkyl group- or Y + Z together
      with the --N--CO-- group to which they are attached, is a heterocyclic
      ring; and A represents a group of formula (II) or (III):
      ##EQU2##
      wherein X represents hydrogen or an acetoxy or heterocyclic-thio group;
PA1  And R is an organic acylamino group;
PAL  Except that:
PA1  A. when Y + Z together with the --N--CO-- group to which they are attached
      is a heterocyclic ring, then the group within the group Z which is joined
      to the N atom is not a carbonyl group; and
PA1  B. when Z is hydrogen, Y is an alkoxy group and A is a group of formula
      (II), then R is not a group of formula (IV)
      ##EQU3##
      in which R.sub.1 is C.sub.2.sub.-7 alkyl, phenyl, substituted phenyl,
      thienyl or furyl.
PAR  By way of example, the group Y in formula (I) above may be lower alkyl,
      e.g. methyl, ethyl, n- and i-propyl, n-, sec-, iso- and t-butyl; aryl e.g.
      phenyl; aralkyl, e.g. benzyl, lower alkoxy, e.g. methoxy, ethoxy, n-and
      i-propoxy, n-, sec-, iso- and t-butoxy; aralkoxy, e.g. benzyloxy. The
      group Y is preferably an alkoxy or aralkoxy group.
PAR  Also by way of example, the group Z in formula (I) may be a lower alkyl,
      e.g. those groups examplified for group Y above; cycloalkyl, e.g.
      cyclopentyl, cyclohexyl; aryl, e.g. phenyl.
PAR  The groups Y + Z in formula (I) together with the --N--CO-- group to which
      they are attached may also form a heterocyclic ring. A preferred example
      of such a ring is the 3- benzoxazolidinone ring of formula (V):
      ##SPC1##
PAR  The radical R-A- in formula (I) is a 6-substituted penam-3 or 7-substituted
      cepham-4 radical. For the organic acylamino group, any of the acylamino
      side chains found in known antibacterially active penicillins and
      cephalosporins are suitable. For example, R in formula (I) may be
      phenyl-acetamido; 2- or 3- thienylacetamido; phenoxyacetamido,
      .alpha.-amino-phenylacetamido; .alpha.-amino-2(or 3-) thienylacetamido,
      .alpha.-carboxyphenylacetamido; .alpha.-sulphophenyl- acetamido;
      .alpha.-azidophenylacetamido, .alpha.-guanidinophenylacetamido, or
      N-tetrazolylacetamido.
PAR  It will be clear that when the acylamino group R contains an asymmetric
      carbon atom, the compounds of this invention can exist in two optically
      active forms. This invention includes the pure epimers as well as mixtures
      of epimers.
PAR  The esters of this invention may be prepared by esterification of the
      carboxyl group of the corresponding penicillanic or cephalosporanic acid.
PAR  Thus, the invention also provides a process for the preparation of
      compounds (I) which process comprises reacting a compound of formula (VI):
      ##EQU4##
      or a reactive esterifying derivative thereof, in which formula R and A are
      as defined with respect to formula (I) above, with a compound of formula
      (VII):
      ##EQU5##
      or a reactive esterifying derivative thereof, in which formula Y and Z are
      as defined with respect to formula (I) above.
PAR  By the term "reactive esterifying derivative" in relation to compounds (VI)
      and (VII) above, we mean derivatives of (VI) and (VII) which when reacted
      together take part in a condensation reaction with the consequent
      formation of an ester linkage of formula (I).
PAR  Examples of reactive esterifying derivatives of compound (VI) includes
      salts, in particular the sodium, potassium and triethylammonium salts;
      acid halides, in particular the acid chloride; acid anhydride or mixed
      anhydrides, for example with a lower alkyl ester of carbonic acid; or the
      reactive intermediate formed with a carbodiimide or carbonyldiimidazole
PAR  Examples of reactive esterifying derivatives of compound (VII) include
      alkylsulphonyl or arylsulphonyl esters; and halides of formula (VII A):
      ##EQU6##
      wherein W is a halogen atom and Y and Z are as defined with respect to
      formula (I). Preferred halides are the bromide, chloride and iodide.
      Usually it will be found satisfactory to react the sodium potassium or
      triethylammonium salt of a compound of formula (VI) with a halide of
      formula (VII A) in a solvent such as dimethyl formamide or acetone.
PAR  When the free acid of formula (VI) or a salt thereof is reacted with the
      hydroxyl compound (VII), the reaction is generally slow and inconvenient.
      Preferably, in such cases the hydroxy group is best converted to an
      alkylsulphonyl or arylsulphonyl ester. In this case the presence of a base
      is usually necessary to achieve high yields.
PAR  Another reactive esterifying derivative of compound (VI) is the acid halide
      particularly the acid chloride. This compound may be reacted with the
      hydroxy compound (VII) in the presence of an acid binding agent to prepare
      the desired ester of this invention.
PAR  When the group R in compound (VI) or its reactive esterifying derivative
      contains a free amino group this group should be protected before the
      esterification reaction.
PAR  Examples of protected amino groups include the protonated amino group
      (NH.sub.3.sup.+) which after the esterification reaction can be converted
      to a free amino group by simple neutralisation; the benzyloxycarbonylamino
      group or substituted benzyloxycarbonylamino groups which are subsequently
      converted to NH.sub.2 by catalytic hydrogenation; and various groups which
      after the esterification reaction regenerate the amino group on mild acid
      hydrolysis (Alkaline hydrolysis is not generally useful since hydrolysis
      of the ester group takes place under alkaline conditions).
PAR  Examples of the group which may subsequently be converted to NH.sub.2 by
      mild acid hydrolysis include enamine groups of general formula (VIII) or
      tautomeric modifications thereof, and .alpha.-hydroxyarylidene groups of
      general formula (IX) or tautomeric modifications thereof:
      ##EQU7##
PAR  In structures (VIII) and (IX) the dotted lines represent hydrogen bonds. In
      structure (VIII) R.sup.3 is a lower alkyl group, R.sup.4 is either a
      hydrogen atom or together with R.sup.3 completes a carbocyclic ring, and
      R.sup.5 is a lower alkyl, aryl, or lower alkoxy group. In structure (IX) B
      represents the residue of a substituted or unsubstituted benzene or
      naphthalene ring.
PAR  An example of a protected amino which can be converted to NH.sub.2 after
      the esterification reaction is the azido group. In this case the final
      conversion into NH.sub.2 may be brought about by either catalytic
      hydrogenation or electrolytic reduction.
PAR  An alternative method of making compounds of this invention of formula (I)
      is by N-acylation of the corresponding esters of 6-aminopenicillanic acid
      or 7- aminocephalosporanic acid.
PAR  Thus, in another of its embodiments, this invention provides a method for
      the preparation of compounds of formula (I) which method comprises
      reacting a compound of formula (X) or a silyl derivative thereof:
      ##EQU8##
      wherein A, Y and Z are as defined with respect to formula (I) above with a
      reactive N-acylating derivative of a compound of formula (XI):
EQU  r.sub.2 oh                                                 (xi)
PAL  wherein R.sub.2 is an organic acyl group which may carry a protected amino
      group, removing the silyl group, if present, by hydrolysis or alcoholysis,
      and, if a protected amino group is present, optionally converting it to a
      free amino group under acid or neutral conditions.
PAR  By the term "silyl derivative" of the compound (X) we mean the product of
      the reaction betwen compound (X) and a silylating agent such as a
      halotrialkylsilane, a dihalodialkylsilane a halotrialkoxysilane, a
      dihalodialkoxysilane or a corresponding aryl or aralkyl silane and
      compounds such as hexamethyldisilazine. In general halotrialkylsilanes are
      preferred, especially trimethylchlorosilane. The silylated derivatives of
      the ester (X) are extremely sensitive to moisture and hydroxylic
      compounds, and after reaction with the reactive derivative of compound
      (XI) the silyl group of the intermediate acylated compound can be removed
      by hydrolysis or alcoholysis.
PAR  A reactive N-acylating derivative of the acid (XI) is employed in the above
      process. The choice of reactive derivative will of course be influenced by
      the chemical nature of the acyl group R.sub.2.
PAR  Thus, when R.sub.2 is acid stable or carries an acid group, such as the
      protonated amino group NH.sub.3.sup.+ or the azido group, it is often
      convenient to convert the acid (XI) into an acid halide for example by
      treating it with thionyl chloride or phosphorus pentachloride to give the
      acid chloride.
PAR  Such reagents would however be avoided when R.sub.2 is an acid labile group
      or carries an acid labile group, e.g. of type (VIII) or (IX). In such
      cases it is often convenient to make use of a mixed anhydride. For this
      purpose particularly convenient mixed anhydrides are the alkoxyformic
      anhydrides, which are conveniently prepared by treating an alkali metal or
      tertiary amine salt of the acid (XI) with the appropriate alkyl
      chloroformate in an anhydrous medium at or below room temperature.
PAR  Other reactive N-acylating derivatives of the acid (XI) include the
      reactive intermediate formed on reaction in situ with a carbodiimide or
      carbonyldiimidazole.
PAR  The esters (X) used in the above process are also new compounds and also
      form part of this invention. They may be prepared by the first process
      described herein where R in formula (I) represents an amino group.
PAR  In particular compounds of formula (X) may be prepared though in poor
      yield, by direct coupling of 6-amino- penicillanic acid or 7-amino
      cephalosporanic acid with a compound of formula (VII A) in the presence of
      a base. With this process some epimerisation at C.sub.6 or C.sub.7 occurs
      and the process is therefore entirely satisfactory. Much better yields of
      compounds (X) can be achieved by coupling an N-protected derivative of
      6-aminopenicillanic acid or 7-amino cephalosporanic acid (e.g. the
      triphenylmethyl derivative) with a compound of formula (VII A) and
      thereafter removing the protecting group (e.g. by mild acid hydrolysis in
      the case of the triphenylmethyl derivative).
PAR  Alternative types of N-protected 6-amino penicillanic acid are the
      6-acylaminopenicillanic acids. Techniques for the removal of the 6-acyl
      side chain from benzylpenicillin and phenoxymethyl penicillin, for
      example, are well documented (of British Pat. No. 1,189,022) and generally
      involve treating an ester of the 6-acylaminopenicillanic acid with
      PCl.sub.5 to form an imino chloride bond on the 6-amidonitrogen atom then
      treating the imino chloride with an alcohol to form an imino ether and
      then hydrolysing the amino bond to form the 6-aminopenicillanic acid
      ester. In the present case, it is possible to start from an ester of
      penicillin G or penicillin V [prepared for example by reaction of the
      sodium or potassium salt of the penicillin with a compound of formula (VII
      A)] and cleave the acyl side chain to prepare the corresponding ester of
      6-aminopenicillanic acid.
PAR  Similarly, alternative types of N-protected 7 - amino cephalosporanic acid
      are the 7-acylaminocephalosporanic acids. Techniques for the removal of
      the 7-acyl side chain from cephalosporins are well known, and in the
      present case, it is possible to start with the appropriate ester of a
      7-acylamino cephem, e.g. Cephalosporin C and remove the acyl side chain to
      form the ester of 7-aminocephalosporanic acid.
PAR  The following Examples illustrate methods for the preparation of some of
      the compounds of this invention.
DETD
PAC  EXAMPLE 1
PAC  (N-Ethoxycarbonyl-N-methyl) amino-methyl ester of Penicillin G
PAR  Penicillin G potassium salt (3.72 g.0.01 mol.) suspended in
      dimethylformamide (50 ml.) was treated with N-chloromethyl-N-methyl
      urethane (1.52g. 0.01 mol.) and the mixture stirred at room temperature
      for 2 hours. The solution was poured onto ice water (150 ml.) to produce a
      thick oil from which the supernatant liquid was decanted. The residual oil
      was dissolved in ethyl acetate (100 ml.) and washed with an aqueous
      solution of N sodium bicarbonate (10 ml.) followed by water (20 ml.).
PAR  The organic layer was dried over anhydrous magnesium sulphate and
      evaporated under reduced temperature and pressure. The residual oil
      crystallized to give 1.46g. (32.4%) of product as a colourless crystalline
      solid m.p. 78.degree.-82.degree..
PAR  Found: C, 55.95; H, 6.09; N, 9.18; S, 7.02. C.sub.21 H.sub.27 N.sub.3
      O.sub.6 S. Requires: C, 56.10; H, 6.05; N, 9.34; S, 7.14. N.m.r.
      (CD.sub.3).sub.2 SO .delta. = 1.19 (3 H t. CH.sub.3 CH.sub.2 O--), 1.52
      (6H.d. gemdimethyls), 2.96 (3H.s. CH.sub.3 --N=), 3.56(2H.s. Ph CH.sub.2
      CO--), 4.10 (2H.q. CH.sub.3 CH.sub.2 O--), 4.37 (1 H.s. C.sub.3 proton),
      5.47 4 H.m. (.beta. lactam protons + -0.CH.sub.2.N=), 7.29 (5H.s.
      aromatic),8.8 (1 H.m.--CONH--) p.p.m.
PAC  EXAMPLE 2
PAC  (N-Ethoxycarbonyl-N-methyl)amino-methyl ester of Cephalothin
PAR  Cephalothin [Sodium 7-(thiophene-2-acetamido) cephalosporante] (8.36 g.O.
      02. mol.) in dimethylformamide. (60 ml.) was treated with
      N-chloromethyl-N-methylurethane (3g.0.02 mol.) in dimethylformamide (10
      ml.) and stirred for 1 hour at room temperature. The mixture was poured,
      with stirring, into ice water (300 ml.). The precipitated solid filtered,
      washed well with water and dissolved in ethyl acetate (60 ml.). The
      solution was washed with a solution of N sodium bicarbonate (20 ml.)
      followed by water (40 ml.) and dried over anhydrous magnesium sulphate.
      The dried solution was evaporated under reduced temperature and pressure
      and the oily residue dissolved in dry benzene (20 ml.). The solution was
      diluted with dry ether until hazy and allowed to crystallise. The solid
      product was filtered, washed with ether and dried in vacuo to give the
      required ester 3.73 g. (36.3%) as a colourless crystaline solid m.p.
      110.degree.-112.degree..
PAR  Found: C, 49.40; H, 5.06; N, 8.14; S, 12.62 C.sub.21 H.sub.25 O.sub.8
      N.sub.3 S.sub.2 ; requires: C 49.30; H 4.93; N, 8.21; S, 12.53. N.m.r.
      (CD.sub.3).sub.2 SO .delta. = 1.18 (3H.t. CH.sub.3 - CH.sub.2 -), 2.03
      (3H.s.CH.sub.3 CO-), 2.94(3H.s. CH.sub.3.N=), 3.59 (2H.s. C.sub.2
      protons), 3.78
      ##SPC2##
PAL   4.09 (2H.q.--OCH.sub.2.CH.sub.3), 4.65 and 4.98(2H.q.--CH.sub.2
      OCOCH.sub.3), 5.09 & 5.17 (1 H.d. C.sub.6 proton), 5.51 (2H.s. --OCH.sub.2
      --N=), 5.73 (1H.m. C.sub.7 proton), 6.92 (2H.d. thiophene protons), 7.33
      (1H.m. thiophene proton), 9.05 (1 H.d. --CO NH --) p.p.m.
PAC  EXAMPLE 3
PAC  (N-Benzyloxycarbonyl-N-methyl)aminomethyl ester of Cephalothin.
PAR  Cephalothin (4.18 g 0.01 mol.) in dimethylformamide (25 ml) was treated
      with a solution of benzyl N-chloromethyl N-methyl carbamate (2.13 g 0.01
      mol) in dimethylformamide and stirred for 1 hr at room temperature. The
      product was isolated as described in Example 1:
PAR  to give the ester 3.07 g (53.6%) as a colorless cyrstalline solid.
      Recrystallisation from ethyl acetate/ether gave material m.p.
      122.degree.-124.degree.. Found:C 54.49; H, 4.77; N 7.22 S 11.14 C.sub.26
      H.sub.27 N.sub.3 O.sub.8 S.sub.2 requires: C, 54.45; H 4.74; N 7.32 S
      11.18 N.m.r. (CD.sub.3) SO: .delta. = 2.0 (3Hs. CH.sub.3 CO--) 2.99 (3Hs.
      CH.sub.3 N=) 3.60 (2Hs C.sub.2 protons) 3.78
      ##SPC3##
PAL  4.65 and 4.98 (2Hq --CH.sub.2 OCOCH.sub.3) 5.14 (3H.m. C.sub.6 proton +
      PhCH.sub.2 --) 5.55 (2Hs COOCH.sub.2 N=) 5.72 (1Hm C.sub.7 proton) 6.93
      (2Hd. thiophene protons) 7.37 (6Hm aromatic protons + thiophene proton)
      9.03 (1Hd--CONH-) ppm.
PAC  EXAMPLE 4
PAC  (N-Ethoxycarbonyl-N-ethyl)aminomethyl ester of Cephalothin
PAR  Cephalothin (8.36 g 0.02 mol.) in dimethylformamide (50 ml) was treated
      with a solution of N-chloromethyl-N-ethylurethane (3.3 g 0.02 mol.) in
      dimethylformamide (10 ml) and stirred 1 hr at room temperature. The
      product was isolated as described in Example 1 to give 3.47 g (33.1% of
      colourless crystalline solid m.p. 108.degree.-110.degree. Found: C, 50.08;
      H, 5.16 N 8.06 S 12.20 C.sub.22 H.sub.27 N.sub.3 O.sub.8 S.sub.2 requires:
      C 50.25; H, 5.18; N, 8.00; S, 12.20 N.m.r. (CD.sub.3).sub.2 SO: .delta. =
      1.15 (6Hm. 2 .times. CH.sub.3 CH.sub.2 --) 2.04 (3Hs CH.sub.3 CO--) 3.26
      and 3.50 (2Hq = NCH.sub.2 CH.sub.3) 3.61 (2Hs C.sub.2 protons) 3.80
      ##SPC4##
PAL  4.0 and 4.24 (2Hq --OCH.sub.2 CH.sub.3) 4.68 and 5.0 (2Hq --CH.sub.2
      OCOCH.sub.3) 5.17 (1Hd. C.sub.6 proton) 5.54 (2Hs.--CH.sub.2 N=) 5.57
      (1Hm. C.sub.7 proton) 6.95 (2Hd. thiophene protons) 7.37 (1Hm thiophene
      proton) 9.08 (1Hd.--CONH--) ppm.
PAC  EXAMPLE 5
PAC  (N-n-Butyl-N-ethoxycarbonyl)aminomethyl ester of Cephalothin
PAR  Cephalothin (4.18 g 0.01 mole) in dimethylformamide (15 ml) was treated
      with N-n-butyl-N-chlormethylurethane (1.9 g) and stirred for 1.5 hr at
      room temperature. The product was isolated as described in Example 1 and
      crystallised from other to give 1.97 g (35%) of the required material
      Found: C, 51.53; H, 5.63; N, 7.42; S, 11.36 C.sub.24 H.sub.31 N.sub.3
      O.sub.8 S.sub.2 ; requires: C, 52.05; H,5.64 N, 7.59; S, 11.58. N.m.r.
      (CD.sub.3).sub.2 SO; .delta. = 0.8-1.5 (10H,m. ester CH.sub.3, butyl
      CH.sub.3 2 .times. butyl CH.sub.2) 2.03 (3H.s. COCH.sub.3), 3.32 (2H t,
      N--CH.sub.2), 3.79
      ##SPC5##
PAL  3.60 (2h.s. S--CH.sub.2), 4.11 (2H, q ester CH.sub.2) 4.85 (2H. d, CH.sub.2
      OCOCH.sub.3) 5.16 (1H,d, C.sub.6 proton) 5.53 (2H,s, O--CH.sub.2 --N), 5.8
      (1H,m,C.sub.7 proton) 6.96 (2H,d, thiophene protons) 7.37. (1H,q,
      thiophene protons) 9.04 (1H,d, CONH) ppm.
PAC  EXAMPLE 6
PAC  (N-Cyclohexyl-N-ethoxycarbonyl)aminomethyl ester of Cephalothin
PAR  Cephalothin (8.36 g 0.02 mole) in dimethylformamide (40 ml) was treated
      with N-chloromethyl N-cyclohexyl urethane (4.4 g 0.02 mole) and stirred at
      room temperature for 1.5 hr. The product was isolated by the procedure
      described in Example 1 and crystallised from ether to give 3.65 g (31%) of
      the required material. Found: C, 52.03; H, 5.74; N, 6.92; S, 10.39
      C.sub.23 H.sub.33 N.sub.3 O.sub.8 S.sub.2 requires C, 53.88; H, 5.74; N,
      7.24; S, 11.06 N.m.r. (CD.sub.3).sub.2 SO: .delta. = 1.19 (3H,m, ester
      CH.sub.3) 1.0 to 2.0 (11H, broad multiplet, cyclohexyl protons), 2.03
      (3H,s, --COCH.sub.3) 3.59 (2H,s, --SCH.sub.2) 3.81
      ##SPC6##
PAL  4.06 (2h,q, ester CH.sub.2) 4.82 (2H,m, CH.sub.2 OCOCH.sub.3) 5.18
      (1H,m,C.sub.6 proton)5.56 (2H,s, OCH.sub.2 N&lt;) 5.8 (1H,m, C.sub.7
      proton)6.96 (2H,d, thiophene protons) 7.4. (1H,t, thiophene proton) 9.04
      (1H,d, CONH)ppm.
PAC  EXAMPLE 7
PAC  (N-Ethoxycarbonyl-N-phenyl)aminomethyl ester of Cephalothin
PAR  Cephalothin (4.16 g 0.01 mole) in dimethylformamide (10ml) was treated with
      N-chloromethyl-N-phenyl urethane (1.8 g 0.01 mole) and stirred for 1.5 hr
      at room temperature. The product was isolated as described in Example 1
      and recrystallised from benzene and ether to give 2.91 g (51%) of material
      m.p. 140.degree.-142.degree.C. Found: C, 54.38; H, 4.80; N, 7.16; S, 11.11
      C.sub.26 H.sub.27 N.sub.3 O.sub.8 S.sub.2 requires: C, 54.44, H, 4.74; N,
      7.32; S, 11.18. Nm.r. (CD.sub.3).sub.2 SO: .delta. = 1.16 (3H t, CH.sub.3
      --), 2.0 (3H, d, OCOCH.sub.3)3.62 (2H,s, S--CH.sub.2), 3.80
      ##SPC7##
PAL  4. 16 (2h,q, --OCH.sub.2 CH.sub.3) 4.63 (2H, s, CH.sub.2 OCOCH.sub.3), 5.13
      (1H, s, C.sub.6 proton) 5.72 (2H,s, -OCH.sub.2 N-), 5.80 (1H, s, C.sub.7
      proton), 6.96 (2H, d, thiophene protons), 7.35 (5H, s, phenyl), 7.42 (1H,
      s, thiophene proton) 9.2 (1H, d, CONH).
PAC  EXAMPLE 8
PAC  (N-Isobutyloxycarbonyl-N-methyl)aminomethyl ester of Cephalothin.
PAR  Cephalothin(418g.0.01 mole) in dimethylformamide (10 ml) was treated with
      isobutyl N-chloromethyl N-methyl carbamate (1.8 g 0.01 mole) and stirred
      for 1 hr at room temperature. The product was isolated as in Example 1 and
      crystallised from ether to give 2.01 g (37%) of the required material.
      Found: C, 50.69; H, 5.44; N, 7.61; S, 11.25. C.sub.23 H.sub.29 N.sub.3
      O.sub.8 S.sub.2 requires: C,51.21; H, 5.41; N, 7.78; S, 11.88. N.m.r.
      CD.sub.3).sub.2 SO: .delta. = 0.88
      ##EQU9##
      1.8 (1H,m. CH&lt;) 2.01 (3H, s, CH.sub.3 CO), 2.96 (3H, s, N-CH.sub.3), 3.60
      ##EQU10##
      3.77 (2H, s,
      ##SPC8##
PAL   3.89 (2H, s, OCH.sub.2 CH&lt;), 4.82 (2H, d, CH.sub.2 O) 5.13 (1H, d, C.sub.6
      proton), b 5.53 (2H, s, OCH.sub.2 N), 5.77 (1H, m, C.sub.7 proton) 6.94
      (2H, d, thiophene protons), 7.39 (1H, t, thiophene proton) 9.09 (1H, d,
      CONH) ppm.
PAC  EXAMPLE 9
PAC  N-Benzoylaminomethyl ester of Cephalothin
PAR  Cephalothin (8.32 g. 0.02M) in anhydrous dimethylformamide (15 ml) was
      treated with N-chloromethylbenzamide (3.40 g 0.02M). The mixture was
      stirred at room temperature for two hours then poured onto ice and water
      (150 ml). The oily precipitate was dissolved in ethyl acetate (100 ml) and
      the aqueous solution was extracted with ethyl acetate (50 ml). The
      combined organic layers were washed with 0.5N sodium bicarbonate solution
      (40 ml). A white solid began to crystallise out; this was collected and
      dried in vacuo 3.2 g, m.p. 147.degree.-148.degree.. The ethyl acetate
      solution was separated from the bicarbonate solution, washed with
      saturated brine and dried over anhydrous magnesium sulphate. The drying
      agent was removed and the organic solution evaporated to dryness to give a
      white solid, 3.3 g, m.p. 148.degree.-150.degree.. The total yield, 6.5 g,
      was recrystallised from acetone and ether to give the ester, 3.20 g, 30%,
      m.p. 154.degree.-156.degree.. N.m.r. [(CD.sub.3).sub.2 SO], .delta. =
      8.1-7.3 (5H, m, aromatic protons), 7.3-6.9 (3H, m, thiophene protons),
      6.0-5.5 (3H, m, C.sub.7 and ester methylene protons) 5.12 and 4.90 (2H,
      q,--CH.sub.2 OCOCH.sub.3), 5.02 (1H, d, C.sub.6 proton), 3.85
      ##SPC9##
PAL   3.48(2H, m, C.sub.2 methylene protons), 2.03 (3H, s, --CH.sub.2
      OCOCH.sub.3).U.V. (95% EtOH).lambda..sub.max 232 (.epsilon.= 20, 544) and
      264mm (.epsilon.= 8,166)
PAC  EXAMPLE 10
PAC  N-Benzoylaminomethyl ester of penicillin G
PAR  Potassium penicillin G (11.1 g, 0.03M) in anhydrous dimethylformamide (20
      ml) was treated with N-chloromethyl-N-methylbenzamide (5.10 g, 0.03M). The
      mixture was stirred at room temperature for two hours then poured onto ice
      and water (250 ml) and extracted with ethyl acetate (3 .times. 100ml). The
      combined extracts were washed with 0.5N sodium bicarbonate solution (60
      ml) and saturated brine (100 ml) and then dried over anhydrous magnesium
      sulphate. The filtered solution was concentrated to a small volume and the
      white crystalline solid collected, 10.00 g 71. 4% m.p.
      124.degree.-127.degree.. Recrystallised from ethyl acetate and ether, m.p.
      128.degree.-130.degree.. N.M.R. (CDCl.sub.3) .delta. = 8.2-7.2.-- (10H, m,
      aromatic protons). 5.8-5.4. (4h, m, .beta.-lactam and ester methylene
      protons), 4.36 (1H, s, C.sub.3 proton), 3.59 (2H, s, PhCH.sub.2 CO--),
      1.42 (6H, s, gemdimethyl protons)ppm. Found: C, 61.71; H, 5.59; N, 9.06;
      S, 6.90. C.sub.24 H.sub.25 N.sub.3 O.sub.5 S requires: C, 61.65; H 5.39,
      N, 8.99; S, 6.86.
PAC  EXAMPLE 11
PAC  N-Benzoylaminomethyl ester of penicillin G
PAR  Penicillin G potassium salt (3.78 g, 0.01 mole) in dry acetone (30 ml) was
      cooled to -10.degree. and treated with ethyl chloroformate (0.96 ml) and
      pyridine (1 drop). The mixture was stirred at -10.degree. for 0.5 hr and
      treated with a solution of N-hydroxymethylbenzamide (1.51 g, 0.0l mole) in
      dry acetone (20 ml). The reaction was stirred at room temperature for 1
      hr. The mixture was filtered and the clear filtrate evaporated. The
      residue was dissolved in ethyl acetate, washed with N sodium bicarbonate
      (10 ml) followed by water (2 .times. 10 ml), dried and evaporated. The
      residue was diluted with ethyl acetate (2 vols) followed by dry ether
      until the solution became hazy and allowed to crystallise. The product was
      obtained as a colorless crystalline solid 1.91 g (41.5%) m.p.
      127.degree.-128.degree. (d) I.r. and n.m.r. were identical with the
      product obtained in Example 10.
PAC  EXAMPLE 12
PAC  3-Benzoxazolidinone methyl ester of penicillin G
PAR  Potassium penicillin G (3.73 g 0.01 mole) in dry acetone (30 ml), cooled to
      -10.degree., was treated with ethyl chloroformate (0.96 ml) and pyridine
      (2 drops) and stirred 0.5 hr at -10.degree.. A solution of
      3-hydroxymethyl-benzoxazolidinone (1.65 g, 0.01 mole) in dry acetone (20
      ml) was added and the mixture stirred at room temperature for 1.05 hours.
      The mixture was filtered through Celite and the filtrate evaporated. The
      residue was dissolved in ethyl acetate (50 ml) washed with N sodium
      bicarbonate (10 ml). followed by water (2 .times. 20 ml), dried over
      anhydrous magnesium sulphate and evaporated in vacuo. The oily residue was
      dissolved in benzene, diluted with dry ether and allowed to crystallise.
      The product 1.34 g (26.7%) was obtained as a colourless crystalline solid
      m.p. 157.degree.-159.degree.. N.m.r. (CD.sub.3) SO: .delta. = 1.36 and
      1.59 (6H,d, gemdimethyls), 3.58 (2H,s, PhCH.sub.2 --) 4.48 (1H,s,C.sub.3
      proton) 5.54(2H,m. .beta.-lactam protons) 6.02 (2H, s,OCH.sub.2 N) 7.28
      (9H, m, aromatic protons)ppm. Found: C 60.22; H, 5.06; N, 8.72; S, 6.31.
      C.sub.24 H.sub.23 O.sub.6 N.sub.3 S requires: C, 59.87; H, 4.81; N, 8.73;
      S, 6.65.
PAC  EXAMPLE 13
PAC  3-Benzoxazolidinonemethyl ester of penicilling G
PAR  Potassium penicillin G (1.86 g. 0.005 mol.) in dimethylformamide (10 ml.)
      cooled to 0.degree. was treated with a solution
      3-chloromethyl-benzoxazolidinone (0.91 g. 0.005 mol) in dimethylformamide
      and stirred at room temperature for 1 hr. The mixture was poured onto ice
      water (100 ml) and the precipitated solid filtered, washed with water and
      dried. The solid was recrystallised from benzene/ether to give the
      required ester 1.8 g. (74.9%) as a colourless crystalline solid mp.
      166.degree.-168.degree.. This material was identical with that obtained in
      Example 12 as shown by n.m.r.
PAC  EXAMPLE 14
PAC  (N-Acetyl-N-methyl)aminomethyl ester of penicillin G
PAR  Penicillin G potassium salt (7.46 g 0.02 mol.) suspended in
      dimethylformamide (30 ml.) was cooled to 0.degree. and treated with
      N-chloromethyl N-methylacetamide (2.64 g. 0.02 mol.) in dimethylformamide
      (10 ml.). The mixture was stirred at 0.degree.  for 1.05 hrs. and poured
      onto ice water (300 ml). The precipitated oil was dissolved in
      ethylacetate (100 ml.), washed with N-sodium bicarbonate solution (20 ml)
      followed by water (10 ml) dried over anhydrous magnesium sulphate and
      evaporated to small volume. The residue was diluted with dry ether and
      allowed to crystallise. The product was filtered, washed with dry ether
      and dried in vacuo to give the required ester 4.77 g. (56.9%) as a
      colourless crystalline solid mp. 92.degree. (d). Found: C, 57.25 H, 5.96;
      N, 9.88; S, 7.66 C.sub.20 H.sub.25 N.sub.3 O.sub.5 S requires: C, 57.26;
      H, 6.01; N, 10.02; S, 7.64. N.m.r. (CDCl.sub.3) .delta. =1.46 (6H s. gem
      dimethyls), 2.19 (3H.m.-COCH.sub.3), 3.09 (3H.d. CH.sub.3 N=), 3.64 (2H.s.
      Ph. CH.sub.2 -), 4.40 (1H.s. C.sub.3 proton), 5.55 (4 H.m. .beta.-lactam
      protons +--O. CH.sub.2 N=), 7.31 (5H s. aromatic protons).
PAC  EXAMPLE 15
PAC  N-Benzoyl-N-methylaminomethyl ester of cephalothin
PAR  Cephalothin sodium salt (6.35 g. 0.015 mol.) suspended in dimethylformamide
      (30 ml) was cooled to 0.degree. and treated with
      N-chloromethyl-N-benzoylmethylamine (2.8 g 0.015 mol.) The mixture was
      stirred 1 hr. at 0.degree. and poured onto ice water (200 ml.). The
      product was isolated as described in Example 2 to give the ester from
      benzene/ether 5.29 g. (65%) as a colorless crystalline solid mp.
      138.degree.-140.degree.. Found: C, 54.70; H, 4.63; N 7.82; S, 11.65.
      C.sub.25 H.sub.25 N.sub.3 O.sub.7 S.sub.2 requires C, 55.24; N, 4.63; N,
      7.73; S, 1180. N.m.r. [(CD.sub.3).sub.2 SO] .delta.= 2.04 (3H.s. CH.sub.3
      CO) 3.07 (3H.s. CH.sub.3 N=), 3.64 (2H s. C.sub.2 Methylene), 3.81
      ##SPC10##
PAL  4.86. (2H.d. -CH.sub.2 OCOCH.sub.3), 5.20 (1H.d. C.sub.6 proton), 5.56 (2H
      s --COOCH.sub.2 N=) 5.7 (1H m. C.sub.7 proton) 6.96 (2H.d. thiophene
      protons) 7.34 (1H.m. thiophene proton), 7.49 (5H s aromatic protons), 9.12
      (1H m. --CONH--).
PAC  EXAMPLE 16
PAC  N-Acetylaminomethyl ester of penicillin G
PAR  Potassium penicillin G (3.72 g 0.01 mol.) was stirred in anhydrous ethyl
      acetate (20 ml.) and cooled to -10.degree.. N-Methyl morpholine (1 drop)
      was added followed by ethyl chloroformate (0.096 ml 0.01 mol.) and the
      mixture stirred -10.degree. for 15 minutes. Hydroxymethylactamide (0.89 g
      0.01 mol) suspended in ethyl acetate (20 ml) was added all at once and the
      mixture stirred at room temperature for 2.05 hrs. The product was isolated
      as described in Example 11 to give 1.21 g (24%) of colorless crystalline
      solid mp 130.degree.. N.m.r. [CDCl.sub.3 + (CD.sub.3).sub.2 SO] .delta. =
      1.47 and 1.57 (6H.d. gem dimethyls), 2.00 (3H s --COCH.sub.3 ) 3.65 (2H s
      PhCH.sub.2 CO--), 4.37 (1H.s C.sub.3 proton), 5.30 [2H d (J=7Hz )--
      COCH.sub.2 NH--], 5.4-5.8 (2H.m .beta.-lactam protons) 7.32 (5H s aromatic
      protons)
PAC  EXAMPLE 17
PAC  N-Propionylaminomethyl ester of penicillin G
PAR  Potassium penicillin G (7.56 g 0.02 mol ) in ethyl acetate (40 ml ) was
      converted to the mixed anhydride and reacted with hydroxymethyl
      propionamide (2.06 g. 0.02 mol.) as described in Example 16 to give the
      required ester from ethyl acetate/ether 3.54 (47%) as a colourless
      crystalline solid mp 128.degree. N.m r (CDCl.sub.3) .delta.=1.0-1.25 3H t
      --COCH.sub.2 CH.sub.3 ), 1.45 (6H s gem dimethyls), 2.00-2.4 (2H.q
      --COCH.sub.2 --) 3.65  (2H s PhCH.sub.2 CO-) 4.38 (1H.s. C.sub.3 proton)
      5.3 (2H.d. --COOCH.sub.2 NH--) 5.4-5.8 (2H m .beta.-lactam protons) 7.35
      (5H s. aromatic protons).
PAC  EXAMPLE 18
PAC  Isobutyloxycarbonyl-N-methylaminomethyl 7-(2-thienyl)
      acetamido-3-(2,methyl-1,3,4-thiadiazol-5-ylthio)methyl ceph-3-em-4
      carboxylate
PAR  Sodium 7-(2-thienyl)acetamido-3-(2-methyl-1,3,4-thiadiazol-5-ylthio) methyl
      ceph-3-em-4carboxylate (3.3 g. 0.0067 mol) suspended in dimethylformamide
      (15 ml) was cooled to 0.degree. and treated with chloromethyl N-methyl
      isobutylcarbamate (1.5 g) and triethylamine was added to attaim pH 8. The
      mixture was stirred at R.T. for 1 hr. and poured onto ice water (200 ml).
      The product was isolated as described in Example 2 and crystallised from
      benzene/ether to give the required ester 1.3 g (37.8%) as a colorless
      crystalline solid mp 106.degree.-108.degree. U.V. (95% EtOH)
      .lambda..sub.max 238.7 (.epsilon.= 14,984) and 273.5 nm (pound = 14,284)
      N.m.r. [(CD.sub.3).sub.2 SO] .delta. = 0.85 and 0.95 [6H d
      --CH(CH.sub.3).sub.2 ] 1.90 [1H. M. --CH.sub.2 CH (CH.sub.3).sub.2 ], 2.70
      (3H.s. thiadiazole-2methyl), 3 0 (3H.s. =N--CH.sub.3), 3.33 (2H m. C.sub.2
      methylene), 3.87 (4H m --OCH.sub.2 CH= and
      ##SPC11##
PAL  4.42 (2H.q. --CH.sub.2 S--) 5.18 (1H d C.sub.6 ; proton), 5.58
      (2H.s.-CCH.sub.2 N=), 5.75 (1H m. C.sub.7 proton), 6.97 (2H.d. thiophene
      protons), 7.40 (1H m. thiophene proton) 9.11 (1H d. --CONH--).
PAC  EXAMPLE 19
PAC  N-Isobutyryl-N-methylaminomethyl ester of cephalothin
PAR  Cephalothin sodium salt (4.18 g. 0.01 mol.) suspended in dimethylformamide
      (7 ml) was cooled to 0.degree. and treated with N-chloromethyl
      N-isobutyrylmethylamine (1.49 g. 0.01 mol). The mixture was stirred at
      room temperature for 2.5 hrs. and poured onto ice water (200 ml). The
      product was isolated as described in Example 2 to give the ester from
      ethylacetate/ether 1.25 g (24.6%) as a colorless crystalline solid mp.
      98.degree.-100.degree.. N.m.r [(CD.sub.3).sub.2 SO] .delta.= 1.04 [6H.d.
      --COCH (CH.sub.3).sub.2 ], 2.04 (3H s --COCH.sub.3), 2.8-3.4 [4H.m. =
      NCOCH(CH.sub.3).sub.2 and = NCH.sub.3 ] 3.62 (2H m C.sub.2 methylene),
      3.79
      ##SPC12##
PAL  4.72 -5.01 (2Hq --CH.sub.2 OCO--), 5.17 (1H.d C.sub.6 proton), 5.5-6.0
      (3H.m. C.sub.7 proton and --OCH.sub.2 N=) 6.9-7.5 (3H m thiophene protons)
      U.V. (95% EtOH) .lambda..sub.max 238(.epsilon.= 12,454) and 265 nm
      (.epsilon.= 7.287)
PAC  EXAMPLE 20
PAC  Benzoxazolidinone-3methyl ester of 6-aminopenicillanic acid
      p-toluenesulphonate
PAR  6-Aminopenicillanic acid (2.16 g. 0.01 mol.) suspended in dimethylformamide
      (10 ml) was treated with triethylamine (2ml) and stirred at room
      temperature for 0.5 hr. 3-Chloromethylbenzoxazolidinone (1.83 g. 0.01
      mol.) dissolved in dimethylformamide (10 ml) was added at 0.degree. and
      the mixture stirred for 3.15 hrs at room temperature. The mixture was
      diluted with ethyl acetate (30 ml.) and filtered. The clear filtrate was
      washed with water (4.times.15 ml) dried over anhydrous magnesium sulphate
      and treated with a solution of p-toluenesulphonic acid (1.7 g. 0.009 mol)
      in ethyl acetate (20 ml). The product was allowed to crystallise,
      filtered, washed with ethyl acetate and dried to give the ester salt 3.25
      g (60.7 %) as a colorless crystalline solid mp. 162.degree. (d). Found C,
      51.58; H, 4.90; N, 7.54; S, 11.59 C.sub.23 H.sub.25 N.sub.3 O.sub.8
      S.sub.2. requires C, 51.56; H, 4.71; N, 7.85; S, 11.97. Nm.r.
      [(CD.sub.3).sub.2 SO] .delta.= 1.38 and 1.60 (6H.d. gem dimethyls), 2.30
      (3H.s. p-substituted -CH.sub.3), 4.63 (1H.s. C.sub.3 proton), 5.16 (1H. d.
      C.sub.5 proton) 5.56 (1H. d. C.sub.6 proton), 6.04 (2H.s. --CH.sub.2 N=),
      7.37 (8H m aromatic protons).
PAC  EXAMPLE 21
PAC  Benzoxazolidinone-3-methyl ester of ampicillin hydrochloride
PAR  Benzoxazolidinone-3-methyl ester of 6-aminopenicillanic acid p-toluene
      sulphonate (5.36 g. 0.01 mol.) was mixed with ethyl acetate (240 ml) and
      2% sodium bicarbonate solution (160 ml) and well shaken. The aqueous layer
      was separated and the organic layer washed with water (110 ml) containing
      2% sodium bicarbonate (6 ml). The organic layer was dried over anhydrous
      magnesium sulphate and evaporated. The residue, redissolved in ethyl
      acetate (60 ml.) was cooled to 0.degree. . Sodium N-(1-methoxycarbonyl
      propen-2-yl) D-.alpha.-aminophenylacetate (5.4 g 0.02 mol) in ethyl
      acetate (80 ml) was cooled to -15.degree. and treated with
      N-methylmorpholine (0.1. ml.) followed by ethyl chloroformate (1.92 ml
      0.02. mol.) and stirred at -15.degree. for 6 minutes. The ester base
      solution was added all at once and the mixture stirred for 10 minutes at
      -15.degree. followed by 1 hr at room temperature. The reaction mixture was
      washed with 0.5N sodium bicarbonate (20 ml) followed by water (2.times.10
      ml) dried over anhydrous magnesium sulphate and evaporated. The residue
      was dissolved in acetone (40 ml.) and water (36 ml.). The solution was
      stirred and adjusted to pH 2.5 with 5N HCl until constant (ca 0.5 hr.).
      The solution was evaporated to half volume to remove acetone and extracted
      with ethyl acetate (40 ml). This extract was diluted with petroleum/ether
      40.degree.-60.degree. (32 ml) and extracted with water at pH 3.0 (10 ml).
      The combined aqueous layers were mixed with sodium chloride (10 g.) and
      the oily upper layer separated. The aqueous layer was extracted with ethyl
      acetate (20 ml) which was combined with the oil. This organic solution was
      dried over anhydrous magnesium sulphate and evaporated to half volume.
      Isopropanol, (40 ml) was added and evaporated to half volume. The residue
      was diluted with excess dry ether and the separated solid filtered, washed
      with ether and dried to give the product 2 g. (18.8%) as a colorless solid
      N m.r [(CD.sub.3).sub.2 SO] .delta.=1.25 and 1.43 (6H d. gem dimethyls)
      4.45 (1H.s. C.sub.3 protone) 5.21 (1H.s. .alpha. - proton) 5.50 (2H m
      .beta.-lactam), 6.01 (2H.s. OCH.sub.2 N=), 7.40 (9H m aromatic protons),
      9.09 (4H m. --NH protons)
PAC  EXAMPLE 22
PAC  Benzoxazolidinone-3-methyl ester of cephalothin
PAR  Cephalothin sodium salt (4.18 g. 0.01 mol.) suspended in dimethylformamide
      (15 ml). was cooled to 0.degree. and treated with a solution of
      N-chloromethyl benzoxazolidinone (1.65 g.) in dimethylformamide (15 ml).
      The mixture was stirred at room temperature for 1.5  hr. and poured onto
      ice water (200 ml). The product was isolated as described in Example 2 and
      crystallised from benzene/ether to give 1.23 g. (22.7%) as a colorless
      crystalline solid.
PAC  EXAMPLE 23
PAC  N-Ethoxycarbonyl-N-methylaminomethyl
      7-[1-(1H)-tetrazolylacetamido]-3-[2'-(5'-methyl-1',3',4'-thiadiazolyl)-thi
     omethyl]-ceph-3-em-4-carboxylate
PAR  Cefazolin sodium salt (2.38 g. 0.005 mol.) suspended in dimethylformamide
      (10 ml) and cooled to 0.degree. was treated with a solution of
      N-chloromethyl-N-methylurethane (0.76 g. 0.005 mol) in dimethylformamide.
      The mixture was stirred for 1 hr at room temperature and poured onto ice
      water (150 ml.). The product was isolated as described in Example 2 and
      crystallised from ethylacetate/petroleum ether 60.degree.-80.degree. to
      give the required ester 1.35 g (47.4%) as a colorless crystalline solid mp
      114.degree. (d) U.V. (95% EtOH) .lambda..sub.max 272 nm. (.epsilon.=
      13,256). N.m.r. [(CD.sub.3).sub.2 SO] .delta.= 1.20 (3H. t. --OCH.sub.2
      CH.sub.3), 2.71 (3H.s. thiadiazole-5-methyl), 3.0 (3H s. = NCH.sub.3),
      3.78. (2H.m. C.sub.2 methylene), 4.10 (2H.q. --OCH.sub.2 CH.sub.3), 4.50
      (2H m. --CH.sub.2 S--) 5.21 (1H.m. C.sub.6 proton), 5.42 (2H s. =NCH.sub.2
      CO--) 5.52 (2H s - OCH.sub.2 N=) 5.80(1H.m C.sub.7 proton) 9.38 (1H.s.
      tetrazole methine) 9.50 (1H.d --CONH--)
PAC  BIOOGICAL DATA
PAC  EXAMPLE 24
PAC  Blood Levels in Squirrel Monkeys
PAR  Squirrel Monkeys were dosed by the oral route at a dose equivalent to
      100mg/kg of the parent antibiotic free acid and assayed against Sarcina
      Lutea in terms of parent antibiotic. Table I shows the concentrations of
      antibiotic in the blood at 0.25 1.0 2.0 4.0 and 6.0 hours after dosing for
      several compounds of the invention
TBL                TABLE I                                                     
     ______________________________________                                    
     Compound                                                                  
            Concentratin .mu.g/ml at hours after dosing                        
     of                                                                        
     Example                                                                   
     No      0.25   0.5     1.0   2.0   4.0    6.0                             
     ______________________________________                                    
     1      17.2    17.2    12.1  5.3   0.54   0.08                            
     4      0.49    1.38    1.98  1.65  1.17   0.17                            
     5      0.31    1.96    2.0   1.23  0.12   0.1                             
     6      4.7     6.2     3.8   1.5   0.18   0.1                             
     8      2.2     7.2     4.99  2.1   0.97   0.5                             
     14     3.7     5.06    2.4   0.7   0.15   0.07                            
     16     1.57    1.54    1.01  0.83  0.36   0.19                            
     17     1.51    1.43    1.31  0.89  0.34   0.11                            
     19     1.4     1.8     2.1   1.5   0.33   0.2                             
     ______________________________________                                    
PAC  EXAMPLE 25
PAC  Hydrolysis of Esters
PAR  The esters were incubated at the equivalent concentration (.mu.g /ml) of
      The parent antibiotic at 37.degree. in pH2 HCl solution or pH 7.0
      phosphate buffer or human blood, then separated and assayed by
      bio-electrophoresis. (The hydrolysis rates at pH 2.0 could not be measured
      for Pen G esters owing to rapid degradation of the Pen G formed
PAR  The results for several compounds of the invention are shown in table II
TBL                                    TABLE II                                
     __________________________________________________________________________
     Compound                                                                  
     of   Concentration                                                        
                  Hydrolysing system                                           
                               .mu.g/ml parent                                 
     Example                   antibiotic after:                               
     No                        3 min 8 min 15 min                              
                                                 25 min                        
     __________________________________________________________________________
      1    5.mu.g/ml.                                                          
                  Phosphate buffer pH 7                                        
                               3.5   --    3.6   3.4                           
                  Human Blood  2.3   2.9   3.7   3.7                           
      2    80.mu.g/ml.                                                         
                  HCl at pH 2  18.0  19.7  21.0  31.8                          
                  Phosphate buffer pH 7                                        
                               43    42    46    52                            
      6   100.mu.g/ml.                                                         
                  Phosphate pH 7                                               
                               93    97    97    100                           
                  HCl pH 2     66    67    67    72                            
      8   100.mu.g/ml.                                                         
                  Phosphate pH 7                                               
                               148   148   148   160                           
                  HCl pH 2     134   134   134   145                           
      9   100.mu.g/ml.                                                         
                  Phosphate pH 7                                               
                               86    98    88    83                            
                  HCl pH 2     60    63    66    103                           
     11   100.mu.g/ml.                                                         
                  Phosphate pH 7                                               
                               100   94    94    100                           
                  HCl pH 2     51    55    27    12                            
     13           Phosphate pH 7                                               
                               10    10    10    10                            
          100.mu.g/ml.                                                         
                  HCl pH 2     10    10    10    10                            
            50.mu.g/ml.                                                        
                  Human blood  0.5   1.2   1.6   1.6                           
     14   100.mu.g/ml.                                                         
                  Phosphate pH 7                                               
                               50    80    82    86                            
                  HCl pH 2     95    61    42    13                            
     19   100.mu.g/ml.                                                         
                  Phosphate pH 7                                               
                               116   112   118   118                           
                  HCl pH 2     110   112   110   110                           
     21   100.mu.g/ml.                                                         
                  Phosphate pH 7                                               
                               10    10    10    10                            
                  HCl pH 2     10    10    10    10                            
     __________________________________________________________________________
PAC  EXAMPLE 26
PAC  Comparative Data
PAR  The peak concentrations in Squirrel monkeys (obtained as described in
      Example 24) for the compound of Example 1 the N
      ethoxycarbonyl-N-methyl)amino-methyl ester of Penicillin G is compared in
      Table III with the corresponding peak values for other known esters of
      Penicillin G
TBL                TABLE III                                                   
     ______________________________________                                    
     Compound          Peak concentration in                                   
                       Squirrel monkeys assayed as                             
                       Penicillin G (.mu.g/ml)                                 
     ______________________________________                                    
     Compound of Example 1                                                     
                       17.2                                                    
     Acetoxy.alpha.-methyl methyl ester                                        
                       5.7                                                     
     Acetoxymethyl ester                                                       
                       4.2                                                     
     pivaloyloxymethyl ester                                                   
                       3.9                                                     
     Penicillin G      3.1                                                     
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of formula (I) or a pharmaceutically acceptable acid-addition
      salt thereof which contains a basic nitrogen atom:
      ##SPC13##
PAL  wherein
PA1  Y is alkyl of one to six carbon atoms, phenyl, benzyl, alkoxy of one to six
      carbon atoms, or benzyloxy;
PA1  Z is alkyl of one to six carbon atoms, phenylbenzyl, alkoxy of one to six
      carbon atoms, cyclopentyl, cyclohexyl and phenyl, or Y+Z taken together
      are a 3-benzoxazolidine ring;
PA1  R is phenylacetamido, 2- or 3-thienylacetamido, phenoxyacetamido,
      .alpha.-amino-phenylacetamido, .alpha.-amino-2- or 3-thienylacetamido,
      .alpha.-carboxyphenylacetamido, .alpha.-sulphophenyl-acetamido,
      .alpha.-azidophenylacetamido, .alpha.-guanidino-phenylacetamido, or
      N-tetrazolylacetamido, provided that: when Z is hydrogen, Y is alkoxy of
      one to six carbon atoms then R is not a group of formula (IV):
      ##EQU11##
      in which R.sub.1 is C.sub.2.sub.-7 alkyl, phenyl, or furyl.
NUM  2.
PAR  2. A compound as claimed in claim 1 wherein R is phenylacetamido, 2- or
      3-thienylacetamido, .alpha.-aminophenylacetamido or N-tetrazolylacetamido.
NUM  3.
PAR  3. A compound as claimed in claim 1 wherein Y is a C.sub.1.sub.-6 alkoxy or
      benzyloxy group.
NUM  4.
PAR  4. A compound as claimed in claim 1 wherein Z is C.sub.1.sub.-6 alkyl,
      cyclopentyl or cyclohexyl.
NUM  5.
PAR  5. A compound as claimed in claim 5 wherein Z is methyl.
NUM  6.
PAR  6. A compound selected from the group consisting of:
PA1  N-benzoylaminomethyl ester of penicillin G
PA1  3-benzoxazolidinone methyl ester of penicillin G
PA1  N-acetylaminomethyl ester of penicillin G
PA1  N propionylaminomethyl ester of penicillin G
PA1  Benzoxazolidinone -3-methyl ester of ampicillin hydrochloride.
NUM  7.
PAR  7. (N-Ethoxycarbonyl-N-methyl)amino-methyl ester of penicillin G.
NUM  8.
PAR  8. (N-Acetyl-N-methyl)aminomethyl ester of penicillin G.
PATN
WKU  039417751
SRC  5
APN  460525&
APT  1
ART  121
APD  19740412
TTL  6-Aza-3H-1,4-benzodiazepines
ISD  19760302
NCL  11
ECL  1
EXA  Bond; Robert T.
EXP  Jiles; Henry R.
INVT
NAM  von Bebenburg; Walter
CTY  Buchschlag
CNT  DT
INVT
NAM  Offermanns; Heribert
CTY  Grossauheim
CNT  DT
ASSG
NAM  Deutsche Gold- und Silber-Scheideanstalt vormals Roessler
CNT  DT
COD  03
PRIR
CNT  OE
APD  19730427
APN  3772/73
CLAS
OCL  2602393B
XCL  2602472A
XCL  2602475G
XCL  260268BC
XCL  26029369
XCL  260295K
XCL  260296B
XCL  260268H
XCL  260296R
XCL  260296M
XCL  260295AM
XCL  260251A
XCL  424248
XCL  424250
XCL  424263
XCL  424267
XCL  2602499
XCL  260297R
XCL  260559R
XCL  260538R
XCL  260465F
XCL  260465G
XCL  260465D
XCL  260473R
XCL  260295R
XCL  2604637
XCL  2604655R
XCL  2605026
XCL  260561A
XCL  260561HL
XCL  260534R
XCL  260539A
XCL  260481R
XCL  260482R
XCL  260487
EDF  2
ICL  C07D47104
FSC  260
FSS  239.3 B;247.2 A;247.5 G;268 BC;293.69;295 K;296 B
UREF
PNO  3314941
ISD  19670400
NAM  Littell et al.
OCL  260239.3B
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  There are produced 6-aza-3H-1,4-benzodiazepines and
      6-aza-1,2-dihydro-3H-1,4-benzodiazepines of the formula:
      ##SPC1##
PAL  Wherein R.sub.1 is the group --NR.sub.a R.sub.b, --NR.sub.a R.sub.b R.sub.c
      or --NR.sub.a acyl and R.sub.a, R.sub.b and R.sub.c are the same or
      different and are hydrogen, alkyl groups of 1 to 6 carbon atoms, or alkyl
      groups of 1 to 6 carbon atoms substituted by hydroxy, an alkoxy group of 1
      to 6 carbon atoms, a carboxy group, a nitrile group, a carbamide group, a
      carbalkoxy group with 1 to 6 carbon atoms in the alkoxy, a phenyl group or
      a halogen and acyl is an aliphatic acyl group with 2 to 6 carbon atoms and
      wherein the group --NR.sub.a R.sub.b also can be a saturated closed 5, 6
      or 7 membered ring which in a given case has a further oxygen atom or
      nitrogen atom or contains a nitrogen atom substituted with an alkyl group
      having 1 to 4 carbon atoms;
PAL  R.sub.2 and R.sub.3 are the same or different and are hydrogen, halogen,
      trifluoromethyl, nitro, nitrile, hydroxy, lower alkyl, lower alkoxy and
      R.sub.2 also can be --NR.sub.a R.sub.b, --NR.sub.a R.sub.b R.sub.c or the
      group --NR.sub.a acyl with the proviso that if R.sub.2 is --NR.sub.a
      R.sub.b, --NR.sub.a R.sub.b R.sub.c or --NR.sub.a acyl then R.sub.1 can be
      halogen;
PAL  R.sub.4 is hydrogen, hydroxyl, hydroxyl acylated with a mono or
      dicarboxylic acid of 2 to 6 carbon atoms, a lower alkoxy group, a lower
      alkyl group, a benzyl group, lower aliphatic acyl, a carboxy group or a
      lower carbalkoxy group;
PAL  Z is a nitrogen atom or the NO group;
PAL  R.sub.5 is hydrogen, lower alkyl, lower alkyl substituted with cycloalkyl
      of 3 to 6 carbon atoms, lower alkenyl, cycloalkyl of 3 to 6 carbon atoms,
      lower hydryxoalkyl, benzyl, aliphatic acyl of 2 to 6 carbon atoms,
      aminoalkyl of 2 to 7 carbon atoms, mono or di lower alkyl substituted
      aminoalkyl of 2 to 7 carbon atoms, aminoalkyl of 2 to 7 carbon atoms
      substituted with a 5 to 7 membered heterocyclic ring including the amino
      nitrogen containing 0 to 1 additional nitrogen or oxygen atom; and
PAL  A is oxygen, sulfur, =NR.sub.5, =NOR.sub.5, =NH--NHR.sub.5 or two hydrogen
      atoms, and the --N(R.sub.5)--C--(=A)-- can also be in the tautomeric form
      --N=C(AR.sub.5)--, pharmacologically acceptable salts and quaternary
      compounds thereof. The compounds have pharmacodynamic properties including
      psychosedative and anxiolytic properties as well as antiphlogistic
      properties.
BSUM
PAR  The present invention is concerned with new 6-aza-3H-1,4-benzodiazepines
      and 6-aza-1,2-dihydro-3H-1,4-benzodiazepines of the formula:
      ##SPC2##
PAL  Wherein R.sub.1 is the group --NR.sub.a R.sub.b, --NR.sub.a R.sub.b R.sub.c
      or --NR.sub.a acyl and R.sub.a, R.sub.b and R.sub.c are the same or
      different and are hydrogen, alkyl groups of 1 to 6 carbon atoms, or alkyl
      groups of 1 to 6 carbon atoms substituted by hydroxy, an alkoxy group of 1
      to 6 carbon atoms, a carboxy group, a nitrile group, a carbamide group, a
      carbalkoxy group with 1 to 6 carbon atoms in the alkoxy, a phenyl group or
      a halogen and acyl is an aliphatic acyl group with 2 to 6 carbon atoms and
      wherein the group --NR.sub.a R.sub.b also can be a saturated closed 5, 6
      or 7 membered ring which in a given case has a further oxygen atom or
      nitrogen atom or contains a nitrogen atom substituted with an alkyl group
      having 1 to 4 carbon atoms;
PAR  R.sub.2 and R.sub.3 are the same or different and are hydrogen, halogen,
      trifluoromethyl, nitro, nitrile, hydroxy, lower alkyl, lower alkoxy and
      R.sub.2 also can be --NR.sub.a R.sub.b, --NR.sub.a R.sub.b R.sub.c or the
      group --NR.sub.a acyl with the proviso that if R.sub.2 is --NR.sub.a
      R.sub.b, --NR.sub.a R.sub.b R.sub.c or --NR.sub.a acyl then R.sub.1 can be
      halogen;
PAR  R.sub.4 is hydrogen, hydroxyl, hydroxyl acylated with a mono or
      dicarboxylic acid of 2 to 6 carbon atoms, a lower alkoxy group, a lower
      alkyl group, a benzyl group, lower aliphatic acyl, a carboxy group or a
      lower carbalkoxy group;
PAR  Z is a nitrogen atom or the NO group;
PAR  R.sub.5 is hydrogen, lower alkyl, lower alkyl substituted with cycloalkyl
      of 3 to 6 carbon atoms, lower alkenyl, cycloalkyl of 3 to 6 carbon atoms,
      lower hydroxyalkyl, benzyl, aliphatic acyl of 2 to 6 carbon atoms,
      aminoalkyl of 2 to 7 carbon atoms, mono or di lower alkyl substituted
      aminoalkyl of 2 to 7 carbon atoms, aminoalkyl of 2 to 7 carbon atoms
      substituted with a 5 to 7 membered heterocyclic ring including the amino
      nitrogen containing 0 to 1 additional nitrogen or oxygen atom; and
PAR  A is oxygen, sulfur, =NR.sub.5, =NOR.sub.5, =NH--NHR.sub.5 or two hydrogen
      atoms, and the --N(R.sub.5)--C--(=A)-- can also be in the tautomeric form
      --N=C(AR.sub.5)--, pharmacologically acceptable salts and quaternary
      compounds thereof. The compounds have pharmacodynamic properties including
      psychosedative and anxiolytic properties as well as antiphlogistic
      properties.
PAR  In the compounds of formula I the halogen atoms can have an atomic weight
      of 9 to 80, i.e., they can be chlorine, fluorine or bromine, preferably
      chlorine and fluorine. As the above named lower alkyl, alkenyl, alkoxy,
      hydroxyalkyl and carbalkoxy groups there can be employed those containing
      1 to 6 carbon atoms, preferably 1 to 4 carbon atoms. The aminoalkyl group
      can contain 2 to 7 carbon atoms and can be straight or branch chained.
      Preferably the aminoalkyl group contains 2 to 5 carbon atoms. The
      aliphatic acyl groups contain 2 to 6 carbon atoms. Saturated acyl groups
      are preferred. As dicarboxylic acid there are especially employed those
      containing 3 to 6 carbon atoms, preferably 3 to 5 carbon atoms. Examples
      of these are malonic acid, succinic acid, glutaric acid and adipic acid.
      The alkyl groups as such or as constituents of other groups can be either
      straight chain or branched. Examples are methyl, ethyl, propyl, isopropyl,
      butyl, tert. butyl, hexyl, isobutyl, cyclopropyl, cyclopentyl, cyclohexyl,
      cyclohexyl propyl, cyclopropylmethyl, cyclohexylpentyl, methoxy, ethoxy,
      propoxy, isopropoxy, butoxy, isobutoxy, tert. butoxy, amyloxy, hexyloxy,
      hydorxymethyl, hydroxyethyl, hydroxypentyl, dimethylamino, diethylamino,
      dibutylamino, carbmethoxy, carbethoxy, carbpropoxy, carbpentoxy, acetyl,
      propionyl, butyryl, pentanoyl, isovaleroyl, isobutyryl, cyclobutylmethyl
      allyl, butenyl-(2), piperidinoethyl, morpholinoethyl.
PAR  In case --NR.sub.a R.sub.b is closed to form a ring there is especially
      employed 6 or 7 membered rings which in a given case can contain an
      additional oxygen or nitrogen atom. For example, the group --NR.sub.a
      R.sub.b form the morpholine ring, piperidine ring, piperazine ring or
      homopiperazine.
PAR  The quaternary compounds are such of those which contain the group
      --NR.sub.a R.sub.b R.sub.c wherein none of R.sub.a, R.sub.b and R.sub.c is
      hydrogen. As anions for these quaternary compounds, there can be employed
      physiologically compatible anions of inorganic or organic acids, e.g.,
      anions from sulfuric acid, hydrochloric acid, hydroiodic acid, hydrobromic
      acid, acetic acid, citric acid, p-toluene sulfonic acid or the other
      pharmaceutically compatible acids set forth below.
PAR  The compounds of the invention have valuable pharmacodynamic properties.
      For example, they have psychosdedative and especially anxiolytic
      properties. Furthermore, there is also present an antiphlogistic effect.
PAR  In addition to the compounds mentioned in the working examples other
      compounds within the present invention includes:
PA0  5-phenyl-6-aza-7-diethylamino-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
PA0  5-phenyl-6-aza-7-diisopropylamino-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
PA0  5-phenyl-6-aza-7-dibutylamino-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
PA0  5-phenyl-6-aza-7-dihexylamino-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
PA0  5-phenyl-6-aza-7-hexylamino-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
PA0  5-phenyl-6-aza-7-t-butylamino-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
PA0  5-phenyl-6-aza-7-ethylamino-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
PA0  5-phenyl-6-aza-7-amino-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
PA0  5-phenyl-6-aza-7-piperidino-1,2-dihydro-dihydro-3H-1,4-benzodiazepinone-(2)
     ;
PA0  5-phenyl-6-aza-7-piperazino-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
PA0  5-phenyl-6-aza-7-homopiperazino-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
PA0  5-phenyl-6-aza-7-(3-hydropropylamino)-1,2-dihydro-3H-1,4-benzodiazepinone-(
     2);
PA0  5-phenyl-6-aza-7-(2-hydroxypropylamino)-1,2-dihydro-3H-1,4-benzodiazepinone
     -(2);
PA0  5-phenyl-6-aza-7-(2-chloroethylamino)-1,2-dihydro-3H-1,4-benzodiazepinone-(
     2);
PA0  5-phenyl-6-aza-7-(6-bromohexylamino)-1,2-dihydro-3H-1,4-benzodiazepinone-(2
     );
PA0  5-phenyl-6-aza-7-(3-fluoropropylamino)-1,2-dihydro-3H-1,4-benzodiazepinone-
     (2);
PA0  5-phenyl-6-aza-7-(2-methoxyethylamino)-1,2-dihydro-3H-1,4-benzodiazepinone-
     (2):
PA0  5-phenyl-6-aza-7-(3-ethoxypropylamino)-1,2-dihydro-3H-1,4-benzodiazepinone-
     (2);
PA0  5-phenyl-6-aza-7-(2-carboxyethylamino)-1,2-dihydro-3H-1,4-benzodiazepinone-
     (2);
PA0  5-phenyl-6-aza-7-(3-cyanopropylamino)-1,2-dihydro-3H-1,4-benzodiazepinone-(
     2);
PA0  5-phenyl-6-aza-7-(2-amidoethylamino)-1,2-dihydro-3H-1,4-benzodiazepinone-(2
     );
PA0  5-phenyl-6-aza-7-(2-carbethoxyethylamino)-1,2-dihydro-3H-1,4-benzodiazepino
     ne-(2);
PA0  5-phenyl-6-aza-7-acetylamino-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
PA0  5-phenyl-6-aza-7-propionylamino-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
PA0  5-phenyl-6-aza-7-valeroylamino-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
PA0  5-(o-trifluormethylphenyl)-6-aza-7-dimethylamino-1,2-dihydro-3H-1,4-benzodi
     azepinone-(2);
PA0  5-(m-nitrophenyl)-6-aza-7-dipropylamino-1,2-dihydro-3H-1,4-benzodiazepinone
     -(2);
PA0  5-(o-hydroxyphenyl)-6-aza-7-methylamino-1,2-dihydro-3H-1,4-benzodiazepinone
     -(2);
PA0  5-(o-dimethylaminophenyl)-6-aza-7-chloro-1,2-dihydro-3H-1,4-benzodiazepinon
     e-(2);
PA0  5-(2',4'-dihydroxy-phenyl)-6-aza-7-morpholino-1,2-dihydro-3H-1,4-benzodiaze
     pinone-(2);
PA0  5-(o-methylphenyl)-6-aza-7-sec.
      butylamino-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
PA0  5-(2',4'-dimethylphenyl)-6-aza-7-diethylamino-1,2-dihydro-3H-1,4-benzodiaze
     pinone-(2);
PA0  5-(p-methoxyphenyl)-6-aza-7-piperidino-1,2-dihydro-3H-1,4-benzodiazepinone-
     (2);
PA0  5-(p-hexylphenyl)-6-aza-7-amino-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
PA0  1-caproyl-3-caproxy-5-phenyl-6-azo-7-dimethylamino-1,2-dihydro-3H-1,4-benzo
     diazepinone-(2);
PA0  1-malonyl-3-malonoxy-5-(o-bromophenyl)-6-aza-7-(2-hydroxyethylamino)-1,2-di
     hydro-3H-1,4-benzodiazepinone-(2);
PA0  1-butyryl-3-butyroxy-5-phenyl-6-aza-7-dimethylamino-1,2-dihydro-3H-1,4-benz
     odiazepinone-(2);
PA0  5-(o-cyanophenyl)-6-aza-7-pyrrolidino-1,2-dihydro-3H-1,4-benzodiazepinone-(
     2);
PA0  5-(2'-chloro-4'-methylphenyl)-6-aza-7-dimethylamino-1,2-dihydro-3H-1,4-benz
     odiazepinone-(2);
PA0  5-phenyl-6-aza-7-diethylamino-1,2-dihydro-3H-1,4-benzodiazethiopinone-(2);
PA0  5-phenyl-6-aza-7-dimethylamino-1,2-dihydro-3H-1,4-benzodiazepinone-(2)-4-ox
     ide;
PA0  3-methyl-phenyl-6-aza-7-morpholino-1,2-dihydro-3H-1,4-diazepinone-(2);
PA0  3-isopropyl-5-phenyl-6-aza-7-ethylamino-1,2-dihydro-3H-1,4-benzodiazepinone
     -(2);
PA0  5-(o-chlorophenyl)-6-aza-7-propylamino-1,2-dihydro-3H-1,4-benzodiazepinone-
     (2);
PA0  5-(o-chlorophenyl)-6-aza-7-dimethylamino-1,2-dihydro-3H-1,4-benzodiazepinon
     e-(2)-4-oxide;
PA0  5-(2',5'-dichlorophenyl)-6-aza-7-methylamino-1,2-dihydro-3H-1,4-benzodiazep
     inone-(2);
PA0  1-methyl-5-(o-fluorophenyl)-6-aza-7-benzylamino-1,2-dihydro-3H-1,4-benzodia
     zepinone-(2);
PA0  5-(o-fluorphenyl)-6-aza-7-dimethylamino-1,2-dihydro-3H-1,4-benzodiazepinone
     -(2);
PA0  3-benzyl-5-phenyl-6-aza-7-methylethylamino-1,2-dihydro-3H-1,4-benzodiazepin
     one-(2);
PA0  3-carboxy-carbethoxy-5-(o-chlorophenyl)-6-aza-7-dimethylamino-1,2-dihydro-3
     H-1,4-benzodiazepinone-(2);
PA0  3-hydroxy-5-o-chlorophenyl-6-aza-7-dimethylamino-1,2-dihydro-3H-1,4-benzodi
     azepinone-(2);
PA0  1-acetyl-3-acetoxy-5-(o-chlorophenyl)-6-aza-7-morpholino-1,2-dihydro-3H-1,4
     -benzodiazepinone-(2);
PA0  3-hydroxy-5-phenyl-6-aza-7-diethylamino-1,2-dihydro-3H-1,4-benzodiazepinone
     -(2);
PA0  1-methyl-5-phenyl-6-aza-7-dimethylamino-1,2-dihydro-3H-1,4-benzodiazepinone
     -(2);
PA0  1-allyl-5-phenyl-6-aza-7-methylamino-1,2-dihydro-3H-1,4-benzodiazepinone-(2
     );
PA0  1-cyclopropylmethyl-5-phenyl-6-aza-7-morpholino-1,2-dihydro-3H-1,4-benzodia
     zepinone-(2);
PA0  1-cyclopropyl-methyl-5-phenyl-6-aza-7-dimethylamino-1,2
      -dihydro-3H-1,4-benzodiazepinone-(2);
PA0  1(beta-diethylaminoethyl)-5-phenyl-6-aza-7-dimethylamino-1,2-dihydro-3H-1,4
     -benzodiazepinone-(2);
PA0  1-methyl-5-(o-chlorophenyl)-6-aza-7-(2-hydroxyethylamino)-1,2-dihydro-3H-1,
     4-benzodiazepinone-(2);
PA0  5-phenyl-6-aza-7-dimethylamino-1,2-dihydro-3H-1,4-benzodiazepinone-(2);
PA0  1-methyl-5-phenyl-6-aza-7-dimethylamino-1,2-dihydro-3H-1,4-benzodiazepinthi
     one-(2);
PA0  1-methyl-5-phenyl-6-aza-7-morpholino-1,2-dihydro-3H-1,4-benzodiazepinthione
     -(2);
PA0  1-methyl-5-(o-chlorophenyl)-6-aza-7-isopropylamino-1,2-dihydro-3H-1,4-benzo
     diazepinthione-(2);
PA0  5-phenyl-6-aza-7-butylamino-1,2-dihydro-3H-1,4-benzodiazepinthione-(2);
PA0  2-acetohydrazino-5-phenyl-6-aza-7-dimethylamino-3H-1,4-benzodiazepine;
PA0  2-methylamino-5-phenyl-6-aza-7-methylamino-3H-1,4-benzodiazepine.
PAR  The compounds can be prepared by methods which are known in themselves such
      as:
PAR  a. condensing a compound of the formula:
      ##SPC3##
PAL  where R.sub.1, R.sub.2, R.sub.3 and R.sub.5 are as defined above and W is
      either an oxygen atom or the group =NH or =NOH with a compound of the
      formula:
      ##EQU1##
      where R.sub.4 is as defined above, A is oxygen or sulfur or two hydrogen
      atoms or the group =NR.sub.5 and R.sub.7 is a hydroxy group, a halogen
      atom (of atomic weight 9 to 80), a lower alkoxy group, a mercapto group, a
      lower alkylmercapto group, an amino group or a lower alkylamino group, the
      structural element --C(=A)R.sub.7 collectively can also be a nitrile group
      and X is an amino group or a halogen atom, in a given case with addition
      of an acid binding agent, e.g., triethylamine, whereby it can be worked up
      in the presence of ammonia or an ammonium derivative; in the case where W
      is O and X is halogen and the reaction product is treated in a given case
      finally in an alkaline medium; or
PAR  b. reacting a compound of formula I wherein R.sub.1 is a halogen atom
      (preferably chlorine) and the remaining substituents have the meanings set
      forth above with a compound of the formula HNR.sub.a R.sub.b or NR.sub.a
      R.sub.b R.sub.c or NHR.sub.a Acyl wherein R.sub.a, R.sub.b and R.sub.c as
      well as Acyl are as defined above; or
PAR  c. in a compound of formula I one or more of the symbols R.sub.1, R.sub.5,
      R.sub.4, A and Z is changed into another compound corresponding to the
      definition of the formula,
PAR  and in a given case the product obtained according to process (a), (b) or
      (c) is acylated with an aliphatic acid or acid derivative with 2 to 6
      carbon atoms in the 1-, 2-, and/or 3-positions or is acylated on the amino
      groups present and/or in a given case the amino groups present as well as
      the N-atom contained in the R.sub.5 group is alkylated or quarternized by
      the R.sub.a, R.sub.b, R.sub.c or R.sub.5 group.
PAR  Process (a) is carried out in the conventional solvents or suspension
      agents at temperatures between 0.degree. and 200.degree.C., preferably
      20.degree. to 150.degree.C. Especially there can be employed polar
      solvents, for example alcohols, e.g., methyl alcohol, ethyl alcohol,
      isopropyl alcohol, propyl alcohol and butyl alcohol, dioxane,
      tetrahydrofurane, dimethyl sulfoxide, dimethyl formamide and similar
      materials. When W is O there can also be used pyridine and quinoline. In a
      given case there are suitably added acidic or basic materials, as for
      example, piperidine or aliphatic carboxylic acids, e.g. acetic acid and
      propionic acid. When X is a halogen atom there are suitably employed basic
      materials which effect acid splitting, e.g. triethylamine. When R.sub.7 is
      a hydroxy group (in this case the structural unit -(=A)R.sub.7 for
      example, can make a carboxyl group) the addition of special customary
      water splitting off agents such as dicyclohexylcarbodiimide is suitable or
      in some cases necessary.
PAR  When there are used compounds of the formula III where A is two hydrogen
      atoms, R.sub.7 is chlorine or bromine, the remaining symbols which have
      the meanings already set forth (in case X is an amino group this is
      preferably blocked through protective groups) the process can be carried
      out as follows. A compound of formula II wherein R.sub.5 is hydrogen and W
      is oxygen, R.sub.2, R.sub.3 and R.sub.1 have the meanings set forth above,
      is acylated with an aliphatic acid halide, e.g. acetyl chloride, acetyl
      bromide or propionyl chloride, an aliphatic acid ester, e.g. methyl
      acetate, ethyl acetate or propyl acetate, an aliphatic acid anhydride,
      e.g. acetic anhydride, an aliphatic ketene, e.g. ketene itself or benzoyl
      chloride in an inert solvent such as dioxane, benzene, tetrahydrofurane or
      dimethyl formamide at a temperature between 0.degree. and 150.degree.C.
      The compound obtained after conversion to the alkali salt (e.g. with
      sodium hydride or sodamide) is reacted with a compound of formula III
      above (for example in a nonbasic solvent such as dioxane, dimethyl
      formamide or dimethyl sulfoxide between 0.degree. and 200.degree.C.).
      Subsequently the acyl group which is on the nitrogen atom in the 3
      position of the pyridine ring can be split off in an acid or basic medium,
      whereby in a given case there simultaneously takes place ring closing to
      compounds of formula I.
PAR  Frequently process (a) can also be carried out so that the amino group in
      the 5-position of formula II and/or the amino group of formula III (X =
      NH.sub.2) has a similar protective group. Frequently such protective
      groups are required for the production of the starting compounds.
PAR  In many cases the splitting off of such a protective group takes place
      simultaneously with the cyclization.
PAR  These protective groups are easily split off. There are employed either
      easily solvolytically splittable acyl groups or groups splittable by
      hydrogenation, as for example, the benzyl radical. The solvolytically
      splittable protective groups are split off for example, by saponification
      with dilute acids or by means of basic substances (potash, soda, aqueous
      alkali solutions, alcoholic alkali solutions, NH.sub.3) at room
      temperature or with a short boiling. Hydrogenizably splittable groups such
      as the benzyl group or the carbobenzoxy radical are suitably split off by
      catalytic hydrogenation in the presence of customary hydrogenation
      catalysts, especially palladium catalysts, in a solvent or suspension
      agent, in a given case under elevated pressure. As solvents or suspension
      agent there can be used water, lower aliphatic alcohols such as methyl
      alcohol, ethyl alcohol, isopropyl alcohol, butyl alcohol, cyclic ethers
      such as dioxane or tetrahydrofurane, aliphatic ethers, e.g. diethyl ether,
      dimethyl formamide, etc. as well as mixtures of these materials.
PAR  As protective groups for the amino group there can be used for example, the
      benzyl group, .alpha.-phenylethyl group, benzyl groups substituted in the
      benzene nucleus as for example, the p-bromo or p-nitrobenzyl group, the
      carbobenzoxy group, the carbobenzthio group, the trifluoroacetyl, the
      phthalyl radical, the trityl radical, the p-toluenesulfonyl radical and
      similar groups as well as simple acyl groups such as the acetyl group,
      formyl group, tert. butylcarboxy group, etc. There can be employed
      especially the protective groups used in the synthesis of peptides and the
      splitting processes customarily employed in that process. Among other
      others this purpose reference is made to Jesse P. Greenstein and Milton
      Winitz "Chemistry of Amino Acids", John Wiley and Sons, Inc. New York
      (1961) Vol. 2, pages 883 et seq. Also there can be used carbalkoxy groups
      (for example of low molecular weight such as carbmethoxy,carbethoxy and
      carbpropoxy).
PAR  Process (a) can also be carried out under some circumstances so that before
      the true cyclization there is isolated previously the intermediate product
      of the formula:
      ##SPC4##
PAR  This product can then be cyclized in purified form or as it accumulates.
      For this purpose there are used temperatures between -70.degree. and 30
      150.degree.C., preferably 0.degree. to 150.degree.C. As solvents or
      suspending media besides those given above there can be used glacial
      acetic acid, lower aliphatic alcohols such as methanol and ethanol, acetic
      anhydride, polyphosphoric acid, aliphatic ethers, e.g. diethyl ether,
      chloroform etc. This cyclization can be carried out in a given case using
      acid condensation agents such as sulfuric acid, hydrochloric acid,
      hydrobromic acid, toluene sulfonic acid or polyphosphoric acid or basic
      condensation agents such as pyridine or tertiary amines.
PAR  When X is a halogen atom the cyclization is carried out in the presence of
      ammonia (for example liquid ammonia), whereupon there can also be present
      tertiary none quaternizing amines, for example, sterically hindered amines
      such as diisopropylethyl amine or 1,8-bis(dimethylamino) naphthalene. The
      halogen atoms employed are chlorine, bromine or iodine. In place of
      ammonia or additionally to ammonia there can also be used, for example,
      other derivatives of ammonia which replace a halogen atom by the group
      NH.sub.2, for example, urotropine, alkaliamide, e.g., sodamide, carboxylic
      acid amides, e.g., acetamide, alkali metal compounds of carboxylic acid
      emides or dicarboxylic acid imides. As dicarboxylic acid imides there can
      be used, for example, phthalimide or phthalimide substituted in the
      benzene nucleus with inert substituents, or succinimide. Besides there can
      be used acid radicals for the carboxylic acid amide which contain the
      above recited protective groups as well as protective groups customary in
      peptide chemistry. These types of protective groups are described for
      example among others in the book of Jesse P. Greenstein and Milton Winitz
      "Chemistry of Amino Acids", New York 1961, John Wiley & Sons, Inc., Vol.
      2, for example, page 833 et seq.
PAR  When urotropine (hexamethylenetetramine) is used the process can be carried
      out as follows: boiling in chloroform (one-half to 8 hours) and splitting
      off the separate urotropine compound with aqueous or aqueous-alcoholic
      inorganic acids (e.g., HCl or H.sub.2 SO.sub.4) at temperatures between,
      for example, 20.degree. and 150.degree. C.
PAR  If acid amides are used it is recommended that there be used condensation
      agents such as sodium, alkali hydrides, e.g., sodium hydride, alkali
      amides (especially sodamides), Grignard compounds, lithium alkyls (e.g.,
      butyl lithium) or in special cases, as with tosyl amides, there can be
      used weaker bases such as K.sub.2 CO.sub.3, powdered NaOH or potassium
      hydroxide. As solvents above all dimethylsulfoxide and dimethyl formamide
      are suitable. There can also be used dioxane, tetrahydrofurane, alcohols,
      e.g., methyl alcohol, ethyl alcohol and isopropyl alcohol and ethers,
      e.g., diethyl ether. In using acid amides generally from the intermediate
      compound IV first there are obtained compounds of formula IV in which X is
      an amino group protected by the corresponding acid radical. The
      cyclization then takes place simultaneously with or after splitting off of
      the protective group. In acid splitting off of the protective group, it is
      generally possible to isolate the compounds of formula IV in which X is
      the amino group as either the salt or as the free base.
PAR  Where a starting material of formula II is used in process (a) in which
      R.sub.5 is an acyl group this can be solvolytically split off in a given
      case after the end of the reaction according to the conditions memtioned
      previously. However, it is also possible, if a pure aliphatic acyl group
      is employed, to reduce this to an alkyl group (for example by means of
      complex alkali hydrides such as LiAlH.sub.4).
PAR  It can happen that in the cyclization according to process (a) there is not
      formed the 7-membered ring compound but partially or exclusively the
      6-membered ring compound of the formula:
      ##SPC5##
PAL  where Hal is chlorine or bromine. In this case a subsequent treatment in an
      alkaline medium is necessary. This is generally carried out in polar media
      such as lower alcohols (methanol, ethanol, tertiary butyl alcohol),
      chloroform, dioxane, etc. at temperatures between 0.degree. and
      150.degree. C. As the alkaline medium there can be used, for example,
      aqueous or alcoholic, especially methanolic or ethanolic NaOH or KOH, in a
      given case in admixture with the above mentioned solvents; the same
      reagents in solid, powdered form, also potash as well as aqueous solutions
      of tertiary amines, above all those which are not quarternized such as
      diisopropyl methyl amine. There can also be used alkaline ion exchanges,
      e.g., chloromethylated polystyrene quarternized with trimethylamine, in
      column form or in suspension.
PAR  In this ring expansion there are formed compounds in which the group
      --N(R.sub.5)C(=A)-- in formula I has the following structures:
      --N=C(OH)--, --N=C(NHR.sub.5)--, --N=C(OR.sub.5)--, --N=C(NHR.sub.5 --
      NHR.sub.5)-- or --N= C(NR.sub.5 R.sub.5)--. In the ring expansion of
      compounds of formula V besides the desired diazepine often there are also
      formed compounds which are built from compounds of formula V without ring
      expansion by substitution of the halogen atoms by the particular
      coreactant. The desired compound can then be separated from this and, in a
      given case, other byproducts also by fractional cyrstallization or by
      chromatography in known manner.
PAR  Process (b) is carried out for example in an inert solvent or suspension
      medium such as tetrahydrofurane, dioxane, ethanol, n-propanol, dimethyl
      sulfoxide or dimethyl formamide, or also in the presence of the basic
      reactant at a temperature between 50.degree. and 200.degree.C., preferably
      80.degree. to 130.degree. C. There can be added acid acceptors such as
      potash, sodium bicarbonate, calcium carbonate or non-quarternizing
      tertiary amines such as diisopropylmethyl amines. To react the components
      of type NHR.sub.a Acyl the operation is carried out in the presence of
      alkali compounds such as sodium hydride, sodamide, butyl lithium, etc.; as
      solvents there can be used in this case those which contain no functional
      groups such as dioxane, dimethyl formamide or benzene. The temperatures
      are generally somewhat lower than those given above, for example, between
      20.degree. and 100.degree. C.
PAR  According to process (c) azabenzodiazepines of formula I can be substituted
      or further reacted in suitable manner. The group A in a compound of
      formula I can also be exchanged in various ways. Thus, when A is oxygen,
      this atom can be replaced by sulfur by means of phosphorus pentasulfide.
      This reaction takes place in inert solvents such as benzene, toluene,
      dioxane, pyridine or chlorinated hydrocarbons, e.g., chloroform, at
      temperatures between 0.degree. and 150.degree. C. The sulfur compounds
      thus obtained (cyclic thioamides) can in turn be reacted in polar medium
      with alkylamines of the formula NH.sub.2 R.sub.5 (where R.sub.5 is as
      defined above), e.g., methyl amine, propyl amine, allyl amine, hydrazines
      of the formula H.sub.2 N--NHR.sub.5, e.g., methyl hydrazine or ethyl
      hydrazine or hydroxylamines of the formula H.sub.2 N-OR.sub.5 whereupon
      compounds of formula I are formed in which A is the group =NH, =NR.sub.5,
      =NOR.sub.5, or =NH--NHR.sub.5. These reactions are carried out in polar
      solvents such as lower alkanols, e.g., methanol or ethanol, or
      cycloalkanols, e.g., cyclohexanol or excess amine at temperatures between
      0.degree. and 150.degree. C.
PAR  Compounds of formula I in which R.sub.4 is other than hydrogen can for
      example be produced in the following manner from compounds of formula I in
      which R.sub.4 is hydrogen and the remaining symbols have the meaning
      specified above - by alkylation, acylation and oxidation. In the
      alkylation, the reaction takes place with esters of the formula HalR",
      SO.sub.2 (OR") or ArSO.sub.2 OR" where Hal is a halogen atom, especially
      Cl, Br or I, Ar is an aromatic radical (especially in a given case a
      phenyl or naphthyl radical with one or more lower alkyl radicals, e.g.,
      methyl or ethyl) and R" is an alkyl group with 1 to 6 carbon atoms. Thus,
      there can be used methyl chloride, ethyl bromide, propyl iodide, hexyl
      chloride, dimethyl sulfate, diethyl sulfate, methyl p-toluene sulfonate,
      butyl p-toluenesulfonate. (The process conditions are the same as set
      forth above for introducing the R.sub.5 group using esters of the formula
      R.sub.5 Hal, ArSO.sub.2 OR.sub.5 and SO.sub.2 (OR.sub.5).sub.2).
PAR  Compounds can be obtained by oxidation in which R.sub.4 is a hydroxyl
      group. For this purpose compounds of formula I in which R.sub.4 is a
      hydrogen can be reacted in inert solvents such as dilute acetic acid,
      ethyl acetate or acetone with hydrogen peroxide, peracetic acid,
      perpropionic acid, perbutyric acid, pervaleric acid, perbenzoic acid,
      m-chloroperbenzoic acid or other conventional organic peracids. The
      temperature is preferably between -10.degree. and +70.degree. C.
PAR  Compounds of formula I where R.sub.4 is a hydroxyl group can also be
      obtained by treating compounds of formula I in which R.sub.4  is H and Z
      is N.fwdarw.O either in polar solvents such as methanol, methanol-water
      mixtures, dioxane-methanol mixtures, ethanol, etc. with alkali (for
      example sodium hydroxide, potassium hydroxide) or in low molecular weight
      aliphatic acid anhydrides (for example acetic anhydride), in a given case
      in admixture with other inert solvents; thereupon there occurs a
      rearrangement according to which the oxygen atom on the nitrogen atom
      forms a hydroxyl group on the adjacent carbon atom. This rearrangement is
      accomplished at temperatures between 0 and 150.degree. C., especially 0 to
      100.degree. C.
PAR  Compounds of formula I wherein Z is a nitrogen atom can be converted into
      the corresponding N-oxide. The reagents and conditions are analogous to
      those of the hydroxylation of R.sub.4. The temperatures generally are
      somewhat lower, preferably between 0.degree. and 50.degree. C. (otherwise
      at increase of temperature there occurs the above described
      rearrangement).
PAR  In compounds of formula I where Z is the group = NO the oxygen atom can be
      removed by catalytic hydrogenation, or by chemical deoxygenation. As
      catalysts for the catalytic hydrogenation there are suitable for example
      the customary metallic hydrogenation catalysts, especially noble metal
      catalysts (palladium/activated carbon, platinum) or Raney-nickel; as
      solvents there are preferably employed lower alcohols, e.g., methanol,
      ethanol or isopropanol. The temperatures are between 0.degree. and
      200.degree. C., preferably between 0.degree. and 100.degree. C. In a given
      case the process can be carried out at pressures up to 50 atmospheres
      absolute. For chemical deoxygenation there are preferably used phosphorus
      trichloride or dimethyl sulfoxide in inert solvents such as dioxane,
      benzene or toluene at temperatures between 0.degree. and 150.degree. C.,
      preferably 0.degree. to 100.degree. C.
PAR  Compounds of formula I in which A is an oxygen atom or a sulfur atom can
      also be converted by reduction into compounds of formula I in which A is
      two hydrogen atoms. This reduction can be carried out, for example, in a
      solvent or suspension agent at temperatures between 0.degree. and
      100.degree. C. As solvents or suspension agents there can be used, for
      example, water, lower aliphatic alcohols, e.g., methyl alcohol, ethyl
      alcohol, isopropyl alcohol or butyl alcohol, cyclic ethers, such as
      dioxane or tetrahydrofurane, aliphatic ethers, e.g., diethyl ether,
      dimethyl formamide, tetramethyl urea, etc. as well as mixtures of these
      agents with each other. Preferably the reduction is undertaken by
      catalytic hydrogenation. As catalysts there are employed conventional
      finely divided metal catalysts as, for example, nickel (Raney-nickel) or
      cobalt (Raney-cobalt). The catalysts can be employed with or without
      carriers. The process can be carried out at normal pressure or elevated
      pressure.
PAR  This reduction of the keto or the thio group, however, can also take place
      by metal hydrides or complex metal hydrides such as LiH, LiAlH.sub.4,
      alkali borohydrides, e.g., sodium borohydride, sodium triethoxyaluminum
      hydride or sodium dihydro bis(2-methoxyethoxy) aluminate.
PAR  In the products of the process amino groups present including the nitrogen
      atom in the 1-position can be alkylated or quarternized by the radicals
      R.sub.a, R.sub.b, R.sub.c or R.sub.5. Likewise these nitrogen containing
      groups can be acylated with aliphatic acids or acidic derivatives capable
      of reaction. For example compounds of formula I wherein R.sub.5 and/or
      R.sub.1 as well as R.sub.2 are hydrogen or an amino group of the group
      --NR.sub.a H can be alkylated on the nitrogen in a manner known in itself.
      As alkylating agents there can be used for example esters of the formula
      R'.sub.5 Hal, ArSO.sub.2 OR'.sub.5 and SO.sub.2 (OR'.sub.5).sub.2 wherein
      Hal is a halogen atom (especially chlorine, bromine or iodine) and Ar is
      an aromatic radical as for example phenyl or naphthyl which in a given
      case is substituted by one or more lower alkyl groups and R'.sub.5 with
      the exception of hydrogen can have the same as R.sub.5. Furthermore
      R'.sub.5 can also be an alkyl group of 1 to 6 carbon atoms which can be
      substituted by an alkoxy group with 1 to 6 carbon atoms, a carboxy group,
      a nitrile group, a carbamido group, a carbalkoxy group with 1 to 6 carbon
      atoms, a phenyl group or a halogen atom. The latter for example can be
      present when R.sub.1 and/or R.sub.2 are amino groups. Examples of
      compounds for example are p-toluene sulfonic acid alkyl esters, e.g.,
      methyl p-toluene sulfonate, ethyl p-toluene sulfonate, butyl p-toluene
      sulfonate, lower dialkyl sulfates, e.g., dimethyl sulfate and diethyl
      sulfate and the like as well as alkyl halides, e.g., methyl iodide, ethyl
      iodide, butyl iodide, methyl bromide, ethyl chloride. The alkylation
      reaction can be carried out, in a given case with addition of customary
      acid binding agents such as alkali carbonates, e.g., sodium carbonate or
      potassium carbonate, pyridine or other customary tertiary amines, e.g.,
      N,N-dimethyl aniline or triethyl amine, at temperatures between 0.degree.
      and 150.degree. C. in inert solvents such as alcohols, e.g., methyl
      alcohol, ethyl alcohol, isopropyl alcohol, propyl alcohol, dioxane,
      dimethyl formamide, dimethyl sulfoxide, aromatic hydrocarbons such as
      benzene or toluene or acetone as well as mixtures of such solvents. For
      the alkylation with alkyl halides (for example iodides) in the presence of
      NaH there has been found to be favorable for example, a mixture of toluene
      and a little dimethyl formamide (0.1 to 5%, for example, 0.5%).
PAR  The acylation can take place in inert solvents or suspension agents such as
      dioxane, dimethyl formamide, benzene or toluene at temperatures between
      0.degree. and 200.degree. C. As acylating agents there can be used ketone
      as well as acid halides, e.g., acetyl chlorine, propionyl bromide, butyryl
      chloride, acid anhydrides or esters of aliphatic carboxylic acids with 2
      to 6 carbon atoms of carboxylic acid half ester halides, e.g., acetic
      anhydride, propionic anhydride, methyl acetate, ethyl acetate, butyl
      acetate, methyl valerate, methyl caproate, dimethyl oxalate, dimethyl
      succinate, methyl chloroformate, ethyl chloroformate, in a given case with
      the addition of an acid binding agent such as potassium carbonate or
      sodium ethylate or a tertiary amine, for example triethyl amine. As esters
      there are especially employed esters with lower aliphatic alcohols. In the
      alkylation and acylation it is also possible to proceed so that there is
      first produced from the reacting compound of formula I in which R.sub.4 is
      H an alkali compound by reacting the compound of formula I with an alkali
      metal, alkali hydride or alkali amide (especially sodium or sodium
      compounds) in an inert solvent such as dioxane, dimethyl formamide,
      benzene or toluene at temperatures between 0.degree. and 150.degree. C.
      and then to add the alkylating or acylating agent. As acylating agent in
      this case there can also be used carbon dioxide whereby compounds of
      formula I can be obtained wherein R.sub.4 is COOH.
PAR  In place of the alkylation and acylation agents mentioned there can also be
      used other chemically equivalent agents (see for example L. F. and Mary
      Fieser "Reagents for Organic Synthesis", Vol. 2, page 471). It should be
      understood that acyl groups present in the compounds of formula I also can
      be split off again in known manner.
PAR  Basic compounds of formula I can be converted into their salts by
      conventional methods. As anions for these salts there can be employed the
      known and therapeutically usable (pharmacologically acceptable) acid
      residues. For example, there can be used acids such as sulfuric acid,
      phosphoric acid, hydrohalic acids, e.g., hydrochloric acid or hydrobromic
      acid, ethylenediamine tetraacetic acid, sulfamic acid, benzene sulfonic
      acid, p-toluene sulfonic acid, camphor sulfonic acid, methane sulfonic
      acid, guarazulene sulfonic acid, maleic acid, fumaric acid, oxalic acid,
      tartaric acid, lactic acid, citric acid, ascorbic acid, glycolic acid,
      salicylic acid, acetic acid, propionic acid, gluconic acid, benzoic acid,
      acetamidoacetic acid, hydroxyethane sulfonic acid, malonic acid.
PAR  If the compounds of formula I contain acid groups they can be converted in
      customary manner to their alkali, e.g., sodium or potassium, ammonium or
      substituted ammonium salts. As substituted ammonium salts there are
      especially recommended salts of tertiary alkylamines, lower aminoalcohols
      such as bis and tris (hydroxyalkyl) amines (having alkyl residues with 1
      to 6 carbon atoms) such as triethyl amine, ethanolamine, diethanolamine,
      dipropanolamine, triethanolamine, tributyl amine.
PAR  The free bases can be produced again from the salts of the compounds in
      customary manner, for example, by treatment of a solution in an organic
      medium, such as alcohols (e.g., methanol, ethanol or isopropanol) with
      soda or soda lye (caustic soda solution).
PAR  Compounds of formula I can also be present in tautomeric forms. Such
      tautomeric forms for example are the following structural pairs:
EQU  --C(=A)--CHR.sub.4 -- .revreaction. --C(AH)=CR.sub.4 --;
EQU  --N(R.sub.5)--C(=A)-- .revreaction. --N=C(AR.sub.5)--;
      ##SPC6##
PAL  The compounds in this case can be present completely or partially in one of
      the possible tautomeric forms. Generally, under the normal working and
      storing conditions there is present an equilibrium.
PAR  Those compounds of formula I which contain asymmetric carbon atoms and as a
      rule result as racemates, can be split into the optically active isomers
      in known manner with the help of an optically active acid. However, it is
      also possible to employ from the beginning an optically active starting
      material whereby a correspondingly optically active or diastereomer form
      is obtained as the end product.
PAR  The compounds of the invention are suitable for the production of
      pharmaceutical compositions. The pharmaceutical compositions or
      medicaments can contain one or more of the compounds of the invention or
      mixtures of the same with other pharmaceutically active materials. For the
      production of pharmaceutical preparations there can be used the customary
      pharmaceutical carriers and assistants. The medicines can be employed
      enterally, parenterally, orally or perlingually. For example, dispensing
      can take place in the form of tablets, capsules, pills, dragees, plugs,
      salves, jellies, cremes, powders, liquids, dusts or aerosols. As liquids
      there can be used, for example, oily or aqueous solutions or suspensions,
      emulsions, injectable aqueous and oily solutions or suspensions.
PAR  For example, there can be made and used in the invention compounds of
      formula I where the symbols R.sub.1 to R.sub.5 as well as A and Z have the
      following meaning:
PAR  R.sub.1 is NH.sub.2, lower dialkylamino groups (e.g. alkyl groups of 1 to 3
      carbon atoms such as dimethylamino, diethylamino, dipropylamino),
      morpholino, piperidino, hydroxyethylamino;
PAR  R.sub.2 is chlorine, fluorine, CF.sub.3, CN or alkyl with 1 to 3 carbon
      atoms, e.g., methyl, ethyl propyl or isopropyl, preferably methyl,
      preferably in the ortho or para position, hydrogen. The preferred
      substituents are hydrogen or fluorine or chlorine in the ortho position;
PAR  R.sub.3 is hydrogen, fluorine or chlorine with the o-position being
      preferred;
PAR  R.sub.4 is hydrogen or an alkyl group with 1 to 6 carbon atoms, e.g.,
      methyl, ethyl isopropyl, sec. butyl, amyl or hexyl, especially 1 to 3
      carbon atoms, or a hydroxy group or the carboxy group. Especially H or the
      hydroxy group or the acylated hydroxy is preferred;
PAR  R.sub.5 is the benzyl group or an alkyl or alkenyl group with 1 to 4 carbon
      atoms, e.g., methyl, ethyl, propyl, isopropyl, butyl, 5-butyl, allyl,
      methallyl, crotyl or butenyl-2(preferably methyl, isopropyl, allyl or
      butenyl-2), or an oxyalkyl group with 2 to 6 carbon atoms, e.g.,
      hydroxyethyl, hydroxypropyl, 4-hydroxybutyl, 2-hydroxyhexyl, especially
      with 2 to 4 carbon atoms. Preferably R.sub.5 is an oxyethyl group or a
      dialkylaminoethyl or dialkylaminopropyl or dialkylaminoisopropyl or a
      morpholino alkyl or piperidinoalkyl wherein the alkyl radical preferably
      contains 1 to 4 carbon atoms (for example the diethylaminoethyl group,
      morpholinoethyl or piperidinoethyl group) or the cyclopropylmethyl-,
      cyclobutyl methyl-, cyclopentyl methyl- or the cyclohexylmethyl group.
      Preferably R.sub.5 is H or a lower alkyl group with 1 to 4 carbon atoms,
      for example, methyl;
PAR  A is especially oxygen and also is sulfur or two hydrogen atoms or the
      group = NH, =NR.sub.5 or =NH--NHR'.sub.5 or in the tautomeric form
      together with R.sub.5, --SR'.sub.5, --NHR'.sub.5 or --N(R'.sub.5).sub.2
      where R'.sub.5 is a lower alkyl group having 1 to 3 carbon atoms,
      especially methyl or ethyl;
PAR  Z is nitrogen or NO.
PAR  Especially favorable activity is possessed by compounds of formula I, where
      R.sub.1 is dimethylamino, diethylamino, trimethylamino, morpholino or
      hydroxyethylamino, R.sub.2 and R.sub.3 are the same or different and are
      hydrogen, fluorine or chlorine, preferably in the ortho position, A is an
      oxygen atom and Z is a nitrogen atom, R.sub.4 is hydrogen or hydroxyl and
      R.sub.5 is hydrogen or a lower alkyl group with 1 to 4 carbon atoms,
      especially the methyl group.
PAR  The starting compounds used in processes (a) and (b) insofar as they are
      not known can be obtained, for example, in the following manner.
PA0  Process (a).
PAR  A compound of the formula
      ##SPC7##
PAL  or
      ##SPC8##
PAL  where R.sub.6 is hydrogen or a lower alkyl group is first reacted with an
      active alkali compound such as sodamide, potassium amide, sodium hydride
      or sodium in finely divided form in an inert solvent such as dioxane,
      dimethyl formamide, or benzene and then there is added dropwise the
      calculated amount of 2,6-dichloro-3-nitropyridine dissolved in the same
      solvent with stirring and a nitrogen atmosphere. In many cases it is
      suitable to change the order of addition, for example, to add the alkali
      compound to a solution of the phenylacetic acid or benzyl cyanide
      derivative and 2,6-dichloro-3-nitropyridine. The generally exothermic
      reaction leads to the alkali salts of the compounds of formula VIII:
      ##SPC9##
PAL  where Cy is CN or CO.sub.2 R.sub.6 (where R.sub.6 is H or lower alkyl).
      Such salts are colored strongly blue to violet.
PAR  After the end of the reaction this is filtered with suction, washed,
      dissolved in water and treated with diluted glacial acetic acid until the
      disappearance of the intrinsic color. The compound of formula VIII
      customarily crystallizes in sufficient purity.
PAR  The 2-[.alpha.-cyano-o-chlorobenzyl]-3-nitro-6-chloropyridine is recovered,
      for example, as follows
PAR  To a solution of 120 grams of o-chlorobenzyl cyanide in 1.5 liters of
      dioxane there were added at 45.degree. C. with stirring in a nitrogen
      atmosphere 42 grams of sodium hydride (80% in white oil). Then the mixture
      was stirred for 45 minutes more at this temperature. The solution was then
      cooled and at 20.degree. to 22.degree. C. there were dropped in within 30
      minutes 140 grams of 2,6-dichloro-3-nitropyridine in 500 ml of dioxane.
      Further reaction was permitted for three hours at this temperature. The
      deeply colored sodium salt was filtered off, washed with dioxane,
      dissolved in water/methanol (1:1 by volume) and diluted acetic acid added
      until the color changed. The desired compound crystallized out, was
      filtered off with suction and thoroughly washed with methanol, M.P.
      174.degree. - 175.degree. C. Yield 91 grams.
PAR  By oxidation of the compound of formula VIII there can be produced the
      corresponding 2-benzoyl-3-nitro-6-chloropyridine derivative (formula IX):
      ##SPC10##
PAR  This can be accomplished for example, with selenium dioxide in dioxane or
      tetrahydrofurane at 50.degree. to 150.degree. C. or can also be carried
      out by treating the compound of formula VIII with 30% aqueous hydrogen
      peroxide at temperatures below 100.degree. C., preferably at 20.degree. to
      50.degree. C. in acetone-water, wherein the stoichiometrical amount of an
      aqueous concentrated KOH solution is dropped in just rapidly enough that
      no change in color takes place. In the latter method there is
      simultaneously hydrolytically split off to a large extent the chlorine
      atom in the 6 position. There is also isolated therefore in addition to
      the desired compound of formula IX the compound wherein the 6-chloro atom
      is replaced by OH, i.e., R.sub.1 is OH. The latter can then in known
      manner again be chlorinated with a mixture of PCl.sub.3 /PCl.sub.5 wherein
      the PCl.sub.3 simultaneously again deoxygenates the N-oxide formed as a
      byproduct.
PAR  In the compounds of formula IX the chlorine is replaced by the radical
      R.sub.1 by reaction with NH.sub.3 or amines of the form NHR.sub.a R.sub.b
      in a solvent or suspension medium such as tetrahydrofurane or n-propanol
      at temperatures between 50.degree. and 200.degree. C. By reaction with a
      compound R.sub.c Hal (Hal is bromine or iodine) under the conditions set
      forth above, quarternization can be accomplished. The nitro group is then
      reduced to an amino group either catalytically (with Pd, Pt or Raney-Ni in
      alcohol, dioxane or tetrahydrofurane between 0.degree. and 60.degree. C.
      and 1 to 50 atmospheres absolute) or chemically (with LiAlH.sub.4 or
      Al/Hg/H.sub.2 O in ether, dioxane or tetrahydrofurane between 0.degree. to
      60.degree. C.). This amino group can then be substituted by the R.sub.5
      radical by the process given in the application. In this reduction in a
      given case further nitro groups (for example if R.sub.2 and/or R.sub.3 are
      nitro groups) can be reduced to amino groups. For the production of
      compounds of the formula X:
      ##SPC11##
PAL  where R.sub.1 is F or Br for example, a compound of formula IX is heated
      with a saturated aqueous-alcoholic ammonia solution in an autoclave at
      100.degree. to 120.degree. C. for several hours (e.g., 2 to 4 hours) and
      the 6-aminopyridine derivative formed thereby diazotised in known manner
      and reacted according to the conditions of the Sandmeyer reaction or the
      modified Sandmeyer reaction by heating in the presence of fluoride or
      bromide ions and/or the corresponding copper (I) salts (Cu Br, Cu Cl) or
      fluoroborate ions, e.g., sodium fluoroborate. As solvents there can be
      used water-alcohol mixtures, or mixtures of water, dimethyl formamide and
      dimethyl sulfoxide. For the production of fluorine derivatives there can
      also be employed the thermal decomposition of the dry diazonium
      fluoroborate.
PAR  Compounds of formula X in which R.sub.1 is a bromine atom also can be
      obtained by bromination of a compound of formula X in which R.sub.1 is
      replaced by OH by using a bromination agent such as POBr.sub.3, PBr.sub.5,
      or SOBr.sub.2, in a given case in an inert medium between 20.degree. and
      200.degree. C. The production of compounds of formula X wherein R.sub.1 is
      F can also be produced in modified manner by either gradually adding
      NaNO.sub.2 to a solution in aqueous hydrofluoric acid of a compound of
      formula X wherein R.sub.1 is replaced by an amino group, at temperatures
      between 0.degree. and 50.degree. C., or by introducing a slow stream of
      nitrous gases to such a solution.
PAR  The reduction of the nitro group as well as the subsequent introduction of
      R.sub.5 takes place in the manner already set forth.
PAR  Compounds of formula II wherein W is the group =NH or --NOH can be obtained
      for example, from compounds of formula II wherein W is oxygen and the
      remaining symbols R.sub.1, R.sub.2, R.sub.3 and R.sub.5 have the already
      defined meaning by treating with ammonia or hydroxylamine. This reaction
      is preferably carried out in polar organic solvents (e.g., aliphatic
      alcohols such as those mentioned above, dioxane, tetrahydrofurane,
      pyridine or liquid ammonia), preferably between 0.degree. and 150.degree.
      C. as well as in a given case at pressures between 1 and 100 atmospheres
      absolute.
PAR  The starting compounds used in process (b), e.g., can be prepared for
      example according to the process of Austrian Application A 10604/71 or von
      Bebenburg et al. U.S. application Ser. No. 313,542, filed Dec. 8, 1972 or
      in analogous manner to those processes. The entire disclosure of the von
      Bebenburg et al. U.S. application is hereby incorporated by reference.
      These starting compounds are claimed as new compounds in said von
      Bebenburg et al application.
DETD
PAR  Unless otherwise indicated, all parts and percentages are by weight.
PAC  EXAMPLE 1
PAC  5-phenyl-6-aza-7-dimethylamino-1,2-dihydro-3H-1,4-benzodiazepinone-(2):
      ##SPC12##
PAR  A mixture of 11 grams of
      2-benzoyl-3-amino-acetylamino-6-dimethylaminopyridine, 1 ml of pyridine
      and 150 ml of toluene were boiled at reflux with stirring for 6 hours. The
      water which passed off was separated by means of a water separator. The
      desired substance began to crystallize out during the reaction. At the end
      of the reaction it was filtered off with suction and recrystallized from
      ethanol.
PAR  Yield 9.6 grams; M.P. 241.degree. to 245.degree. C. (with decomposition).
PAC  EXAMPLE 2
PAC  N-(5-phenyl-6-aza-1,2-dihydro-3H-1,4-benzo-diazepinone-(2)-yl-(
     7))-N,N,N-trimethylamoniumiodide:
      ##SPC13##
PAR  5 grams of
      5-phenyl-6-aza-7-dimethylamino-1,2-dihydro-3H-benzo-1,4-dizaepinone-(2)
      were boiled at reflux for 30 minutes in 100 ml of methyl iodide. The dark
      red crystals which crystallized out after cooling were recrystallized
      twice from n-propanol.
PAR  Yield 4 grams; M.P. 231.degree. to 233.degree. C. (with decomposition).
PAC  EXAMPLE 3
PAC  5-Phenyl-6-aza-7-morpholino-1,2-dihydro-3H-1,4-benzodiazepinone-(2):
      ##SPC14##
PAR  A mixture of 13.5 grams (0.05 mole) of
      5-phenyl-6-azo-7-chloro-1,2-dihydro-3H-1,4-benzodiazepinone-(2) (prepared
      as described in example 1 of von Bebenburg application 313,542) and 50 ml
      of water free morpholine were held for 1 hour at 130.degree. C. with
      stirring. Then the mixture was cooled, poured on ice and after 1 hour the
      precipitated solid substance filtered off with suction. It was dissolved
      in chloroform, the chloroform solution shaken with 200 ml of 2%
      hydrochloric acid and the aqueous layer separated off. Then it was
      neutralized with aqueous ammonia with cooling, whereby the desired product
      crystallized out.
PAR  Yield 10 grams: M.P. 265.degree. to 270.degree. C.
PAC  EXAMPLE 4
PAC  5-(o-fluoro-phenyl)-6-aza-7-morpholino-1,2-dihydro-3H-1,4-benzodiazepinone-
     (2):
      ##SPC15##
PAR  A mixture of 10 grams of
      5-(o-fluorophenyl)-6-aza-7-chloro-1,2-dihydro-3H-1,4- benzadiazepinone-(2)
      (prepared as described in example 10 of von Bebenburg application 313,542)
      and 50 ml of water free morpholine were heated to 130.degree. C. for 1
      hour with stirring. After cooling the mixture was poured on ice and after
      one hour the precipitated material was filtered off with suction. This
      material was then dissolved in chloroform and then shaken with 200 ml of
      2% HCl and the aqueous phase neutralized with dilute ammonia with cooling.
      The desired product crystallized out (4 grams) from the aqueous solution
      and was recrystallized from a little ethanol with the addition of
      gasoline.
PAR  M.P. 227.degree. to 240.degree. C.
PAC  EXAMPLE 5
PAC  5-phenyl-6-aza-7-(2-hydroxy-ethylamino)-1,2-dihydro-3H-1,4-benzodiazepinone
     -(2):
      ##SPC16##
PAR  A mixture of 13.5 grams (0.05 mole) of
      5-phenyl-6-aza-7-chloro-1,2-dihydro-3H-1,4-benzodiazepinone-(2) and 50 ml
      of dry ethanolamine were stirred for one hour at 100.degree. C., then
      poured on ice and extracted with 100 ml of ether. The ether layer was
      washed several times with water, dried and then the hydrochloride of the
      desired compound was precipitated with isopropanolic HCl. This
      crystallized upon rubbing, was filtered off with suction and
      recrystallized from n-propanol.
PAR  Yield 5 grams: M.P. 210.degree. to 215.degree. C.
PAC  EXAMPLE 6
PAC  5-(o-chlorophenyl)-6-aza-7-benzylamino-1,2-dihydro-3H-1,4-benzodiazepinone-
     (2):
      ##SPC17##
PAR  A mixture of 20 grams of
      2-(o-chlorobenzoyl-3-(bromoacetamino)-6-benzylaminopyridine, 400 grams of
      methanol and 65 grams of ammonia were heated in the autoclave for 90
      minutes at 80.degree. C. The autoclaved solution was then concentrated to
      200 ml, treated with 1 liter of water, decanted off from the separated
      amorphous substance and the amorphous substance recrystallized from
      benzene.
PAR  M.P. 195.degree.-1970.degree. C.
PAC  EXAMPLE 7
PAC  5-(o-chlorophenyl)-6-aza-7-dimethylamino-1,2-dihydro-3H-1,4-benzodiazepinon
     e-(2);
      ##SPC18##
PAR  A mixture of 14 grams of 2-(o-chlorobenzoyl)-3-amino-6-dimethylamino
      pyridine, 15 grams of glycine methyl ester hydrochloride and 15 grams of
      imidazole were melted and stirred for 90 minutes at 110.degree. to
      120.degree. C. The melt was diluted with a little methanol and poured into
      200 ml of water. The separated oil was isolated and dissolved in 100 ml of
      hot toluene. The material crystallized out of the solution upon cooling.
      It was recrystallized once more from ethanol.
PAR  M.P. 242.degree. to 243.degree. C.
PAR  The compounds of the invention are suited for the production of
      pharmaceutical compositions and preparations. The pharmaceutical
      compositions or drugs contain as the active material one or several of the
      compounds of the invention, in a given case in admixture with other
      pharmacologically or pharmaceutically effective materials. The production
      of the medicine can take place with the use of known and customary
      pharmaceutical assistants, carriers and diluents.
PAR  Such carriers and assistants as set forth for example are those recommended
      in the following literature as adjuvants for pharmacy, cosmetic and
      related fields such as in Ullmann's Encyklopadie der technischer Chemie,
      Vol. 4 (1953), pages 1 to 39; Journal of Pharmaceutical Sciences, Vol. 52
      (1963), pages 918 et seq.; H. v. Czetsch-lindenwald, Hilfstoffe fur
      Pharmazie und angrenzende Gebiete; Pharm. Ind. Vol. 2 (1961), pages 72 et
      seq.; Dr. H. P. Fiedler, Lexicon der Hilfstoffe fur Pharmazie, Kosmetik
      und angrenzende Gebiete, Cantor kg. Aulendorf i. Wuertt., 1971.
PAR  Examples of such materials include gelatin, natural sugars such as sucrose
      or lactose, lacithin, pectin, starch (for example corn starch), tylose,
      talc, lycopodium, silica (for example colloidal silica), glucose,
      cellulose, cellulose derivatives for example cellulose ethers in which the
      cellulose hydroxyl groups are partially etherified with lower aliphatic
      alcohols and/or lower saturated oxyalcohols, (for example, methyl
      hydroxypropyl cellulose, methyl cellulose, hydroxyethyl cellulose),
      stearates, e.g., methylstearate, and glyceryl stearate, magnesium and
      calcium salts of fatty acids with 12 to 22 carbon atoms, especially
      saturated acids (for example calcium stearate, calcium laurate, magnesium
      oleates, calcium palmitate, calcium behenate and magnesium stearate),
      emulsifiers, oils and fats, especially of plant origin (for example,
      peanut oil, castor oil, olive oil, sesame oil, cottonseed oil, corn oil,
      mono-, di- and triglycerides of saturated fatty acids (C.sub.12 H.sub.24
      O.sub.2 to C.sub.18 H.sub.36 O.sub.2 and their mixtures, e.g., glyceryl
      monostearate, glyceryl distearate, glyceryl tristearate, glyceryl
      trilaurate), pharmaceutically compatible mono- or polyvalent alcohols and
      polyglycols such as glycerine, mannitol, sorbitol, pentaerythritol, ethyl
      alcohol, diethylene glycol, triethylene glycol, ethylene glycol, propylene
      glycol dipropylene glycol, polyethylene glycol 400 and other polyethylene
      glycols, as well as derivatives of such alcohols and polyglycols, esters
      of saturated and unsaturated fatty acids (2 to 22 carbon atoms, especially
      10 to 18 carbon atoms), with mono- (1 to 20 carbon atoms alkanols) or
      polyhydric alcohols such as glycols, glycerine, diethylene glycol,
      pentaerythritol, sorbitol, mannitol, ethyl alcohol, butyl alcohol,
      octadecyl alcohol, etc., e.g., glyceryl stearate, glyceryl palmitate,
      glycol distearate, glycol dilaurate, glycol diacetate, monoacetin,
      triacetin, glyceryl oleate, ethylene glycol stearate; such esters of
      polyvalent alcohols can in a given case also be etherified, benzyl
      benzoate, dioxolane, glycerine formal, glycol furfural, dimethyl
      acetamide, lactamide, lactates, e.g., ethyl lactate, ethyl carbonate,
      silicones (especially middle viscosity dimethyl polysiloxane) and the
      like.
PAR  For the production of solutions there can be used water or physiologically
      compatible organic solvents, as for example, ethanol, 1,2-propylene
      glycol, polyglycols, e.g., diethylene glycol, triethylene glycol and
      dipropylene glycol and their derivatives, dimethyl sulfoxide, fatty
      alcohols, e.g., stearyl alcohol, cetyl alcohol, lauryl alcohol and oleyl
      alcohol, triglycerides, e.g., glyceryl oleate, glyceryl stearate, glyceryl
      palmitate, and glyceryl acetate, partial esters of glycerine, e.g.,
      monoacetic diacetin, glyceryl monostearate, glyceryl distearate, glyceryl
      monopalmitate, paraffins and the like.
PAR  In the production of the preparations there can be used known and
      conventional solvent aids. As solvent aids there can be used, for example,
      polyoxyethylated fats, e.g., polyoxyethylated oleo triglyceride, linolized
      oleotriglyceride. Examples of oleotriglycerides are olive oil, peanut oil,
      castor oil, sesame oil, cottonseed oil, corn oil (see also Dr. H. P.
      Fiedler, "Lexikon der Hilfsstoffe fur Pharmazie, Kosmetik und angrenzende
      Gebiete", 1971, pages 191 to 195.
PAR  Polyoxyethylated means that the materials in question contain
      polyoxyethylene chains whose degree of polymerization is generally between
      2 and 40 and especially between 10 and 20. Such materials can be obtained
      for example by reaction of the corresponding glyceride with ethylene oxide
      (for example 40 moles of ethylene oxide per mole of glyceride).
PAR  Furthermore, there can be added preservatives, stabilizers, buffers, taste
      correctives, antioxidants and complex formers (for example ethylendiamine
      tetraacetic acid) and the like. In a given case for stabilization of the
      active molecule the pH is adjusted to about 3 to 7 with physiologically
      compatible acids or buffers. Generally, there is preferred as neutral as
      possible to weak acid (to pH 5) pH value. As antioxidants there can be
      used for example sodium meta bisulfite, ascorbic acid, gallic acid, alkyl
      gallates, e.g., methyl gallate and ethyl gallate, butyl hydroxyanisole,
      nordihydroguararetic acid, tocopherols such as tocopherol and synergists
      (materials which bind heavy metals by complex formation, for example,
      lecithin, ascorbic acid, phosphoric acid). The addition of synergists
      increases considerably the antioxidant activity of tocopherol. As
      preservatives there can be used for example sorbic acid, p-hydroxybenzoic
      acid esters (for example lower alkyl esters such as the methyl ester and
      the ethyl ester benzoic acid), sodium benzoate, trichloroisobutyl alcohol,
      phenol, cresol, benzethonium chloride and formalin derivatives).
PAR  The pharmacological and galenical treatment of the compounds of the
      invention takes place according to the usual standard methods. For
      example, the active material or materials and assistants or carriers are
      well mixed by stirring or homogenization (for example by means of a
      colloid mill or ball mill), wherein the operation is generally carried out
      at temperatures between 20.degree. and 80.degree. C., preferably
      20.degree. to 50.degree. C.
PAR  The drugs can be used for example orally, parenterally, rectally,
      vaginally, perlingually or locally.
PAR  It is also possible to add other medicines.
PAR  The compounds of the invention have a good anti-convulsive activity and
      anxiolytic activity respectively in the cardiazole shock test (mouse) and
      the spasmolytic test according to Tedeschi (mouse).
PAR  This activity is comparable to the activity of known medicines Diazepam and
      Medazepam.
PAR  The lowest effective dosage in the above-mentioned animal experiments is
      for example 5 mg/kg body weight orally, 0.5 mg/kg body weight
      intravenously and 1 mg/kg sublinqually.
PAR  As general dosage ranges there can be used 5 to 100 mg/kg body weight
      orally, 0.5 to 10 mg/kg body weight intravenously and 1-20 mg/kg
      sublinqually.
PAR  The compounds of the invention can be used in treatment of excitement,
      stress, anxiety, increased irritability, psychoneurotic disturbances of
      children, vegetative dystony, psychosomatic disturbances and organic
      neuroses, sleep disturbances, muscle spasms (as well as illnesses of the
      rheumatic series) and treatment of spasms. They also are useful for making
      birth easier, Abortus imminens, treating threatened and beginning
      premature or delayed birth, Placenta praevia and in preparation for
      operation.
PAR  The pharmaceutical preparations generally contain between 0.5 and 5% mg of
      the active component (or components) of the invention.
PAR  The compounds can be delivered in the form of tablets, capsules, pills,
      dragees, suppositories, salves, gels, creams, powders, liquids, dusts or
      aerosols. As liquids there can be used oily or aqueous solutions or
      suspensions, emulsions. The preferred forms of use are as tablets which
      contain between 5 and 100 mg of active material or solutions which contain
      beween 1 and 10% of active material.
PAR  In individual doses the amount of active component of the invention can be
      used for example in an amount of:
PAR  a. in oral dispensation between 5 and 150 mg;
PAR  b. in parenteral dispensation (for example intravenously, intramuscularly)
      between 0.5 and 10 mg;
PAR  c. in inhalation dispensation (solutions or aerosols) between 1 and 20 mg;
PAR  d. in rectal or vaginal dispensation between 5 and 150 mg.
PAR  (The dosages in each case are based on the free base).
PAR  For example, there is recommended the use of 1 to 3 tablets containing 1 to
      100 mg of active ingredient 3 times daily or for example, intravenously
      the injection 1 to 3 times daily of a 0.5 to 2 ml ampoule containing 0.5
      to 10 mg of active substance. In oral preparations the minimum daily
      dosage for example is 10 mg; the maximum daily dosage should not be over
      1000 mg.
PAR  In the treatment of dogs and cats the oral individual dosage in general is
      between about 5 and 100 mg/kg body weight; the parenteral individual
      dosage is between about 0.5 and 10 mg/kg body weight. In the treatment of
      horses and cattle the individual dosage orally is generally between 5 and
      500 mg/kg; the parenteral individual dosage is between 0.5 and 50 mg/kg
      body weight.
PAR  The acute toxicity of the compounds of the invention in the mouse
      (expressed by the LD.sub.50 mg/kg method of Miller and Tainter, Proc. Soc.
      Exper. Biol. and Med., Vol. 57 (1944), pages 261 et seq.) in oral
      application is between 500 mg/kg and 2000 mg/kg (or above 2000 mg/kg).
PAR  The drugs can be used in human medicine, in veterinary medicine, e.g., to
      treat cats, dogs, horses, sheep, cattle, goats and pigs or in agriculture.
      The drugs can be used alone or in admixture with other pharmacologically
      active materials.
PAR  The free acids can also be used as curing agents for melamine-formaldehyde
      resins.
PAC  EXAMPLE 8
PAC  1-methyl-5-(o-chlorophenyl)-6-aza-7-dimethylamino-1,2-dihydro-3H-1,4-benzod
     iazepinone-(2).
      ##SPC19##
PAR  To a solution of 6 grams of
      5-(o-chlorophenyl)-6-aza-7-dimethylamino-1,2-dihydro-3H-1,4-diazepinone-(2
     ) (prepared in Example 7) in 50 ml of dry dimethyl formamide there was
      added with stirring in a nitrogen atmosphere at room temperature 0.9 gram
      of sodium hydride (57% in white oil) and the mixture allowed to stir for
      one hour whereupon the temperature rose to 49.degree.C. Then there were
      added dropwise 3 grams of methyl iodide whereupon the temperature rose to
      50.degree.C. The mixture was stirred for 2 hours and then 200 ml of water
      were added. The oil which precipitated crystallized upon rubbing and
      standing. The material was recrystallized from a little methanol. M.P.
      158.degree.-162.degree.C.
PAC  EXAMPLE 9
PAC  1-allyl-5-(o-chlorophenyl)-6-aza-7-dimethylamino-1,2-dihydro-3H-1,4-benzodi
     azepinone-(2).
      ##SPC20##
PAR  The procedure of Example 8 was repeated replacing the methyl iodide by 3
      grams of allyl bromide to obtain the title compound. M.P.
      113.degree.-115.degree.C.
PAC  Starting materials for EXAMPLE 1
PAR  a. 2-benzoyl-3-nitro-6-dimethylaminopyridine.
PAL  124 grams of 2-benzoyl-3-nitro-6-chloropyridine (prepared acc. to U.S.
      application Ser. No. 313,542) were dissolved in 500 ml n-propanol and 50
      grams dimethylamine were introduced into the solution at 100.degree.C with
      stirring within 3 hours. Stirring was then continued for 1 hour and the
      solution left over night. The desired compound crystallized out on
      seeding. It was filtered with suction and washed with ethanol.
PAR  Yield 114 grams; M.P. 115.degree. to 117.degree.C.
PAR  b. 2-benzoyl-3-amino-6-dimethylaminopyridine.
PAL  50 grams of the above nitro-compound were dissolved in 500 ml methanol and
      20 grams hydrazine-hydrate were added. Then 5 grams Raney nickel were
      added in portions with stirring at 30.degree.C within 90 minutes. After
      standing over night the mixture was filtered, the filtrate concentrated in
      vacuo, and the remainder dissolved in 500 ml chloroform and
      chromotographed over silica gel. The eluate was evaporated, the remaining
      sirup crystallized slowly. It was used for further reaction without
      further purification.
PAR  Yield 24 grams.
PAR  c. 2-benzoyl-3-carbobenzoxyaminoacetylamino-6-dimethylaminopyridine.
PAL  A mixture of 22 grams of the compound obtained under (b), 22 grams
      carbobenzoxyglycine, 200 ml of dioxane and 22 grams of
      ethyl-1,2-dihydro-2-ethoxy-1-quinolinecarboxylate (EEDQ) were stirred at
      room temperature for 90 minutes. To the resulting solution then ether and
      petroleumether were added to turbidity. The compound crystallized on
      seeding.
PAR  Yield 20 grams; M.P. 114.degree.C.
PAR  d. 2-benzoyl-3-aminoacetylamino-6-dimethylaminopyridine.
PAL  19 grams of the compound obtained under (c) were added in portions to 150
      ml of a 40% solution of HBr in acetic acid at room temperature with
      stirring, whereby carbondioxide was evolved. After the addition the
      solution was left for 1 hour, then diluted with 600 ml of ether with
      stirring. The precipitate crystallized on prolonged stirring. It was
      filtered with suction, dissolved in 50 ml of methanol, made alkaline with
      aqueous ammonia and diluted with water until turbid. The resulting
      crystals were filtered with suction. Yield 11 grams. On melting the
      compound partly cyclized to the compound acc. to example 1.
PAC  Starting materials for EXAMPLE 6
PAR  a. 2-(o-chlorobenzoyl-)-3-nitro-6-dimethylaminopyridine.
PAL  100 grams of 2-(o-chlorobenzoyl-)-3-nitro-6-chloropyridine (prepared acc.
      to U.S. application Ser. No. 313,542) were reacted as described above for
      starting materials of example 1.
PAR  Yield 90 grams; M.P. 142.degree.C.
PAR  b. 2-(o-chlorobenzoyl-)-3-amino-6-dimethylaminopyridine.
PAL  The reduction of (a) was carried out as shown under starting material for
      example 1 with hydrazine and Raney nickel. 30 grams of the nitro compound
      gave 17 grams of the sirupy amine.
PAC  Starting materials for EXAMPLE 7
PAR  a. 2-(o-chlorobenzoyl-)-3-nitro-6-benzylaminopyridine.
PAL  A mixture of 52,5 grams of 2-benzoyl-3-nitro-6-chlorpyridine, 300 ml
      n-propanol, 23,5 grams benzylamine and 28 grams potassium carbonate was
      stirred with reflux for 5 hours. The hot solution was filtered. The
      product crystallized on cooling. It was filtered with suction and washed
      with n-propanol.
PAR  yield 44,5 grams; M.P. 140.degree. to 143.degree.C.
PAR  b. 2-(o-chlorobenzoyl-3-amino-6-benzylaminopyridine. The nitro compound
      described above was reduced with hydrazine and Raney nickel in the manner
      shown under starting materials for example 1. The compound crystallized
      after chromatographing. 45 grams of the nitro compound yielded 28 grams of
      the amino compound. M.P. 130.degree.C.
PAR  c. 2-(o-chlorobenzoyl-)-3-(bromacetamino-)-6-benzylaminopyridine
PAL  23 grams of the 3-amino compound were suspended in 200 ml of dioxane and 10
      ml of pyridine. Then 13 grams of bromoacetylbromide were added in portions
      with stirring. The temperature rose to 50.degree.C and a clear solution
      resulted. Stirring was continued for 30 minutes, then the mixture was
      poured on 750 ml of ice water. The precipitating oil was dissolved in 200
      ml of ether, the ether solution dried and an ethanolic solution of HCl
      added. The precipitating sirup crystallized on seeding. The crystals were
      filtered off and recrystallized from n-propanol.
PAR  Yield 20 grams; M.P. 149.degree. to 151.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC21##
PAL  wherein R.sub.1 is the group --NR.sub.a R.sub.b or --N.sup.+R.sub.a R.sub.b
      R.sub.c X--;
PAL  where R.sub.1 is --NR.sub.a R.sub.b and R.sub.a and R.sub.b are hydrogen,
      alkyl of 1 to 6 carbon atoms, hydroxyalkyl of 1 to 6 carbon atoms,
      alkanoyl of 2 to 6 carbon atoms or benzyl or --NR.sub.a R.sub.b is
      morpholino, pyrrolidino, piperidino, piperazino or homopiperidino; when
      R.sub.1 is --N.sup.+R.sub.a R.sub.b R.sub.c X.sup.-  R.sub.a R.sub.b and
      R.sub.c are all alkyl of 1 to 6 carbon atoms and X.sup.- is a halide,
      sulfate, acetate, citrate or p-toluene sulfonate;
PAL  R.sub.2 and R.sub.3 are hydrogen, halogen, trifluoromethyl, nitro, nitrile,
      hydroxy, lower alkyl or lower alkoxy;
PAL  R.sub.4 is hydrogen;
PAL  Z is a nitrogen atom or the NO group; R.sub.5 is hydrogen, lower alkyl or
      lower alkenyl;
PAL  or a pharmaceutically acceptable acid addition salt thereof;
PAL  or a tautomeric form of the formula
      ##SPC22##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, and R.sub.5 are as defined
      above or a pharmaceutically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound according to claim 1 wherein any halogen present other than
      as a quarternary ion has an atomic weight of 9 to 80.
NUM  3.
PAR  3. A compound according the claim 2 wherein R.sub.1 is alkylamino of 1 to 6
      carbon atoms, dialkylamino of 1 to 6 carbon atoms in each alkyl group,
      hydroxyalkylmino having 2 to 4 carbon atoms, benzylamino, morpholino,
      pyrrolidino, piperazino or homopiperidino or, when a quaternary ammonium
      group, the dialkylamino of 1 to 6 carbon atoms in each alkyl group is
      further quaternized with alkyl of 1 to 3 carbon atoms, R.sub.2 and R.sub.3
      are hydrogen, fluorine, chlorine or bromine, R.sub.4 is hydrogen and
      R.sub.5 is hydrogen or alkyl of 1 to 6 carbon atoms.
NUM  4.
PAR  4. A compound according to claim 3 wherein R.sub.3 is hydrogen.
NUM  5.
PAR  5. A compound according to claim 4 wherein any alkyl group present does not
      have over 4 carbon atoms.
NUM  6.
PAR  6. A compound according to claim 5 wherein any alkyl group present is
      methyl.
NUM  7.
PAR  7. A compound according to claim 5 wherein R.sub.1 is dialkylamino,
      trialkylamino halide, morpholino, hydroxyethyl, or benzyl, R.sub.2 is
      hydrogen, chlorine or fluorine, R.sub.4 is hydrogen, R.sub.5 is hydrogen
      and A is oxygen.
NUM  8.
PAR  8. A compound according to claim 7 wherein R.sub.1 is dimethylamino,
      trimethylamino halide wherein the halogen is chlorine, bromine or iodine,
      morpholino, hydroxyethyl or benzyl.
NUM  9.
PAR  9. A compound according to claim 1 wherein R.sub.a and R.sub.b are
      hydrogen, alkyl groups of 1 to 6 carbon atoms, hydroxyalkyl groups of 1 to
      6 carbon atoms or benzyl or NR.sub.a R.sub.b is morpholino.
NUM  10.
PAR  10. A compound according to claim 1 wherein R.sub.1 is --N R.sub.a R.sub.b
      or --N.sup.+R.sub.a R.sub.b R.sub.c X.sup.- and where R.sub.1 is
      --NR.sub.a R.sub.b, R.sub.a and R.sub.b are hydrogen, alkyl of 1 to 6
      carbon atoms, hydroxyalkyl of 1 to 6 carbon atoms or benzyl or --NR.sub.a
      R.sub.b is morpholino and --N.sup.+R.sub.a R.sub.c X.sup.- is as defined
      in claim 1.
NUM  11.
PAR  11. A compound according to claim 4 wherein R.sub.1 is alkylamino of 1 to 6
      carbon atoms, a dialkylamino with 1 to 6 carbon atoms in each alkyl group,
      hydroxyalkylamino having 2 to 4 carbon atoms, benzylamino or morpholino.
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ABST
PAL  Resolution of .alpha.-amino-.epsilon.-caprolactam with simultaneous
      racemization of the undesired .alpha.-aminocaprolactam enantiomer is
      effected by preferentially crystallizing the L- (or D-)
      .alpha.-amino-caprolactam compound in the presence of a racemization
      catalyst. In a narrower embodiment racemization of
      .alpha.-amino-.epsilon.-caprolactam is effected by alternate routes of
      forming a coordinately saturated aminolactam-metal complex and reacting
      with a strong base or reacting a mixture of an aminolactam salt and
      aminolactam free base with a chelating carbonyl compound and a metal ion
      or reacting a mixture of an aminolactam salt and aminolactam free base in
      the presence of a salen derivative complex.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention in a preferred embodiment relates to a simultaneous,
      one-stage resolution/racemization procedure for
      .alpha.-amino-.epsilon.-caprolactam. This invention relates also to a
      novel method for the racemization of optically active
      .alpha.-amino-.epsilon.-caprolactam at relatively low temperatures.
PAR  2. Brief Description of the Prior Art
PAR  Often one enantiomer of a compound having D- and L-forms is preferred over
      the other enantiomer of that compound. For example, lysine, an essential
      amino acid, exists in both D- and L-forms; however, only L-lysine
      possesses nutritional value. Although many synthetic methods for the
      production of lysine have been proposed, all non-biological methods have
      entailed preparation of either D,L-lysine or a D,L-racemic mixture of a
      lysine precursor such as D,L-lysine amide or
      D,L-amino-.epsilon.-caprolactam. If used in this racemic form, these
      precursors would lead to the production of D,L-lysine or salt thereof.
      Such a mixture might conceivably be used without separation of the
      non-nutritional D-isomer but such a procedure would result in considerable
      waste. It is therefore advantageous to separate or resolve the two
      enantiomers to recover the desired enantiomer and then to racemize the
      non-nutritional or useless D-enantiomer to form additional D,L-racemic
      mixture from which the desired L-enantiomer is again recovered, with the
      procedure being repeated as often as desired. In accordance with a
      procedure of this kind, essentially all the D-enantiomer is in course
      transformed into the desired L-form. Similarly for other compounds in
      which the D-, rather than the L-, enantiomer is desired, this procedure
      allows racemization of the L-enantiomer to yield additional D-enantiomer
      and subsequent recovery of the D-form.
PAR  Although methods are known to effect resolution and racemization of
      .alpha.-amino-.epsilon.-caprolactam as separate operations, no procedure
      is known which accomplishes both resolution and racemization in a single
      stage operation. An example illustrating resolution is the procedure
      disclosed in U.S. application Ser. No. 301,409,  entitled "Resolution of
      .alpha.-aminocaprolactam", filed Oct. 27, 1972, now U.S. Pat. No.
      3,824,231, wherein racemic mixture of D,L-.alpha.-aminocaprolactam are
      resolved in accordance with a method comprising:
PA1  a. forming a complex by admixing D,L-.alpha.-amino-.epsilon.-caprolactam at
      about 10.degree.-100.degree.C. in a solvent such as methanol, ethanol or
      isopropanol, or mixtures thereof, with metal ions, e.g. nickel in the plus
      2 valence state;
PA1  b. separating a solid phase rich in the D- or L-isomer by seeding the
      solution with crystals of an aminocaprolactam metal complex of the
      respective D- or L-isomer;
PA1  c. recovering L-.alpha.-aminolactam from the precipitated L-isomer complex;
PA1  d. racemizing the precipitated D-isomer complex and recycling to step (b).
PAL  Racemization of optically active .alpha.-amino-.epsilon.-caprolactam in the
      presence of Ni.sup.+.sup.+ and other transition metal ions is disclosed
      also in U.S. Pat. No. 3,692,775.
PAR  It is also known that the racemization of optically-active aminolactams and
      amides of amino acids can be carried out in the presence of sodium by
      distillation in the absence of a solvent under vacuum at elevated
      temperatures, e.g. 180.degree. to 190.degree.C. This process has the
      disadvantage that high temperatures must be employed and only about 70%
      recovery is obtainable; these conditions add substantially to the expense
      of such process. Another process wherein racemization of aminolactams
      occurs by sodium hydroxide treatment in the presence of organic solvents,
      such as toluene and other hydrocarbons, is disclosed in U.S. Pat. No.
      3,105,067. This process has the disadvantage that the comparatively high
      boiling point of the solvent makes it difficult to obtain a solvent-free
      product and adds to the heat requirements needed to recover the solvent
      for recycle. These conditions, moreover, add substantially to the capital
      investment and the operating costs of such process.
PAR  Because crystallization of the desired enantiomer occurs only from a
      supersaturated solution of the enantiomer to be recovered, only a small
      fraction of the desired enantiomer can be recovered in one crystallization
      stage before the supersaturation is depleted. The extent of
      crystallization may be increased by simultaneously removing solvent, e.g.
      by evaporation. In that case, however, the concentration of the undesired
      enantiomer would increase and eventually it would also crystallize out,
      thus disrupting the resolution. It is, therefore, necessary to keep the
      extent of crystallization, i.e. resolution, at a relatively low level. The
      remaining solution consists of the rest of the desired enantiomer and the
      undesired enantiomer. Since previously known racemization techniques
      require the application of elevated temperatures which produces
      significant losses of the desired enantiomer, it has heretofore been
      undesirable, therefore, to racemize the entire mother liquor remaining
      after one crystallization step because of the irretrievable thermal loss
      of the desired enantiomer in the racemization process. For this reason a
      method has been employed which entails passing the
      D,L-.alpha.-aminocaprolactam/metal complex solution over alternate beds of
      D- and L-seed crystals. After contacting a solution of either isomer with
      a D- or L-seed bed and depositing part of the D- or L-isomer, the liquor
      is re-enriched by dissolving additional D,L-.alpha.-aminocaprolactam metal
      complex, e.g. by heating at a higher temperature, and/or part of the
      solvent evaporated off to concentrate the solution and thereby facilitate
      further precipitation of the other isomer; the solution is then passed to
      a seed bed of the other isomer, which isomer is preferentially
      precipitated. After passing over the alternate isomer seed beds with
      concentration or enrichment after each precipitation, the solution will
      contain approximately equivalent concentrations of both isomers. New
      D,L-mixture is continuously added to the recycling process stream, with D-
      and L-isomer crystals being separately deposited from the solution onto
      the beds. After recovery, the undesired D-crystals are then dissolved,
      racemized and recycled while the desired L-crystals are separated from the
      metal complex and further treated.
PAR  If a method could be provided which effects racemization of
      .alpha.-amino-.epsilon.-caprolactam at relatively low temperatures and
      with substantially no loss of .alpha.-amino-.epsilon.-caprolactam, it
      would be advantageous because it would permit racemization of the entire
      mother liquor remaining after recovery of the desired
      .alpha.-amino-.epsilon.-caprolactam enantiomer; thus greatly simplifying
      the resolution/racemization process.
PAR  A still greater simplification would result, however, if it could be
      demonstrated that racemization of the undesired
      .alpha.-amino-.epsilon.-caprolactam enantiomer could take place
      simultaneously with the resolution of the desired enantiomer. In this
      case, the resolution/racemization process would take place in a single
      stage, thus eliminating the need for a separate racemization reactor.
      Moreover, since the undesired enantiomer would be continuously transformed
      to the desired enantiomer by means of racemization, it would become
      possible to effect high recovery of the desired enantiomer in a single
      pass without danger of crystallizing at the same time as the undesired
      enantiomer.
PAR  There is thus a need for a method in which resolution of racemic compounds
      may be effected simultaneously with racemization of the undesired optical
      isomer so as to effect a single stage operation.
PAR  There is also a need for a racemization method which may be effected at
      relatively low temperatures thereby allowing racemization of a mixture
      containing both the desired and undesired enantiomers without suffering a
      loss of the desired enantiomer.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention,
      .alpha.-amino-.epsilon.-caprolactam (ACL) may be rapidly and effectively
      resolved and racemized in a single operation instead of by the multiple
      stage procedures required heretofore. In practicing the invention, the
      resolution of .alpha.-amino-.epsilon.-caprolactam and racemization of the
      undesired aminocaprolactam enantiomer may be effected in a single stage in
      a convenient and expeditious manner. We have discovered that solutions of
      aminocaprolactam complexes or salts can be rapidly racemized, as described
      hereafter, at relatively low temperatures. Crystals of optically active
      aminocaprolactam complexes or salts of aminocaprolactam do not
      significantly racemize when suspended in a medium containing the dissolved
      complex or salt under the conditions that effect racemization in solution.
      We have further discovered that optically active crystals suspended in a
      supersaturated solution of the corresponding racemic compound effect
      resolution by preferential crystallization of one isomer even under
      conditions of relatively fast racemization in the solution. Further, we
      have found that we can effect resolution of
      .alpha.-amino-.epsilon.-caprolactam by making a diastereomeric salt with
      an optically active acid and preferentially crystallizing the
      diastereomeric salt of L-.alpha.-aminocaprolactam with simultaneous
      racemization of the D-.alpha.-aminocaprolactam; under these conditions,
      the optically active acid does not significantly racemize. The steps in
      the combined resolution/racemization of D,L-aminocaprolactam comprise:
PA1  a. forming a supersaturated feed solution of an aminocaprolactam compound
      and maintaining said solution at a temperature of below 120.degree.C. and
      under conditions such that the racemization rate constant of
      aminocaprolactam is at least 0.001 min..sup.-.sup.1 ;
PA1  b. contacting said solution with seed crystals of the desired isomer of
      said compound; and
PA1  c. removing the grown crystals of said compound.
PAR  In a preferred embodiment crystallization of a complex salt of the desired
      enantiomer of ACL is effected using seed crystals of the complex of the
      same enantiomeric structure. Two such suitable complex salts are
      (ACL).sub.3 NiCl.sub.2 and (ACL).sub.3 CoCl.sub.2.
PAR  To effect the single stage resolution/racemization, the resolution
      procedure disclosed above in connection with copending application Ser.
      No. 301,409, now U.S. Pat. No. 3,824,231, may be adapted with the
      important modifications which follow.
PAR  The single stage process, according to the present invention, may be
      conducted due to the fact that ACL complexed with Ni.sup.+.sup.+ can be
      easily racemized, provided that a strong base is present and provided
      further that excess ACL is present, at the same temperature that
      resolution takes place. When so conducted, the desired enantiomer [e.g.
      (L--ACL).sub.3 NiCl.sub.2 ] is resolved by crystal growth on seed crystals
      of this enantiomer, while the undesired enantiomer [e.g (D--ACL).sub.3
      NiCl.sub.2 ] simultaneously racemizes in solution. The steps employed to
      effect this single stage process in essence involve the same above-noted
      steps of (a) forming the complex of .alpha.-aminocaprolactam and (b)
      separating a solid phase rich in the D- or L-isomer. However, the
      procedure is modified by the following considerations:
PAR  In step (b) when contacting said supersaturated solution with seed crystals
      of the corresponding complex salt of the desired enantiomer, a strong base
      catalyst and ACL-free base are employed in combination with an appropriate
      temperature so that the rate of racemization in solution is relatively
      fast.
PAR  It is thus seen that a relatively expeditious and convenient
      single-operation resolution/racemization is expected. In particular, no
      separate steps are necessary to recover and racemize the undesired
      enantiomer.
PAR  As an alternate procedure which combines resolution and racemization a
      method which involves the preferential crystallization of a salt of the
      desired enantiomer of ACL on seed crystals of the salt of the same
      enantiomeric structure is used. Illustrative salts which may be so
      resolved into two enantiomeric forms are ACL.HCl, ACL.HBr,
      ACL..beta.-naphthalene sulfonic acid, ACL.2-naphthylamine sulfonic acid,
      and the like.
PAR  The steps required to effect resolution in this alternate procedure are
      similar to steps (a) and (b) described in the case of the resolution of
      complex, except that a salt is substituted for the complex of the
      hereinabove described process.
PAR  In using salts in the latter process it is somewhat more difficult to
      transform the resolution/racemization into a single stage process because
      of the increased difficulty of racemization of the salt at temperataures
      low enough to effect resolution. We have discovered the following
      mechanism which offsets this difficulty.
PAR  Free ACL is mixed with the salt and at the same time a catalyst which
      racemizes ACL is introduced. Since exchange between free ACL and ACL salt
      is rapid in solution, racemization of ACL results in racemization of the
      ACL salt also. The following precautions of a practical nature should be
      adhered to:
PAR  The catalyst should remain in solution while the L-ACL salt crystallizes;
      this normally requires the use of dilute concentrations of catalyst.
PAR  At low catalyst levels the racemization is slow at the temperatures at
      which resolution has been disclosed in the prior art. Illustrative of such
      prior art are the following:
PAR  U.S. Pat. No. 3,591,579 involving resolution of ACL salts with
      .beta.-naphthalene sulfonic acid or 2-naphthylamine-1-sulfonic acid
      disclosing a temperature of 20.degree.-30.degree.C., or
PAR  Belgian Pat. No. 788,009, Dec. 18, 1972, involving resolution of DL-ACL.HCl
      in presence of DL-ACL at a temperature of 20.degree.-45.degree.C.
PAR  In accordance with the purposes of the present invention, therefore, we
      have found that operation at temperatures higher than 45.degree.C. is
      desirable in order to have a sufficiently high racemization rate.
PAR  At increased temperatures, however, the adverse effect of temperature on
      resolution must be considered. Therefore, the lowest temperature
      consistent with suitable racemization and as determined by the catalyst
      utilized should be employed. It is to be noted that the fact that
      resolution could be effected suitably at higher temperatures itself is not
      obvious from the prior art.
PAR  Illustrative catalysts which may be used for racemization of the salt/ACL
      mixtures are the following:
PAR  A. Derivatives of chelating carbonyl compounds such as salicylaldehyde,
      e.g. 5-nitrosalicylaldehyde and metal ions, e.g. Fe.sup.2.sup.+,
      Fe.sup.3.sup.+, Al.sup.3.sup.+, Cu.sup.2.sup.+, Ni.sup.2.sup.+ and the
      like.
PAR  B. Complexes of salen derivatives with Fe.sup.+.sup.+  or Co.sup.+.sup.+ ,
      e.g. Fe.sup.II (5-nitrosalen), shown in the following formula:
      ##SPC1##
PAR  Still another alternative method of effecting a single stage
      resolution/racemization involves the preferential crystallization of a
      diastereomer salt of the desired enantiomer of ACL. Illustrative of
      diastereomeric salts is the disclosure in U.S. Pat. No. 3,275,619 relating
      to resolution of ACL with 2-pyrrolidone carboxylic acid. In this
      embodiment, use of seed crystals of the same diastereomeric structure is
      optional since once the process is started the crystals once formed
      inherently are present in the system.
PAR  Several such diastereomeric salts are known which may be utilized including
      the following:
PA1  L-acl.l-pyrrolidone carboxylic acid
PA1  L-acl.d-n-carbamoyl valine
PA1  L-acl.l-n-p-nitrobenzoyl glutamic acid
PA1  L-acl.l-n-benzoyl glutamic acid
PA1  L-acl.l-n-p-toluyl glutamic acid
PA1  L-acl.l-n-p-chlorobenzoyl glutamic acid
PAL  and the like. In general, the steps employed in this type of resolution
      comprise:
PA1  a. forming diasteromeric salts of ACL by reaction with one enantiomer form
      of an asymmetric acid in a suitable solvent,
PA1  b. crystallizing preferentially the diasteromeric salt of the desired
      enantiomer of ACL and separating said preferred salt. Subsequently, steps
      are taken to recover the undesired enantiomer of .alpha.-aminocaprolactam,
      to racemize said enantiomer and to recycle same to step (a). In accordance
      with the invention, the crystallization of the diasteromeric salt of the
      desired aminolactam enantiomer can be effected under conditions such that
      racemization in solution of the undesired aminolactam enantiomer is
      relatively fast permitting a single stage resolution/racemization.
PAR  The catalyst systems utilized may include those described hereinabove with
      reference to the system utilizing an enantiomeric salt. The considerations
      outlined in connection with the above alternative relating to the use of
      dilute concentration of catalysts apply also in general in this
      embodiment. Moreover, in connection with use of diasteromeric salts the
      optically active acid used to form the L-ACL diastereomeric salt must not
      racemize substantially under the conditions of ACL
      racemization/resolution.
PAR  While we do not wish to be limited thereby, the following theory is
      submitted as applicable to the system of the invention wherein resolution
      of one enantiomer (i.e. the L) with simultaneous racemization of the other
      enantiomer (i.e. the D) occurs. In the system at steady state, i.e. when
      the rate of resolution is equal to the rate of racemization, it is
      postulated that:
EQU  Rate of Resolution = k.sub.r (C.sub.D --C.sub.L)
PAL  where C.sub.D is the concentration of the D-enantiomer and C.sub.L the
      concentration of the (desired) L-enantiomer and k.sub.r is the rate
      constant of racemization which must be at least 0.001 min..sup.-.sup.1.
      More generally, a range of from about 0.01 min..sup.-.sup.1 to about 10
      min..sup.-.sup.1 is contemplated. From this equation, at steady state the
      rate of resolution is proportional to the rate constant of racemization
      and to the excess concentration of D- over L- in solution. The excess of
      D- over L- in solution cannot exceed a certain limit, e.g. C.sub.D
      .ltoreq.2C.sub.L, without causing crystallization of the D-species which
      would disrupt the resolution process. Thus, for a simultaneous combined
      resolution/racemization process, the parameter of prime importance is the
      rate constant of racemization, k.sub.r. The value of k.sub.r can be
      increased in either of two methods: first, it may be increased by raising
      the reaction temperature since, in general, the rate constants
      approximately double for every 10.degree.C. rise in temperature. However,
      a rise in temperature will also increase the solubility of the species to
      be resolved and may also cause undesirable side reactions. Another way to
      increase the rate constant k.sub.r is to utilize a suitable catalytic
      system. A catalyst system which we have found to be suitable in the case
      of ACL complex resolution/racemization comprises a combination of a metal
      complex of ACL and a strong base under conditions of coordinational
      saturation of the metal ion. Using this system we are able to increase
      k.sub.r by a factor in the order of 1000 and even more at a given
      temperature. In contrast, to obtain a comparable increase in k.sub.r using
      conventional racemization methods, it would be necessary to raise the
      reaction temperature about 100.degree.C. to a temperature at which it
      would be difficult to effect resolution or at least economically and
      technically not feasible. In the case of resolution/racemization of ACL
      enantiomeric salts and ACL diastereomeric salts, the catalyst systems
      which are best suited comprise a combination of the ACL (enantiomeric or
      diastereomeric) salt, ACL-free base, and either a derivative of a
      chelating carbonyl compound, e.g. salicylaldehyde in the presence of metal
      ions, e.g. Fe.sup.2.sup.+, Fe.sup.3.sup.+, Al.sup.3.sup.+, Cu.sup.2.sup.+,
      Ni.sup.2.sup.+ and the like, or a Fe .sup.2.sup.+ or Co.sup.2.sup.+
      complex of salen or of a derivative of salen.
PAR  While the preferred objective of the present invention involves a process
      for simultaneous resolution and racemization, the invention contemplates
      also a novel racemization method per se. Racemization of aminocaprolactam
      in the prior art was effected at relatively high temperatures and
      relatively long periods, e.g. temperatures of the order of 100.degree.C.
      and about 4 hours, whereas the present invention may effect essentially
      complete racemization at substantially lower temperatures, i.e. below
      about 80.degree.C. and in periods of time of the order of 30 minutes.
PAR  Moreover, in conjunction with the enantiomeric salt and diastereomeric salt
      systems of the present invention, it is found that such systems are
      compatible with aminolactam salts whereas with known systems of the prior
      art generally a strong base would interact with lactam salts resulting in
      decomposition to free aminolactam and formation of an inorganic salt.
PAR  It is thus seen that in some instances by using the racemization procedures
      described by the present invention, it may be advantageous to conduct the
      racemization and resolution in separate stages. In particular, when the
      resolution cannot be conducted efficiently at temperatures of efficient
      racemization, e.g. aminolactam .beta.-naphthalenesulfonate resolves very
      efficiently at about 30.degree.C., whereas at higher temperatures, i.e.
      where the rate of racemization is higher, the efficiency of resolution is
      relatively low. In this case it would clearly be advantageous to effect
      racemization at about 65.degree.C. and the resolution in a separate stage
      at about 30.degree.C.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The flowsheet is illustrative of a continuous single stage process in which
      the aminocaprolactam-nickel chloride complex is racemized and resolved
      according to a preferred embodiment of the invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In effecting the single stage racemization/resolution utilizing a metal
      complex and amino-.epsilon.-caprolactam, the metals whose ions may be
      employed, include nickel and cobalt or mixtures of these ions in the plus
      2 valence state. The mol ratio of .alpha.-amino-.epsilon.-caprolactam to
      metal ion ranges from a minimum of about 3:1 to about 20:1, preferably
      from about 3.5:1 to about 10:1.
PAR  The particular salt of the metal is chosen so that it is soluble in a
      suitable organic medium to the extent necessary to provide the desired
      ion/aminocaprolactam ratio. Any of a variety of salts of the Ni and cobalt
      ions in the plus 2 valence state may be employed in the racemization of
      the .alpha.-amino-.epsilon.-caprolactam, e.g. salts of mineral acids and
      organic acids, such as chlorides and the other halogens; sulfates;
      nitrates; phosphates; acetates; benzoates; and the like. The chloride
      salts are preferred.
PAR  In the single stage resolution/racemization the complex which is formed, it
      will be apparent, must also be capable of resolving. While a variety of
      nickel and cobalt salts may also be used in forming the complex with a
      .alpha.-amino-.epsilon.-caprolactam to effect resolution, nickel chloride
      or cobalt chloride are preferred.
PAR  The .alpha.-amino-.epsilon.-caprolactam and metal ion may be contacted with
      each other by various conventional methods, preferably by dissolving salts
      of the above-defined metals in an .alpha.-amino-.epsilon.-caprolactam
      containing medium such as an aminocaprolactam melt or solution, preferably
      the latter.
PAR  In order to effect rapid racemization the presence of a strong base is
      necessary. The function of the strong base is to facilitate elimination of
      the .alpha.-proton of complexed .alpha.-aminocaprolactam which results in
      racemization. It is essential, also, to the process of the present
      invention that the metal ion complex be coordinately saturated, i.e. so
      that the strong base cannot coordinate to a large extent with the metal
      ion. To the extent that such coordination takes place, the strong base
      does not function as a catalyst. The preferred method for insuring that
      the ion is coordinately saturated is to employ an excess amount (i.e. more
      than 3 moles per mole metal ion) of .alpha.-amino-.epsilon.-caprolactam
      which will chelate with any available coordination sites on the
      .alpha.-amino-.epsilon.-caprolactam metal ion complex. Alternatively, the
      .alpha.-amino-.epsilon.-caprolactam metal ion ratio may be maintained at
      3:1 and another complexing agent, e.g. ethylene diamine, sodium lysinate,
      1,10-phenanthroline ammonia and the like, may be employed.
PAR  Any solvent which will dissolve both the metal salt and
      .alpha.-amino-.epsilon.-caprolactam without substantial reaction is
      suitable.
PAR  Suitable solvents for the preparation of ACL complex solutions include
      alcohols which dissolve greater than 2 volume percent water at
      20.degree.C., including, for example, alcohols such as methanol, ethanol,
      isopropanol, allyl alcohol, ethylene glycol, diethylene glycol, glycerol,
      and 2-methoxyethanol. Preferably the solvent is methanol, ethanol,
      isopropanol or a mixture thereof, containing less than about 5 volume
      percent water, especially ethanol, and including anhydrous alcohols.
      Solvents containing greater than about 5% water should be avoided since
      hydrolysis of .alpha.-amino-.epsilon.-caprolactam to lysine may result.
      Also, the rate of racemization is depressed to some extent in the pressure
      of water.
PAR  Strong bases suitable for use in the invention include the alkali and
      alkaline earth metal salts and hydroxides thereof, such as potassium
      hydroxide, sodium hydroxide, and the like; carbonates such as sodium
      carbonate, calcium carbonate and the like; oxides, such as calcium oxide,
      magnesium oxide and the like; amides such as sodium amide, lithium amide
      and the like; alcoholates such as sodium ethoxide, potassium ethoside and
      the like; and quarternary ammonium compounds such as tetrabutylammonium
      hydroxide, tetraisopropylammonium hydroxide and the like, as well as
      strongly basic anion exchange resins such as those of the quarternary
      ammonium type. Particularly well suited bases are hydroxides or alkoxides
      of the metal ions of nickel and cobalt, which are used in the
      resolution/racemization reaction. Solutions of such hydroxides or
      alkoxides can be conveniently prepared by treating an alcoholic or aqueous
      alcohol solution of a salt of the metal ion with any of a variety of
      commercially available strongly basic ion exchange resin of the quaternary
      ammonium type, e.g. ANGA-542 or Amberlite IR 400 or a weakly basic ion
      exchange resin of tertiary amine type, e.g. Amberlite IR 45, Dowex 21K,
      etc. The amount of base employed is not critical; however, generally from
      about 1 to about 100 mol percent of the base may be used although
      preferably about 5 to about 30 mol percent is used based on the metal ion.
PAR  The racemization reaction of the instant invention can take place at any
      temperature between ambient temperature and the point at which said medium
      boils under the prevailing pressure conditions. Generally, the higher the
      temperature the faster the rate of racemization. The reaction is
      essentially unaffected by pressure and thus, for convenience, is
      preferably run at atmospheric or slightly above atmospheric pressure. With
      an .alpha.-aminocaprolactam solution in which racemization takes place
      simultaneously with resolution, a reaction temperature approaching the
      boiling point of the medium is usually preferred since the solvent liquor
      can be evaporated simultaneously with the resolution/racemization
      reaction. This method is particularly suited to a continuous operation in
      which .alpha.-aminocaprolactam complex solution and
      L-.alpha.-amincaprolactam complex seed crystals are continuously fed to a
      flow reactor while grown L-aminocaprolactam complex crystals are removed
      by filtration. The solvent is removed by evaporation. Excessive
      temperatures in some instances can cause adverse side reactions such as
      hydrolysis. The desired temperature range is generally from about
      50.degree. up to about 120.degree.C. and preferably the temperature
      employed is in a range from about 70.degree. to about 95.degree.C.
PAR  The time required to effect total racemization, i.e. for the transformation
      of 100 percent D- or L-.alpha.-amino-.epsilon.-caprolactam into a 50/50
      D,L-racemic mixture will vary but is readily determinable by one skilled
      in the art and will depend on the temperature of reaction and the
      concentrations of the starting material, chelating agent, base and
      catalyst. Under optimum conditions periods up to about 5 minutes to 1 hour
      will be adequate for complete racemization.
PAR  In the preferred embodiment of the present invention which comprises the
      one-stage resolution/racemization of .alpha.-amino-.epsilon.-caprolactam
      complex, the resolution and recrystallization of the desired enantiomer is
      achieved by contacting the solution with a seed bed of crystals of the
      metal complex of the desired enantiomer. The addition of the seed crystals
      will cause the desired enantiomer to preferentially crystallize out around
      the seed crystals leaving a solution rich in the undesired enantiomer to
      be racemized. The more concentrated the starting solution, the more
      readily crystallization occurs. However, we have found that solutions
      containing from about 10 to about 60 wt. % dissolved complex are most
      suitable for use in the instant process. It will be understood that the
      initial solution which is contacted with the seed crystals need not be
      exactly a 50/50 mixture of D- and L-isomers.
PAR  The term "seed bed" as used herein is well known in the crystallization art
      and connotes either a fixed or fluidized crystal bed or even a simple
      stirred vessel containing seed crystals.
PAR  The amount of seed crystals used to initiate crystallization from the
      solution can vary widely but ordinarily it is desirable to contact the
      solution with at least about 1.0 wt. % of seed crystals based on the
      weight of the mixture of isomers present in solution. Seed crystals are
      initially prepared by contacting optically pure L-aminocaprolactam (or
      D-aminocaprolactam) with the appropriate metal salt. In a continuous
      resolution/racemization process, seed crystals are obtained by subjecting
      to purification all or a portion of the crystalline product obtained in
      said process. Purification may consist of recrystallization or simply
      partial dissolution of the crude crystalline product.
PAR  To effectuate recovery of the desired product in its uncomplexed form,
      various conventional methods may be employed. A process which may be
      suitably used is one in which the metal complex which has crystallized out
      is dissolved or suspended in solvent, preferably a C.sub.1 to C.sub.3
      alcohol, and treated with any strong non-oxidizing mineral acid,
      preferably hydrochloric, sulfuric or phosphoric. The acid effects
      decomposition of the complex and the simultaneous precipitation of the
      desired enantiomer of L-.alpha.-amino-.epsilon.-caprolactam as the acid
      salt. The decomposition can be effected at any temperature above about
      0.degree.C. This may conveniently be effected at ambient or slightly above
      ambient temperature.
PAR  The preferred acid for decomposition of the L-amino-.epsilon.-caprolactam
      metal complex is hydrochloric acid. As disclosed in U.S. Pat. No.
      3,824,231, use of this acid provides the following advantage: Normally,
      the L-.alpha.-aminocaprolactam metal complex obtained in the present
      resolution/racemization process contains small but definite amounts of
      D,L-.alpha.-amino-.epsilon.-caprolactam metal complex. When the
      decomposition of the complex is effected by hydrochloric acid, the
      .alpha.-aminocaprolactam hydrochloride which crystallizes out is
      essentially optically pure, i.e. it is composed almost exclusively of
      L-.alpha.-amino-.epsilon.-caprolactam hydrochloride. The small amount of
      D,L-.alpha.-amino-.epsilon.-caprolactam hydrochloride, which is also
      produced during the decomposition, remains in solution.
PAR  Since the L-amino-.epsilon.-caprolactam is ordinarily further utilized in
      the form of its hydrochloride salt, this is the preferred form of this
      material. L-.alpha.-amino-.epsilon.-caprolactam hydrochloride can be
      hydrolyzed by known methods to afford L-lysine-hydrochloride salt.
PAR  A flowsheet illustrative of the continuous single stage
      resolution/racemization process is shown in the drawing.
      D,L-.alpha.-amino-.epsilon.-caprolactam nickel complex (represented in the
      drawing as DL-Ni) in ethanol originating in mixer IX and passing through
      column X is fed at 11 into resolver/racemizer I along with a strong base
      catalyst which originates in the ion exchanger VIII, although the main
      portion of the strong base catalyst for the racemization is provided by
      recycle stream 14 which is also introduced into reactor I. Nickel complex
      seed crystals of the desired L-.alpha.-amino-.epsilon.-caprolactam 12 are
      also introduced into reactor I. Ethanol is distilled and removed from
      reactor I. (L-ACL).sub.3 NiCl.sub.2 crystallizes out in the presence of
      (L-ACL).sub.3 NiCl.sub.2 seed crystals while racemization of D-ACL occurs
      simultaneously. The reaction mixture is continuously withdrawn at 13 and
      filtered at II with the mother liquor 14 being added to recycled stream
      11. The L-.alpha.-amino-.epsilon.-caprolactam nickel complex filter cake
      which is withdrawn from filter II at 15 is transferred to dissolver III.
      In the dissolver III, the cake is refluxed with methanol, shown entering
      at 16; this results in partial dissolution of the crystals and optical
      upgrading of the residue. Optionally, the dissolver III may contain, or
      have attached thereto, means for reducing the size of the residual
      crystals. Such means include, for example, high speed stirring, ball
      milling, etc. The residual crystals are filtered and washed at IV with
      ethanol shown entering at 17 and the purified metal complex crystals are
      added as seed 12 to the resolution/racemization reactor I. The filtrate is
      passed in stream 18 to decomposer V where anhydrous HCl shown entering at
      19 is introduced to effect decomposition of the metal complex. The contact
      with HCl decomposes the L-.alpha.-ACL.NI complex and precipitates
      optically pure L-.alpha.-ACL.HCl. Any lysine which may be present as
      impurity also crystallizes as lysine.HCl. The resulting stream 20 is
      filtered at VI and the crystalline L-ACL.HCl containing traces of
      NiCl.sub.2 is redissolved in water (not shown) and passed at 21 through a
      chelating resin at VII where the optically pure L-ACL.HCl is separated at
      22 from the NiCl.sub.2 traces 23 which is recovered or may be recycled
      (now shown). The purified aqueous L-ACL.HCl may be further hydrolyzed to
      L-lysine.HCl by reaction with hydrochloric acid. The mother liquor removed
      at 24 comprises dissolved NiCl.sub.2, a small amount of dissolved,
      D,L-.alpha.-ACL.HCl and alcohol solvent. This mother liquor is neutralized
      by contacting with a basic ion exchange resin in column VIII where the
      D,L-.alpha.-ACL.HCl is neutralized to the free base D,L-.alpha.-ACL and
      part of the NiCl.sub.2 is transformed to basic nickel chloride. The resin
      is regenerated to its basic form by a methanol solution of ammonia
      introduced at 30 which removes the chloride ions as a methanol solution of
      NH.sub.4 Cl, as shown at 25. The remaining alcohol solution of ACL,
      NiCl.sub.2, and basic nickel chloride via 26 is combined in a mixer IX
      with feed, D,L-ACL introduced at 27 to form a solution of
      D,L-.alpha.-aminocaprolactam nickel complex and strong base catalyst. The
      thus produced solution introduced via line 28 is distilled at X to remove
      methanol as shown at 29; the remaining stream 11 is recycled to I.
PAR  An alternate procedure which combines resolution and racemization and which
      involves the preferential crystallization of a salt of the desired
      enantiometer of ACL on seed crystals of the salt of the same enantiomeric
      structure may be used. Illustrative salts which may be utilized in this
      alternate procedure are ACL.HCl, ACL.HBr, ACL..beta.-naphthalenesulfonic
      acid, and ACL.2-naphthylamine sulfonic acid, and the like. The steps to
      effect resolution by this procedure involve mixing a solution of the salt
      with seed crystals of the salt of the desired enantiomer of ACL. At the
      same time free ACL and a catalyst which racemizes ACL are introduced.
PAR  Since exchange between free ACL and ACL salt is rapid in solution,
      racemization of ACL results in racemization of the ACL salt also. Certain
      precautions of a practical nature are preferably adhered to in the course
      of this resolution/racemization process:
PAR  The catalyst should remain in solution while the L-ACL salt crystallizes
      which normally requires that dilute concentrations of catalyst be
      employed.
PAR  Because at low catalyst levels the racemization is slow at the temperatures
      (30.degree.-45.degree.C.) at which resolution has been demonstrated, it is
      necessary that the reaction be conducted at temperatures higher than
      45.degree.C. in order to have a sufficiently high racemization rate.
      However, at increased temperatures, precautions against the adverse effect
      of elevated temperature on resolution must be considered. Accordingly, the
      lowest temperature consistent with suitable racemization and as determined
      by the catalyst utilized should be employed.
PAR  Illustrative catalysts which may be employed in the salt/ACL mixtures are
      the following:
PA1  A. complexes of salen* derivatives with Fe.sup.+.sup.+ or Co.sup.+.sup.+
      e.g. Fe.sup.II (5-nitrosalen)
FNT  * N,N'-ethylenebis(salicylideneimine)
      ##SPC2##
PA1  B. derivatives of chelating carbonyl compounds and metal ions
      M.sup.n.sup.+, e.g. Fe.sup.2.sup.+, Fe.sup.3.sup.+, Al.sup.3.sup.+,
      Cu.sup.2.sup.+, Ni.sup.2.sup.+ and the like.
PAR  The following is illustrative of a suitable mechanism for racemization of
      ACL catalyzed by chelating carbonyl compounds of this kind:
      ##SPC3##
PAL  wherein R.sub.1 is H, alkyl or cycloalkyl and R.sub.2 through R.sub.5 are
      H, --NO.sub.2, a halogen, --CN, --COOH, --OCH.sub.3 substituents.
PAR  Reaction of the carbonyl group of the catalyst with the amino group of D or
      L -ACL results in reversible formation of a Schiff base. The Schiff base
      can complex reversibly with a metal ion, M.sup.n.sup.+, wherein n has a
      value of 2 or 3. The resulting complex has a highly labile proton in the
      .alpha.-position of the .alpha.-ACL moiety. This proton can be abstracted
      by a weak base, e.g. .alpha.-ACL, resulting in the production of a
      carbanion of the Schiff base complex which has no asymmetry. Return of the
      proton to the carbanion can form either L- or D- Schiff base complex,
      therefore the net result is racemization. Since all the steps of this
      mechanism are reversible, only catalytic amounts of the chelating carbonyl
      compound and the metal ion are sufficient to cause racemization of all the
      .alpha.-ACL present.
PAR  Certain of said Schiff bases as well as metal complexes, noted hereinbelow
      in greater detail, are novel compositions of matter. Illustrative of such
      novel compositions are the metal complexes of Schiff bases of aminolactam
      with chelating carbonyl compounds such as salicylaldehyde,
      5-nitrosalicylaldehyde and ortho-hydroxyacetophenone. The following
      procedure describes the synthesis of compositions of this kind, i.e.
      bis[N-(D,L-hexa-hydro-2-oxo-2H-azepin-3-yl)-5-nitrosalicylaldiminato]iron
      (III) chloride, Fe.sup.III (5-NO.sub.2 Sal*.ACL).sub. 2 Cl.
FNT  * salicylaldehyde
PAR  In essentially the same manner the following additional complexes were
      prepared:
PA1  Fe.sup.III (Sal.ACl).sub.2 Cl, Fe.sup.III (5---NO.sub.2.Sal.ACL).sub.3,
      Cu.sup.II (5--NO.sub.2 Sal.ACL).sub.2, Zn.sup.II (5--NO.sub.2
      Sal.ACL).sub.2
PAL  Preparation of Fe(5--NO.sub.2 Sal.ACL).sub.2 Cl
PAR  Ferric chloride hexahydrate (405 mg., 1.5 mmol) was dissolved in 15 ml
      methanol, then 5-nitrosalicylaldehyde (501 mg., 3 mmol) was added and the
      mixture heated to boiling to dissolve the aldehyde. To the boiling
      solution was added a hot solution of D,L-.alpha.-aminocaprolactam (768
      mg., 6 mmol) in 5 ml ethanol. The dark red solution was allowed to cool to
      room temperature and stand for several hours, then the dark maroon
      crystals were collected by filtration. The crystals were washed with
      ethanol, water, ethanol, and finally with ether, then dried in vacuo at
      70.degree.C. Yield: 533 mg. (55%). Decomposes but does not melt at
      280.degree.. Analysis: Calcd. for C.sub.26 H.sub.28 ClFeN.sub.6
      O.sub.8.H.sub.2 O: C, 47.18; H, 4.57; N, 12.70; Cl, 5.36; Fe, 8.44. Found:
      C, 47.29; H, 4.55; N, 12.42; Cl, 4.99; Fe, 8.2.
PAR  The complexes can be prepared directly from the Schiff bases themselves
      which are also novel compositions of matter. The Schiff bases which are
      suitable are those derived from the reaction of aminocaprolactam with
      salicylaldehyde or substituted salicylaldehydes in which the substituent
      is an electron withdrawing group. Illustrative substituted
      salicylaldehydes are 5-nitrosalicylaldehyde, 4-nitrosalicylaldehyde,
      3-nitrosalicylaldehyde, 5-chlorosalicylaldehyde, 4-chlorosalicylaldehyde,
      3-chlorosalicylaldehyde, 5-bromosalicylaldehyde, 4-bromosalicylaldehyde,
      3-bromosalicylaldehyde, 5-cyanosalicylaldehyde, 4-cyanosalicylaldehyde,
      3-cyanosalicylaldehyde, 3,5-dinitrosalicylaldehyde,
      3,5-dichlorosalicylaldehyde, 3,5-dibromosalicylaldehyde,
      3,5-dicyanosalicylaldehyde, 3,5-diacetylsalicylaldehyde, and the like. A
      typical preparation is described below for the Schiff base of
      5-nitrosalicylaldehyde and aminocaprolactam:
PAL  Preparation of
      N-(5-nitrosalicylidene)-D,L-.alpha.-amino-.epsilon.-caprolactam or
      alternatively
      N-(5-nitrosalicylidene)-D,L-3-aminohexahydro-2H-azepin-2-one.
PAR  5-Nitrosalicylaldehyde (6.7g, 40 mmol) was dissolved in 75 ml boiling
      ethanol and treated with a hot solution of D,L-.alpha.-aminocaprolactam
      (5.1g, 40 mmol) in 25 ml ethanol. The reaction mixture was allowed to cool
      to room and stand for 0.5 hour, during which time the organic product was
      crystallized from solution. The crystals were collected by filtration,
      washed with ethanol and dried in vacuo at 60.degree.. Yield: 9.5g (86%) mp
      204-207 (dec.) Analysis: Calcd. for C.sub.13 H.sub.15 N.sub.3 O.sub.4 : C,
      56.31; H, 5.45; N, 15.15. Found: C, 56.21; H, 5.71; N, 14.92.
PAR  In a similar manner, the Schiff base of salicyladehyde and aminocaprolactam
      was prepared to yield
      N-salicylidene-D,L-.alpha.-amino-.epsilon.-caprolactam or alternatively
      N-salicylidene-D,L-3-aminohexahydro-2H-azepin-2-one.
PAR  Another method of effecting a single stage resolution/racemization involves
      the preferential crystallization of a diastereomer salt of the desired
      enantiomer of ACL. Use of seed crystals of the same diastereomeric
      structure is optional in this embodiment because the desired
      diastereomeric salt is inherently substantially less soluble than the
      undesired diastereomeric salt.
PAR  Several such diastereomeric salts are known which may be utilized including
      the following:
PA1  L-acl.l-pyrrolidonecarboxylic acid
PA1  L-acl.d-n-carbamoylvaline
PA1  L-acl.l-n-p-nitrobenzoylglutamic acid
PA1  L-acl.l-n-benzoylglutamic acid
PA1  L-acl.l-n-p-toluylglutamic acid
PA1  L-acl.l-n-p-chlorobenzoylglutamic acid and the like.
PAR  The steps employed in effecting resolution via this embodiment comprise:
PA1  a. forming diastereomeric salts of ACL by reaction with one enantiomer form
      of an asymmetric acid in a suitable solvent;
PA1  b. preferentially crystallizing the diastereomeric salt of the desired
      enantiomer of ACL and separating this preferred salt. Simultaneously, the
      undesired enantiomer of the ACL is racemized in solution.
PAR  The catalyst systems utilized may be those described hereinabove with
      reference to a system which employs an enantiomeric salt. Also, the
      considerations outlined in connection with the above enantiomer salt and
      concerning utilization of dilute catalyst concentration apply also in
      general in this alternative. Moreover in connection with the use of
      diastereomeric salts the optically active acid used to form the L-ACL
      diastereomeric salt must not racemize substantially under the conditions
      of ACL racemization/resolution.
PAR  The invention will be further described by the following examples:
PAC  EXAMPLE 1
PAR  A sample of 0.702g. (2.74 mmol) of L-ACL, 1.100g (4.30 mmol) of D,L-ACL,
      3.10 ml (2.00 mmol) of NiCl.sub.2 and 1.0 ml (0.3 mmol) of sodium
      methoxide in ethanol were adjusted with ethanol to 10.0 ml. The molar
      ratio of ACL to NiCl.sub.2 in this solution is 3.5. To obtain other
      ACL/NiCl.sub.2 ratios as shown in Table I, the amounts of sample L-ACL and
      D,L-ACL were increased accordingly. Samples of 2.0 ml each of the solution
      were sealed and placed in a 60.degree.C. (50.degree. and 40.degree.) bath.
      At different time intervals the samples were taken from the bath to
      determine the extent of racemization of L-ACL. To this end each sample was
      quenched and adjusted to 5.0 ml with 1N.HCl. The results of these
      experiments which are presented in Table I show that the racemization rate
      increases with increasing temperature and up to a point, with increasing
      ACL/NiCl.sub.2 ratio. The latter correlation is indicative of the
      importance of rendering Ni.sup.+.sup.+ coordinately saturated. It should
      be noted that even at temperatures as low as 40.degree.C. suitable
      reaction rates are obtained and, in general, a temperature range of about
      40.degree. to about 95.degree.C. may be used.
TBL                TABLE 1.sup.(a)                                             
     ______________________________________                                    
     ACL/NiCl.sub.2                 Racemization Rate                          
     mole ratio                                                                
              Solvent  Temperature .degree.C.                                  
                                    t.sub.1/2, min.                            
     ______________________________________                                    
     3.5      Ethanol  60           70                                         
     4        Ethanol  60           43                                         
     5        Ethanol  60           26                                         
     6        Ethanol  60           22                                         
     3.5      Methanol 50           340                                        
     4        Methanol 50           260                                        
     5        Methanol 50           162                                        
     6        Methanol 50           170                                        
     3.5      Methanol 40           1004                                       
     4        Methanol 40           770                                        
     5        Methanol 40           583                                        
     6        Methanol 40           614                                        
     ______________________________________                                    
      .sup.(a) Concentration of NiCl.sub.2 is 0.20 M.                          
PAC  EXAMPLE 2
PAR  A solution was made containing 3.84g (30 mmol) of L-ACL, 1.48g (10 mmol)
      NiCl.sub.2.H.sub.2 O and 0.081g (1.5 mmol) of NaOCH.sub.3 in 50 ml
      methanol. Aliquots of this solution, 2 ml each, were placed in screw-cap
      vials. A measured quantity of a complexing agent was also added to each
      vial, which was then placed in a bath thermostated at 70.degree.C. The
      extent of racemization was measured at various time intervals and the
      half-life of reaction was calculated. The results which appear in the
      following table show that complexing agents other than ACL can be used to
      render the (ACL).sub.3 NiCl.sub.2 complex coordinately saturated resulting
      in rapid racemization in the presence of a strong base.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Racemization of (L-ACL).sub.3 NiCl.sub.2 in MeOH at 70.degree.C..sup.(a)  
            Complexing                                                         
                      Mole of Complexing Agent                                 
     Sample No.                                                                
             Agent    per mole of (L-ACL).sub.3 NiCl.sub.2                     
                                     t.sub.1/2, min.                           
     __________________________________________________________________________
     1      none      --             433                                       
     2      ACL       1.0            20                                        
     3      NH.sub.3  2.1            58                                        
     4      ethylene- 1.0             9                                        
            diamine                                                            
     5      sodium    1.0            11                                        
            lysinate                                                           
     6      1,10-phenanthro-                                                   
                      1.0            19                                        
            line                                                               
     __________________________________________________________________________
      .sup.(a) in the presence of 15 mol % NaOCH.sub.3                         
PAC  EXAMPLE 3
PAC  Racemization of (L-ACL).sub.3 NiCl.sub.2 Solution in the Presence of
      (L-ACL).sub.3 NiCl.sub.2 Crystals
PAR  A 1.11g (2 mmol) sample of (L-ACL).sub.3 NiCl.sub.2 was added to a solution
      of 264 mg (2.1 mmol) D,L-ACL and 0.3 ml 1M ethanolic KOH (0.3 mmol) in a
      total of 4.4g ethanol. The mixture was heated to reflux and stirred
      continuously. A portion of the crystals dissolved. After 1 hour the
      mixture still remained substantially heterogeneous; the slurry (solid and
      liquid) was sampled, evaporated to dryness, and the optical rotation
      obtained. The result showed 70% racemization of L-ACL. Refluxing was
      continued for 4.5 hours, but the mixture remained heterogeneous. A sample
      of the slurry proved to be only 73% racemized, that is, no significant
      change from the earlier sample. The remaining slurry was filtered and the
      optical purity of the crystals was determined and found to be 100%. The
      mother liquor was essentially racemic. This experiment demonstrates that
      optically active crystals of (L-ACL).sub.3 NiCl.sub.2 do not racemize
      under conditions that cause dissolved (L-ACL).sub.3 NiCl.sub.2 to
      racemize.
PAC  EXAMPLE 4
PAR  a. A 20 ml ethanol solution containing 8 mmol (D,L-ACL).sub.3 NiCl.sub.2
      and 8 mmol D,L-ACL was passed through a strongly basic [quaternary
      ammonium hydroxide type (ANGA-542*)] ion exchange column in about 1 hour.
      The complex solution was followed by 15 ml ethanol and the combined eluent
      brought to 50 ml in a volumetric flask. Titration of an aliquot indicated
      a total of 9.8 meq Cl.sup.+, which indicates that 6.2 meq of .sup.-OH (or
      .sup.-OEt) had been incorporated into the complex solution).
FNT  * supplied by J. T. Baker Company
PAR  A reaction solution was prepared from 0.518g (2 mmol) of 50% L-ACL (88%
      optically pure) in ethanol, 1.13g (4.4 mmol) 50% D,L-ACL in ethanol and
      2.48 ml 0.645 M in NiCl.sub.2.H.sub.2 O in ethanol. This was brought to
      reflux and 2.5 ml of the solution described above was added. The final
      quantities thus are total ACL 8 mmol, Ni.sup.+.sup.2, 2 mmol, .sup.-OH
      (free or bound to Ni.sup.+.sup.2), 0.3 mmol and Cl.sup.-. 3.7 Mmol, in a
      total volume of 6.7 ml. The kinetics of racemization were determined at
      reflux (.about.80.degree.C.) and gave k=1.1.times.10.sup.-.sup.3
      sec..sup.-.sup.1 or t.sub.1/2 =10.5 min.
PAR  Analysis of the reaction mixture by thin layer chromatography (TLC) showed
      the presence of small amounts of lysine byproduct (about 1 mol % of ACL
      after 1 hour of reflux).
PAR  b. A 10 ml sample of 0.90 M NiCl.sub.2. H.sub.2 O in ethanol, was passed
      through a weakly basic ion exchange resin (IR-45, supplied by Rohm and
      Haas Company). The eluent had pH 5.5 (measured with a glass electrode in
      ethanol; the pH of untreated NiCl.sub.2 solution was about 3.7). A 1 ml
      aliquot of the eluent, containing 0.15 m atoms of Ni.sup.+.sup.+, was
      mixed with 78 mg (0.60 mmols) of L-ACL in 1 ml methanol. The mixture was
      heated in a sealed vial at 80.degree.C. for 30 minutes. Subsequent
      determination of optical activity in 1N HCl showed that the mixture had
      completely racemized.
PAC  EXAMPLE 5
PAC  Batch Simultaneous Resolution/Racemization of (D,L-ACL).sub.3 NiCl.sub.2
PAR  A 0.556g sample of NiCl.sub.2, anhydrous (4.3mmol) in 6.1g ethanol was
      heated at reflux, then 2.05g (16 mmol) solid D,L-ACL was added and the
      mixture heated at reflux for 2 hours to dissolve the nickel chloride. The
      solution was filtered to remove 10 mg. of undissolved solids. A 0.60 ml
      sample of 0.99 M.KOH in ethanol was added, the solution stirred 10
      minutes, then filtered to remove KCl. The solution was again heated and
      3.2 ml. ethanol distilled out, leaving a solution containing about 33%
      complex by weight. A 200 mg sample of (L-ACL).sub.3 NiCl.sub.2 (100%
      optically pure) was added and the flask heated at 85.degree.-90.degree.
      for 1.5 hours, with occasional stirring. The crystals were collected by
      filtration, washed with ethanol and dried in vacuo at 60.degree.. Yiled:
      646 mg, [.alpha.].sub.D -22.3.degree., (c=4, 1N HCl) 95% optically pure.
      This represents 20% resolution with respect to the available complex. The
      mother liquors from the filtration were diluted to 25 ml with 3 ml 6N HCl
      and the remainder 1N HCl. The observed optical rotation .alpha..sub.obs
      =+0.01.degree. corresponds to a 10 mg excess of (D-ACL).sub.3 NiCl.sub.2
      in solution and indicates essentially complete racemization. Analysis of
      the mother liquor by TLC showed the absence of lysine.
PAC  EXAMPLE 6
PAC  Batch Simultaneous Resolution/Racemization of (D,L-ACL).sub.3 NiCl.sub.2
PAR  A 0.556g sample of NiCl.sub.2.1/2H.sub.2 O (4 mmol) In 6.1g ethanol was
      heated to reflux, then 2.07g (16 mmol) solid D,L-ACL was added and the
      mixture heated at reflux for 1 hour to dissolve the nickel chloride. A
      0.60 ml sample of 0.99 M KOH in ethanol was added, the solution stirred 10
      min., then filtered to remove KCL. The solution was again heated and 3.2
      ml ethanol distilled out, leaving a solution containing about 33% complex
      by weight. A 200 mg sample of (L-ACL).sub.3 NiCl.sub.2 (100% optically
      pure) was added and the flask heated at 85.degree.-90.degree. for 1.5
      hours, with occasional stirring. The crystals were collected by
      filtration, washed with ethanol and dried in vacuo at 60.degree.. Yield:
      648 mg, [.alpha.].sub.D =-22.2.degree., (c= 4, 1N HCl) 95% optical purity.
      This represents 20% resolution with respect to the available complex. The
      mother liquors from the filtration were diluted to 25 ml with 3 ml 6N HCl
      and the remainder 1N HCl. The observed optical rotation, .alpha. .sub.obs
      =+0.01.degree., corresponds to a .about.10mg excess of (D-ACL).sub.2
      NiCl.sub.2 in solution and indicates essentially complete racemization.
      Analysis of the mother liquor by TLC shows the presence of small amounts
      of lysine by-product (i.e. about 1.5 mol % of ACL).
PAC  EXAMPLE 7
PAC  Simultaneous Resolution/Racemization with Addition of Makeup Solution and
      Solvent Removal
PAR  a. An initial feed solution was prepared from 15.2 ml (10.5 mmol) 0.69 M
      NiCl.sub.2.H.sub.2 O in ethanol, 1.072g (42 mmol) 50% D,L-ACL in ethanol,
      0.72 ml (1.58 mmol) 2.19 M NaOEt and 2.7 ml ethanol, a total volume of 30
      ml.
PAR  A makeup solution was prepared from 16.8 ml (11.6 mmol) 0.69 M
      NiCl.sub.2.H.sub.2 O solution, 9.23g (36 mmol) 50% D,L-ACL solution, 0.16
      ml (0.35 mml) 2.19 M NaOEt and 3.2 ml ethanol, a total volume of 30 ml.
PAR  The starting solution was placed in a 50 ml 3-neck round-bottom flask
      fitted with mechanical stirrer, addition funnel and distillation head. The
      flask was immersed in an oil bath at 120.degree. and 1.50g (L-ACL).sub.3
      NiCl.sub.2 seeds added. The average size of the seed crystals was 3.6.mu..
      The makeup solution was slowly added to the flask at the same rate as
      ethanol was distilled out; this required 1.5 hours. Then the reaction
      mixture was filtered and the crystals washed with ethanol and dried in
      vacuo at 75.degree.. Yield: 0.717g(50% of available complex)
      [.alpha.].sub.D -22.1.degree. (c=4, 1N HCl) or 94% optical purity. The
      average size of the product crystals was 5.3.mu..
PAR  The mother liquor weighed 19.32g, of which 6.2g was (ACL).sub.3 NiCl.sub.2
      complex. A 1.0g sample in 5 ml 1N HCl had [.alpha.].sub.D =+2.3.degree.;
      this corresponds to 7.4% optial purity in D-isomer based on the total ACL
      in solution. Small amounts of lysine were also present in the mother
      liquor.
PAR  b. The experiment was repeated varying the time, the lactam to nickel ratio
      and the size of the crystal seeds, i.e. using an ACL/Ni molar ratio of 5/1
      and was completed in 52 minutes. The seeds used in this experiment had an
      average size of 6.8.mu.. The crop was 92% optically pure and represented
      35% of the available complex. The mother liquor had a 7.2% excess of
      D-ACL. In this experiment, small amounts of lysine were also present in
      the mother liquor.
PAC  EXAMPLE 8
PAC  Resolution/Racemization of (D-ACL).sub.3 NiCl.sub.2
PAR  A solution containing 0.590g NiCl.sub.2.H.sub.2 O (4 mmol), 2.05g (16 mmol)
      D,L-ACL and 0.033g (0.6 mmol) KOH in 4.9g ethanol is heated at reflux,
      then 202 mg (D-ACL).sub.3 NiCl.sub.2 seed crystals are added. The mixture
      is held for 75 minutes at reflux with gentle stirring, then filtered, the
      crystals washed with cold ethanol and dried in vacuo at 60.degree.. A crop
      weighing 261 mg and having 97% optically pure (D-ACL).sub.3 NiCl.sub.2 is
      obtained. The mother liquor shows negligible optical activity, indicating
      essentially complete racemization.
PAC  EXAMPLE 9
PAC  Semicontinuous Resolution/Racemization of (ACL).sub.3 NiCl.sub.2
PAR  For this experiment a reactor vessel consisting of a 190 ml 3-neck
      round-bottom flask equipped with a stopcock on the bottom for sampling the
      reaction mixture was employed. Samples were taken directly into
      interchangeable sintered-glass filter funnels where they were filtered
      under nitrogen pressure. Means were provided for washing the crystals on
      the filter. A tubing from the bottom of the filter automatically returned
      the mother liquid to the reaction vessel; a small port was provided for
      sampling the liquor in this tubing. The flask was equipped with a
      mechanical stirrer and a distillation head; a tube from a reservoir of
      make-up solution passed through the distillation head into the flask. The
      third neck of the flask was used for addition of the seed crystals. The
      flask was wrapped with heating tape for maintaining the desired
      temperature.
PAR  The initial charge was a 108 ml ethanol solution prepared from 55.7 ml (36
      mmol) 0.646 M NicL.sub.2.H.sub.2 O in ethanol, 23.1g (180 mmol) D,L-ACL
      and 2.76 ml (5.4 mmol) 1.96 M NaOEt. Makeup solutions were prepared from
      55.7 ml (36 mmol) 0.646 M NiCl.sub.2.H.sub.2 O ethanol solution, 14.3 g
      (111.6 mmol) D,L-ACL 1.10 ml (2.16 mmol) 1.96 M NaOEt and sufficient
      ethanol to make a total of 100 ml. Two such makeup solutions were
      prepared.
PAR  The initial charge was introduced into the reactor and the solution brought
      to reflux, then 8.7g (L-ACL).sub.3 NiCl.sub.2 seed crystals of 97% optical
      purity were added. The average size of the seed crystals were 6.8 .mu..
      After 10 minutes, addition of the first makeup was started and after
      addition was half complete the first sample (ca 25 ml) was filtered and
      1.5g seed crystals added. Sampling was repeated after each 25 ml addition
      from that point and was always accompanied by addition of 1.5g seeds, of
      same size as above. The time of addition was adjusted to approximately 80
      minutes per 100 ml. Throughout the operation ethanol was distilled off at
      a rate which was adjusted to maintain the volume of the reacion mixture
      approxmately constant at 100 ml. Each sample was analyzed as follows: The
      crystalline cake obtained from filtration of the sample was dried in
      vacuo, weighed and optical rotation was determined in 1N HCl. The mother
      liquor was analyzed for Cl.sup.- and for optical rotation. From this
      analysis it was possible to determine the enantiomeric excess of D-ACL Ni
      complex in solution. The data are presented in Table III. After 203 min. a
      total of 200 ml of makeup solution had been introduced to the reactor,
      besides the initial charge of 108 ml. and  7 samples had been withdrawn.
      At that point the volume of the reaction mixture was reduced to about 80
      ml. by evaporation of ethanol and the residue, after refluxing for about
      30 more minutes, was filtered.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Semicontinuous Resolution/Racemization                                    
     of (D, L-ACL).sub.3 NiCl.sub.2 (a)                                        
                   Mother Liquor       Crop                                    
     Time  Feed, ml                                                            
                   Cl.sup.-, meq.                                              
                          [d].sup.c D                                          
                                %D in excess                                   
                                       Wt,g [d].sub.D                          
                                                 Optical Selectivity.sup.d     
     __________________________________________________________________________
      0    108, init                                                           
           charge                                                              
      10 min                                                                   
           8.7g seed                                                           
      46    50.sup.b                                                           
                   1.422/10ml                                                  
                          +1.32.degree.                                        
                                3.9    3.04 -22.4                              
                                                 96.5                          
      67    75.sup.b                                                           
                   1.312  +1.19.degree.                                        
                                3.5    4.99 -21.6                              
                                                 93.5                          
      87   100.sup.b                                                           
                   1.312  0     0      3.62 -21.6                              
                                                 93.5                          
     110   125.sup.b                   4.11 -22.3                              
                                                 96.5                          
     130   150.sup.b                                                           
                   1.664  +1.78.degree.                                        
                                5.2    5.25 -21.7                              
                                                 93.9                          
     155   175.sup.b                   5.08 -22.0                              
                                                 95.2                          
     172   200.sup.b                                                           
                   1.278  +1.34.degree.                                        
                                3.9    4.38 -21.7                              
                                                 93.9                          
     203    e                                                                  
     238    f      2.31   +0.68.degree.                                        
                                2.0    28.09                                   
                                            -21.9                              
                                                 94.8                          
     __________________________________________________________________________
      .sup.a Volume of reaction mixture approximately 100 ml.                  
      .sup.b Sample taken, 1.5 g seed added. Volume shown is cumulative        
      exclusive of initial charge.                                             
      .sup.c Based on 5ACL:2Cl                                                 
      .sup.d Based on .alpha..sub.d = -23.1.degree. for the seeds.             
      .sup.e Volume of reaction mixture reduced to 80 ml by evaporation.       
      .sup.f Reaction stopped; reaction mixture filtered.                      
PAL  Tlc analysis of this final mother liquor indicated about 1.5% lysine based
      on the total ACL charged in the course of the experiment. The combined
      crops had a specific rotation of [.alpha.].sub.D =-21.6 (c=4, in 1N HCl)
      or 91% optical purity. Since the seeds used were 97% optically pure, the
      optical selectivity was 94%. The combined crops weighed 58.56g.
PAR  A similar experiment carried out using 4:1 ratio in the reaction mixture
      and using 100% optically pure seed crystals of 3.6.mu. size,
      ACL:NiCl.sub.2 ratio of 4:1 and a 1 hr. addition time was not as
      successful as above described run, due largely to a buildup of excess
      D-complex in the reactor, amounting to as much as a 30% excess. The
      average optical purity of the crystals produced was 90% with an average
      seed size of 5.3.mu.. This indicates that when the crystallization of
      (L-ACL).sub.3 NiCl.sub.2 is carried out at a rate which is substantially
      higher than the rate of racemization, the optical selectivity of the
      overall process is adversely affected.
PAC  EXAMPLE 10
PAC  Optical Purificaion of (L-ACL).sub.3 NiCl.sub.2 and (L-ACL).sub.3
      CoCl.sub.2
PAR  a. A 3.0g sample of (L-ACL).sub.3 NiCl.sub.2, 91% optically pure obtained
      as the product of Example 9, was refluxed for 15 minutes with 4.5g
      methanol, then filtered hot. The crystals were washed with ethanol and
      dried in vacuo at 60.degree.C. Yield: 0.94g (31% recovery) [.alpha.].sub.D
      =-24.2 (c=4, 1N HCl), 100% optical purity. The run illustrates that 100%
      optically pure crystals of (L-ACL).sub.3 NiCl.sub.2 of seed quality can be
      obtained from optically impure product.
PAR  b. In a similar manner, (L-ACL).sub.3 CoCl.sub.2 of 96% optical purity was
      obtained by partially dissolving 91% optically pure (L-ACL).sub.3
      CoCl.sub.2 in refluxing ethanol. Recovery in this case was 78%, i.e. 22%
      was dissolved. In some cases up to 90% or more of the optically impure
      complex may be dissolved in an alcohol or water or mixtures thereof, in
      effecting the optical purification.
PAC  EXAMPLE 11
PAC  Decomposition of (L-ACL).sub.3 NiCl.sub.2 with HCl
PAR  (L-ACL).sub.3 NiCl.sub.2, 95% optically pure, 4.37g (7.8 mmole) was
      dissolved in 10.0 g (12.6ml) methanol at reflux. Then 2 ml ethanol was
      added and the solution was acidified by bubbling in anhydrous HCl. The
      mixture heated spontaneously to about 40.degree.C. The color changed from
      deep blue to light green and white crystals of L-ACL.HCl appeared. The
      mixture was cooled to 25.degree.C., maintained at that temperature for 5
      minutes and filtered; the crystals were washed with a little ethanol and
      dried at 120.degree.C. A yield of L-ACL.HCl 3.50g (21.3 mmol) 100%
      optically pure was obtained. This corresponds to 91% of charge (96% of
      available L- excess). The experiment demonstrates that optically pure
      L-ACL.HCl can be obtained by the decomposition of optically impure
      (L-ACL).sub.3 NiCl.sub.2.
PAC  EXAMPLE 12
PAC  Batch Simultaneous Resolution/Racemization of (ACL).sub.3 CoCl.sub.2
PAR  A solution was prepared by refluxing 0.77g (6 mmol) DL-ACL, 0.19g (1.5
      mmol) CoCl.sub.2 and 0.016g (0.23 mmol) NaOC.sub.2 H.sub.5 with 25ml of
      anhydrous ethanol. The solution was cooled to 40.degree.C., then a 0.030g
      sample of (L-ACL).sub.3 CoCl.sub.2, [.alpha.].sub.D =-23.9.degree. (c=4,
      1N HCl) was added and the mixture was allowed to stand for 15 hours at
      35.degree. to 40.degree.C. Then the reaction mixture was filtered and the
      crystals were washed with ethanol and dried in vacuo at 60.degree.C. Yield
      of (L-ACL).sub.3 CoCl.sub.2 was 0.212g [.alpha.].sub.D =-22.9.degree.
      (c=4, 1N HCl), therefore the optical selectivity was 96% and the
      resolution 22% with respect to the total (ACL).sub.3 CoCl.sub.2 in
      solution. The mother liquor had [.alpha.].sub.D =0.degree., indicating
      complete racemization of the D-ACL in solution.
PAC  EXAMPLE 13
PAR  A solution containing 0.160g (1.25 mmol) L-ACL, 0.206g (1.25 mmol)
      L-ACL.HCl and 0.15 mols of Cu.sup.II (5-nitrosalicylaldehyde).sub.2 in
      20/80 (v/v) H.sub.2 O/dimethylformamide (10 ml overall volume) was heated
      for 15 minutes at 70.degree.C. An aliquot of the reaction mixture was
      diluted with 1N hydrochloric acid and had no optical rotation, indicating
      complete racemization (detectability limit for L-ACL excess in solution
      was 0.003g).
PAC  EXAMPLES 14-42
PAR  Following the procedure of Example 13, racemization of L-ACL.HCl was
      conducted in the presence of various catalysts and under various
      conditions of temperature and concentration; the data is summarized in
      Table IV.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     Racemization of L-ACL.HCl/L-ACL                                           
          Catalyst             Solvent                                         
          mole/100 mole                                                        
                       ACL.HCl/ACL                                             
                               volume                                          
                                     Temp                                      
                                        t.sub.1/2                              
     Example                                                                   
          (ACL.HCl + ACL)                                                      
                       .sup.(a) mole ratio                                     
                               ratio .degree.C                                 
                                        min                                    
     __________________________________________________________________________
     14   FeCl.sub.2,                                                          
                 6.0 sal 12.0                                                  
                       2.0     H.sub.2 O/DMF                                   
                                     70 44                                     
                               20/80                                           
     15   "      "     1.0     "     "  13                                     
     16   "      "     0.50    "     "  10                                     
     17   "      "     0.33    "     "  28                                     
     18   CuCl.sub.2 6.0,                                                      
                 "     2.0     "     "  44                                     
     19   "      "     1.0     "     "  16                                     
     20   "      "     0.50    "     "  7                                      
     21   "      "     0.33    "     "  9                                      
     22   AlCl.sub.3 6.0,                                                      
                 "     2.0     "     "  200                                    
     23   "      "     1.0     "     "  34                                     
     24   "      "     0.50    "     "  18                                     
     25   "      "     0.33    "     "  16                                     
     26   CuCl.sub. 2 6.0, 5-NO.sub.2 -                                        
          sal 12.0     0.33    "     "  2                                      
     27   AlCl.sub.3 0.6, 5-NO.sub.2 -                                         
                               H.sub.2 O/DMF                                   
          sal 1.7      1.0     25/75 "  7                                      
     28   ZnCL.sub.2 0.6, 5-NO.sub.2 -                                         
          sal 1.2      1.0     "     "  107                                    
     29   FeCl.sub.2 0.6, 5-NO.sub.2 -                                         
          sal 1.2      1.0     "     "  2                                      
     30   FeCl.sub.2 0.6, 5-NO.sub.2 -                                         
          sal 1.7      1.0     "     "  1                                      
     31     "          1.0     H.sub.2 O/MeOH                                  
                                     65 7                                      
                               10/90                                           
     32   FeCl.sub.3 0.6, 5-NO.sub.2 -                                         
                               H.sub.2 O/MeOH                                  
          sal 1.1      1.0     10/90 65 8                                      
     33   FeCl.sub.3 0.6, 5-NO.sub.2 -                                         
          sal 1.9      0.26    "     "  4                                      
     34   FeCl.sub.3 0.6, 5-NO.sub.2 -                                         
          sal 3.0      0.26    "     "  5                                      
     35   FeCl.sub.3 0.3, 5-NO.sub.2 -                                         
          sal 0.3      0.26.sup.(b)                                            
                               "     "  54                                     
     36   FeCl.sub.3 0.3, 5-NO.sub.2 -                                         
          sal 1.5      0.26.sup.(c)                                            
                               "     "  13                                     
     37   Fe.sup. II (salen) 6.0                                               
                       2.0     H.sub.2 O/DMF                                   
                                     70 15                                     
                               20/80                                           
     38     "          1.0     "     "  8                                      
     39     "          0.50    "     "  8                                      
     40     "          0.33    "     "  7                                      
     41   Fe.sup.II (5-NO.sub.2 salen) 6.0                                     
                       1.0     "     "  4                                      
     42   "            0.33    "     "  2                                      
     __________________________________________________________________________
      .sup.(a) Concentration of ACL.HCl + ACL equal to 0.25 M, unless otherwise
      noted                                                                    
      .sup.(b) ACL.HCl + ACL = 0.33 M                                          
      .sup.(c) ACL.HCl + ACL = 1.75 M                                          
      Abbreviations:                                                           
      sal = salicylaldehyde; 5-NO.sub.2 sal = 5-nitrosalicylaldehyde           
      salen = ethylene-N,N'-bis(salicylideneimine)5-NO.sub.2 salen =           
      ethylene-N-N'-bis(5-nitrosalicylideneimine)                              
PAC  EXAMPLES 43-45
PAR  The procedure of Example 13 was essentially repeated using
      L-ACL..beta.-naphthalene sulfonate (L-ACL.NSA) instead of L-ACL.HCl. The
      data and results are summarized in Table V.
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Racemization of L-ACL.NSA/L-ACL                                           
          Catalyst mole/100 mole                                               
                             ACL.NSA/ACL                                       
                                     Temp                                      
                                        t.sub.1/2                              
     Example                                                                   
          (ACL.NSA + ACL)    .sup.(a) mole ratio                               
                                     .degree.C                                 
                                        min                                    
     __________________________________________________________________________
     43   FeCl.sub.3                                                           
               0.5 N-NO.sub.2 sal.sup.(b) 3.0                                  
                             1.0     65 31                                     
     44   "    1.0 "         "       "  35                                     
     45   "    0.5 "         "       70 25                                     
     __________________________________________________________________________
      .sup.(a) Concentration of L-ACL-NSA + L-ACL equal to 0.30 M in methanol  
      .sup.(b) 5-NO.sub.2 sal = 5-nitrosalicylaldehyde                         
PAC  EXAMPLE 46
PAR  D,L-ACL.HCl, 236mg, D,L-ACL, 693mg and 0.5ml of a racemization catalyst
      solution containing 5.95mg/ml FeCl.sub.3.6H.sub.2 O and 22.2mg/ml
      5-nitrosalicylaldehyde in methanol, were mixed with 0.9ml methanol and
      heated at 80.degree.C. in a sealed vial. The resulting homogeneous
      solution was cooled to 65.degree.C., then 50mg. of L-ACL.HCl seed crystals
      were added and the temperature was dropped to 60.degree.C. within 10
      minutes and maintained at that temperature for an additional 10 minutes.
      The grown crystals were filtered, washed with ethanol and dried in vacuo
      at 60.degree.C. Yield of L-ACL.HCl was 120mg of optical purity 65%. This
      represents a gain of 16mg of L-ACL.HCl. The mother liquor had no optical
      rotation, indicating that racemization took place; the D-ACL excess in
      solution was less than 9mg limit of detectability.
PAC  EXAMPLE 47
PAC  Simultaneous Resolution/Racemization of ACL..beta.-naphthalenesulfonate
PAR  D,L-ACL, 1.51 g, and D,L-ACL..beta.-naphthalenesulfonate, 3.90g, were
      dissolved in 25ml methanol at reflux. Then 10 ml methanol were distilled
      off and 1 ml methanol solution containing 15.8 mg FeCl.sub.3.6H.sub.2 O
      and 58.6 mg 5-nitrosalicylaldehyde was added. Then 0.50g of
      L-ACL..beta.-naphthalenesulfonate seed crystals were added and methanol
      was distilled off at the rate of about 0.1 ml/min. After 1 hour, 6 ml
      methanol had been distilled off. Heating was continued for an additional
      period of 10 minutes. The grown crystals were filtered, washed with a
      little methanol and dried in vacuo at 60.degree.C. Yield of
      L-ACL..beta.-naphthalenesulfonate was 0.97 g of optical purity 93%. This
      corresponds to 0.40 g. gain in L-salt. Examination of the mother liquor
      showed the presence of less than 0.10 g D-salt excess in solution,
      indicating the occurrence of racemization simultaneously with the
      resolution.
PAC  EXAMPLE 48
PAC  Simultaneous Resolution/Racemization of ACL via Diastereomeric Salt With
      L-Pyrrolidonecarboxylic acid (L-PCA)
PAR  D,L-ACL, 2.56 g (20 mmol) was dissolved in 31 ml of refluxing glyme, then a
      racemization catalyst solution of 16.6 mg (0.1 mmole) FeCl.sub.3 and 5.31
      mg (0.3 mmole) 5 -nitrosalicylaldehyde in 5 ml glyme was added. Next a
      solution of 1.28 g (9.9 mmole) L-PCA in 75 ml of hot glyme was added with
      stirring while maintaining reflux. A crystalline precipitate formed. Next
      the mixture was refluxed and stirred for 1 hour, filtered hot, the
      crystals were washed with glyme and dried in vacuo at 60.degree.C. Yield
      of L-ACL.L-PCA salt was 2.61 g (theoretical is 2.56 g). A 1.30 g aliquot
      of the salt was slurried with 15 ml isopropanol and decomposed with 1 m of
      12 N-hydrochloric acid. L-ACL.HCl, 0.824 g (99% of theory) was obtained,
      [.alpha.].sub.D =-20.1.degree. (c=4, 1N HCl). This corresponds to 76%
      optical purity of L-ACL.
PAR  The mother liquor from the diastereomer salt filtration was treated with 1
      ml of 12 N-HCl in glyme. ACL.HCl, 1.48 g (87% of theory) was obtained,
      [.alpha.].sub.D =+0.7 (c=4, 1N HCl). This indicates that the ACL in the
      mother liquor was about 96% racemic.
PAC  EXAMPLE 49
PAR  Example 48 was repeated except that the L-PCA was added dropwise during a
      period of 2 hours. A total of 18 mmole L-PCA was used or 90 mole % with
      respect to total ACL charged. The L-ACL.HCl obtained by decomposition of
      the crystalline L-ACL.L-PCA was 15 mmole (or 75% of the total ACL charged)
      of 82% optical purity.
PAR  It is to be understood that variations and modifications of the present
      invention will be apparent to those skilled in the art from the foregoing
      and such variations and changes may be made without departing from the
      scope of the invention. It is also to be understood that the scope of the
      invention is not to be interpreted as limited to the specific embodiment
      disclosed herein, but only in accordance with the appended claims when
      read in light of the foregoing disclosure.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for effecting transformation of a D,L-aminocaprolactam
      compound selected from the group consisting of
PA1  A. the D,L-aminocaprolactam complexes, (tris-aminocaprolactam)nickel (II)
      salts and (tris-aminocaprolactam)cobalt(II) salts,
PA1  B. the D,L-aminocaprolactam salts of the acids hydrogen chloride, hydrogen
      bromide, .beta.-naphthalenesulfonic acid and 2-naphthylamine-1-sulfonic
      acid, and
PA1  C. the D,L-aminocaprolactam diasereomeric salts of the acids
      L-pyrrolidonecarboxylic acid, D-N-carbamoylvaline,
      L-N-p-nitrobenzoylglutamic acid, L-N-benzoylglutamic acid,
      L-N-p-toluylglutamic acid and L-N-p-chlorobenzoylglutamic acid, to the
      desired isomer of said aminocaprolactam compound which comprises
PA2  a. forming a supersaturated feed solution of said D,L-aminocaprolactam
      compound in an inert solvent; said solution also containing
      D,L-aminocaprolactam, and a strong base when said D,L-aminocaprolactam
      compound is a complex, and, when said D,L-aminocaprolactam compound is a
      salt or diastereomeric salt, a compound of the formula I or II
      ##SPC4##
PA2   wherein R.sub.1 is hydrogen or methyl and R.sub.2 through R.sub.5 are
      hydrogen, nitro, halogen, cyano or carboxylic substituents, and a metal
      ion selected from the group consisting of Fe.sup.2.sup.+, Fe.sup.3.sup.+,
      Al.sup.3.sup.+, Cu.sup.2.sup.+, Co.sup.2.sup.+, Zn.sup.2.sup.+ and
      Ni.sup.2 .sup.+, and maintaining said solution at a temperature of below
      120.degree.C.;
PA2  b. contacting said solution with seed crystals of the desired isomer of
      said aminocaprolactam compound, said contact being optional in the case
      that said aminocaprolactam compound is a diastereomeric salt; and
PA2  c. removing the grown crystals of said compound.
NUM  2.
PAR  2. The process of claim 1 which is continuous and wherein said feed
      solution is introduced continuously and wherein grown crystals and solvent
      which is introduced as a part of said feed solution are removed
      continuously.
NUM  3.
PAR  3. The process of claim 2 wherein seed crystals of the desired isomer are
      fed continuously to maintain optical purity of the crystals grown from
      said supersaturated solution.
NUM  4.
PAR  4. A method for the racemization of the D- or L-enantiomer of
      .alpha.-amino-.epsilon.-caprolactam comprising reacting the enantiomer
      with ions in the plus 2 valence state of nickel or cobalt, in a mol ratio
      ranging from at least 3.5:1 to about 20:1 in the presence of a catalytic
      amount of a strong base.
NUM  5.
PAR  5. The process of claim 4 wherein the mol ratio of the enantiomer to the
      metal ion is within the range of about 3.5:1 to about 10:1.
NUM  6.
PAR  6. The process of claim 4 wherein the salt forming metal complex is a
      member of the group consisting of nickel (II) chloride and cobalt (II)
      chloride.
NUM  7.
PAR  7. The process of claim 4 wherein the strong base is present in an amount
      of 1-100 mol % based on the metal ion.
NUM  8.
PAR  8. The process of claim 4 wherein 1 to 3 mol of a member of the group
      consisting of ethylene diamine, sodium lysinate, 1,10-phenanthroline and
      ammonia are added per mol of metal ion.
NUM  9.
PAR  9. The process of claim 4 wherein the base is a hydroxide or alkoxide of
      the metal ion employed in the complex.
NUM  10.
PAR  10. The process of claim 4 wherein the reaction temperature is in the range
      of about 40.degree. to 95.degree.C.
NUM  11.
PAR  11. The process of claim 9 wherein the metal hydroxide or alkoxide is
      obtained by treating an alcoholic or aqueous alcoholic solution of the
      metal ion with a strongly basic or weakly basic ion exchange resin.
NUM  12.
PAR  12. A single stage process for effecting transformation of
      D,L-aminocaprolactam to the desired enantiomer of aminocaprolactam
      comprising contacting in an inert solvent said D,L-aminocaprolactam with
      ions in the plus 2 valence state of nickel or cobalt, in a mole ratio
      ranging from at least 3.5:1 to about 20:1, a catalytic amount of a strong
      base, and seed crystals of a complex of the desired enantiomer of
      aminocaprolactam with ions in the plus 2 valence state of nickel or
      cobalt, and removing the grown crystals of said complex.
NUM  13.
PAR  13. The process of claim 12 wherein the mol ratio of the aminocaprolactam
      to metal ion is within the range of about 3.5:1 to about 10:1.
NUM  14.
PAR  14. A process for the optical purification of optically impure
      .alpha.-aminocaprolactam nickel complex or cobalt complex comprising
      partially dissolving said impure complex in an alcohol or water, or
      mixtures thereof, and recovering the remaining undissolved crystals in a
      state of substantially improved optical purity.
NUM  15.
PAR  15. A continous process for effecting transformation of racemic
      .alpha.-amino-.epsilon.-caprolactam to the desired enantiomer of
      .alpha.-amino-.epsilon.-caprolactam comprising the steps of:
PA1  a. forming a supersaturated solution of the racemic material with a complex
      forming metal ion in the plus 2 valence state of nickel or cobalt in
      amounts such that the mol ratio of said racemic material to the metal ion
      in the solution is in the range from about 3.5:1 to about 10:1, said
      solution containing also a strong base in amounts from 1 to 100 mol % with
      respect to the metal ion;
PA1  b. contacting said solution with at least about 1% by weight preformed
      seeds of the desired enantiometer of said complex;
PA1  c. separating the crystalline product of the desired enantiomer complex
      from the reaction mother liquor;
PA1  d. partially dissolving the crystalline product from step (c) and recycling
      the remaining purified crystalline product as seed to step (b),
      decomposing the resulting solution at a temperature greater than about
      0.degree.C. by contacting it with a solution of a strong acid, and
      separating the resulting optically active
      .alpha.-amino-.epsilon.-caprolactam acid salt crystals from liquors
      containing primarily complex forming metal ions;
PA1  e. treating the liquors from (d) with an ion exchange resin to eliminate
      excess acid and introducing the treated liquors which contain complex
      forming metal ion to step (a).
NUM  16.
PAR  16. An aminocaprolactam Schiff base of the formula
      ##SPC5##
PAL  wherein R.sub.1 is hydrogen or methyl and R.sub.2 through R.sub.5 are
      hydrogen, nitro, halogen, cyano or carboxylic substituents.
NUM  17.
PAR  17. A complex selected from the group consisting of those formed by
      reacting the (a) Schiff bases of claim 16 and (b) metal salts of
      transition metals selected from the group consisting of Fe.sup.II,
      Fe.sup.III, Cu.sup.II, Zn.sup.II, Al.sup.III, Ni.sup.II and Co.sup.II.
NUM  18.
PAR  18. The composition of claim 17 wherein the transition metai is iron.
NUM  19.
PAR  19. The process of claim 12 wherein the nickel ion is provided by nickel
      (II) chloride and the cobalt ion by cobalt (II) chloride.
NUM  20.
PAR  20. The process of claim 15 wherein the nickel ion is provided by nickel
      (II) chloride and the cobalt ion by cobalt (II) chloride.
NUM  21.
PAR  21. A method for the racemization of the D- or L-enantiomer of
      aminocaprolactam salts comprising reacting said salts in an inert solvent
      with D- or L-aminocaprolactam, a compound of formula I or II
      ##SPC6##
PAL  wherein R.sub.1 is hydrogen or methyl and R.sub.2 through R.sub.5 are
      hydrogen, nitro, halogen, cyano or carboxylic substituents, and a metal
      ion selected from the group consisting of Fe.sup.2.sup.+, Fe.sup.3.sup.+,
      Al.sup.3.sup.+, Cu.sup.2.sup.+, Co.sup.2.sup.+, Zn.sup.2.sup.+ and
      Ni.sup.2.sup.+ in a common inert solvent at the temperature range of
      45.degree. to 120.degree.C.
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UREF
PNO  2924604
ISD  19600200
NAM  Steinhards
OCL  260296M
UREF
PNO  3198803
ISD  19650800
NAM  Mathes et al.
OCL  260296M
UREF
PNO  3205234
ISD  19650700
NAM  Schumann
OCL  260296M
UREF
PNO  3671558
ISD  19720600
NAM  Siddall et al.
OCL  260240R
UREF
PNO  3829577
ISD  19740800
NAM  Chodnekar et al.
OCL  260240.5
OREF
PAL  Sadykh-Zade. Chem. Abstracts 71(1969) No. 1127009.
PAL  Carter et al. Chem. Abstracts 71 (1969) No. 31439.
LREP
FRM  Browne, Beveridge, DeGrandi & Kline
ABST
PAL  This invention is concerned with certain alkyl, terpenoid and olefinic
      oximethers of some aryl, pyridyl and alifatie aldehydes and ketones, and
      their preparation and use. These compounds possess improved juvenile
      hormonal activity which can be utilized first and foremost to inhibit the
      metamosphosis of insert larvae and to act as sterilizing or ovicidal
      agent, consequently, can be utilized in the control of insects.
BSUM
PAR  This invention is for improvements in or relating to chemical compounds
      having juvenile hormone activity. More particularly, the present invention
      relates to methods and compositions for the control of insects, and to
      novel alkyl, terpenoid and olefinic oximethers of some aryl, pyridyl and
      alifatic aldehydes and ketones.
PAR  A number of substances are known which have juvenile hormone activity
      demonstrated by retention of larval and pupal characters, inhibition of
      metamorphosis and stimulation of ovarian growth in adult females together
      with ovicidal activity. For a comprehensive review see: Slama, K., Ann.
      Rev. of Biochem., 40, 1079 (1971).
PAR  It is known from the literature that compounds with a terpenoid skeleton
      attached to various functional groups show juvenile hormone activity.
      Schwartz, M., et al.: Science, 167, 191-2 (1970) and Journ. Econ. Ent. 63,
      1858-60 (1970).
PAR  Some compounds of this type exhibit high activity when applied topically to
      the insect, stimulates its development and prevent formation of sexually
      mature adults. Compounds exhibitng this activity may be envisaged as
      potential insecticides of the third generation.
PAR  The compounds of the present invention act selectively on certain insects
      and, moreover, exhibit high sterilizing properties. Compounds, the
      preparation and application of which is described herein, represent novel
      analogs of the insect juvenile hormone which are cheaper to prepare and
      possess higher activity for some insects than many known analogs.
PAR  The novel compounds of the present invention are oximethers represented by
      the following general formula (I)
      ##SPC1##
PAL  in which the symbols represents,
PA1  A : hydrogen or an alkyl group or an alkoxy group, preferably with from 1
      to 6 carbon atoms,
PA1  B : a hydrogen atom, or,
PA1  A b : when taken together, a further single bond between the adjacent
      carbon atoms, or an oxygen atom,
PA1  C : a hydrogen atom,
PA1  D : a hydrogen atom, or,
PA1  C d : when taken together, a further single bond between the adjacent
      carbon atoms,
PA1  n : an integer which is 0 or 1,
PA1  m : an integer which is 0 or 1,
PA1  R.sub.4 : a methyl or ethyl group,
PA1  R.sub.3 : a methyl or ethyl group,
PA1  R.sub.1 : a hydrogen atom, or an alkyl group with from 1 to 6 carbon atoms,
PA1  R.sub.2 : an alkyl group, a hydroxy group, an alcohol group (e.g.
      --CH.sub.2 OH or --C.sub.2 H.sub.4 OH), an alkoxy group, an ether residue
      (e.g., --CH.sub.2 --O--CH.sub.3), a carboxylic acid group (e.g. --COOH or
      --CH.sub.2 --COOH) an ester group (e.g. --COOR or --CH.sub.2 COOR, where R
      is an alkyl group), a monodi-, or tri-halogenalkyl group, an amide group,
      a 3,4-methylenedioxyphenyl group, or the group with the general formula
      (II)
      ##SPC2##
PA1  wherein Z in CH or a nitrogen atom, p is an integer from 0 to 3, and X is
      hydrogen or at least one substituent such as, for example, NO.sub.2,
      halogen, OH, CF.sub.3, an alkyl group or an alkoxy group, which
      substituent X, when p is 2 or 3 may be the same or different.
PAR  In all the above definitions, the alkyl, halogenalkyl and alkoxy groups
      preferably each contain from 1 to 6 carbon atoms. The alkyl is said
      groups, including the haloalkyl and alkoxy groups, may be straight or
      branched. As examples may be mentioned methyl, ethyl, propyl, i-propyl,
      t-butyl, pentyl and hexyl. Preference is given to methyl and ethyl.
      Preferred compounds of the present invention are compounds of the general
      formula (I), in which the symbols represents,
PA1  A : hydrogen or an alkyl group or an alkoxy group with 1 or 2 carbon atoms
PA1  B : a hydrogen atom, or,
PA1  A b : when taken together, a further single bond between the adjacent
      carbon atoms, or an oxygen atom,
PA1  C : a hydrogen atom,
PA1  D : a hydrogen atom, or,
PA1  C d : when taken together, a further single bond between the adjacent
      carbon atoms,
PA1  n : an integer which is 0 or 1,
PA1  m : an integer which is 0 or 1,
PA1  R.sub.4 : a methyl or ethyl group,
PA1  R.sub.3 : a methyl or ethyl group,
PA1  R.sub.1 : a hydrogen atom,
PA1  R.sub.2 : an ester group (e.g. --COOR or CH.sub.2 COOR, where R is an alkyl
      group with from 1 to 6 carbon atoms), a 3,4-methylenedioxyphenyl group, or
      the group with the general formula (II) wherein Z is CH or a nitrogen
      atom, p is 0 or 1, and X is CH.sub.3, when p is 1.
PAR  The compounds of the general formula (I) may be prepared, for example, by
      the following processes:
PA0  a. By etherformation (O-alkylation) between a compound of the general
      formula III and a compound of the general formula (IV),
      ##SPC3##
     wherein A, B, C, D, n, m, R.sub.4, R.sub.3, R.sub.2, and R.sub.1 have the
      same meaning as mentioned above and Hal. is chlorine, bromine or iodine.
PA0  b. By epoxydation of a compound of the general formula (III b) to form a
      compound of the general formula (III bb), followed by an etherformation
      according to process a to form a compound of the general formula (I b)
      ##SPC4##
      ##SPC5##
PA0  c. By alkoxylation of a compound of the general formula (III b) to form a
      compound of the general formula (III c), followed by an etherformation
      according to process a to form a compound of the general formula (I c)
      ##SPC6##
PAL  wherein R.sub.5 is an alkyl group with from 1 to 6 carbon atoms.
PAR  Variations in these main processes due to variation in the starting
      material may for example be:
PA0  d. Process a, when A B taken together represent a single bond, C D taken
      together represent a single bond, n is one and m is one.
PA0  e. Process a, when A B taken together represent a single bond, C is
      hydrogen, D is hydrogen, n is one and m is one.
PA0  f. Process a, when A B taken together represent a single bond and m is 0.
PA0  g. Process a, when A B taken together represent a single bond, n is 0 and m
      is 1.
PA0  h. Process b, when C D taken together represent a single bond, n is 1 and m
      is 1.
PA0  i. Process b, when C is hydrogen, D is hydrogen, n is 1 and m is 1.
PA0  j. Process b, when m is 0.
PA0  k. Process b, when n is 0 and m is 1.
PA0  l. Process c, when C D taken together represent a single bond, n is 1 and m
      is 1.
PA0  m. Process c, when C is hydrogen, D is hydrogen, n is 1 and m is 1.
PA0  n. Process c, when m is 0.
PA0  o. Process c, when n is 0 and m is 1.
PAR  The reaction according to process a between a compound of formula (III) and
      a compound of formula (IV) is preferably performed in the presence of a
      base and in an organic solvent, especially potassium hydroxide or sodium
      hydride in dimethylformamide.
PAR  The oximethers of formula (I) can, for example, be prepared according to
      this process from the chloride, bromide or iodide of the compound of
      formula (III) by reacting it with a 10% molar excess of the appropriate
      oxime of formula (IV) and powdered KOH in dimethylformamide. The reaction
      mixture is stirred for 3 to 20 hours at a temperature between 20.degree.
      and 60.degree.C, then diluted with water and extracted with ethylether.
      The organic extract is washed with a 10% KOH solution and finally washed
      with water. The extract is then dried over anhydrous Na.sub.2 SO.sub.4,
      and the solvent is removed in vacuo. The resulting crude oximether is
      purified by column chromatography on silica gel, using a
      benzene/ethylacetate mixture in graduent elution.
PAR  The purity can be established to 99% by GLC and combined spectrometric
      methods.
PAR  The epoxydation process according to b is preferably performed with
      m-chloroperbenzoic acid as the epoxidation agent.
PAR  The compounds of formula (III b) can, for example, be epoxidized by
      reaction with m-chloroperbenzoic acid in methylenechloride at 0.degree. to
      5.degree.C for 2 hours. A 10% molar excess of the peracid is used. After
      the epoxidation is completed, the reaction mixture is poured into an
      ice-cold 10% aqueous NaHCO.sub.3 solution and is shaken thoroughly. The
      organic layer is then washed with water, dried over anhydrous Na.sub.2
      SO.sub.4, and the solvent is removed in vacuo.
PAR  The epoxy halogenide of formula (III bb) thus formed is reacted with an
      oxime of formula (IV) according to process a as described above, to form a
      compound of the general formula (I b).
PAR  In process c, the terminal alkoxylated compounds of the general formula (I
      c) can be prepared by the oxymercuration procedure of Brown, H. C. et al.:
      (J.A.C.S., 91, 5646, (1969)).
PAR  The alkenes of formula (III b) are, for example, treated with mercuric
      acetate in the appropriate alcohol i.e. the alcohol of formula R.sub.5 OH,
      resulting in the desired alkoxy group in the end product, and the
      resulting oxymercuric intermediate is reduced by adding aqueous 3 M NaOH
      and 0,5 NaBH.sub.4 in 3 M NaOH. The mixture is allowed to stir for 2
      hours, until the mercury has coagulated and settled. The reaction product
      is extracted with n-hexane, the extract washed with water, dried over
      anhydrous Na.sub.2 SO.sub.4, and the solvent removed in vacuo. The
      resulting alkoxylated halogenides of formula (III c) are reacted with
      oximes of the general formula (IV) according to process a to form the
      terminal alkoxylated compounds of the general formula (I c).
PAR  The starting materials, oximes of the general formula (IV), may be made by
      standard methods from the appropriate carbonyl compounds and hydroxylamine
      hydrochloride.
PAR  The starting materials, halogenides of formula (III b), can, when n = m =
      1, be either geranylbromide or -chloride, or citronellylbromide or
      -chloride. The halogenides of formula (III b) with shortened chainlength,
      e.g. n = m = 0 or n = 0 and m = 1, are made according to the reaction
      schemes below.
PA1  The Marc Julia synthesis.
PA1  (Bull. Soc. Chem. France, 1072, (1960))
      ##SPC7##
PAL  R = methyl or ethyl.
PA1  (Belg. patent No. 725 576)
      ##SPC8##
PAL  R = methyl or ethyl.
PAL  or, according to German Pat. No. 1,117,107
      ##SPC9##
PAL  R = methyl or ethyl.
PAR  All chemical structures are confirmed by a combination of infrared and
      nuclear magnetic resonance (IR and NMR) data.
PAR  In accordance with the present invention, there is provided a method for
      the control of insects, which comprises contacting the insects, or their
      eggs or larvae, with a compound selected from those of formula (I) in an
      amount effective to inhibit the metamorphosis of said insect or to act as
      sterilizing or ovicidal agent.
PAR  Said compounds have found to act on species of different orders all over
      the class of insects, viz. Coleoptera (beetles, weevils), Lepidoptera
      (butterflies, moth), Hemiptera (bugs, plant lice, scales), Orthoptera
      (grass hoppers), Dictyoptera (roaches), and Diptera (flies, mosquitoes).
PAR  Accordingly, the invention also includes a composition containing a
      compound of the general formula (I) and a suitable carrier, which
      composition is suitable for the control of insect pests. To achieve a
      uniform distribution or application, it is advantageous to employ a
      composition comprising an inert carrier and, as the essential active
      ingredient, a compound of the general formula (I).
PAR  One method for the control of insects in accordance with the present
      invention is to apply the composition comprising an inert carrier and a
      compound of formula (I) to the locus of insect infestation, such as to the
      plant life on which insects live. These composition can be either solid or
      liquid.
PAR  Solid compositions for treating insects can be prepared by incorporating
      the active ingredient with an inert carrier such as finely divided talc,
      silica pyrophyllite, diatomite or clay or granular inert carriers, such as
      the vermiculites.
PAR  Liquid compositions can be prepared by mixing the active compound with
      inert carriers, such as acetone, xylene, peanut oil, cotton-seed oil,
      sesame oil and other vegetable oils and mineral oils conventionally
      employed as carriers in insecticidal formulation for application by
      spraying. Emulsions containing the active ingredient can also be used.
PAR  Other ingredients can be present in the composition of the present
      invention to aid in the effective application of the active ingredient,
      such as wetting agents, dispersing agents, insect attractants and the
      like.
PAR  The concentration of active ingredient of a compound of formula I in the
      composition can vary depending on a variety of factors, such as the
      specific insect involved, the degree of insect infestation, the locus of
      insect infestation, environment and weather conditions, and type of
      application device used.
PAR  Generally, the composition will contain less than 95% by weight of the
      active ingredient and more frequently less than 10% by weight.
PAR  The compounds of formula (I) are useful insect control agents by virtue of
      their ability to inhibit the metamorphosis of said insect. The expression
      "to inhibit the metamorphosis of said insect" as used herein, and in the
      appending claims, is used to describe the direct effect of the compounds
      of formula (I) as well as the indirect insecticidal effects of said
      compounds.
PAR  The compounds of formula (I) inhibit metamorphosis of various insect
      species at different stages, resulting in non-viable intermediates.
      Depending on the time of application, the compounds of formula (I) show
      ovicidal, larvicidal or pupicidal effect. When applied to the adult
      insect, the effect is indirect in the sense that the insect produces
      non-viable eggs.
DRWD
PAR  The following examples are presented to illustrate the present invention.
PAC  EXAMPLE 1
PAC  Etherformation
PAC  Preparation of benzaldoxime-O-geranyl ether.
PAR  A mixture of 24.2 g. (0.20 mol) benzaldoxime and 13.0 g. powdered KOH (85%)
      in 200 ml. dimethylformamide is stirred for 30 min. 34.6 g. (0.2 mol)
      geranylchloride is added and the raection mixture is stirred over night at
      50.degree.-60.degree.C. 200 ml. water is added to the reaction mixture,
      which is then extracted with ether. After separation the organic layer is
      washed with 10% KOH and with water until neutral. The extract is dried
      over anhydrous Na.sub.2 SO.sub.4, and the solvent removed in vacuo. The
      yield was 38.2 g. of crude oximether, which was purified on silica gel as
      described below. n.sub.D.sup.24 : 1.5202.
PAC  EXAMPLE 2
PAC  Epoxidation
PAC  Preparation of benzaldoxime-O-epoxygeranyl ether
PAR  To a stirred, chilled solution (0.degree.C) of 3.4 g. geranylchloride in
      100 ml. methylenechloride is cautiously added 4.5 g. (0.022 mol) 85%
      m-chloroperbenzoic acid in 30 ml. methylenechloride. The reaction mixture
      is stirred on an ice-bath for 2 hours, 10% aqueous NaHCO.sub.3 solution is
      added and the mixture shaken thoroughly. The aqueous layer is extracted
      with methylenechloride and the combined extracts evaporated in vacuo. The
      residue is dissolved in ether, washed twice with 10% NaHCO.sub.3 solution
      and finally twice with water. The etheral extract is dried over anhydrous
      Na.sub.2 SO.sub.4 and evaporated in vacuo. 1.9 g. (0.01 mol) of crude
      6,7-epoxygeranylchloride thus obtained is reacted with 1.2 g (0.01 mol)
      benzaldoxime in 10 ml. DMF in the presence of 0.7 g. KOH, according to the
      etherformation described above. For the actual oximether was found,
      n.sub.D.sup.24 : 1.5255.
PAC  EXAMPLE 3
PAC  Alkoxylation
PAC  Preparation of benzaldoxime-0-(7-ethoxy-geranyl)-ether
PAR  3.4 g. geranylchloride (0.02 mol) is added to a vigorously stirred
      suspension of 6.4 g. mercurie acetate in 30 ml. of 99% ethanol at
      0.degree.C. One hour after the addition of the diene, the mercurial
      intermediate is reduced by adding 20 ml 0.5 M NaBH.sub.4 in 3 M NaOH. The
      mixture is allowed to stir for 2 hours, until the mercury has coagulated
      and settled. Then the product is extracted with n-hexane, washed with
      water until neutral, dried over Na.sub.2 SO.sub.4 and the solvent is
      removed in vacuo. 1.1 g. (0.005 mol) of crude 7-ethoxy-geranylchloride
      thus obtained is reacted with 0.6 g. (0.005 mol) benzaldoxime in 5 ml. DMF
      in the presence of 0.35 g. KOH, according to the etherformation described
      above. For the actual oximether was found, n.sub.D.sup.24 : 1.5225.
PAC  EXAMPLE 4
PAC  Chromatography
PAR  10 g. crude benzaldoxime-O-geranylether is purified by column
      chromatography on silica gel (0.2-0.5 mm.). The column is filled with 250
      g. silica gel and a benzene/ethylacetate mixture (4/1 by volume). The
      elution is started with a 4/1 mixture of benzene/ethylacetate (200 ml.),
      and then gradually increasing the concentration of ethylacetate during the
      elution: 3/1 (200 ml.), 7/3 (400 ml.), 3/2 (300 ml.) and finally 1/1 (200
      ml.). The same procedure was applied to all other compounds.
PAC  EXAMPLE 5
PAC  Formulation
PAR  The active ingredient prepared according to Example 1 can be formulated in
      the following way:
     Active ingredient    10,0 grammes                                         
     70% Ca-dodecylphenylsulfonate                                             
                           5,0 grammes                                         
     Oleyl-poly(15)ethyleneoxideether                                          
                           5,0 grammes                                         
     Acetone              ad 100 millili-                                      
                          tres (100 g/l a.i.)                                  
PAR  When poured into water, an emulsion is immediately formed, which shortly
      after is transformed into a true solution. Further dilution into any
      desired concentration can be performed.
PAR  The water based solution is ready for spraying.
PAR  In accordance with the given examples above, the following compounds has
      been prepared.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Comp. No.                  Formula and name.              n.sub.D.sup.24  
     __________________________________________________________________________
     1      Benzaldoxime-0-geranyl ether.                      1,5202          
     2      Benzaldoxime-O-epoxygeranyl ether.                 1,5255          
     3      Benzaldoxime-O-(7-methoxy-geranyl)-                1,5225          
            ether.                                                             
     4      Benzaldoxime-O-(3-ethyl-7-methyl-                  1,5196          
            2,6-nonadiene-1-yl)-ether.                                         
     5      Piperonaloxime-O-geranyl ether.                    1,5312          
     6      p-Tolualdoxime-O-geranyl ether.                    1,5233          
     7      3-Pyridinealdoxime-O-geranyl ether.                1,5350          
     8      Benzaldoxime-O-citronellyl ether.                  1,5206          
     9      Piperonaloxime-O-(3-methyl-2-pentene-              1,5596          
            1-yl)-ether.                                                       
     10     Benzaldoxime-O-(3-methyl-2-pentene-                1,5363          
            1-yl)-ether.                                                       
     11     Piperonaloxime-O-(4-methyl-3-hexene-               1,5500          
            1-yl)-ether.                                                       
     12     Benzaldoxime-O-(4-methyl-3-hexene-                 1,5303          
            1-yl)-ether.                                                       
     13     Glycollicaldoxime-O-geranyl ether.                 1,4905          
     14     Glyoxylic acid ethylester aldoxime-                1,4682          
            O-geranyl ether.                                                   
     15     Glyoxylic acid ethylester aldoxime-                1,4706          
            O-(epoxygeranyl)-ether.                                            
     16     Glyoxylic acid ethylester aldoxime-                1,4702          
            O-(7-ethoxy-geranyl)-ether                                         
     17     Glyoxylic acid ethylester aldoxime-                1,4713          
            O-citronellyl ether                                                
     18     Glyoxylic acid ethylester aldoxime-                1,4722          
            O-(7-methoxy-citronellyl)-ether                                    
     19     Glyoxylic acid ethylester aldoxime-                1,4453          
            O-(3,7-dimethyl-octyl)-ether                                       
     __________________________________________________________________________
PAC  Testing of juvenile hormone activity
PAR  The biological tests are examplified by tests on Tenebrio molitor L.,
      Galleria mellonella L. and Culex pipiens L. Tenebrio test: The material in
      question is applied topically to the abdomen of 0.5 to 2 hours old pupae
      of the said specimen, as a solution in acetone. The pupae are held at
      27.degree.C and 70% RH, ecdysis occuring 5 to 7 days later. The degree of
      inhibition of adult characters is refered to an arbitrary scale, a
      morphologically perfect adult given the character 0%, a perfect second
      pupa 100%.
PAR  Galleria Test: The test is performed on recently laid eggs of Galleria
      mellonella by contact with impregnated filter paper. The data given in
      table 2, are the amount necessary for preventing eclosion of 50% of the
      eggs. The amount (IC-50 eclos.) is given in mg./65 cm.sup.2.
PAR  Culex test: The compounds were tested on mature larvae of Culex pipiens.
      The concentration necessary to produce a loss of 50% of the test animals
      is given in table 2. (IC-50 eclos.) in ppm.
TBL                Table 2                                                     
     ______________________________________                                    
     Comp. No.                                                                 
              Tenebrio test                                                    
                          Galleria test                                        
                                      Culex test                               
              ID-50 morph.                                                     
                          IC-50 eclos.                                         
                                      IC-50 eclos.                             
              .mu.g/pupa  mg/65 cm.sup.2                                       
                                      ppm                                      
     ______________________________________                                    
     1        0,05        &gt;10         &lt;1,0                                     
     2        &gt;0,1        --          --                                       
     3        1,0         10          10                                       
     4        0,01        --          --                                       
     5        &gt;100        10          1,0                                      
     6        50          1,0         10                                       
     7        10          --          --                                       
     8        &gt;100        10          &lt;10                                      
     9        10          10          0,02                                     
     10       &gt;100        1,0         1,0                                      
     11       &gt;100        5           0,5                                      
     12       &gt;100        1,0         &lt;10                                      
     13       50          --          10                                       
     14       1           --          1,0                                      
     15       1           --          1,0                                      
     16       1           1           1,0                                      
     17       --          1,0         --                                       
     18       --          1,0         --                                       
     ______________________________________                                    
PAR  All compounds made and tested are mixtures of isomers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC10##
PAL  in which the symbols have the following meanings:
PA1  Ab: are taken together and represent an oxygen atom;
PA1  C: a hydrogen atom, and
PA1  D: a hydrogen atom, or
PA1  Cd: when taken together a further single bond between the adjacent carbon
      atoms,
PA1  n: an integer which is 0 or 1,
PA1  m: an integer which is 0 or 1,
PA1  R.sub.4 : a methyl or ethyl group,
PA1  R.sub.3 : a methyl or ethyl group,
PA1  R.sub.1 : a hydrogen atom, or an alkyl group having from 1 to 6 carbon
      atoms,
PA1  R.sub.2 : a 3,4-methylenedioxyphenyl group, or a group having the general
      formula II
      ##SPC11##
PAL  wherein Z is CH or a nitrogen atom, p is an integer from 0 to 3, and X is a
      hydrogen atom or at least one substituent selected from the group
      consisting of NO.sub.2, halogen, OH, CF.sub.3, alkyl and alkoxy, which,
      when p is 2 or 3, may be the same or different.
NUM  2.
PAR  2. A compound according to claim 1 in which the symbols have the following
      meanings:
PA1  R.sub.2 : a 3,4-methylenedioxyphenyl group, or a group having the general
      formula II
      ##SPC12##
PAL  wherein Z is CH or a nitrogen atom, p is 0 or 1, and X is an alkyl group
      having from 1 to 6 carbon atoms when p is 1.
NUM  3.
PAR  3. A compound as claimed in claim 2 wherein R.sub.1 is a hydrogen atom.
NUM  4.
PAR  4. A compound as claimed in claim 1, in which any of the groups alkyl or
      alkoxy represented by the symbol X contains from 1 to 6 carbon atoms.
NUM  5.
PAR  5. A compound, as claimed in claim 1, in which the symbols have the
      following meanings:
PA1  R.sub.1 : a hydrogen atom, or an alkyl group having from 1 to 6 carbon
      atoms,
PA1  R.sub.2 : a 3,4-methylenedioxyphenyl group, or a group having the general
      formula II, wherein Z is CH or a nitrogen atom, p is 0 or 1, and X is
      CH.sub.3, when p is 1.
NUM  6.
PAR  6. A compound according to claim 1, which is benzaldoxime-O-epoxygeranyl
      ether.
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PAL  New stilbene derivatives of formula:
      ##SPC1##
PAL  In which
PA1  R.sub.1 signifies a hydrogen or halogen atom, or a lower alkyl group;
PA1  R.sub.2 signifies a hydrogen atom; a cycloalkyl group which is
      unsubstituted or substituted by one or more lower alkyl groups; or a lower
      alkyl group which is unsubstituted or substituted by a hydroxyl, lower
      alkoxy or hydroxysubstituted lower alkoxy group or by a radical of formula
      (a);
      ##SPC2##
PA1  M signifies a hydrogen atom or an equivalent of a colourless cation;
PA1  n signifies 1 or 2; Alkylene signifies C.sub.1.sub.-8 alkylene;
PA1  And the rings A and B are unsubstituted or substituted by one or more
      substituents selected from halogen atoms and lower alkyl, lower alkoxy,
      cyano and SO.sub.3 M groups;
PAL  The compound containing at least six SO.sub.3 M groups per molecule, are
      useful as optical brighteners. They are produced by successive
      condensation of each of the three amino-containing moieties around the
      triazine nucleus, as an amine, with a cyanuro halide. Their application,
      particularly in certain liquid preparations, for the optical brightening
      of paper and textiles is described.
BSUM
PAR  The present invention relates to stilbene derivatives which contain
      sulphonic acid groups.
PAR  According to the invention, there are provided compounds of formula I:
      ##SPC3##
PAL  in which
PA1  R.sub.1 signifies a hydrogen or halogen atom, or a lower alkyl group;
PA1  R.sub.2 signifies a hydrogen atom; a cycloalkyl group which is
      unsubstituted or substituted with one or more lower alkyl groups; or a
      lower alkyl group which is unsubstituted or substituted with a hydroxyl,
      lower alkoxy or hydroxysubstituted lower alkoxy group or with a radical of
      formula (a);
      ##SPC4##
PA1  M signifies a hydrogen atom or an equivalent of a colourless cation;
PA1  n signifies 1 or 2;
PA1  And the rings A and B are unsubstituted or substituted with one or more
      substituents selected from halogen atoms and lower alkyl, lower alkoxy,
      cyano and SO.sub.3 M groups,
PAL  The compounds containing at least six SO.sub.3 M groups per molecule.
PAR  As examples of lower alkyl and alkoxy groups in the compounds of formula I
      may be given those containing 1 to 8 carbon atoms, preferably 1 to 4
      carbon atoms, and more preferably 1 or 2 carbon atoms. Any lower alkyl or
      alkoxy group containing 3 or more carbon atoms may be straight or
      branched. Specific examples of lower alkyl groups or the alkyl moieties in
      lower alkoxy groups are methyl, ethyl, n-propyl, isopropyl, n-butyl,
      isobutyl, tert.-butyl, n-pentyl, isopentyl, n-hexyl and isooctyl.
PAR  Any lower alkyl moeity substituted with a hydroxyl or alkoxy group
      preferably contains 2 to 4 carbon atoms, more preferably 2 or 3. Examples
      of preferred hydroxy-substituted lower alkyl groups are
      .beta.-hydroxyethyl and .beta.-hydroxypropyl, of which the former is the
      more preferred.
PAR  By the term "halogen" as used herein is to be understood fluorine, chlorine
      or bromine, of which chlorine is the preferred halogen.
PAR  As examples of cycloalkyl groups may be given cyclopentyl and cyclohexyl,
      of which the latter is the preferred cycloalkyl group. Such groups may be
      substituted with one or more lower alkyl groups, preferably 1 to 3 lower
      alkyl groups, and examples of such substituted cycloalkyl groups are
      mono-, di- and trimethylcyclohexyl and ethylcyclohexyl.
PAR  In the compounds of formula I, the alkylene radical preferably contains 1
      to 8 carbon atoms, and when containing 2 or more carbon atoms, may be
      straight or branched. Examples of such radicals are methylene, ethylidene,
      ethylene, 1- or 2-methylethylene, trimethylene, butylene-1,2, -1,3, -1,4
      and -2,3, 1,1,3-trimethyltetramethylene and isooctylene, e.g.,
      6,6-dimethylhexamethylene or 6-methylheptamethylene. Preferably the
      alkylene radical contains 1 to 4 carbon atoms, and more preferably, 1 or 2
      carbon atoms.
PAR  When ring A or B is substituted, the substituents in each case are
      preferably selected from 1 to 3 lower alkyl groups, 1 or 2 lower alkoxy
      groups, halogen atoms, a cyano group and a SO.sub.3 M group. Examples of
      the substituted rings A or B are methylphenyl, in particular o- or
      p-methylphenyl, ethylphenyl, in particular p-ethylphenyl,
      2,4,6-trimethylphenyl, 2- or 3-methoxy-4- or 5-methylphenyl,
      3-methyl-4-methoxyphenyl, 2-, 3- or 4-methoxyphenyl, 4-chlorophenyl, 2,4-
      or 2,5-dichlorophenyl, 4-cyanophenyl, 4-sulphophenyl, 2- or
      3-methyl-4-sulphophenyl and 4-tert.-butyloxyphenyl. Preferably rings A and
      B do not contain a SO.sub.3 M group, and more preferably, they are each
      unsubstituted.
PAR  As examples of M, when signifying an equivalent of a colourless cation, may
      be given those commonly used in optical brightening agents, such as alkali
      metals, e.g., lithium, sodium and potassium, alkaline earth metals, e.g.,
      magnesium, calcium and strontium, and ammonium and substituted ammonium,
      e.g., of the formula NR.sub.3 R.sub.4 R.sub.5 R.sub.6, wherein each of
      R.sub.3, R.sub.4, R.sub.5 and R.sub.6, independently, signifies a hydrogen
      atom or an alkyl group containing up to 4 carbon atoms, which is
      unsubstituted or substituted with 1 or 2, preferably one, hydroxyl groups,
      examples of such ammonium cations being mono-, di- and triethanolammonium
      ions. It is to be understood that whilst M is shown for simplicity as
      being monovalent, it may be multivalent, particularly divalent, e.g. when
      signifying an alkaline earth metal cation. In such a case of multivalency,
      the appropriate cation is shared between sufficient anionic sulpho
      moieties to render the particular compound of formula I electrically
      neutral.
PAR  The symbol n preferably signifies 2, and one of the corresponding two
      SO.sub.3 M groups is preferably in the ortho-position, with respect to the
      position of attachment of the linking moiety --NH--, the other --SO.sub.3
      M group preferably being in either the meta- or the para-position thereto,
      the former of the two being preferred.
PAR  A preferred class of compounds of the invention comprises those compounds
      of formula I wherein R.sub.1 signifies a hydrogen atom. A second preferred
      class is represented by the formula I wherein R.sub.2 signifies a hydrogen
      atom, an alkyl group containing 1 to 4 carbon atoms, .beta.-hydroxyethyl,
      .beta.-hydroxypropyl or benzyl. Preferably the alkylene radical of the
      compounds of formula I contains from 1 to 4 carbon atoms. Ring A or ring B
      is preferably unsubstituted.
PAR  A more preferred class of compounds of the invention comprises those having
      the formula I wherein R.sub.1 and R.sub.2, the alkylene radical and the
      rings A and B are restricted to the moieties described in the previous
      paragraph.
PAR  Especially preferred compounds of the invention are those having the
      formula I':
      ##SPC5##
PAL  in which
PA1  R.sub.7 signifies a hydrogen atom or a methyl, ethyl, isopropyl,
      .beta.-hydroxyethyl or benzyl group;
PA1  x signifies methylene, ethylene, tri- or tetramethylene, --(CH.sub.2).sub.2
      CH(CH.sub.3)-- or ethylidene; and
PA1  M is as defined above, but preferably signifies an alkali metal,
      particularly sodium, the second SO.sub.3 M moiety on the 2--(SO.sub.3
      M)-substituted phenyl group being attached at either the 4- or the
      5-position.
PAL  Even more preferred compounds of the invention are those of the formula I'
      wherein X signifies methylene.
PAR  According to a further feature of the present invention there is provided a
      process for preparing the compounds of formula I, characterised by
      reacting a
PAL  cyanuro halide of formula II:
      ##SPC6##
PAL  in which C and D signify, respectively, the groups:
      ##SPC7##
PAL  and hal signifies a halogen atom; with, respectively, an amine of formula
      III, IV or V:
      ##SPC8##
PAR  It is to be understood that each of the 3 alternative starting materials,
      of formula II, are preparable by reacting a cyanuro halide of formula VI:
      ##SPC9##
PAL  with the amines CH and DH, in either order.
PAR  The preferred starting material of formula II is one in which the halogen
      atom signified by "hal" is a chlorine atom.
PAR  The reaction step in each alternative embodiment of the process of the
      invention may be effected in accordance with a method known per se,
      whereby the temperature of the preparative reaction is generally kept
      within the range 80.degree. to 100.degree.C and the pH within the range 4
      to 10. During the course of the reaction step the hydrohalic acid freed is
      conveniently removed from the system by neutralisation with a base, e.g.,
      an alkali metal hydroxide, bicarbonate or carbonate, or an organic
      tertiary amine as exemplified by tri-(2-hydroxyethyl)-amine.
PAR  As starting materials of formula IV may be used mono- or preferably
      disulphonic acids or appropriate salts thereof, e.g.
      1-amino-2-methylbenzene-4,5- or -4,6-disulphonic acid,
      1-amino-3-methylbenzene-2,4- or -4,6-disulphonic acid,
      1-amino-4-methylbenzene-3,5-disulphonic acid,
      1-amino-4-methylbenzene-3,5-disulphonic acid,
      1-amino-3-chlorobenzene-4,6-disulphonic acid,
      1-amino-4-chlorobenzene-3,6-disulphonic acid and, preferably,
      1-aminobenzene-3,5-disulphonic acid and, more preferably,
      1-aminobenzene-2,4- and -2,5-disulphonic acid.
PAR  The molar proportion by which the compound of formula II is suitably
      reacted with one of the compounds of formulae III, IV and V depends on the
      nature of the appropriate compound of formula III, IV or V. If the latter
      compound is of formula III or IV, approximately equimolar proportions of
      compounds of formulae II and III or IV are suitably reacted, whereas if
      compounds of formulae II and V are reacted together, 2 moles of the
      compound of formula II are suitably reacted with approximately 1 mole of
      the compound of formula V.
PAR  As regards the formation of the starting material of formula II from a
      cyanuro halide of formula VI and the amines CH and DH, the same principles
      apply in choosing suitable molar proportions of starting materials as are
      evident from the previous paragraph. Accordingly, 2 moles of the compound
      of formula II are suitably reacted with approximately 2,2 or 1 moles,
      respectively, of the compound of formula III, IV or V, followed by
      approximately 2, 1 or 2 moles, respectively, of the compound of formula
      IV, V or III.
PAR  The individual reaction steps in arriving at the starting materials of
      formula II may be effected in accordance with methods known per se,
      whereby the first halogen atom of the cyanuro halide of formula VI is
      replaced by a radical derived from one of the compounds of formulae III,
      IV and V generally within the temperature range 0.degree. to 15.degree.C
      and pH range 1 to 7, while the second halogen thereof is replaced by the
      appropriate radical as hereinbefore mentioned within the temperature range
      20.degree. to 60.degree.C and pH range 4 to 8. In each case the
      appropriate hydrohalic acid freed in the course of each reaction step is
      conveniently removed from the system by neutralisation with a base, e.g.
      an alkali metal hydroxide, bicarbonate or carbonate, or an organic
      tertiary amine as exemplified by tri-(2-hydroxyethyl)amine.
PAR  It is to be understood that, overall, the reaction scheme providing a
      compound of the invention of formula I from the starting point of the
      cyanuro halide of formula VI consists in reacting the latter compound
      with, in any order, compounds of the formulae III, IV and V. However, it
      is preferred to react the compound of the formula II with first that of
      formula IV, then of formula V, and finally of formula III.
PAR  The compounds of formula I may be isolated and purified in conventional
      manner.
PAR  As will be appreciated, the particular significance of M may be introduced
      during production of compounds of formula I, e.g. by employing starting
      materials in which M has such significance or by employing pH regulating
      agents, such as soda to introduce the significance sodium etc.
      Alternatively, however, and again as will be appreciated, the significance
      of M, as obtained initially in the compounds of formula I may be
      exchanged, in conventional manner, for any other desired significance
      thereof.
PAR  The compounds of formula I are useful as optical brightening agents.
PAR  The compounds of the formula I are readily soluble in water, particularly
      when in the form of alkali metal, alkaline earth metal or ammonium salts,
      especially di- or triethanolammonium salts. Furthermore, concentrated
      aqueous, aqueous-organic or organic solutions may be produced therewith,
      containing, for example, up to about 30% of the solute of formula I in the
      absence of a solvent aid, or containing, for example, up to about 50% of
      the solute of formula I, particularly when present in highly salt-free
      form, in the presence of a solvent acid. Examples of solvent aids useful
      for effecting the dissolution of the compounds of formula I are urea,
      triethanolamine and glycols, e.g. ethylene and propylene glycols, and
      polyglycolic ethers of molecular weight up to about 1000, and mixtures
      thereof.
PAR  The use of such liquid preparations enables the compounds of the invention,
      which have fluorescent properties, to be conveniently applied to
      substrates as optical brighteners. A preferred composition of such a
      liquid preparation is as follows, all percentages being by weight:
PA1  20-25% compound of formula I in highly purified form, i.e. in a
      substantially salt-free form
PA1  10-30% solvent aid, e.g. as hereinbefore exemplified
PA1  70-20% water.
PAR  When glycols or lower polyglycolic ethers (e.g. diethylene glycolic ethers
      or triethylene glycolic ethers or the corresponding propylene glycolic
      ethers) or mixtures thereof are used as solvent aids, such agents may
      partially serve as solvents. Taken further, the "solvent aid" may
      completely replace water in the composition such that the solvent aid is
      then a solvent per se for the compound of the invention. A more preferred
      composition of a liquid preparation containing a compound of the
      invention, which extends to such a water-free composition, is as follows,
      again all percentages being by weight:
PA1  20-50% compound of formula I in substantially salt-free form
PA1  5-50% glycols or lower polyglycolic ethers or mixtures thereof
PA1  75-0% water.
PAR  The compounds of formula I are particularly suitable for the optical
      brightening of organic high polymer compounds, e.g., natural or
      regenerated cellulose, natural or synthetic polyamide and plastics, e.g.
      polyurethane, and synthetic resins. Generally binding agents are also
      employed in such brightening processes, for example in the production or
      finishing of paper and in the finishing, particularly high grade
      finishing, of textile materials.
PAR  Due to their good hydro-solubility, the compounds of formula I are suitable
      for the optical brightening of paper in the stock. Furthermore, due to
      their comparatively low substantivity, they are suitable for the
      brightening of paper in the dipping process or of textiles, especially
      cellulosic textiles and non-woven fabrics, in the padding process. They
      may also be used for the brightening of polyamides from an acid bath or of
      nylon or regenerated cellulose in the spinning mass.
PAR  In the application of the compounds as optical brighteners for paper, they
      are preferably used after sheet formation, especially in paper sizing
      solutions as employed in the size press, and in paper coating media.
PAR  When used in the processing of textiles, they are preferably employed in
      synthetic resin baths, preferably for finishing cotton, and particularly
      for effecting crease-proof finishing.
PAR  For the optical brightening of paper in the stock, a proportion of optical
      brighteners to air-dried cellulose within the range 0.01 to 0.5% by weight
      is preferably employed. Sizing liquors containing 0.3 to 8g and preferably
      0.5 to 6g of optical brightener per liter of the treatment liquor are
      suitable for the treatment of paper in the size press. The amount of the
      brightener will naturally depend on the amount and kind of the binding
      agent used, the paper and the degree of whiteness required. In normal
      cases, the concentration of the binding agent is within the range 2 to 15%
      by weight of the bath liquor. For the surface treatment of papers other
      additives may also be present in the treatment liquor in the bath, e.g.
      white pigments or fillers, e.g. for the coating mass. Such additives
      usually constitute 10 to 65% by weight of the coating mass. Binding agents
      also present usually constitute 5 to 25% by weight, and the optical
      brightener approximately 0.3 to 6g per liter of coating mass. Suitable
      binding agents include decomposed starch, alginates, gelatine, polyvinyl
      alcohol, polyvinyl pyrrolidone, carboxymethyl cellulose, casein, protein,
      polyvinylidene chloride or mixtures of such binding agents. From these
      binding agents, decomposed starch, polyvinyl alcohol and carboxymethyl
      cellulose are preferred. Aqueous synthetic resin dispersions based on
      co-polymerisation of acryl or butadiene styrene resins are also suitable
      binding agents, there being present about 50% of synthetic resin. Suitable
      white pigments or fillers include common agents such as china clay,
      calcium carbonate, satin white, blancfix, titanium oxide, talc and
      precipitated aluminium silicates, as well as mixtures thereof.
PAR  Furthermore, the coating pastes may advantageously contain hydrosoluble
      poly- or metaphosphates, and as wetting agents, unsulphated or sulphated
      higher alkanol or alkylphenol polyglycolic ethers containing
      C.sub.1.sub.-14 alkyl groups and 1 to 20 ethylene oxide groups. For the
      obtention of good flow properties, an alkaline coating paste is preferably
      used for the pigment coating, the alkaline reacting conveniently being
      effected with, inter alia, ammonium hydroxide or sodium or potassium
      hydroxides, carbonates, borates, perborates or mixtures thereof.
PAR  In the application of the compounds of the invention as optical brighteners
      in the finishing of textiles, the compounds are preferably used in an
      amount within the range 0.05 to 0.8% by weight of the substrate. The bath
      length is preferably in a ratio of 1:10 to 1:50 and the treatment
      temperature is in a range of 30.degree. to 60.degree.C. Furthermore the
      bath may advantageously contain other adjuvants.
PAR  In padding processes, particularly continuous ones, the concentration of
      the optical brightener is preferably from 0.02 to 1.2%, more preferably
      from 0.05 to 0.8% by weight of the substrate. Thereafter the brightener
      may be fixed in accordance with the cold retention process or in the heat,
      optionally after an intermediate drying.
PAR  For the finishing of textiles (woven or non-woven fabrics) with binding
      agents, especially synthetic resins, the optical brightener, preferably in
      amount 0.02 to 1.2%, or more preferably, 0.05 to 0.8%, by weight of the
      substrate, may be added to the synthetic resin in the treatment bath, or
      even before. The fixation of the optical brightener and the cross-linking
      of the finishing agent may be effected in accordance with the cold
      retention process or the method of wetting out in the cold, or by heat
      treatment, optionally after an intermediate drying. Due to their stability
      in a strongly acid bath and towards salts, e.g. magnesium chloride and
      zinc chloride, the compounds of formula I are very suitable for the
      optical brightening and simultaneous crease-proof finishing of cotton
      fabrics. The synthetic resins used as binding agents for the finishing of
      textiles are preferably those derived from formaldehyde and amides, e.g.
      from formaldehyde and urea, ethylene urea, propylene urea, mono- or
      dihydroxyethylene urea, guanidine, melamine or urethanes such as methyl or
      ethyl urethane. Particularly preferred resins are those derived from
      formaldehyde and urea or a substituted urea.
PAR  The compounds of formula I are notably acid and salt resistant. They are
      particularly resistant towards aluminium salts as used in paper production
      and towards magnesium and zinc salts as used in synthetic resin finishing.
      Application of the compounds to substrates results in an increase in
      fluorescence, a neutral shade and good fastness properties. Use of the
      compounds of formula I in combination with other brightening agents
      provides special effects. Furthermore, the compounds of the invention may
      be blended with conventional hydrophilic blending agents, e.g. polyvinyl
      alcohol, optionally acylated polyethylene glycols, polyvinyl pyrrolidone
      or urea. In some cases the resulting brightening effect may be
      considerably increased.
PAR  The following Examples illustrate the invention. Unless otherwise stated,
      the parts and percentages are by weight, and the parts by volume relate to
      the parts by weight as milliliters to grams. All temperatures are in
      degrees centigrade.
DETD
PAC  EXAMPLE 1
      ##SPC10##
PAR  A solution of 190 parts of cyanuro chloride in 800 parts by volume of
      acetone is run with stirring, over the course of 10 minutes, into 5000
      parts of ice water. A solution of 253 parts of aniline-2,5-disulphonic
      acid and 106 parts of calcinated soda in 1500 parts of water is added
      dropwise at 0.degree. to 5.degree. over the course of 1 hour and with
      stirring. The pH is kept at 3 to 4 by the dropwise addition of 15% soda
      solution. The suspension is thus slowly dissolved. The solution is stirred
      at 0.degree. to 5.degree. until no primary, aromatic amino groups may be
      detected any longer by the diazo reaction. A solution of 185 parts of
      4,4'-diamino-stilbene-2,2'-disulphonic acid and 106 parts of calcinated
      soda in 1500 parts of water are subsequently added, the pH is adjusted to
      7 by the addition of 15% soda solution and the solution is heated to
      30.degree. until the diazo reaction turns negative. 150 Parts of benzyl
      amine are added to the clear solution, the pH is increased to 9 to 10 by
      the addition of 15% soda solution and the solution is slowly heated to
      95.degree.-100.degree. with distillation of the acetone. The solution is
      boiled at reflux over the course of 11/2 hours, the pH being kept at 9 to
      10 by the addition of soda solution. 350 Parts of sodium chloride are
      subsequently added to the clear solution which is then allowed to cool.
      The bright lemon yellow product precipitates, is suction filtered and
      dried under vacuum. The resulting brightener corresponds to the
      above-indicated formula VII.
PAR  Similar brighteners are obtained by replacing 150 parts of benzyl amine by
      169 parts of 1-phenylethyl amine or 169 parts of 2-phenylethyl amine or
      189 parts of 3-phenylpropyl amine or 209 parts of 4-phenylbutyl amine or
      209 parts of 3-amino-1-phenyl-butane or 169 parts of N-methyl-N-benzyl
      amine or 209 parts of N-isopropyl-N-benzylamine or 275 parts of dibenzyl
      amine or 212 parts of 2-benzylamino-ethanol. The resulting brighteners
      correspond to formula:
      ##SPC11##
PAL  wherein the symbols R.sub.8 and R.sub.9 have the significances stated in
      the following Table.
      ##EQU1##
PAC  EXAMPLE 2
      ##SPC12##
PAR  By processing as in the above Example but replacing the 253 parts of
      aniline-2,5-disulphonic acid by 253 parts of aniline-2,4-disulphonic acid,
      the aboveindicated compound is obtained. The benzyl amine radical may be
      replaced in analogous manner by the amine radicals indicated in Example 1.
PAC  EXAMPLE 3
PAR  525 Parts of ethylene glycol are added to the well expressed residue of
      Example 1. The mixture is adjusted with water to a weight of 3200 parts
      and slightly heated with stirring until a clear solution is obtained.
PAR  A similar solution is obtained by replacing ethylene glycol by diethylene
      glycol or a mixture of ethylene glycol/diethylene glycol 1:1 or 700 parts
      of urea.
PAC  EXAMPLE 4
PAR  A cotton fabric is drawn through a bath containing:
PA1  240 parts of a synthetic resin pre-condensate, e.g. dimethylol ethylene
      urea,
PA1  28 parts of sulphuric acid 40.degree. Be
PA1  6 parts of a brightener of Example 1
PA1  730 parts of water,
PAL  expressed between two rollers to a pick up of 100% and dried at 90.degree.
      until a residual humidity of 8% is obtained. The fabric is subsequently
      rolled up and stored at room temperature over the course of 17 hours. It
      is cold rinsed, cold neutralised with a solution of 2g/1 of soda, cold
      rinsed, expressed and dried at 100.degree.. The fabric treated in this way
      shows a good brilliant brightening of neutral shade.
PAC  EXAMPLE 5
PAR  A cotton fabric is drawn through a solution, containing 3 parts of a
      brightener of Example 2 in 1000 parts of solution, expressed to a pick up
      of 100% and dried at 60.degree.-70.degree.. The fabric shows a good
      brightening. The brightening effect is considerably increased by adding 8
      parts of a polyethylene glycol (with a molecular weight of 5000 to 6000).
PAC  EXAMPLE 6
PAR  A sized paper of sulphit cellulose is coated with a coating paste
      consisting of
PA1  66 parts of kaolin
PA1  33 parts of water
PA1  10 parts of a 50% dispersion of a butadiene-styrene-copolymer
PA1  5 parts of a 10% casein solution
PA1  0.3 parts of a 10% solution of a brightener of Example 1.
PAR  The degree of whiteness is considerably higher than that of an unbrightened
      coating paste. The effect is considerably improved by adding to the
      coating paste 1 part of a 10% solution of a polyethylene glycol having a
      molecular weight of 4000 to 6000.
PAC  EXAMPLE 7
PAR  To a suspension of 100 parts of bleached sulphite cellulose in 4000 parts
      of water, ground in a hollander engine to 40.degree.-Schopper-Riegler and
      containing 10 parts of aluminium sulphate, is added a solution of 0.3
      parts of a brightener of Example 1 in 300 parts of water. The solution is
      carefully mixed over the course of 30  minutes. The cellulose mass is
      subsequently sized in conventional manner with 20 parts of a 10%
      colophonium resin size and 3 parts of aluminium sulphate, dissolved in 10
      parts of water. The mass is then diluted with water to 20,000 parts and
      processed into paper sheets.
PAR  The paper thus produced shows a good brightening. The result indicates that
      the brighteners produced in accordance with the invention may also be used
      in the paper mass at low pH values. This is of importance for the paper
      production as the process has to be effected with backwater which contains
      plenty of aluminium sulphate.
PAC  EXAMPLE 8
PAR  A coating mass consisting of
PA1  66 parts of kaolin
PA1  33 parts of water
PA1  10 parts of a 50% dispersion of a butadienestyrene copolymer
PA1  1 part of a 10% solution of a polyethyleneglycol having a molecular weight
      of 5000 to 6000
PA1  0.3 parts of a 10% solution of a brightener of Example 2 or 1  is applied
      by means of a coating apparatus to a sized paper consisting of 50%
      bleached sulphite cellulose and 50% mechanical wood pulp. A paper with an
      excellent brightening effect is obtained.
PAR  5 Parts of a 10% solution of a decomposed starch may furthermore be added
      to the above-mentioned coating paste. The brightening effect is thereby
      slightly improved.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of formula I,
      ##SPC13##
PAL  wherein
PA1  R.sub.1 is hydrogen, fluoro, chloro, bromo or C.sub.1.sub.-8 alkyl;
PA1  R.sub.2 is hydrogen, cyclopentyl, cyclopentyl substituted by one to three
      C.sub.1.sub.-4 alkyl groups, cyclohexyl, cyclohexyl substituted by one to
      three C.sub.1.sub.-4 alkyl groups, C.sub.1.sub.-4 alkyl, C.sub.2.sub.-4
      alkyl monosubstituted by hydroxy, C.sub.1.sub.-4 alkoxy or C.sub.2.sub.-4
      hydroxyalkoxy, or C.sub.1.sub.-4 alkyl substituted by a radical of formula
      (a),
      ##SPC14##
PA1  R.sub.3 is C.sub.1.sub.-8 alkylene;
PA1  M is hydrogen or an equivalent of a colourless cation;
PA1  n is 1 or 2;
PA1  and the rings A and B are unsubstituted or substituted by 1 to 3
      C.sub.1.sub.-8 alkyl groups, 1 or 2 substituents selected from
      C.sub.1.sub.-8 alkoxy, fluoro, chloro and bromo or one substituent
      selected from cyano and --SO.sub.3 M;
PAL  the compound containing at least six --SO.sub.3 M groups per molecule.
NUM  2.
PAR  2. A compound of claim 1, wherein any C.sub.1.sub.-8 alkyl or alkoxy
      radical is of 1 to 4 carbon atoms.
NUM  3.
PAR  3. A compound of claim 1, wherein any cyclopentyl or cyclohexyl radical as
      R.sub.2 is a cyclohexyl radical.
NUM  4.
PAR  4. A compound of claim 3, wherein R.sub.3 is of 1 to 4 carbon atoms.
NUM  5.
PAR  5. A compound of claim 1, wherein ring A and any phenylalkyl group as
      R.sub.2 is unsubstituted.
NUM  6.
PAR  6. A compound of claim 2, wherein ring A and any phenylalkyl group as
      R.sub.2 is unsubstituted.
NUM  7.
PAR  7. A compound of claim 4, wherein ring A and any phenylalkyl group as
      R.sub.2 is unsubstituted.
NUM  8.
PAR  8. A compound of claim 7, wherein R.sub.1 is hydrogen, R.sub.2 is hydrogen,
      C.sub.2.sub.-4 hydroxyalkyl, C.sub.1.sub.-4 alkyl or C.sub.1.sub.-4 alkyl
      substituted by phenyl and n is 2.
NUM  9.
PAR  9. A compound of claim 8 and of formula I'
      ##SPC15##
PA1  in which R.sub.7 is hydrogen, methyl, ethyl, isopropyl, .beta.-hydroxyethyl
      or group;
PA1  X is methylene, ethylene, tri- or tetramethylene, --(CH.sub.2).sub.2
      CH(CH.sub.3)-- or ethylidene; and
PAL  the second SO.sub.3 M moiety on the 2-(SO.sub.3 M)-substituted phenyl group
      being attached at either the 4- or the 5-position.
NUM  10.
PAR  10. A compound of claim 9, and of formula
      ##SPC16##
NUM  11.
PAR  11. A compound of claim 9, and of formula
      ##SPC17##
NUM  12.
PAR  12. A compound of claim 9, and of formula
      ##SPC18##
NUM  13.
PAR  13. A compound of claim 9, and of formula
      ##SPC19##
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      ##SPC20##
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ABST
PAL  Treatment of a 7-imido-3-cephem carboxylic acid ester with a thiolating
      agent in the presence of a strong base yields a 4-(substituted
      thio)-2-cephem derivative which can be made to rearrange by use of a
      strong acid to obtain a 2-substituted thio-2-cephem derivative which has
      antimicrobial activity.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a new process for the production of a
      2-(substituted thio)-2-cephem derivative which has the formula
      ##SPC1##
PAL  The meaning of the symbols is described below.
PAR  The new process comprises treating a 7-imido-3-cephem carboxylic acid ester
      of the formula
      ##SPC2##
PAL  With a thiolating agent in the presence of a strong base to yield a
      4-(substituted thio)-7-imido-2-cephem-4-carboxylic acid ester of the
      formula
      ##SPC3##
PAR  Treatment of the intermediate of formula III with a strong acid or metal
      salt causes rearrangement to occur and the product obtained is a
      7-imido-2-(substituted thio)-3-cephem-4-carboxylic acid ester of the
      formula
      ##SPC4##
PAL  When the protective ester group R.sub.3 is removed or displaced, e.g., by
      acid hydrolysis, a member of a group of known, antimicrobial substances is
      obtained.
PAR  Alternatively, the R.sub.1 , R.sub.2 imide grouping may be cleaved to give
      a compound of the formula
      ##SPC5##
PAR  This may be made to react with an acylating agent as known in the art to
      introduce the radical
      ##EQU1##
      to provide the new intermediate of the formula
      ##SPC6##
PAL  This can then be rearranged with acid or metal salt to give a compound of
      the formula
      ##SPC7##
PAL  Removal of the R.sub.3 group gives a highly active antimicrobial product.
      Alternatively, the compound of formula V can be rearranged with acid or
      metal salt to obtain a compound of formula IV wherein R.sub.1 and R.sub.2
      each is hydrogen.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The large group of compounds frequently referred to broadly as the
      cephalosporins are of considerable interest because of their antimicrobial
      activity. The various members of this group are complex, and simple
      reactions often cannot be utilized to synthesize them or to obtain them in
      good yield. Therefore considerable effort must be extended to devise
      methods for obtaining such complex entities. The method of this invention
      is a procedure which gives rise to certain useful antibacterial members of
      the class.
PAR  This invention relates to an improved process for obtaining members of a
      group of known antimicrobial agents of formula IV above.
PAR  In the formulas above, and throughout this specification, the symbols have
      the following meanings.
PAR  R.sub.1 and R.sub.2 each is lower alkanoyl or benzoyl, each of which may be
      substituted with halo, lower alkyl or lower alkoxy, or taken together with
      the nitrogen form an alkyl 1,2-dicarboxylic acid of up to 8 carbons, which
      may be fused into an aromatic ring, e.g., maleimide, succinimide,
      phthalimide or naphthalene 1,2-dicarboxylic acid imide. Phthalimide is
      preferred. In the particular instance of formula IV in connection with the
      alternate method referred to above, R.sub.1 and R.sub.2 can be hydrogen.
PAR  R.sub.3 forms a protecting ester group, e.g., R.sub.3 is a lower alkyl
      group such as t-butyl, a lower alkoxybenzyl group such as p-methoxybenzyl,
      a halo-lower alkyl group such as 2,2,2-trichloroethyl or a lower alkyl
      silyl group such as trimethylsilyl. Each of the named groups constitutes a
      preferred embodiment, especially the t-butyl group. When the protecting
      group is removed, R.sub.3 is hydrogen.
PAR  R.sub.4 is lower alkyl, substituted lower alkyl wherein the substituent is
      halo, or lower alkoxy, phenyl or substituted phenyl wherein the phenyl
      substituent is halo, lower alkoxy, nitro, cyano or carboalkoxy.
PAR  X is hydrogen or acetoxy.
PAR  The lower alkyl groups referred to above are the one to seven carbon
      straight or branced chain hydrocarbon groups like methyl, ethyl, propyl,
      isopropyl, butyl, isobutyl, t-butyl and the like. The first four members
      and especially the first two are preferred. The lower alkoxy, lower
      alkylthio and carboalkoxy groups are composed of similar radicals.
PAR  The four common halogens are included in the term "halo", but chlorine and
      bromine are preferred.
PAR  The first step of the new process comprises thiolating a compound of
      formula II in the presence of a strong base. The thiolating agent can be
      any of a varied group of known agents introducing a substituted sulfur
      substituent including sulfenyl derivatives or disulfides of the formulas
EQU  R.sub.4 SY or (R.sub.4 S).sub.2
PAL  respectively. R.sub.4 has the meaning defined above and Y is a halogen,
      preferably chlorine or bromine, or a sulfonic acid ester e.g., --SO.sub.2
      --Z, wherein Z is lower alkyl, phenyl or substituted phenyl; lower
      alkoxycarbonylthio, e.g., methoxycarbonylthio, lower alkylthio, e.g.,
      methyl thio, etc. About one equivalent or more of the thiolating agent is
      used.
PAR  The reaction is carried out in the presence of a strong base, preferably
      organometallic bases, especially of the alkali metals. These include
      alkali metal lower alkoxides like potassium t-butoxide, sodium methoxide
      or lithium methoxide, lithium aryls like triphenylmethyl lithium, lithium
      alkylamides like lithium diisopropylamide, lithium cyclohexyl
      isopropylamide or alkali metal hydrides like sodium hydride. About one
      equivalent of the strong base (based on starting material) should be
      present.
PAR  The starting material, thiolating agent and strong base are preferably
      caused to react in a solvent which does not interfere with the reaction.
      Various inert organic solvents which serve this purpose include for
      example, dimethoxyethane, dioxane, tetrahydrofuran, dimethylformamide,
      dimethylsulfoxide, benzene, ether as well as other well known organic
      solvents and reaction media. Temperatures range from -78.degree. to
      +30.degree.C. The preferred range is normally -30.degree. to +30.degree.C.
      The reaction is best conducted under an inert atmosphere, e.g., argon or
      nitrogen.
PAR  The rearrangement of the product of the thiolation reaction described
      above, i.e., the product of formula III is effected by the use of a
      strong, preferably anhydrous, acid. Such strong acids include halogenated
      fatty acids such as trifluoroacetic acid, hydrohalic acids such as
      hydrochloric acid, arylsulfonic acids such as benzene- or toluenesulfonic
      acid. The rearrangement can also be effected by means of a mercury
      (Hg.sup.+.sup.+), silver (Ag.sup.+) or copper (Cu.sup.+.sup.+) salt, e.g.,
      mercuric acetate, which is preferred, silver acetate, cupric acetate or
      the like. About 0.1 to 1 proportions of acid (based on starting material)
      are used. About one equivalent of metal salt (based on starting material)
      is used. The reaction medium is preferably an inert organic solvent such
      as nitromethane, dimethoxyethane, dioxane, chloroform, methylene chloride
      or the like. Trifluoroacetic acid is the preferred strong acid since it
      can, in addition, serve as the reaction medium and also remove the
      protective ester group R.sub.3, when the protective ester group R.sub.3 is
      an acid sensitive group such as t-butyl, p-methoxybenzyl, benzhydryl or
      the like, during the rearrangement thereby obtaining a product of formula
      I wherein R.sub.3 is hydrogen. Otherwise this is accomplished, for example
      when R.sub.3 is a group such as trichloroethyl by using zinc dust in cold
      95% acetic acid.
PAR  Since a number of the members of the antibacterial cephalosporin class
      contain an acyl radical on the 7-amino group, (see for example, U.S. Pat.
      Nos. 3,720,669 and 3,741,962 in connection with R.sub.1 for illustration
      of such radicals), a particularly preferred embodiment of this invention
      leads to products having the desired acyl groups. According to this
      preferred embodiment, a product of formula III is formed as described
      above. In this case, the phthalamido group is the
      ##EQU2##
      radical of choice although the other groups referred to may be used. At
      this point, the
      ##EQU3##
      is selectively cleaved with hydrazine to form a 7-amino-4-(substituted
      thio)-2-cephem-4-carboxylic acid ester of formula V. Hydrazine itself or
      hydrate thereof is used; about 1.0 to 1.5 equivalent (based on starting
      material) is used.
PAR  The compound of the formula V is acylated by treatment with an acid halide
      of the formula R.sub.5 --CO--Y or acid anhydride (R.sub.5 CO).sub.2, or
      activated derivative thereof, by conventional procedures (as in the above
      cited patents) to obtain a product of formula VI. Y is a halogen,
      preferably chlorine or bromine, azide, p-nitrophenyl, ethoxycarboxyl,
      etc., and R.sub.5 is one of the conventional groups making up the known
      acyl amino radicals in the 7-position (as in the patents cited above).
      R.sub.5 thus includes lower alkyl, phenyl, phenyl-lower alkyl, e.g.,
      benzyl, phenethyl, .alpha.-aminophenyl-lower alkyl, e.g.,
      .alpha.-aminobenzyl, phenoxy-lower alkyl, e.g., phenoxymethyl, lower
      alkoxy, methyl e.g., methoxy, methyl ethoxy, methyl propoxy, methyl lower
      alkylthio, methyl e.g., methylthio, methyl ethylthio, methyl pyridyl-lower
      alkyl, e.g., pyridylmethyl, thenyl, furylmethyl, oxazolylmethyl,
      isoxazolylmethyl, .beta.-lower alkoxy-lower alkenyl, cyclo-lower
      alkyl-lower alkyl wherein the cyclo-lower alkyl group has 4 to 6 carbons,
      preferably 5 or 6, e.g., cyclopentylmethyl, cyclohexylethyl, .alpha.-amino
      cyclo-lower alkadiene-lower alkyl, e.g., .alpha.-amino
      cyclohexadienylmethyl, .alpha.-amino cyclopentadienylmethyl. The cyclic
      phenyl, thienyl, pyridyl, furyl, oxazolyl, isoxazolyl, cycloalkyl and
      cycloalkadienyl groups can also be substituted with one or two lower
      alkyl, lower alkoxy, halo, nitro, amino or trifluoromethyl groups.
PAR  The acylated product of formula VI is then subjected to the rearrangement
      procedure previously described to obtain a product of the formula
      ##SPC8##
PAR  The products which are prepared by the process of this invention are useful
      against gram-positive bacteria, such as Staphylococcus aureus and
      Streptococcus pyogenes, and especially against gram-negative bacteria such
      as Escherichia coli and Proteus vulgaris when formulated and administered
      conventionally in a manner like that described in the two U.S. Patents
      cited above.
DETD
PAR  The following examples are illustrative of the invention and constitute
      preferred embodiments. All temperatures are on the centigrade scale.
PAC  EXAMPLE 1
PAC  7-Phthalimido-3-desacetoxycephalosporanic acid, t-butyl ester
PAR  A solution of 11.3 g. of 7-amino-3-desacetoxycephalosporanic acid, t-butyl
      ester, 6.2 g. of phthalic anhydride and 3.82 g. of triethylamine in 300
      ml. of methylene chloride is stirred for 2 hours at room temperature under
      a nitrogen atmosphere. Acetic anhydride, 10.7 g. is then added and
      stirring continued for 14 hours. The solution is diluted with chloroform
      and washed with water, then with pH7.2 phosphate buffer. The organic
      solution is dried (MgSO.sub.4) and then evaporated to dryness at reduced
      pressure. The crystalline product,
      7-phthalimido-3-desacetoxycephalosporanic acid, t-butyl ester is digested
      with ice cold methanol before filtering. The product weighs 12.7 g., m.p.
      197.degree.-199.degree.C.
PAC  EXAMPLE 2
PAC  7-Phthalimidocephalosporanic acid, t-butyl ester
PAR  Into a flask is placed 122 mg. (0.372 mmole) of 7-aminocephalosporanic
      acid, t-butyl ester, in 4 ml of methylene chloride. To this is added 58
      mg. (0.387 mmole) of phthalic anhydride and 46.5 .mu.l. (0.335 mmole) of
      triethylamine. This is stirred for 2 hours at room temperature. The 1 ml.
      (10.4 mmole) of acetic anhydride is added and the reaction mixture is
      stirred for 17 hours at room temperature.
PAR  The reaction is quenched with ice water and the mixture is extracted with
      ethyl acetate at pH 2.2 It is then washed several times with buffer (pH
      7.2), dried with MgSO.sub.4, filtered and concentrated to dryness giving
      150 mg. (89%) of 7-phthalimidocephalosporanic acid, t-butyl ester, m.p.
      177.degree.-179.degree.C. NMR (.delta.) CDCl.sub.3 7.9 (d, 4, aromatic),
      5.85 (d, 1, C.sub.7), 5.12 (d, 1, C.sub.6), 5.08 (q, 2, --CH.sub.2 O--),
      3.5 (s, 2, --CH.sub.2 S--), 2.1 (s, 3, CH.sub.3), 1.6 (s, 9, t-butyl);
      J.sub.(6-7) 4.5 Hz. J.sub.CH.sbsb.20 16 Hz. IR CHCl.sub.3 1795, 1728
      cm.sup.-.sup.1 carbonyl.
PAC  EXAMPLE 3
PAC  7-Phthalimido-3-desacetoxycephalosporanic acid
PAR  One gram of the product of Example 1 is treated with 25 ml. of ice cold
      trifluoroacetic acid and allowed to warm to 25.degree.. After 15 minutes,
      the solution is evaporated at reduced pressure to deposit the product,
      7-phthalimido-3-desacetoxycephalosporanic acid.
PAC  EXAMPLE 4
PAC  7-Phthalimido-4-(methylthio)-3-desacetoxy-.DELTA..sup.2 -cephalosporanic
      acid t-butyl ester
PAR  To a stirred solution of triphenylmethane (5 mmoles) in 20 ml. of dry
      dimethoxyethane at ambient temperature under argon are added 7.5 mmoles of
      n-butyl lithium in n-hexane. The red mixture is stirred for 15 minutes at
      ambient temperature. To this is added
      7-phthalimido-3-desacetoxycephalosporanic acid, t-butyl ester, (5 mmoles )
      in 50 ml. of dimethoxyethane. After stirring for 2 minutes methylthio
      mesylate (5 mmoles) in 20 ml. of dimethoxyethane is added, and the mixture
      is stirred for 1 hour at ambient temperaturee and then poured into ice --
      pH 6.6 phosphate buffer-chloroform. The chloroform extract is washed with
      water, then with saturated sodium chloride solution, dried (Na.sub.2
      SO.sub.4), and evaporated in vacuo to a residue. The residue is triturated
      with hexane to remove triphenylmethane, and the remaining residue is
      crystallized from ether to give 679 mg. of
      7-phthalimido-4-(methylthio)-3-desacetoxy-.DELTA..sup.2 -cephalosporanic
      acid, t-butyl ester as colorless crystals: m.p. 158.degree.-160.degree.
      (dec.); pmr (.tau.) (DCCl.sub.3) 8.47 (9H, s, t-butyl), 8.00 (3H, broad
      singlet, C-3 methyl), 7.70 (3H, s, CH.sub.3 S--), 4.60 (1H, d, J=4.5 Hz,
      C-6), 4.37 (1H, i d, J = 4.5 Hz, C-7), 3.67 (1H, broad singlet, C-2), 2.17
      (4H, broad singlet, aromatics); IR (CHCl.sub.3 1790, 1775, and 1730
      (.beta.-lactam and phthalimido carbonyls) and 1740 cm.sup.-.sup.1 (ester
      C=O); mass spectrum m/e 446 (M.sup.+), 399 (M--CH.sub.3 S), and 345
      (M-t-butyl-C=O).
PAR  Thin layer chromatography of the mother liquor on silica gel in the system
      benzene-ethyl acetate (19:1) yields additional product (811 mg.).
PAC  EXAMPLE 5
PAC  7-Phthalimidocephalosporanic acid
PAR  By substituting one gram of the product of Example 2 in the procedure of
      Example 3, 7-phthalimidocephalosporanic acid is obtained.
PAC  EXAMPLE 6
PAC  7-Phthalimido-2-(methylthio)-3-desacetoxycephalosporanic acid
PAR  Into a dry flask is placed 30 mg. of 7-phthalimido-4-
      (methylthio)-3-desacetoxy-.DELTA..sup.2 -cephalosporanic acid, t-butyl
      ester. This is cooled in an ice bath and 2 ml. of trifluoroacetic acid are
      added. The solution is warmed to room temperature and stirred for 20
      minutes. The reaction mixture is concentrated to dryness to obtain, as a
      residue, 7-phthalimido-2-(methylthio)-3-desacetoxycephalosporanic acid.
      NMR (.delta.) (CDCl.sub.3) 7.8 (m, 4, aromatic), 5.95 (d, 1, C.sub.7 H),
      5.57 (d, 1, C.sub.6 H), 4.41 (s, 1, C.sub.4 H), 2.28, 2.35 (s, s, 6,
      --CH.sub.3, SCH.sub.3).
PAR  IR (CHCl.sub.3) 1790, 1730 cm.sup.-.sup.1
PAR  Mass spec.: parent ion m/e 390.4.
PAC  EXAMPLE 7
PAC  7-Phthalimido-2-(methylthio)-3-desaetoxycephalosporanic acid methyl ester
PAR  Into a flask are placed 25 mg. of the product of Example 6, in 2 ml. of
      methylene chloride. To this is added an excess of dizomethane in an ether
      solution. After 5 minutes the solution is concentrated to dryness to
      deposit the product,
      7-phthalimido-2-(methylthio)-3-desacetoxycephalosporanic acid, methyl
      ester, as a gum. NMR (.delta.) (CDCl.sub.3) 8.0 (m, 4, aromatic), 6.0 (d,
      1, C.sub.7 H), 5.58 (d, 1, C.sub.6 H), 4.48 (s, 1, C.sub.4 H), 3.98 (s, 3,
      CH.sub.3 ester), 2.3 (s, 6, CH.sub.3 and --SCH.sub.3).
PAR  Mass spec.: parent ion m/e 404.47.
PAC  EXAMPLE 8
PAC  7-Phthalimido-4-(methylthio)-.DELTA..sup.2 -cephalosporanic acid, t-butyl
      ester
PAR  Into a dried flask are placed 193 mg. of sublimed triphenylmethane (0.785
      mmole) in 8 ml. of distilled tetrahydrofuran. To this is added 0.338 ml.
      (0.72 mmole) of n-butyl lithium in hexane. The solution turns very deep
      red and is allowed to stand for 10 minutes. Then 300 mg. (0.655 mmole) of
      the product of Example 2 is added. The solution turns dark green and
      within 2 minutes 91 mg. (.720 mmole) of methylthiomethanesulfonate are
      added. This is stirred at room temperature 11/2 hours.
PAR  The reaction mixture is poured into iced phosphate buffer, pH 6.6, and
      extracted with ethyl acetate; the organic layer is washed with saturated
      sodium chloride solution, dried, filtered and concentrated to residual
      rsidual gum.
PAR  The material is isolated by preparative TLC, developed with 10:1
      benzene-ethyl acetate. The product
      7-phthalimido-4-(methylthio)-.DELTA..sup.2 -cephalosporanic acid, t-butyl
      ester, is obtained as a semi-solid (110 mg.) by extracting the fluorescent
      band, R.sub.f 0.26.
PAC  EXAMPLE 9
PAC  4-(Methylthio)-7-amino-3-desacetoxy-.DELTA..sup.2 -cephalosporanic acid,
      t-butyl ester
PAR  Into a flask filled with argon are placed 90 mg. (0.201 mmole) of
      4-methylthio)-7-phthalimido-3-desacetoxy-.DELTA..sup.2 cephalosporanic
      acid, t-butyl ester in 6 ml. of dry dioxane. To this is added 1 equivalent
      of hydrazine hydrate [0.4 ml. aliquot of a solution of 105 mg. of 100%
      hydrazine hydrate in 4 ml. dioxane]. This is stirred for 4 hours. The
      solvent is removed under reduced pressure. Then 1 equivalent (0.201 ml.)
      of 1N HCl in a water-dimethoxyethane solution is added and stirred for 1
      hour. The reaction mixture is concentrated and redissolved in water and
      ethyl acetate at pH 2. The layers are separated. The aqueous phase is
      layered with fresh ethyl acetate and the pH adjusted to 7.7 with0.1 N
      sodium hydroxide. The organic fraction is dried, filtered and
      concentrated. A yield of 30 mg. (71%) of
      4-methylthio-7-amino-3-desacetoxy-.DELTA..sup.2 -cephalosporanic acid,
      t-butyl ester is obtained.
PAC  EXAMPLE 10
PAC  7-(Phenoxyacetamido)-4-(methylthio)-3-desacetoxy-.DELTA..sup.2
      -cephalosporanic acid, t-butyl ester
PAR  Into a flask are placed 31 mg. (0.1 mmole) of
      7-amino-4-methylthio-3-desacetoxy-.DELTA..sup.2 -cephalosporanic acid,
      t-butyl ester, in 4 ml. of methylene cloride. To this is added 13.7 .mu.l.
      (0.1 mmole) of phenoxyacetyl chloride and 14 .mu.l (0.1 mmole)
      triethylamine at 0.degree.. This is stirred for 20 minutes. The reaction
      mixture is poured into ice water, extracted with ethyl acetate, washed pH
      2.3 and again pH 7.2, and finally with saturated sodium chloride. The
      product is then dried, filtered and concentrated, giving 20 mg. (50%) of
      7-(phenoxyacetamido)-4-(methylthio)-3-desacetoxy-.DELTA..sup.2
      -cephalosporanic acid, t-butyl ester. NMR (.delta.) (CDCl.sub.3) 7.1 (m,
      6, aromatic plus NH), 6.3 (m, 1, C.sub.2 H), 5.6 (q, 1, C.sub.7), 5.3 (d,
      1, C.sub.6 H), 4.6 (s, 2, --CH.sub.2 C), 2.05, 200 (s, s, 6, --SCH.sub.3
      --CH.sub.3), 1.5 (s, 9, t-butyl).
PAC  EXAMPLE 11
PAC  7-(Phenoxyacetamido)-2-(methylthio)-3-desacetoxycephalosporanic acid
PAR  By substituting the product of Example 10 in the procedure of Example 6,
      7-(phenoxyacetamido)- 2-(methylthio)-3-desacetoxycephalosporanic acid is
      obtained.
PAC  EXAMPLE 12
PAC  4-(Methylthio)-7-amino-.DELTA..sup.2 -cephalosporanic acid, t-butyl ester
PAR  By substituting an equivalent amount of the product of Example 8, in the
      procedure of Example 9, 4-(methylthio)-7-amino-.DELTA..sup.2
      -cephalosporanic acid, t-butyl ester, is obtained.
PAC  EXAMPLE 13
PAC  7-(Phenoxyacetamido)-4-(methylthio)-.DELTA..sup.2 -cephalosporanic acid
      t-butyl ester
PAR  By substituting the product of Example 12 in the procedure of Example 10,
      7-(phenoxyacetamido)-4-(methylthio)-.DELTA..sup.2 -cephalosporanic acid,
      t-butyl ester, is obtained.
PAC  EXAMPLE 14
PAC  7-(Phenoxyacetamido)-2-(methylthio)cephalosporanic acid
PAR  By substituting the product of Example 13 in the procedure of Example 6,
      7-(phenoxyacetamido)-2-(methylthio)cephalosporanic acid is obtained.
PAC  EXAMPLES 15 TO 22
PAR  By reacting the acid R.sub.5 COOH I (in the activated form indicated in the
      second column) of Table I with the 7-aminocephalosporanic acid derivative
      V according to the procedure of Example 10, the 7-acylamido-4-(substituted
      thio-.DELTA..sup.2 -cephalosporanic acid derivative VI is obtained. By
      treating that product VI according to the procedure of Example 6, the
      7-acylamido-2-methylthiocephalosporanic acid derivative VII in the table
      is obtained:
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                           (V)        (VI)            (VII)                    
           (I)     Activated Form                                              
     Example                                                                   
          R.sub.5 CO.sub.2 H                                                   
                   of R.sub.5 CO.sub.2 H                                       
                           R.sub.3                                             
                                X  R.sub.4                                     
                                      R.sub.3                                  
                                         R.sub.4                               
                                            R.sub.5                            
                                                   X  R.sub.3                  
                                                        R.sub.4                
                                                           R.sub.5             
                                                                 X             
     __________________________________________________________________________
     15   .phi.OCH.sub.2 CO.sub.2 H                                            
                   Acid chloride                                               
                           t-Bu CH.sub.3                                       
                                   CH.sub.3                                    
                                      t-Bu                                     
                                         CH.sub.3                              
                                            .phi.OCH.sub.2 --                  
                                                   H  H CH.sub.3               
                                                           .phi.OCH.sub.2      
                                                                 CH.sub.3      
     16   .phi.OCH.sub.2 CO.sub.2 H                                            
                   Acid chloride                                               
                           t-Bu OAc                                            
                                   CH.sub.3                                    
                                      t-Bu                                     
                                         CH.sub.3                              
                                            .phi.OCH.sub.2 --                  
                                                   OAc                         
                                                      H CH.sub.3               
                                                           .phi.OCH.sub.2      
                                                                 OAc           
     17   .phi.CH.sub.2 CO.sub.2 H                                             
                   Acid chloride                                               
                           Si(CH.sub.3).sub.3                                  
                                CH.sub.3                                       
                                   C.sub.2 H.sub.5                             
                                      t-Bu                                     
                                         C.sub.2 H.sub.5                       
                                            .phi.CH.sub.2 --                   
                                                   H  H C.sub.2 H.sub.5        
                                                           .phi.CH.sub.2       
                                                                 CH.sub.3      
     18   .phi. CH.sub.2 CO.sub.2 H                                            
                   Acid chloride                                               
                           Si(CH.sub.3).sub.3                                  
                                OAc                                            
                                   C.sub.2 H.sub.5                             
                                      t-Bu                                     
                                         C.sub.2 H.sub.5                       
                                            .phi.CH.sub.2 --                   
                                                   OAc                         
                                                      H C.sub.2 H.sub.5        
                                                           .phi.CH.sub.2       
                                                                 OAc           
     19            Acid chloride                                               
                           t-Bu CH.sub.3                                       
                                   CH.sub.3                                    
                                      t-Bu                                     
                                         CH.sub.3  H  H CH.sub.3 CH.sub.3      
     20            Acid chloride                                               
                           t-Bu OAc                                            
                                   CH.sub.3                                    
                                      t-Bu                                     
                                         CH.sub.3  OAc                         
                                                      H CH.sub.3 OAc           
     21            Acid chloride                                               
                           Si(CH.sub.3).sub.2                                  
                                CH.sub.3                                       
                                   C.sub.6 H.sub.5                             
                                      t-Bu                                     
                                         C.sub.6 H.sub.5                       
                                                   H  H C.sub.6 H.sub.5        
                                                                 CH.sub.3      
                   Hydrochloride                                               
     22            Acid chloride                                               
                           Si(CH.sub.3).sub.2                                  
                                OAc                                            
                                   C.sub.6 H.sub.5                             
                                      t-Bu                                     
                                         C.sub.6 H.sub.5                       
                                                   OAc                         
                                                      H C.sub.6 H.sub.5        
                                                                 OAc           
                   Hydrochloride                                               
     __________________________________________________________________________
PAC  EXAMPLES 23 TO 29
PAR  By following the procedure of Example 4, but substituting the compound VIII
      from Table 2 for the methyl methanethiolsulfonate, the
      7-phthalimido-4-(substituted thio)-3-desacetoxy-.DELTA..sup.2
      -cephalosporanic acid ester IX in the adjoining column is obtained:
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Example                                                                   
          VIII         IX                                                      
                       R.sub.4                                                 
     __________________________________________________________________________
     23   C.sub.2 H.sub.5 SCl                                                  
                       C.sub.2 H.sub.5                                         
     24   ClCH.sub.2 SCl                                                       
                       ClCH.sub.2                                              
     25                .phi.                                                   
     26                                                                        
     27   CH.sub.3 O--CH.sub.2 --S--SO.sub.2 .phi.OCH.sub.3                    
                       CH.sub.3 OCH.sub.2                                      
     28                                                                        
     29   n-C.sub.4 H.sub.9 SCl                                                
                       n-C.sub.4 H.sub.9                                       
     __________________________________________________________________________
PAC  EXAMPLES 30 TO 36
PAR  By following the procedure of Example 8 but substituting for methyl
      methanethiolsulfonate the compound VIII from Table 3, the
      7-phthalimido-4-(substituted thio)-.DELTA..sup.2 -cephalosporanic acid
      ester X in the adjoining column is obtained:
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     Example                                                                   
          VIII         X                                                       
                       R.sub.4                                                 
     __________________________________________________________________________
     30   C.sub.2 H.sub.5 SCl                                                  
                       C.sub.2 H.sub.5                                         
     31   ClCH.sub.2 SCl                                                       
                       ClCH.sub.2                                              
     32                .phi.                                                   
     33                                                                        
     34   CH.sub.3 O--CH.sub.2 --S--SO.sub.2 .phi.CH.sub.3                     
                       CH.sub.3 OCH.sub.2                                      
     35                                                                        
     36   n-C.sub.4 H.sub.9 SCl                                                
                       n-C.sub.4 H.sub.9                                       
     __________________________________________________________________________
PAC  EXAMPLE 37
PAC  7-Phthalamido-2-methylthio-3-desacetoxycephalosporanic acid, t-butyl ester
PAR  To 100 mg. (0.224 mmole) of the product of Example 4 in 5 ml. of
      dimethoxyethane and 0.25 ml. of water are added 72 mg. (0.224 mmole) of
      mercuric acetate. The mixture is stirred for 1 hour at room temperature
      under nitrogen and then stripped to dryness under vacuum. Chloroform is
      added, and the suspension is centrifuged. The chloroform supernatent is
      evaporated to a residue which is purified by tlc on silica gel in the
      solvent system, CHCl.sub.3 --EtOAc (19:1), to obtain the product
      7-phthalamido-2-methylthio-3-desacetoxycephalosporanic acid, t-butyl
      ester, as a residue. PMR (DCCl.sub.2) 8.42 (9H, s, t-butyl), 7.77 (6H, s,
      SCH.sub.3 and C-3 methyl), 5.63 (1H, m, J=0.7 Hz, C-2 methine), 4.53 (1H,
      d, J=5Hz, C-6), 4.05 (1H, q, J=5Hz, J=0.7Hz, C-7), and 2.13 (4H, m,
      aromatics); ir (CHCl.sub.3) 1796, 1775, 1740 and 1728 cm.sup.-.sup.1.
PAC  EXAMPLE 38
PAC  7-Phthalimido-2-methylthio-3-desacetoxycephalosporanic acid
PAR  To 1 mmole of the product of Example 37 in a flask cooled in an ice-water
      bath are added 2 ml. of trifluoroacetic acid. The flask is stoppered,
      removed from the bath, and allowed to stand at room temperature for 15
      minutes. The trifluoroacetic acid is removed under reduced pressure to
      give the product 7-phthalimido-2-methylthio- 3-desacetoxycephalosporanic
      acid as a residue.
PAC  EXAMPLES 39 TO 44
PAR  By treating the 7-amino-.DELTA..sup.2 -cephalosporanic acid ester
      derivative XI is obtained:
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     Example                                                                   
          V                    XI                                              
     R.sub.3       X     R.sub.4                                               
                               R.sub.3  X     R.sub.4                          
     __________________________________________________________________________
     39   t-Bu     CH.sub.3                                                    
                         CH.sub.3                                              
                               t-Bu     CH.sub.3                               
                                              CH.sub.3                         
     40   t-Bu     OAc   CH.sub.3                                              
                               t-Bu     OAc   CH.sub.3                         
     41   --CH.sub.2 CCl.sub.3                                                 
                   CH.sub.3                                                    
                         C.sub.2 H.sub.5                                       
                               --CH.sub.2 CCl.sub.3                            
                                        CH.sub.3                               
                                              C.sub.2 H.sub.5                  
     42   --CH.sub.2 CCl.sub.3                                                 
                   OAc   C.sub.2 H.sub.5                                       
                               --CH.sub.2 CCl.sub.3                            
                                        OAc   C.sub.2 H.sub.5                  
     43   --CH.sub.2 CCl.sub.3                                                 
                   CH.sub.3                                                    
                         C.sub.6 H.sub.5                                       
                               --CH.sub.2 CCl.sub.3                            
                                        CH.sub.3                               
                                              C.sub.6 H.sub.5                  
     44   --CH.sub.2 CCl.sub.3                                                 
                   OAc   C.sub.6 H.sub.5                                       
                               --CH.sub.2 CCl.sub.3                            
                                        OAc   C.sub.6 H.sub.5                  
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of a compound of the formula
      ##SPC9##
PA1  wherein R.sub.1 and R.sub.2 each is lower alkanoyl, benzoyl, halo-lower
      alkanoyl, lower alkyl-lower alkanoyl, lower alkoxy-lower alkanoyl,
      halobenzoyl, lower alkylbenzoyl or lower alkoxybenzoyl, or R.sub.1 and
      R.sub.2 taken together with the nitrogen form an alkyl dicarboxylic acid
      imide of the group consisting of maleimide, succinimide, phthalimide and
      naphthalene-1,2-dicarboxylic acid imide; R.sub.3 is hydrogen or a
      protecting ester group of the group consisting of lower alkyl, lower
      alkoxybenzyl, halo-lower alkyl and lower alkylsilyl; R.sub.4 is lower
      alkyl, halo-lower alkyl, lower alkoxy-lower alkyl, phenyl, halophenyl,
      lower alkoxyphenyl, nitrophenyl, cyanophenyl or carboalkoxyphenyl; and X
      is hydrogen or acetoxy,
PAL  which comprises reacting a compound of the formula
      ##SPC10##
PA1  wherein R.sub.1, R.sub.2 and X have the meaning already defined and R.sub.3
      is a protecting ester group as defined above,
PAL  with a thiolating agent R.sub.4 SY or (R.sub.4 S).sub.2
PA1  wherein R.sub.4 has the meaning defined above and Y is halogen, lower
      alkoxycarbonylthio, lower alkylthio or --SO.sub.2 --Z wherein Z is lower
      alkyl or phenyl,
PAL  at a temperature in the range of about -78.degree. to +30.degree.C. in the
      presence of a strong base of the group consisting of alkali metal lower
      alkoxide, triphenylmethyl lithium, lithium lower alkylamide and lower
      metal hydride, to yield a product of the formula
      ##SPC11##
PA1  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and X have the meaning defined
      above,
PAL  and effecting the rearrangement of said product with a hydrohalic acid,
      trifluoroacetic acid, benzenesulfonic acid, toluenesulfonic acid, or
      mercury, silver or copper salt.
NUM  2.
PAR  2. A process as in claim 1 wherein
      ##EQU4##
      is phthalimido.
NUM  3.
PAR  3. A process as in claim 2 wherein R.sub.3 is lower alkyl.
NUM  4.
PAR  4. A process as in claim 3 wherein the lower alkyl group is t-butyl.
NUM  5.
PAR  5. A process as in claim 3 wherein R.sub.4 is lower alkyl and X is
      hydrogen.
NUM  6.
PAR  6. A process as in claim 3 wherein R.sub.4 is lower alkyl and X is acetoxy.
NUM  7.
PAR  7. A process as in claim 4 wherein R.sub.4 is methyl and X is hydrogen.
NUM  8.
PAR  8. A process as in claim 4 wherein R.sub.4 is methyl and X is acetoxy.
NUM  9.
PAR  9. A process as in claim 1 wherein
      ##EQU5##
      is phthalimido, R.sub.3 and R.sub.4 each is lower alkyl and X is hydrogen
      or acetoxy.
NUM  10.
PAR  10. A process as in claim 1 wherein the acyl group is phenylacetyl,
      phenoxyacetyl, thienylacetyl, .alpha.-aminophenylacetyl,
      .alpha.-amino-1,4-cyclohexadienylacetyl.
NUM  11.
PAR  11. A process as in claim 9 wherein the acyl group is maleyl, R.sub.3 is
      t-butyl and R.sub.4 is methyl.
NUM  12.
PAR  12. A compound of the formula
      ##SPC12##
PA1  wherein R.sub.3 is hydrogen or a protecting ester group of the group
      consisting of lower alkyl, lower alkoxybenzyl, halo-lower alkyl and lower
      alkylsilyl; R.sub.4 is lower alkyl, halo-lower alkyl, lower alkoxy-lower
      alkyl, phenyl, halophenyl, lower alkoxyphenyl, nitrophenyl, cyanophenyl or
      carboalkoxyphenyl; and X is hydrogen or acetoxy.
NUM  13.
PAR  13. A compound as in claim 12 wherein R.sub.3 and R.sub.4 each is lower
      alkyl and X is hydrogen or acetoxy.
NUM  14.
PAR  14. A compound as in claim 12 wherein R.sub.3 is t-butyl, R.sub.4 is methyl
      and X is hydrogen.
NUM  15.
PAR  15. A compound as in claim 12 wherein R.sub.3 is t-butyl, R.sub.4 is methyl
      and X is acetoxy.
NUM  16.
PAR  16. A compound of the formula
      ##SPC13##
PA1  wherein R.sub.3, R.sub.4 and X have the same meaning as in claim 12 and
      R.sub.5 --CO is thienylacetyl, phenylacetyl, phenoxyacetyl,
      .alpha.-aminophenylacetyl, .alpha.-amino-1,4-cyclohexadienylacetyl.
NUM  17.
PAR  17. A process for the production of a compound of the formula
      ##SPC14##
PA1  wherein R.sub.3, R.sub.4 and X have the same meaning as in claim 1,
PAL  which comprises effecting the rearrangement of a compound of the formula
      ##SPC15##
PA1  by treatment with a hydrohalic acid, trifluoroacetic acid, benzenesulfonic
      acid, toluenesulfonic acid, or mercury, silver or copper salt.
NUM  18.
PAR  18. A process as in claim 17 wherein the strong acid is hydrochloric acid
      or trifluoroacetic acid and the metal salt is mercuric acetate, silver
      acetate or cupric acetate.
NUM  19.
PAR  19. A process as in claim 18 wherein R.sub.3 and R.sub.4 each is lower
      alkyl and X is hydrogen or acetoxy.
NUM  20.
PAR  20. A process for the production of a compound of the formula
      ##SPC16##
PA1  wherein R.sub.1 is an acyl group R.sub.5 --CO-- wherein R.sub.5 is lower
      alkyl, phenyl, phenyl-lower alkyl, .alpha.-aminophenyl-lower alkyl,
      phenoxy-lower alkyl, lower alkoxymethyl, lower alkylthiomethyl,
      pyridyl-lower alkyl, thenyl, furylmethyl, ozazolylmethyl,
      isoxazolylmethyl, .beta.-lower alkoxy-lower alkenyl, (C.sub.4 -C.sub.6
      -cyclo-lower alkyl)-lower alkyl, .alpha.-amino-(C.sub.4 -C.sub.6
      -cyclo-lower alkadiene)-lower alkyl, and said aromatic and cycloaliphatic
      groups bearing one or two lower alkyl, lower alkoxy, halo, nitro, amino or
      trifluoromethyl groups; R.sub.2 is hydrogen; R.sub.3 is hydrogen or a
      protecting ester group of the group consisting of lower alkyl, lower
      alkoxybenzyl, halo-lower alkyl and lower akylsilyl; R.sub.4 is lower
      alkyl, halo-lower alkyl, lower alkoxy-lower alkyl, phenyl, halophenyl,
      lower alkoxyphenyl, nitrophenyl, cyanophenyl or carboalkoxyphenyl; and X
      is hydrogen or acetoxy,
PAL  which comprises selectively cleaving with hydrazine a compound of the
      formula
      ##SPC17##
PAL  to obtain an intermediate of the formula
      ##SPC18##
PA1  wherein R.sub.3, R.sub.4 and X have the meaning defined above,
PAL  acylating said intermediate with an acid halide of the formula R.sub.5
      --CO--Y or acid anhydride of the formula (R.sub.5 --CO).sub.2,
PA1  wherein R.sub.5 has the meaning defined above and Y is halo, azide,
      p-nitrophenyl or ethoxycarbonyl,
PAL  and rearrangng the acylated product with hydrohalic acid, trifluoroacetic
      acid, benzenesulfonic acid, toluenesulfonic acid, or mercury, silver or
      copper salt.
PATN
WKU  039417808
SRC  5
APN  3915689
APT  1
ART  122
APD  19730827
TTL  Coumarin compounds
ISD  19760302
NCL  19
ECL  1
EXP  Coughlan, Jr.; Paul M.
INVT
NAM  Koch; Werner
CTY  Oberwil
CNT  CH
ASSG
NAM  Sandoz Ltd., (Sandoz AG)
CTY  Basel
CNT  CH
COD  03
PRIR
CNT  CH
APD  19720829
APN  12721/72
CLAS
OCL  260243D
XCL  260 37N
EDF  2
ICL  C07D28524
FSC  260
FSS  243 D
UREF
PNO  3311620
ISD  19670300
NAM  Bell et al.
OCL  260243D
UREF
PNO  3461122
ISD  19690800
NAM  Wei et al.
OCL  260243D
FREF
PNO  1,802,863
ISD  19700700
CNT  DT
FREF
PNO  465,551
ISD  19690100
CNT  CH
LREP
FR2  Sharkin; Gerald D.
FR2  Vila; Richard E.
FR2  Borovian; Joseph J.
ABST
PAL  The invention relates to compounds of formula I,
      ##SPC1##
PAL  in which either, each of
PAL  R.sub.1 and R.sub.2, which may be the same or different, signifies a
      hydrogen atom or an unsubstituted or substituted (C.sub.1.sub.-7) alkyl or
      (C.sub.2.sub.-7) alkenyl radical, with the proviso that that when one of
      R.sub.1 and R.sub.2 signifies a hydrogen atom, the other has a
      significance other than hydrogen, or
PAL  R.sub.1 and R.sub.2, together with the nitrogen atom to which they are
      attached, from a five or six-membered substituted or unsubstituted
      heterocyclic ring system,
PAL  R.sub.3 signifies a hydrogen atom or an unsubsstituted (C.sub.1.sub.-7)
      alkyl radical,
PAL  R.sub.4 signifies the atoms necessary to complete an aromatic carbocyclic
      or heterocyclic ring system, which ring system in addition to bearing up
      to two sulphonic groups is further unsubstituted or further substituted,
PAL  M is hydrogen or alkali metal,
PAL  n is 1 or 2, and the ring A is further unsubstituted or further
      substituted, which compounds are useful as water-soluble fluorescent dyes.
BSUM
PAR  The invention relates to water soluble fluorescent coumarin dyes.
PAR  The present invention provides compounds of formula I,
      ##SPC2##
PAL  in which either, each of
PAR  R.sub.1 and R.sub.2, which may be the same or different, signifies a
      hydrogen atom or an unsubstituted or substituted alkyl or alkenyl radical,
      which alkyl radical contains 1 to 7 carbon atoms, and which alkenyl
      radical contains 2 to 7 carbon atoms, with the proviso that when one of
      R.sub.1 and R.sub.2 signifies a hydrogen atom, the other has a
      significance other than hydrogen, or
PAR  R.sub.1 and R.sub.2, together with the nitrogen atom to which they are
      attached, from a five or six-membered substituted or unsubstituted
      heterocyclic ring system,
PAR  R.sub.3 signifies a hydrogen atom or an unsubstituted alkyl radical, which
      alkyl radical contains 1 to 7 carbon atoms,
PAR  R.sub.4 signifies the atoms necessary to complete an aromatic carbocyclic
      or heterocyclic ring system, which ring system in addition to bearing up
      to two sulphonic groups is further unsubstituted or further substituted,
PAR  M is hydrogen or alkali metal,
PAR  N IS 1 OR 2, AND THE RING A is further unsubstituted or further
      substituted.
PAR  The invention also provides a process for the production of compounds of
      formula I, stated above, characterized by
PAR  A. SULPHONATING A COMPOUND OF FORMULA VI or VII,
      ##SPC3##
PAL  in which R.sub.1, R.sub.2, R.sub.3, R.sub.4, n and the Ring A are as
      defined above,
PAR  B. REACTING A COMPOUND OF FORMULA IV,
      ##SPC4##
PAL  in which R.sub.3, R.sub.4 and n are as defined above, with a compound of
      formula III.
      ##SPC5##
PAL  in which R.sub.1, R.sub.2 and the Ring A are as defined above, and
      hydrolyzing the resulting product.
PAR  Sulphonation may be carried out employing methods known per se, e.g. using
      oleum, which is preferably present in excess. Preferably, 20 to 30% oleum
      is employed. The sulphonation reaction may be started at 0.degree., but is
      is preferably carried out between 20.degree. and 70.degree.C and most
      advantageously, between 40.degree. and 50.degree.C. The indicated
      temperature range may be varied, however, corresponding to the sensitivity
      of the substituents present in the molecule to oleum.
PAR  The compounds of formula IV may be produced by sulphonating a compound of
      formula II,
      ##SPC6##
PAL  in which R.sub.3 and R.sub.4 are as defined above, in a manner analogous to
      known methods, for example as described above. Alternatively, a compound
      of formula V,
      ##SPC7##
PAL  in which R.sub.3, R.sub.4 and n are as defined above, may be sulphonated,
      and the resulting product treated with cyanoacetic acid or a functional
      derivative thereof to yield the compound of formula IV.
PAR  The compounds of formula VI may be obtained by reacting a compound of
      formula II with a compound of formula III, as defined above.
PAR  The reaction of the compounds of formulae II and III, or of the compounds
      of formula IV and formula III, may be effected in an inert, preferably
      anhydrous solvent, such as ethanol, methanol, dimethylformamide,
      dimethylsulphoxide or dioxane at temperatures from 30.degree. to
      180.degree., preferably at the boiling point of the solvent in question,
      under reflux, optionally in the presence of a basic catalyst, such as
      piperidine, pyrrolidine or pyridine.
PAR  The compounds of formula VI may be hydrolized in acid medium to produce the
      compounds of formula VII.
PAR  For the production of the compounds of formula I a compound of formula VI
      or of formula VII, may be employed since, during the course of
      sulphonation the =NH group in formula VI is hydrolized into =O.
PAR  Representative compounds of formula I include the compounds of formula I',
      ##SPC8##
PAL  in which either, each of
PAR  R.sub.1 ' and R.sub.2 ', which may be the same or different, signifies a
      hydrogen atom, an unsubstituted alkyl or alkenyl radical, or an alkyl
      radical substituted by a halogen atom or a cyano or alkoxy group; or an
      alkenyl radical substituted by a halogen atom or an alkoxy, haloalkoxy or
      alkoxyalkoxy group, which alkyl radicals and alkoxy moieties in such
      radicals contain 1 to 7 carbon atoms, which alkenyl radicals containg 2 to
      7 carbon atoms, with the proviso that when one of R.sub.1 ' and R.sub.2 '
      signifies a hydrogen atom the other has a significance other than
      hydrogen, or
PAR  R.sub.1 ' and R.sub.2 ', together with the nitrogen atom to which they are
      attached, form a five or six-membered unsubstituted or alkyl substituted
      saturated heterocyclic ring, which ring contains no further hetero atom or
      one selected from oxygen, sulphur or nitrogen,
PAR  R.sub.3 ' signifies a hydrogen atom or an unsubstituted alkyl radical of 1
      to 4 carbon atoms
PAR  R.sub.4 ' signifies the atoms necessary to complete a benzene, pyridine,
      pyrimidine, pyrryl, pyrazolyl, imidazolyl, naphthalene, quinoline or
      indole ring system, which rings, in addition to bearing up to two sulpho
      groups, are further unsubstituted or are further substituted by up to two
      substituents selected from halogen, alkyl, alkoxy, cyano, thiocyano, mono-
      and dialkylamino, phenylamino, N-phenyl-N-alkyl-amino, phenyl, halophenyl,
      cyanophenyl, alkyl-phenyl, alkoxyphenyl, sulpho-phenyl, phenoxy, vinyl,
      trifluoromethyl, R"--Y--, R"--Y--O--, R"--Y--NH--, R'"--Z, R'"--Z--O and
      R'"--Z--NH-- in which
PAR  R" signifies an unsubstituted alkyl radical or an alkyl radical substituted
      by up to two substituents selected from halogen, alkoxy, cyano,
      alkylamino, phenyl and phenoxy groups,
PAR  R'" signifies a hydrogen atom or has the same significance as R",
PAR  Y signifies --O--CO--, --SO.sub.2 -- or --O--SO.sub.2 -- and
PAR  Z signifies --CO--, --NR'"CO-- or --NR'"SO.sub.2 -- in which R'" is as
      defined above, any alkyl radicals and alkyl and alkoxy moieties in such
      radicals contain 1 to 7 carbon atoms,
PAR  ring A is further unsubstituted or substituted by up to two substituents
      selected from halogen atoms, alkyl, alkoxy or cyano groups, which alkyl
      and alkoxy groups contain 1 to 7 carbon atoms, and
PAR  M and n are as defined above.
PAR  Preferably, all alkyl and alkoxy groups and moieties in the compounds of
      formula I' contain 1 to 4 carbon atoms and all alkenyl groups contain 2 to
      4 carbon atoms.
PAR  In the compounds of formula I' where R.sub.1 ' and R.sub.2 ' together with
      the nitrogen atom form a heterocyclic ring, suitable heterocyclic rings
      include pyrrolidine, piperidine, morpholine, thiomorpholine, piperazine
      and N-alkyl piperazine rings.
PAR  Preferred compounds of formula I include those of formula Ia,
      ##SPC9##
PAL  in which each of
PAR  R.sub.5 and R.sub.6, which may be the same or different, signifies a
      hydrogen atom, an alkyl or allyl, radical or an alkyl radical substituted
      by a halogen atom, an alkoxy or cyano group, which alkyl radicals and
      alkoxy moieties in such radicals contain 1 to 4 carbon atoms with the
      proviso that when one of R.sub.5 and R.sub.6 signifies a hydrogen atom the
      other has a significance other than hydrogen,
PA1  R.sub.7 signifies a radical of formula (a), (b), (c), (d) or (e)
      ##EQU1##
      or
      ##SPC10##
PAL  in which
PAR  R.sub.20 signifies SO.sub.3 M,
PAR  R.sub.21 signifies a hydrogen chlorine or bromine atom, a alkyl, alkoxy,
      cyano, thiocyano, trifluoromethyl, alkoxycarbonyl, benzyloxy-carbonyl,
      alkylcarbonyloxy, alkylcarbonylamino, amino-sulphonyl,
      alkylamino-sulphonyl or dialkylamino-sulphonyl radical, which alkyl and
      alkoxy radicals or moieties in such radicals contain 1 to 4 carbon atoms,
      each of
PAR  R.sub.22, R.sub.23 and R.sub.24, which may be the same or different,
      signifies a hydrogen, chlorine or bromine atom, a SO.sub.3 M, methyl,
      alkoxy, cyano, thiocyano, trifluoromethyl, alkoxycarbonyl,
      benzyloxycarbonyl, alkyl-carbonyloxy, alkylcarbonyl-amino, aminosulphonyl
      or alkylaminosulphonyl radical, which alkyl and alkoxy radicals or
      moieties in such radicals contain 1 to 4 carbon atoms, with the proviso
      that each of radicals of formula (a) (b) (c) and (d) bear only one
      --SO.sub.3 M group and the radical of formula (d) bears not more than two
      substituents in addition to the --SO.sub.3 M group,
PAR  R.sub.10 signifies hydrogen, amino sulphonyl or --SO.sub.3 M,
PAR  R.sub.11 signifies a hydrogen atom or --SO.sub.3 M with the proviso that
      the radical of formula (e) contains only one --SO.sub.3 M group, the atom
      of radical (a) to (e) marked *, being, in each case, bound to the carbon
      atom designated by the same mark in formula Ia and
PAR  M is as defined above.
PAR  More preferred compounds of formula I include those of formula Ib,
      ##SPC11##
PAL  in which each of
PAR  R.sub.11 and R.sub.12, which may be the same or different, signifies a
      methyl or ethyl or allyl radical, or a methyl or ethyl radical substituted
      by a cyano or alkoxy group of 1 to 4 carbon atoms,
PAR  R.sub.13 signifies a radical of formula (b'), or (d'),
      ##EQU2##
      in which
PAR  R.sub.21 ' signifies a hydrogen, chlorine or bromine atom, a methyl,
      methoxy, ethoxy, cyano, trifluoromethyl, alkoxycarbonyl,
      alkyl-carbonyloxy, alkylcarbonyl amino or aminosulphonyl radical which
      alkyl and alkoxy moieties contain 1 to 4 carbon atoms, each of
PAR  R.sub.22 ', R.sub.23 ' and R.sub.24 ', which may be the same or different,
      signifies a hydrogen, chlorine or bromine atom, a SO.sub.3 M, methyl,
      methoxy, ethoxy, cyano, trifluoro-methyl alkoxycarbonyl, alkylcarbonyloxy,
      alkyl-carbonylamino or amino-sulphonyl radical, which alkyl and alkoxy
      moieties containg 1 to 4 carbon atoms, with the proviso that the radicals
      (b') and (d') bear only one --SO.sub.3 M group and the radical (d') bears
      not more than two substituents in addition to the --SO.sub.3 M group,
PAR  the mark * has the same significance as defined above, and
PAR  M is as defined above.
PAR  Even more preferred compounds include those of formula Ic,
      ##SPC12##
PAL  in which
PAR  R.sub.11 and R.sub.12 are as defined in Claim 5, each of
PAR  R.sub.14 signifies a hydrogen, chlorine or bromine atom, a methyl, methoxy,
      ethoxy or trifluoromethyl radical, each of
PAR  R.sub.15, R.sub.16 and R.sub.17 signifies --SO.sub.3 M or  a hydrogen,
      chlorine or bromine atom,  a methyl, methoxy, ethoxy or trifluoro-methyl
      radical,
PAL  with the proviso that one of R.sub.15, R.sub.16 and R.sub.17 signifies
      SO.sub.3 M and at least one of R.sub.14, R.sub.15, R.sub.16 and R.sub.17
      signifies a hydrogen atom.
PAR  In the compounds of formulae Ia and Ib where R.sub.7 and R.sub.13 form,
      respectively, a six-membered ring system, and in the compound of formula
      Ic, the --SO.sub.3 M group is preferably para to the amino group, or when
      the para position is already substituted or when it signifies =N-- the
      --SO.sub.3 M group is meta to the amino group.
PAR  As examples of alkyl and alkoxy radicals or moieties of 1 to 4 carbon atoms
      may given methyl, methoxy, ethyl, ethoxy, propyl, propoxy, butyl and
      butoxy. Preferred such groups and moieties are methyl, methoxy, ethyl and
      ethoxy, more preferably, methyl and methoxy.
PAR  By halogen as used herein is understood chlorine and bromine, more
      preferably, chlorine.
PAR  In the compounds of formula I, M preferably signifies an alkali metal, for
      example, Na, K, Li, with sodium being more preferred.
PAR  The compounds of formula I are fluorescent anionic dyes with a neutral
      dyeing effect and are generally suitable for dyeing substrates with an
      affinity for anionic dyes. In particular they are suitable for dying
      synthetic, semi-synthetic or natural polyamide and/or cellulose fibres,
      polyurethane fibres or fibres of basically modified polypropylene, or
      leather. The dyes of formula I are particularly suitable for dyeing
      synthetic polyamide fibres in a neutral dye bath. Dyeing is effected in
      manner analogous to the methods known for the dyeing using dyes showing a
      neutral dyeing effect and suitable for nylon. The tints obtained are even
      and have good all-round fastness and, in particular, good wash fastness.
PAR  The following Examples serve to further illustrate the invention. In the
      Examples, if not indicated otherwise, the parts and percentages are by
      weight and the temperatures in degrees Centigrade. The ratio of parts by
      weight to parts by volume is like the ratio of g to ml.
DETD
PAC  EXAMPLE 1
PAR  10 parts of a compound of formula
      ##SPC13##
PAL  are entered in portions and within 2 to 21/2 hours into 130 parts by volume
      of 25 % oleum at 0.degree.-5.degree. while stirring. Stirring is then
      continued at 50.degree. for 7 hours, the hot solution poured onto 1000
      parts by volume of ice/brine and stirred for another 3 hours. Subsequent
      filtration yields 12 parts of a red, dry product which is dissolved in hot
      dimethyl formamide, filtered and treated with ether until turbidity.
      Filtration and washing and, optionally, recrystallization from water
      yields the analytically pure product of formula
      ##SPC14##
PAR  The compound is a yellow dye with green fluorescence which is very
      water-soluble and most suitable for the dyeing of nylon and wool in a
      neutral dyebath. The same compound of formula IX is obtained in good yield
      by replacing the 10 parts of the compound of formula VIII by the
      corresponding amount of the compound of formula
      ##SPC15##
PAR  Spectroscopic analysis in dimethyl formamide of the compound of formula IX
      gives the following values
EQU   .lambda..sub.max =  455 nm (log .epsilon. = 4,75).
PAR  The following Table shows further dyes which may be prepared as described
      before, for example in the form of sodium salts, and which dye nylon in
      yellow shades with greenish fluorescences. They correspond to the formula
      ##SPC16##
      in which
PAR  R.sub.5, R.sub.6 and R.sub.7 have the significances as shown in the columns
PAR  M is sodium, and
PAR  the ring R.sub.7, attached by condensation, is a six-membered ring and the
      third free linkage corresponds to the connection point with the sulphonic
      group while the linkage marked by * indicates the connection point with
      the carbon atom of the formula designated by *
TBL                                    TABLE                                   
     __________________________________________________________________________
     Ex.                       .vertline.                                      
     No.  --R.sub.5 --R.sub.6  *--R.sub.7 --                                   
     __________________________________________________________________________
      2                   .vertline.                                           
        --CH.sub.2 CH.sub.2 CN                                                 
                 --CH.sub.2 CH.sub.2 CH.sub.3                                  
                          *--CH=CH--C=CH--                                     
      3 --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.3                                  
                 --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.3                         
                          do.                                                  
      4 --CH.sub.2 CH.sub.2 CH.sub.3                                           
                 --CH.sub.2 CH.sub.2 CH.sub.3                                  
                          do.                                                  
      5 --CH.sub.2 CH.sub.2 CN                                                 
                 --CH.sub.2 CH.sub.2 CN                                        
                          do.                                                  
      6 --C.sub.2 H.sub.5                                                      
                 --C.sub.2 H.sub.5                                             
                          do.                                                  
      7 --CH.sub.2 CH.sub.2 OC.sub.2 H.sub.5                                   
                 --CH.sub.2 CH.sub.2 OC.sub.2 H.sub.5                          
                          do.                                                  
      8 --CH.sub.2 --CH=CH.sub.2                                               
                 --C.sub.2 H.sub.5                                             
                          do.                                                  
                          .vertline.                                           
      9 --CH.sub.2 CH.sub.2 CN                                                 
                 H        *--CH=C(NHCOC.sub.2 H.sub.5)--C=CH--                 
                          .vertline.                                           
     10 --C.sub.2 H.sub.5                                                      
                 --C.sub.2 H.sub.5                                             
                          *--CH=C(Cl)--C=C(Cl)--                               
                          .vertline.                                           
     11 do.      do.      *--C=C(Cl)--C(CH.sub.3)=CH--                         
                          .vertline.                                           
     12 do.      do.      *--C(CH.sub.3)=CH--C=CH--                            
                          .vertline.                                           
     13 do.      do.      *--CH=C(CN)--C=CH--                                  
                          .vertline.                                           
     14 do.      do.      *--C=CH--C(COOCH.sub.3)=CH--                         
                          .vertline.                                           
     15 do.      do.      *--C=CH--C(COOC.sub.2 H.sub.5)=CH--                  
                          .vertline.                                           
     16 do.      do.      *--C=CH--C(OCOCH.sub.3)=CH--                         
                          .vertline.                                           
     17 do.      do.      *--C=CH--C(OCOC.sub.2 H.sub.5)=CH--                  
                          .vertline.                                           
     18 do.      do.      *--C=CH--C(COOCH.sub.2 CH.sub.2 CH.sub.2 CH.sub.3)=CH
                          --                                                   
                          .vertline.                                           
     19 do.      do.      *--C=CH--C(COOCH.sub.2 C.sub.6 H.sub.5)=CH--         
                          .vertline.                                           
     20 do.      do.      *--CH=C(NHCOCH.sub.3)--C=CH--                        
                          .vertline.                                           
     21 do.      do.      *--CH=C(Br)--C= CH--                                 
                          .vertline.                                           
     22 do       do       *--CH=O(OC.sub.2 H.sub.5)--C=CH--                    
                          .vertline.                                           
     23 do.      do.      *--C(SO.sub.2 NH.sub.2)=CH--C=CH                     
                          .vertline.                                           
     24 do.      do.      *--C=CH--CH=CH--                                     
                          .vertline.                                           
     25 do.      do.      *--C=CH--C(CN)=CH--                                  
                          .vertline.                                           
     26 do.      do.      *--C=CH--C(CF.sub.3)=CH--                            
                          .vertline.                                           
     27 do.      do.      *--C(CH.sub.3)=CH--C=C(Br)--                         
                          .vertline.                                           
     28 do.      do.      *--C(CN)=CH--C=CH--                                  
                          .vertline.                                           
     29 do.      do.      *--CH=CH--C=C(OCH.sub.3)--                           
                          .vertline.                                           
     30 do.      do.      *--C=CH--CH=C(CN)--                                  
                          .vertline.                                           
     31 do.      do.      *--N=C--N=CH--                                       
                          .vertline.                                           
     32 do.      do.      *--CH=C--N=CH--                                      
                          .vertline.                                           
     33 --C.sub.2 H.sub.5                                                      
                 --C.sub.2 H.sub.5                                             
                          *--CH=C(Cl)-- C=CH--                                 
                          .vertline.                                           
     34 do.      do.      *--CH=C(CH.sub.3)--C=CH--                            
                          .vertline.                                           
     35 do.      do.      *--CH=C(OCH.sub.3)--C=CH--                           
     __________________________________________________________________________
PAC  Application Example A
PAR  A 50.degree. warm dyebath is prepared containing 1000 parts of water, 2
      parts of a sulphonated ester of a high molecular unsaturated fatty acid
      presenting a sulphonation grade of 99% and 2 parts of ammonium sulphate.
      Synthetic polyamide fibres, for example nylon 66, are treated for 15
      minutes, then 0.16 parts of the dye obtained in accordance with Example 1
      are added, the dyebath is warmed to the boiling temperature within 30-45
      minutes and boiling is done for one hour.
PAR  The dyeing obtained is an even yellow shade with greenish fluorescence
      presenting good wash fastness. Equally good shades are obtained by
      replacing, in the above dyeing example, the 0.16 parts of the dye of
      Example 1 by the corresponding amount of one of the dyes of Examples 2-35.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound, of formula Ia,
      ##SPC17##
PAL  in which each of
PA1  R.sub.5 and R.sub.6, which may be the same or different, signifies a
      hydrogen atom, an alkyl or allyl, radical or an alkyl radical substituted
      by a halogen atom, an alkoxy or cyano group, which alkyl radicals and
      alkoxy moieties in such radicals contain 1 to 4 carbon atoms with the
      proviso that when one of R.sub.5 and R.sub.6 signifies a hydrogen atom the
      other has a significance other than hydrogen,
PA1  R.sub.7 signifies a radical of formula (a), (b), (c), (d), or (e)
      ##EQU3##
      or
      ##SPC18##
PAL  in which
PA1  R.sub.20 signifies SO.sub.3 M,
PA1  R.sub.21 signifies a hydrogen chlorine or bromine atom, a alkyl, alkoxy,
      cyano, thiocyano, trifluoromethyl, alkoxycarbonyl, benzyloxy-carbonyl,
      alkylcarbonyloxy, alkylcarbonylamino, amino-sulphonyl,
      alkylamino-sulphonyl or dialkylamino-sulphonyl radical, which alkyl and
      alkoxy radicals or moieties in such radicals contain 1 to 4 carbon atoms,
      each of
PA1  R.sub.22, r.sub.23 and R.sub.24, which may be the same or different,
      signifies a hydrogen, chlorine or bromine atom, a SO.sub.3 M, methyl,
      alkoxy, cyano, thiocyano, trifluoro-methyl, alkoxycarbonyl,
      benzyloxycarbonyl, alkyl-carbonyloxy, alkylcarbonyl-amino, aminosulphonyl
      or alkylaminosulphonyl radical, which alkyl and alkoxy radicals or
      moieties in such radicals contain 1 to 4 carbon atoms, with the proviso
      that each of radicals of formula (a) (b) (c) and (d) bear only one
      --SO.sub.3 M group and the radical of formula (d) bears not more than two
      substituents in addition to the --SO.sub.3 M group,
PA1  R.sub.10 signifies hydrogen, amino-sulphonyl or --SO.sub.3 M,
PA1  R.sub.11 signifies a hydrogen atom or --SO.sub.3 M with the proviso that
      the radical of formula (e) contains only one --SO.sub.3 M group,
PAL  the atom of radical (a) to (e) marked *, being, in each case, bound to the
      carbon atom designated by the same mark in formula Ia, and
PA1  M is hydrogen or an alkali metal.
NUM  2.
PAR  2. A compound according to claim 1, of formula Ib,
      ##SPC19##
PAL  in which each of
PA1  R.sub.11 and R.sub.12, which may be the same or different, signifies a
      methyl or ethyl or allyl radical, or a methyl or ethyl radical substituted
      by a cyano or alkoxy group of 1 to 4 carbon atoms,
PA1  R.sub.13 signifies a radical of formula (b'), or (d'),
      ##EQU4##
      in which R.sub.21 ' signifies a hydrogen, chlorine or bromine atom, a
      methyl, methoxy, ethoxy, cyano, trifluoromethyl, alkoxycarbonyl,
      alkyl-carbonyloxy, alkylcarbonyl amino or aminosulphonyl radical which
      alkyl and alkoxy moieties contain 1 to 4 carbon atoms, each of
PA1   R .sub.22 ', R .sub.23 ' and R .sub.24 ', which may be the same or
      different, signifies a hydrogen, chlorine or bromine atom, a SO.sub.3 M,
      methyl, methoxy, ethoxy, cyano, trifluoro-methyl alkoxycarbonyl,
      alkylcarbonyloxy, alkyl-carbonylamino or amino-sulphonyl radical, which
      alkyl and alkoxy moieties contain 1 to 4 carbon atoms, with the proviso
      that the radicals (b') and (d') bear only one --SO.sub.3 M group and the
      radical (d') bears not more than two substituents in addition to the
      --SO.sub.3 M group,
PA1  the mark * has the same significance as defined in claim 1 and
PA1  M is as defined in claim 1.
NUM  3.
PAR  3. A compound according to claim 1, in which, in the radical of formula
      (b), R.sub.22 is --SO.sub.3 M.
NUM  4.
PAR  4. A compound according to claim 1, in which, in the radical of formula
      (c), R.sub.22 is --SO.sub.3 M.
NUM  5.
PAR  5. A compound according to claim 1, in which, in the radical of formula
      (d), R.sub.22 is --SO.sub.3 M.
NUM  6.
PAR  6. A compound according to claim 1, in which, in the radical of formula
      (d), where R.sub.22 signifies other than a hydrogen atom or a --SO.sub.3 M
      group, R.sub.23 signifies SO.sub.3 M.
NUM  7.
PAR  7. A compound according to claim 2, in which, in the radical of formula
      (b'), R.sub.22 ' signifies --SO.sub.3 M.
NUM  8.
PAR  8. A compound according to claim 2, in which, in the radical of formula
      (d'), R.sub.22 ' signifies --SO.sub.3 M.
NUM  9.
PAR  9. A compound according to claim 2, in which, in the radical of formula
      (d'), where R.sub.22 ' signifies other than a hydrogen atom or a SO.sub.3
      M group, R.sub.23 ' signifies --SO.sub.3 M.
NUM  10.
PAR  10. A compound according to claim 2, of formula Ic,
      ##SPC20##
PAL  in which
PA1  R.sub.11 and R.sub.12 are as defined in claim 2, each of
PA1  R.sub.14 signifies a hydrogen, chlorine or bromine atom, a methyl, methoxy,
       ethoxy or trifluoromethyl radical, each of
PA1  R.sub.15, r.sub.16 and R.sub.17 signifies --SO.sub.3 M or a hydrogen,
      chlorine or bromine atom, a methyl, methoxy, ethoxy or trifluoromethyl
      radical, with the proviso that one of R.sub.15, R.sub.16 and R.sub.17
      signifies SO.sub.3 M and at least one of R.sub.14, R.sub.15, R.sub.16 and
      R.sub.17 signifies a hydrogen atom.
NUM  11.
PAR  11. A compound according to claim 10, in which at least two of R.sub.14,
      R.sub.15, R.sub.16 and R.sub.17 signify a hydrogen atom.
NUM  12.
PAR  12. A compound according to claim 11, in which R.sub.15 signifies a
      --SO.sub.3 M group, each of R.sub.14 and R.sub.17 signifies a hydrogen
      atom and R.sub.16 signifies a hydrogen, chlorine, bromine, methoxy, ethoxy
      or trifluoromethyl radical.
NUM  13.
PAR  13. A compound according to claim 12, in which R.sub.16 signifies a
      hydrogen atom.
NUM  14.
PAR  14. A compound according to claim 1, of formula
      ##SPC21##
PAL  in which M is as defined in claim 1.
NUM  15.
PAR  15. A compound according to claim 1, of formula
      ##SPC22##
PAL  in which M is as defined in claim 1.
NUM  16.
PAR  16. A compound according to claim 1, of formula
      ##SPC23##
PAL  in which M is as defined in claim 1.
NUM  17.
PAR  17. A compound according to claim 1, of formula
      ##SPC24##
PAL  in which M is as defined in claim 4.
NUM  18.
PAR  18. A compound according to claim 1, of formula
      ##SPC25##
PAL  in which M is as defined in claim 1.
NUM  19.
PAR  19. A compound according to claim 1, in which M is sodium.
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ABST
PAL  This invention is addressed to a new and improved method for the
      preparation of 3-alkylthiomethyl-7-acylamido cephalosporins in which a
      3-alkanoyloxymethyl-7-acylamido cephalosporin is reacted with an alkane
      thiol in aqueous medium in the presence of certain inorganic salts to
      produce the desired 3-alkylthiomethyl product in significantly improved
      yields.
PARN
PAR  This is a continuation-in-part of copending application Ser. No. 211,692,
      filed Dec. 23, 1971, now abandoned.
BSUM
PAR  This invention relates to the preparation of cephalosporin antibiotics, and
      more particularly to a new and improved process for the preparation of
      3-alkylthiomethyl cephalosporins.
PAR  One of the first classes of antibiotics to be discovered were the
      penicillins which are now well known as containing the "penam" nucleus, a
      thiazolidine ring with a fused beta-lactam. "Penam" nomenclature for the
      penicillins is described by Sheehan, Henery-Logan and Johnson in the
      Journal of the American Chemical Society, (JACS), 75, 3292, footnote 2
      (1953). In accordance with this system of nomenclature, "penam" refers to
      the following saturated ring system:
      ##SPC1##
PAR  A more recent discovery in the field of antibiotics are the cephalosporins,
      which are somewhat related to the penicillins from the standpoint of
      chemical structure. The "penam" nomenclature system described above has
      been adapted to the cephalosporins by Morin, Jackson, Flynn and Roeske
      [JACS, 84, 3400 (1962)] who describe "cepham" as referring to the
      following system:
      ##SPC2##
      "Cepham" refers to the cepham ring stucture containing a double bond, the
      position of which is indicated by a prefix ".DELTA." with a superscript
      denoting the lowest numbered carbon atom to which the double bond is
      connected or by the word "delta" with the same number relationship.
PAR  In Belgian Pat. Nos. 734,532 and 734,533, description is made of certain
      3-alkylthiomethyl cephalosporins having the formula:
      ##SPC3##
PAL  Where R is an acyl group and R.sub.1 is an alkyl group, which, according to
      the cephem nomenclature system described above, can be named
      3-alkylthiomethyl-7-acylamido-.DELTA. .sup.3 -cephem-4-carboxylic acids.
      As is described in the aforementioned Belgian patents, the compounds (III)
      are prepared by reacting the corresponding
      3-acetoxymethyl-7-acylamido-.DELTA. .sup.3 -cephem-4-carboxylic acid with
      an alkane thiol whereby the acetoxy group attached to the 3-methylene
      group is replaced by the corresponding alkylthio group. This reaction can
      be illustrated by the following equation.
      ##SPC4##
PAR  One of the primary difficulties incurred with the foregoing reaction is
      that the desired 3-alkylthiomethyl product is obtained in low yields,
      frequently of the order of only 30% or lower. Thus, the process is
      disadvantageous from an economic standpoint.
PAR  It is accordingly an object of the present invention to provide a new and
      improved process for the preparation of 3-alkyl thiomethyl-7-acylamido
      cephalosporins by reaction of the corresponding
      3-alkanoyloxymethyl-7-acylamido cephalosporins with alkane thiols in
      significantly improved yields.
PAR  It has been found in accordance with the concepts of the present invention
      that the yield of the desired 3-alkylthiomethyl product can be
      significantly increased by carrying out the reaction in the presence of
      certain inorganic salts, such as bromides, iodides, nitrates, sulfates,
      thio cyanates, etc., and particularly iodide ions, in aqueous media. The
      presence of the salts has been found to result in an increase in yield of
      the desired product by a factor as high as 2 or more.
PAR  As indicated above, the reaction is carried out in aqueous media and,
      therefore, use is preferably made of highly water soluble iodides of the
      alkali metals (e.g., lithium, sodium, potassium, etc.), the alkaline earth
      metals (e.g., calcium, barium, etc.) or of ammonium. However, as will be
      appreciated by those skilled in the art, a number of other water soluble
      salts in the form of the bromides, iodides, nitrates, sulfates, and
      thiocyanates of the metals of Groups 1 and II of the Periodic Table or
      ammonium can also be used.
PAR  The salt chosen should not be one that itself causes destruction of
      cephalosporin or reacts with alkane thiols in a destructive manner. For
      example, salts giving aqueous solutions with a pH above 9.0 or a pH below
      2.0 would generally be less desirable because degradation of
      cephalosporins is rapid at such extremes of pH. Similarly, various
      transition metal ions are known to catalyze .beta.-lactam ring opening and
      are consequently to be avoided. Inorganic salts capable of oxidizing
      alkane thiols to disulfides or other products and salts known to react
      with thiol compounds to yield insoluble complexes are similarly to be
      avoided.
PAR  Without limiting the present invention as to theory or to any mechanism,
      the effect of the salt appears to be due to a combination of factors,
      depending on the particular cations and anions involved. Stabilization of
      an ionic cephalosporin intermediate by the presence of suitable counter
      ions may be important. Salts which have a beneficial effect appear to
      increase the solubility of cephalosporins and alkane thiols in the
      reaction medium. The beneficial effect of the preferred salts, the
      iodides, may be rationalized on the theory of hard and soft acids and
      bases.
PAR  The quantity of the source of halide ions employed is not critical and can
      be varied within wide ranges. In general, use should be made of an amount
      of the source of halide ion per part by weight of the cephalosporin
      starting material from 1 part by weight per part by weight of the
      cephalosporin starting material up to an amount sufficient to saturate the
      aqueous reaction medium at the reaction temperature with best results
      generally being achieved when the reaction medium is saturated with the
      salt.
PAR  The conditions employed for reaction are similarly not critical and can be
      varied within wide ranges. For example, use can be made of a reaction
      temperature within the range of 30.degree. to 100.degree.C, with higher
      reaction temperatures favoring a more rapid rate of reaction. The relative
      proportions of cephalosporin starting material to alkane thiol should be
      at least stoichiometric proportions. However, it is generally preferred to
      make use of an excess of alkane thiol to insure as complete a reaction as
      possible. For this purpose, a mole ratio of alkane thiol to cephalosporin
      starting material of 2 to 10 or higher may be used as desired.
PAR  As the alkane thiol, use is preferably made of alkane thiols containing 1
      to 6 carbon atoms, as represented by methane thiol, ethane thiol, propane
      thiol, isopropane thiol, butane thiol, pentane thiol, etc.
PAR  As the cephalosporin starting material, use is made of a
      3-alkanoyloxymethyl-7-acylamido cephalosporin. The preferred starting
      materials for use in the process of this invention are the compounds of
      the formula:
      ##SPC5##
PAL  where R is an acyl group and R.sub.3 is C.sub.1 to C.sub.3 alkyl (e.g.,
      methyl, ethyl, propyl, etc.).
PAR  The preferred acyl groups include acyl groups having the formula
      ##EQU1##
      wherein n is zero or an integer from 1 to 6 and R.sub.4 is a heterocyclic
      group in which the hetero atom is O, S, N or any combination thereof,
      including dioxanyl, 2-furyl, 3-furyl, imidazolyl, morpholinyl, oxazolyl,
      pyranyl, pyrazinyl, pyrazolyl, N-pyridyl, 2-pyridyl, 3-pyridyl, pyrimidyl,
      N-pyrryl, 2-pyrryl, 3-pyrryl, thiazolyl, 2-thienyl, 3-thienyl,
      2-benzothienyl, 3-benzothienyl, triazinyl, triazolyl and the like; the
      partially and completely hydrogenated derivatives of the foregoing, such
      as tetrahydrofuryl, imidazolinyl, imidazolidyl, piperidyl,
      tetrahydropyrimidyl, pyrrolidyl and the like; as well as all of the
      foregoing groups which are substituted by one or more substituents
      including, for example, an amino or a protected amino group (e.g., a
      tert-butoxy-carbonyl protecting group), a cyano group, a nitro group and a
      hydroxy group, as represented by the picolyls, methylfuryls, methyl
      thienyls, nitrofuryl, cyanofuryl, nitrobenzothienyl, nitropyridyl,
      cyanopyridyl, methoxypyrimidyl, trifluoromethyl pyridyl as well as others
      of the type as described in Flynn U.S. Pat. No. 3,218,318.
PAR  Illustrative of acyl groups when R.sub.4 is heterocyclic are
      dioxanylacetyl, 2-furylcarbonyl, beta-pyrazinylpropionyl, 2-pyridylacetyl,
      3-pyridylcarbonyl, 2-thienylacetyl, 3-benzothienylcarbonyl,
      piperidylacetyl, pyrrolidylcarbonyl, nitrobenzothienylacetyl,
      beta-(nitrofuryl)-propionyl, cyanopyridylcarbonyl, etc.
PAR  R.sub.4 can also be a cycloalkyl group containing 4-8 carbon atoms,
      including cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, etc.
      Illustrative of such acyl groups include cyclopentanoyl, cyclohexanoyl,
      3-methylcyclohexanoyl, cyclobutylcarbonyl cyclopentylacetyl,
      beta-cyclopentylpropionyl, etc.
PAR  R can further be an acyl group having the general formula
      ##EQU2##
      wherein R.sub.5 is either hydrogen or alkyl containing 1 to 8 carbon atoms
      (e.g., methyl, ethyl, isopropyl, n-butyl, tert-butyl, hexyl, isooctyl,
      etc.). Illustrative of such acyl groups are formyl, acetyl, propionyl,
      butyryl, isobutyryl, pentanoyl, etc.
PAR  In addition to the hydrogen and alkyl groups described above, R.sub.5 can
      also be a group of the formula
      ##SPC6##
PAL  where Q is hydrogen or one or more substituents including an amino group, a
      protected amino group, a cyano group, a nitro group, a C.sub.1 to C.sub.3
      alkyl group, a halogen group, a trifluoromethyl group, a C.sub.1 to
      C.sub.3 alkoxy group, etc., and y is zero or an integer from 1 to 6; or a
      group of the formula
      ##SPC7##
PAL  where Q is as defined above, m and n are each zero or integers from 1 to 4
      and X is either O or S.
PAR  Illustrative of the resulting acyl groups where R.sub.5 is one of the
      groups defined above are benzoyl, p-methoxybenzoyl, cyanobenzoyl,
      phenylacetyl, gamma-phenylbutyryl, 2,5-dimethylphenylacetyl,
      p-cyanophenylacetyl, beta-nitrophenylpropionyl, hydroxyphenylacetyl,
      m-bromobenzoyl, 3-trifluoromethylphenylacetyl,
      3-tert-butoxyacetamidophenylacetyl, phenoxyacetyl, phenoxypropionyl,
      3-cyanophenoxyacetyl, benzyloxycarbonyl, benzyloxyacetyl, phenoxycarbonyl,
      acetamidophenoxyacetyl, phenylmercaptocarbonyl, phenylmercaptoacetyl,
      3-nitrophenylmercaptopropionyl, phenylethylmercaptoacetyl,
      trifluoromethylphenylmercaptobutyryl, as well as a variety of others.
PAR  Also included within the scope of the present invention are 7-acylamido
      cephalosporins in which R is an acyl group of the formula
      ##EQU3##
      where Y is an amino group or a protected amino group, as represented by an
      enamine group or an acylamido group (e.g., acetamido, chloroacetamido,
      propionamido, etc.), and x is an integer from 1 to 5 and preferably 3
      since the resulting acyl group when x is three is the valeroyl group
      characteristic of cephalosporin C. Preferred acyl groups of this type
      include 5-carboxy-5-aminovaleroyl, 5-carboxy-5-acetamidovaleroyl,
      5-carboxy-5-chloroacetamidovaleroyl, 5-carboxyl-5-propionamidovaleroyl,
      etc.
PAR  In addition, R can be an acyl group of the formula
      ##SPC8##
PAL  wherein Q is as defined above and Z is a protected amino as defined above,
      --OH, --OR.sub.7, --COOH or --COOR.sub.8 wherein R.sub.7 is, e.g., C.sub.1
      to C.sub.6 -alkyl, trityl, benzhydryl or C.sub.1 to C.sub.6 -alkanoyloxy,
      and R.sub.8 is, e.g., a C.sub.1 to C.sub.6 -alkyl such as tert-butyl.
      Representative of the acyl groups defined by (XII) are
      2-phenyl-2-tert-butoxycarbonamidoacetyl, 2-phenyl-2-acetamidoacetyl,
      2-phenyl-2-chloroacetamidoacetyl, 2-(4'-methoxyphenyl)-2-acetamidoacetyl,
      2-(4'-cyanophenyl)-2-tert-butoxycarbonamidoacetyl, etc.
PAR  As will be appreciated by those skilled in the art, a number of other acyl
      groups may be employed in accordance with the practice of the invention,
      particularly those described in the aforementioned Belgian patents.
PAR  It has been found that the concepts of this invention are likewise
      applicable to the cephalosporin antibiotics described in copending
      applications, Ser. Nos. 60,556, filed Aug. 3, 1970, and 62,390, filed
      August 10, 1970, which have the structures:
      ##SPC9##
PAL  respectively, and which can be named
      7-(5'-carboxy-5'-aminovaleramido)-7-methoxy-3-acetoxymethyl-.DELTA..sup.3
      -cephem-4-carboxylic acid, and
      7-(5'-carboxy-5'-aminovaleramido)-7-methoxy-3-carbamoyloxymethyl-.DELTA..s
     up.3 -cephem-4-carboxylic acid, respectively, as well as the known
      antibiotic:
      ##SPC10##
PAL  7-(5'-carboxy-5'-aminovaleramido)-3-carbamoyloxymethyl-.DELTA..sup.3
      -cephem-4-carboxylic acid.
PAR  When use is made of the foregoing as starting materials in the process of
      this invention to prepare the corresponding 3-alkylthiomethyl compound, it
      may be desirable to insure that the amino group is protected by a suitable
      group, and preferably an acyl group (e.g., an acetyl, chloroacetyl,
      propionyl, tertbutoxy-carbonyl group, etc.)
PAR  Thus, the starting materials useful in accordance with this concept of this
      invention have the formula:
      ##SPC11##
PAL  where R.sub.6 is H or methoxy, R.sub.7 is CH.sub.3 or NH.sub.2, provided
      that where R.sub.6 is H, R.sub.7 is NH.sub.2, and R.sub.8 is an acyl
      protecting group. The reaction conditions employed in this concept of the
      invention are the same as those described.
PAR  Since the reaction between the cephalosporin starting material and the
      alkane thiol is carried out in aqueous medium, it is generally preferred
      that the cephalosporin starting material be employed in the form of a
      water-soluble salt, such as the alkali metal salts or ammonium salts, or
      the salt formed with an organic base, such as quinoline or the like.
PAR  Representative of the 3-alkanoyloxymethyl-7-acylamido cephalosporin
      starting material which can be employed in the practice of the present
      invention are the following compounds.
PA1  3-propionoxymethyl 7-(2'-thienylacetamido-.DELTA. .sup.3
      -cephem-4-carboxylic acid
PA1  3-acetoxymethyl 7-(2' -furylamido)-.DELTA..sup.3 -cephem-4-carboxylic acid
PA1  3-acetoxymethyl 7-(2'furylpropionamido)-.DELTA. .sup.3 -cephem-4-carboxylic
      acid
PA1  3-butyryloxymethyl 7-(2'-furylacetamido)-.DELTA. .sup.3
      -cephem-4-carboxylic acid
PA1  3-acetoxymethyl 7-(3'-thienylacetamido)-.DELTA. .sup.3 -cephem-4-carboxylic
      acid
PA1  3-acetoxymethyl 7-(3'-methyl-2'-thienylacetamido)-.DELTA. .sup.3
      -cephem-4-carboxylic acid
PA1  3-acetoxymethyl 7-(1'-pyrazoleacetamido)-.DELTA. .sup.3
      -cephem-4-carboxylic
PA1  3-acetoxymethyl 7-(N'-methyl-2'-pyrrylacetamido)-.DELTA. .sup.3
      -cephem-4-carboxylic acid
PA1  3-propionoxymethyl 7-(5'-imidazolinylacetamido)-.DELTA. .sup.3
      -cephem-4-carboxylic acid
PA1  3-acetoxymethyl 7-(2'-piperidylacetamido)-.DELTA. .sup.3
      -cephem-4-carboxylic acid
PA1  3-acetoxymethyl 7-(3'-bromo-2'-pyridylacetamido)-.DELTA. .sup.3
      -cephem-4-carboxylic acid
PA1  3-acetoxymethyl 7-(2'-thienylpropionamido)-.DELTA. .sup.3
      -cephem-4-carboxylic acid
PA1  3-acetoxymethyl 7-(5'-methoxy-3'-pyridylacetamido)-.DELTA..sup.3
      -cephem-4-carboxylic acid
PA1  3-acetoxymethyl 7-(cyclopentylacetamido-.DELTA. .sup.3 -cephem-4-carboxylic
      acid
PA1  3-propionoxymethyl 7-cyclohexylpropionamido-.DELTA. .sup.3
      -cephem-4-carboxylic acid
PA1  3-propionoxymethyl 7-acetamido-.DELTA. .sup.3 -cephem-4-carboxylic acid
PA1  3-acetoxymethyl 7-isobutyrylamido-.DELTA..sup.3 -cephem-4-carboxylic acid
PA1  3-butyryloxymethyl 7-formamido-.DELTA. .sup.3 -cephem-4-carboxylic acid
PA1  3-acetoxymethyl 7-(5'-carboxy-5'-acetamidoaleramido)-.DELTA. .sup.3
      -cephem-4-carboxylic acid
PA1  3-acetoxymethyl 7-(2'-phenyl-2'-acetamidoacetamido)-.DELTA. .sup.3
      -cephem-4-carboxylic acid
PAR  The starting materials of the present invention can be prepared by any of a
      number of methods known to those skilled in the art. For example, use can
      be made of the procedures described in U.S. Pat. No. 3,218,318 to Flynn
      and the procedures described in copending applications, Ser. No. 72,236,
      filed Sept. 14, 1970, by Charles F. Murphy and Ser. No. 94,988, filed Dec.
      3, 1970, by Stjepan P. Kukolja.
PAR  As will be appreciated by those skilled in the art, in some cases, the
      7-acylamido group may contain functional groupings which are reactive with
      the alkane thiol. For example, when use is made of 3-acetoxymethyl
      7-(5'-carboxy-5'-chloroacetamidovaleramido)-.DELTA. .sup.3
      -cephem-4-carboxylic acid, the reaction proceeds as follows:
      ##SPC12##
PAL  However, this is not disadvantageous since it is contemplated that the
      7-acylamido group may be cleaved in accordance with known procedures, such
      as by the method of Chauvette in copending application Ser. No. 651,662,
      filed July 7. 1967, to form the corresponding 3-alkylthiomethyl-7-amino
      compound which can be reacylated to provide the desired 7-acylamido group
      in a known manner.
DETD
PAR  Having described the basic concept of the present invention, reference is
      now made to the following examples which are provided by way of
      illustration, and not by way of limitation of the practice of the process
      of this invention.
PAC  EXAMPLE 1
PAR  A sample of 47.1 g (150 m.moles) of 3-acetoxymethyl-7-acetamido-.DELTA.
      .sup.3 -cephem-4-carboxylic acid was dissolved in 150 ml (150 m.moles) of
      a 1 Normal solution of sodium hydroxide in a 500 ml Parr pressure bottle,
      and the resulting solution was cooled to -15.degree. in a bath of ice and
      methanol. Thereafter, 250 g of potassium iodide were added to the reaction
      mixture and the bottle was evacuated to remove dissolved gases from the
      solution. Then, 30 ml (540 mMoles) of methane thiol from a cylinder was
      condensed in a graduated cylinder in a dry ice-acetone bath, and the
      condensed thiol was added to the cooled reaction mixture.
PAR  The bottle was then sealed and placed in a water bath at a temperature of
      about 80.degree. and the reaction mixture stirred vigorously at 70.degree.
      .+-. 2.degree. for 1.75 hours, after which it was cooled in a bath of ice
      and methanol for 15 minutes and the bottle opened. Excess methane thiol
      was removed in vacuo for 15 minutes, and the resulting aqueous solution
      was extracted with ethyl acetate three times, using 500 ml of the ethyl
      acetate.
PAR  The ethyl acetate extracts were then washed with saturated sodium
      bicarbonate solution, and the combined aqueous layers were acidified to a
      pH of 1.5. The acidified solution was extracted with ethyl acetate, and
      the product separated and identified as
      3-methylthiomethyl-7-acetamido-.DELTA. .sup.3 -cephem-4-carboxylic acid.
      31.6 g of product mp 178-179.degree. dec were removed constituting a yield
      of 70%. ir(mull) 3280, 1770, 1710, 1610, 1520 cm.sup..sup.-1 ; uv max
      (MeOH) 265 nm (.epsilon.9,000); nmr (CDCl.sub.3 + DMSOd.sub.6) .delta.2.07
      (6H,s), 3.46 (1H, d, J=13.5Hz), 3.60 (2H,s), 3.85 (1H, d, J=13.5Hz), 5.04
      (1H, d, J=5Hz), 5.71 (1H, d/d, J=5Hz, J=8.5Hz), 8.28(1H, d, J=8.5Hz), 9.41
      (1H, broad s).
PAR  Anal. Calcd. for C.sub.11 H.sub.14 N.sub.2 O.sub.4 S.sub.2 : C, 43.71; H,
      4.67; N, 9.27; S, 21.21. Found: C, 43.97; H, 4.92: N, 9.03; S, 21.06.
PAR  The procedure described above was repeated under essentially the same
      conditions except that no potassium iodide was added to the reaction
      mixture. The same product was obtained in a yield of 31%.
PAC  EXAMPLE 2
PAR  Using the procedure described in Example 1, 40 mMoles of
      3-acetoxymethyl-7-acetamido-.DELTA. .sup.3 -cephem-4-carboxylic acid was
      reacted with 140 mMoles of methanethiol using a variety of salts.
PAR  The results are tabulated below:
TBL  Salt        Amount of Salt (g)                                            
                                Yield                                          
     ______________________________________                                    
     KBr         40             40%                                            
     NaI         75             66%                                            
     NaBr        50             52%                                            
     Ca(NO.sub.3).sub.2.4H.sub.2 O                                             
                 80             58%                                            
     Mg(NO.sub.3).sub.2.6H.sub.2 O                                             
                 80             44%                                            
     BaI.sub.2.2H.sub.2 O                                                      
                 70             66%                                            
     CaI.sub.2.nH.sub.2 O                                                      
                 70             59%                                            
     LiI         70             68%                                            
     NH.sub.4 I  70             59%                                            
     K.sub.2 SO.sub.4                                                          
                 70             46%                                            
     ______________________________________                                    
PAR  As is evident from the foregoing, a good yield of the desired
      3-methylthiomethyl product was obtained with each of the salts.
PAC  EXAMPLE 3
PAR  A sample of 8.36 g (20 mMoles) of the sodium salt of cephalothin
      [3-acetoxymethyl-7-(2'-thienylacetamido)-.DELTA..sub.3
      -cephem-4-carboxylic acid]  was dissolved in 50 ml of water in a 500 ml
      Parr pressure bottle. 75 g of potassium iodide were added and the
      resulting solution was cooled to a temperature of -10.degree. in a bath of
      ice and methanol and a vacuum applied to remove dissolved gases.
      Thereafter, 6 ml (about 108 mMoles) of methanethiol was condensed in a
      graduated cylinder and added to the reaction bottle, which was then
      promptly sealed and placed in a water bath, initially at 80.degree., and
      the contents were stirred at 70.degree. .+-. 2.degree. for four hours.
PAR  The reaction bottle was then cooled to -10.degree. before opening, and a
      vacuum was applied for 15 minutes to remove excess methanethiol. The
      resulting aqueous solution was extracted three times with 150 ml of ethyl
      acetate, which was washed two times with a cold sodium bicarbonate
      solution. The combined aqueous layers were acidified to a pH of 2 with
      dilute HCl, and the product extracted three times with ethyl acetate. The
      ethyl acetate solution was treated with sodium sulfate, filtered and
      evaporated to dryness in vacuum yielding 7.6 g of a crude acidic fraction.
      Pure 3-methylthiomethyl-7-(2'-thienylacetamido)-.DELTA..sub.3
      -cephem-4-carboxylic acid crystallized from an ethyl acetate solution
      (m.p. 148.degree.-150.degree. dec. 4.94 g, 64% yield): ir (CHCl.sub.3)
      3320, 1780, 1710, 1680, 1505 cm.sup..sup.-1 ; uv max (EtoH) 236 nm
      (.epsilon. 14,300), 266 (8,900); nmr (CDCl.sub.3 .times.
      DMSOd.sub.6).delta.2.04 (3H, s), 3.44 (1H, d, J= 13Hz), 3.58 (2H, s), 3.80
      (2H, s); 3.84 (1H, d, J=13Hz), 5.03 (1H, d, J=5Hz), 5.66 (1H, d/d, J=5,
      8.5Hz), 6.96 (2H,m), 7.22 (1H, m), 8.87 (1H, d, J=8.5Hz), 10.8 (1H, very
      broad).
PAR  Anal. calcd. for C.sub.15 H.sub.16 N.sub.2 O.sub.4 S.sub.3 : C, 46.86; H,
      4.19: N, 9.29; S. 25.02. Found: C, 46.81; H, 4.38; N, 7.13: S, 24.96.
PAR  The procedure described was repeated under essentially the same conditions,
      but without addition of potassium iodide. 6.6 g of the crude fraction were
      obtained which yielded, upon crystalization, 2.67 g of the desired
      3-methylthiomethyl product (yield of 35%).
PAC  EXAMPLE 4
PAR  A sample of 30 g (100 mMoles) of 3-acetoxymethyl-7-formamido-.DELTA. .sup.3
      -cephem-4-carboxylic acid was dissolved in 100 ml (100 mMoles) of a 1
      Normal sodium hydroxide solution. The solution was treated with 170 g of
      potassium iodide and 19 ml (344 mMoles) of methanethiol using the
      procedure described in Example 1. The reaction was carried out at a
      temperature of about 70.degree. for 1.7 hours. The product,
      3-methylthiomethyl-7-formamido-.DELTA. .sup.3 -cephem-4-carboxylic acid,
      was obtained in a yield of 74% (21.4 g). Nmr spectrum showed no trace of
      unchanged starting material.
PAC  EXAMPLE 5
PAR  A sample 46.59 g of the monoquinoline salt of
      3-acetoxymethyl-7-(5'-chloroacetamido-5'-carboxyvaleramido)-.DELTA. .sup.3
      -cephem-4-carboxylic acid (purity 79.9%, 60 mMoles) was suspended in 100
      ml of water containing 225 g of potassium iodide. The solution was then
      treated with 25 g (520 mMoles) of methanethiol according to the procedure
      described in Example 1. The reaction was carried out for 2 hours and 40
      minutes at about 70.degree.. The product,
      3-methylthiomethyl-7-(5'-methylthioacetamido-5'-carboxyvaleramido)-.DELTA.
      .sup.3 -cephem-4-carboxylic acid, was isolated in good yield as in Example
      1 except that 10% ethanol in ethyl acetate was the extraction solvent. The
      nmr spectrum of the product showed no trace of starting material: nmr
      (DMSOd.sub.6), 1.62 (4H, m), 1.98 (3H, s), 2.11 (3H, s), 2.21 (2H, m),
      3.13 (2H, s), 3.52 (1H, d, J=14Hz), 3.62 (2H, s), 3.72 (1H, d, J=14Hz),
      4.20 (1H, m), 5.12 (1H, d, J=5Hz), 5.61 (1H, d/d, J=5Hz), 8.20(1H, d,
      J=8Hz), 8.83 (1H, d, J=8Hz).
PAC  EXAMPLE 6
PAR  The procedure described in Example 1 is repeated using ethane thiol in
      place of the methane thiol. The reaction is carried out at 70.degree.C.
      for 2 hours, and the product is removed by the procedure described in
      Example 1.
PAR  The product, 3-ethylthiomethyl 7-acetamido-.DELTA. .sup.3
      -cephem-4-carboxylic acid, is obtained in comparable yields.
PAC  EXAMPLE 7
PAR  The procedure described in Example 6 is repeated using potassium bromide as
      the halide salt. Again, good yields of the 3-ethylthiomethyl product are
      obtained.
PAC  EXAMPLE 8
PAR  In this example 3-acetoxymethyl 7-(2'-triazinylacetamido)-.DELTA. .sup.3
      -cephem-4-carboxylic acid is reacted with propane thiol in accordance with
      the procedure described in Example 6. The product, 3-propylthiomethyl
      7-(2'-triazinylacetamido- 3-cephem4-carboxylic acid, is obtained in good
      yield.
PAC  EXAMPLE 9
PAR  A sample of 3-acetoxymethyl 7-(2'-phenyl-2'-acetamidoacetamido)-.DELTA.
      .sup.3 -cephem-4-carboxylic acid is reacted with methane thiol in the
      presence of sodium iodide. The 3-methylthiomethyl
      7-(2'-phenyl-2'-acetamidoacetamido-.DELTA. .sup.3 -cephem-4-carboxylic
      acid is obtained in good yield.
PAC  EXAMPLE 10
PAR  In this example, 3-propionoxymethyl 7-(5'-nitro-2'-thienylacetamido-.DELTA.
      .sup.3 -cephem-4-carboxylic acid is reacted with ethane thiol in the
      presence of sodium bromide. The product is 3-ethylthiomethyl
      7-(5'-nitro-2'-thienylacetamido)-.DELTA. .sup.3 -cephem-4-carboxylic acid,
      and is obtained in good yield.
PAC  EXAMPLE 11
PAR  Using the procedure described in Example 6, 3-acetoxymethyl
      7-(2'-morpholinylacetamido)-.DELTA. .sup.3 -cephem-4-carboxylic acid is
      reacted with butane thiol in the presence of potassium bromide. The
      corresponding 3-butylthiomethyl 7-(2'-morpholinylacetamido)-.DELTA. .sup.3
      -cephem-4-carboxylic acid is obtained in good yield.
PAC  EXAMPLE 12
PAR  In this example, the procedure of Example 1 is repeated using
      3-acetoxymethyl 7-(2'-phenyl-2'-chloroacetamidoacetamido)-.DELTA. .sup.3
      -cephem-4-carboxylic acid and methane thiol in the presence of sodium
      bromide. The corresponding 3-methylthiomethyl
      7-(2'-chloroacetamidoacetamido)-.DELTA. .sup.3 -cephem-4-carboxylic acid
      is obtained in good yield.
PAC  EXAMPLE 13
PAR  The monoquinoline salt of 3-acetoxymethyl-7-(5'-propionamido
      -5'-carboxyvaleramido)-.DELTA. .sup.3 -cephem-4-carboxylic acid (purity
      85%, 35.32, 50 mMoles) was suspended in a cold solvent of KI (160 gm) in
      water (70 ml), CH.sub.3 SH was added and the reaction mixture heated at
      70.degree. for 1.75 hours as in Examples 1. Workup as in Example 5 gave a
      67% yield of
      3-methylthiomethyl-7-(5'-propionamido-5'-carboxyvaleramido)-.DELTA. .sup.3
      -cephem-4-carboxylic acid, identified by its nmr spectrum: nmr
      (DMSOd.sub.6).delta.0.98 (3H, t, J=7.5Hz), 1.60 (4H), 1.98 (3H, s), 2.13
      (2H. q. J=7.5Hz), 2.20 (2H), 3.51, 3.71 (2H, AB, J=13.5Hz), 3.62 (2H, s),
      4.18 (1H), 5.14 (1H, d, J=5Hz), 5.59 (1 H, d/d, J=5Hz, J=8.5Hz), 7.96 (1H,
      d. J=7.5Hz), 8.81 (1H, d, J=8.5 Hz).
PAR  When the same reaction was carried out with no salt present, the product
      was a mixture of the methylthiomethyl product and starting material. The
      yield of the methylthiomethyl compound was estimated at about 35%.
PAC  EXAMPLE 14
PAR  3-Acetoxymethyl-7-phenoxyacetamido-.DELTA. .sup.3 -cephem-4-carboxylic
      acid, potassium salt (17.78 g, 40 mMoles) was dissolved in a cold solvent
      of KI (70 gm) in H.sub.2 O (40 ml), in a Parr pressure bottle. CH.sub.3 SH
      (12 ml) was added, the bottle was sealed and heated at 70.degree. for one
      hour and 50 minutes. The acidic product was isolated as in Example 1, and
      treated with diphenyldiazomethane to form the benzhydryl ester, which was
      purified by chromatography on silica gel. The product, diphenylmethyl
      3-methylthiomethyl-7-phenoxyacetamido-.DELTA. .sup.3 -cephem-4carboxylate
      (5.82 g, 26% yield), was identified by its nmr spectrum: nmr
      (CDCl.sub.3).delta. 1.85 (3H, s), 3.45 (1H, d, J=14Hz), 3.51 (2H, s), 3.65
      (1H, d, J=14Hz), 4.55 (2H, s), 5.03 (1H, d, J=5Hz), 5.86 (1H, d/d, J=5Hz,
      J=9Hz), 6.8-7.6 (17H, m).
PAR  When exactly the same reaction was carried out with not KI present, only a
      14% yield of the product was obtained.
PAC  EXAMPLE 15
PAR  The effect of salt concentration on the reaction yield was established by
      the series of experiments summarized in the following table. The
      experiments were carried out by the procedure of Example 1.
TBL  __________________________________________________________________________
     Reaction                                                                  
          Amount                                                               
               Volume                                                          
                   Amount                                                      
                       Time                                                    
                           Temp.                                               
                                Yield                                          
     Scale                                                                     
          CH.sub.3 SH                                                          
               H.sub.2 O                                                       
                   KI  Hrs.                                                    
                           .degree.C                                           
                                Total                                          
                                     Crystal-                                  
                                          m.p.                                 
                       &        Acidic                                         
                                     line                                      
     mMoles                                                                    
          mMoles                                                               
               ml  g   Min.                                                    
                           Fraction                                            
                                Product                                        
     __________________________________________________________________________
     20   130  20  50  1:45                                                    
                           70-72                                               
                                79.8%                                          
                                     68.6%                                     
                                          172-174.degree.                      
     20   130  20  20  1:45                                                    
                            72  82.0%                                          
                                     56.0%                                     
                                          175-177.degree.                      
     20   130  20  10  1:55                                                    
                           67-72                                               
                                87.0%                                          
                                     51.1%                                     
                                          174-176.degree.                      
     20   130  20   5  1:45                                                    
                            72  83.8%                                          
                                     42.6%                                     
                                          174-175.degree.                      
     40   140  40   0  1:45                                                    
                           70-72                                               
                                76.9%                                          
                                     31.0%                                     
                                          169-170.degree.                      
     __________________________________________________________________________
PAC  EXAMPLE 16
PAR  Using the procedure described in Example 6,
      7-benzamido-3-propionoxymethyl-.DELTA. .sup.3 -cephem-4-carboxylic acid is
      reacted with methane thiol in the presence of potassium iodide. The
      product, 7-benzamido-3-methylthiomethyl-.DELTA. .sup.3
      -cephem-4-carboxylic acid, is obtained in good yield.
PAC  EXAMPLE 17
PAR  Again, using the procedure described in Example 6,
      7-phenylmercaptoacetamido-3-acetoxymethyl-.DELTA. .sup.3
      -cephem-4-carboxylic acid is reacted with ethane thiol in the presence of
      sodium iodide. The 3-ethylthioethyl product is obtained in good yield.
PAC  EXAMPLE 18
PAR  In this example,
      7-(5'-carboxy-5'-propionamidovaleramido)7-methoxy-3-acetoxymethyl-.DELTA.
      .sup.3 -cephem-4-carboxylic acid is reacted with methane thiol in the
      presence of potassium iodide in accordance with the procedure described in
      Example 6. The 3-methyl-thiomethyl product,
      7-(5'-carboxy-5'-propionamidovaleramido)-7-methoxy-3-methylthiomethyl-.DEL
     TA. .sup.3 -cephem-4-carboxylic acid is obtained in good yield.
PAC  EXAMPLE 19
PAR  Using the procedure described in Example 6,
      7-(5'-carboxy5'-acetamidovaleramido)-7-methoxy-3-carbamoyloxymethyl-.DELTA
     . .sup.3 -cephem4-carboxylic acid is reacted with ethane thiol in the
      presence of sodium bromide.
      7(5'-carboxy-5'-acetamidovaleramido)-7-methoxy-3-ethylthiomethyl-.DELTA.
      .sup.3 -cephem-4-carboxylic acid is obtained as product in good yield.
PAC  EXAMPLE 20
PAR  The sodium salt of Cephalosporin C (8.77 g, 20 mMoles) dissolved in water
      (20 ml) containing KI (50 gm) in a 500 ml Parr bottle, was treated with
      CH.sub.3 SH (8 ml, about 140 mMole) at 70.degree. for 2 hours as described
      previously. The aqueous reaction mixture was washed with ethyl acetate to
      remove neutral material and then passed through a column of Pittsburgh 12
      .times. 40 carbon (vol. 1000 ml). Elution of the column with water (4 l.)
      removed potassium iodide. The cephalosporin was recoverd by eluting with
      50% water/acetone (4 l.), concentrating the eluate in vacuo to remove
      acetone and lyophilizing the aqueous residue. The solid product was taken
      up in a little water and crystallized by diluting with acetone and
      scratching. The product,
      7-(5-amino-5-carboxyvaleramido)-3-methylthiomethyl-.DELTA..sup.3
      -cephem-4-carboxylic acid, potassium salt (4.67 g., 53%) was identified
      spectrally, especially by nmr: .delta.(D.sub.2 O) 1.82 (4H,m), 2.11 (3H,
      s), 2.41 (2H, t, J=6.5Hz), 3.34, 3.75 (2H, AB, J=14Hz), 3.39, 3.76 (2H,
      AB, J=18Hz), 3.75 (1H, t, J=5Hz), 5.14 (1H, d, J=5Hz), 5.59 (1H, d,
      J=5Hz).
PAC  EXAMPLE 21
PAR  The sodium salt of 7-(5'-amino-5'
      carboxy-valeramido)-7-methoxy-3-acetoxymethyl-.DELTA..sup.3
      -cephem-4-carboxylic acid (1.0 g, 2.19 mMoles) was treated with 1 ml of
      methane thiol in a solution containing 4.5 g of KI and 2.2 ml of water in
      a 15 ml pressure vessel at 70.degree.C for 2 hours. The product was
      isolated (as in Example 20) by absorption onto a carbon column (volume of
      125 ml), washing (with 800 ml H.sub.2 O) to remove salt and elution with
      50 percent aqueous acetone (1 liter).
PAR  The product obtained was
      7-(5'-amino-5'-carboxy-valeramido)-7-methoxy-3-(methylthiomethyl)-.DELTA..
     sup.3 -cephem-4-carboxylic acid, potassium salt, in a yield of 50.5
      percent. The product was identified spectrally, especially by nmr.
      .delta.(D.sub.2 O) 1.88 (4H, m), 2.02 (3H, s), 2.50 (2H, m), 3.34, 3.74
      (2H, AB q J=18 Hz), 3.35, 3.71 (2 H, AB q, J=14Hz), 3.56 (3H, s), 3.77
      (1H, t, J=6Hz), 5.23 (1H, s).
PAR  It will be apparent that various changes and modifications may be made in
      the details of formulation, procedure and use without departing from the
      spirit of the invention, especially as defined in the following claims.
PAR  Temperatures herein are in .degree.C.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for the preparation of 3-alkylthiomethyl-7-acylamido
      cephalosporins in which a 3-alkanoyloxymethyl-7-acylamido cephalosporin is
      reacted with an alkane thiol containing 1-6 carbon atoms, the improvement
      comprising carrying out the reaction in aqueous medium in the presence of
      an effective amount of an inorganic salt selected from the group
      consisting of the highly water soluble iodide, bromide, thiocyanate,
      nitrate and sulfate salts of the metals of Groups I and II and ammonium
      iodide to increase the yield of the 3-alkylthiomethyl-7-acylamido
      cephalosporin.
NUM  2.
PAR  2. A process as defined in claim 1 wherein the salt is a salt of the alkali
      metals and alkaline earth metals.
NUM  3.
PAR  3. A process as defined in claim 1 wherein the salt is an iodide or
      bromide.
NUM  4.
PAR  4. A process as defined in claim 1 wherein the salt is selected from the
      group consisting of alkali metal and ammonium iodides.
NUM  5.
PAR  5. A process as defined in claim 1 wherein the salt is potassium iodide.
NUM  6.
PAR  6. A process as defined in claim 1 wherein the salt constitutes at least 1
      part by weight per part by weight of the 3-alkanoyloxymethyl-7-acylamido
      cephalosporin.
NUM  7.
PAR  7. A process as defined in claim 1 wherein the salt is present in an amount
      sufficient to substantially saturate the aqueous medium at the reaction
      temperature.
NUM  8.
PAR  8. A process as defined in claim 1 wherein the cephalosporin has the
      formula
      ##SPC13##
PAL  where R is an acyl group and R.sub.3 is C.sub.1 to C.sub.3 alkyl.
NUM  9.
PAR  9. A process as defined in claim 8 where R is selected from the group
      consisting of an acyl group of the formula
      ##EQU4##
      wherein R.sub.4 is selected from the group consisting of a heterocyclic
      group in which the hetero atom is selected from the group consisting of S,
      N, O and combinations thereof and a cycloalkyl group containing 4 to 8
      carbon atoms, and n is zero or an integer from 1 to 6; an acyl group of
      the formula
      ##EQU5##
      wherein R.sub.5 is selected from the group consisting of hydrogen, C.sub.1
      to C.sub.8 alkyl, a group of the formula
      ##SPC14##
PAL  wherein Q is hydrogen or a substituent and y is zero or an integer from 1
      to 6, and a group of the formula
      ##SPC15##
PAL  wherein Q is as defined above, m and n are each zero or integers from 1 to
      4 and X is O or S; an acyl group of the formula
      ##EQU6##
      wherein Y is an amino or a protected amino group and x is an integer from
      1 to 5; and an acyl group of the formula
      ##SPC16##
PAL  wherein Q is as defined above and Z is protected amino, --OH, --OR.sub.7,
      --COOH or --COOR.sub.8 where R.sub.7 is C.sub.1 to C.sub.6 alkyl, trityl,
      benzhydryl or C.sub.1 to C.sub.6 alkanoyloxy, and R.sub.8 is C.sub.1 to
      C.sub.6 alkyl.
NUM  10.
PAR  10. A process for the preparation of 3-alkylthiomethyl cephalosporins
      comprising reacting a cephalosporin of the formula
      ##SPC17##
PAL  R.sub.6 is selected from the group consisting of hydrogen and methoxy and
      R.sub.7 is selected from the group consisting of methyl and amino,
      provided that where R.sub.6 is hydrogen, R.sub.7 is amino, and R.sub.8 is
      hydrogen or an acyl protecting group, with an alkane thiol containing 1-6
      carbon atoms in aqueous medium in the presence of an effective amount of
      highly water soluble iodide, bromide, thiocyanate, nitrate and sulfate
      salts of the metals selected from the group consisting of Groups I and II
      and ammonium iodide to increase the yield of the
NUM  11.
PAR  11. A process as defined in claim 10 wherein the salt is a salt of the
NUM  12.
PAR  12. A process as defined in claim 10 wherein the salt is an iodide or
NUM  13.
PAR  13. A process as defined in claim 10 wherein the salt is selected from the
NUM  14.
PAR  14. A process as defined in claim 10 wherein the salt is present in an
      amount sufficient to substantially saturate the aqueous medium at the
      reaction temperature.
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ABST
PAL  This invention relates to novel esters of benzopyrans represented by the
      formulae
      ##SPC1##
PAL  Wherein R and R' are hydrogen or C.sub.1 -C.sub.6 alkyl and when alkyl are
      on the same or different carbons; R.sub.1 is C.sub.1 -C.sub.6 alkyl;
      R.sub.2 is C.sub.1 -C.sub.20 alkyl, lowercycloalkyloweralkyl or
      lowercycloalkyl; n is an integer from 3 to 7, and particularly 3 to 5; Y
      is a straight or branched chain C.sub.1 -C.sub.8 alkylene; and R.sub.3 is
      ##EQU1##
      WHEREIN A IS AN INTEGER FROM 1 TO 4, B IS AN INTEGER FROM 1 TO 4, X is
      O,S, CH.sub.2 or NR.sub.4 and R.sub.4 is hydrogen C.sub.1 -C.sub.6 alkyl,
      and R.sub.5 is hydrogen or C.sub.1 -C.sub.6 alkyl; and the acid addition
      salts thereof. The compounds exhibit analgesic and central nervous system
      activity.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending U.S. application
      Ser. No. 248,308 filed Apr. 27, 1972 which is a continuation-in-part of
      copending application Ser. No. 143,688 filed May 12, 1971, both now
      abandoned. The complete content and disclosure of these applications is
      incorporated herein by reference.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to novel esters of benzopyrans, to compositions
      containing such compounds and to methods for preparing and using the novel
      compounds. The compounds of this invention are represented by the
      formulae:
      ##SPC2##
PAL  Wherein R and R' are hydrogen or C.sub.1 -C.sub.6 alkyl; R.sub.1 is C.sub.1
      -C.sub.6 alkyl; R.sub.2 is C.sub.1 -C.sub.20 alkyl,
      lowercycloalkyl-loweralkyl or lowercycloalkyl; n is an integer from 3 to
      7, particularly 3 to 5; Y is a straight or branched chain C.sub.1 -C.sub.8
      alkylene; and R.sub.3 is
      ##EQU2##
      WHEREIN A IS AN INTEGER FROM 1 TO 4, B IS AN INTEGER FROM 1 TO 4, X is O,
      S, CH.sub.2 or NR.sub.4, and R.sub.4 is hydrogen or C.sub.1 -C.sub.6 alkyl
      and R.sub.5 is hydrogen or C.sub.1 - C.sub.6 alkyl; and the acid addition
      salts thereof.
PAR  The series of dots in Formula I indicate that the double bond in the c ring
      can be located in any one of several positions in that ring.
PAR  In one preferred embodiment of this invention, the sum of a + b is at least
      3 and Y is a straight or branched C.sub.2 -C.sub.6 alkylene. It is further
      presently preferred that when X is O, S, or NR.sub.4, that the sum of a +
      b is at least 4 and preferably a and b each are 2.
PAR  The term "C.sub.1 -C.sub.6 alkyl" as used herein, refers to both straight
      and branched chain alkyl radicals including methyl, ethyl, n-propyl,
      iso-propyl, n-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl,
      neo-pentyl, n-hexyl and the like.
PAR  The term "C.sub.1 -C.sub.20 alkyl" includes straight or branched chain
      alkyl radicals of from 1-20 carbon atoms including for example, methyl,
      n-amyl, n-hexyl, 2-heptyl, n-heptyl, 3-methyl-2-octyl, n-octyl,
      .gamma.-nonyl, 2-tetradecyl, 2-eicosanyl and the like.
PAR  "Lowercycloalkyl" refers to C.sub.3 to C.sub.8 cycloalkyl groups.
PAR  "Halo" includes chloro, fluoro, bromo and iodo.
PAR  The term "acid addition salts" refers to non-toxic salts prepared for
      example, by reacting the basic esters with an organic or inorganic acid.
      Representative salts include the hydrochloride, hydrobromide, sulfate,
      bisulfate, acetate, valerate, oleate, laurate, borate, benzoate, lactate,
      phosphate, tosylate, citrate, meleate, succinate, tartrate and the like.
      Such salts are well known in the art and are considered to be
      "pharmaceutically acceptable".
PAR  When, for example, n is 3, the preferred compounds are represented by
      formulae III, IV and V.
      ##SPC3##
PAR  When n is 4, the preferred compounds are represented by formulae VI, VIa,
      VII and VIII.
      ##SPC4##
PAL  The compounds of Formulae III to VIII in which R is hydrogen or methyl and
      R' is hydrogen or methyl are specially preferred compounds.
PAR  The compounds of this invention exhibit analgesic and central nervous
      system activity, and are useful as analgesic agents, mild tranquilizers
      and sedative-hypnotics.
PAR  Analgesia is obtained at dosages of from 20 to 40 mg./kg. of body weight
      orally and from 10 to 20 mg./kg. of body weight intraperitoneally (i.p.).
      The analgesic activity was first established using the rat tail flick
      method of Harris, et al., J.P.E.T. 169, 17 (1969) and the hot plate
      analgesia test, and confirmed in the mouse writhing test.
PAR  The compounds exhibit mild tranquilizing activity in mice at dosages of
      from 5 to 40 mg./kg. intraperitoneally and in dogs at dosages of from 1 to
      5 mg./kg. orally. If tranquilization is desired during the day, lower
      dosages are administered. If the higher dosages are administered, the
      compounds are useful as sedative-hypnotics and can be employed to induce
      sleep.
PAR  Generally speaking, the esters of this invention are prepared by reacting
      equimolar quantities of the corresponding benzopyran, a carbodiimide, such
      as for example dicyclohexylcarbodiimide, and the appropriate acid or its
      acid addition salt in a suitable solvent such as methylene chloride,
      chloroform and the like, for from 2 to 72 hours. The reaction is followed
      with thin layer chromatography, preferably in 10% methanol/chloroform. The
      mixture is then cooled in ice and filtered to remove the by-product of
      dicyclohexylurea. The solvent is evaporated by, for example, employing a
      vacuum rotary evaporator and the residue is dissolved in, for example,
      benzene. The solution is filtered again to remove any suspended impurities
      and the product is either crystallized from suitable solvents such as
      benzene/ether or the residue can be chromatographed and the product
      isolated from the appropriate chromatographic fractions. If the basic
      esters are obtained, the acid addition salts can readily be prepared by
      reacting the ester with an appropriate organic or inorganic acid. The
      reaction is represented by the following reaction scheme:
      ##SPC5##
PAL  wherein R, R', R.sub.1, R.sub.2, R.sub.3, Y and n have the previously
      designated significance.
PAR  Benzopyrans which can be used as starting materials are disclosed by Adams
      et al. in J. Am. Chem. Soc., 62, 2245 and 2407 (1940); Adams et al. J. Am.
      Chem. Soc. 67, 1534 (1945), Mechoulam et al. J. Am. Chem. Soc. 89, 4552
      (1967); Bergel et al. J. Chem. Soc. 286 (1943); Avison et al. J. chem.
      Soc. 952 (1949); Ghosh et al. J. Chem. Soc. 1118 (1940); Aaron et al. J.
      of Organic Chem. 33, 684 (1968); Taylor et al. Tetrahedron 23, 77 (1967)
      and United States Pat. Nos. 2,419,936; 3,388,136. Other benzopyran
      starting materials which may not be specifically disclosed in the prior
      art can be readily produced according to known procedures by reacting a
      5-R.sub.2 -resorcinol, in which R.sub.2 has the previously assigned
      significance, with a 2-carboloweralkoxy cyclopentanone, cyclohexanone, or
      other cycloalkanone, many of which are disclosed in Organic Reactions,
      Volume 15, John Wiley & Sons, Inc., 1967, as see for example pages 51, 52,
      61 and 62.
PAR  Some of the heterocylic acids which can be used in the process of making
      the compounds provided by the invention are:
PAR  .gamma.-piperidinobutyric acid.
PAR  .gamma.-morpholinobutyric acid,
PAR  .gamma.-(2-methylpiperidino)-butyric acid,
PAR  .delta.-piperidinovaleric acid,
PAR  .gamma.-pyrrolidinobutyric acid,
PAR  .beta.-piperidinopropionic acid,
PAR  .gamma.-thiomorpholinobutyric acid,
PAR  homopiperidinoacetic acid,
PAR  .beta.-thiomorpholinopropionic acid and
PAR  .alpha.-methyl-.gamma.-piperidinobutyric acid.
PAR  Some of the benzopyrans which can be used as starting materials are:
      4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclopenta[c
     ]]1]benzopyran,
      4,4-di-(1-hexyl)-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4,12,13-hexahydrocyc
     lopenta[c][1]benzopyran,
      4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4,12,13-hexahydrocyclope
     nta[c][1]benzopyran,
      4,4-diethyl-9-hydroxy-7-octadecyl-1,2,3,4,12,13-hexahydrocyclopenta[c][1]b
     enzopyran, 1-hydroxy-3-pentyl-6a,7,8,10
      a-tetrahydro-6,6,9-trimethyl-6H-dibenzo-[b,d]pyran also called
      .DELTA..sup.9 -tetrahydrocannabinol, 1-hydroxy-3-pentyl-6a,7,10,10
      a-tetrahydro-6,6,9-trimethyl-6H-dibenzo [b,d]pyran also called
      .DELTA..sup.8 -tetrahydrocannabinol,
      1-hydroxy-3-(3-methyl-2-octyl)-7,8,9,10-tetrahydro-6H-dibenzo[b,d]-pyran,
      1-hydroxy-3-pentyl 6a,7,8,9,10a-hexahydro-6H-dibenzo[b,d]pyran, -methyl-
      9-hydroxy-7-(3
      -methyl-2-octyl)-1,4,4-trimethyl-1,2,3,4,-tetrahydrocyclopenta[c][1]benzop
     yran,
      9-hydroxy-7-(3-methyl-2-octyl)-2,4,4-trimethyl-1,2,3,4,-tetrahydrocyclopen
     ta[c][1]benzopyran,
      9-hydroxy-7-(3-methyl-2-octyl)-2,2,4,4-tetramethyl-1,2,3,4,-tetrahydrocycl
     openta[c][1]-benzopyran,
      1-ethyl-4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4,-tetrahydrocyc
     lopenta[c][1]-benzopyran and
      1-hydroxy-3-(3-methyl-2-octyl)-7,8,9,10-tetrahydro-6,6,10-trimethyl-6H-dib
     enzo[b,d]pyran.
PAR  Some of the compounds produced according to the invention are:
      4,4-diethyl-7-n-pentyl-9-[4-(piperidino)-butyryloxy]-1,2,3,4-tetrahydrocyc
     lopenta[c][1]benzopyran,
      4,4-di-(1-hexyl)-7-(3-methyl-2-octyl)-9-[4-(morpholino)-butyryloxy]-1,2,3,
     4,12,13-hexahydrocyclopenta[c][1]benzopyran,
      4,4-dimethyl-7-(3-methyl-2-octyl)-9-[4-(piperidino)-butyryloxy]-1,2,3,4,12
     ,13-hexahydrocyclopenta[c][1]benzopyran,
      4,4-diethyl-7-octadecyl-9-[3-pyrrolidino)-propionyloxy]-1,2,3,4,12,13-hexa
     hydrocyclopenta[c][1]benzopyran,
      3-pentyl-1-[4-(thiomorpholino)-butyryloxy]6a,7,8,10a-tetrahydro-6,6,9-trim
     ethyl-6H-dibenzo[b,d]pyran,
      3-pentyl-1-[3-(pyrrolidino)-propionyloxy]-6a,7,10,10a-tetrahydro-6,6,9-tri
     methyl-6H-dibenzo[b,d]pyran,
      1-[4-(homopiperidino)-butyryloxy]-7,8,9,10-tetrahydro-6H-dibenzo-[b,d]pyra
     n and 1-[4-(morpholino)-butyryloxy]-3-pentyl-6a, 7,8,9,10,10a
      hexahydro-6H-dibenzo[b,d]pyran.
PAR  The present invention includes within its scope pharmaceutical compositions
      comprising, as an active ingredient, at least one of the compounds of this
      invention in association with a pharmaceuticlly acceptable carrier or
      diluent. The compounds of this invention exhibit both oral and parenteral
      activity and can be formulated in dosage for oral, parenteral or rectal
      administration.
PAR  Solid dosage forms for oral administration include capsules, tablets,
      pills, powders and granules. In such solid dosage forms, the active
      compound is admixed with at least one inert diluent such as sucrose,
      lactose or starch. Such dosage forms can also comprise, as is normal
      practice, additional substances other than inert diluents, e.g.,
      lubricating agents such as magnesium stearate, and sweetening and
      flavoring agents. Tablets and pills can additionally be prepared with
      enteric coatings.
PAR  Liquid dosage forms for oral administration include pharmaceutically
      accpetable emulsions, solutions, suspensions, syrups and elixirs
      containing inert diluents commonly used in the art, such as water. Besides
      inert diluents, such compositions can also include adjuvants, such as
      wetting agents, emulsifying and suspending agents and sweetening,
      flavoring and perfuming agents.
PAR  Preparations according to this invention for parenteral administration
      include sterile aqueous or non-aqueous solutions, suspensions or
      emulsions. Examples of non-aqueous solvents or vehicles are propylene
      glycol, polyethylene glycol, vegetable oils, such as olive oil, and
      injectable organic esters such as ethyl oleate. Such dosage forms may also
      contain adjuvants such as preserving, wetting, emulsifying and dispersing
      agents. They may be sterilized by, for example, filtration through a
      bacteria-retaining filter, by incorporating sterilizing agents into the
      compositions, by irradiating the compositions, or by heating the
      compositions. They can also be manufactured in the form of sterile solid
      compositions which can be dissolved in sterile water, or some other
      sterile injectable medium immediately before use.
PAR  Compositions for rectal administration are suppositories which may contain
      in addition to the active substance, excipients such as cocoa butter or a
      suppository wax.
PAR  The dosage of active ingredient in the compositions of this invention may
      be varied; however, it is necessary that the amount of the active
      ingredient shall be such that a suitable dosage form is obtained. The
      selected dosage depends upon the desired therapeutic effect, on the route
      of administration and on the duration of the treatment. Generally, dosage
      levels of between 1 to 40 mg./kg. of body weight daily are administered to
      patients in need of analgesia or tranquilization.
PAR  The following is an illustration of the pharmaceutical compositions which
      are a feature of this invention:
PAC  TABLET COMPOSITION
PAR  Tablets weighing 200 mg. and having the following composition are prepared
      by standard tableting procedures:
     Ingredient                  Mg.                                           
     ______________________________________                                    
     4,4-Dimethyl-7-(3-methyl-2-octyl)-9-[4-(piperi-                           
     dino)-butyryloxy]-1,2,3,4-tetrahydrocyclopenta-                           
     [c][1]benzopyran hydrochloride                                            
                                 100                                           
     Starch                      90                                            
     Colloidal silica            5                                             
     Magnesium stearate          1                                             
     ______________________________________                                    
PAR  It will be understood by those skilled in the art that the above
      composition can contain any of the compounds of this invention.
DETD
PAR  The following examples further illustrate the present invention:
PAC  EXAMPLE 1
PAC  4,4-Dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclopenta[
      c][1]benzopyran
PAR  a. 4-Oxo-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4,-tetrahydrocyclopenta[
      c][1]benzopyran
PAR  A mixture of 8.5 g. (0.0545 mole) of ethyl cyclopentanone-2-carboxylate
      (Aldrich Chemical Co.), 11.6 g. (0.05 mole) of
      5-(3-methyl-2-octyl)resorcinol, and 5.6 g. (3.5 ml; 0.0365 mole) of
      phosphorous oxychloride was heated under reflux in 50 ml. of benzene for 5
      hours. The mixture turned deep red. The cooked solution was added to an
      excess sodium carbonate/ice mixture and the mixture was then extracted
      with ether. The organic layer was washed with water, dried and evaporated
      to give a solid which crystallized from an ethyl acetate/petroleum ether
      mixture as colorless crystals, m.p. 151.degree.-154.degree.C.
      Recrystallization from methanol containing a few drops of water gave the
      desired pyrone as colorless crystals, m.p. 154.degree.-156.degree.C.
      Nuclear magnetic resonance confirmed the assigned structure.
PAR  Analysis Calcd. for C.sub.21 H.sub.28 O.sub.3 : C, 76.79; H, 8.58. Found:
      C, 76.98; H, 8.55.
PAR  b.
      4,4-Dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclopenta[
     c][1]benzopyran
PAR  A solution of 3.28 g. (0.01 mole) of the above prepared pyran, m.p.
      154.degree.-156.degree.C., in 30 ml. of benzene was added to a refluxing
      solution of methyl magnesium iodide, prepared from 2.4 g. (0.1 mole) of
      magnesium turnings and 14.2 g. (0.1 mole) of iodomethane in 30 ml. of
      ether. The mixture was refluxed for 16 hours and decomposed with an ice
      and ammonium chloride mixture. The organic layer was separated and the
      aqueous layer was extracted with benzene. The combined extracts were
      washed with water and dried. After evaporation of the solvent, the residue
      was taken up in n-heptane and boiled with a few drops of hydriodic acid
      for 20 minutes. A violent reaction occurred. The solution was cooled,
      treated with decolorizing carbon, and evaporated to a gum. The gum was
      distilled at 0.05 mm through a short path distillation apparatus to give
      1.9 g. of the desired product as an amber colored liquid (pot temperature,
      230.degree.C.). Ultraviolet and nuclear magnetic resonance analysis
      confirmed the structure.
PAR  Analysis Calcd. for C.sub.23 H.sub.34 O.sub.2 : C, 80.65; H, 10.01. Found:
      C, 80.59; H, 9.96.
PAC  EXAMPLE 2
PAC  4,4-Dimethyl-7-(3-methyl-2-octyl)-9-[4-(piperidino)-butyryloxy]-1,2,3,4-tet
     rahydrocyclopenta[ c][1]benzopyran hydrochloride
PAR  5.0 g. (14.6 mmoles) of
      4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclopenta[
      c][1]benzopyran, 3.14 g. (15.2 mmoles) of dicyclohexylcarbodiimide and
      3.15 g. (15.2 mmoles) of .gamma.-piperidinobutyric acid hydrochloride
      (m.p. 190.degree.-192.degree.), Cruickshank & Sheehan J. Am. Chem. Soc.
      83, 2891 (1961), were combined with 250 ml. of methylene chloride and
      stirred for a total of 40 hours at room temperature. The insoluble
      by-product of dicyclohexylurea was separated by filtration and the
      methylene chloride was removed using a rotary evaporator. The brown
      residue was treated with approximately 75 ml. of benzene, and filtered to
      remove a small amount of insoluble material. The benzene was evaporated
      and the brown, viscous residue was triturated with about 200 ml. of ether
      to give 4.3 g. of crude product as a light brown solid, m.p.
      174.degree.-176.degree.C. Recrystallization from benzene gave a total of
      3.5 g. (45%) of product as colorless crystals, m.p.
      174.degree.-176.degree.C. The infrared and nuclear magnetic resonance
      spectra were in agreement with the proposed structure.
PAR  Analysis Calcd. for C.sub.32 H.sub.50 ClNO.sub.3 : C, 72.21; H, 9.47; N,
      2.63. Found: C, 72.20; H, 9.56; N, 2.62.
PAC  EXAMPLE 3
PAC  4,4-Dimethyl-7-(3-methyl-2-octyl)-9-[3-(piperidino)-propionyloxy]-1,2,3,4-t
     etrahydrocyclopenta[ c][1]-benzopyran hydrochloride
PAR  2.8 g. (8.2 mmoles) of
      4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclopenta[
      c][1]benzopyran, 1.77 g. (8.6 mmoles) of dicyclohexylcarbodiimide and 1.65
      g. (8.5 mmoles) of .beta.-piperidinopropionic acid hydrochloride (m.p.
      216.degree.-220.degree.C., J. Am. Chem. Soc. 73, 3168 (1951) were combined
      with 125 ml. of methylene chloride and stirred at room temperature for
      about 20 hours. The reaction mixture was filtered and the methylene
      chloride removed using a rotary evaporator. The residue was treated with
      benzene and filtered to remove a small quantity of insoluble material. The
      benzene was evaporated and the dark, viscous residue was chromatographed
      using 100 g. of 60-100 mesh activated magnesium silicate (Florisil) and
      methanol/chloroform graded solvent mixtures. Chromatography gave a small
      quantity of orange oil which was dissolved in ether and treated with a
      solution of ethereal HCl. The desired compound appeared as white crystals
      which were filtered and washed with additional ether. The colorless
      crystals (86 mg., m.p. 106.degree.-107.degree.C.) were pure by thin layer
      chromatography (10% MeOH/CHCl.sub.3) and the nuclear magnetic resonance
      and infrared spectra were in agreement with the proposed structure.
PAR  Analysis Calcd. for C.sub.31 H.sub.48 ClNO.sub.3 : C, 71.85; H, 9.34; N,
      2.70. Found: C, 71.72; H, 9.34; N, 2.77.
PAC  EXAMPLE 4
PAC  1-[4-(morpholino)butyryloxy]-3-n-pentyl-6,6,9-trimethyl-6a,7,8,10
      a-tetrahydrodibenzo[ b,d]-pyran hydrochloride
PAR  0.7 g. (2.23 mmoles) of 1-Hydroxy-3 n-pentyl-6,6,9-trimethyl-6a,7,8,10
      a-tetrahydrodibenzo[ b,d]pyran, 0.48 g. (2.28 mmoles) of
      .gamma.-morpholinobutyric acid hydrochloride (Cruickshank and Sheehan, J.
      Am. Chem. Soc. 83, 2891 (1961), m.p. 180.degree.-182.degree.C.) and 0.48
      g. (2.35 mmoles) of dicyclohexylcarbodiimide were combined with 35 ml. of
      methylene chloride and stirred at room temperature for a total of 40
      hours. The insoluble by-product of dicyclohexylurea was separated by
      filtration and the methylene chloride was removed using a rotary
      evaporator. The resulting residue was dissolved in about 20 ml. of benzene
      and a small amount of insoluble material was removed by filtration. The
      benzene was evaporated and the residue dried in vacuo to give 0.7 g. of
      fluffy, white material. Crystallization from benzene/petroleum ether gave
      0.4 g. of product as colorless crystals, m.p. 99.degree.-101.degree.C. The
      material was pure by thin layer chromatography (10% MeOH/CHCl.sub.3); the
      infrared and nuclear magnetic resonance spectra were in agreement with the
      proposed structure.
PAR  Analysis Calcd. for C.sub.29 H.sub.44 ClNO.sub.4.1/2H.sub.2 O: C, 67.60; H,
      8.81; N, 2.72. Found: C, 67.74; H, 8.68; N, 2.81.
PAC  EXAMPLE 5
PAC  4,4-Dimethyl-7-(3-methyl-2-octyl)-9-[4-(morpholino)butyryloxy]-1,2,3,4-tetr
     ahydrocyclopenta[ c][1]benzopyran hydrochloride
PAR  6.4 g. (18.7 mmole) of
      4,4-Dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclopenta[
      c][1] benzopyran, 4.33 g. (21.0 mmoles) of dicyclohexylcarbodiimide and
      4.26 g. (20.3 mmoles) of .gamma.-morpholinobutyric acid hydrochloride were
      combined with 325 ml. of methylene chloride and stirred at room
      temperature for a total of 24 hours. The insoluble by-product of
      dicyclohexylurea was separated by filtration and the methylene chloride
      was removed using a rotary evaporator. The brown viscous residue was
      dissolved in about 100 ml. of benzene and the benzene solution was
      filtered to remove a small amount of insoluble material. The benzene was
      removed using a rotary evaporator and the remaining residue was triturated
      with approximately 250 ml. of ether. The solid which formed was filtered,
      washed with ether and dried to give 8.6 g. of beige solid. The material
      was crystallized from benzene/ether to give 3.5 g. of product as a
      colorless solid, m.p. 151.degree.-153.degree.C. The material was pure by
      thin layer chromatography (10% MeOH/CHCl.sub.3); the infrared and nuclear
      magnetic resonance spectra were in agreement with the proposed structure.
      An additional 3.3 g. of somewhat impure material was recovered from the
      mother liquor.
PAR  Analysis Calcd. for C.sub.31 H.sub.48 ClNO.sub.4 : C, 69.70; H, 9.06; N,
      2.62. Found: C, 69.43; H, 8.98; N, 2.55.
PAC  EXAMPLE 6
PAC  4,4-Dimethyl-9-[4-(morpholino)butyryloxy]-7 n
      -pentyl-1,2,3,4-tetrahydroxycyclopenta[[c][1]benzopyran hydrochloride
PAR  1.0 g. (3.5 mmoles) of
      4,4-dimethyl-9-hydroxy-7-n-pentyl-1,2,3,4-tetrahydrocyclopenta-[
      c][1]benzopyran, 0.76 g. (3.63 mmoles) of .gamma.-morpholinobutyric acid
      hydrochloride and 0.76 g. (3.70 mmoles) of dicyclohexylcarbodiimide were
      combined in 75 ml. of methylene chloride and stirred at room temperature
      for 24 hours. The insoluble by-product of dicyclohexylurea was removed by
      filtration and the methylene chloride solution was concentrated to 20 ml.
      Cyclohexane was added until the desired compound was obtained as a
      colorless solid. Recrystallization from methylene chloride/cyclohexane
      gave 1.1 g. (65% yield) of product as colorless crystals, m.p.
      181.degree.-183.degree.C. The material was pure by thin layer
      chromatography (5% MeOH/CHCl.sub.3); the infrared and nuclear magnetic
      resonance spectra were consistent with the proposed structure.
PAR  Analysis Calcd. for C.sub.27 H.sub.40 ClNO.sub.4 : C, 67.83; H, 8.43; N,
      2.93. Found: C, 67.75; H, 8.31; N, 2.90.
PAC  EXAMPLE 7
PAC  3 n -pentyl-1-[4-(piperidino)butyryloxy]-6,6,9-trimethyl-6a,7,8,10
      a-tetrahydrodibenzo[ b,d] pyran hydrochloride
PAR  0.46 g. (1.47 mmoles) of 1-Hydroxy-3 -n -pentyl-6,6,9-trimethyl-6a,7,8,10
      a-tetrahydrodibenzo[ b,d] pyran, 0.31 g. (1.47 mmoles) of
      .gamma.-piperidinobutyric acid hydrochloride and 0.32 g. (1.55 mmoles) of
      dicyclohexylcarbodiimide were combined in 25 ml. of methylene chloride and
      stirred at room temperature for 4 hours. The insoluble by-product of
      dicyclohexylurea was removed by filtration and the methylene chloride was
      evaporated to give a gummy, yellowish residue. The gummy material was
      triturated several times with petroleum ether and dried in vacuo to give
      350 mg. of product as a colorless foam-like solid. The sample was pure by
      thin-layer chromatography (10% MeOH/CHCl.sub.3) and the infrared spectrum
      was consistent with the proposed structure.
PAC  EXAMPLE 8
PAC  .gamma.-Pyrrolidinobutyric acid hydrochloride
PAR  30.0 g. (0.13 mole) of Methyl .gamma.-iodobutyrate (Blicke et al., J. Am.
      Chem. Soc. 63, 2488 (1941)) was combined with 36 g. of pyrrolidine in 300
      ml. of benzene, heated at 60.degree.C. for 0.5 hour and stirred at room
      temperature for 16 hours. A dark orange layer formed. The benzene solution
      was decanted, concentrated and distilled (b.p. 100.degree.C. at 15 mm Hg)
      to give 10 g. of colorless liquid. The infrared and nuclear magnetic
      resonance spectra indicated the product to be methyl
      .gamma.-pyrrolidino-butyrate. This material was dissolved in 100 ml. of
      18% hydrochloric acid and heated at reflux for 28 hours. The solution was
      concentrated under reduced pressure to give a semi-solid which was
      triturated with acetone and filtered. Recrystallization from acetic
      acid/acetone gave 8.3 g. (33%) of the desired acid hydrochloride as
      colorless crystals, m.p. 126.degree.-127.degree.C. The infrared and
      nuclear magnetic resonance spectra were consistent with the proposed
      structure.
PAR  Analysis Calcd. for C.sub.8 H.sub.16 ClNO.sub.2 : C, 49.60l H, 8.33; N,
      7.28. Found: C, 49.79; H,8.14; N, 7.21.
PAC  EXAMPLE 9
PAC  4,4-Dimethyl-7-(3-methyl-2-octyl)-9-[4-(pyrrolidino)butyryloxy]-1,2,3,4-tet
     rahydrocyclopenta[ c][1]benzopyran hydrochloride
PAR  3.21 g. (9.37 mmole) of
      4,4-Dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclopenta[c
     ][1]benzopyran was combined with 1.82 g. (9.37 mmole) of
      .gamma.-pyrrolidinobutyric acid hydrochloride and 2.06 g. (10.0 mmole) of
      dicyclohexylcarbodiimide in 150 ml. of methylene chloride and stirred at
      room temperature for 21/2 hours. The insoluble by-product of
      dicyclohexylurea was removed by filtration and the filtrate was evaporated
      to give a residue which crystallized upon standing. The material was
      triturated with ether and filtered. Recrystallization from benzene/ether
      gave 3.5 g. (72%) of product of colorless crystals, m.p.
      138.degree.-141.degree.C. The material was pure by thin layer
      chromatography (10% MeOH/CHCl.sub.3); the infrared and nuclear magnetic
      resonance spectra were consistent with the proposed structure.
PAR  Analysis Calcd. for C.sub.31 H.sub.48 ClNO.sub.3 : C, 71.85; H, 9.34; N,
      2.70. Found: C, 71.91; H, 9.18; N, 2.81.
PAC  EXAMPLE 10
PAC  .gamma.-Homopiperidinobutyric acid hydrochloride
PAR  23.0 g. (0.1 mmole) of Methyl .gamma.-iodobutyrate (Blicke et al, J. Am.
      Chem. Soc. 63, 2488 (1941)) was combined with 25.0 g. (0.4 mole) of
      homopiperidine and heated at 70.degree.C. for 3 hours. The precipitate of
      amine hydroiodide was removed by filtration and the filtrate was
      concentrated to an orange oil. The methyl .gamma.-homopiperidinobutyrate
      distilled as 14.0 g. of colorless liquid at 0.5 mm., b.p.
      70.degree.-71.degree.C. This material was dissolved in 75 ml. of aqueous
      18% hydrochloric acid solution and heated at reflux for 16 hours. The
      solution was concentrated under reduced pressure to give a semi-solid
      residue which was trituruated with acetone and filtered. Recrystallization
      from acetic acid/acetone gave 10.0 g. (45%) of product as colorless
      crystals, m.p. 178.degree.-179.degree.C. The infrared and nuclear magnetic
      resonance spectra were consistent with the proposed structure.
PAR  Analysis Calcd. for C.sub.10 H.sub.20 ClNO.sub.2 : C, 54.20; H, 9.09; N,
      6.32. Found: C, 54.21; H, 8.93; N, 6.26.
PAC  EXAMPLE 11
PAC  4,4-Dimethyl-9-[4-(homopiperidino)butyryloxy]-7-(3-methyl-2-octyl)-1,2,3,4-
     tetrahydrocyclopenta-[ c][1]benzopyran hydrochloride
PAR  4.0 g. (11.7 mmole) of
      4,4-Dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclopenta[c
     ][1]benzopyran was combined with 2.6 g. (11.7 mmole) of
      .gamma.-homopiperidinobutyric acid hydrochloride and 2.6 g. (12.5 mmole)
      of dicyclohexylcarbodiimide in 175 ml. of methylene chloride and stirred
      at room temperature for 3.5 hours. The dicyclohexylurea was separated by
      filtration and the methylene chloride was removed on a rotary evaporator.
      The residue was dissolved in a methylene chloride/cyclohexane mixture and
      the small amount of solid which appeared was removed by filtration. The
      solvents were evaporated to give a residue which crystallized from
      benzene/ether. Recrystallization gave 5.0 g. (78%) of product as colorless
      crystals, m.p. 150.degree.-152.5.degree.C. The sample was pure by thin
      layer chromatography (10% MeOH/CHCl.sub.3) and the infrared and nuclear
      magnetic resonance spectra were consistent with the proposed structure.
PAR  Analysis Calcd. for C.sub.33 H.sub.52 ClNO.sub.3 : C, 72.45; H, 9.59; N,
      2.56. Found: C, 72.57; H, 9.44; N, 2.58.
PAC  EXAMPLE 12
PAC  .gamma.-Morpholinobutyric acid hydrobromide
PAR  15 g. (0.052 mole) of Methyl .gamma.-morpholinobutyrate (Cruickshank and
      Sheehan, J. Am. Chem. Soc. 83, 2891 (1961)) was dissolved in a mixture of
      45 ml. of 47% hydrobromic acid and 45 ml. of water and heated for 16 hours
      at reflux. The solution was taken to dryness under reduced pressure, and
      the solid which formed was triturated with acetone. The material was
      filtered and crystallized from 60 ml. of acetic acid to give 12.4 g. (95%)
      of product as colorless crystals, m.p. 151.degree.-152.5.degree.C. The
      infrared and nuclear magnetic resonance spectra were consistent with the
      proposed structure.
PAR  Analysis Calcd. for C.sub.8 H.sub.16 BrNO.sub.3 : C, 37.81; H, 6.36; N,
      5.51. Found: C, 37.80; H, 6.28; N, 5.47.
PAC  EXAMPLE 13
PAC  1-[4-(Morpholino)butyryloxy]-3-n-pentyl-6,6,9-trimethyl- 6a,7,8,10
      a-tetrahydrodibenzo[ b,d]pyran hydrobromide
PAR  3.54 g. (11.27 mmole) of 1-Hydroxy-3-n-pentyl-6,6,9-trimethyl-10a,6a
      ,7,8-tetrahydrodibenzo[ b,d] pyran, 2.86 g. (11.27 mmole) of
      .gamma.-morpholinobutyric acid hydrobromide and 2.50 g. (12.12 mole) of
      dicyclohexylcarbodiimide were combined in 200 ml. of methylene chloride
      and stirred at room temperature for 24 hours. The reaction mixture was
      cooled and the by-product of dicyclohexylurea was removed by filtration.
      The volume of methylene chloride was reduced and 25 ml. of cyclohexane was
      added. The mixture was cooled and the small amount of solid which formed
      was removed by filtration. All solvents were removed on a rotary
      evaporation and the residue was dried in vacuo. The resulting foamy
      material was dissolved in a mixture of benzene and ether and placed in
      cold storage to yield 3.0 g. (50%) of product as colorless crystals, m.p.
      103.degree.-105.degree.C. The compound gave a R.sub.f 0.5 in 5%
      MeOH/CHCl.sub.3. The infrared and nuclear magnetic resonance spectra were
      consistent with the proposed structure.
PAR  Analysis Calcd. for C.sub.29 H.sub.44 BrNO.sub.4.1/2H.sub.2 O: C, 62.20; H,
      8.10; N, 2.50.  Found: C, 62.30; H, 7.95; N, 2.68.
PAC  EXAMPLE 14
PAC  3-(3-Methyl-2-octyl)-1-[4-(morpholino)butyryloxy]-6,6,9-trimethyl-7,8,9,10-
     tetrahydro-6H-dibenzo[ b,d] -pyran hydrobromide
PAR  4.12 g. (11.15 mmole) of
      1-Hydroxy-3-(3-methyl-2-octyl)-6,6,9-trimethyl-7,8,9,10-tetrahydro-6H-dibe
     nzo[ [ b,d]pyran was combined with 2.84 g. (11.15 mmole) of
      .gamma.-morpholinobutyric acid hydrobromide and 2.48 g. (12.0 mmole) of
      dicyclohexylcarbodiimide in 250 ml. of methylene chloride and stirred at
      room temperature for 16 hours. The by-product of dicyclohexylurea was
      removed by filtration and the filtrate was evaporated to give a golden,
      viscous residue. The material was dissolved in ether and the solid which
      appeared was removed by filtration. Recrystallization from benzene/ether
      gave 2.8 g. (41%) of product as colorless crystals, m.p.
      120.degree.-122.degree.C. The compound showed an R.sub.f 0.7 in 10%
      MeOH/CHCl.sub.3 ; the infrared and nuclear magnetic resonance spectra were
      consistent with the proposed structure.
PAR  Analysis Calcd. for C.sub.33 H.sub.52 BrNO.sub.4 : C, 65.34; H, 8.64; N,
      2.27. Found: C, 65.47, H, 8.63; N, 2.49.
PAC  EXAMPLE 15
PAC  3-(3-Methyl-2-octyl)-1-[4-(piperidino)butyryloxy]-6,6,9-trimethyl-7,8,9,10-
     tetrahydro-6H-dibenzo[ b,d]pyran hydrochloride
PAR  2.5 g. (6.76 mmole) of
      1-Hydroxy-3-(3-methyl-2-octyl)-6,6,9-trimethyl-7,8,9,10-tetrahydro-6H-dibe
     nzo[ b,d] pyran was combined with 1.41 g. (6.76 mmole) of
      .gamma.-piperidinobutyric acid hydrochloride and 1.48 g. (7.16 mmole) of
      dicyclohexylcarbodiimide in 125 ml. of methylene chloride and stirred at
      room temperature for 16 hours. The by-product of dicyclohexylurea was
      removed by filtration and the filtrate was evaporated to give a light
      brown residue. The residue was dissolved in ether and the small amount of
      solid which appeared was removed by filtration. The ether was removed on a
      rotary evaporator and the gummy residue which remained was triturated
      several times with small quantities of hexane. The material was thoroughly
      dried to give 2.8 (74%) of product as a colorless powder. The material was
      pure by thin layer chromatography (10% MeOH/CHCl.sub.3); the infrared and
      nuclear magnetic resonance spectra were consistent with the desired
      product.
PAL  Analysis Calcd. for C.sub.34 H.sub.54 ClNO.sub.3 : C, 72.89; H, 9.71; N,
      2.50. Found: C, 72.36; H, 9.58; N, 2.67.
PAC  EXAMPLES 16-19
PAR  The following compounds are prepared according to the method of Example 2
      by reacting the appropriate acid with the corresponding benzopyran and
      dicyclohexylcarbodiimide:
PAR  4,4-Dimethyl-7-(3-methyl-2-octyl)-9-[5-(piperidino)-valeryloxy]-1,2,3,4-tet
     rahydrocyclopenta[ c][1]benzopyran from
      4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclopenta[
      c][1]benzopyran and .delta.-piperidinovaleric acid.
PAR  4,4-Dimethyl-7-n-hexyl-9-(morpholinoacetyloxy)-1,2,3,4-tetrahydrocyclopenta
     [ c][1]benzopyran tosylate from 4,4-dimethyl-7
      -n-hexyl-9-hydroxy-1,2,3,4-tetrahydrocyclopenta[ c][1]benzopyran and
      morpholinoacetic acid tosylate.
PAR  9-[4-Azetidino butyryloxy]-4,4,7-trimethyl-1,2,3,4-tetrahydrocyclopenta[
      c][1]benzopyran tartrate from
      9-hydroxy-4,4,7-trimethyl-1,2,3,4-tetrahydrocyclopenta[ c][1]benzopyran
      and .gamma.-azetidinobutyric acid tartrate.
PAR  4,4-Dimethyl-7-(2-tetradecyl)-9-[8-(thiomorpholino)-octanoyloxy]-1,2,3,4-te
     trahydrocyclopenta[ c][1]benzopyran from
      4,4-dimethyl-9-hydroxy-7-(2-tetradecyl)-1,2,3,4-tetrahydrocyclopenta[
      c][1]benzopyran and thiomorpholinooctanoic acid.
PAC  EXAMPLE 20
PAC  4,4-Dimethyl-9-[4-(homopiperidino)butyryloxy]-7-pentyl-1,2,3,4-tetrahydrocy
     clopenta[ c][1]benzopyran hydrochloride
PAR  1.0 g. (3.5 mmole) of
      4,4-dimethyl-9-hydroxy-7-pentyl-1,2,3,4-tetrahydrocyclopenta[
      c][1]benzopyran was combined with 0.77 g. (3.5 mmole) of
      .gamma.-homopiperidinobutyric acid hydrochloride and 0.77 g. (3.7 mmole)
      of dicyclohexylcarbodiimide in 50 ml. of methylene chloride and stirred
      for 16 hours at room temperature. The byproduct of dicyclohexylurea was
      removed by filtration, and the filtrate was evaporated to give a golden,
      gummy residue. This residue was dissolved in a combination of 20 ml.
      methylene chloride/20 ml. cyclohexane and allowed to stand at 0.degree.C
      for 16 hours. A small quantity of solid appeared and this was separated by
      filtration. Evaporation of the solvents gave a semi-solid residue which
      was triturated with ether, filtered and dried. The material recrystallized
      from 15 ml. methylene chloride/45 ml. ethyl ether to give 1.22 g. (71%) of
      colorless crystals, m.p. 187.degree.-88.degree.C. The sample showed a
      single spot on thin layer chromatography (10% MeOH/CHCl.sub.3) and the
      infrared and nuclear magnetic resonance spectra confirmed the structure.
PAR  Analysis Calcd. for C.sub.29 H.sub.44 ClNO.sub.3 (MW = 490.10): C, 71.05;
      H, 9.05; N, 2.86. Found: C, 70.85; H, 8.89; N, 2.75.
PAC  EXAMPLE 21
PAC  4,4-Dimethyl-9-[pyrrolidino)butyryloxy]-7-pentyl-1,2,3,4-tetrahydrocyclopen
     ta[ c][1]benzopyran hydrochloride
PAR  A mixture of 1.0 g. (3.5 mmole) of
      4,4-dimethyl-9-hydroxy-7-pentyl-1,2,3,4-tetrahydrocyclopenta[
      c][1]benzopyran, 0.68 g. (3.5 mmole) of .gamma.-pyrrolidinobutyric acid
      hydrochloride and 0.77 g. (3.7 mmole) of dicyclohexylcarbodiimide in 60
      ml. of methylene chloride was stirred at room temperature for 4 hours.
      After standing for 16 hours at 0.degree.C, the byproduct of
      dicyclohexylurea was removed by filtration, and the filtrate was
      evaporated to give a gummy yellow residue. This residue was dissolved in a
      combination of of 10 ml. methylene chloride/10 ml. cyclohexane and cooled
      for 2 hours. After removal by filtration of a small amount of solid, the
      solvents were distilled off using a rotary evaporator. The compound
      crystallized from 50 ml. of diethyl ether and it was filtered and dried.
      Recrystallization from 6 ml. benzene/30 ml. diethyl ether gave 1.05 g.
      (65%) of colorless crystals, m.p. 137.degree.-41.degree.C. The sample was
      pure by thin layer chromatography (10% MeOH/CHCl.sub.3) and the infrared
      and nuclear magnetic resonance spectra were in agreement with the proposed
      structure.
PAR  Analysis Calcd. for C.sub.27 H.sub.40 ClNO.sub.3 (MW = 462.05): C, 70.18;
      H, 8.72; N, 3.03. Found: C, 69.95; H, 8.65; N, 3.07.
PAC  EXAMPLE 22
PAC  1-[4-Homopiperidino)butyryloxy]-3-(3-methyl-2-octyl)-6,6,9-trimethyl-7,8,9,
     10-tetrahydro-6H-dibenzo[ b,d]pyran
PAR  3.1 g. (8.4 mmole) of
      1-hydroxy-3-(3-methyl-2-octyl)-6,6,9-trimethyl-7,8,9,10-tetrahydro-6H-dibe
     nzo[b,d]pyran was combined with 1.86 g. (8.4 mmole) of
      .gamma.-homopiperidinobutyric acid hydrochloride and 1.85 g. (9.0 mmole)
      of dicyclohexylcarbodiimide in 150 ml. of methylene chloride and stirred
      at room temperature for 16 hours. The reaction mixture was cooled and the
      byproduct of dicyclohexylurea was removed by suction filtration. The
      solvent was evaporated to give a residue which was chromatographed using
      magnesium silicate (60-100 mesh) and graded methanol/chloroform solvent
      mixtures. The fractions were monitored by thin layer chromatography, and
      the desired material was obtained from the 5% MeOH/CHCl.sub.3 fractions.
      The appropriate fractions were combined, and evaporated to give 1.78 g.
      (40%) of a yellow gum. The material was pure by thin layer chromatography
      (10% MeOH/CHCl.sub.3), and the infrared and nuclear magnetic resonance
      spectra were consistent with the proposed structure.
PAR  Analysis Calcd. for C.sub.35 H.sub.55 NO.sub.3 (MW = 537.79): C, 78.16; H,
      10.31; N, 2.60; Found: C, 78.07; H, 10.44; N, 2.79.
PAC  EXAMPLE 23
PAC  3-(3-Methyl-2-octyl)-1-[4-(morpholino)butyryloxy]-6,6,9-trimethyl-6a,7,10,1
     0 a-tetrahydrodibenzo[ b,d]pyran
PAR  2.44 g. (6.6 mmole) of
      1-hydroxy-3-(3-methyl-2-octyl)-6,6,9-trimethyl-6a,7,10,10a-tetrahydrodiben
     zo[b,d]pyran was combined with 1.37 g. (6.6 mmole) of
      .gamma.-morpholinobutyric acid hydrochloride and 1.42 g. (6.9 mmole) of
      dicyclohexylcarbodiimide in 170 ml. of methylene chloride and stirred at
      room temperature for 6 hours. The reaction mixture was cooled, and the
      byproduct of dicyclohexylurea was removed by suction filtration. The
      solvent was evaporated to give a yellow, foamy residue which was
      chromatographed using magnesium silicate (60-100 mesh) and graded
      methanol/chloroform solvent mixtures. The desired material was obtained
      from the 2% methanol/chloroform fractions, and the appropriate fractions
      were combined and evaporated to give 1.76 g. (51%) of a light yellow gum.
      The sample was pure by thin layer chromatography (5% MeOH/CHCl.sub.3), and
      the infrared and nuclear magnetic resonance spectra confirmed the proposed
      structure. An aliquot of the material was converted to the hydrochloride
      salt by addition of ethereal hydrogen chloride to a diethyl ether solution
      of the ester.
PAR  Analysis Calcd. for C.sub.33 H.sub.51 NO.sub.4 (MW = 525.73): C, 75.39; H,
      9.78; N, 2.66. Found: C, 75.57; H, 9.59; N, 2.70.
PAC  EXAMPLE 24
PAC  9-hydroxy-7-(3-methyl-2-octyl)-1,4,4-trimethyl-1,2,3,4-tetrahydrocyclopenta
     [ c][1]benzopyran
PAR  To 60 ml. of benzene and 4.3 ml. of phosphorous oxychloride was added 14 g.
      of 5-(3-methyl-2-octyl)-resorcinol and 11 g. of
      5-methyl-2-carbethoxycyclopentanone [J. Org. Chem. 29, 2782 (1964)]. The
      solution was refluxed 13 hours and let stand at room temperature for 10
      hours. Dilute sodium carbonate was then added with stirring. The reaction
      mixture was extracted with ether, the ether solution was dried over
      magnesium sulfate and then concentrated to a dark oil. The dark oil was
      extracted twice with pentane leaving 10.4 g. of
      1-methyl-4-oxo-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclopenta
     [ c][1]benzopyran.
PAR  A methyl magnesium bromide solution was prepared by adding a solution of
      175 g. of methylbromide in 450 ml. of ether dropwise to 40 g. of magnesium
      in 150 ml. of ether. To the solution was added 53 g. of
      1-methyl-4-oxo-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclopenta
     [ c][1] benzopyran in 90 ml. of benzene and 90 ml. of ether. The mixture
      was refluxed for 18 hours. The mixture was cooled and then 800 ml. of
      saturated aqueous ammonium chloride was added very slowly. The organic
      phase was separated, dried over magnesium sulfate and concentrated to a
      residue. The residue was dissolved in 900 ml. of benzene and 0.1 g. of
      p-toluenesulfonic acid was added. The mixture was refluxed for 2.5 hours,
      then cooled and shaken with aqueous potassium bicarbonate. The solvent was
      removed by evaporation. Petroleum ether and activated charcoal were added,
      the solution was filtered and then concentrated to give 45 g. of crude
      oil. The product was purified by chromatography on magnesium silicate
      using 95/5 petroleum ether/ether as the eluting solvent given 25 g. of
      9-hydroxy-7-(3-methyl-2-octyl)-1,4,4-trimethyl-1,2,3,4-tetrahydrocyclopent
     a[ c][1]benzopyran.
PAC  EXAMPLE 25
PAC  7-(3-methyl-2-octyl)-9-[4-(piperidino)-butyryloxy]-1,4,4-trimethyl-1,2,3,4-
     tetrahydrocyclopenta[ c][1]benzopyran hydrochloride
PAR  9-hydroxy-7-(3-methyl-2-octyl)-1,4,4-trimethyl-1,2,3,4-tetrahydrocyclopenta
     [ c][1]benzopyran from Example 24 is reacted with .gamma.-piperidinobutyric
      acid hydrochloride following the procedure of Example 2 to form
      7-(3-methyl-2-octyl)-9[4-(piperidino)-butyryloxy]-1,4,4-trimethyl-1,2,3,4-
     tetrahydrocyclopenta[ c][1]benzopyran hydrochloride.
PAC  EXAMPLE 26
PAC  9-Hydroxy-7-(3-methyl-2-octyl)-2,4,4-trimethyl-1,2,3,4-tetrahydrocyclopenta
     [ c][1]benzopyran
PAR  To 300 ml. of benzene was added 26 g. of sodium hydride with stirring under
      nitrogen. The sodium hydride settled and 220 ml. of benzene was withdrawn.
      Then 300 ml. of fresh benzene was added. The reaction mixture was refluxed
      and to it was added 47 g. of the diethyl ester of 3-methyladipic acid in
      50 ml. of benzene dropwise. After 1/4 was added, 75 ml. of benzene was
      distilled off at atmospheric pressure after addition of part of the
      diethyl ester to induce reaction. The reaction then proceeded quickly. The
      rest of the diester was added dropwise. Then 150 ml. of benzene was added
      and the mixture was cooled in ice. Then 45 ml. of acetic acid was added
      dropwise with hydrogen evolution. To the resulting pasty mass was added
      100 ml. of water. The aqueous layer was extracted with benzene, dried and
      the combined organic layers were distilled under vacuum to give 32.1 g. of
      2-carboethoxy-4-methyl cyclopentanone.
PAR  To 70 ml. of benzene was added 15 g. of 5-(3-methyl-2-octyl)-resorcinol, 14
      g. of 2-carboethoxy-4-methyl cyclopentanone and 10 g. of phosphorous
      oxychloride followed by refluxing for 8.5 hours. After standing for 8
      hours at room temperature the red solution was poured into cold dilute
      sodium carbonate and then extracted with ether. The ether layer was dried
      and concentrated and then pentane was added to give a gummy blue solid.
      This was recrystallized from acetonitrile to give 7.5 g. of
      2-methyl-4-oxo-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclopenta
     [ c][1]benzopyran as a light blue solid, m.p. 176-178.degree.C.
PAR  A solution of 45 g. of methylbromide in 180 ml. of ether was added dropwise
      to 10 g. of magnesium in 70 ml. of ether over a period of 40 minutes
      followed by refluxing for 0.5 hours. 50 ml. of ether was boiled off. Then
      to the solution was added dropwise a suspension of 12.6 g. of
      2-methyl-4-oxo-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclopenta
     [ c][1]benzopyran in 60 ml. of ether and 60 ml. of benzene. The mixture was
      refluxed for 20 hours. Then 250 ml. of saturated aqueous ammonium chloride
      was added dropwise very slowly. The reaction mixture was extracted with
      ether, dried over magnesium sulfate and evaporated to a residue. The
      residue was dissolved in 300 ml. of benzene, 0.05 g. of p-toluene sulfonic
      acid was added and the mixture was refluxed for 2 hours. The mixture was
      cooled, shaken with sodium bicarbonate, and dried over magnesium sulfate.
      The mixture was added to petroleum ether and treated with charcoal. The
      mixture was chromatographed using 95/5 petroleum ether/ether for elution.
      The product
      9-hydroxy-7-(3-methyl-2-octyl)-2,4,4-trimethyl-1,2,3,4-tetrahydrocyclopent
     a[ c][1]benzopyran was obtained as 10.95 g. of yellow oil.
PAC  EXAMPLE 27
PAC  7-(3-Methyl-2-octyl)-9-[3-(piperidino)-propionyloxy]-2,4,4-trimethyl-1,2,3,
     4-tetrahydrocyclopenta[c][1]-benzopyran hydrochloride
PAR  9-Hydroxy-7-(3-methyl-2-octyl)-2,4,4-trimethyl-1,2,3,4-tetrahydrocyclopenta
     [ c][1]benzopyran from Example 26 is reacted with
      .beta.-piperidinopropionic acid hydrochloride following the procedure of
      Example 3 to produce
      7-(3-methyl-2-octyl-9-[3-(piperidino)-propionyloxy]-2,4,4-trimethyl-1,2,3,
     4-tetrahydrocyclopenta[ c][1]-benzopyran hydrochloride.
PAC  EXAMPLE 28
PAC  9-Hydroxy-7-(3-methyl-2-octyl)-2,2,4,4-tetramethyl-1,2,3,4-tetrahydrocyclop
     enta[ c][1]benzopyran
PAR  to 13.5 g. of 5-(3-methyl-2-octyl)-resorcinol and 10.5 g. of
      4,4-dimethyl-2-carboethoxycyclopentanone [Canadian J. of Chem. 47,
      1982-1988 (1969)] in 59 ml. of benzene was added 4.3 ml. of phosphorus
      oxychloride with stirring and refluxing for 6 hours. The red solution was
      let stand at room temperature for 8 hours, poured into ice and sodium
      carbonate solution. The colorless mixture was extracted with ether, dried
      over magnesium sulfate and concentrated. The mixture was extracted with
      cold pentane and the pentane was discarded. The residue
      [9-hydroxy-7-(3-methyl-2-octyl)-2,2-dimethyl-4-oxo-1,2,3,4-tetrahydrocyclo
     penta[ c][1]benzopyran] was obtained as a gummy solid.
PAR  22 grams of magnesium was added to 100 ml. of ether and to the mixture was
      added dropwise a solution of 124 g. of methyliodide in 100 ml. of ether.
      The mixture was refluxed for 0.5 hour and then the crude
      9-hydroxy-7-(3-methyl-2-octyl)-2,2-dimethyl-4-oxo-1,2,3,4-tetrahydrocyclop
     enta[ c][1]benzopyran in 130 ml. of benzene was added over 20 minutes. The
      mixture was refluxed and stirred 18 hours. The mixture was cooled and 50
      ml. of water was added dropwise under nitrogen. Then 35 ml. of sulfuric
      acid and 150 ml. of water were slowly added. The ether layer was dried
      over magnesium sulfate and concentrated to a residue which was dissolved
      in 200 ml. of benzene. Then 250 mg. of p-toluene sulfonic acid was added
      followed by refluxing for 1 hour. The solvent was removed and the residue
      was dissolved in pentane. The solution was treated with charcoal, filtered
      and concentrated to 13.5 g. of
      9-hydroxy-7-(3-methyl-2-octyl)-2,2,4,4,-tetramethyl-1,2,3,4-tetrahydrocycl
     openta[ c][1]benzopyran as a dark oil 90-95% pure. The product was purified
      by column chromatography to give 10.4 of pure product.
PAC  EXAMPLE 29
PAC  7-(3-Methyl-2-octyl)-9-[4-morpholino)-butyryloxy]-2,2,4,4-tetramethyl-1,2,3
     ,4-tetrahydrocyclopenta[ c][1] benzopyran hydrochloride
PAR  9-Hydroxy-7-(3-methyl-2-octyl)-2,2,4,4-tetramethyl-1,2,3,4-tetrahydrocyclop
     enta[ c][1]benzopyran from Example 28 is reacted with
      .gamma.-morpholinobutyric acid hydrochloride following the procedure of
      Example 4 to produce
      7-(3-methyl-2-octyl)-9-[4-morpholino)-butyryloxy]-2,2,4,4-tetramethyl-1,2,
     3,4-tetrahydrocyclopenta[ c][1]benzopyran hydrochloride.
PAC  EXAMPLE 30
PAC  1-Ethyl-4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclo
     penta[ c][1]benzopyran
PAR  The general procedure of Example 24 is followed in the following reactions.
PAR  2-Carboethoxycyclopentanone is reacted with ethyl iodide in the presence of
      sodium hydride to produce 2-carboethoxy-2-ethyl-cyclopentanone.
PAR  2-Carboethoxy-2-ethyl-cyclopentanone is reacted with sodium ethoxide to
      produce 2-ethyl-5-carboethoxycyclopentanone. (J. Org. Chem. 29, 2782
      (1964))
PAR  2-Carboethoxy-2-ethyl-cyclopentanone is reacted with
      5-(3-methyl-2-octyl)-resorcinol to produce
      1-ethyl-4-oxo-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclopenta[
      c][1]benzopyran.
PAR  A solution of 40.1 g. (0.112 mole) of
      1-ethyl-4-oxo-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclopenta[
      c][1]benzopyran in 300 ml. of ether was added dropwise to a stirred
      solution of 1.12 mole of methyl magnesium bromide in 340 ml. of ether. The
      resulting solution was stirred and refluxed for 19 hours. The reaction
      mixture was cooled to room temperature and to the mixture with stirring
      was added dropwise an ammonium chloride solution (120 g. in 350 ml. of
      water). The mixture was filtered to remove the inorganic salts which were
      washed well with benzene. The filtrate was concentrated to dryness to give
      a dark viscous oil which was taken up in 200 ml. of benzene. A few
      crystals of p-toluenesulfonic acid monohydrate was added. The mixture was
      refluxed 2 hours using a water take off head. Only a trace of water was
      liberated. The solvents were removed giving
      1-ethyl-4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocycl
     openta[ c][1]benzopyran as a dark viscous oil. The product was
      chromatographed on a magnesium silicate column and eluted with 96/4
      petroleum ether/diethyl ether. After rechromatography there was obtained
      8.1 g. of product. The nuclear magnetic resonance and infrared analysis of
      the product showed it to be the expected compound.
PAR  Analysis calcd. for C.sub.25 H.sub.38 O.sub.2 : C, 81.03; H, 10.34; O,
      8.63. Found: C, 80.48; H, 10.36; O, 9.4.
PAC  EXAMPLE 31
PAC  1-Ethyl-4,4-dimethyl-7-(3-methyl-2-octyl)-9-[4-morpholino)butyryloxy]-1,2,3
     ,4-tetrahydrocyclopenta[ c][1]benzopyran hydrochloride
PAR  1-Ethyl-4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclo
     penta[ c][1]benzopyran from Example 30 is reacted with
      .gamma.-morpholinobutyric acid hydrochloride following the procedure of
      Example 5 to produce
      1-ethyl-4,4-dimethyl-7-(3-methyl-2-octyl)-9-[4-morpholino)butyryloxy]-1,2,
     3,4-tetrahydrocyclopenta[ c][1]benzopyran hydrochloride.
PAC  EXAMPLE 32
PAC  1-Hydroxy-3-(3-methyl-2-octyl)-7,8,9,10-tetrahydro-6,6,10-trimethyl-6H-dibe
     nzo[ b,d] pyran
PAR  a. Ethyl (and Methyl) 3-methyl-2-oxocyclohexanecarboxylate
PAR  A solution of 51.1 g. of the methyl and ethyl esters of
      2-oxocyclohexanecarboxylic acid (0.311 mole) in 100 ml. of dry toluene was
      added to a suspension of 14.4 g. of sodium hydride (57% oil dispersion) in
      300 ml. of dry toluene, with mechanical stirring and cooling to keep the
      reaction temperature at 10.degree.-15.degree.C. The addition took 30 min.,
      after which the ice bath was removed and the reaction mixture was allowed
      to stand overnight at room temperature. The reaction mixture was then
      heated at 70.degree.-75.degree.C and stirred while a solution of 46.8 g.
      (0.33 mole) of methyl iodide in 50 ml. of dry toluene was added. After 4
      hr. of heating and stirring thin layer chromatography (1:4 ethyl
      acetate/hexane) showed the reaction was complete.
PAR  The excess sodium hydride was decomposed by the addition of methanol, and
      the alkali was removed by washing with dilute hydrochloric acid. The
      excess acid was washed out, and the organic layer was dried over anhydrous
      sodium sulfate.
PAR  The rearrangement was effected by addition of 17.9 (0.33 mole) of sodium
      methoxide to the toluene solution of the
      1-methyl-2-oxocyclohexanecarboxylic acid esters at room temperature,
      followed by heating at 100.degree.C for 2.5 hr. The dark red solution was
      then kept cold (15.degree.-20.degree.C) while 40 ml. of water was
      carefully added, followed by 60 ml. of 1:1 hydrochloric acid and 100 ml.
      of water. The organic layer was separated, washed with water and with
      saturated sodium chloride solution, dried, and concentrated. The dark
      orange residual liquid was distilled at reduced pressure to give 32.6 g.
      (59%) of ethyl (and methyl) 3-methyl-2-oxocyclohexanecarboxylate, as a
      pale yellow-green liquid, b.p. 59.degree.-72.degree.C./0.1 mm. The
      structure of the liquid was confirmed by its nuclear magnetic resonance.
PAR  b.
      1-Hydroxy-10-methyl-3-(3-methyl-2-octyl)-6-oxo-7,8,9,10-tetrahydro-6H-dibe
     nzo[b,d]pyran
PAR  A solution of 10.5 g. (0.06 mole) of ethyl (and methyl)
      3-methyl-2-oxocyclohexanecarboxylate and 14.2 g. (0.06 mole) of
      5-(3-methyl-2-octyl)-resorcinol in 240 ml. of benzene was dried by
      azeotropic distillation, and then 6.8 ml. (11.3 g., 0.074 mole) of
      phosphorus oxychloride was added. After refluxing for 72 hours, the
      solvent, excess phosphorus oxychloride, and generated hydrogen chloride
      were removed at reduced pressure, and the residue was diluted with 150 ml.
      of diethyl ether. The solution was treated first with sodium bicarbonate
      solution followed by potassium carbonate to insure complete hydrolysis of
      phosphate esters. Hydrochloric acid was added and the dark red organic
      layer was separated, washed with sodium chloride solution, dried and
      concentrated in a rotary evaporator. The dark red syrupy residue was
      triturated with petroleum ether, and the insoluble residue was dissolved
      in benzene and filtered. Concentration in a rotary evaporator left 21.8 g.
      of crude pyrone as a dark red resin. The product was purified and isolated
      by column chromatography on magnesium silicate with graded
      diethylether/petroleum ether as eluant.
PAR  The desired pyrone was found in the fractions eluted with late volumes of
      15:85 diethylether/petroleum ether and with 35:65 diethylether/petroleum
      ether. Upon standing, these fractions crystallized to give 8.7 g. (40%) of
      sticky colorless solid, m.p. 108.degree.-110.degree.C. Nuclear magnetic
      resonance and infrared spectra and thin layer chromatography 1:4 ethyl
      acetate/hexane) showed the solid to be the desired pyrone, m.p.
      108.degree.-110.degree.C.; 8.7 g. (40% yield).
PAR  c.
      1-Hydroxy-3-(3-methyl-2-octyl)-7,8,9,10-tetrahydro-6,6,10-trimethyl-6H-dib
     enzo[ b,d] pyran
PAR  A solution of 8.30 g. (0.0232 mole) of
      1-hydroxy-10-methyl-3-(3-methyl-2-octyl)-6-oxo-7,8,9,10-tetrahydro-6H-dibe
     nzo[ b,d] pyran in 60 ml. of anhydrous diethyl ether was added to a cooled
      solution of methyl magnesium bromide in 150 ml. of anhydrous diethyl
      ether, prepared from 6.8 g. (0.28 mole) of magnesium shavings by bubbling
      in gaseous methyl bromide until the metal had dissolved. The solution was
      allowed to warm to room temperature and stand 16 hr. The solution was then
      heated at reflux for 30 min., cooled in ice, and treated with a solution
      of methanol and 7 ml. of 1:1 hydrochloric acid, followed by 50 ml. of 1:1
      hydrochloric acid and finally 70 ml. of water. The dark red-orange ether
      layer was separated, washed with water and saturated sodium chloride
      solution, dried, and concentrated. The intermediate triol, as a reddish
      residue, was the principal product at this stage.
PAR  The intermediate was dehydrated to the pyran by dissolving in 25 ml. of
      warm methanol, addition of 3 drops of concentrated hydrochloric acid, and
      heating on a hot water bath for 5 min. The red-orange solution was
      concentrated in a rotary evaporator and the residue was taken up in
      diethyl ether, washed with water, dried and again concentrated in a rotary
      evaporator. The residue of viscous liquid (9.5 g.) darkened on standing.
PAR  The pyran was purified and isolated by column chromatography on magnesium
      silicate, with petroleum ether and 1:99 diethyl ether/petroleum ether as
      eluant. From two reactions, using a total of 10.3 g. of pyrone, 8.6 g.
      (82%) of pyran was recovered as a colorless syrup that soon began to
      darken in air. Upon standing, the sample crystallized to a sticky
      colorless solid, m.p. about 65.degree.-70.degree.C.
PAR  Analysis Calcd. for C.sub.25 H.sub.38 O.sub.2 : C, 81.02; H, 10.34. Found:
      C, 80.18; H, 10.41.
PAR  The nuclear magnetic resonance and infrared spectra agreed with the
      assigned structure.
PAC  EXAMPLE 33
PAC  3-(3-Methyl-2-octyl)-1-[4-(pyrrolidino)-butyryloxy]-7,8,9,10-tetrahydro-6,6
     ,10-trimethyl-6H-dibenzo[ b,d] pyran hydrochloride
PAR  1-Hydroxy-3-(3-methyl-2-octyl)-7,8,9,10-tetrahydro-6,6,10-trimethyl-6H-dibe
     nzo[ b,d] pyran from Example 32 is reacted with .gamma.-pyrrolidinobutyric
      acid hydrochloride following the procedure of Example 9 to produce
      3-(3-methyl-2-octyl)-1-[4-(pyrrolidino)-butyryloxy]-7,8,9,10-tetrahydro-6,
     6,10-trimethyl-6H-dibenzo[ b,d] pyran hydrochloride.
PAC  EXAMPLE 34
PAC  4,4-Dimethyl-9-[4-(thiomorpholino)butyryloxy]-7-(3-methyl-2-octyl)-1,2,3,4-
     tetrahydrocyclopenta[ c][1]benzopyran hydrochloride
PAR  A. Methyl .gamma.-Thiomorpholinobutyrate
PAR  A mixture of 64.0 g. (0.28 mole) of methyl .gamma.-iodobutyrate, 28.0 g.
      (0.28 mole) of triethylamine, 28.7 g. (0.28 mole) of thiomorpholine (J.
      Am. Chem. Soc. 76, 1187 (1954)) and 1 liter of benzene was stirred and
      heated at 60.degree.-70.degree.C. for 18 hours. After cooling the reaction
      mixture, the precipitated amine hydroiodide was removed by suction
      filtration. The benzene solution was evaporated to give a orange-red
      residue which was vacuum distilled (b.p. 84.degree.-85.degree.C. at 0.1
      mm) to give 28.38 g. (50%) of the product as a colorless liquid.
PAR  B. .gamma.-Thiomorpholinobutyric acid hydrochloride
PAR  A solution of 28.0 g. (0.138 mole) of methyl .gamma.-thiomorpholinobutyrate
      in 300 ml. of concentrated hydrochloric acid and 250 ml. of water was
      stirred and heated at reflux for 18 hours. The solvents were removed on a
      rotary evaporator to give a colorless residue which crystallized upon
      trituration with acetone. The solid was filtered, washed with acetone, and
      dried in vacuo to give 28.2 g. (91%) of the desired product as colorless
      crystals, m.p. 242.degree.-245.degree.C.
PAR  C.
      4,4-Dimethyl-9-[4-(thiomorpholino)butyryloxy]-7-(3-methyl-2-octyl)-1,2,3,4
     -tetrahydrocyclopenta[ c][1]benzopyran hydrochloride
PAR  A mixture of 1.5 g. (4.4 mmole) of
      4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-1,2,3,4-tetrahydrocyclopenta[
      c][1]benzopyran, 0.99 g. (4.4 mmole) of .gamma.-thiomorpholinobutyric acid
      hydrochloride, and 0.99 g. (4.8 mmole) of dicyclohexylcarbodiimide in 125
      ml. of methylene chloride was stirred and heated at reflux for 16 hours.
      The reaction mixture was cooled and the byproduct of dicyclohexylurea was
      removed by suction filtration. The solvents were evaporated to give a
      residue which crystallized from a mixture of 10 ml. chloroform/40 ml.
      diethyl ether to give 0.85 g. (35%) of the desired product as a beige
      solid, m.p. 167.degree.-171.degree.C. The material was pure by thin layer
      chromatography, and the infrared and nuclear magnetic resonance spectra
      were in agreement with the proposed structure.
PAR  Analysis Calcd. for C.sub.31 H.sub.48 ClNO.sub.3 S (MW = 550.15): C, 67.67;
      H, 8.79; N, 2.54. Found: C, 67.49; H, 8.89; N, 2.57.
PAC  EXAMPLE 35
PAC  1-[4-(Thiomorpholino)butyryloxy]-3-(3-methyl-2-octyl)-6,6,9-trimethyl-7,8,9
     ,10-tetrahydro-6H-dibenzo[ b,d] pyran
PAR  A mixture of 4.0 g. (10.8 mmole) of
      1-hydroxy-3-(3-methyl-2-octyl)-6,6,9-trimethyl-7,8,9,10-tetrahydro-6H-dibe
     nzo[ b,d] pyran, 2.4 g. (10.8 mmole) of .gamma.-thiomorpholinobutyric acid
      hydrochloride, 2.38 g. (11.5 mmole) of dicyclohexylcarbodiimide and 250
      ml. of methylene chloride was stirred and heated at reflux for 18 hours.
      After cooling the reaction mixture, the byproduct of dicyclohexylurea was
      removed by suction filtration. The solvent was evaporated to give a
      red-brown residue which was chromatographed using 90 g. of activated
      magnesium silicate (60-100 mesh) and chloroform as the solvent system. The
      fractions were monitored by thin layer chromatography, and the appropriate
      fractions were combined and evaporated to give 1.0 g. of a light yellow
      oil. The material was pure by thin layer chromatography, and the infrared
      and nuclear magnetic resonance spectra were in agreement with the
      designated structure.
PAR  Analysis Calcd. for C.sub.33 H.sub.51 NO.sub.3 S (MW = 541.73): C, 73.16;
      H, 9.49; N, 2.58. Found: C, 73.13; H, 9.40; N, 2.50.
PAC  EXAMPLE 36
PAC  3-(3-Methyl-2-octyl)-1-[4-(morpholino)butyryloxy]-7,8,9,10-tetrahydro-6,6,1
     0-trimethyl-6H-dibenzo[ b,d] pyran
PAR  A mixture of 1.66 g. (4.5 mmole) of
      1-hydroxy-3-(3-methyl-2-octyl)-7,8,9,10-tetrahydro-6,6,10-trimethyl-6H-dib
     enzo[ b,d] pyran, 0.94 g. (4.5 mmole) of .gamma.-morpholinobutyric acid
      hydrochloride, 1.0 g. (4.75 mmole) of dicyclohexylcarbodiimide and 80 ml.
      of methylene chloride was stirred at room temperature for 19 hours. The
      reaction mixture was cooled and the byproduct of dicyclohexylurea was
      removed by filtration. The solvent was evaporated to give a golden, foamy
      residue which was chromatographed using activated magnesium silicate and
      graded methanol/chloroform solvent mixtures. The fractions were monitored
      by thin layer chromatography and the desired material was obtained from
      the 2% methanol/chloroform fractions. The appropriate fractions were
      combined and evaporated to give 1.2 g. (51%) of golden gum. The material
      was pure by thin layer chromatography (10% MeOH/CHCl.sub.3), and the
      infrared and nuclear magnetic resonance spectra were in agreement with the
      proposed structure.
PAR  Analysis Calcd. for C.sub.33 H.sub.51 NO.sub.4 (MW = 525.73): C, 75.39; H,
      9.78; N, 2.66. Found: C, 75.44; H, 9.81; N, 2.65.
PAC  EXAMPLE 37
PAC  1-[2-Methyl-4-(morpholino)butyryloxy]-3-(3-methyl-2-octyl)-7,8,9,10-tetrahy
     dro-6,6,10-trimethyl-6H-dibenzo[b,d]pyran
PAR  A. Ethyl 2-methyl-4-morpholinobutyrate
PAR  A mixture of 40.0 g. (0.19 mole) of ethyl 4-bromo-2-methylbutyrate
      (Tetrahedron 21, 2966 (1965)), 66.0 g. (0.76 mole) of morpholine and 750
      ml. of benzene was heated at 60.degree.C. for 5 hours and stirred at room
      temperature for a total of 40 hours. A colorless solid was removed by
      filtration, and the mother liquor was evaporated to give a colorless,
      mobile residue. This material was combined with 250 ml. of ether and
      filtered to remove a small amount of additional solid. The solution was
      concentrated and the residue distilled to give the desired material as
      38.0 g. (93%) of colorless liquid (b.p. 71.degree.-73.degree.C. at 0.10
      mm).
PAR  B. 2-Methyl-4-morpholinobutyric acid hydrochloride
PAR  32.0 g. (0.15 mole) of ethyl 2-methyl-4-morpholinobutyrate was combined
      with 200 ml. of concentrated hydrochloric acid and 200 ml. of water and
      refluxed with stirring for 20 hours. The solution was concentrated on a
      rotary evaporator to give a viscous, colorless residue. This material was
      triturated with acetone, filtered and dried to give 30.6 g. (92%) of
      colorless crystals, m.p. 155.degree.-157.degree.C.
PAR  C.
      1-[2-Methyl-4-(morpholino)butyryloxy]-3-(3-methyl-2-octyl)-7,8,9,10-tetrah
     ydro-6,6,10-trimethyl-6H-dibenzo[b,d]pyran
PAR  A mixture of 1.2 g. (3.24 mmole) of
      1-hydroxy-3-(3-methyl-2-octyl)-7,8,9,10-tetrahydro-6,6,10-trimethyl-6H-dib
     enzo[b,d]pyran, 0.73 g. (3.24 mmole) of 2-methyl-4-morpholinobutyric acid
      hydrochloride, 0.71 g. (3.46 mmole) of dicyclohexylcarbodiimide and 50 ml.
      of methylene chloride was stirred at room temperature for 16 hrs. The
      reaction mixture was cooled and the byproduct of dicyclohexylurea was
      removed by filtration. The solvent was evaporated to give a foamy residue
      which was chromatographed using activated magnesium silicate and
      methanol/chloroform solvent mixtures. The fractions were monitored by thin
      layer chromatography and the desired material was obtained from the 2%
      methanol/chloroform fractions. The appropriate fractions were collected
      and evaporated to give 0.9 g. (51%) of light purple gum.
PAR  Analysis Calcd. for C.sub.34 H.sub.53 NO.sub.4 (MW = 539.76): C, 75.65; H,
      9.89; N, 2.59. Found: C, 75.76; H, 9.88; N, 2.49.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom, as modifications will be obvious to those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound represented by the formulae:
      ##SPC6##
PAL  wherein R and R' are hydrogen or C.sub.1 -C.sub.6 alkyl; R.sub.1 is C.sub.1
      -C.sub.6 alkyl; R.sub.2 is C.sub.1 -C.sub.20 alkyl; Y is a straight or
      branched chain C.sub.1 -C.sub.8 alkylene; and R.sub.3 is
      ##SPC7##
      ##EQU3##
      wherein a is 2, b is 2, X is O, S or NR.sub.4 wherein R.sub.4 is hydrogen
      or a C.sub.1 -C.sub.6 alkyl and R.sub.5 is hydrogen or a C.sub.1 -C.sub.6
      alkyl, or a pharmaceutically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound in accordance with claim 1:
      4,4-dimethyl-7-(3-methyl-2-octyl)-9-[4-(piperidino)butyryloxy]-1,2,3,4-tet
     rahydrocyclopenta[ c] [1]benzopyran or a pharmaceutically acceptable acid
      addition salt thereof.
NUM  3.
PAR  3. A compound in accordance with claim 1:
      4,4-dimethyl-7-(3-methyl-2-octyl)-9-[3-(piperidino)propionyloxy]-1,2,3,4-t
     etrahydrocyclopenta[ c] [1]benzopyran or a pharmaceutically acceptable acid
      addition salt thereof.
NUM  4.
PAR  4. A compound in accordance with claim 1:
      4,4-dimethyl-7-(3-methyl-2-octyl)-9-[4-(morpholino)butyryloxy]-1,2,3,4-tet
     rahydrocyclopenta[ c] [1]benzopyran or a pharmaceutically acceptable acid
      addition salt thereof.
NUM  5.
PAR  5. A compound in accordance with claim 1:
      4,4-dimethyl-9-[4-(morpholino)butyryloxy]-7-pentyl-1,2,3,4-tetrahydrocyclo
     penta[ c] [1]benzopyran or a pharmaceutically acceptable acid addition salt
      thereof.
NUM  6.
PAR  6. A compound in accordance with claim 1:
      4,4-dimethyl-7-(3-methyl-2-octyl)-9-[4-(pyrrolidino)butyryloxy]
      -1,2,3,4-tetrahydrocyclopenta[ c] [1]benzopyran or a pharmaceutically
      acceptable acid addition salt thereof.
NUM  7.
PAR  7. A compound in accordance with claim 1:
      4,4-dimethyl-9-[4-(homopiperidino)butyryloxy]-7-(3-methyl-2-octyl)-1,2,3,4
     -tetrahydrocyclopenta[ c] [1]benzopyran or a pharmaceutically acceptable
      acid addition salt thereof.
NUM  8.
PAR  8. A compound in accordance with claim 1:
      4,4-dimethyl-9-[4-(homopiperidino)butyryloxy]-7-pentyl-1,2,3,4-tetrahydroc
     yclopenta[c][1]benzopyran.
NUM  9.
PAR  9. A compound in accordance with claim 1:
      4,4-dimethyl-9-[pyrrolidino)butyryloxy]-7-pentyl-1,2,3,4-tetrahydrocyclope
     nta[c][1]benzopyran.
NUM  10.
PAR  10. A compound in accordance with claim 1:
      4,4-dimethyl-9-[4-(thiomorpholino)butyryloxy]-7-(3-methyl-2-octyl)-1,2,3,4
     -tetrahydrocyclopenta[ c] [1]benzopyran or a pharmaceutically acceptable
      acid addition salt thereof.
NUM  11.
PAR  11. A compound represented by the formulae:
      ##SPC8##
PAL  wherein R and R' are hydrogen or C.sub.1 -C.sub.6 alkyl; R.sub.1 is C.sub.1
      -C.sub.6 alkyl; R.sub.2 is C.sub.1 -C.sub.20 alkyl, Y is a straight or
      branched chain C.sub.1 -C.sub.8 alkylene; and R.sub.3 is
      ##SPC9##
      ##EQU4##
      wherein a is 2, b is 2, X is O, S or NR.sub.4 wherein R.sub.4 is hydrogen
      or a C.sub.1 -C.sub.6 alkyl and R.sub.5 is hydrogen or a C.sub.1 -C.sub.6
      alkyl, or a pharmaceutically acceptable acid addition salt thereof.
NUM  12.
PAR  12. A compound in accordance with claim 11:
      1-[4-(morpholino)butyryloxy]-3-n-pentyl-6,6,9-trimethyl-6a,7,8,10a-tetrahy
     drodibenzo[b,d]pyran, or a pharmaceutically acceptable acid addition salt
      thereof.
NUM  13.
PAR  13. A compound in accordance with claim 11:
      3-n-pentyl-1-[4-(piperidino)butyryloxy]6,6,9-trimethyl-6a,7,8,10,a-tetrahy
     drodibenzo[b,d]pyran, or a pharmaceutically acceptable acid addition salt
      thereof.
NUM  14.
PAR  14. A compound in accordance with claim 11:
      3-(3-methyl-2-octyl)-1-[4-(morpholino)butyryloxy]-6,6,9-trimethyl-7,8,9,10
     -tetrahydro-6H-dibenzo[ b,d] pyran, or a pharmaceutically acceptable acid
      addition salt thereof.
NUM  15.
PAR  15. A compound in accordance with claim 11:
      3-(3-methyl-2-octyl)-1-[4-(piperidino)butyryloxy]-6,6,9-trimethyl-7,8,9,10
     -tetrahydro-6H-dibenzo[b,d]pyran or a pharmaceutically acceptable acid
      addition salt thereof.
NUM  16.
PAR  16. A compound in accordance with claim 11:
      1-[4-homopiperidino)butyryloxy]-3-(3-methyl-2-octyl)-6,6,9-trimethyl-7,8,9
     ,10-tetrahydro-6H-dibenzo[ b,d] pyran or a pharmaceutically acceptable acid
      addition salt thereof.
NUM  17.
PAR  17. A compound in accordance with claim 11:
      3-(3-methyl-2-octyl)-1-[4-(morpholino)butyryloxy]-6,6,9-trimethyl-6a,7,10,
     10a-tetrahydrodibenzo[ b,d] pyran or a pharmaceutically acceptable acid
      addition salt thereof.
NUM  18.
PAR  18. A compound in accordance with claim 11:
      1-[4-thiomorpholino)butyryloxy]-3-(3-methyl-2-octyl)-6,6,9-trimethyl-7,8,9
     ,10-tetrahydro-6H-dibenzo[ b,d] pyran or a pharmaceutically acceptable acid
      addition salt thereof.
NUM  19.
PAR  19. A compound in accordance with claim 11:
      3-(3-methyl-2-octyl)-1-[4-(morpholino)butyryloxy]-7,8,9,10-tetrahydro-6,6,
     10-trimethyl-6H-dibenzo[ b,d] pyran or a pharmaceutically acceptable acid
      addition salt thereof.
NUM  20.
PAR  20. A compound in accordance with claim 11:
      1-[2-methyl-4-(morpholino)-butyryloxy]-3-(3-methyl-2-octyl)-7,8,9,10-tetra
     hydro-6,6,10-trimethyl-6H-dibenzo[ b,d] pyran or a pharmaceutically
      acceptable acid addition salt thereof.
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PAL  A process for the production of N,N-disubstituted carboxylic amides by
      reacting carboxylic acid with carbamoyl chloride.
BSUM
PAR  The present invention relates to a process for the production of
      N,N-disubstituted carboxylic amides of the general formula I
      ##EQU1##
      wherein R.sub.1 is C.sub.2 - C.sub.18 straight or branched alkyl, a
      halogen-substituted alkyl, a phenyl-substituted alkyl, a phenyl, chloro-
      or dichloro-substituted phenyl, nitro- or dinitro-substituted phenyl, a
      trimethoxyphenyl, six-membered unsaturated heterocyclic radical having a
      nitrogen atom;
PA0  R.sub.2 and R.sub.3 are identical or different, C.sub.1 - C.sub.4 straight
      or branched alkyl, phenyl or R.sub.2 and R.sub.3 form together a
      six-membered heterocyclic radical having a nitrogen and an oxygen atom.
PAR  Compounds of the general formula I comprise a great number of important
      plant protecting agents and drugs. Plant protecting agents of this type
      are very advantageous selective weed killers. Some of the drugs are
      tranquillizers, others can be applied against arteriosclerosis while some
      are analeptic agents.
PAR  Compounds of the general formula I can be considered as N,N-disubstituted
      carboxylic amides but also as acylated amines.
PAR  Consequently there are two ways for the production of compounds of the
      general formula I: acylation of secondary amines or alkylation of
      carboxylic amines.
PAR  A great number of possibilities of the acylation of amines are described in
      the literature of organic chemistry (Houben-Weyl: Methoden der organischen
      Chemie, 8, 118 /1952/). Thus the acylation by carboxylic anhydrides or
      carboxylic esters is known when besides the acylated amine a carboxylic
      acid and alcohol, respectively, are formed. A draw-back of this method is
      that it can be applied only in case of amines of a low number of carbon
      atoms and primarily in case of primary amines. (A. Kaufmann: Ber. 42, 3480
      /1909/; H. Honecka: J. Chem. Soc., 99, 428 /1911/).
PAR  Acylation with carboxylic chlorides can be carried out more favourably at a
      higher reaction rate. However this reaction is very exothermic and thus,
      in order to control the acylation process, the disposal of the liberated
      heat of reaction is indispensable. Also the formed hydrochloric acid must
      be bound because it may react with the initial amine and thus decreases
      the yield of the conversion. In addition to that the preparation and
      purification of the chlorides of carboxylic acids with longer chain is
      rather difficult (Ch. E. Gaspari: J. Amer. Chem. Soc., 27, 305 /1902/; W.
      Weaver, W. M. Whaley: J. Amer. Chem. Soc., 69, 1144 /1947/).
PAR  Also the acylation of amines with carboxylic acids can be carried out at
      high temperature, using primary amines and carboxylic acids with a short
      carbon chain when the formed water is removed in a continuous operation,
      e.g., by distillation as a xylene-containing azeotrop. This technique can
      be used, however, only in case of primary amines and of amines and
      carboxylic acids not sensitive to heat. The acylation of primary amines
      with carboxylic acids on using phosphorus trichloride is described by H.
      W. Grimmel: J. Amer. Chem. Soc., 68, 539 /1946/ and by other authors. In
      this case the amine forms with phosphorus trichloride an intermediate
      phosphorus aza compound which converts then into an amine acylated with
      the carboxylic acid.
PAR  Acylations with phosphorus oxychloride, phosphorus pentoxide, tetramethyl
      phosphite and carboxylic acid are also known. In these cases the reaction
      proceeds through the formation of phosphoric acid esters.
PAR  In the Hungarian Pat. No. 159044 the chloroacylation of secondary amines
      with the use of secondary amine, chlorocarboxylic acid and phosphorus
      trichloride is described.
PAR  Though from practical aspects a less significant method of producing acid
      amides by the hydrolysis of carboxylic nitriles is also known (C. Engler:
      Ann., 149 305 /1869/).
PAR  Another method described in literature for the production of
      N,N-disubstituted carboxylic amides is the alkylation of acid amides. In
      this case the carboxylic acid is converted with ammonia into carboxylic
      amide which latter is then treated with a known alkylating agent (such as
      an alkyl halide, dialkyl sulphate, potassium alkyl sulphate) (A. W.
      Titherley: J. Chem. Soc. 79, 393 /1901/). In certain cases the acid amide
      is first converted with sodium amide dissolved in an inert solvent into
      the sodium salt which latter is subjected to alkylation. By this method a
      monosubstituted acid amide is obtained in the first step. After converting
      this product into a sodium salt, the N,N-disubstituted acid amides are
      formed by alkylating these sodium salts.
PAR  Carbamoyl chlorides formed on treating cold primary amines with phosgene,
      obtained in general as intermediates in the production of isocyanates are
      dealt with extensively in literature. It is striking in turn that only a
      few papers are devoted to carbamoyl chlorides formed on treating secondary
      amines with phosgene and to the further reactions or these compounds.
PAR  It was reported by W. Price (J. Chem. Soc. 125, 115 /1924/) that the
      reaction with alcohols of carbamoyl chlorides formed with secondary amines
      leads to urethanes. Further, it is known that they give substituted ureas
      with amines (Houben-Weyl: 8, 118 /1952/). It is known as well that
      carbamoyl chlorides react with aromatic compounds under the conditions of
      the Friedel-Crafts reaction in the conventional solvents at 50.degree. -
      80 .degree.C, affording carboxylic amides (Houben-Weyl: 8, 380 /1952/).
PAR  In the course of our experiments conducted on developing the present
      invention we have found that N,N-disubstituted carboxylic amides of the
      general formula I wherein R.sub.1 is a C.sub.2 - C.sub.18 straight or
      branched alkyl, a halogen-substituted alkyl, a phenyl-substituted alkyl, a
      phenyl, chloro- or dichloro-substituted phenyl, nitro- or
      dinitro-substituted phenyl, a trimethoxyphenyl, a six-membered unsaturated
      heterocyclic having a nitrogen atom; R.sub.2 and R.sub.3 are identical or
      different, C.sub.1 -C.sub.4 straight or branched alkyl, a phenyl, or
      R.sub.2 and R.sub.3 form together a six-membered heterocyclic having a
      nitrogen or an oxygen atom. The compounds can be produced practically in
      one single step in an essentially simpler way than the methods described
      in literature.
PAR  We have found that these N,N-disubstituted carboxylic amides can be
      produced when carboxylic acids of the general formula
      ##EQU2##
      in which formula R.sub.1 denotes the same radicals as specified above, are
      allowed to react at high temperature with carbamoyl chloride of the
      general formula
      ##EQU3##
      in which formula R.sub.2 and R.sub.3 have the same meaning as specified
      above. In this reaction carbon dioxide is formed as by-product, and the
      completion of the reaction is indicated by the end of gas evolution.
PAR  Carboxylic acid is reacted with carbamoyl chloride at
      100.degree.-300.degree.C, preferably at 110.degree.-220 .degree.C. The
      process of the invention offers the advantage that pure N,N-disubstituted
      carboxylic amides can be produced in high yield in a single step from
      readily available and easily treatable starting materials. An extremely
      favourable feature is the possibility of producing a wide variety of
      disubstituted carboxylic amides by the process since the applied
      carboxylic acid may be a C.sub.2 - C.sub.18 alkyl carboxylic acid of
      straight or branched chain or it may be a halocarboxylic acid or an aryl
      or substituted aryl carboxylic acid and even a heterocycle as well. The
      range of secondary amines suitable for use is similarly very wide.
PAR  A particular advantage of the technique of the process applied without any
      solvents is that the gaseous products spontaneously separate from the
      disubstituted acid amide obtained in solid state and thus a separation
      procedure becomes superfluous.
PAR  The process according to the invention can be carried out batchwise though
      a further of its advantages is the possibility of a continuous operation
      in equipments conventionally used in the chemical industry. This
      continuous technique needs only a packed column, a film evaporator, a
      precipitator and a centrifuge.
DETD
PAR  The process according to the invention is illustrated by the following
      examples which, however, do not limit the field of protection of the
      patent.
PAC  EXAMPLE 1
PAR  To a 250 ml. flask equipped with gas outlet pipe, 25.6 g. of palmitic acid
      and 19.1 g. of N,N-dibutylcarbamoyl chloride are added. The reaction
      mixture is heated at a steady rate to 130 .degree.C within about 30
      minutes when gas evolution starts. The mixture is kept at a temperature of
      130.degree.-160.degree.C for an hour when the gas evolution terminates. On
      pouring the melt in 100 ml. of cold water, the melt is extracted with 100
      ml. of benzene, the extract dehydrated on sodium sulphate and benzene
      distilled off in vacuo. The residual yellowish oil converts into white
      crystals on cooling. Yield: 27.2 g. (74.8%) of N,N-dibutylpalmitic amide,
      m.p.: 37.degree. C.
PAR  Analysis: Calculated: N 3,83 %; Found: N 3.77 %.
PAC  EXAMPLE 2
PAR  To a 250 ml. flask equipped with a gas outlet pipe, 3.5 g. of benzoic acid
      and 5.0 g. of N-isopropyl-N-phenyl-carbamoyl chloride are added, then the
      mixture heated up to 140.degree. C in about half an hour, when gas
      evolution started. The reaction mixture is kept for about an hour at
      140.degree.-170.degree.C, then the gas evolution ceased. The melt is
      poured on 150 ml. of water under stirring. The precipitated crystals are
      filtered through a sintered glass filter, washed with 2 .times. 20 ml. of
      water and dried. Yield: 5.7 g. (78 %) of N-ispropyl-N-phenyl benzoic
      amide, m.p.: 55.degree.-56 .degree.C.
PAR  Analysis: Calculated: N 5.86 %; Found: N 5.98 %.
PAC  EXAMPLE 3
PAR  To a flask as specified in Example 1, 9.88 g. of
      N-isopropyl-N-phenyl-carbamoyl chloride and 5.02 g. of monochloroacetic
      acid are added. The reaction mixture is heated to a temperature of
      120.degree.C and stirred for an hour at this temperature until the gas
      evolution is ended. Then the melt is poured in 100 ml. of water. The
      precipitated crystals are filtered, washed with 2 .times. 20 ml. of water
      and dried. Yield: 9.6 g. (90.7 %) of N-isopropyl-N-phenyl-chloroacetamide,
      m.p.: 76.5.degree. C.
PAC  EXAMPLE 4
PAR  To a 250 ml. flask equipped as specified in Example 1, 9.58 g. of
      N,N-dibutyl carbamoyl chloride and 10.6 g. of 3,5-dinitrobenzoic acid are
      added, and the mixture heated to a temperature of 140.degree. -
      160.degree.C when the gas evolution starts. The mixture is kept at this
      temperature for about 90 minutes until the gas evolution is ended. Then,
      on cooling, the mixture is poured into 100 ml. of water under stirring,
      and extracted with 100 ml. of benzene. The organic phase separated from
      the aqueous phase is dried on sodium sulphate then the benzene distilled
      off. The residue solidifies in a short time on standing. Yield: 12 g. (74
      %) of N,N-dibutyl-3,5-dinitrobenzoic amide, m.p.: 61.degree.-62 .degree.C.
PAR  Analysis: Calculated N 13.0%; Found N 12.71%.
PAC  EXAMPLE 5
PAR  To a 500 ml. flask equipped as specified in Example 1, 16.0 g. of
      morpholino-carbamoyl chloride and 22.5 g. of 3,4,5-trimethoxybenzoic acid
      are added. The mixture is heated to 120.degree. - 140.degree.C and kept
      for 90 minutes at this temperature. After the termination of gas
      evolution, 100 ml. of water is added, the mixture boiled for 10 to 15
      minutes under a reflux condenser, then filtered through a folded filter
      and the filtrate cooled to below 5.degree.C. The precipitated crystals are
      filtered through a sintered glass filter and dried. Yield: 23.0 g. (82%)
      of N-(3,4,5-trimethoxybenzoyl)-tetrahydro-1,4-oxazine, m.p.: 116.degree.C.
PAR  Analysis: Calculated: N 4.98 %; Found: N 4.94 %.
PAC  EXAMPLE 6
PAR  To a 250 ml. flask equipped as specified in Example 1, 4.62 g. of
      N,N-diphenylcarbamoyl chloride and 2.3 g. of monochloroacetic acid are
      added, then the mixture heated to 120.degree. - 130.degree.C and kept at
      this temperature until the gas evolution stops, for about an hour. Then
      the melt is poured in 50 ml. of water. The precipitated crystalline
      substance is filtered, washed with 2 .times. 10 ml. of water and dried.
      Yield: 4.65 g. (94.7%) of N,N-diphenylchloroacetic amide, m.p.:
      115.degree. - 118.degree. C.
PAR  Analysis: Calculated: Cl 14.42 %; N 5.71 %; Found: Cl 14.63%; N 5.68 %.
PAC  EXAMPLE 7
PAR  To a 500 ml. flask equipped as specified in Example 1, 19.8 g. of
      N-isopropyl-N-phenylcarbamoyl chloride and 25.6 g. of palmitic acid are
      added. On heating the mixture to a temperature of 140.degree.C it is kept
      for 90 minutes at 140.degree. - 180.degree.C. After the termination of gas
      evolution, the mixture is cooled to a temperature of 20.degree.C, 20 ml.
      of ether added and the precipitated crystals of the amine salt separated
      by filtering. The ethereal solution is evaporated in vacuo, the residue
      poured in 50 ml. of ice water, filtered and dried. Yield: 31 g. (84 %) of
      N-isopropyl-N-phenylpalmitic amide, m.p.: 31.degree. C.
PAR  Analysis: Calculated: N 3.75 %; Found: N 3.68 %.
PAC  EXAMPLE 8
PAR  To a 350 ml. flask equipped as specified in Example 1, 19.1 g. of
      N,N-dibutylcarbamoyl chloride and 12.2 g. of benzoic acid are added. On
      heating the mixture to  110.degree.C the gas evolution starts and is
      continued for about 90 minutes at a temperature of 110.degree. -
      130.degree.C. Then the reaction mixture is poured in 100 ml. of water and
      extracted with 100 ml. of benzene. The benzene phase is separated from the
      aqueous phase, dried with sodium sulphate, then the solvent distilled off.
      The product is separated in vacuo by fractionated distillation. Yield:
      18.0 g. (77.5%) of N,N-dibutyl-benzoic amide, a colourless oil, b.p.:
      144.degree.C at 14 torr.
PAR  Analysis: Calculated: N 6.0 %; Found: N 5.95%.
PAC  EXAMPLE 9
PAR  To a 350 ml. flask equipped as specified in Example 1, 15 g. of
      morpholinocarbamoyl chloride and 12.5 g. of benzoic acid are added, and
      the mixture heated to 150.degree. - 160.degree.C where the gas evolution
      continues for half an hour. The melt is poured in 50 ml. of water and
      extracted with 50 ml. of benzene. On separating the organic phase it is
      dried with sodium sulphate, and subsequently separated by fractionated
      vacuum distillation. Yield: 17 g. (89%) of
      N-benzoyl-tetrahydro-1,4-oxazine, a colourless oil of b.p.
      178.degree.-182.degree.C at 13 torr.
PAR  Analysis: Calculated N 8.5 %; Found: N 8.5 %.
PAC  EXAMPLE 10
PAR  To a 500 ml. flask equipped as specified in Example 1, 24.6 g. of nicotinic
      acid and 28.5 g. of N,N-diethylcarbamoyl chloride are added. The mixture
      is heated up to a temperature of 190.degree.-220.degree.C and kept at this
      temperature for about 20-30 minutes until the gas evolution stops. The
      brown melt is separated by vacuum distillation. The distillate which boils
      at 155.degree.-160.degree.C at 10 torr consisting of 31.0 g. of nicotinic
      diethylamine is collected. Yield: 87.5 %.
PAR  Analysis: Calculated: N 15.7 %; Found: N 15.3 %.
PAC  EXAMPLE 11
PAR  To a 100 ml. flask equipped as specified in Example 1, 1.25 g. of
      diphenylacetic acid and 1.0 g. of dimethylcarbamoyl chloride are added,
      then the mixture heated to 120.degree. - 140.degree.C and kept at this
      temperature for half an hour. The melt is cooled to 80.degree.C and poured
      in 20 ml. of water. The precipitated crystals are filtered, washed with
      small amounts of water and dried. Yield: 1.4 g. (100%) of
      1,1-diphenyl-N,N-dimethylacetamide, m.p.: 128.degree.-129.degree.C.
PAR  Analysis: Calculated: N 5.85%; Found: N 5.96%.
PAC  EXAMPLE 12
PAR  To the equipment specified in Example 1, 31.3 g. of 2-chlorobenzoic acid
      and 27.1 g. of diethyl carbamoyl chloride are added, then the mixture
      heated to 130.degree.-140.degree.C and kept at this temperature for 45
      minutes. The mixture is cooled and poured on 200 ml. of water,
      subsequently extracted with 100 ml. of benzene. The benzene phase is
      separated, dried over sodium sulphate and benzene removed by vacuum
      distillation. Yield: 38 g. (90.5%) of 2-chlorobenzoic diethylamide, a
      yellowish brown oil.
PAR  Analysis: Calculated Cl 16.8 %; N 6.65 %; Found: Cl 16.21%; N 6.41 %.
PAC  EXAMPLE 13
PAR  To the equipment specified in Example 1, 31.3 g. of 4-chlorobenzoic acid
      and 27.1 g. of diethylcarbamoyl chloride are added, then the mixture
      heated on an oil bath and kept for 30 minutes at 140.degree. -
      160.degree.C. On cooling, the mixture is poured on water (of about 200
      ml.) then extracted with 100 ml. of petroleum ether. Subsequently,
      petroleum ether is removed from the extract by vacuum distillation. Yield:
      32 g. (76.5%) of 4-chlorobenzoic diethylamide, a yellow oil.
PAR  Analysis: Calculated: Cl 16.8 %; N 6.65 %; Found: Cl 16.6 %; N 6.35 %.
PAC  EXAMPLE 14
PAR  To the equipment specified in Example 1, 19.1 g. of 3,4-dichlorobenzoic
      acid and 13.5 g. of diethylcarbamoyl chloride are added. The mixture is
      heated on an oil bath to 140.degree. - 160.degree.C and kept at this
      temperature for 30 minutes. On cooling, the mixture is poured on 100 ml.
      of water and extracted with 50 ml. of petroleum ether. The extract is
      dried and the solvent removed. Yield: 22 g. (89.5%) of 3,4-dichlorobenzoic
      diethylamide, an orange-red oil.
PAR  Analysis: Calculated: Cl 28.8%; N 5.70 %; Found: Cl 28.4%; N 5.41 %.
PAC  EXAMPLE 15
PAR  To the equipment specified in Example 1, 19.1 g. of 3,4-dichlorobenzoic
      acid and 19.1 g. of diisobutylcarbamoyl chloride are added. On heating the
      mixture to 140.degree.C it was kept for 30 minutes at 160.degree. -
      180.degree.C. On cooling, the melt is poured on 100 ml. of water. The
      precipitated crystals are filtered through a sintered glass filter, washed
      with 2 .times. 20 ml. of water and dried. On recrystallizing the crude
      product from petroleum ether, yield: 25 g. (83.5%) of 3,4-dichlorobenzoic
      diisobutylamide, m.p.: 74.degree.-76.degree.C.
PAR  Analysis: Calculated: Cl 23.6%; N 4.68%; Found: Cl 24.07%; N 4.78%.
PAC  EXAMPLE 16
PAR  To the equipment specified in Example 1, 15.5 g. of 2-chlorobenzoic acid
      and 19.1 g. of diisobutyl carbamoyl chloride are added. The mixture is
      melted and kept for 30 minutes at 140.degree. - 160.degree.C. On cooling,
      it is poured on 100 ml. of water and extracted with 50 ml. of petroleum
      ether. The petroleum ether phase is dried, then the solvent removed by
      vacuum distillation. Yield: 22.5 g. (85.5%) of 2-chlorobenzoic
      diisobutylamide, a red oil.
PAR  Analysis: Calculated: Cl 13.35%; N 5.30 %; Found: Cl 12.94%; N 5.41%
PAC  EXAMPLE 17
PAR  To the equipment specified in Example 1, 19.1 g. of 3,4-dichlorobenzoic
      acid ahd 19.1 g. of di-sec-butylcarbamoyl chloride are added. The mixture
      is heated to 120.degree.C and subsequently kept for half an hour at
      120.degree.-130.degree.C until the gas evolution stops. Then the mixture
      is poured onto about 100 ml. of water. The precipitated
      3,4-dichlorobenzoic di-sec-butylamide is filtered through a sintered glass
      filter, washed with 2 .times. 20 ml of water and dried. Yield: 24 g. (80%)
      of a substance with m.p.: 176.degree.-180.degree.C.
PAR  Analysis: Calculated: Cl 23.6 %; N 4.68 %; Found: Cl 24.07 %; N 4.45 %.
PAC  EXAMPLE 18
PAR  To a flask equipped as specified in Example 1, 25.6 g
      N-(2-methyl-6-ethyl)-phenyl-N-ethyloxymethyl-carbamoyl chloride and 10 g
      monochloro-acetic acid are added; the mixture is heated to a temperature
      of 120.degree. - 140.degree.C and kept at this temperature for 30 minutes
      until the gas evolution stops. The mixture is poured into 50 ml of water
      and taken up by 50 ml of benzene. After separating the benzene layer the
      solvent is distilled. 22 g
      N-(2-methyl-6-ethyl)-phenyl-N-ethoxy-methyl-chloracetamide is formed as a
      yellowish brown oil. Yield 82 %.
PAR  Analysis: Calculated: Cl 13.3 %; N 5.2 %; Found: Cl 12.97 %; N 5.03 %.
PAC  EXAMPLE 19
PAR  To a flask equipped as specified in Example 1, 29.8 g
      N-(2,6-diethyl)-phenyl-N-butoxymethyl-carbamoyl chloride and 10 g
      monochloro-acetic acid are added; the mixture is heated to a temperature
      of 120.degree. - 140.degree.C and kept at this temperature for 30-40
      minutes until the gas evolution stops. Separated as in Example 27 25, g
      N-(2,6-diethyl)-phenyl-N-butoxy-methyl-chloroacetamido was obtained as a
      brownish oil. Yield: 80.5 %.
PAR  Analysis: Calculated: Cl 11.4 % N 4.51 % Found: Cl 10.9 % N 4.39 %
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Process for the production of N,N-disubstituted carboxylic amides of the
      formula
      ##EQU4##
      wherein R.sub.1 is C.sub.2 - C.sub.18 straight or branched alkyl, a
      halogen-substituted alkyl, a phenyl-substituted alkyl, phenyl, chloro-
      dichloro-substituted phenyl, nitro- dinitro-substituted phenyl,
      trimethoxyphenyl, six-membered unsaturated heterocyclic having a nitrogen
      atom;
PA1  R.sub.2 and R.sub.3 are identical or different, C.sub.1 - C.sub.4 straight
      or branched alkyl, phenyl or R.sub.2 and R.sub.3 form together a
      six-membered heterocycle with a nitrogen atom and an oxygen atom,
      characterized by reacting a carboxylic acid of the formula
      ##EQU5##
      wherein R.sub.1 has the same meaning as above, with a carbamoyl chloride
      of the formula
      ##EQU6##
      wherein R.sub.2 and R.sub.3 have the same meaning as above, at a
      temperature of 100.degree. - 300.degree.C., and separating the thus-formed
      N,N-disubstituted carboxylic amide from the reaction mixture.
NUM  2.
PAR  2. A process as claimed in claim 1, in which said temperature is
      110.degree.-220.degree.C.
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PAL  Chlorocyanuric acid of increased particle size is obtained by reacting
      cyanuric acid, alkali metal hydroxide and chlorine in an aqueous reaction
      mixture in the presence of a promoter selected from the group consisting
      of polyoxyethylene, polyoxypropylene and polyoxyethylene-polyoxypropylene
      copolymers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an improved process for manufacturing
      chlorocyanuric acids (including chloroisocyanuric acids), particularly
      trichloroisocyanuric acid and dichloroisocyanuric acid. More specifically,
      this invention pertains to a method for preparing chlorocyanuric acids
      having increased particle size.
PAR  2. Description of the Prior Art
PAR  The preparation of chlorocyanuric acids such as trichlorocyanuric acid or
      dichlorocyanuric acid is well known in the prior art.
PAR  One method for producing chlorocyanuric acid is described in U.S. Pat. No.
      2,969,360 issued Jan. 24, 1961. In this process, cyanuric acid is fed
      along with aqueous alkali (in molar ratio corresponding to the number of
      chlorine atoms to be attached) and chlorine to an aqueous reaction zone
      which is maintained at a pH no higher than 9. The feed ingredients are
      added in essentially stoichiometric proportions. The crude chlorocyanuric
      acid precipitates from the solution as a solid slurry. The slurry product
      is periodically filtered to separate the crystalline products from the
      mother liquor whereupon the crystalline product is dried.
PAR  Prior art processes for producing chlorocyanuric acid have been beset with
      numerous difficulties most of which are attributable to deficient particle
      size. For example, considerable manufacturing downtime and rate variances
      have been experienced in the manufacture of trichlorocyanuric acid due to
      difficulties in dewatering which result in a slushy feed to the dryer.
      When very wet or slushy product material reaches the dryer it becomes
      necessary to reduce the production rate or shut down the unit in order to
      avoid packaging wet trichlorocyanuric acid. The primary cause for this
      problem is believed to be the very fine particle size produced in the
      process.
PAR  The patent literature reports other problems attributable to small particle
      size such as those relating to product separation (filtration), washing
      and drying as well as those relating to handling of the final dusty
      product. Small particle size is also said to decrease product stability.
PAR  It has been proposed heretofore in U.S. Pat. No. 3,120,522 issued Feb. 4,
      1964, that chlorocyanuric acid crystals having increased size can be
      produced by adding to the reaction mixture from which these crystals are
      formed, from 50 to 1,000 ppm of a chlorinated hydrocarbon containing 1 to
      6 carbon atoms and having not more than one hydrogen atom in its molecule.
PAR  It has further been proposed heretofore in U.S. Pat. No. 3,427,314 issued
      Feb. 11, 1969, that increased particle size can be achieved by heating
      trichlorocyanuric acid to from 130.degree. to 225.degree.C. with agitation
      and thereby causing the particles to agglomerate.
PAR  In addition, it has been proposed heretofore in U.S. Pat. No. 3,453,274
      issued July 1, 1969, that crystal size of chlorocyanuric acids may be
      increased by adding from 50 ppm to 150 ppm of an alkali metal hydrocarbon
      sulfonate to the reaction mixture while maintaining the reaction mixture
      at a pH between 1.0 and 4.5.
PAR  The principal object of the present invention is to provide a superior
      chlorocyanuric acid product of increased particle size which overcomes
      many of the deficiencies experienced in the prior art, particularly the
      dewatering and drying problems. This object has been accomplished through
      use of certain promoters during the manufacturing process.
PAC  DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS
PAR  The promoters, the novel application of which are the subject of this
      invention, are polymers and copolymers of ethylene oxide and/or propylene
      oxide. More specifically, the promoters are selected from the group
      consisting of polyoxyethylene, polyoxypropylene, and
      polyoxyethylene-polyoxypropylene copolymers. The terms "polyoxyethylene"
      and "polyoxypropylene", as employed herein, denote homopolymers of
      ethylene oxide and propylene oxide, respectively.
PAR  While the promoters of the present invention will be mainly described in
      connection with particle size promotion of trichlorocyanuric acid (or
      trichloroisocyanuric acid), their utility is not limited thereto. Superior
      results will likewise be illustrated hereafter in particle size promotion
      of dichlorocyanuric acid.
PAR  A preferred method of manufacturing trichlorocyanuric acid to which this
      invention is applicable is to mix a slurry of substantially pure cyanuric
      acid with alkali metal hydroxide (e.g., sodium or potassium hydroxide,
      preferably the former), to prepare an aqueous solution in which the sodium
      hydroxide to cyanuric acid ratio is about 3:1. The solution is then fed
      continuously to a reactor to which chlorine and the promoter are also fed
      continuously, while maintaining a temperature of the reactor contents at
      about 25.degree.C. The promoter feed rate is adjusted to maintain a
      concentration of the promoter in the reactor at from about 20 to 500 ppm
      by weight and preferably about 100 to 300 ppm by weight, based upon the
      reactor contents.
PAR  The preferred promoters for use herein are polyoxyethylene-polyoxypropylene
      copolymers such as those marketed by BASF-Wyandotte Corporation under the
      trade name "Pluronic Polyols". Superior results have been achieved in the
      present process wherein the promoter is "Pluronic L-62" which is said by
      the manufacturer to have an average molecular weight of about 2,500 while
      being about 20% by weight ethoxylated (polyoxyethylene), the balance being
      essentially polyoxypropylene.
PAR  When using Pluronic L-62 promoter in the preferred process described above,
      the product of the process is withdrawn from the reaction as a slurry,
      then filtered, dried and packaged. When produced in this manner the
      particle size of the final product was such that 96% by weight was
      retained on a 79 mesh per centimeter screen as compared to only 65% by
      weight retention for product manufactured by the same method, but without
      employing the promoter.
PAR  The exact mechanism by which applicants'  promoters achieve the superior
      results is not fully understood. It is unclear whether the promoter causes
      agglomeration of a plurality of discrete crystals or whether the crystals
      themselves are caused to enlarge in comparison to non-promoted crystals.
      Thus, since applicants do not wish to be bound by a single theory in
      explaining their unexpected results, the mechanism is merely described as
      one of "promotion" and the additive is simply called a "promoter". Even
      though applicants refer to "particle size", "particle size distribution"
      and "crystalline product" in their illustrative examples herein, these
      phrases are employed for convenience of description and should not be
      construed as restricting applicants' promotion mechanism to any single
      theory.
DETD
PAR  A further understanding of the advantages and processes of the present
      invention will be derived from the following examples which are intended
      to illustrate the invention but not to limit the scope thereof, parts and
      percentages being by weight unless otherwise specified.
PAC  EXAMPLE 1
PAR  This example illustrates a conventional preparation of trichlorocyanuric
      acid wherein the promoter of the present invention was not employed. A
      feed solution was prepared by mixing a cyanuric acid slurry with sodium
      hydroxide to produce a solution containing 7.6 percent cyanuric acid with
      a mole ratio of sodium hydroxide to cyanuric acid of 3.2:1. The
      chlorination reaction was provided for by a jacketed 1.4 liter glass
      reactor equipped with a stirrer, side arm for product overflow, subsurface
      feed tube and a fritted glass sparger. Starting with water in the reactor,
      feed solution is introduced through the feed tube at about 40 ml./min. and
      chlorine is introduced through the sparger at about 5.5 grams per minute.
      pH was controlled in the range of 3.5 to 3.8 by adjusting chlorine feed
      rate, and reaction temperature was controlled between 22.degree. and
      27.degree.C. by circulating ice water through the reactor jacket. The
      product slurry, which overflows the side arm, is filtered to separate the
      crystalline product from the mother liquor, and is then dried in an oven
      at 100.degree.C. The product slurry was observed to settle slowly and was
      filtered to 10 to 12% free moisture.
PAC  EXAMPLE 2
PAR  The example was conducted in a manner identical to that of Example 1 except
      for the presence of a promoter within the scope of the present invention.
      The promoter employed was "Pluronic L-62" polyoxyethylene-polyoxypropylene
      copolymer. The copolymer specific gravity is 1.03; the refractive index is
      1.4550 at 25.degree.C.; and the pour point is -4.degree.C. A feed solution
      identical to that of Example 1 was prepared. A chlorination was conducted
      as described in Example 1 except that 200 ppm (based upon the reactor
      contents) of Pluronic L-62 polyoxyethylene-polyoxypropylene copolymer was
      introduced to the reaction. Part of this 200 ppm promoter addition was
      admitted to the initial reactor water charge and part was admitted to the
      feed solution. The resulting product slurry in this case was observed to
      settle rapidly and was filtered to 4-5% free moisture.
PAC  EXAMPLE 3
PAR  This example again illustrates the preparation of trichlorocyanuric acid
      with a promoter of the present invention. A feed solution identical to
      that of Example 1 was again prepared. A chlorination was carried out as
      described in Example 2 except that "Pluronic L-122"
      polyoxyethylene-polyoxypropylene copolymer was utilized as the promoter in
      the same concentration. This copolymer is said by the supplier to have an
      average molecular weight of 5,000 and to be approximately 20% ethoxylated.
      The product slurry was again observed to settle rapidly and was filtered
      to 4-5% free water.
PAR  The results of the above examples illustrate the superior dewatering
      properties attributable to the presence of a promoter of this invention.
      Without benefit of the promoter the trichlorocyanuric acid slurry
      exhibited more than 10% free moisture. With the promoter present during
      the reaction, however, the product slurry contained substantially less
      free moisture, e.g., 4-5%. Such reduced free water levels materially
      improve filtering and drying properties of the trichlorocyanuric acid
      product.
PAR  Consistent with the improved dewatering characteristics it was found that
      the particle size distribution of the dried product was substantially
      larger in those cases where the promoter was utilized. Particle size
      comparisons are set forth in TABLE I below wherein the results of Examples
      1, 2 and 3 are compared.
TBL                TABLE I                                                     
     ______________________________________                                    
     Screen Size                                                               
               Cumulative weight percent retained                              
     Meshes per                                                                
               Example 1  Example 2   Example 3                                
     centimeter                                                                
               --         200 ppm L-62                                         
                                      200 ppm L-122                            
     ______________________________________                                    
     15.7       0          4.2        35.6                                     
     23.6       0         91.2        85.4                                     
     39.4      30         95.4        97.0                                     
     78.7      65         96.5        98.3                                     
     128.0     83         98.3        99.3                                     
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  The following example illustrates the preparation of dichlorocyanuric acid
      (dichloroisocyanuric acid) without benefit of the promoter of the present
      invention. The chlorination was carried out using the same equipment and
      the same procedure as in Example 1 above. The feed solution was prepared
      by mixing a cyanuric acid slurry with sodium hydroxide to produce a
      solution containing 9.8% cyanuric acid and having a sodium hydroxide to
      cyanuric acid mole ratio of 2.1:1. Feed solution was introduced to the
      reactor at about 60 ml./min. in the same manner as in Example 1. Chlorine
      was introduced at about 7.1 grams per minute to maintain a pH in the range
      of 2.1 to 2.3. The product was filtered and dried as in Example 1. The
      product slurry was filtered to 26% free water.
PAC  EXAMPLE 5
PAR  The following example describes the preparation of dichlorocyanuric acid
      according to the method of Example 4 except that a promoter of the present
      invention was employed. Dichlorocyanuric acid was prepared according to
      the method of Example 4 except that 200 ppm (based upon the reactor
      contents) of Pluronic L-62 polyoxyethylene-polyoxypropylene copolymer was
      added in part to the initial reaction charge and in part to the feed
      solution. The product slurry was filtered to 17% free water.
PAC  EXAMPLE 6
PAR  Dichlorocyanuric acid was prepared according to the process of Example 5
      except that Pluronic L-122 promoter was substituted for Pluronic L-62
      promoter in the same concentration. The product slurry was filtered to 19%
      free water.
PAR  A comparison of the particle size distribution of the respective dried
      products resulting from Examples 4, 5 and 6 is set forth in TABLE II below
      wherein the superior results achieved with promoters of the present
      invention are apparent.
TBL                TABLE II                                                    
     ______________________________________                                    
     Screen Size                                                               
               Cumulative weight percent retained                              
     Meshes per                                                                
               Example 4  Example 5   Example 6                                
     centimeter                                                                
               --         200 ppm L-62                                         
                                      200 ppm L-122                            
     ______________________________________                                    
      39.4      0.9       49.8        47.1                                     
      78.7     16.3       83.5        78.7                                     
     106.2     25.0       86.6        82.9                                     
     128.0     38.7       89.3        88.1                                     
     ______________________________________                                    
PAR  In addition to copolymers of polyoxyethylene and polyoxypropylene,
      promoters of the present invention may include homopolymers of propylene
      oxide or of ethylene oxide. The following Example 7 illustrates the
      preparation of trichlorocyanuric acid wherein the reaction is carried out
      in the presence of a homopolymer of propylene oxide.
PAC  EXAMPLE 7
PAR  Equipment employed, feed solution preparation and chlorination are as
      described in Example 1 except that 200 ppm (based upon the reactor
      contents) of a homopolymer of propylene oxide was employed as the promoter
      and was added to the initial water charge and the feed solution. This
      homopolymer was supplied by Witco Chemical Company under the trade name
      "EMCOL CD-17". Results are presented in TABLE III.
PAR  Promoters of the present invention can be employed in admixture with other
      agents. The other agents may or may not contain ethylene oxide or
      propylene oxide within their molecular structure. An example of a
      co-promoter useful herein which contains ethylene oxide within the
      molecule is the product "STEROX NJ" manufactured by Monsanto Company.
      STEROX NJ is a nonylphenol-ethylene oxide condensate, more specifically,
      an alkylaryl polyoxyethylene ether. The following Example 8 illustrates
      the preparation of trichlorocyanuric acid in the presence of a promoter
      which comprises a mixture of STEROX NJ and a homopolymer of propylene
      oxide.
PAC  EXAMPLE 8
PAR  The process was conducted as described in Example 7 except that 150 ppm of
      EMCOL CD-17 and 50 ppm of STEROX NJ were substituted for the 200 ppm of
      EMCOL CD-17 of Example 7.
PAR  A comparison of the particle size distribution of the respective dried
      products resulting from Examples 1, 7 and 8 is presented in TABLE III.
      Superior results achieved from the use of promoters of the present
      invention are apparent.
TBL                TABLE III                                                   
     ______________________________________                                    
     Screen Size                                                               
              Cumulative weight percent retained                               
                                      Example 8                                
                                      150 ppm EMCOL                            
     Meshes per                                                                
              Example 1  Example 7    CD-17/50 ppm                             
     centimeter          200 ppm CD-17                                         
                                      STEROX NJ                                
     ______________________________________                                    
     23.6      0         35.7         68.0                                     
     39.4     30         74.4         84.7                                     
     78.7     65         89.9         94.4                                     
     128.0    83         95.1         97.1                                     
     ______________________________________                                    
PAR  From a consideration of the results set forth above, it is apparent that
      considerable latitude is afforded in selection of the promoter as well as
      its concentration in the aqueous reaction medium or in the chlorinator.
      For example, polyoxyethylene-polyoxypropylene copolymers useful herein may
      vary widely in average molecular weight. A preferred average molecular
      weight range is 1,000 to 6,000. Copolymers ranging below 1,000 may tend to
      exhibit inadequate hydrophilic properties while those over 6,000 may be
      susceptible to gelation.
PAR  A preferred range of ethoxylation within the
      polyoxyethylene-polyoxypropylene copolymers of this invention is about 10
      to about 30% by weight although higher ethoxylation can be tolerated in
      many cases. Thus, while the illustrated polyoxyethylene-polyoxypropylene
      copolymers were approximately 20% ethoxylated, this figure can vary
      significantly while still achieving improved results.
PAR  While less than 20 ppm concentration of the promoter based upon the reactor
      contents is functional, more significant results are achieved when the
      concentration is between 20 and 500 ppm. Although promoter concentrations
      above 500 ppm would produce satisfactory results, not enough improvement
      could be expected to offset the economic disadvantages.
PAR  Many complex promoters other than STEROX NJ which contain polyoxyethylene
      or polyoxypropylene in the molecule are also considered useful for
      purposes of the present invention. Like STEROX NJ, such complex compounds
      may be advantageously used alone or in admixture with the preferred
      promoters herein. For example, ethylene oxide-type condensates containing
      alkylaryl groups other than nonylphenol may be employed.
PAR  In adapting the process of this invention to certain continuous
      manufacturing operations, it may be desirable to introduce the promoter
      directly to the chlorinator and not to the feed solution in order to
      increase the efficiency of the promoter.
PAR  It was surprising that the superior promoters of the present invention did
      not decompose during the reaction before achieving their desired effect.
      It was also surprising that the promoter's presence could not be traced in
      some degree to the final chlorocyanuric acid product. Both of these
      features are desirable but were completely unexpected in a reaction of
      this type.
PAR  While this invention has been described with respect to specific examples
      and embodiments, it is to be understood that the invention is not limited
      thereto and that it can be variously practiced within the scope of the
      following claims.
CLMS
STM  The embodiments of this invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a process for preparing a chlorocyanuric acid selected from the group
      consisting of dichlorocyanuric acid, trichlorocyanuric acid and mixtures
      thereof by the reaction of cyanuric acid with alkali metal hydroxide and
      chlorine in an aqueous reaction mixture and recovering the acid product
      from said reaction mixture, the improvement which comprises conducting the
      reaction in the presence of a promoter selected from the group consisting
      of polyoxyethylene, polyoxypropylene, and polyoxyethylene-polyoxypropylene
      copolymers.
NUM  2.
PAR  2. A process of claim 1 wherein the promoter concentration is from 20 to
      about 500 ppm by weight based upon the reactor contents.
NUM  3.
PAR  3. A process of claim 1 wherein the alkali metal hydroxide is sodium
      hydroxide.
NUM  4.
PAR  4. In a process for preparing trichlorocyanuric acid by the reaction of
      cyanuric acid with sodium hydroxide and chlorine in an aqueous reaction
      mixture and recovering the acid product from said reaction mixture, the
      improvement which comprises conducting the reaction in the presence of
      from about 100 to about 300 ppm by weight of a
      polyoxyethylene-polyoxypropylene copolymer, based upon the reactor
      contents.
NUM  5.
PAR  5. A process of claim 4 wherein the average molecular weight of said
      copolymer is from about 1,000 to about 6,000.
NUM  6.
PAR  6. A process of claim 4 wherein the ethoxylation level of said copolymer is
      from about 10 to about 30% by weight.
NUM  7.
PAR  7. In a process for preparing a chlorocyanuric acid selected from the group
      consisting of dichlorocyanuric acid, trichlorocyanuric acid and mixtures
      thereof by the reaction of cyanuric acid with alkali metal hydroxide and
      chlorine in an aqueous reaction mixture, the improvement which comprises
      conducting the reaction in the presence of a nonylphenol-ethylene oxide
      condensate.
NUM  8.
PAR  8. A process of claim 7 wherein said condensate is present in about 20 to
      about 500 ppm by weight based upon the reactor contents.
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PAL  Compounds of the general formula:
      ##SPC1##
PAL  In which:
PA1  R.sub.1 and R.sub.2 which may be the same or different, represent a
      hydrogen atom or an alkyl group which may optionally be substituted by an
      aryl group, or represents an alkanoyl, aroyl or alkanesulphonyl group;
PA1  R.sub.3 represents a hydrogen atom, or an alkyl group which may optionally
      be substituted by an aryl group, or represents an alkenyl, aryl or
      alkylthio group;
PA1  R.sub.4 represents a hydrogen atom or an alkyl group; and
PA1  R.sub.5 represents a hydrogen atom or an aryl or alkyl group, which alkyl
      group may optionally be substituted by a cycloalkyl group;
PA1  And physiologically acceptable salts and derivatives thereof and addition
      products formed by nucleophilic addition.
PAL  These compounds act as spasmolytics and phosphodiasterase inhibitors and
      have cardiotonic and diuretic properties. They are also of use in the
      treatment of skin disorders and gout.
PARN
PAC  RELATED APPLICATION
PAR  Application Ser. No. 300,749, filed 25th Oct. 1972, now U.S. Pat. No.
      3,840,537 of Susan Constance Garside, David Hartley, Lawrence Henry
      Charles Lunts and Alexander William Oxford, entitled `HETEROCYCLIC
      COMPOUNDS`
BSUM
PAR  This invention relates to certain heterocyclic compounds having
      pharmacological activity and to processes for the preparation thereof as
      well as to pharmaceutical compositions containing them.
PAR  We have found that certain imidazo [5,1-f]- as-triazines and derivatives
      thereof act as spasmolytics and phosphodiasterase inhibitors and have
      cardiotonic and diuretic properties. They are therefore particularly
      useful as bronchodilators in the treatment diseases involving constriction
      of bronchial muscle, for example asthma and bronchitis and also for the
      treatment of pulmonary oedema and congestive heart failure. The compounds
      may also be useful for topical application in the treatment of skin
      disorders, for example psoriasis. A subsidiary utility possessed by
      certain of the compounds of the invention is in the treatment of gout
      since they are xanthene oxidase inhibitors.
PAR  The present invention therefore provides compounds of the general formula
      I:
      ##SPC2##
PAL  in which:
PA1  R.sub.1 and R.sub.2 which may be the same or different represent a hydrogen
      atom or an alkyl group which may optionally be substituted by an aryl
      group, or represents an alkanoyl, aroyl or alkanesulphonyl group.
PA1  R.sub.3 represents a hydrogen atom, or an alkyl group which may optionally
      be substituted by an aryl group, or represents an alkenyl, aryl or
      alkylthio group.
PA1  R.sub.4 represents a hydrogen atom or an alkyl group.
PA1  R.sub.5 represents a hydrogen atom or an aryl or alkyl group which alkyl
      group may optionally be substituted by a cycloalkyl group containing 3 to
      7 carbon atoms.
PAR  The above formula includes compounds in which there is a single bond in the
      3,4-position or a double bond. It will be appreciated that when a single
      bond is present there is a hydrogen atom substituent on the nitrogen atom
      in the 3-position and the carbon atom in the 4-position.
PAR  The term alkyl when used above refers to a straight or branched alkyl group
      preferably containing 1 to 6 carbon atoms and the term alkenyl refers to
      straight or branched chain alkenyl groups containing 2 to 6 carbon atoms.
      The terms aryl and aroyl preferably refer to phenyl and benzoyl groups
      respectively and these groups may optionally be substituted by a halogen
      atom or one or more alkoxy groups.
PAR  The invention includes physiologically acceptable salts and derivatives
      thereof. Suitable salts include acid addition salts with inorganic or
      organic acids e.g. hydrochloride, sulphate, hydrogen sulphate
      methanesulphonate, hydrogen maleate, acetate.
PAR  Compounds of the general formula I may exist in several tautomeric forms
      and these are included within the scope of the invention.
PAR  The invention also includes addition products obtained by nucleophilic
      addition across the 3,4 double bond in compounds of the general formula I.
      Suitable compounds for addition include sodium bisulphite and compounds
      containing an active methylene group in particular
      5,5-dimethylcyclohexane-1,3-dione, barbituric acid and
      p-methoxyacetophenone.
PAR  A preferred group of compounds according to the invention are those in
      which R.sub.1 represents a hydrogen atom or alkyl (C.sub.1-6) in
      particular methyl, ethyl, propyl, isobutyl 3-methyl butyl or aralkyl in
      particular benzyl, 3,4-dimethoxybenzyl, phenethyl or alkanoyl (C.sub.1-6)
      in particular formyl, acetyl, butyryl, isovaleryl, or aroyl in particular
      benzoyl and 4-chlorobenzoyl or alkanesulphonyl, in particular
      methanesulphonyl.
PAR  R.sub.2 represents a hydrogen atom or alkyl (C.sub.1-4) in particular
      ethyl.
PAR  R.sub.3 represents hydrogen or alkyl (C.sub.1-4) in particular methyl,
      ethyl, or aralkyl in particular benzyl, phenethyl, or aryl in particular
      phenyl 4-methoxyphenyl, alkenyl in particular allyl, or alkylthio, in
      particular methylthio.
PAR  R.sub.4 represents alkyl (C.sub.1-4) in particular methyl.
PAR  R.sub.5 represents alkyl (C.sub.3 -C.sub.6) in particular propyl,
      isopropyl, isobutyl, sec-butyl, 2-methylbutyl, 3-methylbutyl or
      cyclopentylmethyl or cyclohexylmethyl, or aryl, in particular phenyl.
PAR  Particularly preferred compounds are those whose preparation is described
      in the examples.
PAR  The bronchodilating activity of these compounds is demonstrated by their
      action in the guinea pig in reducing bronchospasm induced by spasmogens
      such as histamine, 5-hydroxytryptamine and acetylcholine according to
      standard test procedures [Konsett, H & Rossler R. (1940). Versuchsanordung
      zu Untersuchungen an der Bronchial musculater. Arch. exp. Patho.
      Pharmakol., 195, 71-74]. For instance,
      2-amino-5-methyl-7-propylimidazo[5,1-f]-as-triazine, hydrochloride is more
      active than standard non-adrenergic bronchodilators, such as choline
      theophyllinate. The compounds of the invention are inhibitors of the
      enzyme phosphodiesterase. For instance at a concentration of 5 .times.
      10.sup..sup.-6 M, 2-amino-5-methyl-7-propylimidazo[5,1-f]-as-triazine,
      hydrochloride is about 8-10 times more potent than choline theophyllinate
      in inhibiting the degradative action of this enzyme on cyclic adenosine
      monophosphate, a humoral agent important in producing bronchodilation.
PAR  The compounds according to the invention may be formulated for use in human
      and veterinary medicine for therapeutic and prophylactic purposes. They
      may be used in the form of their physiologically acceptable salts if
      desired. Preferred salts include the hydrochloride, sulphate, maleate,
      tartrate, etc. Such compounds may be presented for use in the conventional
      manner with the aid of carriers or excipients and formulating agents as
      required, and with or without supplementary medicinal agents. The
      compositions may include solid and liquid preparations for oral use,
      suppositories or injections, or forms suitable for administration by
      inhalation. Oral administration is most convenient in the form of tablets.
      Injections may be formulated with the aid of physiologically acceptable
      carriers and agents as solutions, suspensions or as dry products for
      reconstitution before use. For administration by inhalation the compounds
      according to the invention are conveniently delivered in the form of an
      aerosol spray presentation from pressurised packs or a nebuliser. In the
      case of a pressurised aerosol the dosage unit may be determined by
      providing a valve to deliver a metered amount. A typical dose for treating
      asthma in humans is from 1-1200 mg. depending on the age, weight and
      condition of the patient and the route of administration.
PAR  The compounds according to the invention may be formulated in combination
      with compounds such as salbutamol and isoprenaline that have stimulant
      activity at .beta.-adrenoreceptors. The provision of therapeutic
      compositions comprising as active ingredients, a compound according to the
      invention and a .beta.-adrenoreceptor stimulant, in particular salbutamol,
      represents an important aspect of the invention. In some such mixtures a
      degree of synergism is seen between the active constituents.
PAR  As indicated above certain of the compounds show an action which may be
      advantageous in the treatment of gout. Particular compounds showing this
      activity are those of Examples 14a and 14b herein.
PAR  The compounds according to the invention may be prepared in principle by
      one main process.
PAR  In this process the compounds according to the invention in which there is
      a single bond in the 3,4 position are prepared from compounds of general
      formula II below such as by reduction. The compounds of formula II are
      described in copending application Ser. No. 300,749 filed Oct. 25, 1972
      and now U.S. Pat. No. 3,840,537 or may be prepared in a manner similar to
      that described therein. The compounds according to the invention in which
      there is a double bond in the 3,4  position may be prepared by
      dehydrogenation of those compounds of the invention in which there is a
      single bond in that position. The compounds of formula II are represented
      below:
      ##SPC3##
PAR  In these compounds the groups R.sub.1, R.sub.2, R.sub.4 and R.sub.5 have
      the meanings given above.
PAR  In addition R.sub.1 and R.sub.2 may represent groups which are converted on
      reduction to groups R.sub.1 and R.sub.2 within the meanings given and/or
      may represent groups which are convertible in a subsequent conversion to
      groups R.sub.1 and R.sub.2 within the meanings given. Another possibility
      consists in that the groups R.sub.1 and R.sub.2 may be converted from a
      group within the meaning given above in a subsequent conversion. Also in
      the reduction step the groups R.sub.1 and R.sub.2 within the above meaning
      may be formed in the reduction.
PAR  The conversion of the imidazotriazinone II into the compounds of the
      invention with a single bond in the 3,4 position may be carried out by
      reduction with a metal hydride such as lithium aluminium hydride, diborane
      or sodium dihydro-bis(2-methoxyethoxy) aluminate. The reaction may be
      carried out by heating in an aprotic solvent such as tetrahydrofuran,
      diglyme and diethyl digol. A suitable reaction temperature is from
      80.degree.-130.degree.C preferably 100.degree.-110.degree.C. In an
      alternative conversion the imidazotriazinone II may be converted to a
      compound according to the invention in which there is a single bond in the
      3,4 position via the alkylthio compound as described later.
PAR  The dehydrogenation of the compounds according to the invention in which
      there is a single bond in the 3,4 position may be carried out by heating
      with a noble metal catalyst, such as palladium oxide on charcoal,
      preferably in the presence of a high boiling solvent e.g., cymene or
      decalin.
PAR  Thus compounds according to the invention in which R.sub.1 or R.sub.2
      represents an alkanoyl, aroyl or alkanesulphonyl group may be prepared
      from those compounds in which R.sub.1 represents hydrogen and R.sub.2
      represents hydrogen or alkyl or aralkyl group by conventional acylation
      procedures. Preferred methods include the reaction with an alkanoyl halide
      e.g. acetyl or butyryl chloride in the corresponding alkanoic acid, or the
      reaction with an alkanoic or aromatic acid e.g. isovaleric or benzoic acid
      in methanesulphonyl chloride. The alkanesulphonyl derivative e.g.
      methanesulphonyl is most conveniently prepared from the reaction with the
      corresponding alkanesulphonic anhydride. These acylation reactions may be
      carried out with heating if desired. Those compounds of general formula I
      in which R.sub.1 and/or R.sub.2 are alkyl or aralkyl may be conveniently
      prepared from the corresponding compound in which R.sub.1 or R.sub.2 is
      alkanoyl or aroyl by reduction with a complex metal hydride e.g. lithium
      aluminium hydride. Alternatively these compounds may be prepared by the
      direct reduction of the imidazotriazinone II, in which R.sub.1 or R.sub.2
      is an alkanoyl, aralkanoyl or aroyl group with a complex metal hydride as
      described above.
PAR  The imidazotriazines I in which R.sub.1 represents an alkyl, alkanoyl or
      aroyl group and R.sub.2 represents a hydrogen atom or an alkyl or aralkyl
      group may advantageously be prepared by dehydrogenation of the
      corresponding dihydroimidazotriazine I using the reaction conditions
      previously described.
PAR  Compounds according to the invention wherein R.sub.3 is other than hydrogen
      may be conveniently compounds of the invention where R.sub.3 is hydrogen
      and there is a double bond in the 3,4 position. Thus reaction with
      organometallic derivatives, e.g. R.sub.3 MgHal or R.sub.3 Li in which
      R.sub.3 is other than hydrogen, in an aprotic solvent such as diethyl
      ether or tetrahydrofuran gives the compounds of the invention in which
      there is a single bond in the 3,4 position. This reaction is particularly
      advantageous for preparing compounds in which R.sub.3 is an alkyl,
      aralkyl, aryl or alkenyl group. The compounds in which there is a double
      bond in the 3,4 position may be obtained by dehydrogenation of the dihydro
      derivative as described above.
PAR  Addition products of compounds of the invention in which there is a double
      bond in the 3,4 position may be obtained by reaction with compounds
      containing an activated methylene group e.g. with barbituric acid or
      dimedone in water or aqueous alcohol. In the presence of a strong mineral
      acid such as hydrochloric acid, acetophenones also add across the 3,4
      double bond to give corresponding dihydroimidazotriazine in which R.sub.3
      represents a phenacyl group.
PAR  Other classes of compounds also add across the 3,4 double bond, for example
      the addition of sodium metabisulphite gives an additional product in which
      there is a sulphonic acid group in the R.sub.3 position.
PAR  Compounds of the general formula I in which R.sub.3 is alkylthio group may
      be made by treating the corresponding imidazotriazinone II with phosphorus
      pentasulphide, followed by alkylation of the thione thus formed. The
      resulting alkylthio imidazotriazine I may be reduced to the corresponding
      dihydroimidazotriazine I R.sub.3 = H. For example by reaction with sodium
      borohydride in a dipolar aprotic solvent such as N-methylpyrrolidone
      preferably with heating.
PAR  The procedure thus provides as indicated earlier an alternative method for
      the preparation of dihydroimidazotriazines I; R.sub.3 = H from the
      imidazotriazinone II.
DETD
PAR  The following examples illustrate the invention. Examples 1 to 23 describe
      the production of compounds of the invention. Example 24 describes the
      production of starting materials for Example 12. Example 25 describes the
      production of starting materials for Example 1.
PAC  EXAMPLE 1
PAR  a. 2-Amino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazine
PAR  2-Amino-5-methyl-7-propylimidazo[5,1-f]-as-triazin-4(3H)-one, hydrochloride
      (5 g.) (prepared according to Example 8 of application Ser. No. 300,749
      and lithium aluminium hydride (2.9 g.) in tetrahydrofuran were heated
      under reflux for 78 hours, and cooled. Water (11.6 ml.) was added
      cautiously followed by aqueous sodium hydroxide (2.9 ml., 15%). The solid
      was filtered off, the filtrate was evaporated and the residue was
      triturated with ethyl acetate. The product was crystallised from ethyl
      acetate and had m.p. 242.degree.-246.degree..
PAR  b. 2-Amino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazine,
      hydrochloride
PAR  2-Amino-3,4-dihydro-5-methyl-7-propylimidazo [5,1-f]-as-triazine (2 g.) in
      ethanol was treated with a solution of hydrogen chloride in ether. The
      solid was collected and crystallised from a mixture of ethanol and ether
      to give a white solid m.p. 263.degree. (decomp.).
PAR  The following compounds were prepared by a similar procedure:
PAR  c. 2-Amino-3,4-dihydro-7-isopropyl-5-methylimidazo [5,1-f]-as-triazine,
      m.p. 284.degree.-286.degree. (recrystallised from a mixture of ethanol and
      ethyl acetate) and its hydrochloride m.p. 210.degree.-12.degree. were
      obtained from
      2-amino-7-isopropyl-5-methylimidazo[5,1-f]-as-triazin-4(3H)-one (Example
      25).
PAR  d. 2-Amino-3,4-dihydro-7-isobutyl-5-methylimidazo [5,1-f]-as-triazine, m.p.
      258.degree.-263.degree. (crystallised from aqueous methanol) and its
      hydrochloride m.p. 225.degree.-228.degree. were obtained from
      2-amino-7-isobutyl-5-methylimidazo[5,1-f]-as-triazin-4(3H)-one (Example
      25).
PAR  e. 2-Amino-3,4-dihydro-5-methyl-7-phenylimidazo[ 5,1-f]-as-triazine, m.p.
      262.degree.-264.degree. (recrystallised from a mixture of methanol and
      ethyl acetate) and its hydrochloride m.p. 328.degree.-331.degree. were
      obtained from 2-amino5-methyl-7-phenylimidazo[5,1-f]-as-triazin-4(3H)-one.
PAR  f.
      2-Amino-7-cyclohexylmethyl-3,4-dihydro-5-methylimidazo[5,1-f]-as-triazine,
      m.p. 228.degree.-230.degree. (crystallised from a mixture of ethyl acetate
      and ether) was obtained from
      2-amino-7-cyclohexylmethyl-5-methylimidazo[5,1-f]-as-triazin-4(3H)-one
      (Example 25).
PAR  g.
      2-Amino-7-cyclohexylmethyl-3,4-dihydro-5-methylimidazo[5,1-f]-as-triazine,
      hydrogen maleate
PAR  2-Amino-7-cyclohexylmethyl-3,4-dihydro-5-methylimidazo[5,1-f]-as-triazine,
      (0.7 g.) in ethanol (50 ml.) was treated with maleic acid (0.4 g.) in
      ether (50 ml.) and the solid was collected and crystallised from a mixture
      of methanol and ethyl acetate to give a white solid, m.p.
      130.degree.-133.degree..
PAC  EXAMPLE 2
PAR  a. 2-Amino-3,4-dihydro-5-methyl-7(2-methylbutyl)imidazo[5,1-f]-as-triazine
PAR  2-Amino-5-methyl-7(2-methylbutyl)imidazo[5,1-f]-as-triazin-4(3H)-one (1.7
      g.) and lithium aluminium hydride (0.9 g.) in diglyme (50 ml., freshly
      redistilled) were stirred and heated to 100.degree. for 4.5 hours and
      cooled. Water (1 ml.) was added dropwise, followed by 2N sodium hydroxide
      (2 ml.) and water (1 ml.). The solid was filtered off, the filtrate was
      evaporated and the residue was crystallised from isopropanol. The product
      had m.p. 207.degree.-213.degree. (63%). It was converted to its
      hydrochloride, m.p. 203.degree.-205.5.degree. by treating a solution in
      ethanol with hydrogen chloride in ether.
PAR  In a similar way:
PAR  b.
      2-Amino-7-cyclopentylmethyl-3,4-dihydro-5-methylimidazo[5,1-f]-as-triazine
     , m.p. 194.degree.-198.degree. (49%) was obtained from
      2-amino-7-cyclopentylmethyl-5-methylimidazo[5,1-f]-as-triazin-4(3H)-one
      (AH 12963). It was converted to its hydrochloride, m.p.
      255.degree.-257.degree..
PAR  c. 2-Amino-3,4-dihydro-7(3-methylbutyl)imidazo[5,1-f]-as-triazine,
      hydrochloride, m.p. 167.degree.-172.degree. (crystallised from a mixture
      of ethanol and ethyl acetate) was obtained from
      2-amino-5-methyl-7(3-methylbutyl)-imidazo[5,1-f]-as-triazine-4(3H)-one
      (Example 25).
PAR  d.2-Amino-3,4-dihydro-5-methyl-7(1-methylpropyl)imidazo[5,1-f]-as-triazine,
      m.p. 275.degree.-290.degree. and its dihydrochloride m.p.
      270.degree.-187.degree. were prepared from
      2-amino-5-methyl-7(1-methylpropyl)-imidazo[5,1-f]-as-triazine-4(3H)-one
      (AH 13014A)
PAC  EXAMPLE 3
PAR  a. 5-Methyl-7-propyl-2-propylaminoimidazo[5,1-f]-as-triazine, hydrochloride
PAR  3,4-Dihydro-5-methyl-7-propyl-2-propylaminoimidazo[5,1-f]-as-triazine
      (Example 12a) (1.44 g.) and palladium on charcoal catalyst (2.8 g., 10%)
      in p-cymene (100 ml.) were heated under reflux in p-cymene for 3 hours.
      The catalyst was filtered off and the filtrate was extracted with 2N
      hydrochloric acid (3 .times. 100 ml.). The extracts were neutralised with
      potassium carbonate and the mixture was extracted with ethyl acetate. The
      ethyl acetate solution was dried over magnesium sulphate, filtered and
      evaporated. The oil in ethyl acetate was treated with a solution of
      hydrogen chloride in ether. The solid was collected and had m.p.
      201.degree.-206.degree..
PAR  In a similar way, the following compounds were prepared:
PAR  b.2-Benzylamino-5-methyl-7-propylimidazo[5,1-f]-as-triazine was prepared
      from 2-benzylamino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazine
      (Example 12b). It was converted into its hydrogen maleate which had m.p.
      141.degree.-142.degree..
PAR  c. 5-Methyl-2(2-phenethylamino)-7-propylimidazo[5,1-f]-as-triazine m.p.
      124.degree.-128.degree. was prepared from
      3,4-dihydro-5-methyl-2(2-phenethylamino)-7-propylimidazo[5,1-f]-as-triazin
     e (Example 12c). It was converted to its hydrochloride m.p.
      205.degree.-206.degree..
PAR  d.2-Isobutylamino-5-methyl-7-propylimidazo[5,1-f]-as-triazine, m.p.
      87.degree.-88.degree., was prepared from
      2-isobutylamino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazine
      (Example 12f). It was converted to its hydrochloride, m.p.
      201.degree.-213.degree..
PAR  e.2-(3,4-Dimethoxybenzylamino)5-methyl-7-propylimidazo[5,1-f]-as-triazine,
      m.p. 158.degree.-160.degree. was prepared from
      2-(3,4-dimethoxybenzylamino)3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as
     -triazine (Example 12d). It was converted to its hydrogen maleate, m.p.
      118.degree.-121.degree..
PAR  f.2-Amino-7-isobutyl-5-methylimidazo[5,1-f]-as-triazine, m.p.
      84.degree.-86.degree., was prepared (72%) from
      2-amino-3,4-dihydro-7-isobutyl-5-methylimidazo[5,1-f]-as-triazine (Example
      1d). It was converted to its hydrogen maleate which was crystallised from
      a mixture of methanol and ether and had m.p. 178.degree.-180.degree..
PAR  g. 2-Amino-4(p-methoxyphenyl)-5-methyl-7-propylimidazo[5,1-f]-as-triazine
      was prepared from
      2-amino-3,4-dihydro-4(p-methoxyphenyl)-5-methyl-7-propylimidazo[5,1-f]-as-
     triazine (Example 14b). It was converted to its hydrochloride, which was
      crystallised from a mixture of ethanol and ether and had m.p.
      224.degree.-226.degree. (21%).
PAR  h. 2-Amino-4,5-dimethyl-7-propylimidazo[5,1-f]-as-triazine, was prepared
      from 2-amino-3,4-dihydro-4,5-dimethyl-7-propylimidazo[5,1-f]-as-triazine
      (Example 16c). It was converted into its hydrogen maleate which had m.p.
      155.degree.-156.degree..
PAC  EXAMPLE 4
PAC  2-Amino-5-methyl-7-propylimidazo[5,1-f]-as-triazine, hydrochloride
PAR  2-Amino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazine (Example
      1a) (2 g.) and palladium on charcoal catalyst (3 g.) in decalin (100 ml.)
      were heated under reflux for 6 hours. The mixture was filtered and cooled
      and extracted with 2N hydrochloric acid (2 .times.  100 ml.). The extracts
      were made alkaline with 2N sodium hydroxide and extracted with ethyl
      acetate. The ethyl acetate solution was dried over magnesium sulphate,
      filtered and evaporated and the residue was chromatographed on silica (50
      ml.) to give a yellow solid (0.32g.), 5N sodium hydroxide (2.5 ml) and
      water (7.5 ml.). The solid was filtered off and extracted with ethyl
      acetate (3 .times. 100 ml.). The extracts were dried and evaporated and
      the solid was crystallized from ethyl acetate and had m.p.
      157.degree.-167.degree., 1.74 g. (The hydrochloride had m.p.
      271.degree.-276.degree., and was prepared in ethyl acetate by addition
      HCl/Et.sub.2 O).
PAC  EXAMPLE 5
PAC  N-(5-Methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)-methane-sulphonamide
PAR  N-(3,4-Dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)-methane
      sulphonamide, methanesulphonate (Example 8) in water was treated with
      sodium bicarbonate. The solution was evaporated and the residue was
      extracted with hot isopropanol. The extract was evaporated to give
      N-(3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)-methane
      sulphonamide. This sulphonamide (1.5 g.) and 10% palladium on charcoal
      catalyst (3g, 10%) in p-cymene (100 ml) were heated under reflux for 2.5
      hours and cooled. The catalyst was filtered off and the filtrate was
      evaporated. The residue was triturated with ethyl acetate to give a yellow
      solid, m.p. 191.degree.-195.degree.. It was converted into its hydrogen
      maleate salt m.p. 165.degree.-168.degree..
PAC  EXAMPLE 6
PAR  a.
      N-(3,4-Dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)benzamide,
     hydrogen maleate
PAR  2-Amino-3,4-dihydro-5-methyl-7-propylimidazo[ 5,1-f]-as-triazine (Example
      1a) (1.5 g.) and benzoic acid (2.46 g.) in methanesulphonyl chloride (10
      ml.) were heated to 140.degree. to 4 hours and cooled. The mixture was
      shaken several times with ether and poured into aqueous sodium carbonate.
      The mixture was extracted with ethyl acetate, the extracts were dried over
      anhydrous magnesium sulphate, filtered and evaporated. The residual
      solution was dissolved in ethyl acetate and maleic acid (1 g.) in ethyl
      acetate (40 ml.) was added followed by ether (50 ml.). The solid was
      collected and crystallized from a mixture of isopropanol and ether and had
      m.p. 183.degree.-185.degree..
PAR  In a similar way:
PAR  b. N-(3,4-Dihydro-5-methyl-7-isobutylimidazo[
      5,1-f]-as-triazin-2-yl)-p-chlorobenzamide, m.p. 236.degree.-239.degree.
      was prepared from
      2-amino-3,4-dihydro-5-methyl-7-isobutylimidazo[5,1-f]-as-triazine (Example
      1d) and P-chlorobenzoic acid. It was converted into its hydrochloride salt
      m.p. 240.degree.-247.degree..
PAR  c. N-(3,4-Dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)
      isovaleramide hydrochloride m.p. 233.degree.-235.degree. (crystallised
      from a mixture of isopropanol and ether) was prepared using isovaleric
      acid in place of benzoic acid.
PAC  EXAMPLE 7
PAC  N-Ethyl-N-(3,4-Dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)acet
     amide, hydrochloride
PAR  2-Ethylamino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazine
      (Example 12e) (1.1 g.) and acetyl chloride (1.65 ml.) in glacial acetic
      acid (10 ml.) were heated on a steam bath for 16 hours. The acetic acid
      was distilled off and the residue was crystallised from a mixture of
      isopropanol and ether to give a solid, m.p. 190.degree.-192.degree. (73%).
PAC  EXAMPLE 8
PAC  N-(3,4-Dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)-methanesulp
     honamide, methanesulphonate
PAR  2-Amino-3,4-dihydro-5-methyl-7-propylimidazo[ 5,1-f]-as-triazine,
      hydrochloride (Example 1b) (2.5 g.) in methanesulphonic anhydride (12 g.)
      was heated at 140.degree. for 2 hours and cooled. The mixture was
      triturated several times with ether and the solid was crystallised from
      ethanol to give the product, m.p. 209.degree.-222.degree. (68%).
PAC  EXAMPLE 9
PAR  a.
      N-(3,4-Dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)acetamide,
     hydrochloride
PAR  2-Amino-3,4-dihydro-5-methyl-7-propylimidazo[ 5,1-f]-as-triazine (Example
      1a) (1.9 g.) and acetyl chloride (1.8 g.) in acetic acid (20 ml., glacial)
      were heated at 100.degree. for 3 hours. The solution was evaporated under
      reduced pressure and the residue was crystallised from a mixture of
      ethanol and ethyl acetate to give a white solid m.p. 302.degree..
PAR  The followig compounds were prepared in a similar way:
PAR  b.
      N-(3,4-Dihydro-7-isobutyl-5-methylimidazo[5,1-f]-as-triazin-2-yl)acetamide
     , m.p. 269.degree.-271.degree. (crystallised from a mixture of ethanol and
      ether) (Starting material Example 1d).
PAR  c.
      N-(3,4-Dihydro-7-isopropyl-5-methylimidazo[5,1-f]-as-triazin-2-yl)acetamid
     e, m.p. 319.degree.-321.degree. (crystallised from a mixture of ethanol and
      ethyl acetate) (Starting material Example 1e).
PAR  d. N-(3,4-Dihydro-4,5-dimethyl-7-propylimidazo[
      5,1-f]-as-triazin-2-yl)acetamide hydrochloride m.p.
      272.degree.-274.degree. (crystallised from a mixture of ethanol and ethyl
      acetate) (Starting material Example 16c).
PAC  EXAMPLE 10
PAR  a. N-(3,4-Dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)formamide
PAR  2-Amino-3,4-dihydro-5-methyl-7-propylimidazo[ 5,1-f]-as-triazine (Example
      1a) (2.2 g.) in formic acid (50 ml., 99.degree.) was heated under reflux
      for 24 hours and evaporated under reduced pressure. The residue was
      stirred with 2N sodium carbonate and the solid was collected and dried and
      had m.p. 188.5.degree.-190.5.degree.. Its hydrogen maleate salt had m.p.
      159.degree.-161.degree. (crystallised from a mixture of methanol and
      ether).
PAR  b. In a similar manner
      N-(3,4-dihydro-5-methyl-7-isobutylimidazo[5,1-f]-as-triazin-2-yl)formamide
      m.p. 209.degree.-211.degree. (crystallised from ethyl acetate) and its
      hydrochloride m.p. 257.degree.-258.degree. (crystallised from a mixture of
      ethanol and ethyl acetate).
PAC  EXAMPLE 11
PAC  N-(3,4-Dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)butyramide,
      hydrochloride
PAR  2-Amino-3,4-dihydro-5-methyl-7-propylimidazo[ 5,1-f]-as-triazine (Example
      1a) (2 g.) and butyryl chloride (11 ml.) in butyric acid (50 ml.) were
      heated under reflux for 5.5 hours and cooled with ice. 5N sodium hydroxide
      was added slowly and until the mixture was alkaline and the solid was
      filtered off. The filtrate was evaporated under reduced pressure and the
      residue was stirred with aqueous sodium bicarbonate. The mixture was
      extracted with ethyl acetate and the extract was dried over magnesium
      sulphate, filtered and evaporated. The residue was crystallised from
      methanol to give a white solid, m.p. 161.degree.-162.degree..
PAC  EXAMPLE 12
PAR  a. 3,4-Dihydro-5-methyl-7-propyl-2-propylaminoimidazo[  5,1f]-as-triazine,
      hydrochloride
PAR  N-(3,4-Dihydro-4-oxo-5-methyl-7-propylimidazo[ 5,1-f]-as-triazin-2-yl)
      propionamide, hydrochloride (5.08g.) and lithium aluminium hydride (5 g.)
      in dry tetrahydrofuran (300 ml.) were stirred and heated under reflux for
      60 hours and cooled. Water (5 ml.) was added dropwise followed by 5N
      sodium hydroxide (5 ml.) and water (15 ml.). The solid was filtered off
      and the filtrate was evaporated. The residue was dissolved in ethanol and
      hydrogen chloride in ether was added to give a solid that was crystallised
      from a mixture of ethanol and ethyl acetate and had m.p.
      264.degree.-272.degree..
PAR  In a similar manner:
PAR  b. 2-Benzylamino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazine,
      hydrochloride was prepared from
      N-(3,4-Dihydro-4-oxo-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)benza
     mide and had m.p. 235.degree.-240.degree..
PAR  c.
      3,4-Dihydro-5-methyl-2(2-phenylethylamino)-7-propylimidazo[5,1-f]-as-triaz
     ine, hydrochloride, m.p. 195.degree.-200.degree., was obtained from
      N-(3,4-dihydro-4-oxo-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)pheny
     lacetamide, methanesulphonate.
PAR  d.
      3,4-Dihydro-2-(3,4-dimethoxybenzylamino)-5-methyl-7-propylimidazo[5,1f]-as
     -triazine m.p. 120.degree.-123.degree. (66%) was prepared from
      N-(3,4-dihydro-4-oxo-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)-3,4-
     dimethoxybenzamide, methanesulphonate.
PAR  e. 2-Ethylamino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazine,
      hydrogen maleate m.p. 129.degree.-130.5.degree. was obtained from
      N-(3,4-Dihydro-5-methyl-4-oxo-7-propylimidazo[5,1-f]-as-triazin-2-yl)aceta
     mide hydrochloride.
PAR  f. 3,4-Dihydro-2-iso-amylamino-5-methyl-7-propylimidazo[5,1-f]-as-triazine
      m.p. 157.degree.-167.degree. and its hydrochloride m.p.
      271.degree.-276.degree. are prepared from
      N-(3,4-Dihydro-4-oxo-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)isobu
     tyramide hydrochloride.
PAC  EXAMPLE 13
PAC  2-Methylamino-3,4-dihydro-5-methyl-7-isobutylimidazo [5,1f]-as-triazine,
      hydrochloride
PAR  N-(3,4-Dihydro-5-methyl-7-isobutylimidazo[5,1-f]-as-triazin-2-yl)formamide
      (Example 10b) (1 g.) and lithium aluminium hydride (0.9 g.) in dry
      tetrahydrofuran (60 ml.) were heated under reflux for 4.5 hours, and
      cooled. Water (1 ml.) was added dropwise followed by 5N sodium hydroxide
      (1 ml.) and water (3 ml.). The mixture was filtered and the filtrate was
      evaporated. The residue in ethanol was treated wiith hydrogen chloride in
      ether and the solid was crystallised from a mixture of ethanol and ethyl
      acetate and had m.p. 290.degree.-293.degree.(d).
PAC  EXAMPLE 14
PAC  2-Amino-3,4-dihydro-5-methyl-4-phenyl-7-propylimidazo[ 5,1f]-as-triazine,
      hydrochloride
PAR  2-Amino-5-methyl-7-propylimidazo[5,1-f]-as-triazine (Example 4) (1.9 g.) in
      dry tetrahydrofuran (75 ml) was added to phenyl magnesium bromide (from
      bromobenzene (7.85 g.) and magnesium (1.2 g.) in ether (60 ml.) and the
      mixture stirred for 5 hours. Saturated aqueous ammonium sulphate (50 ml.)
      was added and the organic layer was separated, dried over magnesium
      sulphate and filtered and concentrated. The solid was crystallised from
      aqueous ethanol and dried and had m.p. 278.degree.-279.degree.. The solid
      in ethanol was treated with hydrogen chloride in ether and the solid was
      collected and crystallised from a mixture of ethanol and ether and had
      m.p. 179.degree.-181.degree..
PAR  b. In a similar way,
      2-amino-3,4-dihydro-4(p-methoxyphenyl)-5-methyl-7-propylimidazo[5,1f]-as-t
     riazine, hydrochloride was prepared from p-methoxyphenyl magnesium bromide
      and 2-amino-5-methyl-7-propylimidazo[5,1-f]-as-triazine (Example 4) and
      had m.p. 178.degree.-181.degree..
PAC  EXAMPLE 15
PAC  4-Allyl-2-amino-3,4-dihydro-5-methyl-7-propylimidazo[5,1f]-as-triazine,
      hydrogen maleate
PAR  Allyl chloride (9.9 ml) in anhydrous tetrahydrofuran (75 ml) was added to
      magnesium turnings (2.9 g.) in anhydrous tetrahydrofuran (30 ml.). When
      the reaction was complete,
      2-amino-5-methyl-7-propylimidazo[5,1-f]-as-triazine (Example 4) (1.93 g.)
      in anhydrous tetrahydrofuran (20 ml.) was added and the mixture was
      stirred for 30 minutes. Ammonium chloride (6.5 g.) in water (25 ml.) was
      added and the organic layer was separated, dried over magnesium sulphate,
      filtered and evaporated. The solid in ethyl acetate (100 ml.) was treated
      with maleic acid (1.7 g) in ethyl acetate (100 ml.) and the solid was
      collected and crystallised from a mixture of isopropanol and ether and had
      m.p. 229.degree.-231.degree..
PAC  EXAMPLE 16
PAR  a. 2-Amino-3,4-dihydro-4,5-dimethyl-7-isobutylimidazo-[5,1-f]-as-triazine,
      hydrochloride
PAR  2-Amino-3,4-dihydro-7-isobutyl-5-methylimidazo [5,1-f]-as-triazine (Example
      3f) (2 g.) in dry ether (50 ml) was added to methyl magnesium iodide
      (prepared from magnesium (1.17 g.) and methyl iodide (2.56 ml.)) in ether
      (50 ml.). The mixture was heated under reflux for 2 hours and kept
      overnight. Aqueous ammonium chloride (100 ml., 1%) was added and the ether
      layer was separated. The aqueous layer was kept for 4 days and the solid
      that crystallised was collected and crystallised from a mixture of ethanol
      and ethyl acetate and had m.p. 265.degree.-267.degree.. (The hydrochloride
      had m.p. 142.degree.-143.degree.).
PAR  b. In a similar manner,
      2-amino-3,4-dihydro-4-ethyl-5-methyl-7-propylimidazo[5,1-f]-as-triazine
      was prepared from 2-amino-5-methyl-7-propylimidazo[5,1-f]-as-triazine
      (Example 4) and ethylmagnesium bromide. It was isolated as its
      hydrochloride salt which was crystallised from a mixture of isopropanol
      and ether and had m.p. 170.degree.-172.degree..
PAR  c. 2-Amino-3,4-dihydro-4,5-dimethyl-7-propylimidazo[5,1-f]-as-triazine m.p.
      268.degree.-271.degree. (crystallised from ethyl acetate) and its
      hydrochloride m.p. 252.degree.-254.degree. (crystallised from a mixture of
      ethanol and ether) were prepared from
      2-amino-5-methyl-7-propylimidazo[5,1-f]-as-triazine (Example 4) and methyl
      magnesium iodide.
PAC  EXAMPLE 17
PAC  N-(4-Benzyl-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)ace
     tamide, hydrochloride
PAR  2-Amino-5-methyl-7-propylimidazo[5,1-f]-as-triazine (Example 4) (1.9 g.)
      was added to benzyl magnesium chloride (prepared from benzyl chloride (6.3
      g.) and magnesium (1.2 g.)) in ether (400 ml.), and the mixture was
      stirred for 4 hours at room temperature. Aqueous ammonium chloride (50
      ml., 20%) was added and the aqueous layer was separated and extracted with
      ethyl acetate. The extracts were dried over magnesium sulphate, filtered
      and evaporated and the residue was chromatographed on silica gel (100 g.).
      Fractions eluted with ethyl acetate were discarded. The fractions eluted
      with a mixture of ethyl acetate and methanol (4:1) were evaporated to give
      2-amino-4-benzyl-3,4-dihydro-5-methyl-7-propylimidazo [5,1-f]-as-triazine
      as a gum (0.83 g.). This gum (0.7 g.) and acetyl chloride (0.3 ml.) in
      glacial acetic acid (10 ml.) were heated at 100.degree. for 2.5 hours.
      Acetic acid was distilled off and the residue was crystallised from a
      mixture of ethanol and ethyl acetate to give a white solid, m.p.
      240.degree.-241.degree..
PAC  EXAMPLE 18
PAR  a.
      5-(2-Amino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-4-yl)-ba
     rbituric acid
PAR  Barbituric acid (1.36 g.) and
      2-amino-5-methyl-7-propylimidazo[5,1-f]-as-triazine (Example 4) (2 g.) in
      water (60 ml.) were stirred for 1.75 hours. The solid was collected and
      crystallised from water to give a solid m.p. 256.degree.-258.degree..
PAR  b.
      5-(2-Amino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-4-yl)bar
     bituric acid, hydrochloride
PAR  5(2-Amino-3,4-dihydro-5-methyl-7-propylimidazo
      [5,1-f]-as-triazin-4-yl)barbituric acid (0.5 g.) in ethanol (10 ml.) was
      treated with a solution of hydrogen chloride in ether. The solid was
      collected and crystallised from a mixture of methanol and ether and had
      m.p. 200.degree.-205.degree..
PAC  EXAMPLE 19
PAC  2-Amino-3,4-dihydro-4(4,4-dimethyl-2,6-dioxocyclohexyl)-5-methyl-7-propylim
     idazo[5,1-f]-as-triazine
PAR  2-Amino-5-methyl-7-propylimidazo[5,1-f]-as-triazine (Example 4) (1 g.) in
      aqueous ethanol (20 ml., 1:1) and 5,5-dimethylcyclohexane-1,3-dione (1 g.)
      in aqueous ethanol (20 ml., 1:1) were mixed. The solid was collected and
      dried and had m.p. 243.degree..
PAC  EXAMPLE 20
PAC  2-Amino-3,4-dihydro-4(p-methoxyphenacyl)-5-methyl-7-propylimidazo[5,1-f]-as
     -triazine, hydrochloride
PAR  2-Amino-5-methyl-7-propylimidazo[5,1-f]-as-triazine (Example 4) (1.9 g.),
      p-methoxyacetophenone (1.65 g.) and concentrated hydrochloric acid (2 ml.)
      in ethanol (50 ml.) were heated under reflux for 1.5 hours. The solvent
      was distilled off and the residue was treated with 2N sodium carbonate.
      The mixture was extracted with ethyl acetate and the extract was dried
      over magnesium sulphate, filtered and evaporated. The residue was
      crystallised from a mixture of ethyl acetate and light petroleum and had
      m.p. 193.degree.-195.degree.. The solid in ethanol (20 ml.) was treated
      with hydrogen chloride in ether. The mixture was further diluted with
      ether and the solid that crystallised from a mixture of isopropanol and
      ether and had m.p. 122.degree..
PAC  EXAMPLE 21
PAC  2-Amino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazine-4-sulphonic
      acid
PAR  Sodium metabisulphite (1.5 g.) in water (45 ml.) was added to
      2-amino-5-methyl-7-propylimidazo[5,1-f]-as-triazine (Example 4) (1.9 g.)
      in ethanol (20 ml.). The solid was collected and dried and had m.p.
      232.degree.-234.degree..
PAC  EXAMPLE 22
PAC  2-Diethylamino-5-methyl-7-propylimidazo[5,1-f]-as-triazine, hydrochloride
PAR  N-Ethyl-N-(3,4-dihydro-5-methyl-7-propylimidazo
      [5,1-f]-as-triazin-2-yl)acetamide, hydrochloride (Example 7) (4.1 g.) and
      lithium aluminium hydride (3.3 g.) in a mixture of dimethyl digol (130
      ml.) and diethyl digol (150 ml.) were heated under reflux for 24 hours and
      cooled. Water (3.37 ml.) was added followed by aqueous sodium hydroxide
      (3.3 ml.) and water (9.8 ml.). The solid was filtered off and the filtrate
      was evaporated. The residue was chromatographed on active alumina (300 g.)
      using ethyl acetate as eluent. The first 400 ml. of eluate was discarded
      and a fraction (900 ml.) then collected was evaporated to give an oil.
      This oil (1.1 g.) and palladium on charcoal catalyst (1 g., 10%) in
      p-cymene (60 ml.) were heated under reflux for 30 minutes, cooled and
      filtered. The filtrate was shaken with 2N hydrochloric acid (3 .times. 25
      ml.) and the aqueous acid solution was separated and neutralised by
      addition of potassium carbonate. The mixture was extracted with ethyl
      acetate and the extracts were dried over magnesium sulphate, filtered and
      evaporated. The residue in ether was treated with a solution of hydrogen
      chloride in anhydrous ether. The solid crystallised from a mixture of
      ethyl acetate and ether to give the product, m.p. 83.degree.-84.degree..
PAC  EXAMPLE 23
PAC  2-Amino-5-methyl-4-methylthio-7-propylimidazo[5,1-f]-as-triazine,
      hydrochloride
PAR  a. 2-amino-5-methyl-7-propylimidazo[5,1-f]-as-triazine-4(3H)-thione,
      hydrochloride.
PAR  2-amino-5-methyl-7-propylimidazo[5,1-f]-as-triazin-4(3H)-one hydrochloride
      (10 g.) and phosphorus pentasulphide (14 g.) in pyridine (150 ml.) were
      heated under reflux for 18 hours. The pyridine was distilled off and the
      residue was dissolved in 2N sodium hydroxide. Glacial acetic acid was
      added and the solid was collected and dissolved in ethanol. A solution of
      hydrogen chloride in ether was added and the solid was collected and
      crystallised from a mixture of ethanol and ether. It had m.p.
      290.degree.-292.degree..
PAR  b. 2-amino-5-methyl-4-methylthio-7-propylimidazo[5,1-f]-as-triazine
PAR  2-amino-5-methyl-7-propylimidazo[5,1-f]-as-triazine-4(3H)-thione,
      hydrochloride (0.65 g.) in a slight excess of 2N sodium hydroxide was
      treated with iodomethane (0.4 g.) and the mixture was stirred 2 hours at
      room temperature. The solid was collected and crystallised from aqueous
      ethanol and had m.p. 139.degree.-140.degree.. Its hydrochloride melted at
      207.degree.-208.degree..
PAR  c. 2-amino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazine,
      hydrochloride.
PAR  2-amino-5-methyl-4-methylthio-7-propylimidazo[5,1-f]-as-triazine (1 g.) and
      sodium borohydride (0.5 g.) in N-methylpyrrolidone (25ml.) were heated on
      a steam bath for 7 hours. Water (150 ml.) was added and the mixture was
      extracted continuously with ethyl acetate for 3 hours. The extract was
      dried over magnesium sulphate, filtered and evaporated and the residue was
      purified by chromatography on silica gel using a mixture of ethyl acetate
      and ethanol as eluent. The eluate was evaporated and the residue in
      ethanol was treated with a solution of hydrogen chloride in ether. The
      solid was crystallised from a mixture of ethanol and ether and had m.p.
      251.degree..
PAC  EXAMPLE 24
PAC  N-(3,4-Dihydro-5-methyl-4-oxo-7-propylimidazo[5,1-f]-as-triazin-2-yl)-2-phe
     nylacetamide, methanesulphonate
PAR  A mixture of 2-amino-5-methyl-7-propylimidazo [5,1-f]-as-triazin-4(3H)-one
      hydrochloride (3.0 g.), methanesulphonyl chloride (1.6 ml, 2.36 g.) and
      phenylacetic acid (15 g.) was stirred and heated at 140.degree. for 31/2
      hours. The mixture was allowed to cool then diluted with ether (75 ml). An
      oil separated which changed to a buff solid. This was collected, washed
      with ether, and recrystallised from ethanol-ethyl acetate to give the
      methanesulphonate salt of the phenylacetamide as white needles, m.p.
      214.degree.-219.degree..
PAR  By a similar procedure was prepared:
PA1  N-(3,4-dihydro-5-methyl-4-oxo-7-propylimidazo[5,1-f]-as-triazin-2-yl)
      propionamide, hydrochloride, m.p. 252.degree.-257.degree. (sinters at
      248.degree.) (from ethanol-ethyl acetate).
PA1  N-(3,4-dihydro-4-oxo-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)
      isobutyramide, hydrochloride, m.p. 248.degree.-255.degree. (from ethanol).
PA1  N-(3,4-dihydro-4-oxo-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)
      benzamide, methanesulphonate, m.p. 198.degree.-200.5.degree. (from ethyl
      acetate).
PA1  N-(3,4-dihydro-4-oxo-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)-3,4-d
     imethoxybenzamide, methanesulphonate, m.p. 211.degree.-213.5.degree. (from
      ethanol).
PAL  In these reactions toluene was used as a co-solvent.
PAC  EXAMPLE 25
PAC  2-Amino-7-isopropyl-5-methylimidazo[5,1-f]-as-triazin-4-one
      N-[1-(3-Amino-2-benzyl-2,5-dihydro-5-oxo-as-triazin-6-yl)
      ethyl]isobutyramide
PAR  3-Amino-1-benzyl-6 (1-Aminoethyl) as-triazin-5-one (1 g.) and isobutyric
      anhydride (0.75 ml.) in 1,4-dioxan (20 ml.) were stirred for some hours at
      room temperature. Ether was added and the solid was collected and
      crystallised from ethyl acetate. It had m.p. 226.degree.-228.degree..
PAR  In a similar way
      N-[1-(3-Amino-2-benzyl-2,5-dihydro-5-oxo-as-triazin-6-yl)ethyl]isovalerami
     de m.p. 149.5.degree. was prepared from
      3-amino-1-benzyl-6(1-aminoethyl)-as-triazin-5-one and isovaleric
      anhydride.
PAR  N-[1-(3-Amino-2-benzyl-2,5-dihydro-5-oxo-as-triazin-6-yl)ethyl]-cyclohexyla
     cetamide, m.p. 200.degree.-202.degree. (recrystallised from methanol) was
      obtained from 3-amino-1-benzyl-6(1-aminoethyl)-as-triazin-5-one and
      cyclohexyl-acetic anhydride.
PAC  N-[1-(3-Amino-2-benzyl-2,5-dihydro-5-oxo-as-triazin-6-yl)-ethyl]-4 methyl
      valeramide
PAR  4-Methylvaleric acid (0.5 g.) and methylamine (0.44 g.) in dioxan (25 ml.)
      was treated with piraloyl chloride (0.5 g.) in dioxan (25 ml.) and the
      mixture was stirred 1 hour at room temperature. The solid was filtered off
      and 3-amino-1-benzyl-6(1-aminoethyl)-as-triazin-5-one (1 g.) was added.
      The mixture was stirred for 24 hours at room temperature and ether (300
      ml.) was added. The solid was collected and crystallised from ethanol. The
      product had m.p. 188.degree.-190.degree..
PAR  In a similar way the following compounds were prepared from
      3-amino-1-benzyl-6(1-aminoethyl)-as-triazin-5-one and the appropriate
      acid.
PA1  N-[1-(3-amino-2-benzyl-2,5-dihydro-5-oxo-as-triazin-6-yl)ethyl]-3-methyl
      valeramide, m.p. 212.degree.-215.degree. (from ethanol).
PA1  N-[1-(3-amino-2-benzyl-2,5-dihydro-5-oxo-as-triazin-6-yl)ethyl]-2-methyl
      butyramide, m.p. 233.degree.-235.degree. (from ethanol).
PA1  N-[1-(3-amino-2-benzyl-2,5-dihydro-5-oxo-as-triazin-6-yl)ethyl]-cyclopentyl
     acetamide, m.p. 195.degree.-196.5.degree. (from a mixture of ethanol and
      ether).
PAC  N-[1-(3-Amino-4,5-dihydro-5-oxo-as-triazin-6-yl)ethyl]-isobutyramide,
      hydrochloride
PAR  N-[1-(3-Amino-2-benzyl-2,5-dihydro-5-oxo-as-triazin-6-yl)ethyl]-isobutyrami
     de (14.2 g.) 2N hydrochloric acid (50 ml.) and palladium oxide on charcoal
      catalyst (2 g.) and ethanol (250 ml.) was shaken with hydrogen at
      atmosphere pressure and room temperature. The catalyst was filtered off
      and the filtrate was evaporated to give the product, m.p.
      310.degree.-314.degree..
PAR  In a similar way the following compounds were prepared:
PA1  N-[1-(3-amino-4,5-dihydro-5-oxo-as-triazin-6-yl)ethyl]isovaleramide, m.p.
      281.degree..
PA1  N-[1-(3-amino-4,5-dihydro-5-oxo-as-triazin-6-yl)ethyl]cyclohexylacetamide,
      m.p. 200.degree.-202.degree..
PA1  N-[1-(3-amino-4,5-dihydro-5-oxo-as-triazin-6-yl)ethyl] 4-methylveleramide,
      m.p. 280.degree.-283.degree..
PA1  N-[1-(3-amino-4,5-dihydro-5-oxo-as-triazin-6-yl)ethyl]-3-methylvaleramide,
      298.degree.-300.degree..
PA1  N-[1-(3-amino-4,5-dihydro-5-oxo-as-triazin-6-yl)ethyl]-2-methylbutyramide,
      m.p. 268.degree.-270.degree..
PA1  N-[1-(3-amino-4,5-dihydro-5-oxo-as-triazin-6-yl)ethyl]cyclopentylacetamide,
      m.p. 313.degree.-315.degree..
PAC  2-Amino-7-isopropyl-5-methylimidazo[5,1-f]-as-triazin-4(3H)-one
PAR  N-[1-(3-Amino-4,5-dihydro-5-oxo-as-triazin-6-yl)ethyl]isobutyramide (1 g.)
      in polyphosphoric acid (10 g.) was heated at 150.degree. for 1 hour,
      cooled and poured onto ice. The solution was neutralised by the addition
      of sodium carbonate and extracted with ethyl acetate. The extract was
      dried over magnesium sulphate filtered and evaporated to give the product,
      m.p. 310.degree.-314.degree..
PAR  In a similar way, the following compounds were prepared:
PA1  2-Amino-7-isobutyl-5-methylimidazo[5,1-f]-as-triazin-4(3H)-one, m.p.
      251.degree..
PA1  2-Amino-7-cyclohexylmethyl-5-methylimidazo[5,1-f]-as-triazin-4(3H)-one m.p.
      278.degree.-283.degree..
PA1  2-Amino-5-methyl-7(3-methylbutyl)imidazo[5,1-f]-as-triazin-4(3H)-one m.p.
      251.degree.-255.degree..
PA1  2-Amino-5-7(2-methylbutyl)imidazo[5,1-f]-as-triazin-4(3H)-one m.p.
      220.degree.-232.degree..
PA1  2-Amino-5-methyl-7(1-methylbutyl)imidazo[5,1-f]-as-triazin-4(3H)-one, m.p.
      262.degree.-268.degree..
PA1  2-Amino-7-cyclopentylmethyl-5-methylimidazo[5,1-f]-as-triazin-4(3H)-one,
      m.p. 159.degree.-160.degree..
PAC  EXAMPLE 26
PAR  This Example gives representative formulations containing as active
      ingredient
      2-amino-3,4-dihydro-7-isobutyl-5-methylimidazo[5,1-f]-as-triazine referred
      in the Examples as AH 11554. This compound is used in the form of the
      hydrochloride which is referred to as AH 11554A.
PAR  Injection -- containing 10 mg AH 11554 per ml
TBL  Formula         per ml                                                    
     ______________________________________                                    
     AH 11554        11.76    mg (equivalent to                                
                              10 mg AH 11554 base)                             
     Sodium chloride  6.1     mg                                               
     Water for Injections to                                                   
                      1.0     ml                                               
     ______________________________________                                    
PAR  Method of manufacture
PAR  Dissolve the AH 11554 and the sodium chloride in 90% of the water for
      injections. When solution is complete make up to volume with further water
      for injections. Filter through a suitable clarifying filter.
PAR  The solution can then either be packed into 1 ml neutral glass snap-ring
      ampoules and sterilised by heating in an autoclave or by filtration or may
      be prepared aseptically.
PAR  Tablets
TBL  Formula         mg/tablet   mg/tablet                                     
     ______________________________________                                    
     AH 11554        29.4      mg    11.8    mg                                
     (equivalent to AH 11554                                                   
                     25        mg    10      mg                                
     base)                                                                     
     Lactose B.P.    146.6           120.2                                     
     Maize starch B.P.                                                         
                     20.0            15.0                                      
     Maize starch as 5% paste                                                  
                     2.0             1.5                                       
     Magnesium stearate B.P.                                                   
                     2.0             1.5                                       
        Final Tablet Weight                                                    
                     200             150                                       
     ______________________________________                                    
PAR  Method of Manufacture
PAR  Blend together the milled AH 11554 and Lactose. Prepare the requisite
      quantity of 5% Starch Paste and add to the mixed powder and mix until a
      uniform damp cohesive mass is formed. Granulate this mass by passing
      through a suitable mill or sieve to produce discrete granulates. Dry the
      granules in either a fluid bed drier or on trays in a hot air oven at a
      temperature of about 50.degree.C. After drying pass the granules through a
      30 mesh B.S. sieve to break up aggregates.
PAR  Mix together the dried granules, the Maize Starch and the Magnesium
      Stearate and compress on a suitable tablet press. The tablets containing
      30 mg AH 11554 each weigh about 200 mg and are 8.0 mm in diameter, those
      containing 10 mg AH 11554 each weigh about 156 mg and are 7.0 mm in
      diameter.
PAR  Inhalation Aerosol
TBL  Formulation          mg/metered dose                                      
     ______________________________________                                    
     1. AH 11554 base (micronised)                                             
                              0.5                                              
     2. Sorbiton trioleate    0.5                                              
     3. Trichlorofluoromethane B.P.                                            
                             23                                                
     4. Dichlorodifluoromethane B.P.                                           
                             85      mg                                        
     ______________________________________                                    
PAR  Method of Manufacture
PAR  Disperse the micronised AH 11554 base in the trichlorofluoromethane with
      the Sorbitan trioleate. Fill the requisite volume of this dispersion into
      suitable aerosol cans and seal by means of a suitable metering valve.
      Pressurise the containers by injecting the dichlorofluoromethane through
      the valve.
PAR  In an alternative formula components 1, 3 and 4 are identical to 1, 3 and 4
      identified above but 2 is replaced by Emulsifier YN 0.01 mg.
PAR  Topical Preparation
TBL  Formula                % w/v                                              
     ______________________________________                                    
     AH 11554 base           1.0                                               
     Cetomacrogol cream B.P.C. to                                              
                            100.0                                              
     ______________________________________                                    
PAR  Method of Manufacture
PAR  Prepare the cetomacrogol cream as directed in the B.P.C. 1968. Disperse the
      finely divided AH 11554 in a proportion of the cream and carefully
      incorporate this concentrated mixture into the remainder of the cream
      base. Subdivide into suitable lacquered aluminium tubes.
PAR  In an alternative formulation salbutamol sulphate is used as additional
      active ingredient in an amount up to 1.0% w/v. This is incorporated at the
      same stage as the AH 11554.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC4##
PAL  in which
PA1  R.sub.1 and R.sub.2 may be the same or different, represent a hydrogen
      atom, or a C.sub.1-6 alkyl group which may optionally be substituted by a
      phenyl group, or represent a C.sub.1-6 alkanoyl group of C.sub.1-6 alkane
      sulphonyl group;
PA1  R.sub.3 represents a hydrogen atom, or a C.sub.1-6 alkyl group which may
      optionally be subtituted by a phenyl group, or represents a C.sub.2-6
      alkenyl group, phenyl, methoxyphenyl, or C.sub.1-6 alkylthio group;
PA1  R.sub.4 represents a hydrogen atom or C.sub.1-6 alkyl group; and
PA1  R.sub.5 represents a hydrogen atom, a C.sub.1-6 alkyl group, which alkyl
      group may optionally be substituted by a C.sub.3-7 cycloalkyl group, or a
      phenyl group, and physiologically acceptable salts and addition products
      formed by nucleophilic addition.
NUM  2.
PAR  2. Compounds as claimed in claim 1 in which R.sub.1 represents a hydrogen
      atom or a methyl, ethyl, propyl, isobutyl, 3-methylbutyl group, or a
      3,4-dimethoxybenzyl, phenethyl, formyl, acetyl, butyryl, isovaleryl,
      benzoyl, 4-chlorobenzoyl or methanesulphonyl group.
NUM  3.
PAR  3. Compounds as claimed in claim 1 in which R.sub.2 represents an ethyl
      radical.
NUM  4.
PAR  4. Compounds as claimed in claim 1 in which R.sub.3 represents hydrogen,
      methyl, ethyl, benzyl, phenethyl, phenyl, 4-methoxyphenyl, allyl or
      methylthio.
NUM  5.
PAR  5. Compounds as claimed in claim 1 in which R.sub.4 represents hydrogen or
      methyl.
NUM  6.
PAR  6. Compounds as claimed in claim 1 in which R.sub.5 represents propyl,
      isopropyl, isobutyl, secbutyl, 2-methylbutyl, 3-methylbutyl,
      cyclopentylmethyl, cyclohexylmethyl or phenyl.
NUM  7.
PAR  7. Compounds as claimed in claim 1 in the form of physiologically
      acceptable salts with inorganic or organic acids.
NUM  8.
PAR  8. Compounds as claimed in claim 1 in the form of addition production
      formed by nucleophilic addition across the 3,4 bond when this is a double
      bond, with sodium bisulphite.
NUM  9.
PAR  9. A compound as claimed in claim 1 which is
      2-amino-3,4-dihydro-5-methyl-7-propylimidazo[5.1-f]-as-triazine.
NUM  10.
PAR  10. A compound as claimed in claim 1 which is
      2-amino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazine,
      hydrochloride.
NUM  11.
PAR  11. A compound as claimed in claim 1 which is
      2-amino-3,4-dihydro-7-isopropyl-5-methylimidazo[5,1-f]-as-triazine and its
      hydrochloride.
NUM  12.
PAR  12. A compound as claimed in claim 1 which is
      2-amino-3,4-dihydro-7-isobutyl-5-methylimidazo[5,1-f]-as-triazine and its
      hydrochloride.
NUM  13.
PAR  13. A compound as claimed in claim 1 which is
      2-amino-3,4-dihydro-5-methyl-7-phenylimidazo[5,1-f]-as-triazine and its
      hydrochloride.
NUM  14.
PAR  14. A compound as claimed in claim 1 which is
      2-amino-7-cyclohexylmethyl-3,4-dihydro-5-methylimidazo[5,1-f]-as-triazine.
NUM  15.
PAR  15. A compound as claimed in claim 1 which is
      2-amino-7-cyclohexylmethyl-3,4-dihydro-5-methylimidazo[5,1-f]-as-triazine,
      hydrogen maleate.
NUM  16.
PAR  16. A compound as claimed in claim 1 which is
      2-amino-3,4-dihydro-5-methyl-7(2-methylbutyl)imidazo[5,1-f]-as-triazine
      and its hydrochloride.
NUM  17.
PAR  17. A compound as claimed in claim 1 which is
      2-amino-7-cyclopenxylmethyl-3,4-dihydro-5-methylimidazo[5,1-f]-as-triazine
NUM  18.
PAR  18. A compound as claimed in claim 1 which is
      2-amino-3,4-dihydro-7(3-methylbutyl)imidazo[5,1-f]-as-triazine,
      hydrochloride.
NUM  19.
PAR  19. A compound as claimed in claim 1 which is
      2-amino-3,4-dihydro-5-methyl-7(1-methylpropyl)imidazo[5,1-f]-as-triazine
      and its dihydrochloride.
NUM  20.
PAR  20. A compound as claimed in claim 1 which is
      5-methyl-7-propyl-2-propylaminoimidazo[5,1-f]-as-triazine, hydrochloride.
NUM  21.
PAR  21. A compound as claimed in claim 1 which is
      2-benzylamino-5-methyl-7-propylimidazo[5,1-f]-as-triazine.
NUM  22.
PAR  22. A compound as claimed in claim 1 which is
      5-methyl-2(2-phenethylamino)-7-propylimidazo[5,1-f]-as-triazine and its
      hydrochloride.
NUM  23.
PAR  23. A compound as claimed in claim 1 which is
      2-isobutylamino-5-methyl-7-propylimidazo[5,1-f]-as-triazine and its
      hydrochloride.
NUM  24.
PAR  24. A compound as claimed in claim 1 which is
      2-(3,4-dimethoxybenzylamino)5-methyl-7-propylimidazo[5,1-f]-as-triazine.
NUM  25.
PAR  25. A compound as claimed in claim 1 which is
      2-amino-7-isobutyl-5-methylimidazo[5,1-f]-as-triazine.
NUM  26.
PAR  26. A compound as claimed in claim 1 which is
      2-amino-4(p-methoxyphenyl)-5-methyl-7-propylimidazo[5,1-f]-as-triazine and
      its hydrochloride.
NUM  27.
PAR  27. A compound as claimed in claim 1 which is
      2-amino-4,5-dimethyl-7-propylimidazo[5,1-f]-as-triazine.
NUM  28.
PAR  28. A compound as claimed in claim 1 which is
      2-amino-5-methyl-7-propylimidazo[5,1-f]-as-triazine, hydrochloride.
NUM  29.
PAR  29. A compound as claimed in claim 1 which is
      N-(5-methyl-7-propylimidazo[5,1-f]-as-triazine-2-yl) methanesulphonamide.
NUM  30.
PAR  30. A compound as claimed in claim 1 which is
      N-(3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)benzamide,
      hydrogen maleate.
NUM  31.
PAR  31. A compound as claimed in claim 1 which is
      N-(3,4-dihydro-5-methyl-7-isobutylimidazo[5,1-f]-as-triazin-2-yl)-p-chloro
     benzamide and its hydrochloride.
NUM  32.
PAR  32. A comound as claimed in claim 1 which is
      N-(3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)isovalerami
     de hydrochloride.
NUM  33.
PAR  33. A compound as claimed in claim 1 which is
      N-Ethyl-N-(3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)ace
     tamide, hydrochloride.
NUM  34.
PAR  34. A compound as claimed in claim 1 which is
      N-(3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)methanesulp
     honamide, methanesulphonate.
NUM  35.
PAR  35. A compound as claimed in claim 1 which is
      N-(3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)acetamide,
      hydrochloride.
NUM  36.
PAR  36. A compound as claimed in claim 1 which is
      N-(3,4-dihydro-7-isobutyl-5-methylimidazo[5,1-f]-as-triazin-2-yl)acetamide
     .
NUM  37.
PAR  37. A compound as claimed in claim 1 which is
      N-(3,4-dihydro-7-isopropyl-5-methylimidazo[5,1-f]-as-triazin-2-yl)acetamid
     e.
NUM  38.
PAR  38. A compound as claimed in claim 1 which is
      N-(3,4-dihydro-4,5-dimethyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)acetami
     de hydrochloride.
NUM  39.
PAR  39. A compound as claimed in claim 1 which is
      N-(3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)formamide.
NUM  40.
PAR  40. A compound as claimed in claim 1 which is
      N-(3,4-dihydro-5-methyl-7-isobutylimidazo[5,1-f]-as-triazin-2-yl)formamide
      and its hydrochloride.
NUM  41.
PAR  41. A compound as claimed in claim 1 which is
      N-(3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)butyramide,
      hydrochloride.
NUM  42.
PAR  42. A compound as claimed in claim 1 which is
      3,4-dihydro-5-methyl-7-propyl-2-propylaminoimidazo[5,1-f]-as-triazine,
      hydrochloride.
NUM  43.
PAR  43. A compound as claimed in claim 1 which is
      2-benzylamino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazine,
      hydrochloride.
NUM  44.
PAR  44. A compound as claimed in claim 1 which is
      3,4-dihydro-5-methyl-2(2-phenylethylamino)-7-propylimidazo[5,1-f]-as-triaz
     ine, hydrochloride.
NUM  45.
PAR  45. A compound as claimed in claim 1 which is
      3,4-dihydro-2-(3,4-dimethoxybenzylamino)-5-methyl-7-propylimidazo[5,1-f]-a
     s-triazine.
NUM  46.
PAR  46. A compound as claimed in claim 1 which is 2-Ethylamino
      3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazine.
NUM  47.
PAR  47. A compound as claimed in claim 1 which is 3,4-dihydro-2-iso
      amylamino-5-methyl-7-propylimidazo [5,1-f]-as-triazine and its
      hydrochloride.
NUM  48.
PAR  48. A compound as claimed in claim 1 which is
      2-methylamino-3,4-dihydro-5-methyl-7-isobutylimidazo[5,1-f]-as-triazine,
      hydrochloride.
NUM  49.
PAR  49. A compound as claimed in claim 1 which is
      2-amino-3,4-dihydro-5-methyl-4-phenyl-7-propylimidazo[5,1-f]-as-triazine,
      hydrochloride.
NUM  50.
PAR  50. A compound as claimed in claim 1 which is
      2-amino-3,4-dihydro-4(p-methoxyphenyl)-5-methyl-7-propylimidazo[5,1-as-tri
     azine, hydrochloride.
NUM  51.
PAR  51. A compound as claimed in claim 1 which is
      4-allyl-2-amino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazine,
      hydrogen maleate.
NUM  52.
PAR  52. A compound as claimed in claim 1 which is
      2-amino-3,4-dihydro-4,5-dimethyl-7-isobutylimidazo[5,1-f]-as-triazine,
      hydrochloride.
NUM  53.
PAR  53. A compound as claimed in claim 1 which is
      2-amino-3,4-dihydro-4-ethyl-5-methyl-7-propylimidazo[5,1-f]-as-triazine
      and its hydrochloride.
NUM  54.
PAR  54. A compound as claimed in claim 1 which is
      2-amino-3,4-dihydro-4,5-dimethyl-7-propylimidazo[5,1-f]-as-triazine and
      its hydrochloride.
NUM  55.
PAR  55. A compound as claimed in claim 1 which is
      N-(4-benzyl-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-2-yl)ac
     etamide, hydrochloride.
NUM  56.
PAR  56. A compound as claimed in claim 1 which is
      5-(2-amino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-4-yl)bar
     bituric acid.
NUM  57.
PAR  57. A compound as claimed in claim 1 which is
      5-(2-amino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazin-4-yl)bar
     bituric acid, hydrochloride.
NUM  58.
PAR  58. A compound as claimed in claim 1 which is
      2-amino-3,4-dihydro-4(4,4-dimethyl-2,6-dioxocyclohexyl)-5-methyl-7-propyli
     midazo[5,1-f]-as-triazine.
NUM  59.
PAR  59. A compound as claimed in claim 1 which is
      2-amino-3,4-dihydro-4(p-methoxyphenacyl)-5-methyl-7-propylimidazo[5,1-f]-a
     s-triazine, hydrochloride.
NUM  60.
PAR  60. A compound as claimed in claim 1 which is
      2-amino-3,4-dihydro-5-methyl-7-propylimidazo[5,1-f]-as-triazine-4-sulphoni
     c acid.
NUM  61.
PAR  61. A compound as claimed in claim 1 which is
      2-diethylamino-5-methyl-7-propylimidazo[5,1-f]-as-triazine, hydrochloride.
NUM  62.
PAR  62. A compound as claimed in claim 1 which is
      2-amino-5-methyl-4-methylthio-7-propylimidazo[5,1-f]-as-triazine,
      hydrochloride.
NUM  63.
PAR  63. The process for the preparation of compounds of the formula:
      ##SPC5##
PAL  and physiologically acceptable salts and addition products thereof in which
PA1  R.sub.1, r.sub.2 which may be the same or different, represent a hydrogen
      atom, or a C.sub.1-6 alkyl group which may optionally be substituted by a
      phenyl group, or represent a C.sub.1-6 alkanoyl group or C.sub.1-6 alkane
      sulphonyl group;
PA1  R.sub.4 represents a hydrogen atom or a C.sub.1-6 alkyl group; and
PA1  R.sub.5 represents a hydrogen atom, a C.sub.1-6 alkyl group, which alkyl
      group may optionally be substituted by a C.sub.3-7 cycloalkyl group, or a
      phenyl group, which comprises the reduction with a metal hydride, diborane
      or sodium-dihydro-bis(2-methoxymethoxy)aluminate, of a compound having the
      formula:
      ##SPC6##
PAL  in which
PA1  R.sub.1, r.sub.2, r.sub.4 and R.sub.5 have the meanings given above.
NUM  64.
PAR  64. A process as claimed in claim 63 in which the reduction is effected
      with a metal hydride which is lithium aluminium hydride.
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PAL  Process for the production of 2-R.sup.1 substituted-4- hydroxy-5-R.sup.2
      substituted -6-hydroxy methyl-pyrimidines having the following general
      formula:
      ##EQU1##
      wherein R.sup.1 can be an alkyl group, a phenyl group or --H, and wherein
      R.sup.2 can be an alkyl group, a phenyl group or --H. The process includes
      reacting a 2-R.sup.1 substituted -4-hydroxy-5-R.sup.2 substituted
      -6-chloromethyl-pyrimidine having the following general formula:
      ##EQU2##
      wherein R.sup.1 and R.sup.2 are defined as above, with water under reflux
      at a pH value of 4 to 8.
PARN
PAR  This application is a continuation-in-part of co-pending U.S. Ser. No.
      258,485, filed on June 1, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THIS INVENTION
PAR  1. Field of This Invention
PAR  This invention involves the production of
      4-hydroxy-6-hydroxymethyl-pyrimidines, and more particularly the
      production of such compounds from the corresponding chloromethyl
      pyrimidines.
PAR  2. Prior Art
PAR  6-HYDROXYMETHYL PYRIMIDINES HAVE BEEN PRODUCED FROM THE CORRESPONDING
      6-CHLOROMETHYLPYRIMIDINES. In such cases the 6-chloromethyl compound is
      first converted to the 6-acetoxymethyl derivative by treatment with an
      aqueous silver acetate solution, and this derivative is then converted by
      heating with barium hydroxide in water to the 6-hydroxymethyl derivative
      (Zentralblatt, 1913, II, page 273). Such a process is cumbersome and
      requires a reaction of two stages. Furthermore, large quantities of silver
      acetate are consumed.
PAR  Synthetic Methods of Organic Chemistry, (W. Teilheimer, Publishers of S.
      Krager, Basel) 2 76 No. 237, teaches that 5-chloromethyl furfural is
      poured into a large quantity of boiling water so that the concentration of
      the developing HCl will be so weak that it will not react with the
      reaction product. 5-oxymethyl furfural results with a yield of 90 percent.
      (W. N. Haworth and W. G. M. Jones, Soc. 1944, p 667, is cited as the
      source.) The reaction is:
      ##EQU3##
PAR  Journal of the American Chemical Society, 73, pp. 2,388 to 91 (1951),
      teaches the following reaction:
      ##EQU4##
      The purity was only 90 percent after two crystallization steps during its
      purification.
PAR  Dutch Pat. No. 126,387 teaches a process of preparing 4-chloropyrimidines
      (and their salts) having the following formula:
      ##EQU5##
      wherein: R.sub.1 signifies an alkyl radical with at most 4 carbon atoms;
      R.sub.2 an alkylene radical with at most 4 carbon atoms; R.sub.3 signifies
      a chlorine atom; X signifies a direct bond or an alkylene radical with at
      most 4 carbon atoms; R.sub.4 signifies a phenyl radical substituted by one
      or more halogen atoms, alkyl, alkoxy, or alkenyloxy groups, with each
      having at most 4 carbon atoms, amino, alkylamino groups with at most 4, or
      dialkylamino groups with altogether at most 8 carbon atoms; and R.sub.5
      signifies a halogen atom, an alkyl or alkoxy group with at most 4 carbon
      atoms, a hydroxyl group, amino group, alkylamino group with at most 4, or
      a dialkylamino group with altogether at most 8 carbon atoms, or an
      alkylene amino group interrupted possibly by oxygen with at most 7 ring
      atoms. The products are pharmacologically active. That Dutch patent is
      based on Dutch Patent Application No. 6,503,747 (Ciba) and was published
      prior to examination.
PAR  A typical process is:
      ##EQU6##
      See for example, column 17, example XIV.
PAR  That Dutch patent also teaches a process for the production of
      pharmaceutical preparations by the mixing of a pharmacologically effective
      substance of a compound (obtained by the process of the Dutch patent) with
      a carrier.
PAR  Attention is also drawn to: U.S. Pat. No. 3,048,587; Brown, "The
      Pyrimidines", Interscience Publishers, (1962), pp. 214-5; Brown, "The
      Pyrimidines -- Supplement I", Interscience Publishers, (1970), p. 161;
      McCasland, G. E. et al., J. Am. Chem. Soc. 68 (1946); and British Patent
      No. 471,416.
PAC  BROAD DESCRIPTION OF THIS INVENTION
PAR  It is the object of this invention to carry out the conversion of the
      6-chloromethyl group of a corresponding pyrimidine to the 6-hydroxymethyl
      group in a simple manner with very high yields of a very pure product.
PAR  This invention involves a process for the production of 2-R.sup.1
      substituted-4-hydroxy-5-R.sup.2 substituted -6-hydroxy methyl pyrimidines
      having the following general formula:
      ##EQU7##
      wherein R.sup.1 can be an alkyl group having 1 to 10 carbon atoms, a
      phenyl group or --H and wherein R.sup.2 can be an alkyl group having 1 to
      10 carbon atoms, a phenyl group or --H. The process includes reacting a
      2-R.sup.1 substituted -4-hydroxy-5-R.sup.2 substituted -6-chlormethyl
      pyrimidine having the following general formula:
      ##EQU8##
      wherein R.sup.1 and R.sup.2 are defined as above, with water under reflux
      at a pH value of 4 to 8.
PAR  Preferably the pH ranges between 6 and 7. Also, preferably the pH value is
      maintained by the use of buffers. The pH value can be maintained by the
      continuous controlled addition of an alkaline reacting compounds.
      Alternatively, a buffer is present as the reaction starts and the reaction
      is periodically interrupted and an alkaline reacting compound is added
      thereto to maintain the pH value in the stated range. (This is a
      modification of the preferred embodiment.)
PAC  DETAILED DESCRIPTION OF THIS INVENTION
PAR  The reaction can be conducted at atmospheric pressures or at pressures in
      excess of atmospheric pressure. It has been found that pressures of up to
      about 20 atmospheres are effective.
PAR  The water enters into the reaction, but also serves as the solvent. The
      water should therefore be present in excess of that needed for the
      reaction; preferably 5 to 500 times more water is present, on a weight
      basis, than the 2-R.sup.1 substituted -4-hydroxy-5-R.sup.2
      substituted-6-chloromethyl pyrimidine.
PAR  It is important in the process of this invention that the conversion be
      carried out approximately at the neutral point. Indeed, as soon as the
      reaction solution becomes acidic, because of a separation of HCl,
      secondary reactions occur which lead to an impure product having a deep
      brown color instead of a pure product. Naturally, there is quite a
      decrease in the yield. An acidic pH up to 4 can be used, but the above is
      why the slightly acidic or neutral pH range of 6 to 7 is preferred. The
      products of this invention have a purity of about 97 to 98 percent.
PAR  The pH values of 4 to 8 and preferably 6 to 7 for the reaction mixture can
      be maintained (i) by use of a buffer compound, for example, sodium
      acetate, or potassium dihydrogen phosphate-dipotassium hydrogen phosphate,
      or (ii) by a continuous controlled addition of an alkaline reacting
      compound, for example, sodium hydroxide solution. Such addition of alkali
      reacting compound is at the rate of consumption, in the reaction mixture,
      and is best coupled with an electrometric pH measurement to assure
      accurate control of the rate of addition.
PAR  Any compatible buffer can be used to maintain the pH value within the
      indicated range (or preferred range). Examples of useful buffer compounds
      or systems are: sodium acetate (preferred), potassium dihydrogen phosphate
      - dispotassium hydrogen phosphate (preferred), potassium dihydrogen
      phosphate - sodium hydroxide, potassium hydrogen phthalate - sodium
      hydroxide, potassium hydrogen phthalate, disodium hydrogen phosphate,
      potassium dihydrogen phosphate - disodium hydrogen phosphate, sodium
      dihydrogen phosphate - disodium hydrogen phosphate and MacIlvaine's Buffer
      Mixture (disodium acid phosphate - citric acid).
PAR  The alkaline reacting compounds can be inorganic or organic compounds.
      Examples of inorganic alkaline reacting compounds are sodium hydroxide,
      beryllium hydroxide, calcium hydroxide, and sodium carbonate. Examples of
      organic alkaline reacting compounds are trisobutyl amine and
      ethyldiisopropylamine.
PAR  Details of the definitions of R.sup.1 and R.sup.2 follow.
PAR  R.sup.1 can be a lower alkyl group containing one to 10 carbon atoms and
      can be a straight chain or branch chain alkyl group. Examples of useful
      alkyl groups which R.sup.1 can be are: methyl, ethyl, n-propyl, isopropyl,
      n-butyl, isobutyl, n-pentyl, isopentyl, n-hexyl, n-heptyl, n-octyl,
      n-nonyl, n-decyl, neopentyl, 2,4-dimethyl-3-pentyl, 2-heptyl, 3-heptyl,
      2-methyl-2-heptyl, 3-methyl-2-heptyl, 4-heptyl, 2,6-dimethyl-4-heptyl,
      4-ethyl-4-heptyl, 2-methyl-1-heptyl, 4-methyl-4-heptyl, 3-methyl-1-heptyl,
      4-propyl-4-heptyl, 4-methyl-1-heptyl, 2,2,3,3-tetramethyl butyl,
      2,3-dimethyl pentyl, 2,2,4-trimethyl pentyl, 2,4-dimethyl-3-ethyl-3-hexyl,
      2-ethyl-hexyl, 2-butyl, t.-butyl, 2-methyl-1-butyl, 2-pentyl, 3-pentyl,
      3-methyl-2-butyl, 2-methyl-2-butyl, 2-methyl-1-pentyl, 3-methyl-1-pentyl,
      4-methyl-1-pentyl, 2-ethyl-1-butyl, t.-amyl, 2,3-dimethyl-1-butyl,
      2-hexyl, 3-hexyl, 3-methyl-2-pentyl, 2,2-dimethyl-3-butyl,
      4-methyl-2-pentyl, 2,3-dimethyl-2-butyl, 2-methyl-3-pentyl, and
      3-methyl-3-pentyl, and 2-methyl- 2-pentyl.
PAR  R.sup.1 can be a phenyl group.
PAR  R.sup.1 can be a phenyl group or hydrogen.
PAR  R.sup.1 can also be butylbenzyl, 1-butyl-2-methylbenzyl, 1,2-diethylbenzyl,
      1-butyl-3-methylbenzyl, 1,3-diethylbenzyl, 1-butyl-4-methylbenzyl,
      1,4-diethylbenzyl, 1-sec.-butyl-4-methylbenzyl, 1,4-di-tert.-butylbenzyl,
      1-tert.-butyl-4-methylbenzyl, 1,2-diisopropylbenzyl,
      1,3-diethyl-5-methylbenzyl, 1,3-diisopropylbenzyl, 1,4-diisopropylbenzyl,
      1,2-dimethylbenzyl, 1,3-dimethylbenzyl, 1,4-dimethylbenzyl,
      1,2-dimethyl-4-ethylbenzyl, ethylbenzyl, 1,3-dimethyl-5-ethylbenzyl,
      isopropylbenzyl, 1,4-dimethyl-2-ethylbenzyl, pentylbenzyl,
      2,4-dimethyl-1-ethylbenzyl, propylbenzyl, 1-ethyl-4-isobutylbenzyl,
      1,2,3,4-tetraethylbenzyl, 1-ethyl-3-isopropylbenzyl,
      1,2,3,5-tetraethylbenzyl, 1-ethyl-4-isopropylbenzyl,
      1,2,4,5-tetraethylbenzyl, 1-ethyl-2-methylbenzyl, 1-ethyl-3-methylbenzyl,
      1-ethyl-4-methylbenzyl, 1-ethyl-4-propylbenzyl,
      1-isopropyl-3-methylbenzyl, (4-methyl-pentyl)benzyl,
      1-methyl-3-propylbenzyl, 1-methyl-4-propybenzyl, 1,2,4-triethylbenzyl,
      1,2,3-trimethylbenzyl, 1-methylbenzyl and 2-methylbenzyl.
PAR  R.sup.2 can be a lower alkyl group as defined for R.sup.1, and the examples
      for R.sup.1 are incorporated here for R.sup.2. R.sup.2 can be a phenyl
      group or hydrogen.
PAR  Examples of 2-R.sup.1 substituted-4-hydroxy-5-R.sup.2 substituted
      -6-chloromethyl-pyrimidines which can be used as starting materials in
      this invention are: 4-hydroxy-6-chloromethyl-pyrimidine,
      2-isopropyl-4-hydroxy-6-chloromethyl-pyrimidine, (preferred),
      2-methyl-4-hydroxy-6-chloromethyl-pyrimidine,
      2-(n-decyl)-4-hydroxy-6-chloromethyl-pyrimidine,
      2-(2-hexyl)-4-hydroxy-6-chloromethyl-pyrimidine,
      2-phenyl-4-hydroxy-6-chloromethyl-pyrimidine,
      2(2-methyl-1-pentyl)-4-hydroxy-6-chloromethyl-pyrimidine,
      2-isopropyl-4-hydroxy-5-isopropyl-6-chloromethyl-pyrimidine,
      2-isopropyl-4-hydroxy-5-methyl-6-chloromethyl-pyrimidine,
      2-phenyl-4-hydroxy-5-methyl-6-chloromethyl-pyrimidine,
      2-methyl-4-hydroxy-5-(2-hexyl)-6-chloromethyl-pyrimidine,
      4-hydroxy-5-methyl-6-chloromethyl-pyrimidine,
      4-hydroxy-5-(n-decyl)-6-chloromethyl-pyrimidine and
      4-hydroxy-5-phenyl-6-chloromethyl pyrimidine.
PAR  The pyrimidines are known to have what is termed almost universal utility
      in the pharmaceutical and therapeutic fields, i.e., almost every known
      pyrimidine is known to have pharmaceutical or therapeutic utility. This is
      the opposite of the steroid field. U.S. Pat. No. 3,048,587 at col. 1,
      lines 18 to 20, states that compounds having a pyrimidine nucleus are
      widely applicable in the pharmaceutical field. The following are various
      homologs, etc., of the pyrimidines of this invention which clearly
      establish that the pyrimidines of this invention have the utility of, or
      would clearly be expected by one ordinarily skilled in the art to have the
      utility of, the various analogs, homologs, etc., of the pyrimidines of
      this invention. This clearly establishes utility for the pyrimidines of
      this invention.
PAR  McCasland et al., Jour. Am. Chem. Soc., Vol. 68, 1946, pp. 2390-95,
      discloses the hydrochloride of the compound:
      ##EQU9##
      and teaches one ordinarily skilled in the art to expect that such
      compounds are antimalarials.
PAR  U.S. Pat. No. 3,299,067 teaches compounds having the formula:
      ##SPC1##
PAL  wherein Z is chlorine or bromine, wherein X and Y each are lower alkoxy,
      hydroxy, or hydroxylower-alkyl. Such compounds are useful in preparing
      certain 2-[1'-(benzyl and phenyl)-4'-piperazinyl]-pyrimidine derivatives,
      which are useful as peripherical vasodilators, analgesics and
      anti-inflammatory agents.
PAR  U.S. Pat. No. 3,631,045 teaches compounds having the formula:
      ##SPC2##
PAL  wherein R.sub.4 can be lower alkyl, phenyl or lower alkylphenyl. Such
      compounds are useful in preparing 4,5-diamino-7H-pyrrolo [2,3-d]
      pyrimidine derivatives which have central nervous system activity as
      depressants.
PAR  U.S. Pat. No. 3,651,063 teaches a compound having the formula:
      ##SPC3##
PAL  Such a compound is useful in producing 5-aminomethyl-2,4-dihydroxy-6-methyl
      pyrimidine derivatives, which potentiate the efficiency of antibiotics
      such as chloramphenicol and josamycin against the likes of Staphylococcus
      aureus.
PAR  U.S. Pat. No. 3,290,306 teaches compounds having the formula:
      ##SPC4##
PAL  wherein Hal is a halogen, e.g., chlorine, wherein Y is hydroxy, wherein
      R.sub.2 is lower alkyl, wherein X is lower alkylene or a direct bond and
      wherein R.sub.3 is phenyl. Such compounds are useful as sedatives,
      hypnotics and narcotics. That patent also teaches
      2-(R-O-Alk)-4-hydroxy-5-(R.sub.1 -X)-6-Z-pyrimidines wherein Z is
      hydrogen, lower alkyl or hydroxy, wherein Alk is lower alkylene, wherein X
      is lower alkylene or a direct bond, wherein R is a lower hydrocarbon
      radical or aliphatic character and wherein R.sub.1 is an aromatic radical.
      Such compounds are useful in preparing the first group of compounds.
PAR  U.S. Pat. No. 3,758,472 teaches compounds having the formula:
      ##SPC5##
PAL  wherein R.sub.1 and R.sub.5 and R.sub.6 are the same or different alkyl
      having 1 to 8 carbon atoms. Such compounds are useful as fungicides. Such
      compounds are also useful in making compounds having the formula:
      ##SPC6##
PAL  wherein R.sub.1 is hydrogen or an alkyl group having 1 to 4 carbon atoms
      and R.sub.2 is an alkyl group having 1 to 4 carbon atoms. Such compounds,
      where R.sub.1 and R.sub.2 are hydrogen, are the same as compounds taught
      in U.S. Pat. No. 3,676,443, which are intermediate in preparing certain
      fungicides and pesticides.
PAR  U.S. Pat. No. 3,382,248 discloses compounds having the formula:
      ##SPC7##
PAL  wherein R.sub.2 or lower alkoxyalkyl, which are useful in producing
      compounds having the formula:
      ##SPC8##
PAL  wherein R.sub.2 is hydrogen or lower alkoxyalkyl, which in turn are useful
      in producing certain 1,2-dihydro-1-hydroxypyrimidines. The latter
      compounds are useful as antihypertensive agents.
PAR  U.S. Pat. No. 3,328,169 teaches pyrimidines substituted with groups such as
      hydroxy, amino or alkyl (examples are 2,4-diamino-6-hydroxy-pyrimidine and
      2-hydroxy-4,6-diamino-pyrimidine). Such compounds are useful in producing
      certain menadione bisulfite adducts of organic nitrogenous bases, which
      are anti-hemorrhagic agents and have strong Vitamin K activity.
PAR  U.S. Pat. No. 3,126,271 teaches compounds having the formula:
      ##SPC9##
PAL  wherein R can be phenyl or phenyl alkyl, R.sub.1 can be methoxy, R.sub.2
      can be hydrogen or methyl, and R.sub.3 can be methoxy. Such compounds are
      useful as herbicides, particularily against crab grass, foxtail, wild
      oats, lamb's-quarters, red-root pigweed and Jimpson weed or field
      bondweed.
PAR  U.S. Pat. No. 3,317,536 discloses compounds having the formula:
      ##SPC10##
PAL  wherein Hal is a halogen atom, wherein R.sub.2 is lower alkyl, lower
      alkoxy, alkoxyalkyl, hydroxyalkyl or hydroxy-alkoxy and wherein R.sub.3 is
      hydrogen, lower alkyl or hydroxy-alkoxy. Such compounds are useful in
      producing certain 4-benzenesulfonamido-pyrimidine derivatives, which are
      useful as blood sugar depressants. That patent also teaches compounds
      having the formula:
      ##SPC11##
PAL  wherein R.sub.2 and R.sub.3 are as above for the first compounds and
      wherein R.sub.1 is hydrogen, alkoxy-alkoxy or hydroxy-alkoxy. Such
      compounds are useful in producing the above
      4-benzenesulfonamido-pyrimidine derivatives.
PAR  U.S. Pat. No. 3,499,898 disclose compounds having the formula:
      ##SPC12##
PAL  wherein R.sup.1 is amino, wherein R.sup.2 is hydrogen or hydroxy, wherein
      R.sup.3 is hydrogen or hydroxy and wherein Z is amino or hydroxy. Such
      compounds are useful in preparing certain substituted amino or hydroxy.
      Such compounds are useful in preparing certain substituted amino
      pyrimidines, which have anti-inflammatory and anti-pyretic properties.
PAR  U.S. Pat. No. 3,455,921 teaches compounds having the formula:
      ##SPC13##
PAL  wherein X is hydroxy or chlorine and wherein R.sup.1 is alkoxyalkyl in
      which the alkoxy and alkyl each contain less than 8 carbon atoms. Such
      compounds are useful as anti-hypercholesterolemics, anti-inflammatories
      and anti-germicidal when in the dihydroxy orm and as anti-microbials when
      in the dichloro form. Such compounds are useful in producing certain
      2,4-diazido-6- phenylpyrimidines, which are useful as antiinflammatories
      and are analgesic and hypotensive.
PAR  U.S. Pat. No. 3,707,560 teaches compounds having the formula:
      ##SPC14##
PAL  where Ar can be phenyl. Such compounds are useful in making
      4-amino-6-arylpyrimidines and salts thereof, which are useful as
      inhibitors of platelet aggregation and bronchodilators in mammals.
PAR  U.S. Pat. No. 3,741,968 teaches that the salts having the formula:
      ##SPC15##
PAL  wherein R is hydrogen, F, Cl, Br or I, are used to prepare certain
      0-(2-pyrimidyl) phosphates, which are useful as insecticides. More
      specifically, such phosphates are useful as insecticides against the corn
      root worm, house fly, Mexican bean beetle, pea aphid, plum curculio,
      southern army worm, two-spotted mite and mosquito.
DETD
PAR  The following examples describe aspects of this invention, but are not
      meant to limit the scope of this invention. In the examples and throughout
      the rest of this application, percentages, parts and ratios are on a
      weight basis unless otherwise stated or otherwise obvious to one
      ordinarily skilled in the art.
PAC  EXAMPLE 1
PAR  9.33 gm of 2-isopropyl-4-hydroxy-6-chloromethyl-pyrimidine (0.0495 mole)
      and 13.60 gm of sodium acetate (having 3 molecules water of
      crystallization, 0.10 mole) were heated in 200 ml of water under reflux
      (atmospheric pressure). At the 5, 24 and 48 hours periods in the reaction,
      the reaction was interrupted and the pH of the reaction mixture was
      adjusted to 7 with 1N sodium hydroxide solution. After 72 hours overall
      duration, the reaction was discontinued. (Throughout this reaction period
      the pH was always between 5 and 8.) 50 ml of 1N hydrochloric acid were
      added. Over a 5 hour period, acetic acid and water were distilled off,
      with the lost water continuously being replaced. The distillation residue
      was brought to a pH of 5 and was evaporated until dry. The dry residue
      subsequently was extracted with methylene chloride in a Soxhlet extractor
      (separation of NaCl and sodium acetate). After distillation off of the
      methylene chloride, the 2-isopropyl-4-hydroxy-6-hydroxymethyl-pyrimidine
      was obtained. The yield of the product was 93.72 percent and the product
      has a purity of 97.9 percent. The melting point of the product was
      186.2.degree. to 186.5.degree.C.
PAR  An analysis of the product was
TBL         C       H         N         O                                      
     ______________________________________                                    
     Found:   57.5%     7.0%      16.7%   18.8%                                
     Calculated                                                                
              57.08%    7.19%     16.66%  19.02%                               
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  Example 1 was repeated except that no buffer (sodium acetate) and no sodium
      hydroxide were used. When the
      2-isopropyl-4-hydroxy-6-chloromethyl-pyrimidine was treated with water
      under reflux, the pH value of the reaction solution in the course of the
      reaction to about 1. The resultant product had a deep brown color,
      indicating it was very impure, and the yield of this impure product
      amounted to 80 percent. This example represents an embodiment outside of
      this invention.
PAC  EXAMPLE 3
PAR  Example 1 was repeated except that the sodium acetate was replaced with an
      equal molar amount of a buffer mixture of potassium dihydrogen phosphate
      and dipotassium hydrogen phosphate. The resultant product was very pure
      and obtained in a very high yield.
PAC  EXAMPLE 4
PAR  Example 1 was repeated except that the reaction was conducted at a reflux
      pressure of five atmospheres. At the 0.5, 1 and 2 hour periods, the
      reaction was interrupted and the pH of the reaction mixture was adjusted
      to 7 with 1N sodium hydroxide solution. After 3 hours overall duration,
      the reaction was stopped. The resultant product was very pure and obtained
      in a very high yield.
PAC  EXAMPLE 5
PAR  Example 1 was repeated except that the sodium acetate was replaced with an
      equal molar amount of a buffer mixture of disodium acid phosphate and
      citric acid. The resultant product was very pure and obtained in a very
      high yield.
PAC  EXAMPLE 6
PAR  Example 1 was repeated except that the sodium acetate was replaced with an
      equal molar amount of a buffer mixture of potassium hydrogen phthalate and
      sodium hydroxide. The resultant product was very pure and obtained in a
      very high yield.
PAC  EXAMPLE 7
PAR  Example 1 was repeated except that 0.40 moles of sodium acetate were used
      and that the reaction was not interrupted after 5, 24 and 48 hours for the
      addition of sodium hydroxide. The resultant product was very pure and
      obtained in a very high yield.
PAC  EXAMPLE 8
PAR  Example 1 was repeated except that the sodium hydroxide was replaced with
      potassium hydroxide. The resultant product was very pure and obtained in a
      very high yield.
PAC  EXAMPLE 9
PAR  Example 1 was repeated except that the sodium hydroxide was replaced with
      sodium carbonate. The resultant product was very pure and obtained in a
      very high yield.
PAC  EXAMPLE 10
PAR  Example 1 was repeated except that the 2-isopropyl-4-hydroxy-6-chloromethyl
      pyrimidine was replaced with an equal molar amount of
      4-hydroxy-6-chloromethyl-pyrimidine. The resultant product was very pure
      and obtained in a very high yield.
PAC  EXAMPLE 11
PAR  Example 1 was repeated except that the 2-isopropyl-4-hydroxy-6-chloromethyl
      pyrimidine was replaced with an equal molar amount of
      4-hydroxy-5-methyl-6-chloromethyl-pyrimidine. The resultant product was
      very pure and obtained in a very high yield.
PAC  EXAMPLE 12
PAR  Example 1 was repeated except that the
      2-isopropyl-4-hydroxy-6-chloromethyl-pyrimidine was replaced with an equal
      molar amount of
      2-isopropyl-4-hydroxy-5-butylbenzyl-6-chloromethyl-pyrimidine. The
      resultant product was very pure and obtained in a very high yield.
PAC  EXAMPLE 13
PAR  9.33 gm of 2-isopropyl-4-hydroxy-6-chloromethyl-pyrimidine was placed in
      200 ml. of water. Enough sodium hydroxide was added to the mixture to
      adjust the pH to 7. The mixture was under reflux (atmospheric pressure)
      for 72 hours. Whenever the pH shifted from a pH of 7, as measured by a pH
      electrometer, enough sodium hydroxide was automatically added to the
      solution and the product was treated as in Example 1. The resultant
      product was very pure and obtained in a very high yield.
PAC  EXAMPLE 14
PAR  When Example 1 was repeated using no buffer, but only using aqueous sodium
      hydroxide or potassium carbon, an impure product was obtained. The yield
      was very low, only about 80 percent. It is believed that the byproduct is
      an oligomere having the formula:
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A process for the production of 2-R.sup.1 substituted-4-hydroxy
      -5-R.sup.2 substituted-6-hydroxymethyl-pyrimidines having the following
      formula:
PAL  wherein R.sup.1 can be an alkyl group having 1 to 10 carbons, phenyl group
      or --H, and wherein R.sup.2 can be an alkyl having 1 to 10 carbons, a
      phenyl group or --H, which comprises reacting a 2-R.sup.1
      substituted-4-hydroxy-5-R.sup.2 substituted-6-chloromethyl-pyrimidine
      having the following formula:
      ##EQU11##
      wherein R.sup.1 and R.sup.2 are defined above, with water under reflux at
      a pH value of 4 to 8, said pH not being outside the stated range during
      said reaction.
NUM  2.
PAR  2. A process as described in claim 1 wherein R.sup.1 is hydrogen.
NUM  3.
PAR  3. A process as described in claim 1 wherein R.sup.1 is an alkyl having 1
      to 10 carbons.
NUM  4.
PAR  4. A process as described in claim 1 wherein R.sup.1 is a phenyl group.
NUM  5.
PAR  5. A process as described in claim 1 wherein R.sup.1 is isopropyl and
      R.sup.2 is hydrogen.
NUM  6.
PAR  6. A process as described in claim 1 wherein R.sup.2 is hydrogen.
NUM  7.
PAR  7. A process as described in claim 1 wherein R.sup.2 is an alkyl having 1
      to 10 carbons.
NUM  8.
PAR  8. A process as described in claim 1 wherein R.sup.2 is a phenyl group.
NUM  9.
PAR  9. A process as described in claim 1 wherein R.sup.1 is isopropyl.
NUM  10.
PAR  10. A process as described in claim 1 wherein R.sup.1 is hydrogen and
      R.sup.2 is hydrogen.
NUM  11.
PAR  11. A process as described in claim 1 wherein R.sup.1 is hydrogen and
      R.sup.2 is an alkyl having 1 to 10 carbons.
NUM  12.
PAR  12. A process as described in claim 1 wherein R.sup.1 is an alkyl having 1
      to 10 carbons and R.sup.2 is an alkyl having 1 to 10 carbons.
NUM  13.
PAR  13. A process as described in claim 1 wherein R.sup.1 is an alkyl having 1
      to 10 carbons and R.sup.2 is hydrogen.
NUM  14.
PAR  14. A process as described in claim 1 wherein the pH value ranges between 6
      and 7.
NUM  15.
PAR  15. A process as described in claim 1 wherein the pH value is maintained by
      the use of a buffer.
NUM  16.
PAR  16. A process as described in claim 1 wherein said buffer is sodium acetate
      or a mixture of potassium dihydrogen phosphate and dipotassium hydrogen
      phosphate.
NUM  17.
PAR  17. A process as described in claim 1 wherein the pH value is maintained by
      the continuous controlled addition of an alkaline reacting compound.
NUM  18.
PAR  18. A process as described in claim 1 wherein said alkaline reacting
      compound is sodium hydroxide.
NUM  19.
PAR  19. A process as described in claim 1 wherein the reaction is conducted at
      atmospheric pressure or at a pressure in excess of atmospheric pressure.
NUM  20.
PAR  20. A process as described in claim 1 wherein said 2-R.sup.1
      substituted-4-hydroxy-5-R.sup.2 substituted-6-chloromethyl pyrimidine is
      2-isopropyl-4-hydroxy-6-chloromethyl-pyrimidine or
      4-chloromethyl-6-hydroxy-pyrimidine.
NUM  21.
PAR  21. A process as described in claim 1 wherein the reaction is conducted for
      between 1 and 100 hours.
NUM  22.
PAR  22. A process as described in claim 1 wherein a buffer is present as the
      reaction starts and wherein the reaction is periodically interrupted and
      an alkaline reacting compound is added thereto to maintain the pH value in
      the stated range.
NUM  23.
PAR  23. A process as described in claim 22 wherein said buffer is sodium
      acetate and said alkaline reacting compound is sodium hydroxide.
NUM  24.
PAR  24. A process as described in claim 1 wherein R.sub.1 is methyl and R.sub.2
      is hydrogen.
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ABST
PAL  Anti-inflammatory agents of the formula I:
      ##SPC1##
PAL  wherein
PA1  R is lower alkyl, cycloalkyl or cycloalkylalkyl,
PA1  R' is a radical of the formula
      ##SPC2##
PA1   in which Y and Y' are hydrogen, lower alkyl, lower alkoxy, halo or
      trifluoromethyl, or a radical of the formula
      ##SPC3##
PA1   in which Y" is hydrogen, halo or alkyl,
PAL  Are prepared by cyclizing a compound of formula II
      ##SPC4##
PAL  in which R and R' are as defined above, with phosgene.
BSUM
PAR  This invention relates to compounds which are
      1-substituted-4-cyclosubstituted-5,8-methano-tetrahydro quinazolinones and
      intermediates therefor and to methods and compositions utilizing the
      pharmacological properties of these compounds.
PAR  The compounds of this invention have the formula I:
      ##SPC5##
PAL  wherein:
PA1  R is lower alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 to 8 carbon atoms
      or cycloalkylalkyl of 4 to 10 carbon atoms in which the cycloalkyl is of 3
      to 8 carbon atoms and the alkyl of 1 to 3 carbon atoms,
PA1  R' is a radical of the formula
      ##SPC6##
PAL  In which Y and Y' are the same or different and represent hydrogen, halo of
      atomic weight of 18 to 36, lower alkyl, preferably containing from 1 to 2
      carbon atoms, e.g., methyl or ethyl, lower alkoxy, preferably containing
      from 1 to 2 carbon atoms, e.g., methoxy or ethoxy, or one of Y and Y' is
      trifluoromethyl while the other is hydrogen, or a radical of the formula
      ##SPC7##
PAL  In which Y" is hydrogen, halo of atomic weight of from 18 to 36, i.e.,
      fluorine, chlorine, or alkyl of 1 to 3 carbon atoms. This invention also
      comprises:
PAR  A. PREPARING A COMPOUND OF THE FORMULA I, above, by cyclizing a compound of
      formula II
      ##SPC8##
PAL  in which R and R' are as defined above, with phosgene, and
PAR  B) PREPARING A COMPOUND OF THE FORMULA Ia
      ##SPC9##
PAL  In which R' is as defined above, and R" has the same significance as R,
      defined above, except that it may not signify a tertiary alkyl group in
      which the tertiary carbon atom is directly attached to the ring nitrogen
      atom, by cyclizing a compound of formula IIa
      ##SPC10##
PAR  WHEREIN R' and R" are as defined above with a carbonic acid derivative
      selected from the group of
PA1  I, a C.sub.1-2 alkyl chlorocarbonate and
PA1  Ii, a 1,1'-carbonyldiimidazole.
PAR  Process a) is suitably carried out at a temperature of from -30.degree.C.
      to +50.degree.C., preferably -5.degree.C. to 30.degree.C. The reaction may
      be carried out in an organic solvent which is inert under the reaction
      conditions, suitably an aromatic hydrocarbon, e.g., benzene, toluene or
      xylene, preferably toluene. Other suitable solvents include dioxane. The
      mole ratio of the phosgene to the compound of formula II is not
      particularly critical, but a substantial excess of the phosgene is
      preferably employed. The process may optionally be carried out in the
      presence of an acid-binding agent such as an organic base, e.g., a
      trialkylamine or pyridine, preferably triethylamine. The reaction time may
      range for 1/2 to 10 hours, more usually 1 to 4 hours.
PAR  Process b) (i) is suitably carried out at a temperature of from
      -30.degree.C. to 100.degree.C., preferably -0.degree.C. to +30.degree.C.
      The reaction may be carried out in an organic solvent which is inert under
      the reaction conditions, suitably an aromatic hydrocarbon, e.g., benzene,
      toluene or xylene, preferably toluene. Other suitable solvents include
      dioxane or the alkyl chlorocarbonate. The mole ratio of the
      chlorocarbonate to the compound of formula IIa is not particularly
      critical, but a substantial excess of the alkyl chlorocarbonate is
      preferably employed. The process may optionally be carried out in the
      presence of an acid-binding agent such as an organic base, e.g., a
      trialkylamine or pyridine, preferably triethylamine.
PAR  Process b) (ii) is suitably carried out at a temperature of from
      0.degree.C. to 120.degree.C., preferably 40.degree.C. to 90.degree.C. The
      reaction is preferably carried out in an organic solvent which is inert
      under the reaction conditions, suitably an aromatic hydrocarbon, e.g.,
      benzene, toluene or xylene, especially benzene. An excess of
      1,1'-carbonyldiimidazole is preferably employed.
PAR  The compounds of the formula I and Ia can be isolated from the reaction
      mixtures by working up by conventional procedures.
PAR  The compounds of formula II above can be prepared by reacting a compound of
      formula III
      ##SPC11##
PAL  in which R is as defined above with a suitable strong base and a compound
      of formula IV
EQU  r'-c.tbd.n                                                 iv
PAR  in which R' is as defined above, in an inert solvent to form a solution of
      the Salt A
      ##SPC12##
PAR  in which R and R' are as defined above, and X is a metal, preferably
      lithium or magnesium, and quenching the solution with water.
PAR  Suitable strong bases are those which are capable of removing a hydrogen
      atom from the methylene group in the ring adjacent to the amine function
      of compound III to provide the desired anion for reaction with the
      compound of formula IV. They include the alkali metal salts, especially
      the lithium salt, of secondary amines such as diethylamine, dimethylamine
      and diisopropylamine, as well as other bases such as methyl magnesium
      iodide. One mol of the strong base and up to about 1.2 mols can be used
      per mol of the compound of formula III, preferably equimolar amounts are
      used.
PAR  The temperature of the reaction mixture is maintained at about 20.degree.
      to 80.degree.C.
PAR  Generally, the compound of formula III in a suitable solvent, such as
      benzene, is added to a solution of the base in a suitable solvent and
      allowed to react for about 10 to 60 minutes. The compound of formula IV,
      neat or in a suitable inert solvent, is then added to the reaction mixture
      of the base and compound III. The compounds III and IV and the strong base
      may, however, be brought together simultaneously.
PAR  The resulting reaction mixture containing the salt of formula A can, at
      this point, be treated by process a) and b) above to yield directly the
      compound of formula I. Suitable temperature control should be exercised,
      at this reaction is more exothermic than when compound II is employed.
      However, the salt solution is advantageously quenched with water to obtain
      the compound of formula II, which can be reacted in situ according to
      process a) or b) to form compound I, but is preferably extracted and
      washed first using conventional methods.
PAR  The compounds of formula III can be prepared by reacting compound of
      formula V
      ##SPC13##
PAL  with a compound of formula VI
EQU  r--nh.sub.2                                                vi
PAR  wherein R is as defined above, to eliminate one molecule of water,
      conveniently in the presence of a molecular sieve or a dehydrating agent,
      such as alumina, calcium chloride, phosphorus pentoxide or mixtures
      thereof.
PAR  This reaction can be carried out at temperatures from 0.degree. to about
      80.degree.C., conveniently 20.degree. to 30.degree.C. In cases where the
      compound of formula VI is volatile, an excess is generally mixed with the
      compound of formula V and the unreacted portion removed by vacuum
      distillation after removal of the dehydrating agent. When the compound of
      formula VI is non-volatile, equimolar proportions of compounds of formulae
      V and VI are mixed in suitable solvent such as benzene, the solvent then
      being removed in vacuo after completion of the reaction and after
      filtration of the dehydrating agent.
PAR  The compound of formula V is known.
PAR  The compounds of formula I are useful because they possess pharmaceutical
      activity in animals. In particular, the compounds I are useful as
      anti-inflammatory agents as indicated by the Carrageenan-induced edema
      test in rats on oral administration (20-180 mg./kg.). For the
      abovementioned use, the dosage administered will, of course, vary
      depending upon known factors such as the particular compound used and mode
      of administration. However, in general, satisfactory results are obtained
      when administered at a daily dosage of from about 4 milligrams to about
      200 milligrams per kilogram of body weight, preferably given in divided
      doses 2 to 4 times a day, or in sustained release form. For most mammals
      the administration of from about 280 milligrams to about 2000 milligrams
      of the compound per day provides satisfactory results and dosage forms
      suitable for internal administration comprise from about 70 milligrams to
      about 1000 milligrams of the compound in admixture with a solid or liquid
      pharmaceutical carrier or diluent.
PAR  The compounds of the formula I are also useful as analgesics as indicated
      by application of pressure to yeast-inflammed foot of the rat (oral
      administration). For such use, the compound may be administered to obtain
      satisfactory results in modes and forms similar to those employed in the
      treatment of inflammation and at dosages indicated above as applicable for
      the use of the compound in the treatment of inflammation.
PAR  For the above usage, oral administration with pharmaceutically acceptable
      carriers may take place in such conventional forms as tablets, dispersible
      powders, granules, capsules, syrups and elixirs. Such compositions may be
      prepared according to any method known in the art for the manufacture of
      pharmaceutical compositions, and such compositions may contain one or more
      conventional adjuvants, such as sweetening agents, flavoring agents,
      coloring agents, and preserving agents, in order to provide an elegant and
      palatable preparation. Tablets may contain the active ingredient in
      admixture with conventional pharmaceutical excipients, e.g., inert
      diluents such as calcium carbonate, sodium carbonate, lactose and talc,
      granulating and disintegrating agents, e.g., starch and alginic acid,
      binding agents, e.g., magnesium stearate, stearic acid and talc. The
      tablets may be uncoated or coated by known techniques to delay
      disintegration and adsorption in the gastro-intestinal tract and thereby
      provide a sustained action over a longer period. Similarly, suspensions,
      syrups and elixirs may contain the active ingredient in admixture with any
      of the conventional excipients utilized for the preparation of such
      compositions, e.g., suspending agents (methylcellulose, tragacanth and
      sodium alginate), wetting agents (lecithin, polyoxyethylene stearate and
      polyoxyethylene sorbitan monooleate) and preservatives
      (ethyl-p-hydroxybenzoate). Capsules may contain the active ingredient
      alone or admixed with an inert solid diluent, e.g., calcium carbonate,
      calcium phosphate and kaolin. The preferred pharmaceutical compositions
      from the standpoint of preparation and ease of administration are solid
      compositions, particularly hardfilled capsules and tablets.
PAR  A representative formulation is a capsule prepared by conventional
      techniques and containing the following ingredients:
TBL                           Parts                                            
     Ingredient               by Weight                                        
     ______________________________________                                    
     Compound of formula I, e.g., 1-isopropyl-                                 
     4-phenyl-5,8-methano-5,6,7,8-tetra-                                       
     hydro-2(1H)-quinazolinone                                                 
                               50                                              
     Inert solid diluent, e.g., kaolin                                         
                              200                                              
     ______________________________________                                    
PAR  Preferred compounds of formula I, from the point of view of pharmacological
      activity, are those in which R signifies an isopropyl radical.
PAR  The following examples show representative compounds encompassed within the
      scope of this invention and the manner in which such compounds are
      prepared. However, it is to be understood that the examples are for
      purposes of illustration only.
DETD
PAC  EXAMPLE 1
PAC  5,6,7,8-Tetrahydro-1-isopropyl-4-phenyl-5,8-methano-quinazolin-2(1H)-one.
      ##SPC14##
PAC  STEP A: N-isopropyl-2-norbornylidene imine
PAR  A mixture of 44 g. of norbornanone, 50 g. of isopropylamine, 40 ml. of
      hexane and 50 g. Linde Type 3A molecular sieves is allowed to stand for 17
      hours at room temperature, after which the solids are removed by
      filtration and the excess of isopropylamine is removed in vacuo at room
      temperature to obtain N-isopropyl-2-norbornylidene imine.
PAC  STEP B: 2-isopropylamino-.alpha.-phenyl-1-norbornene-1-methylenimine
PAR  To n-butyl lithium (189.5 ml. of a 15% solution in hexane) 1added a
      solution of 30.3 g. of diisopropylamine in 300 ml. benzene. After 15
      minutes 45.3 g. of N-isopropyl-2-norbornylidene imine is added while
      stirring. After stirring for a further 15 minutes, 30 g. benzonitrile
      added dropwise and the mixture stirred for 20 minutes, producing a red
      solution of the lithium salt of
      2-isopropylamino-.alpha.-phenyl-1-norbornene-1-methylenimine. The reaction
      mixture is then treated with 20 ml. of water to obtain a green solution
      containing 2-isopropylamino-.alpha.-phenyl-1-norbornene-1-methylenimine.
PAC  STEP C:
      5,6,7,8-Tetrahydro-1-isopropyl-4-phenyl-5,8-methanoquinazolin-2(1H)-one.
PAR  To the solution of
      2-isopropylamino-.alpha.-phenyl-1norbornene-1-methylenimine obtained in
      Step B, above, at 0.degree.C. is added 200 ml. of a 12.5% solution of
      phosgene in benzene. The reaction mixture is stirred for 30 minutes,
      extracted with 2N hydrochloric acid and the acidic extract made basic with
      50% sodium hydroxide solution. The basic solution is then extracted with
      methylene chloride and this extract dried, evaporated in vacuo and the
      residue crystallized from ether to obtain
      5,6,7,8-tetrahydro-1-isopropyl-4-phenyl-5,8-methano-quinazolin-2(1H)-one,
      m.p. 188.degree.-189.degree.C.
PAC  EXAMPLE 2
PAR  Following the procedure of Example 1 the following additional compounds of
      the invention are prepared:
PA1  a.
      5,6,7,8-tetrahydro-1-isopropyl-4-(4'-fluorophenyl)-5,8-methano-quinazolin-
     2(1H)-one.
PA1  b.
      5,6,7,8-tetrahydro-1-isopropyl-4-(2-thienyl)-5,8-methano-quinazolin-2(1H)-
     one.
PA1  c.
      5,6,7,8-tetrahydro-1-isopropyl-4-(3'-methoxyphenyl)-5,8-methano-quinazolin
     -2(1H)-one.
PA1  d. 5,6,7,8-tetrahydro-1-isopropyl-4-(3'-trifluoromethylphenyl)-5,8
      -methano-quinazolin-2(1H)-one.
PA1  e.
      5,6,7,8-tetrahydro-1-isopropyl-4-(3',4'-dimethoxyphenyl)-5,8-methano-quina
     zolin-2(1H)-one.
PA1  f.
      5,6,7,8-tetrahydro-1-cyclopropyl-4-phenyl-5,8-methano-quinazolin-2(1H)-one
PA1  g. 5,6,7,8
      -tetrahydro-1-cyclopropylmethyl-4-(4'-fluorophenyl)-5,8-methano-quinazolin
     -2(1H)-one.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC15##
PAL  wherein:
PA1  R is lower alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 to 8 carbon atoms
      or cycloalkylalkyl of 4 to 10 carbon atoms in which the cycloalkyl is of 3
      to 8 carbon atoms and the alkyl of 1 to 3 carbon atoms,
PA1  R' is a radical of the formula
      ##SPC16##
PAL  in which Y and Y' are the same or different and represent hydrogen, halo of
      atomic weight of 18 to 36, alkyl having from 1 to 2 carbon atoms, alkoxy
      having from 1 to 2 carbon atoms, or one of Y and Y' is trifluoromethyl
      while the other is hydrogen, or a radical of the formula
      ##SPC17##
PAL  in which Y" is hydrogen, halo of atomic weight of from 18 to 36 or alkyl of
      1 to 3 carbon atoms.
NUM  2.
PAR  2. A compound of claim 1 in which R' is phenyl or substituted phenyl.
NUM  3.
PAR  3. A compound of claim 2 in which R' is phenyl.
NUM  4.
PAR  4. A compound of claim 1 in which R is alkyl.
NUM  5.
PAR  5. A compound of claim 4 in which R is isopropyl.
NUM  6.
PAR  6. A compound of claim 2 in which R is isopropyl.
NUM  7.
PAR  7. The compound of claim 6 in which R' is phenyl.
NUM  8.
PAR  8. The compound of claim 6 in which R' is 4-fluorophenyl.
NUM  9.
PAR  9. A compound of claim 1 in which R is cyclopropylmethyl.
NUM  10.
PAR  10. The compound of claim 6 which is
      1-isopropyl-4-phenyl-5,8-methano-5,6,7,8-tetrahydro-2(1H)-quinazolinone.
PATN
WKU  039417883
SRC  5
APN  4636864
APT  1
ART  122
APD  19740424
TTL  Benzimidazole derivatives
ISD  19760302
NCL  3
ECL  1
EXA  Turnipseed; James H.
EXP  Gallagher; Richard J.
INVT
NAM  Hankovszky; Olga
CTY  Hajnoczy
CNT  HU
INVT
NAM  Hideg; Kalman
CTY  Hajnoczy
CNT  HU
INVT
NAM  Pacsa; Sandor
CTY  Pollack
CNT  HU
ASSG
NAM  Richter Gedeon Vegyeszeti Gyar Rt
CTY  Budapest
CNT  HU
COD  03
PRIR
CNT  HU
APD  19730509
APN  RI-508
CLAS
OCL  2602564F
XCL  2603092
XCL  424251
EDF  2
ICL  C07D23906
FSC  260
FSS  256.4 F
UREF
PNO  3468888
ISD  19690900
NAM  Chow
OCL  260256.4F
LREP
FRM  Toren, McGeady and Stanger
ABST
PAL  New benzimidazole derivatives of the general formula (I)
      ##SPC1##
PAL  and acid addition salts thereof, wherein
PA1  R.sub.1 and R.sub.2 each represent hydrogen or methyl,
PA1  R.sub.5 and R.sub.6 form together a valence bond and at the same time
      R.sub.3 and R.sub.4 form together a group of the general formula (II),
      ##EQU1##
      wherein n is equal to zero or one, or R.sub.4, R.sub.5 and R.sub.6 form
      together a group of the formula (III)
      ##EQU2##
      and at the same time R.sub.3 stands for benzyl group, were prepared by
      reacting a compound of the general formula (IV),
      ##SPC2##
PAL  wherein R.sub.7 stands for hydrogen or benzyl group and R.sub.1, R.sub.2
      and n each have the same meanings as defined above, or an acid addition
      salt thereof with epichlorohydrine optionally in the presence of a base.
PAL  The new compounds of the general formula (I) and their acid addition salts
      inhibit the reproduction of viruses and can be used in therapy as
      antiviral agents.
BSUM
PAR  This invention relates to new benzimidazole derivatives having the general
      formula (I)
      ##SPC3##
PAL  and acid addition salts thereof, wherein
PA1  R.sub.1 and R.sub.2 each represent hydrogen or methyl,
PA1  R.sub.5 and R.sub.6 form together a valence bond and at the same time
      R.sub.3 and R.sub.4 form together a group of the general formula (II),
      ##EQU3##
      wherein n is equal to zero or one, or
PAR  R.sub.4, R.sub.5 and R.sub.6 form together a group of the formula (III)
      ##EQU4##
      and at the same time R.sub.3 stands for a benzyl group.
PAR  The invention relates further to a process for the preparation of the above
      compounds.
PAR  We have found that the compounds of the general formula (I) exert an
      inhibiting effect on the reproduction of viruses.
PAR  Several references have been published on the inhibiting effect exerted by
      certain compounds of benzimidazole skeleton on the reproduction of
      viruses. In the early stage of the investigations Thompson reported on the
      inhibiting effect of benzimidazole exerted on the reproduction of vaccinia
      virus, the activity of this compound, however, proved to be poor even at
      very high concentrations (Thompson, R. L.: J Immunol. 55, 345 /1947/;
      ref.: C.A. 41, 4829 /1947/).
PAR  Starting from the structure of vitamine B.sub.12, the inhibiting effect
      exerted by 5,6-dimethyl-1-.alpha.-D-ribofuranosyl-benzimidazole and
      5,6-dichloro-1-.alpha.-D-ribofuranosyl-benzimidazole on influenza viruses
      was investigated later on (Bauer, D. J.: Brit. J. Exptl. Pathol. 36, 105
      /1955/; Tamm, I., Folkers, K., Horsfall, F. L. Jr.: Yale J. Biol. Med.,
      24, 559 /1952/). These compounds, however, did not prove to be as
      effective under in vivo conditions as expected (Kissmann, H. M., Child, R.
      G., Weiss, M. J.: J. Am. Chem. Soc. 79, 1185 /1957/).
PAR  The most thoroughly examined compound of the benzimidazole derivatives is
      2-(.alpha.-hydroxybenzyl)-benzimidazole (HBB). Its inhibiting effect on
      the reproduction of polio viruses was described in 1958 (Hollingshead A.
      C., Smith, P. K.: J. Pharmacol. Exptl. Therap., 123, 54 /1958/), and its
      effect on other viruses has also been examined in detail (Eggers H. J.,
      Tamm, I.: Virology, 18, 426 /1962/).
PAR  Certain other benzazole derivatives, i.e., benzthiazoles and benzoxazoles,
      have a medium inhibiting effect on the reproduction of influenza virus
      under in vitro conditions (Vaczi L., Hadhazy, Gy., Hideg, K., Gergely, L.,
      Hankovszky, O., Toth, F. D.: Acta Virol. 12, 371 /1968/). According to the
      investigations of Eggers et al. (Eggers, H. J., Tamm, I.: Annual Review of
      Pharmacology, Vol. 6., 231 /1966/), the benzimidazole compounds exert a
      perceptible action only on the small RNS viruses belonging to the picorna
      group.
PAR  Among the substituted benzimidazole derivatives of the invention containing
      an N-heterocyclic group a significant inhibiting effect on the
      reproduction of viruses was observed for the following compounds:
PAR  1,2,3,4-tetrahydro-3-hydroxy-pyrimido[1,2-a]benzimidazole,
      3,4-dihydro-3-hydroxy-7,8-dimethyl-10-benzyl-2H-pyrimido-[1,2-a]-benzimida
     zoline, and
PAR  2,3,4,5-tetrahydro-4-hydroxy-1H-(1,4)-diazepino[1,2-a]benzimidazole.
PAR  An outstanding representative of this group is
      1,2,3,4-tetrahydro-3-hydroxy-pyrimido[1,2-a]benzimidazole, which also
      inhibits the reproduction of DNS-containing viruses.
PAR  The inhibiting effect of the compounds exerted on the reproduction of
      viruses were examined by the method of Millar et al. (J. D. Millar, R. R.
      Roberto, H. Wulff, H. A. Wenner, D. A. Henderson: Bull. Wld. Hlth. Org.
      41, 749-760 /1969/). According to this method tissue cultures filled into
      test tubes were infected with different amounts of vaccinia virus (the
      amount of the virus being expressed in plaque forming units, (PFU), and
      the number of plaques developed in the cultures containing the compound to
      be tested was compared to that in the control cultures. It is to be noted
      that the plaques evoked by the virus can be counted easily in tube
      cultures, without using an agar layer.
PAR  The extent of inhibition was expressed as the percentage decreased of the
      plaque number with respect to the controls. On the basis of this test we
      have found that, e.g.,
      2,3,4,5-tetrahydro-3-hydroxypyrimido[1,2-a]benzimidazole in an amount of
      80 .mu.g./ml. exerts a 100 % inhibiting effect on 100 to 300 PFU of
      vaccinia virus, and even for extremely high virus dosages
      (5.times.10.sup.4 PFU) an inhibiting effect over 95% can be achieved by
      the same active agent concentration.
PAR  The above compound also exerts an inhibiting effect in lower concentrations
      against lower amounts of viruses, thus, e.g., in an amount of 5 .mu.g./ml.
      the compound has a 40% inhibiting effect on the reproduction of the virus
      in a dosage of 200 PFU, whereas in an aount of 10 .mu.g./ml. the compound
      exerts a complete inhibition on the same virus dosage.
PAR  In these experiments the strain of Lancy viruses adapted to HEp-2 tissue
      culture was used.
PAR  The new compounds of the general formula (I), wherein R.sub.1, R.sub.2,
      R.sub.3, R.sub.4, R.sub.5 and R.sub.6 each have the same meanings as
      defined above, as well as the acid addition salts thereof can be prepared
      according to the invention by reacting a compound of the general formula
      (IV)
      ##SPC4##
PAL  wherein R.sub.7 stands for hydrogen or benzyl group and R.sub.1, R.sub.2
      and n each have the same meanings as defined above, or an acid addition
      salt thereof, with epichlorohydrine optionally in the presence of a base,
      preferably alkali metal hydroxide, and, if desired, converting the
      thus-obtained free bases into their salts, or alternately, converting the
      thus-obtained salts into the free bases.
PAR  The benzimidazole derivatives of the general formula (IV), used as starting
      substance in the process of the invention, are known compounds.
PAR  The process of the invention is carried out preferably by dissolving or
      suspending a compound of the general formula (IV) in an inert solvent,
      such as alkanol or acetone, and thereafter adding the appropriate amount
      of epichlorohydrine and an organic or mineral base, such as an alkali
      hydroxide serving to bind the hydrochloric acid formed in the reaction, to
      the mixture. Epichlorohydrine may be used in stoichiometric amount or in a
      slight excess.
PAR  The acid binding agent can be added separately or together with the
      epichlorohydrine, one may also proceed, however, by adding first the acid
      binding agent and thereafter the epichlorohydrine to the reaction mixture.
      The organic or mineral base can be administered in the solid state or in
      the form of a solution or suspension formed with water or an aqueous
      organic solvent.
PAR  The reaction of the compound having the general formula (IV) with
      epichlorohydrine in the presence of an acid binding agent is in general
      carried out at elevated temperatures, preferably at the boiling point of
      the reaction mixture. The progress of the reaction can be monitored by the
      separation of the inorganic halide; i.e., the reaction is completed when
      the halide ceases to separate.
PAR  According to an advantageous method of the invention the separation of the
      halide salt in the form of an insoluble precipitate is ensured by properly
      selecting the amount and the nature of the solvent, whereby the
      end-product can be separated easily from the by-product.
PAR  As acid-binding agent, preferably an alkali or alkaline earth metal
      hydroxide, such as sodium hydroxide, potassium hydroxide, hydrated lime
      oxide, etc., is used.
PAR  In general, the compounds of the general formula (IV) are purchased in the
      form of their acid addition salts, as the salts of these compounds have an
      increased stability. The process of the invention is applicable to the
      acid addition salts of the compounds of the general formula (IV) as well.
      In this event a base, stronger than the benzimidazole base in question and
      thus capable of liberating the latter from its salt, is used in the
      reaction. The free bases are liberated according to known procedures.
      According to a preferred method alkali metal or alkaline earth metal
      hydroxides are added to the mixture in an amount also sufficient to bind
      the hydrochloric acid formed in the subsequent reaction with
      epichlorohydrine. The other steps of the reaction are the same as
      described above.
PAR  The compounds of the general formula (I) are generally separated after the
      removal of the solvent in the form of the free bases. These bases can be
      converted into their acid addition salts using calculated amounts of an
      organic or mineral acid.
PAR  The compounds of the invention can be converted into pharmaceutical
      products using organic or mineral carriers inert towards the active agents
      and suitable for enteral or parenteral administration.
PAR  The pharmaceutical compositions may contain the new compounds of the
      general formula (I) either alone or in combination with other known active
      agents.
PAR  If desired, the pharmaceutical products can be sterilized, or admixed with
      other auxiliary substances, such as salts influencing the osmotic
      pressure, buffers, etc.
DETD
PAR  The invention is elucidated in detail by the aid of the following
      non-limiting Examples.
PAC  EXAMPLE 1
PAC  1,2,3,4-Tetrahydro-3-hydroxy-pyrimido[1,2-a]benzimidazole hydrochloride
PAR  1.33 g. (0.01 moles) of 2-amino-benzimidazole are dissolved in 100 ml. of
      alcohol, and 0.4 g. (0.01 moles) of sodium hydroxide dissolved in 5 ml. of
      water are added to the mixture, followed by the addition of 0.92 g. (0.01
      moles) of epichlorohydrine. The reaction mixture is boiled for about 3
      hours. The reaction is completed when the inorganic salt ceases to
      separate. The separated sodium chloride is filtered off, washed with 2
      .times. 5 ml. of alcohol, and the combined filtrate and wash is evaporated
      to dryness. 1.8 g. (80%) of white, crystalline
      1,2,3,4-tetrahydro-3-hydroxy-pyrimido[1,2-a]benzimidazole are obtained;
      m.p.: 158.degree.-160.degree.C (heating rate: 4.degree.C/min.).
PAR  Analysis: Calculated for C.sub.10 H.sub.11 N.sub.3 O (189.21): C: 63.48%,
      H: 5.86%, N: 22.21%. Found: C: 63.24%, H: 5.80%, N: 22.34%.
PAR  The base is dissolved in a mixture of acetone and alcohol, and the solution
      is acidified to pH 3 with hydrochloric acid. The separated white crystals
      are filtered off and recrystallized from a 1:1 mixture of alcohol and
      ether. 1,2,3,4-Tetrahydro-3-hydroxy-pyrimido[1,2-a]benzimidazole
      hydrochloride is obtained with a yield of 89%. M.p.:
      214.degree.-216.degree.C (heating rate: 4.degree.C/min.).
PAR  Analysis: Calculated for C.sub.10 H.sub.11 N.sub.3 O.HCl (225.68): C:
      53.22%, H: 5.36%, N: 18.62%, Cl: 15.71%. Found: C: 53.47%, H: 5.57%, N:
      18.18%, Cl: 16.09%.
PAR  NMR-spectrum (in D.sub.2 O): 6.6 to 5.6 (complex, 5H, aliphatic protons);
      2.63 (4H, m, aromatic protons).
PAC  EXAMPLE 2
PAC  3,4-Dihydro-3-hydroxy-7,8-dimethyl-10-benzyl-2H-pyrimido[1,2-a]benzimidazol
     ine hydrochloride
PAR  2.51 g. (0.01 moles) of 1-benzyl-2-amino-5,6-dimethyl-benzimidazole are
      suspended in 100 ml. of alcohol, 5 ml. of an aqueous sodium hydroxide
      solution are added, and the solids are dissolved in the reaction medium
      under gentle heating. Thereafter 0.92 g. (0.01 moles) of epichlorohydrine
      are added, and the mixture is boiled until the separation of sodium
      chloride ceases. The reaction mixture is cooled, the sodium chloride is
      removed by filtration, and washed with alcohol. The combined filtrate and
      wash is evaporated to dryness. The solid residue is dissolved in a mixture
      of ether and alcohol, and the solution is acidified to pH 3 with
      hydrochloric acid. The separated white crystals are filtered off, washed
      with a small amount of the solvent, and dried.
PAR  2.8 g. (82%) of
      3,4-dihydro-3-hydroxy-7,8-dimethyl-10-benzyl-2H-pyrimido[1,2-a]benzimidazo
     line hydrochloride are obtained; m.p.: 243.degree.-245.degree.C (heating
      rate: 4.degree.C/min.).
PAR  After recrystallization from a mixture of alcohol and ether, the product
      melts at 258.degree.-260.degree.C (heating rate: 4.degree.C/min.).
PAR  Analysis: Calculated for C.sub.19 H.sub.21 N.sub.3 O.HCl (343.86): C:
      66.37%, H: 6.45%, N: 12.22%, Cl: 10.31%. Found: C: 66.10%, H: 6.22%, N:
      12.22%, Cl: 9.99%.
PAC  EXAMPLE 3
PAC  2,3,4,5-Tetrahydro-4-hydroxy-1H-(1,4)-diazepino-[1,2-a]benzimidazole
      dihydrochloride
PAR  22 g. (0.1 moles) of 2-aminomethyl-benzimidazole dihydrochloride are
      suspended in 250 ml. of alcohol, and an alcohol solution of 12 g. (0.3
      moles) of sodium hydroxide is added slowly to the cooled suspnesion.
      Thereafter 9.2 g. (0.1 moles) of epichlorohydrine are added to the
      mixture, and the reaction mixture is boiled for 3 hours under reflux. The
      mixture is cooled, the sodium chloride is removed by filtration, and the
      filtrate is evaporated to dryness under reduced pressure. The oily residue
      is dissolved in a mixture of acetone and alcohol, and the pH of the
      solution is adjusted to 3 with hydrochloric acid. The separated white,
      crystalline substance is filtered off, washed with a small amount of the
      above solvent, and dried. This way 20.9 g. (76%) of
      2,3,4,5-tetrahydro-4-hydroxy-1H-(1,4)-diazepino[1,2-a]benzimidazole
      dihydrochloride are obtained; m.p.: 248.degree.-250.degree.C (heating
      rate: 4.degree.C/min.).
PAR  After recrystallization from a mixture of alcohol and ether, the product
      melts at 251.degree.-253.degree.C (heating rate: 4.degree.C/min.).
PAR  Analysis: Calculated for C.sub.11 H.sub.13 N.sub.3 O .2HCl (276.16): C:
      47.84%, H: 5.47%, N: 15.22%, Cl: 25.68%. Found: C: 47.26%, H: 5.26%, N:
      14.91%, Cl: 24.99%.
PAR  NMR-spectrum (in D.sub.2 O): 6.13 (2H, d), 4.90 to 5.40 (3H, m, complex),
      4.88 (2H, s), 2.17 (4H, m, aromatic protons).
CLMS
STM  What we claim is:
NUM  1.
PAR  1. a compound of the formula (I)
      ##SPC5##
PAL  or a hydrochloride addition salt thereof, wherein
PA1  R.sub.1 and R.sub.2 each represent hydrogen or methyl,
PA1  R.sub.5 and R.sub.6 form together a valence bond and at the same time
      R.sub.3 and R.sub.4 form together a group of the formula (II),
      ##EQU5##
      or R.sub.4 and R.sub.5 and R.sub.6 form together a group of the formula
      (III)
      ##EQU6##
      and at the same time R.sub.3 stands for benzyl group.
NUM  2.
PAR  2. 1,2,3,4-Tetrahydro-3-hydroxy-pyrimido[1,2-a]benzimidazole or the
      hydrochloride addition salt thereof.
NUM  3.
PAR  3. 3,4-Dihydro-3-hydroxy-7,8-dimethyl-10-benzyl-2H
      -pyrimido[1,2-a]benzimidazoline or the hydrochloride addition salt
      thereof.
PATN
WKU  039417891
SRC  5
APN  4273672
APT  1
ART  122
APD  19731221
TTL  N-Aryl-N'-(phenyl-or phenoxy-alkyl)-piperazines and salts thereof
ISD  19760302
NCL  7
ECL  1
EXA  Turnipreed; James H.
EXP  Gallagher; Richard J.
INVT
NAM  Renth; Ernst-Otto
CTY  Ingelheim am Rhein
CNT  DT
INVT
NAM  Mentrup; Anton
CTY  Ingelheim am Rhein
CNT  DT
INVT
NAM  Schromm; Kurt
CTY  Ingelheim am Rhein
CNT  DT
INVT
NAM  Danneberg; Peter
CTY  Ockenheim
CNT  DT
ASSG
NAM  Boehringer Ingelheim GmbH
CTY  Ingelheim am Rhein
CNT  DT
COD  03
PRIR
CNT  DT
APD  19721223
APN  2263211
CLAS
OCL  260268BC
XCL  260243R
XCL  2602564C
XCL  2602564N
XCL  2602564R
XCL  260260
XCL  260268BQ
XCL  260268H
XCL  260268PH
XCL  424250
EDF  2
ICL  C07D24102
FSC  260
FSS  268 BC;268 BQ;268 H;268 PH
UREF
PNO  3530131
ISD  19700900
NAM  de Stevens
OCL  260268H
UREF
PNO  3562277
ISD  19710200
NAM  Hansen et al.
OCL  260268BC
LREP
FRM  Hammond & Littell
ABST
PAL  Compounds of the formula
      ##EQU1##
      wherein R is phenyl; phenyl having one or more substituents attached
      thereto, said substituents being selected from the group consisting of
      alkyl of 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon atoms, alkylthio of
      1 to 4 carbon atoms, halogen and trifluoromethyl; a bicyclic aromatic or
      cycloaliphatic-aromatic ring, especially naphthyl, tetrahydronaphthyl or
      indanyl; or a mono- or bicyclic heterocyclic ring, especially pyridyl,
      pyrimidyl, isoquinolyl or thiazolyl;
PA1  R.sub.1 is
      ##EQU2##
      where B is
      ##EQU3##
      n is 2, 3 or 4, R.sub.3 is hydrogen, alkyl of 1 to 4 carbon atoms or
      alkanoyl of 1 to 4 carbon atoms,
PA2  R.sub.4 and R.sub.5, which may be identical to or different from each
      other, are each hydrogen or alkyl of 1 to 4 carbon atoms,
PA2  p is 0 or 1, and
PA2  Q is oxygen or two hydrogens,
PA1  R.sub.2 is hydrogen, alkyl of 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon
      atoms or halogen,
PA1  A is a single carbon-to-carbon bond or --OCH.sub.2 --,
PA1  R.sub.6 is hydrogen, hydroxyl, alkoxy of 1 to 4 carbon atoms or alkanoyloxy
      of 1 to 4 carbon atoms, and
PA1  m is 0, 1, 2, 3, 4 or 5, but other than 0 when R.sub.6 is hydroxyl,
PAL  And non-toxic, pharmacologically acceptable acid addition salts thereof;
      the compounds as well as their salts are useful as CNS-depressants,
      adrenolytics, antiphologistics, analgesics, antihistamines and
      anticholesterols.
BSUM
PAR  This invention relates to novel N-aryl-N'-(phenyl- or
      phenoxy-alkyl)-piperazines and non-toxic acid addition salts thereof, as
      well as to various methods of preparing these compounds.
PAR  More particularly, the present invention relates to a novel class of
      piperazine derivatives represented by the formula
      ##EQU4##
      wherein R is phenyl; phenyl having one or more substituents attached
      thereto, said substituents being selected from the group consisting of
      alkyl of 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon atoms, alkylthio of
      1 to 4 carbon atoms, halogen and trifluoromethyl; a bicyclic aromatic or
      cycloaliphatic-aromatic ring, especially naphthyl, tetrahydronaphthyl or
      indanyl; or a mono- or bicyclic heterocyclic ring, especially pyridyl,
      pyrimidyl, isoquinolyl or thiazolyl;
PA1  R.sub.1 is
      ##EQU5##
      where B is
      ##EQU6##
      n is 2, 3 or 4, R.sub.3 is hydrogen, alkyl of 1 to 4 carbon atoms or
      alkanoyl of 1 to 4 carbon atoms,
PA2  R.sub.4 and R.sub.5, which may be identical to or different from each
      other, are each hydrogen or alkyl of 1 to 4 carbon atoms,
PA2  p is 0 or 1, and
PA2  Q is oxygen or two hydrogens,
PA1  R.sub.2 is hydrogen, alkyl of 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon
      atoms or halogen,
PA1  A is a single carbon-to-carbon bond or --OCH.sub.2 --,
PA1  R.sub.6 is hydrogen, hydroxyl, alkoxy of 1 to 4 carbon atoms or alkanoyloxy
      of 1 to 4 carbon atoms, and
PA1  m is 0, 1, 2, 3, 4 or 5, but other than 0 when R.sub.6 is hydroxyl,
PAL  and non-toxic, pharmacologically acceptable acid addition salts thereof.
PAR  The hydrocarbon chain represented by --C.sub.m H.sub.2m -- in formula I may
      be straight or branched.
PAR  The compounds embraced by formula I above may be prepared by the following
      methods:
PAC  Method A
PAR  By cyclizing a compound of the formula
      ##SPC1##
PAL  wherein R, R.sub.2, R.sub.3, R.sub.6, A, B, m, n and p have the same
      meanings as in formula I and X is a group which is easily removable as an
      anion, such as halogen, alkyl or arylsulfonyloxy, or methoxy, when Q is
      double bonded oxygen, while splitting off HX.
PAR  In the case of a compound of the formula II and a compound of the formula
      IIa wherein Q is two single-bonded hydrogens, the cyclization is effected
      in the presence of strong or mild alkalies. However, in the case of a
      compound of the formula IIa, wherein Q is double-bonded oxygen, the
      cyclization is effected in the presence of an acid, such as hydrochloric
      acid, sulfuric acid, or hydrobromic acid.
PAC  Method B
PAR  By reacting a compound of the formula
      ##EQU7##
      wherein R.sub.1, R.sub.2, R.sub.6, A and m have the same meanings as in
      formula I with a compound of the formula
      ##EQU8##
      wherein R has the same meanings as in formula I, in the presence of
      HX-binding agent, such as an alkali metal carbonate, potassium tert.
      butylate, triethylamine or an excess amount of the compound of the formula
      IV.
PAC  Method C
PAR  By reductive amination of an oxo-compound of the formula
      ##EQU9##
      wherein R.sub.1, R.sub.2, R.sub.6, A and m have the same meanings as in
      formula I with an amine of the formula IV, for example, in the presence of
      a metal hydride or catalytically activated hydrogen.
PAC  Method D
PAR  For the preparation of a compound of the formula I wherein R.sub.6 is
      hydroxyl, by reducing a ketone of the formula
      ##EQU10##
      wherein R, R.sub.1, R.sub.2, A and m have the same meanings as in formula
      I, with a metal hydride or catalytically activated hydrogen.
PAC  Method E
PAR  For the preparation of a compound of the formula I wherein A is --OCH.sub.2
      -- and R.sub.6 is hydroxyl, by reacting an oxirane of the formula
      ##EQU11##
      wherein R.sub.1, R.sub.2 and m have the same meanings as in formula I with
      an amine of the formula IV.
PAC  Method F
PAR  For the preparation of a compound of the formula I wherein A is --OCH.sub.2
      --, by reacting a phenol of the formula
      ##SPC2##
PAL  wherein R.sub.1 and R.sub.2 have the same meanings as in formula I, with a
      compound of the formula
      ##EQU12##
      wherein X has the same meanings as in formula II and R, and R.sub.6 and m
      have the same meanings as in formula I, in the presence of an HX-binding
      agent, such as a dilute alkali metal hydroxide or a tertiary amine.
PAC  Method G
PAR  For the preparation of a compound of the formula I wherein R.sub.1 is
      ##EQU13##
      where R.sub.3, R.sub.4, R.sub.5, Q and p have the same meanings as in
      formula I and R.sub.6 is hydrogen, by introducing substituent R.sub.3 into
      a compound of the formula
      ##SPC3##
PAL  wherein R, R.sub.2, R.sub.4, R.sub.5, R.sub.6, A, Q, m and p have the same
      meanings as in formula I, with the aid of an alkylating agent or an
      acylating agent of the formula
EQU  R.sub.3 -- Y                                               (XI)
PAL  wherein R.sub.3 has the same meanings as in formula I except hydrogen and Y
      is a group which is removable easily as an anion, such as halogen, alkyl,
      arylsulfonyloxy, or acyloxy, in the presence of an acid binding agent such
      as a dilute or concentrated aqueous solution of an alkali metal hydroxide,
      a tertiary amine or potassium tert. butylate.
PAC  Method H
PAR  A compound of the formula I, wherein R.sub.6 is alkoxy of 1 to 4 carbon
      atoms or alkanoyloxy of 1 to 4 carbon atoms, may also be prepared in the
      following manner: By introducing substituent R.sub.6 into a compound of
      the formula
      ##EQU14##
      wherein R, R.sub.1, R.sub.2, A and m have the same meanings as in formula
      I, by means of an alkylating agent or an acylating agent of the formula
EQU  R.sub.6 ' -- Y                                             (XIII)
PAL  wherein R.sub.6 ' means alkyl or alkanoyl of 1 to 4 carbon atomes, and Y
      has the same meanings as in formula XI. If the reaction is an alkylation,
      it is appropriately carried out in the presence of an alkali metal
      containing compound such as NaH, NaNH.sub.2, potassium tert.-butylate or a
      sodium dispersion. If the reaction is an acylation, it is appropriately
      conducted in the presence of an acid binding agent, such as an alkali
      metal carbonate or a tertiary amine.
PAC  Method I
PAR  A compound of the formula I wherein R.sub.1 is
      ##SPC4##
PAL  may be prepared by reacting a diamine of the formula
      ##SPC5##
PAL  wherein R, R.sub.2, R.sub.3 and R.sub.6, A and m have the same meanings as
      in formula I, with a reactive carbonic acid derivative, such as phosgene,
      N,N-carbonyldiimidazole, a chlorocarbonate, a carbonate or a metal
      cyanate, in the presence of an acid. Intermediate products formed thereby,
      such as carbamates, ureas and carbamic acid chlorides, may optionally be
      isolated and used for cyclization.
PAC  Method J
PAR  A compound of the formula I, wherein R.sub.6 is hydrogen, may also be
      prepared by reducing a compound of the formula
      ##EQU15##
      wherein R, R.sub.1, R.sub.2, A and m have the same meanings as in formula
      I, and Hal is chloride, bromide or iodide, with catalytically activated
      hydrogen.
PAR  The starting compounds for Methods A to J are either known or may be
      prepared according to known methods.
PAR  For example, the compounds of the formula II may be prepared by reacting a
      nitro compound of the formula
      ##SPC6##
PAL  wherein R.sub.2, A, and m have the same meanings as in formula I and X has
      the same meanings as in formula II, with a piperazine of the formula IV.
      Subsequently, the nitro group is catalytically reduced to an amino group
      and the resulting compound of the formula
      ##EQU16##
      wherein R, R.sub.2, A and m have the same meanings as in formula I is
      reacted with, for example, an .omega.-chloroacylchloride, a
      3-chloropropylisocyanate or a .omega.-isocyanate-alkyl carboxylate to
      produce a compound of the formula II or IIa in which R.sub.6 is hydrogen.
PAR  Intermediate compounds of the formula III are prepared by reacting
      4-amino-phenyl-ethylacetate with an .omega.-chloroacylchloride, a
      3-chloropropylisocyanate or an .omega.-isocyanatoalkylcarboxylate to
      produce a compound of the formula
      ##SPC7##
PAL  wherein R.sub.2, R.sub.3, R.sub.6, A, B, m, n and p have the same meanings
      as in formula I and X has the same meanings as in formula II, which is
      then cyclized to produce a compound of the formula III.
PAR  Compounds of the formula V are produced by reducing a compound of the
      formula
      ##EQU17##
      wherein R.sub.2, R.sub.6, A and m have the same meanings as in formula I,
      preferably with catalytically activated hydrogen. The corresponding amino
      compound is thereby produced which is then reacted with an
      .omega.-chloroacylchloride, a 3-chloropropylisocyanate or an
      .omega.-isocyanatoalkylcarbonxylate. Subsequent cyclization produces a
      compound of the formula V.
PAR  Compounds of formula VI are prepared by reacting an aminoketone of the
      formula
      ##EQU18##
      wherein R.sub.2 and m have the same meanings as in formula I, with an
      .omega.-chloropropylisocyanate or an .omega.-isocyanatoalkylcarboxylate,
      and subsequently cyclizing the reaction product to produce a compound of
      the formula
      ##SPC8##
PAL  wherein R.sub.1, R.sub.2 and m have the same meanings as in formula I.
PAR  Subsequently, the cyclization product is brominated to produce the
      corresponding .alpha.-bromoketone, and the latter is reacted with an amine
      of the formula IV to produce a compound of the formula VI.
PAR  The oxiranes of the formula VII are produced by reacting a correspondingly
      substituted benzyloxyaniline with an .omega.-chloroacylchloride,
      3-chloropropylisocyanate or an .omega.-isocyanatoalkylcarboxylate, and
      then cyclizing the reaction product to produce compound of formula
      ##SPC9##
PAL  wherein R.sub.1 and R.sub.2 have the same meanings as in formula I. By
      means of catalytic debenzylation and reaction with an oxirane of the
      formula
      ##EQU19##
      wherein m has the same meanings as in formula I and X has the same
      meanings as in formula II, a compound of the formula VII is obtained.
PAR  The starting compounds of the formula VIII are obtained as intermediates in
      Method E.
PAR  Compounds of the formula X are obtained in the course of Method A.
PAR  Compounds of the formula XII are obtained in the course of Methods D and E.
PAR  Compounds of the formula XIV are prepared by reacting an amino compound
      obtained in accordance with Method A with acrylonitrile, and reducing the
      compound thus obtained into a compound of the formula XIV.
PAR  In order to prepare compounds of formula XV, an alcohol resulting from
      Method D or E, is reacted with phosphorus pentachloride or
      thionylchloride.
PAR  If R.sub.6 is other than hydrogen or if C.sub.m H.sub.2m is branched, the
      compounds embraced by formula I possess an asymmetric carbon atom and
      occur, therefore, in the form of a racemic mixture or of optically active
      antipodes. The optically active antipode compounds may be obtained either
      by starting from optically active starting materials or by converting the
      obtained racemates by means of optically active auxiliary acids, for
      example, dibenzoyl-D-tartaric acid, di-p-toluyl-D-tartaric acid or
      D-3-bromocamphor-8-sulfonic acid, into the diastereomeric salts which are
      separated by fractional precipitation or fractional crystallization. If
      R.sub.6 is other than hydrogen and if C.sub.m H.sub.2m is branched as
      well, then threo-isomers and erythro-isomers will also occur.
PAR  The compounds embraced by formula I are organic bases and therefore form
      acid addition salts with inorganic or organic acids, by known methods.
      Examples of non-toxic, pharmacologically acceptable acid addition salts
      are those formed with hydrochloric acid, hydrobromic acid, sulfuric acid,
      methanesulfonic acid, succinic acid, tartaric acid, 8-chlorotheophylline
      or the like.
DETD
PAR  The following examples further illustrate the present invention and will
      enable others skilled in the art to understand it more completely. It
      should be understood, however, that the invention is not limited solely to
      the particular examples given below.
PAC  EXAMPLE 1
PAC  N-[4-(1'-Pyrrolidin-2'-one-yl)-phenethyl]-N'-(2",3"-xylyl)piperazine and
      its methanesulfonate by Method A
PAR  a) 7.73 gm (25 millimols) of
      N-(p-amino-phenethyl)-N'-(2,3-xylyl)-piperazine were dissolved in 80 ml of
      acetonitrile, 6.9 gm (50 millimols) of potassium carbonate were added to
      the solution, and then, while stirring, 4.18 gm (30 millimols) of
      4-chlorobutyric acid chloride were added dropwise. Thereafter, the mixture
      was allowed to react for two more hours, and was then cooled and
      vacuum-filtered, yielding as the filter cake 63% of theory of
      N-[p-(4-chlorobutyramido)-phenethyl]-N'-(2',3'-xylyl)-piperazine, m.p.
      136.degree.C.
PAR  b) 6.5 gm (15.8 millimols) of the product obtained in a) were admixed 1.05
      gm (18 millimols) of caustic alkali and 30 ml of ethanol, and the mixture
      was refluxed for one hour. Thereafter, the reaction mixture was cooled,
      vacuum-filtered, and the filter cake was rinsed with cold water and then
      dried. The dry substance, the free base
      N-[4-(1'-pyrrolidin-2'-one-yl)-phenethyl]-N'-(2",3"-xylyl)-piperazine,
      m.p. 159.degree.-160.degree.C, was dissolved in ethanol, and
      methanesulfonic acid was added to the solution, whereupon the
      methanesulfonate, m.p. 222.degree.C, of the formula
      ##SPC10##
PAL  precipitated out.
PAC  EXAMPLE 2
PAC  N-[p-(1-Hexahydropyrimidin-2-one-yl)-phenethyl]-N'-(m-tolyl)-piperazine and
      its methanesulfonate by Method A
PAR  a) 11.3 gm (38.5 millimols) of
      N-(p-amino-phenethyl)-N'-(m-tolyl)-piperazine, 4.6 gm (38.5 millimols) of
      3-chloropropyl-isocyanate and 120 ml of toluene were admixed with each
      other, accompanied by gentle agitation, and the mixture was allowed to
      react for two hours and was then vacuum-filtered, yielding as the filter
      cake 90% of theory of
      N-[p-(3-chloropropyl-ureido)-phenethyl]-N'-(m-tolyl)-piperazine, m.p.
      168.degree.C.
PAR  b) The product obtained in a) was dissolved in ethanol, an equimolar amount
      of caustic alkali was added to the solution, and the mixture was refluxed
      for 15 minutes. Thereafter, the reaction mixture was cooled,
      vacuum-filtered, and the filter cake was rinsed with water and dried,
      yielding the free base
      N-[p-(1-hexahydropyrimidin-2-one-yl)-phenethyl]-N'-(m-tolyl)-piperazine,
      m.p. 213.degree.C. The base was dissolved in ethanol, and upon addition of
      methanesulfonic acid the methanesulfonate, m.p. 251.degree.-252.degree.C,
      of the formula
      ##SPC11##
PAL  precipitated out.
PAC  EXAMPLE 3
PAC  N-[p-(1-Imidazolidin-2,5-dione-yl)-phenethyl]-N'-(.beta.-indanyl)-piperazin
     e and its methanesulfonate by Method A
PAR  a) 8.0 gm (25 millimols) of
      N-(p-amino-phenethyl)-N'-(.beta.-indanyl)-piperazine were dissolved in 80
      ml of toluene, the solution was admixed with 2.88 gm (25 millimols) of
      methyl isocyanato-acetate, and the mixture was allowed to react for two
      hours. Thereafter, the reaction mixture was vacuum-filtered, and the
      filter cake was dried, yielding the reaction product which had a melting
      point of 188.degree.C.
PAR  b) 10 gm of the product obtained in a) were admixed with 25 ml of aqueous
      semi-concentrated hydrochloric acid, and, while stirring, the mixture was
      heated on a boiling water bath and then cooled and vacuum-filtered. The
      filter cake was suspended in water, and upon addition of ammonia the free
      base
      N-[p-(1-imidazolidin-2,5-dione-yl)-phenethyl]-N'-(.beta.-indanyl)-piperazi
     ne, m.p. 214.degree.C, separated out. The base was dissolved in hot
      ethanol, the calculated amount of methanesulfonic acid was added to the
      hot solution, and upon cooling, the methanesulfonate, m.p. 308.degree. -
      310.degree.C, of the formula
      ##SPC12##
PAL  separated out.
PAC  EXAMPLE 4
PAC  N-[p-(2-Isothiazolidin-1,1-dioxide-yl)-phenethyl]-N'-(2'-pyridyl)-piperazin
     e and its methanesulfonate by Method A.
PAR  7.05 gm (25 millimols) of N-(p-amino-phenethyl)-N'-(2-pyridyl)-piperazine
      were dissolved in 100 ml of acetonitrile. 6.9 gm (50 millimols) of
      potassium carbonate were added to the solution, and then, while stirring
      the mixture, 5.4 gm (30 millimols) of 3-chloropropyl-sulfochloride were
      added, and the mixture was allowed to stand at room temperature for two
      hours. Thereafter, the reaction mixture was briefly heated to the boiling
      point, then cooled, 200 ml of water were added, and the mixture was
      extracted with ethyl acetate. The organic phase was dried with sodium
      sulfate, the solvent was distilled off in vacuo, the residue (9 gm) was
      dissolved in 90 ml of ethanol, an equimolar amount of caustic alkali was
      added, and the resulting mixture was refluxed for 2 hours. Thereafter, the
      reaction mixture was cooled, vacuum-filtered, and the filter cake was
      dried, yielding the free base
      N-[p-(2-isothiazolidin-1,1-dioxide-yl)-phenethyl]-N'-(2'-pyridyl)-piperazi
     ne, m.p. 133.degree. - 134.degree.C. The base was dissolved in ethanol, and
      the solution was admixed with the calculated amount of methanesulfonic
      acid, whereby the methanesulfonate, m.p. 213.degree. - 214.degree.C, of
      the formula
      ##SPC13##
PAL  separated out.
PAC  EXAMPLE 5
PAR  Using a procedure analogous to that described in Example 1,
      N-[p-(1-piperidin-2-one-yl)-phenethyl]-N'-(o-tolyl)-piperazine, m.p.
      115.degree. - 117.degree.C, was prepared from 7.37 gm (25 mmol) of
      N-(p-amino-phenethyl)-N'-(o-tolyl)-piperazine, 6.9 gm (50 mmol) of
      potassium carbonate, 4.64 gm (30 mmol) of 5-chloro-valeric acid chloride
      in 75 ml of acetonitrile, via the 5-chlorovalerylanilide derivative, m.p.
      109.degree.-110.degree.C. Its hydrochloride had a melting point of
      308.degree.C.
PAC  EXAMPLE 6
PAR  Using a procedure analogous to that described in Example 3,
      N-[p-(1-(4-methyl)-imidazolidin-2,5-dione-yl)-phenethyl]-N'-(.alpha.-napht
     hyl)-piperazine, was prepared from
      N-(p-amino-phenethyl)-N'-(.alpha.-naphthyl)-piperazine and
      2-isocyanato-propionic acid methyl ester. Its hydrochloride had a melting
      point of 315.degree.C.
PAC  EXAMPLE 7
PAR  Using a procedure analogous to that described in Example 3,
      N-[p-(1-(4,4-dimethyl)-imidazolidin-2,5-dione-yl)-.alpha.-methyl-phenethyl
     ]-N'-(p-chlorophenyl)-piperazine was prepard from
      N-(p-aminophenethyl-.alpha.-methyl)-N'-(p-chlorophenyl)-piperazine and
      2-isocyanato-2-methyl-propionic acid methyl ester. Its hydrochloride had a
      melting point of 316.degree.-318.degree.C.
PAC  EXAMPLE 8
PAR  Using a procedure analogous to that described in Example 4,
      N-[p-(2-tetrahydro-1,2-thiazin-1,1-dioxide-yl)-phenethyl]-N'-(o-tolyl)-pip
     erazine, was prepared from N-(p-aminophenethyl)-N'-(o-tolyl)-piperazine and
      4-chlorobutanesulfonic acid chloride. Its hydrochloride had a melting
      point of 250.degree.C.
PAC  EXAMPLE 9
PAC  N-[p-(2-Isothiazolidin-1,1-dioxide-yl)-.alpha.-methyl-phenethyl]-N'-(o-toly
     l)-piperazine and its hydrochloride by Method C
PAR  11.6 gm (46 millimols) of
      p-(2'-isothiazolidin-1,1-dioxide-yl)-phenyl-acetone and 8.1 gm (46
      millimols) of N-(o-tolyl)-piperazine were dissolved in 100 ml of methanol,
      1 gm of platinum was added, and the mixture was hydrogenated at
      60.degree.C and elevated pressure until the absorption of hydrogen had
      ceased. The catalyst was now filtered off, the solvent was distilled out
      of the filtrate in vacuo, and the residue, the free base
      N-[p-(2-isothiazolidin-1,1-dioxide-yl)-.alpha.-methyl-phenethyl]-N'-(o-tol
     yl)-piperazine, was dissolved in a little methanol. The calculated amount
      of 2N hydrochloric acid was added to the solution, and the mixture was
      cooled and vacuum-filtered. The filter cake was the hydrochloride, m.p.
      269.degree.-272.degree.C of the formula
      ##SPC14##
PAC  EXAMPLE 10
PAC  N-[-p-(1-Hexahydropyrimidin-2-one-yl)-.beta.-hydroxy-phenethyl]-N'-(o-tolyl
     )-piperazine and its hydrochloride by Method D
PAR  14.0 gm (35.7 millimols) of
      4'-(1-hexahydropyrimidin-2-one-yl)-.beta.-(N'-o-tolyl-piperazino)-acetophe
     none were dissolved in methanol, 2.71 gm (71.4 millimols) of sodium
      borohydride were added in small portions to the solution, and the
      resulting mixture was stirred at room temperature for 12 hours.
      Thereafter, the reaction mixture was made acid with glacial acetic acid,
      then made alkaline again with ammonia, vacuum-filtered, and the filter
      cake was dried, yielding the free base
      N-[p-(1-hexahydropyrimidin-2-one-yl)-.beta.-hydroxy-phenethyl]-N'-(o-tolyl
     )-piperazine, m.p. 234.degree. - 235.degree.C. The base was suspended in
      acetonitrile, and the suspension was acidified with ethereal hydrochloric
      acid, yielding the hydrochloride, m.p. 249.degree.C, of the formula
      ##SPC15##
PAC  EXAMPLE 11
PAC  N-[p-(1-Pyrrolidin-2-one-yl)-phenoxyethyl]-N'-(o-tolyl)-piperazine and its
      hydrochloride by Method F
PAR  8.85 gm (50 millimols) of p-(1-pyrrolidin-2-one-yl)-phenyl -- obtained by
      reacting p-benzyloxy-aniline with 4-chloro-butyric acid chloride,
      HCl-elimination and subsequent catalytic debenzylation -- were admixed
      with 100 ml of acetonitrile, 13.8 gm of potassium carbonate, 11.9 gm (50
      millimols) of N-(.beta.-chloro-ethyl)-N'-(o-tolyl)-piperazine and 8.8 gm
      (50 millimols) of N-(o-tolyl)-piperazine, and the mixture was refluxed for
      3 hours. Thereafter, the reaction mixture was cooled, vacuum-filtered, and
      the solvent was distilled out of the filtrate in vacuo. The residue, the
      free base
      N-[p-(1pyrrolidin-2-one-yl)-phenoxyethyl]-N'-(o-tolyl)-piperazine, was
      dissolved in a little methanol, the resulting solution was made acid with
      dilute hydrochloric acid, water was added, and the precipitate formed
      thereby was collected and recrystallized from ethanol, yielding the
      hydrochloride, m.p. 242.degree.C, of the formula
      ##SPC16##
PAC  EXAMPLE 12
PAC  N-[p-(3-Acetyl-1-imidazolidin-2,5-dione-yl)-phenethyl]-N'-(o-tolyl)-piperaz
     ine and its methanesulfonate by Method G
PAR  A mixture consisting of 7.3 gm (19.3 millimols) of
      N-[p-(1-imidazolidin-2,5-dione-yl)-phenethyl]-N'-(o-tolyl)-piperazine
      (m.p. 174.degree. - 175.degree.C) and 15 ml of acetic acid anhydride was
      heated for 90 minutes at 120.degree. - 130.degree.C. Thereafter, the
      reaction mixture was poured into water, and the aqueous solution was made
      weakly alkaline with potassium carbonate, whereupon a crystalline
      substance separated out slowly which was collected by vacuum filtration
      and recrystallized from ethanol, yielding the free base, m.p. 148.degree.
      - 149.degree.C, of the formula
      ##SPC17##
PAL  The base was dissolved in ethanol, the calculated amount of methanesulfonic
      acid was added to the solution, and the precipitate formed thereby was
      collected, yielding the methanesulfonate of the base, which had a melting
      point of 201.degree. - 202.degree.C.
PAC  EXAMPLE 13
PAC  1-[p-(2'-Isothiazolidin-1', 1'-dioxide-yl)-phenyl]-2-[N'-(2",
      4"-xylyl)-piperazine]-ethyl butyrate and its methanesulfonate by Method H
PAR  A mixture consisting of 10.3 gm (24 millimols) of
      N-[p-(2-isothiazolidin-1,1-dioxide-yl)-.beta.-hydroxy-phenethyl]-N'-(2',4'
     -xylyl)-piperazine (m.p. 177.degree.C) and 50 ml of butyric acid anhydride
      was heated for one hour at 140.degree. - 150.degree.C, while stirring.
      Thereafter, the resulting clear, brown solution was evaporated to dryness
      in vacuo, the partially crystalline residue was stirred with a little
      ethanol, the mixture was vacuum-filtered, and the filter cake was dried,
      yielding the free base, m.p. 160.degree.C, of the formula
      ##SPC18##
PAL  The base was suspended in hot ethanol, the suspension was admixed with the
      calculated amount of methanesulfonic acid, the resulting clear solution
      was cooled, and the substance precipitated thereby was collected by vacuum
      filtration, yielding the methanesulfonate of the base, which had a melting
      point of 195.degree.C.
PAC  EXAMPLE 14
PAC  N-[p-(1-Hexahydropyrimidin-2-one-yl)-phenethyl]-N'-(o-tolyl)-piperazine by
      Method J
PAR  7.9 gm (20 millimols) of
      N-[p-(1-hexahydropyrimidin-2-one-yl)-.beta.-hydroxy-phenethyl]-N'-(o-tolyl
     )-piperazine (see Example 10) were dissolved in 100 ml of acetonitrile,
      and, while stirring and cooling the solution, 8.34 gm (40 millimols) of
      phosphorus pentachloride were added thereto. A good yield of
      N-[p-(1-hexahydropyrimidin-2-one-yl)-.beta.-chlorophenethyl]-N'-(o-tolyl)-
     piperazine dihydrochloride was obtained. This product was dissolved in 100
      ml of methanol, 10 gm of dimethylaniline and a small amount of Raney
      nickel were added to the solution, and the mixture was hyhdrogenated at
      atmospheric pressure, yielding
      N-[p-(1-hexahydropyrimidin-2-one-yl)-phenethyl]-N'-(o-tolyl)-piperazine,
      m.p. 127.degree. - 128.degree.C, after working up the reaction mixture in
      conventional manner.
PAC  EXAMPLE 15
PAC  N-[p-(1-Pyrrolidin-2-one-yl)-phenethyl]-N'-(o-chloro-phenyl)-piperazine and
      its methanesulfonate by Method B.
PAR  a) 17.9 gm (0.1 mol) of p-aminophenethyl acetate were dissolved in 180 ml
      of acetonitrile, 27.6 gm (0.2 mol) of potassium carbonate were added to
      the solution, and then, while stirring, 17.0 gm (0.12 mol) of
      4-chlorobutyric acid chloride were added dropwise. The resulting mixture
      was stirred for 2 hours at room temperature, thereafter heated to
      50.degree.C and then vacuum-filtered to remove precipitated inorganic
      salts. The solvent was distilled out of the filtrate in vacuo, and the
      residue was recrystallized from isopropanol, yielding 14.8 gm (52.2% of
      theory) of p-(4-chlorobutyramido)-phenethyl acetate, m.p. 83.degree.C.
PAR  b) 28.4 gm (0.1 mol) of the end product obtained in a) were dissolved in
      200 ml of methanol, a solution of 13.4 gm (0.24 mol) of potassium
      hydroxide in 100 ml of water was added, and the mixture was refluxed for 1
      hour. Thereafter, the solvent was distilled off in vacuo, the residue was
      taken up in methylene chloride, the solution was extracted once with
      water, the organic phase was dried with sodium sulfate, and the solvent
      was then distilled off in vacuo. The residue was recrystallized from
      isopropanol, yielding 12.4 gm (60.5% of theory) of
      p-(1-pyrrolidin-2-one-yl)-phenethanol, m.p. 96.degree.C.
PAR  c) 10.25 gm (0.05 mol) of the product obtained in b) were dissolved in 50
      ml of dry pyridine, and, while stirring the solution at 15.degree. -
      20.degree.C, 6.9 gm (0.06 mol) of methane-sulfonic acid chloride were
      added. The resulting mixture was stirred for 2 hours more at room
      temperature and was then poured over ice water. The aqueous mixture was
      vacuum-filtered, and the crystalline filter cake was recrystallized from
      methanol, yielding 6.5 gm (46% of theory) of
      p-(1-pyrrolidin-2-one-yl)-phenethyl methanesulfonate, m.p. 94.degree.C.
PAR  d) 5.66 gm (20 millimols) of the product obtained in c) were admixed with
      3.93 gm (20 millimols) of N-(o-chloro-phenyl)-piperazine, 5.5 gm (40
      millimols) of potassium carbonate and 50 ml of acetonitrile, and the
      mixture was refluxed for five hours. Thereafter, while still hot, the
      reaction mixture was vacuum-filtered to remove the precipitated inorganic
      salts, the filtrate was cooled on an ice-salt bath, and the precipitate
      formed thereby was collected by vacuum filtration and dried, yielding the
      free base
      N-[p-(1-pyrrolidin-2-one-yl)-phenethyl]-N'-(o-chloro-phenyl)-piperazine,
      m.p. 132.degree.C.
PAR  The base was dissolved in hot ethanol, the calculated amount of
      methanesulfonic acid was added to the hot solution, the mixture was
      cooled, and the precipitate formed thereby was collected and dried,
      yieding 6.6 gm (68.8% of theory) of the methanesulfonate, m.p.
      201.degree.C.
PAC  EXAMPLE 16
PAC  N-(.gamma.-[p-(1-Hexahydropyrimidin-2-one-yl)-phenyl]-n-propyl)-N'-phenyl-p
     iperazine by Method I
PAR  a) A mixture consisting of 29.5 gm (0.1 mol) of
      N-[.gamma.-(p-amino-phenyl)-n-propyl]-N'-phenyl-piperazine (m.p.
      102.degree.C), 5.8 gm (0.11 mol) of acetonitrile and 20 ml of glacial
      acetic acid was refluxed for 20 hours. Thereafter, the solvent was
      distilled off in vacuo, and the residue was recyrstallized from dilute
      methanol, yielding 28.3 gm (81.3% of theory) of
      N-[.gamma.-(p-[.beta.-cyanoethyl-amino]-phenyl)-n-propyl]-N'-phenyl-pipera
     zine, m.p. 141.degree. - 143.degree.C.
PAR  b) 20.9 gm (0.06 mol) of the product obtained in a) were hydrogenated in
      methanol in the presence of platinum oxide as a catalyst, yielding 19.5 gm
      (92.2% of theory) of the corresponding diamine, i.e.
      N-[3-(p-[.gamma.-amino-n-propyl]-amino-phenyl)-n-propyl]-N'-phenyl-piperaz
     ine.
PAR  c) 17.6 gm (0.05 mol) of the product obtained in b) were dissolved in 200
      ml of absolute benzene, the solution was admixed with a solution of 8.9 gm
      (0.055 mol) of N,N'-carbonyl-diimidazole in 50 ml of absolute benzene, and
      the mixture was allowed to stand overnight at room temperature and was
      then refluxed for two hours. Thereafter, the solvent was distilled off in
      vacuo, and the residue was recrystallized twice from isopropanol, yielding
      the compound of the formula
      ##SPC19##
PAL  which had a melting ponit of 120.degree. - 122.degree.C.
PAC  EXAMPLE 17
PAC  N-[.beta.-Hydroxy-.gamma.-(p-[1-pyrrolidin-2-one-yl]-phenoxy)-n-propyl]-N'-
     phenyl-piperazine and its hydrochloride by Method E
PAR  a) 17.7 gm (0.1 mol) of p-(1-pyrrolidin-2-one-yl)-phenol (see Example 11)
      were dissolved in 200 ml of 0.05N potassium hydroxide, and, while stirring
      and cooling the solution in ice water, 10.2 gm (0.11 mol) of
      epichlorohydrin were added dropwise thereto. The resulting mixture was
      stirred for 20 hours more at room temperature, then heated for 30 minutes
      at 50.degree.C, cooled, and extracted with chloroform. The organic phase
      wsa extracted with 1N potassium hydroxide, dried over sodium sulfate, the
      solvent was distilled off in vacuo, and the residue was recrystallized
      from dilute methanol, yielding 14.8 gm (63.5% of theory) of
      3-[p-(1'-pyrrolidin-2'-one-yl)-phenoxy]-propyleneoxide, m.p. 164.degree. -
      165.degree.C.
PAR  b) A mixture consisting of 11.8 gm (0.05 mol) of the product obtained in
      a), 8.1 gm (0.05 mol) of N-phenyl-piperazine and 100 ml of acetonitrile
      was refluxed for 6 hours. Thereafter, the solvent was distilled off in
      vacuo, the calculated amount of ethanolic hydrochloric acid was added to
      the residue, and upon further addition of ethanol the hydrochloride, m.p.
      210.degree. - 212.degree.C, of the formula
      ##EQU20##
      crystallized out. The yield was 45% of theory.
PAR  The following compounds according to the invention were prepared using
      procedures analogous to the methods previously described.
      ##SPC20##
TBL  Ex.No.                                                                    
           n     R.sub.6 C.sub.m H.sub.2m                                      
                                     R     M.p. .degree.C                      
     ______________________________________                                    
     18    3     H       --CH.sub.2 --                                         
                                   o-Tolyl 210-211*                            
     19    3     H       CH.sub.3  o-Tolyl  208-209**                          
                         .vertline.                                            
                         --CH--                                                
     20    3     H       --CH.sub.2 --                                         
                                   p-Tolyl 195-196*                            
     21    3     H       --CH.sub.2 --                                         
                                   .alpha.-Naphthyl                            
                                           220-221*                            
     22    3     H       --CH.sub.2 --                                         
                                   m-Tolyl  222*                               
     23    3     H       --CH.sub.2 --                                         
                                   2-n-Butoxy-                                 
                                           137-138*                            
                                    phenyl                                     
     24    3     --OH    --CH.sub.2 --                                         
                                   Phenyl  189-190*                            
     25    4     H       --CH.sub.2 --                                         
                                   Phenyl  235-236*                            
     26    4     H       --CH.sub.2 --     141-146*                            
     27    3     --OAc   --CH.sub.2 --                                         
                                   Phenyl  218-219*                            
     28    3     H       --        2,4-Xylyl                                   
                                           119-120                             
     29    3     H       --CH.sub.2 --CH.sub.2 --                              
                                   Phenyl  157-158*                            
     ______________________________________                                    
       *methanesulfonate                                                       
      **hydrochloride                                                          
      ##SPC21##
TBL  Ex.No. R.sub.6                                                            
                   C.sub.m H.sub.2m                                            
                                 R       M.p. .degree.C                        
     ______________________________________                                    
     30     H      CH.sub.3                                                    
                   .vertline.                                                  
                   --CH--    o-Tolyl     225-226*                              
     31     H      --CH.sub.2 --                                               
                             4-Chlorphenyl                                     
                                         233*                                  
     32     H      --CH.sub.2 --                                               
                             3,4-Xylyl   250*                                  
     33     H      --CH.sub.2 --                                               
                             2,4-Xylyl   200*                                  
     34     H      --CH.sub.2 --                                               
                             2,3-Xylyl   199*                                  
     35     H      --CH.sub.2 --                                               
                             .alpha.-Naphthyl                                  
                                         238-239*                              
     36     H      --CH.sub.2 --                                               
                             2-Isopropylphenyl                                 
                                         168*                                  
     37     H      --CH.sub.2 --                                               
                             Phenyl      175-176*                              
     38     H      --CH.sub.2 --                                               
                             2-Methoxyphenyl                                   
                                         213                                   
     39     H      --        .alpha.-Naphthyl                                  
                                         230-231*                              
     ______________________________________                                    
      *methanesulfonate                                                        
      ##SPC22##
TBL  Ex.                                                                       
     No.                                                                       
        R.sub.6                                                                
            C.sub.m H.sub.2m                                                   
                     R    R.sub.3                                              
                            R.sub.4 and R.sub.5                                
                                 M.p. .degree.C                                
     __________________________________________________________________________
     40 H --CH.sub.2 --                                                        
                  o-Tolyl H H    227-228*                                      
     41 H CH.sub.3                                                             
          .vertline.                                                           
          --CH--  o-Tolyl H H     295-296**                                    
     42 H --CH.sub.2 --                                                        
                  2-Chlorphenyl                                                
                          H H     268-271**                                    
     43 H --CH.sub.2 --                                                        
                  2,4-Xylyl                                                    
                          H H    214*                                          
     44 H --CH.sub.2 --                                                        
                  .beta.-Naphthyl                                              
                          H H    277-278*                                      
     45 H --CH.sub.2 --                                                        
                  Phenyl  H H    255-256*                                      
     46 H --CH.sub.2 --   H H    258-259*                                      
     47 H --CH.sub.2 --                                                        
                  2-Methoxy-                                                   
                          H H    210-211*                                      
                   phenyl                                                      
     48 H --CH.sub.2 --   H H     271-273***                                   
     49 H --CH.sub.2 --   H H    203-205*                                      
     50 H --      Phenyl  H H    190-191*                                      
     51 H --CH.sub.2 --                                                        
                  .alpha.-Naphthyl                                             
                          H H    277-278*                                      
     52 H --CH.sub.2 --                                                        
                  o-Tolyl H R.sub.4 =CH.sub.3                                  
                                 205-206*                                      
                            R.sub.5 =CH.sub.3                                  
     53 H --CH.sub.2 --CH.sub.2 --                                             
                  Phenyl  H H    207*                                          
     54 H --CH.sub.2 --   H H     267-268**                                    
     55 H --CH.sub.2 --                                                        
                  2-n-Butylthio-                                               
                          H H    195-196*                                      
                   phenyl                                                      
     56 H --CH.sub.2 --                                                        
                  2-Methylthio-                                                
                          H H    216-217*                                      
                   phenyl                                                      
     __________________________________________________________________________
       *methanesulfonate                                                       
       **hydrochloride                                                         
      ***di(methanesulfonate)                                                  
      ##SPC23##
     Ex.                                                                       
     No.  n     R.sub.6    C.sub.m H.sub.2m                                    
                                    R      M.p. .degree.C                      
     ______________________________________                                    
     57   3     H          --CH.sub.2 --                                       
                                  o-Tolyl  191-193*                            
     58   3     H          --CH.sub.2 --                                       
                                  3,4-Xylyl                                    
                                            224-225**                          
     59   3     H          --CH.sub.2 --                                       
                                  2,3-Xylyl                                    
                                           225-226*                            
     60   3     H          --CH.sub.2 --                                       
                                  .beta.-Indanyl                               
                                           224-226*                            
     61   3     H          --CH.sub.2 --                                       
                                  2-Chlor- 221-223*                            
                                   phenyl                                      
     62   3     H          --CH.sub.2 --                                       
                                  2-Isopropyl-                                 
                                           224-225*                            
                                   phenyl                                      
     63   3     H          --CH.sub.2 --                                       
                                  .alpha.-Naphthyl                             
                                           212-213*                            
     64   3     H          --CH.sub.2 --                                       
                                  Phenyl   256-257*                            
     65   3     H          --CH.sub.2 --   168*                                
     66   3     H          --CH.sub.2 --                                       
                                  2-n-Butoxy-                                  
                                           135-136*                            
                                   phenyl                                      
     67   3     H          --CH.sub.2 --   235-236*                            
     68   3     H          --CH.sub.2 --                                       
                                  2,4-Xylyl                                    
                                           187*                                
     69   3     O--C--C.sub.3 H.sub.7                                          
                           -- CH.sub.2 --                                      
                                  2,4-Xylyl                                    
                                           195*                                
                .parallel.                                                     
                O                                                              
     70   3     H          --     o-Tolyl   266-268**                          
     71   3     H          CH.sub.3                                            
                           .vertline.                                          
                                  .alpha.-Naphthyl                             
                                           277-278*                            
                           --CH--                                              
     72   3     H          --CH.sub.2 --                                       
                                  2-n-Butyl-                                   
                                           165-166*                            
                                   thiophenyl                                  
     73   3     H          --CH.sub.2 --                                       
                                  2-Methyl-                                    
                                           211-212*                            
                                   thiophenyl                                  
     74   4     H          --CH.sub.2 --                                       
                                  o-Tolyl   250**                              
     ______________________________________                                    
       *methanesulfonate                                                       
      **hydrochloride                                                          
PAR  The compounds of the present invention, that is, those embraced by formula
      I above and their non-toxic, pharmacologically acceptable acid addition
      salts, have useful pharmacodynamic properties. More particularly, they
      exhibit CNS-depressing, adrenolytic, as well as antihistaminic,
      anticholesterol, antiphlogistic and analgesic activities in warmblooded
      animals, such as mice, rats, dogs and cats, and very low toxicites.
PAR  By virtue of their CNS-depressing activities, whch are significantly
      superior to those of related compounds disclosed in German Auslegeschrift
      No. 1,189,553, the compounds of the instant invention are useful as
      sedatives neuroleptics and tranquilizers.
PAR  On account of their adrenolytic activities, the compounds of this invention
      are useful as hypotensives and bronchospasmolytics.
PAR  A sub-genus of particularly effective CNS-depressants is constituted by
      those compounds of the formula I wherein R is o- and/or m-substituted
      phenyl, such as
PA0  N-[p-(1-hexahydropyrimidin-2-one-yl)-phenethyl]-N'-(m-tolyl)-piperazine,
PA0  N-[p-(1-pyrrolidin-2-one-yl)-phenethyl]-N'-(2',3'-xylyl)-piperazine,
PA0  N-[p-(1-pyridin-2-one-yl)-phenethyl]-N'-(o-tolyl)-piperazine,
PA0  N-[p-(2-isothiazolidin-1,1-dioxide-yl)-phenethyl]-N'-(2',3'-xylyl)-piperazi
     ne, and
PA0  N-[p-(2-tetrahydro-1,2-thiazin-1,1-dioxide-yl)-phenethyl]-N'-(o-tolyl)-pipe
     razine,
PAL  and their non-toxic, pharmacologically acceptable acid addition salts.
PAR  Another sub-genus of very effective compounds is constituted by those of
      the formula I wherein R, is 1-imidazolidin-2,5-dione-yl, such as
PA0  N-[p-(1-imidazolidin-2,5-dione-yl)-phenethyl]-N'-(.beta.-indanyl)-piperazin
     e,
PA0  N-[p-(1-imidazolidin-2,5-dione-yl)-phenethyl]-N'-phenyl-piperazine, and
PA0  N-[p-(1-imidazolidin-2,5-dione-yl)-phenethyl]-N'-(o-chloro-phenyl)-piperazi
     ne,
PAL  and their non-toxic, pharmacologically acceptable acid addition salts.
PAR  Still another sub-genus is constituted by
      N-[p-(2-isothiazolidin-1,1-dioxide-yl)-phenethyl]-N'-(2'-pyridyl)-piperazi
     ne and non-toxic, pharmacologically acceptable acid addition salts thereof,
      which are particularly effective.
PAR  For pharmaceutical purposes the compounds according to the present
      invention are administered to warm-blooded animals perorally, parenterally
      or rectally as active ingredients in customary dosage unit compositions,
      that is, compositions in dosage unit form consisting essentially of an
      inert pharmaceutical carrier and one effective dosage unit of the active
      ingredient, such as tablets, coated pills, capsules, wafers, powders,
      solutions, suspensions, emulsions, syrups, suppositories and the like. One
      effective dosage unit of the compounds according to the present invention
      is from 0.016 to 1.67 mgm/kg body weight, preferably 0.083 to 0.83 mgm/kg
      body weight.
PAR  The following examples illustrate a few pharmaceutical dosage unit
      compositions comprising a compound of the present invention as an active
      ingredient and represent the best modes contemplated of putting the
      invention into practical use. The parts are parts by weight unless
      otherwise specified.
PAC  EXAMPLE 75
PAC  Tablets
PAR  The tablet composition was compounded from the following ingredients:
TBL  N-[p-(1-hexahydropyrimidin-2-one-yl)-                                     
      phenethyl]-N'-(m-tolyl)-piperazine                                       
                              30     parts                                     
     Lactose                  70      "                                        
     Corn starch              93      "                                        
     Sec. calcium phosphate   47      "                                        
     Soluble starch           3       "                                        
     Magnesium stearate       3       "                                        
     Colloidal silicic acid   4       "                                        
                       Total  250    parts                                     
PAL  Preparation
PAR  The active ingredient was admixed with part of the excipients, kneaded
      intensely with an aqueous solution of the soluble starch and granulated by
      passing it through a screen in the conventional manner. The dried
      granulate was admixed with the remaining excipients and compressed into
      tablets, each of which weighed 250 mgm. Each tablet contained 30 mgm of
      the piperazine compound and was an oral dosage unit composition with
      effective CNS-depressing activity.
PAC  EXAMPLE 76
PAC  Coated Tablets
PAR  The tablet core composition was compounded from the following ingredients:
TBL  N[p-(1-imidazolidin-2,5-dione-yl)-                                        
      phenethyl]-N'-(.beta.-indanyl)-piperazine                                
                              40     parts                                     
     Lactose                  50      "                                        
     Corn starch              80      "                                        
     Sec. calcium phosphate   50      "                                        
     Magnesium stearate       3       "                                        
     Soluble starch           3       "                                        
     Colloidal silicic acid   4       "                                        
                       Total  230    parts                                     
PAL  Preparation
PAR  The active ingredient was admixed with part of the excipients, kneaded
      intensely with an aqueous solution of the soluble starch and then
      granulated in a conventional manner. The granulate was admixed with the
      remaining excipients and compressed into tablet cores, each weighing 250
      mgm. The cores were coated with a thin shell consisting of talcum, sugar
      and gum arabic in known manner. Each coated tablet contained 40 mgm of the
      piperazine compound and was an oral dosage unit composition with effective
      CNS-depressing activity.
PAC  EXAMPLE 77
PAC  Suppositories
PAR  The suppository composition was compounded from the following ingredients:
TBL  N-[p-(1-piperidin-2-one-yl)-phenethyl]-                                   
      N'-(o-tolyl)-piperazine                                                  
                             30      parts                                     
     Metamizol               10       "                                        
     Lecithin                2        "                                        
     Suppository base (e.g. cocoa butter)                                      
                             1790     "                                        
                      Total  1832    parts                                     
PAL  Preparation
PAR  The active ingredients, together with the lecithin, were dispersed
      homogeneously into the molten suppository base. 1832 mgm portions of the
      mixture were poured into suppository molds, and allowed to solidify. Each
      suppository contained 30 mgm of the piperazine compound and was a rectal
      dosage unit composition with effective CNS-depressing activity.
PAR  Analogous results are obtained when any one of the other arylpiperazine
      compounds embraced by formula I, or a non-toxic, pharmacologically
      acceptable acid addition salt thereof, is substituted for the particular
      arylpiperazine compound in Examples 75 to 77. Likewise, the amount of
      active ingredient in these illustrative examples may be varied to achieve
      the dosage unit range set forth above, and the amounts and nature of the
      inert pharmaceutical carrier ingredients may be varied to meet particular
      requirements.
PAR  While the present invention has been illustrated with the aid of certain
      specific embodiments thereof, it will be readily apparent to others
      skilled in the art that the invention is not limited to these particular
      embodiments, and that various changes and modifications may be made
      without departing from the spirit of the invention or the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A racemic or optically active compound of the formula
      ##EQU21##
      wherein R is phenyl; phenyl having one or two substituents attached
      thereto, said substituents being selected from the group consisting of
      alkyl of 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon atoms, alkylthio of
      1 to 4 carbon atoms, chlorine and trifluoromethyl; naphthyl;
      tetrahydronaphthyl; indanyl; pyridyl; thiazolyl; or isoquinolyl;
PA1  R.sub.1 is
      ##EQU22##
      where B is
      ##EQU23##
      n is 2 or 3 R.sub.3 is hydrogen, alkyl of 1 to 4 carbon atoms,
PA2  R.sub.4 and R.sub.5 are each hydrogen or alkyl of 1 to 4 carbon atoms, and
PA2  Q is oxygen or two hydrogens,
PA2  R.sub.2 is hydrogen, alkyl of 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon
      atoms or halogen,
PA2  A is a single carbon-to-carbon bond or --OCH.sub.2 --,
PA2  R.sub.6 is hydrogen, hydroxyl, alkoxy of 1 to 4 carbon atoms or alkanoyloxy
      of 1 to 4 carbon atoms, and
PA2  m is 0, 1, 2, 3, 4 or 5, but other than 0 when R.sub.6 is hydroxyl,
PAL  or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound of claim 1, which is
      N-[p-(1-pyrrolidin-2-one-yl)-phenethyl]-N'-(2',3'-xylyl)-piperazine or a
      non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  3.
PAR  3. A compound of claim 1, which is
      N-[p-(1-piperidin-2-one-yl)-phenethyl]-N'-(o-tolyl)-piperazine or a
      non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  4.
PAR  4. A compound of claim 1, which is
      N-[p-(1-isothiazolidin-1,1-dioxide-yl)-phenethyl]-N'-(2',3'-xylyl)-piperaz
     ine or a non-toxic, pharmacologically acceptable acid addition salt
      thereof.
NUM  5.
PAR  5. A compound of claim 1, which is
      N-[p-(1-imidazolidin-2,5-dione-yl)-phenethyl]-N'-(.beta.-indanyl)-piperazi
     ne or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  6.
PAR  6. A compound of claim 1, which is
      N-[p-(1-imidazolidin-2,5-dione-yl)-phenethyl]-N'-phenyl-piperazine or a
      non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  7.
PAR  7. A compound of claim 1, which is
      N-[p-(1-imidazolidin-2,5-dione-yl)-phenethyl]-piperazine or a non-toxic,
      pharmacologically acceptable acid addition salt thereof.
PATN
WKU  039417905
SRC  5
APN  444485&
APT  1
ART  122
APD  19740221
TTL  Bis diketopiperazines
ISD  19760302
NCL  7
ECL  1
EXA  Wheeler; David E.
EXP  Daus; Donald G.
INVT
NAM  Creighton; Andrew Malcolm
CTY  London
CNT  EN
ASSG
NAM  National Research Development Corporation
CNT  EN
COD  03
PRIR
CNT  UK
APD  19670703
APN  30617/67
RLAP
COD  74
APN  310700
APD  19721130
PSC  03
RLAP
COD  82
APN  126276
APD  19710319
PSC  03
RLAP
COD  82
APN  741874
APD  19680702
PSC  03
CLAS
OCL  260268DK
XCL  260268BF
XCL  260561R
XCL  260583R
XCL  424250
EDF  2
ICL  C07D29510
FSC  260
FSS  268 BI;268 DK
UREF
PNO  2628963
ISD  19530200
NAM  Laucius et al.
OCL  260376
UREF
PNO  3196153
ISD  19650700
NAM  Dazzi
OCL  260268BI
FREF
PNO  978,724
ISD  19641200
CNT  UK
OCL  260268BI
OREF
PAL  K. Hellmann et al., Nature, 1969, 224, 273.
PAL  Hellmann et al., Brit. Med. Jour., 1969, i, 822.
PAL  Creighton et al., Nature, 1969, 222, 384.
PAL  Badinand, "Bull, Soc. Chim. France," 1960, pp. 382-383.
PAL  Morrison et al., "Organic Chemistry" 1966, pp. 76-84.
ABST
PAL  A pharmaceutical composition useful for aiding regression and palliation of
      cancer in mammals comprises a therapeutically effective amount of a
      compound of formula
      ##EQU1##
      wherein R.sub.1 and R.sub.2 are each separately selected from hydrogen and
      methyl or together represent an ethylene bridging group, with the proviso
      that when both of the groups R.sub.1 and R.sub.2 are methyl they are
      disposed in the meso configuration, or a non-toxic salt thereof with a
      physiologically acceptable inorganic or organic acid, in combination with
      a physiologically acceptable diluent or carrier.
PARN
PAR  The present application is a divisional application derived from my
      application Ser. No. 310,700, filed Nov. 30, 1972 now abandoned, which is
      a continuation-in-part of Ser. No. 126,276, filed Mar. 19, 1971, now
      abandoned, which is in turn a continuation-in-part derived from my
      application Ser. No. 741,874, filed July 2, 1968 and now abandoned.
BSUM
PAR  This invention relates to pharmaceutical compounds, to processes for their
      preparation and to compositions containing them, and is primarily
      concerned with substances having activity in relation to certain forms of
      cancer, including leukemia, and certain non-malignant forms of
      proliferative disease.
PAR  It has been discovered that certain chemical compounds, some of which are
      already known and have been described as possessing properties unconnected
      with biological chemistry, display a significant degree of activity
      against tumours and other forms of cancer, and against certain
      non-malignant forms of proliferative disease, whilst being of relatively
      low toxicity. These compounds are characterised by a chemical structure
      which does not appear to have been previously explored in biological
      research and which is the bis(3,5-dioxopiperazin-1-yl) alkane structure of
      formula (I):
      ##EQU2##
      wherein R.sub.1 and R.sub.2 are each separately selected from hydrogen and
      methyl or together constitute an ethylene bridging group, provided that
      where the groups R.sub.1 and R.sub.2 are both methyl they are in a meso
      stereochemical relationship.
PAR  The present invention comprises compounds of the above formula and salts
      thereof with physiologically acceptable inorganic and organic acids, and
      their use in compositions intended for mammalian administration and
      containing or associated with a physiologically acceptable diluent or
      carrier.
PAR  Compounds having the structure defined above include or are related to
      certain of the poly-N-diacetic acid imides specifically described in U.K.
      patent specification No. 978,724 in which an extensive class of compounds
      is proposed as levelling agents, intermediates, textile auxiliaries, and
      curing agents. It must be emphasized, however, that the possession of
      anti-cancer properties is by no means co-extensive with the possession of
      the non-biological utilities mentioned, and the great majority of
      compounds embraced by the prior specification are totally devoid of the
      biological properties under consideration. Indeed, the degree of
      specificity of anti-cancer activity is such that whilst
      meso-2,3-bis(3,5-dioxopiperazin-1-yl)butane (I,R.sub.1 = R.sub.2 =
      CH.sub.3) has been found to show significant activity in this respect, its
      racemic analogue, dl-2,3-bis(3,5-dioxopiperazin-1-yl)butane, is
      essentially inactive. It is also to be noted that the anti-malignant
      activity exhibited by the compounds defined herein contrasts with the lack
      of activity in ethylene diamine tetra-acetic acid itself and simple
      derivatives thereof such as the lower alkyl esters.
PAR  Of the compounds according to the present invention,
      1,2-bis(3,5-dioxopiperazin-1-yl) propane (I,R.sub.1 = H, R.sub.2 =
      CH.sub.3) is of particular interest, whether in the dl, d or l form.
PAR  Several methods are available for the preparation of the compounds of
      formula (I). Thus for example, they can be prepared by reaction of the
      corresponding tetra-acetic acid of formula (II) with formamide, the
      reaction usually being carried out in excess of formamide as the solvent
      and at an elevated temperature, preferably under nitrogen.
      ##EQU3##
      Alternatively, and with particular advantage when the tetra-acetic acid
      (II) has a tendency to decarboxylate on heating, the compounds may be
      prepared by heating the corresponding tetra-amide in polyphosphoric acid
      or phenol.
PAR  A further alternative also exists, having the advantage of being a lower
      temperature method, which comprises treating the corresponding
      tetranitrile with sodamide in formamide and treating the resulting product
      with hydrogen chloride in methanol. It will be appreciated that the
      tetra-acetic acid, tetra-amide or tetranitrile employed should, where
      appropriate, be of the correct stereochemical relationship.
PAR  The tetra-acetic acids of formula (II) may be obtained from the
      corresponding succinic acid of formula (III), which again should be of the
      correct stereochemical relationship.
      ##EQU4##
PAR  The compounds of the present invention are of value in the treatment of a
      wide variety of forms of cancer including carcinomas, sarcomas including
      lymphosarcomas, leukemias and Hodgkin's disease, and
      1,2-bis(3,5-dioxopiperazin-1-yl)propane, in particular, has the added
      advantage that it shows a marked degree of inhibition of metastases.
      Experimental cancers against which the compounds have proved effective
      include sarcoma 180, adenocarcinoma 755, the Walker 256, Yoshida and Lewis
      lung tumours, the Cloudman melanoma, and the leukemia L1210, and clinical
      trials in patients with a variety of forms of cancer have been carried out
      and are referred to hereinafter. It is of some interest that
      dl-1,2-bis(3,5-dioxopiperazin-1-yl)propane has been found to be effective
      against inter-cerebrally implanted leukemia L1210, since this is
      indicative of the ability of the compound to cross the blood-brain
      barrier. The utility of the compounds is, however, not restricted to the
      treatment of cancer and they also find application in the treatment of
      certain non-malignant forms of proliferative disease and particularly
      psoriasis. It will be appreciated that individual compounds within the
      scope of the invention may show differing spectra of pharmaceutical
      activity and that a particular compound or compounds may be of especial
      value for the treatment of any particular form of cancer. Furthermore, the
      utility of the compounds of the present invention in aiding regression and
      palliation of cancer in mammals extends to their use in conjunction with
      other forms of treatment for this disease. Thus, for example, these
      compounds may be combined with other compounds having anti-cancer
      properties, such as methotrexate, and in some instances a synergistic
      effect is observed.
PAR  The compounds may be formulated for use as pharmaceuticals by a variety of
      methods. For instance, they may be applied as aqueous, oily (e.g., as a
      suspension in isopropyl myristate), or in some cases emulsified
      compositions for parenteral administration and therefore preferably
      sterile and pyrogen-free. In general, they have rather low solubility in
      aqueous media and are therefore usually administered in the form of
      aqueous suspensions containing suitable surface active agents. Without
      commitment to a rigid definition of dosages it may be stated that the
      normal daily dosage of active constituent which is proposed for mammalian
      use lies in the range from about 10 milligrams to about 3 grams, but
      preferably from about 25 milligrams to about 3 grams. It will be
      appreciated that these daily dosages may be divided into two or more
      portions, for example three or even five, and, indeed, the administration
      during the day of several smaller doses may prove advantageous as compared
      with a single larger dose. Furthermore the daily dosage will vary somewhat
      according to the particular compound used and its mode of administration.
      Thus doses as indicated above may be given as a solution in about 500-1000
      mls. of liquid for intravenous injection by slow infusion, or as a
      solution or suspension in about 10 ml. by the intramuscular route, or in
      small volumes subcutaneously. In some instances, however, and particularly
      in the case of oral administration, the daily dosage may be selected in a
      range with a higher minimum and maximum, for example from 250 or 500
      milligrams up to 1 to 3 or on occasion even as high as 10 grams. For oral
      administration conventional carrier materials such as starch, lactose,
      dextrin, and magnesium stearate may be used, whilst for the treatment of
      local forms of the disease, suitable creams or drops may be prepared.
      Other types of formulation include aerosols, cachets, suppositories, etc.
PAR  When the compounds are to be formulated as salts, preferred formulations
      are prepared with methane sulphonic acid, isethionic acid, tartaric acid
      and other solubilizing acids. Salts thus formed are frequently difficult
      to isolate in view of the weak basicity of some of the parent compounds
      but their aqueous solutions, after adjustment to physiologically
      acceptable pH with buffers, are stable for extended periods of time.
      Solutions of similar strength, i.e., 0.5% (w/v), are also obtainable with
      hydrochloric acid.
PAR  Although the invention is restricted to one stereoisomeric form as far as
      certain compounds are concerned, others can exist in different
      stereoisomeric forms, thus the cyclo-butane analogue (I,R.sub.1 R.sub.2 =
      C.sub.2 H.sub.4) can exist in a trans form and also a cis form. The d and
      l forms of the propane analogue individually, when each is obtained
      substantially free from the other and from the dl form, shown no
      substantial difference in biological activity from that observed for the
      racemic dl mixture. The individual stereoisomers do, however, possess an
      advantage over the mixture in that their individual aqueous solubilities,
      which are substantially similar, are appreciably greater than the aqueous
      solubility of the mixture. Thus, for example, a saturated solution of
      l-1,2-bis(3,5-dioxopiperazin-1-yl)propane in water at room temperature
      contains about 1.1% (w/v) of the compound whereas a similar solution of
      the dl form contains only about 0.1% (w/v). This means, for example, that
      the neutral compound can be administered parenterally in a much smaller
      volume if given in the form of either of the individual stereoisomers.
DETD
PAR  The invention is illustrated by the following Examples:
PAC  EXAMPLE 1
PAC  1,2-bis(3,5-Dioxopiperazin-1-yl)ethane
PAR  1,2-Diaminoethane tetra-acetic acid (900 g.) and formamide (2.5 liters) are
      heated together under reduced pressure (ca 100 mm.) at
      110.degree.-120.degree.C for 75 minutes. The temperature is then raised to
      155.degree.-160.degree.C and heating continued for a total of 5 hours
      (complete solution is obtained after ca 35 minutes at
      155.degree.-160.degree.C and the product begins to precipitate out about
      20-30 minutes later when frothing may become a temporary problem). The
      reaction mixture is allowed to cool to room temperature and then stood in
      the refrigerator overnight. Filtration, followed by washing consecutively
      with cold formamide, ethanol and petroleum ether (b.p.
      60.degree.-80.degree.C), and drying in vacuo at 60.degree.C, gives
      1,2-bis(3,5-dioxopiperazin-1-yl)ethane (664 g. 85%) as colorless needles,
      m.p. 297.degree.-300.degree.C (dec.).
PAC  EXAMPLE 2
PAC  dl-1,2-bis(3,5-Dioxopiperazin-1-yl)propane
PAR  1,2-Diaminopropane tetra-acetic acid (100 g.) and formamide (400 ml.) are
      heated together at reduced pressure under nitrogen at
      100.degree.-110.degree.C for 1 hour, and then at 150.degree.-155.degree.C
      for 4 hours. The brown solution is evaporated under reduced pressure at
      80.degree.-90.degree.C and the residue taken up in methanol (120 ml.) and
      cooled in the refrigerator overnight. Filtration, followed by washing with
      cold methanol and vacuum drying at 65.degree.C gives
      dl-1,2-bis(3,5-dioxopiperazin-1-yl)propane (62 g. 70%) as a very pale
      cream microcrystalline solid, m.p. 237.degree.-239.degree.C.
PAC  EXAMPLE 3
PAC  d-1,2-bis(3,5-Dioxopiperazin-1-yl)propane
PAR  d-1,2-Diaminopropane tetra-acetic acid monohydrate, [.alpha.].sub.D +
      47.1.degree. (c. 0.5% in water), prepared essentially by the method of
      Dwyer and Garvan, J. Amer. Chem. Soc., 1959, 81, 2956, is reacted with
      formamide by the method described in Example 2 to give a 43% yield of
      d-1,2-bis(3,5-dioxopiperazin-1-yl)propane, [.alpha.].sub.D + 11.35.degree.
      (c. 5% in dimethyl-formamide), m.p. 193.degree.C after recrystallisation
      from aqueous methanol/ether.
PAC  EXAMPLE 4
PAC  l-1,2-bis(3,5-Dioxopiperazin-1-yl)propane
PAR  l,1,2-Diaminopropane tetra-acetic acid monohydrate, [.alpha.].sub.D -
      44.2.degree. (c. 0.5% in water), prepared essentially by the method of
      Dwyer and Garvan (loc. cit.), is reacted with formamide by the method
      described in Example 2 to give a 36% yield of
      l-1,2-bis(3,5-dioxopiperazin-1-yl)propane, [.alpha.].sub.D - 10.9.degree.
      (c. 5% in dimethyl-formamide), m.p. 193.degree.-194.degree.C after
      recrystallization from aqueous methanol/ether.
PAC  EXAMPLE 5
PAC  meso-2,3-bis(3,5-Dioxopiperazin-1-yl)butane
PAR  meso-2,3-Diaminobutane [m.p. of dihydrochloride 325.degree.C (dec.); m.p.
      of diacetyl derivative, 300.degree.-301.degree.C] is prepared by lithium
      aluminum hydride reduction in ether during 4 days of the dibenzyl ether of
      dimethyl glyoxime and isolated as the dihydrochloride. The dihydrochloride
      is converted in 32% yield, essentially by the method described by Dwyer
      and Garvan (loc. cit.) for the 1,2-diaminopropane derivative but using an
      extra two equivalents of base, to meso-2,3-diaminobutane tetra-acetic acid
      dihydrate, m.p. 149.degree.C (dec.).
PAR  meso-2,3-Diaminobutane tetra-acetic acid dihydrate is reacted with
      formamide, essentially by the method described in Example 2 but diluting
      the final reaction mixture with acetone rather than concentrating it, to
      give a 34% yield of meso-2,3-bis(3,5-dioxopiperazin-1-yl)butane, m.p.
      320.degree.C (dec.).
PAC  EXAMPLE 6
PAC  trans-1,2-bis(3,5-Dioxopiperazin-1-yl)cyclobutane
PAR  trans-1,2-Diaminocyclobutane tetra-acetic acid monohydrate, m.p.
      234.degree.-235.degree.C (dec.), prepared in 56% yield essentially by the
      method of Dwyer and Garvan (loc. cit.), is reacted with formamide
      according to the procedure followed in Example 2 to give a 69% yield of
      trans-1,2-bis(3,5-dioxopiperazin-1-yl)cyclobutane, m.p.
      257.degree.-259.degree.C (dec.).
PAC  EXAMPLE 7
PAC  1,2-bis(Dioxopiperazin-1-yl)ethane
PAR  N,N,N',N'-Tetracarboxamidomethyl-1,2-diamino-ethane (0.5 g. prepared by the
      method of Badinard et al., Bull Soc. Chim. France, 1960, 382), is added to
      polyphosphoric acid [prepared by heating phosphorus pentoxide (5 g.) and
      orthophosphoric acid (5 ml.) at 120.degree.C for 2 hours and allowing to
      cool to 25.degree.C] and the mixture is heated at 105.degree.C for 10
      minutes and then at 120.degree.C for a further 30 minutes. The viscous
      brown solution is cooled, treated with ice and neutralized by the addition
      of 0.880 aqueous ammonia (ca 10 ml.) when
      1,2-bis(3,5-dioxopiperazin-1-yl)ethane (0.33 g. 65%) is precipitated as a
      very pale pink microcrystalline solid, m.p. 298.degree.-300.degree.C.
PAC  EXAMPLE 8
PAC  dl-1,2-bis(3,5-Dioxopiperazin-1-yl)propane
PAR  N,N,N',N'-Tetracarboxamidomethyl-1,2-diaminopropane (0.5 g.), prepared
      essentially by the method of Badinard et al. (loc. cit.), and phenol (10
      g.) are heated together under nitrogen at 165.degree.C for 20 hours. The
      phenol is removed by evaporation under reduced pressure and the residue
      triturated with methanol, cooled in ice and filtered to give
      dl-1,2-bis(3,5-dioxopiperazin-1-yl) propane (0.44 g., 82%) m.p.
      235.degree.-236.degree.C.
PAC  EXAMPLE 9
PAC  1,2-bis(3,5-Dioxopiperazin-1-yl)ethane
PAR  The procedure of Example 8 is followed using
      N,N,N',N'-tetracarboxamidomethyl-1,2-diaminoethane and gives rise to a 85%
      yield of the same product as obtained in Example 1.
PAC  EXAMPLE 10
PAC  Formulation
PAR  i. Tablets of the following composition are prepared:
TBL                         mg./tablet                                         
     The product of Example 1 (micronized)                                     
                              250                                              
     "Avicel" (microcrystalline cellulose)                                     
                              38                                               
     polyvinylpyrrolidone     3                                                
     alginic acid             6                                                
     magnesium stearate       3                                                
PAR  The product of Example 1 is mixed with the "Avicel" and polyvinyl
      pyrrolidone is added dissolved in sufficient industrial methylated spirits
      74.degree.OP to produce a mass suitable for granulating. The mass is
      granulated through a 20 mesh sieve (the British mesh standard is used
      throughout the specification) and the resultant granules are dried at a
      temperature not exceeding 50.degree.C. The dried granules are passed
      through a 20 mesh sieve and the alginic acid and magnesium stearate are
      then added and mixed with the granules. The product is compressed into
      tablets, each weighing 300 mg., on 3/8 in. flat bevelled edge divider
      punches.
PAR  ii. Tablets of the following composition are prepared:
TBL                         mg./tablet                                         
     The product of Example 2 250                                              
     "Avicel" (microcrystalline cellulose)                                     
                              134                                              
     polyvinylpyrrolidone     4                                                
     alginic acid             8                                                
     magnesium stearate       4                                                
PAR  The tablets are prepared by essentially the same procedure as described in
      Example 10, and are compressed at a tablet weight of 400 mg. on 7/16 in.
      flat bevelled edge punches.
PAR  iii. Tablets of the following composition are prepared:
TBL                         mg./tablet                                         
     The product of Example 1 (micronized)                                     
                              250                                              
     lactose (300 mesh)       19                                               
     maize starch             15                                               
     gelatine                 10                                               
     magnesium stearate       6                                                
PAR  The tablets are prepared by mixing the product of Example 1 with lactose
      and half the total quantity of maize starch required, and adding to the
      mass a 5% (w/v) solution of gelatine in water. The product is granulated
      through a 16 mesh sieve, and the resultant granules are dried to constant
      weight at a temperature not exceeding 60.degree.C. The dried granules are
      passed through a 20 mesh sieve and mixed with magnesium stearate and the
      remainder of the maize starch. The product is compressed at 300 mg. tablet
      weight on 3/8 in. flat bevelled edge divided punches.
PAR  iv. The product of Example 2 (0.548 g.) is added to 5 ml. of a 0.4N
      solution of (1) hydrochloric acid, (2) isethionic acid, (3) methane
      sulphonic acid, or (4) tartaric acid, and the mixture is made up to 100
      ml. by the addition of water. The solution so obtained is added to an
      aqueous solution of disodium hydrogen phosphate (0.2M, 10 ml.) to provide
      a stable solution having a pH of 5.7. Injection of the solution within 1
      hour of preparation is recommended.
PAC  EXAMPLE 11
PAC  Laboratory Tests
PAR  The overall effects of various compounds on the rate of synthesis of DNA is
      mammalian cell cultures are determined with the method of Birnie and
      Simons (Experimental Cell Research, 1967, 46, 355) by measuring the
      changes in the amount of .sup.3 H-thymidine incorporated in 1 hour by
      secondary mouse fibroblast cultures which have been incubated with a
      particular compound for 22 hours.
PAR  Typical results illustrating the degree of inhibition of .sup.3 H-thymidine
      incorporation for the treated fibroblasts as compared with untreated
      fibroblasts are given in Table I. The results obtained can be regarded as
      a measure of cytotoxicity and correlate well with results obtained with
      implanted tumors in mice.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                Concentration                                  
     Structure                  of compound                                    
                                        %Inhibition                            
                                .mu.g./ml.                                     
     __________________________________________________________________________
                                8       69                                     
                                0.3     21                                     
     .angle.N--CH--CH.sub.2 --N.angle.                                         
                                5       63                                     
     .parallel.dl               1       48                                     
     CH.sub.3                   0.3     15                                     
     .angle.N--CH--CH.sub.2 --N.angle.                                         
                                200     74                                     
     .vertline.                 1       44                                     
     CH.sub.3 d                                                                
     .angle.N--CH--CH.sub.2 --N.angle.                                         
     .vertline.                 200     72                                     
     CH.sub.3 l                 1       52                                     
     .angle.N--CH --CH--N.angle. trans                                         
                                67      60                                     
     .vertline..vertline.       3       22                                     
     CH.sub.2 --CH.sub.2                                                       
     .angle.N--CH--CH--N.angle. meso                                           
                                1       78                                     
     .vertline..vertline.       0.01    72                                     
     CH.sub.3 CH.sub.3          0.002   19                                     
     CH.sub.3                                                                  
     .vertline.                 13      26                                     
     .angle.N--CH--CH--N.angle. dl                                             
                                3        3                                     
     .vertline.                                                                
     CH.sub.3                                                                  
     __________________________________________________________________________
PAR  ii. Mice having implanted tumors Sarcoma 180 and Adenocarcinoma 755, and
      rats having the implanted tumor Walker 256, are treated with
      1,2-bis(3,5-dioxopiperazin-1-yl) ethane. The compound is administered by
      intraperitoneal injection of a suspension of the substance in isotonic
      saline containing 1/2% (w/v) carboxymethyl cellulose. The mice are dosed
      with 30 mg. of active substance per kilo daily for 5 out of 8 days, and
      their tumors are exercised and weighed. The rats are given one dose only
      of 400 mg. per kilo and maintained without further treatment for 8 days
      when their tumors are also removed and weighed. Compared with control
      animals typical Treated/Control values of mean tumor weight for the S180
      and Ca 755 tumors are in the range of 5-10%, and for the Walker tumors of
      the order of 20%.
PAR  Mice implanted with leukemia L1210 are treated as described above with 30
      mg. of active substance per kilo for a continuing period until all the
      animals succumb. Compared with controls, an increase in survival time of
      the treatment animals greater than 100% for example of 167%, is obtained.
PAR  iii. In tests with tumor S180 similar to those described under (ii) typical
      Treated/Control values of mean tumor weight for
      dl-1,2-bis(3,5-dioxopiperazin-1-yl) butane and
      meso-2,3-bis(3,5-dioxopiperazin-1-yl) butane are 84% at 30 mg./Kg. and 22%
      at 0.25 mg./Kg. respectively.
PAR  In tests with leukemia L1210 similar to those described under (ii) typical
      Treated/Control values of survival time for these two isomers are 80% at
      30 mg./Kg. for the dl isomer and 165% at 0.25 mg./Kg. for the meso isomer.
PAR  iv. dl-1,2-bis(3,5-dioxopiperazin-1-yl) propane is fed at 30 mg./Kg. on 5
      out of 8 days to mice having S180 tumor and typically gives a
      Treated/Control value for mean tumor weight of 7%, all the animals
      surviving and having a weight gain of 12% against 29% in the controls.
      Against L1210 intraperitoneal and subcutaneous injection at 30 mg./Kg.
      daily until death typically gives Treated/Control values for survival time
      of 257% and 223% respectively whilst given orally at 75 mg./Kg. a
      Treated/Control value of 157% is obtained.
TBL                TABLE II                                                    
     ______________________________________                                    
     Isomer of                            % Increase                           
     dl-1,2-bis    Non-    Survival Mean  of survival                          
     (3,5-dioxopiperazin-                                                      
                   takes   days           time over                            
     1-yl) propane                        controls                             
     ______________________________________                                    
     10% DMSO       1/10   9,9,9,10,                                           
                                    10.1   --                                  
                           10,10,11,                                           
                           11,12,                                              
     dl-            0/10   17,17,18,                                           
                                    18.8   86                                  
                           18,18,18,                                           
                           19,19,19,                                           
                           25                                                  
     d-             0/10   14,16,16,                                           
                                    19.5   93                                  
                           17,18,19,                                           
                           19,25,25,                                           
                           26                                                  
     l-             0/10   16,17,18,                                           
                                    20.1   99                                  
                           18,19,20,                                           
                           21,23,23,                                           
                           26                                                  
     ______________________________________                                    
PAR  v. A suspension of leukaemic cells from DBA2 mice heavily infected with
      leukemia L1210 is obtained by removing ascites from the peritoneal cavity.
      The ascitic fluid is diluted in saline and injected intraperitoneally at a
      level of 10.sup.6 cell into groups of BDFi females.
PAR  Stock solutions of each of the dl, d and l isomers of
      1,2-bis(3,5-dioxopiperaxin-1-yl)propane in dimethylsulphoxide (DMSO) are
      prepared and kept frozen. The solutions are thawed each morning and an
      aliquot diluted 10-fold with saline. Daily intraperitoneal injections of
      the three diluted solutions into groups of 10 mice are started on the day
      after innoculation of the leukaemic cells at a daily dosage level of 40
      mg./Kg. (equivalent to 0.5 to 1.0 ml of solution per injection). A control
      group of mice is injected daily with a similar volume of 10% DMSO in
      saline.
PAR  In general, the deaths of mice in any group occur within a few days of each
      other. If one or more members of a group survive 5 days longer than any
      other of their companions, injections are stopped and if these mice
      survive a further 5 days they are classed as failures of transplantation.
      This is merely an objective criterion of a situation which is visually
      obvious; the "non-Takes" typically looking sleek and healthy and having no
      tumor at the inoculation site nor having their bellies swollen with
      ascitic fluid. Results typical of these obtained are shown in Table II.
PAC  EXAMPLE 12
PAC  Results of Trials in Human Patients
PAR  Various forms of cancer, including lymphosarcomas, fibrosarcomas,
      carcinomas, lymphoblastic leukemias and Hodgkin's disease, some of which
      had previously been treated unsuccessfully with other drugs or
      radiotherapy, have been treated with dl-1.2-bis(3,5-dioxopiperazin-1-yl)
      propane, whereupon significant regression and palliation of the cancers
      were obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bis(3,5-dioxopiperazin-1-yl) alkane selected from the group consisting
      of:
PA1  1,2-bis(3,5-dioxopiperazin-1-yl) propane,
PA1  meso-2,3-bis(3,5-dioxopiperazin-1-yl) butane,
PA1  1,2-bis(3,5-dioxopiperazin-1-yl) cyclobutane,
PA1  and acid addition salts thereof with a physiologically acceptable inorganic
      or organic acid.
NUM  2.
PAR  2. The bis(3,5-dioxopiperazin-1-yl) alkane of claim 1 which is
      dl-1,2-bis(3,5-dioxopiperazin-1-yl) propane or an acid addition salt
      thereof with a physiologically acceptable inorganic or organic acid.
NUM  3.
PAR  3. The bis(3,5-dioxopiperazin-1-yl) alkane of claim 1 which consists
      essentially of d-1,2-bis(3,5-dioxopiperazin-1-yl) propane, or an acid
      addition salt thereof with a physiologically acceptable inorganic or
      organic acid.
NUM  4.
PAR  4. The bis(3,5-dioxopiperazin-1-yl) alkane of claim 1 which consists
      essentially of l-1,2-bis(3,5-dioxopiperazin-1-yl) propane, or an acid
      addition salt thereof with a physiologically acceptable inorganic or
      organic acid.
NUM  5.
PAR  5. The bis(3,5-dioxopiperazin-1-yl) alkane of claim 1 which is
      meso-2,3-bis(3,5-dioxopiperazin-1-yl) butane, or an acid addition salt
      thereof with a physiologically acceptable inorganic or organic acid.
NUM  6.
PAR  6. A bis(3,5-dioxopiperazin-1-yl) alkane acid addition salt of claim 1
      which is the hydrochloric, isethionic, tartaric or methane sulphonic acid
      salt.
NUM  7.
PAR  7. A process for the preparation of a bis(3,5-dioxopiperazin-1-yl) alkane
      of claim 1 which comprises heating a compound selected from N,N,N',N'
      -tetracarboxamidomethyl-1,2-diamino propane,
      meso-N,N,N',N'-tetracarboxamidomethyl-2,3-diaminobutane and
      N,N,N',N'-tetracarboxamidomethyl-1,2-diaminocyclobutane with
      polyphosphoric acid as reagent.
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ABST
PAL  Naphthalimides of the formula
      ##SPC1##
PAL  In which R and R.sup.1 are hydrocarbon radicals. The compounds are
      eminently suitable for the optical brightening of synthetic fibers,
      particularly polyesters, on which outstanding brightening effects are
      obtained.
PARN
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 373,114, now abandoned filed June 25, 1973.
BSUM
PAR  The invention relates to compounds of the formula I
      ##SPC2##
PAL  in which
PA1  R is alkyl of 1 to 18 carbon atoms, allyl, cycloalkyl of 5 to 8 carbon
      atoms, phenylalkyl of 1 to 4 carbon atoms in the alkyl, phenylalkyl
      substituted in the phenyl by chloro, methyl, ethyl, methoxy, carbomethoxy,
      carboethoxy or cyano and having 1 to 4 carbon atoms in the alkyl,
      hydroxyalkyl of 2 or 3 carbon atoms, alkoxyalkyl of 2 or 3 carbon atoms in
      the alkyl and 1 to 8 carbon atoms in the alkoxy, phenoxyalkyl of 2 to 3
      carbon atoms in the alkyl, phenoxyalkyl substituted by chloro, methyl or
      methoxy and of 2 or 3 carbon atoms in the alkyl, cyanoethyl, chloroethyl,
      bromoethyl, chloropropyl, bromopropyl, alkoxycarbonylethyl of 1 to 8
      carbon atoms in the alkoxy, .beta.-carbamoylethyl, alkoxycarbonylmethyl of
      1 to 8 carbon atoms in the alkoxy, alkanoyloxyalkyl of 1 to 18 carbon
      atoms in the alkanoyl and 2 or 3 carbon atoms in the alkyl,
      alkanoyloxyalkyl of 2 to 4 carbon atoms in the alkanoyl, 2 or 3 carbon
      atoms in the alkyl and substituted in the alkanoyl by chloro, bromo,
      hydroxy, methoxy, ethoxy, phenoxy or phenyl, cyclohexylcarbonyloxyalkyl of
      2 to 3 carbon atoms in the alkyl, benzoyloxyalkyl or benzoyloxyalkyl
      substituted in the phenyl ring by chloro, methyl or methoxy and having 2
      or 3 carbon atoms in the alkyl, alkoxycarbonyloxyalkyl of 1 to 8 carbon
      atoms in the alkoxy and 2 or 3 carbon atoms in the alkyl,
      .beta.-alkoxy-ethoxycarbonyloxyalkyl of 1 to 4 carbon atoms in the
      .beta.-alkoxy and 2 or 3 carbon atoms in the alkyl,
      cyclohexoxycarbonyloxyalkyl, benzyloxycarbonyloxyalkyl,
      .beta.-phenylethoxycarbonyloxyalkyl, phenoxycarbonyloxyalkyl or
      phenoxycarbonyloxyalkyl substituted in the phenoxy by chloro, methyl or
      methoxy, the alkyl having 2 or 3 carbon atoms in each case,
      alkylaminocarbonyloxyalkyl of 1 to 8 carbon atoms in the alkylamino and 2
      or 3 carbon atoms in the alkyl, phenylaminocarbonyloxyalkyl or
      phenylaminocarbonyloxyalkyl substituted in the phenyl by chloro or methyl
      and having 2 or 3 carbon atoms in the alkyl,
      ##EQU1##
      n is 2, 3 or 4, B is hydrogen or alkyl of 1 to 4 carbon atoms,
PA1  B.sup.1 is hydroxy, alkoxy of 1 to 8 carbon atoms, .beta.-alkoxyethoxy of 1
      to 4 carbon atoms in the alkoxy, phenoxy, phenoxy substituted by chloro,
      methyl or methoxy, phenylmercapto or methoxyphenylmercapto, and
PA1  R.sup.1 is alkyl of 1 to 6 carbon atoms, hydroxyalkyl of 2 to 6 carbon
      atoms, alkoxyalkyl of 1 to 4 carbon atoms in the alkoxy and 2 to 6 carbon
      atoms in the alkyl or (CH.sub.2 CH.sub.2 O).sub.n B.
PAR  Specific radicals R apart from those already named are: methyl, ethyl,
      propyl, butyl, pentyl, hexyl, heptyl, octyl, .beta.-ethylhexyl nonyl,
      decyl, undecyl, dodecyl, tetradecyl, hexadecyl, octadecyl, cyclopentyl,
      cyclohexyl, methylcyclohexyl, cycloheptyl, norbornyl, cyclooctyl, benzyl,
      phenylethyl, phenylpropyl, phenylbutyl, chlorobenzyl, methylbenzyl,
      dimethylbenzyl, methoxybenzyl, carbomethoxybenzyl, cyanobenzyl,
      cyanophenylethyl, .beta.-hydroxyethyl or -propyl,
      .beta.,.gamma.-dihydroxypropyl, .beta.-methoxyethyl, .beta.-ethoxy-,
      .beta.-propoxy-, .beta.-butoxy-, .beta.-pentoxy-, .beta.-hexoxy-,
      .beta.-(.beta.-ethylhexoxy)-, .beta.-octoxy-ethyl or -propyl,
      .beta.-phenoxyethyl or -propyl, chloro-phenoxy-, methylphenoxy- or
      methoxyphenoxy-ethyl or -propyl, methoxycarbonylethyl, ethoxy-, propoxy-,
      butoxy-, hexoxy-, .beta.-ethylhexoxy- or octoxycarbonyl-ethyl or -methyl,
      formyloxyethyl, acetoxy-, propionyloxy-, butyryloxy-, hexanoxyloxy-,
      .beta.-ethylhexanoyloxy-, decanoyloxy-, dodecanoyloxy-, hexadecanoyloxy-
      or octadecanoyloxy-ethyl or -propyl, chloroacetoxyethyl, bromo-, hydroxy-,
      methoxy-, ethoxy-, phenoxy- or phenylacetoxyethyl or -propyl,
      .beta.-chloropropionyloxy-ethyl or -propyl, .gamma.-chlorobutyryloxyethyl
      or -propyl, methoxycarbonyloxyethyl, ethoxy-, propoxy-, butoxy-, hexoxy-,
      .beta.-ethylhexoxy- or octoxycarbonyloxy-ethyl or -propyl,
      .beta.-methoxyethoxycarbonyloxy-ethyl or -propyl,
      .beta.-butoxyethoxycarbonyloxy-ethyl or -propyl,
      methylaminocarbonyloxyethyl, propyl-, butyl-, hexyl-, .beta.-ethylhexyl-
      or octylaminocarbonyloxy-ethyl or -propyl,
      ##EQU2##
PAR  Preferred radicals R are: alkyl of 1 to 12 carbon atoms, hydroxyalkyl of 2
      or 3 carbon atoms, alkoxyalkyl of 1 to 4 carbon atoms in the alkoxy and 2
      or 3 carbon atoms in the alkyl, cyclohexyl, benzyl, benzyl substituted by
      cyano, carbomethoxy or carboethoxy, phenylethyl, phenylpropyl, (C.sub.2
      H.sub.4 O).sub.n B or
      ##EQU3##
      where B.sup.2 is hydroxy, alkoxy of 1 to 6 carbon atoms,
      .beta.-alkoxyethoxy of 1 to 4 carbon atoms in the alkoxy or phenoxy and B
      and n have the meanings given above.
PAR  Specific radicals R.sup.1 are methyl, ethyl, propyl, butyl, pentyl, hexyl,
      .beta.-hydroxyethyl or -propyl, .omega.-hydroxybutyl,
      .omega.-hydroxypentyl, .omega.-hydroxyhexyl, .beta.methoxyethyl,
      .beta.-ethoxy-, .beta.-propoxy- and .beta.-butoxyethyl or -propyl,
      .omega.-methoxybutyl, .omega.-methoxyhexyl, (CH.sub.2 CH.sub.2 O).sub.2
      CH.sub.3, (CH.sub.2 CH.sub.2 O).sub.2 C.sub.2 H.sub.5, (CH.sub.2 CH.sub.2
      O).sub.2 C.sub.4 H.sub.9, (CH.sub.2 CH.sub.2 O).sub.3 CH.sub.3 and
      (CH.sub.2 CH.sub.2 O).sub.4 CH.sub.3.
PAR  Preferred radicals R.sup.1 are alkyl of 1 to 6 carbon atoms or alkoxyethyl
      of 1 to 4 carbon atoms in the alkoxy.
PAR  It will be understood that references to propyl, butyl, etc. include the
      isomeric radicals such as isopropyl and isobutyl.
PAR  Compounds of the formula I may be prepared by the following reactions:
      ##SPC3##
PAL  where Hal is bromine or preferably chlorine.
PAR  The 4,5-dichloronaphthalic acid anhydride is known from the literature (see
      e.g. M. M. Daschewski and G. T. Petrenko, Ukranian Chemical Journal, 21,
      Volume 3 (1955), pages 370 to 721) and is prepared by halogenation and
      subsequent oxidation from acenaphthene.
PAR  Many compounds of the formula (I) may also be prepared by reacting a
      compound of the formula (II):
      ##SPC4##
PAL  with an epoxide of the formula (III):
      ##EQU4##
      in which D is hydrogen, methyl or phenyl in an alcohol of the formula:
      ##SPC5##
PAL  and converting the radical
      ##EQU5##
      into a radical R.
PAR  It is surprising that in the reaction of the compound of the formula (II)
      with a large (more than 100%) excess of epoxide of the formula (III) in an
      alcohol of the formula R.sup.1 --OH often exchange of the halogen for
      OR.sup.1 takes place simultaneously with the introduction of the radical
      ##EQU6##
PAR  The reactions are known in principle and proceed analogously under
      comparable conditions. Details are given in the Examples.
PAR  Of particular importance industrially are compounds of the formula Ia
      ##SPC6##
PAL  wherein
PA1  R.sup.2 is alkyl of 1 to 8 carbon atoms, .beta.-hydroxyethyl,
      .beta.-hydroxypropyl, .beta.-alkoxyethyl of 1 to 4 carbon atoms in the
      alkoxy, .beta.-chloroethyl, cyclohexyl or (C.sub.2 H.sub.4 O).sub.2 B, and
PA1  R.sup.3 is alkyl of 1 to 6 carbon atoms,
PA1  B having the meanings given above.
PAR  The compounds of formula I are colorless to pale yellow and are suitable as
      optical brighteners for example for synthetic fibers such as polyamides,
      cellulose esters, acrylonitrile polymers and particularly polyesters.
PAR  The brightened fibers have very good lightfastness and washfastness. The
      compounds have a very pronounced whitening effect and high color strength.
DETD
PAR  The following Examples illustrate the invention. Parts and percentages are
      by weight unless otherwise stated.
PAC  EXAMPLE 1
PAR  28.2 Parts of 4,5-dichloro-N-hydroxynaphthalimide is dissolved in 1100
      parts of methanol and 120 parts of triethylamine with heating under
      reflux. The solution is filtered, 54.5 parts of ethyl bromide is added and
      the whole is heated under reflux for 31/2 hours. After another 54.5 parts
      of ethyl bromide has been added, the whole is heated for another hour and
      the precipitated product is suction filtered and washed with methanol. 24
      Parts (78% of theory) of 4,5-dichloro-N-ethoxynaphthalimide is obtained
      having a melting point of 197.degree. to 199.degree.C.
PAR  18.6 Parts of the naphthalimide thus obtained, 43 parts of 30% sodium
      methoxide solution and 250 parts of methanol are heated under reflux for 4
      hours. After the whole has cooled it is suction filtered and washed with
      methanol and water. 14 Parts (77% of theory) of
      4,5-dimethoxy-N-ethoxynaphthalimide is obtained having a melting point of
      230.degree. to 232.degree.C. The compound melts at 232.degree. to
      233.degree.C after it has been recrystallized from methyl glycol.
PAR  When the ethyl bromide in Example 1 is replaced by n-butyl bromide (Example
      2) and benzyl chloride (Example 3), the following compounds are obtained:
      ##SPC7##
     Example No.   R           Melting point                                   
     ______________________________________                                    
     2             n-C.sub. 4 H.sub.9                                          
                               220.degree. to 222.degree.C                     
     3             CH.sub.2 --C.sub.6 H.sub.5                                  
                               269.degree. to 270.degree.C                     
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  28.2 Parts of 4,5-dichloro-N-hydroxynaphthalimide is dissolved in 350 parts
      of methanol, 350 parts of water and 40 parts of triethylamine with heating
      under reflux. 30 Minutes later 32 parts of hexylbromide is added during 4
      hours. After 3 hours stirring at 65.degree. to 70.degree.C the whole is
      allowed to cool, suction filtered and dried. 35 Parts of
      4,5-dichloro-N-hexoxynaphthalimide is obtained, having a melting point of
      123.degree. to 126.degree.C.
PAR  35 Parts of the naphthalimide thus obtained, 520 parts of methanol and 85
      parts of 30% sodium methoxide solution are heated under reflux for 5
      hours. After the whole has cooled it is suction filtered and washed with
      water. 29 parts of N-hexoxy-4,5-dimethoxynaphthalimide is obtained having
      a melting point of 191.degree. to 195.degree.C. The compound melts at
      195.degree. to 197.degree.C after recrystallization from toluene.
PAC  EXAMPLE 5
PAR  28.2 Parts of 4,5-dichloro-N-hydroxynaphthalimide is dissolved in 120 parts
      of triethylamine and 1100 parts of methanol at 60.degree.C. Insoluble
      matter is filtered off and 22 parts of ethylene oxide is passed in at
      refluxing temperature. The mixture is heated for another 8 hours, allowed
      to cool, suction filtered and washed with methanol. 17 parts (54% of
      theory) of 4,5-dimethoxy-N-.beta.-hydroxyethoxynaphthalimide is obtained
      having a melting point of 242.degree. to 243.degree.C. A sample
      recrystallized from chlorobenzene has the same melting point.
PAC  EXAMPLE 6
PAR  The ethylene oxide in Example 5 is replaced by propylene oxide. After the
      product has been recrystallized from o-dichlorobenzene, 12 parts (36% of
      theory) of 4,5-dimethoxy-N-.beta.-hydroxypropoxynaphthalimide is obtained
      having a melting point of 250.degree. to 252.degree.C.
PAC  EXAMPLE 7
PAR  Analogously to Example 5 a mixture of compounds of the formulae:
      ##SPC8##
PAL  is obtained in a yield of 51% from 4,5-dichloro-N-hydroxynaphthalimide and
      styrene oxide. The mixture melts at 236.degree. to 238.degree.C after it
      has been recrystallized from glacial acetic acid.
PAC  EXAMPLE 8
PAR  16 Parts of 4,5-dimethoxy-N-.beta.-hydroxyethoxynaphthalimide is suspended
      in 160 parts of chlorobenzene and then 12 parts of thionyl chloride and
      0.5 parts of dimethylformamide are added. The mixture is stirred for 11
      hours under reflux; after cooling, the reaction product is suction
      filtered and washed with petroleum ether. 16 parts (96% of theory) of pale
      yellow crystals is obtained having a melting point of 258.degree. to
      259.degree.C. The compound has the formula:
      ##SPC9##
PAC  EXAMPLE 9
PAR  15.5 Parts of 4,5-dimethoxy-N-.beta.-hydroxyethoxynaphthalimide and 7 parts
      of potassium carbonate are suspended in 100 parts of chlorobenzene and 8
      parts of acetyl chloride is added. The whole is stirred for 15 hours at
      85.degree.C and then the product is precipitated with petroleum ether,
      suction filtered and stirred in 300 parts of water. 17 parts (95% of
      theory) of 4,5-dimethoxy-N-.beta.-acetoxyethoxynaphthalimide is obtained
      having a melting point of 193.degree. to 195.degree.C.
PAC  EXAMPLE 10
PAR  The acetyl chloride in Example 9 is replaced by ethyl chloroformate. The
      compound of the formula:
      ##SPC10##
PAL  is obtained in a yield of 86%; it melts at 241.degree. to 243.degree.C.
PAC  EXAMPLE 11
PAR  15 Parts of 4,5-dimethoxy-N-.beta.-hydroxyethoxynaphthalimide is suspended
      in 150 parts of chlorobenzene and 10 parts of phenyl isocyanate is added.
      The mixture is stirred for 20 hours at 80.degree.C. The product is suction
      filtered and recrystallized from acetic acid. 17 parts (86% of theory) of
      the compound of the formula:
      ##SPC11##
PAL  is obtained having a melting point of 253.degree. to 255.degree.C.
PAC  EXAMPLE 12
PAR  56.4 Parts of 4,5-dichloro-N-hydroxynaphthalimide is dissolved in 700 parts
      of water, 650 parts of methanol and 80 parts of triethylamine with heating
      under reflux. After 30 minutes 70 parts of n-heptyl bromide is added
      within 4 hours. After three hours stirring at 65.degree. to 70.degree.C
      the whole is allowed to cool, suction filtered and dried. 70 parts of
      N-heptoxy-4,5-dichloronaphthalimide is obtained having a melting point of
      135.degree. to 137.degree.C.
PAR  70 Parts of the naphthalimide thus obtained, 1000 parts of methanol and 170
      parts of sodium methoxide solution (30%) are heated under reflux for 5
      hours. After the whole has cooled, it is suction filtered and washed with
      water. 60 Parts of N-heptoxy-4,5-dimethoxynaphthalimide is obtained. The
      compound melts at 180.degree. to 182.degree.C after recrystallization from
      toluene.
PAC  EXAMPLE 13
PAR  When the heptyl bromide in Example 12 is replaced by 2-ethylhexylbromide,
      N-(2-ethyl-hexoxy)-4,5-dimethoxy-naphthalimide is obtained. The compound
      melts at 218.degree. to 220.degree.C after it has been recrystallized from
      butyl acetate.
PAC  EXAMPLE 14
PAR  110 Parts of N-ethoxy-4,5-dichloronaphthalimide, 900 parts of butanol and
      670 parts of potassium butoxide (26%) are heated at 80.degree.C for 10
      hours. After the whole has cooled, 900 parts of methanol is added. The
      precipitated product is suction filtered and washed with water. 80 parts
      of N-ethoxy-4,5dibutoxynaphthalimide is obtained having a melting point of
      219.degree. to 221.degree.C.
PAC  EXAMPLE 15
PAR  When the N-ethoxy-4,5-dichloronaphthalimide in Example 14 is replaced by
      N-butoxy-4,5-dichloronaphthalimide, N-butoxy-4,5-dibutoxynaphthalimide is
      obtained. The compound melts at 198.degree. to 200.degree.C after it has
      been recrystallized from butyl acetate.
PAR  The compounds identified in the following table are obtained analogously to
      the methods described above.
      ##SPC12##
TBL                                 Fluorescence                               
     Example                                                                   
            R                R.sup.1                                           
                                    in ethanol                                 
     __________________________________________________________________________
     16     CH.sub.3         C.sub.2 H.sub.5                                   
                                    blue violet                                
     17     C.sub.2 H.sub.5  C.sub.3 H.sub.7                                   
                                    blue violet                                
     18     C.sub.3 H.sub.7  C.sub.2 H.sub.5                                   
                                    blue violet                                
     19     C.sub.4 H.sub.9  C.sub.2 H.sub.5                                   
                                    blue violet                                
     20     C.sub.5 H.sub.11 C.sub.2 H.sub.5                                   
                                    blue violet                                
     21     C.sub.5 H.sub.11 CH.sub.3                                          
                                    violet                                     
     22     C.sub.6 H.sub.13 C.sub.2 H.sub.5                                   
                                    blue violet                                
     23     C.sub.6 H.sub.13 C.sub.4 H.sub.9                                   
                                    blue violet                                
     24     C.sub.7 H.sub.15 C.sub.3 H.sub.7                                   
                                    blue violet                                
     25     C.sub.8 H.sub.17 C.sub.2 H.sub.5                                   
                                    blue violet                                
     26     C.sub.8 H.sub.17 CH.sub.3                                          
                                    violet                                     
     27     C.sub.9 H.sub.19 CH.sub.3                                          
                                    violet                                     
     28     C.sub.10 H.sub.21                                                  
                             CH.sub.3                                          
                                    violet                                     
     29     C.sub.11 H.sub.23                                                  
                             CH.sub.3                                          
                                    violet                                     
     30     C.sub.12 H.sub.25                                                  
                             CH.sub.3                                          
                                    violet                                     
     31     C.sub.14 H.sub.29                                                  
                             CH.sub.3                                          
                                    violet                                     
     32     C.sub.15 H.sub.31                                                  
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
     33     C.sub.18 H.sub.37                                                  
                             CH.sub.3                                          
                                    violet                                     
     34     C.sub.17 H.sub.35                                                  
                             CH.sub.3                                          
                                    violet                                     
     35                      CH.sub.3                                          
                                    violet                                     
     36                      C.sub.2 H.sub.5                                   
                                    blue violet                                
     37                      CH.sub.3                                          
                                    violet                                     
     38                      C.sub.2 H.sub.5                                   
                                    blue violet                                
     39                      CH.sub.3                                          
                                    violet                                     
     40     CH.sub.2 --C.sub.6 H.sub.5                                         
                             C.sub.4 H.sub.9                                   
                                    blue violet                                
     41     C.sub.2 H.sub.4 --C.sub.6 H.sub.5                                  
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
     42     C.sub.3 H.sub.6 --C.sub.6 H.sub.5                                  
                             CH.sub.3                                          
                                    violet                                     
     43     C.sub.4 H.sub.8 --C.sub.6 H.sub.5                                  
                             CH.sub.3                                          
                                    violet                                     
     44     CH.sub.2 --C.sub.6 H.sub.4 Cl                                      
                             CH.sub.3                                          
                                    violet                                     
     45     CH.sub.2 --C.sub.6 H.sub.4 CH.sub.3                                
                             CH.sub.3                                          
                                    violet                                     
     46     CH.sub.2 --C.sub.6 H.sub.4 OCH.sub.3                               
                             CH.sub.3                                          
                                    violet                                     
     47     CH.sub.2 --C.sub.6 H.sub.4 COOCH.sub.3                             
                             C.sub.5 H.sub.9                                   
                                    blue violet                                
     48     CH.sub.2 --C.sub.6 H.sub.4 CN                                      
                             C.sub.6 H.sub.13                                  
                                    blue violet                                
     49     C.sub.2 H.sub.4 C.sub.6 H.sub.4 CN                                 
                             C.sub.2 H.sub.4 OH                                
                                    blue                                       
     50     C.sub.2 H.sub.4 OH                                                 
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
     51     C.sub. 3 H.sub.6 OH                                                
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
     52     CH.sub.2 CHOH--CH.sub.2 OH                                         
                             CH.sub.3                                          
                                    blue violet                                
     53     C.sub.2 H.sub.4 OCH.sub.3                                          
                             CH.sub.3                                          
                                    blue violet                                
     54     C.sub.2 H.sub.4 OC.sub.2 H.sub.5                                   
                             C.sub.4 H.sub.9                                   
                                    blue violet                                
     55     C.sub.2 H.sub.4 OC.sub.3 H.sub.7                                   
                             C.sub.3 H.sub.6 OH                                
                                    blue                                       
     56     C.sub.2 H.sub.4 OC.sub.4 H.sub.9                                   
                             C.sub.6 H.sub.11 OH                               
                                    blue                                       
     57     C.sub.2 H.sub.4 OC.sub.5 H.sub.11                                  
                             C.sub.2 H.sub.5 OCH.sub.3                         
                                    blue                                       
     58     C.sub.3 H.sub.6 OC.sub.6 H.sub.13                                  
                             C.sub.2 H.sub.5 OC.sub.2 H.sub.5                  
                                    blue                                       
     59     C.sub.3 H.sub.6 OC.sub.8 H.sub.17                                  
                             C.sub.2 H.sub.5 OC.sub.4 H.sub.9                  
                                    blue                                       
     60     C.sub.2 H.sub.4 OC.sub.6 H.sub.5                                   
                             CH.sub.3                                          
                                    blue violet                                
     61     C.sub.3 H.sub.6 OC.sub.6 H.sub.5                                   
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
     62     C.sub.2 H.sub.4 OC.sub.6 H.sub.4 Cl                                
                             C.sub.4 H.sub.9                                   
                                    blue violet                                
     63     C.sub.2 H.sub.4 OC.sub.6 H.sub.4 CH.sub.3                          
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
     64     C.sub.3 H.sub.6 OC.sub.6 H.sub.4 OCH.sub.3                         
                             CH.sub.3                                          
                                    blue violet                                
     65     C.sub.2 H.sub.4 COOCH.sub.3                                        
                             CH.sub.3                                          
                                    violet                                     
     66     C.sub.2 H.sub.4 COOC.sub.2 H.sub.5                                 
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
     67     C.sub.2 H.sub.4 COOC.sub.3 H.sub.7                                 
                             C.sub.3 H.sub.7                                   
                                    blue violet                                
     68     C.sub.2 H.sub.4 COOC.sub.4 H.sub.9                                 
                             C.sub.4 H.sub.9                                   
                                    blue violet                                
     69     C.sub.2 H.sub.4 COOC.sub.6 H.sub.13                                
                             CH.sub.3                                          
                                    violet                                     
     70     C.sub.2 H.sub.4 COOC.sub.8 H.sub.17                                
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
     71     CH.sub.2 --COOCH.sub.3                                             
                             CH.sub.3                                          
                                    violet                                     
     72     CH.sub.2 --COOC.sub.4 H.sub.9                                      
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
     73     CH.sub.2 --COOC.sub.6 H.sub.13                                     
                             C.sub.4 H.sub.9                                   
                                    blue violet                                
     74     C.sub.2 H.sub.4 OCHO                                               
                             CH.sub.3                                          
                                    violet                                     
     75     C.sub.2 H.sub.4 OCOCH.sub.3                                        
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
     76     C.sub.2 H.sub.4 OCOC.sub.2 H.sub.5                                 
                             C.sub.3 H.sub.7                                   
                                    blue violet                                
     77     C.sub.2 H.sub.4 OCOC.sub.3 H.sub.7                                 
                             CH.sub.3                                          
                                    violet                                     
     78     C.sub.2 H.sub.4 OCOC.sub.5 H.sub.11                                
                             CH.sub.3                                          
                                    violet                                     
     79     C.sub.2 H.sub.4 OCOC.sub.6 H.sub.13                                
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
     80     C.sub.2 H.sub.4 OCOC.sub.9 H.sub.19                                
                             CH.sub.3                                          
                                    violet                                     
     81     C.sub.2 H.sub.4 OCOC.sub.11 H.sub.23                               
                             CH.sub.3                                          
                                    violet                                     
     82     C.sub.2 H.sub.4 OCOC.sub.12 H.sub.25                               
                             CH.sub.3                                          
                                    violet                                     
     83     C.sub.3 H.sub.6 OCOC.sub.15 H.sub.31                               
                             CH.sub.3                                          
                                    violet                                     
     84     C.sub.3 H.sub.6 OCOC.sub.7 H.sub.15                                
                             CH.sub.3                                          
                                    violet                                     
     85     C.sub.3 H.sub.6 OCOCH.sub.3                                        
                             CH.sub.3                                          
                                    violet                                     
     86     C.sub.2 H.sub.4 OCOC.sub.17 H.sub.35                               
                             CH.sub.3                                          
                                    violet                                     
     87     C.sub.2 H.sub.4 OCOCH.sub.2 Cl                                     
                             C.sub.2 H.sub.5                                   
                                    violet                                     
     88     C.sub.2 H.sub.4 OCOCH.sub.2 Br                                     
                             C.sub.4 H.sub.9                                   
                                    blue violet                                
     89     C.sub.2 H.sub.4 OCOCH.sub.2 OH                                     
                             CH.sub.3                                          
                                    violet                                     
     90     C.sub.3 H.sub.6 OCOCH.sub.2 Cl                                     
                             CH.sub.3                                          
                                    violet                                     
     91     C.sub.3 H.sub.6 OCOCH.sub.2 OC.sub.6 H.sub.5                       
                             CH.sub.3                                          
                                    violet                                     
     92     C.sub.2 H.sub.4 OCOCH.sub.2 C.sub.6 H.sub.5                        
                             CH.sub.3                                          
                                    violet                                     
     93     C.sub.3 H.sub.6 OCOCH.sub.2 C.sub.6 H.sub.5                        
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
     94     C.sub.3 H.sub.6 OCOC.sub.2 H.sub.4 Cl                              
                             CH.sub.3                                          
                                    violet                                     
     95     C.sub.2 H.sub.4 OCOC.sub.2 H.sub.4 Cl                              
                             CH.sub.3                                          
                                    violet                                     
     96     C.sub.2 H.sub.4 OCOC.sub.3 H.sub.6 Cl                              
                             CH.sub.3                                          
                                    violet                                     
            O                                                                  
            .parallel.                                                         
     97     C.sub.2 H.sub.4 O--C--OCH.sub.3                                    
                             CH.sub.3                                          
                                    violet                                     
            O                       blue violet                                
            .parallel.                                                         
     98     C.sub.3 H.sub.6 O--C--OC.sub.2 H.sub.5                             
                             C.sub.2 H.sub.5                                   
            O                                                                  
            .parallel.                                                         
     99     C.sub.2 H.sub.4 OC--OC.sub.4 H.sub.9                               
                             CH.sub.3                                          
                                    violet                                     
            O                                                                  
            .parallel.                                                         
     100    C.sub.2 H.sub.4 OC--OC.sub.6 H.sub.13                              
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
            O                                                                  
            .parallel.                                                         
     101    C.sub.3 H.sub.6 O--C--OC.sub.8 H.sub.17                            
                             C.sub.4 H.sub.9                                   
                                    blue violet                                
            O                                                                  
            .parallel.                                                         
     102    C.sub.2 H.sub.4 O--C--OC.sub.2 H.sub.4 OCH.sub.3                   
                             CH.sub.3                                          
                                    violet                                     
            O                                                                  
            .parallel.                                                         
     103    C.sub.2 H.sub.4 O--C--OC.sub.2 H.sub.4 OC.sub.4 H.sub.9            
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
            O                                                                  
            .parallel.                                                         
     104    C.sub.2 H.sub.4 O--C--NHCH.sub.3                                   
                             CH.sub.3                                          
                                    violet                                     
            O                                                                  
            .parallel.                                                         
     105    C.sub.3 H.sub.6 OCNHCH.sub.3                                       
                             CH.sub.3                                          
                                    violet                                     
            O                                                                  
            .parallel.                                                         
     106    C.sub.2 H.sub.4 OC--NHC.sub.2 H.sub.5                              
                             C.sub.4 H.sub.9                                   
                                    blue violet                                
            O                                                                  
            .parallel.                                                         
     107    C.sub.2 H.sub.4 OC--NHC.sub.3 H.sub.7                              
                             CH.sub.3                                          
                                    violet                                     
            O                                                                  
            .parallel.                                                         
     108    C.sub.3 H.sub.6 OC--NHC.sub.4 H.sub.9                              
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
            O                                                                  
            .parallel.                                                         
     109    C.sub.3 H.sub.6 OC--NHC.sub.6 H.sub.13                             
                             CH.sub.3                                          
                                    violet                                     
            O                                                                  
            .parallel.                                                         
     110    C.sub.2 H.sub.4 OC--NHC.sub.8 H.sub.17                             
                             CH.sub.3                                          
                                    violet                                     
     111    (C.sub.2 H.sub.4 O).sub.2 H                                        
                             CH.sub.3                                          
                                    violet                                     
     112    (C.sub.2 H.sub.4 O).sub.3 CH.sub.3                                 
                             C.sub.5 H.sub.11                                  
                                    blue violet                                
     113    (C.sub.2 H.sub.4 O).sub.2 C.sub.2 H.sub.5                          
                             C.sub.4 H.sub.9                                   
                                    blue violet                                
     114    (C.sub.2 H.sub.4 O).sub.2 C.sub.4 H.sub.9                          
                             CH.sub.3                                          
                                    violet                                     
     115    (C.sub.2 H.sub.4 O).sub.3 C.sub.4 H.sub.9                          
                             CH.sub.3                                          
                                    violet                                     
     116    (C.sub.2 H.sub.4 O).sub.4 CH.sub.3                                 
                             CH.sub.3                                          
                                    violet                                     
     117    CH.sub.2 --CH--CH.sub.2 OCH.sub.3                                  
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
            .vertline.                                                         
            OH                                                                 
     118    CH.sub.2 --CH--CH.sub.2 OC.sub.4 H.sub.9                           
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
            .vertline.                                                         
            OH                                                                 
            C.sub.2 H.sub.5                                                    
            .vertline.                                                         
     119    CH.sub.2 --CH--CH.sub.2 --O--CH.sub.2 --CH                         
                             CH.sub.3                                          
                                    violet                                     
            .vertline..vertline.                                               
            OHC.sub.4 H.sub.9                                                  
     120    CH.sub.2 --CH--CH.sub.2 --OC.sub.2 H.sub.4 OCH.sub.3               
                             C.sub.2 H.sub.5                                   
                                    blue violet                                
            .vertline.                                                         
            OH                                                                 
     121    CH.sub.2 --CH--CH.sub.2 --OC.sub.2 H.sub.4 OC.sub.4 H.sub.9        
                             C.sub.4 H.sub.9                                   
                                    blue violet                                
            .vertline.                                                         
            OH                                                                 
     122    CH.sub.2 --CH--CH.sub.2 --OC.sub.6 H.sub.5                         
                             CH.sub.3                                          
                                    violet                                     
            .vertline.                                                         
            OH                                                                 
     123    CH.sub.2 --CH--CH.sub.2 --OC.sub.6 H.sub.4 Cl                      
                             CH.sub.3                                          
                                    violet                                     
            .vertline.                                                         
            OH                                                                 
     124    CH.sub.2 --CH--CH.sub.2 --OC.sub.6 H.sub.4 CH.sub.3                
                             C.sub.4 H.sub.9                                   
                                    blue violet                                
            .vertline.                                                         
            OH                                                                 
     125    CH.sub.2 --CH--CH.sub.2 --OC.sub.6 H.sub.4 OCH.sub.3               
                             CH.sub.3                                          
                                    violet                                     
            .vertline.                                                         
            OH                                                                 
     126    CH.sub.2 --CH--CH.sub.2 SC.sub.6 H.sub.5                           
                             CH.sub.3                                          
                                    violet                                     
            .vertline.                                                         
            OH                                                                 
     127    CH.sub.3         C.sub.2 H.sub.4 OH                                
                                    blue                                       
     128    C.sub.2 H.sub.5  C.sub.4 H.sub.8 OH                                
                                    blue                                       
     129    C.sub.4 H.sub.9  CH.sub.2 --CH--CH.sub.3                           
                                    blue                                       
                             .vertline.                                        
                             OH                                                
     130    C.sub.4 H.sub.9  C.sub.5 H.sub.10 OH                               
                                    blue                                       
     131    C.sub.6 H.sub.13 C.sub.6 H.sub.12 OH                               
                                    blue                                       
     132    C.sub.7 H.sub.15 C.sub.2 H.sub.7 OCH.sub.3                         
                                    blue                                       
     133    C.sub.8 H.sub.17 C.sub.2 H.sub.4 OC.sub.2 H.sub.5                  
                                    blue                                       
     134    C.sub.6 H.sub.13 C.sub.2 H.sub.4 OC.sub.3 H.sub.7                  
                                    blue                                       
     135    C.sub.6 H.sub.13 C.sub.2 H.sub.4 OC.sub.4 H.sub.9                  
                                    blue                                       
     136    C.sub.4 H.sub.9  C.sub.3 H.sub.6 OC.sub.4 H.sub.9                  
                                    blue                                       
     137    C.sub.2 H.sub.5  C.sub.3 H.sub.6 OC.sub.2 H.sub.5                  
                                    blue                                       
     138    CH.sub.3         C.sub.4 H.sub. 9 OCH.sub.3                        
                                    blue                                       
     139    C.sub.2 H.sub.5  C.sub.6 H.sub.12 OCH.sub.3                        
                                    blue                                       
     140    C.sub.4 H.sub.9  (C.sub.2 H.sub.4 O).sub.2 CH.sub.3                
                                    blue                                       
     141    CH.sub.3         (C.sub.2 H.sub.4 O).sub.2 C.sub.2 H.sub.5         
                                    blue                                       
     142    C.sub.2 H.sub.5  (C.sub.2 H.sub.4 O).sub.2 C.sub.4 H.sub.9         
                                    blue                                       
     143    C.sub.2 H.sub.5  (C.sub.2 H.sub.4 O).sub.3 CH.sub.3                
                                    blue                                       
     144    C.sub.4 H.sub.9  (C.sub.2 H.sub.4 O).sub.4 CH.sub.3                
                                    blue                                       
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC13##
PAL  in which R is alkyl of 1 to 18 carbon atoms, allyl, cycloalkyl, cycloalkyl
      of 5 to 8 carbon atoms, phenylalkyl of 1 to 4 carbon atoms in the alkyl,
      hydroxyalkyl of 2 or 3 carbon atoms, alkoxyalkyl of 2 or 3 carbon atoms in
      the alkyl and 1 to 8 carbon atoms in the alkoxy, phenoxyalkyl of 2 or 3
      carbon atoms in the alkyl, cyanoethyl, chloroethyl, bromoethyl,
      chloropropyl, bromopropyl, alkoxycarbonylethyl of 1 to 8 carbon atoms in
      the alkoxy, .beta.-carbamoylethyl, alkoxycarbonylmethyl of 1 to 8 carbon
      atoms in the alkoxy,
      ##EQU7##
      n is 2, 3 or 4; B is hydrogen or alkyl of 1 to 4 carbon atoms; B.sup.1 is
      hydroxy, alkoxy of 1 to 8 carbon atoms, .beta.-alkoxyethoxy of 1 to 4
      carbon atoms in the alkoxy, phenoxy, phenoxy substituted by chloro, methyl
      or methoxy, phenylmercapto or methoxyphenylmercapto; and R.sup.1 is alkyl
      of 1 to 6 carbon atoms, hydroxyalkyl of 2 to 6 carbon atoms, alkoxyalkyl
      of 1 to 4 carbon atoms in the alkoxy and 2 to 6 carbon atoms in the alkyl
      or (CH.sub.2 CH.sub.2 O).sub.n B.
NUM  2.
PAR  2. A compound as claimed in claim 1 of the formula
      ##SPC14##
PAL  wherein
PA1  R.sup.2 is alkyl of 1 to 8 carbon atoms, .beta.-hydroxyethyl,
      .beta.-hydroxypropyl, .beta.-alkoxyethyl of 1 to 4 carbon atoms in the
      alkoxy, .beta.-chloroethyl, cyclohexyl or (C.sub.2 H.sub.4 O).sub.2 B, and
PA1  R.sup.3 is alkyl of 1 to 6 carbon atoms,
PA1  B having the meanings given in claim 1.
NUM  3.
PAR  3. A compound as claimed in claim 1 of the formula
      ##SPC15##
NUM  4.
PAR  4. A compound as claimed in claim 1 of the formula
      ##SPC16##
NUM  5.
PAR  5. A compound as claimed in claim 1 of the formula
      ##SPC17##
NUM  6.
PAR  6. A compound as claimed in claim 1 of the formula
      ##SPC18##
NUM  7.
PAR  7. A compound as claimed in claim 1 of the formula
      ##SPC19##
NUM  8.
PAR  8. A compound as claimed in claim 1 of the formula
      ##SPC20##
PATN
WKU  039417921
SRC  5
APN  3677206
APT  1
ART  122
APD  19730607
TTL  Charge transfer complexes containing 7,7,8,8-tetracyanoquinodimethane
      and an N-substituted quaternary quinoline
ISD  19760302
NCL  2
ECL  1
EXA  Wheeler; David E.
EXP  Gallagher; R.
NDR  4
NFG  4
INVT
NAM  Murakami; Mutsuaki
CTY  Kawasaki
CNT  JA
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CNT  JA
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PAL  Melby, Can. J. of Chem., 43, 1448 (1965).
ABST
PAL  Charge transfer complexes composed of 7,7,8,8-tetracyanoquinodimethane and
      a quaternary nitrogen-containing heterocyclic compound, the hydrogen at
      N-position of the heterocyclic compound being substituted by a group such
      as an alkyl group, an alkylene group or a cycloalkyle group. The complex
      may be either an abnormal one which contains neutral
      7,7,8,8,-tetracyanoquinodimethane in an amount deviated from 1 mole per 1
      mole of the complex, or a normal one which contains 1 mole of neutral
      7,7,8,8-tetracyanoquinodimethane per 1 mole of the complex.
BSUM
PAR  This invention relates to electric conductive materials and more
      particularly to charge transfer complexes composed of
      7,7,8,8-tetracyanoquinodimethane and a N-substituted quaternary
      nitrogen-containing heterocyclic compound, hydrogen at N-position of the
      heterocyclic compound being substituted by a suitable organic group.
      7,7,8,8-tetracyanoquinodimethane and a salt of
      7,7,8,8-tetracyanoquinodimethane are hereinafter referred to simply as a
      TCNQ and TCNQ salt, respectively, for the sake of brevity.
PAR  In general, electric conduction of conductive materials is classified into
      two categories, one being metallic conduction wherein resistance of
      conductive materials increases with an increase of temperatures, and the
      other being semiconductive conduction wherein resistance of materials
      decreases with an increase of temperatures. Some organic semiconductive
      materials, particularly, having a low resistivity show metallic and
      semiconductive conductions at the same time in the vicinity of a normal
      temperature. Among organic semiconductive materials, TCNQ salts are well
      known in the art because of their low resistivity. TCNQ and its various
      salts and methods of preparation are described in Journal of American
      Chemistry Society 84, 3370 (1962) or Canadian Journal of Chemistry, 43,
      1448 (1965), or in U.S. Pat. No. 3,115,506 or British Patent No. 882,138.
PAR  TCNQ salts include simple salts of TCNQ expressed by the following formula
EQU  M.sup.n.sup.+ (TNCQ.sup.-).sub.n
PAL  wherein M is a metallic or organic cation and n is the valence of the
      cation and complex salts represented by a formula
EQU  M.sup.n.sup.+ (TCNQ.sup.-).sub.n.(TCNQ).sub.m
PAL  wherein M and n have the same meanings as mentioned above and m is a mole
      number of neutral TCNQ contained in one mole of the complex salt. The
      complex salts generally show a remarkably high conductivity and thus may
      be advantageously utilized as an organic resistor. Typical examples of the
      complex salts which have a high conductivity are those which have TCNQ as
      an anion and a nitrogen-containing aromatic onium salt, as a cation,
      having a pyridinium ring, a quinolinium ring or the like. In this
      instance, (pyridinium).sup.+(TCNQ).sup.-(TCNQ) complex salt has a specific
      resistance of 37.omega.-cm, and (quinolinium).sup.+(TCNQ).sup.-(TCNQ) a
      specific resistance of 0.4.omega.-cm. These organic semiconductive
      materials have, however, a disadvantage that they lack thermal stability,
      e.g., (quinolinium).sup.+(TCNQ).sup.-(TCNQ) and
      (pyridinium).sup.+(TCNQ).sup.-(TCNQ) lose their high conductivities at
      about 100.degree.C and 110.degree.C, respectively.
PAR  It is therefore an object of the present invention to provide an organic
      semiconductive material which overcomes the disadvantage of the prior-art
      organic semiconductive materials.
PAR  It is a further object of the invention to provide an organic
      semiconductive material which is thermally stable up to 150.degree.C or
      more.
PAR  It is another object of the invention to provide an organic semiconductive
      material which has a relatively low resistivity.
PAR  It is another object of the invention to provide charge transfer complexes
      of TCNQ and a quaternary nitrogen-containing heterocyclic compound, the
      hydrogen at N-position of the heterocyclic compound being substituted by a
      suitable group.
PAR  It is still another object of the invention to provide charge transfer
      complexes containing therein netural TCNQ in an amount deviated from 1
      mole per 1 mole of the complex.
PAR  The above objects are attained by charge transfer complexes composed of
      7,7,8,8-tetracyanoquinodimethane and a quaternary nitrogen-containing
      heterocyclic compound, the hydrgoen at the N-position of the heterocyclic
      compound is substituted by an alkyl group, an alkylene group or a
      cycloaklyl group.
DRWD
PAR  The invention will be better understood from the following description
      taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a curve illustrating the relation between resistivity and
      temperatures of a known charge transfer complex;
PAR  FIGS. 2, 3 and 4 are curves similar to that of FIG. 1 for charge transfer
      complexes of the invention.
DETD
PAR  In order to grasp mechanisms of thermal stability of a known charge
      transfer complex, (quinolinium).sup.+(TCNQ).sup.-(TCNQ), the present
      inventor conducted a test wherein a resistivity of the complex was
      determined at different temperatures. This is shown in FIG. 1. When the
      complex was heated to a temperature higher than 80.degree.C, a resistivity
      abruptly increased in an irreversible manner, as shown by a dotted line of
      FIG. 1. The temperature of 80.degree. was taken as a thermally-stable
      point. Complex salt specimens before and after being thermally treated at
      a temperature beyond the thermally-stable point were subjected to tests
      including an elementary analysis, ultra-violet and visible light
      inspections etc., for investigating differences in structure between the
      complex salt specimens. Test results are summarized as follows:
PAR  1. The (quinolinium).sup.+(TCNQ).sup.-(TCNQ) complex salt almost completely
      loses its high electric conductivity when heated in the vicinity of
      80.degree.C.
PAR  2. An elementary analysis revealed that hydrogen of the complex salt which
      was treated at temperatures beyond a thermally-stable point decreased in
      amount.
PAR  3. When a pressed sample of the complex salt was heated to 100.degree.C -
      120.degree.C, yellow powder appeared on the surface thereof. The powder
      was determined as free TCNQ by an elementary analysis.
PAR  4. Even when the resistivity of the complex salt was measured by a 4-probe
      method (wherein the reaction of the complex salt with electrodes could be
      satisfactorily avoided), the resistivity also deteriorated in the vicinity
      of 80.degree.C.
PAR  From the above test results, it will be assumed that the deterioration in
      resistivity occurs in a manner as follows: the hydrogen atom at N-position
      of the quinolinium salt is released by thermal decomposition, and free
      TCNQ is separated from the complex salt, thus resulting in degradation in
      resistivity. That is, the deterioration in resistivity of the charge
      transfer complex is caused from thermal decomposition of the complex,
      followed by releasing hydrogen atom at N-position of the quaternary
      quinolinium salt.
PAR  On the basis of the above test results, the present inventors further
      conducted intensive studies on TCNQ-base complex salts and found that when
      the hydrogen at the N-position is replace by a suitable group, the thermal
      decomposition of the quaternary salt can be well prevented, thus
      preventing undesirable irreversible change in resistivity of the complex
      salt at least up to 150.degree.C.
PAR  According to the present invention, there is provided charge transfer
      complexes composed of 7,7,8,8-tetracyanoquinodimethane and a quaternary
      nitrogen-containing heterocyclic compound, the hydrogen at N-position of
      the heterocyclic compound being substituted by an alkyl group, an alkylene
      group or a cycloalkyl group.
PAR  The alkyl group useful in the present invention contains from 1 to 18
      carbon atoms, including methyl, ethyl, n-propyl, iso-propyl, n-butyl,
      tert-butyl, n-pentyl and its isomers, n-hyxyl and its isomers, n-heptyl
      and its isomers, n-octyl and its isomers, etc. The alkylene group contains
      from 2 to 12 carbon atoms, such as ethylene, propene, etc., and the
      cycloalkyl group from 5 to 8 carbon atoms, such as cyclopentyl,
      cyclohexyl, etc. Examples of the nitrogen-containing heterocyclic
      compounds include pyridine, quinoline, phenazine, acridine, carbazole,
      etc.
PAR  The charge transfer complex salts of the present invention may be a normal
      salt in which a mole number of free TCNQ contained in 1 mole of the
      complex salt is 1, or may be an abnormal salt wherein a mole number of
      free TCNQ contained 1 mole of the complex salt is deviated from 1. The
      abnormal salt is preferred because of its stable resistivity which hardly
      changes depending upon temperatures, when compared with a normal complex
      salt. Typical examples of the abnormal salts include
PA0  (N-methyl quinolinium).sup.+(TCNQ).sup.-(TCNQ).sub.0.6,
PA0  (n-ethyl quinolinium).sup.+(TCNQ).sup.-(TCNQ).sub.0.8,
PA0  (n-n-propyl quinolinium).sup.+(TCNQ).sup.-(TCNQ).sub.0.9,
PA0  (n-iso-propyl quinolinium).sup.+(TCNQ).sup.-(TCNQ).sub.1.2,
PA0  (n-tert-butyl quinolinium).sup.+(TCNQ).sup.-(TCNQ).sub.2.1,
PA0  (n-methyl pyridinium).sup.+(TCNQ).sup.-(TCNQ).sub.1.1,
PA0  (n-ethyl pyridinium).sup.+(TCNQ).sup.-(TCNQ).sub.0.9,
PA0  (n-n-propyl pyridinium).sup.+(TCNQ).sup.-TCNQ).sub.1.6,
PA0  (n-tert-butyl pyridinium).sup.+(TCNQ).sup.-(TCNQ).sub.1.2, etc.
PAR  The complex salts of the present invention can readily be prepared by
      reacting iodized N-substituent and nitrogen-containing heterocyclic
      compound with TCNQ in a solvent, and allowing the reaction solution to
      stand for forming a crystal of a charge transfer complex salt. By suitably
      selecting a solvent and a molar ratio of TCNQ and the heterocyclic
      compound, either a normal salt or an abnormal salt may be obtained. For
      example, if dichloromethane is used as a solvent, a normal salt can be
      obtained, whereas if acetonitrile is used, an abnormal salt can be
      obtained. This will particularly be described in detail in the following
      Examples.
PAC  EXAMPLE 1
PAR  15 millimoles (3.0 g) of TCNQ were dissolved in 1300 ml of dichloromethane
      under reflux. Then, 7.5 millimoles (2.0 g) of iodized N-ethylquinolinium
      which were dissolved in 200 ml of dichloromethane were added to the TCNQ
      solution. The resultant solution was allowed to stand for several hours at
      room temperature thereby to obtain crystal. The thus obtained crystal was
      filtered and then was washed several times on the filter with
      dichloromethane until the filtrate turned to green. The thus washed
      crystal was further washed with ethyl ether until the filtrate turned
      colorless, to obtain (N-ethyl quinolinium).sup.+(TCNQ).sup.-(TCNQ).
PAR  Then, the thus obtained complex salt was powdered and the powdered salt was
      molded to form a rod having a diameter of 3 mm and a length of 15 mm. The
      rod was subjected to tests for determining a resistivity at 25.degree.C
      and thermal stability thereof by a 4-probe method using Ag-paste
      electrodes.
PAR  The above process and tests were repeated except that several kinds of
      other iodized N-alkylquinolinium were used instead of the iodized
      N-ethylquinolinium.
PAR  The charge transfer complexes thus obtained were normal salts which
      contained 1 mole of neutral TCNQ in 1 mole of the charge transfer complex
      salt.
PAR  Test results are shown in Table 1 below, wherein a resistivity and thermal
      stability of known (quinolinium) .sup.+(TCNQ).sup.-(TCNQ) are also shown
      for comparative purpose.
TBL                Table 1                                                     
     ______________________________________                                    
                 Resistivity  Thermally-Stable                                 
     N-substituent                                                             
     cm)         .rho.(.OMEGA.                                                 
                 Point                                                         
     ______________________________________                                    
     Hydrogen    0.4          100.degree.C                                     
     Methyl      2000.0       150.degree.C                                     
     Ethyl       16.1         do.                                              
     n-propyl    3.0          do.                                              
     iso-propyl  1.4          do.                                              
     tert-butyl  0.4          do.                                              
     ______________________________________                                    
PAR  Furthermore, there are shown in FIG. 2 curves illustrating a relation
      between resistivity and temperatures for
      (N-ethylquinolinium).sup.+(TCNQ).sup.-(TCNQ),
      (N-n-propylquinolinium).sup.+(TCNQ).sup.-(TCNQ), and
      (N-isoPropyquinolinium).sup.+(TCNQ).sup.-(TCNQ).
PAR  As is apparent from the Table and FIG. 2, the
      (N-alkylquinolinium).sup.+(TCNQ).sup.-(TCNQ) is superior in thermal
      stability to known (quinolinium).sup.+(TCNQ).sup.-(TCNQ). The resistivity
      of the (N-alkylated quinolinium).sup.+(TCNQ).sup.-(TCNQ) tends to decrease
      with an increase in number of carbon atoms of the alkyl group.
PAC  EXAMPLE 2
PAR  Example 1 was repeated except that acetonitrile was used as a solvent.
PAR  Test results are shown in Table 2 below.
TBL  ______________________________________                                    
               Mole number                                                     
               of neutral                                                      
               TCNQ con-   Resistivity Thermally                               
     N-substituent                                                             
     cm)       tained in 1 .rho.(.OMEGA.                                       
               Stable                                                          
               mole of                 Point                                   
               Complex                                                         
               Salt                                                            
     ______________________________________                                    
     Hydrogen  1           0.4         100.degree.C                            
     Methyl    0.6         3000.0      150.degree.C                            
     Ethyl     0.8         30.0        do.                                     
     n-propyl  0.9         3.2         do.                                     
     iso-propyl                                                                
               1.2         0.7         do.                                     
     Tert-butyl                                                                
               2.1         0.4         do.                                     
     ______________________________________                                    
PAR  As is apparent from Table 2, when acetonitrile is used as a solvent, a mole
      number, m, of neutral TCNQ which is contained per 1 mole of
      (N-alkylquinolinium)(TCNQ).sup.-(TCNQ).sub.m varies depending upon the
      kinds of the alkyl groups used. The mole number increases with an increase
      in number of carbon atoms of the alkyl group. All the N-substituted alkyl
      quinolinium and TCNQ abnormal complex salts have remarkably improved
      thermal stability. Moreover, the resistivity of the abnormal salts except
      for the methyl-substituted salt is maintained almost constant over a wide
      temperature range. This is apparently shown in FIG. 3. In particular, both
      (N-iso-propyl-quinolinium).sup.+(TCNQ).sup.-(TCNQ).sub.1.2 and
      (N-tert-butylquinolinium).sup.+(TCNQ).sup.-(TCNQ).sub.2.1 complex salts
      are satisfactorily small in resistivity which hardly varies depending upon
      temperatures, e.g., the former has small and almost constant resistivity
      over a temperature of 0.degree.C to 130.degree.C and the latter over a
      temperature of 20.degree.C to 140.degree.C, thus both being considered
      excellent as electric conductive materials.
PAC  EXAMPLE 3
PAR  Example 1 was repeated except that several kinds of iodized N-alkyl
      pyridium were used instead of N-ethylquinolinium and acetonitrile was used
      as a solvent, thereby to obtain (N-alkyl pyridinium).sup.+(TCNQ).sup.-
      (TCNQ).sub.m wherein m has the same meaning as indicated hereinbefore. The
      thus obtained (N-alkylpyridinium).sup.+(TCNQ).sup.-(TCNQ).sub.m was
      subjected to tests for determining resistivity and thermal stability. For
      comparison, (pyridinium).sup.+(TCNQ).sup.-(TCNQ).sub.1.2 was also
      subjected to the same tests. Test results are shown in Table 3 below.
TBL                Table 3                                                     
     ______________________________________                                    
               Moles of neu-                                                   
               tral TCNQ               Thermally-                              
     N-substituent                                                             
               contained per                                                   
                           Resistivity Stable                                  
     cm)       1 mole of   .rho.(.OMEGA.                                       
               Point                                                           
               Complex Salt                                                    
     ______________________________________                                    
     Hydrogen  1.2         37          110.degree.C                            
     Methyl    1.1         2600        160.degree.C                            
     Ethyl     0.9         2900        do.                                     
     n-propyl  1.0         2300        do.                                     
               1.6         200         150.degree.C                            
     iso-propyl                                                                
               1.0         41          do.                                     
     tert-butyl                                                                
               1.2         35          do.                                     
     ______________________________________                                    
PAR  Since acetonitrile was used as a solvent, abnormal complex salts were also
      obtained in the same as in Example 2. With (N-propyl
      pyridinium).sup.+(TCNQ).sup.-(TCNQ).sub.m, there were obtained two kinds
      of crystals containing different molar amounts of neutral (TCNQ), i.e., m
      = 1.0 and 1.6, respectively. All of the N-substituted alkylpyridium-TCNQ
      complex salts were thermally stable at least up to 150.degree.C. A
      relation between resistivity and temperatures N-alkylpyridium and TCNQ
      complex salts is shown in FIG. 4.
PAR  From the above description, it is seen that charge transfer complexes which
      contain TCNQ and a nitrogen-containing heterocyclic compound having
      N-substituted alkyl, alkylene or a cycloalkyl group are excellent in
      resistivity and thermal stability. Additionally, the resistivity of the
      complexes is reversible changed at least up to 150.degree.C, e.g., the
      complex is thermally stable below the temperature.
PAR  It will be understood that numerous modifications and variations may be
      made by those skilled in the art without departing from the scope of the
      invention. Therefore, the appended claims are intended to cover all such
      equivalent variations as come within true spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A charge transfer complex of 7,7,8,8-tetracyanoquinodimethane (TCNQ) and
      an N-alkylated quinoline, the alkyl group having 1 to 18 carbon atoms, the
      complex comprising both ionized TCNQ molecules and non-ionized molecules,
      the mole number of the non-ionized TCNQ molecules per mole of the complex
      being other than one.
NUM  2.
PAR  2. A charge transfer complex as claimed in claim 1 wherein said complex is
      one selected from the group consisting of (N-methyl
      quinolinium).sup.+(TCNQ).sup.-(TCNQ).sub.0.6, (N-ethyl
      quinolinium).sup.+(TNCQ).sup.-(TNCQ).sub.0.8, (N-n-propyl
      quinolinium).sup.+(TNCQ).sup.-(TNCQ).sub.0.9, (N-isopropyl
      quinolinium).sup.+(TCNQ).sup.-(TNCQ).sub.1.2, and (N-tert-butyl
      quinolinium) .sup.+(TCNQ).sup.-(TNCQ).sub.2.1.
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ABST
PAL  Quinoline-2-carboxylic acids having in the 4-position a halogen atom or an
      optionally substituted hydrocarbyl group attached through an oxygen atom,
      optionally substituted by a hydrocarbyl group in the 3 position and
      optionally substituted in any of the 5, 6, 7 and 8 positions by halogen
      atoms, nitro or cyano groups, or optionally substituted hydrocarbyl groups
      each attained directly or through an oxygen atom, and containing in the
      substituents in the 3, 4, 5, 6, 7 and 8 positions a total of at least 3
      carbon atoms form complexes with metals, especially copper. These
      complexes may be extracted by organic solvents from aqueous solutions of
      metal salts treated with the quinoline-2-carboxylic acids. The
      quinoline-2-carboxylic acids may be prepared from the corresponding
      4-hydroxy compounds by (a) treating with a phosphorus halide, if necessary
      reacting the product with the alkali metal derivative of an alcohol or
      phenol and hydrolysing the ester group or (b) treating with a hydrocarbyl
      halide in presence of a base.
BSUM
PAR  This invention relates to an improved process for extracting metals from
      aqueous solutions containing these metals and in particular from such
      solutions obtained in the course of extracting metals from their ores.
PAR  One of the methods of extracting metals from these ores is to leach the ore
      in situ, or after mining, crushing and milling, with for example acids to
      give an aqueous solution of a salt of the desired metal, usually together
      with salts of other metals also present in the ore. The aqueous solutions
      may then be treated with a chelating agent which will form a complex
      compound with the desired metal under the conditions of treatment, which
      complex compound is soluble in water-immiscible organic solvents. The
      metal is extracted as the complex compound into a water-immiscible organic
      solvent which is separated from the aqueous phase. It is convenient to use
      a solution of chelating agent in the solvent and to carry out the
      treatment and extraction simultaneously. The metal may then be recovered
      by a variety of conventional methods from the complex. It has now been
      discovered that certain quinoline-2-carboxylic acids are especially
      valuable as chelating agents for use in this extraction method.
PAR  According to the invention there is provided a process for extracting metal
      values from aqueous solutions which comprises treating the aqueous
      solution with a quinoline-2-carboxylic acid of the formula
      ##SPC1##
PAL  Wherein each R and R.sup.1, which may be the same or different, is a
      hydrogen or halogen atom or a cyano or nitro group or an optionally
      substituted alkyl, alkenyl, cycloalkyl, aralkyl, aryl, alkoxy, alkenoxy
      cycloalkoxy, aralkoxy, acyloxy or aryloxy group, R.sup.2 is a halogen atom
      or an optionally substituted alkoxy, alkenoxy, cycloalkoxy, aryloxy or
      aralkoxy group, and R.sup.3 is a hydrogen atom or an optionally
      substituted alkyl, alkenyl, aryl or aralkyl group, provided that the
      groups R, R.sup.1, R.sup.2 and R.sup.3 contain a total of at least 3
      carbon atoms, and extracting the metal in the form of a complex compound
      with the quinoline-2-carboxylic acid from the aqueous solution with a
      water-immiscible organic solvent.
PAR  As examples of halogen atoms which may be represented by R, R.sup.1, or
      R.sup.2 there are mentioned bromine and, especially, chlorine.
PAR  As examples of groups which may be represented by R there are mentioned
      alkyl groups such as methyl, ethyl, isopropyl, and straight chain or,
      preferably, branched chain higher alkyl groups such as butyl, dodecyl and
      nonyl, alkenyl groups such as allyl, propenyl, octenyl, dodecenyl and
      decenyl, cyloalkyl groups such as cyclopentyl and cyclohexyl, aralkyl
      groups such as benzyl, .beta.-phenylethyl, p-dodecylbenzyl, p-nonylbenzyl,
      p-octylbenzyl and di-tert.-butylbenzyl, aryl groups such as phenyl, o-, m-
      and p-tolyl, p-nonyl phenyl, p-octylphenyl and p-tert.-butylphenyl, alkoxy
      groups such as methoxy, ethoxy, tert.-butoxy, tert.-pentyloxy, nonyloxy,
      decyloxy, dodecyloxy and octadecyloxy, alkenoxy such as allyloxy,
      cycloalkoxy such as cycloalkyloxy, aralkoxy such as benzyloxy, aryloxy
      groups such as phenoxy, tolyloxy, p-nonyl-phenoxy, and p-octylphenoxy,
      acyloxy groups such as acetoxy, benzoyloxy, caproyloxy, and stearoyloxy,
      and substituted derivatives of the above such as benzyloxy,
      p-dodecylbenzyloxy, p-tert.-butylphenoxy, p-nonylphenoxy and
      p-dodecylbenzyl. It is preferred that two of the R groups be hydrogen
      atoms and the third be a hydrogen or halogen atom or an alkyl group. A
      group R which is other than hydrogen may be in any of the positions 5, 6
      or 7, but it is preferred that it be in position 6 since preparation of
      the 5- or 7- substituted quinolines free from each other usually presents
      difficulty.
PAR  As examples of groups which may be represented by R.sup.1 there may be
      mentioned any of the groups which may be represented by R, but it is
      preferred that R.sup.1 by a hydrogen or halogen atom or a methyl or
      methoxy group. Bulky groups at this position decrease very considerably
      the ability of the quinoline-2-carboxylic acids to form chelate complexes
      with metals and even small substituents such as methyl reduce the
      stability of the complexes to acids.
PAR  Two groups R or a group R and a group R.sup.1, together may form the
      residue of a ring fused with the benzene ring of the
      quinoline-2-carboxylic acids, as for example in the
      7,8-benzoquinoline-2-carboxylic acids.
PAR  As examples of groups which may be represented by R.sup.2 there may be
      mentioned any of the alkoxy, alkenoxy, cycloalkoxy, aralkoxy or aryloxy
      groups or substituted derivatives thereof which may be represented by R.
      It is preferred that R.sup.2 be a branched chain alkoxy group, for example
      isodecyloxy.
PAR  As examples of groups which may be represented by R.sup.3 there may be
      mentioned any of the optionally substituted alkyl, alkenyl, aryl or
      aralkyl groups which may be represented by R. These quinoline-2-carboxylic
      acids have improved selectivity for extraction of for example copper over
      the corresponding compounds in which R.sup.3 is a hydrogen atom since
      although the substitution has little effect on the stability towards acid
      of the copper and ferric iron complexes it reduces the stability of the
      cobalt, zinc, nickel and ferrous iron complexes. It is preferred that
      R.sup.3 be an alkyl group, for example n-propyl.
PAR  It is preferred that the groups R, R.sup.1, R.sup.2 and R.sup.3 should
      contain a total of from 6 to 20 aliphatic carbon atoms in order to
      increase solubility in the organic solvent without undue increase in
      molecular weight.
PAR  As examples of specific quinoline-2-carboxylic acids which may be used in
      the process of the invention there are mentioned
      4-p-dodecylbenzyloxyquinoline-2-carboxylic acid,
      4-tert.-pentyloxy-6-methylquinoline-2-carboxylic acid,
      4-dodecyloxy-6-methylquinoline-2-carboxylic acid,
      4-isodecyloxy-6-n-butyl-3-n-propylquinoline-2-carboxylic acid,
      4-p-dodecylbenzyloxy-6-methylquinoline-2-carboxylic acid,
      4-p-tert.-butylphenoxy-6-n-butylquinoline-2-carboxylic acid,
      4-p-nonylphenoxy-6-n-butylquinoline-2-carboxylic acid,
      4-benzyloxy-6-dodecylquinoline-2-carboxylic acid,
      4-p-dodecylbenzyloxy-6-dodecylquinoline-2-carboxylic acid and
      4-octadecyloxy-6-dodecylquinoline-2-carboxylic acid.
PAR  The process of the invention may be applied to the extraction of any metal
      which under the conditions of use, and in particular the pH of the aqueous
      solution, will form a stable neutral complex which will dissolve in, or
      will completely associate with, the organic solvent. The stability of such
      complexes under various pH conditions will depend primarily on the metal,
      that from divalent copper being in most cases stable at a pH of about 1.0
      and above, and complexes from other divalent metals such as nickel,
      cobalt, zinc and iron being progressively less stable to acidic
      conditions. The formation of stable neutral complexes in the process of
      the invention is not restricted to metals in the divalent state or to the
      above metals and other metals which may form such complexes include
      vanadium, tin, cadmium, silver, gold and mercury.
PAR  The process of the invention is particularly suitable for the extraction of
      copper, nickel and cobalt from aqueous solutions leached from ores
      containing these metals since the quinoline-2-carboxylic acids used in the
      process of the invention form stable metal complexes with these metals at
      the low pH values normally associated with these leach liquors. By
      operating at pH between about 1.0 and 1.5 copper may be extracted
      substantially free from nickel, cobalt and iron.
PAR  It is not possible in one operation to extract for example cobalt without
      at the same time extracting any copper or nickel present since these
      metals will form stable neutral complexes in the conditions in which
      stable cobalt neutral complexes are obtained. It is possible by
      progressively increasing the pH to extract copper, nickel and cobalt
      selectively in that order but if, for example, it is desired to obtain
      cobalt from an aqueous solution containing copper and cobalt it is
      generally more convenient to extract both metals together and to separate
      the cobalt from the copper subsequently.
PAR  Since formation of the neutral complex compound usually involves the
      liberation of acid it may be necessary to add e.g. alkali during the
      process to maintain the pH within the desired range. Alternatively the
      quinoline-2-carboxylic acid may be used wholly or partly in the form of an
      alkali metal salt, although this procedure is not so suitable for
      continuous operation of the process.
PAR  As organic solvent there may be used any mobile organic solvent or mixture
      of solvents which is immiscible with water and, under the pH conditions
      used, inert to water, to the metallic compounds, and to the
      quinoline-2-carboxylic acid, for example aliphatic and aromatic
      hydrocarbons, halogenated hydrocarbons, esters and ethers.
PAR  In order to facilitate separation of the aqueous and solvent phases it is
      desirable to use a solvent having a different density from that of the
      aqueous layer, phase separation being in general assisted by maximising
      the difference in liquid densities.
PAR  When operating under conditions such that the complex is not completely
      soluble in the solvent but is completely associated with it, it is
      preferred to use solvents in which the densities of the complex and of the
      solvent are such that the suspended solid complex tends to gravitate away
      from the solvent-water interface. Examples of such solvents are dense
      solvents such as halogenated hydrocarbons such as perchloroethylene,
      trichloroethane, trichloroethylene and chloroform.
PAR  The process may conveniently be carried out by bringing together the
      aqueous solution and a solution of the quinoline-2-carboxylic acid or its
      salt in the organic solvent at a suitable temperature, conveniently
      ambient temperature, agitating or otherwise disturbing the mixture of
      liquids so that the area of the water-solvent interfacial layer is
      increased in order to promote complex formation and extraction, and then
      removing the source of agitation so that the aqueous and solvent layers
      settle and can be separated. The process may be carried out in a batchwise
      manner or continuously, in either case the solvent being if desired
      stripped of the metal content before re-use.
PAR  The amount of organic solvent to be used may be chosen to suit the volume
      of aqueous solution to be extracted, the concentration of metals, and the
      plant available to carry out the process. Organic aqueous volume ratios in
      the range 5:1 to 1:5 may in general be suitable. It is not necessary in
      all applications to use an amount of solvent sufficient to ensure complete
      solution of the complex formed, since any complex in excess of that in
      solution will usually remain as a suspension wholly within the organic
      solvent and will not interfere with the handling and separation of the
      solvent layer.
PAR  If desired mixtures of quinoline-2-carboxylic acids may be used, and other
      compounds, such as conditioners for example long chain aliphatic alcohols
      such as capryl alcohol, isodecanol, tridecyl alcohol or 2-ethylhexanol
      which assist in the formation and extraction of the complex compound, may
      also be present, suitably in amounts of from 0.5 to 10 % by weight of the
      organic solvent.
PAR  The addition of surface active agents such as ethylene oxide/alkyl phenol
      condensates is sometimes desirable in order to assist separation of the
      aqueous and organic phases by reducing any tendency to emulsification.
PAR  It is preferred to use solvent solutions containing more than 2 % of the
      quinoline-2-carboxylic acid.
PAR  The metal may be isolated from the solvent after the extraction stage by
      any conventional process, for example extraction into an aqueous phase
      using more acidic conditions under which the complex is unstable.
PAR  When complexes of more than one metal are present in the solvent separation
      of the metals may in some cases be achieved by extracting with separate
      aqueous solutions of progressively higher acidity to decompose the
      complexes selectively and sequentially. In an alternative procedure the
      complex in the solvent may be hydrogenated directly to give the metal.
      These treatments will regenerate the ligand and the solvent containing
      quinoline-2-carboxylic acid so recovered may conveniently be re-used in
      the process, especially when operated continuously.
PAR  The process of the invention may be applied especially to aqueous solutions
      resulting from treatment of mineral ores, scrap metal or other
      metal-containing residues with aqueous acids such as sulphuric,
      sulphurous, hydrochloric, hydrofluoric or nitric acids or to metal
      containing spent liquors from electrolytic or chemical processes. It is
      suitable for the recovery of metal from solutions containing at least 0.5
      g. of metal per liter and particularly suitable for use with solutions
      containing more than 2 g. of metal per liter.
PAR  The quinoline-2-carboxylic acids used in the process of the invention are
      new substances and these compounds and processes for their manufacture
      provide further features of the invention.
PAR  The quinoline-2-carboxylic acids of the invention may be prepared from
      esters, preferably lower alkyl esters, or quinoline-2-carboxylic acids of
      formula I in which R.sup.2 is a hydroxyl group by conversion of the
      hydroxyl group into the desired halogen atom or optionally substituted
      alkoxy, alkenoxy, cycloalkoxy, aryloxy or aralkyloxy group by methods
      known in the art for application to 4-hydroxyquinoline in general, and
      hydrolysis of the ester group by, for example, alkali, to afford the acid.
PAR  Quinoline-2-carboxylic acids of the formula I in which R.sup.2 is a
      chlorine or bromine atom may be obtained from alkyl esters of
      quinoline-2-carboxylic acids of formula I in which R.sup.2 is a hydroxyl
      group by heating with phosphorus oxychloride or pentachloride or
      phosphorus oxybromide respectively and hydrolysing the ester group.
PAR  Quinoline-2-carboxylic acids of the formula I in which R.sup.2 is an
      optionally substituted alkoxy, alkenoxy, cycloalkyloxy, aryloxy, or
      aralkyloxy group may be obtained from alkyl esters of
      quinoline-2-carboxylic acids of formula I in which R.sup.2 is a chlorine
      or bromine atom by heating with an alkali metal derivative of the
      appropriate optionally substituted alcohol or phenol and hydrolysing the
      ester group. The heating may conveniently be carried out in a solvent such
      as xylene. This method is of particular value for the preparation of
      quinoline-2-carboxylic acids wherein R.sup.3 is an aryloxy group.
PAR  Quinoline-2-carboxylic acids of the formula I in which R.sup.2 is an
      optionally substituted alkoxy, alkenoxy, cycloalkoxy or aralkyloxy group
      may be prepared from alkyl esters of quinoline-2-carboxylic acids of the
      formula I in which R.sup.2 is a hydroxyl group by heating with the
      appropriate alkyl, alkenyl, cycloalkyl or aralkyl chloride or bromide in
      presence of a base, such as potassium carbonate, and hydrolysing the ester
      group. The heating may be conveniently carried out in a solvent such as
      acetone.
PAR  The alkyl esters of quinoline-2-carboxylic acids of formula I wherein
      R.sup.2 is a hydroxy group used as starting materials in the above
      processes may be obtained for example by known methods from arylamines of
      the formula (II) and alkyl, for example ethyl, oxaloacyl esters of formula
      (III), by heating, for example in boiling toluene, to form the ethyl
      phenyliminosuccinate which is cyclised to the
      4-hydroxyquinoline-2-carboxylic ester by heating at for example,
      240.degree.-250.degree.C.
      ##SPC2##
PAR  The invention is illustrated but not limited by the following examples in
      which all parts and percentages are by weight unless otherwise stated.
DETD
PAC  EXAMPLE 1
PAR  Approximately 180 parts of 6N.-sulphuric acid were added dropwise over 10 -
      15 minutes to a well stirred mixture of 209 parts of ethyl
      sodio-oxalacetate, 500 parts of water and 870 parts of toluene at
      0.5.degree.C, and the resultant slightly acidic mixture (pH 3) was allowed
      to stir at this temperature for 45 minutes. The toluene layer was removed,
      the aqueous layer and precipitated sodium sulphate were washed with
      toluene (2 portions each comprising 65 parts), and the combined toluene
      layer and washings subsequently were washed acid free with water, dried
      over magnesium sulphate and filtered.
PAR  To the toluene solution of ethyl oxalacetate thus prepared was added 117.7
      parts of p-toluidine and the mixture then was boiled under reflux during
      60 minutes during which time 18 parts of water were liberated and removed
      with the aid of a Dean-Stark separator. After being cooled, the
      orange-coloured toluene solution was washed with 2N.-hydrochloric acid (3
      portions each comprising 100 parts) to remove unreacted p-toluidine, then
      with water until acid-free, and dried over magnesium sulphate. This
      solution, when evaporated under reduced pressure to remove toluene,
      yielded 258.2 parts of ethyl (p-tolylimino) succinate, a viscous orange
      oil which was admixed with 110 parts of "Thermex" (a eutectic mixture of
      diphenyl and diphenyl oxide) and then added dropwise over 60 - 90 minutes
      to 1920 parts of well-stirred "Thermex" kept at 240.degree.-250.degree. C.
      After ethanol (37 parts) had been evolved and removed by distillation
      through a fractionation column, the dark-coloured reaction mixtue was
      allowed to cool and stand at room temperature for 2 - 3  days. The brown
      crystals (145.2 parts) which separated were collected by filtration,
      washed with 300 parts of light petroleum (60.degree.-80.degree.C) and
      dried in air. After purification by recrystallisation from acetone there
      was obtained 115.2 parts of ethyl 4-hydroxy-6-methyl
      quinoline-2-carboxylate, small pale-buff coloured needles m.pt.
      214.degree.-216.degree.C; by concentration of the acetone mother liquors
      13.9 parts of less pure product, m.pt. 207.degree.-208.degree.C, were
      obtained.
PAR  A well-stirred mixture of 34.65 parts of ethyl 4-hydroxy-6-methyl
      quinoline-2-carboxylate, 21 parts of anhydrous potassium carbonate, 46.5
      parts of 4-dodecylbenzyl chloride (prepared by the method described in
      U.S. Pat. No. 2,630,459 from a highly-branched dodecyl-substituted
      benzene, chlorosulphonic acid, methanol and paraformaldehyde), and 615
      parts of anhydrous acetone was boiled under reflux for 68 hours. The
      cooled, brown-coloured reaction mixture was filtered to remove inorganic
      salts and unreacted ethyl 4-hydroxy-6-methyl quinoline-2-carboxylate (3.7
      parts) and acetone was removed by evaporation under reduced pressure. A
      solution of the residual brown oil in ether (285 parts) was washed
      successively with N.-sodium hydroxide (2 portions each comprising of 50
      parts) and water (2 portions each comprising 50 parts), then dried over
      magnesium sulphate, and evaporated to remove solvent. There then remained
      69.2 parts of ethyl 6-methyl-4 (4'-dodecylbenzyloxy)
      quinoline-2-carboxylate, a viscous brown oil, which was dissolved in 120
      parts of ethanol and then boiled under reflux for 2.5 hours with a
      solution containing 6 parts of sodium hydroxide in 25 parts of water.
      After the reaction mixture had been cooled to 0.degree.C, the sodium salt
      of 6-methyl-4-(4'-dodecylbenzyloxy) quinoline-2-carboxylic acid, which
      separated as a colourless granular solid (53.4 parts), was collected by
      filtration, washed with 25 parts of ethanol and dried.
PAR  34.2 parts of the sodium salt of 6-methyl-4-(4'-dodecylbenzyloxy)
      quinoline-2-carboxylic acid were suspended in 750 parts of chloroform
      containing 50 parts of glacial acetic acid. After the mixture had been
      shaken vigorously for 10 minutes 200 parts of water were added, agitation
      was continued for a further 5 minutes, and the lower chloroform layer was
      separated off. This organic layer was shaken repeatedly with 10% W/V
      aqueous acetic acid (5 portions each comprising 50 parts), then with water
      (100 part portions) until acid-free and dried over magnesium sulphate.
      Chloroform was removed from the filtered solution by evaporation under
      reduced pressure, and the residual viscous residue was heated at
      85.degree.C/20 mm pressure during 4 hours to ensure removal of all
      solvent. On cooling the viscous oil solidified to yield 30.8 parts of
      6-methyl-4-(4'-dodecylbenzyloxy) quinoline-2-carboxylic acid as a pale
      buff-coloured solid mass, m.pt. 95.degree.-96.degree.C (softening at ca.
      70.degree.C) (Found: C 78.7, H 8.1, N 2.6%. C.sub.30 H.sub.39 NO.sub.3
      requires C 78.1, H 8.5, N 3.0%).
PAC  EXAMPLE 2
PAR  By the procedure of Example 1 using p-butylaniline instead of p-toluidine
      there were obtained ethyl 4-hydroxy-6-n-butylquinoline-2-carboxylate,
      m.pt. 165.degree.C, and 6-n-butyl-4-(4'dodecylbenzyloxy)
      quinoline-2-carboxylic acid, a highly viscous pale brown gum.
PAC  EXAMPLE 3
PAR  126 parts of ethyl 4-hydroxy-6-n-butylquinoline-2-carboxylate, prepared as
      described in Example 2, and 213 parts of phosphorus oxychloride were
      stirred together. After the exothermic reaction had subsided the
      dark-coloured mixture was stored for 1 hour at room temperature then
      cooled to 0.degree.C, diluted with 75 parts of ethanol to improve its
      mobility and subsequently added dropwise to 500 parts of ice and 1500
      parts of water. The aqueous mixture was neutralised to pH 7 - 8 by
      addition of sodium carbonate when 133.2 parts of a light brown coloured
      crystalline solid separated out and were collected by filtration and
      dried. This material was purified by recrystillisation from about 380
      parts of acetone (with carbon treatment) and yielded 100.8 gm. of ethyl
      4-chloro-6-n-butylquinoline-2-carboxylate which was isolated as pale grey
      needles, m.pt. 58.degree.- 58.5.degree.C. An additional 27.5 parts of less
      pure product, m.pt. 54.5.degree.-56.degree.C, was obtained by dilution of
      the acetone mother-liquor with water.
PAR  4-chloro-6-n-butylquinoline-2-carboxylic acid, prepared in the conventional
      manner from the ethyl ester (43.7 parts) by hydrolysis with boiling 20%
      sodium hydroxide and then acidification, separated from aqueous ethanol in
      colourless needles (28.7 parts), m.pt. 117.5.degree.-119.degree.C. (Found:
      C 63.2, H 5.5, N 4.5, Cl 13.5% C.sub.14 H.sub.14 NO.sub.2 Cl requires C
      63.8, H 5.35, N 5.3, Cl 13.45%).
PAR  A well-stirred mixture of 55 parts of 4-nonyl phenol (mixed branched-chain
      isomers, obtained by alkylation of phenol with propylene trimers), 870
      parts of xylene, and a solution of 20 parts of sodium hydroxide in 25
      parts of water was boiled under reflux for 41/2 hours and dehydrated with
      the aid of a Dean-Stark separator. 72.9 parts of ethyl
      4-chloro-6-n-butyl-quinoline-2-carboxylate than were introduced and the
      anhydrous mixture was boiled under reflux for 40 hours. Xylene was removed
      by distillation in steam and the aqueous mother liquors were decanted
      (whilst still hot) from the residual light brown-coloured rubbery mass
      which then was washed with 1200 parts of water and suspended in 1500 parts
      of chloroform. 100 parts of glacial acetic acid were introduced into this
      suspension of sodium salts which was stirred for 60 minutes and then
      treated with 200 parts of water. The aqueous layer was removed and the
      resultant chloroform solution was washed with successive portions of 10%
      aqueous acetic acid (4 portions each comprising 200 parts) and then water
      (200 part portions) until acid-free. After being dried over magnesium
      sulphate the chloroform solution was evaporated under reduced pressure to
      yield 120.1 parts of a clear, red-coloured viscous oil which was dissolved
      in 500 parts of ethanol and then boiled under reflux for 30 - 60 minutes
      with a solution containing 12.5 parts of sodium hydroxide in 25 parts of
      water and 20 parts of ethanol. After the reaction mixture had been cooled
      and allowed to stir overnight at room temperature, 95.1 parts of the
      sodium salt of 6-n-butyl-4-(4'-nonylphenoxy)quinoline-2-carboxylic acid,
      which has seperated as a light buff-coloured granular solid, were
      collected by filtration, washed with 85% ethanol (100 parts) and dried in
      vacuo.
PAR  95.1 parts of the sodium salt of
      6-n-butyl-4-(4'-nonylphenoxy)quinoline-2-carboxylic acid were suspended in
      750 parts of chloroform containing 35 parts of glacial acetic acid. After
      the mixture had been shaken vigorously for 10 minutes, 200 parts of water
      were added, agitation was continued for a further 5 minutes and the lower
      chloroform layer was separated off. This organic layer was shaken
      repeatedly with 10% W/V aqueous acetic acid (5 portions each comprising 50
      parts), then with water (100 part portions) until acid-free and dried over
      magnesium sulphate. Chloroform was removed from the filtered solution by
      evaporation under reduced pressure and there remained 91.6 parts of
      6-n-butyl-4-(4'-nonylphenoxy) quinoline- 2-carboxylic acid, a clear
      red-coloured viscous oil, the structure of which was demonstrated by its
      spectral breakdown pattern.
PAC  EXAMPLE 4
PAR  By the procedure of Example 3 using 2-tert.-butyl-4-methylphenol instead of
      4-nonylphenol there was obtained
      6-n-butyl-4-(2'-tert.-butyl-4'-methylphenoxy) quinoline-2-carboxylic acid,
      a red-coloured viscous gum.
PAC  EXAMPLE 5
PAR  By the procedure of Example 3 using 2-tert.-butyl-5-methylphenol instead of
      4-nonylphenol there was obtained
      6-n-butyl-4-(2'-tert.-butyl-4'-methylphenoxy) quinoline-2-carboxylic acid,
      a red-brown viscous gum.
PAC  EXAMPLE 6
PAR  By the procedure of Example 3 using 2,4-di-tert.-pentylphenol instead of
      4-nonylphenol there was obtained 6-n-butyl-4-(2',4'-ditert-pentylphenoxy)
      quinoline-2-carboxylic acid, a brown coloured viscous gum.
PAC  EXAMPLE 7
PAR  The method of Example 6 was repeated using 17.0 parts of 4-phenyl phenol in
      place of the 2,4-ditert-pentylphenol. There were obtained 35.4 parts of
      6-n-butyl-4-(4'-phenylphenoxy) quinoline-2-carboxylic acid, as a viscous
      dark-coloured oil.
PAC  EXAMPLE 8
PAR  The method of Example 6 was repeated using 17.5 parts of 4-cyclohexylphenol
      in place of the 2,4-ditert-pentylphenol. There were obtained 11.7 parts of
      6-n-butyl-4-(4'-cyclohexylphenoxy) quinoline-2-carboxylic acid as an
      extremely viscous, dark-coloured oil.
PAC  EXAMPLE 9
PAR  44.2 parts of 2,6-ditert.-butyl-4-methylphenol and a solution comprising
      22.4 parts of potassium hydroxide, 16 parts of water, and 50 parts of
      methanol were boiled together under reflux in an atmosphere of nitrogen
      until all the phenol had dissolved. 400 parts of xylene and 58.3 parts of
      ethyl 4-chloro-6-n-butyl quinoline-2-carboxylate (as prepared in Example
      3) then were introduced and the heating was continued for 20 hours whilst
      the inert atmosphere was maintained. After 400 parts of water had been
      added, xylene and methanol were removed in steam and the mixture was
      allowed to cool. The aqueous phase was decanted from the residual sticky
      solid which was then washed with water and suspended in 300 parts of
      chloroform. The chloroform suspension was treated with 30 parts of acetic
      acid, the mixture was shaken for 10 minutes and then 100 parts of water
      were added. After the aqueous layer had been removed, the chloroform
      solution was washed repeatedly with 10% W/V aqueous acetic acid (3
      portions each comprising 200 parts) then with water (200 part portions)
      until acid-free, and dried over magnesium sulphate. Chloroform was removed
      from the filtered solution by evaporation under reduced pressure and there
      remained 69.7 parts of a viscous, red-coloured gummy product which largely
      crystallised during storage. When recrystallised from light petroleum
      (60.degree.-80.degree.C) this material yielded 42.4 parts of
      6-n-butyl-4-(2',6'-ditert.-butyl-4'-methylphenoxy) quinoline-2-carboxylic
      acid, pale pink needles m.p. 95.degree.-98.degree.C.
PAC  EXAMPLE 10
PAR  By the procedure of Example 1 using p-chloroaniline instead of p-toluidine
      there was obtained ethyl 6-chloro-4-hydroxy quinoline-2-carboxylate, which
      was converted by the procedures of Example 3 into ethyl
      4,6-dichloroquinoline-carboxylate, m.pt. 108.degree.-110.degree.C, and
      then, using 4-nonylphenol, into
      4,6-di-(4'-nonylphenoxy)-quinoline-2-carboxylic acid, a viscous
      light-reddish-brown coloured oil.
PAC  EXAMPLE 11
PAR  By the procedure of Example 1 using p-anisidine instead of p-toluidine
      there were obtained ethyl 4-hydroxy-6-methoxyquinoline-2-carboxylate,
      m.pt. 209.degree.-212.degree.C, and ethyl
      6-methoxy-4-(4'-dodecylbenzoyloxy)-quinoline-2-carboxylate, a viscous
      brown oil, and 6-methoxy-4-(4'-dodecylbenzyloxy)-quinoline-2-carboxylic
      acid, a light-brown viscous oil.
PAC  EXAMPLE 12
PAR  Ethyl 4-hydroxy-6-methoxyquinoline-2-carboxylate, prepared as described in
      Example 11, is converted by the procedures of Example 3 into ethyl
      4-chloro-6-methoxyquinoline-2-carboxylate, m.p.
      91.5.degree.-92.5.degree.C, 4-chloro-6-methoxyquinoline-2-carboxylic acid,
      m.p. 189.5.degree.C with decomposition, and 6-methoxy-4-(4'-nonylphenoxy)
      quinoline-2-carboxylic acid, a pale yellow semi-solid product.
PAC  EXAMPLE 13
PAR  By the procedure of Example 1 using o-toluidine instead of p-toluidine
      there were obtained ethyl 4-hydroxy-8-methylquinoline-2-carboxylate, m.p.
      138.degree.-139.degree.C, and
      8-methyl-4-(4'-dodecylbenzyloxy)-quinoline-2-carboxylic acid, a viscous
      brown oil.
PAC  EXAMPLE 14
PAR  Ethyl 4-hydroxy-8-methylquinoline-2-carboxylate, prepared as described in
      Example 13, was converted by the procedures of Example 3 into ethyl
      4-chloro-8-methylquinoline-2-carboxylate, m.p. 66.degree.-68.degree.C, and
      a mixture of 4-chloro-8-methylquinoline-2-carboxylic acid, m.p.
      175.degree.C with decomposition, and
      8-methyl-4-(4'-nonylphenoxy)quinoline-2-carboxylic acid, m.p.
      121.degree.-123.degree.C, separated by treatment with hot light petroleum
      in which the former is comparatively insoluble. Reactions of
      8-methyl-4-(4'-nonylphenoxy) quinoline-2-carboxylic acid with copper or
      cobalt acetate in boiling ethanol or methanol afforded the copper complex,
      green, m.p. 192.degree.-193.degree.C with decomposition, or the cobalt
      complex, purple, m.p. 264.degree.-266.degree.C with decomposition, the
      compositions being in each case confirmed by microanalysis.
PAC  EXAMPLE 15
PAR  By the procedures of Example 1 using 4-methoxy-o-toluidine instead of
      p-toluidine there were obtained ethyl
      4-hydroxy-6-methoxy-8-methylquinoline-2-carboxylate, m.p.
      149.5.degree.-150.5.degree.C and
      6-methoxy-8-methyl-4-(4'-dodecylbenzyloxy)quinoline-2-carboxylic acid, a
      cream coloured semi-solid product.
PAC  EXAMPLE 16
PAR  By the procedures of Example 1 using 4-chloro-o-toluidine instead of
      p-toluidine there were obtained ethyl
      4-hydroxy-6-chloro-8-methylquinoline-2-carboxylate, m.p.
      123.degree.-124.5.degree.C, and
      6-chloro-8-methyl-4-(4'-dodecylbenzyloxy)quinoline-2-carboxylic acid, a
      yellow semi-solid product.
PAC  EXAMPLE 17
PAR  By the procedure of Example 1 using o-chloroaniline instead of p-toluidine
      there were obtained ethyl 8-chloro-4-hydroxyquinoline-2-carboxylate, m.p.
      143.degree.-145.degree.C, and, using benzyl chloride instead of
      dodecylbenzyl chloride, ethyl 8-chloro-4-benzyloxyquinoline-2-carboxylate,
      m.p. 143.degree.-144.degree.C, and
      8-chloro-4-benzyloxyquinoline-2-carboxylic acid, m.p. 187.degree.C with
      decomposition.
PAC  EXAMPLE 18
PAR  By the procedure of Example 1 using ethyl ethoxalyl propionate instead of
      ethyl oxalacetate and p-butylaniline instead of p-toluidine there were
      obtained, using a few drops of hydrochloric acid as catalyst in the
      initial condensation stage, ethyl
      3-methyl-4-hydroxy-6-n-butylquinoline-2-carboxylate, m.p.
      156.degree.-157.degree.C and
      3-methyl-6-n-butyl-4-(4'-dodecylbenzyloxy)quinoline-2-carboxylic acid, a
      pale orange viscous oil.
PAC  EXAMPLE 19
PAR  By the procedure of Example 18 using aniline instead of p-butylaniline
      there were obtained ethyl 3-methyl-4-hydroxyquinoline-2-carboxylate, m.p.
      175.degree.-177.degree.C, and 3-methyl-4-(4'-dodecylbenzyloxy)
      quinoline-2-carboxylic acid, a pale yellow oil.
PAC  EXAMPLE 20
PAR  By the procedure of Example 18 using o-toluidine instead of p-butylaniline
      there were obtained ethyl 3,8-dimethyl-4-hydroxyquinoline-2-carboxylate,
      m.p. 133.degree.-134.degree.C and
      3,8-dimethyl-4-(4'-dodecylbenzyloxy)quinoline-2-carboxylic acid, a viscous
      pale yellow oil.
PAC  EXAMPLE 21
PAR  A well-stirred mixture of 65.1 parts of
      ethyl-4-hydroxy-quinoline-2-carboxylate, 42 parts of anhydrous potassium
      carbonate, 38.4 parts of allyl bromide and 800 parts of acetone was boiled
      under reflux for 24 hours. The cooled reaction mixture was filtered to
      remove inorganic salts and acetone was removed by evaporation under
      reduced pressure. A solution of the residual brown oil in ether (360
      parts) was washed successively with N-sodium hydroxide solution (3
      portions each comprising 50 parts) and water (4 portions each of 100
      parts), then dried over magnesium sulphate and evaporated to remove
      solvent. The resultant viscous oil crystallised on cooling and the
      crystals were recrystallised from light petroleum (60.degree.-80.degree.C)
      to yield 57.1 parts of ethyl 4-allyloxyquinoline-2-carboxylate as pale
      yellow needles, m.pt. 71.degree.-72.degree.C.
PAR  A well-stirred mixture of 61.4 parts of ethyl 4-allyloxy
      quinoline-2-carboxylate and 320 parts of "Shellsol T" (an aliphatic
      kerosine) was heated at 180.degree.-190.degree.C for 2 hours under an
      atmosphere of nitrogen. After cooling while stirring the reaction mixture
      was filtered and the solid product washed with 50 parts of light petroleum
      and crystallised from toluene to yield ethyl
      3-allyl-4-hydroxyquinoline-2-carboxylate (49.2 parts) as almost colourless
      needles, m.pt. 146.5.degree.-147.degree.C. A small sample after further
      purification from ethanol formed large rhombic prisms, m.pt.
      148.5.degree.-150.degree.C. (Found: C 69.7; H 4.9; N 5.0%. C.sub.15
      H.sub.15 NO.sub.3 requires C 70.0; H 5.9; N 5.4%).
PAR  A solution of 49.0 parts of ethyl 3-allyl-4-hydroxy-quinoline-2-carboxylate
      in 600 parts of boiling ethanol was stirred for 5 minutes in 3 parts of 3%
      palladium-on-carbon catalyst, then filtered and the filtrate together with
      5 parts of fresh catalyst was charged to a stainless steel autoclave and
      hydrogen added at room temperature to a pressure of 50 atmospheres. After
      stirring at 16 hours 1.38 moles of hydrogen had been absorbed. The
      reaction mixture was dissolved in hot ethanol, filtered to remove
      catalyst, and evaporated to give 39.3 parts of ethyl
      3-n-propyl-4-hydroxyquinoline-2-carboxylate, pale yellow needles, m.pt.
      155.degree.-157.degree.C which were collected and dried; a further 4.8
      parts of less pure product m.pt. 140.degree.-146.degree.C were recovered
      from the ethanolic mother liquors after concentration in vacuo. After
      repeated recrystallisation from ethanol very pale yellow prismatic
      needles, m.pt. 158.degree.-159.5.degree.C were obtained. (Found: C 69.3; H
      6.3; N 5.2%. C.sub.15 H.sub.17 NO.sub.3 requires C 69.5; H 6.6; N 5.4%).
PAR  3-n-Propyl-4-hydroxyquinoline-2-carboxylic acid prepared in the
      conventional manner from the ethyl ester by hydrolysis with boiling 12%
      w/v potassium hydroxide solution and then acidification, separated from
      50% ethanol in fine colourless needles, m.pt. 194.degree.-195.degree.C
      (decomp.) (Found: C 67.1; H 5.7; N 6.2%. C.sub.13 H.sub.13 NO.sub.3
      requires C 67.5; H 5.7; N 6.1%).
PAR  A well-stirred mixture of 5 parts of ethyl
      3-n-propyl-4-hydroxyquinoline-2-carboxylate, 3 parts of anhydrous
      potassium carbonate and 3.3 parts of benzyl bromide in anhydrous acetone
      was boiled under reflux for 16 hours, filtered to remove inorganic salts,
      and evaporated to remove solvent. A solution of the residual oil in 75
      parts of ether, after being washed with N.sodium hydroxide (2 portions
      each comprising 25 parts) and then water (4 portions each of 40 parts) was
      dried over magnesium sulphate and evaporated to yield 6.4 parts of crude
      ethyl 3-n-propyl-4-benzyloxyquinoline-2-carboxylate as a very pale yellow
      oil.
PAR  This material dissolved in 32 parts of boiling ethanol was hydrolysed
      during 2 hours with 5 parts of 16% aqueous sodium hydroxide, then
      evaporated to remove most of the ethanol, diluted with 150 parts of water
      and acidified with glacial acetic acid. The initially-formed oily
      precipitate slowly crystallised on keeping at 0.degree.C to yield 5.1
      parts of crude product, m.pt. 127.degree.-129.degree.C, which upon
      recrystallisation from ethanol gave 3.9 parts of
      3-n-propyl-4-benzyloxyquinoline-2-carboxylic acid, rosettes of colourless
      needles m.pt. 139.degree.-140.degree.C (decomp.) (Found: C 74.4; H 6.0; N
      3.6%. C.sub.20 H.sub.19 NO.sub.3 requires C 74.7; H 6.0; N 4.4%).
PAC  EXAMPLE 22
PAR  Ethyl 3-n-propyl-4-hydroxyquinoline-2-carboxylate, prepared as described in
      Example 21, was converted by the procedures of Example 3, using reflux
      temperatures in the first stage to complete the reaction, into ethyl
      3-n-propyl-4-chloroquinoline-2-carboxylate, a viscous oil, and
      3-n-propyl-4-(4'-nonylphenoxy)-quinoline-2-carboxylic acid, a red
      semi-solid.
PAC  EXAMPLE 23
PAR  By the procedure of Example 1 using ethyl ethoxalylvalerate instead of
      ethyl oxalacetate and aniline instead of p-toluidine there were obtained,
      using a few drops of hydrochloric acid as catalyst in the initial
      condensation stage, ethyl 3-n-propyl-4-hydroxyquinoline-2-carboxylate,
      identical with the product prepared by the procedure of Example 21, and
      3-n-propyl-4-(4'-dodecylbenzyloxy)-quinoline-2-carboxylic acid, a viscous
      pale-orange oil.
PAC  EXAMPLE 24
PAR  Ethyl 4-hydroxy-6-n-butylquinoline-2-carboxylate was converted by the
      procedures of Example 21 into
      ethyl-4-allyloxy-6-n-butylquinoline-2-carboxylate, a viscous brown oil,
      ethyl-3-allyl-4-hydroxy-6-n-butylquinoline-2-carboxylate, m.p.
      156.degree.-157.5.degree.C, ethyl
      3-n-propyl-4-hydroxy-6-n-butylquinoline-2-carboxylate, m.p.
      136.degree.-137.degree.C, and
      3-n-propyl-6-n-butyl-4-(4'-dodecylbenzyloxy)quinoline-2-carboxylic acid, a
      viscous pale-yellow oil.
PAC  EXAMPLE 25
PAR  Ethyl 3-n-propyl-6-n-butyl-4-hydroxyquinoline-2-carboxylate was converted
      by the procedure of Example 22 into ethyl
      3-n-propyl-6-n-butyl-4chloro-quinoline-2-carboxylate, m.p.
      43.5.degree.-44.degree.C, and
      3-n-propyl-6-n-butyl-4-(4'-nonylphenoxy)quinoline-2-carboxylic acid, a
      viscous brown oil.  pg,26
PAC  EXAMPLE 26
PAR  Ethyl 6-n-butyl-4-hydroxyquinoline-2-carboxylate was converted by the
      procedures of Example 21 using isodecyl bromide instead of allyl bromide
      into ethyl 4-isodecyloxy-6-n-butylquinoline-2-carboxylate, a viscous brown
      oil, and 4-isodecyloxy-6-n-butyl quinoline-2-carboxylic acid,
      cream-coloured semi-solid.
PAC  EXAMPLE 27
PAR  Ethyl 3-n-propyl-6-n-butyl-4-hydroxyquinoline-2-carboxylate was converted
      by the procedure of Example 26 into ethyl
      3-n-propyl-6-n-butyl-4-isodecyloxyquinoline-2-carboxylate and
      3-n-propyl-6-n-butyl-4-isodecyloxyquinoline-2-carboxylic acid, pale brown
      viscous oil.
PAC  EXAMPLE 28
PAR  By the procedure of Example 23 using ethyl ethoxalylphenylacetate instead
      of ethyl ethoxalylvalerate and p-n-butylaniline instead of aniline there
      were obtained ethyl 3-phenyl-4-hydroxy-6-n-butylquinoline-2-carboxylate,
      m.p. 164.degree.-165.degree.C, and
      3-phenyl-6-n-butyl-4-(4'-dodecylbenzyloxy)quinoline-2-carboxylic acid, a
      viscous brown oil.
PAC  EXAMPLE 29
PAR  By the procedure of Example 28 using ethyl ethoxalylbenzylacetate instead
      of ethyl ethoxalylphenylacetate there were obtained ethyl
      3-benzyl-6-n-butyl-4-hydroxyquinoline-2-carboxylate, m.p.
      163.5.degree.-164.5.degree.C, and
      3-benzyl-6-n-butyl-4-(4'-dodecylbenzyloxy) quinoline-2-carboxylic acid, a
      viscous yellow-orange oil.
PAC  EXAMPLE 30
PAR  By the procedure of Example 1 using p-isodecylaniline instead of
      p-toluidine there were obtained ethyl
      6-isodecyl-4-hydroxyquinoline-2-carboxylate, a very viscous brown oil, and
      6-isodecyl-4-(4'-dodecyloxybenzyl)quinoline-2-carboxylic acid, a viscous
      brown gum.
PAC  EXAMPLE 31
PAR  Ethyl 6-chloro- 4-hydroxyquinoline-2-carboxylate was converted by the
      procedure described in Example 1 to
      6-chloro-4-(4'-dodecylbenzyloxy)quinoline-2-carboxylic acid, viscous
      light-brown oil.
PAC  EXAMPLE 32
PAR  A vigorously-agitated mixture comprising 25 ml of a chloroform solution
      nominally containing 0.5 .times. 10.sup.-.sup.3 moles of
      quinoline-2-carboxylic acid (ligand) and 25 ml of an aqueous acidic
      solution of the appropriate metal ion (0.25 .times. 10.sup.-.sup.3 moles
      for a divalent metal; 0.1667 .times. 10.sup.-.sup.3 moles for a trivalent
      metal) and also containing 0.25 .times. 10.sup.-.sup.3 moles of perchloric
      acid, was titrated potentiometrically against N-sodium hydroxide solution.
      A similar experiment was also conducted using 25 ml of the pure chloroform
      solvent. From the difference between the two resultant pH-titration
      curves, the percentage of complex formation between the ligand and a given
      metal ion was determined for a range of pH values (2:1 ligand/metal
      stoichiometry was assumed for divalent metals; 3:1 for trivalent metals)
      and a third curve was constructed relating percentage complex formation
      and pH. From this latter curve the pH.sub.50 value was determined, this
      value being defined as the pH at which 50% of the total observable (not
      theoretical) complex formation occurred.
PAR  Sulphate ions were present additionally in all the metal solutions since
      these were prepared from the appropriate metal sulphates. However in the
      case of iron (II), iron (III), and aluminium solutions, ammonium ions also
      were present since it was expedient to use the ammonium metal double
      salts.
PAR  The results are given in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Quinoline-2-carboxylic acid                                               
                     METAL                                                     
     Example number  Cu     Fe(III)                                            
                                   Zn     Co     Ni     Fe(II)                 
     __________________________________________________________________________
     1               1.0    1.6    2.0    2.0    2.4    2.4                    
     3               &lt;1.0   1.0    1.8    1.8    2.0    2.3                    
     4               1.0    --     1.75   1.85   --     --                     
     5               1.0    1.2    Indef. 1.4    1.5    1.6                    
     6               1.4    --     --     1.95   2.15   --                     
     7               1.3    Indef. 1.45   1.65   --     --                     
     8               1.1    Indef. 1.8    1.8    --     --                     
     9               Indef. Indef. 1.25   1.3    --     --                     
     10              &lt;1.0   1.1    1.6    1.6    2.2    2.1                    
     11              1.45   --     2.05   2.0    --     --                     
     12              &lt;1.0   1.1    1.85   2.0    Indef. Indef.                 
     13              2.6    None   4.6    None   --     --                     
                                          below pH 6                           
     14              2.6    None   4.6    5.9    5.95   None                   
                                                        below pH 6             
     15              2.7    None   4.1    None   --     --                     
                                          below pH 6                           
     16              2.8    None   4.2    None   --     --                     
                                          below pH 6                           
     17              1.6    None   3.0    4.5    4.2    Indef.                 
     18              &lt;1.0   1.25   2.6    2.8    2.65   3.2                    
     19              &lt;1.0   1.1    2.1    2.9    2.5    3.2                    
     20              3.2    None   5.3    6.0    None   None                   
                                                 below pH 6                    
     22              1.1    Indef. 2.85   2.85   --     --                     
     24              Indef. 1.55   3.85   4.2    --     --                     
     25              &lt;1.0   1.3    2.5    2.8    2.6    3.0                    
     26              &lt;1.0   Indef. 2.0    2.2    2.0    2.7                    
     27              &lt;1.0   1.5    2.7    2.9    2.9    3.3                    
     28              &lt;1.0   1.6    2.5    2.9    2.8    3.2                    
     29              1.1    1.1    3.1    3.35   --     --                     
     30              1.2    1.8    2.1    2.1    2.5    2.65                   
     31              &lt;1.0   --     --     1.9    --     --                     
     __________________________________________________________________________
      None indicates no complex formation.                                     
      Indef. values were due to severe emulsification difficulties.            
      -- indicates no measurement was made.                                    
PAC  EXAMPLE 33
PAR  A 100 ml portion of a 3.13% weight/volume solution of
      6-methyl-4-(4'-dodecylbenzyloxy)quinoline-2-carboxylic acid in
      perchloroethylene (concentration equivalent to a cobalt concentration of 2
      gm/liter) was intimately contacted at 50.degree.C for 10 minute periods
      with 3 successive 100 ml portions of a solution of heavy metal sulphates
      in dilute sulphuric acid, initially at pH 2.0, in which the original
      concentrations of cobalt and iron (II) ions were 2.0 g/liter and those of
      zinc and copper were 0.2 g/liter and 0.05 g/liter respectively and allowed
      to separate. The metal ion concentrations in the three aqueous solutions
      after extraction (raffinates) then were determined by atomic absorption
      spectrophotometry.
PAR  The metal-loaded organic layer subsequently was back-washed successively
      with 25 ml portions of dilute sulphuric acid in which the sulphuric acid
      concentrations were 10 g/liter and 150 g/liter respectively, and the metal
      concentrations in the two resultant acid extracts again were measured by
      the atomic absorption method. The results are indicated in the following
      Table.
TBL  __________________________________________________________________________
                       Metal Ion Concentration In                              
                       Aqueous Liquors (g/liter)                               
                       Co   Fe(II)                                             
                                 Zn   Cu                                       
     __________________________________________________________________________
     Metal-Loading of Ligand Solution                                          
     Original solution of metal                                                
                       2.0  2.0  0.20 0.05                                     
     sulphates at pH 2.0                                                       
     Aqueous raffinate I                                                       
                       1.39 1.75 0.15 0.001                                    
     Aqueous raffinate II                                                      
                       1.76 1.88 0.20 0.0003                                   
     Aqueous raffinate III                                                     
                       1.87 1.86 0.20 0.002                                    
     Total metals extracted into                                               
                       0.98 0.51 0.05 0.15                                     
     organic phase (by difference)                                             
     Acid-Stripping of Metal-Loaded                                            
     Ligand Solution                                                           
     Acid Strip Liquors                                                        
                       0.89 0.10 0.038                                         
                                      0                                        
     (10 g/l H.sub.2 SO.sub.4)                                                 
     Acid Strip Liquors                                                        
                       0.07 0.09 0.005                                         
                                      0.139                                    
     (150 g/l H.sub.2 SO.sub.4)                                                
     Total metals extracted from                                               
                       0.96 0.19 0.04 0.14                                     
     loaded organic phase by 2                                                 
     acid strips                                                               
     __________________________________________________________________________
PAR  They clearly demonstrate selective back-washing of cobalt and zinc over
      copper and to a lesser extent iron (II) from a metal-loaded ligand
      solution by weak sulphuric acid of strength 10 g/liter rather than by
      stronger acid (150 g/liter).
PAC  EXAMPLE 34
PAR  A 25 ml portion of a solution of cobalt sulphate and dilute sulphuric acid
      initially at pH 2.0 and with a cobalt concentration of 2 g/liter, was
      intimately contacted at room temperature for 5 minute periods with three
      successive 25 ml portions of a 3.42% (weight/volume) solution of
      6-n-butyl-4-(4'-dodecylbenzyloxy)quinoline-2-carboxylic acid in "Shellsol
      T" (concentration equivalent to a cobalt concentration of 2 g/liter) and
      allowed to separate. The metal content and pH of the aqueous phase was
      determined after each contacting and separation and the results were as
      follows:
     Aqueous solution Co content   pH                                          
                      (g/liter)                                                
     ______________________________________                                    
     Initially        2.0          2.0                                         
     After 1st Ligand treatment                                                
                      1.24         1.65                                        
     After 2nd Ligand treatment                                                
                      0.95         1.54                                        
     After 3rd Ligand treatment                                                
                      0.76         1.46                                        
     ______________________________________                                    
PAC  EXAMPLE 35
PAR  The procedure of Example 33 was repeated using a 3.42% (weight/volume)
      solution of 6-n-butyl-4-(4'-dodecylphenyloxy) quinoline-2-carboxylic acid
      in the "Shellsol T.infin. at room temperature.
PAR  The results are indicated in the following table.
TBL  __________________________________________________________________________
                       Metal Ion Concentration In                              
                       Aqueous Liquors (g/liter)                               
                                           pH                                  
                       Co   Fe(III)                                            
                                 Zn   Cu                                       
     __________________________________________________________________________
     Metal-Loading of Ligand Solution                                          
     Original solution of metal                                                
                       2.0  2.0  0.20 0.05 2.0                                 
     sulphates at pH 2.0                                                       
     Aqueous raffinate I                                                       
                       1.59 1.77 0.153                                         
                                      0    1.68                                
     Aqueous raffinate II                                                      
                       1.95 1.72 0.204                                         
                                      0    1.94                                
     Aqueous raffinate III                                                     
                       2.07 1.71 0.200                                         
                                      0    2.0                                 
     Total metals extracted into                                               
                       0.39 0.80 0.043                                         
                                      0.15                                     
     organic phase (by difference)                                             
     Acid-Stripping of Metal-Loaded                                            
     Ligand Solution                                                           
     Acid strip liquors                                                        
                       0.327                                                   
                            0.218                                              
                                 0.039                                         
                                      0.001                                    
     (10 g/l H.sub.2 SO.sub.4)                                                 
     Acid strip liquors                                                        
                       0.006                                                   
                            0.018                                              
                                 0.001                                         
                                      0.08                                     
     (150 g/l H.sub.2 SO.sub.4)                                                
     Total metals extracted from                                               
                       0.33 0.24 0.040                                         
                                      0.081                                    
     loaded organic phase by 2                                                 
     acid strips                                                               
     __________________________________________________________________________
PAR  The results demonstrate selective back-washing of cobalt and zinc over
      copper and to a lesser extent iron (III) from a metal-loaded ligand
      solution by weak sulphuric acid of strength 10 g/liter rather than by
      stronger acid (150 g/liter).
PAC  EXAMPLE 36
PAR  The procedure of Example 34 was repeated using 50 ml of a solution of
      cobalt sulphate (2 g/liter) at pH 2.0 and a 4.55% (weight/volume)solution
      of 6-n-butyl-4(4'-nonylphenoxy)quinoline-2-carboxylic acid in
      perchloroethylene (equivalent to 3.0 g of cobalt per liter). The results
      were as follows.
TBL  ______________________________________                                    
     Aqueous solution Co Content   pH                                          
                      (g/liter)                                                
     ______________________________________                                    
     Initially        2.0          2.0                                         
     After 1st Ligand treatment                                                
                      0.895        1.45                                        
     After 2nd Ligand treatment                                                
                      0.452        1.32                                        
     After 3rd Ligand treatment                                                
                      0.242        1.25                                        
     ______________________________________                                    
PAC  EXAMPLE 37
PAR  A 50 ml portion of a 3.03% (weight/volume) solution of
      6-n-butyl-4-(4'-nonylphenoxy)quinoline-2-carboxylic acid in "Shellsol T"
      (equivalent to a cobalt concentration of 2 g/liter) was intimately
      contacted at room temperature for 5 minute periods with 3 successive 50 ml
      portions of a solution of heavy metal sulphates in dilute sulphuric acid
      initially at pH 2.0, which the original concentration of cobalt was 2.0
      g/liter, and those of iron (II), iron (III), zinc annd copper were 1.56,
      0.44, 0.2 and 0.05 g/liter respectively. After separation the metal
      concentrations in the three aqueous raffinates then were determined by
      atomic absorption spectrophotometry.
PAR  The metal-loaded organic solution was divided into two portions of equal
      volume, one of which was well-washed for 5 minutes with a 25 ml portion of
      sulphuric acid of strength 30 g/liter whilst the second was treated
      similarly with sulphuric acid of strength 150 g/liter, the metal
      concentrations in both acid washings then being determined by the atomic
      absorption method. The results are indicated in the following table.
TBL  __________________________________________________________________________
                       Metal Ion Concentration in                              
                       Aqueous Liquors (g/liter)                               
                       Co   Fe(II) + Fe(III)                                   
                                       Zn   Cu                                 
     __________________________________________________________________________
     Metal-Loading of Ligand Solution                                          
     Original solution of metal                                                
                       2.0  2.0        0.20 0.05                               
     sulfates at pH 2.0                                                        
     Aqueous raffinate I                                                       
                       1.616                                                   
                            1.648      0.145                                   
                                            0                                  
     Aqueous raffinate II                                                      
                       2.0  1.760      0.216                                   
                                            0.014 ppm                          
     Aqueous raffinate III                                                     
                       2.0  1.804      0.218                                   
                                            11.5 ppm                           
     Total metals extracted into                                               
                       0.384                                                   
                            0.788      0.021                                   
                                            0.15                               
     organic phase (by difference)                                             
     Acid-Strip of Metal-Loaded                                                
     Ligand solution                                                           
     Acid strip liquors                                                        
                       0.347                                                   
                            0.775      0.021                                   
                                            1.5 ppm                            
     (30 g/liter H.sub.2 SO.sub.4)                                             
     Acid strip liquors                                                        
                       0.35 0.78       0.021                                   
                                            0.022                              
     (150 g/liter H.sub.2 SO.sub.4)                                            
     __________________________________________________________________________
PAC  EXAMPLE 38
PAR  A 25 ml portion of a 16.88% (weight/volume) solution of
      6-n-butyl-4-(4'-nonylphenoxy)quinoline-2-carboxylic acid in "Shellsol T"
      (equivalent to a copper concentration of 12.0 g/liter) was intimately
      contacted for 5 minute periods and then allowed to separate with 3
      successive 25 ml portions of a solution of heavy metal sulphates in dilute
      sulphuric acid initially at pH 2.0, in which the original concentration of
      copper was 11.25 g/liter, those of iron (III) and cobalt were 0.25 g/liter
      and that of zinc was 0.05 g/liter. The metal-loaded organic solution then
      was washed with a 25 ml portion of sulphuric acid of strength 150 g/liter.
      The metal concentrations in the three aqueous raffinates and in the
      sulphuric acid strip liquors were determined by atomic absorption
      spectrophotometry. The results are presented in the following table.
TBL  __________________________________________________________________________
                       Metal Ions Concentration in                             
                       Aqueous Liquors (g/liter)                               
                       Cu   Fe(III)                                            
                                  Co   Zn                                      
     __________________________________________________________________________
     Metal-Loading of Ligand Solution                                          
     Original solution of metal                                                
     sulphates at pH 2.0                                                       
                       11.250                                                  
                            0.250 0.250                                        
                                       0.050                                   
     Aqueous raffinate I                                                       
                        3.362                                                  
                            0.250 0.247                                        
                                       0.050                                   
     Aqueous raffinate II                                                      
                       11.083                                                  
                            0.240 0.251                                        
                                       0.049                                   
     Aqueous raffinate III                                                     
                       11.899                                                  
                            0.244 0.246                                        
                                       0.049                                   
     Total metals extracted into                                               
                        7.406                                                  
                            0.016 0.006                                        
                                       0.002                                   
     organic phase (by difference)                                             
     Acid-Stripping of Metal-Loaded                                            
     Ligand Solution                                                           
     Acid strip liquors                                                        
                        2.413                                                  
                            0.009 0.003                                        
                                       0.002                                   
     (150 g/liter H.sub.2 SO.sub.4)                                            
     __________________________________________________________________________
PAC  EXAMPLE 39
PAR  A 50 ml portion of a 2.65% (weight/volume) solution of
      6-n-butyl-4-(2'-tert.butyl-4'-methylphenoxy)quinoline-2-carboxylic acid in
      "Shellsol T" (equivalent to a cobalt concentration of 2 g/liter) was
      intimately contacted at room temperature for 10 minutes periods with 3
      successive 50 ml portions of a solution of heavy metal sulphates in dilute
      sulphuric acid, initially at pH 2.0, in which the original concentrations
      of cobalt and iron (III) were 2.0 g/liter and those of zinc and copper
      were 0.2 and 0.05 g/liter respectively. After separation the metal ion
      concentrations in the three aqueous raffinates were then determined by
      atomic absorption spectrophotometry.
PAR  The metal-loaded organic layer subsequently was back-washed successively
      with 50 ml portions of dilute sulphuric acid in which the sulphuric acid
      concentrations were 30 g/liter and 150 g/liter respectively, and the metal
      concentrations in the two resultant acid extracts again were determined by
      the atomic absorption method. The results obtained were as follows.
TBL  __________________________________________________________________________
                       Metal Ion Concentration in                              
                       Aqueous Liquor (g/liter)                                
                       Co  Fe(III)                                             
                                 Zn  Cu                                        
     __________________________________________________________________________
     Metal-Loading of Ligand Solution                                          
     Original solution of metal                                                
                       2.00                                                    
                           2.00  0.200                                         
                                     0.05                                      
     sulphates at pH 2.0                                                       
     Aqueous raffinate I                                                       
                       1.94                                                    
                           1.44  0.197                                         
                                     0                                         
     Aqueous raffinate II                                                      
                       1.89                                                    
                           1.58  0.185                                         
                                     0.005                                     
     Aqueous raffinate III                                                     
                       1.96                                                    
                           2.07  0.196                                         
                                     0.008                                     
     Total metals extracted into                                               
                       0.21                                                    
                           0.91  0.022                                         
                                     0.138                                     
     organic phase (by difference)                                             
     Acid-Stripping of Metal-Loaded                                            
     Ligand Solution                                                           
     Acid strip liquors                                                        
                       0.120                                                   
                           0.556 0.009                                         
                                     0.003                                     
     (30 g/liter H.sub.2 SO.sub.4)                                             
     Acid strip liquors                                                        
                       0.087                                                   
                           0.276 0.004                                         
                                     0.031                                     
     (150 g/liter H.sub.2 SO.sub.4)                                            
     Total metals extracted from                                               
                       0.207                                                   
                           0.832 0.013                                         
                                     0.034                                     
     loaded organic phase by 2 acid                                            
     strips                                                                    
     __________________________________________________________________________
PAC  EXAMPLE 40
PAR  The procedure of Example 39 was repeated using
      6-n-butyl-4-(2'-tert.butyl-5'-methylphenoxy)quinoline-2-carboxylic acid.
      The results are given in the following table.
TBL  __________________________________________________________________________
                       Metal Ion Concentration in                              
                       Aqueous liquors (g/liter)                               
                       Co   Fe (III)                                           
                                  Zn   Cu                                      
     __________________________________________________________________________
     Metal-Loading of Ligand Solution                                          
     Original solution of metal                                                
                       2.00 2.00  0.200                                        
                                       0.05                                    
     sulphates at pH 2.0                                                       
     Aqueous raffinate I                                                       
                       1.81 1.53  0.181                                        
                                       0.0003                                  
     Aqueous raffinate II                                                      
                       1.81 1.59  0.187                                        
                                       0.0024                                  
     Aqueous raffinate III                                                     
                       1.93 1.83  0.188                                        
                                       0.0012                                  
     Total metals extracted into                                               
                       0.45 1.05  0.044                                        
                                       0.1411                                  
     organic phase (by difference)                                             
     Acid-Stripping of Metal-Loaded                                            
     Ligand Solution                                                           
     Acid strip liquors                                                        
                       0.089                                                   
                            0.702 0.008                                        
                                       0.0025                                  
     (30 g/liter H.sub.2 SO.sub.4)                                             
     Acid Strip liquors                                                        
                       0.228                                                   
                            0.263 0.018                                        
                                       0.029                                   
     (150 g/liter H.sub.2 SO.sub.4)                                            
     Total metals extracted from                                               
                       0.317                                                   
                            0.965 0.026                                        
                                       0.0315                                  
     loaded organic phase by 2                                                 
     acid strips                                                               
     __________________________________________________________________________
PAC  EXAMPLE 41
PAR  The procedure of Example 39 was repeated using a 3.13% (weight/volume)
      solution of 6-n-butyl-4-(2':4'-di-tert-pentylphenoxy)
      quinoline-2-carboxylic acid in "Shellsol T" (equivalent to a cobalt
      concentration of 2 g/liter). The results obtained were as follows.
TBL  __________________________________________________________________________
                       Metal Ion Concentrations in                             
     __________________________________________________________________________
                       Aqueous Liquors (g/liter)                               
                       Co   Fe(III)                                            
                                  Zn   Cu                                      
     __________________________________________________________________________
     Metal-Loading of Ligand Solution                                          
     Original solution of metal                                                
                       2.00 2.00  0.200                                        
                                       0.05                                    
     sulphates at pH 2.0                                                       
     Aqueous raffinate I                                                       
                       1.80 1.35  0.180                                        
                                       0.00                                    
     Aqueous raffinate II                                                      
                       1.98 1.69  0.190                                        
                                       2.1 ppm                                 
     Aqueous raffinate III                                                     
                       1.95 1.94  0.190                                        
                                       3.04 ppm                                
     Total metals extracted into                                               
                       0.27 1.02  0.04 0.15                                    
     organic phase (by difference)                                             
     Acid-Stripping of Metal-Loaded                                            
     Ligand Solution                                                           
     Acid strip liquors                                                        
                       0.17 0.89  0.01 0.0031                                  
     (30 g/liter H.sub.2 SO.sub.4)                                             
     Acid strip liquors                                                        
                       0.063                                                   
                            0.13  0.002                                        
                                       0.054                                   
     (150 g/liter H.sub.2 SO.sub.4)                                            
     Total metals extracted from                                               
                       0.233                                                   
                            1.02  0.012                                        
                                       0.0571                                  
     loaded phase by 2 acid strips                                             
     __________________________________________________________________________
PAC  EXAMPLE 42
PAR  The procedure of Example 39 was repeated using a 4.13% (weight/volume)
      solution of 4,6-(4'-nonylphenoxy)quinoline-2-carboxylic acid in "Shellsol
      T" (equivalent to a cobalt concentration of 2 g/liter). The following
      results were obtained.
TBL  __________________________________________________________________________
                       Metal Ion Concentration in                              
                       Aqueous Liquors (g/liter)                               
                                            pH                                 
                       Co   Fe(III)                                            
                                  Zn   Cu                                      
     __________________________________________________________________________
     Metal-loading of Ligand Solution                                          
     Original solution of metal                                                
                       2.00 2.00  0.20 0.05 2.0                                
     sulphates at pH 2.0                                                       
     Aqueous raffinate I                                                       
                       1.87 0.736 0.166                                        
                                       0.0005                                  
                                            1.45                               
     Aqueous raffinate II                                                      
                       2.00 1.713 0.18 0.0045                                  
                                            1.79                               
     Aqueous raffinate III                                                     
                       2.00 2.005 0.18 0.0057                                  
                                            2.0                                
     Total metals extracted into                                               
                       0.13 1.546 0.074                                        
                                       0.1393                                  
     organic phase (by difference)                                             
     Acid-Stripping of Metal-loaded                                            
     Ligand Solution                                                           
     Acid strip liquors                                                        
                       0.078                                                   
                            1.317 0.005                                        
                                       0.0036                                  
     (30 g/liter H.sub.2 SO.sub.4)                                             
     Acid strip liquors                                                        
                       0.022                                                   
                            0.179 0.002                                        
                                       0.065                                   
     (150 g/liter H.sub.2 SO.sub.4)                                            
     Total metals extracted from                                               
                       0.10 1.496 0.007                                        
                                       0.0686                                  
     loaded phase by 2 acid strips                                             
     __________________________________________________________________________
PAC  EXAMPLE 43
PAR  A 50 ml portion of a 12.4% (weight/volume) solution of
      4,6-di-(4'-nonylphenoxy)quinoline-2-carboxylic acid in "Shellsol T"
      (equivalent to a cobalt concentration of 5 g/liter) was intimately
      contacted at room temperature for 10 minute periods with three successive
      150 ml portions of a solution of heavy metal sulphates in dilute sulphuric
      acid initially at pH 2.0, in which the original concentrations of cobalt
      and iron (II) ions were 2 g/liter and those of zinc and copper were 0.2
      g/liter and 0.05 g/liter respectively. After separation the metal ion
      concentrations in the three aqueous raffinates were determined by atomic
      absorption spectrophotometry.
PAR  The metal-loaded organic solution was divided into 2 portions of equal
      volume, one of which was well-washed for 5 minutes with a 25 ml portion of
      sulphuric acid of strength 30 g/liter, whilst the second was treated
      similarly with sulphuric acid of strength 150 g/liter, the metal
      concentrations in both acid washings then being determined by the atomic
      absorption method. The results are given in the following table.
TBL  __________________________________________________________________________
                       Metal Ion Concentrations in                             
                       Aqueous Liquors (g/liter)                               
                       co  Fe(II)                                              
                                Zn   Cu                                        
     __________________________________________________________________________
     Metal-Loading of Ligand Solution                                          
     Original solution of metal                                                
     sulphates at pH 2.0                                                       
                       2.00                                                    
                           2.00 0.20 0.05                                      
     Aqueous raffinate I                                                       
                       1.52                                                    
                           1.67 0.136                                          
                                     0                                         
     Aqueous raffinate II                                                      
                       1.89                                                    
                           1.79 0.175                                          
                                     0                                         
     Aqueous raffinate III                                                     
                       2.03                                                    
                           1.84 0.189                                          
                                     0                                         
     Total metals extracted into                                               
     organic phase (by difference)                                             
                       1.68                                                    
                           2.10 0.300                                          
                                     0.45                                      
     __________________________________________________________________________
     Acid-Stripping of Metal-loaded                                            
     Ligand Solution                                                           
     Acid strip liquors                                                        
     (30 g/liter H.sub.2 SO.sub.4)                                             
                       1.46                                                    
                           1.27 0.117                                          
                                     0.037                                     
     Acid strip liquors                                                        
     (150 g/liter H.sub.2 SO.sub.4)                                            
                       1.51                                                    
                           1.90 0.120                                          
                                     0.076                                     
     __________________________________________________________________________
PAC  EXAMPLE 44
PAR  The procedure of Example 38 was repeated using a 16.88% (weight/volume)
      solution of 6-methoxy-4-(4'-dodecylbenzyloxy)quinoline-2-carboxylic acid
      in chloroform (equivalent to a copper concentration of 11.25 g/liter). The
      results are given in the following table.
TBL  __________________________________________________________________________
                       METAL ION CONCENTRATION IN                              
                       AQUEOUS LIQUORS (g/liter)                               
                       Cu   Fe(III)                                            
                                 Co   Zn                                       
     __________________________________________________________________________
     Metal-Loading of Ligand Solution                                          
     Original solution of metal                                                
     sulphates at pH 2.0                                                       
                       11.250                                                  
                            0.500                                              
                                 0.500                                         
                                      0.050                                    
     Aqueous raffinate I                                                       
                        1.578                                                  
                            0.500                                              
                                 0.500                                         
                                      0.050                                    
     Aqueous raffinate II                                                      
                       11.250                                                  
                            0.500                                              
                                 0.500                                         
                                      0.0489                                   
     Aqueous raffinate III                                                     
                       11.250                                                  
                            0.500                                              
                                 0.500                                         
                                      0.05                                     
     Total metals extracted into                                               
     organic phase (by difference)                                             
                        9.672                                                  
                            0    0    0.0011                                   
     __________________________________________________________________________
     Acid-Stripping of Metal-Loaded                                            
     Ligand Solution                                                           
     Acid strip liquors                                                        
     (150 g/liter H.sub.2 SO.sub.4)                                            
                        4.572                                                  
                            0    0    0.0008                                   
     __________________________________________________________________________
PAC  EXAMPLE 45
PAR  A 25 ml portion of a 3.13% (weight/volume) solution of
      8-methyl-4-(4'-dodecylbenzyloxy)quinoline-2-carboxylic acid in chloroform
      (equivalent to a cobalt concentration of 2 g/liter) was intimately
      contacted at room temperature for 10 minutes with 25 ml of a solution
      buffered at pH 5.0 by means of sodium acetate/acetic acid in which the
      original concentration of copper was 2 g/liter, that of cobalt was 0.2
      g/liter, those of iron (II) and iron (III) were 0.1 g/liter, and that of
      zinc was 0.02 g/liter. After separation the metal ion concentration in the
      aqueous raffinate then was determined by atomic absorption
      spectrophotometry.
PAR  The metal-loaded organic layer subsequently was back-washed with 25 ml of
      dilute sulphuric acid of strength 150 g/liter, and the metal concentration
      in the acid extract determined by the atomic absorption method. Results
      are summarised as follows.
TBL  __________________________________________________________________________
                       Metal Ion Concentration in                              
                       Aqueous Liquors (g/liter)                               
                            Fe(II) +                                           
                       Cu   Fe(III)                                            
                                  Co   Zn    pH                                
     __________________________________________________________________________
     Metal-Loading of Ligand Solution                                          
     Original solution of metal                                                
     sulphates at pH 4.0                                                       
                       2.00 0.2   0.2  0.02  4.0                               
     Aqueous raffinate I                                                       
                       0.317                                                   
                            0.203 0.1984                                       
                                        0.00857                                
                                             4.0                               
     Aqueous raffinate II                                                      
                       1.450                                                   
                            0.196 0.1935                                       
                                        0.01714                                
                                             4.0                               
     Aqueous raffinate III                                                     
                       1.860                                                   
                            0.197 0.2010                                       
                                        0.0143                                 
                                             4.0                               
     Total metals extracted into                                               
     organic phase (by difference)                                             
                       2.373                                                   
                            0.004 0.0071                                       
                                       0.020                                   
     __________________________________________________________________________
     Acid-Stripping of Metal-loaded                                            
     Ligand solution                                                           
     Acid strip liquors           0.94                                         
     (150 g/liter H.sub.2 SO.sub.4)                                            
                       1.810                                                   
                             0.0019                                            
                                  ppm  0.020                                   
     __________________________________________________________________________
PAC  EXAMPLE 46
PAR  The procedure of Example 45 was repeated using a solution which contained
      no copper but in which iron (II), iron (III), cobalt and zinc were present
      at the same concentrations as previously. The results are given in the
      following table.
TBL  __________________________________________________________________________
                       Metal Ion Concentration in                              
                       Aqueous Liquors (g/liter) -                             
                       Fe(II)+Fe(III)                                          
                                Co   Zn    pH                                  
     __________________________________________________________________________
     Metal-Loading of Ligand Solution                                          
     Original solution of metal                                                
     sulphates at pH 4.0                                                       
                       0.20     0.20 0.020 4.0                                 
     Aqueous raffinate I                                                       
                       0.187    0.1889                                         
                                     0.01646                                   
                                           4.0                                 
     Aqueous raffinate II                                                      
                       0.196    0.1889                                         
                                     0.01717                                   
                                           4.0                                 
     Aqueous raffinate III                                                     
                       0.192    0.1949                                         
                                     0.01734                                   
                                           4.0                                 
     Total metals extracted into                                               
     organic phase (by difference)                                             
                       0.025    0.0273                                         
                                     0.00903                                   
     __________________________________________________________________________
     Acid-stripping of metal-loaded                                            
     Ligand solution                                                           
     Acid strip liquors                                                        
     (150 g/liter H.sub.2 SO.sub.4)                                            
                        0.0041  0.0019                                         
                                     0.00181                                   
     __________________________________________________________________________
PAC  EXAMPLE 47
PAR  A 25 ml portion of a 3.82% (weight/volume) solution of
      8-methyl-4-(4'-nonylphenoxy)quinoline-2-carboxylic acid in chloroform
      (equivalent to a copper concentration of 3 g/liter) was intimately
      contacted at room temperature for 10 minutes with 25 ml of a solution
      buffered at 4.0 by means of sodium acetate/acetic acid in which the
      original concentration of copper was 2 g/liter, that of cobalt was 0.2
      g/liter, those of iron (II) and iron (III) were 0.1 g/liter, and that of
      zinc was 0.02 g/liter. After separation the metal ion concentration in the
      aqueous raffinate was then determined by atomic absorption
      spectrophotometry.
PAR  The metal-loaded organic layer was subsequently back-washed with 25 ml of
      dilute sulphuric acid of strength 150 g/liter, and the metal concentration
      in the acid extract was determined by the atomic absorption method. The
      results obtained were as follows.
TBL  __________________________________________________________________________
                     Metal Ion Concentration in                                
                     Aqueous Liquors (g/liter)                                 
                      Cu Fe(II)+Fe(III)                                        
                                  Co  Zn                                       
     __________________________________________________________________________
     Original solution of metal                                                
     sulphates at pH 2.0                                                       
                     2.00                                                      
                         0.20     0.20                                         
                                      0.02                                     
     Aqueous raffinate                                                         
                     0.57                                                      
                         0.20     0.20                                         
                                      0.02                                     
     Total metals extracted into                                               
     organic phase (by difference)                                             
                     1.43                                                      
                         0        0   0                                        
     Total metals extracted from                                               
     loaded organic phase by      0.62                                         
                                      0.2                                      
     150 g/liter H.sub.2 SO.sub.4                                              
                     1.33                                                      
                         1 ppm    ppm ppm                                      
     __________________________________________________________________________
PAC  EXAMPLE 48
PAR  A 25 ml portion of a solution of copper sulphate and dilute sulphuric acid
      initially at pH 2.0 and with a copper concentration of 12 g/liter, was
      intimately contacted at room temperature for 5 minute periods with 3
      successive 25 ml portions of a 16.11% (weight/volume) solution of
      3-n-propyl-6-n-butyl-4-isodecyloxyquinoline-2-carboxylic acid in "Escaid
      110" (a mainly aliphatic kerosine) (equivalent to a copper concentration
      of 12 g/liter). After separation the metal concentration and pH of the
      aqueous phase was determined after each contacting and the results were as
      follows:
TBL                      Cu Content                                            
     Aqueous Solution    (g/liter)     pH                                      
     ______________________________________                                    
     Initially           12.0          2.0                                     
     After 1st ligand treatment                                                
                         2.21          0.95                                    
     After 2nd ligand treatment                                                
                         0.07          0.73                                    
     After 3rd ligand treatment                                                
                         0.006         0.60                                    
     ______________________________________                                    
PAC  EXAMPLE 49
PAR  A 25 ml portion of a 5.37% (weight/volume) solution of
      3-n-propyl-6-n-butyl-4-isodecyloxyquinoline-2-carboxylic acid in "Escaid
      110" (equivalent to a copper concentration of 4 g/liter) was intimately
      contacted for 10 minute periods with 3 successive 25 ml portions of a
      solution of heavy metal sulphates in dilute sulphuric acid initially at pH
      2.0 in which the original concentrations of copper, iron (III), cobalt and
      zinc were 8.0, 4.0, 2.0 and 0.2 g/liter respectively. After separation the
      metal ion ooncentrations in the three aqueous raffinates then were
      determined by atomic absorption spectrophotometry.
PAR  The metal loaded organic layer subsequently was back-washed with a 25 ml
      portion of 25% (weight/volume) hydrochloric acid, and the metal ion
      concentration in the acidic strip liquors was determined by the atomic
      absorption method. The results are given in the following table.
TBL  __________________________________________________________________________
                       Metal Ion Concentration in                              
                       Aqueous liquors (g/liter)                               
                       Cu   Fe(III)                                            
                                  Co    Zn                                     
     __________________________________________________________________________
     Metal-Loading of Ligand Solution                                          
     Original solution of metal                                                
     sulphates at pH 2.0                                                       
                       8.0  4.0   2.0   0.2                                    
     Aqueous raffinate I                                                       
                       4.507                                                   
                            4.0   2.0   0.2                                    
     Aqueous raffinate II                                                      
                       7.302                                                   
                            4.0   2.0   0.2                                    
     Aqueous raffinate III                                                     
                       7.760                                                   
                            4.0   2.0   0.2                                    
     Total metals extracted into                                               
     organic phase (by difference)                                             
                       4.431                                                   
                            0     0     0                                      
     __________________________________________________________________________
     Acid-Stripping of Metal-loaded                                            
     Ligand solution                                                           
     Acid strip liquors                                                        
     (25% w/v HCl)     3.710                                                   
                            9.5 ppm                                            
                                  4.5 ppm                                      
                                        0.65 ppm                               
     __________________________________________________________________________
PAC  EXAMPLE 50
PAR  The procedure of Example 49 was repeated with a solution which contained no
      copper but otherwise was similar to that used previously. Results were as
      follows.
TBL                  Metal Ion Concentration in                                
                     Aqueous Liquors (g/liter)                                 
                Fe(III)     Co       Zn                                        
     ______________________________________                                    
     Metal-Loading of Ligand Solution                                          
     Original solution of metal                                                
     sulphates at pH 2.0                                                       
                       4.0      2.0      0.2                                   
     Aqueous raffinate I                                                       
                       3.0      2.0      0.2                                   
     Aqueous raffinate II                                                      
                       2.45     2.0      0.2                                   
     Aqueous raffinate III                                                     
                       3.076    2.0      0.2                                   
     Total metals extracted into                                               
     organic phase (by difference)                                             
                       3.474    0        0                                     
     Acid-Stripping of Metal-Loaded                                            
     Ligand Solution                                                           
     Acid strip liquors                                                        
                       3.143    12 ppm   1.3 ppm                               
     (25% w/v HCl)                                                             
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A quinoline-2-carboxylic acid of the formula
      ##SPC3##
PAL  wherein R is a methoxy group or an alkyl group containing up to 12 carbon
      atoms, R.sup.1 is a hydrogen atom or a methyl group, R.sup.2 is a branched
      chain alkoxy group containing up to 12 carbon atoms, a phenoxy group
      substituted by one or two alkyl groups containing a total of not more than
      12 carbon atoms or a benzyloxy group substituted by one or two alkyl
      groups containing a total of not more than 12 carbon atoms, and R.sup.3 is
      a hydrogen atom or a n-propyl group.
NUM  2.
PAR  2. A quinoline-2-carboxylic acid as claimed in claim 1 wherein the groups,
      R, R.sup.1, R.sup.2 and R.sup.3 contain a total of from 6 to 20 aliphatic
      carbon atoms.
NUM  3.
PAR  3. A quinoline-2-carboxylic acid as claimed in claim 1 wherein the group
      R.sup.2 is an isodecyloxy group.
NUM  4.
PAR  4. A quinoline-2-carboxylic acid as claimed in claim 1 which is
      3-n-propyl-6-n-butyl-4-isodecyloxyquinoline-2-carboxylic acid.
PATN
WKU  039417948
SRC  5
APN  4503864
APT  1
ART  141
APD  19740312
TTL  Coating of paper with resin-treated silicates
ISD  19760302
NCL  9
ECL  1
EXA  Person; S. M.
EXP  Czaja; Donald E.
INVT
NAM  Malden; Peter James
STR  Byways, Bodmin Hill
CTY  Lostwithiel, Cornwall
CNT  EN
PRIR
CNT  UK
APD  19700925
APN  45911/70
RLAP
COD  71
APN  183664
APD  19710924
PSC  03
CLAS
OCL  260 292EP
XCL  260 293
XCL  260 294R
XCL  260 296B
XCL  260 297R
XCL  260 38
XCL  260395B
XCL  260 4255
XCL  427387
XCL  427391
XCL  428452
EDF  2
ICL  C08K  334
FSC  106
FSS  308 M
FSC  117
FSS  62.2;26;27
FSC  260
FSS  29.6 B;29.4 R;29.2 EP;395 B;38;29.3;29.7
FSC  427
FSS  42.55;387;391
FSC  428
FSS  452
UREF
PNO  1567506
ISD  19251200
NAM  Hopkinson
OCL  260 34.2
UREF
PNO  2674587
ISD  19540400
NAM  Leek
XCL  260395B
UREF
PNO  2811500
ISD  19571000
NAM  Cordier
OCL  260 39
UREF
PNO  3057811
ISD  19621000
NAM  Trachtenburg et al.
OCL  428452
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ABST
PAL  A method of preparing a mineral which is suitable for use in the coating of
      paper includes the steps of (i) forming a substantially uniform suspension
      of fine particles of the mineral in water; (ii) admixing the suspension
      thus obtained with a water-soluble or water-dispersible polymer which is
      such that, on dewatering and drying the suspension, the particles of the
      mineral adhere to the polymer and to one another and the polymer is
      rendered irreversibly insoluble and non-dispersible in water; and (iii)
      dewatering and drying the suspension to form the desired mineral.
PARN
PAR  This is a continuation of application Ser. No. 183,664, filed Sept. 24,
      1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the treatment of minerals, and more particularly
      is concerned with the treatment of minerals which can be employed in the
      coating of paper.
PAR  Many varieties of coated paper are produced today. They are principally
      coated with a paper coating composition, sometimes known as the coating
      colour, which essentially comprises an adhesive, also known as a binder,
      and a pigment dispersed in a suitable liquid medium. The adhesive used can
      be, for example, starch, casein or a synthetic resin latex; the particular
      adhesive used will depend, for example, on the printing process to be
      used, e.g. offset lithography requires the adhesive to be water-insoluble.
      Generally, the pigment will consist of clay, as the main constituent, and
      minor amounts, i.e. less than 20% by weight, of one or more other
      constituents, for example calcium carbonate, lithopone, barium sulphate,
      vitanium pigments, talc or satin white. The clays normally used for
      coating purposes comprise at least 70% by weight of particles having an
      equivalent spherical diameter less than two microns. The paper coating
      composition is usually prepared by dispersing the pigment and adhesive
      separately in the liquid medium, which is usually water, and mixing the
      two components together. The paper coating composition is then spread over
      the surface of the paper, dired and subjected to a finishing process, e.g.
      calendering or glazing. The principal properties of a paper which are
      affected by coating are its reflectance to light, its smoothness, its ink
      receptivity and its gloss.
PAR  Conventionally, the suitability of the optical properties of a mineral, for
      example a kaolinitic clay, which is to be used for paper coating purposes,
      is evaluated by determining the reflectance to visible light of a dry
      powder of the mineral or of a thick, adhesive-free coating of the mineral
      on paper. These tests are taken to be indicative of the probable
      performance of the mineral when used in a paper coating composition but
      they are not infallible and it often happens that a mineral which gives
      good results in these tests shows inferior behaviour when incorporated in
      a paper coating composition containing an adhesive.
PAR  It is an object of the present invention to prepare a mineral which is
      suitable for coating onto paper and which, when coated onto paper in a
      paper coating composition comprising an adhesive, provides a coated paper
      sheet of good reflectance to light.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a method of preparing
      a mineral which is suitable for use in the coating of paper, which method
      comprises (i) forming a substantially uniform suspension of fine particles
      of the mineral in water; (ii) admixing the suspension thus obtained with a
      water-soluble or water-dispersible dispersible polymer which is such that,
      on drying the suspension, the particles of the mineral adhere to the
      polymer and to one another and the polymer is irreversibly rendered
      insoluble and non-dispersible in water; and (iii) dewatering and drying
      the suspension to form a material which is suitable for use in the coating
      of paper.
PAR  The aqueous suspension of fine particles of the mineral can be either
      flocculated or deflocculated. If the suspension is flocculated, it can
      comprise up to about 40% by weight of solids, whereas if the suspension is
      deflocculated, it can comprise up to about 70% by weight of solids. In
      general, better results are obtained when the solids content of the
      suspension is as high as possible.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The water-soluble or water-dispersible polymer can be a homopolymer or a
      copolymer; it can be a latex, e.g. of a poly(vinyl acetate), a poly(vinyl
      alcohol), a polyacrylate, or a styrene-butadiene rubber; or it can be a
      thermosetting resin, for example an epoxy resin, a phenol-formaldehyde
      resin or a melamine-formaldehyde resin. A suitable epoxy resin is that
      manufactured by CIBA (ARL) Ltd. and denoted GY278; a suitable
      phenolformaldehyde resin is that manufactured by Bakelite-Xylonite Limited
      and denoted R 10993; and a suitable melamine-formaldehyde resin is that
      manufactured by CIBA (ARL) Ltd. and denoted "RESICART ML 12".
PAR  The quantity of water-soluble or water-dispersible polymer used is
      preferably in the range of from 0.1 to 2.0% by weight based on the weight
      of dry mineral. An amount smaller than 0.1% reduces the effectiveness of
      the treatment and an amount larger than 2.0% introduces the undesirable
      effects of rendering the mineral more difficult to disperse and more
      viscous in suspension while also reducing the gloss of a paper coating in
      which the treated mineral is incorporated.
PAR  Dewatering and drying of the suspension can be carried out, for example, by
      filtering or centrifuging the suspension so as to form a cake and
      subsequently drying the cake, or by means of a spray drier or a drum
      drier.
PAR  When the mineral is or includes a clay the drying of the suspension should
      preferably be performed at a temperature not exceeding 120.degree.C. If
      higher temperatures are used, the brightness of the mineral may begin to
      deteriorate. It is also preferable, if a cake is formed during the
      dewatering and drying step, for the dried mineral cake to contain less
      than 1% by weight of water. If the mineral has been treated with a
      compound comprising a water-soluble or water-dispersible latex, it is
      advantageous to dry the suspension to less than 1% by weight of water at a
      temperature not exceeding 80.degree.C. If the mineral has been treated
      with a water-soluble or water-dispersible thermosetting resin, it is
      preferable to dry the suspension or the mineral cake, if this is formed
      during the dewatering, to less than 1% by weight of water at a temperature
      of at least 100.degree.C.
DETD
PAR  The invention will now be illustrated by the following Examples.
PAC  EXAMPLE 1
PAR  100 grams of a kaolinitic clay from Washington County, Georgia, U.S.A.,
      which had been subjected to froth flotation and which consisted of
      particles smaller than 5 microns equivalent spherical diameter, was mixed
      with water at pH 8.0 containing 0.2 g of tetrasodium pyrophosphate to form
      a suspension containing 50% by weight of solids. Whilst stirring, 2.4 ml
      of VINACRYL 4172 (a 50% suspension of a styrene-acrylic acid copolymer
      manufactured by Vinyl Products Ltd.) was added. The clay suspension was
      then flocculated by adjusting the pH to 4.0 with acid, filtered, and the
      resulting cake dried at 80.degree.C. for six hours. The reflectance to
      light of 457 m.mu. wavelength of the dry milled clay and of the clay
      coated onto a sheet with and without adhesive was measured, and, as a
      comparison, the reflectance to light of 457 m.mu. wavelength of the
      untreated clay was measured under corresponding conditions. The procedure
      employed was as follows:
PAC  a. Clay coated onto a sheet without adhesive
PAR  To 20 g of milled clay was added a mixture comprising 2 ml of a solution of
      a sodium polyacrylate dispersing agent of degree of polymerisation in the
      range 20-40 containing 2.5 g of the polyacrylate per 100 ml of solution,
      0.15 ml of 2.5N sodium hydroxide solution and 6.5 ml of water. The mixture
      was stirred to form a uniform cream and 2.8 ml of a 1% w/v solution of
      sodium dodecyl benzene sulphonate was stirred in. The suspension was then
      passed through a No.100 mesh British Standard sieve. Three sheets of
      MELINEX (polyethylene terephthalate manufactured by I.C.I.Ltd.) having
      dimensionns 228 mm .times. 76 mm .times. 0.102 mm were then coated in the
      following way. A sheet was mounted on blotting paper and swabbed with a
      grease-free swab saturated in acetone. A puddle of the coating composition
      was then formed at one end of the sheet and spread over the sheet at a
      uniform rate with a draw bar coated giving a wet film thickness of  32
      thou. (0.81 mm). The three sheets prepared in this way were then dried at
      room temperature, in the dark, at a relative humidity of 60%.
PAR  The three sheets were then cut in half perpendicular to the longest
      dimension and combined to form a stack. The diffuse reflectance of the
      stack was then measured using an ELREPHO Photoelectric Reflectance
      Photometer, previously calibrated with frosted glass standards, and Zeiss
      filter R457 (457 millimicrons wavelength). The top sheet of the stack was
      then transferred to the bottom and the measurement repeated. This was
      continued until each sheet had occupired every position in the stack. The
      means of the set of six measurements was then calculated. The mean was
      multiplied by 0.98 to convert it to the Absolute Reflectance value which
      is the value quoted in the Examples.
PAC  b. Clay coated onto a sheet with 15% by weight of adhesive based on the
      weight of dry clay
PAR  20 g of milled clay was mixed to a smooth cream with 10.6 ml of water
      containing 0.49 ml of a 10% w/v solution of sodium hexametaphosphate, 0.4
      ml of a 10% w/v solution of sodium hydroxide and 0.11 ml of a 10% solution
      of the sodium polyacrylate dispersing agent. 1.81 g of VISCOSOL 310 starch
      (an oxidised potato starch containing 17% by weight of water) was then
      stirred in and the suspension heated, with continuous stirring to
      85.degree.C. in less than five minutes over a boiling water bath. The
      suspension was maintained at 85.degree.C. for from four to five minutes
      and was then cooled in cold water to room temperature. 3.14 ml of
      styrene-butadiene rubber latex No.636, manufactured by the Dow Chemical
      Company and containing 50% by weight of solids, was then stirred in and
      the suspension diluted, when found necessary to about 53% by weight of
      solids, which corresponds approximately to the maximum viscosity for
      coating. The suspension was then passed through a No.100 mesh B.S. sieve
      and coated on MELINEX using a draw bar coated giving a wet film thickness
      of 32 thou. (0.81 mm) as described for the adhesive-free coating above.
      The reflectance measurements were also made as described above. The
      results obtained for the treated and untreated clay are set forth in Table
      I below:
TBL                Table I                                                     
     ______________________________________                                    
     % reflectance to light of 457 m.mu.                                       
             dry milled                                                        
                     adhesive free 15% adhesive                                
     ______________________________________                                    
     Original clay                                                             
               86.0      80.6          77.6                                    
     Treated clay                                                              
               86.2      82.0          78.3                                    
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  300 g of a second kaolin clay from Georgia, U.S.A. which consisted of
      particles smaller than 5 microns equivalent spherical diameter was mixed
      with water to form a suspension containing 20% by weight of solids. With
      vigorous stirring, 3.8 g of resin R10993 (P form), a phenol-formaldehyde
      resin manufactured by Bakelite-Xylonite Ltd., was added. After this
      treatment the clay was found to be partially deflocculated and the pH was
      adjusted to 4.0 with acid in order to flocculate the clay. The suspension
      was filtered and the cake dried at 120.degree.C. for 16 hours. The
      brightness was measured as in Example 1 and the results for the treated
      and untreated clay are given in Table II below:
TBL                Table II                                                    
     ______________________________________                                    
     % reflectance to light of 457 m.mu.                                       
             dry milled                                                        
                     adhesive free 15% adhesive                                
     ______________________________________                                    
     Original clay                                                             
               84.9      72.5          74.8                                    
     Treated clay                                                              
               84.9      73.3          75.8                                    
     ______________________________________                                    
CLMS
STM  I CLAIM:
NUM  1.
PAR  1. A method of improving the optical properties of mineral coated paper in
      which the mineral is a silicate mineral having a layer lattice structure,
      which comprises treating the mineral prior to its incorporation into a
      paper coating composition so as to cement together the ultra fine
      particles of the mineral and to form an inelastic material therefrom, the
      treatment comprising (i) forming a substantially uniform suspension of
      fine particles of the mineral in water; (ii) admixing the suspension thus
      obtained with a polymer which is a non-amylaceous latex and which is (a)
      initially water-soluble or water-dispersible and (b) such that, on drying
      the suspension, the particles of the mineral adhere to the polymer and to
      one another and the polymer is irreversibly rendered insoluble and
      non-dispersible in water, the amount of said polymer being from 0.1 to
      2.0% by weight based on the weight of dry mineral; (iii) flocculating the
      aqueous suspension; (iv) dewatering and drying the suspension including
      the step of heating to a temperature not more than 80.degree.C. so as to
      bind the polymer to the mineral particles and to render said polymer
      irreversibly insoluble and non-dispersible in water; and (v) thereafter
      dispersing the treated mineral in an aqueous medium containing an adhesive
      to produce a paper coating composition; and (vi) coating paper with said
      composition.
NUM  2.
PAR  2. A method according to claim 1, wherein said polymer comprises a latex of
      a poly(vinyl acetate), a poly(vinyl alcohol), a polyacrylate or a
      styrene-butadiene rubber.
NUM  3.
PAR  3. A method according to claim 2, wherein said suspension is dewatered and
      dried to form a mineral cake containing less than 1% by weight of water.
NUM  4.
PAR  4. A method according to claim 1, wherein said silicate mineral is a
      kaolinitic clay.
NUM  5.
PAR  5. A metehod of improving the optical properties of mineral coated paper in
      which the mineral is a silicate mineral having a layer lattice structure,
      which comprises treating the mineral prior to its incorporation into a
      paper coating composition so as to cement together the ultra fine
      particles of the mineral and to form an inelastic material therefrom, the
      treatment comprising (i) forming a substantially uniform suspension of
      fine particles of the mineral in water; (ii) admixing the suspension thus
      obtained with a polymer which is a thermosetting resin and which is (a)
      initially water-soluble or water-dispersible and (b) such that, on drying
      the suspension, the particles of the mineral adhere to the polymer and to
      one another and the polymer is irreversibly rendered insoluble and
      non-dispersible in water, the amount of said polymer being from 0.1 to
      2.0% by weight based on the weight of dry mineral; (iii) flocculating the
      aqueous suspension; (iv) dewatering and drying the suspension including
      the step of heating to a temperature of at least 100.degree.C. so as to
      bind the polymer to the mineral particles and to render said polymer
      irreversibly insoluble and non-dispersible in water; and (v) thereafter
      dispersing the treated mineral in an aqueous medium containing an adhesive
      to produce a paper coating composition; and (vi) coating paper with said
      composition.
NUM  6.
PAR  6. A method according to claim 1, wherein said thermosetting resin is an
      epoxy resin, a phenol-formaldehyde resin or a melamine-formaldehyde resin.
NUM  7.
PAR  7. A method according to claim 6, wherein said suspension is dewatered and
      dried at a temperature not exceeding 120.degree.C.
NUM  8.
PAR  8. A method according to claim 7, wherein said suspension is dewatered and
      dried to form a mineral cake containing less than 1% by weight of water.
NUM  9.
PAR  9. A method according to claim 5, wherein said silicate mineral is a
      kaolinitic clay.
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ABST
PAL  Novel compounds useful as antihistamine agents, antiallergy agents, and
      bronchodilators are represented by the following formula
      ##SPC1##
PAL  Wherein R.sup.1 represents cyclohexyl, phenyl, or substituted phenyl
      wherein the substituent on the substituted phenyl is selected from
      halogen, a straight or branched lower alkyl group of from 1 to 4 carbon
      atoms, or a lower alkoxy group of from 1 to 4 carbon atoms; R.sup.2
      represents hydrogen or hydroxy; R.sup.3 represents hydrogen, or R.sup.2
      and R.sup.3 taken together form a second bond between the carbon atoms
      bearing R.sup.2 and R.sup.3 ; n is an integer of from 1 to 3; Z represents
      thienyl, naphthyl, phenyl, or substituted phenyl wherein the substituent
      on the substituted phenyl may be attached at the ortho, meta or para
      position of the phenyl ring and is selected from halogen, a straight or
      branched alkyl group of from 1 to 6 carbon atoms, an alkoxy group of from
      1 to 6 carbon atoms, a cycloalkyl group of from 3 to 6 carbon atoms,
      di(lower)alkylamino, or a saturated monocyclic heterocyclic group such as
      pyrrolidino, piperidino, morpholino, or N-(lower)-alkylpiperazino with the
      proviso that when R.sup.1 is phenyl, Z is naphthyl or phenyl substituted
      with a straight or branched alkyl group of 5 or 6 carbon atoms, a lower
      alkoxy group of 5 or 6 carbon atoms, or a cycloalkyl group of from 3 to 6
      carbon atoms. Pharmaceutically acceptable acid addition salts and
      individual optical and geometric isomers of compounds of the above formula
      are also included as a part of this invention.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to novel substituted piperidine derivatives which
      are useful as antihistamine agents, antiallergy agents and bronchodilators
      and to methods of making and using the same.
PAC  BACKGROUND OF THE INVENTION
PAR  Belgium patent No. 794,597 which is equivalent to U.S. Application Ser. No.
      378,561 now U.S. Pat. No. 3,878,217 which is a continuation-in-part of
      U.S. application Ser. No. 221,821, now abandoned describes compounds
      useful as antihistamine agents, antiallergy agents and bronchodilators
      having the formula
      ##SPC2##
PAL  Wherein R.sup.6 represents hydrogen or hydroxy; R.sup.7 represents
      hydrogen; or R.sup.6 and R.sup.7 taken together form a second bond between
      the carbon atoms bearing R.sup.6 and R.sup.7 ; p is a positive whole
      integer of from 1 to 3; Z' represents thienyl, phenyl, or substituted
      phenyl wherein the substituents on the substituted phenyl may be attached
      at the ortho, meta, or para positions of the phenyl ring and are selected
      from halogen, a straight or branched lower alkyl chain of from 1 to 4
      carbon atoms, a lower alkoxy group of from 1 to 4 carbon atoms,
      di(lower)alkylamino, or a saturated monocyclic heterocyclic group such as
      pyrrolidino, piperidino, morpholino, or N-(lower)alkylpiperazino.
      Pharmaceutically acceptable acid addition salts and individual optical
      isomers of compounds of the above formula are also disclosed.
PAC  SUMMARY OF INVENTION
PAR  The novel substituted piperidine derivatives of this invention are useful
      as antihistamine agents, antiallergy agents and bronchodilators and are
      represented by the formula
      ##SPC3##
PAL  wherein R.sup.1 represents cyclohexyl, phenyl, or a substituted phenyl ring
      wherein the substituent on the substituted phenyl ring is attached at the
      ortho, meta or para position of the phenyl ring and is selected from
      halogen, a straight or branched lower alkyl group of from 1 to 4 carbon
      atoms, or a lower alkoxy group of from 1 to 4 carbon atoms; R.sup.2
      represents hydrogen or hydroxy; R.sup.3 represents hydrogen; or R.sup.2
      and R.sup.3 taken together form a second bond between the carbon atoms
      bearing R.sup.2 and R.sup.3 ; n is an integer of from 1 to 3; Z represents
      thienyl, naphthyl, phenyl, or a substituted phenyl ring wherein the
      substituent on the substituted phenyl ring is attached at the ortho, meta
      or para position of the phenyl ring and is selected from halogen, a
      straight or branched alkyl group of from 1 to 6 carbon atoms, an alkoxy
      group of from 1 to 6 carbon atoms, a cycloalkyl group of from 3 to 6
      carbon atoms, di(lower)alkylamino, or a saturated monocyclic heterocyclic
      group such as pyrrolidino, piperidino, morpholino or
      N-(lower)alkylpiperazino with the proviso that when R.sup.1 is phenyl, Z
      is naphthyl or a substituted phenyl ring wherein the substituent on the
      substituted phenyl ring is attached at the ortho, meta or para position of
      the phenyl ring and is selected from a straight or branched alkyl group of
      5 or 6 carbon atoms, an alkoxy group of 5 or 6 carbon atoms, or a
      cycloalkyl group of from 3 to 6 carbon atoms. Pharmaceutically acceptable
      acid addition salts and individual optical and geometric isomers of the
      compounds of Formula I are included in the scope of this invention.
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  The compounds of this invention are 4-(disubstitutedmethyl)piperidine
      derivatives, 4-(disubstituted-methanol)piperidine derivatives, or
      4-(disubstituted-methylene)piperidine derivatives as represented by the
      following respective Formulas II to IV
      ##SPC4##
PAL  In the above Formulas II, III and IV, R.sup.1, n, and Z have the meanings
      described in Formula I.
PAR  The term halogen as used herein is taken to mean bromine, chlorine,
      fluorine or iodine. Preferred halogens are chlorine and fluorine.
PAR  Illustrative examples of straight or branched lower alkyl groups of from 1
      to 4 carbon atoms that may be present as the substituent on the
      substituted phenyl as represented by R.sup.1 in Formulas I to IV are
      methyl, ethyl, n-propyl, isopropyl, n-butyl, and tert-butyl.
PAR  Illustrative examples of lower alkoxy groups of from 1 to 4 carbon atoms
      that may be present as the substituent on the substituted phenyl as
      represented by R.sup.1 in Formulas I to IV are methoxy, ethoxy, propoxy
      and butoxy. Illustrative examples of alkoxy groups of from 1 to 6 carbon
      atoms that may be present as the substituent on the substituted phenyl as
      represented by Z in Formulas I to IV are methoxy, ethoxy, propoxy, butoxy,
      pentoxy, and hexyloxy.
PAR  Illustrative examples of straight or branched alkyl groups of from 1 to 6
      carbon atoms that may be present as the substituent on the substituted
      phenyl as represented by Z in Formulas I to IV are methyl, ethyl,
      n-propyl, isopropyl, isobutyl, tert-butyl, n-butyl, n-pentyl, neopentyl,
      and n-hexyl. The term cycloalkyl as used herein represents cyclopropyl,
      cyclobutyl, cyclopentyl and cyclohexyl.
PAR  The term (lower)alkyl as used in describing the groups di(lower)alkylamino
      and N-(lower)alkylpiperazino each of which may be the substituent on the
      substituted phenyl as represented by Z in Formulas I to IV is taken to
      mean a straight or branched lower alkyl group of from 1 to 4 carbon atoms
      illustrative examples of which are methyl, ethyl, n-propyl, isopropyl,
      n-butyl and tert-butyl.
PAR  When in Formulas I to IV R.sup.1 represents a phenyl group, Z represents
      naphthyl or a substituted phenyl wherein the substituent on the
      substituted phenyl may be attached at the ortho, meta or para position of
      the phenyl ring and is selected from a straight or branched alkyl group of
      5 to 6 carbon atoms, an alkoxy group of 5 to 6 carbon atoms, or a
      cycloalkyl group of 3 to 6 carbon atoms and may be represented by the
      following Formula V:
      ##SPC5##
PAL  wherein R.sup.2, R.sup.3 and n have the meanings defined in Formula I, and
      Z" represents naphthyl or a substituted phenyl ring wherein the
      substituent on the substituted phenyl ring is selected from a straight or
      branched alkyl group of 5 or 6 carbon atoms, an alkoxy group of 5 or 6
      carbon atoms or a cycloalkyl group of from 3 to 6 carbon atoms and wherein
      said substituent may be attached at the ortho, meta or para position of
      the phenyl ring.
PAR  The compounds of this invention as represented by Formulas I to IV wherein
      R.sup.1 represents cyclohexyl or substituted phenyl may be further
      illustrated by the following respective Formulas VI and VII.
      ##SPC6##
PAL  In the above Formulas VI and VII R.sup.2, R.sup.3, n and Z have the
      meanings defined in Formula I, and R.sup.4 represents halogen, a straight
      or branched lower alkyl group of from 1 to 4 carbon atoms or a lower
      alkoxy group of from 1 to 4 carbon atoms.
PAR  Preferred compounds of this invention are those wherein Z is other than
      naphthyl or thienyl. More preferred compounds of this invention are those
      wherein Z is other than thienyl or naphthyl, and n is equal to 3.
PAR  This invention also includes the pharmaceutically acceptable acid addition
      salts of the compounds of the hereinbefore set forth formulas, optical and
      geometric isomers and salts thereof. Pharmaceutically acceptable acid
      addition salts of the compounds of this invention are those of any
      suitable inorganic or organic acid. Suitable inorganic acids are, for
      example, hydrochloric, hydrobromic, sulphuric, and phosphoric acids.
      Suitable organic acids include carboxylic acids such as, for example,
      acetic, propionic, glycolic, lactic, pyruvic, malonic, succinic, fumaric,
      malic, tartaric, citric, ascorbic, maleic, hydroxymaleic, and
      dihydroxymaleic, benzoic, phenylacetic, 4-aminobenzoic, 4-hydroxybenzoic,
      anthranilic, cinnamic, salicylic, 4-aminosalicylic, 2-phenoxybenzoic,
      2-acetoxybenzoic, mandelic acid and the like, sulfonic acids such as, for
      example, methanesulfonic, ethanesulfonic, and .beta.-hydroxyethanesulfonic
      acid.
PAR  Illustrative examples of compounds of this invention are
      .alpha.-(p-fluorophenyl)-4-[.alpha.-hydroxy-.alpha.-(p-chlorophenyl)benzyl
     ]-1-piperidinebutanol,
      4-[.alpha.-hydroxy-.alpha.-(m-propoxyphenyl)benzyl]-.alpha.-phenyl-1-piper
     idinebutanol,
      4-[.alpha.-hydroxy-.alpha.-(o-anisyl)benzyl]-.alpha.-(p-pentylphenyl)-1-pi
     peridinebutanol,
      .alpha.-(p-tert-butylphenyl)-4-[.alpha.-(p-tolyl)benzyl]-1-piperidinepropa
     nol,
      4-[.alpha.-(p-tert-butylphenyl)benzylidene]-.alpha.-(p-dimethylaminophenyl
     )-1-piperidinebutanol,
      4-[.alpha.-(p-fluorophenyl)benzyl]-.alpha.-(p-morpholinophenyl)-1-piperidi
     neethanol,
      .alpha.-(m-ethoxyphenyl)-4-[.alpha.-(p-ethylphenyl)benzyl]-1-piperidinepro
     panol,
      4-[.alpha.-(p-methoxyphenyl)benzyl]-.alpha.-(2-thienyl)-1-piperidinebutano
     l,
      4-(.alpha.-hydroxy-.alpha.-cyclohexylbenzyl)-.alpha.-[p-(N-methylpiperazin
     o)phenyl]-1-piperidinebutanol,
      4-(.alpha.-cyclohexylbenzylidene)-.alpha.-(p-methoxyphenyl)-1-piperidinebu
     tanol,
      4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-.alpha.-(p-neopentylphenyl)-1-pip
     eridinebutanol,
      .alpha.-(p-cyclopropylphenyl)-4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-1-p
     iperidinepropanol,
      .alpha.-(p-cyclopentylphenyl)-4-(.alpha.,.alpha.-diphenylmethyl)-1-piperid
     ineethanol,
      4-[.alpha.-(p-n-butoxyphenyl)benzyl]-.alpha.-(p-cyclohexylphenyl)-1-piperi
     dinebutanol,
      4-(.alpha.,.alpha.-diphenylmethylene)-.alpha.-(p-hexyloxyphenyl)-1-piperid
     inebutanol,
      4-(.alpha.,.alpha.-diphenylmethylene)-.alpha.-(2-naphthyl)-1-piperidinepro
     panol, and
      4-[.alpha.-(m-n-pentoxyphenyl)benzylidene]-.alpha.-(o-hexylphenyl)-1-piper
     idinebutanol.
PAR  The novel compounds of this invention are useful as antihistamines,
      antiallergy agents and bronchodilators and may be administered alone or
      with suitable pharmaceutical carriers to warm blooded animals, mammals,
      such as felines, canines, bovine, porcine, equine and humans, and can be
      in solid or liquid form such as, for example, tablets, capsules, powders,
      solutions, suspensions, or emulsions. The compounds of this invention can
      be administered orally, parenterally, for example, subcutaneously,
      intravenously, intramuscularly, intraperitoneally, by intranasal
      instillation or by application to mucous membranes such as that of the
      nose, throat, and bronchial tubes, for example, in an aerosol spray
      containing small particles of a compound of this invention in a spray or
      dry powder form.
PAR  The quantity of novel compounds administered will vary. Depending on the
      patient and the mode of administration, the quantity of novel compound
      administered may vary over a wide range to provide in a unit dosage of
      from about 0.01 to 20 milligrams per kilogram of body weight of the
      patient per dose to achieve the desired effect. For example the desired
      antihistamine, antiallergy and bronchodilator effects can be obtained by
      consumption of a unit dosage form such as, for example, a tablet
      containing 1 to 100 milligrams of a novel compound of this invention taken
      1 to 4 times daily.
PAR  The solid unit dosage forms can be of the conventional type. Thus, the
      solid form can be a capsule which can be of the ordinary gelatin type
      containing a novel compound of this invention and a carrier, for example,
      lubricant and inert fillers such as lactose, sucrose, corn starch, and the
      like. In another embodiment, the novel compounds are tabletted with
      conventional tablet bases such as lactose, sucrose, corn starch, and the
      like in combination with binders such as acacia, corn starch or gelatin,
      disintegrating agents such as corn starch, potato starch, or alginic acid,
      and a lubricant such as stearic acid, or magnesium stearate.
PAR  The novel compounds may also be administered as injectable dosages by
      solution or suspension of the compounds in a physiologically acceptable
      diluent with a pharmaceutical carrier which can be a sterile liquid such
      as water and/or oils, with or without the addition of a surfactant and
      other pharmaceutically acceptable adjuvants. Illustrative of oils there
      can be mentioned those of petroleum, animal, vegetable or synthetic
      origin, for example, peanut oil, soybean oil, mineral oil, and the like.
      Water, saline, aqueous dextrose, and related sugar solutions, ethanols and
      glycols such as propylene glycol or polyethylene glycol are illustrative
      of liquid carriers for injectable solutions.
PAR  For use as aerosols the novel compounds in solution or suspension may be
      packaged in a pressurized aerosol container together with a gaseous or
      liquefied propellant, for example, dichlorodifluoromethane,
      dichlorodifluoromethane with dichlorodifluoroethane, carbon dioxide,
      nitrogen, propane, etc. with the usual adjuvants such as co-solvents, and
      wetting agents, as may be necessary or desirable. The compounds may also
      be administered in a non-pressurized form such as in a nebulizer or
      atomizer.
PAR  To illustrate the utility of the compounds of this invention the following
      tabulation indicates the amount of certain representative compounds of
      this invention required to reduce by 50% wheals induced by intradermal
      injections on 1.gamma. of histamine into guinea pigs. Each compound was
      orally administered one hour prior to the histamine injection.
TBL  ______________________________________                                    
     Compound             ED.sub.50, mg/kg                                     
     4-(.alpha.-cyclohexyl-.alpha.-hydroxy-                                    
     benzyl)-.alpha.-(p-tert-butyl-                                            
     phenyl)-1-piperidinebutanol                                               
     hydrochloride        12.0                                                 
     (p-tert-butylphenyl)-4-[.alpha.-                                          
     (o-anisyl)benzylidene]-1-                                                 
     piperidinebutanol    4.4                                                  
     ______________________________________                                    
PAR  The compounds of this invention may be prepared by reducing the
      corresponding aryl 4-substituted piperidinoalkyl ketone as illustrated by
      the following:
      ##SPC7##
PAL  In the above reaction R.sup.1, R.sup.2, R.sup.3, n, and Z have the meanings
      defined in Formula I.
PAR  Preferred reducing agents such as sodium borohydride may be employed in the
      above reaction using a lower alcohol solvent such as methanol, isopropyl
      alcohol, tertbutanol and the like. The reaction is carried out at
      temperatures ranging from about 0.degree.C to the reflux temperature of
      the solvent, and the reaction time varies from about 0.5 to about 8 hours.
      Other hydrides as reducing agents such as lithium aluminum hydride and
      diborane may also be used in an appropriate solvent such as diethyl ether.
PAR  This reaction may also be achieved by catalytic reduction using Raney
      nickel, palladium, platinum or rhodium catalysts in lower alcohol
      solvents, acetic acid, or their aqueous mixtures, or by aluminum
      isopropoxide in isopropanol.
PAR  The aryl substituted piperidinoalkyl ketones as represented by compound 1
      may be prepared by an alkylation reaction of an appropriately substituted
      piperidine derivative with an .omega.-haloalkyl aryl ketone derivative in
      alcoholic solvents such as methanol, ethanol, isopropyl alcohol,
      n-butanol, in ketone solvents such as n-butanone, and methyl isobutyl
      ketone, in hydrocarbon solvents such as benzene, and toluene, or in
      halogentaed hydrocarbons, such as chlorobenzene, and the like, in the
      presence of an inorganic base such as sodium bicarbonate, or potassium
      carbonate or in the presence of an organic base such as triethylamine, or
      an excess of compound 1. In some cases it may be desirable to add
      catalytic amounts of potassium iodide to the reaction mixture. The
      reaction time is usually about 48 hours, but may vary from about 4 to 120
      hours at a temperature of from about 70.degree.C to the reflux temperature
      of the solvent.
PAR  The compounds of this invention may also be prepared by the alkylation of
      4-diphenylmethylenepiperidine, 4-diphenylmethylpiperidine, or
      .alpha.,.alpha.-diphenyl-4-piperidinemethanol with an
      .alpha.-aryl-.omega.-haloalkanol derivative in an alcoholic or a
      hydrocarbon solvent in the presence of a base for from about 24 to 72
      hours at a temperature varying from about 70.degree.C to the reflux
      temperature of the solvent.
DETD
PAR  The following examples are illustrative of the invention.
PAC  EXAMPLE 1
PAC  4-[.alpha.-(p-tert-Butylphenyl)-.alpha.-hydroxybenzyl]-.alpha.-phenyl-1-pip
     eridinebutanol
PAR  To a mixture of 4.2 g (0.0083 mole) of 4-[4-[.alpha.-(p
      tert-butylphenyl)-.alpha.-hydroxybenzyl]piperidino]butyrophenone
      hydrochloride and 0.54 g (0.01 mole) of sodium methoxide in 25 ml of
      methanol is added 2.16 g (0.04 mole) of potassium borohydride. The
      reaction mixture is stirred overnight, diluted with water and the methanol
      removed under reduced pressure. The remaining material is extracted with
      chloroform, washed with water, dried over magnesium sulfate and filtered.
      The filtrate is concentrated, and the residue is recrystallized from
      acetone-water to give
      4-[.alpha.-(p-tert-butylphenyl)-.alpha.-hydroxybenzyl]-.alpha.-phenyl-1-pi
     peridinebutanol, M.P. 161.degree.-163.degree.C.
PAC  EXAMPLE 2
PAC  .alpha.-(4-tert-Butylphenyl)-4-(.alpha.-cyclohexyl-.alpha.-hydroxybenzyl)
      1-piperidinebutanol
PAR  When in the procedure of Example 1 an appropriate amount of
      4-[4-(.alpha.-cyclohexyl-.alpha.-hydroxybenzyl)piperidino]4'-tert-butylbut
     yrophenone hydrochloride is substituted for
      4-[4-[.alpha.-(p-tert-butylphenyl)-.alpha.-hydroxybenzyl]piperidino]butyro
     phenone hydrochloride and the reaction mixture is refluxed for three hours,
      .alpha.-(4-tert-butylphenyl)-4-(.alpha.-cyclohexyl-.alpha.-hydroxybenzyl)-
     1-piperidinebutanol is obtained, M.P. 75.degree.-81.degree.C. This compound
      was converted to the the hydrochloride salt, M.P.
      240.degree.-242.5.degree.C. (dec.) by the usual methods.
PAC  EXAMPLE 3
PAC  4-[4-[.alpha.-(o-Anisyl)benzylidene]-.alpha.-(p-tert-butylphenyl)-1-piperid
     inebutanol]
PAR  To a mixture of 3 g (0.0075 mole) of
      4-[4-[.alpha.-(oanisyl)-.alpha.-hydroxybenzylidene]piperidino]-4'-tert-but
     yl-butyrophenone in methanol is added excess potassium borohydride. The
      reaction mixture is refluxed for about 7 hours then evaporated. Water is
      poured onto the remaining solid which is then extracted with ether, dried
      over magnesium sulfate and filtered. The filtrate is concentrated to an
      oil which is allowed to remain in pentane overnight. The resulting solid
      material is recrystallized from acetone-hexane to give
      4-[4-[.alpha.-(o-anisyl)benzylidene]-.alpha.(p-tert-butylphenyl)-1-piperid
     inebutanol], M.P. 97.degree.-100.degree.C.
PAC  EXAMPLE 4
PAC  4-[.alpha.-(p-tert-Butylphenyl)-.alpha.-hydroxybenzyl]-.alpha.-(p-tert-buty
     lphenyl)-1-piperidinebutanol
PAR  To 8.0 g (0.0143 mole) of 4-[4-[.alpha.-(p-tert-butylphenyl)
      .alpha.-hydroxybenzyl]piperidino]-4'-tert-butylbutyrophenone hydrochloride
      dissolved in 50 ml of methanol is added with stirring a solution of 0.9 g
      (10% molar excess) of potassium hydroxide in methanol after which 1.54 g
      of potassium borohydride is added with stirring. The reaction mixture is
      allowed to react for about 3 hours at room temperature, after which the
      methanol is removed. Water is added to the remaining residue which is then
      extracted with ether, dried over magnesium sulfate, and filtered through
      celite. The filtrate is evaporated under vacuum, and the remaining solid
      is recrystallized several times from ethanol-water filtering while hot to
      give
      4-[.alpha.-(p-tert-butylphenyl)-.alpha.-hydroxybenzyl]-.alpha.-(p-tert-but
     ylphenyl)-1-piperidinebutanol, M.P. 179.degree.-181.5.degree.C.
PAC  EXAMPLE 5
PAR  When in the procedure of Example 4 an appropriate equivalent amount of the
      butyrophenone derivatives listed below are substituted for
      4-[4-[.alpha.-(p-tert-butylphenyl)-.alpha.-hydroxybenzyl]piperidino]-4'-te
     rt-butylbutyrophenone hydrochloride the respective products listed below
      are obtained:
TBL  Butyrophenone                                                             
     Derivative           Product                                              
     ______________________________________                                    
     4-[4-(.alpha.-hydroxy-.alpha.-                                            
                          4-(.alpha.-hydroxy-.alpha.-                          
     phenylbenzyl)piper-  phenylbenzyl)-.alpha.-                               
     idino]-1-(2-naphthyl)-                                                    
                          (2-naphthyl)-1-                                      
     butan-1-one hydrochlo-                                                    
                          piperidinebutanol                                    
     ride, M.P. 206.5-208.5.degree.C.                                          
     4'-cyclopentyl-4-[4-(.alpha.-                                             
                          4-(.alpha.-hydroxy-.alpha.-                          
     hydroxy-.alpha.-phenylbenzyl)-                                            
                          phenylbenzyl)-.alpha.-                               
     piperidino]butyrophenone                                                  
                          (p-cyclopentyl-                                      
     hydrochloride, M.P. 232-                                                  
                          phenyl)-1-piper-                                     
     234.degree.C.        dinebutanol                                          
     4'-tert-butyl-4-[4-[.alpha.-                                              
                          4-[.alpha.-hydroxy-.alpha.-                          
     hydroxy-.alpha.-(p-tolyl)-                                                
                          (p-tolyl)benzyl]-.alpha.-                            
     benzyl]piperidino]-  (p-tert-butylphenyl)-                                
     butyrophenone hydro- 1-piperidinebutanol                                  
     chloride, M.P. 194-                                                       
     196.5.degree.C.                                                           
     4-[4-(.alpha.-hydroxy-.alpha.-phenyl-                                     
                          4-(.alpha.-hydroxy-.alpha.-                          
     benzyl)piperidino]-4'-neo-                                                
                          phenylbenzyl)-.alpha.-(p-                            
     pentylbutyrophenone hydro-                                                
                          neopentylphenyl)-1-                                  
     chloride, M.P. 227-229.degree.C.                                          
                          piperidinebutanol                                    
     4'-tert-butyl-4-[4-[.alpha.-                                              
                          4-[.alpha.-hydroxy-.alpha.-(p-                       
     hydroxy-.alpha.-(p-chlorophenyl)-                                         
                          chlorophenyl)benzyl]-                                
     benzyl]piperidino]butyro-                                                 
                          .alpha.-(p-tert-butylphen-                           
     phenone hydrochloride,                                                    
                          yl)-1-piperidine-                                    
     M.P. 238.5-240.degree.C.                                                  
                          butanol                                              
     4'-tert-butyl-4-[4-  4-[.alpha.-(p-tolyl)-                                
     [.alpha.-(p-tolyl)benzylidene]-                                           
                          benzylidene]-.alpha.-                                
     piperidino]butyrophenone                                                  
                          (p-tert-butylphenyl)-                                
     hydrochloride, M.P. 187-                                                  
                          1-piperidinebutanol                                  
     189.degree.C.                                                             
     4'-fluoro-4-[4-[.alpha.-                                                  
                          4-[.alpha.-hydroxy-.alpha.-(p-                       
     hydroxy-.alpha.-(p-chloro-                                                
                          chlorophenyl)benzyl]-                                
     phenyl)benzyl]piperi-                                                     
                          .alpha.-(p-fluorophenyl)-                            
     dino]butyrophenone   1-piperidinebutanol                                  
     hydrochloride, M.P.                                                       
     M.P. 154.degree.C. (dec.)                                                 
     4-[4-[.alpha.-hydroxy-.alpha.-(p-                                         
                          4-[.alpha.-hydroxy-.alpha.-(p-n-                     
     n-propylphenyl]benzyl]-                                                   
                          propylphenyl)benzyl]-                                
     piperidino]-1-(2-thienyl)-                                                
                          .alpha.-(2-thienyl)-1-pip-                           
     butan-1-one hydrochloride                                                 
                          eridinebutanol                                       
     3-[4-[.alpha. -(p-n-butoxyphenyl)-                                        
                          4-[.alpha.-(p-n-butoxy-                              
     .alpha.-hydroxybenzyl]piperi-                                             
                          phenyl)-.alpha.-hydroxy-                             
     dino]propiophenone   benzyl]-.alpha.-phenyl-1-                            
     hydrochloride        piperidinepropanol                                   
     2-[4-(.alpha.-hydroxy-.alpha.-                                            
                          4-(.alpha.-hydroxy-.alpha.-phen-                     
     phenylbenzyl)piperi- ylbenzyl)-.alpha.-(p-n-                              
     dino]-4'-n-pentoxy-  pentoxyphenyl)-1-                                    
     acetophenone hydro-  piperidineethanol                                    
     chloride                                                                  
     4-[4-[.alpha.-(p-bromo-                                                   
                          .alpha.-(p-anisyl)-4-[.alpha.-[p-                    
     phenyl)benzyl]piper- bromophenyl)benzyl]-1-                               
     idino]-4'-methoxy-   piperidinebutanol                                    
     butyrophenone hydro-                                                      
     chloride                                                                  
     4'-cyclopropyl-4-[4-[.alpha.-                                             
                          4-[.alpha.-(o-tolyl)benzyl]-                         
     (o-tolyl)benzyl]piperi-                                                   
                          .alpha.-(p-cyclopropylphen-                          
     dino]butyrophenone   yl)-1-piperidine-                                    
     hydrochloride        butanol                                              
     4-[4-[.alpha.-(p-ethylphenyl)-                                            
                          4-[.alpha.-(p-ethylphenyl)-                          
     benzyl]piperidino]-4'-                                                    
                          benzyl]-.alpha.-(p-fluoro-                           
     fluorobutyrophenone  phenyl)-1-piperi-                                    
     hydrochloride        dinebutanol                                          
     4'-dimethylamino-4-[4-                                                    
                          .alpha.-(p-dimethylamino-                            
     [.alpha.-hydroxy-.alpha.-(p-chloro-                                       
                          phenyl)-4-[.alpha.-hydroxy-                          
     phenyl)benzyl]piperi-                                                     
                          .alpha.-(p-chlorophenyl)-                            
     dino]butyrophenone   benzyl]-1-piperidine-                                
     hydrochloride        butanol                                              
     4-[4-(diphenylmethylene)-                                                 
                          4-(diphenylmethyl-                                   
     piperidino]-1-(2-naph-                                                    
                          ene)-.alpha.-(2-naphthyl)-                           
     thyl)butan-1-one hydro-                                                   
                          1-piperidinebutanol                                  
     chloride                                                                  
     4-[4-(diphenylmethylene)-                                                 
                          4-(diphenylmethylene)-                               
     piperidino]-4'-neopentyl-                                                 
                          .alpha.-(p-neopentylphenyl)-                         
     butyrophenone hydrochloride                                               
                          1-piperidinebutanol                                  
     4-[4-[.alpha.-(o-anisyl)benzyl-                                           
                          4-[.alpha.-(o-anisyl)ben-                            
     idene]piperidino-4'-tert-                                                 
                          zylidene]-.alpha.-(p-tert-                           
     butylbutyrophenone   butylphenyl)-1-piper-                                
     hydrochloride        idine butanol                                        
     ______________________________________                                    
PAR  The following examples are illustrative of pharmaceutical compositions
      containing as active ingredients compounds of this invention.
PAC  EXAMPLE 6
PAR  An illustrative composition for hard gelatin capsules is as follows:
TBL  (a)      .alpha.-(4-tert-butylphenyl)-4-(.alpha.-                         
              cyclohexyl-.alpha.-hydroxybenzyl)-                               
              1-piperidinebutanol 10 mg                                        
     (b)      talc                 5 mg                                        
     (c)      lactose             100 mg                                       
PAL  The formulation is prepared by passing the dry powders of (a) to (c)
      through a fine mesh screen and mixing them well. The powder is then filled
      into hard gelatin capsules at a net fill of 115 mg per capsule.
PAC  EXAMPLE 7
PAR  An illustrative composition for tablets is as follows:
TBL  (a)     4-[4-[.alpha.-(o-anisyl)-                                         
             benzylidene]-.alpha.-(p-tert-butyl-                               
             phenyl)-1-piperidinebutanol                                       
                                   5 mg                                        
     (b)     starch               43 mg                                        
     (c)     lactose              60 mg                                        
     (d)     magnesium stearate    2 mg                                        
PAL  The granulation obtained upon mixing the lactose with the compound (a) and
      part of the starch and granulated with starch paste is dried, screened,
      and mixed with the magnesium stearate. The mixture is compressed into
      tablets weighing 110 mg each.
PAC  EXAMPLE 8
PAR  An illustrative composition for an aerosol solution is the following:
TBL                            Weight per cent                                 
     (a)   4-[.alpha.-(p-tert-butylphenyl)- -                                  
                               .alpha.-hydroxybenzyl)-.alpha.-(p-tert-         
           butylphenyl)-1-piperidine-                                          
           butanol              5.0                                            
     (b)   ethanol             35.0                                            
     (c)   dichlorodifluoromethane                                             
                               60.0                                            
PAL  The materials (a), (b) and (c) are packaged in 15 ml stainless steel
      containers equipped with a metering valve designed to meter 0.2 grams per
      dose, an equivalent of 10 mg of novel compound (a).
PAC  EXAMPLE 9
PAR  An illustrative composition for an aerosol suspension is the following:
TBL                              Weight per cent                               
     (a)  4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-                            
          .alpha.-(p-cyclopentylphenyl)-1-                                     
          piperidinebutanol                                                    
          (particle size &lt;10.mu.)                                              
                                 20.0                                          
     (b)  sorbitan trioleate     0.5                                           
     (c)  dichlorodifluoromethane                                              
                                 39.75                                         
     (d)  dichlorodifluoroethane 39.75                                         
PAL  The materials (a) - (d) are packaged in 15 ml stainless steel containers
      equipped with a metering valve designed to meter 50 mg per dose, an
      equivalent of 10 mg of novel compound (a).
PAC  EXAMPLE 10
PAR  An illustrative composition for an injectable suspension is the following 1
      ml ampul for an intramuscular injection.
TBL  ______________________________________                                    
                                 Weight per cent                               
     (a)  4-[.alpha.-(p-tolyl)benzylidene]-.alpha.-                            
          (p-tert-butylphenyl)-1-piperi-                                       
          dinebutanol                                                          
          (partical size &lt;10.mu.)                                              
                                 1.0                                           
     (b)  polyvinylpyrrolidone                                                 
          (M.W. 25000)           0.5                                           
     (c)  lecithin               0.25                                          
     (d)  water for injection to make                                          
                                 100.0                                         
PAL  The materials (a) to (d) are mixed, homogenized, and filled into 1 ml
      ampuls which are sealed and autoclaved 20 minutes at 121.degree.C. Each
      ampul contains 10 mg per ml of novel compound (a).
PAR  The optical isomers of the compounds of this invention may be separated by
      using a (+) or (-) binaphthylphosphoric acid derivative or a salt of said
      derivative and an assymetric base by the method described by R. Viterbo et
      al., in Tetrahedron Letters No. 48, pp. 4617-4620 (1971).
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound selected from a base of the formula
      ##SPC8##
PAL  wherein R.sup.1 is selected from the group consisting of cyclohexyl, phenyl
      or a substituted phenyl ring wherein the substituent on the substituted
      phenyl ring is attached at the ortho, meta, or para position of the phenyl
      ring and is selected from the group consisting of halogen, a straight or
      branched lower alkyl group of from 1 to 4 carbon atoms, or a lower alkoxy
      group of from 1 to 4 carbon atoms; R.sup.2 is selected from hydrogen or
      hydroxy; R.sup.3 is hydrogen; or R.sup.2 and R.sup.3 taken together form a
      second bond between the carbon atoms bearing R.sup.2 and R.sup.3 ; n is an
      integer of from 1 to 3; Z is selected from the group consisting of
      thienyl, naphthyl, phenyl or a substituted phenyl ring wherein the
      substituent on the substituted phenyl ring is attached at the ortho, meta,
      or para position of the phenyl ring and is selected from the group
      consisting of halogen, a straight or branched alkyl group of from 1 to 6
      carbon atoms, an alkoxy group of from 1 to 6 carbon atoms, a cycloalkyl
      group of from 3 to 6 carbon atoms, di(lower)alkylamino, or a saturated
      monocyclic heterocyclic group such as pyrrolidino, piperidino, morpholino
      or N-(lower)alkylpiperazino with the proviso that when R.sup.1 is phenyl,
      Z is naphthyl or a substituted phenyl ring wherein the substituent on the
      substituted phenyl ring is attached at the ortho, meta of para position of
      the phenyl ring and is selected from the group consisting of a straight or
      branched alkyl group of 5 or 6 carbon atoms, an alkoxy group of 5 to 6
      carbon atoms, of cycloalkyl of 3 to 6 carbon atoms; and pharmaceutically
      acceptable acid addition salts thereof.
NUM  2.
PAR  2. A compound of claim 1 wherein R.sup.1 is cyclohexyl.
NUM  3.
PAR  3. A compound of claim 2 which is
      .alpha.-(4-tert-butylphenyl)-4-(.alpha.-cyclohexyl-.alpha.-hydroxybenzyl)-
     1-piperidinebutanol or a pharmaceutically acceptable acid addition salt
      thereof.
NUM  4.
PAR  4. A compound of claim 1 wherein R.sup.1 is a substituted phenyl ring.
NUM  5.
PAR  5. A compound of claim 4 which is
      4-[.alpha.-(o-anisyl)benzylidene]-.alpha.-(p-tert-butylphenyl)-1-piperidin
     ebutanol or a pharmaceutically acceptable acid addition salt thereof.
NUM  6.
PAR  6. A compound of claim 1 wherein R.sup.1 is phenyl.
NUM  7.
PAR  7. A compound of claim 4 which is
      4-[.alpha.-(p-tolyl)benzylidene].alpha.-(p-tert-butylphenyl)-1-piperidineb
     utanol or a pharmaceutically acceptable acid addition salt thereof.
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ABST
PAL  .alpha.-(Hydroxy and alkoxy
      substituted)phenyl-.alpha.-(2-piperidinyl)methanols of the formula
      ##SPC1##
PAL  Where R is hydrogen or lower alkyl, R.sup.1 is hydrogen, hydroxy or lower
      alkoxy, and R.sup.2 is phenyl, phenyl-lower alkyl, diphenyl-lower alkyl,
      phenoxy-lower alkyl or diphenoxy-lower alkyl, and the non-toxic
      pharmaceutically acceptable acid-addition and quaternary ammonium salts
      thereof.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of a co-pending application U.S.
      Ser. No. 39,571 filed May 21, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE Invention
PAR  The compounds of the invention are in the field of
      phenyl-(2-piperidinyl)methanols.
PAR  Compounds of the general type are known, e.g., phenylpiperidinylmethanol
      derivatives in which the phenyl group is substituted in the 4-position by
      a halogen, lower alkyl, lower alkoxy or methylenedioxy group as described
      in U.S. Pat. No. 2,928,835. The compound wherein the phenyl ring is
      3,4-dimethoxy-substituted is described in British Pat. No. 843,070. The
      corresponding m-or p-hydroxyphenyl-2-piperidinylmethanols are described in
      Diss. Abstr. B, 28,  No. 7, 2781-2784, Univ. Mich, 1966, the unsubstituted
      compound .alpha.-phenyl-.alpha.-(2-piperidinyl)methanol is disclosed in
      British Pat. No. 994,964.
PAR  While the compounds described in the above references have physiological
      activity, they are not known to possess utility as bronchodilator agents.
PAR  U.S. Pat. No. 3,705,169 discloses compounds active as bronchodilators
      wherein an unsubstituted piperidinyl ring is bonded through a
      hydroxymethyl group to a substituted phenyl ring. However, compounds of
      the present invention are structurally distinct from the compounds
      disclosed by this reference in that the present compounds contain an aryl
      substituted piperidinyl ring. In addition, compounds of the present
      invention exhibit a significantly longer duration of activity as compared
      to compounds of this reference, when administered orally to protect
      against histamine-induced bronchial spasm in animals.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to substituted
      .alpha.-phenyl-.alpha.-(2-piperidinyl)methanols, to processes for the
      preparation thereof and to the use of these compounds and pharmaceutical
      compositions containing them as bronchodilator agents.
PAR  The chemical compounds of the invention have the formula
      ##SPC2##
PAL  Wherein R is hydrogen or lower alkyl; R.sup.1 is hydrogen, hydroxy or lower
      alkoxy; and R.sup.2 is phenyl, phenyl-lower alkyl, diphenyl-lower alkyl,
      phenoxy-lower alkyl or diphenoxy-lower alkyl. Preferred compounds of the
      invention are those wherein the phenyl ring is substituted by at least two
      hydroxy groups in either the 3 or 5 positions or the 3 and 4 positions.
PAR  Compounds wherein R.sup.2 is in the 6 position of the piperidine ring are
      preferred. Preferred substituents are phenyl-lower alkyl and
      diphenyl-lower alkyl.
PAR  Preferred compounds of the invention include:
PA0  .alpha.-(3,4-dihydroxyphenyl)-.alpha.-(6-phenethyl-2-piperidinyl)methanol,
PA0  .alpha.-(3,4-dihydroxyphenyl)-.alpha.-(6-dibenzylmethyl-2-piperidinyl)metha
     nol,
PA0  .alpha.-(3,5-dihydroxyphenyl)-.alpha.-(6-phenethyl-2-piperidinyl)methanol,
PA0  .alpha.-(3,5-dihydroxyphenyl)-.alpha.-(6-benzyl-2-piperidinyl)methanol and
      pharmaceutically acceptable salts thereof.
PAR  As used herein, the terms "lower alkyl" and "lower alkoxy" embrace both
      straight and branched chain alkyl radicals containing from 1 to 6 carbon
      atoms and cycloalkyl radicals containing from 3 to 6 carbon atoms.
PAR  Compounds of the invention can be converted to their pharmaceutically
      acceptable acid-addition and quaternary ammonium salts if desired. These
      salts are included within the scope of the invention since they possess
      utility comparable to the free base compounds and may be used in place
      thereof.
PAR  "Pharmaceutically acceptable" salts are those which are not substantially
      more toxic than the compounds themselves, and which are capable of
      incorporation into conventional solid and liquid pharmaceutical carriers.
      Acid addition salts such as the hydrochloride, hydrobromide, hydroiodide,
      sulfate, phosphate, nitrate or the like may be formed with inorganic
      acids. Salts may also be formed with organic acids including monobasic
      acids to form salts such as the acetate, benzoate or the propionate.
      Especially preferred salts are those formed with hydroxy organic acids and
      dibasic acids such as ascorbic, oxalic, lactic, fumaric, citric, tartaric,
      malic and maleic acids. Useful quaternary ammonium salts include those
      formed by such alkyl halides as methyl iodide, n-hexylbromide and the
      like. Compounds of the invention may be present as diastereoisomers. These
      are designated as erythro- and threo-isomers which may be resolved as d,l
      optical isomers. Unless otherwise specified herein, all isomers of
      compounds whether separated or mixtures thereof, are comprehended within
      the scope of the specification and claims.
PAR  The compounds of the invention are prepared by several processes. Each
      requiring a sequence of reaction steps.
PAR  Process I is illustrated by the following reaction sequence:
      ##SPC3##
PAL  wherein R.sup.3 is lower alkyl, n is 2 or 3 and R.sup.2 is phenyl,
      phenyl-lower alkyl, diphenyl-lower alkyl, phenoxy-lower alkyl or
      diphenoxy-lower alkyl.
PAR  Step 1 comprises condensing a poly-lower alkoxy substituted benzaldehyde
      with a 6-substituted pyridine-carboxylic acid to form an
      .alpha.-(poly-lower
      alkoxyphenyl)-.alpha.-(6-substituted-2-pyridinyl)methanol intermediate. In
      Step 2 this methanol intermediate is oxidized to form an
      .alpha.-(poly-lower alkoxyphenyl) (6-substituted-2-pyridyl) ketone
      intermediate. The ketone intermediate is dealkylated in Step 3 to form the
      corresponding (polyhydroxy-phenyl) (6-substituted-2-pyridyl) ketone
      intermediate. In Step 4 this intermediate is hydrogenated to give the
      .alpha.-(polyhydroxyphenyl)-.alpha.-(6-substituted-2-piperidinyl)methanol
      final product.
PAR  Process II for preparing compounds of the invention is illustrated by the
      following reaction sequence.
      ##SPC4##
PAL  wherein R.sup.3 is lower alkyl, m is 1 or 2 and R.sup.2 is phenyl,
      phenyl-lower alkyl, diphenyl-lower alkyl, phenoxy-lower alkyl or
      diphenoxy-lower alkyl.
PAR  Step 1 comprises treating a lower alkoxy-substituted
      p-benzyloxybenzaldehyde (or di- or tri-alkoxy-substituted benzaldehyde)
      with a 6-substituted-2-pyridyllithium reagent to form an
      .alpha.-(lower-alkoxy-p-benzyloxyphenyl)-.alpha.-(6-substituted-2-pyridiny
     l)methanol intermediate. In Step 2 the benzyl protecting group is removed
      from this intermediate by hydrogenation in the presence of e.g., palladium
      catalyst to form an
      .alpha.-(lower-alkoxy-p-hydroxyphenyl)-.alpha.-(6-substituted-2-pyridinyl)
     methanol intermediate. This methanol intermediate is hydrogenated in Step 3
      to form the
      .alpha.-(lower-alkoxy-p-hydroxyphenyl)-.alpha.-(6-substituted-2-piperidiny
     l)-methanol final product.
PAR  Process III for preparing the compounds of the invention wherein R.sup.2 is
      phenyl-lower alkyl or diphenyl-lower alkyl is is illustrated by the
      following reaction sequence:
      ##SPC5##
PAL  wherein R.sup.3 is lower alkyl and n is 2 or 3.
PAR  Step 1 comprises condensing a (poly-lower alkoxyphenyl) (6-2-pyridyl)ketone
      and 1,3-propanediol to form a 2-(poly-lower
      alkoxyphenyl)-2-(6-methyl-2-pyridyl)-1,3-dioxane intermediate. This
      intermediate is C-benzylated in Step 2 through treatment with
      phenyllithium followed by benzyl chloride to form a mixture of the
      2-(poly-lower alkoxyphenyl)-2-(6-phenethyl-2-pyridyl)-1,3-dioxane and
      2-(poly-lower alkoxyphenyl)-2-(6-dibenzylmethyl-2-pyridyl)-1,3-dioxane
      intermediate. Step 3  comprises demethylating and hydrolytically leaving
      the dioxane ring of this intermediate to form the (poly-hydroxyphenyl)
      (6-phenethyl-2-pyridyl)ketone and (poly-hydroxyphenyl) (6-2-pyridyl)ketone
      intermediates. These intermediates are hydrogenated in Step 4 to yield a
      separable mixture of the
      .alpha.-(poly-hydroxyphenyl)-.alpha.-(6-phenethyl-2-piperidinyl)methanol
      and
      .alpha.-(poly-hydroxyphenyl)-.alpha.-(6-dibenzylmethyl-2-piperidinyl)metha
     nol final products.
PAR  In order to prepare compounds of the invention wherein R.sup.2 is
      phenoxy-lower alkyl or diphenoxy-lower alkyl, it may be preferred to use
      as starting materials poly(benzyloxy)-substituted benzaldehydes rather
      than polyalkoxy substituted benzaldehydes in Processes I and II. The
      benzyloxy blocking group is removed by reduction, for example, with
      palladium on charcoal, rather than by ether cleavage methods. The latter
      methods may result in some cleavage of the phenoxy group as a side
      reaction and for this reason prove undesirable.
PAR  In general, however, it is possible to use phenyl, phenyl-lower alkyl and
      phenoxy-lower alkyl pyridine derivatives in Processes I and II described
      hereinabove for the preparation of compounds of this invention.
PAR  The starting materials for carrying out Process I of this invention are a
      phenyl, phenyl-lower alkyl or phenyl-lower alkoxy-substituted picolinic
      acid, and a poly(benzyloxy)-or poly-lower alkoxy-substituted benzaldehyde.
PAR  Poly-lower alkoxy benzaldehydes are conveniently prepared by the reduction
      of the corresponding acid chlorides by the Rosemund procedure [Ber. 51.585
      (1918)] or by treatment with lithium tri-t-butyoxyaluminohydride, or by
      the oxidation of the corresponding benzyl alcohols, using, for example,
      manganese dioxide as an oxidizing agent.
PAR  Poly(benzyloxy)benzaldehydes are prepared by reacting
      polyhydroxybenzaldehydes with benzyl chloride in the presence of a base.
      This method is familiar to those skilled in the art.
PAR  Phenyl-lower-alkyl-substituted picolinic acids are prepared, for example,
      from lower alkyl-substituted picolinic acid esters or simple picolinic
      acid esters by reaction with butyl lithium followed by reaction with
      phenyl-lower alkyl halides such as benzyl bromide or dibenzyl bromide.
PAR  Phenoxy-lower-alkyl-substituted picolinic acids are prepared, for example,
      from lower alkyl-substituted picolinic acid esters by reaction with phenyl
      chloromethyl ether in the presence of strong base or by reaction of lower
      halo- and dihaloalkyl picolinic acids with phenoxide.
PAR  Examples of lower alkyl-substituted picolinic acids that may be used as a
      starting material include 6-benzylpicolinic acid, 6-phenylethylpicolinic
      acid, 6-phenoxyethylpicolinic acid and 6-diphenylmethylpicolinic acid.
      Among the poly-lower alkoxy-substituted benzaldehydes which may be used,
      but without limitation, are 2,3-dimethoxybenzaldehyde,
      2,4-diethoxybenzaldehyde, 3,4-dimethoxybenzaldehyde,
      2,4,6-trimethoxybenzaldehyde, 2,3,4-triethoxybenzaldehyde,
      3,4,5-trimethoxybenzaldehyde, 3,5-dimethoxybenzaldehyde and the like.
PAR  In carrying out Process I, the 6-substituted picolinic acid and an
      appropriate poly-lower alkoxy-substituted benzaldehyde are condensed in
      Step 1 to form an .alpha.-(poly-lower
      alkoxyphenyl)-.alpha.-(6-substituted-2-pyridinyl)methanol wherein the
      substitution on the phenyl and pyridine rings corresponds to that in the
      starting materials. The condensation reaction is carried out in the
      presence of an inert solvent medium; such as p-cymene, nitrobenzene, or
      anisole; and at a temperature above 140.degree.C. The preferred
      temperature is the reflux temperature of the solvent used. The product of
      the reaction is recovered by conventional procedures of isolation and
      crystallization.
PAR  In Step 2, the unpurified .alpha.-(poly-lower
      alkoxyphenyl)-.alpha.-(6-substituted-2-pyridinyl)methanol intermediate
      thus formed is treated with a strong oxidizing agent such as, for example,
      potassium permanganate, dimethyl sulfoxide-acetic anhydride or dry air,
      and the like to form the corresponding (poly-lower alkoxy-phenyl)
      (6-substituted 2-pyridyl)ketone. When the oxidizing agent is potassium
      permanganate, the oxidation reaction may be carried out in an aqueous
      solvent medium and at a temperature not exceeding about 80.degree.C. The
      product is recovered by conventional methods of isolation and
      purification. This product is then dealkylated in Step 3 to form a
      (polyhydroxyphenyl) (6-substituted-2-pyridyl)ketone. The dealkylation is
      preferably accomplished by heating a solution of the ketone in constant
      boiling hydrobromic acid under reflux.
PAR  In the final step of the reaction sequence, the (polyhydroxyphenyl)
      (6-substituted-2-pyridyl)ketone is hydrogenated in the presence of a
      catalyst, e.g., Adams platinum catalyst or platinum on a charcoal support.
      The hydrogenation is carried out in the presence of an inert organic
      solvent, e.g., methanol, ethanol or acetic acid, and the like, at
      atmospheric pressure and at a temperature of 20.degree.-60.degree.C. The
      .alpha.-(polyhydroxyphenyl)-.alpha.-(6-substituted-2-piperidinyl)methanol
      final product is recovered by conventional procedures for isolation and
      purification.
PAR  The starting materials for carrying out Process II are 6-substituted
      2-pyridyllithium (which may be prepared by treatment of 6-substituted or
      2-bromopyridine in ether solution with freshly cut metallic lithium) and
      4-benzyloxy-3-methoxybenzaldehyde or other alkoxy-substituted
      benzaldehydes. The latter materials may be prepared, for example, by
      refluxing vanillin with benzyl chloride.
PAR  In carrying out Step 1 of Process II, a solution of the
      4-benzyloxy-3-methoxybenzaldehyde in an anhydrous inert organic solvent
      such as anhydrous ether is slowly added to a solution of 6-substituted
      2-pyridiyllithium in an anhydrous inert organic solvent such as anhydrous
      diethyl ether. The temperature of the two solutions should be between
      0.degree. to -20.degree.C. The resulting mixture is allowed to warm to
      room temperature. Upon treatment of the reaction mixture with a mineral
      acid, e.g., hydrochloric acid, the
      .alpha.-(lower-alkoxy-p-benzyloxyphenyl)-.alpha.-(6-substituted-2-pyridiny
     l)methanol intermediate forms and is recovered by conventional techniques
      of separation and crystallization.
PAR  The benzyl protecting group of the methanol intermediate is removed in Step
      2 by hydrogenation in an inert organic solvent, e.g., methanol, in the
      presence of a prereduced palladium or palladium on charcoal catalyst. The
      hydrogenation is carried out at room temperature and atmospheric pressure.
      The
      .alpha.-(lower-alkoxy-p-hydroxyphenyl)-.alpha.-(6-substituted-2-pyridinyl)
     methanol intermediate thus formed is recovered by conventional procedures
      of isolation and purification. This material is then converted in Step 3
      to the corresponding
      .alpha.-(lower-alkoxy-p-hydroxyphenyl)-.alpha.-(6-substituted-2-piperidiny
     l)-methanol final product by hydrogenation in the presence of catalyst such
      as Adams platinum catalyst or platinum on a charcoal support. The final
      products are recovered by conventional methods of isolation and
      purification.
PAR  The starting material for carrying out Process III is a (poly-lower
      alkoxyphenyl) (6-methyl-2-pyridyl) ketone. This material can be prepared
      by following Steps 1 and 2 of Process I using 6-methyl picolinic acid as a
      starting material.
PAR  In carrying out Step 1 of Process III, the substituted-2-pyridyl ketone
      starting material is condensed with 1,3-propanediol. The condensation is
      carried out in an inert organic solvent, e.g., toluene, at the reflux
      temperature of the solvent in the presence of p-toluenesulfonic acid
      catalyst. The product formed is
      2-(poly-lower-alkoxyphenyl)-2-(6-methyl-2-pyridyl)-1,3-dioxane. In Step 2,
      this intermediate is treated first with phenyllithium reagent and then
      with benzyl chloride in an inert anhydrous organic solvent, e.g.,
      tetrahydrofuran. The latter reaction is carried out at the reflux
      temperature of the solvent and under nitrogen atmosphere. A mixture of
      2-(poly-lower alkoxy-phenyl)-2-(6-phenethyl-2-pyridyl)-1,3-dioxane and
      2-(1-poly-lower alkoxyphenyl)-2-(6-dibenzylmethyl-2-pyridyl)-1,3-dioxane
      is produced. These intermediates are separated and recovered by
      conventional methods of isolation and purification.
PAR  The phenethyl- and dibenzylmethyl-substituted intermediates are treated in
      Step 3 with hydrobromic acid at reflux temperatures to cause demethylation
      and simultaneous opening of the dioxane ring to form the ketone. Products
      of the reaction are (polyhydroxyphenyl) (6-phenethyl-2-pyridyl)ketone and
      (polyhydroxyphenyl) (6-dibenzylmethyl-2-pyridyl)ketone. These
      intermediates are recovered by conventional methods of isolation and
      purification. In the final step of this process, these intermediates are
      converted to the
      .alpha.-(polyhydroxyphenyl)-.alpha.-(6-phenethyl-2-piperidinyl)methanol
      and .alpha.-(polyhydroxyphenyl)-.alpha.-(6-dibenzylmethyl-2-piperidinyl)me
     thanol final products by hydrogenation in the presence of catalyst such as
      Adams platinum catalyst or platinum on a charcoal support. As is obvious
      to one skilled in the art, it is possible to vary the processes described
      herein and to combine steps from more than one process to prepare the
      compounds of the invention.
PAR  The compounds of this invention have significant pharmacological activity
      as bronchodilator agents. The preferred compounds of the present invention
      have been found to possess bronchodilator activity that is equivalent to,
      or better than, that possessed by the known bronchodilator agent
      aminophylline. The compounds were evaluated in vivo in the guinea pig and
      the dog, and in vitro in an isolated tissue bath employing guinea pig
      tracheal tissue. Doses and concentrations employed were comparable to
      those of the aminophylline standards. All of the methods used for the
      evaluation of compounds of the invention are recognized and accepted in
      the art of pharmacology for the evaluation of bronchodilator activity.
PAR  The compounds of this invention may be administered orally, parenterally or
      by inhalation in conventional dosage forms.
PAR  The compounds of this invention, either as free bases or in the form of a
      pharmaceutically accepted acid-addition or quaternary ammonium salt, can
      be combined with conventional pharmaceutical diluents and carriers to form
      such dosage forms as tablets, capsules, suspensions, solutions,
      suppositories and the like.
PAR  The individual unit dosage and frequency of administration is determined,
      not only by the nature and severity of the condition for which the subject
      seeks relief, but also upon age, weight, and species of subject, the
      underlying physical condition of the subject and the route of
      administration of the compound. It is, accordingly, within the judgment
      and skill of the practitioner administering the drug to determine the
      exact amount to be administered so as to be non-toxic, yet
      pharmaceutically effective in promoting bronchodilation. When administered
      orally, between 0.5 and 10 milligrams of active ingredient per kilogram of
      body weight, 3 to 4 times daily, will usually be sufficient to provide the
      desired effect.
PAR  Useful pharmaceutical carriers or diluents for the compounds of the
      invention may be either solid or liquid. Conventionally used solid
      carriers include lactose, terra alba, sucrose, talc, gelatin, agar,
      pectin, acacia, magnesium stearate, steric acid, and the like. Liquid
      carriers may include syrups, peanut oil, olive oil, water and the like.
      The carrier or diluent may include any timed-release material well known
      to the art, such as glyceryl monostearate or glyceryl distearate, alone or
      with a wax.
PAR  A wide variety of pharmaceutical forms can be employed. If a solid carrier
      is used, the preparation can be tableted, placed in a hard gelatin capsule
      in powder or pellet form, or made into the form of a troche or lozenge.
      The amount of solid carrier will vary widely but, preferably, will be
      between 25 mg. and 1 g. If a liquid carrier is used, the preparation will
      be in the form of a syrup, emulsion, solt gelatin capsule, sterile
      injectable liquid such as an ampule, or an aqueous or non-aqueous liquid
      suspension. Of particular applicability for inhalation administration is
      an aerosol dispensing system wherein the active medicament is incorporated
      with Freon or other inert propellant in an aerosol container. Such as
      aerosol system will deliver a metered dose of about 250 mcg., administered
      once or twice at a time as needed. Also useful for this purpose is a
      liquid formulation in a plastic squeeze bottle.
DETD
PAR  The following examples illustrate the preparation of the compounds of the
      present invention.
PAC  EXAMPLE I (Preparation of starting materials for Process III)
PAC  Step 1.
      .alpha.-(3,4-DIMETHOXYPHENYL)-.alpha.-(6-METHYL-2-PYRIDINYL)METHANOL
PAR  Ten g. of 6-methylpicolinic acid were added to a boiling solution of 50 g.
      of 3,4-dimethoxybenzaldehyde in 50 ml of p-cymene over a period of 3
      hours. After the addition was completed, heating was continued for 3
      hours. The reaction was then allowed to cool. The cooled reaction mixture
      was extracted twice with a total of 100 ml of 2N hydrochloric acid. The
      combined acid extract was washed with 100 ml of diethyl ether, made basic
      with ammonia solution and then extracted four times with a total of 200 ml
      of ether. The combined ether extracts were concentrated to dryness to
      produce an oil which yielded
      .alpha.-(3,4-dimethoxyphenyl)-.alpha.-(6-methyl-2-pyridinyl)methanol from
      a solution of acetonepetroleum ether (b.p. 60.degree.-80.degree.C.)
PAC  Step 2. (3,4-DIMETHOXYPHENYL) (6-METHYL-2-PYRIDYL) KETONE
PAR  Ten g. of .alpha.-(3,4-dimethoxyphenyl)-.alpha.-(6-methyl-2-pyridinyl)
      methanol were suspended with stirring in 200 ml of water. This mixture was
      warmed to 10.degree.C. Potassium permanganate was then added to the
      mixture in small portions until the pink coloration was discharged; a
      total of 4.7 g. was added. Excess permanganate was destroyed by the
      addition of ethanol and the manganese dioxide thus formed was removed by
      filtration. The filter cake was extracted three times with a total of 300
      ml of boiling industrial methylated spirit. The filtrate was then
      concentrated under reduced pressure until crystallization commenced. The
      white needles were collected by filtration, washed with water, and dried
      in vacuo to give (3,4-dimethoxyphenyl) (6-methyl-2-pyridyl) ketone m.p.,
      84.degree.-86.degree.C.
PAR  Using the method of Example 1, in step 1, 3,5-dimethoxybenzaldehyde was
      reacted with 6-methylpicolinic acid to provide
      .alpha.-(3,5-dimethoxyphenyl)-.alpha.-(6-methyl-2-pyridinyl)methanol, m.p.
      85.degree.-88.degree.C. Analysis: Calculated for C.sub.15 H.sub.17
      NO.sub.3 : %C, 69.5; %H, 6.6; %N, 5.4; Found: %C, 69.6; %H, 6.7; %N, 5.4.
PAR  In step 2 the product of step 1 was oxidized to 3,5-dimethoxyphenyl
      6-methyl-2-pyridyl ketone.
PAC  EXAMPLE 2 (Process III)
PAC  Step 1. 2-(3,4-DIMETHOXYPHENYL)-2-(6-METHYL-2-PYRIDYL)-1,3-DIOXANE
PAR  About 77.1 g. of (3,4-dimethoxyphenyl) (6-methyl-2-pyridyl) ketone, 74.1 g.
      of p-toluenesulfonic acid and 22.8 ml of 1,3-propanediol in 600 ml of
      toluene were heated under reflux with stirring for 17 hours. The water
      evolved during the reaction was neutralized with 500 ml of saturated
      sodium bicarbonate. Two phases formed and the phases were separated. The
      organic layer was washed with saturated sodium bicarbonate solution and
      dried over magnesium sulfate. Removal of the desiccant and solvent gave a
      solid residue which, on recrystallization from a mixture of acetone and
      petroleum ether (b.p. 60.degree.-80.degree.C.), yielded
      2-(3,4-dimethoxyphenyl)-2-(6-methyl-2-pyridyl)-1,3-dioxane, m.p.
      124.degree.-126.degree.C.
PAC  Step 2. 2-(3,4-DIMETHOXYPHENYL)-2-(6-PHENETHYL-2-PYRIDYL)-1,3-DIOXANE and
      2-(3,4-DIMETHOXYPHENYL)-2-(6-DIBENZYLMETHYL-2-PYRIDYL)-1,3-DIOXANE
PAR  About 8.7 ml of bromobenzene in 20 ml. of dry ether were added to a stirred
      suspension of 1 g. lithium shavings in 50 ml. of dry ether under a
      nitrogen atmosphere over a period of 30 minutes. This rate of addition was
      sufficient to maintain the reaction at a gentle reflux. After the
      addition, the mixture was stirred for 1.5 hours, followed by the addition
      of 18.9 g. of 2-(3,4-dimethoxyphenyl)-2-(6-methyl-2-pyridyl)-1,3-dioxane
      which was dissolved in the minimum quantity of dry tetrahydrofuran. Eight
      g. of benzyl chloride in 10 ml. of dry tetrahydrofuran were then added
      dropwise at such a rate that gentle boiling occurred. When this addition
      was completed, the reaction mixture was stirred for 0.5 hour. Lithium
      complexes were decomposed by the addition of saturated ammonium chloride
      solution and phase separation occurred. The organic layer was diluted with
      200 ml. of diethyl ether and then extracted twice with a total of 200 ml.
      of 2N hydrochloric acid. The acid extract was washed with 100 ml. of
      diethyl ether, basified with ammonia solution and the liberated basic
      products were extracted twice into a total of 120 ml. of chloroform.
      Concentration of the dried extracts produced a syrup which was applied to
      a 30 .times. 4 cm column of silica gel and eluted with a 4:1 mixture of
      chloroform/ethyl acetate. Twenty-four successive fractions of 25 ml. each
      were collected and examined by thin layer chromatography. Three main
      components were detected in the reaction mixture. The slowest moving
      compound had an identical mobility to that of the starting material.
      Fractions 1 to 13 were discarded since no product was detected. Fractions
      after 24 were discarded because they contained increasing amounts of
      starting material. Fractions 14 to 16 and 17  and 18 gave crystalline
      material upon trituration with ethanol and had identical infrared spectra.
      (No carbonyl functions were present). Recrystallation of this material
      from ethanol yielded
      2-(3,4-dimethoxyphenyl)-2-(6-dibenzylmethyl-2-pyridyl)-1,3-dioxane, m.p.
      124.degree.C. Analysis: Calculated for C.sub.32 H.sub.33 NO.sub.4 : C,
      77.55; H, 6.7; N, 218. Found: C, 77.65; H, 6.8; N, 3.0.
PAR  Fractions 19 to 21 and 22 to 24 slowly crystallized and recrystallization
      from industrial methylated spirit gave
      2-(3,4-dimethoxyphenyl)-2-(6-phenylethyl-2-pyridyl)-1,3-dioxane, m.p.
      86.degree.-87.degree.C. Analysis: Calculated for C.sub.25 H.sub.27
      NO.sub.4 : C, 74.05; H, 6.7; N, 3.45. Found: C, 74.1; H, 6.6; N, 3.6.
PAC  Step 3a. (3,4-DIHYDROXYPHENYL) (6-PHENETHYL-2-PYRIDYL) KETONE HYDROBROMIDE
PAR  A solution of 3.5 g. of
      2-(3,4-dimethoxyphenyl)-2-(6-phenylethyl-2-pyridyl)-1,3-dioxane in 20 ml.
      of 48% hydrobromic acid was heated under reflux for 20 hours. The solvent
      was removed under reduced pressure and industrial methylated spirit was
      evaporated several times from the residue which crystallized upon
      trituration with ethyl acetate. Recrystallization from methanolethyl
      acetate yielded (3,4-dihydroxyphenyl) (6-phenylethyl-2-pyridyl) ketone
      hydrobromide, m.p. 181.degree.C. Analysis: Calculated for C.sub.20
      H.sub.18 NO.sub.3 Br: C, 60.0; H, 4.5; N, 3.5; Br, 20.0. Found: C, 60.2;
      H, 4.7; N, 3.6; Br, 20.35.
PAC  b. (3,4-DIHYDROXYPHENYL) (6-dibenzylmethyl-2-PYRIDYL) KETONE
PAR  A solution of 2.0 g. of
      2-(3,4-dimethoxyphenyl)-2-(6-dibenzylmethyl)-2-pyridyl)-1,3-dioxane in 20
      ml. of constant boiling hydrobromic acid was heated under reflux for 16
      hours. The free base was liberated with ammonia solution and extracted
      twice into a total of 100 ml. of ether. Removal of the solvent from the
      dried extracts gave a syrupy residue which on crystallization from
      ether-petroleum ether (b.p. 60.degree.-80.degree.C.) yielded
      (3,4-dihydroxyphenyl) (6-dibenzylmethyl-2-pyridyl) ketone, m.p.
      141.degree.-143.degree.C.
PAC  Step 4a.
      erythro-.alpha.-(3,4-DIHYDROXYPHENYL)-.alpha.-(6-PHENETHYL-2-PIPERIDINYL)
      METHANOL HYDROBROMIDE
PAR  Two g. of (3,4-dihydroxyphenyl) (6-phenylethyl-2-pyridyl) ketone
      hydrobromide in 100 ml. of methanol were hydrogenated in the presence of
      0.2 g. of Adams platinum catalyst at atmospheric pressure and room
      temperature. After 4 moles of hydrogen had been consumed, the catalsyt and
      solvent were removed to give a syrup from which a 100 mg sample was
      removed for nuclear magnetic resonance spectroscopic analysis. The
      remainder was crystallized from a mixture of methanol-ethyl acetate to
      give erythro-.alpha.-(3,4-dihydroxyphenyl)-.alpha.-(6-phenethyl-2-piperidi
     nyl) methanol hydrobromide, m.p. 204.degree.C.
PAR  Analysis: Calculated for C.sub.20 H.sub.26 NO.sub.3 Br: C, 58.8; H, 6.4; N,
      3.4; Br, 19.6. Found: C, 58.6; H, 6.6; N, 3.5; Br, 19.9.
PAC  b. .alpha.-(3,4-DIHYDROXYPHENYL)-.alpha.-(6-DIBENZYLMETHYL-2-PIPERIDINYL)
      METHANOL
PAR  A solution of 1.2 g. of (3,4-dihydroxyphenyl) (6-dibenzylmethyl-2-pyridyl)
      ketone in 100 ml. of methanol and 0.585 ml. of 5M hydrochloric acid was
      hydrogenated in the presence of 0.3 g. of Adams platinum catalyst at
      atmospheric pressure and room temperature. After the theoretical quantity
      of hydrogen had been consumed, the catalyst and solvent were removed to
      give a syrup. The evaporation of ethyl acetate from the residue produced a
      dry froth which was powdered under ether, collected by filtration, and
      dried in vacuo. Yield: 1.22 g.
PAC  EXAMPLE 3
PAC  Preparation of
      .alpha.-(3,5-dihydroxyphenyl)-.alpha.-(6-benzyl-2-piperidinyl)methanol
PAC  1. .alpha.-phenyl-.alpha.-(6-ethoxy-2-pyridyl)methanol
PAR  A solution of 51.52 g. of 2-bromo-6-ethoxypyridine in 40 ml. of diethyl
      ether was added to a solution of butyl lithium (prepared from 2.22 g. of
      lithium and 21.52 g. of 1-bromobutane in 140 ml. of ether at -20.degree.
      to -10.degree.C.). To this mixture were added 16.6 g. of benzaldehyde in
      40 ml. of dry ether at the same temperature. After the addition, the
      mixture was allowed to warm up to room temperature, and was extracted
      twice with a total of 200 ml. of 2N hydrochloric acid. Basification of the
      acid layers gave the product which was extracted three times into a total
      of 195 ml. of chloroform. Removal of the solvent and distillation of the
      residue yielded the pure product, b.p. 140.degree.c./0.5 m.m. Hg.
PAC  2. 2-Benzyl-6-ethoxypyridine
PAR  A solution of 189 g. of .alpha.-phenyl-.alpha.-(6-ethoxy-2-pyridyl)
      methanol in 500 ml. of methanol was hydrogenated at room temperature and
      atmospheric pressure over 45 g. of 10% palladium on charcoal. After 1 mole
      of hydrogen had been consumed the catalyst and solvent were removed and
      the residue was distilled to give the product, b.p.
      118.degree.-120.degree./0.5 m.m. It was reacted with hydrogen chloride in
      diethyl ether to give its hydrochloride salt, m.p. 103.degree.C.
PAR  Analysis: Calculated for: C.sub.14 H.sub.15 NO.sup.. HCl: %C, 67.3; %H,
      6.5; %N, 5.6; %Cl, 14.2. Found: %C, 67.35; %H, 6.5; %N, 5.7; %Cl, 14.0.
PAC  3. 2-Benzyl-6-bromopyridine
PAR  One hundred fifteen g. of 2-benzyl-6-ethoxypyridine and 200 g. of
      phosphorous oxybromide were heated together with stirring at 135.degree.C.
      for 1 hour. The mixture gave off a gas during the first 15 minutes of the
      reaction but remained calm for the rest of the heating period. On cooling,
      the mixture became an intractable tar and the reaction flask was broken to
      obtain the crude product. It was partitioned between 2 liters of water,
      270 ml. of 10N sodium hydroxide solution and 1 liter of chloroform. The
      organic extract was washed with 1 liter of water and dried over magnesium
      sulfate. Removal of the desiccant and solvent yielded a dark oil which was
      extracted with 750 ml. of petroleum ether (b.p. 60.degree.-80.degree.C.),
      and treated with decolorizing charcoal. Removal of the solids and solvent
      yielded the product as an amber oil. This material was used without
      further purification for the next step.
PAC  4. .alpha.-(3,5-Dimethoxyphenyl)- .alpha.-(6-benzyl-2-pyridyl)methanol
      hydrochloride
PAR  About 5.7 g. of 2-benzyl-6-bromopyridine in 15 ml. of hexane were added to
      a solution of n-butyl lithium (prepared from 0.48 g. of lithium and 4.75
      g. of 1 bromobutane in 40 ml. of hexane at -20.degree.C. Then 5.7 g. of
      3,5-dimethoxybenzaldehyde in 30 ml. of toluene were added at the same
      temperature and the mixture was allowed to warm at room temperature.
PAR  Fifty milliliters of water were added and the phases were separated. The
      organic layer was washed with 50 ml. of water and dried over magnesium
      sulfate. The dried solution was treated with hydrogen chloride and the
      precipitated tacky solid was collected, washed with diethyl ether and
      recrystallized from an ether-isopropanol mixture to give the desired
      product.
PAR  Analysis: Calculated for C.sub.21 H.sub.21 NO.sub.3 Cl: %C, 67.8; %H, 6.0;
      %N, 3.8; %Cl, 9.5. Found: %C, 68.0; %H, 6.0; %N, 3.0.
PAL  Nuclear magnetic resonance spectroscopy confirmed the assigned structure.
PAC  5. 3,5-dimethoxyphenyl 6-benzyl-2-pyridinyl ketone
PAR  About 15.5 g. of
      .alpha.-(3,5-dimethoxyphenyl)-.alpha.-(6-benzyl-2-pyridinyl)methanol from
      Step (d) was dissolved in 100 ml. of water and 200 ml. of acetone. The
      solution was treated with 10 g. of potassium permanganate added in two
      portions over 15 minutes. The extent of the reaction was monitored by thin
      layer chromatography (eluent 9:1 chloroform - ethyl acetate) and when all
      the starting material had reacted, the excess permanganate was destroyed
      with ethanol. Removal of the solids by filtration followed by evaporation
      of the solvent gave a syrup which was extracted with chloroform. The dried
      organic layer yielded a syrup upon concentration and this was dissolved in
      diethyl ether and treated with hydrogen chloride. The precipitated salt
      was collected, washed with ether and dried in vacuo to yield
      3,5-dimethoxyphenyl 6-benzyl-2-pyridinyl ketone hydrochloride, m.p.
      51.degree.-110.degree.. The free pyridyl ketone prepared by treatment of
      this salt with base had m.p. 53.degree.-55.degree..
PAR  Analysis: Calculated for C.sub.21 H.sub.19 NO.sub.3 : %C, 75.65; %H, 5.7;
      %N, 4.2 Found: %C, 76.0; %H, 5.6; %N, 4.3.
PAC  6. 3,5-dihydroxyphenyl 6-benzyl-2-pyridyl ketone hydrochloride
PAR  About 15.5 g. of 3,5-dimethoxyphenyl 6-benzyl-2-pyridyl ketone
      hydrochloride in 55 ml. of constant boiling hydrobromic acid were heated
      under reflux for 12 hours. Removal of the solvent gave a tacky residue
      which was basified with ammonia solution and was extracted three times
      with a total of 90 ml. of boiling ethyl acetate. The extracts were washed
      twice with a total of 50 ml. of water, dried over magnesium sulfate and
      treated with charcoal. Removal of the solids and treatment of the filtrate
      with hydrogen chloride yielded 3.52 g. of a khaki-colored salt. Nuclear
      magnetic spectroscopy revealed that the methoxy groups had been removed
      and the product was used without further purification for the next step.
PAC  7. .alpha.-(3,5-dihydroxyphenyl)-.alpha.-(6-benzyl-2-piperidinyl)methanol
      hydrochloride
PAR  A solution of 7.85 g. of 3,5-dihydroxyphenyl 6-benzyl-2-pyridyl ketone
      hydrochloride in 100 ml. of methanol was hydrogenated over 2.0 g. of
      palladium on charcoal. After 4 moles of hydrogen had been consumed, the
      catalyst was removed by filtration and the solvent was removed by
      evaporation. The residue was suspended in 30 ml. of water and basified
      with ammonia solution. The solid product (m.p. 120.degree.C.) was
      collected, washed well with water and dried in vacuo over calcium
      chloride. After two recrystallizations from ethyl acetate, the pure base
      erythro-.alpha.-(3,5-dihydroxyphenyl)-.alpha.-(6-benzyl-2-piperidinyl)meth
     anol was obtained, m.p. 219.degree..
PAR  Treatment of this base with hydrogen chloride in diethyl ether/isopropanol
      gave the hydrochloride salt, m.p. 255.degree./dec. Analysis: C.sub.19
      H.sub.22 NO.sub.3.sup.. HCl: %C, 65.2; %H, 6.9; %N, 4.0; %Cl, 10.1. Found:
      %C, 65.4; %H, 6.9; %N, 3.95; %Cl, 10.4.
PAC  EXAMPLE 4
PAC  .alpha.-(3,5-dihydroxyphenyl)-.alpha.-(6-phenethyl-2-piperidinyl)-ketone
      methanol hydrochloride
PAR  3,5-Dihydroxyphenyl 6-methyl-2-pyridyl ketone is prepared according to
      example 1 from 3,5-dimethoxybenzaldehyde and 6-methyl picolinic acid. This
      intermediate is then reacted according to example 2 and purified to yield
      pure
      erythro-.alpha.-(3,5-dihydroxyphenyl)-.alpha.-(6-phenethyl-2-piperidinyl)m
     ethanol hydrochloride, m.p. 285.degree.C.
PAR  Analysis: Calculated for: C.sub.20 H.sub.25 NO.sub.3.sup.. HCl; %C, 66.0;
      %H, 7.2; %N, 3,85; %Cl, 9.7. Found: %C, 66.2; %H, 712; %N, 3.9; %Cl, 9.9.
PAC  EXAMPLE 5
PAR  .alpha.-(3,5-Dihydroxyphenyl)-.alpha.-(6-phenethyl-2-piperidinyl) methanol
      hydrochloride of example 4 was tested for bronchodilator activity
      according to conventional testing methods. Results of the tests were as
      follows:
PAR  a. ISOLATED ORGANS
PAR  The test compound showed significant spasmolytic activity when tested on
      the isolated guinea pig tracheal chain at a dose of 5 mcg per ml. of
      tissue bath solution. This test method is described by K. W. Dengan et al.
      in J. of Pharmacol Exp. Ther. 164: 290-301, 1968.
PAR  b. ANESTHETIZED ANIMALS
PAR  The test compound inhibited histamine-induced bronchospasm in the
      anesthetized artifically-respired dog. The test compound had activity when
      administered intravenously or intraduodenally at a dose of 100 mcg/kg of
      body weight. This test method is described by Konzett and Rossler in Arch.
      Exp. Path. Pharmak. 195: 71, 1940.
PAR  c. CONSCIOUS ANIMALS
PAR  The test compound reduced the severity of the anaphylactic reaction in
      sensitized guinea pigs challenged by inhalation of histamine antigen. This
      test is described in U.S. Pat. No. 3,248,292.
PAR  The test compound had oral activity with long duration of action at doses
      of 9 to 100 mg/kg of body weight.
PAC  EXAMPLE 6
PAR  The following compounds of the invention are prepared using the method of
      Process I from the starting materials shown preceding them.
      ##SPC6##
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC7##
PAL  wherein R is hydrogen or lower alkyl, R.sup.1 is hydrogen, hydroxy or lower
      alkoxy and R.sup.2 is phenyl, phenyl-lower alkyl, diphenyl-lower alkyl,
      phenoxy-lower alkyl or diphenoxy-lower alkyl and the nontoxic
      pharmaceutically acceptable acid addition and quaternary ammonium salts
      thereof.
NUM  2.
PAR  2. A compound of the formula
      ##SPC8##
PAL  wherein R is hydrogen or lower alkyl, R.sup.1 is hydrogen, hydroxy or lower
      alkoxy, and R.sup.2 is phenyl, phenyl-lower alkyl, diphenyl-lower alkyl,
      phenoxy-lower alkyl or diphenoxy-lower alkyl, and the pharmaceutically
      acceptable acid-addition and quarternary ammonium salts thereof.
NUM  3.
PAR  3. A compound according to claim 2 wherein R.sup.2 is phenyl-lower alkyl or
      diphenyl-lower alkyl.
NUM  4.
PAR  4. The compound
      .alpha.-(3,4-dihydroxyphenyl-.alpha.-(6-phenethyl-2-piperidinyl) methanol,
      and pharmaceutically acceptable salts thereof, according to claim 3.
NUM  5.
PAR  5. The compound
      .alpha.-(3,4-dihydroxyphenyl)-.alpha.-(6-dibenzylmethyl-2-piperidinyl)meth
     anol and pharmaceutically acceptable salts thereof according to claim 3.
NUM  6.
PAR  6. The compound
      .alpha.-(3,5-dihydroxyphenyl)-.alpha.-(6-phenethyl-2-piperidinyl) methanol
      and pharmaceutically acceptable salts thereof according to claim 3.
NUM  7.
PAR  7. The compound
      .alpha.-(3,5-dihydroxyphenyl)-.alpha.-(6-benzyl-2-piperidinyl) methanol
      and pharmaceutically acceptable salts thereof according to claim 3.
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ABST
PAL  Disclosed are compounds of the class of furo[3,2-c]pyridines substituted at
      the 4-position by an amino function bearing a hydroxy-alkyl nitrate
      moiety, e.g., 4-[ 4-(2-hydroxyethyl)-1-piperazino]-furo[3,2-c]pyridine
      nitrate. The compounds have pharmacological activity in animals and are
      useful, for example, as anti-anginal agents. Also disclosed are the
      corresponding hydroxy intermediates which are useful in preparation of the
      nitrates and also as anti-anginal agents or as agents in the treatment of
      shock.
PARN
PAR  This is a division of application Ser. No. 296,442 filed Oct. 10, 1972, now
      U.S. Pat. No. 3,853,877.
BSUM
PAR  This invention relates to furo[3,2-c]pyridine derivatives, and more
      particularly to furo[3,2-c]pyridines which are substituted at the 4-
      position by an amino function bearing a hydroxyalkyl nitrate moiety. The
      invention also relates to pharmaceutical methods and compositions
      utilizing said compounds. The invention further relates to the
      corresponding hydroxyalkyl substituted furo[3,2-c]pyridines useful as
      intermediates in preparation of said nitrates and also useful per se as
      pharmaceutically active substances.
PAR  The compounds of this invention may be represented by the strucutral
      formula I:
      ##SPC1##
PAL  wherein
PA1  R is from the group of
PA2  A. --CH.sub.2 (--CH.sub.2).sub.n --ONO.sub.2
      ##EQU1##
      d. --CH.sub.2 (--CH.sub.2).sub.z --N[--CH.sub.2 (CH.sub.2).sub.y
      --ONO.sub.2 ].sub.2
PA1  R.sub.1 is from the group of
PA1  E. --CH.sub.2 (--CH.sub.2)n--ONO.sub.2 when R is (a) as above defined,
PA2  F. hydrogen or lower alkyl of 1 to 4 carbon atoms, and
PA1  R' is --(CH.sub.2 --).sub.x CH.sub.3 or --(CH.sub.2 --).sub.y ONO.sub.2
PA1  R.degree. is hydrogen, --(CH.sub.2 --).sub.m CH.sub.3 or --(CH.sub.2
      --).sub.y ONO.sub.2, provided that one R.degree. (and only one) is other
      than hydrogen, that the sum of n and m does not exceed 7 and that the sum
      of n and y does not exceed 8, or
PA1  R and R.sub.1 together with the 4- amino nitrogen attached to the
      furo[3,2-c]pyridine ring form
      ##EQU2##
      x is 0 or 1, N IS 1 TO 7, PREFERABLY 3 TO 6,
PA1  m is 0 to 4,
PA1  y is 1 to 4, and
PA1  z is 1 to 4, or
PAL  A pharmaceutically acceptable non-toxic acid addition salt thereof.
PAR  A preferred method for preparation of the compounds of formula I involves
      in a Step A reaction the nitration of the corresponding hydroxy compounds
      of formula II:
      ##SPC2##
PAL  wherein R.sub.2 and R.sub.3 are the non-nitrate bearing hydroxyalkyl
      substituents corresponding to R and R.sub.1, respectively, i.e.
PA1  R.sub.2 is from the group of:
PA2  A. --CH.sub.2 (--CH.sub.2).sub.n --OH
      ##EQU3##
      d. --CH.sub.2 (--CH.sub.2).sub.z --N[--CH.sub.2 (--CH.sub.2).sub.y
      --OH].sub.2
PA1  R.sub.3 is from the group of:
PA2  e. --CH.sub.2 (--CH.sub.2).sub.n --OH when R.sub.2 is (a) as above defined,
PA2  f. hydrogen or lower alkyl of 1 to 4 carbon atoms,
PA1  R.sub.a ' is --(CH.sub.2 --).sub.x CH.sub.3 or --(CH.sub.2 --).sub.y OH
PA1  R.sub.2 .degree. is hydrogen, --(CH.sub.2 --).sub.m CH.sub.3 or --(CH.sub.2
      --).sub.y OH, provided that one R.sub.a .degree. is other than hydrogen,
      that the sum of n and m does not exceed 7 and that the sum of n and y does
      not exceed 8, or
PA1  R.sub.2 and R.sub.3 together with the 4-amino nitrogen attached to the
      furo[3,2-c]pyridine ring form
      ##EQU4##
      n, m y and z are as defined.
PAR  The preparation of compounds I by step A involves a nitration reaction
      which may be carried out in a manner known per se for nitrating
      hydroxyalkyl groups. A preferred method of conducting the nitration
      involves the reaction of a compound II with nitric acid in presence of a
      carboxylic acid anhydride which is preferably of from 3 to 8 carbon atoms,
      more preferably acetic acid anhydride. The reaction may be suitably
      carried out in an organic solvent medium at temperatures in the range of
      from minus 70.degree.C. to plus 50.degree.C., preferably minus 5.degree.C.
      to plus 20.degree.C. The solvent medium for the reaction is preferably
      provided by employing a lower aliphatic carboxylic acid, e.g. acetic acid,
      although other well known organic solvents may be employed or the reaction
      may be carried out employing an excess of the carboxylic acid anhydride.
      The product compound I may be isolated from the reaction mixture of Step A
      by working up by established procedures.
PAR  A preferred method for preparation of compounds II involves a Step B
      reaction of a 4-halo-furo[3,2-c]pyridine of formula III:
      ##SPC3##
PAL  wherein X is halo from the group of chloro or bromo, preferably chloro,
      with a compound of formula IV:
      ##EQU5##
      wherein R.sub.2 and R.sub.3 are as defined.
PAR  The reaction of Step B is of known type and may be carried out in a
      conventional manner by subjecting a Compound III to reaction with the
      compound IV at elevated temperatures which may be suitably in the range of
      30.degree.C. to 180.degree.C., preferably 60.degree.C. to 160.degree.C.
      The reaction may be suitably carried out in an inert organic solvent which
      may be any of several of the well-known conventional solvents, preferably
      an aromatic solvent such as benzene. Another preferred solvent is
      isopropanol. Alternately, the reaction may be initiated and/or carried out
      in the liquid medium provided by employing an excess of compounds IV when
      the compound is liquid at the reaction temperature or by fusion of solid
      reactants. An acid binding agent such as sodium carbonate may be also
      employed to advantage in the reaction, if desired. The reaction product
      compound II may be isolated from the reaction mixture of Step B by
      established procedures.
PAR  The compounds of formulae III and IV are either known or may be prepared
      from know materials by established procedures. Compounds III are known,
      for example, from Eloy et al., J. Heterocycl. Chem. 1971, 8(1), 57-60
      (Fr.).
PAR  Also within the scope of the novel compounds of the invention are
      pharmaceutically acceptable salts not materially affecting the
      pharmacological effect of the compounds of formula I and formula II. Such
      salts include the acid addition salts, e.g., the methane sulfonate,
      hydronitrate, hydrosulfate, fumarate, hydrochloride and maleate. It is
      convenient to prepare the compounds of formula I as a hydronitrate
      addition salt. Such salts may be then readily converted to the free bases
      by conventional procedures. In preparing the free bases of the formula I
      from the acid addition salts, it is also convenient to employ a buffer
      system, e.g., a system comprising a 1:1 molar mixture of acetic acid and
      sodium acetate, followed by working up by conventional procedures. The
      free bases may be readily converted into the hydronitrate and other acid
      addition salts by established procedures. The compounds II may be also
      prepared as acid addition salts and converted to free base form, and vice
      versa by conventional procedures.
PAR  The compounds of formulae I and II and their pharmaceutically acceptable
      acid addition salts are useful because they possess pharmacological
      activity in animals. In particular, the compounds are useful as
      anti-anginal agents as indicated on intravenous administration (0.5 to 20
      milligrams per kilogram) to the anesthetized dog and measurement of blood
      flow through the anterior descending branch of the left coronary artery.
PAR  For the above use, the compounds of the formulae I and II may be combined
      with a pharmaceutically acceptable carrier, and such other conventional
      adjuvants as may be necessary, and administered orally in such forms as
      tablets, capsules, elixirs, suspensions and the like or parenterally in
      the form of an injectable solution or suspension. For the above-mentioned
      use, the dosage administered will, of course, vary depending upon the
      compound used, the therapy desired and the mode of administration.
      However, satisfactory results are obtained when administered at daily
      dosage of from about 0.15 milligram to about 75 milligrams per kilogram of
      body weight, preferably given orally as required or in divided doses 2 to
      4 times a day, or in sustained release form. For most larger mammals a
      dosage of from 16 to 1000 milligrams, pro re nata, provides satisfactory
      results. The compounds may also be used prophylactically in mammals to
      prevent or minimize angina attacks at a daily dosage of 16 to 1000
      milligrams, or in divided doses of from 4 to 500 milligrams.
PAR  Certain compounds of the formula II are also useful as agents in the
      treatment of myocardial shock (positive inotropic effect) as indicated on
      intravenous administration (0.5 to 20 milligrams per kilogram) to the
      anesthetized dog and measuring the myocardial contractile force with a
      Walton Brodie strain gauge. The compounds of the formula II useful in the
      treatment of shock include those of the formula IIa:
      ##SPC4##
PAL  wherein Z is as above defined. A preferred compound for use in the
      treatment of shock is
      4-[4-(2-hydroxyethyl)-1-piperazinyl]-furo[3,2-c]pyridine.
PAR  The compounds useful in the treatment of myocardial shock may be
      administered for such purpose either orally or parenterally, preferably
      parenterally. The dosage administered for such use will vary of course
      depending upon the compound used, mode of administration and other known
      factors. However, in general, satisfactory results are obtained when
      administered at a dosage of from 0.01 to 200 milligrams per kilogram of
      body weight administered either daily or pro re nata with the lower range
      dosages of from 0.01 to 20 mg./kg. applicable to intravenous
      administration and the dosages of from 0.5 to 200 mg./kg. applicable to
      oral administration. For most large mammals the administration of from 0.5
      to 100 milligrams intravenously pro re nata provides satisfactory results.
PAR  For the above usages, oral administration with carriers may take place in
      such conventional forms as tablets, dispersible powders, granules,
      capsules, syrups and elixirs. Such compositions may be prepared according
      to any method known in the art for the manufacture of pharmaceutical
      compositions, and such compositions may contain one or more conventional
      adjuvants, such as sweetening agents, flavoring agents, coloring agents
      and preserving agents, inert diluents, granulating and disintegrating
      agents, binding agents, lubricating agents and the like. Parental
      administration may take place in conventional forms such as sterile
      solutions and suspensions which also may be prepared by conventional
      techniques. In general, the compositions of the invention adapted for
      either oral or parental administration may contain 1% to 90% by weight of
      the active ingredient in combination with the inert carrier, more usually
      3% to 40%. Except for the use in the treatment of shocks the preferred
      pharmaceutical compositions from the standpoint of preparation and ease of
      administration are solid compositions, particularly hard-filled capsules
      and tablets.
PAR  A representative formulation is a capsule for oral administration 2 to 4
      times a day to prevent or lessen the severity of anginal attacks and
      prepared by standard capsulating techniques to contain:
TBL  Capsule Ingredients     Weight (mg)                                       
     ______________________________________                                    
     Compound of Step B of Example 1                                           
                              50                                               
     Lactose                 300                                               
     ______________________________________                                    
PAR  Compositions for parenteral administration for use, for example, in the
      treatment of shock, may be formulated by well-known methods to contain an
      effective amount of a compound I or II as active ingredient in a
      conventional inert carrier or suspension or solvent medium, together with
      other additives such as dispersing agents, wetting agents, buffering
      agents and other conventional ingredients, as desired.
PAR  A representative formulation for intravenous administration for treatment
      of shock (pro re nata) is a solution prepared by standard procedures and
      containing the following ingredients:
TBL  Ingredient          Weight (%)                                            
     ______________________________________                                    
     Compound of Step A of Example 1                                           
                         5 (10 milligrams)                                     
     Sodium chloride     to make isotonic                                      
     Buffer Agent        to adjust pH                                          
     Ethanol, U.S.P.     10-20                                                 
     Propylene Glycol    15-25                                                 
     Water for Injection 55-75                                                 
     ______________________________________                                    
PAR  The following examples are given for the purpose of illustration only.
DETD
PAC  EXAMPLE 1
PAC  4-[4-(2-hydroxyethyl)-1-piperazino]-furo[3,2-c]pyridine and nitrate
      ##SPC5##
PAR  Step A: Preparation of
      4-[4-(2-hydroxyethyl)-1-piperazino]-furo[3,2-c]pyridine in dihydrochloride
      salt form
PAR  A mixture of 3.5 g. of 4-chloro-furo[3,2-c] pyridine, 3.0 g. of sodium
      carbonate and 3.0 g. of 2-hydroxyethylpiperazine is heated at 140.degree.
      for 10 hours. The reaction mixture is distributed between chloroform and
      water, the chloroform extract is dried, evaporated in vacuo. The residue
      is dissolved in ethanol saturated with hydrogen chloride. The resulting
      crystals are recovered by filtering, washed with ethanol, then with
      diethyl ether, dissolved in water and crystallized by adding ethanol.
      After filtering, the crystals are dried under high vacuum to obtain
      4-[4-(2-hydroxyethyl)-1-piperazino]-furo[3,2-c]pyridine dihydrochloride,
      m.p. 282.degree.C. (decomp.).
PAR  Step B: Preparation of
      4-[4-(2-hydroxyethyl)-1-piperazino]-furo[3,2-c]pyridine nitrate.
PAR  A solution of about 1.0 g. of
      4-[4-(2-hydroxyethyl)-1-piperazino]furo[3,2-c]pyridine in 2.0 ml. of
      glacial acetic acid is added dropwise to a stirred mixture of 5.1 ml. of
      acetic anhydride and 1.7 ml. of 90% nitric acid at a temperature of minus
      2.degree.C. to 0.degree.C. The resulting mixture is stirred for 1 hour and
      then added to an excess of ice-cold aqueous ammonia solution. The
      resulting mixture is extracted with methylene chloride, dried and
      evaporated to a dark orange oil which is chromatographed over silica gel
      eluting with 50% chlorofrom in methylene chloride. The eluate is
      evaporated in vacuo to an oil which is dissolved in ethanol and treated
      with hydrogen chloride saturated ethanol. Diethyl ether is added and the
      resulting crystals are filtered off and washed with diethyl ether to
      obtain 4-[4-(2-hydroxyethyl)-1-piperazino]-furo[3,2-c]pyridine nitrate,
      m.p. 155.degree.C. (decomp.), in dihydrochloride form.
PAC  EXAMPLE 2
PAR  Following the procedure of Example 1, the following compounds are prepared:
PA1  A-1. 4-(5-hydroxypentyl)amino-furo[3,2-c]pyridine.
PA1  A-2. 4-(5-hydroxypentyl)amino-furo[3,2-c]pyridine nitrate.
PA1  B-1. 4-(2,3-dihydroxypropyl)amino-furo[3,2-c] pyridine.
PA1  B-2. 4-(2,3-dihydroxypropyl)amino-furo[3,2-c] pyridine dinitrate.
PA1  C-1. 4-[3-bis(2-hydroxyethyl)aminopropyl]amino-furo[3,2-c]pyridine.
PA1  C-2. 4-[3-bis(2-hydroxyethyl)aminopropyl]amino-furo[3,2-c]pyridine
      dinitrate.
PA1  D-1. 4-(n-methyl-N-4-hydroxybutyl)amino-furo [3,2-c]pyridine.
PA1  D-2. 4-(n-methyl-N-4-hydroxybutyl)amino-furo [3,2-c]pyridine nitrate.
PA1  E-1. 4-di(3-hydroxypropyl)amino-furo[3,2-c] pyridine.
PA1  E-2. 4-di(3-hydroxypropyl)amino-furo[3,2-c] pyridine dinitrate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC6##
PAL  wherein
PA1  R is from the group of:
PA2  a. --CH.sub.2 (--CH.sub.2).sub.n --ONO.sub.2
      ##EQU6##
      d. --CH.sub.2 (--CH.sub.2).sub.z --N[--CH.sub.2 (--CH.sub.2).sub.y
      --ONO.sub.2 ].sub.2
PA1  R.sub.1 is from the group of:
PA2  e. --CH.sub.2 (--CH.sub.2).sub.n --ONO.sub.2 when R is a) as above defined,
PA2  f. hydrogen or alkyl of 1 to 4 carbon atoms,
PA1  R' is --(CH.sub.2 --).sub.x CH.sub.3 or --(CH.sub.2 --).sub.y ONO.sub.2,
PA1  R.degree. is hydrogen, --(CH.sub.2 --).sub.m CH.sub.3 or --(CH.sub.2
      --).sub.y ONO.sub.2, provided that one R.degree. is other than hydrogen,
      that the sum of n and m does not exceed 7 and the sum of n and y does not
      exceed 8,
PA1  n is 1 to 7,
PA1  m is 0 to 4,
PA1  x is 0 to 1,
PA1  y is 1 to 4, and
PA1  z is 1 to 4, or
PAL  a pharmaceutically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound of claim 1 in which R.sub.1 is hydrogen.
NUM  3.
PAR  3. A compound of claim 2 in which R is --CH.sub.2 (--CH.sub.2).sub.n
      --ONO.sub.2.
NUM  4.
PAR  4. The compound of claim 3 in which n is 4.
NUM  5.
PAR  5. A compound of claim 2 in which R is --CH.sub.2 (--CH.sub.2).sub.z
      --N[--CH.sub.2 (CH.sub.2).sub.y --ONO.sub.2 ].sub.2.
NUM  6.
PAR  6. The compound of claim 5 in which y is 1 and z is 2.
NUM  7.
PAR  7. A compound of the formula:
      ##SPC7##
PAL  wherein
PA1  R.sub.2 is from the group of:
PA2  a. --CH.sub.2 (--CH.sub.2).sub.n --OH
      ##EQU7##
      d. --CH.sub.2 (--CH.sub.2).sub.z --N[--CH.sub.2 (--CH.sub.2).sub.y
      --OH].sub.2
PA1  R.sub.3 is from the group of:
PA2  e. --CH.sub.2 (--CH.sub.2).sub.n --OH when R.sub.2 is (a) as above defined
PA2  f. hydrogen or alkyl of 1 to 4 carbon atoms
PA1  R.sub.a ' is --(CH.sub.2 --).sub.x CH.sub.3 or --(CH.sub.2 --).sub.y OH
PA1  R.sub.a .degree. is hydrogen, --(CH.sub.2 --).sub.m CH.sub.3 or (CH.sub.2
      --).sub.y OH, provided that one R.degree. is other than hydrogen, that the
      sum of n and m does not exceed 7 and the sum of n and y does not exceed 8,
PAL  and
PA1  n, m, x, y and z are as defined in claim 1, or a pharmaceutically
      acceptable acid addition salt thereof.
NUM  8.
PAR  8. A compound of claim 7 in which R.sub.3 is hydrogen.
NUM  9.
PAR  9. A compound of claim 8 in which R.sub.2 is --CH.sub.2 (--CH.sub.2).sub.n
      --OH.
NUM  10.
PAR  10. The compound of claim 9 in which n is 4.
NUM  11.
PAR  11. A compound of claim 8 in which R.sub.2 is --CH.sub.2 (--CH.sub.2).sub.z
      --N[--CH.sub.2 (--CH.sub.2).sub.y --OH].sub.2.
NUM  12.
PAR  12. The compound of claim 11 in which y is 1 and z is 2.
PATN
WKU  039417980
SRC  5
APN  5669715
APT  1
ART  122
APD  19750410
TTL  5-Alkyl-3-(2-hydroxylamino-4-chlorophenyl)-1,3,4-oxadiazolin-2-one
      compounds
ISD  19760302
NCL  1
ECL  1
EXP  Rush; Raymond V.
INVT
NAM  Fort; Jean-Francois
CTY  Paris
CNT  FR
INVT
NAM  Giraudon; Raymond
CTY  Le Parc de Lesigny
CNT  FR
ASSG
NAM  Rhone Poulenc S.A.
CTY  Paris
CNT  FR
COD  03
PRIR
CNT  FR
APD  19730322
APN  73.10291
RLAP
COD  74
APN  453055
APD  19740320
PSC  04
CLAS
OCL  260307A
XCL  260562H
EDF  2
ICL  C07D27110
FSC  260
FSS  307 A
UREF
PNO  3741977
ISD  19730600
NAM  Boesch
OCL  260307A
LREP
FRM  Stevens, Davis, Miller & Mosher
ABST
PAL  Oxadiazoline derivatives of the formula:
      ##SPC1##
PAL  Wherein R is alkyl of 1 through 4 carbon atoms, which are useful as
      intermediates in the synthesis of oxadiazoline derivatives of the formula:
      ##SPC2##
PAL  Wherein R is as defined above and R.sub.1 is alkyl of 1 through 4 carbon
      atoms, possessing useful herbicidal properties, are prepared by a process
      which comprises reducing the nitro group in a
      5-alkyl-3-(2-nitro-4-chlorophenyl)-1,3,4-oxadiazolin of the formula:
      ##SPC3##
PAL  Wherein R is as defined above to a hydroxylamino group, subjecting the
      resulting
      5-alkyl-3-(2-hydroxylamino-4-chlorophenyl)-1,3,4-oxadiazolin-2-one to the
      Bamberger rearrangement, and converting the amine group in the resulting
      5-alkyl-3-(2-amino-4-chloro-5-hydroxyphenyl)-1,3,4-oxadiazolin-2-one to a
      chlorine atom. The
      5-alkyl-3-(2-hydroxylamino-4-chlorophenyl)-1,3,4-oxadiazolin-2-one
      intermediates are compounds.
PARN
PAR  This is a division, of application Ser. No. 453,055, filed Mar. 20, 1974.
BSUM
PAR  This invention relates to a new process for the preparation of oxadiazoline
      derivatives of the general formula:
      ##SPC4##
PAL  Wherein R represents a straight- or branched-chain alkyl radical containing
      1 to 4 carbon atoms.
PAR  The compounds of general formula I are useful as intermediates in the
      synthesis of oxadiazoline derivatives of the general formula:
      ##SPC5##
PAL  Wherein R is as hereinbefore defined and R.sub.1 represents a straight-or
      branched-chain alkyl radical containing 1 to 4 carbon atoms or an alkynyl
      radical containing 3 or 4 carbon atoms.
PAR  The derivatives of general formula II can be prepared by reacting an alkyl
      or alkynyl halide of the general formula:
EQU  R.sub.1 -- X                                               III
PAL  wherein R.sub.1 is as hereinbefore defined and X represents a halogen
      (preferably bromine or chlorine) atom, with an oxadiazoline derivative of
      general formula I wherein R is as hereinbefore defined. The reaction is
      generally carried out in an inert organic solvent, such as acetonitrile,
      at a temperature between 50.degree.C. and the boiling point of the
      reaction mixture, and optionally in the presence of an alkaline
      condensation agent such as potassium carbonate.
PAR  The oxadiazoline derivatives of general formula II possess useful
      herbicidal properties which are described in, for example, the
      specifications of British Patents Nos. 1,063,799 and 1,345,313, granted to
      Rhone-Poulenc S.A. on applications filed Dec. 11, 1964 and May 31, 1972
      respectively.
PAR  The oxadiazoline derivatives of general formula II wherein R.sub.1
      represents a straight- or barnched-chain alkyl radical containing 1 to 4
      carbon atoms may also be prepared by application of the process described
      in the specifications of British Patents Nos. 1,063,799 and 1,110,500
      (granted to Rhone-Poulenc S.A. on an application filed Oct. 27, 1966), by
      reaction of phosgene with a hydrazide of the general formula:
      ##SPC6##
PAL  Wherein R is as hereinbefore defined and R'.sub.1 represents a straight- or
      branched-chain alkyl radical containing 1 to 4 carbon atoms.
PAR  The oxadiazoline derivatives of general formula II wherein R.sub.1
      represents a straight- or branched-chain alkyl radical containing 1 to 4
      carbon atoms may, in addition, also be prepared by application of the
      process described in the specification of British Patent No. 1,286,067
      (granted to Rhone-Poulenc S.A. on an application filed Aug. 5, 1970), the
      process involving the reaction of a halogenonitrobenzene of the general
      formula:
      ##SPC7##
PAL  wherein R'.sub.1 is as hereinbefore defined, with an alkali metal salt,
      optionally prepared in situ, of an oxadiazoline derivative of the general
      formula:
      ##SPC8##
PAL  wherein R is as hereinbefore defined, followed by reduction of the nitro
      radical to an amino radical and then replacement of the amino group by a
      chlorine atom via the diazonium salt.
PAR  In British Patent Specification No. 1,345,313 there are described processes
      for the preparation of oxadiazoline derivatives of general formula II
      wherein R.sub.1 represents an alkynyl radical containing 3 or 4 carbon
      atoms, the processes involving: (1) reaction of phosgene with a hydrazide
      of the general formula:
      ##SPC9##
PAL  wherein R is as hereinbefore defined and R".sub.1 represents an alkynyl
      radical containing 3 or 4 carbon atoms, or (2) reaction of an alkynyl
      halide of the general formula:
EQU  R".sub.1 -- X                                              VIII
PAL  wherein R".sub.1 is as hereinbefore defined and X represents a halogen
      (preferably chlorine) atom, with an oxadiazoline derivative of general
      formula I, which can be produced either by reacting phosgene with the
      corresponding hydrazide of the general formula:
      ##SPC10##
PAL  wherein R is as hereinbefore defined, or from an oxadiazoline derivative of
      general formula II, wherein R is as hereinbefore defined and R.sub.1
      represents a straight- or branched-chain alkyl radical containing 1 to 4
      carbon atoms, by methods known per se for the conversion of an alkoxy
      group to a hydroxy radical without affecting the rest of the molecule.
PAR  It has now been found, and it is this which forms the subject of the
      present invention, that the oxadiazoline derivatives of general formula I
      can be prepared easily by the process depicted schematically below:
      ##SPC11##
PAR  The compounds of general formula IX can be produced by reacting
      2,5-dichloro-nitrobenzene with an alkali metal salt of an oxadiazoline of
      general formula VI in accordance with the method described in the
      specification of British Patent No. 1,286,067.
PAR  The nitro compounds of general formula IX can be converted to the compounds
      of general formula X by reducing the nitro group to a hydroxylamino group
      by methods known per se and which do not affect the rest of the molecule.
      The reduction is preferably carried out by means of hydrogen in the
      presence of a catalyst, for example palladium on charcoal, at ambient
      temperature, for example 15.degree.-25.degree.C., and at atmospheric
      pressure.
PAR  The conversion of the hydroxylamine derivatives of general formula X to the
      aminophenols of general formula XI can be carried out under the general
      conditions for the Bamberger rearrangement [Chem. Ber., 27, 1347 and 1548
      (1894)]. The hydroxylamine derivative of general formula X is preferably
      treated with a strong inorganic acid, for example sulphuric acid, at a
      temperature below 25.degree.C.
PAR  The conversion of the aminophenols of general formula XI to oxadiazoline
      derivatives of general formula I can be carried out by methods known per
      se for the conversion of an amino group to a chlorine atom without
      affecting the rest of the molecule. The conversion is generally carried
      out via a corresponding diazonium salt as an intermediate.
PAR  The conversion of nitro compounds of general formula IX to the aminophenols
      of general formula XI can also be carried out directly by working under
      the conditions which are described in the specification of U.S. Pat. No.
      3,535,382 (granted to B. B. Brown and F. A. E. Schilling on Oct. 20, 1970)
      or in the specification of British Pat. No. 1,229,707 (granted to
      Rhone-Poulenc S.A. on an application filed Jan. 29, 1969 ). The conversion
      may be effected by hydrogenating a heated mixture containing the nitro
      compound of general formula IX, aqueous sulphuric acid, suspended
      hydrogenation catalyst and a surfactant prepared by the condensation of an
      alkylphenol, wherein the alkyl group contains from 8 to 18 carbon atoms,
      and glycidol. The conversion may also be effected by hydrogenating the
      nitro compound of general formula IX in the presence of a catalyst based
      on platinum, in an aqueous solution of sulphuric or phosphoric acid, under
      a partial pressure of hydrogen exceeding one atmosphere, the nitro
      compound being injected continuously into the reaction medium.
PAR  The oxadiazoline derivatives of general formula I obtained by the process
      of the present invention may be purified by physical methods such as
      crystallisation or chromatography.
PAR  The hydroxylamine derivatives of general formula X, wherein R is as
      hereinbefore defined, are new compounds and as such they and the
      hereinbefore described process for their preparation constitute features
      of the present invention.
PAR  According to a further feature of the present invention oxadiazoline
      derivatives of the general formula:
      ##SPC12##
PAL  (wherein R and R'.sub.1 are as hereinbefore defined) are prepared by the
      process which comprises the reaction of an alkyl halide of the general
      formula:
EQU  R'.sub.1 -- X                                              XIII
PAL  (wherein R'.sub.1 and X are as hereinbefore defined) with an oxadiazoline
      derivative of general formula I.
PAR  In this specification the term "methods known per se" means methods
      heretofore used or described in the chemical literature.
DETD
PAR  The following Examples illustrate the present invention.
PAC  EXAMPLE 1
PAR  A solution of
      5-(t-butyl)-3-(2-nitro-4-chlorophenyl)-1,3,4-oxadiazolin-2-one (100 g.) in
      ethyl acetate (800 cc.) containing 3% w/w palladium on charcoal (1.5 g.)
      is hydrogenated at atmospheric pressure and at approximately 20.degree.C.
      After the absorption of hydrogen (16 litres) over the course of
      approximately 4 hours, the hydrogenation is stopped. The catalyst is
      filtered off and, after cooling the solution, the crystals obtained are
      filtered off. The filtrate is concentrated and the crystals obtained are
      filtered off. After recrystallisation of the crystals from acetonitrile,
      5-(t-butyl)-3-(2-hydroxylamino-4-chlorophenyl)-1,3,4-oxadiazolin-2-one
      (38.1 g.) which melts at 195.degree.-196.degree.C., is obtained.
PAR  5-(t-Butyl)-3-(2-hydroxylamino-4-chlorophenyl)-1,3,4-oxadiazolin-2-one
      (22.7 g.) is added in small portions, and whilst keeping the temperature
      of the reaction mixture between 13.degree. and 21.degree.C., to
      concentrated sulphuric acid (d = 1.83; 227 cc.). The mixture is stirred at
      the same temperature for a further 20 minutes. The orange homogeneous
      solution is poured onto ice (400 g.). The precipitate which appears is
      filtered off and is then taken up in an aqueous solution of potassium
      bicarbonate; the suspension obtained is extracted with methylene chloride
      (200 cc.); after drying the extract and removing the organic solvent under
      reduced pressure, a product (21.8 g.), which melts at 131.degree.C., is
      obtained. After recrystallisation from carbon tetrachloride (650 cc.),
      5-(t-butyl)-3-(2-amino-4-chloro-5-hydroxyphenyl)-1,3,4-oxadiazolin-2-one
      (15.5 g.), which melts at 131.degree.-132 C., is obtained.
PAR  A solution of
      5-(t-butyl)-3-(2-amino-4-chloro-5-hydroxyphenyl)-1,3,4-oxadiazolin-2-one
      (14.5 g.) in concentrated sulphuric acid (d = 1.83; 72.5 cc.) is diluted,
      whilst cooling, with water (133 cc.). A solution of sodium nitrite (3.6
      g.) in water (14.5 cc.) is then added, with stirring, to the suspension
      obtained, whilst keeping the temperature of the reaction mixture between
      5.degree. and 7.degree.C. After the end of the addition, the diazonium
      sulphate which precipitates is filtered off and then added to a solution
      of cuprous chloride (6.5 g.) in concentrated hydrochloric acid (32.5 cc.).
      The mixture is kept at about 40.degree.C. until the evolution of gas has
      ceased. After cooling the precipitate is filtered off and washed with N
      hydrochloric acid (200 cc.) and then with water (6 .times. 100 cc.). The
      precipitate is taken up in methylene chloride (150 cc.). After drying the
      solution and removing the solvent under reduced pressure, a product (13.65
      g.), which melts at 126.degree.-129.degree.C., is obtained. After
      recrystallisation from cyclohexane (400 cc.), 5-(t-butyl)-3-(2,4
      -dichloro-5-hydroxyphenyl)-1,3,4-oxadiazolin-2-one (11.2 g.), which melts
      at 132.degree.C., is obtained.
PAR  5-(t-Butyl)-3-(2-nitro-4-chlorophenyl)-1,3,4-oxadiazolin-2-one, which melts
      at 79.degree.C., can be produced by condensing 2,5-dichloro-nitrobenzene
      (382 g.) with 5-(t-butyl)-1,3,4-oxadiazolin-2-one (302 g.) in accordance
      with the process which is described in the specification of British Patent
      No. 1,286,067.
PAC  EXAMPLE 2
PAR  Anhydrous potassium carbonate (468 g.) and sodium iodide (25.4 g.) are
      added to a solution of
      5-(t-butyl)-3-(2,4-dichloro-5-hydroxyphenyl)-1,3,4-oxadiazoline-2-one
      (1.025 g.) in acetonitrile (5.125 litres). The mixture is heated at about
      70.degree.C. Isopropyl bromide (541 g.) is added to this solution and the
      reaction mixture is heated under reflux, with stirring, for 16 hours.
      After cooling and filtering off the inorganic salts, which precipitate,
      the solution is concentrated under reduced pressure. The residue which has
      crystallised is taken up in methylene chloride (2.33 litres) and the
      solution obtained is washed successively with water, a 0.5% aqueous
      solution of sodium hydroxide, and water. After drying the solution and
      removing the solvent under reduced pressure, a product (1,149 g.), which
      melts at 88.degree.-89.degree.C., is obtained. On recrystallisation from
      ethanol (1.149 litres),
      5-(t-butyl)-3-(2,4-dichloro-5-isopropoxyphenyl)-1,3,4-oxadiazolin-2-one
      (1.012 g.), which melts at 89.degree.C., is obtained.
PAC  EXAMPLE 3
PAR  A solution of
      5-isopropyl-3-(2-nitro-4-chlorophenyl)-1,3,4-oxadiazolin-2-one (16 g.) in
      ethyl acetate (130 cc.) containing 3% w/w palladium on charcoal (1 g.) is
      hydrogenated at atmospheric pressure and at approximately 20.degree.C.
      After the absorption of hydrogen (1.9 litres) (70% of the theoretical
      amount), the reaction is stopped and the reaction mixture is filtered. The
      filtrate is concentrated under reduced pressure and the residue taken up
      in benzene (50 cc.); the crystals obtained are filtered off and washed
      with benzene (15 cc.).
      5-Isopropyl-3-(2-hydroxylamino-4-chlorophenyl)-1,3,4-oxadiazolin-2-one
      (7.2 g.), which melts at 138.degree.-140.degree.C., is obtained. The
      benzene filtrate is recycled and is subjected to an operation identical to
      that described above. 5
      -Isopropyl-3-(2-hydroxylamino-4-chlorophenyl)-1,3,4-oxadiazolin-2-one (2.9
      g.), which melts at 138.degree.-140.degree.C., is obtained.
PAR  5-Isopropyl-3-(2-hydroxylamino-4-chlorophenyl)-1,3,4-oxadiazolin-2-one (13
      g.) is added, in small portions and whilst keeping the temperature of the
      reaction mixture between 12.degree. and 16.degree.C., to concentrated
      sulphuric acid (d = 1.83; 130 cc.). The mixture is stirred at the same
      temperature for 30 minutes. The brownish homogeneous solution is poured
      onto ice (240 g.). The precipitate obtained is filtered off, then taken up
      in an aqueous solution of potassium bicarbonate and extracted with ethyl
      acetate (100 cc.). After drying the ethyl acetate solution and removing
      the organic solvent under reduced pressure,
      5-isopropyl-3-(2-amino-4-chloro-5-hydroxyphenyl)-1,3,4-oxadiazolin-2-one
      (10.8 g.), which melts at 129.degree.C., is obtained.
PAR  A 2N solution of hydrogen chloride in acetone (10 cc.) is added to a
      solution of
      5-isopropyl-3-(2-amino-4-chloro-5-hydroxyphenyl)-1,3,4-oxadiazolin-2-one
      (5 g.) in acetone (50 cc.); the precipitate thus obtained is filtered off
      and washed three times with acetone (total 30cc.). The hydrochloride
      obtained is dissolved in hydrochloric acid (d = 1.19; 50 cc.), and then a
      solution of sodium nitrite (1.35 g.) in water (6 cc.) is added whilst
      keeping the temperature of the reaction mixture between 5.degree. and
      10.degree.C. After stirring for 15 minutes, a solution of cuprous chloride
      (2.4 g.) in concentrated hydrochloric acid (15 cc.) is added. The reaction
      mixture is kept between 30.degree. and 40.degree.C. until the evolution of
      gas has ceased. After cooling, the precipitate which forms is filtered off
      and washed with N hydrochloric acid (100 cc.) and then three times with
      water (total 300 cc.). The precipitate is taken up in methylene chloride
      (80 cc.). After drying the methylene chloride solution and removing the
      solvent under reduced pressure, a product (4.2 g.), which melts at
      122.degree.C., is obtained. After recrystallisation from benzene (20 cc.),
      5-isopropyl-3-(2,4-dichloro-5-hydroxyphenyl)-1,3,4-oxadiazolin-2-one (3.5
      g.), which melts at 126.degree.C., is obtained.
      5-Isopropyl-3-(2-nitro-4-chlorophenyl)-1,3,4-oxadiazolin-2-one, which
      melts at 68.degree.C., can be produced by condensing
      2,5-dichloro-nitrobenzene (115.5 g.) with
      5-isopropyl-1,3,4-oxadiazolin-2-one (100 g.), in accordance with the
      process which is described in British Patent Specification No. 1,286,067.
PAC  EXAMPLE 4
PAR  Potassium carbonate (13.8 g.) is added to a solution of
      5-isopropyl-3-(2,4-dichloro-5-hydroxyphenyl)-1,3,4-oxadiazolin-2-one (28.9
      g.) in acetonitrile (150 cc.), and the mixture is heated at about
      70.degree.C. Isopropyl bromide (14.8 g.) is added and the mixture is
      heated under reflux for 13 hours. After cooling the mixture and filtering
      off the inorganic salts, the solution is concentrated under reduced
      pressure. The residue is taken up in methylene chloride (150 cc.), and the
      solution obtained is washed successively with water, a 0.5% aqueous
      solution of sodium hydroxide, and water. After drying the methylene
      chloride solution and removing the organic solvent under reduced pressure,
      a product (33 g.), which melts at 90.degree.C., is obtained. On
      recrystallisation from cyclohexane (100 cc.),
      5-isopropyl-3-(2,4-dichloro-5-isopropoxyphenyl)-1,3,4-oxadiazolin-2-one
      (26.5 g.), which melts at 96.degree.-98.degree.C., is obtained.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hydroxylamine compound of the formula:
      ##SPC13##
PAL  wherein R is alkyl of 1 through 4 carbon atoms.
PATN
WKU  039417999
SRC  5
APN  3608522
APT  1
ART  122
APD  19730516
TTL  6-Substituted-11b-phenyl-3,
      11bH-oxazirino[2,3-d]-s-triazol[4,3-a][1,4]benzodiazepines
ISD  19760302
NCL  6
ECL  1
EXP  Rollins;Alton D.
INVT
NAM  Allgeier; Hans
CTY  Haagen, BD.
CNT  DT
INVT
NAM  Gagneux; Andre
CTY  Basel
CNT  CH
ASSG
NAM  Ciba-Geigy Corporation
CTY  Ardsley
STA  NY
COD  02
PRIR
CNT  CH
APD  19720518
APN  7386/72
CLAS
OCL  260308R
XCL  204158R
XCL  260239BD
XCL  260559H
XCL  260561H
XCL  424269
EDF  2
ICL  C07D49814
FSC  260
FSS  308 R
UREF
PNO  3681343
ISD  19720800
NAM  Hester
OCL  260308R
LREP
FR2  Kolodny; Joseph G.
FR2  Maitner; John J.
FR2  Groeger; Theodore O.
ABST
PAL  Compounds of the class of 6-substituted
      11b-phenyl-3,11b-oxazirino[2,3-d]-s-triazolo[4,3-a][1,4]benzodiazepines
      have valuable pharmacological properties and are active ingredients for
      therapeutic compositions. In particular, these new compounds have an
      anticonvulsive action and inhibit somatic reflexes. Specific embodiments
      are 10-chloro-11b-phenyl-3,11bH-oxazirino[2,3-d]-s-triazolo[4,3-a][1,4]
      benzodiazepine-6-methanol,
      10-chloro-11b-phenyl-3,11bH-oxazirino[2,3-d]-s-triazolo[4,3-a][1,4]benzodi
     azepine-6-carboxaldehyde-diethylacetal and
      10-chloro-11b-(o-chlorophenyl)-3,11bH-oxazirino[2,3-d]-s-triazolo[4,3-a][1
     ,4]benzodiazepine-6-carboxaldehyde-diethylacetal.
BSUM
PAR  The present invention relates to new diazepine derivatives, to a process
      for their production, to pharmaceutical preparations containing the new
      compounds, and to the use thereof.
PAR  The new diazepine derivatives correspond to the general formula I
      ##SPC1##
PAL  wherein
PA1  R.sub.1 represents hydrogen or an alkyl group having 1 to 3 carbon atoms,
PA1  A represents an alkylene group having 1 to 3 carbon atoms,
PA1  R.sub.2 represents the hydroxyl group, a mono- or diarylmethoxy group, or
PA1  R.sub.2 --a together represent a dialkoxymethyl group of which the alkoxy
      radicals contain 1 to 4 carbon atoms, or an alkylenedioxymethyl group
      having in all 3 to 6 carbon atoms, and
PA1  The rings B and C can be substituted by halogen up to atomic number 35,
      trifluoromethyl, alkyl or alkoxy groups having 1 to 6 carbon atoms.
PAR  The invention relates likewise to the addition salts of the compounds of
      the general formula I in which compounds R.sub.2 is an amino group, a
      polymethyleneimino group or a morpholino group, optionally substituted as
      defined, with inorganic and organic acids.
PAR  As an alkyl group in the compounds of the general formula I, R.sub.1 is,
      for example, the methyl, ethyl or propyl group. By an alkylene group A is
      meant any desired bivalent, saturated aliphatic hydrocarbon radical having
      1 to 3 carbon atoms, such as the methylene, ethylidene,
      1-methylethylidene, ethylene, propylene or trimethylene groups; of
      particular importance among these groups is the methylene group.
PAR  As a monoarylmethoxy group, R.sub.2 is, for example, the o-, m- or
      p-chlorobenzyloxy group, the o-, m- or p-methylbenzyloxy group, the o-, m-
      or p-methoxybenzyloxy group or the 3,4,5-trimethoxy-benzyloxy group, and
      particularly the benzyloxy group; and as a diarylmethoxy group, R.sub.2
      is, in particular, the diphenylmethoxy group.
PAR  R.sub.2 -A as a dialkoxymethyl group is, in particular, the dimethoxymethyl
      or diethoxymethyl group.
PAR  Halogen atoms as substituents of the rings B and C are fluorine, chlorine
      or bromine atoms, while alkyl groups or alkoxy groups having 1 to 6 carbon
      atoms are, for example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
      tert.butyl, pentyl, isopentyl, 2,2-dimethylpropyl, hexyl or isohexyl
      groups; or methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy,
      pentyloxy, isopentyloxy, 2,2-dimethylpropoxy, hexyloxy or isohexyloxy
      groups. A substituent of the ring B is especially in the 10-position, and
      is preferably fluorine, bromine, the trifluoromethyl group and, in
      particular, chlorine. The ring C is preferably unsubstituted, or
      substituted in any desired position by fluorine, chlorine or bromine,
      particularly by fluorine or chlorine in the o-position.
PAR  The compounds of the general formula I possess valuable pharmacological
      properties. They have a central depressant action, especially an
      anticonvulsive action; and they also inhibit somatic reflexes. The
      anticonvulsive effectiveness can be verified, for example, in the case of
      oral administration to the mouse in the electroshock test, in the
      psychomotor test and, in particular, in the strychnine convulsion test, as
      well as in the pentetrazole test. The stated properties and others, which
      can be determined by selected standard tests [cp. W. Theobald and H. A.
      Kunz, Arzneimittelforsch. 13, 122 (1963), as well as W. Theobald et al.,
      Arzneimittelforsch. 17, 561 (1967)], distinguish the compounds of the
      general formula I as being suitable active substances for tranquillisers
      and anticonvulsants, which are applicable, for example, for the treatment
      of conditions of tension and agitation, as well as for the treatment of
      epilepsy.
PAR  Of particular importance are compounds of the general formula I having
      hydrogen as R.sub.1, the methylene group as A and the benzyloxy or
      p-methoxybenzyloxy group and, in particular, the hydroxyl group as R.sub.2
      ; and among these compounds particularly those having a chlorine atom in
      ring B in the 10-position and ring C unsubstituted or substituted in the
      o-position by fluorine or especially chlorine. Also of particular
      importance are compounds of the general formula I in which R.sub.2 --A
      together represent the dimethoxymethyl group, and particularly the
      diethoxymethyl group, while R.sub.1 represents hydrogen, and the rings B
      and C have the aforementioned preferred substitution characteristics.
PAR  The compounds of the general formula I are produced according to the
      invention by a process in which light is allowed to act on a compound of
      the general formula II
      ##SPC2##
PAL  wherein R.sub.1, R.sub.2 and A have the meanings given under formula I, and
      rings B and C can be substituted as defined there; and, optionally, a
      reaction product of the general formula I wherein R.sub.2 is a mono- or
      diarylmethoxy group split to form the corresponding compound in which
      R.sub.2 is a hydroxyl group.
PAR  Daylight can be used for the production of small amounts of compounds of
      the general formula I. For larger amounts it is possible to employ the
      usual sources of light, such as normal filament lamps; also, for example,
      mercury vapour lamps having a main wave band of 300 to 400 m.mu., i.e.
      high-pressure lamps or medium-pressure lamps, these having a Pyrex-glass
      filter for the elimination of the rays below ca. 300 m.mu. which would
      decompose the compounds of the general formula I. The solvents used are
      inert organic solvents; for example, ethereal liquids, particularly
      tetrahydrofuran, also esters, ketones, hydrocarbons or chlorinated
      hydrocarbons. The irradiation is performed preferably with the exclusion
      of oxygen; for example, under nitrogen or under an inert gas such as argon
      or helium. The reaction temperature can vary within a wide range, i.e.
      between ca. - 70.degree. C and + 150.degree. C; it is however preferably
      between ca. = 10.degree. C and + 30.degree. C.
PAR  The 5-oxides of the general formula II which are required as starting
      materials are preferably produced from the corresponding compounds, not
      oxidised in the 5-position, by treatment with hydrogen peroxide or peroxy
      acids at a temperature of ca. 0.degree. to 70.degree. C. Suitable peroxy
      acids are, for example, peroxyacetic acid or peroxybenzoic acids, such as
      peroxybenzoic acid and particularly m-chloro-peroxybenzoic acid. The
      oxidising agents are preferably used in a solvent, e.g. peroxyacetic acid
      in acetic acid, and the peroxybenzoic acids in halogenated hydrocarbons
      such as methylene chloride or chloroform. The compounds not oxidised in
      the 5-position which are required as intermediates are for their part new
      substances. The starting materials from which they are produced are, e.g.,
      compounds of the general formula III
      ##SPC3##
PAL  wherein
PA1  X represents a mercapto group, a lower alkoxy or alkylthio group optionally
      activated by a substituent, or an optionally mono- or disubstituted amino
      group,
PA1  R.sub.1 has the meaning given under formula I, and the rings B and C can be
      substituted as defined under formula I. X is preferably a methylthio,
      mercapto, methoxy, amino, methylamino, benzylamino or dimethylamino group;
      and as an alkoxy or alkylthio group activated by a substituent it is, for
      example, the o- or p-nitrobenzyloxy group or the o- or p-nitrobenzylthio
      group.
PAR  The compounds of the general formula III defined above are reacted with
      acid hydrazides of the general formula IV
EQU  r.sub.2 -- a -- co -- nh -- nh.sub.2                       (iv)
PAL  wherein R.sub.2 and A have the meanings given under formula I; and,
      optionally, an obtained product of which the radical R.sub.2 is a
      monoarylmethoxy or diarylmethoxy group split to form a corresponding
      compound of which the radical R.sub.2 is the hydroxyl group.
PAR  The reaction according to the process is performed preferably at a reaction
      temperature of ca. 80.degree. to 180.degree. C in an inert solvent.
      Suitable inert solvents are, for example, hydrocarbons such as toluene or
      xylene, halogenated hydrocarbons such as chlorobenzene, ethereal liquids
      such as diethylene glycol dimethyl ether, diethylene glycol diethyl ether
      or dioxane, amides, particularly N,N,N',N', N",N" -hexamethyl-phosphoric
      acid triamide or N,N-dimethylacetamide, sulphoxides such as
      dimethylsulphoxide, and alcohols such as N-butanol. The reaction times are
      preferably between ca. 1 and 24 hours.
PAR  Compounds embraced by the general formula III are described in the
      literature; see inter alia L. H. Sternbach and E. Reeder, J.Org.Chem. 26,
      1111 (1961), S. C. Bell et al., J.Med.Chem. 5, 63 (1962), G. A. Archer and
      L. H. Sternbach, J.Org.Chem 29, 231 (1964) and J. Farber et al.,
      J.Med.Chem. 7, 235 (1964). Also described are compounds embraced by the
      general formula IV, such as 2-benzyloxy-acetic acid hydrazide and glycolic
      acid hydrazide [cp. Th. Curtius and N. Schwan, J.prakt. Chem. [2] 51, 364
      (1895)], as well as dimethoxyacetic acid hydrazide (cp. E. J. Browne and
      J. B. Polya, J.Chem. Soc. 1962, 5149). Further compounds of the general
      formulae III and IV can be produced analogously to the known compounds
PAR  The optionally performed splitting of compounds of the general formula I or
      II of which the radical R.sub.2 is a monoarylmethoxy or diarylmethoxy
      group to form corresponding compounds of which the radical R.sub.2 is the
      hydroxyl group is preferably performed with the aid of hydrohalic acids
      such as hydrochloric acid, hydriodic acid or, in particular, hydrobromic
      acid. It is advantageous to use the hydrohalic acids in a solvent.
      Suitable solvents are carboxylic acids such as acetic acid. The reaction
      temperature is ca. 20.degree. to 150.degree. C. Compounds which can be
      split particularly well are compounds in which R.sub.2 is a
      p-methoxybenzyloxy group.
PAR  The present invention relates also to modifications of the aforementioned
      process and of the consequent reaction mentioned subsequent to this, as
      well as of the preceding steps, whereby a process is interrupted at some
      stage, or whereby a compound occurring at some particular stage is taken
      as the starting material and the uncompleted steps performed, or whereby a
      starting material is formed under the reaction conditions, or is
      optionally used in the form of a salt.
PAR  The new active substances are administered orally, rectally or
      parenterally. The dosage amount depends on the mode of administration, on
      the species, on the age and on the individual condition. The daily doses
      of compounds of the general formula I vary between 0.02 mg/kg and 2 mg/kg
      for warm-blooded animals. Suitable dosage units, such as dragees, tablets,
      suppositories or ampoules, preferably contain 0.5 - 25 mg of an active
      substance according to the invention.
PAR  Dosage units for oral administration contain as active substance preferably
      between 1 and 50% of a compound of the general formula I. They are
      produced by the combination of the active substance with, for example,
      pulverulent carriers such as lactose, saccharose, sorbitol or mannitol;
      starches such as potato starch, maize starch or amylopectin, also
      laminaria powder or citrus pulp powder; cellulose derivatives or gelatine,
      optionally with the addition of lubricants such as magnesium or calcium
      stearate or polyethylene glycols, to form tablets or dragee cores. The
      dragee cores are coated, for example, with concentrated sugar solutions,
      which may also contain, for example, gum arabic, talcum and/or titanium
      dioxide; or with a lacquer dissolved in readily volatile organic solvents
      or solvent mixtures. Dyestuffs can be added to these coatings in order,
      for example, to facilitate identification of the various doses of active
      substance.
PAR  Further suitable oral dosage units are hard capsules made from gelatine, as
      well as soft closed capsules made from gelatine and a softener such as
      glycerin. The hard capsules contain the active substance preferably as a
      granulate, e.g. in admixture with fillers such as maize starch, and/or
      lubricants such as talcum or magnesium stearate, and optionally
      stabilisers such as sodium metabisulphite (Na.sub.2 S.sub.2 O.sub.5) or
      ascorbic acid. In soft capsules, the active substance is preferably
      dissolved or suspended in suitable liquids such as liquid polyethylene
      glycols, to which likewise stabilisers may be added.
PAR  Suitable dosage units for rectal administration are, for example,
      suppositories consisting of a combination of an active substance with a
      suppository foundation substance. Applicable suppository foundation
      substances are, for example, synthetic triglycerides, paraffin
      hydrocarbons, polyethylene glycols or higher alkanols. Likewise suitable
      for the said purpose are hard gelatine capsules consisting of a
      combination of the active substance with a foundation substance. Suitable
      foundation substances are, for example, liquid triglycerides, polyethylene
      glycols or paraffin hydrocarbons.
PAR  Ampoules for parenteral administration, particularly intramuscular
      administration, preferably contain an aqueous dispersion of an active
      substance of the general formula I in a concentration preferably of 0.1  -
      1%, optionally together with suitable stabilisers and buffer substances.
PAR  The following directions serve to further illustrate the preparation of
      tablets, dragees, capsules and suppositories.
PAR  a. An amount of 50 g of 10-chloro-11b-phenyl-3,11bH-oxazirino
      [2,3-a]-s-triazolo[4,3-a][1,4]benzodiazepine-6-methanol is mixed with
      175.80 g of lactose and 169.70 g of potato starch; the mixture is
      moistened with an alcoholic solution of 10 g of stearic acid and then
      granulated through a sieve. After the drying of the granulate, 160 g of
      potato starch, 200 g of talcum, 2.50 g of magnesium stearate and 32 g of
      colloidal silicon dioxide are mixed in; the mixture is pressed to form
      10,000 tablets each weighing 80 mg and each containing 5 mg of active
      substance; these can be optionally provided with grooves to allow a more
      precise adjustment of the dosage amount.
PAR  b. A granulate is produced from 50 g of
      10-chloro-11b-phenyl-3,11bH-oxazirino[
      2,3-d]-s-triazolo[4,3-a][1,4]benzodiazepine-6-carboxaldehyde-diethylacetal
     , 175.90 g of lactose and the alcoholic solution of 10 g of stearic acid;
      the granulate, after drying, is mixed with 56.60 g of colloidal silicon
      dioxide, 165 g of talcum, 20 g of potato starch and 2.50 g of magnesium
      stearate; the whole is subsequently pressed out to form 10,000 dragee
      cores. These are afterwards coated with a concentrated syrup made from
      502.28 g of crystallised saccharose, 6 g of shellac, 10 g of gum arabic,
      0.22 g of dyestuff and 1.5 g of titanium dioxide, and finally dried. The
      obtained dragees each weigh 100 mg and each contain 5 mg of active
      substance.
PAR  c. In order to produce 1000 capsules each containing 5 mg of active
      substance, 5 g of 10-chloro-11b-phenyl-
      3,11bH-oxazirino[2,3-d]-s-triazolo[4,3-a][1,4]benzodiazepine-6-methanol is
      mixed with 268 g of lactose; the mixture is evenly moistened with an
      aqueous solution of 2 g of gelatine, and then granulated through a
      suitable sieve (e.g. sieve III according to Ph.Helv. V). The granulate is
      mixed with 10.0 g of dried maize starch and 15.0 g of talcum, and the
      mixture uniformly filled into 1000 hard gelatine capsules, size 1.
PAR  d. A suppository mixture is prepared from 1.0 g of
      10-chloro-11b-phenyl-3,11bH-oxazirino[2,3-d]-s-triazolo [4,3-a
      [1,4]benzodiazepine-6-carboxaldehyde-diethylacetal and 169.0 g of adeps
      solidus; the mixture is used to pour 100 suppositories each containing 10
      mg of active substance.
PAR  As the active substance for tablets, dragees and capsules, it is also
      possible to use, for example, the 0.4-fold amounts of
      10-chloro-11b-(o-chlorophenyl)-
      3,11bH-oxazirino[2,3-d]-s-triazolo[4,3-a][1,4]benzodiazepine-6-carboxaldeh
     yde-diethylacetal.
DETD
PAR  The following examples further illustrate the production of new compounds
      of the general formula I and of intermediates not hitherto described; the
      examples do not, however, in any way limit the scope of the invention.
      Temperatures are in degrees Centigrade. The petroleum ether used is always
      one having a boiling range of 40.degree.- 65.degree. C.
PAC  EXAMPLE 1
PAR  A solution of 0.6 g of 6-phenyl-8-chloro-4H-s-triazolo[4,3-a]
      [1,4]benzodiazepine-1-methanol-5-oxide in 60 ml of tetrahydrofuran is
      allowed to stand in a closed flask for 10 days in daylight. The solution
      is afterwards concentrated by evaporation. The oily residue is
      chromatographed in ethyl acetate/methanol (9:1) on silica gel. The eluted
      crude reaction product is recrystallised from tetrahydrofuran/petroleum
      ether to obtain 10-chloro-11b-phenyl-3,11
      bH-oxazirino[2,3-d]-s-triazolo[4,3-a] [1,4]benzodiazepine-6-methanol, M.P.
      167.degree.-169.degree..
PAR  The following are obtained in an analogous manner with the use of the same
      amount of starting material:
PAL  from 1-(benzyloxymethyl)-6-phenyl-8-chloro-4H-s-triazolo [4,3-a]
      [1,4]benzodiazepine-5-oxide:- 6-(benzyloxymethyl)-
      10-chloro-11-b-phenyl-3,11bH-oxazirino[2,3-d]-s-triazolo [4,3-a]
      [1,4]benzodiazepine;
PAL  from
      6-(o-chlorophenyl)-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-meth
     anol-5-oxide:-
      10-chloro-11b-(o-chlorophenyl)-3,11bH-oxazirino[2,3-d]-s-triazolo (4,3-a]
      [1,4]benzodiazepine-6-methanol, and
PAR  from 1-[ p-methoxybenzyloxy)-methyl]-6-(o-chlorophenyl)-8
      -chloro-4H-s-triazolo[4,3-a] [1,4]benzodiazepine-5-oxide:-6- [
      (p-methoxybenzyloxy)-methyl]-10-chloro-11-b-(o-chlorophenyl)-3,11bH-oxazir
     ino[2,3-d]-s-triazolo[4,3-a] [1,4]benzodiazepine.
PAR  The 5-oxides required as starting materials are produced as follows:
PAR  a. A solution of 30 g of
      2-(methylthio)-5-phenyl-7-chloro-3H-1,4-benzodiazepine [cp. G. A. Archer
      et al., J.Org. Chem. 29, 231 (1964)]  and 19.8 g of 2-benzyloxyacetic acid
      hydrazide [cp. Th. Curtius N. Schwan, J.prakt.Chem. [2] 51, 353 (1895)]
      in 160 ml of hexamethylphosphoric acid triamide is heated for 8 hours at
      140.degree.. The solvent is then distilled off in vacuo and the residue
      distributed between methylene chloride and water. The organic phase is
      separated, washed with saturated aqueous sodium chloride solution, dried
      over sodium sulphate and concentrated by evaporation. 1-(Benzyloxymethyl)
      -6-phenyl-8-chloro-4H-s-triazolo[4,3-a] [1,4]benzodiazepine crystallises
      out; it melts at 163.degree.-165.degree..
PAR  The compound 1-[
      p-methoxybenzyloxy)-methyl]-6-(o-chlorophenyl)-8-chloro-4H-s-triazolo[4,3-
     a] [1,4]benzodiazepine, M.P. 200.degree.-203.degree. (from ethyl acetate)
      is produced in an analogous manner by reaction of 33.4 g of
      2-(methyl-thio)-5-(o-chlorophenyl)-7-chloro-3H-1,4-benzodiazepine
      [obtainable from the corresponding 2-oxo compound (described in
      J.Org.Chem. 27, 3988 (1962)) by conversion into the corresponding 2-thion,
      and methylation of the latter with dimethyl sulphate in methanolic sodium
      hydroxide solution, analogously to the process described in J.Org. Chem.
      29, 231 (1964)]  with 33.0 g of 2-(p-methoxybenzyloxy)-acetic acid
      hydrazide [obtainable by reaction of 58 g of 2-(p-methoxybenzyloxy)-acetic
      acid methyl ester (described in Compt.rend. 237, 1162 (1953)) with 22.7 g
      of hydrazine hydrate in ethanolic solution for 3 days at 25.degree.].
PAR  b. An amount of 25 g of 1-(benzyloxymethyl)-6-phenyl-
      8-chloro-4H-s-triazolo[4,3-a] [1,4]benzodiazepine is dissolved in 200 ml
      of glacial acetic acid; there is then added to the solution 170 ml of 48%
      aqueous hydrobromic acid. The mixture is heated for 90 minutes at
      80.degree. and then cooled to 5.degree.; while stirring is maintained, the
      mixture is adjusted to pH 6 with concentrated sodium hydroxide solution,
      and water as well as methylene chloride subsequently added. The organic
      phase is separated, washed with saturated aqueous sodium chloride
      solution, dried over sodium sulphate and concentrated by evaporation. The
      residue is dissolved in ethyl acetate/methanol (9:1); the solution is
      filtered through a column of 150 g of silica gel (Merck, particle size
      0.05  - 0.2 mm), and the column eluted with ethyl acetate/methanol (9:1)
      to (7:3). The eluate is concentrated by evaporation and the residue
      crystallised from ethyl acetate/ether to obtain
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-methanol,
      M.P. 210.degree.-211.degree..
PAR  c. An amount of 72 ml of 48% aqueous hydrobromic acid is added to
      20.degree. to a solution of 9.7 g of 1-[
      (p-methoxybenzyloxy)-methyl]-6-(o-chlorophenyl)-8-chloro-4H-s-triazolo[4,3
     -a][1,4]benzodiazepine in 90 ml of glacial acetic acid. The reaction
      mixture is stirred for 55 minutes; it is then neutralised with 30% sodium
      hydroxide solution and extracted with methylene chloride. The organic
      phase is separated, washed with water, dried over sodium sulphate and
      concentrated by evaporation. Crystallisation of the residue from ethyl
      acetate/petroleum ether yields 6-(o-chlorophenyl)-8-chloro-4
      h-s-triazolo[4,3-a] [1,4]benzodiazepine-1-methanol, M.P.
      235.degree.-237.degree..
PAR  d. A solution of 3.11 g of m-chloroperbenzoic acid in 40 ml of methylene
      chloride is added dropwise in the course of 10 minutes at
      0.degree.-5.degree., with stirring, to a solution of 3.0 g of
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a] [1,4]benzodiazepine-1-methanol in
      80 ml of methylene chloride. In an ice bath being allowed to melt, the
      reaction mixture is stirred for a further 16 hours; it is subsequently
      concentrated in vacuo, and ether and petroleum ether are then added. The
      precipitated crystals are filtered with suction, and recrystallised twice
      from methanol/ethyl acetate/ether. The obtained
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-methanol-
      5-oxide melts at 267.degree.-269.degree..
PAR  The following are obtained in an analogous manner:
PAL  starting with 3.84 g of
      1-(benzyloxymethyl)-6-phenyl-8-chloro-4H-s-triazolo[4,3-a]
      [1,4]benzodiazepine:- 1-(benzyloxymethyl)-6-phenyl-8-chloro-4H-s-triazolo
      [4,3-a] [1,4]benzodiazepine-5-oxide, M.P. 189.degree.- 193.degree. (from
      ether);
PAL  starting with 3.30 g of 6-(o-chlorophenyl)-8-chloro-4H-s-triazolo[ 4,3-a]
      [1,4]benzodiazepine-1-methanol:-
      6-(o-chlorophenyl)-8-chloro-4H-s-triazolo[4,3-a] [1,4]
      benzodiazepine-1-methanol-5-oxide; and
PAL  starting with 3.95 g of 1-[
      (p-methoxybenzyloxy)-methyl]-6-(o-chlorophenyl)-8-chloro-4H-s-triazolo[4,3
     -a] [1,4] benzodiazepine:- 1-[ (p-methoxybenzyloxy)-methyl]-6
      -(o-chlorophenyl)-8-chloro-4H-s-triazolo[4,3-a]
      [1,4]benzodiazepine-5-oxide.
PAC  EXAMPLE 2
PAR  A solution of 0.6 g of 6-phenyl-8-chloro-4H-s-triazolo[4,3-a]
      [1,4]benzodiazepine-1-carboxaldehyde-diethylacetal-5-oxide in 60 ml of
      tetrahydrofuran is allowed to stand in a closed flask for 6 days in
      daylight. The solution is afterwards concentrated by evaporation to 20 ml;
      petroleum ether is then added. 10-Chloro-11
      b-phenyl-3,11bH-oxazirino[2,3-d]-s-triazolo[4,3a] [1,4]
      benzodiazepine-6-carboxaldehyde-diethylacetal crystallises out and is
      filtered off, M.P. 136.degree.-137.degree. .
PAR  IN an analogous manner there is obtained, with the use of the same amount
      of 6-phenyl-8-chloro-4H-s-triazolo [4,3-a]
      [1,4]benzodiazepine-1-carboxaldehyde-dimethylacetal-5
      -oxide:-10-chloro-11b-phenyl-3,11bH-oxazirino [2,3-d]-s-triazolo[4,3-a]
      [1,4]benzodiazepine-6-carboxaldehyde-dimethylacetal.
PAR  The 5-oxides required as starting materials are produced as follows:
PAR  a. A solution of 60.0 g of 2-methylthio-5-phenyl-7
      -chloro-3H-1,4-benzodiazepine [cp. G. A. Archer et al., J.Org.Chem. 29,
      231 (1964) ] and 38.8 g of diethoxyacetic acid hydrazide [produced by the
      storing of a mixture of 81.0 g of diethoxyacetic acid methyl ester, 50.0 g
      of hydrazine hydrate and 800 ml of abs. ethanol for 20 hours at
      25.degree., filtration, concentration by evaporation of the filtrate and
      distillation of the residue in high vacuum, B.P.
      120.degree.-150.degree./0.005 Torr, M.P. 30.degree.-40.degree. ]in 460 ml
      of abs. hexamethyl-phosphoric acid triamide is heated for 6 hours at
      140.degree.. The solvent is then distilled off in vacuo, and the residue
      distributed between methylene chloride and water. The organic phase is
      separated, washed with saturated sodium chloride solution, dried over
      sodium sulphate and concentrated by evaporation. The residue is
      recrystallised from ethyl acetate/ether/petroleum ether to obtain pure
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a]
      [1,4]benzodiazepine-1-carboxaldehyde-diethylacetal, which melts at
      133.degree.-135.degree..
PAR  In an analogous manner there is obtained
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a]
      [1,4]benzodiazepine-1-carboxaldehyde-dimethylacetal, M.P.
      166.degree.-172.degree., by the heating of 12.0 g of
      2-methylthio-5-phenyl-7-chloro-3H-1,4-benzodiazepine with 7.0 g of
      dimethoxyacetic acid hydrazide (cp. E. J. Browns and J. B. Polya,
      J.Chem.Soc. 1962, 5149-5152) in 100 ml of abs. hexamethyl-phosphoric acid
      triamide for 9 hours at 140.degree..
PAR  b. A solution of 7.64 g (0.024 mole) of m-chloro-peroxybenzoic acid in 140
      ml of methylene chloride is added dropwise within 15 minutes at
      0.degree.-5.degree., with stirring, to a solution of 5.0 g (0.0126 mole)
      of 6-phenyl-8-chloro-4H-s-triazolo[4,3-a]
      [1,4]benzodiazepine-1-carboxaldehyde-diethylacetal in 100 ml of methylene
      chloride. The reaction mixture is stirred for a further 16 hours in a
      melting ice bath. The reaction mixture is subsequently concentrated in
      vacuo and ether added. The precipitated crystals are filtered under
      suction and washed twice with hot ethyl acetate. The obtained
      6-phenyl-8-chloro-4H-s-triazolo [4,3-a]
      [1,4]benzodiazepine-1-carboxaldehyde-diethylacetal-5-oxide melts at
      200.degree.-202.degree..
PAR  There is obtained in an analogous manner, with the use of 4.65 g of
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
     -dimethylacetal:-6-phenyl-8-chloro-4H-s-triazolo[4,3-a]
      [1,4]benzodiazepine-1-carboxaldehyde-dimethylacetal-5-oxide.
PAC  EXAMPLE 3
PAR  A solution of 1.0 g of 6-(o-chlorophenyl)-8-chloro-4H-s-triazolo[4,3-a]
      [1,4]benzodiazepine-1-carboxaldehyde-diethylacetal in 100 ml of
      tetrahydrofuran is allowed to stand in a closed flask for 3 days in
      daylight. The solution is then concentrated in vacuo. The residue is
      adsorbed from benzolic solution on a column of silica gel, and eluted with
      a benzene/ethanol mixture (9:1, V/V). The fractions containing the desired
      reaction product (Rf-value = 0.73 in the system benzene/isopropanol 9:1)
      are combined and concentrated in vacuo. The residue is recrystallised from
      ethyl acetate/petroleum ether to obtain
      10-chloro-11b-(o-chlorophenyl)-3,11bH-oxazirino [2,3-d]-s-triazolo[4,3-a]
      [1,4]benzodiazepine-6-carboxaldehyde-diethyl acetal, M.P.
      141.degree.-142.degree..
PAR  The starting material is produced as follows:
PAR  a. 6-(o-Chlorophenyl)-8-chloro-4-H-s-triazolo[4,3-a] [1,4]
      benzodiazepine-1-carboxaldehyde-diethylacetal, M.P.
      120.degree.-121.5.degree., is obtained by a 10-hours' heating of 16.7 g of
      2-(methylthio)-5-(o-chlorophenyl)-7-chloro-3H-1,4-benzodiazepine [see note
      in Example 1 a)]  and 9.7 g of diethoxyacetic acid hydrazide in 100 ml of
      hexamethyl-phosphoric acid triamide at 140.degree., processing analogous
      to that of Example 2 a) and subsequent recrystallisation from ethyl
      acetate/petroleum ether.
PAR  b. Analogously to Example 2 b) there is obtained, with the use of 5.44 g
      (0.0126 mole) of 6-(o-chlorophenyl)-8-chloro-4H-s-triazolo[4,3-a]
      [1,4]benzodiazepine-1 -carboxaldehyde-diethylacetal:- 6-(o-chlorophenyl)-8
      -chloro-4H-s-triazolo[4,3-a]
      [1,4]benzodiazepine-1-carboxaldehyde-diethylacetal-5-oxide, which melts at
      221.degree.-222.degree. after recrystallisation from ethyl
      acetate/petroleum ether.
PAC  EXAMPLE 4
PAR  A solution of 0.6 g of 6-phenyl-8-chloro-4 H-s-triazolo[4,3-a]
      [1,4]benzodiazepine-1-carboxaldehyde-diethylacetal-5-oxide in 60 ml of
      tetrahydrofuran is irradiated with a high-pressure mercury-discharge lamp
      through a Pyrex filter for 2 hours at 25.degree.. The solution is
      afterwards concentrated to 20 ml and petroleum ether added.
      10-Chloro-11b-phenyl-3,11bH-oxazirino[2,3-d]-s-triazolo[4,3-a]
      [1,4]benzodiazepine-6-carboxaldehyde-diethylacetal crystallises out and is
      filtered off, M.P. 136.degree.-137.degree..
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A diazepine derivative having the formula I
      ##SPC4##
PAL  wherein
PA1  R.sub.1 represents hydrogen or an alkyl group having 1 to 3 carbon atoms,
PA1  A represents an alkylene group having 1 to 3 carbon atoms,
PA1  R.sub.2 represents a hydroxyl group, benzyloxy, o-, m- or p-chlorobenzyloxy
       o-, m- or p-methylbenzyloxy, o-, m- or p-methoxybenzyloxy, or
      diphenylmethoxy group, or
PA1  R.sub.2 --a together represent a dialkoxymethyl group of which the alkoxy
      radicals contain 1 to 4 carbon atoms, and
PA1  each of the rings B and C, independently of the other, is unsubstituted or
      mono-substituted by halogen up to atomic number 35, trifluoromethyl, alkyl
      or alkoxy groups having 1 to 6 carbon atoms.
NUM  2.
PAR  2. A compound according to claim 1, having the formula I given in claim 1
      wherein R.sub.1 represents hydrogen, R.sub.2 represents the hydroxyl,
      benzyloxy or p-methoxybenzyloxy group, A represents the methylene group,
      ring B is substituted in the 10-position by chlorine, and ring C is
      unsubstituted or substituted in the o-position by fluorine or chlorine.
NUM  3.
PAR  3. A compound according to claim 1 having the formula I given in claim 1,
      wherein R.sub.1 represents hydrogen, R.sub.2 --A together represent the
      dimethoxymethyl or diethoxymethyl group, ring B is substituted in the
      10-position by chlorine, and ring C is unsubstituted or substituted in the
      o-position by fluorine or chlorine.
NUM  4.
PAR  4. A compound according to claim 1, which is
      10-chloro-11b-phenyl-3,11bH-oxazirino[2,3-d]-s-triazolo[4,3-a]
      [1,4]benzodiazepine-6-methanol.
NUM  5.
PAR  5. A compound according to claim 1 which is
      10-chloro-11b-phenyl-3,11bH-oxazirino[2,3-d]-s-triazolo[ 4,3-a] [1,4]
      benzodiazepine-6carboxaldehyde-diethylacetal.
NUM  6.
PAR  6. A compound according to Claim 1, which is
      10-chloro-11b-(o-chlorophenyl)-3,11bH-oxazirino[ 2,3-d]-s-triazolo[4,3-a]
      [1,4]benzodiazepine-6-carboxaldehyde-diethylacetal.
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ABST
PAL  Novel N-benzyltriazoles of the formula
      ##SPC1##
PAL  In which
PA1  Triazolyl is 1,2,4 or 1,2,3 triazolyl which may be substituted;
PA1  X is halogen, trifluoromethyl, lower alkyl, lower alkoxy, lower alkylthio,
      aryl, nitro, cyano or (alkylated) amino;
PA1  m is 0, 1 or 2;
PA1  A is optionally substituted phenyl, pyridyl, alkyl or cycloalkyl; and
PA1  B is a 5-membered heterocyclic ring, e.g., N-heterocycle;
PAL  And their salts are outstandingly effective in regulating plant growth,
      e.g., inhibiting, stimulating or altering plant growth.
PARN
PAR  This is a division of application Ser. No. 96,574 filed Dec. 9, 1970, now
      U.S. Pat. No. 3,801,590.
BSUM
PAR  The present invention relates to certain new N-benzyltriazole compounds, to
      compositions containing them and to their use as agents for the regulation
      of plant growth.
PAR  It is known that succinic acid 2,2-dimethylhydrazide,
      2-chloroethyltrimethylammonium chloride and maleic acid hydrazide can be
      used for regulating the growth of higher plants (see Cathey, H.M.,
      "Physiology of Growth-Retarding Chemicals", Ann. Rev. Plant Phys. 15,
      pages 271 - 302 (1964), German Published Specification 1,238,052 and U.S.
      Pat. Nos. 2,575,954; 2,614,912; 2,614,916; 2,614,917 and 2,805,926). The
      activity of the said compounds of the prior art at low concentrations of
      active compound is, however, in many cases unsatisfactory and, at high
      concentrations, in some cases, plant damage occurs.
PAR  Surprisingly, the novel N-benzyltriazole compounds of this invention show
      generally stronger plant-growth-influencing activity than the compounds of
      the prior art. The compounds according to the invention therefore
      represent an enrichment of the art.
PAR  The compounds of this invention are N-benzyltriazoles of the formula
      ##SPC2##
PAL  In which
PA1  "triazolyl" is
      ##SPC3##
PAL  Wherein
PA1  R and R' are selected independently from the group consisting of hydrogen,
      lower alkyl and lower alkenyl; and
PA1  Each X is halogen, trifluoromethyl, lower alkyl, lower alkoxy, lower
      alkylthio, aryl, nitro, cyano, amino or dialkylamino, e.g., di(lower
      alkyl)amino;
PA1  m is 0, 1 or 2,
PA1  A is optionally substituted phenyl or pyridyl, alkyl, e.g., lower alkyl, or
      cycloalkyl, e.g., cycloalkyl of from 4 to 7 ring carbon atoms; and
PA1  B is a five-membered heteroaromatic ring of the general formula
      ##EQU1##
      wherein E is oxygen or sulfur or a radical of the formula
      ##EQU2##
      OR
      ##EQU3##
      AND Y is hydrogen, lower alkyl, halogen or an optionally substituted aryl
      radical, and
PA1  n is 0, 1 or 2,
PAL  And their salts.
PAR  The compounds of the invention exhibit strong plant-growth-regulating
      properties.
PAR  Of the salts of the substituted N-benzyltriazoles of the formula (I), those
      of acids tolerated by plants are, of course, preferred for the treatment
      of plants. Examples of such acids are the halogen hydracids, phosphoric
      acids, sulfonic acids, aliphatic mono- and di-carboxylic acids as well as
      hydroxycarboxylic acids.
PAR  The present invention also provides a process for the production of the
      compounds according to the present invention, in which a benzyl halide of
      the formula
      ##SPC4##
PAL  in which
PA1  X, m, A and B have the meanings stated above, and Hal stands for a chlorine
      or bromine atom
PAL  is reacted with a triazole of the formula
      ##SPC5##
PAL  in which
PA1  R and R' have the meanings stated above in the presence of a diluent,
      preferably a polar organic solvent, and an acid-binding agent, and, if
      required, the resulting N-benzyltriazole is converted into a salt thereof.
PAR  If phenyl-4-fluorophenyl-(5-methylisoxazol-3-yl)-chloromethane and
      1,2,4-triazole are used as starting materials, the reaction course can be
      represented by the following equation:
      ##SPC6##
PAR  The benzyl halides to be used as starting materials are defined by the
      above formula (II). In this formula, as in formula (I), X stands
      preferably for fluorine, chlorine, phenyl, alkyl with up to 3 carbon
      atoms, methoxy, methylmercapto, trifluoromethyl, nitro, cyano, amino, or
      dimethylamino, while m stands preferably for 0 or 1. A stands preferably
      for phenyl or for 2-, 3-, or 4-pyridyl. B stands preferably for one of the
      following radicals:
      ##SPC7##
PAR  As examples of the benzyl halides which can be used in the preparative
      process according to the invention, there may be mentioned:
PAL  bis-phenyl-(thien-2-yl)-chloromethane
PAL  bis-phenyl-(3-methyl-isoxazol-5-yl)-chloromethane
PAL  phenyl-4-fluorophenyl-(5-methyl-isoxazol-3-yl)-chloromethane
PAL  phenyl-4-chlorophenyl-(1-methyl-imidazol-2-yl)-chloromethane
PAL  phenyl-diphenylyl-(1-methyl-imidazol-2-yl)-chloromethane
PAL  phenyl-4-methylmercaptophenyl-(3-methyl-isoxazol-5-yl)-chloromethane
PAL  phenyl-4-methylmercaptophenyl-(5-methyl-isoxazol-3-yl)-chloromethane
PAL  phenyl-4-chlorophenyl-(5-methyl-isoxazol-3-yl)-chloromethane
PAL  phenyl-4-fluorophenyl-(3-methyl-isoxazol-5-yl)-chloromethane
PAL  phenyl-4-tert.-butylphenyl-(1-methyl-imidazol-2-yl)-chloromethane
PAL  phenyl-3-methylphenyl-(1-methyl-imidazol-2-yl)-chloromethane
PAL  phenyl-3-trifluoromethyl-(1-methyl-imidazol-2-yl)-chloromethane
PAL  phenyl-4-nitrophenyl-(thien-2-yl)-chloromethane
PAL  (pyrid-4-yl)-phenyl-(3-methyl-isoxazol-5-yl)-chloromethane
PAL  phenyl-4-methoxyphenyl-(5-methyl-isoxazol-3-yl)-chloromethane
PAR  The benzyl halides of the formula (II) are new but can be prepared by
      reacting a carbinol of the general formula
      ##SPC8##
PAL  in which
PA1  A, b, x and m have the meanings stated above with an agent for halogenating
      tertiary alcohols. Especially suitable halogenating agents are acid
      chlorides, such as thionyl chloride, thionyl bromide, phosphoryl bromide,
      phosphoryl chloride, phosphorus trichloride, phosphorus tribromide, acetyl
      chloride and acetyl bromide. The reaction can be carried out either in the
      absence or presence of a solvent; suitable solvents include ethers,
      methylene chloride, benzene and toluene. The reaction is carried out at
      temperatures of 0.degree. to 150.degree.C., preferably at 20.degree. to
      120.degree.C. If the five-membered heterocyclic substituent of the
      carbinol (V) contains nitrogen, the halides (II) are frequently obtained
      in the form of their halogen hydracid salts.
PAR  The triazoles to be used as starting materials are defined by the formulae
      (IIIa) and (IIIb). In these formulae, R and R' stand preferably for
      hydrogen, methyl or ethyl. The 1,2,4-triazolyl derivatives (IIIa) are
      preferred. As an example, there may be mentioned 1,2,4-triazole, which is
      known.
PAR  As diluents for the reaction of the halide (II) with the triazole (IIIa) or
      (IIIb), especially suitable are polar organic solvents, the preferred
      solvents being nitriles (such as acetonitrile), nitromethane, dimethyl
      formamide, hexamethyl-phosphoric acid triamide, acetone and chloroform.
PAR  As the acid-binding agent, an excess of the triazole (IIIa) or (IIIb) is
      suitable. Organic bases of low nucleophilicity, such as triethylamine,
      lutidine, quinoline, or inorganic bases, such as potassium carbonate,
      magnesium oxide or calcium carbonate, can also be used.
PAR  The reaction temperatures can be varied within a fairly wide range. In
      general, the work is carried out at from 0.degree. to 150.degree.C.
      preferably from 20.degree. to 100.degree.C.
PAR  When carrying out the process according to the invention, the triazole is
      expediently used in at least the equivalent amount. If one wishes to
      dispense with an auxiliary agent for acid-binding purposes, the triazole
      should be used in at least twice the molar (equivalent) amount, and in
      three times the molar (equivalent) amount if a hydrohalide of the formula
      (II) is used. If an auxiliary agent is employed for acid-binding, this
      should be used in at least the equivalent amount, preferably in excess.
PAR  A preferred embodiment of the process comprises adding dropwise a solution
      of the halide (II) to a solution of the triazole (IIIa) or (IIIb), which
      also contains the acid-binding agent for example triethylamine, in a polar
      organic solvent, such as acetonitrile, at an elevated temperature,
      preferably at 70.degree. to 80.degree.C.
PAR  It may furthermore be expedient to carry out, in one of the above-mentioned
      polar solvents, the preliminary halogenation of the appropriate carbinol
      (V) and to follow directly, without intermediate isolation of the
      resulting halide, with the reaction according to the invention using a
      suitable triazole.
PAR  Working up is effected in any customary manner, for example by
      concentration, washing with water, and recrystallization The compounds can
      also be made to separate by addition of water.
PAR  The active compounds according to the invention interfere with the
      physiological phenomena of plant growth and can therefore be used as
      plant-growth regulators.
PAR  The different effects of an active compound depend essentially on the point
      in time of the application, with reference to the development stage of the
      seed or the plant, as well as on the concentration applied.
PAR  Plant-growth regulators are used for various purposes which are connected
      with the development stage of the plant.
PAR  Thus, with plant-growth regulators the seed dormancy can be broken in order
      to cause the seeds to germinate at a certain desired time at which the
      seed itself shows no readiness to germinate. The seed germination itself
      can either be inhibited or promoted by such active compounds, depending on
      the concentration applied. This inhibition or promotion relates to the
      seedling development.
PAR  The bud dormancy of the plants, that is to say the endogenic annual cycle,
      can be influenced by the active compounds, so that the plants, for
      example, shoot or blossom at a point in time at which they normally show
      no readiness to shoot or blossom.
PAR  The shoot or root growth can be promoted or inhibited by the active
      compounds in manner dependent on the concentration. Thus, it is possible
      to inhibit very strongly the growth of the fully formed plant, or to bring
      the plant as a whole to a more robust habitus or to produce a drawf
      growth.
PAR  A use of the active compounds which is of economic interest is the
      suppression of grass growth at roadsides and waysides. Further, the growth
      of lawns can be inhibited by growth regulators, so that the frequency of
      grass-cutting (of lawn-mowing) can be reduced.
PAR  During the growth of the plant, the branching to the side can be multiplied
      by a chemical breaking of the apical dominance. This can be utilized in,
      for example, the case of propagation of plants by cuttings. In a manner
      dependent on the concentration of the compounds it is also possible to
      inhibit the growth of side-shoots, for example in order to prevent, in
      tabacco plants, the formation of side-shoots after decapitation and thus
      to promote the leaf growth.
PAR  In the case of the influencing of blossom formation, there can be achieved,
      in a manner dependent on the concentration and the point in time of the
      application, either a retarding or an acceleration of blossom formation.
      Under certain circumstances, a multiplication of blossom initiation can
      also be obtained, these effects occurring when the appropriate treatments
      are carried out at the time of the normal blossom formation.
PAR  The influence of the active compounds on the foliage of the plants can be
      so regulated that a defoliation is achieved, for example in order to
      facilitate harvesting or to reduce transpiration at a time at which the
      plants are to be transplanted.
PAR  Fruit initiation can be promoted so that more, or seeldess, fruits are
      formed (parthenocarpy). Under certain conditions, the premature fall of
      fruit can also be prevented, or the fruit fall can be promoted to a
      certain extent in the sense of a chemical thinning out. The promotion of
      the fruit fall can, however, also be so exploited that the treatment is
      effected at the time of the harvest, thereby facilitating the harvesting.
PAR  The active compounds according to the present invention can be converted
      into the usual formulations, such as solutions, emulsions, suspensions,
      powders, pastes and granulates. These may be produced in known manner, for
      example by mixing the active compounds with extenders, that is, liquid or
      solid diluents or carriers, optionally with the use of surface-active
      agents, that is, emulsifying agents and/or dispersong agents. In the case
      of the use of water as an extender, organic solvents can, for example,
      also be used as auxiliary solvents.
PAR  As liquid diluents or carriers, there are preferably used aromatic
      hydrocarbons, such as xylenes or benzene, chlorinated aromatic
      hydrocarbons, such as chlorobenzenes, paraffins, such as mineral oil
      fractions, alcohols, such as methanol or butanol, or strongly polar
      solvents, such as dimethyl formamide or dimethyl sulfoxide, as well as
      water.
PAR  As solid diluents or carriers, there are preferably used ground natural
      minerals, such as kaolins, clays, talc or chalk, or ground synthetic
      minerals, such as highly-dispersed silicic acid or silicates.
PAR  Preferred examples of emulsifying agents include non-ionic and anionic
      emulsifiers, such as polyoxyethylene-fatty acid esters,
      polyoxyethylene-fatty alcohol ethers, for example alkylarylpolyglycol
      ethers, alkyl sulfonates and aryl sulfonates; and preferred examples of
      dispersing agents include lignin, sulfite waste liquors and methyl
      cellulose.
PAR  The formulations contain, in general, between 0.1 and 95, preferably
      between 0.5 and 90, per cent by weight of active compound.
PAR  The active compounds may be applied as such or in the form of their
      formulations or of the application forms prepared therefrom, such as
      ready-to-use solutions, emulsifiable concentrates, emulsions, suspensions,
      spray powders, pastes, soluble powders, dusting agents and granulates.
      Application takes place in any customary manner, for example by watering,
      squirting, spraying, scattering or dusting.
PAR  The concentrations of active compound for actual application can be varied
      within a fairly wide range. In general, concentrations of 0.005 to 2%,
      preferably from 0.01 to 0.5%, are used.
PAR  Furthermore, there are applied, in general, 0.1 to 100 kg, preferably 1 to
      10 kg, of active compound per hectare of soil area.
PAR  For the application time, it is usually valid to say that application is
      most favorable when a strong elongation growth has occurred, that is at
      the so-called "time of greatest shooting". In ligneous plants, application
      is preferred shortly before commencement of shooting. Thus, in contrast to
      the application of insecticides and fungicides, the application of the
      growth regulators is preferably effected in a given space of time, the
      precise delimitation of which is governed by the climatic and vegetative
      circumstances.
PAR  The present invention also provides a plant-growth-regulating composition
      containing as active ingredient a compound of the present invention in
      admixture with a solid diluent or carrier or in admixture with a liquid
      diluent or carrier containing a surface-active agent.
PAR  The present invention also provides a method of controlling the growth of
      plants which comprises applying to the plants or seeds thereof a compound
      of the present invention alone or in the form of a composition containing
      as active ingredient a compound of the present invention in admixture with
      a solid or liquid diluent or carrier.
PAR  Some of the compounds to be used according to the invention are also
      effective against plant-damaging fungi (for example against mildew
      species) and bacteria. An activity against mold fungi and yeasts has also
      been noted.
PAR  The activity of the compounds according to the invention can be seen from
      the following Examples, in which the following test compounds illustrative
      of the invention were employed:
TBL                                    TABLE                                   
     __________________________________________________________________________
     Compound                                                                  
     No.  Chemical Name   Structure                                            
     __________________________________________________________________________
     1    (4-fluoro-phenyl)-phenyl-                                            
          (5-methyl-isoxazol-3-yl)-                                            
          (1,2,4-triazol-1-yl)-                                                
          methane                                                              
     2    (4-chloro-phenyl)-phenyl-                                            
          (5-methyl-isoxazol-3-yl)-                                            
          (1,2,4-triazol-1-yl)-                                                
          methane                                                              
     3    (3-methyl-phenyl)-phenyl-                                            
          (1-methyl-imidazol-2-yl)-                                            
          (1,2,4-triazol-1-yl)-methane                                         
     4    bis-phenyl-(5-methyl-                                                
          isoxazol-3-yl)-(1,2,4-                                               
          triazol-1-yl)-methane                                                
     5    (4-fluoro-phenyl)-phenyl-                                            
          (5-methyl-isoxazol-3-yl)-                                            
          (1,2,4-triazol-1-yl)-                                                
          methane                                                              
     6    (4-chloro-phenyl)-phenyl-                                            
          (1-methyl-imidazol-2-yl)-                                            
          (1,2,4-triazol-1-yl)-methane                                         
     7    (4-tert.-butyl-phenyl)-phenyl                                        
          (1-methyl-imidazol-2-yl)-                                            
          (1,2,4-triazol-1-yl)-methane                                         
     8    (4-phenyl-phenyl)-phenyl                                             
          (1-methyl-imidazol-2-yl)-                                            
          (1,2,4-triazol-1-yl)-methane                                         
     __________________________________________________________________________
DETD
PAC  EXAMPLE A
PAC  Growth inhibition/linseed test
PAL  Solvent: 40 parts by weight acetone
PAL  Emulsifier: 0.25 parts by weight alkylaryl polyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      active compound was mixed with the stated amount of solvent which
      contained the stated amount of emulsifier, and the concentrate was diluted
      with a disodium hydrogen phosphate-potassium dihydrogen phosphate buffer
      solution (pH 6) to the desired concentration.
PAR  Batches of 25 linseeds were laid out on two filter papers in a Petri dish.
      10 ml. of the preparation of active compound were pipetted into each dish.
      Germination of the seeds took place in the dark at 25.degree.C.
PAR  After 3 days, the length of the roots was determined and the growth
      inhibition compared with the control plant was expressed as a percentage.
      100% denoted the standstill of growth, and 0% denoted a growth
      corresponding to that of the untreated plant.
PAR  The active compounds, the concentrations of the active compounds in ppm
      (=mg/kg) and results can be seen from the following Table.
TBL                TABLE A                                                     
     ______________________________________                                    
                         % inhibition with                                     
     Active compound       50 ppm   250 ppm                                    
     ______________________________________                                    
     water                 0         0                                         
     (control)                                                                 
     succinic acid 2,2-dimethylhydrazide                                       
                           12       15                                         
     (known)                                                                   
     (2-chloroethyl)-trimethyl-ammonium                                        
                           20       30                                         
     chloride (known)                                                          
     maleic acid hydrazide 36       50                                         
     (known)                                                                   
     Compound 1            85       100                                        
     Compound 2            55       85                                         
     Compound 3            85       100                                        
     ______________________________________                                    
PAC  EXAMPLE B
PAC  Growth inhibition/oat grains
PAL  Solvent: 40 parts by weight acetone
PAL  Emulsifier: 0.25 parts by weight alkylaryl polyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      active compound was mixed with the stated amount of solvent which
      contained the stated amount of emulsifier, and the concentrate was diluted
      with a disodium hydrogen phosphate-potassium dihydrogen phosphate buffer
      solution (pH 6) to the desired concentration.
PAR  Batches of 25 oat grains were laid out on two filter papers in a Petri
      dish. 10 ml. of the preparation of active compound were pipetted into each
      dish. Germination of the seeds took place in the dark at 25.degree.C.
PAR  After 3 days, the length of the shoot was determined and the growth
      inhibition compared with the control plant was expressed as a percentage.
      100% denoted the standstill of growth, and 0% denoted a growth
      corresponding to that of the untreated plant.
PAR  The active compounds, concentrations of the active compounds in ppm
      (=mg/kg) and the results can be seen from the following Table.
TBL                TABLE B                                                     
     ______________________________________                                    
     Growth inhibition / oat grains test                                       
                      % inhibition with                                        
     Active Compound    50 ppm   250 ppm                                       
     ______________________________________                                    
     water               0        0                                            
     (control)                                                                 
     succinic acid 2,2-dimethyl                                                
                        22       37                                            
     hydrazide (known)                                                         
     (2-chloroethyl)-trimethyl-                                                
                        22       31                                            
     ammonium chloride (known)                                                 
     maleic acid hydrazide                                                     
                        20       40                                            
     (known)                                                                   
     Compound 1         97       100                                           
     Compound 2         55       95                                            
     Compound 4         65       75                                            
     Compound 5         80       90                                            
     Compound 6         25       70                                            
     Compound 7         25       62                                            
     ______________________________________                                    
PAC  EXAMPLE C
PAC  Growth inhibition/apple seedlings
PAL  Solvent: 40 parts by weight acetone
PAL  Emulsifier: 0.25 parts by weight alkylaryl polyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      active compound was mixed with the stated amount of solvent which
      contained the stated amount of emulsifier, and the concentrate was diluted
      with a disodium hydrogen phosphate-potassium dihydrogen phosphate buffer
      solution (pH 6) to the desired concentration.
PAR  Apple seedlings were, at a height of about 2 cm, sprayed with a preparation
      which contained 500 ppm of active compound.
PAR  After 7 days, the percentage inhibition of the treated plants compared with
      the untreated control plant was determined. With 100% inhibition, no
      growth was present; with 0% inhibition, the growth corresponded to that of
      the control plant.
PAR  The active compounds, the concentrations of the active compounds in ppm
      (=mg/kg) and the results can be seen from the following Table.
TBL                TABLE C                                                     
     ______________________________________                                    
     Growth inhibition / apple seedlings test                                  
                           % inhibition with                                   
     Active compound       500 ppm                                             
     ______________________________________                                    
     water                  0                                                  
     (control)                                                                 
     succinic acid 2,2-dimethylhydrazide                                       
                           23                                                  
     (known)                                                                   
     (2-chloroethyl)-trimethyl-ammonium                                        
                           25                                                  
     chloride (known)                                                          
     Compound 1            50                                                  
     Compound 4            43                                                  
     Compound 5            57                                                  
     ______________________________________                                    
PAC  EXAMPLE D
PAC  Growth inhibition/tomato plants
PAL  Solvent: 40 parts by weight acetone
PAL  Emulsifier: 0.25 parts by weight alkylaryl polyglycol ether
PAR  To produce a suitable preparation of active compounds, 1 part by weight of
      active compound was mixed with the stated amount of solvent which
      contained the stated amount of emulsifier, and the concentrate was diluted
      with a disodium hydrogen phosphate-potassium dihydrogen phosphate buffer
      solution (pH 6) to the desired concentration.
PAR  Tomato plants of a height of 10 cm were sprayed with a preparation which
      contained 500 ppm of active compound.
PAR  After 8 days, the percentage inhibition of the treated plants compared with
      the untreated control plant was determined. With 100% inhibition, no
      growth was present; with 0% inhibition, the growth corresponded to that of
      the control plant.
PAR  The active compounds, concentration of active compound in ppm (=mg/kg) and
      the results can be seen from the following Table.
TBL                TABLE D                                                     
     ______________________________________                                    
     Growth inhibition / tomato plants test                                    
                           % inhibition with                                   
     Active compound       500 ppm                                             
     ______________________________________                                    
     water                  0                                                  
     (control)                                                                 
     succinic acid-2,2-dimethylhydrazide                                       
                           20                                                  
     (known)                                                                   
     (2-chloroethyl)-trimethyl-ammonium                                        
                           25                                                  
     chloride (known)                                                          
     maleic acid hydrazide 33                                                  
     (known)                                                                   
     Compound 1            81                                                  
     Compound 2            88                                                  
     Compound 4            80                                                  
     Compound 5            71                                                  
     Compound 3            60                                                  
     ______________________________________                                    
PAC  Example E
PAC  Growth inhibition/bean plants
PAL  Solvent: 40 parts by weight acetone
PAL  Emulsifier: 0.25 parts by weight alkylaryl polyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      active compound was mixed with the stated amount of solvent which
      contained the stated amount of emulsifier, and the concentrate was diluted
      with a disodium hydrogen phosphate-potassium dihydrogen phosphate buffer
      solution (pH 6) to the desired concentrations.
PAR  Beans (Phaseolus vulgaris) 10 cm high were sprayed with preparations which
      contained 500 ppm of active compound.
PAR  After 8 days, the length of the treated plants compared with the untreated
      control plant was determined.
PAR  The active compounds, concentrations of active compound in ppm (=mg/kg) and
      the results can be seen from the following Table.
TBL                TABLE E                                                     
     ______________________________________                                    
     Growth inhibition / beans                                                 
                       Length in cm with a                                     
                       concentration of                                        
                       active compound of                                      
     Active compounds  500 ppm                                                 
     ______________________________________                                    
     water             26                                                      
     (control)                                                                 
     maleic acid hydrazide                                                     
                       12                                                      
     (known)                                                                   
     Compound 1        10.5                                                    
     Compound 2        10.0                                                    
     Compound 5        10.0                                                    
     Compound 8        11.5                                                    
     ______________________________________                                    
PAR  The following Example illustrates the preparative process of the present
      invention.
PAC  EXAMPLE 1
PAC  Preparation of
      bis-phenyl-(3-methylisoxazol-5-yl)-(1,2,4-triazol-1-yl)-methane
      ##SPC9##
PAL  Preliminary product:
PAR  21 grams (0.08 mole) bis-phenyl-(3-methylisoxazol-5-yl)-carbinol were
      boiled in 250 ml methylene chloride with 10.1 grams (0.085 mole) thionyl
      chloride until the evolution of gas ceased. The solution was concentrated
      in a vacuum. Reaction:
PAR  The bis-phenyl-(3-methylisoxazol-5-yl)-chloromethane obtained above was
      without isolation, dissolved in 150 ml. acetonitrile, and the solution was
      added dropwise to a boiling solution of 16.6 grams (0.24 mole)
      1,2,4-triazole in 100 ml. acetonitrile. The mixture was boiled for 30
      minutes, concentrated, and ice water was added to the residue. 20.2 grams
      bis-phenyl-(3-methylisoxazol-5-yl)-1,2,4-triazol-1-yl)-methane of the
      melting point 167.degree.-169.degree.C. were obtained in the form of
      colorless crystals.
PAR  Yield: 79% of the theory (with reference to the carbinol used as
      preliminary product).
PAC  Starting material
PAR  The carbinol required as a starting material was obtained in the following
      manner:
PAR  From 31.4 grams (0.2 mole) bromobenzene and 4.86 grams (0.2 mole) magnesium
      turnings in 150 ml ether there was prepared a solution of phenylmagnesium
      bromide which was added dropwise at -5.degree.C to a solution of 18.7
      grams (0.1 mole) 5-benzoyl-3-methylisoxazole. Heating was effected slowly,
      followed by boiling under reflux for one hour and poured onto ice. After
      acidification with 25 ml hydrochloric acid, the ethereal phase was
      separated; washing with bicarbonate solution was effected, followed by
      drying and concentration. The residue was crystallized with
      ether/petroleum ether. 21 grams
      bis-phenyl-(3-methylisoxazol-5-yl)-carbinol of the melting point
      116.degree.-118.degree.C. were obtained.
PAR  Yield: 80% of the theory.
PAR  The following compounds were prepared in an analogous manner:
      ##SPC10##
TBL  Example                                                                   
     No.      X              B          m.p.(.degree.C)                        
     ______________________________________                                    
     2      4-F        5-methyl-isoxazol-3-yl                                  
                                         99-100                                
     3      4-Cl       1-methyl-imidazol-2-yl                                  
                                        142                                    
     4                 1-methyl-imidazol-2-yl                                  
                                        135                                    
     5      4-SCH.sub.3                                                        
                       3-methyl-isoxazol-5-yl                                  
                                        94-97                                  
     6      4-SCH.sub.3                                                        
                       5-methyl-isoxazol-3-yl                                  
                                        116-117                                
     7      4-Cl       5-methyl-isoxazol-3-yl                                  
                                        104-106                                
     8      4-F        3-methyl-isoxazol-5-yl                                  
                                        127-128                                
     9      4-C(CH.sub.3).sub.3                                                
                       1-methyl-imidazol-2-yl                                  
                                        130                                    
     10     3-CH.sub.3 1-methyl-imidazol-2-yl                                  
                                        120                                    
     ______________________________________                                    
PAR  It will be understood that the foregoing specification and examples are
      illustrative and not limitative of the present invention in that many
      other embodiments of the invention will suggest themselves to those
      skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. N-benzyltriazole compound of the formula
      ##SPC11##
      ##SPC12##
PAL  wherein
PA1  X is chlorine, alkyl with 1 to 4 carbon atoms or phenyl,
PA1  m is 0 or 1;
PAL  and salts thereof with plant-tolerated acids.
NUM  2.
PAR  2. Compound as claimed in claim 1 designated as
      (3-methyl-phenyl)-phenyl-(1-methyl-imidazol-2-yl)-(1,2,4-triazol-1-yl)-met
     hane.
NUM  3.
PAR  3. Compound as claimed in claim 1 designated as
      (4-chloro-phenyl)-phenyl-(1-methyl-imidazol-2-yl)-(1,2,4-triazol-1-yl)-met
     hane.
NUM  4.
PAR  4. Compound as claimed in claim 1 designated as
      (4-tert.-butyl-phenyl)-phenyl-(1-methyl-imidazol-2-yl)-(1,2,4-triazol-1-yl
     )-methane.
NUM  5.
PAR  5. Compound as claimed in claim 1 designated as
      (4-phenyl-phenyl)-phenyl-(1-methyl-imidazol-2-yl)-(1,2,4-triazol-1-yl)-met
     hane.
PATN
WKU  039418014
SRC  5
APN  5298644
APT  1
ART  121
APD  19741205
TTL  Process for preparing substituted nitroimidazoles
ISD  19760302
NCL  3
ECL  2
EXP  Trousof; Natalie
INVT
NAM  Salce; Ludwig
CTY  Brewster
STA  NY
INVT
NAM  Schoenewaldt; Erwin F.
CTY  Watchung
STA  NJ
ASSG
NAM  Merck & Co., Inc.
CTY  Rahway
STA  NJ
COD  02
RLAP
COD  71
APN  286638
APD  19720906
PSC  03
RLAP
COD  72
APN  40449
APD  19700525
PSC  03
CLAS
OCL  260309
XCL  204158R
XCL  260997
EDF  2
ICL  C07D23394
FSC  260
FSS  309
FSC  204
FSS  158 R
OREF
PAL  beringer et al. J. Org. Chem. 1967, Vol. 32, pp. 2630-2632.
PAL  Meerwein et al. Liebigs Ann. Chem. 1060, Vol. 632, pp. 38-55.
LREP
FR2  Thompson; Richard A.
FR2  Behan; J. Jerome
ABST
PAL  2-(P-Fluorophenyl)-1-alkyl or 1-(2'-hydroxyalkyl)-5-nitroimidazoles are
      prepared by reacting a dialkoxy-carbonium salt, or a 1,3-dioxolenium salt,
      respectively, with 2-(p-fluorophenyl)-1-alkoxymethyl-4-nitroimidazole. The
      compounds prepared are useful in the control of enterohepatitis in
      poultry, especially in turkeys.
PARN
PAC  RELATED CASES
PAR  This application is a continuation of U.S. Ser. No. 286,638, filed Sept. 6,
      1972, now abandoned, which in turn is a continuation-in-part of U.S. Ser.
      No. 40,449, filed May 25, 1970, now abandoned.
BSUM
PAR  This invention relates to new and novel processes for preparing
      2-(p-fluorophenyl)-1-alkyl-5-nitroimidazole and
      2-(p-fluorophenyl)-1-(2'-hydroxyethyl)-5-nitroimidazole. Both processes
      employ the same starting material,
      2-(p-fluorophenyl)-1-alkoxymethyl-4(5)-nitroimidazole:
      ##SPC1##
PAL  Wherein Y and W are each hydrogen, loweralkyl, phenyl, or benzyl; and R is
      loweralkyl, phenyl, benzyl, loweralkanoyl, benzoyl, or loweralkenyl.
      Preferably, the starting compound is one in which W and Y are both
      hydrogen, and R is loweralkyl. More preferably, R is methyl. The most
      preferred starting material of this invention is
      1-methoxymethyl-2-(p-fluorophenyl)4(5)-nitroimidazole.
PAR  The compounds (I) described above are claimed in co-pending application,
      U.S. Ser. No. 40,447, filed May 25, 1970 assigned to the same assignee.
      These compounds can be prepared using the following process; this process
      also being claimed and disclosed in the co-pending application:
      ##SPC2##
PAL  Wherein X is halo, and can be bromo, fluoro, chloro, or iodo, and is
      preferably chloro. The other substitutents listed in the above equation
      are the same as above. Preferably, R is loweralkyl, and W and Y are
      hydrogen.
PAR  The starting material in this reaction is
      (p-fluorophenyl)-4(5)-nitroimidazole. This compound is generally known and
      described in the art. The reactant compound is a halomethyl ether or a
      halomethyl ester. The term "halogen" is used to mean chloro, bromo,
      fluoro, or iodo. Although halomethyl esters can be used in the above
      reaction, for instance, where R is loweralkanoyl or benzoyl, the preferred
      choice of reagent is a halomethyl ether when R is loweralkyl, phenyl,
      benzyl, or loweralkenyl. The most preferable halomethyl ether can be
      described as ROCH.sub.2 X wherein R is a loweralkyl group having 1-6
      carbon atoms and X is a halogen which can be chloro, bromo, fluoro, or
      iodo, and is preferably chloro.
PAR  The 4(5)-nitroimidazole can be reacted with the chosen halomethyl ether
      with or without a solvent. If a solvent is used, one that is inert toward
      the reactant is preferably employed. Suitable solvents include benzene,
      dimethoxyethane, tetrahydrofuran, dioxane, methylene chloride, ether,
      ethyl acetate, hexane, or toluene. If the solvent is not employed, a
      sufficient excess of the halomethyl ether is used as the reaction medium.
      The two reactants in the optional solvent are mixed and then refluxed or
      heated to initiate the reaction. The preferred temperature is between
      80.degree.-110.degree.C.
PAR  The reaction can also take place with or without an added base. The base is
      preferably one such as sodium methoxide, triethylamine, pyridine, or the
      like. If a base is used, it is employed in at least an equivalent amount,
      up to about 3 molar excess, based on the amount of halomethyl ether
      employed.
PAR  The reactants are mixed and allowed to react for a time which can vary
      between 15 minutes to 24 hours. The exact duration of the reaction is not
      critical, and it is preferred to continue the reaction until the product
      concentration reaches a maximum. The point at which the optimum product
      level is reached depends on the particular parameters of each experiment
      and can easily be determined by monitoring the example reaction.
PAR  The reaction is usually run at atmospheric pressure, although lower or
      higher pressures can be used if desirable for the particular reaction
      conditions.
PAR  The nitroimidazole and the halomethyl ether are usually employed in
      proportions so that the halomethyl ether is present in excess, generally
      from 11/2 to 5 excess for maximum yield.
PAR  The above discussion discloses the preparation of the starting materials
      for this invention. It is, however, an object of this invention to use
      these starting materials in further processes to yield useful
      nitroimidazoles. These further processes constitute the inventive
      contribution of this disclosure.
PAR  The first process (Process A) of this invention yields as its product:
      ##SPC3##
PAL  Preferably, the alkyl group is a loweralkyl group, having 1-6 carbon atoms.
      More preferably, the 1-methyl-2-(p-fluorophenyl)-5-nitroimidazole is the
      final product.
PAR  The reagent used to prepare the above nitroimidazole II is a
      dialkoxy-carbonium fluoroborate, or a dialkoxy-carbonium hexachloro (or
      fluoro) antimonate, which can be represented by the following formula:
      ##EQU1##
      wherein R is loweralkyl having 1-6 carbon atoms, preferably methyl,
      X.sup.- is BF.sub.4, SbCl.sub.6.sup.-, or SbF.sub.6.sup.-, and Q is either
      II or OR, R having the same meaning as above, but Q is preferably II.
PAR  In addition to the dialkoxy-carbonium and trialkoxy-carbonium salts
      described above, other similar reagents can be used in this process. For
      instance, trimethyl- or triethyl-oxonium fluoroborate, (Organic Syntheses,
      Vol. 46, p. 120-121 and 113-115, respectively); or trimethyloxonium
      2,4,6-trinitrobenzene sulfonate, (Organic Syntheses, Vol. 46, p. 122-126)
      can be prepared following the reference procedures. These reagents can
      then be employed in the instant inventive process.
PAR  The second process (Process B) of this invention yields as its product:
      ##SPC4##
PAL  This product is 1-(2'-hydroxyethyl)-2-(p-fluorophenyl)-5-nitroimidazole.
PAR  The reagent used in Process B is a 1,3-dioxolenium salt of the formula:
      ##EQU2##
      wherein X.sup.- is BF.sub.4 or SbCl.sub.6.sup.-, or SbF.sub.6.sup.-, and
      alkyl has 1-6 carbon atoms.
PAR  The preparation and description of both reagents used in the processes of
      this invention is in Liebigs. Ann., Vol. 632, pp. 38-55 (1960). The salts
      can be prepared following the general instructions, isolated, and then
      added to the starting material I. The salts can also be prepared in situ.
PAR  The preparation of the dialkoxy-carbonium salts can be generally described
      as follows: approximately 3 moles of a trialkyl orthoformate and 4 moles
      of boron trifluoride etherate, 6 moles of antimony pentachloride or 6
      moles of antimony pentafluoride are mixed to yield approximately 3 moles
      of the dialkoxy-carbonium salt. After aging, (4-12 hours if the salt is to
      be isolated, under 1 hour if the salt is to be used in situ), the product
      can either be crystallized by gradual cooling at low temperature or used
      in further reactions. Preferably trimethyl orthoformate and BF.sub.3 in a
      diethylether solution is used.
PAR  The 1,3-dioxolenium salts can be prepared by mixing boron trifuloride,
      antimony pentachloride, or antimony pentafluoride with
      2-alkoxy-2-alkyl-1,3-dioxolane or 1-acetoxy-2-alkoxyethane, the alkoxy
      group in both cases having 1-6 carbon atoms, and preferably being ethoxy.
      The alkyl group also has 1-6 carbon atoms and preferably is methyl or
      ethyl. The molar ratio of the inorganic salt to the organic compound is
      approximately 4-6:3. The 1,3-dioxolenium salts are prepared by mixing the
      reagents and aging and isolating or using in situ in the further reaction.
PAR  The reaction conditions for both Process A and Process B of this invention
      are as follows. Both processes employ a solvent in the reaction. The
      solvent is preferably a solvent for all the reactants and products and
      does not participate in undesirable side reactions. Any solvent which may
      be used in these processes which does not have any protons bonded on
      oxygen or nitrogen, which would be susceptible to alkylation or
      hydroxyalkylation by the reagents employed. Suitable solvents include
      1,2-dimethoxyethane, 1,2-dichloroethane, dioxane, methylene chloride,
      ethyl acetate, methyl formate, or 1,2-diacetoxy ethane.
PAR  The reactants are generally combined such that for each mole of imidazole
      employed, from 1 to 5 moles of the alkylation of hydroxyalkylation reagent
      is used. The reactants are initially combined in the chosen solvent at a
      temperature of from -10.degree. to 30.degree.C. and the reaction is raised
      to from about 30.degree.C to the reflux temperature of the reaction
      mixture. The reaction mixture is maintained in this temperature range for
      from 15 minutes to 24 hours, with higher temperatures requiring shorter
      reaction times. During this period a solid precipitate generally forms,
      this solid being a quaternary intermediate compound. The exact structure
      of this intermediate quaternary compound depends on which Process, A or B,
      was used. However, Intermediates A and B can be treated by any of three
      different techniques, yielding in each case the same end product. The end
      product is the 1-alkyl-2-(p-fluorophenyl)-5-nitroimidazole in the case of
      Process A and 1-(2'-acyloxyethyl)-2-(p-fluorophenyl)-5-nitroimidazole in
      the case of Process B. The acyl moiety of the latter compound can be
      easily removed by hydrolysis to yield the final product,
      1-(2'-hydroxyethyl)-2-(p-fluorophenyl)-5-nitroimidazole.
PAR  The three different treatments of the intermediate quaternary compounds
      are: (1) treatment with a nucleophile. A nucleophile as used in this
      specification and claims is defined as a polar reagent which provides a
      pair of unbonded electrons for the new bond at the 1-position of the
      product compound during a nucleophilic displacement reaction. Suitable
      nucleophiles include potassium iodide, potassium thiocyanate, hydrogen
      bromide, potassium cyanide, triethylamine, pyridine, or the like.
PAR  The nucleophilic displacement reaction between the quaternary salt and the
      nucleophiles takes place in a solvent at a temperature of from
      20.degree.C. to the reflux temperature of the reaction medium. The solvent
      may be any of the solvents employed in the preparation of the quaternary
      intermediate and in addition may include solvents previously excluded.
      Since the nucleophilic displacement reaction does not attack solvents with
      protons on oxygen or nitrogen the previous exclusion of those solvents is
      no longer necessary. Solvents as water, lower alkanols, or amines may be
      employed. It is preferred to employ a polar solvent for this step as the
      quaternary intermediates will be more soluble therein however this is only
      a matter of convenience as reaction will occur in a solvent in which the
      quaternary intermediate is sparingly soluble, although the reaction will
      proceed at a slower rate. The nucleophile reacts with the quaternary
      intermediates in a 1:1 molar ratio, however, it is convenient to employ
      the nucleophile in an excess as this renders the reaction somewhat more
      facile. Where a solvent is employed up to a 10 molar excess is generally
      sufficient. However, often it is convenient to employ the nucleophile
      itself as the solvent as in the cases of triethylamine, or pyridine. In
      such cases the excess moles are not calculated and generally sufficient
      nucleophile is employed as will make the reaction mixture mobile. The
      amount of nucleophile to be employed in any particular case may be readily
      determined by one skilled in this art. The product initially obtained from
      the reaction mixture is the acyl derivative of a desired 2-hydroxyethyl
      compound. The acyl group is readily removed with acid or basic hydrolysis.
      Under conditions in which hydronium ions are also present in the reaction
      system, e.g., when HBr is used., the system also acts as a hydrolyzing
      medium and the 1-(2'-hydroxyethyl)-2-(p-fluorophenyl)-5-nitro-imidazole is
      produced directly from its respective acyl derivative.
PAR  The second treatment of the quaternary salt is a photolysis reaction using
      UV light irradiation of the quaternary salt in which said quaternary salt
      is in a quartz vessel. Where a suspending agent or a solvent is employed,
      it can be any of the usual UV transparent media, such as acetone, hexane,
      methanol, trifluoroacetic acid or the like. Additional UV transparent
      media will be readily ascertained by one skilled in this art. It has also
      been found that the irradiation does not need a solvent or suspending
      agent at all. The solid quaternary intermediate can be placed in an area
      of UV irradiation and agitated or spread on a thin film or by other
      techniques may be successfully irradiated. There are no temperature
      requirements for the irradiation as the reaction caused by the high energy
      irradiation is not dependent on the temperature of the reaction mixture.
      As the duration of the reaction may vary greatly depending upon the source
      of the irradiation the completion of the reaction is usually determined
      analytically by examining aliquot portions of the reaction mixture by gas
      or thin layer chromatography.
PAR  The third treatment of the quaternary is pyrolysis by heating the
      quaternary either alone, in a high boiling solvent, or suspending agent or
      in a lower boiling solvent or suspending agent under pressure, at a
      temperature of from 100.degree.-300.degree.C. The reaction is generally
      complete in from 1/2 to 5 hours. The solvent is not a necessary
      requirement of this reaction. All that is necessary is that the quaternary
      intermediate be brought to the desired temperature range, irrespective as
      to whether the quaternary is in solution, suspension or alone. Where a
      solvent is desired for convenience there may be employed xylene, diglyme,
      or p-cymene.
PAR  The preferred treatment of all of the three above is the reaction with the
      nucleophile from the standpoint of both ease of application and yield of
      product. The preferred nucleophile treatment is with HBr, pyridine, or
      triethylamine.
PAR  The compounds prepared in the processes of this invention are useful in the
      control of trichomoniasis, amebiasis, or turkey enterohepatitis. For the
      latter purpose they may be administered to turkeys mixed with an element
      of turkey sustenance, e.g., feed or drinking water. Good control of
      enterohepatitis is obtained when 1-methyl or
      1-(2'-hydroxyethyl)-2-(p-fluorophenyl)-5-nitroimidazole is incorporated in
      a turkey feed ration at a level from about 0.003% to about 0.1% by weight
      and preferably from about 0.006% to 0.05% by weight of the feed. The
      optimum concentration will depend to a large extent on the age of the
      bird, severity of the infection, and the particular compound employed.
      With the above feed levels, good control of the disease is obtained with
      no or minimal side effects or growth retardation of the turkeys.
DETD
PAR  The following examples illustrate the invention:
PAC  EXAMPLE 1
PAC  1-Methoxymethyl-2-(p-fluorophenyl)-4-nitroimidazole
PAR  To a stirred suspension of 2-(p-fluorophenyl)-4(5)-nitroimidazole (24.86
      g., 0.120 mole) in 248 ml. of toluene is rapidly added 12.2 g (16.8 ml.,
      0.120 mole) of triethylamine. After stirring at 25.degree. for 15 minutes,
      10.2 g. (9.75 ml., 0.12 mole) of chloromethyl methyl ether is added
      dropwise over a 25 minute period maintaining the temperature between
      25.degree.-30.degree.C.
PAR  The reaction mixture is then stirred for 3 hours. An additional 6.09 g.
      (8.4 ml., 0.060 mole) of triethylamine is added over a 1 minute period. A
      one degree temperature rise is noted. After stirring for 15 minutes, 5.1
      g. (4.9 ml., 0.060 mole) of chloromethyl methyl ether is added dropwise
      over 15 minutes. A temperature rise of 4.degree. is noted. The mixture is
      stirred for 1 hour at room temperature.
PAR  The reaction is then refluxed for one hour to improve the yield of the
      reaction. The reaction mixture is then diluted with 200 ml. of methylene
      chloride and washed with 2.5N HCL, 7.5 N NH.sub.4 OH and 100 ml. of
      H.sub.2 O. Drying over Na.sub.2 SO.sub.4 is followed by concentration to
      approximately 50 ml. Then 200 ml. of n-hexane is slowly added to the
      stirred reaction sludge and the mixture aged for 15 minutes. The
      precipitate is filtered, washed with 40 ml. of n-hexane and dried to
      afford 29.5 g. (0.117 mole, 97.4%) of
      1-methoxymethyl-2-(p-fluorophenyl)-4-nitroimidazole as a tan powder: m.p.
      113.degree.-115.degree.C.; .lambda.max (0.1NHCl in CH.sub.3 OH): 305 nm
      (A% 276), 230 (520). Anal. for C.sub.11 H.sub.10 FN.sub.3 O.sub.3.
PAR  Calcd: C, 52.59; H, 4.01; N, 16.73; Eq. Wt. 251.2. Found: C, 52.63; H,
      4.19; N, 16.95; Eq. Wt. 250.7.
PAC  EXAMPLE 2
PAC  2-Methyl-1,3-dioxolenium fluoroborate
PAR  A solution of triethyl orthoacetate (43.3 g., 2.67 moles), ethylene glycol
      (.65 g., 2.67 moles) and concentrated sulfuric acid (0.34 g.) is heated in
      an apparatus equipped for distillation and 214 g. (4.65 moles) of ethanol
      (bp 76-79.degree./1 atm. pot temp 86.degree.-100.degree.C.) is collected.
      The reaction solution is cooled to 40.degree.C. and 8.6 g. of potassium
      carbonate is added. Reinitiation of the distillation afforded a second
      fraction of 57.3 g. (bp 78.degree.-144.degree.C., pot temp
      102.degree.-147.degree.C.) consisting of 70% of ethanol and 30% of III.
      The third fraction (bp 144.degree.-145.degree.C., pot temp
      (148.degree.-180.degree.C.) yielded 268 g. (2.02 mole, 76%) of
      2-ethoxy-2-methyl-1,3-dioxolane as a colorless liquid which was 99+% pure
      by vpc.
PAR  To a vigorously stirred solution of 14.5 g. (0.110 mole) of
      2-ethoxy-2-methyl-1,3-dioxolane in 27.5 ml. of dry methylene chloride (KF
      0.02 mg/ml) at 5.degree.C under a nitrogen atmosphere is added dropwise
      20.8 g. (0.146 mole) of freshly distilled boron trifluoride etherate over
      a 30 minute period. The reaction temperature is maintained between
      5.degree.-10.degree. C. The reaction mixture is stirred for an additional
      hour at 5.degree.-10.degree.C.).
PAR  The dioxolenium fluoroborate can be isolated at this point of filtration
      and washing with 3 .times. 15 ml. of methylene chloride. These operations
      are conducted under a nitrogen atmosphere. The product is dried at
      25.degree.C./vac and affords 17.4 g. (0.100 mole, 90%) of
      2-methyl-1,3-dioxolenium fluoroborate as a white powder.
PAR  Using a similar process, the 2-ethyl-1,3-dioxolenium hexachloroantimonate
      salt, 2-propyl-1,3-dioxolenium hexafluoro antimonate salt,
      2-methyl-1,3-dioxolenium hexafluoro antimonate salt, and the
      2-methyl-1,3-dioxolenium hexachloro antimonate salt can be prepared using
      2-ethoxy-2-ethyl-1,3-dioxolane with BF.sub.3,
      2-ethoxy-2-n-propyl-1,3-dioxolane with SbCl.sub.5,
      2-ethoxy-2-methyl-1,3-dioxolane with SbF.sub.5, and
      2-ethoxy-2-methyl-1,3-dioxolane with SbCl.sub.5, respectively.
PAR  When it is not desired to isolate the fluoroborate reagent, the mother
      liquor is removed with the aid of a filter stick and then the salt is
      washed with dry methylene chloride, with 15 minute stirring periods during
      each wash. Methylene chloride (55 ml.) is then added in preparation for
      the next step of the process.
PAC  EXAMPLE 3
PAC  1-(2'-Hydroxyethyl)-2-(p-fluorophenyl)-5-nitroimidazole
PAR  To the slurry of the dioxolenium salt from Example 2 is added a solution of
      1-methoxymethyl-2-(p-fluorophenyl)-4-nitroimidazole, 12.56 g. in 65 ml. of
      dry methylene chloride. The resulting mixture is refluxed for 16 hours
      with vigorous agitation. A precipitate forms during reflux, resulting in a
      sludge. To this sludge is added 50 ml. of 2N HBr; the methylene chloride
      is distilled off. The resulting solution is refluxed for 31/2 hours,
      cooled to 0.degree.C. and adjusted to pH 10 with 61 ml. of 5N NaOH,
      maintaining vigorous stirring and a temperature of 0.degree.-10.degree.C.
      during the pH adjustment. After aging for 1 hour at 10.degree.C.,) the
      precipitated crude product is filtered off, washed with H.sub.2 O and
      dried at 64.degree.C./vac.
PAR  The crude product (15.0 g. of methanol-insoluble inorganic salts are
      removed at this point) and the filter cake are washed with 10 ml. of hot
      methanol. To the combined hot filtrates is added 12 ml. of concentrated
      NH.sub.4 OH followed by the slow addition of 50 ml. of water maintaining a
      temperature of 60.degree.C., cooling overnight, filtration of the
      crystalline solid, washing with water, and drying at 64.degree.C/vac.,
      yielded 9.9 g. (0.035 mole, 79.2%) of the product,
      1-(2'-hydroxyethyl)-2-(p-fluorophenyl)-5-nitroimidazole, as yellow
      needles, m.p. 164.5.degree.-166.5.degree.C.
PAR  The product 1-(2'-hydroxyethyl-2-(p-fluorophenyl)-5-nitroimidazole is also
      prepared in good yield when other previously prepared 1,3-dioxolenium
      salts are used. For instance, when 2-n-propyl-1,3-dioxolenium hexachloro
      antimonate, 2-ethyl-1,3-dioxolenium fluoroborate, or
      2-methyl-1,3-dioxolenium hexafluoro antimonate salts are used in the above
      procedure, the desired product is prepared.
PAR  The above procedure describes the use of a nucleophile, HBr, to yield the
      final desired product from the quaternary intermediate compound. The other
      procedures are as follows:
PAR  To the sludge formed after the first step of this reaction is added 50 ml.
      of a 10% solution of KI in acetone, and the reaction process continued as
      described. The product,
      1-(2'-acetoxyethyl)-2-(p-fluorophenyl)-5-nitroimidazole is isolated and
      identified in good yield. This product can be hydrolyzed in 99+% yield to
      the desired 1-(2'-hydroxyethyl)-2-(p-fluorophenyl)-5-nitroimidazole.
PAR  100 Ml. of pyridine can also be added to the sludge. After refluxing for
      two hours, the product
      1-(2'-acetoxyethyl)-2-(p-fluorophenyl)-5-nitroimidazole is isolated.
PAR  The sludge can also be suspended in a solvent having a high boiling point
      and heated. For instance, 1 gm. of the crude material prepared in the
      first step of this example is dissolved in actone and passed through a gas
      chromatograph at 250.degree.C. A peak is noted which has the same
      retention time as the
      1-(2'-acetoxyethyl)-2-(p-fluorophenyl)-5-nitroimidazole. The material can
      be collected after pyrolysis and identified. After hydrolysis, the
      product, 1-(2'-hydroxyethyl)-2-(p-fluorophenyl)-5-nitroimidazole is
      recovered in good yield.
PAR  The quaternary material can also be dissolved in a solvent such as methanol
      and treated with UV irradiation, using a Hanovia UV lamp treatment for
      one-half hour. After treatment, the material is recrystallized and found
      to yield the 1-(2'-acetoxyethyl)-2-(p-fluorophenyl)-5-nitroimidazole in
      good quantities.
PAC  EXAMPLE 4
PAC  1-Methyl-2-(p-fluorophenyl)-5-nitroimidazole
PAR  1-Methoxymethyl-2-(p-fluorophenyl)-4-nitroimidazole (6.28 g.) is placed
      into a 100 ml. 3-neck round bottom flask equipped with a stirrer,
      thermometer, addition funnel, and a gas inlet and outlet tube. Then 15 ml.
      of methyl formate and 10.9 ml. of trimethyl orthoformate is added. The
      flask is flushed with nitrogen and the contents were cooled, with
      stirring, to 0.degree.-5.degree.C. Then 12.6 ml. of boron trifluoride
      ethereate is added to the addition funnel. The BF.sub.3 etherate is added
      dropwise to the reaction mixture while maintaining the temperature below
      5.degree.C. After the addition was complete (within 15 minutes), the clear
      solution was aged at 0.degree.-5.degree.C. for 10 minutes. The ice bath is
      then removed and the solution stirred at room temperature under a nitrogen
      atmosphere. After 1 hour, a solid precipitates. This mixture is stirred at
      room temperature for 18 hours. Then 25 ml. of methyl formate was added and
      the mixture stirred in an ice bath for 15 minutes. The product is
      collected by filtration, washed with methyl formate and dried at
      60.degree.C. A crude yield of 7.12 g. of
      1-methoxymethyl-2-(p-fluorophenyl)-3-methyl-4-nitroimidazolium
      fluoroborate, the quaternary intermediate compound, melting at 164.degree.
      -166.degree.C., is obtained.
PAR  One g. of the above imidazolium fluoroborate is dissolved in acetone. The
      solution is injected into a gas chromatograph at 250.degree.C. The
      recovered fraction is identified as
      1-methyl-2-(p-fluorophenyl)-5-nitroimidazole, m.p.
      166.degree.-168.degree.C.
PAR  The above discussion involves the use of the reagent, dimethoxy-carbonium
      fluoroborate prepared in situ. The reagent dimethoxy-carbonium hexachloro
      antimonate can also be used to prepare the
      1-methyl-2-(p-fluorophenyl)-5-nitroimidazole product.
PAR  The quaternary intermediate compound can also be refluxed with 2 N HBr, 2 N
      KI, 2N KSCN, or pyridine following the general procedure described in
      Example 3 to yield the final product,
      1-methyl-2-(p-fluorophenyl)-5-nitroimidazole.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing
      1-(2'-hydroxyethyl)-2-(p-fluorophenyl)-5-nitroimidazole by reacting in a
      solvent selected from the group consisting of 1,2-dimethoxyethane,
      1,2-dichloroethane, dioxane, methylene chloride, ethyl acetate, methyl
      formate or 1,2-diacetoxyethane at a temperature of from -10.degree.C. to
      the reflux temperature of said solvent for from 15 minutes to 24 hours,
      each molar equivalent of a compound of the formula
      ##SPC5##
PAL  with from 1 to 5 molar equivalents of a compound of the formula:
      ##EQU3##
      wherein X.sup.- is BF.sub.4.sup.-, SbCl.sub.6.sup.-, or SbF.sub.6.sup.-,
      and R is alkyl of 1-6 carbon atoms thereby forming a quaternary first
      intermediate; treating said quaternary first intermediate with ultraviolet
      irradiation thereby giving a second intermediate of the formula:
      ##SPC6##
PAL  where R is as previously defined; and hydrolyzing the second intermediate.
NUM  2.
PAR  2. A process for preparing
      1-(2'-hydroxyethyl)-2-(p-fluorophenyl)-5-nitroimidazole by reacting in a
      solvent selected from the group consisting of 1,2-dimethoxyethane,
      1,2-dichloroethane, dioxane, methylene chloride, ethyl acetate, methyl
      formate of 1,2-diacetoxyethane at a temperature of -10.degree.C. to the
      reflux temperature of said solvent for from 15 minutes to 24 hours, each
      molar equivalent of a compound of the formula:
      ##SPC7##
PAL  with from 1 to 5 molar equivalents of a compound of the formula:
      ##EQU4##
      wherein X.sup.- is BF.sub.4.sup.-, SbCl.sub.6.sup.-, and R is alkyl of 1-6
      carbon atoms, thereby forming a quaternary first intermediate; heating
      said quaternary first intermediate at a temperature of from 100.degree.C.
      to 300.degree.C. for from 1/2 to 5 hours thereby forming a second
      intermediate of the formula:
      ##SPC8##
PAL  where R is as previously defined; and hydrolyzing the second intermediate.
NUM  3.
PAR  3. A process of preparing
      1-(2'-hydroxyethyl)-2-(p-fluorophenyl)-5-nitroimidazole by reacting in a
      solvent selected from the group consisting of 1,2-dimethoxyethane,
      1,2-dichloroethane, dioxane, methylene chloride, ethyl acetate, methyl
      formate or 1,2-diacetoxyethane at a temperature of from -10.degree.C. to
      the reflux temperature of said solvent for from 15 minutes to 24 hours a
      1-loweralkoxymethyl-2-(p-fluorophenyl)-4-nitroimidazole with a
      1,3-dioxolenium salt of the formula:
      ##EQU5##
      thereby forming a quaternary intermediate wherein: X.sup.- is
      BF.sub.4.sup.-, SbCl.sub.6.sup.- or SbF.sub.6.sup.- and R represents an
      alkyl group of 1-6 carbon atoms; treating said quaternary intermediate
      with a polar nucleophile selected from the group consisting of potassium
      iodide, hydrogen bromide, potassium thiocyanate, potassium cyanide,
      triethylamine or pyridine; thereby forming a second intermediate:
      ##SPC9##
PAL  wherein R is as previously defined; and hydrolyzing the second
      intermediate.
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ABST
PAL  Compounds of the formulae IV and V:
      ##SPC1##
PAL  wherein R.sub.o and R.sub.1 are hydrogen or alkyl of 1 to 3 carbon atoms,
      inclusive; wherein R.sub.2 is hydrogen, fluoro, chloro, or
      trifluoromethyl; wherein R.sub.3 is hydrogen or fluoro with the proviso
      that R.sub.3 cannot be fluoro, if R.sub.2 is chloro or trifluoromethyl;
      and wherein R.sub.4 is hydrogen, fluoro, chloro, bromo, trifluoromethyl,
      or nitro, are obtained by a multi-step reaction from the corresponding
      .alpha.-(phenyl)-o-toluidine of the formula I
      ##SPC2##
PAL  wherein R.sub.2, R.sub.3, and R.sub.4 are defined as above, by treating I
      in sequence with an alkyl ester of orthoformic acid the resulting product
      with 2-alkyl-2-(aminoalkyl)-1,3-dioxolane or a 2-amino-alkanone dialkyl
      ketal and finally with titanium tetrachloride to obtain compound IV, and
      oxidizing compound IV to obtain the corresponding compound V.
PAL  Compounds IV and V have minor tranquilizing activity which can be utilized
      to calm mammals or birds. Their more important use, however, is as
      intermediates in the production of the strongly sedating and tranquilizing
      imidazolobenzodiazepines.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is directed to new organic compounds and more specifically
      to 1-(.alpha.-phenyl-0-tolyl)imidazoles and 2-(imidazol-1-yl)benzophenones
      and a process of the production therefor.
PAR  The new compounds and the process therefor is illustratively represented as
      follows:
      ##SPC3##
PAL  Wherein R.sub.0 and R.sub.1 are hydrogen or alkyl of 1 to 3 carbon atoms,
      inclusive; wherein R.sub.2 is hydrogen, fluoro, chloro, or
      trifluoromethyl; wherein R.sub.3 is hydrogen or fluoro with the proviso
      that R.sub.3 is not fluoro if R.sub.2 is chloro or trifluoromethyl;
      wherein R.sub.4 is hydrogen, fluoro, chloro, bromo, trifluoromethyl, or
      nitro; and wherein R.sub.5 is alkyl as defined above.
PAR  The process of this invention comprises: heating a compound of formula I
      with a trialkyl orthoformate wherein the alkyl group has from 1 to 3
      carbon atoms, inclusive, with or without an inert organic solvent to
      obtain compound II; heating compound II in an inert organic solvent with
      an amino acetal or ketal VI
      ##SPC4##
PAL  wherein R.sub.0 and R.sub.1 are defined as above to obtain compound III;
      treating at 0.degree. to 20.degree.C. compound III with titanium
      tetrachloride in an inert organic solvent and heating subsequently the
      mixture to reflux to obtain compound IV; oxidizing compound IV to obtain
      compound V.
PAR  Alternatively, compound II can be heated between 25.degree. to 78.degree.
      C. in a lower alkanol (1 to 3 carbon atoms) with an aminoaldehyde diacetal
      or aminoketone diketal of the formula VII:
      ##EQU1##
      wherein R.sub.0 and R.sub.1 are defined as above and R.sub.6 is methyl or
      ethyl to give the compound IIIA:
      ##SPC5##
PAL  wherein R.sub.0, R.sub.1, R.sub.2, R.sub.3, R.sub.4, and R.sub.6 are
      defined as above. Compound IIIA is cyclized in the same manner as compound
      III with titanium tetrachloride.
PAR  2. Description of the Preferred Embodiment
PAR  Lower alkyl groups of 1 to 3 carbon atoms, inclusive, are exemplified by
      methyl, ethyl, propyl, and isopropyl.
PAR  The more preferred compounds of this invention are of the formulae IVA and
      VA:
      ##SPC6##
PAL  wherein R'.sub.0 and R'.sub.1 are hydrogen, methyl, or ethyl; wherein
      R'.sub.2 is hydrogen, chloro, or fluoro; wherein R'.sub.3 is hydrogen or
      fluoro with the proviso that R'.sub.3 is not fluoro, if R'.sub.2 is
      chloro; and wherein R'.sub.4 is hydrogen, fluoro, chloro, or
      trifluoromethyl.
PAR  The most preferred compounds of this invention are of the formula IVB and
      VB:
      ##SPC7##
PAL  wherein R".sub.1 is hydrogen or methyl; wherein R".sub.2 is hydrogen or
      chloro; wherein R".sub.4 is hydrogen, chloro, or fluoro.
PAR  As tranquilizing agents, compounds of formulae IV or V can be used in unit
      dosage forms of 1 to 15 mg. per kg. and preferably in dosages of 1 to 10
      mg./kg. In larger mammals, above 10 kg., the lower range of dosage is
      preferred.
PAR  As intermediates the compounds of formula V are first treated with
      formaldehyde in formalin to produce a
      2-[(2-hydroxymethyl)imidazol-1-yl]benzophenone of the formula
      ##SPC8##
PAL  wherein R.sub.0, R.sub.1, R.sub.2, R.sub.3, and R.sub.4 are defined as
      hereinbefore. Compound VIII is then treated e.g. with thionyl chloride to
      give the chloride of the alcohol VIII, and this compound is cyclized with
      ammonia to give the known end products
      4H-imidazo[1,2-a][1,4]benzodiazepines [Belgium Patent No. 787,251], which
      are important sedatives, hypnotics and tranquilizers.
PAR  The starting compounds of formula I of this invention are synthesized as
      shown in the Preparations.
PAR  The process of this invention comprises: heating a compound of formula I
      with an excess of a trialkyl orthoformate: In the preferred embodiment of
      this invention the solution of compound I in the orthoformate acid ester
      is refluxed for 5 to 24 hours. Trimethyl or triethyl orthoformate is
      preferred, but higher trialkyl orthoformates can be used. The refluxing is
      continued until most of the alcohol i.e. methanol or respectively ethanol
      is distilled. The resulting oil is the compound II which is used without
      further purification.
PAR  Compound II is dissolved in an inert organic solvent e.g. ethanol,
      methanol, propanol, and the solution is treated with an excess of
      2-alkyl-2-(1-aminoalkyl)-1,3-dioxolane VI. The mixture is refluxed during
      1/2 to 3 hours. Thereafter all volatile liquids are removed preferably by
      vacuum distillation, and the residue is purified by conventional means,
      such as washing with organic solvents, filtration, crystallization or the
      like to give the purified product of formula III.
PAR  Instead of using an amino compound of formula VI an aminoacetal or
      aminoketal of formula VII can be used. The reaction is usually carried out
      by reacting a solution of compound II in methanol or ethanol solution
      between 25.degree. to 78.degree. C. with compound VII for 1 to 24 hours to
      give the corresponding compound IIIA, which can be used without further
      purification.
PAR  Compound III in pure form or in the crude form is dissolved in an inert
      organic solvent and titanium tetrachloride is added. The addition is
      generally performed between zero and 20.degree. C. with stirring during 5
      to 30 minutes. Thereafter the mixture is brought to reflux and kept at
      this temperature for 1 to 12 hours, to give the corresponding compound IV.
      Compound IV is isolated and purified by conventional methods e.g.
      extraction, filtering, chromatography, and crystallization.
PAR  Compound IV is oxidized to Compound V with a chromic acid oxidizing agent.
PAR  In the preferred embodiment of this invention, the acetic acid solution of
      compound IV is admixed with Jones' reagent and the mixture is heated to
      reflux for 1 to 12 hours. After cooling the mixture is neutralized with a
      base, e.g. aqueous sodium or potassium hydroxide or carbonate, and the
      product V recovered by extraction. Conventional means, such as washing,
      filtering with or without filter aids, chromatography and/or
      crystallization are used to purify compound V.
DETD
PAR  The following preparations and examples are illustrative of the processes
      and products of the present invention, but are not to be construed as
      limiting.
PAC  Preparation 1
PAC  2-Amino-5-chlorobenzophenone hydrazone
PAR  A mixture of 27.2 g. (0.117 mol) of 2-amino-5-chlorobenzophenone in 170 ml.
      of diethylene glycol and 23 ml. (0.45 mol) of 99% hydrazine hydrate is
      brought to reflux for a total of 7 hours. The solution is allowed to cool
      overnight to room temperature. The light green-colored solid which results
      is mixed with 400 ml. of water and extracted into benzene; the layers are
      separated and the benzene portion dried over anhydrous magnesium sulfate
      and concentrated. Crystallization of the residue from ether/hexane gives
      13.5 g. (46.8%) 2-amino-5-chlorobenzophenone hydrazone of melting point
      133.degree.-133.5.degree. C.
PAL  Anal. calcd. for C.sub.13 H.sub.12 ClN.sub.3 : C, 63.55; H, 4.93; N, 17.11;
      Cl, 14.43. Found: C, 63.58; H, 4.95; N, 17.32; Cl, 14.39.
PAC  Preparation 2
PAC  2-Amino-2',5-dichlorobenzophenone hydrazone
PAR  In the manner given in Preparation 1, 2-amino-2',5-dichlorobenzophenone is
      refluxed with hydrazine hydrate in diethylene glycol to give
      2-amino-2',5-dichlorobenzophenone hydrazine.
PAC  Preparation 3
PAC  2-Amino-5-chloro-2',6'-difluorobenzophenone hydrazone
PAR  In the manner given in Preparation 1,
      2-amino-5-chloro-2',6'-difluorobenzophenone is refluxed with hydrazine
      hydrate in diethylene glycol to give
      2-amino-5-chloro-2',6'-difluorobenzophenone hydrazone.
PAC  Preparation 4
PAC  2-Amino-2'-chloro-5-nitrobenzophenone hydrazone
PAR  In the manner given in Preparation 1, 2-amino-2'-chloro-5-nitrobenzophenone
      is refluxed with hydrazine hydrate in diethylene glycol to give
      2-amino-2'-chloro-5-nitrobenzophenone hydrazone.
PAC  Preparation 5
PAC  2-Aminobenzophenone hydrazone
PAR  In the manner given in Preparation 1, 2-aminobenzophenone is refluxed with
      hydrazine hydrate in diethylene glycol to give 2-aminobenzophenone
      hydrazone.
PAC  Preparation 6
PAC  2-Amino-2'-chlorobenzophenone hydrazone
PAR  In the manner given in Preparation 1, 2-amino-2'-chlorobenzophenone is
      refluxed with hydrazine hydrate in diethylene glycol to give
      2-amino-2'-chlorobenzophenone hydrazone.
PAC  Preparation 7
PAC  5-Fluoro-2-aminobenzophenone hydrazone
PAR  In the manner give in Preparation 1, 5-fluoro-2-aminobenzophenone is
      refluxed with hydrazine hydrate in diethylene glycol to give
      5-fluoro-2-aminobenzophenone hydrazone.
PAC  Preparation 8
PAC  2-Amino-5-chloro-2'-fluorobenzophenone hydrazone
PAR  In the manner given in Preparation 1,
      2-amino-5-chloro-2'-fluorobenzophenone is refluxed with hydrazine hydrate
      in diethylene glycol to give 2-amino-5-chloro-2'Fluorobenzophenone
      hydrazone.
PAC  Preparation 9
PAC  5-(Trifluoromethyl)-2-aminobenzophenone hydrazone
PAR  In the manner given in Preparation 1,
      5-)trifluoromethyl)-2-aminobenzophenone is refluxed with hydrazine hydrate
      in diethylene glycol to give 5-trifluoromethyl-2-aminobenzophenone
      hydrazone.
PAC  Preparation 10
PAC  2-Amino-3'-chloro-5-nitrobenzophenone hydrazone
PAR  In the manner given in Preparation 1, 2-amino-3'-chloro-5-nitrobenzophenone
      is refluxed with hydrazine hydrate in diethylene glycol to give
      2-amino-3'-chloro-5-nitrobenzophenone hydrazone.
PAC  Preparation 11
PAC  2-Benzyl-4-chloroaniline
PAR  Potassium hydroxide pellets (16.1 g. 287 mmol) are ground and dissolved in
      85 ml. of refluxing diethylene glycol. Volatile materials are distilled
      until the temperature of the liquid reached 200.degree. C. The solution is
      then cooled to room temperature and 13.5 g. (54.6 mmol) of
      2-amino-5-chlorobenzophenone hydrazone is added while the syrupy liquid is
      gently reheated. At 100.degree. C. all the hydrazone has dissolved. The
      temperature is maintained between 120.degree.-150.degree. C. for 45
      minutes until gas evolution ceases. After a total heating period of 1.5
      hours, the solution is cooled, poured onto ice and extracted with benzene.
      The benzene layer is separated, dried over anhydrous magnesium sulfate and
      concentrated to yield an orange oil. Distillation affords 9.9 g. of
      2-benzyl-4-chloroaniline (89.2%) yellow oil of boiling point
      125.degree.-140.degree. C. (at 0.1 mm Hg).
PAR  Anal. calcd. for C.sub.13 H.sub.12 ClN: C, 71.72; H, 5.56; N, 6.44; Cl,
      16.28. Found: C, 71.55; H, 5.51; N, 6.58; Cl, 16.16.
PAC  Preparation 12
PAC  2-(0-Chlorobenzyl)-4-chloroaniline
PAR  In the manner given in Preparation 11, 2-amino-2',5-dichlorobenzophenone
      hydrazone is refluxed with potassium hydroxide in diethylene glycol to
      give 2-(0-chlorobenzyl)-4-chloroaniline, melting point
      64.degree.-65.degree. C.
PAC  Preparation 13
PAC  4-Chloro-.alpha.-(2,6-difluorophenyl)-0-toluidine
PAR  In the manner given in Preparation 11,
      2-amino-5-chloro-2',6'-difluorobenzophenone is refluxed with potassium
      hydroxide in diethylene glycol to give
      4-chloro-.alpha.-(2,6-difluorophenyl)-0-toluidene.
PAC  Preparation 14
PAC  2-(0-Chlorobenzyl)-4-nitroaniline
PAR  In the manner given in Preparation 11,
      2-amino-2'-chloro-5-nitrobenzophenone hydrazone is refluxed with potassium
      hydroxide in diethylene glycol to give 2-(0-chlorobenzyl)-4-nitroaniline.
PAC  Preparation 15
PAC  2-benzylaniline
PAR  In the manner given in Preparation 11, 2-aminobenzophenone hydrazone is
      refluxed with potassium hydroxide in diethylene glycol to give
      2-benzylaniline.
PAC  Preparation 16
PAC  2-(0-Chlorobenzyl)aniline
PAR  In the manner given in Preparation 11, 2-amino-2'-chlorobenzophenone
      hydrazone is refluxed with potassium hydroxide in diethylene glycol to
      give 2-(0-chlorobenzyl)aniline.
PAC  Preparation 17
PAC  4-fluoro-.alpha.-(2,6-difluorophenyl)-0-toluidine
PAR  In the manner given in Preparation 11,
      2-amino-2',5,6'-trifluorobenzophenone is refluxed with potassium hydroxide
      in diethylene glycol to give
      4-fluoro-.alpha.-(2,6-difluorophenyl)-0-toluidene.
PAC  Preparation 18
PAC  2-(0-Fluorobenzyl)-4-chloroaniline
PAR  In the manner given in Preparation 11,
      2-amino-2'-fluoro-5-chlorobenzophenone hydrazone is refluxed with
      potassium hydroxide in diethylene glycol to give
      2-(0-fluorobenzyl)-4-chloroaniline.
PAC  Preparation 19
PAC  4-(Trifluoromethyl)-.alpha.-phenyl-0-toluidine
PAR  In the manner given in Preparation 11,
      2-amino-5-(trifluoromethyl)benzophenone is refluxed with potassium
      hydroxide in diethylene glycol to give
      4-(trifluoromethyl)-.alpha.-phenyl-0-toluidine.
PAC  Preparation 20
PAC  2-Benzyl-4-nitroaniline
PAR  In the manner given in Preparation 11, 2-amino-5-nitrobenzophenone
      hydrazone is refluxed with potassium hydroxide in diethylene glycol to
      give 2-benzyl-4-nitroaniline.
PAR  In the manner given in the preceding preparations other
      .alpha.-phenyl-0-toluidine can be synthesized. Representative compounds
      thus obtained include:
PA1  2-(0-chlorobenzyl)-4-bromoaniline;
PA1  4-chloro-.alpha.-(m-chlorophenyl)-0-toluidine;
PA1  5-bromo-.alpha.-(0-fluorophenyl)-0-toluidine;
PA1  4-bromo-.alpha.-phenyl-0-toluidine;
PA1  3-fluoro-.alpha.-(0-fluorophenyl)-0-toluidine;
PA1  3-(trifluoromethyl)-.alpha.-phenyl-0-toluidine;
PA1  5-nitro-.alpha.-[0-(trifluoromethyl)phenyl]-0-toluidine;
PA1  .alpha.-(0-fluorophenyl)-0-toluidine;
PA1  4-bromo-.alpha.-(0-chlorophenyl)-0-toluidine;
PAL  and the like.
PAC  EXAMPLE 1
PAC  1-(4-Chloro-.alpha.-phenyl-0-tolyl)imidazole
PAR  A. A solution of 50.6 g. [0.233 mmol] of 2-benzyl-4-chloroaniline and 82.85
      g. [0.5095 mole] of triethyl orthoformate are kept at reflux during 5
      hours. About 75 ml. of ethanol and other low boiling material are
      distilled leaving an oily residue.
PAR  B. The residual oil is then cooled to room temperature, dissolved in 500
      ml. of reagent methanol and treated with 83.5 (0.795 mol) of
      aminoacetaldehyde, dimethyl acetal. The solution is refluxed for 3 hours
      until the imino ether has reacted completely.
PAR  C. The solvent is then removed in vacuo to give an oil which is dissolved
      in 1 liter of monoglyme. To this solution is carefully added 34.9 ml. of
      titanium tetrachloride (60.4 g., 0.318 mol). The solution turns brown
      immediately and warms considerably during the addition of the metal salt.
      The reaction mixture is stirred at ambient temperature for 10 minutes,
      then refluxed for 4 hours. It is permitted to cool overnight, then
      neutralized by pouring into 5.0 liter of cold aqueous 5% sodium hydroxide
      solution and extracting with chloroform (approximately 9 liter of solvent
      are used). The organic layers are washed with saturated aqueous sodium
      chloride, dried over anhydrous magnesium sulfate and concentrated to a
      syrup to give 51.6 g. of a black tarry substance. This is chromatographed
      over 2500 g. of silica gel and eluted with ethyl acetate, taking 1 liter
      fractions. The product is isolated in fractions 8 to 14 to give, after
      recrystallization from ether/hexane, 29.77 g. (48%) of colorless prisms of
      1-(4-chloro-.alpha.-phenyl-0-tolyl)imidazole of melting point
      69.degree.-70.5.degree. C.
PAR  Anal. calcd. for C.sub.16 H.sub.13 ClN.sub.2 ; mw. 268.73: C, 71.51; H,
      4.87; N, 10.43; Cl, 13.19. Found: C, 71.81; H, 4.82; N, 10.42; Cl, 13.31.
PAC  EXAMPLE 2
PAC  1-[4-Chloro-.alpha.-(0-chlorophenyl) 0-tolyl]imidazole
PAR  A. 4-chloro-.alpha.-(0-chlorophenyl)-0-toluidine (58.7 g., 0.233 mol) is
      refluxed for 3 hours with 83.0 g. (0.509 mol) of triethyl orthoformate to
      remove ethanol leaving an oily residue.
PAR  B. This oily residue is cooled to room temperature, dissolved in 500 ml. of
      methanol and treated with 83.5 g. (0.795 mol) of amino acetaldehyde,
      dimethylacetal. The solution is stirred at room temperature for 20 minutes
      and then refluxed for 31/2 hours.
PAR  C. The solvent is removed in vacuo and the resulting oil, dissolved in 1 l.
      of monoglyme, is treated cautiously with 34.9 ml. (60.4 g., 0.318 mol) of
      reagent titanium tetrachloride. The reaction mixture is stirred at ambient
      temperature for 10 minutes, then refluxed for 4 hours, cooled to room
      temperature, poured on to ice and neutralized with 5.0 l. of cold 10%
      aqueous sodium hydroxide solution. The mixture is treated with chloroform
      and both layers are filtered through Celite to remove suspended solids.
      The layers are separated and the aqueous layer is extracted thoroughly
      with methylene chloride. The combined organic layers are washed with
      brine, dried over anhydrous magnesium sulfate and concentrated in vacuo to
      an oil (140.0 g.) which is chromatographed over 4.8 kg. of silica gel by
      eluting with 30% ethyl acetate/70% Skellysolve B hexane mixtures and
      taking 600 ml. fractions. After the 20th fraction the column is eluted
      with a 50% ethyl acetate/Skellysolve B hexane mixture. The product is
      isolated in fractions 21-29 and crystallized from ethyl acetate to afford
      18.43 g. of 1-[4-chloro-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole of
      melting point 62.degree.-63.degree. C. An analytical sample has a melting
      point 63.5.degree.-64.5.degree. C.
PAR  Anal. calcd. for C.sub.16 H.sub.12 Cl.sub.2 N.sub.2, mw 303.19: C, 63.38;
      H, 3.99; N, 9.24; Cl, 23.39. Found: C, 63.15; H, 3.94; N, 9.19; Cl, 23.18.
PAC  EXAMPLE 3
PAC  5-Methyl-1-(4-chloro-.alpha.-phenyl-0-tolyl)imidazole
PAR  A.
      N'-(4-Chloro-.alpha.-phenyl-0-tolyl)-N-[(2-methyl-1,3-dioxolan-2-yl)methyl
     ]formalidine
PAR  A solution of 5.06 g. (23.3 mmol) of 2-benzyl-4-chloroaniline and 8.28 g.
      (51.0 mol) of triethyl orthoformate is refluxed for 5 hours to distill
      ethanol. The resulting yellow oil is dissolved in 25 ml. of absolute
      ethanol, treated with 2-methyl-2-(aminomethyl)-1,3-dioxolane and heated
      for 1.5 hours at reflux. All the volatile liquids are removed in vacuo to
      afford 5.26 g. of
      N'-(4-chloro-.alpha.-phenyl-0-tolyl)-N-[(2-methyl-1,3-dioxolan-2-yl)methyl
     ]formalidine which is filtered and washed with hexane. The analytical
      sample recrystallized from ethyl acetate/hexane has a melting point of
      105.degree.-107.degree. C.
PAR  Anal. calcd. for C.sub.19 H.sub.21 ClN.sub.2 O.sub.2, mw 344.83: C, 66.17;
      H, 6.14; N, 8.13; Cl, 10.28; Found: C, 65.98; H, 6.12; N, 8.03; Cl, 10.35.
PAR  B. 5-Methyl-1-(4-chloro-.alpha.-phenyl-0-tolyl)imidazole
PAR  The product from A (2.77 g., 8.11 mol) is dissolved in 40 ml. of monoglyme
      and treated carefully at room temperature with 1.22 ml. (2.10 g., 11.1
      mmol) of reagent titanium tetrachloride. After the initial vigorous
      exothermic reaction has subsided, the reaction mixture is heated to reflux
      on a steam bath for 3 hours. The reaction mixture is quenched on ice,
      neutralized, extracted with chloroform, dried and chromatographed over 150
      g. of silica gel by eluting with 100 ml. of ethyl acetate and 900 ml. of a
      1/99 methanol/ethyl acetate mixture (18 ml. fractions are collected). The
      product is collected in fractions 24-37 and crystallized from ethyl
      acetate/hexane mixtures to afford 0.71 g. of
      5-methyl-1-(4-chloro-.alpha.-phenyl-0-tolyl)imidazole of melting point
      64.degree.-66.degree. C. A second crop weighs 0.17 g. The analytical
      sample, crystallized from ethyl acetate/hexane mixtures, has a melting
      point of 65.degree.-66.degree. C.
PAR  Anal. calcd. for C.sub.17 H.sub.15 ClN.sub.2, mw 282.76: C, 72.21; H, 5.35;
      N, 9.91; Cl, 12.54. Found: C, 71.97; H, 5.38; N, 9.79; Cl, 12.85.
PAC  EXAMPLE 4
PAC  1-[4-Nitro-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole
PAR  In the manner given in Example 1,
      4-nitro-.alpha.-(0-chlorophenyl)-0-toluidine is reacted first with
      trimethyl orthoformate; the resulting product is reacted with
      aminoacetaldehyde, dimethyl acetal, and the resulting product of this
      reaction is heated with titanium tetrachloride in monoglyme to give
      1-[4-nitro-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole.
PAC  EXAMPLE 5
PAC  5-Methyl-1-[4-nitro-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole
PAR  In the manner given in Example 3,
      4-nitro-.alpha.-(0-chlorophenyl)-0-toluidine is reacted with triethyl
      orthoformate. The resulting oil is heated with
      2-methyl-2-(aminomethyl)-1,3-dioxolane, and the resulting product treated
      with titanium tetrachloride to give
      5-methyl-1-[4-nitro-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole.
PAC  EXAMPLE 6
PAC  1-[4-Fluoro-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole
PAR  In the manner given in Example 1,
      4-fluoro-.alpha.-(0-chlorophenyl)-0-toluidine is reacted first with
      trimethyl orthoformate; the resulting product is reacted with
      aminoacetaldehyde, dimethyl acetal, and the resulting product of this
      reaction is heated with titanium tetrachloride in monoglyme to give
      1-[4-fluoro-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole.
PAC  EXAMPLE 7
PAC  5-Ethyl-1-[4-fluoro-.alpha.-(0-chlorophenyl)-0-tolyl]imidazol
PAR  In the manner given in Example 3,
      4-fluoro-.alpha.-(0-chlorophenyl)-0-toluidine is reacted with triethyl
      orthoformate, the resulting oil is heated with
      2-ethyl-2-(aminomethyl)-1,3-dioxolane, and the resulting product is
      treated with titanium tetrachloride to give
      5-ethyl-1-[4-fluoro-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole.
PAC  EXAMPLE 8
PAC  1-[4-(Trifluoromethyl)-.alpha.-phenyl-0-tolyl]imidazole
PAR  In the manner given in Example 1,
      4-(trifluoromethyl)-.alpha.-phenyl-0-toluidine is reacted first with
      trimethyl orthoformate; the resulting product is reacted with
      aminoacetaldehyde, dimethyl acetal, and the resulting product of this
      reaction is heated with titanium tetrachloride in monoglyme to give
      1-[(4-trifluoromethyl)-.alpha.-phenyl-0-tolyl]imidazole.
PAC  EXAMPLE 9
PAC  5-Methyl-1-[4-(trifluoromethyl)-.alpha.-phenyl-0-tolyl]imidazole
PAR  In the manner given in Example 3,
      4-(trifluoromethyl)-.alpha.-phenyl-0-toluidine is reacted with triethyl
      orthoformate, the resulting oil is heated with
      2-methyl-2-(aminomethyl)-1,3-dioxolane, and the resulting product treated
      with titanium tetrachloride to give
      5-methyl-1-[(4-trifluoromethyl)-0-phenyl-0-tolyl]imidazole.
PAC  EXAMPLE 10
PAC  1-[4-Chloro-.alpha.-(2,6-difluorophenyl)-0-tolyl]imidazole
PAR  In the manner given in Example 1,
      4-chloro-.alpha.-(2,6-difluorophenyl)-0-toluidine is reacted first with
      trimethyl orthoformate; the resulting product is reacted with
      aminoacetaldehyde, dimethyl acetal, and the resulting product of this
      reaction is heated with titanium tetrachloride in monoglyme to give
      1-[4-chloro-.alpha.-(2,6-difluorophenyl)-0-tolyl]imidazole.
PAC  EXAMPLE 11
PAC  4-Ethyl-5-methyl-1-[4-chloro-.alpha.-(2,6-difluorophenyl)-0-tolyl]imidazole
PAR  In the manner given in Example 3,
      4-chloro-.alpha.-(2,6-difluorophenyl)-0-toluidine is reacted with triethyl
      orthoformate, the resulting oil is heated with
      2-methyl-2-(1-aminopropyl)-1,3-dioxolane, and the resulting product is
      treated with titanium tetrachloride to give
      4-ethyl-5-methyl-1-[4-chloro-.alpha.-(2,6-difluorophenyl)-0-tolyl]imidazol
     e.
PAC  EXAMPLE 12
PAC  1-(4-Nitro-.alpha.-phenyl-0-tolyl)imidazole
PAR  In the manner given in Example 1, 4-nitro-.alpha.-phenyl-0-toluidine is
      reacted first with trimethyl orthoformate; the resulting product is
      reacted with aminoacetaldehyde, dimethyl acetal, and the resulting product
      of this reaction is heated with titanium tetrachloride in monoglyme to
      give 1-[4-nitro-.alpha.-phenyl-0-tolyl]imidazole.
PAC  EXAMPLE 13
PAC  5-Methyl-1-(4-nitro-.alpha.-phenyl-0-tolyl)imidazole
PAR  In the manner given in Example 3, 4-nitro-.alpha.-phenyl-0-toluidine is
      reacted with triethyl orthoformate, the resulting oil is heated with
      2-methyl-2-(aminomethyl)-1,3-dioxolane, and the resulting product treated
      with titanium tetrachloride to give
      5-methyl-1-(4-nitro-.alpha.-phenyl-0-tolyl)imidazole.
PAC  EXAMPLE 14
PAC  1-(4-Fluoro-.alpha.-phenyl-0-tolyl)imidazole
PAR  In the manner given in Example 1, 4-fluoro-.alpha.-phenyl-0-toluidine is
      reacted first with trimethyl orthoformate; the resulting product is
      reacted with aminoacetaldehyde, dimethyl acetal, and the resulting product
      of this reaction is heated with titanium tetrachloride in monoglyme to
      give 1-(4-fluoro-.alpha.-phenyl-0-tolyl)imidazole.
PAC  EXAMPLE 15
PAC  5-Methyl-1-(4-chloro-.alpha.-(0-chlorophenyl)-0-tolyl)imidazole
PAR  In the manner given in Example 3,
      4-chloro-.alpha.-(0-chloro-phenyl)-0-toluidine is reacted with triethyl
      orthoformate, the resulting oil is heated with
      2-methyl-2-(aminomethyl)-1,3-dioxolane, and the resulting product treated
      with titanium tetrachloride to give
      5-methyl-1-[4-chloro-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole.
PAC  EXAMPLE 16
PAC  1-(.alpha.-Phenyl-0-tolyl)imidazole
PAR  In the manner given in Example 1, .alpha.-phenyl-0-toluidine is reacted
      first with trimethyl orthoformate; the resulting product is reacted with
      aminoacetaldehyde, dimethyl acetal, and the resulting product of this
      reaction is heated with titanium tetrachloride in monoglyme to give
      1-(.alpha.-phenyl-0-tolyl)imidazole.
PAC  EXAMPLE 17
PAC  5-Methyl-1-(.alpha.-phenyl-0-tolyl)imidazole
PAR  In the manner given in Example 3, .alpha.-phenyl-0-toluidine is reacted
      with triethyl orthoformate, the resulting oil is heated with
      2-methyl-2-(aminomethyl)-1,3-dioxolane, and the resulting product treated
      with titanium tetrachloride to give
      5-methyl-1-(.alpha.-phenyl-0-tolyl)imidazole.
PAC  EXAMPLE 18
PAC  1-[4-chloro-.alpha.-(0-fluorophenyl)-0-tolyl]imidazole
PAR  In the manner given in Example 1,
      4-chloro-.alpha.-(0-fluorophenyl)-0-toluidine is reacted first with
      trimethyl orthoformate; the resulting product is reacted with
      aminoacetaldehyde, dimethyl acetal, and the resulting product of this
      reaction is heated with titanium tetrachloride in monoglyme to give
      1-[4-chloro-.alpha.-(0-fluorophenyl)-0-tolyl]imidazole.
PAC  EXAMPLE 19
PAC  5-Methyl-1-[.alpha.-(0-chlorophenyl)-0-tolyl]imidazole
PAR  In the manner given in Example 3, .alpha.-(0-chlorophenyl)-0-toluidine is
      reacted with triethyl orthoformate, the resulting oil is heated with
      2-methyl-2-(aminomethyl)-1,3-dioxolane, and the resulting product treated
      with titanium tetrachloride to give
      5-methyl-1-[.alpha.-(0-chlorophenyl)-0-tolyl]imidazole.
PAC  EXAMPLE 20
PAC  1-[.alpha.-(0-chlorophenyl)-0-tolyl]imidazole
PAR  In the manner given in Example 1, .alpha.-(0-chlorophenyl)-0-toluidine is
      reacted first with trimethyl orthoformate; the resulting product is
      reacted with aminoacetaldehyde, dimethyl acetal, and the resulting product
      of this reaction is heated with titanium tetrachloride in monoglyme to
      give 1-[.alpha.-(0-chlorophenyl)-0-tolyl]imidazole.
PAC  EXAMPLE 21
PAC  4,5-Diethyl-1-[.alpha.-(0-fluorophenyl)-0-tolyl]imidazole
PAR  In the manner given in Example 3, .alpha.-(0-fluorophenyl)-0-toluidine is
      reacted with triethyl orthoformate, the resulting oil is heated with
      2-ethyl-2-(1-aminopropyl)-1,3-dioxolane, and the resulting product treated
      with titanium tetrachloride to give
      4,5-diethyl-1-[.alpha.-(0-fluorophenyl)-0-tolyl]imidazole.
PAC  EXAMPLE 22
PAC  1-[4-Bromo-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole
PAR  In the manner given in Example 1,
      4-bromo-.alpha.-(0-chlorophenyl)-0-toluidine is reacted first with
      trimethylorthoformate; the resulting product is reacted with
      aminoacetaldehyde, dimethyl acetal and the resulting product of this
      reaction is heated with titanium tetrachloride in monoglyme to give
      1-[4-bromo-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole.
PAC  EXAMPLE 23
PAC  5-Propyl-1-[4-bromo-.alpha.-(0-chlorophenyl-0-tolyl]imidazole
PAR  In the manner given in Example 3,
      4-bromo-.alpha.-(0-chlorophenyl)-0-toluidine is reacted with triethyl
      orthoformate, the resulting oil is heated with
      2-propyl-2-(aminomethyl)-1,3-dioxolane, and the resulting product treated
      with titanium tetrachloride to give
      5-propyl-1-[4-bromo-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole.
PAR  In the manner given in the preceding examples other
      1-(.alpha.-phenyl-0-tolyl)imidazoles IV can be obtained. Representative
      compounds thus obtained include:
PA1  1-(4-bromo-.alpha.-phenyl-0-tolyl)imidazole;
PA1  1-(5-bromo-.alpha.-phenyl-0-tolyl)imidazole;
PA1  4-methyl-1-(5-bromo-.alpha.-phenyl-0-tolyl)imidazole;
PA1  5-methyl-1-(5-bromo-.alpha.-phenyl-0-tolyl)imidazole;
PA1  4,5-dimethyl-1-(5-bromo-.alpha.-phenyl-0-tolyl)imidazole;
PA1  4-methyl-1-[.alpha.-(m-chlorophenyl)-0-tolyl]imidazole;
PA1  4-propyl-1-[.alpha.-(m-chlorophenyl)-0-tolyl]imidazole;
PA1  5-ethyl-4-propyl-1-[.alpha.-(m-chlorophenyl)-0-tolyl]imidazole;
PA1  4,5-dimethyl-1-[4-(trifluoromethyl)-.alpha.-(0-chlorophenyl)0-tolyl]imidazo
     le;
PA1  4,5-diethyl-1-[4-nitro-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole;
PA1  5-propyl-1-(4-chloro-.alpha.-phenyl-0-tolyl)imidazole;
PAL  and the like.
PAC  EXAMPLE 24
PAC  5-Chloro-2-(imidazol-1-yl)benzophenone
PAR  In a 500 ml. round bottom flask, 26.8 g. (0.100 mol) of
      1-(4-chloro-.alpha.-phenyl-0-tolyl)imidazole is dissolved in 100 ml. of
      acetic acid. One hundred ml. of Jones' reagent is carefully added and the
      mixture is refluxed under nitrogen for 4 hours on a steam bath. After
      cooling to room temperature, the mixture is poured into 4.0 liter of cold
      7% aqueous sodium hydroxide solution and extracted with 2.2 liter of
      chloroform. The chloroform extract is washed with aqueous saturated sodium
      chloride, dried over anhydrous magnesium sulfate, filtered, and
      concentrated to give a dark oil. This oil is dissolved in ethyl acetate,
      treated with 1.0 g. of activated charcoal, and filtered through anhydrous
      magnesium sulfate. Crystallization from ethyl acetate/hexane (1/2) affords
      15.3 g. of 5-chloro-2-(imidazol-1-yl)benzophenone. Recrystallization of
      1.0 g. of the product from ethyl acetate affords 0.30 g. of colorless
      prisms, of melting point 106.degree.-108.degree. C.
PAR  Anal. for for C.sub.16 H.sub.11 ClN.sub.2 O: C, 67.97; H, 3.92; N, 9.91;
      Cl, 12.54. Found: C, 67.78, H, 3.94; N, 9.97; Cl, 12.57.
PAC  EXAMPLE 25
PAC  2',5-Dichloro-2-(imidazol-1-yl)benzophenone
PAR  In a 500 ml. round bottom flask 30.3 g. (0.100 mol) of
      1-[4-chloro-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole is dissolved in 100
      ml. of acetic acid. One hundred ml. of Jones' reagent is added carefully
      and the mixture is refluxed under nitrogen for 4 hours on a steam bath.
      After cooling to room temperature, the mixture is poured into 4.0 l. of
      cold aqueous 7% sodium hydroxide solution and extracted with 2.2 l. of
      chloroform. The chloroform extract is washed with an aqueous saturated
      sodium chloride solution, dried over anhydrous magnesium sulfate and
      concentrated to an oil which crystallizes from ethyl acetate to afford
      2',5-dichloro-2-(imidazol-1-yl)benzophenone of melting point
      146.degree.-148.degree. C.
PAR  Anal. calcd. for C.sub.16 H.sub.10 Cl.sub.2 N.sub.2 O, mw 317.17: C, 60.59;
      H, 3.18; N, 8.83; Cl, 22.36. Found: C, 60:96; H, 3.38; N, 8.97; Cl, 22.26.
PAC  EXAMPLE 26
PAC  5-Chloro-2-(5-methylimidazol-1-yl)benzophenone
PAR  In the manner described in example 24,
      5-methyl-1-(4-chloro-.alpha.-phenyl-0-tolyl)imidazole in acetic acid is
      treated with Jones'  reagent and heated for 3 hours on a steam bath to
      give 5-chloro-2-(5-methylimidazol-1-yl)benzophenone.
PAC  EXAMPLE 27
PAC  2',5-Dichloro-2-(5-methylimidazol-1-yl)benzophenone
PAR  In the manner given in Example 24,
      5-methyl-1-[4-chloro-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole in acetic
      acid is heated with Jones'  reagent to give
      2',5-dichloro-2-(5-methylimidazo-1-yl)benzophenone.
PAC  EXAMPLE 28
PAC  2'-Chloro-5-nitro-2-(imidazo-1-yl)benzophenone
PAR  In the manner given in Example 24,
      1-[4-nitro-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole in acetic acid is
      heated with Jones' reagent to give
      2'-chloro-5-nitro-2-(imidazo-1-yl)benzophenone.
PAC  EXAMPLE 29
PAC  2'-Chloro-5-nitro-2-(5-methylimidazo-1-yl)benzophenone
PAR  In the manner given in Example 24,
      5-methyl-1-[4-nitro-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole in acetic
      acid is heated with Jones' reagent to give
      2'-chloro-5-nitro-2-(5-methylimidazo-1-yl)benzophenone.
PAC  EXAMPLE 30
PAC  2'-Chloro-5-fluoro-2-(imidazo-1-yl)benzophenone
PAR  In the manner given in Example 24,
      1-[4-fluoro-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole in acetic acid is
      heated with Jones' reagent to give
      2'-chloro-5-fluoro-2-(imidazo-1-yl)benzophenone.
PAC  EXAMPLE 31
PAC  2'-Chloro-5-fluoro-2-(5-ethylimidazo-1-yl)benzophenone
PAR  In the manner given in Example 24,
      5-ethyl-1-[4-fluoro-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole in acetic
      acid is heated with Jones' reagent to give
      2'-chloro-5-fluoro-2-(5-ethylimidazo-1-yl)benzophenone.
PAC  EXAMPLE 32
PAC  5-(Trifluoromethyl)-2-(imidazo-1-yl)benzophenone
PAR  In the manner given in Example 24,
      1-[4-(trifluoromethyl)-.alpha.-phenyl-0-tolyl]imidazole in acetic acid is
      heated with Jones' reagent to give
      5-(trifluoromethyl)-2-imidazo-1-yl)benzophenone.
PAC  EXAMPLE 33
PAC  5-(Trifluoromethyl)-2-(5-methylimidazo-1-yl)benzophenone
PAR  In the manner given in Example 24,
      5-methyl-1-[4-(trifluoromethyl)-.alpha.-(0-chlorophenyl)-0-tolyl]imidazole
      in acetic acid is heated with Jones' reagent to give
      5-(trifluoromethyl)-2-(5-methylimidazo-1-yl)benzophenone.
PAC  EXAMPLE 34
PAC  5-Chloro-2',6'-difluoro-2-(imidazo-1-yl)benzophenone
PAR  In the manner given in Example 24,
      1-[4-chloro-.alpha.-(2,6-difluorophenyl)-0-tolyl]imidazole in acetic acid
      is heated with Jones' reagent to give
      5-chloro-2',6'-difluoro-2-(imidazo-1-yl)benzophenone.
PAC  EXAMPLE 35
PAC  5-Chloro-2',6'-difluoro-2-(4-ethyl-5-methylimidazo-1-yl)benzophenone
PAR  In the manner given in Example 24,
      4-ethyl-5-methyl-1-[4-chloro-.alpha.-(2,6-difluorophenyl)-0-tolyl]imidazol
     e in acetic acid is heated with Jones'reagent to give
      5-chloro-2',6'-difluoro-2-(4-ethyl-5-methylimidazo-1-yl)benzophenone.
PAC  EXAMPLE 36
PAC  5-Nitro-2-(imidazo-1-yl)benzophenone
PAR  In the manner given in Example 24,
      1-(4-nitro-.alpha.-phenyl-0-tolyl)imidazole in acetic acid is heated with
      Jones' reagent to give 5-nitro-2-(imidazo-1-yl)benzophenone.
PAC  37
PAC  37--5-Nitro-2-(5-methylimidazo-1-yl)benzophenone
PAR  In the manner given in Example 24,
      5-methyl-1-[4-nitro-.alpha.-phenyl-0-tolyl]imidazole in acetic acid is
      heated with Jones' reagent to give
      5-nitro-2-(5-methylimidazo-1-yl)benzophenone.
PAC  EXAMPLE 38
PAC  5-Fluoro-2-(imidazo-1-yl)benzophenone
PAR  In the manner given in Example 24,
      1-(4-fluoro-.alpha.-phenyl-0-tolyl)imidazole in acetic acid is heated with
      Jones' reagent to give 5-fluoro-2-(imidazo-1-yl)benzophenone.
PAC  EXAMPLE 39
PAC  2'-Chloro-2-(imidazo-1-yl)benzophenone
PAR  In the manner given in Example 24,
      1-[.alpha.-(0-chlorophenyl)-0-tolyl]imidazole in acetic acid is heated
      with Jones' reagent to give 2'-chloro-2-(imidazo-1-yl)benzophenone.
PAC  EXAMPLE 40
PAC  2-(5-Methylimidazo-1-yl)benzophenone
PAR  In the manner given in Example 24,
      5-methyl-1-(.alpha.-phenyl-0-tolyl)imidazole in acetic acid is heated with
      Jones' reagent to give 2-(5-methylimidazo-1-yl)benzophenone.
PAC  EXAMPLE 41
PAC  2'-Chloro-2-(5-methylimidazo-1-yl)benzophenone
PAR  In the manner given in Example 24,
      5-methyl-1-[.alpha.-(0-chlorophenyl)-0-tolyl]imidazole in acetic acid is
      heated with Jones' reagent to give
      2'-chloro-2-(5-methylimidazo-1-yl)benzophenone.
PAR  In the manner given in Example 24, other 2-(imidazol-1-yl)benzophenones can
      be produced. Representative products thus obtained include:
PA1  5-chloro-2'-fluoro-2-(imidazol-1-yl)benzophenone;
PA1  5-bromo-2'-chloro-2-(imidazol-1-yl)benzophenone;
PA1  2'-chloro-5-fluoro-2-(imidazol-1-yl)benzophenone;
PA1  4-chloro-2-(imidazol-1-yl)benzophenone;
PA1  3-(trifluoromethyl)-2-(imidazol-1-yl)benzophenone;
PA1  3'-chloro-2-(imidazol-1-yl)benzophenone;
PA1  5,4'-dichloro-2-(imidazol-1-yl)benzophenone;
PA1  5-bromo-2'-chloro-2-(5-methylimidazol-1-yl)benzophenone;
PA1  5-chloro-2'-fluoro-2-(5-methylimidazol-1-yl)benzophenone;
PA1  5-nitro-2'-fluoro-2-(5-ethylimidazol-1-yl)benzophenone;
PA1  5-nitro-2-(5-propylimidazol-1-yl)benzophenone;
PA1  5-fluoro-2-(5-isopropylimidazol-1-yl)benzophenone;
PA1  5-(trifluoromethyl)-2-(4,5-dimethylimidazol-1-yl)benzophenone;
PA1  4-bromo-2'-chloro-2-(4,5-diethylimidazol-1-yl)benzophenone;
PA1  5-fluoro-2'-chloro-2-(4,5-dipropylimidazol-1-yl)benzophenone;
PAL  and the like.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula V:
      ##SPC9##
PAL  wherein R.sub.0 and R.sub.1 are hydrogen or alkyl of 1 to 3 carbon atoms,
      inclusive; wherein R.sub.2 is hydrogen, fluoro, chloro, or
      trifluoromethyl; wherein R.sub.3 is hydrogen or fluoro with the proviso
      that R.sub.3 is not fluoro, if R.sub.2 is chloro or trifluoromethyl; and
      wherein R.sub.4 is hydrogen, fluoro, chloro, bromo, trifluoromethyl, or
      nitro.
NUM  2.
PAR  2. A compound according to claim 1 of the formula VA:
      ##SPC10##
PAL  wherein R'.sub.0 and R'.sub.1 are hydrogen, methyl, or ethyl; wherein
      R'.sub.2 is hydrogen, chloro or fluoro; wherein R'.sub.3 is hydrogen or
      fluoro with the proviso that R'.sub.3 is not fluoro, if R'.sub.2 is
      chloro; and wherein R'.sub.4 is hydrogen, fluoro, chloro, or
      trifluoromethyl.
NUM  3.
PAR  3. A compound according to claim 1 of the formula VB:
      ##SPC11##
PAL  wherein R".sub.1 is hydrogen or methyl; wherein R".sub.2 is hydrogen or
      chloro; wherein R".sub.4 is hydrogen, chloro or fluoro.
NUM  4.
PAR  4. A compound according to claim 3, wherein R".sub.1 and R".sub.2 are
      hydrogen, R".sub.4 is chloro and the compound is therefore
      5-chloro-2-(imidazol-1-yl)benzophenone.
NUM  5.
PAR  5. A compound according to claim 3, wherein R".sub.1 is hydrogen, R".sub.2
      and R".sub.4 are chloro and the compound is therefore
      2',5-dichloro-2-(imidazol-1-yl)benzophenone.
NUM  6.
PAR  6. A compound according to claim 3, wherein R".sub.1 is methyl, R".sub.2 is
      hydrogen, R".sub.4 is chloro and the compound is therefore
      5-chloro-2-(5-methylimidazol-1-yl)benzophenone.
NUM  7.
PAR  7. A compound according to claim 3, wherein R".sub.1 and R".sub.4 are
      hydrogen, R".sub.2 is chloro and the compound is therefore
      2'-chloro-2-(imidazol-1-yl)benzophenone.
NUM  8.
PAR  8. A compound according to claim 3, wherein R".sub.1 and R".sub.2 are
      hydrogen, R".sub.4 is fluoro and the compound is therefore
      5-fluoro-2-(imidazol-1-yl)benzophenone.
NUM  9.
PAR  9. A compound according to claim 3, wherein R".sub.1 is methyl, R".sub.2
      and R".sub.4 are chloro and the compound is therefore
      2',5-dichloro-2-(5-methylimidazol-1-yl)benzophenone.
NUM  10.
PAR  10. A compound according to claim 2, wherein R'.sub.1 is methyl, R'.sub.0,
      R'.sub.2, and R'.sub.3 are hydrogen, R'.sub.4 is trifluoromethyl and the
      compound is therefore
      5-(trifluoromethyl)-2-(5-methylimidazol-1-yl)benzophenone.
NUM  11.
PAR  11. A compound according to claim 2, wherein R'.sub.0, R'.sub.1, and
      R'.sub.3 are hydrogen, R'.sub.2 is fluoro, R'.sub.4 is chloro, and the
      compound is therefore 5-chloro-2'-fluoro-2-imidazol-1-yl)benzophenone.
NUM  12.
PAR  12. A compound according to claim 1, wherein R.sub.0, R.sub.2, and R.sub.3
      are hydrogen, R.sub.1 is methyl, R.sub.4 is 5-nitro and the compound is
      therefore 5-nitro-2-(5-methylimidazol-1-yl)benzophenone.
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ABST
PAL  Compounds of formula II
      ##SPC1##
PAL  and its phthalimide derivative III:
      ##SPC2##
PAL  wherein R.sub.0 and R.sub.1 are hydrogen or alkyl of 1 to 3 carbon atoms,
      inclusive; wherein R.sub.2 is hydrogen, chloro, fluoro, or
      trifluoromethyl; wherein R.sub.3 is hydrogen, or fluoro with the proviso
      that R.sub.3 is not fluoro, if R.sub.2 is chloro or trifluoromethyl; and
      wherein R.sub.4 is hydrogen, fluoro, chloro, bromo, nitro, or
      trifluoromethyl are prepared by reacting a compound of formula I:
      ##SPC3##
PAL  wherein R.sub.0, R.sub.1, R.sub.2, R.sub.3, and R.sub.4 are defined as
      above, with formaldehyde to produce compound II and reacting II with
      phthalimide, triphenylphosphine and finally diethyl azodicarboxylate to
      give compound III.
PAL  Compounds II and III are useful as important intermediates for the
      production of known 6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine which
      compounds are active as tranquilizers and antianxiety agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is directed to new organic compounds and more specifically
      to 2-[2-(hydroxymethyl)imidazo-1-yl]benzophenones and
      2-[2-(phthalimidomethyl)imidazo-1-yl]benzophenones and a process therefor.
PAR  The novel compound and the process of production therefor can be
      illustratively represented as follows:
      ##SPC4##
PAL  Wherein R.sub.0 and R.sub.1 are hydrogen or aklyl of 1 to 3 carbon atoms,
      inclusive; wherein R.sub.2 is hydrogen, chloro, fluoro, or
      trifluoromethyl; wherein R.sub.3 is hydrogen, or fluoro with the proviso
      that R.sub.3 is not fluoro, if R.sub.2 is chloro or trifluoromethyl; and
      wherein R.sub.4 is hydrogen, fluoro, chloro, bromo, nitro, or
      trifluoromethyl.
PAR  The process of this invention comprises: heating a compound of formula I
      with aqueous formalin with or without an organic inert solvent or
      paraformaldehyde in toluene or xylene or diglyme to a temperature between
      100.degree. to 160.degree. C. to obtain the corresponding compound II; and
      treating II with triphenylphosphine, phthalimide and finally diethyl
      azodicarboxylate at -10.degree. to 15.degree. C. in an inert organic
      solvent such as tetrahydrofuran to give the corresponding compound III.
PAR  2. Description of the Preferred Embodiment
PAR  Alkyl groups of 1 to 3 carbon atoms inclusive are methyl, ethyl, propyl,
      and isopropyl.
PAR  The more preferred compounds II of this invention have the specific formula
      IIA:
      ##SPC5##
PAL  wherein R'.sub.0 and R'.sub.1 are hydrogen or methyl; wherein R'.sub.2 is
      hydrogen, chloro, or fluoro; wherein R'.sub.3 is hydrogen, or fluoro with
      the proviso that R'.sub.3 is not fluoro if R'.sub.2 is chloro; wherein
      R'.sub.4 is hydrogen, chloro, fluoro, or trifluoromethyl.
PAR  The most preferred compounds II of this invention have the specific formula
      IIB:
      ##SPC6##
PAL  wherein R'.sub.1 is hydrogen or methyl; wherein R".sub.2 is hydrogen or
      chloro; wherein R".sub.4 is hydrogen, chloro, or fluoro.
PAR  The more preferred compounds III have the specific formula IIIA
      ##SPC7##
PAL  wherein R'.sub.1 is hydrogen or methyl; wherein R'.sub.2 is hydrogen,
      chloro, or fluoro; wherein R'.sub.3 is hydrogen or fluoro with the proviso
      that R'.sub.3 is not fluoro if R'.sub.2 is chloro; wherein R'.sub.4 is
      hydrogen, chloro, fluoro, or trifluoromethyl.
PAR  The most preferred compounds of generic formula III have the specific
      formula IIIB
      ##SPC8##
PAL  wherein R'.sub.1 is hydrogen or methyl; wherein R".sub.2 is hydrogen or
      chloro; wherein R".sub.4 is hydrogen, chloro, or fluoro.
PAR  The compound of formulae II (including IIA and IIB) and of formula III
      (including IIIA and IIIB) are useful as intermediates for the production
      of 6-phenyl-4H-imidazo-[1,2-a][1,4]benzodiazepines IV by a scheme shown
      below:
      ##SPC9##
PAR  The activity of compounds of formula IV as tranquilizers sedatives and
      muscle relaxants is discussed in Belgian Patent No. 768,781, granted Feb.
      5, 1973 or in South African Patent No. 72/4880 sealed October 1973.
PAR  The imidazobenzophenones of formula I are prepared as shown in the
      preparations.
PAR  In carrying out the process of this invention a selected starting compound
      of formula I is reacted with paraformaldehyde in a suitable inert organic
      solvent e.g. xylene, toluene, diglyme, or with an aqueous solution of
      formaldehyde such as commercial 37% aqueous formaldehyde (formalin) in a
      bomb at 1-20 atmosphere at 100.degree. to 170.degree. C. during a period
      of 1-12 hours. Thereafter the reaction mixture is quenched in an aqueous
      base e.g. sodium, potassium or barium hydroxide or sodium or potassium
      carbonate or bicarbonate and the product II is isolated and purified by
      conventional procedures e.g. extraction, chromatography, crystallization,
      and the like.
PAR  Compound II is then treated in a suspension of an inert organic solvent
      with phthalimide and triphenylphosphine. The inert solvent is usually
      tetrahydrofuran, monoglyme, diglyme or triglyme. In the preferred
      embodiment of this invention the phthalimide and triphenylphosphine are
      used in excess of 5-25% above the mol equivalent of compound II and the
      reaction is carried out between -10.degree. to 15.degree. C. during 1/2 to
      2 hours. Thereafter, at a temperature of 0.degree. to 5.degree. C. the
      reaction mixture is treated dropwise with diethyl azodicarboxylate using
      the equimolar amount in which the phthalimide above was used. The addition
      is carried out under continuous stirring during 1/2 to 2 hours and
      thereafter the stirring is continued for 8-24 hours permitting the
      solution to warm to room temperature (20.degree.-30.degree. C.). After
      this period the reaction is terminated and the product III, thus obtained,
      is isolated and purified by conventional means such as extraction,
      filtration, chromatography and/or crystallization.
PAR  The following preparations and examples are illustrative of the processes
      and products of the present invention, but are not to be construed as
      limiting.
PAC  Preparation 1 -- 2-Amino-5-chlorobenzophenone hydrazine
PAR  A mixture of 27.2 g. (0.117 mol) of 2-amino-5-chlorobenzophenone in 170 ml.
      of diethylene glycol and 23 ml. (0.45 mol) of 99% hydrazine hydrate is
      kept at reflux for a total of 7 hours. The solution is allowed to cool
      overnight to room temperature. The solid which results is mixed with 400
      ml. of water and extracted into benzene; the layers are separated and the
      benzene portion dried over anhydrous magnesium sulfate and concentrated.
      Crystallization of te residue from ether/hexane gives 13.5 g. (46.8%) of
      2-amino-5-chlorobenzophenone hydrazone of melting point
      133.degree.-133.5.degree. C.
PAR  Anal. calcd. for C.sub.13 H.sub.12 ClN.sub.3 : C, 63.55; H, 4.93; N, 17.11;
      Cl, 14.43. Found: C, 63.58; H, 4.95; N, 17.32; Cl, 14.39.
PAC  Preparation 2 -- 2-Amino-2',5-dichlorobenzophenone hydrazone
PAR  In the manner given in Preparation 1, 2-amino-2',5-dichlorobenzophenone is
      refluxed with hydrazine hydrate in diethylene glycol to give
      2-amino-2',5-dichlorobenzophenone hydrazine.
PAC  Preparation 3 -- 2-Amino-5-chloro-2',6'-difluorobenzophenone hydrazone
PAR  In the manner given in Preparation 1,
      2-amino-5-chloro-2',6'-difluorobenzophenone is refluxed with hydrazine
      hydrate in diethylene glycol to give
      2-amino-5-chloro-2',6'-difluorobenzophenone hydrazone.
PAC  Preparation 4 -- 2-Amino-2'-chloro-5-nitrobenzophenone hydrazone
PAR  In the manner given in Preparation 1, 2-amino-2'-chloro-5-nitrobenzophenone
      is refluxed with hydrazine hydrate in diethylene glycol to give
      2-amino-2'-chloro-5-nitrobenzophenone hydrazone.
PAC  Preparation 5 -- 2-Amino-benzophenone hydrazone
PAR  In the manner given in Preparation 1, 2-aminobenzophenone is refluxed with
      hydrazine hydrate in diethylene glycol to give 2-aminobenzophenone
      hydrazone.
PAC  Preparation 6 -- 2-Amino-2'-chlorobenzophenone hydrazone
PAR  In the manner given in Preparation 1, 2-amino-2'-chlorobenzophenone is
      refluxed with hydrazine hydrate in diethylene glycol to give
      2-amino-2'-chlorobenzophenone hydrazone.
PAC  Preparation 7 -- 5-Fluoro-2-aminobenzophenone hydrazone
PAR  In the manner given in Preparation 1, 5-fluoro-2-aminobenzophenone is
      refluxed with hydrazine hydrate in diethylene glycol to give
      5-fluoro-2-aminobenzophenone hydrazone.
PAC  Preparation 8 -- 2-Amino-5-chloro-2'-fluorobenzophenone hydrazone
PAR  In the manner given in Preparation 1,
      2-amino-5-chloro-2'-fluorobenzophenone is refluxed with hydrazine hydrate
      in diethylene glycol to give 2-amino-5-chloro-2'-fluorobenzophenone
      hydrazone.
PAC  Preparation 9 -- 5-(Trifluoromethyl)-2-amino-benzophenone hydrazone
PAR  In the manner given in Preparation 1,
      5-(trifluoromethyl)-2-aminobenzophenone is refluxed with hydrazine hydrate
      in diethylene glycol to give 5-(trifluoromethyl)-2-aminobenzophenone
      hydrazone.
PAC  Preparation 10 -- 2-Amino-5-nitrobenzophenone hydrazone
PAR  In the manner given in Preparation 1, 2-amino-5-nitrobenzophenone is
      refluxed with hydrazine hydrate in diethylene glycol to give
      2-amino-5-nitrobenzophenone hydrazone.
PAR  In the same manner given in preparations 1 through 10 other
      2-aminobenzophenone hydrazones can be synthesized. Representative
      compounds thus produced include:
PA1  2-amino-2'-chloro-5-(trifluoromethyl)-benzophenone hydrazone;
PA1  2-amino-5-bromo-2'-fluorobenzophenone hydrazone;
PA1  2-amino-5-fluoro-2'-chlorobenzophenone hydrazone;
PA1  2-amino-5-bromo-2'-chlorobenzophenone hydrazone;
PA1  2-amino-3',5-dichlorobenzophenone hydrazone;
PA1  2-amino-4-chlorobenzophenone hydrazone;
PA1  2-amino-3-(trifluoromethyl)benzophenone hydrazone;
PA1  2-amino-3'-chlorobenzophenone hydrazone;
PA1  2-amino-4',5-dichlorobenzophenone hydrazone;
PA1  2-amino-5-bromo-3'-chlorobenzophenone hydrazone;
PA1  2-amino-5-bromobenzophenone hydrazone;
PA1  2-amino-3-chloro-2'-fluorobenzophenone hydrazone;
PA1  2-amino-4-nitrobenzophenone hydrazone;
PA1  2-amino-2'-fluoro-5-(trifluoromethyl)benzophenone hydrazone;
PA1  2-amino-4-bromo-2'-chlorobenzophenone hydrazone; and the like.
PAC  Preparation 11 -- 2-benzyl-4-chloroaniline
PAR  Potassium hydroxide pellets (16.1 g., 245 mmol) are gound and dissolved in
      85 ml. of refluxing diethylene glycol. Volatile materials are distilled
      until the temperature of the liquid reaches 200.degree. C. The solution is
      then cooled to room temperature and 13.5 g. (54.6 mmol) of
      2-amino-5-chlorobenzophenone hydrazone is added, while the syrupy liquid
      is gently reheated. At 100.degree. C. all the hydrazone has dissolved. The
      temperature is maintained between 120.degree.-150.degree. C. for 45
      minutes until gas evolution ceases. After a total heating period of 1.5
      hours the solution is cooled, poured onto ice and extracted with benzene.
      The benzene layer is separated, dried over anhydrous magnesium sulfate and
      concentrated to yield an orange oil. Distillation affords 9.9 g. of
      2-benzyl-4-chloroaniline (89.2%) yellow oil of boiling point
      125.degree.-140.degree. C. (at 0.1 mm Hg).
PAR  Anal. calcd. for C.sub.13 H.sub.12 ClN: C, 71.72; H, 5.56; N, 6.44; Cl,
      16.28. Found: C, 71.55; H, 5.51; N, 6.58; Cl, 16.16.
PAC  Preparation 12 -- 2-(o-chlorobenzyl)-4-chloroaniline
PAR  In the manner given in Preparation 11, 2-amino-2',5-dichlorobenzophenone
      hydrazone is refluxed with potassium hydroxide in diethylene glycol to
      give 2-(o-chlorobenzyl)-4-chloroaniline, boiling point
      140.degree.-148.degree. (0.15 mm Hg), melting point 64.degree.-65.degree.
      C.
PAR  Anal. calcd. for C.sub.13 H.sub.11 Cl.sub.2 N: C, 61.92; H, 4.40; N, 5.56;
      Cl, 28.12; Found: C, 62.00; H, 4.46; N, 5.61; Cl, 28.28.
PAC  Preparation 13 -- 4-Chloro-.alpha.-(2,6-difluorophenyl)-o-toluidine
PAR  In the manner given in Preparation 11,
      2-amino-5-chloro-2',6'-difluorobenzophenone hydrazone is refluxed with
      potassium hydroxide in diethylene glycol to give
      4-chloro-.alpha.-(2,6-difluorophenyl)-o-toluidine.
PAC  Preparation 14 -- 2-(o-chlorobenzyl)-4-nitroaniline
PAR  In the manner given in Preparation 11,
      2-amino-2'-chloro-5-nitrobenzophenone hydrazone is refluxed with potassium
      hydroxide in diethylene glycol to give 2-(o-chlorobenzyl)-4-nitroaniline.
PAC  Preparation 15 -- 2-Benzylaniline
PAR  In the manner given in Preparation 11, 2-aminobenzophenone hydrazone is
      refluxed with potassium hydroxide in diethylene glycol to give
      2-benzylaniline.
PAC  Preparation 16 -- 2-(o-chlorobenzyl)aniline
PAR  In the manner given in Preparation 11, 2-amino-2'-chlorobenzophenone
      hydrazone is refluxed with potassium hydroxide in diethylene glycol to
      give 2-(o-chlorobenzyl)aniline.
PAC  Preparation 17 -- 4-Fluoro-.alpha.-phenyl-o-toluidine
PAR  In the manner given in Preparation 11, 2-amino-5-fluorobenzophenone
      hydrazone is refluxed with potassium hydroxide in diethylene glycol to
      give 4-fluoro-.alpha.-phenyl-o-toluidine.
PAC  Preparation 18 -- 2-(o-fluorobenzyl)-4-chloroaniline
PAR  In the manner given in Preparation 11,
      2-amino-2'-fluoro-5-chlorobenzophenone hydrazone is refluxed with
      potassium hydroxide in diethylene glycol to give
      2-(o-fluorobenzyl)-4-chloroaniline.
PAC  Preparation 19 -- 4-(Trifluoromethyl)-.alpha.-phenyl-o-toluidine
PAR  In the manner given in Preparation 11,
      2-amino-5-(trifluoromethyl)benzophenone is refluxed with potassium
      hydroxide in diethylene glycol to give
      4-(trifluoromethyl)-.alpha.-phenyl-o-toluidine.
PAC  Preparation 20 -- 2-Benzyl-4-nitroaniline
PAR  In the manner given in Preparation 11, 2-amino-5-nitrobenzophenone
      hydrazone is refluxed with potassium hydroxide in diethylene glycol to
      give 2-benzyl-4-nitroaniline.
PAR  In the manner given in the preceding preparations other
      .alpha.-phenyl-o-toluidines can be synthesized. Representative compounds
      thus obtained include:
PA1  2-(o-chlorobenzyl)-5-bromoaniline;
PA1  2-(o-chlorobenzyl)-4-(trifluoromethyl)aniline;
PA1  4-chloro-.alpha.-(m-chlorophenyl)-o-toluidine;
PA1  4-bromo-.alpha.-(o-chlorophenyl-o-toluidine;
PA1  5-bromo-.alpha.-(o-fluorophenyl)-o-toluidine;
PA1  .alpha.-(o-fluorophenyl)-o-toluidine;
PA1  4-bromo-.alpha.-phenyl-o-toluidine;
PA1  3-fluoro-.alpha.-(o-fluorophenyl)-o-toluidine;
PA1  4-fluoro-.alpha.-(o-chlorophenyl)-o-toluidine;
PA1  3-(trifluoromethyl)-.alpha.-phenyl-o-toluidine; and the like.
PAC  Preparation 21 -- 1-(4-chloro-.alpha.-phenyl-o-tolyl)imidazole
PAR  A. A solution of 50.6 g. (0.233 mmol) of 2-benzyl-4-chloroaniline and 82.85
      g. (0.5095 mole) of triethyl orthoformate are kept at reflux during 5
      hours. About 75 ml. of ethanol and other low boiling materials are
      distilled leaving an oily residue.
PAR  B. The residual oil is then cooled to room temperature, dissolved in 500
      ml. of methanol and treated with 83.5 g. (0.795 mol) of aminoacetaldehyde,
      dimethyl acetal. The solution is refluxed for 3 hours until the imino
      ether has reacted completely.
PAR  C. The solvent is then removed in vacuo to give an oil which is dissolved
      in 1 liter of monoglyme. To this solution is carefully added 34.9 ml. of
      titanium tetrachloride (60.4 g., 0.318 mol). The solution turns brown
      immediately and warms considerably during the addition of the metal salt.
      The reaction mixture is stirred at ambient temperature for 10 minutes,
      then refluxed for 4 hours. The reaction mixture is permitted to cool
      overnight, then worked up by pouring into 5.0 liter of cold 5% aqueous
      sodium hydroxide solution and extracted with chloroform (approximately 9
      liter of solvent is used). The organic layers re combined, washed with
      saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate
      and concentrated to a syrup to give 51.6 g. of a black tarry substance.
      This is chromatographed over 2500 g. of silica gel and eluted wit ethyl
      acetate, taking 1-liter fractions. The product is isolated in fractions 8
      to 14 to give, after recrystallization from ether/hexane, 29.77 g. (48%)
      of  1-(4-chloro-.alpha.-phenyl-o-tolyl)imidazole of melting point
      69.degree.-70.5.degree. C.
PAR  Anal. calcd. for C.sub.16 H.sub.13 ClN.sub.2 ; mw. 268.73: c, 71.51; H,
      4.87; N, 10.43; Cl, 13.19. Found: C, 71.81; H, 4.82; N, 10.42; Cl, 13.31.
PAC  Preparation 22 -- 1-[4-Chloro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole
PAR  A. 4-Chloro-.alpha.-(o-chlorophenyl)-o-toluidine (58.7 g., 0.233 mol) is
      refluxed for 3 hours with 83.0 g. (0.509 mol) of triethyl orthoformate to
      remove ethanol leaving an oily residue.
PAR  B. This residue is cooled to room temperature, dissolved in 500 ml. of
      methanol and treated with 83.5 g. (0.795 mol) of aminoacetaldehyde,
      dimethylacetal. The solution is stirred at room temperature for 20 minutes
      and then refluxed for 31/2 hours.
PAR  C. The solvent is removed in vacuo and the resulting oil, dissolved in 1 l.
      of monoglyme, is treated cautiously with 34.9 ml. (60.4 g., 0.318 mol) of
      titanium tetrachloride. The reaction mixture is stirred at ambient
      temperature for 10 minutes, then refluxed for 4 hours, cooled to room
      temperature, poured onto ice and neutralized with 5.0 l. of cold 10%
      aqueous sodium hydroxide solution. The mixture is treated with chloroform
      and both layers are filtered through Celite (activated carbon) to remove
      suspended solids. The layers are separated and the aqueous layer is
      extracted thoroughly with methylene chloride. The combined organic
      extracts are washed with brine, dried over anhydrous magnesium sulfate and
      concentrated in vacuo to an oil (140.0 g. (which is chromatographed over
      4.8 kg. of silica gel by eluting with 30% ethyl acetate/70% Skellysolve B
      hexanes mixtures and taking 600 ml. fractions. After the 20th fraction the
      column is eluted with a 50% ethyl acetate/Skellysolve B hexane mixture.
      The product is isolated in fractions 21-29  and crystallized from ethyl
      acetate to afford 18.43 g.
      1-[4-chloro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole of melting point
      62.degree.-63.degree. C. An analytical sample has a meling point
      63.5.degree.-64.5.degree. C.
PAR  Anal. calcd. for C.sub.16 H.sub.12 Cl.sub.2 N.sub.2, mw 303.19: C, 63.38;
      H, 3.99; N, 9.24; Cl, 23.39. Found: C, 63.15; H, 3.94; N, 9.19; Cl, 23.18.
PAC  Preparation 23 -- 5-Methyl-1-(4-chloro-.alpha.-phenyl-o-tolyl)imidazole
PAR  A. A solution of 5.06 g. (23.3 mmol) of 2-benzyl-4-chloroaniline and 8.28
      g. ( 51.0 mol) of triethyl orthoformate is refluxed for five hours, and
      the ethanol distilled. The resulting yellow oil is dissolved in 25 ml. of
      absolute ethanol, treated with 2-methyl-2-(aminomethyl)-1,3-dioxolane and
      heated for 1.5 hours at reflux. All the volatile liquids are removed in
      vacuo to afford 5.26 g. of solid which is filtered and washed with hexane.
      The analytical sample recrystallizes from ethyl acetate/hexane and has a
      melting point 105.degree.-107.degree. C.
PAR  Anal. calcd. for C.sub.19 H.sub.21 ClN.sub.2 O.sub.2, mw 344.83: C, 66.17;
      H, 6.14; N, 8.13; cl, 10.28. Found: C, 65.98; H, 6.12; N, 8.03; Cl, 10.35.
PAR  B. 5-Methyl-1-(4-chloro-.alpha.-phenyl-o-tolyl(imidazole
PAR  The product obtained from A (2.77 g., 8.11 mole) is dissolved in 40 ml. of
      monoglyme and treated carefully at room temperature with 1.22 ml. (2.10
      g., 11.1 mmol) of reagent titanium tetrachloride. After the initial
      vigorous exothermic reaction has subsided, the reaction mixture is heated
      to reflux on a steam bath for 3 hours. The reaction mixture is quenched on
      ice, neutralized, extracted with chloroform, dried and chromatographed
      over 150 g. of silica gel by eluting with 100 ml. of ethyl acetate and 900
      ml. of a 1/99 methanol/ethyl acetate mixture (18 ml. fractions are
      collected). The product is collected in fractions 24-37 and crystallized
      from ethyl acetate/hexane mixtures, to afford 0.71 g. of
      5-methyl-1-(4-chloro-.alpha.-phenyl-o-tolyl)imidazole of melting point
      64.degree.-66.degree. C. A second crop weighs 0.17 g. The analytical
      sample, crystallizes from ethyl acetate/hexane mixtures and has a melting
      point of 65.degree.-66.degree. C.
PAR  Anal. calcd. for C.sub.17 H.sub.15 ClN.sub.2 : C, 72.21; H, 5.35; N, 9.91;
      Cl, 12.54. Found: C, 71.97; H, 5.38; N, 9.79; Cl, 12.85.
PAC  Preparation 24 -- 1-[4-Nitro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole
PAR  In the manner given in Preparation 21,
      4-nitro-.alpha.-(o-chlorophenyl)-o-toluidine is reacted first with
      trimethyl orthoformate; the resulting product is reacted with
      aminoacetaldehyde, dimethyl acetal, and the resulting product of this
      reaction is heated with titanium tetrachloride in monoglyme to give
      1-[4-nitro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole.
PAC  Preparation 25 --
      5-Methyl-1-(4-nitro-.alpha.-(o-chlorophenyl)-o-tolyl)imidazole
PAR  In the manner given in Preparation 23,
      4-nitro-.alpha.-(o-chlorophenyl)-o-toluidine is reacted with triethyl
      orthoformate. The resulting oil is heated with
      2-methyl-2-(aminomethy)-1,3-dioxolane, and the resulting product treated
      with titanium tetrachloride to give
      5-methyl-1-(4-nitro-.alpha.-(o-chlorophenyl-o-tolyl)imidazole.
PAC  Preparation 26 -- 1-[4-Fluoro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole
PAR  In the manner given in Preparation 21,
      4-fluoro-.alpha.-(o-chlorophenyl)-o-toluidine is reacted first with
      trimethyl orthoformate; the resulting product is reacted with
      aminoacetaldehyde, dimethyl acetal, and the resulting product of this
      reaction is heated with titanium tetrachloride in monoglyme to give
      1-[4-fluoro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole.
PAC  Preparation 27 --
      5-Ethyl-1-[4-fluoro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole
PAR  In the manner given in Preparation 23,
      4-fluoro-.alpha.-(o-chlorophenyl)-o-toluidine is reacted with triethyl
      orthoformate, the resulting oil is heated with
      2-ethyl-2-(aminomethyl)-1,3-dioxolane, and the resulting product treated
      with titanium tetrachloride to give
      5-ethyl-1-[4-fluoro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole.
PAC  Preparation 28 -- 1-[4-(trifluoromethyl)-.alpha.-phenyl-o-tolyl]imidazole
PAR  In the manner given in Preparation 21,
      4-(trifluoromethyl)-.alpha.-phenyl-o-toluidine is reacted first with
      trimethyl orthoformate; the resulting product is reacted with
      aminoacetaldehyde, dimethyl acetal, and the resulting product of this
      reaction is heated with titanium tetrachloride in monoglyme to give
      1-[4-(trifluoromethyl)-.alpha.-phenyl-o-tolyl]imidazole.
PAC  Preparation 29 --
      5-Methyl-1-[4-(trifluoromethyl)-.alpha.-phenyl-o-tolyl]imidazole
PAR  In the manner given in Preparation 23,
      4-(trifluoromethyl)-.alpha.-phenyl-o-toluidine is reacted with triethyl
      orthoformate, the resulting oil is heated with
      2-methyl-2-(aminomethyl)-1,3-dioxolane, and the resulting product treated
      with titanium tetrachloride to give
      5-methyl-1-[4-(trifluoromethyl)-o-phenyl-o-tolyl]imidazole.
PAC  Preparation 30 --
      1-[4-Chloro-.alpha.-(2,6-difluorophenyl)-o-tolyl]imidazole
PAR  In the manner given in Preparation 21,
      4-chloro-.alpha.-(2,6-difluorophenyl)-o-toluidine is reacted first with
      trimethyl orthoformate; the resulting product is reacted with
      aminoacetaldehyde, dimethyl acetal, and the resulting product of this
      reaction is heated with titanium tetrachloride in monoglyme to give
      1-[4-chloro-.alpha.-(2,6-difluorophenyl)-o-tolyl]imidazole.
PAC  Preparation 31 --
      4-Ethyl-5-methyl-1-[4-chloro-.alpha.-(2,6-difluorophenyl)-o-tolyl]imidazol
     e
PAR  In the manner given in Preparation 23,
      4-chloro-.alpha.-(2,6-difluorophenyl)-o-toluidine is reacted with triethyl
      orthoformate, the resulting oil is heated with
      2-ethyl-2-(1-aminoethyl)-1,3-dioxolane, and the resulting product treated
      with titanium tetrachloride to give
      4-ethyl-5-methyl-1-[4-chloro-.alpha.-(2,6-difluorophenyl)-o-tolyl]imidazol
     e.
PAC  Preparation 32 -- 1-(4-Nitro-.alpha.-phenyl-o-tolyl)imidazole
PAR  In the manner given in Preparation 21, 4-nitro-.alpha.-phenyl-o-toluidine
      is reacted first with trimethyl orthoformate; the resulting product is
      reacted with aminoacetaldehyde, dimethyl acetal, and the resulting product
      of this reaction is heated with titanium tetrachloride in monoglyme to
      give 1-(4-nitro-.alpha.-phenyl-o-tolyl)imidazole.
PAC  Preparation 33 -- 5-Methyl-1-(4-nitro-.alpha.-phenyl-o-tolyl)imidazole
PAR  In the manner given in Preparation 23, 4-nitro-.alpha.-phenyl-o-toluidine
      is reacted with triethyl orthoformate the resulting oil is heated with
      2-methyl-2-(aminomethyl)-1,3-dioxolane, and the resulting product treated
      with titanium tetrachloride to give
      5-methyl-1-(4-nitro-.alpha.-phenyl-o-tolyl)imidazole.
PAC  Preparation 34 -- 1-(4-fluoro-.alpha.-phenyl-o-tolyl)imidazole
PAR  In the manner given in Preparation 21, 4-fluoro-.alpha.-phenyl-o-toluidine
      is reacted first with trimethyl orthoformate; the resulting product is
      reacted with aminoacetaldehyde, dimethyl acetal, and the resulting product
      of this reaction is heated with titanium tetrachloride in monoglyme to
      give 1-(4-fluoro-.alpha.-phenyl-o-tolyl)imidazole.
PAC  Preparation 35 --
      5-Methyl-1-[4-chloro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole
PAR  In the manner given in Preparation 21,
      4-chloro-.alpha.-(o-chlorophenyl)-o-toluidine is reacted with triethyl
      orthoformate, the resulting oil is heated with
      2-methyl-2-(aminomethyl)-1,3-dioxolane, and the resulting product treated
      with titanium tetrachloride to give
      5-methyl-1-[4-chloro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole.
PAC  Preparation 36 -- 1-(.alpha.-phenyl-o-tolyl)imidazole
PAR  In the manner given in Preparation 21, .alpha.-phenyl-o-toluidine is
      reacted first with trimethyl orthoformate, the resulting product is
      reacted with aminoacetaldehyde, dimethyl acetal, and the resulting product
      of this reaction is heated with titanium tetrachloride in monoglyme to
      give 1-(.alpha.-phenyl-o-tolyl)imidazole.
PAC  Preparation 37 -- 5-Methyl-1-(.alpha.-phenyl-o-tolyl)imidazole
PAR  In the manner given in Preparation 23, .alpha.-phenyl-o-toluidine is
      reacted with triethyl orthoformate, the resulting oil is heated with
      2-methyl-2-(aminomethyl)-1,3-dioxolane, and the resulting product treated
      with titanium tetrachloride to give
      5-methyl-1-(.alpha.-phenyl-o-tolyl)imidazole.
PAC  Preparation 38 -- 1-[4-Chloro-.alpha.-(o-fluorophenyl)-o-tolyl]imidazole
PAR  In the manner given in Preparation 21,
      4-chloro-.alpha.-(o-fluorophenyl)-o-toluidine is reacted first with
      trimethyl orthoformate; the resulting product is reacted with
      aminoacetaldehyde, dimethyl acetal, and the resulting product of this
      reaction is heated with titanium tetrachloride in monoglyme to give
      1-[4-chloro-.alpha.-(o-fluorophenyl)-o-tolyl]imidazole.
PAC  Preparation 39 -- 5-Methyl-1-[.alpha. -(o-chlorophenyl)-o-tolyl]imidazole
PAR  In the manner given in Preparation 23, .alpha.-(o-chlorophenyl)-o-toluidine
      is reacted with triethyl orthoformate, the resulting oil is heated with
      2-methyl-2-(aminomethyl)-1,3-dioxolane, and the resulting product treated
      with totanium tetrachloride to give
      5-methyl-1-[.alpha.-(o-chlorophenyl-o-tolyl]imidazole.
PAC  Preparation 40 -- 4,5-Diethyl-1-[.alpha.-(o-fluorophenyl)-o-tolyl]imidazole
PAR  In the manner given in Preparation 23, .alpha.-(o-fluorophenyl)-o-toluidine
      is reacted with triethyl orthoformate, the resulting oil is heated with
      2-ethyl-2-(1-aminoethyl)-1,3-dioxolane, and the resulting product treated
      with titanium tetrachloride to give
      4,5-diethyl-1-[.alpha.-(o-fluorophenyl)-o-tolyl]imidazole.
PAC  Preparation 41 -- 1-[4-bromo-.alpha.-(o-chlorophenyl)-o-tolyl]-imidazole
PAR  In the manner given in Preparation 21,
      4-bromo-.alpha.-(o-chlorophenyl)-o-toluidine is reacted first with
      trimethyl orthoformate; the resulting product is reacted with
      aminoacetaldehyde, dimethyl acetal and the resulting product of this
      reaction is heated with titanium tetrachloride in monoglyme to give
      1-[4-bromo-.alpha.-(o-bromophenyl)-o-tolyl]imidazole.
PAC  Preparation 42 --
      5-Propyl-1-[4-bromo-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole
PAR  In the manner given Preparation 23,
      4-bromo-.alpha.-(o-chlorophenyl)-o-toluidine is reacted with triethyl
      orthoformate, the resulting oil is heated with
      2-propyl-2-(aminomethyl)-1,3-dioxolane, and the resulting product treated
      with titanium tetrachloride to give
      5-propyl-1-[4-bromo-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole.
PAC  Preparation 43 --
      4-Propyl-1-[4-nitro-.alpha.-(o-fluorophenyl)-o-tolyl]imidazole
PAR  In the manner given in Preparation 23,
      4-nitro-.alpha.-(o-fluorophenyl)-o-toluidine is reacted with triethyl
      orthoformate, the resulting oil is heated with
      2-(1-aminopropyl)-1,3-dioxolane, and the resulting product treated with
      titanium tetrachloride to give
      4propyl-1-[4-nitro-.alpha.-(o-fluorophenyl)-o-tolyl]imidazole
PAR  In the manner given in the preceding Preparations other
      1-(.alpha.-phenyl-o-tolyl)imidazoles can be obtained. Representative
      compounds thus obtained include:
PA1  1-(4-bromo-.alpha.-phenyl-o-tolyl)imidazole;
PA1  1-(5-bromo-.alpha.-phenyl-o-tolyl)imidazole;
PA1  5-methyl-1-[4-(trifluoromethyl)-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole;
PA1  5-methyl-1-[4-fluoro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole;
PA1  4-methyl-1-(5-bromo-.alpha.-phenyl-o-tolyl)imidazole;
PA1  5-methyl-1-(5-bromo-.alpha.-phenyl-o-tolyl)imidazole;
PA1  4-methyl-1-[4-chloro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole;
PA1  4,5-dimethyl-1-(5-bromo-.alpha.-phenyl-o-tolyl)imidazole;
PA1  1-[4-chloro-.alpha.-(m-chlorophenyl)-o-tolyl]imidazole;
PA1  5-methyl-1-(4-fluoro-.alpha.-phenyl-o-tolyl)imidazole;
PA1  4-propyl-1-[.alpha.-(m-chlorophenyl)-o-tolyl]imidazole;
PA1  5-ethyl-4-propyl-1-[.alpha.-(m-chlorophenyl)-o-tolyl]imidazole;
PA1  4,5-dimethyl-1-[4-(trifluoromethyl)-.alpha.-(o-chlorophenyl)-o-tolyl]imidaz
     ole;
PA1  4,5-diethyl-1-[4-nitro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole;
PA1  5-propyl-1-(4-chloro-.alpha.-phenyl-o-tolyl)imidazole; and the like.
PAC  Preparation 44 -- (5-Chloro-2-imidazo-1-yl)benzophenone
PAR  In a 500 ml. round bottom flask, 26.8 g. (0.100 mol) of
      1-(4-chloro-.alpha.-phenyl-o-tolyl)imidazole is dissolved in 100 ml. of
      acetic acid. One hundred ml. of Jones reagent is added carefully and the
      mixture is refluxed under nitrogen for 4 hours on a steam bath. After
      cooling to room temperature, the mixture is poured into 4.0 liter of cold
      7% aqueous sodium hydroxide solution and extracted with 2.2 liter of
      chloroform. The chloroform extract is washed with aqueous saturated sodium
      chloride, dried over anhydrous magnesium sulfate, filtered and
      concentrated to give a dark oil. This oil is dissolved in ethyl acetate,
      treated with 1.0 g. of activated charcoal, and filtered through anhydrous
      magnesium sulfate. Crystallization from ethyl acetate/hexane (1/2) affords
      15.3 g. of 5-chloro-2-imidazol-1-yl)benzophenone. Recrystallization of 1.0
      g. of the product from ethyl acetate affords 0.30 g. of colorless prisms,
      of melting point 106.degree.-108.degree. C.
PAR  Anal. calcd. for C.sub.16 H.sub.11 ClN.sub.2 O: C, 67.97; H, 3.92; N, 9.92;
      Cl, 12.54. Found: C, 67.54; H, 3.96; N, 10.22; Cl, 12.57.
PAC  Preparation 45 -- 2',5-Dichloro-2-(imidazol-1-yl)benzophenone
PAR  In a 500-ml. round bottom flask 30.3 g. (0.100 mol) of
      1-[4-chloro-.alpha.-(o-chlorophenyl)-2-tolyl]imidazole is dissolved in 100
      ml. of acetic acid. One hundred ml. of Jones reagent is added carefully
      and the mixture is refluxed under nitrogen for 4 hours on a steam bath.
      After cooling to room temperature, the mixture is poured into 4.0 l. of a
      cold aqueous 7% sodium hydroxide solution and extracted with 2.2 l. of
      chloroform. The chloroform extract is washed with an aqueous saturated
      sodium chloride solution, dried over anhydrous magnesium sulfate and
      concentrated to an oil which is crystallized from ethyl acetate to afford
      2',5-dichloro-2-(imidazol-1-yl)benzophenone of melting point
      146.degree.-148.degree. C.
PAR  Anal. calcd. for C.sub.16 H.sub.10 Cl.sub.2 N.sub.2, mw 317.17: C, 60.59;
      H, 3.18; N, 8.83; Cl, 22.36. Found: C, 60.96; H, 3.38; N, 8.97; Cl, 22.26.
PAC  Preparation 46 -- 5-Chloro-2-(5-methylimidazol-1-yl)benzophenone
PAR  In the manner described in Preparation 44,
      5-methyl-1-(4-chloro-.alpha.-phenyl-o-tolyl)imidazole in acetic acid is
      treated with Jones reagent and heated for 3 hours on a steam bath to give
      5-chloro-2-(5-methylimidazol-1-yl)benzophenone.
PAC  Preparation 47 -- 2',5-Dichloro-2-(5-methylimidazol-1-yl)benzophenone
PAR  In the manner given in Preparation 44,
      5-methyl-1-[4-chloro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole in acetic
      acid is heated with Jones reagent to give
      2',5-dichloro-2-(5-methylimidazol-1-yl)benzophenone.
PAC  Preparation 48 -- 2'-Chloro-5-nitro-2-(imidazol-1-yl)benzophenone
PA1  In the manner given in Preparation 44,
      1-[4-nitro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole in acetic acid is
      heated with Jones reagent to give
      2'-chloro-5-nitro-2-(imidazol-1-yl)benzophenone.
PAC  Preparation 49 -- 2'-Chloro-5-nitro-2-(5-methylimidazol-1-yl)benzophenone
PAR  In the manner given in Preparation 44,
      5-methyl-1-[4-nitro-.alpha.-(o-chlorophenyl)-o-toly]imidazole in acetic
      acid is heated with Jones reagent to give
      2'-chloro-5-nitro-2-(5-methylimidazol-1-yl)benzophenone.
PAC  Preparation 50 -- 2'-Chloro-5-fluoro-2-(imidazo-1-yl)benzophenone
PAR  In the manner given in Preparation 44,
      1-[4-fluoro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole in acetic acid is
      heated with Jones reagent to give
      2'-chloro-5-fluoro-2-(imidazol-1-yl)benzophenone.
PAC  Preparation 51 -- 2'-Chloro-5-fluoro-2-(5-ethylimidazol-1-yl)benzophenone
PAR  In the manner given in Preparation 44,
      5-ethyl-1-[4-fluoro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole in acetic
      acid is heated with Jones reagent to give
      2'-chloro-5-fluoro-2-(5-ethylimidazol-1-yl)benzophenone.
PAC  Preparation 52 -- 5-(Trifluoromethyl)-2-(imidazol-1-yl)benzophenone
PAR  In the manner given in Preparation 44,
      1-[4-(trifluoromethyl)-.alpha.-phenyl-o-tolyl]imidazole in acetic acid is
      heated with Jones reagent to give
      5-(trifluoromethyl)-2-(imidazol-1-yl)benzophenone.
PAC  Preparation 53 -- 5
      -(Trifluoromethyl)-2-(5-methylimidazol-1-yl)benzophenone
PAR  In the manner given in Preparation 44,
      5-methyl-1-[4-(trifluoromethyl).alpha.-(o-chlorophenyl)-o-tolyl]imidazole
      in acetic acid is heated with Jones reagent to give
      5-(trifluoromethyl)-2-(5-methylimidazol-1-yl)benzophenone.
PAC  Preparation 54 -- 5-Chloro-2',6'-difluoro-2-(imidazol-1-yl)benzophenone
PAR  In the manner given in Preparation 44,
      1-[4-chloro-.alpha.-(2,6-difluorophenyl)-o-tolyl]imidazole in acetic acid
      is heated with Jones reagent to give
      5-chloro-2',6'-difluoro-2-(imidazol-1-yl)benzophenone.
PAC  Preparation 55 --
      5-Chloro-2',6'-difluoro-2-(4-ethyl-5-methylimidazol-1-yl)benzophenone
PAR  In the manner given in Preparation 44,
      4-ethyl-5-methyl-1-[4-chloro-.alpha.-(2,6-difluorophenyl)-o-tolyl]imidazol
     e in acetic acid is heated with Jones reagent to give
      5-chloro-2',6'-difluoro-2-(4-ethyl-5-methylimidazol-1-yl)benzophenone.
PAC  Preparation 56 -- 5 -Nitro-2-(imidazol-1-yl)benzophenone
PAR  In the manner given in Preparation 44,
      1-(4-nitro-.alpha.-phenyl-o-tolyl)imidazole in acetic acid is heated with
      Jones reagent to give 5-nitro-2 -(imidazol-1-yl)benzophenone.
PAC  Preparation 57 -- 5-Nitro-2-(5-methylimidazol-1-yl)benzophenone.
PAR  In the manner given in Preparation 44,
      5-methyl-1-(4-nitro-.alpha.-phenyl-o-tolyl)imidazole in acetic acid is
      heated with Jones reagent to give
      5-nitro-2-(5-methylimidazol-1-yl)benzophenone.
PAC  Preparation 58 -- 5-Fluoro-2-(imidazol-1-yl)benzophenone
PAR  In the manner given in Preparation 44,
      1-(4-fluoro-.alpha.-phenyl-o-tolyl)imidazole in acetic acid is heated with
      Jones reagent to give 5-fluoro-2-(imidazol-1-yl)benzophenone.
PAC  Preparation 59 -- 2',5-Dichloro-2-(4-methylimidazol-1-yl)benzophenone
PAR  In the manner given in Preparation 44,
      4-methyl-1-[4-chloro-.alpha.-(o-chlorophenyl)-o-tolyl]imidazole in acetic
      acid is heated with Jones reagent to give
      2',5-dichloro-2-(4-methylimidazol-1-yl)benzophenone.
PAC  Preparation 60 -- 2-(5-methylimidazol-1-yl)benzophenone
PAR  In the manner given in Preparation 44, 1-(.alpha.-phenyl-o-tolyl)imidazole
      in acetic acid is heated with Jones reagent to give
      2-(5-methylimidazol-1-yl)benzophenone.
PAC  Preparation 61 -- 2'-Chloro-2-(5-methylimidazol-1-yl)benzophenone
PAR  In the manner given in Preparation 44,
      5-methyl-1-[.alpha.-(o-chlorophenyl)-o-tolyl]imidazole in acetic acid is
      heated with Jones reagent to give
      2'-chloro-2-(5-methylimidazol-1-yl)benzophenone.
PAR  In the manner given in Preparation 44, other 2-(imidazol-1-yl)benzophenones
      can be produced. Representative products thus obtained include:
PA1  2'-chloro-5 -(trifluoromethyl)-2-(5-methylimidazol-1-yl)benzophenone;
PA1  5-chloro-2'-fluoro-2-(imidazol-1-yl)benzophenone;
PA1  5-fluoro-2'-chloro-2-(5-methylimidazol-1-yl)benzophenone;
PA1  5-bromo-2'-chloro-2-(imidazol-1-yl)benzophenone;
PA1  2',4-dichloro-2-(4-methylimidazol-1-yl)benzophenone;
PA1  4-chloro-2-(imidazol-1-yl)benzophenone;
PA1  3-(trifluoromethyl)-2-(imidazol-1-yl)benzophenone;
PA1  3'-chloro-2-(imidazol-1-yl)benzophenone;
PA1  4',5-dichloro-2-(imidazol-1-yl)benzophenone;
PA1  5-fluoro-2-(5-methylimidazol-1-yl)benzophenone;
PA1  5-bromo-2'-chloro-2-(5-methylimidazol-1-yl)benzophenone;
PA1  5-bromo-2-(imidazol-1-yl)benzophenone;
PA1  5-chloro-2'-fluoro-2-(5-methylimidazol-1-yl)benzophenone;
PA1  5-nitro-2'-fluoro-2-(5-ethylimidazol-1-yl)benzophenone;
PA1  5-nitro-2-(5-propylimidazol-1-yl)benzophenone;
PA1  5-fluoro-2-(5-isopropylimidazol-1-yl)benzophenone;
PA1  5-(trifluoromethyl)-2-(4,5-dimethylimidazol-1-yl)benzophenone;
PA1  4-bromo-2'-chloro-2-(4,5-diethylimidazol-1-yl)benzophenone;
PA1  5-fluoro-2'-chloro-2-(4,5-dipropylimidazol-1-yl)benzophenone;
PAL  and the like.
DETD
PAC  EXAMPLE 1 -- 5-Chloro-2-[2-(hydroxymethyl)-imidazol-1-yl]benzophenone
PAR  A mixture of 2.82 g. (10.0 mmol) of 5-chloro-2-(imidazol-1-yl)benzophenone
      in 50 ml. of a 37% aqueous formalin solution is heated to 150.degree. C.
      for 6 hours in a bomb. The mixture is then poured into cold aqueous, 10%
      sodium hydroxide solution, and extracted 3 times with 75 ml. of
      chloroform. The combined chloroform extracts are dried over anhydrous
      sodium sulfate, filtered and chromatographed over silica gel with a
      solution of 3% methanol--97% chloroform. After discarding 250 ml. of
      forerun, 10 ml. fractions are collected. Fractions 41 to 80 contain the
      desired 5-chloro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone.  These
      fractions are combined and evaporated and the thus obtained crude product
      is crystallized from 20% methanol 80% ethyl acetate to give 420 mg. of
      5-chloro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone, of melting point
      184.degree.-188.degree. C.
PAR  Anal. calcd. for C.sub.17 H.sub.13 N.sub.2 O.sub.2 Cl, mw 312.7: C, 65.28;
      H, 4.19; N, 8.96; Cl, 17.34. Found: C, 65.57; H, 4.20; N, 8.63; Cl, 11.38.
PAC  EXAMPLE 2 -- 2',5-Dichloro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 1, 3.16 g. of
      2',5-dichloro-2-(imidazol-1-yl)benzophenone is heated in a bomb with 37%
      aqueous formaldehyde solution to give
      2',5-dichloro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 3 --
      5-Chloro-2-[5-methyl-2-(hydroxymethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 1, 2.96 g. of
      5-chloro-2-(5-methylimidazol-1-yl)benzophenone is heated in a bomb with
      paraformaldehyde in xylene to 140.degree. C. to give
      5-chloro-2-[5-methyl-2-(hydroxymethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 4 --
      5-Chloro-2'-fluoro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 1,
      5-chloro-2'-fluoro-2-(imidazol-1-yl)benzophenone is heated in a bomb with
      37% aqueous formaldehyde solution to give
      5-chloro-2'-fluoro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 5 --
      5-(Trifluoromethyl)-2-[2-(hydroxymethyl)-5-methylimidazol-1-yl]benzophenon
     e
PAR  In the manner given in Example 1,
      5-(trifluoromethyl)-2-(5-methylimidazol-1-yl)benzophenone is heated in a
      bomb with paraformaldehyde in xylene to 140.degree. C. to give
      5-(trifluoromethyl)-2-[2-(hydroxymethyl)-5-methylimidazol-1-yl]benzophenon
     e.
PAC  EXAMPLE 6 --
      5-Chloro-2',6'-difluoro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 1,
      5-chloro-2',6'-difluoro-2-(imidazol-1-yl)benzophenone is heated in a bomb
      to 150.degree. C. with 37% aqueous formaldehyde solution to give
      5-chloro-2',6'-difluoro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 7 --
      2'-Chloro-5-nitro-2-[5-methyl-2-(hydroxymethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 1,
      2'-chloro-5-nitro(5-methylimidazol-1-yl)benzophenone is heated in a bomb
      with paraformaldehyde in xylene to 140.degree. C. to give
      2'-chloro-5-nitro-2-[5-methyl-2-(hydroxymethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 8 --
      2'-Chloro-5-(trifluoromethyl)-2-[2-(hydroxymethyl)-5-methylimidazol-1-yl]b
     enzophenone
PAR  In the manner given in Example 1,
      2'-chloro-5-(trifluoromethyl)-2-(5-methylimidazol-1-yl)benzophenone is
      heated in a bomb with 37% aqueous formaldehyde solution to give
      2'-chloro-5-(trifluoromethyl)-2-[2-(hydroxymethyl)-5-methylimidazol-1-yl]b
     enzophenone.
PAC  EXAMPLE 9 -- 2'-Chloro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 1, 2'-chloro-2-imidazol-1-yl)benzophenone is
      heated in a bomb with paraformaldehyde in xylene to 140.degree. C. to give
      2-chloro-2-[2-(hydroxymethyl)imidazol-1-yl]-benzophenone.
PAC  EXAMPLE 10 -- 5-Bromo-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 1, 5-bromo-2-(imidazol-1-yl)benzophenone is
      heated in a bomb with 37% aqueous formaldehyde solution to give
      5-bromo-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 11 --
      2',5-Dichloro-2-[2-(hydroxymethyl)-5-methylimidazol-1-yl]benzophenone
PAR  In the manner given in Example 1, 2',5
      -dichloro-2-(5-methylimidazol-1-yl)benzophenone is heated in a bomb to
      150.degree. C. with 37% aqueous formaldehyde solution to give
      2',5-dichloro-2-[2-(hydroxymethyl)-5-methylimidazol-1-yl]benzophenone.
PAC  EXAMPLE 12 --
      2'-Chloro-5-nitro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 1,
      2'-chloro-5-nitro-2-(imidazol-1-yl)benzophenone is heated in a bomb with
      paraformaldehyde in xylene to 140.degree. C. to give
      2'-chloro-5-nitro-2-[2-(hydroxymethyl)imidazol-1-yl]-benzophenone.
PAC  EXAMPLE 13 --
      2'-Chloro-5-fluoro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 1,
      2'-chloro-5-fluoro-2-(imidazol-1-yl)benzophenone is heated in a bomb to
      150.degree. C. with 37% aqueous formaldehyde solution to give
      2'-chloro-5-fluoro-2-[2-(hydroxymethylimidazol-1-yl]benzophenone.
PAC  EXAMPLE 14 -- 5-Nitro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 1, 5-nitro-2-(imidazol-1-yl)benzophenone is
      heated in a bomb with paraformaldehyde in xylene to 140.degree. C. to give
      5-nitro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 15 -- 5-Fluoro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 1, 5-fluoro-2-(imidazol-1-yl)benzophenone is
      heated in a bomb to 150.degree. C. with 37% aqueous formaldehyde solution
      to give 5-fluoro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 16 --
      5-(Trifluoromethyl)-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 1,
      5-(trifluoromethyl)-2-(imidazol-1-yl)benzophenone is heated in a bomb with
      paraformaldehyde in xylene to 140.degree. C. to give
      5-(trifluoromethyl)-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone.
PAR  In the manner given in the preceding Examples, other
      2-[2-(hydroxymethyl)imidazol-1-yl]benzophenones of formula II can be
      produced. Representative compounds thus obtained include:
PA1  2',5-dichloro-2-[2-(hydroxymethyl)-4-methylimidazol-1-yl]benzophenone;
PA1  2',5-dichloro-2-[2-(hydroxymethyl)-5-ethylimidazol-1-yl]benzophenone;
PA1  2',5-dichloro-2[2-(hydroxymethyl)-5-propylimidazol-1-yl]benzophenone;
PA1  4-chloro-2-[2-(hydroxymethyl)-5-methylimidazol-1-yl]benzophenone;
PA1  3-chloro-2-[2-(hydroxymethyl)-5-methylimidazol-1-yl]benzophenone;
PA1  6-chloro-2-[2-(hydroxymethyl)-5-methylimidazol-1-yl]benzophenone;
PA1  5-bromo-2'-chloro-2-[2-(hydroxymethyl)-5-methylimidazol-1-yl]benzophenone;
PA1  5-(trifluoromethyl)-2-[2-(hydroxymethyl)-4-methylimidazol-1-yl]benzophenone
     ;
PA1  5-(trifluoromethyl)-2'-chloro-2-[2-(hydroxymethyl)-4,5-dimethylimidazol-1-y
     l]benzophenone;
PA1  5-nitro-2-[2-(hydroxymethyl)-4-methyl-5-ethylimidazol-1-yl]benzophenone;
PA1  6-nitro-3'-chloro-2-[2-(hydroxymethyl)-4-methylimidazol-1-yl]benzophenone;
PA1  3-nitro-4'-chloro-2-[2-(hydroxymethyl)-4,5-diethylimidazol-1-yl]benzophenon
     e;
PA1  5-chloro-2',6'-difluoro-2-[2-(hydroxymethyl)-4,5-dipropylimidazol-1-yl]benz
     ophenone;
PA1  5-chloro-2',6'-difluoro-2-[2-(hydroxymethyl)-4-propyl-5-methylimidazol-1-yl
     ]benzophenone;
PA1  2'-chloro-2-[2-(hydroxymethyl)-5-methylimidazol-1-yl]benzophenone;
PA1  5-bromo-2-[2-(hydroxymethyl)-4-ethylimidazol-1-yl]benzophenone;
PA1  4-bromo-2-[2-(hydroxymethyl)-5-methylimidazol-1-yl]benzophenone;
PA1  3-fluoro-3'-chloro-2-[2-(hydroxymethyl)-4-ethylimidazol-1-yl]benzophenone;
PA1  6-fluoro-2'-chloro-2-[2-(hydroxymethyl)-5-isopropylimidazol-1-yl]benzopheno
     ne;
PA1  5-fluoro-4'-chloro-2-[2-(hydroxymethyl)-5-methylimidazol-1-yl]benzophenone;
PAL  and the like.
PAC  EXAMPLE 17 -- 5-Chloro-2-[2 -(phthalimidomethyl)imidazol-1-yl]benzophenone
PAR  A mixture of 6.254 g. (20.0 mmol) of
      5-chloro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone, 3.24 g. (22.0
      mmol) of phthalimide and 5.76 g. (22.0 mmol) of triphenylphosphine
      suspended in 200 ml. of freshly distilled tetrahydrofuran and cooled for
      one-half hour in an ice bath is treated dropwise with 3.83 g. (22.0 mmol)
      of diethyl azodicarboxylate over three-fourths hour. By the end of the
      addition, all of the suspended solid has gone into solution. After
      overnight stirring (with concomitant warming to room temperature) the
      white powder which settled from the solution is filtered to give 3.56 g.
      of 5-chloro-2[2-(phthalimidomethylimidazol-1-yl]benzophenone of melting
      point 194.degree.-198.degree. C. The analytical sample has a melting point
      194.degree.-197.degree. C.
PAR  Anal. calcd. for C.sub.25 H.sub.16 ClN.sub.3 O.sub.3, mw 441.86: C, 67.95;
      H, 3.65; N, 9.51; Cl, 8.02. Found: C, 68.06; H, 3.76; N, 9.65; Cl, 8.00.
PAC  EXAMPLE 18 --
      2',5-Dichloro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 17, 3.47 g. (20.0 mmol) of
      2',5-dichloro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone is treated
      with 3.24 g. (22.0 mmol) of phthalimide and 5.76 g. (22.0 mmol) of
      triphenylphosphine suspended in 200 ml. of cold (0.degree.-5.degree.)
      tetrahydrofuran and finally with 3.83 g. (22.0 mmol) of diethyl
      azodicarboxylate, added slowly over three-fourths hour. After overnight
      stirring, the resulting solid is filtered and crystallized to afford
      2',5-dichloro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 19 --
      5-Chloro-2-[5-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 17,
      5-chloro-2-[5-methyl-2-(hydroxymethyl)imidazol-1-yl]benzophenone is
      treated with phthalimide and triphenylphosphine and finally with diethyl
      azodicarboxylate to give
      5-chloro-2-[5-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 20 -- 5-Fluoro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 17,
      5-fluoro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone is treated with
      phthalimide and triphenylphosphine and finally with diethyl
      azodicarboxylate to give
      5-fluoro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 21 --
      2',5-Dichloro-2-[4-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 17,
      2',5-dichloro-[2-(hydroxymethyl)-4-methylimidazol-1-yl]benzophenone is
      treated with phthalimide and triphenylphosphine and finally with diethyl
      azocarboxylate to give
      2',5-dichloro-2-[4-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 22 --
      5-Chloro-2'-fluoro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 17,
      5-chloro-2'-fluoro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone is
      treated with phthalimide and triphenylphosphine and finally with diethyl
      azodicarboxylate to give
      5-chloro-2'-fluoro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 23 --
      5-(Trifluoromethyl)-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 17,
      5-(trifluoromethyl)-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone is
      treated with phthalimide and triphenylphosphine and finally with diethyl
      azocarboxylate to give
      5-(trifluoromethyl)-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 24 --
      5-Chloro-2',6'-difluoro-2-[2-phthalimidomethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 17,
      5-chloro-2',6'-difluoro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone is
      treated with phthalimide and triphenylphosphine and finally with diethyl
      azodicarboxylate to give
      5-chloro-2',6'-difluoro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone
     .
PAC  EXAMPLE 25 --
      2'-Chloro-5-nitro-2-[5-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophen
     one
PAR  In the manner given in Example 17,
      2'-chloro-5-nitro-2-[5-methyl-2-(hydroxymethyl)imidazol-1-yl]benzophenone
      is treated with phthalimide and triphenylphosphine and finally with
      diethyl azodicarboxylate to give
      2'-chloro-5-nitro-2-[5-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophen
     one.
PAC  EXAMPLE 26 --
      2'-Chloro-5-(trifluoromethyl)-2-[5-methyl-2-(phthalimidomethyl)imidazol-1-
     yl]benzophenone
PAR  In the manner given in Example 17,
      2'-chloro-5-(trifluoromethyl)-2-[5-methyl-2-(hydroxymethyl)imidazol-1-yl]b
     enzophenone is treated with phthalimide and triphenylphosphine and finally
      with diethyl azodicarboxylate to give
      2'-chloro-5'-(trifluoromethyl)-2-[5-methyl-2-(phthalimidomethyl)imidazol-1
     -yl]benzophenone.
PAC  EXAMPLE 27 -- 2'-Chloro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 17,
      2'-chloro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone is treated with
      phthalimide and triphenylphosphine and finally with diethyl
      azodicarboxylate to give
      2'-chloro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 28 -- 5-Bromo-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 17,
      5-bromo-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone is treated with
      phthalimide and triphenylphosphine and finally with diethyl
      azodicarboxylate to give
      5-bromo-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 29 --
      2',5-Dichloro-2-[5-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 17,
      2',5-dichloro-2-[5-methyl-2-(hydroxymethyl)imidazol-1-yl]benzophenone is
      treated with phthalimide and triphenylphosphine and finally with diethyl
      azodicarboxylate to give
      2',5'-dichloro-2-[5-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophenone
     .
PAC  EXAMPLE 30 --
      2'-Chloro-5-nitro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 17,
      2'-chloro-5-nitro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone is
      treated with phthalimide and triphenylphosphine and finally with diethyl
      azodicarboxylate to give
      2'-chloro-5-nitro-2-[2-phthalimidomethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 31 --
      2'-Chloro-5-fluoro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 17,
      2'-chloro-5-fluoro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone is
      treated with phthalimide and triphenylphosphine and finally with diethyl
      azodicarboxylate to give
      2'-chloro-5-fluoro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone.
PAC  EXAMPLE 32 -- 5-Nitro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone
PAR  In the manner given in Example 17,
      5-nitro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone is treated with
      phthalimide and triphenylphosphine and finally with diethyl
      azodicarboxylate to give
      5-nitro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone.
PAR  In the manner given in the preceding Examples 17 through 32, other 2-[
      (2-phthalimidomethyl)imidazol-1-yl]benzophenones of formula III can be
      produced. Representative compounds, thus obtained, include:
PA1  2',5-dichloro-2-[4-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophenone;
PA1  2',5-dichloro-2-[5-ethyl-2-(phthalimidomethyl)imidazol-1-yl]benzophenone;
PA1  2',5-dichloro-2-[5-propyl-2-(phthalimidomethyl)imidazol-1-yl]benzophenone;
PA1  4-chloro-2-[5-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophenone;
PA1  3-chloro-2-[5-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophenone;
PA1  6-chloro-2-[5-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophenone;
PA1  5-bromo-2'-chloro-2-[5-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzopheno
     ne;
PA1  5-(trifluoromethyl)-2-[4-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophe
     none;
PA1  5-(trifluoromethyl)-2'-chloro-2-[4,5-dimethyl-2-(phthalimidomethyl)imidazol
     -1-yl]benzophenone;
PA1  5-nitro-2-[4-methyl-5-ethyl-2-(phthalimidomethyl)imidazol-1-yl]benzophenone
     ;
PA1  6-nitro-3'-chloro-2-[4-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzopheno
     ne;
PA1  3-nitro-4'-chloro-2-[4,5-diethyl-2-(phthalimidomethyl)imidazol-1-yl]benzoph
     enone;
PA1  5-chloro-2',6'-difluoro-2-[4,5-dipropyl-2-(phthalimidomethyl)imidazol-1-yl]
     benzophenone;
PA1  5-chloro-2',6'-difluoro-2-[4-propyl-5-methyl-2-(phthalimidomethyl)imidazol-
     1-yl]benzophenone;
PA1  2'-chloro-2-[5-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophenone;
PA1  5-bromo-2-[4-ethyl-2-(phthalimidomethyl)imidazol-1-yl]benzophenone;
PA1  4-bromo-2-[5-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophenone;
PA1  3-fluoro-3'-chloro-2-[4-ethyl-2-(phthalimidomethyl)imidazol-1-yl]benzopheno
     ne;
PA1  6-fluoro-2'-chloro-2-[5-isopropyl-2-(phthalimidomethyl)imidazol-1-yl]benzop
     henone;
PA1  5-fluoro-4'-chloro-2-[5-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophen
     one;
PA1  5-(trifluoromethyl)-2-[5-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophe
     none;
PAL  and the like.
PAC  EXAMPLE 33 -- 8-Chloro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine
PAR  5-Chloro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone (0.883 g., 2.00
      mmol) is suspended in 12 ml. of absolute ethanol, treated with hydrazine
      and heated to 72.degree.-74.degree. C. Within 10 minutes all of the solid
      dissolves. After 2 hours the reaction is stopped and white solid is
      removed by filtration. The mother liquor is concentrated in vacuo to an
      oil which is crystallized from ethyl acetate-hexane-mixtures to give
      8-chloro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine of melting point
      143.degree.-148.degree. C.
PAR  Anal. calcd. for C.sub.17 H.sub.12 ClN.sub.3 : C, 69.50; H, 4.12; N, 14.31;
      Cl, 12.07. Found: C, 69.32; H, 4.04; N, 14.51; Cl, 12.08.
PAC  EXAMPLE 34 --
      8-Chloro-6-(o-chlorophenyl)-4H-imidazo[1,2-a][1,4benzodiazepine
PAR  In the manner given in Example 33,
      2',5-dichloro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone (4.76 g.,
      10.0 mmol) is dissolved in 60 ml. of ethanol, treated with 1.00 ml. of
      hydrazine hydrate and heated to 73.degree. C. for 2  hours. After
      filtration of the reaction mixture, the mother liquids are concentrated
      and the residue is recrystallized from ethyl acetate/hexane mixtures to
      give 8-chloro-6-(o-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine of
      melting point 178.degree.-180.degree. C.
PAR  Anal. calcd. for C.sub.17 H.sub.11 Cl.sub.2 N.sub.3 : C, 62.21; H, 3.38; N,
      12.81; Cl, 21.60. Found: C, 61.98; H, 3.27; N, 13.08; Cl, 21.72.
PAC  EXAMPLE 35 --
      1-Methyl-8-chloro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine
PAR  In the manner given in Example 33,
      5-chloro-2-[1-(phthalimidomethyl)-5-methylimidazol-1-yl]benzophenone is
      treated with hydrazine in ethanol at 73.degree. C. to give
      1-methyl-8-chloro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine of melting
      point 190.degree.-191.degree. C.
PAR   Anal. calcd. for C.sub.18 H.sub.14 ClN.sub.3 : C, 70.24; H, 4.58; N,
      13.66; Cl, 11.52. Found: C, 70.57; H, 4.52; N, 13.64; Cl, 11.61.
PAC  EXAMPLE 36 -- 8-Fluoro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine
PAR  In the manner given in Example 33,
      5-fluoro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone in ethanol is
      heated with hydrazine to give
      8-fluoro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine.
PAC  EXAMPLE 37 --
      8-Chloro-6-(o-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
PAR  In the manner given in Example 25,
      2',5-dichloro-2-[4-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophenone
      in ethanol is heated with hydrazine to give
      8-chloro-6-(o-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine.
PAC  EXAMPLE 38 --
      8-Chloro-6-(o-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
PAR  In the manner given in Example 33,
      5-chloro-2'-fluoro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone in
      ethanol is heated with hydrazine to give
      8-chloro-6-(o-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine.
PAC  EXAMPLE 39 --
      8-Nitro-6-(o-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
PAR  In the manner given in Example 25,
      2'-chloro-5-nitro-2-[5-methyl-2-(phthalimidomethyl)imidazol-1-yl]benzophen
     one in ethanol is heated with hydrazine to give
      8-nitro-6-(o-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
PAC  EXAMPLE 40 --
      8-Chloro-6-(2,6-difluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
PAR  In the manner given in Example 33,
      5-chloro-2',6'-difluoro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone
      in ethanol is heated with hydrazine to give
      8-chloro-6-(2,6-difluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine.
PAC  EXAMPLE 41 -- 6-(o-chlorophenyl)4H-imidazo[1,2-a][1,4]benzodiazepine.
PAR  In the manner given in Example 33,
      2'-chloro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone in ethanol is
      heated with hydrazine to give
      6-(o-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine.
PAC  EXAMPLE 42 -- 8-Bromo-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine
PAR  In the manner given in Example 33,
      5-bromo-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone in ethanol is
      heated with hydrazine to give
      8-bromo-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine.
PAR  In the same manner shown in Example 33 through 42, other
      2-[(2-phthalimidomethyl)imidazo-1-yl]benzophenones of formula IV can be
      converted to the corresponding known
      6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepines IV, which are useful
      tranquilizing, sedative, and musclerelaxing agents.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula II:
      ##SPC10##
PAL  wherein R.sub.0 and R.sub.1 are hydrogen or alkyl of 1 to 3 carbon atoms,
      inclusive; wherein R.sub.2 is hydrogen, chloro, fluoro, or
      trifluoromethyl; wherein R.sub.3 is hydrogen, or fluoro with the proviso
      that R.sub.3 is not fluoro, if R.sub.2 is chloro or trifluoromethyl; and
      wherein R.sub.4 is hydrogen, fluoro, chloro, bromo, nitro, or
      trifluoromethyl,
NUM  2.
PAR  2. A compound according to claim 1 of the formula IIA:
      ##SPC11##
PAL  wherein R'.sub.0 and R'.sub.1 are hydrogen or methyl; wherein R'.sub.2 is
      hydrogen, chloro, or fluoro; wherein R'.sub.3 is hydrogen or fluoro with
      the proviso that R'.sub.3 is not fluoro if R'.sub.2 is chloro; wherein
      R'.sub.4 is hydrogen, chloro, fluoro, or trifluoromethyl.
NUM  3.
PAR  3. A compound according to claim 1 of the formula IIB:
      ##SPC12##
PAL  wherein R'.sub.1 is hydrogen or methyl; wherein R".sub.2 is hydrogen or
      chloro; wherein R".sub.4 is hydrogen, chloro, or fluoro.
NUM  4.
PAR  4. A compound according to claim 3, wherein R'.sub.1 and R".sub.2 are
      hydrogen; R".sub.4 is chloro, and the compound is therefore
      5-chloro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone.
NUM  5.
PAR  5. A compound according to claim 3, wherein R'.sub.1 is hydrogen; wherein
      R".sub.2 and R".sub.4 are chloro and the compound is therefore
      2',5-dichloro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone.
NUM  6.
PAR  6. A compound according to claim 3, wherein R'.sub.1 is methyl, R".sub.2 is
      hydrogen, R".sub.4 is chloro and the compound is therefore
      5-chloro-2-[2-(hydroxymethyl)-5-methylimidazol-1-yl]benzophenone.
NUM  7.
PAR  7. A compound according to claim 3, wherein R'.sub.1 and R".sub.2 are
      hydrogen, R".sub.4 is fluoro and the compound is therefore
      5-fluoro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone.
NUM  8.
PAR  8. A compound according to claim 2, wherein R'.sub.0 is methyl, R'.sub.1 is
      hydrogen, R'.sub.2 and R'.sub.4 are chloro and the compound is therefore
      2',5-dichloro-2-[2-(hydroxymethyl)-4-methylimidazol-1-yl]benzophenone.
NUM  9.
PAR  9. A compound according to claim 2, wherein R'.sub.1 and R'.sub.0 are
      hydrogen, R'.sub.2 is fluoro, R'.sub.4 is chloro, and the compound is
      therefore
      2'-fluoro-5-chloro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone.
NUM  10.
PAR  10. A compound according to claim 2, wherein R'.sub.0 and R'.sub.2 are
      hydrogen; R'.sub.1 is methyl; R'.sub.4 is trifluoromethyl and the compound
      is therefore
      5-(trifluoromethyl)-2-[2(hydroxymethyl)-5-methylimidazol-1-yl]benzophenone
     .
NUM  11.
PAR  11. A compound according to claim 1, wherein R.sub.0, R.sub.1, R.sub.2, and
      R.sub.3 are hydrogen, R.sub.4 is nitro and the compound is therefore
      5-nitro-2-[2-(hydroxymethyl)imidazol-1-yl]benzophenone.
NUM  12.
PAR  12. A compound of the formula III:
      ##SPC13##
PAL  wherein R.sub.0 and R.sub.1 are hydrogen or alkyl of 1 to 3 carbon atoms,
      inclusive; wherein R.sub.2 is hydrogen, chloro, fluoro, or
      trifluoromethyl; wherein R.sub.3 is hydrogen or fluoro with the proviso
      that R.sub.3 is not fluoro, if R.sub.2 is chloro or trifluoromethyl; and
      wherein R.sub.4 is hydrogen, chloro, fluoro, bromo, nitro, or
      trifluoromethyl.
NUM  13.
PAR  13. A compound according to claim 12, of the formula IIIA:
      ##SPC14##
PAL  wherein R'.sub.0 and R'.sub.1 are hydrogen or methyl; wherein R'.sub.2 is
      hydrogen, chloro, or fluoro; wherein R'.sub.3 is hydrogen, or fluoro with
      the proviso that R'.sub.3 is not fluoro if R'.sub.2 is chloro; wherein
      R.sub.4 is hydrogen, chloro, fluoro or trifluoromethyl.
NUM  14.
PAR  14. A compound according to claim 12 of the formula IIIB:
      ##SPC15##
PAL  wherein R'.sub.1 is hydrogen or methyl; wherein R".sub.2 is hydrogen or
      chloro; wherein R".sub.4 is hydrogen, chloro, or fluoro.
NUM  15.
PAR  15. A compound according to claim 14 wherein R'.sub.1 and R".sub.2 are
      hydrogen, R".sub.4 is chloro and the compound is therefore
      5-chloro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone.
NUM  16.
PAR  16. A compound according to claim 14, wherein R'.sub.1 is hydrogen, wherein
      R".sub.2 and R".sub.4 are chloro and the compound is therefore
      2',5-dichloro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone.
NUM  17.
PAR  17. A compound according to claim 14, wherein R'.sub.1 is methyl, R".sub.2
      is hydrogen, R".sub.4 is chloro and the compound is therefore
      5-chloro-2-[2-(phthalimidomethyl)-5-methylimidazol-1-yl]benzophenone.
NUM  18.
PAR  18. A compound according to claim 14, wherein R'.sub.1 and R".sub.2 are
      hydrogen, R".sub.4 is fluoro and the compound is therefore
      5-fluoro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone.
NUM  19.
PAR  19. A compound according to claim 13, wherein R'.sub.0 is methyl, R'.sub.1
      is hydrogen, R'.sub.2 and R'.sub.4 are chloro and the compound is
      therefore 2',5-dichloro-2-[2-(phthalimidomethyl)-4-methylimidazol-1-yl]ben
     zophenone.
NUM  20.
PAR  20. A compound according to claim 13, wherein R'.sub.1 and R'.sub.0 are
      hydrogen, R".sub.2 is fluoro, R'.sub.4 is chloro and the compound is
      therefore
      2'-fluoro-5-chloro-2-[2-(phthalimidomethyl)-4-imidazol-1-yl]benzophenone.
NUM  21.
PAR  21. A compound according to claim 13, wherein R.sub.0 ' and R'.sub.2 are
      hydrogen, R'.sub.1 is methyl, R'.sub.4 is trifluoromethyl and the compound
      is therefore
      5-(trifluoromethyl)-1-[2-(phthalimidomethyl)-5-methylimidazol-1-yl]benzoph
     enone.
NUM  22.
PAR  22. A compound according to claim 12, wherein R.sub.0, R.sub.1, R.sub.2,
      and R.sub.3 are hydrogen, R.sub.4 is nitro and the compound is therefore
      5-nitro-2-[2-(phthalimidomethyl)imidazol-1-yl]benzophenone.
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ABST
PAL  Compounds of the class of 1-heteroarylsulphonyl-2-imino-imidazolidines
      which are substituted in the 3-position by an aliphatic or cycloaliphatic
      hydrocarbon radical, especially a cycloalkyl radical, and their
      pharmaceutically acceptable acid addition salts have valuable
      pharmacological properties. In particular, they possess hypoglycaemic
      activity and can be used for the treatment of hyperglycaemia in mammals. A
      specific embodiment is
      1-[5-(2-butyramido-ethyl)-2-thienylsulphonyl]-2-imino-5-cyclohexyl-imidazo
     lidine.
BSUM
PAC  DETAILED DESCRIPTION
PAR  The present invention relates to new imidazolidine derivatives and their
      acid addition salts having valuable pharmacological properties, and
      pharmaceutical compositions containing these compounds, and the use of
      these new compounds.
PAR  The new imidazolidine derivatives, according to the invention, correspond
      to the formula I
      ##EQU1##
      in which Het denotes a heteroaromatic radical with 5 to 6 ring members
      including, as the hetero atoms, either 1 to 4 nitrogen atoms, or 1 oxygen
      atom together with 0 to 2 nitrogen atoms, or 1 sulphur atom together with
      0 to 2 nitrogen atoms,
PA1  R.sub.1 denotes an alkyl group with at most 12 carbon atoms, an alkenyl
      group with 3 to 5 carbon atoms, a cycloalkyl, lower alkyl-cycloalkyl,
      cycloalkenyl or lower alkyl-cycloalkenyl group, each of which of at most 7
      carbon atoms, or 7 to 9 carbon atom,
PA1  R.sub.2 denotes hydrogen, or the methyl or ethyl group,
PA1  X, which is only present if Het contains not more than three nitrogen atoms
      alone or one nitrogen atom together with one oxygen or sulphur atom as
      ring members, denotes hydrogen, halogen up to atomic number 35, an alkyl
      group which is or is not interrupted by 1 or by 2 non-adjacent oxygen or
      sulphur atoms and contains a total of at most 7 carbon atoms, or the
      hydroxyl group, the amino group or an alkanamido group with at most 4
      carbon atoms, and
PA1  Y has the meaning of X or denotes a radical of the partial formula Ia or Ib
      ##EQU2##
      in which M DENOTES 2 OR 3,
PA1  Z denotes oxygen or sulphur,
PA1  R.sub.3 denotes hydrogen or the methyl group,
PA1  R.sub.4 denotes an alkyl or chloroalkyl group with at most 7 carbon atoms,
      an alkenyl group with 2 to 5 carbon atoms, a cycloalkyl, lower
      alkyl-cycloalkyl, cycloalkenyl or lower alkyl-cycloalkenyl group, each of
      which with a total of at most 8 carbon atoms, a phenyl group, a
      phenylalkyl group of 7 to 10 carbon atoms or a phenylalkenyl group of 8 to
      10 carbon atoms, whereby the phenyl group present as R.sub.4 or as a part
      of R.sub.4 is unsubstituted or substituted by one to three substituents
      selected from the group consisting of halogen up to atomic number 35,
      trifluoromethyl, alkyl with at most 4 carbon atoms, hydroxy, alkoxy with
      at most 2 carbon atoms and aklylthio with at most 2 carbon atoms, or
      R.sub.4 denotes a pyridyl, thienyl or furyl group, or said heterocyclic
      radicals substituted by methyl;
PAL  addition salts of compounds of the formula I with inorganic or organic
      acids are also a subject of the invention.
PAR  In the compounds of the formula I, the symbols which follow can be, for
      example: Het, as a hetero-aromatic radical with 5 to 6 ring members, i.e.
      a 5- to 6-membered heterocyclic radical in its lowest stage of
      hydrogenation, pyrrolyl, pyrazolyl, imidazolyl, v-triazolyl, s-triazolyl,
      tetrazol-5-yl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, s-triazinyl,
      as-triazinyl, furyl, 2H- or 4H-pyranyl, oxazolyl, isoxazolyl,
      1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl, thienyl, 2H- or 4H-thiopyranyl,
      thiazolyl, isothiazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl, 2H-, 4H-
      or 6H-1,3-thiazinyl or the 2H- or 4H-1,4-thiazinyl radical; R.sub.1, as an
      alkyl group with at most 12 carbon atoms, the methyl, ethyl, propyl,
      isopropyl, butyl, sec.butyl, tert.butyl, isobutyl, pentyl, isopentyl,
      2,2-dimethylpropyl, 1-methylbutyl, 1-ethylpropyl, 1,2-dimethylpropyl,
      hexyl, isohexyl; 1,2-dimethylbutyl, heptyl, isoheptyl; 1-methylhexyl;
      1,1-dimethyl, 2,3-dimethyl, 2,4-dimethyl or 3,3-dimethylpentyl; octyl,
      1-methyl- or 3 -methyl-heptyl, 1,5-dimethyl- or 2,4-dimethylhexyl;
      1,1,3,3-tetramethylbutyl, nonyl, 1-methyloctyl, decyl- or the dodecyl
      group; as an alkenyl group with 3 to 5 carbon atoms, the allyl; 1-methyl-
      or 2-methylallyl; 2- or 3-butenyl, 1,1-dimethylallyl, 3-methyl-2-butenyl
      group; as a cycloalkyl or lower alkyl-cycloalkyl group with a total of at
      most 7 carbon atoms, the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl
      or cycloheptyl group, 1-methyl- or 2-methyl-cyclopropyl,
      2,2-dimethylcyclopropyl, 1-methylcyclobutyl, 3,3-dimethylcyclobutyl; 2- or
      3-methyl-cyclopentyl; 2-ethylcyclopentyl and 2-methyl-, 3-methyl- or
      4-methyl-cyclohexyl group; as a cycloalkenyl or lower alkyl-cycloalkenyl
      group with a total of at most 7 carbon atoms, the 3-cyclopenten-1-yl; 2-
      or 3-cyclohexen-1-yl; 3-cyclohepten-1-yl, 2,2-dimethyl-3-cyclopenten-1-yl
      or 2-methyl-2-cyclohexen-1-yl group; as a phenylalkyl group with 7 to 9
      carbon atoms, the benzyl, phenethyl, 3-phenylpropyl or
      .alpha.-methylphenethyl group; X as halogen of atomic number up to 35 is
      fluorine, chlorine or bromine; X as a lower alkyl group, the alkyl groups
      with at most 7 carbon atoms listed under R.sub.1 ; as an alkyl group which
      is or is not interrupted by 1 or by 2 non-adjacent oxygen or sulphur atoms
      and contains a total of at most 7 carbon atoms, the methoxymethyl,
      ethoxymethyl, 2-ethoxyethyl, propoxymethyl,isopropoxymethyl,
      3-methoxypropyl, 1-methyl-3-methoxypropyl, butoxymethyl, isobutoxymethyl,
      sec.butoxymethyl, 3-ethoxypropyl, 2-methoxypentyl, isopentoxymethyl,
      2-methylbutoxymethyl, 1-ethyl-3-methoxypropyl, (2-methoxyethoxy)-methyl,
      (2-ethoxyethoxy)-methyl group or (2-butoxyethoxy)-methyl group, and the
      (methylthio)-methyl, (ethylthio)-methyl, (propylthio)-methyl,
      (isopropylthio)-methyl, 2-(methylthio)-ethyl, 2-(ethylthio-ethyl,
      3-(methylthio)-propyl, [[2-(methylthio)-ethyl]-thio]-methyl,
      [[2-ethylthio)-ethyl]-thio]-methyl, [(2-methoxyethyl)-thio]-methyl or
      [2-(methylthio)-ethoxy]-methyl group; as an alkoxy or alkylthio group,
      which is or is not interrupted by 1 or by 2 non-adjacent oxygen or sulphur
      atoms, and contains a total of at most 7 carbon atoms, the methoxy,
      ethoxy, propoxy, isopropoxy, n-butoxy, isobutoxy, sec. butoxy, pentoxy,
      isopentoxy, 2,2-dimethylpropoxy, 1-methylbutoxy, 1-ethylpropoxy,
      1,2-dimethylpropoxy, hexyloxy, isohexyloxy, 1,2-dimethylbutoxy, heptyloxy,
      isoheptyloxy, 1-methylhexyloxy, 2-methoxyethoxy, 2-ethoxyethoxy,
      2-butoxyethoxy, 2-isopentoxyethoxy, 3-methoxypropoxy, 3-ethoxypropoxy,
      3-isopropoxypropoxy, 2-(methylthio)-ethoxy, 2-(2-methoxyethoxy)-ethoxy,
      2-(2-ethoxyethoxy)-ethoxy, 2-(2-propoxyethoxy)-ethoxy, (methylthio),
      (ethylthio), (propylthio), (isopropylthio), (butylthio), (tert.butylthio),
      (pentylthio), (isopentylthio), (hexylthio), (heptylthio),
      [[2-(methylthio)-ethyl]-thio], [[2-(ethylthio)-ethyl]-thio],
      [[2-(isopropylthio)-ethyl]-thio], [[2-(butylthio)-ethyl]-thio],
      [[3-(methylthio)-propyl]-thio], [2-(methoxyethyl)-thio], [[
      2-(ethylthio)-ethyl]-thio] or
      [[2-[[2-(methylthio)-ethyl]-thio]-ethyl]-thio] group; and as an alkanamido
      group, for example the formamido, propionamido, butyramido and especially
      the acetamido group. The radical Y is, in accordance with the definition
      of X, hydrogen or one of the substitutents mentioned as examples of this
      symbol.
PAR  As a radical of the partial formula Ia, Y is, for example, the
      1-aminoethyl, 2-aminopropyl, 2-(methylamino)-propyl, 3-aminopropyl,
      2-(methylamino)-ethyl and above all the 2-aminoethyl group, and as a
      radical of the partial formula Ib it is one of the groups mentioned as
      examples of radicals of the partial formula Ia, of which the amino group
      is substituted by an acyl radical or thioacyl radical of the formula
      R.sub.4 --C(Z)--, in which Z is oxygen or sulphur and R.sub.4 can have,
      for example, the following meanings: As an alkyl group, the radicals, with
      at most 7 carbon atoms, mentioned as examples of R.sub.1 ; as a
      chloroalkyl group, the 1-chloroethyl, 1-chloropropyl, 1-chlorobutyl,
      1-chloropentyl, 1-chlorohexyl, 2-chlorohexyl or 1-chloroheptyl group; as
      an alkenyl group with 2 to 5 carbon atoms, the vinyl, 1-propenyl, allyl,
      isopropenyl, 1-butenyl, 2-butenyl, 2-methyl-1-propenyl, pentenyl or
      1,2-dimethyl-1-propenyl group; as a cycloalkyl group or lower
      alkyl-cycloalkyl group with a total of at most 8 carbon atoms, the
      cyclopropyl, cyclopropylmethyl, cyclobutyl, cyclobutylmethyl, cyclopentyl,
      cyclopentylmethyl, cyclohexyl, 2-methylcyclohexyl, 4-methylcyclohexyl,
      cycloheptyl, or the cyclooctyl group; as a cycloalkenyl group or lower
      alkyl-cycloalkenyl group with a total of at most 8 carbon atoms, the
      1-cyclopenten-1-yl, 2-cyclopenten-1-yl, 1-cyclohexen-1-yl,
      2-cyclohexen-1-yl, 3-cyclohexen-1-yl, 1-methyl-3-cyclohexen-1-yl,
      2-methyl-2-cyclohexen-1-yl, 3-methyl-2-cyclohexen-1-yl,
      1-cyclohepten-1-yl, 2-cyclohepten-1-yl, 3-cyclohepten-1-yl,
      2-cycloocten-1-yl, or 3-cycloocten-1-yl group; as a phenylalkyl group of 7
      to 10 carbon atoms or a phenylalkenyl group of 8 to 10 carbon atoms, the
      benzyl, phenethyl, 3-phenylpropyl, or 4-phenylbutyl group, or, for
      example, the styryl group. The phenyl radical present as a substituent
      R.sub.4 or the phenyl group present as a part of the two named types of
      radicals R.sub.4 can be monosubstituted, disubstituted or trisubstituted
      and this substituent or these substituents can, in particular, be the
      following groups: Halogen up to atomic number 35, that is to say chlorine,
      fluorine or bromine; trifluoromethyl groups; alkyl groups with at most 4
      carbon atoms, such as the methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec.butyl or tert.butyl group; hydroxyl groups or alkoxy or
      alkylthio groups each with at most 2 carbon atoms, that is to say the
      methoxy, ethoxy, methylthio or ethylthio group. Furthermore, R.sub.4 can
      be, for example, the 2-furyl, 5-methyl-2-furyl, 2-thienyl, 3-thienyl,
      5-methyl-2-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 4-methyl- and
      6-methyl-2-pyridyl, 2-methyl-, 4-methyl-, 5-methyl- and 6-methyl-3-pyridyl
      or 2-methyl- 4-pyridyl radical.
PAR  The new derivatives of imidazolidine of the general formula I, and their
      addition salts with inorganic and organic acids, possess valuable
      pharmacological properties, especially a hypoglycaemic activity, as can be
      demonstrated on metabolically normal rats after oral administration of
      doses from 30 mg/kg upwards and also on rats which have been placed in a
      metabolic state resembling diabetes through injection of Streptozotocin
      [compare A. Junod et al., Proc.Soc.Exp.Biol.Med. 126, 201-205 (1967)].
      These findings characterise the new derivatives of imidazolidine of the
      general formula I, and their pharmaceutically acceptable addition salts
      with inorganic and organic acids as antidiabetics which can be used for
      the oral treatment of hyperglycaemia in mammals, and especially of
      diabetes mellitus.
PAR  The invention in particular relates to compounds of the formula I in which
      Het is a thienyl radical, or a heteroaromatic radical with 5 to 6 ring
      members including 1 or 2 nitrogen atoms, above all a pyridyl, pyrimidyl or
      imidazolyl radical, or a 1,3,4-thiadiazolyl radical, which radicals are
      unsubstituted or substituted in accordance with the definitions of X and Y
      given under the formula I, whilst R.sub.1 and R.sub.2 have the meaning
      indicated under the formula I, and their pharmaceutically acceptable acid
      addition salts. Further compounds to be singled out particularly are those
      of the formula I in which Y is a radical of the partial formula Ib whilst
      X has the meaning indicated under the formula I, but is, in particular,
      hydrogen or optionally a methyl or methoxy group, and R.sub.1, R.sub.2 and
      Het have the meaning indicated under the formula I. These compounds
      correspond to the formula XIII given later and embraced by the formula I.
      Further compounds of particular importance are those in which R.sub.1 is a
      cycloalkyl or lower alkyl-cycloalkyl group with a total of at most 7
      carbon atoms, above all the cyclopentyl or cyclohexyl group, and R.sub.2
      is the methyl group or above all is hydrogen, whilst Het, X and Y have the
      meaning indicated under the formula I.
PAR  The invention relates in particular to compounds of the formula I, which
      combine in themselves two or all of the above-mentioned structural
      characteristics. In these compounds, R.sub.1 is a cycloalkyl or lower
      alkyl-cycloalkyl group with a total of at most 7 carbon atoms, above all
      the cyclopentyl or cyclohexyl group, and R.sub.2 is the methyl group or
      above all hydrogen. Het is a thienyl, pyridyl or pyrimidinyl radical, and
      X is hydrogen, but X on a pyrimidinyl radical as the radical Het can also
      be the methyl or methoxy group. Y is a radical of the partial formula Ib,
      in which R.sub.3, R.sub.4, Z and m have the meaning indicated under this
      formula. Hence, all these compounds are embraced by the narrower general
      formula XIII given later.
PAR  Above all, the invention relates to compounds of the general formula I, in
      which R.sub.1 has the narrower meaning which has just been given, and is
      above all cyclopentyl or cyclohexyl, and R.sub.2 and X denote hydrogen and
      Het is a thienyl radical. Y in these compounds is a radical of the partial
      formula Ib, in which C.sub.m H.sub.2m is an ethylene group and R.sub.3 is
      hydrogen, whilst R.sub.4 is an alkyl group with at most 5 carbon atoms,
      above all the propyl group, or a cycloalkyl group with at most 6 carbon
      atoms, and at the same time the radical Z is oxygen or sulphur, or R.sub.4
      is a methoxyphenyl group which is optionally chlorine-substituted in the
      ring, such as the 2-methoxyphenyl or 3-methoxyphenyl and
      2-methoxy-5-chlorophenyl group, or is an optionally methyl-substituted,
      but preferably unsubstituted 2-thienyl, 2-furyl or 3-pyridyl radical, and
      the radical Z is oxygen. Most preferred as radicals R.sub.4  are alkyl
      groups with 2 to 4 carbon atoms, above all the propyl group, together with
      oxygen as the radical Z.
      1-[5-(2-Butyramido-ethyl)-2-thienylsulphonyl]-2-imino-3-cyclohexyl-imidazo
     lidine may be mentioned as an example of this type of compound.
PAR  The abovementioned types of compound always also include the corresponding
      pharmaceutically acceptable addition salts with inorganic and organic
      acids.
PAR  According to the invention, the compounds of the general formula I and
      their acid addition salts are prepared by
PAR  a. reacting a reactive functional derivative of a sulphonic acid of the
      general formula II
      ##EQU3##
      in which Y' has the meaning indicated for Y under the formula I, with the
      exception of the radical of the partial formula Ia, and X and Het have the
      meaning indicated under the formula I, with a compound of the general
      formula III
      ##EQU4##
      in which R.sub.1 and R.sub.2 have the meaning indicated under the formula
      I, or
PAR  b. cyclising a compound of the general formula IV
      ##EQU5##
      in which R.sub.5 denotes hydrogen, an arylmethyl, diarylmethyl or
      triarylmethyl group, the methyl group or the allyl group and X, Het,
      R.sub.1 and R.sub.2 have the meaning indicated under the formula I and Y'
      has the meaning indicated under the formula II, by means of a reactive
      cyanic acid derivative, or
PAR  c. condensing and cyclising a reactive ester of a compound of the general
      formula V
      ##EQU6##
      with a compound of the general formula VI
EQU  A.sub.2 -- NH.sub.2                                        (VI)
PAL  in which formulae one of the symbols A.sub.1 and A.sub.2 denotes the
      radical R.sub.1 defined under the formula I and the other denotes the
      radical of the partial formula Va
      ##EQU7##
      in which X and Het have the meaning indicated under the formula I and Y'
      has the meaning indicated under the formula II, and R.sub.2 has the
      meaning indicated under the formula I, or
PAR  d. condensing and cyclising a compound of the general formula VII
      ##EQU8##
      or a reactive ester of a compound of the general formula VIII
      ##EQU9##
      in which formulae X, Het and R.sub.2 have the meaning indicated under the
      formula I and Y' has the meaning indicated under the formula II, with a
      compound of the general formula IX
      ##EQU10##
      in which R.sub.1 has the meaning indicated there under the formula I, or
      with an alkali metal derivative or alkaline earth metal derivative of such
      a compound, or
PAR  e. cyclising, by heating, an addition salt of the general formula X
      ##EQU11##
      in which Hal denotes halogen, especially chlorine or bromine, X, Het,
      R.sub.1 and R.sub.2 have the meaning indicated under the formula I and Y'
      has the meaning indicated under the formula II,
PAR  f. if desired, hydrolysing a compound of the general formula I, in which Y
      and optionally also X is an alkanamido group with 1 to 4 carbon atoms, or
      Y is a radical of the partial formula Ic
      ##EQU12##
      in which R.sub.6 denotes hydrogen or an alkyl group with at most 4 carbon
      atoms, and R.sub.3 and m, and also X, Het, R.sub.1 and R.sub.2 have the
      meaning indicated under the formula I, to give the corresponding compound
      of the general formula I, in which Y and optionally also X is an amino
      group, or to the corresponding compound of the general formula XI embraced
      by the general formula I
      ##EQU13##
      in which R.sub.3, m, X, Het, R.sub.1 and R.sub.2 have the meaning
      indicated under the formula I, or
PAR  g. if desired, reacting a compound of the general formula XI embraced by
      the general formula I and defined above, with a carboxylic acid or
      dithiocarboxylic acid of the general formula XII
      ##EQU14##
      in which R.sub.4 and Z have the meaning indicated under the formula I, or
      with a reactive functional derivative of such an acid, to give a compound
      of the general formula XIII embraced by the general formula I
      ##EQU15##
      in which Het, R.sub.1, R.sub.2, X, m, Z, R.sub.3 and R.sub.4 have the
      meaning indicated under the general formula I, or
PAR  h. if desired, reacting a compound of the general formula I in which X
      and/or Y denotes a hydroxyl group which is in the ortho-position and/or
      para-position to at least one ring nitrogen atom, Het is a heteroaromatic
      radical, with at least one ring nitrogen atom, which falls under the
      definition given below formula I, and R.sub.1, R.sub.2 and Y and X have
      the meaning indicated under the formula I, with a chloride or bromide of a
      mineral acid, or
PAR  i. if desired, reacting a compound of the general formula I, in which X
      and/or Y denote a chlorine or bromine atom which is in the ortho- and/or
      para-position to at least one ring nitrogen atom, Het is a heteroaromatic
      radical, with at least one ring nitrogen atom, falling under the
      definition given below formula I and R.sub.1, R.sub.2 and Y and X have the
      meaning indicated under the formula I, with ammonia or with a metal
      compound of an alkanol or alkanethiol, both of which can be interrupted by
      1 or 2 oxygen atoms or sulphur atoms and contain a total of at most 7
      carbon atoms, and, if desired, converting a compound obtained in
      accordance with the processes defined above, of the general formula I or
      of the general formula XI or XIII embraced by the former, into an addition
      salt with an inorganic or organic acid.
PAR  Examples of suitable reactive functional derivatives of sulphonic acids of
      the general formula II for the reaction according to a) are the halides,
      especially the chlorides, or the anhydrides. The reaction according to (a)
      is preferably carried out in the presence of a water-miscible or
      water-immiscible inert organic solvent in the presence or absence of
      water, or exclusively in water. Suitable inert organic solvents are, for
      example, lower ketones, such as acetone or methyl ethyl ketone, ether-like
      liquids, such as ether, dioxane or tetrahydrofurane, hydrocarbons, such as
      benzene, toluene or xylene, and chlorinated hydrocarbons, such as
      methylene chloride. It is advantageous to add an acid-binding agent to the
      reaction solution. Examples of suitable agents of this kind are inorganic
      bases or salts, for example alkali metal hydroxides, alkali metal
      bicarbonates, alkali metal carbonates or alkali metal phosphates, such as
      the corresponding sodium compounds or potassium compounds. It is also
      possible to use organic bases such as, for example pyridine,
      trimethylamine or triethylamine, diisopropylethylamine or collidine, and
      these, added in excess, can also be employed as solvents.
PAR  Possible sulphonic acids of the general formula II are, for example,
      compounds in which the symbols X, Y' and Het represent the radicals listed
      earlier as examples. The most important group of functional derivatives of
      such sulphonic acids, the sulphonyl chlorides, can be prepared, for
      example, by reaction of heteroaromatic compounds corresponding to the
      defined meaning of Het, X and Y', with chlorosulphonic acid. The
      corresponding anhydrides are obtained, for example, by boiling sulphonic
      acids of the general formula II in excess thionyl chloride or heating the
      sulphonyl chlorides with anhydrous oxalic acid.
PAR  Substantial numbers of starting materials of the general formula III are
      known, and further such materials can be prepared analogously to the known
      compounds.
PAR  In the starting materials of the general formula IV for the reaction
      according to (b), R.sub.5, as an arylmethyl, diarylmethyl or triarylmethyl
      group, is, for example, the benzyl, benzhydryl or trityl group. Examples
      of suitable reactive cyanic acid derivatives are, for example, cyanogen
      halides, such as cyanogen chloride or cyanogen bromide, or cyanic acid
      esters, especially cyanic acid phenyl ester. The reaction according to (b)
      is preferably carried out in the presence of a water-miscible or
      water-immiscible inert organic solvent, in the presence or absence of
      water. Suitable inert organic solvents are, for example, hydrocarbons,
      such as benzene, toluene or xylene, lower alkanols, such as methanol or
      ethanol, chlorinated hydrocarbons, such as methylene chloride, ether-like
      liquids, such as ether, dioxane or tetrahydrofurane, lower ketones, such
      as acetone or methyl ethyl ketone, carboxylic acid esters, such as ethyl
      acetate, carboxylic acid nitriles, such as acetonitrile, or sulphones,
      such as tetrahydrothiophene-1,1-dioxide. The reaction can be carried out
      in the presence or absence of an acid-binding agent. Suitable acid-binding
      agents are inorganic bases or salts, for example alkali metal hydroxides,
      alkali metal bicarbonates, alkali metal carbonates or alkali metal
      phosphates, such as the corresponding sodium compounds or potassium
      compounds. Furthermore, calcium carbonates, as well as calcium phosphates
      and magnesium carbonate, can also be employed.
PAR  Examples of suitable starting materials of the general formula IV are those
      compounds in which the symbols R.sub.1, R.sub.2, X, Y', Het and R.sub.5
      represent the radicals listed earlier as examples. Such starting materials
      can be obtained, for example, analogously to process (a) by reaction of
      the chlorides of sulphonic acids of the general formula II with
      ethylenediamines, 1,2-propanediamines or 1,2-butanediamines, of which one
      amino group is substituted by a radical corresponding to the definition of
      R.sub.1 and optionally also a radical corresponding to the definition of
      R.sub.5.
PAR  Reactive esters of compounds of the general formula V which are suitable
      for the process according to (c) are, for example, halides, especially
      chlorides or bromides, and also sulphonic acid esters, for example the o-
      or p-toluenesulphonic acid ester or the methanesulphonic acid ester. The
      condensation and cyclisation according to (c) is preferably carried out in
      a water-miscible or water-immiscible organic solvent in the presence or
      absence of water. As solvents it is possible to use alkanols, for example
      butanol, ether-like liquids, for example dioxane and diethylene glycol
      monomethyl ether, carboxylic acid amides, such as N,N-dimethylformamide,
      or sulphoxides, such as dimethylsulphoxide. It is advantageous to carry
      out the condensation in the presence of an acid-binding agent. As such, it
      is possible to use those compounds which are mentioned after the process
      according to (a) or, if in the starting material of the general formula VI
      A.sub.2 is a radical R.sub.1, also an excess of this starting material.
PAR  Examples of suitable reactive esters of compounds of the general formula V
      are the previously mentioned types of reactive esters of those compounds
      of the general formula V in which the symbols R.sub.2 and A.sub.1, that is
      to say R.sub.1 and Het, X and Y', represent the radicals listed earlier as
      examples of these symbols. Some halides, especially bromides, of compounds
      of the general formula V, in which A.sub.1 is a radical R.sub.1, are known
      and others can be prepared analogously, for example by reaction of
      aziridines, 2-methylaziridines or 2-ethylaziridines, which are substituted
      in the 1-position in accordance with the definition of R.sub.1, with a
      cyanogen halide, especially cyanogen bromide. Halides, especially
      bromides, of compounds of the general formula V, in which A.sub.1 is a
      radical of the partial formula Va, are obtained, for example, by first
      allowing aziridine, 2-methylaziridine or 2-ethylaziridine to react with a
      cyanogen halide, especially cyanogen bromide, in ether, and reacting the
      resulting N-(2-halogenoalkyl)-cyanamide, especially
      N-(2-bromoalkyl)-cyanamide, with the chloride of a sulphonic acid of the
      general formula II, in which Het, X and Y' have the meaning indicated
      under the formula I or the formula II, for example in an aqueous acetone
      solution in the presence of an equimolar amount of sodium hydroxide.
PAR  Some starting materials of the general formula VI, in which A.sub.2 is a
      radical of the partial formula Va, are known and others can be prepared
      analogously to the known compounds. Starting materials of the general
      formula VI, in which A.sub.2 is a radical R.sub.1, are also known, and in
      fact in larger numbers.
PAR  Suitable reactive esters of compounds of the general formula VIII for the
      reaction according to (d) are, for example, halides, especially chlorides
      or bromides, and also sulphonic acid esters, for example the o- or
      p-toluenesulphonic acid ester or the methanesulphonic acid ester. Examples
      of suitable alkali metal derivatives and alkaline earth metal derivatives
      of compounds of the general formula IX are sodium, potassium, lithium and
      calcium derivatives. The condensation and cyclisation according to (d) is
      carried out in an inert organic solvent, preferably in an ether-like
      solvent, such as, for example, diethyl ether, tetrahydrofurane, dioxane,
      anisole or ethylene glycol dimethyl ether, in a carboxylic acid amide,
      such as N,N-dimethylformamide, or in a sulphoxide, such as
      dimethylsulphoxide. If the cyanamide of the general formula IX is employed
      as such, it is advantageous to carry out the reaction in the presence of
      an acid-binding agent. As the acid-binding agent it is possible to use,
      for example, tertiary organic bases or, preferably, inorganic bases, such
      as sodium hydroxide or potassium hydroxide, and in that case the reaction
      can also be carried out, for example, in an alcohol, for example in an
      alkanol, such as butanol, or in diethylene glycol monomethyl ether, in the
      presence or absence of water.
PAR  Suitable starting compounds of the general formulae VII and IX, and
      compounds of the general formula VIII on which the reactive esters
      required as starting materials are based, are, for example, those in which
      the symbols Het, X, Y' and R.sub.1 represent the radicals listed earlier.
      Starting compounds of the general formula VII are obtained, for example,
      by reaction of the chloride of a sulphonic acid of the general formula II,
      in which Het, X and Y' have the meaning indicated under the formula I or
      under the formula II, with aziridine, 2-methylaziridine or
      2-ethylaziridine in the presence of an acid-binding agent, that is to say
      analogously to the process according to (a), whilst chlorides of compounds
      of the general formula VIII are obtained if the same reactants are reacted
      in the absence of an acid-binding agent, in an inert organic solvent. Some
      cyanamides of the general formula IX are known and others can be prepared
      analogously to those known, for example by reaction of cyanogen bromide
      with primary amines, which correspond to the general formula VI with a
      radical R.sub.1, according to the definition, as A.sub.2, in situ,
      immediately prior to their further condensation with compounds of the
      general formula VII or VIII. The cyanamides first obtained can be
      converted, again in situ, into their metal derivatives, for example into
      their sodium derivatives by means of sodium hydride.
PAR  The cyclisation of addition salts of the general formula X according to (e)
      can be effected by heating in a solvent, or without a solvent. Suitable
      solvents are higher-boiling liquids, for example ethers, such as
      diethylene glycol dimethyl ether, or carboxylic acid amides, such as
      N,N-dimethylformamide.
PAR  Examples of suitable starting materials for the cyclisation according to
      (e) are addition salts of the general formula X in which Hal is preferably
      chlorine or bromine and the symbols Het, X and Y' and R.sub.1 and R.sub.2
      represent the radicals listed earlier as examples of these symbols. Such
      compounds can be prepared, for example, by condensing chlorides of
      sulphonic acids of the general formula II with disodium cyamide in water
      to give sodium derivatives of the corresponding N-cyano-sulphonamides and
      reacting the latter subsequently with N-(2-chloroethyl)-amine
      hydrochlorides or N-(2-bromoethyl)-amine hydrobromides or hydrochlorides
      which are substituted at the nitrogen atom by a radical R.sub.1 which
      accords with the definition and are optionally substituted at a carbon
      atom by a methyl or ethyl group.
PAR  The hydrolysis according to (f) of compounds of the general formula I, in
      which Y and optionally also X is an alkanamido group with 1 to 4 carbon
      atoms, especially the formamido or acetamido group, or Y is a radical of
      the partial formula Ic, in which R.sub.6 is preferably hydrogen or a
      methyl group, whilst X is a radical which corresponds to the definition
      given under the formula I but is preferably hydrogen or, if a primidinyl
      radical is present as Het, is optionally a methyl or methoxy group, is
      preferably carried out in an acid medium, for example by warming,
      preferably boiling, in dilute aqueous or aqueous-alkanolic, for example
      aqueous-methanolic or aqueous-ethanolic, hydrochloric acid. However, the
      hydrolysis can also be carried out in a basic medium, for example by
      warming in dilute aqueous or aqueous-alkanolic sodium hydroxide solution
      or potassium hydroxide solution. The starting materials required, which
      already fall under the general formula I, can be prepared in accordance
      with one of the processes mentioned under (a) to (e).
PAR  The reaction of free carboxylic acids of the general formula XII with
      compounds of the general formula XI according to (g) is carried out, for
      example, in the presence of a carbodiimide such as, for example,
      dicyclohexyl-carbodiimide, in an inert organic solvent, such as, for
      example, tetrahydrofurane or one of the solvents mentioned later. Possible
      reactive functional derivatives of carboxylic acids and dithiocarboxylic
      acids of the general formula XII for the acylation according to (g) are,
      in particular, acid halides, especially acid chlorides, acid anhydrides
      and mixed acid anhydrides, in particular those with carbonic acid
      half-esters, such as of ethoxyformic acid, or lower alkyl esters, such as
      the methyl or ethyl ester or benzyl ester, as well as activated esters,
      such as p-nitrophenyl ester and the cyanomethyl ester. The reactions
      according to (g) are preferably carried out at temperatures between
      approx. 0.degree. and 140.degree.C, depending on the reactivity of the
      acid derivatives employed, in an inert organic solvent, for example a
      hydrocarbon, such as benzene, toluene or xylene, an ether-like solvent,
      such as ether, dioxane or tetrahydrofurane, a chlorinated hydrocarbon,
      such as methylene chloride, or a lower ketone, such as, for example,
      acetone or methyl ethyl ketone. In reactions with acid halides or
      anhydrides it is advantageous to add an acid-binding agent to the reaction
      solution. Examples of suitable agents are organic bases, such as, for
      example, pyridine, trimethylamine or triethylamine,
      N,N-diisopropylethylamine or collidine, which, when added in excess, can
      also be employed as solvents. Furthermore, it is also possible to use
      inorganic bases or salts, for example alkali metal hydroxides, alkali
      metal bicarbonates, alkali metal carbonates or alkali metal phosphates,
      such as the corresponding sodium compounds or potassium compounds.
PAR  Suitable reactive functional derivatives of dithiocarboxylic acids falling
      under the general formula XII are, in particular, their lower alkyl
      esters, for example the methyl esters, and above all the benzyl esters.
      These are reacted in the presence or absence of one of the above-mentioned
      inert organic solvents, and in the indicated temperature range, but
      preferably at approx. 80.degree.C, with compounds of the general formula
      XII. The dithiocarboxylic acid esters required are in part known [compare
      C. S. Marvel et al., J.Amer.Chem.Soc. 77, 5997-5999 (1955)] and others are
      prepared analogously by first reacting the corresponding nitriles with the
      corresponding mercaptans, especially benzylmercaptan, in the presence of
      hydrogen chloride to give the corresponding iminothiocarboxylic acid ester
      hydrochlorides and treating the latter, in pyridine, with hydrogen
      sulphide at approx, 0.degree.C.
PAR  Carboxylic acids of the general formula XII and reactive functional
      derivatives thereof are known in large numbers and others can be prepared
      analogously to the known compounds. For example, the starting compounds of
      the general formula XI are prepared by a hydrolysis in accordance with the
      process mentioned above under (f).
PAR  For replacing hydroxyl groups X and/or Y by chlorine or bromine in
      accordance with the reaction mentioned under (h), halides of phosphoric
      acid, for example, are used, above all phosphorus oxychloride, phosphorus
      pentachloride or their mixtures or phosphorus oxybromide, phosphorus
      pentabromide or their mixtures, at elevated temperatures, for example
      70.degree. to 150.degree.C or up to the boiling point of the phosphorus
      oxychloride, or up to approx. 100.degree.C when using phosphorus
      pentabromide. The reaction medium can optionally be an excess of
      phosphorus oxychloride or phosphorus oxybromide, a hydrocarbon, such as,
      for example, toluene or xylene, or another organic solvent, such as, for
      example, N,N-dimethylformamide, N,N-dimethylaniline, N,N-diethylaniline or
      pyridine. The starting compounds which already fall under the general
      formula I can be prepared in accordance with the processes mentioned under
      (a) to (g).
PAR  Metal compounds of alkanols and alkanethiols which accord with the
      definition, which are suitable for the reaction with compounds of the
      general formula I, which contain a reactive chlorine or bromine atom as X
      and/or Y, in accordance with (i), are, in particular, alkali metal
      compounds, for example the sodium compounds. The solvents used are either
      the alkanols on which the metal compounds are based, or inert organic
      solvents, such as, for example, N,N-dimethylformamide or
      dimethylsulphoxide. Reactions with metal compounds of alkanethiols which
      accord with the definition can also be carried out in lower alkanols, for
      example methanol or ethanol. The reactions with the metal compounds are
      carried out, for example, at room temperature or, if necessary, with
      warming, if appropriate in a closed vessel. Reactions according to (i)
      with ammonia are carried out, for example, in a lower alkanol, such as
      methanol or ethanol preferably with warming, if necessary up to approx.
      130.degree.-180.degree.C in a closed vessel. The starting compounds which
      already fall under the general formula I can be prepared, for example, in
      accordance with the processes mentioned under (a) to (g), optionally
      followed by replacement of hydroxyl groups X and/or Y by chlorine or
      bromine according to (h).
PAR  The present invention also relates to those modifications of the processes
      mentioned under (a) to (i) and of their preliminary stages, in which a
      process is discontinued at any stage or in which a compound occurring as
      an intermediate product at any stage is used as the starting material and
      the missing steps are carried out, or a starting material is formed under
      the reaction conditions or used in the form of a salt, if appropriate. If
      the starting materials required are optically active, it is possible to
      employ them either as racemates or as isolated antipodes or, if
      diastereomerism exists, either as racemate mixtures or as specific
      racemates or again as isolated antipodes. Such starting materials can
      also, where appropriate, be used in the form of salts.
PAR  Where end products are obtained as racemates or racemate mixtures, they
      can, if desired, be separated, and resolved into their antipodes, within
      the scope of the present invention.
PAR  The compounds of the general formula I obtained in accordance with the
      process of the invention are converted, if desired, in the usual manner
      into their addition salts with inorganic and organic acids. For example,
      the acid desired as the salt component is added to a solution of a
      compound of the general formula I in an organic solvent. Preferably,
      organic solvents in which the salt is produced is sparingly soluble are
      chosen for the reaction, so that the salt can be separated off by
      filtration. If necessary, the crystallisation of the salt is brought
      about, or completed, by addition of a second solvent. Examples of such
      solvents or mixtures are ethyl acetate, methanol, ether, acetone, methyl
      ethyl ketone, acetone-ether, acetone-ethanol, methanol-ether or
      ethanol-ether.
PAR  For use as medicaments it is possible to employ, instead of the free bases,
      pharmaceutically acceptable acid addition salts, that is to say salts with
      acids of which the anions are non-toxic at the dosages in question.
      Furthermore, it is an advantage if the salts to be used as medicaments can
      be crystallised well and are non-hygroscopic or only slightly hygroscopic.
      To form salts with compounds of the general formula I it is possible to
      employ, for example, hydrochloric acid, hydrobromic acid, sulphuric acid,
      phosphoric acid, methanesulphonic acid, ethanesulphonic acid,
      2-hydroxyethanesulphonic acid, acetic acid, lactic acid, succinic acid,
      fumaric acid, maleic acid, malic acid, tartaric acid, citric acid, benzoic
      acid, salicyclic acid, phenylacetic acid, mandelic acid and embonic acid.
PAR  The new derivatives of imidazolidine corresponding to the general formula
      I, and their pharmaceutically acceptable acid addition salts, are
      preferably administered perorally. The daily dosages vary between 1.0 and
      100 mg/kg for warm-blooded animals. Suitable unit dosage forms, such as
      dragees or tablets, preferably contain 1 to 100 mg of an active compound
      according to the invention, that is to say of a compound of the general
      formula I or of a pharmaceutically acceptable acid addition salt of such a
      compound. To prepare such unit dosage forms, the active compound is
      combined with solid pulverulent excipients such as lactose, sucrose,
      sorbitol or mannitol, starches, such as potato starch, maize starch or
      amylopectin, and also laminaria powder or citrus pulp powder, cellulose
      derivatives or gelatine, optionally with the addition of lubricants, such
      as magnesium stearate or calcium stearate or polyethylene glycols, to give
      tablets or to give dragee cores. The latter are coated, for example with
      concentrated sugar solutions, which can additionally contain, for example,
      gum arabic, talc and/or titanium dioxide, or with a lacquer dissolved in
      readily volatile organic solvents or solvent mixtures. Dyestuffs can be
      added to these coatings, for example to characterise different doses of
      active compound. Further suitable oral unit dosage forms are syrups or
      shakes and also gelatine push-fit capsules as well as soft, sealed
      capsules of gelatine and a plasticiser, such as glycerol. The former
      preferably contain the active compound as granules mixed with lubricants,
      such as talc or magnesium stearate, and optionally with stabilisers, such
      as sodium metabisulphite or ascorbic acid.
PAR  The instruction which follows is intended to explain the preparation of
      tablets in more detail:
PAR  250.0 g of
      1-[5-(2-butyramido-ethyl)-2-thienylsulphonyl]-2-amino-3-cyclohexyl-imidazo
     lidine are mixed with 500 g of lactose and 292 g of potato starch, and the
      mixture is moistened with an alcoholic solution of 8 g of gelatine and
      granulated through a sieve. After drying, 60 g of potato starch, 60 g of
      talc, 10 g of magnesium stearate and 20 g of highly disperse silicon
      dioxide are mixed in and the mixture is pressed to give 10,000 tablets
      each weighing 120 mg and containing 25 mg of active compound, which can
      optionally be provided with breaking grooves for more accurate selection
      of the dosage.
DETD
PAR  The examples which follow explain the preparation of the new compounds of
      the general formula I and of previously unknown starting compounds in more
      detail, but are not intended in any way to restrict the scope of the
      invention.
PAC  EXAMPLE 1
PAR  a. 20 ml (0.02 mol) of 1 N sodium hydroxide solution are added dropwise
      over the course of 10 minutes, whilst stirring, to a mixture of 2.04 g
      (0.01 mol) of 1-cyclohexyl-2-imino-imidazolidine hydrochloride and 2.96 g
      (0.01 mol) of 5-(2-butyramido-ethyl)-2-thiophenesulphonyl chloride in 45
      ml of water-acetone (1:2), at 25.degree.C. In the course thereof, the
      reaction temperature rises to 33.degree.C. The reaction mixture is stirred
      for a further 18 hours at 24.degree.-25.degree.C and the acetone is then
      evaporated off with the aid of a rotary evaporator. The oil-water mixture
      which remains is extracted twice with 30 ml of ethyl acetate at a time.
      The extracts are washed with 20 ml of saturated sodium chloride solution,
      then combined, dried over sodium sulphate and evaporated in vacuo. The
      residue is chromatographed on a column of 120 g of silica gel which is
      eluted with a mixture of chloroform and methanol (95:5). The eluate is
      evaporated with the aid of a rotary evaporator and the residue is
      recrystallized from toluene. Colourless crystals of
      1-[5-(2-butyramido-ethyl)-2-thienylsulphonyl]-2-imino-3-cyclohexyl-imidazo
     lidine of melting point 121.degree.-125.degree.C are obtained.
PAR  The starting compound, 5-(2-butyramido-ethyl)-2-thiophenesulphonyl
      chloride, is prepared as follows:
PAR  b. A solution of 5.33 g (0.05 mol) of butyryl chloride in 20 ml of absolute
      benzene is added dropwise over the course of 40 minutes to a mixture of
      6.35 g (0.05 mol) of 2-(2-aminoethyl)-thiophene [compare W. Herz and Lin
      Tsai, J.Am.Soc. 77, 2529 (1955)], 5.55 g (0.055 mol) of triethylamine and
      100 ml of absolute benzene at 25.degree.C, whilst stirring. A weakly
      exothermic reaction occurs. The reaction mixture is stirred further for 18
      hours at 20.degree.C, 50 ml of 1 N potassium bicarbonate solution and 50
      ml of ethyl acetate are added, and the stirring is continued for a further
      25 minutes. The aqueous phase is then separated off. The organic phase is
      washed 3 times with 30 ml of water at a time, twice with 20 ml of 2 N
      hydrochloric acid at a time and three times with 20 ml of saturated sodium
      chloride solution at a time, and is dried over sodium sulphate and
      evaporated in vacuo. The oil which remains is chromatographed on a column
      of 360 g of silica gel. Elution is carried out with a mixture of toluene
      and ethyl acetate (1:1). Of 6 fractions each of 200 ml, the last four
      fractions are combined and evaporated. The oil which remains is distilled
      at an air bath temperature of 160.degree.-180.degree.C. The resulting
      2-(2-butyramido-ethyl)-thiophene boils at 140.degree.C/0.05 mm Hg.
PAR  c. 6.6 ml (0.100 mol) of chlorosulphonic acid are cooled in an ice bath to
      4.degree.C whilst stirring, and 3.35 g (0.017 mol) of
      2-(2-butyramido-ethyl)-thiophene are then added over the course of 15
      minutes in such a way that the reaction temperature does not rise above
      8.degree.C. The ice bath is then removed and the reaction mixture is
      stirred for 30 minutes at 28.degree.-30.degree.C and then poured, whilst
      stirring, onto 100 g of ice under which there is a layer of 50 ml of
      methylene chloride. The methylene chloride phase is separated off and the
      aqueous phase is extracted with a further 50 ml of methylene chloride. The
      combined extracts are washed with 50 ml of concentrated sodium chloride
      solution, dried over sodium sulphate and evaporated at 40.degree.C bath
      temperature with the aid of a rotary evaporator. The crude
      5-(2-butyramido-ethyl)-2-thiophenesulphonyl chloride is obtained.
PAC  EXAMPLE 2
PAR  20.4 g of 1-cyclohexyl-2-imino-imidazolidine hydrochloride are added,
      whilst stirring, to a solution of 17 g of sodium hydroxide in 170 ml of
      water. 23.5 g of 3-pyridinesulphonyl chloride are then added in portions
      to the reaction mixture, during which the reaction temperature rises from
      25.degree. to 45.degree.C, and the mixture is then stirred additionally
      for 30 minutes at 90.degree.C. After cooling, the reaction product which
      has precipitated is filtered off, washed with water and then with
      isopropanol and recrystallised from isopropyl acetate. The resulting
      1-(3-pyridylsulphonyl)-2-imino-3-cyclohexyl-imidazolidine melts at
      133.degree.-134.degree.C.
PAC  EXAMPLE 3
PAR  14.1 g of 1-cyclohexyl-2-imino-imidazolidine hydrochloride are added,
      whilst stirring, to a solution of 11.8 g of sodium hydroxide in 120 ml of
      water. A solution of 15.0 g of 5-chloro-2-thiophenesulphonyl chloride in
      60 ml of acetone is then added dropwise to the reaction mixture over the
      course of 30 minutes at 20.degree. to 30.degree.C, whilst stirring. The
      reaction mixture is then stirred further at an oil temperature of about
      90.degree.C whilst at the same time distilling off the acetone through a
      bent tube. Whilst so doing, the internal temperature should rise from
      70.degree. to 90.degree.C over the course of 1 hour. After cooling, the
      reaction product which has precipitated is filtered off, washed with water
      and recrystallised from 60 ml of isopropanol. The resulting
      1-[(5-chloro-2-thienyl)-sulphonyl]-2-imino-3-cyclohexyl-imidazolidine
      melts at 117.degree.-118.degree.C.
PAC  EXAMPLE 4
PAR  10.2 g of 1-cyclohexyl-2-imino-imidazolidine hydrochloride are added,
      whilst stirring, to a solution of 8.5 g of sodium hydroxide in 85 ml of
      water. 1-Methylimidazole-2-sulphonyl chloride, melting at
      70.degree.-72.degree.C and prepared by oxidative chlorination of 20.0 g of
      1-methylimidazole-2-thiol [compare R. O. Roblin, Jr. and J. W. Clapp,
      J.Am.Chem.Soc. 72, 4890 (1950)] are then added in portions to the reaction
      mixture. The whole is then stirred for a further 30 minutes, at
      90.degree.C. After cooling, the reaction mixture is extracted three times
      with 100 ml of chloroform at a time. The combined extracts are twice
      washed with 50 ml of water at a time, dried with anhydrous magnesium
      sulphate and evaporated. The viscous oil which remains is chromatographed
      on a column of 340 g of silica gel. Elution is carried out with ethyl
      acetate and fractions of approx. 500 ml are collected. Fractions 7 to 14
      are combined and evaporated. The pure
      1-[(1-methylimidazol-2-yl)-sulphonyl]-2 -imino-3-cyclohexylimidazolidine
      which remains melts at 91.degree.-92.degree.C.
PAC  EXAMPLE 5
PAR  8.7 g of 1-cyclohexyl-2-imino-imidazolidine hydrochloride are added, whilst
      stirring, to a solution of 7.3 g of sodium hydroxide in 73 ml of water.
      5-Acetamido-1,3,4-thiadiazole-2-sulphonyl chloride, prepared by oxidative
      chlorination of 11.3 g of 5-acetamido-1,3,4-thiadiazole-2-thiol and
      melting at about 200.degree.C, with decomposition, is then added in
      portions to the reaction mixture. Furthermore, 40 ml of acetone are added
      to the reaction mixture, which is then stirred for a further 3 hours at
      room temperature and clarified by filtration using diatomaceous earth, and
      the filtrate is adjusted to a pH value of about 5 with 19% strength
      hydrochloric acid.
      1-[(5-Acetamido-1,3,4-thiadiazol-2-yl)-sulphonyl]-2-imino-3-cyclohexyl-imi
     dazolidine, which precipitates in fine crystals, is filtered off, washed
      with water and dried. It melts at 277.degree.-279.degree.C (decomposition)
     .
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An imidazolidine compound of the formula I
      ##EQU16##
      in which Het is a thienyl radical,
PA1  R.sub.1 denotes an alkyl group with at most 12 carbon atoms, an alkenyl
      group with 3 to 5 carbon atoms, a cycloalkyl, lower alkyl-cycloalkyl,
      cycloalkenyl or lower alkyl-cycloalkenyl group, each of which of at most 7
      carbon atoms, or 7 to 9 carbon atoms,
PA1  R.sub.2 denotes hydrogen, or the methyl or ethyl group,
PA1  X denotes hydrogen, halogen up to atomic number 35, an alkyl group which is
      or is not interrupted by 1 or by 2 non-adjacent oxygen or sulphur atoms
      and contains a total of at most 7 carbon atoms, or the hydroxyl group, the
      amino group or an alkanamido group with at most 4 carbon atoms, and
PA1  Y has the meaning of X or denotes a radical of the partial formula Ia or Ib
      ##EQU17##
      in which m denotes 2 or 3,
PA1  Z denotes oxygen,
PA1  R.sub.3 denotes hydrogen or the methyl group,
PA1  R.sub.4 denotes an alkyl or chloroalkyl group with at most 7 carbon atoms,
      an alkenyl group with 2 to 5 carbon atoms, a cycloalkyl, lower
      alkyl-cycloalkyl, cycloalkenyl or lower-cycloalkenyl group, each of which
      with a total of at most 8 carbon atoms, a phenyl group, a phenylalkyl
      group of 7 to 10 carbon atoms or a phenylalkenyl group of 8 to 10 carbon
      atoms, whereby the phenyl group present as R.sub.4 or as a part of R.sub.4
      is unsubstituted or substituted by one to three substituents selected from
      the group consisting of halogen up to atomic number 35, trifluoromethyl,
      alkyl with at most 4 carbon atoms, hydroxy, alkoxy with at most 2 carbon
      atoms and alkylthio with at most 2 carbon atoms,
PAL  and the pharmaceutically acceptable addition salt of the compound of
      formula I with inorganic or organic acids.
NUM  2.
PAR  2. A compound according to claim 1 having the formula I, in which Het is a
      thienyl radical, X is hydrogen, Y is a radical of the partial formula Ib
      given in claim 1, in which C.sub.m H.sub.2m is the ethylene group, R.sub.3
      is hydrogen, R.sub.4 is an alkyl group with at most 5 carbon atoms, or a
      cycloalkyl group with at most 6 carbon atoms, and at the same time the
      radical Z is oxygen, or R.sub.4 is a methoxyphenyl or a methoxyphenyl
      group chlorine-substituted in the ring, and at the same time Z is oxygen,
      and R.sub.1 is a cycloalkyl or lower alkyl-cycloalkyl group with a total
      of at most 7 carbon atoms, and R.sub.2 is hydrogen, and their
      pharmaceutically acceptable addition salts with inorganic and organic
      acids.
NUM  3.
PAR  3. A compound according to claim 1 having the formula I, in which Het is a
      thienyl radical, X is hydrogen, Y is a radical of the partial formula Ib
      given in claim 1, in which C.sub.m H.sub.2m is the ethylene group, R.sub.3
      is hydrogen, R.sub.4 is an alkyl group with 2 to 4 carbon atoms, and Z is
      oxygen, and R.sub.1 is the cyclopentyl or cyclohexyl group, and R.sub.2 is
      hydrogen, and their pharmaceutically acceptable additions salts with
      inorganic and organic acids.
NUM  4.
PAR  4. A compound according to claim 1 which is
      1-[5-(2-butyramido-ethyl)-2-thienylsulphonyl]-2-imino-3-cyclohexylimidazol
     idine and its pharmaceutically acceptable addition salts with inorganic or
      organic acids.
NUM  5.
PAR  5. A compound according to claim 1 which is
      1[(5-chloro-2-thienyl)-sulphonyl]-2-imino-3-cyclohexylimidazolidine and
      its pharmaceutically acceptable addition salts with inorganic or organic
      acids.
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OREF
PAL  Synthetic Organic Chemistry (1953) Wagner et al. pp. 95, 566, 567.
LREP
FR2  Stonner; Frederik W.
FR2  Wyatt; B. Woodrow
ABST
PAL  Novel 3-Z-9-benzoyl-1,2,3,4-tetrahydrocarbazoles, wherein Z is CONR.sub.5
      R.sub.6, CONHOH, CN, or COCH.sub.2 X, where X is chloro or bromo, having
      antimicrobial and/or anti-inflammatory activity are disclosed. Compounds
      wherein Z is CONR.sub.5 R.sub.6 and CONHOH are prepared from the
      corresponding 3-carboxylic acids by conversion to the corresponding acid
      chlorides and subsequent reaction with the appropriate amines and
      hydroxylamine respectively; compounds where Z is CN are prepared by the
      dehydration of the corresponding compounds where Z is CONH.sub.2 ; and the
      compounds where Z is COCH.sub.2 X are prepared by reacting hydrogen
      chloride or bromide with the corresponding compounds where Z is
      COCHN.sub.2 which in turn is prepared from the corresponding 3-carboxylic
      acid chloride by reaction with diazomethane.
PARN
PAR  This application is a continuation-in-part of prior copending application
      Ser. No. 307,477, filed November 17, 1972, now U.S. Pat. No. 3,835,152,
      issued Sept. 10, 1974.
BSUM
PAR  This invention relates to compositions of matter classified in the art of
      chemistry as 1,2,3,4-tetrahydrocarbazoles.
PAR  The compounds of this invention are useful as antimicrobial agents and/or
      anti-inflammatory agents as more fully described hereinbelow.
PAR  In one aspect the invention sought to be patented resides in the novel
      chemical compounds designated as 3-Z-9-(R.sub.3 R.sub.4 -benzoyl)-R.sub.1
      -R.sub.2 -1,2,3,4-tetrahydrocarbazoles having the formula:
      ##SPC1##
PAL  Wherein
PA1  Z is CONR.sub.5 R.sub.6, CONHOH, CN, or COCH.sub.2 X, where R.sub.1,
      R.sub.2, R.sub.3, R.sub.4, R.sub.5 and R.sub.6 are each hydrogen or
      lower-alkyl, and X is chloro or bromo.
PAR  In a second aspect the invention sought to be patented resides in the novel
      chemical compounds designated as 3-diazomethylcarbonyl-9-(R'.sub.3
      -R'.sub.4 -benzoyl)-R'.sub.1 -R'.sub.2 -1,2,3,4-tetrahydrocarbazoles
      having the formula:
      ##SPC2##
PAL  Wherein
PA1  R'.sub.1, r'.sub.2, r'.sub.3 and R'.sub.4 are each hydrogen or loweralkyl.
PAR  The compounds having formula II are useful as intermediates in the
      preparation of the compounds of formula I where Z is COCH.sub.2 X.
PAR  The novel compounds of this invention having formula I wherein Z is
      CONR.sub.5 R.sub.6 and CONHOH are prepared from the 9-(R'.sub.3 -R'.sub.4
      -benzoyl)-R'.sub.1 -R'.sub.2 -1,2,3,4-tetrahydrocarbazole3-carboxylic acid
      halide (III), where R'.sub.1, R'.sub.2, R'.sub.3 and R'.sub.4 have the
      meaning defined hereinbefore for formula II and halide is chloride or
      bromide, by reaction respectively with the amine NHR.sub.5 R.sub.6 (IV) or
      hydroxylamine. The reaction can be carried out by treating the acid halide
      III in a suitable inert solvent, e.g., benzene or pyridine, with at least
      one equivalent of amine IV or hydroxylamine in the presence of at least
      one equivalent of a suitable acid-acceptor, e.g., triethylamine, pyridine
      or potassium bicarbonate. If desired, excess amine IV or hydroxylamine may
      be used as the acid-acceptor. The reaction can be conveniently carried out
      be reacting the acid halide III with at least two equivalents of the amine
      IV or hydroxylamine in a stirred mixture of water and ether for about ten
      minutes to about one hour.
PAR  The novel compounds of formula I where Z is CN are prepared by dehydration
      of the corresponding 3-carbamyl-9-(R.sub.3 -R.sub.4 -benzoyl)-R.sub.1
      -R.sub.2 -1,2,3,4-tetrahydrocarbazole (I,Z = CONH.sub.2). The reaction is
      carried out in a suitable solvent, e.g., benzene or pyridine, in the
      presence of at least one equivalent of an acid-acceptor, e.g., pyridine or
      triethylamine, and a suitable dehydrating agent, e.g., phosphorus
      oxychloride, thionyl chloride or benzenesulphonyl chloride preferably at
      elevated temperatures. The reaction can be conveniently carried out by
      treating the 3-carbamyl compund in pyridine with benzenesulphonyl chloride
      on a steam bath for about one to two hours.
PAR  The novel compounds of formula I where Z is COCH.sub.2 X are prepared from
      the corresponding 3-diazomethylcarbonyl-9-(R'.sub.3 -R'.sub.4
      -benzoyl)-R'.sub.1 -R'.sub.2 -1,2,3,4-tetrahydrocarbazole (II) by reaction
      with HX, where X is chloro or bromo, viz., hydrogen chloride or hydrogen
      bromide. The reaction is carried out with at least one equivalent of
      hydrogen chloride or hydrogen bromide in a suitable inert solvent, e.g.,
      benzene, ether or toluene, preferably at room temperature. The reaction is
      conveniently carried out by treating a solution of II in benzene with
      about one equivalent of either ethereal or gaseous hydrogen chloride or
      hydrogen bromide at room temperature.
PAR  The intermediate 3-diazomethylcarbonyl compound II is prepared from the
      corresponding acid halide III by reaction in a suitable solvent, e.g.,
      benzene or ether, with at least two equivalents of diazomethane preferably
      at temperatures ranging from about 0.degree.C. to about room temperature.
      The reaction is conveniently carried out by reacting the acid halide III
      with about a three to four mole excess of diazomethane in ehter with ice
      bath cooling.
PAR  The intermediate acid halide III is prepared from the corresponding
      9-(R'.sub.3 -R'.sub.4 -benzoyl)-R'.sub.1 R'.sub.2
      -1,2,3,4-tetrahydrocarbazole-3-carboxylic acids using standard procedures,
      e.g., by reaction in a suitable solvent, e.g., ethylene dichloride or
      chloroform, with an appropriate halogenating agent such as thionyl
      chloride or oxalyl chloride.
PAR  The 9-(R'.sub.3 -R'.sub.4 -benzoyl)-R'.sub.1 -R'.sub.2
      -1,2,3,4-tetrahydrocarbazole-3-carboxylic acids and intermediates
      therefore belong to classes of compounds which, together with detailed
      methods for their preparation, are disclosed in U.S. Pat. No. 3,687,969.
      Thus they are prepared, for example, by condensing the appropriate
      1-(R'.sub.3 -R'.sub.4 -benzoyl)-1-(R'.sub.1 -R'.sub.2 -phenyl)hydrazine
      (V), where R'.sub.1, R'.sub.2, R'.sub.3 and R'.sub.4 have the meaning
      defined hereinbefore for compounds of formula II, with
      cyclohexanone4-carboxylic acid; the intermediate benzoylhydraxine V is
      prepared by reaction of the R'.sub.3 -R'.sub.4 -benzoyl chloride (VI) with
      an appropriate hydrazone of R'.sub.1 -R'.sub.2 -phenylhydrazine (VII) and
      subsequent alcoholysis; the intermediate benzoyl chlorides VI and
      phenylhydrazines VII are known compounds or are prepared from
      corresponding known benzoic acids and anilines respectively.
PAR  As used throughout this specification, the term lower-alkyl means such a
      group containing from one to six carbon atoms which can be arranged as
      straight or branched chains, and, without limiting the generality of the
      foregoing, are illustrated by methyl, ethyl, propyl, isopropyl, butyl,
      sec-butyl, tert-butyl, amyl, hexyl and the like.
PAR  It will be understood that in the compounds of formulas I and II the
      substituents R.sub.1 and R.sub.2, and R'.sub.1 and R'.sub.2, respectively,
      as hereinbefore defined, can each occur at any one of the available carbon
      atoms at the 6,7,8 and 9 positions, and that the substituents R.sub.3 and
      R.sub.4, and R'.sub.3 and R'.sub.4, respectively, as hereinbefore defined,
      can each occur at any one of the available carbon atoms of the phenyl ring
      of the 9-benzoyl group, and in each case when there are two such
      substituents they can occur in any position combination relative to each
      other.
PAR  The compounds of formula I where Z is CONR.sub.5 R.sub.6 or COCH.sub.2 X
      possess useful antibacterial activity; and the compounds of formula I
      where Z is CN possess useful antifungal activity, thus indicating the
      utility of the former as antibacterial agents and of the latter as
      antifungal agents.
PAR  The antibacterial and antifungal activities were determined using a
      modification of the Autotiter method described by Goss et al., Applied
      Microbiology 16 (No. 9), 1414-1416 (1968) in which a 1000 mcg./ml.
      solution of the test compound is prepared. To the first cup of the
      Autotray is added 0.1 ml. of the test solution. Activation of the
      Autotiter initiates a sequence of operations by which 0.05 ml. of the test
      compound solution is withdrawn from this cup by a Microtiter transfer loop
      and diluted in 0.05 ml. of sterile semi-synthetic medium (glucose). After
      this operation, 0.05 ml. of inoculated semi-synthetic medium is added
      automatically to each cup. The overall operation results in final drug
      concentrations ranging from 500 to 0.06 mcg./ml. in twofold decrements.
      The Autotray is incubated for 18-20 hours at 37.degree.C., at which time
      the trays are examined visually for growth as evidenced by turbidity, and
      the concentration of the last sample in the series showing no growth (or
      no turbidity) is recorded as the minimal inhibitory concentration (MIC).
PAR  By way of illustration, the compounds of Example 2 (formula I, Z =
      CONH.sub.2, R.sub.1 = R.sub.2 = R.sub.3 = R.sub.4 = H) and Example 6
      (formula I, Z = COCH.sub.2 X, X = Cl, R.sub.1 = R.sub.2 = R.sub.3 =
      R.sub.4 = H) were found to be antibacterially effective against
      Staphlococcus aureus at concentrations of 62.5 mcg./ml. and 0.8 mcg./ml.
      respectively; and the compound of Example 4 (formula I, Z = CN, R.sub.1 =
      R.sub.2 = R.sub.3 = R.sub.4 = H) was found to be antifungally effective
      against Aspergillus niger at a concentration of 250 mcg./ml.
PAR  The compounds of this invention having formula I where Z is CONR.sub.5
      R.sub.6 or CONHOH exhibit anti-inflammatory activity in one or both of the
      pharmacological test procedures described hereinbelow, thus indicating
      their usefulness as anti-inflammatory agents.
PAR  The following are brief descriptions of the pharmacological test procedures
      used to determine anti-inflammatory activity.
PAC  INHIBITION OF CARRAGEENIN-INDUCED FOOT EDEMA IN RATS
PAR  Young male rats weighting 100-110 g. are used. Food is withdrawn
      approximately 18 hours prior to medication but the animals are permitted
      free access to drinking water up to the time of medication. Drugs to be
      tested are suspended by triturating in 1% gum tragacanth using ground
      glass homogenizers and administered by gavage in a volume of 1 ml./100 g.
      body weight. Control animals receive the gum tragacanth only. One hour
      after medication, 0.05 ml. of 1% suspension of carrageenin in 0.9% saline
      is injected into the plantar tissue of the left hind paw. Three hours
      after injection of the carrageenin, edema formation, i.e., increase in
      foot volume (difference between left hind paw and the uninjected right
      hind paw) is measured plethysmographically in the unaesthetized rat.
PAC  INHIBITION ADJUVANT-INDUCED ARTHRITIS IN RATS
PAR  Adult male rats weighing 200-230 g. are used. Adjuvant (M. butyricum), 0.1
      ml. of a 0.6% suspension in heavy mineral oil, is injected into the
      plantar tissue of the left hind paw. A negative control group is injected
      with mineral oil only. Beginning on the ninth day after adjuvant injection
      (polyarthritis does not appear until approximately the tenth day after
      adjuvant administration), the animals receive 12 daily medications of test
      compound suspended by triturating in 1% gum tragacanth using a ground
      glass homogenizer and administered by gavage in a volume of 1 ml./100 g.
      body weight. Both the negative control and adjuvant injected control
      animals receive the vehicle only. Food and water are permitted ad libitum.
      Twenty-four hours after the last mediciation, the animals are weighed, the
      degree of arthritic involvement, i.e., increase in foot volume and plasma
      inflammation units are determined. Foot volume is measured
      plethysmographically in the unanesthetized rat.
PAR  By way of illustration, the compound of Example 2 (formula I, Z =
      CONH.sub.2, R.sub.1 = R.sub.2 = R.sub.3 = R.sub.4 = H) when tested in the
      Adjuvant-Induced Arthritis test procedure, and the compound of Example 3
      (formula I, Z = CONHOH, R.sub.1 = R.sub.2 = R.sub.3 = R.sub.4 = H) when
      tested in the Adjuvant-Induced Arthritis and Carrageenin-Induced Foot
      Edema test procedures, were found to be effective anti-inflammatory agents
      when administered in the amount of 103 mg. and 108 mg. per kilogram of
      body weight per dosage unit respectively.
PAR  The actual determination of the numerical biological data definitive for a
      particular compound is readily determined by standard test procedures by
      technicians having ordinary skill in pharmacological test procedures,
      without the need for any extensive experimentation.
PAR  The compounds of the invention having antibacterial and antifungal activity
      can be formulated for use by preparing a dilute solution in an aqueous
      medium or in a solution containing a surfactant, or alternatively in an
      organic medium in which the compounds are soluble, the example ethyl
      alcohol, and are applied to a surface to be disinfected by conventional
      means such as spraying, swabbing immersion, and the like. Alternatively
      the compounds can be formulated as ointments or creams by incorporating
      them in conventional ointment or cream bases, for example alkylpolyether
      alcohols, cetyl alcohol, stearyl alcohol, and the like, or as jellies by
      incorporating them in conventional jelly bases as glycerol and tragacanth.
      They can also be formulated for use as aerosol sprays or foams.
PAR  The compounds of this invention having anti-inflammatory activity can be
      prepared for use by conventional pharmaceutical procedures; that is, they
      can be incorporated in unit dosage form in tablets or capsules for oral
      administration either alone or in combination with suitable adjuvants such
      as calcium carbonate, starch, lactose, talc, magnesium stearate, gum
      acacia, and the like; or as aqueous or oil suspensions or solutions in a
      pharmaceutically acceptable vehicle such as aqueous alcohol, glycol, oil
      solutions or oil-water emulsions for oral or parenteral administration.
PAR  The molecular structures of the compounds of this invention were assigned
      on the basis of the method of their synthesis and study of their infrared
      spectra, and confirmed by the correspondence between calculated and found
      values for the elementary analysis for representative examples.
PAR  The invention is illustrated by the following examples without, however,
      being limited thereto.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 32 g. of 9-benzoyl-1,2,3,4-tetrahydrocarbazole-3-carboxylic
      acid in 100 ml. of dry ethylene dichloride was treated with 17 ml. thionyl
      chloride containing two drops of dimethylformamide and stirred on a warm
      water bath for two hours. The clear solution was evaporated under reduced
      pressure and the resulting residual oil was treated with a small amount of
      ether. The resulting crystals were collected by filtration, washed with
      cool ether, diluted with pentane and dried under reduced pressure at
      50.degree.C. to yield 31.8 g. of
      9-benzoyl-1,2,3,4-tetrahydrocarbazole-3-carboxylic acid chloride, m.p.
      109.degree.-110.degree.C.
PAC  EXAMPLE 2
PAR  To a stirred mixture of 75 ml. concentrated ammonium hydroxide, 100 ml.
      water, ice and 100 ml. ether was added 10.2 g. of solid
      9-benzoyl-1,2,3,4-tetrahydrocarbazole-3-carboxylic acid chloride, and the
      mixture was stirred vigorously for ten minutes. The ether was evaporated
      by passing air through the mixture and the resulting solid was collected
      by filtration, washed with water ans suspended in hot acetone. The acetone
      suspension was diluted with water, cooled, and the solid was collected by
      filtration and was recrystallized from dimethylformamide in water to give
      8.8 g. of 3-carbamyl-9-benzoyl-1,2,3,4-tetrahydrocarbazole, m.p.
      228.degree.-230.degree.C.
PAC  EXAMPLE 3
PAR  A suspension of hydroxylamine, prepared by treating 15 g. of hydroxylamine
      hydrochloride in 100 ml. of water and 100 ml. of ether with 100 ml. of 10%
      potassium bicarbonate solution, was treated with 3.4 g. of solid
      9-benzoyl-1,2,3,4-tetrahydrocarbazole-3-carboxylic acid chloride with
      stirring. The either was evaporated by passing air through the mixture and
      the resulting solid was collected by filtration and washed with water. The
      solution of this solid in acetate was washed with water, dried over
      magnesium sulfate and evaporated to dryness under reduced pressure. The
      residual oil was dissolved in acetone, concentrated, diluted with benzene
      and further concentrated to evaporate the acetone. The resulting solid
      (2.9 g.) was collected by filtration and recrystallized from ethyl
      acetate-heptane to give 2.61 g. of
      3-hydroxyaminocarbonyl9-benzoyl-1,2,3,4-tetrahydrocarbazole, m.p.
      182.degree.-184.degree.C.
PAC  EXAMPLE 4
PAR  3-Carbamyl-9-benzoyl-1,2,3,4-tetrahydrocarbazole (6.4 g.) in 40 ml. dry
      pyrindine was treated with 3.5 ml. benzenesulphonyl chloride and the
      solution was warmed on a steam bath for one hour, cooled and diluted with
      water. The resulting solid was collected by filtration, washed with water
      and recrystallized from acetone-water to give 4.8 g. of
      3-cyano-9-benzoyl-1,2,3,4-tetrahydrocarbazole, m.p.
      145.degree.-147.degree.C.
PAC  EXAMPLE 5
PAR  To a stirred, dry, cold solution of 6 g. of diazomethane in 200 ml. of
      ether was added 10 g. of solid
      9-benzoyl-1,2,3,4-tetrahydrocarbazole-3-carboxylic acid chloride which
      slowly dissolved. Stirring was continued for about 30 minutes and the
      resulting mixture was diluted with pentane and the solids were collected
      by filtration and recrystallized from benzenepentane to yield 7.8 g. of
      3-diazomethylcarbonyl-9-benzoyl-1,2,3,4-tetrahydrocarbazole, m.p.
      134.degree.-136.degree.C.
PAC  EXAMPLE 6
PAR  To a solution of 10 g. of
      3-diazomethylcarbonyl-9-benzoyl-1,2,3,4-tetrahydrocarbazole in 15 ml.
      benzene was added in small portions a slight excess of ethereal hydrogen
      chloride. The resulting mixture was diluted with hexane. The solids were
      collected by filtration and recrystallized from benzenehexane to give 8.7
      g. of 3-chloromethylcarbonyl-9-benzoyl-1,2,3,4-tetrahydrocarbazole, m.p.
      140.degree.-142.degree.C.
PAR  Following the procedure described in Example 1 but substituting for
      9-benzoyl-1,2,3,4-tetrahydrocarbazole-3-carboxylic acid an equivalent
      amount of the 9-(R'.sub.3 -R'.sub.4 -benzoyl)- R'.sub.1 -R'.sub.2
      -1,2,3,4-tetrahydrocarbazole-3-carboxylic acids listed in Table I below,
      there are obtained respectively the corresponding 9-(R'.sub.3 -R'.sub.4
      -benzoyl)-R'.sub.1 -R'.sub.2 -1,2,3,4-tetrahydrocarbazole-3-carboxylic
      acid chlorides:
PAC  TABLE I
PAC  9-(R'.sub.3 -R'.sub.4 -benzoyl)-R'.sub.1 -R'.sub.2
      -1,2,3,4-tetrahydrocarbazole-3-carboxylic acid
TBL          R'.sub.1 -R'.sub.2                                                
                           R'.sub.3 -R'.sub.4                                  
     ______________________________________                                    
     7.      6-methyl        H                                                 
     8.      6-tert-butyl    4-methyl                                          
     9.      5,8-dimethyl    3,4-dimethyl                                      
     10.     6-hexyl         4-tert-butyl                                      
     11.     H               4-hexyl                                           
     12.     8-ethyl         H                                                 
     ______________________________________                                    
PAR  The tetrahydrocarbazole-3-carboxylic acids listed in Table I above are
      prepared by condensation of cyclohexanone-4-carboxylic acid with the
      corresponding 1-(R'.sub.3 -R'.sub.4 -benzoyl)-1-(R'.sub.1 -R'.sub.2
      -phenyl)hydrazines listed in Table II.
PAC  TABLE II
PAC  1-(R'.sub.3 -R'.sub.4 -benzoyl)-1-(R'.sub.1 -R'.sub.2 -phenyl)hydrazine
TBL  R'.sub.1 -R'.sub.2 R'.sub.3 -R'.sub.4                                     
     ______________________________________                                    
     4-methyl         H                                                        
     4-tert-butyl     4-methyl                                                 
     2,5-dimethyl     3,4-dimethyl                                             
     4-hexyl          4-tert-butyl                                             
     H                4-hexyl                                                  
     2-ethyl          H                                                        
     ______________________________________                                    
PAR  The benzoylhydrazines listed in Table II are prepared by reaction of the
      appropriate hydrazones, e.g., acetaldehyde hydrazones, of the
      corresponding R'.sub.1 -R'.sub.2 -phenylhydrazines, wherein R'.sub.1 and
      R'.sub.2 are the same as indicated for R'.sub.1 -R'.sub.2 in Table II,
      with the corresponding R'.sub.3 -R'.sub.4 -benzoyl chlorides, wherein
      R'.sub.3 and R'.sub.4 are the same as indicated for R'.sub.3 -R'.sub.4 in
      Table II and subsequent alcoholysis. The methods of preparation of
      9-(R'.sub.3 -R'.sub.4 -benzoyl)-R'.sub.1 -R'.sub.2
      -1,2,3,4-tetrahydrocarbazole-3-carboxylic acid; 1-(R'.sub.3 -R'.sub.4
      -benzoyl)-1-(R'.sub.1 -R'.sub.2 -phenyl)hydrazine; R'.sub.1 -R'.sub.2
      -phenylhydrazine; and R'.sub.3 -R'.sub.4 -benzoyl chloride have been
      described in U.S. Pat. No. 3,687,969.
PAR  Following the procedure described in Example 2 but substituting for
      9-benzoyl-1,2,3,4-tetrahydrocarbazole-3-carboxylic acid chloride an
      equivalent amount of the acid chlorides of the 3-carboxylic acids 7-12
      listed in Table I there are obtained respectively: 13.
      3-carbamyl-9-benzoyl-6-methyl-1,2,3,4-tetrahydrocarbazole;
PAR  14. 3-carbamyl-9-(4-toluoyl)- 6-tert-butyl-1,2,3,4-tetrahydrocarbazole;
PAR  15.
      3-carbamyl-9-(3,4-dimethylbenzoyl)-5,8-dimethyl-1,2,3,4-tetrahydrocarbazol
     e;
PAR  16. 3-carbamyl-9-(4-tert-butylbenzoyl)-6-hexyl-1,2,3,4-tetrahydrocarbazole;
PAR  17. 3-carbamyl-9-(4-hexylbenzoyl)-1,2,3,4-tetrahydrocarbazole; and
PAR  18. 3-carbamyl-9-(benzoyl)-8-ethyl-1,2,3,4-tetrahydrocarbazole.
PAR  Following the procedure described in Example 3 but substituting for
      9-benzoyl-1,2,3,4-tetrahydrocarbazole-3-carboxylic acid chloride an
      equivalent amount of the acid chlorides of the carboxylic acids 7-12
      listed in Table I above there are obtained respectively:
PAR  19. 3-hydroxyaminocarbonyl-9-benzoyl-6-methyl-1,2,3,4-tetrahydrocarbazole;
PAR  20.
      3-hydroxyaminocarbonyl-9-(4-toluoyl)-6-tert-butyl-1,2,3,4-tetrahydrocarbaz
     ole;
PAR  21. 3-hydroxyaminocarbonyl-9-(3,4-dimethylbenzoyl)-5,8-dimethyl-1,2,3,4
      -tetrahydrocarbazole;
PAR  22.
      3-hydroxyaminocarbonyl-9-(4-tert-butylbenzoyl)-6-hexyl-1,2,3,4-tetrahydroc
     arbazole;
PAR  23. 3-hydroxyaminocarbonyl-9-(4-hexylbenzoyl)-1,2,3,4-tetrahydrocarbazole;
      and
PAR  24. 3-hydroxyaminocarbonyl-9-(benzoyl)-8-ethyl-1,2,3,4-tetrahydrocarbazole.
PAR  Following the procedure described in Example 5 but substituting for
      9-benzoyl-1,2,3,4-tetrahydrocarbazole-3-carboxylic acid chloride the acid
      chlorides of the carboxylic acids 7-12 listed in Table I above there are
      obtained respectively:
PAR  25. 3-diazomethylcarbonyl-9-benzoyl-6-methyl-1,2,3,4-tetrahydrocarbazole;
PAR  26.
      3-diazomethylcarbonyl-9-(4-toluoyl)-6-tert-butyl-1,2,3,4-tetrahydrocarbazo
     le;
PAR  27.
      3-diazomethylcarbonyl-9-(3,4-dimethylbenzoyl)-5,8-dimethyl-1,2,3,4-tetrahy
     drocarbazole;
PAR  28.
      3-diazomethylcarbonyl-9-(4-tert-butylbenzoyl)-6-hexyl-1,2,3,4-tetrahydroca
     rbazole;
PAR  29. 3-diazomethylcarbonyl-9-(4-hexylbenzoyl)-1,2,3,4-tetrahydrocarbazole;
      and
PAR  30. 3-diazomethylcarbonyl-9-(benzoyl)-8-ethyl-1,2,3,4-tetrahydrocarbazole.
PAR  Following the procedure described in Example 6 but substituting for
      3-diazomethylcarbonyl-9-benzoyl-1,2,3,4-tetrahydrocarbazole an equivalent
      amount of the diazomethylcarbonyl compounds 25-30 listed above there are
      obtained respectively:
PAR  31. 3-chloromethylcarbonyl-9-benzoyl-6-methyl-1,2,3,4-tetrahydrocarbazole;
PAR  32.
      3-chloromethylcarbonyl-9-(4-toluoyl)-6-tert-butyl-1,2,3,4-tetrahydrocarbaz
     ole;
PAR  33.
      3-chloromethylcarbonyl-9-(3,4-dimethylbenzoyl)-5,8-dimethyl-1,2,3,4-tetrah
     ydrocarbazole;
PAR  34.
      3-chloromethylcarbonyl-9-(4-tert-butylbenzoyl)-6-hexyl-1,2,3,4-tetrahydroc
     arbazole;
PAR  35. 3-chloromethylcarbonyl-9-(4-hexylbenzoyl)-1,2,3,4-tetrahydrocarbazole;
      and
PAR  36. 3-chloromethylcarbonyl-9-(benzoyl)-8-ethyl-1,2,3,4-tetrahydrocarbazole.
PAR  Following the procedure described in Example 6 but substituting for
      hydrogen chloride an equivalent amount of hydrogen bromide there is
      obtained:
PAR  37. 3-bromomethylcarbonyl-9-(benzoyl)-1,2,3,4-tetrahydrocarbazole.
PAR  Following the procedure described in Example 2 but substituting for
      ammonium hydroxide an equivalent amount of the following amines:
      methylamine, dimethylamine, dihexylamine, N-hexyl-N-methylamine and
      isopropylamine there are obtained respectively:
PAR  38. 3-methylaminocarbonyl-9-benzoyl-1,2,3,4-tetrahydrocarbazole;
PAR  39. 3-dimethylaminocarbonyl-9-benzoyl-1,2,3,4-tetrahydrocarbazole;
PAR  40. 3-dihexylaminocarbonyl-9-benzoyl-1,2,3,4-tetrahydrocarbazole:
PAR  41.
      3-(N-hexyl-N-methylamino)carbonyl-9-benzoyl-1,2,3,4-tetrahydrocarbazole; a
     nd
PAR  42. 3-isopropylaminocarbonyl-9-benzoyl-1,2,3,4-tetrahydrocarbazole.
CLMS
STM  I claim:
NUM  1.
PAR  1. A 3-Z-9-(R.sub.3 -R.sub.4 -benzoyl)-R.sub.1 -R.sub.2
      -1,2,3,4-tetrahydrocarbazole having the formula:
      ##SPC3##
PAL  wherein
PA1  Z is COCH.sub.2 X, where R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are each
      hydrogen or lower-alkyl, and X is chloro or bromo.
NUM  2.
PAR  2. A compound according to claim 1 wherein X is chloro.
NUM  3.
PAR  3. 3-Chloromethylcarbonyl-9-benzoyl-1,2,3,4-tetrahydrocarbazole according
      to claim 2.
NUM  4.
PAR  4. A 3-diazomethylcarbonyl-9-(R'.sub.3 -R'.sub.4 -benzoyl)-R'.sub.1
      -R'.sub.2 -1,2,3,4-tetrahydrocarbazole having the formula:
      ##SPC4##
PAL  wherein
PA1  R'.sub.1, r'.sub.2, r'.sub.3 and R'.sub.4 are each hydrogen or loweralkyl.
NUM  5.
PAR  5. 3-Diazomethylcarbonyl-9-benzoyl-1,2,3,4-tetrahydrocarbazole according to
      claim 4.
PATN
WKU  039418065
SRC  5
APN  2188333
APT  1
ART  122
APD  19720118
TTL  7-(.alpha.-Acetylbenzyl)indoline
ISD  19760302
NCL  1
ECL  1
EXA  Rivers; Diana G.
EXP  Rizzo; Nicholas S.
INVT
NAM  Welstead, Jr.; William John
CTY  Richmond
STA  VA
INVT
NAM  Chen; Ying-Ho
CTY  Richmond
STA  VA
ASSG
NAM  A. H. Robins Company
CTY  Richmond
STA  VA
COD  02
RLAP
COD  72
APN  28561
APD  19700414
PSC  03
CLAS
OCL  26032611R
XCL  2603131
XCL  2603265R
XCL  424274
EDF  2
ICL  C07D20912
ICL  A61K 3140
FSC  260
FSS  326.11
UREF
PNO  3579503
ISD  19710500
NAM  Hester
OCL  260239.3
UREF
PNO  3679701
ISD  19720700
NAM  Hester
OCL  260326.11
LREP
FR2  Hueschen; Gordon W.
ABST
PAL  The preparation of compounds of the formula
      ##SPC1##
PAL  Wherein R is selected from the group consisting of hydrogen and chlorine is
      described. The compounds are useful as chemical intermediates and as
      anti-inflammatory agents.
PARN
PAR  The present application is a continuation-in-part of our copending
      application Ser. No. 28,561, filed Apr. 14, 1970, now abandoned.
BSUM
PAR  The present invention relates to heterocyclic organic compounds which may
      be referred to as benzoylindolines and is more particularly concerned with
      5-substituted-7-benzoylindolines, compositions thereof, and processes for
      making and using the same.
PAR  The novel 5-substituted-7-benzoylindolines of the present invention have
      the formula:
      ##SPC2##
PAL  Wherein R is selected from the group consisting of hydrogen and chlorine.
PAR  The novel compounds of Formula I have utility as intermediates in the
      preparation of the compounds disclosed in our copending application Ser.
      No. 28,561, filed Apr. 14, 1970, and as anti-inflammatory agents.
PAR  The compound of Example 1 of the present invention at 316 mg/kg. (per os)
      reduced the response to pleural irritation. The anti-inflammatory action
      was demonstrated using a modification of the Evans Blue-Carrageenan
      Pleural Effusion Test [Sancilio, L. F., Journal of Pharmacology and
      Experimental Therapeutics 168, 199-204 (1969)]. The potency was determined
      relative to phenylbutazone, the standard anti-inflammatory agent, and was
      shown to have twice the anti-inflammatory activity of phenylbutazone.
PAR  It is, therefore, an object of the present invention to provide new and
      useful 5-substituted-7-benzoylindolines. A further object is to provide
      methods for making the novel compounds of the present invention. Other
      objects will be apparent to one skilled in the art, and still others will
      become apparent hereinafter.
PAR  The novel compounds of the present invention are prepared by:
PAR  A. REACTING AN INDOLINE-7-CARBOXYLIC ACID OF Formula II
      ##SPC3##
     with phenyllithium wherein R is as defined above;
PAR  B. ACID HYDROLYSIS OF A
      1,2-DIHYDRO-4-METHYL-5-PHENYL-PYRROLO[3,2,1-HI]INDOLE OF Formula III
      ##SPC4##
PAL  wherein R is as defined above to give a 7-(.alpha.-acetylbenzyl) indoline
      of Formula IV
      ##SPC5##
PAL  which is autoxidized to the 7-benzoylindoline; and
PAR  C. OZONIZATION OF A 1,2-DIHYDRO-4-METHYL-5-PHENYLPYRROLO [3,2,1-HI]INDOLE
      OF Formula III above.
PAR  When 5-chloroindoline is used as a starting material, it is possible to
      introduce a benzoyl group into the 7-position after the nitrogen atom has
      been protected by acetylation. The acetyl group is then removed by acid
      hydrolysis.
PAR  The starting materials used in preparing the novel compounds of the present
      invention are prepared by the reaction sequences shown in Chart I.
      ##SPC6##
PAC  PREPARATION OF STARTING MATERIALS
PAR  The starting materials represented by Formulae II, III and V in Chart I can
      be prepared as shown by procedures A, B, and C. In the preferred method
      using procedure A, an indoline of Formula IV is dissolved in a chlorinated
      hydrocarbon solvent, illustratively chloroform, and the solution is added
      to a solution of oxalyl chloride in the selected solvent at or near room
      temperature. Subsequent to the addition, the reaction mixture is refluxed
      for a short period of time of from about one-half to about three hours and
      is then concentrated at reduced pressure to give the oxalyl chloride
      compound of Formula V. The oxalyl chloride compound is mixed with aluminum
      chloride and the mixture stirred until the reactants are thoroughly mixed.
      The resulting mixture is heated rapidly by external means to a temperature
      of from about 100.degree.C. to about 125.degree.C. and stirring is
      continued until the evolution of hydrogen chloride ceases. The crude
      reaction mixture is hydrolyzed with ice water, the product extracted with
      a suitable solvent as, for example, chloroform, and the chloroform
      extracts concentrated to give the dione compound of Formula VI. Although
      the cyclization to the dione compound is usually carried out as indicated,
      spontaneous cyclization of the oxalyl chloride compound to the dione may
      occur.
PAR  The dione compound of Formula VI is added to a basic aqueous solution and
      after stirring for a period of time to dissolve the compound, the dione is
      oxidized using hydrogen peroxide. The oxidized mixture is stirred until
      the reaction has been completed, the insoluble materials are extracted
      with benzene and the basic aqueous solution is carefully neutralized with
      three normal hydrochloric acid. The neutral solution is extracted with a
      suitable solvent, illustratively chloroform, the chloroform extracts
      combined and dried and concentrated to an oil to give the
      indoline-7-carboxylic acid of Formula II.
PAR  The alternate methods of preparing the starting materials are shown by
      procedures B and C and are more fully illustrated hereinafter in the
      preparations.
PAC  PREPARATION 1
PAC  1-Indolineoxalyl Chloride
PAR  A stirred solution of 2 moles (254 g.) of oxalyl chloride in 200 ml. of
      chloroform was treated dropwise with a solution of 1.0 mole (120 g.) of
      indoline in 200 ml. of chloroform. The stirred mixture was refluxed for
      0.5 hours and then concentrated at reduced pressure. The resulting oil
      (190 g.) was triturated with ether and the solid material which
      precipitated was filtered off. The filtrate was concentrated to give 120
      g. (57%) of 1-indolineoxalyl chloride.
PAC  PREPARATION 2
PAC  4,5-Dihydropyrrolo[3,2,1-hi]indoline-1,2-dione
PAR  A mixture of 90 g. (0.43 mole) of 1-indolineoxalyl chloride and 285 g. (2.1
      moles) of aluminum chloride was stirred together in a 3-liter beaker until
      completely mixed. The mixture was then heated rapidly on a hot plate to
      100.degree.-110.degree.C. Stirring was continued for 15 minutes until
      evolution of hydrogen chloride ceased. The mixture was cooled, hydrolyzed
      with ice water and extracted with chloroform. The chloroform extract was
      dried over magnesium sulfate and concentrated to an oil. Trituration with
      acetone gave 38 g. of a solid mixture which contained about 60% of the
      desired product. A sample was recrystallized from benzene several times;
      the recrystallized material melted at 206.degree.-208.degree.C.
PAR  Analysis: Calculated for C.sub.10 H.sub.7 NO.sub.2 : C,69.36; H,4.07;
      N,8.08. Found: C,69.44; H,4.10; N,8.12
PAC  PREPARATION 3
PAC  Indoline-7-carboxylic Acid
PAR  A crude mixture containing approximately 60% of
      4,5-dehydropyrrolo[3,2,1-hi]indoline-1,2-dione was added to a solution of
      41 g. of sodium hydroxide in 300 ml. of water. After stirring 30 minutes
      the mixture was filtered to remove the insolubles, then treated with 46
      ml. of 30% hydrogen peroxide and 400 ml. of water. The mixture was stirred
      30 minutes, extracted with benzene, then neutralized to pH 7 with 3N
      hydrochloride acid. The product was extracted into chloroform, the
      solution dried and concentrated to an oil. The oil crystallized on
      standing and was recrystallized from acetone-water (Yield 212.8 g.; m.p.
      164.degree.-168.degree.C.). A sample recrystallized from acetone melted at
      167.degree.-169.degree.C.
PAR  Analysis: Calculated for C.sub.9 H.sub.9 NO.sub.2 : C, 66.25; H,5.56;
      N,8.58. Found: C,66.04; H,5.64; N,8.53
PAC  PREPARATION 4
PAC  5-Chloro-1-nitrosoindoline
PAR  A mixture of 77 g. (0.5 mole) of 5-chloroindoline, 80 ml. of concentrated
      hydrochloride acid and 500 ml. of crushed ice was stirred while a solution
      of 35 g. of sodium nitrite in 100 ml. of water was added over five
      minutes. The temperature was kept between 10.degree.C. to 15.degree.C. by
      addition of ice. The mixture was stirred for 1 hour and then filtered.
      Recrystallization of the product from benzene-isooctane gave 57 g. (68%)
      of product which melted at 120.degree.-122.degree.C.
PAR  Analysis: Calculated for C.sub.8 H.sub.7 ClN.sub.2 O: C,52.61; H,3.86;
      N,15.34. Found: C,52.83; H,3.86; N,15.28
PAC  PREPARATION 5
PAC  1-Amino-5-chloroindoline
PAR  To a stirred mixture of 50 g. (0.27 mole) of 5-chloro-1-nitrosoindoline, 80
      g. (1.2 mole) of zinc and 250 ml. of water was added over a 45 minute
      period 100 ml. of glacial acetic acid. The mixture was filtered, the
      filtrate basified with 50% sodium hydroxide solution and the
      base-insoluble oil extracted with ether. The combined ether extracts were
      dried, concentrated and the residual oil distilled.
      1-Amino-5-chloroindoline was distilled at 96.degree.-98.degree.C./0.1 mm.
      The oil solidified on standing at room temperature.
PAC  PREPARATION 6
PAC  7-Chloro-1,2-dihydro-4-methyl-5-phenylpyrrolo[3,2,1-hi]indole.
PAR  A mixture of 13 g. (0.077 mole) of 1-amino-5-chloroindoline, 10 g. (0.073
      mole) of phenylacetone and 10 g. of sodium acetate in 120 ml. of glacial
      acetic acid was heated on a steam bath for 1 hour. The mixture was cooled,
      filtered and the solid material washed with acetic acid and water. The
      product was recrystallized from benzene-isooctane; yield 12.7 g. (65%);
      m.p. 202.degree.-204.degree.C.).
PAR  Analysis: Calculated for C.sub.17 H.sub.14 ClN: C,76.25; H,5.27; N,5.23.
      Found: C,76.10; H,5.36; N,5.19
PAC  PREPARATION 7
PAC  1-Nitrosoindoline
PA1  Indoline (119 g., 1.0 mole) was nitrosated at 10.degree.-15.degree.C. in
      dilute hydrochloric acid. The 1-nitrosoindoline melted at
      83.degree.-85.degree.C. The literature m.p. is 83.degree.C, Chemical
      Abstracts 54, 19641 (1960).
PAC  PREPARATION 8
PAC  1-Aminoindoline
PAR  1-Aminoindoline was prepared in 67% yield by metal-acid reduction using
      zinc-acetic acid. The reduced material was purified by distillation, the
      pure product distilling at 80.degree.C./0.25 mm. The literature b.p. is
      given as 100.degree.-112.degree.C./12 mm. [Chemical Abstracts, 54, 19641
      (1960)].
PAC  PREPARATION 9
PAC  1,2-Dihydro-4-methyl-5-phenylpyrrolo[3,2,1-hi]indole
PAR  A mixture of 50 g. (0.372 mole) of 1-aminoindole, 50 g. (0.372 mole) of
      phenylacetone, 600 ml. of acetic acid and 50 g. of sodium acetate was
      heated for one hour on a steam bath. The precipitate which separated from
      the cooled mixture was collected and washed with isopropyl ether. The
      product melted at 145.degree.C. The literature m.p. is 145.degree.C.,
      Chemical Abstracts 54, 19641 (1960).
DETD
PAC  EXAMPLE 1
PAC  7-Benzoylindoline
PAR  A stirred mixture of 0.165 mole (25 g.) of indoline-7-carboxylic acid and
      800 ml. of dry ether was treated dropwise with 0.435 mole of phenyllithium
      which was prepared from 157 g. (0.435 mole) of bromobenzene, 6.94 g. (0.87
      mole) of lithium wire and 500 ml. of dry ether. After addition of the
      phenyllithium, the reaction mixture was refluxed for three hours and then
      poured onto ice. After warming to room temperature, the mixture was
      filtered and the ether layer was separated from the aqueous layer. After
      washing the ether extract with 1N hydrochloric acid, the product was
      extracted into 12 N hydrochloric acid. Neutralization of the acidic
      extract caused precipitation of crude product. The product melted at
      119.degree.-122.degree.C.
PAC  EXAMPLE 2
PAC  7-Benzoyl-5-chloroindoline
PAR  A suspension of 5 g. (0.0187 mole) of
      7-chloro-1,2-dihydro-4-methyl-5-phenylpyrrolo[3,2,1-hi]indole in 400 ml.
      of glacial acetic acid was treated with ozone at room temperature until
      all the suspended material went into solution, the reaction mixture was
      poured into water and the mixture extracted with chloroform. The
      chloroform extracts were combined and concentrated to an oil. The oil was
      treated with a solution of 100 ml. of hydrochloric acid and 100 ml. of
      glacial acetic acid; the mixture was refluxed four hours and then poured
      into water. The solution was extracted with chloroform, the solution dried
      and concentrated to an oil. The oil was dissolved in benzene and
      chromatographed on 50 g. of magnesium silicate. The material was
      molecularly distilled to give 1.5 g. (33%) of product. The yellow product
      melted at 114.degree.-117.degree.C.
PAR  Analysis: Calculated for C.sub.15 H.sub.12 ClNO: C,69.91; H,4.69; N,5.44.
      Found: C,70.57; H,4.76; N,5.37
PAC  EXAMPLE 3
PAC  7-Benzoylindoline
PAR  Twenty grams (0.086 mole) of
      1,2-dihydro-4-methyl-5-phenylpyrrolo[3,2,1-hi]indole in 800 ml. of acetic
      acid was treated with ozone for 2 hours. The reaction was shown to be
      completed at the end of 2 hours by thin layer chromatography. The mixture
      was treated with 300 ml. of concentrated hydrochloric acid and reflexed
      for 5 hours. The cooled mixture was extracted with ether, the ether
      extracts washed with 1N sodium hydroxide solution and water. The ether was
      washed and the residual yellow solid was recrystallized from methanol to
      give 6.5 g. (34% ) of 7-benzoylindoline. The material melted at
      121.degree.-122.degree.C.
PAC  EXAMPLE 4
PAC  7-(.alpha.-Acetylbenzyl)indoline
PAR  A mixture of 6.0 g. (0.0258 mole) of
      1,2-dihydro-4-methyl-5-phenylpyrrolo[3,2,1-hi]indole in 60 ml. of ethanol,
      30 ml. of water and 30 ml. of conc. sulfuric acid was refluxed for one
      hour. The hot solution was poured into a cold concentrated sodium
      hydroxide solution and the basic solution was extracted several times with
      ether. The combined ether extracts were washed with water, dried over
      sodium sulfate and concentrated at reduced pressure. The residual oil
      solidified and was recrystallized from petroleum ether to give
      7-(.alpha.-acetylbenzyl) indoline which melted at 55.degree.-56.degree.C.
PAR  Analysis: Calculated for C.sub.17 H.sub.17 NO: C,81.24; H,6.82; N,5.37.
      Found: C,81.27; H,6.89; N,5.59
PAC  EXAMPLE 5
PAC  7-Benzoylindoline
PAR  A toluene solution of crude 7-(.alpha.-acetylbenzoyl)indoline was
      autoxidized at 80.degree.C. by passing a stream of air through the
      solution for a period of 3 days. The toluene was removed by evaporation
      and the residual material transferred to a magnesium silicate column. The
      7-benzoylindoline was eluted from the column using benzene. The material
      melted at 119.degree.-122.degree.C.
PAC  EXAMPLE 6
PAC  7-Benzoyl-5-chloroindoline
PAR  7-Benzoly-5-chloroindoline was prepared by treating
      1-acetyl-5-chloroindoline with benzoyl chloride at
      120.degree.-175.degree.C. using zinc chloride as a catalyst. The acetyl
      group was removed by acid hydrolysis to give the yellow colored
      7-benzoyl-5-chloroindoline. The yellow solid melted at
      112.degree.-115.degree.C. A mixture melting point with material prepared
      in Example 2 showed no depression.
PAC  FORMULATION AND ADMINISTRATION
PAR  The present invention also contemplates novel compositions containing the
      compounds of the invention as active ingredients. In forming the novel
      compositions of this invention, the active ingredient is incorporated in a
      suitable carrier, illustratively, a pharmaceutical carrier. Suitable
      pharmaceutical carriers which are useful in formulating the compositions
      of this invention include starch, gelatin, glucose, magnesium carbonate,
      lactose, malt and the like. Liquid compositions are also within the
      purview of this invention and suitable liquid pharmaceutical carriers
      include ethyl alcohol, propylene glycol, glycerine, glucose syrup and the
      like.
PAR  Although small quantities of the active materials of the present invention
      are effective when minor therapy is involved or in cases of administration
      to subjects having a relatively low body weight, unit dosages are fifty or
      one hundred milligrams. Fifty to 100 milligrams appear to be optimum per
      unit dose, while usual broader ranges appear to be 50 to 300 milligrams
      per unit dose.
PAR  The following are examples of compositions formed in accordance with this
      invention.
PAC  1. Capsules
PAR  Capsules of 50 mg. of active ingredient per capsule are prepared.
TBL  ______________________________________                                    
     Typical Blend for Encapsulation                                           
                           Per Capsule, mg.                                    
     ______________________________________                                    
     Active ingredient     50.0                                                
     Lactose               251.7                                               
     Starch                129.0                                               
     Magnesium stearate    4.3                                                 
     Total                 435.0 mg.                                           
     ______________________________________                                    
PAR  Uniformly blend the selected active ingredient with lactose, starch, and
      magnesium stearate and encapsulate the blend.
PAC  2. Tablets
PAR  A typical formulation for a tablet containing 50.0 mg. of active ingredient
      per tablet follows. The formulation may be used for other strengths of
      active ingredients by adjustment of weight of dicalcium phosphate.
TBL  ______________________________________                                    
                         Per Tablet, mg.                                       
     ______________________________________                                    
     1.  Active ingredient     50.0                                            
     2.  Milo starch           20.0                                            
     3.  Corn starch (paste)   38.0                                            
     4.  Lactose               90.0                                            
     5.  Calcium stearate      2.0                                             
         Total                 200.0 mg.                                       
     ______________________________________                                    
PAR  Uniformly blend the active ingredient, lactose, milo starch and the corn
      starch. This blend is granulated using water as a granulating medium. The
      wet granules are passed through an eight mesh screen and dried at
      140.degree. to 160.degree. Fahrenheit overnight. The dried granules are
      passed through a number ten mesh screen and blended with the proper amount
      of calcium stearate and this blend is then converted into tablets on a
      suitable tablet press.
PAR  Various modifications and equivalents will be apparent to one skilled in
      the art and may be made in the compounds, compositions, methods, and
      procedures of the present invention without departing from the spirit or
      scope thereof, and it is therefore to be understood that the invention is
      to be limited only by the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 7-(.alpha.-Acetylbenzyl)indoline.
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INVT
NAM  Borror; Alan L.
CTY  Lexington
STA  MA
ASSG
NAM  Polaroid Corporation
CTY  Cambridge
STA  MA
COD  02
RLAP
COD  72
APN  108662
APD  19710121
PSC  03
CLAS
OCL  26032613R
XCL  26032612R
XCL  26032634
XCL  2603432R
XCL  2603433R
XCL  26032614R
XCL   96 29D
EDF  2
ICL  C07D20918
FSC  260
FSS  326.13 R
LREP
FR2  Campbell; Sybil A.
ABST
PAL  This invention relates to a process of preparing phthalein indicator dyes
      including phthalides and naphthalides derived from certain
      hydroxy-substituted carbocyclic aryl compounds, such as phenols, and from
      certain N-heterocyclic aryl compounds, such as indoles, and to a process
      of preparing novel intermediates useful therein. According to the present
      invention, the selected carbocyclic compound or the selected
      N-heterocyclic compound is reacted with phthalaldehydic or
      naphthalaldehydic acid to form the corresponding (na)phthalidyl adduct
      which is treated with an oxidizing agent to yield the subject
      intermediates. To prepare the indicator dye, the intermediate, i.e., the
      oxidation product thus obtained is then reacted with a carbocyclic or
      heterocyclic aryl compound to yield the corresponding indicator dye. The
      oxidation products comprising the novel intermediates of the present
      invention may be dehydro or hydrated (na)phthalidyl adducts.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 108,662 filed Jan. 21, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a novel method of preparing indicator dyes, to
      novel intermediates useful in the preparation of the dyes and to the
      preparation of the intermediates.
PAR  2. Description of the Prior Art
PAR  Dyes which undergo a change in spectral absorption characteristics in
      response to change in pH are well known in the art and are frequently
      referred to as indicator or pH-sensitive dyes. Typically, these dyes
      change from one color to another, from colored to colorless or from
      colorless to colored on the passage from acidity to alkalinity or the
      reverse and are commonly employed in analytical chemical procedures to
      measure changes in pH value. Among the indicator dyes most widely used is
      the group derived from phthaleins as exemplified by phenolphthalein,
      thymolphthalein, o-cresolphthalein and 1-naphtholphthalein.
PAR  Various methods are known in the art for preparing phthalein indicator
      dyes. In one of the more conventional procedures, phenols, such as thymol,
      o-cresol, and phenol itself are reacted with phthalic anhydride at
      elevated temperatures in the presence of a suitable catalyst such as zinc
      chloride or sulfuric acid to yield the corresponding symmetrical, i.e.,
      di-phenol phthalein. Di-indole phthaleins also have been prepared by
      simple condensation usually in the presence of an acid catalyst and by
      other methods, such as, reacting magnesium indyl bromide with phthalyl
      chloride
PAR  Another method of synthesizing indole phthaleins is disclosed in British
      Pat. Nos. 1,160,940; 1,161,386; 1,161,387; and 1,162,771, which comprises
      reacting an indole with phthalic anhydride in the presence of a metal
      halide, e.g., aluminum chloride to yield a keto-acid intermediate which is
      subsequently reacted with a second aromatic compound, the same or
      different, in the presence of an acid condensing agent to yield the
      desired indole phthalein. Using this method both symmetrical and
      unsymmetrical compounds may be prepared by selecting respectively, as the
      second aromatic compound, an indole which is the same or an indole which
      is different from the starting indole initially reacted with the
      anhydride. Where it is desired to produce a mixed indole phthalein
      containing an indole radical and a second radical derived from a different
      aromatic compound such as carbazole or aniline the keto-acid intermediate
      may be formed by reaction of the indole, carbazole or other appropriate
      compound with phthalic anhydride followed by condensation of the
      intermediate with the second aromatic compound to yield the desired mixed
      indole indicator dye.
PAR  These prior methods of preparing phthaleins, though useful in synthesizing
      a large number of compounds, are accompanied by certain drawbacks. The
      simple condensation reactions and the Grignard reactions are not useful
      with all starting materials. Some phenols and indoles will not react under
      the condensation conditions conventionally employed. Moreover, these
      synthetic methods generally are limited to the production of symmetrical
      compounds, i.e., di-phthalides containing two indole or two phenol
      radicals that are identical. While the method of the aforementioned
      British patents is useful for producing symmetrical and unsymmetrical
      indole phthaleins and also mixed indole indicator dyes, the more sensitive
      indole derivatives, when used as starting materials, tend to decompose
      under the vigorous reaction conditions encountered in the presence of the
      aluminum chloride catalyst.
PAR  It is known from the work of Brubaker, et al., J. Amer. Chem. Soc., 49,
      2279 (1927) that o-phthalaldehydic acid condenses with phenol and certain
      substituted phenols having a free para-position to yield the
      para-condensation products. These compounds were prepared by mixing
      equimolar proportions of phenol and phthalaldehydic acid and then adding a
      suitable condensing acid, such as sulfuric acid, while maintaining the
      reaction temperature below about 30.degree.C.
PAR  As reported by Norland, et. al., ibid., 82, 5143 (1960), phthalaldehydic
      acid and indoles will condense to yield phthalidylindoles and water when
      the two reactants are fused together at temperatures of 120.degree. to &gt;
      200.degree.C. If the 3-position of the indole is free, then
      3-phthalidylindoles are formed. If the 3-position is blocked or if the 1-
      and 3-positions are blocked, then 1-phthalidylindoles and
      2-phthalidylindoles are formed, respectively.
PAR  Rees, et al., J. Chem. Soc., pp. 680-687 (1965) observed that for reaction
      with phthalaldehydic acid the 3-substituted indoles and the
      1,3-disubstituted indoles generally require the vigorous fusion conditions
      used by Norland et al., but found that indoles having a free 3-position
      will react with phthalaldehydic acid under milder conditions. Indole and
      its 2-phenyl, 2-methyl, 7-methyl and 1,2-dimethyl deriviatives were
      reported to react in hot benzene to yield the corresponding 3-phthalidyl
      indoles which results were attributed to intramolecular acid catalysis. In
      solution phthalaldehydic acid exists in the cyclic form,
      3-hydroxyphthalide, which is in rapid equilibrium with the open-ring form,
      o-formylbenzoic acid. Presumably, the indole reacts with the aldehyde form
      and the carboxyl group ortho to the aldehyde group functions as an
      intramolecular acid catalyst. The authors observed that reactions with
      indole and 2-methyl indole also were catalyzed by an external acid
      catalyst, such as toluene-p-sulfonic acid, and also that a second mole of
      indole could be added to 3-phthalidylindole by opening the lactone ring
      with alkali and treating the resulting salt with a second mole of indole.
PAR  Rees et al. in further studies, ibid., pp. 687-91 (1965), reported that the
      condensation of phthalaldehydic acid could be extended to pyrroles and
      found that phthalaldehydic acid reacted with pyrrole and 2,5-dimethyl
      pyrrole in boiling benzene in the absence of an external catalyst to give
      high yields of 2-phthalidyl-pyrrole and 3-phthalidylpyrrole, respectively.
      In these reactions, it was observed that pyrrole tended to substitute in
      the 2-position when possible to yield the 2-phthalidyl derivative. In a
      further extension of the reactions, the authors found that
      naphthalaldehydic acid, though less reactive than phthalaldehydic acid,
      behaved in a similar manner and could be condensed with indole under
      fusion conditions to yield 3-naphthalidylindole.
PAR  It has now been found that certain phthalidyl-substituted phenols,
      naphthols, indoles and pyrroles and the corresponding naphthalidyl
      derivatives may be oxidized to yield novel intermediates which will
      condense readily with another mole of the same aromatic compound as used
      in the initial condensation reaction or a different aromatic compound, to
      yield a phthalide or naphthalide indicator dye.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, the primary object of the present invention to provide a
      novel method of synthesizing phthalein indicator dyes.
PAR  It is another object of the present invention to provide a method of
      synthesizing phthalide and naphthalide indicator dyes which may be
      symmetrical, unsymmetrical or mixed indicator dyes.
PAR  It is a further object of the present invention to provide novel
      intermediates useful in the preparation of such dyes and to provide a
      method for preparing the intermediates.
PAR  Other objects of this invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the process involving the several steps
      and the relation and order of one or more of such steps with respect to
      each of the others and the product possessing the features, properties and
      the relation or elements which are exemplified in the following detailed
      disclosure and the scope of the application of which will be indicated in
      the claims.
PAR  According to the present invention, there is provided a novel method of
      preparing phthalein indicator dyes that is generally applicable to the
      synthesis of phthalides and naphthalides of certain hydroxy-substituted
      carbocyclic aryl compounds, namely, phenols and benzphenols (i.e.,
      1-naphthols) and certain N-heterocyclic aryl compounds, namely, pyrroles
      and benzpyrroles (i.e., indoles). The present method comprises (1)
      reacting a hydroxy-substituted carbocyclic compound selected from a phenol
      and a 1-naphthol or an N-heterocyclic aryl compound selected from an
      indole and a pyrrole with phthalaldehydic or naphthaldehydic acid to form
      the corresponding (na)phthalidyl-substituted intermediate, (2) oxidizing
      the intermediate and (3) reacting the oxidation product with an aromatic
      compound selected from carbocyclic aryl and heterocyclic aryl to form the
      complete indicator dye. As used herein, the expression "(na)phthalidyl" is
      intended to denote either the corresponding phthalidyl-or
      naphthalidyl-substituted intermediate depending upon the selection of
      phthalaldehydic or naphthalaldehydic acid.
PAR  Since the reaction conditions are comparatively mild, the present invention
      allows greater latitude in the selection of starting materials. For
      example, the indole derivatives to be initially reacted with the acid are
      not limited to the more stable compounds but may include alkali and acid
      sensitive compounds as well. The present invention also allows greater
      latitude in the indicator dyes that may be produced. Novel intermediates
      are obtained as the oxidation product of step (2) which may be reacted
      with any of various aromatic compounds in step (3) to form a complete dye
      so that both symmetrical and unsymmetrical phthalides and naphthalides and
      also, mixed indicator dyes, such as phthalides and naphthalides
      containing, for example, one phenol radical and one indole radical, may be
      readily synthesized.
PAR  For a fuller understanding of the nature and objects of the present
      invention reference should be had to the following detailed description.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Specifically, the method of the present invention comprises:
PAR  1. reacting a compound selected from (a) a hydroxy-substituted carbocyclic
      aryl compound having a free position para to the hydroxy group selected
      from a phenol and a 1-naphthol and (b) an N-heterocyclic aryl compound
      having hydrogen substituted on the nitrogen atom selected from an indole
      having a free 3-position and a pyrrole having a free 2-position with a
      compound selected from phthalaldehydic and naphthalaldehydic acid to form
      a compound having the formula:
      ##SPC1##
PAL  wherein A is selected from p-hydroxyphenyl, p-hydroxynaphthyl, indol-3-yl
      and pyrr-2-yl and X represents the carbon atoms necessary to complete a
      ring-closing moiety selected from phthalide and naphthalide;
PA1  2. converting the last-named compound by oxidation to a compound selected
      from
      ##SPC2##
PAL  and mixtures thereof
PAL  wherein A' is selected from
      ##SPC3##
PAL  and A and X have the same meaning as above; and
PAR  3. reacting said last-named compound with an aromatic compound selected
      from a carbocyclic aryl compound and a heterocyclic aryl compound to form
      an indicator dye of the formula:
      ##SPC4##
PAL  wherein B is selected from carbocyclic aryl and heterocyclic aryl and A and
      X have the same meaning as above.
PAR  The above reaction scheme is illustrated below wherein A" represents the
      starting phenol, naphthol, indole or pyrrole which ultimately comprises
      the A radical of the indicator dye and B' represents the carbocyclic aryl
      or heterocyclic aryl compound which ultimately comprises the B radical of
      the indicator dye and X represents the carbon atoms necessary to complete
      the phthalide or naphthalide moiety.
      ##SPC5##
PAR  This reaction sequence is further illustrated below under the preferred
      anhydrous conditions using as specific reactants, indole and
      phthalaldehydic acid to produce 3,3-di-(indol-3-yl) phthalide.
      ##SPC6##
PAR  Typical of the indicator dyes that may be prepared according to the present
      invention are those represented by the following formula:
      ##SPC7##
PAL  wherein A is a radical selected from p-hydroxyphenyl, p-hydroxynaphthyl,
      indol-3-yl and pyrr-2-yl, the N atoms of said indolyl and pyrryl radicals
      being substituted with hydrogen; B is a radical selected from carbocyclic
      aryl and heterocyclic aryl; and X represents the carbon atoms necessary to
      complete a ring-closing moiety selected from phthalide and naphthalide.
PAR  In the above formula, the B radical may be carbocyclic aryl of the benzene
      or naphthalene series, preferably benzene or naphthalene containing a para
      substituent, such as hydroxy, or it may be heterocyclic aryl containing O,
      N, S, P and combinations thereof, preferably N-heterocyclic aryl, such as
      indole, pyrrole or carbazole.
PAR  The A and/or B radical and/or the ring-closing moiety of the indicator dyes
      represented above may contain one or more substituents in addition to
      those specified as may be readily selected by those skilled in the art to
      achieve certain desired properties.
PAR  Typical substituents include branched or straight chain alkyl, such as,
      methyl, ethyl, isopropyl, n-butyl, t-butyl, hexyl, octyl, dodecyl,
      hexadecyl, octadecyl and eicosanyl; aryl, such as, phenyl,
      2-hydroxyphenyl, 2-hydroxy-4-dodecyloxyphenyl, and naphthyl; alkaryl, such
      as, benzyl, phenethyl, phenylhexyl, p-octylphenyl, p-dodecylphenyl;
      alkoxy, such as, methoxy, ethoxy, butoxy,
      1-ethoxy-2-(.beta.-ethoxyethoxy), dodecyloxy and octadecyloxy; aryloxy,
      such as phenoxy, benzyloxy, naphthoxy; alkoxyalkyl, such as methoxyethyl,
      dodecyloxyethyl; halo such as, fluoro, bromo, and chloro; trifluoroalkyl,
      such as, trifluoromethyl, mono- and bis-trifluoromethyl carbinol;
      sulfonomido (--NH--SO.sub.2 --R wherein R may be alkyl, aryl, alkaryl);
      sulfamoyl (--SO.sub.2 --NH--R wherein R may be alkyl, aryl, alkaryl); acyl
      and its derivatives
      ##EQU1##
      wherein R' may be hydrogen, alkyl, aryl, alkaryl); aminomethyl (--CH.sub.2
      --NR'R" wherein R' and R" each may be hydrogen, alkyl, aryl, alkaryl);
      amido
      ##EQU2##
      wherein R' and R" each may be hydrogen, alkyl, aryl, alkaryl); sulfonyl
      (--SO.sub.2 --R wherein R may be alkyl, aryl, alkaryl); sulfo; cyano;
      nitro; amino including mono-and disubstituted amino, e.g., N-ethyl amino
      and N, N'-dimethylamino; carboxy; and hydroxyl.
PAR  In addition to the above, the substituent may comprise a fused ring bonded
      to adjacent atoms of the aromatic nucleus. For example, the indoles,
      pyrroles, phenols and 1-naphthols comprising one or both of the A and B
      radicals may contain as a substituent a cycloaliphatic or an aromatic ring
      usually having five or six members, carbocyclic or heterocyclic and
      substituted or unsubstituted, bonded to adjacent carbon atoms of the basic
      compound, e.g.,
      ##SPC8##
PAR  As mentioned previously, the indicator dyes produced in accordance with the
      present invention may be symmetrical, i.e., di-phthalides or
      di-naphthalides in which instance the B radical would be identical to the
      A radical, or they may be unsymmetrical or mixed indicators. When
      unsymmetrical, the A radical and B radical would be derived from the same
      aromatic compound such as, indole, but each radical would contain
      different substituents or the same substituents in different positions or
      one radical would be substituted and the other unsubstituted. The term
      "mixed indicator" is intended to denote indicator dyes where the A radical
      and B radical are derived from different aromatic compounds, for example,
      one from indole and the other from phenol.
PAR  In a preferred embodiment, the method of synthesizing the subject oxidation
      products and the method of synthesizing indicator dyes therefrom
      comprises:
PAR  1. reacting in substantially equimolar proportions in an inert organic
      liquid solvent at a temperature between about 20.degree.C. and
      120.degree.C., (a) a compound selected from
      ##SPC9##
PAL  wherein R.sup.1 is selected from hydrogen, alkoxy containing one to three
      carbon atoms and alkyl containing one to three carbon atoms; R.sup.2 is
      selected from hydrogen, hydroxy, carboxy, sulfonamido, sulfamoyl,
      o-hydroxyphenyl, bis-trifluoromethylcarbinol, methoxy, alkyl containing
      one to 16 carbon atoms; R.sup.3 is selected from hydrogen, alkoxy
      containing one to 18 carbon atoms and alkyl containing one to three carbon
      atoms; R.sup.4 is selected from hydrogen, hydroxy and carboxy; R.sup.5 is
      selected from hydrogen and alkoxy containing one to 18 carbon atoms;
      R.sup.6 is selected from hydrogen, phenyl, alkyl containing one to three
      carbon atoms, and alkoxy containing one to 18 carbon atoms; R.sup.7 is
      selected from hydrogen, phenyl, o-hydroxyphenyl and alkyl containing one
      to three carbon atoms and R.sup.8 is selected from hydrogen, cyano,
      carboxy, halo, trifluoromethyl, sulfonyl and alkoxy containing one to 18
      carbon atoms with (b) an aldehydic acid selected from phthalaldehydic
      acid, unsubstituted or substituted in one of the 4- or 7-positions with
      carboxy and naphthalaldehydic acid, unsubstituted, to form the
      corresponding adduct having the formula:
      ##SPC10##
PAL  wherein A is a radical selected from p-hydroxyphenyl, p-hydroxynaphthyl,
      pyrr-2-yl and indol-3-yl corresponding to said (i), (ii) (iii) and (iv),
      respectively, and X represents the carbon atoms necessary to complete a
      ring-closing moiety selected from phthalide, unsubstituted or substituted
      in the 4- or 7-position with carboxy, and naphthalide, unsubstituted; and
PAR  2. reacting said adduct with a quinone selected from chloranil, o-chloranil
      and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone in a molar ratio of about
      1.1 to 1.5 moles of quinone per 1.0 mole of adduct in an inert organic
      liquid solvent at a temperature between about 20.degree.C. and
      200.degree.C. to form the corresponding oxidation product.
PAR  To prepare the indicator dye product, the oxidation product of step (2) is
      reacted with a compound selected from (i), (ii), (iii) and (iv) as defined
      in (a) above in substantially equimolar proportions in an inert organic
      liquid solvent at a temperature between about 20.degree.C. and
      120.degree.C. in the presence of an acid catalyst to form the
      corresponding 3,3-disubstituted phthalide or naphthalide,
      ##SPC11##
PAL  wherein A and B each is a radical selected from p-hydroxyphenyl,
      p-hydroxynaphthyl, pyrr-2-yl, and indol-3-yl corresponding to said (i),
      (ii), (iii) and (iv), respectively, and X represents the carbon atoms
      necessary to complete a ring-closing moiety selected from phthalide,
      unsubstituted or substituted in the 4- or 7-position with carboxy and
      naphthalide, unsubstituted.
PAR  In a particularly preferred embodiment, the process of the present
      invention are employed in the synthesis of phthalides and naphthalides
      wherein the radicals A and B of the dye product are both p-hydroxyphenyl,
      p-hydroxynaphthyl, etc., either symmetrical or unsymmetrical and
      especially such dyes and dye intermediates wherein the R.sup.2 groups(s)
      forms a 5-, 6- or 7-membered intramolecular hydrogen-bonded ring with the
      functional --OH of the p-hydroxycarbocyclic aryl radical or the --NH-- of
      the N-heterocyclic aryl radical and which contains a heteroatom selected
      from O, N and S. Preferably, the heteroatom has attached to it a proton
      more acidic than the proton on the --OH or --NH-- and ionizes in basic
      solution to a negative charge to form the intramolecular hydrogen bond
      with the adjacent --OH or --NH--. Examples of such groups found
      particularly useful in preparing high pKa indicator dyes are carboxy,
      hydroxy, o-hydroxyphenyl, bis-trifluoromethyl carbinol, sulfonamido and
      sulfamoyl. Such phthalide and naphthalide indicator dyes include those
      where at least one of the R.sup.2 groups of the di-phenol, di-naphthol,
      di-pyrrole and di-indole dyes is a hydrogen-bonding group, for example,
      di-phenol indicators wherein R.sup.2 on one or both of the phenolic
      radicals is a hydrogen-bonding group; di-naphthol indicators wherein
      R.sup.2 on one of the naphtholic radicals is a hydrogen-bonding group and
      R.sup.4 is hydrogen and on the second naphtholic radical, R.sup.2  is
      hydrogen; di-pyrrole indicators wherein R.sup.2 on one or both of the
      pyrr-2-yl radicals is a hydrogen-bonding group; and di-indole indicators
      wherein R.sup.2 on one of the indol-3-yl radicals is a hydrogen-bonding
      group, and R.sup.7 is hydrogen and on the second indol-3-yl radical,
      R.sup.7 is hydrogen and R.sup.2 is a hydrogen-bonding group and R.sup.8 is
      hydrogen, alkoxy or an electron-withdrawing group, i.e., a group having a
      positive sigma value as defined by Hammett's Equation, such as, carboxy,
      cyano, halo, sulfonyl and trifluoromethyl.
PAR  Examples of specific indicator dyes that may be prepared according to the
      present invention include:
      ##SPC12##
      ##SPC13##
      ##SPC14##
      ##SPC15##
      ##SPC16##
      ##SPC17##
PAR  The novel intermediates of the present invention are obtained as the
      product(s) of step 2 of the present method as shown in the foregoing
      general reaction scheme and may be represented by the formulae:
      ##SPC18##
PAL  wherein A' is selected from
      ##SPC19##
PAL  A is selected from
      ##SPC20##
PAL  and X represents the atoms necessary to complete a ring-closing moiety
      selected from phthalide and naphthalide. It will be appreciated that the
      above intermediates may contain one or more substituents as ultimately
      desired in the complete dye, such as those enumerated above.
PAR  Preferred intermediates are those of formulas (IIa) and (IIIa).
      ##SPC21##
PAL  where A' is selected from
      ##SPC22##
PAL  A is selected from
      ##SPC23##
PAL  wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7 and
      R.sup.8 and X have the same meaning given above. As discussed above, in a
      particularly preferred embodiment, R.sup.2 in the above formulas is a
      hydrogen-bonding group and R.sup.3, R.sup.5, R.sup.6 and R.sup.8 are
      hydrogen or a group for controlling diffusibility of the dye product,
      preferably, an alkoxy group containing one to 18 carbon atoms. R.sup.4 and
      R.sup.7 are hydrogen and R.sup.1 is hydrogen, alkoxy or alkyl. In the
      indole intermediates another particularly preferred embodiment comprises
      compounds wherein R.sup.8 is an electron-withdrawing group, as discussed
      above, R.sup.2 is hydrogen or a hydrogen-bonding group and R.sup.7 is
      hydrogen or R.sup.2 is hydrogen and R.sup.7 is o-hydroxyphenyl. In these
      intermediates, the hydroxy and carboxy substituents adjacent the --OH or
      --NH-- may be blocked with alkyl, e.g., having one to six carbon atoms,
      such as, --COOCH.sub.3.
PAR  When the oxidation reaction is carried out under anhydrous conditions, the
      dehydro intermediate of Formula (II) is obtained and may be isolated, if
      desired, and reacted with the second aromatic compound to form the
      complete dye. This intermediate may be readily hydrated to yield the
      intermediate of Formula (III). Mixtures of the two compounds as
      represented by Formulae (II) and (III) may be obtained when trace amounts
      of water are present during oxidation or when the compound of Formula (II)
      is exposed to atmospheric moisture upon standing. The compound of Formula
      (III) also may be isolated, if desired, before further reaction. Both
      intermediates react readily with the aromatic compound, and the product of
      step 2 may be reacted further without isolating the individual compounds
      even though the product may be a mixture of the dehydro and hydrated
      intermediates. Preferably, however, the oxidation reaction is conducted
      under anhydrous conditions to yield the dehydro intermediate. If it is
      desired to use the hydrated intermediate for further reaction, it is
      preferred to hydrate the dehydro compound rather than carrying out the
      oxidation in the presence of water to yield hydrated intermediate
      directly.
PAR  Specific examples of novel intermediates of the present invention include:
      ##SPC24##
      ##SPC25##
PAR  In carrying out the present method, the starting materials, i.e., the
      hydroxy substituted carbocyclic compound or N-heterocyclic compound and
      the (na)phthalaldehydic acid may be reacted in a solvent at room
      temperature or elevated temperature as described in the aforementioned
      reference of Rees et. al. In the present invention, it is sometimes
      preferred to react the starting materials in the presence of an external
      acid catalyst, for example, an organic acid catalyst, such as
      toluene-p-sulfonic acid, trifluoroacetic acid and trichloroacetic acid.
      The reaction temperature may vary over a relatively wide range from room
      temperature, i.e., about 20.degree. C. up to elevated temperatures of
      about 120.degree.C. which may be readily determined for the particular
      reactants. To achieve practical reaction rates, it is preferred to conduct
      the reaction at elevated temperatures but below temperatures where
      decomposition of starting material and/or side reactions and by-products
      tend to occur. The solvent used may be any of the inert organic liquids
      commonly employed for this purpose, such as, glacial acetic acid, ethanol,
      propanol, petroleum ether, hexane, heptane, cyclohexane, toluene,
      methylene chloride, and benzene. Ordinarily, a polar solvent is selected
      when an external acid catalyst is employed and a non-polar solvent when
      the reaction is conducted in the absence of an external acid catalyst.
PAR  The (na)phthalidyl intermediate of the phenol, naphthol, indole or pyrrole
      thus produced is oxidized by dehydrogenation to selectively remove the
      hydrogen from the 3-position of the (na)phthalidyl portion and to remove
      the hydrogen from the hydroxy group of the phenol (or naphthol) or from
      the 1-position, i.e., N atom of the indole (or pyrrole) thereby converting
      the single bond connecting the two portions of the molecule to a double
      bond. Quinones have been found particularly useful for this purpose
      including, for example, ortho- and para-quinones, such as
      dicyanodichloroquinone, chloranil, and ortho-chloranil. It has been found
      that these materials will selectively remove the hydrogens as desired and
      without oxidizing the compound further. The solvent used in the oxidation
      step may be any inert organic liquid that does not react with the
      oxidizing agent, such as dioxane, toluene, benzene, dichloromethane and
      hexane. The temperature employed may vary widely and generally ranges
      between about 20.degree.C. and 200.degree.C. As in the initial
      condensation step, the oxidation step is preferably conducted at elevated
      temperatures that may be readily selected to achieve a practical reaction
      rate without by-product formation.
PAR  Subsequent to the oxidation step, a second aromatic compound is condensed
      with the oxidation product to yield the complete indicator dye. The second
      condensation reaction, like the initial condensation may be carried out in
      a suitable solvent at room or elevated temperature of 20.degree. to
      120.degree.C preferably in the presence of an acid catalyst such as
      phosphorous oxychloride, boron trifluoride (e.g. in benzene or ether) and
      other Lewis acids, such as zinc chloride and the catalysts enumerated
      above, i.e., toluene-p-sulfonic acid, trifluoroacetic acid and
      trichloroacetic acid. The inert organic solvent used may be any of those
      commonly employed in condensation reactions such as the particular
      solvents mentioned above for use in the initial condensation.
PAR  The starting materials preferably are used in equimolar quantities and in
      the oxidation step, the oxidizing agent and (na)phthalidyl intermediate
      may be used in equimolar quantities but preferably, the oxidizing agent is
      used in excess to ensure completion of the reaction. A ratio of 1.1 to 1.5
      moles of oxidizing agent to 1.0 mole of intermediate has been found
      satisfactory. In the second or final condensation, the oxidized
      intermediate and the second aromatic compound selected to form the
      complete dye preferably are used in equimolar proportions.
PAR  As the starting materials, any phenol or 1-naphthol may be employed
      provided it has a free 4-position, i.e., it is unsubstituted on the carbon
      atom para to the phenolic hydroxy group, so that the hydrogen will be
      displaced to yield the corresponding 4-(na)phthalidyl intermediate in the
      initial condensation with the acid. Likewise, any indole or pyrrole
      starting material may be employed provided that these compounds have a
      free 3-position and a free 2-position, respectively, so that the
      corresponding 3-(na)phthalidylindole and 2-(na)phthalidylpyrrole will be
      produced in the initial condensation reaction. The indoles and pyrroles
      each should also have a free 1-position, i.e., the nitrogen atoms of these
      compounds should be substituted with hydrogen. Other than the necessary
      free positions discussed above, the starting materials may contain one or
      more substituents as may be desired in the final indicator dye provided
      any substituent positioned adjacent the condensation site and tending to
      bond internally with the dehydro intermediate is protected with a blocking
      group that may be removed subsequent to condensation of the intermediate
      with the second aromatic compound. For example, the carboxy group of
      2-carboxyindole may be protected as an alkyl ester and the alkyl blocking
      portion removed after the complete dye is formed by alkaline hydrolysis.
      Similarly, a hydroxy-substituted aryl or alkyl group in the 2-position of
      an indole may be protected as an alkyl ether and the alkyl blocking
      portion removed by catalytic hydrogenation.
PAR  For purposes of nomenclature, the following illustrates the numbering of
      the hydroxy-substituted carbocyclic compounds and N-heterocyclic compounds
      used as the starting materials in the present method.
      ##SPC26##
PAR  Likewise, the aldehydic acid reacted with the hydroxy-substituted
      carbocyclic or N-heterocyclic compound may be a substituted
      phthalaldehydic acid or naphthaldehydic acid, such as, carboxy-substituted
      compounds, e.g., 4-carboxy-phthalaldehydic acid and
      7-carboxy-phthalaldehydic acid and sulfonamido-substituted compounds,
      e.g., 6-hexadecylsulfonamido-naphthalaldehydic acid.
PAR  The aromatic compound condensed with the oxidized intermediate to form the
      complete dye may be a carbocyclic aryl compound of the benzene or
      naphthalene series, or it may be a heterocyclic aryl compound containing
      O, N, S, or P or combinations thereof. The heterocyclic compound is
      preferably N-heterocyclic derived from, e.g., indole, pyrrole or
      carbazole, though it may be derived from, e.g., N-benzylindoline. In a
      preferred embodiment, the starting materials employed in the synthesis of
      the oxidized intermediates of the present invention and the aromatic
      compound condensed with the intermediate are the phenols, 1-naphthols,
      pyrroles and indoles designated above as i, ii, iii and iv, respectively.
PAR  The following Examples are given to further illustrate the present
      invention and are not intended to limit the scope thereof.
PAC  EXAMPLE 1
PAC  Preparation of the compound of formula (21)
PAR  A mixture of 6.0 g. (0.0372 mole) of 7-carboxyindole and 7.5 g. (0.0372
      mole) of naphthaldehydic acid in 38 ml. of glacial acetic acid was heated
      to reflux and stirred mechanically. To the solution was added dropwise, 38
      ml. of 12% toluene-p-sulfonic acid-acetic acid. An immediate precipitation
      of product began and the mixture was refluxed for five minutes. The
      mixture was cooled to room temperature, filtered, and the
      3-naphthalidylindole intermediate washed with 50 ml. of acetic acid. The
      solid was then stirred in 100 ml. of acetone, filtered and dried to give
      12.8 g. (86% by weight yield) of a white crystalline solid,
      239.degree.-240.degree. C. melting range.
PAR  A mixture of 11.0 g. (0.028 mole) of the intermediate prepared above and
      140 ml. of dioxane was refluxed with stirring under nitrogen. To the
      solution was added 7.3 g. (0.032 mole) of
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone and the refluxing continued for
      3.5 hours. The mixture was cooled to room temperature and the pink solid
      comprising oxidized intermediate was collected by suction filtration. The
      solid was extracted twice by boiling in 125 ml. of acetone for 5 to 10
      minutes. The solid was then heated in 125 ml. of ethanol and the white
      solid collected. Weight 7.2 g. (78% by weight yield).
PAR  A mixture of 0.40 g. (1.2 m mole) of oxidized intermediate and 0.51 g. (1.2
      m mole) of 7-hexadecylsulfonamidoindole in 5 ml. of glacial acetic acid
      was heated to 65.degree. C. with stirring. To the mixture was added 5 ml.
      of 12% toluene-p-sulfonic acid-acetic acid over a 5-minute period. The
      solution turned an intense purple color. The heating was continued for 15
      minutes for 65.degree. C. and cooled to room temperature. The solution was
      poured into 20 ml. of water containing 3 ml. of concentrated NH.sub.4 OH.
      The precipitate was collected and dried. Recrystallization of 0.8 g. of
      this material from methanol-water gave 0.66 g. (77% by weight yield) of
      title compound, melting range 216.degree.-217.degree. C.
PAR  Steps 1 and 2 of the foregoing procedure were repeated using
      2-carboxy-benzaldehyde (o-formylbenzoic acid), the open-ring form of
      phthalaldehydic acid.
PAR  8.05 g. (0.05 mole) of 7-carboxyindole and 7.5 g. (0.05 mole) of
      2-carboxybenzaldehyde were heated under reflux in 90 ml. of xylene in a
      500 ml. roundbottom flask with stirring for 8 hours. The mixture was
      cooled to room temperature and allowed to stand overnight. The product was
      collected by suction filtration, washed with benzene and dried in vacuo at
      60.degree. C. Wgt. = 13.0 g. The product was recrystallized from ethanol
      (.about.300 ml.). After refrigeration, the product was collected by
      suction filtration. Wgt. = 8.2 g., melting range 250.degree.-252.degree.
      C. The ethanol was evaporated to .about.50 ml. and a second crop of
      material collected. Wgt. = 2.0 g., melting range 248.degree.-250.degree.
      C. Overall yield 10.2 g., (67% by weight yield). The material was
      thoroughly dried in vacuo (60.degree. C.).
PAR  3.2 g. (0.011 mole) of the product obtained above and 2.7 g. (0.012 mole)
      of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone were heated in 60 ml. of
      freshly opened analytical grade dioxane at 60.degree. C. for 24 hours
      under nitrogen with stirring. The mixture was cooled to room temperature
      and the hydroquinone (2.05 g.) removed by filtration. The filtrate was
      concentrated to a volume of 10 ml. in vacuo and an additional 0.4 g. of
      hydroquinone collected. The product was precipitated by the addition of
      benzene (60 ml.) to the filtrate. Wgt. = 1.9 g. Concentration of the
      filtrate to a volume of 20 ml. followed by the addition of 50 ml. of
      benzene furnished an additional 1.0 g. of product.
PAR  The hydroquinone collected was compared to and found to be identical with a
      standard sample of 2,3-dichloro-5,6-dicyano-1,4-hydroquinone
      substantiating the removal of the two hydrogens from the
      phthalidyl-substituted carboxyindole to yield a dehydro product under
      anhydrous conditions. The dehydro product upon initial precipitation was
      yellow and was observed to become substantially colorless upon standing in
      the presence of atmospheric moisture. The colorless product formed upon
      standing on the basis of molecular weight determination was found to
      correspond to the hydrated form of the dehydro product as evidenced by a
      different of 18 in molecular weight. Further studies revealed that a
      mixture of dehydro and hydrated products can be obtained in the oxidation
      step when moisture is present, for example, when trace amounts of water is
      present in the dioxane solvent. Upon further reaction with
      orthohydroxyphenylindole, the dehydro and hydrated intermediates showed
      substantially equivalent reactivity in the formation of the complete dye.
PAC  EXAMPLE 2
PAR  The product of Example 1 was prepared in the same manner described above
      except that o-chloranil (0.029 mole) was substituted for
      dichlorodicyanoquinone as the oxidizing agent.
PAC  EXAMPLE 3
PAC  Preparation of the compound of formula (97)
PAR  A solution of 10.0 g. (0.05 mole) of naphthaldehydic acid and 8.9 g. (0.05
      mole) of 2,6-diisopropylphenol in 80 ml. of 12% p-toluene sulfonic acid in
      acetic acid was refluxed for 8 hours. The solution was cooled and the
      product began to precipitate out. The mixture was poured onto 200 g. of
      ice and stirred. The white solid was filtered and dissolved in 200 ml. of
      hot ethanol. Water was added slowly until the solution was turbid and
      cooled and the solid collected by filtration and dried to give 15.0 g.
      (83.5% by weight yield) of solid, melting range 185.degree.-187.degree. C.
      (decomposition). 5.0 g. (0.0139 mole) of the intermediate prepared above
      was dissolved in 100 ml. of methylene chloride. To this solution was added
      3.4 g. (10% excess) of 2,3-dichloro-5.6-dicyano-1,4-benzoquinone. The
      reaction mixture was refluxed under a nitrogen atmosphere for 4 hours. The
      mixture was cooled and the 2,3-dichloro-5,6-dicyano-1,4-hydroquinone
      filtered off. The methylene chloride was evaporated under vacuum and the
      oil dissolved in ethanol with heating. The ethanol was evaporated under
      vacuum and the solid collected as an orange powder 4.5 g. (90% by weight
      yield), melting range 38.degree.-40.degree.C.
PAR  3.2 g. (0.0092 mole) of the oxidized intermediate prepared above was
      dissolved in 25 ml. of phosphorous oxychloride together with 2.0 g. of
      2-isopropyl phenol. The resulting mixture was stirred for 6 hours at room
      temperature and then was added to a mixture of 100 g. of ice, 100 ml. of
      water and 2 ml. of conc. hydrochloric acid. The product was extracted with
      200 ml. of ether, dried over anhydrous calcium chloride, and the ether
      evaporated. The resulting red oil was placed in hexane and a pink solid
      formed with recrystallization from 100 ml. of ethanol and 20 ml. of water
      to yield 3.1 g. (70% by weight yield) of the title compound, melting
      range, 225.degree. - 227.degree. C.
PAC  EXAMPLE 4
PAC  Preparation of the compound of formula (124)
PAR  Example 3 was repeated except that 2-hexadecyl-1-naphthol was reacted with
      the oxidized naphthalidyl-substituted 2,6-diisopropyl phenol intermediate
      by adding 15 ml. of phosphorous oxychloride to 0.5 g. (0.0014 mole) of
      oxidized intermediate and 0.51 g. (0.0014 mole) of 2-hexadecyl-1-naphthol.
      The resulting mixture was stirred at room temperature for 6 hours and then
      poured onto a mixture of 25 g. of ice, 25 ml. of water with stirring. The
      product was extracted with ether and dried over anhydrous calcium
      chloride. The ether was evaporated and hexane added to the residue. Upon
      refluxing a solution was obtained which upon cooling gave a precipitate,
      0.5 g. (49% by weight yield) of the title compound.
PAC  EXAMPLE 5
PAC  Preparation of the compound of formula (98)
PAR  Example 3 was repeated except that 1.0 g. (0.0028 mole) of the oxidized
      naphthalidyl-2,6-diisopropyl phenol intermediate was reacted with 0.495 g.
      (0.0028 mole) of 2,6-diisopropyl phenol at room temperature for 6 hours in
      the presence of 15 ml. of phosphorous oxychloride. The resulting solution
      was added slowly to a mixture of 100 g. of ice, 50 ml. of water and 2 ml.
      of concentrated hydrochloric acid. The oily product was extracted with
      ether, dried over anhydrous caclium chloride and the ether evaporated. The
      oil was placed in 50 ml. of hexane and refluxed for 1 hour. The solution
      was filtered and the filtrate cooled. The precipitate formed upon cooling
      was collected by filtration and dried to give 0.6 g. (40% by weight yield
      of title compound, melting range 83.degree. - 85.degree. C.
PAC  EXAMPLE 6
PAC  Preparation of the compound of formula (171)
PAR  a. 7-carboxyphthalaldehydic acid (5.0 gms., 0.0258 mole) was added under
      nitrogen to 25 ml. of 85% sulfuric acid in a 100 ml. round bottom flask
      equipped with a stirring bar. Crystalline o-cresol (2.81 gms., 0.0260
      mole) was added to the flask with stirring. The resulting orange-pink
      solution was stirred at room temperature for 6 hours. The solution was
      then poured onto ice (about 50 gms.) with stirring to give a greyish pink
      mass which was filtered and dried in a vacuum oven at 50.degree.C. The
      dried solid was recrystallized from methanol with "Norit" to yield
      colorless needles (4.40 gms., melting point 146.degree.C.).
PAR  b. The product of step a above (0.546 gm., 0.001 mole) was added under
      nitrogen to a solution of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (0.454
      gms., 0.001 mole) in 10 ml. of dichloromethane contained in a 25 ml. round
      bottom flask. The resulting brownish orange solution was stirred for 4
      hours at room temperature. The dichlorodicyanohydroquinone precipitate was
      removed from the solution by filtration, and the dichloromethane was
      evaporated from the filtrate to give a tan solid. The solid was
      recrystallized from dichloromethane and hexane and purified by column
      chromatography. Elution with dichloromethane and hexane removed a few
      impurities. Further elution yielded the dehydro intermediate which was
      recovered as a pink solid (0.440 mg., melting point 220.degree. C. dec.).
PAR  c. The dehydro intermediate of step b (0.270 gm., 0.001 mole) was dissolved
      into 10 ml. of ethyl ether in a three neck flask with stirring under
      nitrogen. To this solution was added crystalline o-cresol (0.108 gm.,
      0.001 mole) and then 1 ml. of boron trifluoride etherate by dropper. The
      resulting dark magenta solution was allowed to stand 16 hours at room
      temperature. The ethyl ether was evaporated by a flow of nitrogen leaving
      a magenta gum. 10 ml. of ice water was added to the gum. A pink
      precipitate formed which was removed by filtration and dried. The
      precipitate was dissolved into 25 ml. of 5% aqueous sodium hydroxide, and
      after filtration of the solution, was reprecipitated by the addition of 5%
      hydrochloric acid. The off-white precipitate was filtered and dried and
      recrystallized from ethanol containing "Norit" to give the title compound
      as a white solid (0.220 gm., melting range 295.degree. - 297.degree. C.).
PAC  EXAMPLE 7
PAC  Preparation of the compound of formula (151)
PAR  Following the first two steps of Example 2,
      2-carboxy-1-naphthol(1-hydroxy-2-naphthoic acid) was reacted with
      naphthaldehydic acid to yield the corresponding p-naphthalidylnaphthol
      adduct which then was oxidized to the dehydro intermediate using
      o-chloranil. The dehydro intermediate,
      3-(3'-carboxy-4'-oxo-1'-naphthylidene)naphthalide, was converted to its
      hydrated form with water. The hydrated intermediate,
      3-hydroxy-3-(3'-carboxy-4'-hydroxy-1'-naphthyl)naphthalide (about 528
      mgs.), 1-hydroxy-6-octadecyloxy-2-naphthoic acid (about 480 mgs.) and
      boron-trifluoride etherate (about 185 mgs.) in glacial acetic acid (12
      cc.) was refluxed for 3 hours. The solution was cooled and evaporated to
      half-volume. On standing a solid formed which was filtered, dried and
      recrystallized to give the title compound in about 5% by weight yield.
PAR  The last step of Example 7 was repeated using
      3-hydroxy-3-(3'-carbomethoxy-4'-hydroxy-1'-naphthyl)naphthalide-1,8 as the
      hydrated intermediate. The solid formed in the concentrated reaction
      solution upon standing was recrystallized from ethanol, and then
      hydrolyzed with hot ethanolic sodium hydroxide solution. After cooling to
      room temperature, the basic solution was acidified with 20% hydrochloric
      acid. The gum that formed was scratched and triturated with water until
      solidification was complete. The solid was air dried and dissolved in
      boiling cyclohexane. A white solid precipitated from the hot solution
      almost immediately which was collected and dried to give the compound of
      formula 151 in a yield of about 30% by weight.
PAR  In addition to the above compounds, the specific indicator dyes of formulae
      (1) to (19) and (48) above also were prepared in accordance with the
      procedure of Example 1. The dye of formula (1) was prepared by reacting
      indole with the acid, oxidizing the intermediate thus formed and then
      reacting the oxidized intermediate with ortho-hydroxyphenyl indole. In
      preparing the dyes of formula (2) to (9), the respective 5-substituted
      indoles were initially reacted with the acid and in preparing the dyes of
      formulae (16) to (19), the respective 7-substituted indoles were initially
      reacted with the acid. The dyes of formulae (10) to (15) and (48) were
      prepared by reacting 7-carboxyindole with the acid and subsequently
      reacting the intermediate after oxidation with the compound selected for
      the second aromatic nucleus.
PAR  It will be appreciated that other phenols, 1-naphthols, indoles and
      pyrroles substituted in the manner discussed above, for example, with
      hydrogen-bonding and electron-withdrawing groups and groups useful in
      controlling the mobility of the dye product in aqueous solution may be
      substituted for the starting materials used in the procedures set out in
      the foregoing examples to give the corresponding adduct with
      naphthaldehydic, phthaldehydic and carboxyphthaldehydic acid. Following
      the above procedures, the adduct thus obtained may be converted to the
      corresponding oxidation product comprising, for example, the compounds of
      formulas IIa and IIIa by reacting with a quinone, such as, the o-chloranil
      or dichlorodicyanobenzoquinone employed above. Also following the
      foregoing procedures, the oxidation product may be condensed with the
      selected aromatic compound, particularly a phenol, 1-naphthol, pyrrole or
      indole substituted as described in the preferred embodiment to yield the
      indicator dye, either a "mixed" dye or a symmetrical or unsymmetrical
      indicator.
PAR  As noted previously, solvents other than those specified may be used in the
      oxidation and the initial and final condensation steps and other acid
      condensation catalysts may be employed. Though it is not essential, any
      one or all of the steps of the process may be carried out in an inert
      atmosphere, for example, under nitrogen, and final indicator dyes may be
      purified by recrystallization from any appropriate solvent or in any other
      suitable and convenient manner.
PAR  Indicator dyes comprising phthaleins containing an indole radical and a
      second radical derived from a different N-heterocyclic aryl compound and
      phthaleins containing an indole radical and a second radical derived from
      a hydroxy-substituted carbocyclic aryl compound form the subject matter of
      copending U.S. Patent applications Ser. NO. 202,555 and Ser. No. 202,558,
      respectively now U.S. Pat. Nos. 3,816,120 and 3,816,124, respectively.
      Indicator dyes containing a naphthalide ring-closing moiety substituted in
      the 6-position with certain groups, such as sulfonamido, form the subject
      matter of copending U.S. Patent application Ser. No. 193,746, now U.S.
      Pat. No. 3,811,881. Phthaleins derived from azaphenanthrol form the
      subject matter of copending U.S. Patent application Ser. No. 177,513, now
      U.S. Pat. No. 3,779,754. Phthaleins containing one phenol radical and a
      second carbocyclic aryl radical, which is different, e.g., a phenyl
      radical with a different p-substituent form the subject matter of
      copending U.S. Patent application Ser. No. 203,544, now U.S. Pat. No.
      3,782,937.
PAR  The indicator dyes produced in accordance with the present invention may be
      employed in conventional analytical procedures where phthalein indicator
      dyes, such as, phenol phthalide and phenol naphthalide are commonly used,
      for example, to measure changes in pH value. The dyes produced according
      to the present invention also find other uses.
PAR  As discussed in copending U.S. Patent applications, Ser. No. 108,260 and
      Ser. No. 103,392, now U.S. Pat. Nos. 3,702,244 and 3,702,245,
      respectively, it has been found that a selectively exposed photosensitive
      material having a latent image therein may be processed in the presence of
      extraneous incident radiation actinic thereto by reason of the protection
      afforded by suitably positioning with respect to the exposure surface of
      the photosensitive layer an effective concentration of a selected dye or
      dyes as optical filter agents. The use of certain indole dyes including
      indole phthalides and naphthalides as optical filter agents for protecting
      photosensitive materials from radiation in the shorter wavelength region
      of the visible spectrum forms the subject matter of aforementioned U.S.
      Pat. application Ser. No. 108,260. The use of certain dyes derived from
      phenols and naphthols including phenol and naphthol phthalides and
      naphthalides as optical filter agents for protecting photosensitive
      materials from radiation in the longer wavelength region of the visible
      spectrum forms the subject matter of aforementioned U.S. Patent
      application Ser. No. 103,392.
PAR  Indicator dyes found particularly useful as optical filter agents prepared
      according to the preferred embodiment of the present invention are
      phthaleins derived from certain hydroxy-substituted carbocyclic and
      N-heterocyclic compounds which contain a hydrogen-bonding group, i.e., a
      substituent capable of forming a hydrogen-bonded ring with the respective
      phenolic --OH and --NH-- portions of these compounds. Certain indole and
      phenolic phthaleins of this type form the subject matter of U.S. Patent
      application Ser. No. 204,350, now U.S. Pat. No. 3,862,128. Other
      phthaleins of this type derived from phenols and 1-naphthols form the
      subject matter of copending U.S. Patent applications Ser. Nos. 103,864 and
      103,865, respectively, now U.S. Pat. Nos. 3,833,615 and 3,833,614
      respectively. Still other phthaleins of this type derived from indoles
      form the subject matter of copending U.S. Patent application Ser. No.
      108,277, now abandoned. Indoles substituted with selected hydrogen-bonding
      groups useful in the synthesis of such indole phthalides and naphthalides
      form the subject matter of copending U.S. Patent application Ser. No.
      108,663, now U.S. Pat. No. 3,772,329.
PAR  Since certain changes may be made in the above processes and products
      without departing from the scope of the invention herein involved, it is
      intended that all matter contained in the above description shall be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC27##
PAL  wherein R.sup.2 is selected from hydrogen, hydroxy, carboxy,
      o-hydroxyphenyl, bis-trifluoromethylcarbinol, methoxy, alkyl containing
      one to 16 carbon atoms; R.sup.7 is selected from hydrogen, phenyl,
      o-hydroxyphenyl and alkyl containing one to three carbon atoms and R.sup.8
      is selected from hydrogen, cyano, carboxy, halo, trifluoromethyl, and
      alkoxy containing one to 18 carbon atoms and X represents the carbon atoms
      necessary to complete a ring-closing moiety selected from phthalide,
      unsubstituted or substituted in one of the 4- or 7-positions with carboxy,
      and naphthalide, unsubstituted.
NUM  2.
PAR  2. A compound as defined in claim 1 wherein X represents phthalide.
NUM  3.
PAR  3. A compound as defined in claim 1 wherein X represents naphthalide.
NUM  4.
PAR  4. A compound of the formula:
      ##SPC28##
PAL  wherein R.sup.2 is hydrogen or a hydrogen bonding group selected from
      hydroxy, carboxy, o-hydroxyphenyl and bis-trifluoromethyl carbinol;
      R.sup.7 is hydrogen; R.sup.8 is hydrogen, alkoxy containing one to 18
      carbon atoms, or an electron-withdrawing group selected from cyano,
      carboxy, halo, and trifluoromethyl and X represents the carbon atoms
      necessary to complete a ring-closing moiety selected from phthalide,
      unsubstituted or substituted in one of the 4- or 7-position with carboxy,
      and naphthalide, unsubstituted.
NUM  5.
PAR  5.
      ##SPC29##
NUM  6.
PAR  6.
      ##SPC30##
NUM  7.
PAR  7.
      ##SPC31##
PATN
WKU  039418081
SRC  5
APN  0601713
APT  1
ART  122
APD  19700629
TTL  Product
ISD  19760302
NCL  9
ECL  1
EXP  Narcavage; Joseph A.
INVT
NAM  Pratt; Richard J.
CTY  Flossmoor
STA  IL
ASSG
NAM  Atlantic Richfield Company
CTY  Los Angeles
STA  CA
COD  02
RLAP
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PNO  3575861
CLAS
OCL  26032626
XCL  252 515A
EDF  2
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FSS  326.3;326.26
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ISD  19650900
NAM  Muller et al.
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ABST
PAL  The present invention provides oil-soluble, polymeric surface-active agents
      which are polyimide-amine salts of styrene-maleic anhydride copolymers
      having pendant tertiary amine groups containing a salt-forming tertiary
      nitrogen atom neutralized to the extent of at least about 75 percent with
      mono-carboxylic acids for instance having an aliphatic chain of at least
      about 8 carbon atoms. The salts of this invention exhibit the property of
      lowering the surface tension at oil-water interfaces. The polyimide-amine
      salts can also contain mixed imides resulting from the reaction of
      dialkylaminoalkylamines and monoalkyl amines or mixed imide-amides
      resulting from the reaction of dialkylaminoalkylamines and dialkylamines.
      This invention also provides oil compositions containing mineral oil and
      the oil-soluble, polymeric surface-active polyimide-amine salts, with or
      without water. These compositions are useful, for instance, as hydraulic
      fluids, jet fuels, electrolyte-containing oils, anti-wear lubricating
      oils, diesel fuels, and gasolines.
PARN
PAR  This is a divisional of application Ser. No. 795,070, filed Jan. 29, 1969,
      now U.S. Pat. No. 3,575,861.
BSUM
PAR  This invention relates to highly surface-active, oil-soluble agents made
      from styrene-maleic anhydride copolymers, and to normally liquid mineral
      oil compositions containing these agents. More particularly, this
      invention is concerned with salts prepared by converting the anhydride
      rings of styrene-maleic anhydride copolymers to polyimides containing
      pendant tertiary amine groups. These pendant tertiary amine groups are
      neutralized with monocarboxylic acids to form salts that are oil-soluble
      and exhibit the property of lowering the surface tension at oil-water
      interfaces, as well as anti-wear characteristics.
PAR  It is known to those familiar with the art that surface-active agents in
      general are derived from balancing hydrophobic and hydrophilic properties.
      A molecule to be surface-active should contain both types of properties,
      and this occurs most commonly where a hydrocarbon residue terminates with
      an ionic or water-soluble fragment. Sodium stearate and the monostearate
      esters of polyethylene glycol are examples of such molecules terminating
      in ionic and water-soluble fragments, respectively. Sodium stearate is
      more soluble in water than in oil while stearate esters of low molecular
      weight polyethylene glycols are more soluble in oil than water. Both types
      of surface-active agents are known to lower the surface tension at
      oil-water, water-air, and liquid-solid interfaces. It is this effect which
      accounts for the emulsifying, protecting and dispersing action of such
      materials. In addition it is known that to be effective, surface-active
      agents must also be capable of aggregating at low concentrations.
      Emulsions are possible only when aggregates (micelles) of molecules form
      at interfaces. Therefore, micelle formation at interfaces primarily
      accounts for surface and interfacial surface tension reduction.
PAR  The polyimides of the present invention include styrene-maleic anhydride
      copolymers having substantial amounts of anhydride residue, thus enhancing
      the effect of pendant amine-salts. Amine salts do not produce ash or
      residue on combustion, as in the case of alkali metal soaps; therefore the
      former are adaptable as "ashless" dispersants for engine oils. The instant
      polyimides also allow multipurpose additive preparation when, for example,
      some tertiary amine can be left unneutralized without adversely affecting
      surface activity but providing for neutralization of undesirable acid
      deposits formed in internal combustion engines. In this way, corrosion,
      lacquer, and sludge deposits in engines can be prevented or reduced.
      Additionally, the amine salts of this invention are powerful
      surface-active agents and possess water dissolving power (in oil) while
      not being water-soluble themselves. The additives, therefore, have utility
      in protecting "cold" engines from corrosion by water condensation on
      engine parts. An engine oil containing the additives of this invention can
      eliminate water as harmless vapor when the engine becomes hot.
PAR  It has now been discovered that oil-soluble, polymeric surface-active
      agents are obtained as polyimide-amine acid salts of styrene-maleic
      anhydride copolymers containing pendant tertiary amine groups neutralized
      to the extent of at least about 75 percent with sufficient monocarboxylic
      acid having an aliphatic carbon-to-carbon chain of at least about 8 carbon
      atoms, preferably as a terminal group, to give a mineral-oil soluble
      product. Thus the styrene-maleic anhydride copolymer is imidized to the
      extent of at least about 65 percent up to about 100 percent of its
      anhydride groups, with a dialkylaminoalkylamine neutralized to the extent
      of about 75 percent to 100 percent, with the long chain monocarboxylic
      acid. The styrene-maleic anhydride copolymer polyimide-amine acid salts
      can also contain imide groups or amide groups up to the extent of about 35
      percent of its anhydride groups by reaction with a primary or secondary
      alkylamine, for instance, of about 8 to 30 carbon atoms.
PAR  The dialkylaminoalkylamines used in forming the polyimide-amine acid salts
      of this invention are of the formula
      ##EQU1##
      Where R is alkylene of 2 to about 30 carbon atoms, preferably 2 to about 5
      carbon atoms, and R' is alkyl of 1 to about 5, preferably 1 to 2, carbon
      atoms. Examples of suitable dialkylaminoalkylamines are
      dimethylaminoethylamine, dimethylaminopropylamine,
      dimethylaminobutylamine, diethylaminopropylamine, diethylaminoamylamine,
      dipropylaminopropylamine, diamylaminoamylamine,
      dimethylaminooctadecylamine and dimethylaminoeicosylamine.
PAR  Mixed imide forms of the salts of this invention can be obtained by
      reacting primary alkylamines with a minor portion of the anhydride groups
      of the styrene-maleic anhydride copolymer. Similarly, mixed imide-amide
      forms of the salts of this invention can be obtained by reacting a minor
      portion of the copolymer anhydride groups with secondary dialkylamines.
      However the styrene-maleic anhydride copolymer should be imidated to the
      extent of at least about 65  percent of its anhydride groups with the
      dialkylaminoalkylamine and can contain up to about 35 percent imide groups
      or amide groups obtained by reaction, respectively, with the primary
      alkylamine or secondary dialkylamine. Preferably the styrene-maleic
      anhydride copolymer polymide salts contain little, if any, say up to about
      5 percent or only up to about 2 percent, of carboxyl or ester groups. Such
      ester groups can result from reaction of the copolymer with an alkanol
      such as a lower alkanol, e.g., amyl alcohol.
PAR  The primary alkylamines which can be used to form imide groups in copolymer
      salts are of the formula R--NH.sub.2 where R is alkyl of about 8 to 30
      carbon atoms, preferably about 12 to 25 carbon atoms. A long chain is
      preferred to enhance the oil solubility of the products. Examples of
      suitable primary alkylamines are n-octylamine, decylamine, dodecylamine,
      octadecylamine, stearylamine, eicosylamine, docosylamine and
      pentacosylamine. The secondary alkylamines or dialkylamines which can be
      employed to form amide groups in the copolymer salts are of the formula
      R--NHR', where R and R' are alkyl chains of about 8 to 30 carbon atoms,
      preferably about 12 to 25 carbon atoms, and often about 16 to 18 carbon
      atoms. Examples of such secondary amines are dioctylamine, didecylamine,
      didodecylamine, dioctadecylamine, distearylamine and dieicosylamine.
PAR  The ratio of styrene to maleic anhydride in the styrene-maleic anhydride
      copolymer of this invention should be in the range of about 0.1:1 to 5:1,
      preferably about 0.5:1 to 2:1, and most preferably about 1:1. The
      incorporation of more maleic anhydride affords more anhydride sites to
      convert to imides or amides. The styrene-maleic anhydride copolymer
      molecular weight can vary from about 400 to 5,000, preferably from about
      1,000 to 5,000, and often is in the range of about 1,400 to 2,000. The
      higher molecular weight copolymers usually exhibit increased surface
      activity.
PAR  The monocarboxylic acids employed in this invention have an aliphatic
      carbon-to-carbon chain of at least 8 carbon atoms and often no more than
      about 36 total carbon atoms. Suitable carboxylic acids include
      monocarboxylic acids containing from about 12 to 22 carbon atoms,
      advantageously fatty acids, especially of about 16 to 22 carbon atoms.
      Straight carbon chained acids are preferred. Examples of suitable fatty
      acids include stearic acid, lauric acid, behenic acid, and the like.
      Examples of mono-olefinically, unsaturated or hydroxylated acids are oleic
      and hydroxystearic acid. The acid groups can be in presence of or part of
      an aromatic system, such as in dodecylbenzoic acid and phenylstearic acid.
PAR  The polyimide-amine salt is dissolved in the mineral oil composition in an
      effective amount to lower surface tension at oil-water, water-air, and
      liquid-solid interfaces, such as in the concentration range of about, for
      instance, less than about 1 percent, as low as about 0.006 percent, to
      about 100 percent, preferably about 1 to 2 to about 10 to 15 percent by
      weight based on the weight of the oil. The polyimide-amine salt thus
      dissolved in mineral oil formulations has the effect of an emulsifying,
      protecting and dispersing action. The polyimide-amine salt -- mineral oil
      compositions can also contain water in solution or in emulsion up to about
      80 percent or even up to about 100 percent or more by weight based on the
      weight of oil. Often in these formulations about 5 or 10 percent up to
      about 20 or 25 percent or more of water based on the weight of oil, can be
      dissolved or emulsified in the mineral oil with the polyimide-amine salt.
      It is understood that these compositions can contain other additives,
      e.g., antioxidants, etc.
PAR  The mineral oil of lubricating viscosity present in the products of this
      invention can have a viscosity, for instance, of about 50 to 2,000 SUS at
      100.degree. F, preferably about 70 to 500 SUS at 100.degree. F. Good
      results have been obtained with acid-refined coastal oils having a
      viscosity of about 100 SUS at 100.degree. F. Good results have also been
      obtained with Mid-continent neutral oils having a viscosity of about 150
      SUS at 100.degree. F. However, the mineral oil can also be a fuel oil or
      other mineral oil which is normally liquid.
PAR  Styrene and maleic anhydride can be polymerized to form polymers for use in
      this invention by various methods. Solution polymerization can be employed
      where the monomers are polymerized in a suitable solvent using as a
      polymerization aid a free-radical catalyst, such as a peroxide, preferably
      benzoyl peroxide, at a temperature of about 75.degree. to 300.degree. C.
      or more. Suitable solvents include the aromatic hydrocarbon solvents, such
      as cumene, p-cymene, xylene, toluene, etc. Other suitable solvents are the
      ketones, such as methylethylketone. A preferred manner of carrying out the
      polymerization is by what is known as incremental feed addition. By this
      method the monomers and catalyst are first dissolved in a portion of the
      solvent in which the polymerization is to be conducted and the resulting
      solution fed in increments into a reactor containing solvent heated to
      reaction temperature, usually the reflux temperature of the mixture.
PAR  When an aromatic solvent is employed as the solvent for the polymerization,
      the formation of the polymer causes a heterogeneous system, the polymer
      layer being the heavier layer and recoverable by merely decanting the
      upper aromatic solvent layer and drying. On the other hand when a ketone
      is the solvent, the formed copolymer is usually soluble in the solvent
      media so that recovery of the product necessitates a solvent-stripping
      operation.
PAR  The imides of this invention can be prepared by conventional methods, such
      as by simply heating at imide-forming temperature, the styrene-maleic
      anhydride copolymer with the amine. A temperature of about 125.degree. C.
      is usually necessary to effect imide reaction and temperatures beyond
      about 250.degree. C. are generally not utilized in that they may cause
      undesirable side reactions or degradation of the product. The preferred
      reaction temperature is from about 140.degree. to 200.degree. C. The
      reaction may be carried out in bulk but is preferably effected in the
      presence of a suitable mutual solvent for the reactants which may include,
      if desired, the mineral oil in which the reaction product is to be
      employed. Although the dialkylaminoalkylamine and primary or secondary
      alkylamine can be combined and reacted simultaneously with the
      styrene-maleic anhydride copolymer, one of these amines can be reacted
      with the copolymer before the other amine; thus the amines can be reacted
      in whole or in part in any desired order. Dropwise addition of the amine
      reactant is sometimes employed. The total reaction time can vary depending
      upon the particular reactants employed but will usually range from about 1
       to 5 hours up to several days if necessary. The reaction can be carried
      out until the water of reaction ceases to distill from the mixture when
      imide formation is complete. When secondary alkylamines are employed amide
      formation results.
PAR  A preferred method of preparing the imides or mixed imides is to dissolve
      the styrene-maleic anhydride copolymer in amyl alcohol by heating to
      reflux temperature to get a half-ester- containing polymer. Then the
      dialkylaminoalkylamine and the primary or secondary alkylamine, if any,
      can be added and the heating continued at about 145.degree. C. for about
      an hour. Vacuum can be applied, if necessary or desirable, to boil off
      amyl alcohol and water. If desired, xylene can be used as a solvent in
      admixture with the amyl alcohol and distilled off with the water. Partial
      neutralization of the tertiary amine group by at least about 75 percent to
      even substantially complete neutralization can be accomplished by merely
      mixing the carboxylic acid with the styrene-maleic anhydride copolymer
      imide - amine melt which can be at about room temperature or up to about
      160.degree. C.
PAR  The present invention will be further illustrated by the following specific
      examples.
DETD
PAC  EXAMPLE I
PAC  Imide Preparation
PAR  A mixture of 225 grams (the weight of one reoccurring copolymer unit) of a
      1:1 styrene-maleic anhydride copolymer having a mol. wt. of about 1800; 88
      grams of primary amyl alcohols (commercial mixture) and 80 g. of mixed
      xylene solvent (isomer mixture) was heated under reflux until clear (1-2
      hours). To this, 102 grams (1 mole) of dimethylaminopropylamine is added
      in one portion. After stirring and heating for one hour, alcohol, xylene
      and water were distilled from the reaction vessel until the pot
      temperature reached 180.degree. C. Sparging with nitrogen then removed
      traces of solvent. Table I gives data pertaining to imides made by this
      technique.
PAC  Amide-Imide Variation
PAR  By using primary alkyl amines such as octadecylamine, where alky imide
      forms, or secondary dialkyl amines, where amides result, the
      oil-solubility and hydrophobic-hydrophilic balance of the products can be
      modified. Table II has data concerning amide-imide made essentially by the
      procedure followed in producing the products of Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Imide Resins                                                              
     Styrene-Maleic                                                            
              Mol. Wt.                                                         
                     Reacting                                                  
                          Wt. Dimethyl-                                        
                                   M Moles of                                  
     Anhydride Mole  Equiv.                                                    
                          amino    neutralizable                               
     Ratio           Wt.  Propylamine                                          
                                   amine per gram                              
                                   of product.                                 
     __________________________________________________________________________
     1:1      1700-1900                                                        
                     225  102      3.2                                         
     2:1      1800-2000                                                        
                     306  102      2.6                                         
     3:1      1600-1800                                                        
                     410  102      2.0                                         
     1:1      400-600                                                          
                     250  102      3.3                                         
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
     Amide-Imide Variation.sup.(1)                                             
     Reaction Composition                                                      
                        Product  M Moles.sup.(2)                               
     Amine    Dimethylamino-                                                   
                        Mol. % of                                              
                                 (per gram).sup.(4)                            
     Wt. (g) Mole.                                                             
              Propylamine                                                      
                        Composition.sup.(3)                                    
              Wt. (g)                                                          
                   Mole.                                                       
     __________________________________________________________________________
     octadecylamine                                                            
     5.94 0.022                                                                
              2.32 0.022                                                       
                        50 "AS".sup.(5)                                        
                                 1.25                                          
                        50 C.sub.18.sup.(6)                                    
     hydrogenated                                                              
              3.37 0.033                                                       
                        25 diamide.sup.(7)                                     
                                 1.51                                          
     tallow secondary   75 "AS"                                                
     diamine                                                                   
     11.22 0.022                                                               
     octadecylamine                                                            
              3.04 0.030                                                       
                        66 "AS"  1.77                                          
     3.96 0.015         33 C.sub.18                                            
     octadecylamine                                                            
              3.48 0.033                                                       
                        75 "AS"  2.1                                           
     2.97 0.011         25 C.sub.18                                            
     octadecylamine                                                            
              1.16 0.011                                                       
                        25 "AS"  0.55                                          
     8.91 0.033         5 C.sub.18                                             
     __________________________________________________________________________
      .sup.(1) 1:1 styrene-maleic anhydride copolymer of 1800 molecular weight;
      44 millimoles or 10.0 grams were used in reaction.                       
      .sup.(2) Millimoles of neutralizable amine.                              
      .sup.(3) Stoichiometry of product.                                       
      .sup.(4) Determines millimoles of fatty acid required for complete       
      neutralization of amine.                                                 
      .sup.(5) Fifty percent of all anhydride groups hold a pendant dialkylamin
      radical (AS).                                                            
      .sup. (6) Designation for octadecylimide.                                
      .sup.(7) Result of two secondary amine molecules reacting with one       
      anhydride.                                                               
PAC  EXAMPLE II
PAR  A mixture of 5.94 g (0.022 mole) octadecylamine and 2.32 grams (0.022 mole)
      dimethylamine propylamine in 6 ml. of xylene was added to 0.044 mole of a
      1:1 styrene-maleic anhydride (having a mol. wt. of 1,800) amyl ester (as
      prepared in Example I). The mixture was reacted and freed of solvent as
      described in Example I.
PAC  EXAMPLE III
PAC  Amine Salt Preparation
PAR  A mixture of 2.73 g. of 31 percent octadecylimide: 69 percent
      dimethylaminopropyl (AS) imide of a 1:1 styrene-maleic anhydride copolymer
      (mol. wt. 1800) and 1.40 g. of stearic acid was heated to 150.degree. C.
      with stirring until clear. The resulting product consists of 31 percent
      N-octadecylimide and 69 percent stearic acid salt of dimethylaminopropyl
      imide. Table III illustrates amine salt preparations of this type.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Solubility and Surface Tension at                                         
     Xylene/Water Interface                                                    
     Polyimide   Fatty  Fatty Acid                                             
                                Solubility.sup.(1)                             
                                            Du Nuoy Readings.sup.(2)           
                                                        Du Nucy Readings       
     Composition Acid   Degree              at 0.03%    at 0.006%              
     AS(g) octadecyl    Neutralization      Concentration                      
                                                        Concentration          
           radical                                                             
     (of one mole)                                                             
     __________________________________________________________________________
     100%  0%    Stearic.sup.(3)                                               
                                naphthenic.sup.(4)                             
                                            3           4                      
                 acid   complete                                               
                                oil                                            
     100%  0%    "       75%     "          10.5        13.5                   
     50%   50%   "      complete                                               
                                cyclo-.sup.(5)                                 
                                            13.1        20.7                   
                                paraffinic oil                                 
     25%   75%   "      complete                                               
                                 "          11.6        15.5                   
     66%   33%   "      complete                                               
                                naphthenic oil.sup.(4)                         
                                            11.7        15.6                   
     75%   25%   "      complete                                               
                                naphthenic oil.sup.(4)                         
                                            --          --                     
     25%   75%   --     none    low aromatic oil.sup.(7)                       
                                            --          21.0                   
     100%  0%    Lauric.sup.(6) naphthenic  at 0.036% Conc.                    
                 acid   complete                                               
                                oil.sup.(4) 3.0         10.5                   
     100%  0%    Benehic.sup.(8)                                               
                                naphthenic                                     
                 acid   complete                                               
                                oil.sup.(4) 10.5        12.8                   
     Untreated xylene/water interface               34-5                       
     __________________________________________________________________________
      .sup.(1) Solubility of product was determined by heating 5 parts of solid
      with 95 parts oil; if upon cooling no solid separated the product was    
      deemed soluble.                                                          
      .sup.(2) Du Nuoy balance is a torsion balance for measuring force        
      necessary to lift a platinum ring from surface or interface of liquids.  
      The greater the Du Nuoy reading, the greater the surface tension at the  
      interface. Conversely, lower readings exemplify good surface acitvity in 
      an additive, especially at low concentrations.                           
      .sup.(3) Stearic acid-"triple pressed", almost equal parts mixture or    
      stearic (C.sub.18) and palmitic (C.sub.16) acids.                        
      .sup.(4) High aromatic-containing No. 2 fuel oil.                        
      .sup.(5) Nearly complete hydrogenated aromatic lubricating oil.          
      .sup.(6) 91% C.sub.12 acid.                                              
      .sup.(7) Mid-Continent lubricating oil.                                  
      .sup.(8) 91% C.sub.22 acid.                                              
PAC  EXAMPLE IV
PAR  To 0.044 mole of heated amyl ester of a 1:1 styrene-maleic anhydride
      copolymer (mol. wt. 1800), a mixture of 11.22 grams (0.022 mole) of
      hydrogenated tallow secondary diamine (mol. wt. 510) and 3.37 grams of
      dimethylaminopropylamine in 10 ml. of xylene was added with stirring.
      After heating and distilling the solvent the molten residue was poured
      into a pan and allowed to solidify. One gram of product contains 1.51 m
      moles of AS which would therefore require 1.51 m moles of stearic acid for
      complete neutralization. The preparation of Example IV is illustrated in
      Table IV.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     Amine-Salts of Stearic Acid                                               
     (Diamide Composition)                                                     
     Polyimide             Du Nuoy Readings                                    
                                     Du Nuoy Readings                          
     Composition     Solubility                                                
                           at 0.03%  at 0.006%                                 
     __________________________________________________________________________
     75% "AS" 25% hydrogenated.sup.(1)                                         
                     xylene                                                    
                           10.5      15.2                                      
     tallow secondary diamine                                                  
     __________________________________________________________________________
     .vertline.                                                                
     .sup.(1) hydrogenated "fat" acids, converted to R--N--R. Two of these     
     units are                                                                 
     required per anhydride.                                                   
PAR  Table V shows solubility test in xylene of the dimethylaminopropylimide
      prepared as in Example I with a copolymer with a 3:1 motor ratio of
      styrene-maleic anhydride having a molecular weight of 1,800 which has been
      completely neutralized with stearic acid.
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Surface Tension                                                           
     Amine-Salts                                                               
            Fatty Acid                                                         
     Polyimide                                                                 
            Degree of     Du Nuoy Readings                                     
                                    Du Nuoy Readings                           
     Composition                                                               
            Neutralization                                                     
                    Solubility                                                 
                          at 0.03%  at 0.006%                                  
     __________________________________________________________________________
     100% "AS"                                                                 
            stearic acid                                                       
                    xylene                                                     
                          15.0      18.0                                       
            complete                                                           
     __________________________________________________________________________
PAC  EXAMPLE V
PAR  The results in Table VI below illustrate another utility for the
      imide-amine salts of this invention. Oil is not known to dissolve much
      more than a few hundredths of percent of water. By using these salts as
      additives, metal surfaces as found in engines and power trains can be
      protected from water by keeping the latter in solution and thus preventing
      its condensation on surfaces. The amine salts can hold, for instance,
      thirty to seventy molecules of water per polar radical. Again, this
      behavior is probably due to the relative ease of "micelle" formation and
      the fact that they consist of appropriately placed "voids" capable of
      holding larger numbers of water molecules. Non-inflammable "hydraulic"
      fluids, less fire susceptible jet fuels, and electrolyte containing oils
      can be prepared by incorporating thereon the imide-amine salts of this
      invention. The latter application is useful where fluxing materials or
      inhibitors are needed to prevent corrosion by contaminants in oil.
TBL                                    TABLE VI                                
     __________________________________________________________________________
     Water Dissolving Power of 100% Neutralized "AS"                           
     Imide-Amide Salts of Example I                                            
     Polyimide                                                                 
            Fatty Acid                                                         
                   Additive                                                    
                        Oil      Water Dissolved.sup.(1)                       
     Composition   Conc.         on Weight of Oil                              
     __________________________________________________________________________
     100% "AS"                                                                 
            stearic acid                                                       
                   10%  No.2 fuel oil                                          
                                 8%                                            
     100% "AS"                                                                 
            lauric acid                                                        
                   10%  "        0%                                            
     100% "AS"                                                                 
            behenic acid                                                       
                   10%  "        21%                                           
            (60% pure)                                                         
     100% "AS"                                                                 
            behenic acid                                                       
                   10%  "        0%                                            
            (91% pure)                                                         
     __________________________________________________________________________
      .sup.(1) as clear solution                                               
PAC  EXAMPLE VI
PAC  Wear data on additives as lubricating oil modifiers.
PAR  The following data was obtained in the Shell 4-ball test with 5 percent
      concentration of the imides in petroleum lubricating oil having a
      viscosity of about 200 SUS at about 100.degree. F. and having a 95 V.I.
      The test was run at 130.degree. F. at 600 and 1,800 rpm and at 180.degree.
      F. at 600 and 1,800 rpm with a load of 40 Kg.
TBL                                    TABLE VII                               
     __________________________________________________________________________
                 Wear Scar (mm.)                                               
                 At 130.degree.F.                                              
                             At 180.degree.F.                                  
     Imide       600 rpm                                                       
                       1800 rpm                                                
                             600 rpm                                           
                                   1800 rpm                                    
     __________________________________________________________________________
     No additive 0.603 0.633 0.60  1.997                                       
     100% C.sub.18 imide of                                                    
                 0.60  0.627 0.546 1.917                                       
     styrene-maleic an-                                                        
     hydride having a 1:1                                                      
     mole ratio of styrene                                                     
     to maleic anhydride,                                                      
     and a molecular                                                           
     weight of 1800                                                            
     50:50 "mixed" imide                                                       
                 0.39  0.438 0.52  0.545                                       
     C.sub.18 plus dimethyl-                                                   
     amino propylamine                                                         
     100% stearate salt                                                        
     of styrene maleic an-                                                     
     hydride having a 1:1                                                      
     mole ratio of styrene                                                     
     to maleic anhydride                                                       
     and having a molecular                                                    
     weight of 1800.                                                           
     __________________________________________________________________________
PAL  The results clearly show that a lower scar diameter, or less wear, is
      obtained when the salts of this invention are present in the lubricating
      oil.
PAC  EXAMPLE VII
PAR  A 5 to 10 percent concentration of the 50--50 mixed imide C.sub.18 plus
      dimethylaminopropylamine stearate salt of styrene-maleic anhydride of
      Example VI in a petroleum lubricating oil having a viscosity of about 200
      SUS at about 100.degree. F and having a 95 V.I. gave 4 to 6 weeks emulsion
      stability at 25, 50 and 80 percent (by weight of the total emulsion) water
      levels. These emulsions were made by adding water to a warm additive-oil
      solution in a Waring blender. The time it took for 1 to 2 percent of the
      emulsion to separate into a clear top layer determined stability.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. Polyamide amine salts of a styrene-maleic anhydride copolymer; said
      styrene-maleic anhydride copolymer consisting essentially of a molar ratio
      of polymerized styrene to polymerized maleic anhydride of 0.1:1 to 5:1 and
      having an average molecular weight of 400 to 5,000, and said copolymer
      being imidized to the extent of at least 65 per cent of its anhydride
      groups with a dialkylaminoalkylamine containing tertiary amine groups of
      the formula
      ##EQU2##
      wherein R is alkylene of 2 to 30 carbon atoms and R' is alkyl of 1 to 5
      carbon atoms, and wherein the tertiary amine groups of said
      dialkylaminoalkylamine are at least 75 per cent neutralized with a
      monocarboxylic acid having an aliphatic carbon to carbon chain of 8 to 36
      carbon atoms.
NUM  2.
PAR  2. The product of claim 1 wherein the styrene-maleic anhydride copolymer is
      further imidated up to 35 percent with a long chain alkyl-primary amine.
NUM  3.
PAR  3. The product of claim 2 wherein the alkyl-primary amine is
      octadecylamine.
NUM  4.
PAR  4. The product of claim 1 wherein the styrene-maleic anhydride copolymer is
      amidated to the extent of 35 percent with a dialky-secondary amine.
NUM  5.
PAR  5. The product of claim 4 wherein the dialky-secondary amine is
      hydrogenated tallow secondary diamine.
NUM  6.
PAR  6. The product of claim 1 wherein the monocarboxylic acid is stearic acid.
NUM  7.
PAR  7. The product of claim 1 wherein the monocarboxylic acid is lauric acid.
NUM  8.
PAR  8. The product of claim 1 wherein the monocarboxylic acid is behenic acid.
NUM  9.
PAR  9. The salts of claim 1 wherein the dialkylaminoalkylamine is dimethylamine
      propylamine and the monocarboxylic acid is stearic acid.
PATN
WKU  039418090
SRC  5
APN  5422469
APT  1
ART  121
APD  19750120
TTL  Technique for preparation of fulvalenes
ISD  19760302
NCL  4
ECL  1
EXA  Jaisle; C. M. S.
EXP  Jiles; Henry R.
INVT
NAM  Kaplan; Martin Louis
CTY  Whippany
STA  NJ
INVT
NAM  Wudl; Fred
CTY  Chester
STA  NJ
ASSG
NAM  Bell Telephone Laboratories, Incorporated
CTY  Murray Hill
STA  NJ
COD  02
CLAS
OCL  260327M
EDF  2
ICL  C07D33906
FSC  260
FSS  327 M;239 R
OREF
PAL  solid State Communications, Vol. 14, 1974.
PAL  J. of the Am. Chem. Soc., Jan. 26, 1972.
LREP
FR2  Fink; E. M.
ABST
PAL  A technique for preparing a wide range of fulvalenes by a reductive
      procedure is described. The procedure involves reducing an organic halide
      to its corresponding partially hydrogenated derivative which is reacted
      with fluoboric acid to yield a fluoborate. Deprotonation of the fluoborate
      yields the desired compound. The described technique maximizes the yield
      and quality of fulvalenes produced and permits the preparation of thia,
      selena and tellura fulvalenes.
BSUM
PAR  This invention relates to a technique for the preparation of fulvalenes.
      More particularly, the present invention relates to a reductive procedure
      for synthesizing fulvalenes from ditholium iodides.
PAR  Recently, there has been a birth of interest in a compound commonly known
      as 1,4,5,8-tetrahydro-1,4,5,8-tetrathiafulvalene of the general formula
      ##SPC1##
PAR  This compound and its derivatives have been found to form stable radical
      cations which evidence high d-c conductivity, so suggesting their use in
      semiconductive devices and as solid state organic conductors.
PAR  Heretofore, tetrathiafulvalenes have been prepared by a complex oxidative
      procedure involving the formation of 1,3-dithiole-2-thione from acetylene,
      sulfur and carbon disulfide and subsequent oxidation of the thione to
      1,3-ditholium hydrogen sulfate and coupling of the salt with an
      appropriate base. Although fulvalenes prepared in the foregoing manner
      have been found satisfactory, limitations upon yield and quality coupled
      with practical limitations of oxidative techniques have prompted a search
      for suitable alternates.
PAR  In accordance with the present invention, this end is attained by means of
      a novel synthesis technique which relies upon the use of reductive agents
      to maximize the variety of compounds produced. The yield of fulvalenes are
      not only superior to those attained in accordance with prior art processes
      but the procedure also permits the preparation of various fulvalene
      derivatives.
PAR  The first step in the preparation of fulvalene derivatives in accordance
      with the present invention involves reducing (in the presence of any polar
      solvent) an organic halide of the general formula
      ##SPC2##
PAL  Wherein X is selected from the group consisting of sulfur, selenium and
      tellurium and y is selected from the group consisting of sulfur and
      selenium, n is an integer from 0-4, and Z is a halogen atom to yield the
      corresponding partially hydrogenated compound in accordance with Equation
      (1) below:
      ##SPC3##
PAL  Reducing agents suitable for use in effecting the foregoing reaction are
      selected from among the metal borohydrides, the alkali and alkaline earth
      metal borohydrides being particularly well suited for this purpose. Sodium
      borohydride (NaBh.sub.4) and sodium cyano borohydride (NaBH.sub.3 CN) have
      proven most effective for this purpose.
PAR  The reduction must be effected at temperatures less than 15.degree.C due to
      the exothermic nature of the reaction, a large excess of the borohydride,
      well beyond stoichiometry, being employed.
PAR  Following, the partially hydrogenated derivative so obtained is reacted
      with anhydrous fluoboric acid in stoichiometric amounts or amounts
      slightly beyond stoichiometry to yield the fluoborate derivative shown in
      Equation (2) below:
      ##SPC4##
PAL  Upon deprotonation with an excess of any alkyl tertiary amine, the
      resultant fluoborate yields the desired fulvalene in accordance with
      Equation (3):
      ##SPC5##
PAL  wherein n is an integer from 0-4.
DETD
PAR  An example of the present invention is set forth below. It will be
      understood by those skilled in the art that the example is set forth
      merely for the purpose of exposition and is not restrictive in nature.
PAC  EXAMPLE
PAR  Into a 2-liter Erlenmeyer flask containing a magnetic stirrer was placed
      50.0 grams (0.18 moles) of 2-thiomethyl-1,3-ditholium oidide and 500
      milliliters of methanol. The mixture was stirred and cooled in an ice
      bath. While preventing the temperature from rising above 15.degree.C, 34.5
      grams (0.93 moles) of sodium borohydride were continuously added in small
      quantities. After completing the addition, stirring was continued for 3
      hours and 1 liter of anhydrous ether was then added to precipitate the
      sodium iodide which had formed. The resultant solution was stored at
      -15.degree.C overnight and then decanted into a 2-liter separatory funnel,
      washed three times with water (200 milliliters each time), dried over
      magnesium sulfate, filtered and concentrated on a rotary evaporator.
PAR  The resultant 2-S-methyl-1,3-dithiole was an orange-yellow oil and
      evidenced an inner spectrum in CdCl.sub.3 which consisted of three
      singlets at .tau. 7.85, 4.03 and 3.93. The ratio of the areas of low field
      lines to high field lines was approximately 1:1.
PAR  To the stirred, cooled (0.degree.) solution of 2-S-methyl-1,3-dithiole in
      100 milliliters of acetic anhydride in a 500 milliliter Erlenmeyer flask
      was added dropwise 33.3 grams (0.18 moles) of a 48% fluoboric acid
      solution in acetic anhydride. After completion of the addition,
      approximately 200 milliliters of anhydrous ether was added. The resultant
      white 1,3-dithiolium fluoborate salt was collected in a Buchner funnel and
      washed with anhydrous ether, The nmr of the salt consisted of a doublet at
      .tau. 0.33 (J) = 2 Hz and a triplet at .tau. 1.65 (J) = 2 Hz.
PAR  The 1,3-dithiolium fluoborate (28 grams obtained previously) was dissolved
      in 100 milliliters of acetonitrite in a 500 milliliter Erlenmeyer flask.
      The solution was magnetically stirred, at 0.degree.C and triethylamine was
      added (approximately 50 ml) until the formation of yellow crystals was
      observed. An additional 10 milliliters of triethylamine was added and
      stirring continued for 10 minutes. Water was next added to precipitate the
      product. The resultant yellow-orange crystals of
      1,4,5,8-tetrahydro-1,4,5,8-tetrathiafulvalene were collected, washed with
      water and air dried. The yield of crude product was 15.0 grams (100% yield
      based on the fluoroborate). Recrystallization from cyclohexane/hexane (500
      mil/300 ml) resulted in yellow-orange needles with a melting point from
      119.1.degree.-119.3.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method for the preparation of a fulvalene which comprises the steps of
PA1  a. reducing an organic halide of the general formula
      ##SPC6##
PA1   with a reducing agent selected from the alkali and alkaline earth metal
      borohydrides at a temperature less than 15.degree.C. wherein X is selected
      from the group consisting of sulfur, selenium and tellurium, Y is selected
      from the group consisting of sulfur and selenium, n is an integer from 0-4
      and Z if a halogen atom, so resulting in the formation of the
      corresponding partially hydrogenated compound
      ##SPC7##
PA1  b. reacting the partially hydrogenated derivative with fluorboric acid to
      yield the corresponding fluoborate derivative, and
PA1  c. deprotonating the fluoborate derivative with an alkyl tertiary amine to
      yield the fulvalene.
NUM  2.
PAR  2. Method in accordance with claim 1 wherein the alkyl tertiary amine is of
      the general formula [CH.sub.3 (CH.sub.2).sub.n ].sub.3 N wherein n is an
      integer from 0-4.
NUM  3.
PAR  3. Method in accordance with claim 1 wherein the fulvalene is
      1,4,5,8-tetrahydro-1,4,5,8-tetrathiafulvalene.
NUM  4.
PAR  4. Method in accordance with claim 3 wherein the fulvalene is prepared by
      reducing 2-thiomethyl-1,3-ditholium iodide with sodium borohydride to
      yield 2-S-methyl-1,3-dithiole, reacting the dithiole with fluoboric acid
      to yield 1,3-dithiolium fluoborate, and deprotonating the fluoborate with
      triethylamine to yield the fulvalene.
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PAL  A process for the sulfonation of aromatic compounds wherein an aromatic
      substance consisting of one or more aromatic compounds susceptible to the
      action of sulfur trioxide is formed into a reactant by admixture with one
      or more organic liquids, substantially inert to sulfur trioxide under the
      conditions of the process, which reactant is brought to boiling at a
      temperature not greater than 100.degree. C under a pressure of from 0.1 mm
      Hg to atmospheric pressure, gaseous sulfur trioxide is introduced
      thereinto thereby causing it to continue to boil, the component or
      components of the reactant thus volatilized is or are reconverted to
      liquid in a heat-exchanger and recycled to the reaction chamber, and the
      pressure in the reaction chamber and the rate at which the gaseous sulfur
      trioxide is introduced into the reactant are controlled so as to ensure
      that there is always present in the reaction chamber an amount of
      volatilizable matter exceeding that amount volatilizable by the heat of
      reaction of the aromatic substance present in the reaction chamber with
      the gaseous sulfur trioxide in contact with said aromatic substance and
      that the temperature of the reaction mixture is a temperature of
      100.degree. C or below.
BSUM
PAR  This invention concerns improvements in or relating to the sulfonation of
      aromatic compounds in the presence of solvents.
PAC  BACKGROUND OF THE INVENTION
PAR  As explained more fully in copending Application Ser. No. 411,054 entitled
      "Improvements in or relating to the sulfonation of aromatic compounds" of
      even date herewith, whose disclosure is incorporated herein by
      cross-reference, aromatic sulfonic acids, either as such or in the form of
      their salts with organic or inorganic bases, are widely used. Such
      aromatic sulfonic acids are usually prepared by reacting the corresponding
      unsulfonated aromatic compound with a sulfonating agent. In the past
      concentrated sulfuric acid has been the principle sulfonating agent
      employed, but oleum (which is a solution of sulfur trioxide in
      concentrated sulfuric acid) has also been used and in certain instances so
      too has sulfur trioxide itself.
PAR  However, the use of sulfuric acid always results in the production of
      water, which progressively dilutes the sulfuric acid employed, until its
      concentration becomes too low for it to effect sulfonation. Thus it will
      generally be necessary to employ a large excess of sulfuric acid over that
      theoretically needed, in order to effect a high conversion of the aromatic
      compound present into the corresponding sulfonic acid; but in that case,
      the end product is a mixture comprising the desired aromatic sulfonic
      acid, any unreacted aromatic compound, by-products of the reaction and
      excess sulfuric acid. The separation of these can be achieved only at some
      cost; and the substantial quantities of inorganic by-products (mainly
      sulfuric acid) can be disposed of only with difficulty, particularly now
      as effluent requirements become more stringent.
PAR  The use of oleum somewhat reduces these problems, since it is possible to
      use less oleum than sulfuric acid, but it will still normally be necessary
      to use an excess over that theoretically needed to react with the aromatic
      compound, and thus the problems of separating the desired sulfonic acid
      from the excess sulfuric acid and disposing of the latter still remain.
PAR  These problems can be more or less eliminated by using sulfur trioxide as
      the sulfonating agent. It reacts instantaneously with aromatic compounds,
      and it is not necessary to employ a substantial excess in order to achieve
      complete sulfonation. However, sulfur trioxide is very highly reactive,
      and its reactions with aromatic compounds are extremely exothermic and
      difficult to control; undesirable side reactions, particularly sulfone
      formation, often occur to a troublesome extent.
PAR  In attempts to overcome these drawbacks, and to moderate and control its
      reactions with aromatic compounds, the sulfur trioxide has been diluted
      with inert diluents before use. Two such procedures have been evolved; but
      one of them is only practicable for the sulfonation of hydrocarbons of
      high molecular weight (and thus very low vapor pressure at the reaction
      temperature) while the other is expensive to implement.
PAR  The first of these two known procedures using diluted sulfur trioxide
      involves diluting it with thoroughly dried air, to a concentration which
      is generally between 1 - 7% v/v; but this is unsuitable for sulfonating
      the more volatile aromatic compounds, since the amounts of such compounds
      entrained in the effluent air are so great as to be unacceptable, both
      from the point of view of cost and also because of the resultant toxicity
      hazards and fire and explosion risks, when the effluent air is discharged
      into the atmosphere -- such effluent air cannot be recycled, due to its
      contamination with small droplets of organic matter and sulfuric acid.
      Moreover, the volume of air used is large, and the drying of large volumes
      of air is expensive.
PAR  The other of these two known procedures using diluted sulfur trioxide
      involves diluting it with a solvent inert to all the reactants, and in
      which the sulfur trioxide dissolves. This process is not restricted to the
      sulfonation of the less volatile aromatic compounds; but it is inevitably
      expensive, since the solvent must be recovered after the reaction is
      completed, and some losses are inevitable. Moreover in practice very few
      solvents are satisfactory, since a suitable solvent must be completely
      inert vis-a-vis the reactants, and not only must dissolve sulfur trioxide
      but also should preferably dissolve both the aromatic compound to be
      sulfonated and the aromatic sulfonic acid obtained from it. Liquid sulfur
      dioxide meets all these requirements and has been the solvent generally
      used commercially hitherto; but its use inevitably requires expensive
      pressure equipment, and refrigeration plant is necessary for its recovery.
      It will be apparent therefore, that the use of this process will normally
      only be commercially justified for the manufacture of sulfonates which
      sell at comparatively high prices.
PAR  A further process involving the direct reaction of sulfur trioxide with the
      aromatic compound has also been developed, and involves maintaining a
      reduced pressure or near-vacuum conditions in the reaction zone, thereby
      increasing the inter-molecular spacing of the sulfur trioxide and hence
      decreasing the rate of reaction. The sulfonation by this method has been
      described of alkyl benzenes having from 11 to 15 carbon atoms in the alkyl
      group, which compounds have a comparatively low vapor pressure at the
      sulfonation temperature. This procedure is however inapplicable to the
      sulfonation of aromatic compounds having a high vapor pressure at the
      sulfonation temperature, since when using such compounds the quantity of
      vapor sucked away to the vacuum pump (provided to reduce the pressure)
      would be unacceptably high. Moreover, this process requires continuous
      cycling of the reaction mixture through a heat-exchanger to keep its
      temperature from rising to a point where side-reactions would become
      unacceptable.
PAR  In the aforesaid co-pending application Ser. No. 411,054 of even date
      herewith, there is disclosed a process where sulfur trioxide is passed
      into the aromatic substance in the liquid state at its boiling point,
      normally under reduced pressure. The highly exothermic reaction between
      sulfur trioxide and the aromatic substance is controlled in the process,
      as the boiling of the aromatic substance effects thorough mixing, thereby
      minimizing the dangers of local overheating, and the heat of reaction is
      removed from the reaction chamber as the latent heat of volatilization of
      the aromatic substance. However, the process described in the aforesaid
      co-pending application Ser. No. 411,054 is only suitable for the
      sulfonation of aromatic substances which boil under a pressure of 0.1 mm
      Hg at 100.degree.C or below. The sulfonation must be carried out at a
      temperature of 100.degree.C or below, since above this temperature
      side-reactions and darkening of the product take place to a significant
      extent, and thus this process can be applied only to aromatic substances
      which can be made to boil at 100.degree.C or below.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that aromatic compounds, including those having high
      vapor pressures, can be sulfonated by processes in accordance with the
      present invention in a manner which is readily controllable and
      comparatively easy to operate on a commercial scale to yield a reaction
      product from which it is readily possible to isolate sulfonic acids or
      sulfonates of relatively high purity, yet without any significant problem
      of disposal of excess sulfuric acid.
PAR  In the process of the present invention a solvent is used, and it is the
      solvent which boils to remove the heat of the reaction, so that it becomes
      possible to sulfonate any aromatic substance provided this is susceptible
      to the direct action of sulfur trioxide, so as in this way to yield a
      product having a sulfonated aromatic nucleus, and provided of course that
      the aromatic compound is otherwise substantially inert to the action of
      sulfur trioxide under the conditions of the process. Thus, the process of
      the present invention is applicable not only to substances which boil
      under a pressure of 0.1 mm Hg at 100.degree.C or below but also to
      aromatic substances that cannot be conveniently made to boil at
      100.degree.C, and thus the process can be used to sulfonate materials such
      as dodecyl benzene, the sulfonate of which is important in the detergent
      industry.
PAR  Accordingly this invention provides a process for the sulfonation of
      aromatic substances selected from the group consisting of aromatic
      compounds and mixtures thereof, said aromatic compounds being compounds
      susceptible to the direct action of sulfur trioxide to yield a product
      having a sulfonated aromatic nucleus, but otherwise substantially inert
      under the reaction conditions to sulfur trioxide, wherein:
PAR  1. said aromatic substance is admixed with an organic material
      substantially inert to the action of sulfur trioxide under the reaction
      conditions to be employed, so as to form a reactant which at a temperature
      of 100.degree.C or below forms a liquid selected from the group consisting
      of liquid solutions and liquid suspensions and mixtures thereof and which
      boils at a temperature selected from the group consisting of 100.degree.C
      and temperatures below 100.degree.C under a pressure of 0.1 mm Hg
PAR  2. said reactant is brought to boiling in a reaction chamber at a
      temperature selected from the group consisting of 100.degree.C and
      temperatures below 100.degree.C under a pressure of from 0.1 mm Hg to
      atmospheric pressure (normally about 760 mm Hg);
PAR  3. gaseous sulfur trioxide is introduced into the boiling liquid mixture
      within the reaction chamber to react exothermically with the aromatic
      substance, heat liberated in the exothermic sulfonation reaction causing
      the mixture to continue to boil and furnishing the latent heat of
      volatilization of the matter that volatilizes
PAR  4. the matter thus volatilized is reconverted to liquid in a
      heat-exchanger, so that the latent heat of volatilization is given up in
      the heat-exchanger and heat liberated in the sulfonation reaction is thus
      removed from the reaction chamber;
PAR  5. the volatilized matter reconverted to liquid in the heat-exchanger is
      recycled to the reaction chamber; and
PAR  6. the pressure in the reaction chamber and the rate at which the gaseous
      sulfur trioxide is introduced into the mixture within the reaction chamber
      are so controlled that matter is volatilized, reconverted to the liquid
      state and recycled to the reaction chamber at a rate as to ensure that
      there is always present in the mixture within the reaction chamber an
      amount of volatilizable matter exceeding that amount capable of being
      volatilized by the heat of reaction of the aromatic substance present with
      the gaseous sulfur trioxide in contact with said aromatic substance in the
      reaction chamber and that the temperature of the mixture does not exceed a
      temperature selected from the group consisting of 100.degree.C and
      temperatures below 100.degree.C.
PAR  The processes of the present invention are applicable to the sulfonation of
      any aromatic substance (which term includes both single aromatic compounds
      and mixtures of two or more such compounds, and includes compounds and
      mixtures of compounds selected from the group consisting of compounds
      having a fully conjugated ring system and heterocyclic compounds which,
      although not possessing a fully conjugated ring system, nevertheless have
      a substantial degree of aromatic character) provided naturally that the
      aromatic substance is susceptible to the direct action of sulfur trioxide
      to yield a product having a sulfonated aromatic nucleus, and is otherwise
      substantially inert to the action of sulfur trioxide under the conditions
      of the process.
PAR  It is believed to be well within the competence of any chemist to determine
      whether any particular compound meets these requirements. Aromatic
      substances which would themselves boil at temperatures of 100.degree.C or
      less under a reduced pressure of 0.1 mm Hg can of course be sulfonated by
      the process of this invention. Such relatively low-boiling aromatic
      compounds and substances can however equally and perhaps more conveniently
      be sulfonated by the process of copending Application Ser. No. 411,054 of
      even date herewith, which however cannot be used to sulfonate high-boiling
      aromatic compounds which cannot be made to boil, even under a pressure as
      low as 0.1 mm Hg, at a temperature of 100.degree.C or below. It is
      moreover obviously and advantage of the process of this invention that it
      can be used to sulfonate all aromatic substances susceptible to
      sulfonation in the aromatic nucleus by sulfur trioxide and otherwise
      substantially inert to sulfur trioxide under the conditions of the
      process.
PAR  An aromatic compound to be susceptible to sulfonation by the process of
      this invention must include the group
      ##EQU1##
      in the aromatic nucleus, and the aromatic substances most frequently
      sulfonated by the process of this invention will be selected from the
      group consisting of aromatic compounds and mixtures thereof, said aromatic
      compounds being represented by the formula:
      ##SPC1##
PAL  wherein A represents the remainder of an aromatic ring system selected from
      the group consisting of aromatic hydrocarbons, thiophene and substituted
      derivatives of aromatic hydrocarbons and thiophene wherein all the
      substituent groups are substantially inert to the action of sulfur
      trioxide at a temperature at which sulfonation of the aromatic nucleus can
      be effected by sulfur trioxide.
PAR  While a very large number of aromatic compounds may be sulfonated by the
      processes of the present invention, the most important classes of aromatic
      compounds for most industrial purposes are one-ring and two-ring
      hydrocarbon systems (e.g. benzene and naphthalene) and thiophene, as well
      as substituted derivatives of all these compounds.
PAR  Hence, the sulfonation process of the present invention is particularly
      applicable to aromatic substances selected from the group consisting of
      aromatic compounds and mixtures thereof, said aromatic compounds being
      represented by the formula:
      ##SPC2##
PAL  wherein A' represents the remainder of an aromatic ring system selected
      from the group consisting of benzene, naphthalene, thiophene, and
      substituted derivatives of benzene, naphthalene and thiophene wherein all
      the substituent groups are selectively inert to the action of sulfur
      trioxide at a temperature at which sulfonation of the aromatic nucleus can
      be effected by sulfur trioxide.
PAR  Any aromatic substance may be sulfonated by the process of this invention
      provided that it conforms to the requirements that it is susceptible to
      the direct action of sulfur trioxide to yield a product having a
      sulfonated aromatic nucleus and is otherwise substantially inert to the
      action of sulfur trioxide under the conditions of the process. However,
      for general guidance, it may be said that aromatic substances particularly
      suitable for sulfonation by the process of the invention are those
      selected from the group consisting of aromatic compounds and mixtures
      thereof, said aromatic compounds being compounds containing from 1 to 14
      ##EQU2##
      radicals where C is a carbon atom of an aromatic nucleus, selected from
      the group consisting of compounds containing from 6 to 24 carbon atoms and
      compounds containing from 6 to 24 carbon-equivalents where
PAR  1 carbon atom is taken as 1 carbon-equivalent
PAR  1 fluorine atom is taken as 1 carbon-equivalent
PAR  1 chlorine atom is taken as 2 carbon-equivalents
PAR  1 bromine atom is taken as 3 carbon-equivalents
PAR  1 iodine atom is taken as 6 carbon-equivalents
PAR  1 --O-- radical is taken as 1 carbon-equivalent
PAR  1 --S-- radical is taken as 2 carbon-equivalents
PAR  1 NO.sub.2 radical is taken as 6 carbon-equivalents and represented by a
      formula selected from the group consisting of formulae I, II, III, IV and
      V below:
      ##SPC3##
PAL  where the radicals R.sub.1 - R.sub.32 are selected from the group
      consisting of NO.sub.2, F, Cl, Br, I, alkyl containing 1 - 18 carbon
      atoms, phenyl, alkyl-phenyl where the alkyl group contains 1 - 12 carbon
      atoms, phenyl-alkyl where the alkyl group contains 1 - 12 carbon atoms,
      phenoxy, alkyl-phenoxy where the alkyl group contains 1 - 11 carbon atoms,
      phenoxy-alkyl where the alkyl group contains 1 - 11 carbon atoms,
      alkyl-phenyl-alkyl where the alkyl groups contain in all 1 - 12 carbon
      atoms and H,
PAR  and where X is selected from the group consisting of saturated aliphatic
      hydrocarbon radicals containing 4 - 18 carbon atoms and alkoxy substituted
      saturated aliphatic hydrocarbon radicals containing in all 4 - 17 carbon
      atoms, and 3 - 4 of the carbon atoms in X together with the two carbon
      atoms of the aromatic nucleus to which X is joined to form a ring selected
      from the group consisting of 5-membered rings and 6-membered rings.
PAR  Examples of compounds within Formula I above are:
PAR  benzene, toluene, ethyl-benzene, fluorobenzene, chlorobenzene,
      bromobenzene, iodobenzene, nitrobenzene, pentamethyl-benzene,
      octyl-benzene, cumene, pseudo-cumene, para-cymene, mesitylene, anisole,
      phenetole, dodecyl benzene, octadecyl-benzene and phenoxy-decane and all
      isomeric forms of
PAR  xylene, ethyl-toluene, monofluorotoluene, monochloro-toluene,
      monobromotoluene, monoiodotoluene, dichlorobenzene, trichlorobenzene,
      tetrachlorobenzene, tetrafluorobenzene, dibromobenzene, diethoxybenzene,
      nitrotoluene, monochloro-toluene, monobromotoluene, monobromoxylene,
      dibromoxylene, dibromotoluene, monoiodotoluene, monoiodoxylene,
      monochlorophenetole, mononitrocumene, mononitroanisole,
      monochloro-mononitro-benzene, dinitrotoluene, dinitroxylene,
      di-iodo-xylene and monoiodo-mononitro-xylene.
PAR  Examples of compounds within Formula II above are:
PAR  thiophene and all isomeric forms of
PAR  methylthiophene, dimethylthiophene, ethyl thiophene, octyl thiophene,
      monochlorothiophene, monobromothiophene, monoiodothiophene,
      monofluorothiophene, dichlorothiophene, trichlorothiophene,
      trifluorothiophene, mononitrothiophene, methoxy-thiophene,
      heptoxy-thiophene, dodecyl thiophene, octadecyl-thiophene,
      dinitrothiophene and monoiodo-mononitro-thiophene.
PAR  Examples of compounds within Formula III above are:
PAR  naphthalene and all isomeric forms of
PAR  methylnaphthalene, monofluoronaphthalene, monochloro-naphthalene,
      dimethylnaphthalene, ethyl naphthalene, monochloromethylnaphthalene,
      monochloroethylnaphthalene, methyl ethyl naphthalene,
      isopropylnaphthalene, diethyl-naphthalene, dinitronaphthalene,
      mononitro-monoiodo-naphthalene, dibutyl-naphthalene,
      di-isopropylnaphthalene, decyl naphthalene and tetradecylnaphthalene.
PAR  Examples of compounds within Formula IV above are:
PAR  tetrahydronaphthalene and indane and all isomeric forms of
PAR  methyltetrahydronaphthalene, ethyltetrahydronaphthalene,
      monofluorotetrahydronaphthalene and monochlorotetrahydro-naphthalene (the
      fluorine or chlorine atom in the two last-named compounds being attached
      to a carbon atom in the aromatic ring), methoxytetrahydronaphthalene,
      ethoxytetrahydronaphthalene, dimethoxytetrahydronaphthalene,
      mononitrotetrahydronaphthalene and dinitrotetrahydro-naphthalene (the
      nitro group in the last-named compounds being attached to the aromatic
      nucleus), dibutyltetra-hydronaphthalene, decyltetrahydronaphthalene,
      tetradecyl-tetrahydronaphthalene, methyl-indane, pentyl-indane,
      pentadecyl-indane and monochloro-indane and monobromo-indane (the chlorine
      or bromine atom in the two last-named compounds being attached to a carbon
      atom in the aromatic ring).
PAR  Examples of compounds within Formula V above are:
PAR  anthracene and all isomeric forms of
PAR  nitroanthracene, monochloro-anthracene, dichloro-anthracene,
      decyl-anthracene and diethyl-anthracene.
PAR  It is not necessary for the aromatic compound which is to be sulfonated by
      the process of the present invention to be pure. Not only can mixtures of
      different aromatic compounds be employed as the aromatic substance, in the
      manner already indicated, but it is also frequently convenient to use
      commercially available aromatic materials which are mixtures of different
      isomers. It will also frequently be convenient to use commercially
      available aromatic substances which contain impurities, although it is
      obvious that it is generally undesirable for the aromatic substance to
      contain substantial quantities of unsulfonatable impurities which are
      likely to impair the usefulness of the end product of the sulfonation
      procedure, or to contain impurities which will react with the sulfur
      trioxide to produce tar or other undesirable products.
PAR  In the first step of the process of this invention the aromatic substance
      to be sulfonated must be admixed with an organic material, substantially
      inert to the action of sulfur trioxide under the reaction conditions to be
      employed, so as to form a reactant which is liquid, and indeed is capable
      of boiling, at a temperature of 100.degree.C or below. This organic
      material will frequently be itself a liquid at ordinary ambient
      temperatures, and may often dissolve the aromatic substance to be
      sulfonated. Hennce in this specification and claims it is sometimes for
      convenience referred to as an organic solvent. However the organic
      material chosen does not necessarily need to be liquid at ambient
      temperatures, nor does it have to dissolve the aromatic substance.
PAR  Actually in fact, any organic substance may be used provided that after
      admixture with the aromatic substance to be sulfonated the resultant
      reactant boils under a pressure of 0.1 mm at 100.degree.C or below, and
      naturally also provided is substantially inert to the action of sulfur
      trioxide under the conditions of the process. Unlike the process of the
      prior art where sulfur trioxide is used with an inert liquid diluent, it
      is not necessary in the process of the present invention for the organic
      solvent to dissolve the sulfur trioxide. Normally it is preferable for the
      aromatic substance to be sulfonated to form a homogeneous mixture with the
      organic solvent at the reaction temperature, and thus preferable for the
      organic solvent to dissolve the aromatic substance or vice versa. In many
      instances, when sulfonating one of the aromatic substances herein
      disclosed as suitable, using one of the preferred solvents at a
      temperature in the preferred range of 20.degree. - 80.degree.C, a
      homogeneous liquid will be obtained at the reaction temperature. However,
      it is not essential for a homogeneous liquid to be obtained; and the
      process can be successfully operated where there are two or more phases in
      the reaction chamber, because in general the ebullition as the reaction
      mixture boils will agitate the mixture, thus mixing the phases. Thus
      references hereinafter to "solvent" should be interpreted to mean a
      substance which, at the reaction temperature, will dissolve or disperse in
      the aromatic substance to be sulfonated and/or in which the aromatic
      substance to be sulfonated will dissolve or disperse.
PAR  As already indicated the organic solvent used may be any organic substance
      which is substantially inert to the action of sulfur trioxide under the
      reaction conditions and boils under a pressure of 0.1 mm at 100.degree.C
      or below. Thus mixtures of two or more organic substances may be used,
      whether or not some of the components of this mixture boil undr a pressure
      of 0.1 mm Hg at a temperature above 100.degree.C, provided that the
      mixture boils under a pressure of 0.1 mm Hg at a temperature of
      100.degree.C or below -- and naturally also provided that all the
      components of the mixture are substantially inert to the action of sulfur
      trioxide under the reaction conditions. It is preferred that the solvent
      shall boil at the chosen sulfonation temperature without significant
      decomposition.
PAR  It is believed to be well within the skill of any competent chemist to
      determine which organic solvents meet these requirements. However for
      guidance it may be said the preferred organic solvents are organic
      substances selected from the group consisting of organic compounds and
      mixtures thereof said organic compounds being compounds selected from the
      group consisting of organic compounds containing 3 - 16 carbon atoms and
      organic compounds containing 3 - 16 carbon-equivalents, where:
PAR  1 carbon atom is taken as 1 carbon-equivalent
PAR  1 fluorine atom is taken as 1 carbon-equivalent
PA1  1 chlorine atom is taken as 2 carbon-equivalents
PAR  1 bromine atom is taken as 3 carbon-equivalents
PAR  1 iodine atom is taken as 6 carbon-equivalents
PAR  1 --O-- radical is taken as 1 carbon-equivalent
PAR  1 NO.sub.2 radical is taken as 6 carbon-equivalents
PAL  said compounds being also selected from the group consisting of saturated
      aliphatic hydrocarbons, saturated halogen-substituted aliphatic
      hydrocarbons containing 1 - 10 halogen atoms, saturated nitro-substituted
      aliphatic hydrocarbons containing 1 - 2 nitro radicals, saturated
      aliphatic chains containing 1 - 2 --O-- linkages in an otherwise
      hydrocarbon chain, saturated halogen-substituted aliphatic chains
      containing 1 - 2 --O-- linkages and 1 - 6 halogen atoms in an otherwise
      hydrocarbon chain, and hexa-substituted aromatic hydrocarbons wherein the
      substituent groups are selected from the group consisting of fluorine,
      methyl and ethyl.
PAR  In addition to the aromatic hydrocarbons referred to above, it is in fact
      possible under certain conditions to employ other aromatic hydrocarbons as
      the whole or a part of the solvent even if they contain one or more
      ##EQU3##
      groupings in the aromatic nucleus, provided naturally that they can be
      made to boil under a pressure of 0.1 mm Hg at a temperature of
      100.degree.C or below and that they either do not react with sulfur
      trioxide under the chosen conditions of the process or at least react
      therewith only very slowly because one or more of the substituent
      groupings present inhibit or retard the sulfonation reaction. Thus even
      aromatic substances which may themselves be sulfonated by the process of
      the invention but which sulfonate only slowly (e.g. para-xylene,
      nitro-benzene, all isomers of nitro-toluene and nitro-xylene) may be used
      as solvent in the process when sulfonating other more readily and more
      rapidly sulfonatable aromatic substances. Naturally in such circumstances
      a minor amount of the material used as solvent may itself be converted to
      the corresponding sulfonic acid, but this is usually acceptable. As an
      example para-xylene may conveniently be used as the solvent when
      sulfonating naphthalene by the process of this invention.
PAR  It is not necessary for the solvent to be pure. Mixtures of individually
      suitable solvents will often be employed, and it is also quite possible to
      use solvents or solvent mixtures containing impurities provided that such
      impurities are substantially inert to the action of sulfur trioxide under
      the reaction conditions and do not remain in the sulfonic acid or
      sulfonate produced by the process to such an extent as to impair its
      properties.
PAR  The sulfonation must be carried out at 100.degree.C or below, and it is
      preferred to carry out the sulfonation at temperatures in the range of
      from 20.degree.C to 80.degree.C, temperatures from 40.degree.C -
      60.degree.C being especially preferred. A number of suitable solvents boil
      at atmospheric pressure, and thus when using such solvents the process may
      be operated at atmospheric pressure, thus at or about 760 mm Hg. However,
      it is preferred to operate the process under reduced pressure, as the
      sulfur trioxide gas can then conveniently be sucked or aspirated into the
      reaction mixture. When operating at atmospheric pressure the sulfur
      trioxide must be forced in under pressure, which is less convenient. The
      process may be operated at a pressure as low as 0.1 mm Hg, but it is
      preferred to work under pressures ranging from 3 - 700 mm Hg, and
      pressures of 25 - 400 mm Hg are most convenient.
PAR  Thus the preferred solvents are those which boil at 20.degree. -
      80.degree.C under a pressure of 3 - 700 mm Hg, and especially those which
      boil at 40.degree. - 60.degree.C under a pressure of 25 - 400 mm Hg.
PAR  Examples of particularly preferred solvents are n-hexane, cyclohexane,
      n-haptane, n-octane and mixtures of two or more of these. Examples of
      other suitable solvents are n-butane, n-pentane, n-decane, n-hexadecane
      and all other isomers of butane, pentane, decane and hexadecane, as well
      as nitro methane, dinitro-butane (all isomers), tetrachloro-ethane
      (1,1,2,2), carbon tetrachloride, dichloro-difluoro-ethane (all isomers),
      penta-chloro-ethane, hexafluoro-hexane (all isomers), hexamethyl-benzene,
      ethyl-penta-methyl-benzene, monochloro-penta-methyl-benzene,
      monofluoro-penta-methyl-benzene, diethyl ether, dioxane, dibutyl ether
      (all isomers), dihexyl ether (all isomers), tetrahydrofurfuran,
      dichloro-diethyl-ether (all isomers), difluoro-diethyl-ether (all
      isomers), tetrafluoro-dibutyl ether (all isomers) and hexa-chloro-diethyl
      ether (all isomers).
PAR  Saturated aliphatic hydrocarbons and aromatic hydrocarbons inert to sulfur
      trioxide are preferred, as the other solvents referred to above tend to be
      less stable under the reaction conditions. For instance, the chlorinated
      solvents may break down in the process to some extent, in some cases
      producing phosgene which is toxic and undesirable.
PAR  The ratio of solvent to aromatic substance to be sulfonated may be varied
      considerably. As little as 1% by weight of the solvent calculated on the
      aromatic substance to be sulfonated may be used, or even less. If the
      aromatic substance to be sulfonated also boils at the reaction
      temperature, it may then be unnecessary to use a substantial percentage of
      the solvent; and even when the aromatic substance does not boil or
      vaporize to a significant extent at the reaction temperature, it is still
      possible to use only a small percentage of the solvent, even as little as
      1% by weight of solvent calculated on the aromatic substance to be
      sulfonated. However, it is essential to keep an amount of volatilizable
      matter in the reaction chamber which exceeds that amount capable of being
      volatilized by the heat of reaction of the aromatic substance present with
      the gaseous sulfur trioxide in contact with the aromatic substance in the
      reaction chamber. Clearly this will be difficult to achieve if the solvent
      is the only volatilizable material present, and only very little of the
      solvent is present; and in such circumstances it is necessary for the
      sulfur trioxide to be passed only very slowly into the reaction mixture,
      so that the rate of sulfonation will therefore be slow. On the other hand,
      it is not convenient to use a very large excess of solvent as this all has
      to be distilled off at the end of the reaction or removed from the
      reaction product in some other way. In general it is preferred to use from
      1% to 1000% of solvent by weight calculated on the aromatic substance to
      be sulfonated, and it is especially preferred to use from 20% to 200% by
      weight.
PAR  In the process of the aforesaid co-pending Application Ser. No. 411,054 it
      is necessary to have present an excess of the aromatic substance during
      the entire reaction, as this aromatic substance is required to boil so as
      to remove the heat of the reaction. In the present process however, it is
      not necessary for an excess of the aromatic substance to remain until the
      end of the reaction, and it is possible the amount of sulfur trioxide
      passed during the process to be sufficient or nearly sufficient to convert
      the whole of the aromatic substance present to the sulfonic acid.
      Conveniently sufficient sulfur trioxide may be employed to react with from
      90% to 100% of the aromatic substance present, and in such cases it is
      necessary to stop the flow of sulfur trioxide into the reaction mixture
      when the desired degree of conversion of the aromatic substance to the
      corresponding sulfonate has been achieved. If it is desired to convert all
      the aromatic substance present to sulfonate, it is of course possible to
      pass an excess of sulfur trioxide, but on a commercial scale this
      generally will not be convenient, as it means that sulfur trioxide will
      escape from the reaction chamber, and clearly it is undesirable that this
      should pass into the atmosphere. Therefore when it is desired to sulfonate
      all or substantially all of the aromatic substance present, it will
      generally be necessary carefully to measure the amount of sulfur trioxide
      passed. It is naturally possible to employ an excess of the aromatic
      substance and this may often be convenient especially when the aromatic
      substance is volatile and can conveniently be distilled, if necessary
      under reduced pressure. The excess employed when operating the process as
      a batch process will often conveniently be from 1% to 100% by weight above
      that theoretically needed to react with the sulfur trioxide used in the
      process. When using an excess of aromatic substance it is however
      unnecessary to use accurately weighed or measured proportions of the
      reactants, so long as an excess of the aromatic substance is present in
      the reaction chamber at all times while the sulfur trioxide is passed. The
      fact that it is not necessary accurately to control the proportions of the
      reactants is especially convenient when the reaction is conducted as a
      continuous process, since it eases the technical problems of measuring and
      controlling the sulfur trioxide stream. The use of an excess of the
      aromatic substance also minimizes undesirable sulfone formations. Even by
      this process however some sulfone may be produced, and a sulfone depressor
      (for example acetic acid or acetic anhydride) may be incorporated into the
      reaction mixture so as to reduce sulfone formation.
PAR  In the present process it is essential that some solvent and/or some
      volatile aromatic substance shall be present during the entire reaction.
      Inevitably therefore the finished product will comprise the desired
      aromatic sulfonic acid (together with any unreacted aromatic substance and
      certain impurities) and usually with a quantity of the solvent employed.
PAR  If no significant excess of the aromatic substance has been employed the
      end-product of the reaction will generally comprise the desired sulfonic
      acid and the solvent, together with a comparatively minor amount of
      unreacted aromatic substance and by-products of the reaction. The solvent
      may be conveniently removed by distillation, preferably under reduced
      pressure, leaving the aromatic sulfonic acid together with the unreacted
      aromatic substance and by-products of the reaction. In many cases the
      aromatic sulfonic acid will, when the solvent has been removed, be
      sufficiently pure for it to be used commercially without further
      purification.
PAR  If an excess of aromatic substance has been employed, then the end-product
      of the reaction will generally comprise the desired sulfonic acid
      (together with any by-products of the reaction), excess aromatic substance
      and the solvent. In many instances, the latter two materials are
      conveniently removed together from the reaction product, and simply
      recycles in the process adding additional aromatic substance to the
      mixture in order to replace that aromatic substance which has been
      converted to sulfonate. In a continuous process it will normally be
      convenient to use an excess of aromatic substance, and recycle the mixture
      of aromatic substance and solvent, adding additional aromatic substance as
      necessary in the manner described.
PAR  If the aromatic substance and the solvent are both readily volatile (if
      necessary under reduced pressure) they may be distilled off together from
      the sulfonic acid and reaction by-products. Anhydrous sulfonic acids of
      over 95% purity can be obtained in this way. Alternatively water or
      aqueous solutions of alkali may be added, with cooling, to the reaction
      product, and the mixture will frequently separate on standing into two
      phases. If the relative density of the mixture of the unreacted aromatic
      substance and solvent is less than the relative density of the aqueous
      solution of sulfonic acid or sulfonate which has been formed, then the top
      layer will contain the solvent and aromatic substance. The two layers can
      then be separated. The lower layer will contain the desired sulfonic acid
      or sulfonate salt, and this layer may be boiled -- preferably under
      reduced pressure -- to remove any remaining solvent and, if it is
      sufficiently volatile, any unreacted aromatic substance. This latter
      method removes from the sulfonic acid or sulfonate solution most of the
      sulfone, whose formation always to some extent accompanies the production
      of sulfonic acids by sulfonation with sulfur trioxide. The other layer
      containing the unreacted aromatic substance and solvent may then be
      recycled in the process of the invention after drying, and if necessary
      after purification, e.g. by distillation.
PAR  The sulfur trioxide employed in the process of the invention may be
      provided in any convenient way. While the use of sulfur trioxide diluted
      with air or another inert gas is not excluded, this could give rise to
      entrainment losses which will become more and more unacceptable as the
      degree of dilution increases. Hence no advantage is usually seen in
      diluting the sulfur trioxide, which therefore should normally be used
      undiluted, thus in the state of purity in which it is commercially
      available. Thus the sources of sulfur trioxide may conveniently be either
      commercially available stabilized sulfur trioxide or oleum. The sulfur
      trioxide thus generated may conveniently be merely aspirated into the
      aromatic substance.
PAR  It has been found that the absorption of sulfur trioxide in the process of
      the present invention is almost quantitative in the liquid phase. If
      however the aromatic substance volatilizes during the process, the liquid
      aromatic substance returning to the reaction chamber from the
      heat-exchanger will effect a further scrubbing of any gaseous sulfur
      trioxide which may have escaped from the reaction chamber.
PAR  Naturally, any solvent or aromatic compound recovered may be recycled in
      the process of the invention, if necessary after purification by
      distillation.
PAR  Where it is possible to do so, it is preferred to operate the process
      continuously, by feeding the aromatic substance and the substantially
      inert organic material continuously into the reaction chamber there to
      form a boiling liquid reactant, introducing the sulfur trioxide
      continuously into the boiling mixture within the reaction chamber,
      withdrawing reaction mixture continuously from the reaction chamber,
      separating both the unreacted aromatic substance and the inert organic
      material from the unreacted aromatic substance, and purifying the former
      and recycling them in the process.
PAR  The invention also extends to any aromatic sulfonic acid and the salts
      thereof whenever the sulfonic acid is prepared by the sulfonation process
      of this invention.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention will now be described, though only by way of illustration,
      with reference to the apparatus shown in the accompanying drawings.
      Details of preferred reagents, conditions and techniques employed in the
      process of the present invention are given in the Example which follows
      the description with reference to the drawings.
DRWD
PAC  General batch production.
PAR  An apparatus for carrying out a reaction batchwise in accordance with the
      present invention is illustrated in FIG. 1 of the accompanying drawings.
      In this apparatus, a three-necked flask is employed as the reaction
      vessel, and is fitted with a thermometer 2, a gas inlet tube 3 reaching to
      the bottom of the flask and a reflux condenser 4 which is connected to a
      vacuum pump by the line 5. A two-necked flask 6, fitted with a thermometer
      7 and a vapor oulet line 8, is provided as sulfur trioxide generator. The
      two flasks are connected through a tap unit 9 and two empty flasks 10 and
      11 which serve as safety traps.
PAR  The approximate amount of the dry aromatic substance to be sulfonated is
      placed in the reaction vessel 1 together with the appropriate quantity of
      the solvent, and the appropriate quantity of sulfur trioxide in liquid
      stabilized form is placed in the flask 6. The aromatic substance and
      solvent are then heated to the desired reaction temperature and, on
      reduction of the pressure, matter begins to reflux. The sulfur trioxide
      generator heated to a predetermined temperature is then connected via the
      tap 9 to the reactor 1 through the vapor line of the generator and the gas
      inlet line of the latter. Sulfur trioxide evaporates into the
      partially-evacuated system and passes into the boiling reaction mixture
      which remains vigorously agitated by ebullition throughout the reaction.
      Gentle warming of the trioxide generator is maintained throughout the
      reaction to aid evaporation. The reaction vessel itself need not be heated
      at all since the strongly exothermic reaction maintains the mixture at the
      boil whilst any excess heat of reaction is removed as latent heat of
      volatilization.
PAR  The reaction is completed when all the sulfur trioxide has evaporated and
      passed from the generator into the reaction mixture. At the same time
      reflux ceases as no further heat is evolved.
PAC  General continuous production.
PAR  A plant for carrying out a process of the present invention for the
      sulfonation of a volatile aromatic substance in a continuous manner using
      a volatile hydrocarbon solvent having a relative density of less than 1 is
      illustrated in FIG. 2 of the accompanying drawings.
PAR  In this plant a reactor 21 is provided with a reflux condenser 22 itself
      attached to a vacuum line 23. Sulfur trioxide is supplied via a line 24
      regulated by a tap 25 to an evaporator 26 and thence to a gas inlet nozzle
      27 at the base of the reactor 21. The aromatic substance to be sulfonated
      is mixed with the solvent, and the mixture is supplied from bulk storage
      via a line 28 to a feed tank 29 having a safety vent 30. From this tank
      the mixture of solvent and aromatic substance is fed to the reactor 21 by
      the line 31. Reaction mixture may be continuously withdrawn from the base
      of the reactor by the line 32 and mixed with water or aqueous alkali fed
      by the line 33 in an in-line mixer unit 34 from where it passes to a
      separator 35 with a recycle circuit. The solvent together with unreacted
      aromatic substance is taken from the separator 35 as the upper layer and
      fed via line 35 to a distillation vessel 37 attached to a vacuum line 38.
      After vacuum distillation the mixture of solvent and unreacted aromatic
      substance is passed via the line 39 into a further separator 40 from where
      water is removed by the line 41 and the mixture of unreacted aromatic
      substance and solvent is then returned via the line 42 to the feed tank
      29. As the process continues the percentage of solvent in the feed tank 29
      will increase and further aromatic substance unadmixed with solvent must
      be added to maintain the desired ratio of solvent to aromatic substance.
PAR  The aqueous sulfonic acid of sulfonate solution is fed from the separator
      35 to the top of an extraction column 43, into the middle of which is
      passed some of the mixture of solvent and aromatic substance taken by a
      line 44 from the supply line 31. The mixture of solvent and aromatic
      compound removed overhead from the extraction column is passed by line 45
      to the distillation vessel 37. The aqueous sulfonic acid or sulfonate is
      led from the base of the extraction column 43 to a stripper 46 from which
      the final traces of solvent and unreacted aromatic substance are removed
      and the pure final product is then removed from the plant by a line 47.
      The small quantities of water, solvent and unreacted aromatic substance
      removed in this final stripper 46 are condensed in vessel 48 and then
      recycled via line 49. Some water is also contained in the recycle line 42,
      and this accumulates at the bottom of the feed tank 29 from which it may
      be removed by the drain plug 50.
DETD
PAC  EXAMPLE 1
PAR  In the apparatus described in FIG. 1 nitrobenzene was sulfonated. Dry
      nitrobenzene (246 g, 2 gram-molecules) containing acetic acid (1 g) was
      diluted with cyclo-hexane (100 g) previously washed with concentrated
      sulfuric acid to remove any trace of unsaturated or oxidized material. The
      sulfonation was conducted at 40.degree.C under a pressure of 500 mm Hg by
      aspirating into the refluxing mixture sulfur trioxide (80 g, 1
      gram-molecule) in vapor form. After completion of the reaction
      m-nitrobenzene sulfonic acid was isolated as a deep yellow 50% aqueous
      solution by the addition of water (200 g). The aqueous solution was
      briefly boiled to remove and recover by steam distillation excess
      nitrobenzene and cyclohexane solvent. The recovered excess nitrobenzene
      and solvent are suitable for re-use after drying.
PAR  Each of the following compounds may be reacted with sulfur trioxide (using
      the reactants in the proportion of 2 gram-molecules of the compound to 1
      gram-molecule of the sulfur trioxide) by the procedure given above by
      substituting the solvent named in each case for the cyclohexane used in
      the Example, making in each case appropriate adjustment of the pressure to
      ensure that the mixture of solvent and aromatic substance boils at a
      temperature of from 20.degree. to 80.degree.C. (The amount of solvent used
      need not be the same as in the Example above, but may vary from 30% to
      200% by weight, calculated on the amount of aromatic substance used).
TBL  ______________________________________                                    
     Aromatic substance                                                        
                     solvent                                                   
     ______________________________________                                    
     Benzene         n-pentane                                                 
     Thiophene       n-pentane                                                 
     Bromobenzene    cyclohexane                                               
     Toluene         n-heptane                                                 
     ortho-Xylene    n-hexane                                                  
     Meta-Xylene     1,1,2,2-tetrachloroethane                                 
     Anisole         diethyl ether                                             
     ______________________________________                                    
PAL  The following substances may be sulfonated by a similar procedure, using in
      each case the standard solvent but using 0.9 to 1.0 gram-molecules of
      sulfur trioxide to 1 gram-molecule of the aromatic substance, and in each
      case making appropriate adjustment of the pressure to ensure that the
      mixture of solvent and aromatic substance boils at a temperature of from
      20.degree. to 100.degree.C.
TBL  ______________________________________                                    
     Aromatic substance                                                        
                       Solvent                                                 
     ______________________________________                                    
     Naphthalene       dioxane                                                 
     Nitro-naphthalene iso-heptane                                             
     Anthracene        methyl cyclohexane                                      
     Tetrahydro-naphthalene                                                    
                       nitromethane                                            
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the sulfonation of aromatic compounds selected from the
      group consisting of benzene, thiophene, bromobenzene, toluene,
      ortho-xylene, meta-xylene, anisole, naphthalene, nitro-naphthalene,
      anthracene and tetrahydro-naphthalene, wherein:
PA1  1. said aromatic compound is admixed with an organic solvent substantially
      inert to the action of sulfur trioxide under the sulfonation conditions to
      form a liquid mixture, and said organic solvent is admixed in a quantity
      of from 20% to 200% by weight based on the weight of aromatic compound,
      and said organic solvent is selected from the group consisting of
      n-pentane, n-hexane, n-heptane, iso-heptane, cyclohexane,
      methylcyclohexane, diethyl ether, dioxane, nitromethane and
      1,1,2,2-tetrachloroethane;
PA1  2. The liquid mixture is brought to boiling in a reaction chamber at a
      temperature of from 20.degree.C to 100.degree.C at a pressure of 0.1 mm Hg
      to atmospheric pressure;
PA1  3. gaseous sulfur trioxide is introduced into the boiling liquid mixture
      within the reaction chamber to react exothermically with the aromatic
      compopund, said aromatic compound being employed in an excess quantity to
      maintain the constant presence of some unreacted aromatic compound in the
      reaction chamber during the sulfonation reaction, heat liberated in the
      exothermic sulfonation reaction causing the mixture to continue to boil
      and furnishing the latent heat of volatilization of the matter that
      volatilizes;
PAR  4.  the matter thus volatilized is reconverted to liquid in a
      heat-exchanger, so that the latent heat of volatilization is exchanged in
      the heat-exchanger and heat liberated in the sulfonation reaction is thus
      removed from the reaction chamber;
PA1  5. the volatilized matter reconverted to liquid in the heat-exchanger is
      recycled to the reaction chamber; and
PA1  6. the pressure in the reaction chamber and the rate at which the gaseous
      sulfur trioxide is introduced into the liquid mixture within the reaction
      chamber are so controlled that matter is volatilized, reconverted to the
      liquid state and recycled to the reaction chamber at such a rate as to
      ensure that there is always present in the mixture within the reaction
      chamber an amount of volatilizable matter exceeding that amount capable of
      being volatilized by the heat of reaction of the aromatic compound present
      with the gaseous sulfur trioxide in contact with said aromatic compound in
      the reaction chamber and that the temperature of the reaction mixture is
      from 20.degree.C to 100.degree.C.
NUM  2.
PAR  2. A process according to claim 1, in which the pressure in the reaction
      chamber when the sulfur trioxide is introduced into the liquid mixture
      within the reaction chamber is from 25 to 400 mm Hg.
NUM  3.
PAR  3. A process according to claim 1, in which the gaseous sulfur trioxide is
      introduced in substantially pure form into the liquid mixture within the
      reaction chamber.
NUM  4.
PAR  4. A process according to claim 1, wherein the process is operated
      continuously, the aromatic compound and substantially inert organic
      solvent being continuously fed into the reaction chamber to form a liquid
      mixture, the sulfur trioxide being continuously introduced into the liquid
      mixture while this is boiling therein, the resultant reaction mixture
      being continuously withdrawn from the reaction chamber, and both the
      substantially inert organic solvent and the unreacted aromatic compound
      being separated from the sulfonated aromatic compound and purified and
      recycled to the reaction chamber.
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ABST
PAL  A novel liquid phase oxidation process using silver silicate as the
      oxidizing agent which is particularly adapted for oxidation of a hydroxy
      attached to a carbon atom to a carbonyl group.
PARN
PAC  PRIOR APPLICATION
PAR  This application is a continuation of U.S. patent application Ser. No.
      265,522 filed June 23, 1972, now abandoned.
BSUM
PAC  STATE OF THE ART
PAR  The oxidation of certain hydroxy groups to carbonyl groups with the use of
      silver salts has been described in the literature. For example, Syper
      [Tetra. Let., Vol. 42 (1967), p. 4193] describes the use of silver oxide,
      Rapoport et al. [J.A.C.S., Vol. 77 (1955), p. 490] and King et al. [J.
      Org. Chem., Vol. 26, (1961), p. 3558] describe the use of silver
      carbonate, Fetizon et al. [C.R. Acad. Sc. Paris, Vol. 267, Series C 900
      and Dutch patent application No. 6,811,843] describe the use of silver
      carbonate disposed on celite, and Lee at al. [Tetra. Let., No. 5 (1967),
      p. 415] and Clarke [Can. J., Vol. 47 (1969), p. 1650] describe the use of
      silver .alpha.-picolinate.
PAR  A process for the vapor phase dehydrogenation of methanol in formol using a
      catalyst prepared by starting from silver silicate has been described but
      in fact, the said catalyst is obtained by hydrogenation of silver silicate
      at 250.degree.C and it, in reality, constitutes reduced silver disposed on
      silica. Moreover, the said reduction is effected in the vapor phase and
      not the liquid phase.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide a novel liquid phase oxidation
      process using silver silicate as the oxidizing agent.
PAR  It is a further object of the invention to provide an improved process to
      oxidize a hydroxy attached to a carbon atom to a carbonyl in high yields.
PAR  These and other objects and advantages of the invention will become obvious
      from the following detailed description.
PAC  THE INVENTION
PAR  The novel process of the invention comprises oxidizing in the liquid phase
      a hydroxy attached to a carbon atom to a carbonyl group using silver
      silicate as the oxidizing agent. The oxidation is preferably effected in a
      non-hydroxylated organic solvent such as ethyl acetate, benzene,
      cyclopentane, toluene, acetone, dichloroethane, etc.
PAR  To effect the oxidation, it is preferable to use 1.5 to 3.5 times the
      theoretical amount of silver silicate, that is a molecule/gram of silver
      silicate per mole of hydroxy compound.
PAR  The practical method of effecting the oxidation comprises contacting the
      hydroxy compound, the silver silicate and the organic solvent heating the
      resulting mixture to reflux, filtering the mixture to remove excess silver
      silicate, eliminating volatile fraction and then eventually purifing the
      residue by the usual known physical methods.
PAR  The reaction is advantageously effected in the presence of a dehydrating
      agent in the solvent used such as sillporite (dehydrated alkali metal
      aluminium silicates) or by removal of the water formed by azeotropic
      distillation.
PAR  Primary alcohols are oxidized to aldehydes and the reaction does not
      continue to the acid stage and secondary alcohols are oxidized to ketones.
      Tertiary alcohols are not attacked while diphenols are oxidized to the
      corresponding quinones. The yields of the process of the invention are
      high, on the order of 90% and in some cases, practically theoretical
      yields are obtained. The process has the advantage of giving very high
      yields as compared to known processes with other silver salts.
PAR  The process of the invention has the advantage over silver carbonate as
      being useful for the oxidation of a large variety of alcohols or diphenols
      while silver carbonate has been used only for the oxidation of codeine
      into codeinone and in being able to obtain very high yields.
PAR  With respect to the prior art process using silver carbonate on celite, the
      process of the invention has the advantage that it requires only a small
      amount of reagent (1.5 to 3.5 times theoretical) while the prior art
      process requires the use of more reagent, about 8 to 15 times that of
      theory and an equally large amount of celite. This permits the process of
      the invention to cost substantially less and to use a greatly reduced
      amount of solvent. Moreover, the silver carbonate had to be specially
      prepared while the silver silicate used in the process of the invention is
      a commercial product.
PAR  Moreover, in certain cases, the process of the invention is more effective
      than the process using silver carbonate on celite. For example, the
      process of the invention permits oxidation of
      3-O-methyloximino-.DELTA..sup.4,9 -estradiene-17-ol to
      3-O-methyloximino-.DELTA..sup.4,9 -estradiene-17-one while the process
      with silver carbonate on celite will not give the desired result.
PAR  With respect to the prior art process using silver picolinate, the process
      of the invention has the advantage of giving much higher yields, of not
      using a costly reagent, commercial availability and possesses the further
      advantage of containing for the same weight a quantity of active silver
      clearly much higher than that for silver picolinate.
PAR  With respect to the use of other silver salts, silver silicate has the
      advantage of not presenting ageing. In other words, the rate of oxidation
      with silver silicate is always constant and regular while with other
      reagents such as silver carbonate on celite, the rate of oxidation
      diminishes as a function of time and especially the time of increased
      latency with the age of the reagent.
PAR  The alcohols oxidized by the process of the invention may be primary and
      secondary alcohols of a diverse nature. They may be aliphatic,
      cycloaliphatic, aromatic or heterocyclic. Examples of suitable alcohols
      are aliphatic and arylaliphatic alcohols of 1 to 18 carbon atoms such as
      3,4-methylenedioxybenzyl alcohol; cycloalkanols of 5 to 8 ring carbons
      such as cyclohexanols etc.; heterocyclic alcohols such as 9
      -hydroxy-xanthene; aromatic alcohols such as hydroquinone,
      naphthalene-1,4-diol, 2-methyl-1,4-dihydroxynaphthalene, etc; steroid
      alcohols such as 3-methoxy-.DELTA..sup.1,3,5 -estratriene-17ol,
      3-hydroxy-cholestane, 3.alpha.-hydroxy-5-.beta.-androstane,
      3-hydroxy-5.alpha.-pregnane-20-one, etc.
PAR  In summary, the process of the invention has the advantage of oxidizing the
      hydroxy group without regard to other reactive functions in the compound;
      the yields are very high; the applicability of the process is great; the
      process is simple particularly in the method of recovering the product;
      the reagent used, silver silicate, is stable, commerically available and
      inexpensive to prepare; it uses a small excess of reagent; and it permits
      oxidation in a neutral media.
DETD
PAR  In the following examples there are described several preferred embodiments
      to illustrate the invention. However, it should be understood that the
      invention is not intended to be limited to the specific embodiments.
PAC  EXAMPLE I
PAC  Preparation of Silver Silicate
PAR  A solution of 75 g of sodium silicate pentahydrate in 1500 ml of water was
      introduced with stirring in the absence of air and light into a solution
      of 100 g of silver nitrate in 500 ml of distilled water and after stirring
      for 30 minutes, the mixture was allowed to stand for an hour. The
      precipitate formed was recovered by vacuum filtration and was washed with
      water and dried in the presence of a dehydrating agent to obtain 80 g of
      silver silicate (Ag.sub.2 SiO.sub.3). Analysis showed a silver content of
      72.6% (theoretical -73.93) and a SiO.sub.2 content of 20.3% (theoretical
      20.6).
PAR  A commerical silver silicate sold by Engelhard gave in the oxidation of
      hydroxyl groups the same results as the above prepared silver silicate.
PAC  EXAMPLE II
PAR  198.2 g of 9-hydroxy-xanthane, 30 ml of cyclopentane and 500 mg of silver
      silicate were introduced into a flask supplied with a refridgerant of
      which the base was filled with siliporite (dehydrated alkali metal
      aluminum silicates) and the mixture was refluxed for 40 minutes. The
      mixture was then filtered and the filtrate was concentrated to dryness by
      distillation under reduced pressure to obtain 196 mg of 9-oxoxanthene
      melting at 174.degree.C.
PAC  EXAMPLE III
PAR  272 Mg of 1-oxo-1,2-bis-p-methoxy-phenyl-2-hydroxyethane, 600 mg of silver
      silicate and 30 ml of benzene were added to a flask as described in
      Example II and the mixture was refluxed for 4 hours. The mixture was then
      filtered and the filtrate was concentrated to dryness by distillation
      under reduced pressure to obtain 254 mg of
      1,2-dioxo-1,2-bis-p-methoxyphenyl-ethane melting at 132.degree.C.
PAR  In an analogous manner, 1-oxo-1,2-bis-phenyl-2-hydroxyethane was oxidized
      to obtain an 84% yield of 1,2-dioxo-1,2-bis-phenyl-ethane.
PAC  EXAMPLE IV
PAR  152 Mg of 3,4-methylenedioxy-benzyl alcohol, 500 mg of silver silicate and
      30 ml of benzene were added to the flask described in Example II and the
      mixture was refluxed for 45 minutes and was then filtered to obtain 139 mg
      of 3,4-methylenedioxy-benzaldehyde melting at 36.8.degree.C.
PAC  EXAMPLE V
PAR  110 Mg of hydroquinone, 500 mg of silver silicate and 30 ml of benzene were
      added to the flask of Example II and the mixture was refluxed for 15
      minutes. The mixture was filtered and the filtrate was distilled to
      dryness under reduced pressure to obtain 95 mg of benzoquinone melting at
      114.degree.C.
PAR  Using the same procedure, napthalene- 1,4-diol and
      1,4-dihydroxy-2-methyl-naphthalene were oxidized to obtain a 93% yield of
      1,4-naphthoquinone and a 97% yield of 2-methyl-1,4-naphthoquinone,
      respectively.
PAC  EXAMPLE VI
PAR  286 Mg of 3-methoxy-.DELTA..sup.1,3,5 -estratriene-17 -ol, 600 mg of silver
      silicate and 30 ml of benzene were added to the flask of Example II and
      the mixture was refluxed 13/4 hours. Another 150 mg of silver silicate
      were added thereto and the mixture was refluxed for another 11/2 hours.
      The mixture was then filtered and the filtrate was distilled to dryness
      under reduced pressure to obtain 281 mg of 3-methoxy-.DELTA..sup.1,3,5
      -estratriene-17-one melting at 170.degree.C.
PAC  EXAMPLE VII
PAR  388.6 Mg of 3-hydroxy-cholestane, 500 mg of silver silicate and 30 ml of
      ethyl acetate were added to the flask of Example II and the reaction
      mixture was refluxed for 10 hours. Another 50 mg of silver silicate were
      added thereto and reflux was continued for 5 hours. The mixture was then
      filtered and the filtrate was concentrated to dryness. The residue was
      dissolved in ether and the ether was distilled off under reduced pressure
      to obtain 383 mg of cholestane-3-one melting at 115.degree.C, then
      128.degree.C.
PAR  Using the same process, 5.beta.-androstane-3.alpha.-ol and
      5.alpha.-pregnane-3-ol -20-one were oxidized to obtain a 98.8% yield of
      5.beta.-androstane-3-one and a 94.3% yield of 5.alpha.-pregnane-3,20
      -dione respectively.
PAR  Various modifications of the process of the invention may be made without
      departing from the spirit or scope thereof and it should be understood
      that the invention is to be limited only as defined in the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a liquid phase oxidation of compounds containing a hydroxy attached
      to a carbon atom into the corresponding carbonyl compound, the improvement
      which comprises using silver silicate having the empirical formula
      Ag.sub.2 SiO.sub.3 as the oxidizing agent.
NUM  2.
PAR  2. The process of claim 1 wherein the reaction is effected in a
      non-hydroxylated organic solvent.
NUM  3.
PAR  3. The process of claim 1 wherein the amount of silver silicate used is 1.5
      to 3.5 times the theoretical amount.
NUM  4.
PAR  4. The process of claim 2 wherein the reaction is effected at reflux
      temperatures.
NUM  5.
PAR  5. A liquid phase oxidation comprising refluxing a mixture of silver
      silicate having the formula Ag.sub.2 SiO.sub.3 and a compound containing a
      hydroxyl attached to a carbon atom in a nonhydroxylated organic solvent to
      oxidize the said hydroxyl group to a carbonyl group while removing the
      water of reaction formed and recovering the said carbonyl compound, the
      amount of silicate being 1.5 to 3.5 times the theoretical amount.
NUM  6.
PAR  6. The process of claim 1 wherein the hydroxy containing compound is an
      aromatic compound having two phenolic functions.
NUM  7.
PAR  7. The process of claim 1 wherein the compound containing a hydroxy
      attached to a carbon atom is 9-hydroxy-xanthene.
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PAL  Novel compounds are provided having the formula
      ##SPC1##
PAL  Wherein R is hydrogen or lower n-alkyl and the ether oxygen atoms are
      attached in the 1,3 or 1,4 positions to the R substituted benzene rings, R
      being in the 2 or 5 positions when the ether oxygen atoms are in the 1,3
      positions and R is lower n-alkyl.
PAL  These compounds are useful as explosives characterized by good thermal
      stability.
GOVT
PAC  GOVERNMENTAL INTEREST
PAR  The invention described herein may be manufactured, used and licensed by or
      for the Government for governmental purposes without the payment to me of
      any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Supersonic aircraft, new types of missiles and equipment for space
      exploration require explosives, which exhibit better heat resistance than
      that characteristic of the known conventional explosives, e.g. TNT and
      RDX. A number of such explosives of superior thermal stability have been
      developed, but their widespread use has been hampered by the lack of
      availability due to their high cost.
PAC  SUMMARY AND DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention there is provided a class of novel
      octanitro macrocyclic explosive compounds, which possess better thermal
      stability than conventional explosives and can be made at relatively low
      cost. The novel compounds have the formula:
      ##SPC2##
PAL  Wherein R is hydrogen or lower n-alkyl and the ether oxygen atoms are
      attached in the 1,3 or 1,4 positions to the R substituted benzene rings, R
      being in the 2 or 5 positions when the ether oxygen atoms are in the 1,3
      positions and R is lower n-alkyl. The term lower n-alkyl as used herein
      means an n-alkyl group of from 1 to 6 carbon atoms inclusive, i.e. methyl,
      ethyl, n-propyl, n-butyl, n-amyl and n-hexyl.
PAR  The novel compounds of the foregoing formula can be prepared by reacting
      with concentrated (e.g. 98-100%) nitric acid an intermediate nitro
      compound of the formula:
      ##SPC3##
PAL  Wherein R is hydrogen, lower n-alkyl or nitro and the ether oxygen atoms
      are attached in the 1,3 or 1,4 positions to the R substituted benzene
      rings, R being in the 2 or 5 positions when the ether oxygen atoms are in
      the 1,3 positions and R is lower n-alkyl or nitro. The nitration of the
      intermediate nitro compounds to produce the novel octanitro compounds is
      preferably accomplished by heating with a mixture of concentrated (e.g.
      98-100%) nitric acid and concentrated (e.g. 95-100%) sulfuric acid, using
      a large excess (e.g. 10-20 times) over the amount theoretically required
      for the nitration reaction. By this method it was not found possible to
      produce a compound of said ring system containing more than eight nitro
      groups, since only destructive oxidation was noted, i.e. not more than two
      nitro groups per benzene ring could be introduced into the aforesaid
      intermediate compound, including the compound already containing a nitro
      group (R = nitro). The octanitro compound thus obtained can be
      precipitated by diluting the nitration reaction mixture with water, and
      purified by recrystallization from a suitable solvent, such as
      N,N-dimethylformamide, 2-pentanone and nitrobenzene.
PAR  The aforesaid intermediate nitro compounds can be readily prepared by
      reacting 1,3-dichloro-4,6-dinitrobenzene with a resorcinol or hydroquinone
      compound of the formulas
      ##SPC4##
PAL  wherein R is hydrogen, lower n-alkyl or nitro, by methods known in the art.
      For example, the 1,3-dichloro-4,6-dinitrobenzene and the resorcinol or
      hydroquinone compound are heated together in approximately equimolecular
      proportions in the presence of an organic solvent, such as
      dimethylformamide, dimethylsulfoxide, and methyl-2-pyrrolidinone, and an
      acid binding agent, e.g. sodium carbonate and sodium bicarbonate.
      Advantageously, the reaction is carried out at an elevated temperature up
      to 150.degree.C. or higher. The intermediate nitro compound thus produced
      can be separated by precipitation and filtration from the reaction mixture
      after cooling or dilution with water, washed with water to remove
      inorganic salts and purified by conventional methods, e.g.
      recrystallization from a solvent, such as nitrobenzene or extraction with
      a solvent in which it is insoluble but impurities are soluble, e.g.
      1-propanol.
PAR  In place of 1,3-dichloro-4,6-dinitrobenzene, the 1,3-dibromo-,
      1,3-difluoro- and 1,3-diiodo-4,6-dinitrobenzenes can be employed.
PAR  The intermediate nitro compounds thus obtained from resorcinol and
      hydroquinone have the following formulas:
      ##SPC5##
PAR  The Chemical Abstracts nomenclature for these compounds is as follows:
PA1  I 4,6,16,18-tetranitro-2,8,14,20-tetraoxapentacyclo[19.3.1.1.sup.3,7
      1.sup.9,13.1.sup.15,19 ]octacosa-1(25),
      3,5,7(28),9,11,13(27),15,17,19(26),21,23-dodecaene
PA1  Ii
      4,6,15,17-tetranitro-2,8,13,19-tetraoxapentacyclo[18.2.2.2.sup.9,12.1.sup.
     3,7.1.sup.14,18
      ]-octacosa-3,5,7(28),9,11,14,16,18(25),20,22,23,26-dodecaene.
PAL  In view of the complexity of nomenclature, these compounds will be
      designated simply by the Roman numerals I and II, and derivatives thereof
      will be named by the substituents on the numbered ring systems of I and II
     .
DETD
PAR  The following examples provide further specific illustrations of the novel
      explosive compounds of the present invention.
PAC  EXAMPLE 1.
PAC  Part A
PAR  A mixture of 9.6g (0.04 mole) of 1,3-dichloro-4,6-dinitrobenzene, 4.4g
      (0.04 mole) or resorcinol, 6.8g (0.08 mole) of sodium bicarbonate and 150
      ml. of N,N-dimethylformamide (DMF) was heated to 140.degree.-145.degree.C.
      and agitated at that temperature for 2 hours. The reaction mixture was
      then mixed with about 10 volumes of water, and the mixture was boiled for
      1 hour and filtered. The filter cake was dried and extracted with hot
      acetonitrile to remove impurities, yielding 7.6g (69% of theory) of I,
      dec. 373.degree.C. By recrystallizing from nitrobenzene or DMF, a product
      dec. 375.degree.C. was obtained.
PAR  The structure of I was proven by elemental analysis for C, H and N,
      molecular weight determination using mass spectrometry, and proton nuclear
      magnetic resonance (NMR) -- see Table I below:
PAC  Part B
PAR  Conversion of I to the octanitro compound.
PAR  A mixture of 5.5g (0.01 mole) of compound I, 11.5g of 98% nitric acid and
      92g of 96% sulfuric acid was heated to 90.degree.C. for 2 hours. The
      reaction mixture was cooled and poured into 500 ml. cold water, and the
      precipitate thus obtained was isolated by filtration, washed with water
      and dried. The yield of octanitro compound thus obtained was 7.0 grams,
      corresponding to 96% of theory. It flashed at 368.degree.C. The structure
      of the octanitro compound (after recrystallization from 2-pentanone) was
      established by elemental analysis, molecular weight determination by mass
      spectrometry and NMR spectra as the 10,12,22,24-tetranitro derivative of I
      -- see Table 1.
PAR  Note: In the foregoing and other examples, the decomposition temperatures
      are uncorrected and were made in capillary tubes in a Mel-Temp apparatus
      using a 500.degree.C. thermometer. NMR spectra were determined in the
      stated solvent on a Varian T-60 spectrometer using tetramethylsilane as
      internal reference.
PAC  PERFORMANCE TESTS
PAR  The octanitro compound obtained in Example 1, Part B was tested by the "260
      Vacuum Thermal Stability Test For Explosives" (reference: H. T. Simmons
      Naval Ordnance Laboratory Technical Report 70-142). It showed an evolution
      of 2.1 ml. gas/gm./hr., thereby qualifying the compound as "thermally
      stable".
PAR  The compound was also tested for sensitivity to explosion on impact by the
      Picatinny Arsenal Method, described briefly in AMC Pamphlet 706-177,
      "Engineering Design Handbook-Explosive Series-Properties of Explosives of
      Military Interest", January, 1971, pages 1-2 and more fully in references
      cited therein. The impact test value (the minimum height at which at least
      one of 10 trials results in explosion) was 3 inches, compared to the
      following impact test values for known explosives: TNT-14 inches; RDX and
      HMX-8 to 9 inches; PETN-5 to 6 inches; tetryl-5 to 6 inches.
PAC  EXAMPLE 2
PAC  Part A
PAR  The procedure described in Example 1, Part A was repeated using an
      equivalent amount of 5-methylresorcinol in place of resorcinol, except
      that the compound was isolated by pouring the reaction mixture into 10
      volumes of hot water followed by refluxing for 1 hour to coagulate the
      product, which is otherwise difficult to filter. The compound melted at
      320.degree.C. and was obtained 90% of theory yield. The structure of the
      compound was established as the 11,23-dimethyl derivative of I by
      elemental analysis and NMR (Table 1).
PAC  Part B
PAR  The compound obtained in Part A was converted to an octanitro compound
      according to the procedure described under Example 1, Part B. The yield
      was 97% of theory. After recrystallization from aqueous DMF the compound
      flashed at 360.degree.C. Based on elemental analysis, and NMR analysis,
      the compound is believed to be the 11,23-dimethyl-10,12,22,24-tetranitro
      derivative of I (see Table 1).
PAC  EXAMPLE 3
PAC  Part A
PAR  The procedure described in Example 1, Part A was repeated using an
      equivalent amount of 2-methylresorcinol. The compound was obtained in 62%
      of theory yield. Recrystallized from DMF, it decomposed at 400.degree.C.
      Elemental analysis showed the compound to be the 25,27-dimethyl derivative
      of I (see Table 1).
PAC  Part B
PAR  The compound obtained in Part A was converted to an octanitro compound by
      heating it for 4 hours at 135.degree.C. with a mixture of 15.2g of 98%
      nitric acid and 92g of 96% sulfuric acid. The yield was 64% of theory.
      After recrystallization from nitrobenzene it flashed at 348.degree.C.
      Molecular weight and elemental analyses agreed with the theoretical for
      the dimethyltetranitro derivative of I (see Table 1).
PAC  EXAMPLE 4
PAC  Part A
PAR  The procedure described in Example 1, Part A was repeated, using an
      equivalent amount of 2-nitroresorcinol, except that after completion of
      the reaction the mixture was allowed to stand overnight for separation of
      the product. The mixture was filtered and the filter cake was boiled with
      water to remove sodium chloride. The yield of product was 83% of theory.
      After recrystallization from nitrobenzene it flashed at 385.degree.C. The
      compound was shown to be the 25,27-dinitro derivative of I (Table 1).
PAC  Part B
PAR  The compound obtained in Part A was converted to an octanitro compound by
      nitration for 6 hours at 140.degree.-160.degree.C. following the procedure
      of Example 1. The yield of octanitro compound thus obtained was 70% of
      theory. After recrystallization from DMF the compound flashed at
      355.degree.C. Based on elemental analysis and mass spectrometric molecular
      weight, the product is believed to be a mixture of the 10,22(24),
      25,27-tetranitro derivatives of I, i.e. a mixture of isomers containing
      nitro groups in the 22- or 24-positions (see Table 1).
PAR  Table 1 shows the analytical and other data relating to the compounds
      produced in Examples 1-4.
PAR  In similar manner, by following the procedure described in Example 2, Part
      A and employing in place of 5-methylresorcinol an equivalent amount of
      2-ethylresorcinol, 2-n-propylresorcinol, 5-n-propylresorcinol,
      5-n-butylresorcinol, 5-n-amylresorcinol and 5-n-hexylresorcinol, the
      corresponding dialkyl derivatives of I, including isomeric mixtures, were
      obtained. These compounds were converted to the corresponding tetranitro
      derivatives of I according to the procedure described in Example I, Part
      B. The octanitro compounds thus obtained were explosives possessing good
      impact sensitivity and thermal stability.
PAC  EXAMPLE 5
PAC  Part A
PAR  The procedure described in Example 1, Part A was followed, using an
      equivalent amount of hydroquinone, except that after completion of the
      reaction the mixture was allowed to stand overnight for separation of the
      product. The mixture was filtered and the filter cake was boiled with
      water to remove sodium chloride. The yield of product was 44% of theory.
      After recrystallization from nitrobenzene the product decomposed at
      433.degree.C. The compound was identified as having the structure II by
      elemental analysis, NMR and mass spectrometric molecular weight.
PAC  Part B
PAR  The compound obtained in Part A was converted to an octanitro compound by
      nitration for 4 hours at 105.degree.C. following the procedure of Example
      1. The yield of octanitro compound was 35% of the theory. The crude
      product was purified by slurrying it with cold acetone to extract the
      tetranitro derivative of II from the insoluble II. The solution was
      diluted to turbidity with n-butanol and heated to boiling to precipitate
      the tetranitro derivative of II, which had a flash point of 348.degree.C.
      It was shown to be a mixture of octanitro compounds by elemental analysis,
      mass spectrometric molecular weight and NMR. The product was an explosive
      possessing good thermal stability. The analytical and other data for the
      compounds of Example 5 are shown in Table 2.
PAC  EXAMPLE 6
PAC  Part A
PAR  Using the procedure of Example 5, Part A but employing 2-methylhydroquinone
      in place of hydroquinone, there was obtained the dimethyl derivative of
      II, probably as a mixture of the 10,21- and 10,22-dimethyl isomers. The
      product was obtained in 45% theory yield and decomposed at 392.degree.C.
      Analysis: C, 54.2 (54.1 found); H,2.8 (2.9 found); N,9.7 (9.9 found).
PAC  Part B
PAR  The compound obtained in Part A was converted to a tetranitro derivative of
      II by the procedure described in Example 5, Part B.
PAR  In similar manner, by employing the procedure described in Example 5, Part
      A, but using in place of hydroquinone an equivalent amount of
      2-ethylhydroquinone, 2-n-propylhydroquinone, 2-n-butylhydroquinone and
      2-n-hexylhydroquinone, the corresponding dialkyl derivatives of II were
      obtained. These compounds were converted to the corresponding tetranitro
      derivatives of II according to the procedure described in Example 5, Part
      B. The octanitro compounds thus obtained were explosives possessing good
      thermal stability and impact sensitivity.
PAR  The foregoing disclosure is merely illustrative of the principles of this
      invention and is not to be interpreted in a limiting sense. I wish it to
      be understood that I do not desire to be limited to exact details of
      construction shown and described, because obvious modifications will occur
      to a person skilled in the art.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
          Substi-                                                              
          uents                                                                
          on Resor-                                                            
               Substituents                                                    
                         Mol. Wt.                                              
                               Molecular                                       
                                       Carbon                                  
                                            Hydrogen                           
                                                 Nitrogen                      
     Example                                                                   
          cinol                                                                
               on I      (Found)                                               
                               Formula (Found)                                 
                                            (Found)                            
                                                 (Found)                       
                                                       NMR Spectra             
     __________________________________________________________________________
     1 Part A                                                                  
          none none      548   C.sub.24 H.sub.12 N.sub.4 O.sub.12              
                                       52.6 2.2  10.2  (DMSO**-d.sub.6),9.00(1H
                                                       )                       
                         (548)         (52.6)                                  
                                            (2.4)                              
                                                 (9.9) 7.30(4H),6.73.sub.ppm   
                                                       (1H)                    
     1 Part B  10,12,22,24-                                                    
                         728   C.sub.24 H.sub.8 N.sub.8 O.sub.20               
                                       39.5 1.1  15.4  (Acetone-d.sub.6),9.00(1
                                                       H)                      
               tetranitro                                                      
                         (728)         (39.2)                                  
                                            (1.4)                              
                                                 (14.9)                        
                                                       7.97(1H)                
     2 Part A                                                                  
          5-methyl                                                             
               11,23-dimethyl  C.sub.26 H.sub.16 N.sub.4 O.sub.12              
                                       54.1 2.8  9.7   (DMSO-d.sub.6),8.93(1H),
                                                       7.07                    
                                       (54.0)                                  
                                            (2.9)                              
                                                 (9.4) (3H),6.82(1H),2.37(3H)  
     2 Part B  11,23-dimethyl- C.sub.26 H.sub.12 N.sub.8 O.sub.20              
                                       41.4 1.6  14.8                          
               10,12,22,24-            (41.7)                                  
                                            (1.7)                              
                                                 (14.7)                        
                                                       Not determined          
               tetranitro*                                                     
     3 Part A                                                                  
          2-methyl                                                             
               25,27-dimethyl  C.sub.26 H.sub.16 N.sub.4 O.sub.12              
                                       54.1 2.8  9.7                           
                                       (54.3)                                  
                                            (3.1)                              
                                                 (9.9) Not determined          
     3 Part B  25,27-dimethyl-                                                 
                         756   C.sub.26 H.sub.12 N.sub.8 O.sub.20              
                                       41.4 1.6  14.8                          
               10,12,22,24-                                                    
                         (756)         (41.3)                                  
                                            (1.7)                              
                                                 (13.8)                        
                                                       Not determined          
               tetranitro*                                                     
     4 Part A                                                                  
          2-nitro                                                              
               25,27-dinitro                                                   
                         638   C.sub.24 H.sub.10 N.sub.6 O.sub.16              
                                       45.2 1.6  13.2                          
                         (638)         (45.5)                                  
                                            (1.7)                              
                                                 (13.1)                        
                                                       Not determined          
     4 Part B  10,22(24),25,27-                                                
                         728   C.sub.24 H.sub.8 N.sub.8 H.sub.20               
                                       39.5 1.1  15.4                          
               tetranitro*                                                     
                         (728)         (39.7)                                  
                                            (1.3)                              
                                                 (14.7)                        
                                                       Not determined          
     __________________________________________________________________________
      *The positions occupied by the entering nitro groups were not established
      but are assumed by analogy to the octanitro compound of Example 1, Part B
      **Dimethylsulfoxide                                                      
TBL                                    Table 2                                 
     __________________________________________________________________________
     Substituents                                                              
              Substituents                                                     
                     Molecular                                                 
                             Carbon                                            
                                  Hydrogen                                     
                                       Nitrogen                                
     on Hydroquinone                                                           
              on II  Formula (Found)                                           
                                  (Found)                                      
                                       (Found)                                 
                                            MNR                                
     __________________________________________________________________________
     None            C.sub.24 H.sub.12 N.sub.4 O.sub.12                        
                             52.6 2.2  10.2 (DMSO-d.sub.6),907(1H),7.83(1H),77.
                                            7(1H),2.43(3H)                     
                             (52.5)                                            
                                  (2.4)                                        
                                       (10.5)                                  
              Tetranitro                                                       
                     C.sub.24 H.sub.8 N.sub.8 O.sub.20                         
                             39.5 1.1  15.4 (Acetone-d.sub.6),9.07(1H),7.08(1H)
                                            ,7.03-8.20(2H)                     
                             (39.8)                                            
                                  (1.4)                                        
                                       (14.6)                                  
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. A nitro compound of the formula
      ##SPC6##
PAL  wherein R is hydrogen or lower n-alkyl and the ether oxygen atoms are
      attached in the 1,3 or 1,4 positions to the R substituted benzene rings, R
      being in the 2 or 5 positions when the ether oxygen atoms are in the 1,3
      positions and R is lower n-alkyl.
NUM  2.
PAR  2. The nitro compound of claim 1, wherein the ether oxygen atoms are
      attached in the 1,3 positions to the R-substituted benzene rings.
NUM  3.
PAR  3. The nitro compound of claim 2, wherein R is hydrogen.
NUM  4.
PAR  4. The nitro compound of claim 2, wherein R is lower n-alkyl.
NUM  5.
PAR  5. The nitro compound of claim 4, wherein R is methyl.
NUM  6.
PAR  6. The nitro compound of claim 1, wherein the ether oxygen atoms are
      attached in the 1,4 positions to the R-substituted benzene rings.
NUM  7.
PAR  7. The nitro compound of claim 6, wherein R is hydrogen.
NUM  8.
PAR  8. The nitro compound of claim 6, wherein R is lower n-alkyl.
NUM  9.
PAR  9. The nitro compound of claim 8, wherein R is methyl.
NUM  10.
PAR  10. The process of preparing a nitro compound of the formula
      ##SPC7##
PAL  wherein R is hydrogen or lower n-alkyl and the ether oxygen atoms are
      attached in the 1,3 or 1,4 positions to the R substituted benzene rings, R
      being in the 2 or 5 positions when the ether oxygen atoms are in the 1,3
      positions and R is lower n-alkyl, which comprises reacting a compound of
      the formula
      ##SPC8##
PAL  werein R is hydrogen, lower n-alkyl or nitro and the ether oxygen atoms are
      attached in the 1,3 or 1,4 positions to the R substituted benzene rings, R
      being in the 2 or 5 positions when the ether oxygen atoms are in the 1,3
      positions and R is lower n-alkyl or nitro, with conc. nitric acid.
NUM  11.
PAR  11. The process of claim 10, wherein the nitric acid is mixed with conc.
      sulfuric acid.
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ABST
PAL  A compound of formula
      ##SPC1##
PAL  Is produced by reacting
      4.alpha.,5.alpha.-epoxy-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decane with
      ammonia or a reaction functional derivative thereof; it is an intermediate
      for the synthesis of prostaglandins.
BSUM
PAR  The present invention relates to new dioxatricyclodecane derivatives and to
      a process for their manufacture. The new compounds are valuable
      intermediate product for the manufacture of biologically highly potent
      prostaglandins by a new, sterically controlled method process.
PAR  The invention relates in particular to a new
      9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decane derivative of the formula VII
      ##SPC2##
PAL  and its optical antipode, the racemic mixture of these compounds and acid
      addition salts thereof, and to a method process for their manufacture.
PAR  The significance of the present invention resides in the manufacture from
      readily accessible and inexpensive starting materials of intermediate
      products which can be used for the stereospecific synthesis both of known,
      naturally occurring prostaglandins as well as of new synthetic
      prostaglandins. The individual steps proceed with high yields. The new
      intermediate products are therefore suitable for carrying out the
      synthesis of the cited prostaglandins on an industrial scale.
PAR  From these intermediate products it is possible to manufacture first and
      foremost the prostaglandins of the F.sub..alpha.-series which are
      characterised by an optionally unsaturated .alpha.-alkanecarboxylic acid
      in 8-position, an .alpha.-hydroxyolefine grouping in 12-position and two
      .alpha.-hydroxy groups in 9,11-position. Secondly, it is possible to use
      the new compounds as intermediate products for the manufacture of
      prostaglandins of the E, A and B series, and furthermore of derivatives
      and homologs of prostaglandins.
PAR  The biological activity and the importance of prostaglandins in medicine
      are known and described, for example, by M. P. L. Caton in Progr. Med.
      Chem. 8, 317 (1971).
PAR  The standard prostaglandin numbering used herein is derived from prostanoic
      acid which has the following structure:
      ##SPC3##
PAR  In the above formulae, as well as in those hereinafter, dotted lines
      indicate substituents which are situated behind the plane defined by the
      cyclopentane ring; these substituents are denoted by .alpha.. Thickly
      drawn lines indicate substituents which are in front of this plane; these
      are denoted by .beta.. Substituents linked by wavy lines can be in the
      .alpha.- or .beta.-configuration. The standard prostaglandin nomenclature
      is used as illustrated hereinabove in the formula of prostanoic acid. For
      the standard prostaglandin nomenclature compare also S. Bergstrom,
      Science, 157, 382 (1967), M. P. L. Caton, Progr. Med. Chem. 8, 317, (1971)
      and Niels Andersen, Annals of the New York Academy of Sciences, Vol. 180,
      S. 14, April 30, 1971.
PAR  The stereospecific manufacture of the cited prostaglandins using the new
      compounds according to the invention is carried out by a new and original
      multi-step process. The following scheme reproduces, for example, the
      synthesis of natural prostaglandins F.sub.2.sub..alpha.
      (PGF.sub.2.sub..alpha.) (XIIIa) and F.sub.3.sub..alpha.
      (PGF.sub.3.sub..alpha.) (XIIIb).
      ##SPC4##
PAR  In the formulae Xa, XIa, XIIa and XIIIa, R represents the group
      ##EQU1##
      in the formulae Xb, XIb, XIIb, and XIIIb, R represents the group
      ##EQU2##
      and in the formula Xc, R represents the group
      ##EQU3##
PAR  In the above scheme, only those compounds which lead to the naturally
      occurring prostaglandins F.sub.2.sub..alpha. and F.sub.3.sub..alpha. have
      been specified. The optical antipodes and diasteroisomers which occur in
      the reactions, and their separation, will be dealt with in what follows
      hereinafter.
PAR  The individual reaction steps are described briefly below, but no
      limitation to these reaction conditions and to the specifically cited
      reagents is to be deduced therefrom.
PAR  1st Step
PAR  Cis-cyclohexane-1,3,5-triol [K. H. Steinacker and H. Stetter, Chem. Ber.
      85, 451 (1952)] is converted with glyoxylic acid, or a reactive functional
      derivative thereof, e.g. its hydrate, an ester or an acetal, into the
      compound of the formula I, in which X.sub.1 and X.sub.2 together represent
      the oxo group. The reaction is advantageously carried out in the presence
      of an acid catalyst, e.g. p-toluenesulphonic acid, in an inert solvent,
      e.g. benzene or ethylene glycol dimethyl ether, at a temperature of about
      20.degree.C to the boiling point of the solvent employed.
PAR  The compound of the formula I, in which X.sub.1 represents a hydrogen atom
      and X.sub.2 represents the hydroxy group, is formed when
      cis-cyclohexane-1,3,5-triol is reacted under similar conditions with
      glyoxal, or a reactive functional derivative thereof, e.g. the hydrate or
      one of its acetals.
PAR  2nd Step
PAR  A compound of the formula I is converted by reduction into a compound of
      the formula II, wherein Z.sub.1 and Z.sub.2 are hydroxy groups. Complex
      hydrides, e.g. lithium aluminium hydride, lithium borohydride or sodium
      borohydride, can be used as reducing agents. The reduction is carried out
      at reduced or slightly elevated temperature, preferably between about
      10.degree.C and 100.degree.C, in a suitable solvent. Lithium aluminium
      hydride or lithium borohydride are preferably used in ethereal liquids,
      such as diethyl ether, ethylene glycol dimethyl ether, diethylene glycol
      dimethyl ether, tetrahydrofuran or dioxan. It is also possible to carry
      out the reduction with sodium borohydride in lower alkanols, such as
      methanol, ethanol, isopropanol or tert. butanol, or also in water.
PAR  3rd Step
PAR  The compound falling under the formula II manufactured in the 2nd step, in
      which Z.sub.1 and Z.sub.2 are hydroxy groups, is converted with
      methanesulphonyl chloride and pyridine into its dimesylate, which also
      falls under the formula II. The reaction can be carried out in pyridine as
      solvent and maintaining low temperatures, about -20.degree.C. According to
      another esterification method, it is possible to use triethylamine as
      proton acceptor and methylene chloride as solvent.
PAR  4th Step
PAR  The compound of the formula II, wherein Z.sub.1 and Z.sub.2 represent
      esterified hydroxy groups, e.g. mesyloxy groups, is converted into the
      compound of the formula III, in which Z.sub.1 has the same meaning as in
      the starting material, by splitting offH-Z.sub.2 with a base to form the
      double bond. Organic or inorganic bases can be used as bases. Particularly
      suitable bases are 1,5-diazabicyclo [5,4,0]undec-5-ene, which can be used
      in e.g. dimethyl sulphoxide at a temperature of about 110.degree.C, or
      tetra-n-butylammonium fluoride, which can be used e.g. in dimethyl
      formamide at a temperature of about 60.degree.C. Particularly preferred
      are alkali hydroxides, such as potassium hydroxide, e.g. in lower
      alkanols, such as isopropanol, at elevated, e.g. reflux, temperature.
PAR  In the reaction according to this step the racemate is formed, which can be
      used as such in the next step. If desired, the racemate can be resolved
      into both its optical antipodes by one of the methods described
      hereinafter.
PAR  5th Step
PAR  The bicyclic compound of the formula III, wherein Z.sub.1 is for example a
      mesyloxy group, or the corresponding racemate, can be converted in
      surprising manner into the tricyclic compound of the formula IV, wherein
      Z.sub.3 is a hydroxy group. This reaction is surprising because normally
      the formation of two six-membered rings. but not of a five-membered and a
      seven-membered ring, would be expected.
PAR  The reaction is preferably carried out in a water-miscible solvent, e.g. in
      ethylene glycol dimethyl ether/water mixture, in the presence of potassium
      carbonate at a temperature of about 80.degree.C.
PAR  The reactions of the 4th. and 5th. steps can also be carried out in one
      operation by treating a diester falling under the formula II, e.g.
      dimesylate, with a solution of hydroxyl ions, e.g. with an alkali
      solution, such as a potassium hydroxide solution, in a solvent, such as in
      a lower alkanol, e.g. isopropanol. If desired, the crude compound of the
      formula IV, or its racemate, can be purified via its acetate.
PAR  If a start is made from the racemic mixture, consisting of the compound of
      the formula III and its optical antipode, there is obtained the racemic
      mixture consisting of the compound of the formula IV and its optical
      antipodes. The separation into the antipodes can also be effected in this
      step as described further on. However, instead of starting from the
      racemate, it is also possible to start from the optically active compound
      of the formula III, in the process of which the optically active compound
      of the formula IV is obtained directly.
PAR  6th Step
PAR  The secondary alcohol of the formula IV, wherein Z.sub.3 is a hydroxy
      group, or its racemate, is converted in the usual manner with
      methanesulphonyl chloride and a suitable base, e.g. triethylamine or
      pyridine, in a suitable solvent, e.g. in methylene chloride, into the
      compound of the formula IV, in which Z.sub.3 represents the mesyloxy
      group. If desired, it is also possible in this step to effect the
      resolution into the optical antipodes, as described later in more detail.
PAR  7th Step
PAR  The methylsulphonyl ester of the formula IV, or its racemate, is converted
      into the unsaturated compound of the formula V, or its racemate, by
      splitting off methanesulphonic acid. The splitting off is effected in the
      presence of a base, e.g. potassium tert. butylate, or 1,5-diazabicyclo
      [5,4,0]undec-5-ene, in a solvent, e.g. dimethyl sulphoxide, or,
      preferably, in the presence of an alkali hydroxide, such as potassium
      hydroxide, in a boiling lower alkanol, such as isopropanol.
PAR  8th Step
PAR  The unsaturated compound of the formula V, or its racemate, is oxidised
      with e.g. a hydroperoxide, for example, a peracid, such as
      m-chloroperbenzoic acid, or, preferably, with a peroxyimidic acid, for
      example peroxybenzimidic acid, to a mixture consisting of the
      .alpha.-epoxide of the formula VI and the corresponding .beta.-epoxide, or
      the racemates thereof, preferably at slightly elevated temperature or
      elevated temperature, e.g. between about 0.degree.C and 50.degree.C. When
      using a peracid, such as m-chloroperbenzoic acid, the .beta.-epoxide is
      formed as main product; when using a peroxyimidic acid, such as
      peroxybenzimidic acid, which can be prepared from an optionally
      substituted benzonitrile or lower alkyl nitrile with hydrogen peroxide in
      the presence of a base, such as an alkali metal bicarbonate, e.g.
      potassium bicarbonate, in a solvent, such as a lower alkanol, e.g. in
      methanol, surprisingly more .alpha.- than .beta.-epoxide is obtained. Both
      epoxides can be separated, for example, by chromatography, or further
      processed as a mixture. The separated .beta.-epoxide, or its racemate, can
      be reduced with a complex hydride, e.g. with lithium aluminium hydride, in
      a solvent, e.g. in tetrahydrofuran, to an alcohol of the formula IV, or
      its racemate. The .beta.-epoxide is thereby led back into the process. In
      this step it is also possible to perform any desired racemate separation.
PAR  9th Step
PAR  In an .alpha.-epoxide of the formula VI, or its racemate, it is possible to
      open the epoxide ring, for example, with ammonia in a solvent, such as
      water, at elevated temperature, e.g. between about 50.degree.C and
      150.degree.C, optionally under pressure, in the process of which a
      compound of the formula VII, its racemate or acid addition salts thereof,
      are formed. The epoxide ring is opened in such a way that the
      4.beta.-amino-5.alpha.-hydroxy compound of the formula VII, or its
      racemate, is formed. The possible isomeric 5.beta.-amino-4.alpha.-hydroxy
      compound is not obtained, or is obtained in undetectably small amounts. If
      desired, it is possible to resolve an optionally resulting racemate.
PAR  10th Step
PAR  A compound of the formula VII, its racemate or an acid addition salt
      thereof, can be converted in the presence of a lower alkanol, such as
      methanol, by treatment with an acid for example of hydrohalic acid, e.g.
      hydrochloric acid, into a compound of the formula VIII, wherein Z.sub.4
      represents lower alkoxy, e.g. methoxy, its racemate or an acid addition
      salt thereof. The reaction can be carried out at slightly reduced or
      elevated temperature, e.g. between about 0.degree. and 50.degree.C. It is
      also possible here to resolve an optionally resulting racemate.
PAR  Steps 8-10, i.e. the epoxidation of an olefine, amininolysis of the epoxide
      and splitting of the 6-10 bond in the tricyclic skeleton, can also be
      carried out in another sequence. For example, in an .alpha.-epoxide of the
      formula VI, or its racemate, the 6-10 bond can be split according to the
      reaction conditions of the 10th step, and in the resulting
      2,3-endo-epoxy-4-endo-hydroxy-8-alkoxy-7-oxabicyclo[4,3,0]nonane of the
      formula VI', or in the racemate thereof, the epoxy grouping can be
      aminolysed according to the method of the 9th step, in the process of
      which a compound of the formula VIII, or its racemate, is formed,
      Furthermore, in a tricyclic olefine of the formula V, or in its racemate,
      it is possible to cleave the 6-10 bond according to the reaction
      conditions of the 10th step and, in the resulting bicyclic olefine of the
      formula V', or in its racemate, to epoxidise the double bond according to
      the method of the 8th step, whereupon once again a compound of the formula
      VI', or its racemate, is obtained.
PAR  11th Step
PAR  From the compound of the formula VIII, its racemate or an acid addition
      salt thereof, it is possible to split off the amino group, in the process
      of which a ring contraction simultaneously takes place and an aldehyde of
      the formula IX, wherein Z.sub.4 is lower alkoxy, such as methoxy, and
      Z.sub.5 is hydroxy, or its racemate, is formed. The splitting off can be
      performed by diazotisation, e.g. with nitrous acid, prepared in situ from
      one of its salts, such as sodium nitrite, and an acid, such as acetic
      acid, or with an anhydride of nitrous acid, such as dinitrogen tetroxide,
      in a solvent, such as water, or in an ethereal solvent, such as ethylene
      glycol monomethyl ether, preferably at reduced temperature, e.g. between
      about -10.degree. and +50.degree.C. If desired, it is also possible to
      resolve an optionally obtained racemate by one of the methods described
      later herein, into both its optical antipodes.
PAR  12th Step
PAR  The aldehyde of the formula IX, wherein Z.sub.4 represents methoxy and
      Z.sub.5 represents hydroxy, or its racemate, can be used for the synthesis
      of primary steps which lead either to prostaglandin F.sub.2.sub..alpha. or
      also to F.sub.3.sub..alpha.. The compound of the formula Xa can be
      manufactured therefrom by reaction with the Wittig reagent which is
      prepared in the conventional manner from
      2-(S)-hydroxy-n-heptyltriphenylphosphonium idoide and methyl lithium [E.
      J. Corey et al., Ann. New York Acad. Sci. 180 33 (1971)]. The reaction
      takes place at temperatures between about -78.degree.C and about
      -25.degree.C in tetrahydrofuran or ethylene glycol dimethyl ether, in the
      process of which a transdouble bond is formed. The compound of the formula
      Xb can be manufactured therefrom in analogous manner by using the known
      Wittig reagent from cis-2-(S)-hydroxy-4-n-heptenyl-triphenylphosphonium
      iodide [E. J. Corely et al., J. Am. Chem. Soc. 93, 1490 (1971)].
PAR  If the racemate consisting of the compound of the formula VI and its
      optical antipodes is used as starting material, there is obtained an
      diastereoisomer mixture which, with the aid of physicochemical separating
      operations, can be separated or further processed as such.
PAR  If instead of 2-(S)-hydroxy-n-heptyl-triphenylphosphonium iodide there is
      used racemic 2-hydroxy-n-heptyl-triphenylphosphonium iodide or the
      corresponding heptenyl derivatives, once again a diastereoisomer mixture
      is obtained which likewise can either be further processed or separated by
      the aid of physicochemical separating operations. The same diastereoisomer
      mixture is obtained by using instead of the 2-hydroxy-heptyl- or
      2-hydroxy-heptenylphosphonium compounds a corresponding 2-oxo-heptyl- or
      2-oxo-heptenyl derivative, e.g. 1-triphenylphosphonium-2-heptanone-bromide
      or the 1-triphenyl-phosphoranylidene-2-heptanone prepared therefrom with
      sodium hydrogen carbonate [M. Miyano and C. R. Dorn, Tetrahedron Letters
      1615 (1969)], and reducing the resulting ketones of the formula Xc with a
      complex hydride, such as sodium borohydride. The two racemates obtained
      thereby can again either be further processed as such or resolved into
      their respective two optical antipodes with optically active auxiliary
      products by methods later described herein.
PAR  13th Step
PAR  The cyclic acetals of the formulae Xa and Xb, wherein Z.sub.4 represents
      e.g. methoxy and Z.sub.5 represents hydroxy, their racemates or the
      corresponding diastereoisomer mixtures, are hydrolysed under acid
      conditions to the compound of the formula XIa or XIb or to their
      racemates.
PAR  These compounds can be in the form of the free aldehyde or in that of the
      cyclic hemiacetal of the formula XII. In using optically active starting
      material of the formula Xa or Xb, the trihydroxy compounds already contain
      all steric prerequisites for their conversion in the next step into the
      natural, optically active PGF.sub.2.sub..alpha. and PGF.sub.3.sub..alpha..
      If a start is made from the racemate of a compound of the formula Xa or
      Xb, the racemate is obtained which consists of a mixture of the compound
      of the formula XIa or XIb and the optical antipodes thereof. The
      separation of the racemate can be effected by one of the conventional
      processes later described herein. By starting from the diastereoisomer
      mixtures which may be obtained in the 12th step, once again diasteroisomer
      mixtures are obtained which can be further processed as such or resolved
      analogous to the methods mentioned in the 12th step.
PAR  14th Step
PAR  The compounds of the formula XIa or XIb, corresponding hemiacetals of the
      formula XIIa or XIIb or also the corresponding racemates or
      diastereoisomer mixtures, are finally converted with the Wittig reagent
      from 5-triphenylphosphonovaleric acid [E. J. Corey, T. K. Schaaf, W.
      Huber, U. Koelliker and N. M. Weinshenker, J. Amer. Chem. Soc. 92, 397
      (1970) and 91, 5675 (1969)] in dimethyl sulphoxide [R. Greenwald, M.
      Chaykowsky and E. J. Corey, J. Org. Chem. 28, 1128 (1963)] into the
      prostaglandin F.sub.2.sub..alpha. of the formula XIIIa or
      F.sub.3.sub..alpha. of the formula XIIIb, Preferably a cis-double bond is
      formed in this reaction.
PAR  The natural, optically active PGF.sub.2.sub..alpha. or F.sub.3.sub..alpha.
      is obtained directly by using optically active starting material of the
      formulae XIa or XIb, XIIa or XIIb. By starting from the racemate of the
      compound of the formula XIa or XIb or XIIa or XIIb, a racemate is obtained
      which consists of a mixture of natural PGF.sub.2.sub..alpha. and
      PGF.sub.3.sub..alpha. and the optical antipodes thereof. The racemate
      separation can be effected by one of the conventional methods later
      described herein.
PAR  If a start is made from the diastereoisomer mixtures which may be obtained
      in the 13th step, once again mixtures are obtained which consist of the
      naturally occurring prostaglandin F.sub.2.sub..alpha. and
      F.sub.3.sub..alpha. and their diastereoisomers, which can be used as such
      or resolved as mentioned in the 12th step.
PAR  The racemates mentioned hereinbefore can be resolved into their optical
      antipodes by methods which are known per se.
PAR  One of these methods consists in reacting a racemate with an optically
      active auxiliary substance, separating the resulting mixture of two
      diastereoisomer compounds with the aid of appropriate physicochemical
      methods and then resolving the individual diastereoisomeric compounds into
      the optically active starting materials.
PAR  Particularly suitable racemates for resolution into the antipodes are those
      which possess an acid group, e.g. the racemate of the compound of the
      formula XIII. It is possible to convert other described racemates into
      acid racemates by simple reactions. For example, the aldehydes of the
      formulae IX and XI react with a hydrazine derivative carrying an acid
      group, e.g. 4-(4-carboxyphenyl)-semicarbazide, to give the corresponding
      hydrazone derivatives, or the alcohols of the formulae IV, VIII or X react
      with a dicarboxylic anhydride e.g. phthalic anhydride, to give the
      racemate of an acid half ester.
PAR  These acid racemates can be reacted with optically active bases, e.g.
      esters of optically active aminoacids, or (-)-brucine, (+)-quinidine,
      (-)-quinine, (+)-quinquonine, (+)-dehydroabietylamine, (+)- and
      (-)-ephedrine, (+)-and (-)-1-phenyl-ethylamine or the N-mono- or
      dialkylated derivatives thereof, to give mixtures consisting of two
      diastereoisomeric salts.
PAR  The racemates cited hereinbefore which contain hydroxy groups can also be
      resolved into their optical antipodes, for which purpose there are used in
      particular optically active acids, or reactive functional derivatives
      thereof, which form diastereoisomeric esters with the cited alcohols.
      Examples of such acids are: (-)-abietic acid, D(+)-and L(-)-malic acid,
      N-acylated optically active aminoacids, (+) and (-)-camphanic acid, (+)
      and (-)-ketopinic acid, L(+)-ascorbic acid, (+)-camphoric acid,
      (+)-campher-10-sulphonic acid(.beta.), (+) or
      (-)-.alpha.-bromo-camphor-.pi.-sulphonic acid, (D(-)-quinic acid,
      (D(-)-isoascorbic acid, D(-)- and L(+)-mandelic acid, (+)-1-methoxyacetic
      acid, D(-)- and L(+)-tartaric acid and the di-O-benzoyl and di-O-p-toluyl
      derivatives thereof.
PAR  Racemates which contain hydroxy groups can be converted into a mixture of
      diastereoisomeric urethanes, for example by reaction with optically active
      isocyanates, such as (+)or (-)-1-phenylethylisocyanate.
PAR  It is possible for basic racemates, such as those of the formulae VII and
      VIII, to form diastereoisomeric salts with the above cited acids.
PAR  Racemates which contain double bonds can be converted, for example with
      platinum chloride and (+)-1-phenyl-2-aminopropane, into mixtures of
      diastereoisomeric complex salts.
PAR  Physicochemical methods are suitable for separating the distereoisomeric
      mixtures, chiefly fractionated crystallisation. But chromatographic
      methods can also be used, primarily solid-liquid chromatography. Readily
      volatile diastereoisomeric mixtures can be separated also by distillation
      or gas chromatography.
PAR  The resolution of the separated diastereoisomeric compounds into the
      optically active starting materials is also performed by conventional
      methods.
PAR  The acids or bases are liberated from the salts, e.g. by treatment with
      acids or bases which are stronger than those originally used. From the
      esters and urethanes are obtained the desired optically active compounds,
      for example by alkaline hydrolysis or by reduction with a complex hydride,
      such as lithium aluminium hydride.
PAR  A further method of resolving the racemates consists in chromatography on
      optically active absorption layers, for example on cane sugar.
PAR  According to a third method, the racemates are dissolved in an optically
      active solvent and the more sparingly soluble optical antipode is
      crystallised out.
PAR  In a fourth method, the varying reactivity of the optical antipodes to
      biological material, such as microorganisms or isolated enzymes, is
      utilised.
PAR  In a fifth method, the racemates are dissolved and one of the optical
      antipodes is crystallised by inoculation with a small amount of an
      optically active product obtained by the above methods.
PAR  The term "lower" used to qualify the syllable "alk", e.g. in lower alkane,
      lower alkyl, lower alkoxy, lower alkylene and the like, indicates that the
      respective hydrocarbon radicals contain up to 7 carbon atoms, but in
      general up to 4 carbon atoms are preferred.
PAR  Acid addition salts of the compound of the formula VII, of its optical
      antipode and the racemate, are those with inorganic or organic acids, for
      example with hydrohalic acids, such as hydrochloric acid, with oxyacids,
      such as sulphuric acid, with lower alkanesulphonic or benzenesulphonic
      acids which are optionally substituted by e.g. halogen, lower alkyl or
      phenyl, such as methane- or toluenesulphonic acid, or the corresponding
      carboxylic acids, such as acetic acid or p-methylbenzoic acid, as well as
      with the optically active acids cited hereinbefore.
PAR  The compound of the formula VII, its optical antipode and racemate as well
      as acid addition salts thereof, can be manufactured by reacting an
      .alpha.-epoxide of the formula VI
      ##SPC5##
PAL  or its optical antipode or the racemate, with ammonia or a reactive
      functional derivative thereof, and, if desired, converting an optionally
      resulting free amine into an acid addition salt or an optionally resulting
      acid addition salt into the free base, and/or, if desired, resolving an
      optionally resulting racemate into the optical antipodes.
PAR  Preferably ammonia is used, also as its reactive functional derivatives for
      example a salt thereof, e.g. with a weak acid, such as carbonic acid, or a
      metal amide, for example an alkali amide, such as sodium amide. The
      process can be carried out in the presence or absence of a solvent. As
      solvent there may be used water or organic solvents, for example lower
      alkanols, such as ethanol, ethereal solvents, such as ethylene glycol
      di-lower alkyl ethers, e.g. ethylene glycol dimethyl ether, or lower
      alkanecarboxylic acid amides which are optionally substituted by lower
      alkyl, such as formamide or dimethyl formamide. The reaction is carried
      out preferably at elevated temperature, for example between about
      50.degree. and 150.degree.C, optionally under pressure.
PAR  In this reaction the 4.beta.-amino-5.alpha.-hydroxy compound of the formula
      VII, and its optical antipode or racemate is formed. The isomeric compound
      with 5.beta.-amino-4.alpha.-hydroxy structure and its optical antipode or
      racemate are either not obtained or are obtained in undetectably small
      amounts.
PAR  A resulting amine can be converted into an acid addition salt by e.g.
      reaction with an inorganic or organic acid or a corresponding anion
      exchanger and isolation of the salt formed. A resulting acid addition salt
      can be converted into the free compound, for example by treatment with a
      base, such as an alkali metal hydroxide, ammonia, or a hydroxyl ion
      exchanger.
PAR  It is also possible to use the salts for the purification and
      identification of the free compounds; thus free compounds can be converted
      into their salts and these isolated from the crude mixture and the free
      compounds then obtained from the isolated salts. Because of the close
      relationship between the new compounds in the free form and in the form of
      their salts, what has been said above and is stated hereinafter with
      reference to the free compounds or the salts refers also to the
      corresponding salts and free compounds, wherever this applies.
PAR  The invention also comprises those embodiments of the process in which a
      start is made from compounds which are obtainable as intermediate products
      at any stage and the remaining steps of the process are carried out
      therewith, or the process is discontinued at any stage; it is also
      possible to use starting materials in the form of derivatives or which are
      formed during the reaction.
PAR  The resolution of a racemate obtained according to the present invention
      can be effected in known manner by one of the methods described herein.
PAR  The starting materials required for the manufacture of the compounds of the
      present invention, i.e. the .alpha.-epoxide of the formula VI, its optical
      antipode or racemate, are also new.
PAR  They can be manufactured by epoxidising the double bond in a compound of
      the formula V
      ##SPC6##
PAL  its optical antipode or racemate, the manufacture of which is described in
      the 7th step of the multi-step process exemplified at the outset, and, if
      desired, resolving an optionally resulting racemate into the optical
      antipodes.
PAR  The epoxidation is carried out, for example, with hydrogen peroxide, with a
      peracid, e.g. with a lower alkaneperacid, such as peracetic acid, with a
      perbenzoic acid which is optionally substituted by e.g. nitro, phenyl or
      halogen, such as m-chloroperbenzoic or perbenzoic acid, but preferably
      with a peroxyimidic acid, e.g. a lower alkaneperoxyimidic acid or a
      peroxybenzimidic acid which is optionally substituted by e.g. nitro,
      phenyl, halogen, carboxy or lower alkoxycarbonyl. Preferably the process
      is carried out in a solvent, with a peroxyimidic acid, for example in
      water or in lower alkanols, especially in methanol, with a peracid e.g. in
      a chlorinated hydrocarbon, such as chloroform. The reaction temperature is
      advantageously reduced or slightly elevated, for example between about
      0.degree. and 50.degree.C. In using a peracid, such as perbenzoic acid,
      the .beta.-epoxide is formed as main product; surprisingly, in using a
      peroxyimidic acid, such as peroxybenzimidic acid, more .alpha.- than
      .beta.-epoxide is obtained. Both epoxides can be separated, for example by
      chromatography.
PAR  The peroxyimidic acids are advantageously manufactured in situ in known
      manner from the corresponding nitriles, for example from lower
      alkanecarboxylic acid nitriles or optionally substituted benzonitriles, in
      particular benzonitrile, and hydrogen peroxide, in the presence of a base,
      such as an alkali metal bicarbonate, e.g. potassium bicarbonate, in a
      solvent, such as a lower alkanol, e.g. methanol.
PAR  The claimed process also encompasses those variants in which the starting
      materials are manufactured in situ and are reacted to give the products
      according to the invention.
PAR  The following Examples describe the invention in more detail, but are in no
      way limitative thereof.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 1.056 g (8 mmols) of cis-cyclohexane-1,3,5-triol, 1.072 g
      (11.6 mmols) of glyoxylic monohydrate, 2.0 g (10.5 mmols) of
      p-toluenesulphonic monohydrate, 50 ml of benzene and 10 ml of water is
      boiled under reflux for 16 hours in a Dean-Stark steam trap. After the
      reaction solution has cooled, it is decanted off from a small amount of
      undissolved resin, washed with 20 ml of a solution which is saturated with
      sodium chloride and sodium bicarbonate, and with 35 ml of water. The
      combined washings are extracted with methylene chloride and the methylene
      chloride layer is combined with the benzene solution, dried over sodium
      sulphate and concentrated in a water jet vacuum. The residue is
      recrystallised from methylene chloride/ether to give
      2,5,11-trioxatricyclo[4,3,1,1.sup.4,8 ] undecan-3-one of the formula Ia
      ##SPC7##
PAL  which melts at 140.degree.-143.degree.C.
PAC  EXAMPLE 1a
PAR  While stirring, 10.56 g (0.08 mols) of cis-cyclohexane-1,3,5-triol and
      10.72 g (0.116 mols) of glyoxylic monohydrate in 400 ml of ethylene glycol
      dimethyl ether are heated until all is dissolved. To the cooled solution
      are added carefully 96 g of Amberlyst 15 (strongly acid catalyst in pearl
      form, Rohm and Haas Co.) [dried for 4 hours at 110.degree.C and 0.05
      Torr]. The resulting suspension is boiled under reflux for 30 minutes,
      cooled and filtered. The Amberlyst 15 which is filtered off is washed
      twice with 60 ml of ethylene glycol dimethyl ether each time and then with
      1000 ml of methylene chloride. The filtrate is combined with the washings
      and extracted with 400 ml of normal sodium bicarbonate solution. The
      sodium bicarbonate solution is washed with 300 ml of methylene chloride,
      the methylene chloride solution is combined with the previously obtained
      organic solutions and these are dried over sodium sulphate and evaporated
      in a water jet vacuum. The crystalline residue is recrystallised from
      methylene chloride/ether to give 2,5,11-trioxatricyclo[4,3,1,1.sup.4,8 ]
      undecan-3-one of the formula Ia (m.p. 140.degree.-143.degree.C).
PAC  EXAMPLE 1b
PAR  A mixture of 500 mg (0.378 mmols) of cis-cyclohexane-1,3,5-triol and 920 mg
      (0.567 mmols) of methyl diethoxyacetate in 20 ml of ethylene glycol
      dimethyl ether is heated under reflux, treated after 15 minutes with 2 g
      of predried Amberlyst 15 (see Example 1a) and boiled for a further 10
      hours under reflux with stirring. The catalyst is filtered off hot and
      washed twice with 20 ml of methylene chloride. The filtrate is
      concentrated under reduced pressure, the residue is taken up in the
      combined methylene chloride fractions and the resulting solution is shaken
      with 10 ml of water. The isolated aqueous layer is extracted with 10 ml of
      methylene chloride and the combined methylene chloride fractions are dried
      with anhydrous sodium sulphate and the solvent is distilled off. The
      crystalline residue is treated with 2 ml of ether and the crystalline
      2,5,11-trioxatricyclo[4,3,1,1.sup.4,8 ] undecan-3-one of the formula Ia
      is collected by suction filtration (m.p. 140.degree.-143.degree.C).
PAC  EXAMPLE 2
PAR  a. Analogous to Example 1, the 2,5,11-trioxatricyclo [4,3,1,1.sup.4,8
      ]undecan-3-ol of the formula Ib
      ##SPC8##
PAL  is obtained from the glyoxal hydrate and cis-cyclohexane-1,3,5-triol.
      Melting point: 185.degree.-194.degree.C.
PAR  b. To a stirred solution of 340 mg of
      3,5,11-trioxatricyclo[4,3,1,1.sup.4,8] undecan-3-one are added dropwise
      within 10 minutes under nitrogen and at room temperature, 2.8 ml of a 20%
      solution of diisobutylaluminum hydride in toluene. After a further 30
      minutes at room temperature the reaction mixture is shaken with 0.8 ml of
      water and 2 g of silica gel for 15 minutes and, upon addition of 8 g of
      sodium sulphate, filtered through a glass filter. The filter cake is
      extracted ith a small amount of methylene chloride. The solvent is
      distilled off from the combined filtrates under reduced pressure to give
      pure 2,5,11-trioxatricyclo[4,3,1,1.sup.4,8 ]undecan-3-ol of the formula
      Ib, which melts at 185.degree.-194.degree.C (sublimation at 145.degree.C).
PAR  c. A solution of 340 mg of 2,5,11-trioxatricyclo[4,3,1,1.sup. 4,8
      ]undecan-3-one in 10 ml of absolute ethanol is treated with 300 mg of
      sodium. After the metal has dissolved the reaction mixture is treated with
      10 ml of water and 0.7 ml of acetic acid, concentrated under reduced
      pressure to about 3 ml and the concentrate is extracted with methylene
      chloride. The solvent is evaporated to leave as residue pure
      2,5,11-trioxatricyclo-[4,3,1,1.sup.4,8 ]undecan-3-ol.
PAC  EXAMPLE 3
PAR  A solution of 8.50 g (0.05 mols) of 2,5,11-trioxatricyclo[4,3,1,1.sup.4,8
      ]undecan-3-one of the formula Ia in 90 ml of ethylene glycol dimethyl
      ether is added dropwise within 15 minutes, while stirring and cooling with
      ice, to a suspension of 2.0 g (0.05 mols) of lithium aluminium hydride in
      60 ml of ethylene glycol dimethyl ether. The reaction mixture is boiled
      for 15 minutes under reflux, cooled to room temperature and carefully
      treated with 10 ml of ethyl acetate to destroy excess lithium aluminium
      hydride. Then, while stirring, 2.0 ml of water, 2.0 ml of 15% sodium
      hydroxide solution, and finally 6 ml of water, are added to the reaction
      mixture. The precipitated salts are filtered off, stirred with 100 ml of
      methylene chloride and filtered again. The combined filtrates are
      concentrated in a water jet vacuum. The crystalline residue is
      recrystallised from methylene chloride to give
      3-hydroxymethyl-2,4-dioxabicyclo[3,3,1]nonan-7-ol of the formula IIa
      ##SPC9##
PAL  m.p. 149.degree.-151.degree.C.
PAC  EXAMPLE 3a
PAR  A solution of 340 mg of 2,5,11-trioxatricyclo[4,3,1,1.sup.4,8 ]
      undecan-3-one of the formula Ia in 10 ml of absolute ethanol is treated at
      room temperature with 150 mg of sodium borohydride and the mixture is
      stirred for 2 hours. The reaction mixture is diluted with 10 ml of water,
      the pH adjusted to 8 with a few drops of glacial acetic acid and the
      resulting solution is concentrated under reduced pressure to about 3 ml.
      The concentrate is extracted three times with altogether 100 ml of
      methylene chloride, the combined extracts are dried with sodium sulphate
      and the solvent is distilled off to give
      3-hydroxymethyl-2,4-dioxabicyclo[3,3,1]nonan-7-ol of the formula IIa,
      which melts at 146.degree.-149.degree.C.
PAC  EXAMPLE 3b
PAR  A similar 3 hour reduction of 340 mg of
      2,5,11-trioxatricyclo[4,3,1,1.sup.4,8 ]undecan-3-one of the formula Ia in
      10 ml of isopropanol with 150 mg of sodium borohydride at 50%, a
      subsequent working up as described hereinabove, leads to the same compound
      of the formula IIa.
PAC  EXAMPLE 3c
PAR  To a solution of 340 mg (2mmols) of 2,5,11-trioxatricyclo[4,3,1,1.sup.4,8
      ]undecan-3-one in 10 ml of methanol are added all at once 150 mg of sodium
      borohydride while stirring and cooling to 12.degree.-15.degree.C(water
      bath). After 11/2 hours, during which time the bath temperature is allowed
      to rise to 20.degree.C, a further 150 mg of sodium borohydride are added
      and the mixture is stirred for 21/2  hours at 20.degree.C. The reaction
      mixture is then treated with 10 ml of water, the pH adjusted to 8 with a
      few drops of acetic acid, and concentrated under reduced pressure to about
      3 ml. The concentrate is extracted three times with 25 ml of methylene
      chloride on each occasion, the combined extracts are dired over sodium
      sulphate and the solvent is distilled off (at the conclusion under reduced
      pressure) to give crystalline 3-hydroxymethyl-2,4-dioxabicyclo
      [3,3,1]nonan-7-ol of the formula IIa (m.p. 146.degree.-149.degree.C).
PAC  EXAMPLE 4
PAR  A solution of 0.87 g (5 mmols) of
      3-hydroxymethyl-2,4-dioxabicyclo[3,3,1]nonan-7-ol of the formula IIa in 5
      ml of anhydrous pyridine is cooled to -20.degree.C and, while stirring,
      treated with 1,1 ml (14,2 mmols) of methanesulphonyl chloride. The cooling
      bath is removed and the reaction mixture is added after 11/4  hours to 40
      ml of a normal sodium bicarbonate solution. The resulting mixture is
      extracted successively with 40 ml of ethyl acetate and 40 ml of methylene
      chloride. The combined organic solutions are washed with 10 ml of sodium
      bicarbonate solution, dried over magnesium sulphate and concentrated in a
      water jet vacuum. The crude product is recrystallised from acetone/heptane
      and gives
      7-methylsulphonyloxy-3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]non
     ane of the formula IIb
      ##SPC10##
PAL  m.p. 137.degree.-138.degree.C.
PAC  EXAMPLE 5
PAR  To a solution of 348 mg (2 mmols) of
      3-hydroxymethyl-2,4-dioxabicyclo[3,3,1]nonan-7-ol of the formula IIa in
      2.0 ml of absolute pyridine are added at -15.degree.C with stirring 1.28 g
      of p-bromobenzenesulphochloride all at once and the resulting mixture is
      further stirred under nitrogen for 48 hours at room temperature. The
      reaction mixture is treated with 25 ml of methylene chloride and shaken
      succesively with 15 ml of 8% NaHCO.sub.3 and 15 ml of sodium chloride
      solution. The aqueous layers are extracted once more with methylene
      chloride. The combined organic phases are dried over sodium sulphate and
      freed from solvent and pyridine in a water jet vacuum and finally in an
      oil pump, to leave as residue crude
      7-(p-bromophenylsulphonyloxy)-3-(p-bromophenylsulphonyloxymethyl)-2,4-diox
     abicyclo[ 3,3,1]nonane of the formula IIc
      ##SPC11##
PAL  which congeals to a crystalline solid on standing. It is crystallised from
      boiling benzene with the addition of a small amount of hexane. Melting
      point: 128.degree.C; the crystals contain 2/3 mols of benzene.
PAC  EXAMPLE 6
PAR  A solution of 1.65 g (5 mmols) of
      7-methylsulphonyloxy-3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]non
     ane of the formula IIb and 3.0 ml (20 mmols) of
      1,5-diazabicyclo[5,4,0]undec-5-ene in 25 ml of anhydrous dimethyl
      sulphoxide is heated for 45 minutes to 110.degree.C. The reaction mixture
      is cooled to room temperature and then diluted with 150 ml of ether. It is
      then washed successively with 75 ml of 2n hydrochloric acid, 100 ml of
      water and finally with 100 ml of normal sodium bicarbonate solution. The
      aqueous layers are extracted separately twice with 150 ml of ether on each
      occasion. The last ethereal extract is washed with 50 ml of water and each
      organic extract is finally washed with 50 ml of concentrated sodium
      chloride solution. The organic solutions are dried over magnesium sulphate
      and evaporated in a water jet vacuum.
PAR  Chromatography of the residue on basic aluminium oxide (activity level IV)
      with benzene as eluant results in a racemic mixture of
      3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]non-6-ene of the formula
      IIIa.
      ##SPC12##
PAL  and its optical antipode, with a melting point of 54.degree.-59.degree.C.
PAC  EXAMPLE 6a
PAR  A solution of 660 mg of
      7-methylsulphonyloxy-3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]non
     ane of the formula IIb and 1.4 g of tetrabutylammonium fluoride in 7.5 ml
      of dimethyl formamide is heated under nitrogen for 7 hours to 60.degree.C.
      The cooled reaction mixture is treated with 20 ml of methylene chloride
      and 80 ml of ether and shaken successively with 80 ml of an 8% sodium
      bicarbonate solution, 100 ml of water and 50 ml of sodium chloride
      solution. The aqueous layers are extracted separately twice with 100 ml of
      the same solvent mixture on each occasion. The combined organic fractions
      are dried over sodium sulphate. The solvent is distilled off under reduced
      pressure to give an oily product whose spectrum properties correspond to
      those of the pure racemic
      3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]non-6-ene of the formula
      IIIa. Preparative chromatography on basic aluminium oxide with benzene as
      eluant gives the crystalline product of melting point
      53.degree.-56.degree.C.
PAC  EXAMPLE 6b
PAR  A mixture of 300 mg (0.91 mmols) of 7-methylsulphonyloxy-
      3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]nonane of the formula
      IIb and 15 ml of anhydrous toluene is heated to 80.degree.C and treated
      within 2 hours in 5 amounts of altogether 300 mg of potassium
      tert.butylate dissolved in 5 ml of tert. butanol. The reaction mixture is
      stirred for a further 2 hours, then cooled, treated with saturated sodium
      chloride solution and extracted 5 times with 10 ml of methylene chloride
      on each occasion. The combined organic extracts are washed once more with
      saturated sodium chloride solution, dried over magnesium sulphate and
      concentrated. Preparative chromatography of the resulting residue on
      silica gel with ethyl acetate as eluant yields a racemic mixture
      consisting of 3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]non-6-ene
      of the formula IIIa and its optical antipode of melting point
      50.degree.-58.degree.C.
PAC  EXAMPLE 6c
PAR  A solution of 60mg(0,18 mmoles)of
      7-methylsulphonyloxy-3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]non
     ane of the formula IIb in 3ml of ethylene glycol dimethyl ether (filtered
      through basic aluminium oxide) is heated to 80.degree.C and treated with a
      solution of 60 mg (0.54 mmols) of sublimed potassium tert. butylate in 0.7
      ml of tert. butanol. The reaction mixture is cooled after 4 hours, treated
      with a saturated sodium chloride solution and extracted 5 times with 6 ml
      of methylene chloride on each occasion. The organic phases are dried over
      magnesium sulphate, and the solvent is evaporated. Preparative layer
      chromatography on silica gel with ethyl acetate as eluant yields a racemic
      mixture consisting of
      3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]non-6-ene and its
      optical antipode.
PAC  EXAMPLE 6d
PAR  A solution of 80mg(0,24
      mmoles)7-methylsulphonyloxy-3-methylsulphonyloxy-methyl-2,4-dioxabicyclo[3
     ,3,1]nonane of the formula IIb in 2 ml of dimethyl sulphoxide (which has
      been dried over calcium hydride) is treated dropwise within 10 minutes
      with a solution of 100 mg of potassium tert. butylate (0.89 mmols) in 3 ml
      of dimethyl sulphoxide. The reaction temperature is kept at 15.degree.C.
      The reaction mixture is then diluted with 10 ml of ether and washed with 8
      ml of 0.5 n hydrochloric acid and 10 ml of saturated sodium bicarbonate
      solution. The aqueous layers are extracted twice with 10 ml of ether on
      each occasion. The combined organic phases are washed again with 5 ml of
      sodium bicarbonate solution and 10 ml of water, dried over magnesium
      sulphate and concentrated in vacuo to give a racemic mixture consisting of
      3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]non-6-ene of formula
      IIIa and its optical antipode.
PAC  EXAMPLE 6e
PAR  A solution of 100 mg (0.3 mmols) of
      7-methylsulphonyloxy-3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]non
     ane of the formula IIb in 5ml of tert. butanol (distilled over calcium
      hydride) is heated to 80.degree.C and 60 mg (0.54 mmols) of sublimed
      potassium tert.butylate dissolved in 2 ml of tert.butanol are added within
      1 hour. The reaction mixture is heated for 6 hours at the same
      temperature, and then a further 11.0 mg.(0.1 mmols) of potassium tert.
      butylate, dissolved in 0.5 ml of tert. butanol, are added. The reaction
      mixture is heated for a further hour, cooled, treated with 40 ml of ether
      and washed 5 times with 15 ml of water each time. The organic phase is
      dried over magnesium sulphate and evaporated to give a racemic mixture
      consisting of 3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]non-6-ene
      of the formula IIIa and its optical antipodes, in the form of a colourless
      oil which crystallises on standing and is sufficiently pure for use in the
      following reaction.
PAC  EXAMPLE 6f
PAR  7-methylsulphonyloxy-3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]nona
     ne (280 mg) is added to 5 ml of a boiling 2n potassium hydroxide solution
      in absolute alcohol and the mixture is boiled for 2 minutes under reflux
      while stirring vigorously. The reaction mixture which has congealed to a
      crystalline solid is cooled and, after treatment with 5 ml of 8% sodium
      bicarbonate solution, extracted three times with methylene chloride. The
      combined extracts are dried with sodium sulphate and the solvent is
      distilled off under reduced pressure to leave as residue the crystalline
      racemic 3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]non-6-ene (m.p.
      53.degree.-56.degree.).
PAC  EXAMPLE 6g
PAR  To a hot suspension of 280 mg of
      7-methylsulphonyloxy-3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]non
     ane in 2,5 ml of isopropanol is added 2,5 ml of a boiling 2 n potassium
      hydroxide solution in isopropanol while stirring vigorously, and the
      resulting reaction mixture is boiled under reflux for 3 minutes. The
      reaction mixture is cooled and treated with 5 ml of an 8% sodium
      bicarbonate solution, then extracted 3 times with methylene chloride. The
      combined extracts are dried over sodium sulphate and the solvent is
      distilled off in vacuo under reduced pressure to leave as residue the
      racemic 3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]non-6-ene in the
      form of a colourless oil, which soon congeals to a crystalline solid (m.p.
      53.degree.-56.degree.C).
PAC  EXAMPLE 7
PAR  A solution of 61mg of 7-(p-bromophenylsulphonyloxy)-3
      -(p-bromophenylsulphonyloxymethyl)-2,4-dioxabicyclo[3,3,1]nonane of the
      formula IIc and 220 mg of tetra-n-butylammonium fluoride in 1.0 ml of
      anhydrous dimethyl formamide is heated with stirring in a nitrogen
      atmosphere for 45 minutes to 60.degree.C. The cooled reaction mixture is
      treated with 5 ml of methylene chloride and 25 ml of ether and shaken
      succesively with 8 ml of normal sodium bicarbonate solution, 10 ml of
      water and 10 ml of sodium chloride solution. The aqueous phases are
      extracted twice with 10 ml of the same solvent mixture on each occasion.
      All organic phases are dried together over sodium sulphate. The solvent is
      distilled off under reduced pressure to yield a racemic mixture consisting
      of 3-(p-bromophenylsulphonyloxymethyl)-2,4-dioxabicyclo[3,3,1]non-6-ene of
      the formula IIIb
      ##SPC13##
PAL  and its optical antipode; m.p. 114.degree.-117.degree.C.
PAC  EXAMPLE 8
PAR  A solution of 363 mg (1.55 mmols) of racemic
      3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]non-6-ene and 215 mg
      (1.55 mmols) of potassium carbonate in 3.6 ml of acetone and 18 ml of
      water is stirred in a nitrogen atmosphere for 18 hours under reflux. The
      cooled reaction mixture is extracted 3 times with 30 ml of methylene
      chloride on each occasion. The combined methylene chloride layers are
      concentrated, the residue is taken up in ethyl acetate and filtered
      through a column of 10 g of basic aluminium oxide (activity level IV).
      Elution is performed with ethyl acetate. Concentration of the first 60 ml
      of eluate in a water jet vacuum yields a racemic mixture of
      9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decan-4.beta.-ol of the formula IVa
      ##SPC14##
PAL  and its optical antipode, which melts after recrystallisation at
      134.degree.-142.degree.C (210.degree.-232.degree.C, sealed capillary).
PAC  EXAMPLE 8a
PAR  A solution of 75 mg (0.32 mmols) of racemic
      3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]non-6-ene of the formula
      IIIa and 44 mg (0.32 mmols) of potassium carbonate in 0.5 ml of ethylene
      glycol dimethyl ether and 2.5 ml of water, is stirred for 18 hours under
      reflux in an oil bath which is kept at 100.degree.C. The cooled reaction
      solution is diluted with water, saturated with NaCl and extracted 5 times
      with 10 ml of methylene chloride on each occasion. The combined extracts
      are dried over magnesium sulphate and concentrated. The residue is
      resolved by means of preparative layer chromatography (on silica gel,
      eluant: methylene chloride/acetone 1:1). A racemic mixture of
      9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decan-4.beta.-ol of the formula IVa
      and its optical antipode is obtained.
PAC  EXAMPLE 8b
PAR  To a well stirred suspension of 16.5g (0.05 mols) of racemic
      7-methylsulphonyloxy-3-methylsulphonyloxymethyl-2,4-dioxabicyclo[3,3,1]non
     ane in 125 ml of boiling isopropanol is added a hot solution of 14 g of
      potassium hydroxide (0.25 mol) in 125 ml of isopropanol in one amount. In
      a few seconds a clear solution temporarily forms from which, however,
      potassium mesylate soon begins to precipitate. After stirring vigorously
      for 3 minutes at the boiling temperature of the solvent, the reaction
      mixture -- which in the meantime has congealed to a crystalline solid --
      is treated with a solution of 25 g of potassium bicarbonate in 1250 ml of
      water and about 250 ml are distilled off under reduced pressure from the
      resulting clear solution. The reaction mixture is then brought to the
      original volume by adding water and boiled under reflux for 16 hours in a
      nitrogen atmosphere. It is then cooled, saturated with sodium chloride and
      repeatedly extracted with methylene chloride. The combined extracts are
      dried over sodium sulphate and the solvent is distilled off under reduced
      pressure to give the crystalline racemic mixture of
      9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decan-4.beta.-ol and its optical
      antipode. In similar manner it is also possible to use a 2n solution of
      potassium hydroxide in ethanol or in water/ethylene glycol monomethyl
      ether (2:1) for the splitting off of the methanesulphonic acid. The
      product can be further used without purification or purified as follows
      via its acetate:
PAR  A solution of 1.46 g of the racemic 9,10-dioxatricyclo [4,3,1,0.sup.3,8
      ]decan-4.beta.-ol in 25 ml of pyridine and 8 ml of acetic anhydride is
      allowed to stand for 14 hours at room temperature and then evaporated in a
      high vacuum. The residue is recrystallised from diethyl ether to give the
      pure racemic 4.beta.-acetoxy-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decane
      which melts at 97.degree.-98.degree.C.
PAR  A solution of 198 mg of the pure racemic
      4.beta.-acetoxy-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decane in 8 ml of
      ethanol and 2 ml of 2n aqueous potassium hydroxide is boiled under reflux
      for 1 hours in a nitrogen atmosphere. The ethanol is then distilled off in
      vacuo and the residue is extracted 4 times with 20 ml of methylene
      chloride on each occasion. The methylene chloride solutions are evaporated
      and the pure 9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decan-4.beta.-ol is
      obtained, which after recrystallisation from benzene/cyclohexane melts at
      250.degree.-256.degree.C (sealed capillary).
PAC  EXAMPLE 8c
PAR  A solution of 1.56 g (10.0 mmols) of the pure racemic
      9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decan-4.beta.-ol (purified via the
      acetate) in 15 ml of pyridine is treated, while stirring, with 2.50 g(12.5
      mmols) of (S)-ketopinylchloride (prepared from S-ketopininc acid with
      thionyl chloride/pyridine. S-ketopinic acid is prepared from
      (+)-10-camphorsulphonic acid monohydrate analogous to the process
      described in Organic Syntheses 45, 14,55). The reaction mixture is stirred
      for 18 hours at room temperature and added to a mixture of 25 ml of
      saturated sodium carbonate solution and 25 ml of water. The mixture is
      extracted 3 times with 50 ml of methylene chloride on each occasion. The
      methylene chloride solution is treated with benzene, then evaporated in
      vacuo, and the residue recrystallised 4 times from ethyl acetate to give
      the pure 8S-4.beta.-(S-ketopinyloxy)-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]
      decane, [.alpha.].sub.D = -47.degree. (c=1 in chloroform) which melts at
      183.degree.-185.degree. C. The mother liquor contains the crude
      8R-4.beta.-(S-ketopinyloxy)-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]-decane
      which melts at 111.degree.-114.degree.C. A solution of 1.28 g (4.0 mmols)
      of the pure 8S-4.beta.-(S-ketopinyloxy)-9,10-dioxatricyclo[4,3,1,0.sup.3,8
      ]decane and 8.0 ml of 2n aqueous potassium hydroxide in 32 ml of ethanol
      is boiled under reflux for 15 hours in a nitrogen atmosphere. The solution
      is then cooled, the ethanol evaporated in vacuo, the residue treated with
      5ml of water and extracted 6 times with 50 ml of methylene chloride on
      each occasion. The combined methylene chloride layers are evaporated, and
      the residue is first sublimed at 110.degree.C (0.02 Torr) and then
      recrystallised from benzene/cyclohexane. The pure
      8S-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decan-4.beta.-ol of the formula IVa
      melts at 251.degree.-256.degree.C, [.alpha.].sub.D = -147.degree. (c = 1
      in chloroform).
PAC  EXAMPLE 8d
PAR  A solution of 1.56 g (10.0 mmols) of the racemic
      9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decan-4.beta.-ol (purified via the
      acetate) in 30 ml of dry benzene is boiled for 14 hours under reflux with
      1 ml of triethylamine and 2.2. g (15 mmols) of
      (-)-1-phenyl-ethylisocyanate. After evaporation in vacuo and drying in a
      high vacuum at 50.degree.C the residue is crystallised out from ethyl
      acetate/hexane and recrystallised 5 times from benzene. The resulting pure
      urethane melts at 144.degree.-145.degree.C and has the following optical
      rotation: [.alpha.].sub.D = -32.degree. (c = 1 in chloroform). This
      urethane (50 mg) is boiled under reflux with 1.0 ml of 2n potassium
      hydroxide solution in ethanol. The mixture is then treated with water (10
      ml) and concentrated to 5 ml. The solution is washed 3 times with 20 ml of
      pentane on each occasion, then concentrated to 1 ml and the concentrate is
      extracted 5 times with 20 ml of methylene chloride on each occasion. The
      combined methylene chloride solutions are filtered through cotton wool and
      evaporated. The residue, 8S-9,10-dioxatricyclo[4,3,1,0.sup.3,8
      ]decan-4.beta.-ol, has the optical rotation [.alpha.].sub.D = -147.degree.
      (c = 1 in chloroform).
PAR  In analogous manner it is possible to obtain the
      8R-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]-decan-4.beta.-ol with the optical
      rotation [.alpha.].sub.D = +147.degree. (c = 1 in chloroform) from the
      pure racemic 9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decan-4.beta.-ol with the
      aid of (+)-1-phenyl-ethylisocyanate.
PAC  EXAMPLE 8e
PAR  A solution of 100 mg of the racemic
      4.beta.,5.beta.-epoxy-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ] decane in 3ml
      of dry tetrahydrofuran is boiled under reflux for 14 hours with 200 mg of
      lithium aluminium hydride. The mixture is then cooled, 0.2 ml of water,
      0.2 ml of 2n sodium hydroxide solution and 0.6 ml of water are added and
      the resulting suspension is stirred for 1 hour at room temperature. It is
      then filtered with suction and the precipitate is washed 3 times with 15
      ml of methylene chloride on each occasion. The organic solutions are
      evaporated to yield the pure racemic 9,10-dioxatricyclo [4,3,1,0.sup.3,8
      ]decan-4.beta.-ol.
PAC  EXAMPLE 9
PAR  While stirring, a solution of 0.24 ml of methanesulphonyl chloride in 5.0
      ml of methylene chloride is added at a temperature of -10.degree.C to a
      solution of 156 mg (1.00 mmols) of racemic
      9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decan-4.beta.-ol and 0.55ml (4.00
      mmols) of triethylamine in 5,0 ml of methylene chloride. After 40 minutes,
      during which time the cooling bath has warmed to 0.degree.C, the reaction
      mixture is diluted with 25ml of methylene chloride and washed with 10ml of
      normal sodium bicarbonate solution. The sodium bicarbonate layer is washed
      with 10ml of methylene chloride and this methylene chloride layer is
      combined with the previous methylene chloride solution, dried over sodium
      sulphate and concentrated in a water jet vacuum. The residue is taken up
      in a small amount of ethyl acetate and filtered through a column of 5 g of
      basic aluminium oxide (activity level IV). After elution with ethyl
      acetate and concentrating the first 50 ml of the eluate there is obtained
      as residue a crude racemic mixture of
      4.beta.-methylsulphonyloxy-9,10-dioxatricyclo [4,3,1,0.sup.3,8 ]decane of
      the formula IVb
      ##SPC15##
PAL  and its optical antipode, which can be used in the next reaction without
      further purification. However, it can also be recrystallised from ethyl
      acetate/pentane or ether/methylene chloride. Melting point:
      102.degree.-106.degree.C.
PAR  In analogous manner the
      8S-4.beta.-methylsulphonyloxy-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decane
      of the formula IVb, which melts at 120.degree.C (with decomp.) ethyl
      acetate/hexane,[.alpha.].sub.D = -90.degree. (C = 1 in chloroform), is
      obtained from the 8S-S-9,10-dioxatricyclo[4,3,1,0.sup.3,8
      ]decan-4.beta.-ol.
PAC  EXAMPLE 9a
PAR  A solution of 550 mg (3.52 mmols) of the racemic
      9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decan-4.beta.-ol in 25 ml of ether
      (filtered over basic aluminium oxide) is treated with 900 mg of sodium
      hydride (50%) and the mixture is boiled under reflux for 3 hours. Then 2
      ml of carbon disulphide are added and heating is continued for 3 hours.
      Finally, 2 ml of methyl iodide are added and the mixture is refluxed for a
      further 4 hours. The reaction mixture is cooled and excess sodium hydride
      is then destroyed with moist ether and subsequently with water. The
      organic phase is isolated and dried over magnesium sulphate. The solvent
      is expelled and the resulting oil is dissolved in benzene and filtered
      over aluminium oxide (activity level IV). After an extremely unpleasant
      smelling component has passed out of the column the eluate is combined and
      evaporated. Repeated crystallisation of the residue from heptane yields
      the racemic mixture consisting of 9,10-dioxatricyclo[4,3,1,0.sup.3,8
      ]-decane-4.beta.-methylxanthogenate of the formula IVc
      ##SPC16##
PAL  and its optical antipode; m.p. 81.degree.-82.degree.C.
PAC  EXAMPLE 10
PAR  A solution of the crude racemic
      4.beta.-methylsulphonyloxy-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decane of
      the formula IVb, obtained in Example 9, in 1.0 ml of anhydrous dimethyl
      sulphoxide, is treated in a nitrogen atmosphere and with stirring with
      2,5ml of a freshly prepared normal solution of potassium tert.butylate in
      anhydrous dimethyl sulphoxide, and the mixture is stirred for 40 minutes.
      The reaction solution is then diluted with 50 ml of ether and washed 4
      times with 10 ml of water on each occasion and once with 20 ml of
      saturated sodium chloride solution. The organic layer is concentrated, the
      residue taken up in a small amount of methylene chloride and the solution
      is filtered through a column of 2 g of basic aluminium oxide (activity
      level IV). After elution with methylene chloride and concentrating the
      first 50 ml of eluate in a water jet vacuum there is obtained as residue
      the racemic mixture of 9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]dec-4-ene of
      the formula V
      ##SPC17##
PAL  and its optical antipode, in the form of a wax-like substance; m.p.
      103.degree.-105.degree.C. From
      8S-4.beta.-methylsulphonyloxy-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decane
      there is obtained in analogous manner
      8S-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]dec-4-ene, m.p.
      108.degree.-114.degree.C; [.alpha.].sub.D = +11.degree. (c = 1 in
      chloroform).
PAC  EXAMPLE 10a
PAR  To a boiling solution of 4.68 g of racemic
      4.beta.-methylsulphonyloxy-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decane in
      40 ml of isopropanol is added a hot solution of 4.48 g of potassium
      hydroxide in the same solvent in a single amount and the resulting
      reaction mixture is refluxed for 2 hours with stirring. During this time
      the reaction mixture congeals to a crystalline solid from the precipitated
      potassium mesylate. It is then treated with 100ml of 8% sodium bicarbonate
      solution and repeatedly extracted with methylene chloride. The combined
      extracts are dried over sodium sulphate and evaporated under reduced
      pressure. The resulting crude product is dissolved in pentane/ether (9:1)
      and filtered through a column filled with 100 g of aluminium oxide
      (activity level IV). The first 500 ml of eluate yield after evaporation
      the racemic mixture of 9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]dec-4-ene of
      the formula V, and its optical antipode.
PAC  EXAMPLE 10b
PAR  To a solution of racemic 9,10-dioxactricyclo[4,3,1,0.sup.3,8
      ]decane-4.beta.-methylxanthogenate in methylene chloride is added the ten
      fold amount of sodium carbonate and the solvent is distilled off in a
      rotary evaporator. The resulting composition is heated to 150.degree.C in
      a pyrolysis tube. The distillate which is collected contains the racemic
      9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]dec-4-ene.
PAC  EXAMPLE 11
PAR  To a solution of 165 mg of racemic 9,10-dioxatricyclo[4,3,1,0.sup.3,8
      ]dec-4-ene in 4 ml of methanol are added, with stirring and at room
      temperature 865 mg of potassium bicarbonate and 740 mg of benzonitrile. To
      this mixture are added at intervals of 8 hours 5 portions each of 0.3 ml
      of 30% hydrogen peroxide and stirring is continued for 10 hours. Methylene
      chloride (25 ml) is then added to the reaction mixture, which is washed
      with 2% sodium hydrogen carbonate solution, dried over sodium sulphate and
      concentrated. Benzamide which has formed is removed by crystallisation
      from methylene chloride/pentane. The residual oil can be used directly in
      the next reaction, or chromatographed on 22 g of basic aluminium oxide
      (activity level IV). Elution with petroleum ether/benzene (7:3) yields the
      racemic mixture of
      4.beta.,5.beta.-epoxy-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decane of the
      formula
      ##SPC18##
PAL  and its antipode, (m.p. after crystallisation from ether/pentane:
      181.degree.-182.degree.C), and also as main product the racemic mixture of
      4.alpha.,5.alpha.-epoxy-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decane of the
      formula
      ##SPC19##
PAL  and its anitpode; (m.p. after crystallisation from ether/pentane:
      146.degree.-156.degree.C).
PAR  From 8S-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]dec-4-ene there is obtained in
      analogous manner the
      8S-4.alpha.,5.alpha.-epoxy-9,10dioxatricyclo[4,3,1,0.sup.3,8 ] decane
PAR  Melting poinnt: 169.degree.-171.degree. [.alpha.].sub.D = -95.degree. (c= 1
      in chloroform) and the
      8S-4.beta.,5.beta.-epoxy-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ] decane
      Melting point: 180.degree.-182.degree., [.alpha.].sub.D = -87.degree. (c=
      1 in chloroform)
PAC  EXAMPLE 11a
PAR  To a solution of 350 mg (2,53 mmols) of racemic
      9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]dec-4-ene in 45 ml of chloroform
      (filtered through aluminium oxide of activity level I) are added 1.1 g (11
      mmols) of finely powdered potassium bicarbonate and then, with stirring,
      570 mg of 85% m-chloroperbenzoic acid (2.8 mmols). The mixture is stirred
      for 40 hours at room temperature, filtered and the filtrate is washed
      twice with 30 ml of a normal sodium carbonate solution on each occasion.
      The organic solution is filtered through cotton wool and evaporated. The
      residue is chromatographed on 20 g of basic aluminium oxide (activity
      level IV). The racemic
      4.beta.,5.beta.-epoxy-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decane is eluted
      as main product with petroleum ether/benzene (7:3) and the racemic
      4.alpha.,5.alpha.-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decane with benzene.
PAC  EXAMPLE 12
PAR  A solution of 800 mg (5.2 mmols) of racemic
      4.alpha.,5.alpha.-epoxy-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decane in 35
      ml of 24% aqueous ammonia is heated in a Carius tube under nitrogen for 1
      hour at 100.degree.C (bath temperature). Upon cooling, the contents of the
      tube are evaporated to dryness. The crystalline residue is taken up in
      methylene chloride. The solvent is evaporated to give the pure racemic
      mixture of 4.beta.-amino-9,10-dioxatricyclo[4,3,1,0.sup.3,8
      ]decan-5.alpha.-ol of the formula
      ##SPC20##
PAL  and its optical antipode, in the form of colourless crystals (m.p.
      178.degree.-180.degree.C; sublimation at about 140.degree.C).
PAR  In analogous manner there is obtained from the
      8S-4.alpha.,5.alpha.-epoxy-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decane the
      8S-4.beta.-amino-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decan-5.alpha.-ol;
      m.p. 176.degree.-178.degree., [.alpha.].sub.D = -155.degree. (c = 1
      chloroform).
PAC  EXAMPLE 12a
PAR  A solution of 143 mg of the crude mixture of racemic
      4.alpha.,5.alpha.-epoxy-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decane and the
      corresponding .beta.-epoxide in 5 ml of 24% aqueous ammonia is heated in a
      Carius tube under nitrogen for 1 hour to 100.degree.C (bath temperature).
      Upon cooling, the contents of the tube are evaporated to dryness in vacuo,
      the residue is dissolved in 5 ml of water, and this solution is washed
      twice with 10ml of diethyl ether on each occasion to remove unreacted
      .beta.-epoxide. The aqueous phase is concentrated to yield the pure
      racemic 4.beta.-amino-9,10-dioxatricyclo[4,3,1,0.sup.3,8
      ]-decan-5.alpha.-ol (m.p. 178.degree.-180.degree.C).
PAC  EXAMPLE 13
PAR  The racemic 4.beta.-amino-9,10-dioxatricyclo[4,3,1,0.sup.3,8
      ]-decan-5.alpha.-ol (400mg, 2.34 mmols) is dissolved in 18 ml of a 1.23%
      solution of hydrochloric acid in methanol and the solution is stirred
      under nitrogen for 21/2 hours at room temperature. During this time the
      racemic 2-exo-amino-3,4-endo-dihydroxy-8-methoxy-7-oxabicyclo[4,3,0]nonane
      hydrochloride begins to crystallise from the reaction solution. The
      resulting suspension is evaporated to dryness in vacuo and the white
      crystalline residue is freed from excess hydrogen chloride by addition of
      a few ml of methanol and distilling it off. The resulting
      2-exo-amino-3,4-endo-dihydroxy-8-methoxy-7-oxabicyclo[4,3,0]nonane
      hydrochloride racemate, consisting of the compound of the formula
      ##SPC21##
PAL  and its optical antipode, melts at 242.degree.-244.degree.C.
PAR  A solution of 35 mg of this hydrochloride in 5 ml of water is charged on to
      anion exchanger column (Dowex-1-OH) and eluted with 250 ml of water. The
      aqueous solution is concentrated to leave as residue the free racemic
      2-exo-amino-3,4-endo-dihydroxy-8-methoxy-7-oxabicyclo[4,3,0]nonane which
      melts at 96.degree.C.
PAR  From the 8S-4.beta.-amino-9,10-dioxatricyclo[4,3,1,0.sup.3,8
      ]decan-5.alpha.-ol there is obtained in analogous manner the
      6S-2-exo-amino-3,4-endo-dihydroxy-8-methoxy-7-oxabicyclo[4,3,0]nonane
      hydrochloride; m.p. 235.degree.-6.degree.[.alpha.].sub.D = -117.degree. (c
      = 1 chloroform)
PAC  EXAMPLE 14
PAR  A solution of 45.6 mg of racemic 9,10-dioxatricyclo[4,3,1,0.sup.3,8
      ]dec-4-ene and 10 mg of p-toluenesulphonic acid in 1.0 ml of methanol is
      stirred for 45 minutes at room temperature, treated with 3 ml of sodium
      bicarbonate solution (8%) and extracted 3 times with ethyl acetate. The
      combined extracts are dried over sodium sulphate and evaporated in vacuo.
      The oily residue is the racemic
      4-endo-hydroxy-8-methoxy-7-oxabicyclo[4,3,0]non-2-ene(thin layer
      chromatography on silica gel with ethyl acetate as eluant, Rf: 0.36)
      consisting of the compound of the formula
PAL  and its optical antipode.
PAC  EXAMPLE 15
PAR  A solution of 51 mg of the racemic
      4-endo-hydroxy-8-methoxy-7-oxabicyclo[4,3,0]non-2-ene in 3ml of methylene
      chloride is stirred at room temperature for 261/2 hours in the presence of
      an excess of potassium bicarbonate. Then 5 ml of methylene chloride are
      added, the mixture is extracted with 3 ml of 2% sodium bicarbonate
      solution, and the methylene chloride phase is dried over sodium sulphate
      and evaporated in vacuo. The residue is chromatographed on 7 g of
      aluminium oxide (activity level IV), in the course of which the racemic
      mixture consisting of
      2,3-exo-epoxy-4-endo-hydroxy-8-methoxy-7-oxabicyclo[4,3,0]nonane of the
      formula
      ##SPC22##
PAL  and its optical antipode is eluted with methylene chloride. Elution with
      ethyl acetate/methanol (9:1) yields the racemic mixture consisting of
      2,3-endo-epoxy-4-endo-hydroxy-8-methoxy-7-oxabicyclo[4,3,0]nonane of the
      formula
      ##SPC23##
PAL  and its optical antipode.
PAC  EXAMPLE 15a
PAR  A mixture of 51 mg of the racemic
      4-endo-hydroxy-8-methoxy-7-oxabicyclo[4,3,0]non-2-ene, 1 ml of methanol,
      183 mg of benzonitrile, 217 mg of potassium bicarbonate and 34mg of 90%
      hydrogen peroxide is stirred at room temperature and treated after 17 and
      26 hours respectively with 34 mg of 90% hydrogen peroxide on each
      occasion. After a further 16 hours 3 ml of water and 10 ml of methylene
      chloride are added. The organic phase is isolated, extracted 3 times with
      10% sodium bicarbonate solution, the aqueous extracts are reextracted 3
      times with methylene chloride and the combined organic phases are dried
      over sodium sulphate and evaporated. The benzamide is removed from the
      resulting reaction product by crystallisation from methylene
      chloride/pentane and the residue is chromatographed on 7 g of aluminium
      oxide (activity level IV). Elution with methylene chloride/ethyl acetate
      (5:1) yields the racemic mixture consisting of
      2,3-exo-epoxy-4-endo-hydroxy-8-methoxy-7-oxabicyclo[4,3,0]nonane and its
      optical antipode. Further elution with ethyl acetate/methanol (9:1) yields
      the racemic mixture consisting of
      2,3-endo-epoxy-4-endo-hydroxy-8-methoxy-7-oxabicyclo[4,3,0]nonane and its
      optical antipode.
PAC  EXAMPLE 15b
PAR  A solution of 64 mg of the racemic
      4-endo-acetoxy-8-methoxy-7-oxabicyclo[4,3,0]non-2-ene, 207 mg of
      N-bromacetamide in 15 ml of acetone and 6 ml of water is stirred for 16
      hours at room temperature and the acetone is subsequently removed in
      vacuo. The aqueous solution is extracted with altogether 19 ml of
      methylene chloride and the methylene chloride extracts are washed with 2
      ml of 2% sodium thiosulphate solution, dried over sodium sulphate and
      evaporated. Preparative thin layer chromatography of the residue on silica
      gel (methylene chloride/ethyl acetate 4:1) yields a mixture of isomeric
      bromohydrins. This mixture is stirred for 1 hour in 2ml of 2.5% potassium
      hydroxide in methanol and to the mixture are added 20 ml of water and
      sodium chloride until saturation is reached. The saturated solution is
      then extracted 4 times with 15 ml of methylene chloride on each occasion.
      The methylene chloride solution is dried over sodium sulphate and then
      evaporated. The residue is resolved analogous to Example 15a into the
      racemic 2,3-endo-epoxy-4-endo-hydroxy-8-methoxy-7-oxabicyclo[4,3,0]nonane
      and the corresponding 2,3-exo-epoxy racemate.
PAR  The starting material is obtained in the following manner:
PAR  A solution of 170 mg of the racemic
      4-endo-hydroxy-8-methoxy-7-oxabicyclo[4,3,0]non-2-ene in 1.5 ml of acetic
      anhydride and 5 ml of pyridine is stirred for 5 hours at room temperature.
      Volatile components are distilled off in a high vacuum, again at room
      temperature, and the residue is treated with toluene and distillation
      performed once more. The oily residue is chromatographed on preparative
      silica gel plates with ethyl acetate. The racemic
      4-endo-acetoxy-8-methoxy-7-oxabicyclo[4,3,0]non-2-ene is obtained as an
      oily product.
PAC  EXAMPLE 15c
PAR  A solution of 62mg racemic
      4.alpha.,5.alpha.-epoxy-9,10-dioxatricyclo[4,3,1,0.sup.3,8 ]decane in 6 ml
      of dry methanol is treated at 0.degree.C with 6 mg of p-toluenesulphonic
      acid and stirred at the same temperature for 1 hour. Then 50mg of fine by
      pulverised potassium bicarbonate are added and the mixture is stirred for
      5 minutes, filtered and evaporated. The residue consists of a racemic
      mixture of
      2,3-endo-epoxy-4-endo-hydroxy-8-methoxy-7-oxabicyclo[4,3,0]nonane of the
      formula VI'a and its optical antipode.
PAC  EXAMPLE 16
PAR  A solution of 30 mg of the racemic
      2,3-endo-epoxy-4-endo-hydroxy-8-methoxy-7-oxabicyclo[4,3,0]nonane in 0.3
      ml of dioxan and 2 ml of 24% aqueous ammonia is heated in a sealed test
      tube for 1 hour to 120.degree.C. The product is evaporated in vacuo,
      whereupon the racemic mixture consisting of
      2-exo-amino-3,4-endo-dihydroxy-8-methoxy-7-oxabicyclo[4,3,0]nonane of the
      formula VIII, and its optical antipode, is obtained as a colourless oil.
PAC  EXAMPLE 17
PAR  The racemic
      2-exo-amino-3,4-endo-dihydroxy-8-methoxy-7-oxabicyclo[4,3,0]nonane
      hydrochloride (350 mg; 1.46 mmols) and 250 mg (1.84 mmols) of crystalline
      sodium acetate are dissolved at 0.degree.-5.degree.C in 6 ml of 50%
      aqueous acetic acid. While stirring and cooling with an ice-water bath,
      1.5 ml of a 3 normal sodium nitrite solution are added to the resulting
      solution in an argon atmosphere within 40 minutes. After a total of 80
      minutes, the reaction mixture is neutralised with a suspension of 6 g of
      sodium hydrogen carbonate in 12 ml of water and extracted repeatedly with
      methylene chloride. The combined extracts are dried with sodium sulphate
      and the solvent is then distilled off in vacuo. The oily residue is the
      racemic 6-exo-formyl-3-methoxy-2-oxabicyclo[3,3,0] octan7-endo-ol,
      consisting of the compound of the formula
      ##SPC24##
PAL  and its optical antipode. This layer chromatogram: R.sub.f = 0.28 on silica
      gel with ethyl acetate as eluant.
PAR  From the
      6S-2-exo-amino-3,4-endo-dihydroxy-8-methoxy-7-oxabicyclo[4,3,0]nonane
      hydrochloride there is obtained in analogous manner the
      1S-6-exo-formyl-3-methoxy-2-oxa-bicyclo[3,3,0]octan-7-endo-ol.
PAR  The product is instable and is used at once.
PAC  EXAMPLE 17a
PAR  A solution of 25 mg (0.123 mmols) of the racemic
      2-exo-amino-3,4-endo-dihydroxy-8-methoxy-7-oxabicyclo[4,3,0]nonane in 5 ml
      of dry ethylene glycol dimethyl ether is treated at 0.degree.C with 120 mg
      of potassium acetate while stirring, and dinitrogen tetroxide is passed
      into the solution slowly over the course of 10 minutes. Excess dinitrogen
      tetroxide is then removed by scavenging with nitrogen, the solution is
      treated with 10 ml of water and 1 ml of saturated sodium carbonate
      solution and extracted with methylene chloride. The organic extract is
      dried over sodium sulphate and then evaporated. The residue is the racemic
      6-exo-formyl-3-methoxy-2-oxabicyclo[3,3,0]octan-7-endo-ol, which consists
      of the compound of the formula IXa and its optical antipode.
PAC  EXAMPLE 18
PAR  A solution of 29.6 (0.158 mmols) of freshly manufactured racemic
      6-exo-formyl-3-methoxy-2-oxabicyclo[3,3,0]octan-7-endo-ol in 3 ml of dry
      ethylene glycol dimethyl ether is treated with 120 mg (0.32 mmols) of
      1-triphenylphosphoranylidene-2-heptanone. (S.M.Miyano et al, Tetr. Letters
      1969 1615 and J. Org. Chem. 37. 1810). The resulting solution is refluxed
      under nitrogen for 11 hours, cooled and concentrated. The residue is
      purified by preparative thin-layer chromatography on silica gel with ethyl
      acetate as eluant.
PAR  The resulting racemic 3-methoxy-6-exo-(3-oxo-trans-1-octenyl)-2-oxabicyclo
      [3,3,0]octan-7-endo-ol which consists of the compound of the formula
      ##SPC25##
PAL  and its optical antipode is a yellow oil, which in the infrared zone has
      absorption maxima at 2.80; 2.90; 5.92; 5.98; 6.15.mu. and in the
      ultraviolet zone at 230m.mu.. The melting point of its
      7-endo-(3,5-dinitrobenzoyloxy) derivative (obtained from the above product
      with 3.5-dinitrobenzoyl chloride and pyridine) is
      73.degree.--75,5.degree.C.
PAC  EXAMPLE 18a
PAR  A solution of 550 mg (2.96 mmols) of the freshly manufactured racemic
      6-exo-formyl-3-methoxy-2-oxabicyclo[3,3,0]octan-7-endo-ol in 18 ml of dry
      ethylene glycol dimethyl ether is treated with 1.39 g (4.4 mmols) of
      1-tributylphosphoranylidene-2-heptanone (b.p. 130.degree.C at 0.001 Torr,
      (S. :N. Finch and J. J. Fitt, Tetr. Letters 1969 4639). The resulting
      solution is stirred under nitrogen for 2 hours at 50.degree.C and for 12
      hours at room temperature, then concentrated in vacuo. The residue, the
      racemic
      3-methoxy-6-exo-(3-oxo-trans-1-octenyl)-2-oxabicyclo[3,3,0]octan-7-endo-ol
      is purified by preparative thin layer chromatography on silica gel with
      ethyl acetate as eluant. (Oil, which congrats to a crystalline solid on
      standing at -20.degree., m.p. 8,5-9,5.degree.C).
PAR  In analogous manner there is obtained from the
      1S-6-exo-3-methoxy-2-oxabicyclo[3,3,0]octan-7-endo-ol the
      1S-3-methoxy-6-exo-(3-oxo-trans-1-octenyl)-2-oxabicyclo[3,3,0]octan-7-endo
     -ol; m.p. 11,5.degree.-13.degree.C[.alpha.].sub.D.sup.20 =-69.+-.1.degree.
      (c = 1% in chloroform).
PAC  EXAMPLE 19
PAR  A solution of 50 mg (0.177 mmols) of the racemic
      3-methoxy-6-exo-(3-oxo-trans-1-octenyl)-2-oxabicyclo[3,3,0]octan-7-endo-ol
      in 9 ml of methanol is treated at 0.degree.C while stirring with a
      solution of 338 mg (8.95 mmols) of sodium borohydride in 3 ml of water.
      The solution is stirred for 17 minutes at 0.degree.C, then poured on 150
      ml of water. The resulting solution is extracted 3 times with 50 ml of
      chloroform on each occasion, the combined extracts are dried over
      magnesium sulphate, evaporated, and the residue is dried for 1 hour in
      vacuo at 25.degree.C and 0.1 Torr. the residual oil is separated into two
      fractions by preparative thin layer chromatography on silica gel with
      ethyl acetate as eluant. The less polar fraction consists of the racemic
      3-methoxy-6-exo-(3R-hydroxy-trans-1-octenyl)-2-oxabicyclo[3,3,0]octan-7-en
     do-ol, consisting of the compound of the formula
      ##SPC26##
PAL  and its optical antipode (R.sub.f on silica gel with ethyl acetate as
      eluant 0.31; m.p. of its bis-p-nitrobenzoyloxy derivative, obtained from
      the above product with p-nitrobenzoyl chloride and pyridine, is
      72.degree.-76.degree.C); and the more polar one consists of the racemic
      3-methoxy-6-exo-(3S-hydroxy-trans-1-octenyl)-2-oxabicyclo[3,3,0]octan-7-en
     do-ol which consists of the compound of the formula
      ##SPC27##
      and its optical antipode (R.sub.f on silica gel with ethyl acetate as
      eluant 0,25; m.p. of its bis p-nitrobenzoyloxy derivative is
      135.degree.-137.5.degree.).
PAR  From the
      1S-3-methoxy-6-exo-(3-oxo-trans-1-octenyl)-2-oxabicyclo[3,3,0]octan-7-endo
     -ol there is obtained in analogous manner the
      1S-3-methoxy-6-exo-(3S-hydroxy-trans-1-octenyl)-2-oxabicyclo[3,3,0]octan-7
     -endo-ol; oil, [.alpha.].sub.D.sup.20 =-72.+-.1.degree. (C = 1% in
      chloroform), and the
      1S-3-methoxy-6-exo-(3R-hydroxy-trans-1-octenyl)-2-oxabicyclo[3,3,0]octan-7
     -endo-ol, m.p. 50.degree.-57.degree.C, [.alpha.].sub.D.sup.20
      =-88.+-.1.degree. (C=1% in chloroform).
PAR  The
      3-methoxy-6-exo-(3R-hydroxy-trans-1-octenyl)-2-oxabicyclo[3,3,0]octan-7-en
     do-ol which occurs as byproduct can be led back into the process as
      follows:
PAR  A solution of 50 mg of the racemic
      3-methoxy-6-exo-(3R-hydroxy-trans-1-octenyl)-2-oxabicyclo[3,3,0]octan-7-en
     do-ol in 0.78 ml of methylene chloride is stirred in a nitrogen atmosphere
      for 17 hours with 782 mg of active precipitated manganese dioxide (Merck,
      Darmstadt). The mixture is then filtered through diatomaceous earth and
      evaporated. The residue is the racemic
      3-methoxy-6-exo-(3-oxo-trans-1-octenyl)-2-oxabicyclo[3,3,0]octan-7-endo-ol
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. The racemic 4.beta.-amino-9,10-dioxatricyclo[4,3,1,0.sup.3,8
      ]decan-5.alpha.-ol of the formula VII
      ##SPC28##
NUM  2.
PAR  2. The optically active 8S-4.beta.-amino-9,10-dioxatricyclo[4,3,1,0.sup.3,8
      ]decan-5.alpha.-ol of the formula VII according to claim 1.
NUM  3.
PAR  3. A process for the manufacture of a racemic compound of the formula VII
      ##SPC29##
PAL  wherein a racemic .alpha.-epoxide of the formula VI
      ##SPC30##
PAL  is reacted with aqueous ammonia.
NUM  4.
PAR  4. A process for the manufacture of an optically active compound of the
      formula VII having an 8S-absolute configuration
      ##SPC31##
PAL  wherein an optically active .alpha.-epoxide of the formula VI having an
      8S-absolute configuration
      ##SPC32##
PAL  is reacted with aqueous ammonia.
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ABST
PAL  L(+)- or D(-)-.alpha.-azidophenylacetic acid is produced by a process which
      involves the steps of reacting a water-soluble salt of
      DL-.alpha.-azidophenylacetic acid with a water-soluble salt of an
      optically active .alpha.-phenylethylamine in an aqueous medium, effecting
      crystallization of the resulting reaction product, that is, the
      diastereomeric salt, and splitting of the thus-obtained salt.
BSUM
PAR  This invention relates to a process for obtaining D(-)- and
      L(+)-.alpha.-azidophenylacetic acid by reacting L(-)- or
      D(+)-.alpha.-phenyl-ethylamine with DL-.alpha.-azidophenylacetic acid, by
      crystallizing the thusformed diastereomeric salt, and by splitting or
      dissociating this salt.
PAR  D(-)-.alpha.-azidophenylacetic acid is employed as a starting material for
      the production of antibiotics such as .alpha.-aminobenzylpenicillin or
      .alpha.-azidobenzylpenicillin.
PAR  It has been known from British Pat. No. 960,665 that the free
      D(-)-.alpha.-azidophenylacetic acid can be obtained from the racemic form
      by reacting the racemic DL-.alpha.-azidophenylacetic acid in a lower
      alcohol with molar amounts of L-ephedrine, dehydroabietylamine,
      .alpha.-(2-naphthyl)-ethylamine, cinchonidine, cinchonine, quinidine,
      quinine, brucine, or morphine, by purifying the thus-isolated
      diastereomeric salt through repeated recrystallization, and by splitting
      the salt with a mineral acid.
PAR  It has furthermore been known that advantageous results can be obtained by
      conducting the splitting of the racemates of DL-.alpha.-azidophenylacetic
      acid by reaction with L(-)-.alpha.-phenylethylamine in organic diluents,
      such as benzene, ether, alcohols, or in water.
PAR  This process is disclosed in German Unexamined Laid-Open Application (DOS)
      No. 2,127,260. In this conventional process, equimolar amounts of
      L(-)-.alpha.-phenylethylamine and DL-.alpha.-azidophenyl-acetic acid are
      dissolved in solvents, and the solutions are reacted. In each case, it is
      disclosed that it is necessary to employ the free acid and the free base
      for the production of the diastereomeric salt.
PAR  Although the conventional racemate splitting of
      DL-.alpha.-azidophenylacetic acid with L(-)-.alpha.-phenylethylamine is
      advantageous as compared to the processes carried out with the aid of
      ephedrine and other alkaloids, it would be even more advantageous to be
      able to use, in the racemate splitting process, solutions of salts of
      DL-.alpha.-azidophenyl-acetic acid stemming directly from the synthesis of
      the salts to avoid the steps of obtaining the free acid from the salt.
      Furthermore, it would be advantageous if the purity of the thus-obtained
      D(-)-.alpha.-azidophenylacetic acid could be improved.
PAR  Consequently, the invention is based on the problem of making available a
      particularly economical process, which can be executed technically without
      flaws, for the production of D(-)- or L(+)-.alpha.-azidophenylacetic acid
      with the use of the antipodes of .alpha.-phenylethylamine, wherein
      solutions of the corresponding salts of the starting materials obtained
      directly during the preparation of the starting materials i.e., the salts
      of DL-.alpha.-azidophenylacetic acid, can be employed and the desired,
      optically active .alpha.-azidophenylacetic acids are produced in higher
      yields and with greater purity.
PAR  Therefore, this invention relates to a process for the production of D(-)-
      or L(+)-.alpha.-azidophenylacetic acid which comprises reacting a salt of
      DL-.alpha.-azidophenylacetic acid with a salt of an optically active
      .alpha.-phenylethylamine in an aqueous medium, crystallizing the reaction
      product, and splitting the thus-obtained crystallized salt.
PAR  In the process of this invention, the splitting base, L(-)- or
      D(+)-.alpha.-phenylethylamine, is utilized in the form of a water-soluble
      salt, especially as the hydrochloride, sulfate, or phosphate, during the
      reaction and during crystallization.
PAR  Salts of DL-.alpha.-azidophenylacetic acid suitable for purposes of the
      invention are also water-soluble salts, such as preferably the sodium,
      potassium, or ammonium salts.
PAR  The process of this invention has the extraordinary advantage that the
      formation of and the crystallization of the phenylethylamine salts of
      .alpha.-azidophenylacetic acid takes place with high selectivity directly
      in the mother liquor stemming from the preparation of the racemic
      .alpha.-azidophenylacetic acid. According to this process, high space-time
      yields and high productivity are attained. Moreover, by using the aqueous
      alkaline solution from the preceding preparation of synthesis stage,
      several process steps are avoided -- precipitation, isolation, drying of
      the racemic acid. Also, the amount of wastewater is substantially reduced.
      The mode of operation of this invention also eliminates process operations
      required when working in organic and/or organic-aqueous solvents. The
      process of the present invention is particularly advantageous in the
      preparation and crystallization of the L(-)-.alpha.-phenylethylamine salt
      of D(-)-.alpha.-azidophenylacetic acid.
PAR  According to an especially advantageous embodiment of this invention, the
      salt of an optically active amine, e.g., L(-)-.alpha.-phenylethylamine is
      utilized in an amount substantially less than stoichiometric proportions,
      i.e. in from 0.1 to 0.5 mole and preferably in an amount of less than 0.5
      mole per 1 mole of the salt of the racemic azidophenylacetic acid.
PAR  In case more than 0.5 mole of .alpha.-phenylethylamine per mole of
      DL-.alpha.-azidophenylacetic acid is employed in the reaction, the desired
      diastereomeric salt is no longer obtained in the pure form; the other
      antipode is concomitantly precipitated in minor amounts. Accordingly, the
      indicated upper molar ratio is critical.
PAR  The lower limit value for the amount of the optically active
      .alpha.-phenylethylamine employed is not critical, but should not be below
      0.1 mole per 1 mole of the salt of the racemic azidophenylacetic acid, for
      economical reasons. In this embodiment of the process of the invention,
      the diastereomeric salts of L(-)- or D(+)-.alpha.-phenylethylamine with
      D(-)- or L(+)-.alpha.-azidophenylacetic acid are produced in a
      particularly pure form and with very good yields. Moreover, the splitting
      base, phenylethylamine, is most extensively exploited and need not be
      recovered. The antipode remaining in the aqueous solution, such as
      L(+)-.alpha.-azidophenylacetic acid, can then be directly racemized
      without separation or -- if desired -- can be isolated as a diastereomeric
      salt with D(+)-.alpha.-phenylethylamine according to the method of claim
      1.
PAR  Theoretically, the formation of four diastereomeric salts is possible.
      L(-)-.alpha.-phenylethylamine forms a diastereomeric salt with
      D(-)-.alpha.-azidophenylacetic acid and with
      L(+)-.alpha.-azidophenylacetic acid. However, only the salt with
      D(-)-.alpha.-azidophenylacetic acid is insoluble and thus is precipitated.
PAR  Furthermore, a salt is possibly made up from D(+)-.alpha.-phenylethylamine
      and L(+)-.alpha.-azidophenylacetic acid or D(-)-.alpha.-azido-phenylacetic
      acid. Here again, only the salt formed with L(+)-.alpha.-azidophenylacetic
      acid is precipitated.
DETD
PAR  The process of this invention is explained with reference to the following
      examples:
PAC  EXAMPLE 1
PAC  Preparation of DL-.alpha.-Azidophenylacetic Acid
PAR  At 15 to 20.degree.C., a solution of 430 g. of bromophenyl-acetic acid in
      650 g. of trichloroethylene is added dropwise within 2 hours to a solution
      of 82.5 g. of caustic soda (i.e. sodium hydroxide) and 130 g. of sodium
      azide in 750 g. of water; the reaction mixture is agitated for 2 hours at
      20.degree.C.
PAR  At the end of the reaction, the resulting suspension has a pH of about 6,
      which is raised with 45% aqueous sodium hydroxide solution to a pH of 8.
      Thereafter, the lower (bottom) trichloroethylene phase is separated by
      decanting and the pH is lowered with the addition of concentrated sulfuric
      acid to 6 to 7. A sample is withdrawn from the reaction solution, and the
      content of .alpha.-azidophenylacetic acid is determined.
PAR  This analysis showed an 85% yield of .alpha.-azidophenylacetic acid,
      calculated on the basis of bromophenylacetic acid employed.
PAC  EXAMPLE 2
PAR  Under agitation, a solution of 96.7 g. of neutral
      L(-)-.alpha.-phenylethylamine sulfate in 560 g. of water is added to 1,120
      g. of the aqueous mother liquor obtained according to Example 1 with an
      .alpha.-azidophenylacetic acid content of 247.2 g. at 20.degree.C. as
      follows: 64 ml. is added dropwise within 20 minutes; the solution is
      inoculated with 0.3 g. of the L(-)-.alpha.-phenylethylamine salt of
      D(-)-.alpha.-azidophenylacetic acid with an optical purity of at least
      [.alpha.].sub.d 20 = -76.0.degree. (c = 1 in absolute methanol); and the
      temperature of the reaction mixture is raised to 30.degree. to
      40.degree.C. The residual solution is added dropwise under agitation
      within 3 hours. Already 20 minutes after the introduction of the aqueous
      L(-)-.alpha.-phenylethylamine sulfate solution, the crystallization
      commences. After the addition is terminated, the reaction mixture is
      cooled within 30 minutes to 20.degree.C., and the diastereomeric salt is
      isolated by filtration, suction-filtering, or centrifugation, etc.
PAR  Yield: 151.0 g. (= 89.5% of theory, calculated on the basis of
      L(-)-.alpha.-phenylethylamine utilized) of the phenylethylamine salt of
      D(-)-.alpha.-azidophenylacetic acid.
PAR  Melting Point: 150.degree.C.
PAR  [.alpha.].sub.D.sup.20 = -78.degree. (c = 1 in absolute methanol).
PAC  EXAMPLE 3
PAR  Under agitation, 64.0 g. (0.37 mole) of L(-)-.alpha.-phenylethylamine
      sulfate, dissolved in 370 ml. of water, was added dropwise within 3 hours
      to a solution of 177 g. (1 mole) of DL(-)-.alpha.-azido-phenylacetic acid
      in 410 g. of 10% aqueous sodium hydroxide solution. After adding about 102
      ml. of the phenylethylamine sulfate solution, the mixture was inoculated
      with a few crystals of D(-)-.alpha.-azidophenyl-acetic acid
      phenylethylamine salt (L [.alpha.].sub.D.sup.20 = -78.degree. (c = 5 in
      absolute methanol). After completing the addition of phenylethylamine, the
      mixture was stirred for another 45 minutes; the thus-separated
      diastereomeric salt was vacuum-filtered and washed with 100 ml. of water.
PAR  Yield: 97 g. (= 87% theoretical, calculated on the basis of
      L(-)-.alpha.-phenylethylamine employed) of the phenylethylamine salt of
      D(-)-.alpha.-azidophenylacetic acid, having a rotation of
      [.alpha.].sub.D.sup.20 = -78.degree. (c = 5 in absolute methanol).
PAR  By splitting the diestereomeric salt, 56 g. (= 84% theoretical) of
      D(-)-.alpha.-azidophenylacetic acid was obtained (based on
      .alpha.-phenylethylamine utilized); optical purity 98%.
PAR  As for the conditions under which the optically active salt of
      .alpha.-azidophenylacetic acid is precipitated with
      .alpha.-phenylethyl-amine, assuming water is used as the solvent, the
      concentration of the salt of DL-.alpha.-azidophenylacetic acid ranges
      between 0.05 and 0.75 grams per milliliter of water, preferably between
      0.2 and 0.6 grams per milliliter of water. It will be appreciated that the
      diastereromeric salt is split according to generally conventional methods.
      Suitable for splitting purposes are, in principle, all mineral acids,
      hydrochloric acid is preferred. According to the present process, the D-
      form of the azidophenylacetic acid has been precipitated in the form of
      the ethylamine salt thereof, the L-form in the filtrate can be
      precipitated by adding to the filtrate a salt of
      D(+)-.alpha.-phenylethylamine.
PAR  The formation of the salt takes place without or preferably with agitation
      during addition of the phenylethylamine. The temperature can range between
      10.degree. and 80.degree.C, a temperature range of between 25.degree. and
      60.degree.C. is preferred. In general, the process is accomplished under
      normal pressure, in principle, it is also possible to operate at
      superatmospheric pressure. The reaction time ranges between 5 minutes and
      5 hours.
PAR  While the novel principles of the invention have been described, it will be
      understood that various omissions, modifications and changes in these
      principles may be made by one skilled in the art without departing from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for obtaining L(+)- or D(-)-.alpha.-azidophenylacetic acid
      which comprises reacting a water-soluble salt of
      DL-.alpha.-azidophenylacetic acid with a water-soluble salt of optically
      active .alpha.-phenylethylamine in an aqueous medium containing solvent
      consisting essentially of water to produce a reaction product therein,
      crystallizing a diastereomeric salt of said acid and said amine from said
      reaction product and splitting the thus-obtained salt, said salt of
      optically active .alpha.-phenylethylamine being utilized in an amount of
      from 0.1 to 0.5 mole per mole of the salt of DL-.alpha.-azidophenylacetic
      acid.
NUM  2.
PAR  2. The process according to claim 1, in which the salt of
      DL-.alpha.-azidophenylacetic acid is selected from the group consisting of
      the sodium, potassium, and ammonium salt.
NUM  3.
PAR  3. The process according to claim 2, in which the salt of optically active
      .alpha.-phenylethylamine is a water-soluble inorganic acid salt of D(+) or
      L(-)-.alpha.-phenylethylamine.
NUM  4.
PAR  4. The process according to claim 3, in which the inorganic acid salt is
      the hydrochloride, sulfate or phosphate of D(+)- or
      L(-)-.alpha.-phenylethylamine.
NUM  5.
PAR  5. The process according to claim 1, in which the salt of
      DL-.alpha.-azidophenylacetic acid utilized is the sodium salt in a
      solution obtained during the preparation of the acid by reaction of
      .alpha.-bromophenyl-acetic acid and sodium azide.
NUM  6.
PAR  6. The process according to claim 1, in which the salt of optically active
      .alpha.-phenylethylamine is D(+)- or L(-)-.alpha.-phenylethylamine.
NUM  7.
PAR  7. The process according to claim 6, in which the salt of D(+)- or
      L(-)-.alpha.-phenylethylamine is utilized in an amount of 0.5 mole per
      mole of the salt of DL-.alpha.-azidophenylacetic acid.
NUM  8.
PAR  8. The process according to claim 1, in which the reaction of the
      water-soluble salt of DL-.alpha.-azidophenylacetic acid with the
      water-soluble salt of optically active .alpha.-phenylethylamine is
      conducted at a temperature of from about 10.degree. to 100.degree.C. for
      from 15 to 300 minutes.
NUM  9.
PAR  9. The process according to claim 1, in which the concentration of the
      water-soluble salt of DL-.alpha.-azidophenylacetic acid in the aqueous
      medium is from 0.05 to 0.75 g. per milliliter of water.
NUM  10.
PAR  10. The process according to claim 1, wherein crystallization of the salt
      is promoted by incremental addition of a water-soluble salt of the
      .alpha.-phenylethylamine, together with the inoculation of an optically
      active .alpha.-phenylethylamine salt of one of the antipodes of
      .alpha.-azidophenylacetic acid and an increase in the temperature of the
      reactants, followed by gradual cooling.
NUM  11.
PAR  11. The process according to claim 10, wherein the inoculation is effected
      at a temperature of from 10.degree. to 40.degree.C. the temperature of the
      reactants is raised by an increase of between 5.degree. and 30.degree.C.
      and preferably the increase in temperature ranges between 10.degree. and
      20.degree.C.
NUM  12.
PAR  12. The process of claim 1, further comprising isolating the diastereomeric
      salt from said reaction product and then splitting said diastereomeric
      salt by treatment with an inorganic acid.
NUM  13.
PAR  13. The process according to claim 1, in which the reaction of the
      water-soluble salt of DL-.alpha.-azidophenylacetic acid with the
      water-soluble salt of optically active .alpha.-phenylethylamine is
      conducted at a temperature of from about 20.degree. to 60.degree.C. for
      from 15 to 300 minutes.
NUM  14.
PAR  14. The process according to claim 1, in which a salt of
      L(-)-.alpha.-phenylethylamine is reacted with a salt of
      DL-.alpha.-azidophenylacetic acid to provide a reaction product containing
      the L(-)-.alpha.-phenylethylamine salt of D(-)-.alpha.-azidophenylacetic
      acid and D(-)-.alpha.-azidophenylacetic acid is obtained by splitting of
      said thus-obtained salt.
NUM  15.
PAR  15. The process according to claim 1, in which a water-soluble salt of
      D(+)-.alpha.-phenylethylamine is reacted with the water-soluble salt of
      DL-.alpha.-azidophenylacetic acid to produce a reaction product containing
      the D(+)-.alpha.-phenylethylamine salt of L(+)-.alpha.-azidophenylacetic
      acid and L(+)-.alpha.-azidophenylacetic acid is split from said
      thus-obtained salt.
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ABST
PAL  A process for the preparation of 5-nitro-1,4-naphthoquinone comprising
      nitrating 1,4-naphthoquinone under such a condition that the dehydrating
      value of sulfuric acid in the reaction mixture is at least 4 to
      selectively introduce a nitro group into the 5-position and pouring the
      reaction mixture into an aqueous medium to precipitate the product.
BSUM
PAR  This invention relates to a process for the preparation of
      5-nitro-1,4-naphthoquinone and, in particular, to an efficient process for
      the preparation of 5-nitro-1,4-naphthoquinone by direct nitration of
      1,4-naphthoquinone in the presence of sulfuric acid.
PAR  5-Nitro-1,4-naphthoquinone is useful as a starting material for the
      production of dyes, pigments and agricultural chemicals. For instance,
      1-nitroanthraquinone, an important intermediate for the synthesis of dyes,
      is obtainable by subjecting the 5-nitro-1,4-naphthoquinone to Diels-Alder
      reaction with butadiene and then to dehydrogenation. However, there is
      still unknown any industrially advantageous process for the production of
      5-nitro-1,4-naphthoquinone in commercial scale.
PAR  It is generally known to obtain 1-nitroanthraquinone by nitrating
      anthraquinone with either nitric acid or a mixed acid of nitric acid and
      sulfuric acid, but it is unknown to produce 5-nitro-1,4-naphthoquinone by
      direct nitration of 1,4-naphthoquinone with such a mixed acid, or rather
      in "Methoden der Organischen Chemie," Vol. 10-1, page 614 (1971), edited
      by Eugen Muller, there is a description that "Nitration and nitrated
      products of 1,4-naphthoquinone are unknown." When an
      2,3-unsubstituted-1,4-naphthoquinone is subjected to reaction with various
      reagents, there occurs no replacement reaction on benzenoid ring but
      occurs addition reaction to ethylenic linkage in quinonoid ring to form a
      2-substituted- or 2,3-substituted-1,4-naphthoquinone, because, in
      1,4-naphthoquinone constituted of a benzenoid ring and a quinonoid ring,
      the quinonoid ring is more unstable and reactive than the benzenoid ring.
      It is also known that, when an 1,4-naphthoquinone is subjected to direct
      nitration with nitric acid, there occur side reactions or decomposition
      because the quinonoid ring is easily oxidized. Such a compound as
      anthraquinone in which the quinonoid ring is protected in both sides by
      the benzenoid rings can be directly nitrated without any trouble due to
      unstability of a quinonoid ring. In West Germany Patent Specification No.
      468,507, there is disclosed that a compound such as
      2,3-dichloro-1,4-naphthoquinone in which the quinonoid ring is protected
      by substituents in the 2- and 3-position can be directly nitrated.
PAR  It was proposed to directly nitrate an 1,4-naphthoquinone by means of
      concentrated hydrofluoric acid and concentrated nitric acid, as disclosed
      in West Germany Patent Specification No. 1,247,288. However, it is
      difficult to put this process into practice in commercial scale since the
      nitration in the presence of concentrated hydrogen fluoride is dangerous
      in the working and destructive to the equipments.
PAR  Therefore, an object of the present invention is to provide a novel process
      for the preparation of 5-nitro-1,4-naphthoquinone by the direct nitration
      of 1,4-naphthoquinone.
PAR  Another object of the present invention is to provide an industrially
      advantageous process for the preparation of 5-nitro-1,4-naphthoquinone
      with no accompanying difficulty and danger in the working thereof.
PAR  A further object of the present invention is to provide a process for
      producing 5-nitro-1,4-naphthoquinone of a high purity in a high yield by
      direct nitration of 1,4-naphthoquinone.
PAR  In accordance with the present invention, 5-nitro-1,4-naphthoquinone is
      obtained by nitrating 1,4-naphthoquinone with nitric acid in the presence
      of sulfuric acid under such a condition that the dehydrating value of
      sulfuric acid is at least 4 and then pouring the reaction mixture into an
      aqueous medium to precipitate the product.
PAR  It seems surprising to us that 5-nitro-1,4-naphthoquinone is obtained
      advantageously in a high yield, contrary to common knowledge, by nitrating
      1,4-naphthoquinone with nitric acid when the nitration is carried out
      under such a selected condition that the dehydrating value of sulfuric
      acid is at least 4, even though the 1,4-naphthoquinone is not protected in
      the 2- and 3-position at all. That is, water contained in the reaction
      system has an adverse effect on the selectivity of the reaction and, when
      significant quantity of water is present in the reaction system, there is
      little obtained the desired 5-nitro-1,4-naphthoquinone. The reaction
      mixture thus obtained is then poured into an aqueous medium to obtain
      5-nitro-1,4-naphthoquinone.
DRWD
PAR  The present invention will be understood best in connection with the
      accompanying drawings wherein;
PAR  FIG. 1 illustrates a chart of infrared absorption spectrum of the
      5-nitro-1,4-naphthoquinone obtained by the process of the present
      invention, and
PAR  FIG. 2 illustrates the chart of the infrared absorption spectrum of a
      product formed by reaction of its quinonoid ring by nitration under the
      condition of less than 4 of dehydrating value of sulfuric acid.
DETD
PAR  The term "Dehydrating Value of Sulfuric acid" as used in this specification
      (hereinafter referred to as "D.V.S.)" indicates the weight ratio of the
      total sulfuric acid to the total water in the reaction system of the
      nitration of 1,4-naphthoquinone by mixed acid and is represented by the
      following equation:
      ##EQU1##
PAR  The nitration of 1,4-naphthoquinone carried out in sulfuric acid that plays
      a role as solvent in accordance with the present invention should be
      conducted to a D.V.S. of at least 4, preferably of at least 6. Because,
      when the D.V.S. of the reaction system is less than 4, water in the system
      decreases the selectivity of the reaction and effects side-reactions to
      such a great extent that there is yielded substantially no end product
      5-nitro-1,4-naphthoquinone. Sulfuric acid having a role of solvent is used
      in an amount usually of 2 to 30 times the weight of 1,4-naphthoquinone,
      preferably of 2 to 20 times and more desirably of 3 to 10 times.
PAR  Further improvements in purity and yield of 5-nitro-1,4-naphthoquinone as
      the end product are attained by carrying out the nitration under a
      condition substantially free from free water. Such condition is realized
      by introducing sulfur trioxide into the reaction system. Namely, sulfur
      trioxide introduced into the reaction system maintains or increases the
      D.V.S. of the reaction system. Sulfur trioxide may be added in an amount
      of 0.0 to 1.2, preferably 0.01 to 0.6 times the weight of sulfuric acid.
      It is advantageous from an industrial point of view to use sulfur trioxide
      in such an amount as to have been substantially hydrated into sulfuric
      acid at the end of the reaction. Such a condition is realized by the use
      of oleum containing 1 to 60 percent by weight of sulfur trioxide. There
      may suitably be added sulfur trioxide or oleum in the reaction system
      during reaction.
PAR  In the process of the present invention nitric acid is used in an amount
      usually of 0.8 to 7 moles, preferably of 1 to 3 moles per mole of
      1,4-naphthoquinone. As sources of nitric acid there may be used
      concentrated nitric acid of a specific gravity of at least 1.38,
      preferably fuming nitric acid. There may also be used nitrates capable of
      forming nitric acid in sulfuric acid and dinitrogen pentoxide.
PAR  The nitration in accordance with the present invention is accomplished by
      adding 1,4-naphthoquinone to cooled concentrated sulfuric acid and then
      adding thereto nitric acid or a mixed acid of nitric acid and sulfuric
      acid or, alternatively, by adding 1,4-naphthoquinone to such a mixed acid,
      the latter procedure being preferable. The reaction may be carried out
      batch-wise or in continuous manner as a tubular reactor method. The
      reaction may be carried out at a temperature of -20.degree. to
      +80.degree.C, preferably 0.degree. to +60.degree.C. The reaction time
      varies widely depending on the reaction temperature, for instance, several
      hours at 15.degree. to 20.degree.C and few minutes at 55.degree. to
      60.degree.C.
PAR  The reaction mixture thus obtained is poured into an aqueous medium, e.g.
      water, diluted sulfuric acid or diluted mixed acid, maintained at a
      temperature of 0.degree. to 100.degree.C, preferably of 20.degree. to
      80.degree.C and more preferably of 30.degree. to 70.degree.C to
      precipitate the product 5-nitro-1,4-naphthoquinone. The precipitate is
      filtered and washed with water. Attention should be given to the fact that
      occasionally there occurs deposition of crystals on the surface of the
      said poured liquid mixture, it being difficult to sufficiently disperse
      the deposit by agitation, to form lumps of the deposit occluding the mixed
      acid therein. On this occasion, there occur various undesirable successive
      reactions to bring about deterioration and decrease in yield of the end
      product 5-nitro-1,4-naphthoquinone because heat of dilution of the mixed
      acid occluded is not quickly eliminated.
PAR  The higher the concentration of 5-nitro-1,4-naphthoquinone in the reaction
      mixture is, the more the undesirable phenomena are liable to occur at a
      concentration of 10 percent by weight and tend to become remarkable at
      concentrations exceeding 15 percent by weight. Then we have found that, in
      the practice of the present invention, it is preferable to carry out the
      precipitation at temperatures of 20.degree. to 80.degree.C to eliminate
      such troubles. In accordance with the usual way it seems necessary to
      maintain the temperature not exceeding room temperature as to prevent the
      product from being subjected to high temperature. However the
      precipitation of crystals in accordance with the present invention from
      the nitration mixture especially of a high concentration of at least 15
      percent by weight preferably is carried out at temperatures above room
      temperature, and more desirably it is carried out maintaining a
      precipitation temperature in the range of 30.degree. to 70.degree.C
      eliminating heat of dilution of sulfuric acid. But the precipitation must
      be carried out at a temperature of less than 100.degree.C, because the
      nitrated product thus formed is decomposed remarkably at a temperature of
      more than 100.degree.C.
PAR  As the aqueous medium to be added with the reaction mixture, there may be
      used a waste acid recovered from the nitration step besides aforesaid
      water, diluted sulfuric acid and diluted mixed acid. The aqueous medium
      may be used in an amount of 3 to 50, preferably 5 to 30 times the weight
      of the reaction mixture supplied.
PAR  The 5-nitro-1,4-naphthoquinone thus obtained is useful as a starting
      material for the manufacture of dyes, pigments and agricultural chemicals.
      1-Nitroanthraquinone which is important as an intermediate of various dyes
      may be obtained by addition of butadiene to 5-nitro-1,4-naphthoquinone and
      following dehydrogenation, and 1-aminoanthraquinone by subsequent
      reduction of the dehydrogenated product. This method of preparing
      1-amino-anthraquinone is advantageous compared with a prior method in
      which first anthraquinone is sulfonated in the presence of mercury
      catalyst in that this method needs no mercury catalyst and yields no
      disubstituted product as is yielded in nitration of anthraquinone.
PAC  EXAMPLE 1
PAR  A 100 ml four-necked glass flask equipped with a silica gel-packed dryer
      tube, a thermometer and a stirrer was charged with 70 g of a mixed acid of
      a D.V.S. of 21.3 consisting of 11 percent by weight of nitric acid, 85
      percent by weight of sulfuric acid and 4 percent by weight of water. After
      cooled to 5.degree. to 10.degree.C, the mixed acid was added with 10.0 g
      of 1,4-naphthoquinone. The mixture was maintained at 15.degree. to
      20.degree.C for 3 hours with stirring to effect reaction. The D.V.S. of
      the mixture after completion of reaction was 15.0 . A 1,000 ml four-necked
      glass flask equipped with a thermometer, a stirrer and a dropping funnel
      was charged with 700 ml of water, then added dropwise the reaction mixture
      thus obtained thereto while maintaining at 18.degree.C to precipitate a
      reaction product. The slurry was stirred for additional 30 minutes. The
      precipitate was then filtered by means of a G-3 glass filter, washed with
      water, washed with 20 g of a 50 percent aqueous methanol and dried under
      reduced pressure to obtain 11.3 g of a yellow-colored product. The crude
      product had a melting point of 153.degree.C. The crude product was
      recrystallized from methanol to obtain 5-nitro-1,4-naphthoquinone of a
      melting point of 167.degree.C.
PAR  The recrystallized product was identified to be 5-nitro-1,4-naphthoquinone
      by elementary analysis and infrared absorption spectrum analysis and, in
      addition, by N.M.R. spectrum analysis.
PAR  The results of elementary analysis on the product were as follows:
PAR  Found C 59.20 %, H 2.49 %, N 6.93 %
PAR  Theoretical C 59.12 %, H 2.48 %, N 6.90 %.
PAR  The infrared absorption spectrum of the product was as shown in FIG. 1.
PAC  EXAMPLE 2
PAR  The same procedure as in Example 1 was repeated except that the mixture of
      the mixed acid and 1,4-naphthoquinone was heated to 55.degree.C in 5
      minutes, maintained at 55.degree. to 58.degree.C for 5 minutes and then
      quickly cooled to 10.degree.C. There was obtained a crude
      5-nitro-1,4-naphthoquinone of a melting point of 150.degree.C in a yield
      of 10.5 g. The crude product was purified in the same manner as in Example
      1 to obtain the same results with Example 1.
PAC  EXAMPLE 3
PAR  In the same apparatus as in Example 1, 10.0 g of 1,4-naphthoquinone was
      added to 35 g of a 98 percent sulfuric acid at a temperature of 5.degree.
      to 10.degree.C, then dropped thereinto 35 g of a mixed acid consisting of
      74 percent by weight of sulfuric acid, 22 percent by weight of nitric acid
      and 4 percent by weight of water over 1 hour with stirring and maintaining
      the reaction temperature at 15.degree. to 20.degree.C. The reaction
      mixture was then maintained at 15.degree. to 30.degree.C for 3 hours and
      then processed in the same manner as in Example 1. The D.V.S. of the
      mixture was 28.7 before reaction and 18.6 after reaction. The yield of the
      crude 5-nitro-1,4-naphthoquinone was 10.0 g and the melting point was
      144.degree.C. The crude product was purified to obtain the same results as
      in Example 1.
PAC  EXAMPLE 4
PAR  The same procedure as in Example 1 was repeated except that 10.0 g of
      1,4-naphthoquinone was added to 200 g of a mixed acid consisting of 83
      percent by weight of sulfuric acid, 4 percent by weight of nitric acid and
      13 percent by weight of water with maintaining a temperature of 5.degree.
      to 10.degree.C, to obtain 8.9 g of brown-colored crude
      5-nitro-1,4-naphthoquinone of a melting point of 140.degree.C. The D.V.S.
      of the reaction mixture after reaction was 6.1. The crude product was
      purified to obtain the similar results with Example 1.
PAC  COMPARATIVE EXAMPLE 1
PAR  A 200 ml four-necked glass flask equipped with a silica gel-packed dryer
      tube, a thermometer and stirrer was charged with 200 g of a mixed acid of
      a D.V.S. of 3.8 consisting of 76 percent by weight of sulfuric acid, 4
      percent by weight of nitric acid and 20 percent by weight of water. 10.0 g
      of 1,4-naphthoquinone was added to the mixed acid as in Example 1 and the
      reaction mixture was stirred at 15.degree. to 20.degree.C for 3 hours.
      After the reaction, the D.V.S. of the reaction system was 3.7. The
      reaction mixture was then poured into 500 g of water to precipitate a
      reaction product at a temperature of 18.degree.C. After stirring for 30
      minutes, the reaction product was filtered, washed with water and dried
      under reduced pressure to obtain 1.5 g of a brown-colored elastomeric
      product. This product was proved not to be 5-nitro-1,4-naphthoquinone by
      infrared absorption spectrum analysis. The main proudct contained in the
      filtrate was a water-soluble matter. A product obtained by salting out the
      filtrate and extracting with ethyl acetate was subjected to reading of the
      infrared absorption spectrum. The result was as shown in FIG. 2. The
      product was confirmed to be a compound formed by reaction of a quinonoid
      ring in the naphthoquinone by N.M.R. spectrum analysis.
PAC  EXAMPLE 5
PAR  In the same apparatus as in Example 1, 20 g of 1,4-naphthoquinone was
      stirred into 80 g of a mixed acid of a D.V.S. of 19.0 consisting of 76
      percent by weight of sulfuric acid, 20 percent by weight of nitric acid
      and 4 percent by weight of water while maintaining the temperature of the
      system at 0.degree. to 5.degree.C. The reaction temperature was gradually
      raised to 15.degree.C over 30 minutes and then maintained at 15.degree.C
      for 3 hours. After completion of reaction, the D.V.S. of the system was
      11.0. The reaction mixture was stirred over 5 minutes into 400 ml of water
      to precipitate crystals while cooling the water as to maintain its
      temperature at 40.degree.C. After completion of pouring of the reaction
      mixture, the liquid temperature was lowered to 25.degree.C. The state of
      dispersion of the precipitated crystals was good.
PAR  The crystals were filtered, washed twice with 100 ml of water and dried
      under reduced pressure to obtain 22.1 g of 5-nitro-1,4-naphthoquinone of a
      melting point of 154.degree.C. The crystals were of nearly equal particle
      size not exceeding 0.2 mm. The amount of acidic matter remaining in the
      crystals was 0.3 percent by weight calculated in sulfuric acid equivalent.
PAC  EXAMPLE 6
PAR  In the same apparatus as in Example 1, 10.0 g of 1,4-naphthoquinone was
      dissolved, with stirring, in 60 g of a mixed acid consisting of 74 percent
      by weight, of sulfuric acid 11 percent by weight of nitric acid and 15
      percent by weight of sulfur trioxide, the mixed acid being maintained at
      0.degree. to 5.degree.C. The reaction mixture was then maintained at
      15.degree. to 20.degree.C for 3 hours and thereafter added to 700 g of
      water to precipitate a reaction product at a temperature of 40.degree.C.
      The slurry thus formed was stirred for 30 minutes to complete
      precipitation, then filtered, washed with water and then with 20 g of
      methanol and dried under reduced pressure to obtain 11.4 g of a
      yellow-colored crude product of a melting point of 155.degree.C. The crude
      product was recrystallised from an 1:1 acetone-methanol mixture to obtain
      5-nitro-1,4-naphthoquinone of a melting point of 167.degree.C. The results
      of elementary analysis, infrared absorption spectrum analysis and N.M.R.
      absorption spectrum analysis were the same as in Example 1.
PAC  EXAMPLE 7
PAR  The same procedure as in Example 6 was repeated except that the reaction
      temperature was raised to 55.degree.C in 5 minutes after addition of
      1,4-naphthoquinone, maintained at 55.degree. to 58.degree.C 5 minutes and
      immediately lowered to 10.degree.C, to obtain 10.7 g of crude
      5-nitro-1,4-naphthoquinone of a melting point of 152.degree.C. The crude
      product was purified in the same manner as in Example 6 to obtain the same
      result as in Example 1.
PAC  EXAMPLE 8
PAR  In the same apparatus as in Example 1, 10.0 g of 1,4-naphthoquinone was
      added to 40 g of fuming sulfuric acid of a sulfur trioxide content of 20
      percent maintained at 0.degree. to 5.degree.C, then added thereto 30 g of
      a mixed acid consisting of 70 percent by weight of sulfuric acid, 25
      percent by weight of nitric acid and 5 percent by weight of water dropwise
      over 1 hour while maintaining the reaction temperature at 15.degree. to
      20.degree.C. The reaction mixture was maintained at 15.degree. to
      20.degree.C for additional 3 hours and then processed in the same manner
      as in Example 6 to obtain 11.0 g of crude 5-nitro-1,4-naphthoquinone of a
      melting point of 153.degree.C. The crude product was purified in the same
      manner as in Example 6 to obtain the same result as in Example 1.
PAC  EXAMPLE 9
PAR  In the same apparatus as in Example 1, 20 g of 1,4-naphthoquinone was
      added, with stirring, to 70 g of a mixed acid consisting of 66 percent by
      weight of sulfuric acid, 19 percent by weight of nitric acid and 15
      percent by weight of sulfur trioxide while maintaining the mixed acid at
      0.degree. to 5.degree.C. The temperature of the mixture was gradually
      raised to 15.degree.C over 30 minutes and maintained at 15.degree.C for 3
      hours to complete reaction. The reaction mixture was then stirred into 400
      ml of water at 20.degree.C in 5 minutes to precipitate crystals, while
      cooling the water as to maintain a liquid temperature at 40.degree.C. The
      state of dispersion of the precipitated crystals was good. The precipitate
      was processed in the same manner as in Example 5 to obtain 22.7 g of crude
      5-nitro-1,4-naphthoquinone of a melting point of 155.degree.C. The
      crystals were of a nearly equal particle size not exceeding 0.2 mm. The
      amount of acidic matter remaining in the crystals was 0.4 percent by
      weight in sulfuric acid equivalent.
PAC  EXAMPLE 10
PAR  In the same apparatus as in Example 1, 20 g of 1,4-naphthoquinone was
      stirred into 70 g of a mixed acid consisting of 70 percent by weight of
      sulfuric acid, 20 percent by weight of nitric acid and 10 percent by
      weight of sulfur trioxide, with cooling at 0.degree. to 5.degree.C. The
      reaction mixture was heated to 15.degree.C over 30 minutes and then
      maintained at the temperature for 3 hours. The liquid reaction mixture was
      then stirred in 2 minutes into 400 ml of water at 20.degree.C to
      precipitate crystals. During the precipitation, the liquid temperature
      reached the highest value of 68.degree.C. The crystals were well dispersed
      during stirring. After completion of addition of the reaction mixture, the
      liquid temperature was quickly lowered by cooling to 35.degree.C. The so
      precipitated crystals were separated, washed with water and dried in the
      same manner as in Example 5 to obtain 22.5 g of crude
      5-nitro-1,4-naphthoquinone of a melting point of 153.degree.C. The amount
      of acidic matter remaining in the crystals was 0.3 percent by weight in
      terms of sulfuric acid.
PAC  COMPARATIVE EXAMPLE 2
PAR  To 500 ml of water there was added 90 g of a liquid reaction mixture
      obtained by nitration under the same condition as in Example 9, with
      stirring over 10 minutes. The temperature of the reaction mixture was
      15.degree.C and the temperature of the precipitation system was maintained
      at 15.degree. to 17.degree.C by cooling. However, in this case, the
      reaction mixture deposited, as it was added to the precipitation medium,
      porous solid lumps on the wall of the precipitation vessel and on the
      blades of the stirrer. After completion of addition of the reaction
      mixture, stirring was continued to break up the lumps thereby to obtain
      pulverized crude 5-nitro-1,4-naphthoquinone of yellowish brown in color
      containing a large amount of coarse particles. The precipitate was
      separated, washed with water and dried in the same manner as in Example 5
      to obtain 21.0 g of crude 5-nitro-1,4-naphthoquinone of a melting point of
      149.degree.C. The amount of acidic matter remaining in the solid product
      was 1.7 percent by weight in terms of sulfuric acid.
PAC  EXAMPLE 11
PAR  The same procedure as in Example 1 was repeated except that 10.0 g of
      1,4-naphthoquinone was added to 100 g of a mixed acid consisting of 86
      percent by weight of sulfuric acid, 10 percent by weight of sodium nitrate
      and 4 percent by weight of water while maintaining the temperature of the
      mixture at 5.degree. to 10.degree.C. The D.V.S. of the system was 21.5
      before reaction and 16.7 after reaction. There was obtained 11.2 g of a
      yellow-colored product of a melting point of 153.degree.C. By
      purification, there was obtined the same result as in Example 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of 5-nitro-1, 4-naphthoquinone comprising
      nitrating 1,4-naphthoquinone with nitric acid in the presence of sulfuric
      acid at a temperature of -20.degree.C to +80.degree.C and under the
      condition that the weight ratio of the total amount of sulfuric acid to
      the total amount of water in the reaction system is at least 4 and adding
      the resulting reaction mixture to an aqueous medium to precipitate the
      product.
NUM  2.
PAR  2. A process of claim 1 in which the dehydrating value of sulfuric acid is
      at least 6.
NUM  3.
PAR  3. A process of claim 1 wherein sulfur trioxide is introduced into the
      reaction system during nitration.
NUM  4.
PAR  4. A process of claim 3 wherein the amount of sulfur trioxide is up to 1.2
      times the weight of sulfuric acid.
NUM  5.
PAR  5. A process of claim 1 in which sulfuric acid is used in an amount of 2 to
      30 times the weight of 1,4-naphthoquinone.
NUM  6.
PAR  6. A process of claim 1 in which sulfuric acid is used in an amount of 2 to
      20 times the weight of 1,4-naphthoquinone.
NUM  7.
PAR  7. A process of claim 1 in which sulfuric acid is used in an amount of 3 to
      10 times the weight of 1,4-naphthoquinone.
NUM  8.
PAR  8. A process of claim 1 in which nitric acid is used in an amount of 0.8 to
      7 moles per mole of 1,4-naphthoquinone.
NUM  9.
PAR  9. A process of claim 1 in which nitric acid is used in an amount of 1 to 3
      moles per mole of 1,4-naphthoquinone.
NUM  10.
PAR  10. A process of claim 1 in which 1,4-naphthoquinone is added to a mixture
      of sulfuric acid and nitric acid.
NUM  11.
PAR  11. A process of claim 1 in which the nitration is carried out at a
      temperature of 0.degree.C to +60.degree.C.
NUM  12.
PAR  12. A process of claim 1 in which the precipitation of the nitration
      product is carried out at a temperature of 0.degree.C to 100.degree.C.
NUM  13.
PAR  13. A process for the preparation of 5-nitro-1,4-naphthoquinone comprising
      nitrating 1,4-naphthoquinone at a temperature of 0.degree. to 60.degree.C
      by nitric acid in an amount of 0.8 to 7 moles per mole of
      1,4-naphthoquinone in the presence of sulfuric acid in an amount of 2 to
      30 times the weight of 1,4-naphthoquinone while keeping the weight ratio
      of the total amount of sulfuric acid to the total amount of water in the
      reaction system at a value of at least 6 and adding the reaction mixture
      thus obtained to an aqueous medium to precipitate the product at a
      temperature of 30.degree. to 70.degree.C.
NUM  14.
PAR  14. A process of claim 13 wherein sulfur trioxide is introduced into the
      reaction system during nitration.
NUM  15.
PAR  15. A process of claim 14 wherein the amount of sulfur trioxide is up to
      1.2 times the weight of sulfuric acid.
NUM  16.
PAR  16. A process of claim 13 in which 1,4-naphthoquinone is added to a mixture
      of sulfuric acid and nitric acid.
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ABST
PAL  Stabilized oxichromic compounds are disclosed, along with processes for
      stabilizing oxichromic compounds. In one aspect, the stabilized compounds
      are O-acylated compounds which contain a reduced azomethine linkage. In
      another aspect, the stabilized compounds are O-acylated compounds which
      can undergo base catalyzed chromogenic oxidation to produce a yellow dye.
BSUM
PAR  This invention relates to novel organic compounds and to processes for
      making these compounds. In one aspect, this invention relates to
      stabilized oxichromic compounds which form yellow dyes. In another aspect,
      this invention relates to O-acylated oxichromic developers which are
      useful in photography, for example, in diffusion transfer systems where a
      yellow dye can be formed upon chromogenic oxidation to provide a new
      chromophore. In still another aspect, this invention relates to an
      O-stabilized, oxichromic, yellow-forming compound having a reduced
      axomethine linkage.
PAR  It is known in the art to use developing agents in silver halide
      photographic systems which have a hydrolyzable group attached to one of
      the active positions of the developing agent, for example, as disclosed in
      U.S. Pat. No. 2,992,105. It is also known in the art to use dye developers
      which have hydrolyzable groups attached thereto in photographic systems
      such as, for example, in U.S. Pat. Nos. 3,230,082, 3,230,083 and 3,230,084
      issued Jan. 18, 1966. Moreover, it is known in the art to use leuco dyes
      as developers in silver halide systems as disclosed in U.S. Pat. Nos.
      3,065,074 and 2,909,430. However, many of these prior-art systems had
      undesirable characteristics such as poor absorption characteristics of the
      available dyes for color systems, low development rates, low image
      discrimination, and the like. Therefore, improved developers, dyes,
      photographic systems and image transfer systems were desired.
PAR  One highly improved photographic system with respect to the prior art is
      disclosed in U.S. Ser. No. 206,836 entitled "Oxichromic Compounds" by
      Lestina and Bush, filed Dec. 10, 1971, now abandoned and refiled as U.S.
      Ser. No. 308,869 on Nov. 22, 1972, the disclosure of which is incorporated
      herein by reference. In certain embodiments, the oxichromic developers
      disclosed are compounds which contain a developing agent moiety linked to
      another moiety which can be oxidized to produce a new chromophore (i.e., a
      useful dye moiety) which is useful in color photographic systems.
PAR  We have now discovered a new class of stabilized oxichromic compounds which
      can be used in photographic systems and are especially useful in the
      photographic systems of Lestina and Bush to provide improved photographic
      properties, keeping properties, stability, etc. The stabilized oxichromic
      compounds of this invention generally have the formula:
      ##EQU1##
      wherein (KMC) is an open-chain ketomethylene color coupler which couples
      at the carbon atom forming the methylene moiety (e.g.,
      ##EQU2##
      wherein * denotes the coupling position); the nitrogen atom of said
      formula is attached to (KMC) in the coupling position; Ar is an arylene
      group containing from 6 to about 20 carbon atoms including substituted
      arylene, unsubstituted arylene, fused-ring arylene and the like, and
      preferably is a phenylene group which preferably is substituted with
      halogen atoms or groups containing halogen atoms in the ortho or meta
      positions; R.sup.1 is a carbonyl-containing group which forms an ester
      with the next adjacent atom shown in the formula, such as:
      ##EQU3##
      wherein R.sup.4 is an alkyl group, an aryl group, a halogensubstituted
      alkyl or aryl group, an alkoxy group, a cycloalkyloxy group, an aryloxy
      group, a carbonyl-containing group and the like and is preferably an alkyl
      group containing from 1 to 6 carbon atoms or an aryl group containing from
      about 6 to 12 carbon atoms; and R.sup.2 can be a hydrogen atom or the same
      substituents as R.sup.1. While halogen-substituted stabilizing groups are
      sometimes preferred when acylating a nitrogen atom, we have found that
      alkyl or aryl groups are generally preferred when stabilizing a compound
      by acylation of an hydroxy group.
PAR  In another embodiment, this invention relates to oxichromic developers
      having the formula:
      ##EQU4##
      wherein D-- is a group which is a silver halide developer including
      developers containing hydrolyzable groups thereon and is preferably a
      disubstituted aromatic group containing at least two substituents thereon
      which can be hydroxyl groups or hydrolyzable derivatives thereof, primary
      amino groups, or alkylamino groups including substituted alkylamino
      groups; (KMC) is an open-chain ketomethylene color coupler including, of
      course, linking groups connecting D, wherein the nitrogen atom in the
      formula is attached to (KMC) in a coupling position, and wherein (KMC) can
      contain the moiety:
      ##EQU5##
      wherein * denotes the active methylene coupling position, and R.sup.1 ,
      R.sup.2 and Ar are as defined above.
PAR  Typically, Ar is the nucleus of an aminophenol compound such as those
      disclosed in Bush, Gates and Newmiller, U.S. Ser. No. 169,706 filed Aug.
      6, 1971, now U.S. Pat. No. 3,791,827 which is incorporated herein by
      reference.
PAR  In a specific embodiment according to the invention, oxichromic compounds
      are prepared having the formula:
      ##SPC1##
PAR  The term "oxichromic compound" as used herein is understood to refer to
      those compounds which undergo chromogenic oxidation wherein they can form
      a dye. The stabilized oxichromic compounds are those oxichromic compounds
      which contain a stabilizing group thereon to prevent premature oxidation
      and which stabilizing group can be readily removed, such as by contact
      with a strong alkaline solution to provide base catalyzed chromogenic
      oxidation.
PAR  The term "axomethine linkage" is understood to mean the grouping:
EQU  (&gt;C=N--)
PAL  Preferably, the axomethine compounds of this invention are further defined
      as being indophenols, which is understood to refer to compounds having the
      general structure:
EQU  (COUP)=N--Ar--OH
PAL  wherein (COUP) is a color coupler such as an open-chain ketomethylene
      coupler and Ar is as defined above.
PAR  Generally, the compounds of this invention are formed by reacting an
      open-chain ketomethylene compound, which is connected to a phenol group by
      a reduced azomethine linkage, with an equivalent amount of an appropriate
      acid halide in the presence of a base such as pyridine at temperatures
      between about -20.degree. C. to about 20.degree. C., and preferably
      between about 0.degree.-5.degree. C. The procedure appears to provide
      acylation exclusively on the hydroxyl group of the p-aminophenol, whereas
      acylation carried out with an acid anhydride or with other reaction
      conditions yields substantial N-acylation.
PAR  The reduced indophenols can be prepared as disclosed in the prior art by
      reacting oxidized aminophenols with color couplers and then reducing the
      chromophore azomethine group to form the leuco indophenol or, more
      preferably, the reduced indophenols can be made by reacting an
      .alpha.-halogenated open-chain ketomethylene color coupler with an
      unoxidized aminophenol as disclosed in Reardon, U.S. Ser. No. 206,927
      entitled "Method of Preparing Indophenols and Oxichromic Compounds," filed
      on even date herewith and which is incorporated herein by reference;
      representative suitable open-chain ketomethylene color couplers are also
      disclosed in this incorporated application.
PAR  The inventive steps of this invention are further described with reference
      to the synthesis of an oxichromic developer.
PAR  Generally, the oxichromic developers of this invention can be prepared by
      (1) reacting an .alpha.-halogenated open-chain ketomethylene color coupler
      with an aminophenol to form a compound with a reduced azomethine linkage,
      (2) reacting the reduced azomethine compound with an acid chloride to
      provide O-acyl groups which stabilize the reduced azomethine linkage, (3)
      condensing the stabilized, reduced, azomethine compound with a masked
      silver halide developer, and (4) hydrogenolysis of the stabilized
      oxichromic developer to remove the masking groups from the silver halide
      developing group.
PAR  In step (1), the compound having the reduced azomethine linkage is provided
      by the processes as disclosed in Reardon, U.S. Ser. No. 206927 referred to
      above.
PAR  In step (2), the reduced azomethine compound is reacted with an acylating
      agent in a basic nonaqueous system with a polar solvent. The base serves
      as an acid acceptor and can be the same compound as the polar solvent such
      as, for example, pyridine. In another embodiment, the solvent is acetone
      and dimethylaniline is added as the acid acceptor. Typical useful
      acylating agents include N-acylimidazoles; acid halides such as
      cycloalkyloxyacetyl chlorides, aryloxyacetyl chlorides, methoxyacetyl
      chloride, ethoxyacetyl chloride, propoxyacetyl chloride, butoxyacetyl
      chloride, octyloxyacetyl chloride, isopropoxyacetyl chloride,
      isobutoxyacetyl chloride, p-nitrobenzoyl chloride, benzoyl chloride,
      anisoyl chloride, acetyl chloride, propionyl chloride, formyl fluoride,
      perfluorobutyl chloride, caproyl chloride, trichloroacetyl chloride,
      monochloroacetyl chloride, acrylyl chloride, succinoyl chloride, and the
      like; preferably, the acylating agent is an acid chloride. In those
      instances where the acylation procedure is carried out on a compound which
      contains a masked developer moiety, such as oxichromic developer, I have
      found that it is desirable to use weak bases such as tertiary amines to
      catalyse the esterification. Preferably, the acylatiion in this instance
      is carried out at a pH of less than 11 when stabilized oxichromic
      developers are prepared. However, in the preferred synthetic route as
      described in the immediate oxichromic developer preparation, a strong base
      can be used advantageously since the developer group is not introduced
      until later in the synthesis. The acylating agent is generally present in
      substantially equimolar ratio with the reduced azomethine compound;
      however, up to 10% excess can be used when achieving primarily
      O-acylation. The acylation reaction is preferably carried out at the
      temperatures indicated for time periods of up to 1 hour to achieve
      primarily O-acylation.
PAR  In step (3), the stabilized azomethine compound is reacted with a masked
      silver halide developer, preferably by a condensation reaction. The silver
      halide developing group is masked to prevent undesirable condensation
      reactions; preferably, the masking groups are groups which will hydrolyze
      at a pH of 12 or above, or more preferably are those which can be removed
      by hydrogenolysis, such as by catalytic reduction in an acid medium, or
      with a nucleophile other than an hydroxide such as, for example, thiourea
      to remove a chloroacetate blocking group. In one highly preferred
      embodiment of making the stabilized oxichromic developers of this
      invention, the masking group is a carbobenzoxy group and the like which
      will permit selective reactions to take place in the process, such as
      selective removal of the carbobenzoxy, etc. In step (4), the
      hydrogenolysis is preferably carried out with a strong reducing agent
      which is effective in removing the masking group from the active groups of
      the silver halide developing agent. Generally, the procedure is carried
      out by catalytic reduction in an acidic medium with a noble metal catalyst
      like palladium or with Raney nickel, using hydrogen as the reducing agent.
      Acetic acid in ethanol is useful to provide the acidic medium for this
      step and is especially useful when groups such as carbobenzoxy groups are
      to be removed. In another embodiment, the masking groups are removed with
      a nucleophile other than hydroxide such as, for example, thiourea when
      chloroacetate is used as a blocking group.
PAR  In some instances it is desirable to have a stabilizing group on the
      nitrogen atom of the azomethine group. This can be present before the
      O-stabilization reaction or can be attached after stabilizing groups have
      been put on either one or both of the oxygen atoms as described above; for
      example, a N-acyl group could be obtained by reacting one of the
      O-stabilized azomethine dyes of this invention with trifluoroacetic
      anhydride in tetrahydrofuran.
PAR  The use of a masked developing agent having groups such as carbobenzoxy
      groups is particularly advantageous in the process described above to
      prevent unwanted reactions and still provide a group which can be
      selectively removed. In the event that other hydrolyzable groups are
      desired on the developer portion of the stabilized oxichromic compounds of
      this invention, they can be substituted on the developer moiety after
      removal of the carbobenzoxy groups.
PAR  Generally, the stabilized oxichromic compounds of this invention can be
      used wherever it is desirable to generate a dye by a base catalyzed
      oxidation reaction. In one highly useful application, they can be used in
      photographic systems wherein colorless layers are desired for exposure,
      etc., and a dye is generated during development, such as in an imagewise
      manner. The compounds of this invention will remain colorless until they
      undergo a base catalyzed chromogenic oxidation wherein they will produce
      the chromophore of a dye.
PAR  In one specific useful application, the stabilized oxichromic developers of
      this invention are used in image transfer systems as described in Lestina
      and Bush, referred to above.
PAR  The invention can be further illustrated by the following examples of
      preferred embodiments thereof.
DETD
PAC  EXAMPLE 1:
PAC  Preparation of Compound 1
      ##SPC2##
PAR  In 1 liter of dry pyridine, 142.5 g. (0.30 mole) of the leuco dye (1) are
      dissolved, cooled to 0.degree. to 5.degree. C., and stirred under nitrogen
      atmosphere while 23.5 ml. (0.33 mole) of acetyl chloride are added
      dropwise. After the addition is complete (about 15 minutes), the reaction
      is allowed to stir and warm slowly to room temperature (total time, 1
      hour). A light yellow oil is obtained when the reaction mixture is added
      to an excess of water with stirring. The aqueous supernatant liquid is
      decanted from the oil. About 500 ml. methanol are added to the oil with
      stirring. The oil briefly dissolves in the methanol and then an almost
      colorless solid precipitates. This is collected by suction, washed with
      methanol and dried in air; weight, 136.4 g. (88% yield); m.p.
      176.5.degree.-178.5.degree. C. Infrared evaluation shows a carbonyl peak
      at 1755 cm.sup..sup.-1 indicating that the acetyl group has been attached
      to the phenolic hydroxyl group and not the amine.
PAR  Calculated for C.sub.21 H.sub.20 Cl.sub.3 N.sub.3 O.sub.6.1/2C.sub.6
      H.sub.6 : C, 51.86; H, 4.17; Cl, 19.14; N, 7.56. Found: C, 51.4; H, 4.0;
      C, 51.8; H, 4.2; Cl, 19.1; N, 7.5.
PAR  The product is believed to have the formula of Compound 1 identified above.
PAC  EXAMPLE 2:
PAC  Preparation of Compound 5
      ##SPC3##
PAR  In 50 ml. dry pyridine under nitrogen, 4.74 g. (0.010 mole) of (2) are
      dissolved and cooled to 0.degree. C. while 1.84 ml. (0.011 mole) of
      octanoyl chloride are added dropwise with stirring. After allowing the
      reaction to warm to room temperature (total time, 1 hour), the reaction
      mixture is poured with stirring into an excess of water. The light yellow
      oil which separates gradually solidifies with stirring; wt. light yellow
      solid, 6.00 g. (100% yield); m.p. 120.degree.-125.degree. C. After one
      recrystallization from cyclohexane, 4.60 g. of a light yellow crystalline
      solid are obtained, m.p. 126.degree.-127.degree. C. The IR curve shows an
      ester carbonyl peak at 1775 cm.sup..sup.-1 and mass spec conforms the
      structure; m.p. 127.5.degree.-129.degree. C. Calculated for C.sub.27
      H.sub.32 Cl.sub.3 N.sub.3 O.sub.6 : C, 54.0; N, 5.50; Cl, 17.7. Found: C,
      54.1; N, 5.6; Cl, 17.8.
PAR  This compound is believed to have the formula of Compound 5 identified
      above.
PAC  EXAMPLE 3:
PAC  A. Preparation of Intermediate 3-A
PAR  In 750 ml. tetrahydrofuran, 136.4 g. (0.264 mole) of Compound 1 are
      dissolved, Raney Nickel catalyst added and hydrogenated for 1 hour at
      40.degree. C. until hydrogenation is complete. The reaction mixture is
      cooled and catalyst is filtered from the reaction mixture, which in turn
      is added to an excess of water, with stirring. A colorless oil separates,
      which gradually solidifies with continued stirring and adding seed
      crystals of a previously prepared sample. The colorless solid is filtered
      from the solution, washed with water and dried; weight, 118.8 g. (92.3%
      yield). The IR curve shows an ester &gt;C=O peak at 1765 cm.sup..sup.-1.
      Calculated for C.sub.21 H.sub.22 Cl.sub.3 N.sub.3 O.sub.4 : C, 51.82; N,
      4.56; N, 8.63. Found: C, 52.6; N, 4.5; N, 8.9; 52.6; C, 52.06; N,
PAR  The structure is believed to have the formula:
      ##SPC4##
PAC  B. Preparation of Intermediate 3-B
      ##SPC5##
PAR  In 25 ml. SOCl.sub.2 containing a trace amount of dimethylformamide, 27.0
      g. (0.0564 mole) of Acid A are dissolved and refluxed on the steam bath
      for 5 minutes. The thionyl chloride is then removed in vacuo. The
      semi-solid obtained is triturated twice with ligroin which in turn is
      removed in vacuo. The oil is then dissolved in carbon tetrachloride and
      passed over ice in a funnel. The carbon tetrachloride solution is dried
      over anhydrous sodium sulfate and then solvent removed in vacuo. The light
      yellow oil is dissolved in 50 ml. of dry acetone.
PAC  C. Preparation of Intermediate 3-C
PAR  In 200 ml. of dry acetone under nitrogen at room temperature, 25.0 g.
      (0.0513 mole) of Intermediate 3-A are dissolved and stirred while the
      acetone solution of Intermediate 3-B is added dropwise. After 1 hour, the
      acetone solution is added to an excess of water with stirring. The oil
      which separates is extracted with benzene, washed with an aqueous sodium
      bicarbonate solution, followed by water. The dried benzene solution is
      evaporated to dryness in vacuo to give a light yellow glass. This is
      purified by dissolving in ethyl acetate and reprecipitating by adding an
      excess of n-hexane; 43.3 g. (81% yield) of an amorphous, almost colorless
      solid (Compound 3-C) are obtained.
PAC  D. Preparation of stabilized oxichromic developer
PAR  In 250 ml. absolute ethanol containing 2.5 ml. glacial acetic acid, 20.0 g.
      (0.0211 mole) of Compound 3-C are dissolved, palladium charcoal catalyst
      added and hydrogenated for 1 hour at 40.degree. C. and 40 psi. TLC
      (thin-layer chromatography) indicates that the reaction is incomplete, so
      additional catalyst is added and hydrogenation is continued for 11/2 hours
      longer. The hydrogenation is then stopped, catalyst filtered and solvent
      removed in vacuo. The glass obtained is dissolved in hot benzene,
      filtered, and added to an excess of n-hexane with stirring; 12.2 g. (85%
      yield) of a white amorphous solid are obtained; m.p. 78.degree.-80.degree.
      C. (softening). The IR curve shows an ester carbonyl peak at 1760
      cm.sup..sup.-1. Calculated for C.sub.32 H.sub.34 Cl.sub.3 N.sub.3 O.sub.7
      : C, 56.61; N, 5.05; Cl, 15.66 Found: C, 56.1; N, 5.6; Cl, 15.3; Cl, 15.4
PAR  The compound is believed to have the formula:
      ##SPC6##
PAC  EXAMPLE 4:
PAR  This example demonstrates the imagewise transfer of the oxichromic
      developer of Example 3 from an exposed silver halide element to a receiver
      sheet during processing. Also demonstrated is the chromogenic oxidation to
      the desired hue which accompanies processing.
PAR  A. A light-sensitive element is coated with the following layers on a
      transparent support;
PA1  1. layer containing 125 mg./ft..sup.2 of gelatin, 75 mg./ft..sup.2 of
      diethyl lauramide and 40 mg./ft..sup.2 of the stabilized oxichromic
      developer of Example 3;
PA1  2. silver halide layer containing 100 mg./ft..sup.2 of gelatin, 100
      mg./ft..sup.2 of silver and 10 mg./ft..sup.2 of 1-phenyl-3-pyrazolidone
PA1  3. layer containing 80 mg./ft..sup.2 of gelatin.
PAR  B. A sample of the element A above is exposed through a graduated-density
      test object. The sample is thereafter spread with a 0.004 inch layer
      processing fluid of composition shown in C below.
PAR  C. Processing fluid:
TBL  KOH                 40 g./l.                                              
     hydroxyethyl cellulose                                                    
                         30 g./l.                                              
     pH 13.7                                                                   
PAL  Immediately following application of this fluid, the coated surface is
      laminated to a mordanted receiver containing the mordant
      N-n-octadecyltributylammonium bromide in a gelatin layer.
PAR  After 1 minute of contact, the mordanted layer is peeled off showing a
      well-defined yellow-colored positive reproduction of the test object.
PAC  EXAMPLE 5:
PAR  An oxichromic developer is prepared by the procedure of Example 3 using
      Compound 5 of Example 2 as the starting stabilized oxichromic compound.
      The product is believed to have the formula:
      ##SPC7##
PAC  EXAMPLE 6:
PAR  Additional oxichromic compounds are prepared according to Examples 1 and 2
      and further reacted in accordance with Example 3 to produce the following
      oxichromic developers:
      ##SPC8##
PAR  These oxichromic developers are then incorporated in photographic elements
      according to Example 4 with similar results.
PAR  Although the invention has been described in considerable detail with
      particular reference to certain preferred embodiments thereof, variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound having the formula:
      ##EQU6##
      wherein R.sup.1 is a group of the formula:
      ##EQU7##
      wherein R.sup.4 is an alkyl group containing from 1-6 carbon atoms or an
      aryl group containing from 6-12 carbon atoms; Ar is an arylene group
      having from about 6-20 carbon atoms; R.sup.2 can be a hydrogen atom or the
      same substituents as R.sup.1 ; and (KMC) is an open-chain ketomethylene
      color coupler containing a group of the formula:
      ##EQU8##
      wherein * represents the coupling position which forms a bond with the
      said nitrogen atom attached to Ar to provide a reduced azomethine linkage.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sup.1 is an acetyl group.
NUM  3.
PAR  3. A compound according to claim 1 wherein Ar is a phenylene group.
NUM  4.
PAR  4. A compound according to claim 1 wherein R.sup.4 is an alkyl group
      containing from 1-4 carbon atoms.
NUM  5.
PAR  5. A compound having the formula:
      ##SPC9##
NUM  6.
PAR  6. A compound having the formula:
      ##SPC10##
NUM  7.
PAR  7. A compound of the formula:
      ##EQU9##
      wherein D-- is an aromatic nucleus which is disubstitued with hydroxyl
      groups, primary amino groups or alkylamino groups to provide a silver
      halide developer; R.sup.1 is a group of the formula:
      ##EQU10##
      wherein R.sup.4 is an alkyl group containing from 1-6 carbon atoms or an
      aryl group containing from 6-12 carbon atoms; Ar is an arylene group
      having from about 6-20 carbon atoms; R.sup.2 can be a hydrogen atom or the
      same substituents as R.sup.1 ; and (KMC) is an open-chain ketomethylene
      color coupler containing a group of the formula:
      ##EQU11##
      wherein * represents the coupling position which forms a bond with the
      said nitrogen atom attached to Ar to provide a reduced azomethine linkage.
NUM  8.
PAR  8. A compound according to claim 7 wherein Ar is a phenylene group.
NUM  9.
PAR  9. A compound according to claim 7 wherein D-- is a hydroquinone group.
NUM  10.
PAR  10. A compound according to claim 7 wherein Ar is a halogen-substituted
      arylene group.
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ABST
PAL  Improved amphoteric surface active agents are obtained from tertiary amides
      that have been formed by condensation of esters of fatty acids with an
      aminoalkyl alkanolamine, e.g., aminoethyl ethanolamine, under special
      conditions, by conventional carboxymethylation with ClCH.sub.2 CO.sub.2 Na
      or ClCH.sub.2 CO.sub.2 H. The resultant amphoteric surface active agents
      are especially useful as wetting agents, forming agents, emulsifiers,
      etc., and in the manufacture of improved shampoos.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the production of novel amphoteric surface active
      agents formed from novel tertiary amides and thermodynamically and
      kinetically controlled processes for the manufacture of each of these. The
      tertiary amides of this invention are therefore useful intermediates in
      the production of the present amphoteric surfactants, which themselves are
      useful for a variety of purposes including, e.g., the manufacture of
      improved shampoos, wetting agents, anti-static agents, detergents,
      emulsifiers, hard surface cleaners, lubricants, etc. The tertiary amides
      of the invention are derived by condensation of esters of fatty acids with
      aminoalkyl alkanolamines and generally are characterized by the formula:
      ##EQU1##
      wherein: R.sub.1 is a hydrocarbon radical having from five to twenty-nine
      carbon atoms, and, when substituted, contains such typical substituents as
      Cl; Br; OH; or OAlkyl such as OCH.sub.3 ; and
PA1  R.sub.2, r.sub.3, r.sub.4 and R.sub.5 are each hydrogen or unsubstituted or
      substituted aliphatic hydrocarbon radicals having from one to four carbon
      atoms which, when substituted, have the same substituents as defined in
      R.sub.1 above.
PAR  2. Description of the Prior Art
PAR  The production of amphoteric surfactants by reacting fatty amides of
      hydroxy diamines such as aminoalkyl alkanolamine with monohalocarboxylic
      acids is disclosed, for example, in U.S. Pat. Nos. 2,961,541 and
      2,970,160. However, the amides there disclosed are secondary amides as are
      those typically prepared by condensation of a fatty acid with an
      aminoalkyl alkanolamine, such as is disclosed in U.S. Pat. No. 2,344,260.
      This latter reaction is normally carried out in the range of 130.degree.
      to 200.degree. C, and even after a prolonged period of heating gives
      conversions only on the order of 60 to 75%, unlike those of the present
      invention wherein conversions of 90% or higher are achieved.
PAR  Heretofore, amphoteric surface active agents of improved characteristics
      have not been made from tertiary amides, in large part because amide
      surfactants have conventionally been prepared from secondary amides. The
      present invention now is able to fill these voids and permit the
      production of superior surface active agents.
PAR  It is therefore a primary object of this invention to provide useful
      amphoteric surfactants containing tertiary amide groups for example by
      condensation of novel tertiary amides with a monohalocarboxylic acid or
      suitable salt thereof. Such surfactants, because of their unique
      structural features, offer properties which lend themselves to new and
      improved surfactant compositions useful, for example, in a number of ways
      as indicated above.
PAC  SUMMARY OF THE INVENTION
PAR  The novel amphoteric surface active agents of this invention are
      essentially derived from novel tertiary amides, which latter compounds are
      obtained by reacting a fatty acid ester of a lower alcohol or a suitable
      polyol such as glycerol with a hydroxy diamine such as an aminoalkyl
      alkanolamine, e.g., an aminoethyl ethanolamine. Thereafter, the resultant
      tertiary monoamide is condensed with a suitable carboxymethylating agent
      such as a monohalocarboxylic acid or a suitable salt thereof to form the
      aforesaid amphoteric surface active agents of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The formation of the tertiary monoamide is preferably effected by reacting
      an aminoalkyl alkanolamine, a preferred aminoalkyl alkanolamine being
      2-hydroxyethyl ethylenediamine, hereinbefore or hereinafter referred to as
      "aminoethyl ethanolamine," with a fatty acid ester in the presence of a
      basic catalyst such as an alkali metal or a hydroxide or alkoxide thereof
      at temperatures on the order of 60.degree. to 120.degree. C, preferably
      between 80.degree. - 100.degree.C. It is to be noted that pressure in
      itself is not a critical parameter in the present invention and that,
      under the preferred temperature range, the final product is essentially a
      tertiary amide. The reaction to form the desired tertiary amide is
      generally complete in less than 30 minutes.
PAR  While the reaction could be carried out at higher temperatures than those
      indicated above, it must be carefully recognized that, under such
      conditions, the reaction would have to be arrested as the tertiary amide
      was formed so as to prevent its rearrangement to the secondary amide, a
      result normally obtained under such conditions either during prolonged
      heating, or at higher temperatures.
PAR  The reaction, particularly between esters and the aminoalkyl alkanolamine,
      under base catalysis, takes place rapidly, as well as at low temperatures,
      and frequently requires only a few minutes for completion. Preferably,
      this reaction is thermodynamically and kinetically controlled by
      conventional means well known to those skilled in the art.
PAR  It is noted that the present invention, in contradistinction to the prior
      art, does not need or utilize fatty acids, which is what the prior art has
      conventionally used, to form secondary amides, but instead utilizes the
      esters of such fatty acids, thereby obviating the need for stainless steel
      equipment, as would be required by the fatty acids per se.
PAR  Generally, the reaction time ranges between five minutes and one hour, and
      conversion is greater than 90%.
PAR  The fatty acyl moiety in the tertiary amides of this invention can be
      saturated or unsaturated, substituted or free from substitution and can
      vary in carbon length generally from about 6 carbon atoms to 30 carbon
      atoms. Moieties of C.sub.5 and of lesser carbon number would not give the
      requisite detergent properties and moieties of C.sub.31 and higher would
      be inadequate in terms of their surfactant properties. Suitable
      substituents for the present substituted tertiary amides of this invention
      would include Cl, Br, OH, OCH.sub.3, etc.
PAR  As indicated above, the esters of the fatty acids are preferred and, in
      particular, esters such as those of caproic caprylic, capric, lauric,
      myristic, palmitic, stearic, arachidic and behenic acids. These esters may
      also be present in the form of mixtures, particularly those derived from
      natural fats and oils. In general, for commercial practice, it is
      recognized that surfactants are not generally available in suitable supply
      in the pure state but rather in the form, almost always, of mixtures, but
      this in no way should be considered to detract from this invention.
PAR  As indicated above, the fatty acid moiety is supplied as an ester and
      particularly as an ester of a lower C.sub.1 -C.sub.6 monoalkanol, such as
      methyl alcohol, ethyl alcohol, tertiary butyl alcohol, or a polyalkanol
      such as glycerol and the like. Fatty acid triglycerides, particularly
      those which are natural fats and oils, are particularly suitable. Such
      triglycerides can be of vegetable origin, such as coconut oil, linseed
      oil, olive oil, palm oil, peanut oil, tung oil, rapeseed oil, or they can
      be of animal or marine origin, such as lard, tallow, sardine oil, etc. The
      natural fats and oils, above described, can be used as such or they can be
      hardened by hydrogenation before use. Generally, when the ester is a
      monoalkanol it is customary to remove the alcohol formed during the
      condensation by distillation, if necessary, under reduced pressure during
      the course of the reaction. Where, however, the ester is, for example, a
      triglyceride, the glycerol formed can be allowed to remain in the reaction
      product, owing to its high boiling point. Preferred aminoalkyl
      alkanolamines which are suitable for reaction to form tertiary amides in
      accordance with the present invention generally are of the formula:
      ##EQU2##
      wherein: R.sub.2 - R.sub.5 are either hydrogen or an unsubstituted or
      substituted aliphatic hydrocarbon radical having from two to six carbon
      atoms, which when substituted, preferably contains inert substituents such
      as lower alkyl or alkoxy, etc.; or other inert substituents such as Cl,
      Br, OH, OCH.sub.3, etc. The preferred aminoalkyl alkanolamine is, as
      previously noted, aminoethyl ethanolamine.
PAR  Basic catalysts which are useful in amide formation in accordance with the
      present invention are the alkali metals, e.g., sodium, potassium, lithium,
      etc.; the corresponding alkali metal, or alkaline earth, hydroxides;
      alkali metal alkoxides; and quaternary ammonium hydroxides. The preferred
      base catalysts are sodium methoxide and trimethylbenzyl ammonium
      hydroxide.
PAR  The thus-formed tertiary monoamides can be recovered, but preferably they
      are not recovered, and the reaction product is directly carboxyalkylated
      by conventional means including reaction, for example, with a
      monohalocarboxylic acid or salt thereof -- such as
      ##EQU3##
      where X is halo (e.g., Cl or Br), R.sub.6 is H or C.sub.1 -C.sub.4 alkyl,
      and M is H, an alkali metal or ammonium -- ClCH.sub.2 CO.sub.2 H or
      ClCH.sub.2 CO.sub.2 Na, for example, either in the presence or absence of
      base. The preferred conditions of this carboxyalkylation reaction are
      shown, e.g., in the U.S. Pat. Nos. 2,961,451 and 2,970,160, whose
      disclosure in this regard is hereby incorporated herein by reference.
PAR  The products of carboxymethylation have been found to be improved
      amphoteric surface active compositions of the formula:
      ##EQU4##
      wherein R.sub.1 is a substituted or unsubstituted C.sub.5 -C.sub.29
      hydrocarbon radical and R.sub.2 -R.sub.5 are H, or substituted or
      unsubstituted C.sub.2 -C.sub.6 radicals, which when substituted, can
      contain such substituents as Cl, Br, OH, OCH.sub.3, etc.; R.sub.6 is
      either H or a lower (C.sub.1 -C.sub.4) alkyl group; and M is either H, or
      a metal atom such as an alkali metal, or ammonium.
PAR  The invention can be further illustrated by the following representative,
      non-limiting examples wherein are described how some of the compounds
      within the scope of the present invention can be made and used.
PAC  EXAMPLE I
PAC  (Preparation of Tertiary Amide)
PAR  295 parts by weight (one mole) of a conventional commercial methyl ester of
      a fatty acid having an average of eighteen carbon atoms per molecule (CE
      18/95), a proprietary product of Procter & Gamble having the following
      tabulated composition (Gas-Liquid Chromatography, %):
TBL  Composition      Typical       Limit                                      
     ______________________________________                                    
     C.sub.6          1                                                        
     C.sub.8          9            7-9.5                                       
     C.sub.10         7            4-10                                        
     C.sub.12         49           44-49                                       
     C.sub.14         19           15-24                                       
     C.sub.16         7            5.5-10                                      
     C.sub.18         9            5-10                                        
     Saponification Value                                                      
                      255                                                      
     Acid Value       0.4          0.5 max.                                    
     Iodine Value     11           14 max.                                     
     Unsaponifiable (%)                                                        
                      0.1          0.2 max.                                    
     Moisture (%)     0.07         0.1 max.                                    
     Average Molecular                                                         
     weight           220                                                      
     ______________________________________                                    
PAL  Physical Properties
TBL  Specific Gravity 25/25.degree.C                                           
                        0.864                                                  
     Melting Point, .degree.C                                                  
                        4.0                                                    
     Reflective Index ()                                                       
                        1.4332                                                 
     % Transmission (460m)                                                     
                        95          90 min.                                    
PAL  104 parts by weight (one mole) of aminoethyl ethanolamine and 5 parts by
      weight of 25% methanolic sodium methoxide were placed in a glass reaction
      vessel equipped with a stirrer, a thermometer, a nitrogen inlet and an
      outlet tube connected to a vacuum system through a dry ice trap and
      manometer. The heterogeneous liquid mixture was gradually heated under 150
      mm vacuum. As the temperature went to 60.degree. - 70.degree.C, methanol
      was rapidly given off and the heterogeneous mixture became a clear,
      single-phase liquid. The temperature was then raised to 100.degree. -
      105.degree.C and held there at 150 mm vacuum for fifteen minutes. At the
      end of this period about 34 parts by weight of methanol had been collected
      in the dry ice trap. The reaction product was a slightly yellow
      transparent gel at room temperature.
PAR  The IR spectrum of a sample of the reaction product indicated the
      following:
TBL  Absorption                                                                
     (5.5-6.7 micron region only)                                              
                        Product Identified                                     
     6.15 very strong   tertiary amide plus small                              
                        amount of secondary amide                              
     6.45 very weak     secondary amide                                        
PAR  The major absorption of 6.15 microns is due to C=O stretching in tertiary
      amide, while the weak 6.45 micron absorption indicates the presence of a
      small quantity of secondary amide in the structure. N-C.sub.18 acyl,
      N-(2-aminoethyl) ethanolamine is, therefore, the major product to the
      above reaction:
      ##EQU5##
      wherein R.sub.1 is an acyclic C.sub.17 fatty acid radical derived from CE
      18/95 methyl ester, as noted above.
PAR  When the above material was heated at 100.degree. to 105.degree.C at 150 mm
      vacuum for another 35 minutes, no major change in IR spectrum occurred.
      Prolonged heating above 120.degree.C, however, as previously indicated,
      causes slow rearrangement to the stable secondary amide and also
      simultaneous ring closure to an imidazoline structure.
PAC  EXAMPLE 2
PAC  (Preparation of Surface Active Agents)
PAR  367 parts by weight (one mole) of the reaction product of Example 1 were
      heated to 60.degree.C in a glass reaction vessel fitted with a stirrer, a
      condenser and an additional funnel. A mixture of 200 parts by weight of
      water and 100 parts by weight of isopropanol were then added, and the
      clear resulting solution cooled at 45.degree.C. A solution of 94.5 parts
      by weight (one mole) of monochloroacetic acid in 175 parts by weight water
      was then added to the above solution as rapidly as possible with external
      cooling so that the temperature did not exceed 55.degree.C during additon.
      The resulting solution was again cooled to 45.degree.C and 160 parts by
      weight of 50% aqueous NaOH (two moles NaOH) were added with external
      cooling at a rate such that the temperature did not exceed 55.degree.C.
      This addition took about 10 minutes.
PAR  After addition of the reactants, the highly viscous reaction mixture was
      stirred at a slow rate for 3 hours between 50.degree. and 60.degree.C and
      then for 1 1/2 hours between 80.degree.C and 90.degree.C. During this time
      the pH of the reaction mixture dropped from 14 to 10.4. The product, which
      was light yellow semi-viscous paste at room temperature, can be
      represented by the formula:
      ##EQU6##
      wherein: R.sub.1 is an acyclic C.sub.17 fatty acid radical derived from CE
      18/95 methyl ester, as previously identified in Example 1.
PAR  This product is useful as an amphoteric surfactant in a variety of
      applications and is particularly suitable as a shampoo composition.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 was followed, except that 280 parts by weight of
      bleached tallow (a triglyceride) was substituted for the methyl ester of
      the eighteen carbon atom fatty acid, and the glycerol that formed during
      the reaction was allowed to remain in the reaction mixture. The IR
      spectrum of the product indicated virtually complete conversion to a
      tertiary monoamide contaminated with a small amount of the corresponding
      secondary amide. The product was then reacted with chloroacetic acid, as
      described in Example 2, to obtain the sodium salt of a carboxy methylated
      compound in which the fatty acid radical was the type found in tallow.
PAC  EXAMPLE 4
PAR  The procedure of Example 3 was repeated, except that only 40 parts by
      weight (one mole) of sodium hydroxide was used. The reaction product
      resulting was a white paste (pH=7) representing the internal salt of the
      free acid of the carboxy methylated compound of Example 3.
PAC  EXAMPLE 5
PAR  The procedure of Example 1 was repeated substituting 220 parts by weight
      (one mole) of the methyl ester of the fatty acids obtained from coconut
      oil, i.e., methyl cocoate, and utilizing 107 parts by weight (1.03 moles)
      of aminoethyl ethanolamine to obtain a tertiary amide having an acyl
      radical of the type obtained from coconut oil.
PAC  EXAMPLE 6
PAR  The tertiary amide obtained in Example 5 was dissolved in 200 parts by
      weight of water and the solution then was treated successively with (a) a
      solution of 94.5 parts by weight of chloroacetic acid in 175 parts by
      weight of water and (b) 160 parts by weight of 50% aqueous sodium
      hydroxide solution (two moles NaOH) following the procedure described with
      respect to Example 2, except that the isopropanol was not included in the
      reaction mixture. The product was a slightly viscous pale yellow solution
      (pH=10.5) and was miscible with water in all proportions. This product was
      the sodium salt of the carboxy methylated tertiary amide of Example 5 in
      which the fatty acid radical was of the type found in coconut vegetable
      oil.
PAC  EXAMPLE OF PREPARATION OF PRIOR ART SECONDARY AMINES (EXAMPLE 7)
PAR  220 parts by weight (one mole) of stripped coconut acid and 107 parts by
      weight (1.03 moles) of aminoethyl ethanolamine were condensed by placing
      in a glass reaction vessel equipped with a stirrer, a thermometer, a
      nitrogen inlet and an outlet tube connected to a vacuum system through a
      dry ice trap and a manometer. The reagents were mixed thoroughly at room
      temperature and then heated rapidly to 130.degree. - 140.degree.C under
      150 mm vacuum. A narrow stream of nitrogen was allowed to trickle in
      through the flask. The reaction mixture was heated at about 130.degree. to
      140.degree.C at 150 mm vacuum for four hours with slow agitation. At the
      end of this period about 15 grams of liquid, mostly water, had collected
      in the dry ice trap. Analysis indicated the reaction product to be a
      secondary amide in about 75% conversion with about 25% of unreacted amine
      salt. The secondary amide was thus N-cocacyl (2-hydroxyethyl)
      ethylenediamine. The condensate was then reacted with cloroacetic acid in
      the presence of sodium hydroxide, as in Example 6, to give the known
      surfactant N-cocoayl, N'-(2-hydroxyethyl), N'-carboxymethyl
      ethylenediamine, isolated as the sodium salt.
PAR  The reaction product of Example 7 was then compared with the reaction
      product of Example 6. For the purposes of comparison foaming properties of
      the reaction products were tested for foam height and foam stability at
      80.degree.F in distilled water by the Ross and Miles Foamometer Test
      (Ross, J. and Miles, G. D., Oil and Soap, 18, 99-102, 1941). The foaming
      properties of the reaction product of Example 6 were further compared,
      utilizing the Ross and Miles Foamometer Test with composition A, a
      well-known ampholyte which is widely used commercially as an imidazoline
      surfactant called Miranol C2M and has the following chemical structure:
      ##EQU7##
      These results are shown in the following Table I.
TBL                TABLE 1                                                     
     ______________________________________                                    
                             Foam Height in mm at                              
                  Conc.      80.degree.F in Distilled                          
     Sample       Per cent   Water                                             
                             Initial After 5 min.                              
     ______________________________________                                    
     Composition A                                                             
                  0.05       160        140                                    
     Example 6    0.05       140        125                                    
     Composition A                                                             
                  0.1        175        150                                    
     Example 6    0.1        185        170                                    
     Example 7    0.1        170        145                                    
     Composition A                                                             
                  0.5        200        175                                    
     Example 6    0.5        220        200                                    
     ______________________________________                                    
PAR  From the information in Table 1 it can be seen that the reaction product of
      Example 6 is an excellent foaming agent that is equivalent to or better
      than composition A and somewhat superior than that of Example 7, insofar
      as foaming and foam stability are concerned.
PAR  The products of the current invention are thus useful as amphoteric
      surfactants typified by Examples 2, 3, 4 and 6, which surfactants are
      particularly useful as shampoos.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A tertiary amide of the formula
      ##EQU8##
      wherein: R.sub.1 is selected from the group consisting of unsubstituted
      C.sub.5 -C.sub.29 and substituted C.sub.5 -C.sub.29 aliphatic hydrocarbon
      radicals, which, when substituted, have one or more substituents selected
      from the group consisting of Cl, Br, OH and OCH.sub.3 ; and R.sub.2
      -R.sub.5 are each selected from the group consisting of hydrogen
      unsubstituted C.sub.2 -C.sub.4 aliphatic hydrocarbon radicals, and
      substituted C.sub.2 -C.sub.4 aliphatic hydrocarbon radicals whose
      substituents are as previously defined for R.sub.1.
NUM  2.
PAR  2. Amides of claim 1 in which the acyl radical
      ##EQU9##
      is derived from tallow.
NUM  3.
PAR  3. Amides of claim 1 in which the acyl radical
      ##EQU10##
      is a stearyl radical.
NUM  4.
PAR  4. Amides of claim 1 in which the acyl radical
      ##EQU11##
      is derived from coconut vegetable oil.
NUM  5.
PAR  5. A process for making tertiary amides of the formula as defined in claim
      1, which comprises condensing a fatty acid ester having the acyl radical
      ##EQU12##
      and from 6 to 30 carbon atoms with a hydroxy diamine of the formula:
      ##EQU13##
      wherein: R.sub.2 -R.sub.5 are as defined in claim 1, for from 5 minutes to
      an hour in the presence of a base catalyst and at a temperature between
      60.degree. and 120.degree.C until the formation of the tertiary amide; and
      recovering the tertiary amide formed with the acyl radical
      ##EQU14##
      derived from said fatty acid ester.
NUM  6.
PAR  6. The process of claim 5 in which said ester is the methyl ester.
NUM  7.
PAR  7. The process of claim 5 in which said ester is a triglyceride.
NUM  8.
PAR  8. The process of claim 5 in which said base catalyst is sodium methoxide.
NUM  9.
PAR  9. The process of claim 6 in which methanol formed during the condensation
      of said ester and said hydroxy diamine is removed as said methanol is
      formed.
NUM  10.
PAR  10. The process of claim 7 in which glycerol formed during condensation of
      said ester and said hydroxy diamine is left with the reaction product
      amide.
NUM  11.
PAR  11. Amphoteric surface active agents of the formula:
      ##EQU15##
      wherein R.sub.1 is selected from the group consisting of unsubstituted
      c.sub.5 -C.sub.29 and substituted C.sub.5 -C.sub.29 aliphatic hydrocarbon
      radicals, which, when substituted, have one or more substituents selected
      from the group consisting of Cl, Br, OH and OCH.sub.3 ; and R.sub.2
      -R.sub.5 are each selected from the group consisting of hydrogen,
      unsubstituted C.sub.2 -C.sub.4 aliphatic hydrocarbon radicals, and
      substituted C.sub.2 -C.sub.4 aliphatic hydrocarbon radicals whose
      substituents are as previously defined for R.sub.1 ; and wherein M is
      selected from the group consisting of hydrogen, an alkali metal cation,
      and an ammonium cation.
NUM  12.
PAR  12. An amphoteric surface active agent according to claim 11 having the
      formula:
      ##EQU16##
      wherein the acyl radical R.sub.1 CO is derived from hydrogenated tallow.
NUM  13.
PAR  13. A process for making tertiary amide amphoteric surfactants of the
      formula defined in claim 11, which comprises condensing a fatty acid ester
      having from 6 to 30 carbon atoms with a hydroxy diamine of the formula:
      ##EQU17##
      wherein: R.sub.2 -R.sub.5 are as defined in claim 1, for from 5 minutes to
      an hour in the presence of a base catalyst and at a temperature between
      60.degree. and 120.degree.C, until formation of the tertiary amide, and
      reacting the reaction product containing said amide with an acidic
      material selected from the group consisting of
      ##EQU18##
      and salts thereof wherein R.sub.6 is selected from the group consisting of
      hydrogen and C.sub.1 -C.sub.4 alkyl to form said surfactants.
NUM  14.
PAR  14. The process of claim 13 in which said fatty acid ester is an ester of a
      lower alcohol.
NUM  15.
PAR  15. The process of claim 14 in which said ester is the methyl ester.
NUM  16.
PAR  16. The process of claim 13 in which said ester is a triglyceride.
NUM  17.
PAR  17. The process of claim 13 in which said base catalyst is sodium
      methoxide.
NUM  18.
PAR  18. The process of claim 15 in which methanol formed during the
      condensation of said ester and said hydroxy diamine is removed as said
      methanol is formed.
NUM  19.
PAR  19. The process of claim 16 in which glycerol formed during condensation of
      said ester and said hydroxy diamine is left with the reaction product
      amide.
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ABST
PAL  Novel salts are prepared wherein the cation of the salt comprises a 1:1
      ratio of a complex ion formed between zinc and methionine and any suitable
      anion, either inorganic or organic. The novel salts have the generic
      formula:
EQU  [CH.sub.3 SCH.sub.2 CH.sub.2 CH(NH.sub.2)COO.Zn.sup.+.sup.+].sub.w X
PAL  wherein X is an anion and w is an integer equal to the anionic charge of X.
      These novel compounds are useful nutritional supplements, both for animals
      and humans, in that they provide a readily-available source of the zinc
      ions necessary for dietary balance. In addition, certain of the compounds
      falling within the formula disclosed herein have been found to have
      therapeutic utility in the treatment of acne and colitis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The importance of an adequate supply of zinc to the diet of both animals
      and humans has long been reported in the literature. Adequate dietary
      intake of zinc for swine, cattle, and poultry has been known for some time
      to be of importance. For example, when these animals do not have a dietary
      balance having a sufficient level of zinc ions in the diet, the animals
      may well develop skin conditions showing noted zinc deficiencies. For
      example, the skin may become sick, scaly, and inflamed. In addition, it
      has been reported in the literature that animals fed a diet deficient in
      zinc may tend to develop congenital anomalies and fibrotic changes in the
      esophagus. Additionally, and very importantly, an adequate level of zinc
      in the diets of swine, poultry, and cattle has been shown as important for
      healthy growth of the animals and increased weight gain.
PAR  With regard to humans, zinc deficiencies have been reported as possibly
      tied to arteriosclerosis, the proper growth and function of sex organs,
      and the ability of skin wounds to heal fast and properly.
PAR  While the importance of an adequate zinc level in the diet of both animals
      and humans has been known and reported for sometime, maintenance of
      adequate zinc levels in the dietary intake has not necessarily been easy
      to achieve. Moreover, dietary supplementation by utilization of
      conventional salts of zinc, such as zinc chloride, seems to be inadequate.
      This is so because the zinc exists in a form which is not readily absorbed
      from the gastrointestinal tract and therefore may not be distributed and
      utilized effectively in the body.
PAR  Accordingly, it is an object of this invention to provide novel zinc
      compounds wherein the zinc is in a form which can be readily absorbed
      after ingestion by animals and readily distributed and utilized in order
      to provide adequate zinc levels for proper health, weight gain, and
      dietary balance of animals.
PAR  Yet, another object of this invention is to provide a process for making
      novel zinc compounds which is simple to perform and can be economically
      utilized in large-scale plant practice to prepare the novel zinc compounds
      of this invention in bulk for ready utilization in large quantities to
      supplement the diets of animals and humans.
PAR  The method of accomplishing these and other objects will become apparent
      from the following description of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to the preparation of novel zinc compounds. The
      novel zinc compounds have the formula:
EQU  [CH.sub.3 SCH.sub.2 CH.sub.2 CH(NH.sub.2)COO.sup.. Zn.sup.+.sup.+].sub.w X
PAL  wherein X is an anion and w is an integer equal to the anionic charge of X.
      These compounds all contain a 1:1 ratio complex of zinc and methionine as
      the cation. Such compounds, it is believed because of a complex formed
      between the zinc and methionine, are in a form which can be readily
      absorbed, distributed, and utilized within the biochemical system of
      animals and humans. They function as a readily-available source of zinc
      for dietary supplementation.
PAR  The invention also relates to a new, simple, and economically feasible
      process for making the above-described compounds.
PAC  Detailed Description of the Invention.
PAR  It is important to note that the compounds of this invention are referred
      to herein as "zinc methionine complexed salts." These salts are to be
      carefully distinguished from conventional salts such as, for example, zinc
      sulphate and zinc chloride, which contain only an electrostatic attraction
      between the cation and the anion. The complexed salts of this invention
      differ from conventional salts in that while they have an electrostatic
      attraction between the cation and the anion, there is also a coordination
      bond formed between the zinc and the amino moiety of the amino acid
      methionine. The zinc methionine complexed salts have the formula:
      ##EQU1##
      wherein X is an anion and w is an integer equal to the anionic charge of
      X. The cation of these complexed salts is represented by the bracketed
      material in the above formula and represents a 1:1 complex of zinc and
      methionine. Sterically, the cation moiety can be represented as follows:
      ##EQU2##
      As can be seen from this formula, the five-membered ring formation exists
      wherein the zinc ion is complexed by coordinate bond with the amine
      moiety, and electrostatic attraction with the carboxylic acid moiety of
      the methionine. In addition, the complex is formed by a 1:1 ratio of
      methionine molecules and zinc ions with each zinc ion becoming complexed
      with one methionine molecule. Providing 1:1 complex ions of the zinc and
      methionine has been found of great importance in insuring
      gastro-intestinal absorbtion of the zinc and its subsequent distribution
      and effective utilization of the zinc.
PAR  In addition, certain of these compounds, and in particular, zinc methionine
      acid sulphate, and zinc methionine chloride have been found to have some
      therapeutic effect in the treatment of acne, colitis and other epidermal
      disorders.
PAR  In the above-described formula X represents the anion. The selection of an
      anion is not critical. The anion can be an inorganic anion, an organic
      anion, a monovalent anion, a divalent anion, or a polyvalent anion.
      However, in order to have the molecules of the salt balanced
      electrostatically, w is a whole number integer equal to the anionic charge
      of the anion X.
PAR  Preferably, the source of the anion, X, is an inorganic acid. Suitable
      inorganic anions can be found in the halogen acids family, the sulphates,
      and the phosphates. Preferably, where the anion is an inorganic anion, it
      is selected from the group consisting of monovalent anions, such as
      halides, hydrogen sulphate, and dihydrogen phosphate. Utilization of
      monovalent anions selected from the above group is preferred because of
      the resulting ready solubility of the zinc methionine complexed salts and
      because of the readily-available sources of common inorganic anions such
      as the halides, hydrogen sulphate, and dihydrogen phosphate. Most
      preferably, the anion is selected from the group consisting of chloride
      and hydrogen sulphate or acid sulphate, the latter two terms being
      utilized herein interchangeably.
PAR  As heretofore briefly mentioned, the anion can also be an organic anion
      moiety derived from an organic acid. It can be derived from simple
      aliphatic carboxyllic acids, both monobasic carboxyllic acids and dibasic
      carboxyllic acids. For example, the anion can be acetate or propionate, or
      where the acid is a dibasic acid, succinate or adipate. In addition, the
      acid source can be substituted aliphatic acids, both monobasic and
      dibasic, such as, for example, chloroacetic acid. The acid source of the
      anion may also be aromatic acids such as, for example, benzoic acid. It
      can also be aralkyl acids, both substituted and unsubstituted.
PAR  Where organic acid sources are utilized as the source of the anion for the
      salts of this invention, it is preferred that the source be a monobasic
      carboxyllic acid and that the acid be either acetic acid, propionic, or
      benzoic.
PAR  Surprisingly, a simple, straight-forward and, importantly, economically
      feasible process of preparing these zinc methionine complexed salts of
      this invention in a form readily utilizable for dietary supplementation
      has been developed. For purposes of clarity of description of the
      invention and conciseness, the method will be described only with
      relationship to preparing the two most preferred compounds, zinc
      methionine acid sulphate and zinc methionine chloride. It should be
      understood, however, that the method can easily be modified for
      preparation of other zinc methionine complexed salts such as zinc
      methionine diacid phosphate, zinc methionine acetate, zinc methionine
      propionate, zinc methionine benzoate, and the like. Zinc methionine acid
      sulphate and zinc methionine chloride are preferred compounds because they
      can be easily prepared and, importantly, have been found to have special
      preferred efficacy in dietary ingestion and body distribution and
      utilization. The method will first be described in connection with the
      preparation of zinc methionine acid sulphate.
PAR  In accord with the process of this invention, zinc sulphate, either in an
      anhydrous form or in a hydrated form is reacted with methionine at a pH of
      7 or less. It is important that the pH be controlled to either neutral or
      acid conditions because if the pH is allowed to become basic, the
      resulting product will be a 1:2 complex of methionine and zinc which is
      insoluble in water. Preferably, the reactants, zinc sulphate and
      methionine are used in equimolar quantities. Utilization of equimolar
      quantities insures complete reaction with a minimum of side reactions, or
      excess ingredients. It is preferred that the zinc sulphate be hydrated
      zinc sulphate, in that little water is needed. Where anhydrous zinc
      sulphate is utilized, it is preferred that a quantity of water be added to
      the reaction ingredients about equal to the weight of zinc sulphate and
      methionine.
PAR  The product, zinc methionine acid sulfate, can be conveniently obtained
      from the reaction solution by the addition of an organic solvent such as
      isopropyl alcohol, acetone or ethyl alcohol. Alternatively, the reaction
      solution could be dried using conventional drying methods such as hot air
      oven, spray drying, or freeze drying to provide a white, solid, uniform
      free flow appearing powdered form of zinc methionine acid sulphate.
PAR  The reaction can be carried out under similar conditions of pH, to prepare
      zinc methionine chloride by substituting zinc chloride as an initial
      reaction ingredient for the zinc sulphate previously described herein.
      However, the resulting product is zinc methionine chloride, which is very
      soluble in water and is obtained as a syrupy concentrated aqueous
      solution.
PAR  An important feature of the 1:1 complexed salts, having zinc methionine
      complexes as a cation and associated with suitable anions, is that the
      stability of the zinc methionine complex is such that after absorbtion,
      the zinc can be readily utilized within an animal body's biochemical
      systems. This is to be contrasted from complexes of zinc and other
      complexing agents such as ethylenediamine tetraacetic acid. In these cases
      the stability of the complexes is so great that the zinc is not readily
      released and is therefore not available for distribution and utilization
      within the animal's body. In fact, there is a tendency for ethylenediamine
      tetraacetic acid to "draw" zinc molecules from the body and to complex
      them with the resulting complex being excreted. Thus, extremely strong
      coordinate covalent bonds, such as those formed by ethylenediamine
      tetraacetic acid, can actually enhance zinc deficiency in an animal's body
      bio-chemical system.
DETD
PAR  The following examples are offered to further illustrate the product and
      process of this invention.
PAC  EXAMPLE 1.
PAR  hydrated Hydrated sulphate (ZnSO.sub.4.7 H.sub.2 O, 28.75g, 0.1 mol) and
      methionine (14.9g, 0.1 mol) were dissolved in 100 ml of water by the aid
      of gentle heat. The hot solution was treated with 3,000 ml of acetone,
      stirred vigorously for 10 minutes and allowed to cool. A white precipitate
      was formed, filtered and dried. The weight of the precipitate was 31.0 g.
      The precipitate was analyzed by routine analytical procedures and was
      found to contain 20.80% zinc and 47.45% methionine. This will reveal a
      proper ratio of zinc and methionine to indicate a 1:1 ratio, indicating
      the formation of a 1:1 complex. In addition, the sample was analyzed by
      infra-red analysis and an examination of the absorption peaks indicated
      the absence of a strong peak at 2100 reciprocal centimeters, which is
      characteristic of alpha amino acids. In addition, there was a noted
      absence of the characteristic peaks of methionine itself. The different
      peak structures of the product from the peak structures of the reactants
      indicated the formation of a 1:1 complex of zinc and methionine. Finally,
      the resulting product was titrated with 0.1 normal sodium hydroxide and
      the titration curve was compared with a known titration curve for DL
      methionine and zinc sulphate. The titration curve proved to be different
      than the titration curve for either zinc sulphate or DL methionine,
      indicating formation of the complex salt.
PAC  EXAMPLE 2.
PAR  Hydrated zinc sulphate (ZnSO .7H O, 57.5 g 0.2 mol) and methionine (29.84
      g, 0.2 mol) were mixed thoroughly in an evaporating dish. The mixture was
      heated on a steam bath to form a paste. Heating was continued for 60
      minutes and the paste was transferred into a hot air oven and dried at
      90.degree. C. for 20 hours. The resulting product weighed 63.3 g.
      Quantitative analysis revealed the product was comprised of 20.37% zinc
      and 46.5% methionine. This indicated a proper ration of zinc to methionine
      for a 1:1 complex of zinc methionine. Further analysis by infra-red
      analysis and titration curve analysis indicated the presence of zinc
      methionine acid sulphate as per the previous example. The product was a
      dry, free-flowing powder.
PAR  While the paste of this example was hot air oven dried, other preparations
      have been prepared where the resulting solutions were spray-dried in a
      spray dryer at a temperature of about 400.degree. F to yield a dry
      free-flowing powder.
PAC  EXAMPLE 3.
PAR  Zinc chloride (Zn Cl.sub.2, 68.0g, 0.5 mol) was dissolved in water (68.0 g)
      and the solution was heated to 90.degree. c. Methionine (74,bg, 0.5 mol)
      was added and the temperature was kept at 90.degree. C. for one hour to
      provide zinc methionine chloride solution. The product contained 21.2%
      zinc and 53.9% methionine. Quantitative and instrumental analysis as
      previously described revealed the presence of a 1:1 complex salt of zinc
      methionine chloride.
PAC  EXAMPLE 4.
PAR  Methionine (74.6g, 0.5 mol) was dissolved in a 165 ml of 6.08 N N
      hydrochloric acid and zinc oxide (40.65g) was added. The mixture was
      heated at 90.degree. C. for one hour to provide zinc methionine chloride
      solution. The product contained 19.9% zinc and 44.0% methionine. The
      presence of zinc methionine chloride was confirmed by quantitative and
      instrumental analysis.
PAC  EXAMPLE 5.
PAR  Methionine zinc sulfate (6.2 g, 0.05 mol) was dissolved in 100 ml of
      H.sub.2 O. The solution was heated to boiling and a solution of barium
      acetate (5.1 g, 0.05 mol) in 20 ml of water was added dropwise with
      stirring, a voluminous precepitate was formed. The mixture was treated
      with a solution of methionine zinc sulfate until no further pption of
      BaSO.sub.4 was observed. The solution was boiled for ten minutes and
      filtered. The filterate was evaporated to dryness to afford a white
      powder. The product contained 23.4% zinc and 57.7% methionine.
      Quantitative and instrumental analysis as previously described revealed
      the presence of zinc methionine acetate.
PAC  EXAMPLE 6.
PAR  Zinc oxide (8.13 gr) was dissolved in a mixture of 48% hydrobromic acid
      (33.7gr) and water (15.0 gr). Methionine (15.0 gr) was added and the
      solution was heated at 95.degree. C. for 15 minutes. The mixture was
      evaportated to dryness. The residue was dried in the oven and the product
      contains 17.2% zinc and 36.7% methionine. Quantitative and instrumental
      analysis revealed the presence of zinc methionine bromide.
CLMS
STM  I claim:
NUM  1.
PAR  1. Zinc methionine, complexed salts of the formula:
EQU  [CH.sub.3 SCH.sub.2 CH.sub.2 CH(NH.sub.2)COO.sup.. Zn.sup.+.sup.+].sub.w X
PAL  wherein X is an organic monovalent anion of a monobasic carboxylic acid
      selected from the group consisting of acetic acid, propionic acid, and
      benzoic acid, and w is an integer equal to the anionic charge of X.
NUM  2.
PAR  2. Zinc methionine, complexed salts of the formula:
EQU  [CH.sub.3 SCH.sub.2 CH.sub.2 CH(NH.sub.2)COO - Zn.sup.+.sup.+].sub.w X
PAL  wherein X is an inorganic anion selected from the group consisting of
      halides, sulfates, and phosphates, and w is an integer equal to the
      anionic charge of X.
NUM  3.
PAR  3. A method of preparing zinc methionine acid sulphate comprising,
PA1  adding together at a pH of 7 or less zinc sulphate and methionine to
      provide a reaction mixture, and
PA1  heating said reaction mixture at a temperature higher than room temperature
      but not exceeding the boiling point of said reaction mixture.
NUM  4.
PAR  4. A method of preparing zinc methionine chloride comprising,
PA1  adding together at a pH of 7 or less zinc chloride and methionine to
      provide a reaction mixture, and
PA1  heating said reaction mixture at a temperature higher than room temperature
      but not exceeding the boiling point of said reaction mixture.
NUM  5.
PAR  5. The complexed salts of claim 2, wherein X is a monovalent anion.
NUM  6.
PAR  6. Zinc methionine acid sulphate.
NUM  7.
PAR  7. Zinc methionine chloride.
NUM  8.
PAR  8. The salts of claim 1, wherein the salt is the compound zinc methionine
      acetate.
NUM  9.
PAR  9. The salt of claim 1, wherein the salt is the compound zinc methionine
      propionate.
NUM  10.
PAR  10. The process of claim 3, wherein the zinc sulphate is hydrated zinc
      sulphate.
NUM  11.
PAR  11. The process of claim 3, wherein the reaction is conducted in the
      presence of added water.
NUM  12.
PAR  12. The process of claim 11, wherein the amount of water is about equal to
      the combined weight of the zinc sulphate and methionine.
NUM  13.
PAR  13. The process of claim 3, wherein the amount of zinc sulphate and
      methionine employed are equimolar quantities.
NUM  14.
PAR  14. The process of claim 3, wherein the reaction is conducted in the
      presence of a solvent selected from the group consisting of acetone,
      isopropyl alcohol, and ethyl alcohol.
NUM  15.
PAR  15. The process of claim 11, wherein the product is spray-dried to provide
      a free-flowing powder.
NUM  16.
PAR  16. The process of claim 4, wherein zinc chloride is heated to at least
      90.degree. C.
NUM  17.
PAR  17. The process of claim 4, wherein the reaction is conducted in the
      presence of added water.
NUM  18.
PAR  18. The process of claim 17, wherein the amount of water is about equal to
      the combined weight of the zinc chloride and methionine.
NUM  19.
PAR  19. The process of claim 4, wherein the amount of zinc chloride and
      methionine employed are equimolar quantities.
NUM  20.
PAR  20. The process of claim 4, wherein the reaction is conducted in the
      presence of a solvent selected from the group consisting of acetone,
      isopropyl alcohol, and ethyl alcohol.
NUM  21.
PAR  21. The salts of claim 5 wherein said sulfate is hydrogen sulfate and said
      phosphate is dihydrogen phosphate.
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PAL  A method for producing ethane, ethylene and dimethyl ether compounds, said
      method comprising the step of passing a mixture of CO and hydrogen over
      platinum supported on alumina at a temperature ranging from 100.degree.C.
      to 400.degree.C. and a pressure ranging from 1 to 100 atmospheres.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This case is a Continuation-in-part of application bearing Ser. No. 424,861
      filed on Dec. 13, 1973.
BSUM
PAR  This invention pertains to improvements in the production of organic
      compounds from carbon monoxide and hydrogen. In one aspect, the invention
      relates to passing a feed stream containing hydrogen and carbon monoxide
      over a supported platinum catalyst.
PAR  Although a vast amount of research and development has been conducted over
      the past fifty years pertaining to the Fischer-Tropsch synthesis (the
      reaction between CO and H.sub.2 to form organic compounds) almost no
      effort has been made to study the capability of noble metals to catalyze
      this reaction.
PAR  Although the metals of the platinum group are all generally active as
      hydrogenation-dehydrogenation catalysts, they differ considerably in their
      ability to catalyze the various reactions between carbon monoxide and
      hydrogen. Ruthenium has been known for many years to be an effective
      catalyst in the Fischer-Tropsch synthesis and in the catalytic synthesis
      of methane from carbon monoxide and hydrogen, the reactions producing high
      molecular weight waxes at high pressures and large quantities of methane
      at atmospheric pressure. Recently, suspensions of ruthenium oxides in a
      hydrocarbon solvent have been shown to possess exceptionally high
      activity, the CO-H.sub.2 reaction being measurable at 100.degree.C. By
      contrast, the other unsupported platinoid metals are much inferior
      catalysts for these reactions. Unsupported metals such as rhodium and
      osmium have been shown to exhibit some activity at elevated temperatures
      whereas platinum and iridium are generally inert for both the
      Fischer-Tropsch synthesis and the methanation reaction.
PAR  Of the nine Group VIII metals of interest, iron, cobalt and nickel have
      been heavily studied and large quantities of information exist in the
      literature. All three produce significant amounts of methane from a CO +
      H.sub.2 feedstream but nickel is the most selective toward methane and is
      presently the commercially used catalyst for the methanation reaction.
PAR  In an article authored by F. Fischer, H. Tropsch and P. Dilthey,
      Brennstoff-Chemie 6, 265 (1925), the methanation activities of a series of
      unsupported metals were studied to determine the order of their activity.
      The metals were ruthenium, iridium, rhodium, nickel, cobalt, osmium,
      platinum, iron, molybdenum, palladium and silver. In addition to the fact
      that Fischer et al. never really defined their criteria for activity, none
      of these activities was corrected for differences in metal surface area.
      Surface area variations for the different metals could alter completely
      the order of activities of the metals. Platinum was not found to be one of
      the better catalysts. Platinum itself was studied over a temperature range
      of 20.degree.-800.degree.C. and no methane conversion was observed at
      200.degree.C. or lower and only small conversions were measured at
      300.degree.C.
PAR  In another article by H. Pichler, Adv. in Catalysis IV, 271 (1952),
      ruthenium was described as the most active catalyst for the low
      temperature, high-pressure synthesis of high molecular weight materials.
      It was verbally stated that ruthenium and osmium gave appreciable amounts
      of liquid and solid products but that platinum was "much less suitable" as
      a catalyst for this reaction. Palladium and iridium gave only traces of
      products.
PAR  In another article by McKee, D.W., J. Catal. 8, 240 (1967), the interaction
      of CO + H.sub.2 at 1 atmosphere over various unsupported Group VIII metals
      was studied by the author. He found no evidence of methane formation over
      unsupported platinum even at temperatures exceeding 200.degree.C. whereas
      rhodium and iridium produced small amounts of methane at 200.degree.C. and
      supported ruthenium was quite active at 100.degree.C.
PAR  Mills et al. "Catalysis Reviews" 8 (2) pages 199, 200 and 210 (1973)
      discloses that platinum supported on alumina is an interesting methanation
      catalyst. However, the subject inventors have found that if critical
      temperature and pressure conditions are observed that platinum on alumina
      can be employed to selectively produce ethane, ethylene and dimethyl ether
      compounds in addition to methane. Example 2 of the subject application
      will demonstrate that the Mills et al. article did not teach how to
      produce ethane, ethylene and dimethyl ether but was predominantly
      interested in producing methane.
PAR  However, if platinum is supported on alumina and critical temperature and
      pressure conditions are observed, it can be used to catalytically produce
      ethylene, ethane and dimethyl ether compounds from a mixture of CO and
      hydrogen. Supported platinum catalysts have several advantages over
      commercial nickel catalysts which include (1) better activity maintenance,
      (2) thermal stability (especially desirable for exothermic reactions such
      as CO + H.sub.2 where temperature excursions may cause sintering of nickel
      catalysts, (3) better tolerance to sulfur, (4) better selectivity to
      methane, and (5) more tolerant to higher CO pressures and lower
      temperatures as platinum does not form volatile metal carbonyl as nickel
      would do under similar conditions.
PAR  Briefly, the subject invention relates to a method for producing ethylene,
      ethane and dimethyl ether, said method comprising the step of passing a
      mixture of CO and H.sub.2 over platinum supported on alumina at a
      temperature and pressure sufficient to selectively form said organic
      compounds.
PAR  The catalyst used in accordance with this invention is formed by the steps
      of impregnating a suitable alumina support with a salt solution of the
      platinum followed by heat treating the impregnated support to form a
      chemical complex at the surface of the support and to drive off moisture.
PAR  Platinum may be added to the catalyst in the form of a solution containing
      a soluble platinum salt. Chloroplatinic acid (H.sub.2 PtCl.sub.6),
      Pt(NH.sub.3).sub.4 Cl.sub.2, Pt(NH.sub.3).sub.2 (NO.sub.2).sub.2 or any
      other platinum salt which is soluble in the solvent used for the
      impregnation may be employed.
PAR  The impregnated support in powder or granular form is then treated by
      establishing time-temperature relationships suitable to produce a chemical
      change on the surface of the support and to remove water and adsorbed
      oxygen. Suitably, the impregnated support can be heated in air in an inert
      atmosphere or in vacuum, e.g., 20-29 inches of mercury, and from about
      150.degree.C. to about 650.degree.C., preferably from about 200.degree.C.
      to about 430.degree.C. for periods ranging from about 0.5 to about 4
      hours, or preferably from about 1 to about 2 hours. On the other hand, the
      reaction between the salt and support can be accomplished by the elevated
      temperatures while moisture is stripped from the support with nitrogen or
      other nonreactive gases. If desirable, the impregnation and heat treatihg
      steps can be conducted in multiple stages, for example, the support can be
      impregnated and then dried or partially dried at low temperature. Support
      can then be reimpregnated and again dried or partially dried. The heat
      treatment per se can also be conducted in multiple stages, if desired. The
      impregnated support, to facilitate handling, can thus be subjected to a
      first rather mild heat treatment to dry the support and thence in a second
      step, to a more severe treatment to produce the desired chemical change at
      the surface.
PAR  Suitable supports are the oxides in Groups II, III, IV, V and VI-B of the
      Periodic Chart of the Elements and are described in a Table found in the
      Handbook of Chemistry and Physics, Chemical Rubber Company, 45th ed.
      (1964) page B-2, though the oxides in Groups II, III-A and IV-A are
      preferred. Group III-A metal oxides, particularly alumina, are especially
      preferred. Alumina supports in fact are quite outstanding from a cost
      effect standpoint and are readily available. Silica-free alumina has been
      found especially suitable. Group II-A metal oxides such as magnesium
      oxide, calcium oxide, strontium oxide and barium oxide; also the Group IV
      metal oxides, e.g., titanium oxide and zirconium oxide; Group V metal
      oxides, e.g. vanadium oxide and activated carbon and coke are effective.
      Certain natural clays, diatomaceous earth, e.g. kieselguhr and other
      supports are also useful. Silicon dioxide and mixtures of silicon dioxide,
      aluminum oxide are also used in this invention as well as the zeolites. In
      fact, any refractory oxide that will give well-dispersed platinum is
      suitable in the use of this invention.
PAR  In order to selectively produce ethane and ethylene formation, platinum
      supported on alumina must be employed as the catalyst. The platinum
      loading ranges from 0.01 to 5 wt.% and preferably from 0.3 to 2 wt. %
      based on the total weight of the catalyst of the metal and the support.
      The hydrogen and CO mole ratio ranges from 0.1 to 5, the pressure ranges
      from 1 to 100 atmospheres, preferably from 1 to 20 atmospheres, and the
      temperature ranges from 100.degree. to 400.degree.C., preferably
      200.degree. to 300.degree. C. Under these conditions the conversion to
      ethane and ethylene is approximately 5 - 15 mole %.
PAR  In order to increase the dimethyl ether formation, again the
      platinum-on-alumina is the catalyst that is employed. The platinum loading
      ranges from 0.01 to 5 wt. % and preferably from 0.3 to 2 wt. % based on
      the total weight of the catalyst. The hydrogen-to-CO mole ratio ranges
      from 0.1 to 2 and the pressure ranges from 2 to 100 atmospheres,
      preferably from 20 to 40 atmospheres and the temperature ranges from
      100.degree. to 400.degree.C., preferably 200.degree. to 300.degree.C.
PAR  The specific activity of a catalyst is represented by a "Turnover Number",
      defined as the number of CO molecules reacted per second per site on the
      metal surface. The number is determined by selective chemisorption
      techniques using a gas such as carbon monoxide or hydrogen. Such gases are
      selectively chemisorbed on the metal surface and by employing justified,
      common assumptions such as 1 hydrogen atom adsorbs on every surface metal
      atom or 1 CO molecule adsorbs on every surface metal atom, the number of
      surface metal atoms, M.sub.s, can be calculated. This value then
      represents the total number of metal surface sites and can also be used to
      calculate the metal dispersion, D, defined by D = (M.sub.s /M.sub.t) where
      M.sub.t is the total number of metal atoms in the sample.
PAR  Such a representation of catalyst activity is very meaningful since it
      allows direct comparisons not only between different metals but also
      between different metal loadings of the same metal catalyst. Space
      velocity measurements do not correct for different metal loadings in
      different catalysts, or any differences in metal surface areas at the same
      loading, i.e., dispersion effects. If conversion data is desired, it is
      easily calculated from the following formula which assumes no diffusional
      limitations:
      ##EQU1##
PAR  These supported platinum catalysts heretofore unrecognized as an active
      selective catalyst in the reaction between CO and hydrogen, are useful in
      any process producing such a mixture such as gasification of coal,
      residuum, oil shale, tar sands, etc. All these processes can utilize these
      catalysts to produce methane, or if desired, substantial quantities of
      ethane, ethylene and dimethyl ether using the reaction conditions
      specified hereinabove.
DETD
PAR  In order to describe the workings of the invention, the inventive process
      is described in the following illustrative examples.
PAC  Methods of catalyst preparation.
PAC  A. 1.75% Platinum on aluminum oxide
PAR  In a graduated cylinder 25 g of alumina with a surface area of 180 m.sup.2
      /g was soaked for 24 hours in 30 ml of chloroplatinic acid solution
      containing 0.455 g of platinum. At the end of 24 hrs, the original yellow
      chloroplatinic acid solution had become colorless and the platinum had
      been adsorbed on the alumina. The catalyst was then filtered and dried 16
      hrs at 120.degree.C. and 4 hrs at 260.degree.C. in air.
PAC  B. 1.16% Platinum on Aluminum Oxide (prepared from p-salt)
PAR  A platinum on alumina catalyst free of chlorine was prepared from platinum
      p-salt [Pt(NH.sub.3).sub.2 (NO.sub.2).sub.2 ]. A solution containing 0.116
      g of platinum was prepared by dissolving 0.190 g of Pt(NH.sub.3).sub.2
      (NO.sub.2).sub.2 in 32.5 ml of distilled water at 90.degree.-100.degree.C.
      At the same time, 10 g of alumina was heated to 90.degree.-100.degree.C.
      and then 6.5 cc of hot Pt(NH.sub.3).sub.2 (NO.sub. 2).sub.2 solution was
      added to the hot alumina. The Pt(NH.sub.3).sub.2 (NO.sub.2).sub.2 solution
      and the alumina were reheated and a second addition of 6.5 cc of solution
      was made. This procedure was continued until all the Pt(NH.sub.3).sub.2
      (NO.sub.2).sub.2 solution was added to the alumina. The catalyst was
      finally dried for 16 hrs at 120.degree.C. and 4 hrs at 260.degree.C. in
      air.
PAR  The catalyst prepared by this procedure B was used in the synthesis
      reactions described in Example 1 under the designated conditions.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     EXAMPLE -1                                                                
     SYNTHESIS OF LIGHT HYDROCARBONS (Pt CATALYSTS)                            
     (.about. 1 atm)                                                           
             HC For-                                                           
                  Turnover                                                     
                       CO.sub.2                                                
                           HC Product Analysis,           Metal                
             mation                                                            
                  No.  form.                                                   
                           Mole %                    H.sub.2 :CO               
                                                          Disp.                
     T       (% CO                                                             
                  Based on                                                     
                       (% Co                         Mole Run D(%)             
                                                                 D(%)          
     Catalyst                                                                  
          (.degree.C)                                                          
             Conv.)                                                            
                  CO Ads.                                                      
                       Conv.)                                                  
                           C.sub.1                                             
                              C.sub.2                                          
                                 C.sub.2.sup.=                                 
                                     C.sub.3                                   
                                        C.sub.4                                
                                           C.sub.5.sup.+                       
                                               CH.sub.3 OCH.sub.3              
                                                     Ratio                     
                                                          No. CO H.sub.2       
     __________________________________________________________________________
     1.16%                                                                     
          271                                                                  
             0.44 0.0017                                                       
                       0.43                                                    
                           89 10  2  -- -- --  tr    1.0  92-3                 
                                                              37 71            
     Pt/Al.sub.2 O.sub.3                                                       
     (P-salt)                                                                  
          271                                                                  
             0.18 0.0014                                                       
                       0.15                                                    
                           82  7 12  -- -- --  --    0.5  92-4                 
                                                              37 71            
          250                                                                  
             0.35 --   0.13                                                    
                           74  6  7  tr -- --  12    1.2  91-5                 
                                                              37 71            
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  The catalyst prepared by procedure A was used in the following synthesis
      reactions under the designated conditions.
TBL  __________________________________________________________________________
                      % CO Con-                                                
                             N.sub.co                                          
                                  Product Distribution                         
            Pres-     version     (Mole %)                                     
     Run                                                                       
        Temp                                                                   
            sure H.sub.2 /CO                                                   
                      to Hydro-                                                
                             (sec.sup.-.sup.1                                  
     No.                                                                       
        .degree.C.                                                             
            (ATM)                                                              
                 Ratio                                                         
                      carbons                                                  
                             .times.10.sup.3                                   
                                  C.sub.1                                      
                                        C.sub.2 =                              
                                            C.sub.2                            
                                                 C.sub.3 +                     
                                                     CH.sub.3 --O--            
     __________________________________________________________________________
                                                     CH.sub.3                  
     1  263 1.96 1    0.7    2.9  89    2   10   0   0                         
     2  262 1.35 1    1.5    2.0  86    1   14   0   0                         
     3  247 1.99 1    0.8    3.0  85    4   11   0   0                         
     4  271 2.12 1    0.8    5.4  85    2   8    0   5                         
     5  274 10.10                                                              
                 1    2.5    13.3 70    1   7    0   23                        
     6  272 21.12                                                              
                 1    2.9    18.1 67    .5  5    0   25                        
     7  270 2.10 1    0.1    0.7  100   0   0    0   0                         
     8  269 21.00                                                              
                 1    0.9    8.8  69    0   4    0   27                        
     9  269 30.00                                                              
                 1    0.7    6.0  67    0   4    0   30                        
     __________________________________________________________________________
PAL  This example definitely establishes that when the temperature and pressure
      are carefully controlled and the catalyst employed is platinum supported
      on alumina, that substantial amounts of ethylene and ethane are produced
      and that under higher pressures substantial amounts of dimethyl ether are
      also produced.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing substantial amounts of dimethyl ether, said
      process comprising the step of passing CO and H.sub.2 over platinum
      supported on alumina, wherein the amount of platinum ranges from 0.3 to 2
      wt. % based on total weight of the support including platinum at a
      temperature ranging from 200.degree. to 300.degree.C and a pressure
      ranging from 10.10 to 40 atmospheres and wherein the mol rato of hydrogen
      to CO ranges from 0.1 to 2.
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ABST
PAL  Predominantly aliphatic hydrocarbon materials may be obtained from
      carbonaceous solids by a sequence of steps comprising gasifying the
      carbonaceous solids, combining the gasification product stream with an
      internal recycle stream, separating certain impurities from the combined
      stream followed by cooling to liquefy and separate the hydrocarbon
      materials while directly reacting the remaining carbon monoxide and
      hydrogen in the presence of a catalyst to produce the internal recycle
      stream.
BSUM
PAR  This invention relates to an integrated process for producing predominantly
      aliphatic hydrocarbon materials from carbonaceous solids.
PAR  In the past, hydrocarbons of a predominantly aliphatic nature such as
      paraffins and olefins have generally been obtained from distillation and
      separation of crude petroleum and natural gas and by cracking fractions
      obtained from crude petroleum. Quite apparently, with the decline of
      available reserves of crude petroleum and natural gas, there is a need for
      alternative means for producing such predominantly aliphatic hydrocarbons
      which are not dependent upon natural gas and petroleum feedstocks.
PAR  Another source of hydrocarbons has been from distillation of carbonaceous
      solids such as coal. However, these hydrocarbons are highly aromatic and
      constitute only a minor percentage of the initial charge of solids.
PAR  The Synthol process is also known (Chem. Engr. Prog., 1960, Vol. 56, No. 4,
      pp 39-48) for producing hydrocarbons from coal, some of which are
      paraffinic. In this process coal is initially gasified, then purified and
      used as a feedstock to both an Arge synthesis and a Kellogg synthesis. The
      purified effluent may be used directly as a feedstock to an Arge synthesis
      for producing primarily diesel oil and waxes. However, in the Kellogg
      synthesis wherein gasoline is primarily produced, the purified effluent is
      first passed through a reforming section. Consequently, while the process
      may be operated to produce some paraffinic hydrocarbons, it is necessarily
      relatively complicated.
PAR  In accordance with this invention, there is provided an integrated process
      wherein hydrocarbons and some oxygenated hydrocarbons of a predominantly
      aliphatic nature are produced from carbonaceous solids by a combination of
      gasification and Fischer-Tropsch synthesis without intermediate
      reformation. Briefly described, the integrated process involves
      gasification of a carbonaceous solid under suitable conditions to produce
      a gasification product stream of which the major portion is formed by
      carbon monoxide, carbon dioxide, hydrogen and water, with a minor portion
      being hydrocarbons of a predominantly aliphatic nature. Since most
      carbonaceous solids contain some sulfur materials, sulfur compounds such
      as hydrogen sulfide and carbonyl sulfide will also be present. The
      gasification product stream is then combined with an internal recycle
      stream rich in hydrocarbon materials of a predominantly aliphatic nature
      and the combined stream is subjected to conventional separation treatments
      for removal of most sulfur compounds, carbon dioxide, and water. The
      partially purified stream is then subjected to cryogenic separation to
      separate the predominantly aliphatic hydrocarbon materials from the carbon
      monoxide and hydrogen. The former are recovered as products while the
      latter serve as a feedstock to a Fischer-Tropsch synthesis and are
      converted to a product stream rich in hydrocarbon materials of a
      predominantly aliphatic nature which becomes the internal recycle stream
      referred to above. These hydrocarbon materials include both hydrocarbons
      and some oxygenated hydrocarbons.
PAR  The invention is applicable to carbonaceous solids in general such as coke,
      oil shale, tar sands, char, lignite, anthracite, and bituminous coals.
      According to the invention, these carbonaceous solids are gasified by
      reaction with steam as is known in the art. In general, gasification is
      accomplished by feeding the carbonaceous solids, preferably in a
      particulate form, together with steam to a gasification zone operating at
      temperatures in the range of 500.degree. to 2,100.degree. C, preferably
      550.degree. to 1,300.degree. C, and pressures of about 1 atmosphere to 300
      atmospheres, preferably 1 atmosphere to 100 atmospheres. The ratio of
      steam (water) to carbonaceous solids is generally in the range of about
      0.1 to 3 pounds of steam per pound of carbonaceous solids, preferably 0.5
      to 2 pounds of steam on the same basis. Higher quantities of water will
      tend to excessively increase the amount of carbon dioxide in the product
      stream at the expense of carbon monoxide; the carbon monoxide being
      desirable for the subsequent Fischer-Tropsch synthesis. Lower quantities
      of water tend to result in insufficient conversion of the carbonaceous
      solids for an efficient process.
PAR  The temperature in the gasification zone may be obtained by any suitable
      external heating means, such as gas heaters or electrical resistance
      means. Alternatively, and as is usually the case, the temperatures may be
      generated in situ by introducing an oxygen-containing gas along with the
      carbonaceous solids and steam to the gasification zone. This will result
      in some combustion taking place in the zone and generating the necessary
      thermal energy to sustain the desired temperatures. It is pointed out that
      the combustion region in the gasification zone may operate at temperatures
      somewhat above those mentioned heretofore. Some water will also be
      produced by the combustion and can be taken into consideration in
      adjusting the quantity of outside steam fed to the zone.
PAR  The oxygen-containing gas can be provided by any suitable source and can
      contain some inert materials. Quite obviously, the inerts should be
      maintained as low as possible so as to avoid the necessity of handling
      large volumes of materials which do not contribute to the efficiency of
      the process. Preferably, an oxygenrich stream containing at least 95 mol
      percent oxygen is used, such as that provided by a Linde-Frankl process.
      The amount of oxygen supplied to the gasification zone may generally range
      from about 0.1 to 1 pound of oxygen per pound of carbonaceous solids,
      preferably in the range of 0.2 to 0.8 pound of oxygen on the same basis.
PAR  The initial effluent from the gasifier may contain tars and related heavy
      materials such as result from volatilization of coal. Typical of these
      materials are highly aromatic compounds, phenolics, etc. Usually, when
      tars and the like are present a quenching stage, such as with water, is
      employed to condense them from the effluent and they are then recycled
      back to the gasifier. Not all gasifications of carbonaceous materials
      result in tars being present in the initial effluent and thus quenching is
      not always necessary. Quenching may also serve to remove particulate
      solids carry-over or, alternatively, a conventional solids separator may
      be used if it is desired or necessary to remove such solids for recycle or
      other disposal. All of this is well known in the art.
PAR  In any event, a gasification product stream is obtained from the
      gasification step in the overall process. This gasification product stream
      is predominantly carbon monoxide, carbon dioxide, hydrogen and water,
      although some hydrocarbons of a predominantly aliphatic nature are
      present. With sulfur-containing carbonaceous solids, some sulfur
      compounds, such as hydrogen sulfide and carbonyl sulfide, will be formed.
PAR  The gasification product stream is combined with an internal recycle stream
      which is rich in hydrocarbon materials of a predominantly aliphatic
      nature. This recycle stream is obtained as the effluent from a
      Fischer-Tropsch synthesis further downstream and to be described in
      further detail hereinafter. As noted above, the predominantly aliphatic
      hydrocarbon materials, paraffinic and olefinic, include both hydrocarbons
      and some oxygenated hydrocarbons. In addition to the hydrocarbon
      materials, the recycle stream also contains carbon monoxide, carbon
      dioxide, water, and hydrogen.
PAR  The combined streams, hereinafter referred to as the crude product stream,
      are then subjected to separation to remove carbon dioxide, sulfur
      compounds, and water. This may be accomplished according to known
      techniques. For example, water may be removed by simply cooling the crude
      product stream to condense the major portion of the water followed by
      passing the crude product stream through a dryer containing a desiccant
      such as alumina or silica gel. Carbon dioxide and some sulfur compounds
      may be removed by such conventional techniques as adsorption with a
      suitable agent; e.g., an aqueous solution of an amine, particularly
      monoethanolamine, or by treating with a hot aqueous solution of potassium
      carbonate, or by a combination of such processes (see U.S. Pat. No.
      3,684,689 for applicable techniques). Alternatively, carbon dioxide and
      sulfur compounds such as hydrogen sulfide and carbonyl sulfide may be
      removed simultaneously by means of the Rectisol and Purisol systems as
      described in Industrial and Engineering Chemistry, Volume 62, No. 7, July,
      1970, pp 39-43. If desired, sulfur may be recovered from the separation
      liquids by the Claus process.
PAR  The thus purified product stream, containing essentially only hydrocarbon
      materials, carbon monoxide and hydrogen, is then subjected to cryogenic
      separation. In such cryogenic separation, the purified product stream is
      cooled to a temperature below the condensation temperature of methane, the
      lowest boiling hydrocarbon material present in the product stream, thus
      effecting condensation of the hydrocarbon materials which are then
      recovered as the product. Cryogenic systems for performing this separation
      are known in the art.
PAR  The separated hydrocarbon materials may further be fractionally distilled
      to recover individual fractions as desired. As mentioned previously, these
      hydrocarbon materials are predominantly aliphatic and include both
      aliphatic hydrocarbons and some aliphatic oxygenated hydrocarbons. By
      aliphatic it is meant paraffinic and olefinic.
PAR  The hydrogen and carbon monoxide remaining after separation of the
      hydrocarbon materials are used as a direct feedstock for the
      Fischer-Tropsch synthesis step of the process. This synthesis is well
      known in the art and is generally described hereinbelow.
PAR  The feedstock to the Fischer-Tropsch synthesis should have a mol ratio of
      hydrogen to carbon monoxide of at least 1/1, and preferably at 1.5/1. In
      most instances, the hydrogen and carbon monoxide from the cryogenic
      separator will be at a mol ratio much higher than this, but if at any time
      the ratio falls below the 1/1 level, additional hydrogen from a suitable
      outside source should be added to bring the ratio to the proper minimum
      level.
PAR  Low amounts of hydrogen decrease the reaction rate and, perhaps more
      importantly, tend to result in some disassociation of the carbon monoxide
      to carbon dioxide and elemental carbon. The formation of carbon is
      undesirable as it deposits out on the reactor walls and catalyst. This
      results in decreased heat transfer, a factor which may be significant in
      view of the exothermic nature of the reaction, and a decreased activity of
      the catalyst. As the mol ratio of hydrogen to carbon monoxide increases,
      the rate of reaction generally increases up to a point after which it
      either remains somewhat constant or even tapers off. In addition, high
      amounts of hydrogen also generally tend to result in lower average
      molecular weight hydrocarbon materials being formed with saturated
      compounds favored over unsaturated compounds. Another factor to be
      considered with high amounts of hydrogen is that the unconsumed hydrogen
      must be carried through the recycle steps of the process since the
      effluent of the Fischer-Tropsch synthesis is recycled. Considering all of
      these aspects, it is generally desired to operate the process with a mol
      ratio of hydrogen to carbon monoxide of not greater than about 5/1, and
      preferably in the range of about 2/1 to 4/1. Obviously, a suitable outside
      source may be employed to introduce additional carbon monoxide or hydrogen
      to provide the desired mol ratio.
PAR  It is pointed out that the hydrogen-carbon monoxide feedstock from the
      cryogenic separator may contain some hydrocarbon materials and may even
      contain some water without adversely affecting the Fischer-Tropsch
      synthesis step. Sulfur compounds such as hydrogen sulfide and carbonyl
      sulfide are undesirable as they tend to deactivate the synthesis catalyst.
      These, however, are removed or reduced to a sufficiently low level with
      the earlier purification steps.
PAR  The Fischer-Tropsch synthesis may be conducted at temperatures in the range
      of about 150.degree. C to about 450.degree. C. Lower temperatures tend to
      result in higher molecular weight products which may cause fouling of the
      catalyst or reaction zone. On the other hand, higher temperatures may tend
      to result in carbonization which likewise may cause catalyst fouling.
      Preferred temperatures are in the range of 200.degree. to 400.degree. C
      with the most preferred temperatures ranging from 250.degree. to
      350.degree. C.
PAR  Pressures as low as atmospheric pressure may be employed, but the reaction
      rate is relatively slow at low pressures. Higher pressures may also be
      used with the primary considerations being equipment design, possible
      reactor and catalyst fouling due to the fact that higher pressures tend to
      result in higher molecular weight products, and reaction control since
      increased pressure increases the reaction rate. Generally, pressures in
      the range of 5 to 75 atmospheres gauge will be used, preferably 10 to 30
      atmospheres gauge.
PAR  The reaction may be conducted in a zone containing a conventional fixed or
      fluidized (fixed or entrained types) catalyst bed. Normally the fluidized
      bed is employed. Space velocities in the range of about 500 to 50,000
      volumes of feedstock/volume of catalyst/hour at standard temperature and
      pressure conditions may be used, preferably in the range of 5000 to 10,000
      V/V/hr STP.
PAR  The catalysts useful for the reaction include any Fischer-Tropsch catalyst
      containing iron, cobalt, nickel, or ruthenium. These catalysts are well
      known in the art being described in the Fischer-Tropsch and Related
      Syntheses by Storch et al, John Wiley and Sons, 1951, Chapter 3, all of
      which is incorporated herein by reference. As also well known in the art
      and described in the referenced text, these catalysts may be supported and
      may be promoted or activated by numerous materials. All of this is
      intended to be encompassed by the phrase "Fischer-Tropsch catalyst" as
      used herein. Further examples of suitable Fischer-Tropsch catalysts appear
      in U.S. Pat. Nos. 2,543,327 and 2,944,988, also incorporated herein by
      reference.
PAR  A particularly preferred Fischer-Tropsch catalyst is one containing iron
      and promoted or activated with alumina, magnesium oxide, calcium oxide,
      potassium oxide, silica, manganese oxide, thoria, titania, molybdenum
      oxide, or mixtures thereof. Suitable sources of iron component include
      mill scale and magnetite with the latter already containing some of the
      promoters or activators.
PAR  The synthesis is preferably carried out under conditions within the ranges
      described above to a conversion of carbon monoxide in the feedstock of at
      least 50 percent. The effluent from the Fischer-Tropsch synthesis contains
      hydrocarbon materials which include both hydrocarbons and are
      predominantly aliphatic and some oxygenated hydrocarbons. Very little
      aromatic content is present. The effluent will, of course, additionally
      contain carbon monoxide, hydrogen, carbon dioxide, and water. The total
      effluent is then recycled to the process and combined with the
      gasification product stream prior to processing through the separation
      zone.
PAR  The following example will serve to further illustrate the process of the
      invention:
DETD
PAC  EXAMPLE
PAR  A small charge of coal is placed in a cylindrical stirred reactor and
      combustion of this charge is begun with oxygen and suitable temperatures.
      After starting combustion of the initial charge of coal, coal gasification
      is conducted by feeding 33.5 pounds of pulverized coal per hour into the
      top of the reactor while simultaneously feeding oxygen (308 SCF/hour) and
      steam 55 pounds/hour into the bottom of the reactor. As the coal, oxygen,
      and steam supply rates are brought up to these values, the pressure of the
      reactor is also allowed to gradually increase to an operating pressure of
      350 psig (about 25 Atm). After several hours of steady operation, the
      temperature profile of the reactor becomes approximately steady
      (decreasing from about 1,700 to 2,100.degree. C at the bottom to about
      500.degree. to 600.degree. C at the top of the reactor) and the
      gasification product stream (after quenching and removing tars) consists
      of a gas stream approximately 2,000 SCF/hour and having the composition:
      35.9% steam, 17.8% CO.sub.2, 15.3% CO, 24.2% H.sub.2, 6.4% CH.sub.4, 0.2%
      H.sub.2 S, 0.3% C.sub.2 H.sub.6, and 0.2% C.sub.2 H.sub.4 (all by volume).
PAR  According to the invention it is contemplated that this gasification
      product stream is mixed with the product gas from the Fischer-Tropsch
      reactor (see below) and the combined stream is cooled to
      25.degree.-75.degree. C under about 325 psig pressure to condense and
      separate water. The gas stream is conducted into an absorption column
      containing ethanol-amine and water wherein CO.sub.2 and H.sub.2 S are
      selectively removed. Finally, the gas is washed with cold (-20.degree. C)
      methanol to further lower the water content of the gas before it enters
      the cryogenic separator. The clean gas, under approximately 325 psig
      pressure, is cooled through a series of heat exchangers in the cryogenic
      separator to temperatures in the range of -100.degree. C to -160.degree. C
      where most of the methane and higher hydrocarbons present condense to
      liquids and are separated from hydrogen, carbon monoxide, and a small
      fraction of the methane which is not condensed but remains gaseous. The
      liquefied hydrocarbons may be further separated by low-temperature
      fractional distillation. Small amounts of carbonyl sulfide and H.sub.2 S,
      present in the entering gas stream, also condense in the liquid phase and
      are removed from the gaseous H.sub.2 and CO such as not to poison the
      Fischer-Tropsch catalyst.
PAR  The invention contemplates conducting the gaseous product from the
      cryogenic separator to the Fischer-Tropsch reactor where hydrogen and
      carbon monoxide are converted to hydrocarbons. A simulated gaseous product
      formed of H.sub.2 and CO in a molar ratio of about 3:1 is conducted into
      the reactor containing a fluidized catalyst prepared by hydrogenating and
      carbiding a pulverized fused mixture of magnetite, potassium carbonate,
      and alumina. The Fischer-Tropsch reaction is maintained at a temperature
      of 388.degree. C, pressure of 300 psig, and with a space velocity of 8,000
      V/V/hr STP. The product from this reaction, after passing through a
      cyclone to remove entrained catalyst, is compressed to about 350 psig and
      recycled back to mix with the gas from the gasifier according to the
      invention and as noted above. The product from the Fischer-Tropsch reactor
      has the following approximate composition: 21.7% H.sub.2, 0.8% CO, 27.1%
      CH.sub.4, 8.6% ethylene and ethane, 7.3% propylene and propane, 4.0%
      C.sub.4 hydrocarbon materials, 2.4% C.sub.5 hydrocarbon materials, 5.0%
      C.sub.6.sub.+  hydrocarbon materials, 4.8% CO.sub.2, and 18.3% H.sub.2 O.
PAR  Thus, having described the invention in detail, it will be understood by
      those skilled in the art that certain variations and modifications may be
      made within the spirit and scope of the invention as described herein and
      defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process comprising:
PA1  a. gasifying carbonaceous solids with from about 0.1 to about 3 pounds of
      steam per pound of said solids at temperatures in the range of 500.degree.
      C to 2100.degree. C and pressures of atmospheric to 1000 atmospheres to
      produce a gasification product stream containing a mixture of water,
      carbon dioxide, carbon monoxide, hydrogen, sulfur compounds and
      hydrocarbon materials of a predominantly aliphatic type,
PA1  b. combining the gasification product stream with an internal recycle
      stream rich in hydrocarbon materials of a predominantly aliphatic type to
      form a crude product stream,
PA1  c. removing water, carbon dioxide and sulfur compounds from the crude
      product stream to form a purified product stream containing essentially
      only hydrocarbon materials, carbon monoxide and hydrogen,
PA1  d. cooling the purified product stream to liquefy, separate and recover the
      hydrocarbon materials from the carbon monoxide and hydrogen,
PA1  e. directly introducing the carbon monoxide and hydrogen to a catalytic
      reaction zone and reacting the carbon monoxide and hydrogen in said zone
      to produce an internal recycle stream rich in hydrocarbon materials of a
      predominantly aliphatic type, said reaction being conducted under
      conditions of temperatures in the range of about 150.degree. to
      450.degree. C, pressures in the range of atmospheric to 75 atmospheres and
      space velocities in the range of 500 to 50,000 V/V/hr STP, in the presence
      of a Fischer-Tropsch catalyst containing iron, cobalt, nickel or
      ruthenium, and
PA1  f. recycling the internal recycle stream of step (e) back to step (b) of
      the process.
NUM  2.
PAR  2. A process according to claim 1 wherein the carbonaceous solids are coke,
      oil shale, tar sands, char, lignite, or coal.
NUM  3.
PAR  3. A process according to claim 1 wherein 0.1 to 1 pound of oxygen per
      pound of carbonaceous solids is additionally employed in the gasification
      of step (a).
NUM  4.
PAR  4. A process according to claim 3 when temperatures in the range of
      550.degree. to 1300.degree. C, pressures in the range of atmospheric to
      100 atmospheres and 0.5 to 2 pounds of steam per pound of carbonaceous
      solids are employed in the gasification of step (a).
NUM  5.
PAR  5. A process according to claim 4 wherein 0.2 to 0.8 pound of oxygen per
      pound of carbonaceous solids is additionally employed in the gasification
      of step (a).
NUM  6.
PAR  6. A process according to claim 3 wherein the reaction of step (e) is
      conducted at temperatures of 200.degree. to 400.degree. C, pressures of 5
      to 75 atmospheres gauge and space velocities of 5000 to 10,000 V/V/hr STP.
NUM  7.
PAR  7. A process according to claim 6 wherein the Fischer-Tropsch catalyst
      contains iron.
NUM  8.
PAR  8. A process according to claim 1 wherein the hydrocarbon materials
      recovered in step (d) are fractionally distilled.
PATN
WKU  039418219
SRC  5
APN  4495489
APT  1
ART  124
APD  19740308
TTL  2-Thiosulfo biphenylylacetic acids
ISD  19760302
NCL  11
ECL  1
EXP  Hollrah; Glennon H.
INVT
NAM  Diamond; Julius
CTY  Lafayette Hill
STA  PA
INVT
NAM  Santora; Norman Julian
CTY  Roslyn
STA  PA
ASSG
NAM  William H. Rorer, Inc.
CTY  Fort Washington
STA  PA
COD  02
RLAP
COD  74
APN  152366
APD  19710611
PSC  01
PNO  3821268
RLAP
COD  82
APN  34870
APD  19700505
PSC  04
CLAS
OCL  260453R
XCL  260290HL
XCL  26029362
XCL  26029373
XCL  260295AM
XCL  2602955A
XCL  2603322C
EDF  2
ICL  C07C16105
FSC  260
FSS  453 R;516
UREF
PNO  2934552
ISD  19600400
NAM  Gaertner
OCL  260453R
UREF
PNO  3624142
ISD  19711100
NAM  Shen et al.
OCL  260516
UREF
PNO  3786085
ISD  19740100
NAM  Dickel et al.
OCL  260516
LREP
FR2  Radde; Erich M. H.
ABST
PAL  Novel .alpha.-mercapto-p-biphenylylacetic acids and their derivatives have
      been prepared. Compounds of this invention possess useful
      anti-inflammatory, analgesic and antipyretic properties.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This is a division, of application Ser. No. 152,366, filed June 11, 1971
      now U.S. Pat. 3,821,268, which is a continuation-in-part application of
      Ser. No. 34,870, filed May 5, 1970.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention describes certain .alpha.-mercapto-p-biphenylylacetic acids
      and their derivatives and their use in therapeutic compositions. In
      addition, this invention relates to the preparation of these
      .alpha.-mercapto-p-biphenylylacetic acids. When the compounds of this
      invention are administered to mammals, they afford significant treatment
      of inflammation and associated pain and fever.
PAR  They further provide analgesic and antipyretic methods for the relief and
      treatment of pain and fever associated with inflammation.
PAC  BACKGROUND OF THE INVENTION
PAR  There has been continued efforts in research to develop drugs which would
      significantly inhibit the development of inflammation and relieve the pain
      and fever associated with it. Much of these efforts have been carried on
      in the field of steroids. While many of these compounds have been
      effective, they have had the drawback of causing many side effects.
PAR  We have unexpectedly found that .alpha.-mercapto-p-biphenylylacetic acid
      compounds and their derivatives have valuable pharmacologic properties.
PAR  We have found that .alpha.-mercapto-p-biphenylylacetic acid compounds and
      their derivatives possess useful anti-inflammatory, analgesic and
      antipyretic properties.
PAR  We have also found a series of anti-inflammatory compounds which are
      non-steroidal.
PAR  We have further found that these .alpha.-mercapto-p-biphenylylacetic acid
      compounds and their derivatives are novel.
PAR  We have also found that the compounds of this invention are useful in
      effectively providing a method for the inhibition of inflammation and the
      treatment of associated pain and fever.
PAR  We have still further found an entirely new class of anti-inflammatory,
      analgesic and antipyretic pharmaceutical compositions containing the
      .alpha.-mercapto-p-biphenylylacetic acids and derivatives of this
      invention as active ingredient.
PAR  We have again found a convenient method for synthesizing these compounds.
PAC  DESCRIPTION AND PREFERRED EMBODIMENT
PAR  This invention comprises a class of novel chemical compounds which contain
      a phenyl or substituted phenyl radical which is attached to a substituted
      phenyl or phenyl-.alpha.-mercaptoacetic acid in the para-position. This
      invention further comprises derivatives of said acetic acids and the
      method of preparing the same.
PAR  This invention also describes a new method of treating inflammation and
      associated pain and fever as well as novel therapeutic compositions.
PAR  The compounds of this invention can be represented by the generic structure
      which is described by the general formula I
      ##SPC1##
PAL  where:
PA1  R.sub..alpha. is hydrogen or loweralkyl;
PA1  R' and R are hydrogen or not more than one of R or R' at the same time is
PA2  Halo,
PA2  Nitro,
PA2  Amino,
PA2  Acylamino,
PA2  Mono- & diloweralkylamino,
PA2  Mercapto,
PA2  Acylthio,
PA2  Loweralkylthio,
PA2  Loweralkylsulfinyl,
PA2  loweralkylsulfonyl,
PA2  hydroxy,
PA2  loweralkoxy,
PA2  acyloxy,
PA2  haloloweralkyl,
PA2  cyano,
PA2  acetyl or
PA2  loweralkyl;
PA1  X is
PA2  mercapto,
PA2  acylthio,
PA2  carboxyacylthio,
PA2  aroylthio,
PA2  carboxyaroylthio,
PA2  loweralkoxythiocarbonylthio,
PA2  loweralkoxycarbonylthio,
PA2  arloweralkoxycarbonylthio,
PA2  amidinothio,
PA2  thiocyanato,
PA2  thiosulfo,
PA2  thioacylthio,
PA2  diloweralkylthiocarbamylthio,
PA2  carbamylthio,
PA2  loweralkylcarbamylthio,
PA2  diloweralkylcarbamylthio,
PA2  loweralkylthio,
PA2  loweralkylsulfinyl,
PA2  lower alkylsulfonyl,
PA2  sulfino or
PA2  sulfo; and
PA1  Z is
PA2  --OH,
PA2  loweralkoxy,
PA2  arloweralkoxy,
PA2  --NH.sub.2,
PA2  loweralkylamino,
PA2  diloweralkylamino,
PA2  cycloloweralkylamino,
PA2  --N A
PA1   (where A is loweralkylidenyl or heteroloweralkylidenyl),
PA2  --NHOH,
PA2  --nhnh.sub.2 or
PA2  --OM (where M is an alkali, alkaline earth or aluminum metal or an ammonium
      salt).
PAR  The compounds of this invention contain an asymmetric carbon atom in the
      alpha-position of the acetic acid side chain. As a result, the above
      compounds of formula I may be obtained as racemic mixtures of their dextro
      (+) and levorotatory (-) isomers. It is to be understood that said d and l
      isomers as well as the dl mixtures thereof are embraced within the scope
      of this invention.
PAR  More specifically, the chemical compounds of this invention which have
      particular usefulness as anti-inflammatory, analgesic and antipyretic
      agents are described by formulae II-IV
      ##SPC2##
PAL  where:
PA1  R, r', r.sub..alpha., x and Z are as described above.
PAR  Those compounds whose properties are even more preferred are described by
      formula IV where:
PA1  R.sub..alpha. is hydrogen or loweralkyl;
PA1  R' is
PA2  halo,
PA2  nitro,
PA2  loweralkylsulfonyl,
PA2  haloloweralkyl or
PA2  cyano;
PA1  X is
PA2  mercapto,
PA2  acylthio,
PA2  aroylthio,
PA2  loweralkoxythiocarbonylthio,
PA2  loweralkoxycarbonylthio,
PA2  amidinothio,
PA2  thiocyanato,
PA2  thiosulfo,
PA2  carbamylthio,
PA2  loweralkylcarbamylthio,
PA2  diloweralkylcarbamylthio,
PA2  loweralkylthio,
PA2  loweralkylsulfinyl,
PA2  loweralkylsulfonyl,
PA2  sulfino or
PA2  sulfo; and
PA1  Z is
PA2  --OH,
PA2  loweralkoxy,
PA2  arloweralkoxy,
PA2  --NH.sub.2,
PA2  loweralkylamino or
PA2  --OM.
PAR  A special embodiment of this invention which describes novel compounds that
      are effective in inhibiting inflammation and the treatment of pain and
      fever associated with inflammation as well as having analgesic and
      antipyretic effectiveness for the relief and treatment of pain and fever
      not symptomatically related to an inflammation indication are described by
      formula V
      ##SPC3##
PAL  where:
PA1  R.sub..alpha. is
PA2  hydrogen,
PA2  methyl or ethyl;
PA1  R' is
PA2  chloro,
PA2  bromo,
PA2  nitro,
PA2  methylsulfonyl,
PA2  trifluoromethyl or
PA2  cyano;
PA1  X' is
PA2  hydrogen,
PA2  acyl,
PA2  aroyl,
PA2  loweralkoxythiocarbonyl,
PA2  loweralkoxycarbonyl,
PA2  sulfo,
PA2  carbamyl,
PA2  loweralkylcarbamyl,
PA2  diloweralkylcarbamyl; and
PAL  the salts thereof.
PAR  Included within the scope of this further special embodiment are the
      racemic mixtures as well as the dextro and levorotatory isomers thereof.
PAR  In the descriptive portions of this invention, the following definitions
      apply:
PAR  The term "loweralkyl" refers to a loweralkyl hydrocarbon group containing
      from 1 to about 6 carbon atoms which may be straight chained or branched.
PAR  The "acyl" radical may be any organic radical derived from an organic acid
      by the removal of its hydroxyl group such as formyl, acetyl, propionyl,
      3-carboxypropionyl, 3-carboxy-2-propenoyl, camphoryl, benzoyl, toluoyl or
      heteroyl such as pyridinoyl, piperidinoyl, thenoyl, etc.
PAR  "Loweralkoxy" signifies an alkoxy group containing from 1 to about 6 carbon
      atoms which may be straight chained or branched.
PAR  The preferred "aroyl" is benzoyl, loweralkylbenzoyl such as toluoyl or
      halobenzoyl such as p-chlorobenzoyl, 2-carboxybenzoyl, etc.
PAR  The term "loweralkylidenyl" refers to a loweralkylidenyl hydrocarbon group
      containing from 2 to about 6 carbon atoms.
PAR  "Heteroloweralkylidenyl" refers to a loweralkylidenyl hydrocarbon group
      containing from about 2 to 5 carbon atoms and having one or more hetero
      atoms in the chain selected from O, N or S, such as piperidinyl,
      morpholinyl, etc.
PAR  The preferred "alkali" or "alkaline earth" metals are sodium, potassium,
      calcium and magnesium.
PAR  The term "ammonium salt" refers to the cation formed when ammonia or an
      organic amine react with the carboxyl group to form ammonium salts of the
      structure given in the formula. The ammonium salts are formed with a (1)
      loweralkylamines such as methylamine, diethylamine, triethylamine; (2)
      hydroxyloweralkylamines such as .beta.-hydroxyethylamine; (3) heterocyclic
      amines such as 2-aminopyridine, piperazine, piperidine; (4) aralkylamines
      such as .alpha.-methylbenzylamine, phenethylamine; (5) cycloalkylamines
      such as cyclohexylamine; (6) alkaloids such as quinine, cinchonidine,
      cinchonine, ephedrine.
PAR  Representative compounds of this invention which are particularly useful
      are as follows:
PA1  .alpha.-mercapto-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-propionylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-butyrylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-butenoylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-benzoylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-(.sigma.-toluoylthio)-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-(.sigma.-carboxybenzoylthio)-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-methoxythiocarbonylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-ethoxythiocarbonylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-methoxycarbonylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-ethoxycarbonylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-benzyloxycarbonylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-thioformylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-amidinothio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-thiocyanato-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-thiosulfo-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-carbamylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-ethylcarbamylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-dimethylcarbamylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-diethylcarbamylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-methylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-ethylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-propylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-i-propylthio-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-methylsulfinyl-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-methylsulfonyl-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-sulfino-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-sulfo-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-mercapto-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-propionylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-butyrylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-butenoylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-benzoylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.(.tau.-toluoylthio)-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-(.tau.-carboxybenzoylthio)-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-methoxythiocarbonylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-ethoxythiocarbonylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-methoxycarbonylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-ethoxycarbonylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-benzyloxycarbonylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-thioformylthio-4'-chloro-4-biphenylylacetic acid
      .alpha.-amidinothio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-thiocyanato-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-thiosulfo-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-carbamylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-ethylcarbamylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-dimethylcarbamylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-diethylcarbamylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-methylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-ethylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-propylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-i-propylthio-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-methylsulfinyl-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-methylsulfonyl-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-sulfino-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-sulfo-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-mercapto-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-propionylthio-b 2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-butyrylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-butenoylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-benzoylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-(.tau.-toluoylthio)-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-(.tau.-carboxybenzoylthio)-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-methoxythiocarbonylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-ethoxythiocarbonylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-methoxycarbonylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-ethoxycarbonylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-benzyloxycarbonylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-thioformylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-amidinothio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-thiocyanato-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-thiosulfo-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-carbamylthio12'-chloro-4-biphenylylacetic acid
PA1  .alpha.-ethylcarbamylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-dimethylcarbamylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-diethylcarbamylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-methylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-ethylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-propylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-i-propylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-methylsulfinyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-methylsulfonyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-sulfino-2'-chloro-4-biphenylacetic acid
PA1  .alpha.-sulfo-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-fluoro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-bromo-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-iodo-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-nitro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-trifluoromethyl-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-mercapto-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-acetylthio-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-methylmercapto-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-methylsulfinyl-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-methylsulfonyl-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-cyano-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-carboxy-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-carbethoxy-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-amino-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-acetylamino-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-methylamino-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-dimethylamino-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-hydroxy-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-acetyloxy-4-biphenylacetic acid
PA1  .alpha.-acetylthio-2'-methoxy-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-acetoxy-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-methyl-4-biphenylylacetic acid
PA1  .alpha.-mercapto-2'-fluoro-4-biphenylylacetic acid
PA1  .alpha.-propionylthio-2'-bromo-4-biphenylylacetic acid
PA1  .alpha.-butyrylthio-2'-nitro-4-biphenylylacetic acid
PA1  .alpha.-butenoylthio-2'-trifluoromethyl-4-biphenylylacetic acid
PA1  .alpha.-benzoylthio-2'-cyano-4-biphenylylacetic acid
PA1  .alpha.,2'-dimethylsulfonyl-4-biphenylylacetic acid
PA1  .alpha.-benzoylthio-2'-fluoro-4-biphenylylacetic acid
PA1  .alpha.-benzoylthio-2'-bromo-4-biphenylylacetic acid
PA1  .alpha.-sulfino-2'-nitro-4-biphenylylacetic acid
PA1  .alpha.-sulfo-2'-trifluoromethyl-4-biphenylylacetic acid
PA1  .alpha.-amidinothio-2'-cyano-4-biphenylylacetic acid
PA1  methyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  ethyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  benzyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  N-methyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  N,n-dimethyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  N,n-diethyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  N,n-ethylmethyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  N-isopropyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  N-cyclopropyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  N,n-pentamethylene .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  N,n-oxydiethylene .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  N,n-methylaminoethylenetrimethylene
      .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  N,n-thiotrimethylene .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid, sodium salt
PA1  .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid, potassium salt
PA1  .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid, calcium salt
PA1  .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid, aluminum salt
PA1  .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid, dimethylammonium salt
PA1  .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid, diethylammonium salt
PA1  .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid,
      .beta.-hydroxyethylammonium salt
PA1  .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid, piperazinium salt
PA1  .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid, piperidinium salt
PA1  .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid, methylbenzylammonium
      salt
PA1  .alpha.-mercapto-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-propionylthio-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-butyrylthio-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-butenoylthio-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-benzylthio-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-methoxythiocarbonylthio-.alpha.-methyl-2'-chloro-4-biphenylylacetic
      acid
PA1  .alpha.-methoxycarbonylthio-.alpha.-methyl-2'-chloro-4-biphenylylacetic
      acid
PA1  .alpha.-benzyloxycarbonylthio-.alpha.-methyl-2'-chloro-4-biphenylylacetic
      acid
PA1  .alpha.-thioformylthio-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-amidinothio-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-thiocyanato-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-thiosulfo-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-carbamylthio-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-diethylcarbamylthio-.alpha.-methyl-2'-chloro-4-biphenylylacetic
      acid
PA1  .alpha.-ethylthio-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-methylsulfinyl-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-methylsulfonyl-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-sulfino-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-sulfo-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-ethyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-propyl-2'-chloro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-2'-fluoro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-2'-bromo-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-2'-nitro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-2'-trifluoromethyl-4-biphenylylacetic
      acid
PA1  .alpha.-acetylthio-.alpha.-methyl-2'-cyano-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-2'-methylsulfonyl-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-propionylthio-.alpha.-methyl-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-methoxythiocarbonylthio-.alpha.-methyl-3-chloro-4-biphenylylacetic
      acid
PA1  .alpha.-methoxycarbonylthio-.alpha.-methyl-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-diethylcarbamylthio-.alpha.-methyl-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-methylsulfonyl-.alpha.-methyl-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-ethyl-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-propyl-3-chloro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-3-fluoro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-3-bromo-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-3-nitro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-3-trifluoromethyl-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-3-cyano-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-3-methylsulfonyl-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-propionylthio-.alpha.-methyl-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-methoxythiocarbonylthio-.alpha.-methyl-4'-chloro-4-biphenylylacetic
      acid
PA1  .alpha.-methoxycarbonylthio-.alpha.-methyl-4'-chloro-4-biphenylylacetic
      acid
PA1  .alpha.-thioformylthio-.alpha.-methyl-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-diethylcarbamylthio-.alpha.-methyl-4'-chloro-4-biphenylylacetic
      acid
PA1  .alpha.-methylsulfonyl-.alpha.-methyl-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-ethyl-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-propyl-4'-chloro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-4'-fluoro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-4'-bromo-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-4'-nitro-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-4'-trifluoromethyl-4-biphenylylacetic
      acid
PA1  .alpha.-acetylthio-.alpha.-methyl-4'-cyano-4-biphenylylacetic acid
PA1  .alpha.-acetylthio-.alpha.-methyl-4'-methylsulfonyl-4-biphenylylacetic acid
PA1  d .alpha.-acetylthio-2'-fluoro-4-biphenylylacetic acid
PA1  l .alpha.-acetyltio-2'-fluoro-4-biphenylylacetic acid
PA1  d .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  l .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  d .alpha.-acetylthio-2'-bromo-4-biphenylylacetic acid
PA1  l .alpha.-acetylthio-2'-bromo-4-biphenylylacetic acid
PA1  d .alpha.-acetylthio-2'-nitro-4-biphenylylacetic acid
PA1  l .alpha.-acetylthio-2'-nitro-4-biphenylylacetic acid
PA1  d .alpha.-acetylthio-2'-trifluoromethyl-4-biphenylylacetic acid
PA1  l .alpha.-acetylthio-2'-trifluoromethyl-4-biphenylylacetic acid
PA1  d .alpha.-acetylthio-2'-cyano-4-biphenylylacetic acid
PA1  l .alpha.-acetylthio-2'-cyano-4-biphenylylacetic acid
PA1  d .alpha.-acetylthio-3'-methylsulfonyl-4-biphenylylacetic acid
PA1  l .alpha.-acetylthio-3'-methylsulfonyl-4-biphenylylacetic acid
PA1  d .alpha.-acetylthio-3-chloro-4-biphenylylacetic acid
PA1  l .alpha.-acetylthio-3-chloro-4-biphenylylacetic acid
PA1  d .alpha.-acetylthio-4'-chloro-4-biphenylylacetic acid
PA1  l .alpha.-acetylthio-4'-chloro-4-biphenylylacetic acid
PA1  d .alpha.-acetylthio-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  l .alpha.-acetylthio-.alpha.-methyl-2'-chloro-4-biphenylylacetic acid
PA1  d .alpha.-acetylthio-.alpha.-methyl-4'-chloro-4-biphenylylacetic acid
PA1  l .alpha.-acetylthio-.alpha.-methyl-4'-chloro-4-biphenylylacetic acid
PA1  d .alpha.-acetylthio-.alpha.-methyl-3-chloro-4-biphenylylacetic acid
PA1  l .alpha.-acetylthio-.alpha.-methyl-3-chloro-4-biphenylylacetic acid
PA1  d .alpha.-mercapto-2'-chloro-4-biphenylylacetic acid
PA1  l .alpha.-mercapto-2'-chloro-4-biphenylylacetic acid
PA1  d .alpha.-butyrylthio-2'-nitro-4-biphenylylacetic acid
PA1  l .alpha.-butyrylthio-2'-nitro-4-biphenylylacetic acid
PA1  d .alpha.-diethylcarbamylthio-2'-chloro-4-biphenylylacetic acid
PA1  l .alpha.-diethylcarbamylthio-2'-chloro-4-biphenylylacetic acid
PA1  d .alpha.-i-propylthio-2'-chloro-4-biphenylylacetic acid
PA1  l .alpha.-i-propylthio-2'-chloro-4-biphenylylacetic acid
PA1  d .alpha.-propionylthio-2'-chloro-4-biphenylylacetic acid
PA1  l .alpha.-propionylthio-2'-chloro-4-biphenylylacetic acid
PA1  d .alpha.-sulfino-2'-chloro-4-cyclohexylphenylacetic acid
PA1  l .alpha.-sulfino-2'-chloro-4-cyclohexylphenylacetic acid
PA1  d .alpha.-methylsulfinyl-2'-chloro-4-biphenylylacetic acid
PA1  l .alpha.-methylsulfinyl-2'-chloro-4-biphenylylacetic acid
PA1  d .alpha.-(.tau.-carboxybenzoylthio)-2'-chloro-4-biphenylylacetic acid
PA1  l .alpha.-(.tau.-carboxybenzoylthio)-2'-chloro-4-biphenylylacetic acid
PA1  d methyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  l methyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  d benzyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  l benzyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  d N-methyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  l N-methyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  d N,N-diethyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  l N,N-diethyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  d N,N-pentamethylene .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  l N,N-pentamethylene .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  d N,N-oxydiethylene .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  l N,N-oxydiethylene .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid
PA1  d .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid, sodium salt
PA1  l .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid, sodium salt
PA1  d .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid, diethylammonium
      salt
PA1  l .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid, diethylammonium
      salt
PA1  d .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid, piperazinium salt
PA1  l .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid, piperazinium salt
PAR  The compounds of this invention may be prepared by the following general
      procedures.
PAR  Condensation of a biphenyl compound with a loweralkyl or aralkyl oxalyl
      chloride in the presence of anhydrous aluminum chloride results in a
      biphenylylglyoxylate. This may then be reacted with an alkyl Grignard
      reagent to form the .alpha.-alkylbiphenylylglycolate or it may be reduced
      to the biphenylylglycolate by catalytic hydrogenation with platinum oxide
      or under sodium borohydride conditions. It is convenient to start with a
      substituted biphenyl compound and in this manner the resultant product
      would be the corresponding substituted .alpha.-alkylbiphenylylglycolate or
      the biphenylylglycolate.
      ##SPC4##
PAR  In the preferred aspect of this invention, it is convenient to start with a
      2 or 4-nitro or halobiphenyl compound. This results in the corresponding
      2' or 4'-nitro or halobiphenylylglycolate.
      ##SPC5##
PAR  Compounds having substituents in the other ring may be prepared by carrying
      out a Friedel-Crafts, as above, with an alkyl or aralkyl oxalyl chloride
      on biphenyl. The resultant 4-biphenylylglyoxylate is then reacted with an
      alkyl Grignard reagent to form the .alpha.-alkyl-4-biphenylylglycolate or
      reduced to the glycolate by catalytic hydrogenation with platinum oxide or
      under sodium borohydride conditions. The glycolate may then be alkylated,
      halogenated or nitrated.
      ##SPC6##
      ##SPC7##
PAR  Chlorination or bromination may be carried out in the presence of a small
      amount of iodine dissolved in an inert solvent such as carbon
      tetrachloride. A solution of chlorine or bromine is then added while the
      temperature is held near 0.degree.C. Nitration is carried out with fuming
      nitric acid at about 0.degree.C. Alkylation is carried out under
      Friedel-Crafts conditions with an alkyl halide and aluminum chloride.
PAR  Appropriately desired end products having various R or R' substituents can
      be prepared by using suitable reactions in order to convert one group to
      another. Thus, for example, a 2'-halo-4-biphenylylglycolate in which halo
      is chloro, bromo or iodo may be
PAR  a. reacted with cuprous cyanide in quinoline at about 150.degree.C to
      produce a 2'-cyano-4-biphenylylglycolate:
      ##SPC8##
PAR  b. reacted with trifluoromethyliodide and copper powder at about
      150.degree.C in dimethylformamide to obtain a
      2'-trifluoromethyl-4-biphenylylglycolate: [as described in Tetrahedron
      Letters: 47,4095 (1959)]
      ##SPC9##
PAR  c. reacted with cuprous methanesulfinate in quinoline at about 150.degree.C
      to obtain a 2'-methylsulfonyl-4-biphenylylglycolate:
      ##SPC10##
PAR  A 2'-nitro-4-biphenylylglycolate may be selectively hydrogenated to the
      corresponding amine.
      ##SPC11##
PAR  A 3-amino-4-biphenylylglycolate may then be
PAR  a. mono- or dialkylated with loweralkyl halides or sulfates or acylated
      with loweracyl chlorides or anhydrides,
      ##SPC12##
PAR  b. diazotized to the diazonium fluroborate which is then themally
      decomposed to the 3-fluoro-4-biphenylylglycolate,
      ##SPC13##
PAR  c. diazotized and heated in an aqueous medium to form the
      3-hydroxy-4-biphenylylglycolate or heated in an alcohol to form the
      3-alkoxy-4-biphenylylglycolate. The hydroxyl group may also be alkylated
      with loweralkyl halides or sulfates to the alkoxyl group or acylated with
      loweracyl chlorides or anhydrides to the acyloxy compound in the presence
      of a tertiary amine such as pyridine,
      ##SPC14##
PAR  d. diazotized followed by a Sandmeyer type reaction to yield the halo
      group,
      ##SPC15##
PAR  e. diazotized and heated with an aqueous solution of potassium iodide to
      prepare the 3-iodo-4-biphenylylglycolate,
      ##SPC16##
PAR  f. diazotized followed by reaction with potassium ethylxanthate followed by
      hydrolysis to obtain 3-mercapto-4-biphenylylglycolic acid which can be
      esterified to 9 3-mercapto-4-biphenylylglycolate. This in turn can be
      lower alkylated to the lower alkylthio and oxidized to the
      loweralkylsulfinyl and loweralkylsulfonyl groups or acylated to the
      acylthio compounds.
      ##SPC17##
PAR  In a similar manner the 3 or 4' halo or nitro compounds may be converted to
      desired substituents.
      ##SPC18##
PAR  Reaction of a substituted p-biphenylylglycolate ester with a nitrogen base
      such as ammonia, loweralkylamine, diloweralkylamine, cycloloweralkylamine,
      a nitrogen containing hetero compound such as piperidine, morpholine,
      piperazine, hydroxylamine and hydrazine gives the corresponding amide,
      hydroxamic acid, or hydrazide.
      ##SPC19##
PAR  The glycolate esters may be hydrolyzed to the corresponding
      p-biphenylylglycolic acid. Reaction of the glycolate ester or glycolic
      acid with an acid chloride YCl or acid anhydride YOY in the presence of a
      tertiary amine such as pyridine, picoline, or quinoline results in the
      formation of an hydroxy derivative of the glycolate. Examples of YCl and
      YOY include acetyl chloride, acetic anhydride, propionyl chloride, butyryl
      chloride, succinic anhydride, maleic anhydride, phthalic anhydride,
      benzoyl chloride, benzoic anhydride, benzyl chlorocarbonate, ethyl
      chlorocarbonate, dimethylcarbamyl chloride, dibutylcarbamyl chloride,
      benzenesulfonyl chloride, methanesulfonyl chloride.
      ##SPC20##
PAR  When a substituted 4-biphenylylglycolate is reacted with a phosphorus
      trihalide, phosphorus pentahalide, phosphorus oxyhalide, sulfurylhalide,
      thionyl halide, or sulfur halide, the corresponding substituted
      .alpha.-halo-4-biphenylylacetate is prepared.
      ##SPC21##
PA1  where R" is lower alkyl;
PA1  where Hal is chloro, bromo or iodo.
PAR  Reaction of an .alpha.-sulfonate with a metal halide (preferably an alkali
      halide) results in the corresponding .alpha.-halo compound.
      ##SPC22##
PA1  where Z is as described on page 4.
PAR   The corresponding .alpha.-haloacetic acid may be prepared by heating the
      ester with acetic acid containing the corresponding hydrogen halide.
      ##SPC23##
PA1  where R" is lower alkyl.
PAR  The acid addition salts may then be formed by the action of one equivalent
      of a suitable base with the substituted .alpha.-halo-4-biphenylylacetic
      acid. Suitable bases thus include for example the alkali metal alkoxides
      such as sodium methoxide, etc., and the alkali metal and alkaline earth
      metal hydroxides, carbonates, bicarbonates, etc. (such as sodium
      hydroxide, potassium hydroxide, calcium hydroxide, potassium carbonate,
      sodium bicarbonate, magnesium bicarbonate, etc.). Also, the aluminum salts
      of the instant products may be obtained by treating the corresponding
      sodium salt with an appropriate aluminum complex such as aluminum hydroxy
      chloride hexahydrate, etc. The ammonium salts may be made by reaction with
      the corresponding amine such as methylamine, diethylamine,
      .beta.-hydroxyethylamine, piperazine, piperidine,
      .alpha.-methylbenzylamine, cyclohexylamine, triethylamine, phenethylamine,
      etc.
      ##SPC24##
PAR  Reaction of a substituted .alpha.-halo-p-biphenylylacetate ester with a
      nitrogen base such as ammonia, loweralkylamine, diloweralkylamine,
      cycloloweralkylamine, a nitrogen containing hetero compound such as
      piperidine, morpholine, piperazine results in the corresponding amide. The
      acetate ester with hydroxylamine gives the corresponding hydroxamic acid,
      and with hydrazine gives the corresponding hydrazide.
      ##SPC25##
     .increment.
      ##SPC26##
PAL  where:
PA1  Z
PA2  is -NH.sub.2,
PA2  loweralkylamine.
PA2  diloweralkylamino,
PA2  cycloloweralkylamino,
PA2  --N A (where A is loweralkylidenyl or heteroloweralkylidenyl),
PA2  --NHOH or
PA2  --NHNH.sub.2.
      ##SPC27##
PAR  The .alpha.-halo-p-biphenylylacetamides, acethydroxamic acids, or
      acethydrazides can be prepared from the corresponding
      p-biphenylylglycolamides with thionyl halides according 71the method of I.
      A. Smith, Chem. Berichte 71B:634 (1938).
      ##SPC28##
PAR  The substituted .alpha.-halo-p-biphenylylacetic acids and acid derivatives
      such as their salts, amides or esters may be reacted with various
      nucleophilic reagents which will replace the .alpha.-halogen group. Thus,
      for example, an alkali hydrosulfide, alkali thioalkanoate, alkali
      thiobenzoate, alkali loweralkylxanthate, thiourea, alkali thiocyanate,
      alkali thiosulfate, alkali loweralkylmercaptide, alkali sulfite or an
      alkali sulfinate may be reacted with the .alpha.-chloro, .alpha.-bromo or
      .alpha.-iodo-p-biphenylylacetic acid to form the corresponding derivative
      of the .alpha.-mercapto-p-biphenylylacetic acid. This may also be carried
      out on the .alpha.-sulfonate compounds.
      ##SPC29##
PAR  The .alpha.-mercapto-p-biphenylylacetic acid may then be reacted with a
      loweralkyl chlorocarbonate, an alkali isocyanate in the presence of
      hydrogen chloride, a loweralkylcarbamyl chloride or a diloweralkylcarbonyl
      chloride to form the corresponding .alpha.-mercaptoacetic acid derivative.
      The .alpha.-mercapto-p-biphenylylacetic acid may also be reacted with
      succinic anhydride, maleic anhydride or phthalic anhydride to form the
      corresponding derivative.
      ##SPC30##
PAR  The .alpha.-loweralkylmercapto-p-biphenylylacetic acid may further be
      oxidized to the loweralkylsulfinyl and loweralkylsulfonyl groups.
      ##SPC31##
PAR  In an analogous manner the various .alpha.-mercaptoacetates,
      .alpha.-mercaptoamides and the .alpha.-mercaptoacetic acid salts may be
      prepared from the corresponding .alpha.-haloacetates,
      .alpha.-haloacetamides, .alpha.-haloacetic acid salts.
      ##SPC32##
PAR  Of course it will be understood by one skilled in the art that variations
      in the above procedures can be employed which will give that sequence of
      reactions which will result in the desired R, R', X and Z substituents.
PAR  These and other equivalent methods for the preparation of the acid, ester,
      amide, salts and .alpha.-mercapto derivatives of the instant products will
      be apparent to those having ordinary skill in the art.
PAR  The products of this invention may be obtained as racemic mixtures of their
      dextro and levorotatory isomers. These may be separated by any of the
      various methods of resolution. One method that may be employed is
      combining the racemic compound with an optically active compound by salt
      formation, ester formation, or amide formation to form two diastereomeric
      products. If the instant acids are added to an optically active base, then
      two diastereomeric salts are produced which possess different properties
      and different solubilities and can be separated by fractional
      crystallization. When the salts have been completely separated by repeated
      crystallization, the base is split off by acid hydrolysis and the pure d
      or l acids are obtained. Preferably, an .alpha.-mercapto derivative of a
      p-biphenylylacetic acid is reacted in alcoholic or acetone solution with
      an equivalent amount of the optically primary, secondary or tertiary amine
      such as cinchonidine, cinchonine, quinine, ephedrine,
      .alpha.-methybenzylamine, sec-butylamine, sec-amylamine, etc. The
      diastereomeric amine salts produced thereby, are separated by fractional
      crystallization and each optically active salt is hydrolyzed with dilute
      mineral acid to produce the dextro or levo form of the -mercapto
      derivative of the p-biphenylylacetic acid. Alternatively, an .alpha.
      -mercapto derivative of a p-biphenylylacetate ester may be reacted with an
      optically active primary or secondary amine such as ephedrine,
      .alpha.-methylbenzylamine, sec-butylamine, etc., to produce a mixture of
      diastereomeric acetamides which may be separated by fractional
      crystallization. Each optically active amide may be hydrolyzed with
      mineral acid to its respective optically active acid.
PAR  Still alternatively, an .alpha.-mercapto derivative of a
      p-biphenylyl-acetate may be reacted with an optically active alcohol such
      as 1-menthol or d-borneol, or l-.alpha.-methylbenzylalcohol, to produce a
      mixture of diastereomeric acetate esters which may be separated by
      fractional crystallization. Each optically active ester may be hydrolyzed
      with mineral acid or alkali to its respective optically active acid. The
      optically active acids can also be recovered from the .alpha.-methylbenzyl
      esters by hydrogenolysis in the presence of palladium.
PAR  The resolution may also be carried out as above on the glycolic acid, ester
      or amide. The optical isomer in turn may then be converted to the
      .alpha.-halo compound which is then reacted as above to give the
      .alpha.-mercapto derivatives.
PAR  The racemic chloroacetic acids, esters and amides may also be resolved into
      their optical isomers by the processes described for the .alpha.-mercapto
      acids, esters and amides.
PAR  We have found that the compounds of this invention exercise a useful degree
      of anti-inflammatory activity in mammals and are effective in the
      treatment of associated pain and fever and in like conditions which are
      responsive to treatment with anti-inflammatory agents. In general, the
      compounds of this invention are indicated for a wide variety of mammalian
      conditions where the symptoms of inflammation and associated fever and
      pain are manifested. Exemplary of such conditions are: rheumatic diseases
      such as rheumatoid arthritis, osteoarthritis and other degenerative joint
      diseases; soft-tissue rheumatism such as tendinitis; muscular rheumatism
      such as sciatica; pain and inflammation associated with dental surgery and
      similar human and veterinary disease conditions exhibiting the foregoing
      symptoms requiring the use of an anti-inflammatory, analgesic and/or
      antipyretic agent.
PAR  For these purposes, the compounds of this invention are normally
      administered orally, topically, parenterally or rectally. Orally, these
      may be administered in tablets, capsules, suspensions or syrups; the
      optimum dosage, of course, depending on the particular compound being used
      and the type and severity of the condition being treated. In any specific
      case the appropriate dosage selected will further depend on factors of the
      patient which may influence response to the drug; for example, general
      health, age, weight, etc. Although the optimum quantities of the compounds
      of this invention to be used in such manner will depend on the compound
      employed and the particular type of disease condition treated, oral dose
      levels of preferred compounds when administered to a mammal in dosages of
      0.5 to 100 milligrams per kilogram of body weight per day are particularly
      useful. The preferred range is 0.5 to 15 mg/Kg. Comparative dosages may be
      used in topical, parenteral or rectal administration.
PAR  Dosage forms may be prepared according to any method known to the art of
      the manufacture of pharmaceutical compositions and such compositions may
      contain one or more agents; for example, sweetening agents, flavoring
      agents, coloring agents, preserving agents, etc. Further, the active
      .alpha.-mercapto-p-biphenylylacetic acids or their derivatives may be
      administered alone or in admixture with antacids such as sodium
      bicarbonate, magnesium carbonate, magnesium hydroxide, aluminum hydroxide,
      magnesium silicate, etc., and non-toxic pharmaceutically acceptable
      excipients. Such excipients may be, for example, inert diluents such as
      calcium carbonate, lactose, etc., granulating and disintegrating agents;
      for example, magnesium stearate, talc, etc., binding agents; for example,
      starch gelatin, etc., suspending agents; for example, methylcellulose,
      vegetable oil, etc., dispersing agents; for example, lecithin, etc.,
      thickening agents; for example, beeswax, hard paraffin, etc., emulsifying
      agents; for example, naturally-occurring gums, etc., and non-irritating
      excipients; for example, cocoa butter and polyethylene glycols.
PAR  Various tests in animals can be carried out to show the ability of the
      .alpha.-mercapto-p-biphenylylacetic acids and derivatives of this
      invention to exhibit reactions that can be correlated with
      anti-inflammatory activity in humans. One such test is the Carrageenan paw
      edema test, which shows the ability of the instant compounds to inhibit
      edema niduced by injection of an inflammatory agent such as carrageenan
      into the tissues of the paw of a rat against non-inflammed controls. This
      carrageenan testing method is known to correlate well with
      anti-inflammatory activity in humans and is a standard test used to
      determine anti-inflammatory activity. This correlation can be shown by the
      activities of compounds known to be clinically active including such as
      aspirin, phenylbutazone, cortisone, hydrocortisone and prednisolone. In
      view of the results of this test, the .alpha.-mercapto-p-biphenylylacetic
      acids and derivatives can be considered to be active anti-inflammatory
      agents.
PAR  One method for measuring the pain threshold of the
      .alpha.-mercapto-p-biphenylylacetic acids and derivatives is the
      Randall-Selitto test. Analgesic activity is shown by antinocieceptive
      testing of the inflammed foot of rats and a measurement of their pain
      response.
PAR  Antipyretic assay is carried out by yeast-induced fever tests of
      subcutaneously injected rats. The measurement of rectal temperature is
      carried out to determine the response by the test compounds.
PAR  In view of the results of the above tests, the
      .alpha.mercapto-p-biphenylacetic acids and derivatives of this invention
      are considered to have valuable analgesic and antipyretic properties.
PAR  Other tests which can be correlated to show significant activities are the
      "phenylquine writhing" test for analgesia, "polyarthritis in rats" and
      "ultra-violet erythema in guinea pigs."
PAR  The following are detailed examples which show the preparation of the
      compounds of this invention. They are to be construed as illustrations of
      said compounds and are not intended to be limitations thereof.
DETD
PAC  EXAMPLE 1
PAC  Ethyl 2'-chloro-4-biphenylylglyoxylate
PAR  2-Chlorobiphenyl 57 g. (0.33 mole) and 50.5 g. (0.37 mole) of ethyl oxalyl
      chloride are dissolved in 200 ml. of dry 1,1,2,2-tetrachloroethane.
      Anhydrous aluminum chloride 52 g. (0.39 mole) is added in small portions
      to the reaction mixture with stirring over 2 hours. During the addition,
      the temperature of the mixture is maintained between
      16.degree.-18.degree.C. The mixture is stirred for an additional hour and
      allowed to stand overnight. The solution is then slowly poured into 1500
      ml. of iced saline solution with stirring. After standing, two layers
      form. The aqueous layer is extracted with 500 ml. of ether and the ether
      extract is combined with the organic layer which is dissolved in 1500 ml.
      of ether and separated. The ether solution is washed with 10 .times. 100
      ml. portions of a 1:1 mixture of saturated sodium chloride solution and
      10% HCl solution, and 5 .times.  100 ml. portions of water. The ether
      solution is then dried over anhydrous magnesium sulfate for 1 hour and
      filtered. The solvents are removed by distillation under reduced pressure
      and the residue distilled to obtain ethyl
      2'-chloro-4-biphenylylglyoxylate.
PAR  When 2-chlorobiphenyl in the above example is replaced with biphenyl,
      4-chlorobiphenyl, 2-nitrobiphenyl, 4-nitrobiphenyl, 2-methylbiphenyl,
      4-methylbiphenyl, 2-bromobiphenyl or 4-bromobiphenyl then the product
      obtained is ethyl 4-biphenylylglyoxyxlate, ethyl
      4'-chloro-4-biphenylylglyoxylate, ethyl 2'-nitro-4-biphenylylglyoxylate,
      ethyl 4'-nitro-4-biphenylylglyoxylate, ethyl
      2'-methyl-4-biphenylylglyoxylate, ethyl 4'-methyl-4-biphenylylglyoxylate,
      ethyl 2'-bromo-4-biphenylylglyoxylate or ethyl
      4'bromo-4-biphenylylglyoxylate.
PAR  When ethyl oxalyl chloride in the above example is replaced with methyl
      oxalyl chloride, propyl oxalyl chloride, i-propyl oxalyl chloride, t-butyl
      oxalyl chloride, or benzyl oxalyl chloride then the product obtained is
      methyl 2'-chloro-4-biphenylylglyoxylate, propyl
      2'-chloro-4-biphenylylglyoxylate, i-propyl
      2'-chloro-4-biphenylylglyoxoylate, t-butyl
      2'-chloro-4-biphenylylglyoxylate, or benzyl
      2'-chloro-4-biphenylylglyoxylate.
PAC  EXAMPLE 2
PAC  Ethyl .alpha.-methyl-2'-chloro-4-biphenylylglycolate
PAR  A solution of methylmagnesium iodide is prepared from 6.7 g. (0.047 mole)
      of methyl iodide, 1.24 g (0.051 g-atom) of magnesium turnings and 40 ml.
      of anhydrous ether. This solution is added over a period of 1 hour to a
      solution of 14.4 g. (0.05 mole) of ethyl 2'-chloro-4-biphenylylglyoxylate.
      The addition is carried out with vigous stirring at 0.degree.-5.degree.C.
      The mixture is then allowed to warm to room temperature over 10 hours. The
      mixture is poured into an ice-cold solution of 0.2 M-sulfuric acid. The
      ether layer is separated, extracted with 1% sulfuric acid, dried over
      magnesium sulfate, filtered and evaporated to obtain ethyl
      .alpha.-methyl-2'-chloro-4-biphenylylglycolate.
PAR  When ethyl 2'-chloro-4-biphenylylglyoxylate in the above example is
      replaced by the glyoxylates of Example 1, then the products prepared are:
PA1  ethyl .alpha.-methyl-4-biphenylylglycolate
PA1  ethyl .alpha. -methyl-4'-chloro-4-biphenylylglycolate
PA1  ethyl .alpha. -methyl-2'-nitro-4-biphenylylglycolate
PA1  ethyl .alpha. -methyl-4'-nitro-4-biphenylylglycolate
PA1  ethyl .alpha. -methyl-2'-methyl-4-biphenylylglycolate
PA1  ethyl .alpha. -methyl-4'-methyl-4-biphenylylglycolate
PA1  ethyl .alpha.-methyl-2'-bromo-4-biphenylylglycolate
PA1  ethyl .alpha.-methyl-4'-bromo-4-biphenylylglycolate
PAR  When the Grignard reagent used is ethylmagnesium iodide, propylmagnesium
      iodide or butylmagnesium iodide, then the product prepared is
PA1  ethyl .alpha.-ethyl-2'-chloro-4-biphenylylglycolate
PA1  ethyl .alpha.-propyl-2'-chloro-4-biphenylylglycolate
PA1  ethyl .alpha.-butyl-2'-chloro-4-biphenylylglycolate
PAC  2'3
PAC  Ethyl 2'-chloro-4-biphenylylglycolate
PAR  Into a Paar hydrogenation bottle is added 41.5 g. (0.144 mole) of ethyl
      2'-chloro-4-biphenylylglyoxylate, 2 ml. of 0.1 M-ferrous sulfate solution,
      220 ml. of isopropionyl and 1.0 g. of 85.1% platinum oxide. The mixture is
      shaken for 2 hours at room temperature with hydrogen gas until 0.144 mole
      of hydrogen is absorbed. The catalyst is then filtered off and the
      solution is evaporated in vacuo and the residue fractionally distilled to
      obtain ethyl 2'-chloro-4-biphenylylglycolate.
PAR  When ethyl 2'-chloro-4-biphenylylglyoxylate in the above example is
      replaced by the glyoxylates of Example 1, then the products prepared are:
PA1  ethyl 4-biphenylylglycolate
PA1  ethyl 4'-chloro-4-biphenylylglycolate
PA1  ethyl-2'-nitro-4-biphenylylglycolate
PA1  ethyl 4'-nitro-4-biphenylylglycolate
PA1  ethyl 2'-methyl-4-biphenylylglycolate
PA1  ethyl 4'-methyl-4-biphenylylglycolate
PA1  ethyl 2'-bromo-4-biphenylylglycolate
PA1  ethyl 40'-bromo-4-biphenylylglycolate
PAC  EXAMPLE 4
PAC  Ethyl 3-chloro-4-biphenylylglyoxylate
PAR  Ethyl p-biphenylylglyoxylate 96.6 g. (0.38 mole) and 6.1 g. of iodine
      (0.048 mole) and dissolved in 100 ml. of carbon tetrachloride. To this
      solution is added a solution of 40.4 g. (0.57 mole) of chlorine dissolved
      in 365 ml. of carbon tetrachloride over a period of 2 hours. During the
      addition, the temperature of the reaction mixture is maintained at
      0.degree.C. The mixture is stirred for 3 hours and allowed to stand with
      gradual warming to room temperature over 15 hours. The solvent is removed
      by distillation under reduced pressure. The residue is fractionally
      distilled to obtain ethyl 3-chloro-4-biphenylylglyoxylate
PAR  When bromine is used in place of chlorine in the above example then the
      product obtained is ethyl 3-bromo-4-biphenylylglyoxylate.
PAC  EXAMPLE 5
PAC  Ethyl 3-nitro-4-biphenylylglyoxylate
PAR  Ethyl p-biphenylylglyoxylate 16.7 g. (0.066 mole) is added to ice-cold
      concentrated sulfuric acid (18 ml.) and stirred with cooling for 5
      minutes. Concentrated nitric acid (Sp. G. 1.51) (2.5 Ml.) is added
      dropwise, maintaining the temperature between 30.degree. and 40.degree. by
      water cooling if necessary. After addition of the nitric acid is complete,
      the mixture is stirred for 1/2 hour, then poured into water. The mixture
      is made alkaline with sodium hydroxide, then extracted with ether. The
      ether extract is washed, dried over sodium sulfate, evaporated and the
      residue is fractionally distilled to obtain ethyl
      3-nitro-4-biphenylylglyoxylate.
PAC  EXAMPLE 6
PAR  When ethyl 3-chloro-4-biphenylylglyoxylate, ethyl
      3-bromo-4-biphenylylglyoxylate and ethyl 3-nitro-4-biphenylylglyoxylate
      are used in place of ethyl 2'-chloro- 4-biphenylylglyoxylate in Examples 2
      and 3, then the products prepared are:
PA1  ethyl .alpha.-methyl-3-chloro-4-biphenylylglycolate
PA1  ethyl .alpha.-methyl-3-bromo-4-biphenylylglycolate
PA1  ethyl .alpha.-methyl-3-nitro-4-biphenylylglycolate
PA1  ethyl .alpha.-ethyl-3-chloro-4-biphenylylglycolate
PA1  ethyl .alpha.-ethyl-3-bromo-4-biphenylylglycolate
PA1  ethyl .alpha.-ethyl-3-nitro-4-biphenylylglycolate
PA1  ethyl .alpha.-propyl-3-chloro-4-biphenylylglycolate
PA1  ethyl .alpha.-propyl-3-bromo-4-biphenylylglycolate
PA1  ethyl .alpha.-propyl-3-nitro-4-biphenylylglycolate
PA1  ethyl .alpha.-butyl-3-chloro-4-biphenylylglycolate
PA1  ethyl .alpha.-butyl-3-bromo-4-biphenylylglycolate
PA1  ethyl .alpha.-butyl-3-nitro-4-biphenylylglycolate
PA1  ethyl 3-chloro-4-biphenylylglycolate
PA1  ethyl 3-bromo-4-biphenylylglycolate
PA1  ethyl 3-nitro-4-biphenylylglycolate
PAC  EXAMPLE 7
PAC  Ethyl 2'-trifluoromethyl-4-biphenylylglycolate
PAR  To a solution of 0.01 moles of ethyl 2'-bromo-4-biphenylylglycolate in 50
      ml. of dimethylformamide is added 0.15 moles of trifluoromethyl iodide and
      0.02 g. of copper powder. The reaction is shaken in a sealed tube for 5
      hours at 140.degree.C, cooled and then filtered and evaporated in vacuo.
      200 ml. of water is added to the residue and extracted with ether. The
      ether extract is dried, evaporated to dryness and distilled to obtain
      ethyl 2'-trifluoromethyl-4-biphenylylglycolate.
PAR  When ethyl 3-bromo-4-biphenylylglycolate or ethyl
      4'-bromo-4-biphenylylglycolate are used in the above procedure, then the
      products prepared are ethyl 3-trifluoromethyl-4-biphenylylglycolate or
      ethyl 4'-brifluoromethyl-4-biphenylylglycolate.
PAR  When ethyl .alpha.-methyl-2'-bromo-4-biphenylylglcolate, ethyl
      .alpha.-methyl-3-bromo-4-biphenylylglycolate or ethyl
      .alpha.-methyl-4'-bromo-4-biphenylylglycolate are used in the above
      procedure then the products prepared are ethyl
      .alpha.-methyl-2'-trifluoromethyl-4-biphenylylglycolate, ethyl
      3-trifluoromethyl-4-biphenylylglycolate or ethyl
      4'-trifluoromethyl-4-biphenylylglycolate.
PAC  EXAMPLE 8
PAC  Ethyl 2'-amino-4-biphenylylglycolate
PAR  A mixture of 15.3 g. (0.05 moles) of ethyl 2'-nitro-4-biophenylylglycolate
      in 100 ml. methanol containing 0.05 mole citric acid and 1.5 g. of 5%
      palladium-on-carbon is shaken with hydrogen at 2 atm. pressure and
      27.degree.C until 3 moles of hydrogen are absorbed. The mixture is
      filtered, washed with methanol and the filtrate concentrated in vacuo to
      obtain ethyl 2'-amino-4-biphenylylglycolate, isolated as the citrate salt.
PAR  When ethyl 3-nitro-4-biphenylylglycolate or ethyl
      4'-nitro-4-biphenylylglycolate are used in the above example, then the
      products prepared are ethyl 3-amino-4-biphenylylglycolate or ethyl
      4'-amino-4-biphenylylglycolate.
PAR  When ethyl .alpha.-methyl-2'-nitro-4-biphenylylglycolate, ethyl
      .alpha.-methyl-3-nitro-4-biphenylylglycolate or ethyl
      .alpha.-methyl-4'-nitro-4-biphenylylglycolate are used in the above
      example then the products prepared are ethyl
      .alpha.-methyl-2'-amino-4-biphenylylglycolate, ethyl
      .alpha.-methyl-3-amino-4-biphenylylglycolate or ethyl
      .alpha.-methyl-4'-amino-4-biphenylylglycolate.
PAC  EXAMPLE 9
PAC  Ethyl 2'-methylamino-4-biphenylylglycolate
PAR  To a solution of 0.01 moles of ethyl 2'-amino-4-biphenylylglycolate in 100
      ml. of pyridine is added 0.1 moles of methyl iodide. The reaction mixture
      is stirred overnight at room temperature, filtered and concentrated. The
      residue is distilled to obtain ethyl 2'-methylamino-4-biphenylylglycolate.
PAR  When 0.01 moles of acetyl chloride is used in place of methyl iodide in the
      above example, then the product prepared is ethyl
      2'-acetylamino-4-biphenylylglycolate.
PAR  When ethyl 3-amino-4-biphenylylglycolate or ethyl
      4'-amino-4-biphenylylglycolate are used in the above procedures then the
      products prepared are ethyl 3-methylamino-4-biphenylylglycolate, ethyl
      4'-methylamino-4-biphenylylglycolate, ethyl
      3-acetylamino-4-biphenylylglycolate or ethyl
      4'-acetylamino-4-biphenylylglycolate.
PAR  When ethyl .alpha.-methyl-2'-amino-4-biophenyllyglycolate, ethyl
      .alpha.-methyl-3-amino-4-biphenylylglycolate or ethyl
      .alpha.-methyl-4'-amino-4are used in the above procedures then the
      products prepared are ethyl
      .alpha.-methyl-2'-methylamino-4-biphenylylglycolate, ethyl 60
      -methyl-3-methylamino-4-biphenylylglycolate, ethyl
      .alpha.-methyl-4'-methylamino-4-biphenylylglycolate, ethyl
      .alpha.-methyl-2'-acetylamino-4-biphenylylglycolate, ethyl
      .alpha.-methyl-3-acetylamino-4-biphenylylglycolate or ethyl
      .alpha.-methyl-4'-acetylamino-4-biphenylylglycolate.
PAC  EXAMPLE 10
PAC  Ethyl 2'-dimethylamino-4-biphenylylglycolate
PAR  A solution of 0.005 moles of ethyl 2'-nitro-4-biphenylylglycolate and 1.6
      ml. of 37% formaldehyde in 50 ml. of methanol is shaken with hydrogen over
      0.5 g. of 5% palladium-on-charcoal at 42 lbs. and 27.degree.C until five
      moles of hydrogen are absorbed. The catalyst is filtered off and the
      filtrate is evaporated in vacuo. The residue is then distilled to obtain
      ethyl 2'-dimethylamino-4-biphenylylglycolate.
PAR  When ethyl 3-nitro-4-biphenylylglycolate or ethyl
      4'-nitro-4-biphenylylglycolate are used in the above procedure then the
      product prepared is ethyl 3-dimethylamino-4-biphenylylglycolate or ethyl
      4'-dimethylamino-4-diphenylylglycolate.
PAR  When ethyl .alpha.-methyl-2'-4-biphenylylglycolate, ethyl
      .alpha.-methyl-3-nitro-4-biphenylylglycolate or ethyl
      .alpha.-methyl-4'-nitro-4-biphenylglycolate are used in the above
      procedure then the product prepared is ethyl
      .alpha.-methyl-2'-dimethylamino-4-biphenylylglycolate, ethyl
      .alpha.-methyl-3-dimethylamino-4-biphenylylglycolate or ethyl .alpha.
      -methyl-4'-dimethylamino-4-biphenylylglycolate.
PAC  EXAMPLE 11
PAC  Benzyl 2'-cyano-4-biphenylylglycolate
PAR  To 29.4 g. (0.1 moles) of benzyl 2'-amino-4-biphenylylglycolate in 35 ml.
      of 28% hydrochloric acid and 100 ml. of cracked ice to maintain the
      temperature at 0.degree.C is added a solution of 7.1 g (0.102 moles) of
      sodium nitrite in 20 ml. of water. The reaction mixture is then
      neutralized with sodium carbonate. This diazonium mixture is added to a
      cuprous cyanide solution (prepared from 31.5 g. of copper sulfate and 16.2
      of sodium cyanide in 75 ml. of water). 250 ml. of toluene is also added
      and the mixture is stirred for 1/2  hour. The reaction is then allowed to
      stir an additional 2 hours while warming gradually to 50.degree.C. This is
      then cooled and the toluene separated, dried over sodium sulfate and
      evaporated to dryness to obtain benzyl 2'-cyano-4-biphenylylglycolate.
PAR  When benzyl 3-amino-4-biphenylylglycolate or benzyl
      4'-amino-4-biphenylylglycolate are used in the above procedure then the
      product prepared is benzyl 3-cyano-4-biphenylylglycolate or benzyl
      4'-cyano-4-biphenylylglycolate.
PAR  When benzyl .alpha.-methyl-2'-amino-4-biphenylylglycolate, benzyl
      .alpha.-methyl-3-amino-4-biphenylylglycolate or benzyl
      .alpha.-methyl-4'-amino-4-biphenylylglycolate are used in the above
      procedure then the product prepared is benzyl
      .alpha.-methyl-2'-cyano-4-biphenylglycolate, benzyl
      .alpha.-methyl-3-cyano-4-biphenylylglycolate or benzyl
      .alpha.-methyl-4'-cyano-4-biphenylylglycolate.
PAC  EXAMPLE 12
PAC  Ethyl 2'-fluoro-4-biphenylylglycolate
PAR  To 44.2 g. (0.15 moles) of ethyl 2'-amino-4-biphenylylglycolate is added at
      0.degree.C 44 ml. of 1.5 moles of concentrated hydrochloric acid. The
      reaction mixture is maintained at 0.degree.C and the diazonium salt is
      prepared with23.2 g. (0.32 moles) of 95% sodium nitrite in 80 ml. of
      water. To this mixutre is rapidly added a solution of 10.4 g. (0.17 moles)
      of boric acid dissolved in 22 g. (0.66 moles) of 60% hydrofluoric acid.
      The reaction mixture is then stirred for 1/2 hour and filtered, washed
      with 3 .times. 25 ml. of water, 2 .times. 25 ml. of methanol and 25 ml. of
      ether. The residual cake is then treated in vacuo. The treated cake is
      then placed in a distilling flask and heated to permit spontaneous
      decomposition. After the decomposition, the residue is then fractionally
      distilled to obtain ethyl 2'-fluoro-4-biphenylylglycolate.
PAR  When ethyl 3-amino-4-biphenylglycolate or ethyl
      4'-amino-4-biphenylylglycolate are used in the above procedure then the
      products prepared are ethyl 3-fluoro-4-biphenylylglycolate or ethyl
      4'-fluoro-4-biphenylylglycolate.
PAR  When ethyl .alpha.-methyl-2'-amino-4-biphenylylglycolate, ethyl
      .alpha.-methyl-3-amino-4-biphenylylglycolate or ethyl
      .alpha.-methyl-4'-amino-4-biphenylylglycolate are used in the above
      procedure then the products prepared are ethyl
      .alpha.-methyl-2'-fluoro-4-biphenylylglycolate, ethyl
      .alpha.-methyl-3-fluoro-4-biphenylylglycolate or ethyl
      .alpha.-methyl-4'-fluoro-4-biphenylylglycolate.
PAC  EXAMPLE 13
PAC  2'-Hydroxy-4-biphenylylglycolic acid
PAR  To 4.5 g. of ethyl 2'-amino-4-biphenylylglycolate supsension in 125 ml. of
      80% hydrochloric acid and cooled to 0.degree.C is added dropwise a
      solution of 1.2 g. of sodium nitrite in 15 ml. of water. After about 10
      min., 200 ml. of 50% hydrochloric acid is added portion wise and stirred
      for 15 hours. The reaction mixture is then poured onto ice water and
      extracted with chloroform, dried over sodium sulfate and concentrated in
      vacuo. The residue is crystallized to obtain
      3-hydroxy-4-biphenylylglycolic acid.
PAR  The ethyl ester of the product is formed by reaction with absolute ethanol
      containing a small amount of anhydrous hydrochloric acid.
PAR  When ethyl 3-amino-4-biphenylylglycolate or ethyl
      4'-amino-4-biphenylylglycolate are used in the above procedure then the
      product prepared is 3-hydroxy-4-biphenylylglycolic acid or
      4'-hydroxy-4-biphenylylglycolic acid.
PAC  EXAMPLE 14
PAR  Ethyl 2'-methoxy-4-biphenylylglycolate
PAR  To a stirred suspension of 0.01 moles of sodium hydride in 25 ml. of dry
      dimethylformamide which has been cooled to 0.degree.C is added dropwise a
      solution of 0.01 moles of ethyl 2'-hydroxy-4-biphenylylglycolate in 10 ml.
      of dimethylformamide. The reaction mixture is stirred for 15 minutes and
      0.015 moles of methyliodide is then added dropwise. The mixture is allowed
      to stir overnight at room temperature. 200 ml. of water is added and the
      resulting mixture is extracted well with ether. The ether extract is
      washed with water, dried over sodium sulfate, evaporated to dryness and
      distilled to obtain ethyl 2'-methoxy-4-biphenylylglycolate.
PAR  When the benzyl ester is used above and 0.01 moles of acetyl chloride is
      used in place of methyliodide then the product prepared is benzyl
      2'-acetyloxy-4-biphenylylglycolate.
PAR  When ethyl 3-hydroxy-4-biphenylylglycolate or ethyl
      4'-hydroxy-4-biphenylylglycolate are used in the above procedures then the
      products prepared are ethyl 3-methoxy-4-biphenylylglycolate; ethyl
      4'-methoxy-4-biphenylylglycolate; benzyl
      3-acetyloxy-4-biophenylylglycolate or benzyl
      4'-acetyloxy-4-biphenylylglycolate.
PAR  When ethyl .alpha.-methyl-2'-hydroxy-4-biphenylylglycolate, ethyl
      .alpha.-methyl-3-hydroxy-4-biphenylylglycolate or ethyl
      .alpha.-methyl-4'-hydroxy-4-biphenylylglycolate are used in the above
      procedures then the products prepared are ethyl
      .alpha.-methyl-2'-methoxy-4-biphenylylglycolate, ethyl
      .alpha.-methyl-3-methoxy-4-biphenylylglycolate; ethyl
      .alpha.-methyl-4'-methoxy-4-biphenylylglycolate, benzyl
      .alpha.-methyl-2'-acetyloxy-4-biphenylylglycolate, benzyl
      .alpha.-methyl-3-acetyloxy-4-biphenylylglycolate or benzyl
      .alpha.-methyl-4'-acetyloxy-4-biphenylylglycolate.
PAC  EXAMPLE 15
PAC  2'-Bromo-4-biphenylylglycolic acid
PAR  To 11.1 g. (0.044 moles) of ethyl 2'-amino-4-biphenylylglycolate suspension
      in 225 ml. of 40% hydrobromic acid and cooled to 0.degree.C is added
      dropwise a solution of 2.34 g. of sodium nitrite in 30 ml. of water. To
      this mixture is added a solution of 20 g. of cuprous bromide in 350 ml. of
      40% hydrobromic acid added portion wise and stirred for 15 hours. The
      reaction mixture is then poured onto ice water, extracted with chloroform,
      dried over sodium sulfate and concentrated in vacuo. The residue is then
      crystallized to obtain 2'-bromo-4-biphenylylglycolic acid.
PAR  The ethyl ester of the product is formed by reaction with absolute ethanol
      containing a small amount of anhydrous hydrochloric acid.
PAR  When ethyl 3-amino-4-biphenylylglycolate or ethyl
      4'-amino-4-biphenylylglycolate are used in the above procedure then the
      products prepared are 3-bromo-4-biphenylylglycolic acid or
      4'-bromo-4-biphenylylglycolic acid.
PAR  When ethyl .alpha.-methyl-2'-amino-4-biphenylylglycolate, ethyl
      .alpha.-methyl-3-amino-4-biphenylylglycolate or ethyl
      .alpha.-methyl-4'-amino-4-biophenylylglycolate are used in the above
      procedure then the product prepared are
      .alpha.-methyl-2'-bromo-4-biphenylylglycolic acid,
      .alpha.-methyl-3-bromo-4-biphenylylglycolic acid or
      .alpha.-methyl-4'-bromo-4-biphenylylglycolic acid.
PAC  EXAMPLE 16
PAC  2'-Iodo-4-biphenylylglycolic acid
PAR  To 0.05 moles of ethyl 2'-amino-4-biphenylylglycolate dissolved in a
      mixture of 50 g. of ice water and .06 moles of concentrated sulfuric acid
      at 0.degree.c is added a solution of 0.05 moles of 95% sodium nitrite in 8
      ml. of water. Stirring is continued for 1/2 hour and then 1.5 ml. of
      concentrated sulfuric acid is added. This solution is poured into an ice
      cold solution of .06 moles of potassium iodide in 10 ml. of water. To this
      is added 0.075 g. copper bronze with stirring and the solution is warmed
      slowly on a water bath to about 80.degree.C for 2 hours. After cooling to
      room temperature the reaction mixture is extracted thrice with 15 ml.
      portions of chloroform. This is then washed with dilute thiosulfate
      solution, water, dried over sodium sulfate and evaporated in vacuo. The
      residue is crystallized to obtain 2'-iodo-4-biphenylylglycolic acid.
PAR  The ethyl ester of the product is formed by reaction with absolute ethanol
      containing a small amount of anhydrous hydrochloric acid.
PAR  When ethyl 3-amino-4-biphenylylglycolate or ethyl
      4'-amino-4-biphenylylglycolate are used in the above procedure then the
      product prepared is 3-iodo-4-biphenylylglycolic acid or
      4'-iodo-4-biphenylylglycolic acid.
PAR  When ethyl .alpha.2'-amino-4-biphenylylglycolate, ethyl
      .alpha.-methyl-3-amino-4-biphenylylglycolate or ethyl
      .alpha.-methyl-4'-amino-4-biphenylylglycolate are used in the above
      procedure then the product prepared is 2'-iodo-4-biphenylylglycolic acid,
      .alpha.-methyl-3-iodo-4-biphenylylglycolic acid or
      .alpha.-methyl-4'-iodo-4-biphenylylglycolic acid.
PAC  EXAMPLE 17
PAC  2'-Mercapto-4-biphenylylglycolic acid
PAR  To 17.3 g. of ethyl 2'-amino-4-biphenylyglycolate in 11.1 ml. of
      concentrated hydrochloric acid and 20 g. of ice is added 4.1 g. of sodium
      nitrite in 2 ml. of water. This mixture is stirred for 10 min. and then
      added gradually to an ice cold solution of 10.3 g. of potassium ethyl
      xanthate in 14 ml. of water. The reaction is gradually heated over 45 min.
      to 50.degree.C and stirred an additional 45 minutes. The mixture is then
      cooled, extracted with ether which is then washed with water, dilute
      sodium hydroxide and water, dried over sodium sulfate and evaporated in
      vacuo. The residue is dissolved in 35 ml. of boiling ethanol to which is
      added gradually 13 g. of potassium hydroxide. The reaction is refluxed an
      additional hour and then evaporated to dryness in vacuo. The residue is
      dissolved in water and extracted with ether. The alkaline phase is
      acidified with 6N sulfuric acid and extracted with ether. The ether is
      washed with water, dried over sodium sulfate and evaporated to dryness to
      obtain 2'-mercapto-4-biphenylylglycolic acid.
PAR  The ethyl ester of the product is formed by reaction with absolute ethanol
      containing a small amount of anhydrous hydrochloric acid.
PAR  When ethyl 3-amino-4-biphenylylglycolate or ethyl
      4'-amino-4-biphenylylglycolate are used in the above procedure then the
      product prepared is 3-mercapto-4-biphenylyglycolic acid or
      4'-mercapto-4-biphenylyglycolic acid.
PAR  When ethyl .alpha.-methyl-2'-amino-4-biphenylylglycolate, ethyl
      .alpha.-methyl-3-amino-4-biphenylylglycolate or ethyl
      .alpha.-methyl-4'-amino-4-biphenylylglycolate are used in the above
      procedure then the product prepared is
      .alpha.-methyl-2'-mercapto-4-biphenylylglycolic acid,
      .alpha.-methyl-3-mercapto-4-biphenylylglycolic acid or
      .alpha.-methyl-4'-mercapto-4-biphenylylglycolic acid.
PAC  EXAMPLE 18
PAC  Ethyl 2'-methylthio-4-biphenylylglycolate
PAR  To 3.85 g. of ethyl 2'-mercapto-4-biphenylylglycolate is 40 ml. of water
      containing 0.65 g. of sodium hydroxide is added 2 ml. of dimethyl sulfate
      with stirring. The reaction mixture is gradually warmed to 40.degree.C and
      stirred for 2 hours. The mixture is cooled and extracted with ether which
      is washed with water, dried and evaporated in vacuo. The residue is
      distilled to obtain ethyl 2'-methylthio-4-biphenylylglycolate.
PAR  When the benzyl ester of 2'-methylthio-4-biphenylylglycolate is treated
      with 30% H.sub.2 O.sub.2, then the resultant product is benzyl
      2'-methylsulfinyl-4-biphenylylglycolate or benzyl
      2'-methysulfonyl-4-biphenylylglycolate.
PAR  When an equimolar amount of acetyl chloride is used in place of dimethyl
      sulfate in the above reaction along with the benzyl ester, then the
      product prepared in benzyl 2'-acetylthio-4-biphenylylglycolate.
PAR  When ethyl 3-mercapto-4-biphenylylglycolate or ethyl
      4'-mercapto-4-biphenylylglycolate are used in the above procedure then the
      products prepared are ethyl 3-methylthio-4-biphenylylglycolate, ethyl
      4'-methylthio-4-biphenylylglycolate, benzyl
      3-methylsulfinyl-4-biphenylylglycolate, benzyl
      4'-methyl-sulfinyl-4-biphenylylglycolate, benzyl
      3-methylsulfonyl-4-biphenylylglycolate, benzyl
      4'-methylsulfonyl-4-biphenylylglycolate, benzyl
      3-acetylthio-4-biphenylylglycolate or benzyl
      4'-acetylthio-4-biphenylylglycolate.
PAR  When ethyl .alpha.-methyl-2'-mercapto-4-biphenylylglycolate, ethyl
      .alpha.-methyl-3-mercapto-4-biphenylylglycolate or ethyl
      .alpha.-methyl-4'-mercapto-4-biphenylylglycolate are used in the above
      procedures then the products prepared are ethyl
      .alpha.-methyl-2'-methylthio-4-biphenylylglycolate, ethyl
      .alpha.-methyl-3-methylthio-4-biphenylylglycolate, ethyl
      .alpha.-methyl-4'-methylthio-4-biphenylylglycolate, benzyl
      .alpha.-methyl-2'-methylsulfinyl-4-biphenylylgycolate, benzyl
      .alpha.-methyl-3-methylsulfiniyl-4-biphenylylglycolate, benzyl
      .alpha.-methyl-4'-methylsulfinyl-4-biphenyylglycolate, benzyl
      .alpha.-methyl-2'-methylsulfonyl-4-biphenylylglycolate, benzyl
      .alpha.-methyl-3-methylsulfonyl-4-biphenylylglycolate, benzyl
      .alpha.-methyl-4'-methylsulfonyl-4-biphenylylglycolate, benzyl
      .alpha.-methyl-2'-acetylthio-4-biphenylylglycolate, benzyl
      .alpha.-methyl-3-acetylthio-4-biphenylylglycolate or benzyl
      .alpha.-methyl-4'-acetylthio-4-biphenylylglycolate.
PAC  EXAMPLE 19
PAC  2'-Chloro-4-biphenylylglycolic acid
PAR  To a solution of 0.144 moles of ethyl 2'-chloro-4-biphenylylglycolate
      dissolved in 220 ml. of isopropanol is added 38 g. (0.7 mole) of potassium
      hydroxide. This mixture is then heated at reflux temperature in a nitrogen
      atmosphere. The solution is concentrated in vacuo to a viscous oil, which
      is then dissolved in 500 ml. of water and filtered. The filtrate is
      acidified with 10% HCl and the precipitate is taken up in ether. The ether
      layer is dried, filtered and the filtrate concentrated to dryness.
      Recrystallization of residue from benzene-cyclohexane 1:1 gives
      2'-chloro-4-biphenylylglycolic acid.
PAC  EXAMPLE 20
PAR  When an equimolar amount of the glycolate compounds of Examples 2, 3 and 6
      - 18 are used in Example 19, then the corresponding glycolic acid is
      prepared. A representative list of compounds is shown below.
PA1  4-biphenylylglycolic acid
PA1  4'-chloro-4-biphenylylglycolic acid
PA1  3-chloro-4-biphenylylglycolic acid
PA1  4'-bromo-4-biphenylylglycolic acid
PA1  2'-bromo-4-biphenylylglycolic acid
PA1  3-bromo-4-biphenylylglycolic acid
PA1  4'-nitro-4-biphenylyglycolic acid
PA1  2'-nitro-4-biphenylylglycolic acid
PA1  3-nitro-4-biphenylylglycolic acid
PA1  4'-methyl-4-biphenylylglycolic acid
PA1  2'-methyl-4-biphenylylglycolic acid
PA1  3-methyl-4-biphenylylglycolic acid
PA1  4'-trifluoromethyl-4-biphenylylglycolic acid
PA1  2'-trifluoromethyl-4-biphenylylglycolic acid
PA1  3-trifluoromethyl-4-biphenylylglycolic acid
PA1  4'-amino-4-biphenylylglycolic acid
PA1  2'-amino-4-biphenylylglycolic acid
PA1  3-amino-4-biphenylylglycolic acid
PA1  4'-methylamino-4-biphenylylglycolic acid
PA1  2'-methylamino-4-biphenylylglycolic acid
PA1  3-methylamino-4-biphenylylglycolic acid
PA1  4'-dimethylamino-4-biphenylylglycolic acid
PA1  2'-dimethylamino-4-biphenylylglycolic acid
PA1  3dimethylamino-4-biphenylylglycolic acid
PA1  4'-fluoro-4-biphenylylglycolic acid
PA1  2'-fluoro-4-biphenylyglycolic acid
PA1  3-fluoro-4-biphenylylglycolic acid
PA1  4'-hydroxy-4-biphenylylglycolic acid
PA1  2'-hydroxy-4-biphenylylglycolic acid
PA1  3-hydroxy-4-biphenylylglycolic acid
PA1  4'-methoxy-4-biphenylylglycolic acid
PA1  2'-methoxy-4-biphenylylglycolic acid
PA1  3-methoxy-4-biphenylylglycolic acid
PA1  4'-iodo-4-biphenylylglycolic acid
PA1  2'-iodo-4-biphenylyglycolic acid
PA1  3-iodo-4-biphenylylglycolic acid
PA1  4'-mercapto-4-biphenylylglycolic acid
PA1  2'-mercapto-4-biphenylylglycolic acid
PA1  3-mercapto-4-biphenylylglycolic acid
PA1  4'-methylthio-4-biphenylylglycolic acid
PA1  2'-methylthio-4-biphenylylglycolic acid
PA1  3-methylthio-4-biphenylylglycolic acid
PA1  .alpha.-methyl-4-biphenylylglycolic acid
PA1  .alpha.-methyl-4'-chloro-4-biphenylylglycolic acid
PA1  .alpha.-methyl-3-chloro-4-biphenylylglycolic acid
PA1  .alpha.-methyl-4'-bromo-4-biphenylylglycolic acid
PA1  .alpha.-methyl-2'-bromo-4-biphenylylglycolic acid
PA1  .alpha.-methyl-3-bromo-4-biphenylylglycolic acid
PA1  .alpha.-methyl-4'-nitro-4-biphenylylglycolic acid
PA1  .alpha.-methyl-2'-nitro-4-biphenylylglycolic acid
PA1  .alpha.-methyl-3-nitro-4-biphenylylglycolic acid
PA1  .alpha.,4'-dimethyl-4-biphenylylglycolic acid
PA1  .alpha.,2'-dimethyl-4-biphenylylglycolic acid
PA1  .alpha.,3-dimethyl-4-biphenylylglycolic acid
PA1  .alpha.-methyl-4'-trifluoromethyl-4-biphenylylglycolic acid
PA1  .alpha.-methyl-4'-trifluoromethyl-4-biphenylylglycolic acid
PA1  .alpha.-methyl-2'-trifluoromethyl-4-biphenylylglycolic acid
PA1  .alpha.-methyl-3-trifluoromethyl-4-biphenylylglycolic acid
PA1  .alpha.-methyl-4'-amino-4-biphenylylglycolic acid
PA1  .alpha.-methyl-2'-amino-4-biphenylylglycolic acid
PA1  .alpha.-methyl-3-amino-4-biphenylylglycolic acid
PA1  .alpha.-methyl-4'-fluoro-4-biphenylylglycolic acid
PA1  .alpha.-methyl-2'-fluoro-4-biphenylylglycolic acid
PA1  .alpha.-methyl-3-fluoro-4-biphenylylglycolic acid
PA1  .alpha.-methyl-4'-mercapto- 4-biphenylylglycolic acid
PA1  .alpha.-methyl-2'-mercapto-4-biphenylylglycolic acid
PA1  .alpha.-methyl-3-mercapto-4-biphenylylglycolic acid
PAC  EXAMPLE 21
PAC  2'-Cyano-4-biphenylylglycolic acid
PAR  A solution of 0.01 moles of benzyl 2'-cyano-4-biphenylylglycolate dissolved
      in 100 ml. of acetic acid and containing 0.01 mole of hydrogen chloride is
      shaken with hydrogen over a 5% Pd carbon catalyst until 0.01 moles of
      hydrogen is absorbed. The catalyst is then filtered and the solution is
      evaporated to dryness and crystallized to obtain
      2'-cyano-4-biphenylylglycolic acid.
PAR  When the benzyl ester used is
PA1  benzyl 4'-cyano-4-biphenylylglycolate
PA1  benzyl 3-cyano-4-biphenylylglycolate
PA1  benzyl 4'-acetylamino-4-biphenylylglycolate
PA1  benzyl 2'-acetylamino-4-biphenylylglycolate
PA1  benzyl 3-acetylamino-4-biphenylylglycolate
PA1  benzyl 4'-acetylthio-4-biphenylylglycolate
PA1  benzyl 2'-acetylthio-4-biphenylylglycolate
PA1  benzyl 3-acetylthio-4-biphenylylglycolate
PA1  benzyl 4'-acetyloxy-4-biphenylylglycolate
PA1  benzyl 2'-acetyloxy-4-biphenylylglycolate
PA1  benzyl 3-acetyloxy-4-biphenylylglycolate
PA1  benzyl 4'-methylsulfinyl-4-biphenylylglycolate
PA1  benzyl 2'-methylsulfinyl-4-biphenylylglycolate
PA1  benzyl 3-methylsulfinyl-4-biphenylylglycolate
PA1  benzyl 4'-methylsulfonyl-4-biphenylylglycolate
PA1  benzyl 2'-methylsulfonyl-4-biphenylylglycolate
PA1  benzyl 3-methylsulfonyl-4-biphenylylglycolate
PA1  benzyl .alpha.-methyl-4'-cyano-4-biphenylylglycolate
PA1  benzyl .alpha.-methyl-3-cyano-4-biphenylylglycolate
PA1  benzyl .alpha.-methyl-4'-acetylamino-4-biphenylylglycolate
PA1  benzyl .alpha.-methyl-2'-acetylamino-4-biphenylylglycolate
PA1  benzyl .alpha.-methyl-3-acetylamino-4-biphenylylglycolate
PA1  benzyl .alpha.-methyl-4'-acetylthio-4-biphenylylglycolate
PA1  benzyl .alpha.-methyl-2'-acetylthio-4-biphenylylglycolate
PA1  benzyl .alpha.-methyl-3-acetylthio-4-biphenylylglycolate
PA1  benzyl .alpha.-methyl-4'-acetyloxy-4-biphenylylglycolate
PA1  benzyl .alpha.-methyl-2'-acetyloxy-4-biphenylylglycolate
PA1  benzyl .alpha.-methyl-3-acetyloxy-4-biphenylylglycolate
PA1  benzyl .alpha.-methyl-4'-methylsulfinyl-4-biphenylylglycolate
PA1  benzyl .alpha.-methyl-2'-methylsulfinyl-4-biphenylylglycolate
PA1  benzyl .alpha.-methyl-3-methylsulfinyl-4-biphenylylglycolate
PA1  benzyl .alpha.-methyl-4'-methylsulfonyl-4-biphenylylglycolate
PA1  benzyl .alpha.-methyl-2'-methylsulfonyl-4-biphenylylglycolate
PA1  benzyl .alpha.-methyl-3-methylsulfonyl-4-biphenylylglycolate
PAL  then the products obtained are
PA1  4'-cyano-4-biphenylylglycolic acid
PA1  3-cyano-4-biphenylylglycolic acid
PA1  4'-acetylamino-4-biphenylylglycolic acid
PA1  2'-acetylamino-4-biphenylylglycolic acid
PA1  3-acetylamino-4-biphenylylglycolic acid
PA1  4'-acetylthio-4-biphenylylglycolic acid
PA1  2'-acetylthio-4-biphenylylglycolic acid
PA1  3-acetylthio-4-biphenylylglycolic acid
PA1  4'-acetyloxy-4-biphenylylglycolic acid
PA1  2'-acetyloxy-4-biphenylylglycolic acid
PA1  3-acetyloxy-4-biphenylylglycolic acid
PA1  4'-methylsulfinyl-4-biphenylylglycolic acid
PA1  2'-methylsulfinyl-4-biphenylylglycolic acid
PA1  3-methylsulfinyl-4-biphenylylglycolic acid
PA1  4'-methylsulfonyl-4-biphenylylglycolic acid
PA1  2'-methylsulfonyl-4-biphenylylglycolic acid
PA1  3-methylsulfonyl-4-biphenylylglycolic acid
PA1  .alpha.-methyl-4'-cyano-4-biphenylylglycolic acid
PA1  .alpha.-methyl-2'-cyano-4-biphenylylglycolic acid
PA1  .alpha.-methyl-3-cyano-4-biphenylylglycolic acid
PA1  .alpha.-methyl-4'-acetylamino-4-biphenylylglycolic acid
PA1  .alpha.-methyl-2'-acetylamino-4-biphenylylglycolic acid
PA1  .alpha.-methyl-3-acetylamino-4-biphenylylglycolic acid
PA1  .alpha.-methyl-4'-acetylthio-4-biphenylylglycolic acid
PA1  .alpha.-methyl-2'-acetylthio-4-biphenylylglycolic acid
PA1  .alpha.-methyl-3-acetylthio-4-biphenylylglycolic acid
PA1  .alpha.-methyl-4'-acetyloxy-4-biphenylylglycolic acid
PA1  .alpha.-methyl-2'-acetyloxy-4-biphenylylglycolic acid
PA1  .alpha.-methyl-3-acetyloxy-4-biphenylylglycolic acid
PA1  .alpha.-methyl-4'-methylsulfinyl-4-biphenylylglycolic acid
PA1  .alpha.-methyl-2'-methylsulfinyl-4-biphenylylglycolic acid
PA1  .alpha.-methyl-3-methylsulfinyl-4-biphenylylglycolic acid
PA1  .alpha.-methyl-4'-methylsulfonyl-4-biphenylylglycolic acid
PA1  .alpha.-methyl-2'-methylsulfonyl-4-biphenylylglycolic acid
PA1  .alpha.-methyl-3-methylsulfonyl-4-biphenylylglycolic acid
PAC  EXAMPLE 22
PAC  l 2'-Chloro-4-biphenylylglycolic acid
PAR  To a boiling solution of 29.4 g. (0.10 mole) of cinchonidine in 1 liter of
      absolute ethanol is added a boiling solution of 26.9 g. (0.10 mole) of dl
      2'-chloro-4-biphenylylglycolic acid in 500 ml. of absolute ethanol. The
      solution is stirred briefly then allowed to cool to room temperature
      overnight. The precipitate is collected and washed with 2 .times. 25 ml.
      of ethanol and air dried. Recrystallization from isopropanol gives white
      needle crystals. This material is hydrolyzed with 200 ml. of 1.2 N--HCl.
      The white solid is collected, washed with 3 .times. 50 ml. water and dried
      at 55.degree.C overnight. Recrystallization from benzenecyclohexane 3:2
      gives l 2'-chloro-4-biphenylylglycolic acid.
PAR  When modifications of the above resolution procedure is followed but dl
      2'-chloro-4-cyclohexylphenylglycolic acid is replaced by an equimolar
      amount of the dl glycolic acids of Examples 19 - 21, then the
      corresponding l-isomer is prepared.
PAC  EXAMPLE 23
PAC  d 2'-Chloro-4-biphenylylglycolic acid
PAR  The combined ethanol and isopropanol filtrates from Example 22 are
      evaporated to dryness. This material is triturated with 1 liter of boiling
      acetone. The material which does not go into solution is filtered off. The
      filtrate is evaporated to dryness and hydrolyzed with 100 ml. of 1.2
      N--HCl. The precipitate is collected, washed with 3 .times. 25 ml. of
      water, and dried at 55.degree.C. Recrystallization from
      benzene-cyclohexane 3:2 gives d 2'-chloro-4-biphenylylglycolic acid.
PAR  When modifications of the above resolution procedure is followed but dl
      2'-chloro-4-biphenylylglycolic acid is replaced by an equimolar amount of
      the dl glycolic acids of Examples 19 - 21, then the corresponding d-isomer
      is prepared.
PAC  EXAMPLE 24
PAC  2'-Chloro-4-biphenylylglycolic acid, sodium salt
PAR  A solution of 12.4 g. of sodium bicarbonate in 135 ml. of water is added
      dropwise to a stirred solution of 44.1 g. (0.164 moles) of
      2'-chloro-4-biphenylylglycolic acid in 150 ml. of methanol. The solvent is
      removed in vacuo and the residue is dried by repeated distillations with
      anhydrous ethanol. The crystalline residue is triturated with ether (100
      ml.), collected and washed with ether. The residue is dried in a vacuum
      desiccator to obtain 2'-chloro-4-biphenylylglycolic acid, sodium salt.
PAR  When an equimolar amount of sodium bicarbonate in the above reaction is
      replaced by the compounds of Table I below, then the corresponding salt of
      Table II below is prepared.
PAC  Table I
PA1  sodium hydroxide
PA1  potassium hydroxide
PA1  calcium hydroxide
PA1  potassium carbonate
PA1  magnesium bicarbonate
PAC  Table II
PA1  2'-chloro-4-biphenylylglycolic acid, sodium salt
PA1  2'-chloro-4-biphenylylglycolic acid, potassium salt
PA1  2'-chloro-4-biphenylylglycolic acid, calcium salt
PA1  2'-chloro-4-biphenylylglycolic acid, magnesium salt
PAR  When the dl, d and l glycolic acid compounds of this invention are used in
      the above reaction, the corresponding salt is prepared.
PAC  EXAMPLE 25
PAC  2'-Chloro-4-biphenylylglycolic acid, diethylammonium salt
PAR  Anhydrous diethylamine (0.11 moles) is added dropwise to a stirred solution
      of 2'-chloro-4-biphenylylglycolic acid (0.10 moles) in 100 ml. of n-hexane
      at 0.degree.C. The precipitated diethylammonium salt is collected on a
      filter washed with n-hexane and dried in a vacuum desiccator to obtain
      2'-chloro-4-biphenylylglycolic acid, diethylammonium salt.
PAR  When diethylamine in the above reaction is replaced by an equimolar amount
      of the compounds of Table I, below, then the corresponding product of
      Table II, below is prepared.
PAC  Table I
PA1  dimethylamine
PA1  .alpha.-methylbenzylamine
PA1  .beta.-hydroxyethylamine
PA1  cyclohexylamine
PA1  piperazine
PA1  triethylamine
PA1  piperidine
PA1  phenethylamine
PAC  Table II
PA1  2'-chloro-4-biphenylylglycolic acid, dimethylammonium salt
PA1  2'-chloro-4-biphenylylglycolic acid, .beta.-hydroxyethylammonium salt
PA1  2'-chloro-4-biphenylylglycolic acid, piperazinium salt
PA1  2'-chloro-4-biphenylylglycolic acid, piperidinium salt
PA1  2'-chloro-4-biphenylylglycolic acid, .alpha.-methylbenzylammonium salt
PA1  2'-chloro-4-biphenylylglycolic acid, cyclohexylammonium salt
PA1  2'-chloro-4-biphenylylglycolic acid, triethylammonium salt
PA1  2'-chloro-4-biphenylylglycolic acid, phenethylammonium salt
PAR  When the dl, d and l glycolic acids of this invention are used in the above
      reaction, then the corresponding salt is prepared.
PAC  EXAMPLE 26
PAC  N-isopropyl 2'-chloro-4-biphenylylglycolamide
PAR  Ethyl 2'-chloro-4-biphenylylglycolate 29.48 g. (0.1 mole) is stirred with
      20 ml. of isopropylamine at about 35.degree.C with stirring overnight and
      the temperature is then raised to reflux for 28 hours. The reaction
      mixture is evaporated in vacuo and the residue distilled to obtain
      N-isopropyl 2'-chloro-4-biphenylylglycolamide.
PAR  When isopropylamine in the above reaction is replaced by an equimolar
      amount of the compound of Table I, below then the corresponding product of
      Table II below is prepared.
PAC  Table I
PA1  diethylamine
PA1  isothiazolidine
PA1  ethylmethylamine
PA1  piperidine
PA1  t-butylamine
PA1  morpholine
PA1  cyclopropylamine
PA1  N-methylpiperazine
PA1  N-methylhomopiperazine
PAC  Table II
PA1  N,n-diethyl-2'-chloro-4-biphenylylglycolamide
PA1  n-methyl-N-ethyl-2'-chloro-4-biphenylylglycolamide
PA1  N-t-butyl-2'-chloro-4-biphenylylglycolamide
PA1  N-cyclopropyl-2'-chloro-4-biphenylylglycolamide
PA1  N,n-pentamethylene-2'-chloro-4-biphenylylglycolamide
PA1  N,n-oxydiethylene-2'-chloro-4-biphenylylglycolamide
PA1  N,n-methylaminodiethylene-2'-chloro-4-biphenylylglycolamide
PA1  N,n-methylaminoethylenetrimethylene-2'-chloro-4-biphenylylglycolamide
PA1  N,n-thiotrimethylene-2'-chloro-4-biphenylylglycolamide
PAR  When isopropylamine in the above reaction is replaced by ammonia,
      methylamine or dimethylamine and the reaction carried out in a bomb at
      150.degree.C, then the product prepared is
      2'-chloro-4-biphenylylglycolamide,
      N-methyl-2'-chloro-4-biphenylylglycolamide or
      N,N-dimethyl-2'-chloro-4-biphenylylglycolamide.
PAR  When the dl, d or l glycolic acids of this invention are used in the above
      reaction, then the corresponding amide is prepared.
PAC  EXAMPLE 27
PAC  Ethyl .alpha.,2'-dichloro-4-biphenylylacetate
PAR  A mixture of 221.75 g. (0.747 mole) of ethyl
      2'-chloro-4-biphenylylglycolate is stirred with 106.67 g. (0.895 mole) of
      thionyl chloride at room temperature for 24 hours and then heated to
      reflux for 6 hours. The cold reaction mixture is poured into 1125 ml. of
      ice-cold water with stirring. The mixture is extracted with 800 ml. of
      ether. The ethereal solution is washed with 450 ml. of cold saturated
      sodium hydrocarbonate solution followed by washing twice, each time with
      250 ml. of cold water. The ethereal solution is dried over anhydrous
      sodium sulfate and filtered. The solvent is removed in vacuo to obtain
      ethyl .alpha.,2'-chloro-4-biphenylylacetate.
PAC  EXAMPLE 28
PAR  When the procedure of Example 27 is followed but ethyl
      2'-chloro-4-biphenylylglycolate is replaced by the dl, d and l glycolates
      of this invention, then the corresponding dl, d and l
      .alpha.-chloroacetate products are prepared. A representative list of
      compounds obtained is shown below.
PA1  ethyl .alpha.-chloro-4-biphenylylacetate
PA1  ethyl .alpha.,4'-dichloro-4-biphenylylacetate
PA1  ethyl .alpha.,3-dichloro-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-4'-bromo-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-2'-bromo-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-3-bromo-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-4'-nitro-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-2'-nitro-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-3-nitro-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-4'-methyl-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-2'-methyl-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-3-methyl-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-4'-trifluoromethyl-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-2'-trifluoromethyl-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-3-trifluoromethyl-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-4'-amino-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-2'-amino-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-3-amino-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-4'-fluoro-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-2'-fluoro-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-3-fluoro-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-4'-hydroxy-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-2'-hydroxy-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-3-hydroxy-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-4'-methoxy-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-2'-methoxy-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-3-methoxy-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-4'-iodo-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-2'-iodo-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-3-iodo-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-4'-mercapto-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-2'-mercapto-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-3-mercapto-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-4'-methylthio-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-2'-methylthio-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-3-methylthio-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-4'-cyano-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-2'-cyano-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-3-cyano-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-4'-acetylamino-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-2'-acetylamino-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-3-acetylamino-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-4'-acetylthio-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-2'-acetylthio-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-3-acetylthio-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-4'-acetyloxy-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-2'-acetyloxy-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-3-acetyloxy-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-4'-methylsulfinyl-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-2'-methylsulfinyl-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-3-methylsulfinyl-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-4'-methylsulfonyl-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-2'-methylsulfonyl-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-3-methylsulfonyl-4-biphenylylacetate
PA1  ethyl .alpha.-methyl-.alpha.,4'-dichloro-4-biphenylylacetate
PA1  ethyl .alpha.-methyl-.alpha.,2'-dichloro-4-biphenylylacetate
PA1  ethyl .alpha.-methyl-.alpha.,3-dichloro-4-biphenylylacetate
PA1  ethyl .alpha.-methyl-.alpha.-chloro-4'-bromo-4-biphenylylacetate
PA1  ethyl .alpha.-methyl-.alpha.-chloro-2'-bromo-4-biphenylylacetate
PA1  ethyl .alpha.-methyl-.alpha.-chloro-3-bromo-4-biphenylylacetate
PA1  ethyl .alpha.-methyl-.alpha.-chloro-4'-nitro-4-biphenylylacetate
PA1  ethyl .alpha.-methyl-.alpha.-chloro-2'-nitro-4-biphenylylacetate
PA1  ethyl .alpha.-methyl-.alpha.-chloro-3-nitro-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-.alpha.,4'-dimethyl-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-.alpha.,2'-dimethyl-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-.alpha.,3-dimethyl-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-.alpha.-methyl-4'-trifluoromethyl-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-.alpha.-methyl-2'-trifluoromethyl-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-.alpha.-methyl-3-trifluoromethyl-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-.alpha.-methyl-4'-amino-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-.alpha.-methyl-2'-amino-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-.alpha.-methyl-3-amino-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-.alpha.-methyl-4'-fluoro-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-.alpha.-methyl-2'-fluoro-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-.alpha.-methyl-3-fluoro-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-.alpha.-methyl-4'-mercapto-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-.alpha.-methyl-2'-mercapto-4-biphenylylacetate
PA1  ethyl .alpha.-chloro-.alpha.-methyl-3-mercapto-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-4'-cyano-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-2'-cyano-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-3-cyano-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-4'-acetylamino-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-2'-acetylamino-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-3-acetylamino-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-4'-acetylthio-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-2'-acetylthio-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-3-acetylthio-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-4'-acetyloxy-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-2'-acetyloxy-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-3-acetyloxy-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-4'-methylsulfinyl-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-2'-methylsulfinyl-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-3-methylsulfinyl-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-4'-methylsulfonyl-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-2'-methylsulfonyl-4-biphenylylacetate
PA1  benzyl .alpha.-chloro-.alpha.-methyl-3-methylsulfonyl-4-biphenylylacetate
PAC  EXAMPLE 29
PAR  When the procedure of Example 27 is followed but ethyl
      2'-chloro-4-biphenylylglycolate is replaced by the amides of Example 26,
      then the corresponding .alpha.-chloroacetamide product is prepared.
PA1  N-methyl .alpha.,2'-dichloro-4-biphenylylacetamide
PA1  N,n-dimethyl .alpha.,2'-dichloro-4-biphenylylacetamide
PA1  N-isopropyl .alpha.,2'-dichloro-4-biphenylylacetamide
PA1  N,n-diethyl .alpha.,2'-dichloro-4-biphenylylacetamide
PA1  N-methyl-N-ethyl .alpha.,2'-dichloro-4-biphenylylacetamide
PA1  N-t-butyl .alpha.,2'-dichloro-4-biphenylylacetamide
PA1  N-cyclopropyl .alpha.,2'-dichloro-4-biphenylylacetamide
PA1  N,n-pentamethylene .alpha.,2'-dichloro-4-biphenylylacetamide
PA1  N,n-oxydiethylene .alpha.,2'-dichloro-4-biphenylylacetamide
PA1  N,n-methylaminodiethylene .alpha.,2'-dichloro-4-biphenylylacetamide
PA1  N,n-methylaminoethylenetrimethylene
      .alpha.,2'-dichloro-4-biphenylylacetamide
PA1  N,n-thiotrimethylene .alpha.,2'-dichloro-4-biphenylylacetamide
PAR  When the dl, d and l glycolamides of this invention are used in the above
      reaction, then the corresponding amide is prepared.
PAC  EXAMPLE 30
PAC  .alpha.,2'-Dichloro-4-biphenylylacetic acid
PAR  A mixture of 52.5 g. (0.167 moles) of ethyl
      .alpha.,2'-dichloro-4-biphenylylacetate and 160 ml. of glacial acetic acid
      containing 40 ml. of 37% hydrochloric acid is refluxed for 20 hours. The
      mixture is concentrated under reduced pressure to give a gummy residue.
      The latter material is dissolved in 300 ml. of n-hexane, washed with
      ice-cold water (100 ml. total), dried over sodium sulfate and filtered.
      The hexane is removed to give .alpha.,2'-dichloro-4-biphenylylacetic acid.
PAC  EXAMPLE 31
PAR  When the procedure of Example 30 is followed but ethyl
      .alpha.,2'-dichloro-4-biphenylylacetate is replaced by the dl, d and l
      .alpha.-chloroacetates of this invention, then the corresponding dl, d and
      l .alpha.-chloroacetic acids are prepared. A representative list of
      products obtained is shown below.
PA1  .alpha.-chloro-4-biphenylylacetic acid
PA1  .alpha.,4'-dichloro-4-biphenylylacetic acid
PA1  .alpha.,3-dichloro-4-biphenylylacetic acid
PA1  .alpha.-chloro-4'-bromo-4-biphenylylacetic acid
PA1  .alpha.-chloro-2'-bromo-4-biphenylylacetic acid
PA1  .alpha.-chloro-3-bromo-4-biphenylylacetic acid
PA1  .alpha.-chloro-4'-nitro-4-biphenylylacetic acid
PA1  .alpha.-chloro-2'-nitro-4-biphenylylacetic acid
PA1  .alpha.-chloro-3-nitro-4-biphenylylacetic acid
PA1  .alpha.-chloro-4'-methyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-2'-methyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-3-methyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-4'-trifluoromethyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-2'-trifluoromethyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-3-trifluoromethyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-4'-amino-4-biphenylylacetic acid
PA1  .alpha.-chloro-2'-amino-4-biphenylylacetic acid
PA1  .alpha.-chloro-3-amino-4-biphenylylacetic acid
PA1  .alpha.-chloro-4'-fluoro-4-biphenylylacetic acid
PA1  .alpha.-chloro-2'-fluoro-4-biphenylylacetic acid
PA1  .alpha.-chloro-3-fluoro-4-biphenylylacetic acid
PA1  .alpha.-chloro-4'-hydroxy-4-biphenylylacetic acid
PA1  .alpha.-chloro-2'-hydroxy-4-biphenylylacetic acid
PA1  .alpha.-chloro-3-hydroxy-4-biphenylylacetic acid
PA1  .alpha.-chloro-4'-methoxy-4-biphenylylacetic acid
PA1  .alpha.-chloro-2'-methoxy-4-biphenylylacetic acid
PA1  .alpha.-chloro-3-methoxy-4-biphenylylacetic acid
PA1  .alpha.-chloro-4'-iodo-4-biphenylylacetic acid
PA1  .alpha.-chloro-2'-iodo-4-biphenylylacetic acid
PA1  .alpha.-chloro-3-iodo-4-biphenylylacetic acid
PA1  .alpha.-chloro-4'-mercapto-4-biphenylylacetic acid
PA1  .alpha.-chloro-2'-mercapto-4-biphenylylacetic acid
PA1  .alpha.-chloro-3-mercapto-4-biphenylylacetic acid
PA1  .alpha.-chloro-4'-methylthio-4-biphenylylacetic acid
PA1  .alpha.-chloro-2'-methylthio-4-biphenylylacetic acid
PA1  .alpha.-chloro-3-methylthio-4-biphenylylacetic acid
PA1  .alpha.-chloro-4'-cyano-4-biphenylylacetic acid
PA1  .alpha.-chloro-2'-cyano-4-biphenylylacetic acid
PA1  .alpha.-chloro-3-cyano-4-biphenylylacetic acid
PA1  .alpha.-chloro-4'-acetylamino-4-biphenylylacetic acid
PA1  .alpha.-chloro-2'-acetylamino-4-biphenylylacetic acid
PA1  .alpha.-chloro-3-acetylamino-4-biphenylylacetic acid
PA1  .alpha.-chloro-4'-acetylthio-4-biphenylylacetic acid
PA1  .alpha.-chloro-2'-acetylthio-4-biphenylylacetic acid
PA1  .alpha.-chloro-3-acetylthio-4-biphenylylacetic acid
PA1  .alpha.-chloro-4'-acetyloxy-4-biphenylylacetic acid
PA1  .alpha.-chloro-2'-acetyloxy-4-biphenylylacetic acid
PA1  .alpha.-chloro-3-acetyloxy-4-biphenylylacetic acid
PA1  .alpha.-chloro-4'-methylsulfinyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-2'-methylsulfinyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-3-methylsulfinyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-4'-methylsulfonyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-2'-methylsulfonyl--4-biphenylylacetic acid
PA1  .alpha.-chloro-3-methylsulfonyl-4-biphenylylacetic acid
PA1  .alpha.-methyl-.alpha., 4'-dichloro-4-biphenylylacetic acid
PA1  .alpha.-methyl-.alpha., 2'-dichloro-4-biphenylylacetic acid
PA1  .alpha.-methyl-.alpha., 3-dichloro-4-biphenylylacetic acid
PA1  .alpha.-methyl-.alpha.-chloro-4'-bromo-4-biphenylylacetic acid
PA1  .alpha.-methyl-.alpha.-chloro-2'-bromo-4-biphenylylacetic acid
PA1  .alpha.-methyl-.alpha.-chloro-3-bromo-4-biphenylylacetic acid
PA1  .alpha.-methyl-.alpha.-chloro-4'-nitro-4-biphenylylacetic acid
PA1  .alpha.-methyl-.alpha.-chloro-2'-nitro-4-biphenylylacetic acid
PA1  .alpha.-methyl-.alpha.-chloro-3-nitro-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha., 4'-dimethyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha., 2'-dimethyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha., 3-dimethyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-4'-trifluoromethyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-2'-trifluoromethyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-3-trifluoromethyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-4'-amino-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-2'-amino-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-3-amino-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-4'-fluoro-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-2'-fluoro-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-3-fluoro-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-4'-mercapto-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-2'-mercapto-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-3-mercapto-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-4'-cyano-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-2'-cyano-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-3-cyano-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-4'-acetylamino-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-2'-acetylamino-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-3-acetylamino-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-4'-acetylthio-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-2'-acetylthio-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-3-acetylthio-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-4'-acetyloxy-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-2'-acetyloxy-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-3-acetyloxy-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-4'-methylsulfinyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-2'-methylsulfinyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-3-methylsulfinyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-4'-methylsulfonyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-2'-methylsulfonyl-4-biphenylylacetic acid
PA1  .alpha.-chloro-.alpha.-methyl-3-methylsulfonyl-4-biphenylylacetic acid
PAC  EXAMPLE 32
PAC  .alpha., 2'-Dichloro-4-biphenylylacetic acid, sodium salt
PAR  A solution of 12.4 g. of sodium bicarbonate in 135 ml. water is added
      dropwise to a stirred solution of 47.1 g. (0.164 moles) of .alpha.,
      2'-dichloro-4-biphenylylacetic acid in 150 cc. of methanol. The solvent is
      removed in vacuo and the residue is dried by repeated distillations with
      anhydrous ethanol. The crystalline residue is triturated with ether (100
      cc.), collected on a filter, and washed with ether. Drying in a vacuum
      desiccator affords .alpha., 2'-dichloro-4-biphenylylacetic acid, sodium
      salt.
PAR  When a equimolar amount of sodium bicarbonate in the above reaction is
      replaced by the compounds of Table I below, then the corresponding salt of
      Table II below is prepared.
PAC  Table I
PA1  sodium hydroxide
PA1  potassium hydroxide
PA1  calcium hydroxide
PA1  potassium carbonate
PA1  magnesium bicarbonate
PAC  Table II
PA1  .alpha., 2'-dichloro-4-biphenylylacetic acid, sodium salt
PA1  .alpha., 2'-dichloro-4-biphenylylacetic acid, potassium salt
PA1  .alpha., 2'-dichloro-4-biphenylylacetic acid, calcium salt
PA1  .alpha., 2'-dichloro-4-biphenylylacetic acid, magnesium salt
PAR  When the dl, d and l .alpha.-chloroacetic acid compounds of this invention
      are used in the above reaction, the corresponding salt is prepared.
PAC  EXAMPLE 33
PAC  .alpha., 2'-Dichloro-4-biphenylylacetic acid, diethylammonium salt
PAR  Anhydrous diethylamine (0.11 moles) is added dropwise to a stirred solution
      of .alpha., 2'-dichloro-4-biphenylylacetic acid (0.10 moles) in 100 ml. of
      n-hexane at 0.degree.C. The precipitate is collected on a filter, washed
      with n-hexane, and dried in a vacuum desiccator to obtain .alpha.,
      2'-dichloro-4-biphenylylacetic acid, diethylammonium salt.
PAR  When diethylamine in the above reaction is replaced by an equimolar amount
      of the compounds of Table I, below, then the corresponding product of
      Table II, below is prepared.
PAC  Table I
PA1  dimethylamine
PA1  .beta.-hydroxyethylamine
PA1  piperazine
PA1  piperidine
PA1  .alpha.-methylbenzylamine
PA1  cyclohexylamine
PA1  triethylamine
PA1  phenethylamine
PAC  Table II
PA1  .alpha., 2'-dichloro-4-biphenylylacetic acid, dimethylammonium salt
PA1  .alpha., 2'-dichloro-4-biphenylylacetic acid, .beta.-hydroxyethylammonium
      salt
PA1  .alpha., 2'-dichloro-4-biphenylylacetic acid, piperazinium salt
PA1  .alpha., 2'-dichloro-4-biphenylylacetic acid, piperidinium salt
PA1  .alpha., 2'-dichloro-4-biphenylylacetic acid, .alpha.-methylbenzylammonium
      salt
PA1  .alpha., 2'-dichloro-4-biphenylylacetic acid, cyclohexylammonium salt
PA1  .alpha., 2'-dichloro-4-biphenylylacetic acid, triethylammonium salt
PA1  .alpha., 2'-dichloro-4-biphenylylacetic acid, phenethylammonium salt
PAC  EXAMPLE 34
PAC  N-isopropyl .alpha., 2'-Dichloro-4-biphenylyacetamide
PAR  A mixture of 5 g. (0.016 moles) of ethyl .alpha.,
      2'-dichloro-4-biphenylylacetate and 5.5 ml. of anhydrous isopropylamine
      are stirred over Linde 4A molecular sieve for 16 hours at room
      temperature. The reaction mixture is taken up in ether and washed 3 times
      with 15 ml. of 10% hydrochloric acid. The ether layer is dried over sodium
      sulfate, filtered, and the ether is removed. The residue is triturated
      with n-hexane and the precipitate is collected to obtain N-isopropyl
      .alpha., 2'-dichloro-4-biphenylylacetamide.
PAR  When isopropylamine in the above reaction is replaced by an equimolar
      amount of the compound of Table I, below then the corresponding product of
      Table II below is prepared.
PAC  Table I
PA1  diethylamine
PA1  ethylmethylamine
PA1  t-butylamine
PA1  cyclopropylamine
PA1  isothiazolidine
PA1  piperidine
PA1  morpholine
PA1  N-methylpiperazine
PA1  N-methylhomopiperazine
PAC  Table II
PA1  N,n-diethyl-.alpha., 2'-dichloro-4-biphenylylacetamide
PA1  N-methyl-N-ethyl-.alpha., 2'-dichloro-4-biphenylylacetamide
PA1  N-t-butyl-.alpha., 2'-dichloro-4-biphenylylacetamide
PA1  N-cyclopropyl-.alpha., 2'-dichloro-4-biphenylylacetamide
PA1  N,n-pentamethylene-.alpha., 2'-dichloro-4-biphenylylacetamide
PA1  N,n-oxydiethylene-.alpha., 2'-dichloro-4-biphenylylacetamide
PA1  N,n-methylaminodiethylene-.alpha., 2'-dichloro-4-biphenylylacetamide
PA1  N,n-methylaminoethylenetrimethylene-.alpha.,
      2'-dichloro-4-biphenylylacetamide
PA1  N,n-thiotrimethylene-.alpha., 2'-dichloro-4-biphenylylacetamide
PAR  When isopropylamine in the above reaction is replaced by ammonia,
      methylamine or dimethylamine and the reaction carried out in a bomb at
      150.degree.C, then the product prepared is .alpha.,
      2'-dichloro-4-biphenylylacetamide, N-methyl-.alpha.,
      2'-dichloro-4-biphenylylacetamide or N,N-dimethyl-.alpha.,
      2'-dichloro-4-biphenylylacetamide.
PAR  When the dl, d or l .alpha.-chloroacetates of this invention are used in
      the above reaction, then the corresponding amide is prepared.
PAC  EXAMPLE 35
PAC  Ethyl .alpha.-bromo-2'-chloro-4-biphenylylacetate
PAR  To 15.0 g. (0.0476 moles) of ethyl 2'-chloro-4-biphenylylglycolate there is
      added slowly with stirring at 40.degree.-50.degree.C 23 g. (0.053 moles)
      of phosphorus pentabromide. The mixture is stirred at room temperature for
      16 hours, then diluted with 70 ml. of petroleum ether, and poured into 125
      ml. of ice-cold water. The organic phase is separated, washed with
      saturated aqueous sodium hydrogen carbonate solution, dried over anhydrous
      sodium sulfate, filtered and the solvent removed in vacuo to obtain ethyl
      .alpha.-bromo-2'-chloro-4-biphenylylacetate.
PAR  When ethyl 2'-chloro-4-biphenylylglycolate in the above procedure is
      replaced by d ethyl 2'-chloro-4-biphenylylglycolate, l ethyl
      2'-chloro-4-biphenylylglycolate or N-isopropyl
      2'-chloro-4-biphenylylglycolamide, then the products prepared are d ethyl
      .alpha.-bromo-2'-chloro-4-biphenylylglycolate, l ethyl
      .alpha.-bromo-2'-chloro-4-biphenylylglycolate or N-isopropyl
      .alpha.-bromo-2'-chloro-4-biphenylylglycolamide.
PAR  When the above procedure is followed using the various glycolates and
      glycolamides of this invention, then the corresponding
      .alpha.-bromoacetates and .alpha.-bromoacetamides are prepared.
PAC  EXAMPLE 36
PAR  When the .alpha.-bromoacetates of Example 35 are hydrolyzed according to
      the procedures of Examples 30-31, then the corresponding dl, d and l
      .alpha.-bromo-2'-chloro-4-biphenylylacetic acid compounds and the various
      .alpha.-bromoacetic acids are prepared.
PAC  EXAMPLE 37
PAR  When the .alpha.-bromoacetic acid compounds are reacted according to the
      procedures of Examples 32-33, then the corresponding .alpha.-bromoacetic
      acid salts are prepared.
PAC  Example 38
PAC  Ethyl .alpha.-fluoro-2'-chloro-4-biphenylylacetate
PAR  A mixture of 118 g. (0.33 moles) ethyl
      .alpha.-bromo-2'-chloro-4-biphenylylacetate is vigorously stirred at
      130.degree.-140.degree.C with 29 g. (0.5 moles) of potassium fluoride in
      100 ml. of ethylene glycol for 12 hours. The reaction mixture is cooled
      and 400 ml. of water is added and the crude product separates. The aqueous
      glycol mixture is extracted with ether, the ether is then dried,
      evaporated to dryness and upon distillation results in ethyl
      .alpha.-fluoro-2'-chloro-4-biphenylylacetate.
PAR  When ethyl .alpha.-bromo-2'-chloro-4-biphenylylacetate in the above
      procedure is replaced by d ethyl
      .alpha.-bromo-2'-chloro-4-biphenylylacetate, l ethyl
      .alpha.-bromo-2'-chloro-4-biphenylylacetate or N-isopropyl
      .alpha.-bromo-2'-chloro-4-biphenylylacetamide, then the products prepared
      are d ethyl .alpha.-fluoro-2'-chloro-4-biphenylylacetate, l ethyl
      .alpha.-fluoro-2'-chloro-4-biphenylylacetate or
      N-isopropyl-.alpha.-fluoro-2'-chloro-4-biphenylylacetamide.
PAR  When the above procedure is followed using the various
      .alpha.-bromoacetates and .alpha.-bromacetamides of this invention, then
      the corresponding .alpha.-fluoroacetates and .alpha.-fluoroacetamides are
      prepared.
PAC  EXAMPLE 39
PAR  When the .alpha.-fluoroacetates of Example 38 are hydrolyzed according to
      the procedures of Examples 30-31, then the corresponding dl, d and l
      .alpha.-fluoro-2'-chloro-4-biphenylylacetic acid compounds and the various
      .alpha.-fluoroacetic acids are prepared.
PAC  EXAMPLE 40
PAR  When the .alpha.-fluoroacetic acid compounds are reacted according to the
      procedures of Example 32-33, then the corresponding .alpha.-fluoroacetic
      acid salts are prepared.
PAC  EXAMPLE 41
PAC  Ethyl .alpha.-iodo-3-chloro-4-cyclohexylphenylacetate
PAR  A mixture of 40.5 g. (0.1 moles) of ethyl
      .alpha.-bromo-2'-chloro-4-biphenylylacetate and 150 g. of sodium iodide in
      1 liter of anhydrous acetone is refluxed for 4 hours. The reaction mixture
      is then evaporated to dryness and extracted with ether. The ether is then
      washed with water, dried and evaporated to dryness to obtain ethyl
      .alpha.-iodo-2'-chloro-4-biphenylylacetate.
PAR  When ethyl .alpha.-bromo-2'-chloro-4-biphenylylacetate in the above
      procedure is replaced by d ethyl
      .alpha.-bromo-2'-chloro-4-biphenylylacetate, l ethyl
      .alpha.-bromo-2'-chloro-4-biphenylylacetate of N-isopropyl
      .alpha.-bromo-2'-chloro-4-biphenylylacetamide, then the products prepared
      are d ethyl .alpha.-iodo-2'-chloro-4-biphenylylacetate, l ethyl
      .alpha.-iodo-2'-chloro-4-biphenylylacetate or N-isopropyl
      .alpha.-iodo-2'-chloro-4-biphenylylacetamide.
PAR  When the above procedure is followed using the various .alpha.-bromacetates
      and .alpha.-bromacetamides of this invention, then the corresponding
      .alpha.-iodoacetates and .alpha.-iodacetamides are prepared.
PAC  EXAMPLE 42
PAR  When the .alpha.-iodoacetates of Example 41 are hydrolyzed according to the
      procedures of Examples 30-31, then the corresponding
      .alpha.-iodo-2'-chloro-4-biphenylylacetic acid compound and the various
      .alpha.-iodoacetic acids are prepared.
PAC  EXAMPLE 43
PAR  When the .alpha.-iodoacetic acid compounds are reacted according to the
      procedures of Examples 32-33, then the corresponding .alpha.-iodoacetic
      acid salts are prepared.
PAC  EXAMPLE 44
PAC  .alpha.-Mercapto-2'-chloro-4-biphenylylacetic acid
PAR  A mixture of 14 g. (.05 moles) of .alpha., 2'-dichloro-4-biphenylylacetic
      acid and 5 g. of sodium hydrosulfide in 100 ml. of absolute ethanol and
      under a nitrogen atmosphere is stirred for 15 hours. The mixture is then
      acidified with 6 N hydrochloric acid. The solvent is removed in vacuo and
      the residue is extracted into ether, washed with water, saturated sodium
      chloride solution, dried and evaporated to dryness to obtain
      .alpha.-mercapto-2'-chloro-4-biphenylylacetic acid.
PAR  When the .alpha.-chloroacetic acid, .alpha.-chloroacetates and
      .alpha.-chloroacetamides of this invention are used in the above reaction,
      then the corresponding .alpha.-mercaptoacetic acids,
      .alpha.-mercaptoacetates and .alpha.-mercaptoacetamides are prepared.
PAC  EXAMPLE 45
PAC  .alpha.-Methylthio-2'-chloro-4-biphenylylacetic acid
PAR  Methyl mercaptan is bubbled into a solution of 18.4 g. of potassium
      t-butoxide in 100 ml. of t-butanol for 3/4 hours and under a nitrogen
      atmosphere. To this is added 12 g. (0.041 moles) of .alpha.,
      2'-dichloro-4-biphenylylacetic acid in 60 ml of dry tetrahydrofuran. The
      mixture is then refluxed for 3 hours and allowed to stir at room
      temperature for 15 hours, acidified with 30 ml of 6 N hydrochloric acid.
      The solvent is removed in vacuo and the residue extracted into ether,
      washed with water, saturated sodium chloride solution, dried and
      evaporated to dryness to obtain
      .alpha.-methylthio-2'-chloro-4-biphenylylacetic acid.
PAR  When the .alpha.-chloroacetic acids, .alpha.-chloroacetates and
      .alpha.-chloroacetamides of this invention are used in the above reaction,
      then the corresponding .alpha.-methylthioacetic acids,
      .alpha.-methylthioacetates and .alpha.-methylthioacetamides are prepared.
PAC  EXAMPLE 46
PAC  .alpha.-Acetythio-2'-chloro-4-biphenylylacetic acid
PAR  To a solution of 600 ml. of anhydrous ethanol and 21 g. (0.317 moles) of
      potassium hydroxide is added 45 ml. of thioacetic acid dropwise. To this
      mixture is then added 70 g. (0.244 moles) of .alpha.,
      2'-dichloro-4-biphenylylacetic acid and stirring is continued for 15
      hours. The solid which forms is filtered off and washed with ethanol. The
      filtrate is evaporated to dryness and the residue is dissolved in 500 ml.
      of ether and washed several times with water. Drying the ether and
      evaporation to dryness results in
      .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid.
PAR  In a similar manner, the .alpha.-propionylthio-2'-chloro-4-biphenylylacetic
      acid compounds are prepared.
PAR  When the .alpha.-chloroacetic acids, .alpha.-chloroacetates and
      .alpha.-chloroacetamides of this invention are used in the above reaction,
      then corresponding .alpha.-acetylthioacetic acids,
      .alpha.-acetylthioacetates and .alpha.-acetylthioacetamides are prepared.
PAC  EXAMPLE 47
PAC  .alpha.-Benzoylthio-2'-chloro-4-biphenylylacetic acid
PAR  To 17.5 ml. of 2N alcoholic potassium hydroxide solution (0.035 mole) is
      added 4.84 g. (0.035 mole) of thiobenzoic acid. The solution is cooled to
      room temperature and to this is added in small portions 10.05 g. (0.035
      mole) of .alpha., 2'-dichloro-4-biphenylylacetic acid. The reaction
      mixture is stirred at room temperature for 25 hours, then the solvent is
      removed, the residue dissolved in ether, filtered and washed with cold
      water. The ethereal solution is then dried over magnesium sulfate and
      evaporated to dryness to obtain
      .alpha.-benzoylthio-2'-chloro-4-biphenylylacetic acid.
PAR  When the .alpha.-chloroacetic acid, .alpha.-chloroacetates and
      .alpha.-chloroacetamides of this invention are used in the above reaction,
      then the corresponding .alpha.-benzoylthioacetic acids,
      .alpha.-benzoylthioacetates and .alpha.-benzoylthioacetamides are
      prepared.
PAC  EXAMPLE 48
PAC  Ethyl .alpha.-thioacetylthio-2'-chloro-4-biphenylylacetate
PAR  A mixture of 0.2 moles of sodium dithioacetate and 38 g. (0.12 moles) of
      ethyl .alpha., 2'-dichloro-4-biphenylylacetate in 300 ml. of absolute
      ethanol is stirred at room temperature for 15 hours. The reaction mixture
      is filtered, washed with absolute ethanol and evaporated to dryness in
      vacuo. The residue is treated with ether, filtered and evaporated to
      dryness to obtain ethyl
      .alpha.-thioacetylthio-2'-chloro-4-biphenylylacetate.
PAR  When the .alpha.-chloroacetic acids, .alpha.-chloroacetates and
      .alpha.-chloroacetamides of this invention are used in the above reaction,
      then the corresponding .alpha.-thioacetylthioacetic acids,
      .alpha.-thioacetylthioacetates and .alpha.-thioacetylthioacetamides are
      prepared.
PAR  When sodium dithioformate is used in the above procedure in place of sodium
      dithioacetate then the product prepared is ethyl
      .alpha.-thioformylthio-2'-chloro-4-biphenylylacetate.
PAC  EXAMPLE 49
PAC  .alpha.-Thiocyanato-2'-chloro-4-biphenylylacetic acid
PAR  To a solution of 300 ml. of anhydrous ethanol and 0.15 moles of sodium
      thiocyanate is added 35 g. (0.12 moles) of .alpha.,
      2'-dichloro-4-biphenylylacetic acid and stirred for 15 hours. The reaction
      mixture is filtered and washed with absolute ethanol. The filtrate is
      evaporated to dryness, the residue is dissolved in 250 ml. of ether and
      washed several times with water. The ether is then dried and evaporated to
      dryness to obtain .alpha.-thiocyanato-2'-chloro-4-biphenylylacetic acid.
PAR  When the .alpha.-chloroacetic acids, .alpha.-chloroacetate and
      .alpha.-chloroacetamides of this invention are used in the above reaction,
      then the corresponding .alpha.-thiocyanatoacetic acids,
      .alpha.-thiocyanatoacetates and .alpha.-thiocyanatoacetamides are
      prepared.
PAC  EXAMPLE 50
PAC  .alpha.-Sulfo-2'-chloro-4-biphenylylacetic acid, disodium salt
PAR  To a solution of 250 ml. of anhydrous ethanol and 0.12 moles of sodium
      sulfite is added 29 g. (0.1 moles) of .alpha.,
      2'-dichloro-4-biphenylylacetic acid, sodium salt. The reaction mixture is
      stirred for 15 hours, filtered and the residue worked with ethanol. The
      filtrate is evaporated to dryness to obtain
      .alpha.-sulfo-2'-chloro-4-biphenylylacetic acid, disodium salt.
PAR  When sodium sulfinate is used in the above procedure in place of sodium
      sulfite then the product obtained is
      .alpha.-sulfino-2'-chloro-4-biphenylylacetic acid, disodium salt.
PAR  When the .alpha.-chloroacetates and .alpha.-chloroacetamides of this
      invention are used in the above reactions, then the corresponding
      .alpha.-sulfo and .alpha.-sulfinoacetates and amides are prepared.
PAC  EXAMPLE 51
PAC  Ethyl .alpha.-thiosulfo-2'-chloro-4-biphenylylacetate, sodium salt
PAR  A mixture of 7.2 g. (.023 moles) of ethyl .alpha.,
      2'-dichloro-4-biphenylylacetate and 5.7 g. of sodium thiosulfate
      pentahydrate in 75 ml. of 40:45 water-alcohol mixture is refluxed for 2
      hours. An additional 0.8 g. of sodium thiosulfate pentahydrate is then
      added and refluxing continued another 1/2 hour. The reaction mixture is
      then evaporated to dryness in vacuo, azeotroped with ethanol and
      evaporated to dryness in vacuo again. The residue is triturated with
      ether, filtered and evaporated to dryness. The residue is then triturated
      with hexane and the resultant gum is dissolved in alcohol and evaporated
      to dryness in vacuo to obtain ethyl
      .alpha.-thiosulfo-2'-chloro-4-biphenylylacetate, sodium salt.
PAR  When the .alpha.-chloroacetates and .alpha.-chloroacetamides of this
      invention are used in the above reaction, then the corresponding
      .alpha.-thiosulfoacetates and .alpha.-thiosulfoacetamides are prepared.
PAC  EXAMPLE 52
PAC  .alpha.-Amidinothio-2'-chloro-4-biphenylylacetic acid, hydrochloride
PAR  Thiourea 15.2 g. (0.2 moles) is dissolved in 150 ml. of absolute ethanol
      and to this is added 31.6 g. (0.11 moles) of .alpha.,
      2'-dichloro-4-biphenylylacetic acid. The mixture is stirred for 15 hours
      at 0.degree.C. The mixture is then filtered to obtain
      .alpha.-amidinothio-2'-chloro-4-biphenylylacetic acid, hydrochloride.
PAR  When the .alpha.-chloroacetic acids, esters and amides of this invention
      are used in the above procedures then the corresponding
      .alpha.-amidinoacetic acids, esters and amides are prepared.
PAC  EXAMPLE 53
PAC  .alpha.-Ethoxythiocarbamylthio-2'-chloro-4-biphenylylacetic acid
PAR  Ethylxanthic acid, potassium salt, 3.63 g. (0.22 moles) is dissolved in 150
      ml. of absolute ethanol with stirring. To this solution is added 3.16 g.
      (0.11 moles) of .alpha., 2'-dichloro-4-biphenylylacetic acid and the
      mixture stirred for 15 hours. The solid which collects is separated and
      washed with absolute ethanol. The solid is then treated with acetone and
      the insoluble material filtered off. The filtrate is concentrated to
      dryness to obtain
      .alpha.-ethoxythiocarbamylthio-2'-chloro-4-biphenylylacetic acid.
PAR  When the .alpha.-chloroacetic acids, esters and amides of this invention
      are used in the above procedure then the corresponding
      .alpha.-ethylxanthylacetic acids, esters and amides are prepared.
PAC  EXAMPLE 54
PAC  .alpha.-Ethoxycarbonylthio-2'-chloro-4-biphenylylacetic acid
PAR  A solution of .alpha.-mercapto-2'-chloro-4-biphenylylacetic acid 5.6 g.
      (0.02 moles) in 25 ml. of pyridine is cooled in an ice bath. To this is
      added dropwise 2.1 ml. (0.022 moles) of ethyl chloroformate. The mixture
      is basified with 10% sodium bicarbonate solution. The alkaline mixture is
      worked with ether, then acidified with 10% hydrochloric acid, washed with
      ether, dried and filtered. The solvent is removed and the residue is
      triturated with hexane to obtain
      .alpha.-ethoxycarbonylthio-2'-chloro-4-biphenylylacetic acid.
PAR  When the .alpha.-mercaptoacetic acids, esters and amides of this invention
      are used in the above procedure then the corresponding
      .alpha.-ethoxycarbonylthioacetic acids, esters and amides are prepared.
PAC  EXAMPLE 55
PAC  .alpha.-Diethylcarbamylthio-2'-chloro-4-biphenylylacetic acid
PAR  A solution of .alpha.-mercapto-2'-chloro-4-biphenylylacetic acid 5.6 g.
      (0.2 moles) in 25 ml. of pyridine is cooled in an ice bath. To this is
      added dropwise 0.022 moles of diethylcarbamyl chloride. The mixture is
      then stirred for 2 hours, diluted with ether and filtered. The mixture is
      then basified with 10% sodium bicarbonate solution. The alkaline mixture
      is washed with ether, acidified with 10% hydrochloric acid, extracted with
      ether which in turn is washed with cold water, dried and evaporated to
      dryness. Trituration with hexane results in
      .alpha.-diethylcarbamylthio-2'-chloro-4-biphenylylacetic acid.
PAR  When diethylcarbamylchloride is replaced in the above procedure by carbamyl
      chloride (prepared in situ from potassium cyanate and anhydrous hydrogen
      chloride in anhydrous chloroform), ethylcarbamyl chloride or
      dimethylcarbamyl chloride, then the products prepared are
      .alpha.-carbamylthio2'-chloro-4-biphenylylacetic acid,
      .alpha.-ethylcarbamylthio-2'-chloro-4-biphenylylacetic acid or
      .alpha.-dimethylcarbamylthio-2'-chloro-4-biphenylylacetic acid.
PAR  When the .alpha.-mercaptoacetic acids, acid, esters and amides of this
      invention are used in the above procedure then the corresponding
      .alpha.-carbamylthioacetic acids, esters and amides are prepared.
PAC  EXAMPLE 56
PAR  When the procedure of Example 66 is followed but diethylcarbonate is
      replaced by succinic anhydride, maleic anhydride or phthalic anhydride,
      then the products prepared are
      .alpha.-butyrylthio-2'-chloro-4-biphenylylacetic acid,
      .alpha.-butenoylthio-2'-chloro-4-biphenylylacetic acid and
      .alpha.-(.tau.-carboxybenzoylthio)-2'-chloro-4-biphenylylacetic acid.
PAR  When the various .alpha.-mercaptoacetic acids, esters and amides of this
      invention are used in the above procedure, then the corresponding product
      is obtained.
PAC  EXAMPLE 57
PAR  When .alpha.-methylthio-2'-chloro-4-biphenylylacetic acid is treated with
      30% hydrogen peroxide, then the resultant product is
      .alpha.-methylsulfinyl-2'-chloro-4-biphenylylacetic acid or
      .alpha.-methylsulfonyl-2'-chloro-4-biphenylylacetic acid.
PAC  EXAMPLE 58
PAR  When the procedures of Examples 1-57 are followed but using the starting
      materials below, then the corresponding products are obtained.
TBL  __________________________________________________________________________
     STARTING MATERIAL           PRODUCT                      EXAMPLE          
     __________________________________________________________________________
     .alpha.-chloro-2'-fluoro-4-biphenylylacetic acid                          
                                 .alpha.-acetylthio-2'-fluoro-4-biphenylylaceti
                                 c acid                       46               
     .alpha.-chloro-2'-bromo-4-biphenylylacetic acid                           
                                 .alpha.-acetylthio-2'-bromo-4-biphenylylacetic
                                  acid                        46               
     .alpha.-chloro-2'-iodo-4-biphenylylacetic acid                            
                                 .alpha.-acetylthio-2'-iodo-4-biphenylylacetic 
                                 acid                         46               
     .alpha.-chloro-2'-nitro-4-biphenylylacetic acid                           
                                 .alpha.-acetylthio-2'-nitro-4-biphenylylacetic
                                  acid                        46               
     .alpha.-chloro-2'-trifluoromethyl-4-biphenylylacetic acid                 
                                 .alpha.-acetylthio-2'-trifluoromethyl-4-biphen
                                 ylylacetic acid              46               
     .alpha.-chloro-2'-mercapto-4-biphenylylacetic acid                        
                                 .alpha.-acetylthio-2'-mercapto-4-biphenylylace
                                 tic acid                     46               
     .alpha.-chloro-2'-acetylthio-4-biphenylylacetic acid                      
                                 .alpha.-acetylthio-2'-acetylthio-4-biphenylyla
                                 cetic acid                   46               
     .alpha.-chloro-2'-methylmercapto-4-biphenylylacetic acid                  
                                 .alpha.-acetylthio-2'-methylmercapto-4-bipheny
                                 lylacetic acid               46               
     .alpha.-chloro-2'-methylsulfinyl-4-biphenylylacetic acid                  
                                 .alpha.-acetylthio-2'-methylsulfinyl-4-bipheny
                                 lylacetic acid               46               
     .alpha.-chloro-2'-methylsulfonyl-4-biphenylylacetic acid                  
                                 .alpha.-acetylthio-2'-methylsulfonyl-4-bipheny
                                 lylacetic acid               46               
     .alpha.-chloro-2'-cyano-4-biphenylylacetic acid                           
                                 .alpha.-acetylthio-2'-cyano-4-biphenylylacetic
                                  acid                        46               
     .alpha.-chloro-2'-amino-4-biphenylylacetic acid                           
                                 .alpha.-acetylthio-2'-amino-4-biphenylylacetic
                                  acid                        46               
     .alpha.-chloro-2'-acetylamino-4-biphenylylacetic acid                     
                                 .alpha.-acetylthio-2'-acetylamino-4-biphenylyl
                                 acetic acid                  46               
     .alpha.-chloro-2'-methylamino-4-biphenylylacetic acid                     
                                 .alpha.-acetylthio-2'-methylamino-4-biphenylyl
                                 acetic acid                  46               
     .alpha.-chloro-2'-dimethylamino-4-biphenylylacetic acid                   
                                 .alpha.-acetylthio-2'-dimethylamino-4-biphenyl
                                 ylacetic acid                46               
     .alpha.-chloro-2'-hydroxy-4-biphenylylacetic acid                         
                                 .alpha.-acetylthio-2'-hydroxy-4-biphenylylacet
                                 ic acid                      46               
     .alpha.-chloro-2'-acetyloxy-4-biphenylylacetic acid                       
                                 .alpha.-acetylthio-2'-acetyloxy-4-biphenylylac
                                 etic acid                    46               
     .alpha.-chloro-2'-methoxy-4-biphenylylacetic acid                         
                                 .alpha.-acetylthio-2'-methoxy-4-biphenylylacet
                                 ic acid                      46               
     .alpha.-chloro-2'-acetoxy-4-biphenylylacetic acid                         
                                 .alpha.-acetylthio-2'-acetoxy-4-biphenylylacet
                                 ic acid                      46               
     .alpha.-chloro-2'-methyl-4-biphenylylacetic acid                          
                                 .alpha.-acetylthio-2'-methyl-4-biphenylylaceti
                                 c acid                       46               
     .alpha.,3-dichloro-4-biphenylylacetic acid                                
                                 .alpha.-acetylthio-3-chloro-4-biphenylylacetic
                                  acid                        46               
     .alpha.-chloro-3-fluoro-4-biphenylylacetic acid                           
                                 .alpha.-acetylthio-3-fluoro-4-biphenylylacetic
                                  acid                        46               
     .alpha.-chloro-3-bromo-4-biphenylylacetic acid                            
                                 .alpha.-acetylthio-3-bromo-4-biphenylylacetic 
                                 acid                         46               
     .alpha.-chloro-3-nitro-4-biphenylylacetic acid                            
                                 .alpha.-acetylthio-3-nitro-4-biphenylylacetic 
                                 acid                         46               
     .alpha.-chloro-3-trifluoromethyl-4-biphenylylacetic acid                  
                                 .alpha.-acetylthio-3-trifluoromethyl-4-bipheny
                                 lylacetic acid               46               
     .alpha.-chloro-3-cyano-4-biphenylylacetic acid                            
                                 .alpha.-acetylthio-3-cyano-4-biphenylylacetic 
                                 acid                         46               
     .alpha.-chloro-3-methylsulfonyl-4-biphenylylacetic acid                   
                                 .alpha.-acetylthio-3-methylsulfonyl-4-biphenyl
                                 ylacetic acid                46               
     .alpha.,4'-dichloro-4-biphenylylacetic acid                               
                                 .alpha.-acetylthio-4'-chloro-4-biphenylylaceti
                                 c acid                       46               
     .alpha.-chloro-4'-fluoro-4-biphenylylacetic acid                          
                                 .alpha.-acetylthio-4'-fluoro-4-biphenylylaceti
                                 c acid                       46               
     .alpha.-chloro-4'-bromo-4-biphenylylacetic acid                           
                                 .alpha.-acetylthio-4'-bromo-4-biphenylylacetic
                                  acid                        46               
     .alpha.-chloro-4'-nitro-4-biphenylylacetic acid                           
                                 .alpha.-acetylthio-4'-nitro-4-biphenylylacetic
                                  acid                        46               
     .alpha.-chloro-4'-trifluoromethyl-4-biphenylylacetic acid                 
                                 .alpha.-acetylthio-4'-trifluoromethyl-4-biphen
                                 ylylacetic acid              46               
     .alpha.-chloro-4'-cyano-4-biphenylylacetic acid                           
                                 .alpha.-acetylthio-4'-cyano-4-biphenylylacetic
                                  acid                        46               
     .alpha.-chloro-4'-methylsulfonyl-4-biphenylylacetic acid                  
                                 .alpha.-acetylthio-4'-methylsulfonyl-4-bipheny
                                 lylacetic acid               46               
     .alpha.-chloro-.alpha.-methyl-2'-fluoro-4-biphenylylacetic                
                                 .alpha.-acetylthio-.alpha.-methyl-2'          
                                 -fluoro-4-biphenylylacetic acid               
                                                              46               
     .alpha.,2'-dichloro-.alpha.-methyl-4-biphenylylacetic acid                
                                 .alpha.-acetylthio-.alpha.-methyl-2'-chloro-4-
                                 biphenylylacetic acid        46               
     .alpha.-chloro-.alpha.-methyl-2'-bromo-4-biphenylylacetic                 
                                 .alpha.-acetylthio-.alpha.-methyl-2'-bromo-4-b
                                 iphenylylacetic acid         46               
     .alpha.-chloro-.alpha.-methyl-2'-nitro-4-biphenylylacetic                 
                                 .alpha.-acetylthio-.alpha.-methyl-2'-nitro-4-b
                                 iphenylylacetic acid         46               
     .alpha.-chloro-.alpha.-methyl-2'-trifluoromethyl-4-biphenylyl-            
                                 .alpha.-acetylthio-.alpha.-methyl-2'-trifluoro
                                 methyl-4-biphenylyl-                          
     acetic acid                 acetic acid                  46               
     .alpha.-chloro-.alpha.-methyl-2'-cyano-4-biphenylylacetic                 
                                 .alpha.-acetylthio-.alpha.-methyl-2'-cyano-4-b
                                 iphenylylacetic acid         46               
     .alpha.-chloro-.alpha.-methyl-2'-methylsulfonyl-4-biphenylyl-             
                                 .alpha.-acetylthio-.alpha.-methyl-2'-methylsul
                                 fonyl-4-biphenylyl-                           
     acetic acid                 acetic acid                  46               
     .alpha.-chloro-.alpha.-methyl-3-fluoro-4-biphenylylacetic                 
                                 .alpha.-acetylthio-.alpha.-methyl-3-fluoro-4-b
                                 iphenylylacetic acid         46               
     .alpha.,3-dichloro-.alpha.-methyl-4-biphenylylacetic acid                 
                                 .alpha.-acetylthio-.alpha.-methyl-3-chloro-4-b
                                 iphenylylacetic acid         46               
     .alpha.-chloro-.alpha.-methyl-3-bromo-4-biphenylylacetic                  
                                 .alpha.-acetylthio-.alpha.-methyl-3-bromo-4-bi
                                 phenylylacetic acid          46               
     .alpha.-chloro-.alpha.-methyl-3-trifluoromethyl-4-biphenylylacetic        
                                 .alpha.-acetylthio-.alpha.-methyl-3-trifluorom
                                 ethyl-4-biphenylylacetic acid                 
                                                              46               
     .alpha.-chloro-.alpha.-methyl-3-cyano-4-biphenylylacetic                  
                                 .alpha.-acetylthio-.alpha.-methyl-3-cyano-4-bi
                                 phenylylacetic acid          46               
     .alpha.-chloro-.alpha.-methyl-3-methylsulfonyl-4-biphenylylacetic         
                                 .alpha.-acetylthio-.alpha.-methyl-3-methylsulf
                                 onyl-4-biphenylylacetic                       
                                 acid                         46               
     .alpha.-chloro-.alpha.-methyl-4'-fluoro-4-biphenylylacetic                
                                 .alpha.-acetylthio-.alpha.-methyl-4'-fluoro-4-
                                 biphenylylacetic acid        46               
     .alpha.4'-dichloro-.alpha.-methyl-4-biphenylylacetic acid                 
                                 .alpha.-acetylthio-4'-chloro-.alpha.-methyl-4-
                                 biphenylylacetic acid        46               
     .alpha.-chloro-.alpha.-methyl-4'-bromo-4-biphenylylacetic                 
                                 .alpha.-acetylthio-.alpha.-methyl-4'-bromo-4-b
                                 iphenylylacetic acid         46               
     .alpha.-chloro-.alpha.-methyl-4'-nitro-4-biphenylylacetic                 
                                 .alpha.-acetylthio-.alpha.-methyl-4'          
                                 -nitro-4-biphenylylacetic acid                
                                                              46               
     .alpha.-chloro-.alpha.-methyl-4'-trifluoromethyl-4-biphenylylacetic       
                                 .alpha.-acetylthio-.alpha.-methyl-4'-trifluoro
                                 methyl-4-biphenylyl-         46               
     acid                        acetic acid                                   
     .alpha.-chloro-.alpha.-methyl-4'-cyano-4-biphenylylacetic                 
                                 .alpha.-acetylthio-.alpha.-methyl-4'-cyano-4-b
                                 iphenylylacetic acid         46               
     .alpha.-chloro-.alpha.-methyl-4'-methylsulfonyl-4-biphenylylacetic        
                                 .alpha.-acetylthio-.alpha.-methyl-4'-methylsul
                                 fonyl-4-biphenylylacetic     46               
     acid                        acid                                          
     .alpha.-chloro-2'-fluoro-4-biphenylylacetic acid                          
                                 .alpha.-mercapto-2'-fluoro-4-biphenylylacetic 
                                 acid                         44               
     .alpha.-chloro-2'-bromo-4-biphenylylacetic acid                           
                                 .alpha.-propionylthio-2'-bromo-4-biphenylylace
                                 tic acid                     46               
     .alpha.-chloro-2'-nitro-4-biphenylylacetic acid                           
                                 .alpha.-butyrylthio-2'-nitro-4-biphenylylaceti
                                 c acid                       44,56            
     .alpha.-chloro-2'-trifluoromethyl-4-biphenylylacetic acid                 
                                 .alpha.-butenoythio-2'-trifluoromethyl-4-biphe
                                 nylylacetic acid             44,56            
     .alpha.-chloro-2'-cyano-4-biphenylylacetic acid                           
                                 .alpha.-benzoylthio-2'-cyano-4-biphenylylaceti
                                 c acid                       47               
     .alpha.-chloro-2'-dimethylsulfonyl-4-biphenylylacetic acid                
                                 .alpha.,2'-dimethylsulfonyl-4-biphenylylacetic
                                  acid                        45,57            
     .alpha.-chloro-3-fluoro-4-biphenylylacetic acid                           
                                 .alpha.-methylthio-3-fluoro-4-biphenylylacetic
                                  acid                        45               
     .alpha.,3-dichloro-4-biphenylylacetic acid                                
                                 .alpha.-diethylcarbamylthio-3-chloro-4-bipheny
                                 lylacetic acid               44,55            
     .alpha.-chloro-3-bromo-4-biphenylylacetic acid                            
                                 .alpha.-ethylcarbamylthio-3-bromo-4-biphenylyl
                                 acetic acid                  44,55            
     .alpha.-chloro-3-nitro-4-biphenylylacetic acid                            
                                 .alpha.-i-propylthio-3-nitro-4-biphenylylaceti
                                 c acid                       45               
     .alpha.-chloro-3-trifluoromethyl-4-biphenylylacetic acid                  
                                 .alpha.-thiosulfo-3-trifluoromethyl-4-biphenyl
                                 ylacetic acid                51               
     .alpha.-chloro-3-cyano-4-biphenylylacetic acid                            
                                 .alpha.-thiocyanato-3-cyano-4-biphenylylacetic
                                  acid                        49               
     .alpha.-chloro-4'-fluoro-4-biphenylylacetic acid                          
                                 .alpha.-benzoylthio-4'-fluoro-4-biphenylylacet
                                 ic acid                      47               
     .alpha.,4'-dichloro-4-biphenylylacetic acid                               
                                 .alpha.-benzoylthio-4'-chloro-4-biphenylylacet
                                 ic acid                      47               
     .alpha.-chloro-4'-bromo-4-biphenylylacetic acid                           
                                 .alpha.-benzoylthio-4'-bromo-4-biphenylylaceti
                                 c acid                       47               
     .alpha.-chloro-4'-nitro-4-biphenylylacetic acid                           
                                 .alpha.-sulfino-4'-nitro-4-biphenylylacetic   
                                 acid                         50               
     .alpha.-chloro-4'-trifluoromethyl-4-biphenylylacetic acid                 
                                 .alpha.-sulfo-4'-trifluoromethyl-4-biphenylyla
                                 cetic acid                   50               
     .alpha.-chloro-4'-cyano-4-biphenylylacetic acid                           
                                 .alpha.-amidinothio-4'-cyano-4-cyclohexylpheny
                                 lacetic acid                 52               
     .alpha.-chloro-.alpha.-methyl-2'-fluoro-4-biphenylylacetic                
                                 .alpha.-benzyloxycarbonylthio-.alpha.-methyl-2
                                 '-fluoro-4-biphenylyl-                        
                                 acetic acid                  44,54            
     .alpha.,2'-dichloro-.alpha.-methyl-4-biphenylylacetic acid                
                                 .alpha.-methylsulfinyl-.alpha.-methyl-2'-chlor
                                 o-4-biphenylylacetic acid    45,57            
     .alpha.,2'-dichloro-4-biphenylylacetic acid                               
                                 .alpha.-methylsulfonyl-2'-chloro-4-biphenylyla
                                 cetic acid                   45,57            
     .alpha.,2'-dichloro-4-biphenylylacetic acid                               
                                 .alpha.-(.sigma.-carboxybenzoylthio)-2'-chloro
                                 -4-biphenylylacetic acid     44,56            
     .alpha.,2'-dichloro-4-biphenylylacetic acid                               
                                 .alpha.-(.sigma.-carboxybenzoylthio)-2'-chloro
                                 -4-biphenylylacetic acid     44,56            
     .alpha.,2'-dichloro-4-biphenylylacetic acid                               
                                 .alpha.-thiosulfo-2'-chloro-4-biphenylylacetic
                                  acid                        51               
     .alpha.,2'-dichloro-4-biphenylylacetic acid                               
                                 .alpha.-methylsulfonyl-2'-chloro-4-biphenylyla
                                 cetic acid                   45,57            
     methyl .alpha.,2'-dichloro-4-biphenylylacetate                            
                                 methyl .alpha.-acetylthio-2'-chloro-4-biphenyl
                                 ylacetate                    46               
     ethyl .alpha.,2'-dichloro-4-biphenylylacetate                             
                                 ethyl .alpha.-acetyltio-2'-chloro-4-biphenylyl
                                 acetate                      46               
     benzyl .alpha.,2'-dichloro-4-biphenylylacetate                            
                                 benzyl .alpha.-acetyltio-2'-chloro-4-biphenyly
                                 lacetate                     46               
     N-methyl .alpha.,2'-dichloro-4-biphenylylacetamide                        
                                 N-methyl .alpha.-acetylthio-2'-chloro-4-biphen
                                 ylylacetamide                46               
     N,N-dimethyl .alpha.,2'-dichloro-4-biphenylylacetamide                    
                                 N,N-dimethyl .alpha.-acetylthio-2'-chloro-4-bi
                                 phenylylacetamide            46               
     N,N-diethyl .alpha.,2'-dichloro-4-biphenylylacetamide                     
                                 N,N-diethyl .alpha.-acetylthio-2'-chloro-4-bip
                                 henylylacetamide             46               
     N,N-ethylmethyl .alpha.,2'-dichloro-4-biphenylylacetamide                 
                                 N,N-ethylmethyl .alpha.-acetylthio-2'-chloro-4
                                 -biphenylylacetamide         46               
     N-isopropyl .alpha.,2'-dichloro-4-biphenylylacetamide                     
                                 N-isopropyl .alpha.-acetylthio-2'-chloro-4-bip
                                 henylylacetamide             46               
     N-cyclopropyl .alpha.,2'-dichloro-4-biphenylylacetamide                   
                                 N-cyclopropyl .alpha.-acetylthio-2'-chloro-4-b
                                 iphenylylacetamide           46               
     N,N-pentamethylene .alpha.,2'-dichloro-4-biphenylylacetamide              
                                 N,N-pentamethylene .alpha.-acetylthio-2'-chlor
                                 o-4-biphenylyl-                               
                                 acetamide                    46               
     N,N-oxydiethylene .alpha.,2'-dichloro-4-biphenylylacetamide               
                                 N,N-oxydiethylene .alpha.-acetylthio-2'-chloro
                                 -4-biphenylylacetamide       46               
     N,N-methylaminoethylenetrimethylene .alpha.,2'-dichloro-                  
                                 N,N-methylaminoethylenetrimethylene           
                                 .alpha.-acetyltio-2'-chloro-                  
     4-biphenylylacetamide       4-biphenylylacetamide        46               
     N,N-thiotrimethylene .alpha.,2'-dichloro-4-biphenylylacetamide            
                                 N,N-thiotrimethylene .alpha.-acetylthio-2'-chl
                                 oro-4-biphenylyl-                             
                                 acetamide                    46               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid                      
                                 .alpha.-acetylthio-2'-chloro-4-biphenylylaceti
                                 c acid, sodium salt          32               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid                      
                                 .alpha.-acetylthio-2'-chloro-4-biphenylylaceti
                                 c acid, potassium salt       32               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid                      
                                 .alpha.-acetylthio-2'-chloro-4-biphenylylaceti
                                 c acid, calcium salt         32               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid                      
                                 .alpha.-acetylthio-2'-chloro-4-biphenylylaceti
                                 c acid, aluminum salt        32               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid                      
                                 .alpha.-acetylthio-2'-chloro-4-biphenylylaceti
                                 c acid, dimethyl-                             
                                 ammonium salt                33               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid                      
                                 .alpha.-acetylthio-2'-chloro-4-biphenylylaceti
                                 c acid, diethyl-                              
                                 ammonium salt                33               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid                      
                                 .alpha.-acetylthio-2'-chloro-4-biphenylylaceti
                                 c acid, .beta.-hydroxy-                       
                                 ethylammonium salt           33               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid                      
                                 .alpha.-acetylthio-2'  -chloro-4-biphenylylace
                                 tic acid, piperazinium                        
                                 salt                         33               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid                      
                                 .alpha.-acetylthio-2'-chloro-4-biphenylylaceti
                                 c acid, piperidinium                          
                                 salt                         33               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid                      
                                 .alpha.-acetylthio-2'-chloro-4-biphenylylaceti
                                 c acid, .alpha.-methyl-                       
                                 benzylammonium salt          33               
     .alpha.-acetylthio-2'-fluoro-4-biphenylylacetic acid                      
                                 d .alpha.-acetylthio-2'-fluoro-4-biphenylylace
                                 tic acid                     23               
     .alpha.-acetylthio-2'-fluoro-4-biphenylylacetic acid                      
                                 l .alpha.-acetylthio-2'-fluoro-4-biphenylylace
                                 tic acid                     22               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid                      
                                 d .alpha.-acetylthio-2'-chloro-4-biphenylylace
                                 tic acid                     23               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid                      
                                 l .alpha.-acetylthio-2'-chloro-4-biphenylylace
                                 tic acid                     22               
     .alpha.-acetylthio-2'-bromo-4-biphenylylacetic acid                       
                                 d .alpha.-acetylthio-2'-bromo-4-biphenylylacet
                                 ic acid                      23               
     .alpha.-acetylthio-2'-bromo-4-biphenylylacetic acid                       
                                 l .alpha.-acetylthio-2'-bromo-4-biphenylylacet
                                 ic acid                      22               
     .alpha.-acetylthio-2'-nitro-4-biphenylylacetic acid                       
                                 d .alpha.-acetylthio-2'-nitro-4-biphenylylacet
                                 ic acid                      23               
     .alpha.-acetylthio-2'-nitro-4-biphenylylacetic acid                       
                                 l .alpha.-acetylthio-2'-nitro-4-biphenylylacet
                                 ic acid                      22               
     .alpha.-acetylthio-2'-trifluoromethyl-4-biphenylylacetic                  
                                 d .alpha.-acetylthio-2'-trifluoromethyl-4-biph
                                 enylylacetic acid            23               
     .alpha.-acetylthio-2'-trifluoromethyl-4-biphenylylacetic                  
                                 l .alpha.-acetylthio-2'-trifluoromethyl-4-biph
                                 enylylacetic acid            22               
     .alpha.-acetylthio-2'-cyano-4-biphenylylacetic acid                       
                                 d .alpha.-acetylthio-2'-cyano-4-biphenylylacet
                                 ic acid                      23               
     .alpha.-acetylthio-2'-cyano-4-biphenylylacetic acid                       
                                 l .alpha.-acetylthio-2'-cyano-4-biphenylylacet
                                 ic acid                      22               
     .alpha.-acetylthio-2'-methylsulfonyl-4-biphenylylacetic                   
                                 d .alpha.-acetylthio-2'-methylsulfonyl-4-biphe
                                 nylylacetic acid             23               
     .alpha.-acetylthio-2'-methylsulfonyl-4-biphenylylacetic                   
                                 l .alpha.-acetylthio-2'-methylsulfonyl-4-biphe
                                 nylylacetic acid             22               
     .alpha.-acetylthio-3-fluoro-4-biphenylylacetic acid                       
                                 d .alpha.-acetylthio-3-fluoro-4-biphenylylacet
                                 ic acid                      23               
     .alpha.-acetylthio-3-fluoro-4-biphenylylacetic acid                       
                                 l .alpha.-acetylthio-3-fluoro-4-biphenylylacet
                                 ic acid                      22               
     .alpha.-acetylthio-3-chloro-4-biphenylylacetic acid                       
                                 d .alpha.-acetylthio-3-chloro-4-biphenylylacet
                                 ic acid                      23               
     .alpha.-acetylthio-3-chloro-4-biphenylylacetic acid                       
                                 l .alpha.-acetylthio-3-chloro-4-biphenylylacet
                                 ic acid                      22               
     .alpha.-acetylthio-3-bromo-4-biphenylylacetic acid                        
                                 d .alpha.-acetylthio-3-bromo-4-biphenylylaceti
                                 c acid                       23               
     .alpha.-acetylthio-3-bromo-4-biphenylylacetic acid                        
                                 l .alpha.-acetylthio-3-bromo-4-biphenylylaceti
                                 c acid                       22               
     .alpha.-acetylthio-3-nitro-4-biphenylylacetic acid                        
                                 d .alpha.-acetylthio-3-nitro-4-biphenylylaceti
                                 c acid                       23               
     .alpha.-acetylthio-3-nitro-4-biphenylylacetic acid                        
                                 l .alpha.-acetylthio-3-nitro-4-biphenylylaceti
                                 c acid                       22               
     .alpha.-acetylthio-3-trifluoromethyl-4-biphenylylacetic                   
                                 d .alpha.-acetylthio-3-trifluoromethyl-4-biphe
                                 nylylacetic acid             23               
     .alpha.-acetylthio-3-trifluoromethyl-4-biphenylylacetic                   
                                 l .alpha.-acetylthio-3-trifluoromethyl-4-biphe
                                 nylylacetic acid             22               
     .alpha.-acetylthio-3-cyano-4-biphenylylacetic acid                        
                                 d .alpha.-acetylthio-3-cyano-4-biphenylylaceti
                                 c acid                       23               
     .alpha.-acetylthio-3-cyano-4-biphenylylacetic acid                        
                                 l .alpha.-acetylthio-3-cyano-4-biphenylylaceti
                                 c acid                       22               
     .alpha.-acetylthio-3-methylsulfonyl-4-biphenylylacetic acid               
                                 d .alpha.-acetylthio-3-methylsulfonyl-4-biphen
                                 ylylacetic acid              23               
     .alpha.-acetylthio-3-methylsulfonyl-4-biphenylylacetic acid               
                                 l .alpha.-acetylthio-3-methylsulfonyl-4-biphen
                                 ylylacetic acid              22               
     .alpha.-acetylthio-4'-fluoro-4-biphenylylacetic acid                      
                                 d .alpha.-acetylthio-4'-fluoro-4-biphenylylace
                                 tic acid                     23               
     .alpha.-acetylthio-4'-fluoro-4-biphenylylacetic acid                      
                                 l .alpha.-acetylthio-4'-fluoro-4-biphenylylace
                                 tic acid                     22               
     .alpha.-acetylthio-4'-chloro-4-biphenylylacetic acid                      
                                 d .alpha.-acetylthio-4'-chloro-4-biphenylylace
                                 tic acid                     23               
     .alpha.-acetylthio-4'-chloro-4-biphenylylacetic acid                      
                                 l .alpha.-acetylthio-4'-chloro-4-biphenylylace
                                 tic acid                     22               
     .alpha.-acetylthio-4'-bromo-4-biphenylylacetic acid                       
                                 d .alpha.-acetylthio-4'-bromo-4-biphenylylacet
                                 ic acid                      23               
     .alpha.-acetylthio-4'-bromo-4-biphenylylacetic acid                       
                                 l .alpha.-acetylthio-4'-bromo-4-biphenylylacet
                                 ic acid                      22               
     .alpha.-acetylthio-4'-nitro-4-biphenylylacetic acid                       
                                 d .alpha.-acetylthio-4'-nitro-4-biphenylylacet
                                 ic acid                      23               
     .alpha.-acetylthio-4'-nitro-4-biphenylylacetic acid                       
                                 l .alpha.-acetylthio-4'-nitro-4-biphenylylacet
                                 ic acid                      22               
     .alpha.-acetylthio-4'-trifluoromethyl-4-biphenylylacetic                  
                                 d .alpha.-acetylthio-4'-trifluoromethyl-4-biph
                                 enylylacetic acid            23               
     .alpha.-acetylthio-4'-trifluoromethyl-4-biphenylylacetic                  
                                 l .alpha.-acetylthio-4'-trifluoromethyl-4-biph
                                 enylylacetic acid            22               
     .alpha.-acetylthio-4'-cyano-4-biphenylylacetic acid                       
                                 d .alpha.-acetylthio-4'-cyano-4-biphenylylacet
                                 ic acid                      23               
     .alpha.-acetylthio-4'-cyano-4-biphenylylacetic acid                       
                                 l .alpha.-acetylthio-4'-cyano-4-biphenylylacet
                                 ic acid                      22               
     .alpha.-acetylthio-4'-methylsulfonyl-4-biphenylylacetic                   
                                 d .alpha.-acetylthio-4'-methylsulfonyl-4-biphe
                                 nylylacetic acid             23               
     .alpha.-acetylthio-4'-methylsulfonyl-4-biphenylylacetic                   
                                 l .alpha.-acetylthio-4'-methylsulfonyl-4-biphe
                                 nylylacetic acid             22               
     .alpha.-mercapto-2'-chloro-4-biphenylylacetic acid                        
                                 d .alpha.-mercapto-2'-chloro-4-biphenylylaceti
                                 c acid                       23               
     .alpha.-mercapto-2'-chloro-4-biphenylylacetic acid                        
                                 l .alpha.-mercapto-2'-chloro-4-biphenylylaceti
                                 c acid                       22               
     .alpha.-butyrylthio-2'-nitro-4-biphenylylacetic acid                      
                                 d .alpha.-butyrylthio-2'-nitro-4-biphenylylace
                                 tic acid                     23               
     .alpha.-butyrylthio-2'-nitro-4-biphenylylacetic acid                      
                                 l .alpha.-butyrylthio-2'-nitro-4-biphenylylace
                                 tic acid                     22               
     .alpha.-diethylcarbamylthio-3-chloro-4-biphenylylacetic                   
                                 d .alpha.-diethylcarbamylthio-3-chloro-4-biphe
                                 nylylacetic acid             23               
     .alpha.-diethylcarbamylthio-3-chloro-4-biphenylylacetic                   
                                 l .alpha.-diethylcarbamylthio-3-chloro-4-biphe
                                 nylylacetic acid             22               
     .alpha.-i-propylthio-3-nitro-4-biphenylylacetic acid                      
                                 d .alpha.-i-propylthio-3-nitro-4-biphenylylace
                                 tic acid                     23               
     .alpha.-i-propylthio-3-nitro-4-biphenylylacetic acid                      
                                 l .alpha.-i-propylthio-3-nitro-4-biphenylylace
                                 tic acid                     22               
     .alpha.-propionylthio-4'-chloro-4-biphenylylacetic acid                   
                                 d .alpha.-propionylthio-4'-chloro-4-biphenylyl
                                 acetic acid                  23               
     .alpha.-propionylthio-4'-chloro-4-biphenylylacetic acid                   
                                 l .alpha.-propionylthio-4'-chloro-4-biphenylyl
                                 acetic acid                  22               
     .alpha.-sulfino-4'-nitro-4-biphenylylacetic acid                          
                                 d .alpha.-sulfino-4'-nitro-4-biphenylylacetic 
                                 acid                         23               
     .alpha.-sulfino-4'-nitro-4-biphenylylacetic acid                          
                                 l .alpha.-sulfino-4'-nitro-4-biphenylylacetic 
                                 acid                         22               
     methyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid               
                                 d methyl .alpha.-acetylthio-2'-chloro-4-biphen
                                 ylylacetic acid              23               
     methyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid               
                                 l methyl .alpha.-acetylthio-2'-chloro-4-biphen
                                 ylylacetic acid              22               
     benzyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid               
                                 d benzyl .alpha.-acetylthio-2'-chloro-4-biphen
                                 ylylacetic acid              23               
     benzyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid               
                                 l benzyl .alpha.-acetylthio-2'-chloro-4-biphen
                                 ylylacetic acid              22               
     N-methyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic                  
                                 d N-methyl .alpha.-acetylthio-2'-chloro-4-biph
                                 enylylacetic acid            23               
     N-methyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic                  
                                 l N-methyl .alpha.-acetylthio-2'-chloro-4-biph
                                 enylylacetic acid            22               
     N,N-diethyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic               
                                 d N,N-diethyl .alpha.-acetylthio-2'-chloro-4-b
                                 iphenylylacetic acid         23               
     N,N-diethyl .alpha.-acetylthio-2'-chloro-4-biphenylylacetic               
                                 l N,N-diethyl .alpha.-acetylthio-2'-chloro-4-b
                                 iphenylylacetic acid         22               
     N,N-pentamethylene .alpha.-acetylthio-2'-chloro-4-                        
                                 d N,N-pentamethylene .alpha.-acetylthio-2'-chl
                                 oro-4-                                        
     biphenylylacetic acid       biphenylylacetic acid        23               
     N,N-pentamethylene .alpha.-acetylthio-2'-chloro-4-                        
                                 l N,N-pentamethylene .alpha.acetylthio-2'-chlo
                                 ro-4-                                         
     biphenylylacetic acid       biphenylylacetic acid        22               
     N,N-oxydiethylene .alpha.-acetylthio-2'  -chloro-4-biphenylyl-            
                                 d N,N-oxydiethylene .alpha.-acetylthio-2'-chlo
                                 ro-4-biphenylyl                               
     acetic acid                 acetic acid                  23               
     N,N-oxydiethylene .alpha.-acetylthio-2'-chloro-4-biphenylyl-              
                                 l N,N-oxydiethylene .alpha.-acetylthio-2'-chlo
                                 ro-4-biphenylyl                               
     acetic acid                 acetic acid                  22               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid,                     
                                 d .alpha.-acetylthio-2'-chloro-4-biphenylylace
                                 tic acid,                                     
     sodium salt                 sodium salt                  23               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid,                     
                                 l .alpha.-acetylthio-2'-chloro-4-biphenylylace
                                 tic acid,                                     
     sodium salt                 sodium salt                  22               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid,                     
                                 d .alpha.-acetylthio-2'-chloro-4-biphenylylace
                                 tic acid,                                     
     diethylammonium salt        diethylammonium salt         23               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid,                     
                                 l .alpha.-acetylthio-2'-chloro-4-biphenylylace
                                 tic acid,                                     
     diethylammonium salt        diethylammonium salt         22               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid,                     
                                 d .alpha.-acetylthio-2'-chloro-4-biphenylylace
                                 tic acid,                                     
     piperazinium salt           piperazinium salt            23               
     .alpha.-acetylthio-2'-chloro-4-biphenylylacetic acid,                     
                                 l .alpha.-acetylthio-2'-chloro-4-biphenylylace
                                 tic acid,                                     
     piperazinium salt           piperazinium salt            22               
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC33##
PAL  where:
PA1  R.sub..alpha.  is hydrogen or loweralkyl;
PA1  R' and R are hydrogen or not more than one of R or R' at the same time is
PA2  halo,
PA2  nitro,
PA2  amino,
PA2  acylamino,
PA2  mono- and diloweralkylamino,
PA2  mercapto,
PA2  acylthio,
PA1  loweralkylthio,
PA1  loweralkylsulfinyl,
PA1  loweralkylsulfonyl,
PA1  hydroxy,
PA1  loweralkoxy,
PA1  acyloxy,
PA1  haloloweralkyl,
PA1  cyano,
PA1  acetyl or
PA1  loweralkyl;
PA1  X is
PA2  thiosulfo;
PAL  and
PA1  Z is --OH or
PA1  --OM where M is an alkali, alkaline earth or aluminum metal or an ammonium
      salt.
NUM  2.
PAR  2. A compound according to claim 1 which is dextrorotatory.
NUM  3.
PAR  3. A compound according to claim 1 which is levorotatory.
NUM  4.
PAR  4. A compound according to claim 1 of the formula
      ##SPC34##
NUM  5.
PAR  5. A compound according to claim 1 of the formula
      ##SPC35##
NUM  6.
PAR  6. A compound according to claim 1 of the formula
      ##SPC36##
NUM  7.
PAR  7. A compound according to claim 6 where:
PA1  R.sub..alpha. is hydrogen or loweralkyl;
PA1  R' is
PA2  halo,
PA2  nitro,
PA2  loweralkylsulfonyl,
PA2  haloloweralkyl or
PA2  cyano;
PA1  X is
PA1  thiosulfo, and
PA1  Z is --OH or
PA1  --OM.
NUM  8.
PAR  8. A compound of the formula:
      ##SPC37##
PAL  where:
PA1  R.sub..alpha. is
PA2  hydrogen,
PA2  methyl or
PA2  ethyl,
PA1  R' is
PA2  chloro,
PA2  bromo,
PA2  nitro,
PA2  methylsulfonyl,
PA2  trifluoromethyl or
PA2  cyano;
PA1  X' is
PA2  sulfo;
PAL  and  the alkali, alkaline earth, aluminum metal or ammonium salts thereof.
NUM  9.
PAR  9. A compound according to claim 8 where:
PA1  R.sub..alpha. is methyl.
NUM  10.
PAR  10. A compound according to claim 8 where:
PA1  R.sub..alpha. is hydrogen.
NUM  11.
PAR  11. A compound which is .alpha.-thiosulfo-2'-chloro-4-biphenylylacetic acid
      and its alkali, alkaline earth or aluminum metal or ammonium salts.
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PAL  A process for the production of methylene-bridged diaryl isocyanates by the
      reaction of .alpha.-halomethyl aromatic compounds with aromatic
      isocyanates in the presence of a catalyst. The catalyst comprises a metal
      salt of an aliphatic or cycloaliphatic organic acid where the metal is
      zinc, cadmium or mercury.
PAL  Methylene-bridged diaryl isocyanates are suitably used in the production of
      polyurethane elastomers and foams.
BSUM
PAR  This invention relates to the preparation of methylene-bridged diaryl
      isocyanates by the reaction of .alpha.-halomethyl acromatic compounds with
      aromatic isocyanates in the presence of a metal salt of an aliphatic or
      cycloaliphatic organic acid as catalyst.
PAR  The prior art teaches the preparation of methylene-bridged diaryl
      isocyanates, for example, by the reaction of haloalkyl aryl isocyanates
      with reactive aromatic compounds in the presence of a Friedel-Crafts
      catalyst as described in U.S. Pat. No. 3,255,226, June 7, 1966 issued to
      H. F. McShane, Jr. This process requires the Friedel-Crafts catalyst to be
      added to the reaction mixture at the lowest possible temperature. In order
      to maintain an efficient reaction rate during the preparation of the
      methylene-bridged diaryl isocyanates, it is often necessary to add further
      amounts of catalyst to the reaction mixture. Using the process of U.S.
      Pat. No. 3,255,226, this requires the interruption of the reaction by
      cooling the reaction mixture to a temperature where the addition of make
      up amounts of catalyst avoids a spontaneous violent reaction. Further, the
      process of U.S. Pat. No. 3,255,226 produces significant amounts of
      undesirable by-products by promoting the condensation of the reactive
      aromatic compounds with the methylene-bridged diaryl isocyanates formed.
PAR  Therefore, it is an object of the present invention to provide an improved
      catalyst for the preparation of methylene-bridged diaryl isocyanates.
PAR  It is a further object of the present invention to provide a process for
      the preparation of methylene-bridged diaryl isocyanates having reduced
      amounts of undesirable by-products.
PAR  These and other objects of the invention are accomplished in a process for
      preparing methylene-bridged diaryl isocyanates by reacting an
      .alpha.-halomethyl aromatic compound with an aromatic isocyanate in the
      presence of selected metal salts of aliphatic and cycloaliphatic organic
      acids.
PAR  The catalysts of the improved process of the present invention are metal
      salts of aliphatic and cycloaliphatic acids wherein the metal is zinc,
      cadmium or mercury, the zinc and cadmium salts being preferred. The
      organic acid moiety in the catalysts of the invention contains 1-20, and
      preferably 1-18, carbons in the case of the aliphatic acid salts and 4-20,
      and preferably 4-14, carbons in the case of the cycloaliphatic acid salts.
PAR  Typical examples of metal salts of aliphatic acids suitable for use as
      catalysts in the improved process of the present invention include:
PA1  Zinc formate
PA1  Mercurous formate
PA1  Mercuric acetate
PA1  Cadmium acetate
PA1  Zinc propionate
PA1  Zinc butyrate
PA1  Cadmium hexanoate
PA1  Zinc decanoate
PA1  Zinc laurate
PA1  Cadmium laurate
PA1  Zinc palmitate
PA1  Cadmium stearate
PA1  Zinc neodecanoate
PAR  Suitable examples of metal salts of cycloaliphatic acids employable as
      catalysts include:
PA1  Zinc naphthenate
PA1  Mercuric cyclobutanecarboxylate
PA1  Cadmium naphthenate
PA1  zinc cyclododecanecarboxylate
PA1  mercuric cyclohexaneacetate
PAR  The catalysts described above are used in an improved process for the
      preparation of methylene-bridged diaryl isocyanates in which one reactant
      is an .alpha.-halomethyl aromatic compound. Any compound having an
      .alpha.-halomethyl group substituted on an aromatic ring may be employed.
      However, those .alpha.-halomethyl aromatic compounds are preferred in
      which the halogen is chlorine or bromine and further in which the aromatic
      moiety is a substituted or unsubstituted phenyl or naphthyl. The
      substituents include, for example, chlorine, bromine, alkyl of 1 to 4
      carbons, NCO, and mixtures thereof.
PAR  Typical examples of .alpha.-halomethyl aromatic compounds which may be
      employed include:
PA1  Benzyl chloride
PA1  Benzyl bromide
PA1  Benzal chloride
PA1  2-Chlorobenzyl chloride
PA1  4-Chlorobenzyl chloride
PA1  4-Bromobenzyl chloride
PA1  .alpha.-Bromoxylene
PA1  4-Xlylene dichloride
PA1  .alpha. -Chloromethylnapthalene
PA1  5-Chloro-1-chloromethylnaphthalene
PA1  .alpha.-Chloro-4-toluene isocyanate
PA1  .alpha.-Chloro-2,4-toluene diisocyanate
PA1  5,.alpha.-dichloro-2,4 toluene diisocyanate
PA1  5-Chloromethyl-1-naphthylisocyanate
PA1  5-Bromo-1-chloromethylnaphthalene
PA1  .alpha.,.alpha.-Dichloro-2,4 toluene diisocyanate
PA1  3,5,.alpha.-trichloro-2,4-toluene diisocyanate
PA1  3,5,6.alpha.-tetrachloro-2,4 toluene diisocyanate
PA1  .alpha.,.alpha.,.alpha.', .alpha.',-Tetrachloro-p-xylene
PA1  .alpha.-chloro-2,4-/2,6-toluene diisocyanate (isomer mixture)
PA1  5,.alpha.-dichloro-2,4-/2,6toluene diisocyanate (isomer mixture)
PAR  Particularly preferred .alpha.-halomethyl aromatic compounds for use in the
      process of the invention are benzyl chloride, o-chlorobenzyl chloride,
      benzal chloride, and .alpha.-chloro-2,4- and 2,6-toluene diisocyanate
      (isomer mixture).
PAR  The second reactant in the improved process of the present invention is an
      aromatic isocyanate. Any such compound may be employed such as disclosed
      in U.S. Pat. No. 3,255,226, the entire disclosure of which is incorporated
      by reference herein. However, it is preferred to employ those aromatic
      isocyanates in which the aromatic moiety is phenyl or naphthyl.
      Illustrative such compounds include:
PA1  Phenyl isocyanate
PA1  o-Chlorophenyl isocyanate
PA1  2-toluene isocyanate
PA1  2,4-toluene diisocyanate
PA1  2,6-toluene diisocyanate
PA1  3-chloro-2,6-toluene diisocyanate
PA1  2,4-/2,6-toluene diisocyanate (isomer mixture)
PA1  1-naphthylisocyanate
PA1  Naphthalene-1,5-diisocyanate
PA1  m-Phenylene diisocyanate
PA1  p-Phenylene diisocyanate
PAR  Toluene diisocyanates and substituted toluene diisocyanates are especially
      preferred aromatic isocyanates for use in the process of the invention.
      Isomers of toluene diisocyanate, and mixtures thereof, wherein the
      isocyanate groups therein occupy positions which are meta or para to each
      other on the aromatic ring are most preferred.
PAR  In carrying out the improved process of the present invention of preparing
      methylene-bridged diaryl isocyanates, at least one mole of the aromatic
      isocyanate compound should be employed for each .alpha.-halogen contained
      in a mole of the .alpha.-halomethyl aromatic compound. Thus, in the case
      of .alpha.-halomethylaromatic compounds having only one .alpha.-halogen,
      at least one mole of aromatic isocyanate compound should be used per mole
      of .alpha.-halomethyl aromatic compound. With compounds such as benzal
      chloride, which contains two .alpha.-halogens per mole, at least two moles
      of aromatic isocyanate compound should be employed per mole of
      .alpha.-halomethylaryl compound. The yield of methylene-bridged diaryl
      isocyanate generally will be higher if the aromatic isocyanate compound is
      employed in excess. This is true because .alpha.-halomethylaromatic
      compounds with open positions on their ring are often capable of
      condensing with themselves and the presence of a large excess of aromatic
      isocyanate compound reduces the tendency of this undesirable side-reaction
      to occur. Excessive aromatic isocyanate compound also reduces the
      probability of two molecules of the .alpha.-halomethylaromatic compound
      reacting with the same molecule of aromatic isocyanate compound. By
      employing about 3-5 moles of aromatic isocyanate compound per equivalent
      of .alpha.-halogen in a mole of the .alpha.-halomethylaromatic compound,
      the self-condensation of the .alpha.-halomethylaromatic compound and the
      dialkylation of the aromatic isocyanate compound can be suppressed
      sufficiently so that a good yield of the desired monomeric rather than
      polymeric methylene-bridged diaryl isocyanate is obtained. Even greater
      quantities of aromatic isocyanate compound may be employed if so desired,
      but the advantages gained through a slight improvement in yield or quality
      are usually offset by the need to recover large quantities of the aromatic
      isocyanate compound.
PAR  The metal salts of aliphatic and cycloaliphatic organic acids employed as
      catalysts may be added to the reaction mixture in any suitable catalytic
      amount such as from about 0.5 to about 20, and preferably from about 1 to
      about 10 mole percent based on the combined molar amounts of
      .alpha.-halomethyl aromatic compound and aromatic isocyanate compound
      present in the reaction mixture.
PAR  The entire amount of catalyst may be added to the reaction mixture prior to
      initiating the reaction or the total amount of catalyst may be added in
      portions to the reaction mixture during the course of the reaction. It is
      unnecessary to interrupt the reaction, for example, by cooling down the
      reaction mixture when adding further portions of catalyst.
PAR  The process of the present invention for preparing methylene-bridged diaryl
      isocyanates may be carried out at temperatures ranging from about
      100.degree. to about 250.degree. C. Selection of the temperature depends
      upon such factors as the quantity of catalyst, the reactivity of the
      halomethylaromatic compound and the aromatic isocyanate compound, and the
      boiling and freezing points of the reaction system. Preferred are
      temperatures in the range of from about 120.degree. to about 180.degree.
      C. Temperatures above 250.degree. C. are generally not employed because
      the rate of thermal decomposition of the desired isocyanate may become
      excessive at such high temperatures. Naturally, the temperature of the
      condensation reaction cannot exceed the boiling point of the system
      without adding the complication of pressurizing the system.
PAR  The time required to complete the condensation reaction involved in this
      process usually ranges from about 2 to about 20 hours depending on several
      factors including the catalyst employed, the temperature of reaction and
      the nature of the starting materials.
PAR  The improved process of the present invention may be carried out in the
      presence of solvent, if desired. Solvents may be useful when the reactants
      or the methylene-bridged diaryl isocyanate products are high melting
      solids. Solvents may also be useful in adding additional amounts of
      catalyst to the reaction mixture when the process is conducted
      continuously. It will be understood that a solvent should be selected
      which is inert to the reactants and the catalyst and does not interfere
      with the reaction. Suitable solvents include halogenated aliphatic and
      aromatic compounds such as tetrachloroethane, trichlorobenzene,
      tetrachlorobenzene, as well as nitrobenzene.
PAR  The improved process of the present invention is a condensation reaction
      where the .alpha.-halomethylaromatic compound is condensed with the
      aromatic isocyanate compound accompanied by the production of hydrogen
      chloride. If the condensation is carried out at temperatures below about
      125.degree. C., a significant quantity of this hydrogen chloride may be
      combined with isocyanato groups to produce carbamyl chlorides. This
      undesirable side reaction can be minimized by sparging the reaction
      mixture with a dry inert gas during the reaction. At higher temperatures
      sparging of the reaction mixture with a slow stream of an inert gas is
      still advantageous as hydrogen chloride will be removed about as rapidly
      as it is evolved.
PAR  The evolution of hydrogen chloride during the reaction provides an
      indication of the extent of conversion of the .alpha.-halomethyl aromatic
      compound. For example, HCl is evolved in the reaction of benzyl chloride
      with a commercial mixture of 2,4- and 2,6-toluene diisocyanate in the
      condensation reaction to produce diisocyanatotolyl phenyl methane. In
      addition, HCl is evolved when a portion of the benzyl chloride is
      converted to undesirable by-product tars. Employing the metal salts of
      aliphatic and cycloaliphatic organic acids as catalysts, this undesirable
      conversion to by-products is considerably reduced. When employing the
      catalysts defined above in the prescribed amounts, a moderate conversion
      rate of the .alpha.-halomethyl aromatic compound as indicated by HCl
      formation occurs, however, the yield of methylene-bridged diaryl
      isocyanate based on this conversion is high. Thus, the amount of
      .alpha.-halomethyl aromatic compound converted to undesired by-product
      tars in proportion to the amount reacted to form the desired product is
      low. Where the methylene-bridged diaryl isocyanate is produced in a
      continuous process, the amount of .alpha.-haloalkyl aromatic compound
      which must be continually added to the reaction mixture is greatly reduced
      making the process cheaper to run. In addition, the isolation of the
      desired methylene-bridged diaryl isocyanate is simplified as the quantity
      of by-product tars with which it is mixed is significantly lowered.
PAR  The methylene-bridged diaryl isocyanates produced by the improved process
      of the present reaction may be recovered by distillation at reduced
      pressure, for example, pressures of less than 1 mm. Hg and preferably from
      about 0.05 to about 0.1 mm Hg. The methylene-bridged diaryl isocyanate
      products may also be extracted from the reaction mixture using a solvent
      such as heptane or petroleum ether.
PAR  Where the product is used, for example, in the preparation of rigid
      polyurethane foams, it is sufficient to remove the .alpha.-halomethyl
      aromatic compound and the aromatic isocyanate compound from the reaction
      mixture, and further separation of the methylene-bridged diaryl
      isocyanates from the catalyst or by-products is unnecessary.
PAR  The methylene-bridged diaryl isocyanates produced by the present invention
      are colorless liquids or solids. They are capable of undergoing all of the
      usual reactions which are characteristic of aromatic isocyanates. Because
      of their extremely high boiling points, the methylene-bridged diaryl
      isocyanates exhibit low vapor pressures at normal temperatures and can be
      safely handled without special ventillation which is often required with
      more volatile isocyanates.
PAR  The methylene-bridged diaryl monoisocyanates may be employed in any of the
      usual applications for aromatic monoisocyanates such as treating wool and
      cellulose fibers to modify the properties, treating papers or latex
      impregnated paper to increase wet strength, capping oxymethylene polymers,
      removing active hydrogen impurities from petroleum products and assisting
      in bonding a variety of plastic or elastic materials to fibers containing
      reactive hydrogen.
PAR  The methylene-bridged diaryl polyisocyanates which may be produced by the
      improved process of this invention are, for example, of utility in the
      preparation of polyurethane elastomers and foams.
PAR  The following examples, in which parts and percentages are by weight unless
      otherwise specified, are illustrative of the improved process of the
      present invention for preparing methylene-bridged diaryl isocyanates.
DETD
PAC  EXAMPLE 1
PAR  In a reaction vessel, equipped with a thermometer, a stirrer, a reflux
      condenser and a nitrogen gas inlet tube, were placed 1 mole of benzyl
      chloride, 0.05 mole of zinc laurate and 5 moles of an 80/20 by weight
      isomer mixture of 2,4-/2,6-toluene diisocyanate. The agitated mixture was
      heated to 160.degree. C. while a slow stream of dry nitrogen gas was
      passed through it. Hydrogen chloride, which was evolved during the
      reaction, was removed with the out-flowing nitrogen gas stream, and it was
      subsequently captured in a separate vessel where it was absorbed in water.
      When the evolution of hydrogen chloride decreased substantially, an
      additional 0.0125 mole of zinc laurate was added while maintaining the
      reaction temperature constant. Evolution of HCl initially increased and
      when this evolution had subsided a second addition of 0.0125 mole of zinc
      laurate was made. After a total reaction time of about 18 hours, the
      evolution of HCl had practically ceased and the reaction mixture was
      cooled to room temperature and extracted with petroleum ether. After
      stripping the extraction solvent, the remaining liquid was subjected to a
      fractional vacuum distillation. The conversion of benzyl chloride, as
      determined by the condensation and titration of HCl with a base, amounted
      to 59 percent of the amount initially charged. Pure diisocyanatotolyl
      phenyl methane, distilling at 165.degree.-170.degree. (0.5-0.75 mm) was
      obtained in a yield of 79 percent of theory (based on the conversion of
      benzyl chloride).
PAR  The identity and structure of diisocyanatotolyl phenyl methane was
      confirmed by mass spectrometry (MS), nuclear magnetic resonance (NMR), and
      vapor phase chromatography (VPC).
PAC  EXAMPLE 2
PAR  To a reaction vessel equipped with a thermometer, a stirrer, a reflux
      condenser and a nitrogen gas inlet tube was added 1 mole of benzyl
      chloride, 5 moles of commercial toluene diisocyanate (an 80/20 by weight
      isomer mixture of 2,4-/2,6-toluene diisocyanate) and 0.1 moles of zinc
      propionate. The reaction flask was heated to 150.degree.-180.degree. C.
      while passing a stream of dry N.sub.2 through the agitated reaction
      mixture. When the evolution of HCl had essentially ceased, after about 10
      hours, the reaction mixture was cooled to room temperature and extracted
      with petroleum ether. The product work up procedure used in Example 1 was
      repeated. The conversion of benzyl chloride amounted to 42 percent of the
      amount initially added. Pure diisocyanatotolyl phenyl methane was obtained
      in 87 percent yield (based on the conversion of benzyl chloride).
PAC  EXAMPLES 3-6
PAR  The procedure of Example 2 was repeated using zinc naphthenate, zinc
      laurate, cadmium stearate and zinc formate in place of zinc propionate.
      Results for Examples 3-6 are given in Table I below.
PAC  COMPARATIVE EXAMPLES 1-2
PAR  The procedure of Example 2 was repeated employing zinc chloride and
      aluminum chloride instead of zinc propionate. Results for comparative
      examples 1 and 2 (C1 and C2) are given in Table I below.
PAR  The results of Table I show that, using metal salts of aliphatic and
      cycloaliphatic organic acids as catalysts gives yields of the desired
      product which are substantially higher than when using the inorganic salts
      of the prior art. In addition, the conversion of benzyl chloride to
      undesirable by-products is considerably reduced.
PAC  EXAMPLE 7
PAR  The procedure of Example 2 was used to prepare o-chlorophenyl
      diisocyanatotolyl methane, using 1 mole of o-chlorobenzyl chloride instead
      of 1 mole of benzyl chloride and 0.1 mole of zinc formate in place of 0.1
      mole of zinc propionate as used in Example 2. The product was a colorless
      liquid which distilled at 180.degree.-182.degree. C. at 0.5-1.0 mm. of
      mercury pressure. The structure and identity of o-chlorophenyl
      diisocyanatotolyl methane was confirmed by MS, NMR and VPC.
TBL                                    Table I                                 
     __________________________________________________________________________
                       Percent Conversion                                      
                                  Percent Yield of Diiso-                      
                                                  Reaction                     
     Example No.                                                               
             Catalyst  of Benzyl Chloride                                      
                                  cyanatotolyl Phenyl Methane                  
                                                  Time (hrs.)                  
     __________________________________________________________________________
     3       zinc naphthenate                                                  
                       51         79              10                           
     4       zinc laurate                                                      
                       40         73              16                           
     5       cadmium stearate                                                  
                       48         58              16                           
     6       zinc formate                                                      
                       60         50               2                           
     C1      zinc chloride                                                     
                       99         39               2                           
     C2      aluminum chloride                                                 
                       91         50               6                           
     __________________________________________________________________________
PAC  EXAMPLE 8
PAR  The procedure of Example 2 was used to prepare diisocyanatophenyl
      isocyanatophenyl methane by the reaction of 1 mole of
      .alpha.-chlorotoluene diisocyanate (prepared from an 80/20 by weight
      isomer mixture of 2,4-/2,6-toluene diisocyanate) with 5 moles of phenyl
      isocyanate in the presence of 0.1 mole of zinc laurate. The conversion of
      .alpha.-chlorotoluene diisocyanate was 65 percent of the amount initially
      reacted. The product, a colorless liquid which distilled at
      170.degree.-175.degree. C. at 0.05 to 0.1 mm Hg. was obtained in a yield
      of 20 percent (based on the conversion of .alpha.-chlorotoluene
      diisocyanate).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for preparing methylene-bridged diaryl isocyanates by
      reacting an .alpha.-halomethyl aromatic compound with an aromatic
      isocyanate at a temperature in the range of from about 100.degree. to
      about 250.degree. C., and in the presence of a catalyst, the improvement
      which comprises employing as said catalyst a zinc, cadmium or mercury salt
      of an aliphatic carboxylic acid having 1-20 carbon atoms or a
      cycloaliphatic carboxylic acid having 4-20 carbon atoms.
NUM  2.
PAR  2. The process of claim 1 in which said metal is zinc or cadmium.
NUM  3.
PAR  3. The process of claim 2 in which the halogen of said .alpha.-halomethyl
      aromatic compound is chlorine or bromine.
NUM  4.
PAR  4. The process of claim 3 in which said aromatic group in said
      .alpha.-halomethyl aromatic compound is phenyl or naphthyl and said
      aromatic group in said aromatic isocyanate is phenyl or naphthyl.
NUM  5.
PAR  5. The process of claim 4 in which from about 3-5 moles of said aromatic
      isocyanate are employed per each .alpha.-halogen in a mole of said
      .alpha.-halomethylaromatic compound.
NUM  6.
PAR  6. The process of claim 5 in which said catalyst is employed in an amount
      of from about 0.5 to about 20 mole percent of the combined molar amounts
      of said .alpha.-halomethyl aromatic compound and said aromatic isocyanate
      present in the reaction mixture.
NUM  7.
PAR  7. The process of claim 6 in which said .alpha.-halomethyl aromatic
      compound is selected from the group consisting of benzyl chloride,
      o-chlorobenzyl chloride and .alpha.-chlorotoluene diisocyanate and said
      aromatic isocyanate is selected from the group consisting of phenyl
      isocyanate and toluene diisocyanate.
NUM  8.
PAR  8. The process of claim 7 in which said catalyst is selected from the group
      consisting of zinc formate, zinc propionate, zinc laurate, cadmium
      stearate and zinc naphthenate.
NUM  9.
PAR  9. The process of claim 8 in which said temperature is in the range of from
      about 120.degree. to about 180.degree. C.
NUM  10.
PAR  10. In a process for preparing methylene-bridged diaryl isocyanates by
      reacting in an .alpha.-halomethyl aromatic compound with an aromatic
      isocyanate at a temperature in the range of from about 100.degree. to
      about 250.degree. C., and in the presence of a catalyst, the improvement
      which comprises employing as said catalyst a zinc, cadmium, or mercury
      salt selected from the group consisting of formate, acetate, propionate,
      butyrate, hexanoate, decanoate, laurate, palmitate, stearate,
      neodecanoate, naphthenate, cyclobutanecarboxylate,
      cyclododecanecarboxylate, and cyclohexaneacetate.
NUM  11.
PAR  11. The process of claim 10 in which said salt is selected from the group
      consisting of formate, propionate, laurate, stearate, and naphthenate.
NUM  12.
PAR  12. The process of claim 11 in which said catalyst is selected from the
      group consisting of zinc formate, zinc propionate, zinc laurate, cadmium
      stearate and zinc naphthenate.
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ABST
PAL  Isonitrosomalonic acid esters, which are useful as a starting material for
      synthesizing sweet peptides and other chemicals, are prepared by allowing
      a nitrosating agent to act on a corresponding alkyl alkoxycarbonyl
      acetoimidate.
BSUM
PAR  The present invention relates to a method for producing isonitrosomalonic
      acid esters.
PAR  Isonitrosomalonic acid esters are converted to the corresponding
      aminomalonic acid esters by reduction of the former compounds, and the
      aminomalonic acid esters are useful as starting materials for the
      synthesis of various pharmaceuticals, agricultural chemicals and amino
      acid, particularly sweet peptides.
PAR  The isonitrosomalonic acid esters have been produced by nitrosating the
      corresponding malonic acid esters. It has become clear, however, that this
      method meets with an increasing difficulty with the increasing carbon
      number and volume of the alkyl moieties of the alkyl ester groups and that
      the nitrosation yield in this method is very poor, e.g. around 30 %.
      Further, when the two alkyl moieties of the two alkyl ester groups are
      different from each other, an additional difficulty is encountered in
      obtaining the asymmetrical starting material needed. Thus, this method is
      not advantageous from an industrial point of view.
PAR  The present inventors have made extensive studies for providing an
      industrially feasible method for the production of isonitrosomalonic acid
      esters, and have found out that reaction of an alcohol or mercaptan with a
      cyanoacetic acid ester or malonitrile can give the corresponding alkyl
      alkoxycarbonyl acetoimidate or malondiimidate, and found out that
      nitrosation of the alkyl alkoxycarbonyl acetoimidate or malondiimidate can
      give the desired isonitrosomalonic acid ester in very high yield, i.e.
      about 70 to about 90 % or higher, almost irrespective of the type and the
      molecular volume of the alkyl moieties of the alkyl ester groups.
PAR  The present invention has been completed on the basis of the foregoing
      findings.
PAR  Thus, the essential and principal object of the present invention is to
      provide a method for producing isonitrosomalonic acid ester in high
      yields.
PAR  The method of the present invention comprises reacting a compound of the
      general formula of
      ##EQU1##
      wherein B is --COOR.sup.1 or
      ##EQU2##
      X is O or S, R and R.sup.1 are, same or different, alkyls which are
      unsubstituted or substituted by lower alkoxy or halogen,
PAL  With a nitrosating agent to give a compound of the following general
      formula (II), which is the object compound of the present invention;
      ##EQU3##
      wherein the symbols have the same meaning as defined above.
PAR  The alkyl shown by the symbols R and R.sup.1 may be straight chained,
      branched or cyclic. The carbon number of the alkyls is up to 20.
PAR  The halogen, the substitutent on the alkyl, includes chlorine, iodine,
      bromine and fluorine. The alkoxy, the substitutent on the alkyl, is lower
      one having carbon atoms of 1 to 4. Typical examples of the alkoxy are
      methoxy, ethoxy, propoxy, butoxy, etc. Typical examples of the substituted
      or unsubstituted alkyls are, among others, methyl, ethyl, n-propyl,
      isopropyl, n-butyl, sec.-butyl, t-butyl, n-amly, isoamyl, n-heptyl,
      n-hexyl, n-octyl, 2-ethylhexyl, n-nonyl, n-decyl, n-dodecyl, cyclobutyl,
      cyclopentyl, cyclohexyl, trans- or cis-2-methylcyclohexyl, mentyl, bornyl,
      isobornyl, adamantyl, 2-methoxy ethyl, 2-chloroethyl, 2-bromoethyl,
      2-fluoroethyl, 2,2,2-trifluoroethyl, 2,2,3,3,3-pentafluoro-n-propyl,
      2-chloro-n-propyl, 3-chloro-n-propyl, tridecyl, myristyl, pentadecyl,
      heptadecyl, stearyl, nonadecyl, eicosyl, etc.
PAR  The method of this invention is particularly advantageous in comparison
      with known methods, when the alkyl shown by R and that shown by R.sup.1
      are different from each other, or when both alkyls are the same with each
      other and they have three or more carbon atoms, i.e. propyl or higher.
PAR  The compounds of the formula (I), the starting material of the present
      method, may be free form or a salt with an anion such as chlorine ion,
      bromine ion, sulfhydryl ion, tetrafluoroboric ion, tetraphenylboric ion,
      methanesulfuric ion, etc.
PAR  The nitrosating agent employable in this method includes, for example,
      sodium nitrite, alkyl nitrite (e.g. ethyl nitrite, isoamyl nitrite,
      tertiary butyl nitrite, etc.), nitrosonium salts (e.g. nitrosonium
      tetrafluoroborate, etc.), dinitrogen tetraoxide, nitrosyl chloride, etc.
PAR  It is sufficient to employ said nitrosating agent in an amount
      corresponding to the sum of one molecular equivalent for the nitrosation
      of the methylene group of the compound (I) and one molecular equivalent
      per imidate or thioimidate group of
      ##EQU4##
      The reaction proceeds advantageously in a solvent, which may more commonly
      be acetic acid, dilute acetic acid, a mixture of acetic acid and
      hydrochloric acid, dilute hydrochloric acid, dilute sulfuric acid, dilute
      phosphoric acid and so on. If required, it is good practice to add an
      organic solvent such as, for example, chloroform, ethyl acetate or benzene
      to these solvents. The reaction can be conducted under cooling up to room
      temperature. Temperatures as high as will cause a thermal decomposition of
      the carboxy (thio) imidate group should be avoided. When dilute acetic
      acid is used as a reaction solvent, the reaction can be expediently
      performed at a temperature of from a few degrees to ten and odd degrees
      centigrade. After the reaction has been completed, the reaction mixture
      can be directly subjected to the subsequent procedure. Alternatively, it
      may be extracted with, for example, chloroform, ethyl acetate or benzene
      or the product may be isolated as an inorganic salt with, for example,
      silver, sodium, potassium or calcium or a tertiary amine salt with, for
      example, trimethylamine, triethylamine, tripropylamine, triallylamine,
      tribenzylamine or triphenylamine. If the above extract is dehydrated and,
      then, the solvent is distilled off, the object compound (II) is obtained
      in a crude form. This may be purified by such procedures as distillation
      and chromatography.
PAR  The compound (II) thus obtained can be converted to the corresponding
      aminomalonic acid esters of the formula
      ##EQU5##
        wherein X, R and R.sup.1 have the same meaning as defined above, which
      are useful as starting materials for syntheses of various kinds of sweet
      peptides, e.g. L-aspartylaminomalonic acid diester derivatives (French
      Patent No. 7143535), or of other peptides, pharmaceuticals, agricultural
      chemicals, etc., by reduction of this compound. The reduction can be
      conducted after a conventional manner, catalytic reduction at atmospheric
      or elevated pressure in various solvents and in the presence of a catalyst
      such as platinum oxide, palladium or Raney nickel; the reduction method
      involving the combined use of an inorganic acid, e.g. dilute hydrochloric
      acid, dilute sulfuric acid or dilute phosphoric acid, and a metal such as
      zinc, iron or tin; the reduction method involving the combined use of an
      organic acid, e.g. acetic acid, and the above-mentioned metal; the
      reduction method involving the use of a chemical reducing agent such as
      sodium dithionite, sodium borohydride, sodium cyanoborohydride or the like
      under neutral or weakly acid conditions; and reduction method involving
      the use of amalgamated aluminum in a solvent such as an alcohol or aqueous
      ether. When the above reduction reaction is carried out in the presence of
      an acylating agent such as acetic anhydride, trifluoroacetic anhydride,
      acetic formic anhydride, the corresponding acylaminomalonic acid (thio)
      ester is obtained. Isolation of the product compound is performed, for
      example, by the distillation of the reaction mixture, by the addition of
      an equivalent amount of acid or by trimethylsilylation and subsequent
      hydrolysis. In this manner, the aminomalonic acid ester can be obtained in
      the free form or as an inorganic acid salt such as the corresponding
      sulfate, hydrochloride or hydrobromide or an organic acid salt such as the
      corresponding tartarate, oxalate, sulfonate, p-toluene-sulfonate or
      maleate.
PAR  The compound of the general formula (I), the starting material of this
      method can be prepared by reacting, as illustrated below, the
      corresponding cyanoacetic acid ester or malononitrile with the
      corresponding alcohol or thioalcohol;
      ##EQU6##
        As to the proportion of said alcohol or thio-alcohol, from one molecular
      equivalent to 3 molecular equivalents of the same may be employed per
      cyano group of the starting material compound. This reaction is carried
      out in a solvent such as, for example, dry ether, chloroform, dioxane or
      benzene, though in many cases the reaction proceeds preferably in the
      absence of a solvent. In this connection, it is preferable to cause the
      solvent to absorb 1 to 3 molecular equivalents, preferably 1.4 to 1.5
      molecular equivalents, of, say, dry hydrogen chloride gas or hydrogen
      bromide gas per cyano group of the starting material compound.
PAR  The reaction is preferably carried out at a temperature of from
      -30.degree.C to 35.degree.C and, for better results, from -10.degree. to
      25.degree.C. Though this compound can be isolated either as a free
      compound or as a salt with an anion such as chloride ion, bromide ion,
      sulfhydryl ion, tetrafluoroborate ion, tetraphenylborate ion,
      methanesulfate ion or the like, the reaction mixture as such may generally
      be used as a starting material in the subsequent nitrosation reaction.
PAR  In the following, working Examples are given for further explanation of the
      present invention.
PAR  In the Examples, "part(s)" means "weight part(s)", unless otherwise
      specified. The relation between "weight part(s)" and "volume part(s)" is
      the same as between "gram(s)" and "milliliter(s).
DETD
PAC  EXAMPLE 1
PAR  Under cooling with ice, about 5 parts of dry hydrogen chloride gas was
      bubbled into a mixture of 11.3 parts of ethyl cyanoacetate and 4.6 parts
      of absolute ethanol. After the mixture was cooled with ice for a short
      while, it was allowed to stand at about 5.degree.C overnight, whereupon
      colorless crystals of ethyl ethoxycarbonylacetoimidate hydrochloride were
      obtained in quantitative yield. This product was dissolved in 100 volume
      parts of acetic acid and, then, a solution of 13.8 parts of sodium nitrite
      in 25 volume parts of water was added over a period of about 7 to 10
      minutes, at first at 14.degree.-16.degree.C and then at
      5.degree.-12.degree.C. After the addition has been completed, the mixture
      was stirred at 18.degree.-23.degree.C for about 1 hour or until the
      evolution of nitrogen gas had completely subsided and the color of the
      reaction mixture had turned from purplish red to light yellow. Thereafter,
      about 500 volume parts of water was added and the mixture was extracted
      with ethyl acetate. The extract was washed with water and then with an
      aqueous solution of sodium hydrogen carbonate to remove the acetic acid.
      The organic layer was dehydrated over sodium sulfate and the solvent was
      distilled off the yield 19.0 parts of diethyl isonitrosomalonate as a
      viscous yellowish brown oil.
PAR  IR(pure liquid, cm.sup..sup.-1): 3330 (broad), 1750-1715(broad), 1633,
      1325, 1300, 1255, 1174, 1100, 1020, 858, 828, 770.
PAR  NMR (in deuteriochloroform, .delta. ppm): 1.32 (triplet, J=7Hz) and 1.33
      (tripplet, J=7Hz) (total: 6H), 4.36(quintet, J=7Hz) and 4.40 (quintet,
      J=7Hz) (total=4H), 10.57(1H)
PAR  The above crude product was dissolved in a mixture of 79 volume parts of
      acetic acid, 25 volume parts of acetic anhydride and 3.5 volume parts of
      carbon tetrachloride and, under stirring, 27 parts of zinc dust was added
      at a temperature not exceeding 45.degree.C. After the addition had been
      completed, the mixture was stirred at room temperature for 20 minutes and,
      then, the zinc dust was filtered off. To the filtrate was added 10 volume
      parts of water, followed by stirring for 30 minutes. The mixture was then
      extracted with chloroform and the extract was washed with water,
      dehydrated and distilled to remove the solvent. The resultant crystalline
      residue was recrystallized from water to yield a total of 19.6 parts of
      colorless crystals of diethyl acetamidomalonate. Yield 90.0 %.
PAC  EXAMPLE 2
PAR  Under cooling with ice, about 5 parts of dry hydrogen chloride gas was
      bubbled into a mixture of 11.3 parts of ethyl cyanoacetate and 10.0 parts
      of cyclohexanol. The mixture was then allowed to stand at about 5.degree.C
      for 2 days, whereupon colorless crystals of cyclohexyl
      ethoxycarbonylacetoimidate hydrochloride were obtained in quantitative
      yield. This crystalline product was dissolved in 100 volume parts of
      acetic acid and treated or made to react with 13.8 parts of sodium nitrite
      in the same manner as Example 1. The procedure yielded 25.5 parts of crude
      isonitrosomalonic acid ethyl cyclohexyl diester.
PAR  IR(pure liquid, cm.sup..sup.-1): 3350(broad), 1740-1720(broad), 1637,
      1260(broad), 1174(weak), 1160(weak), 1097, 1030(shoulder), 1007, 928, 905,
      892, 860, 827
PAR  NMR(in deuteriochloroform, .delta. ppm): 1.13-2.18(broad, multiplet, with
      dominant peaks at 1.13, 1.22, 1.23, 1.25, 1.33, 1.35, 1.42 and 1.47; total
      13H), 3.95-4.75(an absorption band with peaks at 3.95, 4.06, 4.18, 4.28,
      4.32, 4.38, 4.43, 4.50, 4.55, 4.65 and 4.75; 2H), 500(broad, 1H),
      10.45(broad, 1H).
PAR  The above product was dissolved in 150 volume parts of methanol and the
      solution was charged into an autoclave. Then, 6.25 parts of moist 5 %
      palladium-on-activated carbon was added and the system was allowed to
      react in hydrogen atmosphere at an initial pressure of 100 kg./cm.sup.2
      and at a temperature of 17.degree.-25.degree.C. When the pressure of
      hydrogen had dropped to near 70 kg/cm.sup.2 a fresh supply of hydrogen was
      charged into the autoclave until a pressure of 100 kg./cm.sup.2 was
      reached. The reaction was allowed to proceed for 2 hours, after which time
      the catalyst was removed and the supernatant was concentrated. The
      concentrate was dissolved in water and adjusted to pH 3.5 by the addition
      of dilute hydrochloric acid. The solution was extracted with benzene and
      the benzene layer was discarded. The water layer was concentrated and,
      then, cooled, whereupon aminomalonic acid monoethyl monocyclohexyl ester
      hydrochloride was obtained as colorless crystals melting at
      106.degree.-110.degree.C(decomp.). Yield 91 %.
TBL  ______________________________________                                    
     Elementary analysis (C.sub.11 H.sub.20 NO.sub.4 Cl)                       
                C        H         N                                           
     ______________________________________                                    
     Calcd.       49.72      7.59      5.27                                    
     Found        49.81      7.21      5.60                                    
     ______________________________________                                    
PAR  IR(Nujol, cm.sup..sup.-1): 3250-1950(N.sup.+ H.sub.3), 1760, 1745(shoulder)
      (c=o), 1575, 1515, 1277
PAR  NMR(in d.sub.6 -DMSO, .delta. ppm): 0.82-2.00(10H), 1.23(triplet, 3H,
      J=7Hz), 4.27(quintet, 2H, J=7Hz), 4.65-5.01 (broad, 1H), 4.94(singlet,
      1H), 9.33(broad)
PAC  EXAMPLE 3
PAR  Under cooling with ice, 2.6 parts of dry hydrogen chloride gas was caused
      to be absorbed in a mixture of 4.96 parts of methyl cyanoacetate and 5.70
      parts of trans-2-methylcyclohexanol to obtain a homogeneous clear
      solution. This solution was allowed to stand at a temperature of about
      5.degree.C for 48 to 72 hours. This fluid was dissolved in 20 volume parts
      of acetic acid and, under cooling with ice and stirring, a solution of
      6.90 parts of sodium nitrite in 10 volume parts of water was added to the
      above acetic acid solution at 22.degree.-24.degree.C over a period of
      about 10 minutes. After the addition had been completed, the mixture was
      further stirred at 22.degree.-24.degree.C for about one hour. To the
      resultant reaction mixture was added 200 volume parts of water, followed
      by extraction with benzene. The extract was washed with water, dehydrated
      and distilled to remove the solvent, whereupon 11.5 parts (94.5 %) of
      crude isonitrosomalonic acid monomethyl mono(trans- 2-methyl) cyclohexyl
      ester was obtained.
PAR  IR(pure liquid, cm.sup..sup.-1): 3340, 1750-1720, 1630, 1445, 1335, 1270,
      1193, 1101, 1025, 975, 910, 848, 815, 776, 724.
PAR  NMR(in deuteriochloroform, .delta. ppm): 0.87, 0.97, 0.93 and 1.03 (a
      couple of doublets, 3H), 0.68-2.3(broad multiplet, 7H), 3.88 and 3.90
      (total: 3H), 4.64 (broad, 1H), 10.8, approx. (broad, 1H)
PAR  Ten parts of the above product was dissolved in 60 volume parts of methanol
      and, then, 2.5 parts of 5 % palladium/activated carbon was added. The
      reaction was allowed to take place under the same conditions as those
      described in Example 2, whereupon aminomalonic acid monomethyl
      mono-trans-2-methyl cyclohexyl ester hydrochloride was obtained as
      colorless crystals melting at 113.degree.-115.5.degree.C (decomp.). Yield
      88 %.
TBL  ______________________________________                                    
     Elementary analysis (C.sub.11 H.sub.20 NO.sub.4 Cl)                       
                C        H         N                                           
     ______________________________________                                    
     Calcd.       49.72      7.59      5.27                                    
     Found        49.62      7.74      5.23                                    
     ______________________________________                                    
PAR  NMR(in d.sub.6 -DMSO, .delta. ppm): 0.80, 0.85, 0.88 and 0.93(singlet,
      each; total: 3H), 0.80-2.20(multiplet, 9H), 3.77 (singlet, 3H), 4.45
      (broad, 1H), 4.95(singlet, 1H), 9.50(broad, 3H)
PAC  EXAMPLE 4
PAR  A mixture of 4.96 parts of methyl cyanoacetate and 5.70 parts of
      cis-2-methylcyclohexanol was caused to absorb 2.6-2.8 parts of dry
      hydrogen chloride gas and the system was allowed to stand at a temperature
      of about 5.degree.C for 66 hours. Then, the reaction was conducted in the
      same manner as Example 3 to obtain 9.20 parts (yield 75.8 %) of crude
      isonitrosomalonic acid monomethyl mono-(cis-2-methyl) cyclohexyl ester.
PAR  IR(pure liquid, cm.sup..sup.-1): 3325, 1760-1715, 1634, 1446, 1350, 1270,
      1214, 1194, 1155, 1136, 1104, 1023, 970, 910, 871, 848, 808, 777, 740-710
PAR  NMR(in deuteriochloroform, .delta. ppm); 0.84, 0.94, 0.89 and 0.99(a couple
      of doublets, 3H), 1.00-2.22(broad, with a dominant peak at 1.48, 7H), 3.87
      and 3.90 (total: 3H), 5.15(1H), 10.5, approx. (broad, 1H)
PAR  This product was further reacted in the same manner as Example 2 to obtain
      aminomalonic acid monomethyl mono(cis-2-methyl) cyclohexyl ester
      hydrochloride, m.p.123.degree. -126.degree.C (decomp.). Yield 70.5 %.
TBL  ______________________________________                                    
     Elementary analysis (C.sub.11 H.sub.20 NO.sub.4 Cl)                       
                C        H         N                                           
     ______________________________________                                    
     Calcd.       49.72      7.59      5.27                                    
     Found        49.62      7.46      5.28                                    
     ______________________________________                                    
PAR  NMR(in d.sub.6 -DMSO, .delta. ppm): 0.74, 0.80, 0.84 and 0.90(singlet,
      each, total 3H), 1.13-2.03(multiplet, 9H), 3.78 (singlet, 3H), 4.85-5.13
      (broad, 1H), 5.01(singlet, 1H), 9.50(broad, 3H)
PAC  EXAMPLE 5
PAR  A mixed solution of 10.0 parts of malonitrile and 30.2 parts of
      cyclohexanol in 60 volume parts of dry dioxane was saturated with dry
      hydrogen chloride gas under cooling with ice. The mixture was then allowed
      to stand in a refrigerator for 2 days. The crystals that had separated
      were harvested by filtration and washed with dry ether to obtain 40.8
      parts (yield 79.7 %) of malondiimidic acid dicyclohexyl ester
      dihydrochloride. Six parts of this product was dissolved in 25 volume
      parts of acetic acid and a solution of 3.72 parts of sodium nitrite in 25
      volume parts of water was added at 8.degree.-14.degree.C. The mixture was
      stirrd at 18.degree.-23.degree.C for 1 hour and, after the addition of
      water, extracted with ethyl acetate. The procedure yielded 5.97 parts of
      crude isonitrosomalonic acid dicyclohexyl ester.
PAR  IR(pure liquid, cm.sup..sup.-1): 3325, 1740-1720, 1630, 1260, 1194, 1158,
      1097, 1030, 1003, 924, 904, 890, 860, 840, 822, 772, 730, 675.
PAR  NMR(in deuteriochloroform, .delta. ppm): 1.05-2.26(broad multiplet, 20H),
      5.03(broad, 2H), 10.2(1H)
PAR  The above ester was dissolved in 25 volume parts of acetic acid and 2.3
      parts of zinc dust was added at 50.degree.C over a period of 2 hours.
      Then, water was added and the unreacted zinc was filtered off. The
      filtrate was extracted with ethyl acetate and the extract was dehydrated
      and distilled to remove the solvent. The procedure yielded 3.57 parts of
      aminomalonic acid dicyclohexyl ester as a light-yellow oil. Yield 71.3 %.
PAR  IR(pure liquid, cm.sup..sup.-1): 3350, 3300, 1740  NMR(in CDCl.sub.3,
      .delta. ppm): 1.30-2.07(multiplet, 21H), 5.0(broad, 4H).  Trifluoroacetyl
      compound, m.p.46.degree.-47.degree.C
TBL  Elementary analysis (C.sub.17 H.sub.24 O.sub.5 NF.sub.3)                  
                C        H         N                                           
     ______________________________________                                    
     Calcd.       53.82      6.38      3.69                                    
     Found        53.90      6.43      3.46                                    
     ______________________________________                                    
PAR  IR(Nujol, cm.sup..sup.-1): 3300, 1760, 1725
PAC  EXAMPLE 6
PAR  Under cooling with ice, a mixed solution of 49.54  parts of methyl
      cyanoacetate and 45.09 parts of n-butyl-mercaptan in 50 volume parts of
      dry either was caused to absorb 22.8 parts of dry hydrogen chloride gas.
      The system was allowed to stand in a refrigerator overnight and the
      resultant colorless crystals were harvested by filtration. The procedure
      yielded 109.8 parts (97.2 %) of methoxycarbonylacetothioimidic acid
      (n-butyl) ester hydrochloride. 7.8 parts of this product was dissolved in
      50 volume parts of acetic acid and while the solution was cooled with
      icewater and stirred, a solution of 4.75 parts of sodium nitrite in 15
      volume parts of water was added dropwise over a period of 15 minutes. The
      mixture was further stirred at room temperature for 3 hours and 100 volume
      parts of water was added to the resultant reddish brown reaction mixture.
      It was then extracted with ethyl acetate and the extract washed with a 5 %
      aqueous solution of sodium hydrogen carbonate. The organic layer was
      washed with a saturated aqueous solution of sodium chloride, dehydrated
      and distilled to remove the solvent, whereupon 5.32 parts of crude
      isonitrosomalonic acid monomethyl mono-n-butylthio ester was obtained as a
      brown viscous oil. Yield 70.4 %.
PAR  In a mixture of 15 volume parts of acetic acid and 10 volume parts of
      acetic anhydride was dissolved 3.64 parts of the above product and, under
      stirring, 5.0 parts of zinc dust was added over 30 minutes under mild
      cooling at a temperature near room temperature. Then, the mixture was
      heated at 60.degree.-70.degree.C for 30 minutes, at the end of which time
      80 volume parts of water was added. It was then extracted with ethyl ether
      and the extract was washed with water and a saturated aqueous solution of
      sodium chloride. After dehydration, the solvent was removed by
      distillation, whereupon 4.03 parts of
      2-n-butylthiocarbonyl-2-acetamidoacetic acid methyl ester was obtained as
      a colorless oil.
PAR  Yield 98.5 %.
TBL  ______________________________________                                    
     Elementary analysis (C.sub.10 H.sub.17 O.sub.4 NS)                        
                C        H         N                                           
     ______________________________________                                    
     Calcd.       48.57      6.93      5.66                                    
     Found        48.46      7.01      5.45                                    
     ______________________________________                                    
PAR  IR(pure liquid, cm.sup..sup.-1): 3300, 1750, 1680. NMR(in CDCl.sub.3,
      .delta. ppm): 0.88(triplet, J=8Hz, 3H), 1.50 (multiplet, 4H),
      2.08(singlet, 3H), 2.90(triplet, J=8Hz, 2H), 3.77(singlet, 3H),
      5.40(doublet, J=8Hz,  1H), 7.80(doublet, J=8Hz, 1H)
PAC  EXAMPLE 7
PAR  Dry hydrogen chloride was bubbled into a mixed solution of 29.73 parts of
      methyl cyanoacetate and 46.27 parts of borneol in 100 volume parts of dry
      ether to substantial saturation and the reaction mixture was allowed to
      stand in a refrigerator overnight. The crystals were then harvested by
      filtration. The procedure yielded 84.05 parts (96.4 %) of
      methoxycarbonylacetoimidic acid bornyl ester hydrochloride. 15.0 Parts of
      this product was dissolved in a mixture of 100 volume parts of acetic acid
      and 10 volume parts of water and under cooling with ice, a solution of
      7.15 parts of sodium nitrite in 20 volume parts of water was added
      dropwise over a period of 30 minutes. The mixture was stirred at room
      temperature for 1 hour and, after the addition of water, was extracted
      with benzene. The extract was concentrated to recover 14.73 parts of crude
      isonitrosomalonic acid monomethyl monobornyl ester. A pale yellow oil.
      (Though it contained a small amount of acetic acid, the yield was almost
      quantitative).
PAR  IR spectrum(pure liquid, cm.sup..sup.-1): 3300, 1740, 1720, 1105. NMR
      spectrum(in deuteriochloroform, .delta. ppm): 9.03(singlet,  1H),
      5.10(broad, 1H), 3.87(singlet, slightly broad,  3H), 2.60-0.90 (multiplet,
      16H).
PAR  14.60 Parts of the above crude isonitroso-compound was dissolved in 80
      volume parts of acetic acid and, then, 0.269 part of platinum oxide was
      added. The mixture was stirred in a hydrogen atmosphere at room
      temperature and atmospheric pressure, whereby about 1800 volume parts of
      hydrogen gas was absorbed in 1.5 hour. Then, 100 volume parts of 6N
      hydrochloric acid was added and the catalyst was removed. The filtrate was
      extracted with benzene and the water layer was concentrated, whereupon a
      colorless viscous oil was obtained. This oil was suspended in 100 volume
      parts of ether and 10.4 parts of triethylamine was added. The mixture was
      stirred and the triethylamine salt was filtered off. The filtrate was
      concentrated to recover 8.73 parts of a crude product, which was then
      purified by distillation under reduced pressure. The procedure yielded
      7.00 parts of aminomalonic acid monomethyl monobornyl ester as a colorless
      oil boiling at 134.degree.C/3 mmHg.
PAR  IR spectrum(pure liquid, cm.sup..sup.-1): 3350, 1755, 1740, 1590. NMR
      spectrum(in deuteriochloroform, .delta. ppm): 4.93(broad,  1H),
      4.21(singlet, 1H), 3.77(singlet, 3H), 2.00 (singlet, 2H),
      2.60-0.82(multiplet, with singlets assignable to methyl protons at 0.90,
      0.87 and 0.82;  16H).
PAC  EXAMPLE 8
PAR  Under cooling with ice, a mixture of 4.95 parts of methyl cyanoacetate and
      50 millimole parts of one of several alcohols was caused to absorb about
      2.5 parts of dry hydrogen chloride gas and the system was allowed to stand
      in a refrigerator for 2 to 4 days. Then, the entire system was dissolved
      in 50 volume parts of acetic acid. Under stirring at
      10.degree.-14.degree.C, a solution of 6.9 parts of sodium nitrite in 15
      volume parts of water was added over a period of 10 minutes. After the
      addition had been completed, the mixture was stirred for 45-55 minutes,
      its temperature being allowed to increase gradually to room temperature
      (about 22.degree.-23.degree.C). To the resultant reaction mixture was
      added about 300 volume parts of water and the mixture was extracted with
      benzene or ethyl acetate. The extract was washed with water and then, with
      a saturated aqueous solution of sodium chloride and, after dehydration,
      the solvent was distilled off, whereupon a crude product of the
      corresponding isonitrosomalonic acid ester was obtained as a
      light-yellowish oil. 30 volume parts of this crude product was dissolved
      in 75 volume parts of acetic acid and 1.25 millimole part of platinum
      oxide was added. The system was stirred in hydrogen gas at atmospheric
      pressure, whereby a substantially stoichiometric amount of hydrogen gas
      was absorbed in about 1.5 hour. The reaction mixture was adjusted to pH
      about 3 with 4N hydrochloric acid and the catalyst was removed by
      filtration. The filtrate was concentrated and about 70 volume parts of
      water was added to the concentrate. The mixture was extracted with benzene
      once and the benzene layer was separated. The water layer was concentrated
      under reduced pressure and further dried in vacuo. Over the resultant
      viscous oil was layered about 50 volume parts of dry ether and 4 parts of
      triethylamine was added, followed by stirring.
PAR  The precipitated triethylamine hydrochloride was filtered off and the ether
      was distilled off from the filtrate. The resultant oil which has a faint
      yellowish orange color was distilled under reduced pressure to obtain the
      corresponding aminomalonic acid ester. The weights of the aminomalonic
      acid esters thus obtained and of their intermediates, as well as their
      physical constants, are tabulated below. The NMR spectra of these
      aminomalonic acid esters are also given below.
TBL  __________________________________________________________________________
     NH                                                                        
     CNC.angle.COORCOOR                                                        
     CH.sub.2 .angle.+ ROH.fwdarw.CH.sub.2 .angle.OR.fwdarw.HON=C.angle..fwdarw
     .H.sub.2 N--CH.angle.                                                     
     COOCH.sub.3 COOCH.sub.3 COOCH.sub.3 COOCH.sub.3                           
     (a)(b)                                                                    
     No.        R    (a) parts                                                 
                          (b) parts                                            
                               b.p. (mmHg)                                     
     __________________________________________________________________________
     1       n-Ethyl 8.10 5.10 75-77.degree.C (4.0)                            
     2       n-Propyl                                                          
                     8.32 7.56 76-77.5.degree.C (3.0)                          
     3       n-Methoxyethyl                                                    
                     7.96 6.15 95-130.degree.C* (4.5)                          
     4       n-Butyl 7.90 6.09 119.5-120.degree.C (8.0)                        
     5       i-Butyl 8.19 6.09 97-98.degree.C (5.5)                            
     6       sec-Butyl                                                         
                     7.27 6.09 94.degree.C (5.0)                               
     7       n-Amyl  8.67 6.51 110.degree.C (4.0)                              
     8       n-Octyl 9.94 7.77 130-130.5.degree.C (5.0)                        
     __________________________________________________________________________
      *The oil bath temperature is given for this ester only.                  
PAR  NMR spectra (in deuteriochloroform, .delta. ppm):
PAR  1. Aminomalonic acid monomethylmonoethyl ester 1.28(triplet, J=7Hz, 3H),
      2.62(singlet, 2H), 3.77 (singlet, 3H), 4.20(singlet, 1H), 4.23(quartet,
      J=7Hz, 2H).
PAR  2. Aminomalonic acid monomethyl mono-n-propyl ester; 0.95(triplet, J=7Hz,
      3H), 1.69(sextet, J=7Hz, 2H), 2.75(broad, singlet, 2H), 3.77(singlet, 3H),
      4.15 (triplet, J=7Hz, 2H), 4.21(singlet, 1H)
PAR  3. Aminomalonic acid monomethyl mono(2-methoxy)ethyl ester: 2.40(singlet,
      2H), 3.35(singlet, 3H), 3.52-4.40(multiplet, 4H), 3.77(singlet, 3H),
      4.25(singlet, 1H)
PAR  4. Aminomalonic acid monomethyl mono-n-butyl ester: 0.67-2.13(multiplet,
      with a peak at 0.93, 7H), 2.82 (broad, singlet, 2H), 3.78(singlet, 3H),
      4.19(triplet, J=6Hz, 2H), 4.21(singlet, 1H).
PAR  5. Aminomalonic acid monomethyl mono-i-butyl ester: 0.93 (doublet, J=6.5
      Hz, 6H), 1.97(multiplet, 1H), 2.41(singlet, 2H), 3.77(singlet, 3H),
      3.97(doublet, J=7Hz, 2H), 4.22(singlet, 1H).
PAR  6. Aminomalonic acid monomethyl mono-sec-butyl ester: 0.88(triplet, J=7Hz,
      2H), 4.23(double doublet, J.sub.1 =6.5 Hz, J.sub.2 .apprxeq. 1Hz, 3H),
      1.63(quintet, J=7Hz, 2H), 3.03 (singlet, 2H), 3.77(singlet, 3H),
      4.18(singlet, 1H), 4.90(sextet, J.apprxeq. 7Hz, 1H).
PAR  7. Aminomalonic acid monomethyl mono-n-amyl ester: 0.63-1.98(multiplet,
      with a peak at 0.91, 9H), 2.21 (singlet, 2H), 3.78(singlet, 3H), 4.18
      (triplet, J.apprxeq.6.5Hz, 2H), 4.20(singlet, 1H).
PAR  8. Aminomalonic acid monomethyl mono-n-octyl ester: 0.51-2,00(broad,
      multiplet, with a peak for methyl at 1.03 and dominant peak at 1.28, 15H),
      2.22(singlet, 2H), 3.74(singlet, 3H), 4.17(triplet, J=6.5, 2H),
      4.18(singlet, 1H).
PAC  EXAMPLE 9
PAR  A mixture of 9.9 parts of methylcyanoacetate and 8.05 parts of
      epichlorohydrin was saturated with dry hydrogen chloride gas under
      ice-cooling and further cooled with icewater for one hour, followed by
      keeping in a refrigerator overnight. The resulting solid was washed with
      ethylether and dried to give 19.9 parts of 2-chloroethyl
      methoxycarbonylacetimidate hydrochloride. Yield 92% Melting point: 103 to
      107.degree.C (decomposition).
PAR  NMR (in d.sub.6 -DMSO, .delta.ppm): 3.72 (singlet, 3H), 3.97 (approx.
      triplet, J=5.6Hz, 2H), 4.8 (approx. triplet, J=5.6Hz, 2H), 11.2 (broad)
      and other complex absorption bands.
PAR  19.7 parts of the resultant was dissolved in 100 volume parts of acetic
      acid, and 13.8 parts of sodium nitrite in 30 volume parts of water was
      added to the solution over 10 minutes at 8.degree. to 22.degree.C,
      followed by stirring at 15.degree. to 22.degree.C for 1 hour. The
      resultant was diluted five times with water and extracted with ethyl
      acetate. The extract was washed with an aqueous sodium chloride solution,
      a 5% aqueous sodium bicarbonate solution and an aqueous sodium chloride
      solution in this order and dried over magnesium sulfate. Removal of the
      solvent gave 16.7 parts of isonitrosomalonic acid monomethyl
      mono-2-chloroethyl ester as a pale yellow oil. Yield: 86.5%
PAR  6.28 parts of the oil was dissolved in a mixture of 14.4 parts of acetic
      acid and 6.1 parts of acetic anhydride. To the solution was added 10 parts
      of zinc dust over 15 minutes at 10.degree. to 45.degree.C, followed by
      stirring for 20 minutes. The precipitates were taken out by filtration and
      washed with water. The filtrate and the washing water were combined and
      the solvent was removed under reduced pressure. The residue was
      recrystallized from acetonitrile-ethyl ether to give 4.59 parts of
      acetamidomalonic acid monomethyl mono-2-chloroethyl ester melting at
      81.degree. to 82.degree.C. Yield: 65%
PAR  IR (Nujol mull, cm.sup..sup.-1): 3290, 1757, 1743, 1658, 1550,  1537, 1303,
      1287, 1234, 1174, 1165, 1014, 980, 894,  764, 675. NMR (in CDCl.sub.3,
      .delta.ppm): 2.10 (singlet, 3H), 3.71 (approx.  triplet, J.apprxeq.6Hz,
      2H), 3.85 (singlet, 3H), 4.48 (approx. triplet, J.apprxeq.6Hz, 2H), 5.26
      (doublet, J=7.2Hz, 1H), 6.65 (broad, doublet 1H).
PAC  EXAMPLE 10
PAR  In a similar manner to the Example 9, 22.2 parts of 2-bromoethyl
      methoxycarbonylacetimidate hydrochloride melting at 88.degree. to
      99.degree.C (decomposition) was obtained from 9.9 parts of methyl
      cyanoacetate and 12.5 parts of epibromohydrin.
PAR  NMR (in d.sub.6 -DMSO, .delta.ppm): 3.68 (singlet, 3H), 4.85 (approx.
      triplet, J.apprxeq.5.6Hz, 2H), 11.2 (broad).
PAR  From 22.0 parts of the resultant, 13.8 parts of isonitrosomalonic acid
      monomethyl mono-2-bromoethyl ester was obtained in a similar manner to the
      Example 9. Pale yellow oil. Yield: 64%
PAR  From 7.62 parts of the resultant, 5.45 parts of acetamidomalonic acid
      monomethyl mono-2-bromoethyl ester was obtained in a similar manner to the
      Example 9. (recrystallization from acetonitrile-ethyl ether). Yield: 64%.
      Melting point: 84.degree. to 85.degree.C.
PAR  IR (Nujol mull, cm.sup..sup.-1): 3300, 1758, 1744, 1660, 1552,  1538, 1300
      (sh), 1282, 1235, 1175, 1165, 1067, 985,  947, 896, 764, 680. NMR (in
      CDCl.sub.3, .delta.ppm): 2.08 (singlet, 3H), 3.53 (triplet,  J=6Hz, 2H),
      3.83 (singlet, 3H), 4.53 (approx. triplet,  J=6Hz, 2H), 5.25 (doublet,
      J=7Hz, 1H), 6.66 (broad doublet, 1H)
PAC  EXAMPLE 11
PAR  In a mixture of 27.0 parts of stearyl alcohol in 200 volume parts of dry
      ethyl ether and 9.9 parts of methyl cyano acetate was introduced about 5.3
      parts of dry hydrogen chloride gas at room temperature, followed by
      keeping at room temperature for 2 days. The resulting white precipitates
      were washed with ethylether and dried to give 19.0 parts of stearyl
      methoxycarbonylacetimidate hydrochloride melting at 83.degree. to
      85.degree.C (decomposition). Yield: 46.8%
PAR  IR (Nujol mull, cm.sup..sup.-1): 3550-2550 (broad), 1758, 1670,  1578,
      1472, 1294, 1246, 1168, 1115, 1027, 960, 910,  856, 721.
PAR  To 18.8 parts of the resultant suspended in 200 volume parts of acetic acid
      was added 6.9 parts of sodium nitrite in 15 volume parts of water over 30
      minutes at 20.degree.C. The resulting pale yellow suspension was agitated
      for one hour at room temperature, and to the suspension were added 500
      volume parts of water and 250 volume parts of benzene to dissolve the
      solid material. The benzene layer was washed with an aqueous sodium
      chloride solution and dried over magnesium sulfate, and the solvent was
      removed to give 15.2 parts of crude isonitrosomalonic acid monomethyl
      monostearyl ester as amorphous colorless powder. Yield: 82%
PAR  6 parts of the resultant was dissolved in a mixture of 14.4 parts of acetic
      acid, 6.1 parts of acetic anhydride, 30 volume parts of benzene and 1
      volume parts of carbon tetrachloride. To the solution was added 5.5 parts
      of zinc dust over 30 minutes at 25 to 35.degree.C, followed by keeping at
      room temperature overnight.
PAR  The precipitates were removed by filtration and washed with benzne. The
      filtrate and the washings were combined and concentrated under reduced
      pressure. To the residue was added water, and the resulting white
      precipitates were washed with water, dried and recrystallized from
      acetonitrile to give 6.0 parts of acetamidomalonic monomethyl monostearyl
      ester melting at 75 to 77.degree.C. Yield: 93.5%
PAR  IR (Nujol mull, cm.sup..sup.-1): 3300, 1757, 1744, 1660, 1648,  1553, 1537,
      1352, 1277, 1237, 1073, 978, 890, 723. NMR (in CDCl.sub.3, .delta.ppm):
      0.6-1.87 (a sharp peak at 1.25, and triplet at 0.88, J=6Hz, 35H), 2.08
      (singlet, 3H)  3.78 (singlet, 3H), 4.20 (approx. triplet, J=6Hz, 2H),
      5.18 (doublet, J=7Hz, 1H), 6.73 (broad, approx. doublet,  1H)
PAC  EXAMPLE 12
PAR  A solution of 3.0 parts of ethyl cyanoacetate and 2.66 parts of
      cyclohexanol in 6 volume parts of dry ethyl ether was substantially
      saturated with dry hydrogen chloride gas under cooling by an ice-salt
      bath, followed by keeping in a freezer overnight. The solvent was removed
      under reduced pressure, and the oily residue was dried at room temperature
      in vacuo. The resultant was washed with ethyl ether to give 6.45 parts of
      cyclohexylethoxycarbonyl acetimidate hydrochloride melting at 106.degree.
      107.degree.C (decomposition). Yield: 97.0%
PAR  NMR (in CDCl.sub.3, .delta.ppm): 1.22-2.0 (broad multiplet, 10H). 1.32
      (triplet, J=7Hz, 3H), 4.12 (singlet, 2H), 4.27 (doublet, J=7Hz, 2H), 5.33
      (broad singlet, 1H), 12.40 (broad, about 2H)
PAR  18.0 parts of the resultant was suspended in 200 volume parts of dry ethyl
      ether, and to the suspension was added 7.23 parts of triethylamine,
      followed by agitation at room temperature for 30 minutes and further added
      100 volume parts of water.
PAR  The ether layer was dried over magnesium sulfate and the ether was removed
      to give cyclohexylethoxycarbonylacetimidate as a colorless oil in a
      quantitative yield.
PAR  IR (liq. film, cm.sup..sup.-1): 3340, 3450, 1745, 1665, 1615.
PAR  In regard to the resultant, the following equilibrium was found to exist in
      a solution:
      ##EQU7##
      (in CDCl.sub.3, A:B=35:65)
PAR  NMR (in CDCl.sub.3, .delta.ppm):
PAR  A:1.03-1.90 (multiplet, 10H), 1.27 (triplet, J=7Hz,  3H), 4.18 (quartet,
      J=7Hz, 2H), 4.18 (singlet, 2H),  4.90 (broad singlet, 1H), 7.78 (broad
      singlet, 1H)
PAR  B: 3.25 (singlet, 1H), 6.57 (broad singlet, 2H) and others.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the production of a compound of the formula of
      ##EQU8##
      wherein X is O or S, R and R.sup.1 are different from each other and
      represent a straight chain, branched or cyclic alkyl having up to 20
      carbon atoms, which are unsubstituted or substituted by chlorine or
      bromine, which comprises reacting a compound of the formula:
      ##EQU9##
      wherein B is -COOR.sup.1 or
      ##EQU10##
      and X, R and R.sup.1 have the same meaning as defined above, which a
      nitrosating agent in an amount at least equal to the sum of one molecular
      equivalent for the methylene group and one molecular equivalent per
      imidate or thioimidate group of the compound of the formula (I), said
      reaction being conducted with cooling or at room temperature, in a
      solvent.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein one of R and R.sup.1 is methyl
      or ethyl and the other is cyclohexyl or 2-methylcyclohexyl.
NUM  3.
PAR  3. A method as claimed in claim 2, wherein X is O.
NUM  4.
PAR  4. A method as claimed in claim 2, wherein X is S.
NUM  5.
PAR  5. A method as claimed in claim 2, wherein the nitrosating agent is sodium
      nitrite.
NUM  6.
PAR  6. A method as claimed in claim 2, wherein R is 2-methylcyclohexyl.
NUM  7.
PAR  7. A method as claimed in claim 2, wherein R is 2-methylcyclohexyl and
      R.sup.1 is lower alkyl.
NUM  8.
PAR  8. A method as claimed in claim 2, wherein R is 2-methylcyclohexyl and
      R.sup.1 is methyl.
NUM  9.
PAR  9. A method as claimed in claim 2, wherein the cyclic alkyl is
      cis-2-methyl-cyclohexyl.
NUM  10.
PAR  10. A method as claimed in claim 2, wherein cyclic alkyl is
      trans-2-methyl-cyclohexyl.
NUM  11.
PAR  11. A method according to claim 2 wherein the nitrosating agent is sodium
      nitrite, an C.sub.2 - C.sub.5 alkyl nitrite, nitrosonium
      tetrafluoroborate, dinitrogen tetroxide or nitrosyl chloride.
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ABST
PAL  Certain novel carbamates and thiolcarbamates are broad spectrum herbicides,
      which can be applied to the locus of undesired vegetation either
      preemergence or postemergence. Typical representatives of this class of
      compounds are methyl
      N-(N-cyclohexylcarbamoyl-N',N'-dimethylamidino)-N-methylcarbamate and
      methyl
      N-[1-(3-cyclohexyl-1-methylureido)-1-dimethylaminomethylene]carbamate.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a division of application Ser. No. 356,422, filed May 2, 1973,
      which, in turn, in a continuation-in-part of copending Ser. No. 312,904,
      filed Dec. 7, 1972.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, it has now been discovered that certain
      novel carbamates and thiolcarbamates are effective and readily available
      herbicides. The compounds of this invention can be represented by the
      isomeric Formulas (1) and (2), which differ only in the position of the
      substituent R.sub.2 with a concomitant shift of the double bond.
      ##EQU1##
      wherein R.sub.1 is selected from a C.sub.2 -C.sub.8 alkyl substituted with
      0-1 methoxy, ethoxy, methylthio, or ethylthio group; a C.sub.3 -C.sub.6
      alkenyl; a C.sub.3 -C.sub.6 alkynyl; a C.sub.4 -C.sub.8 cycloalkyl
      substituted with 0-1 C.sub.2 -C.sub.4 alkyl, 0-2 methyl groups, 0-2
      chlorine or bromine atoms, or 0-1 methoxy or ethoxy group; a C.sub.5
      -C.sub.8 cycloalkenyl; a C.sub.4 -C.sub.8 cycloalkylmethyl or
      cycloalkenylmethyl; a C.sub.7 -C.sub.10 bicycloalkyl or bicycloalkenyl; a
      C.sub.8 -C.sub.11 bicycloalkylmethyl or bicycloalkenylmethyl;
      trimethylcyclohexyl; tetramethylcyclohexyl; and
      ##SPC1##
PAL  Wherein
PA1  Q is hydrogen, fluorine, chlorine, bromine, a C.sub.1 -C.sub.4 alkyl, a
      C.sub.1 -C.sub.2 alkoxy or alkylthio group, nitro or trifluoromethyl
      group;
PA1  Y is hydrogen, chlorine, or methyl; and
PA1  Z is hydrogen or chlorine;
PA1  R.sub.2 is a C.sub.1 -C.sub.3 alkyl;
PA1  R.sub.3 is hydrogen, methyl, or ethyl;
PA1  R.sub.4 is a C.sub.1 -C.sub.4 alkyl, a C.sub.3 -C.sub.4 alkenyl, a C.sub.3
      -C.sub.4 alkynyl, or methoxyl;
PA1  R.sub.5 is --OR.sub.6 or --SR.sub.6, wherein R.sub.6 is a C.sub.1 -C.sub.8
      alkyl substituted with 0-3 chlorine atoms or 0-1 methoxyl; and
PA1  X is oxygen or sulfur.
PAR  The compounds of this invention can be applied to the locus of weeds either
      preemergence or postemergence and provide excellent protection against a
      broad spectrum of weeds.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Especially highly active and, therefore, preferred compounds of the present
      invention are those compounds represented by the above Formulas (1) and
      (2), wherein
PA1  R.sub.1 is alkyl of 3 through 6 carbon atoms, cycloalkyl of 5 through 8
      carbon atoms, or cycloalkyl of 5 through 8 carbon atoms substituted with
      one methyl group;
PA1  R.sub.2, r.sub.3 and R.sub.4 are methyl; and
PA1  R.sub.5 is OR.sub.6.
PAL  Particularly preferred within this class are those compounds of Formulas
      (1) and (2) where
PA1  R.sub.1 is cyclopentyl, methylcyclopentyl, cyclohexyl or methylcyclohexyl;
PA1  X is oxygen; and
PA1  R.sub.5 is methoxyl.
PAR  The following reaction sequence I, which illustrates the preparation of
      methyl N-(N-cyclohexylcarbamoyl-N',N'-dimethylamidino)-N-methylcarbamate,
      is suitable for the preparation of most of the compounds of Formula (1)
      contemplated by this disclosure:
PAC  SEQUENCE I
      ##EQU2##
      Other compounds of Formula (1) contemplated by this disclosure can be
      synthesized by a reaction of appropriate alkylcyanamides
      ##EQU3##
      where R.sub.5 has the above-defined meaning.
PAR  This reaction is shown below as the first step of Sequence II.
PAC  SEQUENCE II
      ##EQU4##
      The following reaction sequence III, which illustrates the preparation of
      methyl
      N-[1-(3-cyclohexyl-1-methylureido)-1-dimethylaminomethylene-]carbamate is
      suitable for the preparation of the compounds of the isomeric Formula (2).
PAC  SEQUENCE III
      ##EQU5##
PAR  These preparations are described in the following Examples, wherein all the
      proportions, parts, and percentages are by weight.
DETD
PAC  EXAMPLE 1
PAC  A. Synthesis of N-Methoxycarbonyl-N-Methylcyanamide
PAR  To a solution of 504 parts of a 50% aqueous cyanamide solution in 825 parts
      of water at 25.degree.C. are added during a period of 90 minutes and at a
      pH of 6.9-7.1 simultaneously 572 parts of methyl chloroformate and 945
      parts of a 50% aqueous sodium hydroxide solution. As the addition of the
      reactants progresses, the temperature of the reaction is allowed to rise
      to 53.degree.-55.degree.C. and is maintained within that range by cooling.
      When the addition is complete, the reaction mass is cooled to
      25.degree.C., whereupon crystallization of the sodium salt of
      methoxycarbonylcyanamide occurs. Dimethyl sulfate (775 parts) is then
      added, and agitation of the reaction mass is continued while maintaining
      the pH at 7-7.1 by a dropwise addition of about 25 parts of a 50% aqueous
      sodium hydroxide solution. After 6.5 hours, the resulting two-phase
      solution is repeatedly extracted with methylene chloride and the extract
      is dried. One half of the methylene chloride extract is then evaporated
      under vacuum, and the residue is distilled at 50.degree.C./0.5 mm. There
      is obtained 237.6 parts of N-methoxycarbonyl-N-methylcyanamide (69.5%
      yield).
PAC  B. Synthesis of N-Methoxycarbonyl-N,N',N'-Trimethylguanidine
PAR  A solution of 339 parts of dimethylamine hydrochloride in 500 parts of
      water is heated to 50.degree.C., and the remaining one half of the above
      methylene chloride extract is added to it gradually, while at the same
      time removing the methylene chloride by distillation. The resulting
      two-phase mixture is then heated for approximately 20 hours at
      80.degree.C., after which time the starting
      N-methoxycarbonyl-N-methylcyanamide has nearly completely disappeared. The
      solution is then cooled to 0.degree.C., and 336 parts of a 50% aqueous
      sodium hydroxide is added. Repeated extraction of the reaction solution
      with methylene chloride and evaporation of the methylene chloride under
      vacuum gives 228.6 parts of crude
      N-methoxycarbonyl-N,N',N'-trimethylguanidine of 84.4% purity, from which
      the pure product is isolated by distillation at 72.degree.C./0.5 mm.
PAC  C. Synthesis of Methyl
      N-(N-cyclohexylcarbamoyl-N',N'-dimethylamidino)-N-methylcarbamate
PAR  To 14.8 parts of the above crude
      N-methoxycarbonyl-N,N',N'-trimethylguanidine in 50 parts of methylene
      chloride is added 11.0 parts of cyclohexyl isocyanate. The solution
      temperature reaches the boiling point, and when the temperature has fallen
      to 25.degree.C., the solvent is evaporated under vacuum to give an oil,
      which crystallizes when triturated with ether. Recrystallization from a
      mixture of carbon tetrachloride and petroleum ether gives pure methyl
      N-(N-cyclohexylcarbamoyl-N',N'-dimethylamidino)-N-methylcarbamate, m.p.
      93.degree.-94.degree.C.
PAR  Using appropriate starting materials, the following compounds can be
      prepared in a similar manner.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     methyl N-(N-n-hexylcarbamoyl-N',N'-dimethylamidino)-N-                    
     methylcarbamate                                                           
     methyl N-(N-isopropylcarbamoyl-N',N'-dimethylamidino)-N-                  
     methylcarbamate                                                           
     methyl N-[N-(4-methoxycyclohexylcarbamoyl-N'N'-dimethyl-                  
     amidino)]-N-methylcarbamate                                               
     methyl N-[N-(3,4-dimethylcyclohexylcarbamoyl-N',N'-di-                    
     methylamidino)]-N-methylcarbamate                                         
     methyl N-[N-(4-chlorophenylcarbamoyl)-N',N'-                              
     dimethylamidino]-N-methylcarbamate                                        
     methyl N-[N-(2-chlorophenylcarbamoyl)-N',N'-                              
     dimethylamidino]-N-methylcarbamate                                        
     methyl N-[N-(3-methylphenylcarbamoyl)-N',N'-                              
     dimethylamidino]-N-methylcarbamate                                        
                               m.p. 145.degree.C                               
     methyl N-[N-(4-methylphenylcarbamoyl)-N',N'-                              
     dimethylamidino]-N-methylcarbamate                                        
                               m.p. 127.degree.C                               
     methyl N-(N-cyclopentylcarbamoyl-N',N'-di-                                
     methylamidino)-N-methylcarbamate                                          
     methyl N-(N-cyclooctylcarbamoyl-N',N'-dimethyl-                           
     amidino)-N-methylcarbamate                                                
     methyl N-[N-(3-fluorophenylcarbamoyl)-N',N'-                              
     dimethylamidino]-N-methylcarbamate                                        
                               m.p. 126.degree.C                               
     methyl N-[N-(4-fluorophenylcarbamoyl)-N',N'-                              
     dimethylamidino]-N-methylcarbamate                                        
                               m.p. 95-97.5.degree.C                           
     methyl N-(N-n-butylcarbamoyl-N',N',-dimethyl-                             
     amidino)-N-methylcarbamate                                                
     methyl N-(N-n-propylcarbamoyl-N',N'-dimethyl-                             
     amidino)-N-methylcarbamate                                                
     methyl N-[N-(4-bromophenylcarbamoyl-N',N'-di-                             
     methylamidino)]-N-methylcarbamate                                         
                               m.p. 242-247.degree.C                           
     methyl N-[N-(1-decahydronaphthylcarbamoyl)-                               
     N',N'-dimethylamidino]-N-methylcarbamate                                  
     methyl N-[N-(4-fluorophenylthiocarbamoyl)-                                
     N'N'-dimethylamidino]-N-methylcarbamate                                   
                               m.p. 132-133.degree.C                           
     methyl N-(N-cyclohexylthiocarbamoyl-N',N'-di-                             
     methylamidino)-N-methylcarbamate                                          
                               m.p. 122-123.degree.C                           
     methyl N-(N-phenylthiocarbamoyl-N',N'-dimethyl-                           
     amidino)-N-methylcarbamate                                                
                               m.p. 155-157.degree.C                           
     methyl N-[N-(3-fluorophenylthiocarbamoyl)-                                
     N',N'-dimethylamidino]-N-methylcarbamate                                  
                               m.p. 121-122.degree.C                           
     methyl N-[N-(3,4-dichlorophenylcarbamoyl)-                                
     N',N'-dimethylamidino]-N-methylcarbamate                                  
                               m.p. 146.degree.C                               
     methyl N-[N-(4-methoxyphenylcarbamoyl)-                                   
     N',N'-dimethylamidino]-N-methylcarbamate                                  
     methyl N-(N-allylcarbamoyl-N',N'-dimethyl-                                
     amidino)-N-methylcarbamate                                                
     methyl N-[N-(2-fluorophenylcarbamoyl)-N',N'-dimethyl-                     
     amidino]-N-methylcarbamate                                                
     methyl N-(N-cyclohexylmethylcarbamoyl-N',N'-dimethyl-                     
     amidino)-N-methylcarbamate                                                
     methyl N-(N-ethylcarbamoyl-N',N'-dimethylamidino)-N-                      
     methylcarbamate                                                           
     methyl N-[N-(2-hexen-1-ylcarbamoyl)-N',N'-dimethyl-                       
     amidino]-N-methylcarbamate                                                
     methyl N-(N-propargylcarbamoyl-N',N'-dimethylamidino)-                    
     N-methylcarbamate                                                         
     methyl N-[N-(2-hexyn--ylcarbamoyl)-N',N'-dimethylamidino]-                
     N-methylcarbamate                                                         
     methyl N-[N-(1,3-dimethylbutylcarbamoyl)-N',N'-dimethyl-                  
     amidino]-N-methylcarbamate                                                
     methyl N-[N-(1-ethylpropylcarbamoyl)-N',N'-dimethylamidino]-              
     N-methylcarbamate                                                         
     methyl N-[N-(1-isopropyl-2-methylpropylcarbamoyl)-N',N'-                  
     dimethylamidino]-N-methylcarbamate                                        
     methyl N-[N-(1,2,2-trimethylpropylcarbamoyl)-N',N'N-(2-hexyn-1-ylcarbamoyl
     )-N'-dimethylamidino]-N-methylcarbamate                                   
     methyl N-(N-n-pentylcarbamoyl-N,N'-dimethylamidino)-N-methyl-             
     carbamate                                                                 
     methyl N-[N-(1-methylbutylcarbamoyl)-N',N'-dimethylamidino]-              
     N-methylcarbamate                                                         
     methyl N-[N-(3-trifluoromethylphenylcarbamoyl)-N',N'-dimethyl-            
     amidino]-N-methylcarbamate                                                
     methyl N-(N-n-octylcarbamoyl-N',N'-dimethylamidino)-N-methyl-             
     carbamate                                                                 
     methyl N-[N-(2-methylcyclohexylcarbamoyl)-N',N'-dimethylamidino]-         
     N-methylcarbamate                                                         
     methyl N-[N-(3-methylcyclohexylcarbamoyl)-N',N'-dimethylamidino]-         
     N-methylcarbamate                                                         
     methyl N-(N-cycloheptylcarbamoyl-N',N'-dimethylamidino)-                  
     N-methylcarbamate                                                         
     methyl N-(N-cyclohexylmethylcarbamoyl-N',N'-dimethylamidino)-             
     N-methylcarbamate                                                         
     methyl N-[N-(2-cyclohexenylcarbamoyl)-N'  ,N'-dimethylamidino]-           
     N-methylcarbamate                                                         
     methyl N-[N-(3-cyclohexenylcarbamoyl)-N',N'-dimethyl-                     
     amidino]-N-methylcarbamate                                                
     methyl N-(N-cyclohexenylmethylcarbamoyl-N',N'-dimethyl-                   
     amidino)-N-methylcarbamate                                                
     methyl N-[N-(2-cyclooctenylcarbamoyl)-N',N'-dimethyl-                     
     amidino]-N-methylcarbamate                                                
     methyl N-(N-norbornylcarbamoyl-N',N'-dimethylamidino)-                    
     N-methylcarbamate                                                         
     methyl N-(N-norbornylmethylcarbamoyl-N',N'-dimethylamidino)-              
     N-methylcarbamate                                                         
     methyl N-(N-norbornenylcarbamoyl)-N',N'-dimethylamidino)-                 
     N-methylcarbamate                                                         
     methyl N-(N-norbornenylmethylcarbamoyl-N',N'-dimethyl-                    
     amidino)-N-methylcarbamate                                                
     methyl N-[N-(2,3,5-trimethylcyclohexylcarbamoyl)-N',N'-                   
     dimethylamidino]-N-methylcarbamate                                        
     methyl N-[N-(2,3,5,6-tetramethylcyclohexylcarbamoyl)-N',N'-               
     dimethylamidino]-N-methylcarbamate                                        
     methyl N-[N-(3,3,5,5-tetramethylcyclohexylcarbamoyl)-N',N'-               
     dimethylamidino]-N-methylcarbamate                                        
     methyl N-[N-(2-chlorocyclohexylcarbamoyl)-N',N'-dimethyl-                 
     amidino]-N-methylcarbamate                                                
     methyl N-[N-(1-methylcyclopentylcarbamoyl)-N',N'-dimethyl-                
     amidino]-N-methylcarbamate                                                
     methyl N-[N-(2,3-dichlorocyclohexylcarbamoyl)-N',N'-dimethyl-             
     amidino]-N-methylcarbamate                                                
     methyl N-[N-(p-methoxycyclohexylcarbamoyl)-N',N'-dimethyl-                
     amidino]-N-methylcarbamate                                                
     methyl N-[N-(4-ethoxycyclohexylcarbamoyl)-N',N'-dimethyl-                 
     amidino]-N-methylcarbamate                                                
     methyl N-[N-(2-ethylcyclohexylcarbamate)-N',N'-dimethyl-                  
     amidino]-N-methylcarbamate                                                
     methyl N-[N-(4-tert-butylcyclohexylcarbamoyl)-N',N'-dimethyl-             
     amidino]-N-methylcarbamate                                                
     methyl N-(N-cyclohexylthiocarbamoyl-N',N'-dimethylamidino)-               
     N-methylcarbamate                                                         
     methyl N-(N-cyclopentylthiocarbamoyl-N',N'-dimethylamidino)-              
     N-methylcarbamate                                                         
     methyl N-[N-(2-methylcyclohexylthiocarbamoyl)-N',N'-di-                   
     methylamidino]-N-methylcarbamate                                          
     methyl N-(N-cyclooctylcarbamoyl-N'  -butylamidino)-N-methyl-              
     carbamate                                                                 
     methyl N-(N-cyclopentylcarbamoyl-N'-allylamidino)-N-methyl-               
     carbamate                                                                 
     methyl N-(N-neopentylcarbamoyl-N',N'-dimethylamidino)-N-                  
     methylcarbamate                                                           
     ethyl N-(N-cyclohexylcarbamoyl-N',N'-dimethylamidino)-N-                  
     methylcarbamate                                                           
     ethyl N-(N-propargylcarbamoyl-N',N'-dimethylamidino)-N-                   
     methylcarbamate                                                           
     ethyl N-(N-hexyn-2-ylcarbamoyl-N',N'-dimethylamidino)-N-                  
     methylcarbamate                                                           
     ethyl N-[N-allylcarbamoyl-N'-(2-methylallyl)amidino]-N-                   
     methylcarbamate                                                           
     ethyl N-(N-buten-2-ylcarbamoyl-N',N'-dimethylamidino)-                    
     N-methylcarbamate                                                         
     ethyl N-[N-(2-cyclopentenylcarbamoyl)-N',N'-dimethyl-                     
     amidino]-N-methylcarbamate                                                
     butyl N-(N-cyclohexylcarbamoyl-N',N'-dimethylamidino)-                    
     N-methylcarbamate                                                         
     octyl N-(N-cyclohexylcarbamoyl-N',N'-dimethylamidino)-N-                  
     methylcarbamate                                                           
     octyl N-[N-(2,6-dimethylcyclohexylcarbamoyl)-N',N'-dimethyl-              
     amidino]-N-methylcarbamate                                                
     octyl N-[N-(2-norbornylcarbamoyl)-N',N'-dimethylamidino]-N-               
     methylcarbamate                                                           
     methyl N-[N-(2-methylthiopropylcarbamoyl)-N',N'-dimethyl-                 
     amidino]-N-ethylcarbamate                                                 
     methyl N-[N-(1-methylcyclohexylcarbamoyl)-N',N'-dimethyl-                 
     amidino]-N-ethylcarbamate                                                 
     methyl N-(N-cyclohexylcarbamoyl-N',N'-dimethylamidino)-                   
     N-ethylcarbamate                                                          
     methyl N-[N-(p-methylthiophenylcarbamoyl)-N'-methylamidino]-              
     N-methylcarbamate                                                         
     methyl N-(N-cyclohexylcarbamoyl-N'-methylamidino)-N-methyl-               
     carbamate                                                                 
     methyl N-[N-(3-chloro-4-butylphenylcarbamoyl)-N'-propargyl-               
     amidino]-N-methylcarbamate                                                
     methyl N-[N-(4-ethoxyphenylcarbamoyl)-N'-butyn-2-yl-                      
     amidino]-N-methylcarbamate                                                
     2,2,2-trichloroethyl N-[N-(p-ethylthiophenylcarbamoyl)-                   
     N',N'-dimethylamidino]-N-methylcarbamate                                  
     2-methoxyethyl N-(N-cyclobutylcarbamoyl-N',N'-dimethyl-                   
     amidino)-N-methylcarbamate                                                
     methyl N-(N-cyclopropylmethylcarbamoyl-N',N'-dimethyl-                    
     amidino)-N-methylcarbamate                                                
     methyl N-(N-cycloheptylmethylcarbamoyl-N',N'-diethyl-                     
     amidino)-N-methylcarbamate                                                
     methyl N-(N-cyclopropen-2-ylmethylcarbamoyl-N',N'-di-                     
     methylamidino)-N-methylcarbamate                                          
     methyl N-(N-cyclohepten-4-ylmethylcarbamoyl-N',N'-di-                     
     methylamidino)-N-methylcarbamate                                          
     methyl N-[N-(1-decahydronaphthylmethylcarbamoyl)-N',N'-                   
     dimethylamidino]-N-methylcarbamate                                        
     methyl N-[N-(1-decahydronaphthen-2-ylmethylcarbamoyl)-                    
     N',N'-dimethylamidino]-N-methylcarbamate                                  
     methyl N-(N-cyclohexylcarbamoyl-N'-butylamidino)-N-                       
     methylcarbamate                                                           
     methyl N-[N-(3-chloro-4-methylthiophenylcarbamoyl)-N'-(2-                 
     methylallyl)amidino]-N-methylcarbamate                                    
     methyl N-(N-cyclohexylcarbamoyl-N'-methoxy-N'-methyl-                     
     amidino)-N-methyl carbamate                                               
     methyl N-(N-cyclohexylcarbamoyl-N'-butyl-N'-methylamidino)-               
     N-methylcarbamate                                                         
     methyl N-[N-(2-decahydronaphthylcarbamoyl)-N',N'-dimethyl-                
     amidino]-N-methylcarbamate                                                
     methyl N-[N-(2-norbornylcarbamoyl)-N',N'-dimethylamidino]-                
     N-methylcarbamate                                                         
     methyl N-[N-(2-norbornylcarbamoyl)-N'-methylamidino]-N-methyl-            
     carbamate                                                                 
     methyl N-[N-(p-tolylcarbamoyl)-N',N'-dimethylamidino]-N-methyl-           
     carbamate                                                                 
     methyl N-(N-cyclohexylcarbamoyl-N',N'-dimethylamidino)-N-methyl-          
     thiolcarbamate                                                            
     methyl N-(N-cyclopentylcarbamoyl-N',N'-dimethylamidino)-N-methyl-         
     thiolcarbamate                                                            
     methyl N-[N-(2-methylcyclohexyl)-N',N'-dimethylamidino]-N-methyl-         
     thiolcarbamate                                                            
     methyl N-[N-(3-methylcyclohexyl)-N',N'-dimethylamidino]-N-methyl-         
     thiolcarbamate                                                            
     methyl N-(N-cycloheptylcarbamoyl-N',N'-dimethylamidino)-N-methyl-         
     thiolcarbamate                                                            
     methyl N-(N-cyclooctylcarbamoyl-N',N'-dimethylamidino)-N-methyl-          
     thiolcarbamate                                                            
     methyl N-(N-cyclohexylmethylcarbamoyl-N',N'-dimethylamidino)-N-           
     methylthiolcarbamate                                                      
     methyl N-(N-norbornylcarbamoyl-N,N'-dimethylamidino)-N-methyl-            
     thiolcarbamate                                                            
     methyl N-(N-cyclohexen-2-ylcarbamoyl-N' ,N'-dimethylamidino)-N-           
     methylthiolcarbamate                                                      
     methyl N-(N-phenylcarbamoyl-N',N'-dimethylamidino)-N-methyl-              
     thiolcarbamate                                                            
     methyl N-[N-(3,4-dichlorophenylcarbamoyl)-N',N'-dimethylamidino]-         
     N-thiolcarbamate                                                          
     __________________________________________________________________________
PAC  EXAMPLE 2
PAC  A. Synthesis of 1,1-Dimethyl-2-methyl-2-thio-pseudourea
PAR  Methyl mercaptan (27 parts) and concentrated sulfuric acid are added with
      good agitation to a solution of 35 parts of dimethylcyanamide in 150 parts
      of water. The methyl mercaptan addition requires 40 minutes. The sulfuric
      acid is added on demand to maintain a pH of 9.5 .+-. 0.2. The acid
      addition is stopped when the pH remains constant at 9.5 without further
      adjustment. This requires an additional 35 minutes.
PAR  The temperature is maintained at 25.degree. .+-. 2.degree.C. by external
      cooling. Loss of mercaptan from the system is prevented by the use of a
      dry ice/acetone condenser.
PAR  When the above reaction is complete, the pH is adjusted to 5.3 and 20 mls
      of distillate is removed at 18 mm Hg by heating the pot to 33.degree.C.
PAC  B. Synthesis of Methyl N-(1-Dimethylamino-1-methylthiomethylene)carbamate
PAR  Methylene chloride (174 parts) is now added to the above pot residue and
      48.9 parts of methyl chloroformate is added during 112 minutes at
      5.degree. .+-. 5.degree.C while 50% aqueous caustic is simultaneously
      added on demand with good agitation at a rate such that the pH is
      maintained at 9.5 .+-. 0.2. The caustic addition is continued at
      10.degree.C until the pH remains constant. This requires about four more
      hours.
PAR  The lower methylene chloride layer is removed, the pH adjusted to 11.0 with
      50% caustic, and the aqueous phase extracted twice with 150 mls of
      methylene chloride. The combined extracts are evaporated to constant
      weight on a rotary evaporator to give 78.5 parts of crude methyl
      N-(1-dimethylamino-1-methylthiomethylene)carbamate as an oil which is
      purified by vacuum fractionation to give 59.8 parts of product, b.p.
      103.degree.C at 0.4 mm Hg.
PAC  C. Synthesis of Methyl N-(1-Dimethylamino-1-methylaminomethylene)carbamate
PAR  The above distillate is added to a solution of 28.6 parts of
      monomethylamine in 423 parts of toluene and stirred in a closed system for
      24 hours. The reaction mass is then evaporated to constant weight on a
      rotary evaporator to give 55 parts of an oil which solidifies on standing
      overnight, m.p. 80.degree.-85.degree.C. Recrystallization from
      toluene-heptane gives 41.0 parts of methyl
      N-(1-dimethylamino-1-methylaminomethylene) carbamate as a pure white
      crystalline material, m.p. 87.degree.-89.degree.C.
PAC  D. Synthesis of Methyl
      N-[1-(3-Cyclohexyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PAR  The above product is dissolved in a solution of 32.2 parts of cyclohexyl
      isocyanate in 510 parts of 1,2-dichloroethane and heated under reflux for
      2 hours. The reaction mass is cooled to room temperature, and 586 parts of
      water is added. The pH of the resulting aqueous phase is adjusted to
      approximately 2 with conc. hydrochloric acid. The aqueous phase is
      separated, 1020 parts of 1,2-dichloroethane added to it, and enough 50%
      caustic is added to adjust the pH of the aqueous phase to 10 to 11. The
      mixture is shaken and the 1,2-dichloroethane layer evaporated to constant
      weight on a rotary evaporator to give 43.0 gms of oil, which crystallizes
      on standing to give an impure solid, m.p. 60.degree.-75. Recrystallization
      from toluene-heptane gives 16.3 parts of methyl
      N-[1-(3-cyclohexyl-1-methylureido)-1-dimethylaminomethylene]carbamate as
      pure white crystals, m.p. 81.degree.-82.degree.C.
PAR  Using the appropriate starting materials, the following compounds can be
      prepared in a similar manner.
PA1  methyl N-[1-(3-n-pentyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  methyl
      N-[1-(3-cyclohexylmethyl-1-methylureido)-1-dimethylaminomethylene]carbamat
PA1  methyl N-[1-(3-n-propyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  methyl N-[1-(3-n-butyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  methyl N-[1-(3-n-hexyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  methyl N-[1-(3-n-octyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  methyl
      N-{1-[3-(1,3-dimethylbutyl)-1-methylureido]-1-dimethylaminomethylene}carba
     mate
PA1  methyl
      N-{1-[3-(1-ethylpropyl)-1-methylureido]-1-dimethylaminomethylene}carbamate
PA1  methyl
      N-{1-[3-(1-isopropyl-2-methylpropyl)-1-methylureido]-1-dimethylaminomethyl
     ene}carbamate
PA1  methyl
      N-{1-[3-(1,2,2-trimethylpropyl)-1-methylureido]-1-dimethylaminomethylene}c
     arbamate
PA1  methyl N-[1-(3-neopentyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  methyl
      N-{1-[3-(1-methylbutyl)-1-methylureido]-1-dimethylaminomethylene}carbamate
PA1  methyl
      N-{1-[3-(3-trifluoromethylphenyl)-1-methylureido]-1-dimethylaminomethylene
     }carbamate
PA1  methyl N-[1-(3-ethyl-1-isopropylureido)-1-diethylaminomethylene]carbamate
PA1  methyl
      N-[1-(3-butyl-1-propylureido)-1-methyl-1-propylaminomethylene]carbamate
PA1  methyl N-[1-(3-octyl-1-methylureido)-1-allylaminomethylene]carbamate
PA1  methyl
      N-{1-[3-(2-norbornyl)-1-methylureido]-1-dimethylaminomethylene}carbamate
PA1  methyl N-[1-(3-phenyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  methyl
      N-{1-[3-(p-chlorophenyl)-1-methylureido]-1-dimethylaminomethylene}carbamat
     e
PA1  methyl
      N-{1-[3-(3,4-dichlorophenyl)-1-methylureido]-1-dimethylaminomethylene}carb
     amate
PA1  ethyl N-[1-(3-cyclohexyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  ethyl N-[1-(3-cyclooctyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  ethyl N-[1-(3-phenyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  ethyl N-{1-[3-(m-tolyl)-1-methylureido]-1-dimethylaminoethylene}carbamate
PA1  octyl N-[1-(3-cyclohexyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  methyl
      N-}1-[3-(2-ethoxybutyl)-1-methylureido]-1-dimethylaminomethylene}carbamate
PA1  methyl
      N-{1-[3-(2-methylthiobutyl)-1-methylureido]-1-dimethylaminomethylene}carba
     mate
PA1  ethyl
      N-{1-[3-(2-ethylthiopropyl)-1-methylureido]-1-dimethylaminomethylene}carba
     mate
PA1  hexyl N-[1-(3-cyclohexyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  hexyl
      N-[1-(3-cyclopentyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  hexyl N-[1-(3-phenyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  isopropyl
      N-[1-(3-cyclohexyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  isopropyl
      N-[1-(3-norbornyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  isopropyl
      N-{1-[3-(o-fluorophenyl)-1-methylureido]-1-dimethylaminomethylene}carbamat
     e
PA1  isopropyl
      N-{1-[3-(2-propenyl)-1-methylureido]-1-dimethylaminomethylene}carbamate
PA1  methyl
      N-{1-[3-(3-methoxypropyl)-1-methylureido]-1-dimethylaminomethylene}carbama
     te
PA1  methyl
      N-{1-[3-(2-chlorocyclohexyl)-1-methylureido]-1-dimethylaminomethylene}carb
     amate
PA1  methyl
      N-{1-[3-(2,3-dichlorocyclohexyl)-1-methylureido]-1-dimethylaminomethylene}
     carbamate
PA1  methyl N-{
      1-[3-(2-bromocyclohexyl)-1-methylureido]-1-dimethylaminomethylene}carbamat
     e
PA1  methyl
      N-{1-[3-(2-methylcyclohexyl)-1-methylureido]-1-dimethylaminomethylene}carb
     amate
PA1  methyl
      N-{1-[3-(2,6-dimethylcyclohexyl)-1-methylureido]-1-dimethylaminomethylene}
     carbamate
PA1  methyl
      N-{1-[3-(2-butylcyclopentyl)-1-methylureido]-1-dimethylaminomethylene}carb
     amate
PA1  methyl
      N-{1-[3-(2-norbornyl)-1-methylureido]-1-diethylaminomethylene}carbamate
PA1  methyl
      N-{1-[3-(cyclohexen-2-yl)-1-methylureido]-1-dimethylaminomethylene}carbama
     te
PA1  methyl
      N-{1-[3-(cyclopenten-2-yl)-1-methylureido]-1-dimethylaminomethylene}carbam
     ate
PA1  ethyl N-[1-(3-norbornyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  isopropyl
      N-[1-(3-norbornyl-1-methylureido)-1-dimethylaminomethylene]carbamate
PA1  methyl
      N-{1-[3-(4-isopropylcyclohexyl)-1-methylureido]-1-dimethylaminomethylene}c
     arbamate
PA1  ethyl N-{1-[3-(p-tolyl)-1-methylureido]-1-dimethylaminomethylene}carbamate
PA1  ethyl
      N-{1-[3-(m-nitrophenyl)-1-methylureido]-1-dimethylaminomethylene}carbamate
PA1  ethyl
      N-{1-[3-(3-chloro-4-isopropylphenyl)-1-methylureido]-1-dimethylaminomethyl
     ene}carbamate
PA1  ethyl
      N-{1-[3-(3-chloro-4-nitrophenyl)-1-methylureido]-1-dimethylaminomethylene}
     carbamate
PA1  ethyl
      N-{1-[3-(p-propylphenyl)-1-methylureido]-1-dimethylaminomethylene}carbamat
     e
PA1  methyl
      N-[1-(3-cyclohexyl-1-methylureido)-1-dimethylaminomethylene]thiolcarbamate
PA1  methyl
      N-[1-(3-cycloheptyl-1-methylureido)-1-dimethylaminomethylene]thiolcarbamat
     e
PA1  methyl
      N-[1-(3-cyclopentyl-1-methylureido)-1-dimethylaminomethylene]thiolcarbamat
     e
PA1  methyl
      N-{1-[3-(2-methylcyclohexyl)-1-methylureido]-1-dimethylaminomethylene}thio
     lcarbamate
PA1  methyl
      N-[1-(3-phenyl-1-methylureido)-1-dimethylaminomethylene]thiolcarbamate
PA1  methyl
      N-{1-[3-(3,4-dichlorophenyl)-1-methylureido]-1-dimethylaminomethylene}thio
     lcarbamate
PA1  methyl
      N-{1-[3-(2,4,5-trichlorophenyl)-1-methylureido]-1-dimethylaminomethylene}t
     hiolcarbamate
PA1  methyl
      N-[1-(3-norbornyl-1-methylureido)-1-dimethylaminomethylene]thiolcarbamate
PA1  methyl
      N-[1-(3-norbornenyl-1-methylureido)-1-dimethylaminomethylene]thiolcarbamat
     e
PA1  methyl
      N-{1-[3-(cyclohexen-2-yl)-1-methylureido]-1-dimethylaminomethylene}thiolca
     rbamate
PA1  ethyl
      N-[1-(3-cyclohexyl-1-methylureido)-1-dimethylaminomethylene]thiolcarbamate
PA1  isopropyl
      N-[1-(3-cyclohexyl-1-methylureido)-1-dimethylaminomethylene]thiolcarbamate
PA1  octyl
      N-[1-(3-cyclohexyl-1-methylureido)-1-dimethylaminomethylene]thiolcarbamate
PA1  methyl
      N-[1-(3-cyclohexyl-1-methylureido)-1-(N-methyl-N-ethylaminomethylene)]carb
     amate
PA1  methyl
      N-[1-(3-cyclohexyl-1-methylureido)-1-(N-methyl-N-butylaminomethylene)]carb
     amate
PA1  methyl
      N-[1-(3-cyclohexyl-1-methylureido)-1-(N-methyl-N-allylaminomethylene)]carb
     amate
PA1  methyl
      N-[1-(3-cyclohexyl-1-methylureido)-1-(N-methyl-N-propargylaminomethylene)]
     carbamate
PA1  methyl
      N-{1-[3-(p-methylthiophenyl)-1-methylureido]-1-dimethylaminomethylene}carb
     amate
PA1  methyl
      N-{1-[3-(p-methoxyphenyl)-1-methylureido]-1-dimethylaminomethylene}carbama
     te
PA1  methyl
      N-{1-[3-(2,3,5,6-tetramethylcyclohexyl)-1-methylureido]-1-dimethylaminomet
     hylene}carbamate
PAR  The compounds of Formulas (1) and (2) can be used wherever general weed
      control is desired, for example, in industrial areas, railroad
      rights-of-way, and around highway structures.
PAR  The precise amount of active material to be used in any given situation
      will vary according to the plant species and soil involved, the
      formulation used, the mode of application, prevailing weather conditions,
      foliage density, length of residual activity desired, and like factors. It
      is, therefore, not possible to recommend a rate of application suitable
      for all situations. Broadly speaking, the compounds of the invention are
      used at levels of about 1 to about 25 kilograms per hectare.
PAR  The compounds of the present invention may be combined in any other
      herbicide and are particularly useful in combination with
      3-sec-butyl-5-bromo-6-methyluracil (bromacil),
      3-(3,4-dichlorophenyl)-1,1-dimethylurea (diuron),
      1,1'-dimethyl-4,4'-bipyridinium salt (paraquat),
      1,1-dimethyl-3-(3-N-tert-butylcarbamoyloxyphenyl)urea,
      4-amino-6-tert-butyl-3-methylthio-as-triazin-5(4H)-one, and s-triazines
      such as 2-chloro-4-ethylamino-6-isopropylamino-s-triazine, for controlling
      a broad spectrum of weeds.
PAR  Many of the compounds of this invention possess unusually high water
      solubility, up to several percent. This offers an advantage in, for
      instance, control of brush and other deep-rooted, perennial weeds. An
      example of a highly water-soluble compound of this invention is methyl
      N-(N-cyclohexylcarbamoyl-N',N'-dimethylamidino)-N-methylcarbamate; this
      compound exhibits a solubility in water of about 22.7% at 25.degree.C.
PAR  The herbicidal activity of the compounds of this invention was discovered
      in a greenhouse test. In this test seeds of crabgrass (Digitaria spp.),
      barnyardgrass (Echinochloa crusgalli), sorghum (Sorghum vulgare), wild
      oats (Avena fatua), Cassia tora, morningglory (Ipomoea spp.), radish
      (Raphanus spp.), marigold (Tagetes spp.), dock (Rumex crispus), and
      nutsedge (Cyperus rotundus) tubers were planted in a growth medium and
      treated preemergence at two rates (11 and 2.2 kg. per hectare) with the
      chemical dissolved in a nonphytotoxic solvent. Johnsongrass (Sorghum
      halepense) having four leaves, crabgrass and barnyardgrass with three
      leaves and nutsedge from tubers with two leaves were treated postemergence
      at 11 kg per hectare, and bush beans with the third trifoliate leaf
      expanding and sorghum with four leaves were treated postemergence at 2.2
      kg per hectare. Treated plants and controls were maintained in the
      greenhouse for sixteen days, then all species were compared to controls
      and visually rated for responses to treatment. A quantitative rating was
      made on a scale of 0 to 10. A qualitative rating (type of injury) was also
      made.
PAR  The results obtained for methyl
      N-(N-cyclohexylcarbamoyl-N',N'-dimethylamidino)-N-methylcarbamate (I) and
      methyl
      N-[1-(3-cyclohexyl-1-methylureido)-1-dimethylaminomethylene]carbamate (II)
      are shown in Table III below, wherein 0 indicates no effect and 10 means
      that all plants are affected, i.e., complete kill. C indicates
      chlorosisnecrosis and G growth retardation.
TBL                                    TABLE III                               
     __________________________________________________________________________
             POSTEMERGENCE                                                     
                         PREEMERGENCE                                          
                John- Barn- Barn-            Morn-                             
     Con-                                                                      
        Kg. Per                                                                
             Nuts-                                                             
                son-                                                           
                   Crab-                                                       
                      yard-                                                    
                         Crab-                                                 
                            yard-  Wild                                        
                                      Nuts-  ing-         Mari-                
     pound                                                                     
        Hectare                                                                
             edge                                                              
                grass                                                          
                   grass                                                       
                      grass                                                    
                         grass                                                 
                            grass                                              
                               Sorghum                                         
                                   Oats                                        
                                      Edge                                     
                                         Cassia                                
                                             glory                             
                                                 Mustard                       
                                                      Radish                   
                                                          gold                 
                                                             Dock              
     __________________________________________________________________________
     I  11   9C 10C                                                            
                   10C                                                         
                      10C                                                      
                         10C                                                   
                            10C                                                
                               10C 10C                                         
                                      4C 10C 10C 10C  10C 10C                  
                                                             10C               
     2.2              10C                                                      
                         10C                                                   
                            10C                                                
                               10C 3C 10C                                      
                                         10C 10C 10C  10C 10C                  
     II 2.2  0   8C                                                            
                    8C                                                         
                       7C                                                      
                          9C                                                   
                            10C                                                
                                9C 10C                                         
                                      0  10C 10C 10C  10C 10C                  
                                                             10C               
        0.4               9C                                                   
                            10C                                                
                                4G  6C                                         
                                      0  10C 10C 10C  10C 10C                  
                                                             10C               
     __________________________________________________________________________
PAR  Useful formulations of the compounds of Formulas (1) and (2) can be
      prepared in conventional ways. They include dusts, granules, pellets,
      solutions, suspensions, emulsions, wettable powders, emulsifiable
      concentrates and the like. Many of these may be applied directly.
      Sprayable formulations can be extended in suitable media and used at spray
      volumes of from a few pints to several hundred gallons per acre. High
      strength compositions are primarily used as intermediates for further
      formulation. The formulations, broadly, contain about 1 to 99% by weight
      of at least one compound of Formulas (1) and (2) and either about 0.1 to
      15% of a surfactant or about 1 to 99% of a solid or liquid carrier or
      both. More specifically, the formulations will contain these ingredients
      in the following approximate proportions:
TBL                Percent by Weight                                           
                   Active                                                      
                   Ingredient                                                  
                           Carrier  Surfactant                                 
     ______________________________________                                    
     Wettable & Water-                                                         
      Soluble Powders                                                          
                     20-95      0-80     0-10                                  
     Oil Suspensions,                                                          
      Emulsions, Solu-                                                         
      tions (including                                                         
      Emulsifiable Con-                                                        
      centrates)      5-50     40-95     0-15                                  
     Dusts            1-25     70-99    0-5                                    
     Granules and                                                              
      Pellets         1-95      5-99     0-15                                  
     High Strength                                                             
      Compositions   90-99      0-10    0-2                                    
     ______________________________________                                    
PAR  Lower or higher levels of active ingredient can, of course, be present
      depending on the intended use and the physical properties of the compound.
      Higher ratios of surfactant to active ingredient are sometimes desirable.
PAR  Typical solid carriers are described in Watkins et al., "Handbook of
      Insecticide Dust Diluents and Carriers," 2nd. Edn., Dorland Books,
      Caldwell, N.J., 1955. Less common carriers include sugars and inorganic
      salts. The more absorptive carriers are preferred for wettable powders and
      the denser ones for dusts. Typical liquid carriers are described in
      Marsden, "Solvents Guide," 2nd. Edn., Interscience, New York, 1950.
      Solubility under 0.1% is preferred for suspension concentrates; solution
      concentrates are preferably stable against phase separation at 0.degree.C.
      "McCutcheon's Detergents and Emulsifiers Annual," Allured Publ. Corp.,
      Ridgewood, N.J., as well as Sisely and Wood, "Encyclopedia of Surface
      Active Agents," Chemical Pbl. Co., Inc., New York, 1964, list surfactants
      and recommended uses. All formulations can contain minor amounts of
      additives to reduce foam, caking, corrosion, microbiological growth, etc.
      Preferably, ingredients should be approved by the U.S. Environmental
      Protection Agency for the intended use.
PAR  The methods of making such compositions are well known. Solutions are
      prepared by simply mixing the ingredients. Fine solid compositions are
      made by blending and, usually, grinding as in a hammer or fluid energy
      mill. Suspensions are prepared by wet milling (see, for example, Littler,
      U.S. Pat. No. 3,060,084). Granules and pellets may be made by spraying the
      active material upon preformed granular carriers or by agglomeration
      techniques; see J. E. Browning, "Agglomeration," Chemical Engineering,
      Dec. 4, 1967, pp. 147ff. and "Perry's Chemical Engineer's Handbook," 4th
      Edn., McGraw-Hill, N.Y., 1963, pp. 8-59ff.
PAR  For further information regarding the art of formulation, see for example:
PA1  H. m. loux, U.S. Pat. No. 3,235,361.
PA1  R. w. luckenbaugh, U.S. Pat. No. 3,309,192,
PA1  H. gysin and E. Knusli, U.S. Pat. No. 2,891,855.
PA1  G. c. klingman, "Weed Control as a Science," John Wiley & Sons, Inc., New
      York, 1961, pp. 81-96.
PA1  J. d. fryer and S. A. Evans, "Weed Control Handbook," 5th Edn. Blackwell
      Scientific Publications, Oxford, 1968, pp. 101-103.
PAR  Typical formulations of compounds of the present invention are shown below:
PAC  A. Wettable Powder
TBL  Methyl N-(N-cyclohexylcarbamoyl-N',N'-                                    
      dimethylamidino)-N-methylcarbamate                                       
                                40%                                            
     Dioctyl sodium sulfosuccinate                                             
                                1.5%                                           
     Sodium ligninsulfonate     3%                                             
     Low viscosity methyl cellulose                                            
                                1.5%                                           
     Attapulgite                54%                                            
PAR  The ingredients are thoroughly blended, passed through an air mill, to
      produce an average particle size under 15 microns, reblended, and sifted
      through a U.S.S. No. 50 sieve (0.3 mm opening) before packaging.
PAC  B. Wettable Powder
TBL  Methyl N-[1-(3-cyclohexyl-1-methylureido)-                                
                                  70%                                          
      1-dimethylaminomethylene]carbamate                                       
     Sodium alkylnaphthalenesulfonate                                          
                                   2%                                          
     Sodium N-methyl-N-oleoyltaurate                                           
                                   2%                                          
     Diatomaceous earth           26%                                          
PAR  The ingredients are blended and ground in a hammer mill so that only a few
      percent of the active exceeds 250 microns (U.S.S. No. 60 sieve) in size.
      After milling, the powder is reblended and sifted through a U.S.S. No. 50
      sieve (0.3 mm opening) before packaging.
PAC  C. Water Soluble Powder
TBL  Methyl N-(N-cyclohexylcarbamoyl-N',N'-                                    
                                91.0%                                          
      dimethylamidino)-N-methylcarbamate                                       
     Sodium alkylnaphthalenesulfonate                                          
                                0.5%                                           
     Magnesium sulfate heptahydrate                                            
                                7.8%                                           
     Synthetic fine silica      0.7%                                           
PAR  The ingredients are blended and passed through a U.S.S. No. 40 sieve so
      that the particles do not exceed 420 microns in size. When added to water
      with stirring, the coarse powder initially disperses and then the active
      ingredient dissolves so that no further stirring is needed during
      application.
PAC  D. Oil Suspension
TBL  Methyl N-[N-(3-methylphenylcarbamoyl)-                                    
                                 25%                                           
      N',N'-dimethylamidino]-N-methyl-                                         
      carbamate                                                                
     Polyoxyethylene sorbitol hexaoleate                                       
                                  5%                                           
     Highly aliphatic hydrocarbon oil                                          
                                 70%                                           
PAR  The ingredients are ground together in a sand mill until the solid
      particles have been reduced to under about 5 microns. The resulting thick
      suspension may be applied directly, but preferably after being extended
      with oils or emulsified in water.
PAC  E. Extruded Pellet
TBL  Methyl N-(N-phenylthiocarbamoyl-N',N'-                                    
                                 25%                                           
      dimethylamidino)-N-methylcarbamate                                       
     Anhydrous sodium sulfate    10%                                           
     Crude calcium ligninsulfonate                                             
                                  5%                                           
     Sodium alkylnaphthalenesulfonate                                          
                                  1%                                           
     Calcium/magnesium bentonite 59%                                           
PAR  The ingredients are blended, hammer milled and then moistened with about
      12% water. The mixture is extruded as cylinders about 3 mm diameter which
      are cut to produce pellets about 3 mm long. These may be used directly
      after drying, or the dried pellets may be crushed to pass a U.S.S. No. 20
      sieve (0.84 mm openings). The granules held on a U.S.S. No. 40 sieve (0.42
      mm openings) may be packaged for use and the fines recycled.
PAR  In the following composition claims, the expression "consisting essentially
      of" means that, in addition to the components recited in those claims,
      other components also may be present, provided they do not adversely
      affect the operability of the compositions for their intended use.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound having the formula
      ##EQU6##
      where R.sub.2 is C.sub.1 -C.sub.3 alkyl;
PA1  R.sub.3 is hydrogen, methyl, or ethyl;
PA1  R.sub.4 is C.sub.1 -C.sub.4 alkyl, C.sub.3 -C.sub.4 alkenyl, C.sub.3
      -C.sub.4 alkynyl, or methoxyl;
PA1  R.sub.5 is OR.sub.6 or SR.sub.6 where R.sub.6 is C.sub.1 -C.sub.8 alkyl
      substituted with 0-3 chlorine atoms or 0-1 methoxyl.
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PAL  The preparation of 1-amino-3-(4- and 3,4-substituted
      benzylideneamino)guanidine and the acid addition salts thereof, and their
      use as intermediates in the preparation of 1,3-bis(4- and 3,4-substituted
      benzylideneamino)guanidines and their acid addition salts.
PAL  The final compounds prepared from the present intermediates have
      antiprotozoal activity particularly against coccidiosis and malaria.
PARN
PAR  This application is a division of my application Ser. No. 383,419, filed
      July 27, 1973, now U.S. Pat. No. 3,901,944 which is a continuation-in-part
      of my application Ser. No. 251,096, filed May 8, 1972, now abandoned,
      which is a continuation-in-part of my application Ser. No. 94,591, filed
      Dec. 2, 1970, now U.S. Pat. No. 3,769,432, which is a continuation-in-part
      of application Ser. No. 833,167, filed June 13, 1969, now abandoned, which
      is a continuation-in-part of application Ser. No. 741,247, filed July 1,
      1968, now abandoned.
BSUM
PAC  PRIOR APPLICATIONS
PAR  In my original application, Ser. No. 741,247, compounds which are
      substituted guanidines of the following structure are claimed:
      ##EQU1##
      wherein R.sub.1 and R.sub.5 are halogen, trifluoromethyl or cyano, R.sub.2
      and R.sub.6 are hydrogen or halogen, and the pharmacologically acceptable
      acid salts thereof.
PAR  Subsequently, a continuation-in-part application Ser. No. 833,167 was filed
      June 13, 1969 in which compounds which are substituted guanidines of the
      following structure are claimed:
      ##EQU2##
      wherein R.sub.1 and R.sub.5 are halogen, trifluoromethyl or cyano, R.sub.2
      and R.sub.6 are hydrogen or halogen, R.sub.7 and R.sub.8 are hydrogen or
      lower alkyl (C.sub.1 -C.sub.4) and R.sub.9 is hydrogen or lower alkanoyl
      (C.sub.1 -C.sub.4) and the pharamacologically acceptable acid salts
      thereof.
PAR  Subsequently, a continuation-in-part application Ser. No. 94,591 was filed
      in which compounds which are substituted guanidines of the following
      structure are claimed:
      ##EQU3##
      WHEREIN R.sub.1 and R.sub.5 are selected from the group consisting of
      halogen, trifluoromethyl, trifluoromethoxy, and cyano; R.sub.2 and R.sub.6
      are selected from the group consisting of hydrogen and halogen; R.sub.7
      and R.sub.8 are selected from the group consisting of hydrogen and lower
      alkyl, and R.sub.9 is selected from the group consisting of hydrogen and
      lower alkanoyl, --- is a single or double bond, n is an integer selected
      from 0 and 1 with the proviso that when --- is a double bond then n is 0
      and when --- is a single bond, then n is 1, and the pharamacologically
      acceptable acid salts thereof.
PAR  Upon requirement for restriction in Ser. No. 94,591 an application Ser. No.
      251,096 was filed and was directed to compounds of the following
      structure:
      ##EQU4##
      wherein R.sub.1 and R.sub.5 are selected from the group consisting of
      halogen, trifluoromethyl, trifluoromethoxy, and cyano; R.sub.2 and R.sub.6
      are selected from the group consisting of hydrogen and halogen; R.sub.7
      and R.sub.8 are selected from the group consisting of hydrogen and lower
      alkyl; and R.sub.9 is selected from the group consisting of hydrogen and
      lower alkanoyl, --- is a single or double bond, n is an integer selected
      from 0 and 1 with the proviso that when --- is a double bond then n is 0
      and when --- is a single bond, then n is 1, and the pharmacologically
      acceptable acid salts thereof.
PAR  The acid salts can be, for example, nitrate, hydrochloride, hydrobromide,
      methosulfate, and the like.
PAR  The term loweralkyl is intended to include those having 1 to 4 carbon atoms
      and the term lower alkanoyl, those having 1 to 4 carbons in addition to
      the carbonyl group. The term halogen includes chlorine, bromine, fluorine,
      and iodine.
PAR  The compounds of this invention are, in general, crystalline solids,
      ranging in color from white to pale yellow, slightly soluble in water and
      lower alcohols and insoluble in benzene, toluene and chloroform.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention is directed to intermediates useful in the
      preparation of the above described compounds. These intermediates can be
      illustrated by the following formula:
      ##EQU5##
      wherein R.sub.1 is selected from the group consisting of halogen,
      trifluoromethyl, trifluoromethoxy and cyano, R.sub.2 is hydrogen or
      chlorine and HX is an acid addition salt.
PAR  Certain of the above active novel compounds can be prepared by reacting a
      compound of the formula:
      ##EQU6##
      wherein R.sub.1 and R.sub.2 are as hereinabove described, dissolved in an
      organic solvent, with an alcoholic or aqueous alcoholic solution of from a
      molar equivalent to a 100% excess of a compound of the formula:   wherein
      R.sub.7 is as hereinabove described and X is the anion of a
      pharmacologically acceptable acid. The mixture is heated to from
      50.degree.C. to the boiling point of the solvent and held there for from 1
      to 10 minutes and then cooled to room temperature. The precipitated
      product is collected, washed with ethanol and/or ether and dried.
PAR  Other methods of preparing the instant compounds are illustrated by the
      equations which follow:
      ##EQU7##
      wherein R.sub.1, R.sub.2, R.sub.5, R.sub.6, R.sub.7, R.sub.8, ---, n and X
      are as hereinabove described and R.sub.10 is lower alkyl.
PAR  Some of the instant compounds herein described, wherein R.sub.1 and R.sub.5
      are the same, R.sub.2 and R.sub.6 are the same, R.sub.7 and R.sub.8 are
      the same, and R.sub.9 is hydrogen, are prepared by the equation
      illustrated as follows:
      ##EQU8##
      where R.sub.1, R.sub.2, R.sub.7, --- and n are as hereinabove described
      and Z is chlorine or bromine.
PAR  Compounds in which R.sub.9 is loweralkanoyl are prepared by reaction of the
      compounds in which R.sub.9 is H with the appropriate organic acid
      anhydride.
PAR  E. The following process is directed to a lithium aluminum hydride
      reduction of the bis(benzylideneamino) guanidine to yield the dihydro
      derivative of the parent. The process is generally carried out in
      anhydrous ether under an inert atmosphere, such as a blanket of nitrogen.
      The reaction is illustrated below.
      ##EQU9##
      wherein R.sub.2, R.sub.6, R.sub.7, R.sub.8 and R.sub.9 are as heretofore
      described and R.sub.1 and R.sub.5 are halogen, trifluoromethyl or
      trifluoromethoxy.
PAR  Among the novel compounds within the scope of the present invention are the
      following: 1,3-bis(4-chlorobenzylideneamino)guanidine nitrate,
      1,3-bis(4-chlorobenzylideneamino)guanidine hydrochloride,
      1,3-bis(4-chlorobenzylideneamino)guanidine methosulfate,
      1,3-bis(4-bromobenzylideneamino)guanidine nitrate,
      1,3-bis(4-bromobenzylideneamino)guanidine hydrochloride,
      1,3-bis(3,4-dichlorobenzylideneamino)guanidine nitrate,
      1,3-bis(3,4-dichlorbenzylideneamino)guanidine hydrochloride,
      1,3-bis(4-cyanobenzylideneamino)guanidine nitrate,
      1,3-bis(4-cyanobenzylideneamino)guanidine hydrochloride,
      1-(4-bromobenzylideneamino)- 3-(4-cyanobenzylideneamino) guanidine
      hydrobromide,
      1-(4-bromobenzylideneamino)-3-(4-chlorobenzylideneamino)guanidine
      hydrochloride,
      1-(4-chlorobenzylideneamino)-3-[4-(triflouromethyl)benzylideneamino]guanid
     ine hydrochloride, 1,3-bis(4-chlorobenzylideneamino)-1,3-dimethylguanidine,
      1,3-bis(4-chlorobenzylideneamino)-1,3-dibutylguanidine hydrobromide, 1,3
      -bis(4-chlorobenzylideneamino)-2-acetylguanidine, and
      1,3-bis(4-chlorobenzylidene)-1 -methylguanidine hydrobromide.
PAR  The active components and novel compounds of the present invention are
      highly active antiprotozoal agents in warmblooded animals. For example,
      these compounds have anticoccidial activity against Eimeria tenella as
      shown by the following test: The animals were Peterson Cross Cockerels, 7
      days old and of approximately equal size and weight. These cockerels were
      divided into groups and the groups were placed in separate cages with wire
      floors. Medicated and control diets were then presented to the groups of
      birds 2 days before inoculation while they were still in uncontaminated
      quarters. During the entire period of the tests, the birds ate and drank
      ad libitum. Control groups were maintained on a standard unmedicated
      commercial type chicken diet. Test groups were maintained on the same
      standard diet in which a measured concentration of test compound had been
      incorporated homogeneously. The cockerels were inoculated once orally with
      sporulated oocysts of Eimeria tenella. The number of oocysts inoculated
      directly into the crops of all cockerels in the tests was sufficient to
      produce high mortality in the untreated controls. The quantity necessary
      to produce high mortality was determined prior to the times of inoculation
      by giving graded quantities of oocysts to comparable birds. Seven days
      following inoculation the tests were terminated and the mortality rate was
      recorded for each group. The results of these tests appear in Table I and
      show conclusively that these compounds are highly effective as
      anticoccidial agents. The tests represent very severe laboratory
      challenges, and lower concentrations than those shown would be effective
      under practical field conditions.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                          Parts Per Number of                                  
     Compound      Salt   Million in Diet                                      
                                    Birds Treated                              
                                             % Survival                        
     __________________________________________________________________________
     1,3-Bis(4-chlorobenzyli-                                                  
                   Nitrate                                                     
                          0         100      32                                
     deneamino)guanidine                                                       
                          18        70       77                                
                          36        70       96                                
                          54        30       100                               
     __________________________________________________________________________
     1,3-Bis(4-chlorobenzyli-                                                  
                   Metho-                                                      
     deneamino)guanidine                                                       
                   sulfate                                                     
                          0         40       28                                
                          20        39       59                                
                          40        40       90                                
                          60        40       98                                
     __________________________________________________________________________
     1,3-Bis(4-chloro-                                                         
                   Hydro-                                                      
     benzylideneamino)-                                                        
                   chloride                                                    
                          0         20       20                                
     guanidine                                                                 
                          8.5       20       45                                
                          17        20       75                                
                          33        20       100                               
     __________________________________________________________________________
     1,3-Bis(4-bromo-                                                          
                   Nitrate                                                     
                          0         20       45                                
     benzylideneamino)-                                                        
     guanidine            17        20       80                                
                          35        20       95                                
     __________________________________________________________________________
     1,3-Bis(3,4-dichloro-                                                     
                   Nitrate                                                     
                          0         20       30                                
     benzylideneamino)-                                                        
     guanidine            60        10       100                               
     __________________________________________________________________________
     1,3-Bis(4-cyano-                                                          
                   Nitrate                                                     
                          0         20       20                                
     benzylideneamino)-                                                        
     guanidine            30        10       80                                
                          60        10       100                               
     __________________________________________________________________________
     1,3-Bis(4-iodo-                                                           
                   HCl    0         20       0                                 
     benzylideneamino)-                                                        
     guanidine            30        20       55                                
     __________________________________________________________________________
     1,3-Bis(4-fluoro-                                                         
                   Nitrate                                                     
                          0         20       45                                
     benzylideneamino)-                                                        
     guanidine            93         5       80                                
     __________________________________________________________________________
     1,3-Bis(4-trifluoro-                                                      
                   Hydrochlor-                                                 
                          0         20       70                                
     methylbenzylidene-                                                        
                   ide                                                         
     amino)guanidine      120       10       100                               
     __________________________________________________________________________
     1,3-Bis(4-chloro-                                                         
                   Hydro- 0         40       45                                
     benzylideneamino)-                                                        
                   bromide                                                     
     1,3-dimethylguanidine                                                     
                          30        10       100                               
                          120       5        100                               
     __________________________________________________________________________
     2-Acetyl-1,3-bis(4-                                                       
                    --    0         60       47                                
     chlorobenzylideneamino)-                                                  
     guanidine            5         20       67                                
                          10        20       95                                
                          30         5       100                               
     __________________________________________________________________________
     1-(4-chlorobenzyl-                                                        
                    --    15        10       90                                
     amino)-3-(4-chloro-                                                       
     benzylideneamino)guani-                                                   
                          30        10       100                               
     dine                                                                      
     __________________________________________________________________________
     1,3-bis(4-trifluoro-                                                      
                   Hydro- 0         20       55                                
     methoxybenzylidene-                                                       
                   chloride                                                    
     amino)guanidine      5         10       80                                
                          10        10       100                               
     __________________________________________________________________________
     1,3-bis(4-chloro-                                                         
                   Hydro- 0         20       60                                
     benzylamino)guanidine                                                     
                   chloride                                                    
                          10        10       90                                
                          15        10       90                                
                          20        10       100                               
     __________________________________________________________________________
PAR  The compounds of the present invention have high activity against other
      coccidial species in chickens. Thus,
      1,3-bis(4-chlorobenzylideneamino)guanidine completely protected treated
      chickens from mortality due to Eimeria necatrix, and from poor weight
      gains due to E. acervulina, E. brunetti, E. maxima or E. mivati. Methods
      used were essentially identical with those previously cited with
      appropriate modifications. Weight gains were determined 7 days after
      single experimental inoculations with the designated species of coccidia.
      The results are summarized in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Anticoccidial Activity of 1,3-Bis(4-chlorobenzylideneamino)guanidine      
                                  % control                                    
     Eimeria Spp.                                                              
             Ppm in Diet                                                       
                     No. Birds                                                 
                            % Survival                                         
                                  Weight gain                                  
                                         Salt                                  
     __________________________________________________________________________
     necatrix                                                                  
             0       19     21    31     metho-                                
                                         sulfate                               
             15      20     100   80                                           
             30      20     100   103                                          
     __________________________________________________________________________
     acervulina                                                                
             0       20     100   57     nitrate                               
             45      20     100   99                                           
     __________________________________________________________________________
     brunetti                                                                  
             0       20     100   76     hydro-                                
                                         chloride                              
             15      20     100   100                                          
             30      20     100   95                                           
     __________________________________________________________________________
     maxima  0       20     100   58     hydro-                                
                                         chloride                              
             15      20     100   101                                          
             30      20     100   95                                           
             45      20     100   100                                          
     __________________________________________________________________________
     mivati  0       20     95    52     hydro-                                
             15      20     100   86     chloride                              
             30      20     100   91                                           
             45      20     100   100                                          
     __________________________________________________________________________
PAR  In the Lieber et al. reference J. Org. Chem. Vol. 17, pages 518-522 (1952)
      there are described compounds in Table I which may be considered position
      isomers or homologues or analogs of the present compounds. However, these
      compounds have been found inactive (with one exception) as anti-coccidial
      agents. Numbering the compounds of Table I in the Lieber et al. reference
      from 1 to 17 the results of the testing for anti-coccidial activity is as
      follows:
TBL                TABLE III                                                   
     ______________________________________                                    
     Prior art Compounds                                                       
     (Derivatives of 1,3-di-                                                   
                        Dosage (parts)                                         
     aminoguanidine)    per million) Activity                                  
     ______________________________________                                    
     4)    o-chlorobenzaldehyde                                                
                            120          inactive                              
     5)    o-chlorobenzaldehyde                                                
                            120          inactive                              
     6)    p-hydroxybenzaldehyde                                               
                            125          inactive                              
     7)    m-nitrobenzaldehyde                                                 
                            120          inactive                              
     8)    m-nitrobenzaldehyde                                                 
                            120          inactive                              
     9)    piperonal        125          inactive                              
     11)   salicylaldehyde  125          inactive                              
     12)   salicylaldehyde  200          inactive                              
     14)   acetophenone     250          inactive                              
     17)   p-bromoacetophenone                                                 
                            120          active                                
     17)   p-bromoacetophenone                                                 
                             60          inactive                              
     Compounds of Present Inven-                                               
     tion (Derivatives of 1,3-                                                 
     Diaminoguanidine)                                                         
     p-chlorobenzaldehyde                                                      
                  (nitrate) 18           active                                
     p-chlorobenzaldehyde                                                      
                  (methosul-                                                   
                            20           active                                
                  fate)                                                        
     p-chlorobenzaldehyde                                                      
                  (hydro-   8.5          active                                
                  chloride)                                                    
     p-bromobenzaldehyde                                                       
                  (nitrate) 17           active                                
     p-iodobenzaldehyde                                                        
                  (hydro-   30           active                                
                  chloride)                                                    
     ______________________________________                                    
PAR  The compounds of the present invention most closely related to the prior
      art are active at relatively low dosages whereas the only prior art
      compound of the reference (compound 17 ) was active only at 120 p.p.m.
PAR  It is anticipated that the compounds of this invention will prove widely
      useful in a variety of vehicles, modes or means of administration or
      dispersal for the purpose of minimizing, preventing, controlling,
      treating, ameliorating or curing protozoal infections with sensitive
      organisms. One of these infections is coccidiosis which is a protozoal
      parasitic disease widespread in animals, causing a greater economic loss
      among domestic and game animals in temperate climates than any other
      protozoan disease. Coccidiosis is the most important animal parasitic
      disease of chickens, the causative agents being protozoa of the genus
      Eimeria, and is also important in other domestic animals such as turkeys,
      sheep, cattle and pigs.
PAR  The present compositions and novel compounds are active in warn-blooded
      animals as anti-malarial agents. When tested in mice in the range of from
      150 mg./kg. to 300 mg./kg. they show an activity comparable to quinine.
PAR  Although administration of the compounds for coccidiosis will generally be
      most practical in or with the feed, or in the drinking water, the
      compounds may also be administered to individual hosts in the form of
      tablets, drenches, capsules or the like, or by injection. These latter
      methods of administration are, of course, less practical for treatment of
      large groups of animals than they are for treating limited numbers of
      animals, but they are quite practical for use on a small scale or on an
      individual basis.
PAR  With the compounds of the instant invention, medicated feeds are usually
      prepared by thoroughly admixing about 0.0005 to 0.05% by weight and
      preferably about 0.0015 to 0.025% by weight of active compound with a
      nutritionally balanced animal feed, as for example, the chick feed
      described in the examples hereinafter.
PAR  Where it is desirable to prepare a concentrate or premix for ultimate
      dilution in feed to the above levels, generally about 1 to 25% and
      preferably about 3 to 10% by weight of medicament is blended with an
      edible organic or inorganic carrier, e.g., corn meal or corn soybean meal,
      or alfalfa, or mineral salts containing a small amount of an edible
      dusting oil such as, for example, corn oil, or soybean oil. The thus
      prepared premix may then be added to the complete animal poultry feed
      prior to administration.
PAC  DETAILED DESCRIPTION
PAR  The following examples describe in detail the preparation of representative
      compounds of the present invention. In these examples the starting
      materials, 4-chlorobenzaldehyde, 4-bromobenzaldehyde,
      3,4-dichlorobenzaldehyde, and 4-cyanobenzaldehyde are each widely used
      chemical reagents available from commercial sources. The compound
      1,3-diaminoguanidine nitrate, or methosulfate may be prepared as described
      by Keim, Henry and Smith, Journal of the American Chemical Society, 72,
      4944-4964 (1950). The preparation of the compound 1,3-diaminoguanidine
      hydrochloride is shown in Phillips and Williams, ibid, 50, 2465 (1928).
      The synthesis of 1,3-diamino-1-methylguanidine hydrobromide is shown by
      Kroeger, et al., Ann. 664 156 (1963). The preparation of
      1,3-diamino-1,3-dimethylguanidine hydrobromide is described by McBride, et
      al., J. Org. Chem. 22 152 (1957).
DETD
PAC  EXAMPLE 1
PAC  Preparation of 1,3-Bis(4-chlorobenzylideneamino)guanidine nitrate,
      hydrochloride and methosulfate
PAR  A boiling solution of 14.1 grams of 4-chlorobenzaldehyde (slight excess) in
      250 milliliters of ethanol is stirred vigorously as a solution of 6.1
      grams of 1,3-diaminoguanidine nitrate and 0.5 milliliters of concentrated
      nitric acid in 50  milliliters of water is added in one portion. The
      reaction mixture is stirred as the temperature recedes to room
      temperature. The reaction mixture is then allowed to stand for several
      hours. The precipitate which forms is collected, washed with hot ethenol,
      air-dried and finally dried at 60.degree.C. under reduced pressure. The
      yield is 14.0 grams of product and the melting point is 198.degree.C. with
      decomposition.
PAR  The hydrochloride or methosulfate salt may be prepared by this same
      procedure, substituting equivalent amounts of the appropriate guanidine
      salt and employing 0.5 milliliters of the appropriate acid. The
      hydrochloride salt melts at 289.degree.-290.degree.C. with decomposition.
      The methosulfate salt melts at 217.degree.-224.degree.C. with
      decomposition.
PAC  EXAMPLE 2
PAC  Preparation of 1,3-Bis(4-chlorobenzylideneamino)guanidine
PAR  The free base of the title compound is prepared by suspending 8 g. of the
      nitrate salt (Example 1) in 200 ml. of anhydrous ethanol, adding 2.5 ml.
      of 10N sodium hydroxide solution, stirring and heating until the reaction
      mixture becomes homogeneous, and finally cooling the solution and
      filtering the resultant solid. The melting point of the free base is
      187.degree.-188.degree.C.
PAC  EXAMPLE 3
PAC  Preparation of 1,3-Bis(4-bromobenzylideneamino)guanidine Nitrate
PAR  A boiling solution of 20.0 grams of 4-bromobenzaldehyde in 250 milliliters
      of ethanol is stirred vigorously as a solution of 6.1 grams of
      1,2-diaminoguanidine nitrate and 0.5 milliliters of concentrated nitric
      acid in 50 milliliters of water is added in one portion. The reaction
      mixture is stirred as the temperature recedes to room temperature. The
      reaction mixture is allowed to stand for several hours. The precipitate
      which forms is collected, washed with hot ethanol, air dried and finally
      dried at 60.degree.C. under reduced pressure. The yield is 16.5 grams of
      product and the melting point is 178.degree.-180.degree.C. with
      decomposition.
PAC  EXAMPLE 4
PAC  Preparation of 1,3-Bis(3,4-dichlorobenzylideneamino)guanidine Nitrate
PAR  A boiling solution of 17.6 grams of 3,4-dichlorobenzaldehyde in 250
      milliliters of ethanol is stirred vigorously as a solution of 6.1 grams of
      1,3-diaminoguanidine nitrate and 0.5 milliliters of concentrated nitric
      acid in 50 milliliters of water is added in one portion. The reaction
      mixture is stirred as the temperature recedes to room temperature. The
      reaction mixture is then allowed to stand for several hours. The
      precipitate which forms is collected, washed with hot ethanol, air dried
      and finally dried at 60.degree.C. under reduced pressure. The yield is
      17.5 grams of product and the melting point is 195.degree.-196.degree.C.
      with decomposition.
PAC  EXAMPLE 5
PAC  Preparation of 1,3-Bis(4-cyanobenzylideneamino)guanidine Nitrate
PAR  A boiling solution of 13.1 grams of 4-cyanobenzaldehyde in 250 milliliters
      of ethanol is stirred vigorously as a solution of 6.1 grams of
      1,3-diaminoguanidine nitrate and 0.5 milliliters of concentrated nitric
      acid in 50 milliliters of water is added in one portion. The reaction
      mixture is stirred as the temperature recedes to room temperature. The
      reaction mixture is then allowed to stand for several hours. The
      precipitate which forms is collected, washed with hot ethanol, air dried
      and finally dried at 60.degree.C. under reduced pressure. The yield is
      15.1 grams of product and the melting point is 205.degree.-210.degree.C.
      with decomposition.
PAC  EXAMPLE 6
PAC  Preparation of 1,3-Bis(4-iodobenzylideneamino)guanidine Hydrochloride
PAR  Following the procedure of Example 1 and substituting 4-iodobenzaldehyde
      for 4-chlorobenzaldehyde and 1,2-diaminoguanidine hydrochloride for
      1,3-diaminoguanidine nitrate the product of the example is obtained. The
      hydrochloride has a melting point of 288.degree.-291.degree.C., dec.
PAC  EXAMPLE 7
PAC  Preparation of 1,3-Bis(4-fluorobenzylideneamino)guanidine Nitrate
PAR  Using the procedure of Example 1 and substituting 4-fluorobenzaldehyde for
      4-chlorobenzaldehyde the product of the example is obtained. The nitrate
      has a melting point of 169.degree.-170.degree.C., dec.
PAC  EXAMPLE 8
PAC  Preparation of Methyl thiocarbazimidate hydrochloride
PAR  Excess methyl chloride is collected in a dry iceacetone-cooled trap and
      added to a tared pressure vessel containing 91.1 g. of powdered
      thiosemicarbazide in 600 ml. of anhydrous ethanol. Weighing the vessel
      plus contents shows that 53 g. of methyl chloride has been added. The
      reaction mixture is magnetically stirred while heating in an oil bath
      temperature of 77.degree. to 110.degree.C. for 48 minutes. After 33
      minutes, the reaction has become homogeneous. It is cooled in ice and the
      resultant rose-white solid filtered and dried in a vacuum oven. The yield
      of the title compound is 121 g. melting point 154.degree.-155.degree.C.
PAR  Substitution of dimethyl sulfate, ethyl iodide or propyl bromide for methyl
      chloride and allowing the reactions to proceed in refluxing anhydrous
      ethanol instead of under pressure, results in the preparation of methyl
      thiocarbazimidate methosulfate, ethyl thiocarbazimidate hydroiodide, and
      propyl thiocarbazimidate hydrobromide, respectively.
PAC  EXAMPLE 9
PAC  Preparation of Methyl 3-(4-chlorobenzylidene)thiocarbazimidate
      hydrochloride
PAR  A solution of 3.8 g. of 4-chlorobenzaldehyde in 10 ml. of warm absolute
      ethanol is added all at once to a stirred solution of 5 g. of methyl
      thiocarbazimidate hydrochloride in 100 ml. of warm absolute alcohol. The
      reaction mixture is stirred at room temperature for about 15 minutes and
      cooled in ice. The white solid product is filtered off and air dried;
      melting point 212.degree.-214.degree.C.
PAR  The following are prepared in like manner: methyl
      3-(4-bromobenzylidene)thiocarbazimidate methosulfate from
      4-chlorobenzaldehyde and methyl thiocarbazimidate methosulfate, ethyl
      3-(4-cyanobenzylidine)thiocarbazimidate hydroiodide from
      4-cyanobenzaldehyde and ethyl thiocarbazimidate hydroiodide, and propyl
      3-(3,4-dichlorobenzylidene)thiocarbazimidate hydrobromide from
      3,4-dichlorobenzaldehyde and propyl thiocarbazimidate hydrobromide.
PAC  EXAMPLE 10
PAC  Preparation of Methyl 3-(4-chlorobenzylidene)thiocarbazimidate
      hydrochloride
PAR  A 10% molar excess of methyl chloride is added to 2.14 g. of
      4-chlorobenzaldehyde thiosemicarbazone and 25 ml. of a anhydrous ethanol
      in a pressure vessel. The reaction mixture is magnetically stirred and
      heated in an oil bath for 11/2 hour. The crystalline title compound
      separates on cooling and is filtered off and air dried.
PAC  EXAMPLE 11
PAC  Preparation of 1,3-Bis(4-chlorobenzylideneamino)guanidine hydrochloride
PAR  A solution of 101 g. of 4-chlorobenzaldehyde in 40 ml. of warm 95% ethanol
      is added portionwise to a stirred solution of diaminoguanidine
      hydrochloride in 450 ml. of 90% ethanol at 70.degree.C. Addition of the
      first portion causes rapid boiling and the reaction mixture is cooled to a
      little above room temperature before the remainder of the
      4-chlorobenzaldehyde solution is added. Stirring is continued for 15
      minutes and the reaction mixture is cooled in ice, filtered, and air
      dried. The yield is 122 g. of solid, melting point 295.degree.C. with
      decomposition.
PAR  The same product is obtained when
      1-amino-3-(4-chlorobenzylideneamino)guanidine hydrochloride (Example 13)
      is allowed to react under similar conditions as above with an equimolar
      amount of 4-chlorobenzaldehyde.
PAR  The same product is also obtained from the reaction of methyl
      3-(4-chlorobenzylidene)thiocarbazimidate (Example 10) with the hydrazone
      of 4-chlorobenzaldehyde in refluxing 95% ethanol. The hydrazone of
      4-chlorobenzaldehyde is prepared according to the procedure for the
      synthesis of hydrazones of aromatic aldehydes and ketones outlined in G.
      Newkome and D. Fishel, J. Org. Chem., 31 677 (1966).
PAC  EXAMPLE 12
PAC  Preparation of 1-Amino-3-(4-chlorobenzylideneamino)guanidine Hydrochloride
PAR  To a solution of 2.6 g. of methyl 3-(4-chlorobenzylidene)thiocarbazimidate
      in 10 ml. of boiling absolute ethanol is added 0.6 g. of hydrazine
      hydrate. The reaction mixture is cooled in ice and the solid
      1-amino-3-(4-chlorobenzylideneamino)guanidine removed by filtration.
      Treatment with ethanolic hydrogen chloride gives the subject compound,
      melting at 243.degree.-244.degree.C.
PAR  Similarly, the reaction of methyl 3-(4-bromobenzylidene)thiocarbazimidate
      methosulfate, ethyl 3-(4-cyanobenzylidene)thiocarbazimidate hydroiodide,
      and propyl 3-(3,4-dichlorobenzylidene)thiocarbazimidate hydrobromide with
      hydrazine yield, respectively,
      1-amino-3-(4-bromobenzylideneamino)guanidine methosulfate,
      1-amino-3-(4-cyanobenzylideneamino)guanidine hydroiodide, and
      1-amino-3-(3,4-dichlorobenzylideneamino)guanidine hydrobromide.
PAR  The preparation of the subject compound may also be accomplished as
      follows: 25 g. of 1,3-diaminoguanidine hydrochloride is dissolved in 1800
      ml. of boiling ethanol. To this boiling solution, 28 g. of
      4-chlorobenzaldehyde in 300 ml. of ethanol is added over a period of 8
      hours. The reaction mixture is then cooled at 0.degree.C. overnight,
      clarified, and the filtrate concentrated to 500 ml. volume and cooled at
      0.degree.C. 29 g. of precipitate is obtained. This is slurried in 300 ml.
      of water, the pH adjusted to 8-8.5 with sodium hydroxide solution, the
      slurry heated to boiling and filtered. Cooling and filtrate gives 18 g. of
      essentially pure product melting at 243.degree.-244.degree.C., as in the
      previous preparation.
PAC  EXAMPLE 13
PAC  Preparation of
      1-(4-bromobenbylideneamino)-3-(4-chlorobenzylideneamino)guanidine
      hydrochloride
PAR  A solution of 1.85 g. of 4-bromobenzaldehyde in 10 ml. of ethanol is added
      to a solution of 2.48 g. of 1-amino-3-(4-chlorobenzylideneamino)guanidine
      hydrochloride in 25 ml. of boiling 95% ethanol. The reaction mixture is
      cooled and the solid product removed by filtration and air dried. It melts
      at 286-288.degree.C. with decomposition.
PAR  In a similar manner the reaction of
      1-amino-3-(4-bromobenzylideneamino)guanidine methosulfate with
      4-chlorobenzaldehyde gives the methosulfate salt of the subject compound.
      The reaction of 1-amino-3-(4-cyanobenzylideneamino)guanidine hydroiodide
      with 4-chlorobenzaldehyde gives
      1-(4-chlorobenzylideneamino)-3-(4-cyanobenzylideneamino)guanidine
      hydroiodide; the reaction of 1-amino-3-(4-chlorobenzylideneamino)guanidine
      hydrochloride with 4-cyanobenzaldehyde affords the corresponding
      hydrochloride salt which melts at 297.degree.-298.degree.C. The reaction
      of 1-amino-3-(3,4-dichlorobenzylideneamino)guanidine hydrobromide and
      4-chlorobenzaldehyde gives
      1-94-chlorobenzylideneamino)-3-(3,4-dichlorobenzylidenamino)guanidine
      hydrobromide; the reaction of
      1-amino-3-(4-chlorobenzylideneamino)guanidine hydrochloride with
      3,4-dichlorobenzaldehyde gives the corresponding hydrochloride salt which
      melts at 288.degree.C.
PAC  EXAMPLE 14
PAC  Preparation of 1-Amino-3-[(4-trifluoromethyl)benzylideneamino]guanidine
      Hydrochloride
PAR  An ether solution of 34.8 g. of 4-(trifluoromethyl)benzaldehyde is slowly
      added to a hot (70.degree.-80.degree.C.) solution of 41.5 g. (50% excess)
      of 1,3-diaminoguanidine hydrochloride in aqueous ethanol. The slow
      addition rate permits the ether to boil off, and a slow reaction mixture
      is maintained. After heating an additional thirty minutes, the mixture is
      cooled and taken to dryness under vacuum. The solid residue is extracted
      with water to remove the excess 1,3-diaminoguanidine hydrochloride, and
      with hot ethanol to remove any
      1,3-bis[(4-trifluoromethyl)benzylideneamino]guanidine hydrochloride
      present. The insoluble residue (14.4 g.) is essentially pure
      1-amino-3-[(4-trifluoromethyl)benzylideneamino]guanidine hydrochloride,
      melting at 247.degree.-249.degree.C. with dec.
PAC  EXAMPLE 15
PAC  Preparation of
      1-(4-Chlorobenzylideneamino)-3-[(4-trifluoromethyl)benzylideneamino]guanid
     ine Hydrochloride
PAR  A solution of 1.41 g. of 4-chlorobenzaldehyde in 10 ml. of ethanol is added
      to a solution of 2.82 g. of
      1-amino-3-[4-(trifluoromethyl)benzylideneamino]guanidine hydrochloride in
      25 ml. of boiling 95% ethanol. Cooling the reaction mixture gives the
      subject compound as a crystalline solid melting at 263.degree.C.
      Alternatively, under similar reaction conditions, 1.81 g. of
      4-(trifluoromethyl)benzaldehyde, and 2.48 g. of
      1-amino-3-(4-chlorobenzylideneamino)guanidine hydrochloride yield the same
      product.
PAR  Replacement of the 4-chlorobenzaldehyde by an equivalent of
      4-bromobenzaldehyde gives
      1-(4-bromobenzylideneamino)-3-[4-(trifluoromethyl)benzylideneamino]guanidi
     ne hydrochloride, melting at 265.degree.-268.degree.C. Similarly,
      3,4-dichlorobenzaldehyde yields 1-(3,4-dichlorobenzylideneamino)-3-8
      4-(trifluoromethyl)benzylideneamino]guanidine hydrochloride, melting at
      265.degree.-268.degree.C., and 4-cyanobenzaldehyde yields
      1-(4-cyanobenzylideneamino)-3-[(4-trifluoromethyl)benzylideneamino]guanidi
     ne hydrochloride, melting at 269.degree.-271.degree.C. Alternatively, the
      latter three compounds may also be prepared by the reaction of
      4-(trifluoromethyl)benzaldehyde and
      1-amino-3-(4-bromobenzylideneamino)guanidine hydrochloride,
      1-amino-3-(3,4-dichlorobenzylideneamino)guanidine hydrochloride, and
      1-amino-3-(4-cyanobenzylideneamino)guanidine hydrochloride, respectively.
PAC  EXAMPLE 16
PAC  Preparation of Chick Diet
PAR  The following specific feed composition is an example of poultry feed as a
      carrier for the coccidiostats described hereinbefore.
TBL  ______________________________________                                    
     Vitamin-Amino acid        0.5%                                            
     Trace Minerals            0.1%                                            
     Sodium Chloride           0.3%                                            
     Dicalcium Phosphate       1.2%                                            
     Ground Limestone          0.5%                                            
     Stabilized Fat            4%                                              
     Dehydrated Alfalfa, 17% protein                                           
                               2%                                              
     Corn Gluten Meal, 41% protein                                             
                               5%                                              
     Menhaden Fish Meal, 60% protein                                           
                               5%                                              
     Soybean Oil Meal, 44% protein                                             
                               30%                                             
     Ground Yellow Corn, Fine  To                                              
                               100%                                            
     ______________________________________                                    
PAR  The vitamin pre-mix in the above feed composition is prepared from the
      following formulation. The expressions of quantity relate to units per
      kilogram of the feed composition.
TBL  ______________________________________                                    
     Butylated Hydroxy toluene                                                 
                           125     mg.                                         
     di-Methionine         500     mg.                                         
     Vitamin A             3300    I.U.                                        
     Vitamin D.sub.3       1100    I.C.U.                                      
     Riboflavin            4.4     mg.                                         
     Vitamin E             2.2     I.U.                                        
     Niacin                27.5    mg.                                         
     Pantothenic Acid      8.8     mg.                                         
     Choline Chloride      500     mg.                                         
     Folic Acid            1.43    mg.                                         
     Menadione Sodium Bisulfate                                                
                           1.1     mg.                                         
     Vitamin B.sub.12      11      mcg.                                        
     Ground Yellow Corn, Fine  To                                              
                           5       gm.                                         
     ______________________________________                                    
PAC  EXAMPLE 17
PAC  Preparation of 1,3-Bis(4-trifluoromethylbenzylideneamino)guanidine
      hydrochloride
PAR  A solution of 10 g. of 4-trifluoromethylbenzaldehyde in the minimum amount
      of 95% ethanol is added to a boiling solution of 3.6 g. of
      diaminoguanidine hydrochloride in 50 ml. of 95% ethanol and a few ml. of
      water. The solution is stirred and allowed to cool and the solid removed
      by filtration and washed with 95% ethanol and ether. The yield is 9.6 g.
      of white solid with a melting point of 272.degree.-273.5.degree.C. with
      decomposition.
PAC  EXAMPLE 18
PAC  Preparation of 1,3-Bis(4-chlorobenzylideneamino)-1,3-dimethylguanidine
      hydrobromide
PAR  A mixture of 14.1 grams of 4-chlorobenzaldehyde, 4.6 grams of
      methylhydrazine and 500 ml. of dried benzene is stirred at reflux in a
      continuous water removal apparatus until no further separation of water is
      noted. The benzene solution of the resultant methylhydrazone of
      4-chlorobenzaldehyde is cooled to room temperature and treated with a
      solution of 5.3 grams of cyanogen bromide in 100 ml. of benzene. The
      reaction mixture is stirred at reflux for 4 hours, a white precipitate
      separating out during this time. The precipitate is filtered from the hot
      solution, washed and dried. It is recrystallized from ethanol to yield 4.0
      grams of the pure compound melting at 223.degree.-225.degree.C. with
      decomposition.
PAR  The same compound is obtained when two molar equivalents of
      4-chlorobenzaldehyde and one molar equivalent of
      1,3-diamino-1,3-dimethylguanidine hydrobromide are refluxed in ethanol
      solution in the presence of a little 48% aqueous hydrobromic acid for a
      few minutes.
PAC  EXAMPLE 19
PAC  Preparation of 1,3-Bis(4-chlorobenzylideneamino)-1,3-di-n-butylguanidine
      hydrobromide
PAR  The preparation of the above compounds is carried out by the procedure of
      Example 18, an equivalent of n-butylhydrazine replacing the
      methylhydrazine. The isolated product after recrystallization from
      ethanol-diethyl ether decomposes about 150.degree.C.
PAC  EXAMPLE 20
PAC  Preparation of 1,3-Bis(4-Chlorobenzylideneamino)-1-methylguanidine
      hydrobromide
PAR  The preparation of the title compound is carried out essentially by the
      procedure of Example 1, 7.3 grams of 1,3-diamino-1-methylguanidine
      hydrobromide replacing the 1,3-diaminoguanidine nitrate and 0.5 ml. of 48%
      HB.sub.r being employed as catalyst. The yield of product is 15.4 grams
      and the melting point is 276.degree.-278.degree.C.
PAC  EXAMPLE 21
PAC  Preparation of 2-Acetyl-1,3-bis(4-chlorobenzylideneaminoguanidine
PAR  A mixture of 20 g. of 1,3-bis(p-chlorobenzylideneamino)guanidine free base
      and 9 ml. of acetic anhydride in 300 ml. of anhydrous ether is stirred at
      reflux for 16 hours, then filtered to give a solid containing starting
      material and acetylated material. The solid is reacted with an additional
      3 ml. of acetic anhydride in 300 ml. of toluene for 1 hour, cooled to room
      temperature and filtered. The solid (14 g.) is dissolved in 100 ml. of
      chloroform and treated with 50 ml. of 3 N hydrochloric acid, and the
      resulting solid is filtered, the crude product is slurried in 100 ml. of
      boiling chloroform, filtered, and dried to give 7.2 g. of
      2-acetyl-1,3-bis(4-chlorobenzylideneamino)guanidine hydrochloride, melting
      point 193.degree.-194.degree.C.
PAR  The hydrochloride salt is partitioned between chloroform and aqueous sodium
      bicarbonate, and the chloroform layer is dried and evaporated to give
      2-acetyl-1,3-bis(4-chlorobenzylideneamino)guanidine, melting point
      197.degree.-200.degree.C. (dec.).
PAR  The reaction of 1,3-bis(p-chlorobenzylideneamino)guanidine free base with
      acetyl chloride in ether gives the same acetyl derivative according to
      thin layer chromatographic evidence, along with recovered starting
      material.
PAR  When 1,3-bis(p-chlorobenzylideneamino)-1,3-dimethylguanidine free base is
      submitted to the above reaction conditions with acetic anhydride, there is
      obtained the corresponding
      2-acetyl-1,3-bis(4-chlorobenzylideneamino)-1,3-dimethylguanidine.
PAR  Similarly, the reaction of 1,3-bis(4-cyanobenzylideneamino)guanidine and
      proprionic anhydride in refluxing ether gives
      1,3-bis(4-cyanobenzylideneamino)-2-propionyl)guanidine.
PAC  EXAMPLE 22
PAC  Preparation of
      1-(4-Chlorobenzylamino)-3-(4-chlorobenzylideneamino)guanidine
PAR  A mixture of 0.95 g. (0.025 mole) of lithium aluminum hydride in 100 ml. of
      anhydrous ether is stirred under nitrogen as 4.0 g. (0.012 mole) of
      1,3-bis(p-chlorobenzylideneamino)guanidine free base is added in portions
      over a five-minute period. The reaction turns green, and finally brown
      with gas evolution during the addition. after adding an additional 100 ml.
      of ether and stirred at room temperature for 31/2 hours, the reaction
      mixture is poured over 500 ml. of ice-water mixture with stirring, calcium
      carbonate added to facilitate separation of the phases, and the yellow
      etheral layer separated. The aqueous layer is washed with 50 ml. of ether,
      and the combined ether layers washed with two 50 ml. portions of water,
      then cooled to 5.degree. and filtered to give 1.3 g. of yellow
      1-(4-chlorobenzylamino)-3-(4-chlorobenzylideneamino)guanidine, melting
      point 170.degree.-173.degree.C. Additional material may be obtained from
      the mother liquors.
PAR  The same compound is synthesized by the reaction of equimolar quantities of
      p-chlorobenzylhydrazine and
      methyl-3-(4-chlorobenzylidene)thiocarbazimidate hydrochloride (see Example
      10) in hot ethanol. It is also prepared by the reaction of equimolar
      amounts of 1-(p-chlorobenzyl)-S-methylisothiosemicarbazide and hydrazine
      in warm ethanol, which affords 1-amino-3-(p-chlorobenzylamino)guanidine,
      followed by treatment of the latter with an equimolar quantity of
      p-chlorobenzaldehyde in hot isopropanol.
PAC  EXAMPLE 23
PAC  Preparation of 1,3-bis(4-Chlorobenzylamino)guanidine Hydroiodide
PAR  The starting materials for this reaction are literature compounds and are
      prepared in the following manner. p-Chlorobenzylhydrazine from heating
      p-chlorobenzyl chloride with excess hydrazine hydrate in i-propanol and
      distilling: F. E. Anderson et al., J. Med. and Pharm. Chem., 5, 221
      (1962). 1-(p-chlorobenzyl)-S-methylisothiosemicarbazide hydroiodide is
      made from methyl iodide treatment in refluxing ethanol of
      1-(p-chlorobenzyl)thiosemicarbazide, which in turn is made from 4% sodium
      amalgan in refluxing 80% ethanol reduction of p-chlorobenzaldehyde
      thiosemicarbazone: E. Hoggarth and E. H. P. Young, J. Chem. Soc., 1582
      (1950).
PAR  A solution of 0.7 g. (4.5 mmole) of p-chlorobenzylhydrazine and 1.6 g. (4.5
      mmole) of 1-(p-chlorobenzyl)-S-methylisothiosemicarbazide hydroiodide in
      25 ml. of tetrahydrofuran is heated at reflux for 1 hour, then rotary
      evaporated to give a semisolid product which is dissolved in 10 ml. of hot
      tetrahydrofuran and diluted with ether to give an oil which crystallizes
      on standing in the cold. Collection and recrystallization from
      chloroform-methylene chloride-ether gives
      1,3-bis(4-chlorobenzylamino)guanidine hydroiodide, melting point
      142.degree.-145.degree.C.
PAC  EXAMPLE 24
PAC  Preparation of 1,3-bis(4-Trifluoromethoxybenzylideneamino)guanidine
      Hydrochloride
PAR  A micro 3-neck flask filled with 0.60 g. (0.025 g. equivalent) of magnesium
      turnings is flame-dried under nitrogen, then 5 ml. of anhydrous ether is
      added followed by 1 ml. of a solution of 5.0 g. (0.021 mole) of
      p-bromophenyltrifluoromethyl ether in 10 ml. of anhydrous ether. The
      reaction mixture is stirred under nitrogen for 2 hours or until the
      Grignard reaction beings; remaining solution is added dropwise, allowing
      the mixture to reflux from the heat of reaction. After addition is
      complete, 5 ml. of etheris added and stirring continued an additional 1/2
      hour.
PAR  To the resulting Grignard solution is added dropwise with stirring under
      nitrogen 3.0 g. (0.022 mole) of N-methylformanilide in 5 ml. of ether at
      such a rate as to cause mild reflux of the mixture. After addition is
      complete, the reaction mixture is stirred an additional hour and 25 ml. of
      10% surfuric acid solution cautiously added dropwise. When all the Mg has
      dissolved, the aqueous layer is separated and washed with two 20 ml.
      portions of ether, and the combined ethereal layers washed with saturated
      sodium bicarbonate solution, water, and saturated sodium chloride solution
      (20 ml. of each), and dried (magnesium sulfate). Evaporating solvent gives
      5.4 g. of a red oil containing about 20% of the desired aldehyde
      (estimated from integration of the NMR signals for aldehydic and aromatic
      protons).
PAR  The crude aldehyde oil from above is added to a boiling solution of 0.4 g.
      (3.2 mmole) of diaminoguanidine hydrochloride in 25 ml. of 95% ethanol,
      cooled, filtered off amorphous material, diluted with 10-fold excess of
      ether to cloudiness, cooled and filtered to give
      1,3-bis(4-trifluoromethoxybenzylideneamino)guanidine hydrochloride,
      melting point 265.degree.-268.degree.C. (dec.).
PAR  Additional material can be obtained from the mother liquors.
CLMS
STM  I claim:
NUM  1.
PAR  1. A substituted guanidine of the formula:
      ##EQU10##
      wherein R.sub.1 is selected from the group consisting of halogen,
      trifluoromethyl, trifluoromethoxy and cyano, R.sub.2 is hydrogen or
      chlorine and X is the anion of pharmacologically acceptable acid.
NUM  2.
PAR  2. The substituted guanidine according to claim 1:
PA1  1-amino-3-(4-chlorobenzylideneamino)guanidine hydrochloride.
NUM  3.
PAR  3. The substituted guanidine according to claim 1:
PA1  1-amino-3guanidine hydrochloride.
NUM  4.
PAR  4. The substituted guanidine according to claim 1:
PA1  1-amino-3-(3,4-dichlorobenzylideneamino)guanidine hydrobromide.
NUM  5.
PAR  5. The substituted guanidine according to claim 1:
PA1  1-amino-3-(4-cyanobenzylideneamino)guanidine hydroiodide.
NUM  6.
PAR  6. The substituted guanidine according to claim 1:
PA1  1-amino-3-(4-bromobenzylideneamino)guanidine hydrochloride.
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ABST
PAL  Compounds having the structure:
      ##SPC1##
PAL  Wherein
PA1  R.sup.1 and R.sup.2, alike or different, are alkyls of 2 to 7 carbon atoms
      in which there are no more than 3 carbon atoms in a line from the aromatic
      ring;
PA1  R.sup.3 is an alkyl of 1 to 3 carbon atoms;
PA1  n is 0, 1 or 2; and
PA1  X is F, Cl, Br, I, or CN;
PAL  with the provisos that
PA1  1. R.sup.1 and R.sup.2 are not ortho to each other,
PA1  2. at least one of R.sup.1 and R.sup.2 contains at least 3 carbon atoms,
      and
PA1  3. X is not ortho to the
      ##EQU1##
      have been found to be selective herbicides.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a division of copending application Ser. No. 394,825, filed Sept.
      6, 1973, now U.S. Pat. No. 3,879,472.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to (substituted dialkylphenyl) alkyl sulfides,
      sulfoxides and sulfones in which the dialkylphenyl group is additionally
      substituted with fluorine, chlorine, bromine, iodine or cyano, and to
      their use as selective herbicides.
PAR  2. Description of the Prior Art
PAR  Belgian Patent No. 776,357 (1970) discloses phenyl alkyl sulfones and
      sulfoxides of the formula:
      ##SPC2##
PAL  In which n = 1 or 2;
PA1  p = 1 or 2;
PA1  When n = 1, R is alkyl or alkoxy of 1 to 3 carbons;
PA1  When n = 2, the two R's may be alkyl or alkoxy of 1 to 3 carbons, chlorine,
      or (together) may form an --0--(CH.sub.2).sub.m --O-- group where m is 1,
      2 or 3;
PA1  R.sup.1 is H or, when at least one R group is alkoxy, R.sup.1 may also be
      Cl, Br, alkyl or alkoxy of 1-3 to 3 carbons, NO.sub.2, and amino
      (including salts);
PA1  R.sup.2 is alkyl of 1 to 7 carbons, alkenyl or alkynyl of 3 to 5 carbons,
      or hydroxyalkyl of 2 to 3 carbons.
PAL  The products are said to be useful in the treatment of cardiovascular
      disorders.
PAR  U.S. Pat. No. 3,140,226, issued July 7, 1964, discloses compounds toxic to
      microorganisms and having the structure:
      ##SPC3##
PAL  Where Y = F, Cl, Br, I or alkyl of 1 to 6 carbons, and
PA1  n = 0-5.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises compounds having the structure:
      ##SPC4##
PAL  Wherein
PA1  R.sup.1 and R.sup.2, alike or different, are alkyl of 2 to 7 carbon atoms
      in which there are no more than 3 carbon atoms in a line from the aromatic
      ring;
PA1  R.sup.3 is an alkyl of 1 to 3 carbon atoms;
PA1  n is 0, 1 or 2; and
PA1  X is F, Cl, Br, I or CN;
PAL  with the provisos that
PA1  1. R.sup.1 and R.sup.2 are not ortho to each other,
PA1  2. at least one of R.sup.1 and R.sup.2 contains at least three carbon atoms
      and
PA1  3. X is not ortho to the
      ##EQU2##
PAC  DETAILED DESCRIPTION OF THE INVENTION
PA0  1. preparation of the Compounds
PAR  The compounds of this invention are made by a suitable sequence of standard
      reactions that are generally known to those skilled in the art. The
      requirement that R.sup.1 and R.sup.2 of the general formula cannot be
      ortho to each other should be kept in mind with the understanding that
      such undesired isomers must be avoided or separated from the isomers
      sought.
PAR  A suitable reaction sequence could begin with the preparation of a
      dialkylbenzene from an alkylbenzene by the well-known procedure:
      ##SPC5##
PAR  Bromine and chlorine-substituted dialkylbenzenes can be made by standard
      halogenation procedures, i.e.,
      ##SPC6##
PAL  as described by H. Suzuki et al. in Bull. Chem. Soc. (Japan), 39, p. 128
      (1866).
PAR  The halobenzenes of Table I were prepared by brominating or chlorinating
      the corresponding dialkylbenzene following the procedure of A. Newton,
      Jour. Am. Chem. Soc., 65, p. 2441 (1943) for the bromination of
      p-di-isopropylbenzene.
TBL                TABLE I                                                     
     ______________________________________                                    
     Compound                   bp .degree.C/mm                                
     ______________________________________                                    
     2,5-Diisopropylbromobenzene                                               
                                79-84/0.6                                      
     2,5-Di-sec-butylbromobenzene                                              
                                94-98/0.15                                     
     5-sec-Butyl-2-isopropylbromobenzene                                       
                                71-75/0.08                                     
     2,5-Diisopropylchlorobenzene                                              
                                70-73/0.6                                      
     2-Isobutyl-5-isopropylchlorobenzene                                       
                                  62/0.1                                       
     ______________________________________                                    
PAR  Iodine-substituted dialkylbenzenes can be prepared by iodination in the
      presence of HIO.sub.4, sulfuric acid and acetic acid as described in Org.
      Syn., 51, p. 94 (1971).
      ##SPC7##
PAR  The fluorine-substituted dialkylbenzenes can be made by the Schiemann
      reaction on a dialkylaniline, prepared from a bromodialkylbenzene, by
      reaction with ammonia (Org. Syn., 28, p. 22, 1948), in accordance with the
      equations:
      ##SPC8##
PAR  Sulfonyl chlorides are then prepared from the halogen-substituted
      dialkylbenzene by well-known chlorosulfonation procedures, i.e.,
      ##SPC9##
PAL  Usually 3 to 4 equivalents of ClSO.sub.3 are used.
PAR  Thiophenols can be prepared by reduction of the sulfonyl chlorides using
      common reducing agents, such as lithium aluminum hydride (LAH) or
      Zn/H.sub.2 SO.sub.4, i.e.,
      ##SPC10##
PAL  The lithium aliminum hyride reduction is carried out with three equivalents
      of lithium aluminum hydride in ether or tetrahydrofuran and gives the
      thiophenol cleanly in high yields, but is somewhat more costly than the
      zinc reduction.
PAR  Halogen-substituted dialkylphenyl alkyl sulfides may be prepared from the
      thiophenols by reaction of a salt of the thiophenol (e.g., Na or K) with
      an alkylating agent such as R.sup.3 -Y, where Y = Cl, Br, I; or
      (R.sup.3).sub.2 SO.sub.4 in accordance with the equation:
      ##SPC11##
PAR  The halogen-substituted dialkylphenyl alkyl sulfoxides and sulfones are
      prepared by oxidation of the sulfides using common procedures, i.e.,
      ##SPC12##
PAL  where n = 1 or 2
TBL  Oxidant                product                                            
     ______________________________________                                    
     NaIO.sub.4, H.sub.2 O.sub.2, etc.                                         
                            n = 1                                              
     H.sub.2 O.sub.2, peracids, etc.                                           
                            n = 2                                              
     ______________________________________                                    
PAL  Other oxidizing agents can also be employed as described in "Organic
      Functional Group Preparations" by S. R. Sandler and W. Karo, Academic
      Press, 1968, Chs. 19 and 20.
PAR  The cyano substituent may be introduced by substitution of cyano for
      chlorine, bromine or iodine by means of the Rosemund von Braun reaction,
      i.e.,
      ##SPC13##
PAL  as described by L. Friedman & H. Shechter in Jour. Org. Chem., 26, p. 2522
      (1961); and M. S. Newman and H. Boden in Jour. Org. Chem., 26, p. 2525
      (1961).
PA0  2. Utility of the Compounds
PAR  The compounds of this invention have varied herbicidal activities, that is,
      they differ according to structure with regard to pre- and post-emergence
      activity, grassy versus broadleaved plant response, as well as varied
      responses between species. They are primarily useful as preemergence
      herbicides at rates of application of about 0.4-10 lbs per acre (0.45-11
      kg/hectare), but some also show postemergence activity. By proper
      selection of structure and rate of application, one can provide selective
      weed control in such crops as soybeans, wheat, green and dry beans, rice
      and cotton.
PAR  Useful formulations of the compounds of this invention can be prepared in
      conventional ways. These include dusts, granules, pellets, solutions,
      suspensions, emulsions, wettable powders, emulsifiable concentrates and
      the like. Many of these may be applied directly. Sprayable formulations
      can be extended in suitable media and used at spray volumes of from a few
      pints to several hundred gallons per acre. High-strength compositions are
      primarily used as intermediates for further formulation. The formulations,
      broadly, contain about 1-99% by weight of active ingredient and at least
      one of (a) about 0.1-20% surfactant and (b) about 1-99% solid or liquid
      diluent. More specifically, they will contain these ingredients in the
      following approximate proportions.
TBL                TABLE II                                                    
     ______________________________________                                    
                Active    Dilu-      Surfac-                                   
                Ingredient                                                     
                          ent(s)     tant(s)                                   
     ______________________________________                                    
     Wettable powders                                                          
                  20-90        0-74      1-10                                  
     Oil suspensions,                                                          
      emulsions,                                                               
      solutions                                                                
      (including                                                               
      emulsifiable                                                             
      concentrates)                                                            
                   5-50       40-95      0-15                                  
     Aqueous                                                                   
      suspensions 10-50       40-84      1-20                                  
     Dusts         1-25       70-99      0- 5                                  
     Granules and                                                              
      pellets      1-95        5-99      0-15                                  
     High-strength                                                             
      compositions                                                             
                  90-99        0-10      0- 2                                  
     ______________________________________                                    
PAR  Lower or higher levels of active ingredient can, of course, be present
      depending on the intended use and the physical properties of the compound.
      Higher ratios of surfactant to active ingredient are sometimes desirable,
      and are achieved by incorporation into the formulation or by tank mixing.
PAR  Suitable solid diluents are those described in Watkins et al., "Handbook of
      Insecticide Dust Diluents and Carriers", 2nd Ed., Dorland Books, Caldwell,
      N.J. The more absorptive diluents are preferred for wettable powders and
      the denser ones for dusts. Suitable liquid diluents and solvents are those
      described in Marsden, "Solvents Guide", 2nd Ed., Interscience, New York,
      1950. Solubility under 0.1% is preferred for suspension concentrates;
      solution concentrates are preferably stable against phase separation at
      0.degree.C. suitable surfactants include those described in "McCutcheon's
      Detergents and Emulsifiers Annual", Allured Publ. Corp., Ridgewood, N.J.,
      as well as Sisely and Wood, "Encyclopedia of Surface Active Agents",
      Chemical Publishing Co., Inc. New York, 1964. All formulations can contain
      minor amounts of additives to reduce foam, caking, corrosion,
      microbiological growth, etc. Preferably, ingredients should be approved by
      the U.S. Environmental Protection Agency for the use intended.
PAR  The methods of making such compositions are well known. Solutions are
      prepared by simply mixing the ingredients. Fine solid compositions are
      made by blending and, usually, grinding as in a hammer or fluid energy
      mill. Suspensions are prepared by wet-milling as described by Littler in
      U.S. Pat. No. 3,060,084. Granules and pellets may be made by spraying the
      active material upon preformed granular carriers or by agglomeration
      techniques as described by J. E. Browning in "Agglomeration", Chemical
      Engineer's Handbook, 4th Ed., McGraw-Hill, New York, 1963, pp. 8-59ff.
DETD
PAC  EXAMPLES OF THE INVENTION
PAR  The following examples, illustrating the novel products of this invention
      and their use as herbicides, are given without any intention that the
      invention be limited thereto. All percentages are by weight unless
      otherwise specified.
PAC  EXAMPLE 1
PAC  4-Bromo-2,5-diisopropylphenyl Methyl Sulfide
      ##SPC14##
PAR  A. 4-Bromo-2,5-diisopropylbenzene sulfonyl chloride was prepared as
      follows: Chlorosulfonic acid, 154 g, was added over 15 minutes to 80 g of
      2,5-diisopropylbromobenzene in 200 ml of carbon tetrachloride. The
      reactants were stirred for 30 minutes longer and then poured onto a
      mixture of ice and saturated sodium chloride solution. The organic layer
      was washed with cold water and dried over magnesium sulfate. Removal of
      the solvent gave 105 g of crystalline product. Recrystallization from
      n-hexane gave pure 4-bromo-2,5-diisopropylbenzene sulfonyl chloride, which
      softened at 77.degree.C and melted at 80.5.degree.-83.degree.C.
PAR  B. 4-Bromo-2,5-diisopropylbenzenethiol
      ##SPC15##
PAL  was prepared as follows
PAR  A solution of 110.3 g of 4-bromo-2,5-diisopropylbenzenesulfonyl chloride in
      500 ml of ether was added dropwise over 2 hours to 34.2 g of lithium
      aluminum hydride suspended in 300 ml of ether. The reactants were then
      refluxed for 16 hours. Hydrochloric acid, 10%, was added with cooling
      until by-product salts precipitated. The reaction mixture was filtered and
      the filtrate dried over sodium sulfate. Removal of the solvent gave 78.4 g
      of pale-yellow crystalline product which was recrystallized from n-hexane
      to give pure 4-bromo-2,5-diisopropylbenzenethiol having a melting point of
      72.degree.-75.degree.C.
PAR  C. 4-Bromo-2,5-diisopropylphenyl methyl sulfide was prepared as follows
PAR  A mixture of 78.4 g of 4-bromo-2,5-diisopropylbenzenethiol and 12.8 g of
      sodium hydroxide was stirred together in 200 ml of water while 50.4 g of
      dimethylsulfate was added at a rate to maintain the reaction temperature
      between 45.degree.-55.degree.C. After stirring for 3 hours at ambient
      temperature, the reaction mixture was extracted with ether. The ether
      solution, washed with half saturated sodium chloride solution and dried
      over sodium sulfate, was concentrated to an oil which was distilled to
      give 64 g of 4-bromo-2,5-diisopropylphenyl methyl sulfide, boiling at
      91.degree.-93.degree.C at 0.15-0.1 mm Hg; N.sub.D.sup.23 1.5714.
PAR  D. 4-Bromo-2,5-diisopropylphenyl methyl sulfide in preemergence application
      at 2 lb/acre (2.25 kg/hectare) effected complete control of crabgrass,
      sorghum and wild oats and strong growth retardation of barnyard grass,
      radish, dock and rice. No effect was observed on nutsedge, cassia,
      mustard, beans, soybeans or wheat. In post-emergence application at 2 and
      10 lb/acre (2.25 and 11 kg/hectare), test plants were slightly burned.
PAC  EXAMPLE 2
PAC  4-Bromo-2,5-di-sec-butylphenylmethyl Sulfide
      ##SPC16##
PAR  A. 4-Bromo-2,5-di-sec-butylbenzenesulfonyl chloride was prepared by the
      procedure of Example 1 A. except that 2,5-di-sec-butylbromobenzene was
      substituted for 2,5-diisopropylbromobenzene. The resulting product had a
      boiling point of 148.degree.C. at 0.15 mm Hg.
PAR  B. 4-Bromo-2,5-di-sec-butylbenzenethiol
      ##SPC17##
PAL  was prepared as follows
PAR  A 128-ml portion of concentrated sulfuric acid was added to 300 g of ice
      while keeping the temperature at 0.degree.-10.degree.C. Then 41 g of
      4-bromo-2,5-di-sec-butylbenzenesulfonyl chloride was added. While
      maintaining the temperature at 0.degree.-10.degree.C, 65 g of zinc dust
      was added with good agitation over a period of 2 hours. The reaction
      mixture was then heated under reflux on a steam bath for 5 hours. After
      cooling, the mixture was extracted into methylene dichloride, dried over
      magnesium sulfate, filtered, and concentrated to an oil which was
      distilled, to give 27 g of 4-bromo-2,5-di-sec-butylbenzenethiol, bp
      106.degree.-107.degree.C/0.22 mm, n.sub.D.sup.25 1.5599.
PAR  C. 4-Bromo-2,5-di-sec-butylphenyl methyl sulfide was prepared using the
      procedure of Example 1C except that 4-bromo-2,5-di-sec-butylbenzenethiol
      was substituted for the 4-bromo-2,5-diisopropylbenzenethiol. The resulting
      product had a boiling point of 126.degree.C at 0.3 mm Hg.
PAC  EXAMPLE 3
PAC  4-Chloro-2,5-diisopropylphenyl methyl sulfide
      ##SPC18##
PAR  A. 4-Chloro-2,5-diisopropylbenzenesulfonyl chloride was prepared by the
      procedure of Example 1A except that 2,5-diisopropylchlorobenzene was
      substituted for the 2,5-diisopropylbromobenzene.
PAR  B. 4-Chloro-2,5-diisopropylbenzenethiol was prepared by the procedure of
      Example 2B except that 4-chloro-2,5-diisopropylbenzenesulfonyl chloride
      was substituted for the 4-bromo-2,5-di-sec-butylbenzenesulfonyl chloride.
      The resulting product had a boiling point of 93.degree.-95.degree.C at 0.3
      mm Hg.
PAR  C. 4-Chloro-2,5-diisopropylphenyl methyl sulfide was prepared using the
      procedure of Example 1C except that 4-chloro-2,5-diisopropylbenzenethiol
      was substituted for the 4-bromo-2,5-diisopropylbenzenethiol. The resulting
      product had a boiling point of 88.degree.C at 0.35 mm Hg.
PAR  D. 4-Chloro-2,5-diisopropylphenyl methyl sulfide in preemergence
      application at 0.4 lb/acre (0.45 kg/hectare) effected slight to moderate
      retardation of crabgrass, barnyard grass, sorghum,, wild oats, corn and
      wheat, but otherwise was inactive. Increase of the application to 2
      lb/acre (2.25 kg/hectare) completely inhibited emergence of sorghum, wild
      oats and wheat and strongly stunted barnyard grass and corn. There was no
      activity in post emergence application at this level.
PAR  Post emergent application of 4-chloro-2,5-diisopropylphenyl methyl sulfide
      at a rate of 10 lb/acre (11kg/hectare) effected 60-90% chlorosis (loss of
      chlorophyll) on Johnson grass, barnyard grass and crabgrass. This compound
      also effected 100% control of nutsedge in preemergence application. Corn
      was also extensively stunted, but soybean and rice were not affected.
PAC  EXAMPLE 4 4-Bromo-2,5-diisopropylphenyl Isopropyl Sulfide
      ##SPC19##
PAR  A 54.6-g portion of 4-bromo-2,5-diisopropylbenzenethiol prepared in Example
      1B was added to a solution of 4.8 g of sodium dissolved in 200 ml of
      ethanol. Isopropylbromide, 36.9 g, was added dropwise to the above
      solution under nitrogen. The reactants were refluxed for 7 hours and then
      poured into 500 ml of water. After acidification with 10% HCl, the oily
      product was extracted into ether which was washed in turn with water and
      saturated sodium chloride solution. Drying over sodium sulfate and solvent
      removal gave 62.8 g of 4-bromo-2,5-diisopropyl isopropyl sulfide as a
      pale-yellow oil of high purity.
PAC  EXAMPLE 5
PAC  4-Bromo-2,5-diisopropylphenyl n-propyl sulfide
      ##SPC20##
PAR  4-Bromo-2,5-diisopropylphenyl n-propyl sulfide was prepared using the
      procedure of Example 4 except that n-propylbromide was substituted for
      isopropylbromide.
PAC  EXAMPLE 6
PAC  4-Bromo-2-sec-butyl-5-isopropylphenyl methyl sulfide
      ##SPC21##
PAR  A. 4-Bromo-2-sec-butyl-5-isopropylbenzenesulfonyl chloride was prepared
      using the procedure of Example 1A except that
      2-sec-butyl-5-isopropylbromobenzene was substituted for the
      2,5-diisopropylbromobenzene. The resulting product had a boiling point of
      128.degree.-130.degree.C at 0.08 mm Hg.
PAR  B. 4-Bromo-2-sec-butyl-5-isopropylbenzenethiol was prepared using the
      procedure of Example 2B except that
      4-bromo-2-sec-butyl-5-isopropylbenzenesulfonyl chloride was substituted
      for the 4-bromo-2,5-di-sec-butylbenzenesulfonyl chloride. The resulting
      product had a boiling point of 110.degree.C at 0.35 mm Hg.
PAR  C. 4-Bromo-2-sec-butyl-5-isopropylphenyl methyl sulfide was prepared using
      the procedure of Example 1C except that
      4-bromo-2-sec-butyl-5-isopropylbenzenethiol was substituted for the
      4-bromo-2,5-diisopropylbenzenethiol. The resulting product had a boiling
      point of 111.degree.C at 0.3 mm Hg.
PAC  EXAMPLE 7
PAC  4-Chloro-2-isopropyl-5-isobutylphenyl methyl sulfide
      ##SPC22##
PAR  A. 4-Chloro-2-isopropyl-5-isobutylbenzenesulfonyl chloride was prepared
      using the procedure of Example 1A except that
      2-isopropyl-5-isobutylchlorobenzene was substituted for the
      2,5-diisopropylbromobenzene. The resulting product had a melting point of
      90.degree.-94.degree.C.
PAR  B. 4-Chloro-2-isopropyl-5-isobutylbenzenethiol was prepared using the
      procedure of Example 2B except that
      4-chloro-2-isopropyl-5-isobutylbenzenesulfonyl chloride was substituted
      for the 4-bromo-2,5-di-sec-butylbenzenesulfonyl chloride. The resulting
      product had a boiling point of 77.degree.C at 0.1 mm Hg.
PAR  C. 4-Chloro-2-isopropyl-5-isobutylphenyl methyl sulfide was prepared using
      the procedure of Example 1C except that
      4-chloro-2-isopropyl-5-isobutylbenzenethiol was substituted for the
      4-bromo-2,5-diisopropylbenzenethiol. The resulting product had a boiling
      point of 89.degree.C at 0.08 mm Hg.
PAC  EXAMPLE 8
PAC  4-Cyano-2,5-diisopropylphenyl methyl sulfide
      ##SPC23##
PAR  A. 4-Cyano-2,5-diisopropylphenyl methyl sulfide was prepared as follows: A
      mixture of 20.4 g of 4-bromo-2,5-diisopropylphenyl methyl sulfide prepared
      as in Example 1C and 8.9 g of cuprous cyanide was heated at reflux in 100
      ml of N-methylpyrrolidone under nitrogen for 2 hours. After cooling to
      ambient temperature, the reaction mixture was poured into a mixture of 200
      ml of water and 100 ml of concentrated aqueous ammonia. The product was
      filtered and extracted into ether. The extract was washed with 5% HCl
      followed by a saturated solution of sodium chloride. The organic layer was
      dried over sodium sulfate and the solvent removed to give 15.5 g of
      4-cyano-2,5-diisopropyl methyl sulfide which was recrystallized from
      n-hexane giving pure product having a melting point of
      72.degree.-75.degree.C.
PAR  Anal. Caled. for C.sub.14 H.sub.19 NS: C, 72.05; H, 8.21; N, 6.00;
PAR  Found: C, 72.17; H, 8,05; N, 6.05.
PAR  B. 4-Cyano-2,5-diisopropylphenyl methyl sulfide in preemergence application
      at 0.4 lb/acre (0.45 kg/hectare) exhibited no activity toward nutsedge,
      cassia, mustard, dock, or soybeans, but completely prevented emergence of
      crabgrass, barnyard grass, sorghum, wild oats and wheat and strongly
      stunted the growth of morning glory, dock and rice. Post-emergence
      application had no effect at 0.4 lb/acre (0.45 kg/hectare) crabgrass was
      moderately stunted.
PAC  EXAMPLE 9
PAC  4-Bromo-2,5-diisopropylphenyl methyl sulfoxide
      ##SPC24##
PAR  A. 4-Bromo-2,5-diisopropylphenyl methyl sulfoxide was prepared as follows:
      A solution of 25.7 g of sodium m-periodate in 200 ml of water was added
      portionwise over 0.5 hour to 31.9 g of 4-bromo-2,5-diisopropylphenyl
      methyl sulfide (prepared in Example 1C) in 200 ml of methanol and 350 ml
      of acetone at ambient temperature. After stirring for 16 hours, the
      reaction mixture was filtered and the solid portion was extracted with
      chloroform. The filtrate was diluted with 1 liter of water and the solid
      residue that formed was collected on a filter. The second residue was
      extracted with chloroform. The two chloroform extracts were combined,
      washed with half-saturated sodium chloride solution, and dried over sodium
      sulfate. Removal of the chloroform gave a pale-yellow product containing
      some sulfide which was removed by recrystallization from n-hexane to give
      pure 4-bromo-2,5-diisopropylphenyl methyl sulfoxide which softened at
      110.degree.C and melted at 114.degree.-117.degree.C [.UPSILON.(S=O)
      9.6.mu.].
PAR  B. 4-Bromo-2,5-diisopropylphenyl methyl sulfoxide prepared in Part A above
      in preemergence application at 0.4 lb/acre (0.45 kg/hectare) inhibited
      growth of all test plants except nutsedge, cassia and marigold. Small to
      moderate adverse effects were observed on beans, corn and wheat. Post
      emergency application at 0.4 lb/acre (0.45 kg/hectare) showed slight burn
      on beans and moderate burn on nutsedge. A 2 lb/acre (2.25 kg/hectare)
      extensive hormone effect was observed on Johnson grass and crabgrass;
      cotton, Johnson grass and crabgrass were burned.
PAC  EXAMPLE 10
PAC  4-Bromo-2,5-diisopropylphenyl methyl sulfone
      ##SPC25##
PAR  A. 4-Bromo-2,5-diisopropylphenyl methyl sulfone was prepared as follows. A
      55-g portion of 30% hydrogen peroxide was added to a solution of 28.7 g of
      4-bromo-2,5-diisopropylphenyl methyl sulfide (prepared in Example 1C) in
      100 ml of acetic acid over a period of 25 min. while maintaining the
      temperature at 50.degree.-60.degree.C. The reaction mixture was then
      refluxed at 90.degree.C for 4 hrs., after which time it was poured into
      cold water. The product was filtered and washed with water to give 23.1 g
      of 4-bromo-2,5-diisopropylphenyl methyl sulfone. After recrystallization
      from 75% ethanol water the 4-bromo-2,5-diisopropylphenyl methyl sulfone
      melted at 107.degree.-112.degree.C.
PAR  B. 4-Bromo-2,5-diisopropylphenyl methyl sulfone in preemergence application
      at 0.4 lb/acre (2.45 kg/hectare) strongly inhibited growth or completely
      prevented emergence of barnyard grass, sorghum, wild oats, morning glory,
      mustard radish, dock, rice and wheat, but showed little or no activity
      against crabgrass, nutsedge, cassia, marigold, beans or soybeans. In post
      emergence application, no activity was noted at 0.4 lb/acre (0.45
      kg/hectare) while at 2 lb/acre (2.25 kg/hectare) this compound showed
      severe retardation of crabgrass.
PAC  EXAMPLE 11
PAC  4-Chloro-2,5-diisopropylphenyl methyl sulfone
      ##SPC26##
PAR  A. 4-Chloro-2,5-diisopropylphenyl methyl sulfone was prepared using the
      procedure of Example 10A except that 4-chloro-2,5-diisopropylphenyl methyl
      sulfide was substituted for the 4-bromo-2,5-diisopropylphenyl methyl
      sulfide. The resulting product had a boiling point of 127.degree.C at 0.25
      mm Hg.
PAR  B. 4-Chloro-2,5-diisopropylphenyl methyl sulfone at 2 lb/acre (2.25
      kg/hectare) in preemergence application was 60-90% effective in
      controlling the growth of sorghum, wild oats, cassia, mustard and morning
      glory. Emergence of crabgrass, barnyard grass and dock was completely
      inhibited. In post-emergence activity at 2 lb/acre (2.25 kg/hectare) it
      was effective in stunting the growth of cotton and crabgrass and in
      chlorosis of barnyard grass.
PAR  4-Chloro-2,5-diisopropylphenyl methyl sulfone showed very specific activity
      in preemergence application at 0.4 lb/acre (0.45 kg/hectare). The compound
      was inert toward radish, marigold, beans, and only slightly stunted growth
      of soybeans and rice and caused slight chlorosis of corn. Wheat had
      hormonal injury. Crabgrass, sorghum and wild oats were severely stunted,
      and barnyard grass was 100% inhibited.
PAC  EXAMPLE 12
PAC  4-Bromo-2,5-diisopropylphenyl isopropyl sulfone
      ##SPC27##
PAR  4-Bromo-2,5-diisopropylphenyl isopropyl sulfone was prepared as follows: A
      solution of 9.15 g of m-chloroperbenzoic acid (85%) in 925 ml of methylene
      dichloride was added dropwise to an ice-cooled solution of 62.8 g of
      4-bromo-2,5-diisopropylphenyl isopropyl sulfide (prepared in Example 4) in
      200 ml of methylene chloride at a rate to maintain the temperature between
      10.degree. and 25.degree.C. The reactants were then stirred at ambient
      temperature for 17 hours. The reaction mixture was filtered and the
      filtrate washed in turn with 10% sodium bicarbonate solution and water.
      After drying over sodium sulfate and solvent removal there remained 73.6 g
      of a white solid which was recrystalllized from n-hexane and then methanol
      to give 4-bromo-2,5-diisopropylphenyl isopropyl sulfone, which softened at
      77.degree.C and melted at 85.degree.-93.degree.C.
PAC  EXAMPLE 13
PAC  4-Bromo-2,5-diisopropylphenyl n-propyl sulfone
      ##SPC28##
PAR  A. 4-Bromo-2,5-diisopropylphenyl n-propyl sulfone was prepared following
      the procedure of Example 12 except that 4-bromo-2,5-diisopropylphenyl
      n-propyl sulfide was substituted for 4-bromo-2,5-diisopropylphenyl
      isopropyl sulfide.
PAR  B. 4-Bromo-2,5-diisopropylphenyl propyl sulfone was inactive at 0.4 lb/acre
      (0.45 kg/hectare) preemergence application except for considerable
      stunting of barnyard grass and some stunting of wild oats. At the level of
      2 lb/acre (2.25 kg/hectare) activity was somewhat increased and in
      post-emergence application at 2 lb/acre (2.25 kg/hectare) slight chlorosis
      of Johnson grass, crabgrass and barnyard grass was observed.
PAC  EXAMPLE 14
PAC  4-Cyano-2,5-diisopropylphenyl Methyl Sulfone
      ##SPC29##
PAR  A. A mixture of 4-bromo-2,5-diisopropylphenyl methyl sulfone (19.9 g)
      prepared in Example 10A and 7.2 g of cuprous cyanide was heated in 100 ml
      of N-methyl pyrrolidone at 195.degree.C under nitrogen for 2 hours. The
      reaction mixture was poured into a stirred solution of 25 g of
      ethylenediamine in 500 ml of water. The mixture was filtered and the
      residual product extracted into tetrahydrofuran. The extract was washed
      with 5% HCl and finally with saturated sodium chloride solution. After
      drying over magnesium sulfate, the solvent was removed to give
      4-cyano-2,5-diisopropylphenyl methyl sulfone. Further purification by
      recrystallization from n-hexane gave 4-cyano-2,5-diisopropylphenyl methyl
      sulfone having a mp of 134.degree.-137.degree.C.
PAR  Anal. Calcd. for C.sub.14 H.sub.19 NO.sub.2 S: C, 63.36; H, 7.22; N, 5.28;
PAR  Found: C, 63.30; H, 7.53; N, 5.39.
PAR  B. 4-Cyano-2,5-diisopropylphenyl methyl sulfone in preemergence application
      at 0.4 lb/acre (0.45 kg/hectare effected complete inhibition of emergence
      of crabgrass, sorghum, rice, wheat and barnyard grass and strong stunting
      of wild oats, nutsedge, cassia, morning glory, mustard, radish and dock.
      Corn was chlorotic and soybeans showed some chlorosis. This compound was
      inert in post-emergence application at 0.4 lb/acre (0.45 kg/hectare and at
      2 lb/acre (2.25 kg/hectare) showed mild chlorosis of Johnson grass,
      crabgrass and barnyard grass.
PAC  EXAMPLE 15
PAC  4-Bromo-2,5-di-sec-butylphenyl methyl sulfone
      ##SPC30##
PAR  4-Bromo-2,5-di-sec-butylphenyl methyl sulfone was prepared using the
      procedure of Example 10A excpept that 4-bromo-2,5-di-sec-butylphenyl
      methyl sulfide was substituted for the 4-bromo-2,5-diisopropylphenyl
      methyl sulfide. The resulting product had a boiling point of 146.degree.C
      at 0.3 mm Hg.
PAC  EXAMPLE 16
PAC  4-Bromo-5-sec-butyl-2-isopropylphenyl methyl sulfone
      ##SPC31##
PAR  4-Bromo-5-sec-butyl-2-isopropylphenyl methyl sulfone was prepared using the
      procedure of Example 10A, except that
      4-bromo-5-sec-butyl-2-isopropylphenyl methyl sulfide was substituted for
      the 4-bromo-2,5-diisopropylphenyl methyl sulfide. The product had a
      boiling point of 148.degree.C at 0.4 mm Hg.
PAC  EXAMPLE 17
PAC  4-Chloro-2-isopropyl-5-isobutylphenyl methyl sulfone
      ##SPC32##
PAR  4-Chloro-2-isopropyl-5-isobutylphenyl methyl sulfone was prepared using the
      procedure of Example 10A except that 4-chloro-2-isopropyl-5-isobutylphenyl
      methyl sulfide was substituted for the 4-bromo-2,5-diisopropylphenyl
      methyl sulfide. The resulting product had a boiling point of
      130.degree.-135.degree.C at 0.13 mm Hg.
PAC  EXAMPLE 18
PAC  4-Cyano-2,5-di-sec-butylphenyl methyl sulfone
      ##SPC33##
PAR  A. 4-Cyano-2,5-di-sec-butylphenyl methyl sulfone was prepared using the
      procedure of Example 8A except that 4-bromo-2,5-di-sec-butylphenyl methyl
      sulfone was substituted for the 4-bromo-2,5--diisopropylphenyl methyl
      sulfone. The product had a boiling point of 158.degree.C at 0.3 mm Hg.
PAR  B. 4-Cyano-2,5-di-sec-butylphenyl methyl sulfone in preemergence
      application at 0.4 lb/acre (0.45 kg/hectare controlled the growth of
      crabgrass, barnyard grass, sorghum, wild oats and effected moderate
      control of morning glory and dock. Corn was also stunted but beans,
      soybeans, rice and wheat were not affected. In post-emergence application
      at 2 lb/acre (2.25 kg/hectare), barnyard grass was strongly stunted and
      crabgrass moderately stunted. Barnyard grass and nutsedge were unaffected
      at 0.4 lb/acre (0.45 kg/hectare).
PAC  EXAMPLE 19
PAC  4-Cyano-2-sec-butyl-5-isopropylphenyl methyl sulfone
      ##SPC34##
PAR  A. 4-Cyano-2-sec-butyl-5-isopropylphenyl methyl sulfone was prepared using
      the procedure of Example 8A except that
      4-bromo-2-sec-butyl-5-isopropylphenyl methyl sulfone was substituted for
      the 4-bromo-2,5-diisopropylphenyl methyl sulfone. The product had a
      boiling point of 165.degree.C at 0.35 mm Hg.
PAR  B. 4-Cyano-2-sec-butyl-5-isopropylphenyl methyl sulfone prepared above in
      preemergence application at 0.4 lb/acre (0.45 kg/hectare) effected
      complete control of crabgrass, barnyard grass, wild oats and dock, and
      showed 50-90% retardation of growth of sorghum, nutsedge, cassia, morning
      glory, mustard, radish and marigold. Beans, corn, soybeans and rice were
      severely stunted and wheat showed adverse hormonal effects. At 2 lb/acre
      (2.25 kg/hectare) all test plants were severely stunted or emergence
      completely prevented. At 2 lb/acre (2.25 kg/hectare post-emergence
      application. Johnson grass showed extensive malformation and crabgrass was
      severely stunted.
PAC  EXAMPLE 20
PAC  4-Cyano-2,5-diisopropylphenyl n-propyl sulfone
      ##SPC35##
PAR  A. 4-Cyano-2,5-diisopropylphenyl n-propyl sulfone was prepared using the
      procedure of Example 8A except that 4-bromo-2,5-diisopropylphenyl n-propyl
      sulfone was substituted for the 4-bromo-2,5-diisopropylphenyl methyl
      sulfone. The product had a melting point of 113.degree.-115.degree.C.
PAR  B. 4-Cyano-2,5-diisopropylphenyl propyl sulfone (prepared above) showed
      specific activity in preemergence application at 0.4 lb/acre (0.45
      kg/hectare) in causing severe growth retardation of barnyard grass and
      inactivity toward food crops (beans, corn, soybeans, rice and wheat). At 2
      lb/acre (2.25 kg/hectare) application this compound additionally showed
      slight to moderate stunting of sorghum, wild oats, morning glory,
      marigold, dock and corn. There was essentially no activity in
      post-emergence.
PAC  EXAMPLE 21
PAC  4-Cyano-2,5-diisopropylphenyl isopropyl sulfone
      ##SPC36##
PAR  A. 4-Cyano-2,5-diisopropylphenyl isopropyl sulfone was prepared using the
      procedure of Example 8A except that 4-bromo-2,5-diisopropylphenyl
      isopropyl sulfone was substituted for the 4-bromo-2,5-diisopropylphenyl
      methyl sulfone. The product softened at 126.degree.C and melted at
      130.degree.-134.degree.C.
PAR  B. 4-Cyano-2,5-diisopropylphenyl isopropyl sulfone prepared above was
      inactive at 0.4 lb/acre (0.45 kg/hectare) and at 2 lb/acre (2.25
      kg/hectare) except for stunting crabgrass, Johnson grass, sorghum at the
      latter rate of application. Emergence of nutsedge was completely
      prevented.
PAR  Although the invention has been described and exemplified by way of
      specific embodiments, it is not intended that it be limited thereto. As
      will be apparent to those skilled in the art, numerous modifications and
      variations of these embodiments can be made without departing from the
      spirit of the invention or the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The compounds having the structure
      ##SPC37##
PAL  wherein
PA1  R.sup.1 and R.sup.2, alike or different, are alkyl of 2 to 7 carbon atoms
      in which there are no more than 3 carbons in a line from the aromatic
      ring;
PA1  R.sup.3 is an alkyl of 1 to 3 carbon atoms; and
PA1  n is O, 1 or 2
PAL  with the provisos that:
PA1  1. R.sup.1 and R.sup.2 are not ortho to each other,
PA1  2. at least one of R.sup.1 and R.sup.2 contains at least 3 carbon atoms,
      and
PA1  3. CN is not ortho to the
      ##EQU3##
NUM  2.
PAR  2. The compound of claim 1 wherein R.sup.1 and R.sup.2 are of 3 to 4 carbon
      atoms, R.sup.3 is methyl and n = 2.
NUM  3.
PAR  3. The compound of claim 1, 4-cyano-2,5-diisopropylphenyl methyl sulfide.
NUM  4.
PAR  4. The compound of claim 1, 4-cyano-2,5-diisopropylphenyl methyl sulfone.
NUM  5.
PAR  5. The compound of claim 1, 4-cyano-2-sec-butyl-5-isopropylphenyl methyl
      sulfone.
NUM  6.
PAR  6. The compound of claim 1, 4-cyano-2,5-di-sec-butylphenyl methyl sulfone.
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ABST
PAL  A process is disclosed for preparing halogenated hydrocarbyl nitriles
      comprising reacting a metal or ammonium cyanide with a dihalogenated
      aliphatic or alicyclic hydrocarbon of the formula
PAC  X--R--CH.sub.2 --X.sub.1
PA1  where X and X.sub.1 are chloro, bromo or iodo and R is a divalent
      aliphatic, alicyclic or aralkyl hydrocarbon group,
PAL  In an aqueous medium in the presence of a phase transfer catalyst.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for preparing halogenated
      aliphatic, alicyclic or aralkyl hydrocarbyl nitriles, such as
      4-chlorobutyronitrile, by reacting a metal or ammonium cyanide with a
      dihalogenated aliphatic, alicyclic or aralkyl hydrocarbyl compound in the
      presence of water and a phase transfer catalyst such as a quaternary
      ammonium or phosphonium salt.
PAR  Haloalkyl nitriles have customarily been prepared by reacting dihaloalkanes
      with a metallic cyanide in a medium capable of solvating both reactants in
      the same phase. One medium extensively used has been a 50--50
      ethanol-water mixture. The ethanol places the dihalide in solution, and
      the water dissolves the metal cyanide. The use of ethanol in the reaction
      system requires that precautions be taken during the reaction to avoid the
      danger of fire. The yield of the desired halohydrocarbyl nitrile prepared
      by the above method is usually in the range of 55 to 75 percent based upon
      the dihaloalkane reactant. One of the principal side reactions which
      reduces the yield of the product is the formation of the dinitrile. If a
      method for preparing halohydrocarbyl nitriles could be devised which could
      eliminate the need for an organic solvent while simultaneously improving
      the yield of the halohydrocarbyl nitrile product, it would represent an
      important advance in the art. Providing such a process constitutes one of
      the principal objects of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention pertains to a process for preparing a halogenated
      aliphatic, alicyclic or aralkyl hydrocarbyl nitrile comprising reacting a
      metal or ammonium cyanide with a dihalogenated aliphatic alicyclic or
      aralkyl hydrocarbon of the formula
PAC  X--R--CH.sub.2 --X.sub.1
PA1  where X and X.sub.1 are chloro, bromo or iodo and R is a divalent
      aliphatic, alicyclic or aralkyl hydrocarbon group,
PAL  In an aqueous medium in the presence of a phase transfer catalyst.
PAR  The cyanide reactant is a metal or ammonium cyanide. Preferred metals
      because of their low cost and ability to ionize readily in water are the
      alkali metals such as sodium and potassium. The alkaline earth metals,
      magnesium, calcium, strontium, barium and the like are also useful herein
      as are the other metals of Groups 3 to 8 of the Periodic Table of the
      Elements. The ammonium group can be either the unsubstituted NH.sub.4 +
      group, or a substituted ammonium group such as a quaternary ammonium
      group. Also included within the scope of the invention are those ammonium
      groups where one, two or three of the hydrogen atoms are displaced by a
      hydrocarbon group. Examples include methylammonium, dibenzylammonium,
      butyldibenzylammonium, methyldiethylammonium, diethylammonium,
      benzylammonium and the like.
PAR  The dihalogenated hydrocarbon has the formula
PAC  X--R--CH.sub.2 --X.sub.1
PA1  where X and X.sub.1 are chloro, bromo or iodo, and R is a divalent
      aliphatic, alicyclic or aralkyl hydrocarbon group.
PAR  The two X groups can be the same or different halogen groups. One class of
      preferred compounds are those where X is a chloro group and X.sub.1 is a
      bromo group. Other combinations of X and X.sub.1 groups include chlorine
      and chlorine, bromine and bromine, iodine and iodine, chlorine and iodine,
      bromine and chlorine, iodine and bromine, iodine and chlorine, and bromine
      and iodine.
PAR  The R group can be any divalent aliphatic or alicyclic hydrocarbon group
      such as alkylene, alkenylene, alkynylene, cycloalkylene and the like.
      Another group represented by R is an aralkyl group where the alkyl and
      aryl portions are arranged in the dihalogenated hydrocarbon in the
      following manner:
PAC  X--alkyl-aryl--CH.sub.2 --X.sub.1.
PAL  Hence the halogen atom must be attached to the alkyl portion of the aralkyl
      group and not to the aromatic moiety. Examples of suitable aralkyl groups
      useful herein include tolylene, i.e., --CH.sub.2 C.sub.6 H.sub.4 --;
      ethylphenylene, i.e., --C.sub.2 H.sub.4 C.sub.6 H.sub.4 --; and the like.
      The R group can be of any size up to 20 or more carbon atoms, but
      preferably has a maximum of about eight carbon atoms and more preferably
      about four carbon atoms. Preferred R groups are the alkylene, alkenylene
      and cycloalkylene groups, and more preferably the alkylene groups having a
      maximum of about four carbon atoms. Examples of suitable R groups include
      trimethylene, 1-methylpropylene, dimethylene, vinylene, allylene,
      cyclohexylene and the like.
PAR  Examples of dihalohydrocarbons useful in the practice of this invention
      include 1-chloro-3-bromopropane, 1,3-dichloropropane, 1,4-dichlorobutane,
      1,3-dichlorobutane, 1-chloro-3-bromopropene-1,
      1-bromomethyl-4-chlorocyclohexane, .alpha.,.alpha.'-dibromo-p-xylene,
      .alpha.-bromo-.alpha.'-chloro-p-xylene 4-(2-bromoethyl)-toluene,
      1-chloro-4-iodobutene-2, 1-iodo-2-chloroethane, 1-bromo-2-chloroethane,
      1,2-dibromobutane, 1-iodo-4-bromobutene-1, 1-chloro-3-bromopropene, and
      1-chloro-3-bromooctadecane. Of the foregoing, the
      .alpha.,.omega.-dihaloalkanes are the most preferred reactants for use in
      the practice of the present invention. The preparation of
      .omega.-haloalkyl nitriles from the .alpha.,.omega.-dihaloalkanes in good
      yield is an exceptionally unexpected feature of this invention since one
      skilled in the art would expect the reaction of a dihaloalkane with a
      cyanide to produce a large amount of the dinitrile at the expense of the
      desired mono-halo-mononitrile product.
PAR  The reaction is conducted in an aqueous medium. Because of the simplicity
      and availability of water, it is preferable that water be the sole solvent
      and dispersing medium for the reactants. For certain variations, it may be
      desirable to use other liquids as co-dispersants such as benzene,
      chloroform, cyclohexane and the like.
PAR  The phase transfer catalyst is an essential component required in the
      practice of the present invention. The concept of phase transfer catalysis
      has been reported in the literature for a number of reactions, and a large
      number of catalytic compounds known to be useful for the production of
      alkyl nitriles can be used herein. Examples include quaternary ammonium,
      phosphonium and arsonium salts, such as tetramethylammonium choride,
      cetyltrimethylammonium bromide, benzyltrimethylammonium bromide,
      tricaprylylmethylammonium chloride, benzyltriethylammonium chloride,
      dibenzyldiethylammonium nitrate, diethyldipropylammonium sulfate,
      dihexyldimethylammonium iodide, tetrabutylammonium hydrogen sulfate,
      tetrabutylphosphonium bromide, tetraethylphosphonium chloride,
      ethyltribenzylphosphonium fluoride, cetyltrimethylphosphonium acetate,
      tricaprylylethylphosphonium nitrate, tributylhexadecylphosphonium bromide,
      tetrabutylphosphonium bromide and diethyldibenzylarsonium nitrate.
PAR  The amount of phase transfer catalyst which can be used can vary from a
      small amount such as 0.01 mole or less per mole of the dihalide reactant
      up to am amount exceeding the stoichiometric amount required to displace
      the X.sub.1 halogen component of the dihalide reactant. The amount of
      catalyst preferably used because of economic considerations is from about
      0.01 to 0.5, and more preferably from about 0.02 to about 0.15, mole per
      mole of dihalide reactant. If the cyanide reactant is wholly or partially
      a quaternary ammonium cyanide, the amount of phase transfer catalyst can
      be reduced or even eliminated, depending upon the equivalent weight of the
      quaternary ammonium ion present.
PAR  The conditions under which the reaction of the above reactants can be
      conducted can vary depending upon the reactants employed. Reaction
      temperatures can be from the freezing point of the aqueous medium to a
      temperature greater than the boiling point of the medium. Since reaction
      pressures can be either superatmospheric or subatmospheric, the reaction
      temperatures can be substantially higher than 100.degree.C or even lower
      than 0.degree.C. Careful selection of reaction temperatures and pressures
      can minimize the formation of undesirable by-products, and such selection
      of optimum reaction temperatures, pressures and other operating conditions
      therefore constitutes a preferred embodiment of this invention. Preferred
      reaction temperatures for dihaloalkanes and alkali metal cyanides range
      from about 40.degree. to about 110.degree.C, and more preferably from
      about 50.degree. to about 100.degree.C. For 1-chloro-3-bromopropane and
      sodium cyanide reactants, a reaction temperature of from about 65.degree.
      to about 85.degree.C is particularly preferred. Reaction pressures are
      most conveniently maintained at atmospheric pressure, but pressures from
      0.1 or less up to 10 or more atmospheres are included within the scope of
      this invention.
PAR  Another variable which has an effect upon the production of the dinitrile
      by-product is the molar ratio of the dihalide reactant to the cyanide
      reactant. Even though molar ratios of dihalide to cyanide of less than 1
      to 1, such as 0.7 or 0.8 moles of dihalide to one mole of cyanide, are
      within the scope of this invention, molar ratios of dihalide to cyanide of
      at least 1 to 1, more preferably at least 1.5 to 1, and even more
      preferably at least 2 to 1, are particularly useful since the production
      of the dinitrile is minimized, thereby facilitating the recovery and
      purification of the desired halohydrocarbyl nitrile product.
PAR  One reaction technique which has been found to be capable of reducing the
      formation of the dinitrile has been the gradual addition of the cyanide to
      the reaction medium containing the dihalide. Instead of adding the cyanide
      in one step, the cyanide addition can be made in a number of steps, or
      even continuously during the entire reaction period. If the production of
      the halohydrocarbyl nitrile is carried out in a continuous reaction, both
      the dihalide and the cyanide can be added continuously or intermittently
      in such a manner that the molar ratio of dihalide to cyanide is always
      greater than 2 to 1, and preferably much greater, on the order of 5 to 1
      or even 10 to 1.
PAR  One technique which can be employed to reduce the formation of the
      undesirable by-products is the application of a vacuum when the
      halohydrocarbyl nitrile is being removed from the system by distillation.
      Without some reduction in pressure, the temperatures necessary for
      distillation of many of the halonitriles within the scope of this
      invention are so high that product decomposition occurs. Reduced pressures
      during product distillation, on the order of 0.5 to 250 mm.Hg, have been
      beneficially employed in the process of this invention.
PAR  In one preferred embodiment of this invention, an alkali metal cyanide is
      reacted with a dihaloalkane where the two halogen atoms on the alkane are
      different. Chlorine and bromine are examples of different halogen atoms
      which are commonly used in combination with each other to form
      chloro-bromoalkanes. When the chloro-bromoalkane is
      1-chloro-3-bromopropane, the principal reaction product will be
      4-chlorobutyronitrile. Another reaction product which will also be formed,
      however, is 4-bromobutyronitrile. If it is desirable to minimize the
      formation of the bromonitrile, the reaction system containing the
      haloalkyl nitrile can be washed with some metal chloride such as sodium
      chloride prior to the distillation step.
PAR  Temperature control, already described as important in controlling the
      formation of the dinitrile, is also important in controlling the ratio of
      chloro-to bromoalkyl nitriles. In general, the formation of a high
      proportion of the chloroalkyl nitrile can be attained by conducting the
      reaction at a temperature below 100.degree.C.
PAR  If the X halogen atom is attached to a carbon atom in the R group which is
      not a --CH.sub.2 -- group, the replacement of the X halogen atom instead
      of the X.sub.1 halogen atom with a cyanide group can be minimized. If for
      instance the dihalide reactant is 2-chloropropyl bromide, the chlorine
      atom is less available for reaction with the cyanide compound than is the
      bromine atom, and chlorohydrocarbyl cyanide with a high degree of purity
      is thereby formed.
PAR  The halohydrocarbyl nitriles produced by the process of this invention are
      useful intermediates in the synthesis of pharmaceuticals, photographic
      chemicals and polymers. Specifically, 4-halobutyronitriles can be used as
      reactants in the manufacture of lysine, an amino acid useful for medicinal
      and nutritional purposes. The halohydrocarbyl nitriles as a generic class
      are also useful as reactants in organic syntheses for introducing
      hydrocarbyl cyanide groups into compounds, thereby making such compounds
      useful in the preparation of biologically active materials. In addition,
      4-halobutyronitriles can be employed as reactants in the manufacture of
      herbicidal chemicals taught in U.S. Pat. No. 3,546,295. Other
      halohydrocarbyl nitriles can be employed in organic manufacture as
      alkylating agents for the introduction of cyanohydrocarbyl groups. Thus,
      for example, the use of 3-bromopropionitrile for the commercially
      significant cyanoethylation reaction of several compounds has been
      detailed by R. F. Butskus in J. Gen. Chem., U.S.S.R., 30, 1799 (1960). The
      anti-fibrinolytic drug e-amino-caproic acid can be prepared from
      6-chloro-capronitrile by a variation of the procedure in Organic
      Syntheses, Collective Volume II, 25 (1943).
DETD
PAC  EXAMPLE 1
PAR  To 315 grams (2 moles) of 1-chloro-3-bromopropane was added 49 grams (1
      mole) of sodium cyanide, 25 ml. of water, and 18.2 grams of
      cetyltrimethylammonium bromide. The mixture was heated with stirring to
      100.degree.C as a reaction exotherm occurred. Stirring of the reaction
      mixture was continued during the remainder of the 5.5 hour period, after
      which time the reaction mixture was fractionally distilled under reduced
      pressure. The combined yield of chloro- and bromobutyronitrile was 74%,
      based upon vapor-phase chromatographic analysis.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated except that the temperature was
      maintained at 95.degree.C for a 10 hour period. VPC analysis showed the
      yield of the chloro-and bromobutyronitrile to be 71%.
PAC  EXAMPLE 3
PAR  Example 1 was repeated except that the molar ratio of chlorobromopropane to
      the cyanide was adjusted to 1.6 to 1 instead of 2 to 1. Secondly, the
      reaction temperature was held at 75 to 80.degree.C for the first hour and
      at about 70.degree.C for an additional two hours, instead of using the
      reaction conditions of Example 1. Thirdly, after the reaction was
      terminated, the organic layer was separated from the aqueous layer and
      washed with 175 grams of sodium chloride in 300 ml. of water. The yield of
      the chloro-and bromobutyronitrile was 72% based upon VPC analysis. Percent
      glutaronitrile was 7.1%.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 was repeated except that the molar ratio of the
      chlorobromopropane to the cyanide was adjusted to 1.1 to 1 instead of 2 to
      1. In addition, the reaction temperature was maintained at 75.degree. to
      80.degree.C for 2.5 hours, during which time the cyanide was added
      gradually instead of all at once at the onset of the reaction. After the
      2.5 hour period, the reaction temperature was maintained at 75.degree. to
      80.degree.C for an additional hour, during which time no further cyanide
      was added. The yield of chloro-and bromobutyronitrile based upon VPC
      analysis was 82%; yield of glutaronitrile was 9.6%.
PAC  EXAMPLE 5
PAR  The procedure of Example 1 was followed except that a reaction temperature
      of 70.degree. to 75.degree.C was utilized with the cyanide reactant being
      added to the reaction mixture over a 2 hour period. Following the cyanide
      addition, the reaction mixture was maintained at the 70 to 75.degree.C
      temperature for an additional 2 hours. The yield of chloro and
      bromobutyronitrile based upon VPC analysis was 90%; yield of
      glutaronitrile was 1.1%.
PAR  Comparison of the first four examples with Example 5 shows that the process
      variables described hereinabove can be adjusted to increase appreciably
      the yield of the desired halobutyronitrile while simultaneously reducing
      the formation of undesirable by-products such as glutaronitrile.
PAC  EXAMPLE 6
PAR  The following Example is presented to illustrate other embodiments which
      can be practiced utilizing the foregoing examples as background
      information.
PAR  Two moles of .alpha.-bromo-.alpha. '-chloro-p-xylene is added to a solution
      containing 0.25 mole of potassium cyanide and 0.05 mole of
      tetrabutylphosphonium bromide in 25 ml. of water. The mixture is heated
      wtih stirring to 75.degree.C at which time an additional 0.75 mole of
      potassium cyanide dissolved in 25 ml. of water is added dropwise over a 2
      hour period. During the 2 hour period care is taken to maintain the
      reaction temperature at 75.degree. to 80.degree.C. After the cyanide
      addition is complete, the reaction mixture is maintained at 75.degree. to
      80.degree.C for an additional 30 minutes, after which time the desired
      .alpha.-chloro-p-toluyl nitrile is removed by distillation under reduced
      pressure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing 4-halobutyronitrile wherein said nitrile is
      4-chlorobutyronitrile, 4-bromobutyronitrile or mixtures thereof comprising
      reacting a water ionizable metal or ammonium cyanide with
      1-chloro-3-bromopropane, in a molar ratio of 1-chloro-3-bromopropane to
      cyanide of about 1:1 to about 2:1, the reaction medium being water, and in
      the presence of a phase transfer catalyst, the reaction temperature being
      maintained at about 50.degree. to about 100.degree.C.
NUM  2.
PAR  2. A process according to claim 1 wherein said metal or ammonium cyanide is
      an alkali metal cyanide.
NUM  3.
PAR  3. A process according to claim 2 wherein said alkali metal cyanide is
      sodium cyanide.
NUM  4.
PAR  4. A process according to claim 1 wherein said phase transfer catalyst is a
      quaternary ammonium or phosphonium compound.
NUM  5.
PAR  5. A process according to claim 1 wherein said phase transfer catalyst is a
      quaternary ammonium halide.
NUM  6.
PAR  6. A process according to claim 5 wherein said quaternary ammonium halide
      is cetyltrimethyl ammonium bromide.
NUM  7.
PAR  7. A process according to claim 1 wherein said reaction temperature is from
      about 65.degree. to about 85.degree. C.
NUM  8.
PAR  8. A process according to claim 7 wherein said reaction temperature is from
      about 70.degree. to about 75.degree. C.
NUM  9.
PAR  9. A process according to claim 8 wherein said molar ratio is from about
      1.5:1 to about 2:1.
NUM  10.
PAR  10. A process according to claim 9 wherein said molar ratio is 1.5:1.
NUM  11.
PAR  11. A process according to claim 9 wherein said molar ratio is 2:1.
NUM  12.
PAR  12. A process according to claim 1 wherein the aqueous layer of the
      reaction mixture is washed with a metal chloride solution prior to removal
      of said 4-halobutyronitrile.
NUM  13.
PAR  13. A process for preparing 4-halobutyronitrile wherein said nitrile is
      selected from the group consisting of 4-chlorobutyronitrile,
      4-bromobutyronitrile or mixtures thereof comprising reacting an alkali
      metal cyanide with 1-chloro-3-bromopropane in a molar ratio of about 1:5
      to 2:1, the reaction medium being water, in the presence of a quaternary
      ammonium halide phase transfer catalyst having at least 10 carbon atoms,
      the reaction temperature being maintained at about 50.degree. to
      100.degree.C.
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PAL  New process for the preparation of cyclic ketones possessing interesting
      organoleptic properties and including methyl
      2-(cis-pent-2-enyl)-3-oxo-cyclopentylacetate and
      3-methyl-2-(cis-pent-2-enyl)-cyclopent-2-enone, better known in the
      perfume industry as cis-methyl jasmonate and cis-jasmone respectively.
PARN
PAR  This is a continuation of application Ser. No. 201,168, filed Nov. 22, 1971
      now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a new process for the preparation of
      cyclic ketones having the formula
      ##SPC1##
PAL  Wherein the symbol R.sup.1 represents an alkylidene radical containing one
      to 5 carbon atoms, R indicates a lower alkyl radical having a linear or a
      branched chain, and n stands for the integer 0, 1, 3 or 4.
PAR  The invention also relates to a process for the preparation of compounds of
      formula
      ##SPC2##
PAL  Wherein R.sup.3 represents either a lower alkyl radical comprising one to 6
      carbon atoms, or an alkenyl or an alkynyl radical comprising 2 to 6 carbon
      atoms, and R.sup.4 represents a lower alkyl radical or a hydrogen atom.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The compounds of formula I are fragrant substances which possess very
      particular olfactive properties either in a pure form or in admixtures
      with other perfume ingredients. When admixed with other odoriferous
      substances, these compounds develop powerful fragrant effects by exalting
      and rounding off the whole fragrance of the compositions in which they
      have been added, and by imparting fine and elegant notes to many perfumes.
PAR  More specifically, among the compounds having formula I, methyl
      2-(cis-pent-2-enyl)-3-oxo-cyclopentylacetate, better known in the art of
      perfumery under the name of cis-methyl jasmonate, has a particular
      interest.
PAR  Said substance is a constituent of Jasminum grandiflorum L. and represents
      a valuable raw material in modern perfumery. Despite its importance its
      chemical synthesis has received little attention.
PAR  Early syntheses of methyl jasmonate have been reported in patent [U.S. Pat.
      No. 3,288,833] and in chemical literature [Helv. Chim. Acta, 45, 692
      (1962)]. According to said processes, racemic methyl jasmonate was
      synthesized from racemic methyl 3-oxo-cyclopentane-1-acetate. The
      synthesis was structurally nonspecific and, as a consequence, the chosen
      route involved isomers separation via the corresponding semi-carbazones.
PAR  A more recent publication describes the synthesis of methyl jasmonate by
      another route, starting from methyl-2-oxo-cyclopentane-1-acetate [J. Org.
      Chem., 34, 2661 (1969)]. The preparation of methyl jasmonate by this
      latter method proceeds through intermediates which are difficult to
      separate from concomitantly formed isomers.
PAR  As a consequence, for both economical and practical reasons said syntheses
      have not found a suitable industrial application.
PAR  In accordance with the present invention, the process for the preparation
      of cyclic ketones having formula I, comprises
PA1  A. alkylating cyclohexane-1,3-dione by treating it with an alkyne halide of
      formula
EQU  X--(CH.sub.2).sub.n --C.tbd.R.sup.2                        II
PA1  wherein X represents a halogen, R.sup.2 represents an alkylidyne radical
      containing 1 to 5 carbon atoms, and n stands for the integer 0, 1, 3 or 4;
PA1  b. reacting the obtained 2-alkynyl-cyclohexane-1,3-dione with a
      halogenating agent;
PA1  c. treating the resulting 2-halo-2-alkynyl-cyclohexane-1,3-dione with a
      mineral or an organic base, or an alkali metal salt acting as a base under
      the reaction conditions, for obtaining a 2-alkynyl-cyclopent-2-enone;
PA1  d. adding on to the cyclic double bond of the obtained ketone a dialkyl
      malonate in the presence of a base catalyst;
PA1  e. hydrolysing and subsequently decarboxylating the dialkyl
      2-alkynyl-3-oxo-cyclopentyl malonate, obtained according to d), by
      treating it successively with a base and an acid;
PA1  f. esterifying the 2-alkynyl-3-oxo-cyclopentyl acetic acid obtained, and
PA1  g. partially hydrogenating the resulting ester in the presence of a
      partially poisoned hydrogenation catalyst.
PAR  The above synthesis has the great advantage of being structurally specific.
      By proceeding through specific positional isomers, the process of the
      present invention eliminates the expensive purification which was
      necessary whenever the synthetic routes disclosed in the prior art were
      applied.
PAR  A further advantage of the present invention is that of using as starting
      material cyclohexane-1,3-dione, which is a readily available, cheap
      commercial material.
PAR  For the preparation of the 2-halo-2-alkynyl-cyclohexane-1,3-dione, the
      reagents commonly known to produce positive halogens, such as, for
      instance, bromoacetamides, N-bromosuccinimide or tert.-butyl-hypochlorite
      can be used. This latter compound is preferred. The temperature at which
      the halogenation is carried out may be comprised in between about
      0.degree. and about -60.degree. C, preferably comprised in between about
      -15.degree. and about -20.degree. C. The halogenation is preferably
      carried out by mixing the reagents in an inert organic solvent such as,
      for instance, an aliphatic, a cycloaliphatic or an aromatic hydrocarbon,
      or a chlorinated hydrocarbon, such as chloroform, dichloromethane,
      tetrachloroethylene. Chloroform is the preferred solvent.
PAR  For the preparation of the 2-alkynyl-cyclopent-2-one organic or mineral
      bases may be used. Suitable organic bases include tertiary amines, such as
      e.g. trimethylamine, triethylamine, N,N-diisopropylethylamine, pyridine,
      .alpha.-, .beta.- or .gamma.-collidine, ethyl pyridine, picoline or
      lutidine, and convenient mineral bases include alkali metal hydroxides, or
      alkali metal salts, such as sodium or potassium bicarbonate or carbonate.
      The reaction is preferably carried out in the presence of anhydrous sodium
      carbonate in suspension in an inert solvent. The commonly used solvents
      such as, for instance, lower alcohols, methyl-, ethyl- or
      isopropyl-alcohol, cyclic or acyclic hydrocarbons, aromatic or aliphatic
      hydrocarbons, ethers, such as tetrahydrofurane or dioxane, ester or
      amides, such as dimethylformamide, can be conveniently used. Anhydrous
      xylene or mesitylene are the preferred solvents.
PAR  The temperature at which the above mentioned reaction can be carried out is
      comprised in between about 15.degree. and about 200.degree. C. However,
      for practical reasons it is preferred to use a temperature which is near
      the boiling point of the chosen solvent. Said temperatures are not
      critical and temperature values above the boiling point of the chosen
      solvent may be used, namely by operating at a pressure higher than the
      atmospheric pressure.
PAR  The alkyl substituents of the dialkyl malonate used for the addition on to
      the double bond of the ring of 2-alkynyl-cyclopent-2-enone may be
      identical or different. In fact, suitable reagents include either
      dimethyl, diethyl, diisopropyl malonate, or mixed
      monalkyl-monotetrahydropyranyl malonates. By using these latter reagents
      the desired alkyl ester is directly obtained by partially saponifying the
      obtained addition compound under mild conditions and subsequently
      decarboxylating the resulting substituted malonic semi-ester.
PAR  The malonic diester addition is preferably carried out in the presence of a
      base catalyst. Sodium methoxide in alcohol solution is a preferred
      catalyst. Good yields of the addition product are obtained particularly
      when the reaction is carried out at temperatures comprised in between
      about 0.degree. and -25.degree. C.
PAR  The subsequent reactions of hydrolysis, decarboxylation and, as the case
      may be, esterification are carried out according to the usual practice.
      More specifically, it is preferred to obtain the ester derivatives of
      lower aliphatic alcohols in the presence of an acid catalyst, such as a
      strong mineral acid.
PAR  The partial hydrogenation of the triple bond of the resulting alkyl
      alkynyl-oxo-cyclopentyl acetate proceeds according to the techniques
      usually employed for selectively reducing an alkyne to an alkene.
      "Lindlar" type catalysts [Helv. Chim. Acta, 35, 446 (1952)], constituted
      by a palladium catalyst partially poisoned with quinoline or lead acetate,
      are conveniently used. Other methods commonly used for performing similar
      partial hydrogenations of triple bonds can also be used [see for example
      H.O. House, Modern Synthetic Reactions, W.A. Benjamin Inc. New York
      (1965), p. 17 and following].
PAR  The alkyne halides of formula II may be prepared by usual methods [see for
      example Agr. Biol. Chem. (Tokyo), 30, 370 (1966)]. The chemical process
      described hereinabove can be illustrated by the following reaction
      pathway:
      ##SPC3##
PAR  In the above reaction pathway the symbols R, R.sup.1 R.sup.2 and X, and
      index n have the same meanings as those previously indicated for formulae
      I and II.
PAR  If a mixed mono-alkyl-monotetrahydropyranyl malonate is used instead of a
      dialkyl malonate, as shown hereinabove, the reaction pathway may be
      partially modified according to:
      ##SPC4##
PAR  According to the above disclosed process, the compounds of formula I are
      obtained almost exclusively in the form of ethylenic isomers having the
      cis- structure.
PAR  The isomerisation of the cis- compounds to their corresponding trans-
      derivatives can be promoted by treating the cis-isomers with an acidic
      isomerisation agent according to usual methods.
PAR  Moreover, due to the presence of two asymmetric carbon atoms, ketones I can
      exist in the form of four cyclanic stereoisomers corresponding to two
      racemic compounds of formula Ia and Ib:
      ##SPC5##
PAR  The separation of the different isomers may be carried out by preparative
      vapour phase chromatography or by distillation by means of a spinning band
      column. However, for practical reasons the mixtures of the isomers
      directly obtained by the described process can be used as such in the
      perfume industry since the above-mentioned isomers possess similar
      olfactive properties.
PAR  The formation of a 2-alkynyl-cyclopent-2-enone according to one of the
      steps of the presently disclosed chemical process (see paragraph c) above
      described) proceeds by ring contraction of a
      2-halo-2-alkynyl-cyclohexane-1,3-dione. Said reaction is novel and does
      not find analogy with previously known chemical processes. We have
      unexpectedly found that the ring contraction of
      2-halo-2-alkynyl-cyclohexane-1,3-diones proceeds under relatively mild
      conditions.
PAR  Specific examples of the compounds which can be prepared according to the
      process of the present invention include: the lower alkyl esters of
      2-(pent-1-enyl)-3-oxo-cyclopentyl acetic acid,
      2-(pent-2-enyl)-3-oxo-cyclopentyl acetic acid,
      2-(pent-4-enyl)-3-oxo-cyclopentyl acetic acid and
      2-(3-methyl-but-2-enyl)-3-oxo-cyclopentyl acetic acid.
PAR  A specific embodiment of the present invention comprises:
PA1  a. alkylating cyclohexane-1,3-dione by treating it with 1-bromo-pent-2-yne
      in an alkaline aqueous medium;
PA1  b. treating a suspension of the resulting
      2-(pent-2-ynyl)-cyclohexane-1,3-dione with a halogenating agent;
PA1  c. treating the resulting 2-halo-2-(pent-2-ynyl)-cyclohexane-1,3-dione with
      a mineral or an organic base, or an alkali metal salt acting as a base
      under the reaction conditions, for obtaining
      2-(pent-2-ynyl)-cyclopent-2-enone;
PA1  d. adding on to the cyclic double bond of the obtained ketone a dialkyl
      malonate in the presence of a base catalyst;
PA1  e. hydrolysing and subsequently decarboxylating the dialkyl
      2-(pent-2-ynyl)-3-oxo-cyclopentyl malonate, obtained according to d), by
      treating it successively with a base and an acid;
PA1  f. esterifying the 2-(pent-2-ynyl)-3-oxo-cyclopentyl acetic acid obtained
      and
PA1  g. partially hydrogenating the resulting ester in the presence of a
      partially poisoned hydrogenation catalyst to afford alkyl
      2-(cis-pent-2-enyl)-3-oxo-cyclopentyl acetate.
PAR  A more specific embodiment of the present invention comprises:
PA1  a. alkylating cyclohexane-1,3-dione by treating it with 1-bromo-pent-2-yne
      in an alkaline aqueous medium and at a temperature comprised in between
      about 10.degree. and about 60.degree.C;
PA1  b. treating a suspension of the resulting
      2-(pent-2-ynyl)-cyclohexane-1,3-dione in chloroform with tert.-butyl
      hypochlorite at a temperature comprised in between about -15.degree. and
      -20.degree.C;
PA1  c. treating a solution of the resulting
      2-chloro-2-(pent-2-ynyl)-cyclohexane-1,3-dione in xylene with anhydrous
      sodium carbonate to yield 2-(pent-2-ynyl)-cyclopent-2-enone;
PA1  d. adding dimethyl malonate on to the ring double bond of the resulting
      ketone at a temperature of about -5.degree.C and in the presence of sodium
      methoxide;
PA1  e. hydrolysing the resulting dialkyl 2-(pent-2-ynyl)-3-oxo-cyclopentyl
      malonate in aqueous alkaline medium at room temperature, and subsequently
      decarboxylating the acid thus obtained by means of sulfuric acid to yield
      2-(pent-2-ynyl)-3-oxo-cyclopentyl acetic acid;
PA1  f. esterifying said acid by means of methyl alcohol in the presence of a
      mineral acid, and
PA1  g. partially hydrogenating the resulting methyl ester in the presence of a
      partially poisoned hydrogenation catalyst to yield methyl
      2-(cis-pent-2-enyl)-3-oxo-cyclopentyl acetate.
PAR  According to the present invention a method for the preparation of the
      compounds of formula III comprises treating a compound of formula
      ##SPC6##
PAL  wherein X represents a halogen atom, and R.sup.3 and R.sup.4 have the same
      significance as that given for formula III, with either a mineral or an
      organic base, or an alkali metal salt acting as a base under the reaction
      conditions.
PAR  The compounds of formula IV used as starting materials in the
      above-mentioned process, can be prepared according to the same method as
      that described for the synthesis of the compounds having formula IVa --
      see pathway I. More specifically compounds IV may be prepared as follows:
PA1  a. 4-alkyl-cyclohexane-1,3-dione or, as the case may be,
      cyclohexane-1,3-dione, is alkylated by treating it with an alkyl-,
      alkenyl- or alkynyl-halide having the formula R.sup.3 X, wherein X
      represents a halogen atom and R.sup.3 has the same meaning as indicated
      above, and
PA1  b. the resulting 2-alkyl-, 2-alkenyl- or 2-alkynyl-cyclohexane-1,3-dione is
      treated with a halogenating agent.
PAR  The halogenating agents which can be used in the above process include the
      reagents which give rise to the formation of positive halogens. The same
      reagents as those previously mentioned for the preparation of
      2-halo-2-alkynyl-cyclohexane-1,3-dione are preferred.
PAR  The 4-alkyl-cyclohexane-1,3-diones, used as starting materials in the above
      defined preparation, can be obtained by hydrogenation of the corresponding
      hydroxylic aromatic derivatives [see for example: J. Chem. Soc., 103, 2033
      (1913)].
PAR  4-Alkyl-cyclohexane-1,3-dione can also be prepared according to the method
      described in Zh. Obshch., Khim., 32, 3983 (1962) as reported in Chem.
      Abstr., 58, 13808 f. Said method can be summarized according to the
      hereinbelow given pathway.
      ##SPC7##
PAR  Specific examples of the compounds which can be prepared by the hereinabove
      disclosed process of the invention include 3-methyl-2-pentyl-,
      3-methyl-2-(pent-2-enyl)- and 3-methyl-2-(pent-2-ynyl)-cyclopent-2-enone.
PAR  More specifically, the hereinabove disclosed process of the present
      invention enables the preparation of
      3-methyl-2-(cis-pent-2-enyl)-cyclopent-2-enone (R.sup.3 = cis-pent-2-enyl
      in formula III), 3-methyl-2-pentyl-cyclopent-2-enone (R.sup.3 = pentyl in
      formula III), and of their homologues and isomers. The two above defined
      compounds are known in the art of perfumery as cis-jasmone and
      dihydrojasmone respectively and are characterized by their powerful and
      clinging scent.
PAR  A variety of synthetic processes for the preparation of cis-jasmone has
      been reported in the chemical literature but, so far, the synthesis of
      said compound has not found an industrial satisfactory solution. The first
      synthesis of jasmone has been realized by Treff and Werner already in 1935
      starting from hex-3-enol [Ber., 68, 640 (1935)].
PAR  Most of the processes described afterwards comprise as a last step the
      cyclisation of undec-8-en-2,5-dione [see for example: J. Org. Chem., 31,
      977 (1966); La France et ses Parfums, 12, 330 (1969); J. Chem. Soc. [C],
      1024 (1969); Tetrahedron Letters, 1569 (1971); Tetrahedron Letters, 2575
      (1971)].
PAR  This compound is rather difficult to synthesize and its formation proceeds
      via the hydrolysis of the corresponding furane derivative under strong
      acid conditions, as it is shown in French patent No. 1,592,859.
      Unfortunately the required acid conditions promote, parallel to the
      formation of the desired diketone, the formation of impurities which are
      then difficult to separate from the final compound.
PAR  The presently disclosed process proceeds via a new type of reaction and
      obviates to the above-mentioned disadvantages and enables the formation of
      the desired jasmone in good yield and in a pure form.
PAR  The formation of the compounds of formula III by the process of the present
      invention proceeds by ring contraction of a 4-substituted or unsubstituted
      2-halo-2-alkynyl-, 2-alkenyl- or -2-alkyl-cyclohexane-1,3-dione in much
      the same way as that described above (see page 10).
PAR  Suitable organic bases include tertiary amines, such as for instance
      trimethylamine, triethylamine, N,N-diisopropylethylamine, pyridine,
      .alpha.-, .beta.- or .gamma.-collidine, ethyl pyridine, picoline or
      lutidine, and convenient mineral bases include alkali metal hydroxides, or
      alkali metal salts such as sodium or potassium bicarbonate or carbonate.
      The reaction is preferably carried out in the presence of anhydrous sodium
      carbonate in suspension in an inert solvent. The commonly used solvents
      such as, for instance, lower alcohols, methyl-, ethyl- or
      isopropyl-alcohol, cyclic or acyclic hydrocarbons, aromatic or aliphatic
      hydrocarbons, ethers such as tetrahydrofurane or dioxane, esters or
      amides, such as dimethylformamide, can be conveniently used. Anhydrous
      xylene or mesitylene are the preferred solvents.
PAR  As described above, the temperature for carrying out this reaction may vary
      in the range comprised in between about 15.degree. and 200.degree.C.
      However, for practical reasons it is preferred to use a temperature which
      is near the boiling point of the chosen solvent.
PAR  More specifically, the present process enables the formation of
      3-methyl-2-pentyl-cyclopent-2-enone,
      3-methyl-2-(pent-2-enyl)-cyclopent-2-enone and
      3-methyl-2-(pent-2-ynyl)-cyclopent-2-enone respectively known under the
      names of dihydrojasmone, jasmone and dehydrojasmone.
PAR  In accordance to a modification of the above defined process cis-jasmone is
      obtained by using a 4-methyl-2-halo-2-(pent-2-ynyl)-cyclohexane-1,3-dione
      as starting material to yield dehydrojasmone which is then partially
      hydrogenated to cis-jasmone by using a partially poisoned hydrogenation
      catalyst of the Lindlar type (Helv. Chim. Acta, 35, 446 (1952) ).
PAR  According to the geometrical configuration of the ethylenic double bond of
      the alkenyl halides which are used as alkylating reagents in the above
      described process, the resulting 2-alkenyl-cyclopent-2-enones of formula
      III possess the cis- or trans- configuration. A further purification
      whenever necessary can be carried out by using the usual techniques of
      isomers separation such as fractional distillation or vapour phase
      chromatography.
DETD
PAR  The invention is further illustrated by the following examples, wherein the
      temperatures are indicated in degrees centigrade.
PAC  EXAMPLE 1
PAC  Preparation of 2-(pent-2-ynyl)-cyclopent-2-enone
PAR  2-chloro-2-(pent-2-ynyl)-cyclohexane-1,3-dione (80 g; 0.377 Mole) in dry
      xylene (800 ml) was allowed to reflux in the presence of anhydrous sodium
      carbonate (39.2 g; 0.38 Mole) until gas evolution ceased (12 h.). The
      reaction mixture was cooled, washed three times with water, and dried over
      magnesium sulfate, and the xylene was removed in vacuo. The resulting
      residue was distilled through a Vigreux column to afford
      2-(pent-2-ynyl)-cyclopent-2-enone (41.3 g; 74 % yield), b.p.
      67.degree.-8.degree./0.01 Torr.
PAR  U.V. (EtOH) : 224 m.mu. (.epsilon. = 6600);
PAR  IR : 3050, 1700, 1638, 1360, 1035, 1000, 790 cm.sup.-.sup.1
PAR  NMR (CCl.sub.4) : 1.13 (3H, t); 1.8-2.7 (6H, m); 2.9 (2H, q); 7.4 (1H, m)
      .delta. ppm
PAR  MS : M.sup.+ = 148 (80); m/e: 133 (100); 91 (97); 148 (80); 105 (44.6); 39
      (31.4); 77 (30); 51 (21.1); 65 (19.5); 119 (8).
PAR  n.sub.D.sup.20 = 1.5037.
PAR  The corresponding semicarbazone derivative had m.p = 204.degree.-5.degree..
PAR  2-Chloro-2-(pent-2-ynyl)-cyclohexane-1,3-dione, used as starting material
      in the above described process, can be prepared as follows:
PAR  a. 2-(pent-2-ynyl)-cyclohexane-1,3-dione
PAR  1-Bromo-2-pentyne (100 g; 0.68 Mole), prepared according to the method
      described in Agr. Biol. Chem. (Tokyo) 30, 370 (1966), was added to a cold
      solution (0.degree.-5.degree.) of cyclohexane-1,3-dione (90 g; 0.8 Mole)
      and potassium hydroxide (56 g; 1 Mole) in 200 ml of water. The reaction
      mixture was stirred for 15 h. at room temperature and then 3 h. at
      50.degree.. The mixture was poured into a 4 N solution of sodium hydroxide
      (500 ml) and washed twice with ether for removal of the neutral compounds.
      The aqueous solution was acidified with a cold hydrochloric acid solution
      (400 g of concentrated HCl in 400 g of crushed ice). A precipitate was
      obtained which yielded after filtration, washing with water, and drying in
      vacuo 2-(pent-2-ynyl)-cyclohexane-1,3-dione; m.p. 162.degree.-170.degree.;
      100 g (yield 82.5 %).
PAR  A small sample was crystallized twice from methanol; m.p.
      179.degree.-181.degree..
PAR  U.V. (EtOH) : 259 m.mu. (.epsilon. = 15,400)
PAR  IR (CHCl.sub.3) : 3330, 1620, 1180, 1130 cm.sup.-.sup.1
PAR  NMR (CDCl.sub.3) : 1.15 (3H, t); 1.8-2.6 (8H, m); 3.2 (2H unresolved, q);
      8.3 (1H, b) .delta. ppm..
PAR  b. 2-Chloro-2(pent-2-ynyl)-cyclohexane-1,3-dione
PAR  Tert.-Butyl hypochlorite (108.5 g; 1 Mole) was added under a nitrogen
      atmosphere over a 2-hour period to a suspension of
      2-(pent-2-ynyl)-cyclohexane-1,3-dione (178 g; 1 Mole) in dry chloroform
      (1.5 l) at -15.degree. to -20.degree.. After the addition was completed
      the reaction mixture was stirred for 2 h. at -15.degree.. The solvents
      were removed under reduced pressure to afford the pure chloride.
PAR  Distillation through a small column over a few milligrams of sodium
      carbonate afforded pure 2-chloro-2-(pent-2-ynyl)-cyclohexane-1,3-dione;
      162 g (76 %); b.p. 105.degree.-7.degree./0.001 Torr. The product
      crystallized on cooling; m.p. 27.degree.-9.degree..
PAR  IR (CHCl.sub.3) : 1745, 1720, 1320, 1010 cm.sup.-.sup.1
PAR  NMR (CDCl.sub.3) : 1.05 (3H, t); 1.7-2.4 (4H, m); 2.4-3.4 (6H, m, complex
      band) .delta. ppm.
PAC  EXAMPLE 2
PAC  Preparation of methyl-2-(cis-pent-2-enyl)-3-oxo-cyclopentyl acetate
PAR  a. dimethyl 2-(pent-2-ynyl)-3-oxo-cyclopentyl malonate
PAR  2-(pent-2-ynyl)-cyclopent-2-enone (59.2 g; 0.4 Mole), which was prepared
      according to the method described in Example 1, in dry methanol was added
      in a nitrogen atmosphere over a 0.5-h. period at -5.degree. to a solution
      of dry methanol (200 ml), sodium metal (1.15 g; 0.05 Mole) and dimethyl
      malonate (66 g; 0.5 Mole). After the reaction mixture had been stirred for
      1 hour at -5.degree., acetic acid (6g; 0.1 Mole) was added and the solvent
      removed under reduced pressure. Distillation through a small Vigreux
      column afforded the pure compound; b.p. 140.degree.-5.degree./0.01 Torr;
      107 g (95.5 %).
PAR  n.sub.D.sup.23 = 1.800
PAR  IR (liquid) : 3460, 1735, 1430, 1165 cm.sup.-.sup.1
PAR  NMR (CCl.sub.4) : 1.08 (3H, t); 1.5-2.5 (10 H, m); 3.65 (2H, d); 3.72 (6H,
      s) .delta. ppm
PAR  MS : M.sup.+ = 280; m/e: 148 (100); 133 (48); 31 (42.8); 122 (36); 107
      (26.3); 91 (23.4); 251 (17.7); 59 (17.1); 41 (16.6); 79 (16); 189 (7.4);
      65 (6.3).
PAR  b. 2-(pent-2-ynyl)-3-oxo-cyclopentyl acetic acid
PAR  Sodium hydroxide (32 g; 0.8 Mole) dissolved in water (320 ml) was added
      slowly under a nitrogen atmosphere to the malonate derivative prepared
      according to paragraph a) hereinabove (107g; 0.382 Mole) at 15.degree.
      over 3 h. The reaction mixture was stirred overnight at room temperature.
      After extraction with ether the aqueous layer was acidified with sulfuric
      acid (50 g; 0.5 Mole) in water (100 ml) and heated at reflux until gas
      evolution ceased (3-4 h.). After two extractions with ether, the organic
      layers were washed with water and dried over magnesium sulfate, and the
      solvent was removed under reduced pressure. Distillation through a small
      Vigreux column afforded the desired acid: 63.6 g (80 %); b.p.
      155.degree.-160.degree./0.01 Torr.
PAR  n.sub.D.sup.23 = 1.4895
PAR  IR (liquid) : 3460, 1735 cm.sup.-.sup.1
PAR  NMR (CCl.sub.4) : 1.09 (3H, t);  1.8-3.1 (10H, m); 8.6 (1H, s) .delta. ppm
PAR  MS : M.sup.+ = 208; m/e: 122 (100); 107 (54); 179 (29); 79 (24.5); 91
      (22.5); 41 (22.5); 55 (16.4); 133 (11.6); 149 (9.3); 67 (8.7); 193 (2.5).
PAR  c. methyl 2-(pent-2-ynyl)-3-oxo-cyclopentyl acetate
PAR  The acid prepared according to paragraph (b) hereinabove (63.6g; 0.306
      Mole) and dry methanol (200 ml) in the presence of concentrated sulfuric
      acid (3 g) was heated at 40.degree. for 3 h. The reaction mixture was
      cooled and sodium carbonate was added to it (5 g). The alcohol was removed
      under reduced pressure, the residue was extracted twice with ether, the
      organic layers were washed with water and dried over magnesium sulfate,
      and the solvent was then distilled off in vacuo. Distillation through a
      Vigreux column afforded pure methyl 2-(pent-2-ynyl)-3-oxo-cyclopentyl
      acetate: 63.5 g (93.5 %); b.p. 100.degree.-103.degree./0.01 Torr.
PAR  n.sub.D.sup.23 = 1.4779
PAR  IR (liquid) : 3460, 1735 cm.sup.-.sup.1
PAR  NMR (CCl.sub.4) : 1.09 (3H, t); 1.7-2.9 (12H, t); 3.63 (3H, s) .delta. ppm
PAR  MS : M.sup.+ = 222; m/e: 122 (100); 107 (52); 193 (43.3); 91 (25); 79
      (23.6); 41 (21.2); 133 (16.7); 55 (16.7); 149 (13.8); 67 (8.4); 162 (2);
      207 (0.75).
PAR  This compound gave a semicarbazone, m.p. 167.degree.-9.degree..
PAR  d. methyl 2-(cis-pent-2-enyl)-3-oxo-cyclopentyl acetate
PAR  The acetylenic methyl ester obtained according to paragraph (c) hereinabove
      (63 g; 0.284 Mole) in petroleum ether (b.p. 50.degree.-70.degree.; 500 ml)
      was hydrogenated in the presence of a Lindlar type catalyst (1 g). After 3
      h. 1 equivalent of H.sub.2 had been absorbed. Filtration, removal of the
      petroleum ether under reduced pressure and distillation through a "Widmer"
      type column afforded the desired ester: 59.5 g (93.5 %); b.p.
      88.degree.-90.degree./0.01 Torr.
PAR  n.sub.D.sup.23 = 1.4720
PAR  IR (liquid) : 3450, 1735, 1690, 730 cm.sup.-.sup.1
PAR  NMR (CCl.sub.4) : 0.96 (3H, t); 1.7-2.7 (14H, m); 3.61 (3H, s); 5.25 (1H,
      m) .delta. ppm
PAR  MS : M.sup.+ = 224; m/e: 83 (100); 151 (58); 41 (46.4); 224 (36); 95
      (32.3); 55 (28); 109 (27.2); 67 (25.3); 193 (14.2); 133 (13.6); 121
      (11.1); 206 (3.7); 177 (3.7); 167 (3.1).
PAC  EXAMPLE 3
PAC  Preparation of 3-methyl-2-(cis-pent-2-enyl)-cyclopent-2-enone
PAR  a. 4-Methyl-2-chloro-2-(pent-2-ynyl)-cyclohexane-1,3-dione (3 g; 0.015
      Mole) in dry xylene (15 ml) was allowed to reflux in the presence of
      anhydrous sodium carbonate (1.6 g; 0.015 Mole) until gas evolution ceased
      (3 h.). The reaction mixture was then washed with water, dried over
      magnesium sulfate and the solvent removed under reduced pressure.
      Distillation afforded 3-methyl-2-(pent-2-ynyl)-cyclopent-2-enone
      (dehydrojasmone); b.p. 80.degree.-90.degree./0.001 Torr; 850 mg (35 %).
PAR  The purity of the above compound was 90 %; the remainder 10 % being
      5-methyl-2-(pent-2-ynyl)-cyclopent-2-enone.
PAR  Dehydrojasmone showed the following spectral data:
PAR  IR (CCl.sub.4) : 2205, 1700, 1650 cm.sup.-.sup.1
PAR  NMR (CCl.sub.4) : 1.07 (3H, t); 1.7-2.7 (9H, m; incl. 2.17: 3H, s); 2.91
      (2H, s) .delta. ppm
PAR  MS : m/e 162 (76); 147 (100); 133 (8.5); 119 (18); 105 (60); 91 (44).
PAR  b. Dehydrojasmone (260 mg; 0.016 Mole) in hexane (10 ml) was partially
      hydrogenated in the presence of a Lindlar type catalyst (10 mg). After 15
      minutes 1 equivalent of H.sub.2 had been absorbed. Filtration, removal of
      the hexane under reduced pressure and distillation of the resulting
      residue afforded a mixture (90-10) of
      3-methyl-2-(cis-pent-2-enyl)-cyclopent-2-enone and
      5-methyl-2-(cis-pent-2-enyl)-cyclopent-2-enone; b.p.
      60.degree.-70.degree./0.001 Torr; 250 mg (yield 95 %).
PAR  Further purification was achieved by vapour phase chromatography on a
      "CARBOWAX" 5 %, 2.5 m column at 175.degree..
PAR  IR (CHCl.sub.3) : 1685, 1640 cm.sup.-.sup.1
PAR  NMR (CCl.sub.4) : 1.0 (3H, t, J=7 cps); 2.0 (3H, s); 2.1-2.6 (6H, m); 2.9
      (2H, d, J=6 cps); 5.2 (2H, m) .delta. ppm
PAR  4-Methyl-2-chloro-2-(pent-2-ynyl)-cyclohexane-1,3-dione, used as starting
      material in the above described process, may be prepared as follows:
PAR  a. 4-methyl-cyclohexane-1,3-dione
PAR  This compound was prepared according to the method described in Zh. Obshch.
      Khim., 32, 3983 (1962) as reported in Chem. Abstr. 58, 13808 f. However,
      the cyclisation was run in benzene instead of methanol.
PAR  b. 4-methyl-2-(pent-2-ynyl)-cyclohexane-1,3-dione
PAR  1-Bromo-pent-2-yne (3.7 g; 0.025 Mole) was added to an ice cold solution of
      4-methyl-cyclohexane-1,3-dione (3.12 g; 0.025 Mole) in potassium hydroxide
      (1.68 g; 0.030 Mole) and water (6 ml).
PAR  The reaction mixture was stirred for 15 h. at room temperature and then 12
      h. at 50.degree.. The mixture was poured into a 4N solution of sodium
      hydroxide (20 ml) and washed twice with ether for removal of the neutral
      compounds. The aqueous solution was acidified with cold hydrochloric acid
      solution (20 g of concentrated HCl in 20 g of crushed ice), and extracted
      with ether. After removal of the solvent, distillation of the resulting
      residue afforded 4-methyl-2-(pent-2-ynyl)-cyclohexane-1,3-dione; b.p.
      120.degree.-140.degree./0.001 Torr; 3 g (65 %). MS : 192 (64); 177 (100);
      163 (215); 136 (17); 122 (31).
PAR  c. 4-methyl-2-chloro-2-(pent-2-ynyl)-cyclohexane-1,3-dione
PAR  Tert.-Butyl hypochlorite (1.66 g; 0.015 Mole) was added under a nitrogen
      atmosphere over a 15 minutes period to a solution of
      4-methyl-2-(pent-2-ynyl)-cyclohexane-1,3-dione (2.88 g; 0.015 Mole) in dry
      chloroform (15 ml) at -15.degree. to -20.degree.. After the addition was
      completed the solvents were removed in vacuo to afford the crude chloride
      as a yellow oil; 3 g.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the preparation of cyclic ketones having the formula
      ##SPC8##
PAL  wherein the symbol (=R.sup.1) represents an alkylidene radical containing
      one to five carbon atoms, R indicates a lower alkyl radical having a
      linear or a branched chain, and n stands for the integer 0, 1, 3 or 4,
      which comprises:
PA1  a. alkylating cyclohexane-1,3-dione by treating it with an alkyne halide of
      formula
EQU  X--(CH.sub.2).sub.n --C(.tbd.R.sup.2)                      II
PA1  wherein X represents a halogen, (.tbd.R.sup.2) represents an alkylidyne
      radical containing one to five carbon atoms, and n stands for the integer
      0, 1, 3 or 4;
PA1  b. reacting the obtained 2-alkynyl-cyclohexane-1,3-dione with a
      halogenating agent;
PA1  c. treating the resulting 2-halo-2-alkynyl-cyclohexane-1,3-dione in a
      solvent selected from the group of methyl-, ethyl-, and isopropyl alcohol,
      tetrahydrofurane, dioxane, dimethylformamide, anhydrous xylene and
      mesitylene, with a mineral or an organic base selected from the group of
      trimethylamine, triethylamine, N,N-diisopropylethylamine, pyridine,
      .alpha.-, .beta.-, or .gamma.- collidine, ethyl pyridine, picoline,
      lutidine, alkali metal hydroxides, and alkali metal carbonates and
      bicarbonates, at a temperature from about 15.degree. to about
      200.degree.C, for obtaining a 2-alkynyl-cyclopent-2-enone;
PA1  d. adding on to the cyclic double bond of the obtained ketone a dialkyl
      malonate in the presence of a base catalyst;
PA1  e. hydrolysing and subsequently decarboxylating the dialkyl
      2-alkynyl-3-oxo-cyclopentyl malonate, obtained according to (d), by
      treating it successively with a base and an acid;
PA1  f. esterifying the 2-alkynyl-3-oxo-cyclopentyl acetic acid obtained, and
PA1  g. partially hydrogenating the resulting ester in the presence of a
      partially poisoned hydrogenation catalyst.
NUM  2.
PAR  2. A process according to claim 1, wherein the halogenating reagent for
      preparing the 2-halo-2-alkynyl-cylohexane-1,3-dione is a compound acting
      as a positive halogen donor.
NUM  3.
PAR  3. A process according to claim 1, wherein the positive halogen donor is
      tert.-butyl hypochlorite.
NUM  4.
PAR  4. A process according to claim 1, wherein dimethyl malonate is added on to
      the ring double bond of 2-alkynyl-cyclopent-2-enone in the presence of
      sodium methoxide.
NUM  5.
PAR  5. A process according to claim 1, which comprises:
PA1  a. alkylating cyclohexane-1, 3-dione by treating it with 1-bromo-pent-2-yne
      in an aqueous alkaline medium and at a temperature comprised in between
      about 10.degree. and about 60.degree.C;
PA1  b. treating a suspension of the resulting 2-(pen-2-ynyl)-cyclohexane-1,
      3-dione in chloroform with tert.-butyl hypochlorite at a temperature
      comprised in between about -15.degree. and -20.degree.C;
PA1  c. treating a solution of the resulting
      2-chloro-2-(pent-2-ynyl)-cyclohexane-1, 3-dione in xylene with anhydrous
      sodium carbonate, at a temperature from about 15.degree. to about
      200.degree.C, to yield 2-(pent-2-ynyl)-cyclopent-2-enone;
PA1  d. adding dimethyl malonate on to the ring double bond of the resulting
      ketone at a temperature of about -5.degree.C and in the presence of sodium
      methoxide;
PA1  e. hydrolysing the resulting
      3-dimethoxycarbonylmalonyl-2-(pent-2-ynyl)-cyclopentanone in an aqueous
      alkaline medium and at room temperature, and subsequently decarboxylating
      the acid thus obtained by means of sulfuric acid to yield
      2-(pent-2-ynyl)-3-oxo-cyclopentyl acetic acid;
PA1  f. esterifying said acid by means of methyl alcohol in the presence of a
      mineral acid, and
PA1  g. hydrogenating the methyl ester in the presence of a partially poisoned
      hydrogenation catalyst to yield methyl
      2-(cis-pent-2-enyl)-3-oxo-cyclopentyl acetate.
NUM  6.
PAR  6. A process for the preparation of compounds of formula
      ##SPC9##
PAL  wherein R.sup.3 represents either a lower alkyl radical comprising 1 to 6
      carbon atoms, or an alkenyl or an alkynyl radical comprising 2 to 6 carbon
      atoms, and R.sup.4 represents a lower alkyl radical or a hydrogen atom,
      which comprises treating a compound of formula
      ##SPC10##
PAL  wherein X represents a halogen atom, and R.sup.3 and R.sup.4 have the same
      significance as that given above, in a solvent selected from the group of
      methyl-, ethyl-, and isopropyl alcohol, tetrahydrofurane, dioxane,
      dimethylformamide, and anhydrous xylene and mesitylene, with a mineral or
      an organic base selected from the group of trimethylamine, triethylamine,
      N,N-diisopropylethylamine, pyridine, .alpha.-, .beta.-, or
      .gamma.-collidine, ethyl pyridine, picoline, lutidine, alkali metal
      hydroxides, and alkali metal carbonates and bicarbonates, at a temperature
      from about 15.degree. to about 200.degree.C.
NUM  7.
PAR  7. A process according to claim 6, wherein there is used a
      4-methyl-2-halo-2-(cis-pent-2-enyl)-cyclohexane-1,3-dione as starting
      material to yield 3-methyl-2-(cis-pent-2-enyl)-cyclopent-2-enone.
NUM  8.
PAR  8. A process according to claim 6, wherein there is used a
      4-methyl-2-halo-2-pentyl-cyclohexane-1,3-dione as starting material to
      yield 3-methyl-2-pentyl-cyclopent-2-enone.
NUM  9.
PAR  9. A process according to claim 6, wherein there is used a
      4-methyl-2-halo-2-(pent-2-ynyl)-cyclohexane-1,3-dione as starting material
      to yield 3-methyl-2-(pent-2-ynyl)-cyclopent-2-enone.
NUM  10.
PAR  10. A process according to claim 9, wherein the obtained
      3-methyl-2-(pent-2-ynyl)-cyclopent-2-enone is partially hydrogenated in
      the presence of a partially poisoned hydrogenation catalyst to afford
      3-methyl-2-(cis-pent-2-enyl)-cyclopent-2-enone.
PATN
WKU  039418294
SRC  5
APN  3110583
APT  1
ART  127
APD  19721201
TTL  N-phenyl-N'-carbophenoxy formamidines
ISD  19760302
NCL  6
ECL  1
EXA  Shippen; Michael
EXP  Sutto; Anton H.
INVT
NAM  Pissiotas; Georg
CTY  Lorrach
CNT  DT
INVT
NAM  Durr; Dieter
CTY  Bottmingen
CNT  CH
ASSG
NAM  Ciba-Geigy Corporation
CTY  Ardsley
STA  NY
COD  02
PRIR
CNT  CH
APD  19711207
APN  17790/71
PRIR
CNT  CH
APD  19711207
APN  17791/71
PRIR
CNT  CH
APD  19720126
APN  1224/72
PRIR
CNT  CH
APD  19721027
APN  15729/72
CLAS
OCL  260471C
XCL  260240G
XCL  260465D
XCL  260470
XCL  260472
XCL  424277
XCL  424278
XCL  424285
XCL  424300
EDF  2
ICL  C07C12506
FSC  260
FSS  471 C;472;470;240 G
FREF
PNO  890,922
ISD  19720100
CNT  CA
FREF
PNO  2,202,034
ISD  19720100
CNT  DT
FREF
PNO  2,123,001
ISD  19720800
CNT  FR
FREF
PNO  778,383
ISD  19720700
CNT  BE
LREP
FR2  Falber; Harry
FR2  Rabin; Frederick H.
FR2  Berestecki; Philip P.
ABST
PAL  Phenylformamidines of the formula
      ##SPC1##
PAL  Wherein R.sub.1 represents hydrogen, alkyl, alkenyl or alkynyl, R.sub.2
      represents .alpha.-naphthyl,
      ##SPC2##
PAL  Or substituted phenyl,
PAL  Wherein the phenyl group is not substituted simultaneously in the
      2-position by a methyl group and in the 4-position by a chlorine atom,
      R.sub.3, R.sub.4, R.sub.5, R.sub.6 and R.sub.7 represent one or more
      radicals which are the same or different, such as hydrogen or halogen
      atoms or alkyl, alkoxy, alkylthio, alkenyloxy, alkynyloxy, alkoxycarbonyl,
      CF.sub.3, cyano or nitro groups, their process for the manufacture and
      their use in pest control.
BSUM
PAR  The present invention relates to phenylformamidines, a process for their
      manufacture and their use in pest control.
PAR  The phenyformamidines have the formula
      ##SPC3##
PAL  Wherein R.sub.1 represents hydrogen, alkyl, alkenyl or alkynyl, R.sub.2
      represents .alpha.-naphthyl,
      ##SPC4##
PAL  Or substituted phenyl,
PAL  Wherein the phenyl group is not substituted simultaneously in the
      2-position by a methyl group and in the 4-position by a chlorine atom,
      R.sub.3, R.sub.4, R.sub.5, R.sub.6 and R.sub.7 represent one or more
      radicals which are the same or different, such as hydrogen or halogen
      atoms or alkyl, alkoxy, alkylthio, alkenyloxy, alkynyloxy, alkoxycarbonyl,
      CF.sub.3, cyano or nitro groups.
PAR  The alkyl, alkyloxy, alkylthio, alkenyl, alkenyloxy, alkynyl or alkynyloxy
      groups represented by R.sub.1 and R.sub.3, R.sub.4, R.sub.5, R.sub.6 and
      R.sub.7 contain 1 to 18, preferably 1 to 4, carbon atoms in the chain; the
      alkenyl and alkynyl chains contain 3 to 18, preferably 3 to 5, carbon
      atoms. These groups may be straight-chain or branched, substituted or
      unsubstituted. Possible substituents are halogen atoms. By halogen is
      meant fluorine, chlorine, bromine and/or iodine. Examples of such groups
      include: methyl, methoxy, methylthio, ethyl, ethoxy, trifluoromethyl,
      chloroethyl, propyl, isopropyl, n-, i-, sec. and tert. butyl, allyl,
      methallyl, propargyl, n-butynyl, isobutynyl.
PAR  Possible substituents at the phenyl group represented by R.sub.2 are
      chiefly one or more similar or different halogen atoms, such as fluorine,
      chlorine, bromine and/or iodine and/or alkyl with 1 to 5 carbon atoms,
      haloalkyl with 1 to 4 carbon atoms, alkoxy with 1 to 4 carbon atoms,
      alkoxyalkyl with 1 to 4 carbon atoms in each of the moieties, alkylthio
      with 1 to 4 carbon atoms, alkynyloxy with 3 to 4 carbon atoms,
      dialkylamino with 1 to 4 carbon atoms, dialkenylamino, dialkynylamino,
      N-alkyl-N-alknylamino, N-alkyl-N-alkenylamino, HO, NC and/or O.sub.2 N
      groups, as well as cyclopentyl, monoalkylaminomethyleneimino,
      dialkylaminomethyleneimino, cyclopentyl
      ##SPC5##
PAL  Groups.
PAR  Preferred compounds on account of their action are those of the formula I,
      wherein R.sub.1 represents methyl, R.sub.2 represents .alpha.-naphthyl,
      ##SPC6##
PAL  2-methylphenyl, 3-methylphenyl, 2-chlorophenyl, 2-isopropylphenyl,
      3-isopropylphenyl, 3-methyl-5-isopropylphenyl,
      2-chloro-5-tert.butylphenyl, 3,4-dimethylphenyl, 3,4,5-trimethylphenyl,
      3,5-dimethyl-4-methyltiophenyl, 3,5-di-tert.butylphenyl,
      2-isopropoxyphenyl, 2-allyloxyphenyl, 3-methyl-4-dimethylaminophenyl,
      3,5-dimethyl-4-dimethylaminophenyl, 3,5-dimethyl-4-diallylaminophenyl,
      1,3-dioxolan-2-yl-phenyl, 1,3,-diothiolan-2-yl-phenyl,
      (4,5-dimethyl-1,3-dioxolan-2-yl)-phenyl, 3-(1-methylbutyl)-phenyl,
      2-sec.butylphenyl, 3-(1-ethylpropyl)-phenyl, 2,3-xylyl,
      3-tert.butylphenyl, 3-sec.butylphenyl, 3,5-diisopropylphenyl,
      2-chloro-5-isopropylphenyl, 3,5-dimethyl-4-methoxyphenyl,
      3-allyloxyphenyl, 2-propargyloxymethoxyphenyl,
      2-.UPSILON.-methylthiopropylphenyl,
      3-(.alpha.-methoxymethyl)-2-propenylphenyl,
      4-(methyl-propargylamino)-3,5-xylyl,
      4-(methyl-.UPSILON.-chloroallylamino)-3,5-xylyl,
      2-(ethyl-propargylamino)phenyl, 2-chloro-4,5-dimethylphenyl,
      2-(2-propynyloxy)-phenyl, 3-(2-propynyloxy)-phenyl, 2-dimethylaminophenyl,
      2-diallylaminophenyl, 3-methyl-4-dimethylaminomethyleneiminophenyl,
      3-dimethylaminomethyleneiminophenyl, 3-isopropyl-4-methylthiophenyl,
      5,6,7,8-tetrahydronaphthyl, 2-(methyl-propargylamino)-phenyl,
      2-(dipropargylamino)-phenyl, 4-(dipropargylamino)-3-tolyl,
      4-(dipropargylamino)-3,5-xylyl, 2-(allyl-isopropylamino)-phenyl,
      3-(allyl-isopropylamino)-phenyl, 3-methoxymethoxy-phenyl,
      2-cyclopentylphenyl, 2-(1-butyn-3-yl-oxy)phenyl or
      2-(1-methoxy-2-propoxy)-phenyl, R.sub.3 , R.sub.4, R.sub.5, R.sub.6 and
      R.sub.7 represent radicals which are the same or different, such as
      hydrogen, fluorine, chlorine and/or bromine atoms, or methyl, methoxy,
      methylthio, trifluoromethyl, ethoxycarbonyl, ethylpropyl, isopropyl,
      n-butyl, allyloxy, propargyloxy, NC or O.sub.2 N groups, and n is 1 to 3.
PAR  Examples of suitable compounds of the formula I include:
      ##SPC7##
PAL  wherein R.sub.1 represents alkyl with 1 to 12 carbon atoms, allyl or
      propargyl, and R.sub.2 represents .alpha.-naphthyl,
      ##SPC8##
PAL  2-methylphenyl, 3-methylphenyl, 2-chlorophenyl, 2-isopropylphenyl,
      3-isopropylphenyl, 3-methyl-5-isopropylphenyl,
      2-chloro-5-tert.butylphenyl, 3,4-dimethylphenyl, 3,4,5-trimethylphenyl,
      3,5-dimethyl-4-methylthiophenyl, 3,5-di-tert.butylphenyl,
      2-isopropoxyphenyl, 2-allyloxyphenyl, 3-methyl-4-dimethylaminophenyl,
      3,5-dimethyl-4dimethylaminophenyl, 3,5-dimethyl-4-diallylaminophenyl,
      1,3-dioxolan-2-yl-phenyl, 1,3-dithiolan-2-yl-phenyl,
      (4,5-dimethyl-1,3-dioxolan-2-yl)-phenyl, 3-(1-methylbutyl)-phenyl,
      2-sec.butylphenyl, 3-(1-ethylpropyl)-phenyl, 2,3-xylyl,
      3-tert.butylphenyl, 3-sec.butylphenyl, 3,5-diisopropylphenyl,
      2-chloro-5-isopropylphenyl, 3,5-dimethyl-4-methoxyphenyl,
      3-allyloxyphenyl, 2-propargyloxymethoxyphenyl,
      2-.UPSILON.-methylthiopropylphenyl,
      3-(.alpha.-methoxymethyl)-2-propenylphenyl,
      4-(methyl-propargylamino)-3,5-xylyl,
      4-(methyl-.UPSILON.-chloroallylamino)-3,5-xylyl,
      2-(ethyl-propargylamino)phenyl, 2-chloro-4,5-dimethylphenyl,
      2-(2-propynyloxy)-phenyl, 3-(2-propynyloxy)-phenyl, 2-dimethylaminophenyl,
      2-diallylaminophenyl, 3-methyl-4-dimethylaminomethyleneiminophenyl,
      3-dimethylaminomethyleneiminophenyl, 3-isopropyl-4-methylthiophenyl,
      5,6,7,8-tetrahydronaphthyl, 2-(methyl-propargylamino)-phenyl,
      2-(dipropargylamino)-phenyl, 4-(dipropargylamino)-3-tolyl,
      4-(dipropargylamino)-3,5-xylyl, 2-(allyl-isopropylamino)-phenyl,
      3-(allyl-isopropylamino)-phenyl, 3-methoxymethoxy-phenyl,
      2-cyclopentylphenyl, 2-(1-butyn-3-yl-oxy)phenyl or
      2-(1-methoxy-2-propoxy)-phenyl.
PAR  The compounds of the formula I can be manufactured by methods which are
      known per se, e.g. by reacting formamidines of the formula
      ##SPC9##
PAL  with a chloroformic ester of the formula
      ##EQU1##
      in the presence of an acid binding agent. In the formulae II and III,
      R.sub.1 to R.sub.7 have the same meanings as given for the formula I.
PAR  Examples of suitable acid binding agents are: formamidines of the formula
      II; tertiary amines, such as triethylamine, dimethylaniline, pyridine,
      inorganic bases, such as hydroxides and carbonates of alkali and alkaline
      earth metals, preferably sodium and potassium carbonate.
PAR  The reaction is carried out preferably in solvents or diluents which are
      inert towards the reactants. Examples of suitable solvents or diluents
      are: aromatic hydrocarbons, such as benzene, toluene, benzines,
      halogenated hydrocarbone, chlorobenzene, polychlorobenzenes, bromobenzene,
      chlorinated alkanes with 1 to 3 carbon atoms; ethers, such as dioxan,
      tetrahydrofuran; esters, such as ethyl acetate; ketones, such as methyl
      ethyl ketone, diethyl ketone, nitriles etc.
PAR  Some of the starting materials of the formula II and III are known
      compounds which can be manufactured by methods which are known per se. The
      compounds of the formula I display a broad biocidal activity and can be
      used for combating diverse plant and animal pests.
PAR  In particular, however, they possess insecticidal and acaricidal properties
      and may be used against all development states, e.g. eggs, larvae, pupae,
      nymphs and adults, of insects and representatives of the order Acarina,
      for example against insects of the families:
TBL  Tettigoniida        Tenebrionidae                                         
     Gryllidae           Chrysomelidae                                         
     Gryllotalpidae      Bruchidae                                             
     Blattidae           Tineidae                                              
     Reduviidae          Noctuidae                                             
     Phyrrhocoridae      Lymatriidae                                           
     Cimicidae           Pyralidae                                             
     Delphacidae         Culicidae                                             
     Aphididae           Tipulidae                                             
     Diaspididae         Stomoxydae                                            
     Pseudococcidae      Trypetidae                                            
     Scarabacidae        Muscidae                                              
     Dermestidae         Calliphoridae and                                     
     Coccinellidae       Pulicidae                                             
PAR  Acarida of the families:
PA1  Ixodidae
PA1  Argasidae
PA1  Tetranychidae and
PA1  Dermanyssidae.
PAR  The insecticidal and/or acaricidal action can be substantially broadened
      and adapted to suit the particular circumstances by the addition of other
      insecticides and/or acaricides, among such other insecticides and
      acaricides are included the following.
PAC  Organic phosphorus compounds
PA1  Bis-O,O-diethylphosphoric acid anhydride (TEPP)
PA1  Dimethyl-(2,2,2-trichloro-1-hydroxyethyl)-phosphonate TRICHLORFON)
PA1  1,2-dibromo-2,2-dichloroethyldimethylphosphate (NALED)
PA1  2,2-dichlorovinyldimethylphosphate (DICHLORVOS)
PA1  2-methoxycarbamyl-1-methylvinyldimethylphosphate (MEVINPHOS)
PA1  Dimethyl-1-methyl-2-(methylcarbamoyl)-vinylphosphate cis (MONOCROTOPHOS)
PA1  3-(dimethoxyphosphinyloxy)-N,N-dimethyl-cis-crotonamide (DICROTOPHOS)
PA1  2-chloro-2-diethylcarbamoyl-1-methylvinyldimethylphosphate (PHOSPHAMIDON)
PA1  0,0-diethyl-0(or S)-2-(ethylthio)-ethylthiophosphate (DEMETON)
PA1  S-ethylthioethyl-0,0-dimethyl-dithiophosphate (THIOMETON)
PA1  0,0-diethyl-S-ethylmercaptomethyldithiophosphate (PHORATE)
PA1  0,0-diethyl-S-2-(ethylthio)ethyldithiophosphate (DISULFOTON)
PA1  0,0-dimethyl-S-2-(ethylsulphinyl)ethylthiophosphate (OXYDEMETON METHYL)
PA1  0,0-dimethyl-S-(1,2-dicarbethoxyethyldithiophosphate (MALATHION)
PA1  0,0,0,0-tetraethyl-S,S'-methylene-bis-dithiophosphate (ETHION)
PA1  0-ethyl-S,S-dipropyldithiophosphate
PA1  0,0-dimethyl-S-(N-methyl-N-formylcarbamoylmethyl)-dithiophosphate
      (FORMOTHION)
PA1  0,0-dimethyl-S-(N-methylcarbamoylmethyl)dithiophosphate (DIMETHOATE)
PA1  0,0-dimethyl-0-p-nitrophenylthiophosphate (PARATHION-METHYL)
PA1  0,0-diethyl-0-p-nitrophenylthiophosphate (PARATHION)
PA1  0-ethyl-O-p-nitrophenylphenylthiophosphate (EPN)
PA1  0,0-dimethyl-0-(4-nitro-m-tolyl)thiophosphate (FENITROTHION)
PA1  0,0-dimethyl-0-2,4,5-trichlorophenylthiophosphate (RONNEL)
PA1  0-ethyl-0,2,4,5-trichlorophenylethylthiophosphate (TRICHLORONATE)
PA1  0,0-dimethyl-0-2,5-dichloro-4-bromophenylthiophosphate (BROMOPHOS)
PA1  0,0-dimethyl-0-(2,5-dichloro-4-iodophenyl)-thiophosphate (JODOFENPHOS)
PA1  4-tert.butyl-2-chlorophenyl-N-methyl-0-methylamidophosphate (CRUFOMATE)
PA1  0,0-dimethyl-0-(3-methyl-4-methylmercaptophenyl)thiophosphate (FENTHION)
PA1  Isopropylamino-O-ethyl-O-(4-methylmercapto-3-methylphenyl)phosphate
PA1  0,0-diethyl--0-p-(methylsulphinyl)phenyl-thiophosphate (FENSULFOTHION)
PA1  0-p-(dimethylsulphamido)phenyl-0,0-dimethylthiophosphate (FAMPHUR)
PA1  0,0,0',0'-tetramethyl-0,0'-thiodi-p-phenylenethiophosphate
PA1  O-ethyl-S-phenyl-ethylthiophosphate
PA1  0,0-dimethyl-0-(-methylbenzyl-3-hydroxycrotonyl)phosphate
PA1  2-chloro-1-(2,4-dichlorophenyl)vinyl-diethylphosphate CHLORFENVINPHOS)
      1-chloro-1-(2,4,5-trichlorophenyl)vinyl-dimethylphosphate
PA1  0-[2-chloro-1-(2,5-dichlorophenyl)]vinyl-0,0-diethylthiophosphate
PA1  Phenylglyoxylonitriloxime-0,0-diethylthiophosphate (PHOXIM)
PA1  0,0-diethyl-O-(3-chloro-4-methyl-2-oxo-2-H-1-benzopyran-7-yl)thiophosphate
      (COUMAPHOS)
PA1  2,3-p-dioxandithiol-S,S-bis(0,0-diethyldithiophosphate) (DIOXATHION)
PA1  5-[(6-chloro-2-oxo-3-benzoxazolinyl)methyl]0,0-diethyldithiophosphate
      (PHOSALONE)
PA1  2-(diethoxyphosphinylimino)-1,3-dithiolane
PA1  0,0-dimethyl-S-[2-methoxy-1,3,4-thiadiazol-5-(4H)-onyl-(4)methyl]dithiophos
     phate
PA1  0,0-dimethyl-S-phthalimidomethyl-dithiophosphate (IMIDAN)
PAR  0,0-diethyl-0-(3,5,6-trichloro-2-pyridyl)thiophosphate
PA1  0,0-diethyl-0-2-pyrazinylthiophosphate (THIONAZIN)
PA1  0,0-diethyl-0-(2-isopropyl-4-methyl-6-pyrimidyl)thiophosphate (DIAZINON)
PA1  0,0-diethyl-0-(2-quinoxalyl)thiosphosphate
PA1  0,0-dimethyl-S-(4-oxo-1,2,3-benzotriazin-3-(4H)-ylmethyl)dithiophosphate
      (AZINPHOSMETHYL)
PA1  0,0-diethyl-S-(4-oxo-1,2,3-benzotriazin-3-(4H)-ylmethyl)dithiophosphate
      (AZINPHOSETHYL)
PA1  S-[(4,6-diamino-s-triazin-2-yl)methyl]-0,0-dimethyldithiophosphate
      (MENAZON)
PA1  0,0-dimethyl-0-(3-chloro-4-nitrophenyl)thiophosphate (CHLORTHION)
PA1  0,0-dimethyl-0(or S)-2-(ethylthioethyl)thiophosphate (DEMETON-S-METHYL)
PA1  2-(0,0-dimethyl-phosphoryl-thiomethyl)-5-methoxy-pyrone-4-3,4-dichlorobenzy
     l-triphenylphosphoniumchloride
PA1  0,0-diethyl-S-(2,5-dichlorophenylthiomethyl)dithiophosphate (PHENKAPTON)
PA1  0,0-diethyl-0-(4-methyl-cumarinyl-7-)-thiophosphate (POTASAN)
PA1  5-amino-bis(dimethylamido)phosphinyl-3-phenyl-1,2,4-triazole (TRIAMIPHOS)
PA1  N-methyl-5-(0,0-dimethylthiolphosphoryl)-3-thiavaleramide (VAMIDOTHION)
PA1  0,0-diethyl-0-[2-dimethylamino-4-methylpyrimidyl-(6)]-thiophosphate
      (DIOCTHYL)
PA1  0,0-dimethyl-S-(methylcarbamoylmethyl)-thiophosphate (OMETHOATE)
PA1  0-ethyl-0-(8-quinolinyl)-phenylthiophosphonate (OXINOTHIOPHOS)
PA1  0-methyl-S-methyl-amidothiophosphate (MONITOR)
PA1  0-methyl-0-(2,5-dichloro-4-bromophenyl)-benzothiophosphate (PHOSVEL)
PA1  0,0,0,0-tetrapropyldithiophosphate
PA1  3-(dimethoxyphosphinyloxy)-N-methyl-N-methoxy-cis-crotonamide
PA1  0,0-dimethyl-S-(N-ethylcarbamoylmethyl)dithiophosphate (ETHOATE-METHYL)
PA1  0,0-diethyl-S-(N-isopropylcarbamoylmethyl)-dithiophosphate (PROTHOATE)
PA1  S-n-(1-cyano-1-methylethyl)carbamoylmethyldiethylthiolphosphate
      (CYANTHOATE)
PA1  S-(2-acetamidoethyl)-0,0-dimethyldithiophosphate
PA1  Hexamethylphosphoric acid triamide (HEMPA)
PA1  0,0-dimethyl-0-(2-chloro-4-nitrophenyl)thiophosphate (DICAPTHON)
PA1  0,0-dimethyl-0-p-cyanophenyl thiophosphate (CYANOX)
PA1  0-ethyl-0-p-cyanophenylthiophosphonate
PA1  0,0-diethyl-0-2,4-dichlorophenylthiophosphate (DICHLORFENTHION)
PA1  0,2,4-dichlorophenyl-0-methylisopropylamidothiophosphate
PA1  0,0-diethyl-0-2,5-dichloro-4-bromophenylthiophosphate (BROMOPHOS-ETHYL)
PA1  dimethyl-p-(methylthio)phenylphosphate
PA1  0,0-dimethyl-0-p-sulphamidophenylthiophosphate
PA1  0-[p-(p-chlorophenyl)azophenyl]0,0-dimethylthiophosphate (AZOTHOATE)
PA1  0-ethyl-S-4-chlorophenyl-ethyldithiophosphate
PA1  0-isobutyl-S-p-chlorophenyl-ethyldithiophosphate
PA1  0,0-dimethyl-S-p-chlorophenylthiophosphate
PA1  0,0-dimethyl-S-(p-chlorophenylthiomethyl)dithiophosphate
PA1  0,0-diethyl-p-chlorophenylmercaptomethyl-dithiophosphate (CARBOPHENOTHION)
PA1  0,0-diethyl-S-p-chlorophenylthiomethyl-thiophosphate
PA1  0,0-dimethyl-S-(carbethoxy-phenylmethyl)dithiophosphate (PHENTHOATE)
PA1  0,0-diethyl-S-(carbofluorethoxy-phenylmethyl)-dithiophosphate
PA1  0,0-dimethyl-S-carboisopropoxy-phenylmethyl)-dithiophosphate
PA1  0,0-diethyl-7-hydroxy-3,4-tetramethylene-coumarinyl-thiophosphate
      (COUMITHOATE)
PA1  2-methoxy-4-H-1,3,2-benzodioxaphosphorin-2-sulphide
PA1  0,0-diethyl-0-(5-phenyl-3-isooxazolyl)thiophosphate
PA1  2-(diethoxyphosphinylimino)-4-methyl-1,3-dithiolane
      tris-(2-methyl-1-aziridinyl)-phosphine oxide (METEPA)
PA1  S-(2-chloro-1-phthalimidoethyl)-0,0-diethyldithiophosphate
PA1  N-hydroxynaphthalimido-diethylphosphate
PA1  dimethyl-3,5,6-trichloro-2-pyridylphosphate
PA1  0,0-dimethyl-0-(3,5,6-trichloro-2-pyridyl)thiophosphate
PA1  S-2-(ethylsulphonyl)ethyl dimethylthiolphosphate (DIOXYDEMETON-S-METHYL)
PA1  diethyl-S-2-(ethylsulphinyl)ethyl dithiophosphate (OXIDISULFOTON)
PA1  bis-0,0-diethylthiophosphoric acid anhydride (SULFOTEP)
PA1  dimethyl-1,3-di(carbomethoxy)-1-propen-2-yl-phosphate
PA1  dimethyl-(2,2,2-trichloro-1-butyroyloxyethyl)phosphate (BUTONATE)
PA1  0,0-dimethyl-0-(2,2-dichloro-1-methoxy-vinyl)phosphate
PA1  bis-(dimethylamido)fluorphosphate (DIMEFOX)
PA1  3,4-dichlorobenzyl-triphenylphosphoniumchloride
PA1  dimethyl-N-methoxymethylcarbamoylmethyl-dithiophosphate (FORMOCARBAM)
PA1  0,0-diethyl-0-(2,2-dichloro-1-chloroethoxyvinyl)phosphate
PA1  0,0-dimethyl-0-(2,2-dichloro-1-chloroethoxyvinyl)phosphate
PA1  0-ethyl-S,S-diphenyldithiolphosphate
PA1  0-ethyl-S-benzyl-phenyldithiophosphonate
PA1  0,0-diethyl-S-benzyl-thiolphosphate
PA1  0,0-dimethyl-S-(4-chlorophenylthiomethyl)dithiophosphate
      (METHYLCARBOPHENOTHION)
PA1  0,0-dimethyl-S-(ethylthiomethyl)dithiophosphate
PA1  diisopropylaminofluorophosphate (MIPAFOX)
PA1  0,0-dimethyl-S-(morpholinylcarbamoylmethyl)dithiophosphate (MORPHOTHION)
PA1  bismethylamido-phenylphosphate
PA1  0,0-dimethyl-S-(benzenesulphonyl)dithiophosphate
PA1  0,0-dimethyl-(S and 0)-ethylsulphinylethylthiophosphate
PA1  0,0-diethyl-0-4-nitrophenylphosphate
PA1  triethoxy-isopropoxy-bis(thiophosphinyl)disulphide
PA1  2-methoxy-4H-1,3,2-benzodioxaphosphorin-2-oxide octamethylpyrophosphoramide
      (SCHRADAN) bis-(dimethoxythiophosphinylsulphido)-phenylmethane
PA1  N,n,n',n'-tetramethyldiamidofluorophosphate (DIMEFOX)
PA1  0-phenyl-0-p-nitrophenyl-methanethiophosphonate (COLEP)
PA1  0-methyl-0-(2-chloro-4-tert.butyl-phenyl)-N-methylamidothiophosphate
      (NARLENE)
PA1  0-ethyl-0-(2,4-dichlorophenyl)-phenylthiophosphonate
PA1  0,0-diethyl-0-(4-methylmercapto-3,5-dimethylphenyl)-thiophosphate
PA1  4,4'-bis-(0,0-dimethylthiophosphoryloxy)-diphenyl disulphide
PA1  0,0-di-(.beta.-chloroethyl)-0-(3-chloro-4-methyl-coumarinyl-7)phosphate
PA1  S-(1-phthalimidoethyl)-0,0-diethyldithiophosphate
PA1  0,0-dimethyl-0-(3-chloro-4-diethylsulphamylphenyl)-thiophosphate
PA1  0-methyl-0-(2-carbisopropoxyphenyl)-amidothiophosphate
PA1  5-(0,0-dimethylphosphoryl)-6-chloro-bicyclo(3.2.0)-heptadiene(1,5)
PA1  0-methyl-0-(2-i-propoxycarbonyl-1-methylvinyl)-ethylamidothiophosphate.
PAC  Nitrophenols and derivatives
PA1  4,6-dinitro-6-methylphenol, sodium salt [Dinitrocresol]
      dinitrobutylphenol-(2,2',2")-triethanolamine salt
PA1  2-cyclohexyl-4,6-dinitrophenyl [Dinex]
PA1  2-(1-methylheptyl)-4,6-dinitrophenyl-crotonate [Dinocap]
PA1  2-sec.-butyl-4,6-dinitrophenyl-3-methyl-butenoate [Binapacryl]
PA1  2-sec.-butyl-4,6-dinitrophenyl-cyclopropionate
PA1  2-sec.-butyl-4,6-dinitrophenylisopropylcarbonate [Dinobuton]
PAC  Miscellaneous
PA1  pyrethrin I
PA1  pyrethrin II
PA1  3-allyl-2-methyl-4-oxo-2-cyclopentan-1-yl-chrysanthemumate (Allethrin)
PA1  6-chloropiperonyl-chrysanthemumate (Barthrin)
PA1  2,4-dimethylbenzyl-chrysanthemumate (Dimethrin)
PA1  2,3,4,5-tetrahydrophthalimidomethylchrysanthemumate
PA1  4-chlorobenzyl-4-chlorophenylsulphide [Chlorobensid]
PA1  6-methyl-2-oxo-1,3-dithiolo-[4,5-b]-quinoxaline (Quinomethionate)
PA1  (I)-3-(2-furfuryl)-2-methyl-4-oxocyclopent-2-enyl(I)-(cis+trans)chrysanthem
     um-monocarboxylate [Furethrin]
PA1  2-pivaloyl-indane-1,3-dione [Pindon]
PA1  N'-(4-chloro-2-methylphenyl)-N,N-dimethylformamidine [Chlorophenamidin]
PA1  4-chlorobenzyl-4-fluorophenyl-sulphide [Fluorobenside]
PA1  5,6-dichloro-1-phenoxycarbamyl-2-trifluoromethyl-benzimidazole [Fenozaflor]
PA1  p-chlorophenyl-p-chlorobenzenesulphonate [Ovex]
PA1  p-chlorophenyl-benzenesulphonate [Fenson]
PA1  p-chlorophenyl-2,4,5-trichlorophenylsulphone [Tetradifon]
PA1  p-chlorophenyl-2,4,5-trichlorophenylsulphide [Tetrasul]
PA1  p-chlorobenzyl-p-chlorophenylsulphide [Chlorobenside]
PA1  2-thio-1,3-dithiolo-(5,6)-quinoxaline [Thiochinox]
PA1  prop-2-ynyl-(4-t-butylphenoxy)-cyclohexylsulphite [Propargil].
PAC  Formamidines
PA1  1-dimethyl-2-(2'-methyl-4'-chlorophenyl)-formamidine (CHLORPHENAMIDIN)
PA1  1-methyl-2-(2'-methyl-4'-chlorophenyl)-formamidine
PA1  1-methyl-2-(2'-methyl-4'-bromophenyl)-formamidine
PA1  1-methyl-2-(2',4'-dimethylphenyl)-formamidine
PA1  1-n-butyl-1-methyl-2-(2'-methyl-4'-chlorophenyl)-formamidine
PA1  1-methyl-1-(2'-methyl-4'-chloroaniline-methylene)-formamidine
PA1  2-(2"-methyl-4"-chlorophenyl-formamidine
PA1  1-n-butyl-2-(2'-methyl-4'-chlorophenyl-imino)-pyrolidine.
PAC  Urea
PA1  N-2-methyl-4-chlorophenyl-N',N'-dimethyl-thiourea.
PAC  Carbamates
PA1  1-naphthyl-N-methylcarbamate (CARBARYL)
PA1  2-butinyl-4-chlorophenylcarbamate
PA1  4-dimethylamino-3,5-xylyl-N-methylcarbamate
PA1  4-dimethylamino-3-tolyl-N-methylcarbamate (AMINOCARB)
PA1  4-methylthio-3,5-xylyl-N-methylcarbamate (METHIOCARB)
PA1  3,4,5-trimethylphenyl-N-methylcarbamate
PA1  2-chlorophenyl-N-methylcarbamate (CPMC)
PA1  5-chloro-6-oxo-2-norborane-carbonitrile-0-(methylcarbamoyl)-oxime
      1-(dimethylcarbamoyl)-5-methyl-3-pyrazolyl-N,N-dimethylcarbamate
      (DIMETILAN)
PA1  2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate (CARBOFURAN)
PA1  2-methyl-2-methylthio-propionaldehyde-0-(methylcarbamoyl)-oxime (ALDICARB)
PA1  8-quinaldyl-N-methylcarbamate and its salts
PA1  methyl-2-isopropyl-4-(methylcarbamoyloxy)carbanilate
PA1  m-(1-ethylpropyl)phenyl-N-methylcarbamate
PA1  3,5-di-tert.butyl-N-methylcarbamate
PA1  m-(1-methylbutyl)phenyl-N-methylcarbamate
PA1  2-isopropylphenyl-N-methylcarbamate
PA1  2-sec.butylphenyl-N-methylcarbamate
PA1  m-tolyl-N-methylcarbamate
PA1  2,3-xylyl-N-methylcarbamate
PA1  3-isopropylphenyl-N-methylcarbamate
PA1  3-tert.butylphenyl-N-methylcarbamate
PA1  3-sec.butylphenyl-N-methylcarbamate
PA1  3-isopropyl-5-methylphenyl-N-methylcarbamate (PROMECARB)
PA1  3,5-diisopropylphenyl-N-methylcarbamate
PA1  2-chloro-5-isopropylphenyl-N-methylcarbamate
PA1  2-chloro-4,5-dimethylphenyl-N-methylcarbamate
PA1  2-(1,3-dioxolan-2-yl)phenyl-N-methylcarbamate (DIOXACARB)
PA1  2-(4,5-dimethyl-1,3-dioxolan-2-yl)phenyl-N-methylcarbamate
PA1  2-(1,3-dioxolan-2-yl)phenyl-N,N-dimethylcarbamate
PA1  2-(1,3-dithiolan-2-yl)-N,N-dimethylcarbamate
PA1  2-(1,3-dithiolan-2-yl)phenyl-N,N-dimethylcarbamate
PA1  2-isopropoxyphenyl-N-methylcarbamate (APROCARB)
PA1  2-(2-propinyloxy)phenyl-N-methylcarbamate
PA1  3-(2-propinyloxy)phenyl-N-methylcarbamate
PA1  2-dimethylaminophenyl-N-methylcarbamate
PA1  2-diallylaminophenyl-N-methylcarbamate
PA1  4-diallylamino-3,5-xylyl-N-methylcarbamate (ALLYXICARB)
PA1  4-benzothienyl-N-methylcarbamate
PA1  2,3-dihydro-2-methyl-7-benzofuranyl-N-methylcarbamate
PA1  3-methyl-1-phenylpyrazol-5-yl-N,N-dimethylcarbamate
PA1  1-isopropyl-3-methylpyrazol-5-yl-N,N-dimethylcarbamate (ISOLAN)
PA1  2-dimethylamino-5,6-dimethylpyrimidin-4-yl-N,N-dimethyl-carbamate
PA1  3-methyl-4-dimethylaminomethyleneiminophenyl-N-methylcarbamate
PA1  3,4-dimethylphenyl-N-methylcarbamate
PA1  2-cyclopentylphenyl-N-methylcarbamate
PA1  3-dimethylamino-methyleneiminophenyl-N-methylcarbamate (FORMETANATE) and
      its salts
PA1  1-methylthio-ethylimino-N-methylcarbamate (METHOMYL)
PA1  2-methylcarbamoyloximino-1,3-dithiolane
PA1  5-methyl-2-methylcarbamoyloximino-1,3-oxythiolane
PA1  2-(1-methoxy-2-propoxy)phenyl-N-methylcarbamate
PA1  2-(1-butin-3-yl-oxy)phenyl-N-methylcarbamate
PA1  1-dimethylcarbamyl-1-methylthio-0-methylcarbamyl-formoxime
PA1  1-(2'-cyanoethylthio)-0-methylcarbamyl-acetaldoxime
PA1  1-methylthio-0-carbamyl-acetaldoxime
PA1  0-(3-sec.butylphenyl)-N-phenylthio-N-methylcarbamate
PA1  2,5-dimethyl-1,3-dithiolane-2-(0-methylcarbamyl)-aldoxime)
PA1  0-2-diphenyl-N-methylcarbamate
PA1  2-(N-methylcarbamyl-oximino)-3-chloro-bicyclo[2.2.1]heptane
PA1  2-(N-methylcarbamyl-oximino)-bicyclo[2.2.1]heptane
PA1  3-isopropylphenyl-N-methyl-N-chloroacetal-carbamate
PA1  3-isopropylphenyl-N-methyl-N-methylthiomethyl-carbamate
PA1  0-(2,2-dimethyl-4-chloro-2,3-dihydro-7-benzofuranyl)-N-methylcarbamate
PA1  0-(2,2,4-trimethyl-2,3-dihydro-7-benzofuranyl)-N-methylcarbamate
PA1  0-naphthyl-N-methyl-N-acetal-carbamate
PA1  0-5,6,7,8-tetrahydronaphthyl-N-methyl-carbamate
PA1  3-isopropyl-4-methylthio-phenyl-N-methylcarbamate
PA1  3,5-dimethyl-4-methoxy-phenyl-N-methylcarbamate
PA1  3-methoxymethoxy-phenyl-N-methylcarbamate
PA1  3-allyloxyphenyl-N-methylcarbamate
PA1  2-propargyloxymethoxy-phenyl-N-methyl-carbamate
PA1  2-allyloxyphenyl-N-methyl-carbamate
PA1  4-methoxycarbonylamino-3-isopropylphenyl-N-methyl-carbamate
PA1  3,5-dimethyl-4-methoxycarbonylamino-phenyl-N-methyl-carbamate
PA1  2-.gamma.-methylthiopropylphenyl-N-methyl-carbamate
PA1  3-(.alpha.-methoxymethyl-2-propenyl)-phenyl-N-methyl-carbamate
PA1  2-chloro-5-tert.-butyl-phenyl-N-methyl-carbamate
PA1  4-(methyl-propargylamino-3,5-xylyl-N-methyl-carbamate
PA1  4-(methyl-.gamma.-chloroallylamino)-3,5-xylyl-N-methyl-carbamate
PA1  4-(methyl-.beta.-chloroallylamino)-3,5-xylyl-N-methyl-carbamate
PA1  1-(.beta.-ethoxycarbonylethyl)-3-methyl-5-pyrazolyl-N,N-dimethylcarbamate
PA1  3-methyl-4-(dimethylamino-methylmercapto-methyleneimino)phenyl-N-methylcarb
     amate
PA1  1,3-bis(carbamoylthio)-2-(N,N-dimethylamino)-propanehydrochloride
PA1  5,5-dimethylhydroresorcinoldimethylcarbamate
PA1  2-[ethyl-propargylamino]-phenyl-N-methylcarbamate
PA1  2-[methyl-propargylamino]-phenyl-N-methylcarbamate
PA1  4-[dipropargylamino]-3-tolyl-N-methylcarbamate
PA1  4-[dipropargylamino]-3,5-xylyl-N-methylcarbamate
PA1  2-[allyl-isopropylamino]-phenyl-N-methylcarbamate
PA1  3-[allyl-isopropylamino]-phenyl-N-methylcarbamate
PAC  Chlorinated Hydrocarbons
PA1  .gamma.-hexachlorocyclohexane [GAMMEXANE; LINDAN; .gamma. HCH]
PA1  1,2,4,5,6,7,8,8-octachloro-3.alpha.,4,7,7.alpha.'tetrahydro-4,7-methylene
      indane [CHLORDAN]
PA1  1,4,5,6,7,8,8-heptachloro,3.alpha.,4,7,7.alpha.-tetrahydro-4,7-methylene
      indane [HEPTACHLOR]
PA1  1,2,3,4,10,10-hexachloro-1,4,4.alpha.,5,8,8.alpha.-hexahydro-endo-1,4-exo-5
     ,8-dimethanonaphthalene [ALDRIN]
PA1  1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4.alpha.,5,6,7,8,8.alpha.-octahydro-
     exo-1,4,endo-5,8-dimethanonaphthalene [DIFLORIN]
PA1  1,2,3,4,10,10-hexachloro-5,7-epoxy-1,4,4.alpha.,5,6,7,8,8.alpha.-octyhydro-
     endo-endo-5,8-dimethanonaphthalene [ENDRIN]
PAR  The active substances of the formula I are also suitable for combating
      representatives of the division Thallophyta, e.g. viruses, bacteria and
      fungi. They thus possess fungicidal properties against phytopathogenic
      fungi on various cultivated plants, such as cereals, maize, rice,
      vegetables, ornamental plants, fruit trees, vines, farm products, etc.
PAR  With the new active substances it is possible to control or destroy fungi
      occurring on fruit, blossom, leaves, stems, tubers and roots, and from
      which parts of plants which grow later then also remain free. The active
      substances of the formula I are active in particular against
      phytophathogenic fungi belonging to the following classes:
PAR  Oomycetes, Zygomycetes, Ascomycetes, Basidiomycetes, Denteromycetes.
PAR  In addition, the new active substances can also be used for treating seeds,
      fruit, tubers etc., and protecting them from fungus infections, for
      example from smut fungi of all kinds, such as Ustilaginales, e.g.
      Ustilago, Tilletia, Urocystis, Turbicinia and Phoma types.
PAR  In addition to the above cited acaricides and insecticides, it is also
      possible to admix the active substances of the formula I with, for
      example, bactericides, fungistatic agents, bacteriostatic agents,
      nematocides and/or e.g. the following fungicides, in order to broaden the
      activity spectrum:
PA1  dodecylguanidine acetate (DODINE)
PA1  pentachloronitrobenzene (QUINTOZENE)
PA1  pentachlorophenol (PCP)
PA1  2-(1-methyl-n-propyl)-4,6-dinitrophenyl-2-methyl-crotonate (BINAPACRYL)
PA1  2-(1-methyl-n-heptyl)-4,6-dinitrophenylcrotonate (DINOCAP)
PA1  2,6-dichloro-4-nitroaniline (DICHLORAN)
PA1  2,3,5,6-tetrachloro-benzoquinone (1,4) (CHLORANIL)
PA1  2,3-dichloro-naphthoquinone (1,4) (DICHLONE)
PA1  N-(trichloromethylthio) phthalimide (FOLPAT)
PA1  N-(trichloromethylthio) cyclohex-4-ene-1,2-dicarboximide (CAPTAN)
PA1  N-(1,1,2,2-tetrachloroethylthio)cyclohex-4-ene-1,2-dicarboximide (CAPTAFOL)
PA1  N-methansulfonal-N-trichloromethylthio-chloroaniline
PA1  N'-dichlorofluoromethylthio-N,N-dimethyl-N'-phenylsulphamide
      (DICHLOFLUANID)
PA1  0-ethyl-S-benzyl-phenyldithiophosphate
PA1  0,0-diethyl-S-benzyl-thiolphosphate
PA1  disodium-ethylene-1,2-bis-dithiocarbamate (NABAM)
PA1  zinc-ethylene-1,2-bis-dithiocarbamate (ZINEB)
PA1  manganese-ethylene-1,2-bis-dithiocarbamate (polymeric)(MANEB)
PA1  tetramethylthiuramdisulphide (THIRAM)
PA1  1-oxy-3-acetyl-6-methyl-cyclohexene-(5)dione-(2,4) (DEHYDRO-ACETIC ACID)
PA1  8-hydroxyquinoline (8-QUINOLINOL)
PA1  2-dimethylamino-6-methyl-5-n-butyl-4-hydroxy-pyrimidine
      methyl-N-benzimidazole-2-yl-N-(butylcarbamoyl)carbamate (BENOMYL)
PA1  2-ethylamino-6-methyl-5n-butyl-4-hydroxypyrimidine
PA1  2,3-dicyano-1,4-dithia-anthraquinone (DITHIANON)
PA1  2-(4-thiazolyl)-benzimidazole
PA1  3,5-dimethyltetrahydro-1,3,5-thiadiazine-2-thione (DAZOMET)
PA1  2,3-dihydro-5-carboxanilido-6-methyl-1,4-oxathine pentachlorobenzyl
      alcohol.
PAR  Furthermore, the compounds of the formula I are suitable for combating
      plant pathogenic nematodes.
PAR  The compounds of the formula I may be used as pure active substance or
      together with suitable carriers and/or additives. Suitable carriers and
      additives can be solid or liquid and correspond to the substances
      conventionally used in formulation technique such, for example, as
      solvents, dispersants, wetting agents, adhesives, thickeners, binders
      and/or fertilisers.
PAR  For application, the compounds of the formula I may be processed to dusts,
      emulsion concentrates, granules, dispersions, sprays, to solutions, or
      suspensions, in the conventional formulation which is commonly employed in
      application technology. Mention may also be made of cattle dips and spray
      races, in which aqueous preparations are used.
PAR  The agents according to the invention are manufactured in known manner by
      intimately mixing and/or grinding active substances of the formula I with
      the suitable carriers, optionally with the addition of dispersants or
      solvents which are inert towards the active substances. The active
      substances may take, and be used in, the following forms:
PAR  Solid forms:
PA1  Dusts, tracking agents, granules, coated granules, impregnated granules and
      homogeneous granules.
PAR  Liquid forms:
PA1  a. active substances which are dispersible in water: wettable powders,
      pasts, emulsions;
PA1  b. solutions.
PAR  To manufacture solid forms (dusts, tracking agents), the active substances
      are mixed with solid carriers. Suitable carriers are, for example: kaolin,
      talcum, bolus, loess, chalk, limestone, ground limestone, attaclay,
      dolomite, diatomaceous earth, precipitated silica, alkaline earth
      silicates, sodium and potassium aluminium silicates (feldspar and mica),
      calcium and magnesium sulphates, magnesium oxide, ground synthetic
      materials, fertilisers, for example ammonium sulphate, ammonium phosphate,
      ammonium nitrate, urea, ground vegetable products, such as corn meal, bark
      dust, sawdust, nutshell meal, cellulose powder, residues of plant
      extractions, activated charcoal etc. These substances can either be used
      singly or in admixture with one another.
PAR  Granules can be very easily manufactured by dissolving an active substance
      of the formula I in an organic solvent and applying the resulting solution
      to a granulated material, for example attapulgite, SIO.sub.2,
      granicalcium, bentonite etc. and then evaporating the solvent.
PAR  Polymer granules can also be manufactured by mixing the active substances
      of the formula I with polymerisable compounds (urea/formaldehyde;
      dicyandiamide/formaldehyde; melamine/formaldehyde  or others), whereupon a
      mild polymerisation is carried out that does not affect the active
      substances and in the process of which the granulation is carried out
      during the gel formation. It is more advantageous to impregnate finished,
      porous polymer granules (urea/formaldehyde, polyacrylonitrile, polyester
      or others) which have a specific surface area and a favourable
      predeterminable adsorption/desorption ratio, with the active substances,
      for example in the form of their solutions (in a low boiling solvent) and
      to remove the solvent. Polymer granules of this kind in the form of
      microgranules having a bulk density of 300 g/liter to 600 g/liter can also
      be manufactured with the aid of atomisers. The dusting can be carried out
      from aircraft over extensive areas of cultures of useful plants.
PAR  It is also possible to obtain granules by compacting the carrier with the
      active substance and carriers and subsequently comminuting the product.
PAR  To these mixtures can also be added additives which stabilise the active
      substance and/or non-ionic, anionic and cationic surface active
      substances, which, for example, improve the adhesion of the active
      ingredients on plants or parts of plants (adhesives and agglutinants)
      and/or ensure a better wettability (wetting agents) and dispersibility
      (dispersing agents). Examples of suitable adhesives are the following:
      olein/chalk mixture, cellulose derivatives (methyl cellulose,
      carboxymethyl cellulose), hydroxyethyl glycol ethers of monoalkyl and
      dialkyl phenols having 5 to 15 ethylene oxide radicals per molecule and 8
      to 9 carbon atoms in the alkyl radical, lignin sulphonic acids, their
      alkali metal and alkaline earth metal salts, polyethylene glycol ethers
      (carbowaxes), fatty alcohol polyethylene glycol ethers having 5 to 20
      ethylene oxide radicals per molecule and 8 to 18 carbon atoms in the fatty
      alcohol moiety, condensation products of ethylene oxide/ propylene oxide,
      polyvinyl pyrrolidones, polyvinyl alcohols, condensation products of urea
      and formaldehyde, and also latex products.
PAR  The water-dispersible concentrates of the active substance, i.e. wettable
      powders, pastes and emulsifiable concentrates, are agents which can be
      diluted with water to any concentration desired. They consist of active
      substance, carrier, optionally additives which stabilise the active
      substance, surface-active substance and anti-foam agents and, optionally,
      solvents.
PAR  Wettable powders and pastes are obtained by mixing and grinding the active
      substances with dispersing agents and pulverulent carriers in suitable
      apparatus until homogeneity is attained. Suitable carriers are, for
      example, those mentioned for the solid forms of application. In some cases
      it is advantageous to use mixtures of different carriers. As dispersing
      agents there can be used, for example, condensation products of
      sulphonated naphthalene and sulphonated naphthalene derivatives with
      formaldehyde, condensation products of naphthalene or naphthalene
      sulphonic acids with phenol and formaldehyde, as well as alkali, ammonium
      and alkaline earth metal salts of lignin sulphonic acid, in addition,
      alkylaryl sulphonates, alkali and alkaline earth metal salts of dibutyl
      naphthalene sulphonic acid, fatty alcohol sulphates such as salts of
      sulphated hexadecanols, heptadecanols, octadecanols, and salts of
      sulphated fatty alcohol glycol ethers, the sodium salt of oleoyl
      ethionate, the sodium salts of oleoyl methyl tauride, ditertiary acetylene
      glycols, dialkyl dilauryl ammonium chloride and fatty acid alkali and
      alkaline earth metal salts.
PAR  Suitable anti-foam agents are silicones.
PAR  The active substances are mixed, ground, sieved and strained with the
      additives cited hereinabove in such a manner that, the size of the solid
      particles does not exceed 0.02 to 0.04 .mu. in wettable powders, and 0.03
      .mu. in pastes. To produce emulsifiable concentrates and pastes,
      dispersing agents such as those cited above, organic solvents, and water
      are used. Examples of suitable solvents are: alcohols, benzene, xylene,
      toluene, dimethyl sulphoxide, and mineral oil fractions which boil between
      120.degree. and 350.degree.C. The solvents must be practically odourless,
      not phytotoxic, and inert to the active substances.
PAR  Furthermore, the agents according to the invention can be applied in the
      form of solutions. For this purpose the active substances, or several
      active substances of the general formula I, are dissolved in suitable
      organic solvents, mixtures of solvents or in water. Aliphatic and aromatic
      hydrocarbons, chlorinated derivatives thereof, alkyl naphthalenes, and
      mineral oils, singly or in admixture with each other, can be used as
      organic solvents.
PAR  The content of active substance in the above described agents is between
      0.1 to 95%, in which connection it should be mentioned that, in the case
      of application from aircraft or some other suitable means of application,
      it is possible to use concentrations of up to 99.5% or even pure active
      substance.
PAR  The active substances of the formula I can, for example, be formulated as
      follows:
PAC  Dusts
PAR  The following substances are used to manufacture (a) a 5% and (b) a 2%
      dust:
PAC  a.
PA1  5 parts of active substance
PA1  95 parts of talcum
PAC  b.
PA1  2 parts of active substance
PA1  1 part of highly disperse silicic acid
PA1  97 parts of talcum.
PAR  The active substances are mixed with the carriers and ground.
PAC  Granules
PAR  The following substances are used to produce 5% granules:
PA1  5 parts of active substance,
PA1  0.25 parts of epichlorohydrin,
PA1  0.25 parts of cetyl polyglycol ether,
PA1  3.50 parts of polyethylene glycol,
PA1  91 parts of kaolin (particle size 0.3 - 0.8 mm).
PAR  The active substance is mixed with epichlorohydrin and dissolved with 6
      parts of acetone; the polyethylene glycol and cetyl polyglycol ether are
      then added. The thus obtained solution is sprayed on kaolin, and the
      acetone subsequently evaporated in vacuo.
PAC  Wettable powder:
PAR  The following constituents are used for the preparation of (a) a 40%, (b)
      and (c) a 25%, and (d) a 10% wettable powder:
PAC  a.
PA1  40 parts of active substance,
PA1  5 parts of sodium lignin sulphonate,
PA1  1 part of sodium dibutyl-naphthalene sulphonate,
PA1  54 parts of silicic acid.
PAC  b.
PA1  25 parts of active substance,
PA1  4.5 parts of calcium lignin sulphonate,
PA1  1.9 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1),
PA1  1.5 parts of sodium dibutyl naphthalene sulphonate,
PA1  19.5 parts of silicic acid,
PA1  19.5 parts of Champagne chalk,
PA1  28.1 parts of kaolin.
PAC  c.
PA1  25 parts of active substance,
PA1  2.5 parts of isooctylphenoxy-polyoxyethylene-ethanol,
PA1  1.7 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1),
PA1  8.3 parts of sodium aluminium silicate,
PA1  16.5 parts of kieselguhr,
PA1  46 parts of kaolin.
PAC  d.
PA1  10 parts of active substance,
PA1  3 parts of a mixture of the sodium salts of saturated fatty alcohol
      sulphates,
PA1  5 parts of naphthalenesulphonic acid/formaldehyde condensate,
PA1  82 parts of kaolin.
PAR  The active substances are intimately mixed, in suitable mixers, with the
      additives, the mixture being then ground in the appropriate mills and
      rollers. Wettable powders are obtained which can be diluted with water to
      give suspensions of any desired concentration.
PAC  Emulsifiable concentrates:
PAR  The following substances are used to produce (a) a 10% and (b) a 25%
      emulsifiable concentrate:
PAC  a.
PA1  10 parts of active substance,
PA1  3.4 parts of epoxidised vegetable oil,
PA1  13.4 parts of a combination emulsifier consisting of fatty alcohol
      polyglycol ether and alkylarylsulphonate calcium salt,
PA1  40 parts of dimethylformamide,
PA1  43.2 parts of xylene,
PAC  b.
PA1  25 parts of active substance,
PA1  2.5 parts of epoxidised vegetable oil,
PA1  10 parts of an alkylarylsulphonate/fatty alcoholpolyglycol ether mixture
PA1  5 parts of dimethylformamide,
PA1  57.5 parts of xylene.
PAR  From these concentrates it is possible to produce, by dilution with water,
      emulsions of any desired concentration.
PAC  Spray:
PAR  The following constituents are used to prepare a 5% spray:
PA1  5 parts of active substance,
PA1  1 part of epichlorohydrin,
PA1  94 parts of benzine (boiling limits 160.degree. - 190.degree.C).
DETD
PAC  EXAMPLE 1
PAC  N-(2-methyl-4-chlorophenyl)-N'-methyl-N'-(2-methylphenoxycarbonyl)-formamid
     ine.
PAR  To a solution of 54.8 g of
      N-(2-methyl-4-chlorophenyl)-N'-methyl-formamidine in 400 ml of dry benzene
      are added dropwise, while stirring, 25.5 g of chloroformic-o-tolyl ester,
      the temperature being kept between 5.degree.-10.degree.C. After the
      mixture has been stirred constantly for 12 hours at room temperature, the
      resulting hydrochloride salt of the formamidine used simultaneously as
      base is filtered off, washed with benzene, and the benzene solution
      evaporated in vacuo. Recrystallisation from methanol yields the product of
      the formula
      ##SPC10##
PAL  with a melting point of 68.degree.-70.degree.C.
PAR  The following compounds are manufactured in analogous manner:
      ##SPC11##
      ##SPC12##
      ##SPC13##
      ##SPC14##
      ##SPC15##
      ##SPC16##
      ##SPC17##
      ##SPC18##
      ##SPC19##
      ##SPC20##
      ##SPC21##
      ##SPC22##
      ##SPC23##
      ##SPC24##
      ##SPC25##
      ##SPC26##
      ##SPC27##
      ##SPC28##
      ##SPC29##
      ##SPC30##
      ##SPC31##
      ##SPC32##
      ##SPC33##
      ##SPC34##
      ##SPC35##
      ##SPC36##
      ##SPC37##
      ##SPC38##
      ##SPC39##
      ##SPC40##
      ##SPC41##
PAC  EXAMPLE 2
PAC  A. Insecticidal ingest poison action
PAR  Tobacco and potato plants were sprayed with a 0.05% aqueous emulsion
      (obtained from a 10% emulsifiable concentrate).
PAR  After the coating had dried, the tobacco plants were populated with
      Egyptian cotton leaf worms (Spodoptera littoraralis) and the potato plants
      with Colorado potato beetle larvae (Leptinotarsa decemlineata). The test
      was carried out at 24.degree.C and 60% relative humidity. In the above
      test, the compounds according to Example 1 displayed good ingest poison
      action against Spodoptera littoralis and Leptinotarsa decemlineata.
PAC  B. Systemic insecticidal action
PAR  To determine the systemic action, rooted bean plants (Vicia fabae) were put
      into a 0.01% aqueous active substance solution (obtained from a 10%
      emulsifiable concentrate). After 24 hours, aphids (Aphis fabae) were
      placed on the parts of the plant above the soil. The aphids were protected
      from contact and gas action by means of a special device. The test was
      carried out at 24.degree.C and 70% relative humidity. In the above tests
      the compounds according to Example I displayed good insecticidal ingest
      poison and systemic insecticidal action.
PAC  EXAMPLE 3
PAC  Action against Chilo suppresalis
PAR  Six rice plants at a time of the variety Caloro' were transplanted into
      plastic pots (diameter at the top = 17 cm) and reared to a height of about
      60 cm. Infestation with Chilo suppressalis larvae (L.sub.1 : 3-4 mm long)
      took place 2 days after the active substance had been applied in granule
      form to the paddy water (rate of application: 8 kg of active substance per
      hectare). Evaluation of the insecticidal action took place 10 days after
      application of the granules.
PAR  The compounds according to Example 1 were active in the above test against
      Chilo suppressalis.
PAC  EXAMPLE 4
PAC  Action against soil insects
PAR  Sterilised compost earth was homogeneously mixed with a wettable powder
      containing 25% of active substance so that there resulted a rate of
      application of 8 kg of active substance per hectare.
PAR  Young zucchetti plants (Cucumis pepo) were put into plastic pots with the
      treated soil (3plants per pot; diameter of pot = 7 cm). Each pot was
      infected immediately afterwards with 5 Aulacophora femoralis and Pachmoda
      or Chortophila larvae. The control was carried out 4, 8, 16 and 32 days
      after depositing the larvae.
PAR  At 80-100% kill after the first control, a fresh infestation with 5 larvae
      each was carried out in the same soil sample with 3 new zucchetti plants.
      If the activity was less than 80%, the remaining larvae remained in the
      soil sample until the control immediatedly following. If an active
      substance at a rate of application of 8 kg/ha still effected a 100% kill,
      a further control with 4 and 2 kg of active substance per hectare was
      carried out.
PAR  In the above test, the compounds according to Example 1 displayed action
      against Aulacophora fermoralis, Pachmoda and Chortophila larvae.
PAC  EXAMPLE 5
PAC  Action against ticks
PAC  A. Rhicephalus bursa
PAR  Five adult ticks and 50 tick larvae were counted into a glass tube and
      immersed for 1 to 2 minutes in 2 ml of an aqueous emulsion from an
      emulsion series each containing 100, 10, 1 and 0.1 ppm of test substance.
      The tube was then sealed with a standardised cotton wool plug and placed
      on its head, so that the active substance emulsion could be adsorbed by
      the cotton wool.
PAR  In the case of the adults evaluation took place after 2 weeks, and in that
      of the larvae after 2 days. Each test was repeated twice.
PAC  B. Boophilus microplus (larvae)
PAR  Tests were carried out in each case with 20 OP-sensitive larvae using an
      analogous dilution series as in the case of test A. (The resistence refers
      to the tolerability of Diazinon).
PAR  The compounds according to Example 1 acted in these tests against adults
      and larvae of Rhicephalus bursa sensitive and OP-resistent larvae of
      Boophilus microplus.
PAC  EXAMPLE 6
PAC  Acaracidal action
PAR  Phaseolus vulgaris (dwarf beans) have an infested piece of leaf from a mass
      culture of Tetranychus urticae placed on them 12 hours before the test for
      the acaricidal action. The mobile stages which have migrated are sprayed
      with the emulsified test preparations from a chromatography atomiser so
      that the spray broth does not run off. The number of living and dead
      larvae, adults and eggs are evaluated after 2 to 7 days under a
      stereoscopic microscope. During the "interim", the treated plants are kept
      in greenhouse compartments at 25.degree.C.
PAR  The compounds according to Example 1 were active in the above test against
      eggs, larvae and adults of Tetranychus urticae.
PAC  EXAMPLE 7
PAC  Action against soil nematodes
PAR  To test the action against soil nematodes, the active substance (in the
      concentration indicated in each case is applied to and intimately mixed
      with soil infected with root gall nematodes (Meloidgyne Avenaria).
      Immediately afterwards, tomato cuttings are planted in the thus prepared
      soil in a series of tests and after a waiting time of 8 days tomato seeds
      are sown in another test series.
PAR  In order to assess the nematocidal action, the galls present on the roots
      are counted 28 days after planting and sowing respectively. In this test
      the compounds according to Example 1 display good action against
      Meloidgyne Avenaria.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC42##
PAL  wherein R.sub.1 represents hydrogen, C.sub.1 -C.sub.4 alkyl, C.sub.3
      -C.sub.5 alkenyl or C.sub.3 -C.sub.5 alkynyl, R.sub.2 represents
      .alpha.-naphthyl, or phenyl substituted by halogen, C.sub.1 -C.sub.5
      alkyl, C.sub.1 -C.sub.4 haloalkyl, C.sub.1 -C.sub.4 alkoxy, alkoxyalkyl
      having 1 to 4 carbon atoms in each of the alkyl moieties, C.sub.1 -C.sub.4
      alkylthio, C.sub.3 -C.sub.4 alkynyloxy, dialkylamino having C.sub.1
      -C.sub.4 alkyl groups, dialkenylamino having C.sub.3 -C.sub.4 alkenyl
      groups, dialkynylamino having C.sub.3 C.sub.4 alkynyl groups, N-lower
      alkyl-N-(C.sub.3 -C.sub.4)alkynylamino, N-lower alkyl-N-(C.sub.3
      -C.sub.4)alkenylamino, OH, CN, NO.sub.2, cyclopentyl,
      monomethylaminomethyleneimino, dimethylaminomethyleneimino, 1,3-dioxolan,
      1,3-dithiolan, and 4,5-dimethyl-1,3-dioxolan
PA1  wherein the phenyl group is not substituted simultaneously in the
      2-position by a methyl group and in the 4-position by a chlorine atom, and
      R.sub.3, R.sub.4, R.sub.5, R.sub.6 and R.sub.7 represent one or more
      radicals which are the same or different, selected from hydrogen, halogen
      atoms or C.sub.1 -C.sub.4 alkyl, C.sub.1 -C.sub.4 alkoxy, C.sub.1 -C.sub.4
      alkylthio, C.sub.3 -C.sub.5 alkenyloxy, C.sub.3 -C.sub.5 alkynyloxy,
      CF.sub.3, or nitro groups.
NUM  2.
PAR  2. A compound according to claim 1, wherein R.sub.1 represents methyl,
      R.sub.2 represents .alpha.-naphthyl, 2-methylphenyl, 3-methylphenyl,
      2-chlorophenyl, 2-isopropylphenyl, 3-isopropylphenyl,
      3-methyl-5-isopropylphenyl, 2-chloro-5-tert.butylphenyl,
      3,4-dimethylphenyl, 3,4,5-trimethylphenyl,
      3,5-dimethyl-4-methylthiophenyl, 3,5-di-tert.butylphenyl,
      2-isopropoxyphenyl, 3-methyl-4-dimethyl-aminophenyl,
      3,5-dimethyl-4-dimethylaminophenyl, 3,5-dimethyl-4-diallylaminophenyl,
      1,3-dioxolan-2-yl-phenyl, 1,3-dithiolan-2-yl-phenyl,
      (4,5-dimethyl-1,3-dioxolan-2-yl)-phenyl, 3-(1-methylbutyl)-phenyl,
      2-sec.butylphenyl, 3-(1-ethylpropyl)-phenyl, 2,3-xylyl,
      3-tert.butylphenyl, 3-sec.butylphenyl, 3,5-diisopropylphenyl,
      2-chloro-5-isopropylphenyl, 3,5-dimethyl-4-methoxyphenyl,
      4-(methyl-propargylamino)-3,5-xylyl,
      [4-(methyl-.alpha.-chloroallylamino)-3,5-xylyl,]2-(ethyl-propargylamino)ph
     enyl, 2-chloro-4,5-dimethylphenyl, 2-(2-propynyloxy)-phenyl,
      3-(2-propynyloxy)-phenyl, 2-dimethylaminophenyl, 2-diallylaminophenyl,
      3-methyl-4-dimethylaminomethyleneiminophenyl,
      3-dimethylaminomethyleneiminophenyl, 3-isopropyl-4-methylthiophenyl,
      2-(methylpropargylamino)-phenyl, 2-(dipropargylamino)-phenyl,
      4-(dipropargylamino)-3-tolyl, 4-(dipropargylamino)-3,5-xylyl,
      2-(allylisopropylamino)-phenyl, 3-(allyl-isopropylamino)-phenyl,
      3-methoxymethoxyphenyl, 2-cyclopentylphenyl, 2-(1-butyn-3-yl-oxy)-phenyl
      or 2-(1-methoxy-2-propoxy)-phenyl, and R.sub.3, R.sub.4, R.sub.5, R.sub.6,
      R.sub.7 represent radicals which are the same or different, selected from
      hydrogen, fluorine, chlorine or bromine atoms, or methyl, methoxy,
      methylthio, trifluoroethyl, ethylpropyl, isopropyl, n-butyl, allyloxy,
      propargyloxy or O.sub.2 N groups.
NUM  3.
PAR  3. Compounds according to claim 2 of the formulae
      ##SPC43##
PAL  wherein
PA1  R.sub.1 represents methyl, and
PA1  R.sub.2 has the same meaning as in claim 2.
NUM  4.
PAR  4. A compound according to claim 3 of the formula
      ##SPC44##
NUM  5.
PAR  5. A compound according to claim 3 of the formula
      ##SPC45##
NUM  6.
PAR  6. A compound according to claim 3 of the formula
      ##SPC46##
PATN
WKU  039418308
SRC  5
APN  3986101
APT  1
ART  127
APD  19730919
TTL  Substituted phenoxybenzoic acids and esters thereof
ISD  19760302
NCL  5
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EXP  Raymond; Richard L.
INVT
NAM  Theissen; Robert J.
CTY  Westfield
STA  NJ
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ABST
PAL  2-Nitro-5-(substituted-phenoxy)benzoic acids and esters salts, amides, and
      acyl halides thereof comprise a class of compounds that are highly
      effective herbicides.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of copending application Ser. No.
      114,712, filed Feb. 11, 1971, now U.S. Pat. No. 3,784,635 which is a
      continuation-in-part of application Ser. No. 819,412, filed Apr. 25, 1969,
      now U.S. Pat. No. 3,652,645.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is concerned with certain phenoxy-benzoic acid compounds and
      their use as herbicides.
PAR  2. Description of the Prior Art
PAR  It has been proposed to use as herbicides 2-methoxy-benzoic acids (U.S.
      Pat. No. 3,013,054) and 4-phenoxybenzoic acids (France No. 1,502,538). It
      is the discovery of this invention, however, that benzoic acids having a
      phenoxy substituent in the 5-position are very effective herbicides.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides herbicidal compounds having the formula:
      ##SPC1##
PAL  Wherein X is a member selected from the group consisting of hydrogen,
      halogen (e.g., iodine, fluorine, chlorine and bromine), nitro,
      trifluoromethyl, cyano, COOH,
      ##EQU1##
      (EG. ALKYL OF 1 TO 4 CARBON ATOMS), HYDROXY, ALKOXY OF 1 TO 4 CARBON
      ATOMS, ALKYL OF 1 TO 4 CARBON ATOMS,
      ##EQU2##
      SH, SR.sub.1, SOR.sub.1, SO.sub.2 R.sub.1, SO.sub.2 NH.sub.2 and
      combinations thereof, R.sub.1 and R.sub.2 are selected from the group
      consisting of alkyl of 1 to 4 carbon atoms, R is selected from the group
      consisting of hydroxy, alkoxy of 1 to 5 carbon atoms, aryloxy, chloro,
      amido, alkylamido of 1 to 4 carbon atoms, dialkylamido of 2 to 6 carbon
      atoms, SH, SR.sub.1, and OM in which M is an alkali metal (eg., lithium,
      sodium and potassium), alkylammonium of 1 to 4 carbon atoms or
      alkanolammonium of 1 to 4 carbon atoms, n is an integer of 1 to 5, and in
      which compound at least one X is other than hydrogen; their use as
      herbicides; and a herbicidal composition comprising at least one of said
      compounds and a carrier therefor.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The compounds of this invention are readily prepared by the Ullmann ether
      synthesis reaction between the alkali metal, (eg., Na, K) salt of a
      suitable substituted phenol and a 5-halo (eg., F, Cl, Br)-2-nitrobenzoic
      acid or an ester, amide, or salt thereof. The 5-halo-2-nitro-benzoic acid
      or ester is readily prepared by nitrating a m-halotoluene, followed by
      oxidation of the methyl group by well-known procedures. Also, the
      m-halobenzoic acid or ester may be directly nitrated by well-known
      procedures.
PAR  Non-limiting examples of the compounds of this invention are:
PA0  propyl 2-nitro-5-(2',4',6'-tribromophenoxy)benzoate;
PA0  Phenyl 2-nitro-5-(2',4',5'-trifluorophenoxy)benzoate;
PA0  2-nitro-5-(2',4',6'-triiodophenoxy)benzoic acid;
PA0  2-nitro-5-(2',4',6'-trichlorophenoxy)benzoyl chloride;
PA0  2-nitro-5-(2',4',6'-trichlorophenoxy)benzamide;
PA0  N-ethyl 2-nitro-5-(2',4',6'-trichlorophenoxy)benzamide;
PA0  N-isopropyl 2-nitro-5-(2',4',6'-trichlorophenoxy)benzamide;
PA0  N,n-dimethyl 2-nitro-5-(2',4',6'-trichlorophenoxy)benzamide;
PA0  ethylammonium 2-nitro-5-(2',4',6'-trichlorophenoxy)benzoate;
PA0  ethanolammonium 2-nitro-5-(2',4',6'-trichlorophenoxy)benzoate;
PA0  methyl 2-nitro-5-(2',3',4',5',6'-pentachlorophenoxy)benzoate;
PA0  n-pentyl 2-nitro-5-(2',4',6'-trichlorophenoxy)benzoate;
PA0  2-nitro-5-(2',4'-dichlorophenoxy)benzoic acid;
PA0  methyl 2-nitro-5-(2'-chlorophenoxy)benzoate;
PA0  methyl 2-nitro-5-(4'-chloro-3'-methylphenoxy)benzoate;
PA0  methyl 2-nitro-5-(3'-methylphenoxy)benzoate;
PA0  ethyl 2-nitro-5-(2',6'-dichlorophenoxy)benzoate;
PA0  isopropyl 2-nitro-5-(2',4'-dichloro-6'-methylphenoxy)benzoate;
PA0  ethyl 2-nitro-5-(2'-chloro-4'-fluorophenoxy)benzoate;
PA0  2-nitro-5-(2'-chloro-4'-fluorophenoxy)benzoic acid;
PA0  methyl 2-nitro-5-(2',4'-dinitrophenoxy)benzoate;
PA0  2-nitro-5-(2',4'-dinitrophenoxy)benzoic acid;
PA0  2-nitro-5-(2'-chloro-4'-nitrophenoxy)benzoic acid;
PA0  isopropyl
      2-nitro-5-[3'-(.alpha.,.alpha.,.alpha.-trifluoromethyl)phenoxy]benzoate;
PA0  isopropyl 2-nitro-5-[3',5'-dicarbomethoxyphenoxy]benzoate;
PA0  methyl 2-nitro-5-(2'-methoxyphenoxy)benzoate;
PA0  methyl 2-nitro-5-(4'-chloro-2'-nitrophenoxy)benzoate;
PA0  2-nitro-5-(2',4'-dichloro-6'-fluorophenoxy)benzoic acid;
PA0  methyl 2-nitro-5-(2',4'-dichloro-6'-fluorophenoxy)benzoate;
PA0  methyl 2-nitro-5-(2',4'-dicarbomethoxyphenoxy)benzoate;
PA0  methyl
      2-nitro-5-[2'-cyano-4'-(.alpha.,.alpha.,.alpha.-trifluoromethyl)phenoxy]be
     nzoate;
PA0  methyl 2-nitro-5-(3'-carbomethoxy-4'-hydroxyphenoxy)benzoate;
PA0  methyl
      2-nitro-5-[4'-chloro-2'-(.alpha.,.alpha.,.alpha.-trifluoromethyl)phenoxy]b
     enzoate;
PA0  methyl 2-nitro-5-(3'-carbomethoxy-4'-nitrophenoxy)benzoate;
PA0  methyl 2-nitro-5-(4'-chloro-2',6'-dibromophenoxy)benzoate;
PA0  methyl 2-nitro-5-(2',4'-dicyanophenoxy)benzoate;
PA0  methyl
      2-nitro-5-[2'-dimethylamino-4'-(.alpha.,.alpha.,.alpha.-trifluoromethyl)ph
     enoxy]benzoate;
PA0  ethyl
      2-nitro-5-[2'-amino-4'-(.alpha.,.alpha.,.alpha.-trifluoromethyl)phenoxy]be
     nzoate;
PA0  methyl 2-nitro-5-[2'-methyl-4'-methylthiophenoxy]benzoate;
PA0  N,n-dimethyl 2-nitro-5[2',6'-dimethyl-4'-methylthiophenoxy]benzamide;
PA0  methyl 2-nitro-5-[2'-methyl-4'-methylsulfonylphenoxy]benzoate;
PA0  ethyl 2-nitro-5-[2'-chloro-4'-methylsulfinylphenoxy]benzoate;
PA0  methyl 2-nitro-5-[4'-(N-trifluoromethylsulfonamido)phenoxy]benzoate;
PA0  methyl 2-nitro-5-(4'-cyanophenoxy)benzoate;
PA0  ethyl 2-nitro-5-(4'-carboethoxyphenoxy)benzoate;
PA0  methyl 2-nitro-5-(4'-hydroxyphenoxy)benzoate
PA0  2-nitro-5-[2'-t-butylphenoxy]benzoic acid;
PA0  2-nitro-5-[2'-carboxyphenoxy]benzoic acid;
PA0  methyl 2-nitro-5-(4'-aminophenoxy)benzoate;
PA0  methyl 2-nitro-5-(4'-diethylaminophenoxy)benzoate;
PA0  methyl 2-nitro-5-(2'-methylaminophenoxy)benzoate;
PA0  methyl 2-nitro-5-(4'-mercaptophenoxy)benzoate;
PA0  ethyl 2-nitro-5-(4'-methylthiophenoxy)benzoate;
PA0  methyl 2-nitro-5-(2'-sulfonamidophenoxy)benzoate;
PA0  ethyl 2-nitro-5-(4'-methylsulfinylphenoxy)benzoate;
PA0  methyl 2-nitro-5-(4'-methylsulfonylphenoxy)benzoate; and
PA0  2-nitro-5-(2',4'-dichlorophenoxy)thiobenzoic acid.
PAR  The following example illustrates the preparation of a typical compound of
      this invention and demonstrates a method for product recovery.
PAC  EXAMPLE 1
PAC  Methyl 2-nitro-5-(2',4',6'-trichlorophenoxy)benzoate
PAR  A stirred solution of methyl 5-chloro-2-nitro-benzoate (17.0 g., 0.079
      mole) and the potassium salt of 2,4,6-trichlorophenol (18.6 g., 0.079
      mole) in dimethyl sulfoxide (100 ml.) was heated at 90.degree.C for 17
      hours. The cooled reaction mixture was diluted with water (500 ml.) and
      then extracted with ether (3 .times. 100 ml.). The combined ether
      fractions were washed with 10% sodium hydroxide solution (2 .times. 30
      ml.) and then with a saturated aqueous sodium chloride solution. The ether
      solution was dried (Na.sub.2 SO.sub.4) and the solvent evaporated to give
      a dark oil. Two crystallizations (petroleum ether) gave 1.91 g. of a pale
      yellow solid, m.p. 101.degree.-103.degree.C.
PAC  EXAMPLE 1
PAR  IR(nujol): c=o 1723, c-o 1240, and 1260 cm.sup.-.sup.1 NMR (CDCl.sub.3):
      methyl 3.91 ppm (3H), quartet 6.96 ppm (1H, J = 2.5 and 8 c.p.s.), doublet
      7.05 ppm (1H, J = 2.5 c.p.s.), broad singlet 7.05 ppm (2H), and doublet
      8.01 ppm (1H, J = 8 c.p.s.).
PAC  EXAMPLES 2 THROUGH 24
PAR  Using procedures similar to that described in Example 1, twenty-three other
      compounds within the scope of this invention were prepared. These
      compounds are:
PAR  2. 2-nitro-5-(2',4',6'-trichlorophenoxy)benzoic acid, m.p.
      184.degree.-189.degree.C.
PAR  3. sodium 2-nitro-5-(2',4',6'-trichlorophenoxy)benzoate m.p.&gt;300.degree.C.
PAR  4. methyl 2-nitro-5-(2',4',5'-trichlorophenoxy)benzoate m.p.
      100.degree.-103.degree.C.
PAR  5. methyl 2-nitro-5-(2',4'-dichlorophenoxy)benzoate, m.p.
      84.degree.-86.degree.C.
PAR  6. ethyl 2-nitro-5-(2',4',6'-trichlorophenoxy)benzoate, m.p.
      60.degree.-64.degree.C.
PAR  7. methyl 2-nitro-5-(2',4'-dibromophenoxy)benzoate, m.p.
      98.degree.-100.degree.C.
PAR  8. methyl 2-nitro-5-(4'-chloro-2'-methylphenoxy)benzoate, m.p.
      70.degree.-72.degree.C.
PAR  9. methyl 2-nitro-5-(2',4'-dimethylphenoxy)benzoate, oil.
PAR  10. 2-nitro-5-(2',4'-dichlorophenoxy)benzamide, m.p.
      130.degree.-133.degree.C.
PAR  11. isopropyl 2-nitro-5-(2',4',6'-trichlorophenoxy)benzoate, m.p.
      71.degree.-74.degree.C.
PAR  12. ethyl 2-nitro-5-(2',4'-dichlorophenoxy)benzoate, m.p.
      83.degree.-85.degree.C.
PAR  13. isopropyl 2-nitro-5-(2',4'-dichlorophenoxy)benzoate, m.p.
      59.degree.-62.degree.C.
PAR  14. methyl 2-nitro-5-(2',4',6'-trichlorophenoxy)thiobenzoate, m.p.
      96.degree.-100.degree.C.
PAR  15. methyl 2-nitro-5-(2',4'-dichloro-6'-methylphenoxy)benzoate, m.p.
      85.degree.-89.degree.C.
PAR  16. methyl 2-nitro-5-(2'-chloro-4'-fluorophenoxy)benzoate, m.p.
      67.degree.-70.degree.C.
PAR  17. isopropyl 2-nitro-5-(2'-chloro-4'-fluorophenoxy)benzoate, m.p.
      48.degree.-51.degree.C.
PAR  18. N-methyl 2-nitro-5-(2',4'-dichlorophenoxy)benzamide, m.p. 137.degree.C.
PAR  19. ethyl 2-nitro-5-(4'-nitrophenoxy)benzoate, m.p. 75.degree.-82.degree.C.
PAR  20. methyl 2-nitro-5-(3'-methyl-4'-nitrophenoxy)benzoate, m.p.
      75.degree.-82.degree.C.
PAR  21. isopropyl
      2-nitro-5-[2'-nitro-4'-(.alpha.,.alpha.,.alpha.-trifluoromethyl)phenoxy]be
     nzoate, oil.
PAR  22. ethyl
      2-nitro-5-[2'-nitro-4'-(.alpha.,.alpha.,.alpha.-trifluoromethyl)phenoxy]be
     nzoate, oil.
PAR  23. methyl 2-nitro-5-[2'-chloro-4'-nitrophenoxy]benzoate, m.p.
      97.degree.-102.degree.C.
PAR  24. 2-nitro-5-(2'-chloro-4'-nitrophenoxy)benzoic acid, m.p. 185.degree.C.
PAC  EXAMPLE 25
PAC  2-Nitro-5-[2'-nitro-4'-(.alpha.,.alpha.,.alpha.-trifluoromethyl)phenoxy]ben
     zoic acid
PAR  A stirred solution of 4-chloro-3-nitrobenzotrifluoride (22.55 g, 0.1 mole)
      and the potassium salt of 3-methyl-4-nitrophenol (19.12 g, 0.1 mole) in
      dimethyl acetamide (75 ml) was heated at 150.degree. for 4 hours. The
      cooled reaction solution was diluted with water (300 ml) to precipitate a
      brown solid which was filtered and dried to give 28.9 g (85%) of
      4-nitro-3-tolyl-2'-nitro-.alpha.,.alpha.,.alpha.-trifluoro-4'-tolyl ether,
      which had an m.p. of 82.degree.-85.degree.C. To a stirred solution of the
      above diphenyl ether product (25.0 g, 0.073 mole) and sodium dichromate
      (35.8 g, 0.12 mole) in glacial acetic acid (200 ml) was added concentrated
      sulfuric acid (60 ml, 1.15 moles) over about 30 minutes. The temperature
      was maintained below 70.degree.C during the addition and then raised to
      110.degree.C for 15 hours. The reaction solution was cooled to 60.degree.C
      and extracted with hot chloroform. The extract was evaporated to dryness
      to give an oily solid, which was leached free of starting material with an
      ether-ligroin mixture. The resulting off-white solid acid weighed 13.6 g
      (51%), m.p. 185.degree.-187.degree..
PAC  EXAMPLE 26
PAC  2-Nitro-5-[2'-nitro-4'-(.alpha.,.alpha.,.alpha.-trifluoromethyl)phenoxy]ben
     zoic acid methyl ester
PAR  A stirred solution of the acid from Example 6 (3.5 g, 0.0094 mole) in a 25
      wt. %/vol. solution of borontrifluoride in methanol (50 ml) was refluxed
      for 10 hours. The cooled solution was poured onto water (250 ml) and the
      resulting oil separated and dried to give 3.4 g (93.5%) of the desired
      product.
PAC  COMPARATIVE EXAMPLES
PAR  A series of compounds were prepared which are position isomers of the
      compounds of Example 1 through 4. Each compound is designated by the
      number of the corresponding isomeric compound of Examples 1 through 4,
      followed by "a" or "b". These compounds are:
PAR  1a. methyl 5-nitro-2-(2',4',6'-trichlorophenoxy)benzoate, m.p.
      128.degree.-133.degree.C.
PAR  2a. 5-nitro-2-(2',4',6'-trichlorophenoxy)benzoic acid, m.p.
      175.degree.-177.degree.C.
PAR  2b. 4-nitro-2-(2',4',5'-trichlorophenoxy)benzoic acid, m.p.
      190.degree.-193.degree.C.
PAR  3a. sodium 5-nitro-2-(2',4',6'-trichlorophenoxy)benzoate, m.p.
      &lt;300.degree.C.
PAR  4a. methyl 5-nitro-2-(2',4',5'-trichlorophenoxy)benzoate, m.p.
      104.degree.-106.degree.C.
PAR  4b. methyl 4-nitro-2-(2',4',5'-trichlorophenoxy)benzoate, m.p.
      127.degree.-131.degree.C.
PAR  As is apparent from the data in the Table set forth hereinafter, the
      compounds embodied herein in which the nitro group is in the 2-position
      and the substituted phenoxy group is in the 5-position exhibit markedly
      higher effectiveness as herbicides than do the comparable compounds in
      which the nitro group and the substituted phenoxy group are in different
      positions.
PAR  The compounds of this invention can be applied in various ways to achieve
      herbicidal action. They can be applied, per se, as solids or in vaporized
      form, but are preferably applied as the toxic components in pesticidal
      compositions of the compound and a carrier. The compositions can be
      applied as dusts, as liquid sprays, or as gas-propelled sprays and can
      contain, in addition to a carrier, additives such as emulsifying agents,
      binding agents, gases compressed to the liquid state, odorants,
      stabilizers, and the like. A wide variety of liquid and solid carriers can
      be used. Non-limiting examples of solid carriers include talc, bentonite,
      diatomaceous earth, pyrophyllite, fullers earth, gypsum, flours derived
      from cotton seeds and nut shells, and various natural and synthetic clays
      having a pH not exceeding about 9.5. Non-limiting examples of liquid
      carriers, include water; organic solvents, such as alcohols, ketones,
      amides and esters; mineral oils, such as kerosene, light oils, and medium
      oils and vegetable oils, such as cottonseed oil.
PAR  In practice, herbicidal application is measured in terms of pounds of
      herbicide applied per acre. The compounds of this invention are effective
      herbicides when applied in herbicidal amounts, i.e., at rates between
      about 0.2 pounds and about 10 pounds per acre.
PAC  HERBICIDAL EFFECTIVENESS
PAC  Method of Propagating Test Species
TBL  Crabgrass        Digitaria sanguinalis                                    
     Yellow Foxtail grass                                                      
                      Setaria glauca                                           
     Johnson grass    Sorgum Halepense                                         
     Barnyard grass   Echinochloa crus-galli                                   
     Amaranth pigweed Amaranthus retroflexus                                   
     Turnip           Brassica sp.                                             
     Cotton           Gossypium hirsutum var.                                  
                      DPL smooth leaf                                          
     Corn             Zea Mays var. Golden Bantam                              
     Bean             Phaseolus vulgaris var.                                  
                      Black Valentine                                          
PAR  All crop and weed species are planted individually in 3 inch plastic pots
      containing potting soil. Four seeds of each of corn, cotton, and snapbeans
      are seeded to a depth equal to the diameter of the seed. All other species
      are surface seeded and sprinkled with screened soil in an amount
      sufficient to cover the seeds. Immediately after planting, all pots are
      watered by sub-irrigation in greenhouse trays. Pots for the pre-emergence
      phase are seeded one day before treatment.
PAR  Planting dates for the post-emergence phase are varied so that all the
      seedlings will reach the desired state of development simultaneously. The
      proper state of seedling development for treatment in the post-emergence
      phase is as follows:
TBL  GRASSES:       2 inches in height                                         
     PIGWEED & TURNIPS:                                                        
                    1 or 2 true leaves visible above                           
                    cotyledons.                                                
     COTTON:        first true leaf 1 inch in length;                          
                    expanded cotyledons.                                       
     CORN:          3 inches - 4 inches in height                              
     BEANS:         primary leaves expanded, growing                           
                    point at primary leaf node.                                
PAC  Method of Treatment
PAR  Spray applications are made in a hood containing movable belt and fixed
      spray nozzle. For passage through the spray hood, one pot of each species
      (pre-emergence phase) is placed on the forward half of a wooden flat and
      one pot of established plants (post-emergence phase) is placed on the rear
      half of the flat. Treatments are moved to the greenhouse after spraying.
      Watering during the observation period is applied only by sub-irrigation.
PAR  Compounds are screened initially at a rate of application equivalent to
      four or eight pounds per acre. Two weeks after treatment the pre- and
      post-emergence percent effectiveness is visually rated. Subsequent testing
      is carried out at 2,1 and 0.5 pounds per acre.
PAR  Herbicidal testing of the compounds of Examples 1 through 7 and of the
      comparative compounds provided the results set forth in the Table. The
      plants are tabulated using the following abbreviations:
TBL  Crabgrass         CG      Pigweed    PW                                   
     Yellow Foxtail grass                                                      
                       YF      Turnip     TP                                   
     Johnson grass     JG      Cotton     CT                                   
     Barnyard grass    BG      Corn       CN                                   
     Bean              BN                                                      
TBL                                    TABLE                                   
     __________________________________________________________________________
     PRE/POST-EMERGENCE HERBICIDAL ACTIVITY* OF CERTAIN SUBSTITUTED            
     PHENOXYBENZOIC ACIDS AND DERIVATIVES THEREOF                              
     __________________________________________________________________________
     COMPOUND                                                                  
           COMPOUND                                                            
      OF   CONCENTRATION,                                                      
     EXAMPLE                                                                   
           LBS./ACRE                                                           
                   CG   YF   JG   BG   PW   TP   CT   CN   BN                  
     __________________________________________________________________________
     1          4  100/100                                                     
                        100/100                                                
                             60/50                                             
                                  60/70                                        
                                       100/100                                 
                                             80/100                            
                                                  0/100                        
                                                       0/40                    
                                                            30/100             
                2  100/100                                                     
                         80/100                                                
                             30/70                                             
                                  20/80                                        
                                       100/100                                 
                                             0/100                             
                                                  90/100                       
                                                      30/20                    
                                                            70/100             
                1  100/90                                                      
                         80/100                                                
                             20/60                                             
                                   0/60                                        
                                       100/100                                 
                                            30/90                              
                                                  0/100                        
                                                       0/20                    
                                                            80/100             
                0.5                                                            
                   40/50                                                       
                        60/80                                                  
                             30/60                                             
                                   0/40                                        
                                       100/70                                  
                                             0/80                              
                                                 40/20                         
                                                       0/20                    
                                                           30/70               
     1a(Comparative)                                                           
                4  20/20                                                       
                         0/20                                                  
                              0/20                                             
                                   0/20                                        
                                       20/0  0/30                              
                                                 100/0                         
                                                      50/0 20/80               
     2          4  70/70                                                       
     /-         70/90                                                          
                   60/70                                                       
     /-         100/100                                                        
                    0/100                                                      
                         0/70                                                  
                             80/70                                             
     2a(Comparative)                                                           
                4  20/30                                                       
                         0/20                                                  
                             20/30                                             
                                   0/20                                        
     /20        30/90                                                          
                   50/20                                                       
                        0/0  50/70                                             
     2b(Comparative)                                                           
                4   0/30                                                       
                        40/0 50/30                                             
                                  20/20                                        
                                       20/20                                   
                                              0/50                             
                                                 40/20                         
                                                      30/30                    
                                                           80/0                
     3          4  50/80                                                       
     /-         30/60                                                          
                   40/60                                                       
     /-          95/100                                                        
                    50/100                                                     
                         0/40                                                  
                              50/100                                           
     3a(Comparative)                                                           
                4   0/20                                                       
                         0/20                                                  
                              0/20                                             
                                   0/20                                        
                                       50/50                                   
                                             0/60                              
                                                 100/0                         
                                                      30/0 50/40               
     4          4  90/60                                                       
     1-         80/90                                                          
                   50/50                                                       
     /-         40/70                                                          
                   80/70                                                       
                         0/50                                                  
                             80/80                                             
     4a(Comparative)                                                           
                8  30/30                                                       
                         0/20                                                  
                             20/30                                             
                                   0/20                                        
                                       30/30                                   
                                            40/0  0/30                         
                                                      0/0  60/0                
     4b(Comparative)                                                           
                4  20/20                                                       
                         0/20                                                  
                              0/20                                             
                                   0/20                                        
                                        0/20                                   
                                             0/60                              
                                                 30/50                         
                                                       0/30                    
                                                            0/60               
     5          4  100/95                                                      
     /-         90/90                                                          
                   90/90                                                       
     /-          80/100                                                        
                   50/80                                                       
                         0/40                                                  
                             50/100                                            
     6          4  100/80                                                      
     /-         80/50                                                          
                   50/70                                                       
                        100/100                                                
                             40/90                                             
                                   30/100                                      
                                        0/100                                  
                                            100/100                            
     7          8  80/60                                                       
     /-         50/40                                                          
                   60/50                                                       
                        100/100                                                
                              20/100                                           
                                  30/90                                        
                                        0/50                                   
                                            100/100                            
     8          8  50/60                                                       
     /-         20/30                                                          
                    0/20                                                       
                        100/100                                                
                              0/40                                             
                                   0/40                                        
                                        0/30                                   
                                            100/100                            
     9          8  30/30                                                       
     /-          0/40                                                          
                   20/20                                                       
                        90/90                                                  
                             20/50                                             
                                   0/70                                        
                                        0/40                                   
                                            100/90                             
     10         4  80/70                                                       
     /-         40/40                                                          
                   40/30                                                       
                        100/100                                                
                             20/70                                             
                                  100/40                                       
                                        0/20                                   
                                            100/100                            
     11         4  60/70                                                       
     /-         30/60                                                          
                   20/50                                                       
                         90/100                                                
                              0/50                                             
                                  30/70                                        
                                        0/30                                   
                                            80/60                              
     12         8  90/90                                                       
     /-         90/90                                                          
                   60/90                                                       
                        100/100                                                
                              0/100                                            
                                   0/100                                       
                                        0/70                                   
                                             0/100                             
                4  100/90                                                      
     /-          90/100                                                        
                   60/60                                                       
                        100/100                                                
                              0/100                                            
                                  30/90                                        
                                        0/70                                   
                                             30/100                            
                2  100/100                                                     
                        100/-                                                  
                             40/60                                             
                                  80/70                                        
     /100        30/100                                                        
                   80/70                                                       
                         0/70                                                  
                             100/100                                           
                1  100/100                                                     
     /-         40/90                                                          
                   50/80                                                       
     /-          30/100                                                        
                   20/80                                                       
                         0/20                                                  
                             50/80                                             
     13         8  70/90                                                       
     /-         30/90                                                          
                   20/80                                                       
                         90/100                                                
                              0/30                                             
                                  30/70                                        
                                        0/20                                   
                                            100/100                            
     14         4  70/80                                                       
     /-         20/90                                                          
                    0/40                                                       
                        100/100                                                
                              70/100                                           
                                  90/90                                        
                                       20/20                                   
                                             0/80                              
     15         8  100/100                                                     
                        100/-                                                  
                             50/70                                             
     /100       70/90             50/-                                         
                    0/90                                                       
                         0/30                                                  
                              50/100                                           
                4  90/90                                                       
                        0/-  40/60                                             
                                   0/60                                        
     /-         60/90                                                          
                   100/60                                                      
                         0/40                                                  
                              0/100                                            
                2  90/70                                                       
     /-         30/40                                                          
                   20/70                                                       
     /-         70/60                                                          
                    0/60                                                       
                         0/50                                                  
                              0/100                                            
     16         8  100/90                                                      
                        100/100                                                
                              80/100                                           
                                  100/90                                       
                                       100/100                                 
                                            100/100                            
                                                  40/100                       
                                                      80/40                    
                                                            80/100             
                4  100/100                                                     
                        100/100                                                
                             100/100                                           
                                  80/80                                        
                                       100/100                                 
                                             70/100                            
                                                 40/90                         
                                                      20/80                    
                                                            80/100             
                2  100/100                                                     
                        100/100                                                
                              90/100                                           
                                  80/90                                        
                                       100/100                                 
                                             80/100                            
                                                 30/90                         
                                                       0/80                    
                                                            0/90               
                0.8                                                            
                   90/60                                                       
                        100/80                                                 
                             70/50                                             
                                  40/50                                        
                                       100/100                                 
                                             40/100                            
                                                 80/60                         
                                                      30/20                    
                                                            50/100             
     17         8  100/40                                                      
                        90/40                                                  
                             70/40                                             
                                  50/30                                        
                                       100/100                                 
                                             0/60                              
                                                  0/80                         
                                                       0/30                    
                                                            0/90               
                4  100/90                                                      
                        100/100                                                
                             80/90                                             
                                  50/70                                        
                                       100/100                                 
                                             0/40                              
                                                  0/50                         
                                                       0/30                    
                                                            0/90               
                2  100/90                                                      
                        100/90                                                 
                             30/90                                             
                                  30/90                                        
                                       100/100                                 
                                            20/30                              
                                                  0/50                         
                                                       0/30                    
                                                            0/90               
                1  60/50                                                       
                        100/80                                                 
                             90/60                                             
                                  20/30                                        
                                       100/100                                 
                                             0/40                              
                                                 90/30                         
                                                      30/0 80/80               
     18         8  90/80                                                       
     /-         60/80                                                          
                   70/40                                                       
     /-          90/100                                                        
                   30/80                                                       
                         0/80                                                  
                              0/100                                            
     19         10 40/30                                                       
     /-         90/-                                                           
     /-                                                                        
     /-          0/90                                                          
     /60                                                                       
     /60                                                                       
     20         10 50/20                                                       
     /-         90/-                                                           
     /-                                                                        
     /-         20/20                                                          
     /30                                                                       
     /40                                                                       
     21         3  100/-                                                       
                        100/-                                                  
                             100/-/                                            
                                  30/-                                         
     /-         50/-                                                           
                   30/- 0/-  0/-                                               
     22         1  90/- 100/-                                                  
                             100/-                                             
                                  30/-                                         
     /-         30/-                                                           
                   50/- 60/- 0/-                                               
     23         10 80/- 100/-                                                  
                             100/-                                             
                                  30/-                                         
     /-         80/-                                                           
     /-                                                                        
     /-                                                                        
     /-                                                                        
     24         10 100/-                                                       
     /-         30/-                                                           
     /-                                                                        
     /-         100/-                                                          
     /-                                                                        
     /-                                                                        
     /-                                                                        
     25         8  80/60                                                       
                         90/100                                                
                             50/40                                             
                                  30/60                                        
                                       100/100                                 
                                            100/100                            
                                                 30/50                         
                                                       0/30                    
                                                           30/90               
     26         8  100/80                                                      
                        100/90                                                 
                             40/20                                             
                                  90/60                                        
                                       100/100                                 
                                            90/90                              
                                                  0/50                         
                                                       0/20                    
                                                           70/90               
                4  100/90                                                      
                        100/100                                                
                             70/90                                             
                                  80/50                                        
                                       100/100                                 
                                            100/100                            
                                                  0/50                         
                                                       0/20                    
                                                            0/90               
                2  90/70                                                       
                        100/100                                                
                             60/60                                             
                                  40/70                                        
                                       100/100                                 
                                            90/90                              
                                                   0/50                        
                                                       0/30                    
                                                            0/90               
     __________________________________________________________________________
      *Herbicidal activity is measured in per cent effectiveness               
PAR  Although the present invention has been described with preferred
      embodiments, it is to be understood that modifications and variations may
      be resorted to without departing from the spirit and scope of this
      invention, as those skilled in the art will readily understand. Such
      modifications and variations are considered to be within the purview and
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the formula:
      ##SPC2##
PAL  wherein X is halogen, C.sub.1 -C.sub.4 alkyl, or NO.sub.2 and at least one
      X is halogen and another is C.sub.1 -C.sub.4 alkyl or NO.sub.2 ; R is
      hydroxy or alkoxy of 1 to 5 carbon atoms; and n is 2 to 5.
NUM  2.
PAR  2. A compound of claim 1, wherein said compound is methyl
      2-nitro-5-(2',4'-dichloro-6'-methylphenoxy)benzoate.
NUM  3.
PAR  3. A compound of claim 1, wherein said compound is methyl
      2-nitro-5-(4'-chloro-2'-methylphenoxy)benzoate.
NUM  4.
PAR  4. A compound of claim 1, wherein said compound is methyl
      2-nitro-5-(2'-chloro-4'-nitrophenoxy)benzoate.
NUM  5.
PAR  5. A compound of claim 1, wherein said compound is
      2-nitro-5-(2'-chloro-4'-nitrophenoxy)benzoic acid.
PATN
WKU  039418316
SRC  5
APN  3959406
APT  1
ART  127
APD  19730910
TTL  Resolution of alkyl esters of DL-phenylalanine
ISD  19760302
NCL  10
ECL  1
EXA  Thaxton; L. A.
EXP  Sutto; Anton H.
INVT
NAM  Sollman; Paul B.
CTY  Wilmette
STA  IL
ASSG
NAM  G. D. Searle & Co.
CTY  Chicago
STA  IL
COD  02
CLAS
OCL  260471A
EDF  2
ICL  C07C10332
FSC  260
FSS  471 A
UREF
PNO  3734952
ISD  19730500
NAM  Krubiner
OCL  260471A
OREF
PAL  Greenstein, J. P. Chemistry of the Amino Acids, Vol. I (1961), Pub. by John
      Wiley & Sons, (N.Y.),  pp. 715-716.
LREP
FR2  Dhuey; John A.
ABST
PAL  Treatment of DL-phenylalanine alkyl esters with N-acyl-D-phenylalanines
      results in the formation of insoluble salts of the L-phenylalanine alkyl
      esters and N-acyl-D-phenylalanines. The salts are isolated and decomposed
      to afford the desired L-phenylalanine alkyl esters, which are important
      starting materials in the preparation of artificial sweetening agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Lower alkyl esters of L-phenylalanine are preferred starting materials in
      the manufacture of certain sweetening agents as disclosed in U.S. Pat. No.
      3,492,131. However, heretofore those starting materials have been
      difficult and expensive to obtain. Due to the absence of suitable
      asymmetric syntheses, prior art efforts have been directed most often to
      the resolution of the DL-compounds.
PAR  Prior art methods have employed resolving agents derived from amino acids
      different than those being resolved, see for example, Kato and Tsuchiya,
      Agr. Bio. Chem., Vol. 26, No. 8, 467 and 473 (1962). As an exception, the
      resolution of the t-butyl ester of DL-phenylalanine employing
      N-carbobenzoxy-L-phenylalanine as the resolving agent has been reported in
      Roczniki. Chem., 40 (11/12), 1895 (1966). However, the urethane type
      carbobenzoxy group employed therein is not desirable because of its
      potentially dangerous preparation from phosgene and benzyl alcohol.
      Additonally, from an economic standpoint, it is undesirable to utilize a
      derivative of L-phenylalanine as resolving agent since its use as starting
      material for the production of sweetening agents makes it very valuable.
      Even small losses of resolving agent would result in substantial
      additional costs.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide an economical and facile
      process for the preparation of the alkyl esters of L-phenylalanine from
      the alkyl esters of DL-phenylalanine; it is another object of this
      invention to utilize a derivative of D-phenylalanine, the undesired isomer
      in the preparation of sweetening agents, as a resolving agent; it is
      furthermore an object of this invention to utilize appropriate derivatives
      which may be recycled within the process to minimize overall costs; it is
      also an object of this invention to utilize materials which will form
      insoluble salts with the alkyl esters of L-phenylalanine, thus assuring
      purity of the L-isomer product. The successful achievement of these and
      other objects of this invention will be apparent from the following
      description of the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention is concerned generally with the resolution of amino acids.
      More particularly, it is concerned with a new and unobvious process for
      the resolution of alkyl esters of DL-phenylalanine. Also, it is concerned
      with the production of certain novel salts of the alkyl esters of
      L-phenylalanine and N-acyl-D-phenylalanines. Those salts are conveniently
      represented by the following formula
      ##EQU1##
      wherein R.sub.1 is a lower alkyl radical containing 1-4 carbon atoms
      inclusive and R.sub.2 is hydrogen or a lower alkyl radical containing 1-7
      carbon atoms inclusive. The salts are useful intermediates in the
      preparation of the lower alkyl esters of L-phenylalanine. Illustrative of
      those alkyl radicals intended are methyl, ethyl, n-propyl, isopropyl,
      n-butyl, isobutyl, sec-butyl and tert-butyl.
PAR  Other art equivalent acyl blocking groups, both aliphatic and aryl, may be
      utilized for R.sub.2, but the lower alkyl radicals described above are
      preferred.
PAR  The instant process is practiced preferably by contacting an alkyl ester of
      DL-phenylalanine in a suitable solvent, preferably a polar solvent, with
      an N-acyl-D-phenylalanine; isolating the salt of the corresponding alkyl
      ester of L-phenylalanine and N-acyl-D-phenylalanine; decomposing the salt
      into its respective components; and isolating the desired alkyl exter of
      L-phenylalanine.
PAR  The formation of the crystalline D-L salt of N-acyl-D-phenylalanine with
      the alkyl esters of L-phenylalanine is surprising and unobvious
      particularly in view of the disclosure in Roczniki. Chem., 40 (11/12),
      1895 (1966), of the L-L salt formation of N-carbobenzoxy-L-phenylalanine
      with the t-butyl ester of L-phenylalanine. The instant salt formation is
      most advantageous since it permits the N-acyl derivatives of
      D-phenylalanine to be utilized as the resolving agents, effecting
      substantial cost savings over the use of the L-isomer. Thus, the desired
      L-isomer of phenylalanine need not be tied up in the process. Furthermore,
      the crystallization of the D-L salts affords, upon decomposition and
      separation, pure product consisting of the appropriate alkyl ester of
      L-phenylalanine.
PAR  The particular combination of an alkyl ester of a DL-amino acid and an acyl
      blocked optically active D-amino acid resolving agent, which is derived
      from the same amino acid from which the alkyl ester is derived, results in
      the selective precipitation of the corresponding salt of the
      N-acyl-D-amino acid and the L-amino acid alkyl ester. Thus, when the
      N-acyl derivative of a D-amino acid is contacted with the idential
      DL-amino acid alkyl ester, the salt of the N-acyl-D-amino acid and the
      L-amino acid alkyl ester preferentially crystallizes from solution. The
      naturally occuring amino acids, e.g. aspartic acid, asparagine, glutamine,
      glutamic acid, alanine, valine, leucine, isoleucine, serine, threonine,
      methionine, cysteine, cystine, tyrosine, proline, lysine, aginine and
      ornithine may be resolved in this manner. Also, similar synthetic amino
      acids may be resolved in the manner described. It is noted that when an
      N-acyl-L-amino acid resolving agent is employed, there is obtained,
      preferentially, the salt comprised of the N-acyl-L-amino acid and the
      alkyl ester of the D-amino acid.
PAR  Typically, N-acetyl-D-phenylalanine is allowed to contact DL-phenylalanine
      methyl ester in a suitable solvent, e.g. methanol or water, to produce a
      crystalline salt of N-acetyl-D-phenylalanine and L-phenylalanine methyl
      ester. That salt is separated from the filtrate and decomposed with
      aqueous hydrochloric acid to afford N-acetyl-D-phenylalanine as a
      precipitate and L-phenylalanine methyl ester hydrochloride in solution.
      After filtering, the solvent in the filtrate is removed to afford the
      hydrochloride salt of L-phenylalanine methyl ester. Alternatively, the
      salt of N-acetyl-D-phenylalanine and L-phenylalanine methyl ester is
      dissolved in aqueous potassium carbonate and extracted with ether. The
      D-amide remains in the aqueous phase and the L-ester remains in the
      organic phase. After phase separation, the ethereal solution is acidified
      with hydrochloric acid-isopropanol to precipitate the hydrochloride salt
      of L-phenylalanine methyl ester.
PAR  It is apparent that the starting materials useful in the instant process
      may be employed as their equivalent salts without affecting the
      operability of the process. For example, the hydrochloride salt of
      DL-phenylalanine methyl ester may be utilized along with the sodium salt
      of N-acyl-D-phenylalanine.
PAR  It is understood that once the D-L salt is obtained, standard chemical
      techniques can be employed to separate the individual components.
      Decomposition of the salt with aqueous hydrochloric acid is satisfactory.
      Alternatively, an aqueous solution of the salt may be contacted with a
      base such as sodium carbonate, then separated and acidified to yield the
      desired components. Also, the desired L-phenylalanine alkyl esters may
      conveniently be separated as salts, e.g. hydrochloride salts, when they
      are oils in their free state, for ease of handling and storage.
PAR  In another embodiment of this invention, the particular by-products of the
      resolution process are recycled, thereby making the process additionally
      advantageous. The alkyl ester of D-phenylalanine remaining in solution
      after the separation of the D-amide-L-ester salt can be racemized to
      afford the DL-ester starting material. This racemization preferably is
      accomplished with an alkali metal alkoxide in the corresponding lower
      alkanol solvent. Illustrative of the alkali metals are lithium, sodium and
      potassium. The lower alkanols intended contain 1-6 carbon atoms and are
      illustrated by methanol, ethanol and t-butanol. Typical alkoxide groups
      contain 1-4 carbon atoms and are illustrated by methoxide, ethoxide,
      t-butoxide and the like. Thus, for example D-phenylalanine methyl ester is
      refluxed with sodium methoxide in methanol to afford DL-phenylalanine
      methyl ester. It is not necessary that the reaction be run at the reflux
      temperature. However, at lower temperatures the racemization takes place
      at a slower rate. For example, complete racemization of D-phenylalanine
      methyl ester takes approximately 2 days at room temperature, whereas it is
      completed in about 2 1/2 hours at the reflux temperature. Generally, it is
      desirable to choose an alkoxide group and a lower alkanol corresponding to
      the alkyl ester being racemized. It is noted that any L-phenylalanine
      alkyl ester present will be racemized as well as may be recycled to
      provide starting DL-ester.
PAR  It is apparent also that the N-acyl-D-phenylalanine, recovered from the
      decomposition of the salt of N-acyl-D-phenylalanine and L-phenylalanine
      alkyl ester, can be recycled to provide starting resolving agent.
PAR  Alternatively, but less preferably, the D-phenylalanine alkyl esters can be
      hydrolyzed and acylated to provide the N-acyl-D-phenylalanine resolving
      agent. Since large quantities of the N-acyl derivatives are not lost in
      the process, only a portion of the N-acyl derivatives produced by this
      alternate process would likely be utilized. Thus, the
      N-acyl-D-phenylalanines can also be racemized to the DL-derivatives
      corresponding, they hydrolyzed and esterified to provide additional
      amounts of DL-phenylalanine alkyl ester.
PAR  A further and particularly unobvious advantage of the process is manifested
      by the unexpected purity of the salt of the D-amide-L-ester obtained when
      water is utilized as the solvent medium during salt formation. Initial
      salt obtained from the reaction mixture is of such purity that it need not
      be recrystallized further and can be decomposed immediately to obtain the
      desired L-phenylalanine alkyl ester.
PAR  Reaction conditions for the practice of the instant invention will be
      apparent to those skilled in the art of chemical manufacturing procedures.
      Temperatures, solvents and reaction times are not critical to the instant
      process and may be chosen according to standard chemical manufacturing
      techniques. However, polar solvents, e.g. water, lower alkanols such as
      methanol, ethanol and t-butanol, and equivalent solvents, have been found
      preferable for D-L salt formation. Generally, salt formation occurs at
      room temperatures, but is not limited thereto.
PAR  It is noted that the general method described herein for the formation of
      the salts of N-acyl-D-phenylalanines and alkyl esters of L-phenylalanine
      may be employed to afford the salts of the mirror images. Thus, contacting
      of an alkyl ester of DL-phenylalanine with an N-acyl-L-phenylalanine
      affords the salt comprised of N-acyl-L-phenylalanine and the alkyl ester
      of D-phenylalanine. The salt can be decomposed by usual methods to obtain
      pure alkyl ester of D-phenylalanine. That material may be hydrolyzed and
      acylated to provide resolving agent for use in the instant process.
      Typically, DL-phenylalanine methyl ester is contacted with
      N-acetyl-L-phenylalanine to afford the salt of D-phenylalanine methyl
      ester and N-acetyl-L-phenylalanine.
PAR  Depending on the availability of starting materials, various other methods
      of their preparation may be utilized. For example, DL-phenylalanine may be
      converted into the N-acyl-DL-phenylalanine with an appropriate acylating
      agent. Then that acylated derivative is contacted with an alkyl ester of
      L-phenylalanine to afford the salt of the N-acyl-D-phenylalanine and the
      alkyl ester of L-phenylalanine. Subsequent decomposition of the salt
      yields pure N-acyl-D-phenylalanine, useful as resolving agent.
      Alternatively, the alkyl ester of D-phenylalanine may be employed in a
      similar manner to yield N-acyl-L-phenylalanine, which, as noted
      hereinbefore, is useful to obtain the alkyl esters of D-phenylalanine from
      the corresponding DL-compounds. As mentioned previously the
      D-phenylalanine alkyl esters may be hydrolyzed and acylated to provide
      N-acyl-D-phenylalanine.
PAR  Particular examples further illustrating the present invention follow. They
      are, however, not intended to limit the invention either in spirit or in
      scope from that previously described and subsequently claimed. In the
      examples temperatures are presented in degrees Centigrade (.degree. C) and
      quantities of materials in parts by weight unless parts by volume is
      specified.
PAC  EXAMPLE 1
PAC  N-Acetyl-D-phenylalanine
PAR  To a stirred solution of 20.0 parts of D-phenylalanine in 121 parts of
      water, cooled to about 1.degree.-2.degree., is added, portionwise, an
      aqueous 50% sodium hydroxide solution until pH 12 is reached. Then 37
      parts of acetic anhydride is added, while continuously adding aqueous 50%
      sodium hydroxide to keep the pH at about 12 and cooling the solution to
      keep the temperature at between about 10.degree. to 30.degree.. After
      about 20 minutes the mixture is acidified to pH 1 with concentrated
      hydrochloric acid and filtered. The recovered solid is recrystallized from
      water to afford N-acetyl-D-phenylalanine, melting at about
      170.degree.-172.degree..
PAC  EXAMPLE 2
PAC  N-Propionyl-D-phenylalanine
PAR  By substituting an equivalent quantity of propionic anhydride in the
      procedure of Example 1, there is produced N-propionyl-D-phenylalanine.
PAC  EXAMPLE 3
PAC  N-n-Butyryl-D-phenylalanine
PAR  Substitution of an equivalent quantity of butyric anhydride in the
      procedure of Example 1 affords N-n-butyryl-D-phenylalanine.
PAC  EXAMPLE 4
PAC  N-Acetyl-D-phenylalanine.L-phenylalanine Methyl Ester
PAR  10.35 Parts of N-acetyl-D-phenylalanine is dissolved in 40 parts of
      methanol, then treated with 17.9 parts of DL-phenylalanine methyl ester. A
      precipitate forms immediately and a additional 60 parts of methanol is
      added. The mixture then is filtered and the solid remaining is washed with
      additional methanol and dried. Recrystallization from methanol affords the
      crystalline salt of N-acetyl-D-phenylalanine and L-phenylalanine methyl
      ester, melting at about 170.degree.-172.degree. and displaying an
      [.alpha.].sub.D in 0.5% water of about -33.3.degree..
PAC  EXAMPLE 5
PAC  N-Acety-D-phenylalanine.L-Phenylalanine Methyl Ester
PAR  A solution consisting of 1.8 parts of L-phenylalanine methyl ester
      dissolved in 12 parts of methanol is treated, at room temperature, with
      1.0 part of N-acetyl-D-phenylalanine. The precipitate which forms
      immediately is recovered by filtration and recrystallized from methanol to
      afford the crystalline salt of N-acetyl-D-phenylalanine and
      L-phenylalanine methyl ester, identical to the product obtained in Example
      4, melting at about 170.degree.-172.degree..
PAC  EXAMPLE 6
PAC  N-Acetyl-D-phenylalanine.L-Phenylalanine Ethyl Ester
PAR  Substitution of an equivalent quantity of DL-phenylalanine ethyl ester in
      the procedure of Example 4 and utilization of ethanol as solvent in place
      of the methanol described therein affords the salt of
      N-acetyl-D-phenylalanine and L-phenylalanine ethyl ester.
PAC  EXAMPLE 7
PAC  N-Propionyl-D-phenylalanine.L-Phenylalanine Methyl Ester
PAR  When an equivalent quantity of N-propionyl-D-phenylalanine is substituted
      in the procedure of Example 4, there is obtained the salt of
      N-propionyl-D-phenylalanine and L-phenylalanine methyl ester.
PAC  EXAMPLE 8
PAC  N-Acetyl-D-phenylalanine.L-Phenylalanine Methyl Ester
PAR  Utilization of water in place of methanol as the solvent in Example 4
      affords the salt of N-acetyl-D-phenylalanine and L-phenylalanine methyl
      ester.
PAC  EXAMPLE 9
PAC  Hydrochloride Salt of L-Phenylalanine Methyl Ester
PAR  0.5 Part of the salt of N-acetyl-D-phenylalanine and L-phenylalanine methyl
      ester is dissolved in 5 parts of hot water. Then 0.2 part by volume of
      concentrated hydrochloric acid is added and the mixture is filtered,
      thereby collecting the N-acetyl-D-phenylalanine solid and leaving crude
      L-phenylalanine methyl ester hydrochloride in the filtrate. The filtrate
      is evaporated to dryness, and the hydrochloride salt of L-phenylalanine
      methyl ester then is dissolved in water. Sodium carbonate is added, then
      ether. The ethereal extract is separated and acidified to yield the
      hydrochloride salt of L-phenylalanine methyl ester, which, upon
      recrystallization from methanol, exhibits an [.alpha.].sub.D in 2% ethanol
      of about +35.7.degree..
PAC  EXAMPLE 10
PAC  Hydrochloride Salt of L-Phenylalanine Methyl Ester
PAR  A stirred solution of 2.0 parts of the salt of N-acetyl-D-phenylalanine and
      L-phenylalanine methyl ester in 20 parts of water is treated with 3.5
      parts of potassium carbonate. An aqueous layer and an oily layer form and
      the mixture is extracted with ether. The aqueous layer, containing
      N-acetyl-D-phenylalanine, is separated and acidified with hydrochloric
      acid to yield, after cooling and filtering, N-acetyl-D-phenylalanine. The
      ethereal layer is dried over anhydrous sodium sulfate, then acidified with
      a hydrochloric acid-isopropanol mixture. The solid which forms is
      collected by filtration, then redissolved in methanol. Addition of ether
      affords crystals of the hydrochloride salt of L-phenylalanine methyl
      ester, displaying an [.alpha.].sub.D in 2% ethanol of about +35.degree..
      That product is the same as that obtained in Example 9.
PAC  EXAMPLE 11
PAR  By substituting equivalent quantities of the products of Examples 6 and 7
      in the procedure of Example 10, there is afforded the hydrochloride salt
      of L-phenylalanine ethyl ester and the hydrochloride salt of
      L-phenylalanine methyl ester, respectively.
PAC  EXAMPLE 12
PAR  5.0 Parts of D-phenylalanine methyl ester, dissolved in 80 parts of
      methanol, is treated, at room temperature, with 0.90 part of sodium
      methoxide. The mixture is heated rapidly to reflux and maintained at
      reflux for about 21/21/2 hours. Then the reaction mixture is cooled,
      acidified to pH 2 with concentrated hydrochloric acid and evaporated to
      dryness. The remaining crystalline residue is taken up in water, and
      sodium carbonate is added. 1,2-Dichloroethane is added to form two phases
      and the mixture is shaken and filtered. The organic layer is separated,
      washed with saturated sodium chloride solution, dried over anhydrous
      magnesium sulfate and filtered. The filtrate is acidified with
      hydrochloric acid, cooled and stripped of solvent. Trituration with ether
      of the material which remains after solvent removal and subsequent
      filtration yields DL-phenylalanine methyl ester hydrochloride, melting at
      about 162.degree..
PAC  EXAMPLE 13
PAR  Substitution of an equivalent quantity of D-phenylalanine ethyl ester in
      the procedure of Example 12 and utilization of sodium ethoxide and ethanol
      in place of sodium methoxide and methanol therein, affords
      DL-phenylalanine ethyl ester hydrochloride.
PAC  EXAMPLE 14
PAR  To 310 parts by volume of an aqueous 0.5N sodium hydroxide solution, heated
      to about 70.degree., is added, successively, 17.7 parts of
      N-acetyl-L-phenylalanine and 33.3 parts of DL-phenylalanine methyl ester
      hydrochloride. A precipitate forms and upon cooling and filtering, the
      salt of N-acetyl-L-phenylalanine and D-phenylalanine methyl ester is
      obtained. Recrystallization from hot water affords the pure salt
      exhibiting an [.alpha.].sub.D in 0.5% water of about +32.2.degree..
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for resolving alkyl esters of DL-phenylalanine, the step
      which comprises contacting a lower alkyl ester of DL-phenylalanine with
      N-(lower alkanoyl)-D-phenylalanine, wherein lower alkyl comprehends lower
      alkyl radicals having 1-4 carbon atoms inclusive and lower alkanoyl
      comprehends lower alkanoyl radicals having 1-8 carbon atoms inclusive.
NUM  2.
PAR  2. As in claim 1, the step which comprises contacting the methyl estr of
      DL-phenylalanine with N-acetyl-D-phenylalanine.
NUM  3.
PAR  3. As in claim 1 wherein the step of contacting a lower alkyl ester of
      DL-phenylalanine with N-acetyl-D-phenylalanine occurs in the presence of a
      polar solvent.
NUM  4.
PAR  4. As in claim 1, the step which comprises contacting the methyl ester of
      DL-phenylalanine with N-acetyl-D-phenylalanine in methanol.
NUM  5.
PAR  5. A composition of matter which comprises a salt of the formula
      ##SPC1##
PAL  wherein R.sub.1 is a lower alkyl radical having 1-4 carbon atoms inclusive
      and R.sub.2 is hydrogen or a lower alkyl radical having 1-7 carbon atoms
      inclusive.
NUM  6.
PAR  6. As in claim 5, a composition of matter of the formula
      ##SPC2##
NUM  7.
PAR  7. A process for resolving an alkyl ester of DL-phenylalanine which
      comprises contacting a lower alkyl ester of DL-phenylalanine with an
      N-(lower alkanoyl)-D-phenylalanine; isolating the salt of the lower alkyl
      ester of L-phenylalanine and the N-(lower alkanoyl)-D-phenylalanine; and
      separating the lower alkyl ester of L-phenylalanine from the N-(lower
      alkanoyl)-D-phenylalanine.
NUM  8.
PAR  8. A process as in claim 7, wherein lower alkyl is methyl and lower
      alkanoyl is acetyl.
NUM  9.
PAR  9. In a process for obtaining a lower alkyl ester of D-phenylalanine from
      the corresponding lower alkyl ester of DL-phenylalanine, the step which
      comprises contacting a lower alkyl ester of DL-phenylalanine with N-(lower
      alkanoyl)-L-phenylalanine, wherein lower alkyl comprehends lower alkyl
      radicals having 1-4 carbon atoms inclusive and lower alkanoyl comprehends
      lower alkanoyl radicals having 1-8 carbon atoms inclusive.
NUM  10.
PAR  10. As in claim 9, the step which comprises contacting DL-phenylalanine
      methyl ester with N-acetyl-L-phenylalanine.
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ABST
PAL  New oxime ethers and pesticidal and herbicidal preparations containing them
      are disclosed. The oxime ethers correspond to the formula
      ##SPC1##
PAL  Wherein R.sub.1 is a hydrogen atom or a lower alkyl radical; R.sub.2 is an
      aliphatic, cycloaliphatic, araliphatic, aromatic or heterocyclic radical;
      or wherein R.sub.1 and R.sub.2 form part of a saturated or unsaturated
      carbocycle or a 5-, 6- or 7-membered heterocycle; R.sub.3 is nitro,
      trifluoromethyl, formyl, lower carbalkoxy, sulfamyl or mono- or di-lower
      alkyl fulfamyl radical; R.sub.4- and R.sub.5 each is a hydrogen or halogen
      atom, an amino, mono- or di-lower alkyl amino, lower alkoxy, cycloalkoxy,
      lower alkylthio, nitro, lower carbalkoxy, arylthio, lower aralkylthio or
      lower alkyl group, or 5-, 6- or 7-membered heterocycle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention provides new oxime ethers and pesticidal preparations
      containing them. The oxime ethers correspond to the formula
      ##SPC2##
PAL   wherein R.sub.1 is a hydrogen atom or a lower alkyl radical; R.sub.2 is an
      aliphatic, cycloaliphatic, araliphatic, aromatic or heterocyclic radical;
      or wherein R.sub.1 and R.sub.2 form part of a saturated or unsaturated
      carbocycle or a 5-,6-or 7-membered heterocycle; R.sub.3 is a nitro,
      trifluoromethyl, formyl, lower carbalkoxy, sulfamyl or mono- or di- lower
      alkylsulfamyl radical; R.sub.4 and R.sub.5 each is a hydrogen or halogen
      atom, an amino, mono- or dilower alkylamino, lower alkoxy, cycloalkoxy,
      lower alkylthio, nitro, lower carbalkoxy, arylthio, lower aralkylthio
      group or 5-, 6- or 7-membered heterocycle.
PAR  R.sub.1 in the above formula stands for a lower alkyl radical. Such
      radicals contain 1 to 4 carbon atoms and may be branched or unbranched
      such as the methyl and ethyl groups or the normal or iso-propyl or butyl
      group or secondary or tertiary butyl group. Preferred groups, however, are
      besides the hydrogen atom the methyl and ethyl radicals.
PAR  R.sub.2 stands for an aliphatic, cycloaliphatic, araliphatic, aromatic or
      heterocyclic radical. The aliphatic radical may be branched or unbranched,
      saturated or unsaturated. Preferably such radicals contain up to 8 carbon
      atoms and are alkyl or alkenyl radicals which may be substituted or
      unsubstituted. Suitable substituents are for instance halogen atoms, such
      as fluorine, chlorine or bromine or hydroxy or alkoxy groups. The
      cycloaliphatic radicals contain 3 to 8 carbon atoms and may be saturated
      or unsaturated and mono- or polycyclic. As a rule they contain 3 to 12
      carbon atoms and are saturated. They preferably are mono- or bicyclic and
      have 3 to 7 ring members. The araliphatic radicals contain in the aromatic
      moiety at least one benzene nucleus and in the aliphatic moiety preferably
      an unbranches chain containing 1 to 4 carbon atoms. This aliphatic chain
      may be saturated or unsaturated, substituted or unsubstituted. Suitable
      substituents are hydroxy groups and halogen atoms, such as chlorine and
      especially bromine. Suitable chains contain 2 carbon atoms and are
      saturated; they may also contain one or two bromine atoms or one double
      bond. Aromatic radicals are to be understood as being substituted or
      unsubstituted phenyl radicals or condensed ring systems. The preferred
      embodiment are substituted and unsubstituted phenyl radicals. Suitable
      substituents on the phenyl moiety are e.g. halogen atoms such as fluorine
      and especially chlorine, bromine and iodine; lower alkyl and alkoxy groups
      containing 1 to 4 carbon atoms; hydroxy groups; amino groups which may be
      substituted by one or two lower alkyl, lower alkoxyalkyl or lower alkanol
      radicals; nitro groups; lower alkyl carbamoyl radicals; phenoxy groups
      which may be substituted by one or more of the substituents enumerated
      above for the phenyl radical especially by nitro groups. The heterocyclic
      radicals coming into consideration particularly are 5- or 6-membered and
      contain at least one oxygen or sulfur especially however nitrogen atom.
      These heterocycles may be substituted, preferably by lower alkyl radicals,
      especially the methyl group. Examples of such heterocycles are i.a.
      pyridine and quinaldine compounds.
PAR  R.sub.3 stands for a trifluoromethyl, formyl, nitro, lower carbalkoxy,
      sulfamyl or mono- or di-lower alkysulfamyl group. The alkyl moieties of
      the carbalkoxy and alkylsulfamyl group contain 1 to 4 carbon atoms and may
      be branched or unbranched. Preferred alky moieties contain 1 or 2 carbon
      atoms. However, suitable substitutent are not limited to the above
      enumeration. Thus also halogenalkyl groups quite generally may be used.
      Moreover, halogen atoms such as chlorine, bromine and iodine; alkyl groups
      containing 1 to 6 carbon atoms, the carboxyl group; lower alkyl- or aryl-,
      especially phenylcarbamyl groups; the sulfonic acid groups; and lower
      alkylsulfonyl groups may be used likewise.
PAR  R.sub.4 and R.sub.5 each stands for a hydrogen or halogen atom, a lower
      alkyl, amino, mono- or di- lower alkylamino, lower alkoxy, cycloalkoxy,
      lower alkylthio, lower carbalkoxy, arylthio, lower aralkylthio, nitro or
      heterocyclic radical. The halogen atoms may be elected from fluorine,
      bromine, iodine and especially chlorine. The lower alkyl moieties
      enumerated above contain 1 to 4 carbon atoms and may be branched or
      unbranched. The heterocyclic radicals are 5-, 6- or 7-membered, especially
      5- or 6-membered, and contain as hetero- atoms one or more oxygen, sulfur
      or especially nitrogen atoms. Such heterocyclic radicals are i.a. the
      pyridino and morpholino radical. The cycloalkoxy radicals are 3 to
      8-membered, especially however 6-membered. Representative of such radicals
      is the cyclohexoxy radical. Especially suitable oxime ethers are those
      which correspond to the formulae
      ##SPC3##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 have the meanings
      given above. More particularly R.sub.3 stands for a nitro,
      trifluoromethyl, formyl, methylcarbonyl, methylsulfamyl or a
      dimethylsulfamyl radical. R.sub.4 for a hydrogen or chlorine atom, an
      amino, methyl amino, dimethyl amino, isopropylamino, methoxy, ethoxy,
      benzylmercapto or morpholino group, and R.sub.5 for a hydrogen atom, a
      methyl, sec.butyl, carbomethoxy, nitro or cyclohexoxy radical.
PAR  From among the compounds of formula (III) those should be specially
      mentioned which correspond to the formulae
      ##SPC4##
PAL  wherein R.sub.1 and R.sub.2 have the meanings given above and R and R' each
      is hydrogen, lower alkyl, such as methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec.butyl, tert.butyl amyl or cycloalkyl, such as cyclopentyl or
      cyclohexyl.
PAR  From among the compounds of formulae (II) and (III) those are preferred
      which correspond to the formula
      ##SPC5##
PAL  wherein R.sub.1 and R.sub.2 have the above meanings. More particularly
      R.sub.1 may stand for hydrogen and R.sub.2 for a substituted phenyl
      radical. Such compounds correspond to the formulae
      ##SPC6##
PAL  and more specifically to the formulae
      ##SPC7##
PAL  wherein R.sub.3, R.sub.4 and R.sub.5 have the meanings given above and X
      and X' each stands for halogen. More specifically X represents chlorine
      bromine and iodine, whereas X' stands for chlorine.
PAR  The oxime ethers of the formulae (I) to (VI) may be derived from aliphatic,
      araliphatic, aromatic or heterocyclic aldehydes or ketones, and also from
      quinones and endocyclic ketones for example fluorenone, indanone,
      acenaphthenone, anthrone, N-methylpyridone, N-methylpiperidone, furfurol
      or nitrofurfurol.
PAR  Preferred use is made of oxime ethers derived from aliphatic aldehydes or
      ketones, from araliphatic aldehydes or ketones, or from aromatic or
      heterocyclic aldehydes or ketones.
PAR  Suitable aliphatic aldehydes are simply constituted aldehydes for example
      acetaldehyde, propionaldehyde, butyraldehyde or aldehydes having a longer
      chain, for example heptaldehyde, stearaldehyde or unsaturated aldehydes
      for example crotonaldehyde. Suitable aliphatic ketones are simple ketones
      for example acetone, methylethyl ketone, hexanone-(3), diisopropylketone,
      mesityl oxide, and phorone. Suitable araliphatic or aromatic aldehydes and
      ketones are cinnamic aldehyde, hydrocinnamic aldehyde, halogen adducts or
      cinnamic aldehyde for example dibromo-cinnamic aldehyde, diiodo-cinnamic
      aldehyde, acetophenone, propiophenone, benzaldehyde, nuclear halogenated,
      alkylated, nitrated and alkoxylated benzaldeyhdes. Examples of suitable
      cyclic ketones are cyclopentanone, cyclohexanone, cycloheptanone as well
      as their cyano derivatives. Suitable heterocyclic ketones and aldehydes
      are, for example, picoline aldehyde nicotine aldehyde, isonicotine
      aldehyde and N-alkylpiperidones.
PAR  If such aldehydes or ketones contain aromatic radicals, their suitably
      substituted derivatives may likewise be used. These substituents may be of
      a non-functional kind, for example halogen atoms, nitro or nitroso groups,
      or of a functional kind or derived from functional substituents, being,
      for example hydroxyl, acyloxy, carbamoyloxy, alkoxy, aryloxy, thiol,
      acylthio, alkylthio, trifluoromethyl, cyano, formyl, amino, alkylamino,
      dialkylamino, arylamino, diarylamino, carboxy or carbalkoxy groups.
PAR  By virture of their broad biocidal spectrum the new oxime ethers offer the
      special advantage that they are suitable for combating a very wide variety
      of vegetable and animal pests. They are suitable not only for use as
      herbicides, which is the preferred utility, but when used in a
      concentration that does not produce any phytotoxic effects, they are very
      useful in plant protection for combating harmful micro-organisms, such as
      phytopathogenic fungi, for example Alternaria solani, Phytophthora
      infestans and Septoria apii, and act also against harmful insects,
      acarides, nematodes and their ova and larvae. They may also be used quite
      generally as microbicides, for example against Aspergillus species, and as
      insecticides, for example against midges and flies.
PAR  The oxime ethers according to this invention may be used per se or in
      admixture with suitable carriers. Such carriers may be solid or liquid.
      The pesticidal preparations thus formed may therefore contain a solid
      carrier, a solvent diluent, dispersant, wetting agent, adhesive,
      fertilizer and/or other known pesticides.
PAR  For the manufacture of solutions of compounds of the general formula (I)
      for direct spraying there may be used, for example, petroleum fractions of
      a high to medium boiling range, for example Diesel oil or kerosene, coal
      tar oil and oils of a vegetable or animal origin, as well as hydrocarbons
      for example alkylated naphthalenes, tetrahydronaphthalene if desired in
      conjunction or admixture with xylene mixtures, cyclohexanels, ketones,
      chlorinated hydrocarbons for example trichloroethane or tetrachloroethane,
      trichlorethylene, tri- or tetrachlorobenzene. It is advantageous to use
      organic solvents boiling above 100.degree.C.
PAR  Aqueous forms of applications are prepared most advantageously from
      emulsion concentrates, pastes or wettable spray powders by addition of
      water. Suitable emulsifying or dispersing agents are non-ionic products,
      for example condensation products of aliphatic alcohols, amines or
      carboxylic acids containing a long-chain hydrocarbon residue of about 10
      to 20 carbon atoms with ethylene oxide, for example the condensation
      product of octadecyl alcohol with 25 to 30 mols of ethylene oxide, or of
      sybean fatty acid with 30 mols of ethylene oxide, or of commercial
      oleylamine with 15 mols of ethylene oxide, or of dodecylmercaptan with 12
      mols of ethylene oxide. From among suitable anionic emulsifiers, there may
      be mentioned the sodium salt of dodecyl alcohol sulphuric acid ester, the
      sodium salt of dodecylbenzenesulphonic acid, the potassium or
      triethanolamine salt of oleic or abietic acid or of mixtures of these
      acids, or the sodium salt of a petroleumsulphonic acid. Suitable cationic
      dispersants are quaternary ammonium compounds, for example cetyl
      pyridinium bromide or dihydroxyethyl benzyl dodecyl ammonium chloride.
PAR  For the manufacture of dusting and casting preparations, there may be used
      as solid vehicles talcum, kaolin, bentonite, calcium carbonate, calcium
      phosphate, or coal, cork meal, wood meal or other materials of vegetable
      origin. It is also very advantageous to manufacture preparations in
      granular form. The various forms of application may contain the usual
      additives for improving the distribution, the adhesion, the stability
      towards rain or the penetration; as such substances there may be mentioned
      fatty acids, resin, glue, casein and alginates.
PAR  The preparations of this invention may be used by themselves or in
      conjunction or admixture with conventional pesticides, especially
      insecticides, acaricides, nematocides, bactericides or further fungicides
      or herbicides.
PAR  Especially potent herbicides are those preparations which contain as active
      ingredient a compound of the formula
      ##SPC8##
PAL  wherein R.sub.1 represents a hydrogen atom or analiphatic radical and
      R.sub.2 an aliphatic radical or an unsubstituted or substituted phenyl
      group, A represents --NO.sub.2, --CHO, --COOH or COO alkyl, and B stands
      for hydrogen, --NO.sub.2, --COOH, --COOalkyl or chlorine. The phenyl
      radical R.sub.2 may carry various substituents, for example halogen atoms,
      nitro, alkyl, hydroxyl or alkoxy groups and/or carbamoyloxy groups.
PAR  Particularly potent herbicides are the compounds of the formula (Ia)
      wherein R.sub.1 and R.sub.2 have the following meanings:
      ##SPC9##
PAL  Especially useful acaricides are those preparations which contain as active
      ingredient a compound of the formula
      ##SPC10##
PAL  wherein R.sub.1 represents a hydrogen atom and R.sub.2 a phenyl radical
      which may be substituted by halogen atoms or alkyl or alkoxy groups, or
      wherein R.sub.1 and R.sub.2 represent alkyl radicals or are part of an
      isocyclic residue.
PAR  Especially potent are the compounds of the formula
      ##SPC11##
PAR  The active ingredients of formula I may be manufactured according to known
      methods, such as e.g.:
PAR  A salt of a ketoxime or aldoxime of the formula
      ##EQU1##
      wherein R.sub.1 and R.sub.2 have the above meanings and Mc stands for a
      metal atom, preferably an alkali metal atom- is reacted with a
      halogeno-benzene of the formula
      ##SPC12##
PAL  wherein R.sub.3 to R.sub.5 have the above meanings and Hal represents a
      fluorine, chlorine, bromine or iodine atom.
PAR  The reaction may be carried out in a solvent, for example in ethanol,
      methanol, acctonitrile or dioxan, as a rule at room temperature; in many
      cases it is accompanied by a spontaneous rise in temperature. The oxime
      ethers obtained in this mannor are very easy to isolate by diluting the
      reaction solution with water. The ethers precipitate and may, if desired,
      be recrystallized. This process may be varied in that following upon the
      formation of the oxime ether one or several groups, R.sub.3, R.sub.4,
      R.sub.5, R.sub.6 are subsequently converted.
PAR  More especially, halogen atoms R.sub.5 and/or R.sub.6 may be exchanged for
      compounds containing active hydrogen atoms, thus for example for ammonia,
      primary or secondary aliphatic, araliphatic or aromatic amines, alcohols,
      phenols, alkanethiols or thiophenols.
PAR  The oxime ethers accessible in this manner may take the syn-form or the
      anti-form. As a rule, they are obtained in the form of a mixture of
      isomers, which can be resolved into the two forms by a usual operation,
      for example crystallization or adsorption. For the manufacture of the
      preparations of this invention, it suffices to use the mixture of isomers
      as obtained by the reaction.
PAR  The present invention further includes new oxime ethers of the general
      formula
      ##SPC13##
PAL  wherein R.sub.1 and R.sub.2 have the above meanings and R.sub.4 represents
      a trifluoromethyl, formyl, unsubstituted or substituted carboxyl or
      possibly alkylated sulphamyl residue, and R.sub.5 represents a hydrogen
      atom or a nitro group, or wherein R.sub.4 stands for the nitro group and
      R.sub.5 for a possible esterified carboxyl group.
DETD
PAR  The following Examples illustrate the invention:
PAC  EXAMPLE 1
      ##SPC14##
PAR  A solution of sodium ethylate prepared from 11.5 parts of sodium and 500
      parts by volume of absolute ethanol is added to 76 parts of anisaldehyde
      in 400 parts by volume of absolute ethanol. During 10 minutes at
      40.degree.C 101 parts of 4-chloro-1,3 -dinitrobenzene in 300 parts by
      volume of absolute ehtanol are added drop, the temperature rising to
      65.degree.C. The batch is cooled to room temperature, diluted with water,
      filtered and recrystallized from dimethylformamide-ethanol. The product
      melts at 187.degree.- 17.5.degree.C.
PAC  EXAMPLE 2
      ##SPC15##
PAR  A solution of sodium ethylate prepared from 13.1 parts of sodium and 300
      parts by volume of absolute ethanol is added drop by drop during 30
      minutes, at room temperature, to a solution of 82 parts of
      ortho-methoxybenzaldehydeoxime and 115 parts of
      4-chloro-1,3-dinitrobenzene in 1000 parts by volume of acetonitrile. After
      4 hours, the batch is diluted with 3000 parts by volume of water, filtered
      and recrystallized from toluene-acetone. The product melts at 184.degree.
      - 184.5.degree.C.
PAC  EXAMPLE 3
      ##SPC16##
PAR  A solution of sodium ethylate prepared from 18.5 parts of sodium and 500
      parts by volume of absolute ethanol is added drop by drop during 30
      minutes at room temperature to a solution of 90 parts of cyclohexanone
      oxime and 162 parts of 4-chloro-1,3-dinitrobenzene in 500 parts by volume
      of acetonitrile. After 4 hours, the batch is diluted with water filtered
      and recyrstallized from acetonitrile. The product melts at
      105.5.degree.-106.degree.C.
PAC  EXAMPLE 4
      ##SPC17##
PAR  A solution of sodium ethylate prepared from 12 parts of sodium and 250
      parts by volume of absolute ethanol is added drop by drop at room
      temperature to a solution of 50.5 parts of methyl-isopropoyl ketonoxime
      and 101.3 parts of 4-chloro-1,3-dinitrobenzene in 400 parts by volume of
      acetonitrile, while stirring. After 12 hours, the batch is diluted with
      water, filtered and recrystallized from acetonitrile. The product melts at
      85.degree. to 86.degree.C
PAC  EXAMPLE 5
      ##SPC18##
PAR  An oxime salt solution of 380 parts of 2.6-dichlorobenzaldehyde oxime, 46.3
      parts of soidum in 4000 parts by volume of absolute ethanol is added drop
      by drop during 1 hour to a cooled mixture of 405 parts of
      4-chloro-1,3-dinitrobenzene and 500 parts by volume of acetonitrile while
      stirring and at a rate such that the temperature remains between
      -5.degree.C and +10.degree.C. After 3 hours, the batch is diluted with ice
      water, filtered and recrystallized from dimethylformamide-acetonitrile.
      The product melts at 177.degree. to 178.degree.C.
PAC  EXAMPLE 6
      ##SPC19##
PAR  An oxime salt solution of 43.5 parts of isobutyraldoxime and 10.5 parts of
      sodium in 300 parts by volume of absolute ethanol is added drop by drop
      during 30 minutes at -5.degree.C to a mixture of 93 parts of
      4-fluoro-1,3-dinitrobenzene and 200 parts by volume of acetonitrile, while
      stirring. The batch is then stirred for 3 hours at room temperature,
      diluted with ice water, filtered and recrystallized from acetonitrile. The
      product melts at 80.degree. to 82.degree.C.
PAC  EXAMPLE 7
      ##SPC20##
PAR  A solution of 54 parts of the cyclohexanone oxime sodium salt in 800 parts
      by volume of dioxane is added drop by drop at room temperature during 30
      minutes to a mixture of 106 parts of 4-chloro-3-nitrobenzenesulphonic
      acid-(1)-dimethylamide in 500 parts by volume of dioxan while stirring.
      During the addition, the temperature rises to 35.degree.C. After 2 hours,
      the batch is heated for 1/2 hour at 50.degree.C, than diluted with ice
      water, filtered, and recrystallized from ethanol. The product melts at
      124.degree. to 125.degree.C.
PAC  EXAMPLE 8
      ##SPC21##
PAR  An oxime salt solution prepared from 30 parts of 2-chlorobenzaldehyde
      oxime, 4.5 parts of sodium and 400 parts by volume of absolute ethanol is
      added drop by drop at room temperature, during 30 minutes, to a solution
      of 42 parts of 5-chloro-2,4-dinitraniline in 500 parts by volume of
      acetonitrile while stirring. After 6 hours, the whole is diluted with ice
      water, filtered and recrystallized from acetonitrile. The product melts at
      166.degree. to 167.degree.C.
PAC  EXAMPLE 9
      ##SPC22##
PAR  33 Parts of .alpha.-methylaminopropionitrile in 200 parts by volume of
      dioxan are added drop by drop within 1 hour at 50.degree.C while stirring
      to 69 parts of couminaldehyde oxime-o-(5-chloro-2,4-dinitro-phenyl ether)
      in 700 parts by volume of dioxan, during which the temperature of the
      solution rises slightly.
PAR  After 1 hour, the batch is diluted with ice water, filtered and
      recrystallized from ethanol-dimethylformamide. The product melts at
      161.degree. to 162.degree.C.
PAC  EXAMPLE 10
      ##SPC23##
PAR  23 Parts of isopropylamine in 100 parts of dioxan are added drop by drop
      during 1 hour, at 50.degree.C, to 77 parts of fluorenone
      oxime-o-(5-chloro-2,4-dinitrophenyl ether) in 1500 parts by volume of
      dioxan. The batch is then refluxed for 3 hours at 80.degree.C, another 20
      parts of isopropylamine are added and the mixture is heated for 3 hours at
      80.degree.C, diluted with ice water, filtered and digested with hot
      dimethylformamide. The product melts at 240.degree. to 241.degree.C with
      decomposition.
PAC  EXAMPLE 11
      ##SPC24##
PAR  An oxime salt solution prepared from 86 parts of 3,4-dichlorobenzaldoxime,
      10.3 parts of sodium and 600 parts by volume of absolute ethanol is added
      drop by drop at room temperature within 1/2 hour to 130 parts of
      isopropyl-(5-chloro-2,4-dinitrophenyl)-sulphide in 400 parts by volume of
      acetonitrile, while stirring. After 3 hours, the batch is diluted with ice
      water, filtered and recrystallized from acetonitrile. The product melts at
      191.degree. to 192.degree.C.
PAC  EXAMPLE 12
      ##SPC25##
PAR  A thiophenolate solution prepared from sodium methylate and 29 parts of
      4-chlorothiophenol in 800 parts by volume of dioxan is added drop by drop,
      under a current of nitrogen, during 30 minutes, to 63 parts of
      2-methoxybenzaldehydroxime-O-(5-chloro-2,4-dinitrophenyl ether) in 1000
      parts by volume of dioxan, while stirring. The batch is then heated for 1
      hour at 40.degree.C, diluted with ice water, filtered and recrystallized
      from dioxan-dimethylformamide. The product melts at 197.degree. -
      198.degree.C.
PAR  The following oxime ethers of 2,4-dinitrophenols have been prepared by
      analogous methods described in the foregoing Examples:
      ##SPC26##
TBL                Table 1                                                     
     ______________________________________                                    
     Compound                                                                  
            R.sub.1             Melting Point                                  
     No.    .angle.C=           .degree.C                                      
            R.sub.2                                                            
     ______________________________________                                    
     13                         165 - 166                                      
     14                         195 - 196                                      
     15                          197 - 197.5                                   
     16                         186 - 187                                      
     17                          189 - 190.5                                   
            O                                                                  
            .parallel.                                                         
     18     CH.sub.3 NH--C--O-- 181 - 182                                      
     19                         185 - 186                                      
     20                         199.5 - 200                                    
     21                         165 - 166                                      
     22                         164 - 165                                      
     23                         202 - 203                                      
     24                         184 - 185                                      
     25                         206.5 - 207                                    
     26                         142 - 144                                      
            CH.sub.3                                                           
     27     .angle.C=            71 - 71.5                                     
            CH.sub.3                                                           
     28                         141 - 142                                      
     29                         143.5 - 144                                    
     30                          175 - 175.5                                   
     31                         195 - 196                                      
     32                         180 - 181                                      
            CH.sub.3                                                           
            .vertline.                                                         
     33     CH.sub.3 --(CH.sub.2).sub.6 --C=                                   
                                yellow oil                                     
     34                         198.5 - 199                                    
     35                         200 - 201                                      
                                (decomp.)                                      
            CH.sub.3                                                           
            .vertline.                                                         
     36     CH.sub.3 --C=        89 - 89.5                                     
     37                         196 - 197                                      
            CH.sub.3                                                           
            .vertline.                                                         
     38     CH.sub.3 --(CH.sub.2).sub.5 --C=                                   
                                47 - 48                                        
            CH.sub.3 CH.sub.3                                                  
            .angle.                                                            
            C--CH.sub.2                                                        
            .vertline.                                                         
     39     CH.sub.2 .angle.C=  85 - 97                                        
            .vertline.                                                         
            C=CH                                                               
            .vertline.                                                         
            CH.sub.3                                                           
            CH.sub.3                                                           
            .vertline.                                                         
            CH.sub.2 --C                                                       
            .vertline..vertline.                                               
     40     CH.sub.2 CH.sub.2 .angle.C=                                        
                                 97 - 111                                      
            .angle.                                                            
            CH--C                                                              
            .angle.                                                            
            H.sub.3 C CH.sub.3                                                 
     41                         205 - 206                                      
                                (decomp.)                                      
            CH.sub.3                                                           
            .vertline.                                                         
            CH.sub.2 ----C                                                     
            .vertline.                                                         
     42     CH.sub.2 C(CH.sub.3).sub.2 .angle.C=                               
                                107 - 109                                      
            .angle.                                                            
            CH----CH.sub.2                                                     
     43                         188 - 190                                      
            (CH.sub.3).sub.2 CH--CH.sub.2                                      
     44     .angle.C=           75 - 77                                        
            (CH.sub.3).sub.2 CH--CH.sub.2                                      
            CH.sub.2 --CH.sub.2                                                
            .vertline.                                                         
            CH.sub.2                                                           
     45     .vertline..angle.C= 81 - 83                                        
            CH.sub.2                                                           
            .vertline.                                                         
            CH.sub.2 --CH.sub.2                                                
            C.sub.2 H.sub.5                                                    
     46     .angle.C=           91 - 92                                        
            C.sub.2 H.sub.5                                                    
            CHCH.sub.3                                                         
            .vertline..vertline.                                               
     47     CH.sub.3 --C--CH.sub.2 --C=                                        
                                91 - 92                                        
            .vertline.                                                         
            CH.sub.3                                                           
            CH.sub.3 CH.sub.3                                                  
            .vertline..vertline.                                               
     48     CH.sub.3 --CH--CH.sub.2 --C=                                       
                                36 - 37                                        
            CH.sub.3 CH.sub.3                                                  
            .vertline..parallel.                                               
     49     CH.sub.3 --CH--(CH.sub.2).sub.2 --C=                               
                                56 - 58                                        
     50                         177 - 178                                      
                                (decomp.)                                      
     51                         161 - 163                                      
     52                         136 - 138                                      
            CH.sub.3 CH.sub.3                                                  
            .vertline..vertline.                                               
     53     CH.sub.3 --C=CH--C= 130 - 131                                      
            CH.sub.3                                                           
            .vertline.                                                         
     54     --CH=CH--C=         136 - 142                                      
            CH.sub.3                                                           
     55     .vertline.          183 - 184                                      
            --CHBr--CHBr--C=    (decomp.)                                      
     56                         214 - 215                                      
     57                         185 - 186                                      
     58                         210 - 211                                      
     59                         187 - 189                                      
     60                         155 - 156                                      
     61     CH.sub.3 --CH=       95 - 96.5                                     
      61 a                      194 - 195                                      
                                (decomp.)                                      
     ______________________________________                                    
PAR  The following oxime ethers of 2,4-dinitro-5-chlorophenol were prepared by
      methods analogous to those described in the foregoing Examples:
      ##SPC27##
TBL                Table 2                                                     
     ______________________________________                                    
     Compound                                                                  
             R.sub.1               Melting Point                               
     No.                           .degree.C                                   
             .angle.C=                                                         
             R.sub.2                                                           
     ______________________________________                                    
             CH.sub.3                                                          
     62      .angle.CH--           130 - 131                                   
             CH.sub.3                                                          
             CH.sub.3                                                          
     63      .angle.C=             92 - 94                                     
             CH.sub.3                                                          
     64                            85 - 87                                     
     65                            168 - 169                                   
             CH.sub.3                                                          
             .vertline.                                                        
     66      C.sub.2 H.sub.5 --C=  72 - 74                                     
     67                            186 - 187                                   
                                   (decomp.)                                   
             CH.sub.3                                                          
             .vertline.                                                        
             CH.sub.2 ------C                                                  
             .vertline..vertline.                                              
     68      CH.sub.2 C(CH.sub.3).sub.2 .angle.C=                              
                                   126 - 127                                   
             .angle..vertline.                                                 
             CH------CH.sub.2                                                  
     69                            175 - 176                                   
     70                            169 - 170                                   
     71                            182 - 183                                   
     72                            202 - 203                                   
             CH.sub.3                                                          
             .vertline.                                                        
     73      CH.sub.3 --CH--C=     68 - 69                                     
             .vertline.                                                        
             CH.sub.3                                                          
             CH.sub.3 CH.sub.3                                                 
             .angle.                                                           
             C--CH.sub.2                                                       
             .vertline.                                                        
     74      CH.sub.2 .angle.C=    110 - 112                                   
             .vertline.                                                        
             C=CH                                                              
             .vertline.                                                        
             CH.sub.3                                                          
             CH.sub.3                                                          
             .vertline.                                                        
             CH.sub.2 --C                                                      
             .vertline..vertline.                                              
     75      CH.sub.2 CH.sub.3 .angle.C=                                       
                                   104 - 105                                   
             .angle.                                                           
             CH--C                                                             
             .angle.                                                           
             CH.sub.3 CH.sub.3                                                 
             CH.sub.3                                                          
             .vertline.                                                        
     76      CH.sub.3 --(CH.sub.2).sub.6 --C=                                  
                                   brown oil                                   
     77                            165 - 166                                   
     78                            181 - 183                                   
             CH.sub.3 CH.sub.3                                                 
             .vertline..vertline.                                              
     79      CH.sub.3 --C=CH--C=   brown oil                                   
             C.sub.2 H.sub.5                                                   
             .vertline.                                                        
     80      CH.sub.3 -- (CH.sub.2).sub.3 --C=                                 
                                   brown oil                                   
             CH.sub.3                                                          
             .vertline.                                                        
     81      --CH=CH--C=           155 - 165                                   
             CH.sub.3 C.sub.2 H.sub.5                                          
             .vertline..vertline.                                              
     82      C.sub.2 H.sub.5 --CH--CH.sub.2 --C=                               
                                   brown oil                                   
     83                            128 - 131                                   
     84                            132 - 133                                   
     85                            148 - 149                                   
             CH.sub.3 CH.sub.3                                                 
             .vertline..vertline.                                              
     86      CH.sub.3 --CH--CH.sub.2 --C=                                      
                                   brown oil                                   
             CH.sub.3                                                          
             .vertline.                                                        
     87      --CHBr--CHBr--C=      186 - 187                                   
     88                            214 - 215                                   
     88 a                          194 - 196                                   
                                   (decomp.)                                   
     88 b                          187 - 189                                   
                                   (decomp.)                                   
     88 c                          176 - 178                                   
                                   (decomp.)                                   
     ______________________________________                                    
PAR  The following oxime ethers of 2-nitro-4-carbomethoxyphenol were prepared by
      methods analogous to those described in the foregoing Examples:
      ##SPC28##
TBL                Table 3                                                     
     ______________________________________                                    
     Compound  R.sub.1           Melting point                                 
     No.       .angle.C=         .degree.C                                     
               R.sub.2                                                         
     ______________________________________                                    
     89                          68 - 69                                       
     90                          135 - 137                                     
     91                          134 - 136                                     
     92                          169 - 171                                     
     93                          185 - 186                                     
               CH.sub.3                                                        
               .vertline.                                                      
     94        C.sub.2 H.sub.5 --C=                                            
                                 68 - 69                                       
               C.sub.2 H.sub.5                                                 
               .vertline.                                                      
     95        C.sub.2 H.sub.5 --C=                                            
                                 brown oil                                     
               CH.sub.3                                                        
     96        .angle.CH--       143 - 144                                     
               CH.sub.3                                                        
      96 a                       175 - 176                                     
                                 (decomp.)                                     
      96 b                       181 - 182                                     
                                 (decomp.)                                     
     ______________________________________                                    
PAR  The following oxime ethers of 2,4-dinitro-6-carbomethoxyphenol were
      prepared in a similar manner:
      ##SPC29##
TBL                Table 4                                                     
     ______________________________________                                    
     Compound R.sub.1           Melting point                                  
     No.      .angle.C=         .degree.C                                      
              R.sub.2                                                          
     ______________________________________                                    
      97                        124 - 126                                      
      98                        50 - 51                                        
      99                        105 - 107                                      
     100                        123 - 124                                      
     101                        133 - 135                                      
              CH.sub.3                                                         
              .vertline.                                                       
     102      CH.sub.3 --C=     65 - 67                                        
              CH.sub.3 CH.sub.3                                                
              .vertline..vertline.                                             
     103      CH.sub.3 --C----C=                                               
                                brown oil                                      
              .vertline.                                                       
              CH.sub.3                                                         
              CH.sub.3 CH.sub.3                                                
              .vertline..vertline.                                             
     104      CH.sub.3 --CH--CH.sub.2 --C=                                     
                                brown oil                                      
              CH.sub.3                                                         
              .vertline.                                                       
     105      --CH=CH--C=       141 - 143                                      
     106                        119 - 120                                      
     107                        121 - 122                                      
     108                        131 - 132                                      
     109                        156 - 157                                      
              C.sub.2 H.sub.5                                                  
              .vertline.                                                       
     110      CH.sub.3 --(CH.sub.2).sub.3 --C=                                 
                                brown oil                                      
              CH.sub.3 CH.sub.3                                                
              .vertline..vertline.                                             
     111      CH.sub.3 --CH--(CH.sub.2).sub.2 --C=                             
                                brown oil                                      
              C.sub.2 H.sub.5                                                  
              .vertline.                                                       
     112      C.sub.2 H.sub.5 --C=                                             
                                brown oil                                      
              CH.sub.3                                                         
              .vertline.                                                       
     113      --CH=CH--C=       141 - 143                                      
              CH.sub.3 C.sub.2 H.sub.5                                         
              .vertline..vertline.                                             
     114      C.sub.2 H.sub.5 --CH--CH.sub.2 --C=                              
                                brown oil                                      
      114 a                     165 - 167                                      
     ______________________________________                                    
PAR  The following oxime ethers of 2,4-dinitro-6-carboxyclorexoxy were prepared
      in a similar matter:
      ##SPC30##
TBL                Table 5                                                     
     ______________________________________                                    
     Compound    R.sub.1        Melting point                                  
     No.         .angle.C=      .degree.C                                      
                 R.sub.2                                                       
     ______________________________________                                    
     115                        130 - 132                                      
                 CH.sub.3                                                      
     116         .angle.CH--    122 - 123                                      
                 CH.sub.3                                                      
     117                        111 - 113                                      
                 OHCH.sub.3                                                    
                 .vertline..vertline.                                          
     118         CH.sub.3 --C--CH.sub.2 --C=                                   
                                brown oil                                      
                 .vertline.                                                    
                 CH.sub.3                                                      
                 C.sub.2 H.sub.5                                               
     119         .angle.C=      brown oil                                      
                 C.sub.2 H.sub.5                                               
                 CH.sub.3                                                      
                 .vertline.                                                    
     120         C.sub.2 H.sub.5 --C=                                          
                                75 - 76                                        
     ______________________________________                                    
PAR  Furthermore, the following oxime ethers of 2-nitro-4-formylphenol were
      prepared analogously:
      ##SPC31##
TBL                Table 6                                                     
     ______________________________________                                    
     Compound R.sub.1          Melting point                                   
     No.      .angle.C=        .degree.C                                       
              R.sub.2                                                          
     ______________________________________                                    
     121                       197 - 198                                       
     122                       143 - 144                                       
      122 a                    190 - 191                                       
                               (decomp.)                                       
     ______________________________________                                    
PAR  Furthermore, the following oxime ethers of 2-nitro-4-trifluoromethylphenol
      were prepared analogously:
      ##SPC32##
TBL                Table 7                                                     
     ______________________________________                                    
     Compound                                                                  
             R.sub.1               Melting point                               
     No.                            .degree.C                                  
             .angle.C=                                                         
             R.sub.2                                                           
     ______________________________________                                    
     123                           143 - 144                                   
             CH.sub.3                                                          
             .vertline.                                                        
             CH.sub.2 --C                                                      
             .vertline.                                                        
     124     CH.sub.2 CH.sub.2 .angle.C=                                       
                                   83 - 85                                     
             .angle.                                                           
             CH--C                                                             
             .angle.                                                           
             CH.sub.3 CH.sub.3                                                 
     124 a                         149 - 151                                   
                                   (decomp.)                                   
     124 b                         182 - 183                                   
                                   (decomp.)                                   
     ______________________________________                                    
PAR  The 2,6-dinitro-4-trifluoromethylphenyl ether of the acetonoxime (compound
      No. 125) melts at 80.degree. - 81.degree.C.
PAR  Furthermore, the following oxime ethers of 2,4,6-trinitrophenol were
      manufactured analogously:
      ##SPC33##
TBL  Compound                                                                  
             R.sub.1               Melting point                               
     No.                           .degree.C                                   
             .angle.C=                                                         
             R.sub.2                                                           
     ______________________________________                                    
     126                           164 - 165                                   
     127     CH.sub.3              114 - 115                                   
             .angle.C=                                                         
             CH.sub.3                                                          
     128                           147 - 148                                   
             CH.sub.3                                                          
     129     .angle.HC--           157 - 158                                   
             CH.sub.3                                                          
     ______________________________________                                    
PAR  The following oxime ethers of 2-nitro-4-N,N-dimethylsulphamylphenol were
      manufactured analogously:
      ##SPC34##
TBL                Table 8                                                     
     ______________________________________                                    
     Compound                                                                  
             R.sub.1               Melting point                               
     No.                            .degree.C                                  
             .angle.C=                                                         
             R.sub.2                                                           
     ______________________________________                                    
     130                           183 - 184                                   
     131                           174 - 176                                   
             CH.sub.3                                                          
             CH.sub.2 ------C.angle.                                           
             .vertline.                                                        
     132     CH.sub.2 CH.sub.3 --C--CH.sub.3 C=                                
                                   142 - 144                                   
             .angle..vertline.                                                 
             CH------CH.sub.2                                                  
     133     CH.sub.3 --CH--C=     111 - 113                                   
             .vertline..vertline.                                              
             CH.sub.3 CH.sub.3                                                 
     133 a                         184 - 185                                   
                                   (decomp.)                                   
     ______________________________________                                    
PAR  The cyclohexanone oxime-2-nitro-4-N-methylsulphamylphenyl ether (compound
      134) melts at 129.degree. - 130.degree.C.
PAR  Furthermore, the following oxime ethers of 2,4-dinitro-5-aminophenol were
      manufactured analogously:
      ##EQU2##
PAR  The following oxime ethers of 2,4-dinitro-5-isopropylaminophenol were
      manufactured analogously:
      ##SPC35##
      ##EQU3##
PAR  The following oxime ethers were also manufactured in an analogous way to
      that described above
      ##EQU4##
PAC  EXAMPLE 13
PAR  a. A mixture of 50 g of the active ingredient No. 14, 20 g of Hisil (a
      silica preparation), 25 g of kaolin, 3.5 g of flotation agent (for example
      a condensation product of 1 mol of para-octylphenol with 6 to 10 mols of
      ethylene oxide) and 1.5 g of a wetting agent (for example the sodium salt
      of 1-benzyl-2-heptadecylbenzimidazole-disulphonic acid) is finely ground
      to form a wettable powder containing 50% of the active product.
PAR  The active ingredient No. 21 is formulated in a similar manner, except that
      25 g of chalk are used instead of 25 g of kaolin. In an identical manner,
      the active substance No. 14 of Example 4 is formulated.
PAR  b. 500 Grams each of the active ingredients Nos. 5 and 67 are mixed with
      110 g of ammonium ligninsulphonate, 45 g of dicresyl methanedisulphonic
      acid, 10 g of a mixture of 40% of an alkylarylpolyether alcohol and 60% of
      magnesium carbonate, and 335 g of kaolin. In each case, the resulting
      mixture may be diluted with water to form a stable emulsion.
PAC  EXAMPLE 14
PAR  a. When used for a postemergence treatment, the following active compounds
      produced a good effect against a variety of dicotyledonous plants.
PAR  The above mentioned treatment was carried out with 5.0 kg each of the
      active compounds listed below 12 days after sowing, when the plants had
      developed 1 to 2 genuine leaves.
PAR  The following results were recorded:
TBL  Species Comp.                                                             
     of plant                                                                  
             No. 1                                                             
                 No. 2                                                         
                    No. 13                                                     
                        No. 14                                                 
                            No. 15                                             
                                 No. 17                                        
                                      No. 18                                   
                                           No. 19                              
                                                No. 21                         
                                                     No. 26                    
                                                          No.                  
                                                               No.             
     __________________________________________________________________________
                                                               29              
     Beta vulgaris                                                             
             9   9  9   9   9    10   10   9    10   10   10   10              
     Calendula                                                                 
             9   10 10  10  10   10   10   10   8    10   10   9               
     Linum   10  8  8   10  10   10   10   10   8    10   10   10              
     Brassica                                                                  
             9   10 10  10  9    10   10   9    10   10   10   10              
     Daucus  9   10 10  9   2    8    10   10   8    9    8    2               
     Lactuca 10  10 10  10  2    5    10   10   10   10   10   2               
     Medicago                                                                  
             2   4  4   10  6    10   10   9    10   10   10   10              
     Soya    1   2  9   10  1    4    8    7    8    4    1    1               
     Triticum                                                                  
             0   0  0   1   0    0    0    0    0    1    1    1               
     Hordeum 2   1  2   0   2    3    3    2    1    3    2    1               
     Sorghum 1   1  0   1   1    2    4    1    2    2    1    1               
     Phaseolus                                                                 
             4   9  5   4   2    6    5    9    7    4    5    1               
     __________________________________________________________________________
TBL  Species Comp.                                                             
     of plant                                                                  
             No. 32                                                            
                  No. 33                                                       
                       No. 36                                                  
                            NO. 37                                             
                                 NO. 41                                        
                                      No. 43                                   
                                           No. 46                              
                                                No. 47                         
                                                     No. 56                    
                                                          No.                  
                                                               No.             
     __________________________________________________________________________
                                                               65              
     Beta vulgaris                                                             
             9    8    10   10   10   10   10   10   10   10   10              
     Calendula                                                                 
             8    7    10   9    10   10   10   10   8    10   10              
     Linum   10   7    10   10   10   8    9    9    7    10   10              
     Brassica                                                                  
             10   8    10   10   10   10   10   10   10   10   10              
     Daucus  10   6    10   9    9    8    8    10   8    8    6               
     Lactuca 8    5    10   9    10   10   10   10   9    8    8               
     Medicago                                                                  
             2    2    2    3    6    10   10   10   6    8    9               
     Soya    0    0    0    0    0    8    1    1    6    1    1               
     Triticum                                                                  
             0    0    0    0    0    0    1    0    0    0    1               
     Hordeum 2    1    1    1    0    0    1    0    0    0    0               
     Sorghum 1    1    2    2    1    0    0    1    0    0    1               
     Phaseolus                                                                 
             4    7    8    4    5    8    4    2    4    1    4               
     __________________________________________________________________________
TBL  Species No.                                                               
                No. No. No. No. No. No. No. No. No. No. No. No. No.            
     of plant                                                                  
             71 72  88  91  92  93  97  98  100 101 109 121 130 131            
     __________________________________________________________________________
     Beta vulgaris                                                             
             10 10  10  8   8   10  8   10  10  10  10  8   10  8              
     Calendula                                                                 
             10 10  10  8   10  10  10  10  10  10  8   7   8   10             
     Linum   10 10  10  8   10  8   10  10  10  10  8   8   10  10             
     Brassica                                                                  
             10 8   10  10  10  8   8   10  10  8   8   10  8   6              
     Daucus  6  10  10  9   5   10  8   10  8   8   8   10  10  10             
     Lactuca 8  10  10  9   10  8   5   10  8   10  10  9   10  10             
     Medicago                                                                  
             10 8   10  6   10  10  10  10  8   10  10  10  8   8              
     Soya    1  1   1   5   8   10  8   1   1   8   8   2   10  10             
     Triticum                                                                  
             0  0   1   0   1   0   1   1   1   0   0   0   0   0              
     Hordeum 0  0   0   1   0   0   0   1   0   1   1   1   1   1              
     Sorghum 2  2   1   0   1   0   1   0   1   0   0   0   1   1              
     Phaseolus                                                                 
             8  6   7   5   4   7   8   8   5   10  10  6   4   5              
     __________________________________________________________________________
      Explanation:                                                             
      O = no effect                                                            
      &lt;5 = damage that spreads                                                 
      &gt;5 = damage that results in the plant dying off                          
      10 = plant completely destroyed.                                         
PAL  Each of the active compounds Nos. 5, 10, 20, 56, 67, 88 and 99,formulated
      as described in Example 13b was sprayed on the soil in an amount of 0.5 kg
      per hectare, in a greenhouse test immediately after sowing -- i.e. by the
      preemergence method. The test plants and the results achieved are listed
      in the following Table:
TBL  Species of                                                                
             Comp.    No.     No.   No.  No.  No.  No.                         
     plant   No. 5    10      20    56   67   88   99                          
     ______________________________________                                    
     Triticum                                                                  
             2        2       2     2    2    1    1                           
     Hordeum 2        2       1     1    2    2    1                           
     Avena   10       8       8     8    8    10   8                           
     Poa     10       10      10    10   10   10   8                           
     Dactylis                                                                  
             10       10      10    10   10   10   10                          
     Linum   3        3       5     5    3    5    10                          
     Brassica                                                                  
             3        3       2     2    1    0    0                           
     Lactuca 10       8       8     10   10   10   10                          
     Medicago                                                                  
             4        5       8     8    8    10   8                           
     Soya    1        1       1     1    1    0    0                           
     Phaseolus                                                                 
             1        1       0     1    0    1    0                           
     ______________________________________                                    
      O = no effect                                                            
      10 = plant completely destroyed                                          
PAL  When applied in an amount of 0.5 kg of active compound only a few plants
      were strongly affected, above all Avena, Poa, Dactylis and Lactuca,
      whereas the others were not damaged at all or only to a very small extent,
      such as Triticum, Hordeum, Brassica, Soya and Phaseolus.
PAR  b. The active substances Nos. 5 and 67, formulated as described in Example
      13b, in an amount of 4.0, 2.0, 1.0 and 0.5 kg of active substance per
      hectare, were sprayed over the soil in a greenhouse test immediately after
      seeding, that is to say, by the pre-emergence method. The seedlings
      treated and the results achieved are shown in the following Table:
TBL  Active substance No. 5                                                    
                         Active substance No. 67                               
      4        2      1    0.5 kgAS                                            
                                    4  2     1  0.5 kgAS                       
     ______________________________________                                    
     Triticum                                                                  
            10    10     9   2       10  7     7  2                            
     Hordeum                                                                   
            10     5      5  2       10  4     5  2                            
     Avena  10    10     10  10      10  10   10  8                            
     Poa    10    10     10  10      10  10   10  10                           
     Dactylis                                                                  
            10    10     10  10      10  10   10  10                           
     Linum  10    10     10  3       10  9     8  3                            
     Brassica                                                                  
            10    10      5  3       10  4    2   1                            
     Lactuca                                                                   
            10    10     10  10      10  10   10  10                           
     Medicago                                                                  
            10    10     10  4       10  10   10  8                            
     Soya   10     7      4  1        9  4     2  1                            
     Phaseolus                                                                 
             5     1      1  1        4  1     0  0                            
     ______________________________________                                    
      0 = no effect                                                            
      10 = plant completely destroyed                                          
PAR  When applied in an amount of 4.0 kg per hectare both these products of the
      invention displayed a broad effect, whereas with 0.5 kg of active
      substance only some plants were strongly effected, above all Avena, Poa,
      Dactylis and Lactuca, whereas others were not damaged at all or only very
      little, for example Triticum, Hordeum, Brassica, Soya and Phaseolus.
PAR  Accordingly, the two new active substances may be used as total herbicides
      by the pre-emergence method or, when used in a suitable concentration, for
      the selective control of weeds, for example in grain crops (Triticum and
      Hordeum), varieties of cabbage (Brassica) and leguminoses (soybeans and
      phaseolus beans).
PAC  EXAMPLE 15
PAR  Mixtures containing 50 g of the active substances Nos. 16, 20, 22, 4 and 66
      each, 3.5 g of a non-ionic, and 1.5 g of an anionic wetting and dispersing
      agent are finely ground with 50 g of a vehicle. The wettable spray powders
      thus obtained may be diluted with water in any desired proportion.
PAC  EXAMPLE 16
PAR  10 to 40 Grams of each of the compounds 68, 73, 75, 98 76 and 94 are made
      up with an adequate amount of an emulsifier (sulphonate-nonionic mixture)
      in xylene to a volume of 100 ml. These emulsion concentrates may be
      diluted with water to the desired concentration and used as fungicides.
PAC  EXAMPLE 17
PAR  The products of this invention, for example compound No. 16, are also
      distinguished by their action against genuine powdery mildew. Zucchetti
      plants (Cucumis pepo) were trained in a greenhouse and once sprayed
      prophylactically with a broth containing as active ingredient 0.2 % of the
      preparation formulated as described in Example 15. 2 Days after having
      been sprayed, the plants were infested with spores of Erysiphe
      cichoracearum and 12 to 14 days later checked for fungus attack. Compared
      with the untreated control (effect: nil) the sprayed plants displayed a
      90% effect without having developed phytotoxic damage.
PAR  Effects similar to those against Erysiphe cichoracearum described above
      were observed with the following compounds, which were readily tolerated
      by the Zucchetti plants:
TBL  Compound No.     Effect in %                                              
     ______________________________________                                    
     20               80                                                       
      4               100                                                      
     49               95                                                       
     66               80                                                       
     ______________________________________                                    
PAC  EXAMPLE 18
PAR  The action of the compounds of this invention against leaf spot fungi was
      confirmed on celery (Apium graveolens) with the fungus Septoria apii.
      Celery plants were trained in a greenhouse and, 2 days before infection
      with the fungus Septoria, sprayed with broths each containing 0.2 % of one
      of the active compounds mentioned below. After infection, the plants were
      placed for 2 to 3 weeks in an incubation room having a high atmospheric
      humidity and then checked for infestation against an untreated control
      series, which latter revealed a nil-return. The effects produced by the
      compounds of this invention are listed in the following Table:
TBL  Compound No.     Effect in %                                              
     ______________________________________                                    
     20               93                                                       
     22               80                                                       
      4               93                                                       
     66               100                                                      
     68               94                                                       
     73               100                                                      
     75               95                                                       
     98               94                                                       
     76               100                                                      
     94               87                                                       
     80               100                                                      
     ______________________________________                                    
PAC  EXAMPLE 19
PAC  Herbicidal effect in the greenhouse
TBL  Preemergent         Postemergent                                          
     compound No. 99     compound No. 93                                       
     KgAS       2.0    1.0    0.5  0.25  5.0    2.5                            
     ______________________________________                                    
     Triticum   10     10      9   7      0     0                              
     Hordeum    10      9      7   4      0     0                              
     Avena      10     10     10   10     1     1                              
     Sorghum     8      4      2   1      2     1                              
     Panicum    10     10      8   1     10     8                              
     Poa        10     10     10   8      6     2                              
     Dactylis   10     10     10   10     4     2                              
     Digitaria  10     10      4   1      7     4                              
     Beta       10     10     10   10    10     10                             
     Calendula  10     10     10   10    10     10                             
     Linum      10     10     10   5     10     10                             
     Brassica   10     10      7   8     10     10                             
     Daucus     10     10     10   10    10     10                             
     Lactuca    10     10     10   10    10     10                             
     Soya       10      8      2   0      4     3                              
     Phaseolus  10     10      1   0      8     5                              
     ______________________________________                                    
PAL  When compound No. 99 was applied in an amount of 2 kg or over, it displayed
      total herbicidal properties.
PAR  When a small amount, for example 0.25 kg, of the active substance of this
      invention is applied, numerous test plants can be completely or almost
      completely destroyed without affecting, for example, soybean or phaseolus
      bean plants. With even smaller amounts wild oats (Avena fatua) in barley
      (Hordeum) may be controlled.
PAR  Compound No. 93, applied in an amount of 2.5 kg, was successfully applied
      against numerous dicotyledons and Panicum, whereas the various types of
      grain crops were not damaged by the active substance of the invention.
PAC  EXAMPLE 20
PAC  Test on Grain Crops in the Field
PAR  In a field of winter wheat which had just been tilled and in which the
      weeds had reached the 4-leaf stage, the compounds Nos. 18 and 26 were
      sprayed in an amount of 8.0 kg per hectare. 3 Weeks after the treatment,
      the effects achieved on weeds were found to be very good (that is to say
      value 1 and 2 respectively). Grain crops, on the other hand, had not been
      damaged (value 1-2).
PAC  Test on salad in the open
PAR  The compound No. 27 was sprayed in an amount of 8.0 kg per hectare on salad
      four weeks after seeding (3-4 leaf stage) and when the weeds had reached
      the stage of the large rosette.
PAR  The effect achieved on the weeds was good (value 3), whereas the salad was
      not affected by the herbicide of this invention.
PAC  Tests with marrow cabbage in the open
PAR  Immediately after seeding marrow cabbage and before the weeds had emerged,
      the soil surface was sprayed with the compounds Nos. 5 and 67 of this
      invention each being used in amounts of 2.0, 3.0 and 4.0 kg per hectare.
      The effect achieved and the tolerance observed are shown in the Table,
      where the following values are used: For effect on weeds 1 = very good, 9
      = effect nil. For tolerance by culture plants: 1 = very good, 9 = total
      destruction.
TBL  Amount used                                                               
                Compound No. 5  Compound No. 67                                
     kg AS/ha   2.0     3.0     4.0   3.0    4.0                               
     ______________________________________                                    
     effect on weeds                                                           
                3       3       2     2      2                                 
     tolerance by                                                              
     culture plants                                                            
                2       2       2     3      5                                 
     ______________________________________                                    
PAC  EXAMPLE 21
PAR  All compounds to be tested were formulated in the usual manner.
PAR  To check their acaricidal effect, Phaseolus plants in the 2-leaf stage were
      infested 12 hours before the treatment by covering them with pieces of
      leaves infested by a mite species (Tetranychus telarius or Tetranychus
      urticae; carmine red mite). 12 Hours later, the test plant was found to be
      covered with mites in all stages of development. The active ingredient, in
      the form of an emulsion, was sprayed with the aid of a fine sprayer over
      the plants in a manner such that a uniform layer of droplets was formed on
      the leaf surface. The mortality was checked 2 and 7 days later and
      expressed in percent. The effect upon ova cannot be stated after the test
      had been run for 2 days as described because the average time taken by the
      larvae to leave the ova has not yet been established.
PAR  At a concentration of 0.08 % of active ingredient the following mortality
      values were found:
TBL                       Ova       Larvae Adults                              
     Comp.  After 2 days  --        100%   100%                                
     No. 1  After 7 days  100%      100%   100%                                
     ______________________________________                                    
     2      After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     3      After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     4      After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     5      After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     13     After 2 days  --        100%   100%                                
            After 7 days   80%      100%   100%                                
     14     After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     15     After 2 days  --        100%   100%                                
            After 7 days   90%      100%   100%                                
     29     After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     31     After 2 days  --        100%   100%                                
            After 7 days   80%      100%   100%                                
     45     After 2 days  --        100%   100%                                
            After 7 days   80%      100%   100%                                
     46     After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     58     After 2 days  --        100%   100%                                
            After 7 days   80%      100%   100%                                
     72     After 2 days  --        100%   100%                                
            After 7 days   80%      100%   100%                                
     78     After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     91     After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     101    After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     115    After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     123    After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     ______________________________________                                    
PAR  Compound No. 4, applied in a concentration of 0.05%, displayed a good
      killing effect against red spiders, for example against Panonychus ulmi,
      Eotetranychus tiliae a good killing effect, in fact against both their ova
      and the postembryonal stages.
PAR  The following compounds show at concentrations of 0.05 % the following
      mortality rate (ovicidal effect) against panonychus ulmi. (control after 7
      days)
TBL  Compound No.     Mortality rate in %                                      
     ______________________________________                                    
      3                95                                                      
      9               100                                                      
     10               100                                                      
     21               100                                                      
     56               100                                                      
     62                80                                                      
     78               100                                                      
     82               100                                                      
     88               100                                                      
     95               100                                                      
     119              100                                                      
     129              100                                                      
     ______________________________________                                    
PAR  In the following tables also Tetranychus urticae which is resistent to
      phosphorus acid esters is listed.
PAL  Compound No. 153
PAR  a. action against Tetr. urticae
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc. (ppm)                                                               
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      100      100    100    100                               
     400     100      100      100    100    100                               
     200     100      100       80     80    100                               
     100     100      100       0      80     80                               
     ______________________________________                                    
PAR  b. action against Tetr. telarius
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc. ppm                                                                 
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      100      100    100    100                               
     400     100      100      100    100    100                               
     200     100      100       80     80    100                               
     100     100      100       0      60     80                               
     ______________________________________                                    
PAL  Compound No. 154
PAR  a. action against Tetr. urticae
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc. ppm                                                                 
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      100      60     100    100                               
     400     100      100      0       80    100                               
     200     100      100      0       60     80                               
     100     100      100      0       0      80                               
     ______________________________________                                    
PAR  b. Action against Tetr. telarius
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc. ppm                                                                 
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      80       0      100    100                               
     400     100      80       0      100    100                               
     200     100      80       0       80     80                               
     ______________________________________                                    
PAL  Compound No. 155
PAR  a. Action against Tetr. urticae
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc. ppm                                                                 
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      100      60     100     80                               
     400     100      100      0       80    100                               
     200     100      100      0       0     100                               
     ______________________________________                                    
PAR  b. Action against Tetr. telarius
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc. ppm                                                                 
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      80       0      100    100                               
     400     100      80       0       80    80                                
     200      80      80       0       0     80                                
     ______________________________________                                    
PAL  Compound No. 156
PAR  a. Action against Tetr. urticae
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc.ppm                                                                  
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      100      100    100    100                               
     400     100      100      100    100    100                               
     200     100      100       80    100    100                               
     100     100      100       60     80    100                               
     ______________________________________                                    
PAR  b. Action against Tetr. telarius
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc.ppm                                                                  
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      100      100    100    100                               
     400     100      100      100    100    100                               
     ______________________________________                                    
PAL  Compound No. 157
PAR  a. Action against Tetr. urticae
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc.ppm                                                                  
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      100      60     100    100                               
     400     100      80       80     80     100                               
     200      80      80       60     80      80                               
     100      80      60        0     60      60                               
     ______________________________________                                    
PAR  b. Action against Tetr. telarius
TBL  Mortality                                                                 
     after 2 days       after 7 days                                           
     ______________________________________                                    
     Conc.ppm Larvae   Adults   Ova   Larvae Adults                            
     ______________________________________                                    
     800      100      80       80    80     100                               
     400      100      80       80    80     80                                
     200       80      80       60    60     80                                
     100       60       0        0     0     60                                
     ______________________________________                                    
PAL  Compound No. 159
PAR  a. Action against Tetr. urticae
TBL  Mortality                                                                 
     after 2 days       after 7 days                                           
     ______________________________________                                    
     Conc.ppm Larvae   Adults   Ova   Larvae Adults                            
     ______________________________________                                    
     800      80       80       60    100    100                               
     400      80       80       60    80     100                               
     200      80       80       60    60      0                                
     100      80       80        0     0      0                                
     ______________________________________                                    
PAR  b. Action against Tetr. telarius
TBL  Mortality                                                                 
     after 2 days       after 7 days                                           
     ______________________________________                                    
     Conc.ppm Larvae   Adults   Ova   Larvae Adults                            
     ______________________________________                                    
     800      80       80       80    100    100                               
     400      80       80       80    80     100                               
     200      80       60       60    60      0                                
     100      60        0        0     0      0                                
     ______________________________________                                    
PAL  Compound No. 160
PAR  a. Action against Tetr. urticae
TBL  Mortality                                                                 
     after 2 days       after 7 days                                           
     ______________________________________                                    
     Conc.ppm Larvae   Adults   Ova   Larvae Adults                            
     ______________________________________                                    
     800      100      100      80    100    100                               
     400      100      100      80    100    100                               
     200      100      100      80    100    100                               
     100      100      100      60     80    100                               
     ______________________________________                                    
PAR  b. Action against Tetr. telarius
TBL  Mortality                                                                 
     after 2 days       after 7 days                                           
     ______________________________________                                    
     Conc.ppm Larvae   Adults   Ova   Larvae Adults                            
     ______________________________________                                    
     800      100      100      80    100    100                               
     400      100      100      80    100    100                               
     200      100      100      60     80    100                               
     100      100      100      60     80    100                               
     ______________________________________                                    
PAC  EXAMPLE 22
PAR  Compound No. 4, applied in a concentration of 0.05 %, displayed a good
      killing effect against red spiders, for example against Panonychus ulmi,
      Eotetranychus tiliae in fact against both their ova and the postembryonal
      stages.
PAR  Equally good results were observed with compounds Nos. 21 and 3.
PAC  EXAMPLE 23
PAR  Freshly laid ova of the flour moth Ephestia Kuehniella (20 each) were
      placed in folded paper filters, the emulsified compound No. 36 was poured
      over them and they were then spread open and allowed to dry at room
      temperature. When the filter had completely dried, each moth tested was
      covered with a wire net and kept until the untreated control moth had left
      its ovum. The checking of the effects was carried out under a binocular
      microscope and revealed the following total destruction (active substance
      in parts per million):
TBL  Concentration of active                                                   
     substance in ppm                                                          
                    1000    500    250  125   62.5                             
     % killed        100    100    100  100    100                             
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ABST
PAL  The present invention relates to compounds of the general formula
      ##SPC1##
PAL  In which R represents the hydrogen atom, a halogen atom, a lower alkyl
      group or a lower alkoxy group; R.sub.1 represents the hydrogen atom, a
      lower alkyl group, preferably methyl, or an aralkyl group; A represents an
      alkylene group; and R.sub.0 represents the hydrogen atom or an acyl group;
      and their acid addition salts as new industrial products.
PAL  These new products are suitable for use in the treatment of cardiac
      disorders.
BSUM
PAR  This invention relates to new amine derivatives of 2,2-diaryl cyclopropane
      as new industrial products. The invention also relates to processes for
      their preparation, to their therapeutic application and to the new
      intermediate products from which they can be synthesised.
PAR  More particularly, the invention relates to amino alcohol compounds of
      2,2-diaryl cyclopropane and to the amino ester derivatives resulting from
      them.
PAR  Accordingly, it is an object of the present invention to provide novel
      compounds selected from the group consisting of:
PAR  A. AMINE DERIVATIVES OF 2,2-DIARYL CYCLOPROPANE CORRESPONDING TO THE
      GENERAL FORMULA
      ##SPC2##
PAL  In which
PA1  R represents the hydrogen atom, a halogen atom, a lower alkyl group or a
      lower alkoxy group;
PA1  R.sub.1 represents the hydrogen atom, a lower alkyl group, preferably
      methyl, or an aralkyl group;
PA1  A represents an alkylene group; and
PA1  R.sub.o represents the hydrogen atom or an acyl group; and
PAR  B. THEIR ACID ADDITION SALTS.
PAR  In the context of the invention, lower alkyl and alkoxy groups are groups
      containing from 1 to 5 carbon atoms. The preferred halogen atoms R are the
      fluorine, chlorine and bromine atoms. The alkylene group A is preferably a
      linear or branched divalent hydrocarbon chain containing 1 to 5 carbon
      atoms.
PAR  Among the acyl grups R.sub.o, the preferred group is a benzoyl group whose
      aromatic nucleus can be substituted. More particularly, the benzoyl group
      R.sub.o corresponds to the formula
      ##SPC3##
PAL  In which R.sub.2, R.sub.3 and R.sub.4, which can be the same or different,
      each represent the hydrogen atom, a lower alkyl group, a lower alkoxy
      group, a halogen atom or the nitro group.
PAR  To prepare the compounds of formula I in which R.sub.o is an acyl group, a
      compound of formula I in which R.sub.o represents hydrogen is esterified
      by a method known per se; this compound can be synthesised either from an
      alkyl 2,2-diaryl cyclopropane carboxylate (method A) or from a
      1-cyano-2,2-diaryl cyclopropane (method B).
PAR  To prepare a compound of formula I in which R.sub.o represents hydrogen by
      method A,
PAR  a. an ester of 2,2-diaryl cyclopropane carboxylic acid corresponding to the
      formula
      ##SPC4##
PAL  In which R is as defined above and X represents a lower alkyl group,
      preferably ethyl,
PAL  Is reacted with an amino alcohol corresponding to the formula
EQU  HN (R.sub.1) -- A -- OH                                    (III)
PAL  in which R.sub.1 and A are as defined above, and
PAR  B. THE HYDROXYAMIDE THUS OBTAINED WHICH CORRESPONDS TO THE FORMULA
      ##SPC5##
PAL  In which R, R.sub.1 and A are as defined above,
PAL  Is reduced with LiAlH.sub.4 in an inert anhydrous solvent to form a
      compound corresponding to the formula
      ##SPC6##
PAL  in which R, R.sub.1 and A are as defined above.
PAR  To prepare a compound of formula I in which R.sub.1 = R.sub.o = H (i.e. a
      compound of formula V where R.sub.1 = H),
PAR  a. a 1-cyano-2,2-diaryl cyclopropane corresponding to the formula
      ##SPC7##
PAL  in which R is as defined above,
PAL  is catalytically reduced with Raney nickel under a pressure of 40 to 60
      atmospheres at a temperature of around 80.degree.C in an alcohol/ammonia
      medium, the alcohol being methanol or ethanol, and
PAR  b. the amine thus obtained which corresponds to the formula
      ##SPC8##
PAL  in which R is as defined above,
PAL  is reacted with a haloalcohol corresponding to the formula
EQU  Y -- A -- OH                                               (X)
PAL  in which Y is chlorine, bromine or iodine and A is as defined above,
PAL  to form a compound of formula V in which R.sub.1 represents hydrogen.
PAR  To obtain compounds of formula I in which R.sub.o is acyl, a product of
      formula V obtained by method A or method B is subjected to esterification.
      More particularly, an amino alcohol V can be reacted in the form of its
      hydrochloride with an acid chloride corresponding to the formula
EQU  Cl -- R.sub.o                                              (VI)
PAL  in which R.sub.o represents an acyl group and, preferably, a benzoyl group
      of the formula
      ##SPC9##
PAL  in which R.sub.2, R.sub.3 and R.sub.4 are as defined above.
PAR  In one embodiment of method A, the reaction of an ester of formula II with
      an amino alcohol of formula III is carried out in an excess of the amino
      alcohol at the reflux temperature of this compound. The condensation of II
      and III can also be carried out in an inert solvent at the reflux
      temperature of that solvent.
PAR  The reduction of amide IV with LiAlH.sub.4 is carried out in an inert
      non-aqueous solvent. The mixture of the reactants and solvent is prepared
      while cooling the reaction medium; the solvent is then heated to reflux
      temperature over a period of about 2 hours, the preferred solvent for this
      operation being tetrahydrofuran.
PAR  So far as method B is concerned, the reduction stage (a) is preferably
      carried out in an NH.sub.3 /lower alcohol (ethanol or methanol) medium
      containing 100 g of NH.sub.3 per liter of alcohol. The reaction stage (b)
      is carried out in an aromatic solvent, especially toluene, xylene and
      mixtures thereof, at the reflux temperature of that solvent over a period
      of at least 1 hour and, preferably, over a period of 7 hours.
PAR  To prepare an acyl derivative of formula I, the hydrochloride of a compound
      of formula V is reacted with an acid chloride Cl--R.sub.o in
      stoichiometric proportions or in the presence of a slight excess of acid
      chloride in an anhydrous solvent at the reflux temperature of this
      solvent. The solvent preferably used for this reaction is chloroform.
PAR  The compounds of formula I, IV, V and IX can be converted into the
      corresponding acid addition salts by reaction with a mineral or organic
      acid. Acids particularly suitable for this purpose include hydrochloric
      acid, sulphuric acid, acids of phosphorus, oxalic acid, succinic acid,
      methane sulphonic acid, cyclohexyl sulphamic acid, formic acid, aspartic
      acid, glutamic acid, N-acetyl aspartic acid, N-acetyl glutamic acid,
      ascorbic acid, maleic acid, malic acid, fumaric acid, lactic acid, benzoic
      acid and cinnamic acid.
PAR  The new intermediate compounds according to the invention are ethyl
      2,2-diparafluorophenyl cyclopropane carboxylate, the hydroxyamides of
      formula IV and the amines of formula IX.
PAR  For therapeutic applications, at least one compound of formula I or one of
      its non-toxic acid addition salts is used in association with a
      physiologically acceptable excipient in therapeutic compositions suitable
      in particular for the treatment of disorders affecting the cardiovascular
      system.
PAR  In one preferred embodiment, recommended therapeutic compositions are those
      which contain at least one acyl compound corresponding to the formula
      ##SPC10##
PAL  in which R, R.sub.1, R.sub.2, R.sub.3, R.sub.4 and A are as defined above,
      or one of its non-toxic acid addition salts as active ingredient.
PAR  Other advantages and features of the invention will be better understood on
      reading the following description of examples of preparation which are
      purely illustrative and by no means limitative.
DETD
PAR  In the following, Examples 1 to 14 relate to the preparation of compounds
      of formula V and their intermediates by method A, Examples 25 to 30 relate
      to the preparation of compounds of formula V and their intermediates by
      method B whilst Examples 15 to 24 relate to the preparation of compounds
      of formula I in which R.sub.o is acyl (the developed formulae of these
      latter products are given in the following).
PAC  EXAMPLE 1
PAC  Ethyl 2,2-di-p-fluorophenyl cyclopropane carboxylate
PAL  (Formula II R = F)
PAR  0.44 Mole of ethylacrylate are added dropwise with stirring to 0.4 mole of
      di-p-fluorophenyl diazomethane in 300 cc of chloroform, the temperature
      being kept at around 40.degree.C if necessary with a cold water bath.
PAR  On completion of the addition, the mixture is stirred.
PAR  After 5 hours, the solution is colourless and the evolution of nitrogen at
      an end.
PAR  The solvent is evaporated in vacuo and the oil thus obtained is used as
      such for the remaining operations. Yield: 92 %
PAR  The ethyl ester thus prepared is characterised by the corresponding acid
      obtained after boiling for 2 hours in methanol in the presence of 2
      equivalents of KOH.
TBL  ______________________________________                                    
     Yield of acid:          80 %                                              
     Melting point of the acid:                                                
                            130.degree.C                                       
     Analysis:                                                                 
     Calculated             Found                                              
     C : 70.1 %             C : 70.24 %                                        
     H : 4.37 %             H : 4.21 %                                         
     ______________________________________                                    
PAC  EXAMPLE 2
PAC  N-.beta.-Hydroxyethyl-2,2-diphenyl cyclopropane carboxamide
PAL  (Formula IV R = R.sub.1 = H, A = CH.sub.2 CH.sub.2)
PAR  0.1 Mole of ethyl 2,2-diphenyl cyclopropane carboxylate and 0.15 mole of
      ethanolamine are heated to reflux and the ethanol formed distilled off.
      The reaction is over after 5 hours. The reaction product is cooled and
      crystallised in a mixture of ether and petroleum ether (60 : 40).
TBL  ______________________________________                                    
     Yield:                71 %                                                
     Melting point:       109.degree.C                                         
     Analysis:                                                                 
     Calculated           Found                                                
     N : 4.98 %           N : 4.83 %                                           
     ______________________________________                                    
PAC  EXAMPLE 3
PAC  N-.gamma.-Hydroxypropyl-2,2-diphenyl cyclopropane carboxamide
PAL  (Formula IV R = R.sub.1 = H, A = (CH.sub.2).sub.3
PAR  The procedure is as in Example 2, except that the ethanolamine is replaced
      by an equivalent quantity of .gamma.-propanolamine (0.15 mole).
TBL  ______________________________________                                    
     Yield:                67 %                                                
     Melting point:        92.degree.C                                         
     Analysis:                                                                 
     Calculated            Found                                               
     N 4.75 %              N 4.60 %                                            
     ______________________________________                                    
PAC  EXAMPLE 4
PAC  N-.beta.-Hydroxyethyl-N-methyl-2,2-diphenyl cyclopropane carboxamide
PAL  (Formula IV R = H, R.sub.1 = CH.sub.3, A = CH.sub.2 CH.sub.2)
PAR  The procedure is as in Example 2 except that the ethanolamine is replaced
      by an equivalent quantity of N-methyl ethanolamine. After cooling, the
      reaction mixture is taken up with dilute hydrochloric acid, extracted with
      ether, dried over magnesium sulphate and the ether removed in vacuo,
      leaving an oil which is used as such for the remaining operations.
TBL  ______________________________________                                    
     Yield:               78 %                                                 
     Analysis:                                                                 
     Calculated           Found                                                
     N 4.75%              N 4.40 %                                             
     ______________________________________                                    
PAC  EXAMPLE 5
PAC  N-.gamma.-Hydroxypropyl-2,2-di-p-tolyl cyclopropane carboxamide
PAL  (Formula IV R = 4-CH.sub.3, R.sub.1 = H, A = (CH.sub.2).sub.3)
PAR  The procedure is as in Example 4 using 0.1 mole of ethyl 2,2-di-p-tolyl
      cyclopropane carboxylate and 0.15 mole of .gamma.-propanolamine. The oil
      thus obtained is used as such for the remaining operations.
TBL  ______________________________________                                    
     Yield:               71 %                                                 
     Analysis:                                                                 
     Calculated           Found                                                
     N 4.33 %             N 3.96%                                              
     ______________________________________                                    
PAC  EXAMPLE 6
PAC  N-.gamma.-Hydroxypropyl-2,2-di-p-methoxyphenyl cyclopropane carboxamide
PAL  (Formula IV R = 4-OCH.sub.3, R.sub.1 = H, A = CH.sub.2 CH.sub.2 CH.sub.2)
PAR  The procedure is as in Example 4 using 0.1 mole of ethyl
      2,2-di-p-methoxyphenyl cyclopropane carboxylate and 0.15 mole of
      .gamma.-propanolamine. The resulting oil is used as such for the remaining
      operations.
TBL  ______________________________________                                    
     Yield:               73 %                                                 
     Analysis:                                                                 
     Calculated           Found                                                
     N 3.94 %             N 3.77%                                              
     ______________________________________                                    
PAC  EXAMPLE 7
PAC  N-.gamma.-Hydroxypropyl-2,2-di-p-fluorophenyl cyclopropane carboxamide
PAL  (Formula IV R = 4-F, R.sub.1 = H, A = CH.sub.2 CH.sub.2 CH.sub.2)
PAR  The procedure is as in Example 4 using 0.1 mole of ethyl
      2,2-di-p-fluorophenyl cyclopropane carboxylate (prepared in accordance
      with Example 1) and 0.15 mole of .gamma.-propanolamine. The oil obtained
      is used as such for the remaining operations.
TBL  ______________________________________                                    
     Yield:               68%                                                  
     Analysis:                                                                 
     Calculated           Found                                                
     N 4.23%              N 3.96 %                                             
     ______________________________________                                    
PAC  EXAMPLE 8
PAC  N-.gamma.-Hydroxypropyl-2,2-di-p-chlorophenyl cyclopropane carboxamide
PAL  (Formula IV R = 4-Cl, R.sub.1 = H, A = CH.sub.2 CH.sub.2 CH.sub.2)
PAR  The procedure is as in Example 4 using 0.1 mole of ethyl
      2,2-di-p-chlorophenyl cyclopropane carboxylate and 0.15 mole of
      .gamma.-propanolamine. The resulting oil is used as such for the remaining
      operations.
TBL  ______________________________________                                    
     Yield:               69 %                                                 
     Analysis:                                                                 
     Calculated           Found                                                
     N 3.85 %             N 3.57 %                                             
     ______________________________________                                    
PAC  EXAMPLE 9
PAC  1-(N-.gamma.-Hydroxypropyl)-aminomethyl-2,2-diphenyl cyclopropane
      hydrochloride
PAL  (Formula V R = R.sub.1 = H, A = CH.sub.2 CH.sub.2 CH.sub.2)
PAR  A solution of 0.1 mole of the amide of formula IV in 100 cc of anhydrous
      tetrahydrofuran, prepared in accordance with Example 3, is added dropwise
      while cooling to 0.15 mole of lithium tetrahydrogenoaluminate in 50 cc of
      anhydrous tetrahydrofuran. After the heat of reaction has abated, the
      reaction mixture is heated to reflux over a period of 2 hours, cooled,
      poured gradually onto ice, filtered, the insoluble component washed with
      ether, the filtrate collected and extracted with ether and the ether phase
      dried over magnesium sulphate.
PAR  Hydrogenchloride is added to the ethereal phase up to pH 1, the
      crystallised product is triturated, filtered, washed with ether and dried.
      The product is recrystallised from a mixture of isopropanol and ether (70
      : 30).
TBL  ______________________________________                                    
     Yield:                 79 %                                               
     Melting point:        178.degree.C                                        
     Analysis:                                                                 
     Calculated            Found                                               
     N 4.42 %              N 4.37 %                                            
     ______________________________________                                    
PAC  EXAMPLE 10
PAC  1-(N-.beta.-Hydroxyethyl)-aminomethyl-2,2-diphenyl cyclopropane
      hydrochloride
PAL  (Formula V R = R.sub.1 = H, A = CH.sub.2 CH.sub.2)
PAR  The procedure is as in Example 9 using 0.1 mole of the amide of formula IV
      prepared in accordance with Example 2.  The hydrochloride is
      recrystallised from a mixture of methanol and ether (80 : 20).
TBL  ______________________________________                                    
     Yield:               81 %                                                 
     Melting point:       241 - 242.degree.C                                   
     Analysis:                                                                 
     Calculated           Found                                                
     N 4.62 %             N 4.69 %                                             
     ______________________________________                                    
PAC  EXAMPLE 11
PAC  1-(N-.beta.-Hydroxyethyl-N-methyl)-aminomethyl-2,2-diphenyl cyclopropane
      hydrochloride
PAL  (Formula V R = H, R.sub.1 = CH.sub.3, A = CH.sub.2 CH.sub.2)
PAR  The procedure is as in Example 9 using 0.1 mole of the amide of formula IV
      prepared in accordance with Example 4. The hydrochloride is recrystallised
      from a mixture of acetone and ether (70 : 30).
TBL  ______________________________________                                    
     Yield:                 72 %                                               
     Melting point:        143.degree.C                                        
     Analysis:                                                                 
     Calculated            Found                                               
     N 4.41 %              N 4.40 %                                            
     ______________________________________                                    
PAC  EXAMPLE 12
PAC  1-(N-.gamma.-Hydroxypropyl)-aminomethyl-2,2-di-p-tolyl cyclopropane
      hydrochloride
PAL  (Formula V R = 4-CH.sub.3, R.sub.1 = H, A = CH.sub.2 CH.sub.2 CH.sub.2)
PAR  The procedure is as in Example 9 using 0.1 mole of the amide of formula IV
      prepared in accordance with Example 5. The hydrochloride is recrystallised
      from a mixture of isopropanol and ether (70 : 30).
TBL  ______________________________________                                    
     Yield:                 77 %                                               
     Melting point:        195.degree.C                                        
     Analysis:                                                                 
     Calculated            Found                                               
     N 4.05 %              N 4.0 %                                             
     ______________________________________                                    
PAC  EXAMPLE 13
PAC  1-(N-.gamma.-Hydroxypropyl)-aminomethyl-2,2-di-p-methoxyphenyl cyclopropane
      hydrochloride
PAL  (Formula V R = 4-OCH.sub.3, R.sub.1 = H, A = CH.sub.2 CH.sub.2 CH.sub.2)
PAR  The procedure is as in Example 9 using 0.1 mole of the amide of formula IV
      prepared in accordance with Example 6. The hydrochloride is recrystallised
      from a mixture of isopropanol and ether (60 : 40).
TBL  ______________________________________                                    
     Yield:               65 %                                                 
     Melting point:       131 - 132.degree.C                                   
     Analysis:                                                                 
     Calculated           Found                                                
     N 3.71 %             N 3.59 %                                             
     ______________________________________                                    
PAC  EXAMPLE 14
PAC  1-(N-.gamma.-Hydroxypropyl)-aminomethyl-2,2-di-p-fluorophenyl cyclopropane
      hydrochloride
PAL  (Formula V R = 4-F, R.sub.1 = H, A = CH.sub.2 CH.sub.2 CH.sub.2)
PAR  The procedure is as in Example 9 using 0.1 mole of the amide of formula IV
      prepared in accordance with Example 7. The hydrochloride is recrystallised
      from a mixture of isopropanol and ether (70 : 30).
TBL  ______________________________________                                    
     Yield:               69 %                                                 
     Melting point:       148 - 150.degree.C                                   
     Analysis:                                                                 
     Calculated           Found                                                
     N 3.96 %             N 3.87 %                                             
     ______________________________________                                    
PAC  EXAMPLE 15
PAC  1-(N-.gamma.-Hydroxypropyl)-aminomethyl-2,2-di-p-chlorophenyl cyclopropane
      hydrochloride
PAL  (Formula V R = 4-Cl, R.sub.1 = H, A = CH.sub.2 CH.sub.2 CH.sub.2)
PAR  The procedure is as in Example 9 using 0.1 mole of the amide of formula IV
      prepared in accordance with Example 8. The hydrochloride is recrystallized
      from a mixture of ethanol and ether (80 : 20).
TBL  ______________________________________                                    
     Yield:                 50 %                                               
     Melting point:        185.degree.C                                        
     Analysis:                                                                 
     Calculated            Found                                               
     N 3.62 %              N 3.45 %                                            
     ______________________________________                                    
PAC  EXAMPLE 16
PAC  N-(2,2-Diphenyl cyclopropylmethyl)-.gamma.-aminopropyl-3,4,5-trimethoxy
      benzoate hydrochloride
PAL  (Formula VIIa)
PAR  0.055 Mole of 3,4,5-trimethoxy benzoyl chloride are added with stirring
      under reflux to a solution in 100 cc of anhydrous chloroform of 0.05 mole
      of 1-(N-.gamma.-hydroxypropyl)aminomethyl-2,2-diphenyl cyclopropane
      hydrochloride prepared in accordance with Example 9. The mixture is kept
      under reflux for 6 hours, the solvent removed and the crude hydrochloride
      recrystallised from a mixture of ethanol and ether (80 : 20).
TBL  ______________________________________                                    
     Yield:                 65 %                                               
     Melting point:        172.degree.C                                        
     Analysis:                                                                 
     Calculated            Found                                               
     N 2.74 %              N 2.90 %                                            
     ______________________________________                                    
PAC  EXAMPLE 17
PAC  N-(2,2-Diphenyl cyclopropylmethyl)-.gamma.-aminopropyl benzoate
      hydrochloride
PAL  (Formula VIIb)
PAR  The procedure is an in Example 16 except that 0.055 mole of benzoyl
      chloride is used instead of 0.055 mole of 3,4,5-trimethoxy benzoyl
      chloride. The hydrochloride is recrystallised from a mixture of ethanol
      and ether (80 : 20).
TBL  ______________________________________                                    
     Yield:                 61 %                                               
     Melting point:        188.degree.C                                        
     Analysis:                                                                 
     Calculated            Found                                               
     N 3.32 %              N 3.26 %                                            
     ______________________________________                                    
PAC  EXAMPLE 18
PAC  N-(2,2-Diphenyl cyclopropylmethyl)-.gamma.-aminopropyl-2-chlorobenzoate
      hydrochloride
PAL  (Formula VIIc)
PAR  The procedure is as in Example 16 except that 0.055 mole of 2-chlorobenzoyl
      chloride is used instead of 0.055 mole of 3,4,5-trimethoxy benzoyl
      chloride. The hydrochloride is recrystallised from a mixture of ethanol
      and ether (80 : 20).
TBL  ______________________________________                                    
     Yield:                 67 %                                               
     Melting point:        176.degree.C                                        
     Analysis:                                                                 
     Calculated            Found                                               
     N 3.07 %              N 3.0 %                                             
     ______________________________________                                    
PAC  EXAMPLE 19
PAC  N-(2,2-Diphenyl cyclopropylmethyl)-.gamma.-aminopropyl-3-nitrobenzoate
      hydrochloride
PAL  (Formula VIId)
PAR  The procedure is as in Example 16 using 0.055 mole of 3-nitrobenzoyl
      chloride instead of 0.055 mole of 3,4,5-trimethoxybenzoyl chloride. The
      hydrochloride is recrystallised from a mixture of methanol and ether (80 :
      20).
TBL  ______________________________________                                    
     Yield:               70 %                                                 
     Melting point:       201 - 203.degree.C                                   
     Analysis:                                                                 
     Calculated           Found                                                
     N 6.0 %              N 5.84 %                                             
     ______________________________________                                    
PAC  EXAMPLE 20
PAC  N-Methyl-N-[(2,2-diphenyl
      cyclopropyl)-methyl]-.beta.-aminoethyl-3,4,5-trimethoxy benzoate
      hydrochloride
PAL  (Formula VIIe)
PAR  Following the procedure of Example 16, 0.05 mole of
      1-(N-.beta.-hydroxyethyl-N-methyl)-aminomethyl-2,2-diphenyl cyclopropane
      hydrochloride, prepared in accordance with Example 11, are reacted with
      0.055 mole of 3,4,5-trimethoxy benzoyl chloride. The hydrochloride is
      recrystallised from a mixture of isopropanol and ether (70 : 30).
TBL  ______________________________________                                    
     Yield:                 75 %                                               
     Melting point:        156.degree.C                                        
     Analysis:                                                                 
     Calculated            Found                                               
     N 2.74 %              N 2.80 %                                            
     ______________________________________                                    
PAC  EXAMPLE 21
PAC  N-[(2,2-Di-p-tolyl cyclopropyl)-methyl]-.gamma.-aminopropyl-2-methyl
      benzoate hydrochloride
PAL  (Formula VIIf)
PAR  Following the procedure of Example 16, 0.05 mole of
      1-(N-.gamma.-hydroxypropyl)-aminomethyl-2,2-di-p-tolyl cyclopropane
      hydrochloride, prepared in accordance with Example 11, are reacted with
      0.055 mole of 2-methyl benzoyl chloride. The hydrochloride is
      recrystallised from a mixture of ethanol and ether (70 : 30).
TBL  ______________________________________                                    
     Yield:               70 %                                                 
     Melting point:       181 - 183.degree.C                                   
     Analysis:                                                                 
     Calculated           Found                                                
     N 3.02 %             N 3.17 %                                             
     ______________________________________                                    
PAC  EXAMPLE 22
PAC  N-](2,2-Di-p-methoxyphenyl
      cyclopropyl)-methyl]-.gamma.-aminopropyl-3,4,5-trimethoxy benzoate
      hydrochloride
PAL  (Formula VIIg)
PAR  Following the procedure of Example 16, 0.05 mole of
      1-(N-.gamma.-hydroxypropyl)-aminomethyl-2,2-di-p-methoxyphenyl
      cyclopropane hydrochloride, prepared in accordance with Example 13, are
      reacted with 0.055 mole of 3,4,5-trimethoxy benzoyl chloride. The
      hydrochloride is recrystallised from a mixture of ethanol and ether (70 :
      30).
TBL  ______________________________________                                    
     Yield:               79 %                                                 
     Melting point:       166 - 167.degree.C                                   
     Analysis:                                                                 
     Calculated           Found                                                
     N 2.45 %             N 2.33 %                                             
     ______________________________________                                    
PAC  EXAMPLE 23
PAC  N-[(2,2-Di-p-fluorophenyl
      cyclopropyl)-methyl]-.gamma.-aminopropyl-3,4,5-trimethoxy benzoate
      hydrochloride
PAL  (Formula VIIh)
PAR  Following the procedure of Example 16, 0.05 mole of
      1-(N-.gamma.-hydroxypropyl)-aminomethyl-2,2-di-p-fluorophenyl cyclopropane
      hydrochloride, prepared in accordance with Example 14, are reacted with
      0.055 mole of 3,4,5-trimethoxy benzoyl chloride. The hydrochloride is
      recrystallised from a mixture of ethanol and ether (80 : 20).
TBL  ______________________________________                                    
     Yield:               58 %                                                 
     Melting point:       200 - 202.degree.C                                   
     Analysis:                                                                 
     Calculated           Found                                                
     N 2.56 %             N 2.63 %                                             
     ______________________________________                                    
PAC  EXAMPLE 24
PAC  N-[(2,2-Di-p-chlorophenyl
      cyclopropyl)-methyl]-.gamma.-aminopropyl-4-chlorobenzoate hydrochloride
PAL  (Formula VIIi)
PAR  Following the procedure of Example 16, 0.05 mole of
      1-(N-.gamma.-hydroxypropyl)-aminomethyl-2,2-di-p-chlorophenyl cyclopropane
      hydrochloride, prepared in accordance with Example 15, are reacted with
      0.055 mole of 4-chlorobenzoyl chloride. The hydrochloride is
      recrystallised from methanol.
TBL  ______________________________________                                    
     Yield:               25 %                                                 
     Melting point:       208 - 210.degree.C                                   
     Analysis:                                                                 
     Calculated           Found                                                
     N 2.66 %             N 2.71 %                                             
     ______________________________________                                    
PAR  The developed formulae of the products of Examples 16 to 24 are given in
      the following.
PAC  EXAMPLE 25
PAC  1-Aminomethyl-2,2-diphenyl cyclopropane hydrochloride
PAL  (Formula IX R = H)
PAR  A 1000 cc capacity autoclave is charged with 0.5 mole of
      1-cyano-2,2-diphenyl cyclopropane, 200 cc of ammoniacal methanol (100 g/l
      of NH.sub.3) and 5 g of Raney nickel. In the presence of hydrogen, the
      reaction medium is stirred for 6 hours at 80.degree.C/50 atms. pressure.
      After cooling, the reaction product is filtered, the nickel washed with 50
      cc of methanol and the solvent evaporated in vacuo.
PAR  The evaporation residue is taken up in 300 cc of acetone, hydrogenchloride
      added up to pH 1, the mixture left standing for 2 hours, filtered, washed
      with 100 cc of acetone and dried.
TBL  ______________________________________                                    
     Yield:                 75 %                                               
     Melting point:        251.degree.C                                        
     Analysis:                                                                 
     Calculated            Found                                               
     N 5.39 %              N 5.42 %                                            
     ______________________________________                                    
PAC  EXAMPLE 26
PAC  1-Aminomethyl-2,2-di-p-tolyl cyclopropane hydrochloride
PAL  (Formula IX R = 4-CH.sub.3)
PAR  The title product is obtained in accordance with Example 25 using 0.5 mole
      of 1-cyano-2,2-di-p-tolyl cyclopropane instead of 0.5 mole of
      1-cyano-2,2-diphenyl cyclopropane.
TBL  ______________________________________                                    
     Yield:                 71 %                                               
     Melting point:        258.degree.C                                        
     Analysis:                                                                 
     Calculated            Found                                               
     N 4.86 %              N 4.70 %                                            
     ______________________________________                                    
PAC  EXAMPLE 27
PAC  1-Aminomethyl-2,2-di-p-fluorophenyl cyclopropane hydrochloride
PAL  (Formula IX R = 4-F)
PAR  The title product is obtained in accordance with Example 25 using 0.5 mole
      of 1-cyano-2,2-di-p-fluorophenyl cyclopropane instead of 0.5 mole of
      1-cyano-2,2-diphenyl cyclopropane.
TBL  ______________________________________                                    
     Yield:                 71 %                                               
     Melting point:        210.degree.C                                        
     Analysis:                                                                 
     Calculated            Found                                               
     N 4.74 %              N 4.72 %                                            
     ______________________________________                                    
PAR  Examples 28 to 30 relate to the preparation by method B of the products of
      Examples 9, 12 and 14.
PAC  EXAMPLE 28
PAC  1-(N-.gamma.-Hydroxypropyl)-aminomethyl-2,2-diphenyl cyclopropane
      hydrochloride
PAL  (Formula V R = R.sub.1 = H, A = CH.sub.2 CH.sub.2 CH.sub.2)
PAR  A mixture of 0.5 mole of 1-aminomethyl-2,2-diphenyl cyclopropane, 0.52 mole
      of .gamma.-cyclopropanol and 100 cc of xylene is heated with stirring to
      reflux temperature over a period of 7 hours.
PAR  The mixture is then allowed to return to ambient temperature and 400 cc of
      acetone added to it. The product is then stirred for 3 hours, filtered,
      washed with 100 cc of acetone and dried.
TBL  ______________________________________                                    
     Yield:                 50 %                                               
     Melting point:        178.degree.C                                        
     Analysis:                                                                 
     Calculated            Found                                               
     N 4.42 %              N 4.38 %                                            
     ______________________________________                                    
PAC  EXAMPLE 29
PAC  1-(N-.gamma.-Hydroxypropyl)-aminomethyl-2,2-p-tolyl cyclopropane
      hydrochloride
PAL  (Formula V R = 4-CH.sub.3 R.sub.1 = H A = (CH.sub.2).sub.3)
PAR  The procedure is as in Example 28, except that 0.5 mole of
      1-aminomethyl-2,2-di-p-tolyl cyclopropane are used instead of 0.5 mole of
      1-aminomethyl-2,2-diphenyl cyclopropane.
TBL  ______________________________________                                    
     Yield:                 44 %                                               
     Melting point:        195.degree.C                                        
     Analysis:                                                                 
     Calculated            Found                                               
     N 4.05 %              N 4.21 %                                            
     ______________________________________                                    
PAC  EXAMPLE 30
PAC  1-(N-.gamma.-Hydroxypropyl)-aminomethyl-2,2-di-p-fluorophenyl cyclopropane
      hydrochloride
PAL  (Formula V R = 4-F R.sub.1 = H A = (CH.sub.2).sub.3)
PAR  The procedure is as in Example 28, except that 0.5 mole of
      1-aminomethyl-2,2-di-p-fluorophenyl cyclopropane are used instead of 0.5
      mole of 1-aminomethyl-2,2,-diphenyl cyclopropane.
TBL  ______________________________________                                    
     Yield:                41 %                                                
     Melting point:       148 - 150.degree.C                                   
     Analysis:                                                                 
     Calculated           Found                                                
     N 3.96 %             4.07 %                                               
     ______________________________________                                    
PAR  The results of pharmacological tests carried out with compounds of formula
      VII according to the invention are summarised in the following.
PAC  1. CORONARY VASODILATORY ACTIVITY ON ISOLATED HEARTS
PAC  a. Method
PAR  Rabbits are killed and their hearts removed, being fixed by the aorta to a
      cannula in such a way that the end of the cannula is level with the
      orifice of the coronary arteries immediately above the sigmoid valvules.
      The hearts are perfused with oxygenated Ringer-Locke's solution kept at
      37.degree.C. An aqueous solution of the product to be tested is injected
      at the aortic cannula in a volume of 0.1 ml. The quantity of perfusion
      liquid is measured before and after administration of the product.
PAC  b. Results
PAR  Table I below shows the percentage increase in the coronary throughflow at
      the height of the phenomenon as a function of the quantity injected. Each
      result is the average result from five tests.
TBL                TABLE I                                                     
     ______________________________________                                    
              Quantity injected                                                
                0.15 .gamma.                                                   
                         0.60 .gamma.                                          
                                  2.5 .gamma.                                  
                                         10 .gamma.                            
                                               40 .gamma.                      
     Product of                                                                
     Example No.                                                               
     ______________________________________                                    
     16         24       40       75      105  --                              
     17         --       --       12     38    44                              
     18         24       25       48     64                                    
     19         17       31       55     61    --                              
     20         23       42       75     93    --                              
     21         --       --       21     27    --                              
     22         11       30       58     70    --                              
     23         12       37       60     62    --                              
     ______________________________________                                    
PAC  2. ANTI-ARRHYTHMIC ACTIVITY
PAC  a. Method
PAR  Rats weighing 180 to 200 g are anaesthetised by intraperitoneal injection
      of 1200 mg/kg of urethane. The jugular vein is perfused with a solution of
      aconitine hydrochloride (50 .gamma./ml) and sodium chloride (9 g/l) at a
      rate of 0.2 ml/min. The D.sub.2 -derivation electrocardiogram is recorded.
      Perfusion is stopped at the first ventricular arrhythmia. The products to
      be tested are administered by intravenous injection 1 minute before
      perfusion. The D.sub.2 -derivation electrocardiogram is an
      electrocardiogram recorded by fastening receptive electrodes to the
      right-hand front paw and to the left-hand rear paw, and an earth electrode
      to the right-hand rear paw.
PAC  b. Results
PAR  Table II below shows the percentage increases in the perfusion time as a
      function of the doses administered.
TBL                TABLE II                                                    
     ______________________________________                                    
     Product of Example No.                                                    
            16     17     18   19   20   21   22   23   24                     
     mg/kg                                                                     
     IV                                                                        
     ______________________________________                                    
     1.25   41     30     --   --   --   --   --   23   --                     
     2.50   53     72     22   4    --   --   --   57   --                     
     5      86     94     51   71   --   --   16   87   5                      
     10     122    135    79   109  33   25   46   145  --                     
     20     --     --     --   --   44   --   112  --   --                     
     ______________________________________                                    
PAC  3. PSYCHOTROPIC ACTIVITY
PAR  Studies were carried out on evasion, aggression and experimental cerebral
      anoxia.
PAC  EVASION
PAC  a. Method
PAR  Mice (batches of eight per dose) are placed in groups of four in a cage
      with a sloping floor 30 minutes after interperitoneal administration of
      the products. The number of times they jump over a line marked on the
      sloping floor is counted over a period of 5 minutes. The percentage
      variation in relation to the controls is calculated.
PAC  b. Results
PAR  The results are set out in Table III below:
TBL                TABLE III                                                   
     ______________________________________                                    
     mg/kg I.P.                                                                
            2      4       8     16    32    64    128                         
     Example                                                                   
     ______________________________________                                    
     16     --     --      +8    -24   -86   -71   --                          
     17     -13    --      -46   --    -81   --    --                          
     18     --     -20     --    -55   --    -59   --                          
     19     --     --      -32   --    -75   --    -78                         
     20     --     --      --    -36   --    -33   --                          
     21     +6     --      -21   --    -52   --    --                          
     22     --     -22     -28   -12   --    --    --                          
     23     --     --      -4    -18   -69   --    --                          
     ______________________________________                                    
PAC  AGGRESSION THROUGH ISOLATION
PAC  a. Method
PAR  Male Iffa mice weighing 16 to 17 g, which have been isolated for a period
      of 4 weeks are placed in pairs in the cage of one of them.
PAR  The number of "attacks" by one of the mice upon the other is counted every
      minute over a period of 5 minutes.
PAR  The substances to be tested are administered 30 minutes before the test to
      batches of 6 mice.
PAR  Table IV below shows the percentage decrease in the number of "attacks"
      over a period of 5 minutes.
PAC  b. Results
PAR  The results relating to the product of Example 16 are set out in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
     mg/kg      Number of attacks  % variation                                 
     per os     in 5 minutes                                                   
     ______________________________________                                    
      0         40                 --                                          
      64        44                 +10                                         
     128        23                 -42                                         
     256         9                 -77                                         
     512         0                  -100                                       
     ______________________________________                                    
PAC  EXPERIMENTAL CEREBRAL ANOXIA IN RATS
PAC  a. Method
PAR  Cortical electrodes are attached to the dura mater of rats. These
      electrodes are connected to a terminal fixed to the skull by a synthetic
      resin. The rats are tracheotomised under an ether anaesthetic, curarized
      by the intramuscular injection of 1 mg/kg of d-tubocuranine and placed
      under artificial respiration. The electroencephalogram (EEG) is recorded.
      The respiration pump is stopped every 3 minutes and switched on again 2
      seconds after a flat EEG trace has been obtained.
PAR  The product, in the form of an aqueous solution, is perfused intravenously
      (285 .gamma./kg/min.). Perfusion begins 2 minutes after the first anoxia
      and lasts until the tenth anoxia. EEG
PAR  Measurements are taken both on the period of time elapsing between stoppage
      of the pump and appearance of the flat trace and on the period of time
      elapsing between restarting of the pump and the appearance of a normal EEG
      trace. The ratio between these two periods is calculated.
PAR  The various measurements carried out with each anoxia are set out in Table
      V below.
PAC  b. Results
PAR  The results relating to the product of Example 16 are set out in Table V.
PAR  The products according to the invention, more particularly the products
      corresponding to general formula VII and their non-toxic acid addition
      salts, show experimentally coronarodilatory and anti-arrhythmic properties
      which enable them to be used as medicaments in cardiac disorders
      associated with inadequate irrigation and/or rhythmic troubles, their
      sedative and aggressolytic action promoting these properties. In addition,
      cerebral resistance to experimental anoxia is considerably increased which
      is indicative of favourable activity in syndromes associated with a
      deficiency of cerebral cellular respiration.
PAR  In clinics, favourable results were obtained in the treatment of cardiac
      disorders by administering the compounds of formula II and their non-toxic
      acid addition salts in the form of tablets, dragees or capsules containing
      50 to 100 mg of active principle, suppositories containing 100 mg or more
      of active principle, suspensions for oral administration containing from 5
      to 10 mg/ml of active principle, in a daily dose of on average between 50
      and 400 mg. It was possible to administer the products of Example 16 in a
      daily dose of up to 500 mg without observing any side effects.
PAR  The clinical tests carried out with the product of Example 16 are
      summarised in the following. This product, administered to patients
      suffering from crises of chest angina, enabled the doses of trinitrine
      normally taken to be reduced.
PAR  In old people living in a home for the aged, the product of Example 16
      enabled the subjects treated to perform better in tests demonstrating a
      level of co-ordination and association of ideas better than those measured
      before treatment.
PAR  In these tests, the product of Example 16 was used in the form of capsules
      containing 100 mg of active principle or in the form of a drinkable
      suspension containing 5 mg/ml of active principle, the average daily doses
      varying from 100 to 300 mg.
      ##SPC11##
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Anoxia                                                                    
      No.        1    2    3    4    5    6    7    8    9    10               
     __________________________________________________________________________
     Resista-                                                                  
           Controls                                                            
                48,5 45,6 45,3 46,7 47,3 46,4 45,6 45,6 46,0 46,1              
     nce to                                                                    
     anoxia in  .+-. 4,55                                                      
                     .+-. 3,61                                                 
                          .+-. 3,07                                            
                               .+-. 2,42                                       
                                    .+-. 2,59                                  
                                         .+-. 2,47                             
                                              .+-. 2,49                        
                                                   .+-. 2,59                   
                                                        .+-. 2,47              
                                                             .+-. 2,62         
     seconds                                                                   
           Example                                                             
                53,1 50,7 51,6 53,9 54,4 56,2 56,6 57,9 58,5 58,5              
            16  .+-. 3,48                                                      
                     .+-. 2,31                                                 
                          .+-. 1,90                                            
                               .+-. 2,32                                       
                                    .+-. 2,58                                  
                                         .+-. 2,72                             
                                              .+-. 2,80                        
                                                   .+-. 2,59                   
                                                        .+-. 2,85              
                                                             .+-. 2,99         
     __________________________________________________________________________
           Controls                                                            
                10,4 11,3 12,4 14,6 16,5 18,3 20,4 22,8 25,2 29,6              
     Flat                                                                      
     trace in   .+-. 0,57                                                      
                     .+-. 0,68                                                 
                          .+-. 0,74                                            
                               .+-. 1,21                                       
                                    .+-. 1,17                                  
                                         .+-. 1,25                             
                                              .+-. 1,42                        
                                                   .+-. 1,57                   
                                                        .+-. 2,19              
                                                             .+-. 9,54         
     seconds                                                                   
           Example                                                             
                10,7 11,8 12,1 12,7 12,5 12,6 12,0 13,0 12,8 12,3              
            16  .+-. 0,57                                                      
                     .+-. 1,41                                                 
                          .+-. 0,72                                            
                               .+-. 0,68                                       
                                    .+-. 0,74                                  
                                         .+-. 0,78                             
                                              .+-. 0,60                        
                                                   .+-. 0,68                   
                                                        .+-. 0,78              
                                                             .+-. 0,84         
     __________________________________________________________________________
                                                             1                 
     Ratio:                                                                    
           Controls                                                            
                4,8  4,3  3,9  3,5  3,1  2,7  2,4  2,1  2,0  1,7               
     Resis-                                                                    
     tance to   .+-. 0,43                                                      
                     .+-. 0,50                                                 
                          .+-. 0,41                                            
                               .+-. 0,40                                       
                                    .+-. 0,28                                  
                                         .+-. 0,31                             
                                              .+-. 0,28                        
                                                   .+-. 0,24                   
                                                        .+-. 0,30              
                                                             .+-. 0,22         
     anoxia                                                                    
     __________________________________________________________________________
     Flat  Example                                                             
                5,2  4,6  4,3  4,4  4,4  4,8  4,7  4,5  4,7  4,9               
     trace  16  .+-. 0,43                                                      
                     .+-. 0,37                                                 
                          .+-. 0,36                                            
                               .+-. 0,37                                       
                                    .+-. 0,40                                  
                                         .+-. 0,62                             
                                              .+-. 0,33                        
                                                   .+-. 0,28                   
                                                        .+-. 0,40              
                                                             .+-. 0,41         
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. 2,2-diarylcyclopropane derivatives selected from the group consisting
      of:
PA1  a. the compounds corresponding to the formula:
      ##SPC12##
PA1   in which R represents H, Cl, F, CH.sub.3, OCH.sub.3 ; A represents C.sub.1
      -C.sub.5 alkylene group, R.sub.1 represents H, CH.sub.3 ; R.sub.0 is a
      benzoyl group of the formula
      ##SPC13##
PA1   in which R.sub.2, R.sub.3 and R.sub.4, which may be the same or different,
      each represent H, Cl, NO.sub.2, CH.sub.3, OCH.sub.3.
NUM  2.
PAR  2. N-(2,2-Diphenylcyclopropylmethyl)-.gamma.-aminopropyl-3,4,5-trimethoxy
      benzoate and its acid addition salts.
NUM  3.
PAR  3. N-(2,2-Diphenylcyclopropylmethyl)-.mu.-aminopropyl benzoate and its acid
      addition salts.
NUM  4.
PAR  4. N-(2,2-Diphenylcyclopropylmethyl)-.gamma.-aminopropyl-2-chlorobenzoate
      and its acid addition salts.
NUM  5.
PAR  5. N-(2,2-Diphenylcyclopropylmethyl)-.gamma.-aminopropyl-3-nitrobenzoate
      and its acid addition salts.
NUM  6.
PAR  6. N-Methyl-N-[(2,2-diphenylc
     yclopropyl)-methyl]-.beta.-aminoethyl-3,4,5-trimethoxybenzoate and its acid
      addition salts.
NUM  7.
PAR  7. N-[(2,2-Di-p-tolylcyclopropyl)-methyl]-.gamma.-aminopropyl-2-methyl
      benzoate and its acid addition salts.
NUM  8.
PAR  8. N-[(2,2-Di-p-methoxyphenylcycloprop
     yl)-methyl]-.gamma.-aminopropyl-3,4,5-trimethoxybenzoate and its acid
      addition salts.
NUM  9.
PAR  9. N-[(2,2-Di-p-
     fluorophenylcyclopropyl)-methyl]-.gamma.-aminopropyl-3,4,5-trimethoxybenzoa
     te and its acid addition salts.
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ABST
PAL  Aliphatic hydrocarbon-substituted sulfonic acids, sulfonyl chlorides, amino
      sulfonic acids, sulfonamides and alkaline earth metal salts of such acids
      whose hydrocarbon substituent has an average molecular weight in the range
      of 300 to 200,000 are novel, useful compounds readily prepared through
      reaction of chlorosulfonic acid with a polymeric hydrocarbon having at
      least one carbon to carbon double bond as in the liquid to solid
      polypropene and polybutene or copolymer of two or more C.sub.2 to C.sub.6
      unsaturated hydrocarbons having said average molecular weight. Such
      sulfonic acids, sulfonyl chlorides, amino sulfonic acids, sulfonamides and
      alkaline earth metal salts of the acid are soluble in hydrocarbon feeds
      (i.e., gasoline, diesel and heating fuels) and in lubricating oils as are
      the alkaline earth metal salts of such acids.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Prior interest has centered on water-soluble alkyl sulfonates and
      sulfonamides having relatively short alkyl hydrocarbon (12-20 carbon)
      chains for their detergency properties in aqueous solutions. The starting
      sulfonic acids were prepared by the sulfonation of alkyl hydrocarbons or
      alcohols. For use with petroleum hydrocarbon fractions, mainly lubricating
      oil fractions, there has been some interest in oil-soluble guanidine salts
      of alkylsulfonic acids whose alkyl-substituent has a molecular weight in
      the range of about 200 to about 980, i.e. the alkyl substituent contains
      14 to 70 carbon atoms. The use of such guanidine salts are described in
      U.S. Pat. No. 2,660,562. Briefly, that disclosure teaches that guanidine
      alkylsulfonates are oil-soluble gelling agents for grease preparation when
      the alkyl-substituent has from 14 to 24 carbon atoms, anti-rust agents
      when the alkyl-substituent contains 24 to 40 carbon atoms and detergency
      agents when the alkyl-substituent contains 40 to 70 carbon atoms.
PAR  However, at the time such guanidine alkylsulfonates were disclosed (1951)
      the severity requirements imposed by in-service use for crankcase
      lubricating oils was much less than the in-service use severity
      requirements of gasoline and diesel engines presently in use and under
      test for near future use with their anti-pollution devices. The guanidine
      alkylsulfonates which have alkyl radicals of 40 to 70 carbons (i.e.
      560-980 MW) do not have a thermally stable structure and would not meet
      the present day higher in-service use severity requirements for crankcase
      lubricating oils.
PAR  Previously available alkaline earth metal alkylsulfonates have not, in
      general, been suitably acceptable anti-wear agents for crankcase
      lubricating oils and emphasis for that anti-wear function has been placed
      on oil-soluble calcium and magnesium alkylbenzene sulfonates and their
      over-based derivatives which also contributed anti-corrosion properties.
PAR  It has now been discovered that a sulfonic acid and sulfonyl chloride
      derived from liquid viscous to solid polymers of propene and butenes and
      copolymers of C.sub.2 to C.sub.6 unsaturated hydrocarbons having an
      average molecular weight in the range of 300 to 200,000 can be readily
      converted to the respective alkaline earth metal sulfonates or
      sulfonamides which are useful addition agents for hydrocarbon (gasoline,
      diesel and heating) fuels and lubricating oils because of their
      anti-deposition, detergency and viscosity improving (hydrocarbon portion
      has molecular weight above about 10,000) properties. Such metal sulfonates
      and sulfonamides are multi-functional. The sulfonic acid and sulfonyl
      chloride derivatives of such 300 to 200,000 average molecular weight
      hydrocarbon polymers are unique in and of themselves as are their
      preparation by the reaction of such hydrocarbon polymers with
      chlorosulfonic acid.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises the allylic sulfonic acid and sulfonyl
      chloride, vinyl sulfonic acid and sulfonyl chloride and
      .beta.-chlorosulfonic acid and sulfonyl chloride of the polymeric
      hydrocarbons having one to two carbon to carbon double bond activated
      reaction sites which are polymers of propene, butenes and copolymers of
      C.sub.2 to C.sub.6 unsaturated hydrocarbons and which have an average
      molecular weight in the range of 300 to 200,000; their method of
      preparation and their alkaline earth metal salt, amino sulfonic acid and
      sulfonamide derivatives. Such sulfonic acids and their acid chlorides are
      obtained by directed reaction of chlorosulfonic acid with said polymeric
      hydrocarbon.
PAR  The reaction of chlorosulfonic acid (Cl SO.sub.3 H) with said polymeric
      hydrocarbons having 1 to 2 carbon to carbon activated reaction sites can
      result in three different conversions of the polymeric hydrocarbon
      according to the following three illustrative reactions:
      ##EQU1##
      By further reaction of chlorosulfonic acid or through chloride or sulfuryl
      chloride the sulfonic acid of Reaction (2) there is obtained the
      corresponding sulfonyl chloride in the following manner:
      ##EQU2##
      The beta-chloroalkyl sulfonic acid product of Reaction (3) can be
      thermally dehydrochlorinated to a vinyl sulfonic acid according to the
      following reaction:
      ##EQU3##
      Said vinyl sulfonic acid can be reacted with sulfuryl chloride (SO.sub.2
      Cl.sub.2) or thionyl chloride (SO.sub.2 Cl.sub.2) or chlorosulfonic acid
      to produce a vinyl sulfonyl chloride.
PAR  In the above illustrative reactions the polymeric hydrocarbon reactant
      shown has the substituent radicals R, R' and R" whose total carbon and
      hydrogen content provide the average molecular weight range of 300 to
      200,000 and which have the following defined significance. R is a
      hydrocarbon radical which can be straight- or branched-chain and consists
      of the main bulk of the molecule with 0 to 1 carbon to carbon double bond
      activated reactive site such as in the residue of the molecule:
      ##EQU4##
      Such reactive cite, when present, can be a terminal site or a pendant site
      of the radical R.
PAR  R' can be hydrogen or a saturated alkyl hydrocarbon radical of 1 to 3
      carbon atoms, for example methyl, ethyl, n-propyl and isopropyl.
PAR  R" can be hydrogen or a saturated alkyl hydrocarbon radical of 2 to 5
      carbon atoms.
PAR  All three different modes of conversion of the polymeric hydrocarbon with
      chlorosulfonic acid do not produce novel, useful oil-soluble products or
      intermediates. For example in Reaction (1) hydrogen of chlorosulfonic acid
      (HO--SO.sub.2 Cl) adds across the double bond and produces a polymeric
      hydrocarbon ester of chlorosulfuric acid. Such hydrocarbon esters of
      chlorosulfuric acid are thermally unstable and are readily subject to
      hydrolysis both at the chlorine and at the ester linkage to liberate
      sulfuric acid and HCl. Alkaline earth metal salts also hydrolyze to the
      acid sulfate and/or sulfate as do the amine derivatives. Hence, although
      the hydrocarbon ester of chlorosulfuric acid and its alkaline earth metal
      salt and amine derivatives are oil-soluble, their thermal instability and
      ready hydrolyzable nature producing undesirable by-products make them
      unsuitable for any known use especially as addition agents for fuels and
      lubricants.
PAR  However, the polymeric hydrocarbon- and chlorohydrocarbon-substituted
      sulfonic acids, their acid chlorides from or derivable from Reactions (2)
      and (3), e.g. by Reactions (4) and (5) are useful, thermally stable,
      hydrolysis resisting products as are their alkaline earth metal, amine,
      and sulfonamide derivative which are all soluble in petroleum fractions of
      the fuel and lubricating type fractions.
PAR  As previously illustrated, Reaction (2) produces allylic polymerhydrocarbon
      substituted allylic sulfonic acid from which its acid chloride can be
      obtained, and Reaction (3) produces a .beta.-chloropolymeric
      hydrocarbon-substituted sulfonic acid which via Reaction (5) a polymeric
      hydrocarbon vinyl sulfonic acid is obtained which can be converted to its
      acid chloride. To achieve the results of Reactions (2) and (3) which
      differ in kind from the results of Reaction (1), aid must be provided to
      avoid formation of the polymer hydrocarbon ester of chlorosulfonic acid of
      Reaction (1). In general, low temperature conditions, e.g. downward from
      100.degree.F. provide such avoidance. The use of an ether-chlorosulfonic
      acid complex containing 0.5 to 1.0 mole chlorosulfonic acid per ether
      linkage with such use of low temperature are suitable for the additions of
      chlorosulfonic acid to polymeric hydrocarbon favoring .beta.-chloro and
      .alpha.-sulfo introductions into the polymer molecule. Low temperature
      reaction favors polymer allylic sulfonic acid production.
PAR  The polymer hydrocarbon reactant of 300 to 200,000 average molecular weight
      varying from a viscous liquid to a semi-solid to solid and having 1 to 2
      reactive sites activated by carbon-to-carbon double bonds are known
      compositions. The polypropenes and polybutenes and copolymers of propene
      and butene of the liquid viscous class have an average molecular weight in
      the 300 to 3,000 range and are obtained by polymerization of propene,
      isobutene; mixtures of isobutene with 1-butene and/or 2-butene; mixture
      consisting mainly of isobutene with minor amounts of 1- and 2-butene with
      still smaller amounts of butadiene as unsaturated compounds as in a
      C.sub.4 hydrocarbon fraction; and mixtures of propene and such butene
      sources in the presence of Friedel-Crafts catalyst. Aluminum chloride is
      the catalyst of choice and the resulting hydrocarbon product, after
      removal of light ends in gasoline range is a mixture of 15-30% saturated
      hydrocarbons and 85-70% unsaturated hydrocarbons having more than one but
      less than two reactive carbon-to-carbon double bonds. Hydrogen transfer,
      common to such AlCl.sub.3 catalysis, causes disproportionation and creates
      the saturated hydrocarbons. In such mixtures of 15-30% saturated polyalkyl
      hydrocarbon and 85-70% unsaturated hydrocarbons, the saturated and
      unsaturated hydrocarbon have substantially the same average molecular
      weights.
PAR  Polymers and copolymers from C.sub.2 -C.sub.6 unsaturated hydrocarbons in
      the 500 to 3,500 average molecular weight range are known and they and
      their preparation are disclosed in U.S. Pat. No. 3,502,451. The method of
      preparation of such polymers and copolymers from C.sub.2 -C.sub.6
      unsaturated hydrocarbons is disclosed.
PAR  Additional polymeric hydrocarbons are those having limited numbers of
      double bonds include copolymers of ethylene with C.sub.3 to C.sub.18
      linear or branched alphaolefins with an average ethylene content within
      the range of 60-80 mole percent degree of crystallinity of less than 25%
      and an average molecular weight in the range of 10,000 to 200,000. In said
      branched alphaolefin the branching occurs at least three carbon atoms
      removed from the double bond. The copolymers are prepared in the presence
      of catalysis provided by vanadium oxychloride and ethyl aluminum
      sesquichloride and have a characteristically low (less than 1.3%) decane
      insoluble (at 45.degree.C.) polymer fraction. Those copolymers, their
      preparation and characterization are more fully described in U.S. Pat. No.
      3,551,336.
PAR  Other polymeric hydrocarbons useful for the preparation of the sulfonic
      acid and sulfonyl chloride inventive intermediates are copolymers of (I)
      C.sub.2 -C.sub.20 alphaolefins and (II) C.sub.5 -C.sub.20 diolefins in a
      mole ratio of (I) to (II) of 1.0-400:1.0 prepared in the presence of
      catalysis provided by a reducing metal compound and a reducible metal
      compound, i.e. Ziegler-Natta type catalysis for example a trialkyl
      aluminum compound and titanium tetrachloride at a temperature in the range
      of 30.degree. to 150.degree.C. at atmospheric pressure. Such copolymers
      can have a molecular weight in the range of 10,000 to 1,000,000 with the
      higher molecular weight products being obtained at the lower end of the
      temperature range. Typical illustration alphaolefins used are ethylene,
      propene, 1-butene, 1-pentane, 3-methyl-1-butene, 1-hexene, 1-heptene,
      1-tetradecene and 1-octadecene. Typical diolefins are those having at
      least one terminal double bond illustrative of which are 1,5-hexadiene,
      1,11-dodecadiene, 1,17-octadecadiene, 1,4-octadiene, 1,9-octadecadiene and
      1,9,12-octadecadiene. Such copolymers have a structure:
      ##EQU5##
      wherein R is hydrogen or C.sub.1 -C.sub.18 aliphatic hydrocarbon radical,
      x is 0 to 15, y is 0-15, with the total of x and y being 0 to 18 and the
      mole ratio of m to n being 1.0-400:1.0. Such copolymers and their
      preparation are disclosed in U.S. Pat. No. 3,231,498.
PAR  Of the foregoing polymeric hydrocarbons those preferred as reactants with
      chlorosulfonic acid are the polymers of propene and isobutene and
      copolymers thereof with C.sub.2 -C.sub.6 mono-olefinic hydrocarbons having
      a molecular weight in the range of 300 to 3000. Derivatives of the
      resulting sulfonic acids such as the sulfonamides and amino sulfonamides
      are excellent detergents for internal combustion engine fuels (gasoline
      and diesel fuel), heating fuels and lubricating oils. The polymeric
      hydrocarbons of the 10,000-200,000 molecular weight range when reacted
      with chlorosulfonic acid and converted to sulfonamides and amino
      sulfonamides provide multipurpose detergent-viscosity index improver
      addition agents.
PAR  For the preparation of sulfonamide and amine sulfonamide derivatives of the
      present inventive polymer hydrocarbon sulfonic acids there can be used any
      amine having at least one HN&lt; group. Preferably the amine reactant is a
      primary amine of which the most preferred are diaminoalkanes, such as
      ethylene diamine, 1,3-diaminopropane, 1,2-diaminopropane,
      1,8-diaminohexane, and the like containing 2 to 10 methylene groups;
      polyalkylene polyamine such as polyethylene and polypropylene polyamines
      having 2 to 10 alkylene groups and 3 to 11 amino groups; and polyethylene
      imines of 600 to 40,000 average molecular weight. Also useful are
      bis-(aminoalkyl) piperazine which are in nature diamino alkanes, whose
      aminoalkyl substituent: H.sub.2 N--R has 1 to 10 methylene groups as in
      aminomethyl; 1- and 2-aminoethyl; 1- and 2-aminomethyl- ethyl; and the
      like aminobutyl, aminopentyl, aminohexyl, aminoheptyl, aminooctyl,
      aminononyl and aminodecyl substituent groups.
PAR  For the preparation of the sulfonamide and amino sulfonamide of this
      invention it is advantageous to conduct the reaction between the
      chlorosulfonic acid and the amine in the presence of a tertiary amine
      boiling at a temperature up to and including 240.degree.F., preferably
      pyridine. The tertiary amine ties up the liberated HCl as a quaternary
      amine hydrochloride from which HCl can be readily removed by reaction with
      calcium oxide or hydroxide and filtration. The thus freed tertiary amine
      can be removed by heating with or without a gas purge (nitrogen is
      preferred as gas purge) at a temperature of from the boiling point up to
      60.degree.F. above the boiling point of the tertiary amine.
PAR  The preparation of sulfonamides of vinyl sulfonic acid involves straight
      forward two-step reactions. The vinyl sulfonic acid is converted into its
      acid chloride by its reaction with equal molar proportions of thionyl
      chloride or sulfuryl chloride as the first step. Then the resulting vinyl
      sulfonyl chloride is reacted with the amine having at least one HN&lt; group;
      e.g. ammonia, alkylamine, diaminoalkane, polyalkylene polyamine or
      polyethylene polyimine, in the presence of tertiary amine (e.g. pyridine).
      The resulting product contains the vinyl sulfonamide moiety
      ##EQU6##
PAR  The preparation of sulfonamide derivatives of the .beta.-chlorosulfonic
      acid obtained by Reaction 3 using the ether-chlorosulfonic acid complex
      reaction direction aid is readily accomplished by still further reactions.
      For example, reaction with thionyl chloride produces the corresponding
      .beta.-chlorosulfonyl chloride as before indicated. This
      .beta.-chlorosulfonyl chloride when reacted with one mole of an amine
      having the primary amine group H.sub.2 N- forms a cyclic sulfonamide
      believed to occur in the following manner:
      ##EQU7##
      Reaction of the .beta.-chlorosulfonic acid of Reaction 3 with an amine
      having at least one HN&lt; group occurs first at the .beta.-chlorine to form
      an internal amino salt (sulfobetaine):
      ##EQU8##
      and such internal amino salt can be converted to an oil-soluble calcium
      carbonate salt of the sulfobetaine by reaction with calcium oxide or
      hydroxide and carbon dioxide in the presence of methanol:
      ##EQU9##
PAR  The allylic sulfonamides are readily prepared from the allylic sulfonyl
      chloride:
      ##EQU10##
PAR  The preparation of the present inventive sulfonic acids, chlorosulfonic
      acids, beta-chlorosulfonic acids and their derivatives will be illustrated
      by the following examples as an aid to further understanding of compounds
      of this invention, their preparation and use.
PAC  EXAMPLE 1
PAC  Preparation of .beta.-Chloro Polybutylsulfonic Acid
PAR  There are combined 1.0 liter of n-hexane and 1305 grams of polybutene of
      number average molecular weight (Mn) 2219, (whose molecules 85% are
      unsaturated and 15% are saturated, to supply 0.5 mole unsaturated
      component). The hexane polybutene mixture is vigorously stirred and then
      an ether-chlorosulfonic acid complex of 0.5 mole (33 ml.) chlorosulfonic
      acid and 150 ml. of dimethoxyethane premixed at 30.degree.F. is added at a
      rate controlled so that the temperature of the exothermic reaction did not
      exceed 90.degree.F. The stirred reaction mixture is stirred for three
      hours at ambient temperature, 75.degree.-77.degree.F. The resulting
      solution contains 0.5 mole .beta.-chloropolybutylsulfonic acid dissolved
      in a medium containing 196 grams saturated polybutyl hydrocarbon (Mn
      2219), 1.0 liter n-hexane and 130 grams dimethoxyethane.
PAC  EXAMPLE 2
PAC  Preparation of a .beta.-amino Polybutylsulfobetaine
PAR  The reaction solution of Example 1 containing 0.3 mole of
      .beta.-chloropolybutyl sulfonic acid is stirred at ambient temperature and
      63 grams (0.3 mole) tetraethylene pentamine is added slowly to maintain a
      reaction temperature of 90.degree.F. by the exothermic reaction. The amine
      substitution reaction is completed by stirring at ambient temperature
      overnight. For shorter completion of the amine substitution reaction,
      refluxing at n-hexane boiling point for two hours is adequate. Hydrogen
      chloride by-product of the amine substitution for the .beta.-chlorine is
      removed by the addition of calcium hydroxide, the solution is heated to
      n-hexane reflux temperature and by-product water is distilled out and the
      resulting mixture is filtered over filter aid to remove solid calcium
      chloride. The filtrate is heated to 300.degree.F. to remove solvents with
      the aid of nitrogen gas injection into the heated solution. The residue is
      the polybutyl sulfobetaine wherein the .beta.-chlorine has been replaced
      with the tetraethylene pentamine moiety. The sulfobetaine is soluble in
      lubricating oil and readily forms a 40 weight percent solution in SAE-5W
      weight oil.
PAC  EXAMPLE 3
PAC  Preparation of Calcium Carbonate of Polybutyl Sulfobetaine
PAR  The sulfobetaine of Example 2 is dissolved in one liter of n-hexane and
      stirred at ambient temperature. The stirred solution there are added 0.6
      mole (35 grams, a 100% excess) and 30 ml. of methanol. The stirred mixture
      is heated to the temperature of 140.degree.F. and held at that temperature
      while carbon dioxide is injected into the solution through a dispersion
      tube for about 60 minutes. Solvent and by-product water are removed by
      heating to a temperature of 260.degree.F. and injecting nitrogen gas into
      the heated liquid. The residue is calcium carbonate-sulfonate of polybutyl
      tetraethylene pentamine. This product is readily soluble in lubricant oil
      base stock, for example SAE-5W weight oil, at a concentration of 40 weight
      percent.
PAC  EXAMPLE 4
PAC  Preparation of Polybutyl Vinyl Sulfonylchloride
PAR  To a stirred solution containing 1305 grams of polybutene (0.5 mole
      unsaturated molecules) of Mn 2219 dissolved in one liter of n-hexane there
      is added the ether complex of 0.5 mole chlorosulfonic acid in
      dimethoxyethane described in Example 1. The complex is added at a
      controlled rate so that the reaction temperature does not exceed
      90.degree.F. The stirred reaction mixture is then heated to the boiling
      point of n-hexane and nitrogen gas is injected into solution to assist in
      driving HCl from the solution as the hexane is refluxed. HCl evolution
      ceases in about 120 minutes under those conditions and in a shorter time
      at 260.degree.-300.degree.F. The HCl free hexane solution of polybutyl
      vinylsulfonic acid is cooled to ambient temperature and stirred while 0.5
      mole (60 grams) thionyl chloride is added. This reaction mixture is heated
      until hexane reflux returns from a reflux condenser and such hexane reflux
      is maintained for 2 hours. Removal of sulfur dioxide and HCl by-product is
      assisted with injection of nitrogen gas into the hot stirred liquid. The
      residue left after distilling off n-hexane is 0.5 mole polybutyl
      vinylsulfonyl chloride whose polybutyl group has 2219 Mn.
PAC  EXAMPLE 5
PAC  Preparation of Polybutylvinyl Sulfonamide of Bis-Aminopropyl Piperazine
PAR  The polybutyl vinylsulfonyl chloride (0.5 mole) prepared as in Example 4 is
      dissolved in one liter of n-hexane. The solution is stirred at ambient
      temperature. To the stirred solution there is added 0.5 mole of
      bis-aminopropyl piperazine and 40 grams sodium hydroxide as catalyst
      dissolved in 120 ml. of water. The resulting mixture is heated to distill
      off a n-hexane-water azeotropic mixture. After by-product and added water
      are removed, the residual hexane solution is filtered to remove sodium
      chloride and the filtrate is heated to distill off with the aid of
      nitrogen gas injection the hexane solvent. The residue is polybutyl
      vinylsulfonamide of bis-aminopropyl piperazine which readily dissolves in
      lubricant oil base stock, e.g. SAE-5W weight oil, to form a solution of 40
      weight percent of that sulfonamide.
PAC  EXAMPLE 6
PAC  Preparation of Polybutyl Vinylsulfonamide of Mono-polybutyl Imidazoline
PAR  The polybutyl vinylsulfonyl chloride (0.5 mole) prepared in Example 4 is
      dissolved in one liter of n-hexane. The solution is stirred at ambient
      temperature. To the stirred solution there is added 0.5 mole of
      mono-polybutyl imidazoline and 40 grams sodium hydroxide as catalyst
      dissolved in 120 ml. of water. The resulting mixture is heated to distill
      off a n-hexane-water azeotropic mixture. After by-product and added water
      are removed, the residual hexane solution is filtered to remove sodium
      chloride and the filtrate is heated to distill off with the aid of
      nitrogen gas injection the hexane solvent. The residue is polybutyl
      vinylsulfonamide of mono-polybutyl imidazoline which readily dissolves in
      lubricant oil base stock, e.g. SAE-5W weight oil, to form a solution of 40
      weight percent of that sulfonamide.
PAC  EXAMPLE 7
PAC  Preparation of Polybutyl Allylic Sulfonylchloride
PAR  A solution of 2219 Mn polybutene as described in Example 1 in 2.0 liters of
      n-hexane containing 0.7 mole of the unsaturated polybutene molecules is
      stirred and cooled to 60.degree.F. To this solution there is added 0.7
      mole chlorosulfonic acid dropwise and the exothermic reaction is not
      permitted to exceed 90.degree.F. Stirring is continued about 60 minutes
      after all the chlorosulfonic acid has been added. Thereafter 1.1 mole of
      sulfuryl chloride is added with vigorous stirring of the solution. This
      reaction was maintained at a temperature not exceeding 80.degree.F., and
      for the most part at 75.degree.-77.degree.F. After the addition of
      sulfuryl chloride, the reaction mixture is stirred one hour at ambient
      temperature and then heated until n-hexane refluxed. During n-hexane
      reflux nitrogen gas is injected into the solution to remove HCl split out.
      All HCl evolution ceased in about 3 hours. The resulting solution contains
      0.7 mole of polybutyl allylic sulfonylchloride whose polybutyl group has
      2219 Mn. Said sulfonylchloride can be recovered by distilling off the
      remaining n-hexane solvent.
PAC  EXAMPLE 8
PAC  Preparation of Polybutyl Allylic Sulfonamide of Pentaethylene Hexamine
PAR  The 0.7 mole of polybutyl allylic sulfonylchloride prepared in Example 7 as
      a solution in 2 liters of n-hexane is stirred at ambient temperature and
      there is dropwise added thereto 72 grams (0.33 mole) of pentaethylene
      hexamine dissolved in 200 ml. of pyridine so that the exothermic reaction
      does not exceed 100.degree.F. After all the amine solution is added, the
      stirred reaction mixture is heated to 300.degree.F. with nitrogen gas
      injection to remove pyridine. Thereafter one mole of calcium hydroxide is
      added to neutralize HCl and the calcium chloride is removed by filtration
      over celite filter aid. The filtrate is heated to distill off remaining
      n-hexane solvent leaving as residue bis-polybutyl allylic sulfonamide of
      pentaethylene hexamine.
PAC  EXAMPLE 9
PAR  The method of Example 8 is repeated using an equal molecular amount (0.7
      mole) of pentaethylene hexamine. The residue after distilling off
      remaining n-hexane solvent is mono-polybutyl allylic sulfonamide of
      pentaethylene pentamine.
PAR  Both of the products of Examples 8 and 9 are readily soluble in lubricant
      oil base stocks, e.g. SAE-5W weight oil, to form 40 weight percent
      solutions of those sulfonamides.
PAC  EXAMPLE 10
PAR  The sulfonamide of Example 9 is further reacted with a xylene solution
      containing 50 weight percent of C.sub.23 -polybutenyl substituted succinic
      anhydride. The sulfonamide and substituted succinic anhydride are used in
      equal molar proportions. This reaction is conducted with stirring and
      nitrogen gas injection under conditions which remove a water-xylene
      azeotropic mixture. After all the by-product water has been removed, the
      remaining xylene is distilled off. The residue is a polybutenylsuccinimide
      of the polybutyl allylic sulfonamide of pentaethylene hexamine which also
      is readily soluble in lubricant oil base stocks to form a 40 weight
      percent solution of the succinimide-sulfonamide reaction product.
PAC  EXAMPLE 11
PAR  A solution of 0.5 mole .beta.-chloro-polybutyl (2219 Mn) sulfonic acid in
      1.0 liter of n-hexane and 195 grams polybutyl alkane of 2219 Mn is
      obtained by the reaction in 1.0 liter n-hexane of 2219 Mn polybutene
      containing 0.5 mole unsaturated species with ether complex of
      dimethoxyethane and chlorosulfonic acid to provide 0.5 mole thereof. The
      conditions for this preparation are those used in Example 1. After the one
      hour reaction completion with stirring at ambient temperature, 0.5 mole
      sulfuryl chloride is added to the stirred solution at a rate to keep the
      temperature of the reaction mixture just below 80.degree.F., e.g.
      76.degree.-78.degree.F. and the reaction is completed with stirring for
      one hour after sulfuryl chloride addition. Thereafter HCl and SO.sub.2 are
      stripped from the stirred solution by injecting nitrogen gas into the
      liquid for 4 hours at ambient temperature. The resulting solution contains
      0.5 mole .beta.-chloro-polybutyl sulfonyl chloride.
PAR  To a part of the solution of the above prepared sulfonyl chloride
      containing 0.33 mole thereof there is added with stirring 0.33 mole of
      tetraethylene pentamine at a rate to obtain and maintain a reaction
      temperature of 90.degree.F. of the stirred reaction mixture throughout the
      polyamine addition. Thereafter the reaction mixture is slowly heated to
      n-hexane reflux temperature, n-hexane reflux is continued for one hour,
      then 40 grams sodium hydroxide dissolved in 120 ml. of water are added,
      all the water is removed as a hexane-water azeotrope and then the
      remaining n-hexane is distilled off. The residue is a polybutyl alkane
      having two carbons of its carbon chain members of the
      azalkylene-substituted heterocyclic group as in the structure:
      ##EQU11##
      Such azalkylene-substituted cyclic sulfonamido-polybutyl alkanes are
      readily soluble in lubricant oil base stocks at least to the extent of
      forming a solution concentrate having up to 40 weight percent of such
      cyclic sulfonamido-containing compounds dissolved in lubricant oil base
      stocks as SAE-5W, SAE-10W, SAE-10, SAE-20, SAE-30 and SAE-40 weight oils.
PAC  EXAMPLE 12
PAR  A solution of 800 Mn polypropene in 1.0 liter of n-hexane to provide 0.5
      mole of the unsaturated species of the polypropene is prepared. This
      solution is stirred, cooled to 60.degree.F. and then 0.6 mole of
      chlorosulfonic acid is added slowly thereto so that the exothermic
      reaction does not exceed a temperature of 90.degree.F. After addition of
      chlorosulfonic acid is completed the mixture is stirred for one hour at
      ambient temperature (e.g. 75.degree.-77.degree.F.). By-product HCl is
      removed by heating to n-hexane reflux temperature and nitrogen gas
      injection into the liquid. When HCl evolution from the reflux condenser
      ceases, the residual liquid is a solution of 0.5 mole of
      polypropyl-substituted allylic type sulfonic acid in n-hexane and
      saturated species of polypropene. The hydrocarbon portion of said sulfonic
      acid has a 800 Mn. Removal of solvent by distillation leaves said sulfonic
      acid as residue.
PAC  EXAMPLE 13
PAR  The sulfonylchloride of the sulfonic acid of Example 12 is prepared in the
      following manner. The method of Example 12 is repeated through the one
      hour stirring at ambient temperature. Thereafter stirring is increased to
      vigorous and 1.0 mole of sulfuryl chloride is added to this stirred
      mixture and reaction temperature is maintained at 80.degree.F. Then the
      reaction mixture is stirred one hour at ambient temperature after which
      the mixture is heated to n-hexane reflux temperature with nitrogen gas
      injection for 3 hours to remove by-product HCl and SO.sub.2. The resulting
      liquid is a solution of 0.5 mole of polypropyl allylic type sulfonyl
      chloride whose hydrocarbon moiety has 800 Mn dissolved in n-hexane and
      saturated species of 800 Mn polypropene. Removal of solvent by
      distillation leaves said sulfonylchloride as residue.
PAC  EXAMPLE 14
PAR  This example illustrates the preparation of the sulfonamide of polyethylene
      imine of 32,000 Mn. A solution of 0.5 mole of polypropyl allylic type
      sulfonylchloride (hydrocarbon moiety of 800 Mn) in n-hexane and saturated
      species of 800 Mn polypropene is obtained as in Example 13. To this
      solution there is added dropwise a solution of 0.5 mole of said
      polyethylene imine in pyridine so that the exothermic reaction does not
      exceed 100.degree.F. After addition of the solution of polyethylene imine,
      the resulting mixture is heated to a temperature of 300.degree.F. and
      nitrogen gas is injected into the liquid and pyridine is removed with some
      of the solvent. The residual liquid, a solution of the sulfonamide of the
      polyethylene imine, is cooled to 100.degree.F., 0.25 mole of calcium
      hydroxide is added with stirring, and the resulting slurry of calcium
      chloride and unreacted calcium hydroxide is filter using a diatomite
      filter aid. Removal of the remainder of the solvent from the filtrate
      leaves the sulfonamide of the polyethylene imine.
PAC  EXAMPLE 15
PAR  This example illustrates the preparation of the bis-sulfonamide of ethylene
      diamine. The method of Example 14 is repeated except that 0.25 mole of
      ethylene diamine is used in place of 0.5 mole of polyethylene imine. The
      residue remaining after removal of pyridine, chloride in as calcium
      chloride and solvent is the bis-sulfonamide of ethylene diamine in which
      sulfonamide the hydrocarbon moiety from polypropene has 800 Mn and the
      sulfur of the sulfonic acid is attached to a carbon of the hydrocarbon
      chain to provide the allylic substitution hereinbefore illustrated.
PAR  Polypropyl sulfonic acids, sulfonyl chloride and .beta.-chlorosulfonic
      acids and their sulfonyl chlorides can be readily prepared from
      polypropenes in the manner hereinbefore disclosed and illustrated.
PAR  The utility of the present inventive sulfonamides is illustrated by the
      following four tests and their results: Spot Dispersancy Test, Panel Coker
      Test and Inclined Plane Test.
PAR  The Spot Dispersancy Test is conducted with the dispersant candidate and
      used engine crankcase lubricating oil containing sludge typical of used
      crankcase oil from long (5000-6000 mile) interval between crankcase
      drains, for example crankcase drain oil drained following completion of a
      crankcase oil tested in a Ford V8, 289 cubic inch displacement engine
      having crankcase vented through PCV valve into fuel induction system and
      run under Sequence conditions. Such Ford 289 Test is a standardized
      industry accepted crankcase lubricating oil test. The resulting used oil
      contains substantial amounts of in-service formed sludge. The used oil is
      stirred to a uniform mixture, aliquot samples are withdrawn, 0.5 gram of
      the sulfonamide dispersant candidate is added and this mixture is stirred
      and heated for 4 hours at a temperature of 300.degree.F. An aliquot sample
      with no added dispersant is treated in the same manner and used as a
      control. A small amount, 5 drops, of the stirred and heated used oils are
      each deposited on separately marked areas of blotting paper which is then
      left undisturbed for 3 hours. This time permits development in each marked
      area of an inner sludge ring and an outer oil ring. The diameters of these
      rings (Ds for sludge ring and Do for oil ring) are measured and the values
      of the ratios Ds/Do X 100 (to obtain whole numbers are calculated). The
      dispersancy efficiency of the candidate to disperse sludge can be
      qualitatively evaluated by comparison of the Ds/Do X 100 (ring ratio)
      values to the control and to like sludgy oils treated in the same manner
      but containing recognized efficient oil-soluble dispersant addition agent
      as a second basis for comparison. Such use of recognized efficient
      dispersant is hereafter called Comparative Example.
PAR  Several species of the present inventive sulfonamide products are tested in
      the Spot Dispersancy Test, as is a Control Sample and a Comparative Sample
      wherein the recognized dispersant is 0.5 gram high molecular weight
      Mannich Base from condensation reaction of formaldehyde, polyalkylene
      polyamine and polybutyl-substituted (polybutyl substituent of 1836 Mn)
      phenol. The results of these tests are shown in TABLE I.
TBL                TABLE I                                                     
     ______________________________________                                    
     SPOT DISPERSANCY TEST                                                     
     Example          Ring Ratio Value.sup.(1)                                 
     ______________________________________                                    
     Control          55-65                                                    
     Comparative      80-90                                                    
     5                86-96                                                    
     2                76-91                                                    
     10                90-100                                                  
     8                 90-100                                                  
     ______________________________________                                    
      .sup.(1) Such Ring Ratio Values are the range of those values from       
      duplicated tests with same used oil.                                     
PAL  The above data for products of Examples 2, 5, 8 and 10 indicate that the
      present inventive high molecular weight polymeralkane sulfonamides have
      excellent dispersancy for sludge formed in engine and crankcase during
      long service use of crankcase lubricating oil.
PAR  The Panel Coker and Inclined Plane Tests are used to determine high
      temperature stability of formulated oils containing a candidate additive
      and the candidate additive. In the Panel Coker Test the formulated
      lubricating oil at about normal crankcase operating temperature is
      splashed from an oil sump onto the surface of a polished steel plate
      heated to a temperature of 600.degree.F. From the nature and amount of
      solids deposited on the plate the qualitative oxidative stability of the
      formulated oil and additive candidate are evaluated. The surface of the
      plate receiving oil splashed from the sump through air is evaluated on a
      scale of 0-10 wherein the value of 0 means heavy coke-like solids deposit
      and 10 means a clean surface. The duration of the oil splashing is 2
      hours.
PAR  The Inclined Plane Test is conducted by permitting formulated oil
      containing the additive candidate to flow down as a thin film in a
      aluminum trough having a flat surface of about 0.5 inch wide and vertical
      side walls each of about 0.5 inch. The trough is heated to a temperature
      of 500.degree.F., inclined at an angle of about 45.degree. and the
      formulated oil is permitted to flow from the top of the trough to its
      bottom where the oil run off is collected. The amount of oil used is 10
      ccs. and the duration of oil flow is about one hour. At the end of this
      test the trough is examined for varnish deposit on the flat bottom and for
      indications of oil creep over the vertical walls of the trough. Oil creep
      is evaluated on a letter scale of A through D with A measuring no creep
      over and only a slight creep up the walls and D meaning substantial oil
      creep over the walls. Deposit on the flat bottom surface of the trough and
      its extent down said surface is evaluated on a value scale of 0-10 with a
      value of 0 being a heavy dark deposit for substantially the length of the
      trough and the value of 10 being a clean bottom surface.
PAR  The formulated oil used in the Panel Coker Test and the Inclined Plane Test
      is a MS III formulation containing additives other than the candidate
      additive being tested of known high temperature and oxidative stability at
      the temperatures of the tests. The formulated oil used in these tests
      contains 4% of the sulfonamide candidate additive. The results of these
      tests are shown in TABLE II.
TBL                TABLE II                                                    
     ______________________________________                                    
     MS III Oil in COKE PANEL AND INCLINED PLANE TESTS                         
                   Panel        Inclined                                       
     Candidate Tested                                                          
                   Coker Value  Plane Value                                    
     ______________________________________                                    
     Example 2     6            7.0A                                           
     Example 5     8            8.5A                                           
     Example 8     8            8.6A                                           
      Example 10   6.5          9.8A                                           
     Comparative.sup.(1)                                                       
                    5.5A        9.8B                                           
     ______________________________________                                    
PAL  This Comparative additive was the high molecular weight Mannich product
      previously described and its concentration was 4%.
PAR  A thermal and oxidation stability test closely correlatable to actual
      in-service engine usage is the "Hot Tube Test". In this test the
      formulated oil containing the candidate addition agent and other
      non-detergent addition agents of known oxidation and thermal stabilities
      commonly used in crankcase lubricant oils is caused to flow downwardly as
      a film on the internal wall of a vertical glass tube 20 inches long and 8
      mm diameter at a rate of 0.1 cc per minute. Of that 20 inch length 6
      inches are surrounded by a furnace to a temperature of 495.degree.F. The
      duration of the test is 100 minutes and air at 20 cc per minute is also
      passed downwardly through the tube. After the end of the 100 minute test
      period, the tube is cooled to ambient temperature, rinsed with hexane to
      remove hexane soluble deposits, if any, and the appearance of the tube is
      evaluated as to varnish area and intensity. This evaluation is on a scale
      where 10A is a perfectly clean tube, the numbers rating refers to varnish
      area on the heated portion of the tube and the letter value refers to
      varnish formed on the cooler tube portion below the furnace heated tube
      length. The lower the numerical values and the high the letter rating (A,
      B, C, D etc.) the poorer is the oxidation and thermal stability of the
      candidate additive. The candidate inventive sulfonamides and comparative
      high molecular Mannich Base condensation product before described are
      tested at 4% concentration. The results of these tests are shown in Table
      III.
TBL                TABLE III                                                   
     ______________________________________                                    
     HOT TUBE TEST                                                             
                    Rating      Value Cool                                     
     Candidate Tested                                                          
                    Heated Area Tube Area                                      
     ______________________________________                                    
     Comparative     7.7-       A                                              
     Example 2      8.5         B                                              
     Example 5      9.9         A                                              
     Example 8      8.6         A                                              
      Example 10    9.8         A                                              
     ______________________________________                                    
PAL  The above data indicate that the present inventive sulfonamides have higher
      oxidative and thermal stabilities than high molecular weight Mannich Base
      condensation product.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. An aliphatic hydrocarbon sulfonic acid of the structure:
      ##EQU12##
      wherein R is an alkyl hydrocarbon group, R' and R" are alkyl hydrocarbon
      group of 1 to 5 carbon atoms and the sum of the weights of R, R' and R" is
      a 300-3000 Mn.
NUM  2.
PAR  2. The sulfonic acid of claim 1 wherein R is polypropyl or polybutyl and R'
      and R" have 1 carbon atom when R is polypropyl or 2 carbon atoms when R is
      polybutyl.
NUM  3.
PAR  3. The method of preparing the aliphatic sulfonic acid of the structure
      ##EQU13##
      wherein the sum of the weights of R, R' and R" is 300 to 3000 Mn, R is an
      alkyl hydrocarbon group and R' and R" are alkyl hydrocarbon groups of 1 to
      5 carbon atoms, which comprises reacting at a maximum temperature of
      90.degree.F. substantially equal molecular proportions of chlorosulfonic
      acid and a polymeric hydrocarbon of the formula
      ##EQU14##
      wherein R, R' and R" are the alkyl hydrocarbon groups of the carbon
      contents and molecular weight sum as defined in claim 1.
NUM  4.
PAR  4. The method of claim 3 wherein the polymeric hydrocarbon is a polypropene
      or polybutene.
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ABST
PAL  L-Dopa is recovered from velvet bean and other L-Dopa containing materials
      by water extraction, preferably carried out at a temperature in the range
      15-25.degree.C. The resulting L-Dopa aqueous extract is then concentrated
      and the resulting concentrated extract treated or cooled to crystallize
      L-Dopa therefrom.
BSUM
PAR  This invention relates to L-Dopa. More particularly, this invention relates
      to the recovery of L-Dopa from velvet bean, either whole velvet bean
      including pod or stem or ground velvet bean.
PAR  It is known that certain leguminous plants and seeds, such as velvet bean
      (Vicia Faba) contain L-Dopa and it is known that L-Dopa can be extracted
      from ground velvet bean by acidified water, see the article by E. R.
      Miller entitled "Dihydroxyphenylalanine, a Constituent of the Velvet
      Bean", J. Biol. Chem. 44, 481-486 (1920), the article entitled
      "B-3,4-Dihydroxyphenyl-L-Alanine" by R. R. Sealock, Biochemical
      Preparations, Vol. I, page 25 (1949) and Wysong U.S. Pat. No. 3,253,023
      (1966). The disclosures of each of the above-identified publications are
      herein incorporated and made part of this disclosure.
PAR  L-Dopa is also extractible from such L-Dopa containing materials as vetch,
      broad beans, especially Georgia velvet bean, and the African Sommerset
      bean, as well as the seeds of Mucuna puriens (L) DC Leguminosae.
PAR  In the extraction of ground velvet bean by means of acidified water,
      difficulty has been experienced in separating the aqueous
      L-Dopa-containing extract by filtration from the extracted ground velvet
      bean due to the solubilization of the water-soluble constituents. These
      water-soluble constituents cause difficulties when it is attempted to
      separate the aqueous extract phase from the extracted ground velvet bean,
      such as by filtration or centrifugation or settling, or to concentrate the
      aqueous extract phase.
PAR  It is an object of this invention to provide an improved process for the
      extraction of L-Dopa from L-Dopa-containing materials, such as velvet
      bean, e.g. whole and ground velvet bean.
PAR  It is another object of this invention to provide an improved process for
      the separation of an aqueous L-Dopa containing extract by filtration from
      extracted velvet bean.
PAR  It is another object of this invention to provide an improved process for
      the purification of L-Dopa.
DRWD
PAR  How these and other objects of this invention are achieved will become
      apparent in the light of the accompanying disclosure made with reference
      to the accompanying drawing which is a flow sheet embodying the practices
      of this invention directed to the extraction and recovery of L-Dopa from
      ground velvet bean.
DETD
PAR  In at least one embodiment of the practice of this invention at least one
      of the foregoing objects will be achieved.
PAR  In accordance with this invention L-Dopa is extracted from
      L-Dopa-containing materials, such as ground velvet bean, by contacting the
      material with water, desirably at a temperature in the range from about
      15.degree. to about 25.degree.C. Following the extraction operation the
      resulting L-Dopa-containing aqueous extract is separated from the original
      L-Dopa-containing material, such as by centrifugation and/or filtration.
      The resulting aqueous L-Dopa-containing extract or filtrate is then
      subjected to concentration for the removal of a substantial amount of the
      water content, at least about 50%, preferably up to about 90%, of the
      water content by vacuum concentration, i.e. evaporative removal of the
      water at a reduced pressure, at a pressure below 760 mm Hg. absolute, such
      as at a pressure in the range 2-500 mm Hg absolute. The concentrated
      L-Dopa extract can also be spray dried or freeze dried or lyophilized, if
      desired.
PAR  Following the concentration operation the resulting concentrated aqueous
      extract which may be at a temperature in the range
      30.degree.-95.degree.C., such as about 40.degree.-50.degree.C., depending
      upon the pressure at which the concentration operation was carried out, is
      decolorized by contact with a suitable decolorizing agent, such as by
      passing the concentrated aqueous extract through a mass of suitable
      decolorizing agent, such as a bed of activated carbon or charcoal or by
      slurrying the concentrated aqueous extract with activated carbon or
      charcoal and filtering.
PAR  The resulting decolorized concentrated extract is then cooled to a
      temperature, such as a temperature in the range 0.degree.-5.degree.C.,
      effective to precipitate or crystallize L-Dopa therefrom. The resulting
      L-Dopa crystals are then filtered to separate the L-Dopa-containing mother
      liquor which is then advantageously returned to the extraction operation
      or to the concentration operation to contact additional fresh
      L-Dopa-containing material for the extraction of L-Dopa therefrom. L-Dopa
      crystallization can also be effected by adding a salt, such as sodium
      chloride, to the concentrated L-Dopa solution to "salt out"  the L-Dopa.
PAR  The separated L-Dopa crystals are desirably washed with cold water, such as
      ice water, e.g. water at a temperature in the range 0.degree.-5.degree.C.,
      more or less, to remove an adhering mother liquor and the resulting wash
      liquor is also advantageously employed to extract L-Dopa from fresh
      L-Dopa-containing feed material, such as from fresh ground velvet bean, or
      returned to the L-Dopa concentration operation. Desirably, especially when
      it is desired to obtain a substantially pure, pharmaceutical grade L-Dopa
      product, the L-Dopa crystals after washing with ice water are again washed
      with alcohol or an alcohol-ether wash, again preferably at a reduced
      temperature. The resulting washed L-Dopa crystals are then dried and
      recovered as product.
PAR  In the extraction operation wherein the L-Dopa containing material, such as
      velvet bean meal, is extracted with water the water employed may be tap
      water, deionized water or distilled water or other suitable readily
      available water, such as substantially acid-free municipal water having a
      low dissolved solids content, such as dissolved solids content below about
      500 ppm by weight.
PAR  The extraction operation wherein the ground velvet bean is extracted with
      water may be a continuous or a batch type operation. For example, the
      L-Dopa extraction operation may be carried out in a continuous
      countercurrent extraction operation wherein a mass of ground velvet bean
      is moved countercurrently with respect to a stream of water. If desired,
      the extraction operation may be carried out in a continuous concurrent
      operation wherein a stream of water and a stream of ground velvet bean are
      supplied to one end of an extraction zone and the extracted velvet bean
      and resulting L-Dopa-containing extract separately recovered from the
      other end of the extraction zone.
PAR  Further, if desired, the extraction operation may be carried out in a
      multi-stage batch extraction operation wherein in a single or plural stage
      contacting zone water and a mass of ground velvet bean, such as a fixed
      bed or a plurality of fixed beds of velvet bean, are contacted and after a
      sufficient length of time, from about 5 minutes to about 24 hours, e.g.
      1-5 hours, depending upon the extraction temperature and the particle size
      of the L-Dopa-containing material being extracted, and the proportions of
      the water to the velvet bean being extracted. The resulting aqueous
      extract is separated from the extracted velvet bean and the extraction
      operation continued or carried out until the amount of L-Dopa in the
      extract or in the velvet bean residue is negligible or insufficient to
      warrant further extraction.
PAR  In the extraction operation it is preferred that the velvet bean be ground
      to a velvet bean meal having a particle size in the range from about 10 to
      about 20 mesh, i.e. a particle size which passes through a 10 mesh screen
      but is retained on a 20 mesh screen. Finer or coarser ground velvet bean
      or mixtures thereof are also useful, such as velvet bean meal having a
      particle size in the range from about 5 to about 100 mesh, more or less.
PAR  Referring now to the drawing which is a flow chart illustrative of the
      practices of this invention, ground velvet bean supplied via line 10 and
      water at a pH of about 5.0-7.0, such as acid free tap water or distilled
      water, supplied via line 11 in the relative proportions of about 12 liters
      of water per kilogram of velvet bean, estimated L-Dopa content of the bean
      being about 2% by weight, are brought into contact in extraction zone or
      tank 12 which is equipped with paddle mixer 14. Within tank 12 the ground
      velvet bean and water are contacted and mixed for a suitable period of
      time, such as from about 0.25 to about 5.0 hours, at a temperature in the
      range from about 15.degree. to about 25.degree.C.
PAR  Desirably, the extraction operation within tank 12 is carried out so that
      aqueous L-Dopa-containing extract therein is substantially saturated with
      L-Dopa. At about room temperature about 80 milligrams of L-Dopa are
      dissolved at saturation in 40 ml. of water.
PAR  Desirably, multiple extraction operations are carried out in tank 12. For
      example, a three stage or multiple extraction operation is carried out in
      tank 12, i.e. the same batch of ground velvet bean is extracted with, for
      example, a total of three volumes of water, each in the relative
      proportion of about 12 liters of water per kilogram of ground velvet bean.
      More extractions of the ground velvet bean, if desired, or required to
      effect the substantially complete removal of the L-Dopa content from the
      velvet bean may be carried out. If desired, in a three stage or three
      batch extraction operation the aqueous L-Dopa-containing extract from the
      third stage may be employed to contact and extract L-Dopa from fresh
      ground velvet bean or additional L-Dopa from ground velvet bean which has
      already been subjected to one extraction operation. Similarly, the extract
      from a second batch extraction operation may be employed to contact fresh
      ground velvet bean.
PAR  In the extraction of L-Dopa from the ground velvet bean by water it is
      important that the extraction operation be carried out at a temperature to
      minimize the extraction and/or solubilization of water-soluble
      constituents contained in the ground velvet bean. Desirably, therefore,
      the extraction operation should be carried out at a temperature of below
      about 25.degree. since at temperatures above 25.degree.C. an undesirable
      amount of these water-soluble difficultly filterable proteins are taken up
      and/or dissolved in the aqueous extract. When, however, the extraction
      operation is carried out at a temperature substantially below
      15.degree.C., such as a temperature below about 5.degree.-10.degree.C.,
      the amount of L-Dopa dissolved in the aqueous extract is reduced, thereby
      necessitating a larger number of extraction operations and/or a larger
      amount of water and/or a longer contact time between the water and the
      ground velvet bean before the substantially complete removal of L-Dopa
      therefrom. If desired, the extraction operation can be carried out at an
      elevated temperature, as high as about 100.degree.C., e.g. in the range
      50.degree.-90.degree.C., but at such elevated extraction temperature the
      extraction operation is carried out in a shorter period of time, below one
      hour, usually within a matter of seconds to a few minutes and usually in a
      single extraction operation.
PAR  Following the substantially complete removal of the L-Dopa content from the
      ground velvet bean the resulting aqueous extract and the extracted,
      substantially L-Dopa-free velvet bean are passed via line 15 to centrifuge
      16 wherein the extracted, substantially L-Dopa-free velvet bean is
      separated and removed via line 18. The resulting aqueous extract
      containing L-Dopa dissolved therein is recovered via line 19. Desirably,
      the L-Dopa-containing extract is treated with sulfur dioxide, such as by
      injection of gaseous sulfur dioxide via line 20 into the aqueous L-Dopa
      extract flowing in line 19. SO.sub.2 is employed to treat the aqueous
      L-Dopa extract so as to avoid L-Dopa losses in the subsequent processing
      operation by oxidation of the extracted L-Dopa. The amount of SO.sub.2
      employed in the treatment of the aqueous L-Dopa-containing extract is
      sufficient to prevent oxidation of the extracted L-Dopa, such as an amount
      in the range from about 2 to 200 ppm, more or less, based on the aqueous
      extract flowing through line 19. If required, larger amounts of SO.sub.2
      may be employed to prevent darkening of the L-Dopa extract. Darkening of
      the extract phase is evidence of oxidation and loss of the extracted
      L-Dopa.
PAR  The SO.sub.2 -treated L-Dopa-containing extract from line 19 is passed to
      filter 21, such as a plate and frame filter, or other suitable filtration
      device for the removal of suspended solid particles from the aqueous
      extract. The filtration operation carried out in filter 21 is a polishing
      filtration operation in the sense that only a relatively small amount of
      solids remains to be removed from the aqueous extract. The resulting
      substantially solids-free filtrate leaves filter 21 via line 22 and is
      supplied to vacuum concentrator 24.
PAR  Within vacuum concentrator 24 the aqueous extract is concentrated, such as
      by the removal of a larger amount, at least 50%, of the water content,
      such as about 90% of the water content. The concentration operation
      carried out within concentrator 24 is effected at a reduced pressure, i.e.
      below atmospheric, such as at a pressure in the range 2 mm Hg to about 500
      mm Hg absolute. Concentrator 24 is operated at a temperature not greater
      than about 95.degree.C., preferably not greater than about 90.degree.C.
      The water is removed from the aqueous extract undergoing concentration
      within concentrator 24 via line 25 and the resulting concentrated extract
      having an increased L-Dopa content, such as about 2.0% by weight L-Dopa,
      e.g. an L-Dopa concentration in the range from about 1.0-2.5% by weight
      and at a temperature of about 90.degree.C. is removed from concentrator 24
      via line 26 and introduced into decolorizer 27.
PAR  Within decolorizer 27 the relatively hot concentrated aqueous L-Dopa
      extract is brought into contact with a bed of a suitable decolorizing
      agent, such as activated carbon or charcoal, for the removal of color
      bodies from the concentrated extract. The resulting substantially
      color-free, substantially water-white, concentrated L-Dopa extract is
      removed from decolorizer 27 via line 28 and passed to cooler-crystallizer
      29.
PAR  Within cooler-crystallizer 29 the temperature of the concentrated L-Dopa
      extract is reduced to a temperature in the range of about
      0.degree.-5.degree.C. to effect precipitation and crystallization of
      L-Dopa from the concentrated extract. The resulting cooled admixture
      comprising L-Dopa crystals and mother liquor is then passed via line 30 to
      L-Dopa filter 31 for the removal of the L-Dopa crystals from the mother
      liquor. The L-Dopa crystals removed by filtration within L-Dopa filter 31
      are washed with water, such as ice water or water at a temperature of
      about 0.degree.-5.degree.C., supplied via line 32. The liquids recovered
      from filter 31, including the mother liquor and the washings, are removed
      via line 34 and supplied via line 11 with fresh water for admixture with
      ground velvet bean for the extraction of L-Dopa. If desired, the recovered
      liquids may be passed via line 34a to vacuum concentrator 24 for
      concentration and eventual recovery of the L-Dopa therefrom.
PAR  The water washed L-Dopa crystals are removed from L-Dopa filter 31 and
      passed via line 35 and subjected to an alcohol wash (ethyl alcohol) or an
      alcohol-ether (ethyl ether) wash in tank 36, such as by slurrying the
      L-Dopa crystals in alcohol or the alcohol-ether mixture. As indicated
      alcohol or alcohol-ether are supplied from a suitable source via line 38
      to tank 36 and the resulting alcohol or alcohol-ether wash liquid is
      recovered therefrom via line 39 and recycled via line 38. The resulting
      alcohol or alcohol-ether washed L-Dopa crystals are recovered via line 40
      and after drying are packaged as product.
PAR  From time to time when a batch of the dry product L-Dopa crystals recovered
      via line 40 do not meet specifications the L-Dopa crystals are purified by
      recrystallization such as by dissolving the L-Dopa in distilled water, in
      the proportions of about 20 grams of L-Dopa per 750 ml. of distilled water
      at an elevated temperature of about 100.degree.C. Desirably, a minor
      amount, e.g. about 1% by weight of the L-Dopa, of activated carbon or
      charcoal is included for additional decolorization or removal of trace
      impurities. The resulting hot admixture comprising dissolved L-Dopa and
      suspended activated carbon or charcoal is then filtered and the aqueous
      filtrate cooled to a temperature of about 0.degree.-5.degree.C. to
      crystallize L-Dopa therefrom which is then recovered by filtering and
      washing to yield pharmaceutical grade white L-Dopa.
PAR  The following example is illustrative of the practices of this invention:
PAR  Ground velvet bean and tap water in the proportion 1 part by weight ground
      velvet bean to 5 parts by weight water were mixed and the resulting
      admixture permitted to stand overnight at room temperature (about
      20.degree.C.). The resulting aqueous extract phase or solution was
      slightly brown in color. The admixture was filtered through a cake of
      filter aid (celite) prepared from an admixture of about 2 parts by weight
      celite to 1 part by weight saturated SO.sub.2 solution. The extract phase
      filtered rapidly through the celite cake and the resulting L-Dopa solution
      was clear and gave a strong positive test for L-Dopa.
PAR  The filtered L-Dopa-containing extract phase or filtrate was concentrated
      and L-Dopa was crystallized therefrom when the concentrated filtrate was
      reduced in temperature.
PAR  The extracted velvet bean from the above-described extraction operation was
      again extracted with water in the proportion 1 part by weight bean to 5
      parts by weight water and the resulting aqueous extract phase was again
      filtered and concentrated. The resulting concentrated extract phase gave a
      positive test for L-Dopa indicating that additional L-Dopa was recovered
      from the velvet bean in the second extraction operation. Both filtration
      operations were carried out without difficulty and the admixtures of
      velvet bean and water at room temperature filtered rapidly.
PAR  As will be apparent to those skilled in the art in the light of the
      foregoing disclosure, many modifications, alterations and substitutions
      are possible in the practice of this invention without departing from the
      spirit or scope thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for the recovery of L-Dopa from L-Dopa-containing material
      which comprises extracting L-Dopa from said material by contacting said
      material with substantially acid-free water, separating the resulting
      aqueous extract, now containing L-Dopa dissolved therein, from the
      resulting extracted material, concentrating the resulting aqueous extract
      with the removal of at least about 50% of the water content therefrom and
      separating L-Dopa from the resulting concentrated aqueous extract by
      crystallization.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein said water is tap water.
NUM  3.
PAR  3. A method in accordance with claim 1 wherein said water is deionized
      water.
NUM  4.
PAR  4. A method in accordance with claim 1 wherein said material is velvet bean
      and wherein the extraction of the velvet bean with water is carried out at
      a temperature in the range 15.degree.-25.degree.C.
NUM  5.
PAR  5. A method in accordance with claim 1 wherein the extraction of said
      material is carried out in a continuous extraction operation.
NUM  6.
PAR  6. A method in accordance with claim 1 wherein the extraction of said
      material is carried out in a fixed bed multiple batch or stage operation.
NUM  7.
PAR  7. A method in accordance with claim 1 wherein the concentration of the
      aqueous extract is carried out at a maximum temperature not greater than
      about 90.degree.C.
NUM  8.
PAR  8. A method in accordance with claim 1 wherein said aqueous extract is
      filtered to remove any suspended solids therefrom prior to concentration.
NUM  9.
PAR  9. A method for the recovery of L-Dopa from L-Dopa-containing material
      which comprises extracting L-Dopa from said material by contacting said
      material with substantially acid-free water, separating the resulting
      aqueous extract, now containing L-Dopa dissolved therein, from the
      resulting extracted material, adding to the resulting aqueous extract an
      amount of SO.sub.2 sufficient to prevent oxidation of the L-Dopa in the
      aqueous extract, concentrating the resulting aqueous extract and
      separating L-Dopa therefrom by crystallization.
NUM  10.
PAR  10. A method in accordance with claim 9 wherein the amount of SO.sub.2
      added to said aqueous extract is in the range 2-200 ppm based on said
      aqueous extract.
NUM  11.
PAR  11. A method in accordance with claim 9 wherein the resulting concentrated
      extract is decolorized prior to separating L-Dopa by crystallization.
NUM  12.
PAR  12. A method in accordance with claim 9 wherein the resulting concentrated
      extract is decolorized by contact with an activated carbon prior to
      separating L-Dopa by crystallization.
NUM  13.
PAR  13. A method in accordance with claim 9 wherein the resulting concentrated
      extract is decolorized by contact with activated carbon and filtered to
      remove any suspended solids therefrom prior to separating L-Dopa by
      crystallization.
NUM  14.
PAR  14. A method in accordance with claim 9 wherein the crystallized L-Dopa is
      recovered and washed with water at a temperature of about
      0.degree.-5.degree.C.
NUM  15.
PAR  15. A method in accordance with claim 9 wherein the resulting crystallized
      L-Dopa is recovered and washed with water and the resulting wash water
      recovered and employed in the extraction operation wherein said material
      is extracted with water.
NUM  16.
PAR  16. A method in accordance with claim 9 wherein the resulting crystallized
      L-Dopa is recovered and washed with water at a temperature of about
      0.degree.-5.degree.C. and washed again with ethyl alcohol.
NUM  17.
PAR  17. A method in accordance with claim 9 wherein the resulting crystallized
      L-Dopa is washed with water at a temperature of about
      0.degree.-5.degree.C. and washed again with ethyl alcohol and ethyl ether.
NUM  18.
PAR  18. A method for the recovery of L-Dopa from ground velvet bean which
      comprises grinding velvet bean to a mesh size of approximately 10-20 mesh,
      contacting the ground velvet bean with distilled water at a temperature in
      the range from about 15.degree. to about 25.degree.C. to extract L-Dopa
      therefrom, the amount of water employed to extract the L-Dopa from the
      ground velvet bean being about 36 liters of water per kilogram of ground
      velvet bean, separating the extracted ground velvet bean from the aqueous
      extract containing L-Dopa dissolved therein, treating the resulting
      aqueous extract with gaseous SO.sub.2 in an amount effective to prevent
      oxidation of the L-Dopa therein, filtering the resulting aqueous extract
      to remove suspended solids, concentrating the resulting treated aqueous
      extract by subjecting the extract to evaporation at a reduced pressure to
      remove about 90% of the water therefrom, the concentration operation being
      carried out at a temperature in the range about 30.degree.-95.degree.C.,
      subjecting the resulting concentrate to decolorization by contact with
      activated carbon at a temperature in the range 85.degree.-95.degree.C.,
      filtering the resulting decolorized concentrate to remove suspended solids
      therefrom, cooling with agitation the resulting filtered concentrate to a
      temperature in the range from about 0.degree. to about 5.degree.C. to
      crystallize L-Dopa, separating the resulting crystallized L-Dopa by
      filtration, washing the resulting separated L-Dopa crystals with water at
      a temperature of about 0.degree.C. followed by a second washing operation
      with a washing liquid selected from the group consisting of ethyl alcohol
      and a mixture of ethyl alcohol and ethyl ether.
NUM  19.
PAR  19. A method for recovering 3-(3,4-dihydroxyphenyl)-L-alanine from
      comminuted beans containing it, which comprises the steps of contacting
      said beans with a reagent consisting essentially of liquid water at a
      temperature in the range about 5.degree.-100.degree.C. for a period of
      time to dissolve a substantial portion of the
      3-(3,4-dihydroxyphenyl)-L-alanine therein, separating the extract phase
      from the beans and recovering a 3-(3,4-dihydroxyphenyl)-L-alanine product.
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ABST
PAL  Fuel compositions for internal combustion engines containing Diels-Adler
      adducts of N-3-oxohydrocarbon acrylamides or N-3-hydroxyhydrocarbon
      acrylamides with conjugated diene compounds such as 1,3-butadiene,
      cyclopentadiene. The adducts also have utility as solubilizing agents,
      plasticizers, and ultraviolet absorbing additives for polymeric
      compositions.
PARN
PAR  This application is a continuation-in-part of co-pending application Ser.
      No. 341,008, filed Mar. 14, 1973, now abandoned. That application is a
      continuation-in-part of Ser. No. 161,972, filed July 12, 1971, now
      abandoned, which is a continuation-in-part of Ser. No. 40,457, filed May
      25, 1970, now abandoned, which in turn is a division of Ser. No. 691,698,
      filed Dec. 19, 1967, now U.S. Pat. No. 3,549,340.
BSUM
PAR  This invention relates to new compositions of matter, and more particularly
      to compounds having one of the formulas
      ##EQU1##
      wherein each of M, M.sup.1, M.sup.2, M.sup.3, M.sup.4 and M.sup.5 is
      hydrogen, halo, nitro, cyano, carboxy, --NZ.sup.1 Z.sup.2,
      ##EQU2##
      formyl, formyloxy, hydroxy, mercapto, hydrocarbyl of up to 20 carbon
      atoms, or hydrocarbyl-X-- of up to 20 carbon atoms where X is
      ##EQU3##
      with the proviso that the hydrocarbyl-and hydrocarbyl-X-- radicals may be
      substituted by one or more of said monovalent radicals; each of Z.sup.1
      and Z.sup.2 is hydrogen or hydrocarbyl of up to 20 carbon atoms, or
      --NZ.sup.1 Z.sup.2 is a heterocyclic radical; each of R.sup.1, R.sup.2,
      R.sup.3, R.sup.4 and R.sup.5 is hydrogen or hydrocarbyl of up to 10 carbon
      atoms with the proviso that the hydrocarbyl radicals may be substituted by
      one or more of said monovalent radicals; R.sup.6 is hydrogen or
      hydrocarbyl of no more than 10 carbon atoms;
      ##EQU4##
      and Y is alkylene or haloalkylene of up to four carbon atoms.
PAR  The term "hydrocarbyl" as used herein is intended to encompass the
      monovalent radical of an aliphatic, cycloaliphatic, aromatic,
      arylaliphatic, aliphaticaryl, arylcycloaliphatic, cycloaliphaticalkylaryl,
      cycloaliphaticaryl, or cycloaliphaticalkyl hydrocarbon, and the like, of
      up to about 20 carbon atoms, usually 10 or less. Hydrocarbyl radicals are
      illustrated by:
PAR  1. Alkyl: Methyl, ethyl, propyl, isopropyl, butyl, tertiary butyl, heptyl,
      nonyl, decyl, octadecyl, etc.
PAR  2. Alkenyl: Vinyl, allyl, 1-butenyl, isobutenyl, 2-pentenyl,
      3,4-dimethyl-2-hexenyl, 1-octenyl, 1-decenyl, etc.
PAR  3. Cycloalkyl: Cyclopentyl, cyclohexyl, cyclooctyl, alkylcycloalkyl such as
      2,3-dibutylcyclohexyl, cycloalkylcycloalkyl such as
      3-cyclohexylcyclohexyl, etc. (preferably, the number of carbons in the
      nucleus of the cycloalkyl groups is five or six, any additional carbons in
      these groups being derived from hydrocarbon containing substituents
      attached thereto, the total number of carbons being up to about 20.
PAR  4. Cycloalkenyl: Cyclopentenes, cyclohexenes, cycloheptenes, etc.,
      corresponding to the above class of cycloalkyl groups but containing at
      least one ethylenic linkage in the nucleus thereof.
PAR  5. Aryl: Phenyl, naphthyl, alkylaryl such as decylphenyl and tolyl,
      3-propylnaphthyl, alkenylaryl such as p-allyl-phenyl, cycloalkyl aryl such
      as 3-cyclohexylphenyl, etc., with phenyl and substituted phenyl being the
      preferred aryl hydrocarbyl groups.
PAR  It is clear that there are many obvious variations of these hydrocarbyl
      radicals which are clearly equivalent and fall within the scope of the
      present invention. Thus, other representative hydrocarbyl groups are
      arylalkyl such as benzyl and phenethyl, alkylarylalkyl such as
      tolylpropyl, cycloalkylalkyl such as cyclohexylmethyl, and the like.
PAR  Substituted hydrocarbyl and hydrocarbyl-X-- radicals are considered
      equivalent to the hydrocarbyl and hydrocarbyl-X-- radicals for the
      purposes of this invention. Examples of these substituted hydrocarbyl
      radicals are aminoethyl, dimethylaminobutyl, ethoxyethyl,
      .beta.-mercaptoethyl, 1,5-dichloropentyl, 3-ethylmercaptocyclohexyl,
      8-nitrodecyl, 4-formylbutyl, 3-hydroxypropyl, p-aminophenyl,
      m-propylaminophenyl, p-ethoxybenzyl, 2-methylcycloheptyl,
      1-nitro-3-hydroxybutyl, .beta.-cyclohexyloxyethyl, 2-bromopropyl,
      3-trifluoromethylpropyl, trifluoromethyl, 3-cyanobutyl,
      .alpha.-chloroacetyloxy, 3-carbamylpropoxy, 4-chlorobutoxycarbonyl,
      3-aminopropionyloxy, 2-iodobutylsulfonyl, 4-methoxycyclohexylsulfonyl,
      .beta.-diethylaminoethylsulfonyl and the like.
PAR  Representative of the five or six-membered heterocyclic radicals
      contemplated by this invention as represented by the group --NZ.sup.1
      Z.sup.2 are pyrrolyl, pyrrolidinyl, pyrrolinyl, chromanyl, pyranyl,
      isochromanyl, thienyl, imidazolidinyl, imidazolinyl, pyrazolidinyl,
      pyrazolinyl, piperidyl, piperazinyl, morpholinyl, thiomorpholinyl, and the
      like. Also included within this group of heterocyclic radicals are the
      corresponding substituted heterocyclic radicals containing from one to
      three substituents selected from the class consisting of lower alkyl,
      lower alkoxy, halo, hydroxy, mercapto, lower alkylmercapto, nitro, amino,
      and lower alkyl amino. (The adjective "lower" as employed in conjunction
      with a carbon-containing radical herein is intended to limit the carbon
      content of the radical to a maximum of seven carbons. Thus "lower alkyl"
      includes methyl, ethyl, butyl, tertiary butyl, isoamyl, heptyl, etc.)
PAR  Generally, not more than three of the M variables, preferably not more than
      one or two, are other than hydrogen. Moreover, when M-M.sup.5 are other
      than hydrogen, they are preferably lower alkyl, halo, lower alkoxy, lower
      alkenyl, lower alkenyloxy, carboxy, cyano, amino, lower alkylamino,
      di-lower alkylamino or phenyl. Substituted phenyl radicals, containing one
      to three substituents corresponding to these M variables, are considered
      equivalent to the phenyl radicals for the purposes of this invention.
      Generally, each M radical is individually hydrogen, lower alkyl or halo
      and is usually hydrogen or lower alkyl, and the total number of carbon
      atoms is M-M.sup.5 is up to twenty.
PAR  The R.sup.1 -R.sup.5 radicals in the compounds of this invention are, as
      indicated, hydrogen or hydrocarbyl or substituted hydrocarbyl radicals as
      defined hereinabove. They are usually each hydrogen or hydrocarbyl of up
      to 10 carbon atoms, especially hydrogen or lower alkyl. Preferably,
      R.sup.2 and R.sup.3 are each hydrogen and R.sup.1, R.sup.4 and R.sup.5 are
      each lower alkyl. R.sup.6 is hydrogen or a hydrocarbyl radical containing
      no more than 10 carbon atoms, and is usually hydrogen or lower alkyl,
      especially methyl.
PAR  The R.sup.o radical is, as indicated
      ##EQU5##
      (carbonyl) or
      ##EQU6##
      (hydroxymethylene), and Y is a C.sub.1-4 alkylene or haloalkylene radical
      and is preferably CH.sub.2 or CCl.sub.2.
PAR  The compounds of this invention may be prepared by the Diels-Alder reaction
      between a diene of the formula
      ##EQU7##
      ##SPC1##
      and a dienophile which is a substituted acrylamide of the formula
      ##EQU8##
      wherein M-M.sup.5, R.sup.o -R.sup.6 and Y are as previously defined
      (R.sup.o being
      ##EQU9##
      when the diene has formula III). The Diels-Alder reaction, or "diene
      synthesis" as it is sometimes denominated, is a well known chemical
      reaction used extensively in organic syntheses. Frequent mention of the
      reaction is found in prior literature and patents, e.g., 1,891,043;
      2,072,867; 2,262,002; 2,264,354; 2,357,910; 2,391,226; 2,450,765;
      2,467,926; 2,493,964; 2,781,393; 3,287,395. A summary of the prior art
      relating to the diene synthesis is found in the Russian monograph,
      Dienovyi Sintex, Izdel. Akad. Nauk. SSR, 1963, by A. S. Onishchenko.
      (Translated into the English language by L. Mandel as A. S. Onishchenko,
      Diene Synthesis, N.Y., Daniel Davey and Co., Inc. 1964.) To avoid useless
      repetition of what is well-known in the art, this monograph and reference
      cited therein are incorporated by reference into the present
      specification.
PAR  Basically, the Diels-Alder reaction involves contacting, under Diels-Alder
      conditions, a conjugated diene with an ethylenically unsaturated compound,
      the latter being known as a dienophile. This reaction typically proceeds
      through an addition reaction in which one dienyl group and one dienophile
      combine to form a cyclic adduct commonly referred to as a Diels-Alder
      adduct.
PAR  The conjugated dienes contemplated as reactants for the preparation of the
      compounds of this invention can be aliphatic, alicyclic, aromatic, or
      heterocyclic. As is apparent to those skilled in the art, the diene can
      contain more than two olefinic groupings as long as at least two are
      conjugated.
PAR  Specific aliphatic dienes useful for the purposes of this invention are
      listed in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     M        M.sup.1                                                          
                  M.sup.2                                                      
                        M.sup.3                                                
                               M.sup.4  M.sup.5                                
     __________________________________________________________________________
     CH.sub.3 --                                                               
              H   H     H      H        H                                      
     Phenyl   H   H     H      H        H                                      
     HOOC--   H   H     H      H        H                                      
     N.tbd.C--                                                                 
              H   H     H      H        H                                      
     CH.sub.3 O--                                                              
              H   H     H      H        H                                      
     .parallel.                                                                
     CH.sub.3 C--O--                                                           
              H   H     H      H        H                                      
     (CH.sub.3 CH.sub.2).sub.5 N--                                             
              H   H     H      H        H                                      
     CH.sub.3 CH.sub.2 O--                                                     
              H   H     H      H        H                                      
     NO.sub.2 --                                                               
              H   H     H      H        H                                      
     O                                                                         
     .parallel.                                                                
     CH.sub.3 C--                                                              
              H   H     H      H        H                                      
     O                                                                         
     .parallel.                                                                
     H--C--   H   H     H      H        H                                      
     H        H   CH.sub.3 --                                                  
                        H      H        H                                      
     H        H   Phenyl                                                       
                        H      H        H                                      
     H        H   CH.sub.3 O--                                                 
                        H      H        H                                      
                  O                                                            
                  .parallel.                                                   
     H        H   H--C--O                                                      
                        H      H        H                                      
     H        H   Cl--  H      H        H                                      
     CH.sub.3 (CH.sub.2).sub.3 --                                              
              H   H     H      H        H                                      
     tert-butyl                                                                
              H   H     H      H        H                                      
     H        H   i-propyl                                                     
                        H      H        H                                      
     H        H   tert-butyl-                                                  
                        H      H        H                                      
     CH.sub.3 --                                                               
              H   CH.sub.3 --                                                  
                        H      H        H                                      
     CH.sub.3 --                                                               
              H   Phenyl-                                                      
                        H      H        H                                      
     CH.sub.3 --                                                               
              H   Cl--  H      H        H                                      
     CH.sub.3 CH.sub.2 --                                                      
              H   Cl--  H      H        H                                      
     Phenyl-  H   CH.sub.3 CH.sub.2                                            
                        H      H        H                                      
                  O                                                            
                  .parallel.                                                   
     Phenyl-  H   CH.sub.3 O--C--                                              
                        H      H        H                                      
     Phenyl-  H   Phenyl-                                                      
                        H      H        H                                      
     CH.sub.3 --                                                               
              CH.sub.3 --                                                      
                  CH.sub.3 --                                                  
                        H      H        H                                      
     CH.sub.3 --                                                               
              CH.sub.3 --                                                      
                  i-propyl-                                                    
                        H      H        H                                      
     Phenyl-  H   H     H      CH.sub.3 --                                     
                                        H                                      
     H        H   CH.sub.3 --                                                  
                        Phenyl-                                                
                               H        H                                      
     H        H   Cl--  CH.sub.3 --                                            
                               H        H                                      
     HOOC--   H   H     H      HOOC--   H                                      
     Phenyl-  H   Phenyl-                                                      
                        H      CH.sub.3 --                                     
                                        H                                      
     Phenyl-  H   H     Phenyl-                                                
                               H        H                                      
     H        H   Phenyl-                                                      
                        Phenyl-                                                
                               H        H                                      
     Cl       H   H     H      Cl--     H                                      
     Br--     H   CH.sub.3 --                                                  
                        H      H        H                                      
     Cl--     H   H     CH.sub.3 --                                            
                               H        H                                      
     CF.sub.3 --                                                               
              H   H     CH.sub.3 --                                            
                               H        H                                      
     CF.sub.3 --                                                               
              H   H     H      H        H                                      
     H        CF.sub.3 --                                                      
                  H     H      H        H                                      
     H        F-- H     H      H        H                                      
     H        Br--                                                             
                  H     H      H        H                                      
     CH.sub.3 (CH.sub.2).sub.3 --O--                                           
              H   H     H      H        H                                      
     H        H   H     CH.sub.3 CH.sub.2 O--                                  
                               H        H                                      
     CH.sub.3 (CH.sub.2).sub.5 --                                              
              H   H     H      HOOC--(CH.sub.2).sub.7 --                       
                                        H                                      
     CH.sub.3 CH.sub.2 CH.sub.2 O--                                            
              H   H     H      H        H                                      
     CH.sub.3 CH.sub.2 --                                                      
              H   H     H      CH.sub.3 CH.sub.2 --                            
                                        H                                      
     p-chloro-                                                                 
     phenyl   H   H     H      H        H                                      
     Cyclohexoxy-                                                              
              H   H     H      H        H                                      
     H        H   F--   H      H        H                                      
     Tolyl    H   H     H      H        H                                      
     p-fluoro-                                                                 
     phenyl   H   H     H      H        H                                      
     3,4-dimethoxy-                                                            
     phenyl   H   H     H      H        H                                      
     3,4-methlene-                                                             
     dioxyphenyl                                                               
              H   H     H      H        H                                      
     __________________________________________________________________________
PAR  Illustrative aromatic dienes include those aromatic compounds containing at
      least 10 nuclear carbon atoms (i.e., condensed aromatic compounds) in the
      nuclei thereof. Naphthalene; 1,2,3,4-tetramethylnaphthalene;
      2,3-diethyl-naphthalene; 1,2-dimethylnaphthalene; anthracene;
      2-isopropenylanthracene; 9,10-dimethylanthracene; 9-phenylanthracene;
      1,2-benzanthracene; 3-methylcholanthracene; 9-anthracenecarboxylic acid;
      9-formylanthracene; 1,5-dichloro-9-acetoxyanthracene; 9-nitroanthracene;
      9-bromoanthracene; tetracene (or naphthacene); pentacene and the like, are
      examples of suitable aromatic dienes.
PAR  Suitable heterocyclic dienes are furan; 2,5-dimethylfuran; 2-ethylfuran;
      2-(.beta.-phenylethyl)furan; 2-(.beta.-m-methoxyphenylethyl)furan;
      furfuryl acetate; furfuryl alcohol; furfuryl methyl ether; 2-acetoxyfuran;
      2-(.beta.-carboxyethyl)-furan; 3-bromofuran; 1,3-diphenylisobenzofuran;
      .alpha.-pyrone; 5-methy- or 5-ethyl-.alpha.-pyrone; 1-methylisoindole;
      oxazoles such as 2,5-dimethyloxazole; and the like.
PAR  Alicyclic dienes useful for the preparation of the compounds of this
      invention include 1,3-cyclopentadiene and 1,3-cyclopentadienes substituted
      with halo, lower alkyl, lower alkoxy, carboxy, amino, etc. such as 1,5,5-
      and 1,3,4-trimethylcyclopentadiene, cyclopentadiene carboxylic acid,
      methyl ester of cyclopentadienecarboxylic acid, spiroheptadiene,
      isoclicyclopentadiene, hexachlorocyclopentadiene, 6,6-dimethylfulvene,
      6,6-diphenylfulvene, etc. Other suitable cyclic dienes are
      cyclohexadiene-1,3; 1-formylcyclohexadiene-1,3;
      1-acotoxycyclohexadiene-1,3; 1,3-dichlorocyclohexadiene-1,3;
      cycloheptadiene-1,3; cycloheptatriene-1,3,5; cyclooctatriene-1,3,5; etc.
PAR  For reasons of economy, availability and the like, the preferred dienes of
      formula III are 1,3-butadiene, isoprene, 1,3-pentadiene and chloroprene,
      while those of formula IV are 1,3-cyclopentadiene and
      hexachloro-1,3-cyclopentadiene.
PAR  The dienophiles corresponding to formula V are an art-recognized class
      comprising the N-3-oxohydrocarbon-substituted acrylamides and the
      3-hydroxy compounds derived therefrom. This class of compounds as well as
      methods for preparing the compounds within the class are disclosed in U.S.
      Pat. Nos. 3,277,056; 3,425,942; and 3,585,125. These patents are
      incorporated herein by reference for their disclosure of the dienophiles.
PAR  The following are examples of typical dienophiles suitable for preparing
      the compounds of this invention.
      ##EQU10##
      Other suitable dienophiles are N-3-oxopropylacrylamide,
      N-3-oxobutylacrylamide, N-(1-methyl-3-oxobutyl)acrylamide,
      N-(1-methyl-1,3-dicyclohexyl-3-oxopropyl)acrylamide,
      N-(1,2-dimethyl-1-ethyl-3-oxobutyl)acrylamide,
      N-(1,5-dimethyl-1-isopropyl-3-oxohexyl)acrylamide,
      N-(1,1-diisobutyl-2-isopropyl-5-methyl-3-oxohexyl)acrylamide,
      N-(1,1-dibutyl-2-n-propyl-3-oxoheptyl)acrylamide,
      N-(1-methyl-3-oxobutyl)-methacrylamide. The preferred dienophile is
      N-(1,1-dimethyl-3-oxobutyl)acrylamide, also known as diacetone acrylamide.
PAR  The Diels-Alder reaction conditions are obviously well known in the art.
      Generally, the diene and dienophile are brought into intimate contact for
      a period of up to about 144 hours, and at temperatures varying from about
      0.degree.C. to about 200.degree.C. Normally, satisfactory reaction takes
      place at temperatures of 80.degree.-180.degree.C. for four to twenty-four
      hours. The optimum conditions for the preparation of Diels-Alder adduct
      from a specific diene and a specific dienophile is easily ascertained by
      routine trials. This determination can be greatly simplified by reference
      to the above-mentioned monograph which presents an excellent summary of
      the prior art process conditions and refers to particular references
      disclosing reaction conditions found suitable for an extremely diverse
      group of dienes.
PAR  The reaction may be facilitated by low initial temperatures (e.g.,
      -30.degree.C.) and/or super atmospheric pressure, particularly where the
      diene is volatile. Reflux conditions are normally employed to prevent the
      loss of reactants, product, and/or solvent through evaporation if the
      reaction is not conducted in a closed vessel. Moreover, the reaction can
      be, and usually is, conducted in the presence of an inert reaction medium
      such as water, the aromatic hydrocarbons (e.g., benzene, xylene, toluene),
      alcohols (e.g., ethyl alcohol, methyl alcohol and propyl alcohol),
      non-aromatic hydrocarbons (e.g., heptane, pentane, cyclohexane), acetic
      acid, dioxane, chloroform, nitrobenzene, chlorobenzene, ethers (e.g.,
      ethyl ether), pyridine, N,N-dimethlformamide, N,N-dimethylacetamide,
      ketones (e.g., acetone), and mixtures of two or more of these. In many
      instances, an excess of the diene reactant can serve as a diluent.
PAR  Since both reactants are ethylenically unsaturated, there is a possibility
      that they will undergo polymerization. In any situation where
      polymerization appears to be a problem in the process for making the
      adducts, it is readily overcome simply by incorporating one or more
      polymerization inhibitors such as hydroquinone, di-t-butyl-p-cresol, or
      t-butylcatechol into the reaction mixture.
DETD
PAR  The following examples illustrate the preparation of the compounds of the
      invention.
PAC  EXAMPLE 1
PAR  A mixture comprising 676 grams (4 moles) of diacetone acrylamide, 676 grams
      of benzene, 6.85 grams of hydroquinone (polymerization inhibitor) is added
      to 4300 ml. capacity autoclave and cooled to about 25.degree.C. Liquid
      butadiene (238 grams; 4.4 moles; B.P. - 4.4.degree.C.) is added and the
      autoclave is sealed. Then the autoclave is allowed to warm to room
      temperature and then heated at about 145.degree.-155.degree.C. for 8.5
      hours. After this heating, the autoclave is vented and the liquid contents
      thereof decanted. The decanted liquid is stripped at reduced pressure to
      remove the benzene and filtered. The filtrate, weighing 745 grams (82.5%
      yield) is the desired adduct and is characterized by a nitrogen content of
      6.35% by weight.
PAC  EXAMPLES 2-15
PAR  Following the procedure of Example 1, the Diels-Alder adducts of the dienes
      and dienophiles presented in Table II are successfully prepared. Since the
      only reason for the low initial temperature used in Example 1 is to
      facilitate the handling and reduce the loss of the volatile butadiene, it
      is obvious that such low temperaturs can be omitted when less volatile
      dienes are employed.
TBL                TABLE II                                                    
     ______________________________________                                    
     Example                                                                   
            Diene               Dienophile                                     
     ______________________________________                                    
     2      Butadiene-1,3                                                      
                         N-3-oxopropylacrylamide                               
     3      "            N-(1,2-dimethyl-1-ethyl-                              
                         3-oxobutyl)acrylamide                                 
     4      "            N-(1,1-dibutyl-2-n-propyl-                            
                         3-oxoheptyl)acrylamide                                
     5      "            N-(1-methyl-3-oxobutyl)-                              
                         methacrylamide                                        
     6      "            N-(1-methyl-1,2-dicyclohexyl-                         
                         3-oxobutyl)acrylamide                                 
     7      "            N-(1,3-diphenyl-1-methyl-                             
                         3-oxopropyl)acrylamide                                
     8      "            N-[1,3-di-(p-nitrophenyl)-                            
                         1-methyl-3-oxopropyl]meth-                            
                         acrylamide                                            
     9      "            N-(1,5-dimethyl-1-isopropyl-                          
                         3-oxohexyl)acrylamide                                 
     10     "            N-(1,1-dimethyl-3-hydroxy-                            
                         butyl)acrylamide                                      
     11     "            N-3-hydroxypropylacrylamide                           
     12     "            N-(1-methyl-3-hydroxybutyl)                           
                         methacrylamide                                        
     13     "            N-(1,5-dimethyl-1-isopropyl-                          
                         3-hydroxyhexyl)acrylamide                             
     14     isoprene     diacetone acrylamide                                  
     15     "            N-(1,1-dimethyl-3-hydroxy                             
                         butyl)acrylamide                                      
     ______________________________________                                    
PAR  Obviously, by substituting an equivalent amount of other dienes (e.g.,
      chloroprene; 1-carbethoxybutadiene-1,3; 1-diethylaminobutadiene-1,3, etc.)
      or other dienophiles according to Formula I for those of Examples 1-15,
      other adducts are readily prepared.
PAC  EXAMPLE 16
PAR  a. To a reaction mixture comprising 132.2 grams (2 moles) of
      1,3-cyclopentadiene, 172 grams of n-hexane, and 3.5 grams of hydroquinone
      in a glass reaction vessel fitted with reflux condenser and stirrer there
      is slowly added over a 40-minute period 338 grams (2 moles) of diacetone
      acrylamide. This mixture is allowed to stand for several hours and finally
      heated to about 150.degree.C. for 7 hours. The reaction mixture is then
      cooled, filtered, and stripped to remove the n-hexane. The resulting
      product is the desired Diels-Alder adduct.
PAR  b. A reaction mixture comprising 16.9 grams (0.1 mole) of diacetone
      acrylamide and 27.3 grams (0.1 mole) of hexachlorocyclopentadiene-1,3 at
      room temperature is slowly heated to 100.degree.C., maintained at
      100.degree.C. for 0.5 hr., cooled to room temperature, and extracted with
      four 100-ml. portions of textile spirits. The extract upon cooling yielded
      crystals which were collected by filtration, recrystallized from textile
      spirits and again recrystallized from a methanol-water mixture to produce
      white crystals melting at 125.degree.-128.degree.C. Nitrogen content --
      3.15% by weight; chlorine content -- 48.0% by weight.
PAC  EXAMPLE 17
PAR  Equimolar quantities (1 mole each) of 2,3-dimethylbutadiene-1,3  and
      diacetone acrylamide in 110 grams of xylene are refluxed at atmospheric
      pressure for 24 hours to prepare the desired adduct.
PAC  EXAMPLES 18-25
PAR  Following the procedure of Example 17, adducts are prepared from the diene
      and dienophiles presented in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     Example                                                                   
     No.            Diene         Dienophile                                   
     ______________________________________                                    
     18     1,4-dimethylbutadiene-1,3                                          
                              Diacetone acrylamide                             
     19     1,1,3-trimethylbutadiene-1,3                                       
                              "         "                                      
     20     trans-1-phenylbutadiene-1,3                                        
                              "         "                                      
     21     1-o-nitrophenylbutadiene-1,3                                       
                              "         "                                      
     22     2-fluorobutadiene-1,3                                              
                              "         "                                      
     23     1-ethoxybutadiene-1,3                                              
                              "         "                                      
     24     1-acetoxybutadiene-1,3                                             
                              "         "                                      
     25     1-cyanobutadiene-1,3                                               
                              "         "                                      
     ______________________________________                                    
PAR  By substituting other dienophiles corresponding to Formula I or Formula V
      above for diacetone acrylamide, the analogous adducts of the dienophiles
      of Table III are readily prepared. Likewise, adducts of diacetone
      acrylamide with other 1,3-cyclopentadiene derivatives can be prepared by
      the method of Example 16(a) or (b). For example, by substituting equimolar
      amounts of 1,3,4-trimethylcyclopentadiene-1,3 for the cyclopentadiene of
      (a) corresponding adducts are prepared. The adducts of other cyclic dienes
      such as cyclohexadiene-1,3 and its derivatives can be prepared by
      following these general procedures.
PAR  The polyhalogenated (e.g., polychloro- or polybromo-) adducts, such as
      those of 1,3-hexachlorocyclopentadiene with dienophiles corresponding to
      formula V, especially where R.sup.1 -R.sup.6 are hydrogen or lower alkyl
      (e.g., diacetone acrylamide), are characterized by pesticidal properties,
      especially insecticidal, bactericidal, and herbicidal properties. When
      used as insecticides, these adducts are dispersed or dissolved in suitable
      inert diluents and applied to the habitat of the insects to be destroyed.
      Usually, the concentration of adduct will be from about 0.1% to about 10%
      by weight of the solution of dispersion when used as an insecticide. These
      chloro-containing adducts are also useful as bactericides in fuels such as
      jet fuels, diesel fuels, etc., when employed in concentrations of about
      0.05% to about 2% by weight.
PAR  The compounds of this invention are also useful as exhaust odor
      suppressants for liquid petroleum distillate fuels, particularly diesel
      fuels. They are generally so employed by dissolution in the fuel in
      amounts of from about 10-100 pounds per thousand barrels of fuel.
      Preferably, the concentration of the compound of this invention is 25-50
      pounds per thousand barrels of fuel.
PAR  The effectiveness of the compounds of this invention as odor suppressants
      is typified by the following test results. In these tests, the exhaust
      gases are rated as to the intensity (0 = no odor; 5 = very strong odor)
      and irritating characteristics (0 = pleasant odor; 5 = very objectionable
      odor). A commercial diesel fuel, evaluated with and without the adduct of
      Example 1, produces the results given in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
     Test Concentration of Adduct,                                             
                             Average Odor Rating                               
     No.  lb./1000 Barrels   Intensity Irritation                              
     ______________________________________                                    
     1    0                  3.1       2.5                                     
     2    25                 1.6       1.8                                     
     3    50                 2.3       1.8                                     
     4    0                  3.0       2.7                                     
     5    25                 2.3       1.7                                     
     6    50                 2.3       1.2                                     
     ______________________________________                                    
PAR  Similar results can be achieved with the substitution of other adducts
      discussed above for all or a portion of the diacetone acrylamide-butadiene
      adduct in diesel fuel compositions.
PAR  By substituting any of the adducts of Examples 2-25 for that of Example 1
      in the tested diesel compositions in concentrations of 25 to 50
      pounds/1000 barrels of fuel, other specific fuel compositions are readily
      prepared.
PAR  Of course, it will be apparent that the fuel compositions can contain other
      conventional additives such as smoke suppressants, corrosion inhibitors,
      antioxidants, ashless dispersants, demulsifiers, antistatic agents, and
      the like.
PAR  In addition to the foregoing properties, the compounds of this invention
      have a variety of other uses. For example, the liquid compounds can be
      used as solubilizing agents due to the combination of the relatively polar
      carbamyl side chain and the relatively nonpolar cyclic ring. Thus, they
      can be used to promote dispersion of various materials in liquid media,
      for example, the components of paints in the conventional paint bases,
      e.g. linseed oil, turpentine, etc. The compounds are also useful as
      plasticizers and ultraviolet absorbing additives in polymeric compositions
      such as polyvinyl chloride. In these latter applications, the compounds
      are incorporated into the polymeric compositions in amounts of about
      0.1%-10% by weight and usually, 0.5% to 5% by weight.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having one of the formulas
      ##EQU11##
      wherein each of M, M.sup.1, M.sup.2, M.sup.3, M.sup.4 and M.sup.5 is
      hydrogen, methyl or halo with the proviso that no more than three of the M
      values are other than hydrogen; each of R.sup.1, R.sup.2, R.sup.3,
      R.sup.4, R.sup.5 and R.sup.6 is hydrogen or lower alkyl; R.sup.o is
      ##EQU12##
      and Y is CH.sub.2 or CCl.sub.2.
NUM  2.
PAR  2. A compound according to claim 1 having formula I.
NUM  3.
PAR  3. A compound according to claim 2 wherein R.sup.2 and R.sup.3 are each
      hydrogen; each of R.sup.1, R.sup.4 and R.sup.5 is lower alkyl; and each of
      M, M.sup.1, M.sup.2, M.sup.3, M.sup.4 and M.sup.5 is hydrogen or methyl.
NUM  4.
PAR  4. A compound according to claim 3 wherein R.sup.1, R.sup.4 and R.sup.5 are
      each methyl, R.sup.6 is hydrogen, and M, M.sup.1, M.sup.2, M.sup.3,
      M.sup.4 and M.sup.5 are each hydrogen.
NUM  5.
PAR  5. A compound according to claim 1 having formula II.
NUM  6.
PAR  6. A compound according to claim 5 wherein R.sup.o is
      ##EQU13##
NUM  7.
PAR  7. A compound according to claim 5 wherein R.sup.0 is
      ##EQU14##
NUM  8.
PAR  8. A compound according to claim 5 wherein each of M.sup.1, M.sup.2,
      M.sup.3 and M.sup.4 is hydrogen.
NUM  9.
PAR  9. A compound according to claim 8 wherein R.sup.2 and R.sup.3 are each
      hydrogen and each of R.sup.1, R.sup.4 and R.sup.5 is lower alkyl.
NUM  10.
PAR  10. A compound according to claim 9 wherein R.sup.1, R.sup.4 and R.sup.5
      are each methyl.
NUM  11.
PAR  11. A compound according to claim 10 wherein R.sup.6 is hydrogen.
NUM  12.
PAR  12. A compound according to claim 11 wherein R.sup.0 is
      ##EQU15##
NUM  13.
PAR  13. A compound having the formula
      ##EQU16##
      wherein each of R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5 and R.sup.6 is
      hydrogen or lower alkyl and R.sup.0 is
      ##EQU17##
NUM  14.
PAR  14. A compound according to claim 13 wherein R.sup.2, R.sup.3 and R.sup.6
      are each hydrogen and each of R.sup.1, R.sup.4 and R.sup.5 is lower alkyl.
NUM  15.
PAR  15. A compound according to claim 14 wherein R.sup.0 is
      ##EQU18##
NUM  16.
PAR  16. A compound according to claim 15 wherein R.sup.1, R.sup.4 and R.sup.5
      are each methyl.
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ABST
PAL  A method of purifying an aqueous solution of acrylamide, which has been
      formed by reacting acrylonitrile with water in the presences of the
      metallic copper catalyst, and which contains cuprous ions, comprising
      treating said aqueous solution in a reaction zone which is substantially
      free of an oxygen containing gas or liquid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of treating an aqueous solution of crude
      acrylamide, which has been obtained by catalytic hydration of
      acrylonitrile and contains cuprous ions, through various steps such as
      distillation, concentration, filtration, precipitation, active carbon
      treatment and ion exchange treatment.
PAR  2. Description of the Prior Art
PAR  As a new commercially attractive method for producing acrylamide, it has
      been proposed to obtain acrylamide in the form of an aqueous solution
      directly from acrylonitrile by catalytic hydration (as disclosed, for
      instance, in U.S. Pat. No. 3,631,104 and Belgian Pat. No. 753,365). The
      aqueous solution of acrylamide removed from the reactor is marketed in
      that form or after crystallization. In either case, the product from the
      reactor is refined or purified while it is an aqueous solution to enhance
      its commercial value.
PAR  The catalytic hydration method is quite different from the sulfuric acid
      method conventionally used in the prior art for the production of
      acrylamide wherein a large amount of a sulfate is formed as by-product.
      Hence, a technique unique to the purification treatment for an aqueous
      solution of crude acrylamide produced according to the catalytic hydration
      method is still unknown.
PAR  Catalysts utilizable for the aforementioned catalytic hydration method are
      composed essentially of metallic copper as the effective ingredient.
      Illustrative of such catalysts are metallic copper catalysts such as Raney
      copper, reduced copper and Ullmann copper. The catalytic hydration
      reaction is advantageously carried out in a liquid phase in which case a
      certain kind of copper salt may be used as co-catalyst in addition to the
      above-mentioned catalyst (See, for example, Belgian Pat. No. 784,799). In
      this reaction, water is generally used in an excess proportion to
      acrylonitrile, for example, in an amount of 50 - 90 % by weight. An
      adequate solvent may be added to improve the compatibility of
      acrylonitrile with water. The reaction temperature is preferably within
      the range of 50.degree.- 200.degree.C, with the range of 50.degree.-
      150.degree.C being most preferable for usual cases.
PAR  An aqueous solution of crude acrylamide obtained according to the
      aforementioned method usually contains 1 - 1000 ppm, more generally 5 -
      500 ppm of copper ions, coming from the catalyst and co-catalyst, the
      majority of which exists in the form of cuprous ion. A variety of
      treatments are required for the crude product, such as distillation or
      concentration to remove unreacted acrylonitrile, water and solvents,
      filtration or precipitation to remove catalyst particles or other
      particles contained in the product, a treatment with active carbon to
      decolor the aqueous solution, crystallization to obtain crystals and
      ion-exchange to remove salts containing copper ions.
PAR  In this connection, it is a very significant fact that acrylamide is a
      compound capable of readily undergoing natural polymerization. It will be
      readily understood that the occurrence of polymerization here would lead
      to such undesired results as lowering of the purification performance or
      degradation of the product quality due to contamination with polmerized
      acrylamide.
PAR  It has been well known from an early date that copper ions can serve as
      stabilizer for acrylamide. Experiments reveal that the cuprous ion is so
      effective in it stabilizing effect that no other stabilizer is required
      even under such severe reaction conditions as operations at a temperature
      exceeding 150.degree.C. Nevertheless, when the aqueous solution of crude
      acrylamide obtained by that reaction is fed to the purification process as
      mentioned above, very grave and unexpected polymerization troubles
      occurred for instance, gelation of the solution within a storage tank due
      to polymerization or increase in the viscosity of the product solution.
PAR  To avoid the polymerization of acrylamide in the aforementioned
      purification process, it is possible to adopt a method using an effective
      stabilizer. This method, however, is not practical because it requires a
      disadvantageous after-treatment of removing the added stabilizer.
PAR  Oxygen serves as a very effective polymerization-inhibiting agent for
      acrylamide. In fact, if the crude product solution is mixed with air by
      sparing sufficient time, the polymerization of acrylamide during the
      purification process can be considerably inhibited. However, this method
      requires the use of special equipment for steadily supplying and mixing
      oxygen and is complicated. Additionally, insoluble cupric hydroxide is
      formed by the oxidation of the cuprous ions with oxygen. This compound
      settles and chokes the columns of granular active carbon, the ion exchange
      resin column and so forth in the purification process.
PAR  Recently, in the manufacture of acrylamide through the reaction of
      acrylonitrile with water in the presence of a binary reduced copper
      catalyst a method of obtaining a prolonged life and selectivity of the
      catalyst by preventing the catalyst from contact with oxygen has been
      proposed (as disclosed in U.S. Pat. No. 3,642,894). However, this method
      cannot directly be adopted for the treatment of the aqueous crude
      acrylamide solution after the hydration reaction as contemplated in the
      present invention, because the former method and latter treatment are
      different in the proportion and concentration of the polymerizable
      substance, the concentration of by-products formed by the reaction, the
      coexistent active carbon or ion exchange resin and the conditions and
      purposes of the treatment.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a method of treating an aqueous
      solution of crude acrylamide, which has been obtained by reacting
      acrylonitrile with water in the presence of a metallic copper catalyst and
      contains 1 to 1,000 ppm of cuprous ions, to obtain a purified acrylamide
      of high quality either in the form of an aqueous solution or in
      crystalline form.
PAR  Another object of this invention is to provide a method which prevents the
      polymerization of acrylamide and acrylonitrile in the aqueous crude
      acrylamide solution obtained by the aforementioned reaction and readily
      permits the separation of copper ions and other substances dissolved in
      the solution.
PAR  According to the method of this invention, an aqueous solution of crude
      acrylamide, which has been obtained by reacting acrylamide with water in
      the presence of a metallic copper catalyst and contains 1 to 1,000 ppm of
      cuprous ions, is treated by way of distillation, concentration,
      filtration, precipitation, active carbon treatment, crystallization and
      ion exchange while preventing the aqueous solution from contacting an
      oxygen-containing gas or liquid, whereby pure acrylamide of high quality
      in an aqueous solution or crystalline form is obtained. The above
      treatment can be carried out without any trouble stemming from
      polymerization.
PAR  The means for preventing the aqueous crude acrylamide solution from contact
      with an oxygen-containing gas or liquid is attained according to this
      invention by replacing the air in at least a part of the space in the
      apparatus for the relevant step by a gas other than air or gaseous oxygen,
      for instance, gaseous nitrogen or steam. Alternatively, this means is
      attained by replacing the air in the apparatus for the relevant step by
      previously deoxidized liquid or by filling the apparatus with a liquid and
      then deoxidizing the liquid prior to introducing the crude acrylamide
      solution. As a further alternative, the treatment in the relevant step is
      carried out while feeding a gas other than air or gaseous oxygen into the
      apparatus for that step.
PAR  By the aforementioned method according to the invention, it is possible to
      solve various problems inherent to the treatment of aqueous solutions of
      crude acrylamide obtained by the comparatively new catalytic hydration
      method. Besides, there is no need of adding a polymerization inhibitor for
      the treatment, and even where the use of a stabilizer is allowed the
      intended object of the treatment can fully be achieved with a small amount
      of a polymerization inhibitor.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention, there is provided a method of treating
      an aqueous solution of crude acrylamide obtained by catalytic hydration of
      acrylonitrile with water in the presence of a metallic copper catalyst.
      Various modifications have been made on catalysts for use in the
      aforementioned reaction, and the modified catalysts are roughly classed as
      follows:
PAR  1. Very small metallic copper mass in the form of powder and wire produced
      from metallic copper ingot.
PAR  2. Reduced copper obtained by reducing a copper compound such as an oxide,
      hydroxide or salt of copper with hydrogen or carbon monoxide at a
      temperature ranging from normal temperature to 500.degree.C.
PAR  3.  Reduced copper obtained by reducing a copper compound such as an oxide,
      hydroxide and salt of copper in a liquid phase with a reducing agent such
      as hydrazine or a borohydride, for example, sodium borohydride.
PAR  4. Reduced copper obtained by treating a copper compound such as an oxide,
      hydroxide and salt of copper in liquid phase with a metal having a larger
      ionizing tendency than copper, for instance, zinc, aluminum, iron or tin.
PAR  5. Raney copper obtained by developing a Raney alloy composed of aluminum,
      zinc or magnesium and copper.
PAR  6. Copper obtained by pyrolysis of a copper compound such as copper formate
      or copper oxalate at a temperature ranging 100.degree.C to 400.degree.C.
PAR  7.  Multiplex catalyst or catalysts with carriers obtained by adding to any
      one of the above catalysts other metals such as chromium, zinc, nickel,
      manganese and molybdenum or carriers usually used for the modification of
      catalysts.
PAR  The various catalysts above mentioned differ in the intensity of activity,
      but not significantly in selectivity. If these catalysts are used under
      the aforementioned conditions for the catalytic hydration reaction of
      acrylonitrile, the selectivity to acrylamide is usually above 97 percent,
      and that to ethylenecyanohydrin is usually below 2 percent.
PAR  The aqueous solution of crude acrylamide obtained in this manner contains a
      considerable amount of copper ions, the majority of which exists as
      cuprous ion. Such aqueous crude acrylamide solution containing cuprous ion
      exhibits a very unique behavior, and in a distillation treatment chiefly
      for the purpose of stripping unreacted acrylonitrile, a concentration
      treatment for increasing the concentration of acrylamide, a filtration or
      precipitation treatment for removing solid matter such as catalyst
      particles or a small quantity of gel-like matter such as polymers, a
      treatment with active carbon for removing a coloring substance or an
      absorptive substance, a crystallization treatment for obtaining
      crystalline acrylamide or in an ion exchange treatment chiefly for the
      purpose of removing copper ions, it is important to avoid as much as
      possible the contact of the solution with an oxygen-containing gas or
      liquid, except where the solution is contacted with a gas containing an
      excessively large amount of oxygen. Otherwise, the production of
      acrylamide on an industrial scale will become impossible.
PAR  In the case of treating an aqueous solution of crude acrylamide with a
      cuprous ion concentration of 1 to 1,000 ppm, it is necessary to keep the
      cuprous ion stable until the copper ions existent in the solution are
      removed by an ion exchange treatment, although the reason therefore cannot
      clearly be explained. Preventing the solution from contacting an
      oxygen-containing gas or liquid is presumed to be effective for this
      purpose.
PAR  There are some effective methods that may be adopted for positively
      preventing the aqueous crude acrylamide solution from contacting an
      oxygen-containing gas or liquid. As has been mentioned earlier, one such
      method is to replace air in at least a part of the space in the apparatus
      for the relevant step by a gas other than air or gaseous oxygen prior to
      introducing the aqueous crude acrylamide solution into that apparatus. A
      second method is to replace air in the apparatus by a previously
      deoxidized liquid or replace the air by a liquid and then deoxidize the
      liquid prior to introducing the solution. A third method is to mix the
      solution with a previously deoxidized liquid. A fourth method is to carry
      out the treatment while introducing a gas other than air of gaseous oxygen
      into the apparatus. As the gas other than air or gaseous oxygen, an
      inactive gas such as gaseous nitrogen or steam is particularly effective.
      The liquid to be mixed with the aqueous crude acrylamide solution may be
      selected from water, an aqueous solution of acrylamide and acrylonitrile,
      and an aqueous solution of acrylonitrile depending upon the treatment.
PAR  The first and second methods mentioned above are effective where the
      aqueous crude acrylamide solution is introduced into the apparatus for the
      individual steps. The third method is effective in the case of rinsing the
      inside of the apparatus with a liquid, diluting the aqueous crude
      acrylamide solution with a liquid or cooling the aqueous crude acrylamide
      solution by mixing it with a liquid kept at normal temperature or below.
      The fourth method is effective not only for the individual treatment steps
      but also for intermediate steps for such treatment steps, for instance,
      when temporarily storing the processed liquid from the previous treatment
      step. This fourth method may also be adopted where the liquid resulting
      from the rinsing as mentioned above in connection with the third method is
      temporarily stored in a storage tank for recirculating to any of the
      preceding treatment steps.
PAR  For better understanding of the object, specific operation and effect of
      the method according to the invention, they will now be described in
      connection with the individual treatment steps.
PAC  DISTILLATION AND CONCENTRATION
PAR  Since the crude aqueous solution of acrylamide obtained by the reaction
      usually contains unreacted acrylonitrile sometimes with the residual
      solvent, it is frequently undertaken in the distillation step to separate
      these residual components and recirculate them back to the reactor so as
      to obtain a concentrated aqueous solution of acrylamide. The distillating
      apparatus is usually desired to be operated at a temperature and a
      pressure kept as low as possible from the standpoint of avoiding
      polymerization of the monomeric components. If the contact of the crude
      aqueous solution with air is prevented over the entire process from
      reaction till distillation including plural intermediate steps as in the
      method of this invention, the treatment can economically be operated at
      50.degree.- 120.degree.C (and hence under pressure of 50 Torr to 2 atm.
      depending upon the composition of the liquid), close to the normal
      pressure condition.
PAR  For avoiding the aqueous solution from contact with air, due considerations
      have to be paid to the equipment. For example, even in an apparatus
      operated under normal pressure, it has to be hermetically sealed or
      isolated from the atmosphere by means of an inactive gas such as nitrogen
      gas. Also, where a liquid obtained as a result of rinsing the apparatus
      for a different step is led to the distillating apparatus, due
      considerations are always necessary lest the liquid should contact with
      air.
PAR  Similar considerations should also be paid in the case of a concentrating
      step without aiming at the separation of the residual acrylonitrile or
      solvent but with the sole purpose of increasing the concentration of
      acrylamide.
PAC  FILTRATION AND PRECIPITATION
PAR  The crude aqueous acrylamide solution obtained by the reaction usually
      contains such foreign matter as particles of the catalyst and, in some
      cases, a very small quantity of polymers. Such foreign matter is often
      separated through filtration or precipitation for repeated use or as
      waste. To facilitate the filtration, it is usually advantageous to reduce
      the viscosity of the solution and hence increase the operating temperature
      of the filter. By so doing, however, the possibility of polymerization is
      increased. Also, there is a structural detect that polymerization is
      liable to occur in a stagnant portion of the liquid.
PAR  So far as the contact with oxygen containing gas is sufficiently avoided,
      the polymerization of the aqueous crude acrylamide solution will hardly
      take place even if the filtering process is carried out at a high
      temperature of 100.degree.- 150.degree.C. In contrast, where the aqueous
      crude acrylamide solution is once exposed to air, filtration at a
      temperature of at least 50.degree.C is difficult. Besides, the liquid
      introduced into the apparatus is partly in the form of gel formed by
      conversion of the cuprous ion into cupric hydroxide. On filtration of such
      solution, the filter cloth or the so-called precoat layer is prone to
      loading. Also, where the filter is reused after removing the filter cake
      collected with its space filled with air or water containing air dissolved
      therein, polymers soluble in the processed solution are likely to be
      produced, leading to choking of the apparatus in the subsequent process.
PAR  Where precipitation is adopted instead of filtration, elevation of the
      operating temperature for facilitating the precipitation similarly leads
      to increased posibility of polymerization.
PAC  TREATMENT WITH ACTIVE CARBON
PAR  The treatment with active carbon is carried out for the purpose of
      decoloring the aqueous crude acrylamide solution or removing stabilizer or
      the like added to the starting acrylonitrile. Usually, however,
      polymerization of acrylamide is likely to take place in the vicinity of
      active carbon. It is quite likely that the processed solution is exposed
      to air or mixed with water containing air dissolved therein in a treating
      tank or filter containing powdery active carbon or in a treating column
      containing granular active carbon.
PAR  In the conventional method, therefore, polymerization of the monomers is
      prone to take place not only in the treatment with active carbon but also
      in the subsequent steps, for instance, distillation and ion exchange
      steps. According to the method of invention, this possibility can
      perfectly be eliminated.
PAC  CRYSTALLIZATION
PAR  Crystallized acrylamide is obtained from a concentrated aqueous solution of
      crude acrylamide by crystallization. This operation is advantageously
      carried out in the neighborhood of normal temperature from the standpoints
      of solubility and so forth. However, in this step, which constitutes the
      final step, and in which blending of a stabilizer with the crystal is
      detected for preventing deterioration of the quality of the product, the
      amount of a stabilizer is limited so that inhibition of polymerization is
      not so easy.
PAR  However, if the contact with air is sufficiently avoided as contemplated in
      this invention even in the case of an aqueous solution of acrylamide
      containing cuprous ion in a very small amount, for instance, about 2 ppm,
      the treatment of crystallization will easily be carried out to obtain high
      purity acrylamide crystals free from any polymer.
PAC  ION-EXCHANGE TREATMENT
PAR  Acrylamide is mainly used for manufacturing acrylamide polymers, and this
      manufacture is usually very significantly influenced by copper ions.
      Accordingly, the copper ion concentration in the acrylamide product either
      in the form of aqueous solution or in the form of crystal has to be made
      low enough, for example, below 1 ppm for pure acrylamide. Also, the
      concentration of ions other than copper is desired to be as low as
      possible to meet the quality of the product and other requirements.
PAR  For the removal of these salts it is convenient to use ion-exchange resins.
      However, acrylamide usually tends to undergo natural polymerization in the
      vicinity of various ion-exchange resins, and this tendency is more serious
      than that in the case of the vicinity of active carbon as mentioned
      earlier. Besides, the pronounced polymerization-inhibiting effect of the
      cuprous ions cannot be expected after the removal thereof in the
      ion-exchange resin layer. Therefore, the environment in this process is
      severer than in any other process similarly carried out in the
      neighborhood of normal temperature, thus leading to the introduction of
      polymers into the aqueous solution after the ion-exchange treatment and
      eventually the choking of the ion-exchange resin layer.
PAR  As the result of extensive research made to eliminate the above undesired
      phenomena, it has now been found that the polymerization of monomers can
      substantially be avoided by the method of this invention wherein the
      aqueous crude acrylamide solution removed from the reactor is prevented
      from contacting air or mixing with a liquid containing air dissolved
      therein over the whole process up to introduction the solution into the
      ion-exchange step.
PAR  To remove the copper ions or such cations as iron ions coming from the
      corrosion of apparatus, a sulfonate type cation exchange resin is suited
      from the standpoint of cost. Particularly, cation exchangers of free acid
      type (hereinafter referred to simply as H type) obtainable by regeneration
      of the above mentioned sulfonate type ones with a mineral acid are
      preferred because of their high copper ion exchange capacity and easiness
      of regeneration. The H type ion exchangers, have heretofore been thought
      to be unsuitable for practical use because polymerization is more likely
      to take place in this ion exchange resin layer as compared with other
      types of regenerated ion exchange resins such as Na type ones obtainable
      by regeneration with an aqueous solution of a sodium salt or NH.sub.4 type
      ones obtainable by regeneration with an aqueous solution of an ammonium
      salt. By adopting the method of this invention, however, the H type ion
      exchange resin may be used without fear of polymerization that may
      otherwise take place.
PAR  The method of this invention is intended to be applied to any one of the
      individual treatment steps. In the treatment of an aqueous solution of
      acrylamide, even if one step, for instance, the treatment with active
      carbon proceeds smoothly without any grave trouble encountered, a
      subsequent step, for instance, the ion exchange treatment step, may be
      prone to a grave trouble stemming from the treatment in the previous step.
      Therefore, a sufficient effect of the method of this invention is attained
      only when all of the previous steps are carried out according to the
      method of this invention.
DETD
PAC  SPECIFIC EMBODIMENT
PAC  Example 1
PAR  A suspended bed type reactor made of a metal, with a capacity of 1 liter
      and provided with an agitator was prepared. The reactor also had a
      built-in catalyst separator of the precipitation type held at the same
      temperature as the reactor and was directly connected to a 80 liter
      confined vessel previously filled with nitrogen gas for collecting the
      liquid flowing from the reactor.
PAR  In this reactor were placed 500 g of a Raney copper catalyst obtained by
      developing a Raney copper alloy (Al : Cu = 1 : 1) with an alkali. Then,
      acrylonitrile and water were supplied at feed rates of 300 g/hr. and 700
      g/hr., respectively, to the reactor and the reaction was conducted at a
      temperature of 100.degree.C. The liquid discharged from the reactor was
      collected in the 80 liter vessel. This liquid contained about 20 weight
      percent of acrylamide and about 15 ppm of copper ions. A polarographic
      observation revealed that over 95 weight percent of the copper ions were
      in the form of cuprous ion. A solution state test conducted by adding 90
      ml of methanol to 10 ml of the liquid showed that the solution state is
      transparent, indicating that no substantial polymeric acrylamide was
      produced.
PAR  A distilling apparatus made of glass and comprising a tower portion and a
      can portion (with a liquid inlet provided with a catalyst filter
      consisting of a filter cloth clamped between flanges and the can portion
      immersed in an oil bath at 120.degree.C) was also prepared. The aqueous
      solution of crude acrylamide discharged from the reactor was directly
      supplied, without exposing it to the atmosphere, at a feed rate of 1
      liter/hr. through the catalyst filter to the top of the tower portion of
      the distilling apparatus where unreacted acrylonitrile and a part of the
      water were distilled to obtain a concentrated aqueous acrylamide solution
      containing 33 weight percent of acrylamide. The concentrated liquid
      contained about 25 ppm of copper ions, 95 weight percent of which were in
      the form of cuprous ion. No polymeric acrylamide was detected. The
      distilling apparatus was operated under normal pressure, and the
      temperature of the concentrated liquid was about 104.degree.C. This test
      was continued smoothly for 7 days.
PAC  Example 1A
PAR  50 Liters of the liquid remaining in the 80 liter vessel in Example 1 were
      withdrawn into air and allowed to stand there overnight, whereby a light
      blue-green gel of cupric hydroxide was precipitated. The cuprous ion
      concentration detected in the liquid was about 3 ppm. This liquid was
      subjected to distillation with the same apparatus and under the same
      condition as described in Example 1 and the resultant concentrated liquid
      was tested by the same methanol method as mentioned above to find that it
      contained too much polymeric acrylamide to be put into practical use. This
      test was continued for 4 hours under the flow through the catalyst filter
      was no longer smooth. Then, the test was stopped and the filter was
      inspected. The filter cloth was loaded with the cupric hydroxide gel.
PAR  Next, 50 liters of the concentrated liquid obtained in Example 1 were
      allowed to stand overnight while blowing air thereinto. As a result, the
      liquid became opaque and colored in blue green, indicating the formation
      of cupric hydroxide gel. The residual cuprous ion concentration was below
      0.5 ppm. The liquid was passed at a rate of 600 ml/hr. and at a
      temperature of 40.degree.C through a column, which had been prepared by
      filling a glass tube of 20 mm in diameter with 100 ml of "Amberlite
      IR-120B", regenerating it with an aqueous solution of edible salt and
      rinsing the ion exchanger with pure water, to obtain a slightly
      blue-greenish liquid. This liquid had a copper concentration of 2 ppm,
      indicating insufficient removal of copper.
PAR  As has been shown, when cuprous ion is converted into cupric ion, the
      resultant liquid has defects in polymerization stability, filtering
      property and ion exchange property.
PAC  Example 1B
PAR  A Raney copper catalyst obtained by developing a Raney copper alloy (Al :
      Cu = 1 : 1) with an alkali was placed in a 1 liter reactor made of a metal
      and provided with a catalyst separator and an agitator. Then,
      acrylonitrile and water were continuously supplied to a suspended bed of
      the reactor where the reaction was carried out at 120.degree.C. The liquid
      discharged from the reactor was collected in a 80 liter confined vessel.
      Then, this liquid was passed through a distilling apparatus directly
      connected to the 80 liter vessel and operated under normal pressure for
      separating unreacted acrylonitrile through distillation. The resultant
      liquid was charged into a tank directly connected to the distilling
      apparatus and provided with an air vent, while returning the distilled
      liquid consisting of acrylonitrile and water to the reactor. The resultant
      liquid was charged into the tank at a rate of 400 ml/hr. The liquid
      contained about 50 weight percent of acrylamide and about 200 ppm of
      copper ions. The conversion of acrylonitrile into acrylamide was 98
      percent, while that to ethylene cyanohydrin was 1 percent. A polarographic
      observation revealed that 95 percent of the copper ions were in the form
      of cuprous ion.
PAR  Next a column was prepared by filling a glass tube of 20 mm in diameter
      with 100 ml of a sulfonate type cation exchange resin, (trade name
      "Amberlite IR-120B"), regenerating it with diluted hydrochloric acid and
      washing the resin thoroughly with pure water. The aqueous crude acrylamide
      solution from the tank was supplied to the column at a rate of 400 ml/hr.
      to initiate the removal of cations such as copper ions. After lapse of
      about 10 minutes, the column was choked and the supply of the liquid could
      no longer be continued. An immediate inspection of the column showed that
      the liquid in the column had an increased viscosity, indicating that the
      acrylamide was polymerized. For the purpose of finding a suitable cation
      exchange resin, similar tests were conducted with similar sulfonic acid
      type ion exchange resins regenerated with an aqueous solution of edible
      salt and an aqueous solution of ammonium chloride, respectively. Both
      columns were choked due to polymerization of acrylamide soon after the
      passage of the liquid. Choking of the column due to the polymerization of
      acrylamide was similarly observed when using a carboxylic acid type cation
      exchange resin (trade name "Amberlite IRC-82") regenerated with
      hydrochloric acid. For the purpose of removing anions such as acrylic acid
      residue, similar tests were conducted by using a quaternary ammonium type
      anion exchange resin (trade name "Amberlite IRA-410") to find that choking
      of the column due to the polymerization soon takes place in each case of
      using the caustic soda regenerated resin and edible salt regenerated
      resin.
PAC  Example 2
PAR  In order that the liquid in the tank referred to in Example 1A was not
      contacted with air, nitrogen gas was blown into the tank, and also the
      column of a resin obtained by regenerating "Amberlite IR-120B" with
      hydrochloric acid was thoroughly washed with deoxygenated pure water with
      a dissolved oxygen concentration lowered to 2 ppm or less by blowing
      nitrogen gas. Then, the liquid was passed in the manner as mentioned in
      Example 1A to attain sufficient removal of copper ions and the like
      without any trouble resulting from polymerization. The copper ion
      concentration of the liquid was found to be 0.1 ppm. For the purpose of
      comparison, the blowing of nitrogen into the tank was stopped after
      continuing the passage of the liquid for 24 hours. After lapse of about 2
      hours, the pressure at the inlet of the column began to increase gradually
      and the column was chocked due to the polymerization. Two other columns
      were prepared, and one of them was rinsed with deoxygenated water to have
      a dissolved oxygen concentration of at most 2 ppm. With this column, the
      passage of the liquid was continued for  2 days. For the purpose of
      comparison, the passage of the liquid was then switched to the other
      column, which had been rinsed with non-deoxygenated water. With this
      column, choking of the column took place about 5 minutes after the
      switching.
PAR  Next, similar tests were conducted with resins obtained by regenerating
      "Amberlite IR-120B" with edible salt and with ammonium chloride, those
      obtained by regenerating "Amberlite IRC-84" with hydrochloric acid and
      those obtained by regenerating "Amberlite IRA-410" with caustic soda and
      with edible salt. It was found that choking of the column due to the
      polymerization could be avoided by blowing nitrogen into the tank and
      rinsing the column with deoxygenated water.
PAC  Example 3
PAR  300 Grams of cupric oxide in the form of tablets was charged into a 300-cc
      reaction tube made of a metal, and the cupric oxide was sufficiently
      reduced with hydrogen gas diluted to 2 percent with nitrogen to prepare
      reduced copper. Then, acrylonitrile and water were continuously supplied
      to this reaction tube where the reaction was conducted at 120.degree.C. An
      aqueous solution of acrylamide containing unreacted acrylonitrile was
      obtained. This liquid was then passed through a distilling apparatus
      directly coupled to the reactor and operated under normal pressure for
      separating unreacted acrylonitrile by distillation. The resultant liquid
      was then charged into a nitrogen sealed tank directly connected to the
      distilling apparatus, while returning the distillate consisting of
      acrylonitrile and water back to the reactor. The resultant liquid from the
      distilling apparatus was collected in the tank at a rate of 500 ml/hr. The
      liquid contained about 50 weight percent of acrylamide and 250 ppm of
      copper ions. The conversion of acrylonitrile into acrylamide was 97
      percent, while that into ethylene cyanohydrin was 2 percent. A
      polarographic observation revealed that over 95 percent of copper ions
      were in the form of cuprous ion.
PAR  Two columns were prepared by filling glass tubes of 20 mm in diameter with
      100 ml of "Amberlite IR-120B", regenerating the "Amberlite" with diluted
      hydrochloric acid (hereinafter referred to as column A and column B).
      Column A was thoroughly rinsed with pure water deoxygenated to a dissolved
      oxygen concentration of at most 2 ppm. The liquid from the tank was then
      supplied to the column A at a rate of 500 m/hr. and at a temperature of
      40.degree.C. This column smoothly passed the liquid for 2 days without
      being choked due to polymerization. The copper ion concentration in the
      liquid was below 0.1 ppm.
PAR  On the other hand, the other column B was rinsed with non-deoxygenated pure
      water. About 10 minutes after the passage of the liquid was switched from
      the column A to the column B the latter column was choked due to
      polymerization.
PAC  Example 4
PAR  5 kg of a reagent grade copper powder were placed in a 10 liter metal
      reactor equipped with a catalyst separator and an agitator, and then
      acrylonitrile and water were continuously supplied to a suspended bed in
      this reactor where the reaction was conducted at 120.degree.C. An aqueous
      solution of acrylamide containing unreacted acrylonitrile was obtained.
      This liquid was then passed through a distilling apparatus directly
      connected to the reactor and operated under normal pressure for separating
      the unreacted acrylonitrile by distillation. The resultant liquid was
      charged into a nitrogen sealed tank directly connected to the distilling
      apparatus, while returning the distillate consisting of acrylonitrile and
      water back to the reactor. The liquid was collected in the tank at a rate
      of 400 ml/hr. The liquid contained about 50 weight percent of acrylamide
      and 140 ppm of copper ions. The conversion of acrylonitrile into
      acrylamide was 97 percent, while that into ethylene cyanohydrin was 2
      percent. A polarographic observation revealed that over 95 percent of the
      copper ions were in the form of cuprous ion.
PAR  The liquid from the tank was supplied at a rate of 400 ml/hr. and at a
      temperature of 40.degree.C to a column, which was prepared by filling a
      glass tube of 20 mm in diameter with 100 ml of "Amberlite IR-120B",
      regenerating it with diluted hydrochloric acid and rinsing the resin with
      pure water deoxygenated with nitrogen gas to a dissolved oxygen
      concentration of at most 2 ppm. In this case, the passage of the liquid
      was steadily continued for 24 hours without the column being choked due to
      polymerization. For the purpose of comparison, 1 liter of the rinsing
      water obtained by rinsing a part of the apparatus with nondeoxygenated
      pure water was supplied to the distilling apparatus for mixing it with the
      test liquid. In this case, the ion exchange resin column was choked due to
      polymerization about 20 minutes after the mixing.
PAC  Example 5
PAR  3 kg of a Raney copper catalyst obtained by developing a Raney copper alloy
      (Al : Cu = 1 : 1) with an alkali were placed in a 10 liter metal reactor
      provided with a catalyst separator and an agitator, and then acrylonitrile
      and water were supplied respectively at rates of 3 kg/hr. and 7 kg/hr. to
      a suspended bed in the reactor where the reaction was conducted. The
      effluent from the reactor was conveyed to a reduced pressure distilling
      apparatus operated under an absolute pressure of about 300 mm Hg where
      unreacted acrylonitrile and a part of water were distilled off. The
      resultant aqueous solution of crude acrylamide was charged into a tank in
      a nitrogen atmosphere under atmospheric pressure. This solution was
      collected at a rate of 4 liter/hr., and it contained about 50 weight
      percent of acrylamide and about 200 ppm of copper ions. At least 95
      percent of the copper ions were found to be in the form of cuprous ion.
PAR  A column was prepared by filling a steel tube of 55 mm in diameter with
      pure water and loading 0.7 kg of granular active carbon into the tube
      (this column being hereinafter referred to as active carbon column). This
      column was thoroughly rinsed by passing pure water. Also, another column
      was prepared by loading 200 ml of a sulfonic acid type cation exchange
      resin (trade name "Amberlite IR-120B") into a glass tube of 28 mm in
      diameter, regenerating it with diluted hydrochloric acid, and throughly
      rinsing the resin with pure water (this column being hereinafter referred
      to as ion exchange column).
PAR  The aforementioned aqueous crude acrylamide solution tank, a pump, the
      active carbon column and the ion exchange column were then connected in
      the mentioned order with pipes, and the ion exchange column was then
      filled with sufficient pure water having a reduced dissolved oxygen
      concentration of 2 ppm. Then, the aqueous crude acrylamide solution was
      passed through this system at a flow rate of 2 liters/hr. One hour after
      the passage of the liquid, the passage became difficult due to flow
      resistance, so that the passage was stopped. As a result of inspection, it
      was found that the ion exchange column was choked due to the
      polymerization of acrylamide.
PAR  Next, the granular active carbon in the active carbon column and the ion
      exchange resin in the ion exchange column was renewed, and similar columns
      as in the previous test were prepared. After filling each column with pure
      water having a reduced dissolved oxygen concentration of at most 2 ppm,
      the passage of the aqueous crude acrylamide solution at a rate of 2
      liters/hr, was reopened. In this case, smooth passage could be continued
      for 24 hours, and the copper ion concentration in the liquid discharged
      from the ion exchange column was below 0.1 ppm. As the result of this
      test, it has been found that oxygen dissolved in water filled in the
      active carbon column induces the polymerization of acrylamide in the ion
      exchange column.
PAC  Example 6
PAR  In order to continue the run of the system in Example 5 for a long period
      of time, two active carbon columns and two ion exchange columns were
      prepared, so that the active carbon columns might be switched every 5
      days, with the active carbon in the replaced column renewed for the next
      use, while switching the ion exchange columns every 2 days, with the
      replaced column regenerated for the next use.
PAR  Then, a test similar to that described in the latter part of Example 5 was
      initiated. After 5 days, the active carbon column was replaced. In order
      to take out active carbon from the active carbon after use, pure water was
      used for rinsing, and the resultant discharged water was directly passed
      to the ion exchange column in use. Choking of the ion exchange column due
      to the polymerization of acrylamide soon took place.
PAR  A similar test was performed except that the column was washed with pure
      water having a reduced dissolved oxygen concentration of at most 2 ppm. In
      this case, choking of the ion exchange column due to the polymerization
      did not take place.
PAR  From the tests in this Example it was found that in case the liquid used
      for rinsing the active carbon column was introduced into the ion exchange
      column, oxygen contained in this liquid would induce the polymerization of
      acrylamide in the ion exchange column.
PAC  Example 7
PAR  A 20 liter vessel was connected to the aqueous crude acrylamide solution
      tank in Example 5, and an aqueous crude acrylamide solution having an
      acrylamide concentration of 50 percent was introduced into the vessel by
      evacuating it with a vacuum pump until the vessel was substantially
      completely filled with the solution. Then, it was hermetically sealed
      after closing its inlet and outlet. After leaving this vessel in an
      atmosphere at about 0.degree.C for 24 hours, the supernatent liquid was
      withdrawn from the vessel to collect the precipitated crystals. This
      liquid had a slightly increased viscosity, indicating that the
      polymerization of acrylamide took place.
PAR  A similar test was performed as described above except that the 20-liter
      vessel was connected to the tank after filling the vessel with nitrogen
      gas. In this case, no polymerization was recognized and polymer-free
      crystals could be taken out.
PAR  The same 20-liter vessel was connected to the aqueous crude acrylamide
      solution tank after filling the vessel with nitrogen. The aqueous crude
      acrylamide solution was then introduced into the vessel by evacuating it
      with a vacuum pump until the vessel was almost completely filled with the
      solution. The solution was then transferred to another 20-liter vessel and
      allowed to stand for 24 hours in a room kept at about 0.degree.C. No
      polymerization was noted and crystals free from polymer were obtained.
PAR  From the tests in this Example it was found that air in the vessel would
      induce the polymerization of a acrylamide.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of purifying an aqueous solution of acrylamide containing
      from 1 to 1,000 ppm of cuprous ions wherein said aqueous solution is
      subjected to at least one of the steps of distillation, concentration,
      filtration, precipitation, treatment with active carbon, crystallization
      and ion-exchange treatment, the improvement wherein at least one of said
      steps is preformed in a manner that said aqueous solution does not come in
      contact with an oxygen containing gas or liquid.
NUM  2.
PAR  2. A method according to claim 1 wherein said aqueous solution is formed by
      reacting acrylonitrile with water in the presence of a metallic copper
      catalyst.
NUM  3.
PAR  3. A method according to claim 1 wherein said aqueous solution is prevented
      from contacting an oxygen-containing gas or liquid until all of said steps
      are completed.
NUM  4.
PAR  4. A method according to claim 2, wherein said aqueous solution is
      prevented from contacting any oxygen-containing gas or liquid by filling
      at least a part of the space in the apparatus used for said at least one
      of said steps with a gas other than air or gaseous oxygen prior to
      introducing said aqueous solution into the apparatus.
NUM  5.
PAR  5. A method according to claim 4, wherein said gas other than air or oxygen
      is gaseous nitrogen or steam.
NUM  6.
PAR  6. A method according to claim 2, wherein said aqueous solution is
      prevented from contacting an oxygen-containing gas or liquid by filling
      the space in the apparatus used for said at least one of said steps with a
      deoxygenated liquid prior to introducing said aqueous solution into the
      apparatus.
NUM  7.
PAR  7. A method according to claim 6, wherein said deoxygenated liquid is
      water, an aqueous solution of acrylamide, acrylonitrile or an aqueous
      solution of acrylonitrile.
NUM  8.
PAR  8. A method according to claim 2, wherein said aqueous solution is
      prevented from contacting an oxygen-containing gas or liquid by mixing
      said aqueous solution of acrylamide with a deoxygenated liquid before said
      aqueous solution is introduced into the apparatus used for said at least
      one of said steps.
NUM  9.
PAR  9. A method according to claim 8, wherein said deoxygenated liquid is
      water, an aqueous solution of acrylamide, acrylonitrile and an aqueous
      solution of acrylonitrile.
NUM  10.
PAR  10. A method according to claim 2, wherein said aqueous solution is
      prevented from contacting an oxygen-containing gas or liquid by carrying
      out said at least one of said steps while feeding a gas other than air or
      gaseous oxygen into the apparatus used in that step.
NUM  11.
PAR  11. A method according to claim 10, wherein said gas other than air or
      gaseous oxygen in gaseous nitrogen or steam.
NUM  12.
PAR  12. A method according to claim 2, wherein the active carbon treatment of
      said aqueous solution is carried out while preventing said aqueous
      solution from contacting an oxygen-containing gas or liquid.
NUM  13.
PAR  13. A method according to claim 2, wherein the ion exchange treatment of
      said aqueous solution is carried out while preventing said aqueous
      solution from contacting an oxygen-containing gas or liquid.
NUM  14.
PAR  14. A method according to claim 2, wherein the active carbon treatment and
      the ion exchange treatment of said aqueous solution are carried out while
      preventing said aqueous solution from contacting an oxygen-containing gas
      or liquid.
NUM  15.
PAR  15. A method according to claim 2, wherein the distillation, concentration
      and filtration or precipitation treatments of said aqueous solution are
      carried out while preventing said aqueous solution from contacting an
      oxygen-containing gas or liquid.
NUM  16.
PAR  16. A method according to claim 2, wherein the crystallization treatment of
      said aqueous solution is carried out while preventing said aqueous
      solution from contacting an oxygen-containing gas or liquid.
NUM  17.
PAR  17. A method according to claim 1, wherein the ion exchange treatment of
      said aqueous solution of crude acrylamide is carried out while preventing
      said aqueous solution from contact with an oxygen-containing gas or liquid
      in all the treatments until the ion exchange is finished.
NUM  18.
PAR  18. A method according to claim 2, wherein an aqueous solution of crude
      acrylamide containing 5 to 500 ppm of cuprous ion is treated by way of
      distillation, filtration and ion exchange treatments as well as
      intermediate treatments for these treatments, while preventing said
      aqueous solution from contacting an oxygen-containing gas or liquid
      throughout these treatments.
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ABST
PAL  A process for the partial dehydration of cyclohexanone oxime by treatment
      with aqueous solutions of inorganic salts, wherein the crude cyclohexanone
      oxime is extracted, above its melting point, with a concentrated ammonium
      salt solution and/or hydroxylammonium salt solution in countercurrent in
      an extraction column and the salt solution is then separated from the
      partly dehydrated cyclohexanone oxime, reconcentrated by evaporation and
      recycled to the oxime dehydration process. The cyclohexanone oxime melt
      which has been dehydrated to water contents of about 4 to 6% by weight is
      treated with a heated inert gas above its melting point and the off-gas is
      washed to remove entrained cyclohexanone oxime.
BSUM
PAR  The present invention relates to a process for the partial dehydration of
      cyclohexanone oxime by treatment with aqueous salt solutions followed by
      treatment with heated gases, and is a further development of the process
      of U.S. Pat. Application Ser. No. 276,814.
PAR  It is known to prepare cyclohexanone oxime by oximation of cyclohexanone
      with a hydroxylammonium salt solution, the acid formed being neutralized
      with ammonia or some other base. The cyclohexanone oxime thus obtained
      contains water. The water content of the cyclohexanone oxime obtained by
      separating this two-phase mixture depends on the concentration of the salt
      in the aqueous phase which is separated off, and on the temperature.
      Accordingly, part of the water can be withdrawn from the oxime, and the
      water content of the oxime can be lowered, by extracting the oxime with a
      more concentrated salt solution than that which has been separated off.
      The oxime from which water has been partially withdrawn in this way is far
      more suitable for further conversion to caprolactam by rearrangement with
      strong anhydrous mineral acids such as oleum.
PAR  Whilst the conventional oximation of cyclohexanone with a hydroxylammonium
      sulfate solution by the Raschig process gives a cyclohexanone oxime
      containing 4 to 5 % by weight of moisture, oximation with a
      hydroxylammonium sulfate solution which has been obtained by catalytic
      reduction of nitric oxide with hydrogen in the presence of dilute sulfuric
      acid and contains less ammonium sulfate gives an oxime of about 7% by
      weight moisture content.
PAR  It is the object of the present invention to provide an economic method of
      lowering the water content of moist cyclohexanone oxime to values below 4%
      by weight.
PAR  This object is achieved by a process for the partial dehydration of
      cyclohexanone oxime by treatment with aqueous solutions of inorganic
      salts, wherein the crude cyclohexanone oxime is extracted, above its
      melting point, with concentrated ammonium salt solution and/or
      hydroxylammonium salt solution is countercurrent in an extraction column
      and the salt solution is then separated from the partly dehydrated
      cyclohexanone oxime, reconcentrated by evaporation and recycled to the
      oxime dehydration process, according to the process described in U.S. Pat.
      Application Ser. No. 276,814, wherein the cyclohexanone oxime which has
      been dehydrated to water contents of about 4 to 6% by weight is treated
      with a heated inert gas above its melting point and the gas is washed to
      remove entrained cyclohecanone oxime.
PAR  Surprisingly, it has been found that impurities do not accumulate in the
      recycled aqueous solution and instead even a further purification of the
      oxime is achieved. The residual cyclohexanone is either separated off or
      completely converted, and other impurities which are volatile in steam are
      also removed.
PAR  Particularly suitable ammonium salt solutions to use are aqueous
      concentrated ammonium sulfate solution and/or hydroxylammonium sulfate
      solutions. However, solutions of ammonium salts of other mineral acids
      such as, for example, phosphate or chloride solutions, can also be used.
      The concentrated hydroxylammonium salt solutions, which at the temperature
      of the molten oxime are almost saturated solutions, have the advantage
      that they not only extract the water and extractable impurities in the
      oxime but also effect a post-oximation. Thus cyclohexanone residues still
      present in the cyclohexanone oxime and normally accounting for up to 0.1%
      by weight are completely removed by oximation. Instead of using pure
      ammonium salts or hydroxylammonium salts, it is possible to use their
      mixtures such as, for example, ammonium sulfate solutions or
      hydroxylammonium sulfate solutions, for partial dehydration of the
      cyclohexanone oxime. To achieve as thorough dehydration as possible of
      technical cyclohexanone oxime, concentrated aqueous salt solutions, which
      can be almost saturated, are used. In principle, the extraction can be
      carried out with less concentrated salt solutions and in this way
      cyclohexanone oxime of any desired moisture content, up to a maximum of 9%
      by weight of H.sub.2 O, can be obtained.
PAR  The partial dehydration of the moist technical cyclohexanone oxime with the
      salt solutions is carried out at temperatures above the melting point of
      the aqueous oxime, that is to say above 65.degree.C and below the boiling
      point of the salt solution. Preferably, the temperature is maintained at
      75.degree. to 95.degree.C.
PAR  In general, the partial dehydration of the cyclohexanone oxime with the
      concentrated ammonium salt solutions and/or hydroxylammonium salt
      solutions in the first place gives cyclohexanone oxime containing 4 to 6%
      by weight of water if the nature and concentration of the solutions are
      chosen appropriately. Thus, for example, cyclohexanone oxime produced on a
      commercial scale and containing 7.2% by weight of water is brough to a
      water content of 5.0% by weight by extraction with a 48% strength by
      weight ammonium sulfate solution at 85.degree.C and to a water content of
      4.2% by weight by extraction with a 62% by weight hydroxylammonium sulfate
      solution.
PAR  The pH of the salt solutions used for the extraction of the cyclohexanone
      oxime should preferably be adjusted to a neutral or weakly acid value,
      that is to say to a value between 3 and 6. For example, the pH can be kept
      at about 5 when using an ammonium salt solution and at about 3 when using
      a hydroxylammonium salt solution.
PAR  The partial dehydration of the oxime with the salt solutions is
      advantageously carried out in a heated tower or a column, for example with
      sieve trays or rotating plates, in countercurrent, the layers being
      separated in the upper part of column. The partially dehydrated oxime can
      be withdrawn through an overflow from the upper part of the column whilst
      the salt solution which has only been diluted slightly issues from the
      lower part and is continuously passed to the evaporation stage and
      recycled. In the extractive dehydration, the ratio of the amount of
      circulating salt solution to the amount of cyclohexanone oxime introduced
      can vary within wide limits. Normally, more than 0.3 part by volume of the
      concentrated salt solution per 1 part by volume of cyclohexanone oxime is
      sufficient. The evaporation of the salt solution is carried out in an
      evaporator in which the water taken up from the oxime and the impurities
      which are volative in steam are distilled off so that the solution returns
      to the same salt concentration as before and can be reused for dehydrating
      the oxime. The evaporation of the salt solution is preferably carried out
      under slightly reduced pressure. However, it can also be carried out under
      atmospheric pressure or moderately increased pressure. It is advantageous
      to adjust the pressure so that the evaporation temperature is
      approximately the same as the temperature during the extractive
      dehydration of the oxime.
PAR  To make up, or replace, the circulating concentrated salt solution, it is
      possible to feed fresh ammonium salt solution and/or hydroxylammonium salt
      solution to the circulating system and discharge a corresponding amount of
      the spent solution. Amounts of up to 3% by weight, based on the oxime
      employed, of a fresh salt solution are sufficient for this purpose. Thus,
      for example, the ammonium sulfate solution produced during the oximation
      can be used for this purpose.
DETD
PAR  The attached FIGURE schematically shows an installation in which the
      partial dehydration with the concentrated salt solutions can be carried
      out. The molten cyclohexanone oxime, containing water, flows through
      pipeline 1 into the extraction column 2 and rises up through the salt
      solution. The phase boundary between the salt solution and the oxime forms
      in the upper part of the column. A concentrated salt solution is fed to
      the extraction column 2 through pipeline 3. The partially dehydrated oxime
      is withdrawn through pipeline 4 at the head of column 2. In the lower part
      of the column, the slightly diluted salt solution passes through pipeline
      5 into distillation column 6, in which the water taken up by the oxime is
      again evaporated and the original salt concentration is restored. The
      vapors escape through pipeline 7 and are condensed in condenser 8, suction
      being applied through pipeline 9. The condensate is discharged through
      pipeline 10, receiver 11 and pipeline 12. The salt solution which has been
      concentrated leaves the lower part of column 6 and returns to extraction
      column 2 through pipeline 3. Fresh salt solution can be fed in through
      pipeline 13 and discharged through pipeline 14.
PAR  The cyclohexanone oxime which has been partly dehydrated by means of the
      concentrated salt solutions -- and is, for example, discharged through
      pipeline 4 in the figure -- is now treated, that is to say thoroughly
      mixed, with a heated gas. To do this, a vigorous stream of gas can be
      allowed to pass through a layer of the molten oxime; alternatively, the
      countercurrent principle is employed, advantageously in a packed tower. In
      such a tower, the molten oxime is preferably introduced at the head of the
      column and the gas is introduced in countercurrent through the lower part
      of the column.
PAR  The gas, which must of course be inert toward the oxime, can be air,
      nitrogen, argon or the like. The heated gas fed to the molten oxime is
      preferably at a temperature above 65.degree. and up to about 120.degree.C,
      especially from 80.degree. to 95.degree.C. The heated gas then keeps the
      oxime molten. However, it is also possible to provide additional heaters
      on the apparatus used.
PAR  The off-gas obtained is washed to free it from entrained oxime. In
      principle, the gas used for the post-drying treatment can be freed from
      entrained oxime after a single pass through the oxime. However, it is
      advantageous to recycle the gas and pass it through the oxime several
      times before freeing it from entrained oxime.
PAR  The ratio of the amount of oxime to gas depends on the water content of the
      oxime to be dehydrated and on the desired water content. It is generally
      1:10 to 1:100 and especially 1:15 to 1:80.
PAR  A suitable method of freeing the off-gas from the entrained oxime is to
      wash it with aqueous fluids such as with hydroxylammonium salt solutions
      or ammonium salt solutions, especially solutions of the sulfates, of 5 to
      30% by weight concentration, or with dilute sulfuric acid or water. The
      oxime can be recovered from the aqueous solutions resulting from the
      washing process, for example by extraction with inert solvents such as
      with cyclohexanone. In principle, it is also possible to freeze out the
      oxime entrained by the gas.
PAR  The process of the invention provides an economical method of lowering the
      water content in the oxime to below 4% by weight. Preferably, the oxime is
      dehydrated to water contents from 2.0 to 4.0, especially from 3.0 to 4.0,
      % by weight. It is not desirable to lower the water content further since
      in that case ammonium salts dissolved in the oxime, which may have been
      retained from the manufacturing process, may precipitate. At water
      contents below 1% by weight, the rearrangement of the cyclohexanone oxime
      to caprolactam, which usually follows as the next step, is also too
      vigorous and no longer easily controllable. In addition, the viscosity of
      such a mixture used for the rearrangement reaction and containing, for
      example, sulfuric acid, increases so greatly as to make adequate mixing
      uncertain.
PAR  The process of the invention is particularly economical. Using the aqueous
      salt solutions mentioned, the cyclohexanone oxime can only be dehydrated
      to about 4% by weight. Dehydration with heated gases alone is uneconomical
      because of the large amounts of gas required and the expensive recovery of
      the entrained oxime, the amounts of which are considerable under the
      circumstances. Using the process of the invention, a part of the water is
      removed from the cyclohexanone oxime with aqueous salt solutions and the
      remainder which requires to be removed is then removed with relatively
      small amounts of gas. The water content of the oxime can be readily
      adjusted to the desired values between 2.0 and 4.0% by weight.
PAR  The percentages mentioned in the Examples are by weight.
PAC  EXAMPLE 1
PAR  126 parts by volume of molten technical cyclohexanone oxime containing 7%
      of water are extracted with 30 parts by volume of a concentrated
      ammonium/hydroxylammonium sulfate solution containing 47% of ammonium
      sulfate and 10% of hydroxylammonium sulfate, at a pH of 4.9 and
      80.degree.C, in an apparatus such as that shown in the figure described
      above. 123 parts by volume of cyclohexanone oxime containing 4.8% of water
      and 0.05% of cyclohexanone are obtained at the head of the extraction
      column. 2.9 parts by volume of water are distilled from the circulating
      sulfate solution in a distillation column at 80.degree.C and 280 mm Hg.
PAR  160 kg per hour of this molten cyclohexanone are introduced into the upper
      part of a column packed with Raschig rings and heated to
      85.degree.-90.degree.C. 5 m.sup.3 (S.T.P.) per hour of air heated to
      90.degree.C are introduced hourly at the lower end. The oxime, which has
      been brought to a water content of 3.8%, is removed from the base of the
      column. It can be used for rearrangement to caprolactam.
PAR  The air which escapes at the head of the column and is charged with water
      vapor and oxime is now passed into the lower part of a packed condenser
      through which 200 kg/hour of water are trickled from above. The air which
      issues retains practically no oxime. The water which issues and initially
      contains approx. 1,000 ppm of oxime is recycled until it contains approx.
      1% of oxime and is then extracted with cyclohexanone to remove the oxime.
PAC  EXAMPLE 2
PAR  125 parts by volume of cyclohexanone oxime containing 7.2% of moisture are
      extracted with 50 parts by volume of a concentrated 62 per cent strength
      hydroxylammonium sulfate solution at a pH of 3.0 at 85.degree.C in the
      same apparatus as in Example 1. After the extraction, 122 parts by volume
      of cyclohexanone oxime containing 4.2% of moisture and free even of traces
      of cyclohexanone are obtained. 3.9 parts by volume of water are distilled
      from the circulating hydroxylammonium sulfate solution in the distillation
      column at 85.degree.C and 340 mm Hg.
PAR  160 kg per hour of this molten cyclohexanone oxime are treated in
      countercurrent with 6.5 Nm.sup.3 of air which has been heated to
      100.degree.C, in a Raschig packed column, as described in Example 1. The
      oxime which issues contains 2.8% of water. It can be used for
      rearrangement to caprolactam.
PAR  The air which issues from the column and is charged with water vapor and
      oxime is treated in a packed condenser with 160 kg/hour of a
      hydroxylammonium sulfate solution which contains approx. 1% of sulfuric
      acid. The off-air is passed through a cyclone to separate off droplets.
      The hydroxylammonium sulfate solution can be used as feed for the reaction
      with cyclohexanone to give cyclohexanone oxime.
PAC  EXAMPLE 3
PAR  111 parts by volume of cyclohexanone oxime containing 7.0% of water are
      extracted in countercurrent with 18 parts by volume of a 47 per cent
      strength ammonium sulfate solution, at 85.degree.C, in the same apparatus
      as that described in Example 1. The pH of the recycled ammonium sulfate
      solution assumes a value of 5.4. The cyclohexanone oxime obtained contains
      5.0% of water. The content of impurities in the oxime, detectable by gas
      chromatography, is reduced from 1,690 to 850 ppm. 1.92 parts by volume of
      water are distilled from the circulating ammonium sulfate solution. 160 kg
      per hour of this molten cyclohexanone oxime are treated in countercurrent
      with 8 m.sup.3 (S.T.P.) of nitrogen preheated to 90.degree.C, as described
      in Example 1. The oxime discharged still contains 3.2% of water.
PAR  The nitrogen which issues is subsequently washed countercurrent with
      approx. 300 kg/hour of a 23% strength ammonium sulfate solution.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the partial dehydration of cyclohexanone oxime by
      treatment with aqueous solutions of inorganic salts, wherein the crude
      cyclohexanone oxime is extracted, above its melting point, with a
      concentrated solution of an ammonium and/or hydroxylammonium salt of a
      mineral acid in countercurrent in an extraction column and the salt
      solution is then separated from the partly dehydrated cyclohexanone oxime,
      re-concentrated by evaporation and recycled to the oxime dehydration
      process, wherein the cyclohexanone oxime which has been dehydrated to
      water contents of about 4 to 6% by weight is treated with a heated inert
      gas above its melting point and the gas is washed to remove entrained
      cyclohexanone oxime.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein a concentrated ammonium sulfate
      solution is used for the dehydration.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein a concentrated hydroxylammonium
      sulfate is used for the dehydration.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein the extractive dehydration is
      effected at temperatures of from 65.degree.C to the boiling point of the
      two-phase mixture.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein the extractive dehydration is
      effected at a pH of from 3 to 6.
NUM  6.
PAR  6. A process as claimed in claim 1, wherein the circulating salt solution
      is reconcentrated in vacuo.
NUM  7.
PAR  7. A process as claimed in claim 1, wherein the treatment of the
      cyclohexanone oxime with the gas is effected in countercurrent.
NUM  8.
PAR  8. A process as claimed in claim 1, wherein the gas is recycled.
NUM  9.
PAR  9. A process as claimed in claim 1, wherein said salt is selected from the
      group consisting of ammonium and hydroxylammonium sulfates, chlorides and
      phosphates.
NUM  10.
PAR  10. A process as claimed in claim 1 wherein said salt is selected from the
      group consisting of ammonium sulfate, ammonium chloride, ammonium
      phosphate and hydroxylammonium sulfate.
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ABST
PAL  New oxime ethers and pesticidal and herbicidal preparations containing them
      are disclosed. The oxime ethers correspond to the formula
      ##SPC1##
PAL  Wherein R.sub.1 is a hydrogen atom or a lower alkyl radical; R.sub.2 is an
      aliphatic, cycloaliphatic, araliphatic, aromatic or heterocyclic radical;
      or wherein R.sub.1 and R.sub.2 form part of a saturated or unsaturated
      carbocycle or a 5-, 6- or 7-membered heterocycle; R.sub.3 is a nitro,
      trifluoromethyl, formyl, lower carbalkoxy, sulfamyl or mono- or di-lower
      alkyl sulfamyl radical; R.sub.4.sub.- and R.sub.5.sub.- each is a hydrogen
      or halogen atom, an amino, mono- or di-lower alkyl amino, lower alkoxy,
      cycloalkoxy, lower alkylthio, nitro, lower carbalkoxy, arylthio, lower
      aralkylthio or lower alkyl group, or 5-, 6- or 7-membered heterocycle.
PARN
PAR  This is a division of application Ser. No. 339,247 filed on Mar. 8, 1973,
      now U.S. Pat No. 3,876,697 which in turn is a division of application Ser.
      No. 46,832, filed June 16, 1970, now U.S. Pat. No. 3,733,359. Application
      Ser. No. 46,832 is a continuation-in-part of application Ser. No. 521,413
      filed Jan. 18, 1966, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention provides new oxime ethers and pesticidal preparations
      containing them. The oxime ethers correspond to the formula
      ##SPC2##
PAL  Wherein R.sub.1 is a hydrogen atom or a lower alkyl radical; R.sub.2 is an
      aliphatic, cycloaliphatic, araliphatic, aromatic or heterocyclic radical;
      or wherein R.sub.1 and R.sub.2 form part of a saturated or unsaturated
      carbocycle or a 5-,6-or 7-membered heterocycle; R.sub.3 is a nitro,
      trifluoromethyl, formyl, lower carbalkoxy, sulfamyl or mono- or di- lower
      alkylsulfamyl radical; R.sub.4 and R.sub.5 each is a hydrogen or halogen
      atom, an amino, mono- or di-lower alkylamino, lower alkoxy, cycloalkoxy,
      lower alkylthio, nitro, lower carbalkoxy, arylthio, lower aralkylthio
      group or 5-, 6- or 7-membered heterocycle.
PAR  R.sub.1 in the above formula stands for a lower alkyl radical. Such
      radicals contain 1 to 4 carbon atoms and may be branched or unbranched
      such as the methyl and ethyl groups or the normal or iso-propyl or butyl
      group or secondary tertiary butyl group. Preferred groups, however, are
      besides the hydrogen atom the methyl and ethyl radicals.
PAR  R.sub.2 stands for an aliphatic, cycloaliphatic, araliphatic, aromatic or
      heterocyclic radical. The aliphatic radical may be branched or unbranched,
      saturated or unsaturated. Preferably such radicals contain up to 8 carbon
      atoms and are alkyl or alkenyl radicals which may be substituted or
      unsubstituted. Suitable substituents are for instance halogen atoms, such
      as fluorine, chlorine or bromine or hydroxy or alkoxy groups. The
      cycloaliphatic radicals contain 3 to 8 carbon atoms and may be saturated
      or unsaturated and mono- or polycyclic. As a rule they contain 3 to 12
      carbon atoms and are saturated. They preferably are mono- or bicyclic and
      have 3 to 7 ring members. The araliphatic radicals contain in the aromatic
      moiety at least one benzene nucleus and in the aliphatic moiety preferably
      an unbranches chain containing 1 to 4 carbon atoms. This aliphatic chain
      may be saturated or unsaturated, substituted or unsubstituted. Suitable
      substituents are hydroxy groups and halogen atoms, such as chlorine and
      especially bromine. Suitable chains contain 2 carbon atoms and are
      saturated; they may also contain one or two bromine atoms or one double
      bond. Aromatic radicals are to be understood as being substituted or
      unsubstituted phenyl radicals or condensed ring systems. The preferred
      embodiment are substituted or unsubstituted phenyl radicals. Suitable
      substituents on the phenyl moiety are e.g. halogen atoms such as fluorine
      and especially chlorine, bromine and iodine; lower alkyl or alkoxy groups
      containing 1 to 4 carbon atoms; hydroxy groups; amino groups which may be
      substituted by one or two lower alkyl, lower alkoxyalkyl or lower alkanol
      radicals; nitro groups; lower alkyl carbamoyl radicals; phenoxy groups
      which may be substituted by one or more of the substituents enumerated
      above for the phenyl radical especially by nitro groups. The heterocyclic
      radicals coming into consideration particularly are 5- or 6-membered and
      contain at least one oxygen or sulfur especially however nitrogen atom.
      These heterocycles may be substituted, preferably by lower alkyl radicals,
      especially the methyl group. Examples of such heterocycles are i.a.
      pyridine and quinaldine compounds.
PAR  R.sub.3 stands for a trifluoromethyl, formyl, nitro, lower carbalkoxy,
      sulfamyl or mono- or di-lower alkylsulfamyl group. The alkyl moieties of
      the carbalkoxy and alkylsulfamyl group contain 1 to 4 carbon atoms and may
      be branched or unbranched. Preferred alkyl moieties contain 1 or 2 carbon
      atoms. However, suitable substituents are not limited to the above
      enumeration. Thus also halogenalkyl groups quite generally may be used.
      Moreover, halogen atoms such as chlorine, bromine and iodine; alkyl groups
      containing 1 to 6 carbon atoms, the carboxyl group; lower alkyl- or aryl-,
      especially phenylcarbamyl groups; the sulfonic acid groups; and lower
      alkylsulfonyl groups may be used likewise.
PAR  R.sub.4 and R.sub.5 each stands for a hydrogen or halogen atom, a lower
      alkyl, amino, mono- or di- lower alkylamino, lower alkoxy, cycloalkoxy,
      lower alkylthio, lower carbalkoxy, arylthio, lower aralkylthio, nitro or
      heterocyclic radical. The halogen atoms may be elected from fluorine,
      bromine, iodine and especially chlorine. The lower alkyl moieties
      enumerated above contain 1 to 4 carbon atoms and may be branched or
      unbranched. The heterocyclic radicals are 5-, 6- or 7-membered, especially
      5- or 6-membered, and contain as hetero- atoms one or more oxygen, sulfur
      or especially nitrogen atoms. Such heterocyclic radicals are i.a. the
      pyridino and morpholino radical. The cycloalkoxy radicals are 3 to
      8-membered, especially however 6-membered. Representative of such radicals
      is the cyclohexoxy radical. Especially suitable oxime ethers are those
      which correspond to the formulae
      ##SPC3##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 have the meanings
      given above. More particularly R.sub.3 stands for a nitro,
      trifluoromethyl, formyl, methylcarbonyl, methylsulfamyl or a
      dimethylsulfamyl radical, R.sub.4 for a hydrogen or chlorine atom, an
      amino, methyl amino, dimethyl amino, isopropylamino, methoxy, ethoxy,
      benzylmercapto or morpholino group, and R.sub.5 for a hydrogen atom, a
      methyl, sec.butyl carbomethoxy, nitro or cyclohexoxy radical.
PAR  From among the compounds of formula (III) those should be specially
      mentioned which correspond to the formulae
      ##SPC4##
PAL  wherein R.sub.1 and R.sub.2 have the meanings given above and R and R' each
      is hydrogen, lower alkyl, such as methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec.butyl, tert.butyl amyl or cycloalkyl, such as cyclopentyl or
      cyclohexyl.
PAR  From among the compounds of formulae (II) and (III) those are preferred
      which correspond to the formula
      ##SPC5##
PAL  wherein R.sub.1 and R.sub.2 have the above meanings. More particularly
      R.sub.1 may stand for hydrogen and R.sub.2 for a substituted phenyl
      radical. Such compounds correspond to the formulae
      ##SPC6##
      ##SPC7##
PAL  and more specifically to the formulae
      ##SPC8##
PAL  wherein R.sub.3, R.sub.4 and R.sub.5 have the meanings given above and X
      and X' each stands for halogen. More specifically X represents chlorine
      bromine and iodine, whereas X' stands for chlorine.
PAR  The oxime ethers of the formulae (I) to (VI) may be derived from aliphatic,
      araliphatic, aromatic or heterocyclic aldehydes or ketones, and also from
      quinones and endocyclic ketones for example fluorenone, indanone,
      acenaphthenone, anthrone, N-methylpyridone, N-methylpiperidone, furfurol
      or nitrofurfurol.
PAR  Preferred use is made of oxime ethers derived from aliphatic aldehydes or
      ketones, from araliphatic aldehydes or ketones, or from aromatic or
      heterocyclic aldehydes or ketones.
PAR  Suitable aliphatic aldehydes are simply constituted aldehydes for example
      acetaldehyde, propionaldehyde, butyr-aldehyde or aldehydes having a longer
      chain, for example heptaldehyde, stearaldehyde or unsaturated aldehydes
      for example crotonaldehyde. Suitable aliphatic ketones are simple ketones
      for example acetone, methylethyl ketone, hexanone-(3), diisopropylketone,
      mesityl oxide, and phorone. Suitable araliphatic or aromatic aldehydes and
      ketones are cinnamic aldehyde, hydrocinnamic aldehyde, halogen adducts or
      cinnamic aldehyde for example dibromo-cinnamic aldehyde, diiodo-cinnamic
      aldehyde, acetophenone, propiophenone, benzaldehyde, nuclear halogenated,
      alkylated, nitrated and alkoxylated benzaldehydes. Examples of suitable
      cyclic ketones are cyclopentanone, cyclohexanone, cycloheptanone as well
      as their cyano derivatives. Suitable heterocyclic ketones and aldehydes
      are, for example, picoline aldehyde, nicotine aldehyde, isonicotine
      aldehyde and N-alkyl-piperidones.
PAR  If such aldehydes or ketones contain aromatic radicals, their suitably
      substituted derivatives may likewise be used. These substituents may be of
      a non-functional kind, for example halogen atoms, nitro or nitroso groups,
      or of a functional kind or derived from functional substituents, being,
      for example hydroxyl, acyloxy, carbamoyloxy, alkoxy, aryloxy, thiol,
      acyl-thio, alkylthio, trifluoromethyl, cyano, formyl, amino, alkyl-amino,
      dialkylamino, arylamino, diarylamino, carboxy or carbalkoxy groups.
PAR  By virtue of their broad biocidal spectrum the new oxime ethers offer the
      special advantage that they are suitable for combating a very wide variety
      of vegetable and animal pests. They are suitable not only for use as
      herbicides, which is the preferred utility, but when used in a
      concentration that does not produce any phytotoxic effects, they are very
      useful in plant protection for combating harmful micro-organisms, such as
      phytopathogenic fungi, for example Alternaria solani, Phytophthora
      infestans and Septoria apii, and act also against harmful insects,
      acarides, nematodes and their ova and larvae. They may also be used quite
      generally as microbicides, for example against Aspergillus species, and as
      insecticides, for example against midges and flies.
PAR  The oxime ethers according to this invention may be used per se in
      admixture with suitable carriers. Such carriers may be solid or liquid.
      The pesticidal preparations thus formed may therefore contain a solid
      carrier, a solvent diluent, dispersant, wetting agent, adhesive,
      fertilizer and/or other known pesticides.
PAR  For the manufacture of solutions of compounds of the general formula (I)
      for direct spraying there may be used, for example, petroleum fractions of
      a high to medium boiling range, for example Diesel oil or kerosene, coal
      tar oil and oils of a vegetable or animal origin, as well as hydrocarbons
      for example alkylated naphthalenes, tetrahydronaphthalene if desired in
      conjunction or admixture with xylene mixtures, cyclohexanols, ketones,
      chlorinated hydrocarbons for example trichloroethane or tetrachloroethane,
      trichlorethane, tri- or tetrachlorobenzene. It is advantageous to use
      organic solvents boiling above 100.degree.C.
PAR  Aqueous forms of applications are prepared most advantageously from
      emulsion concentrates, pastes or wettable spray powders by addition of
      water. Suitable emulsifying or dispersing agents are non-ionic products,
      for example condensation products of aliphatic alcohols, amines or
      carboxylic acids containing a long-chain hydrocarbon residue of about 10
      to 20 carbon atoms with ethylene oxide, for example the condensation
      product of octadecyl alcohol with 25 to 30 mols of ethylene oxide, or of
      sybean fatty acid with 30 mols of ethylene oxide, or of commercial
      oleylamine with 15 mols of ethylene oxide, or of dodecylmercaptan with 12
      mols of ethylene oxide. From among suitable anionic emulsifiers, there may
      be mentioned the sodium salt of dodecyl alcohol sulphuric acid ester, the
      sodium salt of dodecylbenzenesulphonic acid, the potassium or
      triethanolamine salt of oleic or abietic acid or of mixtures of these
      acids, or the sodium salt of a petroleumsulphonic acid. Suitable cationic
      dispersants are quaternary ammonium compounds, for example cetyl
      pyridinium bromide or dihydroxyethyl benzyl dodecyl ammonium chloride.
PAR  For the manufacture of dusting and casting preparations, there may be used
      as solid vehicles talcum, kaolin, bentonite, calcium carbonate, calcium
      phosphate, or coal, cork meal, wood meal or other materials of vegetable
      origin. It is also very advantageous to manufacture preparations in
      granular form. The various forms of application may contain the usual
      additives for improving the distribution, the adhesion, the stability
      towards rain or the penetration; as such substances there may be mentioned
      fatty acids, resin, glue, casein and alginates.
PAR  The preparations of this invention may be used by themselves or in
      conjunction or admixture with conventional pesticides, especially
      insecticides, acaricides, nematocides, bactericides or further fungicides
      or herbicides.
PAR  Especially potent herbicides are those preparations which contain as active
      ingredient a compound of the formula
      ##SPC9##
PAL  wherein R.sub.1 represents a hydrogen atom or an aliphatic radical and
      R.sub.2 an aliphatic radical or an unsubstituted or substituted phenyl
      group, A represents --NO.sub.2, --CHO, --COOH or COO alkyl, and B stands
      for hydrogen, --NO.sub.2, --COOH, --COOalkyl or chlorine. The phenyl
      radical R.sub.2 may carry various substituents, for example halogen atoms,
      nitro, alkyl, hydroxyl or alkoxy groups and/or carbamoyloxy groups.
PAR  Particularly potent herbicides are the compounds of the formula (Ia)
      wherein R.sub.1 and R.sub.2 have the following meanings:
      ##SPC10##
PAL  Especially useful acaricides are those preparations which contain as active
      ingredient a compound of the formula
      ##SPC11##
PAL  wherein R.sub.1 represents a hydrogen atom and R.sub.2 a phenyl radical
      which may be substituted by halogen atoms or alkyl or alkoxy groups, or
      wherein R.sub.1 and R.sub.2 represent alkyl radicals or are part of an
      isocyclic residue.
PAR  Especially potent are the compounds of the formula
      ##SPC12##
PAR  The active ingredients of formula I may be manufactured according to known
      methods, such as e.g.:
PAR  A salt of a ketoxime or aldoxime of the formula
      ##EQU1##
      wherein R.sub.1 and R.sub.2 have the above meanings and Me stands for a
      metal atom, preferably an alkali metal atom- is reacted with a
      halogene-benzene of the formula
      ##SPC13##
PAL  wherein R.sub.3 to R.sub.5 have the above meanings and Hal represents a
      fluorine, chlorine, bromine or iodine atom.
PAR  The reaction may be carried out in a solvent, for example in ethanol,
      methanol, acetonitrile or dioxan, as a rule at room temperature; in many
      cases it is accompanied by a spontaneous rise in temperature. The oxime
      ethers obtained in this manner are very easy to isolate by diluting the
      reaction solution with water. The other precipitate and may, if desired,
      be recrystallized. This process may be varied in that following upon the
      formation of the oxime ether one or several groups, R.sub.3, R.sub.4,
      R.sub.5, R.sub.6 are subsequently converted.
PAR  More especially, halogen atoms R.sub.5 and/or R.sub.6 may be exchanged for
      compounds containing active hydrogen atoms, thus for example for ammonia,
      primary or secondary aliphatic, araliphatic or aromatic amines, alcohols,
      phenols, alkanethiols or thiophenols.
PAR  The oxime ethers accessible in this manner may take the syn-form or the
      anti-form. As a rule, they are obtained in the form of a mixture of
      isomers, which can be resolved into the two forms by a usual operation,
      for example crystallization or adsorption. For the manufacture of the
      preparations of this invention, it suffices to use the mixture of isomers
      as obtained by the reaction.
PAR  The present invention further includes new oxime ethers of the general
      formula
      ##SPC14##
PAL  wherein R.sub.1 and R.sub.2 have the above meanings and R.sub.4 represents
      a trifluoromethyl, formyl, unsubstituted or substituted carboxyl or
      possibly alkylated sulphamyl residue, and R.sub.5 represents a hydrogen
      atom or a nitro group, or wherein R.sub.4 stands for the nitro group and
      R.sub.5 for a possibly esterified carboxyl group.
PAR  The following Examples illustrate the invention:
DETD
PAC  EXAMPLE 1
      ##SPC15##
PAR  A solution of sodium ethylate prepared from 11.5 parts of sodium and 500
      parts by volume of absolute ethanol is added to 76 parts of anisaldehyde
      in 400 parts by volume of absolute ethanol. During 10 minutes at
      40.degree.C. 101 parts of 4-chloro-1,3-dinitrobenzene in 300 parts by
      volume of absolute ethanol are added drop, the temperature rising to
      65.degree.C. The batch is cooled to room temperature, diluted with water,
      filtered and recrystallized from dimethylformamide-ethanol. The product
      melts at 187.degree. - 17.5.degree.C.
PAC  EXAMPLE 2
      ##SPC16##
PAR  A solution of sodium ethylate prepared from 13.1 parts of sodium and 300
      parts by volume of absoulute ethanol is added drop by drop during 30
      minutes, at room temperature, to a solution of 82 parts of
      ortho-methoxybenzaldehydeoxime and 115 parts of
      4-chloro-1,3-dinitrobenzene in 1000 parts by volume of acetonitrile. After
      4 hours, the batch is diluted with 3000 parts by volume of water, filtered
      and recrystallized from toluene+acetone. The product melts at 184.degree.
      - 184.5.degree.C.
PAC  EXAMPLE 3
      ##SPC17##
PAR  A solution of sodium ethylate prepared from 18.5 parts of sodium and 500
      parts by volume of absolute ethanol is added drop by drop during 30
      minutes at room temperature to a solution of 90 parts of cyclohexanone
      oxime and 162 parts of 4-chloro-1,3-di-nitrobenzene in 500 parts by volume
      of acetonitrile. After 4 hours, the batch is diluted with water filtered
      and recrystallized from acetonitrile. The product melts at 105.5.degree. -
      106.degree.C.
PAC  EXAMPLE 4
      ##SPC18##
PAR  A solution of sodium ethylate prepared from 12 parts of sodium and 250
      parts by volume of absolute ethanol is added drop by drop at room
      temperature to a solution of 50.5 parts of methyl-isopropoyl ketonoxime
      and 101.3 parts of 4-chloro-1,3-dinitrobenzene in 400 parts by volume of
      acetonitrile, while stirring. After 12 hours, the batch is diluted with
      water, filtered and recrystallized from acetonitrile. The product melts at
      85.degree. to 86.degree.C
PAC  EXAMPLE 5
      ##SPC19##
PAR  An oxime salt solution of 380 parts of 2,6-dichlorobenzalde-hyde oxime,
      46.3 parts of soidum in 4000 parts by volume of absolute ethanol is added
      drop by drop during 1 hour to a cooled mixture of 405.degree. parts of
      4-chloro-1,3-dinitrobenzene and 500 parts by volume of acetonitrile while
      stirring and at a rate such that the temperature remains between
      -5.degree.C and +10.degree.C. After 3 hours, the batch is diluted with ice
      water, filtered and recrystallized from dimethylformamide-acetonitrile.
      The product melts at 177.degree. to 178.degree.C.
PAC  EXAMPLE 6
      ##SPC20##
     85/7
PAR  An oxime salt solution of 43.5 parts of isobutyraldoxime and 10.5 parts of
      sodium in 300 parts by volume of absolute ethanol is added drop by drop
      during 30 minutes at -5.degree.C to a mixture of 93 parts of
      4-fluoro-1,3-dinitrobenzene and 200 parts by volume of acetonitrile, while
      stirring. The batch is then stirred for 3 hours at room temperature,
      diluted with ice water, filtered and recrystallized from acetonitrile. The
      product melts at 80.degree. to 82.degree.C.
PAC  EXAMPLE 7
      ##SPC21##
PAR  A solution of 54 parts of the cyclohexanone oxime sodium salt in 800 parts
      by volume of dioxane is added drop by drop at room temperature during 30
      minutes to a mixture of 106 parts of 4-chloro-3-nitrobenzenesulphonic
      acid-(1)-dimethylamide in 500 parts by volume of dioxan while stirring.
      During the addition, the temperature rises to 35.degree.C. After 2 hours,
      the batch is heated for 1/2 hour at 50.degree.C, then diluted with ice
      water, filtered, and recrystallized from ethanol. The product melts at 124
      to 125.degree.C.
PAC  EXAMPLE 8
      ##SPC22##
PAR  An oxime salt solution prepared from 30 parts of 2-chloro-benzaldehyde
      oxime, 4.5 parts of sodium and 400 parts by volume of absolute ethanol is
      added drop by drop at room temperature, during 30 minutes, to a solution
      of 42 parts of 5-chloro-2,4-di-nitraniline in 500 parts by volume of
      acetonitrile while stirring. After 6 hours, the whole is diluted with ice
      water, filtered and recrystallized from acetonitrile. The product melts at
      166.degree. to 167.degree.C.
PAC  EXAMPLE 9
      ##SPC23##
PAR  33 Parts of .alpha.-methylaminopropionitrile in 200 parts by volume of
      dioxan are added drop by drop within 1 hour at 50.degree.C while stirring
      to 69 parts of couminaldehyde oxime-0-(5-chloro-2,4-dinitro-phenyl ether)
      in 700 parts by volume of dioxan, during which the temperature of the
      solution rises slightly.
PAR  After 1 hour, the batch is diluted with ice water, filtered and
      recrystallized from ethanol-dimethylformamide. The product melts at
      161.degree. to 162.degree.C.
PAC  EXAMPLE 10
      ##SPC24##
PAR  23 Parts of isopropylamine in 100 parts of dioxan are added drop by drop
      during 1 hour, at 50.degree.C, to 77 parts of fluorenone
      oxime-0-(5-chloro-2,4-dinitrophenyl ether) in 1500 parts by volume of
      dioxan. The batch is then refluxed for 3 hours at 80.degree.C, another 20
      parts of isopropylamine are added and the mixture is heated for 3 hours at
      80.degree.C, diluted with ice water, filtered and digested with hot
      dimethylformamide. The product melts at 240.degree. to 241.degree.C with
      decomposition.
PAC  EXAMPLE 11
      ##SPC25##
PAR  An oxime salt solution prepared from 86 parts of 3,4-chlorobenzaldoxime,
      10.3 parts of sodium and 600 parts by volume of absolute ethanol is added
      drop by drop at room temperature within 1/2 hour to 130 parts of
      isopropyl-(5-chloro-2,4-dinitrophenyl)-sulphide in 400 parts by volume of
      acetonitrile, while stirring. After 3 hours, the batch is diluted with ice
      water, filtered and recrystallized from acetonitrile. The product melts at
      191.degree. to 192.degree.C.
PAC  EXAMPLE 12
      ##SPC26##
PAR  A thiophenolate solution prepared from sodium methylate and 29 parts of
      4-chlorothiophenol in 800 parts by volume of dioxan is added drop by drop,
      under a current nitrogen, during 30 minutes, to 63 parts of
      2-methoxybenzaldehydoxime-0-(5-chloro-2,4-dinitrophenyl ether) in 1000
      parts by volume of dioxan, while stirring. The batch is then heated for 1
      hour at 40.degree.C, diluted with ice water, filtered and recrystallized
      from dioxan+dimethylformamide. The product melts at 197.degree. -
      198.degree.C.
PAR  The following oxime ethers of 2,4-dinitrophenols have been prepared by
      analogous methods described in the foregoing Examples:
      ##SPC27##
TBL                Table 1                                                     
     ______________________________________                                    
     Compound                                                                  
            R.sub.1             Melting Point                                  
     No.    .angle.C=           .degree.C                                      
            R.sub.2                                                            
     ______________________________________                                    
     13                         165 - 166                                      
     14                         .perp.- 196                                    
     15                          197 - 197.5                                   
     16                         186 - 187                                      
     17                          189 - 190.5                                   
            O                                                                  
            .parallel.                                                         
     18     CH.sub.3 NH--C--O-- 181 - 182                                      
     19                         185 - 186                                      
     20                         199.5 - 200                                    
     21                         165 - 166                                      
     22                         164 - 165                                      
     23                         202 - 203                                      
     24                         184 - 185                                      
     25                         206.5 - 207                                    
     26                         142 - 144                                      
            CH.sub.3                                                           
     27     .angle.C=             71 - 71.5                                    
            CH.sub.3                                                           
     28                         141 - 142                                      
     29                         143.5 - 144                                    
     30                          175 - 175.5                                   
     31                         195 - 196                                      
     32                         180 - 181                                      
            CH.sub.3                                                           
            .vertline.                                                         
     33     CH.sub.3 --(CH.sub.2).sub.6 --C=                                   
                                yellow oil                                     
     34                         198.5 - 199                                    
     35                         200 - 201                                      
                                (decomp.)                                      
            CH.sub.3                                                           
            .vertline.                                                         
     36     CH.sub.3 --C=        89 - 89.5                                     
     37                         196 - 197                                      
            CH.sub.3                                                           
            .vertline.                                                         
     38     CH.sub.3 --(CH.sub.2).sub.5 --C=                                   
                                47 - 48                                        
            CH.sub.3 CH.sub.3                                                  
            .angle.                                                            
            C--CH.sub.2                                                        
            .vertline.                                                         
     39     CH.sub.2 .angle.C=  85 - 97                                        
     .vertline.                                                                
            C=CH                                                               
            .vertline.                                                         
             CH.sub.3                                                          
            CH.sub.3                                                           
            .vertline.                                                         
            CH.sub.2 --C                                                       
            .vertline..vertline.                                               
     40     CH.sub.2 CH.sub.2 .angle.C=                                        
                                 97 - 111                                      
            .angle.                                                            
            CH--C                                                              
            .angle.                                                            
            H.sub.3 C CH.sub.3                                                 
     41                         205 - 206                                      
                                (decomp.)                                      
            CH.sub.3                                                           
            .vertline.                                                         
            CH.sub.2 ----C                                                     
            .vertline.                                                         
     42     CH.sub.2 C(CH.sub.3).sub.2 .angle.C=                               
                                107 - 109                                      
            .angle.                                                            
            CH----CH.sub.2                                                     
     43                         188 - 190                                      
            (CH.sub.3).sub.2 CH--CH.sub.2                                      
     44     .angle.C=           75 - 77                                        
            .angle.C=                                                          
            (CH.sub.3).sub.2 CH--CH.sub.2                                      
            CH.sub.2 --CH.sub.2                                                
            .vertline.                                                         
            CH.sub.2                                                           
     45     .vertline..angle.C= 81 - 83                                        
            CH.sub.2                                                           
            .vertline.                                                         
            CH.sub.2 --CH.sub.2                                                
            C.sub.2 H.sub.5                                                    
     46     .angle. C=          91 - 92                                        
            C.sub.2 H.sub.5                                                    
            CHCH.sub.3                                                         
            .vertline..vertline.                                               
     47     CH.sub.3 --C--CH.sub.2 --C=                                        
                                91 - 92                                        
            .vertline.                                                         
            CH.sub.3                                                           
            CH.sub.3 CH.sub.3                                                  
            .vertline..vertline.                                               
     48     CH.sub.3 --CH--CH.sub.2 --C=                                       
                                36 - 37                                        
            CH.sub.3 CH.sub.3                                                  
            .vertline..parallel.                                               
     49     CH.sub.3 --CH--(CH.sub.2).sub.2 --C=                               
                                56 - 58                                        
     50                         177 - 178                                      
                                (decomp.)                                      
     51                         161 - 163                                      
     52                         136 - 138                                      
            CH.sub.3 CH.sub.3                                                  
            .vertline..vertline.                                               
     53     CH.sub.3 --C=CH--C= 130 - 131                                      
            CH.sub.3                                                           
            .vertline.                                                         
     54     --CH=CH--C=         136 - 142                                      
            CH.sub.3                                                           
     55     .vertline.          183 - 184                                      
            --CHBr--CHBr--C=    (decomp.)                                      
     56                         214 - 215                                      
     57                         185 - 186                                      
     58                         210 - 211                                      
     59                         187 - 189                                      
     60                         155 - 156                                      
     61     CH.sub.3 --CH=       95 - 96.5                                     
      61 a                      194 - 195                                      
                                (decomp.)                                      
     ______________________________________                                    
PAR  The following oxime ethers of 2,4-dinitro-5-chlorophenol were prepared by
      methods analogous to those described in the following Examples:
      ##SPC28##
TBL                Table 2                                                     
     ______________________________________                                    
     Compound                                                                  
             R.sub.1               Melting Point                               
     No.                           .degree.C                                   
             .angle.C=                                                         
             R.sub.2                                                           
     ______________________________________                                    
             CH.sub.3                                                          
     62      .angle.CH--           130 - 131                                   
             CH.sub.3                                                          
             CH.sub.3                                                          
     63      .angle.C=             92 - 94                                     
             CH.sub.3                                                          
     64                            85 - 87                                     
     65                            168 - 169                                   
             CH.sub.3                                                          
             .vertline.                                                        
     66      C.sub.2 H.sub.5 --C=  72 - 74                                     
     67                            186 - 187                                   
                                   (decomp.)                                   
             CH.sub.3                                                          
             .vertline.                                                        
             CH.sub.2 ------C                                                  
             .vertline..vertline.                                              
     68      CH.sub.2 C(CH.sub.3).sub.2 .angle.C=                              
                                   126 - 127                                   
             .angle..vertline.                                                 
             CH------CH.sub.2                                                  
     69                            175 - 176                                   
     70                            169 - 170                                   
     71                            182 - 183                                   
     72                            202 - 203                                   
             CH.sub.3                                                          
             .vertline.                                                        
     73      CH--CH--C=            68 - 69                                     
             .vertline.                                                        
             CH.sub.3                                                          
             CH.sub.3 CH.sub.3                                                 
             .angle.                                                           
             C--CH.sub.2                                                       
             .vertline.                                                        
     74      CH.sub.2 .angle.C=    110 - 112                                   
             .vertline.                                                        
             C=CH                                                              
             .vertline.                                                        
             CH.sub.3                                                          
             CH.sub.3                                                          
             .vertline.                                                        
             CH.sub.2 --C                                                      
             .vertline..vertline.                                              
     75      CH.sub.2 CH.sub.3 .angle.C=                                       
                                   104 - 105                                   
             .angle.                                                           
             CH--C                                                             
             .angle.                                                           
             CH.sub.3 CH.sub.3                                                 
             CH.sub.3                                                          
             .vertline.                                                        
     76      CH.sub.3 --(CH.sub.2).sub.6 --C=                                  
                                   brown oil                                   
     77                            165 - 166                                   
     78                            181 - 183                                   
             CH.sub.3 CH.sub.3                                                 
             .vertline..vertline.                                              
     79      CH.sub.3 --C=CH--C=   brown oil                                   
             C.sub.2 H.sub.5                                                   
             .vertline.                                                        
     80      CH.sub.3 --(CH.sub.2).sub.3 --C=                                  
                                   brown oil                                   
             CH.sub.3                                                          
             .vertline.                                                        
     81      --CH=CH--C=           155 - 165                                   
             CH.sub.3 C.sub.2 H.sub.5                                          
             .vertline..vertline.                                              
     82      C.sub.2 H.sub.5 --CH--CH.sub.2 --C=                               
                                   brown oil                                   
     83                            128 - 131                                   
     84                            132 - 133                                   
     85                            148 - 149                                   
             CH.sub.3 CH.sub.3                                                 
             .vertline..vertline.                                              
     86      CH.sub.3 --CH--CH.sub.2 --C=                                      
                                   brown oil                                   
             CH.sub.3                                                          
             .vertline.                                                        
     87      --CHBr--CHBr--C=      186 - 187                                   
     88                            214 - 215                                   
     88 a                          194  - 196                                  
                                   (decomp.)                                   
     88 b                          187 - 189                                   
                                   (decomp.)                                   
     88 c                          176 - 178                                   
                                   (decomp.)                                   
     ______________________________________                                    
PAR  The following oxime ethers of 2-nitro-4-carbomethoxyphenol were prepared by
      methods-analogous to those described in the foregoing Examples:
      ##SPC29##
TBL                Table 3                                                     
     ______________________________________                                    
     Compound  R.sub.1           Melting point                                 
     No.       .angle.C=         .degree.C                                     
               R.sub.2                                                         
     ______________________________________                                    
     89                          68 - 69                                       
     90                          135 - 137                                     
     91                          134 - 136                                     
     92                          169 - 171                                     
     93                          185 - 186                                     
               CH.sub.3                                                        
               .vertline.                                                      
     94        C.sub.2 H.sub.5 --C=                                            
                                 68 - 69                                       
               C.sub.2 H.sub.5                                                 
               .vertline.                                                      
     95        C.sub.2 H.sub.5 --C=                                            
                                 brown oil                                     
               CH.sub.3                                                        
     96        .angle.CH--       143 - 144                                     
               CH.sub.3                                                        
      96 a                       175 - 176                                     
                                 (decomp.)                                     
      96 b                       181 - 182                                     
                                 (decomp.)                                     
     ______________________________________                                    
PAR  The following oxime ethers of 2,4-dinitro-6-carbomethoxy-phenol were
      prepared in a similar manner:
      ##SPC30##
TBL                Table 4                                                     
     ______________________________________                                    
     Compound R.sub.1           Melting point                                  
     No.      .angle.C=         .degree.C                                      
              R.sub.2                                                          
     ______________________________________                                    
      97                        124 - 126                                      
      98                        50 - 51                                        
      99                        105 - 107                                      
     100                        123 - 124                                      
     101                        133 - 135                                      
              CH.sub.3                                                         
              .vertline.                                                       
     102      CH.sub.3 --C=     65 - 67                                        
              CH.sub.3 CH.sub.3                                                
              .vertline..vertline.                                             
     103      CH.sub.3 --C----C=                                               
                                brown oil                                      
              .vertline.                                                       
              CH.sub.3                                                         
              CH.sub.3 CH.sub.3                                                
              .vertline..vertline.                                             
     104      CH.sub.3 --CH--CH.sub.2 --C=                                     
                                brown oil                                      
              CH.sub.3                                                         
              .vertline.                                                       
     105      --CH=CH--C=       141 - 143                                      
     106                        119 - 120                                      
     107                        121 - 122                                      
     108                        131 - 132                                      
     109                        156 - 157                                      
              C.sub.2 H.sub.5                                                  
              .vertline.                                                       
     110      CH.sub.3 --(CH.sub.2).sub.3 --C=                                 
                                brown oil                                      
              CH.sub.3 CH.sub.3                                                
              .vertline..vertline.                                             
     111      CH.sub.3 --CH--(CH.sub.2).sub.2 --C=                             
                                brown oil                                      
              C.sub.2 H.sub.5                                                  
              .vertline.                                                       
     112      C.sub.2 H.sub.5 --C=                                             
                                brown oil                                      
              CH.sub.3                                                         
              .vertline.                                                       
     113      --CH=CH--C=       141 - 143                                      
              CH.sub.3 C.sub.2 H.sub.5                                         
              .vertline..vertline.                                             
     114      C.sub.2 H.sub.5 --CH--CH.sub.2 --C=                              
                                brown oil                                      
      114 a                     165 - 167                                      
     ______________________________________                                    
PAR  The following oxime ethers of 2,4-dinitro-6-carboxyclohexoxy-phenol were
      prepared in a similar matter:
      ##SPC31##
TBL                Table 5                                                     
     ______________________________________                                    
     Compound    R.sub.1        Melting point                                  
     No.         .angle.C=      .degree.C                                      
                 R.sub.2                                                       
     ______________________________________                                    
     115                        130 - 132                                      
                 CH.sub.3                                                      
     116         .angle.CH--    122 - 123                                      
                 CH.sub.3                                                      
     117                        111 - 113                                      
                 OHCH.sub.3                                                    
                 .vertline..vertline.                                          
     118         CH.sub.3 --C--CH.sub.2 --C=                                   
                                brown oil                                      
                 .vertline.                                                    
                 CH.sub.3                                                      
                 C.sub.2 H.sub.5                                               
     119         .angle.C=      brown oil                                      
                 C.sub.2 H.sub.5                                               
                 CH.sub.3                                                      
                 .vertline.                                                    
     120         C.sub.2 H.sub.5 --C=                                          
                                75 - 76                                        
     ______________________________________                                    
PAR  Furthermore, the following oxime ethers of 2-nitro-4-formylphenol were
      prepared analogously:
      ##SPC32##
TBL                Table 6                                                     
     ______________________________________                                    
     Compound R.sub.1          Melting point                                   
     No.      .angle.C=        .degree.C                                       
              R.sub.2                                                          
     ______________________________________                                    
     121                       197 - 198                                       
     122                       143 - 144                                       
      122 a                    190 - 191                                       
                               (decomp.)                                       
     ______________________________________                                    
PAR  Furthermore, the following oxime ethers of 2-nitro-4-trifluoromethylphenol
      were prepared analogously:
      ##SPC33##
TBL                Table 7                                                     
     ______________________________________                                    
     Compound                                                                  
             R.sub.1               Melting point                               
     No.                            .degree.C                                  
             .angle.C=                                                         
             R.sub.2                                                           
     ______________________________________                                    
     123                           143 - 144                                   
             CH.sub.3                                                          
             .vertline.                                                        
             CH.sub.2 --C                                                      
             .vertline.                                                        
     124     CH.sub.2 CH.sub.2 .angle.C=                                       
                                   83 - 85                                     
             .angle.                                                           
             CH--C                                                             
             .angle.                                                           
             CH.sub.3 CH.sub.3                                                 
     124 a                         149 - 151                                   
                                   (decomp.)                                   
     124 b                         182 - 183                                   
                                   (decomp.)                                   
     ______________________________________                                    
PAR  The 2,6-dinitro-4-trifluoromethylphenyl ether of the acetonoxime (compound
      No. 125) melts at -80.degree. - 81.degree.C.
PAR  Furthermore, the following oxime ethers of 2,4,6-trinitrophenol were
      manufactured analogously;
      ##SPC34##
TBL  Compound                                                                  
             R.sub.1               Melting point                               
     No.                           .degree.C                                   
             .angle.C=                                                         
             R.sub.2                                                           
     ______________________________________                                    
     126                           164 - 165                                   
     127     CH.sub.3              114 - 115                                   
             .angle.C=                                                         
             CH.sub.3                                                          
     128                           147 - 148                                   
             CH.sub.3                                                          
     129     .angle.HC--           157 - 158                                   
             CH.sub.3                                                          
     ______________________________________                                    
PAR  The following oxime ethers of 2-nitro-4-N,N-dimethyl-sulphamylphenol were
      manufactured analogously:
      ##SPC35##
TBL                Table 8                                                     
     ______________________________________                                    
     Compound                                                                  
             R.sub.1               Melting point                               
     No.                            .degree.C                                  
             .angle.C=                                                         
             R.sub.2                                                           
     ______________________________________                                    
     130                           183 - 184                                   
     131                           174 - 176                                   
             CH.sub.3                                                          
             CH.sub.2 ------C.angle.                                           
             .vertline.                                                        
     132     CH.sub.2 CH.sub.3 --C--CH.sub.3 C=                                
                                   142 - 144                                   
             .angle..vertline.                                                 
             CH------CH.sub.2                                                  
     133     CH.sub.3 --CH--C=     111 - 113                                   
             .vertline..vertline.                                              
             CH.sub.3 CH.sub.3                                                 
     133 a                         184 - 185                                   
                                   (decomp.)                                   
     ______________________________________                                    
PAR  The cyclohexanone oxime-2-nitro-4-N-methyl-sulphamylphenyl ether (compound
      134) melts at 129.degree. - 130.degree.C.
PAR  Furthermore, the following oxime ethers of 2,4-dinitro-5-aminophenol were
      manufactured analogously:
TBL                Table 9                                                     
     ______________________________________                                    
     Compound                                                                  
             R.sub.1               Melting point                               
     No.                           .degree.C                                   
             .angle.C=                                                         
             R.sub.2                                                           
     ______________________________________                                    
     135                           210 (decomp.)                               
     136                           149 - 150                                   
     137     CH.sub.3 --CH--C=     199 - 200                                   
             .vertline..vertline.                                              
             CH.sub.3 CH.sub.3                                                 
     138     CH.sub.3 --CH--(CH.sub.2).sub.2 --C=                              
                                   113 - 114                                   
             .vertline..vertline.                                              
             CH.sub.3 CH.sub.3                                                 
             CH.sub.2 ----CH.sub.2                                             
             .vertline.                                                        
             CH.sub.2                                                          
     139     .vertline..angle.C=   187 - 188                                   
             CH.sub.2                                                          
             .vertline.                                                        
             CH.sub.2 ----CH.sub.2                                             
     140                           158 (decomp.)                               
     ______________________________________                                    
PAR  The following oxime ethers of 2,4-dinitro-5-isopropylaminophenol were
      manufactured analogously:
      ##SPC36##
      ##EQU2##
PAR  The following oxime ethers were also manufactured in an analogous way to
      that described above
      ##EQU3##
PAC  EXAMPLE 13
PAR  a. A mixture of 50 g of the active ingredient No. 14, 20 g of Hisil (a
      silica preparation), 25 g of kaolin, 3.5 g of flotation agent (for example
      a condensation product of 1 mol of para-octylphenol with 6 to 10 mols of
      ethylene oxide) and 1.5 g of a wetting agent (for example the sodium salt
      of 1-benzyl-2-hepta-decylbenzimidazole-disulphonic acid) is finely ground
      to form a wettable powder containing 50% of the active product.
PAR  The active ingredient No. 21 is formulated in a similar manner, except that
      25 g of chalk are used instead of 25 g of kaolin. In an identical manner,
      the active substance No. 14 of Example 4 is formulated.
PAR  b. 500 Grams each of the active ingredients Nos. 5 and 67 are mixed with
      110 g of ammonium ligninsulphonate, 45 g of dicresyl methanedisulphonic
      acid, 10 g of a mixture of 40% of an alkylarylpolyether alcohol and 60% of
      magnesium carbonate, and 335 g of kaolin. In each case, the resulting
      mixture may be diluted with water to form a stable emulsion.
PAC  EXAMPLE 14
PAR  a. When used for a postemergence treatment, the following active compounds
      produced a good effect against a variety of dicotyledonous plants.
PAR  The above mentioned treatment was carried out with 5.0 kg each of the
      active compounds listed below 12 days after sowing, when the plants had
      developed 1 to 2 genuine leaves.
PAR  The following results were recorded:
TBL  Species Comp.                                                             
     of plant                                                                  
             No.1                                                              
                 No.2                                                          
                    No.13                                                      
                        No.14                                                  
                            No.15                                              
                                 No.17                                         
                                      No.18                                    
                                           No.19                               
                                                No.21                          
                                                     No.26                     
                                                          No.27                
                                                               No.29           
     __________________________________________________________________________
     Beta vulgaris                                                             
             9   9  9   9   9    10   10   9    10   10   10   10              
     Calendula                                                                 
             9   10 10  10  10   10   10   10   8    10   10   9               
     Linum   10  8  8   10  10   10   10   10   8    10   10   10              
     Brassica                                                                  
             9   10 10  10  9    10   10   9    10   10   10   10              
     Daucus  9   10 10  9   2    8    10   10   8    9    8    2               
     Lactuca 10  10 10  10  2    5    10   10   10   10   10   2               
     Medicago                                                                  
             2   4  4   10  6    10   10   9    10   10   10   10              
     Soya    1   2  9   10  1    4    8    7    8    4    1    1               
     Triticum                                                                  
             0   0  0   1   0    0    0    0    0    1    1    1               
     Hordeum 2   1  2   0   2    3    3    2    1    3    2    1               
     Sorghum 1   1  0   1   1    2    4    1    2    2    1    1               
     Phaseolus                                                                 
             4   9  5   4   2    6    5    9    7    4    5    1               
     __________________________________________________________________________
TBL  Species Comp.                                                             
     of plant                                                                  
             No.32                                                             
                  No.33                                                        
                       No.36                                                   
                            No.37                                              
                                 No.41                                         
                                      No.43                                    
                                           No.46                               
                                                No.47                          
                                                     No.56                     
                                                          No.62                
                                                               No.65           
     __________________________________________________________________________
     Beta vulgaris                                                             
             9    8    10   10   10   10   10   10   10   10   10              
     Calendula                                                                 
             8    7    10   9    10   10   10   10   8    10   10              
     Linum   10   7    10   10   10   8    9    9    7    10   10              
     Brassica                                                                  
             10   8    10   10   10   10   10   10   10   10   10              
     Daucus  10   6    10   9    9    8    8    10   8    8    6               
     Lactuca 8    5    10   9    10   10   10   10   9    8    8               
     Medicago                                                                  
             2    2    2    3    6    10   10   10   6    8    9               
     Soya    0    0    0    0    0    8    1    1    6    1    1               
     Triticum                                                                  
             0    0    0    0    0    0    1    0    0    0    1               
     Hordeum 2    1    1    1    0    0    1    0    0    0    0               
     Sorghum 1    1    2    2    1    0    0    1    0    0    1               
     Phaseolus                                                                 
             4    7    8    4    5    8    4    2    4    1    4               
     __________________________________________________________________________
TBL  Species No.                                                               
                No. No. No. No. No. No. No. No. No. No. No. No. No.            
     of plant                                                                  
             71 72  88  91  92  93  97  98  100 101 109 121 130 131            
     __________________________________________________________________________
     Beta vulgaris                                                             
             10 10  10  8   8   10  8   10  10  10  10  8   10  8              
     Calendula                                                                 
             10 10  10  8   10  10  10  10  10  10  8   7   8   10             
     Linum   10 10  10  8   10  8   10  10  10  10  8   8   10  10             
     Brassica                                                                  
             10 8   10  10  10  8   8   10  10  8   8   10  8   6              
     Daucus  6  10  10  9   5   10  8   10  8   8   8   10  10  10             
     Lactuca 8  10  10  9   10  8   5   10  8   10  10  9   10  10             
     Medicago                                                                  
             10 8   10  6   10  10  10  10  8   10  10  10  8   8              
     Soya    1  1   1   5   8   10  8   1   1   8   8   2   10  10             
     Triticum                                                                  
             0  0   1   0   1   0   1   1   1   0   0   0   0   0              
     Hordeum 0  0   0   1   0   0   0   1   0   1   1   1   1   1              
     Sorghum 2  2   1   0   1   0   1   0   1   0   0   0   1   1              
     Phaseolus                                                                 
             8  6   7   5   4   7   8   8   5   10  10  6   4   5              
     __________________________________________________________________________
      Explanation:                                                             
      0 = no effect                                                            
      &lt;5 = damage that spreads                                                 
      &gt;5 = damage that results in the plant dying off                          
      10 = plant completely destroyed.                                         
PAL  Each of the active compounds Nos. 5, 10, 20, 56, 67, 88 and 99, formulated
      as described in Example 13b was sprayed on the soil in an amount of 0.5 kg
      per hectare, in a greenhouse test immediately after sowing -- i.e. by the
      preemergence method. The test plants and the results achieved are listed
      in the following Table:
TBL  Species of                                                                
             Comp.    No.     No.   No.  No.  No.  No.                         
     plant   No.5     10      20    56   67   88   99                          
     ______________________________________                                    
     Triticum                                                                  
             2        2       2     2    2    1    1                           
     Hordeum 2        2       1     1    2    2    1                           
     Avena   10       8       8     8    8    10   8                           
     Poa     10       10      10    10   10   10   8                           
     Dactylis                                                                  
             10       10      10    10   10   10   10                          
     Linum   3        3       5     5    3    5    10                          
     Brassica                                                                  
             3        3       2     2    1    0    0                           
     Lactuca 10       8       8     10   10   10   10                          
     Medicago                                                                  
             4        5       8     8    8    10   8                           
     Soya    1        1       1     1    1    0    0                           
     Phaseolus                                                                 
             1        1       0     1    0    1    0                           
     ______________________________________                                    
      0 = no effect                                                            
      10 = plant completely destroyed                                          
PAR  When applied in an amount of 0.5 kg of active compound only a few plants
      were strongly affected, above all Avena, Poa, Dactylis and Lactuca,
      whereas the others were not damaged at all or only to a very small extent,
      such as Triticum, Hordeum, Brassica, Soya and Phaseolus.
PAR  b. The active substances Nos. 5 and 67, formulated as described in Example
      13b, in an amount of 4.0, 2.0, 1.0 and 0.5 kg of active substance per
      hectare, were sprayed over the soil in a greenhouse test immediately after
      seeding, that is to say, by the pre-emergence method. The seedlings
      treated and the results achieved are shown in the following Table:
TBL  Active substance No.5                                                     
                         Active substance No.67                                
      4        2      1    0.5 kgAS                                            
                                    4  2     1  0.5 kgAS                       
     ______________________________________                                    
     Triticum                                                                  
            10    10     9   2       10  7     7  2                            
     Hordeum                                                                   
            10     5      5  2       10  4     5  2                            
     Avena  10    10     10  10      10  10   10  8                            
     Poa    10    10     10  10      10  10   10  10                           
     Dactylis                                                                  
            10    10     10  10      10  10   10  10                           
     Linum  10    10     10  3       10  9     8  3                            
     Brassica                                                                  
            10    10      5  3       10  4    2   1                            
     Lactuca                                                                   
            10    10     10  10      10  10   10  10                           
     Medicago                                                                  
            10    10     10  4       10  10   10  8                            
     Soya   10     7      4  1        9  4     2  1                            
     Phaseolus                                                                 
             5     1      1  1        4  1     0  0                            
     ______________________________________                                    
      0 = no effect                                                            
      10 = plant completely destroyed                                          
PAR  When applied in an amount of 4.0 kg per hectare both these products of the
      invention displayed a broad effect, whereas with 0.5 kg of active
      substances only some plants were strongly effected, above all Avena, Poa,
      Dactylis and Lactuca, whereas others were not damaged at allor only very
      little, for example Triticum, Hordeum, Brassica, Soya and Phaseolus.
PAR  Accordingly, the two new active substances may be used as total herbicides
      by the pre-emergence method or, when used in a suitable concentration, for
      the selective control of weeds, for example in grain crops (Triticum and
      Hordeum), varieties of cabbage (Brassica) and leguminoses (soybeans and
      phaseolus beans).
PAC  EXAMPLE 15
PAR  Mixtures containing 50 g of the substances Nos. 16, 20, 22, 4 and 66 each,
      3.5 g of a non-ionic, and 1.5 g of an anionic wetting and dispersing agent
      are finely ground with 50 g of a vehicle. The wettable spray powders thus
      obtained may be diluted with water in any desired proportion.
PAC  EXAMPLE 16
PAR  10 to 40 Grams of each of the compounds 68, 73, 75, 98 76 and 94 are made
      up with an adequate amount of an emulsifier (sulphonate-nonionic mixture)
      in xylene to a volume of 100 ml. These emulsion concentrates may be
      diluted with water to the desired concentration and used as fungicides.
PAC  EXAMPLE 17
PAR  The products of this invention, for example compound No. 16, are also
      distinguished by their action against genuine powdery mildew. Zucchetti
      plants (Cucumis pepo) were trained in a greenhouse and once sprayed
      prophylactically with a broth containing as active ingredient 0.2 % of the
      preparation formulated as described in Example 15. 2 Days after having
      been sprayed, the plants were infested with spores of Erysiphe
      cichoracearum and 12 to 14 days later checked for fungus attack. Compared
      with the untreated control (effect: nil) the sprayed plants displayed a
      90% effect without having developed phytotoxic damage.
PAR  Effects similar to those against Erysiphe cicoracearum described above were
      observed with the following compounds, which were readily tolerated by the
      Zucchetti plants:
TBL  Compound No.     Effect in %                                              
     ______________________________________                                    
     20               80                                                       
      4               100                                                      
     49               95                                                       
     66               80                                                       
     ______________________________________                                    
PAC  EXAMPLE 18
PAR  The action of the compounds of this invention against leaf spot fungi was
      confirmed on celery (Apium graveolens) with the fungus Septoria apii.
      Celery plants were trained in a greenhouse and, 2 days before infection
      with the fungus Septoria, sprayed with broths each containing 0.2 % of one
      of the active compounds mentioned below. After infection, the plants were
      placed for 2 to 3 weeks in an incubation room having a high atmospheric
      humidity and then checked for infestation against an untreated control
      series, which latter revealed a nil-return. The effects produced by the
      compounds of this invention are listed in the following Table:
TBL  Compound No.     Effect in %                                              
     ______________________________________                                    
     20               93                                                       
     22               80                                                       
      4               93                                                       
     66               100                                                      
     68               94                                                       
     74               100                                                      
     75               95                                                       
     98               94                                                       
     76               100                                                      
     94               87                                                       
     80               100                                                      
     ______________________________________                                    
PAC  EXAMPLE 19
PAC  Herbicidal effect in the greenhouse
TBL  Preemergent         Postemergent                                          
     compound No. 99     compound No. 93                                       
     kgAS       2.0    1.0    0.5  0.25  5.0    2.5                            
     ______________________________________                                    
     Triticum   10     10      9   7      0     0                              
     Hordeum    10      9      7   4      0     0                              
     Avena      10     10     10   10     1     1                              
     Sorghum     8      4      2   1      2     1                              
     Panicum    10     10      8   1     10     8                              
     Poa        10     10     10   8      6     2                              
     Dactylis   10     10     10   10     4     2                              
     Digitaria  10     10      4   1      7     4                              
     Beta       10     10     10   10    10     10                             
     Calendula  10     10     10   10    10     10                             
     Linum      10     10     10   5     10     10                             
     Brassica   10     10      7   8     10     10                             
     Daucus     10     10     10   10    10     10                             
     Lactuca    10     10     10   10    10     10                             
     Soya       10      8      2   0      4     3                              
     Phaseolus  10     10      1   0      8     5                              
     ______________________________________                                    
PAR  When compound No. 99 was applied in an amount of 2 kg or over, it displayed
      total herbicidal properties.
PAR  When a small amount, for example 0.25 kg, of the active substance of this
      invention is applied, numerous test plants can be completely or almost
      completely destroyed without affecting, for example, soybean or phaseolus
      bean plants. With even smaller amounts wild oats (Avena fatua) in barley
      (Hordeum) may be controlled.
PAR  Compound No. 93, applied in an amount of 2.5 kg, was successfully applied
      against numerous dicotyledons and Panicum, whereas the various types of
      grain crops were not damaged by the active substance of the invention.
PAC  EXAMPLE 20
PAC  Test on Grain Crops in the Field
PAR  In a field of winter wheat which had just been tilled and in which the
      weeds had reached the 4-leaf stage, the compounds Nos. 18 and 26 were
      sprayed in an amount of 8.0 kg per hectare. 3 Weeks after the treatment,
      the effects achieved on weeds were found to be very good (that is to say
      value 1 and 2 respectively). Grain crops, on the other hand, had not been
      damaged (value 1-2).
PAC  Test on salad in the open
PAR  The compound No. 27 was sprayed in an amount of 8.0 kg per hectare on salad
      four weeks after seeding (3-4 leaf stage) and when the weeds had reached
      the stage of the large rosette.
PAR  The effect achieved on the weeds was good (value 3), whereas the salad was
      not affected by the herbicide of this invention.
PAC  Tests with marrow cabbage in the open
PAR  Immediately after seeding marrow cabbage and before the weeds had emerged,
      the soil surface was sprayed with the compounds Nos. 5 and 67 of this
      invention each being used in amounts of 2.0, 3.0 and 4.0 kg per hectare.
      The effect achieved and the tolerance observed are shown in the Table,
      where the following values are used: For effect on weeds 1 = very good, 9
      = effect nil. For tolerance by culture plants: 1 = very good, 9 = total
      destruction.
TBL  Amount used                                                               
                Compound No.5   Compound No.67                                 
     kg AS/ha   2.0     3.0     4.0   3.0    4.0                               
     ______________________________________                                    
     effect on weeds                                                           
                3       3       2     2      2                                 
     tolerance by                                                              
     culture plants                                                            
                2       2       2     3      5                                 
     ______________________________________                                    
PAC  EXAMPLE 21
PAR  All compounds to be tested were formulated in the usual manner.
PAR  To check their acaricidal effect, Phaseolus plants in the 2-leaf stage were
      infested 12 hours before the treatment by covering them with pieces of
      leaves infested by a mite species (Tetranychus telarius or Tetranychus
      urticae; carmine red mite). 12 Hours later, the test plant was found to be
      covered with mites in all stages of development. The active ingredient, in
      the form of an emulsion, was sprayed with the aid of a fine sprayer over
      the plants is a manner such that a uniform layer of droplets was formed on
      the leaf surface. The mortality was checked 2 and 7 days later and
      expressed in percent. The effect upon ova cannot be stated after the test
      had been run for 2 days as described because the average time taken by the
      larvae to leave the ova has not yet been established.
PAR  At a concentration of 0.08 % of active ingredient the following mortality
      values were found:
TBL                       Ova       Larvae Adults                              
     Comp.  After 2 days  --        100%   100%                                
     No. 1  After 7 days  100%      100%   100%                                
     ______________________________________                                    
     2      After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     3      After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     4      After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     5      After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     13     After 2 days  --        100%   100%                                
            After 7 days   80%      100%   100%                                
     14     After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     15     After 2 days  --        100%   100%                                
            After 7 days   90%      100%   100%                                
     29     After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     31     After 2 days  --        100%   100%                                
            After 7 days   80%      100%   100%                                
     45     After 2 days  --        100%   100%                                
            After 7 days   80%      100%   100%                                
     46     After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     58     After 2 days  --        100%   100%                                
            After 7 days   80%      100%   100%                                
     72     After 2 days  --        100%   100%                                
            After 7 days   80%      100%   100%                                
     78     After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     91     After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     101    After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     115    After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     123    After 2 days  --        100%   100%                                
            After 7 days  100%      100%   100%                                
     ______________________________________                                    
PAR  Compound No. 4, applied in a concentration of 0.05%, displayed a good
      killing effect against red spiders, for example against Panonychus ulmi,
      Eotetranychus tiliae a good killing effect, in fact against both their ova
      and the postembryonal stages.
PAR  The following compounds show at concentrations of 0.05 % the following
      mortality rate (ovicidal effect) against panonychus ulmi. (control after 7
      days)
TBL  Compound No.     Mortality rate in %                                      
     ______________________________________                                    
      3                95                                                      
      9               100                                                      
     10               100                                                      
     21               100                                                      
     56               100                                                      
     62                80                                                      
     78               100                                                      
     82               100                                                      
     88               100                                                      
     95               100                                                      
     119              100                                                      
     129              100                                                      
     ______________________________________                                    
PAR  In the following tables also Tetranychus urticae which is resistent to
      phosphorus acid esters is listed. Compound No 153 (a) action against Tetr.
      urticae
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc. (ppm)                                                               
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      100      100    100    100                               
     400     100      100      100    100    100                               
     200     100      100       80     80    100                               
     100     100      100       0      80     80                               
     ______________________________________                                    
PAL  (b) action against Tetr.telarius
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc. ppm                                                                 
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      100      100    100    100                               
     400     100      100      100    100    100                               
     200     100      100       80     80    100                               
     100     100      100       0      60     80                               
     ______________________________________                                    
PAR  Compound No. 154
PAR  a. action against Tetr.urticae
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc. ppm                                                                 
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      100      60     100    100                               
     400     100      100      0       80    100                               
     200     100      100      0       60     80                               
     100     100      100      0       0      80                               
     ______________________________________                                    
PAR  b. Action against Tetr. telarius
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc. ppm                                                                 
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      80       0      100    100                               
     400     100      80       0      100    100                               
     200     100      80       0       80     80                               
     ______________________________________                                    
PAR  Compound No. 155
PAR  a. Action against Tetr.urticae
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc. ppm                                                                 
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      100      60     100     80                               
     400     100      100      0       80    100                               
     200     100      100      0       0     100                               
     ______________________________________                                    
PAR  b. Action against Tetr. telarius
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc. ppm                                                                 
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      80       0      100    100                               
     400     100      80       0       80    80                                
     200      80      80       0       0     80                                
     ______________________________________                                    
PAR  Compound No. 156
PAR  a. Action against Tetr.urticae
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc.ppm                                                                  
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      100      100    100    100                               
     400     100      100      100    100    100                               
     200     100      100       80    100    100                               
     100     100      100       60     80    100                               
     ______________________________________                                    
PAR  b. Action against Tetr. telarius
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc.ppm                                                                  
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      100      100    100    100                               
     400     100      100      100    100    100                               
     ______________________________________                                    
PAR  Compound No. 157
PAR  a. Action against Tetr.urticae
TBL  Mortality                                                                 
     after 2 days      after 7 days                                            
     Conc.ppm                                                                  
             Larvae   Adults   Ova    Larvae Adults                            
     ______________________________________                                    
     800     100      100      60     100    100                               
     400     100      80       80     80     100                               
     200      80      80       60     80      80                               
     100      80      60        0     60      60                               
     ______________________________________                                    
PAR  b. Action against Tetr. telarius
TBL  Mortality                                                                 
     after 2 days       after 7 days                                           
     ______________________________________                                    
     Conc.ppm Larvae   Adults   Ova    Larvae                                  
                                             Adults                            
     ______________________________________                                    
     800      100      80       80    80     100                               
     400      100      80       80    80     80                                
     200       80      80       60    60     80                                
     100       60       0        0     0     60                                
     ______________________________________                                    
PAR  Compound No. 159
PAR  a. Action against Tetr.urticae
TBL  Mortality                                                                 
     after 2 days       after 7 days                                           
     ______________________________________                                    
     Conc.ppm Larvae   Adults   Ova   Larvae Adults                            
     ______________________________________                                    
     800      80       80       60    100    100                               
     400      80       80       60    80     100                               
     200      80       80       60    60      0                                
     100      80       80        0     0      0                                
     ______________________________________                                    
PAR  b. Action against Tetr. telarius
TBL  Mortality                                                                 
     after 2 days       after 7 days                                           
     ______________________________________                                    
     Conc.ppm Larvae   Adults   Ova   Larvae Adults                            
     ______________________________________                                    
     800      80       80       80    100    100                               
     400      80       80       80    80     100                               
     200      80       60       60    60      0                                
     100      60        0        0     0      0                                
     ______________________________________                                    
PAR  Compound No. 160
PAR  a. Action against Tetr.urticae
TBL  Mortality                                                                 
     after 2 days       after 7 days                                           
     ______________________________________                                    
     Conc.ppm Larvae   Adults   Ova   Larvae Adults                            
     ______________________________________                                    
     800      100      100      80    100    100                               
     400      100      100      80    100    100                               
     200      100      100      80    100    100                               
     100      100      100      60     80    100                               
     ______________________________________                                    
PAR  b. Action against Tetr.telarius
TBL  Mortality                                                                 
     after 2 days       after 7 days                                           
     ______________________________________                                    
     Conc.ppm Larvae   Adults   Ova   Larvae Adults                            
     ______________________________________                                    
     800      100      100      80    100    100                               
     400      100      100      80    100    100                               
     200      100      100      60     80    100                               
     100      100      100      60     80    100                               
     ______________________________________                                    
PAC  EXAMPLE 22
PAR  Compound No. 4, applied in a concentration of 0.05 %, displayed a good
      killing effect against red spiders, for example against Panonychus ulmi,
      Eotetranychus tiliae in fact against both their ova and the postembryonal
      stages.
PAR  Equally good results were observed with compounds Nos. 21 and 3.
PAC  EXAMPLE 23
PAR  Freshly laid ova of the flour moth Ephestia Kuehniella (20 each) were
      placed in folded paper filters, the emulsified Compound No. 36 was poured
      over them and they were then spread open and allowed to dry at room
      temperature. When the filter had completely dried, each moth tested was
      covered with a wire net and kept until the untreated control moth had left
      its ovum. The checking of the effects was carried out under a binocular
      microscope and revealed the following total destruction (active substance
      in parts per million):
TBL  Concentration of active                                                   
     substance in ppm                                                          
                    1000    500    250  125   62.5                             
     % killed        100    100    100  100    100                             
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC37##
PAL  in which X is chlorine, bromine or iodine; and R.sub.3 is trifluoromethyl
      or formyl.
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ABST
PAL  A process for the production of hydroxylamine, by the catalytic reduction
      of nitrogen monoxide with hydrogen in a mineral acid medium, followed by
      the reaction of the resulting mixture to produce saturated ketoximes,
      especially cyclohexanone oxime, by the oximation of the respective ketones
      with the hydroxylamine contained in the mixture, after adjustment of the
      pH-value with ammonia.
PAL  The new process uses one of two reaction media: (a) ammonium hydrogen
      sulphate or phosphate; the solution, remaining after the oximation of the
      ketone and the separation of the ketoxime, is concentrated and evaporated
      to the dry state; the salt is thermally decomposed and transformed into
      acid ammonium salt, which is recycled as is the ammonia produced; or (b)
      pure mineral acid, alone or mixed with pure ammonium salt; the reaction
      mass, with the separated catalyst is passed over a strongly acid
      cationite; the released acid is recycled to hydroxylamine synthesis; the
      hydroxylamine is eluted from the cationite with a more impure mineral
      acid; or with an acid of medium strength (for instance, acetic acid; the
      resulting salt is used in oximation, without neutralization), or with
      various acids, with the production of the corresponding hydroxylammonium
      salts.
BSUM
PAC  1. FIELD OF THE INVENTION
PAR  The invention relates to a process for the production of hydroxylamine, by
      the catalytic reduction of nitrogen monoxide with hydrogen in an acid
      medium, followed by the production of saturated cyclic ketoximes,
      especially of cyclohexanone oxime, by the oximation of the respective
      ketones with hydroxylamine, in the form of salt or hydrate, and in the
      reaction mixture of the first step.
PAC  2. BACKGROUND OF THE INVENTION
PAR  Hydroxylamine and the saturated cyclic ketoximes, especially cyclohexanone
      oxime are successive products in the production of lactams, used in the
      manufacture of polyamidic synthesis fibers.
PAR  Hydroxylamine is still produced by noncatalytic small-yield processes, as
      for instance the Raschig process, obtaining by-products of limited
      utility. Recently, the more advantageous catalytic processes have been
      used to an increasing extent. In the majority of these known catalytic
      processes, hydroxylamine is produced by the hydrogenation of nitrogen
      monoxide, with hydrogen, in the presence of a strong acid, especially
      hydrochloric, sulphuric or phosphoric acid, and of a catalyst of the
      platinum group.
PAR  These processes have several disadvantages. Thus, they manifest relatively
      large consumptions of raw materials such as nitrogen monoxide, hydrogen,
      and mineral acid. The process yields a mixture of ammonium and
      hydroxylammonium salts of the acid used; these are employed in the
      subsequent oximation.
PAR  The saturated cyclic ketoximes, especially cyclohexanone oxime, are
      produced from the above-mentioned mixture of ammonium and hydroxylammonium
      salt of the above mineral acid, and from the respective ketone, in general
      by neutralization with ammonia. An aqueous solution of the ammonium salt
      remains after the separation of the ketoxime; it is concentrated and
      crystallized; the resulting product may be sold as a fertilizer of limited
      utility.
PAR  In hydroxylamine production by noncatalytic processes, the mixture of
      ammonium and hydroxylammonium salts, which is used in the oximation
      process, is more acidic than that resulting from our invention, so that
      the ammonia consumption in neutralization increases and, consequently the
      quantity of the recoverable ammonium salt also increases.
PAC  3. DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a process for hydroxylamine production by
      the catalytic reduction of nitrogen monoxide with hydrogen in a strong
      mineral acid medium, followed by the passing of the ammonium and
      hydroxylammonium salt mixture to the production of saturated cyclic
      ketoximes, especially of cyclohexanone oxime; the latter step involves the
      oximation of the respective ketone with the hydroxylamine contained in the
      mixture, with the concomitant adjustment of the pH-value with ammonia,
      thereby eliminating the disadvantages of known catalytic processes for the
      production of hydroxylamine and for the production of the required
      ketoxime.
PAR  According to the invention, in the production of hydroxylamine by the
      catalytic hydrogenation of nitrogen monoxide with hydrogen, one uses
      ammonium hydrogen sulphate or, possibly, the phosphate, as reaction medium
      instead of the respective free acids. The acid sulphate or phosphate are
      obtained by the thermal decomposition of the respective neutral ammonium
      salts, resulting from the second stage of ketoxime production or possibly
      from other sources of neutral salts without impurities which would poison
      the catalyst.
PAR  For the original charge of the free acid used and for the addition of acid
      for the compensation of losses one may use technical-grade acid, but pure
      acid is preferred.
PAR  Catalytic hydroxylamine synthesis is carried out, preferably, by the
      continuous contacting of the phases with planetary motion, in a horizontal
      apparatus provided with satellite shafts, with blades and with planetary
      mechanisms as mentioned in my U.S. Pat. application Ser. No. 289,223.
PAR  The oximation of the saturated cyclic ketones with the ammonium and
      hydroxylammonium salts mixture can be carried out under conventional
      working conditions, with the addition of ammonia, in the amount required
      to achieve the pH-value adopted for the desired degree of oximation.
PAR  For the reduction of the solubility of the ketoxime in the water or solvent
      present during oximation, the mixture of ammonium and of hydroxylammonium
      salts may receive an addition of neutral ammonium salt.
PAR  The ammonium salt remaining after the separation of ketoxime is
      concentrated and evaporated to the dry state and is further subjected to
      thermal decomposition for its transformation into the acid ammonium salt;
      the resulting ammonium salt is recycled to the production of nitrogen
      monoxide required for the catalytic synthesis of hydroxylamine, by burning
      with oxygen, or is utilizing in another manner.
PAR  The process, according to the invention, leads to a significant increase of
      hydroxylamine yield to 85-95%, with reference to the quantity of both
      nitrogen monoxide and hydrogen introduced into the reaction. The increased
      yield is a result of the reduction in the amount of ammonia formed.
      Furthermore, productivity is several times higher than in the known
      catalytic processes due to the intensification of the contacting of the
      phases present when the reaction is conducted in the horizontal apparatus,
      provided with planetary agitation. Moreover, the yield and productivity
      are maintained at the high original level by eliminating the effect of the
      cumulative poisoning of the catalyst. This is achieved by recycling the
      mixture of acid ammonium salts resulting from the thermal decomposition of
      the ammonium salt solution. Consequently, the impurities usually
      introduced with technical mineral acids are avoided. It is understood that
      the recycling of the mixture, the mineral acid and the ammonia are used in
      a closed circuit, so that the process requires only small addition of
      these for the compensation of losses. Neutralization, during oximation, is
      carried out at the current pH of the catalytic processes of hydroxylamine
      production, with a much smaller consumption than that required in
      non-catalytic processes. The process permits work with a more active, but
      less selective catalyst, since the ammonia resulting as by-product in the
      process is recycled so that its formation in somewhat larger amounts than
      in current catalytic processes, using mineral acids as reaction medium,
      results only in a corresponding increase of specific hydrogen consumption.
PAR  The effect of cumulative catalyst poisoning -- an essential aspect in
      catalytic processes -- may be avoided also by using as reaction medium a
      pure mineral acid, alone or mixed with its pure ammonium salt, in a closed
      circuit, without the thermal decomposition of the ammonium salt. In order
      to do this, the catalyst is separated, while the hydroxylamine formed is
      separated from the reaction medium by selective retention, on passing over
      a strongly acidic cation exchanger. The retained hydroxylamine is eluted
      with a commercial mineral acid, less pure in this case, within the limits
      allowed by the oximation reaction.
PAR  In this elution, it is possible to use an acid of medium strength, for
      instance, acetic acid, resulting in a hydroxylammonium salt which permits
      oximation without neutralization and with the release and recycling of the
      acid used in elution. In this case, by the elution with other acids of the
      hydroxylamine retained on the ion exchanger, one can obtain a wide range
      of hydroxylamine salts that can be used for various purposes, as for
      instance, in reduction processes.
PAR  Two examples of the application of the invention are given in the following
     :
DETD
PAC  EXAMPLE 1
PAR  In a horizontal, cylindrical apparatus for the contacting of phases,
      provided with a planetary agitator, with a central driving shaft, without
      blades, and with three satellite shafts, provided with blades, having a
      capacity of 3 1, is introduced a 1.5 1 suspension, containing 500 g
      ammonium hydrogen sulphate and 5 g of 10% active platinum catalyst on
      graphite powder. The acid salt results from the thermal dissociation of
      ammonium sulphate at 320.degree.C.
PAR  The air has been evacuated from the apparatus by repeatedly flushing with
      hydrogen.
PAR  In the above apparatus, feeding was started with a mixture of hydrogen and
      nitrogen monoxide, at a volumetric ratio of 1.5/1. The pressure in the
      apparatus was maintained at 2 atm-absolute, and the temperature at
      18.degree.C, by external cooling by water spraying.
PAR  After an operation of 70 minutes, the concentration of hydroxylamine was
      66.5 g per liter of filtered solution. The hydroxylamine yield, based on
      the fed-in nitrogen monoxide, was 87.2%.
PAR  1 liter of the solution obtained in the apparatus and filtered was used in
      the oximation of cyclohexanone, at pH = 2.4 as adjusted by addition of
      ammonia, and a temperature of 45.degree.C. 219 g cyclohexanone oxime were
      obtained.
PAR  The solution remaining after the separation of cyclohexanone oxime was
      neutralized with ammonia to pH = 6.5 and evaporated to the dry state. The
      resulting ammonium sulphate was subsequently subjected to thermal
      decomposition at about 320.degree.C; 310 g ammonium hydrogen sulphate and
      42 g of ammonia were obtained.
PAR  In a comparative test, carried out under the same conditions and for the
      same length of time, but with 1.5 1 aqueous solution containing 426 g
      sulphuric acid, calculated for 100%, only 42 g hydroxylamine per liter
      were obtained; hydroxylamine yield, based on the nitrogen monoxide, was
      only 82%.
PAC  EXAMPLE 2
PAR  750 ml aqueous solution of hydroxylamine sulphate, with the following
      composition: 40 g free sulphuric acid/l, 64 g hydroxylamine/l and 7.5 g
      ammonia/l, were passed through a strongly acidic cation exchange column.
      The strongly acidic cationite I produced by Merck (Darmstadt) was used.
      The hydroxylamine and the ammonia were retained quantitatively.
PAR  Subsequent elution was carried out with sulphuric acid to obtain 755 ml
      eluate with the following composition: 45.2 g free sulphuric acid/l; 62.6
      g hydroxylamine/l; 7.1 g ammonia/l. The eluate obtained is appropriate for
      oximation.
PAR  The application of the process, according to the invention, offers numerous
      advantages. For example hydroxylamine is produced with increased
      productivity and yield; increased service life of the catalyst is
      obtained, the catalyst being more active and less selective; the
      possibility is created of using an impure mineral acid; the consumption of
      sulphuric acid and ammonia is practically totally eliminated, while
      hydrogen consumption is significantly reduced; the production of ammonium
      sulphate as a by-product is eliminated; and ammonia consumption in
      oximation is reduced, as against the noncatalytic hydroxylamine synthesis
      processes.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the production of cyclohexanone oxime comprising the steps
      of:
PA1  a. mixing nitrogen monoxide and hydrogen with planetary agitation in the
      presence of a platinum catalyst in a mineralacid medium in the form of a
      solution of ammonium hydrogen sulfate or phosphate to reduce said nitrogen
      monoxide and produce a mixture of hydroxylamine, ammonium and
      hydroxylammonium salts;
PA1  b. reacting said mixture with cyclohexanone while concomitantly raising the
      pH value of the mixture by adding ammonia thereto to produce the
      cyclohexanone oxime; and
PA1  c. separating the cyclohexanone oxime from the ammonium salt solution.
NUM  2.
PAR  2. The process defined in claim 1 further comprising the steps of:
PA1  concentrating said salt solution by evaporating it to dryness to produce a
      dry salt;
PA1  thermally decomposing said dry salt to produce an acid ammonium salt and
      ammonia;
PA1  dissolving said acid ammonium salt to produce another solution; and
PA1  recycling said other solution for hydroxylamine production while recycling
      the ammonia for use in the production of the cyclohexanone oxime.
NUM  3.
PAR  3. The process defined in claim 1 wherein the solubility of the
      cyclohexanoneoxime in said solution is reduced by addition of a neutral
      ammonium salt to the mixture of ammonium and hydroxylammonium salts.
NUM  4.
PAR  4. The process defined in claim 1, further comprising the steps of:
PA1  separating said catalyst from said medium;
PA1  separating said hydroxylamine from said medium by passing said medium
      through an acidic cation exchange resin;
PA1  eluting said mineral acid from the cation exchange resin while retaining
      said hydroxylamine on the resin;
PA1  recycling eluted acid for use in the production of hydroxylamine;
PA1  eluting the hydroxylamine from said resin with a less pure acid to produce
      a hydroxylammonium salt; and
PA1  recycling said less pure acid used for elution.
NUM  5.
PAR  5. The process defined in claim 4 wherein the less pure acid is acetic
      acid.
NUM  6.
PAR  6. The process defined in claim 1 wherein said cyclohexanoneoxime is
      separated by raising the pH of said medium toward neutral.
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ABST
PAL  A method by which rhodoxanthin can be synthesized from
      3-ethylenedioxy-.beta.-ionone as well as new and novel intermediates
      produced in the synthesis. Rhodoxanthin is a well-known coloring agent for
      foodstuffs, including beverages, pharmaceutical and cosmetic preparations.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a division, of application Ser. No. 153,090 filed June 14, 1971 now
      U.S. Pat. No. 3,830,844.
PAR  This application is a divisional application of U.S. Pat. application Ser.
      No. 826,022 filed May 19, 1969, now U.S. Pat. No. 3,624,105 which in turn
      is a divisional application of Ser. No. 617,827 filed Feb. 23, 1967, now
      U.S. Pat. No. 3,466,331.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to a method whereby rhodoxanthin can be
      synthetically produced without the necessity for isolating rhodoxanthin or
      its intermediates from their natural source.
PAR  Rhodoxanthin, which is formed in nature in the berries of evergreen trees
      such as Paxus Baccata, is widely used as a coloring material for
      foodstuffs and beverages as well as pharmaceutical and cosmetic
      preparations. Rhodoxanthin imparts to foodstuffs, pharmaceutical and
      cosmetic preparations a red coloration. In the past rhodoxanthin has been
      produced by isolating this material from its natural source such as from
      the berries of evergreen plants. This procedure has proven extremely
      disadvantageous due to the fact that rhodoxanthin occurs only in small
      amounts in these berries. Therefore, a great quantity of these berries
      must be utilized in order to isolate a small amount of rhodoxanthin.
      Additionally, the process whereby rhodoxanthin is isolated from the
      berries of green plants has proven extremely cumbersome and uneconomical.
      Up until the present time there has been no procedure for directly
      chemically synthesizing rhodoxanthin without isolating rhodoxanthin or
      precursors of rhodoxanthin from their natural source. Therefore, it has
      long been desired in the art to provide a method for chemically
      synthesizing rhodoxanthin so as to eliminate the necessity of isolating
      rhodoxanthin or its precursors from its natural source.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to the synthesis of rhodoxanthin from
      ##SPC1##
PAL  Rhodoxanthin which has the formula:
      ##SPC2##
PAL  Can be synthesized from the compound of Formula I above through the
      preparation of a phosphonium salt intermediate of the formula
      ##SPC3##
PAL  Wherein R.sub.1, R.sub.2 and R.sub.3 are straight and branched chain lower
      alkyl groups having from 1 to 7 carbon atoms; or aryl radical such as
      phenyl, naphthyl, etc.; or an aralkyl radical having from 7 to 15 carbon
      atoms such as benzyl; and A is an anion of a mineral acid, e.g., Cl.sup.-,
      Br.sup.-, I.sup.-, HSO.sub.4.sup.-, etc. and an oxo aldehyde intermediate
      of the formula:
      ##SPC4##
PAR  In accordance with this invention, the intermediates of Formulae III and IV
      above are reacted in the presence of a strong alkali and the reaction
      product is selectively reduced and hydrogenated at the triple bond to form
      rhodoxanthin.
PAR  In accordance with another embodiment of this invention, rhodoxanthin can
      be synthesized by the condensation of an intermediate of the formula:
      ##SPC5##
PAR  wherein R.sub.1, R.sub.2, R.sub.3 and A are as above with an intermediate
      of the formula:
      ##SPC6##
PAL  in the presence of an inert organic solvent.
PAR  By means of the above processes of this invention, rhodoxanthin can be
      chemically synthesized simply and economically without the necessity for
      isolating the rhodoxanthin from its natural source.
PAR  The term "lower alkyl" as used throughout the specification denotes an
      alkyl radical containing from 1 to 7 carbon atoms such as methyl, ethyl,
      butyl, propyl, isopropyl, etc.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The phosphonium salt compound of Formula III above is reacted in accordance
      with this invention with the oxo aldehyde compound of Formula IV to
      produce an acetylenic dioxo compound of Formula VII:
      ##SPC7##
PAL  This reaction is preferably carried out in the presence of a solvent, i.e.,
      an organic solvent substantially inert to the reactants, such as a lower
      alkanol solvent, i.e., methanol, ethanol, etc., dimethylformamide,
      acetonitrile, or benzene. The preferred solvents are methanol and benzene.
      The reaction is conducted in the presence of a strong base, such as an
      alkali metal hydride, e.g., sodium hydride, potassium hydride, an alkali
      metal amide, e.g., sodium amide, an alkali metal lower alkoxide,
      preferably sodium ethoxide, or solution of an alkali metal hydroxide in a
      lower alkanol, e.g., KOH in methanol. Other strong bases which can be
      utilized include aryl or alkyl group I-A metallo organic compounds within
      lithium, sodium, potassium, rubidium, cesium, and francium are the
      preferred metallo moieties and wherein the preferred alkyl moieties are
      the lower alkyl groups and the preferred aryl moieties are phenyl and
      lower alkylsubstituted phenyl groups, with phenyl lithium and butyl
      lithium being the preferred metallo organics. In carrying out this
      reaction, temperature and pressure are not critical and this reaction can
      be carried out at room temperature and elevated or reduced pressure.
      Furthermore, in carrying out this reaction, it is generally preferred to
      react one mole of the compound of Formula III above with one mole of the
      compound of Formula IV above. However, if desired a molar excess of the
      compound of Formula III above or the compound of Formla IV above can be
      employed.
PAR  The acetylenic compound of Formula VII above can be converted to
      rhodoxanthin by partially hydrogenating the compound of Formula VII above
      at the triple bond to reduce all of the triple bonds contained therein to
      double bonds. The reduction of the compounds of Formula VII above to
      rhodoxanthin can be effected by catalytic hydrogenation in the presence of
      a catalyst which selectively reduces only the triple bond (acetylene
      linkage) to a double bond. For example, compounds of Formula VII above can
      be catalytically hydrogenated, in an inert solvent such as ethyl acetate,
      toluene or petroleum ether, in the presence of a selective hydrogenation
      catalyst, e.g., a palladium-lead catalyst in the presence of quinoline, of
      the type disclosed in the publication Helvetica Chimica Acta, 35, 446
      (1952).
PAR  The phosphonium salt of Formula III above can be synthesized from a
      compound of Formula I above by means of the following reaction scheme:
      ##SPC8##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and A are as above.
PAR  The condensation reaction of the compound of Formula I above with
      isopropenyl ethynyl carbinol is carried out in an inert solvent in the
      presence of a Grignard reagent. Any conventional inert organic solvent can
      be utilized as the reaction medium in accordance with this invention.
      Included among the solvents suitable for the purpose of the present
      invention are hydrocarbons such as benzene, toluene, xylene, and the like;
      ethers such as tetrahydrofuran, diethyl, ether, dioxane, and the like, or
      any other suitable solvent. Any conventional Grignard reagent may be
      utilized in the condensation reaction of the compound of Formula I above
      with isopropenyl ethynyl carbinol. Typical Grignard reagents include lower
      alkyl metallic halides. Among the many Grignard reagents that can be
      utilized in accordance with this invention are included ethyl magnesium
      chloride, ethyl magnesium bromide, phenyl magnesium iodide, chlorophenyl
      lithium, etc. In carrying out the condensation reaction of step (a),
      temperature and pressure are not critical and the reaction can be carried
      out at room temperature and at atmospheric pressure. If desired, the
      reaction of step (a) can be carried out at reduced temperatures and/or
      reduced or elevated pressure. Generally, it is preferred to carry out the
      reaction step (a) at the reflux temperature of the solvent.
PAR  The compound of Formula VIII above is converted to the compound of Formula
      IX above by dehydration, due to the instability of the tertiary hydroxy
      group, and by hydrolysis. Any conventional dehydration and hydrolysis
      procedure can be utilized to hydrolyze and to remove the tertiary hydroxy
      group from the compound of Formula VIII to convert it into the compound of
      Formula IX above. This can be accomplished by treating the compound of
      formula VIII above with a dilute acid such as sulfuric acid,
      paratoluenesulfuric acid, hydrochloric acid, hydrobromic acid, etc.
      Generally, in utilizing an acid, no more than 10 parts by weight,
      preferably from about 0.1 to 7.0 parts by weight of the acid should be
      utilized, based upon the weight of the reaction medium. When treating a
      compound of formula VIII with dilute acid simultaneously with the
      dehydration the ketalized oxo group is hydrolyzed to an oxo group. If
      desired, the dehydration reaction can be carried out by heating the
      compound of Formula VIII in the presence of a water-binding agent. In such
      a case a separate hydrolysis step is required for converting the ketalized
      oxo group to an oxo group. Water-binding agents are meant to include such
      substances as have a marked tendency to add on water physically or in
      complex form, also in the presence of organic solvents. It is known to any
      worker in the art which agents are to be used in each particular case.
PAR  In step (c), the compound of Formula IX above is coverted into the compound
      of Formula III by means of reacting the compound of Formula IX above with
      a phosphine of Formula X above in the presence of a proton donor or with
      an acid addition salt of a phosphine of Formula X above. Proton donors
      which can be employed in the above process include inorganic acids, such
      as the hydrohalic acids (especially hydrochloric acid) or sulfuric acid.
      Moreover, all acids which form acid addition salts with phosphines of
      Formula X (e.g., strong organic acids such as benzenesulfonic acid or
      trichloroacetic acid) as well as those specifically named above, can be
      employed. When an acid addition salt of the phosphine of Formula X above
      is utilized, the acid used to form the acid addition salt can be any
      strong acid such as the mineral acids and the strong organic acids such as
      the sulfonic acids, e.g., benzene and toluenesulfonic acid, etc. The
      reaction of step (c) is carried out in the presence of an inert solvent,
      such as, for example, a lower alkanol such as methanol or ethanol.
      Generally, this reaction is carried out under substantially anhydrous
      conditions, that is, the reaction medium or solvent should not contain
      more than 10 percent by weight of water. In carrying out the reaction of
      step (c), temperature and pressure are not critical. Hence, the reaction
      of step (c) can be carried out at room temperature or elevated or reduced
      pressure. In this manner, a compound of Formula III above is formed.
PAR  The oxo aldehyde compound of Formula VI above is prepared from the compound
      of Formula I above by means of the following reaction scheme:
      ##SPC9##
PAL  wherein R.sub.4, R.sub.5, and R.sub.6 are lower alkyl groups.
PAR  The compound of Formula XI above is condensed with the compound of Formula
      I above in the presence of a Grignard agent to produce the compound of
      Formula XII. This Grignard condensation reaction as in step (d) is carried
      out in the same manner and utilizing the same general conditions as was
      utilized in the condensation reaction in step (a). Generally, this
      condensation reaction is carried out by condensing one mole of the
      compound of Formula XI with one mole of the compound of Formula I above in
      the presence of a Grignard agent such as those mentioned hereinbefore.
      This condensation reaction is carried out by utilizing an inert organic
      solvent as the reaction medium. The compound of Formula XII thus obtained
      is then hydrolyzed in an acid medium to produce the compound of Formula IV
      above. This hydrolysis proceeds with the simultaneous splitting off of
      alcohol and water from the molecule so as to convert the two terminal
      ether groups to an aldehyde group while forming an additional double bond
      within the compound of Formula XII above. Furthermore, the dioxo radical
      is converted to a keto group and the tertiary hydroxy group is removed
      from the molecule. This reaction step can suitably be carried out in the
      presence of a water-soluble, non-volatile organic or inorganic acid such
      as paratoluenesulfonic acid, acetic acid, propionic acid, oxalic acid,
      sulfuric acid, phosphoric acid, or a water-soluble acid salt such as zinc
      chloride. Acetic acid with the addition of a little water is preferred.
      The hydrolysis is conveniently carried out in the presence of an added
      sodium salt, preferably sodium acetate. The reaction is preferably carried
      out with exclusion of oxygen and the addition of an antioxidant, e.g.,
      hydroquinone. The reaction is best carried out under conditions wherein
      the alcohol formed by the reaction distills off from the reaction mixture.
      A water-miscible solvent can be employed such as dioxane, tetrahydrofuran,
      ethylene glycol, dimethyl ether, etc., in order to obtain a homogeneous
      reaction mixture. Any conventional hydrolysis conditions can be utilized
      in carrying out this reaction. In carrying out this hydrolysis reaction,
      it is preferable to use elevated temperatures. However, this reaction will
      proceed at room temperature and the alcohol that formes during the
      reaction can be separated later by washing.
PAR  In accordance with another embodiment of this invention, rhodoxanthin can
      be directly synthesized by condensing one mole of a compound of Formula V
      above with one mole of a compound of Formula VI above. The conditions
      utilized in condensing the compound of Formula V above with the compound
      of Formula VI above are the same that are utilized in the condensation of
      the compound of Formula III above with that of Formula IV above to produce
      a compound of Formula VII.
PAR  The compound of Formula V above can be produced from the compound of
      Formula IX above by means of the following reaction scheme:
      ##SPC10##
PAR  In the above scheme R.sub.1, R.sub.2, R.sub.3 and A have the same meaning
      hereinbefore given.
PAR  In converting the compound of Formula IX above to the compound of Formula
      XIII above, the compound of Formula XIII above is selectively hydrogenated
      to reduce the triple bond contained therein to a double bond. This
      hydrogenation procedure can be carried out in the same manner as was
      described in connection with the hydrogenation of the compound of Formula
      VII above to rhodoxanthin.
PAR  The compound of Formula XIII above which is formed by the hydrogenation
      reaction in step (h) is converted to the compound of Formula V above by
      reaction with a phosphonium salt of Formula X above in the presence of a
      proton donor or with the acid addition salt of the phosphonium compound of
      Formula X above. This reaction is carried out in the same manner and
      utilizing the same conditions as in the conversion of the compound of
      Formula IX above to the compound of Formula III above in step (c).
PAR  The compound of Formula VI above is prepared from the compound of Formula
      IV above by selectively hydrogenating the triple bond in the compound of
      Formula IV above to a double bond. This selective hydrogenation can be
      carried out in the same manner outlined with regard to the conversion of
      the compound of Formula VII above to rhodoxanthin.
PAR  The ionone compound of Formula I above which is utilized to prepare the
      intermediates in accordance with this invention can be synthesized by the
      following reaction scheme:
      ##SPC11##
PAL  wherein R.sub.7 and R.sub.8 are lower alkyl groups.
PAR  The condensation, as in step (k), of mesityl oxide and acetoacetic acid
      ester to form the lower alkyl ester of
      3,5,5-trimethyl-2-cyclohexen-1-one-4-carboxylic acid (Formula XV above) is
      carried out by condensing one mole of mesityl oxide with one mole of aceto
      acid ester at reflux temperature in the presence of an inert organic
      solvent utilizing an acid catalyst, such as an acid condensing agent. Any
      conventional inert organic solvents, preferably those which are immiscible
      with water, can be utilized in carrying out this reaction. Typical organic
      solvents which can be utilized in carrying out this reaction include
      chloroform, carbon tetrachloride, hydrocarbon solvents such as benzene,
      heptane, etc. In carrying out this reaction, any conventional acid
      catalyst can be utilized. The acid condensing agent or catalyst which can
      be utilized in accordance with this invention are preferably strong acids
      such as the mineral acids, Lewis acids, e.g., boron trifluoride, zinc
      chloride, etc., strongly acidic organic acids such as toluenesulfonic
      acid, oxalic acid, trichloroacetic acid, etc. In carrying out this
      condensation reaction, the reflux temperature of the solvent medium could
      be utilized. This temperature can vary from 50.degree. C. to 150.degree.
      C. depending upon the solvent utilized. The conversion of the ester
      compound of Formula XV above to the etherified carboxylic acid ester
      compound of Formula XVI above is carried out by treating the compound of
      Formula XV above with a lower alkyl triester of formic acid in the
      presence of an inorganic acid or mineral acid. This reaction is preferably
      carried out in an organic solvent. Any of the aforementioned solvents can
      be utilized in carrying out this reaction. Any of the conventional mineral
      acids such as sulfuric acid, hydrochloric acid, hydrobromic acid,
      phosphoric acid, etc., can be utilized in carrying out this reaction.
      Typical esters of formic acid which can be utilized in carrying out this
      reaction include triethylorthoformate, trimethylorthoformate,
      triisopropylorthoformate, etc. In carrying out this reaction, temperature
      and pressure are not critical and the conversion of the compounds of
      Formula XV above to the compounds of Formula XVI above can be effected at
      room temperature and at atmospheric pressure or at elevated or reduced
      temperatures and/or elevated or reduced pressure.
PAR  The ether compound of Formula XVI above is converted to the dioxycarboxylic
      acid ester of Formula XVII above by treating compounds of Formula XVI
      above with ethylene glycol at elevated temperatures in an inert organic
      solvent medium. Any of the conventional inorganic solvents such as the
      aformentioned solvents can be utilized in carrying out this reaction. This
      reaction is carried out by utilizing an acid catalyst such as any of the
      aforementioned acid catalysts or condensing agents. In carrying out this
      reaction, temperatures of above a temperature of about 60.degree. should
      be utilized. The highest temperature which can be utilized in carrying out
      this reaction will depend upon the reflux temperature of the reaction
      medium. The ethylene glycol which is utilized in this reaction should be
      present so as to provide one mole of ethylene glycol per mole of the
      compound of Formula XVI above.
PAR  Upon treatment of the compound of Formula XVII above with an alkali metal
      aluminum hydride reducing agent such as lithium aluminum hydride, sodium
      aluminum hydride, etc., the ester radical on the compound of Formula XVII
      above is reduced to a hydroxy radical to produce the corresponding
      dioxyhydroxy compound of Formula XVIII above. The reduction with the
      alkali metal aluminum hydride reducing agent is preferably carried out
      under anhydrous conditions in the presence of an inert organic solvent
      such as any of the aforementioned organic solvents. The reaction is
      suitably carried out at room temperature. However, temperatures of from
      about -20.degree. C. to about 80.degree. C. can be utilized in carrying
      out this reaction.
PAR  The dioxyhydroxy compound of Formula XVIII above can be converted to the
      corresponding dioxyaldehyde compound of Formula XIX above by means of
      oxidation. Any conventional oxidizing technique can be utilized to oxidize
      the compounds of Formula XVIII above to the compounds of Formula XIX
      above. The dioxyaldehyde compound of Formula XIX above can be converted to
      the ionone compounds of Formula I above by means of condensing one mole of
      the compound of Formula XIX above with one mole of acetone as in step (p).
      This condensation reaction should be carried out in the presence of a
      strong base, preferably an alkali metal hydroxide such as potassium
      hydroxide, sodium hydroxide, sodium methoxide, lithium hydroxide, calcium
      hydroxide, etc. In carrying out the condensation reaction of step (p)
      temperature and pressure are not critical so that the reaction can be
      carried out at room temperature. However, if desired, elevated or reduced
      temperatures can be utilized as well as elevated or reduced pressures.
      This reaction is carried out in an organic solvent media, preferably
      acetone.
PAR  The following examples illustrate the invention. In the examples, the
      petroleum ether utilized boiled at a range of 60.degree. C. to 80.degree.
      C. All temperatures utilized in the following examples are in degrees
      centigrade.
PAC  Example 1
PAC  3,5,5-Trimethyl-2-Cyclohexen-1-on-4-Carboxylic Acid Methyl Ester
PAR  A mixture of 2.6 kg. of methyl acetoacetate, 2.75 kg. of mesityl oxide, 400
      g. of zinc chloride, 2 l. of heptane, and 2 l. of benzene was refluxed for
      5 days. The water formed during the reaction was azeotropically distilled
      off and collected in a separator. A brown oily product remained in the
      flask. The oily product was then washed with water, sodium bicarbonate
      solution, and again with water. The oil which remained after washing was
      dried over calcium chloride and the heptane-benzene solvent removed under
      vacuum. The remaining oil was distilled under high vacuum over a packed
      column. From the distillation there was obtained first a forecut of
      unreacted ethyl acetoacetate and mesityl oxide, a second fraction of
      isophorone by product and finally crude
      3,5,5-trimethyl-2-cyclohexen-1-on-4-carboxylic acid methyl ester with a
      boiling range of 95.degree.-104.degree. at 0.4-0.6 mm.Hg. This crude
      material was utilized for all experiments without further purification.
      Pure 3,5,5-trimethyl-2-cyclohexen-1-on-4-carboxylic acid methyl ester was
      obtained by chromatographic separation on silica gel G (finely divided
      powdered Silica containing trace amounts of calcium sulfate), using
      petroleum ether and ethyl ether in a volume ratio of 7 to 3.
PAC  Example 2
PAC  7,9,9-Trimethyl-1,4-Dioxaspiro[4,5]dec-7-en-8-Carboxylic Acid Methyl Ester
PAR  800 g. of crude 3,5,5-trimethyl-2-cyclohexen-1-on- 4-carboxylic acid methyl
      ester and 720 g. of triethyl orthoformate were mixed with 1.5 l of
      anhydrous ethanol containing 4 ml. of sulfuric acid. After standing for 4
      hours at room temperature, the dark blue solution was poured onto
      petroleum ether over a sodium bicarbonate solution. The ether layer was
      washed twice with water, dried over sodium sulfate and concentrated by
      removing all of the ether solvent. The resulting dark residue was
      distilled over a vigreux column under high vacuum to yield
      2,6,6-trimethyl-4-ethoxy-1,3-cyclohexadien-1-carboxylic acid methyl ester.
PAR  670 g. of crude 2,6,6-trimethyl-4-ethoxy-1,3-cyclohexadien-1-carboxylic
      acid methyl ester and 185 g. of ethylene glycol were heated in 3 l. of
      benzene in the presence of 3 g. of p-toluene sulfonic acid. The reaction
      was stopped after 1.5 l. of benzene had distilled over. The cold solution
      was washed with sodium bicarbonate solution and water, dried, and
      evaporated. The remaining oil was dissolved in 1 l. of petroleum ether and
      crystallized at -10.degree.. A yield of 320 g. (m.p.
      67.degree.-69.degree.) was obtained after recrystallization from petroleum
      ether. This product was identified as
      7,9,9-trimethyl-1,4-dioxaspiro[4,5]dec-7-on-8-carboxylic acid methyl
      ester.
PAC  Example 3
PAC  7,9,9-Trimethyl-1,4-Dioxaspiro [4,5]dec-7-en-8-Methanol
PAR  A solution of 300 g. of
      7,9,9-trimethyl-1,4-dioxaspiro[4,5]dec-7-en-8-carboxylic acid methyl ester
      in 1 l. of ether was slowly added to a stirred suspension of 50 g. of
      lithium aluminum hydride in 1 l. of ethyl ether. During the addition,
      which required 1 hour, the temperature was kept between 15.degree. and
      20.degree.. It was then allowed to climb to room temperature, and stirring
      under nitrogen was continued for 4 hours. After quenching the reaction by
      slow addition of 250 ml. of water at 5.degree.-15.degree., the inorganic
      material was filtered by suction. The filtrate was dried over sodium
      sulfate and concentrated to yield a viscous oil which solidified on
      refrigeration. Recrystallization from ethyl ether-petroleum ether gave
      pure material. The material was analyzed as
      7,9,9-trimethyl-1,4-dioxaspiro[4,5]dec-7-en-8-methanol.
PAC  Example 4
PAC  7,9,9-Trimethyl-1,4-Dioxaspiro[4,5]dec-7-en-8-Carboxaldehyde
PAR  3 kg. of maganese dioxide was added in four portions over a period of 2
      days to a solution of 150 g. of crystalline
      7,9,9-trimethyl-1,4-dioxaspiro[4,5]dec-7-en-8-methanol in 3 l. of
      methylene chloride. After the mixture was stirred under nitrogen for an
      additional day, the oxidation was complete according to a determination by
      thin layer chromatography. Filtration and evaporation of the solvent
      yielded the crude product which was used for the next step without further
      purification. A small portion of this product was purified by vacuum
      distillation. This product was identified as
      7,9,9-trimethyl-1,4-dioxaspiro[4,5]dec-7-en-8-carboxaldehyde.
PAC  Example 5
PAC  3-Ethylenedioxy-.beta.-Ionone
PAR  A mixture of 120 g. of crude
      7,9,9-trimethyl-1,4-dioxaspiro[4,5]dec-7-en-8-carboxaldehyde, 500 ml. of
      acetone, and 60 ml. of 10% aqueous solution of potassium hydroxide was
      refluxed under nitrogen for 16 hours. Most of the solvent was removed
      under vacuum and the residue was diluted with water and extracted with
      petroleum ether leaving an oil layer. The oil layer was washed neutral
      with water, dried over sodium sulfate and concentrated. The residue was
      distilled under reduced pressure over a vigreux column. The fraction
      boiling between 115.degree. and 140.degree. at 0.3 to 0.7 mm Hg.
      crystallized from petroleum ether at -10.degree. to -20.degree..
      Recrystallization from petroleum ether yielded 60 g. of the
      3-ethylenedioxy-.beta.-ionone.
PAC  Example 6
PAC  2,6-Dimethyl-8-(4-Oxo-2,6,6-Trimethyl-2-Cyclohexenylidene)-1,6-Octadien-4-y
     n-3-ol
PAR  9.6 g. of isopropenyl-ethynyl-carbinol was dropped into a suspension of
      ethyl magnesium bromide in 200 ml. of ether (prepared from 6.1 g. of
      magnesium and 27 g. of ethyl bromide) and refluxed for 45 min. 20 g. of
      3-ethylenedioxy-.beta.-ionone in 100 ml. of ethyl ether was then added to
      the mixture, which was cooled with ice water. After stirring for 1 hour at
      room temperature, the reaction mixture was quenched with water forming a
      magnesium hydroxide precipitate. The precipitate dissolved in the reaction
      media by addition of 5% sulfuric acid. Two layers were formed, an aqueous
      layer and an ether layer which contained the product. The ether layer was
      separated from the aqueous layer. The separated ether layer was washed
      with water, dried and concentrated by removing the solvent to yield the
      crude compound of formula VIII above.
PAR  This crude compound of formula VIII above was refluxed for 2 hours, with
      stirring, in 100 ml. of methylene chloride and 20 ml. of 5% aqueous
      sulfuric acid. The methylene chloride solution was washed neutral, dried
      over sodium sulfate and concentrated by distilling off the solvent. Crude
      2,6-dimethyl-8-(4-oxo-2,6,6-trimethyl-2-cyclohexenylidene)-1,6-octadien-4-
     yn-3-ol was obtained. This crude product was purified by chromatography on
      300 g. of silica gel G using petroleum etherethyl ether in volume ratio of
      1 to 1.
PAC  Example 7
PAC  2,6-Dimethyl-8-(4-Oxo-2,6,6-Trimethyl-2-Cyclohexenylidene)-2,6-Octadien-4-y
     ne Triphenylphosphonium Bromide
PAR  9 g. of triphenylphosphonium bromide was added to a solution which
      consisted of 5 g. of purified
      2,6-dimethyl-8-(4-oxo-2,6,6-trimethyl-2-cyclohexenylidene)-1,6-octadien-4-
     yn-3-ol and 200 cc. of benzene. After standing at room temperature for 16
      hours, the solution was washed three times with water, dried over sodium
      sulfate, and concentrated to remove solvent. The residue was dispersed in
      ethyl acetate to remove triphenylphosphine. The separated solid
      crystallized partially from ethyl acetatemethanol to yield crystalline
      material. This material was identified as 2,6-dimethyl-
      8-(4-oxo-2,6,6-trimethyl-2-cyclohexenylidene)-2,6-octadien-4-yne
      triphenylphosphonium bromide.
PAC  Example 8
PAC  4,8-Dimethyl-10-(4-Oxo-2,6,6-Trimethyl-2-Cyclohexenylidene)-2,4,8-Decatrien
     -6-ynal
PAR  24 g. of 4-methyl-1,1,3-triethoxy-4-hepten-6-yne was dropped into a
      suspension of ethyl magnesium bromide prepared from 2.7 g. of magnesium
      and 14 g. of ethyl bromide in 50 ml. of ethyl ether. After 30 min. of
      reflux, 20 g. of 3-ethylenedioxy-.beta.-ionone in 100 ml. of ether was
      added at -5.degree.. The reaction was then stirred for 2 hours at room
      temperature and quenched with water forming two layers, i.e., a water and
      an ether layer which contained compound of formula XII above. The decanted
      ether layer was dried and concentrated to remove ethyl ether. The compound
      XII which formed a residue was heated on the steam bath for 3 hours with
      250 ml. of acetic acid, 30 ml. of water and 40 g. of sodium acetate
      forming a dark solution. The dark solution was diluted with water and
      extracted with an ethyl ether-petroleum ether mixture. The extracts were
      washed neutral with sodium carbonate and water, dried and concentrated to
      yield a dark residue which partially crystallized on refrigeration. This
      was then purified by chromatography on 400 g. of silica gel G with the
      solvent system benzene ethyl ether in a volume ratio of 3:2. The product
      was identified as
      4,8-dimethyl-10-(4-oxo-2,6,6-trimethyl-2-cyclohexenylidene)-2,4,8-decatrie
     n-6-ynal.
PAC  Example 9
PAC  10,11-10',11'-Bis-Dehydro-Rhodoxanthin
      [trans-3,7,12,16-tetramethyl-1,18-bis(2,6,6-trimethyl-4-oxo-2-cyclohexen-1
     -ylidene) 2,6,8,10,12,16-octadecahexaene-4,14-diyne]
PAR  1 g. of sodium methoxide was added slowly to a stirred solution of 2.6 g.
      of 2,6-dimethyl-8-(4-oxo-2,6,6-trimethyl-2-cyclohexenylidene)-2,6-octadien
     -4-yne triphenylphosphonium bromide and 1.2 g. of
      4,8-dimethyl-10-(4-oxo-2,6,6-trimethyl-2-cyclohexenylidene)-2,4,8-decatrie
     n-6-ynal in 20 ml. of methanol. The reaction was stirred for 6 hours at
      0.degree. to 5.degree. and a precipitate formed. The precipitated
      carotenoid was filtered and recrystallized from benzene-methanol to yield
      red needles. This compound was identified as
      10,11-10',11'-bis-dehydro-rhodoxanthin.
PAC  Example 10
PAC  4-Cis-2,6-Dimethyl-8-(4-Oxo-2,6,6-Trimethyl-2-Cyclohexenylidene)-1,4,6-Octa
     trien-3-ol
PAR  6.5 g. of purified
      2,6-dimethyl-8-(4-oxo-2,6,6-trimethyl-2-cyclohexenylidene)-1,6-octadien-4-
     yn-3-ol was hydrogenated with 1 g. of Lindlar catalyst (a palladium-clacium
      carbonate catalyst deactivated by the addition of lead and quinoline) in
      benzene. 700 ml. of hydrogen was consumed within 4 hours. After this
      period, the catalyst was removed from the solution and the solution was
      washed with water, then dried and evaporated under reduced pressure. The
      product was purified by chromatography on 200 g. of silica gel G using
      petroleum ether and ethyl ether solvent in a volume ratio of 1 to 3. The
      material was identified as
      4-cis-2,6-dimethyl-8-(4-oxo-2,6,6-trimethyl-2-cyclohexenylidene)-1,4,6-oct
     atrien-3-ol).
PAC  Example 11
PAC  2,6-Dimethyl-8-(4-Oxo-2,6,6-Trimethyl-2-Cyclohexenylidene)-2,6,8-Octatrien
      Triphenylphosphonium Bromide
PAR  4 g. of pure
      4-cis-2,6-dimethyl-8-(4-oxo-2,6,6-trimethyl-2-cyclohexenylidene)-1,4,6-oct
     atrien-3-ol and 7 g. of triphenylphosphonium bromide were dissolved in 200
      cc. of methylene chloride and allowed to react for 16 hours. The solution
      was then washed 4 times with water, dried and concentrated to remove
      solvent. The residue was dispersed in 200 cc. of ethyl acetate, and the
      insoluble material was filtered off and dissolved in an ethyl
      acetate-methanol mixture where it crystallized partially. This product was
      identified as
      2,6-dimethyl-8-(4-oxo-2,6,6-trimethyl-2-cyclohexenylidene)-2,6,8-octatrien
      triphenylphosphonium bromide.
PAC  Example 12
PAC  4,8-Dimethyl-10-(4-Oxo-2,6,6-Trimethyl-2-Cyclohexenylidene)-2,4,6,8-Decatet
     raenal
PAR  2 g. of pure
      4,8-dimethyl-10-(4-oxo-2,6,6-trimethyl-2-cyclohexenylidene)-2,4,8-decatrie
     n-6-ynal in 50 ml. of benzene was hydrogenated in the presence of 0.5 g. of
      Lindlar catalyst and 0.5 ml. of a 1% solution of quinoline in acetone.
      After consumption of 240 ml. of hydrogen, which took place within 21/2
      hours, the suspension was filtered and concentrated. The residue
      crystallized only partially after chromatography on 200 g. of silica gel G
      with benzene ethyl ether in a volume ratio of 3:2.
PAC  Example 13
PAC  Rhodoxanthin
PAR  0.5 g. of 10,11,10',11'-bis-dehydro-rhodoxanthin in 50 ml. of benzene was
      hydrogenated in the presence of 100 mg. of Lindlar catalyst and 0.1 ml. of
      a 1% solution of quinoline in acetone. After 65 ml. of hydrogen had been
      consumed (within 2 hours), the filtered solution was concentrated. The
      residue was placed in a sealed tube with 2.5 ml. of benzene and 5 ml. of
      heptane and heated on the steam bath for 24 hours. During this
      isomerization, rhodoxanthin crystallized out in dark violet crystals. The
      rhodoxanthin was recrystallized from benzeneheptane mixture.
PAR  0.2 g. of
      4,8-dimethyl-10-(4-oxo-2,6,6-trimethyl-2-cyclohexenylidene)-2,4,6,8-decate
     traenal and 0.35 g. of
      2,6-dimethyl-8-(4-oxo-2,6,6-trimethyl-2-cyclohexenylidene)-2,4,6-octatrien
      triphenylphosphonium bromide were dissolved in 6 ml. of methanol and
      treated with 0.2 g. of sodium methoxide at 0.degree. for 4 hours. The
      precipitated dark violet solid was collected and recrystallized from
      benzene methanol to yield rhodoxanthin.
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PAL  P,P'-DISUBSTITUTED .alpha.-TRICHLOROMETHYLBENZYLANILINES ARE A NEW CLASS OF
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      NONSELECTIVE BIODEGRADABLE INSECTICIDES AND/OR LARVICIDES.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to new compositions of matter. In particular,
      it concerns p,p'-disubstituted .alpha.-trichloromethylbenzylanilines some
      of which exhibit selective or nonselective insecticidal and/or larvicidal
      properties, as well as greater or lesser degrees of biodegradability.
PAC  BACKGROUND OF THE INVENTION
PAR  The p,p'-disubstituted .alpha.-trichloromethylbenzylaniline compounds of
      the present invention are a novel class of compounds. Their properties are
      such that they exhibit utilities as selective or nonselective insecticides
      and/or larvicides. In addition, many of the members of the class of
      compounds of the present invention also exhibit properties of
      biodegradability. In view of the fact that DDT [1,1,1
      trichloro-2,2-bis(p-chlorophenyl)ethane], the insecticide in most
      widespread use today, is not biodegradable, these latter properties take
      on added importance by serving to minimize one of the greatest
      deficiencies of prior art insecticides.
PAR  There is growing concern about the continuing liberation of vast quantities
      of DDT into the environment. The very qualities which make DDT such an
      effective contact or residual insecticide, i.e., its very low water
      solubility and high lipid solubility, caused by the non-polarity of the
      DDT molecule, result in its accumulation in the fatty or lipid tissues of
      animals. These properties result in ever increasing concentrations in the
      tissues of carnivorous animals at the upper ends of food chains. The
      problems associated with this magnification phenomenon are further
      intensified by the enzymatic metabolic conversion of DDT to the even more
      stable dehydrochlorination product, DDE
      [1,1-dichloro-2,2-bis(p-chlorophenyl) ethylene].
PAR  Drug metabolizing enzymes, known as multifunction oxidases (MFO), which
      play a dominant role in detoxifying insecticides in both insects and
      higher animals, such as birds, fish, and mammals do not function on DDT
      and its metabolic derivatives DDE and DDD (or TDE)
      [1,1-dichloro-2,2-bis(p-chlorophenyl)ethane] as substrates. This single
      factor accounts for their storage and accumulation in animal tissues,
      especially at the higher ends of food chains.
PAR  Certain known symmetrical DDT analogs, such as methoxychlor
      [1,1,1-trichloro-,2,2-bis(p-methoxyphenyl)ethane] and methiochlor
      [1,1,1-trichloro-2,2-bis-(p-methiophenyl)ethane] are readily attacked by
      MFO enzymes, which metabolically convert or biodegrade such analogs into
      environmentally acceptable products which are rapidly eliminated by
      animals. Thus, methoxychlor is an example of a biodegradable insecticide
      which is not generally accumulated in animal tissues and is, thus, a more
      prudent choice than DDT for a variety of uses where environmental
      pollution is an important factor. However, methoxychlor, methiochlor, and
      other known symmetrical DDT analogs, e.g., methylchlor
      [1,1,1-trichloro-2,2-bis(p-methylphenyl)ethane] while exhibiting
      satisfactory insecticidal activity towards certain species of insects,
      exhibit considerably less insecticidal activity than DDT towards other
      species of insects.
PAR  One attempt to remedy the problems of the prior art is disclosed in the
      copending application of Metcalf et al., "Insecticidal Biodegradable
      Analog of DDT", Ser. No. 147,241 and now abandoned, filed May 26, 1971,
      and having a common assignee with the present application. These
      asymmetrical analogues of DDT disclosed therein have, in general, proved
      to be biodegradable and effective as insecticides. The compounds in
      accordance with the present invention, however, offer a mechanism of
      molecular cleavage whereby biodegradability may be increased. Also,
      certain species of the compounds of the present invention offer
      outstanding toxicity as either selective or non-selective insecticides.
      Compounds in accordance with the present invention are further
      distinguished from prior art insecticides in that they break down upon
      prolonged exposure to sunlight, which would prove to be beneficial in
      applications where persistence of the insecticide is either not necessary
      or undesirable.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has been found from metabolic studies on insects, and mice, using a
      model ecosystem and the methods described in Kapoor, et al., 18(6) J.
      Agr., Food Chem. 1145 (1970), Metcalf et al., J. Environ. Sci. Technol.
      709 (1971) and also in the copending application of Metcalf, et al.,
      "Insecticidal Biodegradable Analogues of DDT", Ser. No. 147,241, filed May
      26, 1971 and now abandoned, that certain p,p'-disubstituted
      .alpha.-trichloromethylbenzylanilines with various substituent groups are
      readily attacked by multifunction oxidase (MFO) enzymes, and thus are
      substantially biodegradable. Insecticidal activity studies involving both
      DDT resistant and regular strains of house flies, the blow fly, various
      types of mosquitoes and other insects have further indicated that the
      compounds of the present invention are effective insecticides.
PAR  The compounds of the present invention are p,p'-disubstituted
      .alpha.-trichloromethylbenzylanilines. The two p,p' substituent groups are
      preferably chosen from the group consisting of Cl, CH.sub.3, CH.sub.3 O,
      C.sub.2 H.sub.5 O, OCH.sub.2 O, N(CH.sub.3).sub.2, O.sub.2 N, C.sub.4
      H.sub.9 O and C.sub.6 H.sub.11, which are biodegraded and metabolically
      converted to environmentally acceptable products by attack by MFO enzymes
      on the various substituents of the aryl rings to produce
      water-partitioning moieties. Also, further biodegradability is provided by
      separation of the two aryl rings to form benzoic acid and aniline
      derivatives by cleavage of the --HN--CH(CC1.sub.3)-- bond, which is not
      present in DDT or its symmetrical or asymmetrical analogues. The presence
      of a nitrogen atom between the two aryl rings of the compounds of the
      invention thus increases biodegradability, while at the same time
      retaining toxicity to insects.
PAR  Such p,p'-disubstituted .alpha.-trichloromethylbenzylanilines may be
      synthesized in two steps: (a) the preparation of a Schiff's base by
      condensing one mol. of substituted benzaldehyde with one mol. of
      substituted aniline in boiling ethanol; and (b) treatment of the resulting
      benzylideneaniline with trichloroacetic acid in toluene by the method of
      A. Lukasiewicz, 20 Tetrahedron 1 (1964). The following example will
      illustrate the preparation of
      .alpha.-trichloromethyl-p-ethoxybenzyl-p-ethoxyaniline.
DETD
PAC  EXAMPLE 1
PAR  7.5 g. of p-ethoxy benzaldehyde and 6.8 g. of p-ethoxyaniline were refluxed
      in boiling ethanol for 30 minutes to give 4,4'-diethoxybenzylideneaniline,
      m.p. 148.degree.C. 5.06 g. of the resulting Schiff's base and 3.4 g. of
      trichloroacetic acid were refluxed in 50 ml. of toluene for 3 hrs. After
      the mixture was washed with 2N HCL and then with water, the toluene was
      distilled off. The residual oil was then crystallized from ethanol to give
      the desired product, m.p. 105.degree.C, in 65% yield.
PAR  Nuclear magnetic resonance showed a singlet of .alpha.-H at 4.95, a
      multiplet at 3.72-4.17 [OCH.sub.2 ], and a multiplet at 1.2-1.5 [CH.sub.3
      ], thus fully confirming the structure.
PAR  Using techniques similar to those employed in Example 1, the other
      compositions shown in Table 1 were prepared and their structures likewise
      confirmed as we reported in Hirwe et al., 20(4) Agr. Food & Chem. 818
      (1972).
PAR  The compounds of the present invention were tested for insecticidal
      activity by standard methods, and compared with the insecticidal
      activities of DDT and symmetrical analogs of DDT, such methoxychlor.
      Toxicological methods for the determination of the topical LD.sub.50
      values to adult female S.sub.NAIDM and R.sub.SP houseflies, Musca
      domestica L. and to Phormia regina, and LC.sub.50 values to Culex pipiens
      quinquefasciatus Say, and Anopheles albimanus Weid mosquitoes were
      described by Metcalf el al., 44 Bull. World Health Org. 363 (1971). The
      methods for evaluation of metabolism by mouse liver homogenate and by
      female R.sub.SP housefly and salt-marsh caterpillar larvae Estigmene acrea
      Drury, were described by Kapoor et al., 18 J. Agr. Food Chem. 1145 (1970).
      The techniques for model eocsystem evluation were described by Metcalf et
      al., 5 J. Environ. Sci. Tech. 709 (1971). The results are detailed in
      Table II.
      ##SPC1##
TBL  ______________________________________                                    
                           Schiff's  Trichloro-                                
                           base      aminoethane                               
                           (I)       (II)                                      
     R.sup.1   R.sup.2     mp .degree.C                                        
                                     mp .degree.C                              
     ______________________________________                                    
     Cl        Cl          112       140                                       
     CH.sub.3  CH.sub.3    89        60                                        
     CH.sub.3 O                                                                
               CH.sub.3 O  142       112                                       
     C.sub.2 H.sub.5 O                                                         
               C.sub.2 H.sub.5 O                                               
                           148       105                                       
     C.sub.2 H.sub.5 O                                                         
               CH.sub.3 O  124       105                                       
     CH.sub.3 O                                                                
               CH.sub.3    82        60                                        
     CH.sub.3 O                                                                
               Cl          120       80                                        
     Cl        OCH.sub.3   90        98                                        
     CH.sub.3  C.sub.2 H.sub.5 O                                               
                           90        62                                        
     C.sub.2 H.sub.5 O                                                         
               CH.sub.3    110       84                                        
     C.sub.2 H.sub.5 O                                                         
               Cl          112       70                                        
     Cl        C.sub.2 H.sub.5 O                                               
                           96        82-83                                     
     C.sub.2 H.sub.5 O                                                         
               3,4-OCH.sub.2 O                                                 
                           121       80                                        
     2,4-CH.sub.3                                                              
               CH.sub.3 O  67        68                                        
     3,4-CH.sub.3                                                              
               CH.sub.3 O  65        78-79                                     
     CH.sub.3 O                                                                
               C.sub.4 H.sub.9 O                                               
                           105       65                                        
     CH.sub.3 O                                                                
               N(CH.sub.3).sub.2                                               
                           120       105                                       
     NO.sub.2  N(CH.sub.3).sub.2                                               
                           230       175                                       
     C.sub.2 H.sub.5 O                                                         
               H           69        75                                        
     C.sub.2 H.sub.5 O                                                         
               2-C.sub.2 H.sub.5 O                                             
                           60        90                                        
     C.sub.2 H.sub.5 O                                                         
               C.sub.2 H.sub.5 O                                               
                           75        90                                        
     C.sub.2 H.sub.5 O                                                         
               2,4-C.sub.2 H.sub.5 O                                           
                           105       85                                        
     C.sub.2 H.sub.5 O                                                         
               OH          220       134-135                                   
     OH        C.sub.2 H.sub.5 O                                               
                           180       110                                       
     ______________________________________                                    
TBL                                    TABLE II                                
     __________________________________________________________________________
                       Topical LD.sub.50 .mu.g per g for                       
                       Musca domestica                                         
     Code Substituents Snaidm              Rsp                                 
                              with                with                         
     R.sup.1    R.sup.2                                                        
                       Alone  pb    SR     Alone  pb     SR                    
     __________________________________________________________________________
     I    Cl    Cl     115    13.5  8.5    220    25     8.8                   
     II   CH.sub.3 O                                                           
                CH.sub.3 O                                                     
                       &gt;500   5.5   &gt;100   500    13.5   &gt;37                   
     III  C.sub.2 H.sub.5 O                                                    
                C.sub.2 H.sub.5 O                                              
                       15.5   4.2   3.7    20.5   6.5    3.2                   
     IV   CH.sub.3                                                             
                CH.sub.3                                                       
                       43.0   5.0   8.6    43.0   6.5    6.6                   
     V    Cl    CH.sub.3 O                                                     
                       23.0   10.5  2.2    35.5   12.0   3.0                   
     VI   CH.sub.3 O                                                           
                Cl     39.0   6.5   6.0    49.0   14.0   3.4                   
     VII  Cl    C.sub.2 H.sub.5 O                                              
                       19.0   10.5  1.8    31.0   13.5   2.3                   
     VIII C.sub.2 H.sub.5 O                                                    
                Cl     19.5   4.1   4.8    45.0   13.0   3.5                   
     IX   CH.sub.3                                                             
                CH.sub.3 O                                                     
                       35.0   8.5   4.1    50.0   12.0   4.5                   
     X    CH.sub.3 O                                                           
                CH.sub.3                                                       
                       48.0   8.5   5.6    65.0   7.5    8.7                   
     XI   CH.sub.3                                                             
                C.sub.2 H.sub.5 O                                              
                       12.5   2.5   5.0    14.0   4.4    3.2                   
     XII  C.sub.2 H.sub.5 O                                                    
                CH.sub.3                                                       
                       35.0   14.5  2.4    70.0   19.5   3.6                   
     XIII CH.sub.3 O                                                           
                C.sub.2 H.sub.5 O                                              
                       23.5   5.5   4.2    41.0   12.5   3.3                   
     XIV  C.sub.2 H.sub.5 O                                                    
                CH.sub.3 O                                                     
                       30.0   3.9   7.7    37.0   12.0   3.1                   
     XV   Cl    CH.sub.3                                                       
                       90.0   21.0  4.3    500    36.0   14                    
                                           ca.                                 
     XVI  CH.sub.3                                                             
                Cl     65.0   16    4.1    125    30     4.2                   
     XVII C.sub.2 H.sub.5 O                                                    
                3,4-OCH.sub.2 O                                                
                       19.5   3.8   5.1    35.5   11.0   3.2                   
     XVIII                                                                     
          CH.sub.3 O                                                           
                C.sub.4 H.sub.9 O                                              
                       370    12.5  30     230    32.0   7.2                   
     XIX  C.sub.2 H.sub.5 O                                                    
                H      &gt;500   31.0  &gt;16    &gt;500   120    &gt;4                    
     XX   4-C.sub.2 H.sub.5 O                                                  
                2-C.sub.2 H.sub.5 O                                            
                       &gt;500   500   --     &gt;500   &gt;500   --                    
     XXI  2-C.sub.2 H.sub.5 O                                                  
                4-C.sub.2 H.sub.5 O                                            
                       &gt;500   110   &gt;5     &gt;500   140    &gt;3.5                  
     XXII 2-C.sub.2 H.sub.5 O                                                  
                2,4-C.sub.2 H.sub.5 O                                          
                       &gt;500   500   --     &gt;500   500    --                    
     XXIII                                                                     
          3,4-CH.sub.3                                                         
                CH.sub.3 O                                                     
                       85.0   6.5   13.0   100    28.0   3.6                   
     XXIV 2,4-CH.sub.3                                                         
                CH.sub.3 O                                                     
                       95.0   14.0  6.8    140    29.0   4.8                   
     XXV  CH.sub.3 O                                                           
                N(CH.sub.3).sub.2                                              
                       310    16.0  19.4   &gt;500   13.5   &gt;37                   
     XXVI O.sub.2 N                                                            
                N(CH.sub.3).sub.2                                              
                       &gt;500   120   &gt;4     &gt;500   500    --                    
     XXVII                                                                     
          C.sub.6 H.sub.11                                                     
                CH.sub.3 O                                                     
                       &gt;500   48    &gt;10    &gt;500   165    &gt;3                    
     __________________________________________________________________________
                         Topical LD.sub.50                                     
                         .mu.g per g for       LC.sub.50 ppm                   
                                               Culex  Anopheles                
     Code   Substituents Phormia regina        fatigans                        
                                                      albimanus                
                                 with          larvae,                         
                                                      larvae,                  
     R.sup.1    R.sup.2  Alone   pb      SR    ppm    ppm                      
     __________________________________________________________________________
     I    Cl    Cl       &gt;250    42.5    &gt;5.5  0.026  0.090                    
     II   CH.sub.3 O                                                           
                CH.sub.3 O                                                     
                         117.5   35.0    3.4   &gt;1.0   0.64                     
     III  C.sub.2 H.sub.5 O                                                    
                C.sub.2 H.sub.5 O                                              
                         33.7    9.7     3.7   0.19   0.28                     
     IV   CH.sub.3                                                             
                CH.sub.3 33.7    21.0    1.6   0.18   0.21                     
     V    Cl    CH.sub.3 O                                                     
                         55.0    15.2    3.6   0.068  0.12                     
     VI   CH.sub.3 O                                                           
                Cl       127.5   80      1.6   0.44   0.37                     
     VII  Cl    C.sub.2 H.sub.5 O                                              
                         24.5    20.0    1.2   0.032  0.060                    
     VIII C.sub.2 H.sub.5 O                                                    
                Cl       37.5    13.2    2.8   0.22   0.26                     
     IX   CH.sub.3                                                             
                CH.sub.3 O                                                     
                         16.5    11.50   1.4   0.26   0.28                     
     X    CH.sub.3 O                                                           
                CH.sub.3 135     14.0    9.6   0.54   0.48                     
     XI   CH.sub.3                                                             
                C.sub.2 H.sub.5 O                                              
                         7.7     4.2     1.8   0.073  0.085                    
     XII  C.sub.2 H.sub.5 O                                                    
                CH.sub.3 95.0    42.5    2.2   0.33   0.30                     
     XIII CH.sub.3 O                                                           
                C.sub.2 H.sub.5 O                                              
                         22.0    12.5    1.8   0.42   0.68                     
     XIV  C.sub.2 H.sub.5 O                                                    
                CH.sub.3 O                                                     
                         112.5   20.0    5.6   0.34   1.0                      
     XV   Cl    CH.sub.3 72.5    62.5    1.1   0.066  0.13                     
     XVI  CH.sub.3                                                             
                Cl       36.25   25      1.45  0.18   0.14                     
     XVII C.sub.2 H.sub.5 O                                                    
                3,4-OCH.sub.2 O                                                
                         &gt;250    32.5    &gt;7.7  0.23   0.25                     
     XVIII                                                                     
          CH.sub.3 O                                                           
                C.sub.4 H.sub.9 O                                              
                         &gt;250    67.5    &gt;4    0.60   0.77                     
     XIX  C.sub.2 H.sub.5 O                                                    
                H        &gt;250    &gt;250    --    &gt;1.0   0.61                     
     XX   4-C.sub.2 H.sub.5 O                                                  
                2-C.sub.2 H.sub.5 O                                            
                         &gt;250    &gt;250    --    &gt;1.0   &gt;1.0                     
     XXI  2-C.sub.2 H.sub.5 O                                                  
                4-C.sub.2 H.sub.5 O                                            
                         &gt;250    &gt;250    --    &gt;1.0   &gt;1.0                     
     XXII 2-C.sub.2 H.sub.5 O                                                  
                2,4-C.sub.2 H.sub.5 O                                          
                         &gt;250    &gt;250    --    &gt;1.0   &gt;1.0                     
     XXIII                                                                     
          3,4-CH.sub.3                                                         
                CH.sub.3 O                                                     
                         77.5    15.5    5.0   0.30   0.18                     
     XXIV 2,4-CH.sub.3                                                         
                CH.sub.3 O                                                     
                         97.5    25.0    3.9   0.28   0.080                    
     XXV  CH.sub.3 O                                                           
                N(CH.sub.3).sub.2                                              
                         &gt;250    85.0    &gt;3    0.70   1.0                      
     XXVI O.sub.2 N                                                            
                N(CH.sub.3).sub.2                                              
                         &gt;250    &gt;250    --    0.38   &gt;1.0                     
     XXVII                                                                     
          C.sub.6 H.sub.11                                                     
                CH.sub.3 O                                                     
                         &gt;250    112.5   &gt;2    1.0    &gt;1.0                     
     __________________________________________________________________________
PAC  Compounds of the Present Invention are Effective Insecticides
PAR  The data of Table II indicate the insect toxicity of 27 different
      .alpha.-trichloromethylbenzylanilines to Musca domestica (S.sub.NAIDM and
      R.sub.SP strains), Phormia regina, and to Culex fatigans and Anopheles
      albimanus. The single most effective insecticide was compound XI
      (.alpha.-trichloromethyl-p-ethoxybenzyl-p-methylaniline), which had the
      lowest LD.sub.50 values to both strains of housefly and to Phormia and was
      only slightly less effective than compounds I and VII to the mosquito
      larvae. This compound also had the lowest synergized LD.sub.50 values,
      with piperonyl butoxide (designated as "pb" in Table II), to the test
      insects.
PAR  Compounds which, in these tests, were only slightly less active than
      compound XI included compound III
      (.alpha.-trichloromethyl-p-ethoxybenzyl-p-ethoxyaniline) and compound VII
      (.alpha.-trichloromethyl1p-ethoxybenzyl-p-chloroaniline). The
      p,p'-dichloro-substituted compound (I) was a very effective larvicide, but
      was of low toxicity to adult insects. Although the p,p'-dimethoxy
      derivative (II) was of very low toxicity, the p,p'-dimethyl derivative
      (IV) was one of the more insecticidal compounds.
PAR  The order of effectiveness of symmetrical substitution was found to be
      C.sub.2 H.sub.5 O &gt; CH.sub.3 &gt; Cl &gt; CH.sub.3 O. Toxicity was greatly
      decreased in the monosubstituted compound (XIX) or by substitution in the
      o,p' or p,o' positions (XX, XXI). Toxicity was also substantially
      decreased by substitution of either the aniline or benzyl ring with
      C.sub.4 H.sub.9 O (XVIII), N(CH.sub.3).sub.2 (XXV), O.sub.2 N (XXVI), or
      cyclohexyl (XXVII), or by 2,4-disubstitution (XXII, XXIV) or
      3,4-disubstitution (XXIII).
PAR  The synergistic ratios or SR values (LD.sub.50 alone/LD.sub. 50 synergized
      with piperonyl butoxide) shown in Table II indicate the role of the
      multifunction oxidase (MFO) in detoxifying the individual compounds. Since
      piperonyl butoxide serves to block the action of MFO, the synergized
      LD.sub.50 values express the intrinsic toxicity of the compounds. With the
      detoxifying action of MFO enzymes blocked, the intrinsic toxicity of the
      compounds can thus be measured. For the Musca domestica S.sub.NAIDM, the
      compounds with the highest intrinsic toxicity were CH.sub.3 O,C.sub.2
      H.sub.5 (XI),C.sub.2 H.sub.5 O,OCH.sub.3 (XIV), C.sub.2 H.sub.5
      O,Cl(VIII), and C.sub.2 H.sub.5 O, OC.sub.2 H.sub.5 (III), having
      synergized LD.sub.50 values of 2.5, 3.9, 4.1 and 4.2 respectively.
      Compound XVII (C.sub.2 H.sub.5 O, OCH.sub.2 O) had a value of 3.8.
      Compound (XI) was also outstandingly toxic to Phormia, which is deficient
      in MFO, with a synergized LD.sub.50 value of 4.2.
PAR  Compound (II) had the highest SR values for susceptible and resistant flies
      (100 and 37) but was substantially synergized in Phormia, indicating rapid
      detoxication, while the Cl, OC.sub.2 H.sub.5 compound (VII) had the lowest
      SR values (1.8 and 2.3). In general, higher SR values were found with
      compounds having a CH.sub.3 O group on the ring adjacent to the --NH--
      linkage (VI, X). This suggests that the anilinium structure favors attack
      by MFO.sup.. OH radical on the positively polarized CH.sub.3 O.
      ##SPC2##
      The CH.sub.3 O,N(CH.sub.3).sub.2 compound (XXV) also had a high SR value,
      suggesting MFO attack by N-dealkylation.
PAC  Compounds of the Present Invention Are Biodegradable
PAR  The compound .alpha.-trichloromethyl-p-ethoxybenzyl-p-ethoxyaniline
      (Compound III in Table II) was selected as one of the most active
      insecticides for investigation of its metabolism by the adult female
      housefly, in the larval salt-marsh caterpillar Estigmene acrea Drury, and
      by mouse liver homogenate.
PAR  The biodegradability of an insecticide may be measured by administering
      measured doses of a tritium labeled test insecticide to a subject. Some
      time later the subject is sacrificed, liquefied, and a sample of the
      liquefied insect is placed on a thin layer chromotagraphy (tlc) plate. The
      plate is developed in a suitable solvent and R.sub.f values of the various
      compounds contained in the sample are measured against known R.sub.f
      values of previously synthesized theoretical metabolic breakdown products.
      The amount of each metabolite present may thus be measured by measuring
      the .sup.3 H at each separately resolved spot on the tlc plate. A
      permanent record may be made by exposing film to the plate to form a
      ratioautograph.
PAR  After the amounts of the various metabolites have been calculated and a
      determination is made as to which of the metabolites are to be designated
      as "polar" and which are to be designated as "non-polar", a
      Biodegradability Index (amount of polar metabolites/amount of nonpolar
      metabolites) may be calculated. Remembering that nonpolar compounds, such
      as DDT are readily soluble in the fatty tissues, but are not readily
      soluble in water based solutions, and that the cell fluid is essentially a
      water based solution, the lower the Biodegradability Index, the lower the
      amount of biodegradability of the compound. The higher the amount of
      polarity, the greater the likelihood that the polar compound will dissolve
      in water, a very polar compound, and be eliminated from the cell.
PAR  Table III shows the metabolic breakdown products resulting from the
      incubation of 0.01 .mu.M .sup.3 H-labeled compound for 1 hr. with a mouse
      liver homogenate fortified with NADPH and nicotinamide, prepared as
      described by Kapoor et al., 20(1) J. Agr. Food Chem. (1970). Under these
      conditions the compound was attacked by O-dealkylation to produce either
      one or both of the monophenolic derivatives, and the compound was also
      cleaved at the --HN--CH(CC1.sub.3)-- bond to form-p-ethoxyaniline. The
      various amounts of the resulting metabolites are detailed in Table III.
PAR  Topical application of 1.0 .mu.g of .sup.3 H-ethoxyaniline to the prothorax
      of the female R.sub.SP housefly resulted in recovery after 24 hr. of 94.2%
      of the .sup.3 H, 10% as excreta, 65% as body homogenate, and 19.2% as body
      wash. The percentage of various .sup.3 H metabolites in homogenate and
      excreta is shown in Table III.
PAR  Similar experiments were performed by feeding 0.5 mg. of .sup.3
      H-ethoxyaniline to 4th instar salt-marsh caterpillar larvae where, after
      24 hr, 75% of the .sup.3 H was recovered in excreta and the remainder in
      the body homogenate, with the metabolic distribution also shown in Table
      III. These experiments in insect metabolism show results similar to those
      obtained with moulse liver homogenate, the results of which are also shown
      in Table III. Ethoxyaniline is metabolized in both the insect and the
      mammal by O-dealkylation to form both mono- and bis- phenols and the
      compound is also cleaved at the --HN--(CH(CCl.sub.3)-- bond to form
      p-ethoxyaniline and p-ethoxyphenyldichloromethylketone. Relatively large
      amounts of polar conjugates of the phenols were also found.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Metabolism of .alpha.-Trichloromethyl-p-ethoxybenzyl-p-ethoxyaniline by   
     Housefly, Salt-Marsh                                                      
     Caterpillar, and Mouse Liver Homogenate                                   
                                Salt-marsh                                     
                     Female housefly,                                          
                                caterpillar,                                   
                                           Mouse liver                         
                     percent .sup.3 H in                                       
                                percent .sup.3 H in                            
                                           percent .sup.3 H in                 
      Compound       Homogenate                                                
                           Excreta                                             
                                Homogenate                                     
                                      Excreta                                  
                                           homogenate                          
     __________________________________________________________________________
     C.sub.2 H.sub.5 OC.sub.6 H.sub.4 NHCH(CCl.sub.3)C.sub.6 H.sub.4 OC.sub.2  
     H.sub.5         37.6  22.9 9.0   2.5  30                                  
     C.sub.2 H.sub.5 OC.sub.6 H.sub.4 NHCH(CCl.sub.3)C.sub.6 H.sub.4 OH        
     or              11.5  25.5 14.4  4.1  7                                   
     HOC.sub.6 H.sub.4 NHCH(CCl.sub.3)C.sub.6 H.sub.4 OC.sub.2 H.sub.5         
     HOC.sub.6 H.sub.4 NHCH(CCl.sub.3)C.sub.6 H.sub.4 OH                       
                     8.4   5.7  --    --   --                                  
     C.sub.2 H.sub.5 OC.sub.6 H.sub.4 C(O)CHCl.sub.2                           
                     10.4  9.7  8.7   3.1  --                                  
     C.sub.2 H.sub.5 OC.sub.6 H.sub.4 NH.sub.2                                 
                     8.3   9.1  15.0  8.4  13.7                                
     Unknown I       14.3  11.1 11.5  --   20                                  
     Conjugates      15.8  9.3  40    81   29                                  
     __________________________________________________________________________
PAR  The p-ethoxydichloroacetophenone was characterized by the utilization of
      standard thin layer chromotography techniques. Its nmr spectrum showed
      .delta.(OCH.sub.2) 3.72-4.17, (CH.sub.3) 1.2-1.5, (H) 6.68. Mass
      spectrometry showed a fragmentation pattern of a typical aromatic ketone.
      The peak at mass 232 was that of the basic molecule, which in turn gave
      rise to a fragment at m/e 149, C.sub.2 H.sub.5 OC.sub.6 H.sub.4
      C.tbd.).sup.+ . This base peak underwent O-dealkylation to produce the
      HOC.sub.6 H.sub.4 C.tbd.O.sup.+ ion, which fragmented further to give
      phenyl ion at m/e 77. Identities of
      .alpha.-trichloromethyl-p-hydroxyphenyl-p-hydroxyaniline,
      .alpha.-trichloromethyl-p-hydroxybenzyl-p-ethoxyaniline, and
      .alpha.-trichloromethyl-p-hydroxybenzyl-p-hydroxyaniline were confirmed by
      tlc cochromatography with model metabolites and by the characteristic
      yellow color which appeared upon exposure to ultraviolet light.
PAR  The environmental fate of any new pesticide is a factor of paramount
      importance in determining how and where it might be used. The behavior of
      .sup.3 H-.alpha.-trichloromethyl-p-ethoxybenzyl-p-ethoxyaniline has been
      studied by the model ecosystem technique following application of 5.0 mg.
      of labeled compound to Sorghum plants. A summary of
TBL                                    Table IV                                
     __________________________________________________________________________
     Distribution of .sup.3 H-"Ethoxyaniline" and its Metabolites in a Model   
     Ecosystem                                                                 
                     Concentration (ppm) of ethoxyaniline equivalents          
                          Oedogonium                                           
                                Physa Culex Gambusia                           
                     H.sub.2 O                                                 
                          (algae)                                              
                                (snail)                                        
                                      (mosquito)                               
                                            (fish)                             
     __________________________________________________________________________
     Total .sup.3 H  0.363                                                     
                          3.03  36.0  1.0   0.30                               
     C.sub.2 H.sub.5 OC.sub.6 H.sub.4 NHCH(CCl.sub.3)C.sub.6 H.sub.4 OC.sub.2  
     H.sub.5         0.055                                                     
                          1.09  22.68 0.28  0.04                               
     C.sub.2 H.sub.5 OC.sub.6 H.sub.4 NHCH(CCl.sub.3)C.sub.6 H.sub.4 OH        
                     0.031                                                     
                          0.43  2.02  0.13  0.08                               
     HOC.sub.6 H.sub.4 NHCH(CCl.sub.3)C.sub.6 H.sub.4 OH                       
                     --   --    1.512 --    0.03                               
     C.sub.2 H.sub.5 OC.sub.6 H.sub.4 C(O)CHCl.sub.2                           
                     --   0.3   3.542 --    0.28                               
     C.sub.2 H.sub.5 OC.sub.6 H.sub.4 NH.sub.2                                 
                     0.053                                                     
                          0.42  2.556 0.01  0.03                               
     C.sub.2 H.sub.5 OC.sub.6 H.sub.4 C(O)OH                                   
                     0.123                                                     
                          0.38  1.800 0.06  0.03                               
     Unknown R.sub.f 0.4                                                       
                     0.053                                                     
                          --    --    0.15  --                                 
     Conjugates, polar metabolites                                             
                     0.042                                                     
                          0.40  2.520 0.22  0.06                               
     __________________________________________________________________________
      the results of these experiments are shown in Table IV. The environmental
      metabolites from the organisms in the model ecosystem after 33 days were
      identified by cochromatography with standards of known constitution, by
      appropriate chromogenic reagents, and by high-resolution mass
      spectrometry. The data of Table IV indicate the O-dealkylation of
      ethoxyaniline at both p-ethoxybenzyl and p-ethoxyaniline moieties to form
      the mono- and bis-phenols. The most interesting biological reaction is the
      result of dehydrochlorination to form the apparently transitory
      dichloroethylene intermediate which undergoes a tautomeric shift to form
      the dichloromethyl-p-ethoxybenzylidine-p-ethoxyaniline. The latter
      compound is readily hydrolyzed to p-ethoxyaniline and
      p-ethoxydichloroacetophenone, which subsequently forms p-ethoxybenzoic
      acid.
PAR  It is of interest to compare the model ecosystem behavior of compound III
      in Table II, .alpha.-trichloromethyl-p-ethoxy benzyl-p-ethoxy aniline,
      "ethoxyaniline" of Table IV, with the corresponding DDT analog
      "ethoxychlor" [2,2-bis(p-ethoxyphenyl)-1,1,1-trichloroethane], as
      evaluated by Kapoor et al., 20(1) J. Agr. Food Chem. 1 (1972). Ethoxychlor
      was found in the snail to 58.6 ppm and in the fish to 0.92 ppm, along with
      its ethylene and the mono- and bis-phenols formed by O-dealkylation. The
      ecological magnification (E.M.) of ethoxychlor, defined as the ratio of
      the parent material in the fish to the concentration in the water, was
      1500-fold as compared with an E.M. of only 0.7-fold for the ethoxyaniline.
      It appears that both compounds are substantially biodegradable, but that
      the opportunity for metabolic cleavage between the , --HN--CH(CCl.sub.3)--
      bond of the compounds of the present invention enhances their
      biodegradability.
PAR  Compounds in accordance with the present invention may be applied as an
      insecticide in solid form as a powder, or in solution, with or without an
      inert carrier.
PAR  Comparing the Biodegradability Indices (B.I.=total recovered polar
      metabolites/total recovered nonpolar metabolites) the values are 0.44 for
      ethoxychlor and 2.0 for ethoxyaniline. Although both compounds are
      substantially more biodegradable than DDT which, in identical experiments,
      was concentrated from water to fish 84,000-fold and had a Biodegradability
      Index of only 0.015, the compound of the present invention, ethoxyaniline,
      is by far superior in both E.M. and B.I.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom as modifications will be obvious to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The compounds having the formula
      ##SPC3##
PAL  where R.sup.1 and R.sup.2 are selected from the group consisting of
      substituents Cl, CH.sub.3, CH.sub.3 O, C.sub.2 H.sub.5 O,
      N(CH.sub.3).sub.2, O.sub.2 N, C.sub.4 H.sub.9 O, and C.sub.6 H.sub.11.
NUM  2.
PAR  2. The compounds as defined in claim 1 wherein R.sub.1 is Cl.
NUM  3.
PAR  3. The compounds as defined in claim 1 wherein R.sub.1 is CH.sub.3.
NUM  4.
PAR  4. The compounds as defined in claim 1 wherein R.sub.1 is CH.sub.3 O.
NUM  5.
PAR  5. The compounds as defined in claim 1 wherein R.sub.1 is C.sub.2 H.sub.5
      O.
NUM  6.
PAR  6. The compounds as defined in claim 1 wherein R.sub.1 is
      N(CH.sub.3).sub.2.
NUM  7.
PAR  7. The compounds as defined in claim 1 wherein R.sub.1 is O.sub.2 N.
NUM  8.
PAR  8. The compounds as defined in claim 1 wherein R.sub.1 is C.sub.4 H.sub.9
      O.
NUM  9.
PAR  9. The compounds as defined in claim 1 wherein R.sub.1 is C.sub.6 H.sub.11.
NUM  10.
PAR  10. The compounds as defined in claim 1 wherein R.sub.2 is Cl.
NUM  11.
PAR  11. The compounds as defined by claim 1 wherein R.sub.2 is CH.sub.3.
NUM  12.
PAR  12. The compounds as defined by claim 1 wherein R.sub.2 is CH.sub.3 O.
NUM  13.
PAR  13. The compounds as defined by claim 1 wherein R.sub.2 is C.sub.2 H.sub.5
      O.
NUM  14.
PAR  14. The compounds as defined by claim 1 wherein R.sub.2 is
      N(CH.sub.3).sub.2.
NUM  15.
PAR  15. The compounds as defined by claim 1 wherein R.sub.2 is O.sub.2 N.
NUM  16.
PAR  16. The compounds as defined by claim 1 wherein R.sub.2 is C.sub.4 H.sub.9
      O.
NUM  17.
PAR  17. The compounds as defined by claim 1 wherein R.sub.2 is C.sub.6
      H.sub.11.
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ABST
PAL  Dark colored impurities, 2-aminonaphthalene and 2-naphthol are extracted
      from crude N,N'-di-2-naphthyl-p-phenylenediamine by contacting with a
      mixed solvent system comprising (A) at least one compound selected from
      the group consisting of alkanols and alkanediols and (B) at least one
      alkylated benzene.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. No. 1,885,355, East German Pat. No. 56,796 (Chemical Abstracts
      68:21742n) and Belousova et al. (Chemical Abstracts 65:16915n) teach the
      condensation reaction of 2-naphthol and p-phenylenediamine to produce
      N,N'-di-2-naphthyl-p-phenylenediamine:
      ##SPC1##
PAL   U.S. Pat. No. 1,885,355 teaches purification of the reaction product with
      methanol or ethanol, East German Pat. No. 56,796 teaches methanol, and
      both Belousova et al. and U.S.S.R. Pat. No. 140,065 (Chemical Abstracts
      56:10066c) teach the use of ethylene glycol and water.
PAR  Excess 2-naphthol commonly used in the reaction of 2-naphthol and
      p-phenylenediamine may be found as an impurity in the crude reaction
      product, together with dark colored impurities and high trace amounts (up
      to 1000 ppm and more) of 2-aminonaphthalene. Excess 2-naphthol is
      desirably recovered and recycled to improve process efficiency. Dark
      colored impurities discolor polymer systems containing
      N,N'-di-2-naphthyl-p-phenylenediamine, and the discolored polymers may
      stain other polymers upon contact. 2-Aminonaphthalene is a well-known
      carcinogen and desirably is reduced to lowest possible levels by
      purification. Low molecular weight alkanols and ethylene glycol used by
      the prior art remove excess 2-naphthol satisfactorily but leave behind
      unsatisfactory amounts of dark colored impurities and generally also
      unsatisfactory amounts of 2-aminonaphthalene. A new purification method is
      desired which removes substantially all three impurities from a crude
      N,N'-di-2-naphthyl-p-phenylenediamine reaction product mixture.
PAC  SUMMARY OF THE INVENTION
PAR  Dark colored impurities, 2-aminonaphthalene and 2-naphthol are removed
      substantially from crude N,N'-di-2-naphthyl-p-phenylenediamine by
      contacting with a mixed solvent system comprising (A) at least one
      compound selected from the group consisting of alkanols and alkanediols
      and (B) at least one alkylated benzene. Neither an alkanol or alkanediol
      nor an alkylated benzene alone removes dark colored impurities
      effectively.
DETD
PAC  DETAILED DESCRIPTION
PAR  Dark colored impurities, 2-aminonaphthalene and 2-naphthol are removed
      substantially from crude N,N'-di-2-naphthyl-p-phenylenediamine by
      contacting with a mixed solvent system comprising (A) at least one
      compound selected from the group consisting of alkanols and alkanediols
      and (B) at least one alkylated benzene. A weight ratio of from about 1:1
      to about 1:9 alkanol or alkanediol to alkylated benzene is used. The mixed
      solvent system is used in a weight ratio to crude
      N,N'-di-2-naphthyl-p-phenylenediamine of from about 1:1 to about 10:1,
      more preferably from about 2:1 to about 4:1.
PAR  The alkanol or alkanediol contains from 1 to 5 carbon atoms, more
      preferably from 1 to 3 carbon atoms. Suitable alkanols include methanol,
      ethanol, ethylene glycol, propanol, isopropanol, n-butanol, n-pentanol,
      ethylene glycol and the like. Mixtures of alkanols and/or alkanediols may
      also be used. Excellent results were obtained with methanol and
      isopropanol.
PAR  The alkylated benzene has the formula
      ##SPC2##
PAL  wherein R is hydrogen or an alkyl radical containing 1 to 3 carbon atoms,
      and at least two R's are hydrogen. More preferably R is hydrogen or an
      alkyl radical containing 1 to 2 carbon atoms, and at least 3 R's are
      hydrogen. Suitable alkylated benzenes include benzene, toluene, o- m- and
      p-xylene, o- m- and p-diethylbenzene, cumene, mesitylene, durene and the
      like. Mixtures of alkylated benzene may also be used. Excellent results
      were obtained with benzene, a mixture of o-, m- and p-xylene, cumene and
      mesitylene.
PAR  The dark colored impurities in crude N,N'-di-2-naphthyl-p-phenylenediamine
      are generally grayish-blue in color, but the color may vary considerably
      depending, for example, upon reactant ratio, reaction time and
      temperature, and the catalyst used, if any. Red, green and brown colored
      impurities have also been observed. Neither an alkanol or alkanediol nor
      an alkylated benzene alone removes dark colored impurities effectively. It
      is therefore unexpected and surprising to find that the mixed solvent
      system of this invention is highly effective in removing dark colored
      impurities from crude N,N'-di-2-naphthyl-p-phenylenediamine.
PAR  N,N'-di-2-naphthyl-p-phenylenediamine color may be determined visually.
      Alternatively an instrumental method of color measurement may be used if
      desired. Suitable instruments, color scales, and methods include those
      described in ASTM D2244-68. A preferred ASTM method employs a Colormaster
      Colorimeter and Color Scale A.sub.2 of the Adams chromatic value system
      (ASTM D2244-68  3.8.1.2). A Model V Colormaster Colorimeter may be used
      according to instructions in the Model V Colormaster Instruction Manual
      and Glasser and Troy's Color Coordinate Tables (Manufacturers Engineering
      and Equipment Corporation, Warrington, Pa.).
      N,N'-di-2-naphthyl-p-phenylenediamine purified by the process of this
      invention and tested for color using the Glasser and Troy modified Adams
      chromatic value system may have an L value of at least 75, a .DELTA.a
      value from about -0.5 to about +1.3, and a .DELTA.b value from about -0.7
      to about +3.5.
PAR  Reaction of 2-naphthol and p-phenylenediamine may be performed with or
      without an inert solvent or diluent. Suitable diluents include aromatic
      solvents such as benzene, toluene xylene and the like. A catalyst is
      unnecessary but may be used, such as boric acid, boric oxide,
      metaphosphoric acid or zinc dichloride. Varying reaction pressures may be
      used but reaction preferably is conducted at atmospheric pressure.
      Preferably a mixture of one molar equivalent of p-phenylenediamine and
      from 2 to 5 molar equivalents, more preferably about 3 molar equivalents,
      of 2-naphthol is heated in a reaction vessel fitted with a condenser to a
      temperature of from about 150.degree.C to about 350.degree.C., more
      preferably about 200.degree.C to about 320.degree.C, at atmospheric
      pressure in the absence of air and with or without a catalyst. The
      reactants melt rapidly and dissolve in one another. The reaction is
      vigorous, particularly at higher temperatures, and water is evolved
      rapidly. Reaction time varies with temperature but is typically about 1 to
      8 hours, more often about 2 to 5 hours.
PAR  After reaction is complete, the molten reaction mixture may be mixed
      directly with the mixed solvent system of this invention. More preferably
      the molten reaction mixture may be cooled, broken up and ground to a fine
      powder. The powder may then be contacted with the mixed solvent system at
      a temperature from about 20.degree.C to reflux temperature. Any
      conventional contacting technique may be used in a batch or continuous
      operation. More preferably the powder and mixed solvent system are
      refluxed together as a slurry for at least about 15 minutes, preferably
      with stirring. The slurry thereafter may be cooled to room temperature and
      crude N,N'-di-2-naphthyl-p-phenylenediamine separated therefrom by methods
      known to the art, such as filtration, centrifugation and the like. The
      "wet cake" may then be washed with an alkanol or alkanediol alone. The wet
      cake may be reslurried with an alkanol or alkanediol and refiltered. The
      latter threestep sequence may be performed one or more times. The wet cake
      may also be washed after refiltration. When washing, slurrying and
      filtration are completed, the wet cake may be dried, for example in a
      vacuum oven at 60.degree.C and 10 mm Hg pressure.
PAR  The mixed solvent system containing colored impurities, 2-amino naphthalene
      and excess 2-naphthol may be flash distilled to remove solvents. The
      2-napthol may be vacuum distilled to remove colored impurities and may be
      recycled to the N,N'-di-2-naphthyl-p-phenylenediamine manufacturing
      process. The presence of 2-aminonaphthalene in the recycled 2-naphthol
      does not harm the production process.
PAR  The following examples illustrate the present invention more fully.
PAC  EXAMPLES 1 - 2
PAR  The following recipe was used to prepare
      N,N'-di-2-naphthyl-p-phenylenediamine for Example 1 and again for Example
      2:
TBL                TABLE I                                                     
     ______________________________________                                    
     Material          Weight(g)    Moles                                      
     ______________________________________                                    
     2-naphthol        275          1.91                                       
     p-phenylenediamine                                                        
                       68.8         0.64                                       
     Boric Oxide*      1.4           --                                        
                       345.2                                                   
     ______________________________________                                    
      *0.5% by weight based upon 2-naphthol                                    
PAL  The materials in Table I were charged to a one-liter glass reactor equipped
      with stirrer, thermowell, thermometer and moisture trap and heated with
      stirring at 232.degree.C for 4 hours. The molten reaction mixture then was
      poured into an aluminum pan wherein it solidified immediately. The
      solidified mixture was ground to a fine powder in a Waring blender. 200
      grams of the powder was refluxed and stirred as a slurry with 440 grams of
      xylene (Example 1) or a 25% methanol/75% xylene mixture (Example 2) for 15
      minutes. The slurry was cooled to room temperature using a cold water bath
      and filtered through a Buchner funnel using Whatman No. 4 filter paper.
      The wet filter cake was washed with 400 grams methanol, removed from the
      funnel, reslurried in 400 grams fresh methanol and refiltered. The filter
      cake was washed again in the Buchner funnel with 400 grams methanol.
      Finally, the wet filter cake was dried in a vacuum oven at 60.degree.C and
      10 mm Hg pressure. Experimental results are shown in Table II (DNPD =
      N,N'-di-2-naphthyl-p-phenylenediamine):
TBL                TABLE II                                                    
     ______________________________________                                    
                    Example                                                    
                      1          2                                             
     Extraction Liquid                                                         
                      Xylene     25% methanol/                                 
                                 75% Xylene                                    
     ______________________________________                                    
     Crude DNPD product(g)                                                     
                      315        313                                           
     Crude DNPD used for                                                       
      extraction(g)   200        200                                           
     Purified DNPD after                                                       
      extraction(g)   136        136                                           
     Theoretical Purified                                                      
      DNPD after Extrac-                                                       
      tion(g)         145        146                                           
     Purified DNPD (% yield)                                                   
                      93.5%      93.1%                                         
     2-aminonaphthalene                                                        
      before extraction                                                        
      (ppm)           277        197                                           
     2-aminonaphthalene                                                        
      after extraction                                                         
      (ppm)           1.7        1.4                                           
     2-naphthol before                                                         
      extraction (wt.%)                                                        
                      37.3%      35.7%                                         
     2-naphthol after                                                          
      extraction (wt.%)                                                        
                      &lt;0.05%     &lt;0.05%                                        
     Color after extraction                                                    
                      Grayish-blue                                             
                                 Near-white                                    
     ______________________________________                                    
PAR  Examples 1 and 2 demonstrate that a 25% methanol/75% xylene mixture is much
      more effective than xylene alone in removing dark colored impurities from
      crude N,N'-di-2-naphthyl-p-phenylenediamine. These two examples also
      demonstrate that both solvent systems are about equally effective in
      removing 2-aminonaphthalene (impurity) and 2-naphthol (excess reactant)
      and producing a good yield of N,N'-di-2-naphthyl-p-phenylenediamine. Use
      of methanol alone was found to be ineffective in removing dark colored
      impurities.
PAC  EXAMPLES 3 - 7
PAR  In each example 100 grams of crude N,N'-di-2-naphthyl-p-phenylenediamine
      was refluxed and stirred as a slurry with 220 grams of solvent for 15
      minutes. The slurry was cooled to room temperature using a cold water bath
      and filtered through a Buchner funnel using Whatman No. 4 filter paper.
      The wet filter cake was washed with 230 grams alcohol, removed from the
      funnel, reslurried in 200 grams fresh alcohol and refiltered. The filter
      cake was washed again in the Buchner funnel with 200 grams alcohol. The
      same alcohol was used throughout a given example. Finally the wet filter
      cake was dried in a vacuum oven at 60.degree.C and 10 mm Hg pressure.
      Experimental results are shown in Table III (DNPD =
      N,N'-di-2-naphthyl-p-phenylenediamine):
TBL                                    TABLE III                               
     __________________________________________________________________________
                    Example                                                    
                    3*       4*       5*       6*       7**                    
     MIXED          25% Isopropan-                                             
                             10% Methanol/                                     
                                      50% Methanol/                            
                                               25% Methanol/                   
                                                        100% Methanol          
     SOLVENT        ol/75% Xylene                                              
                             90% Cumene                                        
                                      50% Mesitylene                           
                                               75% Benzene                     
     __________________________________________________________________________
     Crude DNPD Used for                                                       
      Extraction(g) 100      100      100      100      100                    
     Purified DNPD after                                                       
      Extraction(g) 67.6     66.6     68       67       46                     
     Theoretical Purified DNPD                                                 
      after Extraction(g)                                                      
                    72.6     72.7     73.6     72.6     49.6                   
     Purified DNPD (% yield)                                                   
                    93.1%    91.6%    92.3%    92.3%    92.8                   
     2-Aminonaphthalene before                                                 
      Extraction (ppm)                                                         
                    149      227      155      149      65                     
     2-Aminonaphthalene after                                                  
      Extraction (ppm)                                                         
                    1.7      2.1      2.2      &lt;0.5     3.5                    
     2-Naphthol before Extrac-                                                 
      tion (Theoretical wt.%)                                                  
                    27.4%    27.3%    26.4%    27.4%    50.4%                  
     2-Naphthol after Extrac-                                                  
                    &lt;0.05%   &lt;0.05%   &lt;0.05%   &lt;0.05%   &lt;0.05%                 
      tion (wt.%)                                                              
     __________________________________________________________________________
       *3:1 Molar ratio of 2-naphthol to p-phenylenediamine used to manufacture
      crude DNPD.                                                              
       **4:1 Molar ratio of 2-naphthol to p-phenylenediamine used to manufactur
      crude DNPD.                                                              
PAR  Examples 3 - 6 demonstrate the effectiveness of the given mixed solvent
      systems in removing 2-aminonaphthalene and 2-naphthol from crude
      N,N'-di-2-naphthyl-p-phenylenediamine and producing a good yield of
      substantially pure N,N'-di-2-naphthyl-p-phenylenediamine. Samples from
      examples 3 - 6 were found to have satisfactory color after mixed solvent
      extraction. Example 7 demonstrates that methanol alone is somewhat less
      effective than the mixed solvents described heretofore in removing
      2-aminonaphthalene from crude N,N'-di-2-naphthyl-p-phenylenediamine.
      Furthermore, Example 7 demonstrates that methanol alone is much less
      effective than the mixed solvents described heretofore in removing colored
      impurities from crude N,N'-di-naphthyl-p-phenylenediamine, since the
      sample from Example 7 was found to contain an unsatisfactory amount of
      dark colored impurities after methanol extraction.
PAR  N,N'-di-2-naphthyl-p-phenylenediamine is a well known antioxidant useful in
      engine oil, natural and synthetic natural rubber, polycaprolactam, nylon,
      polyethylene, polypropene and the like. The process of this invention
      removes dark colored impurities known to affect adversely polymer
      properties such as color and nonstaining characteristics. The process also
      reduces excess 2-naphthol to less than about 0.05% by weight and reduces
      the known carcinogen 2-amino-naphthalene to about 0.5 - 2 ppm or less.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for purifying crude N,N'-di-2-naphthyl-p-phenylenediamine
      wherein crude N,N'-di-2-naphthyl-p-phenylenediamine is contacted with a
      mixed solvent system comprising (A) at least one compound selected from
      the group consisting of alkanols and alkanediols containing from 1 to 5
      carbon atoms, and (B) at least one alkylated benzene having the formula
      ##SPC3##
PAL  wherein R is hydrogen or an alkyl radical containing 1 to 3 carbon atoms
      and at least two R's are hydrogen, the weight ratio of A to B is from
      about 1:1 to about 1:9, and the weight ratio of said mixed solvent system
      to crude N,N'-di-2-naphthyl-p-phenylenediamine is from about 1:1 to about
      10:1.
NUM  2.
PAR  2. A process of claim 1 for purifying crude
      N,N'-di-2-naphthyl-p-phenylenediamine, wherein said crude
      N,N'-di-2-naphthyl-p-phenylenediamine is contacted with said mixed solvent
      system at a temperature from about 20.degree.C to reflux temperature of
      said mixed solvent system and thereafter separated from said mixed
      solvent.
NUM  3.
PAR  3. A process of claim 2 wherein said alkanols and alkanediols contain from
      1 to 3 carbon atoms, said R is hydrogen or an alkyl radical containing
      from 1 to 2 carbon atoms and at least three R's are hydrogen, and the
      weight ratio of said mixed solvent system to crude
      N,N'-di-2-naphthyl-p-phenylenediamine is from about 2:1 to 4:1.
NUM  4.
PAR  4. A process of claim 3 wherein said alkanol is methanol and said alkylated
      benzene is xylene.
NUM  5.
PAR  5. A process of claim 3 wherein said alkanol is isopropanol and said
      alkylated benzene is xylene.
NUM  6.
PAR  6. A process of claim 3 wherein said alkanol in methanol and said alkylated
      benzene is cumene.
NUM  7.
PAR  7. A process of claim 3 wherein said alkanol is methanol and said alkylated
      benzene is mesitylene.
NUM  8.
PAR  8. A process of claim 3 wherein said alkanol is methanol and said alkylated
      benzene is benzene.
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PAL  N-alkylated arylamines are prepared by reaction of arylamines which have at
      least one hydrogen atom on the nitrogen, with olefins or cycloolefins
      which can have substituents which are inert under the reaction conditions,
      at temperatures from 180.degree. to 450.degree.C, in the presence of
      catalysts. The improvement is that silicic acid which contains from 0.1 to
      30 percent by weight of phosphoric acids, based on silicic acid, is used
      as the catalysts and that catalytic amounts of water are employed.
      N-alkylated arylamines are starting materials for the manufacture of dyes,
      pesticides, plant protection agents and growth regulators, and can also be
      used as mineral oil additives.
BSUM
PAR  The invention is concerned with an improved process for the continuous
      manufacture of N-alkylated arylamines by reaction of arylamines with
      olefins or cycloolefins, which can have substituents which are inert under
      the reaction conditions, at temperatures from 180.degree. to 450.degree.C,
      in the presence of catalysts.
PAR  Processes for the manufacture of N-alkylated aromatic amines have already
      been disclosed in which aromatic amines are reacted with olefins at
      elevated temperature and under superatmospheric pressure, using alkali
      metal elements, or alkali metal hydrides or alkaline earth metal hydrides,
      or compounds of alkali metals with aromatic amines, as the catalysts (cf.
      U.S. Pat. No. 2,501,556 and German Printed Applications Nos. 1,020,984 and
      1,041,505). The use of alkali metals or alkali metal hydrides or alkaline
      earth metal hydrides or compounds of alkali metals with amines requires
      that water be excluded, since otherwise the catalysts would be destroyed.
      Moreover, such processes are more or less unsuitable for continuous
      operation.
PAR  It is an object of the invention to provide a process which can very simply
      be carried out continuously. It is a further object of the invention to
      provide a process which does not have to be carried out with the exclusion
      of water. Yet a further object of the invention is to provide a process in
      which the catalysts used have a long life. Another object of the invention
      is to provide a process in which nuclear alkylation only occurs to a minor
      degree.
PAR  In accordance with the invention, these and other objects and advantages
      are achieved in an improved process for the manufacture of N-alkylated
      arylamines by reaction of arylamines which still contain at least one
      hydrogen atom on the nitrogen, with olefins or cycloolefins which can have
      substituents which are inert under the reaction conditions, at
      temperatures from 180.degree. to 450.degree.C, in the presence of
      catalysts, wherein the improvement is that the catalyst used is silicic
      acid containing from 0.1 to 30 percent by weight of phosphoric acid, based
      on silicic acid, and that catalytic amounts of water are co-used.
PAR  Preferably, the aromatic amines used are of the formula
      ##SPC1##
PAL  In which R.sup.1 and R.sup.2 are hydrogen and R.sup.1 can also be alkyl of
      1 to 20 carbon atoms, R.sup.3 is hydrogen, nitrile or nitro, or alkyl or
      alkoxy with up to 4 carbon atoms or a halogen and n is 1 or 2, and R.sup.3
      can also be phenyl or a radical of the formula
      ##SPC2##
PAL  In which R.sup.4 is alkylene or alkylidene of up to 3 carbon atoms and
      R.sup.4 and R.sup.5 are hydrogen and R.sup.5 can also be alkyl of 1 to 20
      carbon atoms, n being 1.
PAR  Particularly preferred starting materials are aromatic amines which are
      derived from benzene and have one amino group. In addition to the amino
      group, the preferred aromatic amines can have 1 or 2 substituents which
      are inert under the reaction conditions, such as alkyl of 1 to 4 carbon
      atoms, alkoxy of 1 to 4 carbon atoms, nitrile, nitro or halogen such as
      chlorine or bromine. Starting materials which have acquired particular
      industrial importance are aniline or toluidines. Examples of suitable
      amines are aniline, o-toluidine, m-toluidine, p-toluidine, anisidines,
      nuclear-halogenated anilines or m- and p-nitroanilines, and also aromatic
      amines which contain more than one phenyl radical and carry at least one
      amino group on each phenyl radical, such as, for example,
      4,4'-diaminodiphenylmethane and the isomeric diaminodiphenyls.
PAR  Preferably, olefins of up to 20 carbon atoms or cycloolefins of 5 to 12
      carbon atoms are used. They can have substituents, preferably one
      substituent, which are (or is) inert under the reaction conditions, such
      as a phenyl group or an alkoxy group of up to 4 carbon atoms. Olefins of 2
      to 10 carbon atoms or cycloolefins of 5 to 8 carbon atoms which contain an
      olefinic double bond and wherein the remainder of the molecule has a
      hydrocarbon structure are particularly preferred. Ethylene, propylene and
      butenes have attained particular industrial importance. Examples of
      suitable olefins and cycloolefins are ethylene, propylene, butylene, vinyl
      ethyl ether and cyclohexene.
PAR  Of course the preferred starting materials give the preferred end products.
PAR  If alkylarylamines are used as starting materials, tertiary amines are
      obtained. If monoalkylamines are to be produced preferentially, the
      preferred starting materials are primary amines but on the other hand it
      is also possible to recycle the monoalkylamines or dialkylamines, obtained
      as by-products, to the reaction, where they are alkylated further or - in
      the case of the dialkylarylamines are converted into monoalkylarylamines.
PAR  Advantageously, 1 to 50 moles, and in particular 5 to 30 moles, of olefins
      or cycloolefins are used per mole of aromatic amine.
PAR  The reaction is carried out at temperatures from 180.degree. to
      450.degree.C. Particularly good results are obtained at temperatures from
      220.degree. to 350.degree.C. It is advantageous to carry out the reaction
      under superatmospheric pressure; pressures of from 10 to 325 bars, and in
      particular from 100 to 300 bars, have proved suitable. Further, the
      reaction is carried out in the gas phase. Of course the conditions of
      temperature, pressure and apparatus design are so chosen that a gas phase
      is present.
PAR  The catalyst used is silicic acid which contains from 0.1 to 30 percent by
      weight of phosphoric acid, based on silicic acid. Silicic acid containing
      from 2 to 20 percent by weight of phosphoric acid has proved particularly
      suitable. The term phosphoric acid is to be understood to include
      ortho-phosphoric acid as well as phosphoric acids which are formed from
      ortho-phosphoric acid on heating. It is particularly preferred to use
      silicic acid of internal surface area from 5 to 500 m.sup.2 /g, and
      especially of internal surface area from 300 to 400 m.sup.2 /g. The
      internal surface area of the silicic acid is determined by, for example,
      the BET method. Suitable catalysts are obtained, for example, by the
      methods described in Ullmann's Enzyklopadie der technischen Chemie
      (Ullmann's Encyclopedia of Industrial Chemistry), 3rd edition, volume 9,
      pages 275 et seq. and volume 15, pages 712 et seq. An example of a
      particularly advantageous method of preparing suitable catalysts is to add
      aqueous mineral acid, for example sulfuric acid of from 20 to 35 percent
      strength by weight, to a sodium waterglass solution of density from 1.15
      to 1.20 g/cm.sup.3, convert the product, via the intermediate stage of a
      silicic acid sol, to a silicic acid hydrogel of high water content and
      wash this hydrogel with ammoniacal water, for example ammonia solution of
      from 0.1 to 0.2 percent strength by weight. The hydrogel thus desalinated
      is treated with the required amount of phosphoric acid, advantageously
      with the addition of oxalic acid in amounts of, for example, from 5 to 15
      percent by weight based on silicic acid, in a mill or some other device
      which generates shear forces; this treatment causes peptization. The
      material thus obtained is sprayed, for example into a stream of flue gas,
      which gives a granular powder suitable for use as a fluidized bed
      catalyst, or is converted by conventional methods into a molded catalyst,
      for example by extrusion.
PAR  It is an essential characteristic of the invention that catalytic amounts
      of water are used. Particularly suitable amounts of water to be used have
      proved to be from 0.1 to 30 mole percent, based on aromatic amines
      employed.
PAR  In addition, it has proved advantageous to feed phosphoric acid and/or
      phosphoric acid alkyl esters continuously to the reaction. Suitable
      methods are to pass phosphoric acid into the catalyst bed or to vaporize
      phosphoric acid alkyl esters together with the starting materials used.
      Phosphoric acid trialkyl esters, especially with alkyl radicals of 1 to 4
      carbon atoms, are preferred, and the alkyl radicals preferably correspond
      to the olefins used. It has proved particularly appropriate to feed from
      0.1 to 5 g of phosphoric acid or phosphoric acid alkyl esters to the
      reaction per liter of catalyst per hour. Suitable phosphoric acid esters
      are trimethyl phosphate, triethyl phosphate, tripropyl phosphate or
      triisobutyl phosphate.
PAR  As a rule, a residence time over the catalyst of from 4 to 100 seconds is
      chosen. Particularly good results are also obtained by reacting from 100
      to 800 g of aromatic amines per liter of catalyst and per hour.
PAR  An example of carrying out the process according to the invention is to
      vaporize olefins or cycloolefins with the aromatic amines described and
      pass the mixture over the catalyst bed of the composition described,
      whilst maintaining the stated temperatures and pressures. At the same
      time, it is advantageous to feed in phosphoric acid or phosphoric acid
      trialkyl esters in the amounts mentioned. Water, in the amounts mentioned,
      is also vaporized with the starting materials. The reaction mixture
      obtained is cooled and condensed, or is passed direct into a fractionating
      column from which the N-alkylated arylamines are obtained pure.
      Unconverted olefins and aromatic amines can be recycled.
PAR  N-alkylated arylamines manufactured by the process of the invention can be
      used as starting materials for the manufacture of dyes, pesticides or
      other biologically active materials, such as plant protection agents or
      growth regulators. They can also be used as mineral oil additives or as
      additives to surface coatings or other polymeric systems.
PAR  The process according to the invention is illustrated by the Examples which
      follow. The parts mentioned in the Examples are by weight and bear the
      same relationship to parts by volume as the gram to the liter.
DETD
     EXAMPLE 1
PAR  Glass Raschig rings are placed in the upper part of a vertical stainless
      steel high pressure tube of 30 mm diameter and 2 m length, and a silicic
      acid catalyst which has an internal surface area of 400 m.sup.2 /g,
      contains 20 percent by weight of phosphoric acid and has been molded into
      4 mm diameter extrusions is used to fill the lower part of the tube, which
      has a capacity of 0.4 l. A mixture of 100 g of aniline, 5 g of water, 0.5
      g of triethyl phosphate and 850 liters (S.T.P.) of ethylene is passed
      hourly into the top of the tube. Liquid starting materials which vaporize
      in the upper part of the tube, and gaseous starting materials, pass as a
      gas over the catalyst. The temperature in the catalyst bed is 330.degree.C
      and the pressure is 200 bars. The molar ratio of aniline to ethylene is
      1:35. The condensate obtained hourly weighs 107 grams and contains small
      amounts of ethanol and water, 68.5  grams of N-ethylaniline, 23 grams of
      N,N-diethylaniline and 10 grams of aniline. This corresponds to 90%
      conversion. The yield of N-alkylated anilines is 74.5%.
PAC  EXAMPLE 2
PAR  The procedure described in Example 1 is followed except that 100 parts of
      aniline, 5 parts of water, 0.5 part of triethyl phosphate and 1,200 parts
      by volume (S.T.P.) of ethylene are passed over the catalyst per hour. The
      temperature in the catalyst bed is 330.degree.C and the pressure is 300
      bars.
PAR  49 parts of N-ethylaniline, 73 parts of N,N-diethylaniline and 4 parts of
      unconverted aniline are obtained. This corresponds to 96% conversion and
      to a yield of ethylated anilines of 87% of theory. After using the
      catalyst for 1,000 hours, the conversion and yield are unchanged.
PAC  EXAMPLE 3
PAR  The procedure described in Example 1 is followed except that 500 parts of
      N-ethylaniline, 5 parts of water, 2 parts of triethyl phosphate and 600
      parts by volume (S.T.P.) of ethylene are used and passed over the catalyst
      at 300.degree.C and 200 bars.
PAR  The condensate contains 22.5 parts of N-ethylaniline, 25.7 parts of
      N,N-diethylaniline and 0.6 part of aniline. The conversion is 55%. 76% of
      the unconverted N-ethylaniline are converted to N,N-diethylaniline. 3% are
      decomposed to aniline.
PAC  EXAMPLE 4
PAR  The procedure described in Example 1 is followed except that 100 parts of
      o-toluidine, 6 parts of water, 1 part of triethyl phosphate and 630 parts
      by volume (S.T.P.) of ethylene are used. The mixture is passed over the
      catalyst at 300.degree.C and 200 bars.
PAR  The condensate obtained contains 14 parts of unconverted o-toluidine, 78
      parts of N-ethyl-o-toluidine and 20 parts of N,N-diethyl-o-toluidine. The
      conversion is 86%.
PAR  72% of the unconverted o-toluidine are converted to N-ethyl-o-toluidine and
      9.5% are converted to N,N-diethyl-o-toluidine.
PAR  The space-time yield of the N-alkylated o-toluidines is 190 g per liter of
      catalyst per hour.
PAC  Comparative Example
PAR  The procedure described in Example 1 is followed except that 100 parts of
      aniline without water are used and the reaction mixture is passed over the
      catalyst at 300.degree. and 200 bars. (Molar ratio of aniline to ethylene
      = 1:30).
PAR  The condensate contains 98 parts of unconverted aniline, 1.8 parts of
      N-ethylaniline and small amounts of N,N-diethylaniline and
      nuclear-alkylated derivatives.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved process for the continuous manufacture of N-alkylated
      arylamines by reaction of arylamines which have at least one hydrogen atom
      on the nitrogen, with olefins having 2-10 carbon atoms or cycloolefins
      having 5 to 8 carbon atoms, which can have substituents which are inert
      under the reaction conditions, at temperatures from 180.degree. to
      450.degree.C, in the presence of catalysts, wherein the improvement
      comprises using silicic acid which contains from 0.1 to 30 percent by
      weight of phosphoric acid, based on silicic acid, as the catalyst and
      catalytic amounts of water of 0.1 to 30 mole percent, based on the
      arylamine, and feeding phosphoric acid or a phosphoric acid alkyl ester
      continuously to the catalyst during the reaction.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein the reaction is carried out
      under a pressure of from 10 to 400 bars.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein silicic acid having an internal
      surface area of from 5 to 500 m.sup.2 /g is used.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein aromatic amines which are
      derived from benzene and have one amino group and can in addition to the
      amino group contain from 1 to 2 alkyl radicals of 1 to 4 carbon atoms,
      alkoxy radicals of 1 to 4 carbon atoms, nitrile or nitro groups are used
      as starting materials.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein aniline or toluidines are used
      as starting materials.
NUM  6.
PAR  6. A process as claimed in claim 1, wherein said olefins have one olefinic
      double bond and wherein the remainder of the molecule has a hydrocarbon
      structure.
NUM  7.
PAR  7. A process as claimed in claim 1, wherein ethylene, propylene or butenes
      are used as starting materials.
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ABST
PAL  Cycloalkanones and cycloalkanols can be prepared by conversion of
      cycloalkylhydroperoxides in solution in a suitable solvent, under the
      influence of a solid catalyst, Solution and catalyst form a heterogeneous
      system. For this purpose, a number of catalysts have been proposed, but
      the known processes have serious draw backs with respect to efficiency of
      the process, catalyst cost and/or alcohol to ketone ratio obtained.
PAL  According to the invention, cycloalkanones and cycloalkanols are prepared
      by conversion of cycloalkylhydroperoxides having 5-12 carbon atoms in the
      ring under the influence of a heterogeneous catalyst comprising copper
      oxide, at a temperature below 160.degree.C. Preferably, copper - chromium
      - oxide is applied as a catalyst.
BSUM
PAR  The invention relates to a process for preparing cycloalkanones and
      cycloalkanols by conversion of cycloalkylhydroperoxides under the
      influence of a heterogeneous catalyst.
PAR  A process of this type is disclosed in Kogyo Kagaku Zasshi 73 (1970),
      2056-8. From this article it appears that cyclohexylhydroperoxide can be
      converted in cyclohexane solution under the influence of some metal-oxides
      and -sulfides. Amongst the oxides and sulfides examined, some were active
      as a catalyst for the conversion of cyclohexylhydroperoxide into
      cyclohexanol and cyclohexanone and others were not.
PAR  In the preparation of cycloalkanones and cycloalkanols from
      cycloalkylhydroperoxides it is of importance to work at a temperature at
      which the non-catalyzed, thermal decomposition of the
      cycloalkylhydroperoxide reaction competes as little as possible with the
      total conversion of the cycloalkylhydroperoxide and the catalyzed
      conversion as large as possible a contribution. For, in comparison with
      the catalyzed conversion, the thermal decomposition of the peroxide shows
      little specificity to the production of the desired products,
      cycloalkanone and cycloalkanol. In the thermal decomposition a relatively
      large amount of undesirable by-product is formed. At temperatures of over
      about 120.degree. C the thermal decomposition of the peroxide proceeds at
      a clearly perceptible rate. It is desirable therefore to work at a
      temperature of below approximately 120.degree. C, preferably of below
      100.degree. C. Below 80.degree. C the speed of the thermal decomposition
      reaction is so small as to be negligible.
PAR  The aforementioned article does not indicate any catalysts with the aid of
      which aforementioned objectives could be reasonably achieved. It is
      mentioned that at 70.degree. C cobalt(III)oxide is not active at all, and
      that molybdenum sulfide is only active if present in a large quantity and
      even then is active to only a low degree. Temperatures of 120.degree. C
      and higher are necessary to cause the conversion desired to proceed at a
      satisfactory rate. These high temperatures lead to a decrease in
      efficiency.
PAR  In the U.S. Pat. Spec. No. 2,851,496 a process is disclosed for the
      preparation of cyclohexanone and cyclohexanol, in which in a first step
      cyclohexane in the liquid phase is oxidized with air in the presence of a
      homogeneous catalyst, like cobalt-naphthenate and, in a second step, the
      reaction mixture of the first step is passed over a heterogeneous
      catalyst, for instance cobalt(II)oxide, vanadium oxide-on-aluminium oxide,
      molybdenum sulfide or cobalt oxide-on-charcoal, at a temperature of, for
      instance, 70.degree. C. The reaction mixture of the first step contains
      cyclohexylhydroperoxide, which is converted for the larger part into
      cyclohexanone and cyclohexanol in the second step. The quantity of
      heterogeneous catalyst used is not indicated.
PAR  From experiments conducted by Applicant however it has appeared that a very
      large amount of catalyst is needed in order to achieve a satisfactory
      conversion rate with the catalysts known from said U.S. patent
      specification, and, hence, the catalyst costs of this known process are
      high. This holds, a fortiori, if the catalysts containing noble metal are
      used as mentioned in said patent specification.
PAR  It has now been found that with application of oxidic copper catalysts high
      conversion rates of cycloalkylhydroperoxides into cycloalkanones and
      cycloalkanols can be achieved already at low temperatures, for instance
      temperatures of between 50.degree. and 100.degree. C. This is highly
      surprising, seeing that in the quoted article from Kogyo Kagaku Zasshi it
      is mentioned that the half-value time of cyclohexylhydroperoxide in
      cyclohexane as a solvent at 160.degree. C in the presence of
      copper(II)oxide amounts to 58 minutes, which is only little shorter than
      the other half-value time mentioned in this article, viz. that of
      cyclohexylhydroperoxide, under the same conditions, but in the absence of
      a catalyst, i.e. 65 minutes.
PAR  According to the invention cycloalkanones and cycloalkanols are prepared by
      converting cycloalkylhydroperoxides with 5-12 carbon atoms in the ring at
      a temperature of below 160.degree. C under the influence of an oxidic
      copper catalyst.
PAR  With the application of the catalysts according to the invention extremely
      high specific conversion rates (s.c.r.), expressed in moles of
      cycloalkylhydroperoxide converted per kg of heterogeneous catalyst per
      hour at 80.degree. C, can be achieved. With the aid of copper(II)oxide
      prepared by heating basic copper(II)carbonate at 300.degree. C in an air
      stream, for instance, a s.c.r. of 75 or even considerably higher can be
      reached. This number can be compared with the number of molybdenum sulfide
      at 70.degree. C, viz. 10, calculated on the basis of the data contained in
      the quoted article from Kogyo Kagaku Zasshi.
PAR  The selectivity of the conversion according to the invention to the desired
      products cycloalkanone and cycloalkanol is high and amounts to 95-100%,
      based on the converted peroxide. This means that 0-5% of the peroxide is
      converted into by-products. If working in cycloalkane as a solvent, which
      cycloalkane corresponds to the cycloalkylhydroperoxide, one sometimes
      finds an apparent efficiency of more than 100%. This phenomenon is
      well-known in this kind of reactions and is brought about by oxidation of
      some solvent with the peroxide. Also in this case at most 5% of the
      peroxide plus the converted cycloalkane are converted into by-products.
PAR  A matter of importance in the preparation of cycloalkanones and
      cycloalkanols from cycloalkylhydroperoxides is the ratio in which the
      ketone and the alcohol are obtained. For most applications preferably more
      alkanone is produced than cycloalkanol. From experiments carried out by
      applicant it appeared that the alcohol to ketone ratio in the reaction
      product of the decomposition of cyclohexylhydroperoxide at 80.degree. C in
      cyclohexane as a solvent with one of the known catalysts cobalt(II)oxide,
      vanadium oxide or platinum lies between 1.1 and 2.4. If copper(II)oxide,
      which is not supported on a carrier, is applied as a catalyst, said ratio
      lies between 2.1 and 2.8, dependent on the way in which the
      copper(II)oxide has been prepared.
PAR  The copper-chromium-oxide catalyst system has particularly favourable
      properties. This catalyst system is an active one, with which
      cycloalkanone and cycloalkanol efficiencies of 98% or higher can be
      achieved at alcohol to ketone ratios of 0.3 or less.
PAR  The catalysts according to the process of the invention may or may not be
      supported on a carrier. Suitable carrier materials are silica, alumina,
      carbon and the like.
PAR  The process according to the invention is by preference carried out at a
      temperature of between 30.degree. and 120.degree. C. At temperatures lower
      than 30.degree. C the conversion rate is insufficiently large. For reasons
      already mentioned above, usually a lower efficiency in the desired
      products is obtained at temperatures above 120.degree. C, unless an
      exceptionally active catalyst system is applied. The
      60.degree.-100.degree. C temperature range constitutes a proper compromise
      between a small reaction speed at a low temperature and a small
      selectivity at a high temperature.
PAR  The reaction pressure is not critical. Generally, the reaction is carried
      out with a solution of the cycloalkylhydroperoxide in a liquid
      distributing agent, so that it will then become necessary to apply a
      pressure at which a liquid phase is maintained in the system. For
      technical reasons, a pressure of 1 atmosphere or slightly higher is
      preferred, although also lower and higher pressures, for instance of
      0.1-20 atmospheres, may be applied, dependent on the distributing agent
      and the cycloalkylhydroperoxide used.
PAR  As a distributing agent, distributing agents are to be considered that are
      inert under the reaction conditions, as well as the cycloalkane which
      corresponds to the cycloalkylhydroperoxide used. Said cycloalkane is given
      preference because in this case more than one molecule of cycloalkanone or
      cycloalkanol can form to every molecule of cycloalkydroperoxide used.
      Examples of suitable inert distributing agents are aromatic hydrocarbons,
      like benzene.
PAR  The cycloalkylhydroperoxide may be prepared by oxidation of the
      corresponding cycloalkane in the liquid phase at elevated temperature with
      an oxygen-containing gas, such as air. Low conversions on the basis of
      cycloalkane supplied, for instance 1-12%, are worked at. Suitable
      oxidation temperatures lie between 120.degree. and 200.degree. C;
      preferably, the work is carried out at a temperature of between
      140.degree. and 180.degree. C. The operating pressure is not critical but
      should be such that a liquid phase is maintained in the system. Usually,
      the pressure lies between 4 and 50 atmospheres.
PAR  By preference the oxidation reaction is carried out in the absence of
      substances which promote the decomposition of cycloalkylhydroperoxide,
      like compounds of transition metals, which compounds act as oxidation
      catalysts. In order to achieve this object reactors having an inert
      internal wall, for instance of passivated steel, aluminium, tantalum,
      glass, enamel and the like, may be applied. In this way the aspecific
      decomposition of the cycloalkylhydroperoxide at the oxidation temperature
      which is generally relatively high is avoided as much as possible.
PAR  The oxidation reaction yields a hot, rather dilute solution of
      cycloalkylhydroperoxide in cycloalkane, which solution is under pressure.
      It is appropriate for this solution or suspension to be subsequently
      expanded to a lower pressure, for instance to approximately 1 atmosphere.
      If the cycloalkane should be cyclopentane, cyclohexane or cycloheptane,
      such an amount of cycloalkane will evaporate during said expansion that
      the temperature drops to 60.degree.-100.degree. C, which is a highly
      suitable temperature range for the conversion according to the invention,
      so that the concentrated solution obtained, which contains
      cycloalkylhydroperoxide, can be subjected to the process according to the
      invention without further measures. However, it would serve a good purpose
      for the crude solution to be stripped, at least partly, from any
      contaminants, for instance by washing it with water. In this way fouling
      of the catalyst is opposed. It is also possible first to separate off pure
      cycloalkylhydroperoxide from the oxidation product mixture, for instance
      by extraction with an aqueous alkaline solution, followed by acidulation
      and further processing of the extract, and to use the pure peroxide as a
      starting material.
DETD
PAR  The invention will now be elucidated by means of the following examples.
PAC  EXAMPLE I
PAR  Basic copper(II)carbonate of the composition Cu.sub.2 (OH).sub.2 CO.sub.3
      was heated for 3 hours at 300.degree. C, whilst air was passed over,
      during which it changed over into copper(II)oxide.
PAR  500 mg of the copper(II)oxide prepared in this way were added to 60 ml of a
      0.21 molar solution of cyclohexylhydroperoxide in cyclohexane. The whole
      was stirred for 15 minutes at a temperature of 80.degree. C. Upon
      completion, all of the cyclohexylhydroperoxide appeared to have been
      converted. The cyclohexanol and cyclohexanone efficiency amounted to 106%
      at an alcohol to ketone ratio of 2.9.
PAC  EXAMPLE II
PAR  The procedure of example I was repeated, however with use of 26 mg of
      catalyst and 34 ml of a 0.09 molar peroxide solution. After 60 minutes 59%
      of the cyclohexylhydroperoxide had been converted at an efficiency in
      cyclohexanone and cyclohexanol of 104% and an alcohol to ketone ratio of
      2.9.
PAC  EXAMPLE III
PAR  The procedure of example I was repeated, however with use of benzene
      instead of cyclohexane as a solvent. The degree of conversion amounted to
      93%, the efficiency to 95% and the alcohol to ketone ratio to 2.8.
PAC  EXAMPLE IV
PAR  Commercially available copper(II)oxide was heated for 2 hours at
      300.degree. C, whilst air was passed over. 500 mg of the copper(II)oxide
      so treated were added to 60 ml of a 0.21 molar solution of
      cyclohexylhydroperoxide in cyclohexane. After 60 minutes' stirring at
      80.degree. C 77% of the peroxide had been converted at an efficiency in
      cyclohexanone and cyclohexanol of 105% at a ratio between alcohol and
      ketone of 2.1.
PAC  EXAMPLE V
PAR  In a reaction vessel having a volume of 5 litres and being provided with a
      stirrer, a reflux cooler, a thermometer, a pH-measuring electrode system
      and a feed vessel, 50 grams of Aerosil 130 V were suspended in 2 litres of
      demineralized water. The temperature was raised to 80.degree. C and the pH
      value of the solution was set to 8.5 - 8.6 by addition of soda lye. Whilst
      the pH was kept at this value, a solution A and a solution B were
      simultaneously added by means of the feed vessel, with continuous
      stirring.
PAR  Solution A was a solution of 61.1 grams (0.154 mole) of Cr(NO.sub.3).sub.3
      .sup.. 9 H.sub.2 O and 160 grams (0.664 mole) of CuSO.sub.4 . 6 H.sub.2 O
      in 600 ml of demineralized water, acidulated with 12 ml of 65% by weight
      nitric acid. Total volume about 775 ml.
PAR  Solution B was a solution of 80 grams (2 moles) of NaOH in 700 ml of
      demineralized water.
PAR  The pH value was kept constant by bringing the feed rates for A and B into
      accord by means of two pumps. The feed rate amounted to 350-400 ml/h.
      After the solutions were completely added the two feed pumps were flushed
      with 100 ml of demineralized water, whilst the temperature of the reactor
      vessel contents was raised to 100.degree. C. After cooling to
      60.degree.-70.degree. C. the deposit was filtered off, washed with 1500 ml
      of demineralized water whose pH had been brought to about 8 with the aid
      of a sodium hydroxide solution, and subsequently dried for 18 hours at
      120.degree. C in a drying oven.
PAR  The weight of the dark-green mass amounted to 229 grams, the mass
      containing Cu to 23.4%, Cr to 4.2%, SiO.sub.2 to 42.1% and Na to 2.7%.
PAR  2000 mg of this catalyst were added to 60 ml of a 0.22 molar solution of
      cyclohexylhydroperoxide in cyclohexane and the whole was stirred at a
      temperature of 80.degree. C. After 1 hour, the degree of conversion
      amounted to 100%, the efficiency to 87% and the alcohol to ketone ratio to
      0.2. The catalyst was filtered off, washed with cyclohexane and added to a
      new batch of peroxide solution. After 1 hour's stirring at 80.degree. C
      the degree of conversion now amounted to 99%, the efficiency in
      cyclohexanone and cyclohexanol to 99% and the alcohol to ketone ratio to
      0.3.
PAC  EXAMPLE VI
PAR  260 mg of catalyst prepared in the way of example V were added to 40 ml of
      a 0.11 molar solution of cyclohexylhydroperoxide in cyclohexane, and the
      whole was stirred for 1 hour at a temperature of 80.degree. C. The
      peroxide was converted to 99%, with an efficiency in the desired products
      of 99% at an alcohol to ketone ratio of 0.3.
PAC  EXAMPLE VII
PAR  When, according to the procedure of example VI, 32 ml of a 0.10 molar
      peroxide solution were converted under the influence of 60 mg of catalyst,
      the degree of conversion was 86%, the efficiency 104% and the alcohol to
      ketone ratio 0.3.
PAC  EXAMPLE VIII
PAR  Through oxidation of cyclohexane in the liquid phase, with air as an
      oxidizing agent, an oxidation mixture was prepared which, by the side of
      cyclohexane, contained 317 mmoles/kg of cyclohexylhydroperoxide, 222
      mmoles/kg of cyclohexanol and 155 mmoles/kg of cyclohexanone. The mixture
      further contained 71 mgeq/kg of organic acids.
PAR  1.10 grams of copper-chromium-oxide catalyst, prepared as in example V,
      were added to 48 grams of oxidation mixture. After 1 hour's reaction at
      80.degree. C, 97% of the peroxide had decomposed. The efficiency in
      cyclohexanol and cyclohexanone amounted to 99% at an alcohol to ketone
      ratio of 0.6.
PAC  EXAMPLE IX
PAR  Through oxidation of cyclohexane in the liquid phase, with air as an
      oxidizing agent, followed by the reaction mixture being washed with water,
      an oxidation mixture was prepared which, by the side of cyclohexane,
      contained 280 mmoles/kg of cyclohexylhydroperoxide, 199 mmoles/kg of
      cyclohexanol, 186 mmoles/kg of cyclohexanone and 34 mgeq/kg of organic
      acids.
PAR  1.29 grams of copper-chromium-oxide catalyst, prepared as in Example V,
      were added to 65 grams of oxidation mixture and the whole was kept to a
      temperature of 80.degree. C whilst being stirred. After 1 hour 98% of the
      peroxide had been converted. The efficiency amounted to 106% and the
      alcohol to ketone ratio to 0.7, calculated after cyclohexanol and
      cyclohexanone already present in the oxidation mixture had been
      subtracted.
PAR  The catalyst was filtered off, washed with cyclohexane and added to a new
      batch of oxidation mixture. After 1 hour's stirring at 80.degree. C 96% of
      the peroxide present in the new batch had been converted into
      cyclohexanone and cyclohexanol to an efficiency of 112%. The alcohol to
      ketone was 0.7.
PAR  The catalyst was filtered off once again, washed with cyclohexane and added
      to a third batch of oxidation mixture. After 1 hour's stirring at
      80.degree. C again 96% of the peroxide had been converted. The efficiency
      amounted to 117% and the ratio between alcohol and ketone to 0.7.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the preparation of a corresponding cycloalkanone and
      cycloalkanol by heterogeneous catalytic liquid phase conversion of a
      cycloalkylhydroperoxide, having 5 to 12 carbon atoms in the ring, the
      improvement which comprises using a heterogeneous catalyst comprising
      copper (II)-chromiumoxide in a cycloalkane or aromatic hydrocarbon
      distributing agent at a temperature of at least 30.degree. C. and below
      160.degree. C.
NUM  2.
PAR  2. Process according to claim 1 wherein said the copper-chromium-oxide is
      prepared by co-precipitation of copper hydroxide and chromium hydroxide.
NUM  3.
PAR  3. Process according to claim 1, wherein the reaction is carried out at a
      temperature below 120.degree. C.
NUM  4.
PAR  4. Process according to claim 3, characterized in that the reaction is
      carried out at a temperature between 60.degree. and 100.degree. C.
NUM  5.
PAR  5. Process according to claim 1, wherein a solution of a
      cycloalkylhydroperoxide in the corresponding cycloalkane, is prepared by
      oxidation of the cycloalkane in the liquid phase with a molecular oxygen
      containing gas oxidizing agent.
NUM  6.
PAR  6. Process according to claim 5, characterized in that the reaction mixture
      of an oxidation reaction of cycloalkane, which mixture is to be used as a
      starting material, is washed with water.
NUM  7.
PAR  7. The process of claim 1 wherein said cycloalkylhydroperoxide is prepared
      by the liquid phase oxidation of a cycloalkane having 5 to 12 carbon atoms
      in the ring with a molecular oxygen containing gas oxidizing agent.
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ABST
PAL  A method of preparing a nitrocarbonyl having at least 4 carbon atoms
      corresponding to the formula:
      ##EQU1##
      by contacting a dinitroalcohol having at least 5 carbon atoms
      corresponding to the formula:
      ##EQU2##
      with an alkaline agent at a temperature of from about 0.degree. to
      200.degree.C. A valuable by product recoverable from the reaction is a
      nitroalkane. The contemplated nitrocarbonyls include nitroketones and
      nitroaldehydes which are useful as solvents, plasticizers, bactericides,
      lubricant additives and fuel additives.
PARN
PAC  CROSS REFERENCE TO RELATED in part
PAR  This application is a continuation inpart of my co-pending application Ser.
      No. 706,760 filed Feb. 20, 1968, now abandoned.
BSUM
PAR  This invention relates to a method for preparing nitroketones and
      nitroaldehydes. In particular it relates to a novel method for preparing
      nitroketones and nitroaldehydes from dinitroalcohols. Moreover, the
      process additionally provides a means for the preparation and recovery of
      nitromethane and other nitroalkanes as valuable by-products.
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, nitroketones and nitroaldehydes were not generally available at
      low cost. Where such nitrocarbonyls were desired their manufacture from
      relatively expensive initial reactants was required. One prior means of
      producing nitroketones and nitroaldehydes was by the reaction of
      nitroalkanes with alpha, beta-unsaturated carbonyl compounds. Such
      previously known procedures, however, produced the sought after compounds
      in relatively poor yields such as, for example, yields of approximately 65
      percent nitroketone or 40 percent or less nitroaldehyde. Moreover, the
      nitrocarbonyls were in many instances recovered in admixture with other
      products, particularly nitroalcohols and nitro-containing polymers,
      presenting isolation and purification difficulties. Efforts to increase
      purity by vacuum distillation of nitroaldehydes, for example, culminated
      in some instances with explosions. Such experiences, taken together with
      costly and not readily available starting materials, made the process
      commercially unattractive.
PAR  It is therefore an object of this invention to provide a method for the
      preparation of nitrocarbonyl compounds.
PAR  It is another object of this invention to provide a method for the
      preparation of nitroketones and nitroaldehydes which concommitantly
      provides an economical route for the production of nitroalkanes.
PAR  Yet another object of this invention is to provide a method for the
      preparation of nitroketones and nitroaldehydes in higher yields.
PAR  Other objects and advantages will become apparent from a reading of the
      following detailed description and examples.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, this invention contemplates a method of preparing a nitrocarbonyl
      compound having at least 4 carbon atoms which comprises contacting a
      dinitroalcohol having at least 5 carbon atoms and corresponding to the
      formula:
      ##EQU3##
      where R is hydrogen or an alkyl group having from 1 to 95, and preferably
      from 1 to 20 carbon atoms and where R.sup.1, R.sup.2, R.sup.3, R.sup.4,
      R.sup.5, R.sup.6, R.sup.7 and R.sup.8 are hydrogen or alkyl groups having
      from 1 to 10, preferably from 1 to 6, carbon atoms, with an alkaline
      agent. The contemplated nitrocarbonyls prepared according to the instant
      method correspond to the formula:
      ##EQU4##
      where R and R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5 and R.sup.6 are as
      defined above. As can be seen, when R.sup.6 is hydrogen, the ultimate
      carbonyl compound is a nitroaldehyde. In those instances where R.sup.6 is
      alkyl, the carbonyl recovered is a nitroketone. In addition, the process
      provides as a valuable and recoverable by-product nitroalkanes
      corresponding to the formula:
      ##EQU5##
      where R.sup.7 and R.sup.8 are as defined above.
PAR  According to this invention the contemplated nitrocarbonyls are derived
      from dinitroalcohols corresponding to the above formula and include such
      alcohols as 1,5-dinitro-2-pentanol, 1,5-dinitro-4-methyl-2-pentanol,
      1,5-dinitro-3-methyl-2-pentanol, 1,5-dinitro-2,4,4-trimethyl-2-pentanol,
      1,5-dinitro-2-hexanol, 1,5-dinitro-2-methyl-2-hexanol,
      2,6-dinitro-3-hexanol, 1,5-dinitro-2-decanol,
      1,5-dinitro-2-ethyl-2-decanol, 1,5-dinitro-2-octadecanol,
      1,5-dinitro-3-methyl-2-dodecanol, 1,5-dinitro-8-ethyl-2-dodecanol,
      2,6-dinitro-3-eicosanol and 1,5-dinitro-2-docosanol.
PAR  The illustrative dinitroalcohols contemplated as starting materials and
      listed above may be prepared for example, by contacting substituted and
      unsubstituted olefins having at least 5 carbon atoms such as 1-pentenes,
      1-hexenes, 2-hexenes, 1-octenes, 1-octadecenes, and 4-nonenes with
      dinitrogen tetroxide and oxygen at temperatures of between -40.degree. to
      20.degree.C. to form a nitroalkyl peroxynitrate. The intermediate
      nitroalkyl peroxynitrate is thereafter contacted with a reducing agent at
      a temperature of between -20.degree. to 30.degree.C. to form a vicinal
      nitroalkyl nitrate in accordance with the procedure described in U.S. Pat.
      No. 3,282,983. The vicinal nitroalkyl nitrate so prepared is subsequently
      converted to the dinitroalcohol by heating the nitrate at a temperature of
      at least 100.degree.C. thereby thermally rearranging the vicinal
      nitroalkyl nitrate to a dinitroalcohol in accordance with the procedure
      described in co-pending application Serial No. 686,820 filed Nov. 30, 1967
      entitled "Preparation of Dinitroalcohols", now U.S. Pat. No. 3,579,594 by
      John M. Larkin and assigned to the assignee hereof.
PAR  More specifically the process of this invention comprises contacting a
      dinitroalcohol as hereinabove defined with an alkaline agent thereby
      forming a nitrocarbonyl and a nitroalkane. By an alkaline agent is meant a
      substance capable of accepting a proton. Illustrative of the alkaline
      agents contemplated in the instant invention are oxides, hydroxides and
      salts of weak acids of the metals of Groups IA, IB, IIA, IIB, IIIA, VIIB
      and VIII of the periodic table. More specifically, metals contemplated
      herein and present as the oxide, hydroxide or salt include sodium,
      potassium, lithium, magnesium, calcium, strontium, barium, copper, zinc,
      aluminum, manganese, and cobalt. The alkaline agent in turn is exemplified
      by sodium acetate, sodium carbonate, sodium bicarbonate, sodium borate,
      sodium citrate, sodium hydroxide, potassium hydroxide, potassium acetate,
      potassium stearate, lithium hydroxide, magnesium oxide, magnesium oxalate,
      calcium oxide, calcium carbonate, calcium octoate, strontium oxide,
      strontium acetate, barium oxide, barium hydroxide, barium carbonate,
      copper stearate, cupric oxide, zinc oxide, aluminum hydroxide, alumina
      hydrates, aluminum acetate, manganese acetate, maganese carbonate, cobalt
      acetate and cobalt hydroxide. Other alkaline agents include basic nitrogen
      compounds illustrated by ammonia, ammonium carbonate, amines such as
      triethylamine and triethanolamine, quaternary ammonium hydroxides and
      salts as benzyltrimethylammonium hydroxide and its acetate. Preferably we
      employ weak alkaline agents, such as alumina and sodium acetate. When
      stronger alkaline agents are employed, such as sodium hydroxide and
      potassium hydroxide, we have found it advantageous to continously remove
      the by-product nitroalkane thereby providing a means for controlling
      reaction rates while simultaneously deterring polymer formation.
PAR  In accordance with the inventive process, the dinitroalcohol is contacted
      with the alkaline agent in amounts of from about 0.01 equivalents to 5.0
      equivalents of agent per mole of dinitroalcohol. While the exact mechanism
      by which the reaction proceeds is not fully understood it is believed that
      the agent functions to remove a proton from the alcohol's hydroxyl group
      thereby initiating the cleavage reaction. When catalytic amounts of agent
      are employed, that is, amounts of agent ranging from about 0.01 to 0.2
      equivalents of agent per mole of dinitroalcohol, the agent is believed to
      be regenerated by reaction with nitroalkyl anions. In those instances
      where reagent amounts of agent are employed, the nitroalkyl anion is
      converted to the corresponding nitroalkane at the conclusion of the
      reaction by the addition of, for example, dilute acids such as
      hydrochloric acid, sulfuric acid, phosphoric acid, acetic acid or formic
      acid. When strongly alkaline agents such as sodium or potassium hydroxide
      are contemplated, catalytic amounts of agent in the range stated above
      have been found to be preferable. When weaker alkaline agents are
      selected, such as alumina and sodium acetate, reagent amounts ranging from
      about 0.9 to 2.0 equivalents of agent per mole of dinitroalcohol are
      preferred.
PAR  The reaction temperature employed may vary from about 0.degree.C. and
      200.degree.C. and preferably from about 10.degree. to 160.degree.C. In
      highly preferred embodiments, where R.sup.6 is hydrogen and the desired
      carbonyl is a nitroaldehyde, the reaction temperature is between
      100.degree. and 160.degree.C. Temperatures above 200.degree.C. are
      generally undesirable in that such conditions promote the formation of
      alpha, beta-unsaturated carbonyls and polymers while temperatures below
      0.degree.C. excessively prolong reaction times. The reaction time is
      normally between 5 minutes and 48 hours although longer and shorter
      periods may be employed.
PAR  In combination with the above alkaline agent, the reaction is conducted
      under the prescribed temperature conditions outlined above in a
      non-aqueous environment. The dinitroalcohol precursor contemplated above
      has itself been found to be a satisfactory medium in those instances where
      it is a non-viscous liquid at the reaction temperatures prescribed above.
      Where the dinitroalcohol is a highly viscous liquid or a solid at the
      reaction temperature, nonaqueous diluents are employed. Applicable
      diluents include any non-reactive liquid hydrocarbon including for
      example, a wide range of C.sub.5 to C.sub.18 hydrocarbons, including
      hexane, heptane, octane, nonane, dodecane, 1-octene, 1-dodecene,
      2,4,4-trimethyl-1-pentene, benzene, toluene, xylene, ortho-dichlorobenzene
      and perhalogenated alkanes. When employing a diluent, we have found it
      beneficial to provide the diluent in amounts ranging from about 5 to 98
      weight percent diluent based on the weight of dinitroalcohol, preferably
      in the range of from about 40 to 90 weight percent.
PAR  Specific examples of the nitrocarbonyl compounds prepared according to the
      inventive process include 4-nitrobutanal, 4-nitro-3-methylbutanal,
      4-nitropentanal, 4-nitroheptanal, 4-nitroundecanal,
      4-nitro-6-ethyldodecanal, 3,3-dimethyl-4-nitrobutanal,
      2,5,5-trimethyl-4-nitrohexanal, 4-nitroeicosanal, 5-nitro-2-pentanone,
      5-nitro-2-hexanone, 4,4-dimethyl-5-nitro-2-pentanone, 1-nitro-4-heptanone,
      6-nitro-3-octanone, 5-nitro-2-octanone, 5-nitro-3-methyl-2-octanone,
      5-nitro-2-pentadecanone, 7-nitro-4-octadecanone and 5-nitro-2-eicosanone.
      In practice, yields as high as 95 percent nitroketone have been recovered
      while yields of greater than 60 percent nitroaldehyde may be provided. In
      general, nitrocarbonyl yield ranges from 65 to 95 percent.
PAR  As previously indicated, a valuable reaction byproduct consists of a
      nitroalkane having the formula:
      ##EQU6##
      which is recovered from the reaction medium by distillation, solvent
      extraction or by desorption from the alkaline agent, such as alumina.
      Nitroalkane isolation and recovery provides yields in the range of 50 to
      95 percent. Illustrative nitroalkanes prepared according to this invention
      include for example nitromethane, nitroethane, 1-nitropropane,
      2-nitropropane, 1-nitrobutane, 2-nitrobutane, 1-nitrooctane,
      4-nitrododecane and 10-nitroeicosane.
PAR  The nitrocarbonyls prepared according to this invention are useful as
      solvents, plasticizers, bactericides, lubricant additives, fuel additives
      and as intermediates for the preparation of 4-nitroalkanoic acids and
      2-pyrrolidinones. The nitroalkanes are similarly useful as solvents,
      rocket propellants, pigment wetting agents, and as intermediates in the
      manufacture of hydroxylamine, soaps, emulsifiers, resins, photographic
      developers, pharmaceuticals and dyestuffs.
PAR  In order to more fully illustrate the nature of our invention and manner of
      practicing the same the following examples are presented.
DETD
PAC  EXAMPLE I
PAR  To a solution of 5.6 grams (0.05 mole) of 2,4,4-trimethyl-1-pentene in 55
      milliliters of carbon tetrachloride maintained at 0.degree.C. there was
      simultaneously added over a period of 43/4 hours 3.1 milliliters (0.05
      mole) of dinitrogen tetroxide and 60.5 milliliters per minute of oxygen.
      The system was thereafter flushed with nitrogen and the flask contents
      cooled to approximately -5.degree. to -10.degree.C. Nitric oxide was
      bubbled through the solution at the rate of 60.5 milliliters per minute
      for 22 minutes. The resulting blue-green solution was stirred at
      approximately -10.degree.C. for an additional 15 minutes. The solvent was
      subsequently removed under vacuum at room temperature and 10.79 grams of
      1-nitro-2,4,4-trimethyl-2-pentyl nitrate was recovered.
PAR  A solution of 6.3 grams of 1-nitro-2,4,4-trimethyl-2-pentyl nitrate in 150
      milliliters of an inert medium consisting of a linear polymer having a
      molecular weight of 775 with repeating CF.sub.2 CFCl units was heated at
      120.degree.-130.degree.C. for a total of 15 minutes and then was
      subsequently heated at 117.degree.C. for 16 hours. The mixture was allowed
      to cool, and was extracted with a 150 milliliter and a 50 milliliter
      portion of methanol. The combined methanol extract was evaporated at
      reduced pressure to yield a two-phase liquid. This liquid was
      chromatographed on 30 grams of silica gel. There was eluted 4.36 grams of
      1,5-dintro-2,4,4-trimethyl-2-pentanol in solvents consisting of methylene
      chloride, ether, and mixtures thereof.
PAR  To a solution of 1.0 gram of 1,5-dinitro-2,4,4-trimethyl-2-pentanol in 20
      milliliters of benzene there was added 3.0 grams of alumina. The mixture
      was stirred and allowed to stand at room temperature for 20 hours. The
      alumina was removed by filtration and the filtrate was evaporated under
      vacuum at room temperature. A yield of 0.56 gram (72%) of a yellow liquid
      identified by infrared to be 5-nitro-4,4-dimethyl-2-pentanone was
      recovered. Nitromethane is recovered from the alumina by extraction with a
      mixture of ether and methanol followed by evaporation of the solvent
      mixture.
PAC  EXAMPLE II
PAR  A solution of 0.5 gram of 1-nitro-2,4,4-trimethyl-2-pentyl nitrate in 5
      milliliters of toluene was heated at reflux for 5 hours. The solvent was
      removed under vacuum at 40.degree.C. and 0.3 gram of a yellow oil was
      recovered and identified by infrared to be
      1,5-dinitro-2,4,4-trimethyl-2-pentanol. 0.15 gram of this material was
      dissolved in 20 milliliters of benzene and 2 grams of alumina was added
      thereto. The mixture was allowed to stand for 18 hours and the alumina was
      thereafter removed by filtration. After evaporation of the filtrate a
      liquid was recovered and identified by infrared to be
      5-nitro-4,4-dimethyl-2-pentanone.
PAC  EXAMPLE III
PAR  A solution of 4.7 grams of 2-methyl-1-pentene in 55 milliliters of carbon
      tetrachloride was maintained at 0.degree.-4.degree.C. while a mixture of
      oxygen and dinitrogen tetroxide was introduced at 60.5 milliliters per
      minute during a 41/2 hour period. A total of 4.6 grams of dinitrogen
      tetroxide was thus introduced. The solution was cooled to -15.degree.C.
      and was flushed with nitrogen and maintained at -10.degree. to
      -15.degree.C. while nitric oxide was introduced at 60.5 milliliters per
      minute during a 22 minute period. The solution was stirred for an
      additional 15 minutes at -10.degree.C. and subsequently allowed to warm to
      room temperature and the carbon tetrachloride removed by vacuum
      distillation. The recovered liquid, 9.91 grams, was indicated by infrared
      to be 1-nitro-2-pentyl nitrate.
PAR  A solution of 3.5 grams of 1-nitro-2-methyl-2-pentyl nitrate in 100
      milliliters of an inert medium consisting of a linear polymer having a
      molecular weight of 775 with repeating CF.sub.2 CFCl units was heated at
      105.degree.C. for 1/2 hour, at 110.degree.-120.degree.C. for 1/2 hour, and
      finally at 125 to 128.degree.C. for 21/4 hours. The dinitroalcohol and
      unconverted nitrate were extracted and chromatographed according to the
      procedures for isolation of the dinitroalcohol of Example I. A total of
      1.44 gram of liquid product identified by infrared to be
      1,5-dinitro-2-methyl-2-pentanol was obtained.
PAR  To a solution of 0.31 gram of 1,5-dinitro-2-methyl-2-pentanol in 50
      milliliters of methanol there was added 1.5 gram of sodium acetate. The
      mixture was allowed to stand for 6 days. The methanol was evaporated under
      vacuum and a pasty orange solid remained. The solid was mixed with 50
      milliliters of ether, and the solid was removed by filtration. The ether
      was evaporated from the filtrate to yield 0.197 gram of a yellow liquid
      indicated by infrared to be 5-nitro-2-pentanone.
PAC  EXAMPLE IV
PAR  From 4.95 grams of 2-methyl-1-hexene in 55 milliliters of carbon
      tetrachloride there was prepared 10.52 grams of 1-nitro-2-methyl-2-hexyl
      nitrate by introducing 4.6 grams of dinitrogen tetroxide in a stream of
      oxygen at 0.degree.C. followed by nitric oxide at -10.degree.C. as in
      Example I. The 1-nitro-2-methyl-2-hexyl nitrate thus prepared was purified
      by chromatography over silica gel.
PAR  A solution of 2.75 grams of 1-nitro-2-methyl-2-hexyl nitrate in 80
      milliliters of an inert medium consisting of a linear polymer having a
      molecular weight of 775 with repeating CF.sub.2 CFCl units was heated at
      128.degree.C. for 21/4 hours. The dinitroalcohol was extracted and
      chromatographed according to the procedures for isolation of the
      dinitroalcohol of Example I. In this manner there was obtained 1.70 gram
      of 1,5-dinitro-2-methyl-2-hexanol.
PAR  To a solution of 0.91 gram of 1,5-dinitro-2-methyl-2-hexanol in 25
      milliliters of benzene there was added 4.2 grams of alumina. The mixture
      was stirred for 24 hours, and the alumina was removed by filtration. After
      evaporation of the filtrate there was obtained 0.29 gram of
      5-nitro-2-hexanone which was identified by infrared and proton magnetic
      resonance.
PAC  EXAMPLE V
PAR  From 6.3 grams of 4-methyl-1-pentene in 55 milliliters of carbon
      tetrachloride, there was prepared 12.59 grams of 1-nitro-4-methyl-2-pentyl
      nitrate by introducing 6.9 grams of dinitrogen tetroxide in a stream of
      oxygen at 0.degree.C. followed by nitric oxide at -10.degree. to
      -15.degree.C. according to the procedure of Example I.
PAR  A solution of 2 grams of 1-nitro-4-methyl-2-pentyl nitrate in 90
      milliliters of ortho-dichlorobenzene was heated rapidly to reflux and held
      at 179.degree.-180.degree.C. for 10 minutes. A conversion of 95 percent
      and yield of 83 percent (6.0 grams) of the dinitroalcohol,
      1,5-dinitro-4-methyl-2-pentanol, was obtained by distilling off the bulk
      of the solvent under vacuum and removing the remainder of the solvent by
      pentane extraction.
PAR  To a solution of 6.00 grams of 1,5-dinitro-4-methyl-2-pentanol in
      approximately 150 milliliters of xylene there was added 1.0 gram of barium
      oxide. The bulk of the solvent was slowly distilled off at 138.degree.C.
      over a 5 hour period. Infrared indicated the presence of nitromethane in
      the distillate. The nitromethane is recovered by fractional distillation.
PAR  The barium oxide was removed from the residue by filtration. The remainder
      of the xylene was removed from the filtrate by vacuum evaporation at
      55.degree.C. 5.08 grams of a dark liquid was chromatographed on silica gel
      to give a 48 percent yield of 3-methyl-4-nitrobutanol corresponding to 83
      percent conversion of starting material.
PAC  EXAMPLE VI
PAR  A mixture of 6.91 grams of 1,5-dinitro-4-methyl-2-pentanol and 0.3 gram of
      barium oxide was heated for 41/4 hours at 110.degree.-120.degree.C. at 6-7
      millimeters pressure in an apparatus having a receiver for the collection
      of distillate at room temperature and a second receiver for the collection
      of a more volatile distillate at approximately -75.degree.C. At the
      conclusion of the heating period, 3-methyl-4-nitrobutanal was found in the
      receiver maintained at room temperature and nitromethane was found in the
      second receiver maintained at -75.degree.C.
PAC  EXAMPLE VII
PAR  An aqueous solution having a pH of 8 and consisting of 3.4 grams of
      potassium dihydrogen phosphate and 234 milliliters of 0.1 N sodium
      hydroxide in a total volume of 500 milliliters was prepared. To 100
      milliliters of this solution there was added 1.1 grams of
      1,5-dinitro-2-pentanol. The mixture was stirred at room temperature for 45
      hours, the solution thereafter extracted with ether, and the ehter
      subsequently removed by evaporation. The recovered material consisted only
      of unconverted 1,5-dintro-2-pentanol. Chromatographic and infrared
      analysis confirmed the absence of 4-nitrobutanal.
PAC  EXAMPLE VIII
PAR  To a solution of 2.50 grams of 1,5-dinitro-2-pentanol in 25 milliliters of
      95% ethanol-5% water there was added 5 milliliters of concentrated aqueous
      ammonium hydroxide. The solution became yellow, and a precipitate formed
      within 11/2 hours. After 24 hours, the precipitate was removed by
      filtration. The product was identified as a nitrogen-containing polymer.
PAC  EXAMPLE IX
PAR  A solution of 16.8 grams of 4,4-dimethyl-2-(2,2-dimethylpropyl)-1-pentene
      in 120 milliliters of carbon tetrachloride is maintained at 0.degree.C.
      and there is introduced 9.3 grams of dinitrogen tetroxide in a stream of
      oxygen during a 4 period. The average ratio of oxygen to dinitrogen
      tetroxide is 20 to 1 during the introduction. The solution is cooled to
      -10.degree. to -15.degree.C., and nitric oxide is introduced at 65
      milliliters per minute during a 40 minute period. The solution is
      maintained at -10.degree. to -15.degree.C. for an additional 15 minutes,
      and the solution is allowed to warm to ambient temperature. The solvent is
      removed by evaporation in vacuum at 35.degree.-40.degree.C., and there
      remains 2,2,6,6-tetramethyl-4-nitromethyl-4-heptyl nitrate.
PAR  The 2,2,6,6-tetramethyl-4-nitromethyl-4-heptyl nitrate so prepared is
      dissolved in 200 milliliters of chlorobenzene and is heated at reflux for
      21/2 hours. The solvent is removed by vacuum distillation and there is
      recovered 1-nitro-2,2,6,6-tetramethyl-4-nitromethyl-4-heptanol.
PAR  A ten percent solution of
      1-nitro-2,2,6,6-tetramethyl-4-nitromethyl-4-heptanol in benzene is charged
      to a 11/2 inch diameter glass column packed with 100 grams of 80-200 mesh
      gamma alumina and the solution is permitted to percolate through the
      alumina. The benzene solution exiting from the column contains
      1-nitro-2,2,6,6-tetramethyl-4-heptanone and nitromethane. The benzene and
      nitromethane are subsequently separated by distillation and the distillate
      is further fractionated thereby separately recovering nitromethane and
      benzene. The nitromethane is recovered as a product, and the benzene is
      recycled by reintroduction with additional
      1-nitro-2,2,6,6-tetramethyl-4-nitromethyl-4-heptanol for percolation
      through the alumina containing column.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of preparing a saturated nitrocarbonyl compound having at least
      4 carbon atoms and corresponding to the formula:
      ##EQU7##
      which consists essentially of contacting in a non-aqueous liquid
      environment a dinitroalcohol having at least 5 carbon atoms and
      corresponding to the formula:
      ##EQU8##
      where R is hydrogen or an alkyl group having from 1 to 20 carbon atoms and
      where R.sup.1-8 are hydrogen or alkyl groups having from 1 to 10 carbon
      atoms with an agent selected from the group consisting of oxides,
      hydroxides and salts of weak acids of the metals sodium, potassium,
      lithium, magnesium, calcium, strontium, barium, copper, zinc, aluminum,
      manganese and cobalt and basic nitrogen compounds consisting of ammonia,
      ammonium carbonate, triethylamine, triethanolamine,
      benzyltrimethylammonium hydroxide and benzyltrimethylammonium acetate,
      where said contacting is conducted at a temperature of from about
      0.degree. to 200.degree.C. when R.sup.6 is an alkyl group and at a
      temperature of between 100.degree. to 160.degree.C. when R.sup.6 is
      hydrogen.
NUM  2.
PAR  2. A method according to claim 1 wherein from about 0.01 to 5.0 equivalents
      of said agent are employed per mole of said dinitroalcohol.
NUM  3.
PAR  3. A method according to claim 1 wherein said contacting is conducted at a
      temperature of from about 10.degree. to 160.degree.C.
NUM  4.
PAR  4. A method according to claim 1 wherein said agent is alumina.
NUM  5.
PAR  5. A method according to claim 1 wherein said agent is sodium acetate.
NUM  6.
PAR  6. A method according to claim 1 wherein said agent is barium oxide.
NUM  7.
PAR  7. A method according to claim 1 wherein said agent is sodium hydroxide.
NUM  8.
PAR  8. A method according to claim 1 wherein said contacting is conducted in a
      non-aqueous non-reactive liquid hydrocarbon medium.
NUM  9.
PAR  9. A method according to claim 8 wherein said compound is a C.sub.5 to
      C.sub.18 hydrocarbon.
NUM  10.
PAR  10. A method according to claim 8 wherein said non-aqueous non-reactive
      liquid hydrocarbon medium is a perhalogenated alkane linear polymer having
      repeating CF.sub.2 CFCl units and a molecular weight of 775.
NUM  11.
PAR  11. A method according to claim 1 wherein said nitrocarbonyl compound is
      5-nitro-4,4-dimethyl-2-pentanone.
NUM  12.
PAR  12. A method according to claim 1 wherein said nitrocarbonyl compound is
      5-nitro-2-pentanone.
NUM  13.
PAR  13. A method according to claim 1 wherein said nitrocarbonyl comfound is
      1-nitro-2,2,6,6-tetramethyl-4-heptanone.
NUM  14.
PAR  14. A method according to claim 1 wherein said nitrocarbonyl compound is
      5-nitro-2-hexanone.
NUM  15.
PAR  15. A method according to claim 1 wherein said nitrocarbonyl compound is
      3-methyl-4-nitrobutanal.
NUM  16.
PAR  16. A method according to claim 1 wherein said contacting is conducted by
      continuously passing said dinitroalcohol over said agent.
NUM  17.
PAR  17. A method of preparing a nitroalkane and a saturated nitrocarbonyl
      compound, said nitrocarbonyl compound having at least 4 carbon atoms and
      corresponding to the formula:
      ##EQU9##
      which consists essentially of: a. contacting in a non-aqueous liquid
      environment a dinitroalcohol having at least 5 carbon atoms and
      corresponding to the formula:
      ##EQU10##
      where R is hydrogen or an alkyl group having from 1 to 20 carbon atoms and
      where R.sup.1-8 are hydrogen or alkyl groups having from 1 to 10 carbon
      atoms with an agent selected from the group consisting of oxides,
      hydroxides and salts of weak acids of the metals sodium, potassium,
      lithium, magnesium, calcium, strontium, barium, copper, zinc, aluminum,
      manganese and cobalt and basic nitrogen compounds consisting of ammonia,
      ammonium carbonate, triethylamine, triethanolamine,
      benzyltrimethylammonium hydroxide and benzyltrimethylammonium acetate
      wherein said contacting is conducted at a temperature of from about
      0.degree. to 200.degree.C. when R.sup.6 is an alkyl group and at a
      temperature between 100.degree. to 160.degree.C. when R.sup.6 is hydrogen,
PA1  b. continuously separating and recovering said nitroalkane formed in step
      (a) from said nitrocarbonyl formed in step (a), and
PA1  c. separating and recovering said nitrocarbonyl from step (b).
NUM  18.
PAR  18. A method according to claim 17 wherein said nitroalkane is
      nitromethane.
NUM  19.
PAR  19. A method according to claim 17 wherein said nitroalkane is nitroethane.
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ABST
PAL  Aldehyde functional polymers having a molecular weight of about 500 to
      50,000 and containing aldehyde functional groups at both ends and/or on
      side chains of the molecule are produced by subjecting some of the double
      bonds in a high polymer containing olefinically unsaturated double bonds
      to ozone-decomposition by ozone-containing gas and reducing the
      ozone-decomposition products by means of a trivalent phosphorus compound
      as a reducing agent into substantially only aldehyde functional groups.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to aldehyde functional group containing
      polymers and to a method for producing the aldehyde functional group
      containing polymers having a molecular weight of about 500 to 50,000 and
      containing aldehyde functional groups at both ends and/or on the side
      chains of the molecule.
PAR  2. Description of the Prior Art
PAR  Various methods are known for producing functional polymers having
      functional groups at both ends and/or on the side chains of the molecule.
PAR  For example, polymerizable monomers are subjected to a living
      polymerization to introduce hydroxyl groups, carboxyl groups, thioalcohol
      groups and the like into ends of the living polymer, whereby polymers
      having functional groups at both ends of the molecule are obtained.
PAR  On the other hand, methods for producing functional polymers having
      carboxyl groups or hydroxyl groups at ends of the molecule in which a high
      polymer having olefinically unsaturated double bonds is reacted with ozone
      to effect ozone-decomposition of some of the double bonds contained in the
      high polymer and then the resulting ozone-decomposition products are
      oxidized or reduced, have been disclosed in U.S. Pat. No. 3,392,154 and
      British Pat. No. 984,071.
PAR  However, no method for producing polymers having only aldehyde functional
      groups at both ends and/or on the side chains of the polymer molecule is
      known.
PAR  This is because the aldehyde group itself is very unstable and U.S. Pat.
      No. 3,392,154 for example, has suggested that an aldehyde functional
      polymer is produced as a reaction intermediate but thereafter this polymer
      is converted into a carboxyl functional polymer or a hydroxyl functional
      polymer and it is impossible to recover the aldehyde functional polymer
      per se.
PAR  An object of the present invention is to provide polymers having
      substantially only aldehyde functional groups at both ends and/or on the
      side chains of the molecule as the functional group and the present
      invention has succeeded in the production of aldehyde functional polymers
      from ozone-decomposition products of high polymers having olefinically
      unsaturated double bonds after a large number of experiments and studies
      have been made.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a method for producing aldehyde functional
      polymers having a molecular weight of about 500 to 50,000 and containing
      aldehyde functional groups terminally and/or on the side chains of the
      molecule. The method comprises subjecting a homopolymer or a copolymer
      having a high molecular weight and containing olefinically unsaturated
      double bonds represented by the general formula of --CH=CH-- or CR.sub.2
      =CH-- (where R is hydrogen, alkyl group or aryl group) to
      ozone-decomposition using a mixed gas containing ozone and reducing the
      resulting products using a trivalent phosphorus compound, as a reducing
      agent, into only aldehyde functional groups.
PAR  According to the present invention, the product obtained by reducing the
      ozone-decomposition products by means of a trivalent phosphorus compound
      does not result in a product having carboxyl or hydroxyl functional groups
      but a stable polymer having substantially all aldehyde groups as the
      functional groups can be produced in a simple manner.
PAR  It is well known that trivalent phosphorus compounds have a reducing
      activity but it is not known that trivalent phosphorus compounds can be
      used for the reduction of the ozone-decomposition products of high
      polymers as in the present invention and that stable aldehyde functional
      polymers are produced quantitatively by such a reaction. This fact cannot
      be anticipated from any of the prior arts. Namely, no reducing agents
      other than trivalent phosphorus compounds provide the aldehyde functional
      group containing polymer contemplated in the present invention
      efficiently. For example, in U.S. Pat. No. 3,392,154, the
      ozone-decomposition products of high polymers are reduced using a tertiary
      amine, such as pyridine, and the final products are hydroxyl functional
      polymers or carboxyl functional polymers or the mixtures thereof and it is
      impossible to recover a polymer containing substantially aldehyde
      functional groups.
PAR  The aldehyde functional polymers obtained in the present invention have
      elasticity and the reactivity of aldehyde groups contained in the polymer
      can be utilized effectively. Therefore, the commercial utility of the
      polymers of this invention is very high. Besides, it may be possible to
      produce fire-retardant material using these aldehyde polymers with
      phosphorus compounds present during the manufacturing process.
PAR  The aldehyde functional polymers can absorb a certain kind of heavy metal
      selectively as in an ion exchange resin and further the aldehyde group can
      react with urea or ammonia generated in a living organism and these
      polymers can be probably used in therapy of uremia in the biochemical
      field in the future.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram showing the infrared absorption spectrum of the
      aldehyde functional polymer of Example 1; and
PAR  FIG. 2 contains diagrams showing a portion of the infrared absorption
      spectra of the aldehyde functional polymers of Examples 2, 3, 4 and 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The infrared absorption spectrum of the aldehyde functional polymer
      obtained in the present invention clearly demonstrates that the functional
      groups of the polymer of this invention are substantially all aldehyde
      groups.
PAR  In the infrared absorption spectrum in FIG. 1, the absorption due to
      aldehyde functional groups is observed at 1,730 cm.sup.-.sup.1 and 2,720
      cm.sup.-.sup.1 other than the absorption assigned to cis-1,4-polybutadiene
      of the conjugated diene polymer of the starting substance and the
      absorption at 1,710 cm.sup.-.sup.1 and 2,650 cm.sup.-.sup.1 peculiar to
      carboxyl group is so weak as to be negligible. The absorption assigned to
      the hydroxyl group is not observed.
PAR  The ozone-decomposition products show a remarkable absorption at 1,740
      cm.sup.-.sup.1 and 1,110 cm.sup.-.sup.1 but in FIG. 1 no absorption at
      1,110 cm.sup.-.sup.1 is observed.
PAR  FIG. 2 shows the comparison of the absorption at 1,730 cm.sup.-.sup.1
      assigned to the aldehyde functional group with the absorption at 1,655 cm
      .sup.-.sup.1 assigned to cis-1,4-double bond of the starting substance.
      From FIG. 2 it can be seen that the molecular weight of the resulting
      aldehyde functional polymer can be freely controlled by varying the degree
      of ozone-decomposition.
PAR  The polymers to be subjected to the ozone-decomposition according to the
      present invention are homopolymers or copolymers having a high molecular
      weight and containing olefinically unsaturated double bonds represented by
      the general formula --CH=CH-- or CR.sub.2 =CH-- (where R is hydrogen,
      alkyl group or aryl group). Suitable monomers for the polymer are
      conjugated diene monomers having 4-8 carbon atoms. Butadiene and isoprene
      are preferable. As monomers other than conjugated diene for the polymer,
      .alpha.-olefins having 2-6 carbon atoms, such as ethylene, propylene,
      isobutylene and the like and styrene, .alpha.-methylstyrene,
      vinylnaphthalene, acrylate, methacrylate, acrylonitrile,
      methacrylonitrile, vinylidene chloride, methyl vinyl ketone, butyl vinyl
      ether, vinylcarbazole, vinylfuran, vinylpyridine and the like can be used.
      Ethylene, propylene, isobutylene, styrene and acrylonitrile are
      preferable. The molecular weight of the homopolymers or copolymers is
      about 100,000 to 1,000,000.
PAR  When the method of the present invention is carried out, the polymers are
      dissolved in an appropriate solvent. As the solvents, mention may be made
      of halogenated hydrocarbons, such as carbon tetrachloride, chloroform,
      methylene chloride; linear or cyclic ethers, such as diethyl ether,
      tetrahydrofuran and dioxane; aromatic hydrocarbons, such as xylene,
      toluene and benzene; paraffin series hydrocarbons, such as pentane, hexane
      and heptane and additionally, mention may be made of alcohols, acid
      anhydrides, esters and the like. The solvent need not be limited to these
      specifically enumerated materials. In addition, mixtures of solvents may
      be used. In general, the halogenated hydrocarbons are preferable and
      chloroform and methylene chloride are particularly preferable. The amount
      of solvent to be used has a relation to gelation in ozone-decomposition of
      said polymers and to the molecular weight distribution of the
      ozone-decomposition products. The concentration of the solution is
      preferred to be as low as possible and when a solution in which the amount
      of solvent is small and the concentration is high, is subjected to
      ozone-decomposition, gel occurs to a great extent and the
      ozone-decomposition products have a broad molecular weight distribution.
      For example, 100 g of 1,4-cis-polybutadiene is dissolved in 1.5 l of
      benzene or chloroform and the resulting solution is subjected to
      ozone-decomposition in the preparation of the polymer. In general, the
      concentration range is preferred to be about 0.1g/100ml - 50g/100ml and
      more particularly about 1g/100ml - 10g/100ml.
PAR  In the method of the present invention, the ozone to be used for the
      ozone-decomposition reaction is a mixed gas of ozone with a carrier gas,
      such as air or oxygen. The concentration of ozone in air or oxygen and the
      amount of ozone to be added can be selected optionally within a broad
      range and by varying these ozone conditions, the aldehyde functional
      polymers in which the molecular weight can be freely adjusted, can be
      produced through the ozone-decomposition of the polymer having a defined
      high molecular weight. The concentration of ozone has a close relation to
      gelation in the ozone-decomposition of said polymers and to the molecular
      weight distribution of the ozone-decomposition products and it is
      preferred to use a mixed gas having an ozone concentration as low as
      possible and when the ozone-decomposition is effected at a high ozone
      concentration, the generation of gel is high and the ozone-decomposition
      products have a broad molecular weight distribution. Namely, the
      concentration of the ozone based on a carrier gas is preferred to be about
      0.1 to 0.5% by weight and more particularly about 0.1 to 0.2% by weight.
PAR  The ozone-decomposition is conducted by introducing the mixed gas
      containing ozone into the solution of the polymer in an appropriate
      solvent while stirring the solution.
PAR  The temperature of ozone-decomposition of the polymer is optionally
      selected within a range of about -80.degree.C to +60.degree.C, preferably
      about -30.degree.C to +40.degree.C and, more particularly, about
      -15.degree.C to +20.degree.C. In general, it is preferred that the
      temperature of ozone-decomposition be as low as possible but within a
      range of about -15.degree.C to +20.degree.C, no variation is observed in
      the activity of the ozone-decomposition products.
PAR  The ozone-decomposition rate varies depending upon the kind of double bond
      contained in the polymer and a --CH=CH-- bond contained in the skeletal
      structure of the polymer is more difficulty ozone-decomposed than a
      CR.sub.2 =CH-- bond projecting outwards from the skeletal structure as a
      side chain. That is, if the ozone-decomposition reaction of a polymer
      having a high content of CR.sub.2 =CH-- double bond (vinyl bond) is
      carried out at a low temperature, the vinyl bond in the side chain is
      preferentially ozone-decomposed and the temperature of ozone-decomposition
      has an important relation to the adjustment of molecular weight of the
      ozone-decomposition products. The time of the contact reaction of the
      polymer with the ozone has a close relation to the desired molecular
      weight and the time is generally within a range of 0.5 to 24 hours.
PAR  The solvent to be used for reducing the ozone-decomposition products by
      means of a reducing agent into aldehyde functional group may be any one
      which can dissolve the ozone-decomposition products and further can be
      used in the ozone-decomposition reaction and can allow the reduction
      reaction to proceed smoothly. Namely, the solvent which has been used for
      the ozone-decomposition reaction, is used as it is but the solvent after
      the ozone-decomposition reaction may be evaporated and an appropriate
      solvent or mixed solvent can be freshly used.
PAR  The temperature for the reduction reaction varies depending upon the
      reducing agent to be used but is generally within a range of about
      -20.degree.C to +100.degree.C.
PAR  Heretofore, various reduction reactions for converting a product obtained
      by subjecting double bonds to ozone-decomposition into aldehyde groups are
      well known but the most preferable reducing agents for the
      ozone-decomposition products of high polymer according to the present
      invention are the trivalent phosphorus compounds. That is, a reduction in
      which a trivalent phosphorus atom is oxidized into pentavalent phosphorus
      atom by active oxygen, is utilized.
PAR  The trivalent phosphorus compounds to be used in the present invention are
      shown by the following general formulae.
EQU  P(OR).sub.3, R'P(OR).sub.2, R.sub.2 'P(OR), R.sub.3 'P
PAL  wherein R and R' are alkyl or aryl groups.
PAR  The trivalent phosphorus compounds shown by the general formula P(OR).sub.3
      are the phosphites, for example, trimethyl phosphite, triethyl phosphite
      and triphenyl phosphite.
PAR  The trivalent phosphorus compounds shown by the general formula R.sub.3 'P
      are the phosphines, for example, tributyl phosphine, trioctyl phosphine
      and triphenyl phosphine.
PAR  The trivalent phosphorus compounds shown by the general formulae
      R'P(OR).sub.2 and R.sub.2 'P(OR) are, for example, phenyldiethoxy
      phosphine and diphenylethoxy phosphine. In the method of the present
      invention, among the trivalent phosphorus compounds, the phosphines and
      the phosphites are preferably used and particularly triphenylphosphine and
      lower trialkyl phosphites, such as triethyl phosphite, are preferable and
      among them, triphenylphosphine is most preferable considering the step of
      purification.
PAR  The reducing agent is generally used in an excess amount per equivalent of
      the ozone-decomposition products, that is from about 0.5 to 3.0 mol,
      preferably about 1.2 to 2.0 mol.
PAR  An explanation will be made as one embodiment of the method of the present
      invention with respect to the reduction of the ozone-decomposition
      products dissolved in a halogenated hydrocarbon or a paraffin series
      hydrocarbon by using triphenylphosphine as a reducing agent.
PAR  A solution of an excess amount of triphenylphosphine dissolved in
      chloroform is added to a solution of the ozone-decomposition products at
      room temperature. The reaction temperature and time may be optionally
      selected but the reaction temperature is generally about -20.degree.C to
      100.degree.C and at room temperature, the reaction mixture is generally
      left to stand for a few days, while when the reaction mixture is stirred
      and circulated at 50.degree.C to 100.degree.C, the reduction reaction is
      completed quantitatively in a few hours. After the reaction is completed,
      the solvent is evaporated and the aldehyde functional polymers are
      dissolved and an appropriate solvent which does not dissolve possibly the
      unreacted excess triphenylphosphine and triphenylphosphine oxide is added.
      For example, when n-hexane of the paraffin series hydrocarbon is used,
      triphenylphosphine is soluble but phosphine oxide is insoluble and
      precipitates. This precipitate is filtered off and the solvent is
      evaporated to a certain degree to obtain a solution of the aldehyde
      functional polymer in a high concentration, which is stirred and mixed in
      a large amount of methanol and the resulting product is precipitated and
      purified. In general, the crude aldehyde functional polymer produced by
      using a trivalent phosphorus compound as a reducing agent is purified by a
      conventional reprecipitation purification using an alcohol. However, in
      order to prevent a reaction of the hydroxyl group of the alcohol used in
      precipitating the aldehyde functional polymer with the aldehyde in the
      resulting products, it is preferable to effect the purification rapidly at
      a temperature lower than room temperature. In special cases such as
      manufacturing fire-retardant materials, however, the crude aldehyde
      functional polymer produced may be used without further purification to
      take advantage of the phosphorus compounds included in the polymer as
      impurity, unless the succeeding reaction to produce material will be
      prevented to proceed by them.
PAR  The aldehyde functional group of the aldehyde functional polymer produced
      in the present invention was ascertained using the infrared absorption
      spectrum and analysed quantitatively by the silver oxide oxidation method
      (J. Mitchell, Jr. and D. M. Smith, Anal. Chem., 22, 746 (1950)). The
      carboxyl group of the polymer was ascertained by the infrared absorption
      spectrum and analysed quantitatively by the neutralization titration
      method with sodium hydroxide in benzene-methanol. Whether hydroxyl groups
      were contained in the polymer or not was examined by the infrated
      absorption spectrum. As the result, it was confirmed that in the aldehyde
      functional polymer obtained by the reduction of the ozone-decomposition
      products according to the method of the present invention, substantially
      all the functional groups were aldehyde groups.
PAR  The following examples are given for the purpose of illustration of this
      invention and are not intended to be interpreted as limitations thereof.
PAC  EXAMPLE 1
PAR  Into a three neck flask of 3 l capacity equipped with a motor-driven
      stirrer and a Dewar condenser were charged 100 g of cis-1,4-polybutadiene
      and 1.5 l of chloroform to prepare a homogeneous rubber solution. Ozone
      was introduced into the flask at room temperature through a Kinoshita type
      glass ball filter while stirring the solution vigorously. Ozone was
      generated by introducing oxygen into an O-I-Z type ozone generator made by
      the Nippon Ozone Co., and introduced into the flask together with oxygen
      to effect the ozone-decomposition reaction under such conditions that the
      oxygen flow rate was 2.5 l/min and the ozone content in the oxygen was
      kept initially at 2 mg/l for 2 hours and then at 10 mg/l for 6 hours,
      whereby 9.6 g of ozone in total was introduced. Then the reaction solution
      was wholly bubbled with dry nitrogen for 30 minutes at a rate of 5 l/min
      to remove the oxygen. Immediately, 300 ml of a chloroform solution
      containing 80 g of triphenylphosphine was added dropwise to the above
      bubbled solution containing the ozone-decomposition products by means of a
      dropping funnel equipped with a pressure balancing side tube, and the
      resulting mass was left to stand for 24 hours at room temperature, after
      which the mass was refluxed at 60.degree.C to 70.degree.C for 2 hours with
      stirring, and then cooled to room temperature. The majority of the
      chloroform was evaporated by means of a rotary evaporator to obtain a
      viscous crude aldehyde functional polymer. The crude polymer was
      reprecipitated and purified using hexane-methanol in a conventional
      manner, and dried to obtain 49.0 g of a purified aldehyde functional
      polymer.
PAR  The results of the quantitative analysis of the aldehyde functional groups
      and carboxyl groups of the polymers obtained in this Example 1 and the
      following Examples 2-5 are summarized in the following Table 1.
PAR  As can be seen from the results contained in Table 1, the aldehyde
      functional polymer obtained in this Example 1 contains 0.883 meq/g of
      aldehyde functional groups and a negligibly small amount of 0.0020 meq/g
      of carboxyl groups. This shows that the polymer has substantially only
      aldehyde functional group.
PAC  EXAMPLE 2
PAR  In the same manner as described in Example 1, cis-1,4-polybutadiene was
      subjected to the ozone-decomposition reaction in a dry ice-acetone bath
      under the condition that the oxygen flow rate was 2.5 l/min and the ozone
      content in the oxygen was kept initially at 2 mg/l for 1 hour, then at 8
      mg/l for 1 hour and further at 10 mg/l for 4 hours, whereby 7.5 g of ozone
      in total was introduced. Then, 100 g of triphenylphosphine was added to
      the reaction solution, and the resulting mass was left to stand for 3 days
      at room temperature to reduce the ozone-decomposition products. The
      resulting viscous crude reaction product was reprecipitated and purified
      in a conventional manner, and dried to obtain 77.4 g of a purified
      aldehyde functional polymer.
PAR  As can be seen from the results contained in Table 1, the quantitative
      analysis shows that the aldehyde functional polymer obtained in this
      Example 2 contains 0.595 meq/g of aldehyde functional groups and a
      negligibly small amount of 0.0069 meq/g of carboxyl groups.
PAC  EXAMPLE 3
PAR  In the same manner as described in Example 1, 100 g of
      cis-1,4-polybutadiene was dissolved in 2 l of benzene, and subjected to
      ozone-decomposition at room temperature under the condition that the
      oxygen flow rate was 2.5 l/min and the ozone content in the oxygen was
      kept initially at 2 mg/l for 30 minutes and then at 8 mg/l for 4 hours,
      whereby 5.0 g of ozone in total was introduced. Then, 200 ml of a benzene
      solution containing 50 g of triphenylphosphine was added to the reaction
      solution, and the resulting mass was left to stand for 24 hours and then
      heated at 80.degree.C for 2 hours to reduce the ozone-decomposition
      products. The resulting crude polymer was purified by reprecipitation and
      dried to obtain 90.2 g of an aldehyde functional polymer.
PAR  The results of the quantitative analysis of the polymer are shown in Table
      1.
PAC  EXAMPLE 4
PAR  In the same manner as described in Example 1,  100 g of
      cis-1,4-polybutadiene was dissolved in a mixed solvent composed of 1.5 l
      of benzene and 0.2 l of methanol, and subjected to ozone-decomposition in
      a water bath kept at 20.degree.C under the conditions that oxygen, having
      an ozone content of 2 mg/l, was introduced at a flow rate of 2.5 l/min for
      5 hours, whereby 1.5 g of ozone in total was introduced. Then, 100 ml of a
      benzene solution containing 10 ml of triethyl phosphite was added to the
      reaction solution, and the resulting mass was left to stand for 1 hour at
      room temperature, heated at 80.degree.C for 1 hour and then left to stand
      for 24 hours at room temperature. The resulting product was purified by
      reprecipitation and dried to obtain 103.2 g of an aldehyde functional
      polymer.
PAR  The results of the quantitative analysis are shown in Table 1.
PAC  EXAMPLE 5
PAR  In the same manner as described in Example 1, 100 g of
      cis-1,4-polybutadiene was dissolved in 1.5 l of benzene and subjected to
      ozone-decomposition in a water bath kept at 20.degree.C under the
      conditions that oxygen, having an ozone content of 2 mg/l, was introduced
      at a rate of 2.5 l/min for 3.3 hours, whereby 1.0 g of ozone in total was
      introduced. Then, 100 ml of a benzene solution containing 1.5 g of
      triphenylphosphine was added to the reaction solution, and the resulting
      mass was heated at 80.degree.C for 1 hour and then left to stand for 24
      hours at room temperature. The resulting product was purified by
      reprecipitation and dried to obtain 120.0 g of an aldehyde functional
      polymer.
PAR  Results of the quantitative analysis are shown in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Quantitative Analysis of Functional Groups                                
     of Aldehyde Functional Polymer                                            
     ______________________________________                                    
     Example No.  1       2       3     4     5                                
     ______________________________________                                    
     Aldehyde group.sup.1)                                                     
                  8.83    5.95    4.93  4.45  2.79                             
     (meq/g.times.10.sup..sup.-1)                                              
     Carboxyl group.sup.2)                                                     
                  2.0     6.9     5.5   2.4   7.5                              
     (meq/g.times.10.sup..sup.-3)                                              
     ______________________________________                                    
      .sup.1) Oxidation with silver oxide (Potentiometric titration using a    
      glass-calomel electrode). (J. Mitchell, Jr. and D.M. Smith, Anal. Chem., 
      22, 746 (1950).                                                          
      .sup.2) Neutralization titration with 0.1N-NaOH is a benzene-methanol    
      solution (Potentiometric titration using a glass-calomel electrode).     
PAC  EXAMPLE 6
PAR  In the same manner as described in Example 1, 50 g of
      vinyl-1,2-polybutadiene (trade mark: FCR-1261, made by Firestone Co.,
      content of vinyl-1,2 unit: 87 mol%, number average molecular weight: about
      20,000) was dissolved in 2 l of chloroform to prepare a homogeneous rubber
      solution, which was subjected to ozone-decomposition in an ice-methanol
      bath kept at -10.degree.C by introducing 1.20 g (0.025 mol) of ozone in
      such a manner that oxygen, having an ozone content of 2 mg/l was
      introduced at a rate of 2.5 l/min for 4 hours. Then, the reaction solution
      was bubbled wholly with dry nitrogen at a rate of 5 l/min for about 30
      minutes to remove the oxygen. Immediately, 100 ml of a chloroform solution
      containing 9.84 g (0.0375 mol, 1.5 times on a molar basis based on the
      amount of ozone introduced) of triphenylphosphine was added dropwise to
      the above bubbled solution containing the ozone-decomposition products by
      means of a dropping funnel equipped with a pressure balancing side tube.
      The resulting mass was left to stand overnight at room temperature and
      then heated and refluxed at 60.degree.C to 70.degree.C for 2 hours with
      stirring to complete the reduction of the ozone-decomposition products.
      Then, the reaction solution was cooled to room temperature, and the
      chloroform was evaporated by means of a rotary evaporator to obtain a
      viscous crude aldehyde functional polymer, which was then dissolved by
      adding 200 ml of n-hexane thereto. The resulting solution was left to
      stand for 2 days at room temperature, and further for 2 days in a
      refrigerator. After the deposited triphenylphosphine oxide was filtered
      off and washed with 300 ml of n-hexane, the filtrate and the washing were
      gathered and evaporated by means of a rotary evaporator to obtain 49.9 g
      of a viscous aldehyde functional polymer.
PAR  The nuclear magnetic resonance absorption spectrum of the thus obtained
      aldehyde functional polymer at 100 Mc in 20% by weight solution in
      deuterochloroform was measured at room temperature using tetramethylsilane
      as an internal standard. As the result, it was found that traces of
      triphenylphosphine and triphenylphosphine oxide were present and the
      equivalent molecular weight was determined to be 3,300 from the strength
      of proton at 9.8 ppm assigned to the aldehyde group. While, the
      theoretical molecular weight of the polymer calculated from the amount of
      ozone introduced was 8,600. Accordingly, the number of aldehyde functional
      groups in the polymer was 2.6. Further, a very small amount of protons
      assinged to the aromatic nuclei of triphenylphosphine and
      triphenylphosphine oxide were observed. In the infrared absorption
      spectrum of the polymer, absorptions at 1,730 cm.sup.-.sup.1 and 2,720
      cm.sup.-.sup.1 assigned to the aldehyde group were observed, absorptions
      at 1,710 cm.sup.-.sup.1 and 2,650 cm.sup.-.sup.1 assigned to the carboxyl
      group were not observed, the absorption assigned to the hydroxyl group was
      not observed, and absorptions at 990 cm.sup.-.sup.1 and 910 cm.sup.-.sup.1
      assigned to the vinyl group were observed.
PAC  EXAMPLE 7
PAR  In the same manner as described in Example 1, 75 g of
      vinyl-1,2-polybutadiene (FCR-1261) was dissolved in 1 l of chloroform to
      prepare a homogeneous rubber solution, which was subjected to
      ozone-decomposition in an ice-methanol bath kept at -10.degree.C by
      introducing 10.8 g (0.225 mol) in such a manner that oxygen, having an
      ozone content of 10.0 mg/l, was introduced at a rate of 2.5 l/min for 7.2
      hours. Then, the reaction solution was wholly bubbled with dry nitrogen at
      a rate of 5 l/min for about 1 hour to remove the oxygen. Then, 300 ml of a
      chloroform solution containing 70.82 g (0.270 mol, 1.2 times mol based on
      the amount of ozone introduced) of triphenylphosphine was added dropwise
      to the above bubbled solution containing the ozone-decomposition products
      by means of a dropping funnel equipped with a pressure balancing side
      tube. The resulting mass was left to stand overnight at room temperature,
      heated and refluxed at 65.degree.C for 2  hours with stirring and then
      cooled to room temperature. After the chloroform was evaporated by means
      of a rotary evaporator, the residue was shaken thoroughly together with a
      mixture of 130 ml of acetone and 25 ml of water, whereby the
      triphenylphosphine and triphenylphosphine oxide remaining were extracted
      and removed. Successively, acetone contained in the residue was removed at
      room temperature and under a reduced pressure, and then 100 ml of benzene
      was added to the residue to dissolve the residue. The resulting solution
      was subjected to an azeotropic distillation at 60.degree.C to remove
      water. The resulting viscous aldehyde functional polymer was dissolved by
      further adding 100 ml of benzene, and after 100 g of anhydrous sodium
      sulfate was added to the solution, the resulting mass was allowed to stand
      for 4 days at room temperature to remove completely the remaining water.
      After filtration, benzene was removed from the filtrate by means of a
      rotary evaporator. When this evaporation was effected at 90.degree.C to
      remove the solvents completely, 24 g of a waxy aldehyde functional polymer
      was obtained.
PAR  The resulting polymer began to fluidize at 90.degree.C to 100.degree.C. The
      nuclear magnetic resonance absorption spectrum of the polymer measured in
      the same manner as described in Example 6 showed that the polymer
      contained substantially no triphenylphosphine and triphenylphosphine
      oxide. The equivalent molecular weight of the polymer calculated from the
      absorption strength of aldehyde protons was 1263, while the theoretical
      molecular weight of the polymer calculated from the amount of ozone
      introduced was 2,200, and accordingly, the number of aldehyde functional
      groups of the aldehyde functional polymer obtained in this Example 7 was
      1.72. Further, it was found from the infrared absorption spectrum of the
      polymer that the polymer did not change its structure during the
      after-treatment and purification.
PAR  While the invention has been described in detail and in terms of specific
      embodiments thereof, it will be apparent that various changes and
      modifications can be made therein without departing from the spirit and
      scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Aldehyde functional polybutadiene having
PA1  a. a molecular weight from 500 to 50,000;
PA1  b. infrared absorption due to aldehyde functional groups at 1,730
      cm.sup.-.sup.1 and 2,720 cm.sup.-.sup.1 ;
PA1  c. proton absorption at 9.8 ppm in its nuclear magnetic resonance spectrum
      with tetramethylsilane as a standard in a 20% by weight solution in
      deuterochloroform; and
PAL  containing substantially only aldehyde functional groups at chain terminals
      and/or on the side chains of the molecule.
NUM  2.
PAR  2. The aldehyde functional polybutadiene of claim 1, wherein from 0.279 to
      0.883 MEQ/g of aldehyde functional groups are present.
NUM  3.
PAR  3. The aldehyde functional polybutadiene of claim 2, wherein from 0.0020 to
      0.0075 MEQ/g of carboxyl groups are present.
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ABST
PAL  An improvement in the process for the manufacture of predominantly
      straight-chain aldehydes by hydroformylation of olefinically unsaturated
      compounds of 2 to 20 carbon atoms with carbon monoxide and hydrogen in
      which, in a first stage, aqueous cobalt solutions are treated with carbon
      monoxide and hydrogen at temperatures of 50.degree. to 200.degree.C and
      pressures of 100 to 400 atmospheres in the presence of active charcoal,
      zeolites or basic ion exchangers which are charged with cobalt carbonyl,
      in a second stage cobalt carbonyl-hydride is extracted from the reaction
      mixtures thus obtained, at temperatures of 20.degree. to 180.degree.C and
      pressures of 1 to 400 atmospheres, by means of olefinically unsaturated
      compounds which must be water-insoluble and liquid under the conditions
      used, the aqueous phase is separated off and the organic phase is
      transferred to a third stage and in this stage, after introducing
      olefinically unsaturated compounds if the latter have only been used
      partially for the extraction, the hydroformylation is carried out at
      temperatures of 70.degree. to 170.degree.C and pressures of 100 to 400
      atmospheres, the improvement being that the extraction in the second stage
      is carried out as a co-current extraction whilst maintaining turbulent
      flow.
BSUM
PAR  The invention relates to a process for the manufacture of predominantly
      straight-chain aldehydes by hydroformylation of olefins.
PAR  A process widely used in industry for the manufacture of aldehydes is the
      hydroformylation of olefins with carbon monoxide and hydrogen in the
      presence of cobalt carbonyl complexes. In the oxo synthesis, the
      catalytically active metal is usually added in the form of its salts, for
      example as an aqueous cobalt acetate solution. The catalytically active
      cobalt carbonyl complex then forms under the reaction conditions during
      the oxo synthesis. However, during the hydroformylation, significant
      amounts of undesired branched aldehydes are formed. Attempts have
      therefore already been made to control the hydroformylation of olefins,
      using cobalt carbonyl complexes modified with tertiary organic phosphines
      (compare DAS 1,186,455) in such a way that predominantly straight-chain
      oxo reaction products are formed. However, this process suffers from the
      disadvantage that the phosphines used are rapidly inactivated by slight
      traces of oxygen, which are difficult to exclude. Furthermore, the process
      referred to suffers from the disadvantage that the phosphine-modified
      catalysts can only be recovered at great expense and with some losses. For
      these reasons the process referred to has not found general acceptance in
      industry, even though it has been known for a considerable time.
PAR  A further problem which arises in using aqueous cobalt salt solutions is
      that a two-phase system is present during the hydroformylation and as a
      result the cobalt carbonyl-hydride, which is the actual active component,
      is not formed sufficiently rapidly and therefore an inhibition effect has
      to be overcome. It is known (compare German Patent Specification 946,621)
      that the difficulties in the hydroformylation of olefins with aqueous
      cobalt salt solutions which are attributable to two phase being present
      can be circumvented by carrying out the process in a high pressure tube
      filled with packings into which the aqueous cobalt salt solution is
      introduced from the top and the synthesis gas and the liquid olefin from
      the bottom, whilst aqueous catalyst solution is withdrawn at the bottom of
      the reactor to ensure that the aqueous phase does not accumulate at the
      lower end of the reactor. This process suffers from the disadvantage that
      it requires relatively high temperatures if adequate amounts of cobalt
      carbonyl-hydride are to be produced. A further known process (compare
      German patent specification No. 948,150) which uses aqueous cobalt salt
      solutions is to pre-carbonylate aqueous cobalt salt solutions at a higher
      temperature in the presence of an olefin and, after removing the aqueous
      solution, to hydroformylate at 180.degree.C the olefin, containing cobalt
      carbonyl. Apart from the fact that the difficulties in the first stage
      mentioned above are not eliminated, the process also suffers from the
      disadvantage that insufficient cobalt carbonyl accumulates in the olefin.
      As a consequence, the hydroformylation must be carried out at high
      temperatures.
PAR  It is an object of the invention to provide a process which yields
      predominantly straight-chain aldehydes. It is another object of the
      invention to provide a process in which cobalt carbonyl-hydride is brought
      to the most active state for the hydroformylation in a simpler and less
      time-consuming manner.
PAR  In accordance with the present invention, these and other objects and
      advantages are achieved in an improved process for the manufacture of
      predominantly straight-chain aldehydes by hydroformylation of olefinically
      unsaturated compounds of 2 to 20 carbon atoms with carbon monoxide and
      hydrogen in which, in a first step, aqueous cobalt salt solutions are
      treated with carbon monoxide and hydrogen at temperatures of 50.degree. to
      200.degree.C and pressures of 100 to 400 atmospheres in the presence of
      active charcoal, zeolites or basic ion exchangers which are charged with
      cobalt carbonyl, in a second stage cobalt carbonyl-hydride is extracted
      from the reaction mixture thus obtained, at temperatures of 20.degree. to
      180.degree. and pressures of 1 to 400 atmospheres, by means of
      olefinically unsaturated compounds which must be water-insoluble and
      liquid under the conditions used, the aqueous phase is separated off and
      the organic phase transferred to a third stage and in this stage, after
      introducing olefinically unsaturated compounds, if the latter have only
      been used partially for the extraction, the hydroformylation is carried
      out at temperatures of 70.degree. to 170.degree.C and pressures of 100 to
      400 atmospheres, the improvement being that the extraction in the second
      stage is carried out as a co-current extraction whilst maintaining
      turbulent flow.
PAR  The new process has the advantage that predominantly straight-chain
      aldehydes can be produced without using oxidizable phosphine complexes
      which are difficult to regenerate, and that a high olefin conversion is
      achieved. Furthermore, the new process has the advantage that the
      formation of alcohols is repressed and aldehydes are obtained almost
      exclusively. Moreover, the process has the advantage that the aqueous
      cobalt salt solution which is obtained when recovering the cobalt can be
      reused directly, without pretreatment, for example without concentrating
      it, as a cobalt salt solution for the manufacture of the catalyst.
      Finally, the new process has the advantage that the amount of cobalt
      carbonyl-hydride introduced into the oxo reaction can be controlled simply
      through the amount of aqueous cobalt salt solution introduced, without the
      need to introduce increased amounts of solvent, such as water, into the
      oxo reaction. A particular advantage of the new process is that the
      extraction of cobalt carbonyl-hydride is technically simpler and in
      particular requires very little time, so that considerably smaller
      equipment can be used. In addition, the extraction process is capable of
      giving better results.
PAR  In a first stage, aqueous cobalt salt solutions are treated with carbon
      monoxide and hydrogen at temperatures of 50.degree. to 200.degree.C and
      pressures of 100 to 400 atmospheres in the presence of active charcoal,
      zeolites or basic ion exchangers. Preferably, water-soluble cobalt salts
      of fatty acids, especially formates, acetates, propionates or butyrates,
      are used. Cobalt formate and cobalt acetate have proved particularly
      suitable. Suitable starting solutions contain 0.5 to 3 per cent by weight
      of cobalt, calculated as metal, especially 1 to 2 per cent by weight of
      cobalt, in the form of the salts mentioned. In general, the gas mixture
      referred to contains carbon monoxide and hydrogen in a volume ratio
      between 4 : 1 and 1 : 4, especially in a volume ratio between 2 : 1 and 1
      : 2. The mixture of carbon monoxide and hydrogen is advantageously used in
      excess, for example in up to five times the stoichiometric amount. In the
      first step, either the entire amount of carbon monoxide and hydrogen
      required for the hydroformylation can be employed, or only a part thereof,
      for example 50 to 80% of the amount required for the hydroformylation.
PAR  The treatment in the first stage is carried out in the presence of active
      charcoal, zeolites or basic ion exchangers. Suitable types of active
      charcoal are, for example, peat charcoal, animal charcoal and sugar
      charcoal. Peat charcoal has proved particularly suitable. Preferred basic
      ion exchange resins contain primary, secondary or tertiary amino groups,
      and ion exchange resins which have become particularly important are those
      based on polystyrene and containing tertiary amino groups or quaternary
      amino groups in the base form. Particularly suitable ion exchangers are
      those which are weakly to strongly basic, examples being .sup.(R)
      Amberlite IR 45 and .sup.(R) Dowex 4. Macro-reticular types, such as
      .sup.(R) Amberlyst A 21, .sup.(R) Lewatit MP 62, .sup.(R) Lewatit MP 64,
      .sup.(R) Imac A 20, .sup.(R) Cerolite G, .sup.(R) Amberlite IRA 93 and
      .sup.(R) Amberlyst A 26 have attained particular importance in industry.
      It is desirable to charge the active charcoal, zeolites or basic ion
      exchangers with cobalt carbonyl until they are saturated. This is
      generally achieved by passing aqueous solutions of cobalt salts, together
      with the abovementioned gas mixture of carbon monoxide and hydrogen, over
      the active charcoal, zeolites or basic ion exchangers under the specified
      reaction conditions until they are saturated, that is to say until cobalt
      carbonyl or cobalt carbonyl-hydride is analytically detectable in the
      material which issues.
PAR  If active charcoal or zeolites are used, temperatures of 100.degree. to
      160.degree.C have proved particularly favorable. On the other hand, if
      basic ion exchangers are also used, it is advisable to observe
      temperatures of 100.degree. to 120.degree.C. Pressures of 200 to 300
      atmospheres have proved particularly advantageous.
PAR  In general, the treatment is carried out in a so-called treatment zone, the
      length to diameter ratio of which is appropriately between 5 and 50 : 1. A
      preferred throughput of metal is 1.5 to 50 g in the form of the
      abovementioned salts per hour and per kg of active charcoal, zeolites or
      basic ion exchangers.
PAR  In a second stage, cobalt carbonyl-hydride is extracted from the reaction
      mixture thus obtained, which contains cobalt salts and cobalt
      carbonyl-hydride, by means of olefinically unsaturated compounds which are
      liquid under the reaction conditions and are water-insoluble.
PAR  The essential characteristic of the invention is that the extraction is
      carried out as a co-current extraction whilst maintaining turbulent flow.
      The extraction is advantageously carried out in a so-called turbulence
      tube, that is to say in a zone having an L : D ratio of 100 to 10,000 : 1,
      which contains devices for maintaining a turbulent flow, such as packings,
      diaphragms or nozzles. An advantageous residence time in this zone is 5 to
      60 seconds.
PAR  As a rule, the temperatures used are 20.degree. to 180.degree.C, especially
      40.degree. to 70.degree.C, and the pressures used are 1 to 400
      atmospheres, especially 250 to 300 atmospheres.
PAR  In an advantageous procedure, the aqueous solution containing cobalt salt
      and cobalt carbonyl-hydride and obtained in the first stage is introduced
      under the same pressure as into the second stage, without removing the gas
      mixture of carbon monoxide and hydrogen; in the second stage, the
      abovementioned mixture is extracted with olefinically unsaturated
      compounds which are liquid and water-insoluble under the reaction
      conditions, in co-current, at temperatures of 30.degree. to 180.degree.C,
      whilst observing the residence times mentioned.
PAR  In a further preferred procedure, the extraction in the extraction zone
      mentioned is carried out at the same pressure as is used in stage 1, but
      before the extraction the mixture of carbon monoxide and hydrogen is
      removed.
PAR  Another procedure which is to be recommended is to separate the aqueous
      solution containing cobalt salts and cobalt carbonyl-hydride and obtained
      in the first stage from the mixture of carbon monoxide and hydrogen, then
      to lower the pressure acting on the solution to normal pressure, and to
      carry out the extraction with olefinically unsaturated compounds which are
      liquid and water-insoluble under the reaction conditions, in co-current
      under normal pressure and at temperatures of 20.degree. to 90.degree.C.
      The extraction is best carried out in the presence of carbon monoxide or
      of a gas which is rich in carbon monoxide and which advantageously
      contains at least 70 per cent by volume of carbon monoxide in addition to
      inert substances such as hydrogen, nitrogen or argon. Advantageously, 2 to
      20 liters of carbon monoxide or of the gas mixture mentioned are employed
      per liter of aqueous solution containing cobalt salts and cobalt
      carbonyl-hydride which are to be extracted.
PAR  Examples of suitable olefinically unsaturated compounds are olefins with 3
      to 20 carbon atoms, C.sub.1 - to C.sub.4 -alkyl esters of unsaturated
      fatty acids with 3 to 18 carbon atoms, and unsaturated fatty acids and
      nitriles or vinyl esters and allyl esters of fatty acids with 2 to 8
      carbon atoms. Examples of suitable extractants are pentene, hexene,
      octene, C.sub.8 - to C.sub.10 -olefin cuts or C.sub.11 - to C.sub.14
      -olefin cuts, ethyl acrylate, butyl acrylate, ethyl crotonate, vinyl
      propionate, allyl acetate, acrylic acid and acrylonitrile. It is
      particularly preferred to use olefins which are used as starting
      substances in the subsequent oxo reaction.
PAR  It is also possible to mix the olefinically unsaturated compounds with up
      to 90% of hydrocarbons, such as paraffins, cycloparaffins or aromatic
      hydrocarbons which are liquid under the extraction conditions, such as
      benzene, toluene, xylene, cyclohexane or octane. This procedure is
      advisable if the olefinically unsaturated compounds used are
      water-soluble, as they are thereby converted into a water-insoluble form.
PAR  It is advantageous to use between 0.5 and 5 liters of olefinically
      unsaturated compounds as the extractant per liter of aqueous solution
      containing cobalt salts and cobalt carbonyl-hydride. The cobalt content of
      the organic phase leaving the second stage is generally between 0.05 and 2
      per cent by weight. It goes without saying that a separation into an
      organic phase and an aqueous phase is carried out during the extraction.
      It is desirable at the same time also to separate off the carbon monoxide
      or the gas rich in carbon monoxide.
PAR  The resultant organic phase containing cobalt carbonyl-hydride, and the
      mixture of carbon monoxide and hydrogen, or the organic phase alone, are
      transferred to a third stage and are there hydroformylated at temperatures
      of 70.degree. to 170.degree.C and pressures of 100 to 400 atmospheres, if
      necessary after introducing the requisite amount of olefinically
      unsaturated compounds, if only a part of these has been used for the
      extraction in the abovementioned stage. Temperatures of 80.degree. to
      130.degree.C and pressures of 200 to 300 atmospheres have proved
      particularly suitable. If the entire amount of carbon monoxide and
      hydrogen required for the hydroformylation has not already been introduced
      in the first stage, the amounts still required are introduced in the third
      stage so that at least the stoichiometric amount of carbon monoxide and
      hydrogen, but preferably an excess of up to 100 mole per cent, is
      available per mole of olefin.
PAR  It is advantageous to flash the hydroformylation mixture leaving the third
      stage to between 1 and 10 atmospheres and to treat the mixture, for
      example at temperatures of 80.degree. to 160.degree.C and preferably
      105.degree. to 150.degree.C, with gases containing molecular oxygen,
      especially air, in at least the stoichiometric amount relative to cobalt,
      and with an aqueous weakly acid cobalt salt solution of 0.5 to 3 per cent
      strength by weight. It is preferred to use the aqueous phase obtained in
      the second stage, which still contains 0.1 to 0.8 per cent by weight of
      cobalt in the form of the salts mentioned in connection with the second
      stage, and to mix this phase with cobalt salt solution from the cobalt
      removal stage; this gives an aqueous phase containing 1 to 3 per cent by
      weight of cobalt. The acids contained in the hydroformylation mixture
      automatically give a pH value of, preferably, 3.5 to 4.5. It is
      advantageous to use 3 to 30  liters (S.T.P.) of air and 0.5 to 2 liters of
      the aqueous cobalt salt solution mentioned per kg of hydroformylation
      mixture. It is advantageous to recycle the cobalt salt solution so that
      the cobalt content increases to between 1 and 3 per cent by weight; the
      cobalt acetate solution which has been enriched in this way is then
      withdrawn continuously and replaced at the same rate by the aqueous phase
      from the second stage. The aqueous cobalt salt solution, now enriched in
      cobalt salts, which has been withdrawn, is preferably returned to the
      first stage and used as the starting solution therein. The duration of the
      treatment is advantageously 0.5 to 5 minutes. After removing the gas
      phase, the organic phase is worked up according to known methods, for
      example by distillation, or is directly transferred to the hydrogenation
      step so as to produce the corresponding alcohols.
PAR  Aldehydes which are manufactured by the process of the invention are
      suitable for the manufacture of alcohols, especially alcohols for
      detergent purposes and for plasticizers, and also for the manufacture of
      carboxylic acids and of amines.
PAR  The examples which follow are intended to illustrate the process.
DETD
PAC  EXAMPLE 1
PAR  20 ml of an aqueous cobalt formate solution containing 1.8 per cent by
      weight of cobalt are introduced hourly, from below, into a high pressure
      tube of 0.5 l capacity, and 30 mm diameter which is filled with 180 g of
      peat charcoal grade AKT IV, of particle size 3.4 to 4.5 mm. Additionally,
      120 l of an equimolecular mixture of carbon monoxide and hydrogen are
      introduced. The temperature is maintained at 140.degree.C and the pressure
      at 280 atmospheres gauge. The solution issuing at the top contains 0.4 per
      cent by weight of divalent cobalt and 1.6 per cent by weight of cobalt as
      cobalt carbonyl-hydride. This solution, together with the mixture of
      carbon monoxide and hydrogen which issues, is passed to the extraction
      stage.
PAR  A pressure turbulence tube of stainless steel, 110 cm in length and 4 mm in
      internal diameter, provided with a steam heating jacket, is filled with
      glass beads (diameter about 3 to 4 mm). The free space in the tube is 5
      cm.sup.3. The temperature in the steam heating jacket is 117.degree.C. The
      tube is fed at one end with the following quantities per hour: 800 ml of a
      C.sub.8 -C.sub.10 -.alpha.-olefin mixture, 300 ml of a pre-carbonylated
      aqueous cobalt formate solution (0.32% of Co.sup.2.sup.+, 0.68% of Co as
      HCo (CO).sub.4) and 270 liters (S.T.P.) of oxo gas. The pressure in the
      tube is 280 atmospheres. The average residence time in the tube is
      calculated to be about 9 seconds. The temperature of the mixture at the
      end of the tube is 66.degree.C. The mixture leaving the turbulence tube
      separates into three phases in a calming vessel. The gas phase and the
      olefinic phase containing cobalt carbonyls (0.32 % Co), are fed to the oxo
      reactor under the same pressure, whilst the aqueous phase (0.31% of
      Co.sup.2.sup.+ and 0.05% of Co as HCo(CO).sub.4) is flashed to atmospheric
      pressure. 94% of the extractable cobalt are extracted.
PAR  The .alpha.-olefin misture containing cobalt carbonyl-hydride is made up
      with the necessary amount of carbon monoxide and hydrogen and then
      hydroformylated at a temperature of 120.degree.C and a pressure of 280
      atmospheres. The reaction product obtained is treated with 1 l of air and
      120 ml of aqueous cobalt acetate solution containing acetic acid and about
      1.8% by weight of cobalt, at 200.degree.C. Analysis by gas chromatography
      of the cobalt-free organic material which issues shows 72.2% of
      n-butyraldehyde, 18.0% of i-butyraldehyde, 1.2% of butanols, 5.0% of butyl
      formates and 4% of high-boiling constituents.
PAC  EXAMPLE 2
PAR  The procedure described in Example 1 is adopted but the extraction is
      carried out as follows:
PAR  A turbulence tube made of glass, 110 cm in length and 4 mm in internal
      diameter, is provided with a heating jacket and filled with glass beads (3
      to 4 mm diameter). The free space in the tube is 4.5 cm.sup.3. The heating
      jacket is kept at a temperature of 60.degree.C by means of warm water. The
      tube is charged with the following quantities hourly: 1,000 ml of octene-1
      and 320 ml of a pre-carbonylated aqueous cobalt formate solution
      containing 0.24% of Co.sup.2.sup.+ and 0.54% of Co as HCo(CO).sub.4. Apart
      from the small amounts of dissolved carbon monoxide and hydrogen present
      in the pre-carbonylated solution, no further gas is introduced. The mean
      residence time in the tube is calculated to be 12 seconds. The mixture
      leaving the turbulence tube separates into two phases in a calming vessel.
      The olefinic phase contains 0.22% of Co as cobalt carbonyls. It is
      compressed to 280 atmospheres and passed to the oxo reactor. The aqueous
      phase contains  0.26% of Co.sup.2.sup.+ and 0.04% of Co as HCo(CO).sub.4.
      Hence, 89% of the extractable cobalt have actually been extracted. In the
      subsequent hydroformylation, good results similar to those in Example 1
      are obtained.
PAC  EXAMPLE 3
PAR  The procedure described in Example 1 is adopted, but the extraction is
      carried out as follows:
PAR  The turbulence tube described in Example 2 is fed with 400 ml of a C.sub.11
      -C.sub.14 -.alpha.-olefin mixture and 200 ml of a pre-carbonylated cobalt
      formate solution (0.28% of Co.sup.2.sup.+ and 0.47% of Co as
      HCo(CO).sub.4) under the same conditions as in Example 2. After separation
      in the calming vessel the olefinic phase contains 0.26% of Co as
      HCo(CO).sub.4 and the aqueous phase contains 0.32% of Co.sup.2.sup.+ and
      0.03% of Co as HCo(CO).sub.4. Hence, 85% of the extractable cobalt have
      been extracted. The hydroformylation gives good results similar to those
      in Example 1. We claim:
CLMS
NUM  1.
PAR  1.  In an improved process for the manufacture of predominantly
      straight-chain aldehydes by hydroformylation of olefinically unsaturated
      compounds of 2 to 20 carbon atoms with carbon monoxide and hydrogen in
      which, in a first stage; aqueous cobalt salt solutions are treated with
      carbon monoxide and hydrogen at a temperature of 50.degree. to
      200.degree.C and a pressure of 100 to 400 atmospheres in the presence of
      active charcoal, zeolites or basic ion exchangers which are charged with
      cobalt carbonyl, in a second stage cobalt carbonyl-hydride is extracted
      from the resultant reaction mixture at a temperature of 20.degree. to
      180.degree.C and a pressure of 1 to 400 atmospheres by means of
      olefinically unsaturated compounds which are water-insoluble and liquid
      under the conditions used, the aqueous phase is separated from said liquid
      olefinically unsaturated compounds containing extracted cobalt
      carbonyl-hydride, and latter liquid is transferred to a third stage and in
      this stage, after introducing olefinically unsaturated compounds if the
      latter have only been used partially for the extraction, the
      hydroformylation is carried out at a temperature of 70.degree.  to
      170.degree.C and under a pressure of 100 to 400 atmospheres, the
      improvement comprising carrying out the extraction in the second stage as
      a cocurrent extraction while maintaining turbulent flow of said aqueous
      phase and said liquid olefinically unsaturated compounds during said
      cocurrent extraction.
NUM  2.
PAR  2. Process according to claim 1, wherein a residence time of 5 to 60
      seconds is used in the extraction.
NUM  3.
PAR  3. Process according to claim 1, wherein the length to diameter ratio of
      the extraction zone is between 100 and 10,000 : 1.
NUM  4.
PAR  4. Process according to claim 1, wherein olefins with 3 to 20 carbon atoms,
      which are used for the hydroformylation, are employed as extractants.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein the extraction zone of the
      extraction in the second stage is tube means having a length to diameter
      ratio in the range of 100:1 to 10,000:1, and the turbulence in said zone
      being provided by packings, diaphragms or nozzles in said tube means.
NUM  6.
PAR  6. In a process for the extraction of cobalt carbonyl-hydride from an
      aqueous solution at a temperature of 20.degree. to 180.degree.C and a
      pressure of 1 to 400 atmospheres with a liquid olefinically unsaturated
      compound which is water-soluble and liquid under the conditions used, the
      improvement comprising carrying out the extraction cocurrently while
      maintaining turbulent flow of said aqueous solution and said liquid
      olefinically unsaturated compounds in the extraction zone.
NUM  7.
PAR  7. A process as claimed in claim 6 wherein the residence time for said
      extraction of the aqueous solution and olefinically unsaturated compound
      is in the range of 5 to 60 seconds.
NUM  8.
PAR  8. A process as claimed in claim 7 wherein the extraction zone has a length
      to diameter ratio in the range of 100:1 to 10,000:1.
NUM  9.
PAR  9. A process as claimed in claim 1 wherein said olefinically unsaturated
      compound is an olefin with 3 to 20 carbon atoms.
NUM  10.
PAR  10. A process as claimed in claim 7, wherein the extraction zone of the
      extraction in the second stage is tube means having a length to diameter
      ratio in the range of 100:1 to 10,000:1, and the turbulence in said zone
      being provided by packings, diaphragms or nozzles in said tube means.
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ABST
PAL  Hydroxy terminated polyethers are obtained by reacting (1) epoxide and
      oxetane monomers with (2) a telogen at least partially soluble with the
      monomers, reactive with said monomers and being selected from the group
      consisting of phenols (3) in admixture therewith as catalysts certain
      double metal cyanide complexes which preferably had been treated with
      organic materials like alcohols, ethers, esters and so forth. A feature of
      the process of the present invention is the preparation of high molecular
      weight diols, triols, etc. without appreciable end group unsaturation, and
      the use of certain solvents with particular monomers and catalysts to also
      achieve these results.
PAL  The products of the present process are useful as nonionic surface active
      agents, as lubricants and coolants, as textile sizes, as films for
      packaging and in the preparation of solid or flexible polyurethanes by
      reaction with polyisocyanates.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of prior copending U.S. Pat. application
      Ser. No. 269,631, filed July 7, 1972 now U.S. Pat. No. 3,829,505, which,
      in turn, is a continuation of U.S. Pat. application Ser. No. 13,733, filed
      Feb. 24, 1970 (now abandoned), the latter being a continuation-in-part of
      U.S. application Ser. No. 479,333, filed Aug. 12, 1965 (now abandoned).
BSUM
PAR  The present invention relates to a method for making hydroxy terminated
      polyethers or polyether telomers and more particularly to a method of
      making polyethers having more than one active hydroxyl group, and to the
      products of such methods.
PAR  It is an object of the present invention to provide a method for making
      hydroxy terminated polyethers.
PAR  It is another object of this invention to provide a method for making
      relatively low molecular weight liquid polyethers having a hydroxyl
      functionality greater than one such as polyalkylene ether glycols, triols
      and so forth.
PAR  A further object is to provide hydroxy terminated polyethers which can be
      liquid.
PAR  These and other objects and advantages of the present invention will become
      more apparent to those skilled in the art from the following detailed
      description and examples.
PAR  According to the present invention it has been discovered that hydroxy
      terminated polyethers can be obtained by reacting (1) epoxide and oxetane
      monomers with (2) a telogen at least partially soluble with the monomers,
      reactive with said monomers and being selected from the group consisting
      of organic hydroxy containing compounds, sulfhydryl containing compounds,
      aldehydes and ketones, using (3) in admixture therewith as catalysts
      certain double metal cyanide complexes which have been treated with
      organic materials like alcohols, ethers, esters and so forth. Depending on
      the amount of telogen used the resulting polymers referred to hereafter as
      telomers can vary from light oils to greases and solids having at least a
      hydroxyl functionality of one. If di and higher functionality telogens are
      used, the resulting telomers have a hydroxyl functionality approaching the
      functionality of the telogen. Additionally, it has been found that while
      certain catalysts containing acidic metal halide, e.g., Cl and Br,
      residues give narrower molecular weight distributions, they also give
      polymers with undesirable unsaturation (loss of OH functionality)
      particularly when certain epoxide monomers are used which are prone to
      isomerize to the corresponding allylic alcohol but that this unsaturation
      may be suppressed by telomerization in certain basic solvents.
PAR  A feature of the process of the present invention is the preparation of
      high molecular weight diols, triols, etc. without appreciable end group
      unsaturation. For example, the catalyst presently used in making
      polyetherpolyols is KOH. However, the molecular weight of products made
      with KOH appear to be limited to about 4000. While the diols produced with
      KOH and by the method of this invention are of about the same
      functionality, i.e., hydroxyl groups per molecule, at 1,000 molecular
      weight, at 2,000 molecular weight and higher the diols produced with KOH
      have significantly lower OH functionality than those produced by the
      present invention. Similar differences in functionality may be seen in the
      case of triols at the 3,000 and 4,000 molecular weight levels. Using KOH
      as a catalyst, the reaction of glycol and 1,2-epoxy butane does not
      provide high molecular weight polymers.
PAC  Telogen and Telomer
PAR  It is not precisely known what happens in the present process although it
      is believed that the telogen acts as a chain transfer agent. The telogen
      is not believed to affect propagation but rather to institute chain
      transfer to produce polymers having rather a low average molecular weight
      and a narrow molecular weight distribution in certain instances. The
      alcohols, glycols, etc. react through their hydroxyl group(s) and the
      mercaptans through their sulfhydryl group(s). It is believed that the
      basic reaction responsible for this effect is transfer of a proton from a
      hydroxyl group of an alcohol, for example, to a growing polymer chain with
      simultaneous transfer of the catalyst from that growing chain to the
      oxygen of the hydroxyl:
      ##EQU1##
      The ketones and aldehydes most probably first enolize and then follow the
      above sequence. The efficiency of this reaction is emphasized by the fact
      that as many as 500 telomer chains per catalyst unit may be formed. The
      telogens should preferably be liquids as such or under the telomerization
      conditions of temperature and pressure. However, solid telogens are
      useful. They, also, should be soluble in or at least partially soluble in
      the epoxide or oxetane monomer. The extent of solubility should be at
      least a tenth of a percent by weight of the epoxide etc. The remaining
      material goes into solution as it is reacted. These telogens should also
      be free of primary and/or secondary aliphatic amino groups.
PAR  Telogens which can be used in the practice of the method of the present
      invention are organic hydroxy containing compounds such as primary,
      secondary and/or tertiary alcohols; diols and polyols; and other hydroxy
      containing compounds such as the phenols. The corresponding organic
      sulfhydryl containing compounds, such as mercaptans or thiols, polythiols
      and the like can be used. Aldehydes and ketones including dialdehydes and
      diketones can also be used; however, it is preferred that the diketone
      should be one which does not form a conjugated double bond in the enol
      form. The telogens, also, may contain 1,2-epoxide or 3-oxetane groups,
      halogen atoms and/or olefinic (carbon-to-carbon double bond) unsaturation.
      They can be aliphatic, aromatic or alicyclic monomeric or polymeric
      compounds. The average molecular weight of the telogen can vary from about
      31 to 300,000 or even higher. However, it is preferred that the average
      molecular weight be from about 31 to 4,000.
PAR  Examples of telogens which can be employed are methyl alcohol, ethyl
      alcohol, propyl alcohol, octyl alcohol, cetyl alcohol, ceryl alcohol,
      isopropyl alcohol, 2-methyl-2-propanol, benzyl alcohol, cyclohexanol;
      glycol, diethylene glycol, triethylene glycol, pinacol, polypropylene
      ether glycol (Av. M.W. 3000), polyethylene-propylene ether glycol (Av.
      M.W. 1500), polytetramethylene ether glycol (Av. M.W. 2500), polyester
      glycols (adipic acid and ethylene glycol, Av. M.W. 3000), propanediol-1,3,
      butanediols, pentanediol-1,5; trimethylol propane, tripropylene oxide
      adduct of glycerol, trimethylol propane monoallyl ether, pentaerythritol,
      mannitol, and the sugars such as the mono- and poly- saccharides, i.e.,
      glucose, fructose, sucrose, raffinose and so forth as well as the
      polyfunctional polyether polyols made by reacting a minor molar amount of
      hexane triol or glycerine with propylene oxide or ethylene oxide or other
      alkylene oxide and the polyfunctional polyester polyols made by reacting a
      minor molar amount of an aliphatic dicarboxylic acid with an excess of
      glycol and a small amount of glycerine, hexanetriol etc. and the like.
      Phenols which can be employed are phenol, p-monochloro phenol, p-cresol,
      thymol, xylenol, hydroquinone, resorcinol, resorcinol bottoms,
      phloroglucinol, o-, m-, or p-hydroxy styrene, saligenin, bisphenol A,
      bisphenol F, 4,4'-dihydroxy diphenyl, 4,4'-dihydroxy diphenyl sulfone,
      4,6,4'-trihydroxy diphenyl dimethyl methane, long chain bisphenols having
      the general formula
      ##SPC1##
PAL  where n and m are numbers from 1 to 4, novolac resins having a plurality of
      OH groups and having the formula
      ##SPC2##
PAL  and
PAL  so forth. These diols, triols, polyols and other active OH containing
      materials, preferably linear or only slightly branched, can be reacted
      with minor molar amounts of polyisocyanates such as tolylene diisocyanate,
      naphthalene diisocyanate, triphenyl methane-4,4',4'-triisocyanate etc. to
      make OH containing or terminated polyurethane polyols. In place of the
      polyisocyanates, polyisothiocyanates can be used.
PAR  Aldehydes which can be used include propionaldehyde, butyraldehyde,
      valeraldehyde, acrolein, methyl acrolein, succinaldehyde, benzaldehyde,
      tolualdehyde, aldol, and so forth. Ketones which can be used are acetone,
      3-pentanone, 3-hexanone, 3-heptanone, methylethyl ketone, hexanedione-2,5,
      cyclopentanone, cyclobutanone, acetophenone, and so forth. Other useful
      telogens are glycidol, 1,2-epoxy butanol-4, 1,2-epoxy pentanol-5, and so
      forth. The epoxy alcohols are considered to be monomeric telogens since
      they can be incorporated in some of the initial chain sequences to give a
      chain transfer site and a telomerized group. Also, dihydroxy conjugated
      diene polymers can be used. To prepare these polymers an organic dihalide
      is reacted with an alkali metal to form an initiator such as M-R-M, where
      M is the alkali metal and R is butane, pentane, butene, isobutene, etc. of
      4 to 20 carbon atoms. The initiator is then reacted with a conjugated
      diene of 4 to 6 carbon atoms for example, butadiene, to form a polymer,
      M-(BDN).sub.x --R--(BDN).sub.y --M, x and y being numbers such that the
      resulting polymer has an average molecular weight as indicated above. The
      polymer is next treated in solvent with oxygen to form MO--(BDN).sub.x
      --R--(BDN).sub.y --OM which is treated with H.sub.2 SO.sub.4 or HCl acid
      to convert the MO-- groups to HO- groups. If desired, these unsaturated
      polymers can be hydrogenated to remove all or essentially all of the
      aliphatic double bonds.
PAR  Still other telogens can be used as polyvinyl alcohol, or partially or
      essentially entirely hydrolyzed polyvinyl acetate, vinyl acetate-butadiene
      copolymers, vinyl acetate-styrene copolymers, vinyl acetate-acrylonitrile
      or methacrylonitrile copolymers, vinyl acetate-vinyl chloride copolymers,
      vinyl acetate-vinylidene chloride copolymers, as well as copolymers of
      vinyl acetate and monomers such as dichlorostyrene, vinyl ethyl ether,
      ethylene, propylene, isobutylene, isoprene and the like.
PAR  Examples of mercaptans, thiols, etc. which can be used are 1-pentanethiol,
      2-methyl-1-butanethiol, 3-methyl-1-butanethiol, thiophenol, o-, m-, and
      p-thiocresol, 1,2-ethanedithiol, ethanethiol, furfuryl mercaptan,
      1-hexanethiol, thio-1-naphthol, 2-propanethiol, dithioresorcinol,
      thioglycerol, propanetrithiol, 1,4-benzenedithiol, monothiohydroquinone,
      thiodiglycol, and thiomonoglycol and the like. The "Thiokol" polymers can
      also be used and they are generally polysulfide polymers, which are
      preferably predominantly linear and liquid, having terminal -SH groups and
      a plurality of intralinear polysulfide linkages connecting recurring
      alkylene or oxyalkylene units; some of them may be branched or
      cross-linked to some degree. Some of these materials have the general
      formula:
PAL  Hs--(c.sub.2 h.sub.4 --o--ch.sub.2 --o-- c.sub.2 h.sub.4 --s--s).sub.n
      --C.sub.2 H.sub.4 --O--CH.sub.2 --O--C.sub.2 H.sub.4 --SH. The "Thiokol"
      polymers as well as other polythiols, thioglycols, etc. may be reacted
      with minor molar amounts of organic polyisocyanates such as tolylene
      diisocyanate, hexamethylene diisocyanate, triphenyl
      methane-4,4',4"-triisocyanate and the like to form --SH terminated
      polythiourethanes which also can be used. In place of the polyisocyanates,
      the corresponding organic polyisothiocyanates such as xylylene-.alpha. -
      .alpha.' -diisothiocyanate etc. can be used for such purposes. Mixtures of
      the various telogens can be used.
PAR  Preferred compounds to make high functionality polyethers are the aliphatic
      polyols having from 2 to 6 --OH groups and average molecular weights up to
      4,000 such as ethylene glycol, 1,5-pentane diol, diethylene glycol,
      trimethylol propane, 1,2,6-hexane triol, pentaerythritol, the propylene
      oxide adduct of glycerine (having a molecular weight of about 260),
      hexose, polyalkylene ether glycols, triols, tetrols, pentols and hexols,
      and so forth and mixtures thereof.
PAR  The amount of monomer to be used with relation to the telogen will depend
      on the ultimate purpose to be achieved. However, in general, the ratio of
      the mols of the epoxide or monomer to the functionality (hydroxyl,
      sulfhydryl, ketone or aldehyde oxygen) of the telogen will vary from about
      3500:1 to 1:100. It can be said that there should be at least 1 mol of
      monomer per mol telogen and at least sufficient monomer should be used to
      provide a plurality of new ether linkages. It will be appreciated that
      where a relatively high molecular weight (150,000) polyalkylene ether
      alcohol is desired, the mol ratio of the epoxide or oxetane monomer such
      as ethylene oxide to a low molecular weight telogen such as methanol
      having only one hydroxyl function will be rather high, for example, about
      3400 to 1. In making a 5,000 M.W. polymer from propylene oxide and
      1,2,3-tri(2-hydroxy propoxy) propane the mol ratio of epoxide to telogen
      is 70:1 and the ratio of mols epoxide to hydroxy functionality of the
      telogen is about 23:1. On the other hand, starting with a partially or
      fully hydrolyzed 50:50 vinyl acetate-styrene copolymer where it is desired
      to alter its crystallinity, film forming characteristics, reduce its heat
      distortion value, and the like, it may only be necessary to react with a
      portion of the hydroxyl groups to get the desired results. In the latter
      case from a statistical standpoint, even if sufficient epoxide were used
      to theoretically react with all of the OH groups, it is likely that some
      will not be reacted while others will have more than one ether linkage. It
      can be said that in the type of polymerization system under consideration
      the epoxide of oxetane will continue to polymerize on the telogen as long
      as monomer is fed to the system and so long as any impurities in it do not
      stop polymerization or telomerization and/or so long as the catalyst is
      not deactivated. Where it is desired to modify only 5% of the OH groups of
      a polyvinyl alcohol (fully hydrolyzed polyvinyl acetate) having a M.W. of
      about 30,000 to impart modified heat distortion properties by adding
      ethylene oxide, the ratio of the hydroxyl functionality of the telogen to
      the mols of epoxide such as ethylene oxide is 20:1.
PAR  This method may also be used to modify high molecular weight polymers such
      as those shown above. Thus, when a solution of a hydroxyl containing high
      polymer, the polymerizable cyclic oxide monomer and the catalyst are
      brought together the cyclic oxide would add to the hydroxyl groups. This
      process is usually referred to as grafting when applied to high molecular
      weight polymers but may be seen to involve the same sequence of reactions
      herein described as telomerization when applied to small molecules.
PAR  The monomers can be telomerized with the catalyst and telogen in mass
      (bulk), or in solvent (which can facilitate handling and transfer of
      heat). They, also, can be telomerized under inert and/or non-oxidizing
      conditions, for example, under an atmosphere of nitrogen, argon, neon,
      helium, krypton or other inert atmosphere. Alternatively, the inert gas
      can be omitted and the monomer telomerized only under pressure from any
      vaporized solvent if used, vaporized monomer or telogen. In some instances
      the telomerization can be conducted in reactors containing or open to the
      air provided the air is free of materials which would inhibit
      telomerization (i.e., conversion or molecular weight) and especially free
      of H.sub.2 O, although this procedure can be hazardous for some of the
      monomers are flammable and some telomerization reactions go so fast as to
      be explosive. Both the monomer and telogen should be soluble in the
      solvent which should be an inert or nonreactive solvent. Examples of
      useful solvents are heptane, octane, cyclohexane, toluene, benzene,
      trimethylpentane, n-hexyl chloride, n-octyl chloride, carbon
      tetrachloride, chloroform, trichloroethylene, tetrahydrofuran, dioxane (m
      or p), methyl tetrahydrofuran, 2-ethyl tetrahydrofuran, ethylene glycol
      dimethyl ether, ethylene glycol diethyl ether, diethylene glycol diethyl
      ether, triethylene glycol dimethyl ether, diethylene glycol dimethyl
      ether, octaethylene glycol diethyl ether, tetrahydropyran, amyl ethyl
      ether, diphenyl ether, butyl ethyl ether, butyl phenyl ether, ethyl hexyl
      ether, isopropyl phenyl ether, 1,2,4,5-tetra ethyl benzene, xylene (o, m
      or p), 4-ethyl-o-xylene, 1-benzyl-4-ethyl benzene, phenyl butane, t-butyl
      benzene, 1,2-diethyl benzene, 1-phenyl pentane, pentaethyl benzene,
      dibutyl sulfide, diethyl sulfide, diisoamyl sulfide, diisobutyl sulfide,
      diphenyl sulfide, di-n-propyl sulfide and so forth and mixtures of the
      same. Preferably, since it is believed that the catalyst tends to be
      acidic when containing acidic metal halide residues and can cause some
      terminal or internal unsaturation and loss of functionality, it is
      preferred to use basic solvents (those which can contribute electrons or
      which can be considered as electron donors) such as the organic
      hydrocarbon ethers (particularly the cyclic ethers and polyethers),
      sulfides, and the aromatic compounds containing at least one benzene ring
      disclosed herein which are non-reactive or non-polymerizable in the
      present system and which have from 4 to 20 carbon atoms in an amount
      sufficient, usually in an amount of from about 2 to 400 parts by weight,
      per 100 parts by weight of monomer(s), to reduce or prevent unsaturation
      and, where desired, to act as a heat transfer medium.
PAR  Since many of the reactants are volatile, the telomerization should be
      conducted in a closed container and may be under pressure. Pressure should
      be at least sufficient to maintain the liquid state for dispersion of
      catalyst and heat transfer although it is possible to bubble monomer into
      the solution. Telomerization can conducted at temperatures of from about
      0.degree.C. to 180.degree.C. although somewhat wider temperature ranges
      can be used. Preferably temperatures of from about 15.degree.C. to
      80.degree.C. are used for telomerization. An induction period of about 1/4
      to 2 hours or more may be observed with some of the catalysts. It is very
      desirable to telomerize while agitating the monomer(s), catalyst, telogen
      and solvent.
PAR  The catalyst generally becomes very well dispersed if not completely
      dissolved (molecularly dispersed) in the polymerization solution. Thus,
      centrifugation even after dilution in a non-viscous solvent does not
      usually remove a major proportion of the catalyst. Chemical methods,
      however, have been found useful in removing major amounts of the catalyst.
      Ion exchange of the polymer in water-methanol solution has been shown to
      reduce the conductivity of the telomer many fold by reducing the catalyst
      or catalyst residue content. Passage through a bed of activated alumina
      either with or without a prior treatment with aqueous ammonia also reduces
      the catalyst residue in such polymers. The necessity of removal of the
      catalyst will depend on ultimate use of the polymer.
PAR  The propagation step of this reaction is exothermic. Some monomers may
      telomerize very rapidly in the presence of this catalyst. This may be
      controlled by the concentration of the catalyst by use of a diluent, and
      by the proper choice of temperature. Since heat transfer during
      propagation and transfer may be critical in medium and large size batch
      reactors, loop type reactors can be used to reduce the induction period by
      temperature cycling in the loop, for the product is a liquid or
      semiliquid. Also, continuous telomerization systems may be used in which
      the telogen or monomer is fed into the system and polymer etc. withdrawn.
PAR  Gel formation during telomerization with unsaturated monomers is not
      usually observed using the double metal cyanide catalysts, and
      consequently gel inhibitors are not normally required. Antioxidants or
      antidegradants such as phenyl beta naphthylamine, PBNA, or other
      antidegradants are desirably added prior to or after polymerization to
      avoid degradation which might occur. PBNA may be used in an amount by
      weight approximately equal to the amount of the catalyst during
      telomerization. Some antidegradants may retard polymerization and should
      be added after telomerization.
PAR  In telomerizing according to the present invention, it is preferred to add
      the ingredients to the reactor in the following order: catalyst, monomer
      and telogen. However, for many purposes all three materials can be added
      at once.
PAR  Incremental addition of monomer and telogen can be used to vary the
      molecular weight distribution of the telomer product. When the monomer is
      added incrementally, the distribution of molecular weights becomes
      narrower, apparently as a result of the mass action law, i.e., when the
      concentration of the monomer is lower, the transfer reaction is
      comparatively favored. On the other hand, incremental addition of the
      telogen leads to a wider distribution of molecular weight for essentially
      the same reason as above, i.e., the concentration of the transfer agent is
      initially lower and thereby the propagation step is favored.
PAR  The solvent can be added separately or mixed with one or more of the
      ingredients. Preferably, it is added to the reactor first, or there is
      some solvent in the reactor prior to the addition of the other
      ingredients.
PAR  The polymers and copolymers (or the telomers and cotelomers) prepared
      according to the method of the present invention have average molecular
      weights of at least 300, preferably from about 300 to 150,000 or higher.
      They vary physically from light oils to tacky solids or semisolids, or
      even to solids. Some are one phase polymeric substances, others may
      contain two phases, one an oil and the other a crystalline polymer or high
      molecular weight insoluble polymer. Depending on the telogen used they
      will have an average of from one to four or more hydroxyl groups and a
      plurality of ether linkages. For example, where acetone is used as the
      telogen the resulting polymer has the general formula:
      ##EQU2##
      Treatment of the telomer by mild acid hydrolysis or with ion exchange
      resins removes the isopropenyl group and gives H-O(RO).sub.n H. If the
      telomer is a cotelomer of propylene oxide and allyl glycidyl ether, acid
      hydrolysis or ion exchange treatment will not affect the allyl double
      bonds. Monoalcohols will also give monofunctional polymers. Diols, polyols
      and higher functionality telogens will provide telomers of the same
      functionality as the telogen. The polymer generally grows at one end with
      the monofunctional telogen and at both ends of the di (or higher)
      functional telogens. Block cotelomers may be produced by adding various
      monomers alternately to increase rigidity and so forth. The use of some
      unsaturated monomers permits the resulting cotelomer to be vulcanized
      after extending with diisocyanate or other extending agent into the range
      of useful molecular weight for preparation of rubbers.
PAR  The telomers produced by the method of the present invention are useful in
      many ways. They are useful as nonionic surface active agents, as
      lubricants for metal to metal surfaces, as textile sizes or finishing
      agents, as coolants for internal combustion engines and as hydraulic brake
      fluids. They can be used to make protective coatings and films for
      packaging. Telomers having average hydroxyl functionalities of 2, 3 or
      more hydroxyl groups per molecule can be used in making flexible and rigid
      polyurethane foams (for pillows, mattresses, insulation for refrigerators)
      by reaction with polyisocyanates, in the presence of tertiary amines, tin
      or other catalysts, silicones and so forth. Such telomers can also be
      employed in making millable (gums) or castable polyurethanes for bushings,
      coatings (clothing), laminates (wall panels) etc. The liquid telomers of
      this invention having an average molecular weight up to about 5,000 from
      propylene oxide or butene oxide etc. and a low molecular weight diol or
      triol are particularly useful in making polyether urethanes. When such
      millable gums contain unsaturation (carbon-to-carbon double bonds), they
      may be cured by conventional rubber curing procedures depending on the
      amount of unsaturation such as by using natural or butyl rubber curing
      systems. The telomers of this invention, also, can be used to make
      polyurethanes by reaction with phosgene and diamine. Moreover, these
      telomers can be reacted with mono and polycarboxylic acids to make high
      molecular weight polyesters. Telomers prepared from epoxide and oxetane
      modified high polymers such as those of hydrolyzed vinyl acetate polymers
      have changes in plasticity, heat temperature distortion values, etc.
PAR  The polymers (telomers and cotelomers) prepared by the method of the
      present invention as well as their extension products with isocyanates
      etc. may be compounded or mixed if desired with the usual rubber and
      plastic compounding materials such as curing agents, anti-degradants,
      fillers, extenders, ultraviolet light absorbers, fire resistant materials,
      dyes, pigments, plasticizers, lubricants, other rubbers, resins, plastics
      and the like.
PAC  Monomer
PAR  The organic cyclic oxides to be telomerized or polymerized include any
      cyclic oxide (such as 1,2-epoxide, oxetane, 3-substituted oxetane or
      3,3-disubstituted oxetane) having an oxygen-carbon ring in which an oxygen
      atom is joined to 2 to 3 carbon atoms in the ring which will open and
      telomerize with the same or other cyclic oxide monomers in the presence of
      the catalyst and having up to a total of 18 carbon atoms. These monomers,
      also, may contain 1, 2 or more, preferably only 1, aliphatic
      carbon-to-carbon double bonds. The alkenyl, ether and halogen (except
      easily ionizable halogen substituted derivatives) substituted derivatives
      of these cyclic oxides can likewise be employed. These cyclic oxides
      should be pure or essentially pure to obtain the best results.
PAR  Examples of useful cyclic oxides are ethylene oxide (1,2-epoxy ethane),
      1,2-propylene oxide, 1,2-butene oxide (or 1,2-epoxy butene or 1,2-epoxy
      butane), 1,2-dodecane monoxide, isobutylene monoxide, styrene oxide,
      1,2-pentene oxide, isopentene oxide, 1,2-diisobutylene oxide, 1,2-hexene
      oxide, 1,2-heptene oxide, allyl glycidyl ether, isoheptene oxide,
      1,2-octene oxide, 1,2-nonene oxide, 1,2-decene oxide, 1,2-hendecene oxide,
      methyl glycidyl ether, ethyl glycidyl ether, phenyl glycidyl ether,
      butadiene monoxide, isoprene monoxide, oxetane (C.sub.3 H.sub.6 O), tolyl
      glycidyl ether, 3,3-dimethyl oxetane, 3-n-nonyl oxetane, 3-allyl-3-methyl
      oxetane, 3-vinyl-3-methyl oxetane, 1,2-pentadecene oxide, 3,3-diethyl
      oxetane, 3-ethyl-3-butyl oxetane, 3-chloromethylene oxetane,
      3-chloromethyl-3-methyl oxetane, 3-methyl-3-ethyl oxetane, and other
      cyclic oxides. Of these materials, it is preferred to use the lower
      molecular weight cyclic oxides such as ethylene oxide, propylene oxide,
      butylene oxide, etc. containing from 2 to 12 carbon atoms. Mixtures of 2,
      3, 4, 5 or more of the cyclic oxide monomers can be used for
      telomerization.
PAR  For use in making castings and the like one or more of the above cyclic
      oxides can be reacted with one or more cyclic oxides having 2, 3 or more
      rings of from 2 to 3 carbon atoms and 1 oxygen atom in amounts up to 20
      mol % of total monomers to provide cross-linking sites in the polymer.
      Examples of these cyclic oxides (i.e., di, tri, etc. epoxides and/or
      oxetanes) are: butadiene dioxide, limonene dioxide, bis(3-oxetane)butane,
      bis(3-oxetane) hexane, the reaction product of epichlorohydrin and
      phloroglucinol, the reaction product of 3-chloro oxetane and
      pentaerythritol, and the like and mixtures thereof.
PAR  Certain epoxide monomers have a tendency during telomerization to form
      telomers exhibiting unsaturation at or near the end of the telomer in the
      presence of double metal cyanide catalysts containing acidic metal halide
      residues unless telomerization is conducted using a basic solvent as
      described herein. However, in a broader sense the basic solvents will be
      found useful whenever the functionalities of telomers produced with
      complex cyanide catalysts are limited by the development of unsaturated
      groups during telomerization. These epoxides are monosubstituted
      1,2-epoxides of the general formula
      ##EQU3##
      having up to 18 carbon atoms and where R is an alkyl, alkenyl, cycloalkyl,
      alkoxy carbon, alkenyloxy-carbon or cycloalkyloxy-carbon group and in
      which breaking of the epoxide ring and shifting of a hydrogen atom from a
      carbon atom alpha to the epoxide ring to the oxygen atom can occur. The
      allylic or other unsaturated alcohol formed then acts as a telogen and
      causes formation of a monohydroxy telomer which is deleterious when the
      desired products are diols or polyols. Examples of such compounds are
      1,2-butane oxide, 2,3-butane oxide, secondary butyl ethylene oxide,
      isobutyl ethylene oxide, normal butyl ethylene oxide, biallyl monoxide,
      vinyl cyclohexane monoxide, propyl glycidyl ether, allyl glycidyl ether,
      3-tetrahydrofurfuryl ethylene oxide, 1,2-octadecane oxide, phenyl glycidyl
      ether, crotyl glycidyl ether and the like and mixtures thereof. What is of
      concern here is the OH functionality derived from the telogen irrespective
      of the unsaturation originally present in the monomer and which is not
      affected during the telomerization by the present process. For example, a
      dihydroxy telomer made from 1,2-butane oxide, a minor amount of allyl
      glycidyl ether and ethylene glycol can be chain extended with
      4,4'-diisocyanato diphenyl methane to make a polyurethane elastomer which
      can be mixed with compounding ingredients including sulfur, molded and
      cured to form excellent solvent resistant gaskets, casters and bushings.
PAC  Catalyst
PAR  The catalyst is most usefully prepared by reacting a transition metal
      cyanide complex with a metal salt in aqueous media. Removal of a
      substantial amount or all of the water present in the catalyst is very
      desirable to enhance the activity of the catalyst although it would appear
      that removal of all the water is not practicable and may not be desirable.
      One way to remove most of the water and to enhance even further the
      activity of the catalyst is to treat it with an additional complexing or
      coordinating material such as an alcohol, ether, ester, sulfide, ketone,
      aldehyde, amide and/or nitrile.
PAR  In general the catalysts employed in the present invention have the
      following rational formulae:
PAR  M.sub.a [M'(CN).sub.b ].sub.c and/or M.sub.a [M'[(CN).sub.r (X).sub.t
      ].sub.b ].sub.c. M is a metal ion that forms a metal-oxygen bond that is
      relatively more stable than the coordinate bond between the metal and the
      nitrogen atom of the cyano, CN, group. On the other hand, M' is a
      transition metal ion that has more than one stable valence form and forms
      a relatively strong covalent bond with the carbon atom of the CN group. An
      individual catalyst can contain more than one type of M or M' metal ion in
      its structure. The grouping of these metals, with the cyanide ion sharing
      electrons with the two metal ions, usually exists in polymeric form as
      follows: (--M'--CN . . . M . . . NC--M'--).sub.n where n is a number, and
      super 3-dimensional polymers can be formed depending on the coordination
      numbers of M and M'. Moreover, of those metal ions that produce active
      cyanide catalysts, all can coordinate with six groups. Most of the
      hexacyanoferrates (III), including zinc hexacyanoferrate (III), have a
      cubic face-centered lattice as the basic structure.
PAR  The CN.sup.- group in the catalyst is the bridging group, and can
      constitute all of the bridging groups in the catalyst. However, other
      bridging groups can be present in the catalyst so long as the catalyst
      contains at least a majority of CN.sup.- bridging groups. Thus, r and t
      are numbers and r is greater than t. t is zero when only the CN group is
      the bridging group. Other bridging groups, X in the right hand formula
      above, which can be present with the CN.sup.- group, can be F.sup.-,
      Cl.sup.-, Br.sup.-, I.sup.-, OH , NO, O.sup.2.sup.-, CO, H.sub.2 O,
      NO.sub.2.sup.116 , C.sub.2 O.sub.4 .sup.2.sup.- or other other acid
      radical, SO.sub.4.sup.2.sup.-, CNO.sup.- (cyanate),
      CNS.sup.-(thiocyanate), NCO.sup.-(isocyanate), and
      NCS.sup.-(isothiocyanate) and so forth.
PAR  In the above formulae M is preferably a metal selected from the group
      consisting of Zn(II), Fe(II), Fe(III), Co(II), Ni(II), Mo(IV), Mo(VI),
      Al(III), V(IV), V(V), Sr(II), W(IV), W(VI), Mn(II) and Cr(III). On the
      other hand, M' is preferably a metal selected from the group consisting of
      Fe(II), Fe(III), Co(II), Co(III), Cr(II), Cr(III), Mn(II), Mn(III), V(IV),
      and V(V). Even more preferred catalysts of the above formulae are those
      wherein M is at least one metal selected from the group consisting of
      Zn(II), Fe(II), Co(II) and Ni(II) and wherein M' is at least one metal
      selected from the group consisting of Fe(II), Fe(III), Co(II), Co(III),
      and Cr(III). Also, a, b and c are numbers whose values are functions of
      the valences and coordination numbers of M and M', and the total net
      positive charge on M times a should be equal essentially to the total net
      negative charge on [M'(CN).sub.b ] or [M'[(CN).sub.r (X).sub.t ].sub.b ]
      times c. In most instances b corresponds to the coordination number of M'
      and is usually 6.
PAR  Examples of catalysts which fall within the above description and which may
      be used are zinc hexacyanoferrate (III), zinc hexacyanoferrate(II),
      nickel(II) hexacyanoferrate (II), nickel(II) hexacyanoferrate(III), zinc
      hexacyanoferrate (III) hydrate, cobalt(II) hexacyanoferrate(II),
      nickel(II) hexacyanoferrate(III) hydrate, ferrous hexacyanoferrate(III),
      cobalt(II) hexacyanocobaltate(III), zinc hexacyanocobaltate (II), zinc
      hexacyanomanganate(II), zinc hexacyanochromate(III), zinc iodo
      pentacyanoferrate(III), coblat(II) chloropentacyanoferrate(II), cobalt(II)
      bromopentacyanoferrate(II), iron(II) fluoropentacyanoferrate(III), zinc
      chlorobromotetracyanoferrate(III), iron(III) hexacyanoferrate(III),
      aluminum dichlorotetracyanoferrate(III), molybdenum(IV)
      bromopentacyanoferrate(III), molybdenum(VI) chloropentacyanoferrate(II),
      vanadium(IV) hexacyanochromate(II), vanadium(V) hexacyanoferrate(III),
      strontium(II) hexacyanomanganate(III), tungsten (IV)
      hexacyanovanadate(IV), aluminum chloropentacyanovanadate (V), tungsten(VI)
      hexacyanoferrate(III), manganese(II) hexacyanoferrate(II), chromium(III)
      hexacyanoferrate(III), and so forth. Still other cyanide complexes can be
      used such as Zn[Fe(CN).sub.5 NO], Zn.sub.3 [Fe(CN).sub.5 NO.sub.2 ].sub.2,
      Zn[Fe(CN).sub.5 CO], Zn[Fe(CN).sub.5 H.sub.2 O], Fe[Fe(CN).sub.5 OH],
      Cr[Fe(CN).sub.5 NCO], Cr[Fe(CN).sub.5 NCS], Al[Co(CN).sub.5 CNO], Ni.sub.3
      [Mn(CN).sub.5 CNS].sub.2, and the like.
PAR  In general, the complex catalysts of this invention are prepared by
      reacting aqueous solutions of salts which give a precipitate of a metal
      salt of a transition metal complex anion. For example, M.sub.a Z +
      M"[M'(Y).sub.b ].sub.C .fwdarw. M.sub.a [M'(Y).sub.b ].sub.c + M"Z where M
      is a metal ion which precipitates complex anion salts e.g.,
      Zn.sup.+.sup.+. a, b and c in this equation are numbers but are not
      necessarily equal on both sides of the equation since their values, again,
      are functions of the valences and coordination numbers of M, M' and M" and
      possibly Y and Z. Z is a halide or other anion e.g., Cl.sup.-; M" is a
      hydrogen ion or a metal ion whose complex anion salts are soluble in water
      or other solvent e.g., K.sup.+ or Ca.sup.+.sup.+; M' is a complexing
      transition metal ion, e.g., Fe.sup.+.sup.+.sup.+; and Y is a complexing
      anion, e.g., CN.sup.-. Excess M.sub.a Z may be used.
PAR  Little if any of the other bridging groups or ligands which can be used to
      replace part of the cyano groups (CN.sup.-) are usually introduced into
      the complex by use of the salt MaZ. Rather, they are introduced into the
      complex by employing the M"[M'(Y).sub.b ].sub.c salt containing the ligand
      or more correctly a salt having the formula M"[M'[(CN).sub.r (X).sub.t
      ].sub.b ].sub.c in which t is a number dependent on the valence of M" and
      the other symbols used are the same as identified above. For example,
      instead of potassium ferricyanide, K.sub.3 Fe(CN).sub.6, there are used
      K.sub.2 [Fe(CN).sub.5 NO], K.sub.3 [Fe(CN).sub.5 NO.sub.2 ], K.sub.2
      [Fe(CN).sub.5 CO], K.sub.2 [Fe(CN).sub.5 H.sub.2 O], K.sub.3 [Fe(CN).sub.5
      Cl], K.sub.3 [Fe(CN).sub.4 BrF], K.sub.3 [Co(CN).sub.5 I], K.sub.3
      [Co(CN).sub.5 OH], Na.sub.3 [Co(CN).sub.5 CNO], Na.sub.3 [Co(CN).sub.4
      (CNS).sub.2 ], Ca.sub.3 [ Fe(CN).sub.5 NCO].sub.2, K.sub.3 [Mn(CN).sub.5
      NCS] and so forth. Examples of the preparation of such starting materials
      are:
PAR  (I) K.sub.3 Fe(CN).sub.6 + Cl.sub.2 .fwdarw. K.sub.3 Fe(CN).sub.5 Cl +
      CNCl, and
PAR  (II) K.sub.3 Fe(CN).sub.5 Cl + H.sub.2 O .fwdarw. K.sub.2 Fe(CN).sub.5
      H.sub.2 O + KCl. They, also, may be prepared by boiling a material such as
      K.sub.3 Fe(CN).sub.6 in aqueous KCl, oxalic acid or other salt and so
      forth. Still other methods can be used. For example, see "Cyanogen
      Compounds," Williams, 2nd Ed., 1948, Edward Arnold and Co., London, p. 252
      and elsewhere.
PAR  The salts should be reacted in substantial concentration in aqueous media
      at room temperature and, also, preferably in air or under atmospheric
      pressure. However, heat can be used and the catalyst can be prepared under
      conditions substantially or entirely free of oxygen. The salts which are
      used are the chloride, fluoride, bromide, iodide, oxynitrate, nitrate,
      sulfate or carboxylic acid salt, such as the acetate, formate, propionate,
      glycolate and the like, salt of a M element of the group as defined above
      or other M salts and mixtures thereof. Preferred are the M halide salts or
      halide salt forming materials since they provide catalysts having the best
      activity. An excess of the M salt is usually reacted with a Na, K, Li, Ca
      etc. M' cyanide compound and so forth. Mixtures of these salts can be
      used.
PAR  It the resulting precipitate is then just filtered or otherwise separated
      from the water, such as by using a centrifuge and dried without further
      washing, it has been found that the precipitated complex is non-catalytic,
      that is, it fails to polymerize the organic oxides in any practical
      amount.
PAR  Apparently, extraneous ions in the solution used to form the precipitate
      are easily occluded with the complex. Anions (Cl.sup.- etc.) coordinate to
      the positively charged metallic ions in the lattice, and cations (K.sup.+
      ) coordinate to the negatively charged nitrogen atoms of the cyanide
      bridging groups. These ions, especially those anions coordinating to or
      associated with the M atom, inhibit catalytic activity or prevent the
      complex from causing appreciable polymerization. Additionally, these ions,
      for example easily ionizable Cl, may terminate the polymer chain.
PAR  On the other hand, if the complex is treated or washed one or more times
      with water, some or a substantial number of these occluded ions are
      removed from the precipitate or from the surface of the crystal lattice
      and the complex becomes an active catalyst for the polymerization of
      organic cyclic oxides. It is desired to remove all or a substantial amount
      of these occluded ions to enhance as much as possible the catalytic
      activity of the complex. However, from a practical standpoint it may not
      be possible to remove all of them due to the steps and times required.
      Moreover, some of those ions are probably trapped in the crystal lattice
      and cannot be removed easily. However, their presence should be reduced as
      much as possible. After the water wash the complex will have an
      appreciable amount of water depending on the number of washings and the
      degree of drying following water washing. These resulting catalysts will
      then have the following rational formulae: M.sub.a [M'(CN).sub.b ].sub.c .
      (H.sub.2 O).sub.d and/or M.sub.a [M'[(CN).sub.r (X).sub.t ].sub.b ].sub.c
      . (H.sub.2 O).sub.d where d is a number and where M, M', CN, X, a, b, c, r
      and t have the significance as defined supra. If the catalyst is dried or
      gently heated for extended periods of time d can be or approach zero.
PAR  Moreover, to obtain the best activity of the catalysts for polymerization,
      an organic material or organic complexing agent is added to the catalyst
      precipitate preferably before it is centrifuged or filtered, is mixed with
      the water during washing of the precipitate, is used alone as the washing
      medium provided it replaces or dissolves the occluded ions, or is used to
      treat or wash the precipitate after it has been washed with water to
      replace at least a portion of the water. Sufficient of such organic
      material is used to effect these results in order to activate and/or
      enhance the activity of the catalyst. Such organic material, also, should
      desirably coordinate with the M element or ion and should desirably be one
      or more relatively low molecular weight organic materials. The organic
      material should preferably be water miscible or soluble or substantially
      so, have a substantially straight chain or be free of bulky groups and
      have up to 18 carbon atoms, even more preferably only up to 10 carbon
      atoms, and be a liquid at room temperature.
PAR  Examples of organic materials for use in treating the double metal cyanide
      catalysts are alcohols, aldehydes and ketones such as methanol, ethanol,
      propanol, isopropanol, butanol, hexanol, octanol, and t-butyl alcohol;
      formaldehyde, acetaldehyde, propionaldehyde, butyraldehyde,
      i-butyraldehyde, glyoxal, benzaldehyde and tolualdehyde; and acetone,
      methyl ethyl ketone, 3-pentanone, 2-pentanone, and 2-hexanone. Ethers such
      as organic cyclic polyethers are also useful. Examples of such cyclic
      ethers are m-dioxane, p-dioxane, trioxymethylene, paraldehyde and so
      forth. Aliphatic saturated monoethers and acyclic aliphatic polyethers are
      also useful as treating agents. Examples of such ethers are ethyl ether,
      1-ethoxy pentane, bis-(b-chloro-ethyl) ether, bis-(b-ethoxy ethyl) ether
      or diglyet, butyl ether, ethyl propyl ether, bis-(b-methoxy ethyl) ether
      or diglyme, ethylene glycol dimethyl ether, triethylene glycol dimethyl
      ether, dimethoxy methane, acetal, methyl propylether, diethoxymethane,
      octaethylene glycol dimethyl ether and so forth of which the acyclic
      polyethers are preferred. Still other organic complexing agents can be
      used such as the amides, esters, nitriles and sulfides of which the
      following are examples: formamide, acetamide, propionamide, butyramide,
      and valeramide; amyl formate, ethyl formate, n-hexyl formate, n-propyl
      formate, methyl acetate, ethyl acetate, methyl propionate, and triethylene
      glycol diacetate; acetonitrile, propionitrile and butyronitrile; and
      dimethyl sulfide, diethyl sulfide, dibutyl sulfide, dipropyl sulfide, and
      diamyl sulfide and so forth. Preferred are ethers having more than one
      oxygen atom and which form a chelate bond with respect to M. Mixtures of
      these organic treating agents can be used. Excess of these organic
      treating agents which are not complexed with the catalyst, especially the
      high boiling compounds, can be removed by extraction with pentane, hexane
      and so forth.
PAR  After treatment with the above organic material the catalysts have the
      following rational formulae:
EQU  M.sub.a [M'(CN).sub.b ].sub.c . (H.sub.2 O).sub.d . (R).sub.e
PAL  and/or
PAL  M.sub.a [M'[(CN).sub.r (X).sub.t ].sub.b ].sub.c . (H.sub.2 o).sub.d .
      (R).sub.e . In these formulae d can be a number, fractional number, or
      zero and e is a number which, since the catalyst is a nonstoichiometric
      complex in which various amounts of H.sub.2 O and R may be bonded to the
      various M's, may be a fractional number rather than an integer. e is zero
      when the complex is not treated with R. R is one or more of the complexing
      organic amides, alcohols, aldehydes, esters, ethers and so forth shown
      above. M, M', CN, X, a, b, c, r and t have the significance as discussed
      above. In general, d and e will have values corresponding at least in part
      to the coordination number of M. However, both the H.sub.2 O and R can be
      occluded in the crystal lattice. In general the sum of the oxygen,
      nitrogen and/or sulfur or other coordinating atoms of H.sub.2 O and R
      (depending on the organic complexing agent) is equal to from about 0.1 up
      to about 5.0 g-atoms maximum per g-atom of M. Subsequent drying or heating
      of the catalyst to remove all of the H.sub.2 O and/or R results in a loss
      or a substantial decrease in the catalytic activity of the catalyst.
PAR  As shown by the previous formulae if the organic complexing material is not
      used, R will not be present, and hence, e can be zero. Thus, the general
      formula for these catalysts is M.sub.a (K).sub.c . (H.sub.2 O).sub.d .
      (R).sub.e where M, H.sub.2 O, R, a, c, d, and e have the significance as
      indicated above, where d and e also can be or approach zero, where K is
      selected from the group consisting of M'(CN).sub.b and M'[(CN).sub.r
      (X).sub.t ].sub.b , and where M', CN, X, b, r and t have the significance
      as indicated above. With regard to the subscripts in the above formulae,
      number includes whole numbers as well as fractional numbers.
PAR  It is to be noted that if the catalyst is merely filtered or centrifuged
      from the solution in which it was prepared and washed with one of the
      polymerizable cyclic oxide monomers, it shows little or no catalytic
      activity for subsequent polymerization of said monomers. On the other
      hand, if the catalyst is washed with water and the ether, or the ether or
      other organic complexing compound as described above, and subsequently
      with one of the polymerizable cyclic oxide monomers a storable initiator
      for polymerization is obtained.
PAR  After the washing steps, the precipitate or catalyst can be used as such.
      However, it is preferred to dry it to remove excess treating agent and any
      remaining easily removable H.sub.2 O and to provide it in a form which is
      easily handled. Such drying is readily accomplished by subjecting the
      catalyst to a vacuum or by heating it in air or in an inert atmosphere at
      a temperature up to about 100.degree.C. It is more preferred to dry under
      a vacuum (for example 0.5-1 mm Hg) at low temperature, for example, about
      room temperature (25.degree.C.) or in a stream of air, nitrogen or inert
      gas at 25.degree.C. or at least a temperature above about 5.degree.C. The
      heat-treated catalyst has generally to be used at higher concentrations
      than the vacuum-treated catalyst. As the temperature during drying is
      increased, the activity of the catalyst for polymerization is decreased.
      Thus, high temperatures are to be avoided. 200.degree.C. may be considered
      as a maximum temperature. During heat treatment, it is believed that some
      of the oxygenated and other organic treating compounds weakly coordinated
      to M may be lost to leave voids in the crystal lattice, and the atoms in
      the crystal lattice may rearrange to satisfy the coordination requirements
      of the metals. Heating may also remove CN.sup.- as (CN).sub.2 and reduce
      M'. Also, the molecular weight of the catalyst can increase, and the
      number of "exposed" metal ions on the surface of the catalyst or the
      active sites can be reduced, thus reducing activity of the catalyst for
      epoxide and oxetane polymerization. It, thus, is preferred that the drying
      step leave as many as possible M ions exposed in the lattice of the
      complex and that the catalyst be in finely divided or particulate form to
      obtain the best results for polymerization. Moreover, freshly prepared
      (precipitated, washed and dried) catalysts are preferred rather than
      catalysts which have been aged or stored for extended periods of time
      since the catalysts decompose slowly when stored. The catalyst can be
      stored for longer times at lower temperatures.
PAR  It is not precisely known what occurs to make the double metal cyanide
      complexes, especially those treated with the above organic complexing
      materials (ether, etc.), so useful in polymerizing organic cyclic oxides.
      While the following discussion relates to treatment of the double metal
      cyanide catalyst with ethers, it will be appreciated that it will
      generally also apply to treatment of such catalyst with the other organic
      treating agents shown above. It has been shown that, for example, with
      respect to zinc hexacyanoferrate, as an illustration, when the precipitate
      is washed with dioxane, a more effective catalyst is produced. During this
      treatment with dioxane, it is believed that a number of reactions take
      place: (1) some of the chloride ions in the lattice are oxidized,
      resulting in the reduction of Fe(III) to Fe(II); (2) the chlorine from
      reaction (1) reacts with the water and ether present during the
      wash-treatment to give Cl.sup.-, and chlorinated ether; (3) the successive
      washes remove some of the products of reaction (2); and (4), the oxygen
      atoms of the ether apparently coordinate to the zinc ions in the lattice,
      rearranging the lattice structure by inserting dioxane groups between the
      zinc ions as follows:
      ##EQU4##
      Thus, in the case of some of the dioxane-zinc hexacyanoferrate complexes,
      elemental analyses revealed that they were apparently nonstoichiometric
      complexes having the formula Zn.sub.3 [Fe(CN).sub.6 ].sub.2 (C.sub.4
      H.sub.8 O.sub.2).sub.x (H.sub.2 O).sub.y, where y = 1 to 2 and x = 2.5 to
      3.1. According to infrared and elemental analyses some of the dioxane in
      the complex may be chlorinated and some of the H.sub.2 O may be in the
      form of --OH or --O-- groups. As ordinarily prepared, these complexes
      generally contained from about 4 to 5% Cl.sup.- and a smaller amount of
      K.sup.+.
PAR  If the catalyst is prepared with Zn(NO.sub.3).sub.2 instead of ZnCl.sub.2,
      approximately 50% of the normal amount of dioxane is incorporated in the
      catalyst. This catalyst is not as effective as the one prepared from the
      chloride.
PAR  Although a great part of the iron in the ether (or other organic complexing
      moiety) -- zinc hexacyanoferrate complex is believed to be Fe(II), as a
      result of the oxidation-reduction reaction that occurs during preparation,
      the dioxane complex prepared from ZnCl.sub.2 and K.sub.4 Fe(CN).sub.6 is
      not as active even at polymerization temperatures of 80.degree.C. Analyses
      showed that a reduced amount of dioxane was incorporated in such complexes
      and the chlorine content was high.
PAR  The reduced catalytic effect when using Zn(NO.sub.3).sub.2 or K.sub.4
      Fe(CN).sub.6 in the preparation of the catalyst complex is apparently
      related to the mechanism of the ether-hexacyanoferrate reaction. This
      mechanism may be viewed as follows. As the chloride ions of the surface
      zinc ions in the crystal lattice transfer electrons into the Zn . . .
      NC-Fe grouping, either molecules can displace the resulting chlorine atoms
      and form ether-zinc coordinate bonds. For example, Zn.sub.3 [Fe(CN).sub.6
      ].sub.2 (KCl).sub.y + yror.fwdarw. Zn.sub.3 [Fe(CN).sub.6 ].sub.2
      (ROR).sub.y + yCl.degree. Note: y in the above equation may not be same as
      in the preceding formulae).
PAR  The driving force for this reaction is the removal of Cl.sub.2 by solution
      of the gas in the water and ether and the reaction of Cl.sub.2 with the
      ether.
PAR  This oxidation-reduction reaction and displacement of the chlorine by ether
      is accompanied by a change in the crystal lattice. According to elemental
      and infrared analyses, most of the zinc ions in the lattice appear to form
      coordination bonds with from 1 to 4 oxygen atoms. The oxygen atoms of both
      the water and the ether are involved in this coordination. X-ray analysis
      and density measurements appeared to confirm this lattice change. Thus,
      the oxygen atoms of the ether compete with the CN group of the
      Fe(CN).sub.6 anion to produce a polymeric structure with more exposed zinc
      ions as shown below:
      ##EQU5##
      This process of "opening up" the lattice is aided by the presence of water
      during the ether treatment. Apparently, the water dissolves Fe(CN).sub.6
      anion sections in the lattice that are coordinated to K.sup.+ ions, and
      more of the lattice becomes exposed to the ether during the
      hexacyanoferrate-ether reaction.
PAR  One technique for removing water from the lattice structure is to displace
      the water with ether and remove the former by azeotropic distillation. The
      distillation is best carried out under vacuum at room temperature or
      thereabouts, i.e., 5 to 40.degree.C., in order to prevent decomposition of
      the complex which may occur at elevated temperatures as discussed supra.
      In any event temperatures should not go above 100.degree. or 200.degree.C.
      as discussed supra or below about 5.degree.C. Hexane or other relatively
      low-boiling, inert, and essentially water-insoluble solvents such as
      heptane, toluene, benzene, pentane, 2-chlorobutane, cyclohexane,
      cyclopentane, ethylene chloride, and butane can be used in this
      distillation to separate the water from the ether as the distillate
      collects in a trap. In this way, all displaceable water is removed,
      however, some water usually invariably remains trapped in the lattice.
      Other methods can be used to remove the water.
PAR  Chloride ions can inhibit the polymerization reaction. Several methods for
      reducing the ionizable chlorine or other ionizable anions in the catalysts
      can be used. For example, in one method the catalyst is washed with a
      solution containing ether and water and the soluble chloride salt is
      removed. In another method the zinc hexacyanoferrate is prepared by
      reacting compounds such as Ca.sub.3 [Fe(CN).sub.6 ].sub.2, AlFe(CN).sub.6,
      or Li.sub.3 Fe(CN).sub.6 with ZnCl.sub.2. The corresponding halide that
      forms and occludes on the crystals of Zn.sub.3 [Fe(CN).sub.6 ].sub.2 is
      then removed by the ether during the washing operation. When the
      preparations are made with K.sub.3 Fe(CN).sub.6, ether-insoluble KCl is
      produced. However, when zinc hexacyanoferrate is prepared by the second
      method above, ether (organic treating agent) soluble CaCl.sub.2,
      AlCl.sub.3, or LiCl is produced. Also, where ions such as Cl.sup.- are
      covalently bound to the complex, they do not apparently adversely affect
      polymerization of the epoxides and oxetanes. In fact, the organic
      complexing materials like the chlorinated ethers can improve the
      efficiency of the catalyst, because the halogenated ethers can be
      displaced more readily by the epoxides and oxetanes to start
      polymerization then the non-halogenated ethers.
PAR  When the catalyst is treated with polyethylene glycol ethers, a very active
      catalyst is obtained. They apparently form a chelate bond to the zinc ion.
      The formation of a chelate complex increases the driving force of the
      hexacyanoferrate-ether reaction and makes for a very open lattice because
      polymeric coordination through the oxygen atom is prevented. The
      coordination of Zn.sub.3 [Fe(CN).sub.6 ].sub.2 with diglyme (dimethyl
      ether of diethylene glycol) is shown below:
      ##EQU6##
      The use of diglyme and diglyet (dimethyl and diethyl ethers, respectively,
      of diethylene glycol) in the usual catalyst preparation was found to
      increase the efficiency of the catalyst.
PAR  Moreover, the addition of a substantial amount, such as 30-70% by volume of
      the total fluid, of the ether (or other organic treating agent) to freshly
      precipitated hexacyanoferrate in water greatly enhanced the activity of
      the catalyst. According to elemental analysis, this complex may have some
      (ZnCl).sup.+ ions in its structure.
PAR  It, thus, would appear that the best catalysts for oxide polymerization are
      those that contain the greatest amount of Zn--O ether bonds, rather than
      Zn--O H.sub.2 O bonds, and the least amount of ionizable chlorine. The
      more active catalysts, also, are prepared by using an excess of zinc
      chloride and adding the K.sub.3 Fe(CN).sub.6 solutions to the chloride.
PAR  The catalyst is used in a minor amount by weight only sufficient to
      catalyze the reaction. Large amounts are usually wasteful and may in time
      cause reversion or subsequent decomposition of the polymer or telomer. In
      some cases, use of large amounts of telogen to reduce the molecular weight
      may require extra amounts of catalysts. Also, for example, one telogen may
      require the use of more catalyst than another telogen. In general, there
      is used a total of from about 0.001 to 15% by weight of the catalyst based
      on the total weight of the polymerizable or telomerizable cyclic oxide
      monomer or monomers employed during telomerization. However, it is
      preferred to use from about 0.01 to 1.00% by weight of the catalyst based
      on the total weight of the monomer(s).
PAR  In the case of many inorganic preparations where precipitates are to be
      formed, it is usual to employ an excess of one of the reactants to drive
      the reaction forward or to obtain the desired yield. Consequently, the
      precipitate which forms can contain some of one or more of the reactants
      or a co-precipitate. In the preparation of the double metal cyanide
      catalysts it is generally desirable to employ an excess of a M metal salt,
      i.e., ZnCl.sub.2, which is co-precipitated with the desired double metal
      cyanide. Washing with water removes some of the salts like the excess
      ZnCl.sub.2. Repeated washings will remove more of the ZnCl.sub.2 until the
      catalyst has a very low chloride or ZnCl.sub.2 content. Such a catalyst is
      useful in the preparation of telomers wherein the unsaturation is
      virtually nil although more catalyst must be used. Moreover, the repeated
      washings and dryings of the catalyst are time consuming and the resulting
      telomer has a broader molecular weight distribution. It is preferred to
      wash with water and the organic complexing agent for a limited number of
      times or to a limited degree to obtain the highest catalytic activity. A
      telomer or polymer with a broad molecular weight distribution may be
      desirable for some purposes but they are generally of higher viscosity and
      difficult to mix. It is preferred in making polyurethane foams to have a
      narrower molecular weight distribution for the polyol in order to better
      control the foaming action and final properties of the foam and to provide
      polymers with much reduced amounts of unsaturation. On the other hand, the
      catalyst need not be washed so extensively with water and the complexing
      agent but rather in an amount sufficient to remove a substantial amount of
      the zinc salt yet provide a measurable amount of the zinc salt in the
      catalyst which also contains the complexing agent. Such a catalyst
      possibly due to the presence of the salt may be considered as acidic and
      with certain monomers as defined above
      ##EQU7##
      will provide telomers having undesirable unsaturation. On the other hand,
      if a basic solvent is used during the telomerization, such acidic
      catalysts will provide the desired telomers with little or no unsaturation
      and with a narrower molecular weight distribution employing coonsiderably
      less catalyst. Such catalysts will have the general formula M.sub.a
      (K).sub.c . (H.sub.2 O).sub.d . (R).sub.e . (M(J).sub.m).sub.n where M, a,
      K, c, d, R and e are the same as discussed above. m is a number equal to
      the valence of M and n is a number (fractional or whole). J is a halide of
      a metal salt which gives a precipitate of a metal salt of a transition
      metal complex halide, for example, chloride, and bromide. Further
      information on the preparation of double metal cyanide catalysts is
      disclosed in U.S. Pat. Nos. 3,278,457; 3,278,458; 3,278,459 and 3,404,109.
PAR  Mixtures of these catalysts can be used.
DETD
PAC  EXAMPLES
PAR  The following examples will serve to illustrate the present invention with
      more particularity to those skilled in the art:
PAC  EXAMPLE 1
PAR  The catalyst, Zn.sub.3 [Fe(CN).sub.6 ].sub.2 . H.sub.2 O . dioxane in one
      case and Zn.sub.3 [Co(CN).sub.6 ].sub.2 . H.sub.2 O . acetone in another,
      was added to a citrate bottle flushed with N.sub.2, followed by propylene
      oxide and then acetone as the telogen, flushed with N.sub.2, and capped.
      The capped bottle was then rotated in a constant temperature water bath
      for a predetermined period of time. The amounts of materials used, time of
      telomerization, bath or telomerization temperature and results obtained
      are shown in Table A, below:
TBL                TABLE A                                                     
     ______________________________________                                    
     TELOMERIZATION CONDITIONS                                                 
     CATALYST                                                                  
                      Concen-   Acetone                                        
     Run  Formula     tration   Wt. %  Temp.,                                  
                                             Time,                             
     No.  (1)         Wt.% (2)  (2)    .degree.C.                              
                                             hrs.                              
     ______________________________________                                    
     1-A  Zn.sub.3 [Fe(CN).sub.6 ].sub.2                                       
                      0.10      2      80    18                                
     B                0.10      10     80    18                                
     C                0.20      2      80    18                                
     D                0.20      10     80    18                                
     2-A  Zn.sub.3 [Fe(CN).sub.6 ].sub.2                                       
                      0.20      2      60    18                                
     B                0.20      10     60    18                                
     3-A  Zn.sub.3 [Co(CN).sub.6 ].sub.2                                       
                      0.03      2      80    24                                
     B                0.03      10     80    24                                
     4-A  Zn.sub.3 [Co(CN).sub.6 ].sub.2                                       
                      0.01      0      70    24                                
     ______________________________________                                    
     (1) Catalyst also contained                                               
                        (2) Based on the weight of                             
     H.sub.2 O + dioxane or acetone                                            
                        the propylene oxide.                                   
     as indicated above.                                                       
     RESULTS                                                                   
     Run  Conver-  Appear-    Hydroxyl                                         
                                     Unsatu-                                   
                                            Viscosity                          
     No.  sion %   ance (3)   Content                                          
                                     ration cps.                               
                   at about 25.degree.C                                        
                              mm/g.  mm/g.                                     
     ______________________________________                                    
     1-A  84       HO         0.31   0.11                                      
     B    80       LO         0.76   0.25                                      
     C    100      MO         0.35   0.11                                      
     D    100      LO         0.84   0.26                                      
     2-A  100      HO          .58    .013 (4)                                 
                                            --                                 
     B    100      MO         1.14    .022 (4)                                 
                                            1121                               
     3-A  71       MO         0.39   0.14   2803                               
     B    76       LO         0.83   0.29   287                                
     4-A  17       Solid                                                       
     ______________________________________                                    
     (3)  L = light       (4) After treatment with                             
          M = medium      ion exchange resin                                   
          H = heavy                                                            
          O = oil                                                              
PAR  Preparation of catalyst for Runs 1 A-D and 2 A-B, above. Ca.sub.3
      [Fe(CN).sub.6 ].sub.2 + 3ZnCl.sub.2 .fwdarw. Zn.sub.3 [Fe(CN).sub.6
      ].sub.2 + 3 CaCl.sub.2. Ca.sub.3 [Fe(CN).sub.6 ].sub.2 dissolved in water
      was added dropwise to ZnCl.sub.2 dissolved in water. After sufficient
      mixing, the zinc ferricyanide was centrifuged, and the clear liquid was
      discarded. The zinc ferricyanide was then washed with dioxane. After
      sufficient agitation, the solution was centrifuged and the clear liquid
      discarded. The steps of dioxane washing, centrifuging and discarding the
      liquid were repeated four times. After the 4 washes, the catalyst was
      dried at room temperature in a vacuum desiccator. After the catalyst in
      the vacuum desiccator was dry, it was ground up with a mortar and pestle
      and then placed in a nitrogen flushed bottle. The catalyst was Zn.sub.3
      [Fe(CN).sub.6 ].sub.2 . H.sub.2 O . dioxane. Vacuum treatment of a portion
      of the catalyst at about 100.degree.C. would show that it contained about
      13% by weight of liquid analyzing 20-30% water and 80-70% dioxane.
PAR  Preparation of catalyst for Runs 3 A-B and 4 A above. 55.04 gms. of calcium
      cobalticyanide was dissolved in 400 ml. of water. This was added dropwise
      to 44.98 grams of zinc chloride (10% excess) dissolved in 200 ml. of
      water. The catalyst was then centrifuged and the decant discarded. The
      catalyst was then washed with acetone, centrifuged and the decant
      discarded. The procedures of washing, centrifuging and decanting were
      repeated three more times. The catalyst was then placed in a vacuum oven
      at room temperature to dry. The dried material was pulverized by means of
      a mortar and pestle. The zinc cobalticyanide, Zn.sub.3 [Co(CN).sub.6
      ].sub.2 . H.sub.2 O . acetone, obtained was a white powder. A portion of a
      catalyst prepared in the same way was placed in a pyrex tube at
      100.degree.C. Dry nitrogen gas (lamp grade) was blown through the tube and
      into a U-tube in a dry ice bath. About 12.8% by weight of liquid was
      collected of which about 75% .+-. 5% was acetone and about 25% .+-. 5% was
      water as determined by gas chromatography.
PAC  EXAMPLE 2
PAR  Propylene oxide was polymerized with Zn.sub.3 [Fe(CN).sub.6 ].sub.2 .
      H.sub.2 O . dioxane catalyst using various telogens according to the
      method of Example 1, above. The polymerization conditions and results
      obtained are shown in Table B, below:
TBL                                    TABLE B                                 
     __________________________________________________________________________
     TELOMERIZATION CONDITIONS                                                 
     Run Zn.sub.3 [Fe(CN).sub.6 ].sub.2                                        
                   Telogen, Type                                               
                            Wt.%                                               
                               Temper-                                         
                                    Time,                                      
     No. Concentration      (1)                                                
                               ature,                                          
                                    hrs.                                       
         Wt.% (1)              .degree.C.                                      
     __________________________________________________________________________
     20-A                                                                      
         0.20     Hexanedione-2,5                                              
                            4  80   20                                         
     B   0.20     Hexanedione-2,5                                              
                            20 80   20                                         
     21-A                                                                      
         0.16     Propionaldehyde                                              
                            2  80   16                                         
     B   0.16     Propionaldehyde                                              
                            10 80   16                                         
     22-A                                                                      
         0.16     Methylethylketone                                            
                            2  60   16                                         
     B   0.16     Methylethylketone                                            
                            10 60   16                                         
     23-A                                                                      
         0.16     Cyclopentanone                                               
                            2  60   16                                         
     B   0.16     Cyclopentanone                                               
                            10 60   16                                         
     24-A                                                                      
         0.16     Methanol  0.2                                                
                               60   16                                         
     B   0.16     Methanol  2.0                                                
                               60   16                                         
     C   0.16     Methanol  10.0                                               
                               60   24                                         
     25-A                                                                      
         0.16     tert-Butanol                                                 
                            0.2                                                
                               60   16                                         
     B   0.16     tert-Butanol                                                 
                            2.0                                                
                               60   16                                         
     C   0.16     tert-Butanol                                                 
                            10.0                                               
                               60   24                                         
     RESULTS                                                                   
     __________________________________________________________________________
     Run         Conversion                                                    
                           Appearance                                          
     No. % (2)   of Polymer (3)                                                
                 at about 25.degree.C.                                         
     __________________________________________________________________________
     20-A                                                                      
         40      HO                                                            
     B   10      MO                                                            
     21-A                                                                      
         64      MO                                                            
     B   16      LO                                                            
     22-A                                                                      
         100     HO                                                            
     B   98      HO                                                            
     23-A                                                                      
         83      LG                                                            
     B   51      MO                                                            
     24-A                                                                      
         100     HG                                                            
     B   100     HO                                                            
     C   60      LO                                                            
     25-A                                                                      
         100     Tacky solid                                                   
     B   100     HG                                                            
     C   77      HO                                                            
     __________________________________________________________________________
      (1) Based on the weight of the monomer                                   
      (2) Monomer to Polymer                                                   
      (3) H = heavy; M = medium; L = light; O = oil; G = grease                
PAR  The catalyst for Runs 20 A-B to 25 A-C, above, was prepared by the
      following procedure. 49.5 gms. of K.sub.3 Fe(CN).sub.6 were dissolved in
      300 ml. of water. 76 gms. of AgNO.sub.3 dissolved in 100 ml. of water were
      added to the K.sub.3 Fe(CN).sub.6 solution. After sufficient stirring the
      Ag.sub.3 Fe(CN).sub.6 was filtered from the solution. The Ag.sub.3
      Fe(CN).sub.6 calculated to weigh 80 grams was washed with 800 ml. of water
      and filtered again. After two washings with 800 ml. of water, the Ag.sub.3
      Fe(CN).sub.6 was added to 500 ml. of water. 27 gms. of CaCl.sub.2
      dissolved in 100 ml. of water was added to the Ag.sub.3 Fe(CN).sub.6
      slurry. After sufficient agitation, the AgCl was filtered out of the
      solution and discarded. The solution calculated to contain 40.5 gms. of
      Ca.sub.3 [Fe(CN).sub.6 ].sub.2 was placed in a 1000 ml. beaker. 33.4 gms.
      of ZnCl.sub.2 dissolved in 60 ml. of H.sub.2 O was added to the Ca.sub.3
      [Fe(CN).sub.6 ].sub.2
PAL  solution. After sufficient agitation, the solution and precipitate were
      centrifuged. The solution was discarded and the precipitate was washed
      with dioxane. After washing with dioxane, the precipitate was centrifuged
      and the dioxane discarded. The washing, centrifuging and decanting
      (discharge of dioxane) was repeated three times. The catalyst was then
      dried under a vacuum at room temperature. The density of the catalyst was
      0.2507 g./cc.
PAC  EXAMPLE 3
PAR  The method of this example was similar to the methods of the preceding
      examples except that the catalyst used was the same type of catalyst as
      used in Example 1, Runs 3 A-B and 4 A, above, other telogens were used,
      and in some cases, other monomers were employed. The amounts of monomers
      used, telomerization conditions and results obtained are shown in Table C,
      below:
TBL                                    TABLE C                                 
     __________________________________________________________________________
     MONOMER (S)                                                               
     Run Monomer       Comonomer                                               
     No.        Mole % (1)   Mole % (1)                                        
     __________________________________________________________________________
     30-A                                                                      
         PO (9) 100    --                                                      
     B   PO     100    --                                                      
     31-A                                                                      
         PO     100    --                                                      
     32-A                                                                      
         PO      97    AGE (2)                                                 
                             3                                                 
     33-A                                                                      
         PO     100    --                                                      
     B   PO     100    --                                                      
     C   PO     100    --                                                      
     D   PO     100    --                                                      
     34-A                                                                      
         PO     100    --                                                      
     B   PO     100    --                                                      
     35-A                                                                      
         PO     100    --                                                      
     B   PO     100    --                                                      
     36-A                                                                      
         1,2BO (3)                                                             
                100    --                                                      
     B   1,2BO  100    --                                                      
     C   1,2BO  100    --                                                      
     TELOMERIZATION CONDITIONS                                                 
     __________________________________________________________________________
     Run Catalyst                                                              
               Telogen      Temp.,                                             
                                Time,                                          
     No. Wt.% (4)                                                              
                Type  Mol % (5)                                                
                            .degree.C.                                         
                                hours                                          
     __________________________________________________________________________
     30-A                                                                      
         0.04  Acetone                                                         
                      9.1   60  24                                             
     B   0.04  Acetone                                                         
                      2.0   60  24                                             
     31-A                                                                      
         0.05  Acetone                                                         
                      0.23  60  24                                             
     32-A                                                                      
          0.048                                                                
               Acetone                                                         
                      7.0   60  24                                             
     33-A                                                                      
         0.16  TMPAE (6)                                                       
                      5.0   80  24                                             
     B   0.08  TMPAE  2.5   80  24                                             
     C   0.04  TMPAE  .2    80  24                                             
     D   0.04  TMPAE  .8    80  24                                             
     34-A                                                                      
         0.04  Glycidol                                                        
                      1.0   80  24                                             
     B   0.04  Glycidol                                                        
                      0.3   80  24                                             
     35-A                                                                      
         0.12  Glycidol                                                        
                      3     80  24                                             
     B   0.12  Glycidol                                                        
                      1     80  24                                             
     36-A                                                                      
         0.04  Acetone                                                         
                      9     80  24                                             
     B   0.04  Acetone                                                         
                      3     80  24                                             
     C   0.04  Acetone                                                         
                      1     80  24                                             
     RESULTS                                                                   
     __________________________________________________________________________
     Run                                                                       
        Yield                                                                  
            Kinematic                                                          
                  OH  Unsatu-                                                  
                           Acid                                                
                                Remarks                                        
     No.                                                                       
        % (7)                                                                  
            Viscosity                                                          
                  No. ration                                                   
                           No.                                                 
                       mm/g.                                                   
     __________________________________________________________________________
     30-A                                                                      
        75  --    66.6                                                         
                      0.031                                                    
                           0.14*                                               
                               * Foams prepared                                
     B  100 1261  32.7                                                         
                      0.051                                                    
                           0.04                                                
                               from mixtures                                   
                               containing 50                                   
                               and 75% of the                                  
                               material to-                                    
                               gether with                                     
                               LG-56. Dry and                                  
                               stable although                                 
                               weaker than                                     
                               control. (10)                                   
     31-A   0.68 (8)                                                           
                  10-12                                                        
                      0.01 0.1 M.W. (Osmotic)                                  
     37-57 .times. 10.sup.3                                                    
     32-A                                                                      
        97.5                                                                   
            329   54   .63 0.06                                                
     33-A                                                                      
        --  234   106                                                          
     B  --  557   61.6                                                         
     C  --  9263  40.3                                                         
     D  --  64,646                                                             
                  18.8                                                         
     34-A                                                                      
         28                                                                    
         (sticky paste)                                                        
     B   36                                                                    
         (tacky solid)                                                         
     35-A                                                                      
         Heavy oil.                                                            
     B   Thick paste.                                                          
     36-A                                                                      
         Medium oil.                                                           
     B   Heavy oil.                                                            
     C   Very Heavy oil                                                        
     __________________________________________________________________________
      (1) Based on total 100 mol % of monomer(s)                               
      (2) Allyl glycidyl ether                                                 
      (3) 1,2-epoxy butane                                                     
      (4) Based on total weight of monomers charged                            
      (5) Based on total of 100 mole % of monomer(s)                           
      (6) Trimethylol propane mono allyl ether                                 
      (7) Monomer to Polymer. Also, appearance of polymer at about 25.degree.C.
      (8) Inherent viscosity in benzene                                        
      (9) Propylene oxide                                                      
      (10) LG-56, "Niax Triol LG-56", is a propylene oxide adduct of glycerol  
      containing substantially 90-95% secondary OH radicals, an OH number of   
      about 56, and an average molecular weight of from about 2800-3100.       
      Experience has shown that appreciable amounts of monofunctional material 
      in polyurethane foam formulations leads to chain breaking and collapse   
      while significant amounts of non-functional material gives the           
      polyurethane foam a sticky feel. The foams (*) were prepared by the      
      one-shot process.                                                        
PAC  EXAMPLE 4
PAR  The method of this example was similar to the methods of the preceding
      examples. The catalyst used was prepared in a manner similar to the
      catalyst of Example 1, Runs 3 A-B and 4 A, above; triols were used as the
      telogens; telomerizations were run for 24 hours; and propylene oxide was
      the monomer. The polymerization conditions and results obtained are shown
      in Table D, below:
TBL                                    TABLE D                                 
     __________________________________________________________________________
     Run                                                                       
        Cat.                                                                   
            Telogen          Molecular Wt.                                     
     No.                                                                       
        Conc.                                                                  
            Type Conc.                                                         
                     Temp.,                                                    
                         Yield                                                 
                             Calc.                                             
                                  Found Visc.                                  
        Wt.%     Wt.%                                                          
                     .degree.C.                                                
                         % (1)                                                 
        (1)      (1)                                                           
     __________________________________________________________________________
     40 .033                                                                   
            (2)   .67                                                          
                     60  37  15000                                             
                                  9500 (4)                                     
                                        1.37 (6)                               
     41 .067                                                                   
            (2)   2.7                                                          
                     60  55  5300 4670 (4)                                     
                                         .82 (6)                               
     42 .39 (2)  10.7                                                          
                     60  72  2160 2400 (4)                                     
                                         .17 (6)                               
                                          (8)                                  
     43 .53 TMP(3)                                                             
                 10.7                                                          
                     50  90  1260 1310 (5)                                     
                                         579 (7)                               
     44 .13 (2)   5.4                                                          
                     50  100 5100 3900 (5)                                     
                                        2796 (7)                               
     45 .26 (2)  10.7                                                          
                     50  100 2700 2330 (5)                                     
                                         887 (7)                               
     __________________________________________________________________________
      (1) Based on weight of monomer charged.                                  
      (2) CP-260. tri(propylene oxide) adduct of glycerol, Dow Chemical Co.,   
      Molecular weight about 260, generally 1,2,3-tri(2-hydroxy-propoxy)       
      propane.                                                                 
      (3) Trimethylol propane.                                                 
      (4) End group analysis assuming triol formation.                         
      (5) Mecrolab Osmometer.                                                  
      (6) Intrinsic in benzene.                                                
      (7) Kinematic C.S. at 25.degree.C.                                       
      (8) Crosslinked when reacted with diisocyanate; 86.5% insoluble in       
      benzene. This shows that the polyol obtained had a functionality greater 
      than two.                                                                
PAC  EXAMPLE 5
PAR  The method of this example was similar to that of the preceding examples.
      One of the catalysts used was a Zn.sub.3 [Co(CN).sub.6 ].sub.2 compound
      prepared using acetone according to the method of Example 1, above.
      Another Zn.sub.3 [Co(CN).sub.6 ].sub.2 catalyst was prepared according to
      the method of Example 1, above, except that glyme, ethylene glycol
      dimethyl ether, was used in place of acetone. The monomer was propylene
      oxide, various multifunctional telogens were used, and the polymerization
      conditions and results obtained are shown in Table E, below:
TBL                                    TABLE E                                 
     __________________________________________________________________________
                           Telogen                                             
     Run Zn.sub.3 [Co(CN).sub.6 ].sub.2                                        
                  Wt. % Cat.        Concen.     Product Mole.                  
                                                           Viscosity           
     No. Catalyst Based on Type     g/100 g. of                                
                                            Pzn.                               
                                                By end                         
                                                     Vapor of Product,         
         Prepared Wt. of monomer    monomer Temp.                              
                                                group                          
                                                     Pressure                  
                                                           C.S. at             
         with                               .degree.C.                         
                                                analysis                       
                                                     Osmometer                 
                                                           25.degree.C.        
     __________________________________________________________________________
     50-A                                                                      
         Glyme    .0625    Ethylene 1.0     50  4840 4170  --                  
     B   Glyme    .0875    glycol   1.5     50  3190 2940  --                  
     C   Glyme    .125              3.0     50  1685 1580  --                  
     51-A                                                                      
         Acetone  .033     Pentane- 1.3     60  5350 5920  --                  
     B   Acetone  .066     diol-1,5 2.7     60  3730 3920  3890                
     C   Acetone  .13               5.3     60  2070 2100   669                
     52-A                                                                      
         Glyme    .13      Resorcinol                                          
                                    5.9     50  1570 --    --                  
     53-A                                                                      
         Glyme    .07      Bisphenol A                                         
                                    12.1    50  2010 --    --                  
     54-A                                                                      
         Acetone  .5       Polytetra-                                          
                                    100.0   25  1950 --    --                  
                           hydrofuran (1)                                      
     55-A                                                                      
         Glyme    .07      RJ-100 (2)                                          
                                    33.0    50  3120 --    Viscous             
                                                           Liquid              
     __________________________________________________________________________
      (1) Molecular weight of about 1000.                                      
      (2) Partially hydrolyzed styrene-vinyl acetate copolymer, hydroxyl       
      functionality of 5.4, brittle solid at 25.degree.C., and molecular weight
      of about 1500.                                                           
PAC  EXAMPLE 6
PAR  Polypropylene ether glycol telomers of several different molecular weights
      were prepared by the method of this invention as generally shown with
      respect to the preceding examples from pentane diol- 1,5 as the telogen
      and propylene oxide as the monomer. Triol telomers, likewise, were
      prepared according to the present method using CP-260 (tripropylene oxide
      adduct of glycerol, see above) as the telogen and propylene oxide as the
      monomer. These diols and triols of the present invention as used in this
      example were stripped to remove residual monomer but not treated to remove
      the catalyst nor end groups. Those polymers were then compared with
      polyurethane grade commercially available polypropylene ether glycols and
      triols (prepared from KOH) as to their % unsaturation. The
      monofunctionality of the diols were also compared. The results obtained
      are shown in Tables F and G, below:
TBL                TABLE F                                                     
     ______________________________________                                    
     Polypropylene ether glycols                                               
     Molecular wt.                                                             
                Unsaturation  Monofunctionality                                
     from hydroxyl                                                             
                % of end                                                       
     number     groups        Mol %                                            
     ______________________________________                                    
     1025 (1)   0.46          0.92                                             
     2000 (1)   3.84          7.68                                             
       3025 (1) (2)                                                            
                12.00         24.00                                            
       4025 (1) (2)                                                            
                16.00         32.00                                            
     1602 (3)   0.73          1.46                                             
     2940 (3)   1.35          2.70                                             
     3545 (3)   2.40          4.80                                             
     ______________________________________                                    
TBL                TABLE G                                                     
     ______________________________________                                    
     Polypropylene ether triols                                                
     Molecular wt.   Unsaturation                                              
     from hydroxyl   % of end                                                  
     number          groups                                                    
     ______________________________________                                    
     3030 (4)        3                                                         
     3000 (4)        4                                                         
     4040 (4)        9                                                         
     4000 (4)        8                                                         
     5000 (4)        12                                                        
     3900 (5)        1.5                                                       
     3900 (5)        1.2                                                       
     ______________________________________                                    
      (1) Commerically available polypropylene ether glycols.                  
      (2) Calculated from supplier's products bulletin                         
      (3) Polypropylene ether glycols prepared as described above by present   
      invention.                                                               
      (4) Commerically available polypropylene ether triols.                   
      (5) Propylene ether triols prepared as described above by present        
      invention.                                                               
PAR  The determination of monofunctionality was made considering that only --OH
      and olefinic end groups should exist and that the unsaturation would
      appear where otherwise an --OH group would be present. The sum of the
      equivalents/mole of hydroxyl and of olefinic unsaturation is thus taken to
      be 2 for diols. The data in Table F show that the hydroxyl functionality
      of the various diols at about the 1000 molecular weight level is about the
      same but that at the higher molecular weight levels the hydroxyl
      functionality of the diols prepared by the method of the present invention
      is much closer to the theoretical functionality. Table G, above, shows
      similar results with respect to the triols. Again, triols prepared by the
      telomerization process of the present invention have a much higher
      hydroxyl functionality (low unsaturation) than the commerical triols.
PAC  EXAMPLE 7
PAR  Telomer polyether diols and triols were prepared by the methods similar to
      those of the preceding examples using the Zn.sub.3 [Co(CN).sub.6 ].sub.2
      catalyst treated with glyme. The monomer was propylene oxide and the
      telogen was pentane diol- 1,5 for making diols and CP-260 (see above) for
      making triols. These telomers were only stripped to remove monomer, see
      Example 6, above. The diol telomers were then reacted or chain extended
      with 2,4-tolylene diisocyanate at 120.degree.C. for 40 hours using 0.035
      part by weight of stannous octoate to speed the reaction to form linear
      polyurethanes. Similar extensions were made with the telomer triols. The
      maximum hardness was determined for the diols, and the minimum amount of
      swelling for the triols. Similar experiments were run on commercially
      available polyurethane grade polypropylene ether glycols and triols made
      using KOH and the results obtained are shown in Tables H and I, below:
TBL                TABLE H                                                     
     ______________________________________                                    
     Molecular Weight of                                                       
                     Maximum Hardness of                                       
     Polypropylene   Resulting                                                 
     ether glycol    Polyurethane (3)                                          
     ______________________________________                                    
     1920 (1)        182 (4)                                                   
     1950 (2)        132 (4)                                                   
     2900 (1)        104 (4)                                                   
     2960 (2)         32 (4)                                                   
     3500 (1)         75 (4)                                                   
     3330 (2)         25 (4)                                                   
     ______________________________________                                    
      (1) Polypropylene ether glycol telomer made as described above.          
      (2) Commercially available polypropylene ether glycol as described above.
      (3) Williams plasticity.                                                 
      (4) A series of extensions with TDI was done on each sample of polyether 
      glycol. With excess polyether glycol or excess of TDI lower hardnesses   
      were observed. Hence, the polyurethanes represent about a 1:1 mol ratio o
      polyether glycol to TDI.                                                 
TBL                TABLE I                                                     
     ______________________________________                                    
                     Index of Minimum Swell-                                   
     Molecular Weight of                                                       
                     ing of resulting                                          
     Polypropylene   Polyurethane, 70 hours                                    
     ether triol     at 75.degree.F. in toluene                                
     ______________________________________                                    
     2900 (5)        237                                                       
     2850 (6)        262                                                       
     4060 (5)        268                                                       
     3780 (6)        300                                                       
     ______________________________________                                    
      (5) Polypropylene ether triol telomer made as described above.           
      (6) Commercially available polypropylene ether triol as described above. 
      polyurethanes were obtained. In this case the extent of swelling of the
      resulting polyurethanes was measured. This measurement gives an indication
      of the strength of the network obtained, i.e., the lower the value, the
      greater the strength which is related to the functionality of the triol at
      a given molecular weight. With greater network formation or greater
      strength the toluene has much more difficulty in penetrating and swelling
      the polymer.
PAC  EXAMPLE 8
PAR  The above results show that with respect to the telomer diols produced by
      the present invention much higher molecular weight linear polyurethanes
      can be obtained. In the case of the telomer triols of this invention
      stronger
PAR  The reaction of phosgene with an organic compound having hydroxyl groups
      results in the formation of a chloroformate. The chloroformate group can
      react with an amino group to form a urethane linkage. Accordingly, a
      dichloroformate can react with a diamine to form a polyurethane. Liquid
      telomer diols were prepared according to the preceding examples from
      propylene oxide and pentane diol -1,5 as the telogen and reacted with
      phosgene to form dichloroformates of the telomer diols which were then
      chain extended with diamines to form polyurethanes. In one case the
      dichloroformate polyether was reacted with piperazine and in another case
      it was mixed with the dichloroformate of 1,4-butane diol and hexamethylene
      diamine to form polyurethanes. Similar tests were conducted on
      commercially available urethane grade polypropylene ether glycols using
      the same conditions. The results obtained are shown in Table J, below:
TBL                TABLE J                                                     
     ______________________________________                                    
     Polypropylene                                                             
               Diamine for Low M.W.  Polyurethane                              
     ether glycol                                                              
               chain extending                                                 
                           polymer   obtained                                  
     molecular chloroformate                                                   
                           added     Intrinsic                                 
     weight    of PPEG               Viscosity                                 
                           Solvent                                             
                                  Value                                        
     ______________________________________                                    
     3305 (1)  Piperazine  --        CH.sub.2 Cl.sub.2                         
                                            0.85                               
     3470 (2)  Piperazine  --        CH.sub.2 Cl.sub.2                         
                                            0.35                               
     2000 (1)  HMDA        (3)       m-cresol                                  
                                            2.35                               
     2000 (2)  HMDA        (3)       m-cresol                                  
                                             .99                               
     ______________________________________                                    
      (1) Polypropylene ether glycol telomer of present invention as described 
      above.                                                                   
      (2) Commercially available material as described above.                  
      (3) Dichloroformate of 1,4-butane diol.                                  
PAR  The above results show that polyurethanes made with the telomers of the
      present invention give much higher viscosities and consequently higher
      molecular weights than polyurethanes made with commercially available
      polypropylene ether glycols.
PAC  EXAMPLE 9
PAR  Polyurethane foams were prepared using liquid triol telomers of this
      invention as well as commercially available triols by the one-shot process
      in which the polyol was fed to a mixing head from a supply container, the
      tolylene diisocyanate was fed from another container to the head, and the
      activator mixture was fed from another container to the mixing head where
      all of the ingredients were mixed together rapidly and quickly discharged
      to a mold and the mixture allowed to foam. The activator mixture generally
      comprises the blowing agent, dispersing agent and catalysts although one
      or more of these materials may be in the polyol polyisocyanate stream so
      long as they do not prereact with the polyol or polyisocyanate. The
      materials used in making the polyurethane foams and the results obtained
      are shown in Tables K and L below:
TBL                TABLE K                                                     
     ______________________________________                                    
                Formulations For Polyurethane Foams                            
     Run No.      60      61      62    63    64                               
     Materials    Parts by Weight                                              
     ______________________________________                                    
     Triol        100.(1) 100.(3) 100.(2)                                      
                                        100.(4)                                
                                              100.(4)                          
     CCl.sub.3 F  3.0     3.0     3.0   3.0   3.0                              
     Silicone (5) 1.5     1.5     1.5   1.5   1.5                              
     Stannous Octoate                                                          
                  0.27    0.27    0.27  0.20  0.10                             
     Lead Naphthenate                                                          
                  0.10    0.10    0.10  0.10  0.05                             
     80/20 mix of 49.0    49.0    49.0  49.0  49.0                             
     2,4/2,6-tolylene                                                          
     diisocyanates                                                             
     Water        4.0     4.0     4.0   4.0   4.0                              
     N-methyl     0.60    0.60    0.60  0.60  0.60                             
     Morpholine                                                                
     Tetramethyl butane                                                        
                  0.05    0.05    0.05  0.05  0.15                             
     diamine                                                                   
     ______________________________________                                    
      (1) Polypropylene ether triol having a molecular weight of about 3000.   
      Propylene oxide adduct of glycerine. Commercial material.                
      (2) Same as (1) but containing about 0.024% by weight of the Zn.sub.3    
      [Co(CN).sub.6 ].sub.2 catalyst treated with glyme as disclosed in        
      preceding examples.                                                      
      (3) Triol telomer of this invention prepared as in preceding examples fro
      propylene oxide and CP-260 (see above) and having a molecular weight of  
      about 3000 and containing 6% of a diol telomer of this invention prepared
      as in the preceding examples from propylene oxide and pentane diol-1,5   
      having a molecular weight of about 2000 to increase strength.            
      (4) Triol telomer of this invention prepared as in preceding examples fro
      propylene oxide and CP-260 (see above) and having a molecular weight of  
      about 3000.                                                              
      (5) Dow Silicone 201. A polysiloxane-polyoxyalkylene block type copolymer
TBL                                    TABLE L                                 
     __________________________________________________________________________
                 PHYSICAL PROPERTIES OF POLYURETHANE FOAMS                     
     Run No.     60    61    62    63    64                                    
     __________________________________________________________________________
     Density PCF 1.31  1.28  1.32  1.33  1.44                                  
     Tensile, PSI                                                              
                 13.8  12.7  14.8  12.6  11.3                                  
     Tear, lbs/in.                                                             
                 2.2   1.6   1.9   1.3   1.1                                   
     Elongation  190   110   160   140   110                                   
     Schopper (cracked)                                                        
                 46    42    45    44    42                                    
     Link Loads in Lbs.,                                                       
     12" .times. 12" .times. 2"                                                
     25%         24.0  26.0  24.0  27.5  27.0                                  
     65%         45.0  50.0  46.0  51.0  53.0                                  
     25% Return  18.0  19.5  17.0  20.0  20.0                                  
     % Recovery  75.0  73    71    74    74                                    
     Load Factor 1.87  1.92  1.92  1.89  1.96                                  
     Compression Set                                                           
                 15.5  8.2   8.7   6.8   4.8                                   
     (80%)                                                                     
     DuPont Static Fatigue                                                     
     Test, Loss in                                                             
     Load at 25% 27.1  34.0  29.2  27.3  29.6                                  
     Load at 65% 15.6  38.0  21.7  19.6  28.3                                  
     ASTM Bouncing Betty,                                                      
     65,500 Cycles                                                             
     Loss in Load at 25%                                                       
                 28.8  35.2  30.0  29.6  30.8                                  
     Loss in Load at 65%                                                       
                 13.6  25.3  22.8  22.2  24.8                                  
     __________________________________________________________________________
PAR  The above data show that the polyol telomers produced by the method of the
      present invention are useful in making polyurethane foams having
      properties comparable to those from foams made with commercially available
      polyols. Run 62 shows that the cyanide catalyst does not visibly affect
      the properties of the commercial polyols. The polyol telomers of Runs 61,
      63 and 64 were stripped after preparation to remove residual monomer but
      were not otherwise treated.
PAC  EXAMPLE 10
PAR  The method of telomerization or polymerization of this example was similar
      to the methods of telomerization shown in the previous examples. The
      catalyst used was Zn.sub.3 [Co(CN).sub.6 ].sub.2 prepared with glyme as
      shown above while the monomer was propylene oxide. In one instance
      nonamethylene dimercaptan was used as the telogen while in another
      thiophenol was the telogen. The conditions of telomerization and the
      results obtained are shown in Table M, below:
TBL                                    TABLE M                                 
     __________________________________________________________________________
     Run                                                                       
        Catalyst                                                               
             Telogen React.                                                    
                           React.                                              
                               Polymer                                         
                                     Hydroxyl                                  
     No.                                                                       
        Conc.                                                                  
             Conc.   Time, Temp.,                                              
                               Yield Number                                    
        Wt.% on                                                                
             Wt.% on hrs.  .degree.C.                                          
                               (% con-                                         
        Wt. of                                                                 
             Wt. of            version)                                        
        Monomer                                                                
             Monomer                                                           
     __________________________________________________________________________
     70 .13  5.0 (1) 96    50  84    33.4                                      
                     then 3.5                                                  
                           80                                                  
     71 .27  10.0 (1)                                                          
                     96    50  98    55.0                                      
                     then 3.5                                                  
                           80                                                  
     72  .067                                                                  
             2.9 (2) 23    50  60    23.6                                      
     73 .13  5.9 (2) 23    50  85    32.9                                      
     __________________________________________________________________________
      (1) Nonamethylene dimercaptan                                            
      (2) Thiophenol                                                           
PAR  The resulting polymers were liquids. These results show that liquid
      polyethers also can be obtained using mercaptans as telogens.
PAC  EXAMPLE 11
PAR  Several telomerizations were carried out in which the monomer was 1,2-epoxy
      butane in the presence of tetrahydrofuran as the solvent. The solvent,
      telogen and part of the monomer were added with the catalyst, a zinc
      cobalticyanideglyme complex having the general formula Zn.sub.2
      (Co(CN).sub.6) . glyme . H.sub.2 O . ZnCl.sub.2. This catalyst was
      prepared by reacting an aqueous solution of zinc chloride with an aqueous
      solution of calcium cobalticyanide. After slowly mixing the two solutins,
      glyme was added, the mixture centrifuged and the clear solution discarded.
      The catalyst precipitate was then twice reslurried in glyme and
      centrifuged, or twice reslurried in a mixture of water and glyme and
      centrifuged followed by another reslurry in glyme and centrifugation,
      followed by vacuum drying at 50.degree.C. The telomerization was conducted
      in a sealed reactor under nitrogen, and after the initial reaction, the
      balance of the monomer was added incrementally over a period of several
      hours. The times and temperatures employed, reaction conditions and
      results obtained are shown in Table N, below:
TBL                                    TABLE N                                 
     __________________________________________________________________________
     Run      Catalyst Wt.%                                                    
                       THF Wt.%                                                
     No.      of Monomer                                                       
                       of Monomer                                              
                               Telogen                                         
     __________________________________________________________________________
     11-A     .04      0       Hexylene glycol                                 
     11-B     .04      0       Hexylene glycol                                 
     11-C     .06      0       Hexylene glycol                                 
     11-D     .04      6       Hexylene glycol                                 
     11-E     .04      20      Hexylene glycol                                 
     11-F     .08      60      Hexylene glycol                                 
     11-G     .16      60      Hexylene glycol                                 
     11-H     .14      50      Hexylene glycol                                 
     11-I     .04      60      Hexylene glycol                                 
     11-J     .08      60      Hexylene glycol                                 
     11-K     .08      60      Pentanediol-1,5                                 
     11-L     .12      50      Butanediol-1,4                                  
     __________________________________________________________________________
                         Millimoles of                                         
                         Unsaturation                                          
                         Per gram of                                           
     Telogen Wt.%                                                              
             Temp. Time, Telomer (polyol)                                      
     of Monomer                                                                
             .degree.C.                                                        
                   hours Obtained  Notes                                       
     __________________________________________________________________________
     4.3     50 (80)*                                                          
                   42 (3)*                                                     
                         0.14      Oil                                         
     4.1     50    30    0.18      Oil                                         
     4.1     50    30    0.17      Oil                                         
     4.1     50 (80)                                                           
                   57 (1)                                                      
                         .066      Oil                                         
     4.1     50 (80)                                                           
                   57 (2)                                                      
                         .039      Oil                                         
     4.3     50    42    0.020     OH* 31.3                                    
                                   liquid                                      
     4.3     50    42    0.022     OH* 32.5                                    
                                   liquid                                      
     6.1     50    24    0.013     OH* 47.0                                    
                                   liquid                                      
     4.1     80 (50)                                                           
                   6 (6) 0.014     Oil                                         
     4.1     50    48    0.015     Oil                                         
     3.6     50    48    0.016     Oil                                         
     3.0     80 (50)                                                           
                   4.5 (24)                                                    
                         .032      OH* 41.6                                    
     __________________________________________________________________________
       *50.degree.C. for 42 hours, then 80.degree.C. for 3 hours. Similar      
      conditions for Runs D, E, I and L.                                       
PAR  Table N shows the results of telomerizations of 1,2-butene oxide with and
      without tetrahydrofuran (THF) as a solvent. It will be noted that in the
      absence of THF the products had unsaturation contents of from 0.14 to 0.18
      millimole per gram. When made in the presence of 60 percent THF, the
      products had unsaturation contents of from 0.014 to 0.022 millimoles per
      gram. It will also be noted that at six and twenty percent THF
      concentration unsaturation content values fall intermediate between the
      extremes. Thus it seems rather clear the the unsaturation of
      poly-1,2-butylene ether glycols is reduced according to the amount of
      basic solvent in which it is made.
PAC  EXAMPLE 12
PAR  The method of this example was similar to that of Example 11, supra, except
      that 1,2-epoxybutane was telomerized in the presence of various solvents.
      The telomerization conditions and results obtained are shown below in
      Table O:
TBL                                    TABLE O                                 
     __________________________________________________________________________
     Run Catalyst Wt.%    Solvent Wt. %                                        
     No. of Monomer                                                            
                   Solvent                                                     
                          of Monomer                                           
     __________________________________________________________________________
     12-A                                                                      
         .04       THF    20                                                   
     12-B                                                                      
         .16       THF    20                                                   
     12-C                                                                      
         .12       THF    20                                                   
     12-D                                                                      
         .16       Glyme   2                                                   
     12-E                                                                      
         .16       Glyme   8                                                   
     12-F                                                                      
         .16       Methyl THF                                                  
                          20                                                   
     12-G                                                                      
         .16       Dioxane                                                     
                          20                                                   
     12-H                                                                      
         .12       Benzene                                                     
                          20                                                   
     12-I                                                                      
         .08       Hexane 20                                                   
              Telogen Wt.%                                                     
                      Temp. Time  Telomer Un-                                  
     Telogen  of Monomer                                                       
                      .degree.C.                                               
                            Hours saturation mm/g                              
     __________________________________________________________________________
     Hexylene glycol                                                           
              4.1     50 (80)*                                                 
                            57 (2)*                                            
                                  .039                                         
     1,4 Butanediol                                                            
              3.6     50 (80)                                                  
                            23 (4)                                             
                                  .023                                         
     1,4 Butanediol                                                            
              3.6     80    30    .044                                         
     1,4 Butanediol                                                            
              3.6     50 (80)                                                  
                            30 (4)                                             
                                  .046                                         
     1,4 Butanediol                                                            
              3.6     50 (80)                                                  
                            30 (4)                                             
                                  .026                                         
     1,4 Butanediol                                                            
              3.6     50 (80)                                                  
                            23 (4)                                             
                                  .048                                         
     1,4 Butanediol                                                            
              3.6     50 (80)                                                  
                            23 (4)                                             
                                  .071                                         
     1,4 Butanediol                                                            
              3.6     80    35    .080                                         
     1,4 Butanediol                                                            
              3.6     80    30    .167                                         
     __________________________________________________________________________
      *See Table N, supra                                                      
PAR  All above products were liquids.
PAR  Table O shows the effect of certain other solvents in comparison to the
      effect of THF. The effect of temperature on the unsaturation content of
      this polymer is also shown. Glyme, i.e., 1,2-dimethoxyethane,
      methyl-tetrahydrofuran, dioxane and benzene appear to have a definite
      effect of lowering the unsaturation whereas hexane has much less of an
      effect if any.
PAR  It is not precisely known what occurs during telomerization using acidic
      catalysts and basic solvents but it is believed that since increasing the
      temperature has the effect of increasing the unsaturation, one effect of
      the solvent would be to allow more efficient heat transfer from the
      catalyst particles, monomer and telomer, and thus would lower the
      temperature at which the reactions take place. However, if this were the
      total effect, it does not seem plausible to expect large differences
      between the effect of solvents with approximately the same molecular
      weights (and thus the same molecular mobility). Particularly compelling is
      the difference between the effects of 20 percent THF and hexane which gave
      products having unsaturation contents of 0.04 and 0.17 respectively. Thus,
      it seems more likely that the effect is more chemical in nature and that
      it results from some reaction between some part of the catalyst and the
      solvent molecules. Particularly, it may be that these solvents react as
      bases in neutralizing an acid function of the catalyst. It would appear
      that this acid function is not directly responsible for polymerization
      activity since the polymerization activity is not seriously affected.
PAR  The reaction of epoxide compounds responsible for the formation of
      unsaturation in their telomers is believed to be their isomerization to
      unsaturated alcohols. Thus, a small proportion of 1,2-butene oxide
      isomerizes to crotyl alcohol which in turn can act as a telogen for a
      portion of the 1,2-butene oxide:
      ##EQU8##
      The monohydroxyl telomer so produced when mixed with the telomer from the
      intentionally added telogen thus can reduce the average functionality of
      the product obtained.
PAC  EXAMPLE 13
PAR  The method of this example was similar to that of Examples 11 and 12,
      supra, except that propylene oxide was the monomer used. The
      telomerization conditions and results obtained are shown below in Table P:
TBL                TABLE P                                                     
     ______________________________________                                    
     Run  Catalyst Wt.%      Solvent Wt.%                                      
     No.  of Monomer Solvent of Monomer                                        
                                      Telogen                                  
     ______________________________________                                    
     13-A .02        None     0       Hexylene glycol                          
     13-B .12        None     0       1,4-Butanediol                           
     13-C .02        THF      6       Hexylene glycol                          
     13-D .04        THF     60       Hexylene glycol                          
     13-E .16        THF     60       Hexylene glycol                          
     13-F .07        THF     50       Hexylene glycol                          
     13-G .12        THF     50       1,4-Butanediol                           
     13-H  .066      None     0       Trimethylolpropane                       
     13-I  .055      None     0       Trimethylolpropane                       
     13-J .04        THF     50       Hexylene glycol                          
     13-K .04        THF     50       Hexylene glycol                          
     13-L .14        THF     60       1,4-Butanediol                           
     13-M .04        Glyme    2       1,4-Butanediol                           
     13-N .04        Glyme    8       1,4-Butanediol                           
     13-O .04        Dioxane 60       Hexylene glycol                          
     13-P .04        Benzene 60       Hexylene glycol                          
     13-Q .04        Hexane  60       Hexylene glycol                          
                                Telomer Un-                                    
     Telogen Wt.%                                                              
              Temp.    Time,    saturation                                     
     of Monomer                                                                
              .degree.C.                                                       
                       Hours    mm/g      Notes                                
     ______________________________________                                    
     4.3      50       42       .005      --                                   
     1.8      50       36       .007      OH*24.6                              
     4.3      50       42       .004                                           
     4.3      50       42       .003                                           
     4.3      50       42       .007                                           
     5.8      50       30       .001      OH*73.8                              
     1.8      50       32       .005      OH*24.1                              
     4.6      80        9       .0134     OH*56.3                              
     4.6      80       14       .0146     OH*57.9                              
     2.9      80       2.5      .006      OH*28.4                              
     2.9      50 (80)* 5 (1)*   .0025     OH*27.3                              
     4.5      50 (80)  62 (2)   .0016     OH*66.6                              
     3.6      50       30       .0036                                          
     3.6      50       30       .0032                                          
     4.3      50 (80)  40 (2.5) .007                                           
     4.3      50 (80)  40 (2.5) .005                                           
     4.3      50 (80)  40 (2.5) .004                                           
     ______________________________________                                    
      *See Table N, supra.                                                     
PAR  All above products were liquids.
PAR  Table P shows the effect of solvents on the unsaturation of polypropylene
      ether polyols made with complex cyanide catalysts. Here the effect is not
      nearly as clear as with poly-1,2-butylene ether polyols. The unsaturation
      of the telomers is already quite low and further reduction is difficult to
      measure. Also other factors may account for the formation of some of the
      unsaturation found in some of the products. However the results of
      80.degree.C are fairly convincing that a suppression of the unsaturation
      has been obtained in THF. Also it seems significant that there was one run
      in THF with an unsaturation content of 0.001 millimoles per gram although
      others, with and without THF, had unsaturation contents of from 0.003 to
      0.007.
PAR  It is of interest to note that an epoxide, itself an ether, may in some
      cases perform this function during its own polymerization. Indeed this may
      be the reason telomers of propylene oxide have such low unsaturation
      values. On the other hand, as the molecular weight of the monomer
      increases within a homologous series, this effect may be lessened through
      polarity or dilution. This was found to be the case when comparing the
      unsaturation of poly-1,2-butylene ether glycols made in THF and methyl-THF
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of making polyethers having at least one terminal hydroxyl
      group and an average molecular weight of between about 300 and 150,000
      which comprises:
PA1  1. polymerizing in the liquid state at a temperature of from about
      0.degree. to 180.degree.C at least one polymerizable organic cyclic oxide
      monomer selected from the group consisting of ethylene oxide;
      1,2-propylene oxide; 1,2-butene oxide; 1,2-dodecane monoxide; isobutylene
      monoxide; styrene oxide; 1,2-pentene oxide; isopentene oxide,
      1,2-diisobutylene oxide; 1,2-hexene oxide; 1,2-heptene oxide; allyl
      glycidyl ether; isoheptene oxide; 1,2-octene oxide; 1,2-nonene oxide;
      1,2-decene oxide; 1,2-hendecene oxide; methyl glycidyl ether; ethyl
      glycidyl ether; phenyl glycidyl ether; butadiene monoxide; isoprene
      monoxide; oxetane, tolyl glycidyl ether; 3,3-dimethyl oxetane; 3-n-nonyl
      oxetane; 3-allyl-3-methyl oxetane; 3-vinyl-3-methyl oxetane;
      1,2-pentadecene oxide; 3,3-diethyl oxetane; 3-ethyl-3-butyl oxetane;
      3-chloromethylene oxetane; 3-chloromethyl-3-methyl oxetane and
      3-methyl-3-ethyl oxetane with
PA1  2.
NUM  2.
PAR  2. at least one telogen selected from the group consisting of phenol;
      p-monochlorophenol; p-cresol; thymol; xylenol; hydroquinone; resorcinol;
PAL  phloroglucinol; o-, m- or p-hydroxy styrene; saligenin; bisphenol A;
      bisphenol F; 4,4'-dihydroxy diphenyl; 4,4'-dihydroxy diphenyl sulfone;
      4,6,4'-trihydroxy diphenyl dimethyl methane; and long chain bisphenols and
      novolac resins of molecular weight up to 4000 having a plurality of OH
      groups; in admixture with
PA1  3. a double metal cyanide complex catalyst in an amount of from 0.001 to
      15% by weight of said monomer, said catalyst having the general formula:
      M.sub.a (K).sub.c.(H.sub.2 O).sub.d.(R).sub.e where K is selected from the
      group consisting of:
PA2  M'(cn).sub.b and M'[(CN).sub.r (X).sub.t ].sub.b
PA2  where M is at least one metal selected from the group consisting of Zn(II),
      Fe(II), Fe(III), Co(II), Ni(II), Mo(IV), Mo(VI), Al(III), V(IV), V(V),
      Sr(II), W(IV), W(VI), Mn(II) and Cr(III),
PA2  where M' is at least one metal selected from the group consisting of
      Fe(II), Fe(III), Co(II), Co(III), Cr(II), Cr(III), Mn(II), Mn(III), V(IV),
      and V(V),
PA2  where X is at least one material selected from the group consisting of
      F.sup.-, Cl.sup.-, Br.sup.-, I.sup.-, OH.sup.-, NO, O.sup.=, CO, H.sub.2
      O, NO.sub.2 .sup.-, C.sub.2 O.sub.4 .sup.=, SO.sub.4 .sup.=, CNO.sup.-,
      CNS.sup.-, NCO.sup.-, and NCS.sup.-,
PA2  where R is an organic material containing 1 to 18 carbon atoms
      substantially water miscible selected from the group consisting of
      alcohols, aldehydes, ketones, esters, ethers, amides, nitriles and
      sulfides,
PA1  where a, b, and c are numbers whose values are functions of the valences
      and coordination numbers of M and M' with the total net positive charge on
      M times a being essentially equal to the total negative charge on (K)
      times c,
PA2  where r and t are numbers, r being greater than t.
PA2  where d is zero or a number, and
PA2  where e is zero or a number sufficient to increase the activity of M.sub.a
PAR   (K).sub.c.H.sub.2 O for the polymerization of said monomer. 2. The method
      of claim 1 wherein said temperature is from about 15.degree. to
      80.degree.C.
NUM  3.
PAR  3. The method of claim 1 wherein said polymerization is conducted in the
      presence of a solvent for said monomer selected from the group consisting
      of tetrahydrofuran; 1,2-dimethoxyethane; methyl tetrahydrofuran; dioxane;
      benzene and hexane.
NUM  4.
PAR  4. The method of claim 1 wherein said catalyst is a zinc hexacyanocobaltate
      complex with glyme, digylme or triglyme.
NUM  5.
PAR  5. The method of claim 1 wherein the monomer is propylene oxide.
NUM  6.
PAR  6. The method of claim 1 wherein the telogen is bisphenol A.
NUM  7.
PAR  7. The method of claim 1 wherein the telogen is resorcinol.
NUM  8.
PAR  8. The method of claim 1 wherein the polymerization is conducted in a
      closed vessel under pressure sufficient to maintain said monomer and
      telogen in the liquid state.
NUM  9.
PAR  9. The method of claim 8 wherein the temperature is from about 15.degree.
      to 80.degree.C.
NUM  10.
PAR  10. The method of claim 9 wherein the reaction mixture is agitated during
      the polymerization.
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ABST
PAL  A new series of compounds defined broadly as
      .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-3,5-disubstituted
      phenyl)-xylenes, which are useful as antioxidants for organic materials
      normally subject to oxidative deterioration, is disclosed.
PARN
PAR  This is a division of application Ser. No. 252,859 filed May 12, 1972, now
      U.S. Pat. No. 3,836,590.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a new class of antioxidants.
PAR  2. Description of the Prior Art
PAR  Tetra-2,5-disubstituted phenolic derivatives of phthalaldehyde having the
      following formula are known as antioxidants:
      ##SPC1##
PAL  Wherein R is o-, m-, or p-phenylene and X and Y are alkyl groups.
PAR  We have unexpectedly found that the tetra-2,6-disubstituted phenolic
      derivatives are superior antioxidants.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of the present invention is to provide a novel
      tetraphenolic derivative of phthalaldehyde which is useful as an
      antioxidant.
PAR  Another object is to provide an organic material normally tending to
      undergo oxidative deterioration which has been stabilized with a novel
      tetraphenolic derivative of phthalaldehyde.
PAR  Other objects will be apparent to one skilled in the art in view of the
      following description of the invention.
PAR  The objects of this invention are accomplished by a composition having the
      formula:
      ##SPC2##
PAL  Wherein R.sub.1, R.sub.2, R.sub.3, and R.sub.4 are independently selected
      from the group consisting of alkyl and aralkyl and R.sub.5 is o-, m-, or
      p-phenylene.
PAR  The objects of this invention are further accomplished by organic material
      normally tending to undergo oxidative deterioration in the presence of air
      or oxygen containing an effective amount of a composition having the above
      formula.
PAR  By alkyl in the formula we mean methyl, ethyl, propyl, butyl, pentyl,
      hexyl, heptyl, etc. and where the alkyl group contains three or more
      carbon atoms may be straight or branched chain. We prefer that the alkyl
      group contains from one to ten carbon atoms. Preferred alkyl groups
      include for example, methyl, ethyl, isopropyl, isobutyl, sec-butyl,
      tert-butyl, 1-methylbutyl, tert-pentyl, 2-methylbutyl, neopentyl,
      1-methylpentyl, 1,1-dimethylpentyl, 1-ethylpentyl, 1,1-diethylpentyl,
      2-methylpentyl, 2,2-dimethylpentyl, 2-ethylpentyl, 2,2-diethylpentyl,
      1-methylhexyl, 1,1-dimethylhexyl, 1-ethylhexyl, 2-methylhexyl,
      2,2-dimethylhexyl, 2-ethylhexyl, etc.
PAR  The aralkyl in the formula may be benzyl, styryl chlorobenzyl, bromobenzyl,
      iodobenzyl, fluorobenzyl, methoxybenzyl, ethoxybenzyl, methylbenzyl,
      ethylbenzyl, or tert-butylbenzyl for example. We prefer that the aralkyl
      group contains less than 20 carbon atoms. Where the alkylene portion of
      the aralkyl group contains two or more carbons, the alkylene group may be
      straight or branched chain. We prefer that the aralkyl group is
      substituted with a group which is halo, alkoxy, or alkyl. Any substitution
      is on the aryl portion of the aralkyl group and may be made for one or all
      of the available hydrogens. Suitable halo groups include chloro, bromo,
      iodo, and fluoro. Suitable alkoxy and alkyl groups include those
      containing from 1 to 13 carbon atoms.
PAR  Exemplary tetra-2,6-disubstituted phenolic derivatives of phthalaldehyde
      include the following: .alpha., .alpha., .alpha.',
      .alpha.'-tetrakis(4-hydroxy-3,5-dimethylphenyl)xylene; .alpha., .alpha.,
      .alpha.', .alpha.'-tetrakis(4-hydroxy-3,5-diethylphenyl)xylene; .alpha.,
      .alpha., .alpha.', .alpha.'-tetrakis(4-hydroxy-3,5-dipropylphenyl)zylene;
      .alpha., .alpha., .alpha.',
      .alpha.'-tetrakis(4-hydroxy-3,5-dibutylphenyl)xylene; .alpha., .alpha.,
      .alpha.', .alpha.'-tetrakis(4-hydroxy-3,5-dipentylphenyl)xylene; .alpha.,
      .alpha., .alpha.', .alpha.'-tetrakis(4-hydroxy-3,5-dihexylphenyl)xylene;
      .alpha., .alpha., .alpha.',
      .alpha.'-tetrakis(4-hydroxy-3,5-diisopropylphenyl)xylene; .alpha.,
      .alpha., .alpha.',
      .alpha.'-tetrakis(4-hydroxy-3,5-diisobutylphenyl)xylene; .alpha., .alpha.,
      .alpha.', .alpha.'-tetrakis(4-hydroxy-3,5-di-sec-butylphenyl)xylene;
      .alpha., .alpha., .alpha.',
      .alpha.'-tetrakis(4-hydroxy-3,5-di-tert-butylphenyl)xylene; .alpha.,
      .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(1-methylbutyl)phenyl]xylene; .alpha.,
      .alpha., .alpha.',
      .alpha.'-tetrakis(4-hydroxy-3,5-di-tertpentylphenyl)xylene; .alpha.,
      .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di-(2-methylbutyl)phenyl]xylene; .alpha.,
      .alpha., .alpha.', .alpha.'-tetrakis(
      4-hydroxy-3,5-dineopentylphenyl)xylene; .alpha., .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(1-methylpentyl)phenyl]xylene; .alpha.,
      .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(1,1-dimethylpentyl)phenyl]xylene;
      .alpha., .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(1-ethylpentyl)phenyl]xylene; .alpha.,
      .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(1,1-diethylpentyl)phenyl]xylene;
      .alpha., .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(2-methylpentyl)phenyl]xylene; .alpha.,
      .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(2,2-dimethylpentyl)phenyl]xylene;
      .alpha., .alpha., .alpha.',
      .alpha.'-tetrakis-[4-hydroxy-3,5-di(2-ethylpentyl)phenyl]xylene; .alpha.,
      .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(2,2-diethylpentyl)phenyl]xylene;
      .alpha., .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(1-methylhexyl)phenyl]xylene; .alpha.,
      .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(1-ethylhexyl)phenyl]xylene; .alpha.,
      .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(1,1-diethylhexyl)phenyl]xylene;
      .alpha., .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(2-methylhexyl)phenyl]xylene; .alpha.,
      .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(2,2-dimethylhexyl)phenyl]xylene;
      .alpha., .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(2-ethylhexyl)phenyl]xylene; .alpha.,
      .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(2,2-diethylhexyl)phenyl]xylene;
      .alpha., .alpha., .alpha.',
      .alpha.'-tetrakis(4-hydroxy-3,5-dibenzylphenyl)xylene; .alpha., .alpha.,
      .alpha.', .alpha.'-tetrakis[4-hydroxy-3,5-di(p-chlorobenzyl)phenyl]xylene;
      .alpha., .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(p-bromobenzyl)phenyl]xylene; .alpha.,
      .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(p-iodobenzyl)phenyl]xylene; .alpha.,
      .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(p-fluorobenzyl)phenyl]xylene; .alpha.,
      .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(nonylbenzyl)phenyl]xylene; .alpha.,
      .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(p-methoxybenzyl)phenyl] xylene;
      .alpha., .alpha., .alpha.',
      .alpha.'-tetrakis(4-hydroxy-3-tert-butyl-5-methylphenyl)xylene; .alpha.,
      .alpha., .alpha.', .alpha.'-tetrakis(4-hydroxy-3,5-distyrylphenyl)xylene;
      .alpha., .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(p-methylbenzyl)phenyl]xylene; and
      .alpha., .alpha., .alpha.',
      .alpha.'-tetrakis[4-hydroxy-3,5-di(o-chlorobenzyl)phenyl]xylene.
PAR  The tetraphenolic derivatives of our invention may be obtained by
      permitting substantially four moles of a phenol to react with
      phthalaldehyde in the presence of an acidic catalyst.
PAR  The reaction is preferably carried out in an inert solvent, for example an
      alcohol such as methanol, ethanol, 2-propanol, ethylene glycol, ethylene
      glycol monoethyl ether, etc. Ethanol is the preferred solvent since it
      allows solubility of the reactants and, in many cases, crystallization of
      the product directly from solution. The reaction is most conveniently
      carried out at the reflux temperature of the solvent for 0.5 to about 24
      hours. We prefer the reaction temperature to be about 60.degree.to
      65.degree.C. In those cases where the product does not precipitate on
      cooling, it may be readily isolated by removal of the solvent or by
      dilution with water. Liquid products may be isolated in this manner.
PAR  Suitable phenols for use in preparing the tetraphenolic compounds include
      those of the formula:
      ##SPC3##
PAL  wherein R.sub.6 and R.sub.7 are consistent with R.sub.1, R.sub.2, R.sub.3,
      and R.sub.4 as defined above. All of the suitable phenols are commercially
      available or readily prepared by known techniques.
PAR  The reaction is preferably carried out in the presence of an acid catalyst.
      Acidic catalysts include organic acids, inorganic acids, and
      Friedel-Crafts catalysts. Suitable organic acids for example are the
      phosphoric and sulfonic acids such as phosphoric acid, pyrophosphoric
      acid, ethanesulfonic, benzenesulfonic acid, toluenesulfonic acid, and
      naphthalenesulfonic acid. Suitable inorganic acids include the mineral
      acids such as sulfuric acid and hydrochloric acid. Friedel-Crafts
      catalysts including aluminum chloride, boron trifluoride, ferric chloride,
      zinc chloride, and the like, may also be employed.
PAR  The catalysts are employed in a catalytic amount which depends on the
      reactants and reaction conditions. For example, the amount may range from
      about 2 to 500 parts of catalyst per 100 parts by weight of the phenol.
      Preferred concentrations of the catalyst are about 80 to about 150 parts
      on the same basis.
PAR  The tetraphenolic compounds of our invention are useful as antioxidants for
      organic materials normally tending to undergo oxidative deterioration. By
      organic material normally tending to undergo oxidative deterioration, we
      mean to include material based in whole or in part on a skeleton
      comprising interconnected carbon atoms which upon exposure to oxygen or
      air loses its desirable properties and becomes weak, brittle, cracked,
      discolored, viscous or the like.  Exemplary organic materials are
      polymers; hydrocarbon liquids, particularly gasoline and lubricating or
      fuel oils, hydrocarbon solids or semi-solids, such as waxes, greases and
      the like; elastomers, such as natural and synthetic rubber and feeds or
      foodstuffs.
PAR  Typical polymers include polyolefins, polyurethanes, polyethers, and
      polyamides. Suitable polyolefins include for example polystyrene,
      polyvinyl chloride, polyvinylidene chloride, polyvinyl fluoride, polyvinyl
      butyral, polymethyl acrylate, ethylene vinyl acetate copolymers, and
      ethylene propylene terpolymers. Suitable polyethers include for example
      polyformaldehyde and polytetramethylene ether glycol.
PAR  Hydrocarbon liquids stabilized by our novel tetraphenolic derivatives
      include motor lubricating oils, gear and transmission fluids based on
      hydrocarbon oils, and the like. Fuel oils, such as furnace oils and light
      kerosene fractions, including gas turbine fuels, are also stabilized by
      our compositions.
PAR  Solid or semi-solid hydrocarbons, such as wax and grease, are also improved
      by incorporation therein of the tetraphenolic compounds of this invention.
PAR  Such solid polymeric elastomers as natural and synthetic rubber are
      stabilized against hardening, cracking, and checking with the
      tetraphenolic derivatives described. Exemplary of natural rubbers is Hevea
      brasiliensis, while synthetic rubbers include styrene-butadiene rubber;
      polybutadiene; polyisoprene; neoprene, butyl rubber; nitrile-butadiene
      rubbers, styrene-chloroprene rubbers; acrylate-butadiene rubbers; and
      polyurethane rubber.
PAR  The tetraphenolic derivatives of this invention are also useful to enhance
      the stability of the natural fats and oils. For example, the following
      edible oils can be stabilized with our compositions: shortening, lard,
      butter, coconut oil, cotton seed oil, soybean oil, palm oil, corn oil,
      peanut oil, sunflower seed oil, safflower oil, olive oil, and the like or
      mixtures thereof. These oils may have been treated, as by hydrogenation,
      interesterification, or fractional crystallization, to modify their
      melting points.
PAR  In general the tetraphenolic derivatives of our invention should be used
      with the organic material to be stabilized in an amount effective and
      sufficient to stabilize the material. The requisite amount will, of
      course, depend both on the efficiency of the particular tetraphenolic
      derivative and on the nature of the normally oxidizable substrate in which
      it is employed. It has been our experience that from 0.01 to 10 percent by
      weight based on the weight of the organic material is sufficient. Amounts
      down to as little as 0.0001 percent by weight may be effective in some
      cases.
PAR  It is to be understood that the stabilizing effect of the tetraphenolic
      compounds is considerably enhanced by conventional synergists such as
      certain sulfides and poly sulfides. The synergist is used in conventional
      amounts. For example, an amount of synergist from about 0.1 to about 1
      percent by weight of the organic material to be stabilized is satisfactory
      but we prefer to use from 0.1 to 0.5 percent by weight.
PAR  As sulfides there may be mentioned dialkylsulfides, particularly wherein
      the alkyl groups are long chain such as dodecyl groups since the lower
      dialkylsulfides are too volatile to be effective,
      di(substituted)alkylsulfides particularly esters of bis-carboxyalkyl
      sulfides such as dilauryl, distearyl, ditridecyl, or dioctadecyl
      thiodipropionates or thiodibutyrates, dibenzylsulfide such as
      bis(2hydroxy-5-methylbenzyl)sulfide and
      bis(3-tert-butyl-2-hydroxy-5-methoxybenzyl) sulfide, diaryl sulfide,
      sulfides such as diphenyl sulfide, dicresyl sulfide,
      2:2'-dihydroxy5:5'-dimethyl diphenyl, diphenyldisulfide,
      dialkyldithiophosphates such as bis(diisopropyldithiophosphoryl)disulfide,
      and dialkyldithiophosphatomethylphenols.
PAR  It will further be understood that the organic material in addition to
      containing a stabilizing amount of tetraphenolic compound and a synergist
      may contain such other ingredients as other antioxidants, coloring agents,
      fillers, curing agents, etc.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following embodiments of this invention are shown for the purpose of
      illustrating the invention and demonstrating the best mode for practicing
      the invention. It will be apparent to those skilled in the art that
      various changes and modifications may be made therein without departing
      from the spirit and scope of the invention as it is more precisely defined
      in the subjoined claims.
PAC  EXAMPLE 1
PAR  In a 500 ml 3-neck flask equipped with a stirrer, condenser, nitrogen
      inlet, and a thermometer, 50 ml of methanol and 20 ml of concentrated
      sulfuric acid were admixed and cooled to 15.degree.C. Then 6.7 g of
      terephthalaldehyde, 42 g of 2,6-di-tert-butyl phenol, and 50 ml of
      methanol were combined in a beaker and immediately added to the stirred
      mixture in the flask. The reaction mixture was then held at 65.degree.C.
      under a nitrogen atmosphere for 5 hours. The reaction mixture was then
      cooled to room temperature (27.degree.C.) and allowed to stand overnight.
      The product was separated from the reaction mixture by filtration, was
      triturated with ethanol, washed with water until the water washes were
      neutral, and dried in an oven at 50.degree.C.
PAR  The product was identified as .alpha., .alpha., .alpha.',
      .alpha.'-tetrakis(4-hydroxy-3,5-di-tert-butylphenyl) p-xylene. Analysis of
      the product afforded the following data: M.P. between 272.degree. and
      281.degree.C., and analyzing to C, 83.1 percent; H, 10.0 percent. C.sub.64
      H.sub.90 O.sub.4 requires C, 83.2 percent; H, 9.8 percent.
PAC  EXAMPLE 2
PAR  Using the method of Example 1, the following tetraphenolic derivatives were
      readily prepared in excellent yields from the phenols noted and were found
      to have the properties reported in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                              Composition                      
                                            (Percent by Weight)                
     Test                            M.P.  Calculated                          
                                                   Found                       
     No.                                                                       
        Phenol    Product Tetraphenolic Derivative                             
                                     (.degree.C.)                              
                                           C   H   C   H                       
     __________________________________________________________________________
     1  2,6-dimethyl-                                                          
                   .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-       
                                     254-259                                   
                                           81.9                                
                                               7.2 81.8                        
                                                       7.4                     
        phenol    3,5-dimethylphenyl) p-xylene                                 
     2  2,6-diisobutyl-                                                        
                   .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-       
                                     149-151                                   
                                           83.2                                
                                               9.8 83.5                        
                                                       9.9                     
        phenol    3,5-diisobutylphenyl) p-xylene                               
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  Again using the method of Example 1, the following tetraphenolic
      derivatives were prepared in excellent yields from the phenols noted and
      were found to have the melting points reported in Table II
TBL                                    TABLE II                                
     __________________________________________________________________________
     Test                                                                      
     No.   Phenol   Product Tetraphenolic Derivative                           
                                        M.P. (.degree.C.)                      
     __________________________________________________________________________
     3    2-tert-butyl-6-                                                      
                    .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-      
          methyl-phenol                                                        
                    3-tert-butyl-5-methylphenyl)p-xylene                       
                                        219-221                                
     4    2,6-diisopropyl-                                                     
                    .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-      
          phenol    3,5-diisopropylphenyl)p-xylene                             
                                        172-177                                
     5    2,6-di-sec-butyl-                                                    
                    .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-      
          phenol    3,5-di-sec-butylphenyl)p-xylene                            
                                        159-162                                
     6    2,6-di-2-ethyl-                                                      
                    .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis[4-hydroxy-      
          hexylphenol                                                          
                    3,5-di(2-ethylhexyl)phenyl]p-xylene                        
                                        Oil at 27.degree.C.                    
     7    2,6-dibenzyl-                                                        
                    .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-      
          phenol    3,5-dibenzylphenyl)p-xylene                                
                                        179-184                                
     8    2,6-di-4-methyl-                                                     
                    .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-      
          benzylphenol                                                         
                    3,5-di-4-methylbenzylphenyl)p-xylene                       
                                        183-188                                
     9    2,5-dimethyl-                                                        
                    .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-      
          phenol    3,6-dimethylphenyl)p-xylene                                
                                        324-330                                
     10   2-tert-butyl-5-                                                      
                    .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-      
          methylphenol                                                         
                    3-tert-butyl-6-methylphenyl)p-xylene                       
                                        308-316                                
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  A number of candidate antioxidants were evaluated in cis-polyisoprene. The
      results of these tests are set forth in Table III. Cis-polyisoprene was
      cut up into small pieces and dissolved overnight in a rapidly stirred
      solution of 500 ml of toluene. If the antioxidant was readily soluble in
      toluene, 0.100 g was then added to the cis-polyisoprenetoluene solution
      and stirred until it dissolved. If the antioxidant was not readily soluble
      in toluene it was dissolved in a small amount of an appropriate solvent
      and then added to the toluene solution. A sample of the solution was then
      taken up in a capillary dropper and 15 drops were placed on a circular
      sodium chloride plate, 1 inch in diameter. The plate was then put in a
      130.degree.C. oven for a few minutes to evaporate the toluene.
PAR  An infrared spectrum was run of the film on the plate. The plate was then
      put back in the oven. Every hour it was removed and another infrared
      spectrum was run. This procedure was repeated until appreciable oxidation
      had taken place as indicated by the appearance of a carbonyl band at
      1700-1750 cm.sup..sup.-1. The test was ended when the carbonyl band
      exceded 6 cm on a Perkin Elmer Infrared Spectophotometer, Model 710. This
      length is approximately equal to the length of the peak at 1450
      cm.sup..sup.-1.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Test                        Maximum Protection                            
     No.                         (hours)                                       
     __________________________________________________________________________
     11 Blank                    0.5                                           
     12 .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-3,5-dimethyl-     
                                 8                                             
        phenyl)p-xylene                                                        
     13 .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-3,6-dimethyl-     
                                 3                                             
        phenyl)p-xylene                                                        
     14 .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-3-tert-butyl-     
                                 13                                            
        5-methylphenyl)p-xylene                                                
     15 .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-3-tert-butyl-     
                                 6                                             
        6-methylphenyl)p-xylene                                                
     16 .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-3,5-diiso-        
                                 7                                             
        propylphenyl)p-xylene                                                  
     17 .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-3,5-di-sec-       
                                 7                                             
        butylphenyl)p-xylene                                                   
     18 .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-3,5-diisobutyl-   
                                 6                                             
        phenyl)p-xylene                                                        
     19 .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-3,5-di-tert-      
                                 16                                            
        butylphenyl)p-xylene                                                   
     20 .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-3,5-di-2-ethyl-   
                                 3                                             
        hexylphenyl)p-xylene                                                   
     21 .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-3,5-dibenzyl-     
                                 7                                             
        phenyl)p-xylene                                                        
     22 .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-3,5-di-4-methyl-  
                                 6                                             
        benzylphenyl)p-xylene                                                  
     __________________________________________________________________________
PAC  EXAMPLE 5
PAR  A number of candidate stabilizers were incorporated in 5 mil thick samples
      of polypropylene film, and the resulting materials evaluated by heat aging
      the films. In some of the tests where indicated dilaurylthiodipropionate
      was added as synergist.
PAR  In the heat aging test, polypropylene film samples 5 mil in thickness were
      maintained in an oven at 140.degree.C. Each sample was tested for loss of
      structural integrity. The number of hours shown in the table are the total
      elapsed hours before the film cracked or embrittled when flexed. The film
      was embrittled when it crumbled to a powder.
PAR  The resulting data are presented in Table IV.
TBL                                    TABLE IV                                
     __________________________________________________________________________
                         Percent                                               
                         by Weight                                             
                                 Percent by                                    
     Test                Tetraphenolic                                         
                                 Weight                                        
                                       Oven Hours                              
     No.                                                                       
        Compound         Derivative                                            
                                 Synergist                                     
                                       Cracked                                 
                                            Embrittled                         
     __________________________________________________________________________
     23 Blank            0       0      1    27                                
     24 .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-                  
                         0.1     0      31   31                                
        3,5-dimethylphenyl)p-xylene                                            
     25 .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-                  
                         0.1     0.3   602  644                                
        3,5-dimethylphenyl)p-xylene                                            
        + dilaurylthiodipropionate                                             
     26 .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-                  
                         0.1     0      30   30                                
        3,6-dimethylphenyl)p-xylene                                            
     27 .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-hydroxy-                  
                         0.1     0.3   500  507                                
        3,6-dimethylphenyl)p-xylene                                            
        + dilaurylthiodipropionate                                             
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  The solubility of some of the tetraphenolic derivatives prepared above in
      ethanol and toluene at 27.degree.C. is reported in Table V.
TBL                TABLE V                                                     
     ______________________________________                                    
     Test                 Solubility (g/100 ml)                                
     No.  Compound            Ethanol   Toluene                                
     ______________________________________                                    
     28    .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-                       
                              3         &lt;.17                                   
          hydroxy-3,5-dimethylphenyl)                                          
          p-xylene                                                             
     29    .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-                       
                              &lt;.14      &lt;.17                                   
          hydroxy-3,6-dimethylphenyl)                                          
          p-xylene                                                             
     30    .alpha.,.alpha.,.alpha.',.alpha.'-tetrakis(4-                       
                              &gt;9        &gt;9                                     
          hydroxy-3-tert-butyl-5-                                              
          methylphenyl)p-xylene                                                
     31    .alpha.,.alpha.,.alpha.',.alpha.' -tetrakis(4-                      
                              &gt;9        &lt;.17                                   
          hydroxy-3-tert-butyl-6-                                              
          methylphenyl)p-xylene                                                
     ______________________________________                                    
PAR  The above Examples clearly demonstrate the accomplishment of this
      invention. Example 1 demonstrates our best mode for preparing the novel
      tetraphenolic derivatives of our invention.
PAR  Examples 2 and 3 further demonstrate the best mode of practicing our
      invention. Tests 1 -8 inclusive are embodiments of our invention. Tests
      9-10 inclusive are not embodiments of our invention but were prepared for
      the purposes of comparison with our compositions in these and in the
      following examples. A comparison of the melting point given in Test 1 with
      Test 9 and a comparison of that in Test 3 with Test 10 shows that the
      tetra-2,6-disubstituted phenolic derivatives of our invention have lower
      melting points than the 2,5-derivatives.
PAR  In Example 4 a comparison of Tests 12 and 14 with Tests 13 and 15
      respectively clearly demonstrates that our tetra-2,6-disubstituted
      phenolic derivatives are unexpectedly superior to the 2,5-derivatives as
      antioxidants in cis-polyisoprene. Tests 16-22 inclusive further indicate
      the effectiveness of our compositions as antioxidants in cis-polyisoprene.
PAR  In Example 5, a comparison of Test 24 with Test 26 and more particularly of
      Test 25 with Test 27 shows the unexpected superiority of our
      tetra-2,6-disubstituted phenolic derivatives over the prior art
      2,5-derivatives. The superiority of our compositions as stabilizers for
      polypropylene is most evident when used in conjunction with a synergist.
PAR  Example 6 demonstrates by comparing Test 28 with Test 29 and Test 30 with
      31 that our tetra-2,6-disubstituted phenolic derivatives have the same or
      greater solubility than the 2,5-derivatives in typical alcohol and
      hydrocarbon solvents. This facilitates easier distribution in organic
      material to be stabilized.
PAR  From the foregoing descriptions we consider it to be clear that the present
      invention contributes a substantial benefit to the antioxidant art by
      providing a new and useful antioxidant suitable for stabilizing organic
      materials normally tending to undergo oxidative deterioration.
CLMS
STM  We claim:
NUM  1.
PAR  1. .alpha., .alpha., .alpha.', .alpha.',-tetrakis
      (4-hydroxy-3,5-dibenzylphenyl) p-xylene.
NUM  2.
PAR  2. .alpha., .alpha., .alpha.', .alpha.'-tetrakis
      [4-hydroxy-3,5-di(p-methylbenzyl)phenyl] p-xylene.
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ABST
PAL  Dehydroformylation of isomeric acetoxybutyraldehydes, with minimal
      dehydroacetoxylation, can be accomplished at a temperature in the range of
      120.degree.-250.degree. C. in a nonoxidizing atmosphere in the presence of
      an essentially neutral noble metal catalyst to produce allyl acetate,
      1-propenyl acetate or mixtures thereof. This reaction permits recycle of
      the undesired isomeric acetoxybutyraldehyde products of the
      hydroformylation of allyl acetate of 1-propenyl acetate to the desired
      4-acetoxybutyraldehyde which is an intermediate in the production of
      1,4-butanediol useful in making polyesters.
PARN
PAR  This is a division of application Ser. No. 371,929, filed June 20, 1973 now
      U.S. Pat. No. 3,880,913.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention provides a process for producing allyl acetate, 1-propenyl
      acetate or mixtures thereof by dehydroformylating 4-acetoxybutyraldehyde,
      2-acetoxybutyraldehyde, 3-acetoxy-2-methylpropionaldehyde or mixtures
      thereof. This invention also provides an improved process for
      hydroformylating these products to 4-acetoxybutyraldehyde and an improved
      process for making 1,4-butanediol from propylene, acetic acid and oxygen.
PAR  2. Description of the Prior Art
PAR  In my copending application A, Ser. No. 365,228 filed May 30, 1973 and
      assigned to the same assignee as the present invention, I have disclosed
      and claimed a process for making butanediols by oxidatively coupling
      propylene and acetic acid to produce allyl acetate which is then
      hydroformylated to produce the mixture of three isomeric
      acetoxybutyraldehydes. Hydrogenation of the mixture produces a mixture of
      isomeric acetoxybutanols which can also contain some of the diesters and
      free diols. In my copending application B, Ser. No. 365,231, filed May 30,
      1973 and assigned to the same assignee as the present invention, I have
      disclosed and claimed a process wherein the hydrogenation is accomplished
      during the hydroformylation reaction. De-esterification of the
      acetoxybutanol mixture produces the desired butanediols which can be
      separated by distillation.
PAR  In my copending application C, Ser. No. 371,714, filed concurrently
      herewith and assigned to the same assignee as the present invention, I
      have disclosed and claimed that hydroformylation of 1-propenyl acetate
      under hydroformylating conditions in the presence of a cobalt
      hydroformylation catalyst yields essentially the same isomeric mixture of
      acetoxybutyraldehydes as is obtained from allyl acetate.
PAR  Prior to my discovery, the prior art, see for example J. Am. Chem. Soc. 70,
      383 (1948) and 71, 3054 (1949), reported that the hydroformylation of
      allyl acetate led to only one product, 4-acetoxybutyraldehyde, in
      essentially a 70-75% yield. Although my work confirms this yield, I have
      also found that the balance of the allyl acetate has been converted to two
      isomers of the 4-acetoxybutyraldehyde, specifically,
      2-acetoxybutyraldehyde and 3-acetoxy-2-methylpropionaldehyde in
      approximately equimolar amounts.
PAR  Although, as shown in my copending applications A and B referred to above,
      these two isomers can be converted to their corresponding butanediols,
      specifically 1,2-butanediol and 2-methyl-1,3-propanediol, neither of these
      two products are as desirable as 1,4-butanediol, which forms polyesters
      with dicarboxylic acids, such as terephthalic acid, which are commercially
      much more desirable than the polyesters obtained from the other two
      isomers. It would be highly desirable, therefore, to be able to obtain
      higher yields of the 4-acetoxybutyraldehyde either by decreasing the
      production of the other two isomers or by converting the latter into the
      desired isomer.
PAR  Insofar as I am aware, the only attempt to recycle an undesirable
      by-product of a hydroformylation reaction is described in British Pat. No.
      1,241,646, its corresponding counterparts in other foreign countries, and
      in articles written by the inventors and coworkers, see for example,
      Angew. Chem., Internat. Edit. 9, 169 (1970) and 11, 155 (1972), Ind. Eng.
      Chem. 62 [4] 33 (1970). These references describe that in the
      hydroformylation of propylene to n-butyraldehyde, isobutyraldehyde is
      obtained as a less desired product. This latter product is
      dehydroformylated to propylene, carbon monoxide and hydrogen which can
      then be recycled in the hydroformylation reaction to increase the yield of
      the n-butyraldehyde in the over-all reaction. Other related art in this
      area teaches the production of saturated aliphatic compounds arising from
      the hydrogen interaction with the dehydroformylation product to
      hydrogenate the olefinic double bond. This latter reaction is called
      decarbonylation because, in effect, only carbon monoxide is removed from
      the starting product.
PAR  One of the convenient means for converting a compound containing an
      alcoholic hydroxyl group to an olefin is to make the acetate ester of the
      compound which is then thermolyzed or pyrolyzed to produce the olefin and
      acetic acid. For convenience, this ester thermolysis reaction, as applied
      to acetate esters, will be called dehydroacetoxylation since a hydrogen is
      removed from one carbon atom and the acetoxy group from the adjacent
      carbon atom to form acetic acid and create an olefinic double bond in the
      initial compound. Since the isomeric acetoxybutyraldehydes, to which this
      invention is directed, are acetate esters as well as aldehydes, they could
      undergo (a) the dehydroacetoxylation reaction to produce unsaturated
      aldehydes, (b) both the dehydroacetoxylation reaction and the
      hydrogenation reaction to produce saturated aldehydes, (c) the
      dehydroformylation reaction to produce unsaturated esters, (d) the
      dehydroformylation and hydrogenation reaction to produce saturated esters
      or (e) any combination of (a) through (d). It was indeed surprising to
      find that the dehydroformylation reaction could be effected with the other
      reactions occurring to a minimal extent.
PAC  SUMMARY OF THE INVENTION
PAR  I have found an indirect method of converting the two isomers,
      2-acetoxybutyraldehyde and 3-acetoxy-2-methylpropionylaldehyde to
      4-acetoxybutyraldehyde. In the presence of a Group VIII noble metal
      catalyst, any one of these three isomers or a mixture containing any two
      or all three of them can be dehydroformylated at a temperature in the
      range of 120.degree.-250.degree. C. in a nonoxidizing atmosphere and in
      the presence of an essentially neutral noble metal catalyst to produce
      allyl acetate, 1-propenyl acetate or mixtures thereof. Dehydroformylation
      of these isomers leads to allyl acetate from 4-acetoxybutyraldehyde,
      1-propenyl acetate from 2-acetoxybutyraldehyde and a mixture of allyl
      acetate, 1-propenyl acetate and variable amounts methacrolein and acetic
      acid from the less thermally stable 3-acetoxy-2-methylpropionaldehyde.
PAR  The amount of the methacrolein and acetic acid produced is dependent on the
      activity of the catalyst and the temperature used. Of the noble metal
      catalysts, those from platinum, rhodium and palladium are more active than
      the other Group VIII noble metals for promoting the dehydroformylation
      reaction. Platinum causes more hydrogenation of the desired unsaturated
      esters to saturated esters. Rhodium is satisfactory but much more
      expensive than palladium which is the preferred catalyst when it is
      desired to minimize the amount of unsaturated aldehyde or saturated ester
      by-products.
PAR  As I have disclosed in my above-referenced copending application C,
      1-propenyl acetate can be hydroformylated to give the same three isomeric
      acetoxybutyraldehydes in essentially the same proportion as is obtained
      upon hydroformylation of allyl acetate. Therefore, the significance of my
      discovery of the dehydroformylation reaction described above is that, by
      separating some or all of the 4-acetoxybutyraldehyde from the balance of
      the mixture containing the other two isomers, the latter can be
      dehydroformylated to furnish feedstock for the hydroformylation reaction.
      By always recycling the two undesired isomers in this matter, the
      feedstock of the hydroformylation reactions, in effect, is all converted
      essentially to the desired 4-acetoxybutyraldehyde, which can then be
      readily hydrogenated to produce 4-acetoxy-1-butanol, which, in turn, can
      be de-esterified to produce 1,4-butanediol.
PAR  Not only has my discovery of this dehydroformylation reaction provided a
      process useful in itself for utilizing the isomeric acetoxybutyraldehydes,
      made by any other processes, but has also provided improvements in the
      hydroformylation reaction to increase the yield of 4-acetoxybutyraldehyde
      in the process described in my above-referenced copending application A
      for making butanediols from propylene, acetic acid and oxygen wherein the
      hydroformylation reaction is an important intermediate step. By being able
      to convert all of the hydroformylated products to 4-acetoxybutyraldehyde,
      the butanediol will all be the desired 1,4-butanediol.
PAC  DETAILS OF THE INVENTION
PAR  The dehydroformylation reaction can be carried out as a liquid phase, vapor
      phase or liquid-vapor phase reaction. Since the products of the reaction
      are lower boiling than the feedstock, the liquid phase reaction can be
      carried out at atmospheric pressure at a temperature in the range from the
      boiling point of the lowest boiling of the dehydroformylated products up
      to the boiling point of the lowest boiling component of the feedstock.
      Both allyl acetate and 1-propenyl acetate, which has two isomeric forms,
      boil in the range of 100.degree.-106.degree. C. Therefore, the minimum
      temperature that the dehydroformylation reaction could be carried out at
      would be about 110.degree. C. However, at this temperature, the rate of
      the dehydroformylation reaction is so slow that it is preferred to use
      temperatures of at least 120.degree. C. and preferably 140.degree. C.
PAR  The maximum temperature for the reaction is determined by the lowest
      boiling component present in liquid phase. The lowest boiling isomer which
      would be present in the feedstock is 2-acetoxybutyraldehyde which has a
      boiling point of 168.degree. C. which represents, therefore, the maximum
      temperature that can be used for the dehydroformylation reaction when
      carried out in the liquid phase at atmospheric pressure when this
      component is present and as long as it remains unreacted. When it is
      dehydroformylated any remaining isomers can be dehydroformylated at higher
      temperatures up to their boiling point. Higher temperatures can be
      obtained by increasing the pressure. Generally, however, it would be more
      desirable in this case to carry out the reaction either in the vapor phase
      or the liquid-vapor phase to save the expense of the more expensive
      equipment required when carrying out reactions under pressure.
PAR  When carrying out the reaction in the liquid phase, the noble metal
      catalyst with or without a support, but preferably having a large surface
      area, is suspended, generally with stirring in the feedstock. Since all
      the components of the feedstock are liquid, no solvent needs to be used.
      However, if desired, a solvent could be used but it generally should have
      a boiling point higher than any of the components of the feedstock and be
      nonreactive with either the components of the feedstock or the
      dehydroformylated products. Preferably, no solvent is used since the
      reaction is simplified.
PAR  The liquid phase reaction is carried out in a distillation apparatus which
      permits the dehydroformylated products to distill as they are formed. If
      desired, a fractionating column can be used to insure separation of any
      feedstock vapors from the vapors of the dehydroformylated products. In
      order to minimize side reactions, it is preferable to keep the residence
      time of the feedstock in the distillation apparatus to a minimum. This is
      most easily accomplished by maintaining a relatively small volume of the
      feedstock in contact with the catalyst in the boiler section and adding
      additional feedstock at a rate commensurate with the dehydroformylation
      reaction to maintain a relatively constant volume in the boiler of the
      distillation apparatus. Furthermore, by maintaining a high proportion of
      catalyst in contact with this volume in the boiler section, the rate of
      dehydroformylation reaction will be increased, thereby also decreasing the
      residence time of the feedstock in the boiler section. As will be readily
      apparent, an amount of catalyst should not be so great as to interfere
      with heat transfer or distillation of the liquid phase.
PAR  In carrying out the dehydroformylation reaction in the vapor phase at
      atmospheric pressure, it is self evident that the minimum temperature to
      be used would be governed by the highest boiling point of the components
      of the feedstock. Of the various isomeric acetoxybutyraldehydes to be
      dehydroformylated, the highest boiling is 4-acetoxybutyraldehyde which has
      a boiling point of 190.degree. C. This means that in carrying out the
      dehydroformylation reaction in the vapor phase at atmospheric pressure,
      the temperature should be at least 190.degree. C. Lower temperatures than
      this can be used by carrying out the vapor phase reaction at
      subatmospheric pressure. However, generally, there is no incentive to do
      this since at the lower temperatures, the reaction might just as well be
      carried out in the liquid phase rather than the vapor phase.
PAR  In carrying out the vapor phase reaction, the vapors of the feedstock,
      produced preferably in a flashtype distillation apparatus, are introduced
      to the reactor containing the noble metal catalyst at the desired
      temperature. To aid in the transport of the vapors from the distillation
      apparatus to the catalyst bed, an inert gas, such as nitrogen or a mixture
      of carbon monoxide and hydrogen is used as a carrier gas to sweep the
      vapors of the feedstock from the distillation apparatus into the heated
      tube containing the noble metal catalyst. The vapors issuing from the
      reactor are then condensed and separated, generally by distillation into
      their various components.
PAR  For the vapor phase reaction, the noble metal catalyst is preferably
      deposited on a neutral support which should, like the noble metal, have a
      large surface area. The support should be of such a granular size as to
      permit the vapors of the reactants and products to readily pass through
      without the particles themselves being swept from the reactor. Porous
      carbon pellets of 4-14 mesh size are an ideal support on which the noble
      metal is carried. In choosing the temperature to use, one must balance the
      degree of conversion against the yield of desired product. Generally, it
      is better to use the lower temperature and increase the vapor contact time
      with the catalyst bed or to increase the amount of catalyst deposited on
      the support rather than to increase the reaction temperature. Too high a
      reaction temperature leads to breakdown of the feedstock into
      noncondensable products in addition to the carbon monoxide and hydrogen
      generated by the dehydroformylation reaction. Should one encounter large
      yields of noncondensable gases over and above that generated by the carbon
      monoxide in the hydrogen, one should then decrease the temperature at
      which the dehydroformylation reaction is being performed. Such techniques
      are well-known to those skilled in the art and would be readily
      ascertained.
PAR  In carrying out the dehydroformylation reaction under liquid-vapor phase
      conditions, the liquid feed product is introduced to the catalyst bed at a
      temperature sufficiently high that the feedstock is converted to the vapor
      on contact with the catalyst bed. Because of the cooling effect resulting
      from the vaporization of the liquid feed, the catalyst bed is generally
      kept at a temperature higher than would normally be used for the vapor
      phase reaction in order that the cooling effect will be compensated for
      and the reaction be carried out at the temperature which would normally be
      used for the vapor phase reaction. Generally in carrying out this type of
      reaction, an inert carrier gas is also provided to insure carrying the
      vapors through the catalyst bed to the exit port where they are condensed
      and again separated as discussed above for the vapor phase reaction.
PAR  In carrying out the dehydroformylation of the isomeric
      acetoxybutyraldehydes by any of the above techniques, the particular
      conditions and catalysts selected are dependent on the particular isomers
      or mixtures of isomers to be dehydroformylated. Both
      4-acetoxybutyraldehyde and 2-acetoxybutyraldehyde are much more thermally
      stable than the 3-acetoxy-2-methylpropionaldehyde. The first two isomers
      are easier to dehydroformylate than the third isomer. Both
      4-acetoxybutyraldehyde (boiling point 190.degree., 90.degree./20 mm.) and
      2-acetoxybutyraldehyde (boiling point 168.degree., 70.degree./20 mm.) can
      be readily distilled in an inert atmosphere at atmospheric pressure with
      no detectable dehydroacetoxylation to the corresponding olefinic aldehyde.
      In contrast, 3-acetoxy-2-methylpropionaldehyde (boiling point ca.
      180.degree., ca. 80.degree./20 mm.) will always dehydroacetoxylate to
      produce significant quantities of methacrolein and acetic acid when
      distilled under atmospheric pressure. The degree to which this
      dehydroacetoxylation reaction occurs is dependent on the residence time in
      the distillation boiler at the distillation temperature.
PAR  Neither the allyl acetate nor the 1-propenyl acetate which are the products
      of the dehydroformylation of these isomeric acetoxybutyraldehydes will
      dehydroacetoxylate. Therefore, if 3-acetoxy-2-methylpropionaldehyde is to
      be dehydroformylated either neat or as an ingredient in the mixture with
      the other two isomers, the dehydroacetoxylation reaction can be minimized
      and the yield of dehydroformylated product maximized by choosing those
      reaction conditions and catalysts which cause the highest rate for the
      dehydroformylation reaction. Since this reaction does not occur in the
      absence of the noble metal catalyst, it is desirable to choose those
      reaction conditions which minimize both the time this isomer is at an
      elevated temperature and its contact time with the catalyst bed. Also it
      is desirable to have the catalyst be the most active catalyst and in its
      most active form so that the dehydroformylation reaction is completed in
      as short time as possible. As pointed out above, palladium would be the
      catalyst to use. To make it in its most active form, it should have as
      high surface area as possible and preferably be on an essentially neutral,
      porous catalyst support having a large surface area.
PAR  In addition to the hydrogenation and dehydroacetoxylation reactions
      discussed above, aldol type condensations, oxidation and carbonization
      reactions can also occur. The aldol condensation reactions can be
      controlled by maintaining essentially neutral conditions in the
      dehydroformylation reaction. This means that the acetoxybutyraldehyde
      feedstock should be free of any acids or bases and that the catalyst and
      its supports, if used, should likewise be essentially neutral. It, of
      course, is recognized that when 3-acetoxy-2-methylpropionaldehyde is one
      of the reactants that the dehydroacetoxylation reaction cannot be
      completely prevented and therefore the products issuing from the
      dehydroformylation reactor would contain some acetic acid. However, at
      this point in the reaction, there is little if any unconverted
      acetoxybutyraldehyde isomers left unreacted unless the contact time with
      the catalyst bed at the particular temperature has been insufficient to
      provide high yields of the dehydroformylated products.
PAR  Oxidation is easily controlled by using an inert atmosphere which excludes
      oxygen. Since both carbon monoxide and hydrogen will be products of the
      dehydroformylation reaction and it would be desirable to reuse this in a
      further hydroformylation reaction, it is preferred that the inert
      atmosphere be of carbon monoxide and hydrogen. However, in this case,
      reaction conditions should be chosen which will minimize hydrogenation of
      the olefinic compounds to saturated compounds. If desired, in starting up
      a reaction, other inert gases, for example nitrogen, can be used to
      initially establish an inert atmosphere which is then permitted to be
      replaced by the carbon monoxide and hydrogen atmosphere generated by the
      dehydroformylation reaction. The carbonization reaction is best controlled
      by insuring that no overheating occurs on the catalyst bed and that the
      temperature not exceed the temperature at which the desired rate of the
      dehydroformylation reaction occurs. This can readily be determined by
      monitoring the temperature throughout the length of the catalyst bed to
      detect runaway conditions and/or by the amount of uncondensible gases
      exiting from the reactor. Generally, the lowest temperature that can be
      used and yet attain the desired rate of dehydroformylation is desirable in
      order to attain the highest conversion rate with minimum by-product
      formation.
PAR  Not only does the activity of a particular catalyst depend upon its method
      of preparation but once prepared on its past history. As it is continued
      to be used, it will naturally lose some of its activity but the desired
      reaction rate can be maintained by increasing the reaction bed temperature
      or by regenerating the catalyst by art recognized techniques. Within the
      above parameters, the temperature which I have found most satisfactory is
      in the range of 125.degree.-250.degree. C., preferably
      140.degree.-220.degree. C. When only 4-acetoxybutyraldehyde,
      2-acetoxybutyraldehyde or mixtures of these two isomers are to be
      dehydroformylated, their thermal stability permits slower reaction rate
      and catalyst of lower activity to be used than when the
      3-acetoxy-2-methylpropionaldehyde isomer is present.
PAR  In preparing the noble metal catalyst, any of the well-known techniques
      known in the art can be used. A salt of the noble metal can be
      precipitated as the hydroxide or oxide which can then either be prereduced
      in a reducing atmosphere or reduced on the initial introduction of the
      aldehyde isomers to be dehydroformylated. To prepare the supported
      catalyst, a porous neutral support, i.e. one having neither an acidic nor
      basic reaction, for example carbon black, can be impregnated in the usual
      way with a soluble noble metal salt which is then reduced in the same way
      as described above for the noble metal oxide or hydroxide.
PAR  As more fully detailed in my above referenced copending applications,
      hydroformylation of allyl acetate, 1-propenyl acetate or mixtures thereof
      under hydroformylating conditions in the presence of a cobalt
      hydroformylating catalyst leads to a mixture of 4-acetoxybutyraldehyde, as
      the predominant product, and its two isomers 2-acetoxybutyraldehyde and
      3-acetoxy-2-methylpropionaldehyde. Hydrogenation of this isomeric mixture
      leads to a mixture comprising the monoacetate esters of 1,4-butanediol,
      1,2-butanediol and 2-methyl-1,3-propanediol, respectively. Some
      transesterification can occur during the hydrogenation reaction so that
      the mixture also can contain some of the diacetates of these butanediols
      as well as some of the free butanediols. However, during the
      de-esterification process under de-esterification conditions, all of the
      esters are converted to the free butanediols so that the degree to which
      the transesterification reaction has occurred presents no processing
      problem. Of the three butanediols produced, the most commercially
      important one is 1,4-butanediol which forms polyesters with dicarboxylic
      acids such as terphthalic acid, which are commercially much more desirable
      than polyesters obtained from the other two isomers. Since this butanediol
      is the result of the hydrogenation and de-esterification of the
      4-acetoxybutyraldehyde, it is obvious that the 4-acetoxybutyraldehyde is a
      much more desirable product of the hydroformylation reaction.
PAR  The mixture of the isomeric butyraldehydes produced in the above-described
      hydroformylation reaction could be readily separated by fractional
      distillation into the three components if it were not for the thermal
      instability of the 3-acetoxy-2-methylpropionaldehyde. However, I have
      found that by flash distillation at a temperature above that of the two
      lowest boiling isomers, 2-acetoxybutyraldehyde and
      3-acetoxy-2-methylpropionaldehyde respectively, that these two isomers can
      be distilled leaving substantially pure 4-acetoxybutyraldehyde in the
      still pot. The amount of 4-acetoxybutyraldehyde which also codistills is
      dependent on the actual maximum temperature used in the flash
      distillation. The still pot residue can then be fractionally distilled to
      produce very pure 4-acetoxybutyraldehyde which can then be hydrogenated to
      4-acetoxy-1-butanol using any of the wellknown hydrogenation catalysts and
      hydrogenation conditions to product substantially pure
      4-acetoxy-1-butanol. This latter product can be readily de-esterified
      using any of the wellknown de-esterification processes to produce
      1,4-butanediol and acetic acid. The acetic acid can be recycled to make
      allyl acetate by oxidatively coupling propylene with acetic acid.
PAR  The mixture of isomers resulting from the abovedescribed flash distillation
      (to which may be added, if desired, any of the isomeric mixtures removed
      in the fractional distillation to further purify the
      4-acetoxybutyraldehyde as described above), may then be subjected to the
      above described dehydroformylation procedure to produce a mixture of allyl
      acetate and 1-propenyl acetate which may also contain some acetic acid and
      methacrolein as described above. After the removal of these latter two
      by-products, the mixture of the allyl acetate and 1-propenyl acetate can
      be hydroformylated as described in my copending application C referenced
      above to again produce a mixture of the isomeric acetoxybutyraldehydes in
      which the 4-acetoxybutyraldehyde predominates. It is therefore seen that
      this process of removing some of the 4-acetoxybutyraldehyde from the
      mixture containing the other two isomers and dehydroformylating the latter
      to produce feedstock for the hydroformylation reaction, effectively
      recycles the undesired isomers. The combination of this dehydroformylation
      reaction with the hydroformylation reaction represents an improvement in
      the latter reaction since it results in more of the feedstock being
      converted to the 4-acetoxybutyraldehyde. The higher yield of this isomer
      also results in a higher yield of 1,4-butanediol.
PAR  In carrying out the hydroformylation of the mixture of allyl acetate and
      1-propenyl acetate obtained by the process of this invention, I can use
      any of the procedures disclosed in my copending application C hereby
      incorporated by reference. In carrying out the overall process whereby (a)
      propylene is oxidatively coupled with acetic acid to form allyl acetate,
      (b) the allyl acetate, 1-propenyl acetate, or mixture of allyl acetate and
      1-propenyl acetate is hydroformylated to produce the isomeric
      acetoxybutyraldehyde, which are (c) treated according to the process of
      this invention to produce substantially pure 4-acetoxybutyraldehyde, which
      is (d) hydrogenated to produce 4-acetoxy-1-butanol, which is (e)
      de-esterified to produce 1,4-butanediol and acetic acid in a form which
      can be recycled to be oxidatively coupled with propylene, I may use any of
      the procedures for the oxidative coupling, hydroformylation, hydrogenation
      and the de-esterification disclosed in my copending application A
      cross-referenced above and hereby incorporated by reference.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In order that those skilled in the art may better understand my invention,
      the following examples are given by way of illustration and not by way of
      limitation. Temperatures are given in degrees Centigrade and pressures are
      reported in pounds per square inch gauge.
PAR  Examples 1-4 illustrate carrying out the dehydroformylation reaction in the
      liquid phase.
PAC  EXAMPLE 1
PAR  2-Acetoxybutyraldehyde was prepared essentially free of its isomers by
      hydroformylation of 1-propenyl acetate using rhodium
      bis(triphenylphosphine) carbonyl chloride [RhCl(CO).sub.2
      (PPh.sub.3).sub.2 ] as the catalyst. A suspension of 1.0 gram of 10%
      palladium on carbon black (freshly activated under hydrogen) in 6.4 grams
      of the 2-acetoxybutyraldehyde was heated at 155.degree.-190.degree. for 2
      hours, with an insulated 100 mm. Vigreaux column and condenser mounted
      directly above the reaction vessel. The distillate collected in that
      period was 4.6 grams of pale yellow liquid boiling in the
      85.degree.-103.degree. range. (Gas was also evolved.) Quantitative VPC
      analysis (propionic acid internal standard) showed the presence of 2.9
      grams of 1-propenyl acetate (59% yield, trans : cis ratio about 3:1), 0.92
      gram of propyl acetate (18%), 0.72 gram of acetic acid (24%), and about
      0.04 gram of unidentified lower boiling substrates. No allyl acetate was
      detected.
PAC  EXAMPLE 2
PAR  4-Acetoxybutyraldehyde was prepared by the dicobalt octacarbonyl-catalyzed
      hydroformylation of allyl acetate and isolated from its isomeric
      by-products by repeated distillation. A suspension of 1.0 gram of 10%
      palladium on acetylene black in 10.0 grams of 4-acetoxybutyraldehyde was
      heated at 140.degree.-180.degree. for 1 hour as in Example 1. Gas was
      evolved, and 6.1 grams of pale yellow liquid was collected at
      80.degree.-106.degree.. Quantitative VPC analysis showed the presence of
      2.1 grams of allyl acetate (27% yield), 0.94 gram of propyl acetate (12%),
      and 1.9 grams of acetic acid (41%). No 1-propenyl acetate was detected.
PAC  EXAMPLE 3
PAR  A suspension of 1.0 gram of 5% platinum on carbon (activated under
      hydrogen) in 4.1 grams of 2-acetoxybutyraldehyde was heated at
      155.degree.-180.degree. for 4 hours. Collected as in the above examples
      was 1.2 grams of distillate boiling over the 88.degree.-102.degree. range.
      Analysis by VPC and NMR showed the presence of 0.45 gram of 1-propenyl
      acetate (14% yield, trans : cis ratio about 2:1), about 0.1 gram of propyl
      acetate (3%), and about 0.5 gram of acetic acid (26%). A large amount of
      starting aldehyde remained unconverted in the still pot.
PAC  EXAMPLE 4
PAR  A suspension of 1.0 gram of 5% rhodium on carbon in 10.0 grams of
      2-acetoxybutyraldehyde was heated at 145.degree.-180.degree. for 2 hours.
      Gas was evolved. Collected as in the above cases was 5.2 grams of
      distillate which boiled in the 80.degree.-108.degree. range. VPC analysis
      showed the presence of 2.8 grams of 1-propenyl acetate (36% yield, trans :
      cis ratio about 3:1), 0.8 gram of propyl acetate (10%), and 1.2 grams of
      acetic acid (26%).
PAR  Examples 5-8 illustrate one method of carrying out the dehydroformylation
      reaction in the liquid-vapor phase.
PAR  Since the feedstock immediately volatilized from the catalyst bed in these
      examples, the actual reaction temperature is probably nearer that of the
      boiling point of the feedstock than it is that of the catalyst bed
      temperature.
PAC  EXAMPLE 5
PAR  A 5.0 gram bed of 10% palladium on carbon was heated at about 300.degree.
      and activated under hydrogen. After the hydrogen atmosphere was replaced
      with nitrogen, a mixture of 11.6 grams of 2-acetoxybutyraldehyde, 3.2
      grams of 3-acetoxy-2-methylpropionaldehyde, 4.4 grams of
      4-acetoxybutyraldehyde and 0.8 gram of acetic acid was dropped slowly
      (over 30 minutes) onto the hot catalyst. An insulated 100 mm. Vigreaux
      column and condenser were mounted directly above the reaction vessel. Gas
      was evolved. The distillate, 13.4 grams collected at
      60.degree.-110.degree. in 1 hour total reaction time contained, as found
      by VPC and NMR analysis, 4.1 grams of 1-propenyl acetate (46% yield based
      on 2-acetoxybutyraldehyde, 27% yield based on all aldehydes), 1.8 grams of
      allyl acetate (53% yield based on 4-acetoxybutyraldehyde, 12% yield based
      on all aldehydes), and 2.3 grams of propyl acetate (15% yield based on all
      aldehydes). The other products were acetic acid and methacrolein.
PAC  EXAMPLE 6
PAR  The aldehyde mixture described in Example 5, 10.0 grams, was dropped onto a
      bed of 3.1 grams of 5% rhodium on carbon maintained at about 300.degree..
      As in the previous case, gas was evolved and distillate was collected (5.1
      grams boiling over the 58.degree.-108.degree. range). Produced, as shown
      by VPC and NMR analysis, were 1.6 grams of 1-propenyl acetate (36% yield
      based on 2-acetoxybutyraldehyde, 21% yield based on all aldehydes), 0.55
      gram of allyl acetate (32% yield based on 4-acetoxybutyraldehyde, 7% yield
      based on all aldehydes), and 0.7 gram of propyl acetate (9% yield based on
      all aldehydes). The other products were acetic acid and methacrolein.
PAC  EXAMPLE 7
PAR  The aldehyde mixture described in Example 5, 10.0 grams, was dropped onto a
      bed of 3.0 grams of 5% platinum on carbon maintained at about 300.degree..
      As in the previous cases, gas was evolved and distillate was collected
      (6.2 grams boiling over the 56.degree.-104.degree. range). Produced, as
      found by VPC and NMR analysis, were 1.0 gram of 1-propenyl acetate (22%
      yield based on 2-acetoxybutyraldehyde, 13% yield based on all aldehydes),
      0.3 gram of allyl acetate (18% yield based on 4-acetoxybutyraldehyde, 4%
      yield based on all aldehydes), and 1.1 grams of propyl acetate (14% yield
      based on all aldehydes). The other products were acetic acid and
      methacrolein.
PAC  EXAMPLE 8
PAR  The aldehyde mixture described in Example 5, 10.0 grams, was dropped onto a
      bed of 4.1 grams of 5% ruthenium on carbon maintained at about
      300.degree.. As in the previous cases, gas was evolved and distillate was
      collected (5.2  grams boiling over the 60.degree.-110.degree. range).
      Produced as shown by VPC and NMR analysis, were 0.6 gram of 1-propenyl
      acetate (13% yield based on 2-acetoxybutyraldehyde, 8% yield based on all
      aldehydes), 0.3 gram of allyl acetate (18% yield based on
      4-acetoxybutyraldehyde, 4% yield based on all aldehydes), and 0.8 gram of
      propyl acetate (10% yield based on all aldehydes).
PAR  The yield of methacrolein in Examples 5-8 increased as the total yield of
      aldehyde reversion products decreased.
PAC  EXAMPLE 9
PAR  A heavy wall 16 mm. I.D. .times. 70 cm. effective length glass tube was
      charged with 22 grams of 0.2% palladium on 6-14 mesh carbon and heated at
      200.degree.-220.degree.. Then 25.0 grams of the aldehyde mixture described
      in Example 5 was evaporated and passed through the tube with a slot
      nitrogen carrier stream over 30 minutes. A pale yellow liquid (12.4 grams)
      was condensed and collected. As found by VPC and NMR analysis, it
      contained about 3 grams of 1-propenyl acetate, about one gram of allyl
      acetate, and about 0.5 gram of propyl acetate. The other materials were
      acetic acid, methacrolein and the aldehyde starting materials (about 20%
      unconverted).
PAR  The above examples have clearly demonstrated the best mode known to me of
      carrying the various aspects of my invention into effect. As will be
      readily understood by those skilled in the art, variations can be made in
      practicing my invention as clearly taught in the balance of the
      specification, by the cross-referenced applications and by the prior art
      on conversion of alkenes to unsaturated esters, hydroformylation,
      hydrogenation and de-esterification without departing from the true
      intended scope of my invention.
PAR  My invention can be used as an independent process for conversion of any
      one or a mixture of any of the isomeric acetoxybutyraldehydes to produce
      the olefinic unsaturated esters which are useful in and of themselves. In
      this respect, the dehydroformylation of 2-acetoxybutyraldehyde can be used
      as an alternative process of producing 1-propenyl acetate for the present
      process disclosed in the art. Allyl acetate has a wide variety of uses as
      the literature on this compound will show. It has already been discussed
      and shown above how my process can be used to provide an improvement in
      other known processes, specifically the hydroformylation process and the
      process for making 1,4-butanediol from propylene and acetic acid. Where
      desired, advantage can be taken of the thermal instability of the
      3-acetoxy-2-methylpropionaldehyde to eliminate it from a mixture with one
      or more of its isomers by heating the mixture and distilling the
      methacrolein and acetic acid as the one formed. The acetic acid can be
      recycled to make allyl acetate from propylene. The remaining isomers can
      then be readily isolated and either hydrogenated to monoesters or
      dehydroformylated as described above. These and other modifications of
      this invention and its uses as will be readily discerned by those skilled
      in the art, based on the teachings of the prior art herein incorporated by
      reference and the specific teachings of this application, can be employed
      within the scope of the invention. The invention is intended to include
      all such modifications and variations as are embraced within the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the process for producing 1,4-butanediol by oxidatively coupling
      propylene with acetic acid to produce allyl acetate which is
      hydroformylated under hydroformylating conditions in the presence of a
      cobalt hydroformylating catalyst to produce a mixture comprising
      4-acetoxybutyraldehyde, as the predominant product, and its two isomers,
      2-acetoxybutyraldehyde and 3-acetoxy-2-methylpropionaldehyde and
      hydrogenating the mixture of aldehydes under hydrogenating conditions to
      produce a mixture comprising the acetate esters of 1,4-butanediol and its
      two isomers, 1,3-butanediol and 1,2-butanediol which are de-esterified
      under de-esterification conditions to their corresponding diols, the
      improvement wherein at least some of the 4-acetoxybutyraldehyde is
      separated from the mixture containing its two isomers to provide feedstock
      for the hydrogenation reaction and the mixture containing the isomers is
      dehydroformylated at a temperature in the range of 120.degree.-250.degree.
      C. in a nonoxidizing atmosphere and in the presence of a catalyst selected
      from the group consisting of a Group VIII noble metal and mixtures thereof
      or a Group VIII noble metal and mixtures thereof on an essentially neutral
      support to produce feedstock for the hydroformylation reaction.
NUM  2.
PAR  2. The process improvement of claim 1, wherein the mixture containing the
      isomers is dehydroformylated at a temperature in the range of
      120.degree.-250.degree. C. in an atmosphere of CO and H.sub.2 in the
      presence of palladium, rhodium or mixtures thereof supported on an
      essentially neutral support to produce feedstock for the hydroformylation
      reaction.
NUM  3.
PAR  3. The process of claim 1, for the production of 1,4-butanediol which
      comprises:
PA1  a. oxidatively coupling propylene and acetic acid to allyl acetate with
      oxygen in the vapor phase over a solid catalyst comprising a Group VIII
      noble metal salt at a temperature sufficiently high to provide the desired
      rate of formation of allyl acetate but below the temperature at which
      substantial degradation of allyl acetate occurs:
PA1  b. hydroformylating the allyl acetate of (a), the mixture from (c) or a
      mixture of the products of (a) and (c) under hydroformylating conditions
      to produce a mixture comprising 4-acetoxybutyraldehyde, as the predominant
      product, and its two isomers 2-acetoxybutyraldehyde and
      3-acetoxy-2-methylpropionaldehyde;
PA1  c. separating at least some of the 4-acetoxybutyraldehyde from the mixture
      containing its two isomers and dehydroformylating the latter at a
      temperature in the range of 120.degree.-250.degree. C. in a nonoxidizing
      atmosphere in the presence of a catalyst selected from the group
      consisting of a Group VIII noble metal and mixtures thereof or a Group
      VIII noble metal and mixtures thereof on an essentially neutral support to
      produce a mixture of allyl acetate and 1-propenyl acetate as feedstock for
      (b);
PA1  d. hydrogenating the separated 4-acetoxybutyraldehyde from (c) under
      hydrogenating conditions to produce 4-acetoxy-1-butanol;
PA1  e. de-esterifying the 4-acetoxy-1-butanol to 1,4-butanediol and acetic acid
      under de-esterification conditions; and
PA1  f. isolating the 1,4-butanediol from the acetic acid.
NUM  4.
PAR  4. The process of claim 2, for the production of 1,4-butanediol which
      comprises:
PA1  a. oxidatively coupling propylene and acetic acid to allyl acetate with
      oxygen in the vapor phase over a solid catalyst comprising a Group VIII
      noble metal salt at a temperature sufficiently high to provide the desired
      rate of formation of allyl acetate but below the temperature at which
      substantial degradation of allyl acetate occurs;
PA1  b. hydroformylating the allyl acetate of (a), the mixture from (c) or a
      mixture of the products of (a) and (c) under hydroformylating conditions
      to produce a mixture comprising 4-acetoxybutyraldehyde, as the predominant
      product, and its two isomers 2-acetoxybutyraldehyde and
      3-acetoxy-2-methylpropionaldehyde;
PA1  c. separating at least some of the 4-acetoxybutyraldehyde from the mixture
      containing its two isomers and dehydroformylating the latter at a
      temperature in the range of 120.degree.-250.degree. C. in an atmosphere of
      CO and H.sub.2 in the presence of palladium, rhodium or mixtures thereof
      supported on an essentially neutral support to produce a mixture of allyl
      acetate and 1-propenyl acetate as feedstock for (b);
PA1  d. hydrogenating the separated 4-acetoxybutyraldehyde from (c) under
      hydrogenating conditions to produce 4-acetoxy-1-butanol;
PA1  e. de-esterifying the 4-acetoxy-1-butanol to 1,4-butanediol and acetic acid
      under de-esterification conditions; and
PA1  f. isolating the 1,4-butanediol from the acetic acid.
NUM  5.
PAR  5. The process of claim 3 wherein the acetic and of step (f) is recycled to
      step (a).
NUM  6.
PAR  6. The process of claim 4 wherein the acetic acid of step (f) is recycled
      to step (a).
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ABST
PAL  A process for producing 2-methyl-3-buten-2-ol by reacting isoprene with a
      hydrohalide and then with an aqueous base and then distilling the aqueous
      mixture in the presence of excess base to maintain the reaction mixture
      during distillation at a pH of at least 4.
PARN
PAR  This is a division of application Ser. No. 151,557, filed June 9, 1971, now
      U.S. Pat. No. 3,838,183.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the past, 2-methyl-3-buten-2-ol (MBE) has been manufactured by first
      reacting acetylene and acetone and then selectively hydrogenating the
      resulting 2-methyl-3-butyn-2-ol. This process requires relatively
      expensive process equipment and raw materials and creates at least one
      mole of calcium waste (derived from the reaction of water and calcium
      carbide to give acetylene), per mole of MBE produced by the process. This
      large amount of waste material gives rise to disposal problems.
PAR  An alternative process for manufacturing MBE has been developed which
      overcomes the aforementioned disabilities in manufacturing MBE from
      acetylene. This process utilizes isoprene as the starting material and
      involves the process steps of hydrohalogenation and subsequent solvolysis.
      See A. J. Ultee, Sr., Rec. Trav. Chim., Volume 68, pages 483-484 (1949)
      and U.S. Pat. No. 2,382,031. This alternative process requires relatively
      inexpensive process equipment (e.g., only one reaction vessel being
      required), relatively inexpensive raw materials, and creates only 1/2 mole
      of waste CaCl.sub.2 per mole of MBE produced, thereby substantially
      reducing the disposal problem.
PAR  However, the savings realizable from utilizing isoprene rather than
      acetylene in manufacturing MBE have not been as great as were anticipated.
      One reason for this is that the yields of MBE from this process have not
      heretofore proven to be very great. By this process, MBE has heretofore
      been obtained from isoprene in yields of no greater than about 20 to 50%.
      The yield of the MBE by this process has been reduced due to the formation
      of side products such as 2-methyl-4-hydroxy-2-butene (prenol). There has
      been a need for an improved process for manufacturing MBE from isoprene in
      relatively high yields i.e., yields about 80% or better.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, it has been discovered that MBE can be
      obtained in high yields of at least 80% from the addition product of
      isoprene and a hydrohalide by providing an aqueous solution containing the
      addition product and a base and distilling the solution while maintaining
      the solution at a pH of at least 4 to produce a distillate containing MBE.
      In accordance with another embodiment of this invention, the isoprene is
      combined with the hydrohalide at a temperature of between 0.degree. C. and
      -110.degree. C. and at an elevated pressure, and the reactants are
      combined in such a way that isoprene is added to a reaction mixture
      containing an initial quantity of isoprene and an excess of added
      hydrohalide.
PAC  DETAILED DESCRIPTION
PAR  In accordance with the improved process of this invention,
      2-methyl-1,3-butadiene (isoprene) is initially reacted with a hydrohalide
      such as hydrogen bromide or hydrogen chloride, preferably hydrogen
      chloride. The resulting addition product comprises principally
      2-methyl-2-halo-3-butene (2-halo compound) and/or 2-methyl-4-halo-2-butene
      (4-halo compound). In carrying out this first step of the process of this
      invention, the hydrohalide is contacted with the isoprene in a
      conventional manner, preferably by bubbling the gaseous hydrohalide
      through liquid isoprene.
PAR  A particularly preferred method of carrying out this first reaction step is
      by providing a reaction mixture containing equimolar quantities of
      isoprene and hydrohalide. In this procedure, these equimolar quantities
      are obtained by:
PAR  1. introducing, initially, a portion of the isoprene to be reacted,
      preferably about 10 - 25% by weight into the reaction vessel;
PAR  2. adding the hydrohalide into the initially added portion of isoprene
      until the isoprene is saturated thereby, creating an excess of the added
      hydrohalide in the initially added portion of the isoprene; and
PAR  3. Adding the remaining isoprene and hydrohalide, to be reacted, to the
      reaction vessel, the rate of addition of the two reactants being such that
      there is an excess of added hydrohalide. This excess remains until all the
      isoprene has been added to provide equimolar amounts of the isoprene and
      the hydrohalide. By this particularly preferred method, the production of
      waste materials (polymeric and halide containing compounds) formed by the
      process of this invention is minimized, preferably to about 10%.
PAR  In general, this reaction can be carried out at room temperature, i.e.,
      30.degree. C. and atmospheric pressure, with temperatures of from
      0.degree. C. to the freezing point of the hydrohalide and elevated
      pressures of greater than one atmosphere being preferred. If desired,
      higher temperatures can be utilized.
PAR  In accordance with the preferred embodiment of this invention, it has been
      found that this reaction proceeds more quickly at low temperatures and at
      elevated pressures. For example, with vigorous stirring and in a closed
      system, the time for the uptake of HCl for a 2 mole batch requires about 6
      hours at 0.degree. C., 2-3 hours at -20.degree. C. and about 20 minutes at
      -70.degree. C. It has also been found that the ratio of the 2-halo
      compound to the 4-halo compound increases as the reaction temperature
      decreases. For example, at 0.degree. C., -20.degree. C., and -70.degree.
      C., the weight ratios of the 2-halo compound to the 4-halo compound are
      respectively 50:50, 70:30 and 90:10.
PAR  In accordance with a particularly preferred embodiment of this invention,
      the reaction carried out at -70.degree. C., with vigorous stirring
      achieves a 95% conversion to the addition product in approximately 1 to 2
      hours. The remaining 5% unreacted isoprene can be completely reacted in
      about 18 hours. In addition, at this temperature, no visible isomerization
      from the 2-halo to the 4-halo compound is observed in the reaction mixture
      over a period of 6 hours.
PAR  In the second step of the improved process of this invention, the addition
      product from the reaction between isoprene and the hydrohalide is
      converted to MBE by adding a base and water to the addition product and
      then distilling the mixture. This reaction is carried out by adding an
      excess of base to the addition product of the isoprene and the hydrohalide
      so that the pH of the reaction mixture is raised to at least 4, preferably
      at a pH of from 7 to 14. The amount of the "excess base" added in this
      reaction exceeds the amount of base required to hydrolyze the addition
      product of the first step, preferably by about 5% to about 35%. In
      carrying out this second step, it is preferred to add the base and then
      the water to the addition product of the first step. Any conventional,
      inexpensive organic or inorganic base such as the alkali metal, ammonium
      or alkaline earth metal hydroxides, carbonates and bicarbonates, as well
      as organic bases such as nitrogen containing organic bases, which include
      tri-lower alkylamines or heterocyclic amine bases, may be utilized in this
      reaction. Among the preferred inorganic bases are included Ca(OH.sub.2),
      CaCO.sub.3 NaHCO.sub.3, Na.sub.2 CO.sub.3, NH.sub.4 OH, quinoline,
      pyridine, triethylamine, etc., with CaCO.sub.3 being especially preferred.
PAR  The reaction mixture, containing the excess base is then subjected to a
      conventional distillation operation. This distillation is carried out at a
      temperature of from 55.degree. C. to 95.degree. C. Distillation at this
      temperature produces a water-MBE azeotrope as the distillate. The
      resulting distillate contains water and MBE. The residue remaining from
      this distillation contains prenol, the base, polymerized isoprene, and
      other side products.
PAR  The addition of base to the addition product of the first step is
      considered essential in obtaining a high yield of MBE. It has been
      discovered that the use of the excess base prevents the addition product
      of the first reaction step from forming side products during formation and
      distillation.
PAR  The MBE in the distillate can be recovered in pure form by any conventional
      means of drying so as to separate the water from the MBE.
PAR  A preferred means for separating the water in the distillate from the MBE
      is by adding to the distillate a water soluble inorganic salt and an inert
      water-immiscible organic solvent to form a two-phase system, i.e., a water
      phase and an organic phase, and after separating the water phase,
      distilling the solvent from the organic phase to recover pure MBE, while
      the organic phase is maintained at a pH of at least 4, preferably 7 to 14.
PAR  In carrying out this separation, any water immiscible organic solvent can
      be utilized. Among the preferred solvents are hexane, methylene chloride,
      benzene and toluene, with hexane being especially preferred. If the
      solvent has a boiling point lower than the boiling point of the water-MBE
      azeotrope, the solvent is separated from the MBE by distilling off the
      solvent from the MBE. If the solvent has a boiling point higher than the
      MBE water azeotrope, the solvent is separated from MBE by distilling off
      the MBE.
PAR  In carrying out this separation, the inorganic salt should be added in an
      amount to provide an aqueous solution containing at least 50% by weight of
      the salt necessary to saturate the water. Generally, it is preferred to
      add the salt in sufficient amounts to saturate the aqueous solution. It
      has been found that the addition of inorganic salt inhibits the
      dissolution of water in the organic solvent phase. In this extraction, any
      conventional, non-acidic, water soluble, inorganic salt such as the alkali
      metal halides, preferably sodium chloride can be utilized.
PAR  The organic solvent extract is then conventionally, fractionally distilled
      to separate the MBE therefrom. From this fractional distillation step, the
      organic solvent removed may contain minor amounts of MBE. The removed
      solvent can, if desired, be recycled to extract another batch of MBE water
      distillate. The distillation should be carried out at a pH of at least 4,
      preferably from 7 to 14. This pH can be obtained by the addition of base
      to the organic extract. Any of the bases utilized in the first
      distillation step can be utilized in this fractional distillation step to
      maintain the pH of the extract to at least 4. On the other hand, some of
      the base originally present from the first distillation step may be
      present in this organic extract to provide the necessary pH.
PAR  The example which follows further illustrates the improved process of this
      invention. All temperatures are in degrees Centigrade. The initial 30 g.
      charge of isoprene consists of:
PAR  a. all of the recovered isoprene from the previous batch that is collected
      in the two dry ice traps and the material boiling up to 55.degree. C. in
      the first azeotropic distillation (usually 5-9 g.);
PAR  b. the entire distillation residue of the drying and purification procedure
      of the previous batch, the weight of this material usually being 10-20 g.
      and consisting of prenol and MBE (.about. 75%) and impurities (.about.
      25%); and
PAR  c. the weight adjusted to 30.0 g. using pure isoprene. Each experiment
      utilizes a total of 136 g. (2 moles) of fresh and recycled isoprene.
DETD
PAC  EXAMPLE
PAR  For each experiment, into a 1 liter 3-necked flask, equipped with a
      mechanical stirrer, subsurface gas inlet tube and 250 cc. dropping funnel
      (with pressure equalizer) carrying an adapter connected to a rubber
      balloon, is weighed initially 30 g. of isoprene, which includes recovered
      isoprene, if any, from the previous experiment and/or the distillation
      residues of the drying and purification procedure of the previous
      experiment and/or fresh isoprene. The rest of the 136 g. of isoprene for
      each experiment is put into the dropping funnel, and the system is
      hermetically closed by attaching the adapter with the rubber balloon on
      top of the dropping funnel on the one hand and by clamping the tubing
      coming from the HCl cylinder on the other hand. The flask is almost
      totally immersed into a dry ice-acetone bath and the contents are stirred
      for 15 minutes under the vacuum developed in the flask. After the
      substrates have reached dry ice temperature (-70.degree. C.), 76 g. (2.08
      moles) of HCl gas is introduced at a slight overpressure while stirring.
      After about 30-40 g. of hydrogen chloride has been introduced (ca. 10
      minutes), the remaining isoprene is added via the dropping funnel within
      ca. 20 minutes, while maintaining a strong flow of HCl gas. The addition
      of hydrogen chloride is finished in approximately 5-10 minutes prior to
      the end of the isoprene addition. The slightly turbid mixture, when
      containing a recycle distillation residue from a previous experiment, is
      then stirred for 1 hour at this temperature, after which time an IR
      analysis indicates little isoprene (5% by weight remaining).
PAR  The cooling bath is then removed. Then, 120 g. of CaCO.sub.3 (20% mole
      excess) and thereafter 300 cc. of water are added to the reaction mixture.
      The dropping funnel is replaced by an efficient coil condenser
      (water-cooled) which is connected to dry ice cooling traps. The white
      heterogenous reaction mixture is then stirred vigorously under cooling.
      CO.sub.2 is evolved in a steady flow and the temperature rises from
      initially ca. 10.degree. C. to approximately 30.degree. C. After ca. 2
      hours, the gas evolution comes to a virtual standstill. A quantity of
      isoprene, collected in the dry ice traps, is recycled to the next
      experiment. The reaction mixture is then heated in an oil bath and the MBE
      is distilled (with stirring) as an azeotrope with water. A forerun,
      boiling from 25.degree. to 50.degree. C., is collected and combined with
      the material accumulated in the cooling traps. The main fraction is taken
      from 55.degree.-95.degree. C., principally from 85.degree.-90.degree. C.
      About 210 g. of azeotrope is obtained. The aqueous residue, pH ca. 4- 6,
      contains an oily layer consisting mainly of side products, isoprene
      oligomers and polymers, chlorine-containing compounds, MBE and prenol. The
      full amount of azeotrope is then diluted with 136 g. of fresh hexane or
      the hexane forerun of the previous experiment. The precipitated water is
      saturated with NaCl (15-20 g.) and the layers separated. The water is
      discarded and the colorless organic phase is transferred to a 1 liter
      flask and ca. 0.5 g. of NaHCO.sub.3 is added. Fractional distillation at
      atmospheric pressure is carried out using a 30 cm. Vigreux column. The
      hexane forerun, b.p. 55.degree.-94.degree. C., is recycled to the next
      experiment after separating ca. 5-10 g. of water. The main distillation
      fraction is taken at 94.degree.-99.degree. C. and the resulting residue is
      recycled into the next experiment.
PAR  Using the described procedures, an average yield in excess of 80 percent of
      MBE (based on isoprene) is isolated - see the following table of
      experiments. The main fractions show a purity of ca. 99 percent.
PAR  The table which follows sets forth the data for the experiments 1-9 of the
      example.
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CLMS
STM  I claim:
NUM  1.
PAR  1. A process for separating 2-methyl-3-buten-2-ol from an aqueous medium
      which is an azeotrope of 2-methyl-3-buten-2-ol and water which comprises:
PA1  adding an alkali metal halide and an inert water-immiscible organic solvent
      to said aqueous medium to form a two-phase system containing an organic
      phase and an aqueous phase wherein the salt is added to provide at least
      50% of the amount necessary to saturate said aqueous phase, separating
      said aqueous phase from said organic phase and fractionally distilling
      said organic phase to recover 2-methyl-3-buten-2-ol while maintaining the
      organic phase at a pH of at least 4.
NUM  2.
PAR  2. The process of claim 1 wherein said solvent is hexane.
NUM  3.
PAR  3. The process of claim 1 wherein said alkali metal halide is sodium
      chloride.
NUM  4.
PAR  4. The process of claim 1 wherein the salt is provided in an amount
      sufficient to saturate the aqueous phase.
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ABST
PAL  A polynitro-benzophenone having at least 4 nitro substituents and useful as
      high energy explosive composition. A polynitro-diphenylmethane
      intermediate which may be oxidized to provide the aforesaid benzophenones.
      A process for preparing the aforesaid intermediate and the process for
      oxidizing the aforesaid intermediate to the benzophenone.
PARN
PAR  This application is a division of application Ser. No. 644,434, filed May
      29, 1967, now U.S. Pat. No. 3,574,758.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new compositions of matter and more particularly
      to both a new class of polynitro-substituted benzophenones having 4 or
      more nitro groupings, and to a new class of polynitro-diphenylmethanes.
      This invention further relates to a process for preparing the aforesaid
      benzophenones from the aforesaid diphenylmethanes, and to the process of
      preparing the aforesaid diphenylmethanes.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a new composition of matter
      having utility as a high energy explosive. More particularly, it is an
      object of this invention to provide a novel polynitro-substituted
      benzophenone having the following structure:
      ##SPC1##
PAL  Wherein each R and R' is a radical selected from the group consisting of
      nitro, halo, hydro, lower alkyl, cyano, amino, phenyl, nitrophenyl,
      alkylphenyl, halonitrophenyl, styryl, nitrostyryl, halonitrostyryl,
      benzyl, nitrobenzyl, halonitrobenzyl and combinations thereof, providing
      that at least three R' radicals and at least one R radical are nitro;
PAL  And to provide a diphenylmethane intermediate having the following
      structure;
      ##SPC2##
PAL  Wherein R and R' is defined as above. Diphenylmethane compounds are also
      known as "ditans".
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Due to the high nitrogen-oxygen content of the benzophenone compositions of
      this invention, they are particularly well adapted for use as high energy
      explosives. Also, since they are generally characterized by high thermal
      stability, even at temperatures as high as 300.degree.C, and since they
      possess medium range impact sensitivity, they are particularly well suited
      for use in propellant booster compositions.
PAR  Prior to this invention, polynitrosubstituted ditans of less than four
      nitro groups were prepared by straight nitration of diphenylmethane with a
      mixture of nitrate acids. By the present invention however, nitro
      substituted benzophenones having more than four nitro groups, and more
      particularly five or more nitro groups, may be prepared by strongly
      oxidizing a polynitrodiphenylmethane of the type prepared by reacting an
      aromatic halo compound with a alkyl or dialkylbenzene, such as
      trinitrotoluene (TNT).
PAR  Accordingly, from 0.25 to 6.0 moles of an alkylbenzene may be contacted
      with an excess quantity of an alkoxide, such as potassium or sodium
      hydroxide dissolved in methyl or ethyl alcohol, to form the corresponding
      benzyl anion which is then reacted with the aromatic halo compound to
      provide the substituted diphenylmethane. Oxidation of the ditan provides
      the novel benzophenones.
PAR  Any aromatic halo composition having at least one nitro group is suitable
      for present purposes. Preferred, however, are those in which the halo is
      selected from the group consisting of chloro, bromo or fluoro, such as
      picryl chloride, 1-chloro-2,6-dinitrobenzene, 1-chloro-2,4-dinitrobenzene,
      4-chloro-3,5-dinitrobenzonitrile,
      3-chloro-2,2',4,4',6,6'-hexanitrostilbene,
      3-chloro-2,2',4,4',6,6'-hexanitrobiphenyl,
      3,3'-dichloro-2,2',4,4',6,6'-hexanitrobiphenyl,
      1,3-dibromo-2,4,6-trinitrobenzene and 1-fluoro-2,6-dinitrobenzene.
PAR  The temperature of reaction is not critical and is dependent only on the
      nature of the reactants which, due to their high nitro content, are often
      explosive at high temperatures. Consequently, ambient temperatures or
      temperatures slightly above ambient are generally desirable.
PAR  In preparing the anion, it is normally convenient to use a compatible
      solvent such as tetrahydrofuran, acetonitrile or nitrobenzene with an
      alkoxide.
PAR  Reaction between the anion and the aromatic halo is usually complete within
      about twenty to forty minutes, after which the reaction is quenched in a
      cold dilute acid solution, such as dilute hydrochloric acid, causing the
      diphenylmethane to precipitate in a fine crystalline form which may be
      readily separated. Although the ditans are considered for the purposes of
      this invention as intermediates in the formation of the substituted
      benzophenones, it should be understood that they also possess independent
      utility as high explosives although of somewhat lower thermal stability
      and lower impact sensitivity than the benzophenones.
PAR  In preparing the ditan, it has been found desirable in order to obtain
      maximum yields, to include a small quantity of dimethylsulfoxide. While it
      is not understood precisely why the sulfide increases yield, it is
      believed that there is some effect in increasing the reactivity of the
      benzyl anion by causing desolvation. For this purpose from 0.1 to 2 parts
      by volume sulfide per part of solvent is normally sufficient.
PAR  Oxidation of the substituted ditan to a substituted benzophenone is
      effected by treating the ditan with a strong oxidizing agent in an
      oxidizing acid solution. While the choice of neither the oxidant nor acid
      is critical, best results are obtained when using chromium trioxide in a
      3:1 to 1:3 molar solution of nitric acid in oleum.
PAR  A preferred embodiment for effecting oxidation is to admix the ditan with
      an excess quantity of oxidant in a solution of the oxidizing acid while
      maintaining the temperature between about 30.degree.-70.degree.C.
      Normally, reaction will be substantially complete within a few hours as
      will be evidenced by the formation of a fine crystalline precipitate.
PAR  Representative of the substituted benzophenones which may be prepared by
      the methods of this invention are, 2,2',4,4',6 -pentanitrobenzophenone,
      2,2',4,4',6 hexanitrobenzophenone,
      3-(2,4,6-trinitrostyryl)-2,2',4,4',6,6'-hexanitrobenzophenone,
      3-(2,4,6-trinitrophenyl)-2,2',4,4',6,6'-hexanitrobenzophenone,
      3-bromo-2,2',4,4',6,6'-hexanitrobenzophenone,
      3-chloro-3'-(2,4,6-trinitrophenyl)-2,2',4,4',6,6'-hexanitrobenzophenone,
      and 4-cyano-2,2',4',6,6'-pentanitrobenzophenone.
PAR  Representative of the substituted ditan intermediates of this invention
      are, 2,2',4,4',6,6'-hexanitrodiphenylmethane,
      2,2',4,6,6'-pentanitrodiphenylmethane,
      3-(2,4,6-trinitrobenzyl)-2,2',4,4',6,6'-hexanitrostilbene,
      3-chloro-3',-(2,4,6-trinitrobenzyl)-2,2',4,4',6,6'-hexanitrobiphenyl and
      3-bromo-2,2',4,4',6,6'-hexanitrodiphenylmethane.
DETD
PAR  Having generally described the invention the following examples are
      presented for purposes of illustration and are not intended to be
      restrictive in any manner.
PAC  EXAMPLE I
PAC  2,2',4,4',6,6'-Hexanitrodiphenylmethane, "Hexaditan"
PAR  To a solution of 4.5 g (0.02 mole) of TNT in 50 ml of tetrahydrofuran at
      ambient temperature in a 400 ml beaker was added rapidly, with vigorous
      stirring, 10 ml (0.02 mole) of an 11.2% methanolic solution of potassium
      hydroxide. There was immediate formation of a dark red-brown solid in the
      solution. Immediately after the addition of the methanolic potassium
      hydroxide a solution of 2.5 g (0.01 mole) of picryl chloride in 25 ml of
      dimethylsulfoxide was added to the mixture. A deep blue color developed
      rapidly and darkened almost to black during the reaction period,
      accompanied by a slight temperature rise (to ca 30.degree.) and a
      lessening of the amount of solid present in the mixture. Stirring was
      continued for thirty minutes and then the reaction was quenched by pouring
      the mixture into 750 ml of cold water containing 25 ml of concentrated
      hydrochloric acid. An orange yellow precipitate formed which gradually
      crystallized and was then filtered off. This precipitate was extracted
      with portions of hot methanol until the methanol extracts were almost
      colorless and the residue was light yellow in color. The methanol
      insoluble product was filtered off, washed further with methanol and dried
      in an oven at 80.degree.. The product was then redissolved in 35 ml of
      acetonitrile. This solution was filtered and 50 ml of hot methanol was
      added causing recrystallization of the fine, pale yellow, almost colorless
      needles, mp 228.degree.-230.degree.C. Recrystallization resulted in
      raising the melting point to 230.degree.C. Ultimate yield was 4.0 gm, 91%
      of theoretical yield.
PAR  Hexaditan is soluble in acetone, acetonitrile, dimethylsulfoxide,
      tetrahydrofuran and hot glacial acetic acid, but almost insoluble in
      methanol, chloroform and ether. Anal. Calcd for C.sub.13 H.sub.6 N.sub.6
      O.sub.12 : C, 35.6; H, 1.4; N, 19.2; mol wt, 438. Found: C, 35.5; H, 1.5;
      N, 18.9, 18.9; mol wt. 430,439 (Osmometer, acetonitrile solution).
PAC  EXAMPLE II
PAC  2,2',4,4',6-Pentanitrodiphenylmethane, "2,4-Pentaditan"
PAR  1.9 gm (0.01 moles) of 1-fluoro-2,4-dinitrobenzene was substituted for the
      picryl chloride of Example I and the procedure repeated. The yield of
      crude product was 3.3 g, or 84% of the theoretical yield. Recrystallized
      yielded 2.95 g, or 75% of theoretical yield of pale yellow crystals, mp
      208.degree.-210.degree.(dcc). Anal. Calcd for C.sub.13 H.sub.7 N.sub.5
      O.sub.10 : C, 39.7; H, 1.8; N, 17.8; mol wt, 393. Found: C, 39.5, 39.6; H,
      2.0, 1.7; N, 17.7, 17.6; mol wt, 388 (Osmometer, acetonitrile solution).
PAC  EXAMPLE III
PAC  2,2',4,4',6-Pentanitrodiphenylmethane ("2,4-Pentaditan")
PAR  With 6g (0.03 mole) of 1-chloro-2,4-dinitrobenzene and 4.5 g (0.02 mole) of
      TNT, i.e. a mole ratio of halide to TNT of 1.3, the crude product wieghed
      2.7 g or 35% (on basis of TNT used) of the theoretical yield, and infrared
      spectrum showed only 2,4-Pentaditan, to be present.
PAC  EXAMPLE IV
PAC  2,2',4,6,6'-Pentanitrodiphenylmethane, "2,6-Pentaditan"
PAR  With the mole ratio of reactants, 2,6-dinitrochlorobenzene/TNT equal to 6,
      i.e. 24 g (0.12 mole) of 2,6-dinitrochlorobenzene to 4.5 g (0.02 mole) of
      TNT, the procedure of Example I was repeated and 2.75 g, or 35% of the
      theoretical yield (based on TNT) of the 2,6-Pentaditan was obtained.
      Recrystallized from acetonitrile-methanol-water formed pale yellow
      needles, mp 188.degree.-190.degree.(dec). Anal. Calcd for C.sub.13 H.sub.7
      N.sub.5 O.sub.10 : C, 39.7; H, 1.8; N, 17.8; mol wt, 393. Found: C, 39.9,
      39.6; H, 2.0, 1.9; N, 18.2, 18.2.
PAC  EXAMPLE V
PAC  4-Cyano-2,2',4',6,6'-Pentanitrodiphenylmethane "4-Cyanopentaditan"
PAR  The crude yield of product from 2.3 g (0.01 mole) of
      4-chloro-3,5-dinitrobenzonitrile was 2.25 g or 54% of the theoretical
      yield, from which 1.8 g, 43% of theoretical, of fine, faintly yellow
      needles were obtained by recrystallization, mp 205.degree.(dec). The
      product was very sensitive to light, becoming yellow rapidly and greenish
      yellow on prolonged exposure. Anal. Calcd for C.sub.14 H.sub.6 N.sub.6
      O.sub.10 : C, 40.2; H, 1.5; N, 20.1. Found: C, 40.7; H, 1.6, 1.5; N, 20.0,
      19.7.
PAC  EXAMPLE VI
PAC  3-Bromo-2,2',4,4',6,6'-hexanitrodiphenylmethane
PAR  The reaction of 3.75 g (0.01 mole) of 1.3-dibromo-2, 4,6-trinitrobenzene
      with 4.5 g (0.02 mole) of TNT was carried out as Example I. The crude
      product was fairly soluble in methanol, very soluble in THF, acetone and
      acetonitrile. After extraction with methanol at ambient temperature the
      oily crude was dissolved in acetone, methanol was added and the solution
      was evaporated on a hot plate with magnetic stirring until crystals
      formed. This crystalline product was filtered off and dried. It weighed
      1.5 g, or 29% of theoretical yield. After decolorization with Darco in THF
      solution, the solution was diluted with methanol and the product was
      precipitated by the addition of water. An oil formed which slowly hardened
      to a colorless solid. Recrystallized from acetone-methanol by evaporation
      to small volume it formed very fine crystals, mp 170.degree.-172.degree.
      (dec). Anal. Calcd for C.sub.13 H.sub.5 N.sub.6 O.sub.12 Br: N, 16.3; Br,
      15.5. Found: N, 16.2, 16.1; Br, 15.5, 15.5.
PAC  EXAMPLE VII
PAC  3-(2,4,6-Trinitrobenzyl)-2,2',4,4',6,6'-hexanitrostilbene
PAR  The reaction of 4.5 g (0.02 mole) of TNT with 4.6 g (0.01 mole) of
      3-chloro-2,2',4,4',6,6'-hexanitrostilbene was carried out as in the above
      reactions. The crude reaction product, after extraction with methanol was
      a brittle mass which was dissolved in 50 mol of acetonitrile, diluted with
      an equal volume of methanol and heated on a hot plate with magnetic
      stirring. Light yellow crystals separated and were filtered off, washed
      well with methanol and dried. This material weighed 4.8 g, 71% of the
      theoretical yield, melted at 168.degree.-170.degree. (dec), and elemental
      analysis showed that it contained a mole of acetonitrile. Calcd for
      C.sub.23 H.sub.12 N.sub.10 O.sub.18 : N, 19.6. Found: N, 19.7, 19.4.
      Recrystallized from 50 ml of THF with 50 ml of methanol added to the hot
      THF solution after filtering, the product separated in very fine, almost
      colorless crystals, mp 210.degree.-211.degree.C. Anal. Calcd for C.sub.21
      H.sub.9 N.sub.9 O.sub.18 : C, 37.2; H, 1.3;  N, 18.8. Found: C, 37.5,
      37.7; H, 1.6, 1.5; N, 19.0, 18.4.
PAC  EXAMPLE VIII
PAC  3-(2,4,6-Trinitrobenzyl)-2,2',4,4',6,6'-hexanitrobiphenyl
PAR  The reaction of 4.5 g (0.02 mole) of TNT with 4.6 g, (0.01 mole) of
      3-chloro-2,2',4,4',6,6'-hexanitrobiphenyl was carried out as above. After
      extracting the crude reaction product with methanol until the extracts
      were light colored, the somewhat gummy residue was dissolved in acetone,
      an equal volume of methanol was added and the solution was heated, with
      magnetic stirring, on a hot plate. A light yellow crystalline material
      separated, was filtered off and dried. It weighed 1.7 g, 25% of the
      theoretical yield. Recrystallized from acetone methanol formed faintly
      yellow rod-like crystals, mp 255.degree.-256.degree.. Anal. Calcd for
      C.sub.19 H.sub.7 N.sub.9 O.sub.18 : C, 35.1; H, 1.1; N, 19.4. Found: C,
      34.9, 34.2; H, 1.6, 1.2; N, 19.2, 18.8.
PAC  EXAMPLE IX
PAC  3-Chloro-3'-(2,4,6-trinitrobenzyl)-2,2'4,4',6,6'-hexanitrobiphenyl
PAR  The reaction of 4.5 g (0.02 mole) of TNT with 4.9 g (0.01 mole) of
      3,3'-dichloro-2,2',4,4',6,6'-hexanitrobiphenyl was carried out as above.
      The reaction product was worked up in a manner similar to that for the
      preparation of 3-(2,4,6-trinitrobenzyl)-2,2',4,4',6,6'-hexanitrobiphenyl
      and yielded 2.0 g, a 29% yield, of crude product. Recrystallized from
      acetone methanol formed fine, almost colorless crystals, mp 252.degree.C.
      Anal. Calcd for C.sub.19 H.sub.6 N.sub.9 O.sub.18 Cl: N, 18.4; Cl, 5.2.
      Found: N, 18.4, 18.6; Cl, 5.5, 5.4.
PAR  Many of the above reactions were also carried out without the use of
      dimethylsulfoxide by dissolving the halogen compound in tetrahydrofuran
      instead of dimethylsulfoxide. Generally yields were from 40 to 70% lower
      with the exception of the reaction of 1-chloro-2,4,6-trinitrobenzene which
      was unaffected.
PAC  EXAMPLE X
PAC  2,2',4,4',6-Pentanitrobenzophenone
PAR  A solution of 5.0 gm of the product resulting from Example II was placed in
      35 ml of 90% nitric acid in a 100 ml, 3-neck round bottom flask equipped
      with a thermometer and a mechanical stirrer. To this solution was added 25
      ml of 30% oleum, keeping the temperature under 50.degree. by the rate of
      addition with cooling in an ice bath as needed. After the addition of the
      oleum was completed, 3.0 g of chromium trioxide was added. The reaction
      mixture was then heated to 50.degree.-60.degree. by means of a water bath
      for two hours. At the end of the reaction period the mixture consisted of
      a dark green solution containing a considerable quantity of very fine
      needle-like crystals. After cooling to ambient temperature this mixture
      was poured over flaked ice, the precipitated product was collected on a
      filter, washed first with water, then methanol and dried. It weighed 4.75
      g, or 92% of the theoretical yield. Recrystallized from nitrobenzene it
      formed very fine, almost colorless needles, mp  320.degree.-322.degree..
PAC  EXAMPLE XI
PAC  2,2',4,4',6,6'-Hexanitrobenzophenone
PAR  The procedure of example X was repeated using
      2,2',4,4',6,6'-hexanitrodiphenylmethane as prepared in example I. A 92%
      yield of 2,2',4,4',6,6'-hexanitrobenzophenone mp 280.degree.-282.degree..
      Anal. Calcd for C.sub.13 H.sub.4 N.sub.6 O.sub.13 : C, 34.55; H, 0.89;
      Found: C, 34.62, 34.24; H, 0.97, 0.81; N, 18.19, 18.37.
PAR  Any one of 2,2',4,6,6'-pentanitrobenzophenone,
      3-bromo-2,2',4,4',6,6'-hexanitrobenzophenone,
      3-(2,4,6,-trinitrophenyl)-2,2',4,4',6,6'-hexanitrobenzophenone,
      3-(3-chloro-2,4,6-trinitrophenyl)-2,2',4,4',6,6'-hexanitrobenzophenone,
      3-(2,4,6-Trinitrostyryl)-2,2',4,4',6,6'-hexanitrobenzophenone, may be
      obtained by the methods of example XI.
PAR  The following Table shows the impact sensitivity of the products of this
      invention in comparison with those explosives previously available. Impact
      sensitivities were determined on the Bruceton ERL machine using a 2.5 kg
      weight and type 12 tools with the material on sandpaper. Measurements are
      recorded as the 50% minimum height in which a 2.5 kilogram weight will
      cause at least one explosion in 20 drops.
TBL                TABLE                                                       
     ______________________________________                                    
     Comparison of Impact Sensitivity                                          
                               Impact                                          
     Compound                  Sensitivity                                     
     ______________________________________                                    
     2,2',4,4',6-pentanitrobenzophenone                                        
                               54 cm                                           
     2,2',4,4',6,6'-hexanitrodiphenylmethane                                   
                               39 cm                                           
      "Hexaditan"                                                              
     2,2',4,4',6,6'-hexanitrostilbene                                          
                               39 cm                                           
     2,2',2",4,4',4",6,6',6"-Nonanitroterphenyl                                
                               39 cm                                           
      "NONA"                                                                   
     2,2',2",2"',4,4',4",4"',6,6',6",6"'-                                      
      Dodecanitro-m,m'-quaterphenyl "Dodeca"                                   
                               29 cm                                           
     ______________________________________                                    
PAR  Various modifications of the invention can be made by one skilled in the
      art, in view of the above disclosure, without departing from the spirit
      and scope of the invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. The substituted ditan of the formula,
      ##SPC3##
PAL  wherein each R and R' is a radical selected from the group consisting of
      nitro, halo, hydrogen, lower alkyl, cyano, amino, phenyl, nitrophenyl,
      alkylphenyl, halonitrophenyl, styryl, nitrostyryl, halonitrostyryl,
      benzyl, nitrobenzyl, halonitrobenzyl and mixtures thereof providing that
      at least one R radical and at least three R' radicals are nitro.
NUM  2.
PAR  2. The ditan of claim 1 wherein at least two R radicals are nitro.
NUM  3.
PAR  3. The ditan of claim 1 being 2,2',4,4',6-pentanitrodiphenylmethane.
NUM  4.
PAR  4. The ditan of claim 1 being 2,2',4,4',6,6'-hexanitrodiphenylmethane.
NUM  5.
PAR  5. The ditan of claim 1 being
      4-cyano-2,2',4',6,6'-pentanitrodiphenylmethane.
NUM  6.
PAR  6. The ditan of claim 1 being
      3-(2,4,6-trinitrobenzyl)-2,2',4,4',6,6'-hexanitrostilbene.
NUM  7.
PAR  7. The ditan of claim 1 being
      3-(2,4,6-trinitrobenzyl)-2,2',4,4',6,6'-hexanitrobiphenyl.
NUM  8.
PAR  8. The ditan of claim 1 being
      3-chloro-3'-(2,4,6-trinitrobenzyl)-2,2',4,4',6,6'-hexanitrobiphenyl.
NUM  9.
PAR  9. The ditan of claim 1 being
      3-bromo-2,2',4,4',6,6'-hexanitrodiphenylmethane.
NUM  10.
PAR  10. The ditan of claim 1 wherein two R' radicals are hydrogen and three R'
      radicals are nitro.
NUM  11.
PAR  11. The process of preparing the ditan of claim 10 which comprises reacting
      an aromatic halide of the formula
      ##SPC4##
PAL  wherein X is halogen from the group consisting of Cl, F, and Br and wherein
      R is a radical selected from the group consisting of nitro, halo, hydro,
      lower alkyl, cyano, amino, phenyl, nitrophenyl, alkylphenyl,
      halonitrophenyl, styryl, nitrostyryl, halonitrobenzyl and mixtures thereof
      with trinitrotolnene in an alkoxide solution.
NUM  12.
PAR  12. The process of claim 11 wherein the alkoxide is the reaction product of
      methanol and potassium hydroxide.
NUM  13.
PAR  13. The process of claim 11 wherein the reaction is conducted in a solution
      of dimethylsulfoxide and tetrahydrofuran.
NUM  14.
PAR  14. The process of claim 11 wherein the aromatic halide is picryl chloride.
NUM  15.
PAR  15. The process of claim 11 wherein the aromatic halide is
      4-chloro-3,5-dinitrobenzonitrile.
NUM  16.
PAR  16. The process of claim 11 wherein the aromatic halide is
      3-chloro-2,2',4,4'6,6'-hexanitrostilbene.
NUM  17.
PAR  17. The process of claim 11 wherein the aromatic halide is
      3-chloro-2,2',4,4',6,6'-hexanitrobiphenyl.
NUM  18.
PAR  18. The process of claim 11 wherein the aromatic halide is
      3-3'-dichloro-2,2',4,4',6,6'-hexanitrobiphenyl.
NUM  19.
PAR  19. The process of claim 11 wherein the aromatic halide is
      1,3-dibromo-2,4,6-trinitrobenzene.
NUM  20.
PAR  20. The process of preparing the ditan of claim 1 which comprises reacting,
      in an alkoxide solution, a nitro-substituted aromatic halide of the
      formula
      ##SPC5##
PAL  wherein X is a halogen, selected from the group consisting of Cl, F, and Br
      with a nitro substituted alkyl benzene of the formula
      ##SPC6##
     wherein each R and R' is a radical selected from the group consisting of
      nitro, halo, hydrogen, lower alkyl, cyano, amino, phenyl, nitrophenyl,
      alkylphenyl, halonitrophenyl, styryl, nitrostyryl, halonitrostyryl,
      benzyl, nitrobenzyl halonitrobenzyl and mixtures thereof; with the proviso
      that at least one R radical and at least three R' radicals are nitro.
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ABST
PAL  Styrene and benzene are simultaneously produced by heating a mixture of
      toluene and ethylbenzene in a mole ratio of at least 1:1 to a temperature
      from about 400.degree. to 900.degree.C at moderate pressures for a period
      of time up to about 15 seconds, cooling the reaction mixture quickly and
      recovering the styrene and benzene therefrom. Yields of both products can
      be improved by the addition of modifying agents such as benzenethiol or by
      conducting the reaction in the presence of a chromium-containing catalyst
      supported on an inorganic material which can be promoted by a compound of
      calcium, magnesium, copper or zinc.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method for simultaneously producing
      styrene and benzene by reaction of toluene and ethylbenzene.
PAR  At the present time, styrene is made commercially by a multistep process
      starting with benzene which is alkylated with ethylene in the presence of
      a catalyst such as aluminum chloride to produce ethylbenzene which is then
      catalytically dehydrogenated to styrene. The dehydrogenation reaction is
      an endothermic one and its rate and the extent of conversion are limited
      by approach to thermodynamic equilibrium. The equilibrium limitation must
      be relieved in practice by low reaction pressures or by dilution with
      inert gases. It is well known that toluene can be dealkylated to benzene
      either thermally or catalytically by subjecting it in the presence of
      hydrogen to a temperature within the range from about 500.degree. to about
      1000.degree.C at elevated pressure for a controlled period of time. As a
      result of such reaction conditions, the methyl group is cleaved from the
      toluene and replaced by hydrogen. The hydrodealkylation reaction is
      exothermic. It has now been discovered that these two reactions, the
      dehydrogenation of ethylbenzene and the hydrodealkylation of toluene, can
      be conducted either thermally or catalytically in the same reactor to
      provide a new method for producing styrene and benzene together utilizing
      less expensive reactants. The hydrogen and heat removal required in one
      reaction is provided by the other reaction taking place simultaneously.
      Energy requirements are reduced over the two separate processes,
      hydrodealkylation is effected at atmospheric or relatively low pressure,
      dehydrogenation is effected at atmospheric or higher pressure relative to
      those presently employed, no hydrogen recycle and clean-up is needed,
      hydrogen from the dehydrogenation of ethylbenzene reaction is effectively
      used without compression and capital costs are reduced as compared to
      requirements of two separte plants for separate production of styrene and
      benzene from ethylbenzene and toluene, respectively. It is especially
      remarkable that atmospheric pressure is successfully used in this dual
      reaction since the dealkylation of toluene alone requires at least 150 psi
      partial pressure of hydrogen to avoid aromatic condensation reactions
      leading to major yield losses to polynuclear aromatics. If desired, the
      ratio of benzene to styrene produced may be varied by modifications in
      process conditions.
PAC  STATEMENT OF THE INVENTION
PAR  According to the present invention, a mixture of toluene and ethylbenzene
      in a mole ratio of at least 1:1 is passed at moderate pressures through a
      reaction zone heated to a temperature from about 400.degree. to about
      900.degree.C at a rate such that the reactants are exposed to said
      temperature for a period up to about 15 seconds, the resulting reaction
      effluent is quenched and styrene and benzene are recovered therefrom by
      conventional separation techniques. Improved results insofar as styrene
      and benzene yields are concerned are obtained if the reaction mixture
      contains a modifying agent such as benzenethiol and/or if the reactor
      walls and piping are sulfided by pumping a solution of a modifying agent
      such as benzenethiol in a suitable solvent such as cetane through the
      reactor for a few minutes prior to initial use. Even better results with
      respect to yields of styrene and benzene are obtained when a catalyst is
      employed comprising an oxide or salt of chromium or such chromium
      compounds promoted by an oxide or salt of a metal selected from Groups I
      and II of the Periodic Table supported on a low-surface-area material such
      as alumina.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention is illustrated in the following examples which, however, are
      not to be construed as limiting it in any particular manner.
PAC  EXAMPLE 1
PAR  In a series of runs, toluene (Tol) and ethylbenzene (EB) in a mole ratio of
      4.2:1 were reacted thermally under one atmosphere pressure in a reactor
      comprised of a pair of 1/8 inch O.D. stainless steel preheater coils
      connected to a section of stainless steel tubing (1/2 inch O.D.)
      approximately 12. cm long. The free volume of the tube was 10.8 ml. The
      temperature of each preheater was set by manually selecting the voltage
      applied to the heater coil. The temperature of the reactor was controlled
      by a "Pyro-O-Vane" controller and a J-type thermocouple. The toluene and
      ethylbenzene were metered, mixed and fed to the pre-heater via glass
      syringes, the syringes being driven by hydraulic pistons. From the
      preheaters the feed was introduced without cooling into the reactor.
PAR  The effluent from the reactor was cooled by a water condenser and then by a
      series of three U-tubes cooled in a dry ice bath. The vent gas was sampled
      in small portions and most of the vent gas was recorded by a wet-test
      meter. After the run the condensates were combined and analylzed by gas
      chromatography. The gas sample was collected in an evacuated bulb and
      subjected to analysis using a mass spectrometer.
PAR  After each run the reactor was purged with steam and then any carbon
      deposit was burned out by purging the hot reactor with air for several
      hours. Variations in the conditions of the runs and the results obtained
      are presented in Table 1 below.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Reaction          % Conversion                                            
                               % Yield                                         
     Run                                                                       
        Time Temp                                                              
                 Residence                                                     
                       of      SM* on                                          
                                    Bz on                                      
     No.                                                                       
        Min. .degree.C                                                         
                 Time, sec                                                     
                       Tol EB  EB   Tol                                        
     __________________________________________________________________________
     1  60   720 5     14.4                                                    
                           83.1                                                
                               41.7 40.6                                       
     2  60   700 5     11.3                                                    
                           52.3                                                
                               69.3 43.9                                       
     3  30   700 10    32.4                                                    
                           70.5                                                
                               51.2 20.7                                       
     __________________________________________________________________________
      *Styrene Monomer                                                         
PAC  EXAMPLE 2
PAR  Using essentially the same equipment, except that the stainless steel
      tubing was replaced by a coil having a diameter of 1-in. made from 1/2
      inch O.D. stainless steel tubing (volume 13.7 ml), and following the
      procedure employed in Example 1, toluene and ethylbenzene were reacted
      over a reaction period of one hour at a temperature of 720.degree.C and a
      residence time of 10 sec. in the presence of benzenethiol which was added
      to the charge to the reactor. In the first run, 400 ppm of benzenethiol
      was used, an amount sufficient only to sulfide the reactor, but in Run 2,
      the benzenethiol was increased to 1 mole per cent, a quantity such that it
      could act as a free-radical modifier. In addition, before starting these
      runs, the stainless steel reactor and preheaters were treated slowly with
      5 ml benzenethiol in cetane and a warm-up of 10-20 minutes was made to
      bring the feed rates and reactor to equilibrium. Run conditions and
      results are presented in Table 2 below.
TBL                Table 2                                                     
     ______________________________________                                    
               % Conversion                                                    
                          % Yield                                              
     Run  Mole Ratio of           SM on  Bz on                                 
     No.  Tol/EB     EB           EB     Tol                                   
     ______________________________________                                    
     1    14:1       91           58     70                                    
     2    14:1       89           65     79                                    
     ______________________________________                                    
      The improvement in yields of both ethylbenzene and benzene is evident by
      comparison of these results with those shown in Example 1.
PAC  EXAMPLE 3
PAR  In this series of runs, toluene and ethylbenzene were reacted in contact
      with supported chromium-containing catalysts at atmospheric pressure. The
      apparatus employed consisted of a specially constructed jacketed Vycor
      reactor. The inner tube, 1 inch in diameter and 16 inches in length, had a
      frit fixed at a position about 3.5 inches above the bottom as a catalyst
      support. The outer jacket was about 3 inches in diameter and was filled
      with sand which was fluidized by nitrogen to maintain uniform temperature.
      The reactor was heated by a furnace. The reactor temperature was measured
      by a thermocouple connected to a temperature indicator and was controlled
      by another thermocouple placed in the same bath which was connected to a
      temperature control.
PAR  The feed materials, supplied either from a constant pressure feed tank or a
      syringe pump passed through a vaporizer and entered the top of the
      reactor. The effluent leaving the bottom of the reactor was cooled by two
      ice-water condensers from which liquid products were collected. The
      uncondensed gases were analyzed by a gas chromatograph sampling directly
      from the gas line. The gas flow rate was measured frequently by a bubble
      meter. The reactor was also equipped with rotameters, flow regulators and
      pressure controllers for hydrogen, nitrogen and air. These gases were used
      either as feed diluents or as catalyst treating agents.
PAR  The various catalysts employed were prepared by an impregnation technique
      wherein the support was mixed with a water solution of the desired
      catalytic metal compound in an amount that could be completely absorbed by
      the support. The impregnated solid was dried with an infrared heater and
      then in an oven at 110.degree.C overnight. The dry solid was calcined at
      temperatures from 500.degree. to 600.degree.C for three to eight hours
      depending upon the composition of the catalyst and the metal salts used.
      The catalyst in Run 1 was prepared by an ion exchange method wherein
      chromium chloride (CrCl.sub.3.sup.. 6H.sub.2 O) was dissolved in water to
      make a 0.5 molar solution. This solution was mixed with an air-dried,
      sodium-form zeolite to allow the exchange of the metal cation and the
      sodium ion. About three times equivalent excess of the cation was used.
      The exchange was conducted at ambient temperature for 96 hours. The
      zeolite was filtered and washed with distilled water until free from the
      anion. It was dried at 110.degree.C overnight and then treated with
      hydrogen at 600.degree.C for three hours.
PAR  From about 25 to about 50 ml. of the catalyst were placed in the reactor
      and the feed mixture was passed through the catalyst bed at a
      predetermined temperature and flow rate. The feed mixture was vaporized
      and preheated to about 150.degree.C in a vaporizer before entering the top
      of the reactor. Hydrogen was introduced with the reactants to prevent coke
      formation in the reactor. The reactor effluent, after condensing liquid
      product, was measured and sampled for gas chromatographic analysis. A
      period of 30 to 45 minutes was allowed to equilibrate the whole system
      before collection of the liquid and gas samples. Generally, from 30
      minutes to an hour was sufficient to collect a representative liquid
      sample. The catalysts employed, the conditions under which they were used
      and the results obtained are presented in Table 3. Comparison of the data
      presented with those of the previous examples shows that yields of both
      styrene and benzene are significantly increased when a chromium-containing
      catalyst is employed in the reaction and that the effectiveness of the
      chromium-containing catalyst can be further enhanced by addition thereto
      of a Group I or Group II metal compound.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
                                    Residence                                  
                                          Mole           % Yield               
     Run Mole Ratio                                                            
                Catalyst  Promoter -                                           
                                Temp                                           
                                    Time  Ratio                                
                                               Conversion, %                   
                                                         SM on Bz on           
     No. Tol/EB Composition                                                    
                          Amt % .degree.C                                      
                                    Sec.  H.sub.2 /HC                          
                                               Tol.sup.1                       
                                                    EB   EB    Tol             
     __________________________________________________________________________
     1   4:1    5% Cr on Zeolon                                                
                Na.sup.2  None  600 2.5   0     5.0 18.5 94.9  100             
     2   4:1    5% Cr on Al.sub.2 O.sub.3                                      
                          None  600 2.5   1    36.3 18.6 100   100             
     3   4:1    5% Cr on Al.sub.2 O.sub.3                                      
                          None  650 2.5   1    20.0 44.9 93    100             
     4   4:1    2.5% Cr on Al.sub.2 O.sub.3                                    
                          None  600 13.4  2    30.9 34.7 76.4  100             
     5   4:1    "         Zn 3.14                                              
                                600 13.4  2    75.8 29.8 79.2  100             
     6   4:1    "         Cu 3.05                                              
                                600 13.4  2    42.2 28.7 96.0  100             
     7   4:1    "         Mg 1.17                                              
                                600 13.4  2    60.4 20.0 100   100             
     8   4:1    "         Ca 1.93                                              
                                600 13.4  2    42.8 22.9 100   100             
     9   4:1    5% Cr on Al.sub.2 O.sub.3                                      
                          None  625 1.67  2     3.9 25.4 95.3  100             
     10  4:1    "         Zn 2  625 1.67  2    30.4 36.9 85.4  100             
     11  4:1    "         Cu 2  625 1.67  2    13.0 36.6 77.8  100             
     __________________________________________________________________________
               Moles Bz from Tol                                               
     .sup.1 % of Theoretical =                                                 
                         .times. 100                                           
               Moles SM Produced                                               
     .sup.2 Catalyst prepared by ion exchange as described                     
     above. All others prepared by impregnation.                               
PAC  EXAMPLE 4
PAR  Catalysts comprising 2.5% chromium and 1.17% magnesium were prepared as
      described in Example 3 on several supports having different surface areas.
      The catalysts were then employed in reacting toluene and ethylbenzene as
      described in Example 3 using a Tol/EB ratio of 4, a temperature of
      600.degree.C, a contact time of 13.4 seconds and a H.sub.2 /HC ratio of 2.
      Results presented in Table 4 below show that the most suitable supports
      are those having a low surface area since they produce high conversion of
      toluene and high selectively to styrene.
TBL                Table 4                                                     
     ______________________________________                                    
             Surface            % Yield                                        
     Run           Area     Conversion, %                                      
                                      SM on   Bz on                            
     No.  Support  m.sup.2 /g                                                  
                            Tol.sup.1                                          
                                  EB    EB      Tol                            
     ______________________________________                                    
     1    Alumina  9        60.4  20    100     100                            
     2    "        0.05     74.1  15.6  97.7    100                            
     3    "        0.5      82.3  15.0  100     100                            
     4    "        15       34.8  28.8  86.2    100                            
      5.sup.2                                                                  
          "        33        8.9  29.9  85.9    100                            
     6    Silica   0.5      49.3  20.8  98.5    100                            
     7    Celite   2.4      44.3  27.0  82.2    100                            
     ______________________________________                                    
                 Moles Bz from Tol                                             
     .sup.1 % of Theoretical = .times. 100                                     
                 Moles SM Produced                                             
     .sup.2 Contact time 6.68 sec.                                             
PAR  Many variations in conditions from those given in the examples can be made
      without departing from the invention. Thus, the temperature may vary from
      400.degree. to 900.degree.C depending upon whether a catalyst is employed
      or not. With chromium-containing catalysts, temperatures from
      500.degree.-700.degree.C are generally suitable with a temperature from
      about 600.degree.-650.degree.C being preferred. The reaction conducted
      thermally or with a modifying agent such as benzenethiol requires a
      temperature from about 600.degree. to about 900.degree.C with temperatures
      in the range from about 625.degree. to about 825.degree.C being preferred.
PAR  One of the advantages of the process of the invention is that it can be
      carried out at atmospheric pressure or at relatively low pressures, i.e.,
      up to about 100 psia, although higher or lower pressures can be employed
      if desired.
PAR  The mole ratio of toluene to ethylbenzene is preferably maintained in the
      range from 2:1 to 8:1 to maintain parallel hydrodealkylation and
      dehydrogenation and yet avoid excessive recycling of toluene. Preferably,
      the Tol/EB mole ratio is about 4:1. However, mole ratios of toluene to
      ethylbenzene in the range from about 1:1 to about 15:1 can be employed.
PAR  Residence time in the reactor can likewise be varied from about 1 to about
      15 seconds. Preferably, a residence time of 2 to 10 seconds is used in the
      thermal reaction and from about 2 to about 8 seconds in the catalyzed
      reaction.
PAR  Modifying agents which function to improve conversion of ethylbenzene in
      the thermal reaction are well known and can be selected from the group
      consisting of (1) H.sub.2 S, HBr, HCl, HI and combinations thereof and (2)
      compounds and elements which under the conditions in the reaction zone
      will form H.sub.2 S, HBr, HCl, HI and combinations thereof.  A
      comprehensive description and listing of such agents, in addition to the
      preferred agent, benzenethiol exemplified herein, is disclosed in U.S.
      Pat. No. 3,449,457 which is incorporated herein by reference.
PAR  The amount of modifying agent necessary in carrying out the process is that
      which causes a molar concentration in the reaction mixture of not less
      than 0.01 mole per cent of H.sub.2 S, HBr, HCl, HI or combinations
      thereof. Amounts up to as high as 25 mole per cent of the modifying agent
      in the reaction mixture can be employed. However, the preferred amount is
      that which will produce a concentration of H.sub.2 S, HBr, HCl, HI or
      combinations thereof in admixture with the hydrocarbon reactant mixture in
      the range from about 0.5 to about 5.0 mole per cent.
PAR  The catalysts useful in the invention are those containing chromium in an
      amount up to about 10% supported on an inorganic carrier material.
      Suitable support materials are, for example, alumina, silica,
      alumina-silica mixtures, activated charcoal, diatomaceous earth and the
      like. Low surface area materials, i.e., those which have a surface area of
      less than 15 m.sup.2 /g are preferred since they result in high conversion
      of toluene and high selectivity to styrene as shown in Example 4. The
      higher surface area materials give increased conversions of ethylbenzene
      but low toluene conversion and low styrene selectivity.
PAR  Improved conversion of toluene can be obtained when a promoter chosen from
      the compounds of the metals of Groups I-B, II-A and II-B is also employed
      with the chromium-containing metal catalyst. Preferred among these
      compounds are copper, magnesium, calcium and zinc with magnesium compounds
      being especially preferred. The amount of promoter compound to be employed
      is generally that required to provide an atomic ratio of chromium to
      promoter metal between 0.5 and 2. With the preferred promoter metal,
      magnesium, an atomic ratio of 1 is preferred. The conversion of
      ethylbenzene and toluene and the styrene selectivity with the
      chromium-magnesium catalyst depend upon the concentration of the metals
      and the ratio of chromium to magnesium. An increase in the metal content
      from 0.1 g-atom per 100 g of support to 0.2 g-atom per 100 g of support
      improves ethylbenzene conversion but lowers toluene conversion. Best
      reaction performance is achieved at a 1:1 chromium to magnesium ratio at a
      metal content of 0.1 g-atom per 100 g of support. An excess of either
      component results in lower toluene conversion and lower styrene
      selectivity approaching that of unpromoted catalysts.
PAR  The catalysts are readily prepared by techniques well known in the art. The
      usual method involves dissolving a compound of the metal or metals such as
      a halide, nitrate, oxide, acetate, etc., in a suitable solvent such as
      water to provide a solution of the desired concentration, impregnating the
      support with the solution, drying and calcining the dry solid at
      temperatures from 500.degree. to 600.degree.C for about 3 to about 8
      hours.
PAR  The reactor may be of any suitable design. To avoid the necessity of
      heating large masses of reactor material, it is desirably of tubular
      shape. Appropriate materials of construction include ceramic-lined steel
      and nickel-chromium alloys and also quartz-lined reactors. To maintain the
      reactor free from coke, diluent hydrogen can be fed with the reactants in
      amounts depending upon the toluene conversion and the degree of coke
      suppression desired. Generally, an amount from about 1 - 2 moles of
      hydrogen per mole of hydrocarbon is employed. The reaction effluentt is
      usually cooled quickly to limit side reactions and to preserve the styrene
      against further reactions such as decomposition and polymerization and
      thus improve the yield. Cooling is effected by conventional heat exchange
      equipment, by introducing a cool inert gas such as helium, nitrogen,
      water-vapor and the like into the hot reaction mixture, or by injection of
      a compatible liquid such as toluene. The products of the reaction are then
      separated by conventional techniques of flashing, absorption and
      fractional distillation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the simultaneous dehydrogenation of ethylbenzene and the
      hydrodealkylation of toluene which comprises passing a mixture consisting
      essentially of toluene and ethylbenzene in mole proportions from about 1:1
      to about 15:1 through a reaction zone maintained at a pressure up to about
      100 psia and heated to a temperature from about 400.degree. to about
      900.degree.C at a rate such that the reactants are exposed to said
      temperature for a period up to about 15 seconds, quenching the reaction
      effluent and recovering the styrene and benzene therefrom.
NUM  2.
PAR  2. The process of claim 1 wherein a modifying agent is employed which is
      selected from the group consisting of (1) H.sub.2 S, HBr, HCl, HI and
      combinations thereof and (2) compounds and elements which under the
      conditions in the reaction zone will form H.sub.2 S, HBr, HCl, HI and
      combinations thereof.
NUM  3.
PAR  3. The process of claim 2 wherein said modifying agent is benzenethiol.
NUM  4.
PAR  4. The process of claim 3 wherein said temperature is from about
      600.degree. to about 900.degree.C.
NUM  5.
PAR  5. The process of claim 1 wherein said toluene and said ethylbenzene are
      contacted in said reaction zone with a catalyst comprising a compound of
      chromium supported on an inorganic material.
NUM  6.
PAR  6. The process of claim 5 wherein said reaction temperature is in the range
      from about 500.degree. to about 700.degree.C.
NUM  7.
PAR  7. The process of claim 6 wherein said inorganic material is alumina.
NUM  8.
PAR  8. The process of claim 7 wherein said catalyst contains in addition to
      said chromium compound, a promoter chosen from the group consisting of the
      compounds of calcium, magnesium, copper and zinc.
NUM  9.
PAR  9. The process of claim 8 wherein said promoter is a compound of magnesium.
NUM  10.
PAR  10. The process of claim 9 wherein the atomic ratio of chromium to
      magnesium in said catalyst is between 0.5 and 2.0.
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PAL  A shaped polyurethane product having improved arc-resistance, current
      leakage properties and dimensional stability which adapt it to be used as
      an electrical insulator is made by shaping a reactive mixture containing
PA0  A. a polyisocyanate having only cycloaliphatic isocyanato groups,
PA0  B. a polyisocyanate having only cycloaliphatic and aliphatic isocyanato
      groups, or
PA0  C. a mixture of (a) or (b) with an aliphatic polyisocyanate, with a polyol
      mixture containing
PA0  D. 5 to 30 percent by weight, based on the total weight of the polyol
      mixture of a polyol or polyol mixture having a molecular weight below
      about 1000 in which the hydroxyl groups are only cycloaliphatically or
      aliphatically bound and at least 50% thereof are cycloaliphatically bound;
      and
PA0  E. 70 to 90 percent by weight of a polyol or polyol mixture having a
      molecular weight below 1000 in which the hydroxyl groups are substantially
      all aliphatically bound.
BSUM
PAR  This invention relates to a method for making electrical insulators and
      more particularly to a method of molding electrical insulator products
      which have improved arc resistance, tracking resistance and dimensional
      stability.
PAR  It is known that articles which have been insulated against electricity
      with an epoxy resin can be improved in their resistance to the open air by
      coating them with polyurethane lacquers which are free from aromatic
      groups. These coatings improve the resistance of the articles to the
      constituents in the air by rendering the articles more hydrophobic.
PAR  It is also known that electrical insulators can be rendered surface leakage
      resistant by coating them with a thin external layer of aliphatic
      polyurethane compounds which are free from aromatic or cycloaliphatic
      groups (German Offenlegungsschrift No. 1,769,113).
PAR  When attempts are made to manufacture solid insulators from these coating
      materials, it is found that the mechanical strength of these insulators,
      particularly the Martens degree (DIN 53462), is not sufficient, so that in
      practice these substances can only be used as coatings.
PAR  It is therefore an object of this invention to provide a method for making
      polyurethane electrical insulators. Another object of the invention is to
      provide a molded polyurethane electrical insulator. Still another object
      of the invention is to provide a method for making molded polyurethane
      electrical insulators which are adapted to be used in the open air or in
      the manufacture of electrical switches.
PAR  The foregoing objects and others are accomplished in accordance with this
      invention, generally speaking, by providing a method for making molded or
      similarly shaped electrical insulators wherein an organic polyisocyanate
      having only cycloaliphatically bound isocyanato groups or only
      cycloaliphatically and aliphatically bound isocyanato groups or a mixture
      of organic polyisocyanates in which at least sone of the isocyanato groups
      are cycloaliphatically bound and the other isocyanato groups are all
      aliphatically bound is reacted with a mixture of from about 5 percent to
      about 30 percent by weight, based on the total weight of polyol mixture,
      of a polyol or polyols which have a molecular weight below about 1000 and
      having from 50 to 100 percent of its hydroxyl groups cycloaliphatically
      bound with the remaining hydroxyl groups being aliphatically bound and
      from about 70 to 95 percent by weight of polyol or polyols having a
      molecular weight below about 1000 and containing only aliphatically bound
      hydroxyl groups.
PAR  In contrast to the results observed in German Offenlegungsschrift No.
      1,769,113, it has now surprisingly been found that polyurethanes which are
      composed at least partly of cycloaliphatic units are excellent for the
      manufacture of electrical insulators used in the open air and for the
      manufacture of electric switch plants if the starting materials used for
      manufacturing them are selected according to the conditions described
      below.
PAR  This invention provides a process for manufacturing molded polyurethane
      products which are arc-resistant, leakageproof and suitable for use in the
      open air for open air insulations and electric switch plants by reacting
      organic polyisocyanates containing isocyanate groups of which at least
      some are bound cycloaliphatically with polyol mixtures, optionally in the
      presence of the usual additives used in polyurethane chemistry and resin
      casting technology, the reactants being used in proportions by weight such
      that the NCO/OH ratio is between 0.8 and 1.2characterized in that the
      polyol mixture is one which has an average hydroxy functionality of 2.2 to
      3.0 and which comprises (1) 5 to 30 percent by weight, based on the total
      polyol mixture, of polyols which have a molecular weight below 1000 and in
      which 50 to 100 percent of the hydroxyl groups are cycloaliphatically
      bound and the remainder are only aliphatically bound and (2) 70 to 95
      percent by weight of polyols with a molecular weight below 1000 which
      contain only aliphatically bound hydroxyl groups.
PAR  The manufacture of the molded products by the process according to the
      invention is preferably carried out by the one pot or single stage process
      by mixing the reactants and then cold setting or heat setting and, at the
      same time, shaping the mixture by casting, spraying or laminating
      techniques which are known per se. If desired, however, the process
      according to the invention may also be carried out by the prepolymer
      method in which the isocyanate component is first reacted with a part of
      the polyol components to form an isocyanate prepolymer which is then mixed
      with the remaining polyol components and with the auxiliary substances and
      additives, after which the desired molded product is preferably produced
      in a molding process.
PAR  In the process according to the invention, the organic isocyanate component
      and polyol components are used in proportions corresponding to an NCO/OH
      ratio of 0.8 to 1.2, preferably 0.95 - 1.05.
PAR  The polyisocyanate component used in the process according to the invention
      contains at least 25% and preferably at least 50% of cycloaliphatically
      bound isocyanate groups in addition to aliphatically bound isocyanate
      groups. The polyisocyanate component may comprise either a single organic
      polyisocyanate or a mixture of several organic polyisocyanates. Suitable
      cycloaliphatic polyisocyanates are in particular those of the general
      formula
EQU  R(NCO).sub.n
PAL  in which n n 2 or 3 and R represents a cycloaliphatic hydrocarbon group
      containing from 5 to 15 carbon atoms. Aliphatic polyisocyanates of the
      above mentioned general formula in which n has the meaning specified above
      and R represents an aliphatic hydrocarbon group which contains from 4 - 18
      carbon atoms and which may be interruped, in particular by urethane or
      biuret groups, may also be used in the process according to the invention
      in combination with the aforesaid cycloaliphatic polyisocyanates.
PAR  Any suitable cycloaliphatic diisocyanate may be used such as, for example,
      3-isocyanatomethyl-3,5,5-trimethyl-cyclohexylisocyanate,
      4,4'-diisocyanatodicyclohexylmethane,
      4,4'-diisocyanatodicyclohexylpropane-(2,2),
      2,4-diisocyanato-1-methyl-cyclohexane,
      2,6-diisocyanato-1-methyl-cyclohexane and the like.
PAR  Any suitable aliphatic polyisocyanate may be used in combination with the
      cycloaliphatic polyisocyanate such as, for example, tetramethylene
      diisocyanate, hexamethylene diisocyanate, octamethylenediisocyanate,
      trimethylhexamethylenediisocyanate, tris-(isocyanatohexyl)-biuret and the
      like and polyisocyanates which contain urethane groups such as the
      reaction product of 3 mols of hexamethylene diisocyanate and 1 mol of
      trimethylol propane and the like.
PAR  The polyol component used for the process according to the invention is a
      polyol mixture with an average hydroxyl functionality of 2.2 to 3.0,
      preferably 2.6 to 2.98.
PAR  It is a mixture of
PA0  1. cycloalkane polyols, i.e. polyalcohols which contain cycloaliphatically
      bound hydroxyl groups, and
PA0  2. alkane polyols, i.e. polyalcohols which contain aliphatically bound
      hydroxyl groups.
PAR  The polyol components (1) and (2) are used in proportions by weight of
      between 1 : 2 and 1 : 30, preferably between 1 : 3 and 1 : 25.
PAR  Particularly suitable cycloaliphatic polyols (1 ) are those within a
      molecular weight range of 116 to 1000, preferably 116 to 300 , e.g. the
      various isomeric cyclohexane diols and triols,
      4,4'-dihydroxy-dicyclohexylmethane,
      4,4'-dihydroxydicyclohexylpropane-(2,2) and the like.
PAR  The polyol components (2) are either alkane polyols with molecular weights
      of from 62 to 1000, mixtures of such alkanepolyols and polyether polyols
      of the kind known per se in polyurethane chemistry and/or ester
      group-containing polyols which have aliphatically bound hydroxyl groups.
      If desired, the reaction mixture used for the process according to the
      invention may also include aliphatic polyol mixtures which contain from 0
      to 80 parts by weight of a polyether polyol with a molecular weight below
      1000 and/or 0 to 25 parts by weight of an ester group-containing polyol
      with a molecular weight below 1000, per 100 parts by weight of
      alkanepolyol.
PAR  Examples of polyols and polyisocyanates of the kind described herein as
      suitable for practicing the invention are disclosed in the book
      "Polyurethanes: Chemistry and Technology", by Saunders and Frisch
      published by Interscience Publishers, 1962. Divalent, trivalent and
      tetravalent aliphatic alcohols are particularly suitable alkane polyols
      for the process according to the invention, e.g. ethylene glycol,
      propane-1,2-diol, butane-1,2-diol, butane-1,3-diol, hexamethyleneglycol,
      glycerol, trimethylolpropane, pentaerythritol and the like.
PAR  Any suitable polyether polyol may be used in practicing the process of the
      invention and particular, the addition products of ethylene oxide and/or
      propylene oxide with low molecular weight polyols of the kind mentioned
      above by way of example, but the quantity of alkylene oxide grafted on the
      polyols must be calculated so that the upper limits for molecular weight
      specified above are not exceeded.
PAR  Polyols which contain ester groups and which are suitable for the process
      according to the invention include the ester-group containing reactants
      commonly used for polyisocyanates in polyurethane chemistry, e.g. the
      polyester polyols which can be obtained from the low molecular weight
      polyols given as examples above and less than equivalent quantities of
      dicarboxylic acids such as adipic acid or phthalic acid, or also
      glycerides which contain hydroxyl groups, e.g. castor oil, or the products
      obtained by boiling fats and oils which are free from hydroxyl groups with
      polyols such as trimethylol propane or glycerol.
PAR  In principle, small quantities of higher molecular weight polyols with a
      molecular weight of from 1000 to 4000, i.e. approximately 1 to 10% by
      weight, based on the polyol component, may be included in the process
      according to the invention without significantly impairing the
      advantageous properties of the products of the process.
PAR  In addition to the reactants mentioned above, the usual auxiliary agents
      and additives used in polyurethane chemistry and of casting technology may
      also be included in the process according to the invention including those
      described in the Saunders and Frisch book. The following are examples:
PAC  1. Water adsorbents, such as alkali metal aluminosilicate with a zeolite
      structure
PAR  If the reaction mixture cannot be degasified and dehydrated by vacuum
      treatment alone, zeolite must be added to the reaction mixture to insure
      that the cast products will be obtained free from bubbles.
PAC  2. Catalysts
PAR  The reaction between the resin and the hardener may be started and/or
      accelerated by catalysts. The following are suitable: Tertiary amines such
      as triethylamine and triethylenediamine and organometallic compounds, such
      as zinc octoate and dibutyl tin dilaurate.
PAR  Mixtures of the tertiary amine and organometallic catalysts are
      particularly suitable.
PAC  3. Fillers which improve the properties, such as:
PAR  quartz sand, chalk, aluminum hydroxide and woven structures, fibers,
      shavings of glass or textile.
PAC  4. Flame retarders and plasticizers
PAR  and other additives conventionally used in the resin casting technology.
PAR  Production of the insulating materials according to the invention may be
      carried out by the usual methods employed for casting resins.
PAR  In the simplest case, the isocyanate component is heated to a temperature
      of from 20.degree.  to 130.degree.C, the polyol mixture is added with
      stirring and the resulting mixture is poured into a mold made of synthetic
      resin or a metal which has previously been treated with mold release
      agent. The mixture sets in the mold at a temperature of from 23.degree. to
      30.degree.C after the addition of a catalyst (cold setting), at 30.degree.
      to 80.degree.C (warm setting) or 80.degree. to 180.degree.C (heat setting)
      within a period varying from a few minutes to several hours. After removal
      of the molded products from the molds, tempering in a heating cupboard or
      oven at 140.degree. to 180.degree.C invariably improves the properties of
      the product.
PAR  The additives such as water adsorbents, fillers, plasticizers, dyes,
      pigments, flame retarders, mold release agents, etc. may be added in the
      dried or evacuated state at any time before hardening if necessary.
PAR  A special advantage of the process according to the invention lies in the
      fact that it makes it possible to produce molded products with a very high
      filler content (70% to 80% by weight of inert fillers based on the total
      substance) which have excellent mechanical properties and, in particular,
      a Martens degree above 115.degree. C (DIN 53462) and excellent arc
      resistance and tracking resistance.
PAR  Among the various electrical testing methods, the following two laboratory
      processes which have been described in detail in standard specifications
      are carried out:
PAR  1. Determination of the arc resistance according to ASTM D 495-61.
PAR  2. Determination of the permanent resistance to tracking at high voltage
      according to ASTM D 2303 (see test method for determining tracking
      resistance and erosion of insulating material with a contaminated liquid
      on an inclined plane). This is a method of investigating the tracking
      resistance at high voltage and under unfavorable environmental conditions
      (ETZ-B 22 (1970) 579-580). In addition to these laboratory methods, the
      insulators were tested under conditions resembling service conditions to
      determine their long term resistance to mechanical, electric and climatic
      stresses as an indication of their service life.
PAR  Leaving aside climatic influences (especially water in its various forms
      such as rain, fog, ice or dew), arc resistant and tracking resistant
      insulating materials, especially those which have a Martens temperature of
      115.degree. to 145.degree.C, are also suitable for use on switchgear,
      especially in SF.sub.6 -insulated plant.
DETD
PAR  The following examples show that the molded products obtained by the
      process according to the invention are distinctly superior both to molded
      products based on aromatic and/or aliphatic polyisocyanates and to those
      based on cycloaliphatic polyisocyanates in combination with exclusively
      aliphatic polyols. The combination of very good electrical properties with
      excellent mechanical properties which can be achieved by the process
      according to the invention has previously been unattainable in the field
      of electric insulating materials based on polyurethanes.
PAC  EXAMPLE 1 (Comparison)
PAR  Sample A: 136 g of a polyether polyol (propylene oxide grafted on
      trimethylolpropane; hydroxyl group content 12%), 14 g of zeolite paste
      (prepared from sodium aluminum silicate and castor oil in proportions of 1
      : 1) and 280 g of quartz sand are stirred together in a vacuum (1 Torr) at
      100.degree.C and degasified in a vacuum until free from bubbles. 100 g of
      3,3,5-trimethyl-5-isocyanatomethyl-cyclohexylisocyanate, used as the
      isocyanate component, are degasified in a vacuum with 300 g of quartz sand
      at 100.degree.C. When both reactants have been cooled to 60.degree.C, the
      mixture is homogenized in a vacuum. The reaction mixture is then poured
      into aluminum molds heated to 120.degree.C, and left to set in the mold
      for 24 hours.
TBL  ______________________________________                                    
     Flexural strength                                                         
                   DIN 53 452     1320 kp/cm.sup.2                             
     Impact strength                                                           
                   DIN 53 453     8-12 kp cm/cm.sup.2                          
     Marten's degree                                                           
                   DIN 53 462     56.degree.C                                  
     Arc resistance                                                            
                   ASTM D 495-61  215 seconds                                  
     Tracking endurance                                                        
                   ASTM D 2303    6 kV - 360 min                               
     ______________________________________                                    
PAR  Sample B: A reaction mixture of the following composition is prepared
      according to the process described for Sample A:
PA0  116 g of the polyetherpolyol used in Example 1, Sample A,
PA0  100 g of 4,4'-diisocyanatodicyclohexylmethane,
PA0  12 g of zeolite paste,
PA0  530 g of quartz sand,
PAL  and the mixture is poured, when at a temperature of 80.degree.C, into
      aluminum molds heated to 130.degree.C. The mixture is set for 24 hours at
      130.degree.C. The following properties are determined for the molded
      product:
TBL  Flexural strength                                                         
                   DIN 53 452     1200 kp/cm.sup.2                             
     Impact strength                                                           
                   DIN 53 453     16 kp cm/cm.sup.2                            
     Marten's degree                                                           
                   DIN 53 462     51.degree.C                                  
     Arc resistance                                                            
                   ASTM D 495-61  209 seconds                                  
     Tracking endurance                                                        
                   ASTM D 2303    6 kV - 264 min                               
PAR  Sample C: 100 g of the polyetherpolyol used in Sample A, 10 g of zeolite
      paste, a triturated mixture of 5 g of sodium aluminum silicate and 5 g of
      castor oil and 210 g of predried quartz sand are stirred together under a
      vacuum (1 Torr) at 100.degree.C until free from bubbles. When the mixture
      has cooled to room temperature, 100 g of 4,4'-diphenylmethane diisocyanate
      are added and the reaction mixture is poured into aluminum plate molds.
      Setting conditions: 23.degree.C/24 hours. The following properties were
      determined on the molded material:
TBL  Flexural strength                                                         
                   DIN 53 452    1020 kp/cm.sup.2                              
     Impact strength                                                           
                   DIN 53 453    13 kp cm/cm.sup.2                             
     Marten's degree                                                           
                   DIN 53 462    70.degree.C                                   
     Arc resistance                                                            
                   ASTM D 495-61 144 seconds                                   
     Tracking endurance                                                        
                   ASTM D 2303   4.75 kV - 20 min                              
PAR  Sample D: 74 g of the polyetherpolyol used in Sample A are worked up with 6
      g of zeolite paste (sodium aluminosilicate and castor oil 1 : 1) and 180 g
      of predried quartz sand in a vacuum of 1 Torr at 100.degree.C. When the
      resulting mixture has cooled to 70.degree.C, 100 g of
      tris-(isocyanatohexyl) biurets are added and the reaction mixture is set
      in aluminum molds at 70.degree.C for 24 hours. Properties of molded
      material determined:
TBL  Flexural strength                                                         
                  DIN 53 452    235 kp/cm.sup.2                                
     Impact strength                                                           
                  DIN 53 453    48 kp cm/cm.sup.2                              
     Marten's degree                                                           
                  DIN 53 462    29.degree.C                                    
     Arc resistance                                                            
                  ASTM D 495-61 182 seconds                                    
     Tracking endurance                                                        
                  ASTM D 2303   4.75 kV - 60 min.                              
PAR  The comparison tests carried out as described above show that test samples
      produced by methods of the known art are satisfactory in their electric
      properties provided that they are free from aromatic groups as in the case
      of Samples A, B and D but are unsatisfactory in their dimensional
      stability under heat. Sample C is unsatisfactory both in its electrical
      and its mechanical properties.
PAC  EXAMPLE 2
PAR  To work up the isocyanate component, 470 g of
      3,3,5-trimethyl-5-isocyanatomethyl-cyclohexylisocyanate and 1440 g of
      quartz sand are degasified in a vacuum of less than 1 mm Hg at
      100.degree.C with stirring until no more bubbles rise from the surface of
      the liquid.
PAR  To prepare the polyol component with an average functionality of 2.70 and a
      molar ratio of cycloaliphatic to aliphatic polyols of 1 : 2.4, 30 g of the
      polyether polyol used in Example 1, Sample A, are first triturated with 30
      g of zeolite powder (sodium aluminosilicate) in a rolling mill. The
      resulting paste is added to a melt heated to 100.degree.C consisting of
      135 g of trimethylolpropane, 45 g of cyclohexane-1,2-diol and 15 g of
      2,2-bis-(4-hydroxy-cyclohexyl)-propane and the mixture is stirred in a
      vacuum at 100.degree.C and degasified until no more bubbles rise. Mixing
      of resin and hardener is carried out at 85.degree.C under normal pressure.
      The reaction mixture can be cast as soon as it is homogeneous.
PAR  The major portion of it is used to manufacture a drip edge supporting
      insulator for 24 kV (casting weight 1.8 kg). The steel mold for the
      support is preheated to 120.degree.C, filled with the reaction mixture and
      left in the oven for 16 hours for the reaction mixture to set. The
      experimental insulator can be used in the open air without showing any
      traces of tracking on the surface.
PAR  The smaller portion of the reaction mixture is poured into an aliminum
      plate mold heated to 120.degree.C to form a plate. Setting conditions:
      140.degree.C/16 hours. The following properties were determined on test
      samples cut out of this plate:
TBL  Flexural strength                                                         
                   DIN 53 452    1400-1500 kg/cm.sup.2                         
     Impact strength                                                           
                   DIN 53 454    6-8 kp/cm.sup.2                               
     Marten's degree                                                           
                   DIN 53 462    140.degree.C                                  
     Arc resistance                                                            
                   ASTM D 495    200 seconds                                   
     Tracking endurance                                                        
                   ASTM D 2303   6 kV - 480 min                                
PAC  EXAMPLE 3
PAR  The isocyanate resin component consisting of 402 g of
      3.3.5-trimethyl-5-isocyanatomethyl-cyclohexylisocyanate is worked up with
      1260 g of quartz sand by stirring the mixture in a vacuum of 1 Torr at
      100.degree.C.
PAR  The mixture of polyol and hardener (average functionality 2.94, molar ratio
      of cycloaliphatic to aliphatic as 1 : 17) is prepared by mixing the
      following components:
PA0  135 g of trimethylolpropane
PA0  15 g of perhydrobisphenol
PA0  60 g of the polyether from Example 1, Sample A
PA0  30 g zeolite paste prepared by mixing zeolite with castor oil in the ratio
      of 1 : 1 and
PA0  240 g of quartz sand
PAL  in a vacuum (1 Torr) at 100.degree.C until the mixture is free from
      bubbles. The resin and hardener are mixed together at normal pressure at
      100.degree.C within a few minutes.
PA2  A drip edge support is cast in a steel mold which has been heated to
      120.degree.C. The product is set by heating at 120.degree.C for 16 hours.
      The support can withstand 24 kV in the open air test without showing
      traces of tracking. Plates can be cast from the same reaction mixture in
      aluminum molds. These are set at 120.degree.C for 16 hours. Properties of
      molded material:
TBL  Flexural strength                                                         
                   DIN 53 452   1400-1600 kp/cm.sup.2                          
     Tensile strength                                                          
                   DIN 53 455   800-970 kp/cm.sup.2                            
     Compression strength                                                      
                   DIN 53 454   2700 kp/cm.sup.2                               
     Impact strength                                                           
                   DIN 53 453   6-8 kp/cm/cm.sup.2                             
     Marten's degree                                                           
                   DIN 53 462   120-146.degree.C                               
     Arc resistance                                                            
                   ASTM D 495   220 seconds                                    
     Tracking endurance                                                        
                   ASTM D 2303  at 6 kV &gt; 480 min                              
PAC  EXAMPLE 4
PAR  The isocyanate resin component consisting of 390 of
      4,4'-diisocyanatodicyclohexylmethane and 1170 g of quartz sand is
      processed by stirring in a vacuum of 1 Torr at 100.degree.C.
PAR  The mixture of polyol and hardener is prepared by mixing the following
      components in a vacuum (1 Torr) at 100.degree.C until free from bubbles:
PA0  12.3 g of perhydrobisphenol
PA0  112.5 g of trimethylolpropane
PA0  50.2 g of the polyether polyol used in Example 1, Sample A,
PA0  25.0 g of zeolite paste obtained from 1 part of zeolite and 1 part of
      castor oil,
PA0  300.0 g of quartz sand.
PAR  The reaction mixture is obtained within a few minutes by mixing the resin
      and hardener at normal pressure and 100.degree.C.
PAR  A drip edge support is cast in a steel mold at 130.degree.C. It is set at
      130.degree.C for 16 hours. The support can be kept at 24 kV in the open
      air test without showing traces of tracking.
PAR  The same reaction mixture can be used for forming plates in aluminum molds.
      Hardening at 130.degree.C for 16 hours. Properties of molded product:
TBL  Flexural strength                                                         
                   DIN 53 452   1400-1660 kp/cm.sup.2                          
     Impact strength                                                           
                   DIN 53 453   5.5-8.4 kp cm/cm.sup.2                         
     Martens degree                                                            
                   DIN 53 462   124.degree.C                                   
     Arc resistance                                                            
                   ASTM D 495   210 seconds                                    
     Tracking endurance                                                        
                   ASTM D 2303  at 6 kV - 480 min                              
PAR  Examples 2 to 4 show that a sufficiently long processing time can be
      obtained at elevated temperatures of 90.degree. to 100.degree.C.
PAR  The arc resistance values for systems which are free from aromatic groups
      are above 200 seconds. The test for long term resistance to tracking at
      high voltage shows no tracking even after 480 minutes in the voltage class
      of 6 kV. After termination of the test, the samples show signs of slight
      erosion but no deformation because the plates (50 .times. 120 .times. 4
      mm) are able to withstand the thermal stresses during the test period
      because of their high dimensional stability under heat (Martens degree
      above 120.degree.C).
PAR  The drip edge insulators manufactured from the cycloaliphatic systems are
      completely functional when exposed to a voltage of 24 kV.
PAR  Although the invention has been described in detail for the purpose of
      illustration, it is to be understood that variations can be made therein
      by those skilled in the art without departing from the spirit and scope of
      the invention except as it may be limited by the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing polyurethane products which are arc resistant,
      tracking resistant and resistant to open air conditions adapted for use as
      open air electrical insulators and electric switch plants which comprises
      reacting:
PA1  A. polyisocyanates in which at least some of the isocyanate groups are
      cycloaliphatically bound, said polyisocyanate consisting of an organic
      polyisocyanate or an organic polyisocyanate mixture in which at least 25%
      of the isocyanate groups present are cycloaliphatically bound isocyanate
      groups and which apart from said cycloaliphatically bound isocyanate
      groups contain only aliphatically bound isocyanate groups, with
PA1  B. a polyol mixture, the ratios of the reactants being selected to
      correspond to an NCO/OH ratio of between 0.8 and 1.2, the said polyol
      mixture being one having an average hydroxyl functionality of 2.2 to 3.0
      and consisting essentially of
PA2  1. 5-30% by weight, based on the total polyol mixture, of a polyol with a
      molecular weight below 1,000 and which 50% to 100% of the hydroxyl groups
      are cycloaliphatically bound hydroxyl groups and which a part from said
      cycloaliphatic bound hydroxyl groups contain only aliphatically bound
      hydroxyl groups and,
PA2  2. 70-95% by weight of a polyol with a molecular weight below 1,000 which
      contains only aliphatically bound hydroxyl groups.
NUM  2.
PAR  2. The method of claim 1 wherein the aliphatic polyol component (2) is a
      mixture consisting of
PA1  a. 100 parts by weight of alkane polyol,
PA1  b. 0 - 80 parts by weight of aliphatic polyether polyol and
PA1  c. 0 - 25 parts by weight of polyol which contains ester groups.
NUM  3.
PAR  3. The method of claim 1 wherein the polyisocyanate is
      3-isocyanatomethyl-3,5,5-trimethyl-cyclohexyl isocyanate.
NUM  4.
PAR  4. A method for making a shaped article having improved electrical
      insulating properties and dimensional stability comprising shaping a
      mixture of reactive components containing
PA1  a. a polyisocyanate having only cycloaliphatic isocyanato groups,
PA1  b. a polyisocyanate having only cycloaliphatic and aliphatic isocyanato
      groups, or
PA1  c. a mixture of (a) or (b) with an aliphatic polyisocyanate, with a polyol
      mixture containing
PA1  d. 5 to 30 percent by weight, based on the total weight of the polyol
      mixture of a polyol or polyol mixture having a molecular weight below
      about 1000 in which the hydroxyl groups are only cycloaliphatically or
      aliphatically bound and at least 50% thereof are cycloaliphatically bound;
      and
PA1  e. 70 to 90 percent by weight of a polyol or polyol mixture having a
      molecular weight below 1000 in which the hydroxyl groups are substantially
      all aliphatically bound.
NUM  5.
PAR  5. The method of claim 4 wherein the NCO to OH ratio of the mixture is 0.8
      to 1.2 and the polyol mixture of (d) and (e) has an average hydroxyl
      functionality of 2.2 to 3.
NUM  6.
PAR  6. The product of the method of claim 4.
NUM  7.
PAR  7. The method of claim 4 wherein the polyol mixture contains up to 10% by
      weight of a polyol having a molecular weight of above 1000.
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PAL  Compositions for surface treatments to give lower release values comprising
      100 parts by weight of a hydroxy-containing diorganopolysiloxane, 1 to 20
      parts by weight of an organohydrogenpolysiloxane, 0.05 to less than 20
      parts by weight of an aminoalkoxy silicon compound, 1 to 20 parts by
      weight of an organotin compound and, if desired, up to 10 parts by weight
      of a non-amino-containing alkoxy silicon compound.
BSUM
PAR  This invention relates to new and useful surface-treating compositions and
      more particularly to such compositions based on organopolysiloxanes.
PAR  A wide variety of compositions suitable for use in surface treatments of
      materials such as woven, felted or knitted fabrics of natural or synthetic
      fibres and which are based on organopolysiloxanes are known and are
      readily available. For some of these applications, including the treatment
      of paper, it is desirable that the compositions used should have a rapid
      rate of cure at not too high a temperature and should be resistant to
      removal by abrasion immediately after curing. While many compositions are
      available which give a rapid cure, the hitherto available compositions,
      especially when applied to paper, have had little resistance to removal by
      abrasion immediately after curing although such resistance has in some
      cases developed later. These disadvantages have, however, been overcome by
      the compositions described and claimed in our British Patents Nos.
      1,152,251 and 1,240,511. British Patent No. 1,152,251 describes and claims
      improved compositions comprising 100 parts by weight of a
      diorganopolysiloxane having at least 2 hydroxyl groups attached to
      different silicon atoms per molecule and of viscosity not less than 3000
      cs. at 25.degree.C, 1 to 20 parts by weight of a
      mono-organohydrogenpolysiloxane of viscosity not greater than 1000 cs. at
      25.degree.C, 1 to 20 parts by weight of an aminoalkoxy silicon compound as
      defined therein and 5 to 20 parts by weight of an organotin acylate in an
      organic solvent. British Patent No. 1,240,511, which is a patent of
      addition to 1,152,251, describes and claims improved compositions
      comprising 100 parts by weight of a diorganopolysiloxane having at least
      two hydroxyl groups attached to different silicon atoms per molecule and
      of viscosity not less than 3000 cs. at 25.degree.C, 1 to 20 parts by
      weight of an organohydrogenpolysiloxane of viscosity not greater than 1000
      cs. at 25.degree.C and containing at least one silicon-bonded hydrogen
      atom for every three silicon atoms, 1 to 20 parts by weight of an
      aminoalkoxy silicon compound and 5 to 20 parts by weight of a tin compound
      of the general formula YO(R.sub.2 SnO).sub.n Y where R is an alkyl group
      having not more than 20 carbon atoms, Y is R'R"C = N -- or R"' where R' is
      a hydrocarbyl group or hydrogen and R" and R"' are hydrocarbyl groups and
      n is 1, 2, 3 or 4 in an organic solvent. Because of developments in
      equipment and techniques, however, a requirement has arisen for
      compositions which give coated papers having very low release values and
      which give ready release even from agressive adhesives. We have now found
      that compositions having the desired properties can be obtained by
      modification of the proportions of the constituents of the compositions of
      the said patents. Thus the present invention is an improvement in or
      modification of that described and claimed in our British Patent No.
      1,152,251.
PAR  According to the present invention new compositions for use in surface
      treatment to give lower release values than have hitherto been obtainable
      comprise 100 parts by weight of a diorganopolysiloxane having at least two
      hydroxyl groups attached to different silicon atoms per molecule and of
      viscosity not less than 3000 cs. at 25.degree.C, 1 to 20 parts by weight
      of an organohydrogenpolysiloxane of viscosity not greater than 1000 cs. at
      25.degree.C and containing at least one silicon-bonded hydrogen atom for
      every three silicon atoms, 0.05 to less than 20 parts by weight for an
      aminoalkoxy silicon compound and 1 to 20 parts by weight of a tin compound
      in an organic solvent.
PAR  It is preferred in some cases, for example, when maximum ease of release is
      required, that the viscosity of the diorganopolysiloxane be not less than
      500,000 cs. at 25.degree.C. If there are present, as there may be, more
      than two hydroxyl groups per molecule, two or more of these may be
      attached to the same silicon atom always provided that there are at least
      two hydroxyl groups attached to different silicon atoms. It is also
      preferred that there be a hydroxyl group attached to each terminal silicon
      atom in the chain.
PAR  The diorganopolysiloxane while consisting essentially of diorganosiloxanyl
      units may also contain a small proportion of trifunctional silicon atoms
      attached to a single organo group provided the amount of such is not
      sufficient to destroy the solubility of the diorganopolysiloxane in the
      chosen organic solvent. The organo groups in the diorganopolysiloxane may
      be alkyl, aryl, aralkyl, alkaryl, alkenyl, cycloalkyl or cycloalkenyl
      groups or such groups containing a variety of substituents such as
      halogens or cyano groups. Suitable groups include, for example, methyl,
      ethyl, phenyl, vinyl, cyclohexyl, 3,3,3-trifluoropropyl and chlorophenyl
      groups. In many cases it is preferred that at least the major proportion
      and, in some cases, all, of the organo groups, are methyl groups.
PAR  The organohydrogenpolysiloxane is normally preferably used in amount not
      less than 3 parts by weight. It may be a linear or cyclic
      mono-organopolysiloxane or a mixture of both and may, if desired, also
      contain a proportion, preferably not more than a minor proportion, of
      diorganosiloxanyl units, but should contain at least one silicon-bonded
      hydrogen atom for every three silicon atoms. If linear it may be
      terminated by, for example, triorganosilyl groups.
PAR  The organo groups in the organohydrogenpolysiloxane may be alkyl, aryl,
      aralkyl, alkaryl, alkenyl, cycloalkyl or cycloalkenyl groups. Suitable
      groups which may be used include, for example, methyl, ethyl, phenyl,
      tolyl, benzyl and vinyl groups. Preferred siloxanes are those consisting
      of methylhydrogensiloxanyl units terminated by trimethylsilyl groups.
PAR  While the aminoalkoxy-silicon compound may be in amount from 0.05 to less
      than 20 parts by weight per 100 parts by weight of diorganopolysiloxane it
      is preferably used in amount from 0.05 to 1.0 part. The
      aminoalkoxy-silicon compound may be any silicon compound having one or
      more of the groups (R.sup.4 R.sup.5 N.R.sup.8 --) attached to one or more
      silicon atoms through an oxygen atom, where R.sup.8 is an alkylene group
      or consists of alkylene groups joined by one or more --NR.sup.6 -- groups
      or oxygen atoms and the oxygen atom attached to silicon and the essential
      nitrogen atom being attached to different carbon atoms and R.sup.4 and
      R.sup.5, which may or may not be the same, are hydrogen or alkyl,
      cycloalkyl, aminoalkyl or hydroxy-alkyl groups, monovalent groups
      consisting of alkylene and alkyl groups joined by one or more --NR.sup.5
      -- groups or oxygen atoms or alternatively R.sup.4 and R.sup.5 together
      form a single alkylene group or a group consisting of alkylene groups
      joined by one or more --NR.sup.6 -- groups or oxygen atoms and R.sup.6 is
      hydrogen or an alkyl group having not more than 5 carbon atoms. It is
      preferred that R.sup.8 be --CH.sub.2 CH.sub.2 -- or --CH.sub.2 CH(Et)--
      and that R.sup.4 and R.sup.5 be hydrogen or methyl or ethyl groups.
      Because of low cost and availability the more generally preferred group is
      NH.sub.2 CH.sub.2 CH.sub.2 --.
PAR  Suitable groups which may be attached to a silicon atom through an oxygen
      atom to form aminoalkoxy silicon compounds include, for example,
EQU  --CH.sub.2 CH.sub.2 NH.sub.2,
EQU  --CH.sub.2 CH.sub.2 NH.CH.sub.3,
EQU  --CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2,
EQU  --CH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2,
EQU  --CH.sub.2 CH.sub.2 CH.sub.2 NH.sub.2,
EQU  --CH.sub.2 CH(CH.sub.3)NH.sub.2,
EQU  --CH(CH.sub.3)CH.sub.2 NH.sub.2,
      ##EQU1##
EQU  --CH.sub.2 CH(C.sub.2 H.sub.5)NH.sub.2,
EQU  --(CH.sub.2).sub.6 NH.sub.2,
EQU  --CH.sub.2 CH.sub.2 NHC.sub.8 H.sub.17,
EQU  --CH.sub.2 CH.sub.2 NHC.sub.18 H.sub.37,
EQU  --CH.sub.2 CH.sub.2 NHCH.sub.2 C.sub.6 H.sub.5,
EQU  --CH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 NH.sub.2,
EQU  --CH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2,
EQU  --CH.sub.2 CH.sub.2 NHCH.sub.2 CH.sub.2 NH.sub.2,
EQU  --CH.sub.2 CH.sub.2 N(CH.sub.3)CH.sub.2 CH.sub.2 NH.sub.2,
EQU  --CH.sub.2 CH.sub.2 N(CH.sub.2 CH.sub.2 OH).sub.2,
EQU  --CH.sub.2 CH.sub.2 NCH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2,
EQU  --CH.sub.2 CH.sub.2 NCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 and
EQU  --CH.sub.2 CH.sub.2 NCH.sub.2 CH.sub.2 NHCH.sub.2 CH.sub.2.
PAR  The aminoalkoxy silicon compound may be, for example, an aminoalkoxy
      silane, an aminoalkoxydisilane, an amino-alkylsilicate, an amino-alkyl
      polysilicate, an amino-alkoxy organopolysiloxane, an amino-alkoxy
      silphenylene or an amino-alkoxysilmethylene. Suitable compounds include,
      for example,
EQU  MeSi(O.CH.sub.2 CH.sub.2 NH.sub.2).sub.3 ;
EQU  Me.sub.2 Si(OCH.sub.2 CH.sub.2 NMe.sub.2).sub.2 ;
EQU  Me.sub.3 SiO.CH.sub.2 CH.sub.2 NH.sub.2 ;
EQU  PhSi(OCH.sub.2 CH[Et]NH.sub.2).sub.3 ;
EQU  (EtNH.CH.sub.2 CH.sub.2 O).sub.3 Si.CH.sub.2 Si(O.CH.sub.2 CH.sub.2
      NHEt).sub.3 ;
EQU  (H.sub.2 N.CH.sub.2 CH.sub.2 O).sub.3 Si.CH.sub.2 CH.sub.2 Si)O.CH.sub.2
      CH.sub.2 NH.sub.2).sub.3 ;
EQU  (H.sub.2 N.CH.sub.2 CH.sub.2 O).sub.3 Si.C.sub.6 H.sub.4. Si(OCH.sub.2
      CH.sub.2 NH.sub.2).sub.3 ;
EQU  CH.sub.2 =CH.Si(O.CH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 NH.sub.2).sub.3 ;
EQU  (H.sub.2 N.CH.sub.2 CH.sub.2 O).sub.2 SiMe.SiMe(OCH.sub.2 CH.sub.2
      NH.sub.2).sub.2 ;
EQU  H.sub.2 N.CH.sub.2 CH.sub.2 OSi.Me.sub.2.SiMe(O.CH.sub.2 CH.sub.2
      NH.sub.2).sub.2 ;
EQU  Si(O.CH.sub.2 CH.sub.2 NH.sub.2).sub.4 ;
EQU  (MeSi O.CH.sub.2 CH.sub.2.NH.CHCH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2
      O).sub.4 ;
EQU  C.sub.14 H.sub.29 Si(O.CH.sub.2 NH.sub.2).sub.3
EQU  Me.sub.3 SiO(SiMe[ O.CH.sub.2 CH.sub.2 CH.sub.2 NH.sub.2 ]O).sub.50
      SiMe.sub.3 ;
EQU  (H.sub.2 N.CH.sub.2 CH.sub.2 O.SiMe.sub.2).sub.2 O;
EQU  Me.sub.3 SiO(SiMe[O.CH.sub.2 CH.sub.2 NH.sub.2 ]O).sub.40 (SiMe.sub.2
      O).sub.58 SiMe.sub.3 ;
EQU  Me.sub.3 SiO(SiMe[O.CH.sub.2 CH.sub.2 NH.sub.2 ]O).sub.25
      (SiMe[OBu]O).sub.25.SiMe.sub.3 ;
EQU  Me.sub.3 SiO(SiMe [OCH.sub.2 CH.sub.2 NH.sub.2 ]O).sub.5
      (SiMe[OMe]O).sub.45 SiMe.sub.3 ;
EQU  Me.sub.3 SiO(SiMe[OCH.sub.2 CH.sub.2 NH.sub.2 ]O).sub.45 (SiMe[OCH.sub.2
      CH.sub.2 OCH.sub.3 ]O).sub.5 SiMe.sub.3
PAL  and
EQU  Me.sub.3 SiO(SiMe[OCH.sub.2 CH.sub.2 NMe.sub.2 ]O).sub.25
      (SiMe[OMe]O).sub.25 (SiMe.sub.2 O).sub.50 SiMe.sub.3
PAR  The preferred aminoalkoxysilicon compounds are those of average general
      formula
EQU  R.sub.a.sup.7 (R.sup.4 R.sup.5 NR.sup.8 O).sub.b SiO
PAL  where R.sup.7 is a hydrocarbyl or hydrocarbyloxy group, R.sup.8, R.sup.4
      and R.sup.5 are as defined above, a is any number from 0 to 2, b is any
      number from 0.1 to 4, a+b is not greater than 4 and not less than 1.95,
      and the total number of carbon atoms in the groups R.sup.8, R.sup.4,
      R.sup.5 and R.sup.7 is not greater than 24. The group R.sup.7 may be
      alkyl, aryl, aralkyl, alkaryl, alkenyl, alkoxy, aralkyloxy or such groups
      containing substituents. Suitable groups include, for example, methyl,
      ethyl, vinyl, phenyl, chlorophenyl, fluoropropyl, benzyl, tolyl, methoxy,
      ethoxy, butoxy and phenoxy groups.
PAR  A further preferred class of aminoalkoxy silicon compounds consists of the
      aminoethoxymethylpolysiloxanes, where R.sup.7 is a methyl group, a is 1.0
      to 1.8, b is 0.3 to 1.0 and a+b is not less than 2.0.
PAR  A still further preferred class of aminoalkoxy silicon compounds consists
      of the mixed aminoethoxymethyl- and methoxymethylpolysiloxanes, where
      R.sup.7 is a mixture of both methyl and methoxy groups. This class is
      exemplified by the average general formula;
EQU  Me.sub.c (H.sub.2 NC.sub.2 H.sub.4 O).sub.d (MeO).sub.e SiO
PAL  where c is 1.0 to 1.8, d is 0.1 to 0.9, e is 0.1 to 0.9 and c+d+e is not
      less than 2.0.
PAR  The organotin catalyst may be used in amount from 1 to 20 parts by weight
      per 100 parts by weight of the diorganopolysiloxane. It is, however, in
      general preferred that it be used in amount from 1 to 10 parts by weight.
PAR  The catalyst may be an organotin acylate of the general formula:
      ##EQU2##
      where A is an acyl group, R.sup.9 and R.sup.10, which may or may not be
      alike, are hydrocarbyl groups, preferably alkyl groups, p is 1 or 2, q is
      1 or 2, p+q equals 3 and r is 0, 1 or 2. In many cases it is preferred to
      use a diorganotin diacyclate and while the groups R.sup.9 and R.sup.10 are
      in general preferred to be alkyl groups, it is in many cases also
      preferred that they be butyl or octyl groups. It is also preferred that
      the acyl group A be aliphatic, for example, such as lauroyl, octoyl,
      2-ethyl-n-hexoyl, butyroyl, propionyl, acetyl, or formyl group. In many
      cases it is preferred that the acyl groups have not more than five carbon
      atoms. Particular tin acylates preferred for many purposes include,
      dibutyltin diformate, dibuyltin diacetate, dibutyltin dipropionate,
      di-n-octyltin diformate, di-n-octyltin diacetate and di-n-octyltin
      dipropionate. The acylates which may be used also include the
      acyloxystannoxanes such as, for example, di-acetoxytetrabutyldistannoxane,
      diformoxy tetrabutyldistannoxane and diacetoxytetraoctyldistannoxane.
      These may be prepared by reacting the appropriate organotin oxide with a
      carboxylic acid and removing the water formed during the reaction. Other
      suitable tin acylates, include, for example, butyltin triacetate and
      n-octyltin triacetate.
PAR  Another class of catalyst is described by the general formula
EQU  YO(R.sub.2 SnO).sub.n Y
PAL  where R is an alkyl group having not more than 20 carbon atoms, Y is
      R.sup.1 R.sup.2 C=N-- or R.sup.3 where R.sup.1 is hydrogen or a
      hydrocarbyl group and R.sup.2 and R.sup.3 are hydrocarbyl groups and n is
      1, 2, 3 or 4. The group R may be, for example, methyl, ethyl, propyl,
      butyl, octyl, decyl, dodecyl, tetradecyl and octadecyl. It is however
      normally preferred that the group R be a butyl or an octyl group. The
      group R.sup.1 when not hydrogen, and the groups R.sup.2 and R.sup.3 may be
      alkyl, aryl, aralkyl, alkaryl, cycloalkyl, alkenyl or cycloalkenyl groups.
      Suitable groups include, for example, methyl, ethyl, propyl, butyl, hexyl,
      cyclohexyl, phenyl, tolyl and benzyl groups. It is preferred that R.sup.1
      be hydrogen. It is also preferred that R.sup.3 be a butyl or phenyl group.
PAR  There may also be present in our compositions an alkoxy silicon compound.
      This may be used in amount from 0 to 10.0 parts by weight per 100 parts by
      weight of the diorganopolysiloxane. Suitable alkoxy silicon compounds are
      of the general formula
EQU  R.sub.g.sup.11 (R.sup.12 O).sub.f SiO
PAL  where R.sup.11 is a hydrocarbyl group, R.sup.12 is a hydrocarbyl or
      R.sup.11 OCH.sub.2 -- or R.sup.11 (OCHR.sup.13 CHR.sup.14).sub.m group
      where R.sup.13 and R.sup.14 are the same or different and may be hydrogen
      or an alkyl group such as methyl, ethyl, propyl or butyl, m is 1 or 2, g
      is any number from 0 to 2, f is any number from 0.1 to 4, g + f is not
      greater than 4 and not less than 1.95 and the total number of carbon atoms
      in the groups R.sup.11 and R.sup.12 is not greater than 24. The group
      R.sup.11 may be an alkyl, aryl, aralkyl, alkaryl or alkenyl group or such
      a group containing substituents. Suitable groups include, for example,
      methyl, ethyl, vinyl, phenyl, chlorophenyl, fluoropropyl, benzyl and tolyl
      groups. R.sup.12 may be an alkyl, aryl, aralkyl or alkoxyalkyl group or
      such a group containing substituents. Suitable groups include, for
      example, methyl, ethyl butyl, phenyl and methoxyethyl groups. Suitable
      compounds include, for example
EQU  MeSi(OEt).sub.3,Si(OEt).sub.4,MeSi(OCH.sub.2 OEt).sub.3,PhSi(OBu).sub.3,
EQU  Me.sub.3 SiO[Me(MeO)SiO].sub.50 SiMe.sub.3
EQU  Me.sub.3 SiO[Me(CH.sub.3 OC.sub.2 H.sub.4 O)SiO].sub.5 SiMe.sub.3
EQU  Me.sub.3 SiO[Me(EtO)SiO].sub.30 [Me.sub.2 SiO].sub.20 SiMe.sub.3
EQU  Me.sub.3 SiO[Me(MeO)SiO].sub.25 [Me(MeOC.sub.2 H.sub.4 O)SiO].sub.25
      SiMe.sub.3
PAL  and ethylpolysilicate.
PAR  In general the preferred alkoxysilicon compounds are the
      methylalkoxypolysiloxanes where R.sup.11 is methyl, R.sup.12 is methyl,
      ethyl or methoxyethyl, g is 1.0 to 1.8, f is 0.3 to 1.0 and g+f is not
      less than 2.0.
PAR  The compositions can be cured to non-migratory adhesive films having
      greatly increased release properties by exposure to temperature of
      150.degree.C or higher, for a few seconds or to lower temperatures for
      longer periods, for example, some 15 seconds at 120.degree.C or about 1
      minute at 70.degree.C. The temperature selected for curing will, of
      course, depend on the application for which the particular composition is
      being used and the speed of curing can be varied widely by varying the
      nature and proportions of the constituents. Thus these compositions can be
      used and are particularly valuable for use in processes such as paper
      treating which can be carried out continuously at high speeds, for example
      speeds of up to 500 ft./minute can be used where it is possible to give a
      dwell time of some 15-30 seconds in a heating zone at
      110.degree.-120.degree.C.
PAR  The compositions can also be used to form adhesive films on a wide variety
      of other substrates, for example on polyolefin or polyester films such as
      polypropylene or polyethyleneterephthalate and on metals such as aluminum,
      glass and ceramics.
DETD
PAR  Our invention is further illustrated by the following Examples in which all
      parts and percentages are by weight.
PAC  EXAMPLE 1
PAR  Thirteen 50% solutions of aminoalkoxysiloxanes or alkoxysiloxanes in
      toluene or xylene were prepared from aminoalcohols, alcohols and methyl
      polysiloxanes as follows:
PAR  In solutions A to L inclusive a methylhydrogenpolysiloxane of formula
      Me.sub.3 SiO(MeHSiO).sub.50 SiMe.sub.3 was added to a amixture of toluene
      or xylene and aminoalcohol(s) and/or alcohol(s), at a temperature of
      80.degree. .+-. 10.degree.C. The time of addition was two hours, during
      which time hydrogen was evolved. Thereafter, the reaction mixture was
      heated under reflux for a further 1 hour. In some cases
      tetramethylammonium hydroxide was added as a catalyst to accelerate the
      reaction. The products obtained were 50% solutions of
      aminoalkoxypolysiloxanes or alkoxypolysiloxanes. The components used were
      as follows:
PAC  Solution A
PAR  100 parts of methylpolysiloxane, 100 parts of aminoethanol and 200 parts of
      toluene.
PAC  Solution B
PAR  63.2 parts of methyl polysiloxane, 48.8 parts of aminoethanol, 16.0 parts
      of 2-methoxyethanol, 125.2 parts of toluene and 0.04 parts of
      tetramethylammonium hydroxide.
PAC  Solution C
PAR  120 parts of methylpolysiloxane, 17 parts of aminoethanol, 55 parts of
      methanol, 188 parts of toluene and 0.06 parts of tetramethylammonium
      hydroxide.
PAC  Solution D
PAR  70.4 parts of methylpolysiloxane, 104 parts of dimethylaminoethanol, 172.4
      parts of toluene and 0.03 parts of tetramethylammonium hydroxide.
PAC  Solution E
PAR  63.2 parts of methylpolysiloxane, 44.5 parts of dimethylaminoethanol, 18
      parts of methanol, 121.7 parts of toluene and 0.04 part of
      tetramethylammonium hydroxide.
PAC  Solution F
PAR  63.2 parts of methylpolysiloxane, 12.4 parts of dimethylaminoethanol, 41.0
      parts of ethanol, 112.7 parts of toluene and 0.03 part tetramethylammonium
      hydroxide.
PAC  Solution G
PAR  63.0 parts of methylpolysiloxane, 30.5 parts of aminoethanol, 22.5 parts of
      dimethylaminoethanol, 22.5 parts of 2-ethoxy ethanol and 136.0 parts of
      xylene.
PAC  Solution H
PAR  50.0 parts of methypolysiloxane, 22.5 parts of N-methylaminoethanol, 34.2
      parts of 2-methoxy ethanol, 1.6 parts of methanol and 108.3 parts of
      xylene.
PAC  Solution I
PAR  50.0 parts of methylpolysiloxane, 36.25 parts of 2-amino-1-butanol, 30.15
      parts of n-butanol and 116.4 parts of xylene.
PAC  Solution J
PAR  25.0 parts of methylpolysiloxane, 30.4 parts of 2-methoxy ethanol, 54.4
      parts of toluene and 0.05 part of tetramethylammonium hydroxide.
PAC  Solution K
PAR  30.0 parts of methylpolysiloxane, 23.0 parts of ethanol, 52.1 parts of
      toluene and 0.05 part of tetramethylammonium hydroxide.
PAC  Solution L
PAR  63.2 parts of methylpolysiloxane, 44.4 parts of n-butanol, 18.4 parts of
      ethanol, 124.0 parts of toluene and 0.04 part of tetramethylammonium
      hydroxide.
PAC  Solution M
PAR  41.2 parts of a polysiloxane of formula Me.sub.3 SiO(Me.sub.2 SiO).sub.34
      (MeHSiO).sub.24 SiMe.sub.3 were added to a mixture of 55.3 parts of xylene
      and 14.6 parts of aminoethanol and reaction carried out at a temperature
      of 110.degree.-120.degree.C. The time of addition was one hour during
      which time hydrogen was evolved. Thereafter, 0.9 part of n-butanol was
      added and the reaction mixture heated under reflux for a further 1 hour.
      The product obtained was a 50% solution of aminoalkoxypolysiloxane.
PAR  Six coating solutions were prepared, each sonsisting of 100 parts of a
      linear hydroxyl-ended dimethylpolysiloxane of viscosity 10.sup.7 cs. at
      25.degree.C, 5 parts of a linear trimethylsilyl-ended
      methylhydrogenpolysiloxane of viscosity 20 cs. at 25.degree.C and of Me:Si
      ratio of 1.08 to 1, 8 parts of dibutyltin diacetate and 2 parts of acetic
      acid in 1200 parts of toluene. To each of these solutions there was added
      1.0 part of one of the aminoalkoxysiloxane solutions A to F described
      above.
PAR  These solutions were then coated onto vegetable parchment paper to give
      silicone coatings of about 0.8 g/sq.metre, and the coatings cured in a
      forced draught air oven at 120.degree.C for 20 seconds. The cured silicone
      films were then immediately coated with a solvent solution of an
      aggressive pressure sensitive adhesive, again placed in an air oven to
      remove the adhesive solvent, and finally label paper was applied to the
      solvent-free adhesive surface to complete the laminate. Samples of each
      laminate were stored under a pressure of 1 p.s.i. for 20 hours, then the
      force required to separate an inch wide strip was measured. The separated
      adhesive coated paper strips were applied to a clean "Melinex" film
      surface, rolled 12 times with a 30 lb. roller and the release force,
      called "subsequent adhesion" measured. The observed results are given in
      Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Aminoalkoxy compound                                                      
                  Peel force   Subsequent release                              
                  (g./inch)    (g/inch)                                        
     ______________________________________                                    
     A            69           1800                                            
     B            42           1850                                            
     C            80           1950                                            
     D            101          1900                                            
     E            81           2000                                            
     F            110          1950                                            
     ______________________________________                                    
PAR  The adhesive used was an aggressive SBR adhesive having a normal peel
      strength of 1900-2000 g/inch.
PAC  EXAMPLE 2
PAR  Six coating solutions were prepared each consisting of 100 parts of the
      hydroxyl-ended dimethylpolysiloxane used in Example 1, 6 parts of the
      methylhydrogenpolysiloxane used in Example 1, 8 parts of
      1,3-diacetyl-1,1,3,3-tetrabutyldistannoxane and 2 parts of acetic acid in
      1200 parts of toluene. To each of these solutions was added 1.0 part of
      one of the aminoalkoxysiloxane solutions of Example 1. The solutions thus
      obtained were coated, cured and laminated as described in Example 1. The
      results obtained are given in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Aminoalkoxy compound                                                      
                  Peel force   Subsequent adhesion                             
                  (g/inch)     (g/inch)                                        
     ______________________________________                                    
     A            90           1800                                            
     B            90           1920                                            
     C            92           1900                                            
     D            97           2000                                            
     E            98           2000                                            
     F            110          1950                                            
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Ten coating solutions were prepared each consisting of 100 parts of the
      hydroxyl-ended dimethylpolysiloxane used in Example 1, 6 parts of the
      methylhydrogenpolysiloxane used in Example 1, and 1.0 part of
      aminoalkoxysiloxane solution B of Example 1 in 1200 parts of toluene. To
      each of these solutions was added an organotin catalyst as indicated
      below. The solutions thus obtained were coated, cured and laminated as
      described in Example 1. The results are given in Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
     Organotin catalyst    Parts of Peel force                                 
                           catalyst (g./inch)                                  
     ______________________________________                                    
     Tetrabutylbis(methylethylketoximo)                                        
                           8        265                                        
     distannoxane                                                              
     Tetrabutylbis(butyraldoximo)                                              
                           8         77                                        
     distannoxane                                                              
     Tetrabutylbis(benzaldoximo)distannoxane                                   
                           8        128                                        
     Dibutylbis(benzaldoximo)tin                                               
                           8        157                                        
     Dibutyltin dilaurate  8        178                                        
     Dibutyltin di(2-ethylhexoate)                                             
                           8        122                                        
     Dibutyltin di(2-ethylhexoate)                                             
                           12       107                                        
     Dioctyltin diacetate  8         47                                        
     Dioctyltin diacetate  10.5      74                                        
     Dibutyltin diethoxide 4        100                                        
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  This example shows the effect on release of varying the aminoalkoxysiloxane
      concentration.
PAR  Four coating solutions were prepared each consisting of 100 parts of the
      hydroxyl-ended dimethylpolysiloxane used in Example 1, 6 parts of the
      methylhydrogenpolysiloxane used in Example 1, 8 parts of dibutyltin
      diacetate and 2 parts of acetic acid in 1200 parts of toluene. To these
      solutions was added 10.0, 2.0, 1.0 and 0.2 parts respectively of
      aminoalkoxysiloxane solution E described in Example 1.  The solutions thus
      obtained were coated, cured and laminated as described in Example 1. The
      release results so obtained are given below:
TBL  Parts of aminoalkoxysiloxane                                              
                        Peel Force (g/inch)                                    
     compound used                                                             
     ______________________________________                                    
     5.0                117                                                    
     1.0                 92                                                    
     0.5                 81                                                    
     0.1                101                                                    
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  This example again shows the effect on release of varying the amine
      concentration.
PAR  Four coating solutions were prepared as in Example 4 except that the
      aminoalkoxysiloxane solution B of Example 1 was used. After coating,
      curing and laminating as described in Example 1, the following results
      were obtained.
TBL  ______________________________________                                    
     Parts of aminoalkoxysiloxane                                              
                        Peel Force (g/inch)                                    
     compound used                                                             
     ______________________________________                                    
     5.0                127                                                    
     1.0                 55                                                    
     0.5                 42                                                    
     0.1                101                                                    
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  This example further illustrates the effect on release of varying the
      aminoalkoxysiloxane concentration.
PAR  Four coating solutions were prepared as in Example 4, except there were
      used 2.0, 1.0, 0.2 and 0.1 parts respectively of the aminoalkoxysiloxane
      solution A of Example 1. After coating, curing and laminating as described
      in Example 1 they gave the following results.
TBL  ______________________________________                                    
     Parts of aminoalkoxysiloxane used                                         
                          Peel force (g./inch)                                 
     ______________________________________                                    
     1.0                  85                                                   
     0.5                  69                                                   
     0.1                  81                                                   
     0.05                 86                                                   
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  Two coating solutions were prepared as in Example 4, except that there were
      used 2.0 and 1.0 parts of the aminoalkoxysiloxane solution M of Example 1.
      After coating, curing and laminating as described in Example 1 they gave
      the following results.
TBL  ______________________________________                                    
     Parts of aminoalkoxysiloxane                                              
                        Peel force (g./inc.)                                   
     compound used                                                             
     ______________________________________                                    
     1.0                112                                                    
     0.5                 82                                                    
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  Four coating solutions were prepared each consisting of 100 parts of the
      hydroxyl-ended dimethylpolysiloxane used in Example 1, 6 parts of the
      methylhydrogenpolysiloxane used in Example 1, and 1.0 part of
      aminoalkoxysiloxane solution C described in Example 1. To these solutions
      was added 8, 6, 4 and 2 parts respectively of dibutyltin diacetate as
      catalyst. The solutions thus obtained were coated, cured and laminated as
      described in Example 1. The release results so obtained are given below.
TBL  ______________________________________                                    
     Parts of organotin catalyst                                               
                        Peel force (g./inch)                                   
     ______________________________________                                    
     8                  55                                                     
     6                  56                                                     
     4                  55                                                     
     2                  111                                                    
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  Five coating solutions were prepared each consisting of 100 parts of
      hydroxyl-ended dimethylpolysiloxanes of viscosities as indicated below, 4
      parts of the methylhydrogenpolysiloxane used in Example 1, 8 parts of
      dibutyltin diacetate, 2 parts of acetic acid, 0.4 part of
      aminoalkoxysiloxane solution G described in Example 1, and amounts of
      toluene as shown. The solutions thus obtained were coated, cured and
      laminated as described in Example 1. The release results so obtained are
      given below:
TBL  Hydroxyl-ended dimethylpolysiloxane                                       
                          Parts     Peel Force                                 
     Viscosity (cs) at 25.degree.C                                             
                          toluene   (g./inch)                                  
     ______________________________________                                    
      57 .times. 10.sup. 6                                                     
                          1200      41                                         
      29 .times. 10.sup.6 1200      67                                         
     0.93 .times. 10.sup.6                                                     
                          1200      79                                         
     96,800                400      44                                         
      4,500                200      29                                         
     ______________________________________                                    
PAC  EXAMPLE 10
PAR  This example illustrates the effect on release of varying the concentration
      of methylhydrogenpolysiloxane.
PAR  Five coating solutions were prepared each consisting of 100 parts of the
      hydroxyl-ended dimethylpolysiloxane used in Example 1, 4 parts of the
      dibutyltin diacetate, 1 part of acetic acid, 1.0 part of
      aminoalkoxysiloxane solution I described in Example 1, and 1200 parts of
      toluene. There were added to these solutions 3, 5, 10, 15 and 20 parts
      respectively of the methylhydrogen polysiloxane used in Example 1. The
      solutions thus obtained were coated, cured and laminated as described in
      Example 1. The release results so obtained are given below:
TBL  Parts of methylhydrogen polysiloxane                                      
                          Peel force (g./inch)                                 
     ______________________________________                                    
      3                   46                                                   
      5                   74                                                   
     10                   88                                                   
     15                   140                                                  
     20                   190                                                  
     ______________________________________                                    
PAC  EXAMPLE 11
PAR  This example illustrates the use of other organohydrogen polysiloxane
      compounds in the invention.
PAR  Two coating solutions were prepared each consisting of 100 parts of the
      hydroxyl-ended dimethylpolysiloxane used in Example 1, 8 parts of
      dibutyltin diacetate, 2 parts of acetic acid, 1.0 parts of
      aminoalkoxysiloxane solution H described in Example 1, and 1200 parts of
      toluene. To each of these solutions was added a methyl
      hydrogenpolysiloxane of the kind and in amount as indicated below. The
      solutions thus obtained were coated, cured and laminated as described in
      Example 1. The release results so obtained are given below.
TBL  ______________________________________                                    
     Methylhydrogenpolysiloxane compound                                       
                          Parts  Peel force                                    
                                 (g/inch)                                      
     ______________________________________                                    
     Me.sub.2 SiO(Me.sub.2 SiO).sub.23 (MeHSiO).sub.25 SiMe.sub.3              
                          12      53                                           
     Me.sub.3 SiO(Me.sub.2 SiO).sub.34 (MeHSiO).sub.24 SiMe.sub.3              
                          12     140                                           
     ______________________________________                                    
PAC  EXAMPLE 12
PAR  This example illustrates the advantage obtained by additionally having
      present a non-amino-containing alkoxysiloxane.
PAR  Six solutions were prepared each containing 100 parts of the hydroxyl-ended
      dimethylpolysiloxane used in Example 1, 6 parts of methylhydrogen
      polysiloxane used in Example 1, 8 parts of dibutyltin diacetate, 2 parts
      of acetic acid, 0.2 part of the aminoalkoxysiloxane solution A of Example
      1 and 1200 parts of toluene. Additionally, to five of the solutions were
      added alkoxypolysiloxanes of the kind and in amount as indicated below.
      The solutions thus obtained were coated, cured and laminated as described
      in Example 1. The release results so obtained are given below:
TBL  Alkoxypolysiloxanes                                                       
                 Parts of alkoxypolysiloxane                                   
                                    Peel force                                 
     solutions   used               (g./inch)                                  
     ______________________________________                                    
     --          0                  81                                         
     J           0.5                50                                         
     K           0.5                62                                         
     K           5                  60                                         
     L           1                  47                                         
     L           10                 45                                         
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition for use in surface treatment consisting essentially of 100
      parts by weight of a diorganopolysiloxane having at least two hydroxyl
      groups attached to different silicon atoms per molecule and of viscosity
      not less than 3000 cs at 25.degree.C, 1 to 20 parts by weight of an
      organohydrogenpolysiloxane of viscosity not greater than 1000 cs at
      25.degree.C and containing at least one silicon-bonded hydrogen atom for
      every three silicon atoms, 0.05 to less than 1 parts by weight of an
      aminoalkoxysilicon compound, 0.5 to 10 parts by weight of an alkoxy
      silicon compund of the formula:
EQU  R.sub.g.sup.11 (R.sup.12 O).sub.f Sio
PAL  wherein R.sup.11 is a methyl group, R.sup.12 is selected from the group
      consisting of methyl, ethyl and methoxyethyl groups, g is 1.0 to 1.8, f is
      0.3 to 1.0 and g+f is not less than 2.0 and 1 to 20 parts by weight of a
      tin compound in an organic solvent.
NUM  2.
PAR  2. A composition according to claim 1 wherein the viscosity of the
      diorganopolysiloxane is not less than 500,000 cs at 25.degree.C.
NUM  3.
PAR  3. A composition according to claim 1 wherein the organo groups in the
      diorganopolysiloxane are selected from the group consisting of alkyl,
      aryl, aralkyl, alkaryl, alkenyl, cycloalkyl and cycloalkenyl groups with
      or without halogen or cyano substituents.
NUM  4.
PAR  4. A composition according to claim 1 wherein the
      organohydrogenpolysiloxane is used in amount not less than 3 parts by
      weight.
NUM  5.
PAR  5. A composition according to claim 1 wherein the organo group in the
      organohydrogenpolysiloxanes are selected from the group consisting of
      alkyl, aryl, aralkyl, alkaryl, alkenyl, cycloalkyl and cycloalkenyl
      groups.
NUM  6.
PAR  6. A composition according to claim 1 wherein the
      organohydrogenpolysiloxane consists of methylhydrogensiloxanyl units
      terminated by trimethylsilyl groups.
NUM  7.
PAR  7. A composition according to claim 1 wherein the aminoalkoxysilicon is a
      silicon compound having one or more of the groups (R.sup.4 R.sup.5
      N.R.sup.8 --) attached to one or more silicon atoms through an oxygen
      atom, where R.sup.8 is an alkylene group or consists of alkylene groups
      joined by one or more --NR.sup.6 -- groups or oxygen atoms and the oxygen
      atom attached to silicon and the essential nitrogen atom being attached to
      different carbon atoms and R.sup.4 and R.sup.5, which may or may not be
      the same, are hydrogen or alkyl, cycloalkyl, aminoalkyl or hydroxy-alkyl
      groups, monovalent groups consisting of alkylene and alkyl groups joined
      by one or more --NR.sup.5 -- groups or oxygen atoms or alternatively
      R.sup.4 and R.sup.5 together form a single alkylene group or a group
      consisting of alkylene groups joined by one or more --NR.sup.6 -- groups
      or oxygen atoms and R.sup.6 is hydrogen or an alkyl group having not more
      than 5 carbon atoms.
NUM  8.
PAR  8. A composition according to claim 7 wherein R.sup.8 is selected from the
      group consisting of --CH.sub.2 CH.sub.2 -- and --CH.sub.2 CH(Et)-- and
      R.sup.4 and R.sup.5 are selected from the group consisting of hydrogen,
      methyl, and ethyl groups.
NUM  9.
PAR  9. A composition according to claim 7 wherein the group (R.sup.4 R.sup.5
      NR.sup.8 --) is NH.sub.2.CH.sub.2 CH.sub.2 --.
NUM  10.
PAR  10. A composition according to claim 7 wherein the aminoalkoxy silicon
      compound is of the average general formula
EQU  R.sup.7.sub.a (R.sup.4 R.sup.5 NR.sup.8 O).sub.b SiO
PAL  where R.sup.7 is selected from the group consisting of hydrocarbyl and
      hydrocarbyloxy groups, a is any number from 0 to 2, b is any number from
      0.1 to 4, a+b is not greater than 4 and not less than 1.95 and the total
      number of carbon atoms in the groups R.sup.8, R.sup.4, R.sup.5 and R.sup.7
      is not greater than 24.
NUM  11.
PAR  11. A composition according to claim 10 wherein a is 1.0 to 1.8 b is 0.3 to
      1.0 and a+b is not less than 2.
NUM  12.
PAR  12. A composition according to claim 1 wherein the tin compound is used in
      amount from 1 to 10 parts by weight.
NUM  13.
PAR  13. A composition according to claim 1 wherein the tin compound is an
      organotin acylate of the general formula
      ##EQU3##
      where A is an acyl group, R.sup.9 and R.sup.10, which may or may not be
      alike, are hydrocarbyl groups, preferably alkyl groups, p is 1 or 2, q is
      1 or 2, p+q equals 3 and r is 0, 1 or 2.
NUM  14.
PAR  14. A composition according to claim 13 wherein R.sup.9 and R.sup.10 are
      selected from the group consisting of butyl and octyl groups.
NUM  15.
PAR  15. A composition according to claim 1 wherein the tin compound is of the
      general formula
EQU  YO(R.sub.2 SnO).sub.n Y
PAL  where R is an alkyl group having not more than 20 carbon atoms, Y is
      R.sup.1 R.sup.2 C=N-- or R.sup.3 where R.sup.1 is hydrogen or a
      hydrocarbyl group and R.sup.2 and R.sup.3 are hydrocarbyl groups and n is
      1, 2, 3 or 4.
NUM  16.
PAR  16. A composition according to claim 15 wherein the group R is selected
      from the group consisting of butyl and octyl groups.
NUM  17.
PAR  17. A composition according to claim 15 wherein the group R.sup.1 is
      hydrogen and the group R.sup.3 is selected from the group consisting of
      butyl and phenyl groups.
NUM  18.
PAR  18. A surface of paper, polyolefin or polyester film, metals, glass or
      ceramics coated with a film obtained by curing a composition as claimed in
      claim 1.
PATN
WKU  039418570
SRC  5
APN  5201136
APT  1
ART  142
APD  19741101
TTL  Polyvinylchloride/olefin copolymers stabilized with epoxy resin
ISD  19760302
NCL  8
ECL  1
EXA  Ziegler; J.
EXP  Tillman; Murray
INVT
NAM  Wu; Souheng
CTY  Wilmington
STA  DE
ASSG
NAM  E. I. Du Pont de Nemours and Company
CTY  Wilmington
STA  DE
COD  02
RLAP
COD  72
APN  341333
APD  19730315
PSC  03
CLAS
OCL  260837PV
XCL  260836
EDF  2
ICL  C08L 6310
FSC  260
FSS  87.5 C;837 R;837 PV;836
UREF
PNO  2510426
ISD  19500600
NAM  Smith
OCL  260 87.5C
UREF
PNO  2564194
ISD  19510800
NAM  Leendert et al.
OCL  260837PV
UREF
PNO  2609355
ISD  19520900
NAM  Winkler
OCL  260837PV
UREF
PNO  2971933
ISD  19610200
NAM  Beal
OCL  260837PV
ABST
PAL  A composition comprising a vinylchloride/olefin copolymer and a small
      amount of an epoxy resin is provided. The epoxy resin reacts with residual
      surfactants in the copolymer on heating. Coatings of the composition have
      satisfactory hot water resistance. Coatings prepared from the copolymer
      without epoxy resin have inconsistant performance as to hot water
      resistance with a substantial tendency toward pitting as shown by
      "blushing."
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of Ser. No. 341,333, filed Mar.
      15, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to vinylchloride/olefin copolymer compositions and
      surfaces coated therewith.
PAR  Vinylchloride/olefin copolymers are typically made by suspension or
      emulsion polymerization. Coatings of such copolymers show inconsistent
      performance in hot water resistance and tend to be sensitive to water in
      that pitting or "blushing" (a whitening effect) may sporadically occur,
      particularly after exposure of such a coating to boiling water for
      extended periods. In some end uses such as can coatings, this
      characteristic is detrimental both aesthetically and in causing the
      corrosion of the can metal.
PAC  SUMMARY OF THE INVENTION
PAR  I have found that this problem is the result of surfactants used in the
      manufacture of the copolymer resin and that these deleterious
      characteristics can be minimized by mixing with the copolymer, preferably
      in solvent, before casting a film, about 0.5 to 2%, preferably up to about
      1% by weight, of an epoxy resin. The epoxy resin appears to react and
      cross-link with the residual surfactants, thereby improving the stability
      of the coating to hot water. Adhesion to aluminum is also improved.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The composition of this invention is a polymeric composition comprising (A)
      and (B) having by weight of (A) and (B) 98 to 99.8% of (A) a
      vinylchloride/olefin copolymer of film forming molecular weight prepared
      using epoxy reactive surfactant, and 0.5 to 2% of (B) an epoxy resin.
PAR  Preferably, (A) consists of vinylchloride/ethylene copolymer or
      vinylchloride/propylene copolymer of a number average molecular weight of
      between 20,000 and 100,000 and (B) consists of an epoxy resin having
      greater than 1 and no more than 3 equivalents of oxirane per molecule with
      an epoxy equivalent weight of between 150 and 6,000. Most preferably, (A)
      contains between 2 and 10% ethylene units, and (B) has not more than 3
      oxirane equivalents per molecule. In a most preferred embodiment (A) has a
      number average molecular weight between 50,000 and 75,000 and the ethylene
      or propylene content is between 3 and 5% by weight of the copolymer, and
      (B) has an equivalent weight of between 160 and 1,000 and is present in an
      amount of between 0.8 and 1.2% by weight of (A) and (B).
PAR  The "epoxy resin" is at least one member of the class comprising aromatic
      epoxies, cycloaliphatic epoxies and aliphatic epoxies. An aromatic epoxy
      is usually prepared as the reaction product of epichlorohydrin and
      Bisphenol A such as Epon 828 and Epon 1007 made by Shell Chemical Company.
      Cycloaliphatic epoxy resins are prepared by reaction of appropriate
      olefins with peracetic acid. Typical of this type of epoxy resin is
      Bakelite ERL 4221 and Bakelite ERR 4205 made by Union Carbide which are
      respectively (3,4 epoxy cyclohexylmethyl-3,4-epoxycyclohexane carboxylate)
      and (bis(2,3-epoxycyclophenyl)ether). Aliphatic epoxy resins are typically
      made from epichlorohydrin and aliphatic polyols. Examples of this type of
      resin are Epon 871 and Epon 872. Also epoxy effectiveness is dependent on
      degree of reaction between epoxy resin and surfactant. Accordingly, higher
      temperatures may be necessary for reaction with epoxy resin of higher
      epoxy equivalent weight.
PAR  Preferably, the polymeric components consist essentially of (A) and (B).
PAR  Surfaces coated with a film of the composition herein claimed are also
      within the scope of this invention. The process of coating a surface with
      the compositions herein claimed are also within the scope of this
      invention.
PAR  By vinylchloride/olefin copolymers is meant copolymers of film-forming
      molecular weight (sufficient to form a self-supporting film when cast from
      solution) comprising at least about 2% olefin content by weight. The term
      includes the presence of typical contaminants such as epoxy reactive
      surfactants. Preferred olefins are ethylene and propylene and the polymers
      may be either random or block copolymers. The olefin may be pendant or in
      the chain. Random copolymers are preferred. The olefin content is
      typically not in excess of 10% by weight of copolymer and most preferably
      between 3 and 5% by weight. These polymers are typically prepared by
      polymerization in suspension or emulsion such as set forth in U.S. Pat.
      No. 3,468,858 and British No. 1,096,890. Such polymerization involves use
      of surfactant such as methyl cellulose or polyacrylates or polyacrylic
      acids which are epoxy reactive. The surfactant remains in the suspension
      of emulsion.
PAR  Epoxy reactive surfactants contain hydroxyl, carboxylic, amino or other
      groups which are reactive with epoxy resin at least at temperatures of the
      baking of the composition. This reaction is necessary for the benefits of
      this invention to be realized. Other epoxy-reactive surfactants include
      acetylated polyvinyl alcohol, gelatin and sodium or ammonium lauryl
      sulfate. Typically these surfactants are present in amounts of between
      0.01 and 0.5% and most typically at 0.02-0.2% by weight of polymer. This,
      of course, controls the amount of epoxy preferably added in the practice
      of this invention. Under conditions of processing of the copolymer in
      forming a film according to the present invention the surfactant will
      react with the epoxy resin or both to remove the surfactant as a
      water-sensitive component from the composition.
PAR  The composition comprising the vinylchloride/olefin copolymer may contain
      other polymeric ingredients. Solvents such as cyclohexanone,
      tetrahydrofuran and methylethyl ketone and mixtures thereof and other
      solvents may also be present. Fillers, pigments, stabilizers, adhesion
      promoters and the like are all suitable additives.
PAR  No epoxy hardening agent need be present in the composition for epoxy
      reaction between the epoxide and the surfactant in preferred embodiments.
      In a preferred embodiment there is no hardening agent present. The
      resultant coating is thus thought to be suitable for can coating or other
      coatings where the hot water resistance of coating films of the copolymer
      is an asset.
PAR  Presence of other polymeric materials such as a vinylchloride/vinyl
      acetate/maleic acid terpolymer (Vinylite VMCH Union Carbide) may affect
      results, shift or broaden the percentage of epoxy resin which produces
      preferred results.
PAR  Compositions containing substantial quantities of epoxy reactive resins
      such as aminoplast resins (say in excess of 5% by weight of polymeric
      components) are outside the scope of this invention. Preferably, the
      composition contains less than 1% by weight of epoxy reactive material
      other than surfactant and most preferably substantially no epoxy reactive
      material other than surfactants.
PAR  Where epoxy reactive material other than surfactant is present, there may
      be competition for oxirane group between the surfactant and other epoxy
      reactive groups. Accordingly, it is preferred to add the epoxy resin to
      the vinylchloride/olefin copolymer with ample time for reaction between
      the surfactant in the copolymer and the epoxy resin.
PAR  Molecular weight of the copolymers is determined by gel permeation
      chromatography as set forth in "Physical Methods of Macromolecular
      Chemistry", Vol. II, Benj. Carroll, Editor, Marcel Dekker (1972) and
      "Modern Practice of Liquid Chromatography", edited by J. J. Kirkland, John
      Wiley (1971). Dispersity is determined by the same measurement.
PAR  In solutions as above-described, solids content of copolymer and epoxy
      resin is usually between 5 and 30% by weight of solution and most
      preferably between 15 and 25% by weight for coating purposes.
PAR  The composition is prepared as follows: The epoxy resin, preferably in
      liquid form, is added to and thoroughly mixed with the copolymer,
      preferably in a solution of copolymer. This mixture is then applied to a
      surface to be coated by typical coating techniques such as dipping,
      spraying, roller coating, brush coating and the like. The coating is then
      "cured" by heating to 100.degree. to 200.degree.C. for the desired period
      of time. Most typically, heating at temperatures between 250.degree.F. and
      550.degree.F. for 20 seconds to 1 hour will suffice.
PAR  Where applicable the copolymer blend can be applied from a "melt" without
      solvent.
PAR  In the use of the compositions of this invention the residual surfactant
      associated with the copolymer is thought to react with the epoxy to
      provide improved water resistance expecially hot water resistance to the
      coating.
PAR  The following formulations were prepared within the scope of my invention.
PAR  I. (A) Vinylchloride/propylene copolymer - 90 parts
PA1  97/3 parts by weight
PA1  Mol. wt. - about 60,000 dispersity about 1.44
PAR  (X) Vinylchloride/vinyl acetate/maleic acid - 10 parts
PA1  86/13/1 parts by weight - Under trade name Vinylite VMCH of Union Carbide
PAR  (B) Epon 828 Shell Chemical - 1 part
PA1  Epoxy equiv. wt. 185-192
PAR  (Y) Cyclohexanone/methylethyl ketone 70/30 - 400 parts
PAR  A suitable formulation according to the invention can be prepared as above
      with 100 parts of (A) and no (X).
PAR  II. Using nomenclature as above:
TBL  (A)                     90      parts                                     
     (B)                     1       part                                      
     (X)                     10      parts                                     
     (Y)                     500     parts                                     
     Monastral blue pigment  10      parts                                     
     Polyketone ZKR0252 resin - Union Carbide                                  
                             4       parts                                     
     Silicone leveling agent 0.15    part                                      
     GE Silicone SF-69                                                         
PAR  III. Using nomenclature as above:
TBL  (A)                   90      parts                                       
     (X)                   10      parts                                       
     (B)                   1       part                                        
     Yellow Pigment 2RLT   3       parts                                       
     (Y)                   400     parts                                       
PAC  TESTS
PAR  Suitability for use as a can coating is in part determined by resistance to
      whitening (blushing) on exposure to boiling water. The test for
      determining this is as follows: a panel coated with the coating to be
      evaluated is immersed in a bath of boiling water for 30 minutes. The panel
      is then removed from the bath, wiped dry with paper towel and visually
      inspected for "blushing" (whitening). Blushing is believed caused by
      formation of numerous small holes in the coating as water-soluble
      impurities such as surfactants dissolve away leaving voids.
PAR  In the Example which follows all parts are by weight unless otherwise
      indicated.
DRWD
PAC  EXAMPLE
PAR  The following specimens were prepared by mixing varying parts of a
      vinylchloride/propylene (97/3) copolymer (Airco No. 480) and Epon 828 at
      room temperature in cyclohexanone solvent to give 20% solids.
PAR  The mixtures described below were coated onto aluminum panels about 4
      inches .times. 12 inches in size by a standard drawdown coating technique.
      After permitting the coated films to air dry at ambient temperature, the
      panels were baked at 150.degree.C. for 30 minutes. The coated aluminum
      panels were then partially submerged in boiling water (i.e., the boiling
      water test). Subjective observations are reported below:
TBL                       Parts by Weight                                      
     ______________________________________                                    
     A.  Airco No. 480/Epon 828   100/10                                       
         After 30 minutes in boiling                                           
         there was some whitening at                                           
         the water/vapor line of the                                           
         panel; other areas were good.                                         
     B.  Airco No. 480/Epon 828   100/5                                        
         After 30 minutes in boiling                                           
         water there was some whitening                                        
         at the water/vapor line of the                                        
         panel; all other areas were good.                                     
     C.  Airco No. 480/Epon 828   100/2                                        
         After 30 minutes in boiling water                                     
         there was no whitening on the                                         
         panel. Only very slight sign of one                                   
         or two white spots. Boiling water                                     
         resistance very good.                                                 
     D.  Airco No. 480/Epon 828   100/1                                        
         After 4 hours in boiling water                                        
         no sign of whitening on the panel.                                    
         Boiling water resistance excellent.                                   
     E.  Airco No. 480/Epon 828   100/0.5                                      
         After 30 minutes in boiling water                                     
         results about the same as B above.                                    
     F.  Control Airco No. 480                                                 
      Repeated samples showed inconsistent                                     
     results in boiling water test. Sporadic                                   
     to extensive whitening occurs.                                            
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition comprising
PA1  A. 98-99.5% by weight, based on the weight of (A) plus (B), of a copolymer
      of film-forming molecular weight, prepared with and containing 0.01-0.5%,
      based on the weight of (A), of an epoxy reactive surfactant having at
      least one functional group selected from the group consisting of hydroxyl,
      carboxyl, amino, and sulfato, said copolymer comprising about 90 to 98% by
      weight vinyl chloride and about 2 to 10% by weight of ethylene or
      propylene; and
PA1  B. 0.5-2% by weight, based on the weight of (A) plus (B), of an epoxy resin
      having greater than 1 and no more than 3 equivalents of oxirane per
      molecule with an equivalent weight of between 150 and 6,000.
NUM  2.
PAR  2. The composition of claim 1 wherein
PA1  A. consists of vinyl chloride/ethylene copolymer, prepared with and
      containing epoxy reactive surfactant, having a number average molecular
      weight of between 20,000 and 100,000 and
PA1  B. consists of an epoxy resin having no more than 2 oxirane equivalents per
      molecule.
NUM  3.
PAR  3. The composition of claim 1 wherein
PA1  A. consists of vinyl chloride/propylene copolymer, prepared with and
      containing epoxy reactive surfactant, having a number average molecular
      weight of between 20,000 and 100,000 and
PA1  B. consists of an epoxy resin having no more than 2 oxirane equivalents per
      molecule.
NUM  4.
PAR  4. The composition of claim 2 wherein said copolymer of (A) has a number
      average molecular weight between 50,000 and 75,000 and the ethylene
      content is between 3 and 5% by weight of the copolymer and said epoxy
      resin of (B) has an equivalent weight of between 160 and 1,000 and is
      present in an amount of between 0.8 and 1.2% by weight of (A) and (B).
NUM  5.
PAR  5. The composition of claim 3 wherein said copolymer of (A) has a number
      average molecular weight between 50,000 and 75,000 and the propylene
      content is between 3 and 5% by weight of the copolymer and said epoxy
      resin of (B) has an equivalent weight of between 160 and 1,000 and is
      present in an amount of between 0.8 and 1.2% by weight of (A) and (B).
NUM  6.
PAR  6. The composition of claim 1 wherein the epoxy resin of (B) is the
      reaction product of epichlorohydrin and Bisphenol A.
NUM  7.
PAR  7. The composition of claim 4 wherein the epoxy resin of (B) is the
      reaction product of epichlorohydrin and Bisphenol A.
NUM  8.
PAR  8. The composition of claim 5 wherein the epoxy resin of (B) is the
      reaction product of epichlorohydrin and Bisphenol A.
PATN
WKU  039418588
SRC  5
APN  3864308
APT  1
ART  142
APD  19730807
TTL  Hydrophilic polymers, articles and methods of making same
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NCL  10
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NAM  Gould; Francis E.
CTY  Princeton
STA  NJ
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CLAS
OCL  260885
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XCL    3  14
XCL    3  15
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XCL  260  25EP
XCL  260  25N
XCL  260  8
XCL  260 27R
XCL  260 291SB
XCL  260 336UA
XCL  260 4221
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FSC  260
FSS  86.1 E;86.1 R;885;33.6 UA;29.1 SC;29.1 SB
UREF
PNO  2558139
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NAM  Knock et al.
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FREF
PNO  703,377
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CNT  CA
OREF
PAL  Refojo et al., "Jour. of Applied Polymer Science," Vol. 9 (1965), pp.
      2425-2435.
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  A process for preparing hydrophilic cross-linked polymers and products
      prepared thereby, said process comprising admixing in a solvent-free
      system in the presence of a free radical, vinyl polymerization catalyst
      and reacting a major amount of a water-soluble polymerizable monoester of
      an olefinic acid having at least one substituted functional group with a
      minor amount of a polymerizable diester of one of said olefinic acids
      having at least two esterifiable hydroxyl groups. The novel products
      include a solid friable foam which can be disintegrated to powder. Shaped
      bodies can be prepared in the form of articles which can be cast with
      additives such as fragrances, medicinals, flavors, chemicals and the like,
      which are gradually released from the article when it is wetted in water
      or alcohol. Liquid casting syrups adapted to be polymerized in situ with
      or without additives can be formed. The casting syrups can be prepared in
      water to yield a polymer soluble in alcohol which is suitable for
      formation of hydrophilic coatings as by spray, dip, casting and the like.
PARN
PAR  This application is a division of application Ser. No. 654,044 filed July
      5, 1967 and now abandoned and is a continuation-in-part of application
      Ser. No. 567,856 filed July 26, 1966 and now U.S. Pat. No. 3,520,949.
BSUM
PAR  This invention relates to novel hydrophilic polymers and processes of
      making same and has particular relation to such hydrophilic polymers in
      the form of casting syrups, friable solid foams and in powdered form, the
      latter form being particularly adapted as a carrier for medicinally-active
      substances and for natural and synthetic flavors, essences, fragrances,
      spices, food colors, sweeteners, dyes and the like.
PAR  It is known to produce hydrophilic polymers, particularly to produce
      cross-linked hydrophilic polymers and, more particularly, to produce same
      in the form of shaped body hydrogels in an aqueous solution by
      copolymerization whereby a major portion of a monoester of acrylic or
      methacrylic acid with a bi-functional alcohol which has an esterifiable
      hydroxyl group and at least one additional hydrophilic functional group is
      copolymerized in aqueous solution with a small amount of a diester of
      these acids and of an alcohol which has at least two esterifiable hydroxyl
      groups (see U.S. Pat. Nos. 2,976,576 and 3,220,960).
PAR  It is known that said prior art shaped body, hydrophilic polymers prepared
      in an aqueous system are carriers for medicinally-active substances. Thus,
      it is known that medicinally-active substances may be dissolved in the
      aqueous constituent of such prior art shaped body hydrogels to provide
      gradual release of the medicinally-active substances; however, the
      resulting solutions are difficult to handle and store and the medicinal
      components are susceptible to air oxidation, degradation, deterioration,
      evaporation, etc.
PAR  Heretofore, it has been necessary prepare a solid or shaped body of the
      hydrophilic polymer and thereafter dissolve in the aqueous constituents of
      such shaped body the medicinal flavor, sweeteners, coloring agent and the
      like. Additionally, in the prior art preparation, employing
      copolymerization in an aqueous solution, it has not been possible to
      directly prepare a foam by the addition of the usual foaming agents, such
      as sodium bicarbonate, for the reason that a soft semi-gelatinous hydrogel
      product resulted rather than the desired hard friable foam and it was not
      possible to convert such semi-gelatinous product to a friable foam or to a
      compactable powder.
PAR  In addition, the said prior art process employing the conventional redox
      catalyst such as sodium bicarbonate and ammonium persulfate, potassium
      sulfate, sodium thiosulfate and ammonium persulfate or potassium sulfate,
      caused the polymerization reaction to go to completion at temperatures
      above 0.degree.C. thereby preventing the preparation of a prepolymer
      preferably in the form of a liquid casting syrup which is capable of being
      dyed, pigmented, thickened and otherwise varied in form and thereafter
      cured to form solid or shaped bodies such as rods, sheets, tubes and other
      molded articles, or a hard, friable foam as will be hereinafter further
      described.
PAR  Additionally, said prior art process has resulted in an incompletely (up to
      about 95%) polymerized polymer and has further resulted in a polymer
      capable of absorbing excess amounts (more than 30% and up to 80% by
      weight) when fully equilibrated in aqueous solutions.
PAR  The novel hydrophilic polymers of the present invention prepared in a
      water-free state, are substantially completely (about 99.5%) polymerized
      and are incapable of absorbing more than up to about 30% by weight of
      water when equilibrated in aqueous solution.
PAR  It now has been found that hydrophilic polymers can be prepared in a
      water-free system so as to permit the direct preparation of liquid casting
      syrups in prepolymer form which can be used for direct in situ
      polymerization in the form of castings of shaped bodies, films and
      coatings, which can be treated with conventional foaming agents such as
      sodium bicarbonate to result in hard, friable foams which can be directly
      formed into the swelled state or ground directly to powder form.
PAR  It also has been found that hydrophilic polymers can be prepared in a
      water-free system so as to permit ready preparation of the hydrophilic
      polymer products in powdered form. An object of the present invention is
      to prepare said hydrophilic polymers in a water-free system to permit
      their direct conversion to a powdered foam whereby the powdered polymers
      are especially adapted as carriers for medicinally-active substances,
      natural or synthetic flavors, essences, fragrances, spices and the like.
      The polymeric powders of the present invention have been found to be
      compact in form and have been found to provide the necessary stability and
      shelf life to enable their use as carriers for medicinal and flavoring
      substances which are susceptible to chemical reactions such as air
      oxidation, deterioration, evaporation and degradation.
PAR  A further advantage derived from the compactness ability of the instant
      powdered hydrophilic polymers is that upon encapsulation of the said
      powder carrying medicinally-active substances, flavors, essences and the
      like, greater stability and longer shelf life are provided than was
      heretofore possible.
PAR  Polymeric powders containing encapsulated flavors, essences or spices can
      be reconstituted in solution at will, thus providing superior flavoring
      solutions because encapsulation prevents air deterioration of the
      flavoring component and also prevents losses due to evaporation.
PAR  The liquid casting syrups of this invention are prepared by mixing a major
      amount of suitably purified commercial polymerizable monoester of an
      olefinic acid containing at least one substituted hydrophilic functional
      group with a minor concentration of a free-radical catalyst and heating
      from ambient temperature to 80.degree.C. until the polymerized portion of
      the monomer no longer shows water solubility. This product is then cooled
      to room temperature and addition of theoretical catalyst content carried
      out. The casting syrup can then be suitably dyed and pigmented and the
      fluid viscosity increased as desired by addition of appropriate thickening
      agents.
PAR  The casting syrup can then be cured to form products capable of being cast,
      formed or machined into rods, sheets, etc., for various uses. The product
      can exist in a rigid state, swelled state or as a foam. The polymer
      obtained from the cured casting liquids has good mechanical strength,
      reversible fluid absorption properties, the ability to retain its shape in
      a fluid media and to elastically recover it after deformation.
PAR  The casting syrup is also suitable, for example, for in situ polymerization
      in dental prosthesis, particularly for use in the preparation of denture
      liners and mouth guards. The absorbent qualities of the cured product
      permit advantageous use in other medical-surgical applications such as
      heart valves, vessel substitutes, dializer diaphragms, intrauterine
      devices and the like.
PAR  Prior to the addition of dyes, pigments, thickening agents, or other
      additive components, the liquid casting syrups are added to an excess
      quantity of water to form a precipitated polymer. The latter is soluble in
      highly polar organic solvents such as alcohols, glycols and glycol ethers.
      The precipitated polymer, when dissolved in polar solvents, is used as a
      polymer solution for the formation of films, coatings and the like.
      Alternately, the precipitated polymer is dried and used for fabrication of
      shaped articles, by casting, injection molding, extrusion, calendaring and
      the like.
PAR  In a further embodiment of the invention, hydrophilic soluble thermoplastic
      polymers are prepared by suspension polymerization of hydroxy ethyl
      methacrylate in a non-polar medium such as silicone oil or mineral oil.
      The monomer containing catalyst is dispersed in the non-polar medium in
      the form of small droplets which polymerize to form finely divided spheres
      or beads. Such beads may be dissolved in polar organic solvents for the
      preparation of films, coatings and the like. Also, the beads may be used
      directly in the fabrication of thermoplastic shaped articles as by
      injection molding, extrusion, calendaring and the like. Suspension
      polymerization, preferably, is conducted in an oil bath at temperatures
      ranging from 50.degree. - 150.degree.C. until bead formation is completed.
      The ratio of suspension oil to monomer preferably is from about 5:1 to
      about 20:1. The catalyst to monomer ratios preferably range from about
      0.05 to 1.0 per 100 parts monomer.
PAR  The hydrophilic polymers of the present invention, polymerized in the
      water-free state, can be formed to adhere to metal, glass, rubber,
      plastics and other surfaces. Also, they can be cast into solid bodies
      which can be formed and ground into toric contact lens, which heretofore
      has not been possible with hydrophilic polymers polymerized in aqueous
      solution.
PAR  Starting materials which may be utilized in accordance with the present
      invention are hydroxy alkyl esters of an alpha-beta unsaturated carboxylic
      acid such as 2-hydroxy ethyl methacrylate, hydroxy propyl methacrylate and
      the like. These are admixed in a water-free system with appropriate
      quantities of a free radical catalyst such as tertiary butyl peroctoate,
      isopropyl percarbonate, benzoyl peroxide, and the like and a suitable
      cross-linking monomer such as ethylene glycol dimethacrylate, 1,3-butylene
      dimethacrylate, 1,4-butylene dimethacrylate or other polyfunctional
      monomeric esters.
PAR  Free radical catalyst concentrations in the range of 0.05 g. to 1 g.
      catalyst per 100 g. of polymerizable hydroxy alkyl ester have been found
      to be adequate with the preferred quantity being between 0.1 and 0.2 per
      100 g. starting material.
PAR  The mechanical properties imparted to the polymer of the invention and its
      ability to retain water as a homogeneous constituent are strongly
      influenced by the proportion of polyfunctional cross-linking agent
      present. For the polymer of this invention, concentrations of 0.05 to 15
      g./100 g. of 2-hydroxy ethyl methacrylate have been found convenient, the
      preferred range being 0.1 to 0.2 g. cross-linking agent per 100 g. of
      polymerizable hydroxy alkyl ester.
PAR  Polymerization of the above reactants may be accelerated by the application
      of heat or, by selecting the catalyst and the amount thereof, the
      application of heat may be omitted and rapid polymerization induced at
      ambient temperatures. In instances where heat is applied for curing,
      temperatures ranging from about 20.degree. to about 150.degree.C. have
      been found to be convenient with 40.degree. to 70.degree.C. being the
      preferred range.
PAR  Another object of the present invention is to produce new properties, as
      set forth above, and to improve and upgrade existing properties of the
      base hydrophilic polymer material by the incorporation therewith of a
      minor amount of one or more additive components selected from the group
      consisting of resins, rosin esters, phenoxy resins, silicone resins, low
      molecular weight polyisobutylenes, synthetic polymers and prolamines. The
      new compositions are especially adapted to form polyblends, which produce
      new properties and improve and upgrade existing properties of the base
      hydrophilic polymer.
PAR  The mixture is heated or otherwise cured in the absence of compatible
      volatile or non-volatile organic solvents to produce thermosetting
      polymeric materials having properties superior to those of the major
      constituent of the formulation. The upgraded properties of these new
      compositions of matter include, but are not necessarily limited to,
      improved hardness, adhesion, abrasion resistance, resiliency, and
      toughness. The polymerized material will yield products with improved
      machining and polishing characteristics and may also find use as a molding
      powder or polyblended with other molding compounds. Other slight property
      improvements can be effected through use of small amounts of other
      crosslinking glycol dimethacrylate.
PAR  The method of this invention may be used to produce thermosetting surface
      coatings with improved adhesion to various substrates or to produce
      thermosetting resins for use as sheetings and films with improved clarity
      and toughness.
PAR  In general, 2-hydroxy ethyl methacrylate and the cross-linking monomer
      ethylene glycol dimethacrylate in quantities ranging from 10 to 50% by
      weight (preferred range of 50%) is mixed with 90-50% by weight of a
      commercially available resin of the coumarone indene type or their phenol
      modified counterparts in the presence of a free radical catalyst such as
      tertiary butyl peroctoate, isopropyl percarbonate, etc., and heated at
      temperatures ranging from 40.degree. to 200.degree.C. for approximately 30
      minutes. Organic or inorganic solvents are used as necessary to increase
      compatibility of the components. Compatible polymers having improved
      properties of tensile strength, modulus, hardness, thermal conductivity,
      etc., are formed. The foregoing preferred proportional limitations also
      are employed with the phenoxy resin and the silicone resin additive
      components.
PAR  The resulting polymers can be prepared in the form of films or rods
      suitable for grinding into fine powders. By admixing foaming agents such
      as sodium bicarbonate with the reactants prior to curing, the polymer may
      be obtained in the form of a foam which is easily disintegrated into a
      fine powder by means of a shearing action. The polymeric powders of this
      invention are preferably obtained from foams. Quantities of 1 to 10 grams
      foaming agent per 100 grams of reactants have been found to be sufficient.
PAR  Polymeric powders prepared by any of the above means are mixed with natural
      or synthetic flavors or essences dissolved in an appropriate solvent and
      the mixture placed on a mechanical roller so that the solution becomes
      intimately mixed. The solution is then filtered and dried by air
      evaporation or forced heat. Upon evaporation of the solvent the flavoring
      or essence is retained by the powder. Due to its extreme hydrophilicity
      and because the hydrophilic polymer of this invention has reversible fluid
      adsorption properties, the powders can be reconstituted in solution at
      will to provide solutions which give concentrated flavors or essences.
PAR  Vessel substitutes for humans made from plastics are well known in
      themselves but when made from the polymers of the invention possess new
      and useful properties. In addition to the required properties such as
      chemical, physical and thermal inertness, vessel substitutes made from the
      polymers of the invention possess unusual colloidal properties which
      permit them to be very closely assimilated to those of living tissue and
      hence suitable for contact with body tissues for prolonged periods of
      time. Articles made from the polymers of the invention can be sterilized
      by boiling and, by steeping them in a physiological solution prior to
      insertion as a body tissue replacement, can be made isotonic with the
      surrounding tissue.
PAR  An unexpected advantage of articles made from the polymers of the invention
      is that because of their reversible fluid adsorption properties, heparin,
      dissolved in isotonic salt solution, or other anticoagulants in a suitable
      solvent, can be added during manufacture and polymerization in situ can
      then be effected. The anticoagulant is then present in the vessel
      substitute for slow release after transplant to prevent thrombic
      formation. Medicinally-active substances, such as antibiotics and other
      active substances such as bacteriocides, antivirals, fungicides, which are
      water or alcohol soluble, may be added prior to polymerization or the end
      product polymer may be immersed in a solution of such substances to form a
      carrier.
PAR  The mechanical properties imparted to the polymer of the invention and its
      ability to achieve isotonicity with the surrounding tissue are strongly
      influenced by the proportion of polyfunctional cross-linking agent
      present. For the polymers of this invention, concentrations of 0.05 to 15
      g./100 g. of 2-hydroxy ethyl or hydroxy propyl methacrylate have been
      found to be convenient, the preferred range being 0.1 to 1.0 g.
      cross-linking agent per 100 g. of polymerizable hydroxy alkyl ester.
PAR  Prior to casting, the vessel substitutes may be reinforced with
      strengthening materials such as woven glass fibers, dacron and the like,
      in various mil and denier sizes present in tubular form in the mold so
      that the strengthening material is completely encased by the casting
      solution.
PAR  Polymerization of the casting solutions may be accelerated by the
      application of heat or, by selecting the catalyst and the amount thereof,
      the application of heat may be omitted and rapid polymerization induced at
      ambient temperatures. In instances where heat is applied for curing
      temperatures broadly ranging from about 20.degree. - 150.degree.C. are
      used with ranges from about 20.degree. - 100.degree.C. being found
      convenient, the preferred range being about 40.degree. -80.degree.C. The
      reaction preferably is performed in an inert or anaerobic atmosphere
      employing carbon dioxide or nitrogen. It is known that the presence of
      oxygen inhibits the polymerization reaction thus requiring a longer
      reaction time or the use of increased polymerizing temperatures.
PAR  Additionally, the polymers of the present invention are particularly
      adapted for the manufacture of other prosthetic devices such as body
      implants inasmuch as the liquid casting syrups in prepolymer form can be
      used for direct in situ polymerization. Contraceptive devices, such as
      intrauterine implants, diaphragms, and the like are well known in the art.
      A difficulty commonly encountered in the fabrication of such devices is
      that the material from which they are made is frequently irritating to
      such body tissues as mucous membranes. In addition, these devices
      frequently undergo deterioration on repeated sterilization by boiling
      water or steam. The difficulties encountered in the prior art may be
      eliminated by fabrication of contraceptive devices comprised of the
      polymers of the present invention. In addition to the required properties
      such as chemical, physical and thermal inertness, the contraceptive
      devices made from the polymers of this invention possess unusual colloidal
      properties which permit them to be closely assimilated to living tissue.
      This permits them to be suitable for contact for prolonged periods of
      time. In order to obtain a device of suitable rigidity in such instances
      where this property is desired, it is preferable to blend in a filler
      material with the casting resin prior to final cure. The filler material
      may be an inert salt, such as barium sulfate, calcium carbonate, clay and
      the like. Another means of constructing a tissue compatible contraceptive
      device is by coating such a device made from another rigid plastic with
      the polymer composition of the present invention. Such a rigid device may
      be constructed of nylon, polyethylene, and the like. The poly-hydroxyalkyl
      ester functions to make the device more compatible with the tissue.
PAR  A further use of the present hydrophilic polymers in particulate form such
      as powders, beads, extrusions and the like, is as a filter medium for
      tobacco smoke and other gaseous combustion products. The present
      hydrophilic polymer provides a non-migratory humectant carrier when it is
      presaturated in a polyhydric alcohol, e.g., glycerine propylene glycol,
      polypropylene glycol and ethylene glycol. Additionally, the hydrophilic
      polymers of the present invention provide an excellent industrial filter
      medium in that they have the ability to retain and release other
      components, such as thiourea or dithioaerythritol, which are stable
      against oxidation and are therefore available for reaction with the toxic,
      irritant or odorous combustion products of the exhaust smoke to eliminate
      or modify same to non-objectionable form. Such components need only be
      soluble in the polyhydric alcohol, alcohol or water which is carried by
      the hydrophilic filtering medium. Thus, absorption of and reaction with
      nitrous oxides, hydrocarbons and other combustion products in the gas
      stream can be had.
PAR  The hydrophilic filtering medium additionally can be compounded with
      tobacco flavoring meterial to fortify or supplement the flavor lost in the
      train of exhaust tobacco smoke on inhalation through the present filter
      medium which is capable of removing some of the tars and nitrogenous
      combustion products which are understood to contribute the desired tobacco
      flavor. Additionally, specific flavoring materials such as menthol and the
      like also can be incorporated into the filter material for release into
      the smoke train so as to improve the taste of the tobacco smoke upon
      inhalation.
PAR  The hydrophilic filter medium of the present invention can be readily
      employed for use as a chromatographic filter by means of its ability to
      absorb water soluble pigmented stain or color components.
PAR  In another embodiment of the invention the present hydrophilic polymers in
      powdered form also may be employed as a thickening agent in foods,
      particularly in view of their ability to take up water when in the dry
      state.
PAR  In still another embodiment of the invention, the hydrophilic gel materials
      of the present invention may be employed in the form of a covering or
      bandage carrying medication which can be slowly released from the
      hydrophilic gel material. Preferably, the bandage is formed of a plastic
      mesh reinforcement member carrying the hydrophilic gel material in the
      form of a strip or layer which has been cast thereon.
PAR  In still another form of the invention, the hydrophilic gel material is
      adapted to carry water-soluble nutrients which can be released under
      controlled conditions. Thus, agar plates can be formed to carry the water
      soluble nutrient, then dried and available for substantially instant use
      upon soaking in water.
DETD
PAR  These and other objects and embodiments of the invention will be readily
      understood by reference to the following examples which are given by way
      of illustration without limitation:
PAC  EXAMPLE 1
PAR  Purified 2-hydroxy ethyl methacrylate is stirred with a cross-linking
      monomer, ethylene glycol dimethacrylate, in the concentration of 0.15
      grams per 100 grams 2-hydroxy ethyl methacrylate. To the mixture is added
      90 percent by weight of styrene copolymer resin (a commercial brand resin
      "Piccoflex" was employed) and 0.15 grams of a free-radical, vinyl
      polymerization catalyst, isopropyl percarbonate, in an anaerobic
      atmosphere at ambient temperature. The solution is cast into a mold to
      form a shaped diaphram which is cured for 30 minutes at 200.degree.C. for
      approximately 30 minutes and removed from the mold. The diaphram is
      machined and polished to form a finished article.
PAC  EXAMPLE 2
PAR  Purified 2-hydroxy ethyl methacrylate is stirred with ethylene glycol
      dimethacrylate, in the concentration of 0.1 grams per 100 grams 2-hydroxy
      ethyl methacrylate. To the mixture is added 50 percent by weight of
      coumarone-indene resin (a commercial brand resin "Cumar" was employed) and
      0.15 grams isopropyl percarbonate is added in an anaerobic atmosphere at
      ambient temperature. The solution is cast onto a steel panel in the form
      of a film which is cured for 30 minutes at 40.degree.C. to form a
      thermosetting film characterized by high gloss, adhesion, abrasion
      resistance, hardness and high impact strength.
PAC  EXAMPLE 3
PAR  Purified 2-hydroxy ethyl methacrylate is stirred with ethylene glycol
      dimethacrylate, in the concentration of 0.1 grams per 100 grams 2-hydroxy
      ethyl methacrylate. To the mixture is added 75 percent by weight of
      polyvinyl acetate resin (a commercial brand resin "Polyco" was employed)
      and 0.15 grams benzoyl peroxide is added in an anaerobic atmosphere at
      ambient temperature. The solution is cast onto a steel panel to form a
      film which is cured for 30 minutes at 100.degree.C. to form a
      thermosetting film characterized by high gloss adhesion, abrasion
      resistance, hardness and high impact strength.
PAC  EXAMPLE 4
PAR  Purified 2-hydroxy ethyl methacrylate is stirred with ethylene glycol
      dimethacrylate, in the concentration of 0.05 grams per 100 grams 2-hydroxy
      ethyl methacrylate. To the mixture is added 50 percent by weight of
      terpene resin (a commercial brand resin "Piccolyte" was employed) and 0.05
      grams isopropyl percarbonate is added in an anaerobic atmosphere at
      ambient temperature. The solution is cast onto a steel panel to form a
      film which is cured for 30 minutes at 40.degree.C. to form a thermosetting
      film characterized by high gloss, adhesion, abrasion resistance, hardness
      and high impact strength.
PAC  EXAMPLE 5
PAR  Purified 2-hydroxy ethyl methacrylate is stirred with ethylene glycol
      dimethacrylate, in the concentration of 0.3 grams per 100 grams 2-hydroxy
      ethyl methacrylate. To the mixture is added 50 percent by weight of
      phenolic resin (a commercial brand resin "Durez" was employed) and 0.3
      grams isopropyl percarbonate is added in an anaerobic atmosphere at
      ambient temperature. The solution is cast onto a steel panel to form a
      film which is cured for 30 minutes at 40.degree.C. to form a thermosetting
      film characterized by high gloss, adhesion, abrasion resistance, hardness
      and high impact strength.
PAC  EXAMPLE 6
PAR  Purified 2-hydroxy ethyl methacrylate is stirred with ethylene glycol
      dimethacrylate, in the concentration of 1.0 grams per 100 grams 2-hydroxy
      ethyl methacrylate. To the mixture is added 50 percent by weight of
      pentaerythritol ester of a rosin derived resin (a commercial brand resin
      Pentalyn was employed) and 0.2 grams isopropyl percarbonate is added in an
      anaerobic atmosphere at ambient temperature. The solution is cast onto a
      steel panel to form a thermosetting film which is cured for 30 minutes at
      40.degree.C. to form a film characterized by high gloss, adhesion,
      abrasion resistance, hardness and high impact strength.
PAC  EXAMPLE 7a
PAR  Purified 2-hydroxy ethyl methacrylate is stirred with ethylene glycol
      dimethacrylate in the concentration of 0.1 grams per 100 grams 2-hydroxy
      ethyl methacrylate. To the mixture is added 50 percent by weight of glycol
      ester of a rosin resin (a commercial brand resin "Poly-pale Ester" was
      empdloyed) and 0.15 grams isopropyl percarbonate is added in an anaerobic
      atmosphere at ambient temperature. The solution is cast onto a steel panel
      to form a film which is cured for 30 minutes at 40.degree.C. to form a
      thermosetting film characterized by high gloss, adhesion, abrasion
      resistance, hardness and high impact strength.
PAC  EXAMPLE 7b
PAR  The foregoing process is repeated with a methyl ester of a rosin resin (a
      commercial brand resin "Abalyn" being employed to replace the resin of the
      previous example) to result in a thermosetting film.
PAC  EXAMPLE 7c
PAR  The foregoing process of Example 7a is repeated with a hydroabietyl alcohol
      (a commercial brand of a balsamic liquid "Abitol" being employed to
      replace the resin of Example 7a) to result in a thermosetting film.
PAC  EXAMPLE 7d
PAR  The foregoing process of Example 7a repeated with polycaprolactam (a
      commercial brand "Nylon-6" was employed to replace the resin of Example
      7a) to result in a thermosetting film.
PAC  EXAMPLE 7e
PAR  The foregoing process of Example 7a is repeated with polysiloxane (a
      commercial brand resin "GE silicone Resin 84" being employed to replace
      the resin of Example 7a) to result in a shaped body in the form of a
      decorative article.
PAC  EXAMPLE 8a
PAR  Purified 2-hydroxy ethyl methacrylate is stirred with ethylene glycol
      dimethacrylate, in the concentration of 0.1 grams per 100 grams 2-hydroxy
      ethyl methacrylate. To the mixture is added 50 percent by weight of
      phenoxy resin characterized as a high molecular polyhydroxy ether resin
      prepared from bisphenol A and epichlorohydrin resin (a commercial brand
      resin "Phenoxy 8500" was employed) and 0.15 grams isopropyl percarbonate
      is added in an anaerobic atmosphere at ambient temperature. The solution
      is cast onto a steel panel to form a film which is cured for 30 minutes at
      40.degree.C. to form a thermosetting film characterized by high gloss,
      adhesion, abrasion resistance, hardness and high impact strength.
PAC  EXAMPLE 8b
PAR  The foregoing process is repeated with low molecular weight polyisobutylene
      in the range of 8700 to 10,000 m.w. (a commercial brand resin "Vistanex
      LM-MS" being employed to replace the polyhydroxy ether resin of the
      foregoing example) to form a thermosetting film characterized by high
      gloss, adhesion, abrasion resistance, hardness and high impact strength.
PAC  EXAMPLE 8c
PAR  The foregoing process of Example 8a is repeated with an alcohol soluble
      protein of corn consisting of globular prolamine having a molecular weight
      range of 40,000-50,000 (a commercial brand resin "Zein" being employed to
      replace the polyisobutylene of the foregoing Example 8a) to form a
      thermosetting film characterized by high gloss, adhesion, abrasion
      resistance, hardness and high impact strength.
PAC  EXAMPLE 9a
PAR  2-hydroxy ethyl methacrylate (100 parts) is combined with t-butyl
      peroctoate (0.05 parts) at 25.degree.C. in an inert atmosphere. This
      mixture is combined with Nylon-6 (100 parts) in trifluoroethanol (85
      parts) to form a clear solution. This is heated at 65.degree. to
      70.degree.C. to form a prepolymer. The prepolymer solution is cooled to
      25.degree.C and t-butyl peroctoate (0.10 parts) and ethylene glycol
      dimethacrylate (0.2 parts) is added. The viscous syrup is passed through
      an extruder having an orifice of 0.01 in diameter. The extruded fiber is
      passed immediately into a heated water bath, maintained at a polymerizing
      temperature of 80.degree.C. After 30 minutes the solid fiber is removed
      from the water, is air dried and oriented at 100.degree.C.
PAR  Fabrics made from this fiber are extremely smooth in texture and have a
      high degree of softness to the touch.
PAC  EXAMPLE 9b
PAR  The procedure of Example 9 is repeated with the modification that isomeric
      hydroxy propyl methacrylate is employed in place of hydroxy ethyl
      methacrylate.
PAC  EXAMPLE 9c
PAR  The procedure of Example 9a is repeated with the modification that
      .alpha.-cumene hydroxy peroxide is employed as the free-radical vinyl
      polymerization catalyst.
PAC  EXAMPLE 10a
PAR  2-hydroxy ethyl methacrylate (50 parts) and TiO.sub.2 (30 parts) are ground
      in a pebble mill to a fine powder (Hegeman 7-8). Additional 2-hydroxy
      ethyl methacrylate (50 parts) is added along with ethylene glycol
      dimethacrylate (0.2 parts), cobalt naphthenate a conventional metallic
      paint dryer or catalyst (0.1 parts) and t-butyl peroctoate (0.4 parts).
      The resulting viscous syrup is painted onto a wooden boat hull and cured
      at 20.degree. to 35.degree.C. The resulting protective marine coating is
      characterized by its ability to discourage barnacle and algae growth and
      corrosion on prolonged underwater exposure.
PAC  EXAMPLE 10b
PAR  The procedure of Example 10a is repeated with the modification that the
      coating syrup is cast onto a steel hull and cured at 100.degree.C. in the
      absence of cobalt naphthenate.
PAC  EXAMPLE 10c
PAR  The procedure of Example 10a is repeated employing an isomeric mixture of
      hydroxy isopropyl methacrylate isomers in place of the hydroxy ethyl
      methacrylate.
PAC  EXAMPLE 11a
PAR  A solution comprised of 2-hydroxy ethyl methacrylate (100 parts), ethylene
      glycol dimethacrylate (0.2 parts), and t-butyl peroctoate (0.4 parts) is
      cast onto a neoprene rubber sheet and heated at 70.degree.C. for 1 hour.
      The resulting coated sheet is easily fabricated into a bathing cap form
      having the aforementioned properties.
PAC  EXAMPLE 11b
PAR  A solution comprised of 2-hydroxy ethyl methacrylate (100 parts), ethylene
      glycol dimethacrylate (0.2 parts), and t-butyl peroctoate (0.4 parts) is
      cast onto a neoprene rubber sheet, covered by a second rubber sheet so as
      to exclude air, and heated at 80.degree.C. for 1 hour. At the end of this
      time, both sheets are firmly bonded to one another by the intermediate
      polymeric layer.
PAC  EXAMPLE 12a
PAR  2-hydroxy ethyl methacrylate (100 parts) is stirred with 0.05 parts t-butyl
      peroctoate in a nitrogen atmosphere at a temperature of 40.degree.C. for
      30 minutes. The resultant mixture is cooled to 25.degree.C. and t-butyl
      peroctoate added so as to make the total amount of t-butyl peroctoate
      added in the system 0.15 parts. Ethylene glycol dimethacrylate (0.1 parts)
      is added at the same time. The casting solution is poured into molds
      conforming to the desired shape of an intrauterine device of the type
      shown in U.S. Pat. No. 3,200,815 and then cured at 70.degree.C.
PAC  EXAMPLE 12b
PAR  The process of Example 12a is repeated, substituting 0.2 parts of
      1,3-butylene glycol dimethacrylate as the cross-linking monomer.
PAC  EXAMPLE 13a
PAR  2-hydroxy ethyl methacrylate (100 parts) is stirred with distilled water
      (50 parts) and tertiary butyl peroctoate (0.1 parts), in an anaerobic
      atmosphere at a temperature of 40.degree.C. for 20 minutes. The resultant
      mixture is cooled to 25.degree.C. and t-butyl peroctoate (0.05 parts)
      added. A cross-linking monomer such as ethylene glycol dimethacrylate (0.2
      parts) is added at the same time as the catalyst. The casting solution is
      dip-coated onto polyethylene intrauterine devices of the type shown in
      U.S. Pat. No. 3,200,815 and cured at 70.degree.C. for 1 hour. Such
      products exhibiting a tacky or sticky surface are immersed in water to
      dissolve all the unpolymerized remaining monomer material, thereby
      effecting a smooth, non-tacky surface.
PAC  EXAMPLE 13b
PAR  The process of Example 13a, repeated in the absence of water, resulted in a
      casting solution which upon curing formed a substantially complete (99.5%)
      polymerized polymer product which exhibited a smooth non-tacky surface.
PAC  EXAMPLE 13c
PAR  The process of Example 13b is repeated, substituting a mixed catalyst
      consisting of 0.05 parts t-butyl peroctoate and 0.1 parts isopropyl
      percarbonate. Catalyst concentration is brought to theorectical by
      addition of isopropyl percarbonate.
PAC  EXAMPLE 13d
PAR  The procedure of Example 13b is repeated with the modification that
      BaSO.sub.4 (50 parts) is blended with the polymer system prior to casting
      and final cure.
PAC  EXAMPLE 14a
PAR  Distilled 2-hydroxy ethyl methacrylate (100 g.) is stirred with 0.1 g.
      tertiary butyl peroctoate in an anaerobic atmosphere at
      25.degree.-70.degree.C. for 15-40 minutes. The resultant mixture is cooled
      to 25.degree.C. and tertiary butyl peroctoate added so as to make the
      total concentration of tertiary butyl peroctoate in the system 0.2/100
      grams of 2-hydroxy ethyl methacrylate. Ethylene glycol dimethacrylate, in
      the concentration of 0.2 g./100 g. of 2-hydroxy ethyl methacrylate is
      added at the same time as the catalyst concentration is brought up to the
      theoretical content. Micro silica of particle sizes 0.15 - 0.02 microns
      (commercial "Cab-O-Sil") is post added to the casting syrup to yield a
      prepolymer syrup of desired rheological properties for use as a denture
      liner base material. The casting syrup may be spread on a standard
      polymeric acrylic denture base material and, after being impressed,
      polymerized with same in a single polymerizing process in a standard
      molding flask under standard conditions of time, temperature and pressure.
      In the case of existing polymerized denture bases, the casting syrup may
      be spread thereon and, after being impressed, polymerized under standard
      denture molding conditions, the latter being disclosed in U.S. Pat. No.
      2,645,012. Casting syrups for in situ polymerization to form various
      articles having specific desired properties such as mechanical strength,
      high reversible fluid absorption properties, shape retention in fluid
      media and elasticity recovery after deformation are thereby formed.
PAC  EXAMPLE 14b
PAR  The process of Example 14a is followed, substituting hydroxy propyl
      methacrylate for the 2-hydroxy ethyl methacrylate monomer.
PAC  EXAMPLE 14c
PAR  The process of Example 14a is followed using isopropyl percarbonate as the
      catalyst and substituting 1,3-butylene glycol dimethacrylate as the
      cross-linking monomer.
PAC  EXAMPLE 14d
PAR  The process of Example 14a is followed with the exception that an integral
      mouth guard impression is molded from an impression by use of the said
      casting syrup. If desired, a reinforcing center element of rubber may be
      dip-coated with the casting syrup so as to provide additional rigidity.
PAC  EXAMPLE 15a
PAR  2-hydroxy ethyl methacrylate (100 g.) is mixed with tertiary butyl
      peroctoate in the quantity 0.15 g./100 g. methacrylate. Ethylene glycol
      dimethacrylate, in the concentration of 0.20 g./100 g. 2-hydroxy ethyl
      methacrylate is added along with 1 gm. of a foaming agent, sodium
      bicarbonate. The mixture is heated to 70.degree.C and the resulting solid,
      friable polymeric foam is ground into fine power of 80 mesh. The polymeric
      powder so formed is mixed with a natural anise flavor solution and the
      resultant mixture is placed on a mechanical roller for approximately 8
      hours. The polymeric powder thus absorbs the flavor. The solution is then
      filtered and the residue dried at room temperatures.
PAC  EXAMPLE 15b
PAR  The process of the previous Example 15a is followed, substituting an oil of
      orchids perfume essence for the anise flavor.
PAC  EXAMPLE 16
PAR  2-hydroxy ethyl methacrylate (100 g.) is mixed with tertiary butyl
      peroctoate (0.20 g.). Ethylene glycol dimethacrylate (0.20 g.) is added
      along with 4 g. of a foaming agent, sodium bicarbonate. The mixture is
      heated to 70.degree.C. and the resulting solid, friable polymeric foam is
      ground into fine powder of 80 mesh. The polymeric powder formed is mixed
      with a sufficient amount of phenoxymethyl penicillin antibiotic dissolved
      in ethyl alcohol to provide for gradual release of 1,200,000 units per
      gram, and the resultant mixture placed on a mechanical roller until the
      polymeric powder has absorbed the desired concentration of antibiotic. The
      solution is then filtered and the residue dried in vacuo.
PAC  EXAMPLE 17
PAR  Suitably purified 2-hydroxy ethyl methacrylate is stirred with 0.15 g.
      isopropyl percarbonate in an anaerobic atmosphere at ambient temperature.
      Ethylene glycol dimethacrylate in the concentration of 0.1 g./100 g.
      2-hydroxy ethyl methacrylate is added. Heparin, an anti-coagulant, is
      added before casting. The solution is cast into a tube or mold of known
      vessel thickness and diameter containing a dacron tubularly shaped
      strengthening material so that in use, stitching of the vessel substitute
      to the vessel being repaired is facilitated. The strengthening material is
      completely encased by the casting solution. Insertion of an appropriately
      sized mandril into the mold yields an arterial vessel of the desired wall
      thickness. The shaped article is then cured 30 minutes at 40.degree.C.,
      removed from the mold, washed with water and subsequently stored in an
      aqueous solution.
PAC  EXAMPLE 18a
PAR  100 g. of 2-hydroxy ethyl methacrylate is mixed with 0.15 g. tertiary butyl
      peroctoate. 0.2 g. ethylene glycol dimethacrylate is added, along with 1
      g. of sodium bicarbonate. The mixture is heated to 70.degree.C. and the
      resulting polymer is disintegrated into pellet size particles by grinding
      and shearing. The pellets are mixed in a 50-50 mixture of glycerine and
      water for 8 hours to provide a non-migratory humectant action and dried.
      The resulting pellets are employed as a tobacco smoke filter in a
      cigarette.
PAC  EXAMPLE 13b
PAR  The process of the preceding example is repeated with the exception that
      tobacco flavor is added to the glycerine-water mixture to impart a tobacco
      flavor to the filtered smoke to replace the flavor lost by filtration of
      the tars and other combustion products which normally impart the tobacco
      flavor upon inhalation.
PAR  In a further embodiment, an alcoholic solution of menthol was employed as a
      flavoring agent along with the tobacco flavor. The alcoholic solutions may
      be employed so as to result in amounts ranging fron 1 to 90 per cent by
      weight of the hydrophilic polymer, although 10 per cent is preferred,
      particularly if glycerine is employed as the humectant.
PAC  EXAMPLE 18c
PAR  100 parts 2-hydroxy ethyl methacrylate is stirred with 0.05 parts tertiary
      butyl peroctoate in a nitrogen atmosphere at a temperature of 30.degree.C.
      for 30 minutes. The resultant mixture is cooled to 25.degree.C. and
      additional peroctoate is added to make up a total of 0.15 parts, 0.1 parts
      ethylene glycol dimethacrylate being added at the same time. The casting
      solution is poured onto a plate in the form of a film and cured at
      70.degree.C. for 30 minutes to result in a chromatographic filter element
      capable of absorbing water soluble stain and color components such as
      water-soluble pigmented bodies of synthetic and natural color dyes and the
      like.
PAC  EXAMPLE 19
PAR  100 g. 2-hydroxy ethyl methacrylate is mixed with 0.20 g. tertiary butyl
      peroctoate in an inert atmosphere and 0.20 g. ethylene glycol
      dimethacrylate is added. Water-soluble catalyst is added to the mixture
      before casting at 40.degree.C. for 30 minutes to form a catalytic bed
      support. The dried support, when wet with water, is adapted to release the
      catalyst in an aqueous solution or wet gas stream to be catalyzed.
PAC  EXAMPLE 20a
PAR  100 g. 2-hydroxy ethyl methacrylate is stirred with 0.15 g. isopropyl
      percarbonate in an anaerobic atmosphere at ambient temperature. 0.1 g.
      ethylene glycol dimethacrylate is added. Before casting, a 2% aqueous
      solution of Merbromin is added as a general antiseptic. The resulting
      solution is cast onto a dacron mesh cloth in the form of a film to result
      in a bandage form upon curing for 30 minutes at 40.degree.C. The dried
      bandage, upon being wetted by immersion in water, or on contact with the
      lymphatic exudate of an open wound or with mucous membrane, gradually
      releases the antiseptic.
PAC  EXAMPLE 20b
PAR  A sheet or film in bandage form is made in accordance with Example 20a
      having a thickness range from about 5 mils to 1.5 mm. In place of the
      general antiseptic the topical antibiotic neomycin sulfate is added before
      casting in an amount of 5 mg. (equivalent to 3.5 mg base) per gram of
      polymeric carrier. The resultant film is employed as a temporary covering
      for burns, it being found that the antibiotic loading of the polymer in
      contact with flesh burns prevents the dreaded complication of pseudomonas
      injection and septicemia as well as limiting fluid loss from the burn
      surface.
PAC  EXAMPLE 21
PAR  100 g. 2-hydroxy ethyl methacrylate is stirred with 0.1 g. tertiary butyl
      peroctoate in an inert atmosphere and 0.15 g. ethylene glycol
      dimethacrylate is added. Before casting at 40.degree.C. for 30 minutes,
      nutrient media is added to make up 50% by weight of the polymer solution.
      The dry plate can be stored and thereafter immersed in water to release
      nutrient media for immediate staining for bacterial cultures.
PAC  EXAMPLE 22
PAR  The process of Example 12a is repeated, the casting solution being poured
      into molds conforming to the shape of a contact lens button which, after
      cooling and drying, can be ground by conventional means to form toric
      contact lenses. By compensating for the volumetric increase of about 18
      per cent resulting from wetting the lens after grinding, the grinding
      operation can be performed accurately to give the desired dimensions.
PAC  EXAMPLE 23
PAR  The process of Example 12a is repeated, the casting solution being poured
      into molds conforming to the shape of the desired prosthetic devices and
      body implants.
PAC  EXAMPLE 24
PAR  Bristles adapted for use in tooth brushes, cleansing brushes, and the like
      may be prepared by the process described in Example 9. If additional
      strength is desired for the bristles, they may be formed with an axial
      fiber of nylon or the like and dip-coated as described in the foregoing
      Example 14d, the reinforcing center element being of rubber, plastic or
      the like.
PAC  EXAMPLE 25a
PAR  The casting solution prepared in accordance with Example 12a is employed as
      a base stock casting solution or syrup to which oil of peppermint, a
      flavoring agent, is added in an amount of 10 parts. The flavored casting
      solution is set aside and can be employed as desired to form cast products
      in the form of shaped bodies or in powdered form. In a further embodiment,
      the flavoring agent is added along with the makeup catalyst.
PAC  EXAMPLE 25b
PAR  The casting solution of Example 13a is employed as a base or stock solution
      to which oil of orchids perfume essence (10 parts) is added. The resulting
      perfume carrying stock solution is set aside for later employment as a
      casting solution or syrup to form upon curing a shaped body in the form of
      an artificial flower decoration adapted for use as a decorative package
      attachment for a perfume bottle.
PAC  EXAMPLE 25c
PAR  The casting syrup of Example 14a is prepared without the employment of
      micro silica. In place of the latter, an alcoholic solution of menthol (10
      parts) is added to the casting syrup to yield a mentholated prepolymer
      casting syrup.
PAC  EXAMPLE 25d
PAR  The casting syrups of Examples 12a, 13a and 14a are employed as base
      casting syrups to which a water-soluble stain and color, a synthetic color
      dye and a natural color dye, respectively are added to the base
      preparations to form a stock solution for later casting or other use.
PAC  EXAMPLE 25e
PAR  The casting solution of Example 17 is prepared and in place of the
      anti-coagulant heparin, the antibiotic phenoxymethyl penicillin of Example
      16, dissolved in ethyl alcohol, is added in an amount to provide for
      gradual release of 1,200,000 units per gram of casting syrup. The
      resulting casting syrup is set aside as a stock solution for later casting
      or other use. The casting syrup and the resulting cast product either in
      shaped or powdered form are employed as a pharmaceutical carrier for the
      antibiotic. The use of the casting syrup or resulting shaped or powdered
      preparation has the advantage that it prevents deterioration and loss of
      potency to which the antibiotic is subject in conventional pharmaceutical
      carriers, thereby extending the shelf life or expiration date of the
      antibiotic preparation. In addition, the hydrophilic polymer prepared in
      accordance with the present invention has the desirable characteristics,
      whether dry or solvent filled, of preventing the imbibition with microbial
      and fungal contaminants, such as gram negative and gram positive
      microorganisms, yeast, molds and viruses. This characteristic is of
      particular importance in the presence of contaminants, such as preventing
      contamination of penicillin with various yeast forms.
PAC  EXAMPLE 26
PAR  Distilled 2-hydroxy ethyl methacrylate (100 g,) is stirred with 0.05
      tertiary butyl peroctoate in an anaerobic atmosphere at
      25.degree.-70.degree.C. for 14-40 minutes. The resultant mixture is cooled
      to 25.degree.C. and tertiary butyl peroctoate added so as to make the
      total concentration of tertiary butyl peroctoate in the system 0.15/100
      grams of 2-hydroxy ethyl methacrylate. Ethylene glycol dimethacrylate, in
      the concentration of 0.15 g./100 g. of 2-hydroxy ethyl methacrylate is
      added at the same time as the catalyst concentration is brought up to the
      theoretical content. Oil of peppermint flavoring (11.10 parts) is also
      added to the casting syrup to yield a flavored prepolymer syrup which is
      suitable for storing. After curing and granulation, the flavor carrying
      granules are added as a flavoring releasing component to chewing gum,
      gelatin and antacid tablets.
PAC  EXAMPLE 27
PAR  Ninety grams of a stock casting syrup, made in accordance with Example 14a,
      is added under stirring 0.15 g. tertiary butyl peroctoate in an anaerobic
      atmosphere at 25.degree.-70.degree.C. for 15-40 minutes, the amount of
      monomer employed being adjusted to result in 90 g. final casting syrup.
      The resultant mixture is cooled to 25.degree.C. and tertiary butyl
      peroctoate added so as to make the total concentration of tertiary butyl
      peroctoate in the system 0.15/100 grams of 2-hydroxy ethyl methacrylate.
      Ethylene glycol dimethacrylate, in the concentration of 0.15 g./100 of
      2-hydroxy ethyl methacrylate, is added at the same time as the catalyst
      concentration is brought up to the theoretical content. Oil of peppermit
      (10 g.) is added to the casting syrup to form a flavored stock solution.
PAC  EXAMPLE 28
PAR  The casting syrup of Example 14a is employed as a base solution to which is
      added ethynodiol diacetate as the progestagen component plus mestranol as
      the estrogen component in an amount sufficient to provide a timed daily
      release time of 10 to 1 parts by weight, respectively, when the casting
      syrup is prepared in the form of a shaped body or in powdered form. The
      resulting preparation is used as a body implant, or tablet for oral
      administration for contraception or in other therapy for fertility
      regulation or disturbance. One advantage of the use of the instant
      hydrophilic polymers as pharmaceutical carriers is that it permits a
      desired slow release or timed release of the active component. The release
      time is adjusted readily by the amount of cross-link agent employed, the
      surface to volume ratio of the formed plastic, and the concentration or
      concentration gradient of the biologically active substance so
      incorporated. Release rate is increased by inclusion of solvent in the
      casting solution.
PAC  EXAMPLE 29
PAR  Purified 2-hydroxy ethyl methacrylate (100 g.) is mixed with 0.2 g. of
      ethylene glycol dimethacrylate and 1 g. of benzoyl peroxide. The monomer
      solution is sprayed via a nozzle which forms fine droplets into a chamber
      containing nitrogen at a temperature of 150.degree.C. After spraying of
      the monomer was concluded, 36 g. of polymer beads suitable for
      impregnation by flavors or scents was recovered from the floor of the
      chamber.
PAC  EXAMPLE 30
PAR  Purified 2-hydroxy ethyl methacrylate (100 g.) is mixed with 15 g. of
      ethylene glycol dimethacrylate, 10 g. of orange oil and 0.3 g. of tertiary
      butyl peroctoate. The solution is poured into a 250 ml. polypropylene
      beaker which is placed in an oven under a nitrogen atmosphere at
      80.degree.C. for 3 hours to effect polymerization. The cast cylinder so
      obtained is friable, and can easily be comminuted to a powder which
      rapidly releases the orange oil in contact with hot water.
PAC  EXAMPLE 31
PAR  In 3 cc. of 2-hydroxy ethyl methacrylate containing 0.2% of ethylene glycol
      dimethacrylate and 0.15% tertiary butyl peroctoate was dissolved 100
      milligrams of norethandrolone (Nilevar). The solution was cast in the form
      of a cylinder 1 cm. 3 cm. and was polymerized at 80.degree.C. for 3 hours
      in a nitrogen atmosphere. After removing from the mold, a cylinder
      suitable for in vivo implantation to provide prolonged release of the
      norethandrolone (Nilevar) was obtained for use in animal husbandry.
PAC  EXAMPLE 32
PAR  Raw cotton suture thread is immersed in the casting syrup of Example 14a
      with thickening agent omitted and is passed through a polymerization zone
      having a nitrogen atmosphere maintained at 100.degree.C. Residue time in
      the zone is held at 11/2 hours. The coated, impregnated suture so obtained
      in soaked in an alcoholic solution of fluorothiouracil and penicillin, and
      is then dried. The surgical suture thus obtained is beneficial in
      preventing spread of infection and spurious cell migration along suture
      lines during post-operative healing.
PAC  EXAMPLE 33a
PAR  A rubber Foley catheter is immersed in the casting syrup of Example 14a
      with the thickening agent omitted, and then is removed and subjected to a
      temperature of 80.degree.C. in an inert atmosphere to effect
      polymerization of the coating thus applied. The coated catheter is then
      immersed in an aqueous solution of neomycin sulfate and is then dried to
      provide a catheter effective in preventing infections when used in the
      urinary tract.
PAC  EXAMPLE 33b
PAR  A tube of Example 34 5 cm. in length with an outer diameter of 3 mm. and a
      wall thickness of 0.8 mm. is fitted at each end with a teflon felt collar
      adhered thereto by Silastic (silicone) adhesive. The device is employed to
      join the severed ends of a ureter by suturing the ends thereof to the
      teflon collars. Segmented ureter replacements in the dog have functioned
      satisfactorily for over 6 months and upon sacrifice no encrustations were
      observed within the lumen of the polymer.
PAC  EXAMPLE 33c
PAR  The process of Example 33a is employed to coat tubes of various sizes for
      use as vessel grafts and substitutes, common ducts, urethral replacement
      segments and lung tracheal segments. It has been found that venus tubes
      deep-coated with ethyl alcohol solutions of the polymer preparations of
      Example 34 can be placed in the inferior and superior of the vena cava for
      extended periods whereas uncoated plastic tubes ordinarily clot in the
      venous stream within minutes. Such dip-coating can be applied to
      thrombogenic plastics to body insert materials and heart valve component
      fabrication. The polymer solution of Example 33a in aqueous ethyl alcohol
      also is adapted to be cast in situ as a film on moist internal body
      surfaces as by brushcoating on the abraded surfaces of bowel to deter
      adhesion formation.
PAC  EXAMPLE 34
PAR  100 g. of casting syrup of Example 33a was added to three times its volume
      of water with vigorous agitation. The white precipitate so obtained was
      isolated by filtration and dried to yield 9.0 g. of polymer showing an
      intrinsic viscosity of 1.03 when dissolved in absolute methanol. The
      polymer, as dissolved in methanol, is suitable for the formation of
      hydrophilic coatings and films by spray coating, dip coating, casting and
      the like. The resulting cast polymer exhibited controlled hydrophilic
      properties being incapable of absorbing more than 30% water when
      equilibrated in aqueous medium.
PAC  EXAMPLE 35
PAR  The solution of Example 17 is used to bond heparin through absorption of
      benzalkonium chloride as reported in Gott's technique (J. Surg. Research
      -- Vol. 6, p. 274, 1966).
PAR  Shaped articles of the hydrophilic polymer solution of Example 33a also can
      be employed for ion transfer in hemodialysis for the incorporation of the
      hemostatic agent thrombin and as carriers for estrogens; nitrogen mustard,
      parathormone, the transport of edema fluid and for the export of oxygen
      saturated solutions to a blood-plastic interface in artificial lung
      applications. Pellets or discs of the instant polymeric material can be
      soaked in oral antiseptic solutions and can be employed in the oral
      cavity, particularly in the buccal pouch or in the sublingual cavity for
      the slow release of the oral antiseptic as a breath sweetener.
PAC  EXAMPLE 36a
PAR  Into a flask equipped with an agitator and a heating mantle was charged
      1000 grams of silicone oil; 100 grams of 2-hydroxy ethyl methacrylate and
      0.33 grams of isopropyl percarbonate. The flask was placed under a
      nitrogen atmosphere and the contents were rapidly agitated and heated to
      100.degree.C. After 15 minutes at 100.degree.C., the polymer slurry
      obtained was filtered hot to isolate the polymer. The polymer powder was
      reslurried in 300 ml. of xylene, filtered and dried. A 98% yield of 2 .mu.
      to 5 .mu. particle size powder was obtained. The powder was employed in
      the injection molding and extrusion of shaped articles. Additionally, the
      powder was dissolved in ethanol to form solutions for casting hydrophilic
      polymer films.
PAC  EXAMPLE 36b
PAR  Example 36a was repeated using mineral oil in place of the silicone oil.
      The amount of 2-hydroxy ethyl methacrylate was increased from 100 g. to
      200 g. and the quantity of isopropyl percarbonate was increased from 0.33
      to 0.66 g. A 98% yield of polymer beads ranging in diameter from 2 to 5
      microns was obtained.
PAC  EXAMPLE 36c
PAR  Examples 36a was repeated using xylene, in place of the silicone oil. The
      amount of 2-hydroxy ethyl methacrylate was increased from 100 g. to 300 g.
      and the quantity of isopropyl percarbonate was increased to 0.99 g. An 85%
      yield of polymer beads was obtained.
PAC  EXAMPLE 37
PAR  Poly- (2-hydroxy ethyl methacrylate) 30 g., prepared in accordance with
      Example 36a, was dissolved in 70 ml. of methanol. To the solution was
      added 4.0 g. of peppermint oil. The viscous solution was coated on an
      impervious plate and allowed to dry to form a film 1.0 mil thick. The dry
      film was stripped from the plate and was ground to form minute platelets
      suitable for incorporation in food products, chewing gun and toothpaste to
      provide prolonged release of the peppermint flavor on contact of the
      product with an aqueous medium. When equilibrated in aqueous medium the
      platelets were characterized by controlled hydrophilicity, being incapable
      of absorbing in excess of 30% by weight of water.
PAC  EXAMPLE 38
PAR  Example 37 was repeated with the following flavoring materials:
TBL  anethole            citral                                                
     ethyl propionate    ethyl acetate                                         
     acetaldehyde        biacetyl                                              
     menthol             spearmint                                             
     expressed orange oil                                                      
                         tobacco extract                                       
PAR  Powders were obtained for incorporation in and on articles appropriately
      suited for the particular flavor incorporated in the powder to provide for
      controlled release of the flavoring material upon and during wetting of
      the powder.
PAC  EXAMPLE 39
PAR  Poly- (2-hydroxy ethyl methacrylate), 50 grams, prepared in accordance with
      Example 36a, was dissolved in 50 ml. of methanol to form a viscous dope;
      menthol, 12.5 g., was dispersed in the dope which was then forced through
      a spinaret to form fine filaments which were permitted to dry and
      thereafter were chopped to a fine powder for use in flavored products.
PAC  EXAMPLE 40
PAR  To 100 ml. of the athanolic solution of Example 36a was added 2.5 ml. of
      biacetyl. The solution was sprayed via a nozzle into a heated chamber
      having a high velocity air flow to effect spray drying of the solution.
      Particles ranging in size from 2-15 microns in diameter were recovered
      from the spray drying apparatus. These particles were suitable for
      incorporation in food products to provide controlled release of the
      biacetyl flavor, and to prevent oxidation, deterioration or volatilization
      of the flavor during storage.
PAC  EXAMPLE 41
PAR  3.6 grams of the powder of Example 36a is impregnated with 0.008 g. of
      N,N-dimethyl aniline by wetting the powder with an acetone solution of
      dimethyl aniline and allowing the mixture to dry.
PAR  In a separate container, 9.9 g. of 2-hydroxyethyl methacrylate is mixed
      with 0.0214 grams of ethylene glycol dimethacrylate and 0.05 grams of
      benzoyl peroxide.
PAR  3.6 g. of the impregnated powder, when mixed with 9.9 g. of the formulated
      hydroxyethyl methacrylate mixture formed a paste mixture which cured
      within 30 minutes with no applied heat to form a hydrophilic plastic
      article.
PAR  This mixture before cure was used to line a denture without the necessity
      of using a molding flask and without applied heat and pressure as employed
      in Example 14a. The mixture before cure was applied to a standard acrylic
      denture base material, and with the aid of a barrier film or bag, the
      denture was placed in the mouth to form the impression of the gum and was
      permitted to cure in the mouth. A total curing time of 10 minutes was
      used, with 5 minutes curing time taking place in the mouth. The denture
      liner thus applied exhibited the properties of the denture liner of
      Example 14a.
PAR  Prepared ratios of liquid monomer to powder are from about 2 to 1 to about
      4 to 1. Catalyst and activator amounts can be varied to adjust the curing
      time and exothermic temperatures. As will be apparent, the instant process
      and formulation enables chair-side preparation and cure of the denture
      liner directly on the gum of the patient to achieve an exact profile and
      fit.
PAC  EXAMPLE 42
PAR  Discs of hydrophilic polymer, prepared as shaped articles from the solution
      of Example 34, measuring 1/4 inch in diameter and 0.5 mm. in thickness
      were saturated with an antibiotic solution of lincomycin hydrochloride
      monohydrate (Lincocin) and tested against standard staphylococcic strains
      on agar plates. The zones of inhibition were compared with standardized 1
      mg. discs obtained from the manufacturer. Multiple transfers of the
      hydrophilic polymer also were made on blood agar to determine how long the
      elution of the antibiotic from the gel would take place.
PAR  It was observed that inhibition of the standard bacterial strain occurred
      up to 22 days. Comparable paper discs with the same antibiotic exhibited
      zones of inhibition only for 48 hours. In some cases 6 transfers of the
      discs, each to a fresh blood agar plate, were carried out. From the
      results it was apparent that the elution of the agent from the hydrophilic
      polymer disc is a gradual process and extends over a significant period of
      time. Moreover, it appears that it is possible to heavily saturate the gel
      with the desired agent.
PAC  EXAMPLE 43
PAR  Shaped articles made in accordance with Example 23 in the form of irregular
      cylinders and blocks were implanted within the right atrial chamber of the
      dog in order to determine the blood vascular compatibility of the
      hydrophilic polymer. Upon sacrifice of the dogs, after one month, it was
      apparent that the hydrophilic polymer did not foster thrombosis and that
      the only clot observed was at the point of attachment of the hydrophilic
      polymer article to the atrial wall.
PAR  In an in vitro study, glass test tubes coated with methyl alcohol solutions
      of the hydrophilic polymer made in accordance with Example 37, were filled
      with canine blood and clotting times were observed. It was noted that as
      against the controlled clotting times of 6 minutes the hydrophilic polymer
      coated tubes clotted at an average of 3.5 hours, thereby evidencing that
      the hydrophilic polymer discouraged surface thrombogenesis.
PAR  Additional desired vascular substitute properties exhibited by such
      implants include wettability, lubricity, conductivity, distensibility and
      the capability of absorbing and transporting ions of organic and inorganic
      compounds at high concentration and high rates of transfer including
      chlorine, sodium, potassium, and phosphate ions.
PAC  EXAMPLE 43a
PAR  A glass plate for use as a vehicle windshield, window or mirror was coated
      with a methyl alcohol solution of the hydrophilic polymer made in
      accordance with Example 37. The resulting coating (0.005 inches thick) was
      light-transmitting and optically clear, adherent, and did not fog upon
      exposure to hot moist air. Similarly, a plastic plate of methyl
      methacrylate for use as an aircraft windshield was so coated.
PAC  EXAMPLE 43b
PAR  The procedure of Example 43a was followed to coat an optical element in the
      form of a camera lens having a reflection-reducing film of magnesium
      fluoride thereon to form a light-transmitting, optically clear,
      reflection-reducing, non-fogging optical element.
PAC  EXAMPLE 44
PAR  To the ethanolic solution of Example 36 was added the antibiotic
      chloramphenicol and the resulting solution was employed to coat a nylon
      suture.
PAC  EXAMPLE 45
PAR  To the ethanolic solution of Example 36a was added an alcoholic solution of
      Mercurochrome. The resulting solution was applied by spraying as a wound
      dressing.
PAC  EXAMPLE 46
PAR  3.6 grams of powder of Example 36a is impregnated with Mercurochrome from
      an acetone solution. The powder is then dried and dusted on a wound as a
      dressing to provide antiseptic action.
PAR  The foregoing examples are directed primarily to the in situ addition of
      dyes, pigments, thickening agents, resins, medicinally-active substances,
      bacteriocides, anti-virals, fungicides, strengthening materials,
      antiseptics, catalyzers, nutrient media, anti-coagulants, steroids and the
      like during the casting syrup preparation after the initial step in which
      the water-soluble uncrosslinked homopolymer of the polyhydroxy ethyl
      methacrylate or the like is formed and preferably at the stage of addition
      of the makeup catalyst. However, certain additive components, particularly
      pigments, thickening agents, resins and the like can be added directly to
      the initial monomer or during the initial polymerization.
CLMS
STM  We claim:
NUM  1.
PAR  1. A denture liner composition consisting essentially of an anhydrous
      mixture of a solid polymer prepared by rapid agitation of a water-soluble
      polymerizable hydroxyalkyl monoester of acrylic acid of methacrylic acid
      with a minor amount of a polymerizable diester of acrylic acid or
      methacrylic acid with an alcohol having at least two esterifiable hydroxyl
      groups in the presence of an amount of a free-radical, vinyl
      polymerization catalyst sufficient to polymerize the same while suspended
      in a form of small droplets in a non polar a suspending medium in which
      said polymer so formed in insoluble and a monomeric liquid consisting
      essentially of a major portion of a polymerizable water-soluble
      hydroxy-alkyl monoester of acrylic acid or methacrylic acid with a minor
      amount of a polymerizable diester of acrylic acid or methacrylic acid with
      an alcohol having at least two esterifiable hydroxyl groups in the
      presence of a free-radical, vinyl polymerization catalyst.
NUM  2.
PAR  2. A denture liner composition according to claim 1 wherein said monoester
      is a hydroxyalkyl acrylate or methacrylate having two to three carbon
      atoms in the alkyl group.
NUM  3.
PAR  3. A denture liner composition according to claim 2 wherein the monoester
      is hydroxyethyl methacrylate and the amount of said diester is up to 15
      parts per 100 parts of monoester.
NUM  4.
PAR  4. A denture liner composition according to claim 3 wherein there is also
      included an amine accelerator.
NUM  5.
PAR  5. A denture liner composition according to claim 3 wherein the suspending
      medium is silicone oil or mineral oil and the diester is present in an
      amount of at least 0.05 parts per 100 parts of monoester.
NUM  6.
PAR  6. A denture liner composition according to claim 1 wherein the diester is
      employed in an amount of 0.05 to 15 grams per 100 grams of monoester.
NUM  7.
PAR  7. A denture liner according to claim 6 wherein the diester is a diester of
      ethylene glycol and acrylic acid or methacrylic acid.
NUM  8.
PAR  8. A denture liner according to claim 7 wherein the ratio of liquid monomer
      to solid polymer is from about 2 to 1 to about 4 to 1.
NUM  9.
PAR  9. A denture liner according to claim 8 wherein the solid polymer is in the
      form of a powder.
NUM  10.
PAR  10. A denture liner according to claim 6 wherein the ratio of liquid
      monomer to solid polymer is from about 2 to 1 to about 4 to 1 and the
      solid polymer is in the form of a powder.
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ABST
PAL  EPDM polymers having a high degree of unstretched crystallinity are
      physically blended with polyethylene and an ethylene-vinyl acetate
      copolymer to form thermoplastic polymer blends. The blends exhibit
      superior tensile strength, better than that predicted from the individual
      effects of the polymeric components alone. No curing or crosslinking
      agents are used. The thermoplastic blends are useful to prepare liners,
      tubing, molded products, and the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Polymer blends of ethylene-propylene copolymer or ethylene-propylene-diene
      terpolymer with poly .alpha.-olefins, particularly polyethylene and
      polypropylene, are known to the art (See U.S. Pat. Nos. 3,361,850;
      3,176,052; 3,220,966; 3,751,521; 3,328,486; 3,793,283; 3,262,992;
      3,036,987; and 3,536,653). At times, curing or crosslinking agents are
      added to alter the physical nature of the blend; i.e. to effect chemical
      changes in the blend (See U.S. Pat. Nos. 3,758,643; 3,806,558; 3,564,080;
      and 3,256,366). Polymer blends of poly .alpha.-olefins or of
      ethylene-propylene or ethylene-propylene-diene polymers with
      ethylene-vinyl acetate copolymers are also known (See U.S. Pat. Nos.
      3,808,047; 3,422,055; 3,361,852; and 3,549,727). The use of curing or
      crosslinking agents in these blends is disclosed in U.S. Pat. Nos.
      3,399,250; 3,789,085; and 3,784,668. None of the above cited art discloses
      a three-part blend of ethylene-propylene-diene polymer, polyethylene, and
      ethylene-vinyl acetate copolymer wherein the blend, without the use of
      curing or crosslinking agents, exhibits unexpectedly high tensile
      strength.
PAC  SUMMARY OF THE INVENTION
PAR  Thermoplastic polymer blends comprising an ethylene-propylene-diene (EPDM)
      polymer having a high unstretched crystallinity of at least about 10
      percent by weight of the polymer a polyethylene (PE) polymer, and an
      ethylene-vinyl acetate (EVA) copolymer are prepared by physically mixing
      under heat and shear conditions the three polymer components. The blends
      exhibit tensile strengths greater than that predicted from the individual
      effects of the polymers. No curing or crosslinking agents are used to
      obtain the superior tensile strengths.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The thermoplastic polymer blend of this invention comprises a physical
      mixture of three essential polymeric components; i.e. an
      ethylene-propylene-diene polymer (EPDM), a polyethylene polymer (PE), and
      an ethylene-vinyl acetate copolymer (EVA). The blend comprises 100 parts
      by weight of EPDM, from about 5 parts to about 400 parts by weight of PE,
      and about 5 parts to about 300 parts by weight of EVA. More preferredly,
      the EPDM is present in 100 parts by weight, the PE is about 10 parts to
      about 200 parts by weight, and the EVA in about 10 parts to about 150
      parts by weight.
PAR  The ethylene-propylene-diene polymers (EPDM) employed have high unstretched
      crystallinity, ranging from a minimum of about 10% by weight to about 20%
      by weight based upon the weight of the polymer. More preferredly, the
      unstretched crystallinity ranges from about 12% to about 16% by weight of
      the polymer. The unstretched crystallinity of the EPDM polymer is measured
      using an x-ray technique. Measuring weight percent crystallinity in
      polymers via x-ray is a known technique (see Natta et al, Atti Accad-Nazi.
      Lincei. Rend. (8) 8 11 (1957)). The method used herein consisted of
      pressing a 0.020 inch thick film of the EPDM polymer at 120.degree.C and
      20,000 pounds pressure. The films were quickly cooled (quenched). The thin
      films are then mounted and exposed to x-rays, and a defraction scan is
      made across an angular range. Using a diffractometer, a plot of the
      angular distribution of the radiation scattered by the film is made. This
      plot is seen as a diffraction pattern of sharp crystalline peaks
      superimposed upon an amorphous peak. The quantitative value of weight
      precent crystallinity is obtained by dividing the crystalline diffraction
      area of the plot by the total diffraction area on the plot.
PAR  The EPDM polymers also exhibit a large melt endotherm of from about 6 to
      about 10 calories/gram. The melt endotherm is measured using a
      Differential Scanning Calorimeter (DSC) sold by DuPont as the DuPont 900
      Thermal Analyzer. The test measures orientation within the polymer. A
      completely amorphous EPDM terpolymer would have a zero melt endotherm. The
      test consists of placing a polymer sample of known weight into a closed
      aluminum pan. DSC Cell calorimeter pans supplied by DuPont were used. The
      polymer sample is then heated at a rate of 10.degree.C/minute over a
      temperature range of from -100.degree.C to +75.degree.C. The reference
      material used is glass beads. The DSC chart is precalibrated, using metals
      with known heats of fusion, to provide a chart having a unit area in terms
      of calories/square inch/minute. As the polymer sample is heated, a
      crystalline melt point peak will show on the chart. The area under the
      crystalline melt point peak is measured, and the melt endotherm in
      calories/gram is calculated from the area obtained.
PAR  The EPDM polymer is comprised of interpolymerized units of ethylene,
      propylene and diene monomers. The ethylene forms from about 65% to about
      85% by weight of the polymer, the propylene from about 5% to about 35% by
      weight, and the diene from about 0.2% to about 10% by weight, all based
      upon the total weight of the EPDM polymer. More preferredly, the ethylene
      content is from about 70% to about 80% by weight, the propylene content is
      from about 15% to about 29% by weight, and the diene content is from about
      1% to about 5% by weight of the EPDM polymer. Examples of the diene
      monomers are: conjugated dienes such as isoprene, butadiene, chloroprene,
      and the like; and nonconjugated dienes, containing from 5 to about 25
      carbon atoms, such as 1,4-pentadiene, 1,4-hexadiene, 1,5-hexadiene,
      2,5-dimethyl-1,5-hexadiene, 1,4-octadiene, and the like; cyclic dienes
      such as cyclopentadiene, cyclohexadiene, cyclooctadiene,
      dicyclopentadiene, and the like; vinyl cyclic enes such as
      1-vinyl-1-cyclopentene, 1-vinyl-1-cyclohexene, and the like;
      alkylbicyclonondienes such as 3-methylbicyclo(4,2,1)nona-3,7-diene,
      3-ethyl-bicyclonondiene, and the like; indenes such as methyl
      tetrahydroindene, and the like; alkenyl norbornenes such as
      5-ethylidene-2-norbornene, 5-butylidene-2-norbornene,
      2-methallyl-5-norbornene, 2-isopropenyl-5-norbornene,
      5-(1,5-hexadienyl)-2-norbornene, 5-(3,7-octadieneyl)-2-norbornene, and the
      like; and tricyclo dienes such as
      3-methyl-tricyclo(5,2,1,0.sup.2,6)-3,8-decadiene, and the like. The more
      preferred dienes are the nonconjugated dienes. Particularly good results
      are obtained when alkenyl norbornenes are used as the diene monomer.
PAR  The presence of interpolymerized diene monomer in the EPDM polymer is a
      necessary feature of the EPDM polymer. It was found that blends of
      EP(ethylene-propylene) polymers with polyethylene polymers did not exhibit
      the unexpectedly high tensile strengths which characterize the blends of
      the invention. The type of diene monomer used is not critical as long as
      the EPDM polymer employed has high unstretched crystallinity.
PAR  The EPDM polymers are readily prepared using suspension and solution
      polymerization processes and techniques well known to the art.
PAR  The EPDM polymers are high molecular weight, solid elastomers. They have a
      dilute solution viscosity (DSV) of about 1.6 to about 2.5 measured at
      25.degree.C as a solution of 0.2 gram of EPDM polymer per deciliter of
      toluene. The raw polymer has a green strength tensile of about 800 psi to
      about 1800 psi, and more typically, from about 1000 psi to about 1600 psi,
      and an elongation at break of at least about 600 percent.
PAR  The polyethylene employed in the blend can be a low (to about 0.94
      grams/cc.) density, medium (about 0.94 grams/cc. to about 0.96 grams/cc.)
      density, or high (above about 0.96 grams/cc.) density polyethylene. The
      low density polyethylenes are more preferred as they provide actual
      tensile reinforcement between the polymers. The polyethylenes, have a melt
      index of from about 0.2 grams/10 minutes to about 30 grams/10 minutes
      measured at 190.degree.C under a 2.16 kilogram load. If a low density
      polyethylene is used, the melt index is preferredly below 7 grams/10
      minutes. The polyethylenes are commercially available, and can readily be
      prepared using standard solution polymerization techniques known to the
      art. As mentioned before, the polyethylene is used at from about 5 parts
      to about 400 parts by weight with 100 parts by weight of the EPDM polymer.
      Particularly good results are obtained when the PE is used at about 10
      parts to about 200 parts by weight with 100 parts by weight of EPDM
      polymer.
PAR  The ethylene-vinyl acetate copolymers employed in the polymer blend have a
      melt index of from about 0.4 gram/10 minutes to about 30 grams/10 minutes
      measured at 190.degree.C under a 2.16 kilogram load. More preferredly, the
      melt index is from about 1 gram/10 minutes to about 10 grams/10 minutes.
      The copolymer contains interpolymerized units of from about 50% to about
      90% by weight ethylene and about 10% to about 50% by weight of vinyl
      acetate, based on the total weight of the copolymer. A more preferred
      range is from about 70% to about 85% by weight ethylene and about 15% to
      about 30% by weight of vinyl acetate. As mentioned above, the EVA
      copolymer is used at 5 parts to about 300 parts by weight with 100 parts
      by weight of the EPDM polymer. Particularly good results are obtained
      using the EVA at from about 10 parts to about 150 parts by weight with 100
      parts by weight of the EPDM polymer.
PAR  The composition of the invention comprises a physical blend of EPDM
      polymer, polyethylene polymer, and an ethylene-vinyl acetate copolymer. No
      cure or crosslinking agents are employed. It was totally unexpected that
      the thermoplastic polymer blend of the three polymeric components would
      exhibit a tensile strength greater than that predicted from the individual
      effects of any one component alone. It was further unexpected that the use
      of low density PE and EVA with the highly crystalline EPDM would yield
      blends having higher tensile strengths in the blend than the tensile
      strength of any one polymer alone.
PAR  The polymer blends are truly thermoplastic, moldable and remoldable at
      temperatures of above 120.degree.C, preferably at above 140.degree.C to
      about 200.degree.C, yet having a strong, flexible plastic nature at room
      temperatures.
PAR  A wide range of rubber and plastic compounding ingredients are readily
      mixed with the thermoplastic polymer blends using mixing equipment such as
      two-roll mills, extruders, banbury mixers, and the like. Standard mixing
      and addition techniques are used. In many cases, the addition of
      compounding ingredients, particularly waxes, plasticizers and extenders,
      can detract from the overall tensile strength of the thermoplastic blend.
      Reinforcing fillers such as fumed silicas provide increased tensile
      strength to the blends.
PAR  Examples of compounding ingredients are metal oxides like zinc, calcium,
      and magnesium oxide, lead monoxide and dioxide, fatty acids such as
      stearic and lauric acid, and salts thereof such as cadmium, zinc and
      copper stearate and lead oleate; fillers such as the carbon blacks like
      channel blacks, high reinforcing blacks as N110 and N330, low reinforcing
      blacks as N550 and N770, and thermal blacks as N880 and N990, calcium and
      magnesium carbonates, calcium and barium sulfates, aluminum silicates,
      phenol-formaldehyde and polystyrene resins, asbestos, and the like;
      plasticizers and extenders such as dialkyl and diaryl organic acids like
      diisobutyl, diisooctyl, diisodecyl, and dibenzyl oleates, stearates,
      sebacates, azelates, phthalates, and the like; ASTM type 2 petroleum oils,
      ASTM D2226 aromatic, naphthalenic and paraffinic oils, castor oil, tall
      oil, glycerin, and the like; antioxidants, antiozonants, and stabilizers
      such as di-.beta.-naphthyl-p-phenylenediamine,
      phenyl-.beta.-naphthylamine, dioctyl-p-phenylenediamine,
      N-1,3-dimethylbutyl-N-phenyl-p-phenylenediamine, 4-isopropylamino
      diphenylamine, 2,6-di-t-butyl paracresol,
      2,2'-methylenebis-(4-ethyl-6-t-butyl phenol),
      2,2'-thiobis-(4-methyl-6-t-butyl phenol),
      bisphenol-2,2'-methylenebis-6-t-butyl-4-ethylphenol,
      4,4'-butylidenebis-(6-t-butyl-m-cresol),
      2-(4-hydroxy-3,5-t-butylaniline)-4,6-bis(octylthio)-1,3,5-triazine,hexahyd
     ro-1,3,5-tris-.beta.-(3,5-di-t-butyl-4-hydroxyphenyl) propionyl-s-triazine,
      tris-(3,5-di-t-butyl-4-hydroxybenzyl) isocyanurate,
      tetrakismethylene-3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate methane,
      distearyl thiodipropionate, dilauryl thiodipropionate,
      tri(nonylatedphenyl)phosphite, and the like; and other ingredients such as
      pigments, tackifiers, flame retardants, fungicides, and the like. Such
      ingredients are used in levels well known to those skilled in the art.
PAR  Applications for the thermoplastic polymer blends include tubing, liners,
      wire and cable insulation, mats, and molded items such as shoe soles,
      toys, kitchen ware, and the like.
PAR  The polymers used and the thermoplastic blends were evaluated for their
      stress-strain properties; i.e. tensile, modulus, and elongation, following
      ASTM procedure D638 (using a pull rate of 20 inches/minute). Hardness was
      measured following ASTM D2240.
PAR  The following examples are presented to further illustrate the invention.
      Unless otherwise stated, the ingredients recited in the recipes are used
      in parts by weight.
DETD
PAC  EXAMPLES
PAR  The polymeric components of the blends, along with compounding ingredients,
      if used, were mixed together using a two-roll mill. The roll ratio was 1.2
      to 1 and the front roll has a roll speed of 21 rpm. Front roll temperature
      was 150.degree.C with the back roll slightly cooler. The EPDM was banded
      on the mill and the other polymeric and compounding ingredients (if used)
      added to the banded polymer. Mill time was about 5 minutes in all cases.
PAR  The mixing conditions and temperatures outlined above are not critical. The
      important factor is to get uniform dispersion of the polymers and
      ingredients in the thermoplastic blend. This can be accomplished using
      other equipment, such as a banbury mixer, by mixing at other temperatures
      and for other times, and the like; all of which conditions and procedures
      are well known to the artisan. The above conditions were used to achieve
      good, thorough mixing, and are outlined to illustrate the preparation of
      the physical blends.
PAC  EXAMPLE I
PAR  An EPDM polymer (EPDM-1) having a high unstretched crystallinity was
      blended with a low density PE and an ethylene-vinyl acetate (EVA)
      copolymer. The blend was evaluated for its tensile and elongation
      following ASTM D-746. For comparative purposes, three other EPDM polymers
      having a low unstretched crystallinity were individually blended with the
      same PE and ethylene-vinyl acetate copolymer, and the blends evaluated.
      The polymeric components are identified in the following table:
TBL              Weight %                                                      
                      Melt                                                     
                 Crystal-                                                      
                      Endotherm                                                
                            Weight % Monomers                                  
                                           Vinyl                               
                                                Melt                           
     Polymer                                                                   
            Density                                                            
                 linity                                                        
                      Calories                                                 
                            Ethylene                                           
                                 Propylene                                     
                                       Diene.sup.c                             
                                           Acetate                             
                                                Index                          
            (g/cc)    gm                        (g/10 min)                     
     __________________________________________________________________________
     EPDM-1 0.86 12.9 8.4   73   23    4   --   --                             
     EPDM-2 --   3.8  1.7   69   23    8   --   --                             
     EPDM-3 --   2.7  3.8   69   23    8   --   --                             
     EPDM-4 --   4.1  2.2   65   31    4   --   --                             
     PE-NA301.sup.a                                                            
            0.92 --   --    100  --    --  --   1.28                           
     EVA-UE360.sup.b                                                           
            0.94 --   --    82   --    --  18   1.5                            
     __________________________________________________________________________
      .sup.a Sold by USI Chemicals as USI NA 301 PE                            
      .sup.b Sold by USI Chemicals as USI UE 630 EVA                           
      .sup.c Diene used is 5-ethylidene-2-norbornene                           
PAR  The polymers were mixed on a two-roll mill at a mill temperature of
      150.degree.C. All of the sample compositions formed good bands on the
      mill. The compositions were sheeted off of the mill and pressed at
      177.degree.C in a tensile sheet mold prior to cutting the tensile test
      samples. The compositions were prepared according to the following
      recipes. Tensile samples were pulled at a rate of 20 inches/minute.
      Control samples of the polymers alone were also tested for their tensile
      strength and elongation.
TBL  __________________________________________________________________________
                Tensile                                                        
                       Elongation                                              
                             Blends                                            
                Strength of                                                    
                       of                                                      
                Polymer                                                        
                       Polymer                                                 
                             1    2    3    4                                  
     __________________________________________________________________________
     EPDM-1     1200.sup.a                                                     
                       800.sup.a                                               
                             100  --   --   --                                 
     EPDM-2     1025.sup.a                                                     
                       280.sup.a                                               
                             --   100  --   --                                 
     EPDM-3      500.sup.a                                                     
                       1000.sup.a                                              
                             --   --   100  --                                 
     EPDM-4      200.sup.a                                                     
                       1000.sup.a                                              
                             --   --   --   100                                
     PE-NA301   2090   650    33   33   33   33                                
     EVA-UE630  2100   700    33   33   33   33                                
     Blend                                                                     
     Tensile strength,psi    2460 1790 1490 640                                
     Elongation, percent     720  550  900  770                                
     __________________________________________________________________________
      .sup.a Averaged data                                                     
PAR  The data shows that EPDM-1 is unique in its ability to prepare
      thermoplastic blends having exceptional tensile strength. The measured
      tensile strength of Sample I, a composition of the present invention, is
      unexpectedly higher than that of any of the other blends, and is actually
      higher than the tensile strength of any one of the polymer components
      employed. No curatives or curing agents are employed in the blends.
PAC  EXAMPLE II
PAR  The experiments in Example I were repeated using still more types of EPDM
      polymers. The following table presents the data obtained, which data again
      shows the unique property of the highly crystalline EPDM polymers to
      prepare thermoplastic blends of high tensile strength.
TBL  ______________________________________                                    
     Melt           Weight % Monomers                                          
     Endotherm                                                                 
     (calories/gm)  Ethylene  Propylene Diene.sup.a                            
     ______________________________________                                    
     EPDM-1 8.4         73        23      4                                    
     EPDM-5 0.3         69        23      8                                    
     EP-6   4.8         68        32      0                                    
     EP-7   --          75        25      0                                    
     EPDM-8 --          58        38      4                                    
     EP-9   None        50        50      0                                    
     ______________________________________                                    
      .sup.a Diene used is 5-ethylidene-2-norbornene                           
TBL              Tensile                                                       
                 Strength                                                      
                      Elongation                                               
                   of of    Blends                                             
                 Polymer                                                       
                      Polymer                                                  
                            1    2    3   4   5   6                            
     __________________________________________________________________________
     EPDM-1      1200.sup.a                                                    
                      800.sup.a                                                
                            100  --   --  --  --  --                           
     EPDM-5       900.sup.a                                                    
                      720.sup.a                                                
                            --   100  --  --  --  --                           
     EP-6         700.sup.a                                                    
                      500.sup.a                                                
                            --   --   100 --  --  --                           
     EP-7         430 780   --   --   --  100 --  --                           
     EPDM-8       50.sup.a                                                     
                      500.sup.a                                                
                            --   --   --  --  100 --                           
     EP-9         25.sup.a                                                     
                      500.sup.a                                                
                            --   --   --  --  --  100                          
     PE-NA301    2090 650    33   33   33  33  33  33                          
     EVA-UE630   2100 700    33   33   33  33  33  33                          
     Blend                                                                     
     Tensile Strength, psi  2460 1710 810 810 360 250                          
     Elongation, percent    720  770  680 710 730 510                          
     __________________________________________________________________________
      .sup.a Averaged data                                                     
PAC  EXAMPLE III
PAR  The highly crystalline EPDM polymer was mixed with three types of
      ethylene-vinyl acetate copolymer and PE polymer. All of the blends showed
      excellent tensile strengths, demonstrating that the thermoplastic polymer
      blends can be prepared using a wide range of ethylene-vinyl acetate
      copolymers.
TBL  ______________________________________                                    
                    1        2            3                                    
     EPDM-1         100      100          100                                  
     PE-NA301        20       20           20                                  
     EVA-UE630.sup.a                                                           
                     20      --           --                                   
     EVA-UE634.sup.b                                                           
                    --        20          --                                   
     EVA-UE643.sup.c                                                           
                    --       --            20                                  
     Tensile Strength,psi                                                      
                    2350     2430         2160                                 
     Elongation, percent                                                       
                    760      750          760                                  
     ______________________________________                                    
      .sup.a 82% ethylene/18% vinyl acetate copolymer having a melt index of 1.
      g/10 min. at 190.degree.C and a tensile strength of 2100 psi             
      .sup.b 72% ethylene/28% vinyl acetate copolymer having a melt index of 3.
      g/10 min. at 190.degree.C and a tensile strength of about 1750 psi       
      .sup.c 81% ethylene/19% vinyl acetate copolymer having a melt index of 9.
      g/10 min. at 190.degree.C and a tensile strength of about 1600 psi       
PAC  EXAMPLE IV
PAR  A highly crystalline EPDM polymer was mixed with a number of different
      types of polyethylene (PE) polymers and and EVA copolymer. All of the
      thermoplastic blends exhibited excellent tensile strengths. The polymers
      used are identified as follows:
TBL  ______________________________________                                    
                        Tensile                                                
            Density                                                            
                   Melt Index Strength  Elongation                             
            (g/cc) (g/10 min) (psi)     (percent)                              
     ______________________________________                                    
     EPDM     0.86     0.25 at 230.degree.C                                    
                                   1500.sup.a                                  
                                           710.sup.a                           
     EVA-UE630                                                                 
              0.94     1.5  at 190.degree.C                                    
                                  2100    700                                  
     PE-NA301 0.92     1.28 at 190.degree.C                                    
                                  2090    650                                  
     PE-DND2004                                                                
              0.92     1.5  at 190.degree.C                                    
                                  1820    650                                  
     PE-C14   0.92       --       1800    570                                  
     PE-LS630 0.96     28  at 190.degree.C                                     
                                  about 4500.sup.b                             
                                           25.sup.b                            
     PE-LB733 0.95     0.23 at 190.degree.C                                    
                                  3800    --                                   
     ______________________________________                                    
      .sup.a Averaged data                                                     
      .sup.b Measured at a rate of pull of 2 inches/minute                     
TBL         1      2        3        4      5                                  
     ______________________________________                                    
     EPDM-1   100      100      100    100    100                              
     EVA-UE630                                                                 
              10       10       10     10     10                               
     PE-NA301 10       --       --     --     --                               
     PE-DND2004                                                                
              --       10       --     --     --                               
     PE-C14   --       --       10     --     --                               
     PE-LS630 --       --       --     10     --                               
     PE-LB733 --       --       --     --     10                               
     Tensile,psi                                                               
              2690     2760     2610   2890   2710                             
     Elongation,                                                               
              710      750      730    680    720                              
     percent                                                                   
     ______________________________________                                    
PAR  Samples, 1, 2 and 3 employ low density polyethylene (PE) polymers. The
      tensile strengths of the blends are above that of any polymeric component
      used alone. Samples 4 and 5 employ high density PE polymers. The tensile
      strengths of the blends are above that which would be predicted using a
      method whereby each polymer contributes added tensile strength to the EPDM
      polymer in proportion to its weight percent of the total blend. Using this
      method, the predicted values of Samples 4 and 5 would be (1500 + 250 + 50)
      = 1800 psi and (1500 + 190 + 50) = 1740 psi, respectively. As the data
      shows, the tensile values obtained from the blends are about 1000 psi over
      the predicted values.
PAC  EXAMPLE V
PAR  A wide range of parts by weight of PE polymer and parts by weight of EVA
      copolymer can be used with the highly crystalline EPDM polymer to prepare
      the unique thermoplastic blends. Blends of highly crystalline EPDM, a low
      density PE, and EVA polymer were prepared using procedures and techniques
      as described before. The thermoplastic blends were then evaluated for
      their tensile strength. Recipes used and data obtained are as follows:
TBL         1   2   3   4   5   6   7   8   9   10  11  12  13                 
     __________________________________________________________________________
     EPDM.sup.a                                                                
            100 100 100 100 100 100 100 100 100 100 100 100 100                
     PE.sup.b                                                                  
            12  28  14  17  50  33  30  70  100 143 40  333 233                
     EVA.sup.c                                                                 
            12  14  28  50  17  33  70  30  100 43  143 233 333                
     Tensile,psi                                                               
            2390                                                               
                2510                                                           
                    2480                                                       
                        2310                                                   
                            2540                                               
                                2680                                           
                                    2250                                       
                                        2580                                   
                                            2480                               
                                                2220                           
                                                    2230                       
                                                        2150                   
                                                            2260               
     Elongation,                                                               
            730 740 760 770 750 770 750 790 760 740 750 710 740                
     percent                                                                   
     __________________________________________________________________________
      .sup.a 75% ethylene/23% propylene/4% 5-ethylidene-2-norbornene terpolymer
      having a tensile strength of 1460 psi and an elongation of 680 percent   
      .sup.b Polyethylene polymer having a density of 0.92 g/cc, a melt index a
      190.degree.C of 1.28 g/10 min., and a tensile strength of 2090 psi and an
      elongation of 650 percent                                                
      .sup.c 82% ethylene/18% vinyl acetate copolymer having a tensile strength
      of 2100 psi, an elongation of 700 percent and melt index of 1.5 g/10     
      minutes at 190.degree.C                                                  
PAC  EXAMPLE VI
PAR  This example continues the showing of Example V wherein a broad weight
      range of PE and EVA polymers was used with the EPDM polymer. Herein, data
      is presented showing thermoplastic polymer blends having high weight
      levels of PE polymer to low weight levels of EVA copolymer, and vice
      versa. High levels of PE polymer to low levels of EVA copolymer in the
      blend yields excellent results. However, the data shows that the use of
      over about 200 parts by weight of PE polymer per 100 parts EPDM polymer
      and 10 parts EVA copolymer is not necessary to obtain the benefits of the
      present invention. In contrast, the use of high levels of EVA copolymer to
      low levels of PE polymer detracts from the tensile strength of the blend.
      The use of over about 200 parts by weight of EVA copolymer per 100 parts
      EPDM polymer and 10 parts PE polymer is not preferred when maximum tensile
      strength of the blend is desired.
TBL  __________________________________________________________________________
            1   2   3   4   5   6   7   8   9                                  
     __________________________________________________________________________
     EPDM.sup.a                                                                
            100 100 100 100 100 100 100 100 100                                
     PE.sup.b                                                                  
            350 250 150 50  10  10  10  10  10                                 
     EVA.sup.a                                                                 
            10  10  10  10  10  50  150 250 350                                
     Tensile,psi                                                               
            2140                                                               
                2160                                                           
                    2370                                                       
                        2380                                                   
                            1760                                               
                                2270                                           
                                    2070                                       
                                        1900                                   
                                            1750                               
     Elongation,                                                               
            690 680 730 710 730 760 760 730 690                                
     percent                                                                   
     __________________________________________________________________________
      .sup.a Same EPDM and EVA polymers used in Example V                      
      .sup.b Polyethylene polymer having a density of 0.92 g/cc, an elongation 
      of 570 percent, and a tensile strength of 1800 psi                       
PAC  EXAMPLE VII
PAR  The previous examples show that a broad range of different types of PE
      polymer and EVA copolymer can be mixed with a highly crystalline EPDM
      polymer to obtain thermoplastic polymer blends having unexpectedly
      superior tensile properties. Many standard rubber and plastic compounding
      ingredients can be admixed with the thermoplastic blends to yield
      attractive and functional molded items. These ingredients include
      particularly antioxidants and stabilizers, fillers and reinforcing agents
      and plasticizers and lubricants. It has been found, though, that the
      addition of lubricants can detract from the final tensile strength of the
      thermoplastic blend. The following data shows tensile strengths of blends
      having a filler and a lubricant used therein.
TBL  ______________________________________                                    
                  1          2          3                                      
     EPDM-1       100        100        100                                    
     PE-NA301     50         --         --                                     
     PE-DND2004   --         20         20                                     
     EVA-UE630    25         20         20                                     
     HiSil/233.sup.a                                                           
                  50         --         --                                     
     Aristowax.sup.b                                                           
                  --         --         1                                      
     Tensile,psi  2420       2390       2030                                   
     Elongation, percent                                                       
                  590        700        680                                    
     ______________________________________                                    
      .sup.a Precipitated hydrated silica                                      
      .sup.b Process lubricant, paraffinic wax having a melting point of       
      165.degree.F                                                             
CLMS
STM  We claim:
NUM  1.
PAR  1. A thermoplastic polymer blend comprising (1) an EPDM polymer consisting
      essentially of interpolymerized units of about 65 percent to about 85
      percent by weight of ethylene, about 5 percent to about 35 percent by
      weight of propylene, and about 0.2 percent to about 10 percent by weight
      of a diene monomer; said EPDM polymer having a weight percent unstretched
      crystallinity of from about 10 percent to about 20 percent by weight of
      the polymer and a melt endotherm value of about 6 to about 10 calories per
      gram, (2) from about 5 parts to about 400 parts by weight per 100 parts by
      weight of the EPDM polymer of a polyethylene polymer, and (3) from about 5
      parts to about 300 parts by weight per 100 parts by weight of the EPDM
      polymer, of an ethylene-vinyl acetate copolymer.
NUM  2.
PAR  2. A thermoplastic polymer blend of claim 1 wherein the EPDM polymer
      consists essentially of interpolymerized units of from about 70 percent to
      about 80 percent by weight of ethylene, about 15 percent to about 29
      percent by weight of propylene, and about 1 percent to about 5 percent by
      weight of a nonconjugated diene monomer containing from 5 to about 25
      carbon atoms in the monomer.
NUM  3.
PAR  3. A thermoplastic polymer blend of claim 2 wherein the polyethylene
      polymer is present in from about 10 parts to about 200 parts by weight and
      the ethylene vinyl acetate copolymer is present in from about 10 parts to
      about 150 parts by weight, both based on 100 parts by weight of the EPDM
      polymer.
NUM  4.
PAR  4. A thermoplastic polymer blend of claim 3 wherein the ethylene-vinyl
      acetate copolymer consists essentially of interpolymerized units of from
      about 70 percent to about 85 percent by weight of ethylene and about 15
      percent to about 30 percent by weight of vinyl acetate, and the melt index
      of the copolymer is from about 1 gram/10 minutes to about 10 grams/10
      minutes at 190.degree.C.
NUM  5.
PAR  5. A thermoplastic polymer blend of claim 4 wherein the polyethylene
      polymer is a low density polyethylene polymer having a density of below
      about 0.94 grams/cc.
NUM  6.
PAR  6. A thermoplastic polymer blend of claim 5 wherein the nonconjugated diene
      monomer in the EPDM polymer is an alkenyl norbornene.
NUM  7.
PAR  7. A thermoplastic polymer blend of claim 6 wherein the EPDM polymer
      consists essentially of interpolymerized units of ethylene, propylene, and
      5-ethylidene-2-norbornene monomer and the polyethylene polymer has a
      density of about 0.92 grams/cc.
NUM  8.
PAR  8. A thermoplastic polymer blend of claim 7 comprising (1) 100 parts by
      weight of an EPDM polymer consisting essentially of interpolymerized units
      of about 73 percent by weight of ethylene, about 23 percent by weight of
      propylene, and about 4 percent by weight of 5- ethylidene-2-norbornene,
      (2) 10 parts by weight of an ethylene-vinyl acetate copolymer, and (3) 10
      parts by weight of a low density polyethylene polymer.
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ABST
PAL  The invention relates to threads, fibers or films comprising polyvinylidene
      fluoride, with good dye affinity for plastosoluble and cationic dyestuffs.
PAL  More particularly, the invention relates to threads, fibers or films formed
      of a mixture of vinylidene fluoride homopolymer and of a copolymer
      containing at least 60% by weight of methyl methacrylate units and 5 to
      40% by weight of units of at least one acid ethylenic comonomer,
      copolymerizable with methyl methacrylate.
PAL  The threads and fibers in accordance with the invention can be used in
      particular in the field of textiles.
BSUM
PAR  The present invention relates to threads, fibers or films comprising
      polyvinylidene fluoride with good dye affinity for plastosoluble and
      cationic dyestuffs. The invention also concerns a process for obtaining
      the above from compositions formed of a mixture of polyvinylidene fluoride
      and a copolymer contributing the dye affinity.
PAR  It is known from French Pat. No. 1,390,552 to spin polyvinylidene fluoride
      from solutions into a polar organic solvent formed preferably of a mixture
      of an amide and a ketone. However, the threads obtained cannot be dyed by
      a subsequent dyeing process.
PAR  There have now been produced, and this is what constitutes the object of
      the present invention, threads, fibers and films comprising polyvinylidene
      fluoride with good dye affinity for plastosoluble and cationic dyestuffs,
      characterized by the fact that they are formed of a mixture of a
      vinylidene fluoride homopolymer and of a copolymer containing at least 60%
      by weight methyl methacrylate and 5 to 40% by weight of at least one acid
      ethylenic monomer copolymerizable with it, or its alkaline salt.
PAR  The invention also relates to a mixture of a vinylidene fluoride
      homopolymer containing at least 60% by weight methyl methacrylate and 5 to
      40% of acid ethylenic monomer copolymerizable with it. This compatible
      mixture can be shaped by known means.
PAR  The mixture may in particular be transformed into threads or fibers in a
      process which also forms part of the invention and comprises wet, dry or
      semi-melt spinning, one or more drawings, washing and possibly a heat
      treatment. It can also be transformed into films by known means such as
      extrusion of a solution or blow-extrusion.
PAR  The vinylidene fluoride homopolymer which can be used in accordance with
      the present invention is preferably a polymer having a flow index at
      250.degree.C of at least 10 and preferably between 100 and 5,000. The flow
      index measured at 250.degree.C represents the quantity of polymer in mg
      extruded in 1 minute through a nozzle of a diameter of 2 mm under a head
      of 10 kg/cm2.
PAR  The methyl methacrylate copolymer which can be used in accordance with the
      present invention contains at least 60% by weight methyl methacrylate and
      5 to 40% by weight of at least one carboxylic, or preferably sulfonic,
      acid ethylenic monomer copolymerizable with it. However, when the acid
      monomer is a sulfonic acid, it is preferred to use a copolymer containing
      at most 20% acid monomer and at least 80% methyl methacrylate in order
      that it not be excessively hydrophilic, which would lead to its
      elimination upon subsequent washing of the yarn or of articles made with
      said yarns or fibers. One can also use copolymers of methyl methacrylate
      and an acid monomer also containing one or more other acid or non-acid
      comonomers which are copolymerizable with the methyl methacrylate.
PAR  Among the acid monomers which are copolymerizable with methyl methacrylate,
      mention may be made of acrylic acid, methacrylic acid, acrylamido-2
      methyl-2 propane sulfonic acid of the formula:
      ##EQU1##
      and sulfoethyl methacrylate of the formula:
      ##EQU2##
      the latter two products giving particularly interesting results. The
      methyl methacrylate copolymer preferably contains 10 to 15% by weight of
      the acid comonomer or its alkaline salt.
PAR  The quantity of methyl methacrylate copolymer which can be added to the
      vinylidene fluoride homopolymer may vary within wide limits, depending
      upon the amount of acid monomer in the copolymer and the desired degree of
      dye affinity. In order to obtain good dye affinity for cationic dyestuffs,
      it is, however, generally advantageous for the mixture of polymers to
      contain at least 40 to 50 acid milliequivalents per kg of polymer, and
      preferably 50 to 100 acid milliequivalents. Furthermore, it is generally
      preferred not to use more than 20% of the methyl methacrylate copolymer in
      order to preserve the good non-inflammability properties of polyvinylidene
      fluoride.
PAR  The mixture of vinylidene fluoride homopolymer and methyl methacrylate
      copolymer in accordance with the invention is sufficiently compatible in
      order to obtain, by dissolving the mixture, a solution which may be spun
      to give threads and fibers which have no tendency to fibrillate or break,
      as is generally the case when it is attempted to spin a mixture of
      non-compatible polymers.
PAR  The invention also concerns a process for obtaining threads and fibers from
      the above mixture. For this, one can employ either wet spinning or dry
      spinning, or else semi-melt spinning.
PAR  For wet or dry spinning, the mixture of polymers is first of all dissolved
      in an aprotic polar organic solvent such as dimethyl formamide, dimethyl
      acetamide, N-methyl pyrrolidone or dimethyl sulfoxide. The concentration
      of polymer in the solution may vary within wide limits, although it is
      generally advantageous, both for reasons of economy and of technique
      (viscosity of the solution for instance) to use a concentration of about
      20 to 25% by weight.
PAR  For semi-melt spinning, one uses the same solvents as above, although
      dimethyl acetamide and N-methyl pyrrolidone are preferred because of their
      high boiling point. In this case the spinning mixture contains at least
      50% by weight of polymer mixture and preferably about 60 to 70% by weight
      of said polymer mixture to 40 to 30% of solvent.
PAR  In wet spinning, the spinning solution is extruded through a spinneret
      immersed in a coagulating bath having a base of water and of the spinning
      solvent used. The solvent content of the coagulating bath should generally
      be greater than 30% by weight, for instance 50 to 70%, in order to obtain
      filaments of compact structure. On the other hand, if the solvent content
      of the coagulating bath is less than 50%, for instance 40%, the filaments
      obtained have a vacuolate structure. It is generally preferred to use a
      solvent content of the coagulating bath of about 60% by weight in order to
      obtain filaments having good mechanical properties without, however,
      excessively slowing down the rate of coagulation.
PAR  It is furthermore particularly surprising that one can spin the polymer
      mixtures of the invention by wet spinning though the copolymers of methyl
      methacrylate and of a sulfonic acid monomer are soluble in the mixture of
      water and solvent used as coagulating bath.
PAR  In dry spinning, the spinning solution is extruded into air at a
      sufficiently high temperature to permit the evaporation of a large amount
      of the solvent.
PAR  In semi-melt spinning, the mixture is extruded at a temperature of the
      order of 150.degree. to 200.degree.C, depending upon the solvent used,
      through a spinneret and is solidified in air at room temperature.
PAR  The filaments obtained by these three types of spinning are then drawn
      either before or after washing with water in order to remove the residual
      solvent. The drawing can be effected one or more times in air, water, on a
      plate or on heating rollers, preferably at a temperature of between
      80.degree. and 150.degree.C, for instance in boiling water or in air, on a
      plate at 120.degree.C. This drawing at elevated temperature can possibly
      be preceded by a pre-drawing in air at room temperature. In order to
      obtain good mechanical properties, it is generally preferred to effect an
      overall drawing at a ratio of 5 to 7 X. This drawing can possibly be
      followed by an additional drawing at a low ratio, for instance 1.2 to 1.3
      X, if one desires a thread of very good tenacity. Likewise, depending upon
      the final mechanical properties desired, one can also subject the thread
      to a heat treatment in relaxed condition or under tension.
PAR  In all cases, the threads thus obtained have good mechanical properties
      which permit their use both in the field of textiles and in the field of
      industrial yarns. They can be dyed by ordinary dyeing methods by means of
      cationic dyestuffs or plastosoluble dyestuffs, which makes it possible to
      obtain a very wide range of shades.
PAR  The following examples in which the parts and percentages are by weight are
      given by way of example to illustrate the invention without in any way
      limiting it.
PAR  In these examples, the measurement of specific viscosity is effected on a
      solution of 2 g/liter at a temperature of 25.degree.C in dimethyl
      formamide.
PAR  The determination of the "CLOC" index of textile samples is a method based
      on ASTM Standard B 2863-70 applied in the USA relating to the
      determination of the "CLOC" index of plastic test specimens but using
      textile samples requiring a rectangular frame of inside dimensions of 5
      .times. 16 cm.
PAR  The testing of fastness to light in the Xenotest forms the object of
      approved French Standard NF G 07 067 (ISO Recommendation R 105/V-1969).
PAR  The testing of fastness to washing at 60.degree.C is the object of French
      Standard NF G 07 015 (ISO Recommendation 105/IV-1968), and the testing of
      the resistance to rubbing forms the object of French Standard NF G 07 016
      (ISO Recommendation R 105/I-1959).
DETD
PAR  In the following examples, the dyestuffs are indicated by their CI
      reference obtained from "Colour Index," 1971 edition.
PAC  EXAMPLE 1
PAR  A. A solution is prepared containing:
PA1  23 parts of a polyvinylidene fluoride of a flow index of 190,
PA1  3.5 parts of a copolymer containing 90% by weight of methyl methacrylate
      units and 10% of acrylamido-2, methyl-2 propane sulfonic acid units and a
      specific viscosity of 1.11,
PA1  73.5 parts of dimethyl formamide.
PAR  This solution is brought to 60.degree.C and extruded through a spinneret
      having 64 apertures of 0.07 mm diameter, immersed in a coagulating bath of
      20.degree.C containing 57 parts of dimethyl formamide to 43 parts of
      water.
PAR  After emergence from the coagulating bath, the filaments are first of all
      drawn in air at room temperature at a ratio of 3.4 X and then in boiling
      water at a ratio of 1.9 X and then washed with water in counter-current at
      ordinary temperature, and finally dried on rollers maintained at
      120.degree.C.
PAR  The threads obtained have the following properties:
TBL  tenacity dry           33 g/tex                                           
     elongation dry         20%                                                
     Young's modulus        210 g/tex                                          
     acid milliequivalents per kg                                              
                            57 meq                                             
     "CLOC" index           29.4                                               
PAR  The threads are then dyed in a 1/50 volume for 1 hr. in a bath of
      105.degree.C containing 2% dyestuff.
PAR  The dyeing was effected with 4 different dyestuffs:
TBL  dyestuff A     CI Disperse Red 65                                         
     dyestuff B     CI Disperse Orange 13                                      
     dyestuff C     CI Basic Blue 41                                           
     dyestuff D     CI Basic Blue 5                                            
PAR  The results are as follows:
TBL             Fastness                                                       
     Dyestuff                                                                  
             Yield    Xenotest  Washing  Rubbing                               
                                at 60.degree.C                                 
     ______________________________________                                    
     A       4        4      D    5/5      5/5                                 
     B       4        5      D    5/5      5/5                                 
     C       5        5      R    5/5      5/5                                 
     D       5        2-3    R    5/5      4-5/4-5                             
     ______________________________________                                    
PAR  The plastosoluble dyestuffs A and B are used with 1 g/liter of vehicle
      which is a mixture of aromatic esters used as vehicle for polyesters known
      under the Trademark LEVEGAL PT produced by Bayer.
PAR  B. By way of comparison, there is prepared a 23% solution in dimethyl
      formamide containing only polyvinylidene fluoride of a flow index of 190.
      This solution is spun exactly under the same conditions as the mixture
      spun under A and then the filaments are drawn also in two stages and dried
      as above.
PAR  The filaments obtained have the following properties:
TBL  tenacity, dry          37 g/tex                                           
     elongation, dry        23%                                                
     acid milliequivalents per kg                                              
                            4 meq                                              
     "CLOC" index           34.5                                               
PAR  The threads obtained are then dyed under the same conditions as threads
      prepared under A with the same dyestuffs. The results are as follows:
TBL                 Fastness                                                   
                Yield Xenotest Washing   Rubbing                               
                               at 60.degree.C                                  
     ______________________________________                                    
     CI Disperse Red 65                                                        
     + LEVEGAL PT 3       5 D      5/5     5/4-5                               
     CI Disperse Orange                                                        
     13 + LEVEGAL PT                                                           
                  1       4-5      5/5     5/5                                 
     CI Basic Blue 41                                                          
                  3       5-6      5/5     5/4-5                               
     CI Basic Blue 5                                                           
                  3        2-3 R   5/5     5/5                                 
     ______________________________________                                    
PAR  From these two tests A and B, it clearly appears that the yield of dyeing
      which is good with the mixture of polymers is definitely less good with
      the polyvinylidene fluoride alone, the scale ratings going from 1 to 5.
PAC  EXAMPLE 2
PAR  A solution is prepared containing:
PA1  23 parts of polyvinylidene fluoride having a flow index of 190,
PA1  3.5 parts of a copolymer containing 85% by weight of methyl methacrylate
      units and 15% by weight of sulfoethyl methacrylate units, of a specific
      viscosity of 1.9,
PA1  73.5 parts of dimethyl formamide.
PAR  The solution thus obtained is spun at 60.degree.C and extruded, whereupon
      the filaments are drawn, washed and dried in the same manner as in Example
      1.
PAR  The threads obtained have the following properties:
TBL  tenacity, dry          29 g/tex                                           
     elongation, dry        17%                                                
     number of acid milli-                                                     
     equivalents per kg     59 meq                                             
PAR  The threads are dyed in the same manner and with the same dyestuffs as in
      Example 1.
PAR  The results are as follows:
TBL                 Fastness                                                   
                Yield Xenotest Washing   Rubbing                               
                               at 60.degree.C                                  
     ______________________________________                                    
     CI Disperse Red 65                                                        
     + LEVEGAL PT 4       4      D   4-5/5   5/5                               
     CI Disperse Orange                                                        
     13 + LEVEGAL PT                                                           
                  3       5      D   5/5     5/5                               
     CI Basic Blue 41                                                          
                  5       5      R   5/5     5/5                               
     CI Basic Blue 5                                                           
                  5       2-3    R   5/5     5/5                               
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  A solution is prepared containing:
PA1  23 parts of polyvinylidene fluoride of a flow index of 190,
PA1  1.2 parts of a copolymer containing 64% by weight methyl methacrylate units
      and 36% by weight methacrylic acid units,
PA1  75.8 parts of dimethyl formamide.
PAR  This solution is spun in the same manner as in Example 1 (A), whereupon the
      filaments are drawn in air at a ratio of 3.4 X and then drawn again in
      boiling water at a ratio of 1.8 X, washed with water at room temperature,
      and finally dried on rollers maintained at 120.degree.C.
PAR  The properties of the threads are as follows:
TBL  tenacity, dry         30 g/tex                                            
     elongation, dry       21%                                                 
     "CLOC" index          33.6                                                
PAR  The yarns are then dyed in the same manner as in the preceding examples.
PAR  The following results were obtained:
TBL                 Fastness                                                   
                Yield Xenotest Washing   Rubbing                               
                               at 60.degree.C                                  
     ______________________________________                                    
     CI Disperse Orange                                                        
     13 + LEVEGAL PT                                                           
                  2       4-5    D   5/5     5/5                               
     CI Basic Blue 41                                                          
                  3       6      D   5/5     5/5                               
     CI Basic Blue 5                                                           
                  3       2          5-4/5   5/5                               
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  A solution is spun containing:
PA1  23 parts of polyvinylidene fluoride of a flow index of 190,
PA1  2.3 parts of a copolymer containing 85% by weight methyl methacrylate units
      and 15% by weight sulfoethyl methacrylate units, of a specific viscosity
      of 0.74,
PA1  74.7 parts of dimethyl formamide.
PAR  The above solution is spun in the same manner as in Example 3 and the
      filaments then treated in the same fashion.
PAR  The filaments obtained have the following properties:
TBL  tenacity, dry         26 g/tex                                            
     elongation, dry       16%                                                 
PAR  The threads obtained are then dyed by the process used in Example 1 (A).
      The results obtained are as follows:
TBL                 Fastness                                                   
                Yield Xenotest Washing   Rubbing                               
                               at 60.degree.C                                  
     ______________________________________                                    
     CI Disperse Red                                                           
     65 + LEVEGAL PT                                                           
                  5       4      D   5/5     5/5                               
     CI Disperse Orange                                                        
     13 + LEVEGAL PT                                                           
                  3       4-5    D   5/5     5/5                               
     CI Basic Blue 41                                                          
                  5       4-5    R   5/5     5/5                               
     CI Basic Blue 5                                                           
                  5       2          5/5     5/5                               
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  A solution is prepared having the same composition as that of Example 1
      (A). This solution is spun wet into a coagulating bath at 20.degree.C
      formed of 57% dimethyl formamide and 43% water through a spinneret of 64
      orifices of 0.07 mm diameter.
PAR  Upon their emergence from the coagulating bath, the filaments are drawn in
      air at room temperature at a ratio of 1.8 X and then washed at room
      temperature countercurrent, and drawn again in boiling water at a ratio of
      3.3 X and dried on rollers maintained at 100.degree.C.
PAR  The properties of the threads are as follows:
TBL  tenacity, dry         34 g/tex                                            
     elongation, dry       20%                                                 
     Young's modulus       220 g/tex                                           
     number of acid milli-                                                     
     equivalents per kg    55 meq                                              
     "CLOC" index          29.4                                                
PAR  The threads are then dyed in a 1:50 bath volume for 1 hour at 105.degree.C
      in a bath containing 10% dyestuff, in the presence of 1 cc of formic acid
      and in the presence of waterdispersible orthophenylphenol (known under the
      Trademark SOLVANT OP manufactured by Produits Chimiques Ugine Kuhlman).
PAR  The results obtained are as follows:
TBL                 Fastness                                                   
                Yield Xenotest Washing   Rubbing                               
                               at 60.degree.C                                  
     ______________________________________                                    
     CI Disperse Red 65                                                        
                  5       4-5    D   5/3-4   4                                 
     CI Disperse Violet                                                        
     48           5       3-4    D   5/4-5   4-5                               
     CI Basic Blue 41                                                          
                  5       6-7        5/5     5                                 
     CI Basic Orange 41                                                        
                  5       6          5/5     4/5                               
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. Threads, fibers and films of good dye affinity for plastosoluble and
      cationic dyestuffs, comprising
PA1  a mixture formed of a vinylidene fluoride homopolymer and a copolymer
      containing at least 60% by weight methyl methacrylate units and 5 to 40%
      by weight of units of a sulfonic acid ethylenic monomer selected from the
      group consisting of acrylamido-2-methyl-2-propane sulfonic acid and
      sulfoethyl methacrylate, or the alkaline salt, said mixture containing at
      least 40 acid milliequivalents per kg of polymer.
NUM  2.
PAR  2. A spinnable and film formable compatible mixture of vinylidene fluoride
      homopolymer and a copolymer containing at least 60% by weight methyl
      methacrylate units and 5 to 40% by weight of a sulfonic acid ethylenic
      monomer selected from the group consisting of
      acrylamido-2-methyl-2-propane sulfonic acid and sulfoethyl methacrylate,
      or the alkaline salt, said mixture containing at least 40 acid
      milliequivalents per kg of polymer.
NUM  3.
PAR  3. Threads, fibers and films according to claim 1, wherein the copolymer is
      obtained from at least one other acid or non-acid comonomer in addition to
      the methyl methacrylate and the sulfonic acid ethylenic monomer.
NUM  4.
PAR  4. Threads, fibers and films according to claim 1, wherein the
      polyvinylidene fluoride has a flow index of at least 10, measured at
      250.degree.C.
NUM  5.
PAR  5. Threads, fibers and films according to claim 1, wherein the
      polyvinylidene fluoride has a flow index of 100 to 5,000.
NUM  6.
PAR  6. Threads, fibers and films according to claim 1, having 40 to 100 acid
      milliequivalents per kg of polymer mixture.
NUM  7.
PAR  7. A process for the producing of threads, fibers or films according to
      claim 1, comprising spinning a composition in an aprotic polar organic
      solvent of a mixture of polyvinylidene fluoride and of a copolymer
      containing at least 60% by weight methyl methacrylate units and 5 to 40%
      by weight of units of at least one acid ethylenic monomer copolymerizable
      with it and thereafter drawing the filaments in one or more steps before
      or after washing.
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ABST
PAL  An apparatus is disclosed for delivering a controlled and metered amount of
      vapors of a vaporizable liquid in a carrier gas to a destination for use
      there (e.g., ether vapors to a mask for use in anesthesia during surgery).
      A feature of the apparatus is a metering device in which the height of a
      ball floating in the gas stream indicates the rate of flow.
BSUM
PAR  This invention relates to a vaporizing apparatus for liquids which
      preferably evaporate at room temperature. Prior art vaporizing apparatuses
      used in medicine, for instance for dosing liquid anesthetic such as ether
      to a patient, have drawbacks in that the amount of vaporized ether cannot
      be directly measured and thus not visually controlled during the
      procedure.
PAR  The aim of this invention is to eliminate the said drawbacks by means of an
      apparatus in which the total gas flow is led to a three-way valve from
      where one way leads one part of the gas to an ejector which causes suction
      downstream of a metering device and the other part of the gas flows to
      another three-way valve which divides the gas further into two parts of
      desired proportion, so that one part flows directly to the metering
      device, and the other part flows through a vaporizing vessel to the
      metering device. The metering device is calibrated so that it indicates a
      desired gas flow already in zero position. Thus the gas flow passing
      through the vaporizing vessel is saturated by vapour which causes an
      increase in the indication of the metering device and this increase
      represents the proportion of the vapour in the total flow.
PAR  The above aims are achieved by an apparatus according to the invention, the
      characteristics of which are set forth in the claims.
DRWD
PAR  Preferred embodiments of the invention will now be described with reference
      to the accompanying drawings in which:
PAR  FIG. 1 shows schematically one embodiment of a vaporizing apparatus
      according to the invention,
PAR  FIG. 2 shows schematically another embodiment of a vaporizing apparatus
      according to the invention,
PAR  FIG. 3 shows a front view of a flow meter belonging to a vaporizing
      apparatus according to the invention,
PAR  FIG. 4 shows a section of the flow meter of FIG. 3, taken on line I--I, and
PAR  FIG. 5 shows an enlargened top view of the flow meter of FIG. 3, in section
      taken on line II--II of FIG. 3.
PAR  The capital letters refer to gas flows.
DETD
PAR  As shown in FIG. 1, the total gas flow A is led to a three-way valve 3a,
      where it is divided into two parts, B and C. Part C is led to a three-way
      valve 3b, which has an initial position where C = E; this situation
      represents the zero position of a metering device 2. When vapour is
      needed, flow D is adjusted by the valve 3b so that a desired amount of
      vapour is carried by the gas flow. The greatest amount of vapour is
      carried when C = D, E = O and F + vapour = H. The position of a ball 2a of
      the metering device indicates the proportion of vapour in the gas flow.
      The construction of the metering device 2 is such that the ball in it
      already in zero position represents a certain gas flow. The purpose of an
      ejector 13, where gas flow B is led to, is to assist in vaporizing the
      liquid by causing underpressure downstream of the metering device 2.
PAR  In FIG. 2, a controlling meter 4 is arranged in the vaporizing apparatus
      before the three-way valve 3b, in order to measure gas flow C. One feature
      of the invention is the changeability of the scales of the two flow meters
      so that the vaporizing apparatus can be used for vaporizing several
      different liquids, i.e. the use of the apparatus is not restricted to
      vaporizing only a certain liquid. According to the invention, it is
      preferable to use also a throttle 5 in the gas flow after the second flow
      meter 2. In this way the meter is steady and easier to read.
PAR  As shown in FIG. 2, the total gas flow A is led to the three-way valve 3a
      where it is divided into two parts: gas flow B and gas flow C. According
      to the invention, gas flow C is led through the metering device 4 to the
      three-way valve 3b. The metering device 4 may be similar to the metering
      device 2. The controlling flow meter 4 is preferably made so that it is at
      least partly transparent. The ball 4a of the metering device 4 indicates
      the rate of gas flow C. In the three-way valve 3b gas flow C is divided
      into flows E and D in desired proportion. Gas flow E is led directly to
      the metering device 2 and gas flow D is led to the metering device 2
      through the vaporizing vessel 1. Flow F coming from the vaporizing vessel
      1 to the metering device 2 includes, besides gas flow D, also vapour from
      the vaporizing vessel 1. Gas flow H after the metering device 2 is
      throttled at point 5 in a suitable way so that the positions of the balls
      2a and 4a of the metering devices are as steady as possible. In this way
      the metering devices 2 and 4 are easier to read.
PAR  The metering devices 2 and 4 are preferably provided with changeable
      scales, each liquid to be vaporized having its own scale. In this way the
      use of the vaporizing apparatus is not restricted only to vaporizing one
      certain liquid, and it can be used for vaporizing several various liquids
      while it is always possible to observe the proportion of each vapour in
      the total gas flow.
PAR  A flow meter 2, 4 belonging to an apparatus according to the invention will
      be described in the following, with reference to FIGS. 3 to 5.
PAR  The flow meter in question can be used for measuring gas and liquid flows
      in a whole desired range of flow variations or only in a part of the
      range, i.e. above a certain flow value.
PAR  The flow meter comprises two tubes 6 and 7, the tube 7 being within the
      tube 6. The outer tube 6 is made of transparent material, preferably glass
      or plastic. The material of the inner tube 7 is metal, glass or plastic,
      for instance. According to the invention, the inner tube 7 has a
      longitudinal groove or slot 8, going through the wall of the tube 7 and
      widening upwards when the meter is in operating position. The sides of the
      slot 8 are preferably machined straight so that the groove or slot 8
      widens evenly from bottom to the top. According to the invention, the tube
      7 can be provided also with several grooves or slots 8, for instance with
      two slots 8, on opposite sides of the tube 7 so that one can see through
      the meter.
PAR  A ball 9 is arranged inside the tube 7 of the meter so that the ball can
      move freely in the longitudinal direction of the tube 7. The path of
      movement of the ball 9 is restricted at its ends by suitable stoppers 10
      and 11, made of tube, for instance, so that the length of the path is
      substantially equal to the length of the groove or slot 8. It should be
      noted that the inner diameter of the inner tube 7 is the same along the
      entire length of the tube differently from prior art meter constructions.
PAR  When a gas or liquid flow is led through a flow meter according to the
      invention, the flow meter is in vertical position, as shown in FIGS. 3 and
      4, so that the wider end of the groove or slot 8 is pointing upwards. A
      gas or liquid flow passing from below upwards in the tube 7 passes in the
      way shown by arrows 12 in FIG. 4, i.e. it passes the ball 9 along the slot
      8 or alternatively several slots 8. If the gas or liquid flow increases,
      it pushes the ball 9 upwards in the tube 7 so that the transverse area of
      the slot or slots 8 at the position of the ball 9 corresponds to the flow.
      If the gas or liquid flow decreases, the ball 9 sinks correspondingly in
      the tube 7. Thus the position of the ball 9 indicates the rate of flow
      through the meter. The meter is provided with a scale at a suitable
      location, for instance on the surface of the inner tube 7, on the sides of
      the slot 8, so that the rate of flow can be read directly on the scale
      from the position of the ball 9.
PAR  The accuracy of the flow meter depends on the thickness of the wall of the
      inner tube 7 and on the increase in width per length of the slot, among
      other things. By means of the above variables it is possible to define
      what length of the scale, i.e. what movement of the ball 9 corresponds to
      a certain volume flow through the meter. Thus a scale of desired length
      and also of required accuracy can be made for instance for volume flow
      variations from 0 to 2 liters per minute.
PAR  The flow meter can also be made so that it shows the rate of flow only
      starting from a certain value of the rate of flow. In this case the ball 9
      of the flow meter stays in its lower position on flow rates smaller than
      the flow rate in question, because the lower end of the slot 8 has been
      made to correspond to the flow rate in question. The gas or liquid flow
      can pass the ball 9 in its lower position freely through the slot 8 until
      the flow increases to a certain value. Only when the rate of the volume
      flow further increases after this, the ball 9 rises in the tube 7 and
      indicates the rate of volume flow passing through the meter. The movement
      of the ball 9 in the meter is even, at least when only one slot 8 is used,
      because the ball 9 then rolls evenly in the tube 7 along the wall opposite
      to the slot 8. But even with several slots 8, the ball 9 cannot move
      unevenly to any noticeable degree because the inner diameter of the tube 7
      is the same along the entire length of the tube 7 and the diameter of the
      ball 9 can be chosen to be nearly the same as the inner diameter of the
      tube 7.  The invention is not, of course, limited to the above
      embodiments, and it can vary considerably in details within the scope of
      the claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for delivering controlled and metered amounts of vapors of
      volatile liquids to a point of utilization, said apparatus comprising:
PA1  a. a source of carrier gas, gas-flow metering means, and a reservoir for
      volatile liquid;
PA1  b. adjustable valve means connected to said flow metering means and to said
      reservoir for dividing a gas stream from said source of carrier gas into a
      first fraction flowing directly to said flow metering means and into a
      second fraction flowing to said reservoir;
PA1  c. separate gas conducting means connecting said valve with said flow
      metering means and with said reservoir;
PA1  d. gas conducting means connecting said reservoir directly to said flow
      metering means; and
PA1  e. suction means connected to said flow metering means downstream thereof
      for inducing flow of gases and assisting evaporation of volatile liquid
      from said reservoir.
NUM  2.
PAR  2. Apparatus for delivering controlled and metered amounts of vapors of
      volatile liquids to a point of utilization, said apparatus comprising:
PA1  a. a source of carrier gas, first and second gas-flow metering means, and a
      reservoir for volatile liquid;
PA1  b. a first three-way valve connected to said source of carrier gas for
      dividing a stream of gas from said source into first and second portions;
PA1  c. ejector means and means for connecting said ejector to said first
      three-way valve for conducting said first portion of gas stream to said
      ejector means;
PA1  d. means for connecting said first three-way valve to the inlet end of said
      first gas-flow metering means for conducting the second portion of the
      carrier gas to said first gas-flow metering means;
PA1  e. a second three-way valve and means connecting the inlet of said second
      three-way valve with the outlet of said first gas-flow metering means for
      conducting the metered second portion of said carrier gas to said second
      three-way valve;
PA1  f. means for connecting one exit port of said second three-way valve to
      said reservoir;
PA1  g. means for connecting a second exit port of said second three-way valve
      to the inlet end of said second gas-flow metering means;
PA1  h. means for connecting said reservoir to the inlet end of said second
      gas-flow metering means; and
PA1  i. means for connecting the outlet end of said second gas-flow metering
      means to said ejector means.
NUM  3.
PAR  3. The apparatus of claim 2 wherein a throttle valve is inserted between
      the outlet end of said second gas-flow metering means and said ejector.
NUM  4.
PAR  4. Apparatus according to claim 2 wherein the flow meter comprises a
      tubular body and a floatable ball inside said tubular body freely movable
      therein in the axial direction thereof to indicate the rate of gas or
      liquid flow, said tubular body comprising an outer tube and a coaxial
      inner tube, said outer tube being of transparent material, said inner tube
      having at least one longitudinal slot extending through the wall thereof,
      the sides of said slot diverging vertically upward in the direction of gas
      or liquid flow when said flow meter is in its operating position, whereby
      liquid or gas flowing in an upward direction passes around said ball and
      through said longitudinal slot causing said ball to rise and float in a
      position in accordance with the rate of flow of liquid or gas through said
      flow meter.
NUM  5.
PAR  5. Apparatus for delivering controlled and metered amounts of vapors of
      volatile liquids to a point of utilization, said apparatus comprising:
PA1  a. a source of carrier gas, gas-flow metering means, and a reservoir for
      volatile liquid;
PA1  b. a first three-way valve connected to said source of carrier gas for
      dividing a stream of gas therefrom into first and second portions;
PA1  c. suction means connected to said first three-way valve for receiving said
      first portion of carrier gas;
PA1  d. a second three-way valve connected to said first three-way valve for
      receiving said second portion of the stream of carrier gas to subdivide
      said second portion into third and fourth portions;
PA1  e. means connecting said second three-way valve with the inlet end of said
      flow metering means for conducting said third portion of carrier gas to
      said flow metering means;
PA1  f. a reservoir for vaporizable liquid and means connecting said second
      three-way valve with said reservoir for conducting the fourth portion of
      said carrier gas to said reservoir;
PA1  g. means connecting said reservoir directly to the input end of said
      gas-flow metering means for conducting mixed carrier gas and vapors to
      said gas-flow metering means; and
PA1  h. means connecting the output end of said gas-flow metering means to said
      suction means to mix the stream of vapor-containing carrier gas with said
      aforementioned first portion of carrier gas.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein the flow meter comprises a
      tubular body and a floatable ball inside said tubular body freely movable
      therein in the axial direction thereof to indicate the rate of gas or
      liquid flow, said tubular body comprising an outer tube and a coaxial
      inner tube, said outer tube being of transparent material, said inner tube
      having at least one longitudinal slot extending through the wall thereof,
      the sides of said slot diverging vertically upward in the direction of gas
      or liquid flow when said flow meter is in its operating position, whereby
      liquid or gas flowing in an upward direction passes around said ball and
      through said longitudinal slot causing said ball to rise and float in a
      position in accordance with the rate of flow of liquid or gas through said
      flow meter.
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ABST
PAL  An assembly for diffusing gas in a humidifier comprises a base plate having
      a wall extending around its periphery, a diffuser sheet comprising a
      substantially gas impermeable membrane having a plurality of perforations
      and a member for directing gas to be humidified into a gas receiving
      chamber defined between the diffuser sheet and base plate. In a
      humidifier, the assembly is submerged in water and gas travels through the
      gas directing member, into the gas receiving chamber and outwardly through
      the perforations in the diffuser sheet into the water where it is
      humidified and exits from the humidifier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Humidifiers are devices used in inhalation therapy for achieving a gaseous
      mixture having a desirable relative humidity. In the administration of
      oxygen containing gaseous mixtures to patients, it is highly desirable to
      humidify the gas to a relative humidity of about 60% at 70.degree.F.
      Breathable oxygen containing gases should have a relative humidity of at
      least about 30% and sometimes, for therapeutic reasons, relative humidity
      as high as about 90% is desired. Low humidity is undesirable since it
      causes serious drying of the moist membranes within the nose, sinuses,
      mouth, throat and respiratory tracts which may compound certain
      respiratory ailments. At a relative humidity of about 60%, not only is
      such drying avoided but bacteria and dust generally precipitate from the
      air, thereby keeping airborn pathogens to a minimum. A simple
      humidification apparatus is a humidifier which utilizes water in a
      receptacle or container portion through which the gas is bubbled thereby
      picking up moisture and achieving about 50% relative humidity. When the
      humidifier is used in mask therapy, the patient's natural humidifying
      mechanisms will usually provide the required additional amount of moisture
      for achieving the desired humidity during therapy.
PAR  In achieving gas humidification by this method, the dry gas is often
      directed through a diffuser comprising an element having a plurality of
      openings through which the gas is forced. However, in state of the art
      devices, the units are somewhat noisy, and often do not achieve the
      desired amount of gaseous diffusion or distribution within the water. It
      is to the elimination of problems with prior art humidification diffusers
      that the present invention is directed.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a gas diffusing
      assembly which optimizes gas distribution. It is another object to provide
      a diffuser which is relatively quiet and at the same time distributes gas
      over a large distribution area so as to increase the degree of
      humidification. These objects are achieved by the device of the invention
      which utilizes a base plate around which a peripheral wall extends and a
      diffuser sheet which comprises a gas impermeable membrane incorporating a
      large number of perforations. The diffuser sheet is secured to the base
      plate wall and includes an orifice for a gas directing member, around
      which member the sheet is also secured. A gas receiving chamber is defined
      between the plate and membrane. The improved device is constructed of a
      relatively few number of parts and is inexpensive to produce and easy to
      assemble. These as well as other advantages and objects of the invention
      will be evident from the following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the base plate member of the diffuser
      assembly;
PAR  FIG. 2 is a side sectional elevation taken along line A--A of FIG. 1;
PAR  FIG. 3 is an enlarged side sectional elevation at the center of the
      assembly illustrating the cooperation of the components;
PAR  FIG. 4 is an enlarged sectional view of a diffuser sheet;
PAR  FIG. 5 is a perspective view of the under side of the diffuser sheet;
PAR  FIG. 6 is a perspective view of the base plate and secured gas directing
      member;
PAR  FIG. 7 is a perspective view of the assembled diffusing assembly of the
      invention;
PAR  FIG. 8 is a perspective view of the gas directing member; and
PAR  FIG. 9 is a view showing the diffusing assembly of the invention in a
      humidifier.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Specifically, the diffuser apparatus of the invention comprises a base
      plate 12 as illustrated in FIG. 1, a gas directing member 32 as shown in
      FIGS. 3, 6 and 8 and a diffuser sheet 40 shown in FIGS. 3 and 5. The gas
      directing member is attached or extends upwardly from the base plate as
      illustrated in FIGS. 3 and 6 and the diffuser sheet overlies the base
      plate and a portion of the gas directing member whereby a gas receiving
      chamber is created and defined between the base plate and diffuser sheet.
      Gas is directed into this chamber and outwardly through a plurality of
      orifices in the diffuser sheet beneath the surface of the water in a
      humidifier.
PAR  Referring specifically to FIGS. 1 and 2, there is shown the base plate 12.
      In the embodiment shown, the base plate has a generally flat upper surface
      16 and a wall 14 extending around its outer periphery. However, the base
      plate may be somewhat concave in shape so that the outer edge acts as a
      wall for securing the diffuser sheet therearound. The height of wall 14 is
      not particularly critical and will depend on the depth of the gas
      receiving chamber desired. Preferably interiorly of the wall there is a
      platform 18 to which the outer edge of the diffuser sheet may be attached.
      Platform 18 extends substantially around the entire base plate as shown.
      There is also preferably exposed on the upper base plate surface 16, one
      or more boss members or similar protubrances or projections for supporting
      the gas directing member. The boss or bosses must be provided with an
      opening or means for communicating the end of the gas directing member
      with the gas receiving chamber. Acccordingly, four bosses 20, 21, 27 and
      29 are shown in FIG. 1 between adjacent ones of which is an opening or
      port 24. Thus, the bosses act as a stand or fixture on which the gas
      directing member is secured and supported.
PAR  Referring also to FIGS. 3, 6 and 8 the gas directing member 32 is shown. it
      comprises a conduit 35 having upper and lower openings 36 and 34
      respectively through which a gas may be directed. Preferably, the gas
      directing member has a flared base portion 37 (FIGS. 3, 7 and 8) which
      rests on the bosses in such a manner that lower opening 34 of the member
      is spaced or displaced from upper surface 16 of base plate 12. With this
      spacial arrangement, gas directed downwardly through conduit 35 will exit
      from lower end 34 and pass through ports 24 between the bosses and
      outwardly into the gas receiving chamber.
PAR  Noting also FIG. 8, the lower surface of flared base portion 37 of the gas
      directing member may be provided with a peripheral recess 25 which fits on
      the upper surface 23 of the bosses. This feature will allow the gas
      directing member to be snapped into place on the bosses as shown in FIG. 6
      and in cross-section observed in FIG. 3. However, it will be understood
      that such a feature is not critical and is an illustration showing
      preferred embodiments of the invention. Other equivalent means of securing
      the gas directing member in the apparatus such as by adhesive, bonding,
      etc., and maintaining its separation from the base plate for adequate flow
      of gas through the conduit and into the gas receiving chamber, will be
      appreciated by those skilled in the art and are within the purview of the
      invention.
PAR  FIGS. 3-5 illustrate the diffuser sheet through which gas from the gas
      receiving chamber is forced. The diffuser sheet such as is shown in FIGS.
      5 and 7, comprises a substantially gas impermeable membrane 40 having a
      large number of perforations, preferably uniformly spaced. This membrane
      may be any thin, soft, pliable sheet or layer having the plurality of
      perforations and which otherwise is gas impermeable. The membrane will
      have the same peripheral shape as the peripheral shape of the base plate.
      In other words, if the base plate is square, so will be the shape of the
      diffuser sheet or membrane. The membrane shown is circular and although
      preferable, is only by way of illustration.
PAR  Observing also FIG. 5, the diffuser sheet is provided with an opening 45
      through which gas directing member 32 will extend when the apparatus is
      assembled as shown in FIG. 7. Moreover, the membrane is to be secured to
      the base plate as well as the flared base of gas directing member so that
      a gas receiving chamber is defined between the membrane and the upper
      surface of the base plate and which chamber is gas sealed except for the
      perforations in the membrane and the ports between the bosses. Thus, the
      outer peripheral edge of the membrane is adhered to shelf 18 or otherwise
      secured substantially around the interior of wall 14 of base plate 12
      whereas a circular area beneath opening 45 is adhesively or otherwise
      bonded to the upper surface 41 of the flared base portion of the gas
      directing member as shown in FIG. 3. In this manner, when the diffuser
      sheet or member is assembled in the area as shown in FIG. 7, the membrane
      will be spaced or separated from the upper surface 16 of base plate 12 as
      shown in FIG. 3 which space forms the gas receiving chamber 30.
PAR  The diffuser sheet is produced of a material which is not affected by water
      and is preferably synthetic material such as synthetic leather or a
      polyvinyl compound, or it may comprise or include other synthetic
      materials such as elastomers and other soft pliable resinous sheet
      materials. Again, so long as the membrane is flexible or pliable and water
      resistent, and is capable of being attached to the base plate wall and gas
      directing member, the type of material is not so critical. Although other
      synthetic resinous sheets may be used, the preferred materials are
      polyvinyl compounds and more preferably polyvinyl chloride which is
      available in a number of different forms. Although a single layer sheet
      may be used, that shown in FIGS. 3 and 4 is multi-layered. In the
      embodiment shown a first layer 46 comprises a film of polyvinyl chloride
      to which is secured a foamed or expanded polyvinyl chloride layer 44. On
      top of this is secured fabric layer 42 to form a sheet of flexible,
      pliable and water resistent material through which a rather large number
      of perforations 48 are uniformly spaced. The number of perforations which
      may be used will vary as desired but for maximum dispersion and
      humidification of gas, the greater number of perforations, the greater the
      efficiency of the humidifier. Accordingly, the diffuser sheet used is
      preferably one having a perforation density of between about 100 and about
      1000 per square inch and more preferably between about 200 and about 600.
      These perforations will extend entirely through the sheet, and again are
      preferably uniformly spaced to achieve uniform distribution of the
      diffused gas. The diameter of the perforations or small holes may be
      between about 0.001 and about 0.002 inch and are preferably uniform so
      that gas will be generally uniformly forced from all perforations. by way
      of example, a useful material is Naugahydes, available commercially, and
      having between about 300 and about 400 perforations per square inch.
      However, it will be appreciated that other similar and equivalent diffuser
      sheet materials may be used.
PAR  In assembling the apparatus, it will be noted that gas directing member 32
      will be secured to the upper surface 23 of the bosses as illustrated in
      FIGS. 3 and 6. Preferably, the base plate 12, bosses and peripheral wall
      are all molded or otherwise formed out of a single material, preferably
      plastic, which may be polystyrene, polyethylene, rigid polyvinyl chloride
      and the like. The gas directing member may be of the same material so that
      they may be secured by an adhesive if desired although that is not
      necessary. The important aspect is that there will be at least one port or
      other means of communication between the lower end of the gas directing
      member and the gas receiving chamber. When the membrane is to be secured,
      adhesive or other material is placed adjacent the center opening 45 and
      around the outer periphery of the membrane and it is then pressed onto the
      apparatus with the gas directing member extending through the opening 45.
PAR  Observing FIG. 9, the assembly of the invention is placed below the surface
      of water in a humidifier jar 50 and a tube 52 is secured to gas directing
      member 32. The humidifier shown includes a cap 54 having a safety release
      valve 60, threaded oxygen coupling 58 and an outlet means in the form of a
      conduit or pipe 56. With water in the jar or receptacle of the humidifier,
      gas is directed from a source, usually pressurized oxygen or oxygen
      containing gas, through coupling 58 and the tube 52, into gas directing
      member 32, outward through ports 24 between the bosses and into gas
      receiving chamber. The gas will then be forced out through the plurality
      of orifices of the diffuser sheet membrane where it will be directed
      upward through the water picking up moisture and is directed from outlet
      pipe 56 on to the patient for inhalation therapy.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a humidifier for increasing humidification of an oxygen containing
      gas for inhalation therapy having a water holding receptacle and conduit
      means for directing the gas, a diffuser for said gas comprising:
PA1  a. a base plate having an outer peripheral edge;
PA1  b. a diffuser sheet comprising a substantially gas impermeable membrane of
      polyvinyl chloride, a foamed polyvinyl chloride layer secured to one side
      of said membrane and a fabric backing secured on said foam layer opposite
      said membrane, and having a plurality of uniformly spaced perforations
      therethrough the outer periphery of which sheet is secured to said base
      plate adjacent its peripheral edge, said sheet and said plate cooperating
      to define a substantially open and undivided gas receiving chamber
      therebetween; and
PA1  c. a gas directing member having an upper end extending exteriorly from
      said gas receiving chamber and a lower end within said chamber and
      communicating therewith, whereby gas is directed through said gas
      directing member into said gas receiving chamber and outwardly through
      said perforations.
NUM  2.
PAR  2. The assembly of claim 1 wherein said membrane includes an orifice
      through which said gas directing member extends.
NUM  3.
PAR  3. The assembly of claim 2 wherein said membrane around said orifice is
      secured adjacent said member whereby said chamber is substantially air
      tight except for said perforations.
NUM  4.
PAR  4. The assembly of claim 3 wherein said base plate has a wall extending
      around its outer peripheral edge to which wall said diffuser sheet is
      attached.
NUM  5.
PAR  5. The assembly of claim 4 wherein said base plate is generally flat and
      said wall extends normal to the plane of said flat plate.
NUM  6.
PAR  6. The assembly of claim 3 wherein said perforations are substantially
      uniformly spaced and number between about 100 and about 1000 per square
      inch.
NUM  7.
PAR  7. The assembly of claim 1 wherein said gas directing member is a hollow
      tube.
NUM  8.
PAR  8. The assembly of claim 1 wherein said base plate includes a boss for
      supporting the lower end of said gas directing member and said boss member
      having means communicating with said lower end and said chamber.
NUM  9.
PAR  9. The assembly of claim 8 wherein said boss comprises a plurality of boss
      members extending normal to said base plate and said communication means
      comprises a port between adjacent boss members.
NUM  10.
PAR  10. The assembly of claim 9 wherein said gas directing member includes
      recess means for engaging said boss members.
NUM  11.
PAR  11. The humidifier of claim 1 wherein said diffuser is disposed adjacent
      the bottom of said receptacle and wherein said diffuser overlies
      substantially the entire receptacle bottom.
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ABST
PAL  A method is provided for multiple simultaneous blow molding operations for
      forming hollow objects such as containers, the method employing at least
      two circumferentially spaced parison forming means with a single rotary
      indexing turntable. A first container is formed at one station and a
      second container is formed at about the same time at a second station
      circumferentially spaced from the first station, and the containers are
      simultaneously circumferentially transferred to an unloading station. The
      method provide for multiple container forming and unloading operations on
      the same turntable. Different containers may be manufactured at the same
      time with one rotary indexing turntable.
PARN
PAR  This is a division of application Ser. No. 368,249, filed June 8, 1973, now
      U.S. Pat. No. 3,854,855.
BSUM
PAR  This invention relates to blow molding. Specifically this invention relates
      to manufacturing plastic containers, such as bottles wherein a parison is
      extruded between opposed parted mold cavities and then blown in the closed
      mold to final configuration by the use of internally applied air pressure.
      More specifically this invention relates to manufacturing plastic
      containers as aforesaid wherein multiple manufacturing operations are
      performed with a single rotary turntable.
PAR  Heretofore one extruder was employed to extrude a parison for positioning
      in an opened partible mold mounted on a rotary indexing turntable. The
      mold was then closed and the parison was formed into a container. During
      one rotation of the turntable the blow molded container was formed, cooled
      and discharged from the reopened mold, prior to the reopened mold being
      positioned to receive the next extruded parison. In the prior art, the
      container discharge station was generally that indexing station next
      preceding the extruder station. The reopened, emptied mold was thus
      transferred from the discharge or unloading station to the extruder
      station.
PAR  Attempts were made to increase production rates by increasing the
      rotational speed of a conventional size turntable. Such attempts however
      were of limited success as the increased angular acceleration necessitated
      turntable redesign which was thought to be prohibitive.
PAR  It has now been found that many thermoplastic materials could be extruded,
      blow molded to form a hollow object such as a container, and the formed
      container unloaded from a rotary turntable by utilizing less than about
      one-half the full rotation of a conventional size turntable at customary
      rotational speeds.
PAR  It has now been further found that a blow molded container may be
      discharged from an opened mold at an extruder station just prior to the
      same opened mold receiving a parison from the extruder station, without
      any significant increase in the extruder station indexed dwell period.
PAR  Now therefore there is provided by this invention a method for multiple
      extrusions and blow molding operations with a single rotary indexing
      turntable thereby increasing rates of production heretofore unattainable
      for such turntable.
PAR  It is therefore an object of this invention to provide a method for
      multiple blow molding operations to be performed with a rotary indexing
      turntable.
PAR  It is a further object of this invention to provide a method as aforesaid
      wherein at least two extruders are circumfrentially spaced adjacent a
      rotary indexing turntable for providing parisons at about the same time to
      separate molds.
PAR  It is still a further object of this invention to provide a method as
      aforesaid wherein multiple parison positioning operations are actuated
      simultaneously.
PAR  It is still a further object of this invention to provide a method as
      aforesaid wherein several different objects may be blow molded at about
      the same time on a rotary indexing turntable.
PAR  It is still a further object of this invention to provide a method as
      aforesaid wherein the unloading of a blow molded object from the mold is
      accomplished at an extrusion station just prior to the positioning of a
      parison therewithin.
PAR  Another object of this invention is to provide a method for loading a
      parison into and unloading a blow molded object from an opened partible
      mold with minimum dwell time.
PAR  It is a further object of this invention to provide a method for loading a
      parison and unloading a blow molded object as aforesaid wherein multiple
      loadings and unloadings are performed at about the same time with a rotary
      indexing turntable.
PAR  It is a further object of this invention to provide an apparatus for
      unloading a blow molded object from a partible mold as aforesaid wherein
      the apparatus employed is mounted to partible sections of the mold and is
      cooperatively actuated with the opening of the mold.
PAR  Another object of this invention is to provide a method for multiple blow
      molding with a rotary indexing turntable which is safe and practical in
      use and yet employs apparatus which is readily fabricated and of
      relatively inexpensive construction and practical in design and operation.
DRWD
PAR  Further objects and advantages of the present invention will become
      apparent from the following description and the accompanying drawings
      which illustrate certain presently preferred embodiments of the invention
      and wherein:
PAR  FIG. 1 is a top plan schematic view of the rotary indexing turntable and
      extruder stations of this invention;
PAR  FIG. 2 is a side elevational schematic view of the apparatus of FIG. 1
      depicting mold A and D at stations I and IV respectively;
PAR  FIG. 3 is a side elevational view of the parison loading apparatus taken
      along line 3--3 of FIG. 1;
PAR  FIG. 4 is a side elevational view of mold D at station IV, depicting in
      action sequence container unloading and parison loading operations;
PAR  FIG. 5 is a side elevational view of mold A in partial sectional view, at
      station I, immediately upon closure of the mold;
PAR  FIG. 6 is a functional schematic of the apparatus of this invention;
PAR  FIG. 7 is an enlarged side elevational view of the container unloader; and
PAR  FIG. 8 is a partial sectional view taken along line 8--8 of FIG. 3.
DETD
PAR  Referring now to FIGS. 1 and 2, there is shown a rotary indexing turntable
      10 having six equiangularly spaced partible molds A through F mounted
      thereon. Each of the molds A-F is rotatably indexed, in seriatim, that is,
      each mold is sequentially stopped in rotation of the turntable 10, at each
      of six equiangularly circumfrentially spaced stations I through VI, in the
      counter-clockwise direction as viewed in FIG. 1. A first thermoplastic
      extruder 11a is operatively positioned at station I and a second
      thermoplastic extruder 11b is operatively positioned at station IV,
      diametrically disposed 180.degree. from the first extruder. The said
      extruders 11a and 11b are mechanically equivalent in operation.
PAR  Each thermoplastic extruder 11a, 11b is generally of conventional design
      and comprises heated thermoplastic material plasticizer portions 12a, 12b
      respectively; extruder screw drive portions 13a, 13b respectively;
      cross-head die assemblies 14a, 14b respectively; outlet dies 15a, 15b
      respectively; and respective die faces 16a and 16b. Thermoplastic pellet
      material feed systems including thermoplastic material hopper and dryer
      assemblies are provided for each extruder and are of conventional
      construction and operation (not shown).
PAR  Both extruders 11a and 11b are operated at the same rate of production, and
      the extruder screw shaft (not shown) for each is rotated at the same rate.
      In the specific preferred embodiment described herein, thirty turns of
      each screw extruder shaft are completed for each 360.degree. rotation or
      one full turn of turntable 10. Every five turns of each screw extruder
      expresses sufficient plasticized thermoplastic material from its
      respective die face to form a parison P of sufficient length to form blown
      object O. Said parison P after being formed is then severed from its
      respective die face, grabbed, lowered and positioned between a parted,
      opened, indexed mold, as will be more fully described hereinafter. Each
      parison P is then blow molded in the closed mold to form an object O, such
      as a container or bottle.
PAR  The screw extruder shaft of extruder 11a is mechanically interconnected
      through belts and pulleys 17 to the input end 18a of reducing coupling 18.
      At the output end 18b of reducing coupling 18, there is mounted a cam 19.
      Every five turns of the screw extruder input shaft results in one rotation
      of cam 19. In each rotation of cam 19, micro switch E-154 is actuated.
      Each rotation of cam 19 constitutes one indexing cycle at each station I
      and IV.
PAR  In the following discussion the parison loader apparatus of station I is
      denoted by the suffix a, in contradistinction to the parison loader
      apparatus of station IV wherein the equivalent apparatus features are
      denoted by the suffix, b.
PAR  Micro-switch E-154 is electrically connected to parison loaders 20a and 20b
      for extruders 11a and 11b respectively. The parison loaders 20a and 20b
      are mechanically equivalent. The function of the parison loaders is to
      sever the parison P from the respective die faces 16a and 16b, grab or
      pinch the parison at the top severed end and then lower the parison so as
      to position the parison between parted halves of an opened mold.
PAR  Referring now specifically to FIGS. 3 and 8 there is shown parison loader
      20a. A tubular support frame 21a supports a cantilevered top flange member
      22a, cantilevered intermediate flange member 23a and a cantilevered bottom
      flange member 24a. Flange members 23a and 24a are generally of the same
      configuration and are in opposed facing relationship. Supportedly mounted
      between cantilevered intermediate flange 23a is a vertically disposed
      pneumatic cylinder 25a. A retractably extensive ram 26a is slidably
      received in the bottom end 27a of cylinder 25a. End face 27a of parison
      loader 25a is mounted to the top face 28a of flange 23a. An upper portion
      29a of cylinder 25a is mounted through hole 30a of the bottom part of
      flange member 22a, and retained therein. A pneumatic hose 32a, through
      connection 31a, is secured to the top end of cylinder 25a. A compressed
      air feed line for cylinder 25a generally shown as 33a is mounted to frame
      support 21a and comprises a filter 34a, a pressure gauge 35a and pressure
      reducing valve 36a, and a lubricator 37a.
PAR  As stated a retractably extensible ram 26a is in sliding engagement with
      the bottom 27a of pneumatic cylinder 25a. A guide fixture 38a depends from
      and is mounted to vertical depending portion 39a of flange 23a, by means
      of bolts 40a (typical). Stop member 41a is fixedly mounted at an
      intermediate portion of ram 26a and contactingly engages the lower face
      42a of guide fixture 38a. member 41a is in turn disconnectably fixed in
      place by nut 42a'. Ram 26a passes through parison lowering member 44a
      being held in place by means of nuts 43a and 50a. Parison lowering member
      44a is provided with two vertically disposed through holes 45a and 46a for
      sliding engagement with two vertically disposed spaced rods 48a and 49a
      respectively. The top and bottom ends of each of the rods 48a and 49a are
      securely mounted to flanges 23a and 24a respectively. A bracket 51a is
      mounted to the side 52a of parison lowering member 44a, that is, that side
      of the parison loading member 44a that is in facing relationship with the
      die 15a of extruder 11a. Extending outwardly from bracket 51a are two pair
      of spaced bracket portions 52a1, 52a2, 53a1 and 53a2. A pair of double
      acting air cylinders 54a and 55a are horizontally, transversely disposed
      to and mounted through and between one each of the two pair of brackets.
      That is one cylinder each is mounted between one of said pair of bracket
      portions 52a1, 52a2, 53a1 and 53a2. Between and at the ends of the
      cylinders 54a and 55a, plates 56a and 57a respectively, are fixedly
      mounted so as to be movable with the retraction and extension of the rams
      for the cylinders 54a and 55a. A pair of facing vertically disposed angle
      flanges 60a and 61a are also mounted for horizontal movement with the
      simultaneous double acting extension and retraction of the rams of
      pneumatic cylinders 54a and 55a. A pair of horizontally disposed plates or
      jaws 62a and 63a are mounted to respective flanges 60a and 61a, that is,
      one jaw for each flange. Of course the flanges 60a and 61a and in turn the
      jaws 62a and 63a would be moved toward and away from each other with
      retraction and extension by cylinders 54a and 55a.
PAR  Mounted to the top face of jaw 62a is parison severing member 80a. The
      parison severing member is fixedly mounted to jaw 62a by means of bolts
      64a (typical). The top edge 81a of parison severing member 80a is in
      sliding resilient relationship with die face 16a of extruder 11a.
PAR  A compressed air supply line generally shown as 70a is provided to supply
      compressed air to both cylinders 54a and 55a. Compressed air supply line
      70a comprises a filter 71a, a pressure gauge 72a, reducing valve 73a and
      lubricator 74a. Compressed air conduits from supply line 70a to the
      cylinders 54a and 55a are not shown.
PAR  Referring now specifically to FIG. 8, there is shown parison P centrally
      axially located on the line of closure for jaws 62a and 63a. Edge portions
      62a1 and 63a1 of jaws 62a and 63a  are in facing relationship. In the
      retraction of cylinders 54a and 55a, jaws 62a and 63a move toward each
      other and edge portions 62a1 and 63a1 contactingly, grippingly pinch
      parison P. Edge portion 81a faces upwardly from face 65a of 80a so as to
      sever the parison P from die face 16a. The severing edge 81a completely
      passes through parison P after jaw edges 62a1 and 63a1 have securely,
      grippingly, retained the parison therebetween. Parison severing member 80a
      is provided with a cut-out 82a to prevent adhering of the top
      circumfrential edge of the parison after severing and also to prevent
      adhering of the bottom leading edge of the next formed parison (not
      shown). The broken line construction of FIG. 8 depicts the jaws 62a and
      63a closed on the parison and in a lowered position. When cylinder 25a is
      actuated by cam actuated micro-switch E-154, ram 26a is extended
      downwardly thereby lowering member 44a as it slidably engages rods 48a and
      49a.
PAR  Micro-switcch E-154 simultaneously actuates pneumatic cylinders 54a, 55a
      and 25a, so that as pneumatic cylinder 25a begins to lower member 44a,
      cylinders 54a and 55a are being retracted so as to retract or close plates
      or jaws 62a and 63a on parison P. Inasmuch as the parison lowering member
      44a has a mechanical lag as compared with the quicker acting jaws 62a and
      63a, the parison is severed (by severing member 80a) and grabbed (by jaws
      62a and 63a) just prior to being lowered.
PAR  In lowering the parison, member 44a moves to a lowered position as shown in
      broken line illustration. An adjustable stop 90a is affixedly mounted to
      bottom flange 24a, so that upon descent of member 44a, lower depending end
      portion 75a of shaft 26a contactingly abuts protruding shaft end portion
      91a of stop 90a. The stop 90a is adjustable to insure the proper vertical
      positioning of parison P in the opened mold (not shown in FIG. 3).
PAR  Further as lowering member 44a nears the end of its descent, micro-switch
      E-116a is contacted and actuates the closing of mold A at station I, as
      will be fully discussed hereinafter. It is of course understood that at
      about the exact same time, parison severing, grabbing and lowering
      operations are also being performed at station IV, so as to lower a second
      parison into opened mold D and similarly, micro-switch E-116b would be
      actuated to close the parted mold sections of mold D on said second
      parison.
PAR  Referring again to FIGS. 1 and 2, the rotary turntable, generally shown as
      10 is of conventional size and generally of conventional construction with
      certain modifications as will be discussed herinafter. The turntable 10 is
      driven by a standard 10 h.p. motor 100 which is connected through belts
      and pulleys generally shown as 101 to clutch 102 actuatable by clutch
      valve SV-108. The clutch 102 is a MO7S Posidyne, manufactured by Force
      Control Industries, Hamilton, Ohio. A master cam E-106 for the rotary
      turntable is mounted adjacent to the drive motor 100 and is operatively
      connected to clutch solenoid valve SV-108. The master cam is an Allen
      Bradley Bulletin 803, Style E, Model 9E manufactured by Allen Bradley Co.,
      Milwaukee, Wi. The master cam E-106 comprises nine distinct limit switchs,
      LSW1 through LSW9 inclusive; L.S.W.'s 1, 2, 4 and 7 not being utilized for
      the particular embodiment of the invention as described herein. Each of
      the operable L.S.W.'s are designed so as to be actuated during particular
      times during rotation of the turntable for the sequential timing of the
      several blow molding operations.
PAR  When clutch 102 is engaged the drive motor drives circumfrential gear 105
      which in turn engages the circumfrental gear 106 of turntable so as to
      cause rotation of the turntable in the counter-clockwise direction as
      viewed in FIG. 1. Thusly, mold A moves from station I to station II and
      mold E moves from station II to station III, and so forth.
PAR  A cylindrical support column 110 is axially disposed to rotary turntable 10
      and is mounted to base frame 107 of rotary turntable 10. Support column
      110 is provided with connection for compressed air and water for
      performing blow molding operations for each mold, in the conventional
      manner. At the upper end of support column 110 is a commutator 111 which
      maintains electrical connection from the master cam E-106 to and from the
      parison loaders 20a and 20b and the several molds, as the turntable is
      rotated.
PAR  Referring now specifically to FIG. 4, there is shown mold assembly D in the
      opened position at station IV, although it is of course to be understood
      that this opened mold disposition is typical of each mold at either
      station I or station IV. It is also of course understood that all of the
      molds have corresponding features and each of the suffixes A-D denote a
      particular mold.
PAR  Mold assembly D comprises a vertically disposed inner support frame 112D
      and a spaced, opposing, facing, vartically disposed, outer support frame
      113D. Frames 112D and 113D are fixedly mounted to member 114D which in
      turn is mounted to frame 107. Four horizontally disposed, spaced mold
      support rods 115D, 116D, 117D and 118D are transversely fixed mounted to
      and between support frames 112D and 113D by means of nuts 119D (typical).
      Two sections 120D and 121D of partible mold D are slidably mounted on
      support rods 115D, 116D, 117D and 118D. The mold sections 120D and 121D
      are disconnectably connected to brackets 122D and 123D respectively. One
      end 124D of linkage assembly 125D is fixedly secured to bracket 122D and
      the other end 126D of linkage assembly 125D is fixedly secured to member
      127D. Member 127D is formed with four through holes 128D, 129D, 130D and
      131D for sliding engagement with support rods 115D, 116D, 117D and 118D,
      respectively. Four mold close rods 132D, 133D, 134D and 135D are fixed
      secured at one end of each thereof to member 127D by means of nuts 136D
      and 137D (typical). The other respective ends of rods 132D-135D inclusive
      are secured to bracket 123D by means of caps 138D, 139D, 140D and 141D,
      respectively.
PAR  Linkage 125D comprises a series of linkages 142D, 142D' and 143D; linkage
      142D at one end being pivotally connected to bracket 127D and at the other
      end being pivotally connected to linkage 142D'; linkage 142D' in turn is
      rotatably mounted on shaft 144D and the other end of linkage 142D' is
      pivotally connected to linkage 143D; and linkage 143D is in turn pivotally
      connected to bracket 122D. A drive linkage assembly 150D is mounted to the
      pivotal connection of linkages 142 and 143 and said linkage assembly is
      fixedly mounted to vertically disposed retractably extensible ram 151D of
      pneumatic cylinder 152D.
PAR  By this manner of construction mold D is opened by the actuation of
      solenoid valve SV-117D to deliver compressed air to cylinder 152D to cause
      the vertical extension of ram 151D causing the upward movement of drive
      linkage 150D which in turn causes counter-clockwise rotation of pivotal
      connections of linkages 142D' and 143D, and 142D and 142D' about shaft
      144D. This linkage rotation results in mold section 120D and member 127D
      being drawn closer in sliding on support rods 115D-118D, inclusive. Mold
      section 121D is concommitantly moved away from its counterpart sections
      120D by the reaction of member 127D pushing rods 132D-135D, inclusive. To
      close the mold D, solenoid vlave SV117D is actuated to deliver compressed
      air to cylinder 152D to cause the downward retraction of ram 151 which in
      turn causes the downward movement of drive linkage 150D which in turn
      results in the clockwise rotation of the aforesaid pivotal connections.
      The linkages 141D, 142D' and 143D are thusly extended causing mold section
      120D and 121D to close at a pre-calculated centerline disposed below the
      axis of the parison P at station IV.
PAR  In FIG. 5, mold A is depicted as having just been closed on a lowered
      parison. The linkages 141A, 142A and 143A are shown extended horizontally.
      The rotational direction arrows about shaft 144A at station I are
      corresponding opposite to those of shaft 144D at station IV.
PAR  Coolant fluid such as water is supplied to and returned from the molds
      through piping 160. Compressed air is supplied through a common rotary
      connection (not numbered) and is separated into two air feed systems to
      wit; the mold open-close air supply system, generally shown as 161, and
      the parison blow molding air supply system, generally shown as 162. The
      mold open-close air supply system supplies compressed air to pneumatic
      cylinders 152A-152D. The parison blow molding air supply system supplies
      compressed air to blow pipe assemblies 170A-170D.
PAR  Each blow pipe assembly 170 (A-D) is a usual design, such as by way of
      example the blow mold cylinder described in U.S. Pat. No. 3,334,773. The
      blow pipe assembly pierces the parison enclosed in the mold and then
      introduces compressed air to the interior of the parison so as to cause
      the parison to expand to conform to the interior of the mold
      configuration, thereby forming a blown object O such as a container and
      the like. In FIG. 5, mold A is enclosed on parison P and is pinching the
      parison, the lower end thereof is pinched and sealed so as to form bottom
      flash F1 and the top end of the parison pinched to form top flash F2. The
      parison P in FIG. 5 is thus ready for the introduction of compressed air.
PAR  It is also noted in FIG. 5 that in closing mold sections 120A and 121A, two
      corresponding sections 181A and 182A, respectively, of container unloader
      assembly 180A are closed about parison flash F2.
PAR  In FIG. 7 the solid line drawing depicts the closed mold section with a
      parison or object therewithin. The broken line drawing depicts the
      container unloader 180 with the mold sections pushed away from one
      another.
PAR  Unloader assembly 180 (typical of A-D) comprises a pair of opposed facing
      symmetrical sections 181 and 182. The following discussion is generally
      limited to section 182 but it is of course understood that corresponding
      features are found in section 181. Each section comprises a mounting base,
      as 301 fixedly secured to a respective neck portion of the mold section
      120 (typical A-D). Spaced above and in facing relationship to the base is
      a top 303. Sides 305 and 307 enclose the top 303 and base 301. Side 307 is
      shown for section 181. A bushing 308 fixedly secured between the bottom
      face of top 303 and the top face of base 301. A rod 311 is slidably
      received through bushing 308 of section 182, and rod 312 is slidably
      received through bushing 306 of section 181. Rod extension member 313 is
      fixed to post 315 of rod 311 by means of pin 316.
PAR  A washer 317 is mounted to end face 318 of rod extension member 313 by
      means of a spherical headed bolt 319. Bolt 319 is secured to extension
      member 313 by means of pin 320. The outer face, that is face 321 of washer
      319 is in contacting relationship with end 322 of bushing 308 when the
      mold is closed.
PAR  The spherically-shaped end 319 is off-set from the axis of the rod. This
      spherical shaped surface pressing contacts the parison top flash portion
      F2. That is the opposed facing spherically headed bolts pinch the parison
      as the mold is closed on the lowered parison. In FIG. 7, P is shown in
      pinched in construction. The opposed bolts 319 and its counterpart are in
      horizontal axial alignment. The spherical ends of bolt 319 and its
      counterpart push the top flash of the parison along a line about coaxial
      with the center of gravity of the object. This coaxial alignment assures
      that the object O will fall free straight down without cocking in a
      direction because of imbalance, when released by the unloader.
PAR  Rod 311 is attached by nut 332 to retractably extensible ram 330 of
      pneumatic cylinder 331. A compression spring 333 is housed in air cylinder
      331 so as to bias the rods away from the center-line of the meeting line
      at which the molds close. The compression spring force is from about 5 to
      about 20 pounds and is readily overcome by the action of the closing molds
      which pull the rods 311 and 312 towards each other.
PAR  The other end of pneumatic cylinder 331 is formed with a flange 336 having
      a transverse through hole. Said through hole is coaxial with through hole
      337 of upright flange 338. A second upright flange 339 having a coaxial
      hole is mounted on the other side of cylinder flange 336. A pin 340 passes
      through the aforesaid holes so as to provide a pivot for cylinder 331.
      Flanges 339 and 338 are bolted to plate 341 by bolts 342 (typical) which
      plate 341 in turn is welded to and bolted to vertical mold frame support
      112 (typical A-D). The opposing air cylinder 335 is likewise pivoted and
      bolted to opposing mold frame support 113 (typical A-D).
PAR  A 3-way valved air limit switch AL-135 is fixedly mounted to the inward
      face of mold frame support 113 (typical A-D). The switch AL-135 is
      constructed and postioned so that upon opening of the mold (A-D), mold
      section bracket 123 (A-D) trips the switch as the opened mold clears the
      major sectional dimension of the container O.
PAR  Container O is of course being held in place between the unloader rods
      under a force exerted by compressed air to the inlet sides of cylinders
      331 and 335. The compressed air being supplied from the air source
      interconnected to SV-117. That is as the signal to open the mold is
      provided by LSW3 (cam E-106) the actuation of SV-117 (A-D) provides
      compressed air not only to open the mold but to prime the unloader
      cylinders as well. In this manner, container O remains in place as the
      mold is opened.
PAR  Switch AL-135 interconnects a compressed air supply line 350 which is
      interconnected from a tap line from SV-117 (A-D) and then to the inlet
      sides or pressurization sides of each of unloader cylinder 331 and 335,
      respectively, through lines 351 and 356. Switch AL-135, on its outer
      outlet side is interconnected to the outlet side or depressurization side
      of each of the unloader cylinders 331 and 335 through lines 352 and 353,
      respectively. In this manner of construction, as switch AL-135 is
      actuated, the compressed air lines 351 and 350 are closed so as to
      discontinue the pressurization of cylinder 335 and 331, and the compressed
      air in the cylinders is expelled through lines 352 and 353 to the
      atmosphere.
PAR  As the compressed air is expelled from unloader cylinders 331 and 335,
      compression springs 333 in cylinder 331 and it counterpart in cylinder 335
      drive the rods 312 and its counterpart 311 away from the container O,
      thereby permitting the container to fall free clear of the parted mold
      sections 120 (A-D) and 121 (A-D). The container falls into hopper 360
      (typical A-D) for conveyance to the trim and finishing operations (not
      shown).
PAR  The afore-described apparatus is operated in the manner as hereinafter
      described with particular reference being made to FIG. 6.
PAR  In FIG. 6, the functional schematic of the apparatus is simplified to show
      molds A and D at stations I and IV, respectively. It is of course
      understood that diametric molds B and E, and C and F could similarly be
      represented.
PAR  In FIG. 6, and referred to herein, the numbers in brackets refer to the
      particular circuit under discussion.
PAR  The screw extruders 11a and 11b are turned "on" to operate simultaneously
      at identical rates of production. For each and every five turns or
      rotations of the extruder screw 11a, cam 19 undergoes a single rotation
      closing switch E-154, closing the circuit through the normally closed
      contacts 200 of master coil R1 (mounted on master panel, not shown). In
      closing switch E-154, solenoid valves SV-120a, SV-120b are actuated,
      permitting compressed air to cylinders 25a and 25b, thereby causing
      parison loaders 20a and 20b, respectively, to be lowered (201 and 202).
      Concommitantly, the same closing of switch E-154 actuates solenoid valves
      SV-119a and SV-119b permitting air to cylinders 54a, 55a and 54b, 55b
      respectively, thereby causing the closing (203 and 204) of jaws 62a, 63a
      and 62b, 63b, respectively so as to grab and sever parisons at stations I
      and IV respectively. As stated insofar as the jaws 62a, 63a and 62b, 63b
      are quicker acting than lowering members 44a and 44b, the parisons P are
      first severed and grabbed before actually being lowered.
PAR  As parison loaders 20a and 20b are nearing the end of their descent,
      members 45a and 45b, trip micro-switches E-116a and E-116b, respectively
      closing the circuits (205 and 206), respectively, so as to actuate the
      respective mold closing solenoids SV-117A and SV-117D (207 and 208). The
      circuit connections from the micro-switches E-116a and E-116b to the mold
      solenoid valves SV-117D are made through brush (typical) and slip ring
      (typical) of commutator 111 (typical).
PAR  As molds A and D close, respectively, mold setions 121A and 121D trip
      switches E-112A and E-112B closing the blow air "on" circuits (209 and
      210), to cause the expansion of the parisons. The closing of circuits
      (209, 210) also energizes relay R1 and switch E-118, so that R1 normally
      open contacts 211, close solenoids SV-119A, D and SV-120A, D to cause the
      parison loaders 20a and 20b to return to their upper positions (circuits
      212, 213), and concommitantly to open the parison gripping jaws (62a, 63a,
      and 62b, 63b), as by circuits (214, 215). Further the closing of normally
      open contacts 211 of relay R1, clutch solenoid valve SV-108 is energized
      through table cam limit switch LSW9 of master table cam E-106.
PAR  The energizing of clutch solenoid valve SV-108 causes engagement of clutch
      102 to start rotation of the turntable.
PAR  As the molds rotate 60.degree., limit switches LSW5 and LSW6 actuate the
      closing of the circuit to shut blow air off to the molds (B and E for the
      case at point) that are next approaching stations I and IV. Upon somewhat
      further rotation before indexing, limit switch LSW3 closes and energizes
      solenoid valve SV-117F and SV-117E so as to open the mold to permit
      unloading of bottles and to institute indexing cycle.
PAR  In FIG. 6, the schematic diagram shown for molds A and D only and therefore
      limit switches LSW5 and LSW6 will actuate SV-111A and SV-111D to shut off
      the blow air at about the end of the third index cycle, that is when mold
      A reaches station IV and mold D reaches station I, at 180.degree.
      rotation. These operations are of course repeated so that each mold A-D is
      unloaded and reloaded twice for each 360.degree. rotation of the
      turntable.
PAR  In actuality LSW5 and LSW6 are interconnected through a jump switch E-125
      at commutator 111. So that in one index cycle LSW6 of cam E-106 will
      actuate the air "off" to both molds A and D and in the next index cycle
      LSW5 of cam E-106 will actuate the air "off" to both molds B and E That is
      each limit switch, LSW5 or LSW 6, is actuated during each alternate index
      cycle. Since there are six molds for a 360.degree. rotation, each limit
      switch LSW5 or LSW6, is actuated every other 60.degree. rotation peroid of
      the turntable 10.
PAR  Also near the termination of each index cycle LSW8 is actuated to assist
      commutator 111 in the load switching so as to prolong the useful life of
      commutator 111.
PAR  During discharge of the containers from the respective molds, as aforesaid,
      and as the molds are entering the respective extruder stations I and IV,
      LSW9 or cam E-106 actuates SV-108 to disengage clutch 102 causing the
      turntable to stop. That is to say the mold comes to a complete stop to
      discharge the container and immediately thereafter receive the next formed
      parison which is being lowered into the now opened and unloaded mold (See
      action sequence of FIG. 4). This combination of parison loading and
      container unloading as the turntable is indexed, minimizes the dwell time
      at the extruder stations.
PAR  Since each mold undergoes bottle unloading and parison loading twice for
      each rotation, production rates can in theory be doubled that of
      conventional systems.
PAR  Furthermore, while the molds A-D are shown as being identical in the
      preferred embodiment this need not be the case and it is within the
      contemplation of this invention to produce at least two different products
      simultaneously with a single rotary turntable. Further the thermoplastic
      material at each extruder, e.g. 11a and 11b, need not be the same but may
      vary in polymer structure or certain physical properties such as color.
      Therefore it is also within the contemplation of this invention to
      simultaneously produce at least two products of different polymers and/or
      color with a single rotary turntable.
PAR  It is within the contemplation of this invention that the means to form a
      parison comprise a thermoplastic extruder and die operatively positioned
      at a station. Further it is also within the contemplation of this
      invention that means to form a parison comprise a single extruder with
      means to convey the extruded mass to at least two separate dies, wherein
      each of the dies being operatively positioned at first and second stations
      circumfrentially spaced one from the other. In other words while it may be
      desirable, it is not necessary to provide separate extruders at each
      station whereat a parison is to be formed. Molten thermoplastic material
      may be conveyed to parison forming dies at any desired station or number
      of stations. Therefore the terms "means to form a parison" is defined
      herein as including the immediately aforesaid arrangement of a single
      extruder with separate remote die means as well as the heretofore
      described preferred embodiment.
PAR  Further it is also within the contemplation of this invention to have more
      than two extruder stations in operation so as to further increase the
      production rates. Also of course more than one parison may be formed at
      each extruder station and several containers may be blow molded
      simultaneously at each mold assembly.
PAR  As can be seen the above description discloses a method and apparatus for
      producing hollow plastic articles such as containers at substantially
      higher rates of production than was previously heretofore possible with a
      rotary indexing turntable.
PAR  From the foregoing description of the invention, it will be apparent that
      various modifications in the method and apparatus described in detail
      herein, may be made without departing from the spirit and scope of this
      invention and it is not intended that the invention be limited to the
      specific embodiment shown herein, but is to be construed according to the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for multiple blow molding with a rotary table comprising;
PA1  a. forming at least two parisons, one parison each being formed at one of
      two circumfrentially spaced stations, said stations being adjacent to a
      rotary indexing turntable;
PA1  b. gripping a portion of each of the parisons, severing the parisons from
      the means forming the parisons, and transporting the parison to the opened
      molds, and positioning each of said parisons at about the same time
      between respective open partible molds, said molds being mounted on and
      rotatable with said rotary table, said molds being circumfrentially spaced
      one from the other equal to the circumfrential spacing of said stations;
PA1  c. closing said molds at aobut the same time on said respective parisons;
PA1  d. introducing air to the interior of each of the parisons to expand the
      parisons to conform to the interior of the respective molds to form hollow
      objects;
PA1  e. rotating said table to simultaneously circumfrentially transfer the
      molds from one station towards another station;
PA1  f. cooling said objects during said transfer;
PA1  g. opening the molds at about the same time; and
PA1  h. removing the objects therefrom at about the same time and prior to
      positioning other parisons at the respective circumfrentially spaced
      stations.
NUM  2.
PAR  2. The method of claim 1, wherein the step of removing the objects further
      comprises the steps of holding the objects until the molds open and then
      allowing the objects to fall clear of and between the opened parts of the
      respective parted mold.
NUM  3.
PAR  3. The method of claim 2, wherein the step of removing each of the objects
      is performed at and below each of the respective means to form a parison.
NUM  4.
PAR  4. The method of claim 1, wherein the interior configuration of one mold is
      different from that of the other mold.
NUM  5.
PAR  5. The method of claim 1 further comprising the step of holding a flash
      portion of each parison upon closure of the mold and prior to blowing or
      cooling.
NUM  6.
PAR  6. The method of claim 1 further comprising deformably holding a flash
      portion of each parison upon closure of the mold and prior to blowing or
      cooling
NUM  7.
PAR  7. The method of claim 1, further comprising forming said one parison from
      a first parison forming means and forming the other parison from a second
      parison forming means.
NUM  8.
PAR  8. A method for multiple blow molding with a rotary table comprising;
PA1  a. forming at least two parisons, one parison each being formed at one of
      two circumfrentially spaced stations, said stations being adjacent to a
      rotary indexing turntable;
PA1  b. positioning each of said parisons at about the same time between
      respective open partible molds, said molds being mounted on and rotatable
      with said rotary table, said molds being circumfrentially spaced one from
      the other equal to the circumfrential spacing of said stations, wherein
      the step of positioning each parison comprises pinching the parison at an
      upper portion thereof, severing the parison from the means to form a
      parison and lowering the parison between the respective open parted mold;
      each of said steps of pinching, severing, and lowering beng performed at
      about the same time on said parisons at said circumfrentially spaced
      stations;
PA1  c. closing said molds at about the same time on said respective parisons;
PA1  d. introducing air to the interior of each of the parisons to expand the
      parisons to conform to the interior of the respective molds to form hollow
      objects;
PA1  e. rotating said table to simultaneously circumfrentially transfer the
      molds from one station towards another station;
PA1  f. cooling said objects during said transfer;
PA1  g. opening the molds at about the same time; and
PA1  h. removing the objects therefrom at about the same time and prior to
      positioning other parisons at the respective circumfrentially spaced
      stations.
NUM  9.
PAR  9. A method for multiple blow molding with a rotary table comprising;
PA1  a. forming at least two parisons, one parison each being formed at one of
      two circumfrentially spaced stations, said stations being adjacent to a
      rotary indexing turntable;
PA1  b. actuating positioning of said parisons with the forming of at least one
      of the parisons and positioning each of said parisons between respective
      open partible molds, said molds being mounted on and rotatable with said
      rotary table, said molds being circumfrentially spaced one from the other
      equal to the circumfrential spacing of said stations;
PA1  c. actuating closing of the molds with the parison positioning and closing
      said molds on said respective parisons;
PA1  d. holding a flash portion of each parison upon closure of the respective
      mold;
PA1  e. introducing air to the interior of each of the parisons to expand the
      parisons to conform to the interior of the respective molds to form hollow
      objects;
PA1  f. rotating said table to simultaneously circumfrentially transfer the
      molds from one station towards another station;
PA1  g. cooling said objects during said transfer;
PA1  h. opening the molds; and
PA1  i. removing the objects therefrom by releasing the held flash portions and
      allowing the object to fall clear of the opened parts of the respective
      mold prior to positioning other parisons at the respective
      circumfrentially spaced stations.
NUM  10.
PAR  10. The method of claim 9, further comprising forming said one parison from
      a first parison forming means and forming the other parison from a second
      parison forming means.
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PAL  A method of manufacturing molded structures and coatings based on curable
      inorganic binding agents and water which comprises coating shape-imparting
      surfaces made from materials such as wood, plaster, plastic or iron, with
      a mixture containing a curable organosilicon compound, a solvent and
      finely dispersed solid particles, such as silicon dioxide, quartz powder,
      diatomaceous earth and silicious chalk, applying the building materials,
      curing and removing the molded structures.
BSUM
PAR  The invention relates to molded structures, particularly molded structures
      having coatings which are hydrophobic. More particularly, the invention
      relates to a method for manufacturing molded structures by coating the
      shape-imparting mold surfaces with organosilicon compounds and thereafter
      adding the building materials based on inorganic binding agents to the
      coated surfaces.
PAR  Heretofore, the shape-imparting surfaces of molds were coated with
      organopolysiloxanes and cured prior to the molding of building materials
      based on inorganic binders such as concrete or gypsum. (See German Pat.
      No. 924,678; Austrian Pat. No. 210,041, and British Pat. No. 1,190,273.)
      Treatment of the shape-imparting mold surfaces with these
      organopolysiloxanes generally provided for easy release of the molded
      structures; however, the surfaces of the molded structures were not
      hydrophobic.
PAR  Although it was known that certain organosilicon compounds can be used to
      impart hydrophobic properties to building materials containing inorganic
      binding agents, these curable organosilicon compounds were generally mixed
      with the building materials prior to molding or applied directly to the
      surfaces of the finished molded structures or building material coatings.
      (See, for example, W. Noll "Chemie und Technologie der Silicone" Weinheim
      1968, page 523 and ff or German Pat. No. 1,223,278.)
PAR  Compared to the conventional release agents such as mineral oil, tall oils,
      waxes or fatty acid salts (see "Ullmanns Encyklopadie der Technischen
      Chemie," 3rd edition, Munich-Berlin-Vienna, 1970, page 718), the method of
      this invention offers not only the advantage that it results in the
      production of molded structures and coatings having hydrophobic properties
      but also the surfaces of the molded structures and coatings produced
      therefrom are free of discoloration, spots or impurities, which often
      result when the above mentioned release agents are employed. Such
      discolorations, spots and impurities can generally be removed only with
      cleaning agents which may damage the molded structures and building
      material coatings.
PAR  Therefore it is an object of this invention to provide a method for
      manufacturing molded structures which are hydrophobic from building
      materials based on inorganic binding agents. Another object of this
      invention is to provide a method for manufacturing molded structures whose
      outer surfaces are free of discoloration, spots and impurities. Still
      another object of this invention is to provide a method for manufacturing
      molded structures which are easily removed from the mold surfaces. A
      further object of this invention is to provide a method for simultaneously
      imparting release properties and hydrophobic properties to the coatings
      and molded structures prepared from inorganic binding agents.
PAR  The foregoing objects and others which will become apparent from the
      following description are accomplished in accordance with this invention,
      generally speaking, by providing a method for manufacturing molded
      structures and coatings made of building materials based on inorganic
      binding agents which comprises adding the building materials to a mold
      whose shape-imparting surfaces have been coated with a mixture containing
      curable, hydrophobic inducing organosilicon compounds, finely dispersed
      solid inorganic materials and a solvent, if desired, and thereafter curing
      the building materials and the organosilicon compounds to impart
      hydrophobic properties to the molded structures.
PAR  It was totally unexpected that the method of this invention would provide
      for the easy release of the finished molded objects from the
      shape-imparting surfaces and at the same time impart hydrophobic
      properties to the shaped structures and the coatings based on inorganic
      binding agents. Thus, this invention obviates the necessity of treating
      the molded articles after their removal from the mold to impart
      hydrophobic properties thereto. In contrast to the release agents employed
      heretofore, such as mineral oils, tall oils, waxes or fatty acid salts
      which remain essentially unaltered while they are used, the curable
      organosilicon compounds undergo chemical changes while they cure and even
      while they are in contact with simultaneously hardening building
      materials. This is why the lubricating properties which were essential in
      the release agents employed heretofore cannot be attributed to the
      organosilicon compounds or their derivatives employed in accordance with
      this invention. Another advantage of this invention is that it is no
      longer necessary to cure the organosilicon compounds before they are
      placed in contact with the building materials to be hardened. Heretofore
      it was essential that the organosilicon compounds be cured before the
      addition of the building materials in order to provide a smooth surface
      thereby providing for the release of the molded structures. Finally, it
      would be expected that the cured organosilicon compounds would, like
      alkali metal organosiliconate dyes (see German Pat. No. 1,285,652) be
      anchored to the shape-imparting surfaces, and therefore would be unable to
      impart hydrophobic properties to the shaped structures or coatings based
      on inorganic binding agents.
PAR  Any building material containing inorganic binding agents may be used in
      this invention. These building materials are mixed with water prior to
      molding and then allowed to harden. Generally, curing occurs without an
      external supply of heat, i.e., at ambient temperature. However, if
      desired, e.g., during the manufacture of finished concrete components,
      heat may be applied in order to accelerate the curing process. The most
      important examples of such building materials are the conventional
      mixtures of commercial cement, such as Portland cement, siderurgical
      cement, blastfurnace cement, natural cement or mixtures of such cement
      types and additives such as sand, silica, and/or lime. An additional
      example of such building materials is gypsum.
PAR  Examples of shape-imparting surfaces are molds whose surfaces are made of
      wood, plaster, plastic or iron.
PAR  Any organosilicon compounds which are curable and will impart water
      repellency may be used in this invention. The organosilicon compounds
      contain condensable atoms such as Si-bonded hydrogen atoms, and/or
      condensable or hydrolyzable groups such as Si-bonded hydroxyl, alkoxy or
      alkali metal oxy groups. In order to provide hydrophobic properties it is
      essential that they contain Si-bonded organic radicals, preferably a
      preponderance of hydrocarbon or halogenated hydrocarbon radicals.
PAR  Examples of suitable compounds are organohydroxypolysiloxanes, especially
      methylhydroxypolysiloxanes and organopolysiloxanes which contain more than
      10 silicon atoms per molecule and have units of the general formula
      ##EQU1##
      in which R represents a monovalent hydrocarbon radical or a halogenated
      monovalent hydrocarbon radical having from 1 to 14 carbon atoms, R' is an
      alkyl radical having from 1 to 5 carbon atoms; x, y and z are numbers of
      from 0 to 3, the sum of x+y+z is no more than 3, with the mean value of x
      being from 0.9 to 1.7, preferably 0.9 to 1.3, the mean value of y being
      from 0.01 to 0.20 and the mean value of z is from 0.00 to 0.20. It is
      preferred that the organopolysiloxanes represented by the above general
      formula do not contain more than about 30 mol percent of units in which x
      is 2 or 3, and the viscosity of such organopolysiloxanes in a 50 percent
      by weight toluene solution is a maximum of 1000 cSt at  25.degree.C.
PAR  Because they provide good release properties and because they result in a
      particularly high degree of water repellency, organoalkoxysilanes of the
      following general formula are preferred
EQU  R.sub.4.sub.- m Si (OR').sub.m
PAL  where R and R' are the same as above and m is 1, 2 or 3; and the partial
      hydrolysates of said silanes provided that they contain no more than about
      10 silicon atoms per molecule, as well as the alkali metal hydrocarbon
      siliconates in which the hydrocarbon radicals are alkyl radicals of from 1
      to 5 carbon atoms or the phenyl radical.
PAR  Examples of suitable monovalent hydrocarbon radicals are alkyl radicals
      such as methyl, ethyl, n-propyl, isopropyl, hexyl, octyl, decyl,
      tetradecyl radicals and halogenated derivatives thereof. An example of a
      halogenated monovalent radical is the .alpha.- .alpha.-
      .alpha.-trifluoropropyl radical. An example of an aryl radical R is the
      phenyl radical and a halogenated aryl radical is the p-chlorophenyl
      radical.
PAR  Examples of suitable alkyl radicals represented by R' are methyl, ethyl,
      n-propyl, isopropyl and n-butyl radicals.
PAR  Most of the building materials based on inorganic binding agents which are
      allowed to cure in contact with the molding surfaces contain free lime
      until they are thoroughly cured. Since propyl silicon compounds are
      particularly stable with respect to the action of free lime, organosilicon
      compounds which impart hydrophobic properties to the molded structures are
      preferably those which correspond to the formula
EQU  (n-C.sub.3 H.sub.7).sub.4.sub.-m Si(OR').sub.m
PAL  where R' and m are the same as above, as well as the partial hydrolysates
      thereof which contain no more than 10 silicon atoms per molecule. Other
      organosilicon compounds are alkali propylsiliconates, i.e., monomer
      compounds of the formula
EQU  N-C.sub. 3 H.sub.7 Si (OH).sub.2 OMe
PAL  and/or polymeric compounds having units of the formula
EQU  n-C.sub. 3 H.sub.7 SiO(OMe)
PAL  where Me is always an alkali metal atom, particularly sodium or potassium.
PAR  The finely dispersed particles of inorganic compounds which are used in
      this invention together with the curable organosilicon compounds, are
      preferably colorless in order to avoid discoloration of the molded
      structures or coatings produced in accordance with the invention. It is
      preferable that the fine particles of solid inorganic compounds have a
      surface area of at least 10 m.sup.2 /g. and more preferably at least 50
      m.sup.2 /g, but no more than about 400 m.sup.2 /g.
PAR  Preferred examples of finely dispersed particles of inorganic compounds are
      finely dispersed silicon dioxides of synthetic or natural origin such as
      pyrogenically produced silicon dioxide, silicon dioxide-aerogels, i.e.,
      silicic acid hydrogels which have been dehydrated while maintaining the
      structure, precipitated silicon dioxide, including precipitated silicon
      dioxide with a surface area of at least 50 m.sup.2 /g, quartz powder,
      diatomaceous earth and so-called siliceous chalk. Additional examples of
      finely dispersed inorganic substances are talcum powder which has a
      surface area of at least 10 m.sup.2 /g, calcium silicate, calcium
      carbonate, mica or zirconium silicate, as well as asbestos powder.
PAR  The amount of finely dispersed inorganic compounds is preferably from 5 to
      40 percent by weight based on the total weight of the mixture containing
      the curable organosilicon compound, the finely dispersed particles of
      inorganic compound and solvent, if desired. The greater the surface area
      of the finely dispersed inorganic compounds, the less that will be
      required.
PAR  If finely dispersed inorganic compounds are not employed, removal of the
      molded structures from the mold is more difficult and it is often
      impossible to obtain molded structures or building material coatings based
      on inorganic binding agents having a water repellent surface which is free
      of spots.
PAR  In order to facilitate a uniform distribution on the shape-imparting
      surfaces, the mixtures which contain a finely dispersed inorganic compound
      and the curable organosilicon compounds may be combined with a solvent to
      form a paste or a liquid dispersion.
PAR  If the curable organosilicon compounds are water soluble such as alkali
      metal organosilicates, then water may of course be employed as a solvent.
      Examples of organic solvents which may be used are hydrocarbons such as
      toluene, xylene and trimethylbenzene; halogenated hydrocarbons such as
      trichloroethylene; ethers such as n-butyl ether; alcohols such as ethanol
      and isopropanol; as well as ketones, such as methylethyl ketone.
      Preferably these solutions contain from 5 to 50 percent by weight of the
      organosilicon compounds based on the total weight of all components of the
      solutions, including the suspended fine particles of solid inorganic
      compounds.
PAR  The mixture containing organosilicon compounds, finely dispersed particles
      of solid inorganic compounds and solvent, if desired, may be applied to
      the shape-imparting surfaces by means of brushing, spraying, dipping or
      via application with a putty knife.
PAR  Preferably the mixture containing organosilicon compounds, finely dispersed
      particles of solid inorganic substances and solvent should be applied in
      amounts of from 0.2 to 1 kg/m.sup.2 of mold surface area.
PAR  In preparing the molded structures, the building materials are added to the
      mold surfaces containing an uncured coating of a composition containing an
      organosilicon compound, finely dispersed particles of solid inorganic
      substances and solvent, if desired. If the coating is allowed to cure
      before the building materials are added to the mold surfaces, the molded
      structures and coatings are not rendered water-repellent. Thus, it is
      essential that the building material be applied to the coated surfaces
      while the coating is in an uncured condition. In order to prevent
      premature curing of the coating, curing catalysts are omitted from the
      mixture containing organosilicon compounds, finely dispersed particles of
      inorganic substances and solvent, if desired. Moreover, these coating
      compositions containing the organosilicon compounds, finely dispersed
      particles of inorganic substances and solvent, if desired, should not be
      applied to the mold surfaces more than 10 days, preferably not more than
      24 hours and more preferably not more than 10 hours prior to the addition
      of the building materials to be molded. The coatings should be maintained
      at ambient temperature prior to the addition of the building materials.
PAR  The building materials to be molded may be placed in contact with the
      coatings which have been obtained via the application of mixtures of
      organosilicon compounds, finely dispersed particles of inorganic
      substances as well as solvents, if desired, by any conventional technique
      known in the art, such as, for example, by pouring. By the same token, the
      finished structures or coatings made from building materials based on
      inorganic binding agents, can be removed from the molds by any means known
      in the art.
PAR  In the following examples, parts and percentages are by weight unless
      otherwise specified.
DETD
PAC  EXAMPLE 1
PAR  On the inside walls of an iron mold having inside dimensions of 4 .times. 4
      .times. 16 cm is applied a coating of mixture (A) which consists of 10
      parts n-propyltriethoxysilane, 10 parts pyrogenically produced silicon
      dioxide having a surface area of approximately 300 m.sup.2 /g and 100
      parts of isopropanol at the rate of approximately 0.3 kg/m.sup.2.
      Immediately thereafter a mixture consisting of 1 bag of standard sand
      (1350 parts), 450 parts of white cement PZ 450 F and 225 parts water
      (prepared in accordance with DIN 1164, June 1970) is placed in said form
      and condensed. After 4 days the thus-formed prismatic concrete shape is
      removed from the form.
PAC  EXAMPLE 2
PAR  The procedure described in Example 1 is repeated except that mixture (B)
      which contains 10 parts of an aqueous solution of potassium
      propylsiliconate having a 20 percent siliconate concentration which is
      calculated as n-C.sub.3 H.sub.7 SiO.sub.3/2, 15 parts of pyrogenically
      produced silicon dioxide having a surface of approximately 300 m.sup.2 /g
      and 30 parts of water, is substituted for mixture (A).
PAC  COMPARISON EXAMPLE A
PAR  The procedure described in Example 1 is repeated except that the mold
      surfaces are not treated prior to the addition of the cement mixture.
PAC  COMPARISON EXAMPLE B
PAR  The procedure described in Example 1 is repeated except that a commercially
      available release agent containing a 10 percent solution of tall oil in
      alkylbenzenes, mostly dodecylbenzene is substituted for mixture (A).
PAR  The results of these examples are illustrated in the following table.
TBL                                    TABLE                                   
     __________________________________________________________________________
            Ease of removal                                                    
                     Appearance of molded                                      
                                Water repellency                               
            from mold                                                          
                     structures after                                          
                     removal                                                   
     __________________________________________________________________________
     Example 1                                                                 
            very good                                                          
                     free of spots on all                                      
                                not wetted by                                  
                     sides and light,                                          
                                sprayed water                                  
                     remarkably few air                                        
                     pores and craters                                         
     Example 2                                                                 
            very good                                                          
                     light and smooth on                                       
                                is wetted by sprayed                           
                     all sides  water only super-                              
                                ficially, does not                             
                                darken, water is not                           
                                absorbed                                       
     Comparison                                                                
            adheres  surface partially                                         
                                sprayed on water                               
     Example A                                                                 
            to mold  damaged by adhesion                                       
                                irregularly absorbed                           
                     to mold                                                   
     Comparison                                                                
            good     partly dark, partly                                       
                                sprayed water is                               
     Example B       light      irregularly absorbed                           
                                by entire surface,                             
                                spots formed                                   
     __________________________________________________________________________
PAR  Although specific examples of the invention have been described herein, it
      is not intended to limit the invention solely thereto but to include all
      the variations and modifications falling within the scope of the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for manufacturing molded structures and coatings from building
      materials based on inorganic binding agents and water which comprises
      coating the shape-imparting surface of a mold with a composition
      consisting essentially of a mixture of a curable organosilicon compound
      capable of imparting water repellency to the molded structures, a solvent
      and finely dispersed particles of an inorganic material having a surface
      area of from 10 to 400m.sup.2 /g in an amount from 5 to 40% by weight
      based on the total weight of the mixture and applying to the uncured
      coating the building materials which are capable of curing to a solid,
      curing the materials and thereafter removing the molded structure.
NUM  2.
PAR  2. The method of claim 1 wherein the solvent is an organic solvent.
NUM  3.
PAR  3. The method of claim 2 wherein the organosilicon compound is present in
      an amount of 5 to 50 percent by weight based on the total weight of the
      mixture. 5
NUM  4.
PAR  4. The method of claim 1 wherein the organosilicon compound contains units
      of the general formula
      ##EQU2##
      in which R is selected from the group consisting of monovalent hydrocarbon
      radicals and halogenated monovalent hydrocarbon radicals having from 1 to
      14 carbon atoms, R' is an alkyl radical having from 1 to 5 carbon atoms,
      x, y and z are each numbers of from 0 to 3, and the sum of x+y+z is no
      greater than 3.
NUM  5.
PAR  5. The method of claim 1 wherein the organosilicon compound is represented
      by the general formula
EQU  R.sub.4.sub.-m Si(OR').sub.m
PAL  in which R is selected from the group consisting of monovalent hydrocarbon
      radicals and halogenated monovalent hydrocarbon radicals having from 1 to
      14 carbon atoms, R' is an alkyl radical having from 1 to 5 carbon atoms
      and m is a number of from 1 to 3.
NUM  6.
PAR  6. The method of claim 5 wherein the organosilicon compound is represented
      by the formula (n-C.sub.3 H.sub.7).sub.4.sub.-m Si(OR').sub.m in which R'
      is an alkyl radical having from 1 to 5 carbon atoms and m is a number of
      from 1 to 3.
NUM  7.
PAR  7. The method of claim 1 wherein the organosilicon compound is represented
      by the general formula n-C.sub.3 H.sub.7 Si(OH).sub.2 OMe in which Me is
      an alkali metal.
NUM  8.
PAR  8. The method of claim 7 wherein the organosilicon compound is an alkali
      metal propylsiliconate.
NUM  9.
PAR  9. The method of claim 1 wherein the finely dispersed inorganic material is
      silicon dioxide.
NUM  10.
PAR  10. The method of claim 1 wherein the coating is applied in an amount of
      from 0.2 to 1 kg/m.sup.2 of mold surface area.
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ABST
PAL  The facile extrusion of ethylene oxide resins has been effected by
      employing water as an extrusion aid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to the extrusion of ethylene oxide resin and more
      particularly to the extrusion of films, pipes, tubings, rods, filaments
      and other articles from normally solid ethylene oxide polymer compositions
      using water as an extrusion aid. In addition it also pertains to the use
      of certain of the so extruded products for packaging materials and
      dispensing them in water.
PAR  At the present there are two methods of preparing poly(ethylene oxide)
      film, viz., a calendering process or solvent casting. Both of these
      methods are expensive because of the equipment used in the former process
      and of the time required in the latter process. Furthermore maintenance of
      calendering rolls is a tedious chore requiring extraordinary steps to
      prevent scoring or marring of the calendar rolls surface. In the case of
      calendering the obtainment of films of uniform thickness is also a problem
      due to problems encountered with poly(ethylene oxide) resins. For example
      this resin is subject to chain scission and oxidative degradation.
PAR  While the extrusion of poly(ethylene oxide) has been reported, this method
      had not been hitherto commercial. Since polymers of ethylene oxide have
      high melt strength and very high melt viscosity, the usual methods known
      to the art of dealing with these problems are to raise the stock
      temperature or reduce the back pressure by die design. Polymers of
      ethylene oxide degrade very rapidly at elevated temperatures both in air
      and inert environments. Die modifications can be successfully employed for
      heavy wall sectioned articles but this approach is, e.g., not useful for
      producing high quality thin gauge film. Although novel and unusual
      extrusion conditions such as low extrusion temperature coupled with low
      back pressure have been cited, this has not proved to be reliable. It has
      at best limited utility and does not appear generally applicable by those
      skilled in the art. Thus, for example Canadian No. 722,109 describes a
      process for the dry extrusion of ethylene oxide polymers but this was
      accomplished by the use of low resistance or low pressure drop film dies
      which do not give as acceptable an extruded product as the high pressure
      drop dies used both in the instant invention and preferred by those
      currently skilled in the art. The high pressure dies afford a more uniform
      product, by virtue of their spiral configuration, than the low pressure
      dies which are characterized by having a simple straight, non-spiral die
      configuration. It should be noted that the pressures reported in Canadian
      No. 722,109 are "die pressures" and not the maximum extruder pressures
      often referred to as "head pressures" which are much higher than the
      former. Thus, for example, while the die pressures reported in Canadian
      No. 722,109 at page 15 are of the order of 1800 psi, the head pressures
      are of the order of about 5000 psi. It is the high head pressure
      encountered in extruding ethylene oxide polymers which has been the
      stumbling block in the commercial development of these resins. The
      extrusion of unmodified poly(ethylene oxide) at practical flow rates
      produces head pressures which would blow the extruder head of commercially
      available extrusion equipment and warp their screw drives.
PAC  STATEMENT OF THE INVENTION
PAR  An improved method for the extrusion of normally solid ethylene oxide resin
      into useful articles has been found which comprises extruding a
      composition comprising normally solid ethylene oxide resin containing
      about 4 to about 200 parts by weight of water per 100 parts by weight of
      ethylene oxide resin such that the melt flow of said composition lies in
      the range of about 0.05 to about 20 decigrams per minute, when measured in
      accordance with ASTM D 1238-57T modified in that measurements were made at
      85.degree.C. and 43.25 psi, and preferably in the range of about 0.1 to
      about 10 decigrams per minute.
PAR  The extrusion temperatures are not narrowly critical. Useful extrusion
      temperatures are limited on the low side by the melting point of the
      polymer composition and on the high side by the permissible rates for
      evaporation of water. For example, the softening point for most ethylene
      oxide polymers lies between 55.degree. and 65.degree.C. Experience has
      shown that at atmospheric pressures such as those used in blown film
      extrusion, stock temperatures of about 120.degree.C. can be used without
      void formation in the film. Those extrusion processes that normally
      operate above atmospheric pressure, such as, injection molding can
      accordingly tolerate higher operating temperatures.
PAR  The term extrusion is used herein to include injection molding as well as
      blow molding, slot casting and other procedures known in the art under
      this term.
PAR  The term "ethylene oxide resins" as used in the instant invention
      excompasses not only the homopolymer, poly(ethylene oxide), but also
      copolymers of ethylene oxide in which ethylene oxide is copolymerized with
      other alkylene oxides such as propylene oxide, butylene oxide, styrene
      oxide and the like and other comonomers copolymerizable with ethylene
      oxide.
PAR  The extrusion method of this invention is particularly useful for the
      fabrication of blown film by tubular extrusion. Uniform gauge film can be
      prepared having only 2% by weight of water at windup and dry to the touch.
      This unexpected result, due to the migration of the water after extrusion
      and during the blowing process, provides a film having good block and slip
      characteristics. This unusually rapid migration of water from the blown
      film enables the fabricator to enjoy the beneficial effects of a
      processing aid during the extrusion process without having to suffer its
      presence in the final blown film product, as is the usual case when
      processing aids are used. In addition the evaporation of water provides a
      beneficial cooling action which in turn promotes higher film production
      rates.
PAR  The extrusion process of this invention is not limited to the preparation
      of blown film but may be used for the preparation of extruded articles in
      general such as monofilaments, pipe, rods, sheets, injection molded
      articles and the like.
PAR  The limits of the water content of the ethylene oxide resin during the
      extrusion process are critical. Amounts of water below the lower limit do
      not reduce the operating pressures or increase the throughput rate enough.
      Amounts of water above the upper limit are equally impractical since
      although the extrusion pressures and throughput rates are acceptable, a
      satisfactory extruded article cannot be obtained. Blown films are
      especially sensitive being marred by blowholes and lacking sufficient
      strength to be handled by commercially available film blowing equipment
      when the water content is too high. It is preferred to use about 10 to
      about 20 parts of water per 100 parts of ethylene oxide resin.
PAR  Operating pressures of conventionally used extrusion equipment preclude the
      unassisted extrusion of ethylene oxide polymer resin because of its high
      melt viscosity. The heads of such equipment would invariably be blown
      because of the inordinately high pressures which these resins require for
      their extrusion without an extrusion aid. The maximum practical extrusion
      pressure is about 8000-10,000 psi for most industrial equipment. As will
      also be readily recognized by those skilled in the art the throughput rate
      must be high for the extrusion of ethylene oxide resins for the practical
      use of the expensive equipment required. The method of this invention
      provides extruder throughout rates of up to about 4 pounds per hour of
      ethylene oxide resin extrudate per inch of die width and yet remain below
      the maximum equipment pressures limitations. Under normal operating
      conditions unmodified ethylene oxide resin cannot be extruded with these
      pressure and rate limitations in a commercial process.
PAR  The physical and mechanical properties of the blown film obtainable by the
      practice of this invention are all satisfactory and meet commercial
      specifications. For example tensile strengths in both the machine and
      transverse direction were found to be about 2000 to 2500 psi. Uniaxially
      oriented tapes were also made from the blown film obtained having tensile
      strengths of 10,000 to 25,000 psi. These oriented tapes are useful in the
      fabrication of flower and vegetable seed tapes.
PAR  The unoriented blown films are uniquely useful for packaging toxic, water
      dispersible powders such as insecticides, fungicides, bactericides and the
      like. For example a bag may be fabricated from blown poly(ethylene oxide)
      film obtained by the instant invention, the water disperisble powder heat
      sealed within and the resultant bag enclosed in a second bag of cheap,
      water insensitive resin such as polyethylene, polypropylene, polystyrene,
      vinyl chloride resin or the like. When preparation of a dispersion of the
      powder in water is desired, the outer bag is simply opened and the inner
      bag of poly(ethylene oxide) film containing the powder dropped into water.
      The poly(ethylene oxide) film disintegrates and dissolves rapidly leaving
      the powder dispersed in the water vehicle.
PAR  Another advantage of the films available through this invention over those
      of the prior art lies in the low densities obtainable, i.e., about 1.0 to
      1.2 g./cc. This property enhances the economical utilization of film since
      film is sold by the pound and utilized by the square foot. Thus one
      obtains a greater area coverage per unit weight as the density is lowered.
PAR  The normally solid ethylene oxide resins preferably employed have weight
      average molecular weight of about 250,000 to about 5,000,000. A
      description of available ethylene oxide resins is given by F. W. Stone and
      J. J. Stratta in the Encyclopedia of Polymer Science and Technology,
      Volume 6, pages 103-145, John Wiley & Sons, Inc. 1967 which is
      incorporated herein by reference.
PAR  Additives, dyes or colorants can also be incorporated in the resins
      susceptible to this invention. For example alkylated phenols can be added
      as stress cracking and oxidation stablilizers, and ethoxylated alkylated
      phenol surfactants as well as heat stabilizers, ultraviolet light
      absorbers, fillers and the like.
PAR  Conventional, commercially available extrusion and film blowing equipment
      can be used in providing the films described herein.
PAR  The invention is further described in the Examples which follow. All parts
      and percentages are by weight unless otherwise specified.
DETD
PAC  EXAMPLE I
PAR  A 6 inches .times. 12 inches, oil-heated, two roll mill was used to blend
      19% by weight of water into normally solid poly (ethylene oxide) sheet
      resin, having a number average molecular weight of about 600,000, at a
      temperature of about 100.degree.C. The resin sheet was weighed before and
      after addition of the water to determine the water content. The total
      milling time was about seven minutes. The sheet was then cut into 1 inch
      strips. The 1 inch strips were fed to a 1 inch .times. 18 inch Egan
      extruder fitted with a 2 inch diameter 20 mil lip gap film die, cooling
      ring, collapsing frame, and take up rolls. The temperatures in the
      extruder were set to about 94.degree.C. for extrusion and blowing. Table 1
      contains pertinent information on extrusion conditions. The films produced
      appeared opaque, smooth, supple and were dry to the touch, and free of
      blocking characteristics.
PAR  Room temperature mechanical properties of the extruded film are presented
      in Table 2 and were obtained in conformity with ASTM D 882-56T.
TBL                TABLE 1                                                     
     ______________________________________                                    
     EXTRUSION BLOWING ON 1" EGAN EXTRUDER                                     
     Typical Extrusion Conditions                                              
                              Film                                             
     ______________________________________                                    
     Screw, .degree.C    Polyethylene type screw,                              
                         no heat on                                            
     Hopper Water        on                                                    
     Rear Zone, .degree.C                                                      
                         53                                                    
     Front Zone, .degree.C                                                     
                         83                                                    
     Head, .degree.C     83                                                    
     Die, .degree.C      88                                                    
     Output                                                                    
     Screw, RPM          26-40                                                 
     Gauge, Mils         2-20                                                  
     Wind-up, ft/min.    5-23                                                  
     Lay flat, in.       1.5"-5", mostly 3"                                    
     Die Pressure, psi   1500-2000                                             
     Cooling                                                                   
     Type and Amount     auxiliary cooling ring                                
     Temperature, .degree.C                                                    
                         room temperature                                      
     Frost Line, in.     10" from die                                          
     Draw Distance, in.  34                                                    
     Miscellaneous                                                             
     Pressure on Nip Roll, psi                                                 
                         30-60                                                 
     Surging             none                                                  
     Screen Pack         60 mesh                                               
     ______________________________________                                    
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     ROOM TEMPERATURE MECHANICAL PROPERTIES ON EXTRUDED                        
     POLY(ETHYLENE OXIDE) BLOWN FILM                                           
                  Yield    Tensile                                             
                                Elong.                                         
                                    Gauge Length                               
             Modulus                                                           
                  Strength                                                     
                       Yield                                                   
                           Strength                                            
                                at  Dimensions of                              
     Material                                                                  
             (psi)                                                             
                  (psi)                                                        
                       Elong.                                                  
                           (psi)                                               
                                Break                                          
                                    Test Specimen                              
     __________________________________________________________________________
     6 FPM.sup.a M.D..sup.b                                                    
             29,700                                                            
                  1,025                                                        
                       10% 2,150                                               
                                895%                                           
                                    1" .times. 0.5"                            
     6 FPM T.D..sup.c                                                          
             50,000                                                            
                  1,350                                                        
                        7% 2,415                                               
                                880%                                           
                                    "                                          
     8 FPM M.D..sup.b                                                          
             30,000                                                            
                   970  7% 2,100                                               
                                770%                                           
                                    "                                          
     8 FPM T.D..sup.c                                                          
             64,000                                                            
                  1,400                                                        
                        8% 2,400                                               
                                700%                                           
                                    "                                          
     12 FPM M.D..sup.b                                                         
             28,500                                                            
                   900 10% 1,900                                               
                                625%                                           
                                    "                                          
     12 FPM T.D..sup.c                                                         
             60,000                                                            
                  1,350                                                        
                       10% 2,200                                               
                                690%                                           
                                    "                                          
     __________________________________________________________________________
      .sup.a Feet per minute                                                   
      .sup.b Machine direction                                                 
      .sup.c Transverse direction                                              
PAC  EXAMPLE II
PAR  The equipment and procedure described in Example I were used with the
      exception that sheets of poly(ethylene oxide) having a weight average
      molecular weight of about 600,000 containing 15% by weight of water were
      prepared on the two roll mill and then immediately granulated in a H. B.
      Johanssons Chuck Fabrik hot melt granulator Extrusion and blowing
      conditions were similar to those of Example I as was the quality of the
      film upon windup. Pertinent data are presented in Table 3 for the
      preparation of both film and oriented tape. Table 4 contains mechanical
      properties at room temperature of both film and oriented tape measured in
      conformity with ASTM D 882-56T.
TBL                TABLE 3                                                     
     ______________________________________                                    
     POLY(ETHYLENE OXIDE) EXTRUSION BLOWING                                    
     ON 1" EGAN EXTRUDER                                                       
     EXAMPLE II                                                                
     Typical Extrusion Conditions                                              
                       Oriented Tape                                           
                                   Film                                        
     ______________________________________                                    
     Screw Type        Polyethylene                                            
                                   Polyethylene                                
     Hopper Water      on          on                                          
     Rear Zone, .degree.C                                                      
                       83          83                                          
     Front Zone, .degree.C                                                     
                       88          88                                          
     Head, .degree.C   88          88                                          
     Die, .degree.C    83          83                                          
     Output                                                                    
     Screw, RPM        30          40                                          
     Rate, lb/hr       .about.3.5  --                                          
     Gauge, mils       2-9         8-17                                        
     Wind-up, ft/min. (Bottom)                                                 
                       2.5         5                                           
     Wind-up, ft/min. (Top)                                                    
                       22-30       --                                          
     Lay Flat, in.     1.5-2.5     1.5-2.5                                     
     Die Pressure, psi 1500-2000   1500-2000                                   
     Cooling                                                                   
     Type and Amount   auxiliary cooling ring                                  
     Temperature, .degree.C                                                    
                       Room temperature                                        
     Frost Line, in.   8-12" from die                                          
     Draw Distance, in.                                                        
                       34                                                      
     Extrudability                                                             
     Blow Holes/10 min.                                                        
                       --          none                                        
     Screen Packs (mesh size)                                                  
                       60, 100, 60                                             
     ______________________________________                                    
TBL                                    TABLE 4                                 
     __________________________________________________________________________
     ROOM TEMPERATURE MECHANICAL PROPERTIES.sup.a ON EXTRUSION BLOWN           
     POLY(ETHYLENE OXIDE) TAPE AND FILM                                        
     EXAMPLE II                                                                
                                          %                                    
                            Yield                                              
                                 %   Tensile                                   
                                          Elong.                               
                                               Thickness                       
                                                     Width                     
                      Modulus                                                  
                            Strength                                           
                                 Yield                                         
                                     Strength                                  
                                          at   Range                           
     Material         (psi) (psi)                                              
                                 Elong                                         
                                     (psi)                                     
                                          Break                                
                                               (Mils)                          
                                                     (in.)                     
                                                          Appearance           
     __________________________________________________________________________
     Oriented Tape                                                             
              Sample No.                                                       
              M.D..sup.b No. 1                                                 
                      115,000                                                  
                            4,800                                              
                                 11  18,400                                    
                                          100  4-5   13/16                     
                                                          hazy                 
              M.D. No. 2                                                       
                      91,000                                                   
                            3,300                                              
                                 10.5                                          
                                     11,000                                    
                                          94   8-9    7/16                     
                                                          hazy                 
     Film                                                                      
              M.D. No. 1                                                       
                      55,000                                                   
                            1,400                                              
                                 6   1,700                                     
                                          1,150                                
                                                8-17 2.25 hazy                 
              T.D..sup.c No. 1                                                 
                      80,000                                                   
                            1,400                                              
                                 4   1,250                                     
                                          250   8-17 2.25 hazy                 
              M.D. No. 2                                                       
                      36,000                                                   
                            1,000                                              
                                 10  2,000                                     
                                          1,300                                
                                               12-14 2.187                     
                                                          hazy                 
              T.D. No. 2                                                       
                      40,000                                                   
                            1,100                                              
                                 10  1,700                                     
                                          1,400                                
                                               12-14 2.187                     
                                                          hazy                 
     __________________________________________________________________________
      .sup.a Materials tested at Instron crosshead speed at 2"/min. Samples wer
      1/4" .times. 1".                                                         
      .sup.b Machine direction                                                 
      .sup.c Transverse direction                                              
PAC  CONTROL A
PAR  Normally solid poly(ethylene oxide) resin powder, having a number average
      molecular weight of 600,000 was fed to a 1 inch .times. 18 inch Egan
      extruder fitted with a 2 inch diameter 20 mil lip gap film die at an
      extruder temperature of about 94.degree.C. The extruder screw speed was
      increased from 0 to 3 rpm and the poly(ethylene oxide) resin fed into the
      die. The extruder head pressure rose to over 5000 psi. Flow from the die
      was at a very low ouput rate. Screw speed was then increased to improve
      the output rate. The head pressure rose dramatically and would have
      exceeded 11,000 psi at screw speeds over 10 rpm. Obviously screw speeds of
      20-60 rpm were not achievable with the head pressure limitation of 11,000
      psi. That is to say at approximately 12,000 psi the extruder and head
      would separate (broken head bolts). The contribution of the screen pack
      pressure drop, die adapter pressure drop, die channel pressure drop and
      die lip pressure drop collectively adds up to this high head pressure.
      Heretofore other investigators have attempted to solve this pressure
      problem using the equipment with low die lip pressure configurations, low
      die channel pressure drop and low die adapter pressure drop. While they
      did achieve some success these configurations do not permit the
      preparation of commercially acceptable quality film. For example, the
      films exhibit evidence of poor mixing, low shear, non-uniform temperature,
      non-uniform flow patterns and are in general very rough surfaced or
      rugose.
PAC  EXAMPLE III
PAR  Dry poly(ethylene oxide) resin powder having a weight average molecular
      weight of about 600,000 was fed into a 2-1/2 inch diameter MPM extruder
      (13.7:L:D ratio) fitted with a 6 inch diameter spiral flow film die and
      having associated film processing hardware similar to that described in
      Example I with 10% by weight of water. The extruder was fitted with a
      fluted polyethylene type screw designed for high shear (good mixing). The
      poly(ethylene oxide) blend fed and extruded well. The tube was inflated up
      to three times its original diameter, collapsed and the flat film
      collected. Good quality film, principally of 2.5 mil gauge and 18 inches
      lay flat, was prepared. Pertinent data are presented in Table 5 for the
      preparation of film.
TBL                TABLE 5                                                     
     ______________________________________                                    
     EXTRUSION BLOWING ON 21/2" MPM TUBULAR                                    
     EXTRUDER WITH FLUTED POLYETHYLENE SCREW                                   
     Screen Pack (Mesh) 20, 60, 100, 20 Die Diameter: 6"                       
     Orifice 20 Mils                                                           
     ______________________________________                                    
     EXTRUDER              SET                                                 
     No. 1 Cylinder .degree.C.                                                 
                           off                                                 
     No. 2 Cylinder .degree.C.                                                 
                           72                                                  
     No. 3 Cylinder .degree.C.                                                 
                           72                                                  
     No. 4 Cylinder .degree.C.                                                 
                           83                                                  
     Head .degree.C.       83                                                  
     Adapter .degree.C.    83                                                  
     Hopper Water on       yes                                                 
     DIE                                                                       
     Top Heater .degree.C. 83                                                  
     Bottom Heater .degree.C.                                                  
                           83                                                  
     Comp. Temp. Variation, .degree.C.                                         
                           slight                                              
     Compound Temperature .degree.C.                                           
                           218                                                 
     Die Pressure, psi     5000-6000                                           
     Press, Variation, psi slight - no surging                                 
     OUTPUT                                                                    
     Screw, R.P.M.         60                                                  
     Wind-up Speed, ft./min.                                                   
                           10                                                  
     Gauge, mils           2.5                                                 
     Blow ratio, in. lay flat                                                  
                           2:1                                                 
     Screw Power, amp.     120                                                 
     Lay flat, in.         18                                                  
     COOLING                                                                   
     Air Ring              air ring used                                       
     Temp. Cooling, .degree.C.                                                 
                           18                                                  
     Frost Line, in.       15                                                  
     Nip Roll Height, ft.  8                                                   
     Rel. Humidity, %      .about.70                                           
     REMARKS:                                                                  
     Slit at Take Off      no                                                  
     Blow Holes/10 min.    0.5                                                 
     Blocking at Take Off  no                                                  
     Film Quality          good                                                
     ______________________________________                                    
PAC  EXAMPLE IV
PAR  The fugitive nature of the water used as a processing aid for the tubular
      extrusion of poly(ethylene oxide) resin into blown film was demonstrated
      by measuring the room temperature mechanical properties of the film
      obtained from Example I and II 48 hours and 192 hours after extrusion and
      blowing. The closeness of these values (Table 6) indicates that most of
      the water added was removed during the extrusion and blowing operations.
TBL                                    TABLE 6                                 
     __________________________________________________________________________
     ROOM TEMPERATURE MECHANICAL PROPERTIES ON POLY(ETHYLENE OXIDE) FILM       
     48 AND 192 HOURS AFTER EXTRUSION                                          
                 YIELD YIELD                                                   
                            TENSILE                                            
                                  %     TIME,                                  
           MODULUS,                                                            
                 STRENGTH                                                      
                       ELONG.                                                  
                            STRENGTH                                           
                                  ELONG.                                       
                                        PROPERTIES OBTAINED                    
     EXAMPLE                                                                   
           (PSI) (PSI) %    (PSI) AT BREAK                                     
                                        AFTER FILM WAS EXTRUDED                
     __________________________________________________________________________
     I M.D.                                                                    
           37,000                                                              
                  995  5.5  2,200 670   48 hrs.                                
     I T.D.                                                                    
           64,000                                                              
                 1,575 9.5  2.700 720   48 hrs.                                
     II M.D.                                                                   
           30,000                                                              
                  970  7    2,100 770   192 hrs.                               
     II T.D.                                                                   
           64,000                                                              
                 1,400 8    2,400 700   192 hrs.                               
     __________________________________________________________________________
PAC  EXAMPLE V
PAR  A monofilament was prepared from poly(ethylene oxide) using a 1 inch NRM
      extruder with an extruder die having a diameter of 0.080 inch, a take-off
      Godet, a stretching Godet and a Coning Machine (take-up spool).
PAR  A powder blend of 100 parts of normally solid poly(ethylene oxide) resin
      having a number average molecular weight of about 600,000, ten parts of
      Tergitol NP-33 (an ethylene oxide adduct of nonyl phenol sold as a
      nonionic surfactant) and 10 parts of water was fed to the 1 inch NRM
      extruder. The extruder temperature settings were (88.degree.C.),
      (127.degree.C.), (99.degree.C.) and (116.degree.C.), from the inlet to
      discharge zones repsectively. The extruder was operated at 30 r.p.m.
PAR  The extrudate was pulled from the die with the Take-off Godet at 11.5
      ft./min. It was then uniaxially stretch oriented by being pulled by the
      Stretching Godet at a speed of 90 ft./min. (7.8 to 1 stretch ratio). The
      oriented poly(ethylene oxide) monofilament exhibited the following
      mechanical properties:
TBL  Tensile modulus (ASTM D 882-56T)                                          
                              68,000   psi                                     
     Yield Strength (ASTM D 882-56T)                                           
                              6,800    psi                                     
     Yield Elongation (ASTM D 882-56T)                                         
                              46%                                              
     Tensile Strength (ASTM D 882-56T)                                         
                              28,000   psi                                     
     Elongation at break (ASTM D 882-56T)                                      
                              260%                                             
PAC  EXAMPLE VI
PAR  Tubing was extruded from poly(ethylene oxide) using a 1 inch NRM extruder
      having a 3/8 inch O.D. tubing die, a tubing take-off machine and an
      air-cooled mandrel.
PAR  A powder blend of 100 parts of normally solid poly(ethylene oxide) resin
      having a number average molecular weight of about 600,000, 10 parts of
      Tergitol NP-33 and 10 parts of water was fed to the 1 inch NRM extruder.
      The extruder and die temperatures were maintained at about (83.degree.C.).
      Using an extrusion pressure of about 2,000 to 2,500 psi, and an air-cooled
      mandrel, uniform, good quality 3/8 inch O.D. poly(ethylene oxide) tubing
      was obtained at an extrusion rate of 2 to 5 foot per minute.
PAR  Although the invention has been described in its preferred forms with a
      certain degree of particularity, it is understood that the present
      disclosure of the preferred forms has been made only by way of example and
      that numerous changes may be resorted to without departing from the spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method of extruding normally solid ethylene oxide resin which comprises
      extruding a composition comprising normally solid ethylene oxide resin
      containing about 4 to about 200 parts by weight of water per 100 parts by
      weight of ethylene oxide resin such that the melt flow of said composition
      lies in the range of about 0.05 to about 20 decigrams per minute when
      measured in accordance with ASTM D 1238-57 T modified in that measurements
      were made at 85.degree.C. and 43.25 psi.
NUM  2.
PAR  2. Method claimed in claim 1 wherein the normally solid resin is a
      homopolymer of ethylene oxide.
NUM  3.
PAR  3. Method claimed in claim 1 wherein the normally solid resin contains
      about 10 to about 20 parts of water.
NUM  4.
PAR  4. Method claimed in claim 1 wherein the melt flow of the composition lies
      in the range of about 0.1 to 10 decigrams per minute.
NUM  5.
PAR  5. Method claimed in claim 2 wherein the composition is used to prepare
      blown film by tubular extrusion.
NUM  6.
PAR  6. Method claimed in claim 5 wherein the blown film contains a maximum of
      about 2% by weight of water at windup.
NUM  7.
PAR  7. Method claimed in claim 2 wherein the composition is used to prepare a
      monofilament.
NUM  8.
PAR  8. Method claimed in claim 2 wherein the composition is used to prepare
      tubing.
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ABST
PAL  A metallic substrate, such illustratively as wire, to which is bonded by
      means of a resinous hot melt adhesive and in a continuous operation a
      thermoplastic resinous coating. The method of making the coated metallic
      substrate comprises applying a resinous hot melt adhesive about the
      metallic substrate and thereafter extruding a molten thermoplastic resin
      onto the deposited adhesive at high rates of speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The unbonded coating of metallic substrates with molten plasticized
      thermoplastic resin has been achieved by a variety of methods. One such
      method involves the extrusion of vinyl halide resin compositions onto a
      core or substrate of galvanized steel to secure a coating providing an
      assured resistance to weather and aging, including oxidizing agents and
      corrosive constituents of many environments in which this resulting coated
      product may, in the ordinary course of outdoor usage, be exposed. Coated
      metallic substrates so secured, have been known, when incorporating
      suitable plasticizers, to manifest a flexibility without cracking, impact
      hardness and resistance to abrasion which makes them particularly useful
      in application to wire to be formed into, for example, chain-link fence.
      These fence materials present, in addition, an esthetically pleasing
      appearance.
PAR  The metallic substrate of these coated materials is rendered vulnerable,
      however, where only a single ply of unbonded plastic is present because of
      the relative ease with which the plastic can be cut and removed in
      relatively substantial lengths by the deliberate effort of vandals or
      others, a condition which tends to be prevalent in heavily industrial
      locations, public playgrounds and the like.
PAR  The bonding of a thermoplastic resin coating to the metallic substrate has
      been known to reduce this ease of removal. This has been accomplished by
      treating wire, for example, with a primer heated to an elevated
      temperature and the composite of wire and primer passed through a
      fluidized bed of vinyl resin powder. The wire substrate used commercially
      in the practice of this latter process has been found to be ungalvanized
      steel. Inherent in this process, additionally, has been the formation of a
      microporous coating of limited thickness, i.e. about 7-10 mils, and this
      vinyl coating has been found to evidence reduced resistance to
      ultra-violet radiation over a sustained period. The relative thinness of
      the coating which can be achieved by this method has been found to permit
      corrosive atmospheres even in the absence of removal of the coating. This
      vulnerability is, of course, of particular significance where the
      substrate is, illustratively, ungalvanized steel. The production of vinyl
      coated metallic substrates employing plastisols or organosols of vinyl
      chloride resins has also been projected, but the combination of steps
      including particularly the removal of diluents from the coating and the
      absorption of plasticizers in the fusion phase tend to render the
      processes uneconomic, both by reason of the reduced speeds at which, for
      example, wire must pass through the coating step, e.g. up to about 300
      feet per minute, and the high temperature baking ovens necessary for
      fusion, utilizing high levels of electric energy.
PAC  SUMMARY OF THE INVENTION
PAR  It is the general object of this invention, therefore, to provide a
      metallic substrate to which is bonded a thermoplastic resin coating of
      sufficient thickness to preserve the composite assembly of coating and
      substrate despite its exposure to a broad variety of weather and
      atmospheric conditions over an extended period of time.
PAR  More specifically, it is an object of this invention to provide means for
      producing, in a continuous operation, at speed of up to about 2000 feet
      per minute, a wire to which has been bonded an extrudable thermoplastic
      resin, particularly, a vinyl resin coating of a thickness sufficient to
      assure protection against extremes of temperature and humidity, as well as
      against abrasion and oxidizing agents such as mineral acids, sea water and
      other dilute solutions of salt and alkali, while conveying an esthetically
      pleasing effect.
PAR  A further object is to provide means for accomplishing the foregoing
      objectives without materially disturbing existing commercial methods for
      producing the most desired of unbonded, coated metallic substrates or
      extending materially the time necessary to produce the corresponding
      bonded product.
PAR  It is a still further object of this invention to provide a wire having the
      foregoing properties which, when coated, will have a measure of
      flexibility sufficient so that it may be flexed or bent to form chain-link
      fence fabric without cracking and which has an improved resistance to
      peeling and thus to deliberate human effort to destroy it by cutting of
      the protective or insulated coating.
PAR  Another and particular object of the invention is to provide a method of
      bonding a vinyl chloride resin composition to a galvanized steel wire
      suitable for use in chain-link fabric in a high speed process, wherein the
      bonding component is a hydrophobic resinous composition, thus providing a
      multi-ply corrosion inhibiting protective coating to the wire substrate.
PAR  Accordingly, the present invention provides a metallic substrate or core to
      which is bonded in a uniform thickness an extrudable thermoplastic resin,
      particularly, a plasticized thermoplastic vinyl chloride resin including
      vinyl acetate copolymers thereof, by means of a hot melt hydrophobic
      resinous adhesive composition.
PAR  The process of producing the coated substrate envisioned herein includes
      passing a metal substrate, particularly and preferably wire from a coil
      which has been subject to cleaning by conventional chemical or other and
      standard physical means, through a plurality of treatment zones at speeds
      of up to about 2000 feet per minute. The first of these zones is one in
      which a hot melt adhesive is deposited uniformly upon the wire in transit.
      To effect the uniform deposition required, the adhesive is maintained at a
      temperature of about 200.degree. F. to 450.degree. F. The hot melt
      adhesive is then passed through a cooling zone in which the coating is
      cooled to a temperature at which it assumes an essentially solid state
      with resistance to flow, at which point the adhesive enters a third zone
      in which the protective vinyl resin coating is applied to the advancing
      adhesive coated core at a uniform rate. The vinyl resin is most desirably
      a plasticized vinyl chloride homopolymer, although vinyl chloride-vinyl
      ester copolymers may also be utilized. The resin coating is applied at a
      temperature within the range of 300.degree. F. to 450.degree. F. to secure
      the necessary viscosity for uniform flow and in order to raise the
      temperature of the adhesive to one sufficient to provide an effective and
      permanent bond with the vinyl coating. The temperature secured in the
      extrusion zone is that achieved in the heating and shearing of the solid
      plasticized resin prior to extrusion thereof onto the adhesive coated
      substrate.
PAR  The coated product comprising a laminate of metallic substrate, adhesive
      ply and outer vinyl resin ply is then cooled to a hardened state in a
      final cooling zone before being assembled for storage, transportation or
      immediate use for its intended purpose, for example, in chain-link fence.
PAR  The foregoing and other objects, features and advantages of the invention
      will become more apparent from the description appearing hereinafter in
      connection with the accompanying drawings forming part of this application
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of the laminated product prepared
      according to the present invention.
PAR  FIG. 2 is a semi-diagrammatic illustration of the method employed according
      to the invention in producing the product of FIG. 1.
PAR  FIG. 3 is a perspective view of apparatus used in the practice of the
      process according to the invention.
PAR  FIG. 4 is a sectional view of an alternative apparatus for use in the
      practice of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in detail to the accompanying drawings wherein the preferred
      embodiment of the invention is manifested, there is shown in FIG. 1 the
      coated and bonded wire 10 incorporating the metallic substrate 12
      preferably formed of galvanized steel, and surrounding this substrate, a
      continuous ply of hot melt adhesive 14 to which is bonded in turn as the
      exterior ply, a coating of vinyl halide resin composition 16.
PAR  The metallic substrate treated according to the practice of this invention
      may vary substantially as to conformation, flexibility and the metal
      employed. Illustratively, the process herein described has application to
      relatively smooth metallic surfaces such as copper, aluminum, brass,
      magnesium, steel, whether galvanized, ungalvanized, bethanized, aluminum
      coated or high strength, low alloy steels in which the alloy is, for
      example, chromium, silica, copper, nickel, phosphorus alloy (sold by the
      U.S. Steel Corporation under the trade name COR-TEN A steel) or a
      manganese, chromium, vanadium alloy (sold by U.S. Steel Corporation as
      COR-TEN B steel), or steel surface-treated with phosphoric acid for
      example; and whether in the form of tubing, H-beams, web constructions,
      flat plate, cable, filament or wire strands, and the like. The invention
      herein described has particular and unique application, however, to wire
      having most desirably a smooth, nodule-free surface, as shown in FIG. 1,
      and that paid out at high speeds from a coil which, after coating is
      completed, may be conveniently reformed as a coil. While the dimensions of
      the substrate to be coated are not narrowly critical, where wire is, for
      example, being coated, preferred limits have been found where,
      illustratively, the wire is to be used in making chain-link fence having a
      cross-sectional diameter within the range of about 0.076 inch to about
      0.192 inch. Indeed, the invention is especially practicable for use with
      normally rigid wire of this diameter and having, in addition, a tensile
      strength of 65,000 to 120,000 psi.
PAR  A method for producing the composite wire 10 of FIG. 1, according to a
      preferred embodiment of the invention, is shown, except where otherwise
      expressly indicated herein, in FIG. 2 employing standard apparatus. Thus,
      a continuous metallic wire core 12 is drawn at speeds of up to about 2000
      feet per minute through a plurality of treatment zones in which it
      receives successive resinous plies (designated by the numerals 14 and 16
      in FIG. 1) and is subjected to several significant variations in
      temperature.
PAR  More particularly, according to this process a coil of untreated wire 12 is
      uncoiled from a supply stand or pay-off frame 20 which may be of standard
      design and drawn through successive treatment zones at a line rate of
      speed of between about 200 to approximately 2000 feet per minute and
      preferably within the range of about 800 to about 1500 feet per minute.
PAR  Indeed the bond between the galvanized steel wire 12 and the extruded vinyl
      coating 16 provided by the hot melt adhesive 14 is improved with increased
      line speed as is the esthetic appeal of the coated product as reflected in
      the high surface gloss achieved at these increased rates of speed, thus
      enhancing the useful life and desirable appearance of the product while
      decreasing its cost of manufacture. While not intended to be limited to
      any particular theory of operation, it is believed that this phenomenon is
      attained by virtue of the increased activation afforded the adhesive when
      it comes into contact with the extruded vinyl resin which at the higher
      rates of line transmission will be extruded onto the wire more rapidly and
      at higher temperatures within the ranges recited in accordance with the
      invention.
PAR  The initially uncoiled wire is, in any event, first cleaned by standard
      physical means such as brushes or cloth 17, or alternatively by
      conventional chemical reagents to remove dust, oil or other foreign
      substances from the substrate or core 12, after which it is transmitted
      through a first treatment zone 24 comprising, in a preferred embodiment
      the device of FIG. 3, an insulated heated dipping tank 27 preferably of
      rigid double wall construction, containing an entry orifice 28 with a
      suitable entry die (not shown) through which the wire 12 is advanced into
      the tank 27 thus preventing leakage of adhesive present in the molten
      state within the tank 27 from about the advancing wire 12. Heating
      elements (not shown) are disposed within or about the walls of the tank in
      standard manner to secure the elevated temperatures required to melt the
      normally solid adhesive and achieve the temperature necessary to effective
      coating of the wire 12. Positioned at the level of the entry orifice 28,
      but in the wall opposite that 29 in which the entry orifice 28 is defined,
      is an exit orifice 31 comprising a sizing die of the requisite diameter to
      provide the desired thickness of adhesive coating 14 on the wire core 12
      leaving the first treatment zone. The dipping tank 27 is preferred
      particularly because the viscosity of the adhesive may vary within a
      broader range than where other applicator means are used. Illustrative
      alternatives are however available and useful as shown in FIG. 4, where
      the wire core 12 may be transmitted through a cross-head applicator 32
      that constitutes the first treatment zone 24. The fluid adhesive, normally
      solid at ambient or room temperatures, is pumped into the applicator at an
      elevated temperature sufficient to render it a molten plastic or through
      the feed screw of a conventional extruder apparatus into the foregoing
      cross-head applicator or die 32. The adhesive is heated in part by the
      frictional or shearing forces exerted by kneading of the resinous adhesive
      in the barrel of a conventional extruder and more particularly by heating
      means disposed in conventional manner in a jacket mounted about the feed
      screw barrel or other passage or mixing chamber through which the adhesive
      is conveyed to the applicator head. A commercially available hot melt
      applicator is that designated by the trade name Spraymation and
      particularly that bearing the grade designation 84300  manufactured by
      Spraymation, Inc., Little Falls, New Jersey used to supply adhesive to a
      cross-head applicator or die 32 in a preferred embodiment of this type of
      treatment means. The applicator 32 comprises a die body 33, having an
      annular passage 34 flared at its opposite ends 35 and 36 and adapted to
      receive in threaded engagement therewith threaded dies 37 and 38 having
      axially disposed orifices, the entry orifice 39 and the exit orifice 40
      respectively, of uniform cross-sectional diameter. The first of these
      orifices 39 defines the point of entry of the wire 12 into the first
      treatment zone formed by the annular passage or reservoir 34 and has a
      larger cross-sectional diameter than the exit orifice 40 which forms a
      sizing die controlling the thickness of the adhesive coating applied to
      the wire 12 in the initial treatment zone. Intermediate the opposite ends
      35 and 36 of the passage 34 there is disposed an entry port 41 through
      which the adhesive however fed thereto is transmitted into the passage
      which thus serves as a reservoir in which the molten adhesive is applied
      to the advancing wire.
PAR  Whichever of the foregoing means of application is used, however, the
      temperature to which the normally solid adhesive is elevated to induce the
      necessary viscosity and resulting adhesion to the metal substrate is
      normally from about 200.degree.F. to about 450.degree.F. and preferably
      about 350.degree.F. to about 450.degree.F., the temperatures varying with
      the particular composition of the adhesive formulation, and the thickness
      of the adhesive coating 14 to be formed. The preferred range is employed
      particularly where the limitations on viscosity of the adhesive are more
      severe, that is, for example, where the cross-head applicator of FIG. 4 is
      utilized. Within the preferred parameters for practice of the present
      invention as defined herein, the temperature of the adhesive composition
      when applied in the first treatment zone is about 350.degree.F. to about
      450.degree.F. to effect the continuous uniform coating required. The
      thickness of the coating is normally within the range of about 0.25 mils
      (0.00025 inch) to about 5 mils (0.005 inch) and preferably about 2 mils
      (0.002 inch).
PAR  Upon leaving the first treatment zone 24 the adhesive coated wire passes in
      a substantially linear manner through the ambient atmosphere, which is
      maintained normally at approximately 65.degree.F. to 78.degree.F., and
      constitutes a second treatment zone 42, in which the adhesive is returned
      to its substantially solid state. This zone has a length normally of about
      20 feet to 100 feet for a residence time of about 0.01 to 0.5 minutes and
      preferably about 40 feet to about 80 feet a residence time of about 0.02
      to 0.4 minutes. The most desirable cooling to enable the adhesive to
      assume the flexible, soft but solid and resistant to flow properties best
      adapted for effective entry into and activation of the adhesive 14
      deposited about the wire 12 in the third treatment zone is generally about
      60 feet or a residence time of about 0.03 to 0.3 minute. The ambient air
      provides the cooling medium of the second treatment zone, but the
      necessity of more effective cooling means is obviated by the metallic core
      12 which functions as a heat sink for the elevated temperatures imparted
      to the adhesive in the first treatment zone.
PAR  The second treatment zone or cooling span 42 terminates in the third or
      vinyl resin deposition zone 43. This zone is composed of the annular
      passage defined by a cross-head die, also designated in this embodiment by
      the numeral 43. The passage through which the wire is transmitted in this
      zone may, illustratively, be smooth bore of uniform diameter or tapered to
      a relatively constricted diameter intermediate the opposite ends of the
      passage. The method involved is well known to those skilled in the art.
      The extrusion process involves, by way of illustration, blending vinyl
      halide resin in the form of a fine powder with plasticizer and other
      additives to form pellets, usually. This thermoplastic resin composition
      is then fed through a hopper (not shown) into one end of a conventional
      plastic extruder from which the plastic is then fed onto a standard screw
      45 mounted in the circular passage or barrel 47 with a close clearance
      between barrel and screw surface of, for example, 0.001 inch per inch of
      screw diameter. The screw 45 is driven by a variable speed motor (not
      shown) which is capable normally of inducing a screw speed of 30 to 100
      revolutions per minute (rpm). The barrel 47 is usually heated electrically
      and together with the heat resulting from the shearing of the pelletized
      vinyl resin composition advanced through the barrel 47 from the hopper by
      the screw 45 attains a molten state as it approaches the extruder head
      composed of the constricted passage of the adaptor 48 and cross-head die
      43. The faster the line speed of the wire to be coated, the faster the
      speed of screw rotation and the higher the shearing temperature effected
      within the barrel 47. Consequently, the higher the temperature of the
      resin composition as it enters the cross-head die 43 and the more
      effective the bond achieved between the adhesive and vinyl coating. The
      temperature induced in the barrel 47 of the screw feed is sufficient to
      activate the hot melt adhesive advancing into the cross-head die from the
      second treatment zone, where the adhesive has been cooled and rendered
      sufficiently solid to pass unimpeded into the cross-head die without
      clogging of the latter at and about the point of entry of the
      adhesive-coated wire into the die.
PAR  The temperature attained in the extruder head or die of the third treatment
      zone is from about 300.degree.F. to about 450.degree.F. and preferably
      about 350.degree.F. to about 400.degree.F.; temperatures sufficient to
      effect an effective bond between the vinyl coating and the wire 12 without
      degradation of the adhesive or vinyl resin composition.
PAR  The coating applied in the cross-head die of the extruder is most desirably
      about 0.015 inch to about 0.025 inch in thickness where the product wire
      is to be woven into chain-link fence fabric.
PAR  The coated wire product 10 is then advanced into the final treatment zone
      49 prior to being rewound on the take-up reel 22 driven by conventional
      electric motor or other drive means (not shown).
PAR  The final treatment zone comprises an intermediate air space or heat
      transfer zone 50 of about 10 to 20 feet or more in length and preferably
      about 12 to 20 feet, and a cooling bath or trough 52 through which cold
      water is circulated. The further removed from the cross-head die 43, the
      water-containing cooling bath 52 is positioned within the recited
      parameters the better the bonding of the vinyl resin coating 16 secured to
      the metallic substrate or core 12, since greater opportunity is given for
      activation of the adhesive 14 and a consequently improved bond. The
      residence time in the heat transfer zone 50 will vary within the range of
      from about 0.005 minute to 0.1 minute with a preferred range of about
      0.006 minute to 0.1 minute.
PAR  The cooling bath 52, containing desirably a circulating stream of water
      operating at a temperature within the range most desirably of 50.degree.F.
      to 70.degree.F., serves to assure solidification of the adhesive and vinyl
      resin plies 14 and 16 respectively, so that the product 10 can be recoiled
      or otherwise stored or used after leaving the bath 52. The residence time
      within the bath is not narrowly critical. A minimum period of time is
      normally about 0.05 minute.
PAR  The hot melt adhesive compositions, employed in the practice herein
      described are those which will effect a satisfactory bond with the
      metallic conductor or core 12 and the vinyl coating or ply 16 at the
      indicated temperatures and within the related parameters described. Most
      desirably these hot melt adhesive compositions comprise copolymers of
      ethylene and vinyl acetate containing 4 to 6 mols of polymerized ethylene
      monomer per mol of vinyl acetate; have an inherent viscosity of about 0.6
      to 1.2; and a mol weight of about 200,000 to 500,000.  Amounts of a second
      component, a non-thermosetting phenolic modified terpene resin of from
      about 20 parts to as much as 400 parts by weight, and preferably about 20
      to 40 parts thereof are admixed with each 100 parts by weight of the
      foregoing ethylene vinyl acetate copolymer. The terpene resins employed
      are those resulting from the acid-catalyzed condensation of a cyclic or
      acyclic monoterpene or sesqui-terpene, that is a terpene containing
      fifteen carbon atoms or less, with a phenol freely reactive, that is
      unsubstituted, in one or more of the ortho- and para- positions.
      Illustrative of unsubstituted terpenes desirable for use as aforesaid and
      which impart the requisite tackifying and plasticizing characteristics to
      the adhesive compositions of the invention are d-limonene, 1-limonene,
      .alpha.-fenchene, dipentene, .beta.-pinene, .beta.-fenchene, bornylene,
      and the like. .alpha.-Pinene is particularly preferred.
PAR  Illustrative phenols which may be used in producing the foregoing
      non-thermosetting hot melt adhesives are those phenols substituted in the
      3- or 3,5- positions and wherein the substituents are, illustratively,
      lower alkyl or alkoxy radicals, preferably straight-chain alkyl or alkoxy
      radicals containing from 1 to 3 carbon atoms, i.e. methyl, ethyl and
      propyl; halogens, e.g. chloro, iodo, and nitro and amino moieties.
      Illustrative of the freely reactive substituted phenols, that is those
      phenols unsubstituted in the ortho or para position, are 3-amino-phenol,
      3-nitro-5-propyl phenol, 3,5-dichloro-phenol, 3-methyoxyphenol,
      2,5-di-methyl phenol and 3,4-diamino phenol. The preferred reactant with
      .alpha.-pinene is unsubstituted phenol, however in approximately equimolar
      proportions.
PAR  Suitable non-thermosetting phenolic-modified terpene resins for use in the
      practice of the present invention are also described, by way of further
      illustration, in U.S. Pat. No. 3,448,178. As noted in this patent, waxes
      or wax-like products may also be employed in amounts of up to 50 per cent
      by weight in partial substitution of the ethylene vinyl acetate copolymer
      to reduce the melt viscosity or cohesive properties of the composition
      without affecting in an appreciably adverse manner the adhesive
      characteristics thereof. Minor amounts usually not in excess of about one
      per cent by weight of additives, and particularly anti-oxidants such as
      butylated hydroxy toluene, propyl gallate or the like may also be
      incorporated as desired.
PAR  The resinous adhesives thus evolved are characterized by excellent adhesion
      to the vinyl resins and metallic substrates at the temperatures and within
      the other parameters set forth herein. At the same time, these adhesives
      have excellent low temperature flexibility, resistance to deformation; and
      most significantly provide an additional barrier against corrosion, thus
      further extending the useful life of the finished product 10, for example,
      whether employed in fencing materials such as chain-link fence or as an
      insulated electrical conductor.
PAR  The vinyl resins forming the protective coating 16 are commercially
      available vinyl halide, and particularly vinyl chloride, homopolymers, as
      well as copolymers containing at least 75 per cent by weight of vinyl
      chloride and up to about 30 per cent by weight of one or more other
      polymerized comonomers. Illustrative of the vinyl comonomers for use in
      the foregoing copolymers are vinyl esters of the following general
      formula:
      ##EQU1##
      wherein R is a lower alkyl moiety and one preferably of from 2 to 4 carbon
      atoms. Illustrative of the comonomers are vinyl acetate, vinyl butyrate
      and vinyl propionate.
PAR  The vinyl resins thus employed in the practice of this invention provide
      the most significantly effective bond according to the practice, and under
      the conditions achieved hereunder in combination, by way of illustration,
      excellent protective properties including resistance to abrasion,
      weathering, oxidation and attack by a variety of other chemicals while
      being relatively inexpensive and easily handled.
PAR  Other significantly less preferred extrudable thermoplastic resins which
      may also be used, however, in the practice herein described include the
      polyolefins, notably low density polyethylenes and most desirably those
      having a low melt index of from about 0.2 to 0.4 as measured by ASTM
      Procedure D-1238-65T; and polyamides, such as nylon-6 and nylon - 12,
      which are pigmented and stabilized for long outdoor exposure.
PAR  The foregoing vinyl chloride homopolymers and copolymers are combined with
      plasticizer and preferably mixtures thereof, in an amount by weight of
      about 25 to about 40, and preferably about 28 to 32, parts for every 100
      parts of resin (phr). Included among these plasticizers are liquid
      plasticizers among which are the alkyl and alkoxy alkyl esters of
      dicarboxylic acids or the esters of a polyhydric alcohol and a monobasic
      acid; and more specifically, phthalate plasticizers, such as dioctyl
      phthalate, butyl octyl phthalate, di-2-ethylhexyl phthalate, di-isodecyl
      phthalate, N-octyl phthalate, dinonyl phthalate, diisooctyl phthalate,
      butyl lauryl phthalate, butyl benzyl phthalate, and ethyl phthalyl ethyl
      glycolate; dibasic acid ester derivatives such as dioctyl adipate, dioctyl
      azelate, dioctyl sebacate, dibutylsebacate and glyceryl stearate. Also
      contemplated as plasticizers are phosphates such as trioctyl phosphate,
      triphenyl phosphate and tricresyl phosphate; as well as chlorinated fatty
      acid esters, alkyl epoxy stearates, epoxides of soya bean oil fatty acid,
      and epoxy linseed oil,
PAR  Plasticizers which are particularly preferred for use in combination with
      the foregoing resins are plasticizers relatively insoluble in the
      components of the adhesive composition. Illustrative of these are
      polymeric plasticizers such as linear polyesters formed from propylene
      glycol, ethylene glycol and adipic or sebacic acid which are end-capped
      with monohydric alcohols or monobasic acids. It has been discovered that
      these non-migratory, and desirably polymeric, plasticizers enhance even
      further and significantly the effective bonding of the protective coating
      and metallic substrate, and thus the useful life of the product.
PAR  Other conventional components include stabilizers and pigments, normally
      from about 1 to 9 phr., and preferably about 3.5 to 5 phr. thereof. These
      components are well known within the field and commercially available. The
      stabilizers employed particularly are thermal and light stabilizers, such
      as illustratively, benzophenone and benzotriazole derivatives usually in
      an amount by weight of about 0.05 to 0.3 phr., and dibasic lead phosphite
      or cadmium and zinc salts in an amount by weight of about 0.05 to 0.3 phr.
      Pigments, employed in amounts of 0.0001 to 3.0 phr., are also well known
      and include, for example, phthalocyanine green, phthalocyanine blue,
      carbon black and titanium dioxide.
PAR  The resulting plasticized polyvinyl chloride resin compositions contain
      most desirably, no fillers, extenders or other extraneous matter. The
      colors or pigments are stabilized with conventional stabilizers as
      aforesaid, have a light fastness that shall withstand a minimum
      Weather-O-Meter exposure of 4000 and up to 5000 hours without any
      deterioration (Test Equipment Operating Light and Water Exposure Apparatus
      Carbon -- Arc Type) ASTM D 1499, E 42 Type and 649 as applied to wire and
      pipe coating respectively. The extrusion grade semi-rigid vinyl resin
      utilized will have most desirably a maximum specific gravity of 1.30 to
      1.32 (ASTM D 792); a hardness of about Durometer A 75 to 95, Shore A
      Durometer and preferably about 88 to 93; a tensile strength of about 1500
      to 3500 (pounds per square inch gauge) psig and preferably about 2700 psig
      (ASTM D 412) and an ultimate elongation of about 270 to 280 percent (ASTM
      D 412). This protective vinyl resin is characterized by high abrasion
      resistance, maximum deformation of 15 percent at 120.degree.C.
      (Underwriter Laboratories Test Procedure) under a 500 gram load and
      compression cut through of 1500 psig to 1800 psig and preferably 1700 to
      1800 psig (Bell Laboratory Test Procedure). The vinyl clad product will
      withstand an accelerated aging test of 2000 hours at 145.degree.F. without
      cracking or peeling.
PAR  The vinyl coating thus formulated can be applied continuously at high
      speed, with uniformity, from a conventional extruder in effective
      thickness as described above to achieve a protectively coated wire having
      all of the desired properties necessary for imparting an extended useful
      life to the product 10 under the vigorous conditions to which, for
      example, chain-link fence, as well as other insulated and protected
      metallic substrates in which the product 10 is to be used are normally
      subjected.
PAR  The coated wire combines, as will be evident from the accompanying
      description, means for producing a product of unusually desirable
      characteristics in a significantly efficient and inexpensive manner.
PAR  The following examples are further illustrative of the invention. In these
      examples all parts and percentages are by weight unless otherwise
      expressly indicated.
PAC  EXAMPLE 1
PAR  This example illustrates the production of wire having a protective coating
      bonded thereto in accordance with the invention.
PAR  A continuous substrate of galvanized steel wire 12 having a diameter of
      0.106 inch and a tensile strength of 100,000 psig advanced at a rate of
      250 feet per minute through mechanical cleaning means 17 and thence
      through the cross-head die of a Spraymation hot melt resin applicator in
      which the head or die attained a temperature of 450.degree.F. and wherein
      a hot melt adhesive composition in the molten state and having a
      temperature of 390.degree.F. was applied to the wire or filament 12 in a
      thickness of about 0.002 inch. The normally solid hot melt adhesive
      contained a combination of ethylene/vinyl acetate copolymer and a modified
      terpene resin sold by National Starch Corporation under the trade name
      National Starch 70-0418. From the cross-head die of the Spraymation
      application termed the first treatment zone, the wire was advanced in a
      substantially linear manner through the ambient atmosphere constituting
      the second treatment zone 40 having a length of about 40 feet, in which
      the adhesive coated wire was permitted to cool and solidify. The coated
      wire was then delivered to a third treatment zone 42 formed by the smooth
      annular bore of a second cross-head die into which molten vinyl chloride
      homopolymer, Colorite 9813 Black, a plasticized poly (vinyl chloride)
      containing low temperature (-20.degree.C.) plasticizer, a mixture of
      thermal and ultra-violet stabilizers and pigment with no other fillers,
      extenders or other extraneous matter present, was fed from a conventional
      screw feed extruder 43.
PAR  The vinyl chloride resin feed had a light fastness sufficient to withstand
      (1) a minimum Weather-O-Meter exposure of 4000 hours without deterioration
      (Test Equipment Operating Light and Water Exposure Apparatus Carbon -- Arc
      Type) ASTM D 1499, E 42 Type E, and (2) an accelerated aging test of 2000
      hours at 145.degree.F. without cracking or pealing. The resin had, in
      addition, a tensile strength of 2700 psi, ultimate elongation of 275
      percent; a specific gravity of 1.30 maximum; a hardness not less than
      Durometer A 90 .+-. 5; maximum deformation of 15 percent at 120.degree.C.
      under a 500 gram load and a compression cut through of 1500 psi; when
      measured by the appropriate test procedures recited in the description
      appearing hereinabove. The screw is rotated in the heated extruder barrel
      at a rate sufficient to knead the foregoing resin and exert a shearing
      force adequate, in turn, to induce a temperature in the plasticized resin
      being advanced in the barrel 45 and the extruder head or die 42 to about
      350.degree.F.
PAR  The cross-sectional diameter of the die was sufficient to provide a resin
      coating of 0.0185 inch and define an outside diameter of about 0.145 inch
      to the product wire 10 when the coating operation was complete.
PAR  The wire was next passed into the final treatment zone 49 including a
      cooling trough 52 in which water was circulated. This trough is removed
      from the die 43 by about fifteen feet in which span the coated wire
      travels in a linear path through a room temperature atmosphere. In this
      span the vinyl resin coating and hot melt adhesive perfect the bond
      initiated in the vinyl extruder's crosshead die and is cooled sufficiently
      to avoid accumulation of coating resin on the guide rolls of the trough.
      The coated wire was then advanced through the trough or dam 52 which was
      maintained at about 68.degree.F. to 75.degree.F. and the finished product
      recovered therefrom after a residence time of about 2.5 seconds. This
      product evidenced good adhesion 5 minutes after its recovery from the
      final treatment zone and could be stripped from the wire substrate only
      with difficulty.
PAC  EXAMPLE 2
PAR  This example illustrates the use of an increased line speed in the practice
      of the invention.
PAR  The procedure of Example 1 was repeated using a line rate of speed in the
      various treatment zones of 600 feet per minute. The plasticized vinyl
      resin at the point of application in the cross-head die had achieved a
      temperature of about 390.degree.F. The surface finish was found improved
      to a glossy condition over that of Example 1. Adhesion of the vinyl
      coating was found improved over that secured in the product of Example 1.
PAC  EXAMPLE 3
PAR  This example illustrates the use of a line rate of speed significantly
      faster than that of Examples 1 and 2.
PAR  The procedure of Example 1 was repeated using a line rate of speed in the
      several treatment zones of about 900 feet per minute. The vinyl resin had
      a temperature of about 35.degree.F. in the cross-head die. The surface
      gloss and adhesion were substantially improved over those secured at the
      lower rates of speed of Examples 1 and 2. The degree of surface gloss
      secured is significant in that the vinyl resin coating effected is
      important not only for its protective character but for its esthetic
      appeal as well, particularly where it is to be employed in the manufacture
      of chain-link fence.
PAC  EXAMPLE 4
PAR  This example illustrates the use of a line speed significantly faster than
      that of the prior examples.
PAR  The procedure of Example 1 was repeated using a line rate of speed in the
      several treatment zones of about 1000 feet per minute. The surface gloss
      was excellent, and the adhesion to the wire substrate of the vinyl resin
      coating as good as that secured in Example 3. The outside diameter of the
      product wire secured under conditions otherwise identical to those recited
      in Examples 1 to 4 was 0.148 inch, with a vinyl coat of 0.022 inch
      thickness. The speed of the coating operation was limited by extruder
      capacity and take-up capability of the apparatus used; not by the
      effectiveness or speed of application.
PAC  EXAMPLE 5
PAR  This example illustrates the use of a different formulation of hot melt
      adhesive in the practice of Example 1 utilizing the line speed of
      treatment described in Example 4.
PAR  The procedure of Example 1 is repeated using a line rate of speed in the
      several treatment zones of about 1000 feet per minute and utilizing as the
      hot melt adhesive a composition having the following formulation:
     Component                Parts                                            
     ______________________________________                                    
     Ethylene/vinyl acetate copolymer                                          
      (Union Carbide 605)     40                                               
     Modified terpene resin                                                    
      (sold by Penn Industrial Chemicals,                                      
      Clayton, Pennsylvania under the                                          
      trade name PICOLITE A 13)                                                
                              40                                               
     Microcrystalline wax                                                      
      (sold by Sonneborn Division of                                           
      (Witco Chemical Co., New York,                                           
      New York under the trade name                                            
      MULTIWAX 180 M)         20                                               
     Butylated hydroxy toluene                                                 
      (sold by Shell Chemical Co. under                                        
      the trade name BHT)     0.5                                              
     ______________________________________                                    
PAR  The resulting-bonded coating exhibited an excellent surface gloss and an
      adhesion superior to that secured in Examples 1 to 4.
PAC  EXAMPLE 6
PAR  This example illustrates the use of another hot melt adhesive formulation.
PAR  The procedure of Example 1 is repeated using a line rate of speed of about
      1500 feet per minute and substituting for the hot melt adhesive of Example
      1 the following formulation:
TBL  Component                Parts                                            
     ______________________________________                                    
     Ethylene/vinyl acetate copolymer                                          
     containing approximately 5.4 mols                                         
     of ethylene per mol of vinyl acetate                                      
     and having an inherent viscosity of                                       
     about 0.98 and a molecular weight of                                      
     about 400,000 to 500,000 40                                               
     Non-thermosetting resin prepared by                                       
     the conventional acid-catalyzed reaction                                  
     of equimolar proportions of .alpha.-pinene and                            
     phenol                   40                                               
     Paraffin wax             20                                               
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  This example illustrates the use of a cross-head die of different
      construction for application to the wire substrate of the hot melt
      adhesive.
PAR  The procedure of Example 1 is repeated using a line rate of speed of about
      1500 feet per minute and employing the Spraymation applicator of Example 1
      with the cross-head applicator of FIG. 4 affixed to the outlet end thereof
      and the entry orifice 39 of the cross-head applicator has a uniform
      cross-sectional diameter of 0.112 inch; and the exit orifice a uniform
      cross-sectional diameter of 0.110 inch to provide a uniform coating of hot
      melt adhesive of 0.002 inch on the bare wire having a diameter of 0.106
      inch.
PAC  EXAMPLE 8
PAR  This example illustrates the use of a dipping tank as an applicator for the
      hot melt adhesive, replacing the cross-head applicator of Example 7.
PAR  The procedure of Example 1 is repeated using a line rate of speed of about
      900 feet per minute and substituting for the applicator of Example 7 the
      dipping tank of FIG. 3 wherein the sizing die through which the adhesive
      coated wire is advanced into the second treatment zone has a dimension
      identical to that of the exit orifice in the cross-head applicator of
      Example 7.
PAR  The determination of the extent of bonding of vinyl resin coating to the
      metal substrate where referred to in the foregoing examples was made using
      an inflexible arm suspended at its upper end by a tensile machine grip
      from a dynamometer; the lower end of the arm forming a horizontally
      disposed flange in which is defined an annular orifice or band of
      adjustable diameter, through which is passed a stripped wire core which
      the orifice or band is adapted to receive. The stripped wire is above the
      level of said orifice, coated with bonded vinyl resin according to the
      practice of the invention. The coated wire is about 2 inches in length.
      The bare wire extends downwardly about 4 inches from the foregoing orifice
      which is so limited that it will not permit the coated portion of the wire
      to pass through. The bare wire is held at the lower end by a standard
      tensile machine grip which is lowered under pressure to induce a pealing
      effect on the coated wire above the level of the orifice of the flange.
      The force or weight necessary to strip the wire is recorded on a load
      cell.
PAR  Various epoxy and acrylic adhesives and zinc chromate primers employed
      under conditions similar to those recited above evidenced normally either
      slight or no adhesion. Where any adhesion was secured the bond was brittle
      in addition to being significantly less than that secured according to the
      practice of this invention. Other acrylic resin adhesives such as that
      sold by Hughson Chemical Company in a two component system under the trade
      name designation Hughson 521 accelerator No. 3 (lacquer) modified acrylic
      adhesive system, exhibited good adhesion but required that the system be
      run at a very reduced line rate of speed.
PAR  It will be evident that the terms and expressions which have been employed
      are used as terms of description and not of limitation. There is no
      intention in the use of such terms and expressions of excluding
      equivalents of the features shown and described or portions thereof and it
      is recognized that various modifications are possible within the scope of
      the invention claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A continuous process for applying a protective coating to a clean
      metallic substrate and simultaneously bonding said coating thereto that
      comprises applying, in a first treatment zone, to a rapidly advancing
      length of said substrate a first ply of molten hydropholic hot melt
      adhesive composition composed of a non-thermosetting phenolic-modified
      terpene resin and ethylene-vinyl acetate copolymer at a temperature of
      from about 200.degree.F to 450.degree.F to effect a bonding of said
      adhesive to said metallic substrate; advancing said adhesive coated
      substrate to a second treatment zone wherein said adhesive is cooled to a
      solid, soft, flow-resistant state and thereafter extruding onto said
      cooled adhesive in a third treatment zone, a molten extrudable
      thermoplastic resin composition selected from a plasticized vinyl resin, a
      polyolefin, and a polyamide at a temperature sufficient to melt said
      adhesive and effect a bond between said adhesive and said resin; and
      thereafter in a fourth treatment zone reducing the temperature of said
      advancing coated substrate to solidify the bonded coating of adhesive and
      thermoplastic resin composition.
NUM  2.
PAR  2. A continuous process according to claim 1 for use in making a bonded
      protectively coated wire, wherein said metallic substrate comprises a wire
      unrolled from a coil and advanced through said plurality of treatment
      zones at a rate of speed of from about 200 feet per minute to 2000 feet
      per minute.
NUM  3.
PAR  3. The process of claim 2 wherein the transmission of said wire through
      said treatment zones is substantially linear and is effected at a speed of
      about 800 feet per minute to about 2000 feet per minute.
NUM  4.
PAR  4. The process of claim 3 wherein said adhesive composition is deposited
      upon said wire in a thickness of about 1 to about 5 mils and said vinyl
      chloride homopolymer compound is extruded onto said adhesive coating in a
      thickness of about 0.015 to 0.025 inch.
NUM  5.
PAR  5. The process of claim 4 for use in making a bonded protectively coated
      wire suitable for chain-link fence fabric wherein said wire prior to
      treatment has a cross-sectional diameter of from about 0.076 inch to about
      0.192 inch.
NUM  6.
PAR  6. The process of claim 2 wherein the treatment zones wherein cooling
      occurs are maintained at about room temperature.
NUM  7.
PAR  7. The process of claim 1 wherein said fourth treatment zone comprises the
      ambient atmosphere through which the coated wire is advanced after leaving
      the extruder, and a trough containing a cooling liquid medium through
      which said coated wire is advanced from said ambient atmosphere.
NUM  8.
PAR  8. The process of claim 7 wherein the length of that portion of the fourth
      treatment zone comprising the ambient atmosphere is a span of about 10 to
      about 20 feet.
NUM  9.
PAR  9. The process of claim 6 wherein said first treatment zone comprises a
      cross-head die through which said wire is advanced and in which said
      molten hot melt adhesive is applied thereto, said die having an exit
      orifice formed at the end of said die remote from the point of entry of
      said wire into said die; said exit orifice defining a sizing die of
      annular cross-sectional conformation and suitable for determining the
      thickness of adhesive coating applied to said wire.
NUM  10.
PAR  10. The process of claim 6 wherein said first treatment zone comprises a
      dipping tank containing said hot melt adhesive and through which said wire
      is advanced, an exit orifice being defined in the wall of said tank
      opposite the point of entry of said wire into said tank; said exit orifice
      constituting a sizing die of annular cross-sectional conformation to
      determine the thickness of adhesive coating applied to said wire.
NUM  11.
PAR  11. A process for applying and bonding a protective coating to a clean
      metallic substrate which comprises applying to a rapidly advancing length
      of said substrate a first ply of molten hydropholic hot melt adhesive
      composition composed of a non-thermosetting phenolic-modified terpene
      resin and ethylene vinyl acetate copolymer, cooling said adhesive
      composition to a soft, solid, flow-resistant state, extruding a molten
      extrudable thermoplastic resin composition selected from a vinyl resin, a
      polyolefin or polyamide on to said adhesive composition at a temperature
      sufficient to melt said adhesive composition and cooling whereby said
      thermoplastic resin composition is bonded to said substrate by means of
      said adhesive composition.
NUM  12.
PAR  12. The process of claim 11 wherein said extrudable thermoplastic resin is
      a vinyl chloride homopolymer.
NUM  13.
PAR  13. The process of claim 11 wherein said extrudable thermoplastic resin
      employed is a copolymer of vinyl chloride and a vinyl ester having the
      structure:
      ##EQU2##
      wherein R is a lower alkyl radical.
NUM  14.
PAR  14. The process of claim 13 wherein said vinyl ester is vinyl acetate.
NUM  15.
PAR  15. The process of claim 12 wherein said temperature at which the vinyl
      chloride homopolymer compound is extruded onto said adhesive coated
      substrate is about 300.degree.F. to about 450.degree.F.
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ABST
PAL  Molybdenite or MoS.sub.2 materials, particularly finely divided flotation
      concentrates, are oxidized (roasted) to form molybdenum trioxide in a
      continuous composite fluidized bed containing non-elutriated refractory
      solids. A relatively high recycle ratio of oxidized calcine to feed is
      maintained for best results. The temperature of the circulated oxidized
      solids is maintained high to avoid sticking and deposition problems. High
      throughputs and high conversions have been achieved, with the product
      having a low sulfur content.
BSUM
PAR  This invention concerns the production of molybdenum trioxide from
      molybdenum disulphide and molybdenum disulphide-containing materials by
      oxidation in a recirculating fluidized bed reactor. The reaction is
      performed with oxygen as follows:
EQU  MoS.sub.2 + 7/2 O.sub.2 .fwdarw. MoO.sub.3 + 2 SO.sub.2
PAL  The process is carried out continuously in the reactor by feeding fresh
      molybdenite (molybdenum disulphide) and discharging the molybdenum
      trioxide.
PAR  The particular application seen for this process is in the production of
      molybdenum trioxide suitable for metallurgical e.g. ferromolybdenum alloys
      of chemical uses. The product obtained has low sulphur content (&lt; 0.15%)
      and negligible amounts of molybdates. The fluidized bed system of the
      present invention has throughputs of at least 6 times the molybdenum
      trioxide of furnaces used in the prior art, with apparently about half the
      capital cost.
PAC  PRIOR ART
PAC  1. Kinetics of Molybdenum Disulphide Oxidation
PAR  Previous work in this field that has been published is summarized below:
PAR  The oxidation of molybdenite powder in air was studied at 280.degree. to
      550.degree.C. At 430.degree./490.degree.C, the rate was parabolic and
      linear at 550.degree.C. The oxidation of molybdenite compressed into
      pellets at 360.degree./641.degree.C, suggested that MoO.sub.2 was formed
      as an intermediate compound. The oxidation of molybdenite pellets was
      studied by following the SO.sub.2 evolution. The activation energy of 13.7
      Kcal per mole for the overall reaction was calculated. It was again found
      that MoO.sub.2 was formed as an intermediate compound during the
      oxidation. Others found also that MoO.sub.2 was formed in a solid state
      reaction between MoS.sub.2 and MoO.sub.3 between 500.degree. and
      700.degree.C. In the roasting of molybdenite concentrates in a pilot
      multiple hearth furnace, researchers detected also the presence of
      MoO.sub.2 as an intermediate oxide.
PAR  During the roasting of molybdenite in an industrial multiple hearth
      furnace, the oxidation proceeded through a series of intermediate
      compounds of molybdenum, MoO.sub.2, Mo.sub.4 O.sub.11, Mo.sub.9 O.sub.26,
      with simultaneous formation of CaMoO.sub.4 and FeO.MoO.sub.4 and Fe.sub.2
      O.sub.3.MoO.sub.4. The kinetics of oxidation of molybdenum disulphide has
      been studied at 525.degree. to 635.degree.C, and it was found that a
      chemical reaction regime controlled the transformation until about 80% of
      the sulphur was oxidized. A probable diffusional regime exists at the end
      of the oxidation. The presence of sodium during oxidation of molybdenite
      has been found to have a deletereous effect on the rate of reaction.
PAC  2. Prior Art of Roasting Molybdenites
PAR  The oxidation of molybdenum disulphide to trioxide is industrially
      performed in reverberatory furnaces, rotary kilns and multiple hearth
      furnaces. The first two methods are used on a very restricted scale since
      the dust formed and sintering problems are magnified in these types of
      furnaces. Multiple hearth furnaces are widely used but have several
      disadvantages: dust entrainment accounts for 15 to 20% of the charge and
      is only partially converted to oxide. Volatilization of MoO.sub.3 is
      important in the hottest hearths; molybdates are formed due to the solid
      reaction between MoO.sub.3 and metal and metalloid oxides; sintering and
      agglomeration of material inside the furnace makes very frequent cleaning
      necessary; gas and particle leaks from the furnaces are difficult to
      avoid; and the furnaces have low capacity per unit area of hearth.
PAC  3. Prior Fluidized Bed Oxidation of Molybdenite
PAR  Attempts have been made in the past to avoid the above disadvantages by the
      use of fluidized bed reactors. A summary of published findings is as
      follows:
PAR  Zelikman et al. Tsvetyne Metally, No. 2, 65-70, (1966), described a pilot
      plant fluidized bed reactor to oxidize MoS.sub.2 to MoO.sub.3. Granulated
      molybdenite concentrates with bentonite as a binder, were oxidized at
      570.degree.-580.degree.C. Calcines contained about 0.6% S. Approximately
      42% of the charged material was entrained as dust and only partially
      converted. This product was recovered in a series of cyclones and filter
      bags and returned for granulation before recycling to the reactor.
PAR  Deev et al. Tsvetnye Metally, No. 4, 44-49, (1961), studied the oxidation
      of coarse MoS.sub.2 in a batch fluid bed reactor and found that up to
      400.degree.C, the process is controlled by the chemical reaction, whereas
      above 400.degree.C a transfer process controls the transformation.
PAR  Sada et al. Nippon Kogyo Kai Nippon Kogyo Shai, 81, No. 922, 254-255,
      (1965), also tried the oxidation of molybdenite in a tubular fluid bed at
      630.degree.-650.degree.C using coarse particles of 35 to 60 mesh. Calcines
      discharged contained from 0.3 to 0.5% S. Entrained dust amounted to 56% of
      the charge of the reactor and contained from 2 to 4% S.
PAR  Grigoriu et al. Metalurgia (Bucharesti), 25, No. 1-2, 40- 44, (1973),
      studied the kinetics of the oxidation of MoS.sub.2 in a batch fluidized
      bed reactor using very coarse particles of 0.1 to 0.2 mm diameter at
      450.degree./600.degree.C. They obtained up to 85% sulphur oxidation.
PAR  In none of these prior fluidized bed processes has finely divided
      molybdenite, such as the concentrates that are obtained industrially by
      flotation, been fluidized directly. Nor has any attempt been made to
      continuously recirculate the entrained particles to obtain a fully
      converted discharge from the reactor. The low conversions, dust loss,
      solid deposits, plugging and long residence times for higher conversions
      have discouraged application of these prior fluidized bed processes.
PAC  THIS INVENTION
PAR  The process described herein for the oxidation of molybdenite or
      molybdenite-containing materials is based on a composite fluidized bed and
      on solids recirculation, and has the following advantages over the hearth
      processes in current use today:
PA1  a. at least 6 times greater throughputs per unit area of hearth;
PA1  b. lower capital investment;
PA1  c. lower operating and maintenance costs; and
PA1  d. potentially greater control of SO.sub.2 emissions.
PAR  The process consists basically of several continuous operations:
PA1  a. feeding of molybdenite or molybdenite-containing material to the
      reactor,
PA1  b. fluidization and oxidation of the molybdenite in the reactor,
PA1  c. elutriation of calcines out of the reactor and/or discharge of calcine
      from the reactor depending on the particle size of the feed,
PA1  d. efficient separation of solids from the off-gas stream in a collection
      system,
PA1  e. recirculation of a fraction of the calcines back to the reactor or to a
      second stage, and
PA1  f. removal of the remaining fraction of calcines as product.
PAR  More particularly, the invention is a process for producing molybdenum
      trioxide from molybdenum disulphide materials, comprising:
PA1  a. feeding to and fluidizing said materials in a composite fluidized bed,
      the feed materials having a fine particle size of the order of molybdenite
      ore flotation concentrates, the bed including fluidized refractory
      particles which are not readily elutriated from the bed, and the
      fluidizing gas including oxygen;
PA1  b. oxidizing the fluidized molybdenum disulphide particles at a temperature
      within the range of about 450.degree. to about 650.degree.C;
PA1  c. withdrawing oxidized particles from the bed and separating entrained
      oxidized particles from the off-gas stream;
PA1  d. circulating at least part of the oxidized particles to again contact a
      fluidized bed as in (a) and (b), the weight ratio of recycle to feed being
      at least about 1:1, with the temperature during both (c) and (d) being
      maintained sufficiently high to prevent deposition of circulating solids
      and vapors; and (e) recovering molybdenum trioxide of low sulfur content
      from the oxidized particles.
PAR  The steps of the process are now described in more detail.
PAC  a. Feeding of fresh molybdenite and circulated calcines
PAR  Fresh molybdenite or molybdenite-containing materials may be fed to the
      reactor in one of several forms: in the wet as-filtered, or dried state,
      or in the form of a slurry. Any suitable device can be used to feed the
      molybdenite or molybdenite-containing materials and/or recirculated
      calcines to the reactor, but must be capable of minimizing the sintering
      or agglomeration of solids prior to their entry into the reactor. A screw
      feeding or piston-ejection device might be used. However, in this work a
      pneumatic injection device has been developed and found to be most
      suitable for this purpose. It consists of one or more modified venturi
      nozzles coupled to a dispersion nozzle inside the fluidized bed.
PAC  b. Fluidization and withdrawal of solids
PAR  The solids in the reactor are fluidized by an ascending stream of gas
      containing oxygen. The gas may suitably be air, air enriched with oxygen,
      or air + off-gas or fraction thereof, or mixtures of these. This same gas
      can be used for pneumatic feeding of solids. To improve the fluidization
      behaviour of the solids bed and to aid in the prevention of sintering
      and/or agglomeration of solids in the reactor under certain conditions, a
      fraction of the bed is comprised of refractory material whose particle
      size is usually greater than that of the calcines or the fresh feed. For
      example, a bed of silica sand has been successfully used in this work for
      the oxidation of molybdenite concentrates with a particle size of -325
      mesh. The co-fluidization of such inert particles has been found very
      effective in preventing deposition, sticking and agglomeration of solids
      in the reactor. As a further measure to prevent build-up of solid material
      along the walls of the reactor, a vibratory or scraping device can be
      employed. In this work rotary arm blades rotating inside the reactor were
      used to good advantage but other means would serve the purpose. The
      calcines in the reactor are continuously elutriated or otherwise removed
      from the fluidized bed. The superficial gas velocity in the reactor
      required both to fluidize the solids and elutriate calcines depends on the
      particle size distribution of the molybdenite as well as the elutriation
      rate needed.
PAC  c. Oxidation of molybdenite in the reactor
PAR  The extent of oxidation of molybdenite in the reactor depends on several
      factors which include particle size distribution, oxygen partial pressure
      in the fluidizing gas, temperature and average solids residence time.
      Operation of the process, as outlined below and in the Examples given
      later for molybdenite concentrates, can be controlled to result in sulphur
      levels in the calcine of less than 0.15% wt.
PAC  d. Separation of solids from the off-gases
PAR  The calcines from the reactor are separated from the off-gases using a
      suitable collection system. Such systems as filter bags or electrostatic
      precipitators are operative but for this process a cyclone system
      discharging solids through a sealing mechanism has been found to be more
      advantageous. The discharged calcines are suitably separated into the
      recirculating and product streams by any distribution mechanism such as a
      simple immovable divider. However, a flap value has been utilized with
      advantage in this work.
PAR  Any calcine particles which have not been collected in the primary
      collection system described above can be collected in another system of
      suitable design such as a wet scrubber. The particles so collected can be
      recycled to a fluidized bed as a slurry or after a filtration step. Using
      such methods the discharged product can be greater than 98.5% of the
      molybdenite fed to the reactor. Rhenium in the off-gases can be recovered
      from the liquid if a wet scrubber is used.
PAC  e. Handling of the hot off-gas stream and recirculated solids
PAR  All parts and devices that handle hot gas and/or solids from the fluidized
      bed are maintained at a temperature sufficient to prevent buildup of solid
      material, usually well above 100.degree.C. As a further measure to improve
      the flow of material, electromagnetic or mechanical vibrators or any other
      means of aiding material flow can be used. It may be desirable to
      recirculate part of the off-gas stream to build up the SO.sub.2
      concentration for efficient SO.sub.2 removal.
PAC  f. Pretreatment of molybdenite feed having a high calcium level
PAR  To ensure acceptably low sulphur concentrations in the product calcine, the
      calcium content of the molybdenite or molybdenite-containing materials
      used for feed should be maintained at a low level. For example to achieve
      a sulphur level in the calcine of less than 0.15% the calcium content in
      the feed is kept below 0.2%. In cases where the as-received molybdenite
      material contains an unacceptably high calcium level, the calcium content
      can be reduced by a suitable treatment prior to the molybdenite material
      being fed to the reactor. A physical pretreatment may be possible, but a
      chemical treatment involving acid leaching has been used in this work. A
      dilute hydrochloric acid leachant has been found satisfactory but sulfuric
      or other acids could be used.
PAC  g. Operation as a multistage process
PAR  The process may also be operated in two or more stages to provide greater
      sulphide elimination in a lower total residence time where part or all of
      the product solids from the first stage reactor are fed to a second
      fluidized bed reactor.
PAC  h. Operating conditions
PAR  The fluidized bed can be operated within a wide range of conditions:
PAR  i. temperature: There is a practical lower limit to the possible operating
      temperature of the reactor as a result of the rapid decline in the rate of
      oxidation of molybdenite with decreasing temperature. Although lower
      temperatures may be possible, a lower limit of 450.degree.C has been found
      preferable in this work. There is also an upper limit to the operating
      temperature as a consequence of the increase in sintering and
      agglomeration of solids in the reactor with increasing temperature.
      Although higher operating temperatures may be feasible in some cases, an
      upper limit of 650.degree.C has been found preferable in this work. The
      fluidizing gas is suitably preheated as necessary to maintain the desired
      temperature.
PAR  ii. oxygen partial pressure: There is a lower limit to the oxygen partial
      pressure imposed by the decrease in the rate of molybdenite conversion
      with decreasing oxygen partial pressure. Although lower oxygen partial
      pressures may be possible in some situations, a practical lower limit is
      about 0.01 atm. The upper limits to oxygen partial pressure may be in
      excess of 1 atm. (as the fluidizing gas is under pressure).
PAR  iii. superficial gas velocity: The range of values of superficial gas
      velocity that may be employed depends on several variables including the
      minimum fluidization velocity, the particle size distribution and the rate
      of elutriation desired. For example, a practical range of superficial gas
      velocities has been found to be about 10 to 40 cm/sec. in this work for
      -325 mesh molybdenite concentrates.
PAR  iv. average solids residence time: There is a lower limit to the average
      solids residence time dictated by the need to obtain an acceptably high
      sulphur elimination from the molybdenite. A limit of at least about 1 hour
      has been determined as preferable in this process. The upper limit to the
      solids residence time is a function of such process variables as the size
      of the reactor and the capacity of the recirculating system, high average
      solids residence times requiring large reactors and recirculating systems.
      A practical upper limit of about 100 hours has been found for this system.
PAR  The optimum operating conditions will depend on several process variables
      including the particle size distribution of the molybdenite, the
      percentage sulphur elimination desired and the throughput of molybdenite
      to be oxidized. For the particular case of the oxidation using air, and
      feed of molybdenite flotation concentrates with a particle size of -325
      mesh fed at a rate of about 257 kg/m.sup.2 per day, the optimum operating
      conditions were found to be:
PA1  1. temperature 520.degree.-560.degree.C.
PA1  2. average solids residence time 15-25 hours.
PA1  3. superficial gas velocities 18 to 30 cm/sec.
PA1  4. recycle to feed ratio within 20:1 to 35:1.
PAC  SUMMARY OF FEATURES OF THIS INVENTION
PAR  a. Molybdenite particles in the form of a slurry, as-filtered, or dried,
      can be fed to the bed. The particle size should be suitable for
      fluidization, and preferably elutriation from the composite bed with
      flotation concentrate of molybdenite ore found most suitable. These
      flotation concentrates are usually about 5 to 50 microns in diameter.
PAR  b. Calcines are withdrawn, usually by elutriation with separation from the
      off-gas stream and a fraction returned simultaneously and continuously to
      the reactor.
PAR  c. Refractory particles such as siliceous sand, alumina and magnesia whose
      particle size is preferably greater than that of the molybdenite are used
      to stabilize and improve the fluidization behaviour of the bed and to
      prevent agglomeration and/or sintering of solids in the reactor. The
      refractory particles may be selected to have a favorable effect on the
      rate of oxidation, but should be otherwise inert in the system. The
      particle size of the inert or refractory solids is such that they tend to
      remain behind on withdrawal of the calcine. The minimum size will depend
      on the density, particle shape etc. Where the calcine is withdrawn by
      elutriation, the size of the refractory particles is selected to minimize
      their elutriation with the calcine. A suitable particle size is usually
      within about -20 and +140 (U.S. Standard) or about 100-800 microns
      diameter.
PAR  d. All parts, conduits and devices that handle off-gas and/or circulating
      solids are kept at sufficiently high temperature usually well above
      100.degree.C and preferably 250.degree.-350.degree.C to prevent material
      build-up.
PAR  e. Rotary arm blades or other type of scraping device or vibratory device
      can be used inside the reactor to prevent any build-up of material.
PAR  f. pneumatic injection system comprised of one or more modified venturi
      nozzles connected to an injection nozzle inside the bed, or other suitable
      feeding system, can be employed to feed recirculated calcine and/or fresh
      feed, consisting of molybdenite or molybdenite-containing material, to the
      reactor.
PAR  g. Vibrators or other means of aiding material flow can be used to improve
      the movement of solids and gas outside the reactor.
PAR  h. A flap valve or other type of distribution device can be used to
      distribute the calcines from the collection system between the
      recirculating stream and the product bin.
PAR  i. The discharged product can be greater than 98.5% of material charged to
      the reactor.
PAR  j. The product calcines have a lower sulphur level (concentrations of
      sulphur below 0.15% are obtained) than other fluidized bed processes for
      molybdenite oxidation that have been reported in the past.
PAR  k. The process can use fluidizing and pneumatic feed gas with a
      considerable range of oxygen concentrations.
PAR  l. The process can be completely automated.
DETD
PAC  EXAMPLES
PAR  The following examples are given for the purpose of illustrating this
      process without intending to limit its scope:
PAC  Example 1
PAR  A fluidized bed roasting operation was carried out as follows:
PA1  Feed: MoS.sub.2 concentrates -325 mesh at 256 Kg/m.sup.2 per day.
PA1  Fluidizing gas: air.
PA1  Operating temperature of bed: 550.degree.C.
PA1  Refractory solids in bed: silica sand of -30 +140 mesh.
PA1  Average residence time of solids: 27 hours.
PA1  Superficial gas velocity inside the reactor: 24.2 cm/sec.
PA1  Discharge calcines contained 0.108% Sulfur, with 99.73% efficiency of
      oxidation.
PA1  Discharge of reactor was 230 Kg/m.sup.2 per day.
PA1  Recycle to feed ratio was 30:1.
PA1  Off-gas: 1.05 to 1.1% SO.sub.2.
PAC  Example 2
PAR  A further fluidized bed roasting operation was carried out as follows:
PA1  Feed: MoS.sub.2 concentrates -325 mesh at 256 Kg/m.sup.2 per day.
PA1  Fluidizing gas: air.
PA1  Operating temperature of bed: 526.degree.C.
PA1  Refractory solids in bed: silica sand of -30 +140 mesh.
PA1  Average residence time of solids was 27 hours.
PA1  Superficial gas velocity inside the reactor: 23.4 cm/sec.
PA1  Discharged calcines contained 0.119% Sulfur with a 99.70% efficiency of
      oxidation.
PA1  Discharge of reactor was 230 Kg/m.sup.2 per day.
PA1  Recycle to feed ratio was 27:1.
PA1  Off-gases contained 1.05 to 1.10% SO.sub.2.
CLMS
STM  We claim:
NUM  1.
PAR  1. A continuous fluidized bed process for producing molybdenum trioxide
      from molybdenum disulphide materials, comprising:
PA1  a. feeding to and fluidizing said materials in a composite fluidized bed,
      the feed materials having a fine particle size of the order of molybdenite
      ore flotation concentrates and not significantly above about 50 microns in
      diameter, the bed including fluidized refractory particles which are not
      readily elutriated from the bed, and the fluidizing gas including oxygen;
PA1  b. oxidizing the fluidized molybdenum disulphide particles at a temperature
      within the range of about 450.degree. to about 650.degree.C;
PA1  c. withdrawing oxidized particles from the bed and separating entrained
      oxidized particles from the off-gas stream;
PA1  d. circulating at least part of the discrete oxidized particles to again
      contact a fluidized bed as in (a) and (b), the weight ratio of recycle to
      feed being at least about 1:1, with the temperature during both (c) and
      (d) being maintained sufficiently high to prevent deposition of
      circulating solids and vapors; said latter temperature being above about
      250.degree.C; and
PA1  e. recovering molybdenum trioxide of low sulfur content from the oxidized
      particles.
NUM  2.
PAR  2. The process of claim 1 wherein the oxidized particles are elutriated
      from the bed.
NUM  3.
PAR  3. The process of claim 1 wherein the fluidizing gas is selected from air,
      air enriched with oxygen, and air diluted with recycled off-gas.
NUM  4.
PAR  4. The process of claim 1 wherein the feed material particle size is within
      about 5 to about 50 microns diameter.
NUM  5.
PAR  5. The process of claim 1 wherein the refractory particles are selected
      from siliceous sand, alumina and magnesia.
NUM  6.
PAR  6. The process of claim 1 wherein the oxidation temperature in (b) is
      within about 520.degree. to about 560.degree.C.
NUM  7.
PAR  7. The process of claim 1 wherein the weight ratio of recycled to feed
      particles is from about 1:1 to about 35:1.
NUM  8.
PAR  8. The process of claim 1 wherein during the separation and circulation of
      oxidized particles the temperature is maintained above about 250.degree.C
      and up to about 350.degree.C.
NUM  9.
PAR  9. The process of claim 1 wherein the withdrawn oxidized particles are fed
      to a second stage fluidized bed.
NUM  10.
PAR  10. The process of claim 1 wherein the feed materials are in the form of a
      slurry or wet filter cake.
NUM  11.
PAR  11. The process of claim 1 wherein the feed materials and recirculating
      oxidized particles are mixed and fed pneumatically to the fluidized bed.
NUM  12.
PAR  12. The process of claim 1 wherein the molybdenum trioxide product has less
      than about 0.15% sulfur content.
NUM  13.
PAR  13. The process of claim 1 wherein the feed materials are subjected to an
      acid leach to remove calcium impurities.
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ABST
PAL  In casting operations using molds made of plastic-bonded sands, the exhaust
      gases generated from the plastic binder are collected within an enclosure
      to which the mold passes from a casting location, the gases are mixed with
      combustion air supplied into the enclosure and an ignition source is
      arranged within the enclosure to ignite the combined exhaust gases and
      combustion air. The enclosure is insulated to retain the heat generated in
      the combustion operation. An outlet is provided from the enclosure so that
      any unburnt gases remaining from the exhaust gases can be collected and
      harmful substances removed to avoid any pollution of the atmosphere.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to the treatment of exhaust gases formed
      in a casting operation where the molds are formed of plastic-bonded sands
      and, more particularly, it concerns the arrangement for collecting the
      gases, mixing them with combustion air and igniting the mixture.
PAR  From the publication "Dust Control in the Foundry Industry", 1967, Prof.
      Schmidt, pages 376-378, VDI Verlag, it is known that the exhaust gases
      generated in casting operations where the molds are formed of
      plastic-bonded sands are partly toxic and malodorous and are discharged
      into the atmosphere without treatment through enormously high stacks.
      Further, it is known that there are devices in which the harmful
      substances can be separated from the exhaust gases by the use of activated
      carbon. However, the regeneration of activated carbon is cumbersome and
      very costly. In another known device, the exhaust gases are separated in a
      prewashing machine, like a Raschig ring tower, venturi tubes or the like,
      however, the discharge from such machines is unduly enriched by the
      harmful substances in the exchaust gases and, even in minute quantities,
      tends to pollute the environment.
PAR  The present invention is directed to an arrangement for collecting the
      exhaust gases generated in the casting of molds formed of plastic-bonded
      sand and completely eliminating the exhaust gases in a combustion
      operation with the amount of air required for combustion being kept as
      small as possible so that effective treatment of the gases is possible.
PAR  In accordance with the present invention, the exhaust gases generated from
      the plastic binder in the molding sand is released due to the heat given
      off by the melt in the mold, the exhaust gases are collected within an
      enclosure to which the mold passes, combustion air is added to the
      enclosure to provide an ignitable mixture and the mixture is ignited by a
      source located in the enclosure.
PAR  The invention also includes the arrangement of the enclosure or collecting
      device in which the exhaust gases are collected and burnt, with the
      enclosure being formed to cover at least three sides of molds as they pass
      from a casting station. Further, the enclosure is arranged to provide air
      inlet ports and an exhaust conduit and also to include an ignition source
      for commencing the combustion of the mixture of the exhaust gases and
      combustion air.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this specification. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there are illustrated and described preferred embodiments of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing,
PAR  FIG. 1 is a cross sectional view through apparatus embodying the present
      invention;
PAR  FIG. 2 is a view similar to FIG. 1 of another embodiment of the invention;
      and
PAR  FIG. 3 is yet another cross sectional view, similar to FIGS. 1 and 2,
      illustrating a further embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1, apparatus is shown for receiving molds 4 and 5 from a casting
      station. A conveyor 1 including rollers 2 provide a moving support of the
      molds on plates 3 which extend across the rollers. The molds 4 and 5 can
      be formed with or without molding boxes. Extending upwardly above the
      plates 3 are a pair of upwardly extending laterally spaced walls 6 and 7,
      forming part of an enclosure 8 through which the molds pass. The walls 6,
      7 are positioned so that their lower ends are spaced a slight distance 9
      above the plates 3, forming inlet ports 10 through which air for
      supporting combustion can be admitted to the space within the enclosure.
      It is possible to support the walls 6, 7 so that the spacing or distance 9
      of the ports 10 are variable and afford a broad range of control over the
      supply of combustion air into the enclosure space.
PAR  Detachably mounted on the upper ends of the side walls 6, 7 is a hood 12 so
      that it spans the space above the molds 4, 5. The enclosure 8 forms a
      tunnel-shaped space through which the molds pass. At least one ignition
      source 13 is provided along the length of the hood 12 and the ignition
      source can be, for example, an oxygen fuel gas flame or an electrically
      produced spark gap for igniting the combination of the exhaust gases
      generated by the heat of the melt within the mold and the combustion air
      introduced through the inlet ports 10. While the ignition source is
      illustrated in the hood 12, it could be arranged at another location
      within the enclosure, for example, in the side walls. At least one gas
      exhaust pipe 14 extends outwardly from the hood 12 for removing exhaust
      gases and is connected to a separating device, not shown, for example, an
      activated carbon filter or a catalytic after-burner. The hood 12, in
      combination with the side walls 6, 7, forms a space 15 which serves as a
      combustion chamber. To prevent the heat generated from the combustion of
      the exhaust gases from being dissipated, the walls 6, 7 and the hood 12
      are provided with a layer of insulation 16 so that the heat can be
      retained within the space in the enclosure and used for the
      pre-regeneration of the material used in forming the molds. The length of
      the enclosure 8 is dimensioned based on the speed of movement of the molds
      through the enclosure space and the time required for the extensive
      gasification of the binder portions of the molding sand. As mentioned, the
      enclosure 8 forms a tunnel-shaped structure or a push-over hood
      arrangement.
PAR  To provide a maximum insulating effect for retention of the heat generated
      in the combustion of the exhaust gases, a highly heat-resistant material
      with a very low coefficient of heat transmission is used for the
      insulation 16; further, the enclosure can be built of bricks or it can be
      variable in its position. To control the flow of combustion air to the
      inlet ports 10, the side walls 6, 7 are vertically adjustable. It is also
      possible to arrange the side walls 6 and 7 so that they can be moved
      separate from the hood, which is mounted in a fixed position. As
      illustrated in FIG. 2, the side walls .notident.', 7' can be connected to
      the weight 17 for movement with the molds and in such an arrangement the
      walls 6', 7' consist only of an insulating material.
PAR  In the embodiment of the invention shown in FIG. 3, the enclosure 18 is a
      unitary member which is especially effective in providing a tunnel-shaped
      space through which the molds pass. The enclosure 18 includes the side
      walls 19 and 20 and a roof 21 secured to the side walls. An ignition
      source 22 is mounted in the roof and an exhaust conduit 23 extends
      outwardly from the roof for connection to exhaust means, not shown. The
      other parts of the embodiment not specifically mentioned correspond to
      those illustrated in FIG. 1.
PAR  The advantages obtained by utilizing the present invention consist
      particularly in the relatively small expenditure required for extensive
      elimination of the harmful substances in the exhaust gases by direct
      combustion within the enclosure and the amount of exhaust gas corresponds
      only to a fraction of that in presently used arrangements.
PAR  Another advantage of the invention is the utilization of the heat content
      of the melt and the heat released during the combustion of the exhaust
      gases to assure that the plastic binder used in combination with the
      molding sand is degasified to a great extent, with the gases generated
      being burnt within the enclosure. With such an arrangement, the use of a
      separating device, for example, an activated carbon filter or a catalytic
      after-burner, is required in the exhaust outlet from the enclosure only
      for the small remaining portion of harmful substances which are not
      removed in the combustion operation. Moreover, a buildup of condensed
      resin parts on the surfaces of the enclosure over which the exhaust gases
      flow, is avoided to a very considerable extent and, as a result,
      maintenance of the plant is reduced to a minimum.
PAR  Because of the gasification and combustion of the plastic binder, the
      unpacking of the molds and the regeneration of the used molding sand are
      simplified.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the invention principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method of removing exhaust gases produced from a plastic binder used in
      molding sands employed for forming casting molds where the exhaust gases
      are formed by the heat given off from the melt in the mold to the
      plastic-bonded sand during casting at a casting location, comprising the
      steps moving the mold from the casting location and during such movement
      enclosing the mold within a space, collecting the exhaust gases within the
      enclosing space, adding combustion air into the enclosing space for
      combination with the exhaust gases for forming an ignitable mixture, and
      igniting the mixture within the space for the combustion of the exhaust
      gases therein.
NUM  2.
PAR  2. Method, as set forth in claim 1, comprising the further step of
      regulating the amount of combustion air admitted into the enclosing space
      for controlling the combustion of the mixture of the exhaust gases and
      combustion air.
NUM  3.
PAR  3. Method, as set forth in claim 1, comprising the step of removing any
      unburnt portions of the exhaust gases to a separate space and eliminating
      the unburnt portions in the separate space by catalytic combustion.
NUM  4.
PAR  4. Method, as set forth in claim 1, comprising the step of providing a heat
      insulated construction for the space enclosing the mold for retaining the
      heat generated within the space by the ignition of the exhaust gases and
      combustion air for affording pre-regeneration of the material used in
      forming the mold.
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ABST
PAL  Exothermic reaction of a fluid stream is carried out with recycle and
      addition of hot reacted fluid to the colder feed fluid stream, so as to
      raise the feed fluid stream to operable reaction temperatures and produce
      optimum reaction rate. The addition of hot reacted fluid is carried out by
      reactor-internal ejector-effected aspiration of a portion of the hot
      reacted fluid discharged from the reaction zone into the cold feed fluid.
      The resulting combined fluid stream is passed to the reaction zone. The
      balance of the hot reacted fluid not aspirated into the cold feed fluid is
      passed to product recovery or utilization. The invention is especially
      applicable to exothermic catalytic reactions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to processes which entail an exothermic reaction of a
      fluid process stream, and is especially applicable to exothermic catalytic
      reactions such as the oxidation of sulfur dioxide to sulfur trioxide,
      ammonia or methanol synthesis, or the catalytic elimination of residual
      nitrogen oxides from the tail gas discharged from nitric acid production
      by reaction of the nitrogen oxides with a reducing gas such as methane or
      hydrogen. In these various and similar reactions, the cold feed gas must
      be heated to a suitable ignition temperature to initiate the reaction, and
      excessively high reaction temperatures must be avoided.
PAR  2. Description of the Prior Art
PAR  The use of ejectors or aspirators for recycling and mixing in various
      processes is described in Gillespie, G. R. et al "Catalytic Purification
      of Nitric Acid Tail Gas" AIChE Meeting (Dec. 2, 1971) page 8 and FIG. 7
      and in Kirk-Othmer "Encyclopedia of Chemical Technology"
      Interscience-Wiley (1964) Edition-2, Volume-4, pages 410-412 and in Foster
      Wheeler Corp. Bulletin 0-54-1 (1954) pages 8 and 9. The general prior art
      practice with respect to ejectors or aspirators for recycling and mixing
      in conjunction with exothermic reactions has been to pass the effluent
      stream from the immediate reaction zone to a zone or zones where cooling
      at least in part is effected either purposefully and desirably as in cases
      to obtain product condensation and removal as in the Foster Wheeler
      reference, or again purposefully and desirably as in cases to obtain
      process requisite heat transfer as in the Kirk-Othmer reference, or
      involuntarily and undesirably as in cases of thermal losses to ambient as
      resulting from the Gillespie et al method of application. All of the
      referenced prior art practices are accompanied furthermore by relatively
      long flow path and significant pressure loss.
PAR  The use of fans or blowers for recycling and mixing in various processes is
      described in Nonhebel, G. "Gas Purification Processes," George Newnes Ltd.
      (1964) pages 432, 450, 451 and in Kohl & Riesenfeld "Gas Purification,"
      McGraw Hill Inc. (1960) pages 473 and 479. The general prior art practice
      with respect to fans or blowers for recycling and mixing in conjunction
      with exothermic reactions has been limited in application according to
      temperature and pressure restrictions for the fans or blowers and to the
      unavoidably cumbersome nature of such installations.
PAR  Apparatus for exothermic catalytic reactions is described in U.S. Pat. Nos.
      3,498,752; 3,475,137; 3,443,910; 3,433,600; 3,366,461; 3,366,460;
      3,212,862 and 3,041,151. Processes for elimination of nitrogen oxides from
      nitric acid plant tail gas are described in U.S. Pat. Nos. 3,565,575;
      3,467,492; 2,970,034 and 3,443,910. Improvements in catalytic methanol
      synthesis are disclosed in U.S. Pat. Nos. 3,597,465; 3,531,266 and
      3,186,145, and improvements in catalytic ammonia synthesis are described
      in U.S. Pat. Nos. 3,349,569 and 3,232,707.
PAR  Sulfuric acid process improvements are described in U.S. Pat. Nos.
      3,653,828; 3,536,446; 3,519,388; 3,475,120; 3,455,652; 3,434,263;
      3,350,169; 3,172,725 and 3,147,074. Nitric acid production or analogous
      processing is described in U.S. Pat. Nos. 3,542,510; 3,499,734 and
      3,102,788.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, typically as applied to an exothermic reaction,
      the hot reacted fluid discharged from the reaction zone is divided into
      two portions. A first portion of the hot reacted fluid is utilized to heat
      the cold feed fluid to optimum reaction temperature or to ignition
      temperature, by immediate to reaction zone, reactor-internal,
      ejector-effected aspiration of the first reacted fluid portion into the
      cold feed fluid stream, so as to minimize thermal and pressure losses
      while heating the feed fluid and providing a combined fluid stream at
      optimum temperature for initiation or attainment of the exothermic
      reaction. The combined fluid stream is then passed to the reaction zone.
      The second portion of the hot reacted fluid stream is passed to product
      utilization.
PAR  In a preferred embodiment, the process fluid is gaseous and the reaction
      zone is catalytic, such as a bed of solid catalyst particles or a
      honeycomb element, and an exothermic catalytic reaction takes place
      between components in the gaseous process stream within the reaction zone,
      so that a gaseous product component is formed and discharged in the hot
      reacted gas stream. Thus, the process of the present invention is
      especially applicable to exothermic catalytic reactions such as ammonia or
      methanol synthesis, elimination of nitrogen oxides from the tail gas of a
      nitric acid production process by catalytic reaction with reducing gas, or
      the catalytic oxidation of sulfur dioxide to sulfur trioxide in sulfuric
      acid manufacturing processes. In the latter instance, the present process
      is particularly applicable when the sulfur dioxide-containing gas stream
      is derived from metallurgical processing such as sulfide ores or
      concentrates or mattes roasting or smelting or converting, in the usual
      practice of which the initial gas stream is a low temperature due to
      scrubbing with water or the like for removal of entrained dust particles.
PAR  The key advantages of the system derive from the shortening of the
      heretofore fixed and controlling lengths of conventional equilibrium-plot
      temperature versus conversion lines. The shortening is directly
      proportional to the ratio of makeup gas to recycle plus makeup. For a 2/1
      recycle to makeup ratio the shortening is therefore to one-third of
      original length. The result is a valuable tool opening previously
      unavailable options for optimizing the straddle between slow reaction
      rates at kindling temperature on the low side and catalyst or equilibrium
      over-temperature limitations on the high side. For cases in which the feed
      gases are initially colder than kindling temperature the expanded options
      apply also to reductions in heat exchanger requirements for feed-gas
      preheating.
PAR  It is an object of the present invention to provide an improved process and
      apparatus for carrying out exothermic reactions.
PAR  Another object is to provide improvements in process and apparatus for
      exothermic catalytic reactions such as ammonia or methanol synthesis,
      sulfur dioxide oxidation and the elimination of nitrogen oxides from
      nitric acid plant tail gases by reaction with reducing gas.
PAR  A further object is to provide an improvement in the recycling of hot
      reacted fluid from a reaction zone into cold feed fluid to the reaction
      zone by means of an integral reaction-vessel-contained ejector-effected
      aspirator.
PAR  An additional object is to heat cold feed fluid to a catalysis zone for
      exothermic catalytic reaction in an improved manner.
PAR  Still another object is to utilize, immediate to an exothermal reaction
      zone and minimizing thermal and pressure losses, a portion of the hot
      reacted fluid from such reaction zone to heat cold feed fluid to said zone
      in an improved process and apparatus.
PAR  These and other objects and advantages of the present invention will become
      evident from the description which follows:
DETD
PAC  DESCRIPTION OF THE DRAWINGS AND PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, typical arrangements of application of the
      present invention to an exothermic catalytic reaction are illustrated.
      FIGS. 1-4 inclusive and FIG. 6 are sectional elevation views showing
      alternative arrangements of a catalytic converter and appurtenances
      thereto, and FIG. 5 is a sectional plan view of the cylindrical converter
      shown in FIG. 4.
PAR  Referring now to FIG. 1, stream 1 is a fluid stream, typically a gaseous
      stream, which is to be subjected to an exothermic catalytic reaction.
      Stream 1 may be an oxygen and sulfur dioxide-containing gas stream,
      typically derived from metallurgical processing as a cold gas stream
      having a temperature in the range of 40.degree.C, which is to be heated to
      initial catalysis temperature of about 550.degree.C. Alternatively, stream
      1 may be the tail gas from a nitric acid production facility to which
      reducing gas has been added, in which case stream 1 will be subject to
      catalysis for the elimination of nitrogen oxides. Stream 1 may also be a
      synthesis gas, such as an ammonia synthesis gas having approximately 3:1
      molar ratio of hydrogen to nitrogen, in which case stream 1 will be
      subjected to catalysis for ammonia synthesis, or a methanol synthesis gas
      containing hydrogen and carbon oxides and suitable for catalytic methanol
      synthesis.
PAR  Stream 1 may be divided into main feed stream 2 and by-pass stream 3.
      Stream 2 passes via inlet pipe 4 vertically upwards into the constricted
      throat element 5 of the centrally oriented aspirator or inductor which is
      disposed centrally within the generally vertically oriented cylindrical
      container or reactor 6. The curved annular aspirator element 7 is spaced
      from and mounted about element 5, so as to provide an annular passage
      between central element 5 and element 7 for aspiration or induction of a
      portion of the previously reacted hot fluid stream into the cold feed
      stream 2. The aspirated reacted fluid portion is drawn inwards and upwards
      by the aspirator action of the cold feed stream discharged upwards from
      element 5, and a combined stream flows upwards from section 7 into the
      flared or outwardly tapered central gas passage pipe 8, which may be in
      some instances of constant dimension but is generally of inverted
      frusto-conical configuration.
PAR  Pipe 8 serves to conduct the heated combined fluid stream upwards into the
      upper section of container 6, and an inverted conical central baffle 9 may
      be provided at or above the upper discharge end of pipe 8 to disperse the
      combined fluid stream outwards. The combined fluid stream flowing upwards
      within pipe 8 is now generally of a suitable temperature for the
      initiation of catalysis, however in some instances the combined fluid
      stream may be at a somewhat higher temperature than the optimum level. In
      this case, stream 3 passes via inlet pipe 10 into the top of container 6
      and is dispersed into the combined fluid stream discharged from pipe 8.
      The flow rate of stream 3 is generally regulated by a flow control valve,
      not shown, which is adjusted by a temperature sensor such as a pneumatic
      element or a thermocouple which extends into the upper portion of unit 6,
      so that the temperature of the final combined fluid stream is maintained
      at an optimum level for the initiation of catalysis.
PAR  The resulting final combined fluid stream now flows downwards into the
      annular catalyst bed 11 and an exothermic catalytic reaction of the fluid
      stream takes place within bed 11, which generally consists of a plurality
      of discrete particles of a carrier material having a suitable catalytic
      agent for the desired reaction deposited on the particles. The particles
      within bed 11 may be of a porous nature in which case a portion of the
      active catalytic agent will be absorbed within the pores of the particles.
      In other instances bed 11 may in practice consist of an annular honeycomb
      element or the like composed of a suitable refractory material, with the
      active catalytic agent being deposited on the surfaces of the parallel
      vertical passages of the honeycomb.
PAR  Bed 11 is supported on the foraminous grid or grate 12, and elements 11 and
      12 extend outwards from pipe 8 to a layer 13 of refractory material which
      is provided on the lower inner surface of container 6 in order to protect
      the container 6 from excessive temperatures. The hot reacted fluid flowing
      downwards below element 12 now divides into a recycle portion which is
      separated or inducted into the cold feed fluid as described supra, and a
      final reacted fluid portion containing the product of the catalytic
      reaction which flows downwards out of container 6 via lower central outlet
      pipe 14 which is concentrically spaced about central pipe 4. The hot
      product fluid stream flow downwards in the annular passage between central
      pipe 4 and pipe 14, and is removed via pipe 15 as stream 16 which is
      passed to suitable product recovery or further processing as desired.
PAR  Referring now to FIG. 2, an arrangement similar to FIG. 1 is shown, except
      that an alternative expedient is provided to insulate the hot reacted
      fluid stream and to cool the lower portion of the reaction container. Cold
      feed stream 17 is divided into main feed stream 18 and bypass stream 19.
      Stream 18 flows via pipe 20 into central aspirator element 21, which is
      centrally oriented within container 22 and constricts the flow of the cold
      feed gas to provide high velocity and an aspiration effect. The high
      velocity feed gas is discharged into the generally flared outlet pipe 23
      which may be of coned or arcuate vertical section, and hot reacted fluid
      is aspirated or inducted into the cold feed fluid within pipe 23. An
      inverted conical baffle 24 is preferably provided at the upper end of pipe
      23, to distribute the hot combined fluid stream.
PAR  An insulating jacket 25 is provided about the lower portion of container
      22. The jacket 25 is spaced from the outer wall of container 22 so as to
      provide an annular passage for flow of the bypass cold feed fluid stream
      19, which is admitted into the annular flow passage via inlet pipe 26. The
      cold feed stream 19 circulates in the space between jacket 25 and
      container 22 and thereby provides a cooling and insulating effect. The
      resulting warmed feed fluid is removed from jacket 25 via outlet pipe 27
      as stream 28, which flows via pipe 29 into the upper end of container 22
      and is added to the combined fluid stream discharged upwards and outwards
      from pipe 23. The total combined fluid stream flows downwards through
      catalyst bed 30 which is supported on grate 31, and an exothermic
      catalytic reaction takes place within bed 30. The hot reacted fluid
      discharged below element 31 divides into a recycle portion which flows
      inwards around the lower end of pipe 23 and is aspirated into the cold
      feed fluid, and a hot product portion which flows downwards from the
      container 22 via the annular passage between pipe 20 and pipe 32 for
      discharge via pipe 33 as stream 34.
PAR  Referring now to FIG. 3, a configuration similar to FIG. 2 is presented,
      except that internal annular cooling is provided as well as a lower quench
      for cooling product reacted fluid. Cold feed stream 35 is divided into the
      main feed stream 36 and bypass feed stream 37. Stream 36 flows via pipe 38
      upwards to constricted aspiration flow passage unit 39, which is centrally
      located within container 40. Aspirator nozzle or ejector 39 cooperates
      with the curved annular aspirator element 41 to induct hot reacted fluid
      into the cold feed stream. The resultant warmed combined stream flows
      upwards through the generally inverted frusto-conical pipe or duct 42,
      with upper inverted conical baffle being provided for annular flow
      diversion. A curved upper lip 44 is preferably provided at the upper end
      of element 42 in order to reduce fluid turbulence.
PAR  The cold bypass fluid stream 37 flows via inlet pipe 45 into the annular
      passage defined between the generally cylindrical container 40 and inner
      cylindrical baffle or plate 46, so that the circulation of cold bypass
      fluid between elements 40 and 46 serves to cool the container 40 in which
      the exothermic catalytic reaction takes place. This arrangement is
      especially desirable when the reaction is carried out at elevated
      pressure. The circulating cold bypass fluid is warmed between elements 40
      and 46, and flows upwards and over the top of curved lip 47 which is
      provided at the upper end of element 46 to reduce fluid turbulence.
PAR  The warmed bypass fluid thus joins the main combined fluid stream at the
      upper end of container 40, and the total combined fluid stream next flows
      downwards in the annular passage between central pipe 42 and cylindrical
      baffle 46 and then through the annular catalyst bed 48 which is supported
      on grid or grate 49 and extends between elements 41 or 42 and baffle 46.
      An exothermic catalytic reaction of the combined fluid stream takes place
      in bed 48. The hot reacted fluid stream discharged below grid 49 now
      divides into recycle portion which is aspirated inwards below element 41
      and upwards between elements 39 and 41 as described supra, and a product
      reacted fluid stream which flows downwards within baffle 46. The hot
      product stream is now quenched in situ within container 40. Quench fluid
      stream 50, which may in suitable instances consist of a liquid such as
      water or a condensed reaction product such as ammonia or methanol, is
      passed via pipe 51 to the foraminous hollow circular quench member 52,
      which is concentrically disposed in the lower portion of vessel 40 within
      member 46 and which sprays quench fluid into the hot product reacted fluid
      stream, in order to provide a cooling effect. The fooled product fluid
      stream next flows downwards in the annular passage between central pipe 38
      and pipe 53, and passes to product recovery or other utilization via pipe
      54 as stream 55.
PAR  Referring now to FIG. 4, an alternate integral configuration is provided,
      to attain vessel wall cooling as well as radial inward flow through an
      annular bed, which permits the provision of a longer diffuser and better
      mixing. Cold feed stream 56 is divided into the main feed stream 57 and
      bypass stream 58. Stream 57 flows via central pipe 59 into aspiration
      element 60, from which the cold feed fluid is discharged upwards at high
      velocity. Nozzle element 60 is centrally oriented within the generally
      vertically oriented cylindrical reaction vessel 61. Element 60 cooperates
      with the flared aspirator inlet element 62, so that hot reacted fluid is
      aspirated or inducted into the cold feed fluid and a combined fluid stream
      at intermediate temperature flows upwards through the inverted
      frusto-conical pipe 63, which extends upwards to the upper end of the
      vessel 61. An inverted conical baffle 64 is provided adjacent to the upper
      outlet of pipe 63 to divert the combined fluid stream laterally outwards
      above the flat horizontal ring-shaped baffle 65.
PAR  The cold bypass feed fluid stream 58 is passed via upper pipe 66 into the
      upper end of the vessel 61 and combines with the main process stream above
      baffle 65 to provide a quench-cooling effect. The resultant total combined
      fluid stream now flows downwards between the inner wall of vessel 61 and
      the generally vertically oriented foraminous support baffle 67, which
      extends downwards from baffle 65 to the bottom of vessel 61. The process
      fluid stream flows radially inwards through the plurality of openings in
      baffle 67 and through the vertically oriented generally cylindrical
      catalyst bed 68 which is disposed between baffle 67 and inner foraminous
      cylindrical baffle 69, which also extends vertically between upper baffle
      65 and the bottom of container 61 and which is generally parallel to
      baffle 67.
PAR  The hot reacted fluid flowing radially inwards from baffle 69 is diverted
      downwards by pipe 63, and flows towards the lower end of the container 61
      between baffle 69 and pipe 63. A portion of the hot reacted fluid is
      aspirated inwards below element 62 and into the cold feed fluid as
      described supra. The balance of the hot reacted fluid containing product
      is passed downwards between central pipe 59 and pipe 70 and is withdrawn
      via pipe 71 as stream 72.
PAR  FIG. 5 is a sectional plan view of FIG. 4 taken on section 5--5, and shows
      the concentric coaxial arrangement of the several apparatus elements such
      as elements 60, 63, 69, 67 and 61, as well as the radial inward flow of
      the process fluid stream.
PAR  Referring now to FIG. 6, a multiple integral configuration is provided as
      may be desirable for larger capacity units or for savings in height for
      "flat" configurations. Cold stream 73 is admitted through an inlet nozzle
      74 to plenum chamber 75 with upper surface 76. The upper surface 76 is
      perforate and has formed from or assembled to its respective openings a
      corresponding multiplicity of constricted throat elements 77. The lower
      surface 87 may have formed from it or assembled with it a multiplicity of
      flow enhancers 8 coordinate to the respective throat elements 77.
PAR  The constricted throat elements 77 cooperate with a multiplicity of curved
      annular aspirator elements 78. The cold feed 73 divides between the
      multiplicity of throat elements 77 and inducts hot reacted fluid on
      passing into the corresponding multiplicity of aspirator elements 78. The
      resultant multiplicity of warmed combined streams flow upwards through the
      generally inverted frusto-conical diffusers 79 and then downward through
      catalyst bed 80 which is supported on grate 81, and an exothermic
      catalytic reaction takes place within bed 80. The hot reacted fluid
      discharged below element 81 divides into a multiplicity of recycle
      portions which flow inwards around the lower ends of aspirator elements 78
      into the respective cold feed fluid streams issuing from the multiplicity
      of throat elements 77, and a hot product portion which flows outward for
      discharge via pipe 82 as stream 83.
PAR  The overall assembly 84 may be provided as an independent vertical-axis
      cylindrical vessel with flat or formed heads or may be provided as a
      vertical-axis cylindrical section of a taller vertical-axis cylindrical
      vessel made up of more than one such section. The top surface 85 of the
      section or assembly may have formed from it or arranged with it or
      arranged with the diffusers 79 a multiplicity of flow diverters 86
      cooperating with said diffusers 79.
PAR  Numerous alternatives within the scope of the present invention will occur
      to those skilled in the art. The invention is generally applicable to
      exothermic reactions in general, however the invention is especially
      applicable to catalytic reactions which are exothermic and which may be
      carried out in the gaseous or liquid phases. Typical catalytic reactions
      to which the invention is applicable have been mentioned supra, however
      the invention is also applicable to other catalytic reactions which are
      exothermic such as the water gas shift reaction between carbon monoxide
      and steam to produce hydrogen and carbon dioxide or catalytic methanation
      of oxides of carbon with hydrogen or automobile tail gas reactions.
      Numerous other suitable catalytic reactions will occur to those skilled in
      the art. In instances such as the processing of nitric acid plant tail gas
      to eliminate nitrogen oxides by reaction with reducing gas, the final hot
      product reacted gas stream may be discharged to atmosphere, usually after
      expansion through a gas turbine for power recovery. The container or
      reaction vessel 6, 22, 40 or 61 is preferably a vertically oriented
      cylindrical vessel, however other configurations known to the art may be
      provided in practice. In some instances streams 3, 19, 37 or 58; and/or
      baffles 9, 24, 43 or 64 may be omitted in practice. In instances when a
      catalytic reaction is being practiced, a suitable catalyst for the
      particular reaction will be provided, such as the catalytic agents and
      formulations mentioned in the patents enumerated supra, and the active
      catalytic agent will usually be deposited on a suitable carrier which may
      be in a spherical, cubic, prismatic pellet or honeycomb form. The
      container vessels may be of oblong or other forms as well as cylindrical
      and with internal configurations to suit. Orientations may be according to
      the respective FIGS. 1-6 or may be of generally upside-down or opposite or
      otherwise suitable arrangement. The invention is also applicable to a
      catalytic reaction in which catalysis is carried out in a plurality of
      catalyst beds in series, in which case the invention may be applied to
      one, several or all of the catalyst beds.
PAR  An example of application of the present invention to the cold gas produced
      in a metallurgical facility and containing sulfur dioxide and oxygen,
      which is to be heated processed for the catalytic production of sulfur
      trioxide, will now be described.
PAR  It may be observed that the invention in its maximized retention of
      reaction heat is operating in a manner that is normally considered quite
      undesirable to exothermic catalytic processes, and furthermore and even
      surprisingly as compared to conventional concepts has been found to be of
      benefit to and has been utilized to improve the respective overall
      systems.
PAC  EXAMPLE I
PAR  The invention was applied in computation model to a cold gas from copper
      converting containing about 7% SO.sub.2, 12% O.sub.2, 81% N.sub.2. A
      modelling procedure was utilized approximately parallel to the computation
      methods and references of Calderbank, P. H. "Contact Process Converter
      Design" CEP Nov. 53 pages 585-590. The first catalyst bed only was
      considered. A recycle ratio (recycle-gas/make-up-gas) of 2/1 was taken
      arbitrarily for the pre-optimization sample. The approach to equilibrium
      at the bed outlet was taken arbitrarily at 60.degree.F and was considered
      for both a zero recycle and a 2/1 recycle case. The results may be
      considered in terms of comparison of conversion obtainable in the first
      bed, and of heat exchanger requirements for preheat of the feed gas to the
      first bed. For approximately identical quantity of first bed catalyst in
      both cases, the conversion is in the range of 10% higher for the recycle
      system, and therefore providing as well savings to subsequent stage
      catalyst requirements. In addition, the preheating thermal requirements
      are in the range of 20 % less for the recycle system and the exchanger
      surface in the range of 30% less. Following is a summary of data relative
      to the improved results.
TBL  ______________________________________                                    
     Conversion           Conventional                                         
                                     Recycle                                   
      Data                Operation  2/1                                       
     ______________________________________                                    
     Make-up to Catalyst                                                       
                   % SO.sub.2 7.00       7.00                                  
     Recycle/Make-up                                                           
                   (1)        0          2/1                                   
     Conversion Ex. Cat.                                                       
                   (2)        72.0       82.0                                  
     Gas Ex. Catalyst                                                          
                   M--SO.sub.3                                                 
                              5.04       5.74                                  
     Gas Ex. Catalyst                                                          
                   M--SO.sub.2                                                 
                              1.96       1.26                                  
     Gas Ex. Catalyst                                                          
                   SO.sub.3 + SO.sub.2                                         
                              7.00       7.00                                  
     Recycle to Catalyst                                                       
                   M--SO.sub.3                                                 
                              0          11.48                                 
     Recycle to Catalyst                                                       
                   M--SO.sub.2                                                 
                              0          2.52                                  
     Recycle to Catalyst                                                       
                   SO.sub.3 + SO.sub.2                                         
                              0          14.00                                 
     Make-up to Catalyst                                                       
                   M--SO.sub.3                                                 
                              0          0                                     
     Make-up to Catalyst                                                       
                   M--SO.sub.2                                                 
                              7.00       7.00                                  
     Make-up to Catalyst                                                       
                   SO.sub.3 + SO.sub.2                                         
                              7.00       7.00                                  
     Recycle + Make-up                                                         
                   M--SO.sub.3                                                 
                              0          11.48                                 
     Recycle + Make-up                                                         
                   M--SO.sub.2                                                 
                              7.00       9.52                                  
     Recycle + Make-up                                                         
                   SO.sub.3 + SO.sub.2                                         
                              7.00       21.00                                 
     Conversion to Cat.                                                        
                   (2)        0          54.7                                  
     ______________________________________                                    
     (1) Moles ratio  (SO.sub.3 + SO.sub.2)/(SO.sub.3 + SO.sub.2)              
     (2) Moles percent                                                         
                      SO.sub.3 /(SO.sub.3 + SO.sub.2)                          
     ______________________________________                                    
TBL  Temperature       Conventional Recycle                                    
       Data            Operation    2/1                                        
     ______________________________________                                    
     Recycle/Make-up                                                           
                   (1)     0            2/1                                    
     (R + M)/Make-up                                                           
                   (1)     0            3/1                                    
     Conversion Ex. Cat                                                        
                   %       72.0         82.0                                   
     Equilibrium   .degree.F                                                   
                           1,140        1,070                                  
     Equil. Approach                                                           
                   .degree.F                                                   
                            60           60                                    
     Gas Ex. Catalyst                                                          
                   .degree.F                                                   
                           1,080        1,010                                  
     Make-up Gas Rise                                                          
                   .degree.F                                                   
                           268          306                                    
     (R + M)/Make-up                                                           
                   (1)     1/1          3/1                                    
     Average Gas Rise                                                          
                   .degree.F                                                   
                           268          102                                    
     Gas to Catalyst                                                           
                   .degree.F                                                   
                           812          908                                    
     Gas Ex. Catalyst                                                          
                   .degree.F                                                   
                           1,080        1,010                                  
     Make-up Gas Rise                                                          
                   .degree.F                                                   
                           268          306                                    
     Make-up Gas Rise                                                          
                   20 F    812          704                                    
     ______________________________________                                    
     (1) Moles ratio  (SO.sub.3 + SO.sub.2)/(SO.sub.3 + SO.sub.2)              
     ______________________________________                                    
TBL  Exchanger          Conventional Recycle                                   
      Data              Operation    2/1                                       
     ______________________________________                                    
     Make-up Gas Temp.                                                         
                    .degree.F                                                  
                            812          704                                   
     Gold Make-up Gas                                                          
                    .degree.F                                                  
                            150          150                                   
     Exchanger Rise .degree.F                                                  
                            662          554                                   
     Thermal Requirement                                                       
                    %       100          83.7                                  
     Gas Ex. Catalyst                                                          
                    .degree.F                                                  
                            1,080        1,010                                 
     Hot Make-up Gas                                                           
                    .degree.F                                                  
                            812          704                                   
     Exchanger Delta                                                           
                    .degree.F                                                  
                            268          306                                   
     Exchanger Rise .degree.F                                                  
                            662          554                                   
     Rise/Delta     .degree.F                                                  
                            2.47         1.81                                  
     Exchanger Surface                                                         
                    %       100          73.3                                  
     ______________________________________                                    
PAR  A plot of conversion versus temperature for the system is shown as FIG. 7.
      The relationships of the respective operating lines for the conventional
      operation and for the recycle 2/1 may be noted.
PAR  An example of application of the present invention to the tail gas from a
      nitric acid production facility, in order to react residual nitrogen
      oxides with methane in order to eliminate the nitrogen oxides and thereby
      prevent air pollution, will now be described.
PAR  The invention was applied in computation model to a gas carrying total
      nitrogen oxides equivalent to 0.4% NO.sub.2 plus 2.6% O.sub.2 and 97%
      N.sub.2. The catalyst used in the computation model was honeycomb type
      with minimum inlet temperature of 900.degree.F for maintaining of catalyst
      ignition and maximum outlet temperature of 1,400.degree.F for avoidance of
      catalyst deterioration.
PAR  Thermal data for the computation model were taken from "JANAF
      Thermochemical Tables" (Second Edition, June 1971, Office of Standard
      Reference Data, National Bureau of Standards, Washington, D.C. 20234). The
      adiabatic temperature rise associated with the use of methane for
      reduction of the total tail gas 3.0% O.sub.2 (The free oxygen 2.6% O.sub.2
      plus the combined oxygen contained in the 0.4% NO.sub.2) over the
      indicated 900.degree.F to 1,400.degree.F temperature range was determined
      to be approximately 230.degree.F per each 1.0% total O.sub.2 reacted.
PAR  The maximum permissible total oxygen content consistent with single-stage
      catalyst operation within the above temperature limitations was then found
      from the computation model relationship (1,400-900)/230 to be
      approximately 2.18% O.sub.2. The minimum recycle ratio for the gas with
      the total 3.0% O.sub.2 was in turn found from the relationship 3.0/2.18 to
      be 1.38 volumes of recycle plus make-up per 1.0 volumes of make-up gas or
      a recycle/make-up ratio of 0.38/1.0 volume per volume.
PAR  The required preheat temperature of the 3.0% total O.sub.2 make-up gas in
      accord with the above constraints was then found from the computation
      model relationship 1,400 - 3.0 .times. 230 to be approximately
      710.degree.F. The attainment of the limiting 900.degree.F catalyst minimum
      inlet temperature following mixing of the 1,400.degree.F recycle gas with
      such 710.degree.F make-up gas and allowing for the recycle/make-up ratio
      of 0.38/1.0 was verified from the computation model relationship
      1,400-(900-710)(1.0/0.38) or thereby meeting the 900.degree.F requirement.
PAR  A plot of conversion versus temperature for the system is shown as FIG. 8.
      The relationships of the respective operating lines for the conventional
      operation of zero recycle and the above determined recycle ratio of 0.38/1
      may be noted. It is clear that within the constraints of the example and
      for single-stage adiabatic operation that full end gas conversion can be
      obtained readily with the recycle feature but not at all with the
      conventional practice. In the case of the 0.38/1 recycle/make-up, the
      effective conversion of the mixed gas (recycle plus make-up) to the
      catalyst was found from the computation model relationship (3.0 -
      3.0/1.38)/3.0 to be 27.5%.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the exothermic reaction of a fluid stream which comprises
      accelerating a cold unreacted feed fluid stream to a high velocity in a
      constricted fluid flow zone, aspirating a hot recycle fluid stream derived
      from said exothermic fluid stream reaction into the high velocity cold
      feed fluid stream, whereby a combined fluid stream is formed at
      intermediate temperature, passing said combined fluid stream by means of
      and inside of one or more conduits at least once internally through at
      least one reaction zone without direct contact with said reaction zone,
      removing said combined fluid stream from said one or more conduits and
      passing said combined fluid stream now outside of said one or more
      conduits again through said at least one reaction zone, reacting said
      combined fluid stream in said at least one reaction zone, whereby an
      exothermic reaction takes place in said reaction zone and a hot reacted
      fluid stream is discharged from said reaction zone, dividing said hot
      reacted fluid stream into a first portion and a second portion, both of
      said portions being of identical composition, recycling the first portion
      of said hot reacted fluid stream as said hot recycle fluid stream, and
      withdrawing the second portion of said hot reacted fluid stream as a
      product reacted fluid stream.
NUM  2.
PAR  2. The process of claim 1, in which said cold feed fluid stream is a gas
      stream and said reaction zone is a catalytic reaction zone.
NUM  3.
PAR  3. The process of claim 2, in which said gas stream consists of a combined
      gas stream including the waste tail gas from a nitric acid production
      process, together with an added reducing gas, said waste tail gas
      containing residual nitrogen oxides, whereby said nitrogen oxides are
      catalytically reduced to elemental nitrogen by reaction with said reducing
      gas at a temperature in the range of 900.degree.F to 1400.degree.F in said
      catalytic reaction zone, said waste tail gas initially containing about
      0.4% nitrogen oxides, and the recycle ratio of said first portion of hot
      reacted gas to said feed gas stream being about 0.38:1.0.
NUM  4.
PAR  4. The process of claim 3, in which said reducing gas is selected from the
      group consisting of hydrogen, methane and natural gas principally
      containing methane.
NUM  5.
PAR  5. The process of claim 1, in which a cold quench fluid stream is added to
      said combined fluid stream, prior to reacting said combined fluid stream
      in said reaction zone.
NUM  6.
PAR  6. The process of claim 5, in which said cold quench fluid stream is a
      portion of said cold feed fluid stream.
NUM  7.
PAR  7. The process of claim 1, in which a cold quench fluid in injected into
      the second portion of said hot reacted fluid stream.
NUM  8.
PAR  8. A process for the exothermic reaction of a fluid stream which comprises
      accelerating a cold unreacted feed fluid stream to a high velocity in a
      constricted fluid flow zone, aspirating a hot recycle fluid stream derived
      from said exothermic fluid stream reaction into the high velocity cold
      feed fluid stream, whereby a combined fluid stream is formed at
      intermediate temperature, passing said combined fluid stream by means of
      and inside of one or more conduits inside of a reaction vessel from at
      least one reaction discharge zone to at least one reaction supply zone,
      removing said combined fluid stream from said one or more conduits and
      passing said combined fluid stream now outside of said one or more
      conduits through at least one reaction zone still within said reaction
      vessel, reacting said combined fluid stream in said at least one reaction
      zone, whereby an exothermic reaction takes place in said reaction zone and
      a hot reacted fluid stream is discharged from said reaction zone, dividing
      said hot reacted fluid stream into a first portion and a second portion,
      both of said portions being of identical composition, recycling the first
      portion of said hot reacted fluid stream as said hot recycle fluid stream,
      and withdrawing the second portion of said hot reacted fluid stream as a
      product reacted fluid stream.
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ABST
PAL  The production of UF.sub.6 in which UF.sub.4 is reacted with air or oxygen
      in the presence of a catalyst at 500.degree. to 700.degree.C. The solid
      byproduct of this reaction is reduced with hydrogen in the presence of a
      catalyst at 400.degree. to 600.degree.C. Fresh UO.sub.3 may also be
      reduced with hydrogen in the same reactor as UO.sub.2 F.sub.2. The
      reduction product or products are reacted with hydrogen fluoride at
      400.degree. to 600.degree.C, producing UF.sub.4 which would be recycled
      for further reaction to produce UF.sub.6.
BSUM
PAR  The invention described herein relates to the conversion of uranium
      tetrafluoride (UF.sub.4) to uranium hexafluoride (UF.sub.6) by a process
      which does not require the use of elemental fluorine.
PAR  The conversion of UF.sub.4 to UF.sub.6 is currently achieved by the
      reaction of UF.sub.4 with elemental fluorine. However, the use of fluorine
      on a large scale is expensive and presents serious corrosion and toxicity
      hazards. For those nations, particularly, which do not possess an
      established fluorine generating capacity and which also possess
      significant uranium ore reserves, it is highly desirable to discover a
      practical method for the preparation of UF.sub.6 which does not require
      the use of elemental fluorine at any stage.
PAR  The only method known to date for achieving this aim has been disclosed in
      the U.S. Pat. Nos. 2,535,572; 2,910,344; 3,009,768, in the British Pat.
      No. 897,793, and in the German Pat. No. 1,148,533. In each case, the
      process is based on the reaction:
EQU  2UF.sub.4 + O.sub.2 .fwdarw. UO.sub.2 F.sub.2 + UF.sub.6   ( 1)
PAL  the UO.sub.2 F.sub.2 so formed can be recycled to UF.sub.4 by the
      reactions:
EQU  UO.sub.2 F.sub.2 + H.sub.2 .fwdarw. UO.sub.2 + 2HF         (2)
PAL  and
EQU  UO.sub.2 + 4HF .fwdarw. UF.sub.4 + 2H.sub.2 O              (3)
PAR  the oxidation reaction (1) was studied in 1945 by Fried and Davidson, USAEC
      Document AECD 2981 (1945), and in 1950 by Kirslis, McMillan and Bernhardt,
      USAEC Document K567 (1950), who "found that no uranium hexafluoride was
      detected on passing oxygen over UF.sub.4 until the reactor temperature
      reached 740.degree.C." In early development work, Ferris, USAEC Document
      ORNL-2180 (1957), reported that "the rate of oxidation is not very rapid
      at temperatures lower then 750.degree.C, a fact which could restrict
      industrial application of the reaction."
PAR  The feasibility of producing UF.sub.6 from UF.sub.4 by oxidation with dry
      air or oxygen in a fluidized bed reactor at temperatures from
      700.degree.-850.degree.C was shown by Scott, Adams and Bresee, USAEC
      Document ORNL-2797 (1960). However, they observed many
      temperature-dependent side-reactions at these temperatures which decrease
      the product yield, and corrosion reactions which limit the practical
      application of the primary reaction in industry. When impure UF.sub.4 was
      used as the feed material for 29 hr at a temperature of about 710.degree.C
      an 18 per cent yield of UF.sub.6 was obtained and the corrosion of the
      Inconel reactor was said to be prohibitive.
PAR  Pilot plant studies carried out in South Africa on the oxidation of
      UF.sub.4 also showed tht the very high operating temperatures led to
      extreme corrosion of the fluidized bed reactor, extensive sintering of the
      UF.sub.4, and the formation of a liquid phase consisting of a mixture of
      various intermediate uranium fluorides such as UF.sub.5, U.sub.2 F.sub.9
      and U.sub.4 F.sub.17. These pilot plant studies are disclosed in Document
      PEL-121, Vol. II (1965) of the Atomic Energy Board of South Africa and in
      the Twelfth Annual Report 1968, p. 11 of the Atomic Energy Board of South
      Africa. A small Inconel reaction was corroded through after 700 hours of
      intermittent operation at temperatures up to 810.degree.C. A moving bed
      reactor was also considered to be of doubtful feasibility mainly because
      of the problems of handling the liquid phase arising from intermediate
      fluorides formed in the temperature range 700.degree.-800.degree.C. For
      these reasons, the process was not considered to be feasible, and further
      development was abandoned.
PAR  The present invention discloses a process for the production of UF.sub.6
      from UF.sub.4 by the reaction of the UF.sub.4 with air or oxygen in the
      presence of a catalyst, the use of which leads to economical rates of
      UF.sub.6 production at temperatures of 500.degree.-700.degree.C and
      reduces the detrimental effects of UF.sub.4 sintering, and the extent of
      corrosion.
PAR  The same catalyst may be recycled in the UO.sub.2 F.sub.2 product of the
      oxidation reaction with advantage in that it increases the rate of
      reaction of the UO.sub.2 F.sub.2 with hydrogen, and allows a temperature
      in the range of 400-600.degree.C to be used compared with the
      600.degree.-700.degree.C used in the present art. The catalyst may then be
      further recycled in the UO.sub.2 product which can be converted to
      UF.sub.4 by reaction (3).
PAR  A further advantage may be gained by feeding UO.sub.3 into the process in
      the reduction stage as it has now been discovered that the reduction of
      UO.sub.3 to UO.sub.2 is also catalyzed by the same catalyst.
PAR  It has now been discovered that a series of platinum group metals supported
      on a suitable solid support are effective catalyst for reactions (1) and
      (2) at a temperature of 500.degree.C or above. It has also been discovered
      that gold and silver supported on a suitable material, and unsupported
      cobalt oxide and hydrated platinum oxide, PtO.sub.2. xH.sub.2 O (Adams
      Catalyst), and unsupported finely divided platinum are also effective as
      catalysts for the oxidation reaction.
PAR  In the following, "catalyst" is taken to mean a material added to the
      reactants in the form of an active metal supported on a suitable
      substance, or an unsupported active metal or metal oxide.
PAR  The following examples of the invention are described in order to
      illustrate the effect of some of the various parameters of selected
      metals, selected supports, concentration of catalyst, and particle-size of
      support, on the catalysis of reactions (1) and (2).
PAR  Rates of conversion of UF.sub.4 to UO.sub.2 F.sub.2 and UF.sub.6 were
      determined by studying the rate of loss of weight of a sample of UF.sub.4
      when heated in an atmosphere of dry oxygen gas, the sample of UF.sub.4
      with and without catalyst being placed in the sample holder of a
      conventional thermobalance. A typical platinum catalyst is prepared by
      mixing an aqueous solution of chloroplatinic acid with the finely-divided
      support material, evaporating the mixture to dryness and heating the solid
      so obtained in hydrogen gas at 400.degree.C to obtain platinum metal
      deposited on the support. A commercially-available platinum on alumina
      catalyst is also equally effective. The concentration of platinum metal on
      alumina is usually in the range 0.1 to 5.0 per cent by weight relative to
      alumina, and the concentration of catalyst used was in the range 0.2 to
      10.0 per cent by weight relative to UF.sub.4.
PAR  The times required for 90 per cent reaction of UF.sub.4 with oxygen at
      temperatures of 500.degree. to 640.degree.C and catalyst concentrations
      from 0.2 to 1.0 per cent for platinum on alumina are given in Table 1.
TBL                TABLE 1                                                     
     ______________________________________                                    
     RATES OF REACTION OF UF.sub.4 WITH OXYGEN AT VARIOUS                      
     TEMPERATURES AND CATALYST CONCENTRATIONS*                                 
     Tempera-                                                                  
            Time Required for 90% Reaction (minutes)                           
     ture   Catalyst Concentration                                             
     .degree.C                                                                 
             0%          0.2%    0.5%  1.0%                                    
     ______________________________________                                    
     640    Slow, 35% re-                                                      
                         26.0    22.0  13.0                                    
            action in 40                                                       
            minutes                                                            
     620     slow        32.0    30.0  15.0                                    
     590    Very slow    40.0    38.0  22.0                                    
     550    Very slow    Slow    Slow  Slow, 35% in 90                         
                                       minutes                                 
     500    Very slow    Very    Very  Slow, 5% in 100                         
                         Slow    Slow  minutes                                 
     ______________________________________                                    
      *UF.sub.4 : -60 + 120 mesh                                               
PAR  The rates of reaction of UF.sub.4 containing catalyst were substantially
      higher than the rate of reaction of a sample of UF.sub.4 which did not
      contain any catalyst.
PAR  The effect of the particle size of the catalyst on the rate of reaction is
      illustrated by the following example. A catalyst consisting of 5 per cent
      by weight of platinum on -300 mesh alumina was compressed into pellets
      under a pressure of 4 tons per square inch. These pellets were then
      crushed and sieved into -35 + 85, -85 + 100, and -300 mesh fractions.
      Samples of these three catalysts were then mixed with -60 + 120 mesh
      UF.sub.4 such that the final catalyst concentration in the UF.sub.4 was 1
      per cent by weight. The rates of reaction were then measured at
      640.degree.C on a thermobalance and are shown in Table 2.
TBL                TABLE 2                                                     
     ______________________________________                                    
     EFFECT OF CATALYST MESH SIZE ON THE RATE OF                               
     REACTION OF UF.sub.4 WITH OXYGEN*                                         
                       Time Required for 90%                                   
     Mesh Size of Catalyst                                                     
                       Reaction (mins)                                         
     ______________________________________                                    
     -300              10                                                      
     -85 + 100         16                                                      
     -35 + 85          20                                                      
     ______________________________________                                    
      *UF.sub.4 : -60 + 120 mesh, 640.degree.C.                                
PAR  The results show that while a decrease in reaction rate is observed with an
      increase in the particle size of the catalyst, the rates at 640.degree.C
      in the presence of catalyst are very much higher than in the absence of
      catalyst (Table 1).
PAR  The effectiveness of several metals for the catalysis of the oxidation
      reaction (1) is illustrated in the following. A series of catalysts were
      prepared, each consisting of 1 to 5 per cent by weight of the stated metal
      supported on alumina. The rate of reaction of UF.sub.4 containing
      concentrations of 1 or 10 per cent by weight of catalyst with oxygen at
      640.degree.C was measured on a thermobalance. The results are summarized
      in Table 3 and these indicate that in addition to platinum a number of
      other metals in the platinum group, and also gold and silver, are
      effective in promoting the rate of this reaction.
PAR  Cobalt oxide (Co.sub.3 O.sub.4) is also an effective catalyst for the
      oxidation of UF.sub.4 ; for example, the oxide in unsupported form when
      mixed at a concentration of 10 per cent by weight with respect to UF.sub.4
      promotes the rate of oxidation of UF.sub.4 such that in the presence of
      the catalyst 50 per cent of the UF.sub.4 has reacted in 15 minutes, while
      in the absence of catalyst 50 per cent of the UF.sub.4 reacted in 50
      minutes -- see Table 3 hereunder.
TBL                TABLE 3                                                     
     ______________________________________                                    
     SUMMARY OF THE ACTIVITY OF VARIOUS CATALYSTS                              
     IN PROMOTING THE RATE OF THE REACTION OF                                  
     UF.sub.4 WITH OXYGEN AT 640.degree.C                                      
                            Catalyst     Time for                              
                            Concentration                                      
                                         50%                                   
                            with respect to                                    
                                         Reaction                              
     Catalyst  Type         UF.sub.4 (wt.%)                                    
                                         (min)                                 
     ______________________________________                                    
     Pt       5% on .gamma. -Al.sub.2 O.sub.3                                  
                            1             7                                    
     Pt       2.5% on .gamma. -Al.sub.2 O.sub.3                                
                            1            10                                    
     Pt       1% on .gamma.-Al.sub.2 O.sub.3                                   
                            1            12                                    
     Ru       5% on .gamma.-Al.sub.2 O.sub.3                                   
                            1             9                                    
     Rh       5% on .gamma.-Al.sub.2 O.sub.3                                   
                            1            20                                    
     Ir       5% on .gamma.-Al.sub.2 O.sub.3                                   
                            1            20                                    
     Os       5% on .gamma.-Al.sub.2 O.sub.3                                   
                            1            27                                    
     Pd       5% on .gamma.-Al.sub.2 O.sub.3                                   
                            1            33                                    
     Au       5% on .gamma.-Al.sub.2 O.sub.3                                   
                            10           28                                    
     Ag       5% on .gamma.-Al.sub.2 O.sub.3                                   
                            10           45                                    
     Co.sub.3 O.sub.4                                                          
              Unsupported   10           15                                    
     PtO.sub.2.x H.sub.2 O                                                     
              Unsupported   1            14                                    
     Pt black Unsupported   1             9                                    
     Pt metal                                                                  
     filings  Unsupported   1            28                                    
     Uncatal-                                                                  
     ysed reac-                                                                
     tion                   0            50                                    
     ______________________________________                                    
PAR  Hydrated platinum oxide (Adams Catalyst) and unsupported platinum, either
      in the form commonly known as platinum black, or in the form of finely
      divided platinum metal filings, are also effective in promoting the rate
      of oxidation of UF.sub.4 by oxygen (see Table 3).
PAR  Supports other than alumina are also effective in combination with the
      abovementioned metals in the catalytic oxidation of UF.sub.4. Catalysts
      consisting of 5 per cent by weight of platinum were prepared on barium
      sulphate, magnesium oxide, silica and calcium fluoride by mixing these
      compounds separately with an aqueous solution containing an appropriate
      amount of cloroplatinic acid, evaporating the mixture to dryness and
      heating the solid so obtained in hydrogen gas at 400.degree.C. It was
      observed that the platinum supported on these materials, catalyzed the
      oxidation of UF.sub.4 by oxygen, although these supports did not yield
      catalysts as effective as those which used alumina as the support.
PAR  The same catalyst that is effective in catalyzing the oxidation of UF.sub.4
      with oxygen is also effective in increasing the rate of reaction of
      UO.sub.2 F.sub.2 with hydrogen. The following examples are described in
      order to illustrate the effect of the concentration of a catalyst and
      temperature on the rate of reaction of UO.sub.2 F.sub.2 with hydrogen. A
      catalyst consisting of 5 per cent by weight of platinum on alumina was
      mixed with UO.sub.2 F.sub.2 at concentrations of catalyst of 0.05, 0.1 and
      1.0 per cent by weight relative to UO.sub.2 F.sub.2, and heated at
      temperatures of 550.degree., 610.degree. and 660.degree.C in a
      thermobalance. The resulsts (see Table 4 hereunder) show that the rate of
      reaction of UO.sub.2 F.sub.2 with hydrogen in the presence of the catalyst
      is considerably higher than in the absence of the catalyst.
TBL                TABLE 4                                                     
     ______________________________________                                    
     EFFECT OF TEMPERATURE                                                     
     AND CATALYST CONCENTRATION                                                
     ON THE RATE OF REDUCTION OF UO.sub.2 F.sub.2 *                            
     ______________________________________                                    
                Time Required for 90% Reaction (min)                           
     Temperature .degree.C                                                     
                Catalyst Concentration % by Weight                             
              0       0.05      0.1       1.0                                  
     ______________________________________                                    
     550.degree.C                                                              
                60.0      52.0      34.0    25.0                               
     610.degree.C                                                              
                31.0      19.0      15.0    12.0                               
     660.degree.C                                                              
                17.0      10.5       7.0     5.0                               
     ______________________________________                                    
      *UO.sub.2 F.sub.2 : -60 + 120 mesh?                                      
PAR  In addition to the platinum catalyst disclosed above, ruthenium, palladium,
      rhodium, iridium, gold, silver, copper oxide, cobalt oxide, platinium
      black, platinum oxide (Adams Catalyst), palladium oxide and nickel are
      also effective catalysts for the reduction of uranyl fluoride (see Table 5
      hereunder).
TBL                TABLE 5                                                     
     ______________________________________                                    
     COMPARISON OF THE EFFECTIVENESS OF VARIOUS                                
     CATALYSTS IN PROMOTING THE RATE                                           
     OF REDUCTION OF UO.sub.2 F.sub.2.sup.(B)                                  
     ______________________________________                                    
     Catalyst - Supported .sup.(A)                                             
                         Time Required for 50%                                 
     5% w/w on Alumina   Reaction                                              
                         UO.sub.3.fwdarw..fwdarw.UO.sub.2 .sup.(C)             
     ______________________________________                                    
     None                10.0                                                  
     Pt                  1.5                                                   
     Ru                  3.0                                                   
     Pd                  2.0                                                   
     Rh                  1.8                                                   
     Ir                  3.4                                                   
     Au                  8.5                                                   
     Ag                  5.0                                                   
     Pt black            1.0                                                   
     CuO                 10.0                                                  
     Catalyst - Unsupported .sup.(A)                                           
     CuO                 10.0                                                  
     Co.sub.3 O.sub.4    9.0                                                   
     Pt black            1.0                                                   
     PtO.sub.2.xH.sub.2 O                                                      
                         1.5                                                   
     PdO.sub.2           2.0                                                   
     Ni                  2.0                                                   
      .sup.(A) For all catalysed rates, the catalyst concentration is 1% w/w   
      with respect to UO.sub.2 F.sub.2 or UO.sub.3                             
      .sup.(B) UO.sub.2 F.sub.2 : -60 + 120 BSS, 600.degree.C                  
      .sup.(C) UO.sub.3 : denitrator derived, -120 + 150 BSS, 550.degree.C     
PAR  The present invention discloses a catalyst which is effective in catalyzing
      the oxidation of UF.sub.4 with oxygen, and the reaction of UO.sub.2
      F.sub.2 with hydrogen, and which may be recycled when the UO.sub.2 product
      of the latter reaction is converted to UF.sub.4 for re-use. The following
      series of experiments illustrates that the catalyst is effective in
      catalysing the oxidation reaction even after several cycles through
      reactions (1), (2) and (3). A 2-g sample of UF.sub.4 containing 1 per cent
      by weight of a catalyst consisting of 5 per cent by weight of platinum
      supported on alumina, was completely converted to UO.sub.2 F.sub.2 and
      UF.sub.6 by heating in dry oxygen at 600.degree.C for approximately 30
      min. The UO.sub.2 F.sub.2 so formed was then reduced to UO.sub.2 by
      heating in an atmosphere of hydrogen gas at a temperature of approximately
      500.degree.C for approximately 30 min. The UO.sub.2 was then converted to
      UF.sub.4 by reaction with anhydrous HF at approximately 500.degree.C. As
      this UF.sub.4 now contained approximately 2 per cent by weight of
      catalyst, it was mixed with an equal weight of UF.sub.4 which did not
      contain any catalyst. It was observed that this latter mixture of
      UF.sub.4, now again containing 1 per cent by weight of catalyst, still
      reacted with oxygen gas at 600.degree.C at a rate which is comparable to
      that obtained from a sample containing a catalyst which had not been
      subjected to the above cycle. The above cycle was then repeated four
      times, the rate of reaction of the UF.sub.4 obtained after each recycle
      with oxygen gas was measured at 640.degree.C and, as shown in Table 6, no
      apparent loss of catalyst activity was observed after each cycle.
TBL                TABLE 6                                                     
     ______________________________________                                    
     EFFECT OF CATALYST RECYCLING ON THE                                       
     RATE OF REACTION OF UF.sub.4 WITH OXYGEN*                                 
     ______________________________________                                    
     Sample     Time Required for 50% Reaction (min)                           
     ______________________________________                                    
     Original   4.0                                                            
     1st recycle                                                               
                3.5                                                            
     2nd recycle                                                               
                3.5                                                            
     3rd recycle                                                               
                3.6                                                            
     4th recycle                                                               
                3.8                                                            
     UF.sub.4 without                                                          
     catalyst   50.0                                                           
     ______________________________________                                    
      *640.degree.C, 1% w/w of catalyst, UF.sub.4 -60 + 120 BSS?               
PAR  The present invention also envisages that the UO.sub.2 F.sub.2 product
      containing the catalyst may also be recycled by heating it in a mixture of
      hydrogen-hydrogen fluoride at 400.degree.-600.degree.C, in place of the
      two separate stages described above.
PAR  The present invention discloses that the same catalyst that is effective
      for the oxidation of UF.sub.4 with oxygen, and reduction of UO.sub.2
      F.sub.2 with hydrogen, is also effective for increasing the rate of
      reduction of UO.sub.3 with hydrogen. The following example is described in
      order to illustrate this latter effect. A commercially-available catalyst
      consisting of 5 per cent by weight of platinum on alumina powder was mixed
      with UO.sub.3 powder at a concentration of 1 per cent by weight relative
      to UO.sub.3 and heated in hydrogen in a thermobalance at 550.degree.C. The
      reaction was complete in 18 min in the presence of the catalyst compared
      with only 60 per cent conversion to UO.sub.2 in the same time in the
      absence of the catalyst.
PAR  In addition to the platinum catalyst disclosed above, ruthenium, palladium,
      rhodium, iridium, gold, silver, copper oxide, cobalt oxide, platinum
      black, platinum oxide (Adams Catalyst), palladium oxide and nickel are
      also effective catalysts for the reduction of UO.sub.3 by hydrogen (see
      Table 7 hereunder).
TBL                TABLE 7                                                     
     ______________________________________                                    
     COMPARISON OF THE EFFECTIVENESS                                           
     OF VARIOUS CATALYSTS IN PROMOTING                                         
     THE RATE OF REDUCTION OF UO.sub.3 .sup.(B)                                
     ______________________________________                                    
     Catalyst - Supported                                                      
                     Time Required for 50% Reaction                            
     (A)             UO.sub.3 .fwdarw. UO.sub.2                                
       5% w/w on                                                               
     Alumina                                                                   
     ______________________________________                                    
     None            10.0                                                      
     Pt              1.5                                                       
     Ru              3.0                                                       
     Pd              2.0                                                       
     Rh              1.8                                                       
     Ir              3.4                                                       
     Au              8.5                                                       
     Ag              5.0                                                       
     Pt black        1.0                                                       
     CuO             10.0                                                      
     Catalyst - Unsuppor-                                                      
     ted .sup.(A)                                                              
     CuO             10.0                                                      
     Co.sub.3 O.sub.4                                                          
                     9.0                                                       
     Pt black        1.0                                                       
     PtO.sub.2.xH.sub.2 O                                                      
                     1.5                                                       
     PdO.sub.2       2.0                                                       
     Ni              2.0                                                       
     ______________________________________                                    
      .sup.(A) For all catalysed rates, the catalyst concentration is 1% w/w   
      with respect to UO.sub.3                                                 
      .sup.(B) UO.sub.3 : denitrator derived, -120 + 150 BSS, 550.degree.C     
PAR  By way of further examples of the production of UF.sub.6 by the oxidation
      of UF.sub.4 in the presence of a catalyst the following experiments in
      tube furnaces are described. A 6.67 g sample of UF.sub.4 containing 1 per
      cent by weight of a catalyst containing 5 per cent by weight of platinum
      metal on alumina, was placed in a boat which in turn was placed in a
      horizontal tube furnace, the furnace being heated to a temperature of
      610.degree.C. Dry oxygen gas was passed through the furnace and over the
      UF.sub.4 and then through two consecutive nickel cold traps which
      contained a series of baffle plates, the cold traps being maintained at a
      temperature of -80.degree.C, at which temperature the UF.sub.6 gas formed
      condensed to a solid of low vapor pressure. At the completion of the
      experiment the residue in the boat was removed, weighed, and analyzed for
      uranium. The UF.sub.6 condensed in the cold traps was transferred by
      sublimation to a weighed Teflon container. It was found that the weight of
      UO.sub.2 F.sub.2 remaining in the boat was 3.05 g representing 93.2 per
      cent of the theoretical yield, while the UF.sub.6 collected weighed 1.81 g
      representing 48.3 per cent of the theoretical yield. The results of
      similar experiments summerized in Table 8 show that the yields of UO.sub.2
      F.sub.2 were in the range of 93 to 99 per cent of the theoretical, while
      the yields of UF.sub.6 were in the range 35 to 48 per cent of theoretical.
TBL                                    TABLE 8                                 
     __________________________________________________________________________
     YIELDS OF UF.sub.6 AND UO.sub.2 F.sub.2 FROM REACTION OF UF.sub.4 WITH    
     O.sub.2 IN THE PRESENCE OF                                                
     1% OF W/W CATALYST AT 610.degree.C                                        
     Weight of UF.sub.4                                                        
              Weight of UO.sub.2 F.sub.2 at                                    
                         % Theoretical                                         
                                 Weight of UF.sub.6                            
                                          % Theoretical yield of               
     at start (g)                                                              
              completion of                                                    
                         yield of                                              
                                 collected (g)                                 
                                          UF.sub.6                             
              reaction (g)                                                     
                         UO.sub.2 F.sub.2                                      
     __________________________________________________________________________
     6.67     3.05       93.2    1.81     48.3                                 
     4.20     2.03       99.0    1.01     42.5                                 
     4.00     1.85       94.3    0.78     34.8                                 
     __________________________________________________________________________
PAR  The low yields of UF.sub.6 are due in part to the well-known difficulties
      associated with the quantitative condensation of small concentrations of
      UF.sub.6 and in part to the tendency of UF.sub.6 to react with the nickel
      surface of the furnace tube according to the equation:
EQU  UF.sub.6 + Ni .fwdarw. NiF.sub.2 + UF.sub.4                ( 4)
PAR  it is believed that the yield of UF.sub.6 would be much improved if the
      reaction were carried out under large scale conditions where the ratio of
      nickel surface to UF.sub.6 concentration is much smaller. Such conditions
      would be encountered if the reaction were carried out either in a
      fluidized or a moving bed reaction of a large diameter.
DRWD
PAR  FIG. 1 is a flowsheet which illustrates the large scale production of
      UF.sub.6 in fluidized or moving bed reactors.
PAR  FIG. 2 is a flowsheet which additionally shows the recovery of HF.
PAR  FIG. 3 is a flowsheet which illustrate the production of UF.sub.6 utilizing
      the direct reduction of UO.sub.3 to UO.sub.2.
DETD
PAR  UF.sub.4 and the catalyst are fed into the oxidation Reactor (A) where the
      UF.sub.4 is converted by reaction (1) to UO.sub.2 F.sub.2 and UF.sub.6.
      The gaseous effluent from the reactor is UF.sub.6 and unconverted O.sub.2.
      The UF.sub.6 is separated from O.sub.2 in the cold trap (B). Unconverted
      O.sub.2 can then be recycled back into the oxidation reactor. The solid
      effluent, UO.sub.2 F.sub.2 and catalyst and unreacted UF.sub.4, is fed
      into the reduction reactor (C), where UO.sub.2 F.sub.2 is converted to
      UO.sub.2 by reaction (2). The gaseous effluent from this reactor is HF and
      unreacted H.sub.2. Both the product of the reduction reaction UO.sub.2 and
      the catalyst are the solid effluent from reactor (C) and this solid is
      then fed to the hydrofluorination reactor (D). In this reactor UO.sub.2
      reacts with HF to form UF.sub.4 according to equation (3). The gaseous
      effluent from the reactor is H.sub.2 O + unreacted HF and the solid
      effluent is recycle UF.sub.4 and catalyst. HF can be seperated from the
      gaseous effluents of reactors (C) and (D) and used as feed for reactor
      (D). It should be noted that the starting material for the production of
      UF.sub.6 can be either UO.sub.2, UF.sub.4, UO.sub.2 F.sub.2 or UO.sub.3.
PAR  FIG. 2 differs from FIG. 1 in that it illustrates the recovery of HF in
      reactor (E). The gaseous effluent from reactors (C) and (D) are reacted
      with UO.sub.3 and the solid effluent from the reactor, UO.sub.3 + UO.sub.2
      + UO.sub.2 F.sub.2 is fed to the reduction reactor (C). All unconverted
      UO.sub.3 is reduced to UO.sub.2 in the reduction reactor according to
      equation 5 so that the feed to the hydrofluoroination reactor (D) is the
      same as for FIG. 1.
EQU  uo.sub.3 + h.sub.2 .fwdarw. uo.sub.2 + h.sub.2 o           (5)
PAR  fig. 3 is the same as FIG. 2 only that UO.sub.3 is fed to the reduction
      reactor (C) and is directly reduced to UO.sub.2 according to equation 5.
PAR  Following from the disclosure of the present invention that the oxidation
      of UF.sub.4 the reduction of UO.sub.2 F.sub.2 and the reduction of
      UO.sub.3, can all be catalyzed by the same catalyst, FIGS. 2 and 3
      illustrate simplified integrated processes using the same catalyst for the
      production of UF.sub.6 from UO.sub.3.
PAR  The present invention discloses that a fluidized bed may be used
      satisfactorily for the reaction of a mixture of particles of UF.sub.4 and
      catalyst with air or oxygen at a temperature of 500.degree.-700.degree.C
      for the production of UF.sub.6 and UO.sub.2 F.sub.2. By way of example, a
      mixture of 160 g of UO.sub.2 F.sub.2 and 40 g of UF.sub.4 powder of -60 +
      120 mesh containing 2 per cent by weight of a catalyst consisting of 5 per
      cent by weight of platinum on alumina of -60 + 120 mesh, was fluidized
      with a flow of 1.6 L/min of oxygen gas in a 42 mm diameter fluidized bed
      reactor at 650.degree.C for 30 minutes, during which time the oxidation
      reaction was substantially (90 per cent) complete. This rate of reaction
      is approximately the same as a conversion of 95 per cent obtained in
      experiments under similar conditions but without fluidization in a
      thermobalance. By comparison, in the absence of catalyst, only 35 per cent
      conversion was obtained in 60 minutes under the same reaction conditions.
PAR  The above examples are merely illustrative and are not to be understood as
      limiting the scope of our invention. It will be apparent to those skilled
      in the art that many variations in apparatus and procedure may be employed
      without departing from the scope of our intention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for the production of UF.sub.6 comprising reacting UF.sub.4
      with air or oxygen at a temperature of 500.degree. to 700.degree.C in the
      presence of a catalyst selected from the group consisting of platinum,
      ruthenium, palladium, rhodium, osmium, iridium, gold, silver, nickel,
      copper oxide, cobalt oxide, platinum oxide and palladium oxide either
      unsupported or on a support selected from the group consisting of alumina,
      magnesia, silica, calcium fluoride and barium sulphate.
NUM  2.
PAR  2. A method for the production of UF.sub.6 comprising reacting UF.sub.4
      with air or oxygen at a temperature of 500.degree. to 700.degree.C in the
      presence of a catalyst selected from the group consisting of platinum,
      ruthenium, palladium, rhodium, osmium, iridium, gold, silver, nickel,
      copper oxide, cobalt oxide, platinum oxide and palladium oxide either
      unsupported or on a support selected from the group consisting of alumina,
      magnesia, silica, calcium fluoride and barium sulphate, reducing a
      by-product of the reaction (UO.sub.2 F.sub.2) in the presence of the same
      catalyst with hydrogen at 400.degree. to 600.degree.C and reacting the
      reduction product (UO.sub.2) with hydrogen fluoride in the presence of the
      same catalyst at 400.degree. to 600.degree.C to produce UF.sub.4 which is
      recycled for further reaction to produce UF.sub.6.
NUM  3.
PAR  3. A method for the production of UO.sub.2 comprising reacting UO.sub.2
      F.sub.2 with hydrogen at a temperature of 400.degree. to 600.degree.C in
      the presence of a catalyst selected from the group consisting of platinum,
      ruthenium, palladium, rhodium, iridium, gold, silver, nickel, copper
      oxide, cobalt oxide, platinum oxide and palladium oxide either unsupported
      or on a support selected from the group consisting of alumina, magnesia,
      silica, calcium fluoride and barium sulphate.
NUM  4.
PAR  4. A method for the production of UF.sub.4 comprising reacting UO.sub.2
      with hydrogen fluoride at a temperature of 400.degree. to 600.degree.C in
      the presence of a catalyst selected from the group consisting of platinum,
      ruthenium, palladium, rhodium, iridium, gold, silver, nickel, copper
      oxide, cobalt oxide, platinum oxide and palladium oxide either unsupported
      or on a support selected from the group consisting of alumina, magnesia,
      silica, calcium fluoride and barium sulphate.
NUM  5.
PAR  5. A method for the production of UO.sub.2 comprising reacting UO.sub.3
      with hydrogen at a temperature of 400.degree. to 600.degree.C in the
      presence of a catalyst selected from the group consisting of platinum,
      ruthenium, palladium, rhodium, iridium, gold, silver, nickel, copper
      oxide, cobalt oxide, platinum oxide and palladium oxide either unsupported
      or on a support selected from the group consisting of alumina, magnesia,
      silica, calcium fluoride and barium sulphate.
NUM  6.
PAR  6. A method for the production of UF.sub.6 comprising reacting UF.sub.4
      with air or oxygen at a temperature of 500.degree. to 700.degree.C in the
      presence of a catalyst selected from the group consisting of platinum,
      ruthenium, palladium, rhodium, osmium, iridium, gold, silver, nickel,
      copper oxide, cobalt oxide, platinum oxide and palladium oxide either
      unsupported or on a support selected from the group consisting of alumina,
      magnesia, silica, calcium fluoride and barium sulphate, reducing a
      by-product of the reaction (UO.sub.2 F.sub.2) and fresh UO.sub.3 with
      hydrogen in the presence of the same catalyst at 400.degree. to
      600.degree.C, and hydrofluorinating the resulting mixture of solids in the
      presence of the same catalyst at 400.degree. to 600.degree.C to produce
      UF.sub.4 which is recycled for further reaction to produce UF.sub.6.
NUM  7.
PAR  7. A method as claimed in claim 1 in which the UF.sub.4 contains 0.1 to 5
      percent by weight of said catalyst consisting of 0.1 to 5 percent by
      weight of platinum supported on alumina.
NUM  8.
PAR  8. A method as claimed in claim 2 in which the UF.sub.4 contains 0.1 to 5
      percent by weight of said catalyst consisting of 0.1 to 5 percent by
      weight of platinum supported on alumina.
NUM  9.
PAR  9. A method as claimed in claim 3 in which the UF.sub.4 contains 0.1 to 5
      percent by weight of said catalyst consisting of 0.1 to 5 percent by
      weight of platinum supported on alumina.
NUM  10.
PAR  10. A method as claimed in claim 4 in which the UF.sub.4 contains 0.1 to 5
      percent by weight of said catalyst consisting of 0.1 to 5 percent by
      weight of platinum supported on alumina.
NUM  11.
PAR  11. A method as claimed in claim 5 in which the UF.sub.4 contains 0.1 to 5
      percent by weight of said catalyst consisting of 0.1 to 5 percent by
      weight of platinum supported on alumina.
NUM  12.
PAR  12. A method as claimed in claim 6 in which the UF.sub.4 contains 0.1 to 5
      percent by weight of said catalyst consisting of 0.1 to 5 percent by
      weight of platinum supported on alumina.
NUM  13.
PAR  13. A method as claimed in claim 1 in which the UF.sub.4 contains 1 to 10
      percent by weight of said catalyst which is a metal selected from the
      group consisting of ruthenium, osmium, palladium, iridium, rhodium, gold
      and silver at a concentration of 0.5 to 10 percent by weight on alumina.
NUM  14.
PAR  14. A method as claimed in claim 2 in which the UF.sub.4 contains 1 to 10
      percent by weight of said catalyst, which is a metal selected from the
      group consisting of ruthenium, osmium, palladium, iridium, rhodium, gold
      and silver at a concentration of 0.5 to 10 percent by weight on alumina.
NUM  15.
PAR  15. A method as claimed in claim 6 in which the UF.sub.4 contains 1 to 10
      percent by weight of said catalyst, which is is a metal selected from the
      group consisting of ruthenium, osmium, palladium, iridium, rhodium, gold
      and silver at a concentration of 0.5 to 10 percent by weight on alumina.
NUM  16.
PAR  16. A method as claimed in claim 1 in which the UF.sub.4 contains 5 to 20
      percent by weight of cobalt oxide (Co.sub.3 O.sub.4) as the catalyst.
NUM  17.
PAR  17. A method as claimed in claim 2 in which the UF.sub.4 contains 5 to 20
      percent by weight of cobalt oxide (Co.sub.3 O.sub.4) as the catalyst.
NUM  18.
PAR  18. A method as claimed in claim 6 in which the UF.sub.4 contains 5 to 20
      percent by weight of cobalt oxide (Co.sub.3 O.sub.4) as the catalyst.
NUM  19.
PAR  19. A method as claimed in claim 1 in which the UF.sub.4 contains 0.1 to 5
      percent by weight of a catalyst added as hydrated platinum oxide.
NUM  20.
PAR  20. A method as claimed in claim 2 in which the UF.sub.4 contains 0.1 to 5
      percent by weight of a catalyst added as hydrated platinum oxide.
NUM  21.
PAR  21. A method as claimed in claim 6 in which the UF.sub.4 contains 0.1 to 5
      percent by weight of a catalyst added as hydrated platinum oxide.
NUM  22.
PAR  22. A method as claimed in claim 1 in which the UF.sub.4 contains 0.1 to 5
      percent by weight of platinum black or platinum metal filings.
NUM  23.
PAR  23. A method as claimed in claim 2 in which the UF.sub.4 contains 0.1 to 5
      percent by weight of platinum black or platinum metal filings.
NUM  24.
PAR  24. A method as claimed in claim 6 in which the UF.sub.4 contains 0.1 to 5
      percent by weight of platinum black or platinum metal filings.
NUM  25.
PAR  25. A method as claimed in claim 1 wherein the reacting of the UF.sub.4
      with the air or oxygen comprises adding the UF.sub.4 and said catalyst to
      a fluidized bed of UO.sub.2 F.sub.2 particles which may also contain
      catalyst, removing the UF.sub.6 in the gaseous phase and condensing the
      UF.sub.6.
NUM  26.
PAR  26. A method as claimed in claim 2 wherein the reacting of the UF.sub.4
      with the air or oxygen comprises adding the UF.sub.4 and said catalyst to
      a fluidized bed of UO.sub.2 F.sub.2 particles which may also contain
      catalyst, removing the UF.sub.6 in the gaseous phase and condensing the
      UF.sub.6.
NUM  27.
PAR  27. A method as claimed in claim 6 wherein the reacting of the UF.sub.4
      with the air or oxygen comprises adding the UF.sub.4 and said catalyst to
      a fluidized bed of UO.sub.2 F.sub.2 particles which may also contain
      catalyst, removing the UF.sub.6 in the gaseous phase and condensing the
      UF.sub.6.
NUM  28.
PAR  28. A method as claimed in claim 13 wherein the reacting of the UF.sub.4
      with the air or oxygen comprises adding the UF.sub.4 and said catalyst to
      a fluidized bed of UO.sub.2 F.sub.2 particles which may also contain
      catalyst, removing the UF.sub.6 in the gaseous phase and condensing the
      UF.sub.6.
NUM  29.
PAR  29. A method as claimed in claim 14 wherein the reacting of the UF.sub.4
      with the air or oxygen comprises adding the UF.sub.4 and said catalyst to
      a fluidized bed of UO.sub.2 F.sub.2 particles which may also contain
      catalyst, removing the UF.sub.6 in the gaseous phase and condensing the
      UF.sub.6.
NUM  30.
PAR  30. A method as claimed in claim 15 wherein the reacting of the UF.sub.4
      with the air or oxygen comprises adding the UF.sub.4 and said catalyst to
      a fluidized bed of UO.sub.2 F.sub.2 particles which may also contain
      catalyst, removing the UF.sub.6 in the gaseous phase and condensing the
      UF.sub.6.
NUM  31.
PAR  31. A method as claimed in claim 1 in which the UF.sub.4 contains 0.1 to 5
      percent by weight of said catalyst, which consists of 0.1 to 5 percent by
      weight of platinum supported on alumina, said reacting of the UF.sub.4
      with the air or oxygen comprising adding the UF.sub.4 and catalyst to a
      fluidized bed of UO.sub.2 F.sub.2 particles which may also contain
      catalyst, removing the UF.sub.6 in gaseous state and condensing the
      UF.sub.6.
NUM  32.
PAR  32. A method as claimed in claim 2 in which the UF.sub.4 contains 0.1 to 5
      percent by weight of said catalyst, which consists of 0.1 to 5 percent by
      weight of platinum supported on alumina, said reacting of the UF.sub.4
      with the air or oxygen comprising adding the UF.sub.4 and catalyst to a
      fluidized bed of UO.sub.2 F.sub.2 particles which may also contain
      catalyst, removing the UF.sub.6 in gaseous state and condensing the
      UF.sub.6.
NUM  33.
PAR  33. A method as claimed in claim 6 in which the UF.sub.4 contains 0.1 to 5
      percent by weight of said catalyst, which consists of 0.1 to 5 percent by
      weight of platinum supported on alumina, said reacting of the UF.sub.4
      with the air or oxygen comprising adding the UF.sub.4 and catalyst to a
      fluidized bed of UO.sub.2 F.sub.2 particles which may also contain
      catalyst, removing the UF.sub.6 in gaseous state and condensing the
      UF.sub.6.
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PAL  A crystalline metal organosilicate having the composition, in its anhydrous
      state, as follows:
EQU  0.9 .+-. 0.2 [xR.sub.2 O + (1-x) M.sub.2/n O]: &lt;.005 Al.sub.2 O.sub.3
      :&gt;1SiO.sub.2
PAL  where M is a metal, other than a metal of Group IIIA, n is the valence of
      said metal, R is an alkyl ammonium radical and x is a number greater than
      0 but not exceeding 1, said organosilicate being characterized by a
      specified X-ray diffraction pattern. Said organosilicate is prepared by
      digesting a reaction mixture comprising (R.sub.4 N).sub.2 O, sodium oxide,
      an oxide of a metal other than a metal of group IIIA, an oxide of silicon
      and water. The crystalline organosilicates are useful as adsorbents and in
      their catalytically active form as catalysts for organic compound
      conversion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to novel crystalline metal organosilicates and to
      methods for their preparation and to organic compound conversion,
      especially hydrocarbon conversion therewith.
PAR  2. Description of the Prior Art
PAR  Zeolitic materials, both natural and synthetic, have been known in the past
      to have catalytic capability for various types of hydrocarbon conversion
      reactions. Certain of these zeolitic materials comprising ordered porous
      crystalline aluminosilicates have a definite crystalline structure, as
      determined by X-ray diffraction, within which there are a number of small
      cavities which are interconnected by a number of still smaller channels.
      These cavities and channels are precisely uniform in size within a
      specific zeolitic material. Since the dimensions of these pores are such
      as to accept for adsorption purposes molecules of certain dimensions while
      rejecting those of larger dimensions, these materials have commonly been
      known to be "molecular sieves" and are utilized in a variety of ways to
      take advantage of the adsorptive properties of these compositions.
PAR  These molecular sieves include a wide variety of positive ion containing
      crystalline aluminosilicates, both natural and synthetic. These
      aluminosilicates can be described as a rigid three-dimensional network of
      SiO.sub.4 and AlO.sub.4 in which the tetrahedra are cross linked by the
      sharing of oxygen atoms whereby the ratio of the total aluminum and
      silicon atoms to oxygen is 1:2. The electrovalence of the tetrahedra
      containing aluminum is balanced by the inclusion in the crystal of a
      cation, for example an alkali metal or alkaline earth cation. Thus, a
      univalent positive sodium cation balances one negatively charged
      aluminosilicate tetrahedra where an alkaline earth metal cation is
      employed in the crystal structure of an aluminosilicate, it balances two
      negatively charged tetrahedra because of its doubly positive valence. One
      type of cation may be exchanged either entirely or partially by another
      type of cation utilizing ion exchange techniques in a conventional manner.
      By means of such cation exchange, it has been possible to vary the size of
      the pores in a given aluminosilicate by suitable selection of the
      particular cation. The spaces between the tetrahedra are occupied by moles
      of water prior to dehydration.
PAR  One such group of crystalline aluminosilicates, designated as those of the
      ZSM-5 type, have been known and are particularly described in U.S. Pat.
      No. 3,702,886, the disclosure of which is incorporated herein by
      reference. The ZSM-5-type crystalline aluminosilicates have been prepared,
      for example, from a solution containing a tetraalkyl ammonium hydroxide,
      sodium oxide, an oxide of aluminum or gallium, an oxide of silicon or
      germanium and water and have been found to be characterized by a specific
      X-ray diffraction pattern.
PAR  The above crystalline aluminosilicates, as previously noted, have been
      characterized by the presence of aluminum and silicon, the total of such
      atoms to oxygen being 1:2. The amount of alumina present appears directly
      related to acidity characteristics of the resulting product. A low alumina
      content has been recognized as being advantageous in attaining a low
      degree of acidity which in many catalytic reactions is translated into low
      coke making properties and low aging rates.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a family of
      crystalline metal organosilicates which are essentially free of Group IIIA
      metals, i.e. aluminum and/or gallium. These organosilicates have
      surprisingly been found to be characterized by an X-ray diffraction
      pattern characteristic of the above-noted ZSM-5-type crystalline
      aluminosilicates. In addition to having such characteristic X-ray
      diffraction pattern, the crystalline organosilicates of the present
      invention can be identified in their anhydrous state in terms of mole
      ratios of oxides as follows:
EQU  0.9 .+-. 0.2 [xR.sub.2 O + (1-x) M.sub.2/n O]: &lt; .005 Al.sub.2 O.sub.3
      :&gt;1SiO.sub.2
PAL  where M is a metal other than a metal of Group IIIA, n is the valence of
      said metal, R is an alkyl ammonium radical and x is greater than O but not
      exceeding 1. Preferably R is a tetraalkyl ammonium radical, the alkyl
      groups of which contain 2-5 carbon atoms.
PAR  In the above composition, R.sub.2 O and M.sub.2/n O may be removed by
      replacement with or conversion to other desired components which serve to
      enhance catalytic activity, stability and/or adsorption characteristics.
      It is particularly contemplated that R and/or M may be at least partially
      in the ammonium form as a result of ion exchange.
PAR  As above noted, the family of crystalline metal organosilicates disclosed
      and claimed herein have a definite X-ray diffraction pattern. Such X-ray
      diffraction pattern, similar to that for the ZSM-5 zeolites, shows the
      following significant lines:
TBL                TABLE 1                                                     
     ______________________________________                                    
     Interplanar spacing d(A):                                                 
                          Relative intensity                                   
     ______________________________________                                    
     11.1       .+-. 0.2      s                                                
     10.0       .+-. 0.2      s                                                
     7.4        .+-. 0.15     w                                                
     7.1        .+-. 0.15     w                                                
     6.3        .+-. 0.1      w                                                
     6.04                                                                      
                .+-. 0.1      w                                                
     5.97                                                                      
     5.56       .+-. 0.1      w                                                
     5.01       .+-. 0.1      w                                                
     4.60       .+-. 0.08     w                                                
     4.25       .+-. 0.08     w                                                
     3.85       .+-. 0.07     vs                                               
     3.71       .+-. 0.05     s                                                
     3.04       .+-. 0.03     w                                                
     2.99       .+-. 0.02     w                                                
     2.94       .+-. 0.02     w                                                
     ______________________________________                                    
PAL  These values were determined by standard techniques. The radiation was the
      K-alpha doublet of copper and a Geiger Counter Spectrometer with a strip
      chart pen recorder was used. The peak heights, I, and the positions as a
      function of two times theta, where theta is the Bragg angle, were read
      from the spectrometer chart. From these, the relative intensities, 100
      I/I.sub.0, where I.sub.0 is the intensity of the strongest line or peak
      and d(obs.), the interplanar spacing in A, corresponding to the recorded
      lines were calculated. In Table I the relative intensities are given in
      terms of the symbols s = strong, w = weak and vs = very strong.
PAR  The crystalline metal organosilicate of the present invention can be used
      either in the alkali metal form, e.g. the sodium form, other desired metal
      form, the ammonium form or the hydrogen form. Preferably, one or other of
      the last two forms is employed. They can also be used in intimate
      combination with a hydrogenation component such as tungsten, vanadium,
      molybdenum, rhenium, nickel, cobalt, chromium, manganese or a noble metal
      such as platinum or palladium where a hydrogenation-dehydrogenation
      function is to be performed. Such component can suitably be impregnated on
      or physically intimately admixed with the crystalline organosilicate.
PAR  The above organosilicates as synthesized or after impregnation can be
      beneficially converted to another form by thermal treatment. This can be
      done by heating to a temperature in the range of 200.degree. to
      600.degree.C. in an atmosphere such as air, nitrogen, etc. and that
      atmospheric or subatmosphereic pressures for between 1 and 48 hours.
      Dehydration may also be performed at lower temperatures merely by placing
      the organosilicate in a vacuum, but a longer time is required to obtain a
      sufficient amount of dehydration.
PAR  The crystalline metal organosilicates of the invention can be suitably
      synthesized by preparing a solution containing (R.sub.4 N).sub.2 O, sodium
      oxide, an oxide of a metal other than a metal of Group IIIA and water and
      having a composition in terms of mole ratios of oxides falling within the
      following ranges:
TBL                TABLE II                                                    
     ______________________________________                                    
                    Broad     Preferred                                        
     ______________________________________                                    
     OH.sup.-/SiO.sub.2                                                        
                      .01-5       .05-1.0                                      
     R.sub.4 N.sup.+/(R.sub.4 N.sup.+ + Na.sup.+)                              
                      .05-1.0     .1-.8                                        
     H.sub.2 O/OH.sup.-                                                        
                      50-1000     50-500                                       
     SiO.sub.2 /M.sub.2/n O                                                    
                      &gt;1          &gt;3                                           
     ______________________________________                                    
PAL  wherein R is an alkyl radical, preferably between 2 and 5 carbon atoms and
      M is total metal. Thereafter, the mixture is maintained until crystals of
      the metal organosilicate are formed. Preferably, crystallization is
      performed under pressure in an autoclave or static bomb reactor. The
      temperature ranges from 100.degree.C. to 200.degree.C. generally, but at
      lower temperatures, e.g. about 100.degree.C., crystallization time is
      longer. Thereafter, the crystals are separated from the liquid and
      recovered. Typical reaction conditions consist of heating the foregoing
      reaction mixture to a temperature from about 100.degree.C. to
      175.degree.C. for a period of time of from about 6 hours to 60 days. The
      more preferred temperature range is from about 100.degree.C. to
      175.degree.C. with the amount of time at a temperature in such range being
      from about 12 hours to 30 days.
PAR  The treatment of the amorphous mixture is carried out until crystals form.
      The resulting crystalline product is separated from the reaction medium,
      as by cooling to room temperature, filtering and water washing. The
      product so obtained is dried, e.g. at 230.degree.F., for from about 8 to
      24 hours. If desired, milder conditions may be employed, e.g. room
      temperature under vacuum.
PAR  The desired crystalline organosilicate can be prepared utilizing materials
      which supply the appropriate oxide. Such compositions include sodium
      silicate, colloidal silica, silica hydrosol, silica gel, silicic acid,
      sodium hydroxide, compounds of the desired metal, other than a metal of
      Group IIIA and tetraalkylammonium compounds, e.g. tetrapropylammonium
      bromide. In addition to tetrapropylammonium compounds, it is contemplated
      that tetramethyl, tetraethyl or tetrabutyl ammonium compounds may
      similarly be employed. It will be understood that each oxide component
      utilized in the reaction mixture for preparing the crystalline metal
      organosilicates of this invention can be supplied by one or more initial
      reactants and they can be mixed together in any order. For example, sodium
      oxide can be supplied by an aqueous solution of sodium hydroxide or by an
      aqueous solution of sodium silicate; tetrapropylammonium can be supplied
      in the form of its hydroxide as can the other tetraalkylammonium radicals
      noted hereinabove. The reaction mixture can be prepared either batchwise
      or continuously. Crystal size and crystallization time of the crystalline
      metal organosilicate composition will vary with the nature of the reaction
      mixture employed.
PAR  The crystalline organosilicates described herein are substantially free of
      alumina, but may contain very minor amounts of such oxide attributable
      primarily to the presence of aluminum impurities in the reactants and/or
      equipment employed. Thus, the molar ratio of alumina to silica will be in
      the range of 0 to less than 0.005 Al.sub.2 O.sub.3 to more than 1 mole of
      SiO.sub.2. Generally, the latter may range from &gt;1 SiO.sub.2 up to 500 or
      more.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The crystalline metal organosilicates as synthesized can have the original
      components thereof replaced by a wide variety of others according to
      techniques well known in the art. Typical replacing components would
      include hydrogen, ammonium, alkyl ammonium and aryl ammonium and metals,
      other than metals of Group IIIA, including mixtures of the same. The
      hydrogen form may be prepared, for example, by substitution of original
      sodium with ammonium. The composition is then calcined at a temperature
      of, say, 1000.degree.F. causing evolution of ammonia and retention of
      hydrogen in the composition. Of the replacing metals, preference is
      accorded to metals of Groups II, IV and VIII of the Periodic Table.
PAR  The crystalline silicates are then preferably washed with water and dried
      at a temperature ranging from 150.degree.F. to about 600.degree.F. and
      thereafter calcined in air or other inert gas at temperatures ranging from
      500.degree.F. to 1500.degree.F. for periods of time ranging from 1 to 48
      hours or more.
PAR  Regardless of the synthesized form of the organosilicate the spatial
      arrangement of atoms which form the basic crystal latices remain
      essentially unchanged by the described replacement of sodium or other
      alkali metal or by the presence in the initial reaction mixture of metals
      in addition to sodium, as determined by an X-ray powder diffraction
      pattern of the resulting organosilicate. The X-ray diffraction patterns of
      such products are essentially the same as those set forth in Table I
      above.
PAR  The crystalline silicates prepared in accordance with the instant invention
      are formed in a wide variety of particular sizes. Generally, the particles
      can be in the form of powder, a granule, or a molded product such as an
      extrudate having a particle size sufficient to pass through a 2 mesh
      (Tyler) screen and be maintained on a 400 mesh (Tyler) screen in cases
      where the catalyst is molded such as by extrusion. The aluminosilicate can
      be extruded before drying or dried or partially dried and then extruded.
PAR  In the case of many catalysts, it is desired to incorporate the new
      crystalline silicate with another material resistant to the temperatures
      and other conditions employed in organic processes. Such materials include
      active and inactive materials and synthetic and naturally occurring
      zeolites as well as inorganic materials such as clays, silica and/or metal
      oxides. The latter may be either naturally occurring or in the form of
      gelatinous precipitates or gels including mixtures of silica and metal
      oxides. Use of the material in conjunction with the new crystalline
      aluminosilicate, i.e. combined therewith which is active, tends to improve
      the conversion and/or selectivity of the catalyst in certain organic
      conversion processes. Inactive materials suitably serve as diluents to
      control the amount of conversion in a given process so that products can
      be obtained economically and in an orderly manner without employing other
      means for controlling the rate of reaction. Normally, crystalline
      materials have been incorporated into naturally occurring clays, e.g.
      bentonite and kaolin to improve the crush strength of the catalyst under
      commercial operating conditions. These materials, i.e. clays, oxides etc.,
      function as binders for the catalyst. It is desirable to provide a
      catalyst having good crush strength because in a petroleum refinery the
      catalyst is often subjected to rough handling which tends to break the
      catalyst down into powder-like materials which cause problems in
      processing. These clay binders have been employed for the purpose of
      improving the crush strength of the catalyst.
PAR  Naturally occurring clays that can be composited with the crystalline metal
      organosilicate described herein include the montmorillonite and kaolin
      family, which families include the sub-bentonites and the kaolins known
      commonly as Dixie, McNamee, Georgia and Florida or others in which the
      main constituent is halloysite, kaolinite, dickite, nacrite or anauxite.
      Such clays can be used in the raw state as originally mined or initially
      subjected to calcination, acid treatment or chemical modification.
PAR  In addition to the foregoing materials, the crystalline metal
      organosilicate may be composited with a porous matrix material such as
      silica-alumina, silica-magnesia, silica-zirconia, silica-thoria,
      silica-berylia, silica-titania as well as ternary compositins such as
      silica-alumina-thoria, silica-alumina-zirconia, silica-alumina-magnesia
      and silica-magnesia-zirconia. The matrix can be in the form of a cogel.
      The relative proportions of finally divided crystalline metal
      organosilicate and inorganic oxide gel matrix can vary widely with the
      crystalline organosilicate content ranging from about 1 to 90 percent by
      weight and more usually in the range of about 2 to about 50 percent by
      weight of the composite.
PAR  Employing the catalyst of this invention, containing a hydrogenation
      component, heavy petroleum residual stocks, cycle stocks, and other
      hydrocrackable charge stocks can be hydrocracked at temperatures between
      400.degree.F. and 825.degree.F. using molar ratios of hydrogen to
      hydrocarbon charge in the range between 2 and 80. The pressure employed
      will vary between 10 and 2,500 psig and the liquid hourly space velocity
      between 0.1 and 10.
PAR  Employing the catalyst of this invention for catalytic cracking,
      hydrocarbon cracking stocks can be cracked at a liquid hourly space
      velocity between about 0.5 and 50, a temperature between about
      550.degree.F. and 1100.degree.F., a pressure between about subatmospheric
      and several hundred atmospheres.
PAR  Employing a catalytically active form of a member of the family of zeolites
      of this invention containing a hydrogenation component, reforming stocks
      can be reformed employing a temperature between 700.degree.F. and
      1000.degree.F. The pressure can be between 100 and 1000 psig, but is
      preferably between 200 and 700 psig. The liquid hourly space velocity is
      generally between 0.1 and 10, preferably between 0.5 and 4 and the
      hydrogen to hydrocarbon mole ratio is generally between 1 and 20,
      preferably between 4 and 12.
PAR  The catalyst can also be used for hydroisomerization of normal paraffins
      when provided with a hydrogenation component, e.g. platinum.
      Hydroisomerization is carried out at a temperature between 200.degree. and
      700.degree.F., preferably 300.degree. to 550.degree.F., with a liquid
      hourly space velocity between 0.01 and 2, preferably between 0.25 and 0.50
      employing hydrogen such that the hydrogen to hydrocarbon mole ratio is
      between 1:1 and 5:1. Additionally, the catalyst can be used for olefin
      isomerization employing temperatures between 30.degree.F. and
      500.degree.F.
PAR  In order to more fully illustrate the nature of the invention and a manner
      of practicing the same, the following examples are presented.
PAR  In the examples which follow, whenever adsorption data are set forth, it
      was determined as follows:
PAR  A weighed sample of the material was contacted with the desired pure
      adsorbate vapor in an adsorption chamber at a pressure less than the
      vapor-liquid equilibrium pressure of the adsorbate at room temperature.
      This pressure was kept constant during the adsorption period which did not
      exceed about eight hours. Adsorption was complete when a constant pressure
      in the adsorption chamber was reached, i.e. 12 mm. of mercury for water
      and 20 mm. for n-hexane and cyclohexane. The increase in weight was
      calculated as the adsorption capacity of the sample.
DETD
PAC  EXAMPLE 1
PAR  A crystalline organosilicate containing tin and sodium was synthesized from
      tetrapropylammonium bromide, colloidal silica, stannous chloride and
      sodium hydroxide. A mixture of 19.1 grams of colloidal silica (30 weight
      percent SiO.sub.2), 15.6 grams of tetrapropylammonium bromide, 1.5 grams
      of NaOH, 1.0 gram of SnCl.sub.4.5H.sub.2 O and 100 grams of water was
      prepared. This mixture was placed in an autoclave and maintained for 22
      hours at 300.degree.F. and autogenous pressure. The product was removed,
      filtered, water washed and dried at 230.degree.F. X-ray diffraction
      analysis established the product as being crystalline and having the X-ray
      diffraction pattern set forth in Table I.
PAR  The reaction composition and product analysis are shown below:
TBL  Reaction Composition   Moles                                              
     ______________________________________                                    
     SiO.sub.2              .095                                               
     [(C.sub.3 H.sub.8).sub.4 N].sub.2 O                                       
                            .0294                                              
     H.sub.2 O              6.3                                                
     Na.sub.2 O             .01875                                             
     SnO.sub.2              .0029                                              
     R.sub.4 N/R.sub.4 N + Na                                                  
                            .610                                               
     OH.sup.-/SiO.sub.2     .395                                               
     H.sub.2 O/OH.sup.-     168.3                                              
     SiO.sub.2 /M.sub.2/n O 4.38                                               
     ______________________________________                                    
PAL  where R is propyl and M is total metal.
TBL  ______________________________________                                    
     Product Composition   Wt. Percent                                         
     ______________________________________                                    
            Al.sub.2 O.sub.3                                                   
                           0.06                                                
            Na             3.1                                                 
            SiO.sub.2      91 (approx.)                                        
            Sn             6.1                                                 
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  A crystalline organosilicate containing sodium was produced from
      tetrapropylammonium bromide, colloidal silica and sodium hydroxide. A
      mixture of 19.1 grams of colloidal silica (30 weight percent SiO.sub.2),
      15.6 grams tetrapropylammonium bromide, 1.0 gram NaOH and 100 grams of
      water was prepared. This mixture was placed in an autoclave and maintained
      for 24 hours at 300.degree.F. and autogenous pressure. The product was
      removed, filtered, water washed and dried at 230.degree.F. X-ray
      diffraction analysis established the product as being crystalline and
      having the X-ray diffraction pattern set forth in Table I.
PAR  The reaction composition and product analysis are shown below:
TBL  Reaction Composition  Moles                                               
     ______________________________________                                    
     SiO.sub.2             .095                                                
     [(C.sub.3 H.sub.8).sub.4 N].sub.2 O                                       
                           .0294                                               
     H.sub.2 O             6.3                                                 
     Na.sub.2 O            .0125                                               
     R.sub.4 N/R.sub.4 N + Na                                                  
                           .701                                                
     OH.sup.-/SiO.sub.2    .263                                                
     H.sub.2 O/OH.sup.-    252.5                                               
     SiO.sub.2 /Na.sub.2 O 7.6                                                 
     Product Composition   Wt. Percent                                         
     ______________________________________                                    
     Al.sub.2 O.sub.3      0.13                                                
     N                     0.69                                                
     Na                    0.80                                                
     SiO.sub.2             98.8                                                
     Adsorption            Wt. Percent                                         
     ______________________________________                                    
     Cyclohexane           2.4                                                 
     Water                 4.6                                                 
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  A crystalline organosilicate containing sodium was synthesized from sodium
      silicate, sodium hydroxide, sulfuric acid and tetrapropylammonium bromide.
      A mixture of 40 grams of sodium silicate "Q" Brand (Na.sub.2 O/SiO.sub.2
      =0.299), 31.2 grams of tetrapropylammonium bromide, 0.5 gram NaOH, 4.6
      grams H.sub.2 SO.sub.4 and 200 grams of water was prepared. This mixture
      was maintained for 6 days at 212.degree.F. and atmospheric pressure. The
      product was removed, filtered, water washed and dried at about
      250.degree.F. X-ray diffraction analysis established the product as being
      crystalline and having the X-ray diffraction pattern set forth in Table I.
PAR  The reaction composition is shown below:
TBL  Reaction Composition   Moles                                              
     ______________________________________                                    
            SiO.sub.2       .1896                                              
            [(C.sub.3 H.sub.8).sub.4 N].sub.2 O                                
                            .0587                                              
            H.sub.2 O       12.5                                               
            Na.sub.2 O      .0943                                              
            R.sub.4 N/R.sub.4 N + Na                                           
                            .384                                               
            OH.sup.-/SiO.sub.2                                                 
                            .499                                               
            H.sub.2 O/OH.sup.-                                                 
                            132.1                                              
            SiO.sub.2 /Na.sub.2 O                                              
                            2.01                                               
     ______________________________________                                    
PAR  After calcination for 16 hours at 1000.degree.F. in air, the product was
      used to effect selective separation of C.sub.8 aromatic isomers. As will
      be evident from the data shown below in Table III, ortho xylene and meta
      xylene are both very selectively excluded at 200.degree.C., while para
      xylene and ethylbenzene are both sorbed.
TBL                TABLE III                                                   
     ______________________________________                                    
     A. Pure Components  Retention Time, Sec.                                  
     ______________________________________                                    
     Mesitylene          10                                                    
     o-Xylene            11                                                    
     m-Xylene            11                                                    
     p-Xylene            394                                                   
     Ethylbenzene        319                                                   
     B. C.sub.8 -Aromatic Mixture                                              
     Major Separation    No Resolution                                         
     Minor Separation    OX, MX/PX, EB                                         
     Number of Peaks     2                                                     
     Resolution          Excellent                                             
     Capacity (.mu. l/g) 111                                                   
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  A crystalline organosilicate containing sodium was synthesized from sodium
      silicate, sulfuric acid, tetrapropylammonium bromide and water. A mixture
      of 80 grams of sodium silicate (Na.sub.2 O/SiO.sub.2 = 0.299), 8 grams of
      sulfuric acid, 60 grams of tetrapropylammonium bromide and 200 grams of
      water was prepared. This mixture was maintained at 212.degree.F. for 66
      hours and autogenous pressure. The product was removed, filtered, water
      washed and dried at about 250.degree.F. X-ray diffraction analysis
      established the product as being crystalline and having the X-ray
      diffraction pattern set forth in Table I.
PAR  The reaction composition and product analysis are shown below:
TBL  Reaction Composition  Moles                                               
     ______________________________________                                    
     SiO.sub.2             .379                                                
     [(C.sub.3 H.sub.8).sub.4 N].sub.2 O                                       
                           .113                                                
     H.sub.2 O             13.9                                                
     Na.sub.2 O            .176                                                
     R.sub.4 N/R.sub.4 N + Na                                                  
                           .391                                                
     OH.sup.-/SiO.sub.2    .498                                                
     H.sub.2 O/OH.sup.-    73.66                                               
     SiO.sub.2 /Na.sub.2 O 2.15                                                
     Product Composition   Wt. Percent                                         
     ______________________________________                                    
     Al.sub.2 O.sub.3      0.18                                                
     N                     0.78                                                
     Na                    1.3                                                 
     SiO.sub.2             97 (approx.)                                        
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  A crystalline organosilicate containing sodium was synthesized from sodium
      silicate, sulfuric acid, sodium hydroxide, tetramethylammonium chloride,
      tetrapropylammonium bromide and water. A mixture of 40 grams of sodium
      silicate (Na.sub.2 O/SiO.sub.2 = 0.299), 1.5 grams of sodium hydroxide, 3
      grams of sulfuric acid, 6 grams of tetramethylammonium chloride, 6 grams
      of tetrapropylammonium bromide and 231 grams of water was prepared. This
      mixture was maintained for 113 hours at 320.degree.F. and autogenous
      pressure. The product was removed, filtered, water washed and dried at
      about 250.degree.F. X-ray diffraction analysis showed the crystalline
      material to have the X-ray diffraction pattern set forth in Table I.
PAR  The reaction composition is shown below:
TBL  Reaction Composition   Moles                                              
     ______________________________________                                    
            SiO.sub.2       .1897                                              
            [(C.sub.3 H.sub.8).sub.4 N].sub.2 O                                
                            .0113                                              
            [(CH.sub.3).sub.4 N].sub.2 O                                       
                            .0274                                              
            H.sub.2 O       14.2                                               
            Na.sub.2 O      .0755                                              
            R.sub.4 N/R.sub.4 N + Na                                           
                            .339                                               
            OH.sup.-/SiO.sub.2                                                 
                            .473                                               
            H.sub.2 O/OH.sup.-                                                 
                            158.1                                              
            SiO.sub.2 /Na.sub.2 O                                              
                            2.513                                              
     ______________________________________                                    
PAL  where R is propyl + methyl.
PAC  EXAMPLE 6
PAR  A crystalline organosilicate containing sodium was synthesized from sodium
      silicate, sodium hydroxide, sulfuric acid, tetrapropylammonium bromide and
      water. A mixture of 160 grams of sodium silicate (Na.sub.2 O/SiO.sub.2 =
      0.299), 2 grams of sodium hydroxide, 18.4 grams of sulfuric acid, 124.8
      grams of tetrapropylammonium bromide and 800 grams of water was prepared.
      This mixture was maintained for 40 hours at 212.degree.F. and autogenous
      pressure. The product was removed, filtered, water washed and dried at
      about 250.degree.F. X-ray diffraction analysis showed the crystalline
      material to have the X-ray diffraction analysis set forth in Table I.
PAR  The reaction composition and product analysis are shown below:
TBL  Reaction Composition                                                      
                        Moles                                                  
     ______________________________________                                    
     SiO.sub.2         .759                                                    
     [(C.sub.3 H.sub.8).sub.4 N].sub.2 O                                       
                       .2347                                                   
     H.sub.2 O         50.02                                                   
     Na.sub.2 O        .2521                                                   
     R.sub.4 N/R.sub.4 N + Na                                                  
                       .482                                                    
     OH.sup.-/SiO.sub.2                                                        
                       .1696                                                   
     H.sub.2 O/OH.sup.-                                                        
                       388.7                                                   
     SiO.sub.2 /Na.sub.2 O                                                     
                       3.01                                                    
     Product Composition                                                       
                       Wt. Percent                                             
     ______________________________________                                    
     Al.sub.2 O.sub.3  0.202                                                   
     Na                1.5                                                     
     SiO.sub.2         96.5                                                    
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  A crystalline organosilicate containing zirconium and sodium was
      synthesized from colloidal silica, sodium hydroxide, zirconium oxide (25
      percent solution), tetrapropylammonium bromide and water. A mixture of 50
      grams of colloidal silica (30 weight percent SiO.sub.2), 1 gram of sodium
      hydroxide, 25 grams of zirconium oxide (25 percent solution), 20 grams of
      tetrapropylammonium bromide and 50 grams of water was prepared. This
      mixture was maintained for 25 days at 300.degree.F. and autogenous
      pressure. The product was removed, filtered, water washed and dried at
      about 250.degree.F. X-ray diffraction analysis showed the crystalline
      material to have the X-ray diffraction pattern in Table I.
PAR  The reaction composition and product analysis are shown below:
TBL  Reaction Composition                                                      
                        Moles                                                  
     ______________________________________                                    
     SiO.sub.2         .2496                                                   
     [(C.sub.3 H.sub.8).sub.4 N].sub.2 O                                       
                       .0376                                                   
     H.sub.2 O         5.76                                                    
     Na.sub.2 O        .0125                                                   
     ZrO.sub.2         .0507                                                   
     R.sub.4 N/R.sub.4 N + Na                                                  
                       .750                                                    
     H.sub.2 O/OH.sup.-                                                        
                       230.4                                                   
     SiO.sub.2 /M.sub.2/n O                                                    
                       3.94                                                    
     Product Composition                                                       
                       Wt. Percent                                             
     ______________________________________                                    
     Al.sub.2 O.sub.3  &lt;0.04                                                   
     N                 0.52                                                    
     Na                0.24                                                    
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  A crystalline organosilicate containing calcium and sodium was synthesized
      from colloidal silica, sodium hydroxide, calcium hydroxide,
      tetrapropylammonium bromide and water. A mixture of 50 grams of colloidal
      silica (30 weight percent of SiO.sub.2), 1 gram NaOH, 1 gram Ca(OH).sub.2,
      20 grams of tetrapropylammonium bromide and 100 grams of water was
      prepared. The mixture was maintained for 16 days at 212.degree.F. and
      autogenous pressure. The product was removed, filtered, water washed and
      dried at about 250.degree.F. X-ray analysis showed the crystalline
      material to have the X-ray diffraction pattern set forth in Table I.
PAR  Reaction composition and product analysis are shown below:
TBL  Reaction Composition                                                      
                        Moles                                                  
     ______________________________________                                    
     SiO.sub.2         .2496                                                   
     [(C.sub.3 H.sub.8).sub.4 N].sub.2 O                                       
                       .0376                                                   
     H.sub.2 O         7.50                                                    
     Na.sub.2 O        .0125                                                   
     CaO               .0135                                                   
     R.sub.4 N/R.sub.4 N + Na                                                  
                       .750                                                    
     OH.sup.-/SiO.sub.2                                                        
                       .100                                                    
     H.sub.2 O/OH.sup.-                                                        
                       300                                                     
     SiO.sub.2 /M.sub.2/n O                                                    
                       9.6                                                     
     Product Composition                                                       
                       Wt. Percent                                             
     ______________________________________                                    
     Al.sub.2 O.sub.3  &lt;0.04                                                   
     N                 0.63                                                    
     Na                0.66                                                    
     SiO.sub.2         96 (approx.)                                            
     Ca                2.9                                                     
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  A crystalline organosilicate containing nickel and sodium was synthesized
      from colloidal silica, sodium hydroxide, nickel nitrate,
      tetrapropylammonium bromide and water. A mixture of 50 grams of colloidal
      silica (30 weight percent SiO.sub.2), 1.5 grams of NaOH, 4 grams of
      Ni(NO.sub.3).sub.2.6H.sub.2 O, 20 grams of tetrapropylammonium bromide and
      60 grams of water was prepared. This mixture was maintained for 19 days at
      212.degree.F. and autogenous pressure. The product was removed, filtered,
      water washed and dried at about 250.degree.F. X-ray diffraction analysis
      showed the crystalline material to have the X-ray diffraction pattern set
      forth in Table I. The reaction composition and product analysis are shown
      below:
TBL  Reaction Composition                                                      
                        Moles                                                  
     ______________________________________                                    
     SiO.sub.2         .2496                                                   
     [(C.sub.3 H.sub.8).sub.4 N].sub.2 O                                       
                       .0376                                                   
     H.sub.2 O         5.36                                                    
     Na.sub.2 O        .0188                                                   
     NiO               .01376                                                  
     R.sub.4 N/R.sub.4 N + Na                                                  
                       .667                                                    
     OH.sup.-/SiO.sub.2                                                        
                       .150                                                    
     H.sub.2 O/OH.sup.-                                                        
                       142.9                                                   
     SiO.sub.2 /M.sub.2/n O                                                    
                       7.68                                                    
     Product Composition                                                       
                       Wt. Percent                                             
     ______________________________________                                    
     Al.sub.2 O.sub.3  &lt;0.04                                                   
     N                 0.65                                                    
     Na                0.71                                                    
     SiO.sub.2         92 (approx.)                                            
     Ni                7.0                                                     
     ______________________________________                                    
PAC  EXAMPLE 10
PAR  A crystalline organosilicate containing zinc and sodium was synthesized
      from colloidal silica, sodium hydroxide, zinc nitrate, tetrapropylammonium
      bromide and water. A mixture of 100 grams of colloidal silica, 4 grams
      NaOH, 4 grams of Zn(NO.sub.3).sub.2.6H.sub.2 O, 25 grams of
      tetrapropylammonium bromide and 100 grams of water was prepared. This
      mixture was maintained for 14 days at 212.degree.F. and autogenous
      pressure. The product was removed, filtered, water washed, and dried at
      about 250.degree.F. X-ray diffraction analysis showed the crystalline
      material to have the X-ray diffraction pattern set forth in Table I.
PAR  The reaction composition and product analysis are shown below:
TBL  Reaction Composition                                                      
                        Moles                                                  
     ______________________________________                                    
     SiO.sub.2         .4992                                                   
     [(C.sub.3 H.sub.8).sub.4 N].sub.2 O                                       
                       .047                                                    
     H.sub.2 O         9.53                                                    
     Na.sub.2 O        .05                                                     
     ZnO               .0059                                                   
     R.sub.4 N/R.sub.4 N + Na                                                  
                       .485                                                    
     OH.sup.-/SiO.sub.2                                                        
                       .200                                                    
     H.sub.2 O/OH.sup.-                                                        
                       95.3                                                    
     SiO.sub.2 /M.sub.2/n O                                                    
                       8.93                                                    
     Product Composition                                                       
                       Wt. Percent                                             
     ______________________________________                                    
     Al.sub.2 O.sub.3  &lt;0.04                                                   
     N                 0.69                                                    
     Na                1.3                                                     
     SiO.sub.2         95 (approx.)                                            
     ZnO               2.63                                                    
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A crystal metal organosilicate having a composition, in its anhydrous
      state, in terms of mole ratios of oxides as follows:
EQU  0.9 .+-. 0.2 [xR.sub.2 O + (1-x) M.sub.2/n O] : &lt; .005 Al.sub.2 O.sub.3 : &gt;
      1SiO.sub.2
PAL  where M is sodium or sodium in combination with tin, calcium, nickel or
      zinc, R is a tetraalkylammonium and x is a number greater than 0 but not
      exceeding 1, said organosilicate having the X-ray diffraction lines set
      forth in Table I of the specification.
NUM  2.
PAR  2. A crystalline silicate resulting from thermal treatment of the
      composition of claim 1 by heating to a temperature in the range of
      200.degree. to 600.degree.C. for between 1 and 48 hours.
NUM  3.
PAR  3. The composition of claim 1 which has been exchanged with ammonium ions.
NUM  4.
PAR  4. The composition of claim 1 wherein R is tetrapropylammonium.
NUM  5.
PAR  5. The composition of claim 1 wherein M comprises tin.
NUM  6.
PAR  6. The composition of claim 1 wherein M comprises sodium.
NUM  7.
PAR  7. The composition of claim 1 wherein M comprises calcium.
NUM  8.
PAR  8. The composition of claim 1 wherein M comprises nickel.
NUM  9.
PAR  9. The composition of claim 1 wherein M comprises zinc.
NUM  10.
PAR  10. A method of preparing a crystalline metal organosilicate as defined in
      claim 1 which comprises preparing a mixture containing a
      tetraalkylammonium compound, sodium oxide, an oxide of tin, calcium,
      nickel, or zinc, an oxide of silicon and water and having a composition in
      terms of mole ratios of oxides falling within the following ranges:
TBL  OH.sup.-/SiO.sub.2    .01 - 5                                             
     R.sub.4 N.sup.+/(R.sub.4 N.sup.+ + Na.sup.+)                              
                           .05 - 1.0                                           
     H.sub.2 O/OH.sup.-     50 - 1000                                          
     SiO.sub.2 /M.sub.2/n O                                                    
                             &gt;1                                                
PAL  wherein R is alkyl radical and M is total metal, maintaining the mixture at
      a temperature at about 100.degree.C. to about 175.degree.C. until crystals
      of said metal organosilicate are formed and separated and recovering said
      crystals.
NUM  11.
PAR  11. A method of preparing a crystalline metal organosilicate as defined in
      claim 1 which comprises preparing a mixture containing a
      tetraalkylammonium compound, sodium oxide, an oxide of tin, calcium,
      nickel or zinc, an oxide of silicon and water and having a composition in
      terms of mole ratios of oxides falling within the following ranges:
TBL  OH.sup.-/SiO.sub.2                                                        
                       .05 - 1.0                                               
     R.sub.4 N.sup.+/(R.sub.4 N.sup.+ + Na.sup.+)                              
                       .1 - .8                                                 
     H.sub.2 O/OH.sup.-                                                        
                        50 - 500                                               
     SiO.sub.2 /M.sub.2/n O                                                    
                       &gt;3                                                      
PAL  wherein R is an alkyl radical and M is total metal, maintaining the mixture
      at a temperature at about 100.degree.C. to about 175.degree.C. until
      crystals of said metal organosilicate are formed and thereafter separating
      and recovering said crystals.
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ABST
PAL  Naturally-occurring hydrated kaolin clay is calcined under a reducing
      atmosphere at a temperature of at least 1400.degree.F., preferably in the
      range of about 1600.degree.F. to 2100.degree.F., and then the clay is
      calcined in an oxidizing atmosphere at a temperature of at least
      1400.degree.F., preferably in the range of about 1600.degree.F. to
      2100.degree.F., to produce a calcined clay pigment product of desired
      brightness.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the art of calcining finely divided
      naturally-occurring hydrated kaolin clay to produce a calcined clay
      pigment having a higher brightness than the starting clay and useful, for
      example, as a filler for paper or as a pigment for paper, plastics or
      paint.
PAR  Calcined kaolin clay is widely used by the paper and paint industries as a
      filler or pigment. Desirable properties of a calcined clay pigment or
      filler are high brightness and low abrasiveness. The principal demand is
      for calcined clay pigments having a brightness (as measured by the
      well-known TAPPI method) of at least 90 percent, preferably above, and an
      abrasiveness (as determined by the Valley method) below 100, preferably
      below 50.
PAR  The calcination treatment, which may be carried out in a rotary calciner
      with countercurrent flow of hot air or in a stationary furnace such as a
      muffle or Nichols Herreshoff furnace, is usually applied to a finely
      pulverized refined clay. During calcination, the kaolin undergoes a
      well-defined endothermic reaction associated with loss of water of
      crystallization when the clay temperature reaches about 1350.degree.F.
      This results in an amorphous essentially anhydrous material usually
      referred to as "metakaolin." If the clay temperature is further increased,
      the metakaolin undergoes a characteristic exothermic reaction at about
      1800.degree.F. At temperatures above about 2200.degree.F. new crystalline
      phases begin to form.
PAR  It is well known that the extent to which kaolin clay is brightened by
      calcination depends upon the calcination temperature. Thus, when a kaolin
      clay is calcined at temperatures in the range of about 1800.degree.F. to
      2100.degree.F. the resulting product will be brighter than it would be if
      the same clay had been calcined at temperatures in the range of
      1350.degree.F. to 1650.degree.F. for about the same period of time.
      However, all factors being constant, clay calcined at 1350.degree.F. to
      1650.degree.F. will be less abrasive than the clay would be if calcined at
      a temperature in the range of about 1800.degree.F. to 2100.degree.F. At
      temperatures above about 2200.degree.F. or 2300.degree.F. the clay will be
      excessively abrasive unless the heating time is limited. Heating of kaolin
      clay at temperatures in the range of about 300.degree.F. to 1100.degree.F.
      usually darkens the clay. To the best of my knowledge, it is not fully
      understood why variations in calcination temperature have these effects on
      clay brightness.
PAR  The commercial production of very high brightness calcined clay pigments,
      e.g., pigments having brightness above 90 percent, usually involves
      calcining kaolin clay at temperatures of the order of 2000.degree.F. Less
      bright and less abrasive pigments are produced at lower calcination
      temperatures, e.g., 1500.degree.F.
PAR  Calcination adds appreciably to the cost of the clay. In view of the
      current energy shortage it would be desirable to produce very high
      brightness pigments at lower temperatures than those currently used. This
      would also provide the added benefit of reducing the abrasiveness
      obtainded at any given calcination temperature. thus, it would be
      desirable to calcine a clay at a temperature of the order of
      1600.degree.F. to 1700.degree.F. and produce a pigment that would be at
      least as bright (but less abrasive) than the pigment would be if it were
      calcined at a temperature of about 2000.degree.F. with a greater
      consumption of fuel. Conversely, using temperatures in the range of about
      1800.degree.F. to 2100.degree.F., it would be desirable to produce
      brighter pigments than those obtained at similar elevated temperatures
      utilizing presently known calcination technology.
PAR  2. Prior Art
PAR  The following patents describe prior art techniques for preparing calcined
      clay pigments and the like from naturally-occurring kaolin clay.
PAR  U.S. Pat. No. 2,256,528 to Rowe
PAR  U.S. Pat. No. 3,309,214 to Podschus et al
PAR  U.S. Pat. No. 3,014,836 to Proctor
PAR  U.S. Pat. No. 3,021,195 to Podschus et al
PAR  U.S. Pat. No. 3,383,438 to Allegrini et al
PAR  Following are patents dealing with the recovery of clay from paper mill
      sludges by processing which includes one or more calcination steps.
PAR  U.S. Pat. No. 3,188,751 to Sutton
PAR  U.S. Pat. No. 3,765,921 to Puskar
PAR  It is well known that clay may be brightened by volatilizing from
      impurities as the chlorides at elevated temperature, optionally adding
      carbon to the clay before introducing chlorine gas or a source of
      chlorine. In this case, the carbon is added to facilitate the formation of
      a volatile iron chloride at a lower temperature.
PAC  THE INVENTION
PAR  I have discovered or invented a novel technique for calcining kaolin clay,
      involving simple modification of conventional procedures, which
      unexpectedly results in multiple possible benefits. By practice of my
      invention, a brighter clay product may be obtained at a given calcination
      temperature or clay of given brightness and lower abrasiveness may be
      produced at a lower calcination temperature.
PAR  The essence of my invention resides in sequential heated in a calciner
      treatment of kaolin clay wherein the clay is initially calcined under a
      reducing atmosphere to a temperature of at least 1400.degree.F.,
      preferably in the range of about 1600.degree.F. to 2100.degree.F., and the
      clay is subsequently heated in a calciner to the same or more elevated
      temperature (selected to produce a pigment of desired brightness) in the
      presence of air containing sufficient oxygen to constitute an oxidizing
      atmosphere.
PAR  In a presently preferred embodiment of the invention the reducing
      atmosphere is provided by heating the clay in the presence of carbon to a
      temperature of at least 1400.degree.F. while limiting the amount of air in
      contact with the clay and carbon to provide a reducing atmosphere in
      contact with the clay during the calcination. In carrying out this
      embodiment of the invention, all or substantially all of the carbon may be
      present as an additive. Alternatively, at least a portion of the carbon
      may be an indigenous impurity in the clay. Domestic (Georgia) gray kaolin
      clay is an example of a carbon-contaminated clay which may be used without
      supplementary addition of carbon in the practice of the preferred
      embodiment of my invention.
PAR  One aspect of the instant invention entails the sequential calcination
      treatment, as briefly described, wherein all of the calcination is carried
      out under relatively low temperature, e.g., 1650.degree.F. or below, with
      the production of a calcined pigment which is at least as bright but less
      abrasive than it would be carried out at more elevated temperature using
      conventional calcination techniques.
PAR  The other aspect of my invention, applicable to calcination at any
      temperature above the dehydration temperature but below sintering
      temperature, e.g., 1400.degree.F. to 2200.degree.F., results in a brighter
      calcined clay pigment for any given calcination temperature and time.
PAR  I have found that no benefits are derived from calcining the clay in the
      presence of carbon under reducing conditions at temperatures appreciably
      below 1400.degree.F. The optimum temperature for exposing the clay to a
      reducing atmosphere is in the range of 1600.degree.F. to 2100.degree.F.
      Tests carried out with clays under varying contents of native iron mineral
      impurity ranging from about 0.3 percent to 1 percent (expressed as
      Fe.sub.2 O.sub.3) indicate generally the benefits of the invention are
      increased as the content of the iron impurity is increased.
PAR  These observations, among others, have led to a possible explanation for
      the benefits obtained by calcining kaolin clay at a temperature of at
      least 1400.degree.F. under a reducing atmosphere before calcining the clay
      under the conventional oxidizing atmosphere to a desired brightness value.
      As mentioned above, dehydroxylation of kaolin occurs when the clay is
      heated to a temperature of about 1350.degree.F. At temperatures of
      1400.degree.F. and above, a substantial portion of the water of
      crystallization has been expelled from the clay. It is believed that in
      carrying out the invention iron in dehydrated kaolin (metakaolin) is
      reduced by the reducing atmosphere to form less intensely colored iron
      compounds. From the fact that the benefit of using the reducing atmosphere
      is not realized when the reducing atmosphere is employed at temperatures
      well below 1400.degree.F., I conclude iron impurities in the clay are not
      reduced by heat treatment under a reducing atmosphere when the clay is in
      hydrated state or condition. I have observed that the subsequent
      calcination in conventional manner in an oxidizing atmosphere removes
      carbonaceous matter in the clay or added to the clay but otherwise has the
      usual effect on the clay. Thus, in practicing my invention the clay
      brightness and abrasiveness increase with increase in calcination
      temperature employed with the oxidizing atmosphere. However, for any
      calcination temperature up to about 2100.degree.F. with the oxidizing
      atmosphere the calcined clay product will be brighter if it follows
      calcination under a reducing atmosphere at a temperature of at least
      1400.degree.F. It is believed that this occurs because the iron impurities
      reduced during the initial stage of calcination are not re-oxidized when
      the dehydrated clay is subsequently calcined under oxidizing conditions.
PAC  DETAILED DESCRIPTION
PAR  The initial calcination may be carried out by heating the clay to a
      temperature of at least 1400.degree.F., preferably in the range of
      1600.degree.F. to 2100.degree.F., while the clay is under an atmosphere of
      a reducing gas such as carbon monoxide. The subsequent calcination in the
      oxidizing atmosphere is carried out under conventional conditions, e.g.,
      by calcining the clay in the presence of sufficient air to oxidize
      completely carbon monoxide. This may be accomplished simply by changing
      the composition of the gases in the calciner after the clay has been
      calcined under reducing conditions. By way of example, the clay may be
      calcined at 1650.degree.F. (or other desired temperature) while it is
      under an atmosphere of carbon monoxide for 10 to 60 minutes and then an
      abundance of hot air may be substituted for the carbon monoxide while the
      bed of clay is maintained at the same temperature or different temperature
      for about 10 to 60 minutes.
PAR  Excellent results have been obtained utilizing kaolin clay containing a
      small amount of carbon and restricting the quantity of air in contact with
      the clay during initial calcination so that insufficient oxygen is present
      to burn completely the carbon or to oxidize fully carbon monoxide, thereby
      creating the required atmosphere while the clay is calcined at a
      temperature of at least 1400.degree.F. The clay is subsequently calcined
      in the presence of sufficient air to establish the oxidizing atmosphere
      using a temperature and time selected, in conventional manner, to obtain a
      calcined clay pigment of desired brightness. For example, calcination
      under the oxidizing atmosphere may be conducted at a temperature in excess
      of about 2000.degree.F. when a prime objective is to obtain a calcined
      pigment of maximum possible brightness. When a prime objective is to
      reduce the consumption of fuel and/or to produce a low abrasion pigment,
      calcination in air may be carried out at lower temperatures, e.g., in the
      range of 1450.degree.F. to 1650.degree.F.
PAR  In practicing the embodiment of the invention wherein clay containing
      carbon is calcined with restricted access of air during an initial stage
      of calcination, the clay should contain at least about 0.05 percent by
      weight carbon, preferably at least 0.1 percent carbon. Generally, best
      results are obtained when carbon is present in amount of at least 0.25
      percent by weight. A preferred amount of carbon is within the range of
      0.25 percent to 1 percent by weight. Thus, good results have been obtained
      with 4 percent to 5 percent carbon additives but these results were not
      significantly better than those obtained with 0.5 percent to 1 percent
      carbon.
PAR  As mentioned, the carbon may be indigenous to the clay or all or a portion
      of the carbon may be incorporated with the clay as an additive. Any carbon
      additive should preferably be low in material which would have a fluxing
      action. Suitable sources of added carbon are low ash charcoal, coke or
      coal. Finely divided or powdered sources of carbon may be employed or
      small lumps or granules may be utilized.
PAR  Prior to calcination, the kaolin will normally undergo preliminary refining
      treatment which will normally include wet degritting, particle size
      classification and recovery of a fine particle size fraction, drying and
      pulverization. Other processing steps such as mechanical delamination and
      chemical bleaching may be carried out before drying and pulverization.
      Typical preliminary refining procedures are described in the patents to
      Proctor and Allegrini (supra).
DETD
PAR  The following examples are given to illustrate features of the invention
      and to demonstrate benefits thereof. Brightness values reported in the
      examples are obtained by TAPPI procedure, using an Elrepho brightness
      meter. Abrasion was measured by the Valley method described in the patent
      to Proctor.
PAC  EXAMPLE I
PAR  This example illustrates the application of the process of the invention to
      the calcination of a fine size fraction of so-called "white kaolin clay."
      This clay is essentially devoid of carbonaceous impurities and contains a
      small amount of ferruginous impurity.
PAR  The starting clay was a commercial acid-grade paper coating pigment
      obtained by degritting and fractionating a typical soft Georgia kaolin,
      acid floccing and bleaching the fine size fraction and drying. Typical
      samples of the pigment contain (moisture-free weight basis) 45.4 percent
      SiO.sub.2, 28.8 percent Al.sub.2 O.sub.3 ; 0.3 percent iron (expressed as
      Fe.sub.2 O.sub.3) and 13.8 percent Loss on Ignition (principally water of
      hydration). Brightness was about 86 percent. The clay was about 75 percent
      minus 2 microns; average particle size is 0.8 micron, equivalent spherical
      diameter.
PAR  To prepare the hydrated clay for calcination, it was pulverized in a Mikro
      Sample Mill through a 0.020 inch screen. A portion of the pulverized clay
      was blended with 0.5 percent by weight charcoal powder ("Nuchar"). The
      clays, with and without added carbon, were loosely packed in shallow
      silica trays, almost filling the trays. Some of the trays were closed to
      provide a reducing atmosphere. Others were left open to provide an
      oxidizing atmosphere. The trays were placed in an electrically heated
      muffle furnace maintained at a substantially constant temperature. Runs
      were made at four different temperature levels ranging from 1450.degree.F.
      to 2050.degree.F. for 40 minutes. During some of the runs, trays which
      were initially covered were uncovered after 20 minutes and calcination was
      continued for an additional 20 minutes.
PAR  After the calcined clay samples had cooled they were pulverized twice
      through the Mikro Sample Mill using a 0.02 inch screen.
PAR  Data in Table I for white clay calcined without added carbon for 40 minutes
      in open vessels (oxidizing atmosphere) simulating conventional practice,
      show that clay brightness increased as calcination temperature increased
      from 1450.degree.F. to 2050.degree.F. Data in the same table for runs in
      which a small amount of carbon was added and the initial stage of
      calcination was carried out in a closed container (reducing atmosphere),
      in accordance with the invention, show that at all calcination
      temperatures in the range of 1650.degree.F. to 2050.degree.F. the clay
      products were from 1 to 2 points higher in brightness than clay calcined
      at the same temperature and for the same time under conventional
      conditions.
PAR  The results are summarized in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     EFFECT OF CALCINATION CONDITIONS ON                                       
     CLAY BRIGHTNESS                                                           
     (WHITE KAOLIN CLAY)                                                       
     Calcination Conditions                                                    
     Carbon                                                                    
     Added,                                                                    
           Calcination                                                         
                      Minutes    Minutes                                       
     Wt. % Temp., .degree.F.                                                   
                      Covered    Open   Brightness, %                          
     ______________________________________                                    
     0     1450       0          40     86.3                                   
     0.5   1450       20         20     86.5                                   
     0     1650       0          40     88.4                                   
     0.5   1650       20         20     89.8                                   
     0     1850       0          40     91.5                                   
     0.5   1850       20         20     93.0                                   
     0     2050       0          40     91.8                                   
     0.5   2050       20         20     92.7                                   
     ______________________________________                                    
PAC  EXAMPLE II
PAR  This example demonstrates the embodiment of the invention wherein a native
      carbon impurity in a clay is utilized to obtain the benefits of the
      invention and to show how a greater benefit may be realized by mixing the
      clay with a small amount of additional carbon.
PAR  The clay used in this example was a fine size fraction of spray dried, wet
      processed hard gray Georgia kaolin clay. The clay, which contained about
      0.8 percent iron, expressed as Fe.sub.2 O.sub.3 and analyzed about .05
      percent native carbon, is representative of a kaolin having a relatively
      high content of iron and carbon impurities.
PAR  The spray dried clay was pulverized in a fluid energy mill. To a portion of
      the milled clay, carbon ("Nuchar") was added in amount of 1 percent of the
      clay weight. Samples of the clay containing the added carbon were calcined
      in the muffle furnace for 20 minutes at various temperature levels (above
      and below dehydration conditions) under reducing conditions (closed
      vessels) or oxidizing conditions (open vessels). The clay was then
      calcined without an intermediate cooling step at 1850.degree.F. for 20
      minutes in open trays. The procedure was also carried out with a portion
      of the milled clay containing only native carbon impurity. A control test
      was carried out by calcining the portion of the clay to which carbon had
      not been added for 40 minutes in the muffle furnace at 1850.degree.F. in
      an open container. All samples were pulverized after calcination, as in
      Example I. In other control tests, samples of the clay without added
      carbon were calcined at temperatures in the range of 750.degree.F. to
      1850.degree.F. for 20 minutes under oxidizing conditions and then at
      1850.degree.F. for 20 minutes.
PAR  Results are summarized in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     EFFECT OF TEMPERATURE ON CALCINING GRAY CLAY                              
     UNDER REDUCING CONDITIONS                                                 
     Covered Tray  Open Tray Open Tray                                         
     Carbon Temp.   Time   Temp.                                               
                                Time Temp.                                     
                                          Time Brightness of                   
     Added, %                                                                  
            .degree.F.                                                         
                    Min.   .degree.F.                                          
                                Min. .degree.F.                                
                                          Min. Cal. Clay, %                    
     ______________________________________                                    
     0      --       0      750 20   1850 20   84.8                            
     0       750    20     --    0   1850 20   84.9                            
     1       750    20     --    0   1850 20   85.1                            
     0      --       0     1250 20   1850 20   85.1                            
     0      1250    20     --    0   1850 20   85.4                            
     1      1250    20     --    0   1850 20   85.5                            
     0      --       0     1450 20   1850 20   85.0                            
     0      1450    20     --    0   1850 20   85.2                            
     1      1450    20     --    0   1850 20   86.6                            
     0      --       0     1650 20   1850 20   85.2                            
     0      1650    20     --    0   1850 20   85.9                            
     1      1650    20     --    0   1850 20   90.6                            
     0      --       0     1850 20   1850 20   85.7                            
     0      1850    20     --    0   1850 20   88.3                            
     1      1850    20     --    0   1850 20   92.3                            
     ______________________________________                                    
PAR  Data in Table II for the control test (all calcination in air at
      1850.degree.F. for 40 minutes) show that clay brightness was 85.7 percent.
      The data for the sample in which only native carbon impurity was present
      during an initial calcination under reducing conditions for the first 20
      minutes of calcination at 1850.degree.F. followed by 20 minutes
      calcination at 1850.degree.F. in the presence of air show that clay
      brightness was 88.3 percent. Thus, the clay brightness was improved by 2.6
      points by practice of the invention, utilizing the 1850.degree.F.
      temperature to calcine under reducing conditions. When extra carbon was
      added under the same conditions, the product brightness was 92.3 percent.
      Thus, by incorporating additional carbon to the carbon contaminated clay,
      there was a further increase in brightness of 3.0 points. When the clay
      was calcined under reducing conditions at 1450.degree.F. and
      1650.degree.F. before calcining at 1850.degree.F. under oxidizing
      conditions, there was an increase in brightness for samples with and
      without added carbon as compared to results obtained when calcination at
      these temperatures was all carried out under oxidizing conditions. In both
      cases the addition of carbon further increased the brightness. On the
      other hand, when initial calcination under reducing conditions was carried
      out at 750.degree.F. and 1250.degree.F., there was no detectable benefit
      of using a reducing atmosphere even when additional carbon was added.
PAR  The results of these tests for the organic contaminated clay without added
      carbon clearly demonstrate that when access of air was prevented during
      the initial calcination, the resulting brightnesses were significantly
      higher provided calcination without access to air was at temperatures
      above 1400.degree.F. Apparently the small amount of organic matter present
      in the gray clay produced an atmosphere sufficiently reducing in nature to
      result in higher brightness. The results for tests using additional
      carbon, 1 percent of the dry clay weight, resulted in still higher
      brightness but was of benefit only when calcination in the reducing
      atmosphere was above 1400.degree.F.
PAC  EXAMPLE III
PAR  The procedures of Example II were carried out with other samples of fluid
      energy milled gray Georgia kaolin clay at temperature levels ranging from
      1600.degree.F. to 2200.degree.F. under different conditions. The results
      are shown in the accompanying figure. The data clearly show that when
      access of air was prevented during the first half of the calcination at
      all temperatures in the range of 1800.degree.F. to 2100.degree.F., the
      clay brightness was significantly higher. Also shown is that the use of
      additional carbon resulted in still higher brightnesses. At a temperature
      of 2000.degree.F., restricting access of air resulted in a 1.5 point
      brightness increase. A 3 point improvement was obtained when carbon was
      added to the sample. Conversely, to achieve a 90.0 percent brightness
      under conventional conditions it was necessary to use a calcination
      temperature close to 2000.degree.F. This same brightness could be achieved
      while reducing the temperature by approximately 75.degree.F. using the
      natural carbon impurity alone. On the other hand, the data indicate that
      the 90.0 percent brightness could be achieved while reducing temperature
      by about 400.degree.F. when extra carbon was added. Maximum brightness for
      this particular clay did not appear to be affected by calcining
      conditions.
PAC  EXAMPLE IV
PAR  Experiments similar to those of the previous example were carried out with
      other samples of fluid energy milled gray kaolin. Brightness and Valley
      Abrasion were measured. The results showed that if the sample were
      calcined to a brightness of 90.6 percent by the conventional technique, a
      temperature of 2050.degree.F. was necessary and Valley abrasion of the
      calcined pigment product was above 60 mg. On the other hand, when the clay
      was calcined with added carbon in a reducing atmosphere and then in air,
      in accordance with the invention, a similar brightness (90.4 percent) was
      achieved at a calcination temperature of only 1650.degree.F. and Valley
      abrasion was only 22 mg. Using the 2050.degree.F. calcination temperature
      required when conventional calcination was carried out, practice of my
      invention resulted in a clay that was 1.7 points brighter at a similar
      abrasiveness.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for producing a calcined kaolin clay pigment which comprises
      heating finely divided particles of hydrated crystalline kaolin clay in a
      calciner under a reducing atmosphere to a temperature in the range of
      about 1400.degree.F. to 2200.degree.F., the time and temperature of
      heating being sufficient to dehydrate the particles of said clay withou
      sintering them, and thereafter heating the clay in a calciner in the
      presence of sufficient air to provide an oxidizing atmosphere to a
      temperature at least as high as the temperature to which said clay
      particles were heated under the reducing atmosphere and below the
      temperature at which sintering takes place, the temperature and time for
      heating in the oxidizing atmosphere being sufficient to result in a
      calcined clay pigment product that is brighter than the original hydrated
      clay and is also brighter than the calcined clay would be if all of the
      heating had been carried out under the oxidizing atmosphere at the
      temperature used when heating under the oxidizing atmosphere.
NUM  2.
PAR  2. The method of claim 1 wherein said clay is heated under said reducing
      atmosphere and under said oxidizing atmosphere to temperatures below
      2200.degree.F.
NUM  3.
PAR  3. The method of claim 1 wherein the clay is heated under the reducing and
      oxidizing atmosphere to temperatures in the range of 1600.degree.F. to
      2100.degree.F.
NUM  4.
PAR  4. A method for producing a calcined kaolin clay pigment which comprises
      heating finely divided particles of hydrated crystalline kaolin containing
      carbon in a calciner to a temperature in the range of 1400.degree.F. to
      2000.degree.F. in the presence of air limited in amount to provide a
      reducing atmosphere for from 10 to 60 minutes and thereafter heating the
      clay in a calciner in the presence of sufficient air to oxidize carbon and
      provide an oxidizing atmosphere to a temperature which is at least as high
      as the temperature to which the clay was heated under the reducing
      atmosphere and below 2200.degree.F. for from 10 to 60 minutes, the
      temperature and time for heating in the oxidizing atmosphere being
      sufficient to produce a calcined clay pigment that is brighter than the
      hydrated clay and is also brighter than the calcined clay pigment that
      would be obtained by carrying out all of the heating in the oxidizing
      atmosphere at the temperature used in heating the clay in the oxidizing
      atmosphere.
NUM  5.
PAR  5. The method of claim 4 wherein said clay is heated under said reducing
      atmosphere and said oxidizing atmosphere to temperatures in the range of
      1600.degree.F. to 2100.degree.F.
NUM  6.
PAR  6. The method of claim 4 wherein at least a portion of the carbon is
      present as an impurity in the clay.
NUM  7.
PAR  7. The method of claim 4 wherein at least a portion of the carbon is
      present as an additive with the hydrated kaolin clay prior to heating said
      clay under the reducing atmosphere, the amount of carbon added being in
      amount in the range of 0.1 percent to 5 percent of the weight of the clay.
NUM  8.
PAR  8. A method for producing a high brightness calcined clay pigment from
      finely divided hydrated kaolin clay containing a small amount of a
      ferruginous impurity and less than 0.1 percent carbon as an impurity which
      comprises adding to said clay a source of carbon in amount of at least 0.1
      percent by weight of the dry clay weight, heating the clay containing the
      added carbon to a temperature in the range of 1400.degree.F. to
      2000.degree.F. for 10 to 60 minutes while maintaining the clay under a
      reducing atmosphere, and then calcining the clay for from 10 to 60 minutes
      in an oxidizing atmosphere to a temperature in the range of 1600.degree.F.
      to 2200.degree.F., thereby producing a calcined clay pigment having a
      brightness of at least about 90 percent, said calcined clay being brighter
      than the original hydrated clay and also being brighter than the calcined
      clay would be if all of the heating had been carried out under the
      oxidizing atmosphere at the temperature used when heating under the
      oxidizing atmosphere.
NUM  9.
PAR  9. The method of claim 8 wherein the source of carbon is charcoal.
NUM  10.
PAR  10. The method of claim 8 wherein the source of carbon is coal.
NUM  11.
PAR  11. The method of claim 8 which is carried out by calcining the clay
      containing added carbon in a closed vessel to provide an atmosphere
      containing insufficient oxygen to burn completely the carbon and
      thereafter the clay is calcined in an open vessel.
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ABST
PAL  This invention relates to a process for the preparation of carbonyl
      diisocyanate, CO(NCO).sub.2, which comprises reacting trichloroisocyanuric
      acid and/or an alkali metal salt of dichloroisocyanuric acid with phosgene
      at temperatures of from about 150.degree. to about 200.degree.C.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known that compounds which contain positively-polarized chlorine
      atoms, such as N-chloro compounds, and compounds which contain
      negatively-polarized chlorine atoms, such as hydrochloric acid, may react
      with each other and split off chlorine in the process. These reactions
      generally require high temperatures or even equimolar quantities of
      Friedel/Crafts catalysts. Moreover, the reaction is not generally
      practicable and is often accompanied by side-reactions or secondary
      reactions so that it is impossible to predict the main reaction product.
PAR  It is also known, (DAS No. 1,266,288), to prepare carbonyl diisocyanate by
      the thermolysis of N-trichloroisocyanuric acid at a temperature of from
      200.degree. to 400.degree.C, accompanied by the formation of NCl.sub.3, in
      accordance with the following equation:
      ##SPC1##
PAR  The reaction is accompanied by side-reactions and is difficult to control
      due to the simultaneous formation of the highly explosive compound,
      NCl.sub.3.
PAR  Another process for the preparation of CO(NCO).sub.2 is the reaction of
      difluorophosgene with potassium cyanate in molten LiCl/KCl at temperatures
      of about 400.degree.C. This method of preparation involves relatively high
      technical expenditure because of the low conversion rates and because of
      high reaction temperatures required, (Angew. Chem. 79, 860 (1967)).
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now surprisingly been found that when phosgene is mixed with
      trichloroisocyanuric acid and/or an alkali metal salt of
      dichloroisocyanuric acid, conversion of phosgene to CO(NCO).sub.2 with
      elimination of chlorine will proceed almost quantitatively, in terms of
      the positively-polarized chlorine atoms, at temperatures as low as from
      about 150.degree. to about 200.degree.C, preferably from about 160.degree.
      to about 180.degree.C. The reaction is preferably carried out in a high
      boiling, inert organic solvent, such as trichlorobenzene or a
      o-dichlorobenzene.
PAR  According to a recent publication which describes the formation of
      trichloroacetyl isocyanate from trichloroacetyl chloride and
      trichloroisocyanuric acid, (Zh. Org. Khim. 9, (1973) 1815-18), it was to
      be expected that the present process would give rise to Cl--CO--NCO, at
      least as the main reaction product. It was surprisingly found, however,
      that the reaction product obtained did not contain any Cl--CO--NCO but
      consisted exclusively of CO(NCO).sub.2. Even when the N-chloro compound
      was only partly converted, no Cl--CO--NCO could be detected. This is
      surprising in view of the fact that, in phosgene, the first chlorine atom
      is normally substituted very much more rapidly than is the second chlorine
      atom. For example, there is no difficulty in preparing chloroformic acid
      esters by the reaction of phosgene and an alcohol.
PAR  Another surprising feature, which is also new, is that the sodium salt of
      dichloroisocyanuric acid may also be used in such a reaction. It was to be
      expected that a salt of this type would be very much less soluble in an
      inert organic solvent, such as chlorinated benzene, and that a reaction
      would, therefore, be very much more difficult or even impossible. For
      example, the trisodium salt of isocyanuric acid will not react with highly
      reactive acid chlorides, even in solvents such as adipic acid dinitrile
      and at elevated temperatures, because this salt is not sufficiently
      soluble in organic solvents.
DETD
PAR  The process according to the invention may be illustrated by the following
      reaction scheme:
      ##SPC2##
PAR  Instead of using trichloroisocyanuric acid, the present process may
      preferably be carried out using an alkali metal salt, most preferably the
      sodium or potassium salt, of dichloroisocyanuric acid.
PAR  The reaction may generally be carried out by suspending the isocyanuric
      acid derivative in a solvent and then passing phosgene through the
      resulting suspension. The reaction product distills over at the reaction
      temperature and is obtained in a pure form by fine careful distillation.
PAR  The volume/time yield is particularly high when the monosodium salt of
      dichloroisocyanuric acid is used.
PAR  Carbonyl diisocyanate is an exceptionally highly reactive diisocyanate. For
      example, it reacts, even at room temperature, with the smallest traces of
      moisture present in inert solvents. It is therefore, an ideal dehydrating
      agent for preparing absolute solvents. Carbonyl diisocyanates differs
      advantageously from known dehydrating agents, for example, those used for
      the preparation of absolute ether, (e.g. metallic sodium or phosphorous
      pentoxide), by virtue of the fact that it is miscible in any proportions
      with the solvent which is to be dehydrated. One disadvantage of known
      dehydrating agents is that their active surface is, to a large extent,
      inactivated, (e.g. by the sodium hydroxide formed or by a so-called "skin"
      of polyphosphoric acid), so that the dehydrating agent must be
      continuously renewed. Such disadvantage cannot occur when using the
      present product as the dehydrating agent. For example, in preparing
      absolute ether it is sufficient to add a suitable quantity of carbonyl
      diisocyanate to ether which has previously been partially dried over, for
      example, calcium chloride and then to keep the mixture at room temperature
      for a few minutes. The ether is then recovered, e.g. as by distillation.
      Although carbonyl diisocyanate is not a new compound, it may be said that
      the process according to this invention has enabled it to be obtained in a
      technically simple and economical manner.
PAC  EXAMPLE 1
PAR  44 g (0.2 mol) of the monosodium salt of dichloroisocyanuric acid,
      suspended in 150 ml trichlorobenzene, are introduced into a reaction
      vessel. Phosgene is slowly introduced with vigorous mixing, at a reaction
      temperature of about 180.degree.C and the CO(NCO).sub.2 which is formed,
      with elimination of chlorine, is continuously distilled off.
PAR  18 g (80% of the theoretical yield, based on positively-polarized chlorine
      atoms) of CO(NCO).sub.2 are obtained after careful distillation. Bp.:
      104.degree.-106.degree.C.
PAC  EXAMPLE 2
PAR  A stream of phosgene is slowly passed through a suspension of 120 g (0.545
      mol) of monosodium dichloroisocyanurate in 350 ml o-dichlorobenzene at a
      reaction temperature of from 165.degree. to 175.degree.C with vigorous
      mixing. CO(NCO).sub.2 which is formed within about 4 hours under these
      conditions, and part of the chlorine liberated and the excess phosgene, as
      well as the o-dichlorobenzene which distills off under these conditions,
      are collected in an ice-cooled receiver.
PAR  Redistillation over an ice-cooled 30 cm packed column yields 57 g (93% of
      the theoretical yield, based on positively-polarized chlorine atoms) of
      CO(NCO).sub.2. Bp.: 104.degree.-106.degree.C.
PAC  EXAMPLE 3
PAR  About 10 g carbonyl diisocyanate are added at 20.degree.C to 1 liter of
      diethyl ether previously dehydrated over calcium chloride. The mixture is
      maintained at room temperature for half an hour. The purified ether is
      then recovered by simple distillation in a carefully dried distillation
      apparatus. Metallic sodium is then extruded into the resulting dehydrated
      ether by means of a sodium press. The metallic surface of the sodium wire
      remained practically unchanged in its metallic appearance for 24 hours.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of carbonyl diisocyanate comprising
      reacting trichloroisocyanuric acid and/or an alkali metal salt of
      dichloroisocyanuric acid with phosgene at a temperature of from about
      150.degree.C to about 200.degree.C.
NUM  2.
PAR  2. The process of claim 1, wherein the reaction is conducted in the
      presence of a high boiling, inert organic solvent.
NUM  3.
PAR  3. The process of claim 2, wherein said solvent is selected from the group
      consisting of trichlorobenzene and o-dichlorobenzene.
NUM  4.
PAR  4. The process of claim 1, wherein the reaction is conducted at a
      temperature of from about 160.degree. to about 180.degree.C.
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ABST
PAL  An aqueous solution containing fluorides, for example, hydrofluoric acid,
      is reacted with commercial grade aluminum oxide comprising predominantly
      alpha alumina at an elevated temperature to produce a complex aluminum
      hydroxide fluoride hydrate that precipitates from the solution. The
      commercial grade aluminum oxide contains an amount of gamma and delta
      alumina such that the aluminum oxide has a loss of weight on ignition of
      from about 0.5% to about 2.5%. The resulting aluminum hydroxide fluoride
      hydrate precipitate is recovered and calcined in a non-oxidizing
      atmosphere to produce aluminum fluoride suitable for use in the
      electrolytic production of aluminum.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of applicant's copending
      application Ser. No. 335,494, filed Feb. 26, 1973, now U.S. Pat. No.
      3,843,498, issued Oct. 22, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the treatment of fluoride-containing aqueous
      solutions to recover the fluoride values thereof in the form of aluminum
      fluoride.
PAR  2. Prior Art
PAR  Many industrial processes produce gaseous effluents containing hydrogen
      fluoride and other fluoride compounds. These gaseous effluents must be
      treated to remove the fluorides therefrom before the gas is discharged to
      the atmosphere and also to recover the fluoride values of the gas to avoid
      uneconomic waste of the fluorides. The most common procedure for
      recovering the fluoride content of effluent gases is to pass the gas
      through a scrubbing tower or other apparatus where the gas is scrubbed
      with water to remove fluorides therefrom and produce an aqueous solution
      containing these fluorides. The fluoride-containing solution is then, in
      most cases, treated to recover the fluoride values therefrom.
PAR  A number of processes have been proposed which follow this general
      procedure, the various processes using various scrubbing liquids or
      reagents to recover the fluoride values in forms suitable for various
      purposes. Most of these processes, however, require the concentration of
      fluorides in the scrubbing liquid to be relatively high (in the order of
      10% or more HF or equivalent) in order for these processes to be effective
      and/or economical. Difficulty is encountered when the concentration of
      fluorides in the effluent gases and hence in the scrubbing liquid is
      relatively low, as is the case with the fluoride-containing gases evolved
      from the electrolytic cells in which alumina dissolved in molten cryolite
      is reduced to metallic aluminum.
PAR  My copending application Ser. No. 335,494 describes a process for the
      recovery of aluminum fluoride from dilute fluoride-containing aqueous
      solutions in which the fluoride content of the solution is reacted with
      alumina trihydrate (Al.sub.2 O.sub.3.3H.sub.2 O) at an elevated
      temperature to produce a complex aluminum hydroxide fluoride hydrate
      compound in the solution. Aluminum oxide (Al.sub.2 O.sub.3) is then
      introduced into the solution to crystallize aluminum hydroxide fluoride
      hydrate (16Al(OH,F).sub.3.6H.sub.2 O) from the solution, the precipitate
      being recovered and calcined to produce an aluminum fluoride product. The
      process results in the recovery of a significant portion, and in some
      cases up to 95%, of the fluoride content of the initial aqueous solution,
      and it may be used to recover a significant portion of the fluoride
      content of solutions containing as little as about 0.02% fluoride. In the
      practice of this process it has been found that equally satisfactory
      results are obtained when the aluminum oxide is added to the aqueous
      solution after substantial completion of the reaction between the fluoride
      content of the solution and the aluminum oxide trihydrate, or when the
      aluminum oxide is added to the aqueous solution before completion of the
      reaction between the fluoride content of the solution and the aluminum
      oxide trihydrate added thereto, or when both the aluminum oxide trihydrate
      and the aluminum oxide are added to the aqueous solution at the same time
      so that both the reaction and the precipitation of the reaction product
      proceed more or less simultaneously.
PAR  I have now made the surprising discovery that the fluoride content of
      dilute aqueous solutions of fluorides can be recovered in the form of the
      aforementioned aluminum hydroxide fluoride hydrate precipitate
      (16Al(OH,F).sub.3.6H.sub.2 O) when certain "commercial grade" aluminum
      oxides are employed as the reactant for the fluoride content of the
      solution, and that acceptable conversion and recovery of the fluoride
      content of the solution is obtained without prior reaction of the solution
      with alumina trihydrate Al.sub.2 O.sub.3.3H.sub.2 O) as required in the
      process of my copending application Ser. No. 335,494. Specifically, I have
      found that when commercial grade Bayer process aluminum oxide (comprising
      predominantly alpha alumina) having a loss of weight on ignition (as
      hereinafter described) of from about 0.5 to about 2.5% is reacted with the
      fluoride content of a dilute aqueous solution of fluorides under the
      conditions described herein, up to about 95% of the fluoride content of
      the solution may be recovered in the form of the aforesaid aluminum
      hydroxide fluoride hydrate precipitate.
PAC  SUMMARY OF THE INVENTION
PAR  My improved process for the recovery of aluminum fluoride from a
      fluoride-containing aqueous solution comprises introduction commercial
      grade Bayer process aluminum oxide into the solution, said aluminum oxide
      comprising predominantly alpha alumina admixed with a minor mount of less
      highly calcined forms of alumina (for example, gamma and delta alumina)
      such that the aluminum oxide has a loss of weight on ignition of from
      about 0.5% to about 2.5%. The fluoride content of the solution is reacted
      with the less highly calcined forms of alumina at an elevated temperature
      to produce complex aluminum hydroxide fluoride hydrate that precipitates
      from the solution. The aluminum hydroxide fluoride hydrate precipitate is
      then recovered from the solution and, if desired, is calcined to produce
      aluminum fluoride mixed with unreacted aluminum oxide.
PAR  The reaction is advantageously carried out at a temperature of between
      about 140.degree. F and the boiling point of the solution with agitation
      of the solution for a period of up to about 4 hours. The process results
      in the recovery of a significant portion, and in some cases up to 95%, of
      the fluoride content of the initial aqueous solution, and it may be used
      to recover a significant portion of the fluoride content of solutions
      containing as little as about 0.02% fluoride.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The improved process of the invention will be better understood from the
      following description thereof in conjunction with the single figure of the
      accompanying drawing which shows the percentage of the fluoride content of
      a standard fluoride solution that is converted to aluminum hydroxide
      fluoride hydrate when reacted for various reaction times (in hours) with
      various forms of alumina.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the electrolytic production of the metallic aluminum anhydrous aluminum
      oxide (Al.sub.2 O.sub.3) dissolved in a molten electrolyte bath consisting
      predominantly of cryolite (Na.sub.3 AlF.sub.6) is electrolytically
      decomposed to produce metallic aluminum at the cathode and to produce
      oxygen at the anode where it reacts to produce carbon dioxide and carbon
      monoxide. The molten metallic aluminum collects at the bottom of the
      electrolytic cell and the carbon dioxide and carbon monoxide evolve from
      the cell at the carbon anode. The effluent gases usually contain a minor
      amount of hydrogen fluoride and other volatile fluorides whch must be
      removed from the gas for environmental reasons and which are
      advantageously recovered and recycled for economic reasons. The molten
      metallic aluminum product is periodically removed from the electrolytic
      cell or pot, and the aluminum content of the molten bath is periodically
      replenished by the addition thereto of relatively pure commercial grade
      anhydrous aluminum oxide.
PAR  Bauxite, the principal ore of alumina, consists mainly of aluminum oxide,
      more or less hydrated, and contains various impurities such as iron oxide,
      aluminum silicate, titanium dioxide and other minerals. Bauxite is treated
      by the Bayer process to separate the alumina from the various impurities
      of the ore, the relatively pure hydrated alumina product (Al.sub.2
      O.sub.3.3H.sub.2 O) of the Bayer process being recovered by filtration.
      Bayer process alumina trihydrate comprises about 45% water which includes
      about 30% fixed water of hydration. The hydrate alumina is converted to
      anhydrous alumina suitable for use to cell feed material by calcining the
      alumina in a large rotary kiln, the residence time of the alumina in the
      kiln being typically about 2 hours and the temperature of the alumina at
      the hot or discharge end of the kiln being about 1200.degree. C. Properly
      calcined Bayer process alumina comprises predominantly alpha alumina
      admixed with a minor amount of less highly calcined forms of alumina and,
      as noted, is employed as feed material to replenish the aluminum content
      of the elctrolytic cells or pots. Calcined Bayer process anhydrous alumina
      is referred to as "commercial grade" alumina in the ensuing description
      and claims.
PAR  When Bayer process alumina trihydrate is heated in the rotary kiln the free
      water is first evaporated and then the fixed water of hydration is driven
      off, the trihydrate first being converted to alumina monohydrate and then
      to various crystalline forms of anhydrous alumina as the material proceeds
      through the kiln to the discharge end thereof. Theoretically, when the
      temperature of the alumina reaches about 500.degree. C it is converted
      first to the gamma crystalline form of anhydrous alumina. When the
      temperature reaches about 860.degree. C delta alumina is formed. Theta
      alumina is formed at about 1,060.degree. C. and alpha alumina (the most
      highly calcined and the most desirable form of alumina) is formed at about
      1140.degree. C. Also seen is a more or less minor path where the alumina
      trihydrate proceeds directly to chi alumina at about 300.degree. C. and
      kappa alumina at about 800.degree. C. and ultimately alpha alumina at
      about 1140.degree. C. Theoretically, therefore, the calcined alumina
      product discharged from the hot end of the kiln at 1200.degree. C. should
      comprise  100% alpha alumina. In fact, the alpha alumina is admixed with
      minor amounts of less highly calcined forms of alumina, principally gamma
      alumina and delta alumina. If the calcined alumina product contains an
      excessive amount of the less highly calcined forms of alumina, it is
      unsuitable for use as the feed material for the electrolytic cells.
      Accordingly, the alumina is analyzed from time to time to ascertain its
      degree of calcination and its suitability for use in the production of
      aluminum metal.
PAR  One of the tests employed to determine the degree of calcination of Bayer
      process anhydrous alumina is the loss of weight of the alumina on
      ignition. In this test procedure a sample of the alumina is first heated
      at a temperature of 110.degree. C. for 3 hours to evaporate all free
      moisture and to thoroughly dry the sample. The dry sample is weighed and
      then is heated to a temperature of 1100.degree. C. for 1 hour and again
      weighed. The loss in weight of the dry sample is a measure of the degree
      of completeness of calcination of the alumina being tested and hence is a
      reliable indication of the amount of lower (i.e., less than completely)
      calcined forms of alumina originally present in the test sample.
PAR  For example, alpha alumina is the highest (i.e., completely) calcined form
      of alumina, and a sample having 0% loss of weight on ignition (L.O.I.) is
      completely calcined and therefore would normally comprise 100% alpha
      alumina. A sample having 1.0% L.O.I. comprises predominantly alpha alumina
      admixer with a minor amount of less highly calcined forms of alumina, and
      a sample having 2.0% L.O.I. contains a somewhat higher proportion of less
      than completely calcined forms of alumina (principally gamma and delta
      alumina). The smaller the loss of weight on ignition the better the
      alumina is for use as cell feed material, good quality commercial grade
      alumina typically having between 0.5% and 1.5% L.O.I. It has been found
      that alumina having more than about 2.5% L.O.I. is in most cases
      unsuitable for use as cell feed material. For the reasons hereinafter
      discussed, commercial grade alumina suitable for use in my new process has
      a loss of weight on ignition of from about 0.5% to 2.5%. It is to be noted
      that in a loss of weight on ignition determination, the weight loss
      experienced is not due to a weight loss in the transition of phase forms,
      but is due to the completion of calcination of the various hydrates
      present in incompletely calcined alumina.
PAR  As previously mentioned, my copending application Ser. No. 335,494
      describes a process from the recovery of aluminum fluoride from dilute
      fluoride-containing aqueous solutions obtained, for example, by scrubbing
      the effluent gases from the electrolytic cells of an aluminum pot line
      with water. In my prior process the fluoride content of the aqueous
      solution is reacted with alumina trihydrate to produce a complex aluminum
      hydroxide fluoride hydrate compound in the solution. Aluminum oxide,
      advantageously in the form of commercial grade alumina, is then introduced
      into the solution to precipitate crystalline aluminum hydroxide fluoride
      hydrate (16Al(OH,F).sub.3.6 H.sub.2 O) from the solution, the precipitate
      being recovered and calcined to produce an aluminum fluoride product
      suitable for recycling through the electrolytic cells. In the course of my
      experimental and developmental work on this process I made the surprising
      discovery that, under certain circumstances, equally satisfactory
      recoveries of the fluoride content of the aqueous solutions being treated
      can be obtained by the addition to the reaction with the solution of
      certain commercial grade aluminas without the necessity for prior reaction
      of the solution with alumina trihydrate.
PAR  Further investigations based on the aforementioned discovery have
      established that the lower calcined forms of anhydrous alumina (that is,
      less highly calcined than alpha alumina) are capable of reacting with the
      fluoride content of the aqueous solutions being treated in the same manner
      and with the same result as when the solution is reacted with alumina
      trihydrate. That is to say, I have found that the fluoride content of the
      solution is converted to and precipitates as crystalline aluminum
      hydroxide fluoride hydrate when the solution is reacted with the aforesaid
      lower calcined forms of alumina just as it does when the solution is
      reacted with alumina trihydrate. The conversion reaction proceeds somewhat
      more rapidly when the fluoride is first reacted with alumina trihydrate.
      However, entirely acceptable reaction rates and recoveries can be obtained
      when the fluoride content of the solution is reacted with the less highly
      calcined forms of anhydrous alumina (for example, gamma alumina and delta
      alumina) as described herein. On the other hand, I found that when the
      degree of calcination of commercial grade alumina approaches 100% alpha
      alumina the reaction rates and recoveries obtained are, for all practical
      purposes, unacceptable.
PAR  As previously described, commercial grade anhydrous alumina comprises
      predominantly alpha alumina admixed with a minor amount of less highly
      calcined forms of alumina. Not all commercial grade alumina is useful in
      the practice of my new process. That is to say, I have found that alumina
      that contains too little of the lower calcined forms of alumina is
      unacceptable for use in my process, and I have also found that alumina
      that contains too high a loss of weight on ignition may be unacceptable
      for the reasons heretofore discussed. As the degree of calcination of
      commercial grade aluminum can most conveniently be expressed in terms of
      its loss of weight on ignition, I have determined that the commercial
      grade alumina suitable for use in the practice of my new process should
      have a loss of weight on ignition of from 0.5% to 2.5%. Aluminas having
      less than 0.5% L.O.I. have an insufficient amount of the less highly
      calcined forms of alumina to be effective in my process, whereas aluminas
      having more than about 2.5% L.O.I. are unacceptable for the reasons
      hereinbefore discussed.
PAR  Commercial grade alumina having from about 0.5% to about 2.5% L.O.I.
      contains a small amount of alumina trihydrate, as well as other volatile
      compounds, which show up as the weight lost on a loss-on-ignition
      determination. However, even if it is assumed that all of the loss of
      weight on ignition is due to the dehydration and conversion of alumina
      trihydrate to anhydrous alumina (which it is not), and therefore that the
      original commercial grade alumina contains a corresponding amount of
      alumina trihydrate (which it does not), in the typical case this would
      amount to only about 10% of the total aluminum ion required to react with
      the fluoride content of the solution (typically about 0.6%) to produce the
      alumina hydroxide fluoride hydrate obtained. Accordingly, it is clear that
      at least about 90% of the aluminum ion required to react with the fluoride
      content of the solution comes from the lower calcined forms of anhydrous
      alumina present in the commercial grade alumina employed in the process.
PAR  The process of the invention is carried out in essentially the same manner
      as the process of my copending application Ser. No. 335,494. The
      fluoride-containing aqueous solution is first advantageously filtered to
      remove particulate matter therefrom, and the filtered solution is then
      heated to an elevated temperature within the range of from about
      140.degree. F. to the boiling point of the solution. Commercial grade
      anhydrous alumina having a loss of weight on ignition of from about 0.5%
      to about 2.5% is added to the solution and is reacted with the fluoride
      content of the solution to produce aluminum hydroxide fluoride hydrate
      which crystallizes and precipitates from the solution. The amount of
      alumina employed may range from less than 1 to about 20 weight portions of
      alumina for one weight portion of theoretical aluminum fluoride that can
      be formed from the fluoride present in the solution, and I presently
      prefer to use a weight ratio of alumina to theoretical aluminum fluoride
      of between about 1:1 and 5:1, and for example about 3:1. The reaction is
      carried out at a temperature of from 140.degree. F. to the boiling point
      of the solution, with agitation, and preferably at a temperature of
      between about 175.degree. F and 190.degree. F. Precipitation of the
      aluminum hydroxide fluoride hydrate product begins immediately upon adding
      the alumina and may take 20 hours to complete, although 3 to 4 hours is
      usually sufficient and economically advantageous.
PAR  The precipitated aluminum hydroxide fluoride hydrate is separated and
      recovered, advantageously by filtration. The filtered precipitate
      unavoidally contains all of the unreacted alumina added to the reaction
      solution, but this is not harmful for most of the intended uses of the
      ultimate product. Chemical and X-ray diffraction analysis of dry samples
      of the precipitate demonstrate that the precipitate comprises a mixture of
      aluminum oxide (Al.sub.2 O.sub.3) and aluminum hydroxide fluoride hydrate
      (16Al(OH,F).sub.3.6 H.sub.2 O). The demonstrated presence of aluminum
      hydroxide fluoride hydrate in the precipitate indicates that this compound
      is the principal product of the reaction between the fluoride content of
      the initial solution and the alumina added thereto.
PAR  The precipitated aluminum hydroxide fluoride hydrate product is calcined to
      drive off the water content and other volatiles present therein. The
      calcination is advantageously carried out at a temperature of from about
      400.degree. to 620.degree. C. The thickness of the bed of the material
      being calcined should be at least 1/8 inches and preferably thicker.
      Chemical and X-ray diffraction analysis of the calcined product
      demonstrate that it comprises essentially a mixture of aluminum fluoride
      and aluminum oxide that is suitable for use as make-up feed material for
      the electrolyte of an aluminum electrolytic cell.
PAR  The following examples are illustrative but not limitative of the practice
      of the invention:
PAC  EXAMPLE I
PAR  A quantity of Bayer process alumina trihydrate (Kaiser H-30) was screened
      to obtain a plus 150 mesh fraction as the starting material. The starting
      material was heated in a moist caustic atmosphere at a temperature of
      200.degree. C. for 24 hours to drive off all free moisture. The material
      was then heated at a temperature of 700.degree. C. for another 24 hours
      and a first portion of the calcined material was removed for test
      purposes. The remainder of the starting material was then heated to a
      temperature of 900.degree. C. for 8 more hours and a second portion of the
      calcined material was removed for testing. The third and final portion of
      the starting material was then calcined at 1250.degree. C. for 24 hours.
PAR  Theoretically, the first portion calcined at 700.degree. C. should be
      essentially gamma alumina. Analysis of this portion by X-ray diffraction
      showed this to be the case, although a considerable amount of chi alumina
      was also identified. The calcined material contained no detectable amount
      of alumina trihydrate. Theoretically, the second portion of the material
      calcined at 900.degree. C. should be essentially delta alumina. X-ray
      diffraction analysis revealed the presence of a major amount of delta
      alumina together with lesser amounts of gamma and kappa alumina.
      Theoretically, the third and final portion of the material calcined at
      1250.degree. C. should be alpha alumina. Complete conversion of this
      portion of the material to alpha alumina was vertified by X-ray
      diffraction analysis.
PAR  A number of standard test solutions containing from 0.644 to 0.695%
      fluoride were prepared. Each test solution was reacted with a
      predetermined amount of each of the three portions of calcined alumina, a
      3:1 weight ratio of alumina to theoretical aluminum fluoride being
      employed in each case. The reaction between the alumina and the fluoride
      content of each test solution was carried out at a temperature of
      185.degree. F. with vigorous agitation for a period of 4 hours. In some
      cases alumina trihydrate was first added to and reacted with the fluoride
      content of the solution before adding the calcined alumina thereto. The
      initial reaction between alumina trihydrate and the fluoride content of
      the solution was, in these cases, carried out at a temperature of
      185.degree. F. for 48 minutes using 100% of the amount of the alumina
      trihydrate theoretically required to react with the fluoride content of
      the solution. The degree of completion of the reaction was monitored
      throughout the 4 hour reaction period by periodically determining the
      fluoride concentration of the solution. On completion of the 4 hour
      reaction period each test solution was filtered to recover the
      precipitated aluminum hydroxide fluoride hydrate and the unreacted
      alumina. The filtered product was dried to remove free water and then
      calcined to drive off fixed water. Both the dried and the calcined
      products were analyzed by X-ray diffraction. The results of these tests
      are shown graphically in the single figure of the accompanying drawing.
PAR  In the drawing the percentage of the fluoride content of the test solution
      being treated that is converted to aluminum hydroxide fluoride hydrate is
      plotted against the reaction time (in hours) for each of five test runs.
PAR  Curve "A" represents the results obtained in the first test run when a test
      solution was first reacted with alumina trihydrate for 48 minutes and then
      with the prescribed amount of the alumina calcined at 700.degree. C.
      (principally gamma alumina) for 4 hours.
PAR  Curve "B" represents the results obtained when a second test solution was
      reacted with the prescribed amount of the alumina calcined at 700.degree.
      C. (principally gamma alumina) for 4 hours without prior reaction with
      alumina trihydrate.
PAR  Curve "C" represents the results obtained when a third test solution was
      reacted with the prescribed amount of the alumina calcined at 900.degree.
      C. (principally data alumina) for 4 hours without prior reaction with
      alumina trihydrate.
PAR  Curve "D" represents the results obtained when a fourth test solution was
      reacted with alumina trihydrate for 48 minutes and then when the
      prescribed amount of the alumina calcined at 1250.degree. C. (100% alpha
      alumina) for 4 hours.
PAR  Curve "E" represents the results obtained when a fifth test solution was
      reacted with the prescribed amount of the alumina calcined at 1250.degree.
      C. (100% alpha alumina) for 4 hours with prior reaction with alumina
      trihydrate.
PAR  As shown in curves "A" and "B", conversion of the fluoride content of the
      test solution to insoluble aluminum hydroxide fluoride hydrate occurs much
      faster when the solution is first reacted with alumina trihydrate before
      reacting the solution with alumina calcined at 700.degree. C. (gamma
      alumina). However, very acceptable percentage conversion rates are
      obtained by reacting the solution with alumina calcined at 700.degree. C.
      for 4 hours without prior reaction with alumina trihydrate. Curve "C"
      shows that the percentage conversion of the fluoride is lower when the
      solution is reacted with alumina calcined at 900.degree. C. (delta
      alumina) than it is when the solution is reacted with alumina calcined at
      700.degree. C. However, acceptable converstion rates are achieved
      nonetheless.
PAR  Curve "E" shows that when the test solution is reacted with alumina
      calcined at 1250.degree. C. (pure alpha alumina) the percentage conversion
      of the fluoride content rose slowly to about 10% and leveled off. However,
      analysis of the reaction product showed no detectable aluminum hydroxide
      fluoride hydrate in the dried product and no detectable aluminum fluoride
      in the calcined product. This indicates that the fluoride was removed from
      the solution by the alpha alumina by some physical process and that very
      little, if any, chemical conversion of the fluoride to aluminum fluoride
      took place. Curve "D" shows that when the solution is first reacted with
      alumina trihydrate before "reacting" the solution was alpha alumina, a
      moderate degree of conversion of the fluoride content of the solution of
      aluminum hydroxide fluoride hydrate is obtained. However, as will be seen
      by comparing curve "D" with "A" and curve "E" with curve "B" the
      percentage conversion rate obtained when the solution is reacted with
      gamma alumina is much greater than when the solution is reacted with alpha
      alumina even when the solution is first reacted with alumina trihydrate.
PAR  These tests clearly demonstrate that the lower calcined phase forms of
      alumina are capable of reacting with the fluoride content of the test
      solution to form the intermediate product aluminum hydroxide fluoride
      hydrate. These tests also show that the reaction proceeds more rapidly
      with the lower calcined forms of aluminum. This is probably due to the
      specific surface area of the various alumina phase forms. The higher the
      degree of calcination the lower the surface area. For example, gamma
      alumina has 20 to 90 times the specific surface area of the alpha alumina
      phase form.
PAC  EXAMPLE II
PAR  A quantity of scrubber water is obtained from a scrubbing tower in which
      the effluent gases from an electrolytic aluminum pot line are scrubbed
      with water to produce a fluoride-containing aqueous solution containing
      from about a 0.05 to 2.0% fluoride solution. A cationic coagulant is added
      to the scrubber water, and the scrubber water is filtered to remove
      particulate matter therefrom. 1500 mililiters (ml.) of scrubber water are
      placed in a rection vessel and the fluoride content is adjusted to 0.218%
      fluoride or 3.27 grams (g.) fluoride. The fluoride-containing solution is
      heated to 180.degree. F. and 14.46 g of a commercial grade electrolytic
      cell feed alumina having a loss of weight on ignition of 1.2% is added to
      the solution. The solution is stirred vigorously for 4 hours to insure
      completion of the reaction and to precipitate crystalline aluminum
      hydroxide fluoride hydrate therefrom. The precipitate is separated and
      recovered from the solution by filtration. The solution at this point has
      a fluoride content of 0.087% fluoride, indicating that about 60% of the
      fluoride content of the solution has been converted to aluminum hydroxide
      fluoride hydrate and removed with the precipitate. The fluoride remaining
      in solution, about 1.305g., is simply unreacted and will react if subject
      to subsequent exposure to the process. Chemical and X-ray diffraction
      analysis demonstrate that the precipitate comprises a mixture of aluminum
      oxide and aluminum hydroxide fluoride hydrate. The precipiate is calcined
      at a temperature of about 1050.degree. F. Chemical and X-ray diffraction
      analysis demonstrate that the calcined product comprises essentially a
      mixture of about 14.9g aluminum oxide and 2.87 g aluminum fluoride.
CLMS
STM  I claim:
NUM  1.
PAR  1. Process for the recovery of aluminum fluoride from a dilute
      fluoride-containing aqueous solution the fluoride content of which
      consists essentially of hydrofluoric acid which comprises:
PA1  introducing commercial grade (Bayer process) aluminum oxide into said
      solution, said aluminum oxide comprising predominantly alpha alumina
      admixed with a minor amount of less highly calcined forms of alumina such
      that the aluminum oxide has a loss of weight on ignition of from about
      0.5% to about 2.5%,
PA1  reacting the fluoride content of said solution with said less highly
      calcined forms of alumina for at least about 1 hour with stirring at an
      elevated temperature of between about 140.degree. F. and the boiling point
      of the solution to produce a complex aluminum hydroxide fluoride hydrate
      (16Al(OH,F).sub.3.sup., 6H.sub.2 O) that precipitates from said solution,
PA1  recovering said aluminum hydroxide fluoride hydrate precipitate from said
      solution, and
PA1  calcining said precipitate to produce aluminum fluoride, combined in a
      mixture with unreacted aluminum oxide.
NUM  2.
PAR  2. Process according to claim 1 in which said less highly calcined forms of
      alumina comprise predominantly gamma aluminum and delta alumina.
NUM  3.
PAR  3. Process according to claim 1 in which the commercial grade alumina has a
      loss of weight on ignition of from about 1.0% to2.0%.
NUM  4.
PAR  4. Process according to claim 1 in which the aqueous solution contains at
      least about 0.02% fluoride.
NUM  5.
PAR  5. Process according to claim 1 in which the fluoride-containing aqueous
      solution is scrubber water containing from about 0.05 to 2.0% fluoride
      obtained by scrubbing with water the effluent gases from an aluminum
      electrolytic cell.
NUM  6.
PAR  6. Process according to claim 1 in which the aluminum oxide used to
      precipitate the aluminum hydroxide fluoride hydrate from the solution is
      added in an amount of from one to 20 weight portions of aluminum oxide per
      one weight portion of theoretical aluminum fluoride that can be produced
      from the fluoride present in the solution.
NUM  7.
PAR  7. Process according to claim 6 in which the weight ratio of said added
      aluminum oxide to said theoretical aluminum fluoride is between about 1:1
      and 5:1.
NUM  8.
PAR  8. Process according to claim 1 in which the precipitation of the aluminum
      hydroxide fluoride hydrate product is carried out with agitation of the
      solution for a period from about 1 hour to 20 hours.
NUM  9.
PAR  9. Process according to claim 8 in which the precipitation of the aluminum
      hydroxide fluoride hydrate product is carried out for a period of about 4
      hours.
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ABST
PAL  A process for treating a hydrogen sulfide-containing gas in a closed loop
      system wherein said gas is passed through and absorbed by an alkaline
      aqueous absorbent containing an alkali carbonate and an oxidation
      catalyst. The solution containing the dissolved hydrogen sulfide is
      oxidized with an oxygen-containing gas to convert the absorbed hydrogen
      sulfide into elementary sulfur and sulfur salt compounds. After separation
      of the elementary sulfur from the solution, the solution is re-circulated
      for use as alkaline absorbent. A part of the re-circulated solution is
      diverted and subjected to mixed-combustion with an auxiliary fuel in a
      combustion furnace at an air ratio lower than 0.9 and at a temperature of
      700.degree.C to 1100.degree.C to thermally decompose the sulfur compounds
      into hydrogen sulfide and an alkali carbonate. The gaseous products of
      decomposition are brought into direct contact with boiling water to
      collect the alkali carbonate in the form of an aqueous solution and
      leaving hydrogen sulfide in the gas.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for removing hydrogen sulfide from a
      gas stream.
PAR  Several processes for treating a hydrogen sulfide-containing gas are known
      in the art. Conventional processes generally involve the steps of
      contacting a hydrogen sulfide-containing gas with an aqueous solution,
      which contains an alkali carbonate and an oxidation catalyst, for
      selective absorption of hydrogen sulfide, and oxidizing the solution
      containing the absorbed sulfide with an oxygen-containing gas to convert
      the absorbed hydrogen sulfide to elementary sulfur.
PAR  Such conventional processes offer several economic advantages in that the
      absorption of hydrogen sulfide by the aqueous solution is extremely
      efficient and the oxidation reaction can be conducted at ambient
      temperatures under atmospheric pressure using air as the oxidizer.
      Accordingly, these processes have been widely applied to desulfurization
      of coke oven gas in the manufacture of city gas and in the steel industry.
      However, the prior art processes have a drawback that when oxidized in
      oxidation apparatus by catalytic action, the hydrogen sulfide absorbed in
      the alkali aqueous solution is excessively oxidized to produce sulfur
      oxides together with elementary sulfur as shown in the following reaction
      formulae which show sodium carbonate used as the alkali carbonate:
EQU  Absorption stage H.sub.2 S + Na.sub.2 CO.sub.3 .fwdarw. NaHS + NaHCO.sub.3
      ( 1)
EQU  oxidation stage NaHS + 1/2O.sub.2 .fwdarw. NaOH + S        (2)
EQU  naHS + O.sub.2 Na.sub.2 S.sub.2 O.sub.3                    ( 3)
EQU  .fwdarw. na.sub.2 SO.sub.3
EQU  .fwdarw. na.sub.2 SO.sub.4
EQU  recovery stage NaOH + NaHCO.sub.3 .fwdarw. Na.sub.2 CO.sub.3 + H.sub.2 O
      (4)
PAR  As indicated by formula (3), a part of the hydrosulfide is converted into a
      mixture of sodium thiosulfate, sodium sulfite and sodium sulfate in the
      oxidation step. The sodium bicarbonate which has been produced according
      to formula (1) in the absorption stage directly reacts, according to
      formula (4), with the caustic soda which has been produced according to
      formula (2) in the oxidation step, so that the resultant solution contains
      sufficient sodium carbonate so that it may be re-used by feeding it back
      to the absorption stage.
PAR  The sulfur salts or compounds produced according to reaction (3) in the
      oxidation step do not precipitate due to their high solubility in water
      and accumulate in the dissolved state in the aqueous solution.
      Consequently, when the aqueous solution containing sodium carbonate is
      recirculated to the absorption stage, the sulfur-containing salts or
      compounds adversely affect the absorption of hydrogen sulfide by the
      aqueous solution. Accordingly, it is necessary in the prior art processes
      to divert from the system as a waste a part of the aqueous solution which
      is circulated between the absorber and the oxidizer, so that the total
      concentration of the sulfur compounds dissolved in the
      carbonate-containing aqueous solution can be maintained below a
      predetermined value. In such prior art processes, it is also required to
      add the alkali component, e.g., in the form of caustic soda or sodium
      carbonate, to the absorbent liquid in an amount corresponding to that
      removed from the system in the waste stream. These features are
      disadvantageous from both the operational and economic viewpoints.
PAR  Moreover, where hydrogen cyanide as well as hydrogen sulfide are present in
      the gas being treated, e.g. a coke oven gas, the solution leaving the
      scrubber contains cyanide together with hydrosulfide which are converted
      into a thiocyanate at the oxidation step as shown in the following
      formula:
EQU  NaHS + NaCN + 1/2O.sub. 2 .fwdarw. NaSCN + NaOH            (5)
PAR  the thiocyante is very soluble in water, so that sodium thiocyante is
      accumulated in the recirculated aqueous solution. As a result, an even
      greater amount of the aqueous solution is required to be removed from the
      system as a waste liquor where cyanides are present. This, in turn,
      requires addition of even greater amounts of the alkali component to
      replace alkali values lost in the waste stream. The waste liquor also
      contributes to the pollution of nereby rivers and seas if disposed without
      additional treatment. Accordingly, it is necessary to render the waste
      liquor harmless by neutralization or by a suitable method which involves
      additional costs.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a process for treating a hydrogen
      sulfide-containing gas in a closed loop system, wherein the gas is first
      passed through an alkaline aqueous solution containing an alkali carbonate
      and an oxidation catalyst thereby to dissolve hydrogen sulfide and to form
      a first salt solution containing hydrosulfides and bicarbonates. The
      hydrogen sulfide-containing first salt solution is then subjected to
      oxidation with an oxygen-containing gas by conventional means to convert
      the hydrogen sulfide dissolved in the solution into elementary sulfur and
      sulfur compounds in the form of salts other than sulfide. The sulfur thus
      produced is separated and removed from the solution and the residual or
      second salt solution is recirculated for use as an absorbent. The
      improvement involves the steps of: removing a portion of the solution from
      the circulating stream; roasting that portion of the residual solution by
      mixed-combustion with an auxiliary fuel in a combustion furnace at an air
      ratio less than 0.9 and at a temperature of 700.degree.C to 1100.degree.C
      to thermally decompose the sulfur compounds contained therein into
      hydrogen sulfide and an alkali carbonate; and bringing the resultant
      combustion products into direct contact with hot water to dissolve the
      alkali carbonate to form a third salt solution. The hydrogen sulfide
      remaining after combustion is recovered for industrial use or converted to
      other products.
PAR  The present invention is based upon the fact that when the combustion
      products containing hydrogen sulfide and an alkali carbonate are brought
      into direct contact with boiling water, the alkali carbonate readily
      dissolves but the hydrogen sulfide is only slightly soluble in boiling
      water. In addition, even when the gas to be treated contains hydrogen
      cyanide in addition to hydrogen sulfide, e.g. as in a coke oven gas, the
      gas can be economically treated by the process of the present invention.
PAR  According to the process of the present invention, sulfur-containing salts,
      i.e., sulfate, sulfite, thiosulfate, and thiocyanate, accumulated in the
      alkaline aqueous solution are subjected to combustion in admixture with an
      auxiliary fuel such as propane gas, coke oven gas or other liquid fuel
      under the predetermined burning conditions mentioned above. The combustion
      is effected by spraying the salt-containing solution to mix it with a high
      temperature combustion gas emanating from a burner. Generally, the salt
      solution fed to the combustion chamber contains water in amounts as high
      as 50 to 80% by weight and the dissolved solids have low calorie values;
      therefore, the salt solution is not self-combustible. Where the air ratio
      is higher than 0.9 or the burning temperature is lower than 700.degree.C,
      the thiocyanate, sulfate and sulfite salts contained in the alkaline
      aqueous solution do not sufficiently decompose. On the other hand, when
      the combustion temperature is higher than 1100.degree.C, a larger amount
      of an alkali sulfate is produced at the expense of the amount produced of
      the desired alkali carbonate. Experiments reveal that thermal
      decomposition is preferably achieved at an air ratio of 0.6 to 0.7 and at
      a temperature of 800.degree.C to 850.degree.C. Additionally, the residence
      time within the combustion chamber is preferably at least 0.5 seconds. In
      practice, it is preferable that the air ratio be lowered with a rise in
      the gas combustion temperature and, conversely, the air ratio be raised
      with reduced gas combustion temperatures within the ranges mentioned
      above. The combustion decomposition described above is conducted on the
      whole in a reducing atmosphere.
PAR  In the present invention, the direct contact of the combustion gas with
      boiling water is effected by passing the combustion products through a
      water bath. Sodium carbonate which is contained in the combustion products
      will dissolve in boiling water, while hydrogen sulfide will not.
PAR  It is therefore an object of the invention to provide a process for
      treating a hydrogen sulfide-containing gas which overcomes disadvantages
      of the prior art processes.
PAR  It is another object of the invention to provide a process for removing
      hydrogen sulfide from a gas by absorption with an aqueous solution which
      contains an alkali carbonate and an oxidation catalyst, wherein the
      aqueous solution containing the absorbed hydrogen sulfide is subjected to
      thermal decomposition in which the production of an alkali sulfate is
      suppressed.
PAR  It is yet another object of the invention to provide a process for treating
      a gas containing both hydrogen sulfide and hydrogen cyanide, wherein the
      problems created by the presence of hydrogen cyanide in the prior art
      processes are satisfactorily avoided.
PAR  Other objects and further scope of applicability of the present invention
      will become apparent from the detailed description to follow, taken in
      conjunction with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The sole FIGURE is a flow chart illustrating one embodiment of the present
      invention wherein an alkaline aqueous solution containing sodium carbonate
      is used for removing hydrogen sulfide and hydrogen cyanide from a coke
      oven gas.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the following, the process is described as applied to a coke oven gas
      (which will be hereinafter referred to as COG for brevity) containing
      hydrogen sulfide, but it should be noted that the present invention is not
      limited to the treatment of COG.
PAR  COG is fed into a lower section of an absorption tower 1 and an absorbent
      liquid containing sodium carbonate is introduced into an upper section of
      tower 1 through line 30. In this manner, the COG is scrubbed with the
      absorbent liquid in a countercurrent flow relationship. In general, 1
      m.sup.3 of COG contains 5 - 6g of H.sub.2 S and about 2g of HCN and a
      significant amount of CO.sub.2 as an acidic gas. It is possible to raise
      the absorption rate of the hydrogen sulfide and hydrogen cyanide to
      substantially 100% and to minimize the absorption rate of CO.sub.2 by
      properly selecting: the ratio of sodium carbonate to sodium bicarbonate in
      the absorbent liquid and the concentration of these two compounds; the
      ratio for the amount of COG gas feed to the amount of Na.sub.2 CO.sub.3
      containing absorbent liquid; and the ratio of the amount of oxidation
      catalyst to the amount of oxygen in the liquid. The liquid containing the
      absorbed gas passes from the lower section of absorption tower 1 through
      line 34 to an oxidation tower 2, wherein it is oxidized by bubbled air
      which is injected into the liquid by means of an air compressor 3. The
      absorbed hydrogen sulfide is converted into elementary sulfur in the
      oxidation tower 2 according to the reaction shown by formula (2). A
      portion of liquid which contains the precipitated sulfur is removed from
      the top portion of the tower 2 and is introduced into a filter 4 to
      separate the sulfur from the liquid. The filtrate is returned to line 30
      for re-use as an absorbent and the separated sulfur is collected. The
      liquid which has been treated in the oxidation tower 2 is returned through
      line 36 and circulating line 30 to the top of the absorption tower 2. The
      liquid exiting through line 36 has a reduced concentration of sodium
      hydrosulfide and a high concentration of sodium carbonate, as a result of
      the reactions represented by formulae (2) and (3), thus the absorptivity
      of the liquid is restored. The gas exits from the oxidation tower 2
      through line 38. The reactions according to formulae (4) and (5) occur
      simultaneously with (2) and (3) to produce sulfur oxide-containing salts
      and thiocyanates. Since the concentrations of these salts would increase
      in the absorbent liquor with time, a waste liquor delivery pump 7 is
      provided to divert a portion of the absorbent liquor and to maintain the
      concentration of such by-product salts below a predetermined value. The
      portion of the circulating absorbent liquid which is removed from the
      system via line 40 by means of the pump 7 is sprayed into a combustion
      furnace 8 as is, or after being condensed by a suitable condenser (not
      shown). Since the water content of the waste liquor is as much as 50 - 80%
      by weight and the solid components of the waste liquor are not
      self-combustible, an auxiliary fuel burner 9 is provided in the furnace.
      The burner 9 burns COG or other fuels in a reduction atmosphere having an
      air ratio less than 0.9. During combustion, water in the waste liquor is
      evaporated and solid components are thermally decomposed. Thus, the
      decomposition by mixed-combustion is conducted, on the whole, in a
      reducing atmosphere. The mixed-combustion decomposition is carried out on
      the whole at an air ratio below 0.9 and at a temperature of from
      700.degree.C to 1100.degree.C. Preferred results can be obtained by using
      a residence time for the gases within the furnace 8 of longer than 0.5
      seconds, a temperature of 800.degree.C to 850.degree.C and an air ratio
      ranging from 0.6 to 0.7. Under these conditions, most of the organic
      substances are gasified and the greater part of the sulfur-containing
      salts, cyanide and thiocyanate, are thermally decomposed to sodium
      carbonate and hydrogen sulfide.
PAR  The decomposition products mixed with the combustion gas pass through the
      bottom of the furnace 8 to a quenching chamber 12 where they are rapidly
      cooled by contact with water supplied by pump 18. Then, the combustion
      products pass through a downcomer tube 11 in a mixed phase flow into the
      liquid which fills a soda recovery tank 13. The mixed phase flow reaches
      almost complete thermal and physical equilibria while passing through the
      liquid in tank 13. The boiling water in recovery tank 13 dissolves the
      sodium carbonate which has been produced in the preceding thermal
      decomposition within furnace 8. The liquid in tank 13 also dissolves a
      small amount of carbon dioxide, thereby causing the sodium carbonate to be
      converted into sodium bicarbonate. At this stage, hydrogen sulfide present
      in the mixed gas is only slightly soluble in the liquid within tank 13
      and, therefore, passes through, remaining in the gaseous state. The liquid
      containing sodium carbonate and sodium bicarbonate is routed via line 42
      for use as an absorbent in tower 1.
PAR  The temperature of the free gas exiting tank 13 is substantially the same
      as that of the liquid in the recovery tank 13, the gas being saturated
      with steam vapor. In order to remove steam vapor from the gas, the gas is
      cooled by contact with cool water in a condensing tower 14 which is
      provided with a circulation pump 15 and a condenser 16, thereby condensing
      the steam vapor to a degree that a partial vapor pressure for water
      corresponding to the scrubbing water temperature is attained. The
      condensed water is then transferred to a circulation liquid collection
      tank 17 for supplementing the feed water to quenching chamber 12 by means
      of a pump 18.
PAR  The waste gas, after removal of water vapor in tower 14, is mixed, if
      necessary, with an auxiliary fuel to make the gas self-combustible and fed
      through line 22 to nozzle 20 of combustion burner 23. The waste gas is
      mixed with air supplied by a blower 19 and burned within chamber 24 to
      oxidize the hydrogen sulfide to sulfur oxides.
PAR  The elementary sulfur which is recovered in the sulfur filter 4 is heated
      and melted in a sulfur melting tank 5. The molten sulfur is transferred
      from tank 5 to the mixed combustion burner 23 by means of a pump 6. The
      mixed combustion burner 23 is hermetically connected to one end of the
      waste gas combustion furnace 24. Air exhausted from the top of the
      oxidation tower 2 via 38 is used to burn molten sulfur and waste gas
      within the combustion furnace 24. The exhaust air from tower 2 is
      supplemented with fresh air supplied from a secondary blower 19 and fed
      into the mixed combustion burner 23 through a window box 21. The amount of
      secondary air is controlled so that the ratio of air to the total
      combustibles in the waste gas, the auxiliary gas fuel and melted sulfur is
      maintained at a predetermined constant value. In this connection, it
      should be noted that where an excess of oxygen is supplied, the sulfur is
      oxidized to sulfuric acid gas, and where a stoichiometric amount of oxygen
      is used, sulfur dioxide is obtained. In addition, it is possible to
      control the burning system in such a manner as to obtain a gaseous mixture
      of hydrogen sulfide and sulfur dioxide suitable for use in producing free
      sulfur.
PAR  In the foregoing description, the process of the present invention has been
      described with regard to desulfurization of COG as shown in the flow chart
      of the drawing. However, the present invention is not limited to the
      desulfurization of COG, but is applicable to desulfurization of any
      hydrogen sulfide-containing gases. Moreover, any alkali carbonate such as
      potassium carbonate may be used in place of the sodium carbonate in the
      absorbent solution.
PAR  The present invention may also be applied to the treatment of a gas which
      contains hydrogen cyanide together with hydrogen sulfide. In this case
      also, the accumulation of secondary products in the absorbent liquid can
      be maintained below a predetermined level without discharging any liquor
      from the system, i.e., the treatment is conducted in a so-called closed
      system. Moreover, the alkaline salt used can be recovered almost
      completely to hold the loss of the salt to substantially nil. A further
      advantage is that almost the total amount of sulfur contained in the
      treated gas can be separated and collected in the form of hydrogen sulfide
      or sulfur.
PAR  The condensed hydrogen sulfide may be used as it is, or may be oxidized by
      burning with air in various ratios to manufacture sulfur dioxide or
      sulfuric acid (sulfur trioxide) gas.
PAR  The present invention is further illustrated by the following example.
PAC  EXAMPLE
PAR  Desulfurization and decyanization of COG were carried out in a conventional
      manner using an alkaline absorbent liquid of sodium carbonate to obtain a
      waste liquor which had the composition shown in Col. (a) below. The waste
      liquor was condensed under a reduced pressure to give a solution
      containing 50% by weight dissolved solids. The resultant solution was
      sprayed into a furnace, shown at 8, wherein COG was used as an auxiliary
      fuel, and burned in a reducing atmosphere at an air ratio of 0.65. The
      mixed-combustion products of the sprayed liquor and the COG reached an
      average temperature of about 800.degree.-- 820.degree.C. A solution having
      composition (b), shown below, was obtained in the soda recovery tank 13.
      The recovery of sodium was more than 97% by weight.
TBL  ______________________________________                                    
     (a)       Chemical Composition                                            
                              (b)    Chemical Com-                             
               of Starting Waste     position of                               
               Liquor                Recovered Soda                            
                                     Solution                                  
     ______________________________________                                    
     Na.sub.2 CO.sub.3                                                         
                2.19% by weight                                                
                               11.15% by weight                                
     NaHCO.sub.3                                                               
                2.44            6.00                                           
     NaSCN      9.72            1.01                                           
     Na.sub.2 S.sub.2 O.sub.3                                                  
                5.17            0.00                                           
     Na.sub.2 SO.sub.4                                                         
                4.35            1.81                                           
     Na.sub.2 SO.sub.3                                                         
                0.02            0.71                                           
     NaCN       Trace          Trace                                           
     NaHS       Trace          Trace                                           
     ______________________________________                                    
PAR  The recovered soda solution contained a small amount of suspended solids
      such as soot. Accordingly, it was necessary to remove the suspended solids
      from the solution before use as an absorption medium.
PAR  The waste gas exhausted from the soda recovery tank was saturated with
      steam vapor at 90.degree.C. This gas wwas cooled to 50.degree.C in
      condensation tower 14 to obtain a waste gas having composition (c), shown
      below.
TBL  ______________________________________                                    
                 (c)  Chemical Composition of                                  
                      Waste Gas at 50.degree.C                                 
     ______________________________________                                    
     H.sub.2 S           8.10% by weight                                       
     CO.sub.2            7.56                                                  
     CO                  0.30                                                  
     CH.sub.4            4.75                                                  
     H.sub.2             2.50                                                  
     H.sub.2 O          12.20                                                  
     N.sub.2 + Ar       Balance                                                
     ______________________________________                                    
PAR  This waste gas had a calorific value of about 1000 Kcal/NM.sup.3 and was
      self-combustible. When this waste gas was burned with a stoichiometric
      amount of oxygen (controlling the amount of secondary air injected), the
      resultant combustion product contained about 4% by volume of sulfur
      dioxide. Thus, the waste gas was suitable for use as a sulfur dioxide
      producing gas.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The above-described
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for purifying gas containing hydrogen sulfide in which said
      gas is washed with an aqueous alkaline solution containing at least one
      alkali metal carbonate to absorb said hydrogen sulfide to form a first
      salt solution comprising hydrosulfides, said first salt solution being
      oxidized to form a second salt solution and to convert at least a portion
      of said hydrosulfides to free sulfur and at least one sulfur oxide salt
      selected from sulfates, sulfites and thiosulfates, said free sulfur being
      removed from said second salt solution; the improvement which comprises:
PA1  roasting at least a portion of said second salt solution in a combustion
      zone formed with an air ratio of less than 0.9 to produce a gaseous
      combustion product containing hydrogen sulfide and alkali carbonate; and
PA1  contacting said combustion product with boiling water to selectively absorb
      said alkali carbonate thereby forming a third salt solution.
NUM  2.
PAR  2. The process of claim 1 wherein said alkaline solution used in the
      washing step comprises said third salt solution.
NUM  3.
PAR  3. The process of claim 1 wherein the temperature within the combustion
      zone is within the range of 700.degree.C to 1100.degree.C.
NUM  4.
PAR  4. The process of claim 1 wherein said combustion zone contains an air
      ratio of from about 0.6 to about 0.7 at a temperature within the range of
      800.degree.C to 850.degree.C.
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ABST
PAL  Allergic hypersensitivity to a large number of allergens is determined by
      coating narrow bands of an elongated body of cellulosic material with a
      large number of separate identified allergens. The coated bands are
      separated from each other by narrow allergen-free bands. The cellulosic
      body is then contacted with blood serum of the patient, washed and
      contacted with an anti-immunoglobulin E (IgE) specific antiserum labeled
      with either a fluorescent material or a radioactive material. The
      cellulosic body is again washed and bands containing fluorescent material
      or radioactive material are identified.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Approximately ten percent of all human beings can be designated allergic or
      atopic. They have become sufficiently hypersensitive to substances
      commonly present in the environment to experience significant symptoms on
      exposure to these substances. The majority suffer from readily
      identifiable allergic symptoms such as hayfever, asthma, eczema, hives and
      localized swellings. Regardless of symptoms the preferred methods of
      therapy are either to remove the patient from the substance to which he is
      sensitive or failing that, to treat the patient with increasing doses of
      the substance and thereby elevate his threshold for reaction. The allergic
      symptoms are induced by the presence of allergens in the substances to
      which the individuals are sensitive. An allergen may be defined by first
      defining an antigen which is a substance that can stimulate the production
      of antibody in an animal, the produced antibody is specifically reactive
      with the antigen. An allergen is a special antigen which stimulates a
      synthesis of a class of antibody which causes allergy. Before either of
      the methods of therapy noted above can be applied it is necessary to
      identify the allergen. Currently, allergic hypersensitivity is determined
      by direct skin tests on patients. In the skin tests minute quantities of
      various allergens are injected into or under the skin, visible but usually
      readily tolerated lesions will appear on the skin of the patient at the
      point of injection of an allergen to which the patient is hypersensitive.
      The skin test has limitations. It does not work well in either the very
      young or the very old, there is some risk to the patient during skin
      testing and there are relatively few physicians expert in performing and
      interpreting skin tests so that the method cannot be made widely available
      and the method is a costly one. An in vitro system for assaying allergic
      hypersensitivity would be simpler, safer and cheaper than the skin test
      method. Such a system has not heretofore been available.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Pursuant to the present invention hypersensitivity to a large number of
      allergens is determined in vitro by testing a small sample of the blood
      serum of the patient. Briefly the method consists in bonding a plurality
      of separate allergens to an elongated porous support body to form a series
      of narrow bands of bonded allergen separated by narrow bands of
      allergen-free support, then contacting the allergen bonded support with
      blood serum of the patient, then contacting the support with
      anti-immunoglobulin E specific antiserum labeled with either a fluorescent
      material or with a radioactive material, washing the support to remove
      unreacted immunoglobulin E antiserum and then identifying those bands
      containing the fluorescent or radioactive material. The presence of either
      fluorescent material or radioactive material on a particular band
      indicates that the allergen initially placed on that band is an allergen
      to which the patient is hypersensitive.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The appended drawings illustrate two methods of preparing bodies of
      cellulosic material having narrow bands of separate identified allergens
      distributed along the length of the body of material.
PAR  FIG. 1 is a cross section of a jig arrangement used to impregnate a strip
      of cellulosic paper with narrow bands of allergen.
PAR  FIG. 2 is a lateral cross section of a jig taken through A--A of FIG. 1.
PAR  FIG. 3 is a plan view of the jig device.
PAR  FIG. 4 is an expanded longitudinal cross section of the jig arrangement
      showing the assembly of parts used in impregnating the cellulosic paper
      with narrow bands of various allergenic materials.
PAR  FIG. 5 is a front view of an alternate arrangement for producing a
      plurality of narrow bands of cellulose impregnated with various allergens
      in a columnar arrangement.
DETD
PAR  Referring now to FIG. 1, the body 1 of the jig may be fabricated from glass
      or metal. Reservoirs 2 are open spaces within the body of the jig adapted
      to receive the allergen solutions. The open reservoirs are separated by
      solid sections 3 so that along the length of the jig there are series of
      alternate open and solid sections. Apertures 4 are openings into the
      reservoirs to permit the introduction of the allergen solutions. The
      reservoirs 2 are open at top and bottom of the jig. The jig assembly prior
      to introduction of the allergen solutions is shown in FIG. 4. Strips of
      paper 8 are laid across top and bottom of jig, over the strips of paper
      are laid thin sheets of styrofoam or foamed rubber 7 and over the
      styrofoam or rubber are laid solid metal plates 6. These materials are
      clamped together so that the paper is held securely across the top of the
      jig compressed by the porous material 7 and held by steel plates 6. After
      the assembly is clamped separate identified allergens are injected into
      each of the reservoirs through apertures 4 until the reservoirs are
      completely filled and the allergenic solutions are in contact with the
      paper at top and bottom of jig. After the reservoirs are filled the
      apertures 4 are closed.
PAR  Prior to assembling the jig arrangement shown in FIG. 4 the paper strips 8
      are impregnated with a cyanogen halide.
PAR  If desired, a control comparison can be made by filling a few of the
      reservoirs with a material other than an allergen, i.e., distilled water
      or a dilute solution of animal protein, the animal being a specie other
      than the specie from which the serums used in the method are obtained.
PAR  FIG. 5 illustrates an alternate arrangement of an elongated cellulosic body
      in columnar form. Glass or metal column 10 if filled by introducing a thin
      layer of powdered cellulose impregnated with a cyanogen halide then a thin
      layer of unimpregnated cellulose, then a further layer of cyanogen halide
      impregnated cellulose and so on until the column is filled. Each layer of
      cyanogen halide impregnated cellulose is contacted with a solution of a
      specific identified allergen before it is placed in the column. After the
      column is filled it is sealed. Tube 11 is used for introduction of the
      several solutions used in the process into the column so that the
      solutions flow upwardly in the column contacting each of the layers of
      cellulose and after the column is filled the solution leaves the column
      through tube 12 which may be attached to the bottom of a second column,
      etc. Instead of packing the column with separate layers of allergen
      containing cellulose and allergen-free cellulose, cellulose containing
      each of the allergens can be compressed into wafers or sandwiched between
      two thin sheets of a porous or perforate film (mylar, nylon, etc.) and
      wafers having diameters approximating the diameter of the column diameter
      can be cut from the sheets and slid into the column to form a stack of
      wafers each having a different allergen bonded to the cellulose filling.
PAR  The several steps of the process using the jig arrangement shown in FIG. 1
      to 4 are carried out as follows:
PAR  A. Cellulose paper strips 8 are impregnated with a cyanogen halide for
      instance cyanogen bromide.
PAR  B. The strips are firmly attached to top and bottom of the jig as
      illustrated in FIG. 4 and then each reservoir 2 is nearly filled with a
      separate identified allergen solution through apertures 4. After all of
      the reservoirs, typically about 150 have been filled each with a separate
      identified allergen the jig assembly is rotated for a number of hours at
      room temperature in order to insure adequate contact of the allergenic
      solutions with the paper strips. Apertures 4 are opened and reservoirs are
      washed out with dilute sodium bicarbonate solution or with water. The
      paper strips are then removed from the jig. Typically the strips are about
      1 to 1.5 centimeters in width and the narrow bands along the length of the
      strips about 1/4 cm in width and about 1 cm in length. These narrow bands
      are separated by allergen-free narrow bands which are in contact with
      solid sections 3 during the impregnation, which are also about 1/4 cm in
      width.
PAR  C. After the paper strips are removed from the jig they are placed in a
      beaker and washed with an amine solution preferably a primary amine such
      as monoethanolamine or ethylamine and the like to deactivate and/or remove
      residual cyanogen halide which has not reacted with allergen solution. The
      washing is usually performed by sealing the beaker and agitating it for a
      time sufficient to obtain thorough deactivation and/or removal of the
      cyanogen halide. Typically, contact of the amine with the strip for a
      period of about 3 hours is found adequate for complete cyanogen halide
      deactivation or removal. After contact with the amine the strips are
      thoroughly washed to remove any residual amine from the paper strips.
      Washing can be carried out with distilled water, preferably with dilute
      i.e., 0.1 molar sodium bicarbonate. The washing must be adequate to
      accomplish complete removal of unreacted amine from the paper strips. Most
      desirably, especially if the strips are to be stored before use, they are
      first washed with dilute sodium bicarbonate then with buffer A, then with
      buffer B and then they can be stored indefinitely in a body of buffer B at
      temperatures - 40 C. or below. Buffer A is a 1/10 molar acetate buffer
      having a pH about 4.0 A 100 cc lot of buffer A can be prepared by mixing
      together 41 millimeters of 0.2 molar acetic acid, 9 millimeters of 0.2
      molar sodium acetate, and 50 milliliters of distilled water. Buffer B is a
      phosphate buffered saline solution having a pH about 7.5. About 1 liter of
      buffer B can be prepared by mixing together 500 milliliters of 0.1 molar
      phosphate buffer, 500 milliliters of a 0.9 wt. % sodium chloride solution,
      10 milliliters of 5 wt. % sodium azide solution and 3 grams of human serum
      albumin.
PAR  D. Paper strips prepared as above can be used immediately or after long
      periods of storage as desired. To use a stored strip, the strip is first
      thawed then coiled and placed in a vial with 1 milliliter of the patient's
      blood serum diluted 2 to 3 with distilled water or preferably with buffer
      B. The vial is then stoppered and agitated for a number of hours at room
      temperature.
PAR  E. After several hours agitation the strip is thoroughly washed with a
      dilute solution of albumin, preferably with a slightly alkaline buffered
      solution of albumin such as buffer B or buffer C. Buffer C is of the same
      composition as buffer B noted above, but contains in addition a small
      amount about 1% of a surface active agent preferably a nonionic surfactant
      such as a polyglycol ether of an alkyl phenol or of a fatty alcohol, for
      example, polyoxyethylene, sorbitan, monolaureate sold by Atlas Chemical
      Company under the name "Tween-20" is a representative suitable compound.
      While this washing step is preferably performed with buffer C, adequate
      washing can, as noted above, be accomplished with a dilute solution of an
      albumin and distilled water.
PAR  F. After residual serum has been washed from the strip, 1 milliliter of
      anti-immunoglobulin E (IgE) specific antiserum labeled with either a
      fluorsecent material or a radioactive material is introduced into the vial
      containing the paper strip. Anti-immunoglobulin E specific antiserums from
      sheep or rabbits are commercially available. The commercial serums are
      desirably but not necessarily further purified for instance by an
      immunosorbent technique described by Robbins, Haimovich and Sela
      Immunochemistry, Vol. 4, p. 11 (1967). In this purification a bromoacetyl
      cellulose-IgE conjugate is used.
PAR  The anti-IgE in the serum is bound to the IgE conjugate and after washing
      is eluted with a 0.2 molar glycine-HC1 buffer, pH 2.2 containing 0.1%
      human serum albumin.
PAR  Preparations of IgE suitable for conjugation to bromoacetylcellulose can be
      obtained from either IgE myeloma serum or from sera obtained from patients
      with high levels of IgE because of chronic parasitic infestation. The IgE
      can be fractionated by column chromatography using a method already
      described. (Ishizaka, K., Ishizaka, T., and Terry W.D., J. Immumonlogy 99:
      849, 1967).
PAR  The purified anti-IgE preparation is preferably passed through a column of
      cellulose-albumin conjugated fibers to further reduce the nonspecific
      adherence of labeled impurities in the test. The anti-IgE material is
      labeled with either a fluorescent material such as fluorescene
      isothyocyanate, rhodamine or hydrazine hydrochloride salicylaldehyde. A
      variety of fluorescent materials may be used to label the IgE, the only
      restriction being that the fluorscent material should not itself directly
      react with cellulose. Alternatively, the anti-IgE may be labeled with a
      mildly radioactive material such as iodine 125 which can be added in the
      form of a sodium iodide solution. While iodine 125 is excellently adapted
      for labeling the IgE serum, other radioactive materials having gamma
      energies in the range about 0.2 to 0.2 Mev, and half lives of 30 days or
      more (ease of storage) and which do not directly react with cellulose may
      be used. The labeling is accomplished by simply mixing the fluorescent
      material or the radioactive material with the anti-IgE. The method
      described by Coons (Int. Rev. Cytol) Vol. 5, p. 1 (1956) may be used to
      label the anti-IgE with a fluorescent material and the method described by
      Greenwood and Hunter (Nature) Vol. 194, p. 495 (1962), may be used to
      label the anti-IgE with iodine 125. The vial containing the paper strip
      and the labeled anti-IgE is agitated for several hours at room temperature
      to permit reactions, if any, between the labeled anti-IgE and the
      patient's serum contained on the strip. The strips are then washed
      thoroughly with distilled water containing in solution a small amount of
      albumin or with buffer B of buffer C. The strips are then analyzed to
      determine which of the bands have retained either fluorscent material or
      radioactive material as the case may be.
PAR  I.sup.125 -labeled material can be quickly and efficiently identified by
      gamma-emission strip-scanning spectrometers which are commercially
      available and typically used for longitudinal scanning of paper
      electrophoresis strips.
PAR  Fluorscent labeled material can be read by exposing the entire strip to
      light of the exciting wavelength and simultaneously moving the strip
      across a narrow slit behind which a photocell is situated which is
      sensitive to the wavelength of light emitted by the label. Alternately,
      the strip can be placed before a photocell sensitive to the wavelength of
      emitted light and scanned by a laser whose light is of a wavelength which
      is appropriate for excitation of the label.
PAR  When a particular band on the strip is noted to be either fluorescent or
      radioactive it is then known the patient is hypersensitive to that
      allergen which was contacted with that band of the strip of paper.
PAR  When, pursuant to the method described above, the allergens to which a
      patient is hypersensitive have been identified and the patient has been
      treated for the allergy by hyposensitization injections and it is desired
      to determine the efficacy of the therapy, the method above described can
      be modified to make such determination. To make this determination an
      anti-immunoglobulin G (IgG) specific antiserum labeled either with a
      fluorescent material or a radioactive material is used in step F of the
      procedure instead of the anti-IgE specific antiserum. The anti-IgG will
      detect IgG type antibodies the presence of which will indicate
      effectiveness of the therapy applied. Determination that IgG type
      antibodies in the blood serum are increasing and that IgE type antibodies
      are simultaneously decreasing is a solid indication of therapy
      effectiveness.
PAR  Substitution of anti-IgG for anti-IgE in step F can also be used to permit
      the determination of the degree of immunity of the patient to organisms
      such as those of tetanus, diphtheria, and rubella. In making these
      determinations, of course, extracts of these organisms are contacted with
      the paper strips in step B instead of the allergen solutions used when
      hypersensitivity is being determined.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of determining hypersensitivity of human patients to
      allergens which comprises coating an elongated body of cellulose material
      with a cyanogen halide, coating a plurality of narrow bands of the
      cellulosic body with separate identified allergens said bands being
      separated from each other by narrow allergen-free bands, washing the
      cellulosic body with an amine to remove any unreacted cyanogen halide,
      contacting the washed cellulosic body with the blood serum of the patient,
      washing the cellulosic body with a dilute aqueous solution of albumin to
      remove any blood serum not bonded to the cellulosic body, contacting the
      cellulosic body with an anti-immunoglobulin E serum labeled with a
      fluorscent material or with a radioactive material, washing the cellulose
      body with a dilute aqueous albumin solution to remove any unbonded
      anti-immunoglobulin E serum and then identifying those narrow bands
      previously contacted with allergen which contain fluorescent material or
      radioactive material.
NUM  2.
PAR  2. The method of determining hypersensitivity of human patients to
      allergens which comprises:
PA1  a. coating an elongated body of cellulosic material with a cyanogen halide,
PA1  b. coating a plurality of narrow bands of the cyanogen halide coated
      cellulosic body with separate identified allergens, said narrow bands
      being separated from each other by narrow allergen-free bands,
PA1  c. washing the cellulosic body with an amine to remove unreacted cyanogen
      halide,
PA1  d. washing the cellulose body to remove residual amine,
PA1  e. contacting the washed cellulosic body with blood serum of the patient,
PA1  f. washing the cellulosic body with a dilute solution of an albumin,
PA1  g. contacting the cellulosic body with an anti-immunoglobulin E specific
      antiserum labeled with a cellulose inert fluorescent material or with a
      cellulose inert radioactive material,
PA1  h. washing the cellulosic body with a dilute solution of an albumin to
      remove unbonded fluorescent material or radioactive material, and
PA1  i. identifying those narrow bands contacted with allergen in step (b) which
      contain fluorescent or radioactive material.
NUM  3.
PAR  3. A strip of paper impregnated with narrow bands of separate identified
      allergens for use in in vitro determination of hypersensitivity of human
      patients to allergens, said strip consisting essentially of the paper
      itself and narrow bands of allergens bonded to the paper by a cyanogen
      halide, the bands being spaced apart and separated by narrow allergen-free
      bands.
NUM  4.
PAR  4. The article defined in claim 3 wherein the strip of paper is also
      impregnated at intervals with narrow bands of albumin said bands being
      spaced along the strip of paper so that there is at least one albumin
      impregnated band for each fifteen allergen bands.
NUM  5.
PAR  5. A strip of paper as defined in claim 3 prepared bu impregnating the
      entire strip with a cyanogen halide, contacting a plurality spaced apart
      narrow bands on said strip with solutions of separate identified allergens
      for several hours to cause binding of the allergens to the strip by the
      cyanogen halide, washing the strip with an amine to remove unreacted
      cyanogen halide and then washing the strip to remove any residual amine.
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ABST
PAL  Dentifrice composition containing a monofluorophosphate and polishing agent
      containing calcium carbonate and insoluble alkali metal metaphosphate,
      alumina or mixture therof. The ratio of calcium carbonate to insoluble
      alkali metal metaphosphate and to alumina is about 3:1 to about 1000:1.
      This dentifrice retains a desirable level of soluble fluoride upon aging
      and when insoluble alkali metal metaphosphate is present, does not cause
      substantial corrosion of unlined aluminum containers.
PARN
PAR  This application is a continuation-in-part of Ser. No. 176,396 filed Sept.
      9, 1971, now U.S. Pat. No. 3,864,471, granted Feb. 4, 1975 which was filed
      as a continuation of Ser. No. 848,241, filed Nov. 19, 1969, now abandoned,
      which was filed as a continuation-in-part of Ser. No. 785,731, filed Dec.
      20, 1968, now abandoned.
BSUM
PAR  The present invention relates to a dentifrice preparation containing a
      water-soluble monofluorophosphate salt.
PAR  Water soluble monofluorophosphates and particularly alkali metal
      monofluorophosphates such as sodium monofluorophosphate have been used as
      fluorine-providing active ingredients in dentifrice compositions. The
      polishing agents which may be used in such dentifrices have been the
      subject of much investigation.
PAR  A dentifrice containing sodium monofluorophosphate and a polishing agent
      which is free of insoluble phosphate salt and which, in fact, is solely
      calcium carbonate loses an appreciable amount of the fluorine in solution
      upon aging.
PAR  In order to obtain maximum fluorine-retention of the monofluorophosphate,
      the prior art has used minor amounts of calcium salt, such as dicalcium
      phosphate or calcium carbonate, or magnesium salt, and has used as the
      major polishing agent, insoluble alkali metal metaphosphate. It has been
      the general practice in the prior art to package monofluorophosphate
      dentifrices in an epoxy lined aluminum container or in lined containers of
      other metals or in plastic containers since components of various
      monofluorophosphate dentifrices cause corrosion of unlined aluminum tubes
      upon storage.
PAR  This invention provides monofluorophosphate dentifrice which has special
      advantages over prior art monofluorophosphate dentifrices containing
      calcium carbonate or insoluble alkali metal metaphosphate. More
      particularly, the dentifrice of the instant invention eliminates the
      instability characteristic of prior art monofluorophosphate dentifrice
      containing calcium carbonate which is free of insoluble phosphate. The
      invention also provides a monofluorophosphate dentifrice which upon
      storage does not cause substantial corrosion of unlined aluminum
      containers.
PAR  Other desirable properties will be apparent from consideration of the
      following specification.
PAR  In accordance with certain of its aspects, this invention relates to a
      dentifrice composition comprising a water-soluble monofluorophosphate and
      a water-insoluble compatible polishing material comprising a mixture of
      calcium carbonate and insoluble alkali metal metaphosphate, the ratio of
      said carbonate to said insoluble alkali metal metaphosphate being about
      3:1 to about 1000:1.
PAR  Such a dentifrice retains a desirable high level of monofluorophosphate as
      fluoride upon aging and can also be compatibly incorporated into unlined
      aluminum tubes.
PAR  The sodium monofluorophosphate as commercially available may vary
      considerably in purity. It may be used in any suitable purity provided
      that any impurities do not substantially adversely affect the desired
      properties. In general, the purity is desirably at least about 80%. For
      best results, it should be at least 85%, and preferably at least 90% by
      weight of sodium monofluorophosphate with the balance being primarily
      impurities or by-products of manufacture such as sodium fluoride,
      water-soluble sodium phosphate salt, and the like. Expressed in another
      way, the sodium monofluorophosphate employed should have a total fluoride
      content of above 12%, preferably above 12.7%; a content of not more than
      1.5%, preferably not more than 1.2% of free sodium fluoride; and a sodium
      monofluorophosphate content of at least 12% preferably at least 12.1%, all
      calculated as fluorine.
PAR  Typically, the monofluorophosphate is present in amount which provides
      about 0.01-1% fluorine to the dentifrice. Sodium monofluorophosphate may
      be present in amounts of about 0.05% to about 7.6%.
PAR  The calcium carbonate of the polishing agent is preferably chalk. Chalk is
      typically employed in powder form of a size of about 1 to 10 microns.
PAR  It is preferred to use a grade of calcium carbonate of relatively high
      apparent specific gravity, say about 0.9 to 1.2. If desired, calcium
      carbonate grades of lower apparent specific gravity, say about 0.7 to 0.9,
      also may be used. "Apparent specific gravity" refers to the untamped
      specific gravity of salt.
PAR  In accordance with certain aspects of this invention, the minor component
      of the polishing agent is an insoluble alkali metal metaphosphate.
PAR  The insoluble alkali metal metaphosphates are preferably the insoluble
      sodium and potassium salts of polymetaphosphoric acid. These materials are
      known in the art with the insoluble sodium metaphosphate having been
      suggested as a polishing agent as previously indicated. Such materials may
      be formed in any suitable manner, as illustrated by Thorpe's Dictionary of
      Applied Chemistry, vol. 9 (4th ed.), pp. 510-511. The forms of insoluble
      sodium metaphosphate known as Madrell's salt and Kurrol's salt are further
      examples of suitable materials. These metaphosphate salts exhibit only a
      minute solubility in water, and are commonly referred to as insoluble
      metaphosphates therefore. There is present a minor amount of soluble
      phosphate material as impurities, usually of the order of a few percent
      such as up to about 4% by weight. The amount of soluble phosphate material
      which is believed to be a soluble sodium trimetaphosphate in the case of
      insoluble sodium metaphosphate may be reduced by washing with water if
      desired. The insoluble alkali metal metaphosphate is typically employed in
      powder form of a size such that no more than about 1% of the material is
      larger than about 37 microns.
PAR  The ratio of calcium carbonate to insoluble alkali metal metaphosphate is
      about 3:1 to about 1000:1, preferably about 6:1 to about 1000:1, say,
      about 6:1 to about 500:1, and most preferably about 46.25:1.
PAR  At the preferred ratios, particularly when relatively small amounts of
      insoluble alkali metal metaphosphate are employed, the dentifrice does not
      corrode unlined aluminum tubes, almost without exception. When greater
      amounts of the metaphosphate are employed, within the scope of the
      invention, the dentifrice still does not cause substantial corrosion of
      unlined aluminum tubes, although an exceptional case of some adverse
      action on the aluminum may occasionally occur.
PAR  The total polishing agent content of the dentifrice is variable, but will
      generally be up to about 95%, by weight of the total composition. In the
      case of a dental cream, such polishing agents will generally be about 20
      to about 75%, whereas in tooth powders the polishing agents will usually
      be in greater proportion, such as about 70 to about 95%.
PAR  In the preparation of tooth powders, it is usually sufficient to admix
      mechanically, for example, by milling, the various solid ingredients, in
      appropriate quantities and particle sizes.
PAR  Any suitable surface active or detersive material may be included in the
      dentifrice compositions. Such compatible materials are desirable to
      provide additional detersive, foaming and anti-bacterial properties
      depending upon the specific type of surface active material and are
      selected similarly. These detergents are water-soluble organic compounds
      usually, and may be anionic, nonionic or cationic in structure. It is
      preferred to use the water-soluble non-soap or synthetic organic
      detergents usually. Suitable detersive materials are known and include,
      for example, the water-soluble salts of higher fatty acid monoglyceride
      monosulfate detergent (e.g., sodium coconut fatty acid monoglyceride
      monosulfate), higher alkyl sulfate (e.g., sodium lauryl sulfate), alkyl
      aryl sulfonate (e.g., sodium dodecyl benzene sulfonate), higher fatty acid
      esters of 1,2-dihydroxy propane sulfonate (e.g., sodium coconut fatty acid
      ester of 1,2-dihydroxy propane sulfonate), and the like.
PAR  The various surface active materials may be used in any suitable amount,
      generally from about 0.05 to about 10% by weight, and preferably from
      about 0.5 to 5% by weight of the dentifrice composition.
PAR  It is a further embodiment of the present invention to use the
      substantially saturated higher aliphatic acyl amides of lower aliphatic
      amino carboxylic acid compounds, such as those having 12 to 16 carbons in
      the acyl radical, and as more particularly described in U.S. Pat. No.
      2,689,170, issued Sept. 14, 1954. The amino acid portion is derived
      generally from the lower aliphatic saturated monoaminocarboxylic acids
      having about 2 to 6 carbons, usually the monocarboxylic acid compounds.
      Suitable compounds are the fatty acid amides of glycine, sarcosine,
      alanine, 3-amino-propanoic acid and valine having about 12 to 16 carbons
      in the acyl group. It is preferred to use the N-lauroyl, myristoyl and
      palmitoyl sarcoside compounds however for optimum effects.
PAR  The amide compounds may be employed in the form of the free acid or
      preferably as the water-soluble salts thereof, such as the alkali metal,
      ammonium, amine and alkylolamine salts. Specific examples thereof are
      sodium and potassium N-lauroyl, myristoyl and palmitoyl sarcosides,
      ammonium and ethanolamine N-lauroyl sarcoside, N-lauroyl sarcosine, and
      sodium N-lauroyl glycide and alanine. For convenience herein, reference to
      "amino carboxylic acid compound," "sarcoside," and the like refers to such
      compounds having a free carboxylic group or the water-soluble carboxylic
      salts.
PAR  Such materials are utilized in pure or substantially pure form. They should
      be as free as practicable from soap or similar higher fatty acid material
      which tends to reduce the activity of these compounds. In usual practice,
      the amount of such higher fatty acid material is less than 15% by weight
      of the amide and insufficient to substantially adversely affect it, and
      preferably less than about 10% of said amide material.
PAR  In dental cream formulations, the liquids and solids should be proportioned
      to form an extrudable creamy mass of desirable consistency. In general,
      liquids in the dental cream will comprise chiefly water, glycerine,
      sorbitol, propylene glycol, or the like, including suitable mixtures
      thereof. It is advantageous usually to use a mixture of both water and a
      humectant such as glycerine or sorbitol. It is preferred to use glycerine.
      The total liquid content will generally be about 20-75% by weight of the
      formulation. It is preferred to use also a gelling agent in dental creams
      such as the natural and synthetic gum and gum-like material, e.g. Irish
      moss, gum tragacanth, sodium carboxymethylcellulose, polyvinylpyrrolidone,
      starch and the like. The Irish moss and sodium carboxymethylcellulose are
      compatible particularly and are preferred gelling agents as illustrated.
      The sum content is usually in an amount up to about 10% and preferably
      about 0.5-5% by weight of the formulation.
PAR  In accordance with certain aspects of this invention, desirable aging
      characteristics are obtained when a minor amount of hydrated aluminum
      oxide (alumina) is in the dentifrice preparation as part of the polishing
      agent together with calcium carbonate. The ratio of carbonate to alumina
      is about 3:1 to about 1000:1. If desired, insoluble alkali metal
      metaphosphate may also be a component of the polishing agent. The ratio of
      the carbonate to insoluble alkali metal metaphosphate also being about 3:1
      to about 1000:1. Dentifrices containing small amounts of insoluble alkali
      metal metaphosphate, say where the ratio of calcium carbonate to the
      metaphosphate is more than 100:1, have better aging characteristics when
      alumina is also present.
PAR  A dental cream having improved physical properties may be prepared from
      calcium carbonate and optionally insoluble alkali metal metaphosphate
      suspended in a gel comprising water, humectant and gelling agent, with
      said fluoride compound and organic non-soap synthetic detergent, and
      hydrated aluminum oxide, said dental cream having pH from about 7 to 9.5.
      If insoluble alkali metal metaphosphate is present, the hydrated aluminum
      oxide may be omitted. These dental creams exhibit a superior degree of
      stability to aging for long periods of time, particularly at elevated
      temperatures. The aluminum oxide acts as a stabilizing and modifying agent
      so as to eliminate or inhibit any tendency for separation or syneresis of
      the dental cream in the collapsible tube.
PAR  The preferred ratio of calcium carbonate to alumina is about 3:1 to 100:1,
      and most preferably about 35:1 to about 52:1.
PAR  In the instant invention sufficient insoluble alkali metal metaphosphate
      and/or alumina is present to substantially prolong the period of time
      during which the monofluorophosphate remains substantially soluble, e.g.,
      to insure that at least, and preferably more than, about 40%, and most
      preferably at least 50% of the original monofluorophosphate content
      remains soluble after accelerated aging of the dentifrice for 9 weeks at
      49.degree.C.
PAR  Suitable examples of hydrated aluminum oxide which may be employed are the
      forms known as alpha and beta aluminum oxide trihydrate and mixtures
      thereof. It is used usually in the form of fine particles of any desired
      particle size in the manufacture of the dental cream. In practice, it is
      preferred to use the alpha trihydrate form of which at least about 90% of
      the particles pass through on a U.S. standard No. 325 mesh sieve and not
      more than about 5% of the particles by weight are less than 5 microns. It
      has been found that amounts of hydrated aluminum oxide from about 1/4 to
      about 10% by weight are most desirable and preferably about 1% by weight
      of the dentifrice composition.
PAR  Various other materials may be incorporated in the oral preparations of
      this invention. Examples thereof are coloring or whitening agents,
      preservatives, silicones, chlorophyll compounds, ammoniated materials such
      as urea, diammonium phosphate and mixtures thereof, and other
      constituents. These adjuvants are incorporated in the instant compositions
      in amounts which do not substantially adversely affect the properties
      thereof.
PAR  For some purposes it may be desirable to include antibacterial agents in
      the compositions of the present invention. Typical antibacterial agents
      which may be used in amounts of about 0.01% to about 5%, preferably about
      0.05% to about 1.0%, by weight of the dentifrice composition include:
PA1  N.sup.1 -4(chlorobenzyl)-N.sup.5 -2,4-dichlorobenzyl) biguanide;
PA1  p-chlorophenyl biguanide;
PA1  4-chlorobenzhydryl biguanide;
PA1  4-chlorobenzhydrylguanylurea;
PA1  N-3-lauroxpropyl-N.sup.5 -p-chlorobenzylbiguanide
PA1  1,6-di-p-chlorophenyl biguanidohexane;
PA1  1-(lauryldimethylammonium)-8-(p-chlorobenzyldimethylammonium) octane
      dichloride;
PA1  5,6-dichloro-2-guanidinobenzimidazole;
PA1  N.sup.1 -p-chlorphenyl-N.sup.5 -laurylbiguanide;
PA1  5-amino-1,3-bis(2-ethylhexyl)-5-methylhexahydropyrimidine;
PAL  and their non-toxic acid addition salts.
PAR  Any suitable flavoring or sweetening materials may be employed in
      formulating a flavor for the compositions of the present invention.
      Examples of suitable flavoring constituents include the flavoring oils,
      e.g., oils of spearmint, peppermint, wintergreen, sassafras, clove, sage,
      eucalyptus, marjoram, cinnamon, lemon and orange, as well as
      methylsalicylate. Suitable sweetening agents include sucrose, lactose,
      maltose, sorbitol, sodium cyclamate and saccharine. Suitably, flavor and
      sweetening agent may together comprise from about 0.01 to 5% or more of
      the compositions of the instant invention.
PAR  The dental creams should have a pH practicable for use. A neutral basic pH
      is particularly desirable. The initial pH range of about 7 to 9.5
      preferably 7.5 is considered the most practicable for use. When reference
      is made to pH herein, it is intended that such pH determination be made on
      the dental cream directly. If necessary, basic materials may be added to
      adjust the pH as desired.
PAR  The container in which the dentifrice composition is placed is typically a
      tube from which the dental cream can be extruded. A particularly desirable
      aspect of the invention is the fact that the dentifrice composition
      including insoluble alkali metal metaphosphate can be desirably packaged
      in an unlined aluminum container and exhibit desirable cosmetic and
      rheological properties upon storage without causing substantial layer
      formation or corrosion of the aluminum with which it is contacted.
PAR  The most desirable results have been obtained when the dentifrice contains
      about 0.1 to 3% by weight of insoluble alkali metal metaphosphate and
      about 44 to 47% by weight of calcium carbonate.
PAR  For standardized test purposes in determining the amount of the original
      monofluorphosphate content present in accelerated aging tests, the
      dentifrice formulations are prepared with about 0.76% of sodium
      monofluorophosphate and then tested.
PAR  The following specific examples are further illustrative of the nature of
      the present invention, but it is to be understood that the invention is
      not limited thereto. The compositions are prepared in the usual manner and
      all amounts of the various ingredients are by weight unless otherwise
      specified.
DETD
PAC  EXAMPLE 1
PAR  The following dental creams are prepared:
TBL                   Parts                                                    
                      A        B                                               
     ______________________________________                                    
     Sodium monofluorophosphate                                                
                        0.76       0.76                                        
     Calcium carbonate  52.00      46.25                                       
     Insoluble sodium metaphosphate                                            
                        --         1.00                                        
     Glycerine          22.00      22.00                                       
     Sodium carboxymethylcellulose                                             
                        0.95       1.30                                        
     Hydrated alumina   --         1.00                                        
     Sodium N-lauryl sarcosinate                                               
                        2.00       2.00                                        
     Sodium benzoate    0.50       0.50                                        
     Sodium saccharine  0.20       0.20                                        
     Flavor             0.90       0.90                                        
     Water              q.s. to    q.s. to                                     
                        100        100                                         
     ______________________________________                                    
PAR  Composition A in which no phosphate salt polishing agent is present and
      calcium carbonate is the sole abrasive and Composition B containing
      calcium carbonate, alumina and phosphate salt are aged at 49.degree.C. and
      the percentage of soluble monofluorophosphate present as fluoride is
      determined periodically. Each three weeks under this aging condition
      corresponds to about 1 year's aging at room temperature. The results are
      indicated in the table below:
TBL         % Soluble Monofluorophosphate as                                   
            Fluoride-49.degree.C.                                              
            WEEKS                                                              
     Composition                                                               
              0         3         6       9                                    
     ______________________________________                                    
     A        0.09      0.07      0.03    0.01                                 
     B        0.09      0.08      0.08    0.07                                 
     ______________________________________                                    
PAR  Thus, it is clear from these results that the addition of a small amount of
      the insoluble metaphosphate and alumina markedly increases the ability of
      Composition B to retain soluble fluorine.
PAR  When composition B is placed in an unlined aluminum tube, the aluminum
      surface in contact with the dentifrice remains substantially free from
      corrosion even over a prolonged period of time.
PAC  EXAMPLE 2
PAR  The following dentifrices also have high retention of soluble
      monofluorophosphate as fluorine and do not cause a substantial degree of
      corrosion of the aluminum surface with which they are contacted in unlined
      aluminum tubes.
TBL  ______________________________________                                    
                     C      D        E                                         
     ______________________________________                                    
     Sodium monofluorophosphate                                                
                       0.76     0.76     0.76                                  
     Calcium carbonate 40.15    44.25    47.15                                 
     Insoluble sodium metaphosphate                                            
                       7.10     3.00     0.10                                  
     Glycerine         22.00    22.00    22.00                                 
     Sodium carboxymethylcellulose                                             
                       1.20     1.30     1.30                                  
     Hydrated alumina  1.00     1.00     1.00                                  
     Sodium N-lauryl sarcosinate                                               
                       2.00     2.00     2.00                                  
     Sodium benzoate   0.05     0.05     0.05                                  
     Sodium saccharine 0.20     0.20     0.20                                  
     Flavor            0.90     0.90     0.90                                  
     Water             q.s. to  q.s. to  q.s. to                               
                       100      100      100                                   
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  The following dentifrices are also within the scope of the invention:
TBL                  F      G        H                                         
     ______________________________________                                    
     Sodium monofluorophosphate                                                
                       0.76     0.76     0.76                                  
     Calcium carbonate 35.25    47.20    46.00                                 
     Insoluble sodium metaphosphate                                            
                       12.00    0.05     1.00                                  
     Glycerine         22.00    22.00    22.00                                 
     Sodium carboxymethylcellulose                                             
                       1.20     1.30     1.30                                  
     Hydrated alumina  1.00     1.00     --                                    
     Sodium N-lauroyl sarcosinate                                              
                       2.00     2.00     2.00                                  
     Sodium benzoate   0.50     0.50     0.50                                  
     Sodium saccharine 0.20     0.20     0.20                                  
     Flavor            0.90     0.90     0.90                                  
     Water             q.s. to  q.s. to  q.s. to                               
                       100      100      100                                   
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  The following dentifrices are prepared:
TBL                  I      J        K                                         
     ______________________________________                                    
     Glycerine         22.00    22.00    22.00                                 
     Sodium Benzoate   0.50     0.50     0.50                                  
     Sodium saccharine 0.20     0.20     0.76                                  
     Sodium monofluorophosphate                                                
                       0.76     0.76     0.76                                  
     Hydrated alumina  --       52.00    1.00                                  
     Calcium carbonate 52.00    --       52.00                                 
     Sodium carboxymethyl                                                      
     cellulose         0.95     0.95     0.95                                  
     Sodium N-lauroyl sarcosinate                                              
                       2.00     2.00     2.00                                  
     Flavor            0.80     0.80     0.80                                  
                       q.s. to  q.s. to  q.s. to                               
                       100      100      100                                   
     ______________________________________                                    
PAR  Each of the dentifrices are aged at 49.degree.C. with the percentage of
      monofluorophosphate determined periodically. The results are indicated in
      the table below:
TBL         % Soluble Monofluorophosphate                                      
            as fluoride-49.degree.C.                                           
     Composition                                                               
              Weeks                                                            
            0       3         6         9                                      
     ______________________________________                                    
     I        0.09      0.07      0.03    0.01                                 
     J        0.09      0.06      0.05    0.04                                 
     K        0.09      0.08      0.07    0.07                                 
     ______________________________________                                    
PAR  Thus, it is clear that composition K retains soluble fluorine better than
      compositions I and J.
PAC  EXAMPLE 5
PAR  The following dentifrices are also within the scope of the invention:
TBL  Parts                                                                     
                    L         M                                                
     ______________________________________                                    
     Sodium monofluorophosphate                                                
                      0.76        0.76                                         
     Glycerine        22.00       22.00                                        
     Sodium benzoate  0.50        0.50                                         
     Sodium saccharine                                                         
                      0.20        0.20                                         
     Hydrated alumina 13.00       1.50                                         
     Calcium carbonate                                                         
                      39.00       52.50                                        
     Sodium carboxymethyl                                                      
     cellulose        0.95        0.95                                         
     Sodium N-lauroyl                                                          
     sarcosinate      2.00        2.00                                         
     Flavor           0.80        0.80                                         
     Water            q.s. to     q.s. to                                      
                      100         100                                          
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  The following dentifrices are also within the scope of the invention:
TBL                  Parts                                                     
                     N      O        P                                         
     ______________________________________                                    
     Sodium monofluorophosphate                                                
                       0.76     0.76     0.76                                  
     Calcium carbonate 35.25    42.25    44.25                                 
     Insoluble Sodium meta-                                                    
     phosphate         12.00    5.00     3.00                                  
     Glycerine         22.00    22.00    22.00                                 
     Sodium carboxymethyl                                                      
     cellulose         1.20     1.30     1.30                                  
     Hydrated alumina  1.00     1.00     1.00                                  
     Sodium N-lauroyl sarcosinate                                              
                       2.00     2.00     2.00                                  
     Sodium benzoate   0.50     0.50     0.50                                  
     Sodium saccharine 0.20     0.20     0.20                                  
     Flavor            0.90     0.90     0.90                                  
     Water             q.s.     q.s.     q.s.                                  
                       to 100   to 100   to 100                                
     ______________________________________                                    
PAR  In addition to sodium monofluorophosphate, Na.sub.2 PO.sub.3 F, other
      monofluorophosphate salts which have sufficient water solubility for use
      in the instant invention include calcium monofluorophosphate, magnesium
      monofluorophosphate and aluminum monofluorophosphate. In accordance with
      this invention the term "monofluorophosphate" also includes
      monofluoropolyphosphates such as Na.sub.4 P.sub.3 O.sub.9 F, K.sub.4
      P.sub.3 O.sub.9 F, (NH4).sub.4 P.sub.3 O.sub.9 F, Na.sub.3 KP.sub.3
      O.sub.9 F, (NH.sub.4).sub.3 NaP.sub.3 O.sub.9 F and Li.sub.4 P.sub.3
      O.sub.9 F.
PAR  It will be apparent to one skilled in the art that modifications of the
      above examples may be made thereto.
CLMS
STM  We claim:
NUM  1.
PAR  1. A dental cream composition comprising a water-soluble
      monofluorophosphate in amount which provides about 0.01-1% by weight
      fluorine to the dentifrice and about 20-75% by weight of a water-insoluble
      compatible polishing material consisting essentially of a mixture of
      calcium carbonate with insoluble alkali metal metaphosphate, the ratio of
      said calcium carbonate to said insoluble alkali metal metaphosphate being
      about 3:1 to about 1000:1;--said dentifrice having an initial pH of about
      7 to 9.5.
NUM  2.
PAR  2. The dental cream composition claimed in claim 1 wherein said
      water-soluble monofluorophosphate is sodium monofluorophosphate.
NUM  3.
PAR  3. The dental cream composition claimed in claim 2 wherein said
      monofluorophosphate is present in an amount of about 0.76% by weight.
NUM  4.
PAR  4. The dental cream composition claimed in claim 2 wherein said insoluble
      alkali metal metaphosphate is insoluble sodium metaphosphate.
NUM  5.
PAR  5. The dental cream composition claimed in claim 4 wherein the ratio of
      said calcium carbonate to said insoluble sodium metaphosphate is about 6:1
      to about 1000:1.
NUM  6.
PAR  6. The dental cream composition claimed in claim 4 wherein the ratio of
      said calcium carbonate to said insoluble sodium metaphosphate is about
      46.25:1.
PATN
WKU  039418782
SRC  5
APN  5260094
APT  1
ART  125
APD  19741121
TTL  Medicaments having psychotropic properties
ISD  19760302
NCL  10
ECL  7
EXP  Friedman; Stanley J.
INVT
NAM  Stenger; M. Antoine
CTY  Castres
CNT  FR
INVT
NAM  Cousse; Henri
CTY  Castres
CNT  FR
INVT
NAM  Mouzin; M. Gilbert
CTY  Castres
CNT  FR
ASSG
NAM  Pierre Fabre S.A.
CTY  Castres
CNT  FR
COD  03
PRIR
CNT  FR
APD  19710621
APN  71.22575
PRIR
CNT  FR
APD  19720605
APN  72.20391
RLAP
COD  71
APN  264501
APD  19720620
PSC  04
CLAS
OCL  424233
XCL  260559S
XCL  424324
EDF  2
ICL  A61K 31165
ICL  A61K 31615
FSC  424
FSS  233;324
FSC  260
FSS  559
UREF
PNO  2848418
ISD  19580800
NAM  Muller et al.
OCL  252 51.5
LREP
FR2  Hueschen; Gordon W.
ABST
PAL  5-Bromo-ortho-cresotamide and N--C.sub.1 to C.sub.4
      --alkyl-5-bromo-ortho-cresotamides are useful for the potentiation of
      aspirin. 5-Bromo-ortho-cresotamide may also be named
      5-Bromo-2-hydroxy-3-methyl-benzamide.
PARN
PAR  This is a continuation of application Ser. No. 264,501, filed June 20,
      1972.
BSUM
PAR  The present invention relates to a series of derivatives having
      psychotropic activities which are derived from cresotic acid.
PAR  These new drugs have the overall formula:
      ##SPC1##
PAL  R may be a hydrogen, a straight or branched-chain lower alkyl radical, an
      alkenyl radical, an ethinyl radical, or an esterifying acid radical,
      namely acyl, thenoyl, halothenoyl or benzoyl.
PA1  R' may be an --OH, --OCH.sub.3, --O--alkyl, O-alkenyl, O-ethinyl,
      --NH.sub.2, straight or branched-chain N-dialkyl, -NH-alkyl,
      NR"-A-N-dialkyl, -O-A-N-dialkyl, NR"-A-N morpholino, or -N-cycloalkyl
      radical.
PA1  A may be a straight or branched alkyl chain of 2 to 5 carbon atoms, which
      chain may be unsaturated. R" may be a hydrogen-or a lower alkyl.
PAR  Finally, the nitrogen atom may be included in a ring to form a piperidino,
      pyrrolidono, morpholino or piperazino group, for example:
      ##SPC2##
PA1  X may be a hydrogen, halogen or an NO.sub.2 radical.
PA1  n may be equal to 0, 1 or 2.
PAL  The position of the CH.sub.3 radical on the ring may vary.
PAR  The invention also relates to therapeutically acceptable salts of
      derivatives having an amine function.
PAR  These derivatives may be obtained by different medhods, namely:
PAC  METHOD A
PAC  (Aminolysis of the corresponding methyl ester)
      ##SPC3##
PAR  To 1 mol of Product A 1.5 mol of the corresponding amine is added. When the
      amine is gaseous it is used in alcoholic solution and the reaction can be
      carried out in an autoclave.
PAR  When the amine is crystalline, a solvent is employed; on the other hand,
      when it is liquid, we did not employ a solvent.
PAR  The reaction mixture is set aside for several hours at room temperature and
      then heated for a few hours at 90.degree.C. The solvent, if any, is
      distilled and the products are recovered by the customary techniques,
      namely:
PA1  - distillation under reduced pressure, or
PA1  - crystallization of the amide.
PAR  In the case of diamines, the products can be recovered in the form of
      hydrochloride.
DETD
PAC  EXAMPLES
PAC  Preparation of methyl 5-bromo 2-hydroxy 3-methyl benzoate:
PAR  Add 300 g of cresotic acid to a solution of 90 g of sulfuric acid in
      anhydrous methanol; heat for 30 hours; the solution becomes dark red.
      Expel the methanol, dissolve the residue in chloroform and pour into ice
      water; the original cresotic acid crystallizes and can be removed. The
      chloroform phase is washed with a bicarbonate solution in water, dried
      over Na.sub.2 SO.sub.4 and concentrated and the residue distilled.
      (b.p..sub.15 = 104.degree. - 105.degree.C). Methyl 2-hydroxy 3-methyl
      benzoate is obtained; the yield is 77%. The index of refraction
      n.sub.D.sup.25 is equal to 1.5322.
PAR  Silica plate chromatography.
PAR  Solvent: ethyl acetate/petroleum ether (5:95).R.sub.f : 0.72.
PAR  The methyl 2-hydroxy 3-methyl benzoate in solution in the dioxane is added,
      drop by drop, to a chloroform solution of bromine maintained at
      0.degree.C. Excess bromine can be used since only one position is capable
      of bromination in the event that the methyl group is in 3 position.
PAR  Then set aisde for several hours under nitrogen, recover the chloroform
      phase, wash with a bicarbonate solution and then with water, concentrate,
      and crystallize.
PAR  This product is obtained in the form of fine white needles.
PAR  Melting point: 107.degree.C.
PAR  Soluble in dimethyl formamide, dimethyl acetamide, methyl pyrrolidone,
      ether, and chlorinated solvents.
PAC  Preparation of 5-bromo 2-hydroxy 3-methyl benzamide
PAR  Add 900 cc of 20% ammonia to 49 g of methyl 5-bromo 2-hydroxy 3-methyl
      benzoate in 2 liters of ethanol at 95.degree.C. Set aside for 72 hours at
      room temperature, with agitation; cool with ice, add 300 cc of
      hydrochloric acid (6N), and then extract with ether; finally concentrate
      and crystallize by addition of petroleum ether; 29 g of 5-bromo 2-hydroxy
      3-methyl benzamide are obtained (yield: 63%).
PAR  The product is in the form of white crystals; it is soluble in alcohol,
      methyl pyrrolidone, propylene glycol and ether; it is insoluble in water
      and petroleum ether.
PAR  Melting point: 173.degree.C. Plate Chromatography:.: Support: Kiesel Gel F
      254. Solvent: ethyl acetate/petroleum ether (50:50). R.sub.f : 0.46
      ##SPC4##
PAC  Another example:
PAR  1. Dissolve 956 g of ortho-cresotic acid in 4 liters of acetone. Add 567 g
      of NaHCO.sub.3 and then add thereto 835 g of dimethyl sulfate. After
      refluxing for 5 hours, cool, filter off the salt which has formed, and
      concentrate to dryness. Subject the crude ester thus obtained to
      distillation under vacuum (b.p.: 100.degree.C at 5 mm Hg). 944 g of methyl
      ester (I) are obtained (yield 90%).
PAR  2. Dissolve the 944 g of ester (I) in about 6 liters of chloroform. Add a
      solution of 907 g of bromine in about 1.8 liters of chloroform. After the
      addition, which requires several hours, reflux the reaction medium for 2
      hours and then concentrate the solution until the appearance of crystals
      of bromo-ester. Cool and allow to crystallize, centrifuge and dry the
      crystals in a stove under vacuum. In this way there are obtained 1250 g of
      methyl p-bromo-orthocresotate (II) (yield 90%).
PAR  Melting point: 109.degree.C. Thin-layer chromatography: a single spot.
PAR  3. Saturate 3.7 liters of absolute methanol with 750 g of ammonia and add
      the above 1250 g of bromo-ester.
PAR  Heat and maintain the temperature at 50.degree.-60.degree.C for 3 hours.
PAR  The maximum pressure recorded within the autoclave is about 6 kg/cm.sup.2.
      After elimination of the excess ammonia under vacuum, concentrate to
      dryness, wash the solid with water, and recrystallize from 25 liters of
      benzene.
PAR  1 kg of pure p-bromo-ortho-cresotamide is obtained (yield of the amidation:
      85%).
PAC  METHOD B
PAC  (Reaction of acetylated acid chloride on the corresponding amine)
      ##SPC5##
PAR  The intermediate acetyl derivatives can be isolated or saponified to lead
      directly to the amides desired.
PAR  1 mol of acid chloride (Product C) is added in separate portions to a
      chloroform solution of an amine mol.
PAR  The reaction mixture is refluxed for several hours; the solvent is
      distilled.
PAR  The residual product is recovered by the customary techniques.
PAR  The deacetylation is effected by treating Product D with a 1N aqueous soda
      solution.
PAR  The following derivatives have been obtained by Method A as intermediates
      capable of undergoing further aminolysis:
PAC  - Methyl 5-chloro-ortho-cresotate
EQU  (R' = OCH.sub.3, X = Cl)
PAR  Overall formula: C.sub.9 H.sub.9 Cl NO.sub.3. White crystals - melting
      point: 62.degree.C. Silica plate chromatography. Solvent: ethyl
      acetate/petroleum ether 35:60. R.sub.f : 0.48 (U.V. development) Insoluble
      in water and propylene glycol; 2% soluble in ethanol and 8% soluble in
      DMF.
PAC  - Methyl 5-iodo-ortho-cresotate
EQU  (R' = OCH.sub.3, X = I)
PAR  overall formula: C.sub.9 H.sub.9 IO.sub.3. White crystals - melting point:
      97.degree.C. Silica plate chromatography. Solvent: ethyl acetate/petroleum
      ether 35:60 R.sub.f : 0.51 (U.V. development). Insoluble in water and
      propylene glycol; 2% soluble in ethanol and 10% soluble in DMF.
PAC  - Methyl 5-nitro-ortho-cresotate
EQU  (R' = OCH.sub.3, X = NO.sub.2)
PAR  overall formula: C.sub.9 H.sub.9 NO.sub.5 Yellow needles - melting point:
      126.degree.C. Silica plate chromatography. Solvent: petroleum ether/ethyl
      acetate 95:5. R.sub.f : 0.60 (U.V. development). Insoluble in water and
      propylene glycol. Very slightly soluble in ethanol (0.5%).
PAR  By aminolysis of the methyl esters, a few examples of which have just been
      given, there have been obtained the following derivatives with amide
      function other than the 5-bromo 2-hydroxy 3-methyl benzamide described
      previously;
PAC  1. N(DIMETHYL N',N'-AMINO 2'-ETHYL) 5-BROMO ORTHOCRESOTAMIDE HYDROCHLORIDE:
      ##EQU1##
PAR  Overall formula: C.sub.12 H.sub.18 Br Cl N.sub.2 O.sub.2. White crystals -
      melting point = 192.degree.C. Silica plate chromatography. Solvent:
      Butanol/acetic acid/water 6:2:2 R.sub.f = 0.72 (U.V. development) Soluble
      in water (10%), ethanol (2%) and propylene glycol (4%).
PAC  2. N(DIETHYL-N',N'-AMINO 3'-PROPYL) 5-BROMO ORTHO-CRESOTAMIDE
      HYDROCHLORIDE:
      ##EQU2##
PAR  Overall formula: C.sub.15 H.sub.24 Cl Br N.sub.2 O.sub.2. White crystals -
      melting point: 130.degree.C. Silica plate chromatography. Solvent:
      butanol/acetic acid/water 6:2:2 R.sub.f : 0.70 (U.V. development) 2%
      soluble in water, 8% in ethanol, and 30% in methyl pyrrolidone.
PAC  3. N(DIMETHYL N',N'-AMINO-3'-PROPYL) 5-BROMOORTHO-CRESOTAMIDE
      HYDROCHLORIDE:
      ##EQU3##
PAR  Overall formula: C.sub.13 H.sub.20 Br Cl N.sub.2 O.sub.2. White crystals -
      melting point: 203.degree.C. Silica plate chromatography. Solvent:
      butanol/acetic acid/water 6:2:2 R.sub.f : 0.66 (U.V. development) Soluble
      in water, practically insoluble in ethanol.
PAC  4. N(DIMETHYL-N',N'-AMINO 2'-ETHYL)5-BROMO ORTHO-CRESOTAMIDE HYDROCHLORIDE:
      ##EQU4##
PAR  Overall formula: C.sub.14 H.sub.22 Br Cl N.sub.2 O.sub.2 White crystals -
      melting point: 132.degree.C. Silica plate chromatography. Solvent:
      butanol/acetic acid/water 6:2:2  R.sub.f : 0.72 (U.V. development) Soluble
      in water, 6% soluble in ethanol and 9% soluble in ethylene glycol.
PAC  5. N(MORPHOLINO 3'-PROPYL) 5-BROMO ORTHO-CRESOTAMIDE HYDROCHLORIDE:
      ##SPC6##
PAR  Overall formula: C.sub.15 H.sub.22 Br Cl N.sub.2 O.sub.3 Pale yellow
      crystals, melting point: 174.degree.C. Silica plate chromatography.
      Solvent: butanol/acetic acid/water 6:2:2. R.sub.f = 0.80 (U.V.
      development) 0.3% soluble in water, 6% in ethanol and 7% in propylene
      glycol.
PAC  6. N(MORPHOLINO 2'-ETHYL) 5-BROMO-ORTHO-CRESOTAMIDE HYDROCHLORIDE:
      ##SPC7##
PAR  Overall formula: C.sub.14 H.sub.20 Br Cl N.sub.2 O.sub.3. White crystals -
      melting point: 228.degree.C. Silica plate chromatography. Solvent:
      butanol/acetic acid/water 6:2:2. R.sub.f = 0.82 (U.V. development). 0.5%
      soluble in water, 0.3% in ethanol and 1% in DMF.
PAC  7. N(PYRROLIDINO 2'-ETHYL) 5-BROMO-ORTHO-CRESOTAMIDE HYDROCHLORIDE:
      ##SPC8##
PAR  Overall formula: C.sub.14 H.sub.20 Br Cl N.sub.2 O.sub.2. White crystals -
      melting point: 184.degree.C. Silica plate chromatography. Solvent:
      butanol/acetic acid/water 6:2:2. R.sub.f = 0.75 (U.V. development). 10%
      soluble in water, 3% in ethanol, and 7% in propylene glycol.
PAC  8. 5-CHLORO ORTHO-CRESOTAMIDE:
EQU  (R' = --NH.sub.2, R = H, X = Cl)
PAR  Overall formula: C.sub.8 H.sub.8 Cl NO.sub.2 White crystals - melting
      point: 181.degree.C. Silica plate chromatography. Solvent: ethyl
      acetate/petroleum ether 30:70. R.sub.f = 0.55 (U.V. development). 5%
      soluble in ethanol, 1% in propylene glycol, 20% in dimethyl acetamide, and
      15% in methyl pyrrolidone. Insoluble in water.
PAC  9. 5-IODO ORTHO-CRESOTAMIDE:
EQU  (R' = --NH.sub.2, R = H, X = I)
PAR  overall formula: C.sub.8 H.sub.8 INO.sub.2 Beige crystals, melting point:
      180.degree.C. Silica plate chromatography. Solvent: ethyl
      acetate/petroleum ether 30:70 R.sub.f = 0.60 (U.V. development) Insoluble
      in water, 9% soluble in ethanol, 50% in dimethyl formamide, and 25% in
      dimethyl acetamide.
PAC  10. 5-NITRO ORTHO-CRESOTAMIDE
EQU  (R' = NH.sub.2, R = H, X = NO.sub.2)
PAR  overall formula: C.sub.8 H.sub.8 O.sub.4 N.sub.2. orangeish-white crystals
      - melting point: 245.degree.C. Silica plate chromatography. Solvent: ethyl
      acetate/petroleum ether 25:75  R.sub.f = 0.41 (U.V. development) 20%
      soluble in dimethyl formamide, 6% in dimethyl acetamide, 12% in methyl
      pyrrolidone, and 0.5% in propylene glycol. Insoluble in water and in
      ethanol.
PAC  11. N(METHYL) 5-BROMO ORTHO-CRESOTAMIDE:
EQU  (R' = NH - CH.sub.3, R = H, X = Br)
PAR  Overall formula: C.sub.9 H.sub.10 Br NO.sub.2 White crystals - melting
      point: 162.degree.C. Silica plate chromatography. Solvent: ethyl
      acetate/petroleum ether 30:70. R.sub.f = 0.76 (U.V. development).
PAC  12. N(ETHYL) 5-BROMO ORTHO-CRESOTAMIDE:
EQU  (R' = NH -- C.sub.2 H.sub.5, R = H, X = Br)
PAR  Overall formula: C.sub.10 H.sub.12 Br NO.sub.2. White crystals - melting
      point: 82.degree.C. Silica plate chromatography. Solvent: ethyl
      acetate/petroleum ether 10:90. R.sub.f = 0.63 (U.V. development).
PAC  13. N(BUTYL) 5-BROMO ORTHO-CRESOTAMIDE
EQU  (R' -- NH -- CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.3, R = H, X = Br)
PAR  Overall formula: C.sub.12 H.sub.16 Br NO.sub.2. White crystals - melting
      point: 76.degree.C. Silica plate chromatography. Solvent: ethyl
      acetate/petroleum ether 5:95. R.sub.f = 0.41 (U.V. development).
PAC  14. N(ISOBUTYL) 5-BROMO ORTHO-CRESOTAMIDE
      ##EQU5##
PAR  Overall formula: C.sub.12 H.sub.16 Br NO.sub.2 White crystals - melting
      point: 67.degree.C. Silica plate chromatography. Solvent: ethyl
      acetate/petroleum ether 5:95. R.sub.f = 0.40 (U.V. development).
PAC  15. 5-BROMO META-CRESOTAMIDE (THE METHYL IS IN 4 POSITION):
EQU  (R' = NH.sub.2, R = H, X = Br)
PAR  Overall formula: C.sub.8 H.sub.8 Br NO.sub.2 White crystals - melting
      point: 239.degree.C. Silica plate chromatography. Solvent: ethyl
      acetate/petroleum ether 25:75. R.sub.f = 0.39 (U.V. development)
PAR  The following derivatives, indicated by way of illustration and not of
      limitation, were synthesized by Method B (reaction between acetylated acid
      chloride and the corresponding amine):
PAC  1. N(PHENYL) 5-BROMO ORTHO-CRESOTAMIDE
      ##SPC9##
PAR  Overall formula: C.sub.14 H.sub.12 Br NO.sub.2. Orange crystals - melting
      point: 128.degree.C. Silica plate chromatography. Solvent: ethyl
      acetate/petroleum ether 5:95. R.sub.f = 0.48 (U.V. development)
PAC  2. N(CYCLOHEXYL) 5-BROMO ORTHO-CRESOTAMIDE
      ##EQU6##
PAR  Overall formula: C.sub.14 H.sub.18 NO.sub.2. Beige crystals - melting
      point: 150.degree.C. Silica plate chromatography. Solvent: ethyl
      acetate/petroleum ether 5:95. R.sub.f = 0.50 (U.V. development).
PAC  3. N,N-DIETHYL, 5-BROMO ORTHO-CRESOTAMIDE
      ##EQU7##
EQU  R = OH, X = Br)
PAR  Overall formula: C.sub.12 H.sub.16 Br NO.sub.2. White crystals - melting
      point: 77.degree.C. Silica plate chromatography. Solvent: ethyl
      acetate/petroleum ether 30:70. R.sub.f : 0.67 (U.V. development).
PAC  4. N,N' -DIISOPROPYL 5-BROMO ORTHO-CRESOTAMIDE
      ##EQU8##
PAR  Overall formula: C.sub.14 H.sub.20 Br NO.sub.2. Pink crystals - melting
      point: 147.degree.C. Silica plate chromatography. Solvent: ethyl
      acetate/petroleum ether 5:95. R.sub.f : 0.28 (U.V. development)
PAR  The O-acetylated derivatives serving as intermediaries in Method B can also
      be obtained from the amides claimed by treatment with acetic anhydride.
PAR  Thus it was possible to synthesize the following derivative:
PAC  O-ACETYL N,N-DIETHYL 5-BROMO ORTHO-CRESOTAMIDE
      ##EQU9##
EQU  X = Br)
PAR  Overall formula: C.sub.14 H.sub.18 Br NO.sub.3. White crystals - melting
      point: 90.degree.C. Silica plate chromatography. Solvent: ethyl
      acetate/petroleum ether 50:50. R.sub.f : 0.53 (U.V. development).
PAR  The applicant was also able to test new derivatives satisfying the general
      formula, which derivatives are obtained from the etherification of the
      phenol function.
PAR  The preparation and physical-chemical characteristics of a derivative with
      ether function is given below by way of illustration but not of
      limitation:
PAC  O-ALLYL 5-BROMO ORTHO-CRESOTAMIDE
      ##SPC10##
PAC  Preparation:
PAR  1 mol of 5-bromo ortho-cresotamide is added to a methanolic solution of 1.2
      mol of sodium; it dissolves immediately; thereupon 2 mol of allyl chloride
      are added drop by drop, reflux is effected for several hours, and
      evaporation to dryness is then effected.
PAR  The residue is treated with ether/water, the ether phase is washed with an
      aqueous solution of 1N soda and then with water until neutral; it is
      concentrated and crystallized by the addition of petroleum ether.
PAR  The white crystals obtained have a melting point of 147.degree.C.
PAR  Overall formula: C.sub.11 H.sub.12 Br NO.sub.2. Silica plate
      chromatography. Solvent: ethyl acetate/petroleum ether 30:70. R.sub.f :
      0.41 (U.V. development).
PAR  Among the O-acyloylated derivatives, the applicant has more particularly
      studied methyl 2-(.alpha.-thenoyloxy) 3-methyl 5-bromo benzoate.
EQU  (R = thenoyl Radical R' = OCH.sub.3, X = Br)
PAR  To 6 g of methyl 5-bromo 2-hydroxy 3-methyl benzoate add 4 g of thenoyl
      chloride in the presence of 6 g of pyridine; there is obtained, in a yield
      of 93%, crystals of methyl 2-(.alpha.-thenoyloxy) 3-methyl 5-bromo
      benzoate which are soluble in acetone, chloroform, ether and methanol and
      insoluble in water, propylene glycol and glycerol.
PAR  Melting point: 88.degree.C.
PAR  The acute toxicity of these new derivatives is rather low; it has been
      determined as follows on mice (method of Miller and Tainter):
PA1  - methyl 5-bromo 2-hydroxy 3-methyl benzoate
PA2  Dl.sub.50 /per os = about 1.600 mg/kg
PA1  - 5-bromo 2-hydroxy 3-methyl benzamide
PA2  Dl.sub.50 /per os = about 7.800 mg/kg
PA1  - 5-bromo 2-hydroxy 3-methyl benzamide
PA2  Dl.sub.50 /i.p. = about 1.500 mg/kg
PA1  - 2-hydroxy 3-methyl benzamide
PA2  Dl.sub.50 /i.p. = about 700 mg/kg
PA1  - N (dimethyl N',N'-amino 3'-propyl) 5-bromo ortho-cresotamide
      hydrochloride
PA2  Dl.sub.50 /i.p. = about 316 mg/kg
PA1  - N (diethyl N',N'-amino 2'-ethyl) 5-bromo ortho-cresotamide hydrochloride
PA2  Dl.sub.50 i.p. = about 178 mg/kg
PA1  N (morpholino 3'-propyl) 5-bromo ortho-cresotamide hydrochloride
PA2  Dl.sub.50 /i.p. = about 237 mg/kg
PA1  N (morpholino 2'-ethyl) 5-bromo ortho-cresotamide hydrochloride
PA2  Dl.sub.50 /i.p. = 562 mg/kg
PA1  N (pyrrolidino 2'-ethyl) 5-bromo ortho-cresotamide hydrochloride
PA2  Dl.sub.50 /i.p. = 178 mg/kg
PA1  - 5-chloro ortho-cresotamide
PA2  Dl.sub.50 /i.p. = 560 mg/kg
PA1  - methyl 5-chloro ortho-cresotate
PA2  Dl.sub.50 /i.p. = 178 mg/kg
PA1  - methyl 5-iodo ortho-cresotate
PA2  Dl.sub.50 i.p. = 750 mg/kg
PA1  - methyl 5-nitro ortho-cresotate
PA2  Dl.sub.50 i.p. = 178 mg/kg
PAR  The pharmacological properties of the new derivatives which are the object
      of the present description have been studied. During their primary
      pharmacological screening these various substances showed a definite power
      as depressant of the central nervous system - sedative, muscular-relaxant
      and anticonvulsant properties and an antipyretic activity. Substantial
      musculolytic and choleretic properties have also been found. Finally all
      these derivatives have very definitely potentialized the antalgic power of
      derivatives such as aspirin, noramidopyrine and even morphine.
PAC  Potentialization of Barbiturate Narcosis (Mice):
PAR  a. Technique:
PAR  Evaluation of the increase of the duration of the sleep induced by 60 mg/kg
      of mebubarbital (I.P.) (N = 10 mice).
PAR  b. Carrying Out of the Test: t.sub.o .fwdarw. oral administration of the
      compound. t.sub.o +  60' .fwdarw. injection of sodium mebubarbital and
      determination of the periods of narcosis.
PAR  c. Results Obtained: (Percentage of increase in the duration of the sleep).
TBL  COMPOUNDS            mg/kg   % increase                                   
     ______________________________________                                    
     N (dimethyl N,N'-amino 2'-ethyl)                                          
                          100     +  78%                                       
     5-bromo ortho-cresotamide                                                 
     N (diethyl N,N'-amino 3'-propyl)                                          
                           50     +  72%                                       
     5-bromo ortho-cresotamide                                                 
                          100     + 130%                                       
     N (dimethyl N,N'-amino 3'-propyl)                                         
     5-bromo ortho-cresotamide                                                 
                          100     +  80%                                       
     N (diethyl N,N'-amino 2'-ethyl)                                           
     5-bromo ortho-cresotamide                                                 
                          100     + 102%                                       
     methyl 2 (.alpha.-thenoyloxy) 3-methyl                                    
     5-bromo benzoate     100     +  75%                                       
     N (morpholino 3'-propyl) 5-                                               
     bromo ortho-cresotamide                                                   
                          100     + 100%                                       
     N (pyrrolidino 2'-ethyl) 5-                                               
     bromo orthocresotamide                                                    
                          100     + 100%                                       
     5-chloro ortho-cresotamide                                                
                           50     +  70%                                       
                          100     + 140%                                       
     methyl 5-chloro ortho-cresotate                                           
                          100     +  92%                                       
     methyl 5-iodo ortho-cresotate                                             
                          100     +  90%                                       
     methyl 5-nitro ortho-cresotate                                            
                          100     +  60%                                       
     O-acetyl N,N-diethyl 5-bromo                                              
     ortho-cresotamide    100     +  40%                                       
     5-bromo meta-cresotamide                                                  
                          100     + 120%                                       
     methyl 5-bromo ortho-cresotate                                            
                          100     +  97%                                       
     5-bromo ortho-cresotamide                                                 
                           30      +  29.8%                                    
                          100     + 132%                                       
                          300     + 134%                                       
     ______________________________________                                    
PAR  The new derivatives which are the object of the present invention also
      potentialize the sleep induced by chloral hydrate. With respect to
      anticonvulsive activity (convulsive attacks induced by pentetrazole), the
      derivatives whose amide function is not substituted have proven to be of
      the greatest interest.
PAC  Technique:
PAR  The compound is injected in the mouse interparenterally 30 minutes before
      the I.V. injection of 75 mg/kg of pentetrazole.
PAR  The number of mice showing tonic convulsions is noted and the percentage
      mortality determined.
PAR  The vehicle is an oil solution; a volume of 0.2 mg/20 g of body weight is
      administered.
TBL  ______________________________________                                    
     Results:                                                                  
     COMPOUNDS           mg/kg   % protection                                  
     ______________________________________                                    
     Controls (20 mice)  0       0                                             
     Mephenesine         100     0                                             
     N-(dimethyl N,N'-amino 2'-ethyl)                                          
     5-bromo ortho-cresotamide                                                 
                         100     25%                                           
     N (pyrrolidino 2'-ethyl) 5-bromo                                          
     ortho-cresotamide   100     32%                                           
     5-bromo ortho-cresotamide                                                 
                         100     39.5%                                         
                         300     49.3%                                         
     5-chloro orthocresotamide                                                 
                         100     38%                                           
                         200     44%                                           
     Methyl 5-chloro ortho-cresotate                                           
                         100     22%                                           
     Methyl 5-iodo ortho-cresotate                                             
                         100     20%                                           
     Methyl 5-nitro ortho-cresotate                                            
                         100     10%                                           
     5-bromo meta-crsotamide                                                   
                         100     28%                                           
     ______________________________________                                    
PAR  In view of the homogeneity of this family of new derivatives forming the
      object of the present patent, the applicant did not deem it necessary,
      after a prior study of chronic toxicity, to test all the new derivatives
      in man; however, it selected those which it considered most promising,
      this manner of procedure, of course, not being of a limitative character.
PAR  These derivatives were the subject of clinical tests carried out on
      volunteers suffering various algias and feverish conditions and, by
      themselves or associated with other active principles, gave the
      satisfactory therapeutic results which one had a right to expect.
PAR  The formulas of the different drugs containing some of the new derivatives
      forming the object of this patent are, by way of illustration:
TBL  Formula 1                                                                 
     Tablets, according to formula:                                            
     5-chloro ortho-cresotamide   300 mg                                       
     Excipients, q.s.p.   1 tablet                                             
     Formula 2                                                                 
     Tablets, according to formula:                                            
     5-chloro ortho-cresotamide   150 mg                                       
     Aspirin                      350 mg                                       
     Excipients, q.s.p.   1 tablet                                             
     Formula 3                                                                 
     Suppositories, according to formula:                                      
     N (morpholino 2'-ethyl) 5-bromo ortho-                                    
     cresotamide hydrochloride    200 mg                                       
     Promethazine                  1 mg                                        
     Excipient, q.s.p.    1 suppository                                        
     Formula 4                                                                 
     Injectable ampoules (intramuscular),                                      
     according to the formula                                                  
     5-bromo meta-cresotamide     100 mg                                       
     Neutralized oil excipient, q.s.p.                                         
                                   5 ml                                        
     Formula 5                                                                 
     Tablets, according to formula                                             
     O-allyl 5-bromo ortho-cresotamide                                         
                                  150 mg                                       
     Excipient, q.s.p.    1 tablet                                             
     Formula 6                                                                 
     Tablets according to formula                                              
     5-bromo 2-hydroxy 3-methyl benzamide                                      
                                  250 mg                                       
     Excipients, q.s.p.   1 tablet                                             
     Formula 7                                                                 
     Tablets, according to formula                                             
     5-bromo 2-hydroxy 3-methyl benzamide                                      
                                  150 mg                                       
     Acetyl salicylic acid        350 mg                                       
     Excipients, q.s.p.   1 tablet                                             
     Formula 8                                                                 
     Suppositories, according to formula                                       
     5-bromo 2-hydroxy 3-methyl benzamide                                      
                                  125, 250 and                                 
                                  500 mg                                       
     Excipients, q.s.p., 1 suppository, "infants," children,                   
     "adults"                                                                  
PAR  The present invention also relates to the pharmaceutical forms which can be
      administered by mouth, rectally, parenterally and locally in which there
      are associated with the active principles described in the present
      invention also other active principles which can usefully supplement the
      therapeutic properties of the new derivatives. An enumeration of these
      active principles which are widely known and used in therapy could only be
      limitative.
CLMS
STM  We claim:
NUM  1.
PAR  1. An aspirin composition which comprises aspirin and an effective amount
      of cresotamide compound selected from the group consisting of
      5-bromo-ortho-cresotamide and N--C.sub.1 to C.sub.4
      -alkyl-5-bromo-ortho-cresotamide which is effective for the potentiation
      of said aspirin.
NUM  2.
PAR  2. A composition of claim 1 wherein the cresotamide compound is
      5-bromo-ortho-cresotamide.
NUM  3.
PAR  3. A composition of claim 1 which includes a pharmaceutically acceptable
      excipient.
NUM  4.
PAR  4. A composition of claim 3 wherein the cresotamide compound is
      5-bromo-ortho-cresotamide.
NUM  5.
PAR  5. A composition of claim 1, wherein the relative proportion of aspirin to
      cresotamide compound is about 350 mg to about 30-500 mg.
NUM  6.
PAR  6. A composition of claim 5, wherein the relative proportion of aspirin to
      the cresotamide compound is about 350 mg to about 150 mg.
NUM  7.
PAR  7. A method for potentiating the effect of aspirin in a host which
      comprises administering to said host aspirin concurrently with an
      effective amount of a cresotamide compound selected from the group
      consisting of 5-bromo-ortho-cresotamide and N-C.sub.1 to C.sub.4
      -alkyl-5-bromo-ortho-cresotamide which is effective for the potentiation
      of said aspirin.
NUM  8.
PAR  8. A method of claim 7 wherein the cresotamide compound is
      5-bromo-ortho-cresotamide.
NUM  9.
PAR  9. A method of claim 7, wherein the relative proportion of aspirin to
      cresotamide is about 350 mg to about 30-500 mg.
NUM  10.
PAR  10. A method of claim 9, wherein the relative proportion of aspirin to
      cresotamide is about 350 mg to about 150 mg.
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ABST
PAL  Quality silkworm cocoons are obtained in a high yield per unit rearing time
      and per unit amount of feedstuff by administering insect juvenile hormonal
      factors to the silkworm larvae at an early stage of their final instar and
      administering insect moulting hormonal factors at a later stage of their
      final instar.
BSUM
PAR  This invention relates to a method for increasing the yield of cocoons.
PAR  More particularly, the invention relates to an efficient method for
      producing quality silkworm cocoons which comprises dosing silkworm larvae
      with an insect juvenile hormonal factor (hereinafter referred to as "JH")
      in an early stage of their final instar and an insect moulting hormonal
      factor (hereinafter referred to as "MH") in a later stage of said instar.
PAR  Heretofore, for the purpose of enhancing the yield of silkworm cocoons,
      there have been made studies on artificial feeds, improvements in the
      breeding and selection of mulberry trees and in methods for the
      cultivation of mulberry trees, as well as improvements in the breeding and
      selection of improved races of silkworms and in methods for rearing them.
PAR  Recently, various attempts have been made to apply varieties of insect
      hormones and their related compounds to sericulture. For example, the
      present inventors have for some time studied the possibility of using MH
      as agents to render the time of moulting or maturation uniform. Further,
      attempts have been made to use JH as cocoon yield improvers.
PAR  However, the use of JH in practical applications often leads to unstable
      results, for the activities of JH are influenced in subtle ways by the
      growth stage of silkworms, among other conditions, and as a consequence,
      it is not only difficult to predict the growth pattern of silkworms but
      the variance of their growth is rather increased.
PAR  Furthermore, even if the yields of cocoons are enhanced by the use of JH,
      the accompanying delayed mounting causes reductions in cocoon production
      per rearing period and in feed efficiency and, accordingly, fully
      satisfactory results have not been realized as yet.
PAR  The intensive research undertaken by the present inventors to overcome
      these difficulties led to the finding that when JH is administered to
      silkworm larvae in an early stage of their final instar and MH is
      administered to them in a later stage of the same instar, the yield of
      cocoons per unit amount of feedstuff, namely, feed efficiency, is
      remarkably increased.
PAR  The term "JH" as used throughout the specification, means all hormonal
      substances preventing silkworm larvae from their metamorphosis JH
      includes, among others: 3,4-Methylenedioxyphenyl derivatives of formula
      (I)
      ##SPC1##
PAL  wherein R.sup.1 and R.sup.2, respectively, stands for a lower alkyl group
      of 1 to 4 carbon atoms; m is equal to zero or 1; and n is equal to zero, 1
      or 2, such as:
PA1  1. 1-(3,4-Methylenedioxyphenyl)-5,9-dimethyl-8-epoxy-1,4-decadiene,
PA1  2. 1-(3,4-Methylenedioxyphenyl)-5,9-dimethyl-8-epoxy-1,4-undecadiene;
      Methyl 2,6-undecadienoate derivatives of general formula (II):
      ##SPC2##
PAL  wherein R.sup.3, R.sup.4 and R.sup.5, respectively, stand for a lower alkyl
      group of 1 to 4 carbon atoms; and q is equal to zero or 1, such as:
PA1  3. Methyl 3,7,11-trimethyl-10-epoxy-2,6-dodecadienoate,
PA1  4. Methyl 3,11-dimethyl-7-ethyl-10-epoxy-2,6-tridecadienoate,
PA1  5. Methyl 3,11-dimethyl-7-ethyl-10-epoxy-2,6-dodecadienoate;
PAL  and phenylethers or phenylthioethers of geraniol derivatives of general
      formula (III)
      ##SPC3##
PAL  wherein R.sup.6 and R.sup.7, respectively, stand for a lower alkyl group of
      1 to 4 carbon atoms; R.sup.8 is chlorine atom or an alkoxy group of 1 to 4
      carbon atoms, R.sup.9 is hydrogen atom or R.sup.8 and R.sup.9, taken
      together, represent oxygen atom; X stands for oxygen or sulfur atom;
      R.sup.10 stands for a lower alkyl group of 1 to 4 carbon atoms, nitro
      group, halogen atom or an alkoxycarbonyl group of 1 to 5 carbon atoms,
      R.sup.11 stands for hydrogen atom or R.sup.10 and R.sup.11, taken
      together, represent methylenedioxy group, such as:
PA1  6. 2,6-dimethyl-2-epoxy-octa-6-ene-(3,4-methylenedioxyphenyl)-ether.
PA1  7.2,6-Dimethyl-2-epoxy-octa-6-ene-(3,4-methylenedioxyphenyl)-thioether,
PA1  8. 3-Methyl-7-ethyl-3-epoxy-nona-7-ene-(3,4-methylenedioxyphenyl)-ether.
PA1  9. 3,7-Dimethyl-3-epoxy-nona-7-ene-(3,4-methylenedioxyphenyl)-ether,
PA1  10. 2,6-Dimethyl-2-epoxy-octa-6-ene-(4-ethylphenyl)-ether,
PA1  11. 2,6-Dimethyl-2-epoxy-octa-6-ene-(4-nitrophenyl)-ether,
PA1  12. 2,6-Dimethyl-2-epoxy-octa-6- ene-(4-methylcarbo-nylphenyl)-ether,
PA1  13. 2,6-Dimethyl-2-epoxy-octa-6-ene-(4-chlorophenyl)-ether,
PA1  14. 2,6-Dimethyl-2-ethoxy-octa-6-ene-(4-nitrophenyl)-ether and so on.
PAR  These JHs are extracted and isolated from naturally occurring materials
      including insects, plants, microorganisms, etc. or can be chemically
      synthesized. [C.F. Chang and S. Tamura, Agr. Biol. Chem. 35, 1307 (1971),
      Dahm et al, Journal of the American Chemical Society, 89, 5292 (1967) and
      K. Mori et al, Tetrahedron 25, 1667 (1969)].
PAR  In case of applying JHs to silkworms, they are diluted with water or an
      organic solvent, with or without aid of a surfactant, to treat the body
      surface of silkworm, or the are added to mulberry leaf or artificial diet
      to feed silkworm. The organic solvent includes an alcohol such as
      methanol, ethanol, propanol, an ether such as ethyl ether, dioxane, a
      ketone such as acetone, isophorone, aliphatic hydrocarbon such as
      n-hexane. The treatment of the body surface may be conducted by spraying
      larvae with the dilution as mentioned above or by dipping larvae in the
      dilution. As the surfactants, there may be employed ones which are least
      harmless to silkworms, such as polyoxyethylene higher alcohol ethers,
      polyoxyethylene fatty acid esters and polyoxyethylene sorbitan fatty acid
      ester.
PAR  JH is administered to silkworms in an early stage during their final
      instar, preferably 24 to 96 hours after the start of feeding for the final
      instar and, for still better results, 48 to 72 hours after said start of
      feeding. Although the dosage depends upon the type of JH and the method or
      route of administration, it, in general, ranges from 0.01 to 100 .mu.g. of
      JH per larva when it is administered orally and, for better results, 0.1
      to 1.5 .mu.g. on the same basis. In other words, the dosage is preferably
      such that it will extend the duration of the final instar at least by 24
      hours over the period that would be prevailing should JH not be
      administered.
PAR  The term "MH" as used throughout the specification means all substances
      inducing silkworm larvae of the final instar to metamorphose into pupae,
      and the MH includes .alpha.-ecdysone, .beta.-ecdysone, inokosterone,
      cyasterone, ponasterone A, ponasterone B, etc., and materials obtainable
      by processing plants containg MH. Among plants containing MH are the
      entire tissues or underground portions of plants of the family
      Amaranthaceae, such as Achyranthes fauriei LEV. et VAN, Achyranthes
      longifolia MAKINO, Cyathula capitata MOQUIN-TANDON, etc., the foliages of
      plants of the family Podocarpaceae, such as Podocarpus Nakaii HAY,
      Podocarpus macrophyllus D. DON, Podocarpus chinensis WALL., Podocarpus
      Nagi ZOLL. et MORTZ., etc.; the foliages of plants of the family Taxaceae,
      such as Taxus cuspidata SIEB. et ZUCC., Taxus cuspidata var. nana RHED.,
      etc.; the aerial and underground portions of plants of the family
      Labiatae, such as Ajuga decumbens THUNB., Ajuga incisa MAXIM., Ajuga
      nipponensis MAKINO, etc.; and the underground portions of plants of the
      family Polypodiaceae, such as Polypodium japonicum MAKINO, Polypodium
      nipponicum METT., Blechnum nipponicum MAKINO, Dryopteris thelypteris BORY,
      etc. and various processed matters originating from these plants, which
      silkworms can bite and swallow without trouble. Included, thus, are the
      preparations which have been obtained by processing said MH or plant
      segments containing MH into forms which can be evenly incorporated in
      silkworm feed, for example, by drying and comminuting them directly into
      powders or extracting them with solvents such as water, alcohols (e.g.
      methanol, ethanol, aqueous butanol etc.).
PAR  While the dosage varies with types of MH, the preferred range is from 0.1
      to 50 .mu.g. per larva.
PAR  Though the time of dosing should be selected according to the stage of
      growth of silkworm larvae and the desired cocoon weight, the period from
      110 to 288 hours after the start of feeding for the final instar under
      ordinary rearing conditions (23.degree. to 27.degree.C) is, in general,
      beneficial. Still better results are obtained when larvae are caused to
      ingest MH at or after the time when about 10 percent of them would reach
      the stage of maturity should JH not be administered, that is, in the
      period from 132 to 240 hours after the start of feeding for the final
      instar.
PAR  Compared with the known rearing methods, the present method brings about
      positive and significant increases in cocoon shell production per unit
      rearing time and per unit amount of feedstuff and also leads to
      improvements in quality of cocoons.
PAR  Throughout the specification and claims, the abbreviations "kg.", "g.",
      "cg.", "mg.", ".mu.g.", "ppm", "%", ".degree.C"and "hr."respectively refer
      to "kilogram(s)", "gram(s)", "centigram(s)", "milligram(s)",
      "microgram(s)", "part(s) per million", "percent", "degree centigrade" and
      "hour(s)".
DETD
PAC  EXAMPLE 1
PAR  Silkworm larvae (race: Kinshu x Showa) were reared using the following
      basal feed through their 1st to 4th instar.
TBL  ______________________________________                                    
     Basal feed             (weight part)                                      
     ______________________________________                                    
     mulberry leaf powder   20.0                                               
     defatted soybean meal  15.0                                               
     cellulose powder       35.5                                               
     potato starch          15.0                                               
     .beta.-sitosterol      0.5                                                
     Wesson's salt mixture* 1.0                                                
     vitamin B complex      a small part                                       
     sucrose                10.0                                               
     vitamin C              a small part                                       
     inositol               0.5                                                
     dipotassium hydrogen phosphate                                            
                            0.5                                                
     choline chloride       0.05                                               
     dihydrostreptonycin    0.1                                                
     water                  200.0                                              
     *Wesson's salt mixture consists of the following minerals.                
                       Weight part                                             
     NaCl              105.0                                                   
     KCl               120.0                                                   
     KH.sub.2 PO.sub.4 310.0                                                   
     Ca.sub.3 (PO.sub.4).sub.2                                                 
                       149.0                                                   
     CaCO.sub.3        210.0                                                   
     MgSO.sub.4        90.0                                                    
     FePO.sub.4.4 H.sub.2 O                                                    
                       14.7                                                    
     MnSO.sub.4        0.20                                                    
     K.sub.2 Al.sub.2 (SO.sub.4).sub.4.24 H.sub.2 O                            
                       0.09                                                    
     CuSO.sub.4.5 H.sub.2 O                                                    
                       0.39                                                    
     NaF               0.57                                                    
     KI                0.05                                                    
     ______________________________________                                    
PAR  Immediately after their ecdysis for the last instar, the silkworms were
      divided into 16 groups of 100 larvae each. At the times indicated in Table
      I-(1), the larvae were put for 24 hours on rations prepared by adding
      1-(3, 4-methylenedioxyphenyl)-5, 9-dimethyl-8-epoxy-1,4-decadiene as JH to
      the basal feed in a concentration of 2 ppm on a dry weight basis. Then, at
      the times indicated in Table I-(1), the silkworm larvae were put on
      rations prepared by adding .beta.-ecdysone as MH to the basal feed in a
      concentration of 10 ppm on a dry weight basis and reared with the feed
      till mounting.
PAR  The ingested amount per larva of
      1-(3,4-methylenedioxyphenyl)-5,9-dimethyl-8-epoxy-1,4-decadiene was 1 to
      1.5 .mu.g, and the ingested amount per larva of .beta.-ecdysone was 2 to 4
      .beta.g.
PAR  The rearing was performed at 25.5.degree.C and 65% relative humidity.
PAR  The results are shown in Table I-(2) and (3).
PAR  The supplementation of feed with both JH and MH causes remarkable increase
      in cocoon shell production per unit rearing time. This tendency is
      particularly pronounced when these groups are compared with the groups to
      which JH alone was given.
PAR  Further, whereas the addition of JH after 72 hours following the start of
      feeding for the final instar tends to lower the percentage of reelable
      cocoons, no reduction is encountered in the percentage of reelable cocoons
      when MH is added to feed in an optional stage during the period from 160
      to 220  hours after the start of feeding for the final instar.
PAR  When MH was added to the feed in combination with JH, there is noted a
      close correlation between the time of addition of MH and the cocoon shell
      weight, reelable cocoon weight and rearing time. Thus, by feeding MH to
      silkworm larvae in an optional stage after 160 hours following the start
      of feeding for the final instar, the rearing time can be freely controlled
      and, accordingly, it is even possible to obtain cocoons of optional size.
TBL                Table I -- (1)                                              
     ______________________________________                                    
     Group  Period of feeding JH                                               
                             Period of feeding MH                              
     No.    (hours after start                                                 
                             (hours after start                                
            of feeding for final                                               
                             of feeding for final                              
            instar)          instar)                                           
     ______________________________________                                    
     1      not added        not added                                         
     2      "                160 and onward                                    
     3      24 - 48          not added                                         
     4      "                160 and onward                                    
     5      "                172 and onward                                    
     6      "                184 and onward                                    
     7      48 - 72          not added                                         
     8      "                160 and onward                                    
     9      "                172 and onward                                    
     10     "                184 and onward                                    
     11     "                196 and onward                                    
     12     72 - 96          not added                                         
     13     "                160 and onward                                    
     14     "                172 and onward                                    
     15     "                184 and onward                                    
     16     "                196 and onward                                    
     17     "                208 and onward                                    
     18     "                220 and onward                                    
     ______________________________________                                    
TBL                Table I -- (2)                                              
     ______________________________________                                    
            note(1)               note(2) note(3)                              
     Group  Rearing time                                                       
                       Percentage Reelable                                     
                                          Cocoon                               
     No.    for final  of reelable                                             
                                  cocoon  shell                                
            instar     cocoons    weight  weight                               
            (hr.)      (%)        (g.)    (mg.)                                
     ______________________________________                                    
     1      178        100        1.70    412                                  
     2      170        100        1.69    403                                  
     3      205        98         1.92    465                                  
     4      178        98         1.82    438                                  
     5      189        97         1.96    470                                  
     6      191        97         1.95    472                                  
     7      220        100        2.05    498                                  
     8      178        99         1.80    436                                  
     9      189        100        1.92    468                                  
     10     195        98         2.07    500                                  
     11     204        98         2.08    505                                  
     12     254        93         2.38    569                                  
     13     181        98         1.81    441                                  
     14     191        97         1.95    471                                  
     15     204        99         2.11    503                                  
     16     211        95         2.20    531                                  
     17     224        95         2.33    560                                  
     18     232        94         2.36    572                                  
     ______________________________________                                    
TBL                Table I -- (3)                                              
     ______________________________________                                    
            note(3)                                                            
     Group  Cocoon                                                             
     No.    shell                                                              
            weight                                                             
            per unit  Index                                                    
            rearing                                                            
            time                                                               
            (mg./hr.)                                                          
     ______________________________________                                    
                      note(4)                                                  
     1      2.3146    100                                                      
     2      2.3706    102                                                      
                               note(5)                                         
     3      2.2683     98      100                                             
     4      2.4607    106      108                                             
     5      2.4868    107      110                                             
     6      2.4712    107      109                                             
                                     note(6)                                   
     7      2.2636     98            100                                       
     8      2.4494    106            108                                       
     9      2.4762    107            109                                       
     10     2.5641    111            113                                       
     11     2.4755    107            109                                       
                                             note(7)                           
     12     2.2400     97                    100                               
     13     2.4365    105                    109                               
     14     2.4660    107                    110                               
     15     2.4657    107                    110                               
     16     2.5166    109                    112                               
     17     2.5000    108                    112                               
     18     2.4655    107                    110                               
     ______________________________________                                    
     note(1):                                                                  
            The period from the start of feeding for the                       
            final instar to the time when the emergence                        
            of matured silkworm larvae reached 50 percent                      
            was taken as the rearing time for the final                        
            instar.                                                            
     note(2):                                                                  
            The reelable cocoon weight and cocoon shell                        
            weight are averages for equal numbers of male                      
            and female silkworms.                                              
      note(3):                                                                 
            Cocoon shell weight                                                
                                cocoon shell weight (mg.)                      
            per unit rearing time                                              
                          =                                                    
                                final instar rearing time (hr.)                
            (mg./hr.)                                                          
     note(4):                                                                  
            The index of cocoon shell weight per unit                          
            rearing time with the corresponding figure                         
            for control (Group 1) being taken as 100.                          
     note(5)                                                                   
            The indexes of cocoon shell weight per unit                        
     to (7):                                                                   
            rearing time with the weights for Groups 3,7                       
            and 12, to which JH was added, being taken                         
            respectively as 100.                                               
PAC  EXAMPLE 2
PAR  Silkworm larvae (race: Kinshu x Showa) were reared using a basal feed of
      the same composition as that described in Example 1 and, 48 hours after
      the start of feeding for 5th instar, divided into 11 groups of 100 larvae
      each. The silkworms were put for 24 hours on rations prepared by adding
      four different types of JH to basal feed in the predetermined
      concentrations shown in Table II. Thereafter, the larvae were further
      placed on the basal feed for 132 hours. Then, 204 hours after the start of
      feeding for 5th instar and onward, the larvae were put on rations prepared
      by adding three different MHs in varying concentrations to the basal feed
      and reared till mounting.
PAR  Other rearing conditions and the items studied are the same as those set
      forth in Example I.
PAR  The results obtained are shown in Table II.
PAR  Irrespective of the type of JH and the type of MH, the combined
      administration of JH and MH invariably resulted in improvements in cocoon
      shell production per unit rearing time. This tendency is particularly
      pronounced when these results for these groups are compared with the
      results for the groups to which JH alone was added.
TBL                                    Table II                                
     __________________________________________________________________________
          Type and Type and      Rearing                                       
                                       Percentage                              
                                              Reelable                         
                                                    Cocoon                     
                                                         Cocoon                
                                                                Index          
     Group                                                                     
          concentration                                                        
                   concentration time of                                       
                                       of reelable                             
                                              cocoon                           
                                                    shell                      
                                                         weight per            
     No.  in feed of JH                                                        
                   in feed MH    final cocoons                                 
                                              weight                           
                                                    weight                     
                                                         unit rearing          
                                 instar                                        
                                       (%)    (g.)  (mg.)                      
                                                         time                  
                                 (hr.)                   (mg./hr.)             
     __________________________________________________________________________
     1    not added                                                            
                   not added     182   96     1.70  381  2.0934 100            
     2    (1)*                                                                 
              3 ppm                                                            
                   not added     246   95     2.29  514  2.0894 100            
     3    (1)*                                                                 
              3 ppm                                                            
                   .beta.-ecdysone 10 ppm                                      
                                 220   97     2.26  505  2.2954 110            
     4    (1)*                                                                 
              3 ppm                                                            
                   Ponasterone A 8 ppm                                         
                                 222   96     2.26  507  2.2841 109            
     5    (1)*                                                                 
              3 ppm                                                            
                   Inokosterone 40 ppm                                         
                                 219   95     2.24  500  2.2831 109            
     6    (2)*                                                                 
              2 ppm                                                            
                   not added     263   94     2.39  531  2.0190  96            
     7    (2)*                                                                 
              2 ppm                                                            
                   .beta.-ecdysone 10 ppm                                      
                                 220   96     2.29  510  2.3181 111            
     8    (10)*                                                                
              1.5 ppm                                                          
                   not added     246   93     2.30  512  2.0813  99            
     9    (10)*                                                                
              1.5 ppm                                                          
                   .beta.-ecdysone 10 ppm                                      
                                 223   96     2.24  503  2.2556 108            
     10   (4)*                                                                 
              100 ppm                                                          
                   not added     252   92     2.29  510  2.0238  97            
     11   (4)*                                                                 
              100 ppm                                                          
                   .beta.-ecdysone 10 ppm                                      
                                 222   95     2.24  499  2.2477 107            
     __________________________________________________________________________
      *The numbers assigned to various JHs correspond to the compound numbers  
      given hereinbefore.                                                      
PAC  EXAMPLE 3
PAR  Silkworm larvae (race: Gunka x Hoshun) were reared using the basal feed as
      described in Example 1 through the 1st to 4th instars and, 48 hours after
      the start of feeding for the 5th instar, divided into 8 groups of 100
      larvae each. As shown in Table III, the silkworm in groups 2 through 8
      were then put for 24 hours on rations prepared by adding
      1-(3,4-methylenedioxyphenyl)-5,9-dimethyl-8-epoxy-1,4-decadiene as JH to
      the basal feed in a concentration of 4 ppm on a dry weight basis. Then,
      the silkworms were put again on the basal feed. Thereafter, 184 hours
      after the start of feeding for the 5th instar and onward till mounting,
      the larvae were reared using rations prepared by adding .beta.-ecdysone to
      the basal feed in the various concentrations indicated in Table III.
PAR  Other rearing conditions and items studied were the same as those in
      Example 1.
PAR  The results obtained are set forth in Table III.
PAR  The combined administration of JH and MH brought about remarkably
      significant gains in cocoon shell production per unit rearing time.
      Further, while this tendency was pronounced when the concentration of
      .beta.-ecdysone was 5 ppm or higher, the percentage of reelable cocoons
      suffered slight drops when the concentrations of .beta.-ecdysone was as
      high as 40 ppm or more.
TBL                                    Table III                               
     __________________________________________________________________________
     Group                                                                     
         JH  MH   Rearing time                                                 
                         Percentage                                            
                                Reelable                                       
                                     Cocoon shell                              
                                            Cocoon shell                       
                                                    Index                      
     No.          of 5-instar                                                  
                         of reelable                                           
                                cocoon                                         
                                     weight weight per                         
                         cocoons                                               
                                weight      unit rearing                       
         (ppm)                                                                 
             (ppm)                                                             
                  (hr.)  (%)    (g.) (mg.)  time(mg./hr.)                      
     __________________________________________________________________________
     1   0   0    188     99    1.76 418    222     100 --                     
     2   4   0    228    100    2.11 501    220      99 100                    
     3   4   2.5  220    100    2.09 500    227     102 103                    
     4   4   5    211    100    2.10 498    236     106 107                    
     5   4   10   204     99    2.06 489    240     108 109                    
     6   4   20   204    100    2.07 486    238     107 108                    
     7   4   40   201     96    2.07 481    239     108 109                    
     8   4   80   200     87    2.09 472    236     106 107                    
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  Silkworm larvae (race: Gunka x Hoshun) were reared using the basal feed
      described in Example 1 through 1st to 4th instars and, 48 hours after the
      start of feeding for the 5th instar, were divided into 13 groups of 50
      larvae each.
PAR  As shown in Table IV-(1), the larvae were put for 24 hours on rations
      prepared by adding
      1-(3,4-methylenedioxyphenyl)-5,9-dimethyl-8-epoxy-1,4-decadiene as JH to
      the basal feed in various concentrations. Thereafter, the larvae were put
      again on the basal feed alone, after which time they were put, at the
      times indicated in Table IV-(1), on rations prepared by adding
      .beta.-ecdysone as MH to the basal feed in a concentration of 10 ppm on a
      dry weight basis and reared till mounting.
PAR  The rearing periods in the 5th instar were measured and the amounts of feed
      intake on a dry weight basis during these periods were calculated from the
      amounts of feed residues.
PAR  The results obtained are shown in Table IV-(1) and (2).
PAR  The group to which MH had been added showed a slight decrease in cocoon
      shell weight and while the groups dosed with JH alone yielded increased
      cocoon shell weight, they showed apparent decrease in cocoon shell
      production per unit rearing time and in feed efficiency.
PAR  In contrast, the combined administration of JH and MH resulted in
      significant increase in cocoon shell production per unit rearing time and
      feed efficiency.
TBL                                    Table IV -- (1)                         
     __________________________________________________________________________
     Group                                                                     
          Concentration                                                        
                  Time of adding MH                                            
                              Average rearing                                  
                                        Feed intake during                     
     No.  of JH   (hours after start of                                        
                              period of 5-instar                               
                                        5-instar for 100                       
                  feeding for 5-instar) silkworms                              
          (ppm)               (hr.)     (g.)                                   
     __________________________________________________________________________
     1    0       not added   184       356                                    
     2    0       169 and onward                                               
                              178       341                                    
     3    1       not added   206       417                                    
     4    1       193 and onward                                               
                              194       380                                    
     5    2       not added   228       459                                    
     6    2       193 and onward                                               
                              202       388                                    
     7    4       not added   246       501                                    
     8    4       193 and onward                                               
                              203       385                                    
     9    4       217 and onward                                               
                              219       425                                    
     10   8       not added   262       578                                    
     11   8       193 and onward                                               
                              204       403                                    
     12   8       217 and onward                                               
                              224       445                                    
     13   8       241 and onward                                               
                              249       527                                    
     __________________________________________________________________________
TBL                                    Table IV -- (2)                         
     __________________________________________________________________________
     Group                                                                     
          Percentage                                                           
                 Cocoon Cocoon shell                                           
                               note(1)     note(2)                             
     No.  of reelable                                                          
                 weight,                                                       
                        weight,                                                
                               Cocoon shell                                    
                                           Feed                                
          cocoons                                                              
                 average                                                       
                        average                                                
                               production per                                  
                                       Index                                   
                                           efficiency                          
                                                 Index                         
                 for male and                                                  
                        for male and                                           
                               unit rearing                                    
          (%)    female (g.)                                                   
                        female (g.)                                            
                               time (mg./hr.)                                  
     __________________________________________________________________________
     1    99     1.82   400    2.1739  100 1.1235                              
                                                 100                           
     2    98     1.77   388    2.1797  100 1.1378                              
                                                 101                           
     3    99     2.01   451    2.1893  101 1.0815                              
                                                  96                           
     4    99     1.99   443    2.2835  105 1.1657                              
                                                 104                           
     5    98     2.20   497    2.1798  100 1.0827                              
                                                  96                           
     6    99     2.19   490    2.4257  112 1.2628                              
                                                 112                           
     7    97     2.37   518    2.1056   97 1.0339                              
                                                  92                           
     8    99     2.29   496    2.4433  112 1.2883                              
                                                 115                           
     9    100    2.35   512    2.3378  107 1.2047                              
                                                 107                           
     10   96     2.43   537    2.0496   94 0.9290                              
                                                  83                           
     11   97     2.41   492    2.4117  111 1.2208                              
                                                 109                           
     12   98     2.42   511    2.2812  105 1.1483                              
                                                 102                           
     13   96     2.40   534    2.1445   99 1.0132                              
                                                  90                           
     __________________________________________________________________________
     note(1):            Cocoon shell weight,                                  
                         average for male and                                  
          Cocoon shell production                                              
                         female silkworms (mg.)                                
                       =                                                       
          per rearing time (mg/hr)                                             
                         Average 5-instar                                      
                         rearing time (hr.)                                    
     note(2):            Cocoon shell weight,                                  
                         average for male and                                  
                         female silkworms (mg.)                                
          Feed efficiency                                                      
                       =                                                       
                         Feed intake during                                    
                         5-instar for 100                                      
                         silkworms (g.)                                        
PAC  EXAMPLE 5
PAR  Silkworm larvae (race: Shungetsu x Hosho) reared with fresh mulberry leaf
      in the routine manner were divided into 5 groups, 3,000 larvae per group;
      immediately after their ecdysis for 5th instar and put on mulberry
      leaves-on-shoots rations. Forty eight hours after the start of 5th instar
      feeding, suspension obtained by adding
      1-(3,4-methylene-dioxy-phenyl)-5,9-dimethyl-8-epoxy-1,4-decadiene to a 1 %
      aqueous solution of polyoxyethylenesorbitan mono-oleate (Tween 20) to give
      a concentration of 250 ppm as indicated in Table V was sprayed over the
      larvae at the dose of 500 ml. per 3000 larvae. At the times indicated in
      Table V-(1), a 20 ppm aqueous solution of .beta.-ecdysone was sprayed over
      at the dose of 500 ml. per 3,000 larvae.
PAR  The larvae were reared until the emergence of mature larvae had reached 50
      %.
PAR  The average temperature prevailing during the 5th instar rearing period was
      23.5.degree.C.
PAR  The results are set forth in Table V-(1) and (2). Even when silkworms on a
      mulberry leaves-on-shoots ration were sprayed, the combined administration
      of JH and MH caused remarkable increases in cocoon shell production per
      unit rearing time and this tendency is more evident when the results are
      compared with the corresponding results obtained by employing JH alone.
      Similarly improved results were obtained in terms of total reelable cocoon
      yield per unit rearing time.
TBL                                    Table V -- (1)                          
     __________________________________________________________________________
     Group                                                                     
         Time of adding JH                                                     
                      Time of adding MH                                        
                                   Number of                                   
                                         Total reelable                        
                                                 Rearing                       
     No. (after start of                                                       
                      (after start of                                          
                                   reelable                                    
                                         cocoon weight                         
                                                 time                          
         feeding for  feeding for  cocoons                                     
         5-instar)    5-instar)          (kg.)   (hr.)                         
     __________________________________________________________________________
     1   not sprayed  not sprayed  2,889 5.74    186                           
     2   not sprayed  sprayed, after 172 hr.                                   
                                   2,903 5.95    186                           
     3   sprayed, after 48 hr.                                                 
                      not sprayed  2,872 7.33    267                           
     4   sprayed, after 48 hr.                                                 
                      sprayed, after 184 hr.                                   
                                   2,946 6.81    202                           
     5   sprayed, after 48 hr.                                                 
                      sprayed, after 196 hr.                                   
                                   2,926 7.28    212                           
     __________________________________________________________________________
TBL                                    Table V -- (2)                          
     __________________________________________________________________________
     Group                                                                     
         note (1)                                                              
              note (2)                                                         
                     Cocoon shell                                              
                               Cocoon shell                                    
                                         Total reelable                        
     No. Cocoon                                                                
              Cocoon shell                                                     
                     weight per                                                
                               weight per                                      
                                         cocoon weight                         
         weight                                                                
              weight unit rearing time                                         
                               unit rearing time                               
                                         per unit                              
         (g.) (cg.)  (cg.)     (Index)   rearing time                          
                                         (g./hr.)                              
     __________________________________________________________________________
     1   1.92 47.0   0.2527    100       30.9                                  
     2   1.93 46.8   0.2530    100       32.0                                  
     3   2.33 58.9   0.2206     87       27.5                                  
                                (100)*                                         
     4   2.26 55.6   0.2753    109       33.7                                  
                                (125)*                                         
     5   2.33 58.2   0.2700    108       34.0                                  
                                (123)*                                         
     __________________________________________________________________________
                     Total cocoon weight                                       
                                 Total cocoon weight                           
                     of 100 female silk-                                       
                                 of 100 male silk-                             
                     worms       worms                                         
     note (1): Cocoon weight (g.) =                                            
                               +            .times. 1/2                        
                     100         100                                           
                    Total cocoon shell                                         
                                Total cocoon shell                             
                    weight of 100 female                                       
                                weight of 100 male                             
          Cocoon shell                                                         
                    silkworms   silkworms                                      
     note (2):   =            +            .times. 1/2                         
          weight (cg.)                                                         
                    100         100                                            
      *Parenthetized are indexes with the result obtained by the use of JH alon
      being taken as 100.                                                      
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for increasing the yield of silkworm cocoons which comprises
      administering to silkworm larvae, orally or through the body surface by
      means of spraying or dipping, an insect juvenile hormonal factor, which
      prevents silkworm larvae from metamorphosis, in an amount of from 0.01 to
      100 .mu.g.per silkworm larva in a period of from 24 to 96 hours after the
      start of feeding for their final instar, and administering to the silkworm
      larvae, orally or through the body surface by means of spraying or
      dipping, an insect moulting hormonal factor, which induces final-instar
      silkworm larvae to metamorphose into pupae, in an amount of from 0.1 to 50
      .mu.g.per silkworm larva in a period of from 110 to 288 hours after the
      start of feeding for the same instar, wherein
PA1  the insect juvenile hormonal factor is selected from the group consisting
      of a compound of the formula
      ##SPC4##
PAL  wherein R.sup.1 and R.sup.2, respectively, represent alkyl of 1 to 4 carbon
      atoms, m is zero or 1 and n is zero, 1 or 2; a compound of the formula
      ##SPC5##
PAL  wherein R.sup.3, R.sup.4 and R.sup.5, respectively, represent alkyl of 1 to
      4 carbon atoms and q is zero or 1; and a compound of the formula
      ##SPC6##
PAL  wherein R.sup.6 and R.sup.7, respectively, represent alkyl of 1 to 4 carbon
      atoms, R.sup.8 represents chlorine or alkoxy of 1 to 4 carbon atoms,
      R.sup.9 represents hydrogen, or R.sup.8 and R.sup.9, taken together,
      represent oxygen, X represents oxygen or sulfur, R.sup.10 represents alkyl
      of 1 to 4 carbon atoms, nitro, halogen or alkoxycarbonyl of 1 to 5 carbon
      atoms, R.sup.11 represents hydrogen, or R.sup.10 and R.sup.11, taken
      together, represent methylenedioxy, and
PA1  the insect moulting hormonal factor is selected from the group consisting
      of .alpha.-ecdysone, .beta.-ecdysone, inokosterone, cyasterone,
      ponasterone A and ponasterone B.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein the period of administering the
      insect hormonal factor is from 48 to 72 hours after the start of feeding
      for the final instar and the period of administering the insect moulting
      hormonal factor is from 132 to 240 hours after the start of feeding for
      the same instar.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein the insect juvenile hormonal
      factor is selected from the group consisting of
      1-(3,4-methylenedioxyphenyl)-5,9-dimethyl-8- epoxy-1,4-decadiene,
      1-(3,4-methylenedioxyphenyl)-5,9-dimethyl-8-epoxy-1,4-undecadiene, methyl
      3,7,11-trimethyl-10-epoxy-2,6-dodecadienoate, methyl
      3,11-dimethyl-7-ethyl-10-epoxy-2,6-tridecadienoate, methyl
      3,11-dimethyl-7-ethyl-10-epoxy-2,6-dodecadienoate,
      2,6-dimethyl-2-epoxy-octa-6-ene-(3,4-methyl-enedioxyphenyl)-ether,
      2,6-dimethyl-2-epoxy-octa-6-ene- 3,4-methylenedioxyphenyl)-thioether,
      3-methyl-7-ethyl-3-epoxynona-7-ene-(3,4,-methylenedioxyphenyl)-ether,
      3,7-dimethyl-3-epoxy-nona-7-ene- 3,4-methylenedioxyphenyl)-ether,
      2,6-dimethyl-2- epoxy-octa-6-ene-(4-ethylphenyl)-ether, 2,6-dimethyl
      -2-epoxy-octa-6-ene-(4-nitrophenyl)-ether,
      2,6-dimethyl-2-epoxy-octa-6-ene-(4-methylcarbonylphenyl)-ether,
      2,6-dimethyl -2-epoxy-octa-6-ene-(4-chlorophenyl)-ether and 2,6-dimethyl
      -2-ethoxy-octa-6-ene-(4-nitrophenyl)-ether.
PATN
WKU  039418804
SRC  5
APN  506466&
APT  1
ART  124
APD  19740916
TTL  Method for use of 11-lower alkyl steroids
ISD  19760302
NCL  5
ECL  1
EXP  Rose; Shep K.
INVT
NAM  Short; George E.
CTY  Arlington Heights
STA  IL
ASSG
NAM  G. D. Searle & Co.
CTY  Chicago
STA  IL
COD  02
RLAP
COD  74
APN  117704
APD  19710222
PSC  01
PNO  3860701
RLAP
COD  82
APN  723284
APD  19680422
PSC  01
PNO  3565991
RLAP
COD  90
APN  28934
APD  19700415
PSC  01
PNO  3830907
CLAS
OCL  424241
XCL  424 81
XCL  424243
EDF  2
ICL  A61K 1706
FSC  424
FSS  241;243
UREF
PNO  3499445
ISD  19700300
NAM  Reed
OCL  128260
UREF
PNO  3565991
ISD  19710200
NAM  Short
OCL  424243
UREF
PNO  3830907
ISD  19740800
NAM  Short
OCL  424 19
UREF
PNO  3857932
ISD  19741200
NAM  Shepherd et al.
OCL  424 19
UREF
PNO  3860701
ISD  19750100
NAM  Short
OCL  424 81
OREF
PAL  Fosgate, O. T. "Alteration and Control of Estrous Cycles in Bovines with
      analoss of Testosterone" Bull. Ga. Acad. Sci. 25:106-107 Apr. 20, 1967.
LREP
FR2  McDonnell; John J.
ABST
PAL  The method of controlling estrus and ovulation in female bovines by the
      administration of 11-lower alkyl steroids and 11-lower alkyl steroid
      compositions for use therein.
PAL  Drug delivery system for the controlled elution of 11-lower alkyl steroids
      comprising the steroid adsorbed in a copolymer of a monoester of an
      olefinic acid and a diester of an oelfinic acid. The method of controlling
      estrus and ovulation in female bovines by the implantation of said drug
      delivery system in the bovines, followed by removal at a predetermined
      period, alternatively augmenting the estrus response by administration of
      an estrogenic compound.
PARN
PAR  This is a division of Ser. No. 117,704, filed Feb. 22, 1971, now U.S. Pat.
      No. 3,860,701, issued Jan. 14, 1975, which in turn is a
      continuation-in-part of applicant's prior copending applications Ser. No.
      723,284, filed Apr. 22, 1968 now U.S. Pat. No. 3,565,991, issued Feb. 22,
      1971 and Ser. No. 28,934, filed Apr. 15, 1970, now U.S. Pat. 3,830,907,
      issued Aug. 20, 1974.
BSUM
PAR  This invention relates to compositions useful in treating female bovines
      with certain progestational steroids possessing an 11-lower alkyl
      substituent to attain control of estrus and ovulation and to methods of
      accomplishing said treatment. Such controlled estrus and ovulation is
      particularly useful in the course of breeding such farm animals for
      commercial purposes, for effecting contraception and for producing an
      anabolic response associated with the inhibition of estrus.
PAR  As an embodiment of this invention is also provided a novel drug delivery
      system comprising an 11-lower alkyl steroid, having progestational
      properties but being essentially devoid of estrogenic activity, adsorbed
      in a copolymer of a major amount of a monoester of an acrylic or
      methacrylic acid and a minor amount of a diester of one of said acids
      which diester serves as a cross-linking agent, each monomer component
      being chosen such that the resultant copolymer contains at least one free
      hydroxy group. These polymers per se and their manner of manufacture are
      generally described in U.S. Pat. Nos. 2,976,576 and 3,220,960, except that
      in the most preferred embodiment of this invention an aqueous solution is
      not used in the polymerization so that an anhydrous polymer is prepared
      instead of the hydrogels of U.S. Pat. Nos. 2,976,576 and 3,220,960. A
      further significant distinction lies in the fact that the steroid is added
      to the monomer mixture prior to polymerization in accordance with methods
      disclosed in the literature, suitably by the methods described in U.S.
      Pat. No. 2,721,871.
PAR  Progestational steroids have been administered to domestic animals orally,
      parenterally and intravaginally for various purposes, including the
      control of estrus and ovulation. One purpose of such control is to attain
      near simultaneous release of estrus and ovulation in large numbers of
      cycling animals following cessation of treatment (i.e., synchronization of
      estrus and ovulation), thus facilitating controlled breeding for
      commercial purposes, e.g., breeding by artificial insemination, natural
      service or hand service. Other important commercial purposes of such
      control are: (1) to aid in the induction of ovulation in acyclic animals,
      such as animals which have recently borne young so that such animals with
      long gestation periods have greater assurance of producing an offspring
      each year; (2) to aid in the induction of ovulation in animals that are
      near but have not reached puberty; and (3) to aid in the induction of
      fertile ovulation in animals with impaired fertility resulting from
      neurohormonal imbalances or deficiencies resulting in failure to cycle.
      Moreover such control can enable long term, suitably 90-180 days,
      contraception in female range bovines. Such control can also be employed
      for inhibition of estrus in feed lot heifers.
PAR  Previously, a number of progestational steroids have been used to control
      estrus and ovulation in selected animal species. These compounds were
      often used by the oral route of administration, suitably by mixing the
      compound with ground feed. Problems which have been encountered with such
      compounds and with such oral administration have involved either a too
      long acting effect or undesired variability in the time of release of
      ovulation and estrus and almost invariably impaired fertility at the first
      post-treatment cycle. Consequently the criteria necessary for the
      selection of an effective estrus and ovulation controlling agent for use
      in bovines have remained largely undetermined. Additionally, the practice
      of administering the compound mixed into the ground feed has resulted in
      variations attributed to differences in the feed intake from animal to
      animal and has also made synchronization by this means unsuitable for
      range cattle, which have not been or can only, with difficulty, be adapted
      to ground feed. To avoid the foregoing problems certain efforts have been
      made to incorporate a progestational steroid in an implant, illustratively
      consisting of sponge type material, e.g., elastic, porous and adsorptive
      plastics, particularly polyurethanes of the polyether or polyester type,
      natural sponge, natural or synthetic rubber, polyvinyl chloride or
      polyethylene, for use in estrus and ovulation control in animals
      particularly domesticated varieties. Nevertheless in certain animal
      species, e.g., bovines, it has been found difficult to attain estrus and
      ovulation control while at the same time meeting the demands of
      practicality and efficiency. For example, it has frequently been found
      that the size of implant required in order to release an effective dosage
      for sustained estrus and ovulation control over the treatment period is
      wholly impractical from the standpoint of convenience of insertion in the
      animal, removal from the animal, and acceptance by the animal and owner.
PAR  In accordance with this invention it has been found that selection of a
      suitable agent for use in estrus and ovulation control in bovines is
      dependent upon the compound's ability to be effective in the control of
      estrus and ovulation at low dosage, and to release estrus and ovulation
      nearly simultaneously within a short, predetermined period after
      discontinuance of its use while failing to appreciably interfere with and
      preferably enhancing fertility to the first two breedings subsequent to
      treatment.
PAR  Moreover it has surprisingly been discovered that a direct correlation
      exists between a compound's ability to exhibit such properties and its
      recognition as a potent progestational compound being essentially devoid
      of estrogenicity, i.e., a pure progestin. Potency as a progestational
      compound can be determined by the Clauberg assay (described in Hormone
      Assay, C. W. Emmens, Academic Press, page 422 (1950) wherein a responsive
      rating at least 2 on the McPhail scale is required in order for the
      compound to be said to exhibit progestational activity. A potency of at
      least 1000% as compared to progesterone, upon parenteral administration,
      has been found to be indicative of a potent progestational compound for
      the purposes of this invention. A compound can be said to be essentially
      devoid of estrogenicity if it evokes a response of equal to or less than
      0.02% of estrone in an assay procedure adapted from that described by
      Allen and Doisy, J. Am. Med. Assoc., 81, 819 (1923) and is described as
      follows:
PAR  Female rats, 60 days of age, are spayed and allowed to recover for a period
      of 20-30 days. At 80-90 days of age, the rats are primed with two equal
      injections of 2.5 mcg. (micrograms) of estrone in 0.1 ml. of corn oil
      spaced 24 hours apart. The vaginal mucosa is examined 56 and 72 hours
      after the first injection, and those animals responding positively to two
      courses of priming are selected for testing purposes. Each test animal is
      treated with 1000  mcg. of the test compound administered subcutaneously
      in two equal portions given 24 hours apart. Fresh smears taken from the
      vaginal mucosa are examined microscopically for the presence of cornified
      and/or round nucleated epithelial cells. Using that criterion, each smear
      is scored as positive or negative. A test substance is considered active
      if positive responses are obtained in more than 10% of the animals.
PAR  A further indication of a compound's lack of pure progestin qualities is
      its ability to elicit an active rating in a deciduogenic assay wherein a
      group of four immature female rabbits is primed by the injection of 5 mcg.
      of 17.beta.-estradiol daily on each of 6 successive days. Starting on the
      day following the last priming injection and continuing on each of 8
      successive days thereafter, a corn oil solution or suspension of 10 mgs.
      of the test compound is administered subcutaneously. On the 9th day the
      animals are sacrificed and the uteri are removed and examined
      histologically for evidence of decidual cell formation. Decidual cell
      formation is typical of that found in the uteri of pregnant rabbits and
      can be induced by substances such as norethynodrel. Illustrative of the
      11-lower alkyl steroidal progestational compounds being essentially devoid
      of estrogenic activity found, according to this invention, to be suitable
      for control of estrus and ovulation upon oral, parenteral (e.g.,
      subcutaneous, intramuscular or intravenous) or intravaginal administration
      to bovines are
      17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione and
      derivatives thereof, particularly those represented by the following
      general formula:
      ##SPC1##
PAL  wherein R can be hydrogen or an alkanoyl radical containing 1 to 10 carbon
      atoms, R' a lower alkyl radical, X is H.sub.2 or a methylene radical, Y is
      hydrogen or a methyl or chloro group, and Z is a carbonyl,
      hydroxymethylene or (lower alkanoyl)oxymethylene radical, the dotted line
      indicates an optional 6(7) double bond and the wavy line indicates that
      the substituent in the 6-position can be in the .alpha. or .beta.
      stereochemical configuration. (This group of compounds is prepared
      according to the methods described in U.S. Pat. No. 3,527,778 and U.S.
      Ser. No. 45,592, filed June 11, 1970.) One particularly potent pure
      progestin desirably employed in the instant invention at doses as low as
      0.14 mg. daily for 14-21 days upon parenteral administration is
      17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione.
PAR  A further group of suitable 11-lower alkyl steroidal "pure progestins" are
      3-(3-oxo-11.beta.,13.beta.-dialkyl-17.beta.-hydroxygon-4-en-17.alpha.-yl)
      propionic acid .gamma.-lactones especially those represented by the
      following general structure:
      ##SPC2##
PAL  wherein R and R' are lower alkyl radicals. (These .gamma.-lactones are
      prepared according to the methods described in U.S. Pat. No. 3,462,426.) A
      member of this group which is particularly suited for the purposes of this
      invention is
      3-(3-oxo-11.beta.-methyl-17.beta.-hydroxyestr-4-en-17.alpha.-yl)propionic
      acid .gamma.-lactone. This compound demonstrates effective control of
      estrus and ovulation of female bovines upon parenteral administration at
      dosages as low as 0.45 mg. daily. Similarly suitable are (optionally
      17-lower alkylsubstituted) 11,13.beta.-dialkylgon-4-en-3-ones such as
      those embodied in the following structural formula:
      ##SPC3##
PAL  wherein R and R" are lower alkyl radicals, X is hydrogen or a lower alkyl
      radical, R' can be hydrogen or a lower alkanoyl radical, the wavy line
      indicates that the alkyl substituent at the 11-position can possess either
      the .alpha. or .beta. stereochemical configuration. These compounds can be
      prepared according to the procedures detailed in U.S. Pat. No. 3,325,520.
PAR  The lower alkyl radical embodied in the foregoing formulas are exemplified
      by methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl and the
      branched-chain radicals isomeric therewith.
PAR  Typical of the lower alkanoyl radical signified above as well as the
      alkanoyl portion of the (lower alkanoyl) oxymethylene radicals appearing
      above are forinyl, acetyl, propionyl, butyryl, valeryl, caproyl,
      heptanoyl, octanoyl, nonanoyl, decanoyl, and the branched-chain isomers
      thereof.
PAR  In accordance with this invention the 11-lower alkyl steroidal
      progestational compound, being essentially devoid of estrogenic activity,
      is made for administration by incorporation into a pharmaceutically
      acceptable carrier composition convenient for the route of administration
      elected. Synchronization, for example, is conveniently achieved by
      injection of the steroidal compound in edible oils. Suitable
      pharmaceutical acceptable carriers for injection, i.e., to induce
      ovulation in acyclic animals, include water, edible oils, alcohols,
      glycols and oil- and water-base pastes of polyglycols. Such compositions
      may additionally include agents such as isotonic and suspending agents,
      surfactants, preservatives, bactericidal and bacteriostatic agents.
PAR  Illustrative preparations of three concentrations of an edible oil
      composition containing two preferred 11-alkyl steroidal "pure progestins"
      are presented below.
PAR  To obtain a corn oil compositions containing 2.5 milligrams of
      17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione, per
      milliliter, 2.5 grams of the steroid were added to 950 milliliters of corn
      oil, with stirring, and the resulting solution was heated to about
      45.degree.C. Thereafter the solution was cooled to ambient temperature and
      its volume was adjusted to 1 liter with addition of oil. Stirring was
      continued to achieve homogeity and the solution was then filtered through
      a medium porosity sintered glass filter and filled into vials of the
      appropriate size. When 0.5 grams and 0.1 gram of the steroid were added to
      950 milliliters of corn oil and the foregoing procedure was repeated, corn
      oil compositions containing 0.5 milligram per millimeter and 0.1 milligram
      per millimeter, respectively, of
      17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione were
      obtained.
PAR  To obtain corn oil compositions containing 2.5 milligrams of
      3-(3-oxo-11.beta.-methyl-17-hydroxyestr-4-en-17.alpha.-yl)propionic acid
      .gamma.-lactone per milliliter, 2.5 grams of the steroid were dissolved in
      100 milliliters of benzyl alcohol by stirring and heating to 40.degree.C.
      After dissolution was complete, the volume was adjusted to 1 liter by the
      addition of corn oil. The solution was stirred until achieving
      homogeneity, after which time the solution was filtered through a medium
      porosity sintered glass filter and filled into vials of the appropriate
      size. When 0.5 grams and 0.1 gram of the steroid were added to 100
      milliliters of benzyl alcohol and the above procedure was repeated, corn
      oil compositions containing 0.5 milligram per milliliter and 0.1 milligram
      per milliliter, respectively, of
      3-(3-oxo-11.beta.-methyl-17.beta.-hydroxyestr-4-en-17.alpha.-yl)propionic
      acid .gamma.-lactone.
PAR  Suitable pharmaceutically acceptable carriers for implantation or
      intravaginal insertion include non-toxic diluents and bulking agents,
      solid porous materials such as silicone rubber and polyurethane, in which
      the steroid is dispersed. The steroidal agent can also be add-mixed with
      feed, alternatively additionally combined with any of the foregoing
      carriers and agents.
PAR  To provide a drug delivery system for use in bovines which will achieve the
      goals of effective control of estrus and ovulation set forth in pages 2
      and 3 while at the same time satisfying the commercial needs of
      convenience and practicality in intended usage, e.g., in the
      administration to, withdrawl from and compatibility with the bovine, in
      accordance with this invention, it has been found that a particularly
      useful carrier or support material for administering a selected 11-lower
      alkyl steroidal progestational compound, being essentially devoid of
      estrogenic activity, is a copolymer of a major amount of a monoester of a
      acrylic or methylacrylic acid and a minor amount of a diester of one of
      these acids each monomer component being chosen such that the resultant
      copolymer contains at  least one free hydroxy group. These copolymers are
      generally described in U.S. Pat. Nos. 2,976,576 and 3,220,960 but are most
      preferably prepared without the use of water in the polymerization mixture
      and with the addition of the steroid to the polymerization mixture,
      suitably by incorporation in a monomer or the monomer mixture prior to
      polymerization. The monoester monomers for use in preparing the
      aforementioned copolymers typically include methacrylyl glycolic acid and
      the monomethacrylates and mono-acrylates of glycols, glycerol, di- and
      poly-alkylene glycols, and other poly-hydroxylic compounds. The diester
      monomers for use in preparing the copolymer and serving as the
      crosslinking agents thereof include the diacrylates and dimethacrylates of
      glycols, glycerol, di- and poly-alkylene glycols, and other
      poly-hydroxylic compounds, including ethylene glycol and tri-ethylene
      glycol. An especially preferred and advantageous support component of the
      drug delivery system embodied by this invention is that copolymer prepared
      by combining a major amount of 2-hydroxyethyl methacrylate with a minor
      amount of ethylene glycol dimethacrylate. That mixture of monomers, most
      desirably containing the medicinal component, i.e., the pure progestin, is
      bulk polymerized, preferably in the presence of a known polymerization
      initiation (such as diisopropyl peroxydicarbonate) suitably by warming to
      yield the instant drug delivery system. The amount of cross-linkage in the
      polymerized product is directly controlled by the percentage (on a weight
      basis) of the cross-linking agent present in the monomer mixture. Thus in
      the preferred support component, described above, the amount of ethylene
      glycol dimethacrylate added to mixture for polymerization will be in
      substantially direct proportion to the amount of cross-linkage present in
      polymerized product. A specific illustration of the chemical preparation
      of an instant drug delivery system is the combining of about 4200 parts of
      2-hydroxyethyl methacrylate, 43 parts of ethylene glycol dimethacrylate, 7
      parts of diisopropyl dicarbonate and 750 parts of
      17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione and the
      stirring of this mixture at room temperature, or optionally with the
      supplying of a slight amount of heat, to effect solution. That
      monomer-drug mixture is than added to a series of molds, preferably of the
      cylindrical shape, and of the desired size, for example having an internal
      diameter of 5 mm. The molds are then placed in a water bath and held at
      temperatures up to 90.degree.C, most preferably 75.degree.C, for a period
      of approximately 25 minutes to affect polymerization. The resulting mold
      shaped drug delivery system now characterized by a cross-linkage
      substantially identical that amount of cross-linking monomer added to the
      preparative mixture, for example in the foregoing instance wherein
      ethylene glycol dimethacrylate is the cross-linking monomer, a percent
      cross-linkage of about 1% is achieved. Thus by varying the amount of
      cross-linking monomer component any desired cross-linkage can be obtained.
      For the purposes of this invention it has been found that cross-linkages
      of between 0.3 to 20% are suitable, though most preferred results are
      obtained in the range of 4-5% for synchronized breeding and 7-20% for
      prolonged inhibition of estrus. Of course, as explained below, the
      selection of the 11-lower alkyl "pure progestin" component is one of the
      determining factors in choosing a most desirable amount of cross-linkage.
PAR  It has been found, according to the discovery of this invention, that in
      order for the medicinal component of the drug delivery system to be
      effective in the control of estrus and ovulation it must not only possess
      the biological profile referred to above, namely it must be a
      progestational compound essentially devoid of estrogenic activity, but it
      likewise must possess the characteristic of compatibility with the support
      component selected, namely the polymer of which the drug delivery system
      is composed. As one aspect of compatibility, the medicinal component must
      be stable in relationship to the support component such that upon elution
      (e.g., in the bovine body fluids), the medicinal component will not differ
      in chemical constitution from the medicinal component which was adsorbed
      on or in the support material. As a further aspect of compatibility, the
      medicinal component must be sufficiently soluble in the support material
      and the resultant drug delivery system sufficiently soluble in the bovine
      body fluids such that the medicinal component will not prematurely
      precipitate out of the support material but will elute at a substantially
      constant rate from the drug delivery system to provide the systemic
      delivery to the bovine of an effective estrus and ovulation controlling
      dosage of "pure progestin" per day over the entire treatment period.
      Finally, the medicinal component must possess the ability to be controlled
      in its release rate from the drug delivery system such that constant
      elution is obtained over the treatment period, while simultaneously the
      original amount necessary for incorporation in the support material is not
      so large as to require the finished drug delivery system to be of a size
      which is impractical for use in the bovine. According to this invention,
      it has been discovered that each of the requirements for a medicinal
      component can be met by utilizing an 11-lower alkyl steroidal
      progestational compound, being essentially devoid of estrogenic activity,
      particularly one of the compounds embodied in the groups discussed
      hereinbefore, and most especially
      17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione. For the
      bovine it has been determined that a practical size of drug delivery
      system is within the range of about 3-10 millimeters in diameter, by about
      15-65 millimiters in length. The drug delivery system herein provided by
      this invention may be administered by any practical method consistent with
      animal acceptance and can be suitably achieved by subcutaneous
      implantation in various receptive animals sites, e.g., between the center
      and the base of the ear, in the neck, jaw or area of the tail head of the
      bovine; minor modifications of device design would permit intravaginal
      administration. The well known susceptibility of the ear to excessively
      low ambient temperatures with a resulting predisposition to constriction
      of the blood vessels located in it may dictate a preference for an
      alternative implantation site under certain conditions.
PAR  The dosage of the medicinal component contained in the drug delivery system
      is obviously dependent upon the choice of particular support material and
      11-lower alkyl steroidal progestational compound, being essentially devoid
      of estrogenic activity. The route of administration, the cyclical status
      of the animal to be treated and specific nature of the desired results are
      additional factors that would influence the dose and treatment regimen.
PAR  Generally, considering all of the various purposes to be achieved by the
      control of estrus and ovulation, the most preferred drug delivery system
      of this invention is that in which the medicinal component is
      17.beta.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione and the
      support component is that polymer prepared generally in accord with the
      procedure described above from the monomers 2-hydroxyethyl methacrylate
      and ethylene glycol dimethacrylate and having a cross-linkage percentage
      of 0.3-20%.
PAR  Where the 11-lower alkyl steroidal "pure progestin" is to be administered
      over a period of two or more days by means of one or more drug delivery
      system each delivery system should contain 1.5-4 fold, or greater
      multiples of the total dosage to be administered to insure than an
      adequate amount of compound enters the system of the cow over the entire
      treatment period. Thus, the preferred drug delivery system for use in the
      control of estrus and ovulation to effect synchronized breeding in cycling
      animals should desirably contain at least about 3 milligrams and
      preferably 6 milligrams of an 11-lower alkyl steroidal progestational
      compound being essentially devoid of estrogenic activity, e.g.,
      17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione. For
      control of estrus and ovulation in the female bovine to effect inhibition
      of estrus or contraception for 90-180 days each drug delivery system
      should contain preferably 30-60 milligrams of an 11-lower alkyl steroidal
      progestational compound being essentially devoid of estrogenic activity,
      e.g., 17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione. Of
      course, the amount of medicinal component can vary with any difference in
      potency in the 11-lower alkyl steroidal "pure progestin" selected and the
      use to which it is to be put.
PAR  A convenient shape and size of drug delivery system for use in the bovine
      can consist of any compatible shape, particularly a cylindrical shape for
      example in the form of a rod or tube, having a diameter of 0.3 to 1.0 cm.
      and a length of 1.5 to 6.5 cm. Particularly preferred dimensions for
      synchronized breeding use are a diameter of 0.3 cm. and a length of 1.8
      cm. when the medicinal component is
      17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione. The
      cylindrical shape and this particular size has been advantageously
      selected for use in bovines, particularly by the subcutaneous route of
      administration, because the shape affords both maximum surface area into
      which the chosen concentration of 11-alkyl steroidal "pure progestin" can
      be adsorbed or disbursed and ease of instrumentation in implantation thus
      avoiding disruptive psychological problems and rejection or lack of
      acceptance on the part of the animal. Since it has been established that
      there is a linear relationship between rate of elution and surface area of
      the drug delivery system available for contact with tissue fluids, as well
      as rate of elution and concentration of the steroid to be released, it was
      desired to select a drug delivery system which would permit the maximum
      coordination of these factors. Additionally, the relatively small size is
      preferable from the standpoint of facilitating implantation under the skin
      (e.g., minor incisions are required) and avoiding untoward psychological
      reactions on the part of the implantor. Consequently, since the surface
      area available for contact with tissue fluid was substantially
      predetermined in the bovine along with a suitable site for implantation
      this factor had to be maximized by an appropriate selection of steroid
      which would provide a concentration at which control could be achieved and
      would hopefully provide an advantageous rate of elution from the support
      material. When it was determined that the 11-lower alkyl "pure progestin,"
      of this invention were characterized by a unique property of their rate of
      elution from the preferred support material being responsive to the amount
      of cross-linking agent incorporated in the polymer, it was appreciated
      that such a factor combined with the high potency, stability and
      solubility of the selected compound made its usage surprisingly and
      advantageously compatible with the preferred support material to provide
      an unusually effective drug delivery system.
PAR  Because of the maximizing of each of the significant factors affecting the
      rate of the elution of the steroid into the animal, it has been found that
      this technique of administration to a bovine, preferably by implantation
      of an instant drug delivery system permits a desirable lowering of the
      effective dose required to accomplish synchronization, reduces the number
      of times an animal need be handled, effects a maximum practical control
      over the dose as a factor of time and its removal provides for a precise
      and sharp termination of treatment not obtainable with other methods of
      administration, particularly per oral. Desirably, the drug delivery system
      should contain sufficient 11-lower alkyl steroidal "pure progestin" to
      permit the release of at least the dosage required to control estrus and
      ovulation upon constant infusion per day. In the instance of the most
      preferred embodiment of this invention, namely the instant drug delivery
      system containing
      17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione as the
      medicinal component should permit the release of at least 0.14 milligram
      per day. To achieve this effect it has been determined, as indicated above
      that the 11-lower alkyl steroidal "pure progestin" drug delivery system
      should contain 1.5-4 fold multiples of the total dosage to be administered
      to insure that an adequate amount of the compound enters the system of the
      cow over the entire treatment period.
PAR  This drug delivery system can be provided with a means for easy withdrawl
      at any desired time. Specifically, in order to remove the drug delivery
      system at will, it can be provided with cord-like means affixed to the
      composition by incorporating the cord-like means into the mold prior to
      polymerization or by incorporating the composition in a mesh-like
      enclosure having cord-like withdrawal means at one or each end of the
      enclosure. A mesh-like enclosure, as opposed to a solid enclosure not
      having an open texture, can be desirable for the drug delivery system
      since such an enclosure permits the surface of the implant composition to
      contact the tissue fluids, thus enabling elution. Upon implantation, these
      cord-like withdrawal means will protrude from the skin openings. If
      necessary to secure the drug delivery system in place, the two ends may be
      tied together. To accomplish easy removal, tension is applied to a free
      protruding withdrawal means. Because of ready availability and relative
      inexpensiveness, silver-plated copper mesh has been chosen as a sufficient
      and desirable material from which to make the mesh-like enclosure; other
      materials suitable for forming mesh-like enclosures can be employed such
      as woven cloth, plastics such as polyvinyl or polyethylene, or the like.
      Silver-plated copper mesh has been found sufficient in that it can be
      twisted and formed to enclose the implant composition and provide the
      withdrawl means. Also, it minimizes the number of crypts in which
      microorganisms can take refuge from body defenses, it has great tensile
      strength and it evokes little or no tissue reaction.
PAR  It has been advantageously found that the above described drug delivery
      system also can be used in the following manner for synchronization of
      breeding. At the time of implantation a single injection of at least 5
      milligrams of estradiol valerate or an equivalent biological amount of
      another similarly long-acting estrogen which serves to promote regression
      of the corpora lutea, is simultaneously administered. The drug delivery
      system is then retained in the animal for a period of nine or ten days.
      These animals would then be bred in respect to manifestation of estrus.
      Optionally, animals which have been treated for 14-16 days with the
      instant 11-alkyl steroidal progestin drug delivery system alone or for
      9-10 days in accordance with the immediately preceding procedure can be
      intramuscularly administered 0.5 to 2  milligrams of 17.beta.-estradiol or
      an equivalent biological amount of another physiologically compatible
      estrogen such as diethyl stilbestrol, 24 hours after drug delivery system
      removal. These animals can then be artificially inseminated 30-48 hours
      after estrogen administration without reference to manifestations of
      estrus. In lieu of the administration of 17.beta.-estradiol or its
      equivalent, an intra-muscular injection of 400-1500 IU (International
      Units) pregnant mare serum gonadotropin or other suitable gonadotropin may
      be administered at the time of drug delivery system removal and the
      animals artificially inseminated within 3 days thereafter without regard
      to manifestations of estrus.
DETD
PAR  The following examples are given by way of illustrating the invention and
      are not to be construed as limiting. Unless otherwise indicated, amounts
      of material given in parts are parts by weight.
PAC  EXAMPLE 1
PAR  Seventeen cycling beef heifers were administered, by subcutaneous
      implantation, an instant drug delivery system containing 6 milligrams of
      17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione adsorbed in
      the polymerized product of the combination of 2-hydroxyethyl methacrylate
      and ethylene glycol dimethacrylate which was characterized by a 4% content
      of the cross-linking monomer. The drug delivery systems were removed after
      21 days and all 17 heifers came into estrus within 48 hours.
PAC  EXAMPLE 2
PAR  Thirty-seven cycling beef heifers were given a drug delivery system of the
      instant invention by subcutaneous implantation without regard to the stage
      of their estrus cycles. Each drug delivery system contained 6 milligrams
      of 17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione adsorbed
      in a support material prepared from 2-hydroxyethylmethacrylate and
      ethylene glycol dimethacrylate according to the polymerization procedure
      discussed above and characterized by a 4.8% content of cross-linking
      monomer. Thirty-five of the 37 heifers came into estrus within 72 hours
      after drug delivery system removal on the 21st day post implantation.
PAC  EXAMPLE 3
PAR  One hundred and twenty beef heifers were randomly assigned to three groups
      of 40 each. Heifers in group one were administered, by subcutaneous
      implantation in the ear, a drug delivery system of this invention
      containing 6 milligram of
      17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione adsorbed in
      the polymer prepared from 2-hydroxyethyl methacrylate and ethylene glycol
      dimethacrylate according to the procedure discussed above and
      characterized by a cross-linkage content of about 4.8%. The drug delivery
      systems were removed on the 17th day and it was observed that 90% of the
      heifers came into estrus within 38 hours.
PAR  Heifers in group two were given drug delivery systems identical with those
      given to group one by the same technique, namely subcutaneous implantation
      in the ear. At the same time, each heifer was given an injection of 5
      milligrams of estradiol valerate. Upon removal of the drug delivery
      systems on the 10th day post treatment, 98% of the heifers came into
      estrus within 110 hours.
PAR  Heifers in control group three were each given, by subcutaneous
      implantation, a drug delivery system identical to that described for group
      one except that the medicinal component was omitted. The delivery system
      was removed on the 10th day post implantation and 10% of the heifers were
      observed to come into estrus within 96 hours after removal.
PAR  Thirty-seven, 39 and 38 of the heifers in groups one, two, and three,
      respectively, were artificially inseminated as detected in estrus.
      Pregnancy diagnosis made 41 and 55 days after treatment was terminated
      disclosed that 11/37 (30%) in group one, 24/39 (62%) in group two and
      27/38 (71%) in group three conceived to first service and 27/37 (68%),
      32/39 (80%) and 28/38 (70%) conceived to service at all times detected in
      estrus during a 26-day period starting on the day the drug delivery
      systems were removed from all heifers in each of the three groups.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of controlling ovulation and estrus in female bovines which
      comprises the subcutaneous administration of an 11-lower alkyl steroidal
      progestational compound selected from the group comprising
      17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione and
      3-(3-oxo-11.beta.-methyl-17.beta. hydroxyestr-4-en-17.alpha.-yl) propionic
      acid .gamma. lactone, being essentially devoid of estrogenic activity, to
      said female bovines.
NUM  2.
PAR  2. The method according to claim 1 in which the compound is
      17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione.
NUM  3.
PAR  3. The method according to claim 1 in which the compound is
      3-(3-oxo-11.beta.-methyl-17.beta.-hydroxyestr-4-en-17.alpha.-yl)propionic
      acid .gamma.-lactone.
NUM  4.
PAR  4. The method according to claim 2, in which the amount of said 11-lower
      alkyl steroidal progestational compound administered is at least 0.14
      milligram per day.
NUM  5.
PAR  5. The method according to claim 1 in which the compound is administered
      over a 14-21 day period.
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ABST
PAL  There are provided certain novel 1,2-dimethyl pyrazolium compounds having
      nitrogen containing substituents in the 3 or 5 position, and to both a
      method for controlling plant pathogenic fungi with said compounds and a
      method for protecting plants from an attack by fungi by applying to the
      foliage of plants a fungicidally effective amount of said compound.
BSUM
PAR  The present invention relates to novel pyrazolium compounds and methods for
      preparing the same. More particularly, it relates to compounds having the
      formula:
      ##SPC1##
PAL  Wherein R is 4-pyridyl or a member represented by the formula;
EQU  --NR.sub.1 R.sub.2
PAL  where R.sub.1 and R.sub.2 each are members selected from the group
      consisting of hydrogen, alkyl C.sub.1 -C.sub.6, cycloalkyl C.sub.3
      -C.sub.6, benzyl, phenyl, 2,3-xylyl and when R.sub.1 and R.sub.2 are taken
      together with the nitrogen to which they are attached, they form the
      moiety:
      ##SPC2##
PAL  Where R.sub.3 is hydrogen or methyl; X represents an anion having a charge
      of from 1 to 3; and m is an integer from 1 to 3.
PAR  In general, a plurality of anions in the hereinabove defined compounds can
      be employed.
PAR  Illustrative of the anions which are particularly suitable for use in the
      present invention may be mentioned, for example, halides, such as
      chloride, bromide or iodide; acetate, sulfate, hydrogen sulfate, methyl
      sulfate, benzene sulfonate, C.sub.1 -C.sub.4 alkyl benzene sulfonate,
      preferably p-toluene sulfonate, nitrate, phosphate, carbonate, and
      perchlorate.
PAR  With regard to pyrazolium salts of the present invention, it is to be
      understood that certain multivalent anions such as sulfate, phosphate, and
      the like, may have associated with them a cation in addition to the
      pyrazolium cation, as for example, a proton or an alkali metal or alkaline
      earth metal. For simplicity, such anions are portrayed as being unionized,
      although they probably are in fact further ionized. Typical
      representations are: NaSO.sub.4 .sup.-, KPO.sub.4 .sup.-.sup.-, MgPO.sub.4
      .sup.-, HSO.sub.4 .sup.-, NaHPO.sub.4 .sup.-, and the like.
PAR  The compounds defined by formula (I) above are unexpectedly capable of
      controlling plant pathogenic fungi. More specifically, the method of the
      present invention surprisingly protects plants from an attack by fungi by
      applying to the foliage thereof a fungicidally effective amount of desired
      compound.
PAR  In general, the pyrazolium compounds defined in the instant specification,
      can be prepared by reacting a 3-halo-1,2-dimethyl-5-phenylpyrazolium salt
      with an equimolar amount, or an excess (i.e. 20 to 50 percent molar
      excess) of an amine of the formula HNR.sub.1 R.sub.2 wherein R.sub.1 and
      R.sub.2 are as defined above, in the presence of a solvent, such as a
      lower alcohol C.sub.1 -C.sub.4, a lower C.sub.1 -C.sub.3 ketone or
      acetonitrile at reflux, for a reaction period of from about 1 hour to 24
      hours, and preferably from 3 to 8 hours. Thus, in the preparation of
      1,2-dimethyl-5-phenyl-3-(4-pyridyl)-pyrazolium iodide, the known
      1-phenyl-3-(4-pyridyl)-1,3-propanedione is treated with
      sym-dimethylhydrazine hydriodide to yield
      1,2-dimethyl-5-phenyl-3-(4-pyridyl)pyrazolium iodide directly.
PAR  The conversion of water soluble pyrazolium sulfates to water insoluble
      perchlorates, iodides or tetrafluoroborates is accomplished by the
      addition of either sodium perchlorate, sodium iodide or sodium
      tetrafluoroborate to the aqueous pyrazolium methyl sulfate solutions. The
      thusformed salts precipitate out from the solutions.
PAR  The compounds of the present invention, as represented by formula (I)
      above, and derivatives thereof, are highly effective foliar fungicidal
      agents. They are particularly effective when applied to the foliage of
      plants infested with pathogenic fungi at a rate between about 0.56 kg and
      11.2 kg per hectare and preferably from 0.56 kg per hectare.
PAR  The compounds of the present invention are also effective for protecting
      living plants from an attack by fungi by applying to the foliage of said
      plants a compound of present invention at a rate between about 0.56 kg and
      11.2 kg per hectare.
PAR  For application of the formula (I) pyrazolium compounds to the foliage of
      plants, the compounds are generally formulated as fungicidal compositions
      by admixing a fungicidal adjuvant with a fungicidally effective amount of
      said compounds. Suitable adjuvants include one or more conventional solid
      or liquid carriers, diluents and formulation aids, particularly
      surfactants.
PAR  The active pyrazolium compounds can be formulated as dusts, dust
      concentrates, wettable powders or emulsifiable concentrates. However, the
      emulsifiable concentrates are preferred.
PAR  Dusts are readily prepared by grinding together about 1 to 25 percent by
      weight of the active agent with from about 99 to 75 percent by weight of a
      solid diluent such as kaolin, attapulgite diatomaceous earth, or the like.
      Dust concentrates are prepared in similar fashion excepting that about 25
      to 95 percent by weight of the active agent is ground with about 75 to 5
      percent and weight of the diluent.
PAR  Wettable powders are prepared in the same manner as the dust concentrates
      excepting that about 1 to 5 percent by weight of a dispersing agent such
      as sodium lignosulfonate, or the sodium salt of condensed naphthaline
      sulfonic acid is blended with the mixture and about 1 to 5 percent of a
      surfactant, such as polyoxyethylated vegetable oil or an alkyl phenoxy
      polyoxyethylene ethanol, is also blended with the formulation. In
      practice, the powder is mixed with water and applied to the plant foliage
      as an aqueous spray.
PAR  Emulsifiable concentrates are prepared by dissolving from 15 to 70 percent
      of the compound in 85 percent to 30 percent of a water-miscible solvent,
      such as water itself on another polar water-miscible solvent, such as
      2-methoxy ethanol, methanol, propylene glycol, diethylene glycol,
      diethylene glycol monoethyl ether, formamide and methylformamide,
      containing 1 to 5 percent of a surfactant, such as TWEEN 20, a
      polyoxyethylene sorbitan monolaurate surfactant by Atlas Chemical
      Industries, or the like. Application of the material is made by adding a
      predetermined quantity of the emulsifiable concentrate to a spray tank and
      applying the concentrate as such or in combination with an additional
      quantity of water or other polar solvent as a liquid spray.
DETD
PAR  The invention is further illustrated by the examples set forth below. These
      examples are provided only by way of illustration and are not intended to
      be limiting the invention.
PAC  EXAMPLE 1
PAC  Preparation of 1,2-Dimethyl-3-benzylamino-5-phenylpyrazolium Iodide
PAR  A mixture of 3-chloro-1,2-dimethyl-5-phenylpyrazolium iodide (6.6 g, 0.02
      mole) ethanol (70 ml) and benzylamine (4.6 g, 0.21 mole) is heated at
      reflux for 7 hours. The mixture is cooled to room temperature and let
      stand overnight. It is then filtered and the filtrate evaporated to
      dryness. The residual solid is dissolved in hot water, and the solution
      treated with aqueous sodium bicarbonate solution, extracted with ether
      then with chloroform. The chloroform layer is evaporated leaving a
      residual oil which does not crystallize. The oil is dissolved in cold
      water and the solution stored four days in a refrigerator. A cream colored
      solid deposited and is filtered off; m.p. 55.degree.C to 57.degree.C and
      dried at room temperature in vacuo. 5.3 Grams product (63 percent) is
      obtained as the monohydrate, m.p. 57.degree.C to 59.degree.C.
PAR  Analysis Calculated for C.sub.18 H.sub.20 N.sub.3 I.H.sub. 2 O: C, 51.07;
      H, 5.24; N, 9.92. Found: C, 51.20; H, 5.07; N, 9.94.
PAC  EXAMPLE 2
PAR  Repeating the procedure of Example 1 above, the following compounds,
      corresponding to the formula:
      ##SPC3##
PAL  are prepared, and identified in Table I below by substituent R, the anion X
      and their melting point.
TBL                Table 1                                                     
     ______________________________________                                    
     Number                                                                    
           R              X        Melting Point .degree.C                     
     ______________________________________                                    
     1     --NH.sub.2     I        176 - 177                                   
     2     --N(C.sub.3 H.sub.7).sub.2                                          
                          C10.sub.4                                            
                                   74 - 75                                     
      3*   --NH--CH(C.sub.2 H.sub.5).sub.2                                     
                          I        189 - 193                                   
     4                    I        43 - 46                                     
     5                    I        189.5 - 190.5                               
     6                    C10.sub.4                                            
                                    171 - 172.5                                
     7                    C10.sub.4                                            
                                   94 - 96                                     
     8                    I        199.5 - 202                                 
     ______________________________________                                    
      *Acetonitrile used as solvent, instead of ethanol.                       
PAC  EXAMPLE 3
PAC  Preparation of 1,2-Dimethyl-5-phenyl-3-(4-pyridyl)pyrazolium Iodide
PAR  Sym - dimethylhydrazine dihydrochloride (4.54 g, 0.034 mole), potassium
      iodide (13 g, 0.078 mole) and absolute ethanol (100 ml) are mixed, stirred
      and heated at reflux for 3 hours. The mixture is then cooled and filtered.
      The filtrate is added to a partial solution of the diketone:
      ##SPC4##
PAL  (4.5 g, 0.02 mole) in absolute ethanol (50 ml) and the reaction mixture
      heated at reflux for 18 hours. The reaction mixture is cooled, the solvent
      removed in vacuo and the residual oil slurried with a benzene/water mix.
      The aqueous layer is extracted with chloroform, the chloroform is removed
      and the residue treated with hexane to yield 1 g of solid, m.p.
      166.degree.C to 168.degree.C. The solid is dried, m.p. 171.degree.C to
      173.degree.C.
PAR  Analysis calculated for: C.sub.16 H.sub.16 N.sub.3 I: C, 50.94; H, 4.28; N,
      11.14. Found: C, 50.91; H, 4.52; N, 11.04.
PAC  EXAMPLE 4
PAC  Preparation of 1,2-Dimethyl-3-dimethylamino-5-phenylpyrazolium Iodide
PAR  3-Chloro-1,2-dimethyl-5-phenylpyrazolium iodide (10.0 g, 0.03 mole) is
      treated with sodium phenoxide (5.64 g, 0.06 mole) in dimethylformamide
      (100 ml) and the mixture heated and stirred at 110.degree.C to
      120.degree.C for 21 hours. The dimethylformamide is then removed in vacuo,
      the residual oil dissolved in aqueous sodium bicarbonate solution and is
      extracted with ether. The ether fraction yields some brown oil which is
      not further examined. Next the aqueous sodium bicarbonate solution is
      extracted with chloroform (2.times.150 ml). Evaporation of the chloroform
      solution yields a white solid which is dried by azeotropic distillation of
      toluene. Crystallization from a chloroform/ether mixture yields a white
      solid, m.p. 181.5.degree.C to 182.degree.C.
PAR  Analysis calculated for C.sub.13 H.sub.18 N.sub.3 I: C, 45.46; H, 5.28; N,
      12.25. Found: C, 45.16; H, 5.23; N, 12.12.
PAC  EXAMPLE 5
PAC  Preparation of 5-Chloro-1-methyl-3-phenylpyrazole
PAR  To a solution of POCl.sub.3 (2,015 g, 19 moles) is added solid
      1-methyl-3-phenylpyrazol-2-in-5-one (2,073 g, 11.9 moles) with stirring
      and warming. At 100.degree.C the mixture becomes homogeneous. The reflux
      temperature rises from 119.degree.C to 143.degree.C over a period of 30
      hours. After cooling, the mixture is poured into ice and water (8 1) with
      stirring. After 4 hours the slurry is filtered and the filtercake added to
      4 1 of water containing 1.5 1 of 10% sodium hydroxide solution with
      stirring. Removal of the solid by filtration followed by a
      recrystallization from hexane gives 1,523 g of product, m.p. 61.degree.C
      to 62.degree.C.
PAC  EXAMPLE 6
PAC  Preparation of 1,2-Dimethyl-3-chloro-5-phenylpyrazolium methyl sulfate
PAR  Dimethylsulfate (30 g, 0.22 mole) is added to a stirred solution of
      1-methyl-5-chloro-3-phenylpyrazole (39.5 g, 0.2 mole) in dry xylene (350
      ml) and the reaction mixture is warmed to 105.degree.C to 115.degree.C for
      18 hours. A brown syrup separates out, the reaction is cooled and the
      xylene is decanted off. Dry acetone (300 ml) is added and after stirring a
      white precipitate separates out and is filtered off, m.p. 100.degree.C to
      102.degree.C 33.8 g (55%). Recrystallization from dry acetone-toluene
      gives white needles m.p. 102.degree.C to 104.degree.C.
PAC  EXAMPLE 7
PAC  Preparation of 1,2-Dimethyl-3-chloro-5-phenylpyrazolium iodide
PAR  To an aqueous solution of 1,2-dimethyl-3-chloro-5-phenylpyrazolium methyl
      sulfate is added a saturated aqueous solution of sodium iodide at
      5.degree.C. A copious precipitate is formed and filtered off. The solid is
      dissolved in methylene chloride and precipitated with diethyl ether to
      give almost white crystals, m.p. 162.degree.C to 164.degree.C.
PAC  EXAMPLE 8
PAR  To determine the effectiveness of pyrazolium salts as foliar fungicidal
      agents, a variety of pathogenic fungi, host plants and pyrazolium salts
      are used in the following tests. Pathogens, host plants, the method of
      testing and the rating system used are reported below along with the data
      obtained.
PAR  Pathogens
PA0  Piricularia oryzae Carvara, the rice blast pathogen.
PA0  Venturia inaequalis (Cke.) Wint., which causes apple scab.
PA0  Podosphaera leucotricha (E.&E.) Salm., the cause of powdery mildew on
      apples and pears.
PA0  Erysiphe graminis f. sp. tritici, the cause of powdery mildew on wheat.
PA0  Erysiphe graminis f. sp. hordei, the cause of powdery mildew on barley.
PAR  Host Plants
PA0  Rice (Oryza sativa cv. Nato)
PA0  Apple (Malus sylvestris) (Seedling)
PA0  Wheat (Triticum aestivum cv. Bonanza)
PA0  Barley (Hordeum vulgare cv. Larker)
PAR  Plants are individually grown in 5.08 cm peat squares and assembled in 7.62
      cm .times. 25.4 cm pressed fibre flats the week prior to spraying. With
      the exception of rice, barley and wheat, a single specimen of each species
      is used. A separate container is used for those plants in the mildew
      evaluation. The complete test system is shown below.
TBL  ______________________________________                                    
     Series 1            Series 2                                              
     ______________________________________                                    
     Rice: Rice blast  Apple: Powdery Mildew                                   
     Apple: Apple scab Wheat: Powdery Mildew                                   
                       Barley: Powdery Mildew                                  
     ______________________________________                                    
PAR  Spray solutions are prepared at a final concentration of 500 ppm in 50 ml
      of 50% aqueous acetone. In all cases acetone is added first to solubilize
      the compound and solutions made to final volume with deionized water.
PAR  Two containers, one from Series 1 and 2 (see above), are sprayed
      simultaneously on a turntable with 50 ml of the test solution. Spray is
      provided by 2 fixed Spray System Co. nozzles mounted to deliver vertical
      and horizontal solid cone patterns. Immediately thereafter, all plants are
      returned to the greenhouse to permit deposit to dry.
PAR  Plants of Series 1 and 2 are separately inoculated. Plants in Series 1 are
      inoculated with conidial suspensions of the respective pathogens using a
      De Vilbiss paint sprayer operated at 0.28 to 0.42 kg/cm.sup.2 pressure and
      is transferred to a controlled temperature/humidity cabinet (ambient
      temperature, RH .about. 95 percent). Plants in Series 2 are dusted with
      respective powdery mildew conidia and then removed to the greenhouse, to
      await disease development. All plants are rated for disease severity on a
      scale of 1-7 (clean - kill), as described below:
TBL  Rating    Description                                                     
     ______________________________________                                    
     1         Nil                                                             
     2         Trace disease                                                   
     3         Slight disease                                                  
     4         Moderate disease                                                
     5         Heavy disease                                                   
     6         Severe disease                                                  
     7         Kill                                                            
     ______________________________________                                    
PAR  In the accompanying Tables of results, the numerical rating is used for
      clarity. Also given is a rating for the controls or checks. Data are
      reported for the minimum effective level at which the compounds were
      tested. Where more than one test has been conducted, the ratings are
      average and reported as a single value rating.
TBL                                    Table II                                
     __________________________________________________________________________
     Disease severity of Plants Sprayed to Run-off with Indicated              
     Minimum Effective Rate (ppm)                                              
     (Series I)                                                                
     __________________________________________________________________________
     Compound              Rice Blast                                          
                                  Apple Scab                                   
                           500    500                                          
     __________________________________________________________________________
     Untreated Controls Average Rating                                         
                           5.1    5.4                                          
     3-Amino-1,2-dimethyl-5-phenylpyrazolium                                   
                           4.7    4.0                                          
     iodide                                                                    
     1,2-Dimethyl-3-dimethylamino-5-phenyl-                                    
                           4.7                                                 
     pyrazolium iodide                                                         
     1,2-Dimethyl-3-phenyl-5(4-pyridyl)-                                       
                           4.0                                                 
     pyrazolium iodide                                                         
     1,2-Dimethyl-3-(4-methyl-1-piperazinyl)-                                  
                           4.0                                                 
     5-phenylpyrazolium iodide                                                 
     __________________________________________________________________________
TBL                                    Table III                               
     __________________________________________________________________________
     Disease Severity of Plants Sprayed to Run-off with Indicated Minimum      
     Effective                                                                 
     Rate (ppm)                                                                
     (Series II)                                                               
     __________________________________________________________________________
     Compound            Wheat Powdery                                         
                                  Apple Powdery                                
                                           Barley Powdery                      
                         500      500      500                                 
     __________________________________________________________________________
     Untreated Controls Average Rating                                         
                         5.9      5.6      5.4                                 
     3-Amino-1,2-dimethyl-5-phenyl-                                            
                         3.3      4.7      4.5                                 
     pyrazolium iodide                                                         
     1,2-Dimethyl-3-dimethylamino-5-                                           
                         3.8               4.0                                 
     phenylpyrazolium iodide                                                   
     3-Cyclohexylamino-1,2-dimethyl-                                           
                         1.0               1.0                                 
     5-phenylpyrazolium iodide                                                 
     1,2-Dimethyl-3-phenyl-5-(4-                                               
                         4.0      4.0      --                                  
     pyridyl)pyrazolium iodide                                                 
     1,2-Dimethyl-3-(4-methyl-1-  4.0      --                                  
     piperazinyl)-5-phenylpyra-                                                
     zolium iodide                                                             
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for the control of plant pathogenic fungi which comprises the
      step of: contacting said pathogenic fungi with a fungicidally effective
      amount of a compound having the formula:
      ##SPC5##
PAL  where R is 4-pyridyl or a member represented by the formula:
EQU  --NR.sub.1 R.sub.2
PAL  and wherein R.sub.1 and R.sub.2 are each a member selected from the group
      consisting of hydrogen, alkyl C.sub.1 -C.sub.6, cycloalkyl C.sub.3
      -C.sub.6, benzyl, phenyl, 2,3-xylyl or radical:
      ##SPC6##
PAL  where R.sub.3 is hydrogen or methyl; X is an anion having a charge of from
      1 to 3 and is selected from the group consisting of chloride, bromide,
      iodide, acetate, sulfate, hydrogen sulfate, methyl sulfate, benzene
      sulfonate, p-toluene sulfonate, nitrate, phosphate, carbonate and
      perchlorate, tetrafluoroborate; and m is an integer selected from 1 to 3.
NUM  2.
PAR  2. The method according to claim 1, for the control of plant pathogenic
      fungi wherein said plant pathogenic fungi is contacted with from 1 ppm to
      5,000 ppm of said active compound.
NUM  3.
PAR  3. The method according to claim 1 wherein the compound is
      3-amino-1,2-dimethyl-5-phenylpyrazolium iodide.
NUM  4.
PAR  4. The method according to claim 1, wherein the compound is
      1,2-dimethyl-3-dimethylamino-5-phenylpyrazolium iodide.
NUM  5.
PAR  5. The method according to claim 1 wherein the compound is
      1,2-dimethyl-5-phenyl-3-dipropylaminopyrazolium perchlorate.
NUM  6.
PAR  6. The method according to claim 1, wherein the compound is
      1,2-dimethyl-3(3-pentylamino)-5-phenylpyrazolium iodide.
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PAL  Certain substituted-2-fluoroalkyl-1H-imidazo(4,5-b)-pyridines as
      rodenticides.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of my copending application Ser. No.
      498,341, filed Aug. 19, 1974 and abandoned after the filing of this
      application. Application Ser. No. 498,341 was in turn a
      continuation-in-part of my then copending application Ser. NO. 416,338,
      filed Nov. 15, 1973 and abandoned after the filing of application Ser. No.
      498,341.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to methods employing and compositions
      comprising certain compounds as rodenticides. These are compounds of the
      following formula
      ##SPC1##
PAL  And the salts, with non-toxic cations, of those compounds wherein R.sup.2
      represents hydrogen or hydroxy; wherein R.sup.1 represents
PA1  1. --CF.sub.3,
PA1  2. --cf.sub.2 cl, or
PA1  3. --CF.sub.2 H;
PAL  m represents an integer from 0 to 3; q represents 0 or 1;
PAL  Each of n and p represents 0 or 1, subject to the limitations (1) that
      where n is 1, the loweralkyl group so specified is at the 6-position; and
      (2) that the sum of m, n, and p is an integer from 1 to 3;
PAL  R.sup.2 represents
PA1  1. hydrogen,
PA1  2. hydroxy, or
PA1  3. OR.sup.3 wherein R.sup.3 represents
PA2  A. alkyl of C.sub.1 -C.sub.8,
PA2  b. (loweralkoxy of C.sub.1 -C.sub.4)methyl,
PA2  C. alkenyl of C.sub.2 -C.sub.8,
PA2  d. cycloalkyl of C.sub.5 -C.sub.6,
PA2  e. benzyl,
PA2  F. phenethyl,
PA2  G. alkanoyl of C.sub.2 -C.sub.18,
PA2  h. alkenoyl of C.sub.3 -C.sub.18,
PA2  i. carbamoyl of the formula
      ##EQU1##
      wherein one R.sup.4 represents phenyl, loweralkyl of C.sub.1 -C.sub.4, or
      loweralkenyl of C.sub.2 -C.sub.4, and the lower R.sup.4 represents
      hydrogen, loweralkyl of C.sub.1 -C.sub.4, or loweralkenyl of C.sub.2
      -C.sub.4, subject to the limitation that both R.sup.4 moieties taken
      together do not contain more than six carbon atoms;
PA2  J. radical of the formula
      ##EQU2##
      loweralkyl of C.sub.1 -C.sub.4 or
      ##SPC2##
PA2  K. radical of the formula
      ##SPC3##
PAL  Wherein R.sup.5 represents methylene, ethylene, or vinylene, and n
      represents 0 or 1,
PA2  L. --SO.sub.2 --R.sup.6 wherein R.sup.6 is loweralkyl as above defined,
      cycloalkyl of C.sub.5 -C.sub.6, phenyl, benzyl, or phenyl bearing from 1-3
      substituents, each of which is independently amino, nitro, chloro, methyl,
      or methoxy;
PAL  And R.sup.7 represents
PA1  1. perfluoroalkyl of C.sub.1 -C.sub.7,
PA1  2. --cf.sub.2 h, or
PA1  3. --CF.sub.2 --CF.sub.2 H.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The compounds to be employed in accordance with the present invention are
      prepared in conventional procedures. Those compounds in which the
      1-substituent (R.sup.2) is hydrogen are prepared by condensing the
      respective pyridinediamine with an acid comprising the desired 2-position
      moiety:
      ##SPC4##
PAL  The same reaction has been extensively used for the preparation of the
      corresponding benzimidazoles: see Wright, "The Chemistry of the
      Benzimidazoles", 48 Chem. Rev. 397 (1951); and Hofmann, The Chemistry of
      Heterocyclic Compounds, Imidazole And Its Derivatives, Part I
      (Interscience Publishers, Inc., N.Y.). The reaction is conducted in like
      manner for the preparation of the present imidazopyridines. See also U.S.
      Pat. Nos. 3,459,759 and 3,681,369; and copending applications 181,574 and
      236,195 (and corresponding Belgian Pat. No. 764,591, granted Sept. 20,
      1971, or corresponding South African Pat. No. 1481/71, granted Mar. 1,
      1972). Application 181,574 was issued May 28, 1974 as Pat. No. 3,813,408;
      application 236,195 was issued June 18, 1974 as Pat. No. 3,818,022.
PAR  Those compounds in which the 1-position substituent is any candidate moiety
      other than hydrogen are prepared by an alternative route. In this route, a
      nitroaminopyridine is acylated with an acyl group comprising the desired
      R.sup.7 moiety, and the resulting nitroamide is hydrogenated, preferably
      in the presence of a catalytic amount of palladium or platinum.
      ##SPC5##
PAL  The reaction, which results in the preparation of the corresponding
      1-hydroxyimidazopyridine, is described in detail in copending application
      Ser. No. 181,574. The 1-hydroxycompounds are then reacted with a halide,
      in the presence of base to serve as hydrogen halide acceptor, to convert
      the 1-hydroxy compounds to the corresponding 1-O-R.sup.3 compounds. This
      reaction and alternative reactions for the preparation of the 1-O-R.sup.3
      compounds are described in more detail in copending application Ser. No.
      236,195. As noted above, applications 181,574 and 236,195 correspond to
      Belgian patent 764,591, and South African Pat. No. 1481/71, more fully
      described above.
PAR  In the compounds the preparation of which is described in applications
      181,574 and 236,195, the substituents on the pyridine ring are variously
      defined but do not include the loweralkyl substituent set forth above.
      However, such compounds are prepared in the same procedures, using
      appropriately substituted starting materials. For the preparation of
      starting materials, generally, see Klingsberg, The Chemistry of
      Heterocyclic Compounds, Pyridine And Derivatives, Parts 1-4 (Interscience
      Publishers, Inc., New York, 1960-1964); and Elderfield, Heterocyclic
      Compounds (Wiley, New York, 1950-67), especially Vol. 1.
PAR  In those of the compounds wherein R.sup.2 represents hydrogen or hydroxy,
      the proton is acidic and accordingly the compounds form salts with
      cations. The identity of the cation is not critical. However, it is
      generally preferred that the cation be non-toxic, that is, that the
      toxicity of the resulting salt not be significantly different from that of
      the compound per se. While the objective of a rodenticide is the killing
      of rodents, such killing must be achieved with a certain mode of action.
      As discussed below, a salt-forming moiety which contributes any
      significant toxicity is undesirable because it may interfere with the
      unique mode of action and render the compound less suitable for
      rodenticidal use.
PAR  Suitable salts are those with alkali metals, such as sodium, potassium,
      lithium, cesium, and rubidium; alkaline earth metals, such as calcium and
      strontium; and organic amines. While the identity of the organic amine is
      not critical, preferred organic amines are those which have relatively
      high base strength, such as a dissociation constant (K.sub.b) of the order
      of 10.sup.-.sup.5 or greater. In general, the alkylamines,
      cycloalkylamines, alkylenepolyamines, and aralkylamines are classes of
      compounds exhibiting adequate base strengths. Thus, representative bases
      include methylamine, dimethylamine, trimethylamine, methyldiethylamine,
      ethylamine, diethylamine, triethylamine, n-propylamine, di-n-propylamine,
      tri-n-propylamine, n-amylamine, cyclohexylamine, piperidine, pyrrolidine,
      N-methylpyrrolidine, diisopropylamine, ethylenediamine,
      tetramethylenediamine, ethanolamine, benzylamine, isobutylamine,
      di-n-butylamine, and the like.
PAR  The N.sup.4 -oxides (q = 1) are prepared in conventional procedures: see
      U.S. Pat. No. 3,459,759.
PAR  Representative compounds to be employed in accordance with the present
      invention include the following:
PA0  1-methoxy-6-chloro-2-heptafluoro-n-propyl-1H-imidazo(4,5-b)-pyridine, m.p.
      48.degree.-50.degree.C.
PA0  1-methoxy-6-bromo-2-heptafluoro-n-propyl-1H-imidazo(4,5-b)pyridine m.p.
      71.degree.-73.degree.C.
PA0  6-chloro-2-pentafluoroethyl-1H-imidazo(4,5-b)pyridine, m.p.
      239.degree.-240.degree.C.
PA0  1-methoxy-6-chloro-2-heptafluoroisopropyl-1H-imidazo(4,5-b)pyridine m.p.
      46.degree.-48.degree.C.
PA0  1-methoxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      91.degree.-92.degree.C.
PA0  1-methoxy-6-chloro-2-pentafluoroethyl-1H-imidazo(4,5-b)pyridine, m.p.
      61.degree.-63.degree.C.
PA0  1-ethoxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine,
      n.sub.D.sup.25 = 1.5082.
PA0  1-isopropoxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      49.degree.-51.degree.C.
PA0  1-benzyloxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      107.degree.-109.degree.C.
PA0  1-methylcarbamoyloxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine,
      m.p. 267.degree.C.
PA0  1-dimethylcarbamoyloxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine
     , m.p. 134.degree.-135.degree.C.
PA0  1-acetoxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      103.degree.-104.degree.C.
PA0  1-octanoyloxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      33.degree.-35.degree.C.
PA0  1-hydroxy-6-methyl-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      275.degree.C.
PA0  1-hydroxy-2,6-bis(trifluoromethyl)-1H-imidazo(4,5-b)pyridine, m.p.
      239.degree.-240.degree.C.
PA0  1-methoxy-2,6-bis(trifluoromethyl)-1H-imidazo(4,5-b)pyridine, m.p.
      54.degree.-55.degree.C.
PA0  1-allylcarbamoyloxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine,
      m.p. 210.degree.C.
PA0  1-hydroxy-6-chloro-2-heptafluoro-n-propyl-1H-imidazo(4,5-b)pyridine, m.p.
      249.degree.C.
PA0  1-hydroxy-6-bromo-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      256.degree.-258.degree.C.
PA0  1-hydroxy-6-chloro-2-pentafluoroethyl-1H-imidazo(4,5-b)pyridine, m.p.
      240.degree.-242.degree.C.
PA0  1-allyloxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine,
      n.sub.D.sup.25 = 1.5204
PA0  1-hydroxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      268.degree.-270.degree.C.
PA0  1-(phenoxycarbonyloxy)-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine
     , m.p. 125.degree.-126.degree.C.
PA0  1-palmitoyloxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      64.degree.-65.degree.C.
PA0  1-hydroxy-6-chloro-2-difluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      252.degree.-253.degree.C.
PA0  1-methoxycarbonyloxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine,
      m.p. 115.degree.-116.degree.C.
PA0  1-hydroxy-6-chloro-2-perfluoro-n-heptyl-1H-imidazo(4,5-b)pyridine, m.p.
      230.degree.-235.degree.C.
PA0  1-stearoyloxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      68.degree.-70.degree.C.
PA0  1-cyclohexyloxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      66.degree.-68.degree.C.
PA0  1n-heptyloxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine,
      n.sub.D.sup.25 = 1.5012.
PA0  1-hydroxy-6-chloro-2-(1,1,2,2-tetrafluoroethyl)-1H-imidazo(4,5-b)pyridine,
      m.p. 213.degree.-214.degree.C.
PA0  1-acryloyloxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      94.degree.-95.degree.C.
PA0  1-ethoxy-2,6-bis(trifluoromethyl)-1H-imidazo(4,5-b)pyridine, n.sub.D.sup.25
      = 1.5620.
PA0  1-(isopropoxycarbonyloxy)-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyrid
     ine, m.p. 120.degree.-122.degree.C.
PA0  1-benzyloxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      135.degree.-136.degree.C.
PA0  1-cinnamoyloxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      132.degree.-133.degree.C.
PA0  1-hydroxy-6-chloro-2-heptafluoro-n-propyl-1H-imidazo(4,5-b)pyridine, m.p.
      248.degree.-251.degree.C.
PA0  1-methylsulfonyloxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine
PA0  6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      292.degree.-294.degree.C.
PA0  6-bromo-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p. 280.degree.C.
PA0  2,6-bis(trifluoromethyl)-1H-imidazo(4,5-b)pyridine, m.p.
      104.degree.-106.degree.C.
PA0  6-chloro-2-(1,1,2,2-tetrafluoroethyl)-1H-imidazo(4,5-b)pyridine, m.p.
      238.degree.-239.degree.C.
PA0  1-hydroxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine
      triethylamine salt; NMR (in deuterium oxide) showed a triplet centered at
      82 cps (9H); a quartet centered at 196 cps (6H); a meta-coupled doublet at
      400 cps (1H); and a second meta-coupled doublet centered at 503 cps (1H).
PA0  1-hydroxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine benzylamine
      salt, m.p. 200.degree.-202.degree.C.
PA0  6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, sodium salt.
PA0  2,6-bis(trifluoromethyl)-1H-imidazo(4,5-b)pyridine, calcium salt.
PA0  1-hydroxy-6-chloro-2-pentafluoroethyl-1H-imidazo(4,5-b)pyridine, potassium
      salt.
PA0  5-chloro-2,6-bis(trifluoromethyl)-1H-imidazo(4,5-b)pyridine, m.p.
      190.degree.C. with sublimation from 180.degree.C.
PA0  5,6-dichloro-2-perfluoro-n-propyl-1H-imidazo(4,5-b)pyridine, 4-oxide, m.p.
      264.degree.-265.5.degree.C.
PA0  5,6,7-trichloro-2-perfluoro-n-propyl-1H-imidazo(4,5-b)pyridine, m.p.
      161.degree.-163.degree.C.
PA0  1-methoxy-5,6-dichloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine,
      4-oxide, m.p. 218.degree.-220.degree.C.
PA0  1-methoxy-5,6,7-trichloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      138.degree.-140.degree.C.
PA0  1-methoxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, 4-oxide,
      m.p. 218.degree.-220.degree.C.
PA0  1-methylcarbamoyloxy-6-chloro-2-(1,1,2,2-tetrafluoroethyl)-1H-imidazo(4,5-b
     )pyridine, m.p. 225.degree.-227.degree.C.
PA0  1-pivaloyloxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine, m.p.
      54.degree.-58.degree.C.
PA0  5,6,7-trichloro-2-(1,1,2,2-tetrafluoroethyl)-1H-imidazo(4,5-b)pyridine.
PA0  1-allyloxy-5,6,7-trichloro-2-(1,1,2,2-tetrafluoroethyl)-1H-imidazo(4,5-b)py
     ridine.
PAR  Preferred compounds are those wherein the substituents or the pyridine ring
      are halo, methyl, or CF.sub.3, subject to the restrictions stated above;
      or those wherein R.sup.2 represents hydrogen, hydroxy or --OR.sup.3
      wherein R.sup.3 is loweralkyl of C.sub.1 -C.sub.4, cyclohexyl, benzyl,
      carbamoyl bearing at least one loweralkyl of C.sub.1 -C.sub.4 or lower
      alkenyl of C.sub.2 -C.sub.4 (subject to the already-stated limitation that
      both substituents taken together do not contain more than six atoms),
      loweralkoxy of C.sub.1 -C.sub.4 carbonyl, phenoxycarbonyl, cinnamoyl, or
      benzoyl. Even more preferred are those of the compounds to which both of
      the above restrictions apply. Preferred halo substituents are bromo,
      chloro, and fluoro; most preferred is chloro.
PAR  The rodenticidal agents of the present invention can be used in the same
      ways in which known rodenticidal agents are used. Fundamentally, the
      present invention is directed to a method for limiting or eradicating a
      rodent population which comprises supplying to a locus frequented by said
      population an effective, rodenticidal, amount of the present active agent.
PAR  The term "rodent" refers most broadly to an animal of the class Mammalia,
      order Rodentia. The present invention is useful for the control of rodents
      in this broad sense. However, many rodents are beneficial, or at least are
      not undesirable. The rodents which are generally undesirable are of the
      families Muridae and Cricetidae. The family Muridae includes such species
      as the house mouse (Mus musculus), the Norway (or brown or common) rat
      (Rattus norvegicus), and Rattus rattus, of which there are several
      sub-species: the black rat (R. r. rattus), the roof rat (R. r.
      frugivorus), and R. r. alexandrinus. The family Cricetidae includes such
      species as the white-footed (or deer) mouse (Peromyscus leucopus), the
      pack rat (e.g., Neotoma cinerea), and the meadow mouse (e.g., Microtus
      pennsylvanicus).
PAR  Since rodents are known to be capable of perceiving a relationship between
      food intake and any subsequent deleterious effect, a preferred
      characteristic of a rodenticide is that it have only a delayed toxic
      effect. The compounds to be employed in accordance with the present
      invention, with proper selection of doses, exhibit such effect. Moreover,
      the present compounds exhibit this delayed toxic effect over a wide range
      of doses. Therefore, while the present active agent can be supplied in an
      amount large enough to cause a relatively prompt toxic effect from a
      single feeding, it is generally preferred to supply the active agent in an
      amount which is not acutely lethal in any single feeding but merely
      contributes to a cumulative lethal effect. Accordingly, it is preferred
      that the active agent be supplied for a period of time sufficient for at
      least two feedings, and preferably for three or more feedings. Hence, in a
      preferred embodiment, the present method is a method for limiting or
      eradicating a rodent population which comprises supplying to a locus
      frequented by said population, during a period of time sufficient for at
      least two feedings, an amount of the present active agent which is not
      acutely lethal upon a single feeding but which contributes to a cumulative
      lethal effect upon two or more feedings.
PAR  All of the compounds serving as the present active agent admit of dosing
      with an effective, rodenticidal, amount. The precise amount which will
      constitute an effective amount varies with the particular compound, the
      particular rodent, whether an acute or cumulative effect is desired, and
      other factors. Larger amounts may be required for compounds employed as
      salts with high-molecular weight salt-forming moieties. Also, it is
      believed that all 1-OR.sup.3 groups convert to either the 1-H or 1-OH so
      that the identity of the R.sup.3 group is not critical. However, it
      functions as a diluent and larger amounts may be needed to supply an
      effective amount of the active moiety when the R.sup.3 group is bulky.
PAR  The present invention can be carried out with a single member of the genus
      as herein defined. However, as those skilled in the art will understand,
      the invention can also be practiced with a mixture of two or more members
      of the genus defined herein. In such practice, the amount of each member
      to be employed can be reduced accordingly so that the active agent in toto
      constitutes an effective amount.
PAR  Although the active agent is effective when administered by any route, the
      nature of rodent populations is such that only oral ingestion is
      practical. Furthermore, although the active agent can be administered
      alone, again the nature of rodent populations is such that it is preferred
      to supply the present active agent in a formulation comprising the active
      agent. Therefore, a preferred embodiment of the present invention is a
      composition comprising the active agent in an effective, rodenticidal,
      concentration. Typically, concentrations of the present active agent from
      5 to 2000 ppm (parts by weight of active agent per million parts by weight
      of finished composition) have been found to be effective.
PAR  Suitable compositions are prepared in conventional procedures with one or
      more conventional adjuvants. In the case of solid compositions, the active
      agent can be formulated with inert substances such as talc, chalk, and the
      like; nutritive substances such as oatmeal, ground corn, corn oil, ground
      oats, soybean products, wheat products, dried skimmed milk, animal fat,
      salts such as calcium carbonate, dicalcium phosphate, and sodium chloride;
      trace minerals such as manganese sulfate, zinc carbonate, ferrous sulfate,
      copper oxide, potassium iodide, and calcium carbonate; vitamins; and
      sweetening substances such as sugar, molasses, honey, and artificial
      sweeteners. Suitable adjuvants also include those substances recognized by
      rodents as attractants--including not only nutritive substances but also
      sex hormones and the like. Solid compositions can be offered in finely
      divided form or compacted as pellets or granules. For liquid
      administration, the compounds can be formulated in water intended to serve
      as drinking water. A given compound can be converted to a salt, to achieve
      water solubility, or a surface active dispersing agent can be used. Where
      the compounds are formulated with only an inert carrier, such composition
      can be employed as a "tracking powder"; such a powder is dusted on a
      surface over which rodents walk, so that the rodents consume the
      composition when they clean themselves. Preferred adjuvants are those
      which are nutritive substances, especially grain and grain products, and
      attractants.
PAR  The compounds serving as the present active agent apparently act by
      different modes of action. Those compounds bearing a single substituent
      located at the 6-position are believed to be operative through a mechanism
      of anti-coagulation; experiments to date show that these compounds
      antagonize the vitamin K-dependent factors necessary to coagulation. The
      remainder of the compounds serving as active agent apparently do not share
      the anticoagulant mechanism but the precise mechanism of these compounds
      is not understood.
DETD
PAR  The following examples illustrate the present invention and will enable
      those skilled in the art to practice the same.
PAC  EXAMPLE 1
PAR  A quantity of a standard animal feed of the following composition:
     Ingredients          Percent  Lbs./Ton                                    
     ______________________________________                                    
     Corn, Yellow, Ground                                                      
                         42.275    845.5                                       
     Oats, Ground        10.0      200.0                                       
     Wheat Middlings     10.0      200.0                                       
     Soybean Oil Meal, Solvent                                                 
     Extracted Dehulled, 50 %                                                  
                         18.0      360.0                                       
     Skimmed Milk, Dried 5.0       100.0                                       
     Corn, Distillers Dried Solubles                                           
                         2.5       50.0                                        
     Alfalfa Meal, Dehydrated, 17 %                                            
                         2.5       50.0                                        
     Whey, Whole Dried   1.0       20.0                                        
     Fish Meal with Solubles                                                   
                         4.0       80.0                                        
     Animal Fat, Beef Tallow                                                   
                         2.0       40.0                                        
     Dicalcium Phosphate, Feed Grade                                           
                         0.5       10.0                                        
     Calcium Carbonate   1.0       20.0                                        
     Salt                0.3       6.0                                         
     Trace Mineral Premix AN-03                                                
                         0.2       4.0                                         
     Vitamin Premix CK-1 0.5       10.0                                        
     Vitamin E Premix    0.1       2.0                                         
     Methionine Hydroxy Analog                                                 
     (HYDAN)             0.125     2.5                                         
     Total               100.00    2000.0                                      
     ______________________________________                                    
PAL  was divided into two portions. To each portion, there was added an amount
      of 1-methoxy-6-chloro-2-heptafluoro-n-propyl-1H-imidazo(4,5-b)pyridine, so
      that one portion contained 800 ppm of the compound, and the other portion
      contained 200 ppm of the compound.
PAR  Other modified feeds were prepared as described above but containing, in
      lieu of the compound identified above,
      1-methoxy-6-bromo-2-heptafluoro-n-propyl-1H-imidazo(4,5-b)pyridine,
      6-chloro-2-pentafluoroethyl-1H-imidazo(4,5-)pyridine, or
      1-methoxy-6-chloro-2-heptafluoroisopropyl-1H-imidazo(4,5-b)pyridine, in
      the same or other concentrations,
PAC  EXAMPLES 2-28 Representative compounds were evaluated for rodenticidal
      effect in rats (Rattus norvegicus, Spraque-Dawley albino strain, male,
      each weighing 50-60 grams). Each compound to be evaluated was formulated
      as described in Example 1. Control rats were maintained on the standard
      animal feed described in Example 1. Control rats and rats to be treated
      were randomly assigned. Each group contained 5 or 6 rats. Feeding of the
      respective diet was ad libitum. Consumption per rat per day was checked,
      except on weekend days, and the rats were weighed and usually necropsied
      at death or termination of the experiment (generally, day 10).
PAR  The results were as reported in Table I, using the immediately following
      code:
PA1  Ngp -- no gross pathology
PA1  Ah -- abdominal hemorrhage
PA1  Ih -- intestinal hemorrhage
PA1  Sih -- slight intestinal hemorrhage
PA1  Lh or TH -- lung (thoracic) hemorrhage
PA1  Ri -- redness in intestine
PA1  Sri -- slight redness in intestine
PA1  Nn -- not necropsied
PA1  X -- died
PA1  S -- sacrificed
PA1  W -- feed wastage
PA1  Nh -- nose hemorrhage
PA1  Test. H -- testicular hemorrhage
PA1  Sh -- subcutaneous hemorrhage
PAL  In the evaluation of several of the compounds, the rats were observed
      closely to determine the day of death. Death occurred on the day marked by
      "X"; where no "X" is marked, the rat was found dead on the morning
      following the last indicated feeding. For the remaining compounds, no such
      close observation was made, and the rat was found dead on the morning
      following the last indicated feeding. Generally, the rats were not
      observed or feed consumption determined on weekend days.
PAR  In summary, the results reported in Table I show that none of the rats died
      of acute toxicity; and that essentially none of the rats survived the
      ten-day test period. Each succumbed of sub-acute toxicity, variously on
      the second through tenth day.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                   Concen-                                                     
                   tration                                                     
                        Grams of Feed Consumed                                 
                   of com-                                                     
                        per day of experiment    Total Weight                  
                   pound                         feed  Change                  
                                                            Necropsy           
     Compound      in diet                                                     
                        1  2  3  4  5 6 7 8 9 10 consumed                      
                                                       in grams                
                                                            Results            
     __________________________________________________________________________
     1-methoxy-6-chloro-                                                       
                   800  8  10 8  9  7X                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  42   +5   IH                 
     2-heptafluoro-n-                                                          
     propyl-1H-imidazo- 7  9  7  2X --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  25   +3   LH                 
     (4,5-b)pyridine                                                           
                        6  9  6  5X --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  26   -1   LH                 
                        7  11 7  10 8X                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  43   +8   bloody nose        
                        8  10 10 6  1X                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  35   +3   LH                 
                        4  8  7  7  7X                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  33   -3   IH                 
                   200  8  9  8  9  14X                                        
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  48   +10  LH                 
                        10 10 9  10 5X                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  44   +16  bloody nose        
                        10 9  8  6X --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  33   +10  LH                 
                        10 11 8  12 OX                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  41   +15  SIH                
                        7  8  8  8  9 9 5 0 0 X   54   --   NN                 
                        11 11 12 6  10X                                        
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  50   +13  NGP                
     1-methoxy-6-bromo-                                                        
                   200  12 15 -- -- 31                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  58   +26  LH                 
     2-heptafluoro-n-                                                          
     propyl-1H-imidazo- 11 11 -- -- 30                                         
                                      1 1 0 0 --  54   -7   IH                 
     (4,5-b)pyridine                                                           
                        12 12 -- -- 27                                         
                                      1 1 --                                   
                                            --                                 
                                              --  53   +1   LH                 
                        14 13 -- -- 39                                         
                                      14                                       
                                        8 11                                   
                                            10                                 
                                              --  109  +33  AH                 
                        13 12 -- -- 36                                         
                                      8 13                                     
                                          4 1 --  87   +16  LH, IH             
     6-chloro-2-penta-                                                         
                   300  6  4  11 -- --                                         
                                      7 --                                     
                                          --                                   
                                            --                                 
                                              --  28   -8   IH                 
     fluoroethyl-1H-                                                           
     imidazo(4,5-b)-    8  7  8  -- --                                         
                                      33                                       
                                        5 --                                   
                                            --                                 
                                              --  61   +1   IH                 
     pyridine                                                                  
                        8  6  7  -- --                                         
                                      21                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  42   -2   IH                 
                        8  7  8  -- --                                         
                                      27                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  50   -9   IH                 
                        7  5  4  1  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  17   -15  IH                 
                   150  7  7  8  -- --                                         
                                      26                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  48   +9   NGP                
                        9  10 9  -- 8 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  36   +11  IH                 
                        6  5  6  -- --                                         
                                      14                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  31   -2   IH                 
                        7  9  8  -- 17                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  41   +10  SIH                
                        7  8  8  -- --                                         
                                      24                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  47   +10  NGP                
     1-methoxy-6-chloro-                                                       
                   300  16 17 19 3  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  55   +11  TH                 
     2-heptafluoroiso-                                                         
     propyl-1H-imidazo- 20 22 20 15 --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  77   +12  TH                 
     (4,5-b)pyridine                                                           
                        13 15 16 14 0 0 38                                     
                                          --                                   
                                            --                                 
                                              --  96   +10  AH, TH, SH         
                        17 18 17 16 1 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  69   +14  TH                 
                        20 17 16 18 4 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  75   +15  TH, Test.H         
                   200  14 17 17 16 9 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  73   +12  TH,SH,             
                                                            Test.H             
                        14 21 19 20 15                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  89   +18  TH, SH             
                        19 18 16 16 --                                         
                                      17                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  86   +13  TH, SH             
                        19 21 19 19 2 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  80   +4   TH                 
                        17 15 15 18 --                                         
                                      11                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  76   +3   TH                 
     5,6-dichloro-2-(1,1,-                                                     
                   100  10 10 6  8  OX                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  34   -17  NN                 
     2,2-tetrafluoroethyl)-                                                    
                   (first                                                      
     1H-imidazo(4,5-b)-                                                        
                   test)                                                       
                        11 13 7  12 OX                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  43   -22  NN                 
     pyridine                                                                  
                        10 10 5X -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  25   - 8  NN                 
     "             100  6  6  6X -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  18   - 2  IH                 
                   (second                                                     
                   test)                                                       
                        5  7  3X -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  15   - 2  IH                 
                        6  5  5  1X --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  17   - 3  AH                 
                        6  5  5X -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  W16  - 5  AH                 
                        5  7  3X -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  15   - 2  AH                 
     "             50   4  7  7  9  10                                         
                                      8 7X                                     
                                          --                                   
                                            --                                 
                                              --  52   + 7  IH                 
                        10 10 10 12 14                                         
                                      8 3X                                     
                                          --                                   
                                            --                                 
                                              --  67   + 4  IH                 
                        7  10 9  10 9 8 7 2X                                   
                                            --                                 
                                              --  62   - 3  NGP                
                        6  8  7  9  9 8 10                                     
                                          1X                                   
                                            --                                 
                                              --  58   - 5  NGP                
                        7  7  9  8  10                                         
                                      6 7 3X                                   
                                            --                                 
                                              --  57   - 2  NGP                
     5-fluoro-6-chloro-                                                        
                   100                                                         
     2-trifluoromethyl-                                                        
                   (first                                                      
     1H-imidazo(4,5-b)-                                                        
                   test)                                                       
                        12 9  5  10X                                           
                                    --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  36   -12  NN                 
     pyridine                                                                  
                        14 12 4X -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  30   -11  NN                 
                        10 10 2  OX --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  22   - 8  NN                 
     "             100  9  7  4  1X --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  21   - 4  AH                 
                   (second                                                     
                   test)                                                       
                        6  5  5  2X --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  18   - 7  AH                 
                        8  8  7  1X --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  24   - 2  AH                 
                        9  8  7  OX --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  24   0    AH                 
                        7  6  5  3X --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  21   6    NGP                
     "             50   8  10 12 10 11                                         
                                      10                                       
                                        8 1X                                   
                                            --                                 
                                              --  70   + 7  IH                 
                        6  7  9  7  10                                         
                                      7 4X                                     
                                          --                                   
                                            --                                 
                                              --  50   + 4  LH                 
                        7  9  8  6  7 7 4X                                     
                                          --                                   
                                            --                                 
                                              --  48   - 5  IH                 
                        7  9  9  10 14                                         
                                      10                                       
                                        12                                     
                                          2X                                   
                                            --                                 
                                              --  73   + 7  NGP                
                        8  9  11 11 11                                         
                                      12                                       
                                        13                                     
                                          1X                                   
                                            --                                 
                                              --  76   + 9  IH                 
     5,6-dichloro-2-hepta-                                                     
                   50   13 12 -- -- 23                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  48   + 2  NGP                
     fluoro-n-propyl-1H-                                                       
     imidazo(4,5-b)pyridine                                                    
                        12 12 -- -- 29                                         
                                      3 --                                     
                                          --                                   
                                            --                                 
                                              --  56   + 1  SIH                
                        12 8  -- -- 23                                         
                                      3 --                                     
                                          --                                   
                                            --                                 
                                              --  46   - 5  IH                 
                        12 12 -- -- 26                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  50   + 2  IH                 
                        12 10 -- -- 17                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  39   - 2  SIH                
     1-methoxy-5,6-dichloro-                                                   
                   100  13 13 -- -- 26                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  52   +11  IH                 
     2-heptafluoro-n-propyl-                                                   
     1H-imidazo(4,5-b)- 14 11 -- -- 21                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  46   + 6  IH                 
     pyridine                                                                  
                        9  8  -- -- 19                                         
                                      1 --                                     
                                          --                                   
                                            --                                 
                                              --  37   - 9  NGP                
                        12 12 -- -- 18                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  42   - 2  IH                 
                        12 11 -- -- 28                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  51   +12  IH                 
     5-bromo-6-chloro-2-                                                       
                   200  9  4  0  -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  13   - 8  IH                 
     trifluoromethyl-1H-                                                       
     imidazo(4,5-b)pyridine                                                    
                        7  4  0  -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  11   - 9  IH                 
                        14 8  0  -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  22   - 7  IH                 
                        11 4  4  -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  19   - 16 IH                 
                        12 5  -- -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  17   - 9  IH                 
     5,6-dichloro-2-penta-                                                     
                   50   11 9  10 -- --                                         
                                      23                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  53   - 1  IH                 
     fluoroethyl-1H-imidazo-                                                   
     (4,5-b)pyridine    14 12 12 -- --                                         
                                      21                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  59   + 8  IH                 
                        13 12 12 -- --                                         
                                      31                                       
                                        0 --                                   
                                            --                                 
                                              --  68   - 3  IH                 
                        10 11 12 -- --                                         
                                      19                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  52   - 5  IH                 
                        13 12 12 -- --                                         
                                      37                                       
                                        2 --                                   
                                            --                                 
                                              --  76   - 3  IH                 
     "             70   10 9  8  -- 9 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  36   - 7  IH                 
                        8  12 9  -- 8 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  37   - 3  IH                 
                        9  10 9  -- 11                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  39   - 3  IH                 
                        7  9  6  1  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  23   + 1  SIH                
                        11 11 11 -- --                                         
                                      21                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  54   - 4  IH                 
     1-methoxy-5,6-dichloro-                                                   
                   125  3  7  7  -- 4 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  21   - 1  IH                 
     2-heptafluoro-n-propyl-                                                   
     1H-imidazo(4,5-b)- 11 11 9  -- 9 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  40   + 1  SIH                
     pyridine                                                                  
                        8  9  7  -- 10                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  34   - 4  IH                 
                        10 10 5  6  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  31   + 3  SIH                
                        12 10 10 -- --                                         
                                      15                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  47   + 4  NGP                
     "             75   10 9  9  -- --                                         
                                      30                                       
                                        9 3 --                                 
                                              --  70   + 9  IH                 
                        11 10 8  -- --                                         
                                      32                                       
                                        10                                     
                                          --                                   
                                            --                                 
                                              --  71   +12  NGP                
                        8  8  7  -- --                                         
                                      28                                       
                                        4 --                                   
                                            --                                 
                                              --  55   + 4  NGP                
                        8  7  7  -- --                                         
                                      24                                       
                                        3 --                                   
                                            --                                 
                                              --  49   + 6  IH                 
                        11 10 11 -- --                                         
                                      34                                       
                                        7 --                                   
                                            --                                 
                                              --  73   +14  NGP                
     5,6-dichloro-2-                                                           
                   100  10 7  6  -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  23   + 1  IH                 
     trifluoromethyl-1H-                                                       
     imidazo(4,5-b)-    9  9  8  7  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  33   - 3  IH                 
     pyridine                                                                  
                        16.sup.w                                               
                           10 7  3  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  36   - 2  IH                 
                        10 8  7  5  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  30   - 6  IH                 
                        9  10 9  8  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  36   - 1  IH                 
     "             50   8  10 11 9  --                                         
                                      --                                       
                                        33                                     
                                          9 --                                 
                                              --  80   + 8  IH                 
                        10 11 11 9  --                                         
                                      --                                       
                                        41                                     
                                          14                                   
                                            13                                 
                                              13.sup.s                         
                                                  122  +13  NGP                
                        9  9  9  9  --                                         
                                      --                                       
                                        29                                     
                                          7 --                                 
                                              --  72   + 5  SIH                
                        7  9  9  9  --                                         
                                      --                                       
                                        32                                     
                                          8 --                                 
                                              --  74   + 7  SIH                
                        9  13 14 13 --                                         
                                      --                                       
                                        32                                     
                                          1 --                                 
                                              --  82   + 6  IH                 
     1-hydroxy-5,6-                                                            
                   200  12 10 -- 13 --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  35   - 3  NGP                
     dichloro-2-(1,1,2,2-                                                      
     tetrafluoroethyl)- 12 9  0  -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  21   + 4  IH                 
     1H-imidazo(4,5-b)-                                                        
     pyridine           10 7  -- -- 15                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  32   - 6  IH                 
                        12 9  -- -- 19                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  40   + 1  SIH                
                        13 12 -- -- 25                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  50   - 7  IH                 
     "             100  10 11 -- -- 31                                         
                                      11                                       
                                        14                                     
                                          13                                   
                                            12                                 
                                              --  102  +16  NGP                
                        10 10 -- -- 29                                         
                                      11                                       
                                        9 9 9 --  87   + 1  NGP                
                        9  8  -- -- 24                                         
                                      1 --                                     
                                          --                                   
                                            --                                 
                                              --  42   + 4  IH                 
                        10 10 -- -- 36                                         
                                      14                                       
                                        13                                     
                                          12                                   
                                            1 --  96   + 3  IH                 
                        11 11 -- -- 35                                         
                                      13                                       
                                        15                                     
                                          14                                   
                                            14                                 
                                              --  113  +23  NGP                
     1-allyloxy-5,6-                                                           
                   200  13 7  -- 8  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  28   - 8  IH                 
     dichloro-2-(1,1,2,2-                                                      
     tetrafluoroethyl)- 12 7  -- -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  19   + 2  IH                 
     1H-imidazo(4,5-b)-                                                        
     pyridine           9  6  -- -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  15   + 4  IH                 
                        12 9  -- -- 19                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  40   - 4  IH                 
                        12 7  0  -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  19   + 2  IH                 
     "             100  12 12 -- -- 40.sup.w                                   
                                      1 --                                     
                                          --                                   
                                            --                                 
                                              --  65   0    SIH                
                        12 13 -- -- 37                                         
                                      3 --                                     
                                          --                                   
                                            --                                 
                                              --  65   + 7  NGP                
                        13 13 -- -- 36                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  62   + 3  NGP                
                        10 11 -- -- 31                                         
                                      1 --                                     
                                          --                                   
                                            --                                 
                                              --  53   + 1  IH                 
                        9  9  -- -- 28                                         
                                      2 --                                     
                                          --                                   
                                            --                                 
                                              --  48   0    NGP                
     1-benzyloxy-5,6-                                                          
                   200  12 10 -- 10 --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  32   - 3  SIH                
     dichloro-2-(1,1,2,2-                                                      
     tetrafluoroethyl)- 11 8  -- 7  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  26   + 2  SIH                
     1H-imidazo(4,5-b)-                                                        
     pyridine           13 12 -- -- 34                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  59   - 5  IH                 
                        11 11 -- 8  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  30   - 2  NGP                
                        12 9  -- 8  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  29   - 1  SIH                
     "             100  11 10 -- -- 33                                         
                                      10                                       
                                        11                                     
                                          12                                   
                                            12                                 
                                              --  99   +14  NGP                
                        8  9  -- -- 32                                         
                                      15                                       
                                        16                                     
                                          13                                   
                                            13                                 
                                              --  106  +16  NGP                
                        12 11 -- -- 45                                         
                                      13                                       
                                        15                                     
                                          6 --                                 
                                              --  102  +11  IH                 
                        7  7  -- -- 28                                         
                                      12                                       
                                        12                                     
                                          12                                   
                                            11                                 
                                              --  89   + 4  NGP                
                        10 12 -- -- 36                                         
                                      15                                       
                                        11                                     
                                          --                                   
                                            --                                 
                                              --  84   + 3  IH                 
     1-methoxy-5,6-                                                            
                   200  13 11 -- -- 19                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  43   + 2  IH                 
     dichloro-2-(1,1,2,2-                                                      
     tetrafluoroethyl)- 8  8  -- 9  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  25   + 1  SIH                
     1H-imidazo(4,5-b)-                                                        
     pyridine           11 9  -- 7  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  27   - 5  SIH                
                        11 11 9  -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  31   + 4  IH                 
                        7  9  -- 9  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  25   + 2  IH                 
     "             100  12 11 -- -- 35                                         
                                      14                                       
                                        14                                     
                                          2 --                                 
                                              --  88   + 6  NGP                
                        11 12 -- -- 39                                         
                                      15                                       
                                        14                                     
                                          13                                   
                                            14                                 
                                              --  118  +24  NGP                
                        12 11 -- -- 43                                         
                                      16                                       
                                        17                                     
                                          17                                   
                                            15                                 
                                              --  131  +24  NGP                
                        17 17 -- -- 62                                         
                                      21                                       
                                        25                                     
                                          21                                   
                                            16                                 
                                              --  179  +50  NGP                
                        12 15 -- -- 43                                         
                                      13                                       
                                        12                                     
                                          1 --                                 
                                              --  96   +10  IH                 
     1-n-propoxy-5,6-                                                          
                   200  8  7  7  6  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  28   - 7  IH                 
     dichloro-2-(1,1,2,2-                                                      
     tetrafluoroethyl)- 10 8  9  2  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  29   - 7  SIH                
     1H-imidazo(4,5-b)-                                                        
     pyridine           10 8  8  1  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  27   - 1  NGP                
                        11 9  9  3  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  32   - 7  IH                 
                        7  8  8  -- --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  23   - 1  NGP                
     "             125  9  12 9  11 --                                         
                                      13                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  54   + 4  NGP                
                        9  7  8  7  1 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  32   - 5  IH                 
                        11 11 11 11 --                                         
                                      11                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  55   + 4  IH                 
                        13.sup.w                                               
                           10 11 11 --                                         
                                      --                                       
                                        16                                     
                                          --                                   
                                            --                                 
                                              --  61   + 3  IH                 
                        5  11 10 9  --                                         
                                      9 --                                     
                                          --                                   
                                            --                                 
                                              --  44   - 3  IH                 
     1-methoxy-5,6-                                                            
                   200  10 10 8  5  0 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  33   - 1  IH                 
     dichloro-2-trifluoro-                                                     
     methyl-1H-imidazo- 10 11 9  8  0 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  38   + 2  IH                 
     (4,5-b)pyridine                                                           
                        10 9  6  2  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  27   - 5  IH                 
                        7  6  7  5  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  25   -12  IH                 
                        10 9  7  12 0 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  38   - 2  IH                 
     "             125  10 11 11 10 --                                         
                                      8 --                                     
                                          --                                   
                                            --                                 
                                              --  50   + 4  IH                 
                        7  8  7  10 --                                         
                                      --                                       
                                        23                                     
                                          3 --                                 
                                              --  58   -  3 IH                 
                        10 10 11 10 --                                         
                                      10                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  51   + 6  IH                 
                        13.sup.w                                               
                           8  8  8  --                                         
                                      --                                       
                                        25                                     
                                          9 8 5   84   - 2  NGP                
                        5  10 12 10 --                                         
                                      --                                       
                                        34                                     
                                          11                                   
                                            1 --  83   + 6  NGP                
     1-isopropoxy-5,6-                                                         
                   200  11 8  8  9  --                                         
                                      9 --                                     
                                          --                                   
                                            --                                 
                                              --  45   - 1  IH                 
     dichloro-2-trifluoro-                                                     
     methyl-1H-imidazo- 7  6  4  5  --                                         
                                      6 --                                     
                                          --                                   
                                            --                                 
                                              --  28   - 4  IH                 
     (4,5-b)pyridine                                                           
                        6  7  7  6  --                                         
                                      6 --                                     
                                          --                                   
                                            --                                 
                                              --  32   - 1  SIH                
                        11 9  8  8  --                                         
                                      10                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  46   0    NGP                
                        10 9  7  7  3 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  36   - 3  IH                 
     "             125  10 11 12 11 --                                         
                                      --                                       
                                        40                                     
                                          21                                   
                                            11                                 
                                              0   116  +16  IH                 
                        10 8  9  8  --                                         
                                      --                                       
                                        30                                     
                                          19                                   
                                            0 --  84   +12  NGP                
                        3  13 7  7  --                                         
                                      --                                       
                                        13                                     
                                          --                                   
                                            --                                 
                                              --  43   - 5  IH                 
                        9  6  7  7  --                                         
                                      --                                       
                                        17                                     
                                          --                                   
                                            --                                 
                                              --  46   - 3  NGP                
                        11 11 11 9  --                                         
                                      --                                       
                                        22                                     
                                          --                                   
                                            --                                 
                                              --  64   - 3  NGP                
     1-methoxy-2,6-bis-                                                        
                   200  11 9  11 10 --                                         
                                      --                                       
                                        22                                     
                                          --                                   
                                            --                                 
                                              --  63   + 9  SIH                
     (trifluoromethyl)-                                                        
     1H-imidazo(4,5-b)- 11 9  10 8  --                                         
                                      --                                       
                                        27                                     
                                          --                                   
                                            --                                 
                                              --  65   + 2  IH                 
     pyridine                                                                  
                        9  8  10 8  --                                         
                                      --                                       
                                        26                                     
                                          9 6 --  76   + 5  IH                 
                        9  8  9  6  --                                         
                                      11                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  43   - 2  IH                 
                        10 12 12 11 --                                         
                                      17                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  62   + 6  IH                 
     1-methoxy-5-chloro-2-                                                     
                   800  7  4  3  1  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  15   -11  SIH                
     trifluoromethyl-1H-                                                       
     imidazo(4,5-b)pyridine                                                    
                        5  4  3  5  0 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  17   -11  TH                 
                        6  3  4  5  --                                         
                                      7 --                                     
                                          --                                   
                                            --                                 
                                              --  25   - 9  SIH                
                        8  4  6  4  --                                         
                                      --                                       
                                        15                                     
                                          0 --                                 
                                              --  37   - 6  NGP                
                        8  4  6  0  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  18   - 9  NGP                
     1-cinnamoyloxy-6-                                                         
                   2000 7  3  4  6  --                                         
                                      --                                       
                                        18                                     
                                          --                                   
                                            --                                 
                                              --  38   -12  NGP                
     chloro-2-trifluoro-                                                       
     methyl-1H-imidazo- 6  7  7  4  3 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  27   -13  IH                 
     (4,5-b)pyridine                                                           
                        10 8  8  1  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  27   -11  IH                 
                        8  4  7  9  0 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  28   -11  IH                 
                        6  7  8  10 --                                         
                                      --                                       
                                        28                                     
                                          11                                   
                                            11                                 
                                              10  91   -  6 NGP                
     "             1000 11 10 11 14 --                                         
                                      --                                       
                                        9 --                                   
                                            --                                 
                                              --  55   +14  TH                 
                        12 9  13.sup.w                                         
                                 13 --                                         
                                      --                                       
                                        20                                     
                                          9 6 6   88   - 3  TH                 
                        10 10 13 12 --                                         
                                      20                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  65   +16  TH                 
                        8  8  10 11 --                                         
                                      --                                       
                                        29                                     
                                          1 --                                 
                                              --  67   + 2  SH, IH,            
                                                            TH                 
                        8  6  9  9  5 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  37   + 8  TH                 
     1-benzoyloxy-6-                                                           
                   2000 8  5  7  0  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  20   -10  IH                 
     chloro-2-trifluoro-                                                       
     methyl-1H-imidazo- 13.sup.w                                               
                           15.sup.w                                            
                              11 31.sup.w                                      
                                    --                                         
                                      --                                       
                                        42                                     
                                          --                                   
                                            --                                 
                                              --  112  -10  NGP                
     (4,5-b)pyridine                                                           
                        5  5  9  5  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  24   - 8  IH                 
                        9  7  9  10 --                                         
                                      17                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  52   - 8  IH                 
                        8  6  6  0  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  20   -13  IH                 
     6-chloro-2-(1,1,2,2-                                                      
                   300  11 10 13 12 --                                         
                                      --                                       
                                        38                                     
                                          2 --                                 
                                              --  86   +21  TH                 
     tetrafluoroethyl)-                                                        
     1H-imidazo(4,5-b)  11 12 13 9  0 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  45   + 8  TH                 
     pyridine                                                                  
                        9  11 13 2  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  35   +10  TH                 
                        8  10 11 10 --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  39   +13  TH                 
                        11 8.sup.w                                             
                              9  10 4 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  42   +10  TH                 
     "             150  14 12 13 5  --                                         
                                      --                                       
                                        2 --                                   
                                            --                                 
                                              --  46   + 3  TH                 
                        10 12 13 15 --                                         
                                      --                                       
                                        13                                     
                                          1 1 6   71   +10  TH                 
                        10 11 12 10 0 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  43   +14  TH, SIH            
                        11 12 12 8  1 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  44   +15  NH, IH,            
                                                            TH                 
                        11.sup.w                                               
                           11.sup.w                                            
                              10 10 --                                         
                                      --                                       
                                        32                                     
                                          9 7 8   98   +18  SH                 
     1-acetoxy-6-chloro-                                                       
                   2000 6  7  10 11 --                                         
                                      --                                       
                                        37                                     
                                          9 8 5   93   -15  NGP                
     2-trifluoromethyl-                                                        
     1H-imidazo(4,5-b)- 7  5  9  6  3 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  30   - 8  TH                 
     pyridine                                                                  
                        6  6  9  9  --                                         
                                      --                                       
                                        19                                     
                                          --                                   
                                            --                                 
                                              --  49   -15  IH                 
                        5  5  6  8  --                                         
                                      9 --                                     
                                          --                                   
                                            --                                 
                                              --  33   - 5  TH                 
                        10 6  8  0  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  24   -12  IH                 
     1-pivaloyloxy-6-                                                          
                   1500 7  8  8  10 --                                         
                                      --                                       
                                        33                                     
                                          8 8 4   86   -14  NH                 
     chloro-2-trifluoro-                                                       
     methyl-1H-imidazo- 2  4  5  7  --                                         
                                      --                                       
                                        20                                     
                                          6 3 --  47   -12  TH                 
     (4,5-b)pyridine                                                           
                        7  7  10 10 --                                         
                                      15                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  49   -12  NH, IH             
                        9  7  8  0  --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  24   -10  IH                 
                        7  6  7  6  0 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  26   - 6  TH                 
     "             750  11 10 10 12 --                                         
                                      --                                       
                                        41                                     
                                          15                                   
                                            12                                 
                                              11  122  +27  SH                 
                        8  10 12 13 --                                         
                                      --                                       
                                        27                                     
                                          --                                   
                                            --                                 
                                              --  70   +21  TH                 
                        11 11 10 13 --                                         
                                      --                                       
                                        26                                     
                                          10                                   
                                            10                                 
                                              0   91   + 9  TH                 
                        12 9  13 11 0 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  45   - 1  TH, IH             
                        11 10 10 12 --                                         
                                      --                                       
                                        34                                     
                                          0 --                                 
                                              --  77   +12  NH, IH             
     1-(methoxymethoxy)-                                                       
                   700  10 7  9  11 --                                         
                                      --                                       
                                        38                                     
                                          12                                   
                                            11                                 
                                              8   106  +13  SH                 
     6-chloro-2-trifluoro-                                                     
     methyl-1H-imidazo- 8  8  10 11 0 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  37   + 6  TH                 
     (4,5-b)pyridine                                                           
                        11 7  11 12 --                                         
                                      20                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  61   + 5  TH                 
                        10 10 12 9  5 --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  46   + 2  TH                 
                        7  10 10 9  --                                         
                                      10                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --  46   + 5  NH,                
     __________________________________________________________________________
                                                            IH                 
PAC  EXAMPLE 29
PAR  1-Hydroxy-6-chloro-2-pentafluoroethyl-1H-imidazo(4,5-b)-pyridine was
      evaluated for prolongation of clotting time. The experiment was conducted
      in female rats (Rattus norvegicus, Sprague-Dawley strain) using a standard
      laboratory diet. A group of four control rats was fed the unmodified diet
      and another group of four rats was fed a treated diet, the standard
      laboratory diet modified by the incorporation therein of 0.06 percent of
      the 1-hydroxy-6-chloro-2-pentafluoroethyl-1H-imidazo(4,5-b)pyridine.
PAR  On the sixth day of feeding, a blood sample was taken from each rat and was
      analyzed for whole blood clotting time. The analysis was carried out on a
      BBL Fibrometer Precision Coagulation Timer, produced by BBL Fibrometer, a
      Division of Becton, Dickinson and Co., Canada, Ltd.; at Mississauga,
      Ontario. Two analyses were made of each sample. The results are reported
      in Table II
TBL                Table II                                                    
     ______________________________________                                    
                                 Whole Blood                                   
                       Animal    Clotting Time                                 
     Treatment         Number    in Seconds                                    
     ______________________________________                                    
     Control           1         108                                           
                                  95                                           
     "                 2         104                                           
                                 102                                           
     "                 3         127                                           
                                 125                                           
     "                 4         113                                           
                                 108                                           
     0.06 % of 1-hydroxy-                                                      
     6-chloro-2-pentafluoro-                                                   
     ethyl-1H-imidazo(4,5-                                                     
                       1         &gt;600                                          
     b)pyridine                  &gt;600                                          
     "                 2         &gt;600                                          
                                 &gt;600                                          
     "                 3         died on day 5,                                
                                 no analysis                                   
     "                 4         died on day 6,                                
                                 no analysis                                   
     ______________________________________                                    
PAC  EXAMPLE 30-33
PAR  Representative compounds were evaluated for prothrombin time in standard
      laboratory male rats (Harlan albino strain) of weanling age. A standard
      laboratory animal diet was fed to one group of 5 rats to serve as a
      control; other groups of 5 rats received modified diets, each diet being
      the standard laboratory animal diet modified by the incorporation therein
      of 0.08 percent of the respective compound. Feeding was continued for five
      days, at which time a blood sample was taken from each rat and analyzed
      for prothrombin time. The analytical method was that of A. J. Quick, "The
      Determination of Prothrombin," 190 Am. J. Med. Sci. 501 (1935): and it was
      performed on the "Electra 600", a machine available from the Medical
      Laboratory Automation, Inc. The results are reported in Table III.
TBL                Table III                                                   
     ______________________________________                                    
                                   Range of                                    
                                   Prothrombin                                 
     Compound          Deaths      Time in Sec.                                
     ______________________________________                                    
     none (untreated                                                           
     control)         none         18.6-22.5                                   
     1-methoxy-6-chloro-2-                                                     
     trifluoromethyl-1H-                                                       
     imidazo(4,5-b)-                                                           
     pyridine         none         50.1-109.1                                  
     6-chloro-2-trifluoro-                                                     
                      5, on day    --                                          
     methyl-1H-imidazo-                                                        
                      three                                                    
     (4,5-b)pyridine                                                           
     1-methoxy-6-chloro-                                                       
     2-pentafluoroethyl-                                                       
     1H-imidazo(4,5-b)-                                                        
                      3, on days   180-200                                     
     pyridine         2-4                                                      
     1-methylcarbamoyl-                                                        
     oxy-6-chloro-2-                                                           
     trifluoromethyl-                                                          
     1H-imidazo(4,5-b)-                                                        
     pyridine         none         39.6-98.6                                   
     ______________________________________                                    
PAC  EXAMPLES 34-37
PAR  Additional evaluations of the effect of representative compounds of
      prothrombin time were conducted. The procedures were the same as those
      reported in Examples 30-33 except that the concentration of the respective
      compound was 0.02 percent. The results were reported in Table IV.
TBL                Table IV                                                    
     ______________________________________                                    
                                   Range of                                    
                                   Prothrombin                                 
     Compound          Deaths      Time in Sec.                                
     ______________________________________                                    
     none (untreated                                                           
     control)          none        20.1-22.0                                   
     1-methoxy-6-chloro-                                                       
     2-trifluoromethyl-1H-                                                     
     imidazo(4,5-b)pyridine                                                    
                       none        19.5-27.5                                   
     6-chloro-2-trifluoro-                                                     
     methyl-1H-imidazo(4,                                                      
     5-b)pyridine      none        83.7-&gt;246                                   
     1-methoxy-6-chloro-                                                       
     2-pentafluoroethyl-                                                       
     1H-imidazo(4,5-b)-                                                        
     pyridine          none        53.1-90.5                                   
     1-methylcarbamoyl-                                                        
     oxy-6-chloro-2-                                                           
     trifluoromethyl-1H-                                                       
     imidazo(4,5-b)-                                                           
     pyridine          none        17.6-22.1                                   
     ______________________________________                                    
PAC  EXAMPLES 38-39
PAR  Each of 1-methoxy-6-chloro-2-trifluoromethyl-1H-imidazo-(4,5-b)pyridine and
      1-hydroxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine was
      evaluated in coagulation studies in dogs (beagles weighing about 10
      kilograms each). Two dogs were employed with each compound, one female and
      one male.
PAR  In the first part of the evaluation, a blood sample was taken from each dog
      prior to any treatment with the respective compound. The sample was
      citrated and centrifuged for 10-15 minutes to segregate the plasma, which
      was separated and quick frozen. The dogs were then treated: each dog
      received 40 mg./kg. of the respective compound on each of 3 successive
      days; administration was by the oral route. On the fourth day, blood
      samples were again taken and processed as described above. Throughout the
      test, the dogs were provided with adequate food and water and otherwise
      maintained under good conditions. The samples were subsequently thawed and
      analyzed for prothrombin time activated partial thromboplastin, thrombin
      clotting time, and fibrinogen levels. The first three analyses were
      conducted on a "Bioquest Fibrometer", produced by Baltimore Biological
      Division of Becton and Dickinson at Cockeysville, Maryland 21030,
      Fibrinogen levels were determined by the method of H. O. Bang, 9 Scand. J.
      Clin. Lab. Inves. 205 (1957). The results are reported in Table V. The
      results show that each of the compounds prolongs prothrombin time and that
      1-methoxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine prolongs
      activated partial thromboplastin time as well.
PAR  In the second part of the evaluation, a sample was taken from each of the
      same four dogs prior to any treatment (at the same time as the initial
      sample for the first part of the evaluation), and the samples were pooled
      and evaluated for the concentration of individual clotting factors, to
      serve as a control. Following the treatment described above, a sample was
      again taken from each dog and individually analyzed in the same manner.
      The control figure was considered as 100 percent and the scores for the
      treated dogs were reported as percent of the control figure. Analyses were
      by the following methods:
PA0  Ii f. koller et al., 6 Acta Haem. 1 (1951).
PA0  V a. j. quick, 13 J. Clin. Path. 457 (1960).
PA0  Vii f. bachman et al., 1 Thrombosis Diathes. Haemorrh. 169 (1957)
PA0  Viii r. d. langdell et al., 41 J. Lab. Clin. Med. 637 (1953).
PA0  Ix w. f. stapp, 10 Scand. J. Clin. Lab. Inves. 169 l (1958).
PA0  X same as VII
PA0  Xi s. i. rapaport, 57 J. Lab. Clin. Med. 771 (1961).
PA0  Xii o. d. ratnoff in Thrombosis and Bleading Disorders, ed. by N. U. Bang
      et al. (G. Thieme, and Academic Press, N.Y., 1971), pages 214-221.
PAL  The results are reported in Table VI. These results show that each of the
      compounds suppresses those factors (II, VII, IX, and X) in the prothrombin
      family.
TBL                                    TABLE V                                 
     __________________________________________________________________________
                                            Activated                          
                                            Partial  Thrombin Fibrinogen       
                                  Prothrombin                                  
                                            Thromboplastin                     
                                                     Clotting Levels           
     Dog. No.      Plasma Sample  Time      Time     Time     (mg%)            
     __________________________________________________________________________
     1       Control              8.6  secs.                                   
                                            17.1 secs.                         
                                                     12.3 secs.                
                                                              200              
     1       After treatment with 1-methoxy-6-                                 
             chloro-2-trifluoromethyl-1H-                                      
             imidazo(4,5-b)pyridine                                            
                                  12.2 secs.                                   
                                            18.9 secs.                         
                                                     10.5 secs.                
                                                              236              
     2       Control              5.7  secs.                                   
                                            19.8 secs.                         
                                                     12.4 secs.                
                                                              295              
     2       After treatment with 1-methoxy-6-                                 
             chloro-2-trifluoromethyl-1H-                                      
             imidazo(4,5-b)pyridine                                            
                                  12.9 secs.                                   
                                            26.2 secs.                         
                                                     13.9 secs.                
                                                              222              
     3       Control              8.9  secs.                                   
                                            24.2 secs.                         
                                                     12.6 secs.                
                                                              192              
     3       After treatment with 1-hydroxy-6-                                 
             chloro-2-trifluoromethyl-1H-                                      
             imidazo(4,5-b)pyridine                                            
                                  9.9  secs.                                   
                                            22.9 secs.                         
                                                     12.2 secs.                
                                                              223              
     4       Control              5.9  secs.                                   
                                            16.0 secs.                         
                                                     14.0 secs.                
                                                              172              
     4       After treatment with 1-hydroxy-6-                                 
             chloro-2-trifluoromethyl-1H-                                      
             imidazo(4,5-b)pyridine                                            
                                  6.9  secs.                                   
                                            16.0 secs.                         
                                                     12.0 secs.                
                                                              218              
     __________________________________________________________________________
TBL                                    TABLE VI                                
     __________________________________________________________________________
                                Coagulation Factor                             
                                (% of Control)                                 
                          Pro-  Ac    Procon-        Stuart   Hageman          
                          thrombin                                             
                                Globulin                                       
                                      vertin                                   
                                            AHG  PTC Factor                    
                                                          PTA Factor           
     Treatment            (II)  (V)   (VII) (VIII)                             
                                                 (IX)                          
                                                     (X)  (XI)                 
                                                              (XII)            
     __________________________________________________________________________
     1-methoxy-6-chloro-2-trifluoro-                                           
     methyl-1H-imidazo(4,5-b)-                                                 
     pyridine             39    100    9    124  26   4   224 25               
     "                    39    100   14    122  35   6   200 43               
     1-hydroxy-6-chloro-2-trifluoro-                                           
     methyl-1H-imidazo(4,5-b)-                                                 
     pyridine             70    100   11     94  45  11   128 37               
     "                    70    100   20    100  66  25   140 18               
     __________________________________________________________________________
PAC  EXAMPLE 40
PAR  A field trial was conducted to evaluate the efficacy of
      1-methoxy-5,6-dichloro-2-heptafluoro-n-propyl-1H-imidazo(4,5-b)-pyridine.
      The trial was conducted in an area of waste ground covered by grass and
      brush and recently cut off, by construction activity, from a nearby
      abandoned stockyard. The trial area indicated the presence of a rat
      population; this was confirmed by supplying to the area a conventional
      pelleted hog feed. It was consumed steadily at the rate of 8 lbs./day,
      corresponding to a population of about 145 rats consuming an average of 25
      g. of feed/day. After the conventional feed had been supplied for three
      weeks, the trial period began. The rat species was believed to be Rattus
      norwegius, and this was later confirmed upon recovery of the dead animals.
PAR  During the trial period, the conventional feed was replaced by an adequate
      supply of a modified feed, which was identical to the conventional feed
      except that it contained 100 ppm (0.01 percent) of
      1-methoxy-5,6-dichloro-2-heptafluoro-n-propyl-1H-imidazo(4,5-b)pyridine.
PAR  Food consumption was estimated visually and was as follows, counting the
      initiation of the trial period as the first day:
TBL                     Total Pounds of                                        
     By day             Feed Consumed                                          
     ______________________________________                                    
     4                   about 20-25                                           
     7                   about 45                                              
     10                  about 45                                              
     12                  about 49                                              
     ______________________________________                                    
PAL  As shown above, the rats intially consumed the modified feed at essentially
      the same rate as the conventional feed, indicating that there was no bait
      shyness. Food consumption after day 7 tapered off to essentially nothing.
PAR  Rat corpses were found in the trial area beginning on day 4. A total of 40
      corpses was found. Of these, 31 were necropsied and uniformly showed
      internal hemorrhage, generally of the intestines.
PAR  In view of the difficulty in locating corpses, and the pattern of feed
      consumption, it was believed that there had been achieved an essentially
      complete eradication of rodents from the trial area.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for reducing or eradicating a rodent population which comprises
      supplying to a locus frequented by said population an effective amount of
      an active agent which comprises at least one compound selected from the
      group consisting of those compounds of the formula
      ##SPC6##
PAL  and the salts, with non-toxic cations, of those compounds wherein R.sup.2
      represents hydrogen or hydroxy; wherein R.sup.1 represents
PA1  1. --CF.sub.3,
PA1  2. --cf.sub.2 cl, or
PA1  3. --CF.sub.2 H;
PAL  n represents an integer from 0 to 3; q represents 0 or 1;
PAL  each of n and p represents 0 or 1, subject to the limitations (1) that
      where n is 1, the loweralkyl group so specified is at the 6-position; and
      (2) that the sum of m, n, and p is an integer from 1 to 3;
PAL  R.sup.2 represents
PA1  1. hydrogen,
PA1  2. hydroxy, or
PA1  3. OR.sup.3 where R.sup.3 represents
PA2  a. alkyl of C.sub.1 -C.sub.8,
PA2  b. (loweralkoxy of C.sub.1 -C.sub.4)methyl,
PA2  c. alkenyl of C.sub.2 -C.sub.8,
PA2  d. cycloalkyl of C.sub.5 -C.sub.6,
PA2  e. benzyl,
PA2  f. phenethyl,
PA2  g. alkanoyl of C.sub.2 -C.sub.18,
PA2  h. alkenoyl of C.sub.3 -C.sub.18,
PA2  i. carbamoyl of the formula
      ##EQU3##
      wherein one R.sup.4 represents phenyl, loweralkyl of C.sub.1 -C.sub.4, or
      loweralkenyl of C.sub.2 -C.sub.4, and the other R.sup.4 represents
      hydrogen, loweralkyl of C.sub.1 -C.sub.4, or loweralkenyl of C.sub.2
      -C.sub.4, subject to the limitation that both R.sup.4 moieties taken
      together do not contain more than six carbon atoms;
PA2  j. radical of the formula
      ##EQU4##
      loweralkyl of C.sub.1 -C.sub.4 or
      ##SPC7##
PA2  k. radical of the formula
      ##SPC8##
PAL  wherein R.sup.5 represents methylene, ethylene, or vinylene, and n
      represents 0 or 1,
PA2  l. --SO.sub.2 - R.sup.6 wherein R.sup.6 is loweralkyl as above defined,
      cycloalkyl of C.sub.5 -C.sub.6, phenyl, benzyl, or phenyl bearing from 1-3
      substituents, each of which is independently amino, nitro chloro, methyl,
      or methoxy;
PAL  and R.sup.7 represents
PAR  1. perfluoroalkyl of C.sub.1 -C.sub.7,
PA2  2. --cf.sub.2 h, or
PA1  3. --CF.sub.2 --CF.sub.2 H.
NUM  2.
PAR  2. The method of claim 1 wherein the active agent is supplied in a
      composition comprising an effective amount of the active agent and one or
      more suitable adjuvants.
NUM  3.
PAR  3. The method of claim 2 wherein the active agent is
      1-methoxy-6-chloro-2-heptofluoro-n-propl-1H-imidazo(4,5-b)-pyridine.
NUM  4.
PAR  4. The method of claim 2 wherein the active agent is
      1-methoxy-6-bromo-2-heptafluoro-n-propyl-1H-imidazo(4,5-b)pyridine.
NUM  5.
PAR  5. The method of claim 2 wherein the active agent is
      6-chloro-2-pentafluoroethyl-1H-imidazo(4,5-b)pyridine.
NUM  6.
PAR  6. The method of claim 2 wherein the active agent is
      1-methoxy-6-chloro-2-heptafluoroisopropyl-1H-imidazo(4,5-b)pyridine.
NUM  7.
PAR  7. The method of claim 2 wherein the active agent is
      5,6-dichloro-2-(1,1,2,2-tetrafluoroethyl)-1H-imidazo(4,5-b)pyridine.
NUM  8.
PAR  8. The method of claim 2 wherein the active agent is
      5,6-dichloro-2-heptafluoro-n-propyl-1H-imidazo(4,5-b)pyridine.
NUM  9.
PAR  9. The method of claim 2 wherein the active agent is
      1-methoxy-5,6-dichloro-2-heptafluoro-n-propyl-1H-imidazo(4,5-b)-pyridine.
NUM  10.
PAR  10. The method of claim 2 wherein the active agent is
      5,6-dichloro-2-pentafluoroethyl-1H-imidazo(4,5-b)pyridine.
NUM  11.
PAR  11. The method of claim 2 wherein the active agent is
      5,6-dichloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine.
NUM  12.
PAR  12. The method of claim 2 wherein the active agent is
      1-hydroxy-5,6-dichloro-2-(1,1,2,2-tetrafluoroethyl)-1H-imidazo-(4,5-b)pyri
     dine.
NUM  13.
PAR  13. The method of claim 2 wherein the active agent is
      1-methoxy-5,6-dichloro-2-(1,1,2,2-tetrafluoroethyl)-1N-imidazo-(4,5-b)pyri
     dine.
NUM  14.
PAR  14. The method of claim 2 wherein the active agent is
      5,6,7-trichloro-2-heptafluoro-n-propyl-1H-imidazo(4,5-b)pyridine.
NUM  15.
PAR  15. The method of claim 2 wherein the active agent is
      1-methoxy-5,6,7-trichloro-2-trifluoromethyl-1H-imidazo(4,5-b)-pyridine.
NUM  16.
PAR  16. The method of claim 2 wherein the active agent is
      5,6,7-trichloro-2-(1,1,2,2-tetrafluoroethyl)-1H-imidazo(4,5-b)pyridine.
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ABST
PAL  N-(4-aminophenyl)-aromatic dicarboxamides, e.g., those of the formula
      ##SPC1##
PAL  Or salts thereof are anticonvulsants.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Compounds of the above formula, wherein at least one of R and R' is
      hydrogen, are disclosed in U.S. Pat. No. 3,767,805 or British Pat. No.
      901,420 as intermediates in the preparation of ".alpha.-(cyclic tert.
      aminophenyl)-aliphatic acids" or "azo coloring matters" respectively.
      Surprisingly it was found that by properly selecting substituents and
      their relative positions within the aromatic nuclei of said
      dicarboximides, highly potent anticonvulsant agents are obtained.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention concerns and has for its object the provision of
      novel N-(4-aminophenyl)-aromatic dicarboximides, more particularly of
      those corresponding to Formula I
      ##SPC2##
PAL  wherein Ar is 1,2-phenylene substituted by at least one member selected
      from lower alkyl, alkoxy, alkylmercapto, -sulfinyl or -sulfonyl, halogeno,
      trifluoromethyl, carbamoyl, sulfamoyl, mono- or dialkylcarbamoyl or
      -sulfamoyl; unsubstituted or alkylated and/or halogenated 2,3- or
      3,4-(furylene, thienylene or pyridylene), R is lower alkyl, (hydroxy,
      alkoxy, alkylmercapto, -sulfinyl or -sulfonyl)-alkyl, halogeno or
      trifluoromethyl, n is an integer from 0 to 3 and C.sub.n H.sub.2n
      separates Ar from CO by one or no carbon atom, or acid addition salts
      thereof, as well as of corresponding pharmaceutical compositions and of
      methods for the preparation and application of these products, which are
      useful anticonvulsant agents, for example in the treatment or management
      of epilepsy or other spastic conditions.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The 1,2-phenylene radical Ar, is preferably substituted by one or two, of
      the same or different members selected from, e.g., methyl, ethyl, n- or
      i-propyl or -butyl; methoxy, ethoxy, n- or i-propoxy or -butoxy; (methyl
      or ethyl)-(mercapto, sulfinyl or sulfonyl); fluoro, chloro or bromo;
      trifluoromethyl; carbamoyl, sulfamoyl, mono- or di-(methyl or
      ethyl)-(carbamoyl or sulfamoyl). The 2,3- or 3,4-(furylene, thienylene or
      pyridylene) radicals Ar are preferably unsubstituted, or may contain one
      or two of the same or different members selected from methyl, ethyl,
      fluoro or chloro, for example.
PAR  The lower alkyl group or halogen atom R is preferably methyl, ethyl,
      fluoro, chloro, or bromo but also one of the other respective members
      listed above and the substituted lower alkyl group R is preferably
      .alpha.-(hydroxy, methoxy, ethoxy, methyl- or ethylmercapto, -sulfinyl or
      -sulfonyl)-(methyl or ethyl). The term "lower," referred to above and
      hereinafter in connection with organic radicals or compounds respectively,
      defines such with up to seven, preferably up to four, especially up to two
      carbon atoms.
PAR  The acid addition salts of the amines of Formula I are preferably those of
      the therapeutically useful acids listed below.
PAR  The compounds of the invention exhibit valuable pharmacological properties,
      primarily anticonvulsant activity, as can be demonstrated in animal tests,
      using advantageously mammals, such as mice or rats, as test objects. Said
      compounds can be applied to the host suffering from agitation and/or
      convulsions either enterally or parenterally, e.g., orally or
      intraperitoneally, for example in the form of aqueous solutions or starchy
      suspensions. The oral or intraperitoneal dosage may range between about 1
      and about 800 mg/kg/day, preferably between about 5 and 500 mg/kg/day or
      especially between about 10 and about 50 mg/kg/day. Anticonvulsant effects
      are observed, for example, by the protection of said mammals against
      electrically or chemically induced seizures, such as mouse or rat minimum
      or maximum electroshock, or seizures caused by
      1,5-pentamethylenetetrazole, picrotoxin, thiosemicarbazide or strychnine.
      According to the former test the compounds of the invention, for example,
      the N-(4-amino-o-tolyl)-4-chlorophthalimide, an illustrative member
      thereof, are administered to the animals either orally or
      intraperitoneally and 1 or 2 hours later, preferably at peak effect, they
      are given an electric shock, e.g., to mice 50  milliamperes of current and
      0.2 second duration through corneal electrodes, from which all animals
      recover. Those animals not exhibiting a tonic (hind limb) extensor seizure
      are considered protected.
PAR  They are also given the compounds of the invention, either orally or
      intraperitoneally, and 1 hour later, for example, 24 mg/kg
      1,5-pentamethylenetetrazole intravenously to rats. They are checked
      immediately for the presence of clonic seizures and all animals not
      exhibiting them are also considered protected. Furthermore, the overt
      effects of the compounds of Formula I are observed in rats 1/2, 1, 2 and
      20 hours after various oral or intraperitoneal doses and ED.sub.50 values
      are estimated for various effects, e.g., muscle tone or ataxia, indicating
      skeletal muscle relaxing activity. According to the test results observed,
      the compounds of the invention are useful anticonvulsant agents, for
      example in the treatment or management of epilepsy or other spastic
      conditions. They are also useful intermediates in the preparation of other
      valuable products, preferably of pharmacologically active compounds, e.g.,
      the anti-inflammatory agents mentioned above.
PAR  Preferred compounds of the invention are those of Formula I, wherein Ar is
      1,2-phenylene substituted by one or two of the same or different members
      selected from lower alkyl, alkoxy, alkylmercapto, -sulfinyl or -sulfonyl,
      halogeno, trifluoromethyl, carbamoyl, sulfamoyl, mono- or dialkylcarbamoyl
      or -sulfamoyl, unsubstituted, mono- or bis- lower alkylated and/or
      halogenated 2,3- or 3,4-(furylene, thienylene or pyridylene), R is lower
      alkyl, lower .alpha.-(hydroxy, alkoxy, alkylmercapto, -sulfinyl or
      -sulfonyl)-alkyl, halogeno or trifluoromethyl and n is the integer 0 or 1,
      or a therapeutically acceptable acid addition salt thereof.
PAR  More preferred on account of their anticonvulsant effects are those
      compounds of Formula I, wherein Ar is 1,2-phenylene substituted by one or
      two of the same or different members selected from methyl, ethyl, methoxy,
      ethoxy, (methyl or ethyl)-(mercapto, sulfinyl or sulfonyl), fluoro,
      chloro, bromo, trifluoromethyl, carbamoyl, sulfamoyl, mono or di-(methyl
      or ethyl)-(carbamoyl or sulfamoyl); unsubstituted or mono- or di-(methyl,
      ethyl, fluoro or chloro)-substituted 2,3- or 3,4-(furylene, thienylene or
      pyridylene), R is methyl, ethyl, fluoro, chloro, bromo, trifluoromethyl or
      .alpha.-(hydroxy, methoxy, ethoxy, methyl- or ethylmercapto, -sulfinyl or
      -sulfonyl)-(methyl or ethyl) and n is the integer 0 or 1, or a
      therapeutically acceptable and addition salt thereof.
PAR  Outstanding activity is exhibited by compounds of Formula II
      ##SPC3##
PAL  wherein R is methyl or ethyl, R' is methyl, ethyl, fluoro, chloro, bromo or
      trifluoromethyl and n is the integer 0 or 1, or a therapeutically
      acceptable acid addition salt thereof.
PAR  Of special value are those compounds of Formula II, wherein R is methyl, R'
      is methyl, fluoro, chloro, bromo or trifluoromethyl, preferably in the
      4-position, and n is zero, or a therapeutically acceptable acid addition
      salt thereof.
PAR  The compounds of the invention are prepared according to methods known per
      se. For example, they are obtained by converting in a compound of Formula
      III
      ##SPC4##
PAL  wherein X is a nitro, azido, azo, isocyanato or an acylamino group, X into
      amino by reduction or hydrolysis respectively and, if desired, converting
      any resulting compound into another compound of the invention.
PAR  An azo and acylamino group X is preferably derived from an isocyclic
      aromatic radical, e.g., phenyl or H--Ar, or a lower alkanoic or aralkanoic
      acid or carbonic acid half-ester. Preferred radicals X are: NO.sub.2,
      N.sub.3, C.sub.6 H.sub.5 --N.sub.2 ; NCO, C.sub.m H.sub.2m.sub.+1 --CONH,
      C.sub.m H.sub.2m.sub.+1 --OCONH or C.sub.6 H.sub.5 --CONH, wherein m is 1
      to 7. The former groups are converted into amino by conventional
      reduction, for example, with the use of catalytically activated or nascent
      hydrogen, e.g., hydrogen in the presence of platinum, palladium or nickel
      catalysts, e.g., Raney nickel, or generated by the action of non-precious
      metals, e.g., zinc or iron, on acids, such as mineral acids, e.g.,
      hydrochloric or sulfuric acid, or with the use of reducing agents,
      preferably salts or elements of the 4th to 6th group of the Periodic Table
      and being in a low oxidation state, such as titanous, stannous or chromous
      halides, ammonium polysulfides or alkali metal hydrosulfites. The latter
      acylated amino groups are converted into amino by acidic or basic
      hydrolysis, the isocyanato group (for example formed in the course of the
      Schmidt-reaction) preferably with strong inorganic acids, such as
      hydrochloric, sulfuric or phosphoric acid, and the other acylamino groups
      preferably with the use of aqueous bases, such as aqueous alkali metal
      hydroxides or carbonates, or quaternary ammonium hydroxides, e.g., sodium
      hydroxide, potassium carbonate or trimethylbenzyl-ammonium hydroxide.
PAR  The compounds of the invention so obtained can be converted into each other
      according to methods known per se. For example, resulting hydroxyalkyl
      compounds, preferably acid addition salts thereof, can be etherified with
      lower alkyl halides or sulfates to corresponding compounds of Formula I,
      wherein R is lower alkoxyalkyl. Moreover, resulting alkylmercapto-products
      can be oxidized, advantageously with the use of alkali metal periodates or
      perbenzoic acid, to yield corresponding alkylsulfinyl or -sulfonyl
      compounds, or carbamoyl or sulfamoyl-products may be treated under strong
      alkaline conditions with said esters of lower alkanols, to yield the
      N-alkylated derivatives thereof.
PAR  A resulting basic compound can be converted into a corresponding acid
      addition salt, for example by reacting it with an inorganic or organic
      acid, such as a therapeutically useful acid, or with a corresponding anion
      exchange preparation, and isolating the desired salt. An acid addition
      salt may be converted into the free compound by treatment with a base,
      e.g., a metal hydroxide, ammonia or a hydroxyl ion exchange preparation.
      Therapeutically useful acids are, for example, inorganic acids, e.g.
      hydrochloric, hydrobromic, sulfuric, phosphoric, nitric or perchloric
      acid, or organic acids, e.g., carboxylic or sulfonic acids, such as
      formic, acetic, propionic, succinic, glycollic, lactic, malic, tartaric,
      citric, ascorbic, maleic, hydroxymaleic, pyruvic, phenylacetic, benzoic,
      4-aminobenzoic, anthranilic, 4-hydroxybenzoic, salicylic, aminosalicylic,
      pamoic, nicotinic, methanesulfonic, ethanesulfonic,
      hydroxy-ethanesulfonic, ethylenesulfonic, benzenesulfonic,
      halogenbenzenesulfonic, toluenesulfonic, naphthalenesulfonic, sulfanilic,
      or cyclohexylsulfamic acid.
PAR  These or other salts, for example, the picrates, can also be used for
      purification of the bases obtained; the bases are converted into salts,
      the salts are separated and the bases are liberated from the salts. In
      view of the close relationship between the free compounds and the
      compounds in the form of their salts, whenever a compound is referred to
      in this context, a corresponding salt is also intended, provided such is
      possible or appropriate under the circumstances.
PAR  Resulting mixtures of isomers can be separated into the single isomers by
      methods in themselves known, e.g., by fractional distillation,
      crystallization and/or chromatography. Racemic products can likewise be
      resolved into the optical antipodes, for example by separation of
      diastereomeric salts thereof, e.g., by the fractional crystallization of
      d- or l-tartrates.
PAR  The above reactions are carried out according to standard methods, in the
      presence or absence of diluents, preferably such as are inert to the
      reagents and are solvents thereof, of catalysts, condensing or
      neutralizing agents and/or inert atmospheres, at low temperatures, room
      temperature or elevated temperatures, at atmospheric or superatmospheric
      pressure.
PAR  The invention also comprises any modification of the above process, wherein
      a compound resulting as an intermediate at any stage thereof, is used as
      starting material and the remaining steps are carried out, or the process
      is discontinued at any stage thereof, or in which the starting material is
      formed under the reaction conditions or is used in the form of its salts
      or reactive derivatives. As mentioned above, isocyanates are formed from
      the corresponding acid azides and acylamino compounds may be formed in the
      formation of the cyclic starting materials from their acyclic precursors.
      In the process of the invention, those starting materials are
      advantageously selected, which yield the above-described preferred
      embodiments of the invention, especially those corresponding to Formula
      II.
PAR  The starting material used is known or, if new, can be prepared according
      to the methods described for known analogs thereof, or by the methods
      illustrated in the examples herein.
PAR  The pharmacologically active compounds of the invention are useful in the
      manufacture of pharmaceutical compositions containing an effective amount
      thereof in conjunction or admixture with excipients suitable for either
      enteral, parenteral or topical application. Preferred are tablets and
      gelatin capsules comprising the active ingredient together with (a)
      diluents, e.g., lactose, dextrose, sucrose, mannitol, sorbitol, cellulose
      and/or glycine, (b) lubricants, e.g., silica, talcum, stearic acid, its
      magnesium or calcium salt and/or polyethyleneglycol, for tablets also (c)
      binders, e.g., magnesium aluminum silicate, starch paste, gelatin,
      tragacanth, methylcellulose, sodium carboxymethylcellulose and/or
      polyvinylpyrrolidone, if desired, (d) disintegrants, e.g., starches, agar,
      alginic acid or its sodium salt, enzymes of the binders or effervescent
      mixtures and/or (e) absorbents, colorants, flavors and sweeteners.
      Injectable compositions are preferably aqueous isotonic solutions or
      suspensions, and suppositories are advantageously made from fatty
      emulsions or suspensions. They may be sterilized and/or contain adjuvants,
      such as preserving, stabilizing, wetting or emulsifying agents, solution
      promoters, salts for regulating the osmotic pressure and/or buffers. Said
      pharmaceutical compositions may also contain other therapeutically
      valuable substances. They are prepared according to conventional mixing,
      granulating or coating methods respectively and contain about 0.1 to 75%,
      preferably about 1 to 50% of the active ingredient.
PAR  The following examples are intended to illustrate the invention and are not
      to be construed as being limitations thereon. Temperatures are given in
      degrees centigrade, all parts wherever given are parts by weight, and all
      evaporations are carried out under reduced pressure.
DETD
PAC  EXAMPLE 1
PAR  The mixture of 3.94 g of N-(4-nitro-o-tolyl)-3-methylphthalimide, 200 ml of
      ethyl acetate and 2.2 g of Raney nickel (pre-washed with water and ethyl
      acetate) is hydrogenated at 3.1 atm. and room temperature until the
      hydrogen uptake ceases. It is filtered, evaporated, the residue triturated
      with chloroform, filtered again, the filtrate evaporated and the residue
      recrystallized from methanol, to yield the
      N-(4-amino-o-tolyl)-3-methylphthalimide of the formula
      ##SPC5##
PAL  melting at 209.degree.-211.degree..
PAR  The starting material is prepared as follows: The mixture of 16.2 g of
      3-methylphthalic anhydride, 15.2 g of 4-nitro-o-toluidine and 400 ml of
      xylene is refluxed for 2 days and evaporated. The residue is taken up in
      400 ml of acetic anhydride and the mixture refluxed for 18 hours. It is
      evaporated and the residue recrystallized from ethanol, to yield the
      N-(4-nitro-o-tolyl)-3-methylphthalimide, melting at
      195.degree.-199.degree..
PAC  EXAMPLE 2
PAR  The mixture of 4.28 g of N-(4-nitro-o-tolyl)-4-methylphthalimide, 200 ml of
      95% aqueous ethanol and 0.21 g of 5% palladium on charcoal is hydrogenated
      at 3.1 atm and 45.degree. until the hydrogen uptake ceases. The resulting
      suspension is diluted with the minimum amount of dimethylformamide to
      solubilize the organic material, filtered and evaporated. The residue is
      taken up in chloroform, the mixture filtered, evaporated and the residue
      recrystallized from methanol, to yield the
      N-(4-amino-o-tolyl)-4-methylphthalimide melting at
      144.degree.-147.degree..
PAR  The staring material is prepared as follows: The mixture of 5.0 g of
      4-methylphthalic anhydride, 4.7 g of 4-nitro-o-toluidine and 100 ml of
      xylene is refluxed for 21/2 days on a water trap. It is evaporated and the
      residue recrystallized from ethanol, to yield the
      N-(4-nitro-o-tolyl)-4-methylphthalimide melting at
      184.degree.-186.degree..
PAC  EXAMPLE 3
PAR  The mixture of 1.65 g of N-(4-nitro-o-tolyl)-3-chlorophthalimide, 200 ml of
      ethyl acetate and 0.92 g of pre-washed Raney nickel is hydrogenated at 3.1
      atm. and room temperature until the hydrogen uptake ceases. It is
      filtered, evaporated and the residue recrystallized from methanol, to
      yield the N-(4-amino-o-tolyl)-3-chlorophthalimide melting at
      209.degree.-211.degree..
PAR  The starting material is prepared as follows: The mixture of
      3-chlorophthalic anhydride, 2.5 g of 4-nitro-o-toluidine and 200 ml of
      xylene is refluxed for 2 days on a water-trap and evaporated. The residue
      is taken up in chloroform, the mixture filtered, the filtrate
      chromatographed on silica gel and the column eluted with chloroform-ethyl
      acetate (9:1), to yield the N-(4-nitro-o-tolyl)-3-chlorophthalimide
      melting at 229.degree.-232.degree..
PAC  EXAMPLE 4
PAR  The mixture of 12.4 g of N-(4-nitro-o-tolyl)-4-chlorophthalimide, 1.0 lt.
      ethyl acetate and 10 ml of an ethanolic suspension containing 6.9 g of
      Raney nickel is hydrogenated at 2.8 atm. and room temperature for 12
      hours. It is filtered, concentrated to about half of its original volume
      and the precipitate formed collected, to yield the
      N-(4-amino-o-tolyl)-4-chlorophthalimide melting at
      201.degree.-203.degree.. Its 4-bromo-analog melts at
      208.degree.-211.degree..
PAR  The starting material is prepared as follows: The mixture of 36 g of
      4-chlorophthalic acid and 250 ml of acetic anhydride is refluxed for 2
      hours and evaporated. The residual 4-chlorophthalic anhydride is dried in
      a high vacuum and 27.8 g thereof refluxed in 480 ml of toluene together
      with 23.1 g of 4-nitro-o-toluidine for 1 day. It is cooled the precipitate
      filtered off, washed with benzene and dried at 80.degree./0.1 mmHg, to
      yield the corresponding amide melting at 185.degree.-188.degree..
PAR  The mixture of 35 g thereof and 250 ml of acetic anhydride is refluxed for
      2 hours and evaporated. The residue is dried, taken up in the minimum
      amount of hot ethyl acetate, the solution treated with charcoal, filtered,
      the filtrate cooled and the precipitate formed collected, to yield
      N-(4-nitro-o-tolyl)-4 chlorophthalimide melting at
      221.degree.-222.degree..
PAC  EXAMPLE 5
PAR  The mixture of 35.9 g of N-(4-nitro-o-tolyl)-tetrachlorophthalimide, 250 ml
      of dimethylformamide and 0.32 g of 5% platinum oxide is hydrogenated at
      room temperature and atmospheric pressure for 21/2 days. It is filtered,
      evaporated, the residue triturated with hot xylene, filtered, the filtrate
      evaporated and the residue recrystallized from ethanol, to yield the
      N-(4-amino-o-tolyl)-tetrochlorophthalimide melting at
      166.degree.-171.degree. with decomposition.
PAR  The starting material is prepared as follows: The mixture of 28.6 g of
      tetrachlorophtalic anhydride, 15.2 g of 4-nitro-o-toluidine and 200 ml of
      xylene is refluxed for 21/2 days on a water trap. It is cooled, the
      precipitate formed filtered off and recrystallized from methyl ethyl
      ketone, to yield the N-(4-nitro-o-tolyl)-tetrachlorophtalimide melting at
      226.degree.-230.degree..
PAC  EXAMPLE 6
PAR  The mixture of 10.0 g of N-(4-nitro-o-tolyl)-4-fluorophthalimide, 500 ml of
      ethyl acetate and 5 g of Raney nickel is hydrogenated at 3.1 atm. and room
      temperature until the hydrogen uptake ceases. It is filtered, evaporated
      and the residue recrystallized from ethanol, to yiedl the
      N-(4-amino-o-tolyl)-4-fluorophthalimide, melting at
      180.degree.-182.degree..
PAR  The starting material is prepared as follows: The mixture of 6.8 g of
      4-fluorophthalic anhydride, 6.2 g of 4-nitro-o-foluidine and 160 ml of
      xylene is refluxed for 4 days at a water trap. It is evaporated, the
      residue taken up in 150 ml of acetic anhydride and the solution refluxed
      for 5 hours. It is evaporated and the residue recrystallized from
      n-propanol, to yield the N-(4-nitro-o-tolyl)-4-fluorophthalimide melting
      at 166.degree.-168.5.degree..
PAC  EXAMPLE 7
PAR  The mixture of 3.55 g of N-(4-nitro-o-tolyl)-4-trifluoromethylphthalimide,
      200 ml of 95% aqueous ethanol and 0.18 g of 5% palladium on carbon is
      hydrogenated at 3.1 atm. and 45.degree. until the hydrogen uptake ceases.
      It is filtered, evaporated and the residue recrystallized from ethanol, to
      yield the N-(4-amino-o-tolyl)-4-trifluoromethylphthalimide melting at
      161.degree.-163.degree..
PAR  The starting material is prepared as follows: The mixture of 13.0 g of
      4-trifluoromethylphthalic anhydride, 3.16 g of 4-nitro-o-toluidine and 100
      ml of xylene is refluxed for 21/2 days at a water trap. It is evaporated
      and the residue recrystallized from ethanol, to yield the
      N-(4-nitro-o-tolyl)-4-trifluoromethylphthalimide melting at
      156.degree.-158.degree..
PAC  EXAMPLE 8
PAR  The mixture of 2.83 g of N-(4-nitro-o-tolyl)-pyridine-2,3-dicarboximide,
      200 ml of ethyl acetate and 1.6 g of prewashed Raney nickel is
      hydrogenated at 3.1 atm. and room temperature until the hydrogen uptake
      ceases. It is filtered, evaporated, the residue taken up in chloroform,
      the solution treated with charcoal, filtered, evaporated and the residue
      recrystallized from methanol, to yield the
      N-(4-amino-o-tolyl)-pyridine-2,3-dicarboximide of the formula
      ##SPC6##
PAL  melting at 180.degree.-182.degree..
PAR  The starting material is prepared as follows: The mixture of 10.0 g of
      pyridine-2,3-dicarboxylic anhydride, 10.3 g of 4-nitro-o-toluidine and 250
      ml of xylene is refluxed for 2 days. It is evaporated, the residue taken
      up in 250 ml of acetic anhydride and the mixture refluxed for 5 hours. It
      is evaporated, the residue triturated with hot ethanol and the insoluble
      material recrystallized from ethyl acetate, to yield the
      N-(4-nitro-o-tolyl)-pyridine-2,3-dicarboximide melting at
      223.degree.-225.degree..
PAC  EXAMPLE 9
PAR  Preparation of 10,000 tablets each containing 100.0 mg of the active
      ingredient:
TBL  Formula:                                                                  
     ______________________________________                                    
     N-(4-amino-o-tolyl)-4-chlorophthalimide                                   
                                1,000.00 g                                     
     Lactose                    2,535.00 g                                     
     Corn starch                125.00 g                                       
     Polyethylene glycol 6,000  150.00 g                                       
     Talcum powder              150.00 g                                       
     Magnesium stearate         40.00 g                                        
     Purified water             q.s.                                           
     ______________________________________                                    
PAL  Procedure:
PAR  All the powders are passed through a screen with openings of 0.6 mm. Then
      the drug substance, lactose, talcum, magnesium stearate and half of the
      starch are mixed in a suitable mixer. The other half of the starch is
      suspended in 65 ml of water and the suspension added to the boiling
      solution of the polyethylene glycol in 260 ml of water. The paste formed
      is added to the posders which are granulated, if necessary, with an
      additional amount of water. The granulate is dried overnight at
      35.degree., broken on a screen with 1.2 mm openings and compressed into
      tablets using concave punches with 10.3 mm diameter, uppers bisected.
PAR  In the analogous manner tablets are prepared, containing any of the other
      compounds of the invention, preferably those illustrated by the preceding
      examples herein.
CLMS
STM  We claim:
NUM  1.
PAR  1. An anticonvulsant pharmaceutical composition in the form of a tablet or
      capsule comprising a spasmolytically effective amount of a compound
      corresponding to the formula
      ##SPC7##
PAL  wherein Ar is 1,2-phenylene substituted by at least one member selected
      from lower alkyl, alkoxy, alkylmercapto, -sulfinyl or -sulfonyl, halogeno,
      trifluoromethyl, carbamoyl, sulfamoyl, mono- or dialkylcarbamoyl or
      -sulfamoyl; unsubstituted or alkylated and/or halogenated 2,3- or
      3,4-(furylene, thienylene or pyridylene), R is lower alkyl, (hydroxy,
      alkoxy, alkylmercapto, -sulfinyl or -sulfonyl)-alkyl, halogeno or
      trifluoromethyl, n is 0 and C.sub.n H.sub.2n separates Ar from CO by one
      or no carbon atom, or acid addition salts thereof, together with a
      pharmaceutical excipient.
NUM  2.
PAR  2. A composition as claimed in claim 1, wherein the effective compound
      corresponds to the formula
      ##SPC8##
PAL  wherein R is methyl or ethyl, R' is methyl, ethyl, fluoro, chloro, bromo or
      trifluoromethyl and n is the integer 0, or a therapeutically acceptable
      acid addition salt thereof.
NUM  3.
PAR  3. A composition as claimed in claim 1, wherein the effective compound is
      the N-(4-amino-o-tolyl)-4-chlorophthalimide, or a therapeutically
      acceptable acid addition salt thereof.
NUM  4.
PAR  4. A method for treating agitation and/or convulsions in a mammal, which
      consists in administering to said mammal enterally or parenterally a
      composition as claimed in claim 1.
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ABST
PAL  Compound of the formula
      ##SPC1##
PAL  Wherein R is hydroxy, halogen of atomic number 9 to 35, vinyl, alkoxy group
      of 1 to 4 carbon atoms, alkylthio group of 1 to 4 carbon atoms, epoxy
      group, acyl group or carbamoyl group singly substituted on the nitrogen
      atom with an alkyl group of 1 to 4 carbon atoms and n is a whole number in
      the range of 1 to 14, have juvenile hormone mimetic activity.
PARN
PAR  This is a division of application Ser. No. 226,963, filed Feb. 16, 1972,
      now U.S. Pat. No. 3,796,726.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field
PAR  The present invention is concerned with piperonyl ethers that have juvenile
      hormone mimetic activity. More particularly, it is concerned with straight
      chain .omega.-monounsaturated alkenyl, .omega.-haloalkyl,
      .omega.-hydroxyalkyl, .omega.-epoxyalkyl, .omega.-alkoxyalkyl,
      .omega.-alkylthioalkyl, .omega.-acylalkyl and .omega.-carbamoylalkyl
      piperonyl ethers.
PAR  2. Prior Art
PAR  Juvenile hormone is a methyl ester of a multiply unsaturated branched chain
      acid. This branched chain group is made up of isoprene units
      characteristic of many natural products. The resulting complex structure
      is difficult to synthesize and is, therefore, not readily available for
      insect control.
PAR  Compounds which function as juvenile hormone insecticides act in a
      different manner on insects than presently used insecticides. Compounds
      having juvenile hormone mimetic activity exert a disrupting influence upon
      the normal development of the insects. These compounds interrupt the
      normal metamorphosis of the pest insects and result in the formation of
      members of the treated species which develop abnormally and are nonviable
      or sterile. This ultimately leads, indirectly at least, to the destruction
      of the insect population.
PAC  DESCRIPTION OF THE INVENTION
PAR  The compounds of the present invention, in general, possess juvenile
      hormone mimetic activity. The compounds are straight chain piperonyl
      ethers having the following structure (I)
      ##SPC2##
PAL  wherein R is --OH, halogen of atomic number 9 to 35 (fluorine, chlorine or
      bromine), vinyl, alkoxy of 1 to 4 carbon atoms, alkylthio of 1 to 4 carbon
      atoms, epoxy, acyl of 1 to 5 carbon atoms, carbamoyl singly substituted on
      the nitrogen atom with alkyl groups of 1 to 4 carbon atoms and n is a
      whole number of 1 to 14.
PAR  Preferably R is hydroxy, chlorine, bromine, vinyl, alkoxy of 1 to 2 carbon
      atoms, alkylthio of 1 to 2 carbon atoms, epoxy, saturated acyl of 2 carbon
      atoms or carbamoyl singly substituted on the nitrogen with a methyl group.
PAR  N IS PREFERABLY A WHOLE NUMBER IN THE RANGE OF 2 TO 14, MORE PREFERABLY 2
      TO 12 AND MOST PREFERABLY 6 TO 12.
PAR  The acyl groups may be represented by the structure (II)
      ##EQU1##
      wherein R.sup.2 is alkyl of 1 to 4 carbon atoms, preferably methyl or
      cyclopropyl. The carbamoyl group may be represented structurally as
      ##EQU2##
      wherein R.sup.3 is alkyl of 1 to 4 carbon atoms, preferably methyl.
PAR  Still more preferably R is bromine, vinyl or methoxy and n has a value of 9
      to 10.
PAR  Representative compounds of the present invention include the following:
      2-hydroxyethyl piperonyl ether, 4-hydroxybutyl piperonyl ether,
      8-hydroxyoctyl piperonyl ether, 2-bromoethyl piperonyl ether,
      3-bromopropyl piperonyl ether, 4-bromobutyl piperonyl ether, 5-bromopentyl
      piperonyl ether, 7-bromoheptyl piperonyl ether, 11-bromoundecyl piperonyl
      ether, 13-bromotridecyl piperonyl ether, 14-bromotetradecyl piperonyl
      ether, 12-chlorododecyl piperonyl ether, 9-fluorononyl piperonyl ether,
      2-fluoroethyl piperonyl ether, 2-fluoromethyl piperonyl ether.
PAR  Allyl piperonyl ether, 3-butenyl piperonyl ether, 4-pentenyl piperonyl
      ether, 6-heptenyl piperonyl ether, 10-undecenyl piperonyl ether,
      11-dodecenyl piperonyl ether, 12-tridecenyl piperonyl ether.
PAR  2-Methoxyethyl piperonyl ether, 2-propoxyethyl piperonyl ether,
      3-propoxypropyl piperonyl ether, 4-ethoxybutyl piperonyl ether,
      5-ethoxypentyl piperonyl ether, 7-methoxyheptyl piperonyl ether,
      11-methoxyundecyl piperonyl ether, 12-methoxy dodecyl piperonyl ether,
      13-methoxytridecyl piperonyl ether, 9-ethoxynonyl piperonyl ether,
      10-ethoxydecyl piperonyl ether, 10-butoxydecyl piperonyl ether,
      11-ethoxyundecyl piperonyl ether, 8-propoxyoctyl piperonyl ether,
      9-propoxynonyl piperonyl ether, 10-propoxydecyl piperonyl ether,
      11-propoxyundecyl piperonyl ether, 7-butoxyheptyl piperonyl ether,
      9-butoxynonyl piperonyl ether, 10-butoxydecyl piperonyl ether.
PAR  8-Thianonyl piperonyl ether, 9-thiadecyl piperonyl ether, 10-thiaundecyl
      piperonyl ether, 12-thiatridecyl piperonyl ether, 8-thiadecyl piperonyl
      ether, 8-thiaundecyl piperonyl ether, 8-thiadodecyl piperonyl ether,
      2-thiapropyl piperonyl ether, 3-thiapentyl piperonyl ether, 3-thiahexyl
      piperonyl ether.
PAR  3,4-Epoxybutyl piperonyl ether, 4,5-epoxypentyl piperonyl ether,
      5,6-epoxyhexyl piperonyl ether,  6,7-epoxyheptyl piperonyl ether,
      9,10-epoxydecyl piperonyl ether, 10,11-epoxyundecyl piperonyl ether,
      11,12-epoxydodecyl piperonyl ether, 12,13-epoxytridecyl piperonyl ether,
      13,14-epoxytetradecyl piperonyl ether.
PAR  8-Piperonyloxyoctyl acetate, 7-piperonyloxyheptyl acetate,
      11-piperonyloxyundecyl acetate, 12-piperonyloxydodecyl acetate,
      9-piperonyloxynonyl propionate, 10-piperonyloxydecyl propionate,
      11-piperonyloxyundecyl propionate, 9-piperonyloxynonyl butyrate,
      10-piperonyloxydecyl butyrate, 8-piperonyloxyoctyl butyrate,
      9-piperonyloxynonyl cyclopropanecarboxylate, 10-piperonyloxydecyl
      cyclopropanecarboxylate, 8-piperonyloxyoctyl cyclopropanecarboxylate,
      8-piperonyloxyoctyl-N-methyl carbamate, 11-piperonyloxyundecyl-N-methyl
      carbamate, 12-piperonyloxydodecyl-N-methyl carbamate,
      13-piperonyloxytridecyl-N-methyl carbamate
PAR  The .omega.-haloalkyl piperonyl ethers of this invention are prepared by
      the reaction of sodium piperonoxide and an .alpha.,.omega.-dibromoalkane
      as follows:
      ##SPC3##
PAL  wherein n has the same meaning as before and Hal represents halogen of
      atomic number 9 to 35. Other alkali metal salts may be used, e.g.,
      potassium, lithium, etc.
PAR  This reaction (1) is a variation of the well known Williamson ether
      synthesis. The dihalide in an equal molar amount is simply added to the
      solvent (e.g., dimethoxy ethane, liquid ammonia, tetrahydrofuran, dioxane,
      etc.) containing the piperonyl salt which is then heated at temperatures
      in the range of 50.degree. to 150.degree.C. for a period of time
      sufficient to carry the reaction to completion about 6 to 24 hours. This
      reaction is conveniently catalyzed by a small amount of iodine. After
      water washing to remove the by-product salts, crude product is obtained by
      evaporation or distillation of the solvent. This crude material may be
      used as such or it may be purified by chromatography.
PAR  The alkali metal salts of piperonol are readily prepared by the reaction of
      piperonol with an equal molar amount of sodium hydride, potassium amide,
      n-butyl lithium, etc. in an appropriate solvent such as dimethoxy ethane,
      liquid ammonia, tetrahydrofuran, dioxane and the like. This reaction is
      carried out at low temperatures, below about 50.degree.C. The alkali metal
      salt is usually prepared in situ and used in the subsequent reaction with
      an .alpha.,.omega.-dihaloalkane without isolation or purification.
PAR  The .omega.-unsaturated alkenyl piperonyl ethers of this invention may be
      prepared by dehydrohalogenation of .omega.-haloalkyl piperonyl ethers as
      illustrated by the reaction below, wherein the halogen is represented as
      bromine:
      ##SPC4##
PAL  wherein n is as defined previously.
PAR  In this reaction (2) the .omega.-haloalkyl piperonyl ether is heated with
      an excess of a strong base in an inert nonaqueous solvent. Solvents
      suitable for this reaction are preferably high boiling and include
      dimethoxyethane, dioxane, diethyleneglycol, monoethyl ether of
      diethyleneglycol and the like. Strong bases for this reaction include the
      alkali metal hydroxides, e.g. sodium hydroxide, potassium hydroxide, etc.
      The reaction is carried out at temperatures in excess of 50.degree.C.,
      preferably at the reflux temperature of the solvent. Reaction times for
      completion depend on the temperature but are generally in the range of 4
      to 24 hours. The crude product is obtained by evaporating or distilling
      off the solvent after it has been washed to remove by-product salts.
PAR  The .omega.-unsaturated alkenyl piperonyl ethers of this invention may also
      be prepared by the reaction of a terminally unsaturated primary alcohol
      and piperonyl halide as follows (the halogen is represented by bromine):
      ##SPC5##
PAR  This reaction is essentially the same as process (1) described above for
      the preparation of .omega.-haloalkyl piperonyl ethers.
PAR  The .omega.-alkoxyalkyl piperonyl ethers and the .omega.-alkylthioalkyl
      piperonyl ethers are prepared from the corresponding .omega.-haloalkyl
      piperonyl ethers as follows:
      ##SPC6##
PAR  This reaction is essentially the same as reaction (1) described above for
      the preparation of .omega.-haloalkyl piperonyl ethers and is carried out
      in substantially the same manner.
PAR  The .omega.-epoxyalkyl piperonyl ethers of this invention are prepared by
      epoxidizing the terminally unsaturated alkenyl piperonyl ethers, as
      follows:
      ##SPC7##
PAL  wherein n has the same meaning as before.
PAR  Epoxidations are well known reactions of olefins and are effected by
      contacting the olefin with an epoxidizing agent such as perbenzoic acid,
      m-chloroperbenzoic acid, and peracetic acid. The reaction is usually
      carried out in solvents such as chloroform, acetic acid and diethyl ether,
      at temperatures below about 25.degree.C., preferably
      0.degree.-10.degree.C. The reactants are mixed slowly and kept in contact
      at these low temperatures for periods of time ranging from 2 hours to 2 or
      more days. The product is obtained by first washing out the acid
      by-products with a dilute basic solution, and then removing the organic
      solvent by evaporation or distillation. The crude product obtained in this
      way may be used as such or it may be purified by chromatography.
PAR  The .omega.-hydroxyalkyl piperonyl ethers are prepared by the reaction of
      piperonyl bromide and a sodium .omega.-hydroxyalkoxide as follows:
      ##SPC8##
PAR  This reaction is carried out in a manner substantially the same as that
      described above for reaction (3).
PAR  The .omega.-acylalkyl piperonyl ethers and the .omega.-carbamoylalkyl
      piperonyl ethers are prepared by reacting .omega.-hydroxyalkyl piperonyl
      ether with a suitable acylchloride or alkyl isocyanate, respectively,
      according to the following equations (7) and (8):
      ##SPC9##
PAR  The above reactions are, of course, well known acylation and carbamoylation
      reactions. The .omega.-acylalkyl piperonyl ethers may also be prepared by
      reacting the .omega.-hydroxyalkyl piperonyl ether with an anhydride such
      as acetic anhydride. This reaction is also well known.
DETD
PAR  The compounds of the present invention may be more fully understood by
      reference to the following examples.
PAC  EXAMPLE 1
PAC  Preparation of 8-bromooctyl piperonyl ether
PAR  Piperonol, 15.2 g. (0.1 mole), was dissolved in 200 ml. of dimethoxyethane.
      To this solution there was added 4.8 g. (0.1 mole) of sodium hydride. The
      resulting mixture was refluxed for 30 minutes after which 27.2 g. (0.1
      mole) of 1,8-dibromooctane and a crystal of iodine were added. This
      mixture was then refluxed for 24 hours. At the end of this time, the
      mixture was cooled and mixed with an equal amount of water. Then a like
      amount of dichloromethane was added and the two layers were separated. The
      organic layer was dried and evaporated. The crude product obtained in this
      way was purified by passing through a silica gel chromatography column
      using a 5% ether in hexane eluent. In this way there was obtained 13 g. of
      oily 8-bromooctyl piperonyl ether. The NMR spectra was consistent with the
      assigned structure. An infrared spectra had strong adsorptions at 3.4,
      3.5, 6.7, 6.95, 8.0, 9.1, 9.6, 10.7 and 12.3 microns. Analysis was as
      follows:
TBL              Calculated                                                    
                         Found                                                 
     ______________________________________                                    
     Br %          23.3      23.3                                              
     ______________________________________                                    
PAC  EXAMPLE 2
PAC  Preparation of 7-octenyl piperonyl ether
PAR  A crude 8-bromooctyl piperonyl bromide was prepared by refluxing 15.2 g.
      (0.1 mole) of piperonol, 27.2 g. (0.1 mole) of 1,8-dibromooctane and 13.8
      g. (0.1 mole) of potassium carbonate in 200 ml. of acetone for 36 hours.
      At the end of this time the mixture was filtered and evaporated to
      dryness. To this crude product there was added 200 ml. of dimethoxy ethane
      and 11.2 g. (0.2 mole) of potassium hydroxide. The resulting mixture was
      heated at reflux for 24 hours, after which the material was cooled,
      filtered and evaporated to give crude 7-octenyl piperonyl ether. This
      product was purified by passing it through a silica gel chromatography
      column using petroleum ether as the eluent. The purified 7-octenyl
      piperonyl ether was an oil and weighed 5 g. NMR spectra was consistent
      with the assigned structure. Infrared spectra had strong adsorption bands
      at 3.4, 3.5, 6.1, 6.7, 6.95, 8.0, 9.1, 9.6, 10,6, 10.9 and 12.3 microns.
      Analysis was as follows:
TBL              Calculated                                                    
                         Found                                                 
     ______________________________________                                    
     C %           73.3      74.9                                              
     H %           8.4       8.5                                               
     ______________________________________                                    
PAC  EXAMPLE 3
PAC  Preparation of 8-methoxyoctyl piperonyl ether
PAR  8-bromopiperonyl ether, 19.0 g. (0.55 mole) and 5.6 g. (0.1 mole) of
      potassium hydroxide were refluxed in 150 ml. of methanol for 2 hours.
      After cooling, the reaction mixture was filtered and the filtrate
      evaporated to give a residue which was chromatographed through a silica
      gel column using a 5% ether in hexane eluent to obtain a first fraction
      and a 20% ether in hexane eluent to obtain a second fraction. The first
      fraction was evaporated to give 3 g. of 7-octenyl piperonyl ether, the
      second fraction was evaporated to give 8 g. of oily, 8-methoxyoctyl
      piperonyl ether. The NMR spectra was consistent with the assigned
      structure. An infrared spectra had stong adsorption peaks at 3.4, 3.5,
      6.7, 6.95, 8.0, 8.9-9.1, 9.6, 10.6 and 12.3 microns. Analysis was as
      follows:
TBL              Calculated                                                    
                         Found                                                 
     ______________________________________                                    
     C %           69.4      70.5                                              
     H %           8.8       9.0                                               
     ______________________________________                                    
PAC  EXAMPLE 4
PAC  Preparation of 10-undecenyl piperonyl ether
PAL  A. piperonyl bromide
PAR  Piperonol, 30.4 g. (0.2 mole) was added in small portions to 200 ml. of 48%
      hydrobromic acid at 0.degree.C. When all had been added, the reaction
      mixture was diluted with 200 ml. of water and stirred for an additional 30
      minutes. Then 200 ml. of dichloromethane was added. The layers were
      separated, the organic layer was washed with water and dried over
      magnesium sulfate. The solvent was removed by evaporation under reduced
      pressure to give 38.5 g. of piperonyl bromide.
PAL  B. 10-undecenol-1
PAR  To a mixture of 7.6 g. (0.2 mole) of lithium aluminum hydride in 100 ml. of
      ether, there was added over a period of 3 hours, 36.8 g. (0.2 mole) of 10
      undecenoic acid dissolved in 100 ml. of ether. When all was added the
      resulting mixture was refluxed for 11/2 hours. The resulting mixture was
      then added to 200 ml. of 3N hydrochloric acid. The ether layer was
      separated, washed with aqueous sodium bicarbonate, and dried over
      magnesium sulfate. The solvent was removed under vacuum to give a crude
      product which was washed with aqueous potassium carbonate, dissolved in
      hexane and dried again. Evaporation of the hexane gave 34 g. of
      10-undecenol-1.
PAL  C. 10-undecenyl piperonyl ether
PAR  Sodium hydride, 4.8 g. (0.1 mole) was added to a stirred solution of 7.0 g.
      (0.1 mole) of 10-undecenol-1 in 100 ml. of hexane. The resulting mixture
      was refluxed for 11/2 hours. At the end of this time, 21.5 g. (0.1 mole)
      of piperonyl bromide dissolved in 200 ml. of hexane was added and
      refluxing was continued for 18 hours. Then the reaction mixture was added
      to 300 ml. of water. The organic layer was separated and dried. After
      evaporation of the solvent the crude product obtained thereby was passed
      through a silica gel chromatographic column using a 10% ether in hexane
      eluent. The purified 11-undecenyl piperonyl ether weighed 17 g. The
      infrared spectra had strong adsorption bands at 3.4, 3.5, 6.1, 6.7, 6.95,
      8.0, 9.1, 9.6, 10.7, 11.0 and 12.3 microns.
PAC  EXAMPLE 5
PAC  Preparation of 10, 11-epoxyundecenyl piperonyl ether
PAR  To a solution of 11.0 g. (0.036 mole) of 10-undecenyl piperonyl ether and
      5.0 g. (0.036 mole) of sodium dihydrogen phosphate monohydrate in 100 ml.
      of dichloromethane, was added 7.6 g. (0.036 mole) of m-chloroperbenzoic
      and dissolved in 200 ml. of dichloromethane. After stirring at ambient
      temperature for 24 hours, the mixture was filtered and washed with an
      aqueous sodium bicarbonate solution. After drying the dichloromethane
      solvent was removed by evaporation. The crude product obtained in this way
      was purified by passing through a silica gel chromatographic column using
      first a 5% ether in hexane eluent and then a 50% ether in hexane eluent to
      recover the 10,11-epoxyundecenyl piperonyl ether which weighed 5 g. An
      infrared spectra had strong adsorption peaks at 3.4, 3.5, 6.7, 6.95,
      7.9-8.0, 9.1, 9.6, 10.8 and 12.4 microns.
PAC  EXAMPLE 6
PAC  Preparation of 13-thiatetradecyl piperonyl ether
PAR  Methyl mercaptan, 1.6 g. (0.032 mole) was bubbled into a solution of 13.0
      g. (0.032 mole) of 12-bromododecyl piperonyl ether, and 5.6 g. (0.1 mole)
      of potassium hydroxide in 150 ml. of dimethoxyethane. When all had been
      added the resulting mixture was heated at reflux for 3 hours. After
      cooling and filtering, the solvent was removed by evaporation. The crude
      product was then dissoved in hexane and filtered. The filtrate was
      evaporated to give 8.5 g. of oily product. The NMR spectra was consistent
      with the assigned structure. The infrared spectra had strong adsorption
      peaks at 3.4, 3.5, 6.7, 6.95, 8.0, 9.0, 9.6, 10.6 and 12.2 microns.
      Analysis was as follows:
TBL              Calculated                                                    
                         Found                                                 
     ______________________________________                                    
     C %           68.7      69.5                                              
     H %           9.3       9.7                                               
     ______________________________________                                    
PAR  Other compounds were prepared from appropriate starting materials using the
      procedures described above. These compounds are given in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                           Melting                                             
                                Elemental Analysis - %                         
     Ex.                   Point                                               
                                Calculated  Found                              
     No.                                                                       
        Compound           .degree.C.                                          
                                C   H   Br  C   H   Br                         
     __________________________________________________________________________
      7 6-bromohexyl piperonyl ether                                           
                           Oil  --  --  25.4                                   
                                            --  --  25.5                       
      8 9-bromononyl piperonyl ether                                           
                           Oil  --  --  22.4                                   
                                            --  --  24.3                       
      9 10-bromodecyl piperonyl ether                                          
                           Oil  --  --  21.6                                   
                                            --  --  20.4                       
     10 12-bromododecyl piperonyl ether                                        
                           25-27                                               
                                --  --  20.0                                   
                                            --  --  19.1                       
     11 5-hexenyl piperonyl ether                                              
                           Oil  71.8                                           
                                    7.7 --  64.3                               
                                                7.3 --                         
     12 9-decenyl piperonyl ether                                              
                           Oil  74.5                                           
                                    9.0 --  72.3                               
                                                9.3 --                         
     13 11-dodecenyl piperonyl ether                                           
                           Oil  --  --  --  --  --  --                         
     14 6-methoxyhexyl piperonyl ether                                         
                           Oil  67.7                                           
                                    8.3 --  69.2                               
                                                8.7 --                         
     15 9-methoxynonyl piperonyl ether                                         
                           Oil  70.2                                           
                                    9.1 --  72.0                               
                                                9.0 --                         
     16 10-methoxydecyl piperonyl ether                                        
                           Oil  70.8                                           
                                    9.3 --  69.6                               
                                                9.3 --                         
     17 12-ethoxydodecyl piperonyl ether                                       
                           Oil  --  --  --  --  --  --                         
     18 11-methoxyundecyl piperonyl ether                                      
                           Oil  71.4                                           
                                    9.5 --  71.9                               
                                                9.6 --                         
     19 11-bromoundecyl piperonyl ether                                        
                           Oil  --  --  20.8                                   
                                            --  --  20.6                       
     20 9-chlorononyl piperonyl ether                                          
                           Oil  --  --  11.4*                                  
                                            --  --  11.2*                      
     __________________________________________________________________________
                           Melting                                             
     Ex.                   Point                                               
                                Calculated  Found                              
     No.                                                                       
        Compound           .degree.C                                           
                                C   H   N   C   H   N                          
     __________________________________________________________________________
     21 9-hydroxynonyl piperonyl ether                                         
                            25  69.4                                           
                                    8.8     68.5                               
                                                9.2                            
     22 10-hydroxydecyl piperonyl ether                                        
                            28  70.2                                           
                                    9.1     71.5                               
                                                9.4                            
     23 9-piperonyloxynonyl acetate                                            
                           31-32                                               
                                67.9                                           
                                    8.3     68.6                               
                                                8.4                            
     24 10-piperonyloxydecyl acetate                                           
                           Oil  68.6                                           
                                    8.6     68.7                               
                                                8.8                            
     25 9-piperonyloxynonyl N-methyl-                                          
                           50-51                                               
                                65.0                                           
                                    8.3 4.0 65.9                               
                                                8.2 4.1                        
        carbamate                                                              
     26 10-piperonyloxydecyl N-methyl                                          
                           66-68                                               
                                65.7                                           
                                    8.5 3.8 66.6                               
                                                8.7 3.7                        
        carbamate                                                              
     27 12-piperonyloxydodecyl acetate                                         
                           26-27                                               
                                70.0                                           
                                    9.0     69.2                               
                                                8.7                            
     28 9-piperonyloxynonyl cyclopropane-                                      
                           Oil  69.5                                           
                                    8.2     65.6                               
                                                7.9                            
        carboxylate                                                            
     29 10-piperonyloxydecyl cyclo-                                            
                           Oil  70.2                                           
                                     8.52   69.2                               
                                                8.3                            
        propanecarboxylate                                                     
     30 12-piperonyloxydodecyl cyclo-                                          
                            26  71.2                                           
                                     8.92   70.3                               
                                                8.8                            
        propanecarboxylate                                                     
     31 12-hydroxydodecylpiperonyl ether                                       
                            33  71.4                                           
                                     9.23   72.4                               
                                                9.6                            
     32 10-piperonyloxydecyl propionate                                        
                           Oil  69.3                                           
                                    8.8     67.8                               
                                                8.8                            
     33 10-piperonyloxydecyl butyrate                                          
                           Oil  70.0                                           
                                    9.0     67.4                               
                                                8.7                            
     __________________________________________________________________________
      *chlorine                                                                
PAR  The compounds of the present invention are useful as insecticides,
      particularly as juvenile hormone mimetic insecticides; that is they
      inhibit the normal growth pattern of certain insects thereby limiting
      reproduction of these insects.
PAR  The compounds of the present invention were tested as juvenile hormone
      mimetic insecticides against the following insects: Yellow mealworm
      (Tenebrio molitor), Cabbage looper (Trichoplusia ni) and Kissing bug
      (Rhodnius prolixus).
PAR  The test procedures were substantially as follows:
PAR  For the Yellow mealworm test an acetone solution containing a certain
      concentration in micrograms of the test compound in 5 microliters of
      solution was topically applied to the abdomens of the mealworm pupae which
      were less than 48 hours old. Usually 10 pupae were so treated. The treated
      pupae were placed in a Petri dish and placed in an incubator at
      27.degree.C. in darkness until they emerged (or tried to emerge) about one
      week after treatment. A count was made of the dead. The live specimens
      were examined under a microscope for juvenilization, i.e. retention of
      pupa characteristics in the adult. The degree of juvenilization was scored
      by the method of W. S. Bowers and M. J. Thompson (Science 142, 1469-70
      (1963)). In this method of scoring:
PA1  0 = normal appearing adult
PA1  0.5 = essentially normal appearing adult, slight trace of "gin" traps
PA1  1 = slight retention of pupa characteristics
PA1  4 = supernumery of second pupa, maximum juvenilization.
PAR  The results are reported in Table II.
PAR  For the Cabbage looper, an acetone solution containing a certain
      concentration in micrograms of the test compound in 5 microliters of
      solution was applied topically to the entire length of the body of a late
      fifth stage larva. Normally 10 larvae were treated per test. The treated
      larvae were then fed until they pupated. The pupae were examined under a
      microscope, checking for any retention of larvae characteristics in the
      pupae (juvenilization). Juvenilization as well as mortality readings were
      made. The pupae were incubated until the adult emerged. Mortality of the
      adults was determined. The degree of juvenilization was measured based on
      the following:
PA1  0 = normal appearing pupa
PA1  1 = 1/2 larva - 1/2 pupa; no prolegs; pupoid thorax
PA1  2 = 1/2 larva - 1/2 pupa; prolegs; pupoid thorax
PA1  3 = supernumery larva
PAR  The results are reported in Table II.
PAR  For the Kissing bug test a certain amount in micrograms of test material in
      5 microliters of acetone was applied to the abdomens of later fifth stage
      nymphs, 24 hours after they had a blood meal. About two weeks later the
      adult was observed under a microscope for signs of juvenilization. The
      degree of juvenilization was scored by the method of V. B. Wigglesworth
      (J. Insect Physiology 2, 73 (1958)). This method has a 19 point score for
      rating the nymph characteristics:
PA1  0 = normal adult -- no effect
PA1  1 - 9 = adult with nymph like characteristics
PA1  11 - 18 = nymph with some adult characteristics
PA1  19 = supernumery nymph (sixth stage).
PAR  Percent control, based on larva, pupa and adult insect mortality readings
      at each stage are reported in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Yellow Mealworm         Cabbage Looper      Kissing Bug                   
               Juve-               Juve-               Juve-                   
     Com-      nili-               nili-               nili-                   
     pound     zation              zation              zation                  
     of Ex.                                                                    
         Conc. %       %     Conc. %       %     Conc. %       %               
     No. .mu.g/insect                                                          
               (Degree)                                                        
                       Control                                                 
                             .mu.g/insect                                      
                                   (Degree)                                    
                                           Control                             
                                                 .mu.g/insect                  
                                                       (Degree)                
                                                               Control         
     __________________________________________________________________________
     1   50    50  (2.6)                                                       
                       100   100   30 (1)  50    3     100 (14)                
                                                               100             
     2   10    90  (2.9)                                                       
                       100   100   0       30    10    100 (19)                
                                                               100             
     3   10    100 (3.5)                                                       
                       100   100   0       0     3     70  (9.4)               
                                                               100             
     4   100   100 (2.4)                                                       
                       100   100   70 (2.9)                                    
                                           100   1     80  (16)                
                                                               100             
     5   250   40  (0.5)                                                       
                       0     250   --      30    10    60  (7) 100             
     6   100   100 (1.8)                                                       
                       100   100   10 (1)  20    100   100 (19)                
                                                               100             
     7   100   20  (0.5)                                                       
                       0     100   0       0     10    100 (17)                
                                                               100             
     8   30    100 (3.5)                                                       
                       100   100   10 (1)  50    1     100 (15)                
                                                               100             
     9   100   70  (1.4)                                                       
                       30    100   0       0     1     100 (15)                
                                                               100             
     10  100   40  (0.5)                                                       
                       0     100   0       0     100   100 (19)                
                                                               100             
     11  10    100 (2.1)                                                       
                       100   100   0       20    --    --      --              
     12  100   100 (4) 100   100   40 (1)  60    3     100 (19)                
                                                               100             
     13  100   100 (4) 100   100   10 (1)  10    10    100 (19)                
                                                               100             
     14  10    100 (4) 100   100   0       10    --    --      --              
     15  10    90  (1.8)                                                       
                       100   100   0       0     3     100 (14.1)              
                                                               100             
     16  30    100 (2.7)                                                       
                       100   100   10 (1)  30    100   100 (19)                
                                                               100             
     17  100   100 (4) 100   100   0       0     100   100 (19)                
                                                               100             
     18  10    0       0     100   0       0     10    100 (19)                
                                                               100             
     19  10    0       0     100   20 (2)  20    10    100 (19)                
                                                               100             
     20  10    0       0     100   0       0     --    --      --              
     21  10    0       0     100   0       0     --    --  --                  
     22  10    0       0     100   0       0     --    --      --              
     23  10    0       0     100   0       20    --    --      --              
     24  10    0       0     100   0       0     --    --      --              
     25  10    0       0     --    --      --    --    --      --              
     __________________________________________________________________________
PAR  The acyl derivatives (wherein R = acyl) of the compounds of the invention,
      particularly those of structure II wherein R.sup.2 is methyl or
      cyclopropyl, are also effective as ovicides. For example,
      10-piperonyloxydecyl cyclopropanecarboxylate and 10-piperonyloxydecyl
      acetate, were found to possess ovicidal activity against eggs of the
      two-spotted spider mite (Tetranychus urtica Koch).
PAR  When used as an insecticide the compounds may be applied in either liquid
      or solid formulations to the insects, their environment or hosts
      susceptible to insect attack. For example, they may be sprayed or
      otherwise applied directly to plants or soil so as to effect control of
      insects coming into contact therewith.
PAR  Formulations of the compounds of this invention will comprise a toxic
      amount of one or more of the compounds and a biologically inert carrier.
      Usually they will also contain a wetting agent. Solid carriers such as
      clay, talc, sawdust and the like may be used in such formulations. Liquid
      diluents which may be used with these compounds include water and aromatic
      solvents. In addition these formulations may contain other compatible
      pesticides, fillers, stabilizers, attractants and the like.
PAR  The concentration of the active ingredient to be used with inert carriers,
      either solid or liquid carriers, will be dependent upon many factors, such
      as the particular compound which is used, the carrier in or upon which it
      is incorporated, the method and conditions of application, the insect
      species to be controlled, etc., the proper consideration of these factors
      being within the skill of those versed in the art. In general, the toxic
      ingredients of this invention will be effective in concentrations from
      about 0.0001 percent by weight to as high as 50 percent by weight or
      higher. Economically, of course, it is desirable to use lower
      concentrations of this active ingredient. Thus, it is usually desirable to
      use less than 20 percent by weight of the active ingredient in a
      particular composition.
PAR  The terms "insecticide" and "insect" as used herein refer to their broad
      and commonly understood usage rather than to those creatures which in the
      strict biological sense are classified as insects. Thus, the term "insect"
      is used not only to include small invertebrate animals belonging to the
      class Insecta but also to other related classes of arthropods whose
      members are segmented invertebrates having more or fewer than six legs,
      such as spiders, mites, ticks, centipedes, worms and the like.
PAR  As will be evident to those skilled in the art, various modifications on
      this invention can be made or followed, in the light of the foregoing
      disclosure and discussion, without departing from the spirit or scope of
      the disclosure or from the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for killing insects selected from the group consisting of
      Tenebrio molitor, Trichoplusia ni and Rhodnius Prolixus which comprises
      contacting the insects with a metamorphosis-inhibiting amount of a
      compound of the formula
      ##SPC10##
PAL  where R is hydroxy, halogen of atomic number 9 to 35, vinyl, alkoxy of 1 to
      4 carbon atoms, alkylthio of 1 to 4 carbon atoms, epoxy, acyclic
      carboxylic acyl of 1 to 5 carbon atoms or carbamoyl singly substituted on
      the nitrogen atom with alkyl of 1 to 4 carbon atoms and n is 1 to 14.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein n is 2 to 14.
NUM  3.
PAR  3. A method in accordance with claim 1 wherein n is 6 to 12.
NUM  4.
PAR  4. A method in accordance with claim 1 wherein R is hydroxy, chlorine,
      bromine, vinyl, alkoxy of 1 to 2 carbon atoms, alkylthio of 1 to 2 carbon
      atoms, epoxy, acyclic carboxylic acyl of 2 carbon atoms or carbamoyl
      singly substituted on the nitrogen atom with methyl.
NUM  5.
PAR  5. A method in accordance with claim 1 wherein R is bromine, vinyl or
      methoxy and n is 2 to 14.
NUM  6.
PAR  6. A method in accordance with claim 5 wherein R is bromine and n is 6 to
      12.
NUM  7.
PAR  7. A method in accordance with claim 6 wherein n is 9.
NUM  8.
PAR  8. A method in accordance with claim 5 wherein R is methoxy and n is 6 to
      12.
NUM  9.
PAR  9. A method in accordance with claim 8 wherein n is 9.
NUM  10.
PAR  10. A method for inhibiting the normal growth pattern of insects which
      comprises contacting said insects with a metamorphosis-inhibiting amount
      of the compound of claim 1.
NUM  11.
PAR  11. An insecticidal composition comprising a metamorphosis-inhibiting
      amount of the compound of claim 1 and an inert carrier.
NUM  12.
PAR  12. An insecticidal composition comprising a metamorphosis inhibiting
      amount of the compound of claim 2 and an inert carrier.
NUM  13.
PAR  13. An insecticidal composition comprising a metamorphosis inhibiting
      amount of the compound of claim 3 and an inert carrier.
NUM  14.
PAR  14. An insecticidal composition comprising a metamorphosis inhibiting
      amount of the compound of claim 4 and an inert carrier.
NUM  15.
PAR  15. An insecticidal composition comprising a metamorphorsis inhibiting
      amount of the compound of claim 5 and an inert carrier.
NUM  16.
PAR  16. An insecticidal composition comprising a metamorphosis inhibiting
      amount of the compound of claim 6 and an inert carrier.
NUM  17.
PAR  17. An insecticidal composition comprising a metamorphosis inhibiting
      amount of the compound of claim 7 and an inert carrier.
NUM  18.
PAR  18. An insecticidal composition comprising a metamorphosis inhibiting
      amount of the compound of claim 8 and an inert carrier.
NUM  19.
PAR  19. An insecticidal composition comprising a metamorphosis inhibiting
      amount of the compound of claim 9 and an inert carrier.
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ABST
PAL  Disclosed herein are compounds of the formula:
      ##EQU1##
      wherein Ad is 1-adamantyl; R is H or CH.sub.3 ; X is COOM or CH.sub.2
      ##EQU2##
      wherein M is H or a pharmaceutically acceptable cation, and R.sub.1 is
      lower n-alkyl; and the pharmaceutically acceptable salts thereof.
PAL  Preferred are ethyl-4-[N-(1-adamantyl)-N-methylamino]butyrate,
      3-[N-(1-adamantyl-N-methylamino)]propionic acid and their pharmaceutically
      acceptable salts. These compounds are particularly useful in the treatment
      of parkinsonism.
PARN
PAR  This is a division of application Ser. No. 408,021, filed 10-19-73.
BSUM
PAR  This invention relates to compounds of the formula:
      ##EQU3##
      wherein Ad is 1-adamantyl; R is H or CH.sub.3 ; X is COOM or CH.sub.2
      ##EQU4##
     WHEREIN M is H or a pharmaceutically acceptable cation, and R.sub.1 is
      lower n-alkyl; and the pharmaceutically acceptable salts thereof.
PAR  More specifically this invention relates to
      [N-(1-adamantyl)-N-methylamino]lower alkanoic acid derivatives, such as
      3-[N-(1-adamantyl)-N-methylamino]propionic acid, the lower n-alkyl esters
      of 4-[N-(1-adamantyl)-N-methylamino]butyric acid, their pharmaceutically
      acceptable salts and intermediates in their preparation, and to processes
      for using said compositions. 3-[N-(1-adamantylamino)]propionic acid is an
      intermediate in the preparation of
      3-[N-(1-adamantyl)-N-methylamino]propionic acid while the lower n-alkyl
      ester of 4-[N-(1-adamantylamino)]butyric acid is an intermediate in the
      preparation of the lower n-alkyl ester of
      4-[N-(1-adamantyl)-N-methylamino]butyric acid.
PAR  The invention, in its process of using aspect, comprises treating symptoms
      of parkinsonism by administering to a mammal exhibiting parkinsonism a
      therapeutically effective quantity of at least one of the above
      N-(1-adamantyl)-N-methylamino acids.
PAR  A still more specific and preferred representation of the composition of
      matter aspect of this invention are the chemical compositions
      ethyl-4-[N-(1-adamantyl)-N-methylamino]butyrate and
      3-[N-(1-adamantyl)-N-methylamino]propionic acid, their pharmaceutically
      acceptable salts and pharmaceutical compositions thereof.
      Ethyl-4-[N-(1-adamantylamino)]butyrate is an intermediate in the
      preparation of ethyl-4-[N-(1-adamantyl)-N-methylamino]butyrate.
PAR  The compounds of the present invention may be prepared by the following
      reaction schemes wherein Ad = 1-adamantyl, Et = ethyl, and R = a lower
      n-alkyl:
      ##EQU5##
PAR  In reaction scheme A, aminoadamantane is reacted with ethyl acrylate in 95%
      ethanol to yield 3-[N-(1-adamantylamino)]propionic acid (I). The latter
      can alternatively be prepared by reacting aminoadamantane with acrylic
      acid in pyridine as shown in reaction scheme B. The
      3-[N-(1-adamantylamino)]propionic acid (I) is hydrogenated with formalin,
      a 37% aqueous formaldehyde solution, and ethanol in the presence of
      palladium hydroxide on carbon (Pearlman catalyst) to yield
      3-[N-(1-adamantyl)-N-methylamino]propionic acid (II).
      ##EQU6##
PAR  In reaction scheme D, aminoadamantane is reacted with a lower alkyl
      4-chlorobutyrate and sodium bicarbonate in acetonitrile to yield the lower
      alkyl ester 4-[N-(1-adamantylamino)]butyric acid (III). This in turn is
      hydrogenated in reaction scheme E with formalin, a 37% aqueous
      formaldehyde solution, and acetic acid in the presence of palladium on
      charcoal to yield lower n-alkyl-4-[N-(1-adamantyl)-N-methylamino]butyrate
      (IV).
PAR  The "lower alkyl" radicals as used herein are linear, contain 1-6 carbon
      atoms, and include methyl, ethyl, n-propyl, n-butyl, n-amyl, and n-hexyl.
      Preferred is ethyl.
PAR  Exemplary of the pharmaceutically acceptable acid addition salts of the
      butyrate are those formed with maleic, fumaric, succinic, tartaric,
      citric, malic, cinnamic, sulfonic, hydrochloric, hydrobromic, sulfuric,
      phosphoric, and nitric acids. These salts may be prepared in the
      conventional manner by treating a solution or suspension of the free base
      in an organic solvent with the desired acid, and then recovering the salt
      which forms by crystallization techniques.
PAR  The propionic acid may be salified with a "pharmaceutically acceptable
      cation." This includes any cation which forms salts of the
      3-[N-(1-adamantylamino)]propionic acid which do not create any difference
      in kind of pharmaceutical activity from that shown by the corresponding
      free acid. Such cations may be used to provide greater solubility or
      greater ease in formulation than the corresponding free acid.
      Representative of such salts are those wherein the cation is an alkali
      metal such as sodium or potassium, ammonium, substituted ammonium such as
      diethanolammonium or such metal cations as calcium or aluminum. The
      propionic acid may also be hydrated.
PAR  Parkinsonism is a degenerative disease of the nervous system. The disease
      is manifest by its three cardinal characteristics: involuntary tremors,
      rigidity, and akinesia. Extrapyramidal syndromes exhibited with this
      condition include gait and postural abnormalities, oculargyric crisis and
      profuse salivation.
PAR  Attempts at treating these symptoms have involved the use of such classes
      of drugs as for example, antihistamines (diphenhydramine),
      anticholinergics (atropine sulfate, trihexyphenidyl) and amphetamines
      (dextro-amphetamine sulfate) with varying degrees of success. However,
      these drugs, due to their inherent side effects, have a somewhat limited
      degree of utility. For example, anticholinergics may precipitate acute
      glaucoma in certain individuals; antihistamines may cause drowsiness, and
      amphetamines and similar central nervous system (C.N.S.) stimulants are
      contraindicated in those patients also having cardiac conditions.
PAR  Recently the use of L-dopa and amantadine hydrochloride, a drug first used
      for its antiviral activity, has been introduced for treating symptoms of
      parkinsonism. These drugs, although promising, require high dosages and
      exhibit debilitating side effects which severely limit their utility. It
      is an object of this invention to provide a new agent with an improved
      therapeutic index for treating the manifestations of the disease.
PAR  In tests in rats, the compositions of this invention exhibit a greater
      therapeutic index (T.I.) than corresponding doses of amantadine
      hydrochloride required to achieve a comparable response. Concomitant with
      this greater therapeutic index, there is a marked decrease in the
      debilitating side effects which may accompany the administration of
      amantadine hydrochloride, e.g. nervousness, insomnia, psychic reactions
      and ataxia.
PAR  Based upon standard laboratory tests and procedures, the effective dosage
      of the active ingredient of the compositions of this invention is
      considered to be within the range of from about 0.3 to 6 mg. per kg. of
      mammalian body weight per day. For
      ethyl-4-[N-(1-adamantyl)-N-methylamino]butyrate the dosage range can be
      between about 50 to 400 mg. per 70 kg. per day. While for
      3-[N-(1-adamantyl)-N-methylamino]propionic acid the dosage range can be
      between 25 to 200 mg. per 70 kg. per day. The daily dosage is preferably
      administered in divided doses. The exact dosage administered will of
      course be dependent upon the age, weight, and progression of the disease
      in the recipient.
PAR  The compounds of this invention may be administered alone or combined with
      other medicaments. In any event, a suitable pharmaceutically acceptable
      carrier is generally employed. A carrier is selected according to the
      route of administration to be used, i.e. orally or parenterally, as well
      as according to the physical properties of the compounds and standard
      pharmaceutical practice. The oral route is preferred. The carrier should
      not react chemically with the compound to be administered. The
      preparations containing the active ingredients of this invention may be in
      the form of tablets, capsules, syrups, elixirs, suspensions, suppositories
      and the like. In the formulations of pharmaceutical preparations there can
      be employed such pharmaceutically acceptable diluents as for example,
      water, gelatin, lactose, starches, magnesium stearate, talc, vegetable
      oils, gums and theobroma oil.
PAR  The invention will be described in greater detail with respect to the
      following illustrative, but non-limiting examples:
DETD
PAC  EXAMPLE 1
PAC  3-[N-(1-adamantylamino)]propionic acid
PAL  A. method A
PAR  Reflux a mixture of 117.76 g. (0.78 moles) of 1-aminoadamantane, also
      called amantadine, and 78.0 g. (0.78 moles) of ethyl acrylate in 750 ml.
      of 95% ethanol for one week. Filter off the analytically pure product,
      m.p. 208.degree.-209.degree.C.
PAL  B. method B
PAR  Reflux a mixture of 45.3 g. (0.3 moles) of 1-aminoadamantane and 21.6 g.
      (0.3 moles) of acrylic acid in 600 ml. of dry pyridine for 3 hours and
      then let the mixture stand at room temperature overnight. Remove the
      solvent in vacuo, stir the residue with 300 ml. of acetone and filter off
      the solids. Sublime the filter cake at 150.degree.C (0.1 mm.) to give the
      analytically pure product.
PAC  EXAMPLE 2
PAC  Ethyl-4-[N-(1-adamantylamino)]butyrate
PAR  Reflux a mixture of 24.02 g. (0.16 moles) of ethyl 4-chlorobutyrate, 25.7
      g. (0.17 moles) of 1-aminoadamantane and 40.0 g. (0.48 moles) of sodium
      bicarbonate in 250 ml. of acetonitrile with adequate stirring for about 1
      week. Cool the mixture to room temperature; pour it into 1.4 liters of
      icewater; extract with ether; dry over anhydrous sodium sulfate; filter;
      evaporate the filtrate and distill the residue, collecting the fraction
      boiling at 113.degree.-116.degree.C (0.05 mm.). Dissolve this fraction,
      which is the free base, in ether and acidify with 5.24 M ethereal hydrogen
      chloride; filter off the resulting solid and crystallize it from
      methanol-ethyl acetate to give the analytically pure hydrochloride salt of
      the product of this example, m.p. 221.0.degree. - 222.0.degree.C (decomp).
PAC  EXAMPLE 3
PAC  3-[N-(1-adamantyl)-N-methylamino]-propionic acid
PAR  Hydrogenate a mixture of 5.575 g. (0.0250 moles) of
      3-[N-(1-adamantylamino)]-propionic acid, 4.05 g. (0.050 moles) of 37%
      aqueous formaldehyde (formalin) and 50 ml. of ethanol in the presence of
      0.07 g. of 20% palladium hydroxide on carbon (Pearlman catalyst) at 53 psi
      for 17 days. Filter, concentrate the filtrate in vacuo at 50.degree.C,
      azeotropically remove the residual solvent with benzene and triturate the
      residue with ether to give the analytically pure product of this example,
      m.p.=147.0.degree. - 149.0.degree.C (dec.).
PAC  EXAMPLE 4
PAC  Ethyl 4-[N-(1-adamantyl)-N-methylamino]butyrate
PAR  Hydrogenate a mixture of 11.1 g. (0.042 moles) of ethyl
      4-[N-(1-adamantyl)amino]butyrate, 6.8 g. (0.084 moles) of 37% formalin and
      150 ml. of acetic acid in the presence of 0.5 g. of 5% palladium on carbon
      at 60 psi for 2 days. Filter, pour the filtrate into 500 ml. of icewater,
      basify with 65 g. of 50% sodium hydroxide followed by 25 ml. of 10% sodium
      carbonate, saturate with sodium chloride, extract into ether, dry over
      anhydrous sodium sulfate, filter and acidify the filtrate, which is the
      free base (b.p. 135.degree.-136.degree.C (0.1 mm)) with a solution of 8.5
      ml. of 5.24 M ethereal hydrogen chloride. Filter off the resulting solid
      and crystallize it from ethyl acetate to give the analytically pure
      hydrochloride salt of the product of this example, m.p. 206.5.degree. -
      207.5.degree.C (decomp).
PAC  EXAMPLE 5:
PAC  Formulations
PAR  The following illustrate typical tablet and capsule formulations
      incorporating the compositions of this invention.
PAL  I. tablet Formulations
PAL  Formula and Method of Manufacture for
      ethyl-4-[(1-adamantyl)-4-methyl-amino]butyrate
TBL  Coated Tablets:          mg.-core                                         
     ______________________________________                                    
     Ethyl-4-[N-(1-adamantyl)-N-methylamino]                                   
                               4                                               
          butyrate hydrochloride                                               
     Lactose, U.S.P.          62                                               
     Dicalcium Phosphate      40                                               
     Sodium Lauryl Sulfate    10                                               
     Polyvinylpyrrolidone     10                                               
     Water 50 ml./1000 cores                                                   
     Corn Starch              20                                               
     ______________________________________                                    
TBL  Dry                       m.g.-core                                       
     ______________________________________                                    
     Sodium Lauryl Sulfate         2                                           
     Magnesium Stearate            2                                           
                     Tablet Weight 150                                         
     ______________________________________                                    
PAL  Procedure:
PAR  Mix the ethyl-4-[N-(1-adamantyl)-N-methylamino]butyrate hydrochloride with
      the lactose, dicalcium phosphate, and sodium lauryl sulfate. Screen the
      above mixture through a No. 60 screen and granulate with an aqueous
      solution containing polyvinylpyrrolidone. Add additional water, if
      necessary to bring powders to a pasty mass. Add corn starch and continue
      mixing until uniform granules are formed. Pass through a No. 10 screen,
      tray and dry in oven at 100.degree.C for 12 to 14 hours. Reduce the dried
      granulation through a No. 16 screen, add sodium lauryl sulfate and
      magnesium stearate, mix and compress into desired shape on a tablet
      machine.
PAL  Coating:
PAR  Treat the above cores with a lacquer and dust with talc to prevent moisture
      absorption. Add sub-coat layers to round out the core. Apply a sufficient
      number of lacquer coats to make the core enteric. Apply additional
      sub-coats and smoothing coats to completely round out and smooth the
      tablet. Apply color coats until desired shade is obtained. After drying,
      polish the coated tablets to give the tablets an even gloss.
PAL  Ii. capsule Formulations
TBL  Formula:               m.g./capsule                                       
     ______________________________________                                    
     3-[N-(1-adamantyl)-N-methylamino]                                         
                             4                                                 
         propionic acid hydrate                                                
     Sodium Lauryl Sulfate  20                                                 
     Lactose                150                                                
     Magnesium Stearate     76                                                 
                            250                                                
     ______________________________________                                    
PAL  Procedure:
PAR  Mix together 3-[N-(1-adamantyl)-N-methylamino]propionic acid, lauryl
      sulfate and lactose. Pass through a No. 80 screen. Add magnesium stearate,
      mix and encapsulate into the proper size two-piece gelatin capsule.
PAL  Iii. suppository Formulations
TBL  Formula:                m.g./2gm.                                         
     ______________________________________                                    
     Ethyl-4-[N-(1-adamantyl)-N-methylamino]                                   
                             8                                                 
            butyrate hydrochloride                                             
     Theobroma Oil, Pharm. Grade to make                                       
                             2 gms.                                            
     ______________________________________                                    
PAL  Procedure:
PAR  Prepare a slurry of ethyl-4-[N-(1-adamantyl)-N-methyl-amino]butyrate
      hydrochloride with melted theobroma oil to bring the batch to final
      weight. Pour the melted mix, while maintaining uniformity, into
      appropriately prepared molds and allow to cool.
PAR  Variations of the above compositions of matter and processes for the
      manufacture will be apparent to one skilled in the art within the spirit
      of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for treating symptoms of parkinsonism, which comprised
      administering to a mammal suffering from parkinsonism a therapeutically
      effective quantity of an N-adamantylmethylamino derivative selected from
      the group consisting of 3-[N-(1-adamantylamino)]propionic acid and a lower
      n-alkyl ester of 4-[N-(1-adamantyl)-N-methylamino]butyric acid and a
      pharmaceutically acceptable salt thereof.
NUM  2.
PAR  2. The process of claim 1 wherein 3-[N-(1-adamantylamino)]propionic acid is
      used.
NUM  3.
PAR  3. The process of claim 1 wherein
      ethyl-4[N-(1-adamantyl)-N-methylamino]butyrate is used.
NUM  4.
PAR  4. The process of claim 1 wherein
      ethyl-4[N-(1-adamantyl)-N-methylamino]butyrate hydrochloride is used.
NUM  5.
PAR  5. A pharmaceutical composition for the treatment of the symptoms of
      parkinsonism which comprises an amount effective to alleviate the symptoms
      of parkinsonism of an N-adamantylamino compound selected from the group
      consisting of 3-[N-(1-adamantylmethylamino)]propionic acid and the lower
      alkyl ester of 4-[N-(1-adamantyl)-N-methylamino]butyric acid and the
      pharmaceutically acceptable salts thereof together with a pharmaceutically
      acceptable carrier compatible with said compound.
PATN
WKU  039418863
SRC  5
APN  5690781
APT  1
ART  125
APD  19750417
TTL  Pharmaceutical compositions containing crystalline racemic 9.alpha.,
      11.alpha., 15(S)-trihydroxy-5-cis, 13-trans-prostadienoic acid
ISD  19760302
NCL  1
ECL  1
EXP  Rosen; Sam
NDR  4
NFG  9
INVT
NAM  Weinshenker; Ned M.
CTY  Palo Alto
STA  CA
ASSG
NAM  Alza Corporation
CTY  Palo Alto
STA  CA
COD  02
RLAP
COD  74
APN  399591
APD  19730921
PSC  04
RLAP
COD  82
APN  146491
APD  19710524
PSC  03
CLAS
OCL  424317
EDF  2
ICL  A61K 3119
FSC  424
FSS  317
OREF
PAL  corey et al. - J.A.C.S. Vol. 91, No. 20, Sept. 24, 1969, pp. 5675-5677.
LREP
FR2  Sabatine; Paul L.
ABST
PAL  The invention concerns a novel crystalline racemate, 9.alpha. , 11.alpha. ,
      15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid. The racemate can be
      administered in pharmaceutical dosage forms or from a drug delivery device
      at a programmed rate for producing smooth muscle stimulation, termination
      of pregnancy, induction of labor or induction of menses.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of copending United States Patent
      application Ser. No. 399,591, filed on Sept. 21, 1973 which application is
      a continuation-in-part of United States Patent application Ser. No.
      146,491 filed on May 24, 1971, now abandoned, with both applications
      assigned to the same assignee of this application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a new and useful polymorph, and more particularly
      it pertains to a novel polymorph, crystalline racemic
      9.alpha.,11.alpha.15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid.
PAR  2. Description of the Prior Art
PAR  Racemic 9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic
      acid, also known as dl-prostaglandin PGF.sub.2.sub..alpha., is a recently
      synthesized, colorless, oily racemate, J. Am. Chem. Soc., Vol. 91, pages
      5675 to 5677, 1969 and Chem. Comm., No. 6, pages 304 to 305, 1969, that
      possesses valuable, therapeutic properties. The properties broadly include
      the ability to modify smooth muscle activity, the termination of
      pregnancy, induction of labor, and induction of menses. Prostaglandins,
      Progress in the Chemistry of Fats and Other Lipids, Vol. IX, Part 2, pages
      231 to 278, 1968, Pergamon Press, Inc.
PAR  While the above mentioned therapeutic properties of the oily racemate are
      known to the prior art through
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid,
      [PGF.sub.2.sub..alpha. ], the art apparently never used the oily racemate
      because it would encounter problems in its attempts to obtain and to use
      the oily racemate for therapeutic purposes. For example, typical problems
      that would be encountered by the art include the difficulty to obtain and
      to keep essentially pure racemic PGF.sub.2.sub..alpha. because the oily
      racemate would decompose during its distillation and also because it would
      readily oxidize during storage to presently unidentified products that
      lack prostaglandin utility. Another problem that would be encountered with
      the oily racemate would arise in using the oily racemate in conventional
      pharmaceutical dosage forms and in drug delivery devices. In the
      pharmaceutical forms, the oily racemate would undergo air oxidation and
      leakage therefrom. In the drug delivery devices comprising a rate release
      membrane containing the oily racemate, there would be uncontrolled passage
      of the oily racemate from the rate release membrane to essentially prevent
      its administration at a programmed rate over a predetermined time period
      to produce a therapeutic effect. Thus, in view of the foregoing
      discussion, it can readily be seen that the art critically needs a novel
      and useful form of the racemic
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid that
      possesses improved drug stability and can advantageously be used in
      pharmaceutical dosage forms or in drug delivery devices for its
      outstanding therapeutic properties.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a novel
      form a racemic 9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,
      13-trans-prostadienoic acid [crystalline racemic PGF.sub.2.sub..alpha. ]
      that can be used by the pharmaceutical art for obtaining its therapeutic
      effects.
PAR  It is another object of the present invention to provide a novel and useful
      racemate of
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid that
      essentially overcomes the problems encountered by the prior art.
PAR  Still a further object of the invention is to provide a new polymorph of
      racemic 9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic
      acid [crystalline racemic PGF.sub.2.sub..alpha. ] that can be administered
      in conventional pharmaceutical formulations or from drug delivery devices.
PAR  Still yet a further object of the invention is to provide a new crystalline
      racemate, 9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic
      acid [crystalline racemic PGF.sub.2.sub..alpha. ] that can be obtained
      from the prior art oily racemate and which new crystalline form can be
      obtained with a high degree of purity, by conventional, recrystallization,
      purification techniques.
PAR  Yet a further object of the invention is to make available to the art a
      new, crystalline racemate,
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid
      [crystalline racemic PGF.sub.2.sub..alpha. ] that possesses both enhanced
      stability and shelf life and can be characterized by reliable data.
PAR  Still a further object of the invention is to make available the racemate
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid in
      solid, crystalline form having improved stability and essentially free
      from autoxidation.
PAR  Yet still a further object of the invention is to provide crytalline
      racemic 9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic
      acid that possesses increased shelf life for storage at room temperature
      substantially free of air oxidation and degradation.
PAR  Still a further purpose of the invention is to provide a solid crystal
      racemate 9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic
      acid capable of definition by means of interplanar spacing.
PAR  Yet a further object of the invention is to provide crystalline racemic
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid that
      can be formulated and compounded into pharmaceutical formulations
      essentially free of the disadvantages known to the prior art.
PAR  These and other objects, as well as features and advantages of the
      invention will be readily apparent to those skilled in the art upon a
      reading of the present disclosure and the accompanying claims.
PAC  SUMMARY OF THE INVENTION
PAR  The invention concerns a new polymorph, crystalline, racemic
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid,
      [crystalline racemic PGF.sub.2.sub..alpha. ]. The new solid polymorph
      possesses unexpected stability and it also possesses the therapeutic
      utility of
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid,
      [PGF.sub.2.sub..alpha. ]. Additionally, it can be administered in stable
      conventional, pharmaceutical dosage formulations or from drug delivery
      devices.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In attaining the objects and advantages of this invention, it has now been
      unexpectedly found that a new solid crystalline racemate,
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid,
      [crystalline racemic PGF.sub.2.sub..alpha. ], hereinafter designated as
      polymorph II, can be made available to the art to essentially overcome the
      difficulties associated with the prior art oily racemate of
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis, 13-trans-prostadienoic acid
      [oily racemic PGF.sub.2.sub..alpha. ], hereinafter designated as polymorph
      I. It has further been unexpectedly found that polymorph II of the
      invention can be obtained from polymorph I by the direct conversion of the
      oily racemate to the crystalline racemate, and also by first dissolving
      polymorph I in a solvent such as acetonitrile, dioxane, tetrahydrofuran,
      etc., followed by either seeding or by dissolution and seeding to give
      polymorph II. Additionally, the invention also provides purified polymorph
      II, as the purification of polymorph II can be achieved by conventional,
      easily repeated crystallization techniques from standard solvent medium,
      such as acetonitrile, tetrahydrofuran, dioxane, benzene, furan and the
      like, where heretobefore for obtaining polymorph I, laborious techniques
      such as chromatographic, counter current distribution and the like
      purification procedures were required since the oily racemate is not
      stable during distillation, and because it easily oxidizes under ambient
      conditions. Additionally, the isolation and recovery of polymorph II is
      easier to expedite because polymorph II is freed more readily from the
      volatile solvents used during the purification procedures than is
      polymorph I.
PAR  The polymorph II of the present invention can be distinguished from the
      oily polymorph I, which readily undergoes air oxidation by its greater
      stability and increased shelf life and by its interplanar spacings as
      shown by X-ray powder diffraction as set forth in Table 1.
TBL                TABLE 1                                                     
     ______________________________________                                    
     X-RAY DIFFRACTION DATA                                                    
     Polymorph II            Polymorph I                                       
     ______________________________________                                    
     Interplanar                                                               
                Estimated Intensity                                            
     Spacings, A                                                               
                Strongest Line = 10                                            
     27.90      7                                                              
     18.19      1                                                              
     13.00      3                Oily                                          
     10.32      3                                                              
     8.38       9                                                              
     7.31       5                                                              
     6.06       6                                                              
     5.40       5                                                              
     4.92       9                                                              
     4.67       8                                                              
     4.45       8                                                              
     4.09       10                                                             
     3.54       3                                                              
     3.30       3                                                              
     2.98       3                                                              
     2.79       3                                                              
     2.63       1                                                              
     2.53       3                                                              
     2.04       3                                                              
     ______________________________________                                    
PAR  The physical crystalline phase data, as set forth in Table II, further
      serves to characterize completely polymorph II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Crystal System    Monoclinic                                              
     Crystal Habit     Tubular                                                 
     Optic Sign        Negative                                                
     Melting Point     63.5.degree.C - 64.degree.C                             
     ______________________________________                                    
PAR  Illustratively, polymorph II of the present invention can be prepared
      according to the following examples.
PAC  EXAMPLE A
PAR  Preparation of Polymorph II. First, 150.5 mg of racemic
      11,15-bis(tetrahydropyranyl)ether of
      9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid,
      [rac. 11,15-bis-THP of PGF.sub.2.sub..alpha. ], prepared according to the
      processes reported in J. Am. Chem. Soc., Vol 91, pages 5675 to 5677, 1969;
      and, ibid, Vol 92, pages 2586 to 2587, 1970 was dissolved in 0.4 ml of
      tetrahydrofuran with gentle stirring and then, 4 ml of a 65 to 35 solution
      of acetic acid to water was added and the mixture stirred at 40.degree. to
      45.degree.C for about 4 hours. Next, the volatiles were removed under
      vacuum (&lt;0.1 mm Hg), and the residue containing the prostaglandin was
      chromatographed on a column containing about 4 gm of acidic silica,
      commercially available as SilicAR.sup.(R), CC-4, 100-200 mesh, from the
      Mallinckrodt Chemical Works. the prostaglandin was eluted with
      approximately 4 column volumes of an eluant consisting of a 2 to 1 mixture
      of cyclohexane and ethylacetate, with 15 to 20 ml fractions collected
      therefrom. In fraction 7, there appeared an oily, impure fraction of
      racemic PGF.sub.2.sub..alpha., followed by fractions of pure racemic
      PGF.sub.2.sub..alpha. in fractions 8 to 12. Fractions 8 to 12 were
      combined to yield 60 mg of pure, oily racemic PGF.sub.2.sub..alpha. which
      slowly crystallized under ambient conditions to directly yield polymorph
      II, or crystalline racemic PGF.sub.2.sub..alpha., with a melting point of
      63.5.degree.C to 64.degree.C.
PAC  EXAMPLE B
PAR  The procedure used in Example A for preparing polymorph II was followed in
      this example, and, all the conditions were substantially as previously
      described except for the use of solvent and seeding changes in the
      procedure as now set forth. In this example, 571 mg of racemic
      11,15-bis(tetrahydropyranyl)ether of
      9.alpha.,11.alpha.15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid [rac.
      of 11,15-bis-THP of PGF.sub.2.sub..alpha. ], was dissolved in 4 ml of
      tetrahydrofuran and 30 ml of 65:35 acetic acid:water mixture. The mixture
      was heated at 56.degree.C for 31/2  hrs, cooled to room temperature and
      stripped in vacuo. Next, the residue was chromotographed on a 6 gm
      SilicAR, CC-4 column with a 1:1 cyclohexane:ethylacetate eluant for
      fractions 1 to 5 and ethyl acetate eluant was used for fractions 6 through
      12. Fractions 7 to 12 contained the racemic, pure, oily
      PGF.sub.2.sub..alpha. and they were combined and concentrated to yield
      about 135 mg of the oily racemate. Next, the oily racemate was dissolved
      in the solvent, acetonitrile, cooled, and on scratching gave crystals,
      that are characterized as polymorph II, or crystalline racemic
      PGF.sub.2.sub..alpha.. The product, polymorph II, can be further purified,
      if needed, by repeated dissolution and seeding from an organic solvent
      such as acetonitrile, furan, etc., to yield pure, crystalline racemic
      PGF.sub.2.sub..alpha., or polymorph II.
PAC  EXAMPLE C
PAR  Natural 9.alpha.,11.alpha.,15(S)-trihydroxy-5-cis,13-trans-prostadienoic
      acid, natural PGF.sub.2.sub..alpha., prepared from total synthesis was a
      soft, waxy semi-crystalline compound melting in the range of
      25.degree.-32.degree.. A weighed sample was diluted with dioxane to
      produce a solution which was 10.mu.g PGF.sub.2.sub..alpha. /.mu.l of
      solution. This solution was used to calibrate the response of the
      differential refractometer of a Waters Assoc. Model 100 high pressure
      liquid chromatograph (h.p.l.c.). The calibration appears in FIG. 1. In
      FIG. 1, the PGF.sub.2.sub..alpha. peak height conditions are as follows:
      column 4'.times.0.125" o.d., column of Corasil-II. Solvent 0.2 percent
      HOAc/EToAc wherein the former is acetic acid and the latter is ethyl
      acetate. Flow 0.9ml/min. Reaction times: dioxane front appears at 30 min.
      PGF.sub.2.sub..alpha. at 14 min. from injection corresponding to column
      void volume after void volume displacement. The numbers on the x-axis are
      .mu.g injected and the numbers along the y-axis indicate detector response
      in inches at peak heights.
PAR  Weighed samples, 0.5-1.0 mg. .+-. 0.03 mg. of PGF.sub.2.sub..alpha. and
      crystalline racemic PGF.sub.2.sub..alpha. were placed in 1 dram vials.
      These vials were randomly divided between storage at -20.degree.C under
      argon and storage at 41 .+-. 2.degree., open to the air, in a sand bath.
      At stipulated times samples were removed from both types of storage,
      diluted to 10.mu.g PGF.sub.2.sub..alpha. /.mu.l, and assayed by h.p.l.c.
      The -20.degree. storage samples always assayed within experimental error
      of fresh standards (.+-.6 percent). Individual assays of 41.degree.C
      stored samples are collected in FIG. 2. In FIG. 2, the loss of
      PGF.sub.2.sub..alpha. on storage open to air at 41 .+-. 2.degree.C is set
      forth. The open symbols are for racemic PGF.sub.2.sub..alpha. and the
      closed symbols are for nat. PGF.sub.2.sub..alpha.. The different symbols
      are used to indicate different samples. Replicate analysis appear as
      multiple used of the same symbols at any one time. Further description of
      FIG. 2 indicates the percent of PGF.sub.2.sub..alpha. remaining. The
      numbers along the x-axis are days at 41 .+-. 2.degree.C and along the
      y-axis are percents. The crystalline racemate assayed 103 .+-. 3 percent
      based on the natural compound. In the light of these studies and the
      customary precautions taken in the storage of the natural compound
      relative to the racemate, the results indicate superior long term storage
      stability for the racemic crystals II.
PAR  The oily PGF.sub.2.sub..alpha. degrades by oxidation rapidly at first
      suggestive of a surface reaction, and then more slowly with a measured
      half life of 17 days. The crystalline racemate is unchanged after 14 days.
      The racemate change as measured by PGF.sub.2.sub..alpha. is 3 percent
      (.+-..about.4.about. 6 percent). This is an unexpected and superior
      contribution for the prostaglandin of the invention. Since,
      prostaglandins, including the dienoics, are known to be unstable, as they
      undergo autoxidation on exposure to air. Methods of Biochemical Analysis,
      Vol. 17, pages 325 to 371, 1969, published by Interscience Publishers, New
      York.
PAR  FIGS. 3, 3a and 3b show the traces from rapid analysis, (at 1 ml/min.). The
      figures also show the separation of PGF.sub.2.sub..alpha. and its
      15-epimer. Neither of the degradation products seen in the
      PGF.sub.2.sub..alpha. sample stored 9 days at 41.degree.C corresponds to
      15-epi-PGF.sub.2.sub..alpha.. FIG. 4 shows traces from analysis run at
      lower flow rates, (.about.0.7 ml/min.). In FIGS. 4, 4a and 4b, 4c all
      injections represent 100 .mu.g of PGF.sub.2.sub..alpha. in initial
      samples. The unexpected nature of stable, crystalline polymorph II was
      also seen in samples kept at 25.degree.C with constant exposure to the air
      without any evidence of crystalline loss after more than one year; while
      an oily racemic product would be over half oxidized in 17 days and
      evidence a continual oxidation loss with corresponding continual half-life
      losses.
PAR  Polymorph II of the invention can be used by the pharmaceutical art in a
      variety of pharmaceutical preparations for its therapeutic use. For
      example, polymorph II can be formulated for its therapeutic use. For
      example, polymorph II can be formulated into stable tablets, capsules,
      elixers, syrups, ointments, powders, creams, lotions, drops, pastes,
      jellies, injectable preparations, dispersions, food premix, and the like.
      The stable polymorph II can be administered by conveniently mixing it with
      non-toxic, pharmaceutically acceptable organic or inorganic carriers, such
      as gelatin, lactose, starches, talc, magnesium stearate and other
      conventionally employed pharmaceutically acceptable carriers. The
      parmaceutical preparation containing polymorph II may also include
      non-toxic auxiliary substances such as emulsifying, preserving, wetting
      agents and the like.
PAR  Exemplary of a typical method for preparing a tablet containing polymorph
      II is to first comminute polymorph II with a diluent such as starch,
      sucrose, kaolin or the like to form a mixture. Next, the mixture can be
      granulated with a binder such as gelatin, acacia mucilate, corn syrup and
      the like and, after mixing, the composition is screened to any
      predetermined particle sieve size. As an alternative, if preferred, to
      granulation, the just prepared mixture can be slugged through conventional
      tablet machines and the slugs comminuted before fabrication of the
      tablets. The freshly prepared tablets can be coated or they can be left
      uncoated and maintain their stability and strength, which was impossible
      with the unstable prior art oily prostaglandins. Representative of
      suitable coatings are the non-toxic coatings including shellac,
      methylcellulose, carnauba wax, styrene-maleic acid copolymers, and the
      like. For oral administration, compressed, shelf-storable tablets
      containing 0.01 microgram, 10 micrograms, 50 micrograms, 5 milligrams, to
      250 milligrams and the like of polymorph II are manufactured in the light
      of the above disclosure and by fabrication techniques well known to the
      art as set forth in Remington's Pharmaceutical Science, Chapter 39, Mack
      Publishing Co., 1965. A typical storable and operable formulation for a
      tablet containing polymorph II as the active ingredient in a tablet is
      described in Example D.
TBL  EXAMPLE D                                                                 
                     Per Tablet, mg                                            
     ______________________________________                                    
     Polymorph II      2.0                                                     
     Corn Starch       15.0                                                    
     Corn Starch Paste 4.5                                                     
     Lactose           82.0                                                    
     Calcium Stearate  2.0                                                     
     Dicalcium Phosphate                                                       
                       50.0                                                    
     ______________________________________                                    
PAR  To formulate the tablet, uniformly blend polymorph II, the corn starch,
      lactose and dicalcium phosphate in a standard v-blender until all the
      ingredients are uniformly mixed together. Next, the corn starch is
      prepared as a 10 percent syrup paste, and it is blended with the first
      prepared uniform mixture until a second uniform mixture is obtained. Then,
      the granulation is passed through a standard eight mesh screen, dried and
      rescreened with a 12 mesh screen. The dry granules are next blended with
      calcium stearate and compressed into tablets. Other tablets containing
      0.05, 0.25, 1.0, 5.0, 10.0, 15,0 mgs, etc., are prepared in a like
      fashion. Another representative, essentially stable pharmaceutical
      composition prepared according to the spirit of the invention is set forth
      in Example E.
PAC  EXAMPLE E
PAR  A pharmaceutical composition comprising from 0.01 micrograms to 250
      milligrams of crystalline, racemate
      9.alpha.,11.alpha.,-15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid
      wherein the crystals are characterized by the following X-ray diffraction
      data:
TBL  Interplanar Spacings, A                                                   
     ______________________________________                                    
     27.60             4.65                                                    
     18.19             4.09                                                    
     13.00             3.54                                                    
     10.33             3.30                                                    
     8.38              2.98                                                    
     7.31              2.79                                                    
     6.06              2.63                                                    
     5.40              2.53                                                    
     4.92              2.04                                                    
     4.67                                                                      
     ______________________________________                                    
      and wherein the crystals system is monoclinic, the crystal habit is
      tubular, the optic sign is negative, and the melting point is
      63.5.degree.C to 64.degree.C, mixed with a pharmaceutical carrier.
PAR  The manufacture of pharmaceutical capsules for oral use consists
      essentially of mixing polymorph II with a non-toxic carrier and enclosing
      the mixture in a gelatin sheath. The capsules can be in the art known soft
      form of a capsule made by enclosing polymorph II, or the capsule can be a
      hard capsule consisting essentially of polymorph II mixed with a nontoxic
      solid, such as talc, calcium stearate, calcium carbonate or the like. A
      typical capsule formulation is described in Example F.
PAC  EXAMPLE F
PAR  Capsules containing 0.1 mg, 0.5 mg, 2.5 mg, 10 mg, 20 mg, 25 mg, and the
      like of polymorph II are prepared by blending the following:
TBL                  Per Capsule, mg                                           
     ______________________________________                                    
     Polymorph II      5.0                                                     
     Lactose, U.S.P.   300.0                                                   
     Starch            130.0                                                   
     Magnesium Stearate                                                        
                       4.5                                                     
     ______________________________________                                    
PAR  The blended ingredients are discharged into a commercially available
      capsule, and with the higher amounts of polymorph II as the active
      ingredient in the capsule, a suitable reduction is made in the amount of
      lactose. The formulation can be carried out under ambient conditions with
      conventional techniques.
PAR  Polymorph II can be incorporated into drug delivery devices comprising a
      member containing polymorph II or having polymorph II distributed
      therethrough for releasing polymorph II at a controlled rate for a
      predetermined period of time. The member containing polymorph II serves as
      a reservoir therefor, and it is usually shaped as a laminae, a film, or
      the like with at least one wall or part thereof made of a material
      suitable to the passage of polymorph II so that passage from the reservoir
      is a drug release rate governing process for effectively administering
      predetermined amounts of polymorph II for its ability to contract uterine
      myometrial muscle, induce parturition, interrupt early pregnancy and the
      like. The drug delivery devices suitable for the purpose of administering
      polymorph II are those devices that are readily inserted into body
      cavities, retained there and easily removed therefrom, devices that can be
      implanted and used as external drug delivery devices. Those skilled in the
      art can determine the rate of passage of polymorph II from or through
      materials by using standard in vivo and in vitro methods as reported in
      Endocrinology, Vol. 78, pages 208 to 211, 1966; Encyl. Polymer Sci.
      Technol., Vol. 9, pages 794 to 807, 1968; J. Pharm. Sci., Vol. 52, pages
      1145 to 1149, 1963; Circulation Research, Vol. 10, pages 632 to 641, 1962;
      J. of Chromatography, Vol. 44, pages 443 to 451, 1969; J. Am. Chem. Soc.,
      Vol. 91, pages 3398 to 3400, 1969; and,  European J. Biochem., Vol. 10,
      pages 411 to 418, 1969.
PAR  Polymeric materials suitable for use as a reservoir for administering
      polymorph II are materials of natural and synthetic materials include
      poly(propylene), poly(ethylene), poly(butadiene), poly(vinylchloride),
      poly(vinyllidene chloride), fluorinated ethylene-propylene copolymers,
      poly(ethylene terephthalate), poly(amides), poly(imides), poly(vinyl
      acetate), poly(vinyl pyrrolidone), poly(methyl vinyl ether maleic
      anhydride)copolymer, poly(methylmethacrylate), propylene vinyl butyrate
      copolymers, silicone rubbers, poly(dimethylsiloxanes), silicone-carbonate
      copolymers, and the like. Exemplary of naturally occurring materials
      include cellulose ethers, agaragar, guar gum, gum tragacanth, casein,
      gelatine, and the like.
PAR  The manufacture of a drug delivery device containing polymorph II is
      carried out by using standard techniques. For example, the reservoir can
      be formed by molding a polymeric material into the desired shape with
      polymorph II therein; or, the reservoir can be in the form of an envelope
      formed of films of polymeric material that releases polymorph II; or the
      reservoir can be in the form of an inert polymeric matrices with polymorph
      II dispersed therein. The standard techniques used for manufacturing the
      reservoir containing polymorph II include adding polymorph II to a liquid
      matrix material and then converting the matrix to a solid by curing, by
      immersion, coating, and the like. A typical drug delivery device
      containing polymorph II is described in Example G.
PAC  EXAMPLE G
PAR  A drug delivery device is prepared as follows: first, 3.2 g of solid
      polymorph II is thoroughly mixed with 23 g of medical grade
      polydimethylsiloxane elastomer and 5 g of the mixture aliquoted therefrom.
      Next, 1 to 2 drops of stannous octoate catalyst is added to the aliquote,
      the ingredients mixed, and then poured into an intravaginal rectangular
      mold formed of two parts. The mold's size and shape is variable and it is
      adapted for easy insertion, retention and removal from an animal's vagina.
      A typical mold's dimension generally corresponds to the dimension of the
      vaginal channel, that is, about 7 to 10 cm in length with a width of 5 to
      30 mm for a mature mammal. Each part of the presently used mold is 5 mm by
      70 mm to form a rectangle, 10 mm by 70 mm, and after filling, the parts
      are tightened to each other and the ingredients cure at 40.degree.C to
      50.degree.C for 1 to  2 hours. The final cured product, or drug delivery
      device contains about 600 mg of polymorph II and placement of the device
      in the vaginal tract of mammals supplies an effective amount for the
      induction of labor.
PAC  EXAMPLE H
PAR  Other drug delivery devices are prepared as follows: a section of
      poly(vinylacetate) tubing having an outside diameter of 6 mm, an inside
      diameter of 4 mm and a length of about 15 mm, is filled with 150 mg of
      polymorph II and the ends of the tubing closed with plugs that are
      adhesively sealed thereto. The device can be subcutaneously implanted, or
      inserted into body openings for administering an effective amount of
      polymorph II. Another device can be prepared by mixing two equivalents of
      methylene isocynate, one equivalent of a polyethyl triol, one equivalent
      of 1,4-butanediol, and polymorph II and then polymerizing the mixture by
      standard methods to provide a poly(urethane)rubber-type drug delivery
      device. Likewise, other devices containing polymorph II which can permeate
      through polymeric substances such as poly(ethylene), nylon, etc., are
      prepared by techniques set forth in Modern Plastic Encyclopedia, Vol. 45,
      1968, for providing controlled, continued, sustained, medication over
      desired predetermined periods of time.
PAR  The dose administered for polymorph II will of course vary for the chosen
      route of administration and the size of the recipient. The dose
      administered is not subject to definite bounds, but it will usually be an
      effective amount of polymorph II to achieve the biological function of the
      prostaglandin. Representative of a typical method for administering
      polymorph II is by the injectable-type administration route. By this
      route, from 0.2 micrograms to 10.0 micrograms per kilogram of body weight
      per minute by means of an infusion pump is useful for stimulating smooth
      muscle for inducing labor, for inducing menses and for termination of
      pregnancy. Polymorph II is administered from a drug delivery device
      intravaginally to primates, including mammals, at the rate of 20 mg to 50
      mg every 2 hours for inducing parturition; and, from a drug delivery
      device intra-vaginally at the rate of 200 mg to 600 mg every 2 hours for
      the termination of pregnancy in primates, including mammals.
PAR  For administering to valuable domestic household, sport, or farm animals
      such as sheep, goats, cattle, etc., or to laboratory animals for
      scientific studies, polymorph II is administered in the form of a food
      premix, such as mixing with dried fish meal, oatmeal, straw, hay, ground
      corn, mash, and the like, and the prepared premix is added to the regular
      feed, thereby administering the compound to the domestic or laboratory
      animals in the form of feed.
PAR  In laboratory studies for determining the applicability of polymorph II to
      mammals, primates, avians and valuable animals, the studies are carried
      out with rats, guinea pigs, gerbils, mice, etc. For example, in laboratory
      studies with standard laboratory rats, polymorph II is administered orally
      by perfusion at the rate of 0.01 microgram to 1.0 microgram per minute for
      determining smooth muscle effects, and the like.
PAR  The above disclosure and examples are set forth for illustrating the mode
      and the manner of the invention. It is evident from the disclosure that
      the invention provides a new and useful product with improved stability.
      Also, the invention provides pharmaceutical compositions that can be made
      for present and future use with known and measurable activity that was not
      possible heretofore. Also, various modifications and embodiments can be
      made by those skilled in the art in the light of the invention without
      departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pharmaceutical composition comprising from 0.01 micrograms to 250
      milligrams of crystalline, racemate
      9.alpha.,11.alpha.,-15(S)-trihydroxy-5-cis,13-trans-prostadienoic acid
      wherein the crystals are characterized by the following X-ray diffraction
      data:
TBL  Interplanar Spacings, A                                                   
     ______________________________________                                    
     27.60             4.65                                                    
     18.19             4.09                                                    
     13.00             3.54                                                    
     10.33             3.30                                                    
     8.38              2.98                                                    
     7.31              2.79                                                    
     6.06              2.63                                                    
     5.40              2.53                                                    
     4.92              2.04                                                    
     4.67                                                                      
     ______________________________________                                    
PAL  and wherein the crystals system is monoclinic, the crystal habit is
      tubular, the optic sign is negative, and the melting point is
      63.5.degree.C to 64.degree.C, mixed with a pharmaceutical carrier.
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PAL  Compositions and methods for repelling warm-blooded creatures, such as
      birds, rodents leporine animals and ruminants using N-(alkyl, cycloalkyl,
      phenoxycarbonyloxyalkyl, phenyl, alkyl-phenyl and
      alkyl-chloro-phenyl)-dithiobiuret derivatives.
PARN
PAR  This is a continuation of application Ser. No. 825,447, filed May 16, 1969,
      now abandoned.
BSUM
PAR  The present invention relates to and has for its objects the provision for
      new active compositions of certain n -(alkyl, cycloalkyl,
      phenoxycarbonyloxyalkyl, phenyl, alkyl-phenyl and
      alkyl-chloro-phenyl)-dithiobiuret derivatives, some of which are known,
      and which possess bird-, rodent-, leporine animal- and ruminant- repellent
      properties, in the form of mixtures of such compounds with inert solid
      dispersible carrier vehicles and/or inert liquid dispersible carrier
      vehicles containing a surface-active agent, and new methods for using such
      compounds especially for repelling warm-blooded creatures such as birds,
      rodents, ieporine animals and ruminants, with other and further objects
      becoming apparent from a study of the within specification and
      accompanying examples.
PAR  It is already known that tetramethylthiouram disulfide (A) can be used for
      repelling rodents and ruminants. This active compound has attained a
      considerable significance in commercial practice.
PAR  It is also known that anthraquinone (B) can be used for repelling birds.
      This active compound has likewise attained a considerable importance in
      commercial practice, but exhibits no repellent effect on rodents, leporine
      animals or ruminants.
PAR  In this regard, the known members of the class of dithiobiuret derivatives
      to which the present invention relates, are not yet known to have any
      pesticidal or pest- or warm-blooded creature- repellent properties (but
      see the disclosure and claims regarding similar properties for analogous
      dithiobiuret derivatives in U.S. Pat. No. 3,627,890, filed May 16, 1969
      and issued Dec. 14, 1971 of the same inventorship herewith).
PAR  It has now been found, in accordance with the present invention, that
      certain dithiobiuret derivatives, some of which are known, of the formula
      ##EQU1##
      IN WHICH R is alkyl of 1-6 carbon atoms, cycloalkyl of 5-6 carbon atoms,
      phenoxycarbonyloxyalkyl having 1-4 carbon atoms in the corresponding alkyl
      moiety, phenyl, alkyl-substituted phenyl having 1-4 carbon atoms in each
      corresponding alkyl moiety, and alkyl-chlorophenyl having 1-4 carbon atoms
      in each corresponding alkyl moiety, exhibit a distinct repellent effect
      against birds, rodents, leporine animals and ruminants.
PAR  Surprisingly, the repellent effect of the active compounds of formula (Ia)
      above according to the present invention is higher than that of the known
      bird repellent anthraquinone (B) and the known rodent and ruminant
      repellent tetramethylthiouram disulfide (A). Therefore, the present
      invention represents a valuable contribution to the art.
PAR  The dithiobiuret derivatives of formula (Ia) above are already
      substantially known [cf. Liebigs Annalen der Chemie 670, 80 - 82 (1963)].
      The still new dithiobiuret compounds of formula (Ia) above can be prepared
      suitably in the same manner as the known ones by addition of thiocyanic
      acid to the isonitriles and subsequent alkaline hydrolysis of the cyclic
      compounds which thereby form.
PAR  Advantageously, in accordance with the present invention, in the various
      formulae herein:
PAR  R represents
PAR  alkyl hydrocarbon of 1-6 carbon atoms such as methyl, ethyl, n- and
      iso-propyl, n-, iso-, sec.- and tert.-butyl, n-amyl, 1-, 2- and
      3-methyl-n-butyl, 1-ethyl-n-propyl, 1,1-and 1,2-dimethyl-n-propyl,
      n-hexyl, iso-hexyl, and the like, especially C.sub.1-5, C.sub.1-4,
      C.sub.2-5, C.sub.2-4, C.sub.3-4, C.sub.2-6, C.sub.3-5, C.sub.3-6 and
      C.sub.4-6 alkyl, more especially C.sub.1-4, C.sub.2-5 and C.sub.3-4 alkyl,
      and preferably iso-propyl and tert.-butyl;
PAR  cycloalkyl of 5-6 carbon atoms such as cyclopentyl, cyclohexyl, and the
      like, especially cyclohexyl;
PAR  phenoxycarbonyloxyalkyl having 1-4 carbon atoms in the corresponding alkyl
      moiety such as phenoxycarbonyloxy- methyl, eth-1 and 2-yl, prop-1,2 and
      3-yl, but-1,2,3 and 4-yl, 2-methyl-propyl, 1,1-dimethyl-ethyl,
      2,2-dimethyl-ethyl and the like, i.e. phenoxycarbonyloxy-C.sub.1-4 or
      C.sub.2-4 alkyl, especially phenoxycarbonyloxy-1,1-dimethyl-ethyl;
PAR  phenyl;
PAR  alkyl-substituted phenyl having 1-4 carbon atoms in each corresponding
      alkyl moiety, i.e. which is substituted with 1 to 2 alkyl groups of 1-4
      carbon atoms, such as methyl, ethyl, n- and iso-propyl, n-, iso-, sec.-
      and tert.-butyl substituted phenyl, especially mono and di (same and
      mixed) methyl to tert.-butyl inclusive as defined above, and the like,
      substituted phenyl, especially mono and di C.sub.1-3 or C.sub.1-2 alkyl
      substituted phenyl, more especially di C.sub.1-4 or C.sub.1-3 or C.sub.1-2
      alkyl-phenyl, most especially 2,6-di C.sub.1-4 or C.sub.1-3 or C.sub.1-2
      alkyl-phenyl, and preferably 2,6-di-methyl-phenyl; or
PAR  alkyl-chloro-phenyl having 1-4 carbon atoms in the corresponding alkyl
      moiety such as methyl to tert.-butyl inclusive as defined above, and the
      like, -chloro-phenyl, i.e. 2-(C.sub.1-4 alkyl)-3,4,5 and 6-chloro-phenyl,
      or 2-chloro-3,4,5 and 6-(C.sub.1-4 alkyl)-phenyl, or 3-(C.sub.1-4 alkyl)-4
      and 5-chloro-phenyl, or 3-chloro -4 and 5- (C.sub.1-4 alkyl)-phenyl,
      especially C.sub.1-3 or C.sub.1-2 alkyl-chloro-phenyl, more especially
      2-(C.sub.1-4 or C.sub.1-3 or C.sub.1-2 alkyl) -3-chloro-phenyl, and most
      especially 2-methyl-3-chloro-phenyl.
PAR  Typical compounds of the present invention include:
PA1  N-1-isopropyl-dithiobiuret
PA1  N-1-tert.-butyl-dithiobiuret
PA1  N-1-cyclohexyl-dithiobiuret
PA1  N-1-[(1,1-dimethyl-2-phenoxycarbonyloxy)-ethyl]-dithiobiuret
PA1  N-1-(2'-methyl-3"-chlorophenyl)-dithiobiuret
PA1  N-1-(2',6'-dimethyl-phenyl)-dithiobiuret.
PAR  Advantageously, the active compounds according to the present invention
      possess, with low toxicity to warm-blooded animals, a pronounced repellant
      effect against destructive birds such as anserine birds (Anseriformes),
      gallinaceous birds (Galliformes), charadriiform birds (Charadriiformes),
      cuculine birds (Cuculiformes), passerine birds (Passeriformes); and the
      like.
PAR  The anserine birds contemplated herein include essentially the geese
      (Anseridae), such as ducks (Anatinae), and the like, whereas the
      gallinaceous birds contemplated herein include, in particular, the true
      fowls (Gallidae), such as ring-necked pheasant (Phasianus colchicus), and
      the like. Among the charadriiform birds contemplated herein, particularly
      important are the pigeons (Columbae); such as the wood pigeon (Columba
      palumbus) and the rock-dove (Columba livia) with its domestic forms, and
      the like. In the case of the cuculine birds contemplated herein, the
      cuckoos (Cuculi), such as for example the plantain-eaters (Musophagidae),
      play a particular part, as do the parrots (Psittaci), for example the
      parakeets (Psittacinae), and the like. To the passerine birds contemplated
      herein there belong, in the main, the ravens (Corvidae), such as the
      carrion crow (Corvus corone) and the rock (Corvus frugilegus), the
      starlings (Sturnidae), the American blackbirds (Icteridae), the finches
      (Fringillidae), such as the sparrows (Passer spec.) and the weaver birds
      (Ploceidae), such as the red-billed weaver (Quelea quelea); and the like.
PAR  The compounds according to the present invention also exhibit a repellent
      effect against destructive leporine animals (Lagomorpha) and rodents
      (Rodentia), such as squirrel-like animals (Sciuroidae), gophers
      (Geomyoidae) and mouse-like animals (Muroidae) with which there are
      classed essentially the dormouse-like animals (Muscardinidae) and the mice
      (Muridae); and the like.
PAR  The leporine animals contemplated herein include essentially the Leporidae,
      such as the rabbit (Oryctolagus cuniculus), the squirrel-like animals
      include for example the European souslik (Citellus citellus), and the
      ground squirrel (Citellus lateralis), and the gophers include for example
      the mountain pocket gopher (Thomomys talpoides); and the like.
PAR  With the dormouse-like animals contemplated herein there is classed for
      example the fat dormouse (Glis glis), and the like, whereas the mice
      contemplated herein comprise essentially, in the group of the long-tailed
      mice (Murinae), the rats (Rattus spec.), such as the black rat (Rattus
      rattus) and the Norway rat (Rattus norvegicus); the house mice (Mus
      spec.), such as Mus musculus; in the group of the hamster-like animals
      (Cricetinae) the European hamster (Cricetus cricetus), and, in the group
      of the short-tailed mice (Microtinae) for example the common vole
      (Microtus arvalis), the field vole (Microtus agrestis) and the water vole
      (Arvicola terrestris); and the like.
PAR  The active compounds according to the present invention also repel
      destructive ruminants (Ruminantia), the most important groups of which are
      the deer (Cervidae) and the horned animals (Bovidae), and the like.
PAR  With the deer contemplated herein are classed for example the roe deer
      (Capreolus capreolus), the Virginia deer (Odocoileus spec.), the fallow
      deer (Dama dama), the wapiti (Cervus canadensis) and the red deer (Cervus
      elaphus), and the like. Among the horned animals contemplated herein,
      there belong to the group of the chamois-like animals (Rupicaprinae)
      particularly the sheep (ovis spec.) and goats (Capra spec.), and the like.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert pesticidal (or pest- or warm-blooded creature-
      repellent) diluents or extenders, i.e. conventional pesticidal (or pest-
      or warm-blooded creature-repellent) dispersible carrier vehicles, such as
      solutions, emulsions, suspensions, emulsifiable concentrates, spray
      powders, pastes, soluble powders, dusting agents, granules, etc. These are
      prepared in known manner, for instance by extending the active compounds
      with conventional pesticidal (or pest- or warm-blooded creature-repellent)
      dispersible liquid diluent carriers and/or dispersible solid carriers
      optionally with the use of carrier vehicle assistants, e.g. conventional
      pesticidal (or pest- or warm-blooded creature- repellent) surface active
      agents, including emulsifying agents and/or dispersing agents, whereby,
      for example, in the case where water is used as diluent, organic solvents
      may be added as auxiliary solvents. The following may be chiefly
      considered for use as conventional carrier vehicles for this purpose:
      inert dispersible liquid diluent carriers, including inert organic
      solvents, such as aromatic hydrocarbons (e.g. benzene, toluene, xylene,
      etc.), halogenated, especially chlorinated, aromatic hydrocarbons (e.g.
      chlorobenzenes, etc.), paraffins (e.g. petroleum fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, etc.), alcohols (e.g.
      methanol, ethanol, propanol, butanol, etc.), amines (e.g. ethanolamine,
      etc.), ethers, ether-alcohols (e.g. glycol monomethyl ether, etc.), amides
      (e.g. dimethyl formamide, etc.), sulfoxides (e.g. dimethyl sulfoxide,
      etc.), ketones (e.g. acetone, etc.), and/or water; as well as inert
      dispersible finely divided solid carriers, such as ground natural minerals
      (e.g. kaolins, alumina, silica, chalk, i.e. calcium carbonate, talc,
      kieselguhr, etc.) and ground synthetic minerals (e.g. highly dispersed
      silicic acid, silicates, e.g. alkali silicates, etc.); whereas the
      following may be chiefly considered for use as conventional carrier
      vehicle assistants, e.g. surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic emulsifying agents
      (e.g. polyethylene oxide esters of fatty acids, polyethylene oxide ethers
      of fatty alcohols, alkyl sulfonates, aryl sulfonates, etc., and especially
      alkyl arylpolyglycol ethers, magnesium stearate, sodium oleate, etc.);
      and/or dispersing agents, such as lignin, sulfite waste liquors, methyl
      cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other repellents, or nematocides,
      acaricides, insecticides, fungicides, herbicides, bactericides, etc., if
      desired, or in the form of particular dosage preparations for specific
      application made therefrom, such as solutions, emulsions, suspensions,
      powders, pastes, and granules which are thus ready for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95%, and preferably 0.5-90%, by
      weight of the mixture, whereas carrier composition mixtures suitable for
      direct application or field application generally contemplate those in
      which the active compound is present in an amount substantially between
      about 0.01-95%, preferably 0.05-80%, more preferably 0.1-50%, and most
      preferably 0.5-30%, by weight of the mixture. Thus, the present invention
      contemplates overall compositions which comprise mixtures of a
      conventional dispersible carrier vehicle such as (1) a dispersible inert
      finely divided carrier solid, and/or (2) a dispersible carrier liquid such
      as an inert organic solvent and/or water preferably including a
      surface-active effective amount of a carrier vehicle assistant, e.g. a
      surface-active agent, such as an emulsifying agent and/or a dispersing
      agent, and an amount of the active compound which is effective for the
      purpose in question and which is generally between about 0.01-95%, and
      preferably 0.01-80%, by weight of the mixture.
PAR  The active compounds can also be used in accordance with the well-known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment in finely divided form, e.g.
      average particle diameter of from 50-100 microns, or even less, i.e. mist
      form, for example by airplane crop spraying techniques. Only up to at most
      about a few liters/ hectare are needed, and often amounts only up to about
      1 quart/acre, preferably 2-16 fluid ounces/acre, are sufficient. In this
      process it is possible to use highly concentrated liquid compositions with
      said liquid carrier vehicles containing from about 20 to about 95% by
      weight of active compound or even the 100% active substance alone, e.g.
      about 20-100% by weight of the active compound.
PAR  In particular, the present invention contemplates methods of repelling
      warm-blooded creatures or animals, i.e. pests, and specifically birds,
      rodents, leporine animals and ruminants, which comprise applying to the
      area, material, place, and the like, from which such warm-blooded
      creatures are to be repelled, i.e. the locus to be protected or any and
      all things or matter which are susceptible to damage by (e.g. by eating,
      gnawing, biting, trampling, etc.) and/or from which such pest creatures
      are to be repelled, a correspondingly repellent effective amount, i.e. a
      warm-blooded creature repellent effective amount, of the particular active
      compound of the invention along or together with a carrier vehicle as
      noted above. The instant formulations or compositions are applied in the
      usual manner, for instance by spraying, atomizing, vaporizing, squirting,
      scattering, dusting, watering, sprinkling, pouring, and the like.
PAR  More specifically, application of the active compounds according to the
      present invention, their formulations and the application forms prepared
      therefrom is effected in the normal way, e.g. by seed treatment, by
      spraying, dusting or scattering of suitable preparations of the active
      compound on plants or parts of plants endangered or jeopardized by bird
      and/or rodent damage and/or damage by ruminants (including damage by
      game), by soil treatment, by fumigation in rooms or subterranean
      structures, by above-ground or underground application of repellent
      coatings and barriers and by impregnation of materials which may
      endangered or jeopardized by birds and/or rodents and/or ruminants, such
      as wood, paper, rubber and synthetic materials.
PAR  For seed treatment, e.g. seed dressing, in general substantially between
      about 0.01-5, preferably between about 0.025-1, parts by weight of active
      compound are used per 100 parts by weight of seed, e.g. per 100 g of seed,
      i.e. plantable or agricultural crop seed.
PAR  Spray liquors or pastes usable for the achievement of bird-repellent,
      rodent-repellent and ruminant-repellent coatings, e.g. on endangered or
      jeopardized plants or parts of plants, contain, in general, substantially
      between about 0.1-20, preferably between about 0.5-10, per cent by weight
      of active compound. Materials which are soaked or impregnated with the
      active compounds should have in the surface layer thereof a concentration
      of active compound of substantially between about 0.1-5 per cent by
      weight.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle may vary
      within a fairly wide range and will depend upon the intended application
      as the artisan will appreciate. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
DETD
PAR  The outstanding effectiveness of the particular compounds usable according
      to the present invention is illustrated, without limitation, by the
      following Examples.
PAC  EXAMPLE 1
PAC  A. Repellent test/domestic pigeon
PAR  Test creature: domestic pigeon (Columba livia)
PAR  To prepare a suitable mixture of the particular active compound, 3 parts by
      weight of such active compound are mixed with 2.8 parts by weight of
      highly dispersed silicic acid and 4.3 parts by weight of talc. 6 parts by
      weight of the resulting active compound concentrate are intimately mixed
      with 1000 parts by weight of wheat seed and the mixture after addition of
      11 parts by weight of polyethylene glycol as adhesive, is shaken until the
      seed is uniformly impregnated. The content of active compound is thus
      0.18%.
PAR  120 g of the wheat so impregnated are placed in a plastic container
      provided with a circular aperture in the front wall. This container is
      placed in front of two feral pigeons kept together. No untreated food is
      available to the animals; they receive as much water as they wish. The
      experiment proceeds for 60 hours under continuous light.
PAR  The residual amount of treated seed, i.e. which has not been eaten, is
      weighed again after the experiment. This figure, expressed as a percentage
      of the amount originally used, is valid as a measure of the repellent
      effect. Thus, 100% means that no wheat is eaten, the repellent effect
      being consequently total.
PAR  The particular active compounds tested, the repellent effect and the number
      of individual experiments can be seen from the first three columns of the
      following Table 1:
PAC  B. Repellent test/house mouse
PAR  Test creature: white Laboratory mouse (Mus musculus)
PAR  Concentration of active compound in test food: 0.5%
PAR  To produce a suitable preparation of the particular active compound, 3
      parts by weight of such active compound are mixed with 2.8 parts by weight
      of highly dispersed silicic acid and 4.2 parts by weight of talc. To
      prepare the test bait, 1.67 parts by weight of the resulting active
      compound concentrate are intimately mixed with 95 parts by weight of a
      standard mealy food customary for feeding experimental animals, with the
      addition of 3.33 parts by weight of methyl cellulose and a little water.
      From 6 g of the resulting dry substance, two spherical bait pellets are
      formed which are dried at room temperature for 24 hours before
      commencement of the experiment.
PAR  The pellets are placed for 24 hours, without other food, before two white
      laboratory mice kept together. Water is freely available. The residues of
      the pellets are dried and weighed again after the experiment has ended.
PAR  The residual amount, expressed as a percentage of the amount originally
      used, is valid as a measure of the repellent effect. Thus, 100% repellent
      effect means that nothing at all of the pellets has been eaten.
PAR  The particular active compounds tested, the number of experiments and the
      results obtained can be seen from the first, fourth and fifth columns of
      the following Table 1:
TBL                                    Table 1                                 
     __________________________________________________________________________
                                   Repellent test/domestic pigeon              
                                                  Repellent test/house mouse   
     Active compound                Number of                                  
                                          Repellent effect                     
                                                  Number of                    
                                                        Repellent effect       
                                    individual                                 
                                          in % (average                        
                                                  individual                   
                                                        in % (average          
                                    experiments                                
                                          value)  experiments                  
                                                        value)                 
     __________________________________________________________________________
     (A)                                                                       
        Tetramethylthiouram disulfide                                          
                                    3     49.7    2     60.0                   
        (known)                                                                
     (B)                                                                       
        Anthraquinone               2     47.4    3     0                      
        (known)                                                                
     (1a.sub.1)                                                                
        H.sub.2 N--CS--NH--CS--NH--CH(CH.sub.3).sub.2                          
                                    --    --      3     82.8                   
     (2a.sub.1)                                                                
        H.sub.2 N--CS--NH--CS--NH--C(CH.sub.3).sub.3                           
                                    --    --      2     81.7                   
     (3a.sub.1)                                                                
        H.sub.2 N--CS--NH--CS--NH   1     69.1    --    --                     
        CH.sub.3                                                               
        .vertline.                                                             
     (4a.sub.1)                                                                
        H.sub.2 N--CS--NH--CS--NH--C--CH.sub.2 --O--CO--O                      
                                    --    --      3     90.0                   
        .vertline.                                                             
        CH.sub.3                                                               
     (5a.sub.1)                                                                
        H.sub.2 N--CS--NH--CS--NH   1     82.5    3     83.9                   
     (6a.sub.1 )                                                               
        H.sub.2 N--CS--NH--CS--NH   3     89.1    4     83.3                   
     __________________________________________________________________________
PAC  EXAMPLE 2
PAC  Open-air enclosure test/black-tailed deer
PAR  Test creature: Black-tailed deer (Odocoileus columbianus)
PAR  To produce a suitable preparation of the particular active compound, 6
      parts by weight of such active compound and 10 parts by weight of a
      copolymer of methacrylic acid methyl ester and butadiene as adhesion
      promoter are dispersed in 84 parts by weight of water. Two-year-old
      Douglas fir seedlings (Pseudotsuga taxifolia) 18-30 cm high are totally
      immersed in the active compound preparation. After drying, the plants are
      covered all over with a thin film of the adhesive containing active
      compound and planted in an open-air game enclosure of 1.01 hectares.
      Inside the enclosed open-air area, 10 test plots are laid out in each of
      which there are 20 seedlings which are treated with the given active
      compound, 20 seedlings which are treated with the standard agent
      tetramethylthiouram disulfide (TMTD) and 20 seedlings which are untreated
      and which serve as control.
PAR  The game enclosure is then occupied by 10 black-tailed deer. The test
      proceeds until intermediate checks show a damage of 60-80% in the case of
      the untreated seedlings. Then the average degree of damage is determined.
      100 means that all the seedlings have been damaged, whereas 0 means that
      none of the seedlings have been damaged.
PAR  The particular active compounds tested, dosages, number of treated
      seedlings and average degrees of damage can be seen from the following
      Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Enclosed open-air area test/black-tailed deer                             
     Active compound            Dosage of active                               
                                         Number of                             
                                               Average degree of               
                                compound in the                                
                                         treated                               
                                               damage                          
                                treatment medium                               
                                         seedlings                             
                                in %                                           
     __________________________________________________________________________
        Tetramethyl-                                                           
     (A)                                                                       
        thiouram disulfide      6        200   47.91                           
        (known)                                                                
        untreated               --       200   74.87                           
        control                                                                
     (6a.sub.2)                                                                
        H.sub.2 N--CS--NH--CS--NH                                              
                                6        200   26.45                           
     __________________________________________________________________________
PAR  It will be realized that all the foregoing compounds contemplated by the
      present invention possess the desired warm-blooded creature or animal
      repellent properties for repelling birds, rodents, leporine animals and
      ruminants, and that such compounds have not only a very slight toxicity
      toward warm-blooded creatures, but also a concomitantly low phytotoxicity.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for repelling warm-blooded creatures selected from the group
      consisting of birds, rodents, leporine animals and ruminants, which
      comprises fumigating structures from which it is desired to exclude said
      warm-blooded creatures with an effective amount for repelling such
      creatures of a dithiobiuret compound of the formula
      ##EQU2##
      in which R is selected from the group consisting of alkyl of 1-6 carbon
      atoms, cycloalkyl of 5-6 carbon atoms, phenyl, alkyl-substituted phenyl
      having 1-4 carbon atoms in each corresponding alkyl moiety, and
      alkyl-chloro-phenyl having 1-4 carbon atoms in the alkyl moiety.
NUM  2.
PAR  2. The method of claim 1 wherein said compound is N-1-(2',
      6'-dimethyl-phenyl)-dithiobiuret of the formula
      ##EQU3##
NUM  3.
PAR  3. A method for repelling house mice which comprises applying to a locus
      from which said house mice are to be repelled, an effective amount for
      repelling such house mice of N-1-(2', 6'-dimethyl-phenyl)-dithiobiuret of
      the formula
      ##EQU4##
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PAL  Certain substituted or unsubstituted p-alkanoyl toluenes, e.g., p-alkanoyl
      toluene, are useful as hypolipidemic agents.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 495,862, filed Aug. 8, 1974, now abandoned.
BSUM
PAR  This invention relates to the pharmaceutical activity of p-alkanoyl
      toluenes. More particularly, this invention concerns the use of
      substituted or unsubstituted p-alkanoyl toluenes in the treatment of
      lipidemia. The invention also relates to pharmaceutical compositions
      containing these compounds as an active ingredient thereof.
PAR  The active agents with which this invention is concerned may be represented
      by the following structural formula:
      ##SPC1##
PAL  Where
PA0  R.sub.1 represents hydrogen, halo having an atomic weight of about 19 to
      36, and straight chain lower alkoxy, i.e., straight chain alkoxy having 1
      to 4 carbon atoms, e.g., methoxy, ethoxy, isopropoxy or the like, and
PA0  R.sub.2 and R.sub.3 each independently represent alkyl having 1 or 2 carbon
      atoms, i.e., methyl or ethyl.
PAR  The compounds of formula (I) above are known and may be prepared according
      to methods disclosed in the literature from known materials. The present
      invention contemplates only the novel use of such compounds as
      hypolipidemic agents.
PAR  The compounds of formula (I) are useful because they possess
      pharmacological activity in animals as hypolipidemic agents, particularly
      as hypolipoproteinemic agents as indicated by the fall in cholesterol and
      triglyceride levels in male albino Wistar rats weighing 110-130 g.
      initially. The rats are maintained on drug-free laboratory chow diet for
      seven days and then divided into groups of 8 to 10 animals. Each group
      with the exception of the control is then given orally 30 to 200
      milligrams per kilogram of body weight per diem of the compound for six
      days. At the end of this period, the animals are anesthetized with sodium
      hexobarbital and bled from the carotid arteries. Serum or plasma samples
      are collected, and 1.0 ml. samples of the serum are added to 9.0 ml.
      redistilled isopropanol. Two autoanalyzer cupsful of a mixture of
      zeolite-copper hydroxide and Lloydds reagent (Kessler, G., and Lederer,
      H., 1965, Technicon Symposium, Mediad Inc., New York [345, 347]) are
      added, and the mixture is shaken for one hour. Cholesterol and
      triglyceride levels are determined simultaneously on the same sample by
      Technicon N-24 A (cholesterol) and N-78 (triglyceride) methodology. The
      mean total serum cholesterol levels are then computed and the
      hypocholesterolemic activity is expressed as the fall in cholesterol
      levels as a percentage of the control level. The change in serum
      triglyceride levels are then computed and the hypocholesterolemic
      acitivity is expressed as the fall in cholesterol levels as a percentage
      of the control level. The change in serum triglyceride levels induced by
      the drug is computed as a percentage of the control triglyceride levels.
PAR  For such usage, the compounds of formula (I) may be administered orally or
      parenterally as such or admixed with conventional pharmaceutical carriers.
      They may be administered orally in such forms as tablets, dispersible
      powders, soft gelatin capsules, capsules, emulsions, preferably soft
      gelatin capsules, and parenterally as emulsions, e.g., a sterile
      injectable emulsion. The compositions for oral use may contain one or more
      conventional adjuvants, such as sweetening agents, flavoring agents,
      coloring agents and preserving agents, in order to provide an elegant and
      palatable preparation. Tablets may contain the active ingredient in
      admixture with conventional pharmaceutically acceptable excipients, e.g.,
      inert diluents, such as calcium carbonate, sodium carbonate, lactose, and
      talc, granulating and disintegrating agents, e.g., starch and alginic
      acid, binding agents, e.g., starch, gelatin and acacia, lubricating
      agents, e.g., magnesium stearate, stearic acid and talc, and absorbing
      agents such as colloidal silicon dioxide. The tablets may be coated or
      uncoated by known techniques to delay disintegration and absorption in the
      gastro-intestinal tract and thereby provide a sustained action over a
      longer period. Similarly, suspensions and emulsions may contain the active
      ingredient in admixture with any of the conventional excipients utilized
      by the preparation of such compositions, e.g., suspending agents such as
      methylcellulose, tragacanth and sodium alginate; wetting agents such as
      lecithin, polyoxyethylene stearate and polyoxyethylene sorbitan
      monooleate; and preservatives such as ethyl-p-hydroxybenzoate. Capsules
      may contain the active ingredient admixed with an inert solid diluent,
      e.g., calcium carbonate, calcium phosphate and kaolin. Soft gelatin
      capsules may contain the active ingredient in admixture with conventional
      pharmaceutical excipients, e.g., inert carriers such as vegetable oils
      (soybean oil, corn oil and the like), polyethyleneglycol derivatives or
      mineral oils. The injectable compositions are formulated as known in the
      art. These pharmaceutical preparations may contain up to about 90% of the
      active ingredient in combination with the carrier or adjuvant.
PAR  The hypolipidemic effective dosage of compounds (I) employed in the
      alleviation of lipidemia may vary depending on the particular compound
      employed and the severity of the condition being treated. However, in
      general, satisfactory results are obtained when the compounds of formula
      (I) are administered at a daily dosage of from about 1.0 milligrams to
      about 250 milligrams per kilogram of animal body weight given in divided
      doses 2 to 4 times a day, or in sustained release form. For most large
      mammals, the total daily dosage is from about 75 milligrams to about 2500
      milligrams. Dosage forms suitable for internal use comprise from about 18
      to about 1250 milligrams of the active compound in intimate admixture with
      a solid or liquid pharmaceutically acceptable carrier or diluent.
PAR  Compounds of formula (I) which can be used as the active ingredient include
      the following:
PA1  a. 2-chloro-4-pivaloyl toluene,
PA1  b. 2-methoxy-4-pivaloyl toluene, or
PA1  c. p-pivaloyl toluene,
PAL  the latter being especially preferred.
PAR  A representative formulation suitable for oral administration is a tablet,
      capsule or soft gelatin capsule prepared by standard tabletting or
      encapsulating techniques which contains the following and may be
      administered 2 to 4 times a day in the treatment of lipidemia.
DETD
PAC  EXAMPLE 1
TBL         Ingredient Weight (mg.)                                            
     ______________________________________                                    
                       Capsule                                                 
     p-pivaloyl toluene                                                        
                       100                                                     
     tragacanth        --                                                      
     lactose           300                                                     
     corn starch       --                                                      
     talcum            --                                                      
     magnesium stearate                                                        
                       --                                                      
     Total             400      mg.                                            
     ______________________________________                                    
TBL  Ingredient      Weight (mg.)                                              
     ______________________________________                                    
                                    soft gelatin                               
                   tablet  capsule  capsule                                    
     ______________________________________                                    
     p-pivaloyl toluene                                                        
                     100       100      100                                    
     polyvinylpyrrolidone                                                      
                     15        --       --                                     
     lactose         282.5     346      --                                     
     corn starch     25        --       --                                     
     talcum          15        --       --                                     
     colloidal silicon dioxide                                                 
                     50         50      --                                     
     magnesium stearate                                                        
                     2.5       --       --                                     
     stearic acid    --         4       --                                     
     soybean oil     --        --       300                                    
                     500 mg.   500 mg.  400 mg.                                
     ______________________________________                                    
PAR  The following pharmaceutical compositions are formulated with the indicated
      amount of active agent using conventional techniques. The injectable
      emulsion, the oral liquid suspension, and the oral liquid emulsion
      represent formulations useful as unit doses and may be administered in the
      treatment of lipidemia. The injectable emulsion is suitable for
      administration once or twice a day whereas the oral liquid suspension and
      the oral liquid emulsion is suitably administered 2 to 4 times per day for
      this purpose.
PAC  EXAMPLE 3
TBL  Ingredient               Weight (mg.)                                     
     ______________________________________                                    
                            Oral liquid                                        
                            suspension                                         
     ______________________________________                                    
     p-pivaloyl toluene       100                                              
     sodium carobxy methylcellulose, U.S.P.                                    
                              12.5                                             
     magnesium aluminum silicate                                               
                              47.5                                             
     flavor                   q.s.                                             
     color                    q.s.                                             
     methyl paraben, U.S.P.   4.5                                              
     propyl paraben, U.S.P.   1.0                                              
     polysorbate 90 (e.g., Tween 80), U.S.P.                                   
                              5                                                
     sorbitol solution, 70%, U.S.P.                                            
                              2,500                                            
     buffer agent to adjust pH for desired                                     
     stability                q.s.                                             
     water                    q.s. to                                          
     5 ml.                                                                     
     ______________________________________                                    
PAC  EXAMPLE 4
TBL  Ingredient      Weight (mg.)                                              
     ______________________________________                                    
                   Sterile inject-                                             
                              Oral liquid                                      
                   able emulsion                                               
                              emulsion                                         
     ______________________________________                                    
     p-pivaloyl toluene                                                        
                     200          100                                          
     sodium, carboxy methyl-                                                   
      cellulose, U.S.P.                                                        
                     --           12.5                                         
     polyvinylpyrrolidone                                                      
                     5            --                                           
     benzoyl alcohol 0.01         --                                           
     sodium chloride to be adjusted                                            
                                  --                                           
                     to an isotonic                                            
                     concentration                                             
     flavor          --           q.s.                                         
     color           --           q.s.                                         
     methyl paraben, U.S.P.                                                    
                     --           4.5                                          
     propyl paraben, U.S.P.                                                    
                     --           1.0                                          
     polysorbate 80 (e.g.,                                                     
      Tween 80), U.S.P.                                                        
                     1            5                                            
     sorbitol solution,                                                        
                     --           2,500                                        
      70% U.S.P.                                                               
     buffer agent to adjust                                                    
     pH for desired stability                                                  
                     q.s.         q.s.                                         
     water           for injection                                             
                                  q.s. to                                      
                     q.s. to 1 ml.                                             
                                  5 ml.                                        
     ______________________________________                                    
PAR  The preferred pharmaceutical compositions from the standpoint of
      preparation and ease of administration are soft gelatin capsules
      containing from about 100 to 200 milligrams of the active ingredient.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for treating lipidemia which comprises administering to a
      mammal in need of said treatment a hypolipidemic effective amount of a
      compound of the formula:
      ##SPC2##
PA0  where
PA0  R.sub.1 represents hydrogen, halo having an atomic weight of about 19 to
      36, or straight chain lower alkoxy having 1 to 4 carbon atoms, and
PA0  R.sub.2 and R.sub.3 each independently represent alkyl having 1 to 2 carbon
      atoms.
NUM  2.
PAR  2. The method of claim 1 in which the compound is
      ##SPC3##
PA0  where R.sub.1 is as defined in claim 1.
NUM  3.
PAR  3. The method of claim 1 in which the compound is p-pivaloyl toluene.
NUM  4.
PAR  4. The method of claim 1 wherein the compound is administered orally at a
      daily dosage of from about 75 milligrams to about 2500 milligrams.
NUM  5.
PAR  5. The method of claim 1 wherein the compound is orally administered in a
      unit dosage form comprising said compound to the extent of from about 18
      milligrams to about 1250 milligrams per unit dosage.
NUM  6.
PAR  6. A pharmaceutical composition in dosage form suitable for internal use as
      a hypolipidemic agent comprising as an active ingredient thereof a
      compound of the formula:
      ##SPC4##
PA0  where R.sub.1, R.sub.2, and R.sub.3 are as defined in claim 1, and a
      pharmaceutically acceptable carrier therefor, said compound being present
      in an amount from 18 milligrams to 1250 milligrams.
NUM  7.
PAR  7. The composition of claim 6 in which the active ingredient is p-pivaloyl
      toluene.
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ABST
PAL  The preparation of novel 5-(substituted phenoxy)-4-amino and substituted
      amino pyrimidines is described. These compounds, possessing anti-secretory
      and anti-ulcer activity, are effective anti-ulcer agents.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a divisional application Ser. No. 287,423 filed Sept.
      8, 1972, now U.S. Pat. No. 3,862,190.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new 5-(substituted phenoxy)-4-amino and
      substituted amino pyrimidines and to their use as anti-ulcer agents.
PAR  Chronic gastric and duodenal ulcers, collectively known as peptic ulcers,
      are a common affliction for which a variety of treatments have been
      developed. The treatment depends upon the severity of the ulcer and may
      range from dietary and drug treatment to surgery. The administration of
      atropine and other anticholinergic drugs to combat gastric hyperacidity is
      a common treatment for peptic ulcers. Treatment with such agents produces
      undesirable side effects such as tachycardia, mydriasis, dry skin and
      mouth and diarrhea.
PAR  An effective treatment for peptic ulcers is desirable in which a gastric
      anti-secretory effect is achieved by a non-anticholinergic mechanism thus
      avoiding the undesirable side effects of anticholinergic agents.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that 5-(substituted phenoxy)-4-amino and substituted
      amino pyrimidines of the formulae below are effective inhibitors of
      gastric acid secretion and are affective anti-ulcer agents:
      ##SPC1##
PAR  WHEREIN X and Y are each hydrogen, chlorine, bromine, fluorine, alkyl
      containing from 1 to 6 carbon atoms, trifluoromethyl or alkoxy containing
      from 1 to 3 carbon atoms in the alkyl moiety;
PAR  R.sub.1 and R.sub.2 are each hydrogen or alkyl containing from 1 to 6
      carbon atoms.
PAR  Also included in this invention are the pharmaceutically-acceptable acid
      addition salts as represented by the hydrochloride, hydrobromide, sulfate,
      phosphate, nitrate, acetate, propionate, butyrate, citrate, gluconate,
      malate, tartrate, benzoate, succinate, maleate and fumarate.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The compounds of this invention are related chemically to substituted
      pyrimidines reported in J. Org. Chem. 75, 438 (1970), J. Org. Chem. 26,
      2770 (1961), J. Am. Chem. Soc. 73, 3753 (1951) and Chemical Abstracts 49,
      7606b.
PAR  Representative of the compounds of this invention is the preparation of
      4-amino-5-phenoxy pyrimidine hydrochloride as shown in the following
      synthetic routes.
PA0  Route A
      ##SPC2##
PAR  Method B is the preferable synthetic route with a somewhat greater overall
      yield than Method A.
PAR  Phenoxy ethyl acetate is prepared by the procedure of J. Munch-Peterson,
      Acta Chem. Scand. 5, 519 (1951).
PAR  The sodium salt of ethyl .alpha.-phenoxy-.beta.-hydroxyacrylate is prepared
      by a procedure adapted from that of T.B. Johnson and H.H. Guest, Am. Chem.
      J. 42, 271 (1909). Similarly, the synthesis of 2-thio-4-hydroxy-5-phenoxy
      pyrimidine is that reported by T.J. Johnson and H.H. Guest, Am. Chem. J.
      42, 286 (1909).
PAR  The preparation of 4-hydroxy-5-phenoxy pyrimidine is accomplished by adding
      wet Raney-Nickel to an alkaline solution of 2-thio-4-hydroxy-5-phenoxy
      pyrimidine and heating at reflux for about 2 hours. The product is
      obtained by collecting the solid that precipitates on acidifying the
      filtered solution. The hydroxy compound is converted to the chloro
      compound by heating at about 70.degree.C. with phosphorus oxychloride,
      adding ammonium hydroxide to about pH 8 and extracting several times with
      chloroform. A colorless oil is obtained on distillation under vacuum.
PAR  4-Chloro-5-phenoxy pyrimidine is dissolved in absolute ethanol saturated
      with ammonia and added ammonium chloride, and heated in a stainless steel
      pressure bomb at about 160.degree.C. for approximately 6 hours. The
      ethanol is removed under vacuum, and the oily residue taken up in ether.
      Concentration of the ether extract gives 4-amino-5-phenoxy pyrimidine as a
      yellow solid which is taken up in hot ethyl acetate, treated with
      activated charcoal, filtered and cooled to provide white crystals.
PAR  The phenoxy substituted compounds of this invention are prepared in
      analogous manner starting with appropriately substituted phenols.
      Substitutions in the pyrimidine moiety are obtained by treating the
      4-chloro compound with an appropriate amine.
PAR  The compounds described herein are effective antiulcer agents via the
      intraperitoneal and oral routes of administration against gastric ulcers.
      These products not only accelerate healing of such ulcers but also prevent
      formation of ulcers and decrease gastric acid output in animals. They can,
      therefore, be said to be useful for the control of peptic ulceration.
PAR  The valuable products of this invention can be administered alone or in
      combination with a pharmaceutical carrier selected on the basis of the
      chosen route of administration and standard pharmaceutical practice. For
      example, they can be administered orally in the form of tablets containing
      such excipients as polyvinylpyrrolidone, a Carbowax (non-volatile, solid
      polyethylene glycols available from Carbide and Carbon Chemicals
      Corporation), especially Carbowax 6000, starch, milk sugar, etc. or in
      capsules alone or in admixture with the same or equivalent excipients.
      They may also be administered orally in the form of elixirs or oral
      suspensions which may contain flavoring or coloring agents or be injected
      parenterally; that is, for example, intramuscularly or subcutaneously. For
      parenteral administration, they are best used in the form of a sterile
      solution which may be either aqueous such as water, isotonic saline,
      isotonic dextrose, Ringer's solution, or non-aqueous such as fatty oils of
      vegetable origin (cotton seed, peanut oil, corn, sesame) and other
      non-aqueous vehicles which will not interfere with the therapeutic
      efficiency of the preparation and are non-toxic in the volume or
      proportion used (glycerol, propylene glycol, sorbitol). Additionally,
      compositions suitable for extemporaneous preparation of solutions prior to
      administration may advantageously be made. Such compositions may include
      liquid diluents, for example, propylene glycol, diethyl carbonate,
      glycerol, sorbitol, etc.; buffering agents as well as local anesthetics
      and inorganic salts to afford desirable pharmacological properties.
PAR  For both oral and intraperitoneal administration, a dosage range of from
      about 150 mg. to about 300 mg. per day is effective. The dosage level can,
      with careful supervision, range up to as high as about two grams per day.
      Propylene glycol is a suitable and convenient carrier or diluent for
      intraperitoneal use. Carbowax 6000 is a favored excipient for oral use.
      Compositions containing from about 50% to about 90% by weight of
      polyvinylpyrrolidone or Carbowax 6000 are especially effective for oral
      administration. Higher or lower amounts of excipient can, of course, be
      used but appear to offer no advantages over these proportions. For
      intraperitoneal use, the polyvinylpyrrolidone formulations are suspended
      in carriers such as water or in saline solution containing 1%
      carboxymethylcellulose and 0.1% Tween 80 (polyoxyethylene ethers of
      partial esters of fatty acids and hexitol anhydrides derived from
      sorbitol, available from Atlas Chemical Industries, Inc.). The water
      soluble products of this invention are conveniently administered in water
      solution.
PAR  The effectiveness of the products of this invention as antiulcer agents is
      determined by the stressed rat assay as follows.
PAL  Cold-Restraint Stressed Rat: Non-fasted female rats (Charles River C-D
      strain) weighing 70-140 gms. are administered the drug or carrier (control
      animals) intraperitoneally (in saline solution containing 1%
      carboxymethylcellulose and 0.1% Tween 80) or orally (in water) three hours
      before being lightly anesthetized with ether and taped in the supine
      position to individual sheets of acrylic plastic (Plexiglass, Rohm & Haas
      Co.). After recovery from the anesthesia, the restrained animals are
      positioned horizontally in a refrigerator maintained at
      10.degree.-12.degree.C. and three hours later sacrificed by cervical
      dislocation. The abdomen of each rat is opened, the pylorus clamped, the
      stomach inflated with saline via an oral tube, the esophagus clamped and
      the stomach excised. The stomachs are placed in a 0.4% formaldehyde
      solution for approximately 30 seconds to harden the outer layers and
      facilitate examination. Each stomach is then cut open along the greater
      curvature and the glandular portion (hind stomach) examined for damage.
      The number of gastric erosions, their severity and the color of the
      stomachs is recorded. The Mann-Whitney-Wilcoxon rank sum test is used to
      compare the median number of gastric erosions in the control group with
      the median number of gastric erosions in each drug-treated group to
      determine if they are statistically different. (Dixon et al.,
      "Introduction to Statistical Analysis," 3rd Ed., McGraw-Hill Book Company,
      New York, pp. 344-347, 1969)
PAR  Their effect on gastric acid output in pylorus-ligated (i.e. Shay) rats is
      determined by the following procedure:
PAL  Shay Rat: Forty-eight hours before surgery female rats (Charles River C-D
      strain; 100-140 gms.) are individually caged and taken off normal food.
      Each animal is given two sugar cubes and water ad libitum to effect
      emptying of the stomach. Drug or carrier is administered intraperitoneally
      and three hours later, under ether anesthesia, the abdomen is shaved and
      opened along the linea alba. After exposing and ligating the pylorus, the
      incision is closed and the animal is returned to its cage and allowed to
      regain consciousness. Three hours later the animal is sacrificed by
      cervical dislocation, the abdomen reopened, the distal esophagus clamped,
      and the stomach excised. The stomach is cut open and the contents washed
      into a beaker with one ml. of deionized water. The volume of gastric juice
      is recorded following centrifugation. Excessively dirty (greater than 0.5
      ml. of solids) or bloody samples are discarded. The acidity of one ml. of
      gastric juice is determined by titration with a standardized NaOH (0.1N)
      solution using phenolphthalein as an indicator and total acid output
      (.mu.eqH.sup.+/100 gms. body weight/3 hours) is calculated. A non-paired t
      test is used to compare the means of the control and tested groups. (Dixon
      et al., Technometrics, X, 83-98, 1968.)
DETD
PAC  EXAMPLE I
PAC  Preparation of Phenoxy ethyl acetate
PAR  To a suspension of 136 g. sodium ethoxide (2.0 mol) in 1500 ml. absolute
      ethanol was added 188 g. (2.0 mol) phenol followed by dropwise addition of
      245 g. (2.0 mol) ethyl chloroacetate. The mixture was heated at reflux for
      18 hrs. during which time sodium chloride precipitated from solution. The
      reaction mixture was cooled to room temperature and filtered from
      insoluble salts and concentrated in vacuo to an amber oil. The filter cake
      was washed with ether and the ether was concentrated on a steam bath to an
      oil. The oils were combined and distilled to give 283 g. (78%) of a
      colorless oil, b.p. 100.degree./4mm lit b.p. 250.degree./760 mm.
PAC  Preparation of Sodium Salt of Ethyl .alpha.-Phenoxy-.beta.-hydroxyacrylate
PAR  To a suspension of 48 g. NaH (57% oil suspension - 1.1 mol) in 500 ml. of
      anhydrous ether cooled to 8.degree. to 10.degree.C. was added dropwise a
      solution of 74 g. (1.0 mol) ethyl formate, 180 g. (1.0 mol) phenoxy ethyl
      acetate and 100 ml. anhydrous ether. During the addition the temperature
      was maintained at 8.degree. to 10.degree. by cooling in an ice bath. After
      the addition was completed the solution was allowed to warm to room
      temperature and was stirred at room temperature for 2.5 hours during which
      time a thick slurry of the product crystallized out of solution. The
      suspension was filtered on a Buchner funnel and washed well with 4:1
      hexane-ether and oven dried to give 112 g. (49%) of an amorphous white
      solid suitable for reaction in the next step of the synthetic sequence.
PAC  Preparation of 2-Thio-4-Hydroxy-5-phenoxy pyrimidine
PAR  To a suspension of 34.0 g. sodium ethoxide (0.5 mol) in 600 ml. of absolute
      ethanol was added 56.0 g. (0.25 mol) of the sodium salt of ethyl
      .alpha.-phenoxy-.beta.-hydroxyacrylate and 38.0 g. (0.5 mol) of thiourea.
      The mixture was stirred and heated at reflux for 3 hrs. One third of the
      volume of ethanol solvent was removed by distillation and the solution was
      slowly added to an iced acetic acid solution to precipitate a white solid
      which was collected by vacuum filtration and oven dried to give 44.0 g.
      (80%) mp 250.degree.-253.degree. lit mp 253-254.
PAC  Preparation of 4-hydroxy-5-phenoxypyrimidine
PAR  To a solution of 22.0 g. (0.55 mol) of sodium hydroxide in 700 ml. of water
      was dissolved 121 g. (0.55 mol) of 2-thio-4-hydroxy-5-phenoxy pyrinidine.
      To the stirred solution was added slowly 1250 g. of wet Raney-Nickel at
      such a rate that the resultant foaming remained under control. The mixture
      was stirred well and heated at reflux for 2 hrs. The suspension was
      filtered while still hot and the Raney-Nickel residue washed with 1.5 1 of
      boiling water with care being taken that the catalyst remained wet. The
      combined aqueous solutions were concentrated to 700 ml. and acidified with
      acetic acid to precipitate a white solid. This was collected by filtration
      and oven dried to give 85.5 g. (82.5%) mp 186.degree.-188.degree..
PAR  Anal. Calcd: C, 63.82; H, 4.28; N, 14.89;
PAR  Found: C, 63.62; H, 4.51; N, 14.90
PAC  Preparation of 4-chloro-5-phenoxy pyrimidine
PAR  To 500 ml. of phosphorus oxychloride was added 85.5 g. (0.455 mol) of
      4-hydroxy-5-phenoxy pyrimidine and the suspension heated at 70.degree. in
      an oil bath. After 1 hr the reaction mixture became homogeneous and after
      1.5 hr total reduction time the bulk of the phosphorus oxychloride was
      removed by distillation at reduced pressure. The residue was slowly added
      to well stirred iced water and the residual acid was cautiously
      neutralized with ammonium hydroxide solution to pH 8 and was extracted
      with 3 .times. 700 ml. of chloroform. The chloroform extracts were dried
      over anhydrous sodium sulfate filtered and concentrated in vacuo to 85.7
      g. (90%) of a black oil. A colorless oil could be obtained by evaporative
      distillation of this material at 130.degree. (0.1 mm).
PAR  Anal. Calcd: C, 58.12; H, 3.42; N, 13.56; Cl, 17.16;
PAR  Found: C, 57.83; H, 3,54; N, 13.71; Cl, 17.25
PAC  Preparation of 4-amino-5-phenoxy pyrimidine
PAR  To a solution of 125 ml. of absolute ethanol saturated with ammonia was
      added 2.0 g. ammonium chloride and 25.7 g. (0.124 mol) of
      4-chloro-5-phenoxy pyrimidine and the mixture was heated in a 250 ml.
      stainless steel pressure bomb at 160.degree. for six hrs. The bomb was
      cooled and the contents poured into a 1000 ml. rb flask. The bomb was
      rinsed with 4 .times. 100 ml. boiling ethanol and the combined ethanol
      solutions were stripped to an oily mixture on the rotary evaporator. The
      residues were extracted with 4 .times. 150 ml ether and the ether solution
      concentrated on the steam bath until a solid began to precipitate. Cooling
      gave a yellow solid which was collected by vacuum filtration. The solid
      was taken up in hot ethyl acetate and treated with activated charcoal
      filtered and concentrated on the steam bath. Careful addition of hexane
      and cooling gave 15.3 g (66%) white crystals mp 118.degree.-120.degree..
PAR  Anal. Calcd: C, 64.16; H, 4.85; N, 22.45;
PAR  Found: C, 64.21; H, 5.02; N, 22.61
PAC  Preparation of 4-amino-5-phenoxy pyrimidine hydrochloride
PAR  To a solution of 15.3 g. (0.082 mol) of 4-amino-5-phenoxy pyrimidine in 100
      ml. of 5% methanol in ethyl acetate was slowly added an ethyl acetate
      solution saturated with HCl gas. The clear solution was heated on a steam
      bath to remove the methanol until the solution became slightly cloudy.
      Cooling gave 10.2 g. (55%) of white crystalline solid mp
      220.degree.-221.degree..
PAR  Anal: C, 53.70; H, 4.51; N, 18.78;
PAR  Found: C, 53.77; H, 4.57; N, 18.48
PAL  Titration in 50% ethanol-50% water gave pK.sub.a = 4.1. Infrared spectra
      shows the hydrochloride salt is ring protonated. The compound is soluble
      at &gt;20 mg/ml in water.
PAC  EXAMPLE II
PAR  The procedure described in Example I is employed to prepare the following
      5-(substituted phenoxy)-4-amino and substituted amino pyrimidines
      exmploying appropriate phenols and amines.
      ##SPC3##
TBL  X            Y          R.sub.1   R.sub.2                                 
     ______________________________________                                    
     hydrogen    hydrogen   methyl    ethyl                                    
     hydrogen    2-chloro   n-butyl   n-propyl                                 
     3-chloro    hydrogen   n-hexyl   methyl                                   
     hydrogen    2-bromo    hydrogen  hydrogen                                 
     3-bromo     hydrogen   ethyl     ethyl                                    
     hydrogen    4-bromo    methyl    methyl                                   
     hydrogen    4-fluoro   n-amyl    n-amyl                                   
     3-chloro    4-chloro   isopropyl isopropyl                                
     3-bromo     5-bromo    hydrogen  hydrogen                                 
     hydrogen    2-methyl   hydrogen  hydrogen                                 
     3-ethyl     hydrogen   methyl    methyl                                   
     hydrogen    4-hexyl    ethyl     ethyl                                    
     3-methyl    2-methyl   n-propyl  n-propyl                                 
     3-methyl    4-chloro   hydrogen  hydrogen                                 
     3-bromo     5-propyl(n)                                                   
                            methyl    ethyl                                    
     3-isopropyl 6-fluoro   hydrogen  hydrogen                                 
     3-methoxy   hydrogen   hydrogen  methyl                                   
     3-trifluoromethyl                                                         
                 hydrogen   ethyl     hydrogen                                 
     3 ethoxy    4-methyl   hydrogen  hydrogen                                 
     ______________________________________                                    
TBL                TABLE                                                       
     ______________________________________                                    
     Antiulcer Activity in Stressed Rat Assay                                  
                                Dose  % Reduction in                           
     X    Y       Z       Route*                                               
                                Mg/Kg Incidence of Damage                      
     ______________________________________                                    
     H    H      NH.sub.2.HCl                                                  
                          P.O.  100   50                                       
     H    H      NH.CH.sub.3                                                   
                          I.P.  100   80                                       
     H    H      N(CH.sub.3).sub.2                                             
                          I.P.  100   60                                       
     H    H      NH.sub.2.HCl                                                  
                          P.O.   10   35                                       
     ______________________________________                                    
     TABLE II                                                                  
     Antisecretory Activity                                                    
                                Dose  % Inhibition of                          
     X    Y       Z       Route*                                               
                                Mg/Kg Acid Secretion                           
     ______________________________________                                    
     H    H      NH.sub.2.HCl                                                  
                          I.V.  25    70                                       
     Cl   H      NH.sub.2 I.V.  25    59                                       
     H    2-Cl   NH.sub.2 I.V.  25    11                                       
     F    H      NH.sub.2 I.V.  12.5  29                                       
     CH.sub.3                                                                  
          H      NH.sub.2 I.V.  12.5  34                                       
     H    H      NH.CH.sub.3                                                   
                          I.V.  25    80                                       
     H    H      N(CH.sub.3).sub.2                                             
                          I.V.  25    60                                       
     ______________________________________                                    
      *P.O. - oral                                                             
       I.P. - intraperitoneal                                                  
       I.V. - intravenous                                                      
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the control of ulcers in an animal which comprises
      administering orally or intraperitoneally to an animal in need of such
      control a composition containing a diluent amount of a
      pharmaceutically-acceptable carrier and an amount effective to control
      said ulcers of a compound selected from the group consisting of
      ##SPC4##
PAL  and a pharmaceutically-acceptable acid addition salt thereof, wherein X and
      Y are each hydrogen, chlorine, bromine, fluorine, alkyl containing from 1
      to 6 carbon atoms, trifluoromethyl or alkoxy containing from 1 to 3 carbon
      atoms in the alkyl moiety; R.sub.1 and R.sub.2 are each hydrogen to alkyl
      containing from 1 to 6 carbon atoms.
PATN
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PAL  A method of making soy milk from dehulled soy beans in which the beans are
      first cooked in a microwave oven for a long enough period of time to
      destroy the trypsin inhibitor present in such beans, but not long enough
      to roast the beans, and then mashing the microwave-cooked beans in a
      colloid mill with water at about 50.degree.C to form a slurry. Suitable
      enzymes are incorporated in the slurry in sufficient quantities to either
      dissolve or substantially reduce in size particles of certain
      carbohydrate, proteinaceous and cellulose constituents of the slurry which
      would otherwise form sediment in the final product. The resulting slurry
      mixture is allowed to stand for half an hour, and then corn oil, sugar,
      flavoring agents, lecithin, sodium alginate and salt are added, in
      suitable amounts, to the slurry, which is then further processed in the
      colloid mill until it is converted into a relatively stable liquid
      suspension of emulsified oil and colloidal soy bean particles. This liquid
      suspension is then diluted with boiling water to the consistency of
      homogenized natural milk, and brought to a brisk boil. The boiled mixture
      is homogenized to produce a product having the appearance, taste and
      mouthfeel of homogenized cow's milk.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a method of making a milk-like beverage
      from soy beans, and more particularly to such a method which utilizes
      substantially all of the bean mass and results in the production of such a
      beverage with the appearance, taste and mouthfeel of homogenized natural
      milk.
PAR  It has long been known that soy beans possess proteinaceous, fatty,
      carbohydrate, and other, values that make them a prime raw material source
      for the preparation of various food items, including beverages, of which
      perhaps the principal example is a milk-like beverage often referred to as
      soy, or soya, milk. For centuries soy milk has been made from soy beans in
      the far East by a fairly simple process of forming an emulsion from the
      extracted fat and protein components of the beans. While this beverage has
      apparently been acceptable to the Oriental palate, Western man has found
      the flavor unpleasant, if not nauseous. However, the food value of soy
      milk is high, and for this reason many attempts have been made, over a
      great many years, to come up with a process of obtaining soy milk absent
      the unpleasant "soy" or "beany" taste so unpleasant to Westerners. All
      such processes of which we are aware involve the necessary removal of some
      of the nutritional components of soy beans and include various cooking,
      chemical treating, etc., steps to convert the beans to aqueous solution,
      or the like, form, mask or remove the beany taste in the final product,
      and provide a beverage as nearly as possible like real milk in taste and
      other qualities.
PAR  In certain instances, the de-oiled products of soy beans, and in other
      instances modified forms of the beans, such as, for example, full fat bean
      flakes, or bean flour, have been employed as starting materials for the
      production of soy milk. Regardless of the nature of the starting material,
      however, some of the soy bean mass, in certain cases in solid, and in
      other cases in liquified (whey) form, is always, to our knowledge,
      discarded or otherwise disposed of in the production of soy milk
      therefrom. This, of course, reduces the percentage of recovery of the
      starting material in the final product, and thereby increases the cost of
      that product.
PAR  As an indication of the many efforts to economically produce soy bean milk
      suited to the Western taste, various processes have, to our knowledge,
      been patented at least from as early as 1915 (U.S. Pat. No. 1,165,199 to
      Monahan et al.), to as late as May 1974 (U.S. Pat. No. 3,809,771 to
      Mustakas). One such patented process (U.S. Pat. No. 3,642,492 to Arndt)
      employs a mixture of sweet dairy whey and isolated soy protein which has
      been treated by a "dynamic physico-thermovapor flash treatment to remove
      objectionable flavors and odors." Another patented process (U.S. Pat. No.
      3,288,614 to Miles) involves a number of treating steps including the
      homogenization of an "instant" slurry of flaked beans to avoid the
      bacterial contamination which allegedly takes place in an earlier process
      described in the patent in which a considerable percentage of the "finer
      edible content of the soy bean" is lost through discard with the "coarser
      fibers removed" in a centrifuging step of that (earlier) process. The
      latter patent claims a saving in raw material by comparison with said
      earlier process, but Miles' process still yields a slurry which is
      "clarified" in a centrifugal separator with resultant loss of the solid
      residue from that operation.
PAR  Those skilled in the art will readily appreciate that, as indicated above,
      presently known methods of producing soy milk involve numerous treating
      steps, some for the reduction, masking or elimination of the
      characteristically unpleasant beany taste of soy beans, and result in the
      recovery of only a part of the soy bean nutritive, and other, values with
      consequent waste of the remaining values and inflation of the selling
      price of the final product. Sometimes as much as 65 percent of the soy
      bean mass is lost to waste in soy milk producing processes heretofore
      known.
PAR  Since essentially the whole soy bean can be theoretically utilized for its
      nutritive, and other useful, values, so long as its beany taste can be
      eliminated in a harmless way without destruction of the food value of the
      bean, some way of converting the whole bean into pleasant tasting soy milk
      would be extremely useful, particularly in this modern era of emphasis on
      the use of health foods derived from natural vegetable sources.
PAC  SUMMARY OF THE INVENTION
PAR  We have now, in the process of this invention, provided a simple and
      inexpensive method of converting soy bean material into soy milk which can
      substantially utilize the entire bean mass and yield a product with no
      beany taste which closely resembles cow's milk in appearance, flavor,
      consistency and mouthfeel. The soy milk of our process can be produced
      from whole soy beans, full fat soy meal or grits, or solvent-extracted soy
      meal. In fact, any soy bean, or soy bean product from which the fats or
      oils have or have not been removed, can be utilized for purposes of our
      invention, any such material being hereinafter denoted, for reasons of
      simplicity, by the term "soy bean material."
PAR  In a preferred form for the preparation of a product closely resembling
      homogenized cow's milk, our process can be carried out by the following
      series of steps:
PA0  1. Heating soy bean material in a microwave oven for a long enough period
      to destroy the trypsin inhibitor therein (trypsin inhibitor is a natural
      substance in soy beans which gives them the characteristic beany taste
      referred to above), but for an insufficient length of time to roast the
      material.
PA0  2. Mashing or mixing the microwave-treated soy bean material with a
      sufficient quantity of warm water to form a slurry and adding minor
      amounts of enzymes in quantities sufficient to liquify or greatly reduce
      sizes of certain particles of carbohydrate, proteinaceous and cellulosic
      constituents of the starting material which would otherwise form a
      sediment in the final product.
PA0  3. Allowing the slurry with the incorporated enzymes to stand for a
      sufficient length of time to permit the enzymes to perform their intended
      function, but not so long as to permit them to hydrolyze or solubilize
      those constituents of the slurry which would not otherwise form a sediment
      in the final product.
PA0  4. Adding suitable amounts of vegetable oil, sugar, flavoring materials,
      salt, lecithin, and sodium alginate to the slurry after the enzymes have
      acted on it for the indicated (in step 3) period of time, and running the
      slurry with these added ingredients through a colloid mill.
PA0  5. Diluting the output of the colloid mill with boiling water to the
      consistency of homogenized cow's milk, then bringing the diluted mixture
      to a brisk boil, and allowing it to boil for one or two minutes. The
      purpose of this step is to deactivate the enzymes so that they produce no
      further liquifying, or size reduction, effect on the constituents of the
      diluted mixture.
PA0  6. Homogenizing the diluted mixture to give it a smoother quality and
      better mouthfeel than it would otherwise have. This step is, however,
      optional, since a satisfactory soy milk product can be produced without
      homogenization of the step (5) mixture.
PAR  Step (1), above, is a critically important feature of our process, since it
      results in the substantial elimination of any unpleasant beany taste in
      the final product. The length of time required for the microwave cooking
      of the soy bean material depends upon the nature of the latter. Where the
      whole bean is employed the cooking time must be long enough to permit full
      microwave penetration of the bean interiors so that the beans are cooked
      all the way through. The beans do not have to be dehulled prior to use in
      our process, although it is preferred that their hulls be removed since
      the latter contain small black spots which yield a slight amount of
      sediment in the finished product. The preferred cooking time for the whole
      soy bean is about 4 minutes, although this time can vary, as, for example,
      between about 3 and about 5 minutes, with generally satisfactory results.
      The cooking raises the temperature of the soy bean material to about
      212.degree.F (100.degree.C) unless auxiliary heat is employed. We have
      found that the use of auxiliary heat is not necessary to our process,
      however. Where the soy bean starting material is in finely divided form,
      as in the case of whole fat soy bean flour, the cooking time will be much
      less than that required for the whole beans. We have found, for example,
      that a cooking time of 75 seconds is particularly suitable for use with
      such flour. Here again, however, the cooking time can vary between rather
      wide limits, such as, for example, between about 50 and about 100 seconds,
      the preferred range being between 60 and 80 seconds. Preferred cooking
      times for other soy bean materials can be easily determined by those
      skilled in the art, in the light of present teachings. In this connection,
      we have discovered that defatted soy bean meal can be heated for one
      minute in a microwave oven with good results, and the same thing is true
      of full fat soy grits. Overcooking (roasting) of the soy bean material
      must be avoided because, as those skilled in the art are aware, this makes
      the protein in the material insoluble, an undesirable result for reasons
      obvious from the teachings herein.
PAR  In step (2) of the preferred procedure outlined above, the most effective
      method of forming the slurry from the microwave-treated soy bean material
      from step (1) can vary, depending upon the nature of the starting
      material. Where the starting material is the whole bean, for example, a
      vigorous mashing or grinding procedure is a practical necessity, whereas
      in the case of a finely divided soy bean flour starting material, a less
      vigorous form of treatment will suffice. Where the material must be
      vigorously mashed or ground, this can be accomplished in any device
      suitable for the purpose. For instance, a Waring Blender or similar type
      of mixer can be employed, although we have found treatment in a colloid
      mill to be more effective. The warm water from which the slurry is formed
      should preferably, we believe, be at about 50.degree.C, although its
      temperature can vary between limits of about 40.degree. and something
      slightly less than 70.degree.C, since the enzymes incorporated in the
      slurry are deactivated at the latter temperature. A preferred range of
      water temperatures is from about 45.degree. to about  55.degree.C.
PAR  The aforesaid enzymes can be incorporated in the slurry in any suitable
      manner. For example, they can be added to the water prior to its admixture
      with the soy bean material, or they can be mixed with the slurry as it is
      being formed, or after it is formed, in the blender, colloid mill, or
      other suitable mixing device. As previously indicated, the purpose of
      these enzymes is to act on grainy constituents of the soy bean material,
      as by hydrolysis, to either liquify them or reduce their size range, so
      that they will not settle out and form a sediment in the finished product.
      Since, in most cases, there are carbohydrate, proteinaceous, and
      cellulosic constituents of a grainy character in the soy bean material,
      separate enzymes capable of reacting selectively with these various
      constituents must, for best effect, be employed. Numerous enzymes capable
      of producing the desired results are known to those skilled in the art. Of
      the proteolytic enzymes (those capable of hydrolyzing proteins) we prefer
      to employ proteolase. Amylase and cellulase, we have found to be
      particularly suitable for solubilizing, or rendering suspensible,
      carbohydrate and cellulose constituents of the soy bean material. While
      the proportions of microwave-cooked soy bean material and warm water can
      vary within the scope of our invention, we have found a ratio of 150 grams
      of the former to 300 milliliters of the latter preferred for the formation
      of a slurry of the proper consistency for our purpose. Only minute amounts
      of the enzymes are required, for example from 0.1 to 0.25 (preferably
      one-fifth) gram of each per 150 grams of soy bean material being adequate,
      we have found, for purposes of our process. One skilled in the art could
      quite readily determine the best proportion of each enzyme employed, from
      the present teachings, and these quantities could perhaps vary somewhat
      from the preferred range given above.
PAR  The enzymes are left in the slurry in viable form for a sufficient period
      of time to act on the grainy, or sedimentary, constituents of the soy bean
      material, but no longer than necessary to accomplish this goal, since as
      long as they are present in active form they will continue to solubilize
      other comstituents of the slurry, to seriously detract from the quality of
      the product. Generally speaking, this length of time can vary from about
      15 minutes to 2 hours, although a preferred time range is from about 25
      minutes to 1 hour. If they are present for a period of less than 15
      minutes, insufficient solubilizing action takes place, and if they are
      allowed to remain active for more than about 2 hours, they will attack too
      many of the desirable constituents of the mixture. A particularly optimum
      reaction time for the enzymes, we have discovered, is about half an hour.
      We prefer to allow the slurry to remain quiescent for the selected period
      for the action of the enzymes, although this is not necessary, and the
      mixture can be continually stirred, or otherwise agitated, while the
      enzyme action is taking place. Although we have found enzymes to serve our
      purpose very well, there are certain acid, alkali, or other reagents which
      could be used for the same effect, and we consider the employment of any
      such reagents within the scope of our invention.
PAR  After the enzymic action has been allowed to take place in the slurry, the
      various additives necessary to impart the proper appearance, taste,
      mouthfeel, etc., to the product, are preferably added, at substantially
      the same time as indicated in step (4) above, and the overall mixture is
      then passed through a colloid mill to comminute substantially all of its
      solid particles to the desired colloidal fineness and blend all of the
      ingredients so as to form an emulsified liquid with colloidally suspended
      particles of similar character to concentrated natural milk. The degree of
      fineness of the colloidal particles can be readily determined by one
      skilled in the art by a simple taste test, and the preferred time of
      colloidal treatment depends upon such factors as the size of the colloid
      mill and the separation setting in the mill. We have found, for example,
      that a separation of about 0.002 inch is preferred to yield a smooth
      colloidal suspension similar to natural milk.
PAR  The vegetable oil additive can be any commercially available, edible
      vegetable oil, such as soy bean or corn oil, as well as any edible
      hydrogenated vegetable oil such as exemplified by Crisco shortening,
      manufactured by Procter and Gamble. Corn oil is preferred, and should be
      added in an amount sufficient to yield a product of similar fat content to
      natural milk. In this connection, we have found that 110 ml. of oil per
      gallon of milk made from the slurry of 150 grams of soy bean material and
      300 ml. of water referred to above produces a product similar to
      homogenized cow's milk in fat content. If more oil than this is used, the
      product, we have found, is too oily to serve as a suitable milk
      substitute, but less oil could be used if a product similar to defatted,
      or non-fat, natural milk is desired. Where defatted soy bean material is
      employed in lieu of whole fat soy bean material, the amount of added
      vegetable oil can be increased by about 20%, although this is not
      necessary since a satisfactory product can be made without such an
      increase. If the amount of vegetable oil is decreased from 110 ml. to 75
      ml. per gallon of final product, a palatable milk is produced, but any
      amount significantly less than this results in a product too watery for
      the average taste.
PAR  The sugar is added to the mixture as a sweetener, and can be any of the
      known sugars, such as, for example, sucrose, dextrose, lactose, or a
      mixture thereof. We prefer to use sucrose, and have found from 60 to 75
      grams per gallon of finished milk to be a preferred range of quantities
      for purposes of our invention. In most cases, about 70 grams per gallon,
      we have discovered, approximates the sweetness of cow's milk very closely.
PAR  The lecithin serves primarily as an emulsifier to hold the oil in
      suspension in the final product. Additionally, lecithin is a healthful
      derivative of soy beans, which adds nutritive value to the soy milk. The
      presence of an emulsifier, of which lecithin is preferred, in the milk is
      necessary to prevent oil separation therein. Sodium alginate is also an
      emulsifier, but, additionally, it serves as a colloidant to hold colloidal
      particles from the soy bean material in suspension in the soy milk. Thus,
      both lecithin and sodium alginate are suspending agents in the sense that
      they prevent separation of the oil and solid particles (as sediment) from
      the milk. While sodium alginate is preferred colloidant for purposes of
      our invention, any equivalent reagent might be used which serves the same
      purpose, or used in admixture with the alginate if desired. An example of
      such a colloidant is polyethylene sorbitan monostearate. Both lecithin and
      sodium alginate are vulnerable to the action of enzymes, hence the time of
      addition of each to the material undergoing processing treatment is
      somewhat critical, since if either is added too soon, its effectiveness
      will be destroyed by the enzymes in the mixture. In spite of the fact that
      enzymes are present at the time of addition of the lecithin and sodium
      alginate in step (4) of the above-described process, the enzymes remain
      active for only a relatively short period thereafter, since they are
      destroyed on contact with the boiling water of step (5), and therefore
      their presence has little deleterious effect on those agents in this case.
      Only minute amounts of lecithin and sodium alginate are required, about
      one-half gram of each per gallon of milk made in accordance with the
      present process being entirely adequate, we have discovered. In any event,
      any skilled milk or soy bean chemist can easily determine the optimum
      amounts of lecithin and sodium alginate to add for best effect in any
      particular batch or stream of milk produced in accordance with present
      teachings. In addition to its other benefits, lecithin is a rich source of
      phosphorus and vitamin E for our soy milk product. While soy milk can be
      made without the use of sodium alginate or its equivalent, since the soy
      bean material is finely divided in a colloid mill as a critical part of
      our process, the addition of the sodium alginate (or its equivalent) is
      highly desirable since it significantly increases the mouthfeel of the
      product. In other words, if the sodium alginate is omitted, the product
      will generally have a slightly watery character, rather than a smooth
      mouthfeel such as that of natural milk.
PAR  The preferred flavoring ingredients of the method of our invention are
      vanilla extract and so-called milk flavor. Only very small quantities of
      these agents are required, a couple of drops of each per gallon of milk
      being adequate in most cases. In any event, a skilled chemist would have
      no difficulty in determining the proper quantity of each for any given
      batch or stream of material undergoing processing treatment. The addition
      of too much vanilla extract will obviously result in an unnatural vanilla
      taste in the final product.
PAR  "Milk flavor" is a liquid material, known generically under that term,
      containing the principal components of animal milk which give the latter
      its characteristic flavor (butyric acid, acetones, etc.) in highly
      concentrated form, which can be added to synthetic milk productx to impart
      a milk-like taste thereto. A milk flavor particularly suitable for our
      purpose is manufactured in Mexico by Lucta Co., and sold under the name
      Lechearoma.
PAR  The salt is added for flavor balance, only a small quantity, such as, for
      example, about 1 gram per gallon of milk being required. Again, one
      skilled in the art will be able to adjust the amount of salt necessary to
      achieve the desired taste effect in the soy milk product with no
      difficulty.
PAR  While, as indicated, the time of addition of the sodium alginate and
      lecithin to the soy bean material being processed must be such as to
      obviate the destruction of those substances by enzymes present in the
      mixture, the salt, vanilla extract and milk flavor can be added at any
      stage of the process. This is true, even though vanilla extract and milk
      flavor are somewhat volatile, and for this reason, they could, if desired,
      be mixed into the material after the slurry has been diluted with hot
      water, then brought to a boil, to avoid volatilization thereof at boiling
      water temperature. We have discovered however, that so little of the
      vanilla extract and milk flavor are lost in this diluting and boiling step
      that it is an unnecessary precaution to hold off on the addition of those
      flavoring agents until after the boiling operation is completed.
      Consequently, for most efficient operation of the process, it is preferred
      that all of the step (4) additives be incorporated in the slurry at
      substantially the same time, as indicated in that step. Where the diluted
      mixture from step (5) is homogenized, this can be done at normal milk
      homogenization pressure (about 1500 psi) or under high pressure conditions
      (such as, for example, from 6000 to 8000 psi). The amount of boiling water
      used to dilute the slurry from step (4), where the preferred quantities of
      ingredients set forth above are employed, is sufficient to make up one
      gallon of milk product. Where the step (6) homogenization is carried out,
      as we prefer to do for the smoother mouthfeel it gives the product, any
      suitable commercial homogenizer, such as, for example, a Cherry Burrell
      homogenizer (manufactured by Cherry Burrell Co.) or a Manton Gaulin
      homogenizer will suffice for the purpose. The latter has two stages, and
      can therefore be utilized for high pressure homogenization, but low
      pressure homogenization can be carried out in a Cherry Burrell
      homogenizer, and this yields a satisfactory product in accordance with our
      invention and could therefore be employed in a commercial operation for
      the production of soy milk.
PAR  Some soy milk has a tendency to form a sediment in the form of a brown ring
      near the bottom of its container, the chemical identification of which has
      not, as yet, been determined. We have discovered, however, that the
      incorporation of a minor amount of dicalcium phosphate to our soy milk
      prevents the formation of this brown ring. Additionally, dicalcium
      phosphate adds both calcium and phosphorus to the soy milk, and this is
      desirable, since soy milk is characteristically lower in these values than
      natural milk such as cow's milk. While the process of our invention is
      intended primarily to yield a product similar in all significant respects
      t homogenized cow's milk, it could, of course, by judicious selection of
      the ingredient proportions, be made similar to other animal milk, such as,
      for example, human milk.
PAR  It is thus a principal object of this invention to provide an economical
      process for the preparation of soy milk similar in taste, consistency and
      mouthfeel to homogenized cow's milk absent the characteristic beany flavor
      of soy beans and with substantially no waste of any of the mass of the soy
      bean starting material.
PAR  It is another object of the invention to provide such a method for the
      manufacture of soy milk from soy beans in whole form or after they have
      been converted to soy bean flour, defatted soy grits, soy flakes, or the
      like materials.
PAR  Other objects, features and advantages of the invention will become
      apparent in the light of subsequent disclosures herein.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The following examples illustrate methods of making soy milk in accordance
      with this invention from various types of soy bean starting materials. It
      should, of course, be understood that these examples are included for
      illustrative purposes only and that the invention is not limited to the
      particular combinations of materials, conditions, proportions, etc., set
      forth therein.
PAC  EXAMPLE I
PAR  In this example, soy milk in accordance with this invention was prepared
      from whole soy beans.
PAR  150 grams of soy beans were heated in a microwave oven for 4 minutes. The
      microwave-heated soy beans were then blended with 300 ml. of water, at
      50.degree.C, to which one-fifth grams each of cellulase, proteolase, and
      amylase had been added, for 2 minutes. The resulting slurry was allowed to
      stand for about half an hour, then 110 ml. of corn oil, 4 tablespoons of
      sucrose, one-half teaspoon of salt, one-half teaspoon of vanilla extract,
      one-fourth teaspoon of sodium alginate and one-fourth teaspoon lecithin
      were added and the resulting mixture was run through a colloid mill for
      three minutes. The slurry from the colloid mill was then dispersed in
      enough boiling water to make one gallon of mixture. The mixture was
      brought to a brisk boil, and maintained thereat for 2 minutes. The boiled
      material was then homogenized in a Cherry Burrell homogenizer after the
      addition of 2 drops of Lechearoma milk flavor. After cooling, the product
      closely resembled cow's milk in taste, flavor, and consistency. No
      sediment had settled and it had no beany taste.
PAC  EXAMPLE II
PAR  This is an example similar to Example I, except that whole fat soy bean
      flour was employed instead of whole soy beans. The procedure described in
      Example I was otherwise followed, except that the flour was heated in the
      microwave oven for 75 seconds, instead of 4 minutes. The product was
      excellent in taste, flavor and consistency. No sediment settled on the
      bottom of the container.
PAC  EXAMPLE III
PAR  This example is similar to Example I, except that defatted soy meal (50%
      protein) was substituted for the whole soy beans, and the meal was heated
      for one minute, instead of 4 minutes, in the microwave oven. The taste and
      flavor of the product was very good.
PAC  EXAMPLE IV
PAR  This example, likewise, was similar to Example I, except that whole fat soy
      grits were processed through an extruder, to form granules, which were
      ground into a fine powder in an Alpine mill, and 150 grams of this powder
      was substituted for the whole soy beans of Example I. Otherwise, the
      procedure was the same as described in Example I, except that heating in
      the microwave oven was for one minute instead of 4 minutes. The product
      was very good, with an exceptionally white color.
PAR  While the novel method of making soy milk, and the soy milk product, of
      this invention have been herein described in what are considered to be
      preferred embodiments, it will be appreciated by those skilled in the art
      that various departures may be made therefrom within the scope of the
      invention. Some of these departures have already been mentioned, and
      others will occur to those skilled in the art in the light of present
      teachings. In summary, the scope of the invention extends to all variant
      forms thereof encompassed by the language of the following claims. To
      avoid any misunderstanding as to the import of the term "vegetable oil
      material," as employed in the claims, that term is intended to include
      within its meaning, in addition to the individual vegetable oils disclosed
      specifically and generically above, the hydrogenated vegetable oils also
      disclosed and mixtures of said vegetable oils, hydrogenated vegetable oils
      and/or both.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of making soy milk comprising the steps of:
PA1  cooking soy bean material with microwaves for a sufficient length of time
      to substantially destroy the trypsin inhibitor known to be present therein
      without causing any appreciable roasting of said material;
PA1  dispersing the microwave-cooked material in relatively finely divided form
      in a sufficient quantity of warm water at a temperature less than
      70.degree.C to form a slurry and incorporating in the slurry, in any
      suitable manner, a sufficient quantity of suitable enzymic material, its
      equivalent or a mixture thereof to act upon any proteinaceous,
      carbohydrate and cellulosic constituents of the microwave-cooked material
      which would otherwise form a sediment in the final soy milk product in
      such fashion as to substantially prevent those constituents from forming
      said sediment;
PA1  providing sufficient time to permit said enzymic material, its equivalent
      or a mixture thereof to act upon said proteinaceous, carbohydrate and
      cellulosic constituents to convert them to such form as to obviate
      ultimate sedimentation thereof in said final soy milk product without
      causing any substantially deleterious effect on other constituents of the
      microwave-cooked material;
PA1  treating said slurry to substantially reduce the size range of its
      particles to colloidal size range;
PA1  diluting the treated slurry with hot water and subjecting the diluted
      mixture to boiling action to put an end to any further action of the
      enzymic material, its equivalent, or mixture thereof on the constituents
      of the diluted slurry; and
PA1  appropriately incorporating in the body of material undergoing processing
      treatment in accordance with the foregoing steps edible vegetable oil
      material, sugar, flavoring material and suspending agent material in
      quantities adequate to impart qualities of taste and mouth feel similar to
      those of natural milk to the final product, the proportions of soy bean
      material, water, and vegetable oil material employed being such as to
      insure a product having substantially the consistency of natural milk in
      its homogenized, or other commercially altered, form.
NUM  2.
PAR  2. A method in accordance with claim 1 in which the temperature of said
      warm water is in excess of 40.degree.C; said enzymic material, its
      equivalent or a mixture thereof comprises suitable enzymes; said edible
      vegetable oil material is edible vegetable oil; said flavoring material
      includes milk flavor; and said suspending agent material comprises at
      least one suitable emulsifier.
NUM  3.
PAR  3. A method in accordance with claim 2 in which sufficient time is provided
      to permit the enzymes to act upon said proteinaceous, carbohydrate and
      cellulosic constituents by allowing the slurry containing said enzymes to
      stand for from 15 minutes to 2 hours prior to treatment of the slurry to
      substantially reduce the size range of its particles to colloidal size
      range; said flavoring material includes vanilla extract in addition to
      milk flavor; and said hot water is water at substantialy boiling
      temperature.
NUM  4.
PAR  4. A method in accordance with claim 3 in which said warm water is at a
      temperature of from about 45.degree.C to about 55.degree.C; the edible
      vegetable oil, sugar, flavoring material and suspending agent material
      additives are incorporated in said slurry just prior to its treatment to
      substantially reduce the size range of its particles to colloidal size
      range; and the boiled mixture is subsequently homogenized.
NUM  5.
PAR  5. A method in accordance with claim 4 in which is incorporated as a flavor
      balancing additive, a minor quantity of salt.
NUM  6.
PAR  6. A method in accordance with claim 5 in which said enzymes are
      proteolase, amylase and cellulase; said edible vegetable oil is corn oil;
      and said suspending agent material comprises lecithin and a material
      selected from the group consisting of sodium alginate, polyethylene
      sorbitan monostearate and a mixture thereof.
NUM  7.
PAR  7. A method in accordance with claim 6 in which the material selected from
      the group sonsisting of sodium alginate, polyethylene sorbitan
      monostearate and a mixture thereof is sodium alginate.
NUM  8.
PAR  8. A method in accordance with claim 7 in which a minor amount of dicalcium
      phosphate is incorporated in the mateerial undergoing processing treatment
      at a suitable stage of processing.
NUM  9.
PAR  9. A method in accordance with claim 7 in which the soy bean material
      comprises dehulled soy beans; the cooking time of the dehulled soy beans
      with microwaves is within the range from about 3 to about 5 minutes; the
      relative proportions of dehulled soy beans and warm water employed in said
      method is equivalent to about 150 grams of the beans to 300 milliliters of
      the water; the microwave-cooked beans are dispersed in the warm water to
      form said slurry by means of a colloid mill; and the nature and relative
      quantity of each substance employed in said method in addition to said
      dehulled soy beans and said warm water are such as to yield a soy milk
      product similar in essential qualities to cow's milk.
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ABST
PAL  A cheese extender comprised of a congealed mixture of a synergistic
      combination of sodium caseinate and potassium caseinate, fat and water.
      The weight ratios of the caseinates to fat are from 1:2 to 2:1 and the
      weight ratios of water to the total of the caseinates and fat are from 1:2
      to 3:1. The ratios of the sodium caseinate to potassium caseinate are 4:1
      to 1:4. The ingredients are heated to at least partially solvate the
      caseinates and then cooled to form the congealed mixture which closely
      resembles mozzarella cheese in texture and mouth-feel.
PARN
PAR  This is a continuation-in-part of co-pending application Ser. No. 455,510,
      filed on Mar. 27, 1974.
BSUM
PAR  The present invention relates to cheese substitutes and/or extenders and
      methods for production and use thereof. More particularly, the invention
      relates to cheese substitutes and/or extenders which, when heated, exhibit
      the property of stringing similar to natural mozzarella cheese.
PAC  BACKGROUND OF THE INVENTION
PAR  In the last fifteen years, the per capita consumption of Italian style
      cheese has increased approximately tenfold. While there has been a
      significant increase in the consumption of traditional Italian style
      cheeses, such as romano, parmesan and ricotta, by far the most dramatic
      increase in United States consumption of Italian style cheese has been in
      connection with mozzarella. This has been due to the unusually rapid
      popularization of pizza in the United States. Mozzarella cheese is, by
      far, the most dominant cheese used in producing pizza, with provolone
      cheese constituting the next most significant pizza cheese.
PAR  The amount of other cheeses used in the production of pizza has been
      relatively insignificant compared with the amount of mozzarella cheese
      because of the unique stringy characteristic of heat plasticized
      mozzarella cheese. Other types of cheese cannot produce this same stringy
      effect, and the consuming public will not, generally, accept a cheeze
      pizza which does not exhibit the characteristic of stringiness.
      Additionally, the mozzarella cheese has a distinctive and relatively clear
      taste which cannot be duplicated by other cheeses. Just as important, the
      clear taste does not override the taste of spices and other flavors used
      in pizza preparation, as is the case in other cheeses which have stronger
      and more lingering flavors. For example, while cheddar cheese or provolone
      cheese can produce some stringiness in a heated pizza, the flavors of
      these cheeses so override the flavors of the pizza spices that the
      consuming public does not, generally, accept these cheeses as substitutes
      for mozzarella cheese.
PAR  The substantial increase in demand for mozzarella cheese has not only
      caused difficulties in obtaining predictable supplies thereof, but has
      significantly increased the cost of the mozzarella cheese. In view
      thereof, the art has sought means for supplementing or extending (or
      indeed replacing) the mozzarella cheese used in pizza production wherein
      the desired characteristics of the mozzarella cheese, as discussed above,
      are preserved. However, these efforts have met with only partial success.
      Such supplements or extenders have not been able to accurately reproduce
      the stringy characteristic of mozzarella cheese and/or they have undesired
      flavors. Additionally, since the relatively bland and clear flavor of
      mozzarella cheese has not been accurately reproduced, the supplements or
      extenders often either mask the pizza spice flavors or overwhelm the
      mozzarella cheese flavor.
PAR  A primary difficulty in providing acceptable cheese extenders resides in
      the unavailability of a relatively low cost protein source, but which
      protein source has a relatively bland and clear taste. Protein is
      generally necessary in acceptable cheese extenders in order to provide the
      basic background taste and consistency associated with the protein content
      of cheese. Caseinates are widely used as a protein source in foodstuffs.
PAR  Caseinates are generally recognized as the product produced by
      precipitating protein from milk or milk products with acids to produce
      acid casein and then at least partially neutralizing the acid casein with
      an alkali. The so-produced product is conventionally referred to as the
      caseinate of the corresponding alkali. The acid casein may be precipitated
      with or without the acid of a milk clothing enzyme, e.g., a rennet enzyme.
      For example, the acid casein may be produced by adding lactic acid to milk
      or milk fractions, or lactic acid may be produced in situ from organisms
      grown therein, and the corresponding lactic casein will precipitate.
      Alternately, a mineral acid, such as hydrochloric acid, may be added to
      the milk or milk fraction to precipitate the acid casein. The acid casein
      is then conventionally treated with sodium hydroxide to form sodium
      caseinate.
PAR  Both acid casein and the sodium caseinate contain over 90% protein and,
      thus, can function as a protein source. However, acid casein has a
      relatively unpleasant "acid" taste and can be used in food-stuffs in only
      relatively small proportions. On the other hand, while sodium caseinate
      does not have the unpleasant acid taste, it has a relatively unpleasant
      consistency in the mouth (referred to as mouth-feel), i.e., a somewhat
      soapy mouth-feel. In view thereof, the amount of acid casein which may be
      acceptably added to foodstuffs is considerably limited and only about 5%
      of sodium caseinate may be acceptably used since otherwise the unpleasant
      mouth-feel will adversely affect consumer acceptance of the foodstuff.
PAR  In co-pending applications Ser. Nos. 276,168 and 276,169, both filed on
      July 28, 1972, processes are described for improving the blandness of
      caseinates. In one process, sodium caseinate is slowly heated with a salt
      such as magnesium chloride and in the other process, the caseinate is
      rapidly mixed with a hot solution of the salt. In copending application
      Ser. No. 455,511, filed on Mar. 27, 1974,  casein granules are treated
      with a magnesium base. The first two of these processes do considerably
      improve the blandness of the caseinates and allow the use thereof in very
      substantial quantities in foodstuffs. The third of these processes
      produces a product which may be referred to as magnesium caseinate.
      Caseinates produced by the first two processes, while being exceptionally
      bland, do retain the characteristic consistency of the caseinate. Thus,
      while the sodium caseinate produced is most bland, it still produces the
      undesirable soapy mouth-feel, and again, the amounts which may be used in
      foodstuffs of even the bland sodium caseinates is limited, where that
      soapy mouth-feel can be detected in the food composition.
PAR  The magnesium caseinate prepared according to the aforementioned
      application, was discovered to have unusual properties, among which
      allowed the use thereof in producing a novel cheese extender.
      Additionally, the magnesium caseinate could be combined with potassium
      caseinate and still obtain acceptable results. It was further discovered
      that even potassium caseinate provided a superior extender, as compared
      with sodium caseinate and calcium caseinate. These extenders are described
      in co-pending application Ser. No. 455,510, filed on Mar. 27, 1974.
PAR  The disclosures of all of the aforementioned applications are incorporated
      herein by reference and relied upon for their disclosures.
PAR  While the cheese extenders of the above-identified application provide
      exceptionally good results, they do suffer from economic difficulties.
      Neither magnesium caseinate nor potassium caseinate is available in
      commercial quantities. Thus, those caseinates must be specially produced
      and limited productions thereof, of course, increase the unit cost of the
      caseinates used in the cheese extender and, hence, the cost of the cheese
      extender itself. Additionally, magnesium caseinate is not a presently
      approved caseinate for human consumption, although all evidence points to
      the total acceptability thereof. Further, when potassium caseinate is used
      as the cheese extender, while the resulting extender is far superior to an
      extender based on either sodium caseinate or calcium caseinate, the
      extender is clearly inferior to that based on magnesium caseinate or a
      combination of magnesium caseinate and potassium caseinate. Accordingly,
      the superior extenders all require the presence of magnesium caseinate,
      which causes the economic difficulties noted above.
PAR  For the foregoing reasons, it would be advantageous to provide a cheese
      extender or supplement for mozzarella cheese which preserves the essential
      appearance, texture and character of mozzarella cheese, but which does not
      adversely affect the flavor of pizza produced therefrom and which does not
      have the economic disadvantages noted above.
PAC  OBJECTS OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide a
      mozzarella cheese supplement or extender which can be used in major
      amounts with, or totally replace, the mozzarella cheese used in producing
      pizza and other food products. It is a further object of the invention to
      provide such extenders wherein the stringy characteristic of the
      mozzarella cheese is preserved. It is yet a further object of the
      invention to provide such products wherein the flavor of the extender does
      not mask or override the pizza spice flavors. It is yet a further object
      of the invention to provide such an extender in a very convenient-to-use
      form which can be easily transported, stored and utilized. It is a further
      object of the invention to provide methods for producing such extenders.
      Lastly, it is an object of the invention to provide methods of use for
      such extenders and foods containing the extenders. Other objects will be
      apparent from the following disclosures and claims.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  Very briefly stated, it has now been discovered that a congealed (gelled)
      mixture of a synergistic combination of sodium caseinate and potassium
      caseinate, fat and water can produce a mozzarella cheese extender which
      provides the stringy characteristic of mozzarella cheese and is of such
      flavor that the pizza spices and the mozzarella cheese flavor are not
      masked by the extender. Further, the extender can be substituted either in
      major amounts or totally for the mozzarella cheese used in making pizza,
      especially when a cheese-like flavor is incorporated into the extender.
PAR  The invention is based on the essential discovery that while sodium
      caseinate alone provides a very undesirable protein source for cheese
      extenders and while potassium caseinate alone provides a minimally
      acceptable protein source for cheese extenders, unexpectedly certain
      combinations of sodium caseinate and potassium caseinate give results far
      superior to sodium caseinate alone and substantially superior to potassium
      caseinate alone. Thus, the invention is based upon the discovery of a
      synergism that exists with certain ratios of sodium caseinate and
      potassium caseinate in producing cheese extenders of the type disclosed in
      co-pending application Ser. No. 455,510. This discovery allows the
      replacement of the magnesium based protein sources of that application
      with the present synergistic combination of sodium and potassium based
      protein sources and yet provide a most acceptable cheese extender. At the
      same time, this synergistic combination of caseinates as the protein
      source allows substantial utilization of commercially available sodium
      caseinate and the use of FDA approved potassium caseinate for producing
      the cheese extender and, thus, obviating the economic difficulties noted
      above.
PAR  The desirable properties of the present invention are provided by the
      synergistic combination when the ratio of sodium caseinate to potassium
      caseinate is from 3:1 to 1:3. However, if somewhat reduced properties are
      acceptable for certain applications, a large measure of the advantages of
      the invention can be realized when the ratio of sodium caseinate to
      potassium caseinate is as wide as 4:1 to 1:4, and this broader range is
      considered part of the present invention, although not a preferred form
      thereof.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present cheese substitute and/or extender may be formulated in the same
      manner as disclosed in co-pending application Ser. No. 455,510, and the
      disclosure therein is incorporated herein by reference for those purposes.
      In the present extender, however, the present synergistic combination of
      sodium caseinate and potassium caseinate is substituted for the magnesium
      caseinate and/or potassium caseinate of that co-pending application.
PAR  The source of the present synergistic combination of sodium and potassium
      caseinate is not critical. For example, commercially available sodium
      caseinate may be used or the sodium caseinate may be prepared by the
      method explained above, i.e., precipitation of acid casein and subsequent
      neutralization. While potassium caseinate is not available in commercial
      quantities, it is available on the market and may be obtained in limited
      quantities. However, again, the potassium caseinate may be prepared by the
      conventional method discussed above, i.e., precipitation of the acid
      casein and neutralization thereof with a potassium base, such as potassium
      hydroxide.
PAR  Alternately, the synergistic combination of sodium caseinate and potassium
      caseinate may be produced in situ. Thus, the precipitated acid casein may
      be neutralized with a combination of sodium and potassium bases such as to
      provide the resulting ratio of sodium and potassium caseinate according to
      the present invention. For example, equal weight amounts of sodium
      hydroxide and potassium hydroxide may be used for neutralizing acid casein
      to provide the synergistic combination of sodium caseinate and potassium
      caseinate, according to the present invention. Of course, in each of these
      processes, conventional purification steps may be practiced if desired,
      e.g., washing with cold water, re-precipitation, etc.
PAR  Thus, the source of the present synergistic combination is either available
      on the market or well within the production capabilities of those skilled
      in the art and no further description thereof is necessary.
PAR  The fat which is used to produce the present cheese substitute or extender
      may be any relatively low melting point vegetable or animal fat, so long
      as the fat has essentially a bland taste and is a liquid at a temperature
      of less than 130.degree.F. (melting point of less than 130.degree.F.).
      Preferably, the melting point is between 20.degree.F. and 130.degree.F.,
      e.g., between 40.degree.F. and 125.degree.F., or between 50.degree.F. and
      120.degree.F. However, since some animal fats, especially butter fat, are
      more difficult to preserve, the preferred form of the invention is the use
      of vegetable fat such as derived from coconuts, soybeans, safflower, corn,
      cotton, etc.
PAR  The relative proportions of synergistic combination of caseinates to fat,
      as can be appreciated, are such that the ingredients will form a gel,
      either alone or in combination with natural mozzarella cheese, and will
      provide the stringy characteristic of natural mozzarella cheese. Thus, in
      order to mimic the stringy characteristic of mozzarella cheese, the weight
      to weight ratio of the synergistic combination of caseinates to fat must
      be between 2:1 and 1:2 and best results are obtained when this ratio is
      between 1:1.5 and 1.1:1, e.g., 1:1.
PAR  Also, in order to provide the stringy characteristic, the extender must
      have substantial amounts of water incorporated therein and result in a
      congealed mixture. The weight to weight ratio of water to the total of the
      synergistic combination of caseinates and fat must be within 1:2 to 3:1,
      especially 1.5:1 to 1:1.5, e.g., 1.25:1 to 1:1.25, and particularly 1:1.
PAR  Thus, the essentials of the present cheese substitute and/or extender
      composition are a congealed mixture of: a synergistic combination of
      sodium caseinate and potassium caseinate; a fat having a melting point of
      130.degree.F. or less; and water; the weight ratio of the synergistic
      combination of fat being from 1:2 to 2:1, the weight ratio of water to the
      total of the synergistic combination and fat being from 1:2 to 3:1, and
      the ratio of sodium caseinate to potassium caseinate in the synergistic
      combination being from 4:1 to 1:4.
PAR  While not necessary to achieve the major advantages of the present
      invention, it is most desirable, and indeed a preferred embodiment of the
      invention, where the composition contains a gel stabilization agent. The
      gel stabilization agent functions as a sol stabilizer for the gel system.
      In this regard, the stabilizer must be a non-toxic, relatively tasteless,
      water soluble ionic compound. The ions function in the solvated aqueous
      composition for stabilizing the gel and improving handling properties.
      Thus, suitably, the stabilizing agent may be simply sodium chloride or
      potassium chloride, although other ionic compounds may be used if desired.
      The amount of the stabilizer in the composition may vary widely, but it
      generally will be contained in an amount between 1/2% and 4% by weight of
      the total composition, e.g., about 2%.
PAR  Also, while not required, it is most desirable, and a preferred embodiment
      of the invention, for the composition to be adjusted in pH such that a pH
      of about 5.4 to 5.8 is achieved, although pHs of about 5.0 to about 6.0
      will still provide some measure of the advantages of this preferred form
      of the invention. Optimumly, however, the pH will be about 5.6 to 5.7. The
      pH may be adjusted with any non-toxic acid (or base if an acidic caseinate
      is used). Generally speaking, however, conventional food grade acids are
      preferred. Lactic acid is a very convenient food grade acid and
      constitutes the preferred form of the pH adjustment acid.
PAR  The extender may contain other ingredients if desired. However, the total
      of the synergistic combination of caseinates and fat should comprise at
      least 50% of the total solids of the extender composition, preferably at
      least 60% to 75%, and more preferably at least 90% to 92%. The remaining
      ingredients can be conventional flavorings such as butter oils and
      lipolyzed butter oils, butyric acid, etc., certified food colorings and
      tinting agents such as carotene and titanium dioxide preservatives, such
      as BHT. Conventional processing aids may also be added to promote mixing
      of the ingredients and ease in forming the gel. In this regard, from 0.1%
      to 0.5% by weight of a magnesium salt, e.g., magnesium hydroxide
      (calculated as magnesium), based on the total weight of the caseinates
      will aid in forming a smooth and lump-free gel with the caseinates. If
      desired, the magnesium processing aid may be added in the form of
      magnesium caseinate, which is commonly referred to as a salt. Alternately,
      any non-toxic relatively soluble magnesium compound may be used, e.g.,
      magnesium acetate, chloride, lactate, nitrate and carbonate.
PAR  The basis of the present synergistic effect is not fully understood, but it
      is believed that this effect is a result of the unexpected ability of
      sodium caseinate to substantially mitigate the undesired gummy mouth-feel
      of potassium caseinate, while, on the other hand, the potassium caseinate
      has the ability to substantially mitigate the soapy mouth-feel of the
      sodium caseinate. In other words, potassium caseinate, with the gummy
      mouth-feel, and sodium caseinate, with the soapy mouth-feel, are not
      acceptable alone, but in combination, these two undesired mouth-feels
      combine to produce a resulting mouth-feel which is quite acceptable. By
      using a relatively bland form of the caseinates, the present synergistic
      combination will provide not only a bland taste but a very acceptable
      mouth-feel and, thus, obviates the difficulties in using these protein
      sources alone, according to the knowledge in the prior art.
PAR  As noted above, weight ratios of sodium caseinate to potassium caseinate
      may vary as widely as 4:1 to 1:4, but is preferably between 3:1 to 1:3.
      Contrary to what one might expect, however, the optimum proportions do not
      fall near the mid-point of this range. It has been found that the optimum
      proportions are 3 parts of sodium caseinate to 7 parts of potassium
      caseinate, thus, indicating that the optimum is very close to the extreme
      of one end of the preferred range. Stated another way, it has also been
      found that the proportion of potassium caseinate, for optimum results,
      must be substantially greater than the proportion of sodium caseinate,
      e.g., in the range of about 2:1.
PAR  It is also an important feature of the present invention that the extender
      can be produced, packaged, stored, and shipped in a dried form, i.e.,
      without the necessary water, and the water can be added just prior to
      reconstituting the dry extender ingredients for use with mozzarella
      cheese. This saves considerably on the difficulty and expense of
      transporting and storing the present extender as opposed to naturally
      produced mozzarella cheese which must be transported and stored under
      refrigerated conditions. For this purpose, "in a dried form" means that
      the composition is dried until it has a water content of less than 10% by
      weight, e.g., less than 8% or even 6%.
PAR  The dry extender ingredients may be prepared by forming a suspension of
      emulsion of the synergistic combination and fat, along with desired
      optional ingredients as noted above, and then drying, e.g., spray drying
      (1500 psig nozzle pressure, 290.degree.F. inlet, 190.degree.F. outlet) to
      a free-flowing, non-sticky powder. Alternately, the dry ingredients and
      fat can simply be mechanically mixed, e.g., a Votator mixer. Similarly,
      the sodium caseinate or potassium caseinate may be spray dried, alone or
      co-dried, to a powder in the same manner. Thus, acid casein may be
      essentially neutralized with sodium and potassium bases and co-dried to
      the synergistic combination of caseinate. Therefore, considerable latitude
      can be utilized in preparing the extender.
PAR  Alternately, the ingredients may be stored separately and mixed just prior
      to gelling the ingredients with water and incorporation therein of
      mozzarella cheese, if desired.
PAR  Mozzarella cheese may be added to either of the above described dry
      mixtures. Of course, if the mozzarella cheese is added in the natural
      form, the dry compositions will no longer be storage stable. If it is
      desired to produce a storage stable composition with mozzarella cheese
      therein, the composition with the natural cheese (or just the cheese) can
      be spray dried and the entire spray-dried composition reconstituted with
      water and gelled just prior to use in pizza production.
PAR  The extender may totally replace the natural mozzarella cheese in food
      compositions, e.g., pizza, but it is preferred that the extender, if not
      artificially flavored, be used in ratios between 1:10 and 10:1 with
      natural cheese (on a solids basis). Good mixtures in this regard will be
      between 1:5 and 5:1, especially 1:2 and 2:1, i.e., 1:1.
PAR  It should be understood that the present composition, when prepared for
      immediate use as opposed to in the dry form, is a congealed mixture of the
      defined synergistic combination of caseinates, fat and water. In this
      context, the term "congealed" is defined as a homogeneous mixture with no
      visibly detectible different phases, i.e., the water, caseinates and fat
      are not in visible, discernably different phases. Accordingly, it is clear
      that the term does not include a simple mechanical mixture of the
      ingredients, and, indeed, the composition is best described as a gel.
      While not bound by theory, it appears that the caseinates are sufficiently
      solvated by the water to act as a semi-solid emulsifier for the fat and
      water, i.e., it is gellable.
PAR  The caseinates appear to far more rapidly solvate at elevated temperature,
      which allows the required gel formation to be more rapidly produced.
      Therefore, the caseinates should be mixed with the fat and water at
      temperatures of at least 120.degree.F. to 130.degree.F., especially at
      least 140.degree.F., e.g., 150.degree.F. or 160.degree.F. Temperatures up
      to 212.degree.F. or higher may be used, but, at these temperatures, the
      caseinates can begin to denature. Thus, it is preferred that the mixing be
      at temperatures of less than 205.degree.F., especially less than
      185.degree.F. or 190.degree.F. A preferred temperature is 180.degree.F.
PAR  On cooling, e.g., below 95.degree.F., especially below 80.degree.F., the
      heated mixture of the caseinates, fat and water congeals to form the
      gel-like solid. The cooled and congealed mixture has the physical
      appearance and properties of mozzarella cheese, i.e., somewhat elastic, or
      rubbery, a coherent feel in the mouth, meltable and heat plasticizable to
      a stringy character. At cooler temperatures, e.g., 75.degree.F. or
      60.degree.F. or less, these characteristics are accentuated. Thus, for
      improved grating, temperatures between 40.degree.F. and 55.degree.F. may
      be used.
DETD
PAR  The invention will be illustrated by the following examples, where all
      amounts and ratios are by weight, as is also in the claims, but it is to
      be understood that the invention is not limited to the specific examples,
      but extends to the breadth described above.
PAC  EXAMPLE I
PAC  Preparation of the Extender
PAR  Mozzarella cheese extender was prepared in the following manner.
PAR  Twenty-two parts of hydrogenated soybean oil (95.degree.F. melting point)
      were heated to 180.degree.F.; 0.25 parts of lipolyzed butter oil and 0.05
      parts of titanium dioxide were added with stirring to the hot oil. To this
      mixture was added 25 parts of a mechanical mixture of 7 parts by weight of
      potassium caseinate and 3 parts by weight of sodium caseinate. With
      stirring, the caseinates were dispersed in the hot fat. Forty-nine parts
      of water were heated to 160.degree.F. and then added thereto were 2 parts
      of salt (NaCl), 1.5 parts of lactic acid (88%), 0.3 parts of sodium
      lactate (50%), and coloring.
PAR  With steady agitation, the water mixture was added to the fat-protein
      dispersion and a homogeneous mixture was produced (no free fat or water)
      in about 4 to 5 minutes. The hot product was poured into 5-pound loaf
      molds and cooled to 50.degree.F. where a firm product resulted. The cooled
      product had the consistency, feel and general appearance of mozzarella
      cheese.
PAC  EXAMPLE II
PAC  Preparation Of Cheese Pizza
PAR  Traditional pizza dough was prepared by mixing flour, salt, solid vegetable
      shortening, scalded milk and dried yeast. The dough was allowed to raise
      in the conventional manner and rolled into an unbaked pizza crust. The
      crust was lightly brushed with olive oil and traditional pizza sauce was
      placed thereon. The sauce was prepared by mixing mascerated tomatoes,
      minced garlic, minced onion, olive oil, oregano, freshly ground black
      pepper and red pepper flakes. Onto the pizza sauce was placed a mixture of
      grated mozzarella cheese and the product of Example I in a similar grated
      form. The weight ratio of the mozzarella cheese and the product of Example
      I was 1 to 1.
PAR  Thereafter, the pizza was baked at 420.degree.F. for twenty minutes. The
      cheese of the baked pizza was white, of a milky translucent appearance
      and, when pulled, stringed in a manner substantially the same as
      mozzarella cheese.
PAR  As a comparison, a pizza was prepared in the same manner as described
      above, except that the extender of Example I was not used, and the
      corresponding amount of natural mozzarella was used in its place. The
      all-mozzarella cheese pizza could not be distinguished by most test
      observers from the pizza with the present extender in terms of its
      appearance, stringiness, or other physical characteristics.
PAC  EXAMPLE III
PAR  Example I was repeated except that the extender had incorporated therein a
      mozzarella cheese flavor produced according to the method of U.S. Pat. No.
      3,667,968 in an amount of 15% by weight of the extender. In this case, the
      flavor and the physical characteristics of the pizza produced with the
      extender were substantially indistinguishable from the pizza produced with
      all mozzarella cheese.
PAC  EXAMPLE IV
PAR  In order to demonstrate the criticality of the ratios of the present
      synergistic proportions of sodium caseinate and potassium caseinate, the
      procedure of Example I was repeated, except that in lieu of the mechanical
      mixture of 7 parts by weight of potassium caseinate and 3 parts by weight
      of sodium caseinate, the following ratios of sodium caseinate and
      potassium caseinate were used. (Note that the control is the ratio of
      Example I).
TBL  ______________________________________                                    
                  Part/Weight      Parts/Weight                                
     Experiment   Na-Caseinate     K-Caseinate                                 
     ______________________________________                                    
     A            1                3                                           
     B            1                2                                           
     C            1                1                                           
     D            2                1                                           
     E            3                1                                           
     F            4                1                                           
     G            1                4                                           
     CONTROL      3                7                                           
     ______________________________________                                    
PAR  As noted hereinbefore, the control has the preferred ratio of sodium
      caseinate to potassium caseinate and each of Experiments A through G were
      compared with the control in terms of blandness of flavor, acceptability
      of mouth-feel, stringiness and heat plasticization at 420.degree.F. The
      properties of the extender of Experiment A were very close to the
      properties of the control, although a more gummy texture in the mouth-feel
      wasa detectable. The characteristics of Experiment B were also quite close
      to the control, but, in this case, the gummy texture of Experiment A was
      not detectable, but a slightly more fluid mouth-feel was detectable. In
      Experiment C, the more fluid mouth-feel became more pronounced and in
      Experiment D, the fluidity was more detectable but, additionally, a very
      slight soapy mouth-feel was detectable. In Experiment E, the fluidity
      further increased, as did the soapy mouth-feel, and at these proportions,
      most tasters agreed that no increase in fluidity and soapy mouth-feel
      would be acceptable. However, some tasters concluded that the fluidity and
      soapy mouth-feel were at acceptable maximum levels with the composition of
      Experiment E, i.e., 4 parts sodium caseinate to 1 part potassium
      caseinate. Beyond this level, however, all tasters agreed that the
      fluidity and soapy mouth-feel became objectionable. Likewise, some tasters
      concluded that the gummy mouth-feel of Experiment G with 1 part sodium
      caseinate and 4 parts potassium caseinate was still acceptable, but that
      greater amounts of potassium caseinate would not be acceptable.
PAR  Thus, the broader range for all proportions for the synergistic combination
      of sodium caseinate and potassium caseinate is 4:1 to 1:4, although to
      ensure that essentially all tasters will find the cheese extender to be
      totally acceptable, it is preferred that the ratio be between 1:3 and 3:1.
PAC  EXAMPLE V
PAR  The procedure of Example I was repeated except that the titanium dioxide
      and the sodium lactate were deleted and replaced by 0.05 parts of
      potassium sorbate and 0.1% of magnesium hydroxide (based on the weight
      percent of magensium ion to the total caseinate). After adding the water,
      the pH was approximately 5.6 to 5.7 and the steady agitation rapidly
      produced a homogeneous mixture with essentially no lumps. After forming
      into loaf molds and cooling, the gel structure was particuarly stable,
      smooth and translucent.
PAR  An analysis of a suitable composition of the foregoing nature, on a dry
      basis, will show the following: sodium/potassium caseinates, as the metal,
      potassium equals 1 to 2 parts by weight per 100 and sodium 0.5 to 1.5
      parts by weight per 100; magnesium, as the metal, about 0.07 to 0.4.
PAC  EXAMPLE VI
PAR  The procedure of Example I was repeated except that the water was rapidly
      added to the fat-protein dispersion and after a rapid mixing was spray
      dried in a conventional box sprayer (1500 psig nozzle pressure,
      290.degree.F. inlet, 190.degree.F. outlet) to a free-flowing non-sticky
      powder, which was water re-dispersible and congealable to the cheese
      extender.
PAR  The invention has been described above, but it is apparent to those skilled
      in the art that modifications thereof may be practiced and it is intended
      that those modifications be embraced within the spirit and scope of the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cheese extender composition comprising a congealed mixture of:
PA1  a synergistic combination of sodium caseinate and potassium caseinate;
PA1  a fat having a melting point of 130.degree.F. or less;
PA1  and water;
PA1  the weight ratio of the synergistic combination to fat being from 1:2 to
      2:1, the weight ratio of water to the total of the synergistic combination
      and fat being from 1:2 to 3:1, and the ratio of sodium caseinate to
      potassium caseinate in the synergistic combination being from 4:1 to 1:4,
      whereby the composition exhibits the stringy characteristic, texture and
      mouth-feel similar to that of natural mozzarella cheese.
NUM  2.
PAR  2. The composition of claim 1 having admixed therewith an artificial
      mozzarella cheese flavor.
NUM  3.
PAR  3. The composition of claim 1 wherein the ratio of water to the total of
      the synergistic combination of caseinates and fat is between 1.5:1 and
      1:1.5.
NUM  4.
PAR  4. The composition of claim 1 wherein the ratio of caseinates to fat is
      between 1.5:1 and 1:1.5.
NUM  5.
PAR  5. The composition of claim 1 wherein the fat has a melting point between
      20.degree.F. and 130.degree.F.
NUM  6.
PAR  6. The composition of claim 1 wherein the total of the synergistic
      combination of caseinates and fat constitutes at least 50% by weight of
      the solids content of the extender composition.
NUM  7.
PAR  7. The composition of claim 6 having admixed therewith a flavoring or
      coloring agent.
NUM  8.
PAR  8. The composition of claim 1 in a dried form containing less than 10% by
      weight of water.
NUM  9.
PAR  9. The composition of claim 1 having admixed therewith a natural cheese.
NUM  10.
PAR  10. The composition of claim 9 wherein the natural cheese is mozzarella
      cheese.
NUM  11.
PAR  11. The composition of claim 10 in a dried form containing less than 10% by
      weight of water.
NUM  12.
PAR  12. The composition of claim 1 wherein the synergistic combination of
      caseinates is a mechanical mixture of sodium and potassium caseinates.
NUM  13.
PAR  13. The composition of claim 1 wherein the synergistic combination of
      caseinates is produced by in situ treatment of acid casein with a mixture
      of sodium and potassium bases.
NUM  14.
PAR  14. The composition of claim 1 wherein the fat is a vegetable fat.
NUM  15.
PAR  15. The composition of claim 6 wherein the total of the caseinates and fat
      constitutes at least 75% by weight of the solids content of the extender
      composition.
NUM  16.
PAR  16. The composition of claim 9 wherein the amount of the composition
      admixed with the natural cheese is within the ratio of 1:10 to 10:1.
NUM  17.
PAR  17. The composition of claim 16 wherein the ratio of composition to natural
      cheese is 1:5 to 5:1.
NUM  18.
PAR  18. The composition of claim 1 which also contains a gel stabilizer.
NUM  19.
PAR  19. The composition of claim 18 in which the gel stabilizer is a
      water-soluble, non-toxic, ionic salt.
NUM  20.
PAR  20. The composition of claim 19 in which the salt is NaCl.
NUM  21.
PAR  21. The composition of claim 1 which also contains a magnesium based
      processing aid.
NUM  22.
PAR  22. The composition of claim 21 in which the processing aid is a magnesium
      salt.
NUM  23.
PAR  23. The composition of claim 22 in which the processing aid is magnesium
      oxide.
NUM  24.
PAR  24. The composition of claim 22 in which the processing aid is magnesium
      caseinate.
NUM  25.
PAR  25. The composition of claim 1 in which the composition contains a pH
      adjusting agent.
NUM  26.
PAR  26. The composition of claim 25 in which the pH adjusting agent is a
      non-toxic acid.
NUM  27.
PAR  27. The composition of claim 26 in which the pH adjusting agent is a lactic
      acid.
NUM  28.
PAR  28. A composition comprising a synergistic combination of sodium caseinate
      and potassium caseinate and a fat having a melting point of 130.degree.F.
      or less; the weight ratio of the caseinates to fat being 1:2 to 2:1;
      wherein the ratio of sodium caseinate to potassium caseinate is 4:1 to 1:4
      and the composition is reconstituteable with water in a weight ratio of
      water to the total of the caseinates and fat of between 1:2 and 3:1 to
      provide a congealed mixture having properties similar to natural
      mozzarella cheese.
NUM  29.
PAR  29. The composition of claim 28 in a spray-dried form.
NUM  30.
PAR  30. The spray-dried composition of claim 29 having admixed therewith at
      least one of lactic acid, sodium lactate, sodium chloride, or a magnesium
      compound.
NUM  31.
PAR  31. A pizza characterized in that at least part of the cheese on the pizza
      contains the composition of claim 1.
NUM  32.
PAR  32. A pizza according to claim 31 wherein the pizza utilizes as the
      cheese-like component only the composition of claim 1.
NUM  33.
PAR  33. A process for producing the product of claim 1 comprising:
PA1  a. mixing at a temperature of at least 120.degree.F. a synergistic
      combination of sodium caseinate and potassium caseinate, a fat having a
      melting point of 130.degree.F. or less and water; the weight ratio of the
      caseinates to fat being from 1:2 to 2:1, the weight ratio of water to the
      total of the caseinates and fat being from 1:2 to 3:1 and the weight ratio
      of sodium caseinate to potassium caseinate being 4:1 to 1:4; and
PA1  b. cooling the mixture to a temperature below 95.degree.F. to congeal the
      mixture.
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PAL  A sunnyside up egg product which is low in cholesterol, preferably
      cholesterol-free, and relatively high in unsaturated fats is provided. It
      can be taken directly from the freezer and fried to give a product
      virtually identical to a natural egg fried sunnyside up. The egg product
      is made by molding a low cholesterol egg yolk portion of critical
      formulation together with an egg white portion consisting essentially of
      liquid egg white, and subjecting the molded egg to freezing. In the
      preferred embodiment of the invention, the mold employed in forming the
      egg product is employed as the package.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a low cholesterol replacement for natural
      eggs, and, more particularly, to a low cholesterol, preferably cholesterol
      free, egg replacement which can be fried in conventional sunnyside up
      form.
PAR  There is increasing medical evidence that the continued consumption of high
      levels of food products high in cholesterol and saturated fats is at least
      one factor which may contribute to the relatively high rate of
      atherosclerosis experienced in this country. Thus, food researchers are
      exerting great efforts to obtain food products low in saturated fats and
      cholesterol.
PAR  Egg products in particular have received a great deal of attention because,
      although they are recognized as one of the most nutritious and popular
      foods, they are relatively high in both saturated fats and cholesterol. In
      the natural egg, it is the yolk which contains the cholesterol and
      saturated fats. Approximately 1.7% of the egg yolk weight is cholesterol
      and about 1/3 of the egg yolk weight is fat. Fatty acid analysis shows
      that the fat content of the average egg yolk is about 35.4% saturated fat
      (principally palmitic and stearic acids), 49.1% monounsaturated fat (oleic
      acid), and 15.5% polyunsaturated fat (linoleic acid). Thus, the ratio of
      polyunsaturated to saturated fat, hereinafter referred to as the P/S, is
      less than 0.5, an undesirable balance.
PAR  A number of workers have divised methods and formulations for preparing low
      cholesterol scrambled egg products; however, no one to my knowledge has
      heretofore divised a low cholesterol egg product which can be fried to
      provide a sunnyside up product having natural appearance and texture.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to produce a sunnyside
      up egg product both low in cholesterol, preferably free of cholesterol,
      and relatively high in unsaturated fats which can be fried to closely
      simulate a natural sunnyside up egg.
PAR  This and other objects are accomplished according to the present invention
      which provides a frozen, molded egg product comprising: (a) a yolk portion
      having a water to dry ingredient ratio of from about 0.8 to about 1.2, and
      comprising based on the weight of the dry ingredients, from about 20% to
      about 45% dried egg white, from about 5% to about 35% of an oil having a
      P/S of greater than about 0.6, from about 10% to about 55% of a dry milk
      protein source, from about 0.5% to about 7% vegetable gums, and
      emulsifiers, flavoring, and colors; and (b) an egg white portion
      consisting essentially of liquid egg white.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the present invention is provided by the
      ensuing detailed description and the attached drawings wherein:
PAR  FIG. I is a top elevational view of the molded egg product according to the
      present invention; and
PAR  FIG. II is a side view, partially in section, of the molded egg product of
      the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  According to the present invention, it is now possible to obtain a fried
      sunnyside up egg product both low in cholesterol and relatively high in
      unsaturated fats. A method and composition for achieving this are
      provided.
PAR  FIGS. I and II show the molded egg product of the present invention,
      indicated generally as 1. In the particular exemplary situation a series
      of two eggs are shown. It is of course possible to provide a single egg or
      as many eggs as is desired for convenient packaging. Body portion 2 is
      seen to have a hemispherical yolk cavity 3 wherein the egg yolk portion is
      formed, and a flatter white cavity 4, wherein the egg white portion is
      formed. The body portion 2 is preferably inverted and utilized as the mold
      for preparing the egg product. Once the egg yolk portion and the egg white
      portion are cast by any suitable technique, the contents are subjected to
      freezing to solidify the mass.
PAR  The contents of the body portion 2 are sealed therein by means of an
      overlay 5, preferably of a polymer or polymer/metal foil material, and an
      adhesive material 6. Desirably, perforations 7 are provided between each
      of the individual egg portions for easy separation. In this exemplary
      situation there is seen a channel 8 extending between and connecting the
      two egg portions shown. This provides, in combination with perforations 7
      a convenient means for separating the two egg portions.
PAR  The container body portions 2 are expeditiously made as needed for
      packaging in continuous vacuum forming machinery. If desired, the inside
      surfaces of these body portions can be coated with a vegetable oil or
      other release material; however, the preferred polyethylene and polyvinyl
      chloride polymer sheets generally do not require such release.
PAR  The yolk portion is synthesized from materials generally well known in the
      production of artificial egg products; however, they are employed in
      critical relationships to each other and to the total yolk composition to
      provide in the present invention, when frozen and employed along with a
      liquid egg white portion, the unique ability to be fried to provide a
      virtually natural-appearing sunnyside up egg product. Essential to the egg
      yolk portion is the presence of a number of materials, and a total water
      to dry ingredients ratio of within the range from about 0.8 to 1.2,
      preferably about 1. Of the dry ingredients, the composition should contain
      from about 20% to about 45% dried egg white, from about 5% to about 35% of
      an oil having a P/S of greater than about 0.6, from about 10% to about 55%
      of a dry milk protein source, from about 0.5% to about 7% of vegetable
      gum, and colors, flavorings and emulsifiers. Preferably, the yolk portion
      will comprise from about 25% to about 38% dried egg white, from about 10%
      to about 28% of the oil, from about 15% to about 50% of the dry milk
      protein source and from about 3.0 % to about 6.0% of the vegetable gums.
      Additionally, the preferred oils are those having a P/S of greater than
      about 1. Other dry solids in the form of materials such as whey, Calgon
      sodium hexametaphosphate, sodium caseinate and starch can be employed in
      minor amounts to adjust the flavor or physical properties of the
      composition. While it is an object to provide a cholesterol-free egg
      product, small amounts of cholesterol are not inimical to the present
      invention. Thus, minor amounts of cholesterol containing materials, such
      as natural egg yolk, can be added for flavoring or other purposes.
PAR  The dried egg white can be obtained from any suitable commercial source
      which provides good taste and functionality. A preferred dried egg white
      source comprises high quality low temperature spray dried egg white.
PAR  Any oil or blend of vegetable or animal fats or oils can be employed
      according to the present invention so long as the P/S is maintained at
      above about 0.6, preferably above about 1.0. By proper selection, the P/S
      can be as high as about 8. Typical of the oils suitable are cottonseed
      oil, sunflower oil, corn oil, safflower oil, and soy bean oil.
PAR  It is necessary to the present invention to employ emulsifiers to maintain
      uniformity in the yolk portion of the egg product. It has been found that,
      by employing a combination of a hydrophobic emulsifier and a hydrophilic
      emulsifier, a near natural egg yolk functionality can be obtained. Such a
      combination, in fact, apparently functions by a mechanism similar to that
      of the lecithin and cholesterol present in natural egg yolks.
      Representative of the hydrophobic emulsifiers which can be employed
      according to the present invention are Atmos 300 mono and diglycerides of
      fat forming fatty acids, Emery 2421 glycerol monooleate, and Hodag PGML
      propyleneglycol monolaurate. Representative of the hydrophilic emulsifiers
      which can be employed according to the present invention are Tween 40
      polyoxyethylene (20) sorbitan monopalmitate, Tween 60 polyoxyethylene (2)
      sorbitan monostearate, and Tween 80 polyoxyethylene (20) sorbitan
      monooleate. The use of a combination of emulsifiers according to the
      invention provides not only the desired characteristics of the egg product
      when fried, but also allows its use in most other recipes calling for
      eggs, e.g., french toast, cakes, cookies, scrambled eggs, egg nog, and the
      like. The combination of emulsifiers is generally employed at a level of
      from about 0.05% to about 5% by weight of the yolk portion.
PAR  The dry milk protein source can be supplied in a variety of forms.
      Representative of such are casein, lactalbumin, and spray dried milk
      solids. Preferably, low temperature spray dried non fat milk solids are
      employed.
PAR  The vegetable gum ingredient of the yolk portion is important for providing
      the proper viscosity and flow characteristics to the egg product during
      processing and final preparation. Moreover, the gum provides a natural
      glossy outer sheen to the fried egg product which closely approximates the
      glossy sheen of natural sunnyside up fried eggs. A combination of gums,
      such as guar gum and gum arabic, is preferred; however a single gum can be
      employed. Other gums, such as carboxy methyl cellulose and methyl
      cellulose may also be employed.
PAR  To prepare the yolk portion, the dry ingredients, except for the oil, can
      be simply dry blended before mixing with the oil. The preferred
      emulsifiers are those which are normally liquid and are blended with the
      dry ingredients absent the oil to provide easy and equal distribution over
      the dry mix. In this manner they are ready to perform their function
      rapidly upon blending with oil and water. Alternatively, normally solid
      emulsifiers can be employed but should be pre-melted. If desired, the
      hydrophobic emulsifier can be blended first with the oil. Certain of the
      dry ingredients such as the coloring, salt and Calgon sodium
      hexametaphosphate can be co-ground thoroughly prior to dry blending with
      the other dry ingredients. The oil is then simply mixed uniformly with the
      other dry ingredients to provide the total dry ingredients portion of the
      yolk portion.
PAR  The resulting mixture of dry ingredients is then admixed with the desired
      amount of water, preferably at a 1 to 1 ratio with the mixed dry
      ingredients, and blended thoroughly until no lumps are observable. By
      mixing the emulsifiers in the manner noted above, they are ready to act
      quickly to provide good blending, without foaming which is normally a
      problem when egg whites are employed. The liquid yolk portion is then
      poured into the yolk cavity 3 of the inverted mold. Thereafter, liquid egg
      white, either fresh, frozen or rehydrated dried egg white solids, is
      poured on top of the egg yolk portion into the white cavity of the mold.
      The white should have a thickness of between about 1/8 to about 1/4 inch,
      preferably about 3/16 inch. The resulting layered product is then frozen.
      The egg product is preferably cooked by heating over low heat to a pan
      temperature of about 300.degree. F .+-. 20.degree. F.
PAR  The following examples are presented for the purpose of further
      illustrating and explaining the present invention and are not to be taken
      as limiting in any sense. Unless otherwise indicated, all parts and
      percentages are by weight.
PAC  EXAMPLE I
PAR  A dry yolk mix is prepared having the following composition:
TBL  INGREDIENTS                PARTS                                          
     ______________________________________                                    
     Tween 60 polyoxyethylene (20) sorbitan                                    
                                0.058                                          
      monostearate                                                             
     Atmos 300 mono and diglycerides of fat forming                            
      fatty acids               0.06                                           
     spray dried egg white      31.93                                          
     Supro 610 high molecular weight soy isolate                               
                                1.99                                           
     sodium caseinate           1.99                                           
     cottonseed oil             13.17                                          
     raw tapioca starch         1.99                                           
     guar gum                   0.20                                           
     gum arabic                 3.19                                           
     Calgon sodium hexametaphosphate (unadjusted)                              
                                1.19                                           
     salt                       0.79                                           
     Yellow No. 5 food coloring 0.02                                           
     Yellow No. 6 food coloring 0.002                                          
     non fat milk solids        40.75                                          
     sweet whey solids          2.79                                           
     ______________________________________                                    
PAR  A polyvinyl chloride sheet is formed into a mold of the configuration shown
      in the figures. The yolk portion has a volume of about 70 ml and the white
      portion a volume of about 150 ml at a thickness of about 3/16 inch. To the
      yolk portion of the form is added a uniform blend of 30 g. of the above
      yolk mix and 30 ml of water -- a water to dry ingredients ratio of 1. To
      the white portion of the mold is added 150 ml of fresh liquid egg white.
      The mold containing the egg is then placed in the freezer and the egg is
      frozen. After freezing, the egg is popped from the mold into an unheated,
      buttered fry pan. The pan is placed over a low flame (to a pan temperature
      of about 300.degree.F) to fry the egg. Initially as the white thaws, it
      starts to run into an amorphous shape, and some white starts coagulating.
      Nothing happens to the yolk at this point except that it starts to thaw,
      retaining its molded shape. When nearly all the white has thawed, the
      white continues to coagulate into the typical shape of fried egg white. At
      this point the yolk is about 2/3 thawed and has started to flatten (losing
      at this time part of the shape of mold) nearly to the point of running
      from its shape. However, after this brief flattening, the yolk starts to
      coagulate and, in so doing, draws itself tight and partly shrinks, now
      taking on the full demeanor of a natural sunnyside up yolk in appearance,
      shape and texture. The yolk is soft and natural when eaten. The entire
      time for this action to take place is about 51/2 minutes. The pan was not
      prewarmed prior to adding the frozen egg product to it because this would
      reduce any heat tolerance the white had.
PAC  EXAMPLE II
PAR  The procedure of Example I is repeated, but this time employing for the
      yolk phase 35 ml H.sub.2 O to 30 grms of the yolk mix. Here the yolk
      portion, having a water to dry ingredients ratio of about 1.17, is
      slightly runny but satisfactory.
PAC  EXAMPLE III
PAR  The procedure of Example I is again repeated but this time employing for
      the yolk portion 40 mls of H.sub.2 O to 30 grms of the yolk mix. The water
      to dry ingredients ratio is 1.33. Here the yolk is too runny and does not
      provide a satisfactory sunnyside up egg product. Complete frying produces
      a product having a flattened yolk, very similar in appearance to a natural
      egg having a broken yolk.
PAC  EXAMPLE IV
PAR  The procedure of Example I is again repeated but this time employing for
      the yolk portion 25 ml of H.sub.2 O per 30 grms of the yolk mix to obtain
      a water to dry ingredients ratio of 0.83. This time the yolk was firm but
      satisfactory.
PAC  EXAMPLE V
PAR  The procedure of Example I is again repeated but this time employing for
      the yolk portion 20 ml H.sub.2 O per 30 grms of the yolk mix. This time
      the yolk portion, having a water to dry ingredients ratio of 0.67, was too
      dry -- the texture more resembling a hard-boiled than a sunnyside up egg.
PAR  Many modifications and variations of the present invention will become
      apparent to those skilled in the art upon reading the above disclosure. It
      is intended that all such modifications and variations be included within
      the scope of the present invention which is defined by the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A frozen, molded, low cholesterol egg product having a bottom egg white
      portion and a yolk portion situated on the top thereof, thereby resembling
      a sunnyside up egg product comprising:
PA1  a. a simulated yolk portion having a water to dry ingredients ratio of from
      about 0.8 to about 1.2, and comprising, based on the weight of dry
      ingredients, from about 20% to about 45% of dry egg white, from about 5%
      to about 35% of an oil having a P/S of greater than 0.6, from about 10% to
      about 55% of a dry milk protein source, from about 0.5% to about 7% of
      vegetable gum, and flavoring, coloring and emulsifiers in an amount
      sufficient to maintain uniformity in the yolk portion and
PA1  b. a white portion consisting essentially of liquid egg white.
NUM  2.
PAR  2. An egg product according to claim 1 wherein the yolk portion comprises
      from about 25% to about 38% of the dry egg white, from about 10% to about
      28% of the oil, from about 15% to about 50% of the dry milk protein source
      and from about 3% to about 6% of the vegetable gum.
NUM  3.
PAR  3. An egg product according to claim 2 wherein the oil has a P/S of greater
      than about 1.0.
NUM  4.
PAR  4. A molded egg product according to claim 3 wherein the water to dry
      ingredients ratio is about 1.
NUM  5.
PAR  5. A method for preparing a frozen, molded, low cholesterol egg product
      resembling a sunnyside up egg product comprising:
PA1  a. providing a mold having a yolk cavity and a white cavity;
PA1  b. supplying to the yolk cavity, a simulated yolk portion having a water to
      dry ingredients ratio of from about 0.8 to about 1.2, and comprising,
      based on the weight of dry ingredients, from about 20% to about 45% of dry
      egg white, from about 5% to about 35% of an oil having a P/S of greater
      than about 0.6, from about 10% to about 55% of a dry milk protein source,
      from about 0.5% to about 7% of vegetable gum, and flavoring, coloring and
      emulsifiers in an amount sufficient to maintain uniformity in the yolk
      portion;
PA1  c. supplying to the white cavity on top of the yolk portion, a white
      portion consisting essentially of liquid egg white; and
PA1  d. freezing the yolk and white portions.
NUM  6.
PAR  6. A method of making an egg product according to claim 5 wherein the yolk
      portion of the egg product comprises from about 25% to about 38% dry egg
      white, from about 10% to about 28% of the oil, from about 15% to about 50%
      of the dry milk protein source and from about 3% to about 6% vegetable
      gums.
NUM  7.
PAR  7. A method for preparing a frozen egg product according to claim 6 wherein
      the oil in the yolk portion has a P/S of greater than about 1.0.
NUM  8.
PAR  8. A method for preparing a frozen egg product according to claim 7 wherein
      the water to dry ingredient ratio of the yolk portion is about 1.
NUM  9.
PAR  9. A method for preparing a low cholesterol egg product resembling a
      sunnyside up egg product comprising:
PA1  a. providing a mold having yolk cavity and a white cavity;
PA1  b. supplying to the yolk cavity, a simulated yolk portion having a water to
      dry ingredient ratio of from about 0.8 to about 1.2, and comprising, based
      on the weight of dry ingredients, from about 20% to about 45% of dry egg
      white, from about 5% to about 35% of an oil having a P/S of greater than
      about 0.6, from about 10% to about 15% of a dry milk protein source, from
      about 0.5% to about 7% of vegetable gum, and flavoring, coloring and
      emulsifiers in an amount sufficient to maintain uniformity in the yolk
      portion;
PA1  c. supplying to the white cavity on top of the yolk portion, a white
      portion consisting essentially of liquid egg white;
PA1  d. freezing the yolk and white portions;
PA1  e. removing the frozen egg product from the mold; and
PA1  f. frying the egg product over low heat to obtain a cooked, natural
      appearing sunnyside up egg product.
NUM  10.
PAR  10. A method according to claim 9 wherein the yolk portion comprises from
      about 25% to about 38% of the dry egg white, from about 10% to about 28%
      of the oil, from about 15% to about 50% of the dry milk protein source and
      from about 3% to about 6% of the vegetable gums.
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ABST
PAL  Dehydrated sugary syrups in the form of dried flakes or ground flakes
      obtained by thin film drying of liquid aqueous syrups of honey, high
      fructose corn syrup, invert sugar, corn syrup, malt syrup, sorghum syrup
      and/or molasses in the presence of ungelatinized starch which is partially
      gelatinized in situ and/or in the presence of a soy protein are
      agglomerated by adding a spray of water in small amounts to said flakes
      while tumbling them to form agglomerates, drying the said lightly
      moistened tumbled agglomerates by blowing warm air on them while
      continuing the tumbling until stickiness of the agglomerates is reduced,
      thereafter drying the resultant agglomerates on a tray or conveyor drier
      at temperatures within the range of 75.degree.F. to 180.degree.F. until
      the moisture content is reduced to approximately 3.5-4.0% by weight, and
      finally spraying the dried agglomerates with a light coating of an edible
      high melting fat.
BSUM
PAC  BACKGROUND
PAR  Dehydrated sugary syrups in the form of dried flakes or ground flakes can
      be obtained by thin film drying of liquid aqueous syrups of honey, high
      fructose corn syrup, invert sugar, corn syrup, malt syrup, sorghum syrup
      and/or molasses in the presence of ungelatinized starch which is partially
      gelatinized in situ and/or in the presence of a soy protein. Thus, high
      fructose corn syrup or mixtures of high fructose corn syrup and honey can
      be dehydrated to form a product either in the form of flakes or in the
      form of ground powder which is dry appearing and free of gummy, sticky and
      lumpy characteristics as disclosed in U.S. Pat. No. 3,718,484.
PAR  For some purposes it is desirable to agglomerate such flakes or powder into
      larger sized particles but attempts to accomplish this have been generally
      unsuccessful.
PAC  OBJECTS
PAR  One of the objects of the present invention is to provide a new and useful
      agglomeration process which is effective in agglomerating flakes or powder
      composed of products of the type previously described. Other objects will
      appear hereinafter.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Dehydrated sugary syrups in the form of dried flakes or ground flakes
      obtained by thin film drying of liquid aqueous syrups of honey, high
      fructose corn syrup, invert sugar, corn syrup, malt syrup, sorghum syrup
      and/or molasses in the presence of ungelatinized starch which is partially
      gelatinized in situ and/or in the presence of a soy protein are
      agglomerated by adding a spray of water in small amounts to said flakes
      while tumbling them to form agglomerates, drying the said lightly
      moistened tumbled agglomerates by blowing warm air on them while
      continuing the tumbling until stickiness of the agglomerates is reduced,
      thereafter drying the resultant agglomerates on a tray or conveyor drier
      at temperatures within the range of 75.degree.F. to 180.degree.F. until
      the moisture content is reduced to approximately 3.5-4.0% by weight, and
      finally spraying the dried agglomerates with a light coating of an edible
      high melting fat.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the practice of the invention the starting material is a dehydrated
      sugary syrup in the form of dried flakes or ground flakes obtained by thin
      film drying of liquid aqueous syrups of honey, high fructose corn syrup,
      invert sugar, corn syrup, malt syrup, sorghum syrup and/or molasses in the
      presence of ungelatinized starch which is partially gelatinized in situ
      and/or in the presence of a soy protein. As previously indicated certain
      products of this type are described in U.S. Pat. No. 3,718,484 where high
      fructose corn syrup or mixtures of high fructose corn syrup and honey are
      dehydrated in the presence of an ungelatinized starch which becomes
      partially gelatinized during the process. In U.S. Pat. No. 3,833,413
      similar products are described in which the products contain a certain
      type of water soluble soy protein.
PAR  In the present process these products in the form of flakes or in the form
      of ground flakes are tumbled in a rotating batch mixer or in a continuous
      drum mixer and are subjected to treatment with a fine water spray in an
      amount just sufficient to lightly moisten the flakes or powder. The
      lightly moistened flakes or powder adhere to each other building up
      agglomerates. The size of the agglomerates depends upon the moisture added
      and the adjustment of the spray nozzle as well as the length of tumbling
      time. A coarse spray produces larger and less uniform agglomerates.
      Usually, for the purpose of the present invention, the size of the spray
      nozzle orifices should not exceed 1/4 inch.
PAR  After the addition of the water has been completed a preliminary air drying
      step may be used. This consists of blowing warm air into the mixer while
      it is turning and this is continued until the stickiness is reduced. The
      length of time of this preliminary drying is generally about thirty
      minutes. The agglomerates retain their shape and size during this
      preliminary drying step.
PAR  The agglomerates are then dried on a tray or conveyor drier so that they
      are in a more or less static condition, as distinguished from tumbling, at
      temperatures within the range of 75.degree.F. to 180.degree.F. It is
      usually preferable to circulate warm dry air through and over the
      agglomerates until the moisture content is reduced to approximately
      3.5-4.0%.
PAR  The process is completed by returning the dried agglomerates to the
      tumbler-mixer and spraying them with a light coating of a high melting
      point edible fat.
DETD
PAR  The invention will be further illustrated but is not limited by the
      following examples in which the quantities are given by weight unless
      otherwise indicated.
PAC  EXAMPLE I
PAR  The starting material was a product composed of high fructose corn syrup
      solids, honey solids, partially gelatinized wheat starch, and hydroxylated
      lecithin in the form of dried flakes obtained by the general procedure of
      Example I of U.S. Pat. No. 3,718,484 using the ingredients of Example V of
      said patent but without reducing the particle size in a hammermill.
      Various amounts of water were added to said flakes in a tumbler mixer
      according to the procedure previously described as follows:
PA1  a. with the addition of 3 pounds of water per 30 pounds of flakes and a
      tumble time period of 9 minutes, the agglomerates exhibited poor cohesion.
      Some agglomerates were soft. Excessive amounts or fines or unagglomerated
      flakes remained. The dried agglomerates were fragile. The size of the
      agglomerates averaged 8 mesh.
PA1  b. when the procedure was carried out as in (a) but with the addition of 4
      pounds of water per 30 pounds of flake and a tumble period of 12 minutes,
      the agglomerates showed better cohesion than in (a) although the dried
      agglomerates were still soft, a considerable amount of unagglomerated
      flakes remained. The size of the agglomerates was 8 mesh.
PA1  c. the procedure was the same as in (a) except that five pounds of water
      was added per 30 pounds of flakes and the tumble time period was 15
      minutes. Cohesion was satisfactory. The finished agglomerates were firmer.
      Some flakes remained but fewer than in (a) and (b). The size of the
      agglomerates was 4 mesh.
PA1  d. the procedure was the same as in (a) except that 6 pounds of water per
      30 pounds of flakes was added and the tumble time period was 18 minutes.
      This gave good cohesion. Very little, if any, unagglomerated flake
      remained. The dried agglomerates were firm and commercially acceptable.
      The size of the agglomerates was 4 mesh.
PA1  e. the procedure was the same as in (a) except that 7 pounds of water per
      30 pounds of flakes was added and the tumble time period was 21 minutes.
      The size of the agglomerates was approximately 4 mesh. However, the
      mixture in the mixer was too wet giving rise to the formation of balls of
      product approximately 1/2 inch in diameter. Agglomeration was excellent
      but preliminary drying and final drying was very slow and the resultant
      product was hard.
PA1  f. the procedure was the same as in (a) except that 8 pounds of water per
      30 pounds of flakes was used and the tumble time period was 24 minutes.
      The size of the agglomerates was 4 mesh. Large numbers of balls formed.
      The mixture in the mixer tended to form a dough rather than an
      agglomerate. Preliminary drying and final drying was extremely slow. The
      resulting agglomerates were hard and not suitably sized for most purposes.
PAC  EXAMPLE II
PAR  The same procedure was used as in Example I with a water addition level of
      5 to 6 pounds per 30 pounds of flakes agglomerated or tumbled for 15
      minutes and the drying conditions were varied as follows:
PA1  a. the drying temperature was 75- 80.degree.F. and the drying time 16
      hours. The final moisture content was 5.0- 7.0%. The resultant
      agglomerates were soft and chewy.
PA1  b. the drying temperature was 75.degree.-80.degree.F. and the drying time
      40 hours. The agglomerates had a moisture content of 4.0-6.0%. The product
      was very chewy and tougher than that produced in (a).
PA1  c. the drying temperature was 105.degree.-115.degree.F. and the drying time
      16 hours. The product moisture was 1.5 to 2.0% and the resultant
      agglomerates were crisp. They retained their agglomerated shape and had a
      crunchy characteristic when masticated.
PA1  d. the drying temperature was 125.degree.-180.degree.F. and the drying time
      8 to 12 hours. The product moisture was 2.0 to 4.0%. The texture of the
      agglomerates was dry and crisp and superior to the texture obtained in (a)
      and (b) of this example.
PAR  The foregoing examples demonstrate that as the amount of water incorporated
      increases, the time necessary for absorption also increases. The range of
      amounts of water used can vary from 3 pounds per 30 pounds of flake or a
      minimum of 10% by weight to 8 pounds per 30 pounds of flake, or a maximum
      of about 27% by weight. However, the optimum water addition is 5 to 6
      pounds (16-20% by weight) of water per 30 pounds of flake.
PAR  The minimum drying temperature is 75.degree.F. and the maximum drying
      temperature is 180.degree.F. However, the optimum drying range is
      125.degree.-180.degree.F. for 8 to 12 hours and the moisture content
      should be reduced to a range of 1.5 to 7.0%, preferably 3.5-4.0%, by
      weight.
PAR  The foregoing conditions apply, regardless of whether the product to be
      agglomerated is a mixture containing fructose solids and honey solids or
      whether it is a flake derived entirely by dehydrating honey in the
      presence of starch and/or soy protein or by dehydrating molasses in the
      presence of starch and/or soy protein or by dehydrating other sugary
      syrups containing invert sugar, corn syrup, malt syrup, sorghum syrup,
      molasses, honey, high fructose corn syrup and mixtures thereof, dehydrated
      in the presence of starch and/or soy protein.
PAR  If the agglomerates are to be stored for any substantial period of time, it
      is desirable to coat them, after they have been dried in the manner
      previously described, by returning them to the tumble mixer and spraying
      them with a high melting hydrogenated fat having a melting point above
      100.degree.F. and preferably around 115.degree.F. to 116.degree.F. For
      this purpose any of the well known edible shortening materials usually
      employed in cooking can be used. The purpose of the fat coating is to
      minimize hydroscopicity of the agglomerates during storage. The amount of
      edible fat employed is usually within the range of 1-7% by weight of the
      agglomerates and the optimum quantity is 3-5% by weight.
PAR  In the initial products which are agglomerated in accordance with the
      process of the invention, the relative proportions of sugar solids and
      starch solids are within the range of 40 to 70 parts of sugar solids to 60
      to 30 parts of starch solids. While it is preferable to have starch solids
      derived from wheat starch, other types of starch including rice starch and
      corn starch, preferably grain starches, having a gelatinization
      temperature not lower than 150.degree.F. can be employed. If a soy protein
      is included in the initial composition the amount of starch is
      correspondingly reduced. Thus, where mixtures of soy protein and starch
      are present the proportions are preferably within the range of 0.25 part
      to 29.75 parts by weight of soy protein and 29.75 parts to 0.25 part by
      weight of the starch per 70 parts by weight of the sugar syrup. If the
      starch is omitted altogether, the soy protein preferably corresponds to at
      least 30 parts per 70 parts by weight of the sugar syrup.
PAR  Where a soy protein is employed it should have a high protein content of at
      least 45% by weight and the water soluble protein content should be at
      least 20% by weight of the total protein content, preferably within the
      range of 20-90% by weight. A soy protein should be used which has been at
      least partially defatted and the weight ratio of water soluble protein to
      fat content should be at least 1.5:1 and preferably within the range of
      1.5:1 to 90:1. Percentagewise in terms of weight percent the fat content
      of the soy protein is usually within the range of 1% to 16% but a soy
      protein having a high protein content and a low fat content in which the
      water soluble protein content is relatively low is undesirable.
PAR  If the initial product to be agglomerated is a mixture of sugar solids, for
      example, a mixture of high fructose corn syrup solids and honey solids or
      a mixture of high fructose corn syrup solids and sorghum solids, the
      weight ratio of the two components of the mixture is usually within the
      range of 15:85 to 85:15.
PAR  The term "high fructose corn syrup" as used herein refers to a corn syrup
      in which the solids content is a minimum of at least 40% by weight
      fructose (levulose), at least 40% by weight dextrose and the remainder
      high saccharides, chiefly maltose. The water content can vary but is
      usually around 29.0% by weight. The mineral content is small, usually
      about 0.05% by weight. A typical high fructose corn syrup contains 29.0%
      water and 71% solids. The solids consist essentially of 42% fructose,
      50.0% dextrose and 8.0% higher saccharides, chiefly maltose.
PAR  Honey has the following composition (average of 490 samples of liquid honey
      Table 1, page 11, "Composition of American Honey", United States
      Department of Agriculture Research Technical Bulletin 1M-2b):
TBL            % by Weight                                                     
               Normal Moisture                                                 
                           Solids Calculated                                   
               Basis       to a Dry Basis                                      
     ______________________________________                                    
     Water       17.200        --                                              
     Fructose    38.190        46.200                                          
     Dextrose    31.280        37.705                                          
     Sucrose     1.310         2.582                                           
     Maltose     7.310         8.828                                           
     Higher Saccharides                                                        
                 1.500         1.810                                           
     Ash         0.169         0.204                                           
     Nitrogen    0.041         0.050                                           
     Undetermined                                                              
                 3.000         3.621                                           
                 100.000       100.000                                         
     ______________________________________                                    
PAR  Throughout the specification and claims the "water solubility" of the water
      soluble soy protein refers to water solubility as determined by a standard
      testing method given in Association of Official Agricultural Chemists
      (A.O.A.C.) 9th Edition, page 164, test 13.032, published in 1960.
PAR  The term "molasses" as used herein refers to the uncrystallizable syrup
      obtained on boiling down raw cane sugar or beet sugar which usually
      contains 70-75% solids and 30 to 25% water.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. A process for forming agglomerates of dehydrated sugary syrups obtained
      initially in the form of dried or ground flakes obtained by thin film
      drying of said syrups in the presence of a substance selected from the
      group consisting of ungelatinized starch which is partially gelatinized in
      situ during the dehydration and soy protein, said sugary syrups being
      selected from the group consisting of corn syrup, malt syrup, sorghum
      syrup, molasses, honey, high fructose corn syrup, sugary syrups containing
      invert sugar, and mixtures thereof, the said syrups being intimately mixed
      with one or more of said substances to form a slurry and subsequently said
      slurry being subjected in a thin film to a heated surface for a period of
      time sufficient to dehydrate said slurry to form a thin dehydrated film
      and the dried flakes or ground flakes being formed from said dehydrated
      film, which comprises spraying said dried or ground flakes with 10% to 27%
      by weight, based on the weight of said flakes, while tumbling them to form
      agglomerates, drying the resultant moistened tumbled agglomerates by
      blowing air on them while continuing the tumbling until stickiness of the
      agglomerates is reduced, and thereafter drying the resultant agglomerates
      in a static condition at temperatures within the range of
      75.degree.-180.degree.F. until the moisture content is reduced to
      approximately 1.5-7% by weight.
NUM  2.
PAR  2. A process as claimed in claim 1 in which the dried agglomerates are
      sprayed with a 1-7% by weight coating of an edible high melting fat having
      a melting point of at least 100.degree.F.
NUM  3.
PAR  3. A process as claimed in claim 1 in which the moisture content of the
      agglomerates is reduced to approximately 3.5 to 4.0% by weight.
NUM  4.
PAR  4. A process as claimed in claim 1 in which the amount of water added in
      the tumbling is 16-20% by weight.
NUM  5.
PAR  5. A process as claimed in claim 1 in which the drying temperature is
      125.degree.F. to 180.degree.F. and the drying time is 8 to 12 hours.
NUM  6.
PAR  6. A process as claimed in claim 1 in which the dried agglomerates are
      sprayed with a coating of an edible high melting fat having a melting
      point of at least 100.degree.F., the quantity of said fat being within the
      range of 3% to 5% by weight of the agglomerates.
NUM  7.
PAR  7. A process as claimed in claim 1 in which said dehydrated sugary syrup
      comprises high fructose corn syrup solids.
NUM  8.
PAR  8. A process as claimed in claim 1 in which said dehydrated sugary syrup
      consists essentially of high fructose corn syrup solids and honey solids
      in a weight ratio of 15:85 to 85:15.
NUM  9.
PAR  9. A process as claimed in claim 1 in which said dehydrated sugary syrup
      comprises molasses solids.
NUM  10.
PAR  10. A process as claimed in claim 1 in which said dehydrated sugary syrup
      comprises honey solids.
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ABST
PAL  In a composition for the brine curing of cucumbers with salt to make pickle
      products, the improvement comprising using dehydroacetic acid as a
      processing additive in a sufficient amount to reduce pickle bloating while
      maintaining yeast growth.
PARN
PAR  This is a division of application Ser. No. 294,722, filed Oct. 3, 1972, now
      U.S. Pat. No. 3,849,579.
BSUM
PAR  This invention relates to an improvement in reducing the amount of spoilage
      in pickle brining processes. More specifically, this invention relates to
      a process and composition for reducing cucumber bloating during the brine
      cure of cucumbers. Cucumbers are typically converted to pickle products by
      brine-curing which is defined hereinafter in the specification as treating
      cucumbers with salt and/or salt solutions to cure the cucumber by natural
      bacteriological fermentation processes. Micro-organisms cause fermentation
      during the brining process. These micro-organisms essentially come from
      the cucumbers, their adhering particles of soil, the tanks themselves, and
      the brine. The growth of micro-organisms during fermentation produces
      primarily lactic and acetic acids, alcohols, and gases, such as carbon
      dioxide. The gas from these micro-organisms enters or is entrapped by the
      cucumbers causing bloating of the cucumbers which results in defective
      pickles. Bloating is defined hereinafter in the specification to mean the
      formation or entrapment of gases or liquids in the cavities or skins of
      the cucumber from micro-organisms during the brining process. Bloatings
      are of two types-- one type being the lens type wherein gas pockets are
      formed in the individual cucumber seed carpels and are roughly lens
      shaped. In a Ballon-type bloater, the carpels of the cucumber separate
      because of internal gas pressure and are pressed flat toward the skin
      leaving a gas-filled or liquid cavity. Bloating results in up to 75
      percent of the cucumber stock being spoiled during the brining cure. There
      has been a long-felt need by pickle manufacturers to reduce bloating
      during the brining cure. Prior attempts to reduce bloating have been
      ineffective.
PAR  Applicant has discovered that bloating during the brining of cucumber
      products to produce pickle products can be substantially reduced while
      maintaining the growth of desirable micro-organisms during the natural
      fermentation when brining takes place with the use of dehydroacetic acid
      as a processing additive.
PAR  Another aspect of the invention is that dehydroacetic acid in the brining
      process was found to be more efficient than typical, expensive additive
      mycostatic agents, such as potassium sorbate. Dehydroacetic acid is
      effective in reducing bloating in neutral to acid brine conditions.
      Potassium sorbate is effective only in acid conditions and requires time
      for the bacteria to produce enough acid to lower the brine pH enough to
      permit the sorbate's mycostatic action. During this time, the yeast is
      producing gases resulting in irreversible defects in the pickles since the
      yeast can multiply unrestrictedly.
PAR  Dehydroacetic acid was found not to contaminate the walls of the pickling
      tanks with dehydroacetic yeast resistant strain. Hence, when dehydroacetic
      acid is used, the pickling tanks can be reused without contaminating the
      walls of the containers which resulted in further spoilage.
PAR  Dehydroacetic acid at low levels does not hinder yeast growth, but merely
      suppresses their gas production which causes pickle bloating. Potassium
      sorbate suppresses yeast growth to reduce bloating. Dehydroacetic acid is
      less expensive than potassium sorbate and only a minor amount relative to
      potassium sorbate is needed, resulting in less cost. Another advantage of
      dehydroacetic acid is that it is odorless and tasteless. Applicant also
      discovered that low levels of caprylic acid reduced bloating, but resulted
      in the pickles having an off taste.
PAR  In a typical brining process, fresh green cucumbers are added to a large
      container, tank, or vat wherein they are brined with salt. The amount of
      salt or salt solution varies and is measured in terms of brine salinity
      which is defined as degrees salometer as measured by a hydrometer
      calibrated in percent of saturation with respect to sodium chloride (0 to
      100 percent sal.). Degrees salometer are converted to approximate
      equivalent in percent of salt by weight; for example, 20.degree.,
      30.degree., and 40.degree. sal. brines would approximate brines with 5, 8,
      and 10 percent of salt. Typically, the amount of cucumbers put into a
      container ranges from 200 to 2,000 bushels and a salt brine of suitable
      concentration is added to the brining container. Concentration of the salt
      added initially usually ranges from 6 to 12 percent and is increased
      gradually to 10 to 15 percent at the end of 4 to 6 weeks. Brining tanks
      are outdoors exposed to sunlight; hence the temperature of the brine cure
      process varies depending on locality and upon the time of the year. In the
      North a lower amount of cucumbers are added to the container vats and the
      salting method usually consists of a combination of dry salting and brine
      solution. The initial salt concentration is about 6 to 7.5 percent and is
      not raised according to any set standard, but is dependent on temperature
      conditions and the acid fermentation. Further details on conventional
      brine curing of cucumbers is found in "Advances in Cucumber Pickling",
      Yearbook of Agriculture (1950-1951), by John L. Etchells, Ivan D. Jones,
      and Thomas Bell, the entire publication of which is hereby incorporated by
      reference. During brining, most of the micro-organisms that cause
      fermentation come from the cucumber and adhering particles of soil. During
      the natural fermentation of cucumbers for salt stock, the following salt
      tolerant microbial groups are present: acid-forming bacteria
      (Lactobacillus, Pediococcus), yeast, coliform bacteria, and other halophic
      bacteria and bacteria of lesser importance. As a result of the growth of
      these organisms, lactic acid, acetic acid, and gases are produced which
      can result in high pickle bloating. Applicant has discovered that when
      dehydroacetic acid was added to the brine solution, pickle bloating was
      substantially reduced. Dehydroacetic acid reduces the amount of gas
      formation by the yeast while not retarding the yeast growth. Further
      details on yeast and bacterial growth is described in "Advances in
      Cucumber Pickling", pages 9-11 (supra).
PAR  The fact that dehydroacetic acid is effective at stopping gas production by
      the yeast and does not stop its growth, removes the possibility of
      dehydroacetic acid resistant yeast strains being selected in the tanks
      which can then act as dehydroacetic resistant yeast cultures which can
      become an inoculum for future cucumber stock in that particular tank.
PAR  Dehydroacetic acid is 3-acetyl-6-methyl-1,2-pyran-2,4(3H)-dione, otherwise
      known as methylacetopyronone. The dehydroacetic acid can be added
      initially to the salt brine or after the cucumbers are added. The amount
      of dehydroacetic acid used ranges from about 0.005 percent to 0.50 percent
      based on total volume of the brine solution and cucumbers. Good results
      were obtained when 0.005 percent to 0.025 percent was used. Preferred
      amount is 0.015 percent. Water-soluble salts of dehydroacetic acid can
      also be used, such as sodium dehydroacetic acid or potassium dehydroacetic
      acid.
PAR  Dehydroacetic acid was also found to be effective when employed alone or
      with other mycostatic agents, such as potassium sorbate, sodium benzoate,
      and caprylic acid, when added to the cushion brine. Optionally,
      fermentation stimulators can also be added to brine such as yeast extract
      and mannitol.
PAR  Once the cucumbers are salt brined, cured, and have been treated with
      dehydroacetic acid, various finished pickle products are made from
      completely cured salt stock (cucumbers) by leaching out the salt, souring
      with vinegar, or sweetening with sugar.
DETD
PAR  The following examples show ways in which my invention has been practiced,
      but should not be construed as limiting the invention. In this application
      all temperatures are in degrees Fahrenheit and all parts are parts by
      weight unless otherwise specified.
PAC  EXAMPLE 1
PAR  A 45-gallon pickling drum was thoroughly washed with water and lime, and
      rinsed. One foot of 44.degree. salometer cushion brine was added to the
      pickling drum and 25.5 grams of dehydroacetic acid added. 527 grade No. 8
      size (large) cucumbers were put into the drum and the drum was then filled
      with brine to cover the cucumbers. This resulted in (0.015 percent)
      dehydroacetic acid by volume of the brine solution and cucumbers. When the
      lactic acid concentration of the drum reached 0.7 percent, adjusted to
      50.degree. percent salometer with dry salt, raising it by 2.degree.
      percent salometer per day. After 4 months, the pickles were removed and
      tested for the amount of bloating.
PAR  The amount of bloating was determined by slicing the pickles and measuring
      the length and type of the defects (gaseous hollow portions). The pickles
      were classified into those having defects of over 20 percent of the
      longitudinal length of the pickle and those having less than 20 percent.
      The results indicated that only 11.4 percent of the 527 pickles tested had
      defects over 20 percent and 5.1 percent of the 527 pickles tested had
      defects under 20 percent.
PAR  The amount of Lens defect was 9.3 percent. Honeycomb defect was 9.3 percent
      (see Table 1). Honeycomb defect is defined as when the center of the
      pickle becomes soft and mushy from a series of lens defects. Pickles
      having serious defects have to be used to produce less valuable products,
      such as relish; hence a loss in quality pickle stock is realized.
PAC  EXAMPLE 2-8
PAR  For control purposes, pickles were treated in Examples 2 - 8 in the same
      procedure as in Example 1, except that in Examples 2 and 7, no
      dehydroacetic acid was added. In Examples 3, 4, 5, and 6 the amount of
      dehydroacetic acid varied from 0.005, 0.01, 0.02, and 0.025 percent,
      respectively. In Example 8, 0.03 percent of potassium sorbate was added
      instead of dehydroacetic acid. The results are shown in Table 1.
PAC  EXAMPLE 9
PAR  The same procedures were followed as in Example 1, except that 0.01 percent
      caprylic acid was used instead of dehydroacetic acid and 0.01 percent
      yeast extract (fermentation stimulator) was added. The amount of defects
      over 20 percent decreased from 16 percent to 8.5 percent.
PAC  SUMMARY OF TABLE 1
PAR  The results of Table 1 showed that when no mycostatic agent was added, 45.6
      percent of the pickles had defects of over 20 percent in length. When .005
      percent dehydroacetic acid was added to the pickling drum, the percent of
      defects over 20 percent decreased to 33.9 percent. When 0.10 percent
      dehydroacetic acid was employed, the amount of defects over 20 percent
      decreased to 13.5 percent. When 0.015 percent dehydroacetic acid was
      added, the amount of defects over 20 percent decreased to 11.4 percent.
      When .020 percent dehydroacetic acid was added, the defects of over 20
      percent were decreased to 17.1 percent. When potassium sorbate was used,
      defects under 20 percent were raised to 20.0 percent, but defects over 20
      percent remained over 45 percent. (Add under 20 percent defects). Neither
      dehydroacetic acid nor potassium sorbate had a significant effect on
      honeycomb defect or lens defect.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                            Defects                                            
             Pickle         Over                                               
                                Under                                          
                                     Lens                                      
     Example                                                                   
          Drum                                                                 
             Stock                                                             
                 DHA %                                                         
                      Sorbate %                                                
                            20% 20%  %   Honeycomb %                           
                                                Total %                        
                                                     Number Checked            
     __________________________________________________________________________
     1    1  RG 8                                                              
                 0.015                                                         
                      0.000 11.4                                               
                                5.1  9.3 9.8    35.1 527                       
     2    2  RG 8                                                              
                 0.000                                                         
                      0.000 45.6                                               
                                8.6  8.2 5.8    68.2 502                       
     3    3  RG 8                                                              
                 0.005                                                         
                      0.000 33.9                                               
                                9.3  5.2 7.1    55.5 496                       
     4    4  RG 8                                                              
                 0.010                                                         
                      0.000 13.5                                               
                                5.4  5.6 4.0    28.5 496                       
     5    5  RG 8                                                              
                 0.020                                                         
                      0.000 17.1                                               
                                21.8 1.8 1.0    41.7 510                       
     6    6  RG 8                                                              
                 0.025                                                         
                      0.000 15.9                                               
                                13.5 2.3 2.1    33.9 515                       
     7    7  RG 8                                                              
                 0.000                                                         
                      0.000 50.8                                               
                                15.2 7.7 12.2   85.9 533                       
     8    8  RG 8                                                              
                 0.000                                                         
                      0.03  48.2                                               
                                20.0 7.3 7.3    82.8 519                       
     __________________________________________________________________________
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. In combination with cucumbers, a brine curing composition for curing
      said cucumber by natural bacteriological fermentation, the improvement
      which comprises said brine curing composition having between about 0.005%
      to 0.5% by volume of dehydroacetic acid in the brine solution based on the
      total volume of brine solution and cucumbers.
NUM  2.
PAR  2. The combination of claim 1 wherein said dehydroacetic acid is derived
      from a water-soluble salt of dehydroacetic acid.
NUM  3.
PAR  3. The combination of claim 2 wherein the salt is selected from sodium
      dehydroacetic acid and potassium dehydroacetic acid.
PATN
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ABST
PAL  A selected demineralized and partially delactosed whey is used as a
      substitute for nonfat dry milk in various food compositions. The selected
      whey has a predetermined ash to protein ratio of 0.01 to 0.3. Also, the
      selected whey can be combined with a modified starch to provide a
      satisfactory replacement for the nonfat dry milk constituent in baked
      goods.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is related to whey and whey blends for use as an ingredient
      in bakery products and the like.
PAR  Whey products have been proposed as low cost substitutes for nonfat dry
      milk (NFDM) for various bakery products, especially since the price of
      NFDM continues to increase. However, when whey is substituted for NFDM
      many baked products suffer in the exchange. For example, when substituting
      for NFDM in cake batters, the resultant batter produces cakes with low
      volume, poor overall quality scores, and poor keeping properties. The whey
      batter would also have a lower absorption requirement than the NFDM thus
      reducing the overall batter yield. These and other problems must be
      addressed so that the correct whey and whey blend can be selected for use
      in bakery related products.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is the provision of a selected whey constituent
      for use in food compositions.
PAR  Another object of the invention is to provide a whey blend constituent for
      use in baked goods and the like.
PAR  A further object of the invention is to provide a selected whey and a whey
      blend for use as a constituent in cake and bread compositions and the like
      which may be used as a substitute for NFDM.
PAR  Accordingly, a selected partially demineralized and partially delactosed
      whey has been found to be a satisfactory replacement for NFDM. Also, a
      blend of partially demineralized and partially delactosed whey plus a
      modified starch has been used and found effective as a replacement for
      NFDM.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The term "whey" ordinarily means the liquid remaining after the removal of
      the casein and fat from milk. Whey can be made from skim milk, whole milk
      or buttermilk. Normally, whole liquid whey is the liquid obtained from the
      process of making cheese. Although the composition of the whole liquid
      whey may vary somewhat according to the particular cheese making process,
      an approximate composition of whole liquid whey, percent by weight, is:
      Water - 93.2%; Protein - 0.9%; Lactose - 5.1%; Fat - 0.3%; and Minerals -
      0.5%.
PAR  The liquid contains therefore approximately 7% by weight solids, which are
      obtained by one of several known processes to remove water, or some or all
      of the non-protein constituents. An approximate regular dry whey solid has
      a composition in percent by weight of: Protein - 12.5%; Fat - 1%; Moisture
      - 4.5%; Ash - 9%; and Lactose - 73%.
PAR  An important feature of the invention is the composition of a selected
      partially demineralized and partially delactosed whey solid comprising the
      following ingredients and proportions:
     Ingredients Percent by Weight                                             
     Whey Solids Range         Preferred                                       
     ______________________________________                                    
     Lactose     20-60         32                                              
     Protein     25-80         54                                              
     Ash          1-12         10                                              
     Moisture    2-6           4                                               
     Fat         0-2           trace                                           
     Ash/Protein 0.01-0.3      0.2                                             
     ______________________________________                                    
PAL  Such a selected whey composition is identified as: Enrpro 50 (Stauffer
      Chemical Co., Edina, MN.) or Foretein 35 (Foremost Food Co., San
      Francisco, CA.).
PAR  Another important feature of the invention is the composition of a blend of
      the selected partially demineralized and partially delactosed whey
      combined with a modified starch such as National 711 (National Starch and
      Chemical Corp., N.Y., N.Y.) or Instant 721A (American Maize Products Co.,
      N.Y., N.Y.), having the following approximate impurity ingredients and
      proportions:
TBL            Approximate                                                     
               Percent by Weight                                               
     Modified Starch                                                           
                 Range             Preferred                                   
     ______________________________________                                    
     Protein     0-0.3             0.15                                        
     Fat         0-0.5             0.25                                        
     Fibre       0-0.2             0.10                                        
     Ash         0.1-0.7           0.3                                         
     Moisture    5-12              6.0                                         
     ______________________________________                                    
DETD
PAC  EXAMPLE I
PAR  As an example of the practice of the invention, four different cake lots
      (18 items per lot) were made, lot I-A used NFDM, lot I-B used regular
      whey, lot I-C used the selected partially demineralized and partially
      delactosed whey, and lot I-D used the blend of the partially demineralized
      and partially delactosed whey combined with the modified starch. The cake
      constituents comprised the following:
TBL  Approximate Percent by Weight (Preferred)                                 
     Ingredients                                                               
                I-A     I-B     I-C     I-D                                    
     __________________________________________________________________________
     Flour      29.00   29.0    29.0    30.10                                  
     Sugar      29.00   29.0    30.00   30.0                                   
     Water      18.00   18.0    18.0    18.0                                   
     Eggs       18.0    18.0    18.0    18.0                                   
     Leavening  1.50    1.5     1.5     1.5                                    
     Salt       .80     .8      .8      .8                                     
     Emulsifier .50     .5      .5      .5                                     
     Flavor     .20     .2      .2      .2                                     
                Range/  Range/  Range/  Range/                                 
                Preferred                                                      
                        Preferred                                              
                                Preferred                                      
                                        Preferred                              
     NFDM       0-5.0/3.0                                                      
     Regular Whey Solids                                                       
                        0.75-9.0/3.0                                           
     Selected Whey Solids       0.4-3.0/2.00                                   
                                        0.4-3.0/0.75                           
     Modified Starch                     0-1.0/0.15                            
     __________________________________________________________________________
PAC  PROCEDURE:
PAR  The cakes were prepared according to the following procedure. Adjustments
      were made by procedures familiar to those skilled in the art in the
      amounts of sugar and flour in percent by weight to compensate for those
      cases where there is a difference between the amounts of NFDM, regular
      whey, selected whey, and whey blend added.
PAR  Combine and blend all dry ingredients except the leavening, add eggs and
      one third of the water, and mix for three minutes at high (third) speed on
      a C100 Hobart Mixer (Hobart Manufacturing Co., Troy, Ohio) with a cake
      wire whip. Add the remaining water and leavening and mix two minutes at
      low (first) speed. Bake in an appropriate snack cake pan for 12 minutes at
      400.degree.F.
PAR  The procedure was repeated for all four lots in the indicated ranges and
      according to standard techniques.
PAC  RESULTS:
PAR  Cakes were evaluated at 24 hours and five days after baking for volume,
      quality and keeping quality. The selected whey and whey blend cakes were
      equal to the NFDM in volume and quality at 24 hours. The selected whey
      cakes exhibited better keeping properties than the NFDM cakes at five day
      evaluation. Regular whey cakes were lower in volume, and poorer in quality
      and keeping properites than the other cakes at the 24 hour and five day
      evaluation.
PAC  EXAMPLE II
PAR  As a second applicable example in contrast to Example I of the practice of
      the invention, four different lots (four items per lot) of layer cake
      utilizing a shortening ingredient were prepared, lot II-A used NFDM, lot
      II-B used regular whey solids, lot II-C used the selected partially
      demineralized and partially delactosed whey solids, and lot II-D used the
      blend of the partially demineralized and partially delactosed whey
      combined with the modified starch. The layer cake constituents comprise
      the following:
TBL  Approximate Percent by Weight (Preferred)                                 
     Ingredients   II-A     II-B     II-C   II-D                               
     ______________________________________                                    
     Flour         24.5     24.5     24.5   25.5                               
     Sugar         29.50    29.5     29.5   30.5                               
     Water         30.25    30.25    30.25  30.25                              
     Whole Egg Solids                                                          
                   3.00     3.00     3.00   3.00                               
     Shortening    7.00     7.00     7.00   7.00                               
     Leavening     1.50     1.50     1.50   1.50                               
     Salt          .75      .75      .75    .75                                
     Emulsifier    .50      .50      .50    .50                                
     NFDM          3.00     --       --     --                                 
     Regular Whey Solids                                                       
                   --       3.00     --     --                                 
     Selected Whey Solids                                                      
                   --       --       3.00   .85                                
     Modified Starch                                                           
                   --       --       --     .15                                
     ______________________________________                                    
PAC  PROCEDURE:
PAR  The cakes were prepared according to the following procedure:
PAR  Combine and blend the dry ingredients, add the shortening and two-thirds of
      the water while mixing at low (first) speed with the cake paddle on C100
      Hobart Mixer. Mix 21/2 minutes at high (third) speed, add the remaining
      water and mix two minutes at low (first) speed on the C100 Hobart Mixer.
PAR  Weigh 13 ounces into a greased 8" round layer cake pan. Bake 25 minutes at
      375.degree.F.
PAR  The procedure was repeated for lot II-C with the selected whey varying from
      0.4-3.0 percent by weight. The procedure was repeated for lot II-D with
      the blend varying for the selected whey from 0.4-3.0 and for the modified
      starch from 0-1.0 percent by weight. The sugar and flour amounts were
      adjusted accordingly.
PAC  RESULTS:
PAR  The cakes were evaluated at 24 hours and five days for volume, quality, and
      keeping quality. The regular whey cake was poorer in quality and lower in
      volume than the NFDM cake. The selected whey and selected whey starch
      blend cakes were judged superior to the NFDM cake in quality and keeping
      properties. Volume of the selected whey and selected whey starch blend
      cakes was greater than the NFDM cakes.
PAC  EXAMPLE III
PAR  As still another applicable example of the practice of the invention, four
      different lots (18 items per lot) of baking powder biscuits were prepared,
      lot III-A used NFDM, lot III-B used regular whey solids and lot III-C used
      the selected partially demineralized and partially delactosed whey and lot
      III-D used the blend of partially demineralized and partially delactosed
      whey combined with the modified starch. The baking powder biscuit
      constituents comprise the following:
TBL  Approximate Percent by Weight (Preferred)                                 
     Ingredients   III-A    III-B    III-C  III-D                              
     ______________________________________                                    
     Flour         45.0     45.0     46.5   47.6                               
     Leavening     4.0      4.0      4.0    4.0                                
     Salt          1.0      1.0      1.0    1.0                                
     Shortening    10.0     10.0     10.0   10.0                               
     Water         36.0     36.0     36.0   36.0                               
     NFDM          4.0      --       --     --                                 
     Regular Whey Solids                                                       
                   --       4.0      --     --                                 
     Selected Whey Solids                                                      
                   --       --       2.5    1.20                               
     Modified Starch                                                           
                   --       --       --     .20                                
     ______________________________________                                    
PAC  PROCEDURE:
PAR  The biscuits were prepared according to the following procedure: Combine
      and thoroughly blend the dry ingredients, cut in the shortening, add the
      water and mix 30 seconds at low (first) speed on the C100 Hobart Mixer
      with a cake paddle.
PAR  Drop 50 gram dough pieces onto a cookie sheet. Bake 15 minutes at
      425.degree.F.
PAR  The procedure was repeated for lot III-C ranging with the selected whey
      varying from 0.4-3.0 percent by weight. The procedure was repeated for
      III-D with the blend varying for the selected whey from 0.4-3.0 and for
      the modified starch from 0-1.0 percent by weight. The flour amounts were
      adjusted accordingly.
PAC  RESULTS:
PAR  The biscuits were evaluated at 24 hours for volume and quality. The
      selected whey and whey blend biscuits and the NFDM biscuits were judged to
      be equal. The regular whey biscuits were low in volume, and had a dense
      gummy mouth feel.
PAC  EXAMPLE IV
PAR  As yet another applicable example of the practice of the invention, four
      different lots (18 items per lot) of common muffins were prepared, lot
      IV-A used NFDM, lot IV-B used regular whey solids, lot IV-C used the
      selected partially demineralized and partially delactosed whey, and lot
      IV-D used the blend of partially demineralized and partially delactosed
      whey combined with the modified starch. The muffin constituents comprise
      the following:
TBL  Approximate Percent by Weight (Preferred)                                 
     Ingredients   IV-A     IV-B     IV-C   IV-D                               
     ______________________________________                                    
     Flour         39.0     39.0     40.0   40.50                              
     Salt          .65      .65      .65    .65                                
     Sugar         8.50     8.50     8.50   9.00                               
     Leavening     2.00     2.00     2.00   2.00                               
     Whole Egg Solids                                                          
                   4.50     4.50     4.50   4.50                               
     Vegetable Oil 5.00     5.00     5.00   5.00                               
     Water         37.35    37.35    37.35  37.35                              
     NFDM          3.00     --       --     --                                 
     Regular Whey Solids                                                       
                   --       3.00     --     --                                 
     Selected Whey Solids                                                      
                   --       --       2.0    .85                                
     Modified Starch                                                           
                   --       --       --     .15                                
     ______________________________________                                    
PAC  PROCEDURE:
PAR  The muffins were prepared according to the following procedure: Combine and
      blend the dry ingredients, add the oil and water, mix 5 seconds at low
      (first) speed on a standard household mixer, scrape the bowl, and mix an
      additional 5 seconds on low speed.
PAR  Weigh 50 gram portions into greased cupcake pans and bake 18 minutes at
      425.degree.F.
PAR  The procedure was repeated for lot IV-C with the selected whey varying from
      0.4-3.0 percent by weight. The procedure was repeated for IV-D with the
      blend varying for the selected whey from 0.4-3.0 and for the modified
      starch from 0-1.0 percent by weight. The flour amounts were adjusted
      accordingly.
PAC  RESULTS:
PAR  All muffins had equal volume. The selected whey and whey blend muffins were
      at least equal to the NFDM muffins in quality. The regular whey muffins
      had open coarse grain, were slightly tough and had a slight off flavor.
PAC  EXAMPLE V
PAR  As another applicable example of the practice of the invention, four
      different lots (18 items per lot) of sweet milk pancakes were prepared,
      lot V-A used NFDM, lot V-B used regular whey solids, lot V-C used the
      selected partially demineralized and partially delactosed whey, and lot
      V-D used the blend of partially demineralized and partially delactosed
      whey combined with the modified starch. The pancake constituents comprise
      the following:
TBL  Approximate Percent by Weight (Preferred)                                 
     Ingredients   V-A      V-B      V-C    V-D                                
     ______________________________________                                    
     Flour         33.0     33.0     33.50  34.35                              
     Leavening     2.0      2.0      2.0    2.0                                
     Salt          .5       .5       .5     .5                                 
     Sugar         5.25     5.25     5.75   6.60                               
     Whole Egg Solids                                                          
                   3.75     3.75     3.75   3.75                               
     Shortening (melted)                                                       
                   5.0      5.0      5.00   5.0                                
     Water         46.50    46.50    46.50  46.50                              
     NFDM          4.0      --       --     --                                 
     Regular Whey Solids                                                       
                   --       4.0      --     --                                 
     Selected Whey Solids                                                      
                   --       --       3.00   1.10                               
     Modified Starch                                                           
                   --       --       --     .20                                
     ______________________________________                                    
PAC  PROCEDURE:
PAR  The pancakes were prepared according to the following procedure: Combine
      and blend the dry ingredients, add the water and mix 20 seconds at low
      (first) speed on standard household mixer. Add the melted shortening and
      mix an additional 20 seconds. Fry at 350.degree.F on a griddle for 90
      seconds on the first side and 60 seconds on the second side.
PAR  The procedure was repeated for lot V-C with the selected whey varying from
      0.4-3.0 percent by weight. The procedure was repeated for lot V-D with the
      blend varying for the selected whey from 0.4-3.0 and for the modified
      starch from 0-1.0 percent by weight. The flour amounts were adjusted
      accordingly.
PAC  RESULTS:
PAR  The pancakes were evaluated immediately after frying for quality and
      volume. The NFDM pancakes and the selected whey and whey blend pancakes
      had equal and significantly greater volume than the regular whey pancakes.
      The NFDM pancakes and the selected whey and whey blend pancakes were also
      equal in quality and significantly better than the regular whey pancakes
      which had a tough rubbery core.
PAC  EXAMPLE VI
PAR  As still another applicable example of the practice of the invention, four
      different lots of yeast raised donuts were prepared, lot VI-A used NFDM,
      lot VI-B used regular whey solids, lot VI-C used the selected partially
      demineralized and partially delactosed whey, and lot VI-D used the blend
      of the selected partially demineralized and partially delactosed whey
      combined with the modified starch. The yeast raised donut constituents
      comprise the following:
TBL  Approximate Percent by Weight (Preferred)                                 
     Ingredients   VI-A     VI-B     VI-C   VI-D                               
     ______________________________________                                    
     Bread Flour   38.0     38.0     38.0   39.95                              
     Cake Flour    9.50     9.50     9.50   9.50                               
     Gran Sugar    7.10     7.10     7.10   7.10                               
     Shortening    8.30     8.30     8.30   8.3                                
     Emulsifier    .10      .10      .10    .1                                 
     Whole Egg Solids                                                          
                   1.30     1.30     1.30   1.30                               
     Salt          .85      .85      .85    .85                                
     Yeast         3.00     3.00     3.00   3.00                               
     Water         29.00    29.00    29.00  29.00                              
     NFDM          2.85     --       --     --                                 
     Regular Whey Solids                                                       
                   --       2.85     --     --                                 
     Selected Whey Solids                                                      
                   --       --       2.85   .75                                
     Modified Starch                                                           
                   --       --       --     .15                                
     ______________________________________                                    
PAC  PROCEDURE:
PAR  The yeast raised donuts were prepared according to the following procedure:
      Combine ingredients in bowl and mix one minute at low (first) speed on
      C100 Hobart Mixer using a dough hook, mix 12 minutes at medium (second)
      speed on Hobart Mixer. Allow dough to ferment 75 minutes, sheet out and
      cut, then proof for 40 minutes. Proofed donuts are fried 60 seconds per
      side in 390.degree.F fat.
PAR  The procedure was repeated for lot VI-C with the selected whey varying from
      0.4-3.0 percent by weight. The procedure was repeated for lot VI-D with
      the blend varying for the selected whey from 0.4-3.0 and for the modified
      starch from 0-1.0 percent by weight. The bread flour amounts were adjusted
      accordingly.
PAC  RESULTS:
PAR  Donuts were evaluated at 24 hours after frying. The regular whey donuts had
      poor gas retention and poor fat sealing properties, thus the donuts were
      low in volume, had coarse open grain and were very high on fat absorption.
      The selected whey and whey blend donuts and the NFDM donuts were judged to
      be equal with typical fat absorption, volume and donut quality.
PAC  EXAMPLE VII
PAR  As another applicable example of the practice of the invention, four
      different lots (18 items per lot) of white bread were prepared, lot VII-A
      used NFDM, lot VII-B used regular whey solids, lot VII-C used the selected
      partially demineralized and partially delactosed whey, and lot VII-D used
      the blend of partially demineralized and partially delactosed whey
      combined with the modified starch. The white bread constituents comprise
      the following:
TBL  Approximate Percent by Weight (Preferred)                                 
     Ingredients   VII-A    VII-B    VII-C  VII-D                              
     ______________________________________                                    
     Sponge:                                                                   
     Flour         34.7     34.7     34.7   34.7                               
     Yeast         1.60     1.60     1.60   1.60                               
     Yeast Food    .25      .25      .25    .25                                
     Water         21.25    21.25    21.25  21.25                              
     Dough:                                                                    
     Flour         18.7     18.7     18.7   20.04                              
     Salt          1.20     1.20     1.2    1.20                               
     Sucrose       2.10     2.10     2.1    2.10                               
     Dextrose      2.70     2.70     2.70   2.70                               
     Lard          1.60     1.60     1.60   1.60                               
     Water         13.9     13.9     13.9   13.9                               
     NFDM          2.00     --       --     --                                 
     Regular Whey Solids                                                       
                   --       2.00     --     --                                 
     Selected Whey Solids                                                      
                   --       --       2.00   .56                                
     Modified Starch                                                           
                   --       --       --     .10                                
     ______________________________________                                    
PAC  PROCEDURE:
PAR  The white bread was prepared according to the following procedure:
      Adjustments were made by procedures familiar to those skilled in the art
      in the amount of flour to compensate for the case where there is a
      difference between the amounts of NFDM and whey blend(s) added.
PAR  The sponge ingredients are combined and mixed in a jacketed three pin bowl
      and mixed for 30 seconds at low (first) speed on C100 Hobart Mixer and
      four minutes at medium (second) speed on the mixer. The sponge is allowed
      to ferment for four hours then combined with the dough ingredients and
      mixed 30 seconds at low (first) speed on C100 Hobart Mixer and eight
      minutes at medium (second) speed on the mixer. The mixed dough is allowed
      to relax for 10 minutes then weighed (16 oz.) and shaped into individual
      loaves. The dough pieces are placed in bread pans and allowed to proof for
      one hour. The proofed loaves are baked for 21 minutes at 415.degree.F.
PAR  The procedure was repeated for lot VII-C with the selected whey varying
      from 0.4-3.0 percent by weight. The procedure was repeated for lot VII-D
      with the blend varying for the selected whey from 0.4-3.0 and for the
      modified starch from 0-1.0 percent by weight. The dough flour was adjusted
      accordingly.
PAC  RESULTS:
PAR  The regular whey solids had a slackening effect on the dough consistency
      and adversely affected the crumb color, grain and texture of the bread as
      compared to the NFDM. The selected whey and whey blend produced bread
      equal in quality and with slightly greater specific volume than that of
      bread made with NFDM.
PAR  The foregoing examples and evaluation confirm our discovery that a selected
      partially demineralized and partially delactosed whey with or without an
      added modified starch is a suitable replacement for NFDM. These free the
      product of bakery type goods and the like from the dependency on NFDM as
      an ingredient with all the attendant advantages of reduced cost at an
      equivalent or better quality of product. Although the examples have been
      directed to bakery type goods and the like, it is anticipated that the
      selected whey and whey blend will function as a NFDM replacement in
      non-baked products such as custards, puddings, and the like, with equally
      good product performance.
PAR  While we have described above the principles of our invention in connection
      with specific apparatus, it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of our invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing a food composition normally containing nonfat dry
      milk selected from the group consisting of cakes, biscuits, muffins,
      pancakes, donuts, and breads comprising replacing substantially all the
      nonfat dry milk requirement of said food composition with partially
      demineralized and partially delactosed whey solids in an amount to form
      0.4 to 3.0 percent by weight of the composition and wherein said whey
      solids has an ash to protein ratio of 0.01 to 0.3.
NUM  2.
PAR  2. The method of claim 1 including adding up to 1 percent by weight to the
      composition of a modified starch.
NUM  3.
PAR  3. A food composition normally containing nonfat dry milk selected from the
      group consisting of cakes, biscuits, muffins, pancakes, donuts, and breads
      comprising replacing said normal nonfat dry milk requirement of food
      composition with partially demineralized and partially delactosed whey
      solids to form 0.4 to 3.0 percent by weight of the composition and wherein
      said whey solids has an ash to protein ratio of 0.01 to 0.3.
NUM  4.
PAR  4. The food composition of claim 3 including a modified starch in an amount
      not to exceed about 1.0 percent by weight of the composition.
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ABST
PAL  Modified ammonium polyphosphates which are water-soluble and contain at
      least one radical selected from the group consisting of borate, sulphate,
      sulphite, and phosphite produced by admixing component (i) an organic
      ammoniating and condensing agent, component (ii) a phosphoric acid, the
      molar proportion of said component (i) to said component (ii) based on the
      P.sub.2 O.sub.5 content in said component (ii), being from 1.3:1 to 3:1,
      and component (iii) a compound selected from sulphuric acid, boric acid,
      boric oxide, phosphorous acid, sulphurous acid and the sodium potassium,
      calcium, urea and ammonium salts of said compound, the proportion of said
      component (iii) being from 2 to 1/10 moles per mole of P.sub.2 O.sub.5 in
      the admixture; and heating until a self-sustaining exothermic reaction
      occurs whereby said three components react and form said water-soluble
      modified ammonium polyphosphates. The process of preparing said
      polyphosphates is also claimed.
PARN
PAR  This application is a continuation application of application Ser. No.
      853,215 filed Aug. 26, 1969 now abandoned.
BSUM
PAR  The present invention relates to novel nitrogen- and phosphorus-containing
      salts which have a wide variety of potential uses for example as
      sequestrants, threshold agents, dispersants, corrosion retarders,
      fertilisers, and in fire retardant compositions.
PAR  It is known to prepare complex polyphosphate salts by the exothermic
      reaction of an organonitrogen compound, usually urea or thiourea, with a
      phosphoric or polyphosphoric acid (see, for example, Kogyo Kagaku Zasshi
      1963 66(5) 586, and BP 1,074,243).
PAR  Customarily the product of the aforesaid reaction is referred to as
      ammonium polyphosphate. "Ammonium polyphosphate" will accordingly be used
      herein to describe the reaction product of organonitrogen compound with
      phosphoric or polyphosphoric acids or P.sub.2 O.sub.5 at elevated
      temperatures, notwithstanding that at least part of the nitrogen may be
      present in combined forms other than (NH.sub.4).sup.+ e.g. as P-NH.sub.2
      or P-NH-P groups. Similarly "ammonium" will be used to include nitrogen in
      any other such combined forms as may be present in the aforesaid ammonium
      polyphosphates. "Phosphatic units" is used herein to include groups of the
      formula
      ##EQU1##
      and also groups such as
      ##EQU2##
      "Polyphosphate" herein designates any compound or mixture consisting
      essentially of chains containing an average of more than two phosphatic
      units of the fragmental formula:
      ##EQU3##
      with, possibly, a minor proportion of
      ##EQU4##
      and
      ##EQU5##
PAR  Ammonium polyphosphates tend to decrease in water solubility as the P.sub.2
      O.sub.5 content increases (corresponding to increasing average length of
      the polyphosphate chains). This diminished solubility is a disadvantage in
      many potential applications. We have now discovered a class of modified
      ammonium polyphosphates which exhibit improved solubility together with
      such desirable characteristics as sequestrant, threshold and dispersant
      activity, and fire retardance. Moreover certain of our modified ammonium
      polyphosphates may be heated to provide insoluble fire retardants with
      improved retention of ammonia compared with prior art ammonium
      polyphosphate fire retardants.
PAR  Our invention provides ammonium polyphosphates as herein defined modified
      by the inclusion in the chains thereof of non-phosphatic units in a
      proportion of phosphatic to non-phosphatic units from 1:1 to 100:1 and
      preferably 1:1 to 20:1. Preferably the non-phosphatic units are derived
      from oxyanions of boron or sulphur, or from sulphamate, phosphite,
      thiophosphite or organophosphonate anions. Particularly preferred
      non-phosphatic units are those condensed from sulphate, borate, sulphite,
      and phosphite.
PAR  The modified salts of our invention preferably contain from 40 to 70% by
      weight of P.sub.2 O.sub.5. Preferably the nitrogen to phosphorus atomic
      ratio is from 1.3:1 to 2.5:1, e.g. from 1.6:1 to 2.0:1.
PAR  The salts of our invention may be further modified by inclusion therein of
      a minor molar proportion of alkali and/or alkaline earth metal cations
      based on the proportion of nitrogen. The preferred units for inclusion in
      the chains of ammonium polyphosphates of our invention are sulphate,
      sulphite, borate and phosphite. Other units include sulphamate,
      hydroxyalkyl diphosphonate and aminoalkylene phosphonate groups.
PAR  The preferred compounds of our invention are thus believed to be chains
      constructed from the following units:-
      ##EQU6##
      where each Y may be NH.sub.4, a metal, or hydrogen, the major part of the
      Y groups being NH.sub.4. The preferred compounds may also contain some
      groups of the formula
      ##EQU7##
      as well as chain branches at groups such as
      ##EQU8##
      and
      ##EQU9##
      and water of crystallisation.
PAR  To summarise, the preferred compounds of the invention may be represented
      by the formula:
EQU  H.sub.h M.sub.(m/v) (NH.sub.4).sub.n O (PO.sub.3).sub.p (PO.sub.2 NH).sub.q
      (BO.sub.2).sub.b (X).sub.x. (H.sub.2 O).sub.y.
PAL  wherein M is sodium, potassium, or calcium, X is --SO.sub.3 --,--SO.sub.2
      -- or --PO.sub.2 --, v is the valency of M, and h,m,n,p,q,b, x and y are
      all numbers from 0 to 20 such that: p&gt;2; (h+m+n) = (p+q+b+2); n&gt;m;
      (p+q)/(b+x) is from 1 to 20; and m+n&gt;h. Preferably (n+q)/(p+q) is from 1.3
      to 2.5. In practice the products of our invention are usually mixtures of
      compounds having the above formula, together sometimes with minor
      proportions of NH.sub.4 OH, M(OH).sub.V, and/or traces of sulphates,
      borates, orthophosphates and or pyrophosphates as impurities. Products of
      our invention may also contain minor proportions of ring compounds which
      have the above formula except that (h+m+n+2r) = (p+q+b+2) where r is the
      number of complete rings per molecule.
PAR  Two particular types of composition may be distinguished. In the first
      (p+q)/(b+x) is from 20 to 4, e.g. 8: such compositions have been found of
      particular value as sequestrants, dispersants, corrosion inhibitors, and
      for threshold treatment to inhibit scale formation. The second type of
      composition has (p+q)/(b+x) between 4 and 1 and is of particular value in
      liquid fertilisers and in fire extinguishing liquids. It is particularly
      preferred to use modified ammonium polyphosphates of our invention in
      conjunction with urea in the formulation of liquid fertilisers. The
      combination synergistically improves the concentration of fertiliser
      ingredients which can be obtained in the liquid. Ammonium polyphosphates
      modified in accordance with our invention by incorporation therein of
      phosphite units are of particular value as antioxidants for rubber, and in
      the treatment of boiler water. Incorporation of sulphite, phosphite, or
      borate units has a further advantage in that these groups have been found
      to reduce the formation of cyanuric acid, which is usually formed as an
      undesirable by-product when urea is reacted with polyphosphoric acids.
PAR  In general it is preferred to incorporate only one type of modifying unit
      in a given product. Mixtures of compatible modifying units may, however
      sometimes be advantageous. In general we have found that sulphite is not
      readily compatible with phosphite, and these two modifying units are
      preferably not used in conjunction.
PAR  Other uses of the novel ammonium polyphosphates include uses as
      replacements for potassium pyrophosphate in liquid heavy duty detergents
      including wax cleaning polishes and as detergent builders. The aforesaid
      uses of modified ammonium polyphosphates are further aspects of our
      invention.
PAR  The water soluble ammonium polyphosphates of our invention may be heat
      cured to provide relatively insoluble ammonium polyphosphates which are of
      value as fire retardants in emulsion paints and powder fire extinguishers.
      The ammonium content of such fire retardants is an important property. We
      have found that when soluble ammonium polyphosphates of our invention are
      heat cured they lose less ammonia than do unmodified polyphosphates of the
      prior art.
PAR  The invention further provides a method of preparing modified ammonium
      polyphosphates which comprises mixing: (A) thiourea or, preferably, urea;
      (B) phosphoric or polyphosphoric acid containing up to 85% P.sub.2 O.sub.5
      or a suspension of P.sub.2 O.sub.5 in polyphosphoric acid or an acid
      phosphate; (C) boric acid, boric oxide, a borate, a perborate, a
      pyroborate, sulphuric acid, a sulphate, a sulphite, phosphorous acid, a
      phosphite, a thiophosphite, sulphamic acid, a sulphamate and/or an
      organophosphonic acid or salt thereof; and optionally (D) an alkali and/or
      alkaline earth metal oxide or hydroxide. and heating the mixture until a
      self sustaining exothermic reaction commences.
PAR  Normally the temperature of the mixture is allowed to rise from 60.degree.C
      to at least 100.degree.C with stirring to ensure adequate mixing and to
      prevent local overheating. Heat is then applied to raise the temperature
      to 135.degree. - 160.degree.C when an exothermic reaction takes place. As
      a result of this exothermic reaction the temperature rises to about
      200.degree.C and the products of the reaction are substantially in the
      form of a foam. Preferably A is employed in a molar proportion of from
      1.3:1 to 3:1 and C in a molar proportion of from 2:1 to 1:10 based on the
      (P.sub.2 O.sub.5) molar proportion. D is preferably employed in a minor
      proportion based on A.
PAR  In a preferred embodiment of the method of the invention the reaction is
      effected in an open reaction vessel adjacent to a collecting floor or
      collecting vessel. The components of the reaction mixture are added to the
      vessel in any order with stirring. The temperature is maintained below
      130.degree.C during an initial period, either by controlling the rate of
      addition or by cooling, and is then raised, or allowed to rise, above
      135.degree.-140.degree.C until an exothermic reaction commences, and the
      reaction mixture is caused to foam out of the vessel onto the collecting
      floor or into a collecting vessel. The solid, friable, foamed product is
      readily recovered from the collecting floor and is easily crushed and
      bagged. This method represents a very easy and convenient method of
      obtaining the product with equipment of unusually low capital cost.
PAR  The preferred ingredient C is boric acid. Ammonium sulphate, sodium
      phosphite, sodium sulphite or sulphuric acid are also convenient for
      particular purposes. The reaction may be modified by using urea phosphate
      in place of at least part of reactants A and B. The product may be heat
      cured at temperatures between 150.degree. and 250.degree.C e.g.
      180.degree. to 210.degree.C to form a relatively insoluble fire retardant.
DETD
PAR  The invention is illustrated by the following examples:
PAC  EXAMPLE I
PAR  355 parts by weight of urea were added to a mixture of 500 parts of
      tetraphosphoric acid and 92 parts of boric acid with stirring. Heat of
      neutralisation caused the temperature of the product to rise to
      105.degree.C. The mixture was further heated to 135.degree.C whereupon an
      exothermic reaction took place and a dry foam of ammonium borophosphate
      was formed. The foam was uniform in composition and was easily broken and
      packed for storage.
PAR  The foam was amorphous to X-rays (corresponding ammonium polyphosphates are
      crystalline) and extremely rapidly soluble in water. 55 gms. dissolved in
      50 gms. of water at 20.degree.C. The product had a sequestering action on
      metallic ions when in solution and was stable to hydrolysis.
PAC  EXAMPLE 2
TBL  A liquid detergent was formulated as follows:                             
     Product of example 1                                                      
                        10%   (wt.)                                            
                        Potassium xylene sulphonate                            
                              10%                                              
                        Coconut diethanolamide                                 
                              5%                                               
            Ammonia to   pH 10 - 10.5                                          
PAC  EXAMPLE 3
PAR  A mixture was made as in Example I additionally incorporating 72 gm.
      anhydrous sodium sulphite. On heating, a product was obtained of
      solubility 120 gm/100ml. water. The product was dried. It was more stable
      to storage than the Example I product despite its increased solubility.
      This improved product has similar applications to the Example I product,
      particularly where maximum solubility is required, and is suitable for
      incorporation in liquid fertiliser formulations.
PAC  EXAMPLE 4
PAR  A liquid fertilise was formulated by dissolving the following ingredients
      in order:
TBL  100 ml. water                                                             
      25 gm. Potassium Chloride                                                
     100 gm. Urea, adjust to pH7 with ammonia solution                         
     200 gm. Example 3 product                                                 
     The liquid was clear, stable, of 18:23:2.4 NKP strength.                  
PAC  EXAMPLE 5
PAR  A mixture of 355 gms. Urea and 160 gms. ammonium sulphate powder was added
      slowly to 510 gm. warm phosphoric acid (82%w/w P.sub.2 O.sub.5). The
      mixture was heated as in Example I and a firm dry product obtained. This
      material was roughly crushed, heated for 16 hours at 200.degree.C, and
      finally ground to a fine powder.
PAR  This product was substantially insoluble with ammoniacal N:P ratio = 1.35:1
      and was suitable for incorporation into intumescent paint formulations.
PAC  EXAMPLE 6
TBL  An intumescent paint was formulated as follows:                           
     Dicyandiamide        10 gms.                                              
     Pentaerythritol      22 gms.                                              
     Rutile (paint grade) 12 gms.                                              
     Example 5 product    56 gms.                                              
     Water                40 gms.                                              
PAR  After 2 hours ball-milling 5 gms. of "Edifos B" (5% soln.) is added,
      followed by 42 gm. "Vinamul N9714".
PAC  EXAMPLE 7
PAR  A general purpose fire extinguisher powder suitable for class A, B and C
      fires, was formulated as follows:
TBL  Example 5 product     91     parts                                        
     "Neosyl" finely divided silica                                            
                           8      parts                                        
     "MS 11C7" silicone fluid                                                  
                           1      part                                         
PAL  The product was ground until at least 80% passed 300 mesh.
PAC  EXAMPLE 8
PAR  1066 gms. urea was mixed with 132 gms. NaH.sub.2 PO.sub.3 5H.sub.2 O and
      the mixture added slowly to 1400 gms. tetraphosphoric acid. After reaction
      as in Example I the foamed product was cooled and easily crushed to a fine
      powder of solubility 15 gm/100 ml. water (20.degree.C), 25 gm./100 ml.
      water (45.degree.C), and sequestering power superior to that of sodium
      tripolyphosphate. It is, therefore, suitable for use in a domestic
      detergent where extreme solubility is not necessary.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Modified ammonium polyphosphates having the formula
PA1  H.sub.h (NH.sub.4).sub.n O (PO.sub.3).sub.p (PO.sub.2 NH).sub.q
      (BO.sub.2).sub.b (X).sub.x . (H.sub.2 O).sub.y, wherein X is at least one
      divalent group selected from --SO.sub.3 --, --SO.sub.2 -- and --HPO.sub.2
      -- , and h, n, p, q, b, x and y are all numbers from 0 to 20 which also
      comply with the following criteria:
PA1  p&gt;2; p&gt;q; (h+n) = (p+q+b+2); (p+q)/( b+x) is from 1 to 100; and n&gt;o; and
      n&gt;h which are water-soluble and contain at least one radical selected from
      the group consisting of borate, sulphate, sulphite, and phosphite produced
      by admixing
PA2  component (i) an organic ammoniating and condensing agent,
PA2  component (ii) a phosphoric acid, the molar proportion of said component
      (i) to said component (ii) based on the P.sub.2 O.sub.5 content in said
      component (ii), being from 1.3:1 to 3:1, and
PA2  component (iii) a compound selected from sulphuric acid, boric acid, boric
      oxide, phosphorous acid, sulphurous acid and the sodium potassium,
      calcium, urea and ammonium salts of said compound, the proportion of said
      component (iii) being from 2 to 1/10 moles per mole of P.sub.2 O.sub.5 in
      the admixture; and heating until a self-sustaining exothermic reaction
      occurs whereby said three components react and form said water-soluble
      modified ammonium polyphosphates.
NUM  2.
PAR  2. The modified ammonium polyphosphates of claim 1 wherein said component
      (i) is thiourea or urea; and said component (ii) is selected from the
      group consisting of phosphoric acid, or polyphosphoric acid containing up
      to 85% P.sub.2 O.sub.5, or a suspension of P.sub.2 O.sub.5 in
      polyphosphoric acid, and acid phosphate; and wherein said admixture is
      heated to between 130.degree.C and 160.degree.C until said exothermic
      reaction occurs.
NUM  3.
PAR  3. The modified ammonium polyphosphates of claim 2 wherein component (iv),
      a compound selected from the group consisting of alkali metal oxides,
      alkali metal hydroxide, alkaline earth metal oxide, and alkaline earth
      metal hydroxide, in an amount less than component (i), is admixed and
      heated with said components (i), (ii) and (iii) until a self-sustaining
      exothermic reaction occurs whereby said four components react and form
      modified ammonium polyphosphates of the formula
EQU  H.sub.h M.sub.m/v (NH.sub.4).sub.n O (PO.sub.3).sub.p (PO.sub.2 NH).sub.q
      (BO.sub.2).sub.b (X).sub.x . (H.sub.2 O).sub.y,
PAL  wherein M is a metal selected from the alkali metals and alkaline earth
      metals, v is the valency of M, X is at least one divalent group selected
      from --SO.sub.3 --, --SO.sub.2 -- and --HPO.sub.2 --, and h, m, n, p, q,
      b, x and y are all numbers from 0 to 20 which also comply with the
      following criteria:
PA1  p&gt;2; p&gt;q; (h+m+n) = (p+q+b+2); n&gt;m; (p+q)/(b b+x) is from 1 to 100; and
      (m+n)&gt;h.
NUM  4.
PAR  4. The modified ammonium polyphosphate of claim 3 containing from 40% to
      70% by weight P.sub.2 O.sub.5 ; having a nitrogen to phosphorus atomic
      ratio of from 1.3:1 to 2.5:1, and having a molar ratio of phosphate to the
      total of said borate, sulphate, sulphite, and phosphite from 1:1 to 20:1.
NUM  5.
PAR  5. The modified ammonium polyphosphates of claim 4 wherein said component
      (iii) is one of the specified boron-containing compounds.
NUM  6.
PAR  6. The modified ammonium polyphosphates of claim 4 wherein said component
      (iii) is one of the specified compounds containing sulphur in the sulphate
      form.
NUM  7.
PAR  7. The modified ammonium polyphosphates of claim 4 wherein said component
      (iii) is one of the specified compounds containing sulphur in the sulphite
      form.
NUM  8.
PAR  8. The modified ammonium polyphosphates of claim 4 wherein said component
      (iii) is one of the specified compounds containing phosphorus in the
      phosphite form.
NUM  9.
PAR  9. The modified ammonium polyphosphates of claim 4 having a molar ratio of
      phosphate to the total of said borate, sulphate, sulphite, and phosphite
      of from 4:1 to 20:1.
NUM  10.
PAR  10. The modified ammonium polyphosphates of claim 4 before having a molar
      ratio of phosphate to the total of said borate, sulphate, sulphite, and
      phosphite from 4:1 to 1:1.
NUM  11.
PAR  11. Water-insoluble modified ammonium polyphosphates produced by heat
      curing the water-soluble modified ammonium polyphosphates of claim 1 at a
      temperature between 150.degree.C and 250.degree.C until a substantially
      water-insoluble product is formed.
NUM  12.
PAR  12. Water-insoluble modified ammonium polyphosphates produced by heat
      curing the water-soluble modified ammonium polyphosphates of claim 4 at a
      temperature between 150.degree.C and 250.degree.C until a substantially
      water-insoluble product is formed.
NUM  13.
PAR  13. Water-insoluble modified ammonium polyphosphates produced by heat
      curing the water-soluble modified ammonium polyphosphates of claim 5 at a
      temperature between 150.degree.C and 250.degree.C until a substantially
      water-insoluble product is formed.
NUM  14.
PAR  14. Water-insoluble modified ammonium polyphosphates produced by heat
      curing the water-soluble modified ammonium polyphosphates of claim 6 at a
      temperature between 150.degree.C and 250.degree.C until a substantially
      water-insoluble product is formed.
NUM  15.
PAR  15. Water-insoluble modified ammonium polyphosphates produced by heat
      curing the water-soluble modified ammonium polyphosphates of claim 7 at a
      temperature between 150.degree.C and 250.degree.C until a substantially
      water-insoluble product is formed.
NUM  16.
PAR  16. Water-insoluble modified ammonium polyphosphates produced by heat
      curing the water-insoluble modified ammonium polyphosphates of claim 8 at
      a temperature between 150.degree.C and 250.degree.C until a substantially
      water-insoluble product is formed.
NUM  17.
PAR  17. A process for preparing modified ammonium polyphosphates which
      comprises admixing
PA1  component (i) an organic ammoniating and condensing agent,
PA1  component (ii) a phosphoric acid, and
PA1  component (iii) a compound selected from sulphuric acid, boric acid, boric
      oxide, phosphorous acid, sulphurous acid and the sodium, potassium,
      calcium, urea and ammonium salts of said compound, the proportion of said
      component (iii) being from 2 to 1/10 moles per mole of P.sub.2 O.sub.5 in
      the admixture; and heating until a self-sustaining exothermic reaction
      occurs whereby said three components react and form water-soluble modified
      ammonium polyphates having the formula
EQU  H.sub.h (NH.sub.4).sub.n O (PO.sub.3).sub.p (PO.sub.2 NH).sub.q
      (BO.sub.2).sub.b (X).sub.x . (H.sub.2 O).sub.y,
PAL  wherein X is at least one divalent group selected from --SO.sub.3 --,
      --SO.sub.2 -- and --HPO.sub.2 --, and h, n, p, q, b, x and y are all
      numbers from 0 to 20 which also comply with the following criteria:
PA2  p&gt;2; p&gt;q; (h+n) = (p+q+b+2); (p+q)/( b+x) is from 1 to 100; n&gt;o; and n&gt;h;
      and
PAL  containing at least one of the groups selected from the group consisting of
      BO.sub.2, SO.sub.3, SO.sub.2, and HPO.sub.2.
NUM  18.
PAR  18. The process of claim 17 wherein said component (i) is thiourea or urea;
      and said component (ii) is selected from the group consisting of
      phosphoric acid, or polyphosphoric acid containing up to 85% P.sub.2
      O.sub.5, or a suspension of P.sub.2 O.sub.5 in polyphosphoric acid, and
      acid phosphate; and wherein said admixture is heated to between
      130.degree.C and 160.degree.C until said exothermic reaction occurs.
NUM  19.
PAR  19. The process of claim 18 wherein the molar proportion of component (i)
      to said P.sub.2 O.sub.5 is between 1.3:1 and 3:1.
NUM  20.
PAR  20. The process of claim 19 wherein said water-soluble modified ammonium
      polyphate formed as the product of said self-sustaining exothermic
      reaction is heated at a temperature between 150.degree.C and 250.degree.C
      until a substantially water-insoluble product is formed.
NUM  21.
PAR  21. The process of claim 19 wherein said component (i) urea, and said
      component (ii) is selected from condensed phosphoric acids and suspensions
      of P.sub.2 O.sub.5 in condensed phosphoric acids.
NUM  22.
PAR  22. The process of claim 21 wherein said component (iii) is boric acid.
NUM  23.
PAR  23. The process of claim 21 wherein said component (iii) is sodium
      sulphite.
NUM  24.
PAR  24. The process of claim 21 wherein said component (iii) is ammonium
      sulphate.
NUM  25.
PAR  25. The process of claim 21 wherein said component (iii) is NaH.sub.2
      PO.sub.3.
NUM  26.
PAR  26. The modified ammonium polyphosphate of claim 3 wherein M is sodium,
      potassium or calcium.
NUM  27.
PAR  27. The process of claim 17 wherein component (iv) selected from the group
      consisting of alkaline earth metal oxide, and alkaline earth metal
      hydroxide, in an amount less than component (i), is admixed and heated
      with said components (i), (ii) and (iii) as set forth in claim 17; and
      wherein said modified ammonium polyphosphates are of the formula
EQU  H.sub.h M.sub.m/v (NH.sub.4).sub.n O (PO.sub.3).sub.p (PO.sub.2 NH).sub.q
      (BO.sub.2).sub.b (X).sub.x . (H.sub.2 O).sub.y),
PAL  wherein M is a metal selected from the alkali metals and alkaline earth
      metals, v is the valency of M, X is at least one divalent group selected
      from --SO.sub.3 --, --SO.sub. 2 -- and --HPO.sub.2 --, and h, m, n, p, q,
      b, x and y are all numbers from 0 to 20 which also comply with the
      following criteria:
PA1  p&gt;2; p&gt;q; (h+m+n) = (p+q+b+2); n&gt;m; (p+q)/( b+X) is from 1 to 100; and (m +
      n)&gt;h.
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ABST
PAL  A process for the continuous paraffining of yarns in which the yarns are
      drawn under tension over the top of a rotating cylinder that has been
      coated with a layer of solidified paraffin. The cylinder then rotates back
      through a bath of molten paraffin to replace the paraffin removed by the
      yarns, the outer surface of the cylinder being cooled to a degree
      sufficient to solidify the paraffin before it contacts the yarns.
PARN
PAR  This application is a division of Ser. No. 349,712 filed Apr. 10, 1973 now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for the continuous paraffining
      of any kinds of yarns.
PAR  The term "paraffining" is generally used for meaning the operation by which
      a weaving and/or knitting yarn is, at least partially, spread or coated
      with a thin layer of paraffin or hydrocarbonic wax in order to improve its
      features of smoothness and generically of workability.
PAR  The paraffining methods and apparatus according to which the yarn slides
      under tension around rods or cylinders of solid paraffin are well known.
      Said methods and apparatus nevertheless show the inconvenience of an
      uneven distribution of the paraffin layer on the yarn because the paraffin
      viscosity cannot be modified and therefore it is easy that some parts of
      the yarn are coated with an excess of paraffin while others are without
      paraffin layer.
PAR  Another inconvenience is due to the fact that the paraffining rods must be
      frequently changed when the paraffin layer is worn out owing to the
      continuous sliding of the yarn with a subsequently waste of an important
      quantity of paraffin and frequent stop of the apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of the present invention to provide a process for the
      continuous paraffining of any kind of yarns which essentially comprises a
      both directions-rotatable cylinder having a variable speed, which
      partially dips in a melted paraffin bath maintained at a constant
      temperature by a thermic chamber. The advantages of said process consist
      in an improved flexibility of use, a more uniform and controlled
      paraffining of the yarn and a self-feeding of the paraffin layer such as
      to avoid all stops and to need no mean presence.
DRWD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Further objects, characteristics and advantages of the apparatus according
      to the present invention will be evident to those skilled in the art by
      the following description of a preferred embodiment as shown in the
      annexed FIGURE of the drawings which schematically describes a
      cross-sectional view of the paraffining apparatus for carrying out the
      process of the present invention.
DETD
PAR  The yarn 1, for example after the sizing operation, being held under
      tension by two tightening cylinders 8, along its upper part is in contact,
      along a short arc of circumference, with the outer surface of a
      double-walled cylinder 2, driven by any kind of motor means preferably
      provided with a stepless speed change gear. An important portion of the
      outer surface of cylinder 2 is dipped in a tank filled with a paraffin
      bath 6 which is heat-melted by a thermic chamber provided with a
      thermostat. The outer surface of cylinder 2 is constantly maintained at a
      temperature lower than that of the paraffin bath by a cooling hollow space
      3 between the two walls of the cylinder. Owing to this cooling action, the
      outer surface of cylinder 2 causes the viscosity of the immediately
      contiguous paraffin layers to increase. These layers tend to stick to the
      cylinder surface forming thus a more or les homogeneous coating of
      semi-solid paraffin 4 which is dragged out of the liquid paraffin bath 6
      by the rotating cylinder and subsequently meets with a thermic
      scraper-evener 5 for levelling the surface by removing the excess of
      surface layers.
PAR  The evened paraffin layer 4', while continuing its rotative movement
      dragged by cylinder 2, finally meets with the yarn to be paraffined 1
      preferably having a feeding speed that is faster than the rotation speed
      of the paraffining cylinder 2 whereby the paraffin is drawn by friction.
PAR  The possibility of varying the rotation speed of the cooled cylinder and of
      reversing the rotation sense as well as the possibility of varying
      accordingly the temperature of the paraffin bath and/or that of the
      cooling circuit of the cylinder consent a wider range of use of the
      paraffining cylinder. In fact by appropriately combining the
      above-mentioned parameters and modifying, if desired, the distance of the
      scraper 5 from the outer surface of cylinder 2 it will be possible to pass
      in a substantially stepless way from a thin layer of paraffin having a
      very low viscosity to a thick, almost solid paraffin layer, according to
      the kinds of yarns to be paraffin treated and to the required percentages
      of applied paraffin.
PAR  It is obvious that changes and/or modifications may be brought by those
      skilled in the art without departing from the spirit and scope of the
      present invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A process for the continuous paraffining of yarns which comprises
      maintaining a bath for molten paraffin, rotating a cylinder mounted on a
      horizontal axis in a position above the bath to cause a bottom portion of
      the circumference of the cylinder to be submerged into said bath so that a
      molten layer of paraffin is deposited on the cylinders'  circumference,
      cooling the circumference of the cylinder sufficient to solidify the
      molten paraffin layer before said portion of the circumference reaches the
      top of its rotational path, drawing the yarns under tension over a short
      arc of the top of the cylinder and in frictional contact with the
      solidified paraffin layer on the rotating cylinder whereby the yarns are
      rubbed with a coating of paraffin and the paraffin removed from the
      cylinder by said rubbing is replaced as the cylinder rotates back through
      the molten bath.
NUM  2.
PAR  2. The process of claim 1, wherein the yarns are fed over the cylinder at a
      speed greater than the rotational speed of the cylinder.
NUM  3.
PAR  3. The process of claim 2 wherein the cylinder rotates in the same
      direction as the direction of travel of yarn.
NUM  4.
PAR  4. The process of claim 2 wherein the cylinder rotates in the opposite
      direction from the direction of travel of the yarns.
NUM  5.
PAR  5. The process of claim 1, including leveling the height of the solidified
      paraffin above the outer surface of the cylinder to a predetermined
      thickness before the paraffin layer comes in contact with the yarns.
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PAL  A method for developing a latent image bearing member comprising applying a
      developer thereto, the developer including a toner comprising a
      pulverized, colored vinylic polymer resin polymerized by adding to the
      monomer thereof a crosslinking agent 0.005 - 20% by weight of the monomer
      and a molecular weight control agent 0 - 20% by weight of the monomer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  This invention relates to a developing method and a developer composition
      and particularly to developing methods and developer compositions for use
      in electrophotography.
PAR  2. Discussion Of The Prior Art
PAR  Electrostatic formation of an image on the surface of a photoconductive
      material and development of the image are known.
PAR  For example, a fundamental xerographic process disclosed in U.S. Pat. No.
      2,297,691 to C. F. Carlson comprises applying a uniform electrostatic
      charge on a photoconductive insulating layer, exposing the layer to a
      light image to thereby cause imagewise dissipation of the electrostatic
      charge on the layer and thus form an electrostatic latent image,
      depositing a very finely divided electroscopic material called toner, onto
      the obtained electrostatic latent image thereby obtaining a toner image
      corresponding to the latent image, transferring the toner image onto a
      surface of an image support material such as paper and permanently fixing
      the transferred image to the image support material by heating means, for
      example. In the above process, the formation of the electrostatic latent
      image can be alternatively effected by direct image formation by imagewise
      electrostatic charging the photoconductive insulating layer. Also, the
      transfer of the toner image can be dispensed with by directly fixing the
      image on the photoconductive insulating layer. Furthermore, the thermal
      fixing can be replaced by other appropriate fixing methods such as
      utilizing a solvent or a covering.
PAR  With respect to the application of the electroscopic powder to the
      electrostatic latent image, various processes have been proposed, one of
      which is the so-called cascade developing process disclosed in U.S. Pat.
      No. 2,618,552 to E. N. Wise. In this process, a developing material
      consisting of a finely divided toner powder and another powder (called the
      carrier) of relatively large particle size, the surface of which is
      electrostatically coated, is conveyed in a conveyor and is cascaded down
      along a surface bearing the electrostatic latent image. The carrier powder
      is selected to electrostatically charge the toner powder to a desirable
      polarity by means of friction charging. As the developing material is
      cascaded over the electrostatic latent image, the toner powder is
      attracted electrostatically to the charged areas of the electrostatic
      latent image and remains fixed thereon while no such adhesion takes place
      on the uncharged or background areas of the image. A major portion of the
      toner deposited on the background areas is removed by carrier powder
      falling thereover because the electrostatic attractive force between the
      toner powder and carrier powder is stronger than that between the toner
      powder and the background areas from which electrostatic charge has been
      dissipated. The carrier powder and excessive toner powder are recycled for
      repeated use in the process. The above-mentioned process is particularly
      preferable for developing line images.
PAR  Another example of a process for developing an electrostatic latent image
      is the magnetic brush process disclosed in U.S. Pat. No. 2,874,063. In
      this process, a developing material containing toner powder and magnetic
      carrier powder is supported by a magnet and arranged in the shape of a
      brush which is brought into contact with a surface bearing the
      electrostatic latent image whereby the toner powder is attracted, by means
      of an electrostatic attractive force, to the latent image from the
      magnetic brush.
PAR  Another example of a process for developing an electrostatic latent image
      is the so-called powder cloud developing process disclosed in U.S. Pat.
      No. 2,221,776 to C. F. Carlson in which developing material consisting of
      a charged toner powder floating in a gaseous fluid is flowed in the
      vicinity of a surface bearing the electrostatic latent image whereby the
      toner is attracted, by means of an electrostatic attractive force, to the
      latent image from the fluid. This process is particularly preferable for
      developing an image with continuous tone.
PAR  Another example of a process for developing an electrostatic latent image
      is the liquid developing process disclosed in U.S. Pat. No. 2,899,355 in
      which a developing material consisting of charged toner powder dispersed
      in a liquid is flowed over a surface bearing the electrostatic latent
      image whereby the toner is attracted by means of an electrostatic
      attractive force to the latent image from the liquid.
PAR  Another example of a process for developing an electrostatic latent image
      is the C-shell developing process disclosed in U.S. Pat. No. 3,503,776. In
      this process, the toner powder and carrier powder are maintained in
      continued contact with the drum surface. This process is characterized by
      low cost and is effective for removing unnecessary toner powder deposited
      on the background areas.
PAR  Another example of a process for developing an electrostatic latent image
      is the fur brush developing process disclosed in U.S. Pat. No. 2,902,974
      in which a fur brush of, for example, cylindrical shape which is dusted
      with toner powder is rotated in contact with an electrostatic latent image
      to develop the latent image.
PAR  Furthermore, another example of a process for developing an electrostatic
      latent image is the touch-down developing process disclosed in U.S. Pat.
      No. 3,166,432 which is employed in certain areas.
PAR  Althrough the above-mentioned developing processes are commercially
      utilized at present, the xerographic developing process most widely
      employed commercially is the cascade developing process, the use of which
      in a universal business copying machine is described in U.S. Pat. No.
      3,099,943. The cascade development is generally achieved in commercial
      devices by cascading a developing mixture down the surface of a drum
      having a horizontal axis and bearing an electrostatic latent. The
      developing mixture or developing material is conveyed by means of an
      endless belt conveyor from a trough or a container to a position above the
      drum, from which the developing material is cascaded down along the
      surface of the drum and returned to the container after development of the
      electrostatic latent image. A small amount of toner is synchronously added
      to the developing mixture in order to replenish the consumption of the
      toner by development. The toner image thus formed on the drum is
      ordinarily transferred onto a sheet of paper and then fixed thereon, for
      example, by fusion with an appropriate device. After the transfer, the
      surface of the drum is cleaned for repeated use. This developing process
      is repeated for each reproduction produced in the copying machine,
      ordinarily several ten thousand times within the effective lifetime of the
      developing material.
PAR  As is obvious from the foregoing explanation, the toner powder is subjected
      to vigorous mechanical abrasion in any developing process, which
      eventually leads to pulverizing of the toner powder or smearing of the
      carrier powder by adhesion of the toner thereon. This effect can be
      lessened when the toner powder contains a tenacious resin component of
      high molecular weight capable of withstanding shearing and impact force.
      Unfortunately, however, most tenacious high-molecular resins are not
      suitable for use in high-speed automatic copying machines, principally
      because of the difficulty in rapid fusion of the toner image in the
      heating step thereof.
PAR  On the other hand, the use of a larger heater with an elevated capacity for
      rapid fusion of toner with a high melting point makes it difficult to
      prevent the support paper from scorching and to dissipate efficiently the
      heat generated by the heater. Occasionally the support paper burns after
      having passed the heater. Thus, the prevention of burning or scorching of
      the paper generally necessitates additional equipment such as an expensive
      and complicated cooling device in order to dissipate the large amount of
      heat generated by the heater. Also, incomplete removal of the generated
      heat not only gives an unpleasant feeling to the operator of the machine
      but also damages mechanical components susceptile to heat. Furthermore,
      the relatively high running cost of such heater and cooling equipment as
      well as the considerable space occupied thereby frequently cannot be
      justified by higher machine speed, which results from the use of the
      heater and cooling equipment.
PAR  The above-mentioned drawbacks can be resolved to a certain extent by the
      use of a heat roll fuser, which fixes the toner image by pressing it while
      heating it. This fuser provides a satisfactorily fixed image even at a
      lower temperature of the heating element than that obtainable with radiant
      heat. Thus, an increase of operating speed is effected to a certain
      extend, but the above-mentioned problems are still unavoidable if the
      machine speed has to be further increased.
PAR  On the other hand, though the use of a resin of lower molecular weight
      which can be easily fused and fixed at a relatively low temperature seems
      to resolve the fixing problems, the use of a heater with increased heating
      capacity or of a heat roll fuser is still indispensable for a significant
      increase of operating speed. A heat roll fuser is preferred since the use
      of a heater of elevated heating capacity will naturally encounter the
      above-mentioned problems. In this case, the toner consisting of a resin of
      low molecular weight adheres, at the fusion thereof, not only to the paper
      but also to the heat roll, leading eventually to severe staining of the
      fuser lubricator which is a cloth provided to clean the heat roll and
      finally to staining of the paper itself. Furthermore, most resins of low
      molecular weight tend to decompose when fused in a high-speed copying
      apparatus. Further, they tend to form a sticky image which can be offset
      from one paper sheet to an adjacent sheet. Furthermore, such resins of low
      molecular weight tend to form a thick film over the photoconductive
      material which is repeatedly used, and this film deteriorates the toner
      images thus increasing the down time of the apparatus. Furthermore, it is
      extremely difficult or rather nearly impossible to pulverize such resins
      of low molecular weight in a conventional grinding apparatus.
PAR  The toner material must be electrostatically charged with a proper polarity
      when brought into friction contact with the surface of the carrier
      material in a cascade or touch-down developing device. The charge
      characteristics by friction and flow of most toner materials are affected
      by humidity in the air. For example, certain toners show fluctuation in
      the frictional electricity thereof in accordance with the relative
      humidity and thus are not particularly usable in a xerographic apparatus.
      Consequently, a toner with a constant charging characteristic by friction
      is particularly desirable for automated apparatus.
PAR  Another factor affecting the stability of charging characteristics of toner
      is the tendency thereof to collide with the surface of the carrier, which
      is observed in certain toner materials. In the course of multiple usage of
      the developing material in an automatic developing machine, the numerous
      collisions taking place between the carrier and toner in the device cause
      the toner powder sticking on the carrier surface to form a film deposit on
      the surface. Such a gradually increasing deposition of the toner alters
      the charging characteristics of the carrier, reducing the ability thereof
      to hold toner powder thereon and eventually deteriorating the image
      quality of the obtained copy.
PAR  The abrasive nature of most carrier and toner materials accelerates other
      deterioration because of the frictional contact between the toner, carrier
      and the surface of a xerographic layer, which requires frequent
      replacement of the xerographic layer which is costly and time consuming.
PAR  Furthermore, images obtained by a xerographic process not only have to have
      a satisfactorily high line image contrast but also must be capable of
      reproducing a solid black area. It is known, however, that an improvement
      in either line image contrast or solid area reproduction will generally
      result in deterioration of the other. More specifically, the application
      of a larger amount of toner onto an electrostatic latent image in order to
      increase the image density will generally give rise to undesirable toner
      deposition on also the background areas.
PAC  SUMMARY OF THE INVENTION
PAR  The toner powder of the prior art is associated with the above-mentioned
      drawbacks, and a principal object of the present invention is to provide
      an improved developing method and developing composition which is free
      from such drawbacks.
PAR  Another object of the present invention is to provide an improved
      developing method and developer composition which is capable of stably
      functioning even under fusing conditions in a high-speed copying machine.
PAR  Still another object of the present invention is to provide an improved
      developing method and developer composition capable of being fused and
      fixed at a relative high speed with a relatively limited amount of thermal
      energy.
PAR  Still another object of the present invention is to provide an improved
      developing method and developer composition which can be used in
      combination with a heat roll without adhesion thereto or smearing the copy
      paper or lubricator for the roll.
PAR  Still another object of the present invention is to provide an improved
      developing method and developer composition capable of withstanding
      mechanical impact.
PAR  Still another object of the present invention is to provide an improved
      developing method and developer composition having stable frictional
      electricity characteristics even under varying humidity conditions.
PAR  Still another object of the present invention is to provide an improved
      developing method and developer composition which has a reduced tendency
      to smear devices or apparatus used in combination therewith.
PAR  Still another object of the present invention is to provide an improved
      developing method and developer composition which has a reduced tendency
      of forming aggregate particles.
PAR  Still another object of the present invention is to provide an improved
      developing method and developer composition which can be easily removed by
      carrier from the background areas of an electrostatic latent image.
PAR  Still another object of the present invention is to provide an improved
      developing method and developer composition which can be easily cleaned
      from a surface bearing an electrostatic latent image.
PAR  Still another object of the present invention is to provide an improved
      developing method and developer composition capable of lessening
      mechanical abrasion of a surface bearing an electrostatic latent image.
PAR  Still another object of the present invention is to provide an improved
      developing method and developer composition provided with physical and
      mechanical properties superior to those of prior art developers.
PAR  Other objects and advantages of this invention will become apparent upon
      reading the appended claims in conjunction with the following detailed
      description.
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The above-mentioned objects can be achieved by preparing a resin by
      polymerization in the presence of a crosslinking agent and a material
      capable of controlling molecular weight to obtain a crosslinked polymer of
      a controlled molecular weight, mixing coloring materials to the thus
      obtained polymer and pulverizing the obtained mixture.
PAR  For the polymerization, ordinarily available reactors for polymerization
      can satisfactorily be employed. Though various processes such as block
      polymerization, suspension polymerization, emulsion polymerization or
      solution polymerization can be employed for this purpose, block
      polymerization or suspension polymerization is preferred in consideration
      of the mixing of the resulting polymer with the coloring materials.
PAR  The crosslinking agent to be employed in the present invention may be
      selected from the group of compounds provided with at least two
      polymerizable double bonds, for example, aromatic divinyl compounds such
      as divinylbenzene, divinylnaphthalene or derivatives thereof;
      diethylenecarboxylate esters such as diethyleneglycol methacrylate,
      diethyleneglycol acrylate, triethyleneglycol methacrylate,
      trimethylolpropan trimethacrylate, allyl methacrylate, t-butylaminoethyl
      methacrylate, tetraethyleneglycol dimethacrylate or 1,3-butanediol
      dimethacrylate; any other divinyl compounds such as divinyl sulfide or
      divinyl sulfone compounds provided with three or more vinyl radicals; or
      mixtures of the foregoing compounds. The crosslinking agent is added in an
      amount from 0.005 to 20% with respect to the total weight of the monomer.
      A range of 0.5 to 10% is particularly preferable, however, as a larger
      amount tends to result in the formation of an insoluble and infusible
      resin whereas a smaller amount does not exert a sufficient effect.
PAR  An addition of a crosslinking agent generally provides a polymer with an
      elevated molecular weight which becomes insoluble and infusible because of
      the development of a three-dimensional network if the added amount is
      excessively increased. The addition of a material for controlling
      molecular weight for preventing such phenomenon is already known. This
      material is generally called a chain transfer agent and captures molecular
      chains in the course of growth to arrest the increase in molecular weight
      and stimulate the captured active center to start another chain reaction.
PAR  The species and amount of material for molecular weight control are
      selected according to the desired degree of molecular weight control.
      Examples of such materials which are effective even in a very small amount
      are mercaptanes such as laurylmercaptane, phenylmercaptane,
      butylmercaptane, dodecylmercaptane; or halogenated carbons such as carbon
      tetrachloride or carbon tetrabromide. Also, examples of materials which
      become effective when used in a much larger amount such as solvents for
      the vinyl monomer are substituted aromatic compounds such as toluene or
      isopropylbenzene; or substituted fatty acids such as trichloroacetic acid
      or tribromoacetic acid. Also, examples of materials which can be added as
      a monomer to be incorporated in the resulting polymer and simultaneously
      effect molecular weight control are ethylenic unsaturated monoolefins with
      radicals such as propylene or isobutylene; allyl compounds such as allyl
      benzene, allyl acetate or allylidene chloride. Any member of the
      above-mentioned compounds can be employed for the purpose of the present
      invention, but those which can be used as solvents, as described above,
      are excluded from the scope of the present invention. In the present
      invention, the material for molecular weight control is added in an amount
      ranging from 0 to 20% with respect to the principal monomer for producing
      the polymer.
PAR  The principal polymer, which is a vinylic polymer constituting the major
      part of the toner is a homopolymer or copolymer of two or more vinylic
      monomers. Representative examples of monomers for forming the vinylic
      polymer are styrene, p-chlorostyrene, vinylnaphthalene, ethylenic
      unsaturated monoolefines such as ethylene, propylene, butylene or
      isobutylene; vinyl esters such as vinyl chloride, vinyl bromide, vinyl
      fluoride, vinyl butyrate, vinyl formate, or vinyl capronate; ethylenic
      monocarboxylic acids or esters thereof such as methyl acrylate, dodecyl
      acrylate, n-octyl acrylate, 2-chloroethyl acrylate, phenyl acrylate,
      methyl .alpha.-chloroacrylate, methyl methacrylate, ethyl methacrylate or
      butyl methacrylate; substituted ethylenic monocarboxylic acids such as
      acrylonitrile, methacrylonitrile or acrylamide; ethylenic dicarboxylic
      acids and substituted derivatives thereof such as dimethyl maleate,
      diethyl maleate or dibutyl maleate; vinyl ketones such as
      vinylmethylketone, vinylhexylketone or methylisopropylphenyl ketone; vinyl
      ethers such as vinylmethyl ether, vinylisobutyl ether or vinylethyl ether;
      vinylidene halides such as vinylidene chloride or vinylidene
      chlorofluoride; or N-vinyl compounds such as N-vinylpyrol, N-vinyl
      carbazol, N-vinyl indole or N-vinyl pyrrolidone. The polymer used in the
      present invention may be produced by additional polymerization of at least
      a member of the above-mentioned monomers and at least one of the
      aforementioned crosslinking agents, wherein the additional polymerization
      includes already known polymerization processes such as radical, anionic
      and cationic polymerization.
PAR  The vinylic resin adapted for use as toner generally has an average
      molecular weight within a range from about 3,000 to 500,000.
PAR  Monomer or monomers employed for producing the principal polymer are
      selected so as to optimize the electric characteristics, image rendition,
      image etc., of the polymer. The polymer used as the toner can also be
      produced by copolymerization of two or more monomers. Moreover, the
      vinylic polymer according to the present invention can be mixed with other
      thermoplastic resins. Representative examples of non-vinylic resins
      employable for this purpose are resin-modified formaldehyde resins,
      oil-modified epozy resins, polyurethane resins, cellulose resins,
      polyether resins, and the mixtures thereof. Furthermore, a plasticizer can
      be added to the polymer.
PAR  Any suitable dye or pigment is added as a coloring material to the toner
      powder. Various coloring materials are already known, such as carbon
      black, nigrosin dyes, aniline blue, alcoyl blue, chrome yellow,
      ultramarine blue, dupont oil red, monoline yellow, methylene blue
      chloride, phthalocyanine blue, malachite green oxalate, lamp black, rose
      bengale and the mixtures thereof. The dye or pigment should be present in
      a sufficient amount in the toner so as to give thereto an intense color
      capable of forming a clearly visible image on paper. Consequently, when a
      xerographic copy of a document is required, the toner can be prepared with
      a black pigment such as carbon black or black dye such as amaplast black
      dye. Such a pigment is preferably added in an amount from about 3 to 20
      wt. % of the total amount of colored toner. In the case of a dye, the
      amount can be considerably reduced.
PAR  The developer composition of the present invention can be prepared by any
      conventional process of mixing and pulverizing toner material. For
      example, the components are mixed in a desired composition and crushed to
      effect a thorough blending, and the obtained mixture is finely pulverized.
      Another process for forming the toner powder comprises blending the
      coloring material, resin and a solvent and spray drying the thus obtained
      mixture.
PAR  For use in the cascade, magnetic brush or C-shell developing processes, the
      developer composition of the present invention should have an average
      particle size not exceeding about 30 microns and preferably within a range
      from about 4 to 20 microns for an optimum result. In the powder cloud
      developing process, the average particle size is preferably slightly
      smaller than 1 micron.
PAR  The use of coated or uncoated carriers is already known in the cascade,
      magnetic brush or C-shell developing processes, and the carrier can be
      formed of any suitable material so long as the carrier particles assume an
      electrostatic charge of a polarity opposite to that of the charge on the
      toner powder when the carrier particles are kept in close contact with the
      toner powder.
PAR  The developer composition according to the present invention is utilized
      for developing an electrostatic latent image on any suitable surface,
      including a conventional photoconductive surface bearing a latent image.
DETD
PAR  The following examples indicate various embodiments of processes for
      producing the developer composition of the present invention and of
      processes for developing an electrostatic latent image with said
      composition, but the present invention is by no means limited to these
      embodiments.
PAC  REFERENCE EXAMPLE
PAR  84 parts (hereinafter expressed by weight) of water containing 0.66 wt. %
      polyvinyl alcohol (GH-20 supplied by Nihon Gosei Kagaku Co., Ltd.) was
      placed in a 30 l. polymerization reactor equipped with an agitator, 27.3
      parts of styrene, 14.7 parts of n-butyl methacrylate and 1 part of
      azobis-isobutyronitrile were then added and subjected to polymerization
      for 8 hours at 90.degree.C under agitation. After completion of
      polymerization, the obtained suspension was cooled, then dehydrated by
      centrifuging, washed with water and dried to obtain a bead polymer.
PAR  1.8 parts of the bead polymer, 0.2 part of carbon black (Black Pearl) and
      0.2 part of polyvinyl butyral were blended well, pressed into an intensive
      mixer under a hydraulic pressure of 7 kg/cm.sup.2 and a compressor
      pressure of 5.0 kg/cm.sup.2 and blended for 10 minutes at 80.degree.C. The
      mixture was taken out from the mixer, cooled, crushed, then subjected to
      preliminary pulverizing to several hundred microns in a free mill and
      finally pulverized finely in a jetmizer at a feed rate of 1.6 kg/hr. and
      under an air pressure 6.3 kg/cm.sup.2 to obtain a fine powder with an
      average particle size of 12 microns which was utilized as the toner.
PAR  The toner thus obtained was used for making copies of a standard test
      pattern on a Xerox 720 copier. The temperature of the heat roll used for
      fusing was measured from the exterior by means of a surface thermometer.
      The copies thus obtained were subjected to a peel test on a coat strength
      tester with two reciprocating strokes under a load of 200, 500 or 700 gms,
      and the fixing rate was determined from the ratio of image density before
      and after the test. A fixing rate of 100% under a load of 700 g. can be
      considered as a complete fixing. Under this condition, the minimum fixing
      temperature of the heat roll was found to be 190.degree.C. At a higher
      temperature, the toner adheres to the heat roll and smears the copied
      image similarly as in a prolonged operation, and the easiness of adhesion
      can be determined by examining the number of copies at which the smear
      appears at a further higher temperture. With the toner of this example,
      the smear starts to appear at approximately the 5,000th copy and becomes
      marked at approximately the 8,000th copy at a heat roll temperature of
      210.degree.C., indicating significant adhesion of the toner on the heat
      roll.
PAC  EXAMPLE 1
PAR  84 parts (hereinafter by weight) of water containing 0.66 wt. % polyvinyl
      alcohol (GH-20 supplied by Nihon Gosei Kagaku Co., Ltd.) was placed in a
      30 l. polymerization reactor equipped with an agitator, then 27.3 parts of
      sytrene containing 1.4 wt.% (with respect to the styrene) ethyleneglycol
      dimethacrylate and 1.3 % lauryl mercaptane and 1 part of
      azobisisobutyronitrile were then added and subjected to polymerization for
      8 hours at 90.degree.C. After completion of polymerization, the obtained
      suspension was cooled, dehydrated by centrifuging, washed with water and
      dried to obtain a bead polymer.
PAR  1.8 parts of thus obtained bead polymer, 0.2 part of carbon black (Black
      Pearl Swell) and 0.2 part of polyvinyl butyral were well mixed, then
      pressed into an intensive mixer under a hydraulic pressure of 7
      kg/cm.sup.2 and a compressor pressure of 5.0 kg/cm.sup.2, and blended for
      10 minutes at a temperature of 80.degree.C. The mixture thus obtained was
      taken out from the mixer, cooled, then crushed, successively subjected to
      preliminary pulverizing to an average particle size of several hundred
      microns in a free mill and finally finely pulverized in a jetmizer at a
      feed rate of 1.6 kg/hr and under an air pressure of 6.3 kg/cm.sup.2 to
      obtain a fine powder with an average particle size of 13 microns which was
      used as the toner. The toner thus obtained was utilized for making copies
      in a Xerox 720 copier in the same manner as in the reference example. With
      this toner, it was found that fixing of the image became possible from
      140.degree.C., that the smear on the heat roll was scarce even at
      210.degree.C., and that the copied image was not smeared even after 10,000
      copies.
PAC  EXAMPLE 2
PAR  The process of Example 1 was repeated with 0.1% ethylene glycol and 0%
      lauryl mercaptane to obtain a bead polymer, which was employed for
      preparing toner in the same manner as in Example 1. Copying on a Xerox 720
      copier as in the Reference Example verified that fixing was possible from
      170.degree.C., that smear on the heat roll was scarce even at
      230.degree.C., and that smear on the copied image did not appear even
      after 15,000 copies.
PAC  EXAMPLE 3
PAR  The process of Example 1 was repeated with styrene containing 13% ethylene
      glycol and 14% lauryl mercaptane to obtain a bead polymer, which was used
      for making toner in the same manner as in Example 1. Copying on a Xerox
      720 copier as in the Reference Example verified that fixing was possible
      from 120.degree.C., that smear on the heat roll was scarce even at
      200.degree.C., and that smear on the copied image did not appear even
      after 15,000 copies.
PAC  EXAMPLE 4
PAR  84 parts of water containing 0.66 wt.% polyvinyl alcohol (GH-20 supplied by
      Nihon Gosei Kagaku Co., Ltd.) was placed in a 30 l. polymerization reactor
      equipped with an agitator. 273 parts of styrene containing 3 wt.% carbon
      tetrachloride, 14.7 parts of normal butyl methacrylate and 2 parts of
      azobisisobutyronitrile were then added and subjected to polymerization for
      8 hours at 90.degree.C. Toner was prepared in the same manner as in
      Example 1. Copying on a Xerox 720 copier as in the Reference Example
      verified that fixing of the image became possible from 140.degree.C., that
      smear on the heat roll was scarce even at 200.degree.C., and that smear on
      the copied image did not appear even after 10,000 copies.
PAC  EXAMPLE 5
PAR  65 parts of styrene containing 2% ethylene glycol dimethacrylate and 1.5%
      lauryl mercaptane, 35 parts of n-butyl methacrylate and 1 part of
      azobisisobutyronitrile were placed in a 5 l. glass polymerization reactor
      with detachable agitator and subjected to polymerization under agitation
      at 90.degree.C., until the system became viscous. Successively, the
      agitator was removed and the polymerization was continued for 10 hours at
      130.degree.C. Then the reaction mixture was cooled with the glass reactor
      and taken out by breaking the glass reactor. The polymer thus obtained was
      crushed, remaining monomer was removed in a vacuum drier and the polymer
      was blended according to the process of Example 1 to obtain a toner.
      Copying with the toner on a Xerox 720 copier verified that fixing of the
      image became possible from 150.degree.C., that the smear on the heat roll
      was scarce even at 230.degree.C., and that smear on the copied image did
      not appear even after 20,000 copies.
PAC  EXAMPLE 6
PAR  80 parts of water containing 0.90% sodium polyacrylate was placed in a 30
      l. polymerization reactor, equipped with an agitator and then 25 parts of
      methyl methacrylate containing 1 wt.% (with respect to the methyl
      methacrylate) ethyleneglycol dimethacrylate and 1.2% lauryl mercaptane, 5
      parts of butyl acrylate and 1 part of azobisisobutyronitrile and subjected
      to polymerization under agitation for 8 hours at 70.degree.C. After the
      completion of polymerization, the suspension was cooled, dehydrated by
      centrifuging, washed and dried to obtain a bead polymer.
PAR  The bead polymer was blended in the same manner as in Example 1 to obtain a
      fine powder with an average particle size of 15 microns which was used as
      a toner. Copying with the toner on a Xerox 720 copier as in the Reference
      Example verified that the copied image appeared as a negative, that fixing
      of the image became possible from 190.degree.C., that smear on the heat
      roll was scarce even at 260.degree.C., and that smear on the copied image
      did not appear even after 10,000 copies.
PAR  Numerous modifications of the invention will become apparent to one of
      ordinary skill in the art upon reading the foregoing disclosure. During
      such a reading, it will be evident that this invention provides a unique
      developing method and developer composition for use therewith for
      accomplishing the objects and advantages hereinstated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for developing a latent electrostatic image bearing member
      comprising forming a latent electrostatic image on said member and
      applying a developer thereto, said developer including at least a toner
      where said toner is affected by said latent image to effect development
      thereof, said toner comprising a pulverized, colored, crosslinked, vinylic
      polymer resin obtained by (a) polymerizing the monomer thereof in the
      presence of a crosslinking agent 0.005 - 20% by weight of the monomer,
      said crosslinking agent being selected from the group consisting of
      aromatic divinyl compounds, diethylenecarboxylate esters, divinyl sulfide,
      divinyl solfone, and mixtures thereof and a molecular weight control agent
      0 - 20% by weight of the monomer, said monomer being non-soluble in said
      molecular weight control agent, (b) mixing at least one coloring material
      with the thus obtained resin and (c) pulverizing the obtained mixture.
NUM  2.
PAR  2. A method as in claim 1 where said vinylic polymer resin is a homopolymer
      or a copolymer of at least two vinylic monomers.
NUM  3.
PAR  3. A method as in claim 2 where said monomer is selected from the group
      consisting of styrene, p-chlorosytrene, vinyl-naphthalene, ethylenic
      unsaturated monoolefins, vinyl esters, ethylenic monocarboxylic acids and
      esters thereof, substituted ethylenic monocarboxylic acids, ethylenic
      dicarboxylic acids and substituted derivatives thereof, vinyl ketones,
      vinyl esters, vinylidene halides, and N-vinyl compounds.
NUM  4.
PAR  4. A method as in claim 1 where the average molecular weight of said
      vinylic polymer resin is about 3,000 to 500,000.
NUM  5.
PAR  5. A method as in claim 1 where the amount of said crosslinking agent is
      0.5 to 10% by weight of the monomer.
NUM  6.
PAR  6. A method as in claim 1 where said molecular weight control agent is
      selected from the group consisting of mercaptanes, halogenated carbons,
      ethylenic unsaturated monolefins and allyl compounds.
NUM  7.
PAR  7. A method as in claim 1 where the vinylic polymer resin is colored by a
      coloring material selected from the group consisting of dyes and pigments,
      the coloring material being no more than 20% by weight of the colored
      resin.
NUM  8.
PAR  8. A method as in claim 9 where the coloring material is a pigment, the
      pigment being at least 3% by weight of the colored resin.
NUM  9.
PAR  9. A method as in claim 1 where the process of said application of said
      developer to the electrostatic latent image bearing member is by powder
      cloud developing and where the average particle size of said pulverized,
      colored vinylic polymer resin is slightly less than one micron.
NUM  10.
PAR  10. A method as in claim 1 where the process of said application of said
      developer to the electrostatic latent image bearing member comprises the
      cascade developing process, the average particle size of said pulverized,
      colored, crosslinked vinylic polymer resin being from 4 - 20 microns.
NUM  11.
PAR  11. A method as in claim 1 where the process of said application of said
      developer to the electrostatic latent image member comprises the magnetic
      brush developing process, the average particle size of said pulverized,
      colored, crosslinked vinylic polymer resin being from 4 - 20 microns.
NUM  12.
PAR  12. A method as in claim 1 where the process of said application of said
      developer to the electrostatic latent image bearing member comprises the
      C-shell developing process, the average particle size of said pulverized,
      colored, vinylic polymer resin being from 4 - 20 microns.
NUM  13.
PAR  13. A method as in claim 1 including the steps of transferring the
      developed toner image to a copy sheet and fixing the transferred toner
      image onto a copy sheet by feeding the copy sheet by a heat fixing roller
      where the heated roller contacts the transferred toner image to thereby
      fix it onto a copy sheet.
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ABST
PAL  A method of applying to an anode for use in fusion electrolysis a coating
      for protection of the anode against surrounding influences, comprising
      delivering the material of the coating in finely dispersed form onto the
      anode with sufficient heat content and impact energy to cause adhesion
      between the material and the surface of the anode and consolidation of the
      material. Preferably the material is applied by means of a plasma burner
      and, for an anode to be used for the electrolytic production of aluminium,
      includes aluminium oxide and facultatively aluminium, the thickness of the
      coating beeing about 0.1 to 1.0 mm.
BSUM
PAC  RELATED APPLICATIONS
PAR  This disclosure involves the use of aluminum oxide as set forth in our
      copending application Ser. No. 306,633, filed on even date herewith, now
      U.S. Pat. No. 3,829,374 issued Aug. 13, 1974.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the manufacture of anodes which can be operated in
      a manner neutral to the surroundings, especially of anodes intended for
      cooperation with an electrolyte of a cell for production of aluminum by
      fusion electrolysis. The anodes have a layer applied on the anode surface
      consisting of a material which protects the anode surface against
      surrounding influences and dissolves in the electrolyte.
PAR  The cathodically connected pot of a fusion electrolysis cell for production
      of aluminum contains molten aluminum, and an electrolyte which floats on
      the aluminum and contains aluminum oxide; the electrolyte on its side
      directed towards the atmosphere forms a solid crust, and this in turn is
      covered with a layer of alumina (Al.sub.2 O.sub.3) for periodical
      enrichment of the electrolyte and for thermal insulation of the bath.
      Anodes consisting of artificial carbon penetrate the alumina layer and the
      crust and extend into the electrolyte. The crust usually does not
      sealingly surround the circumference of each anode, but a gap forms around
      the anode circumference because of rising gases and other influences. The
      consumption of an anode during the operation of the cell, also known as
      burning away, which is made up of a primary and secondary burning, is
      based upon two oxidation mechanisms which should be considered separately
      for the present purpose.
PAR  In the primary burning, the oxygen released from the aluminum oxide during
      the fusion electrolysis attacks the carbon of the anode with formation of
      a gas mixture of carbon dioxide and monoxide, which mostly rises along the
      anode surfaces and through the gap.
PAR  This reaction, which brings about the majority of the burning away, occurs
      exothermically with heating of the electrolyte and reduction of the energy
      necessary for the electrolysis. This primary burning is unavoidable with
      carbon anodes.
PAR  On the contrary, this is not the situation with the secondary burning,
      which is based on another oxidation mechanism and which impairs economic
      cell operation. The present invention is concerned with resisting this
      secondary burning. The cause of secondary burning is as follows.
PAR  The temperature of the bath in the cell (i.e. the cathode pot) lies at
      about 950.degree. to 980.degree.C, and this source of heat imparts a heat
      content to the carbon anodes, so that a gradient is established between
      the side of the anode facing towards the bath and facing away from the
      bath. Corresponding to this heat content of the anodes, the surfaces of
      the anodes exhibit a corresponding temperature gradient between a maximum
      of 980.degree., and 400.degree.C. At the same time the part of the anode
      extending out of the bath is surrounded with an atmosphere consisting of
      air, together with a gas mixture of carbon monoxide and dioxide and
      smaller quantities of vaporised fluorides rising mainly through the gap
      around the anode and burning in the air. Encouraged by the high
      temperature of the anode, this atmosphere has an oxidising effect, thus
      encouraging burning away. The burning reactions which thus occur produce,
      in contrast to the oxidation mechanism causing the primary burning, no
      contribution to the bath heating and thus to reduction of energy, but they
      produce unproductive losses of carbon which can, for a definite quantity
      of aluminum produced, amount to up to 8 % of the total consumption of
      anode carbon.
PAR  2. Description of the Prior Art
PAR  It is known to manufacture an anode which during its operation is
      substantially neutral to its surroundings, i.e. free of secondary burning
      away. This involves the application of a coating on the anode surfaces
      hindering oxidising media from attack on the anode surfaces extending out
      of the cell bath. In this method, an anode cladding is produced by casting
      of aluminum on the anode surfaces. In order that it can attain its
      intended function, this anode cladding has thickness of at leat one cm,
      but preferably several cms, and this requires considerable expenditure. A
      layer of this kind cannot be applied on the anode surface without moulds
      or similar means, which require a series of working operations which
      introduce expense and are mostly manual. To avoid the introduction of
      oxidation products, special measures must be observed as the melt is
      conducted to the casting process. Besides, one must ensure that the
      wetting of the carbon by aluminum, which is anyway not good, is not still
      further impaired by inappropriate procedure. As mentioned initially, the
      secondary burning amounts to up to 8% of the total consumption of carbon
      for a given quantity of aluminum produced, and if an economic benefit is
      to be obtained from elimination of the secondary burning, then the costs
      devoted to this elimination must be held within the range of the
      above-mentioned fraction of the carbon costs. The known method is
      economically unattractive.
PAC  SUMMARY OF THE INVENTION
PAR  The invention starts from this, and the object underlying it is to provide
      a method of formation of an anode which in operation is neutral to the
      surroundings, especially a carbon anode for the production of aluminum by
      fusion electrolysis, the expense of material of which in relation to the
      saving obtained by the elimination of secondary burning represents a
      minimum.
PAR  According to the invention this object is achieved in that the material of
      the coating is delivered in finely dispersed form onto the anode with
      sufficient heat content and impact energy to cause adhesion between the
      material and the surface of the anode and consolidation of the material.
PAR  By this means and even if several passes are necessary for the desired
      thickness of the coating the drawbacks inherent in known methods are
      eliminated, because the known measures, involving moulds, avoidance of
      oxide entrainment, and optimisation of wetting, are more expensive.
PAC  DETAILED DESCRIPTION
PAR  In an advantageous development of the method, the material is supplied in
      an ionised gas jet of high energy content (heat content plus kinetic
      energy), being finely dispersed therein, and is applied to the anode
      surface by means of the energy residing in the gas jet, with simultaneous
      heating of the said surface. This development has the advantage that by
      means of it the application and consolidation of the material is possible
      in one operation. The simultaneous heating of the anode surface, that is
      of a zone around the point of application, hinders any rebound of the
      applied layer, and, by means of shock heating, excludes the oxidation of
      the carbon or of a possible previously applied metal layer, e.g. an
      aluminium layer.
PAR  By "high energy content" of the ionised gas jet there is to be understood
      an energy amount sufficient for the fusion and subsequent deposition on
      the surface to be coated of the material to be applied. In an ionised gas
      jet the heat content may reach 10.sup.5 kcal/kg of gas; however this
      energy will be adjusted according to the kind of material to be applied.
      For example, for the application of a layer of aluminium in molten
      condition one will so adjust the energy content of the ionised gas jet, to
      match the technological properties of the aluminium, that the energy is
      optimum for application, but is not so great that the aluminium vaporises
      before it has reached the surface to be coated.
PAR  As a further development of the method, the material can be introduced in
      fluent form, i.e. in powder or in liquid form, into the gas jet. This is
      indicated, if the material to be applied is already available in the form
      mentioned.
PAR  A best possible protection of the anode surface against influences from the
      surroundings, especially against oxidation, in only attainable if the
      anode surface is covered with a protective layer which adheres well and is
      impermeable to gas. One should also require of this layer that, for
      avoidance of flaking and formation of cracks, it matches well the thermal
      expension of the anode, and it should consist of a material which
      dissolves in the electrolyte without creating impurity in it. The method
      can be carried out with an optimum economic advantage, if aluminium oxide
      is introduced into the gas jet. Aluminium oxide is economical and
      dissolves in the electrolyte without leaving impurities.
PAR  To improve the adhesion and stability of a protective layer consisting of
      aluminium oxide, aluminium oxide is preferably introduced into an ionised
      gas jet which is oxidising in character. With employment of a
      non-oxidising ionised gas jet one can attain at least partly the
      conversion of the aluminium oxide into an aluminium sub oxide (Al.sub.2 O)
      and oxygen, so that, just where it is required, an optimum adhesion and
      stability become unattainable. Nitrogen in the ionised gas jet leads,
      through the at least partial conversion of the aluminium oxide, to
      aluminium nitrides, which are undesired for formation of a protective
      layer with the best possible adhesion and stability, so that the
      employment of a nitrogen-free ionised gas jet is to be aimed at.
PAR  A layer of aluminium oxide formed with the above-mentioned means shows
      necessarily a certain open porosity, which to a limited extent could
      enable the secondary burning away to still occur. This can be eliminated,
      if the aluminium oxide is applied in a thickness of 0.1 to 1.0 mm,
      preferably of 0.2 to 0.5 mm. By the choice of the layer thickness, a
      statistical closing of the penetrating pores is achieved.
PAR  In another advantageous embodiment of the invention, intended for closing
      the pores, there is first applied a layer of aluminium with a thickness of
      0.05 to 1.0 mm, and on this a layer of aluminium oxide. During operation,
      the aluminium layer oxidises because of the penetration of oxidising media
      through the pores, and this oxidation effects closing up of the pores.
PAR  In a further development of the invention, for the purpose mentioned there
      is applied a layer of aluminium with a thickness of 0.05 to 1.0 mm, and on
      this layer a cermet-type layer of aluminium oxide and aluminium with a
      thickness of 0.1 to 1.0 mmm. During the operation of the anode the
      aluminium of the cermet-type layer, and of the aluminium applied under the
      cermet-type layer, oxidises so causing closure of the pores that are
      present.
PAR  The application of a layer of the aluminium on the anode surface, onto
      which a layer of aluminium oxide or a cermet-type one, i.e.
      ceramic-metallic consisting of aluminium oxide and aluminium, is then to
      be applied, brings the advantage that, upon formation of cracks by
      mechanical influences on the coating, an automatic sealing of the cracks
      takes place, without additional means being necessary for the purpose.
PAR  According to a further ambodiment of the invention it is possible, for
      production of a coating which seals its pores during heating, to apply as
      material a cermet-type mixture of aluminium oxide and aluminium in a
      thickness of 0.1 to 1.0 mm. During operation, the aluminium oxidises and
      thus closes pores penetrating to the anode surface, thus excluding
      secondary burning.
PAR  As regards the mechanical and chemical properties of the cermet-type layer,
      satisfactory values are produced if the aluminium oxide and aluminium are
      applied in a ratio by weight of 10:1 to 2:1.
PAR  For production of an ionised gas jet both gas-stabilised and also
      water-stabilised plasma burners can be employed. In this connection a
      water-stabilised plasma burner with a minimum input of 40 kw, preferably
      of about 150 kw or higher, is preferred. Burners with inputs in this order
      of magnitude, which are obtainable according to the present state of
      technology exclusively with water-stabilised burners, ensure the
      simultaneous rapid heating of a sufficiently large zone around the point
      of application, so that any rebound of a relatively thick layer applied in
      molten condition, as well as any oxidation of the carbon and of a possible
      aluminium layer already applied on the carbon, are avoided, this being
      attributable to the shock heating produced by the high burner output.
PAR  Burners of this kind are not restricted by their construction to the
      introduction of only one material in the ionised gas jet. Thus it is
      possible to introduce one or more materials into the plasma burner, that
      is to say into the ionised gas jet, while according to the handling of the
      device a homogeneous or a heterogeneous material becomes applied as a
      coating. Therefore a device for ionisation of a gas jet, by reason of the
      adjustability of its output, is suitable for the production of an anode
      which is neutral to the surroundings, and which has a coating of aluminium
      oxide, or a coating consisting of an aluminium layer with a second layer
      applied on it of aluminium oxide, or a second layer of a cermet-type
      material, or finally a layer of cermet-type material alone.
PAR  The cost of the devices for ionisation of a gas jet is relatively slight in
      proportion to the advantages flowing from them by suppression of the
      secondary burning away, so that the purpose of the invention is still
      attained if, for example, two devices of the kind mentioned are employed
      for production of a coating consisting of an aluminium layer with a layer
      of aluminium oxide applied over it, one producing the aluminium layer and
      the other that of aluminium oxide.
PAR  Two devices for ionisation of a gas jet are also suitable for manufacture
      of a coating consisting of an aluminium layer with a cermet-type layer
      sprayed onto it. In doing this, first aluminium is applied to the anode
      surface from one device, and then the cermet-type layer is built up with
      switching in of the second device, with combination of their discharges of
      aluminium and aluminium oxide, while the latter arrangement is also
      suitable for formation of a coating of a cermet-type layer alone.
      Alternatively, equally good results have been attained with reference to
      the economics of the method, if the aluminium layer is applied to the
      anode by flame spraying by means of an acetylene-oxygen mixture.
PAR  It has appeared that it is not possible to employ aluminium metal alone as
      a flame-sprayed oxidation resisting layer. The reason is that, although
      aluminium applied in this way develops a film of oxide on its exposed
      surface, the aluminium melts away as the anode is lowered into the bath,
      and the film of oxide which is left is not adherent to the anode and is
      fragile. Consequently, once the aluminium as melted, oxidising agents can
      reach the anode through breaks in the oxide layer.
PAR  In the application by means of an ionised gas jet, the best rate of
      application, defined as ratio of applied material to rejected material,
      and the best adhesion and impermeability of the coating, are obtained if
      the gas jet is arranged and delivered perpendicular to the surface to be
      protected.
PAR  Methods according to the invention produce a high economic advantage from
      the elimination of the secondary burning. Moreover variations are
      possible, for production of the coating of best possible formation for
      overcoming the secondary burning, which do not impair the economic
      advantages.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Below are some examples of methods in accordance with the invention. These
      examples also involve the use of aluminium oxide in accordance with our
      said co-pending Patent application.
PAC  EXAMPLE 1
PAR  On a carbon anode for aluminium electrolysis, those surfaces that are to be
      protected are first preferably lightly sand sprayed with corundum sand. A
      layer about 0.4 mm thick of aluminium oxide is applied in molten condition
      by means of a water-stabilised plasma burner of 150 kw power input and a
      spray output of about 20 kg per hour, in four successive traverses with
      cross-wise coverage of the surface. The distance of the anode of the
      plasma burner from the surface of the carbon anode amounts to 25 to 30 cm.
      The rate of deposition of the aluminium oxide amounts to about 16 kg per
      hour. The aluminium oxide which is not deposited is sucked up, collected
      and delivered back to the process. The grain size of the aluminium oxide
      amounts to 75 to 150 .mu..
PAC  EXAMPLE 2
PAR  The surface to be protected of a usual carbon anode for aluminium
      electrolysis is preferably lightly sand sprayed with corundum sand. A
      layer of aluminium about 0.1 mm thick is applied with the help of a
      metallisation burner. Directly thereupon a layer of Al.sub.2 O.sub.3 about
      0.3 mm thick is applied with the help of a water-stabilised plasma burner
      with a power input of 150 kw and a spray output of 20 kg per hour by
      successive traversing of the surface three times with the plasma flame,
      while the distance of the anode of the plasma assembly from the surface of
      the carbon anode amounts to 25 to 30 cm. The deposition efficiency of the
      Al.sub.2 O.sub.3 amounts to about 80%. The applied Al.sub.2 O.sub.3
      (industrial alumina) has a grain size of 75 to 150 .mu..
PAC  EXAMPLE 3
PAR  The surface to be protected is provided, as described in Example 2, with a
      layer about 0.1 mm thick of aluminium metal. Then a quantity of about 20
      kg Al.sub.2 O.sub.3 and about 5 kg aluminium metal per hour is applied
      with the help of a water-stanilised plasma burner of 150 kw power input
      which is supplied with a continuously fed aluminium wire anode of 3.5 mm
      diameter, with formation of a cermet-type layer of about 0.4 mm thickness.
      The remaining conditions correspond entirely with those given in Example
      2.
PAC  EXAMPLE 4
PAR  The surface to be protected is sand sprayed as described in Example 1, and
      thereupon is plasma coated with a quantity of about 7 kg aluminium and
      about 20 kg Al.sub.2 O.sub.3 per hour with the help of a water-stabilised
      plasma burner of 150 kw power input, which is provided with a continuously
      fed aluminium wire anode of 3.5 mm diameter, with formation of a
      cermet-type layer of about 0.5 mm thickness. The separation beween the
      surface and the aluminium wire anode amounts to 20 to 25 cm; the layer is
      applied by traversing of the plasma flame four times over the surface. As
      in the other examples, one must here also observe that the plasma jet is
      directed as perpendicularly as possible onto the surface of the carbon
      anode.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of applying to a carbon anode for use in fusion electrolysis a
      coating for protection of the anode against surrounding influences,
      comprising delivering aluminium oxide and aluminium in finely dispersed
      form onto the anode with an oxidizing ionised gas jet having sufficient
      heat content and impact energy to cause adhesion between the coating and
      the simultaneously heated surface of the anode and consolidation of the
      coating, wherein the coating consists of a cermet-type layer of aluminium
      oxide and aluminium with a thickness of 0.1 to 1.0mm., and wherein the
      cermet-type layer is formed of aluminium oxide and aluminium in a ratio by
      weight of 10:1 to 2:1.
NUM  2.
PAR  2. A method of applying to a carbon anode for use in fusion electrolysis a
      plural layered coating for protection of the anode against surrounding
      influences, comprising applying a layer of aluminium and a cermet type
      layer of aluminium oxide and aluminium in finely dispersed form onto the
      anode wherein said layer of aluminium with a thickness of 0.05-1.0 mm. is
      first applied, and then said cermet type layer of aluminium oxide and
      aluminium with a thickness of 0.1-1.0 mm. is applied with an oxidizing
      ionised jet having sufficient heat content and impact energy to cause
      adhesion between the coating and the simultaneously heated surface of the
      anode and consolidation of the coating.
NUM  3.
PAR  3. A method of applying to a carbon anode for use in fusion electrolysis
      plural layered coating for protection of the anode against surrounding
      influences, comprising applying a layer of aluminum and a layer of
      aluminium oxide and aluminium in finely dispersed form onto the anode with
      an oxidizing ionised jet having sufficient heat content and impact energy
      to cause adhesion between the coating and the simultaneously heated
      surface of the anode and consolidation of the coating.
NUM  4.
PAR  4. A method according to claim 3 wherein a layer of aluminum with a
      thickness of 0.05-1.0 mm. is first applied to the electrode as in claim 3
      and then a layer of aluminum oxide with a thickness of 0.1-1.0 mm. is
      applied as set forth in claim 3.
NUM  5.
PAR  5. A method according to claim 3, wherein the material is introduced into
      the gas jet in powder or liquid form.
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ABST
PAL  A method for producing highly pure silicon, or another semiconductor
      material, includes depositing the element from a corresponding reaction
      gas at the surface of several rod shaped carrier members composed of
      highly pure material, the carrier members being connected in series and
      permeated by a heating current supplied by an operational current source.
      In heating the serially connected carrier members, the members are first
      preheated by the application of a high voltage from a three phase supply,
      the carrier members being subdivided into groups with each group charged
      by a separate phase of the three phase voltage. Preheating is performed
      prior to connecting all of the carrier members to the operational supply.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention concerns a method for the production of highly pure silicon
      or other semiconductor material, and is more particularly concerned with a
      method of producing highly pure semiconductor material by depositing the
      semiconductor material from a corresponding reaction gas at the outer
      surface of rod shaped carrier members which are heated to the depositing
      temperature in the reaction gas. The members consist of the same
      semiconductor material and are connected in series with respect to an
      operational current source which provides a direct current for heating the
      carrier members to the depositing temperature, and wherein prior to
      depositing the rod shaped carrier members are preheated by a multiphase
      voltage source with a high voltage.
PAR  2. Description of the Prior Art
PAR  A prior method of providing highly pure semiconductor material is disclosed
      in the French Pat. No. 1,125,207 and in the German published application
      No. 1,212,948. The preheating of the rodshaped carrier members, in
      particular consisting of highly pure silicon, by means of applying a
      sufficiently high auxiliary voltage has the advantage of all known methods
      of decreasing the resistance of the carrier member from a high value at
      room temperature to such a low value that the operational current source,
      operating at a considerably lower voltage, can further heat the carrier
      rods. Naturally, the goal of heating is achieved more quickly if the
      available auxiliary voltage is higher. Based on the auxiliary voltage, an
      electrical current of at first low strength flows in the carrier members
      which, however, develops sufficient heat in order to not only cover heat
      losses at the surroundings but also to gradually increase the temperature
      of the rods, and therefore is capable of decreasing rod resistance.
      Therefore, if a sufficiently high auxiliary voltage is elected, a static
      condition will not occur, but a successive increase in temperature and
      current will be experienced, and therefore a constant decrease of the
      electrical resistance of the carrier will be achieved, due to its
      decreasing temperature-resistance characteristic, until the operational
      current source, which provides a substantially lower voltage, is capable
      of supplying a current which can further heat the carrier rod
      notwithstanding this low voltage. If necessary, the preheating or
      "igniting" of the carrier rods can be supported by means of infra-red
      irradiation of the carrier rods.
PAR  On the one hand, preheating of the carrier rods requires a rather high
      voltage (several kV/m of the carrier rod). On the other hand, the load
      current during preheating is only in the order of magnitude of a
      millampere. A lower voltage is required for the operational source,
      however, several thousand ampere of heating current is experienced. This
      means, that for the operational source, a low voltage transformer and for
      the auxiliary voltage source a high voltage transformer are required.
PAR  It is possible, without particular difficulty, to heat several meters of
      carrier rods to the depositing temperature by means of an operational
      current source supplied by a current supply network in the case where
      silicon is used as a semiconductor. This fact is utilized in that, instead
      of a correspondingly long carrier rod, several carrier rods with shorter
      lengths are used, which rods are preferably arranged in the same reaction
      chamber and are connected in series with respect to the current source.
      However, a similar procedure with respect to the auxiliary voltage source
      which serves for preheating results in very high voltages. In order to
      avoid these, according to German Pat. No. 1,212,948, the carrier rods can
      be preheated individually by an auxiliary voltage source at
      correspondingly lower voltages in order to apply the rods individually to
      the operational current as soon as they are sufficiently preheated until
      such time as the operational current source is completely loaded. Such
      measures are, however, very time consuming.
PAC  SUMMARY OF THE INVENTION
PAR  With respect to the last-stated technique, it is more favorable to utilize
      a simultaneous preheating of all carrier rods, a technique which forms the
      basis of the present invention.
PAR  According to the invention, it is provided that an n-phase auxiliary
      voltage source (n &gt; 2; n = integer) supplies alternating current and the
      individual phases of the auxiliary voltage supplied by this source is
      applied to respective groups of the carrier members which, in turn, are
      already connected in a series circuit so that all carrier members have
      voltage applied thereto.
PAR  For the implementation of the method according to the invention, for
      example, an n-phase supply is required as the auxiliary voltage source,
      and its voltage is transformed via a n-phase transformer to a high
      voltage. The individual phases of the transformed voltage are then applied
      to each of the n groups of carrier members so that the preheating of the
      individual groups takes place simultaneously. Since, in addition, all
      carriers are already connected in series with an operational current
      source, only a simple and single switching process is required in order to
      apply the operational current to the carriers and to switch off the
      auxiliary source. This is possible in different ways, as will be described
      below.
PAR  It is to be understood that the method according to the invention saves
      time when compared to the method set forth in German Pat. No. 1,212,948.
      The decrease of the required auxiliary voltage is a further advantage. If
      for a simultaneous preheating of all carriers which are connected in
      series with an auxiliary direct voltage source or a nominal alternating
      voltage source, a voltage U is required in the case of the method of the
      present invention, a voltage is sufficient which has been decreased by the
      factor cos (.phi./n) &lt; 1. The most frequent case of application of the
      method according to the invention is in the application of a three-phase
      voltage as an auxiliary voltage source, since such a voltage is supplied
      by most of the common supply networks. Therefore, the following
      considerations will be limited, by way of discussion, to three phase
      situations. It can be readily recognized that in the case of a
      generalization to n-phases, the device characteristics, which can be
      appreciated from the drawings, and which are provided per phase, must be
      provided in correspondence to the large phase number n times, rather than
      three times as in the example given.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects, features and advantages of the invention, its organization,
      construction and operation will be best understood from the following
      detailed description taken in conjunction with the accompanying drawings,
      on which:
PAR  FIG. 1 is a schematic circuit diagram of a circuit constructed in
      accordance with the invention; and
PAR  FIGS. 2 and 3 illustrate modifications of the circuit of FIG. 1 wherein
      auxiliary switches are provided for short circuiting the operational
      source.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  It is possible to maintain the working or operational voltage source
      switched off during preheating and to switch it on only if all rods have
      been preheated. This corresponds to the case illustrated in FIG. 1. In
      FIG. 1 a switch must be activated which supplies the working voltage to
      all carrier rods. However, the working voltage source can also be applied
      directly to the carrier rods with the primary side switched off) but the
      effectiveness can be eliminated at first by "short-circuiting" the working
      current source. After the preheating process has been carried out, that is
      after all groups of the carrier rods have reached the desired value of
      preheating current, this "short circuit" is eliminated so that the
      operational current source can operate on all carrier rods. The
      operational current source is provided, at least in this case, by the
      secondary side of a current transformer supplying a two phase alternating
      current by way of a low voltage transformer. As mentioned above, FIGS. 2
      and 3 illustrate the application of the operational current source wherein
      it is "short-circuited" during preheating.
PAR  In the exemplary embodiment of the invention illustrated in FIG. 1, a
      plurality of silicon rods 1a-1f having approximately the same length are
      provided in a deposition chamber 5. The rods have, for example, a length
      of 0.4 to 2.0 m. The rods are divided into groups I, II and III. The rods
      1a and 1b belong to group I the rods 1c and 1d to group II and the rods 1e
      and 1f to the group III. Each rod is mounted at its lower end in a
      vertical position by a respective electrode 2a-2f located at the bottom of
      the deposition chamber 5 and electrically insulated with respect to the
      other electrodes. The rod 1a is provided with the electrode 2a, the rod 1b
      is provided with the electrode 2b, and so on, with the rod 1f being
      provided with the electrode 2f. At their upper ends, the rods are
      provided, in groups, with a conductive bridge, 3a, 3b and 3c,
      respectively, which bridge preferably consists of the respective highly
      pure semiconductor material, such as silicon. On the other, there is a
      conductive connection 4a and 4b, respectively, between the electrodes 2b
      and 2c and the electrodes 2d and 2e comprising a respective center tap B
      and C. The electrode 2a is connected with a tap A, and the electrode 2f is
      connected with a tap D. A voltage source which is applied to the taps A
      and D is therefore applied by means of the series circuit of the groups I,
      II and III of the rod shaped carrier members to all of the carrier rods
      1a-1f of the circuit while a voltage source which is applied between the
      terminals A, B, C and D, respectively, is only applied to one of the
      groups of the carrier rods, respectively.
PAR  Correspondingly, in the method according to the invention, the working
      current source is applied to the terminals A and D and one phase each of
      the auxiliary voltage source to the terminals A and B, or B and C, or C
      and D, respectively.
PAR  The arrangement of the carrier rods 1a-1f, as mentioned above, is in a
      common reaction container or chamber 5, having a bottom which supports the
      electrodes 2a-2f mounting the carrier rods. The bottom of the container
      consists, for example, of a quartz plate or a metal plate. The reaction
      chamber 5 is indicated by a rectangular broken line in FIG. 1 and details,
      for example those concerning the supply of reaction gas, have been omitted
      in order to simplify the illustration.
PAR  The working current source is provided by the secondary winding of a
      transformer 6 which is connected to a normal two-phase alternating voltage
      source. The voltage may be taken from the available power network. It is
      advisable to provide means for keeping the amplitude or the effective
      value of the current flowing in the primary circuit of the transformer 6
      at a constant level, which, however, will not be described in greater
      detail. The reader may, however, refer to other publications, such as
      German patent applications Nos. P 21 33 863.6 and P 21 53 566.0. It here
      suffices to say that one is dealing with the application of a voltage
      supply member, for example thyristors or the like where the trigger angle
      is adjusted in such a way that the current flowing in the primary circuit
      of the transformer 6 maintains the adjusted desired value.
PAR  Various taps are provided at the secondary side of the transformer 6 which
      make it possible to dimension the voltage to the terminals A and B and
      therefore to all of the rod shaped carrier members. It must be taken into
      consideration that the rod members 1a-1f increase in diameter during the
      deposition process and therefore change their resistance by one or several
      orders of magnitude. In that case, a correspondingly lower operating
      voltage is required in order to provide the carrier rod members with the
      currents which are required for maintaining the depositing temperature.
      Consequently, it is possible, by means of a switch 7 to connect various
      voltage values from the secondary side of the transformer 6 to all of the
      carrier rod members.
PAR  In the arrangement illustrated in FIG. 1, the switch 7 remains open and
      consequently, the carrier rods 1a-1f are separated from the working
      voltage source. Instead, the auxiliary voltage source is loaded by way of
      the terminal pairs F, G; G, H; and H, J, respectively with individual
      phases of a three-phase auxiliary voltage source applied at a plurality of
      terminals R, S, T and Mp. A three-phase high voltage transformer is
      connected to these terminals and has a secondary side of three windings
      which terminate in terminal pairs U, X; V, Y and W, Z, respectively,
      whereby the individual phases are directed to the groups I, II and III as
      illustrated in FIG. 1. Based on a diameter of a rod of 4-6 mm where
      silicon is concerned an auxiliary voltage of 500 V per meter of rod and a
      working voltage of approximately 150-200 V per meter are necessary.
PAR  The terminal pairs U, X; V, Y and W, Z of the secondary side of the
      three-phase transformer 8 operate on respective ones of the groups I, II,
      III. Therefore, the terminal pair U, X is connected with the terminal pair
      A, B; the terminal pair V, Y is connected with the terminal pair B, C; and
      the terminal pair W, Z is connected with the terminal pair C, D. Between
      these sets of terminals means for controlling, and thus limiting, the
      preheating current supplied by the three phase transformer 8 are provided
      for each of the groups I, II, III, where the current is limited to a value
      at which the working current source 6 shows a noticeably lower voltage
      than the auxiliary voltage source 8 and is in a position to carry out the
      further heating of the carrier rods 1a-1f without further support from the
      auxiliary voltage source, and finally, to maintain the necessary
      depositing temperature.
PAR  In each of the circuits operated by the individual phases of the secondary
      voltage of the auxiliary voltage source 8, an element is provided which
      supervises the current, for example, respective current transformers 9a,
      9b, 9c. Each of these supervising elements are connected in series with a
      respective pair of thyristors 10a, 10b; 10c, 10d; and 10e, 10f, each pair
      of thyristors being connected in an anti-parallel arrangement. By means of
      these thyristor pairs, the effective point for the positive or negative
      amplitude of the respective phase of the auxiliary voltage source 8 can be
      adjusted. The adjustment itself is transmitted by way of a respective
      control circuit 11a, 11b and 11c.
PAR  For this purpose, the current transformers 9a, 9b and 9c, respectively,
      operate on the respectively assigned control circuit 11a, 11b and 11c
      which form, together with the aforementioned thyristor pairs, respective
      alternating current sources for the auxiliary circuits. The control
      circuits 11a, 11b and 11c, respectively, each contain a two-pulse control
      set, which means a pulse generator which releases a positive and a
      negative pulse per period of the respective phase of the auxiliary voltage
      source 8 to the associated thyristor pairs and therefore determine the
      arithmetic medium value or the effective value of the preheating current
      of the respective group I, II and III.
PAR  As soon as the preheating current in the individual phases of the auxiliary
      voltage source has reached the final value which is prescribed for the
      respective phase, the control circuits 11a, 11b and 11c, respectively,
      provide that the preheating current is maintained (in particular that it
      cannot run away). The final condition thus achieved for each phase is
      registered by one of the integral value stages 12a, 12b and 12c which are
      assigned to the respective phases.
PAR  The switching off of the auxiliary voltage source 8 and the activation of
      the working current source 6, which is directly connected therewith,
      advantageously takes place at the instant at which all carrier rods 1a-1f
      conduct the desired value of heating current. This means that a preheating
      current which keeps the temperature of the carrier rods so high that
      during the subsequent acceptance of the rods by the working current source
      6, that source is in a position to further heat the carrier rod 7 to the
      final depositing temperature, for example to a temperature of
      1100.degree.-1200.degree.C. Experience has shown that this final value of
      the preheating current constitutes approximately 0.5-0.9 times the
      operating current which is necessary at the beginning of deposition when
      silicon carrier rods are used.
PAR  Consequently, the switch 7 must be constructed to handle these current and
      voltage values and is therefore relatively expensive. A less voltage
      resistant and therefore also less expensive switch will be satisfactory,
      if the working voltage source 6 is short-circuited with an auxiliary
      switch as illustrated in FIGS. 2 and 3. In FIG. 2 the auxiliary switch is
      provided by a switch 13 connected across the secondary of the transformer
      6; whereas in FIG. 3 a pair of antiparallel connected thyristors are used.
      In either case, the auxiliary switch only has to conduct a comparitively
      low current supplied by the auxiliary voltage source 8. The switch 13 is
      opened shortly before the auxiliary current source 8 is switched off and
      therefore the operating current supplied by the working current source 6
      is applied to all of the serially connected carrier rods 1a-1f.
PAR  In the circuit illustrated in FIG. 3, the degree of the short circuit of
      the working current source, and therefore the degree of the operation of
      the working current into the carrier rods can be adjusted so that, by
      means of the device illustrated in FIG. 3 and connected into the circuit
      of FIG. 1, it is possible that the operating current can be controlled in
      synchronism with a decrease of the preheating current. When using the
      embodiment illustrated in FIG. 3, a continuous acceptance of the carrier
      rods to the working current source is possible.
PAR  Although we have described our invention by reference to particular
      illustrative embodiment thereof, many changes and modifications of the
      invention may become apparent to those skilled in the art without
      departing from the spirit and scope of the invention. We therefore intend
      to include within the patent warranted hereon all such changes and
      modifications as may reasonably and properly be included within the scope
      of our contribution to the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the production of highly pure silicon by depositing silicon
      from a corresponding reaction gas on the outer surface of silicon
      rod-shaped carrier members which are heated in the reaction gas to the
      depositing temperature, comprising the steps of simultaneously preheating
      the members to a predetermined temperature by connecting separate groups
      of carrier members to separate phases of an n-phase electrical supply,
      where n is an integer larger than two; and heating the carrier members to
      the depositing temperature by connecting the carrier members,
      contemporaneously with their group phase connections, in series and
      connecting the series to a heating current source.
NUM  2.
PAR  2. The method according to claim 1 wherein the step of heating includes the
      step of connecting a two-phase alternating supply via a transformer as the
      heating current source, and wherein the step of preheating is further
      defined by the step of connecting a three-phase transformer between a
      three-phase supply and the respective groups of carrier members.
NUM  3.
PAR  3. The method according to claim 2, comprising the step of adjusting a
      constant primary current for the heating current supply.
NUM  4.
PAR  4. The method according to claim 3, comprising the step of controlling the
      currents supplied to the respective groups of carrier members.
NUM  5.
PAR  5. The method according to claim 4 comprising the steps of maintaining the
      individual preheating currents at a constant desired value until all such
      currents achieve the desired value and, immediately prior to applying the
      heating current, turning off the three-phase supply.
NUM  6.
PAR  6. The method according to claim 5, comprising the step of establishing a
      short circuit across the output of the transformer which supplies the
      heating current and removing the short circuit after the three-phase
      supply is switched off.
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ABST
PAL  Method for producing homogeneous surface alignment of liquid crystal
      materials by applying to the surfaces of transparent plates bounding a
      liquid crystal film a polymer which is subjected to a shear thinning
      technique to cause elongation and alignment of long chain polymers. In
      certain embodiments of the invention, the surfaces are coated with a
      polymer treated with a dichroic dye such that a polarizing film is formed
      adjacent the liquid crystal film. This eliminates the need for separate
      polarizers on opposite sides of a liquid crystal display.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  While not necessarily limited thereto, the present invention is
      particularly adapted for use in the production of field effect liquid
      crystal displays of the type shown in U.S. Pat. No. 3,731,986 issued May
      8, 1973. The optical display devices shown in that patent convert
      electrical intelligence into optical images with the use of a field effect
      shutter device comprising a layer of nematic liquid crystal material
      sandwiched between opposing parallel plates coated with transparent
      conducting films. These plates, with the liquid crystal material
      therebetween, are disposed between and parallel to a pair of polarizers
      such that when an electrical potential is established across the
      conducting films and the liquid crystal layer, the device will change from
      a light transmitting to opaque medium, or vice versa, depending upon the
      orientation of the two polarizers. By forming the two conducting films in
      the shape of a desired optical image, that image can be made to appear or
      disappear, depending upon whether a potential is established between the
      conducting films. Furthermore, by creating separate conducting areas, as
      by etching the conducting films, any number of conductive regions can be
      switched ON while other regions are not affected to produce any one of a
      number of different images with the same liquid crystal sandwich assembly.
PAR  Nematic liquid crystal displays of the type described above depend upon a
      twisted nematic structure in the liquid crystal film. This is achieved by
      causing the nematic liquid crystal molecules to align parallel to the two
      bounding transparent plates, the parallel alignment of the two plates
      being at right angles to each other. Homogeneous alignment of a liquid
      crystal to a surface can be achieved by three well-known techniques. In
      one of these, thin coatings of a long chain polymer are applied to the
      facing surfaces of the two transparent plates between which the liquid
      crystal layer is disposed. By subsequently rubbing these coatings with a
      soft material such as cotton cloth or paper, the molecules on the
      respective coatings can be made to align at right angles with respect to
      each other, whereby the liquid crystal molecules adjacent the respective
      plates will align parallel to the rubbed lines. This technique, however,
      has several inherent disadvantages. First, the rubbing operation
      introduces unwanted contamination onto the polymer coatings because the
      materials which are used to rub the polymer are generally something other
      than the polymer itself (i.e., cotton or paper). Secondly, the rubbing
      operation introduces considerable shearing forces on the polymer film and
      may tear the film away from the substrate during manufacture.
PAR  The second known technique utilized to produce homogeneous alignment of a
      liquid crystal to a surface involves creating unidirectional microgrooves
      in the two facing transparent plates with a device such as a buffing wheel
      loaded with a fine abrasive. The substrate is then later coated with a
      material such as silane to produce the proper surface energy to cause
      homogeneous alignment.
PAR  The third technique, which is similar to the second described above, is to
      evaporate a silicon oxide film onto the substrate at a low angle, thereby
      producing microgrooves.
PAR  The latter two techniques, while suitable in certain instances, are
      difficult to implement, involve expensive equipment, and are relatively
      slow.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, homogeneous alignment of liquid crystal
      molecules to a surface is achieved by a technique known as shear thinning
      which is a reversible decrease in viscosity resulting from the tendency of
      an applied shear force to disturb the long chains of a polymer from their
      favored equilibrium configuration, causing elongation in the direction of
      shear.
PAR  In carrying out the invention, a substrate such as the bounding transparent
      plate of a liquid crystal display is initially coated with a mixture of a
      long chain polymer and a suitable solvent. The polymer must be such as to
      wet the substrate. While the solution is still wet, homogeneous alignment
      of the molecular structure can be achieved by spreading the solution onto
      the surface of the substrate with a squeegee or other device which creates
      relative motion between itself and the substrate. In this manner,
      homogeneous alignment of the polymer chains will result in the direction
      of the relative motion. When the solution dries, the polymer chains
      maintain the induced alignment such that when a nematic or cholesteric
      liquid crystal layer is brought into contact with the treated polymer, the
      liquid crystal molecules will align in the direction of the alignment of
      molecules in the polymer.
PAR  The polymer utilized must comprise a long chain polymer and can be either a
      water or hydrocarbon soluble resin. Suitable examples include polyvinyl
      alcohol and polyvinyl butyral. Furthermore, the solution concentration
      must be high enough such that shear forces are induced in the solution
      (i.e., polymer and solvent) sufficient to cause homogeneous alignment of
      the polymer chain. On the other hand, the solution concentration must be
      low enough such that it will adhere to the substrate and the squeegee or
      other similar tool even under shear forces.
PAR  Further, in accordance with the invention, the film with aligned molecules
      in contact with the liquid crystal layer can be formed into a polarizer by
      adding to the polymer, while in solution, a substance such as iodine which
      will form a dichroic substance incorporated into the polymer.
      Alternatively, the polymer coating can be stained with iodine. In this
      manner, external polarizing sheets on opposite sides of the liquid crystal
      display can be eliminated, the coatings on the interior surfaces of the
      transparent plates acting both as polarizers and as a means for surface
      alignment of the liquid crystal layers.
DRWD
PAR  The above and other objects and features of the invention will become
      apparent from the following detailed description taken in connection with
      the accompanying drawings which form a part of this specification, and in
      which:
PAR  FIG. 1 is a cross-sectional view of a nematic field effect liquid crystal
      cell which can be fabricated in accordance with the teachings of the
      invention;
PAR  FIG. 2 illustrates one manner in which shear thinning of a polymeric
      coating can be achieved in accordance with the invention;
PAR  FIG. 3 illustrates another method in which shear thinning can be achieved;
      and
PAR  FIG. 4 illustrates still another method whereby shear thinning of a
      polymeric coating can be achieved on a mass production basis.
DETD
PAR  With reference now to the drawings, and particularly to FIG. 1, there is
      shown a field effect nematic liquid crystal display of the general type
      shown and described in U.S. Pat. No. 3,731,986 issued May 8, 1973. It
      comprises a pair of spaced pieces of glass or other similar transparent
      material 10 and 12. Provided on the facing surfaces of the transparent
      plates 10 and 12 are coatings 14 and 16 of transparent conductive
      material, such as tin oxide or indium oxide. Overlying the transparent
      conductive coatings 14 and 16 are coatings 18 and 20 of the surface
      treating material of the invention; and between the coatings 18 and 20 is
      a layer 22 of liquid crystal material. As is more fully described in the
      aforesaid U.S. Pat. No. 3,731,986, the liquid crystal material 22 is
      nematic at room temperature and is of positive dielectric anisotropy.
      Surrounding the layer of liquid crystal material is a suitable gasket 24
      which may comprise a thermosetting resin such as that described in
      copending application Ser. No. 396,789, filed Sept. 13, 1973 now U.S. Pat.
      No. 3,853,392, issued Dec. 10, 1974. Crossed polarizing films may be
      provided on the outer surfaces of the transparent plates 10 and 12.
      However, in accordance with the present invention, it is preferable to
      form the surface coatings 18 and 20 such that they comprise crossed
      polarizers in contact with the liquid crystal material.
PAR  In the operation of a field effect liquid crystal light shutter, it is
      necessary that the liquid crystal film 22 have a twisted nematic
      structure. This can be achieved by rubbing the surfaces in contact with
      the liquid crystal film unidirectionally at right angles to each other.
      The molecules in a nematic-phase liquid crystal material are each long and
      straight, and they tend to lie parallel, like straws in a broom. A
      property of the nematic-phase material is that the molecules in the
      vicinity of a rubbed surface tend to align themselves with it. By
      providing rubbed lines at right angles to each other on the respective
      facing surfaces bounding the liquid crystal layer, those molecules nearest
      one bounding surface will have their axes perpendicular to those nearest
      the other bounding surface with the molecules in-between being twisted.
      That is, the molecules will be twisted in the absence of an applied
      electric field across the liquid crystal film. When, however, an electric
      field is applied across the liquid crystal layer 22 as by closing switch
      26 to connect the opposite terminals of battery 28 to the conducting films
      14 and 16, the nematic structure will untwist.
PAR  By providing crossed polarizers on opposite sides of the liquid crystal
      layer with a twisted nematic structure, polarized light entering one
      polarizer will be twisted as it passes through the nematic liquid crystal
      layer and pass through the other polarizer. However, when an electric
      field is established between the conducting films 14 and 16 as by closing
      switch 26 to connect the opposite terminals of battery 28 to the
      conducting films, the nematic structure will untwist and polarized light
      will not pass through the cell. In this manner, the cell acts as a light
      shutter; and by depositing the conductive coatings appropriately an
      alpha-numeric display can be provided. By using parallel polarizers rather
      than crossed polarizers, the device will normally block light due to the
      twisted structure, but will transmit light when an electric field is
      applied across the liquid crystal film.
PAR  In copending application Ser. No. 395,571, filed Sept. 10, 1973, there is
      described a new and improved display assembly wherein a correct twisted
      nematic structure is assured by applying a water soluble polymer or a
      hydrocarbon soluble polymer to the surfaces of the transparent plates
      prior to unidirectional rubbing. This gives better contrast between the
      light and dark areas of the liquid crystal display. However, as mentioned
      above, rubbing has several inherent disadvantages in that it introduces
      unwanted contaminants into the polymer surface and the rubbing operation
      introduces considerable shearing forces on the polymer film which may tear
      the film away from the substrate on which it is deposited.
PAR  In accordance with the present invention, therefore, rubbing of the
      polymeric coatings 18 and 20 is eliminated. It has been found that the
      molecules in the liquid crystal material will align themselves with the
      surface of a polymeric substance if the molecules of the polymer are
      themselves aligned. This can be achieved, and has been achieved, by
      casting a long chain polymeric sheet and thereafter stretching the sheet.
      This procedure, however, requires that the sheet be formed as a separate
      entity and then applied to the substrate with an adhesive. It has been
      found, however, that by simply depositing the polymer, dissolved in a
      suitable solvent, on the substrate and thereafter subjecting the polymer
      to a shear thinning technique, the same desirable effect of aligned long
      chain polymeric molecules is achieved.
PAR  One method for producing a shear thinned polymeric coating is shown in FIG.
      2 wherein the polymer 30 dissolved in a suitable solvent is simply
      deposited on a substrate 32 and thereafter wiped onto the surface of the
      substrate by means of a squeegee 34 or other similar device. As the
      squeegee passes over the surface of the substrate and thus spreads out the
      polymer, it subjects the polymer to shear thinning wherein the squeegee
      passing over the surface of the substrate disturbs the long chains of the
      polymer from their favored equilibrium configuration, causing elongation
      in the direction of shear (i.e., the direction of movement of squeegee
      34). After the solvent is evaporated, the molecules then remain in
      positions with their axes aligned such that when the polymeric coating
      (e.g., coating 18 or 20) comes into contact with the liquid crystal film,
      the liquid crystal molecules will align with the molecules in the layers
      18 and 20 which are at right angles to each other in the specific example
      given in FIG. 1.
PAR  Additionally, by mixing iodine or another suitable material with the
      polymer and solvent before application to the substrate, or by thereafter
      staining the polymeric coating with iodine, a dichroic structure is
      achieved whereby the polymeric coating itself becomes a polarizer. Long
      chain polymers which have been found suitable for use in the invention
      include polyvinyl alcohol, polyvinyl butyral, polyvinyl formal, polyvinyl
      glyoxal and polyvinyl glutoral.
PAR  In FIG. 3, another embodiment of the invention is shown wherein a layer of
      a long chain polymer 36 is applied to a substrate 38 by means of a roll 40
      which rotates in a direction opposite to the movement of the substrate 38,
      indicated by the arrow 42. An inking roll 44 is in contact with roll 40
      such that a supply 46 of the solvent-polymer mixture may be disposed in
      the crevice between the rolls and automatically applied to the periphery
      of the roll 40 during the application procedure. The roll 40 stretches the
      layer 36, thereby producing the shear thinning effect and alignment of
      molecules.
PAR  In FIG. 4, still another embodiment of the invention is shown wherein a
      plurality of transparent plates 48 is positioned on a conveyor 50, the
      arrangement being such that each plate 48 will pass under a roll 52
      similar to roll 40 shown in FIG. 3. That is, the roll 52 is provided with
      an inking roll 54. After passing under the roll 52 and having a film of
      the polymer applied thereto, successive ones of the plates 48 pass beneath
      a roll 56 connected to a spring retard device 58 or the like such that as
      each plate passes beneath the roll 56, a rubbing action occurs which
      stretches the still-wet film, producing the required shear thinning. It
      will be apparent, of course, that other and different methods may be
      employed to produce the required shear thinning step in accordance with
      the invention.
PAR  Although the invention has been shown in connection with certain specific
      embodiments, it will be readily apparent to those skilled in the art that
      various changes in form and arrangement of parts may be made to suit
      requirements without departing from the spirit and scope of the invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method for aligning a long chain vinyl polymeric surface for
      subsequent homogeneous orientation of liquid crystal molecules, which
      comprises dissolving the long chain polymer in a solvent, applying the
      solution of the polymer and solvent to a substrate, subjecting the
      thus-applied polymer to shear forces to effect shear thinning and
      alignment of the long chain polymer molecules, and evaporating said
      solvent from the long chain polymer, leaving the long chain molecules
      aligned.
NUM  2.
PAR  2. The method of claim 1 wherein said shear forces are created by passing a
      squeegee over the solution after it is applied to the substrate.
NUM  3.
PAR  3. The method of claim 1 wherein said shear forces are created by passing a
      substrate with the solution applied thereto under a roll having a
      different tangential speed than the lineal speed of the substrate.
NUM  4.
PAR  4. The method of claim 1 including the step of incorporating into said
      polymer a dichroic substance whereby the polymer coating becomes a
      polarizer.
NUM  5.
PAR  5. In the method for forming a liquid crystal cell from transparent
      parallel plates having transparent conductive material on the facing
      surfaces thereof, the steps of dissolving a long chain vinyl polymer in a
      solvent, applying the solution of the long chain polymer and solvent to
      the surfaces of said transparent plates onto which the conductive material
      has been previously deposited, subjecting the thus-applied polymer on the
      respective plates to shear forces to effect alignment of the long chain
      polymer molecules, causing said solvent to evaporate, and depositing a
      layer of liquid crystal material between said plates and in contact with
      the thus-applied polymer coating.
NUM  6.
PAR  6. The method of claim 5 including the step of arranging said plates with
      the liquid crystal therebetween such that the molecular alignments on the
      respective plates are at right angles to each other.
NUM  7.
PAR  7. The method of claim 5 including the step of incorporating into said
      polymer coatings a dichroic substance to form polarizers.
NUM  8.
PAR  8. The method of claim 5 including arranging said parallel plates to have
      the respective alignments of the polymer molecules forming an angle
      relative to one another, thereby effecting a twisted liquid crystal
      structure.
NUM  9.
PAR  9. The method of claim 8 including providing a nematic liquid crystal
      having positive dielectric anisotropy between the plates.
NUM  10.
PAR  10. A method according to claim 1 wherein selection of said polymer is made
      from the group consisting of polyvinyl alcohol, polyvinyl butyral,
      polyvinyl formal, polyvinyl glyoxal and polyvinyl glutaral.
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PAL  Surface-treated paper in the form of a continuous web is made by first
      roughening a base paper which serves as a starting material on the sides
      to be treated. The roughened web is then passed over and in direct contact
      with a discharge slot from a container that extends across the web and
      through which the desired treatment liquid is flowed onto the surface of
      the web, and the surface-treated paper is then dried and finally reeled.
BSUM
PAC  METHOD OF MAKING SURFACE-TREATED PAPER
PAR  This invention relates to a method of continuously making surface-treated
      paper, in which method the web is provided with agents suitable for
      surface sizing purposes and solved or dispersed in water.
PAR  The purpose of surface sizing is to increase the bonding between the
      fibers, and for this purpose there are used water-soluble or
      water-dispersible binding agents such for instance as starch.
TBL  __________________________________________________________________________
     Purpose      Agent       Specific term of the                             
                              surface treatment                                
     __________________________________________________________________________
     Increase of bonding                                                       
                  Water-soluble bind-                                          
                              Surface sizing                                   
     between the fibers                                                        
                  ing agent, e.g.                                              
                  starch                                                       
     Increase of brightness                                                    
                  White pigment, e.g.                                          
                              Coating                                          
     and improvement of                                                        
                  kaolin and binding                                           
     printability agent, e.g. starch                                           
                  and synthetic po-                                            
                  lymers                                                       
     Increase of brightness                                                    
                  Bleaching agent,                                             
                              Surface bleaching                                
                  e.g. hydrogen per-                                           
                  oxide                                                        
     Colouring    Colouring substance                                          
                              Surface colouring                                
     Increase of barrier                                                       
                  Synthetic polymers,                                          
                              (Plastic) dis-                                   
     properties and effect-                                                    
                  e.g. polyvinyli-                                             
                              persion coat                                     
     ing heat sealing capa-                                                    
                  dene chloride, in                                            
     bility       the form of aqueous                                          
                  dispersion                                                   
     __________________________________________________________________________
PAR  In surface treatments with water being the liquid phase in the treatment
      liquid, it is highly desirable that the amount of water, which necessarily
      must be applied to the paper web in order to apply the desired amount of
      treating agent, is as small as possible.
PAR  In other words, the concentration of treating agent should be the highest
      possible one. This is desirable partly because the costs for the
      subsequent drying thereby will be the lowest possible and partly because
      the treating liquid thereby will not penetrate deep into the paper. The
      treating agent is then concentrated on the surface layer of the paper and
      can thereby bring about the desired effect with a smaller amount of
      treating agent, i.e. in a cheaper way than if the treatment liquid
      penetrates deep into the paper.
PAR  The methods utilized at present for coating paper with agents having a
      water basis generally do not satisfy the above desire to a sufficient
      degree.
PAR  A well-known coating unit is called sizing press and comprises two rolls,
      between which the paper is passed and the liquid is simultaneously
      supplied to the nip. In this method, which usually is applied for surface
      sizing, coating and surface colouring, the amount of coating liquid
      applied to the paper surface usually exceeds 20 cm.sup.3 /m.sup.2 per
      side. The amount increases with increasing coating speed, in any case when
      the base paper is sized, i.e. hydrophobic. In the case of unsized and
      absorbent base paper, the amount of liquid applied can be as high as 40
      cm.sup.3 /m.sup.2 and side, or higher, per the amount increases with
      increasing substance of the paper.
PAR  A method very usually applied for coating and dispersion coating is the
      so-called air-knife method, in which at first a relatively great amount of
      coating liquid is applied to the paper web, for example by means of a roll
      dipped into the liquid, and thereafter the excess is blown off by an air
      stream directed substantially tangentially against the paper web being
      moved about a roll. This method provides a highly uniformly covering coat,
      but the amount of liquid applied is in practice usually great, at least 20
      cm.sup.3 /m.sup.2. With the state of art known at present, neither the
      sizing press nor the air-knife method can be utilized when very high
      coating speeds, &gt; 800 m/min, are desired.
PAR  A coating method rendering possible such speeds is the slide blade method,
      which is used for coating. Also at this method, in first an excess amount
      of coating liquid is applied and subsequently scraped off by means of a
      blade sliding angularly to the paper web whilst the paper is being moved
      about a roll. The amount of coating liquid applied can be reduced
      substantially, possibly to 7 cm.sup.3 /m.sup.2 at moderate web speeds
      (100-200 m/min), but increasing machine speeds lessen the possibilities of
      applying such a small amount of liquid. Due to the resulting increase in
      pressure from the liquid layer against the blade, the blade is pressed
      outwards from the paper surface, and the amount applied increases. At high
      web speeds (.gtoreq. 500 m/min), therefore, it will be difficult in
      practice to come to a value below about 10 cm.sup.3 /m.sup.2. The slide
      blade method further involves the disadvantages that the coating unit is
      relatively expensive, and that the coating preferably is concentrated in
      the cavities in the paper surface while the higher places are not covered
      as well.
PAR  In consideration of these problems a number of experiments have been made
      in order to study the possibility of supplying a paper web, which is
      advanced at high speed, in a better way continuously with different agents
      for improving or changing the surface properties of the paper. The
      problem, thus, has been to find some general method which renders it
      possible to supply a paper web by means of a simple and cheap coating unit
      with the treating agent, in such a manner, that the liquid applied can be
      substantially decreased so as a.o. to reduce the drying costs in a
      possible subsequent drying step.
PAR  This problem is solved according to the present invention by means of the
      characterizing features set forth in the claims. This is, in principle,
      effected thereby that the paper web to be treated at first is given a
      surface smoothness suitable for the treatment and thereafter is moved over
      and in direct contact with a slit-shaped aperture directed across the web,
      to which aperture the treatment liquid is continuously supplied in a
      uniform flow and so that the entire liquid amount is applied to the paper
      web.
DRWD
PAR  The invention is described in greater detail in the following by way of
      examples, with reference to the drawing, in which
PAR  FIG. 1 shows a basic outline of the invention,
PAR  FIG. 2 shows the smallest uniformly applicable amount of coating liquid as
      a function of the surface roughness,
PAR  FIGS. 3 and 4 show two different embodiments of the container provided with
      a slit and applied by the method according to the invention, and
PAR  FIG. 5 shows the principle of adjusting the tension of the paper web by
      means of compressed air.
DETD
PAR  In FIG. 1 is shown a basic outline of the surface treatment proper by means
      of a coating unit, which comprises a container 1 with a slit-shaped
      aperture 2, over which the paper web 3 is passed and to which treatment
      liquid 4 is fed by means of a pump 5. As according to the invention the
      entire liquid flow is to be applied to the paper web, the basic relation
      apparently is as follows:
      ##EQU1##
      where P = amount of applied coating liquid, cm.sup.3 /m.sup.2
PA1  q = supplied flow of coating liquid, cm.sup.3 /min
PA1  v = speed of paper web, m/min
PA1  b = length of split aperture, m = coated web width, m
PAR  In a given concrete coating case b can be regarded as a constant, and q and
      v as variable magnitudes by means of which the desired value of P can be
      obtained.
PAR  By setting a very low value for q and/or a very high value for v, it is
      possible in principle to achieve P-values as low as desired. In practice,
      however, there exists a limit for the P-value due to the requirement, that
      the coat must be uniform. Below this limit value for P, the coating liquid
      will be applied only here and there to the paper surface. We designate
      this limit value by P.sub.min = the smallest uniformly applicable amount
      of coating liquid, cm.sup.3 /m.sup.2. The P.sub.min value being expressed
      here in cm.sup.3 /m.sup.2 and not in g/m.sup.2 is due to the fact, that
      determinations of P.sub.min for a given paper by using liquids of
      different density, d g/cm.sup.3, renders the same values when P.sub.min is
      expressed in cm.sup.3 /m.sup.2 and, consequently, different values,
      P.sub.min . d, expressed in g/m.sup.2.
PAR  In order to determine P.sub.min in a given concrete coating case, the
      procedure may, for example, be such that the flow q is held constant and
      the highest web speed is measured at which the coating still is just
      uniform. When this web speed is designated by v.sub.max then, thus,
      ##EQU2##
PAR  P.sub.min can be determined also by holding the web speed v constant and
      measuring the smallest liquid flow at which the coating still is just
      uniform. When this flow is designated by q.sub.min then, thus,
      ##EQU3##
PAR  It was found through such tests that the surface smoothness of the paper is
      a decisive factor for the smallest uniformly applicable amount of liquid,
      P.sub.min, and that it was possible at a sufficiently high surface
      smoothness to apply surprisingly small liquid amounts very uniformly,
      which amounts were smaller than in conventional coating methods such as,
      for example, sizing press, air knife or slide blade method. It was,
      further, found that this could be performed at surprisingly high speeds,
      at which the method still provided an astonishingly uniform coating as
      long as the P.sub.min value was maintained.
PAR  The surface smoothness of the paper can be measured according to several
      known methods. The most usual method, which was chosen here, is called the
      Bendtsen-method. It is described in greater detail in SCAN P 21 and
      implies, briefly, that a measuring head in the form of a metal cylinder
      open to one side and having an edge of extreme surface smoothness is
      placed on the paper surface. Thereafter air with a certain overpressure is
      caused to flow into the cylinder and out thereof about the paper cylinder
      of the contact surface. The air flow is measured. As the air flow is the
      higher the rougher the paper surface is, the measurement value is called
      surface roughness and, thus, is an inverted measure of the surface
      smoothness. In the measurement, the edge pressure of the cylinder against
      the paper surface can be as standard either 1 kp/cm.sup.2 or 5
      kp/cm.sup.2. The surface roughness values indicated in this present
      application relate to measurements at 1 kp/cm.sup.2.
PAR  The following experiments illustrate the effect of the surface roughness on
      P.sub.min.
PAR  A newsprint paper with the substance 52 g/m.sup.2 and moisture content 7.0%
      is used as base paper. It was made of 80% mechanical pulp and 20% chemical
      pulp. The surface roughness on the upper surface of the paper, which was
      to be surface sized later on, was 905 ml/min according to Bendtsen. From
      this base paper samples with varying surface roughness were prepared by
      calendering in 1, 2, 4 and, respectively, 8 nips. The surface roughness
      values for the upper surfaces of these samples were thereby 605, 370, 170
      and, respectively, 40 ml/min.
PAR  The four calendered samples and the uncalendered base paper were now
      surface sized according to the slit-method in an experimental machine. A
      2% aqueous solution of a cellulose derivative (the sodium salt of
      carboxymethyl cellulose (CMC), Cellufix FF 100, Svenska Cellulosa AB) was
      used as sizing liquid.
PAR  The smallest uniformly applicable amount of solution, P.sub.min, was
      determined by maintaining the flow of sizing liquid constant and measuring
      the speed at which the liquid just remained uniformly applied over the
      paper surface. The determination was facilitated thereby that the solution
      was slightly coloured, owing to a small addition of a water-soluble
      colouring agent.
PAR  The following values of P.sub.min were measured
     Paper sample      Surface        P.sub.min                                
                       roughness      cm.sup.3 /m.sup.2                        
                       ml/min                                                  
     ______________________________________                                    
     Base paper        905            11.2                                     
     Calendered sample 1                                                       
                       605            7.9                                      
     Calendered sample 2                                                       
                       370            5.6                                      
     Calendered sample 3                                                       
                       170            3.1                                      
     Calendered sample 4                                                       
                        40            1.8                                      
     ______________________________________                                    
PAR  The relation between surface roughness and P.sub.min is illustrated in FIG.
      2. The relation, as can be seen, is within the limit of errors linear and
      can be expressed by the equation
EQU  P.sub.min = 1.4 + 0.0107 . B                               IV
PAL  where
PA1  B = the surface roughness according to Bendtsen, ml/min
PAR  The results show that unexpectedly small amounts of liquid can be applied
      uniformly even on papers with relatively rough surface.
PAR  As it is difficult to apply less than 10 cm.sup.3 /m.sup.2 with the sizing
      methods applied at present in practice, it has been one of the objects of
      the present invention to be able to apply less than 10 cm.sup.3 /m.sup.2
      in a simple way. The results in FIG. 2 show that this is possible with the
      slit-method when the paper has a surface roughness below 800 ml/min.
PAR  One object of the invention has been to be able to apply water in such a
      small amount that the paper need not be dried after the surface treatment,
      but can be reeled directly. As it scarcely is realistic in practice to dry
      the paper prior to the surface treatment to a moisture content lower than
      about 5%, and as the surface treated paper in view of continued use
      usually cannot be permitted to have a moisture content higher than about
      15%, in most cases not higher than about 10%, it is apparent that the
      surface treatment must not add to the paper more than 10%, preferably not
      more than 5% water, if this more advanced object is to be achieved.
PAR  For converting P = amount of treatment liquid applied, expressed in
      cm.sup.3 /m.sup.2, to F = amount of water applied, expressed in % of
      absolute dry paper, the following equation can be formed
      ##EQU4##
      where d = the density of the sizing liquid, g/cm.sup.3
PA1  a = water content of the coating liquid, % (weight)
PA1  Y = substance of the paper, expressed as grams absolute dry paper per
      m.sup.2
PAR  The most difficult case arises when the sizing liquid practically consists
      only of water, for example in surface colouring. For this case one can put
      d = 1 and a = 100, resulting in
      ##EQU5##
PAR  The following Table shows the values which P must assume for rendering F to
      be 5% and, respectively, 10%, depending on the substance of the base
      paper.
TBL  ______________________________________                                    
     Substance g/m.sup.2                                                       
                     P-value for                                               
                     F = 5            F = 10                                   
     ______________________________________                                    
      50             2.5               5.0                                     
     100             5.0              10.0                                     
     150             7.5              15.0                                     
     ______________________________________                                    
PAR  Substances below 50 g/m.sup.2 are scarcely of interest, and the most
      difficult case, therefore, implies the application of an amount as small
      as 2.5 cm.sup.3 /m.sup.2. According to FIG. 2, however, even this is
      possible with the slit-method, namely when the surface roughness is lower
      than 100 ml/min.
PAR  By a combination of the equations IV and V it is possible to show more
      generally that the surface roughness is to be below (9.1 Y - 127), when F
      must be &lt; 10% and (4.5 Y - 127), when F must be &lt; 5%.
PAR  Several methods are known of providing a paper with a certain low surface
      roughness. The surface roughness of the paper, for example, can be
      affected to a substantial degree already in the paper-making machine
      proper, by the choice of the fibre and filler components included, or by a
      series of operation conditions, such as beating degree of the fibres,
      fibre concentration, machine speed etc. A usual method of bringing about
      one side surface smooth paper, so-called MG-paper, is to subject the paper
      to a final drying against a large drying cylinder with high surface
      smoothness, a so-called Yankee-cylinder. The paper surface having abutted
      the cylinder shows a low surface roughness, in many cases below 100 ml/min
      according to Bendtsen.
PAR  When, however, a very low surface roughness on both sides is desired,
      special measures are taken. The methods applied are particularly such,
      which are based on compressing the paper in the nip between two or more
      rolls, and which are called smoothing or calendering. In the latter case,
      in addition to a compression also a sliding of the paper against one roll
      surface is thereby obtained that one roll in a nip is made of steel and
      the other roll is made of a material being more compressible, for example
      paper. By this method and by applying many nips, the paper can be given a
      high surface smoothness. It is fully possible to lower by such a so-called
      super-calendering the surface roughness of the paper to at least 20 ml/min
      according to Bendtsen.
PAR  The surface treatment proper is according to the invention to be carried
      out with a coating apparatus, which briefly can be called a slit unit,
      because it is characteristic of this unit that it comprises a slit-shaped
      aperture 2 in and along an oblong container 1, which is placed across the
      running direction of the paper web 3, and to which the sizing liquid is
      supplied.
PAR  The container 1 may have different shapes, but it is essential to meet the
      requirement of a uniform flow over the entire length of the container,
      i.e. over the width of the paper web.
PAR  The container 1 in its most simple design is a straight pipe. The sizing
      liquid can be supplied either via one end of the pipe or via one or more
      connections along the pipe (not shown). In the latter case a certain
      balancing of the liquid pressure along the pipe is obtained.
PAR  It is essential that the container abuts the paper web 3 with a uniform
      pressure. When the slit abuts across the machine width with a varying
      pressure, the sizing liquid will be applied in a non-uniform manner across
      the paper web width.
PAR  Although a pipe is a relatively rigid structure, it may be necessary to
      take special measures in order to prevent deflection of the container in
      cases when a wide paper web, for example of several meters width, is to be
      sized. The pipe can, for example, be fastened along a beam or the like.
      The container may also be directly designed as a structure more rigid than
      a pipe and, for example, have the form of a parallelepipedic box or the
      like.
PAR  The slit-shaped aperture 2 in the container 1 extends along the
      longitudinal direction of the container. The length of the aperture 2
      corresponds to the width of the paper web to be sized. As no liquid must
      leak out outside the paper web edges, the slit aperture 2 must be at least
      about 1 cm shorter than the web width. The uncoated edge strips of the web
      may, where occurring, be cut off in connection with the reeling operation.
PAR  The slit aperture should have a width of 0.05-5 mm, preferably 0.1-2 mm. A
      slit aperture of a width smaller than 0.5 mm involves unnecessarily high
      requirements with respect to the manufacturing precision of the slit. Too
      wide a slit aperture, on the other hand, implies the risk of undesired
      absorption of liquid into the paper when it is passing the aperture. The
      flow resistance, furthermore, in a slit aperture having a width much too
      great is only insignificantly higher than the resistance in the container,
      in which the slit aperture is located. This in its turn implies that a
      possible non-uniform liquid pressure in the container across the machine
      width breaks through in the slit aperture and increases the risk of
      non-uniform liquid distribution across the web width. The slit aperture,
      therefore, must be so narrow that the pressure drop through the slit is
      across the width of the web to be sized at least three, preferably at
      least ten times as high as along the container.
PAR  The design of the surfaces defining the slit aperture along the outside of
      the container is of great importance for the function of the sizing unit.
      As the paper is moved over and in direct contact with these surfaces, it
      is primarily desirable that the surfaces consist of a wear-resistant
      material, particularly when the unit is intended to be used for sizing
      with a sizing liquid including pigment. It is further important, in view
      of the desired low friction resistance and good uniformity of the sizing,
      that the surfaces are very smooth and plane.
PAR  The angles .alpha. and .beta. formed by the paper web with the outer
      surfaces defining the slit aperture 2, as indicated in FIG. 2, are of
      importance for the process and should suitably be between 0.degree. and
      45.degree., preferably between 5.degree. and 30.degree..
PAR  In special experiments it was, besides, surprisingly found essential for
      the smoothness of the application, that the paper web forms a clearance
      angle to the rear surface of the slit, seen in the running direction,
      which is not too small. This is also illustrated in FIG. 3. The angle
      .alpha. in the Figure, thus, should be at least 30.degree., suitably at
      least 90.degree. and preferably at least 120.degree.. This applies
      particularly to sizing where the clearance edge 1a is extended in the
      running direction of the paper. A preferred embodiment thereof is shown in
      FIG. 4.
PAR  A suitable web path of the paper over the slit unit appears from FIG. 3,
      which implies that the plane formed by the outer surfaces defining the
      slit aperture is substantially horizontal. Relatively substantial
      torsions, up to at maximum 90.degree., of the slit unit about its
      longitudinal axis, however, not only can be tolerated, but may at times
      even be desirable.
PAR  The paper web preferably should be stretched well at its passage over the
      slit. Experiments have shown that the web tension should exceed 50 N per m
      web width, preferably exceed 100 N per m web width. The upper limit, of
      course, is determined by the tensile strength of the web.
PAR  The paper web, however, owing to imperfections in the function of the
      paper-making machine, often has non-uniform properties both across and
      along the web. The tension in the web, therefore, is not entirely uniform
      across the web and can in a given position also vary with the time. In
      order to ensure in such cases that the slit abuts the web uniformly, it
      can be necessary to arrange the slit pipe so as to be easily flexible and
      adapted to be pressed against the paper web with a constant or
      substantially constant pressure. The elastic pipe is then to be suppported
      on a structure resistant to bending and be pressed against the paper web
      by means of, for example, adjustable screws, springs or hydraulic
      pressure.
PAR  The same effect can be achieved with a slit container resistant to bending
      when the tension of the paper web is controlled by sliding or rolling
      means, the pressure of which against the web can be adjusted over the
      width. This pressure can also be effected by air, for example from a
      stationary pipe 6 shown in FIG. 5. The pipe 6 extends across the width of
      the paper web 3 and is along its length and over the circumferential
      portion being enclosed by the paper web 3 provided with apertures 7 in the
      form of holes or slots, through which the air from inside the pipe 6 is
      forced out between the pipe and the paper web 3. Web portions with a
      tension lower than in the main part of the web are thereby pressed by the
      air father outwards from the pipe, thereby balancing the difference in
      pressure. This compressed air device can be placed immediately before or
      immediately after the nip, seen in the running direction of the paper web.
PAR  The treatment liquid applied in connection with the invention consists
      preferably of water as main solvent and of a treating agent dissolved or
      dispersed in the water.
PAR  Considering the desire of a lowest possible P.sub.min, it was found
      desirable that the sizing liquid is not too highly viscous. The sizing
      liquid, thus, should have a viscosity of at maximum 300 cP, suitably at
      maximum 100 cP and preferably at maximum 50 cP, measured with Brookfield
      viscosimeter at 50 rpm.
PAR  It is highly essential for the method according to the invention, that the
      treatment liquid is supplied at a constant flow to the coating unit, as
      otherwise the application will not be uniform. For this purpose, the
      liquid should be supplied by a pump 5 delivering a flow free from
      pulsations. Suitable pumps are, for example, screw pumps or geated pumps.
      Such pumps can also be utilized as control means as their setting to a
      known and constant flow value, which also is essential for the method
      according to the invention, can take place simply by means of the number
      of revolutions. The flow delivered by a screw or geared pump, besides, is
      relatively independent of the counterpressure of the liquid, which is a
      great advantage.
PAR  The flow, q cm.sup.3 /min, to which the pump is to be adjusted, is
      determined by the desired treatment width b m, desired amount of treatment
      liquid applied P cm.sup.3 /m.sup.2, and the paper web speed v m/min. By
      converting equation I one obtains
EQU  q = P . v . b                                              VII
PAR  As in a given coating case P and b are constants, q is dependent only on v
EQU  q = const . v                                              VIII
PAR  This leads to the conclusion that the pump very suitably is connected to
      the same drive means as the coating machine so that a change in the
      machine speed directly brings about a corresponding relative change in the
      number of revolutions of the pump, and thereby of the flow. The same
      effect, of course, can be achieved by means of a non-volumetric pump, for
      example a centrifugal pump, the flow of which is adjusted by a control
      means with impulse from the machine speed.
PAR  One of the most essential characterizing features of the invention is that
      the entire liquid flow from the slit aperture is applied to the paper web
      and, thus, no overflow or recirculation of the sizing liquid occurs. The
      invention neither intends such a utilization of the slit unit that the
      unit shall apply more than the desired final amount of sizing liquid and
      that thereafter the excess is to be scraped off, for example by blade or
      stave.
PAR  The essential advantages of the invention that the amount of liquid applied
      can simply and safely be controlled and adjusted according to the
      equations VII and VIII and associated text, can be achieved only by
      applying the entire liquid flow to the paper web, without overflow or
      return flow.
PAR  The invention can be applied to a plurality of different treatment cases,
      some of which are described in greater detail and explained by examples in
      the following.
PAC  SURFACE SIZING
PAR  Surface sizing relates to a process of supplying an aqueous solution of
      binding agent to the paper surface.
PAR  The object of surface sizing usually is to improve the bonding between the
      fibres in the surface layer of the paper, but often the objects may be
      different ones, for example to reduce the porosity of the surface. Both
      said stated effects are of importance when using the paper, particularly
      for printing. The improved bond between the fibres, thus, results in a
      reduced risk of picking and dusting. The reduced porosity results in a
      reduced penetration of liquid phase of the ink, which in its turn provides
      a print quality improved in several respects.
PAR  The picking and dusting risk in printing is particularly great in offset
      printing, which involves the use of water on the printing roller and of
      highly viscous inks. The dusting problem has become of interest
      particularly in connection with the change from letter-press to offset
      printing of newspapers.
PAR  The binding agents, which may be used for surface sizing, usually are cheap
      water-soluble polymers, such as starch, cellulose ethers, for example the
      sodium salt of carboxymethyl cellulose (CMC), polyvinyl alcohol.
PAR  The surface sizing method which, without comparision, is the most usual one
      is a sizing press installed in the drying section of the papermaking
      machine. The method is simple, but has several disadvantages. The greatest
      disadvantage is the high amount of binding agent solution (surface size)
      which requires a substantial afterdrying. It is, furthermore, difficult to
      control the amount of surface size applied, which amount is highly
      dependent on the absorption properties of the paper, the viscosity of the
      surface size and the machine speed. In order to obtain a low amount of
      binding agent applied, which is desirable from an economic point of view,
      one is forced to use a low binding agent concentration.
PAR  Instead of surface sizing one may, with the slit-method according to the
      present invention, increase the binding agent concentration by applying
      correspondingly less surface size. This will also result in much less
      water to be dried off.
PAC  EXAMPLE 1a
PAR  In this experiment a newsprint paper from a modern high-speed machine was
      used. The paper had a substance of 52 g/m.sup.2 and was made of 80%
      mechanical pulp and 20% chemical pulp. The samples, which were surface
      sized, were taken uncalendered from the machine. The surface roughness was
      560 ml/min on the upper side and 595 ml/min on the wire side of the paper,
      determined according to Bendtsen. The bulk was 2.29 cm.sup.3 /g. The
      moisture content was 7.0%.
PAR  As binding agent at the surface sizing a low viscous CMC quality Cellufix
      FF-100 with a concentration of 1.4% was used. The viscosity of this
      solution was 44 cP, measured with Brookfield viscosimeter at 50 rpm and
      20.degree.C.
PAR  The surface sizing was carried out in a half-scale machine where the paper
      at first was coated on the wire side and thereafter on the upper side. The
      coated paper was dried with hot air whereafter the opposite side was
      coated and dried in the same manner.
PAR  The solution at room temperature was supplied continuously to the slit with
      a capacity of 60 cm.sup.3 /min. The machine speed was so adjusted that a
      uniform covering of the entire paper web was obtained. The speed was
      thereby 27-28.5 m/min. The amount applied was 7.5 cm.sup.3 /m.sup.2 on the
      upper side and 8.0 cm.sup.3 /m.sup.2 on the wire side, as the web width
      was 28 cm. This corresponds to 0.105 and, respectively, 0.112 g bone-dry
      binding agent per m.sup.2.
PAR  The surface sized sample as well as the untreated paper were smoothed prior
      to the evaluation of different propeties. This evaluation was carried out
      in a half-scale calender where the paper had to pass two roller nips at
      20.degree.C. The nip pressure was adjusted so that the bulk after
      smoothing was 1.40 cm.sup.3 /g, which is a normal bulk for commercially
      smoothed newsprint paper.
PAR  The smoothed samples were tested with respect to a plurality of properties
      according to methods usually applied in the trade. As regards the dusting
      tendency, which is particularly important in this conjunction, the
      following testing method was used:
PAC  TESTING METHOD FOR DETERMINATION OF DUSTING AT OFFSETPRINT PAPER
PAR  In this method a Multilith 1250 sheet offset printing press was used. The
      paper to be tested was cut to A4 sheets. For each test 100 sheets are
      used. For double testing of the upper and wire side, thus, at least 400 A4
      sheets are required. The running direction of the paper at its making was
      determined by tape abrasion. The sheet stacks were carefully shaken and
      turned over in order to remove possible cutting dust.
PAR  In the Multilith press the dampening device and the inking device were
      disconnected for holding the number of sheets per test low. The printing
      pressure was held as high as permissible with respect to a trouble-free
      feed of the sheets, and the press speed was set at about 70 sheets/min.
PAR  On the cleaned rubber cloth ten remission values uniformly distributed over
      the cloth are measured with an Elrepho FMY/C filter. The cloth is
      thereafter mounted, and 100 sheets are passed through the press nip. The
      rubber cloth is removed, and the remission on the cloth is again measured,
      this time with twenty values distributed over the cloth.
PAR  The difference between the remission values of the cloth before and after
      the test is called .DELTA.R.
PAR  The dusting value .DELTA.Ry is obtained by multiplying the value .DELTA.R
      with the correction factor for the cloth wear, which is determined by
      tests with standard paper.
PAR  The results given in the Table below show that the dusting tendency could
      be lowered to a third by sizing, without appreciably affecting other
      printing-technical properties.
PAR  Thus, no negative effects of the surface treatment were observed. This
      result is surprising, because experts consider it very difficult to
      improve the dusting properties without at the same time deteriorating
      printing properties.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                             Untreated                                         
                                   Surface sized                               
                             paper paper                                       
     __________________________________________________________________________
     Applied amount wet cm.sup.3 /m.sup.2                                      
                        upper s.   7.5                                         
       "                wire s.    8.0                                         
     Applied amount dry g/m.sup.2                                              
                        upper s.   0.105                                       
       "                wire s.    0.112                                       
     Surface roughness, Parker Print .mu.m                                     
                        upper s.                                               
                             2.91  2.69                                        
                        wire s.                                                
                             2.85  2.61                                        
     Print-through at blackness contrast                                       
     0,85 g/m.sup.2                                                            
                        upper s.                                               
                             4.4   4.5                                         
                        wire s.                                                
                             4.2   4.7                                         
     Ink demand at blackness contrast                                          
     0,85 g/m.sup.2                                                            
                        upper s.                                               
                             1.64  1.52                                        
                        wire s.                                                
                             1.53  1.57                                        
     Ink transfer %     upper s.                                               
                             55.7  52.6                                        
                        wire s.                                                
                             56.3  56.3                                        
     Covering power s W upper s.                                               
                             3.07  2.90                                        
                        wire s.                                                
                             3.05  2.93                                        
     Print opacity           0.953 0.949                                       
     Set off            upper s.                                               
                             27.0  26.3                                        
                        wire s.                                                
                             27.0  28.9                                        
     Rub off            upper s.   9.6                                         
                        wire s.    11.1                                        
     Dusting test .DELTA.Ry                                                    
                        upper s.                                               
                             0.33  0.10                                        
                        wire s.                                                
                             0.44  0.14                                        
     __________________________________________________________________________
PAC  EXAMPLE 1b
PAR  A surface sizing experiment was carried out at a higher machine speed. A
      periodical-print paper with the substance 60 g/m.sup.2 was used at this
      experiment. The paper was made of 22% chemical pulp and 78% groundwood
      pulp. The surface roughness of the upper side was 185 ml/min determined
      according to Bendtsen. The moisture content was 7.6%.
PAR  As binding agent at the surface sizing a low viscous CMC quality, Cellufix
      FF-100, with a concentration of 1.4% was used. The viscosity of this
      solution was 44 cP measured with Brookfield viscosimeter at 50 rpm. A
      small amount of colorants (0.04 Rhodamin B 200) was added to the surface
      size in order to be able to judge the uniformity of the coating.
PAR  The surface sizing was carried out in a high-speed machine where the upper
      side of the paper was coated. The solution of room temperature was
      supplied continuously to the slit with such a flow that at the machine
      speed of 450 m/min the paper web was covered uniformly. The applied amount
      was 4.0 m.sup.3 /m.sup.2.
PAR  The uniformity of the coat was very good.
PAC  EXAMPLE 2
PAC  SURFACE COLOURING
PAR  Coloured paper is in most cases still made by adding colouring agents to
      the stock, but surface colouring becomes increasingly more usual. Surface
      colouring has great advantages over stock colouring. Surface colouring
      does not require as much of colouring agent as stock colouring for a given
      desired colouring effect at the same time as a number of problems arising
      in stock colouring are avoided. The colouring agent is at stock colouring
      not retained to 100% in the paper, but part of it is found in the
      backwater where it gives rise to difficulties when the production is
      changed from making coloured paper to making non-coloured paper, and it
      can also provide serious environment problems.
PAR  In many cases it is sufficient, or even desirable, to colour only one side
      of the paper. In such cases the only method to be used is surface
      colouring.
PAR  Most of the known surface coating methods can, of course, also be used for
      surface colouring, but the slit-method according to the invention, in the
      fashion disclosed in the present application, has a number of great
      advantages. It renders possible a very simple and uniform application of
      colouring agent solution even at very high speeds. It is, further,
      possible to control and adjust in a very simple and efficient way the
      amount of colouring agent applied. Furthermore, it is very easy to start
      and to end the colouring by switching in and off the pump which feeds the
      colouring solution to the slit aperture.
PAR  Still another essential advantage with the method according to the
      invention when being applied to surface colouring is that it is thereby
      possible to apply so little of colouring solution that the after-drying
      can be made very simple, for example by means of some infrared elements,
      or the after-drying may even be abolished. This latter possibility applies
      particularly to one side surface colouring.
PAC  EXAMPLE 29.
PAR  Two experiments with two side surface colouring were carried out. The base
      papers used at the experiments were two periodical-print papers with the
      data as follows:
TBL  Paper data                  Ex. 2A                                        
                                       Ex. 2B                                  
     __________________________________________________________________________
     Substance         g/m.sup.2 51    67                                      
     Fiber composition:                                                        
                       % mechanical wood-                                      
                                 85    87                                      
                       pulp                                                    
                       % chemical pulp                                         
                                 15    13                                      
     Ash content       %         7     12                                      
     Moisture content  %         6.8   7.2                                     
     Surface roughness,Bendtsen ml/min                                         
                                 230   500                                     
     __________________________________________________________________________
PAR  As colouring agent fluid basic colouring agents from BASF were used. The
      colouring solutions were prepared by mixing the fluid colouring agent with
      water.
PAR  For preparing a special yellow and a special green colour tone, the
      following colouring agent combinations were used:
TBL  Colouring agent      Ex 2A       Ex 2B                                    
     ______________________________________                                    
     Auramin fluid conc.                                                       
                     %        0.05        0.04                                 
     Chrysoidine     %        0.10                                             
     Burma green     %                    0.04                                 
     ______________________________________                                    
PAR  The surface colouring was carried out in a half-scale machine, in which the
      paper at first was treated on the wire side and then on the upper side.
      The solution at room temperature was supplied continuously to the slit.
      The machine speed was set so that the amount applied exceeded with a good
      margin P.sub.min in order to obtain a deposit being equally large on the
      wire and on the upper side, and thereby also to obtain the same colour
      intensity on both sides.
PAR  The amount applied was in this experiment 10.0 cm.sup.3 on the respective
      side. The treated paper was dried with hot air. In both experiments the
      papers became coloured very uniformly.
PAC  EXAMPLE 2b
PAR  For experiments with one side surface colouring without subsequent drying,
      a super-calendered paper with the substance 55 g/m.sup.2 was used, which
      was made of 25% chemical pulp and 75% mechanical woodpulp. The ash content
      of the paper was 10% and the moisture content 6.3%. The surface roughness
      of the upper side was 50 ml/min according to Bendtsen.
PAR  As colouring agent fluid basic colouring agents from BASF were used. The
      colouring solution was prepared by mixing 2.6% Auramin fluid conc. and
      0.1% Burma green with water.
PAR  The surface colouring was carried out in a high-speed machine. The paper
      was treated on the upper side. The solution at room temperature was
      supplied continuously to the slit, and the flow was so adjusted that the
      amount applied was immediately above P.sub.min. The machine speed was 170
      m/min. The amount of colouring solution applied was 3.7 cm.sup.3 /m.sup.2.
      The coloured paper was reeled without drying. The moisture content in the
      base paper was 6.3%, and after colouring and reeling 10.1%. The calculated
      moisture content after the colouring is 13.0%. The moisture content in the
      paper, thus, is reduced by 2.9% in the passage between slit and reeling,
      due to natural evaporation.
PAR  The paper was coloured very uniformly and could be used in its prevailing
      state, without further drying. It was adapted, for example, to be used for
      placards.
PAR  The invention provides the same aforementioned advantages in principle in a
      plurality of additional application cases. Such cases include a.o.
      treating with aqueous dispersions or emulsions of natural or synthetic
      polymers for bringing about special effects, such as hydrophobicity, heat
      sealing capability, gastightness, watertightness, oiltightness, etc. By
      utilizing the possibility according to the invention of uniformly applying
      a desired polymer with a minimum amount of accompanying water, a desired
      value of a certain effect is achieved with a minimum amount of polymer,
      and thereby at minimum costs, at the same time as the drying costs are
      reduced.
PAR  Further great advantages of the slit-method are that the treating unit is
      cheap and requires little space.
CLMS
STM  We claim:
NUM  1.
PAR  1. Method of surface sizing paper in the form of a continuous web, which
      consists essentially of passing the web over and in direct contact with a
      slot-shaped aperture in a container, which aperture is co-extensive with
      the width of the web, while continuously introducing into the container
      and exiting the same via the slot thereof a sizing material consisting
      essentially in an aqueous suspension of a sizing agent, continuously
      transferring the so-exiting sizing material without pulsations and without
      any excess, to the web passing said web over the surfaces adjacent the
      aperture at an angle of from 0.degree. to 45.degree. while under a
      controlled tension of at least 50 newton, said sizing material being
      introduced into said container at such a rate that the sizing material is
      applied to the paper web in an amount of at least (1.4 + 0.0107.B)cm.sup.3
      per m.sup.2 of the paper web, where B = the surface roughness of the web
      measured according to Bendsten, and drying and reeling the so-sized paper
      web dried and finally reeled.
NUM  2.
PAR  2. A method as defined in claim 1, wherein the web in exiting from the
      aperture forms a clearance angle of at least 30.degree., preferably of at
      least 120.degree. with the outside of the container.
NUM  3.
PAR  3. A method as defined in claim 1, wherein possible local differences in
      the web tension of the paper are balanced by means of compressed air
      acting from nozzles distributed across and thereagainst the web.
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ABST
PAL  A wear-resistant bearing material, and process for making it, comprising
      hard phase particles, such as Al.sub.2 O.sub.3, substantially uniformly
      dispersed in a plasma deposited or detonation gun deposited soft ductile
      metal matrix, such as aluminum bronze, and wherein said particles are
      sized between about 0.05 microns and about 100 microns, and present in a
      volume fraction of between about 3% and 50%.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a wear-resistant bearing material and to a method
      for producing it, said material comprising a plasma sprayed, flame sprayed
      or detonation gun applied deposit of hard phase particles substantially
      uniformly dispersed in a soft ductile metal matrix.
PAC  BACKGROUND OF THE INVENTION
PAR  In theory, bearing materials operating with full-film lubrication should
      never touch their mating parts. However, under actual operating
      conditions, bearing materials do, and in some cases must, contact their
      mating surfaces. Hence, successful use of a bearing material depends on
      matching its properties to the demands of the application. Performance
      characteristics of conventional bearing materials include the following:
PA1  A. Compatibility -- a measure of the antiweld and anti-scoring
      characteristics of a bearing material when operated with a given mating
      material. The friction developed at points of contact between the bearing
      material and its mating part can produce localized welding, thereby
      causing a seizing or scoring. Thus, a good bearing material will not weld
      easily to its mating part.
PA1  B. Conformability -- ability to compensate for misalignment and to conform
      to other geometric errors. Soft metals with a low modulus of elasticity
      exhibit excellent conformability characteristics.
PA1  C. Embeddability -- ability to absorb dirt and foreign particles so as to
      avoid scoring and wear.
PA1  D. Load Capacity -- expressed in pounds per square inch, it is a measure of
      the maximum hydrodynamic pressure which a material can be expected to
      endure.
PA1  E. Fatigue Resistance -- ability to perform under load changes without
      cracking or chipping.
PAR  Babbitts (80% to 90% tin, about 3 to 8% copper and 4 to 14% antimony),
      bronzes and other copper alloys, and aluminum alloys are presently being
      used as bearing materials to satisfy the widely varying requirements of
      particular applications. However, when selecting a particular bearing
      material, the performance characteristics theoretically desired will have
      to be compromised since no bearing material is equally good with respect
      to all operating requirements. For example, an aluminum bronze may be
      chosen for its high load bearing capacity and low wear rate even though it
      has poor compatibility, embeddability and conformability relative to a
      leaded bronze, simply because the leaded bronze will not carry a load at
      all.
PAR  Other material used at one time or another as bearing materials include
      cadmium, silver, cast iron, steel, phenolics (composite materials
      consisting of cotton fabric, asbestos, or other fillers bonded with
      phenolic resin), carbon-graphite, rubber, cermets and ceramics.
      Conventional cermets are composed of a high volume fraction of hard
      particles (oxides, carbides, etc.), almost always greater than 50% and
      usually greater than 85%, have a high bulk hardness, are usually brittle
      and have very poor conformability, impact resistance and embeddability.
      Thus, cermets are used in bearing applications only when a very precise
      positioning is required since they are very expensive, difficult to
      machine, and have to be individually custom produced.
PAR  In recent years, plasma deposited, flame sprayed and detonation gun
      coatings have been used to produce bearing materials and to repair
      conventional wrought and cast alloy bearings. Not only do these coatings
      meet the requirements of the original material, but their wear rates have
      been found to be lower than the conventional materials. The present
      invention is directed to an improvement over the current generation of
      plasma deposited, flame sprayed, or detonation gun wear-resistant bearing
      coatings, and specifically to a bearing material so produced in which hard
      particles are intentionally added to ductile metal matrices.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly stated, this invention relates to a process for producing a
      composite wear-resistant bearing material by depositing, through plasma
      spraying, flame spraying, or detonation gun techniques, a mixture of hard
      phase particles, ranging in size between about 0.05 micron and about 100
      microns, and wherein said particles are present in a volume fraction of
      between about 3% and about 50%, with a soft, ductible metal matrix. As
      used hereinafter, metal is used to mean the elemental metals and metal
      alloys.
PAR  One of the primary attributes of this invention is that it provides a
      bearing material with excellent wear-resistant characteristics without
      significantly impeding the embeddability or conformability of the metal
      matrix. Bearing characteristics can be roughly gauged by the hardness of
      the overall material, and, since a soft material exhibits better
      embeddability than a hard material, it is important that the overall or
      bulk hardness of the composite material not be significantly greater than
      the matrix material without the hard phase aditives. Hardness can be
      expressed as a Vickers Hardness Number (VHN), also known as the Diamond
      Pyramid Hardness value (DPH), as determined in accordance with ASTM Test
      Method E 92-67. Likewise, the hardness can be expressed as a Rockwell
      Hardness Number or Rockwell Superficial Hardness Number as determined in
      accordance with ASTM Test E 18-67. The effect of hard particle inclusions
      on the hardness of the matrix material can vary because changes in coating
      parameters can cause significant differences in the hardness of the
      coating even though the same starting powder is used. Therefore, as used
      hereinafter, all changes in hardness due to hard particle inclusions will
      mean the measured hardness with inclusions relative to the hardness of
      only the matrix as coated with exactly the same coating parameters.
      Preferably, the inclusion of the hard particles in the bearing metal
      matrix should not increase the hardness of the bearing material matrix
      more than about 30% as measured by the Diamond Pyramid Hardness technique
      using a load of 300 grams. However, when using a matrix material having a
      relatively low hardness, for example lead, the percent increase in
      hardness can be substantially higher than 30 percent. All measurements of
      the matrix material and the particle inclusion material should be made
      perpendicular to the wear surface. In all bearing applications, the
      hardness of the particle included matrix material must not exceed a value
      of about 500 on the Diamond Pyramid Hardness scale (when using a 300 gram
      load), and preferably should be between 100 and 400. This hardness value
      will ensure adequate embeddability and conformability.
PAR  A common belief exists that hard particles, whether present as inclusions
      in the bearing alloy or as dirt particles between the bearing surfaces,
      are detrimental to the performance of such bearing materials. Indeed, one
      of the characteristics of a good bearing material is embeddability.
      Nonetheless, it has been found that in accordance with this invention, the
      addition of hard wear-resistant particles to a soft, ductile
      plasma-deposited metal matrix will increase the wear resistance while
      simultaneously decreasing the total system wear rate. These beneficial
      features are accomplished without significantly increasing the hardness of
      the material, and thus, the bearing material can still effectively
      accommodate foreign particles such as dirt and maintain its
      conformability. The wear-resistant particles for use in this invention
      should be sized between about 0.05 microns and about 100 microns,
      preferably between about 0.1 microns and about 50 microns, and should
      occupy a volume fraction of the bearing material between about 3% and
      about 50%, preferably between about 5% and about 25%. Various shapes and
      composition of particles can be successfully used as additives for the
      bearing material of this invention. Particle sizes smaller than 0.05
      microns do not substantially increase the wear resistance of the material,
      and sizes larger than 100 microns cause excessive wear of the mating
      surface. Materials with greater than 50% hard particles by volume do have
      sufficient embeddability and conformability, while those with less than 3%
      hard particles by volume do not have sufficient wear resistance.
PAR  Suitable wear-resistant particles for use in the process of this invention
      include metal oxides, metal carbides, metal borides, metal nitrides and
      metal silicides in any combination or mixture thereof. Examples of some
      metal oxides include such compounds as aluminum oxide, silicon oxide,
      chromium oxide, hafnium oxide, beryllium oxide, niobium oxide, tantalum
      oxide, zirconium oxide, calcium oxide, magnesium oxide, yttrium oxide,
      rare earth oxides, titanium dioxide, and thorium oxide in any and all
      mixtures including spinels thereof. Suitable metal carbides include
      silicon carbide, boron carbide, hafnium carbide, niobium carbide, tantalum
      carbide, titanium carbide, zirconium carbide, molybdenum carbide,
      cchromium carbide, vanadium carbide, thorium carbide, and tungsten
      carbide. Suitable metal borides include titanium boride, zirconium boride,
      niobium boride, molybdenum boride, tungsten boride, tantalum boride,
      hafnium boride, vanadium boride, and chromium boride. Suitable metal
      nitrides include silicon nitride, titanium nitride, zirconium nitride,
      hafnium nitride, vanadium nitride, niobium nitride, boron nitride,
      tantalum nitride, and chromium nitride. Suitable silicides include
      molybdenum silicide, tantalum, silicide, tungsten silicide, titanium
      silicide, zirconium silicide, vanadium silicide, niobium silicide,
      chromium silicide, and boron silicide. These hard particle additives may
      result in strengthening of the plasma-deposited or detonation
      gun-deposited material over the base matrix material, thus increasing its
      load carrying capability. Since the hardness of the base matrix material
      is preferably increased by not more than 30% due to the particle addition,
      the conformability and embeddability of the finished bearing material are
      not adversely affected to any significant degree. Also, since the
      particles remain as essentially discrete bodies in the bearing material,
      they have little or no tendency to interact or weld to most metallic or
      ceramic mating materials in bearing applications and thus they present no
      compatibility problem.
PAR  The overall compatibility of a bearing system, i.e., the bearing material
      with its contacting mating part, depends primarily on the matrix material
      of the bearing element. Therefore, although a large number of metal and
      metal alloys are suitable as the matrix material according to this
      invention, the optimum choice of the matrix material should be selected as
      determined by the composition of the mating part in the bearing system,
      the temperature of operation and the specific lubricant used. In addition,
      if the bearing material is to be applied as a coating on a substrate, then
      the composition of the substrate will have to be considered so as to
      minimize or negate interaction therebetween. When producing composite
      bodies of the bearing material, then this latter consideration is not
      necessary. The advantages of using the bearing material of this invention
      as a coating for a substrate are: (a) a substrate stronger than the
      bearing material may be used to increase the overall bearing design
      strength; (b) a bearing surface may be produced directly on a structural
      component without the need for a separate bearing assembly; (c) the
      overall weight of a bearing structure may be reduced by using a
      lightweight substrate such as titanium or aluminum; and (d) the cost of a
      bearing structure may be reduced by using an inexpensive substrate and a
      relatively thin coating. In addition, the thickness required for a bearing
      surface is significantly reduced by the material of this invention because
      of its superior wear resistance. In fact, the wear resistance of the
      bearing materials of this invention are comparable to the wear resistance
      of pure plasma-deposited oxide, carbide or nitride materials, and have the
      additional advantage in that they can be machined since they are primarily
      metals.
PAR  Suitable materials for use as the matrix of the bearing material of this
      invention include, but are not limited to, elemental metals such as
      copper, aluminum, tin, lead, zinc, tungsten, molybdenum, tantalum,
      hafnium, zirconium, chromium, iron, nickel, cobalt, titanium and the metal
      base alloys of the above. Copper and tungsten may be desirable for use as
      electrical contact coatings exhibiting high wear resistance. Molybdenum,
      tantalum, hafnium, tungsten, and zirconium alloys may be desirable for use
      in chemically corrosive environments. Any artisan can determine which
      matrix material and hard particle additive to select once the conditions
      and operating parameters of the bearing system are known. All that is
      required is that the quantity of the hard particles and their sizes are as
      specified above and that the soft, ductile matrix material have the
      hardness range mentioned.
PAR  When the bearing material is to be used as a coating for a solid structural
      substrate, then some examples of such substrate materials that can be used
      include, but are not limited to, metals, alloys (such as steel, stainless
      steel, iron base alloys, aluminum, aluminum base alloys, nickel, nickel
      base alloys, cobalt, cobalt base alloys, copper, copper base alloys,
      chromium, chromium base alloys, refractory metals, refractory metal base
      alloys), carbon, graphite, and plastics including thermoplastic resins and
      thermosetting resins. The important factor in selecting a substrate is
      that it should be substantially non-reactant with said bearing material in
      the end-use environment and maintain its integrity.
PAR  The first step in the application of this invention is to select the
      particular matrix material and hard particle additive suitable for the
      conditions of an end use bearing system. Preferably, the matrix material
      should be in the powder form and sized 200 Tyler mesh and finer. A mixture
      of these components can then be deposited onto a permanent or removable
      substrate by conventional plasma spraying as disclosed in U.S. Pat. No.
      2,858,411 and 3,016,447; or by Detonation-Gun techniques as disclosed in
      U.S. Pat. Nos. 2,714,563, 2,950,867 and 2,964,420 or by flame spraying as
      in U.S. Pat. No. 2,861,900. The unique bearing material so deposited will
      consist of a lamellar structure of interlocking and overlapping
      microscopic leaves mechanically bonded to each other and to said substrate
      without substantial alloying at the interface thereof, and will be
      composed of hard particles intentionally added to the ductile matrix. They
      are added as discrete particles in such a manner that the wear resistance
      and strength are increased without significantly increasing the wear of
      the intended mating surface. If the same amount of hard particles, such as
      oxides, were present as interlamellar layers, due to oxidation during
      deposition, then a higher wear rate and lower strength would be expected;
      a higher wear rate because larger wear particles would be generated and a
      lower strength because the interlamellar bond would be weakened.
PAR  The bearing material of this invention is far superior to conventional
      materials, even the plasma or detonation gun deposited prior art materials
      which have been found to exhibit greater wear resistance than conventional
      wrought or cast materials of the same composition. It is believed that the
      fine grained, lamellar microstructure of the plasma deposited or
      detonation gun deposited materials inhibit or localize the size of adhered
      particles between contacting surfaces during wear; but, whatever the
      cause, the hard particle inclusions will further enhance the wear
      resistance of the material even more.
PAR  Although this invention is directed to bearing material coatings for
      applications such as coatings on journals and cylinders, it is also
      intended to include free-standing structures made entirely of the bearing
      material as disclosed.
PAR  As used herein, a metal base alloy is intended to mean an alloy wherein the
      base metal is present in the largest proportion by weight and the balance
      can be composed of one or more adventitious elements, or one or more
      metals, compounds or intermetallics added to impart mechanical properties.
DETD
PAR  The following examples are for illustrative purposes only and are not
      intended to limit the invention in any way.
PAC  EXAMPLE 1
PAR  The wear and friction characteristics of a series of bearing materials made
      with one or more of the components shown in Table I were determined.
TBL                TABLE I                                                     
     ______________________________________                                    
     Materials                                                                 
     ______________________________________                                    
     AMS 4640 Wrought Aluminum Bronze                                          
     LCU-2  Plasma Deposited Aluminum Bronze                                   
            (Cu-10 Al wt % Alloy)                                              
            Sized 325 Tyler mesh and finer                                     
     LA-6   Plasma Deposited Aluminum Oxide                                    
            (Al.sub.2 O.sub.3)                                                 
            Sized 325 Tyler mesh and finer.                                    
     Additives                                                                 
     ______________________________________                                    
     Al.sub.2 O.sub.3                                                          
            Linde B powder (.gamma. Al.sub.2 O.sub.3) - Sized 0.05 micron      
     Al.sub.2 O.sub.3                                                          
            Linde C powder (.alpha.Al.sub.2 O.sub.3) - Sized 1.0 micron        
     Al.sub.2 O.sub.3                                                          
            LA-2-400 powder (.alpha.Al.sub.2 O.sub.3) - Sized 37 microns       
     Cr.sub.2 O.sub.3                                                          
            325 Tyler mesh and finer powder                                    
     Cr.sub.2 C.sub.3                                                          
            325 Tyler mesh and finer powder                                    
     ______________________________________                                    
PAR  Test specimens of the wrought aluminum bronze alloy were cut into "blocks"
      (described below) from a bar purchased in the heat treated condition
      [specified as Aerospace Material Specification (AMS) 4640 by the Society
      of Automotive Engineers]. LCU-2 is a plasma deposited aluminum bronze
      alloy commercially available from Union Carbide Corporation. Examples of
      bearing materials that are the subject of this invention were produced by
      first mixing powders of the LCU-2 alloy with oxides or carbides and then
      plasma spraying the mixtures on steel substrates ("blocks"). The resulting
      coated materials were then machined or ground to a final coating thickness
      of 0.020 inch. The resulting coatings were subject to neutron activation
      analysis and found to have the compositions shown in columns 1 and 2 of
      Table II.
PAR  The coatings and their wrought counterpart were tested in a commercial wear
      test machine known as the Dow Corning Alpha Model LFW-1 Wear Testing
      Machine. The operation and calibration of the machine was done in the
      manner described in the American Society for Testing and Materials
      Standard D2714-68. In this test a ring, sized 1.38 inch diameter by 0.34
      inch wide, was rotated against a "block", sized 0.25 inch wide, 0.40 inch
      high, and 0.62 inch long, under a constant load and at a constant speed.
      In all of the tests described herein, the coatings were applied to metal
      blocks to a finished thickness of 0.20 inch and the wrought aluminum
      bronze alloy specimens were cut to the identical size and shape of the
      coated blocks. The test rings were case hardened 4620 steel (R.sub.c
      58-63). A hydraulic fluid, known as Mil H5606A, was used as the lubricant
      between the block being tested and the ring when the latter was rotated at
      180 rpm (a surface speed of 65 ft/min). The test duration was 5400
      revolutions (a sliding distance of 1950 ft) under loads of 30, 180 and 450
      pounds.
TBL                                    TABLE II                                
     __________________________________________________________________________
        1       2    3    4   5      6      7      8   9                       
                          Test                     Final                       
                                                       Final                   
                Additive                                                       
                     Hardness                                                  
                          Load                                                 
                              Block Loss                                       
                                     Ring Loss                                 
                                            Total Loss                         
                                                   Block                       
                                                       Coefficient             
     Composition                                                               
                Vol %                                                          
                     DPH.sub.300                                               
                          lb  Vol,   Vol,   Vol,   Temp                        
                                                       Friction                
                              10.sup.-.sup.6 cm.sup.3                          
                                     10.sup.-.sup.6 cm.sup.3                   
                                            10.sup.-.sup.6 cm.sup.3            
                                                   .degree.F                   
     __________________________________________________________________________
     Wrought Aluminum                                                          
                none 234   30 927    --     927    107 0.23                    
     Bronze               180 5079   --     5079   226 0.26                    
     Standard LCU-2  243   30 312    --     312    105 0.14                    
                          180 1366   --     1366   161 0.14                    
                          450 2840   --     2840   282 0.14                    
     LCU-2      17.7 166   30 4.78   --      5      94 0.14                    
     +                    180 36.7    90    127    142 0.14                    
     Al.sub.2 O.sub.3     450 138    492    630    228 0.14                    
     (0.05 micron size)                                                        
     LCU-2      34.5 121   30 5.02    82     87     86 0.13                    
     +                    180 29.6   215    245    145 0.14                    
     Al.sub.2 O.sub.3     450 114    350    464    239 0.14                    
     (0.05 micron size)                                                        
     LCU-2       7.26                                                          
                     178   30 7.19   150    157     96 0.15                    
     +                    180 30.8   175    206    152 0.14                    
     Al.sub.2 O.sub.3     450 152    480    632    247 0.14                    
     (1 micron size)                                                           
     LCU-2      12.4 178  180 26.2   150    176    149 0.16                    
     +                    450 126    475    601    244 0.12                    
     Al.sub.2 O.sub.3                                                          
     (1 micron size)                                                           
     LCU-2      21.0 190   30 5.01   150    155     98 0.16                    
     +                    180 21.8   195    217    160 0.16                    
     Al.sub.2 O.sub.3     450 120    515    635    242 0.12                    
     (1 micron size)                                                           
     LCU-2      40.5 180   30 2.91    40     43     96 0.13                    
     +                    180 18.7   145    164    145 0.14                    
     Al.sub.2 O.sub.3     450 67.2   390    458    226 0.14                    
     (1 micron size)                                                           
     LCU-2      11.7 208   30 2.99   --      3      96 0.15                    
     +                    180 14.4   200    214    156 0.14                    
     Al.sub.2 O.sub.3     450 156    555    711    222 0.14                    
     (37 micron size)                                                          
     LCU-2      40.9 206   30 2.94    70     73     90 0.15                    
     +                    180 18.2   230    248    158 0.14                    
     Al.sub. 2 O.sub.3    450 127    675    802    220 0.13                    
     (37 micron size)                                                          
     LCU-2       5.98                                                          
                     167   30 31.8    70    102     95 0.15                    
     +                    180 316     82    398    147 0.14                    
     Cr.sub.2 O.sub.3     450 1400    65    1460   124 0.15                    
     (-325 mesh)                                                               
     LCU-2      17   154   30 10.4   --      10     89 0.13                    
     +                    180 91.4   --      91    136 0.13                    
     Cr.sub.3 C.sub.2 (-325 mesh)                                              
                          450 200    225    425    231 0.14                    
     Pure Al.sub.2 O.sub.3 (LA-6)                                              
                --   700  180 10.8   262    273    134 0.13                    
     (-325 mesh)          450 42.6   652    695    237 0.14                    
     __________________________________________________________________________
PAR  The results are shown in Table II above and are for the averages of two or
      more tests at each load (column 4). The final block temperature (column 8)
      and final coefficient of friction (column 9) were the dynamic values read
      from a continuous recording of these parameters. The volume losses
      (columns 5 to 7) were determined from the wear scar areas of the blocks
      and from weight losses of the rings. No significant losses occurred from
      the rings in the testing of the wrought aluminum bronze or the
      plasma-deposited aluminum bronze, LCU-2. In fact, a random gain or loss of
      approximately 40 .times. 10.sup.-.sup.6 cm.sup.3 was measured due to the
      transfer of aluminum bronze to the steel rings and weighing errors, and
      hence ring losses of this order of magnitude were ignored. The Diamond
      Hardness value for the test specimens, using a testing load of 300 grams,
      is shown in column 3 of Table II.
PAR  It is readily apparent that the wear rates (column 7) of unmodified LCU-2
      are at least an order of magnitude less than that of wrought aluminum
      bronze. In fact the wrought aluminum bronze material performed so poorly
      at 450 pound loads that it could not be meaningfully tested. The modified
      coatings of this invention are yet another order of magnitude lower in
      wear rates than the standard LCU-2. Even though a loss in material from
      the rings was measured with the modified bronzes of this invention, the
      total system loss was still much less than for standard LCU-2 or wrought
      aluminum bronze.
PAR  A comparison of the LCU-2 modified coatings with the plasma-deposited pure
      alumina coating shows that an additive of as little as 7 vol/o Al.sub.2
      O.sub.3 produced a bearing material having a much smaller wear rate. If
      the total system wear (block plus ring) is considered, the materials of
      this invention produce less total wear than pure alumina. It should be
      noted that the bearing materials produced according to this invention can
      be machined with a single point tool whereas pure oxides must be ground.
      Thus the fabrication and finishing of these bearing materials will be
      considerably less expensive.
PAR  Examination of the data for the various particle sizes of Al.sub.2 O.sub.3
      additions (Table II) shows a minor sensitivity of the wear rates to this
      parameter. However, the total system wear at high loads may tend to
      incrrease at the higher volume fractions with the coarser Al.sub.2 O.sub.3
      particle sizes. Evaluation of the data for additions of Cr.sub.2 O.sub.3
      and Cr.sub.2 C.sub.2 reveals that a wide variety of hard particles may be
      used as additives. It is thus obvious that, since the major contribution
      to wear resistance is due to the hard particles, a wide variety of matrix
      alloys may be used.
PAR  The coefficients of friction (column 9) of the modified materials of this
      invention are about the same as those of the unmodified plasma-deposited
      matrix alloys. It should be noted that the plasma-deposited matrix
      material has a significantly lowe coefficient than its wrought counterpart
      and that this advantage is not lost by the addition of hard particles.
PAR  In addition to increasing the wear resistance of typical plasma-deposited
      bearing alloys, the addition of hard particles usually results in a
      stronger material. This was demonstrated by measuring the compressional
      strength of standard LCU-2 and LCU-2 with a nominal addition of 15 vol/o
      Al.sub.2 O.sub.3 (sized 1 micron). The results measured radially
      (perpendicular to the coating surface) and longitudinally (in the plane of
      the coating) are shown in Table III. The specimens, 1/4 .times. 1/4
      .times. 1/2 inch, were cut from free standing cylinders 3 inches high, 3
      inches ID, 41/8 inches OD of bearing material, thus demonstrating as well
      the possibility of using these materials as solid bearings or inserts as
      well as coatings.
PAR  In spite of this increase in mechanical strength, there is no significant
      increase in the hardness of these materials (Table II) and hence they
      should retain the embeddability characteristics of the matrix alloy.
      Experiments with unmodified beryllium copper alloys have shown that, if
      necessary to accommodate higher loads with deformation, the hardness and
      strength of suitable plasma-deposited matrix alloys can be increased by
      heat treatment without detrimental effects to their wear resistance.
TBL                TABLE III                                                   
     ______________________________________                                    
                         Elastic  Yield  Ultimate                              
                         Modulus, Strength                                     
                                         Strength                              
              Compression                                                      
                         10.sup.6 10.sup.3                                     
                                         10.sup.3                              
     Coating  Direction  psi      psi    psi                                   
     ______________________________________                                    
     Standard                                                                  
      LCU-2   Longitudinal                                                     
                         8.4      61.5    90.8                                 
              Radial     7.1      57.8    95.3                                 
     LCU-2+                                                                    
      15 vol/o                                                                 
      Al.sub.2 O.sub.3                                                         
              Longitudinal                                                     
                         9.7      88.9   100.7                                 
              Radial     8.5      73.2   124.7                                 
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  Test block specimens 1 through 7 (column 1), identical to the one in
      Example 1, were prepared from the materials shown in column 2 in Table IV.
      The plasma-deposited materials were prepared by mixing 15 vol/o Al.sub.2
      O.sub.3 sized 1 micon, supplied by Union Carbide Corporation and known as
      Linde C alumina, with unalloyed nickel powder having a particle size of
      325 Tyler mesh and finer, or with an aluminum alloy known as 718
TBL                TABLE IV                                                    
     ______________________________________                                    
                   Wear         Hardness*                                      
     Material      Volume       DPH.sub.30                                     
     ______________________________________                                    
     1   .sup.1 Al (718) + 15                                                  
                       5.7 .times. 10.sup.-.sup.6 cm.sup.3                     
                                    127                                        
          vol/o Al.sub.2 O.sub.3                                               
     2   .sup.2 Ni (LN-2) + 15                                                 
                       9.0 .times. 10.sup.-.sup.6                              
                                    100                                        
          vol/o Al.sub.2 O.sub.3                                               
     3   .sup.3 LAL-4  1355. .times. 10.sup.-.sup.6                            
                                    **130-170 range                            
     4   .sup.2 LN-2   1213. .times. 10.sup.-.sup.6                            
                                    **150-275 range                            
     5   .sup.4 2014-T6 Al                                                     
                       3460. .times. 10.sup.-.sup.6                            
                                    --                                         
     6   2014-T6 Al    2370. .times. 10.sup.-.sup.6                            
                                    --                                         
         anodized                                                              
     7   .sup.5 7075-T6 Al                                                     
                       6000. .times. 10.sup.-.sup.6                            
                                    --                                         
     ______________________________________                                    
      .sup.1 718 Al has 12 wt/o Si - balance Al - Sized 325 Tyler mesh and fine
      .sup.2 LN-2 has unalloyed Ni - Sized 325 Tyler mesh and finer            
      .sup.3 LAL-4 has 12 wt/o Si - balance Al - Sized 200 Tyler mesh and finer
      .sup.4 2014 has 4.4 wt/o Cu - 0.9 Si - 0.8 Mn - 0.5 Mg - bal. Al         
      .sup.5 7075 has 2.5 wt/o mg - 0.3 Cr - 5.6 Zn - 1.6 Cu - bal. Al         
       *All hardness values were measured on cross sections of the coating     
      parallel to the surface.                                                 
       **Production range of hardness given for commercially available plasma  
      coatings of LAL-4 and LN-2.                                              
PAL  having a particle size of 325 Tyler mesh and finer. These mixtures were
      plasma-deposited on Alpha wear blocks as described in Example 1 and
      finished to a thickness of 0.006 inch. Similar specimens were prepared
      with conventional nickel (supplied by Union Carbide Corporation as LN-2)
      and aluminum (supplied by Union Carbide Corporation as LAL-4) plasma
      coatings. These coated sample specimens were compared with wrought
      aluminum alloys designated as 2014-T6, 7075-T6 and anodized 2014-T6 by the
      Aluminum Association of America. All of these were tested in the Dow Alpha
      Wear Test Machine, as in Example 1, operating at 180 rpm (65 ft/min) for
      5400 revolutions in Mil H5606A, a hydraulic fluid, under a 30 pound load.
      The results are shown in Table IV. In those instances where the wear scar
      was very small, the values for a 30 pound load were extrapolated from data
      of a 180 pound test load. The improvement due to additions of oxides show
      that the wear rate was greatly decreased.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a wear-resistant bearing material on a solid
      structural substrate comprising:
PA1  a. preparing a binary mixture consisting of hard phase particles selected
      from the groups consisting of metal oxides, metal carbides, metal borides,
      metal nitrides and metal silicides with powders of a metal selected from
      the group consisting of elemental metal and metal alloys, said hard phase
      particles being sized between about 0.05 micron and about 100 microns, and
      present in a volume fraction of between about 3% and about 25%; and said
      metal powders being sized 200 Tyler mesh and finer; and
PA1  b. depositing said mixture of hard phase particles and metal powders onto a
      substrate by a technique selected from the group consisting of plasma
      spraying, flame spraying and detonation gun means, so as to produce a
      bearing material having a Diamond Pyramid hardness value not exceeding
      about 500 as tested under a load of 300 grams.
NUM  2.
PAR  2. The process of claim 1 wherein said powdered metal is selected from the
      groups consisting of copper, aluminum, titanium, tin, lead, zinc,
      tungsten, molybdenum, tantalum, hafnium, zirconium, chromium, iron,
      nickel, cobalt and base alloys of the above metals.
NUM  3.
PAR  3. The process of claim 1 wherein said hard phase particles are selected
      from the groups consisting of aluminum oxide, silicon oxide, chromium
      oxide, hafnium oxide, beryllium oxide, zirconium oxide, calcium oxide,
      magnesium oxide, yttrium oxide, rare earth oxides, titanium dioxide,
      thorium oxide, tantalum oxide, niobium oxide and spinel combinations of
      the above oxides, silicon carbide, boron carbide, hafnium carbide, niobium
      carbide, tantalum carbide, titanium carbide, zirconium carbide, molybdenum
      carbide, chromium carbide, vanadium carbide, thorium carbide, tungsten
      carbide, titanium boride, zirconium boride, niobium boride, molybdenum
      boride, tungsten boride, tantalum boride, chromium boride, hafnium boride,
      vanadium boride, boron nitride, silicon nitride, titanium nitride,
      zirconium nitride, hafnium nitride, vanadium nitride, niobium nitride,
      tantalum nitride, chromium nitride, molybdenum silicide, tantalum
      silicide, tungsten silicide, titanium silicide, zirconium silicide,
      vanadium silicide, niobium silicide, chromium silicide and boron silicide.
NUM  4.
PAR  4. The process of claim 3 wherein said hard phase particles are selected
      from the group consisting of aluminum oxide, chromium oxide and chromium
      carbide; and wherein said metal powder is selected from the group
      consisting of aluminum base, copper base, and nickel base alloys.
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PAL  A method of applying a coating of a hot-melt adhesive to a substrate which
      comprises applying as the adhesive coating a composition which comprises
      (A) about 1 to 99 percent by weight of thermoplastic segmented copolyester
      elastomer consisting essentially of a multiplicity of recurring short
      chain ester units and long chain ester units joined through ester
      linkages, said short chain ester units amounting to about 15 to 75 percent
      by weight of said copolyester and being derived from aromatic dicarboxylic
      acid such as terephthalic acid, or a mixture of terephthalic and
      isophthalic acids, and an organic diol such as butanediol, and said long
      chain ester units amounting to about 25 to 85 percent by weight of said
      copolyester and being derived from aromatic dicarboxylic acid such as
      terephthalic acid, or a mixture of terephthalic and isophthalic acids, and
      a long chain glycol such as polytetramethylene ether glycol, said
      copolyester having a melt index of less than about 150 and a melting point
      of at least about 125.degree.C., and (B) about 1 to 99 percent by weight
      of one or more low molecular weight thermoplastic resins including
      hydrocarbon resins such as coumarone-indene resins, petroleum resins,
      styrene polymers, cyclopentadiene resins and terpene resins, bituminous
      asphalts, coal tar pitches, rosins, phenolic resins, chlorinated aliphatic
      hydrocarbon waxes, and chlorinated polynuclear aromatic hydrocarbons, can
      be applied to various substrates such as films, furniture, tiles, labels,
      tapes, decorative molding of wood or plastic, etc.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of Ser. No. 279,370 filed Aug. 10, 1972, now
      U.S. Pat. No. 3,832,314; which is a continuation-in-part of Ser. No.
      151,477, filed June 9, 1971, now abandoned; and which is a
      continuation-in-part of Ser. No. 100,291, filed Dec. 21, 1970, and now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to compositions containing a thermoplastic,
      segmented copolyester elastomer and one or more compatible low molecular
      weight thermoplastic resins. These compositions are useful in a wide
      variety of applications including uses as hot melt adhesive compositions
      and coating compositions.
PAR  2. Description of the Prior Art
PAR  Hot melt adhesive compositions containing low molecular weight
      thermoplastic resins are not new. In recent years hot melt compositions,
      such as those containing ethylene/vinyl acetate copolymers, have found
      broad uses in applications such as adhesives for edge banding in furniture
      manufacture, surface laminating, shoe assembly, pressure sensitive
      adhesives, and paper coatings for packaging. However, the use of these hot
      melt compositions is limited to a narrow temperature range. For example,
      most ethylene/vinyl acetate copolymer-based hot melt compositions lose
      their strength at temperatures as low as about 80.degree.C.
PAR  Much research has been carried out in recent years to provide hot melt
      compositions having improved high temperature performance. New high
      temperature resistant hot melt adhesives are now being introduced to the
      market, but these compositions either do not have the superior adhesive
      strength of typical ethylene/vinyl acetate copolymer-based adhesives, or
      they have a melt viscosity at the application temperature which is too
      high for much of the adhesive application equipment in use today. It would
      therefore be desirable to provide hot melt compositions which have an
      improved combination of properties with regard to good bond strength over
      a wide range of temperatures and low melt viscosity at application
      temperatures.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention superior thermoplastic adhesive and
      coating compositions are provided which comprise, based on the total
      thermplastic components, (A) about 1 to 99 percent by weight of
      thermoplastic segmented copolyester elastomer consisting essentially of a
      multiplicity of recurring short chain ester units and long chain ester
      units joined through ester linkages, said short chain ester units
      amounting to about 15 to 75 percent by weight of said copolyester and
      being of the formula
      ##EQU1##
      and said long chain ester units amounting to about 25 to 85 percent by
      weight of said copolyester and being of the formula
      ##EQU2##
      wherein R is the divalent aromatic radical remaining after removal of the
      carboxyl groups from aromatic dicarboxylic acid having a molecular weight
      of less than about 350, D is the divalent radical remaining after removal
      of the hydroxyl groups from organic diol having a molecular weight of less
      than about 250, and G is the divalent radical remaining after removal of
      the terminal hydroxyl groups from long chain glycol having an average
      molecular weight of about 350 to 6000, said copolyester having a melt
      index of less than about 150 and a melting point of at least about
      125.degree.C., and (B) about 1 to 99 percent by weight of low molecular
      weight thermoplastic resin which forms compatible mixtures with the
      segmented copolyester, is thermally stable at 150.degree.C., and has a
      melt viscosity of less than about 10,000 centipoises at 200.degree.C.
      These compositions are useful as hot melt, heat sealing and pressure
      sensitive adhesives and coatings.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The thermoplastic segmented copolyester elastomers used in the compositions
      of this invention consist essentially of 15 to 75 percent recurring short
      chain ester units and 25 to 85 percent long chain ester units joined
      through ester linkages. The term "consisting essentially of" as used
      herein, is meant to include in the copolyester only those unspecified
      polymer units which do not materially affect the basic and essential
      characteristics of the copolyester as it relates to the compositions of
      this invention. In other words, this term excludes unspecified polymeric
      units in amounts which prevent the advantages of the compositions of this
      invention from being realized. The term "short chain ester units", as
      applied to units in a polymer chain, refers to the reaction products of
      low molecular weight diols with dicarboxylic acids to form repeat units
      having molecular weights of less than about 550. These units are also
      referred to herein as "hard segments". The term "long chain ester units",
      as applied to units in a polymer chain, refers to the reaction products of
      long chain glycols with dicarboxylic acids. These units are also referred
      to herein as "soft segments". Preferably the copolyester consists
      essentially of 15 to 65 percent hard segments and 35 to 85 percent soft
      segments.
PAR  The copolyesters used in accordance with this invention are prepared by
      polymerizing with each other (a) one or more aromatic dicarboxylic acids,
      (b) one or more linear long chain glycols, and (c) one or more low
      molecular weight diols. By the term "aromatic dicarboxylic acid" is meant
      a dicarboxylic acid in which each carboxyl group is attached to a carbon
      atom in an isolated or fused benzene ring or a ring which is itself fused
      to a benzene ring. The term "dicarboxylic acid", as used herein, is
      intended to include the equivalents of dicarboxylic acids, that is, their
      esters or ester-forming derivatives such as acid chlorides and anhydrides,
      or other derivatives which behave substantially like dicarboxylic acids in
      a polymerization reaction with glycol.
PAR  The aromatic dicarboxylic acid monomers useful herein have a molecular
      weight of less than about 350. This molecular weight requirement pertains
      to the acid itself and not to its ester or ester-forming derivative. Thus,
      the ester of a dicarboxylic acid having a molecular weight greater than
      350 is included in this invention provided the acid itself has a molecular
      weight below about 350.
PAR  The aromatic dicarboxylic acids used in the preparation of the segmented
      copolyester can contain any substituent groups or combination thereof
      which do not interfere with the polymerization reaction. Representative
      aromatic dicarboxylic acids include terephthalic acid, isophthalic acid,
      phthalic acid, bibenzoic acid, substituted dicarboxy compounds with
      benzene nuclei such as bis(p-carboxyphenyl) methane,
      p-oxy(p-carboxyphenyl) benzoic acid, ethylene-bis(p-oxybenzoic acid),
      ethylene-bis-(p-benzoic acid), tetramethylene-bis-(p-oxybenzoic acid),
      1,5-naphthalene dicarboxylic acid, 2,6-naphthalene dicarboxylic acid,
      2,7-naphthalene dicarboxylic acid, phenanthrene dicarboxylic acid,
      anthracene dicarboxylic acid, 4,4'-sulfonyl dibenzoic acid, indene
      dicarboxylic acid, and the like, as well as ring substituted derivatives
      thereof such as C.sub.1 -C.sub.10 alkyl, halo, alkoxy or aryl derivatives.
      Hydroxy acids such as p(.beta.-hydroxyethoxy) benzoic acid can also be
      used providing an aromatic dicarboxylic acid is also present.
PAR  The preferred aromatic dicarboxylic acids for preparation of the segmented
      copolyester are the aromatic acids of 8 to 16 carbon atoms, particularly
      phenylene dicarboxylic acids such as phthalic, terephthalic and
      isophthalic acids. The most preferred acids are terephthalic acid and
      mixtures of terephthalic and isophthalic acids.
PAR  The low molecular weight diols used in the preparation of the hard segments
      of the copolyesters have molecular weights of less than about 250. The
      term "low molecular weight diol", as used herein, should be construed to
      include equivalent ester-forming derivatives. In this case, however, the
      molecular weight requirement pertains to the diol only and not to its
      derivatives.
PAR  Suitable low molecular weight diols which react to form the short chain
      ester units of the copolyesters include acyclic, alicyclic and aromatic
      dihydroxy compounds. The preferred diols are those with 2 to 15 carbon
      atoms such as ethylene, propylene, tetramethylene, isobutylene,
      pentamethylene, 2,2-dimethyltrimethylene, hexamethylene and decamethylene
      glycols, dihydroxy cyclohexane, cyclohexane dimethanol, resorcinol,
      hydroquinone, 1,5-dihydroxy naphthalene, and the like. Especially
      preferred are the aliphatic diols of 2 to 8 carbon atoms. Suitable
      bis-phenols include bis(p-hydroxy) diphenyl, bis(p-hydroxyphenyl) methane,
      bis(p-hydroxyphenyl) ethane, bis(p-hydroxyphenyl) propane and
      2,2-bis(p-hydroxyphenyl) propane. Equivalent ester-forming derivatives of
      diols are also useful. For example, ethylene oxide or ethylene carbonate
      can be used in place of ethylene glycol.
PAR  The long chain glycols used to prepared the soft segments of these
      copolyesters have molecular weights of about 350 to 6000, and preferably
      about 600 to 3000. Preferably the long chain glycols have melting points
      of less than about 55.degree.C., and carbon atom to oxygen atom ratios
      which are greater than about 2.5, that is, greater than about 2.5:1. Long
      chain glycols having carbon to oxygene ratios greater than about 2.5
      generally have less swell in water and greater resistance to hydrolysis.
PAR  The chemical structure of the long chain polymeric part of the long chain
      glycol is not critical. Any substituent groups which do not interfere with
      the polymerization reaction to form the copolyester can be present. Thus,
      the chain can be a single divalent acyclic, alicyclic, or aromatic
      hydrocarbon group, poly(alkylene oxide) group, polyester group, a
      combination thereof, or the like. Any of these groups can contain
      substituents which do not interfere to any substantial extent with the
      polymerization to form the copolyester used in accordance with this
      invention. The hydroxy functional groups of the long chain glycols used to
      prepare the copolyesters should be terminal groups to the extent possible.
PAR  Suitable long chain glycols which can be used in preparing the soft
      segments of the copolymers include poly(alkylene ether) glycols in which
      the alkylene groups is of 2 to 9 carbon atoms such as poly(ethylene ether)
      glycols, poly(1,2- and 1,3-propylene ether) glycol, poly(1,2-butylene
      ether) glycol, poly(tetramethylene ether) glycol, poly(pentamethylene
      ether) glycol, poly(hexamethylene ether) glycol, poly(heptamethylene
      ether) glycol, poly(octamethylene ether) glycol, poly(nonamethylene ether)
      glycol, and random or block copolymers thereof, for example, glycols
      derived from ethylene oxide and 1,2-propylene oxide.
PAR  Glycol esters of poly(alkylene oxide) dicarboxylic acids can also be used
      as the long chain glycol. These glycols may be added to the polymerization
      reaction or may be formed in situ by the reaction of a dicarboxymethyl
      acid of poly (alkylene oxide) such as HOOCCH.sub.2 (OCH.sub.2 CH.sub.2
      CH.sub.2 CH.sub.2).sub.x OCH.sub.2 COOH with the low molecular weight
      diol, which is always present in a stoichiometric excess. The resulting
      poly(alkylene oxide) ester glycol then polymerizes to form G units having
      the structure
EQU  --DOOCCH.sub.2 (OCH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2).sub.x OCH.sub.2
      COOD--
PAL  in which each diol cap (D) may be the same or different depending on
      whether more than one diol is used. These dicarboxylic acids may also
      react in situ with the long chain glycol, in which case a material is
      obtained having a formula the same as above except that the D's are
      replaced with G's, the polymeric residue of the long chain glycol. The
      extent to which this reaction occurs is quite small, however, since the
      low molecular weight diol is present in considerable excess.
PAR  Polyester glycols can also be used as the long chain glycol. In using
      polyester glycols, care must generally be exercised to control the
      tendency to interchange during melt polymerization. Certain sterically
      hindered polyesters, e.g., poly(2,2-dimethyl-1,3-propylene adipate),
      poly(2,2-dimethyl-1,3-propylene/2-methyl-2-ethyl-1,3-propylene
      2,5-dimethylterephthalate),
      poly(2,2-dimethyl-1,3-propylene/2,2-diethyl-1,3-propylene,
      1,4-cyclohexanedicarboxylate) and
      poly(1,2-cyclohexylenedimethylene/2,2-dimethyl-1,3-propylene,
      1,4-cyclohexanedicarboxylate) can be utilized under normal reaction
      conditions, and other more reactive polyester glycols can be used if
      proper reaction conditions, including a short residence time, are
      employed.
PAR  Suitable long chain glycols also include polyformals prepared by reacting
      formaldehyde with glycols such as pentamethylene glycol or mixtures of
      glycols such as a mixture of tetramethylene and pentamethylene glycols.
      Polythioether glycols also provide useful products. Polybutadiene and
      polyisoprene glycols, copolymers of these, and saturated hydrogenation
      products of these materials are also satisfactory long chain polymeric
      glycols. In addition, the glycol esters of dicarboxylic acids formed by
      oxidation of polyisobutylene-diene copolymers are useful raw materials.
      The preferred long chain glycols are poly(alkylene ether) glycols and
      glycol esters of poly(alkylene oxide) dicarboxylic acids.
PAR  The relative molecular weight of the segmented copolyester is expressed
      herein in terms of melt index, which is an empirical measurement of
      inverse melt viscosity. The segmented copolyester should have a melt index
      of less than about 150 in order to provide useful compositions. The melt
      indices specified herein are determined by the American Society for
      Testing and Materials (herein abbreviated "ASTM") test method D 1238-65T
      using Condition L at 230.degree.C. with a 2160 gram load.
PAR  It is required that the segmented copolyester have a melting point of at
      least about 125.degree.C. in order to provide useful compositions.
      Preferably the segmented copolyester has a melting point of at least about
      140.degree.C. The high melting segmented copolyesters used herein maintain
      their high melting characteristics when blended with low molecular weight
      thermoplastic resins in accordance with this invention.
PAR  The required high melting point of the segmented copolyester is obtained by
      providing the polyester with crystallizable short chain ester segments.
      Crystallinity in the short chain ester segments is increased by the use of
      more linear and symmetrical aromatic diacid. By "linear" aromatic diacid
      is meant a diacid in which each of the bonds between the carboxyl carbons
      and their adjacent carbons fall on a straight line drawn from one carboxyl
      carbon to the other. By "symmetrical" aromatic diacid is meant a diacid
      which is symmetrical with respect to a center line drawn from one carboxyl
      carbon to the other. For example, repeating ester units such as
      tetramethylene terephthalate give an especially high melting short chain
      ester segment. On the other hand, when a non-linear and unsymmetrical
      aromatic diacid, such as isophthalic acid, is added to crystallizable
      short chain ester segments, their melting point is depressed. Small
      amounts of isophthalic acid are, however, very useful for controlling the
      melting point and improving the compatibility of segmented copolyesters
      with low molecular weight thermoplastic resins. Aliphatic dibasic acids
      should be avoided since they give low melting or non-crystalline short
      chain ester segments without any significant beneficial effects.
PAR  The melting points specified herein are determined by differential thermal
      analysis. The melting point is read from the position of the endotherm
      peak in a thermogram when the sample is heated from room temperature at
      the rate of 10.degree.C./min. The details of this method are described in
      many publications, for example, by C. B. Murphy in Differential Thermal
      Analysis, R. C. Mackenzie, Editor, Volume I, Pages 643 to 671, Academic
      Press, New York, 1970.
PAR  The preferred segmented copolyester elastomers are those in which the
      aromatic dicarboxylic acid is of 8 to 16 carbon atoms, the low molecular
      weight diol is aliphatic diol of 2 to 8 carbon atoms, the long chain
      glycol is poly(alkylene ether) glycol in which the alkylene group is of 2
      to 9 carbon atoms, the short chain ester units amount to about 30 to 65
      percent by weight of the copolyester, the long chain ester units amount to
      about 35 to 70 percent by weight of the copolyester, and the copolyester
      has a melt index of less than about 50 and a melting point of at least
      about 140.degree.C.
PAR  The copolyester elastomers prepared from terephthalic acid, or a mixture of
      terephthalic and isophthalic acids, 1,4-butanediol and polytetramethylene
      ether glycol having a molecular weight of about 600 to 3000 are
      particularly preferred in the compositions of this invention. The raw
      materials are readily available, and the adhesive and coating properties
      of compositions obtained from such polymers are outstanding.
PAR  A novel class of segmented copolyester elastomers described herein are
      those consisting essentially of a multiplicity of recurring short chain
      ester units and long chain ester units joined through ester linkages, said
      short chain ester units amounting to 15 to less than 30 percent by weight
      of said copolyester and being of the formula
      ##EQU3##
      and said long chain ester units amounting to more than 70 to 85 percent by
      weight of said copolyester and being of the formula
      ##EQU4##
      wherein R is the divalent aromatic radical remaining after removal of the
      carboxyl groups from aromatic dicarboxylic acid having a molecular weight
      of less than 350, D is the divalent radical remaining after removal of the
      hydroxyl groups from organic diol having a molecular weight of less than
      250, and G is the divalent radical remaining after removal of the terminal
      hydroxyl groups from long chain glycol having an average molecular weight
      of 350 to 6000, said copolyester having a melt index of less than 150,
      provided that when a polymer in the fiber-forming molecular weight range
      formed solely from the total short chain ester units has a melting point
      above 200.degree.C., said short chain ester units amount to less than 25
      percent by weight of said segmented copolyester elastomer.
PAR  The copolyester elastomers used in the compositions of this invention can
      be made by conventional condensation polymerization procedures, as for
      example, in bulk or in a solvent medium which dissolves one or more of the
      monomers. They are conveniently prepared by a conventional ester
      interchange reaction. A preferred procedure involves heating the dimethyl
      ester of terephthalic acid, or a mixture of terephthalic and isophthalic
      acids, with a long chain glycol and an excess of a short chain diol in the
      presence of a catalyst at 150 to 260.degree.C., followed by distilling off
      the methanol formed by the interchange. Heating is continued until
      methanol evolution is complete. Depending on the temperature, catalyst and
      diol excess, this polymerization is complete within a few minutes to a few
      hours. This procedure results in the preparation of a low molecular weight
      prepolymer which can be converted to the high molecular weight segmented
      copolyester used in the compositions of this invention.
PAR  These prepolymers can also be prepared by a number of alternate
      esterification or ester interchange processes. For example, the long chain
      glycol can be reacted with a high or low molecular weight short chain
      ester homopolymer or copolymer in the presence of catalyst until
      randomization occurs. The short chain ester homopolymer or copolymer can
      be prepared by ester interchange from either the dimethyl esters and low
      molecular weight diols, as above, or from the free acids with the diol
      acetates. Alternatively, the short chain ester copolymer can be prepared
      by direct esterification from appropriate diacids, anhydrides or acid
      chlorides, for example, with diols or by other processes such as reaction
      of the diacids with cyclic ethers or carbonates. Obviously the prepolymer
      can also be prepared by carrying out these processes in the presence of
      the long chain glycol.
PAR  The resulting prepolymer is then converted to the high molecular weight
      segmented copolyester elastomer by distillation of the excess of short
      chain diol. Best results are usually obtained if this final distillation
      is carried out at less than 1 mm. pressure and 240.degree.-260.degree.C.
      for less than 2 hours in the presence of an antioxidant such as
      sym-di-beta-naphthyl-p-phenylenediamine or 1,3,5-trimethyl-2,4,6-tris
      [3,5-ditertiary-butyl-4-hydroxybenzyl] benzene.
PAR  Most practical polymerization techniques rely upon ester interchange to
      complete the polymerization reaction. In order to avoid excess hold times
      at high temperatures with possible irreversible thermal degradation, it is
      advantageous to employ a catalyst for the ester interchange reaction.
      While a wide variety of catalysts can be used, organic titanates such as
      tetrabutyl titanate, used alone or in combination with magnesium or zinc
      acetates, are preferred. Complex titanates, such as Mg[HTi(OR).sub.6
      ].sub.2, derived from alkali or alkaline earth metal alkoxides and
      titanate esters are also very effective. Inorganic titanates such as
      lanthanum titanate, calcium acetate/antimony trioxide mixtures and lithium
      and magnesium alkoxides are representative of other catalysts which can be
      used.
PAR  While these condensation polymerizations are generally run in the melt
      without added solvent, it is sometimes advantageous to run them in the
      presence of inert solvent in order to facilitate removal of volatile
      products at lower than usual temperatures. This technique is especially
      valuable during prepolymer preparation, for example, by direct
      esterification. However, certain low molecular weight diols, for example,
      butanediol in terphenyl, are conveniently removed during high
      polymerization by azeotropic distillation. Other special polymerization
      techniques, for example, interfacial polymerization of bisphenol with
      bisacylhalides and bisacylhalide capped linear diols, may prove useful for
      preparation of specific polymers.
PAR  The processes described above can be run both by batch and continuous
      methods. The preferred method for continuous polymerization, namely, ester
      interchange with a prepolymer, is a well established commercial process.
PAR  In addition to the segmented copolyester, the compositions of this
      invention also contain one or more low molecular weight thermoplastic
      resins which form compatible mixtures with the segmented copolyester, are
      thermally stable at about 150.degree.C., and have melt viscosities of less
      than about 10,000 centipoises at 200.degree.C. The term "thermoplastic
      resin", as used throughout the specification and claims, is intended to
      include heat softenable resins, both natural and synthetic, as well as
      waxy types of materials. By the term "compatible" it is meant that there
      is no separation into distinct layers between the segmented copolyester
      and the low molecular weight resin or resins at the copolyester melt
      temperature. In some cases this compatibility is achieved in
      multi-component blends even though one of the low molecular weight
      thermoplastic resin components may not be compatible with the segmented
      copolyester elastomer alone. By the phrase "thermally stable", it is meant
      that there is no significant permanent alteration in the properties of the
      resin after heating at the specified temperature for one hour in the
      presence of air. The melt viscosities specified herein are measured with a
      Brookfield viscometer by ASTM test method D 1824-66 at elevated
      temperatures as indicated.
PAR  Suitable low molecular weight thermoplastic resins include hydrocarbon
      resins, bituminous asphalts, coal tar pitches, rosins, phenolic resins,
      chlorinated aliphatic hydrocarbon waxes, chlorinated polynuclear aromatic
      hydrocarbons, and the like.
PAR  The term "hydrocarbon resins" refers to hydrocarbon polymers derived from
      coke-oven gas, coal-tar fractions, cracked and deeply cracked petroleum
      stocks, essentially pure hydrocarbon feeds, and turpentines. Typical
      hydrocarbon resins include coumarone-indene resins, petroleum resins,
      styrene polymers, cyclopentadiene resins, and terpene resins. These resins
      are fully described in the Kirk-Othmer "Encyclopedia of Chemical
      Technology", Second Edition, 1966, Interscience Publishers, New York,
      Volume 11, Pages 242 to 255.
PAR  The term "coumarone-indene resins" refers to hydrocarbon resins obtained by
      polymerization of the resin formers recovered from coke-oven gas and in
      the distillation of coal tar and derivatives thereof such as
      phenol-modified coumarone-indene resins. These resins are fully described
      in the Kirk-Othmer Encyclopedia, supra, Volume 11, Pages 243 to 247.
PAR  The term "petroleum resins" refers to hydrocarbon resins obtained by the
      catalytic polymerization of deeply cracked petroleum stocks. These
      petroleum stocks generally contain mixtures of resin formers such as
      styrene, methyl sytrene, vinyl toluene, indene, methyl indene, butadiene,
      isoprene, piperylene and pentylenes. These resins are fully described in
      the Kirk-Othmer Encyclopedia, supra, Volume 11, Pages 248 to 250. The
      so-called "polyalkyl-aromatic resins" fall into this classification.
PAR  The term "styrene polymers" refers to low molecular weight homopolymers of
      styrene as well as copolymers containing sytrene and other comonomers such
      as alpha-methyl-styrene, vinyl toluene, butadiene, and the like when
      prepared from substantially pure monomer.
PAR  The term "cyclopentadiene resins" refers to cyclopentadiene homopolymers
      and copolymers derived from coal tar fractions or from cracked petroleum
      streams. These resins are produced by holding a cyclopentadiene-containing
      stock at elevated temperature for an extended period of time. The
      temperatures at which it is held determines whether the dimer, trimer or
      higher polymer is obtained. These resins are fully described in the
      Kirk-Othmer Encyclopedia, supra, Volume 11, Pages 250 and 251.
PAR  The term "terpene resins" refers to polymers of terpenes which are
      hydrocarbons of the general formula C.sub.10 H.sub.16 occurring in most
      essential oils and oleoresins of plants, and phenol-modified terpene
      resins. Suitable terpenes include alpha-pinene, beta-pinene, dipentene,
      limonene, myrcene, bornylene, camphene, and the like. These products occur
      as by-products of coking operations of petroleum refining and of paper
      manufacture. These resins are fully described in the Kirk-Othmer
      Encyclopedia, supra, Volume 11, Pages 252 to 254.
PAR  The term "bituminous asphalts" is intended to include both native asphalts
      and asphaltites such as Gilsonite, Glance pitch and Grahanite. A full
      description of bituminous asphalts can be found in Abraham's "Asphalts and
      Allied Substances", 6th Edition, Volume 1, Chapter 2, Van Nostrand Co.,
      Inc., particularly Table III on Page 60.
PAR  The term "coal tar pitches" refers to the residues obtained by the partial
      evaporation or distillation of coal tar obtained by removal of gaseous
      components from bituminous coal. Such pitches include gas-works coal tar
      pitch, coke-oven coal tar pitch, blast-furnace coal tar pitch,
      producer-gas coal tar pitch, and the like. These pitches are fully
      described in Abraham's "Asphalts and Allied Substances", supra,
      particularly Table III on Page 61.
PAR  The term "rosins" refers to the resinous materials that occur naturally in
      the oleoresin of pine trees, as well as derivatives thereof including
      rosin esters, modified rosins such as fractionated, hydrogenated,
      dehydrogenated and polymerized rosins, modified rosin esters, and the
      like. These materials are fully described in the Kirk-Othmer Encyclopedia,
      supra, volume 17, Pages 475 to 505.
PAR  The term "phenolic resins" refers to the products resulting from the
      reaction of phenols with aldehydes. In addition to phenol itself, cresols,
      xylenols, p-tert.-butylphenol, p-phenylphenol and the like may be used as
      the phenol component. Formaldehyde is the most common aldehyde, but
      acetaldehyde, furfuraldehyde and the like may also be used. These resins
      are fully described in the Kirk-Othmer Encyclopedia, supra, Volume 15,
      Pages 176 to 207.
PAR  The term "chlorinated aliphatic hydrocarbon waxes" refers to those waxes
      which are commonly called "chlorinated waxes" such as chlorinated paraffin
      waxes. These waxes typically contain about 30-70 percent by weight of
      chlorine.
PAR  The term "chlorinated polynuclear aromatic hydrocarbons" refers to
      chlorinated aromatic hydrocarbons containing two or more aromatic rings
      such as chlorinated biphenyls, terphenyls, and the like, and mixtures
      thereof. These materials typically contain 30 to 70 percent by weight of
      chlorine.
PAR  The compositions of this invention contain about 1 to 99 percent by weight
      of thermoplastic segmented copolyester elastomer and about 1 to 99 percent
      by weight of low molecular weight thermoplastic resin. Preferably, the
      composition contains about 5 to 95 percent by weight of thermoplastic
      segmented copolyester elastomer and about 5 to 95 percent by weight of low
      molecular weight thermoplastic resin.
PAR  Typically the compositions of this invention contain more than one low
      molecular weight thermoplastic resin. For example, low molecular weight
      styrene polymers have been found to lower the melt viscosity of these
      compositions without substantially lowering the softening point. Since low
      melt viscosity contributes improved wetting by the composition of the
      surface of the substrate, which results in better adhesion, many useful
      compositions will contain some styrene polymer. Styrene polymers are also
      useful for increasing the compatibility of other resins with the segmented
      copolyester elastomer. Coumarone-indene resins of high softening point
      have been found to give strength to the compositions. Phenol-modified
      coumarone-indene resins have been found to have the effect of lowering the
      softening point of the compositions. In fact, the effect of
      phenol-modified coumarone-indene resins on the melting point is so great
      that the desired melting point is generally achieved by the addition of
      only a small amount of this resin. Any combination of these desired
      properties can be achieved by mixing two or more low molecular weight
      thermoplastic resins with the copolyester elastomer in a proper
      proportion.
PAR  A particularly preferred composition contains segmented copolyester
      elastomer, styrene polymer, and one or more additional low molecular
      weight thermoplastic resin. The additional low molecular weight
      thermoplastic resins also have the effect of lowering the cost of the
      composition.
PAR  It is sometimes desirable to stabilize the compositions of this invention
      against heat or radiation by ultra-violet light. This can be done by
      incorporating stabilizers or antioxidants in these compositions.
      Satisfactory stabilizers comprise phenols and their derivatives, amines
      and their derivatives, compounds containing both hydroxyl and amine
      groups, hydroxyazines, oximes, polymeric phenolic esters, and salts of
      multivalent metals in which the metal is in its lower valence state.
PAR  Representative phenol derivatives useful as stabilizers include
      hydroquinone, 2,6-ditertiary-butyl-p-cresol,
      tetrakis[methylene-3-(3',5'-ditertiary-butyl-4'-hydroxyphenyl) propionate]
      methane, 4,4'-bis(2,6-ditertiarybutylphenol),
      1,3,5-trimethyl-2,4,6-tris[3,5-ditertiary-butyl-4-hydroxybenzyl] benzene,
      and 4,4'-butylidene-bis(6-tertiary-butyl-m-cresol). Various inorganic
      metal salts or hydroxides can be used as well as organic complexes such as
      nickel dibutyl dithiocarbamate, manganous salicylate, and copper
      3-phenyl-salicylate. Typical amine stabilizers include aromatic amines
      such as N,N'-bis(beta-naphthyl)-p-phenylenediamine,
      N,N'-bis(1-methylheptyl)-p-phenylene diamine, and either
      phenyl-beta-naphthyl amine or its reaction products with aldehydes.
      Mixtures of hindered phenols with esters of thiodipropionic acid,
      mercaptides and phosphite esters are particularly useful. Additional
      stabilization to ultraviolet light can be obtained by compounding with
      various UV absorbers such as substituted benzophenones or benzotriazoles.
PAR  The properties of the compositions of this invention can be modified by the
      incorporation of various conventional inorganic fillers such as wood
      flour, silicates, silica gel, alumina, clays, chopped fiberglass, titanium
      dioxide, carbon black, and the like. In general, fillers have the effect
      of increasing the melt viscosity and the modulus or stiffness of the
      composition at various elongations.
PAR  The properties of the compositions of this invention can be further
      modified by the incorporation of thermally stable thermoplastic polymers
      of ethylenically unsaturated monomers including homopolymers of vinyl
      esters such as vinyl acetate, copolymers of these vinyl esters with other
      vinyl monomers such as ethylene, vinyl chloride and the like, and polymers
      of alkyl acrylates and methacrylates, or thermally stable condensation
      polymers such as polyesters and polyamides, and the like. For example, the
      addition of a copolymer of ethylene and vinyl acetate often increases the
      tackiness of pressure sensitive adhesive compositions of this invention.
      These modifying polymers typically have melt viscosities above about
      10,000 centipoises at 200.degree.C. and thus are not low molecular weight
      thermoplastic resins as defined herein.
PAR  These compositions can also be colored by the addition of organic or
      inorganic pigments or organic dyes where their effect is desired. Suitable
      inorganic pigments include rutile and anatase dioxides, aluminum powder,
      cadmium sulfides and sulfo-selenides, lead antimonate, mercury cadmiums,
      chromates of nickel, tin and lead, ceramic greens such as chromium,
      cobalt, titanium and nickel oxides, ceramic blacks such as chromium,
      cobalt and iron oxides, carbon black, ultramarine blue, and the like.
      Suitable organic pigments include phthalocyanine blues and greens,
      quinacridones, and the like. Suitable dyes include disperse dyes such as
      Colour Index Disperse Blues 59, 63 and 64. Optical brightnesss such as
      "Uvitex" CF, sold by Ciba Corp., and "Tinopal" AN, sold by Geigy Chemical
      Corp., may also be incorporated where their effect is desired.
PAR  Plasticizers including phthalate esters such as dioctyl phthalate, and aryl
      phosphates such as tricresyl phosphate, and the like, may be added for
      applications where their effect is desired. Flame retardant additives,
      such as zinc borate, antimony trioxide, tris(2,3-dichloropropyl)
      phosphate, tris(2,3-dibromopropyl) phosphate, chlorinated waxes, and the
      like may be added, if desired. Other minor additives such as surfactants
      or lubricants may also be added.
PAR  One of the important advantages of the thermoplastic compositions of this
      invention is that the copolyester elastomers and the low molecular weight
      thermoplastic resins are easy to blend together due to the relatively low
      melt viscosity of these compositions at elevated temperatures as compared
      to compositions of the prior art having comparable bond strength. The
      component of the compositions of the invention can be blended by variously
      well known procedures such as, for example, blending in molten form,
      blending in a solvent, or mixing aqueous dispersions of the components.
      Blending in the melt may be carried out by first melting the segmented
      copolyester elastomer and then adding low molecular weight thermoplastic
      resin to the melt, by first melting the low molecular weight thermoplastic
      resin and then adding segmented copolyester elastomer to the melt, or by
      first blending the segmented copolyester elastomer and the low molecular
      weight thermoplastic resin together in finely divided form and then
      melting the blend, for example, on a hot roller mill or by simultaneously
      feeding the components to an extruder.
PAR  In addition to these blending procedures, it is also possible to take the
      copolyester from the synthesis step and, while it is still molten, blend
      solid, premelted, or liquid low molecular weight thermoplastic resin with
      it. Other ingredients such as antioxidants, fillers, plasticizers, and the
      like can also be added at this time. This blending process can be carried
      out with an in-line mixer or with a separate mixing vessel, and has the
      advantage that it does not require isolation of the copolyester.
PAR  The thermoplastic compositions of this invention can also be blended by
      dissolving the segmented copolyester and the low molecular weight
      thermoplastic resin in a solvent. Suitable solvents for preparing these
      solutions include chlorinated hydrocarbons such as methylene chloride,
      chloroform, trichloroethylene, solvent mixtures such as mixtures of
      trichloroethylene and isopropanol, and the like.
PAR  Aqueous dispersions of the thermoplastic compositions of this invention can
      be prepared by dissolving the segmented copolyester and the low molecular
      weight thermoplastic resin together in a suitable water-immiscible organic
      solvent, emulsifying the organic solvent containing the segmented
      copolyester and the low molecular weight thermoplastic resin in water, and
      removing the organic solvent as described by Funck and Wolff in U.S. Pat.
      No. 3,296,172. Dispersions can also be prepared by dissolving the
      segmented copolyester in a suitable water-immiscible organic solvent,
      dissolving the low molecular weight thermoplastic resin in a different
      water-immiscible organic solvent, emulsifying each organic solvent
      solution in water, removing the organic solvent from each emulsion,
      thereby forming separate dispersions, and mixing the dispersions together
      in proper amounts.
PAR  The compositions of this invention are useful as adhesives and as coating
      compositions. These compositions can be applied in the form of a dry
      blend, a solution, an aqueous dispersion, or in molten form. The method of
      application does not appreciably affect the performance of the
      composition.
PAR  Conventional application equipment can be used for applying the
      compositions of this invention in the various forms. For application of
      solutions or dispersions, as in the case of heat sealing and pressure
      sensitive adhesives, various known application techniques can be used
      including brushing, dipping, roll coating, wire-wound rod application,
      doctoring, printing, and the like. Spraying or curtain coating techniques
      are also applicable to these forms of the compositions.
PAR  For application of these compositions in the melt form, dipping, roll
      coating, calendaring, curtain coating, extruding, hot spraying, and other
      hot melt application techniques can be used. Powder coatings of
      appropriate nontacky compositions can also be applied by known fluidized
      bed techniques, electrostatic powder spray application, or plasma
      spraying.
PAR  In using the compositions of this invention as hot melt adhesives, the
      joining step can be accomplished by applying the molten composition to one
      surface, bringing the other surface into contact with the molten
      composition, and allowing the bond to cool. Coatings of these compositions
      can be bonded to other surfaces or themselves by heat or solvent
      activation of the coating, and contacting the activated coating with the
      second surface and allowing the bond to cool or the solvent to evaporate.
      Heat activation of the coating is typically carried out in an oven or
      using an infrared lamp. Simultaneous application of heat and pressure, or
      heat sealing, can be used with these compositions to accomplish bonding.
      High frequency dielectric and ultrasonic waves can also be used to
      activate these compositions to effect bonding.
PAR  The compositions of this invention are characterized by an outstanding
      combination of properties. These compositions have demonstrated excellent
      adhesion to many substrates including difficultly adherable substrates
      such as polypropylene. The compositions containing up to 50 percent by
      weight of segmented copolyester typically have 180.degree. peel strengths
      higher than about 0.2 pounds per linear inch with a variety of substrates.
      They have high temperature bond strengths, for example, as shown by
      failure temperatures higher than about 70.degree.C. in the WPS-68 test.
      They have good low temperature flexibility, that is, resistance to
      breakage on impact, and a minimum elongation of 50 percent at room
      temperature. They have sufficient thermal stability to render them
      suitable for hot melt application with good pot life. Heating to
      150.degree. to 200.degree.C. does not appreciably alter the properties of
      the composition. They also have tensile strengths higher than 200 psi. at
      room temperature.
PAR  The compositions containing up to 50 percent by weight of segmented
      copolyester elastomer are particularly useful as hot melt adhesives in a
      wide variety of adhesive use applications such as edge banding and surface
      lamination, for example, in furniture manufacture, vinyl lamination, sole
      attachment and box-toe construction in shoe assembly, and as pressure
      sensitive adhesives for carpet tiles, vinyl tiles, premium labels, tapes,
      decals, decorative molding of wood or plastic, and the like.
PAR  Compositions containing about 50 percent or more by weight of thermoplastic
      segmented copolyester elastomer are particularly useful in the preparation
      of molded, extruded, and dipped goods, coatings, binders, extruded
      adhesives, sealants, and the like. Films can be prepared from these
      compositions by molding, extrusion and calendering techniques. These
      compositions typically contain about 50 to 99 percent by weight of
      segmented copolyester elastomer and about 1 to 50 percent by weight of low
      molecular weight thermoplastic resin. Preferably they contain about 50 to
      95 percent by weight of segmented copolyester elastomer and about 5 to 50
      percent by weight of low molecular weight thermoplastic resin.
PAR  Compositions containing these higher concentrations of segmented
      copolyester elastomer can also be used as concentrates for further
      compounding with the same or other low molecular weight thermoplastic
      resins and modifiers, as well as being useful as such. Such concentrated
      compositions have the advantage of being processable with additional
      components at lower temperatures and shear requirements than the segmented
      copolyester elastomer itself. For example, a mixture containing an equal
      weight of segmented copolyester elastomer and low molecular weight,
      thermoplastic styrene homopolymer is typically blended at a minimum
      temperature of about 170.degree.C. However, additional low molecular
      weight thermoplastic resins can be mixed with this concentrate at a
      minimum blending temperature of about 140.degree.C. Moreover, additional
      low molecular weight thermoplastic resins which have limited compatibility
      with the segmented copolyester elastomer alone tend to be more compatible
      with such concentrates.
PAR  The addition of small amounts of lower melting thermoplastic resins to
      thermorplastic segmented copolyester compositions improves the adhesion of
      these compositions to reinforcement components in the manufacture of
      rubber articles such as fabric reinforced flexible belting and hose, and
      coated fabrics. For example, blends containing 90 percent thermoplastic
      segmented copolyester with 5 percent polystyrene resin and 5 percent
      coumarone-indene resin have very desirable wetting characteristics with
      good penetration into woven and non-woven fabrics resulting in high
      mechanical adhesion. In many cases, these effectss can be achieved at
      relatively low application temperatures thereby protecting the fabric
      components from extensive heat damage. These compositions are also useful
      as binders in thread and cord manufacture.
PAR  The compositions of this invention are particularly useful in the
      manufacture of reinforced flexible hose. Hoses are conventionally prepared
      by placing a braid, spiral, wrapped ply, loom or knit reinforcement layer
      over a suitable polymeric inner tube. The reinforcement layer may be made
      of cotton, synthetic yarn or wire. Adhesion of the reinforcement layer is
      usually obtained by impregnating the reinforcement layer with a binder,
      that is, a thin layer of gum, called friction, or a dough or cement
      composition. An outer cover layer of a suitable polymeric material is then
      applied. Binder layers are generally applied from a solvent-containing
      coating composition followed by a drying step to remove the solvent. Cover
      layers are generally applied by cross-head extrusion.
PAR  Use of the compositions of this invention in the manufacture of reinforced
      flexible hose has led to the development of new and improved manufacturing
      techniques. Because of their improved rheological properties, particularly
      their low melt viscosity, the compositions of this invention, when used as
      a cover layer, give improved processing behavior in conventional
      cross-head extrusion operations. The unique wetting properties of these
      compositions allow improved penetration into and adhesion to the
      reinforcement layer.
PAR  Moreover, these compositions can be used as a solvent-free hot melt bindner
      for the reinforcement layer, thereby eliminating the drying step to drive
      off solvent. The hot melt binder may be applied in the reinforcement layer
      usisng hot melt techniques such as drawing the inner tube with an
      unimpregnated reinforcement layer through a funnel applicator.
PAR  Furthermore, the unique rheological, wetting and adhesive properties of the
      compositions of this invention allow one to apply a cover layer of these
      compositions to the unimpregnated reinforcement layer without any adverse
      effect from the absence of the binder. These compositions can be applied
      by hot melt techniques such as by drawing the inner tube with an
      unimpregnated reinforcement layer through a funnel applicator having an
      exit orifice corresponding to the desired outside diameter of the finished
      hose. When applying these compositions in this novel manner, process
      simplification and reduced equipment investment are achieved as compared
      with a conventional two-step process involving solution coating with a
      binder followed by cross-head extrusion of the cover layer.
PAR  When the compositions of this invention are used in the manufacture of
      reinforced flexible hose, the composition may vary over the range of about
      1 to 99 percent by weight of segmented copolyester and about 1 to 99
      percent by weight of low molecular weight thermoplastic resin.
      Compositions which are applied in a separate step in the binder layer
      preferably contain about 5 to 50 percent by weight of segmented
      copolyester and about 50 to 95 percent by weight of low molecular weight
      thermoplastic resin. When the composition is used as the cover layer, or
      as the binder and cover layers in a single step, it preferably contains
      about 50 to 95 percent by weight of segmented copolyester and about 5 to
      50 percent by weight of low molecular weight thermoplastic resin.
DETD
PAC  EXAMPLES OF THE INVENTION
PAR  The following examples, illustrating the novel adhesive and coating
      compositions of this invention, are given without any intention that the
      invention be limited thereto. All parts and percentages are by weight.
PAR  In the examples, ring and ball softening points of the blends were
      determined by ASTM test method E28-67. Tensile properties were determined
      with compression molded samples using ASTM test method D1708-66. The peel
      strengths of the segmented copolyester-based adhesives of this invention
      were determined in the examples by a 180.degree. peel test using a plastic
      film laminated to a particle board in accordance with ASTM test method
      D903-49.
PAR  High temperature bond failure temperatures were determined by test method
      WPS-68 described by W. Schneider and D. Fabricius in the German periodical
      "Adhaesion", January, 1969, Pages 28-37. This test measures the
      temperature at which the bond between a particle board and wood veneer or
      plastic band fails under a constant shear stress of 100 g./cm.sup.2. when
      the environmental temperature is raised by a 5.degree.C. increment every
      hour.
PAC  EXAMPLE 1
PAR  In a 500 ml. resin kettle were placed 195 g. of "Piccolastic" A 50, a low
      molecular weight styrene homopolymer having a softening point of
      50.degree.C. and a melt viscosity of 29 centipoises at 190.degree.C. sold
      by Pennsylvania Industrial Chemical Corp., and 1.5 g. of "Irganox" 1010, a
      tetrakis-[methylene-3-(3',5'-di-t-butyl-4'-hydroxyphenyl) propionate]
      methane high melting phenolic antioxidant sold by Geigy Chemical Co., and
      the contents were heated to 175.degree.C. in an oil bath. To the molten
      mixture was added 120 g. of a segmented copolyester derived 35.4% from
      terephthalic acid, 13.4% from butanediol and 51.2% from
      poly(tetramethylene ether) glycol (abbreviated PTMEG hereafter) having a
      molecular weight of about 1000, containing 42.6 percent short chain ester
      units and having a melting point of 170.degree.C. measured by differential
      thermal analysis and a melt index of 47.7, while stirring at 175.degree.C.
      The mixing was continued for  2 hours at 175.degree.C. under a continuous
      slow stream of nitrogen to give a transparent mixture which on cooling to
      room temperature became an opaque, slightly tacky, rubbery material. The
      blend had a melt viscosity of 8400 cps. at 190.degree.C., showed strong
      adhesion to various plastic substrates, had a ring and ball softening
      point of 154.degree.C., a high temperature bond failure temperature of
      130.degree.-135.degree.C., a tensile strength of 800 psi., and an
      elongation of 1100%.
PAC  EXAMPLE 2
PAR  On a roller mill heated to 185.degree.C. was placed 12 g. of a segmented
      copolyester derived 28.6% from terephthalic acid, 9.3% from butanediol and
      62.1% from PTMEG having a molecular weight of about 1000, containing b
      29.8% short chain ester units, and having a melting point of 149.degree.C.
      and a melt index of 18. To the molten copolyester were added 28 g. of
      "Foral" 105, a pentaerythritol ester of a stabilized rosin having a ring
      and ball softening point of 105.degree.C. sold by Hercules, Inc., and 0.4
      g. of "Irganox" 1010 antioxidant (Example 1). After about 10 minutes of
      milling at 185.degree.C., a homogeneous mixture was obtained. This blend
      was used as an adhesive between a particle board and a strip of "Formica",
      a high pressure melamine/formaldehyde laminate. The adhesive had a high
      temperature bond failure temperature of 110.degree.-115.degree.C.
PAC  EXAMPLE 3
PAR  In the same manner as in Example 2, 24 g. of "Foral" 105 rosin ester
      (Example 2 ), 16 g. of a segmented copolyester derived 29.2% from
      terephthalic acid, 12.2% from butanediol, and 58.6% from PTMEG having a
      molecular weight of about 2100, containing 38.0% short chain ester units,
      and having a melting point of 188.degree.C. and a melt index of 89, and
      0.4 g. of "Irganox" 1010 antioxidant Example 1) were blended. The
      composition had a high temperature bond failure temperature above
      150.degree.C.
PAC  EXAMPLE 4
PAR  to a 1/2 gallon sigma-blade mixer heated by high pressure steam to
      170.degree.C. were charged 0.6 lb. of "Piccoumaron" 410 HL, a polyindene
      type, highly aromatic, thermoplastic petroleum resin having ring and ball
      softening point of about 110.degree.C. and a melt viscosity of 158
      centipoises at 190.degree.C. sold by Pennsylvania Industrial Chemical
      Corp., 0.6 lb. of "Piccolastic" A 5, a low molecular weight styrene
      homopolymer having ring and ball softening point of about 5.degree.C. and
      a melt viscosity of 18 centipoises at 190.degree.C. sold by Pennsylvania
      Industrial Chemical Corp., and 0.01 lb. of "Irganox" 1010 antioxidant
      (Example 1). to the above molten mixture was added 0.8 lb. of a segmented
      copolyester derived 31.6% from terephthalic acid, 9.2% from isophthalic
      acid, 16.6% from butanediol, and 42.6% from PTMEG having a molecular
      weight of about 1000, containing 52.6% short chain ester units, and having
      a melting point of 158.degree.C. and a melt index of 15. The mixing was
      continued for 1 hour and 45 minutes at 170.degree.C. after which the
      mixture was homogeneous. The blend had a melt viscosity of 30,000 cps. at
      190.degree.C., and the high temperature bond failure temperature of a
      "Formica"/particle board bond was 130.degree.-135.degree.C. The
      180.degree. peel strengths were 20 pounds per linear inch (pli.) to
      "Decatone", a plasticized polyvinyl chloride film back-printed with a wood
      grain pattern sold by Litton Industries, 30 pli. to plain polyvinyl
      chloride film, and 20 pli. to Mylar, a polyethylene terephthalate
      polyester film sold by E. I. du Pont de Nemours and Co., Inc. These values
      compare favorably with commercially available adhesives which typically
      give less than about 5 pli. peel strength. The blend showed a tensile
      strength of 1,100 psi. and an elongation of 1,200%.
PAR  "Formica" laminate strips were bonded to edges of particle boards with the
      above adhesive composition using a Raimann Edge Bander, an automatic edge
      banding machine, at a machine speed of 55-60 feet/min. and an adhesive
      temperature of about 200.degree.C. The edge-banded particle board
      developed no defects during an accelerated high temperature test at
      82.degree.C. for 19 hours.
PAR  Similarly, walnut veneer strips were edge-banded to particle boards. Oil
      stain and a lacquer finish were applied, followed by high temperature
      drying, all of which had no adverse effect on the tight bond obtained.
PAC  EXAMPLE 5
PAR  In the same manner as Example 1, 93 g. of "Piccolastic" A 5 styrene
      homopolymer (Example 4), 90 g. of "Piccoumaron" 410 HL polyindene
      petroleum resin (Example 4), 1.5 g. of "Irganox" 1010 antioxidant (Example
      1), and 120 g. of a segmented copolyester were blended, except that the
      oil bath temperature was 210.degree.C. The copolyester was derived 44.4%
      from terephthalic acid, 18.8% from butanediol, and 36.8% from PTMEG having
      a molecular weight of 1000, contained 59.3% short chain ester units, and
      had a melting point of 203.degree.C. and a melt index of 8. The ring and
      ball softening point of the blend was above 180.degree.C. The blend
      adhered strongly to "Formica" when applied in molten form at 200.degree.C.
PAC  EXAMPLE 6
PAR  In the same manner as in Example 2, a well mixed blend was prepared from 20
      g. of segmented copolyester derived 31.1% from terephthalic acid, 16.7%
      from isophthalic acid, 21.0% from butanediol, and 31.2% from PTMEG having
      a molecular weight of about 1,000, containing 65.6% short chain ester
      units, and having a melting point of 137.degree.C. and a melt index of 7,
      22.5 g. of "Piccoumaron" 410 HL polyindene petroleum resin (Example 4),
      7.5 g. of "Piccolastic" A 5 styrene homopolymer (Example 4), and 0.25 g.
      of "Irganox" 1010 antioxidant (Example 1). The blend had a tensile
      strength of 2300 psi. and an elongation of 810%. When a "Formica" strip
      was bonded to a particle board using this composition as a hot melt
      adhesive, a strong and tight joint was obtained. The high temperature bond
      failure temperature was 130.degree.-135.degree.C.
PAC  EXAMPLE 7
PAR  The segmented copolyester used in Example 4 was mixed in the ratio of 4:6
      with "Piccoumaron" 10, a polyindene type, highly aromatic, thermoplastic
      petroleum resin having a ring and ball softening point of 10.degree.C. and
      a melt viscosity of 40 centipoises at 190.degree.C. sold by Pennsylvania
      Industrial Chemical Corp. The blend had the melt viscosity of 27,000 cps.
      at 190.degree.c., and a high temperature bond failure temperature of
      135.degree.-140.degree.C. in a "Formica"/particle board bond.
PAC  EXAMPLE 8
PAR  the segmented copolyester used in Example 4 and "Neville" R-27, a
      coumarone-indene resin having a ring and ball softening point of
      5.degree.-15.degree.C. sold by Neville Chemical Co., were blended in a
      ratio of 3:7 in the sane manner as in Example 1. The resulting product
      showed good adhesive performance to many substrates. An equally good
      adhesive was obtained by replacing "Neville" R-27 with "Nevillac"
      10.degree., a phenol-modified coumarone-indene resin having a ring and
      ball softening point of 5.degree.-15.degree.C. sold by Neville Chemical
      Co. Performance of these blends are summarized in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Modifying  Softening  180.degree. Peel Strength,pli., to                  
     Resin      Point,.degree.C.                                               
                           "Decatone" PVC   Mylar                              
     ______________________________________                                    
     "Neville" R-27                                                            
                139        18         22    13                                 
     "Nevillac" 10.degree.                                                     
                 69        18         18     5                                 
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  The segmented copolyester used in Example 4 and "LTP" 115, a
      phenol-modified terpene resin having a softening point of 115.degree.C.
      and a melt viscosity of 224 centipoises at 190.degree.C. sold by
      Pennsylvania Industrial Chemical Corp., were blended in a ratio of 3:7 in
      the manner described in Example 1. A hard resinous blend was obtained. Its
      adhesive properties were improved by replacing 40% of the "LTP" 115  with
      "Piccolastic" A 5 styrene homopolymer (Example 4). The ternary blend thus
      obtained was tough and flexible and showed peel strengths of 17 pli. to
      "Decatone" film (Example 4) and 26 pli. to Mylar film (Example 4).
PAC  EXAMPLE 10
PAR  Intimate blends of the segmented copolyester used in Example 4 and
      "Piccolastic" A 5 styrene homopolymer (Example 4) were prepared by the
      procedure described in Example 1. Highly adhesive, elastomeric blends were
      obtained. Some properties of the blends are shown in Table II. Small
      amounts of the segmented copolyester markedly increase the softening point
      of the "Piccolastic" A 5 resin.
TBL                                    TABLE II                                
     __________________________________________________________________________
                          R & B  180.degree. Peel Strength,pli., to            
     Copolyester/                                                              
                Melt Viscosity                                                 
                          Softening                                            
     "Piccolastic" A 5                                                         
                at 190.degree.C., cps.                                         
                          Point, .degree.C.                                    
                                 "Decatone"                                    
                                        PVC Mylar                              
     __________________________________________________________________________
     0/100      18         5     &lt;1     &lt;1  &lt;1                                 
     10/90      120       122     3      6   3                                 
     20/80      1020      137    10     13  10                                 
     30/70      6800      141     9      3  10                                 
     __________________________________________________________________________
PAC  EXAMPLE 11
PAR  In the same manner as in Example 2, 16 g. of the segmented copolyester of
      Example 4, 16 g. of "Durez" 12603, a thermoplastic, oil soluble, terpene
      phenolic resin having an average ring and ball softening point of
      152.degree.C. sold by Hooker Chemical Corp., 8 g. of "Piccolastic" A5
      styrene homopolymer (Example 4) and 0.2 g. of "Irganox" 1010 anti-oxidant
      (Example 1) were thoroughly mixed. The product was a nearly transparent
      tough adhesive, which showed a bond failure temperature of 115.degree. to
      120.degree.C. A product of similar properties was prepared by using "CKM"
      2432, a thermoplastic, oil soluble, phenolic resin sold by Union Carbide
      Corp. in place of the "Durez" resin.
PAC  EXAMPLE 12
PAR  A blend consisting of 40 g. of the segmented copolyester of Example 4, 40
      g. of "Piccoumaron" 410 HL polyindene petroleum resin (Example 4), 20 g.
      of tricresyl phosphate plasticizer and 0.5 g. of "Irganox" 1010
      antioxidant (Example 1) was prepared in the same manner as in Example 1.
      The product was non-tacky and highly flexible and had a high temperature
      bond failure temperature of 120.degree. to 125.degree.C.
PAC  EXAMPLE 13
PAR  In the same manner as in Example 2, 16 g. of a segmented copolyester
      derived 31.6% from terephthalic acid, 9.2% from isophthalic acid, 16.6%
      from butanediol and 42.6% from "Carbowax" 1000, a poly(ethylene ether)
      glycol having a molecular weight of about 1000 sold by Union Carbide
      Corp., containing 52.5% short chain ester units, and having a melting
      point of 140.degree.C. and a melt index of 24, 12 g. of "Nevindene" R-7, a
      coumaron-indene resin having a ring and ball softening point of
      93.degree.-120.degree.C. sold by Neville Chemical Co., 12 g. of "Neville"
      R-27 coumarone-indene resin (Example 8), and 0.2 g. of "Irganox" 1010
      antioxidant (Example 1) were thoroughly mixed. The resulting blend was a
      good adhesive, e.g., the bond strength of "Decatone" polyvinyl chloride
      film (Example 4) bonded to particle boards with this material was 7 to 12
      lbs./in. when peeled at 180.degree. angle at a rate of 0.2 in./min. The
      blend had a tensile strength of 1160 psi. and an elongation of 1200% at
      break.
PAC  EXAMPLE 14
PAR  In the same manner as in Example 1, 400 g. of a segmented copolyester
      derived 29.7% from terephthalic acid, 7.4% from isophthalic acid, 16.4%
      from butanediol and 46.5% from "Voranol" P-2001, an ethylene oxide capped
      poly(1,2-propylene ether) glycol of molecular weight of about 2000 sold by
      Dow Chemical Co., containing 51.0% short chain ester units, and having
      multiple melting points of 169.degree.C., 183.5.degree.C. and
      191.degree.C., and a melt index of 5.2, 20 g. of "LTP" 115 phenol-modified
      terpene resin (Example 9), 40 g. of "Piccoumaron" 10 polyindene petroleum
      resin (Example 7) and 0.5 g. of "Irganox" 1010 antioxidant (Example 1)
      were blended. The product was a strong adhesive which have a substrate
      tearing bond when "Decatone" was laminated on the surface of particle
      boards.
PAC  EXAMPLE 15
PAR  In the same manner as in Example 4, 20 parts of the segmented copolyester
      used in Example 4, 55 parts of "Piccolastic" A 5 styrene homopolymer
      (Example 4), 25 parts of "LTP" 115 terpene resin (Example 9), and 0.5 part
      of "Irganox" 1010 antioxidant (Example 1) were blended. The blend was a
      pressure sensitive adhesive with good peel-reseal properties.
PAC  EXAMPLE 16
PAR  By the method described in Example 2, 12 g. of the segmented copolyester
      used in Example 4, and 28 g. of "Aroclor" 5460, a chlorinated polyphenyl
      available from Monsanto Co., were blended on a hot roller mill. The
      homogeneous mixture obtained had a softening temperature of 116.degree.C.
      and showed peel strengths of 11 pli. to "Decatone" film (Example 4), and
      36 pli. to standard polyvinyl chloride film.
PAC  EXAMPLE 17
PAR  In the same manner as in Example 1, 20 parts of the segmented copolyester
      used in Example 4, 60 parts of "Piccolastic" A 5 styrene homopolymer
      (Example 4), 20 parts of Elvax 150, an ethylene/vinyl acetate copolymer
      containing 33% vinyl acetate sold by E. I. du Pont de Nemours and Co.,
      Inc., and 0.5 part of "Irganox" 1010 antioxidant (Example 1) were
      thoroughly mixed. The blend had a ring and ball softening point of
      152.degree.C., but maintained tackiness for a few hours after the molten
      blend was allowed to cool at room temperature.
PAC  EXAMPLE 18
PAR  In the manner described in Example 2, 30 parts of the segmented copolyester
      described in Example 4, and 70 parts of "Transphalt" 50, a bituminous
      asphalt having ring and ball softening point of 50.degree.C. available
      from Pennsylvania Industrial Chemical Corp., and 0.5 part of "Irganox"
      1010 antioxidant (Example 1) were blended into an intimate mixture. The
      heat seal bond between "Decatone" films with this mixture gave a
      180.degree. peel strength of 11 pli.
PAC  EXAMPLES 19-24
PAR  Using a 1000 ml. resin kettle, the segmented copolyester elastomer of
      Example 3 was blended with various amounts of "LTP" 115 terpene resin
      (Example 9); "Piccolastic" A 5 styrene homopolymer (Example 4);
      "Piccolastic" A 25, a low molecular weight styrene homopolymer having a
      ring and ball softening point of about 25.degree.C. sold by Pennsylvania
      Industrial Chemical Corp.; "Nevillac" hard, a phenol-modified
      coumarone-indene thermoplastic resin having a ring and ball softening
      point of 70.degree. to 80.degree.C. sold by Neville Chemical Co.;
      "Nevillac" 10.degree. coumarone-indene resin (Example 8); and Elvax 150
      ethylene-vinyl acetate copolymer (Example 13). The compositions of these
      blends are given in Table III.
PAR  The resin kettle was heated by an electric mantle to 175.degree. to
      180.degree.C. with agitation until a homogeneous melt was formed. The
      sponge backing of commercial carpet tile was coated with the molten
      adhesive at 180.degree.C. by drawing down with a No. 12 wire wound bar.
      Each of these compositions exhibited good pressure-sensitive adhesion.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Wt. % Composition                                                         
          Segmented                                                            
          Copolyester                                                          
                 "LTP"                                                         
                      "Piccolastic"                                            
                               "Piccolastic"                                   
                                        "Nevillac"                             
                                               "Nevillac"                      
                                                      Elvax                    
     Example                                                                   
          Elastomer                                                            
                 115  A5       A25      Hard   10.degree.                      
                                                      150                      
     __________________________________________________________________________
     19   20     20   60       --       --     --     --                       
     20   20     20   --       60       --     --     --                       
     21   20     --   --       80       --     --     --                       
     22   20     --   --       60       20     --     --                       
     23   15     --   --       --       20     65     --                       
     24   15     15   60       --       --     --     10                       
     __________________________________________________________________________
PAC  Example 25
PAR  Twenty-seven pounds of the segmented copolyester used in Example 4, 9 lbs.
      of "LTP" 115 phenol-modified terpene resin (Example 9), 9 lbs. of
      "Piccoumaron" 410 HL polyindene petroleum resin (Example 4), 55 lbs. of
      "Neville" R-27 coumarone-indene resin (Example 8), and 0.5 lb. of
      "Irganox" 1010 anti-oxidant (Example 1) were mixed in the same manner as
      in Example 1 except that a 20 gallon kettle was used and the contents were
      heated by steam to 180.degree.C. The product had a melt viscosity of
      14,000 centipoises at 170.degree.C. Particle boards were coated with the
      blend, 3 mils thick, using an Ashdee-Steinemann curtain coater. The coated
      boards were then passed underneath a heater to melt the adhesive layer and
      then nipped with a 6-mil, plasticized poly(vinyl chloride) film. The
      laminate showed strong, heat resistant adhesion.
PAC  EXAMPLE 26
PAR  In the same manner as in Example 4, 0.5 lb. of the segmented copolyester of
      Example 4 was blended with 0.7 lb. of "Piccolastic" A 5 styrene
      homopolymer (Example 4), 0.8 lb. of "Piccoumaron" 410 HL polyindene
      petroleum resin (Example 4), and 0.01 lb. of "Irganox" 1010 antioxidant
      (Example 1). The blend had a melt viscosity of 11,000 cps. at
      170.degree.C. and was highly adhesive when applied molten. Kraft paper was
      coated with this blend in a molten state. The coated kraft paper was heat
      sealed with uncoated kraft paper. The bond thus formed withstood a peeling
      stress of 200 g./in. at 130.degree.C. Corrugated paper board was
      manufactured with this adhesive using a hot melt corrugator.
PAC  EXAMPLE 27
PAR  A dispersion was prepared by dissolving a 50:50 blend of the segmented
      copolyester used in Example 4 and "Cellolyn" 21, a phthalate ester of
      technical hydroabictyl alcohol obtained from rosin and having a softening
      point of 60.degree.-70.degree.C. available from Hercules Inc., in a
      trichloroethylene-isopropanol mixture, followed by dispersing the solution
      in water with Duponol WAQE, a sodium salt of technical lauryl alcohol
      sulfate surface active agent sold by E. I. du Pont de Nemours and Co.,
      Inc., and removing the organic solvents by the method described by Funck
      and Wolff in U.S. Pat. No. 3,296,172. The tensile properties of a film
      prepared from the dispersion were essentially identical to those of a film
      compression molded from a melt blend of the same resins.
PAR  Films were coated with the dispersion and dried, then heat-sealed at
      140.degree.C. and 40 psig. for 6 seconds. The 180.degree. peel strength of
      Mylar to Mylar adhesion was 275 g. per linear inch and the adhesion was
      found to be very durable when the laminate was soaked in water. The
      180.degree. peel strengths of heat-sealed laminates were 150 g. per linear
      inch for cellophane/cellophane bonds, and 90 g. per linear inch for
      polypropylene/polypropylene bonds.
PAC  EXAMPLE 28
PAR  Example 27 was repeated except that each resin component was dispersed
      separately in one-half the specified amount of solvent mixture, water and
      surfactant, and the two dispersions were then mixed together. The
      180.degree. peel strengths were essentially the same as those obtained in
      Example 27.
PAC  EXAMPLE 29
PAR  In the same manner as in Example 1, 20 parts of the segmented copolyester
      used in Example 4, 58.8 parts of "Piccolastic" A 5 styrene homopolymer
      (Example 4), 21.2 parts of "Nevillac" Hard phenol-modified
      coumarone-indene resin (Examples 19-24), and 0.5 part of "Irganox" 1010
      antioxidant (Example 1) were blended into a homogeneous mixture. The
      product had a melt viscosity of 10,000 cps. at 120.degree.C. and a ring
      and ball softening point of 127.degree.C. The molten adhesive was spread
      thin over a particle board surface with a spatula and the printed side of
      a "Decatone" sheet was adhered to it and pressed uniformly. The laminate
      was exposed for 14 days to 60.degree.C. without any change in appearance.
PAC  EXAMPLE 30
PAR  Ten grams of the segmented copolyester of Example 4 and 10 g. of "Cellolyn"
      21 rosin ester (Example 27) were dissolved in 200 ml. of chloroform with
      agitation and warming. The clear yellow solution thus obtained was used to
      mend a torn seam in an inflatable polyvinyl chloride plastic toy. The bond
      had good strength and durability.
PAC  EXAMPLE 31
PAR  "Neolite", a rubber composition shoe soling material 1/8 inch thick with a
      specific gravity of 1.23 and a Shore A surface hardness of 93-96 sold by
      Goodyear Tire and Rubber Co., and a polyvinyl chloride/vinyl acetate shoe
      upper material were prepared for bonding by sanding the surfaces with 80
      grit closed-coat aluminum oxide paper. Strips, 8 inch .times. 8 inch, of
      these substrates were coated with a molten adhesive at 177.degree.C. in a
      10-mil. thick application using a No. 12 wire wound bar. The adhesive used
      in this example was prepared in the same manner as in Example 4 from 25
      parts of the segmented copolyester of Example 4, 50 parts of "Piccolastic"
      A 50 styrene homopolymer (Example 1), 25 parts of "LTP" 115 terpene resin
      (Example 9), and 0.5 part of "Irganox" 1010 antioxidant (Example 1). The
      adhesive on both the upper and soling substrates was activated with a heat
      lamp and the substrates were brought together and held in position for 15
      seconds under a pressure of 70 psig. The bond had a 180.degree. peel
      strength of 10 pli. when tested at a peeling rate of 2 inches per minute.
PAR  Adhesive-coated "Neolite" and uncoated upper material were bonded likewise.
      The bond showed a 180.degree. peel strength of 8 pli. In contrast with
      conventional commercial practice, this high level of peel strength was
      obtained without the use of surface primers.
PAC  EXAMPLE 32
PAR  In the manner described in Example 4, a pressure sensitive adhesive was
      prepared by blending 25 parts of the segmented copolyester of Example 4,
      50 parts of "Piccolastic" A 5 styrene homopolymer (Example 4), 25 parts of
      "LTP" 115 terpene resin (Example 9), and 0.5 part of "Irganox" 1010
      antioxidant (Example 1). The sponge backing of a 4 inche .times. 4 inch
      sample of commercial carpet tile was coated with the molten adhesive at
      177.degree.C. by drawing down with a No. 12 wire wound bar.
PAR  The coated surface gave strong adhesion on contact with Mylar film. The
      180.degree. peel strength was 4.5 pli. versus less than about 1 pli. for a
      commercial carpet tile coated with a pressure sensitive adhesive. The
      resistance to creep rupture was measured by testing the time required for
      bond failure under 1 psi. shear stress. The adhesive of this invention
      withstood for 200 minutes versus 80 minutes for a commercial material.
      High temperature bond strength was determined by measuring the temperature
      at which the adhesive bond failed when the bonded specimen was heated at a
      moderate rate under 1 psi. shear stress. The above adhesive withstood
      beyond 150.degree.C.
PAC  EXAMPLE 33
PAR  In the manner described in Example 4 a pressure sensitive adhesive
      composition was prepared by blending 25 parts of the segmented copolyester
      employed in Example 4, 40 parts of "Piccodiene" 2215, a
      polydicyclopentadiene resin having a ring and ball softening point of
      102.degree.C., manufactured by Pennsylvania Industrial Chemical Co., 35
      parts of "Piccolastic" A 5 styrene homopolymer (Example 4), and 0.5 part
      of "Irganox" 1010 antioxidant (Example 1). In the manner of Example 32
      this adhesive was applied to the back of a foam-backed carpet tile in the
      molten state using a wire-wound rod. Subsequent testing showed that this
      composition possessed a satisfactory level of tack and had a high
      temperature bond failure temperature of 135.degree.C.
PAC  EXAMPLE 34
PAR  In a small cup heated to about 200.degree.C. was placed 5 g. of the
      segmented copolyester of Example 4, and 5 g. of "Chlorowax" 70, a
      chlorinated paraffin wax containing 70 percent chlorine sold by Diamond
      Alkali Co. The molten resins were thoroughly mixed to give a transparent
      and tough thermoplastic material which was suitable for use as a hot melt
      adhesive. Prolonged heating of this blend during preparation and use was
      avoided because it tended to darken on long heating.
PAC  EXAMPLE 35
PAR  A 1.0 pound sample of the mixture prepared in Example 4 containing
      "Piccoumaron"  410 HL petroleum resin, "Piccolastic" A 5 styrene
      homopolymer, "Irganox" 1010 antioxidant, and the segmented copolyester was
      extrusion blended with an additional 3.45 pounds of the segmented
      copolyester described in Example 4. This blend was melt applied at
      180.degree.C., to a woven polyester braid such as is used as the
      reinforcement layer in the preparation of hydraulic hoses. Greater
      penetration of the braid with attendant greater adhesion to the braid was
      noted as compared with a sample of the same segmented copolyester alone.
PAC  EXAMPLE 36
PAR  A 9.5 g. portion of the segmented copolyester used in Example 5 was
      dissolved in 200 ml. of boiling chloroform along with 0.5 g. of
      "Piccolastic" A 50 styrene homopolymer (Example 1). After cooling, 220/3
      ply Dacron polyester thread was passed through the solution resulting in a
      3 weight percent pick-up of the copolyester composition. The three plies
      were observed to be bonded together and did not unravel. The thread
      possessed good stiffness, but yet was still flexible. The coating also
      lowered the amount of fuzz on the surface of the thread.
PAR  Although the invention has been described and exemplified by way of
      specific embodiments, it is not intended that it be limited thereto. As
      will be apparent to those skilled in the art, numerous modifications and
      variations of these embodiments can be made without departing from the
      spirit of the invention or the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of applying a coating of a hot-melt adhesive to a substrate
      which comprises applying as the adhesive coating a composition which
      comprises, based on the total thermoplastic components,
PA1  A. 1 to 99 percent by weight of thermoplastic segmented copolyester
      elastomer consisting essentially of a multiplicity of recurring short
      chain ester units and long chain ester units joined through ester
      linkages, said short chain ester units amounting to 15 to 75 percent by
      weight of said copolyester and being of the formula
      ##EQU5##
       and said long chain ester units amounting to 25 to 85 percent by weight
      of said copolyester and being of the formula
      ##EQU6##
       wherein R is the divalent aromatic radical remaining after removal of the
      carboxyl group from aromatic dicarboxylic acid having a molecular weight
      of less than 350, D is the divalent radical remaining after removal of the
      hydroxyl groups from organic diol having a molecular weight of less than
      250, and G is the divalent radical remaining after removal of the terminal
      hydroxyl groups from long chain glycol having an average molecular weight
      of 350 to 6000, said copolyester having a melt index of less than 150 and
      a melting point of at least 125.degree.C., and
PA1  B. 1 to 99 percent by weight of low molecular weight thermoplastic resin
      which forms compatible mixtures with the segmented copolyester, is
      thermally stable at 150.degree.C., and has a melt viscosity of less than
      10,000 centipoises at 200.degree.C.
NUM  2.
PAR  2. A method of applying a pressure sensitive adhesive to a substrate which
      comprises applying as the pressure sensitive adhesive a composition which
      comprises, based on the total thermoplastic components,
PA1  A. 5 to 50 percent by weight of thermoplastic segmented copolyester
      elastomer consisting essentially of a multiplicity of recurring short
      chain ester units and long chain ester units joined through ester
      linkages, said short chain ester units amounting to 15 to 65 percent by
      weight of said copolyester and being of the formula
      ##EQU7##
       and said long chain ester units amounting to 35 to 85 percent by weight
      of said copolyester and being of the formula
      ##EQU8##
       wherein R is the divalent aromatic radical remaining after removal of the
      carboxyl groups from aromatic dicarboxylic acid having a molecular weight
      of less than 350, D is the divalent radical remaining after removal of the
      hydroxyl groups from organic diol having a molecular weight of less than
      250, and G is the divalent radical remaining after removal of the terminal
      hydroxyl groups from long chain glycol having an average molecular weight
      of 350 to 6000, a melting point of less than 55.degree.C., and a carbon to
      oxygen ratio of greater than 2.5, said polyester having a melt index of
      less than 150 and a melting point of at least 125.degree.C., and
PA1  B. 50 to 95 percent by weight of low molecular weight thermoplastic resin
      which forms compatible mixtures with the segmented copolyester, is
      thermally stable at 150.degree.C., and has a melt viscosity of less than
      10,000 centipoises at 200.degree.c., and is selected from the group
      consisting of hydrocarbon resins, bituminous asphalts, coal tar pitches,
      rosins, phenolic resins, chlorinated aliphatic hydrocarbon waxes, and
      chlorinated polynuclear aromatic hydrocarbons.
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ABST
PAL  A method of continuously introducing an impregnating liquid into a textile
      fiber arrangement, wherein the fiber arrangement is passed through a
      converging space formed by circumferential surfaces of a pair of discs and
      by lateral limiting walls for transforming the fiber arrangement into a
      fiber sliver, the liquid is supplied under pressure to the face sides of
      the discs, and a liquid film is formed on the face sides of the discs for
      supporting the discs by said liquid film. Further, the liquid is
      transported along the face sides of said discs to the circumferential
      surfaces into the converging space by rotating the discs, there is formed
      a coat of liquid surrounding the fiber arrangement passing through said
      converging space, and subsequently condensing the fiber sliver into a
      compact fiber sliver in an adjacent hydrodynamic pressure zone acting at
      all sides and pressing liquid into the fiber sliver in said pressure zone
      by passing the fiber sliver between the circumferential surfaces of the
      discs.
PARN
PAC  CROSS-REFERENCE TO RELATED CASE
PAR  This is a continuation of my commonly assigned, copending U.S. application
      Ser. No. 187,965, filed Oct. 12, 1971, and entitled "Method of
      Continuously Impregnating A Textile Fiber Sliver With Liquids" now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns a method of continuously introducing an
      impregnating liquid into a textile fiber arrangement.
PAR  The term "fiber arrangement" is to be understood as comprising natural as
      well as manmade staple fibers, such as produced as a continuous untwisted
      arrangement, e.g., as card sliver or drawframe sliver or as web at the
      delivery side of the drafting arrangement. This term also is understood to
      comprise bundles or strands of endless filaments.
PAR  The term "liquid," in the singular or plural, is to be understood to
      comprise water or solvents or any solutions, dispersions and emulsions of
      any materials (e.g., adhesives, dyestuffs etc.) in water and/or other
      solvents.
PAR  The term "impregnate" is to be understood to comprise  the coating of the
      individual fibers or the individual filaments respectively of the fiber
      arrangement with a film of liquid as well as a homogeneous, fine
      droplet-type distribution of the liquid in the fiber arrangement or a
      combination of both.
PAR  From U.S. Pat. Nos. 3,323,176 and 3,426,389 methods and devices are known
      for treating a fiber arrangement with liquids by means of a pair of discs
      in which liquid is brought into a throughpassing fiber arrangement
      transformed into tubular shape via a coaxially arranged separate duct, and
      in an adjacent free zone the liquid is allowed to radially penetrate the
      fiber arrangement without hindrance. The fiber sliver thus imbued with
      liquid then passes through a room or space converging in the direction of
      the throughpassage fiber sliver and formed by a pair of discs and by
      lateral walls and finally is condensed into a compact fiber sliver in a
      hydrodynamic pressure zone acting omnidirectionally, i.e., at all sides of
      the fiber sliver with high specific pressure.
PAR  By means of such procedure homogeneous impregnating or liquid distribution
      respectively is achieved in the fiber sliver. However, this procedure has
      disadvantages. The converging space as well as the adjacent pressure zone
      are formed by the pair of discs and by lateral cover walls or plates
      arranged at the face sides or end faces of the pair of discs. In spite of
      careful design aimed at keeping the clearance between the disc face sides
      and the lateral cover walls as small as possible, frequent penetration of
      fibers cannot be avoided due to the extraordinary  fineness of the fibers
      and thus the passing fibers jam between the discs and their cover walls.
      This effect is further intensified by the high specific pressure
      prevailing in the pressure zone. As the condensed fiber sliver leaves the
      cover walls so-called "moustaches" or fiber beards form and which consist
      of previously jammed fibers, which often causes disturbances in the
      operation. By further reducing the clearances between the faces of the
      pair of discs and the lateral cover walls temporary improvement is
      reached, but due to the excessively small clearance wear of the discs
      and/or the lateral walls is considerably increased and the condition
      described above of the fibers being caught is found anew. It also has been
      found that the total clearance between discs and lateral walls no longer
      is distributed evenly, if the smallest practically unavoidable
      imprecisions are present, i.e., a larger clearance prevails on one side of
      a disc than on the opposite side. Fiber jamming between the discs and
      their cover walls thus is further facilitated, and the achievement of a
      uniform condensation of the fiber mass in the pressure zone thus is highly
      questionable.
PAC  SUMMARY OF THE INVENTION
PAR  It thus is an object of the present invention to ensure disturbance-free
      operation by means of correctly guiding the stream of liquid and at the
      same time to produce a perfect fiber sliver.
PAR  It is a further object of the invention to provide precision in the
      position of the discs with respect to their cover  walls by correctly
      guiding the stream of liquid and to avoid penetration of the
      extraordinarily fine fibers between the discs and the cover walls where
      they could jam.
PAR  Now the inventive method of continuously introducing an impregnating liquid
      into a textile fiber arrangement, comprises the steps of
PA1  a. passing the fiber arrangement through a converging space or room formed
      by circumferential surfaces of a pair of discs and by lateral limiting
      walls for transforming the fiber arrangement into a fiber sliver;
PA1  b. supplying the liquid under pressure to face sides of the discs;
PA1  c. forming a liquid film on the face sides of the discs for supporting the
      discs by said liquid film;
PA1  d. transporting the liquid along the face sides of said discs to said
      circumferential surfaces into said converging space or room by rotating
      the discs;
PA1  e. forming a coat of liquid surrounding the fiber arrangement passing
      through said converging space or room; and
PA1  f. subsequently condensing the fiber sliver into a compact fiber sliver in
      an adjacent hydrodynamic pressure zone acting at all sides and pressing
      liquid into the fiber sliver in said pressure zone by passing the fiber
      sliver between the circumferential surfaces of said discs.
PAR  The liquid can be brought in or supplied at each disc face side under equal
      pressure. Furthermore, for forming equal supporting liquid films the
      liquid brought in at each disc face side under equal pressure can be
      subject to the same throttle effect. It also is possible to supply the
      liquid under a low initial pressure and to increase the pressure
      hydrodynamically in the quadrant of the fiber sliver input, which can be
      effected, e.g., during the distribution by forming a wedge of liquid.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawing wherein:
PAR  FIG. 1 is a cross-sectional view along the line I--I of FIG. 2 of an
      apparatus for continuously impregnating a fiber sliver with liquid; and
PAR  FIG. 2 is a top plan view of the apparatus of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Now it is thought useful in the disclosure of the method aspects of this
      development to provide a brief description of an  exemplary embodiment of
      apparatus for the implementation of such method, and which apparatus has
      been disclosed more fully in my copending U.S. application Ser. No.
      347,351, filed Apr, 2, l973, U.S. Pat. No. 3,835,974, entitled "Apparatus
      For Impregnating Textile Fibers" which, in turn, is a continuation of my
      previously filed U.S. application Ser. No. 187,966, filed Oct. 12, l971,
      to which reference may be readily had and the disclosure of which
      applications is hereby also incorporated by reference.
PAR  Hence by referring to FIGS. 1 and 2 it will be seen that such exemplary
      embodiments of apparatus consists of a pair of discs 1 and 1' each having
      face sides 12 and 13 respectively and circumferential surfaces 8 and 8',
      and wherein in FIG. 1. the latter have been merely indicated by broken
      lines, and limiting walls 2 and 2' laterally arranged adjacent to and
      covering the face sides 12 and 13 of the discs 1, 1'. The limiting walls 2
      and 2' are mutually fixed at a distance e by spacer elements 3. The discs
      1 and 1' are arranged axially parallely and with the circumferential
      surfaces 8 and 8' disposed opposite to each other. The disc 1 is rotatably
      supported and axially guided by a shaft 14 in a machine frame 15, with
      this disc 1 being axially movable, The disc 1' is also rotatably supported
      and arranged axially movably by means not shown in the drawing. The disc 1
      can be driven by a suitable drive (not shown) to rotate in the direction
      indicated by arrow F. The disc 1' can rotate in the direction indicated by
       arrow G and can be subjected to a loading force under the influence of
      which the circumferential surface 8' is pressed against the
      circumferential surface 8 of the disc 1. Each disc 1 and 1' has a width b
      which is smaller than the distance e, the relation being approximately e
      =b +0.01 mm to e =b +0.3 mm corresponding to an impregnating liquid to be
      supplied as hereinafter described. For precise positioning in the plane of
      the discs 1 and 1' the limiting walls 2 and 2' are merely supported on two
      stops 16 and 17 which are connected to the machine frame 15. Within the
      clearance as indicated above, the discs 1 and 1' and the limiting walls 2
      and 2' mutually retained at the distance e can be moved with respect to
      each other and thus can be brought into the same plane. The limiting walls
      2 and 2' are provided with openings 5 and 5'formed as bores for
      introducing the impregnating liquid, these bores merging with liquid
      distributing grooves 6 and 6' respectively arranged in the region of,
      i.e., opposite to both face sides 12 and 13 of the discs 1 and 1'
      respectively. Surfaces 7, 7' of the limiting walls 2, 2' covered by the
      two face sides 12 and 13 of each disc 1, 1' only being shown for surface 7
      in FIG. 1 are absolutely symmetrical in their surface areas as well as in
      the arrangement of the liquid distributing grooves 6 and 6' respectively
      One of these four surfaces 7, 7' is indicated in FIG. 1 hatched with
      broken lines for better clarity.
PAR  The circumferential surfaces 8, 8' and the lateral limiting walls 2, 2'
      define a converging room, space or zone 18 of a  length C in an input
      quadrant E for transforming or consolidating an untwisted fiber
      arrangement 4 which is fed to the apparatus in the direction as indicated
      by arrow H into a fiber sliver by guiding at all sides. The
      circumferential surfaces 8, 8' and the lateral limiting walls 2, 2' also
      define a pressure zone of a length D which is arranged adjacent to the
      converging space or room 18 from which a compact fiber silver 10 is
      delivered in a delivery quadrant A. The term input quadrant and delivery
      quadrant respectively as employed herein, designate the quadrant of the
      circumferential surfaces 8, 8', each of which face the fiber sliver 4 and
      10 entered in or delivered respectively from the apparatus.
PAR  As shown in FIG. 1, circular, converging recesses 11, 11' can be arranged
      in the input quadrant adjacent to the liquid distributing grooves 6, 6',
      said recesses 11, 11' preferably merging asymptotically towards the
      limiting walls in the directions F, G of rotation of the discs 1 and 1'
      respectively.
PAR  For continuously impregnating a fiber sliver 4, the material path of which
      is shown interrupted in FIG. 1 for clarifying the method, liquid is
      introduced on both sides of the pair of discs 1, 1' under equal, i.e., the
      same pressure via openings 5, 5' and the liquid distributing grooves 6, 6'
      and is forced to flow out in the directions as indicated by arrows K and
      K' along the lateral limiting walls 2, 2' and the face sides 12 and 13.
      Thus the clearance between the face sides 12 and 13 of the discs 1, 1' and
      the limiting planes of the limiting walls 2, 2' constantly remains filled
      with impregnating liquid. Owing to the supply of liquid to both face sides
      12 and 13 under the same pressure and  owing to the symmetry of the
      opposed pressure surfaces 7, 7' of the limiting walls 2, 2' the axially
      movable, i.e., shiftable discs 1, 1' adapt to equal liquid film thickness
      on both sides. Thus the pair of discs 1, 1' is automatically brought into
      or centered to a middle position with respect to the face side limiting
      walls 2, 2'. The liquid emerging along the limiting walls 2, is
      automatically adapted to the same throttle effect, or on both sides
      supporting liquid films of the same thickness (e - b/ 2) are formed
      respectively for the discs 1 and 1'. These conditions prevail whether the
      pair of discs 1, 1' is at standstill or rotate. If the discs 1, 1' rotate
      in the direction of the arrows F and G respectively, impregnating liquid
      flows along the limiting walls 2, 2' in the direction of arrow K from the
      inside towards the circumferential surfaces 8 of the pair of discs 1, 1'
      and owing to the movement of the circumferential surfaces 8 is transported
      into the converging space or room 18, where it surrounds the fiber sliver
      4 to be impregnated as a coat of liquid 9. Beginning in the converging
      space or room 18 and subsequently in the pressure zone D the impregnating
      liquid thus is pressed by the discs 1, 1' into the fiber sliver 4 which
      subsequently leaves the apparatus as an impregnated fiber sliver 10. A
      part of the liquid, brought in with an excess of the quantity needed for
      impregnating, can emerge laterally above the converging space 18, and is
      collected by means not shown in the drawing and is recycled into a liquid
      system provided for feeding liquid to the openings 5 and 5'. The liquid
      flowing from the liquid distribution grooves 6, 6' and the  converging
      recesses 11, 11' respectively in the direction K' towards the inside of
      the faces sides 12, 13 is collected and drained via bores or openings 19
      and 20 provided in the limiting walls 2, 2' and is also recycled into the
      liquid system by means not shown. By precisely separating the areas of the
      excessive liquid from the delivered impregnated fiber sliver 10, undesired
      re-moistening after the passage through the zones C and D is avoided,
      e.g., the grooves 6, 6' in the delivery quadrant A not being extended to
      the height of the pressure zone D.
PAR  In several respects it has proven suitable to bring in or to supply the
      impregnating liquid under low initial pressure along the limiting walls 2
      2' and to partially provide in the fiber sliver 4 passing through the
      input quadrant E of the circumferential surfaces 8, 8' a hydrodynamic
      pressure increase. For this purpose the converging recesses 11 and 11' are
      provided in the input quadrant E. Notwithstanding the low initial pressure
      the pressure in the liquid film (of a thickness of (e - b/ 2) of 0.005 mm
      to approximately 0.15 mm) in the region C of the converging space 18 and
      of the adjacent pressure zone D can be increased in this manner to
      extremely high terminal values depending on the viscosity and the type of
      liquid used. Thus it is possible to create a pressure in the liquid film
      which can be equal to, or higher than, the specific pressure between the
      discs of the pair of discs 1, 1' in the pressure zone D, which latter can
      reach 200 kg/cm.sup.2 . In spite of the low initial pressure and of the
      high pressure in the pressure  zone D sufficient liquid film on the face
      sides 12, 13 of the discs 1, 1' thus can be maintained. Also by using low
      initial pressures considerable simplification and less expensive design of
      the liquid transporting means are achieved.
PAR  According to the inventive method of continuously impregnating a fiber
      sliver the required impregnating liquid is supplied without any additional
      means to the appropriate place, i.e., to the converging room and in the
      form of a coat of liquid, and at the same time bringing in the liquid
      along the face side limiting walls effects the indispensable equalisation
      of the clearances and alignment of the planes of the discs 1, 1' and of
      the limiting walls 2, 2' which in view of the extraordinary fineness of
      the fiber material is a prerequisite for disturbance-free operation. If
      the input quadrant E of the fiber sliver an additional hydrodynamic
      pressure increase is effected in the impregnating liquid, any jamming of
      fibers between the discs and their covering walls is excluded and friction
      and wear are reduced to a minimum.
PAR  While there is shown and described present preferred embodiments of the
      invention, it to be distinctly understood that the invention is not
      limited thereto but may be otherwise variously embodied and practiced
      within the scope of the following claims. Accordingly,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of continuously introducing an impregnating liquid into an
      untwisted textile fiber arrangement, comprising the steps of:
PA1  a. passing the fiber arrangement through a converging space formed by
      circumferential surfaces of a pair of discs and by lateral limiting walls
      for consolidating the fiber arrangement into a fiber sliver;
PA1  b. supplying impregnating liquid under pressure through the lateral
      limiting walls into the clearance between the face sides of the discs and
      the lateral limiting walls;
PA1  c. aligning the planes of the discs and the lateral limiting walls with
      respect to each other by forming a liquid film between the face sides of
      the discs and the lateral limiting walls;
PA1  d. transporting the liquid along the face sides of said discs to said
      circumferential surfaces into said converging space by rotating the discs;
PA1  e. forming a coat of liquid surrounding the fiber arrangement passing
      through and consolidated in said converging space; and
PA1  f. subsequently condensing the fiber sliver into a compact fiber sliver in
      an adjacent hydrodynamic pressure zone acting at all sides and pressing
      liquid into the fiber sliver in said pressure zone by passing the fiber
      sliver between the circumferential surfaces of said discs.
NUM  2.
PAR  2. The method according to claim 1, wherein the liquid is supplied into
      said clearance under equal pressure at each face side of the discs.
NUM  3.
PAR  3. The method according to claim 2, wherein the liquid supplied into said
      clearance under equal pressure for the formation of equal liquid films is
      subjected to an equal throttling effect.
NUM  4.
PAR  4. The method according to claim 1, wherein the liquid is supplied into
      said clearance under a pressure which is lower than the pressure in said
      hydrodynamic pressure zone and the pressure is hydrodynamically increased
      in an input quadrant of said circumferential surfaces facing said fiber
      arrangement passing through said converging space.
NUM  5.
PAR  5. The method according to claim 1, wherein the liquid flows from the
      inside of said face sides towards the circumferential surfaces of the
      discs.
NUM  6.
PAR  6. The method according to claim 1, wherein the liquid prior to forming the
      liquid film is distributed in an area of said face sides and then is
      transported to surfaces of said limiting walls covered by said face sides.
NUM  7.
PAR  7. The method according to claim 6, wherein the distribution is interrupted
      in a delivery quadrant of said circumferential surfaces facing said fiber
      sliver leaving said pressure zone.
NUM  8.
PAR  8. The method according to claim 6, wherein during the distribution of the
      liquid the pressure is increased by the formation of a wedge of liquid.
NUM  9.
PAR  9. A method of continuously introducing an impregnating liquid into an
      untwisted textile fiber arrangement comprising the steps of:
PA1  a. passing the fiber arrangement through a converging space formed by
      circumferential surfaces of a pair of discs and by lateral limiting walls
      for consolidating the fiber arrangement into a fiber sliver;
PA1  b. supplying impregnating liquid under pressure into the clearance between
      the face sides of the discs and the lateral limiting walls via openings of
      the lateral limiting walls;
PA1  c. aligning and supporting the discs between the lateral limiting walls by
      forming a liquid film of a thickness corresponding to the width of said
      clearance between the face sides of the discs and the lateral limiting
      walls;
PA1  d. transporting the liquid along the face sides of said discs to said
      circumferential surfaces into said converging space by rotating the discs;
PA1  e. forming a coat of liquid surrounding the fiber arrangement passing
      through said converging space; and
PA1  f. subsequently condensing the fiber sliver into a compact fiber sliver in
      an adjacent hydrodynamic pressure zone acting at all sides and pressing
      liquid into the fiber sliver in said pressure zone by passing the fiber
      sliver between the circumferential surfaces of said discs.
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ABST
PAL  The improved hot dip metallizing process of this invention comprises
      passing the article to be metallized, such as a ferrous metal article,
      through a bath of a molten heavy metal, such as lead, and conducting the
      article therefrom through a layer of molten coating metal, such as zinc,
      confined in a stack-like structure of a cross-sectional area being a small
      fraction of the surface area of the heavy metal bath. The molten coating
      metal is continuously supplied to the stack, preferably through orifices
      or nozzles so as to remove any droplets of molten heavy metal adhering to
      the surface of the article, thereby causing metallizing of the article and
      continuous overflow of excess molten coating metal at the top of the
      stack. Before hot blasting the coated metallic article it may be passed
      through mechanical removal means, such as counterrotating rollers to
      remove the major part of excess coating metal, while the remainder is
      removed by hot blasting.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part of copending Application
      Ser. No. 337,172, filed Mar. 1, 1973, and entitled "Process of hot dip
      metallizing of metallic articles and apparatus".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an improved process of applying metallic
      coatings to metal articles and more particularly to an improved procedure
      in the hot dip metallizing process of steel and other metal articles and
      to hot dip metallized articles obtained thereby.
PAR  2. Description of the Prior Art
PAR  In copending application Ser. No. 337,172 there is disclosed and claimed a
      hot dip metallizing process which consists in principe in
PA1  A. passing the article to be metallized through a bath of a molten heavy
      metal, preferably lead, said metal having a specific gravity higher than
      that of the coating metal and being substantially non-corrosive to the
      metal of the article to be coated, and
PA1  B. conducting the article from said molten heavy metal bath through a
      confined layer of the molten coating metal such as zinc, for instance, in
      a stack, the surface area of said confined coating metal layer being a
      small fraction of the surface area of the heavy metal bath, said confined
      layer floating on said heavy metal and being of predetermined and limited
      height, thereby limiting the time of contact between the metal article to
      be coated and the coating metal to a predetermined limited time to achieve
      a coating of a predetermined character and avoiding any attack of the
      equipment by the coating metal.
PAR  This process has the advantage that the contact between zinc and the steel
      of the strip is of extremely short duration. Said process also provides
      means for regulating the level of the zinc in the stack by compensating
      for the consumption of the available amount of molten zinc in the stack,
      as the galvanizing operation proceeds. Said process also provides for
      periodic and automatic addition of molten zinc to the stack, creating an
      overflow of the zinc above the stack top. Thereby, any top dross formed,
      which consists mainly of oxides, is carried along towards the zinc melting
      oven, where the top dross is de-oxidized back to metallic zinc for further
      re-use.
PAR  It has been found that, under certain conditions, the strip to be
      metallized will pick up physically (or mechanically) small amounts of
      molten lead usually in the form of droplets which adhere to the metal
      strip to be metallized. Such adhering lead droplets, or the like, when
      penetrating into the zinc bath floating on the lead in the stack, will
      prevent uniform metallizing or galvanizing of the strip surface by forming
      "blisters" on the finished strip surface, a feature inadmissible for
      producing prime metallized articles.
PAR  Likewise, due to the extremely short duration of the contact between strip
      and zinc, the differences in the height of the zinc column in the stack,
      while staying within admissible tolerances (of height and, therefore,
      duration), have the disadvantage that such periodic, noncontinuous top
      dedrossing procedure introduces discontinuously into the zinc melting oven
      larger or smaller amounts of top dross and that, as a result thereof,
      deoxidizing of the top dross also takes place discontinuously and from
      time to time. It is evident that such discontinuous dedrossing and
      de-oxidizing has a number of disadvantages and needs improvement.
PAC  SUMMARY OF THE INVENTION
PAR  It is one object of the present invention to provide a simple and effective
      process which overcomes the disadvantages frequently encountered when
      proceeding according to the process disclosed and claimed in application
      Ser. No. 337,172 which is made part of the present specification by
      reference.
PAR  Another object of the present invention is to provide hot dipped metal
      articles by carrying out said improved process of hot dip metallizing.
PAR  Other objects of the present invention and advantageous features thereof
      will become apparent as the description proceeds.
PAR  In principle, the process according to the present invention consists in
      supplying the molten zinc to the zinc containing stack in quantities far
      greater than those required for galvanizing proper. Preferably the molten
      zinc is introduced into the stack on both sides of the strip to be
      metallized through appropriately formed orifices, such as nozzles.
      Thereby, a sweeping effect is produced on the strip surfaces. Such
      sweeping is sufficient to remove the "physically" adhering droplets of
      lead from the strip surface. Due thereto intimate contact of the molten
      zinc on the entire surface of the strip is achieved. Of course, the zinc
      jets are introduced through said orifices into the zinc zone, preferably
      into the molten zinc in the lower part of the stack. The centerline of the
      zinc jets should be substantially downwardly directed, i.e. at an angle
      substantially opposed to the direction of the ascending strip in the
      stack.
PAR  Thereby, the excess of molten zinc thus introduced into the stack creates a
      permanent overflow at the top of the stack. Said overflow together with
      any top dross formed is conducted continuously into the zinc melting oven
      and is de-oxidized continuously therein. In contrast to prior procedures
      any top dross formed in the stack arrives in the oven not periodically in
      batches but in a continuous flow of very fine particles which can be
      de-oxidized very readily because of their fine structure and the resulting
      ease of chemical exchange reaction with the de-oxidizing agents which
      float on the surface of the molten zinc in the melting oven.
PAR  Continuous overflow of the zinc over the top of the stack has the further
      advantage that exposure of the strip to the molten zinc will be most
      uniform, thus resulting in a very uniform galvanized product.
PAR  Supplying the molten zinc to the coating bath can be effected with great
      simplicity, since it requires only a constant speed motor driving a zinc
      pump continuously while coating proceeds. A stand-by motor and pump may be
      provided as in any known responsible operation.
PAR  According to a specific embodiment of the present invention an enclosed
      tunnel for introducing the molten zinc surrounds the stack. Said tunnel is
      located underneath the overflow trough. The required orifices or nozzles
      are provided on its interior walls. The orifices, nozzles, or the like,
      must, of course, be constructed so that both strip surfaces are adequately
      swept by the zinc jets so that the adhering lead droplets are completely
      removed from the strip.
PAR  According to another embodiment of the present invention, there are
      provided suitable mechanical means and preferably a pair of
      counterrotating rollers immediately following the exit of the metallized
      strip from the zinc overflow zone at the top of the stack, and in advance
      of the strike or impingement of the non-oxidizing hot gas jets, said means
      being continually employed to remove excess zinc from the coated metal
      strip.
PAR  The use of such rollers is manyfold. Firstly they remove a major part of
      the zinc from the strip as it emerges from the zinc overflow of the stack.
      As a result thereof the hot gas blast has merely to "polish" the zinc
      removal operation.
PAR  Secondly they stabilize "in space" the body of the traveling strip, so that
      the distance variation between the opposed hot blast nozzles and the strip
      is reduced to next to nothing. This enables selection of a very short
      distance between nozzles and strip and also results in a reduction of the
      hot gas pressure and flow. For the same reason it is possible to reduce
      the cross-section of the strip exit orifice, thus to facilitate
      maintaining in the galvanizing chamber an atmosphere of a lower oxidizing
      power or even a non-oxidizing atmosphere. As a result thereof, formation
      of any top dross is considerably reduced or even completely eliminated.
PAR  Preceding removal of the greater part of excess molten zinc by said rollers
      provided in advance of the hot gas jets facilitates to a considerable
      degree selection of the proper angle of inclination of the axis of the hot
      gas spray with regard to the strip. The roller bodies drastically
      eliminate any danger of creating turbulences at the upper zinc level, i.e.
      the zinc overflow of the stack. Due thereto certain restrictions regarding
      the analytical composition of the metal alloy used for coating the metal
      strip, or the like, which were heretofore necessary, can be eased.
PAR  It will be noted that immediate quenching of the freshly coated strip as it
      emerges from the galvanizing chamber allows to locate the deflecting
      pulley considerably closer to the strip exit from the galvanizing device
      as compared to conventional galvanizing units. Such a pulley will act only
      when the zinc coating has sufficiently cooled, i.e. has solidified.
PAR  Simultaneous action of the "rough" zinc removing and strip stabilizing
      pulley with that caused by the immediate quenching of the strip reduces
      the "unguided" portion of the strip to a mere fraction of that required in
      a conventional galvanizing installation, thus effecting an unprecedented
      strip stability in the hot blast zone.
PAR  This, in its turn, enables to use more economical hot gas jets located
      closer to the strip plane with much less critical jet angle values than is
      recommended by the prior art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In further description of the invention, reference will be had to the
      accompanying drawings, wherein like numerals are used to denote like parts
      wherever possible.
PAR  FIG. 1 is a cross-sectional view of a lead-zinc galvanizing arrangement
      showing the overflow of the zinc over the top of the stack, the tunnels
      for introducing the molten zinc under pressure, and the zinc supplying
      nozzles;
PAR  FIG. 2 is a cross-sectional view of a similar arrangement with the addition
      of a pair of rollers for preliminary zinc removal and strip stabilization;
      and
PAR  FIG. 3 is a plan view along the line X--X of FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In said FIGS. 1 to 3 the metal strip 1 to be galvanized is conducted by
      means of sinking roll 2 (shown only partly) through lead bath 4 contained
      in galvanizing pot 3 which is also shown only partly. Lead bath 4 is
      covered by oxidation-proof layer 5 floating on the lead bath, such as salt
      or the like to prevent its oxidation. Stack 7 is placed into galvanizing
      chamber 6 at its one end. Molten zinc 10 is introduced into stack 7 and
      floats on molten lead layer 23 which partly extends into stack 7. The
      upper part of stack 7 is enclosed by chamber 6 so that zinc overflow 11
      emerging from stack top 25 collects together with any top dross formed in
      trough 12 formed by the walls of chamber 6 and the stack top 25 and is
      returned through a conduit (not shown) by gravity or other means such as
      continuous pumping into the zinc melting and supply oven (not shown).
      Underneath the bottom of said chamber 6 there is provided tunnel-like
      channel 8. Molten zinc is supplied to said channel 8 from the zinc melting
      and supply oven by means of a pump (not shown) through conduits 22 as
      shown in FIG. 3 and is forced through nozzle-like orifices 9 under
      pressure into stack 7. Said nozzle-like orifices 9 are arranged so that
      they direct the molten zinc jets 13 discharged therefrom onto metal strip
      1 passing from sinking roll 2 through stack 7 and chamber 6. The molten
      zinc jets 13 impinging upon strip 1 remove droplets of molten lead
      adhering to strip 1 on entering stack 7 and leaving lead layer 23.
PAR  Chamber 6 has at its top opening 14 through which the zinc coated metal
      strip 1 leaves said chamber 6. Header 15 is arranged in the upper part of
      chamber 6 and supplies a hot non-oxidizing gas such as nitrogen to nozzles
      provided in header 15 in such a manner that the gas jets 16 emerging from
      said nozzles impinge upon zinc coated metal strip 1 and completely remove
      any adhering zinc droplets therefrom. The strip 1, after it has passed
      through strip exit opening 14, is then quenched outside chamber 6 by means
      of cooling quenching fluid forced through nozzles provided in header 19.
PAR  In FIG. 2 there is additionally provided in chamber 6 a pair of rollers 21
      which stabilize the strip during its passage through chamber 6 and exit
      opening 14 and which preliminarily remove part of the zinc droplets
      adhering to strip 1.
PAR  FIGS. 1 and 2 differ somewhat from each other by the provision of rollers
      21 in chamber 6 of FIG. 2. It is evident that provision of said
      stabilizing and preliminary zinc removal rollers 21 has the following
      advantages:
PAR  a. The strip exit opening 14 in FIG. 2 is narrower than the corresponding
      opening 14 of FIG. 1. As a result thereof maintaining a non-oxidizing
      atmosphere in Chamber 6 is considerably facilitated.
PAR  b. The hot blasting jets 16 can be arranged more closely to the zinc coated
      strip 1 than in FIG. 1 because swaying and wobbling of the strip emerging
      from the zinc 10 in stack 7 is eliminated to a large extent by rollers 21.
      Another advantage achieved thereby is the reduction in the amount of hot
      blasting gas due to the smaller opening 14.
PAR  c. Any turbulence produced by the hot blasting jets 16 impinging upon the
      zinc overflow 11 as in FIG. 1 is completely eliminated by providing the
      pair of rollers 21 as shown in FIG. 2.
PAR  It is evident that provision of the pair of rollers 21 located between the
      exit of the zinc coated metal strip 1 from stack 7 and the header 15
      results in a number of important and by no means negligible technical and
      economical advantages.
PAR  The following example serves to illustrate the present invention without,
      however, limiting the same thereto.
PAC  EXAMPLE
PAR  A cold rolled steel strip 1, 28 inches (711 mm.) wide by 0.016 inch (0.40
      mm.) thick, travelling at 200 ft./min. (ca 60 m./min.) through the lead
      bath 4 emerges vertically therefrom, enters stack 7 in which a column of
      zinc 10, 12 inches (305 mm.) high, floats on the lead layer 23. The
      vertical length of stack 7 is at least 15 inches (381 mm.) so as to
      prevent any zinc from passing out at the bottom of stack 7 into lead bath
      4.
PAR  About 6 inches (152 mm.) from stack top 25, i.e. about half the way of the
      zinc column maintained in stack 7, there is provided a horizontal row of
      flat, solid jet-producing nozzles 9 located on the walls of stack 7.
      Molten zinc is forced from tunnels 8 surrounding stack 7 through said
      nozzles 9 against the two surfaces of strip 1. The zinc jets 13 emerging
      from said nozzles 9 remove the droplets of lead which may adhere to strip
      1 by surface tension (not chemically, and also not by alloying). Being hit
      by the zinc stream 13 at an angle, for instance, of 45.degree. in downward
      direction, the droplets of lead have a tendency to flow into and unite
      with the column of lead 23 in the lower part of stack 7.
PAR  The velocity of the molten zinc 13 emerging from nozzles 9 and hitting
      strip 1 may vary, for instance, from 3 ft./sec. to 9 ft./sec. (1 to 3
      m./sec.), mainly depending on the surface condition of the strip, i.e. the
      smoother the strip surface, the lower may be the jet velocity.
PAR  The strip stabilizing and preliminary zinc removing rollers 21 can be made
      of ceramic material, for instance, carborundum or the like, or of
      ceramic-coated heat resistant steel; their diameter may be 8 inches (203
      mm.) and, with proper lateral strip guiding by conventional means, a face
      body of, for instance, 30 inches (760 mm.) may be used. A pressure of 22
      lbs. (10 kg.) may exist between rollers 21. Rollers 21 may be driven or
      not, because the strip is at a temperature well under the steel softening
      value.
PAR  As mentioned hereinabove, the use of the stabilizing and preliminary zinc
      removing rollers 21 allows to reduce the distance from the hot gas nozzles
      of heade 15 to strip 1, for instance, from 3/8 inch (10 mm.) as in FIG. 1
      to 3/16 inch (5 mm.) as in FIG. 2 and even closer. Likewise, the hot gas
      pressure can be reduced from, for instance, 4 Psi (0.26 kg./sq.cm.) to 2
      Psi (0.13 kg./sq.cm.). The gap of the strip exit slot 19 may also be
      reduced from, for instance 1/2 inch (12 mm.) to, for instance, 1/4 inch (6
      mm.), whereas the angle between the hot gas center line and the plane of
      strip 1 could be, for instance, 80.degree., adjustable by .+-. 10.degree.
      in downward direction. Finally, if one continuous slot is used across the
      whole strip, it could be reduced from a width of 0.031 inch to a width of
      0.020 inch (0.8 mm. to 0.5 mm.) depending on the degree of flatness of
      strip 1 being galvanized. It is evident that the flatter the strip, the
      narrower the slot in the gas nozzles and, therefore, the lower will be the
      gas consumption because, if the strip is wobbling and swaying on passing
      through chamber 6, the more gas must be used to compensate for the wobble
      and swaying of the passing strip.
PAR  Although the hot dip metallizing process and apparatus according to the
      present invention have been described hereinabove for hot dip metallizing
      of a steel strip with zinc, the process and apparatus can also be applied
      to other hot dip metallizing operations such as to hot dip aluminizing and
      the like.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process of hot dip metallizing ferrous articles by passing the article
      to be metallized through a bath of molten lead and conducting the article
      from said molten lead bath through a confined layer of the molten coating
      metal, the surface area of said confined coating metal layer being a small
      fraction of the surface area of the lead bath, said confined layer
      floating on said lead and being of predetermined and limited height,
      thereby limiting the time of contact between the ferrous article to be
      coated and the coating metal to a predetermined limited time to achieve a
      coating of a predetermined character and avoiding any attack of the
      equipment by the coating metal, the improvement which consists in
      supplying the molten coating metal to said confined layer of coating metal
      in quantities substantially exceeding the quantity required for
      metallizing the ferrous article in such a manner that droplets of molten
      lead adhering to the ferrous article on passing into the confined layer of
      molten coating metal are substantially completely removed from the surface
      of the ferrous article to be hot dip metallized, thereby causing
      continuous overflow of molten coating metal at the top of the confined
      layer of molten coating metal.
NUM  2.
PAR  2. The process of claim 1, in which jets of molten coating metal are
      supplied to the confined layer of said coating metal so as to intimately
      contact the entire surface of the ferrous article to be metallized.
NUM  3.
PAR  3. The process of claim 2, in which the jets of molten coating metal are
      directed at an angle substantially opposed to the direction of the ferrous
      article passing through said confined zone of molten coating metal.
NUM  4.
PAR  4. The process of claim 1, in which the overflow of molten coating metal
      and any top dross formed is continuously returned into the supply means
      for the molten coating metal and in which metal oxide present in the
      overflow is continuously de-oxidized in said supply means.
NUM  5.
PAR  5. The process of claim 1, in which the metal coated article, after leaving
      the confined layer of molten coating metal, is subjected to non-oxidizing
      hot blasting for removal of excess coating metal from the surface of the
      metal coated article, whereafter said article is quenched.
NUM  6.
PAR  6. The process of claim 1, in which the major part of excess coating metal
      is mechanically removed from the surface of the metal coated article,
      after leaving the confined layer of molten coating metal, whereafter
      substantially complete removal of excess coating metal is effected by
      subjecting said metal coated article to non-oxidizing hot blasting.
NUM  7.
PAR  7. The process of claim 6, in which mechanical removal of excess coating
      metal is effected by passing the metal coated article through a pair of
      counterrotating rollers.
NUM  8.
PAR  8. A process of hot dip metallizing ferrous articles by passing the article
      to be metallized through a bath of molten lead and conducting the article
      from said molten lead bath through a confined layer of molten zinc, the
      surface area of said confined zinc layer being a small fraction of the
      surface area of the lead bath, said confined layer floating on said lead
      bath and being of predetermined and limited height, thereby limiting the
      time of contact between the ferrous article to be zinc coated and the
      coating zinc to a predetermined limited time to achieve a coating of a
      predetermined character and avoiding any attack of the equipment by the
      coating zinc, the improvement which consists in supplying the molten
      coating zinc to said confined layer of zinc in quantities substantially
      exceeding the quantity required for metallizing the ferrous article in
      such a manner that droplets of molten lead adhering to the ferrous article
      on passing into the confined layer of molten coating zinc are
      substantially completely removed from the surface of the ferrous article
      to be hot dip metallized, thereby causing continuous overflow of molten
      coating zinc at the top of the confined layer of molten coating zinc.
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PAL  This invention relates to the use of salts of diamines having the formula
      ##EQU1##
      where R.sub.3 is alkylene having 2 to 4 carbon atoms and R.sub.1 and
      R.sub.2, together or separately, are hydrogen or alkyl having 1 to 8
      carbon atoms, with an anion component having the formula
EQU  R--X.sup.-
PAL  where X.sup.- is --SO.sub.3 .sup.- or --OCO.sub.3 .sup.- and R is a
      hydrocarbon radical having 6 to 26 carbon atoms which may be interrupted
      or substituted by groups containing heteroatoms, as parting agents for
      natural and synthetic elastomer compositions.
BSUM
PAC  THE PRIOR ART
PAR  When manufacturing rubber goods from natural and synthetic rubber, parting
      agents are required which, on the one hand, prevent the unvulcanized
      sheets or unfinished material from sticking together after the
      unvulcanized rubber mixture has been produced until it is further
      processed and, on the other hand, prevent the unvulcanized rubber mixture
      from adhering in the vulcanizing mold and thus facilitate the releasing of
      the vulcanizate from the molds.
PAR  A large number of different products are already known as parting agents
      for elastomers and can be divided into two broad classes, i.e. pulverulent
      and liquid parting agents. The best known of the pulverulent parting
      agents are, for example, talc or zinc stearate. The chief disadvantages of
      these powdery parting agents are the development of dust in factories and
      the partially poor weldability during vulcanizing of the unfinished
      material, treated with talc or powdered corn starch. Attempts have been
      made to overcome the disadvantageous developing of dust by suspending the
      powdered agent in an aqueous phase through which the unvulcanized sheets
      of rubber mixture are then drawn.
PAR  However, the dispersions of the said pulverulent agents also have
      disadvantages. The tendency of the solid materials to form sediments is
      troublesome, resulting in deposits formed in the pipes and the blocking of
      the nozzles in the modern unvulcanized sheet cooling plant in which the
      parting agent is sprayed onto the unvulcanized sheets of rubber mixture.
      Furthermore, inhomogeneous dispersions lead to greatly varying deposits on
      the surfaces of the mixture.
PAR  A further possibility of overcoming the said disadvantages resides in
      replacing pulverulent agents by liquid parting agents, the most important
      of which are still those based on fatty acids, owing to the economy and
      the possibility of using them in aqueous solution. Such products generally
      contain sodium or potassium soaps. Alkali metal salts of the sulfuric acid
      partial esters of fatty alcohols and naphthalene sulfonic acids have also
      been proposed (see, for example, Bostrom, Kautschuk-Handbuch, Verlag
      Berliner Union, Stuttgart, Volume 2, page 314). Water-soluble polymers
      such as cellulose ethers, carboxymethyl cellulose or polyglycol ethers are
      added to improve the parting effect. However, even these products do not
      always meet practical requirements. By way of example, the above-mentioned
      soaps produce a strongly alkaline solution which is physiologically
      harmful. The sulfates and sulfonates do not have an adequate wetting
      effect and parting effect for all mixture surfaces. Thus, in practice, one
      is frequently forced to use liquid parting agents combined with the
      dispersed pulverulent agents.
PAR  Silicone oils and fluorinated hydrocarbons are especially used as parting
      agents in the many cases in which parting agents based on fatty acids do
      not develop an adequate parting effect when used as, for example, coating
      agents for molds. However, in addition to their higher cost, these
      products have the disadvantage that portions of the parting agent
      transferred to the vulcanizate have a detrimental effect upon the adhesion
      of a subsequently applied finish or coat of varnish, and also hinder the
      coalescing of the vulcanizate to form a composite article.
PAR  Furthermore, the salts of olefin sulfonic acids as well as
      .alpha.-sulfocarboxylic acids have a chain length of from 8 to 26 carbon
      atoms have been proposed as parting agents for elastomers. The cation
      components of these salts were the alkali metals sodium, potassium,
      lithium, also calcium, magnesium, ammonium, short-chain aliphatic amines
      having from 1 to 4 carbon atoms such as methylamine, ethylamine,
      propylamine, isopropylamine and butylamine, as well as short-chain
      aliphatic alkanolamines such as monoethanolamine, diethanolamine and
      triethanolamine. Even though these products have generally proved to be
      very serviceable parting agents for elastomers, they nevertheless also
      involve parting problems in the case of special elastomer mixtures.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the development of parting agents
      which have a very satisfactory parting effect without the disadvantages of
      powdered agents and parting agents based on fatty acids and silicone oil
      and which may also be used universally to equally good effect.
PAR  Another object of the present invention is the development of an
      improvement in the process of separating sheets of unvulcanized rubber
      compositions and facilitating the removal of molded vulcanized rubber
      compositions from a mold comprising applying a thin film of a parting
      agent to the surfaces of sheets of unvulcanized rubber compositions or the
      surface of a mold or both and separating said sheets of unvulcanized
      rubber compositions without self-adhering or separating molded vulcanized
      rubber compositions from said mold, the improvement consisting of
      utilizing, as said parting agent, a salt of a diamine having the formula
      ##EQU2##
      wherein R.sub.3 is alkylene having 2 to 4 carbon atoms and R.sub.1 and
      R.sub.2 are members selected from the group consisting of hydrogen, alkyl
      having 1 to 8 carbon atoms and one hydrogen and one alkyl having 1 to 8
      carbon atoms, with an anion component having the formula
EQU  R -- X.sup.-
PAL  where X.sup.- is an anion selected from the group consisting of
      --SO.sub.3.sup.- and --OSO.sub.3.sup.- and R is a monovalent hydrocarbon
      having 6 to 26 carbon atoms optionally substituted or interrupted by
      groups containing the heteroatoms selected from the group consisting of
      oxygen, sulfur and nitrogen.
PAR  A further object of the present invention is the development of an aqueous
      composition for use as a parting agent consisting of from 0.1% to 10% by
      weight of a salt of a diamine having the formula
      ##EQU3##
      wherein R.sub.3 is alkylene having 2 to 4 carbon atoms and R.sub.1 and
      R.sub.2 are members selected from the group consisting of hydrogen, alkyl
      having 1 to 8 carbon atoms and one hydrogen and one alkyl having 1 to 8
      carbon atoms, with an anion component having the formula
EQU  R -- X.sup.-
PAL  where X.sup.-  is an anion selected from the group consisting of
      --SO.sub.3.sup.- and --OSO.sub.3.sup.- and R is a monovalent hydrocarbon
      having 6 to 26 carbon atoms optionally substituted or interrupted by
      groups containing the heteroatoms selected from the group consisting of
      oxygen, sulfur and nitrogen, in water.
PAR  These and other objects of the present invention will become more apparent
      as the description thereof proceeds.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The drawbacks of the prior art were overcome by using salts of
PAR  A. primary-alkylene diamines, primary-secondary alkylene diamines or
      primary-tertiary alkylene diamines having a chain length in the alkylene
      of from 2 to 4 carbon atoms, in which the secondary or tertiary amino
      group is substituted by alkyl radicals having from 1 to 8 carbon atoms, as
      a cation component, and
PAR  B. an anion component of the general formula
EQU  R -- X.sup.-
PAL  in which X.sup.-  represents the group --SO.sub.3.sup.- or
      --OSO.sub.3.sup.- and R represents an organic radical having from 6 to 26
      carbon atoms and which may be substituted or interrupted by groups
      containing heteroatoms, as a parting agent for natural and synthetic
      elastomers.
PAR  More particularly, the invention resides in an improvement in the process
      of separating sheets of unvulcanized rubber compositions and facilitating
      the removal of molded vulcanized rubber compositions from a mold
      comprising applying a thin film of a parting agent to the surfaces of
      sheets of unvulcanized rubber compositions or the surface of a mold or
      both and separating said sheets of unvulcanized rubber compositions
      without self-adhering or separating molded vulcanized rubber compositions
      from said mold, the improvement consisting of utilizing, as said parting
      agent, a salt of a diamine having the formula
      ##EQU4##
      wherein R.sub.3 is alkylene having 2 to 4 carbon atoms and R.sub.1 and
      R.sub.2 are members selected from the group consisting of hydrogen, alkyl
      having 1 to 8 carbon atoms and one hydrogen and one alkyl having 1 to 8
      carbon atoms, with an anion component having the formula
EQU  R -- X.sup.-
PAL  where X.sup.-  is an anion selected from the group consisting of
      --SO.sub.3.sup.- and --OSO.sub.3.sup.- and R is a monovalent hydrocarbon
      having 6 to 26 carbon atoms optionally substituted or interrupted by
      groups containing the heteroatoms selected from the group consisting of
      oxygen, sulfur and nitrogen, as well as the aqueous compositions
      containing from 0.1% to 10% by weight of the above amine salt.
PAR  The diamine salts to be used in accordance with the invention can be
      manufactured in a simple and ready manner by reacting equivalent
      quantities of the corresponding diamines with the corresponding sulfonic
      acids or sulfuric acid partial esters in aqueous solution.
PAR  In the case of the primary alkylene diamines having a chain length in the
      alkylene of from 2 to 4 carbon atoms, suitable cation components of the
      salts to be used in accordance with the invention are, for example,
      ethylene diamine, propylene diamine-1,2, propylene diamine1,3, and
      butylene diamine-1,4. Salts of diamines having a chain length of 3 carbon
      atoms, such as propylene diamine-1,2, and propylene diamine-1,3, are of
      particular importance.
PAR  Suitable cation components of the salts to be used in accordance with the
      invention are also primary-secondary alkylene diamines or primary-tertiary
      alkylene diamines having a chain length in the alkylene of from 2 to 4
      carbon atoms and an alkyl having 1 to 8 carbon atoms, such as:
      1-methylamino-2-amino-ethane, 1-ethylamino-2amino-ethane,
      1-n-propylamino-2-amino-ethane, 1-n-butylamino-2-amino-ethane,
      1-n-hexylamino-2-amino-ethane 1-n-octylamino-2-amino-ethane,
      1,1-dimethylamino-2-amino-ethane, 1,1-diethylamino-2-amino-ethane,
      1,1-dioctylamino-2-amino-ethane, 1-methylamino-2-amino-propane,
      1-n-butylamino-2-amino-propane, 1,1-dimethylamino-2-amino-propane,
      1,1-dipropylamino-2-amino-propane, 1-amino-2-methylamino-propane,
      1-amino-2,2-dimethylamino-propane, 1-amino-2-n-hexylamino-propane,
      1-methylamino-3-amino-propane, 1-ethylamino-3-amino-propane,
      1-n-butylamino-3-amino-propane, 1-octylamino-3-amino-propane,
      1,1-dimethylamino-3-amino-propane, 1,1-diethylamino-3-amino-propane,
      1,1-di-n-propylamino-3-amino-propane, 1,1-di-n-hexylamino-3-amino-propane,
      1,1-dioctylamino-3-amino-propane, 1-methylamino-4-amino-butane,
      1-ethylamino-4-amino-butane, 1-isopropylamino-4-amino-butane,
      1-octylamino-4-amino-butane, 1,1-dimethylamino-4-amino-butane,
      1,1-dibutylamino-4-amino-butane, 1,1-dioctylamino-4-amino-butane. Salts of
      1,3-diaminopropane, in which substitution by one or two methyl radicals
      has been effected in an amino group, are of particular importance.
PAR  The salts of the di-primary amines have the greater importance and are
      therefore preferable.
PAR  The anion component of the salts to be used in accordance with the
      invention comprises sulfonic acids or sulfuric acid partial esters whose
      organic radical contains 6 to 26 carbon atoms. This organic radical can be
      of an aliphatic, cycloaliphatic, aromatic, aliphatic-aromatic or
      aromatic-aliphatic nature and have hydroxyl-, ester- or ether groupings as
      further substituents in addition to the sulfonic acid or sulfuric acid
      partial ester group. The hydrocarbon chain of the radical can be
      interrupted by heteroatoms or groupings containing heteroatoms, such as
      oxygen, sulfur, imino group, ester group, or can have unsaturated bonds or
      branchings. In the event of the anion component being a sulfonic acid, the
      organic radical may comprise one or two aromatic nuclei which in turn may
      carry aliphatic side chains having from 4 to 12 carbon atoms, Examples of
      suitable anion components are alkyl sulfuric acid partial esters or
      monoalkylsulfates having from 6 to 26 carbon atoms, such as the sulfuric
      acid partial ester of octyl alcohol, decyl alcohol, dodecyl alcohol,
      palmityl alcohol, stearyl alcohol, monoalkenylsulfates having from 6 to 26
      carbon atoms such as mono-oleylsulfate, monoalkadienylsulfates having from
      6 to 26 carbon atoms such as monolinoleylsulfate, sulfuric acid partial
      esters of the products of addition of from 1 to 20 mols of ethylene oxide
      to one mol of saturated or unsaturated fatty alcohols having from 6 to 26
      carbon atoms of the alkanol, alkenol and alkadienol series, such as the
      sulfuric acid partial ester of a C.sub.12 -C.sub.14 fatty alcohol
      ethoxylated with 2 mols of ethylene oxide (EO), alkylbenzenesulfonic
      acids, whose alkyl radical can have from 4 to 12 carbon atoms, such as
      dodecylbenzenesulfonic acid, olefinsulfonic acids having from 6 to 26
      carbon atoms, particularly the olefin sulfonic acids obtained from
      .alpha.-olefins, such as a mixture of sulfonated .alpha.-olefins having
      from 15 to 18 carbon atoms, .alpha.-sulfo-fatty acid alkyl esters whose
      alkyl radical has from 1 to 4 carbon atoms and whose fatty acid moiety has
      from 6 to 26 carbon atoms, such as .alpha.-sulfocaprylic
      acid-O-methylester, .alpha.-sulfocapric acid-O-propylester,
      .alpha.-sulfolauric acid-O-ethylester, .alpha.-sulfo hydrogenated coconut
      fatty acid-O-methylester, .alpha.-sulfopalmitic acid-O-methylester,
      .alpha.-sulfostearic acid-O-methylester, .alpha.-sulfo hydrogenated palm
      kernel fatty acid-O-methylester, .alpha.-sulfo hydrogenated tallow fatty
      acid-O-methylester, .alpha.-sulfobehenic acid-O-methylester.
PAR  The diamine salts of the olefin sulfonic acid, to be used in accordance
      with the invention, can be produced by generally known processes, such as
      complete or partial sulfonating of olefins by means of sulfur trioxide
      mixed with air, neutralizing the sulfonic acids obtained with the
      corresponding diamines, and hydrolysis. The following products may be
      mentioned as examples of the starting olefins which may be used for
      producing the olefin sulfonic acids: cracked olefins of the chain lengths
      C.sub.8 to C.sub.26, particularly those of commercially available
      qualities having chain lengths of C.sub.12 to C.sub.20, Ziegler olefins of
      the chain lengths C.sub.8 to C.sub.26, particularly products of the chain
      lengths C.sub.10 to C.sub.22. Furthermore, the non-terminal olefins may be
      mentioned, such as are obtained from paraffins by chlorination and
      subsequent dehydrochlorination or by isomerization of .alpha.-olefins and
      of which all the straight and branched chain products of the chain lengths
      C.sub.8 to C.sub.26 are suitable, particularly the commercially available
      products of the chain lengths C.sub.12 to C.sub.20.
PAR  The .alpha.-sulfo fatty acid alkyl esters can be produced by known methods,
      for example by complete or partial sulfonation of the corresponding fatty
      acid alkyl esters by means of sulfur trioxide. Further processing to form
      the diamine salts is then effected by using the corresponding diamine to
      neutralize the .alpha.-sulfo fatty acid --O-alkyl esters obtained.
PAR  The diamine salts which are to be used according to the invention are
      surprisingly clearly soluble in water. They also wet rubber surfaces which
      cannot be wetted at all or are wetted only with difficulty with other
      products and have an extremely good separating effect even for very highly
      plasticized adhesive mixtures over a relatively long period of time. A
      further advantage of the diamine salts to be used in accordance with the
      invention is that the film of parting agent can be readily removed simply
      by rinsing with water, which is particularly advantageous when
      manufacturing ready-made rubber articles such as rubber boots or
      rubber-coated rolls and rubber-coated container linings.
PAR  If the rubber mixtures treated with the parting agents in accordance with
      the invention are vulcanized in conventional vulcanizing molds under
      pressure and heat, the parting agents do not have to be previously rinsed,
      since they are largely absorbed by the rubber mixture when the latter is
      flowing. On the other hand, spotless vulcanizate surfaces are obtained if
      the pre-formed rubber articles are openly vulcanized in steam or hot air.
PAR  Advantageously, the diamine salts to be used in accordance with the
      invention as parting agents for natural or synthetic elastomers are used
      in aqueous solution and a concentration of 0.1 to 10 percent by weight,
      preferably 0.2 to 2 percent by weight. The solutions are applied to the
      unvulcanized rubber composition surfaces and/or to the mold surfaces by
      conventional methods such as spraying or dipping. The aqueous solutions
      are then dried to give a film of the parting agents. This film can be from
      25 mg to 5.0 gm per square meter of surface for good parting effects.
PAR  In order to obtain specific effects, it is possible to add, in a known
      manner, water-soluble polymers for the purpose of improving the film
      formation and to increase the viscosity of the solutions. Suitable
      substances are, for example, carboxymethylcellulose,
      hydroxyethylcellulose, and methylcellulose. The products are normally used
      individually in technical purity, although the compounds may be used mixed
      with one another or mixed with emulsions of silicone oils and
      fluorohydrocarbons.
PAR  Although the parting agents in accordance with the invention are used
      chiefly in the treatment of unvulcanized sheets of rubber mixtures or
      unfinished rubber mixtures, it is equally possible to use the parting
      agents as mold parting agents.
PAR  In order to obtain a satisfactory parting effect between unvulcanized
      sheets of rubber, they are preferably painted or sprayed with the solution
      of the parting agents or are immersed in the solution and then dried to
      give films of from 25 mg to 5.0 gm/m.sup.2. When used as coating agents
      for molds, the molds, made from steel, aluminum or chromium-plated steel,
      are coated or sprayed with the aqueous solutions, and the water is
      evaporated to give films of from 25 mg to 5.0 gm/m.sup.2. Furthermore,
      anticorrosion agents, complex formers for sequestering the hardness of the
      water and, for example, specific silicone compounds acting as foam
      inhibitors, can be added to the solutions in smaller quantities.
PAR  Even if it is to be conventionally preferred to use water as a solvent for
      the diamine salts to be used in accordance with the invention, it is, on
      the other hand, also possible to additionally use organic solvents such as
      methylene chloride or lower alcohols or ketones, such as alkanols having 1
      to 4 carbon atoms or alkanones having 3 to 4 carbon atoms, individually or
      mixed for specific forms of use, for example in spray nozzles.
PAR  The following examples are intended to further explain the subject of the
      present invention without limiting the invention to the said examples.
PAC  EXAMPLES
PAC  Testing the layer parting effect
PAR  The parting effect of the diamine salts to be used in accordance with the
      invention and of comparison products was tested on an adhesive mixture of
      natural rubber and regenerated natural rubber which blends (welds) when
      stored without the use of the parting agents and, on the other hand, on a
      nitrile rubber mixture which is difficult to wet.
PAR  For this purpose, mixtures of the following composition, free from sulfur
      and accelerators, were produced on a two-roller mill:
TBL                             Parts by                                       
     Mixture NR/Reg.            Weight                                         
     ______________________________________                                    
     Natural rubber (RSS 1)     50                                             
     Natural rubber regenerate  100                                            
     Activated zinc oxide       5                                              
     Factice F 10 (of the firm Dr. Grandel, Hamburg)                           
                                5                                              
     Stearic acid               1                                              
     Phenyl-.beta.-naphthylamine                                               
                                1                                              
     Microcrystalline wax       1                                              
     Chalk                      20                                             
     Carbon black (N 326)       20                                             
     Naphthenic oil             25                                             
     ______________________________________                                    
     Mixture NBR                Parts by                                       
                                Weight                                         
     ______________________________________                                    
     Nitrile rubber (28% acrylonitrile)                                        
                                100                                            
     Activated zinc oxide       5                                              
     2-Mercaptobenzimidazole    1.5                                            
     Phenyl-.beta.-naphthylamine                                               
                                1.5                                            
     N-phenyl-N'-isopropyl-p-phenylenediamine                                  
                                3.5                                            
     Carbon black (N 550)       40.0                                           
     Stearic acid               0.5                                            
     Microcrystalline wax       3.0                                            
     Etherthioether("Plastikator OT" of the firm                               
       Farbenfabriken Bayer AG) 20.0                                           
     ______________________________________                                    
PAR  Strips of 5 cm in width and 30 cm in length were cut from respective,
      freshly manufactured, 4 mm thick sheets of the mixtures. The strips were
      immersed at room temperature in a 2% aqueous solution of the compounds
      specified hereinafter. The wetting was observed during drying with
      reference to the film formation and was assessed as follows:
PA1  1 = satisfactory wetting, closed film
PA1  2 = moderate wetting, film split at some places
PA1  3 = poor wetting, no formation of film
PAR  After drying for one hour at room temperature, the strips were folded over
      and then in the manner of a Z to from a packet, whose surface was now 5
      .times. 5 cm, and were stored for 24 hours at room temperature under a
      load of 1 kg. The packet was subsequently unfolded and the parting action
      was assessed as follows:
PA1  1 = easy, complete parting
PA1  2 = difficult, complete parting
PA1  3 = more than 50% parting, remainder of rubber was cracked
PA1  4 = more than 50% cracks in rubber
PAC  EXAMPLE 1
PAR  1 equivalent of .alpha.-sulfo hydrogenated palm kernel fatty acid methyl
      ester was reacted in aqueous solution with 1.2 equivalents of
      ethylenediamine, 1.1 equivalents of propylenediamine-1,2, 1.1 equivalents
      of propylenediamine-1,3, 1.1 equivalents of butylenediamine-1,4, 1.1
      equivalents of 1-methylamino-3-amino-propane and 1.1 equivalents of
      1-dimethylamino-3-amino-propane, respectively and, for comparison, with
      1.1 equivalents of hexamethylenediamine-1,6. The clear aqueous solutions
      produced were diluted to 2% for the purpose of testing the layer
      separation and were used in conformity with the above description. For the
      purpose of comparison, 2% aqueous solutions of the salts of .alpha.-sulfo
      hydrogenated palm kernel fatty acid methyl ester were used with
      equivalents of ammonia, diethylenetriamine, n-butylamine and magnesium.
      The following results were obtained:
TBL                TABLE I                                                     
     ______________________________________                                    
                 Wetting    Layer Separation                                   
     Salt          NR/Reg   NBR     NR/Reg NBR                                 
     ______________________________________                                    
     Ethylenediamine                                                           
                   2        2       2      2                                   
     Propylenediamine-1,2                                                      
                   1        1       1      1                                   
     Propylenediamine-1,3                                                      
                   1        1       1      1                                   
     Butylenediamine-1,4                                                       
                   2        3       2      3                                   
     1-methylamino-3-                                                          
      amino-propane                                                            
                   1        1       1      1                                   
     1,1-dimethylamino-3-                                                      
      amino-propane                                                            
                   1        1       1      1                                   
     Hexamethylene-                                                            
      diamine-1,6  3        3       4      4                                   
     Ammonia       3        3       4      4                                   
     Diethylenetriamine                                                        
                   1        3       4      4                                   
     n-Butylamine  1        2       4      4                                   
     Magnesium     1        3       4      4                                   
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  1 equivalent of a sulfonation product of .alpha.-olefins having 15 to 18
      carbon atoms was reacted in aqueous solution with 1.2 equivalents of
      propylenediamine-1,2, 1.2 equivalents of propylenediamine-1,3, 1.2
      equivalents of 1-methylamino-3-amino-propane and 1.2 equivalents of
      1,1-dimethylamino-3-amino-propane, respectively and, for comparison, with
      1.2 equivalents of hexamethylenediamine-1,6. For the purpose of testing
      the layer separation, the clear aqueous solutions produced were diluted to
      2% and, in conformity with the above description, were used in comparison
      with salts from the above-mentioned sulfonation products and sodium,
      magnesium, zinc, triethylamine, n-butylamine and diethylenetriamine. The
      assessment of the separating effects obtained is given in the following
      Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
                 Wetting    Layer Separation                                   
     Salt          NR/Reg   NBR     NR/Reg NBR                                 
     ______________________________________                                    
     Propylenediamine-1,2                                                      
                   1        2       1      2                                   
     Propylenediamine-1,3                                                      
                   1        1       1      1                                   
     1-methylamino-3-                                                          
      amino-propane                                                            
                   1        1       1      1                                   
     1,1-dimethylamino-3-                                                      
      amino-propane                                                            
                   1        2       1      1                                   
     Hexamethylene-                                                            
      diamine-1,6  2        3       2      2                                   
     Triethylamine 2        2       4      3                                   
     n-Butylamine  2        3       4      2                                   
     Diethylenetriamine                                                        
                   1        2       4      4                                   
     Magnesium     1        3       2      2                                   
     Zinc          1        2       4      4                                   
     Sodium        2        3       3      3                                   
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  The following solutions were used in this Example for testing the layer
      separation:
PA1  A. 2% clear, aqueous solution of magnesium C.sub.12-14 -fatty alcohol
      sulfate
PAR  B. 2% clear, aqueous solution of magnesium C.sub.12-14 -fatty alcohol-2
      EO-sulfate
PAR  C. 2% clear, aqueous solution of the salt of C.sub.12-14 -fatty alcohol-2
      EO-sulfuric acid half-ester with propylenediamine-1,3
PAR  D. 2% solution of the salt of C.sub.12-14 -fatty alcohol sulfuric acid
      half-ester with propylenediamine-1,3 in water/isopropanol 1 : 1
PAR  E. 2% clear, aqueous solution of the salt of C.sub.12-14 -fatty
      alcohol-2-EO-sulfuric acid half-ester with 1,1-methylamino-3-amino-propane
PAR  F. 2% clear, aqueous solution of the salt of C.sub.12-14 -fatty
      alcohol-2-EO-sulfuric acid half-ester with
      1,1-dimethylamino-3-amino-propane
PAR  G. 2% solution of the salt of C.sub.12-14 -fatty alcohol-sulfuric acid
      half-ester with 1,1-methylamino-3-amino-propane in water-isopropanol 1 : 1
PAR  H. 2% solution of the salt of C.sub.12-14 -fatty alcohol-sulfuric acid
      half-ester with 1,1-dimethylamino-3-amino-propane in water/isopropanol 1 :
      1.
PAR  The results of this test on layer separation is shown in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
                 Wetting    Layer separation                                   
     Salt          NR/Reg   NBR     NR/Reg NBR                                 
     ______________________________________                                    
     A             1        1       3      3                                   
     B             1        1       2      2                                   
     C             1        1       1      1                                   
     D             1        1       2      1                                   
     E             1        1       1      1                                   
     F             1        1       1      1                                   
     G             1        1       1      1                                   
     H             1        1       1      1                                   
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  1 equivalent of commercial p-dodecyl-benzenesulfonic acid was reacted with
      1.1 equivalents of ethylenediamine, 1.1 equivalents of
      propylenediamine-1,3, 1.1 equivalents of 1-methylamino-3-propane, 1.1
      equivalents of 1,1-dimethylamino-3-amino-propane and, on the other hand,
      with 1.1 equivalents of magnesium hydroxide, zinc hydroxide and aluminum
      hydroxide respectively. For the purpose of testing the layer separation,
      2% solutions were produced in a mixture of equal parts by volume of
      isopropanol and water. The results of the test are given in the following
      Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
                 Wetting    Layer separation                                   
     Salt          NR/Reg   NBR     NR/Reg NBR                                 
     ______________________________________                                    
     Ethylenediamine                                                           
                   1        1       2      3                                   
     Propylenediamine-1,3                                                      
                   1        1       2      2                                   
     1-methylamino-3-amino-                                                    
      propane      1        1       2      2                                   
     1,1-dimethylamino-3-                                                      
      amino-propane                                                            
                   1        1       2      2                                   
     Magnesium     1        1       3      4                                   
     Zinc          1        1       3      3                                   
     Aluminum      1        1       3      4                                   
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  This test serves the purpose of comparison with other diamine salts, not
      pertaining to the present invention, whose anion component carries a
      --COO.sup.-  group instead of the --SO.sub.3.sup.- or --OSO.sub.3.sup.-
      group. The result of the layer separation clearly shows that the products
      are unsuitable for this purpose. The comparison products were produced by
      reacting equivalent quantities of propylenediamine-1,3 or
      1-methylamino-3-amino-propane with caprylic acid, lauric acid, and capric
      acid in aqueous solution and were tested in the form of a 2% aqueous
      solution. The result of the test is shown in the following Table V, as
      compared with the propylenediamine-1,3 or 1-methylamino-3-amino-propane
      salt of a sulfonated .alpha.-olefin having 15 to 18 carbon atoms (Example
      2).
TBL                                    TABLE V                                 
     __________________________________________________________________________
                      Wetting  Layer separation                                
     Salt of propylenediamine-1,3                                              
                      NR/Reg                                                   
                           NBR NR/Reg                                          
                                    NBR                                        
     __________________________________________________________________________
     Caprylic acid    2    3   4    4                                          
     Lauric acid      1    1   4    4                                          
     Capric acid      1    1   4    4                                          
     Comparison of the Invention                                               
                      1    1   1    1                                          
     Salt of 1-methylamino-3-                                                  
     amino-propane                                                             
     Caprylic acid    2    3   4    4                                          
     Lauric acid      1    1   4    4                                          
     Capric acid      1    1   4    4                                          
     Comparison of the Invention                                               
                      1    1   1    1                                          
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  The following tests are intended to show that the diamine salts in
      accordance with the invention can also be used to good effect as mold
      separating agents. A casting polyurethane of the following composition was
      produced for the test:
PAC  Soft polyester polyurethane
PA1  100 gm of linear polyester (commercial product Desmophen 2000 of
      Farbenfabriken Bayer AG)
PA1  18 gm of naphthylene-1,5-diisocyanate (commercial product Desmodur 15 of
      Farbenfabriken Bayer AG)
PA1  2.3 gm of a mixture of 80% cross-linker B and 20% cross-linker TR
      (commercial products of Farbenfabriken Bayer AG).
PAR  A mixture was prepared at increased temperature from the above-mentioned
      raw materials in accordance with the mixture ratios given and in
      accordance with the instructions given by the suppliers and was poured
      into steel molds which had previously been intensively cleaned and then
      coated twice with the solutions given in the following Table VI. The molds
      were pre-heated to 100.degree.C to 110.degree.C before they were filled.
      The temperature in the polyurethane mass was approximately 130.degree.C at
      the time at which the molds were filled. The polyurethane mass was
      hardened for 3 hours at 110.degree.C. The polyurethane mass was
      subsequently removed from the molds and the force required was ascertained
      subjectively. The results of the tests are given in the following Table VI
      where the rating 1 = easy, complete separation and rating 2 = difficult,
      complete separation.
PAR  The products given in the following Table VI were used as separating agents
      in the form of an 0.5% aqueous solution, and the assessment was as
      follows:
TBL                TABLE VI                                                    
     ______________________________________                                    
                               Mold                                            
     Salts                     Separation                                      
     ______________________________________                                    
     Propylenediamine-1,3 salt of .alpha.-sulfo                                
     hydrogenated palm kernel fatty acid                                       
     methyl ester              1                                               
     Butylenediamine-1,4 salt of .alpha.-sulfo                                 
     hydrogenated palm kernel fatty acid                                       
     methyl ester              2                                               
     Propylenediamine-1,3 salt of                                              
     .alpha.-C.sub.15.sub.-18 -olefin sulfonic acid                            
                               2                                               
     Butylenediamine-1,4 salt of                                               
     .alpha.-C.sub.15.sub.-18 -olefin sulfonic acid                            
                               2                                               
     1-methylamino-3-aminopropane salt of                                      
     .alpha.-sulfo-hydrogenated palm kernel fatty                              
     acid methyl ester         1                                               
     1-dimethylamino-3-aminopropane salt of                                    
     .alpha.-sulfo hydrogenated palm kernel fatty                              
     acid methylester          1                                               
     1-methylamino-3-aminopropane salt of a                                    
     C.sub.12.sub.-14 -fatty alcohol sulfuric acid half-                       
     ester                     2                                               
     1-dimethylamino-3-aminopropane salt of a                                  
     C.sub.12.sub.-14 -fatty alcohol sulfuric acid                             
     half-ester                2                                               
     1-methylamino-3-aminopropane salt of a                                    
     C.sub.12.sub.-14 -fatty alcohol-2-EO-sulfuric acid                        
     half-ester                2                                               
     1-dimethylamino-3-aminopropane salt of a                                  
     C.sub.12.sub.-14 -fatty alcohol-2-EO-sulfuric acid                        
     half-ester                2                                               
     1-methylamino-3-aminopropane salt of a                                    
     .alpha.-C.sub.15.sub.-18 -olefin sulfonic acid                            
                               1                                               
     1-dimethylamino-3-aminopropane salt of a                                  
     .alpha.-C.sub.15.sub.-18 -olefin sulfonic acid                            
                               2                                               
     ______________________________________                                    
PAR  The preceding specific embodiments are illustrative of the practice of the
      invention. It is to be understood, however, that other expedients known to
      those skilled in the art may be employed without departing from the spirit
      of the invention or the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the process of separating sheets of unvulcanized rubber compositions
      and facilitating the removal of molded vulcanized rubber compositions from
      a mold comprising applying a thin film of a parting agent to the surfaces
      of sheets of unvulcanized rubber compositions or the surface of a mold or
      both and separating said sheets of unvulcanized rubber compositions
      without self-adhering or separating molded vulcanized rubber compositions
      from said mold, the improvement consisting of applying a thin film of from
      25mg to 5.0gm per square meter utilizing, as said parting agent, a salt of
      a diamine having the formula
      ##EQU5##
      wherein R.sub.3 is alkylene having 2 to 4 carbon atoms and R.sub.1 and
      R.sub.2 are members selected from the group consisting of hydrogen, alkyl
      having 1 to 8 carbon atoms and one hydrogen and one alkyl having 1 to 8
      carbon atoms, with an anion component having the formula
EQU  R -- X.sup.-
PAL  where X.sup.-  is an anion selected from the group consisting of
      --SO.sub.3.sup.- and --OSO.sub.3.sup.- and R is selected from the group
      consisting of monoalkylsulfates having from 6 to 26 carbon atoms,
      monoalkenylsulfates having from 6 to 26 carbon atoms,
      monoalkadienylsulfates having from 6 to 26 carbon atoms, sulfuric acid
      half esters of fatty alcohol ethoxylates having 1 to 20 mols of ethylene
      oxide adducted to 1 mol of a fatty alcohol having 6 to 26 carbon atoms,
      alkylbenzensulfonates having 4 to 12 carbon atoms in the alkyl,
      olefinsulfonic acids having 6 to 26 carbon atoms and .alpha.-sulfo fatty
      acid esters with alkanols having 1 to 4 carbon atoms, where the fatty
      acids have from 6 to 22 carbon atoms, dissolved in an aqueous solution in
      a concentration of 0.1% to 10% by weight.
NUM  2.
PAR  2. The process of claim 1 wherein R.sub.1 and R.sub.2 are hydrogen or
      methyl and R.sub.3 is propylene.
NUM  3.
PAR  3. The process of claim 2 where R.sub.1 and R.sub.2 are hydrogen.
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ABST
PAL  A retractile cord of a telephone handset having individually insulated
      conductors is jacketed with an extrudable flexible clear flame retardant
      composition which includes a polyvinyl chloride resin (PVC). A phthalate
      plasticizer is included to impart low temperature properties to the
      composition while a phosphate plasticizer is used for flame retardancy and
      a polymeric plasticizer for resistance to extraction of constituents of
      the composition by oils encountered during use. The composition also
      includes a metallic stabilizer, a lubricant, an ultraviolet light
      absorber, an epoxy resin and epoxidized plasticizing stabilizer. The
      extruded composition is characterized by excellent clarity as well as
      superior low temperature, flame-retardant and lacquer-mar properties.
      Equally important is the outstanding resiliency of strand material covered
      with the composition and wound into a helical configuration with a
      plurality of convolutions.
PARN
PAR  This is a division, of application Ser. No. 339,461 filed Mar. 8, 1973, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to strand material covered with a clear flame
      retardant composition and methods of making same and, more particularly,
      to telephone cordage jacketed with an extrudable clear flame retardant
      polyvinyl chloride composition having retractile properties and having
      protection against degradation by ultraviolet or diffused light while
      providing stability during manufacture as well as during customer use and
      methods of making.
PAR  2. Description of the Prior Art
PAR  Most telephone users are familiar with what is referred to in the art as
      the spring cord which extends a telephone circuit from a telephone base to
      a companion telephone handset. It has been the custom to match the color
      of the line cord, which connects a wall terminal with the telephone base,
      to the color of the housing of the base, the handset and the retractile
      cord. Due to the large number of colors and the several different lengths
      of cords that are available, installers must maintain an uneconomically
      large inventory of line and spring cords on service vehicles in order to
      provide the many combinations of length and color. This results in
      excessive inventory holding costs and requires additional warehouse and
      truck storage space.
PAR  To reduce the excessive costs involved, studies were made to ascertain if a
      single color cord, which would significantly reduce the number of
      combinations, could be used. It was decided that this universal color must
      be neutral in any environment, compliment the telephone set, be
      aesthetically appealing and be widely accepted by telephone subscribers.
      Tests showed that a line cord having tinned tinsel conductors individually
      insulated with a clear nylon material and jacketed with a clear polyvinyl
      chloride jacket had aesthetic appeal as indicated by a high acceptance
      rating in product test areas.
PAR  Clear flame retardant polyvinyl chloride compositions possessing
      characteristics required for telephone line cord jackets, have not been
      commercially available in the past. To obtain flame retardant
      characteristics, the prior art approach has been to employ additives such
      as antimony trioxide. This is sufficient if one is working with opaque
      formulations but the addition of additives such as antimony trioxide to
      clear polyvinyl chloride compositions is destructive of clarity.
PAR  The development of a composition is complicated further by additional
      demands because of the innumerable environments in which telephones are
      installed. For example, the final jacketing composition must be flexible
      and have superior low temperature flexibility properties so that the
      jacket will not be embrittled in some of the expected environments of use,
      such as in office buildings prior to placing the heating system in
      service. Also, the composition must remain clear during the exposure of
      the cord to ultraviolet radiation in sunlit rooms which tends to degrade
      the color of plastic covered cords.
PAR  In addition, the clear flame retardant jacketing composition must also be
      of such a nature as to not mar or damage any lacquered surface such as a
      desk or table top. Also, if the plastic jacket in contact with such a
      surface does not possess adequate mar resistance, the jacket surface will
      be permanently damaged.
PAR  A clear flame retardant composition for line cords and methods of jacketing
      line cords therewith is disclosed in copending application Ser. No.
      258,964, filed June 2, 1972 in the names of E. S. Sauer and W. C.
      Vesperman.
PAR  While a line cord meeting the requirements set forth hereinbefore is
      available, the cord connecting the handset to the base presents an added
      requirement. The composition used to provide a jacket for spring cords
      must be such that the cord manufactured by jacketing, coiling, heat
      setting and removal-reversing operations (see U.S. Pat. No. 2,920,348, for
      example) results in a cord having retractile properties.
PAR  When the telephone is not in use, a retractile or spring cord takes the
      form of a tightly-wound helix. When the handset is removed from the base,
      the helix expands in a manner of a coil spring to permit the user to range
      a distance therefrom.
PAR  The construction of the spring cord as described in U.S. Pat. No. 3,037,068
      issued on May 29, 1962 in the name of H. L. Wessel is designed to permit
      the repetitive flexure of the cordage for a relatively large number of
      times as encountered during normal usage. The spring cords must have
      sufficient retractility to insure that they will return promptly to their
      normal retracted form after having been extended and released.
PAR  Of course, such cords must not be so strongly retractile that they require
      an excessive amount of force to extend them. If a spring cord is too
      unyielding, instead of the cord extending when a pull is executed thereon,
      the instrument to which it is attached may be moved or pulled off its
      support. Further, it is economically desirable to obtain a desired
      extended length with as short a length of cordage as possible. Also, from
      an appearance standpoint, it is desirable that the retracted length of the
      spring cord be as short as possible.
PAR  The helical shape and the springiness of the cord are derived in part from
      the characteristics of the composition of the jacket surrounding the cord.
      This adds yet another requirement for the composition of the cord jacket.
      The composition must endow the cord with retractile properties as well as
      clarity, and low temperature properties.
PAR  Moreover, the composition must be such that the finished cord jacketed with
      that composition retains its retractile properties. Skin oils, for
      example, tend to cause plasticizers to migrate from a PVC composition. The
      composition should be resistant chemically to oils to prevent such
      migration and thereby preserve the retractility of the cord. This will
      also avoid the exuding of substances which may be dermatologically adverse
      to subscribers.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a strand material provided with an
      insulative covering having excellent retractile properties. The covering
      includes a polymeric material consisting essentially of at least 80
      percent by weight of polyvinyl chloride, a monomenic plasticizer for
      imparting low temperature properties to the composition, a flame retardant
      plasticizer for flame retardancy, a polymeric plasticizer for establishing
      resistance to oil extraction, a metallic stabilizer, a lubricant, an
      ultraviolet light absorber, and an epoxy resin. The strand material
      covered with the defined insulative covering may be wound in a helical
      configuration with a plurality of convolutions and further processed to
      produce a telephone cord having excellent retractile properties.
PAR  More particularly, strand material to be used in manufacturing telephone
      spring cords is covered with a clear flame retardant composition.
      Successive sections of the strand material are advanced and covered with a
      composition which comprises a polymeric material consisting essentially of
      at least 80 percent by weight of polyvinyl chloride, 10 to 40 parts by
      weight of a phthalate plasticizer, per 100 parts by weight of the
      polymeric material, 15 to 40 parts by weight of a phosphate plasticizer,
      per 100 parts by weight of the polymeric material, 15 to 45 parts by
      weight of a polymeric plasticizer, per 100 parts by weight of the
      polymeric material, 1 to 5 parts by weight of a metallic stabilizer
      system, per 100 parts by weight of the polymeric material, 0.25 to 1 part
      by weight of a lubricant, per 100 parts by weight of the polymeric
      material, 0.25 to 1.0 part by weight per 100 parts by weight of an
      ultraviolet light absorber, of the polymeric material, 1 to 4 parts by
      weight of an epoxy resin per 100 parts by weight of the polymeric
      material, and not exceeding 8 parts by weight of an epoxy plasticizing
      stabilizer, per 100 parts by weight of the polymeric material.
PAC  DETAILED DESCRIPTION
PAR  In the presently used environment of the composition embodying the
      principles of this invention, a telephone cord having tinned tinsel
      conductors insulated with nylon is jacketed with the inventive comprising
      a polyvinyl chloride (hereinafter referred to as PVC) constituent. The
      material of which the conductor is constructed is not critical. Commonly
      used conductors are copper and aluminum as well as alloys of either of
      these materials. Moreover, it is common practice to tin conductors to aid
      in making solder joints and no complications are introduced by this
      conventional procedure.
PAR  The nylon insulation or other suitable insulation over the tinned tinsel
      conductors is transparent as is the PVC jacket. However, it is not
      necessary that the nylon insulation possess the flame retardant properties
      characteristic of the PVC jacketing composition of the present invention.
PAR  The basic polymer which is utilized in the inventive composition is a
      polyvinyl chloride (PVC) resin, a homopolymer. The PVC resin has all of
      the characteristics associated with a homopolymer which includes some
      abrasion resistance, but which in and of itself is heat unstable. However,
      when the PVC resin is caused to soften during processing which is
      necessary to process the compound, the resistance to abrasion is reduced.
      Further, the PVC must be a suitable electrical grade PVC homopolymer.
PAR  Commercial PVC polymers which may contain up to 20 percent or preferably to
      a maximum of 10 percent by weight of comonomers or other admixed material
      such as propylene may be used without significant adverse effect. For
      example, PVC acetate or PVC propylene may also be used.
PAR  The PVC resin may be any of a number of PVC resins well known in the art
      for use as electrical insulation. In accordance with the A.S.T.M. standard
      for 1966, suitable compounds may be classified as within the range of from
      GP4-00005 to GR7-00005 inclusive. Definition of these characteristics are
      set forth in the A.S.T.M. standard under designation DI755-66.
PAR  Briefly, the designation, GP, designates a general purpose resin. The first
      numerals (entries 4  through 7) represent a polymer molecular weight in
      terms of solution viscosity and the last digit, 5, indicates the usual
      preference for an electrical conductivity less than 18 ohms per centimeter
      per gram. This electrical characteristic is, of course, not a basic
      requirement from the standpoint of the inventive teaching. The bar under
      or the bar over a numeral indicates a value less than or more than,
      respectively, the numeral. The four ciphers in the designations indicate
      that the properties of particle size, apparent bulk density, plasticizer
      absorption and dry flow may be any A.S.T.M. designated level, i.e., 1-9,
      and, therefore, these properties are not critical for the inventive
      purposes.
PAR  It is convenient to discuss concentrations in terms of parts by weight
      based on 100 parts of the polymeric material. The term polymeric material
      is defined as the PVC or the total admixed PVC. Concentrations so
      designated, therefore, result in compositions having greater than 100
      parts.
PAR  Combined with the polyvinyl chloride resin to facilitate processing,
      including the extrusion, of the composition is a monomeric plasticizer,
      such as a phthalate plasticizer. The selected monomeric plasticizer must
      be an acceptable low temperature plasticizer. An acceptable low
      temperature plasticizer is one which combines with the polyvinyl chloride
      resin so as to become inserted between the molecules of the resin. In this
      way, at low temperatures of say 0.degree. F and below, the low temperature
      plasticizer acts as bearings or rollers between the PVC resin molecules to
      maintain the material in a flexible condition.
PAR  Another problem arises in attempting to optimize the monomeric plasticizer.
      Plasticizers are members of the ester family which includes straight chain
      esters and branch chain esters. The straight chain ester materials are
      more effective in maintaining flexibility at low temperatures than branch
      chain materials, i.e., esters having say at least 35% branch chains. But
      branch chain esters have some advantages over straight chain esters, e.g.,
      better so-called lacquer-mar characteristics, which relates to the effect
      of the composition on furniture with which the cord is in contact.
PAR  There are many commercially available monomeric plasticizers, but depending
      on the choice, the low temperature flexibility and lacquer-mar and oil
      resistance may vary. The choice of a monomeric plasticizer must be made as
      a function of the requirements of the overall composition. One of these,
      of course, is that the composition have excellent retractile properties.
PAR  Inappropriate plasticizing constituents within the composition tend to
      exude from the spring cord onto the lacquered surface of table tops on
      which the telephone handset may be supported. This extractive process
      causes a white streak to appear on the portion of the table top which had
      been in engagement with the cord.
PAR  A preferred concentration added to the polyvinyl chloride resin is 10-40
      parts by weight of the phthalate plasticizer to 100 parts by weight of the
      polymeric material. If less than 10 parts are employed, additional
      phosphate plasticizer, which has lubricating properties inferior to the
      phthalate plasticizer, would be required. Also, the composition would have
      poorer low temperature flexing properties and poorer long term heat
      stability. If more than 40 parts are employed, the flame retardancy of the
      composition begins to decrease and the lacquer-mar resistance of the
      composition is reduced.
PAR  The phthalate plasticizer employed in a composition embodying the
      principles of the present invention may be a di(N-octyl-n-decyl) phthalate
      (designated 810P), a di (N-hexyl-n-decyl) phthalate (designated 610P), a
      di-2-ethylhexyl phthalate (designated DOP), a di-isodecyl phthalate
      (designated DIDP), a di-iso-octyl phthalate (designated D10P), a
      di-isononyl phthalate (designated D1NP), a ditridecyl phthalate
      (designated DTDP), a isodecyl-tridecyl phthalate (designated IDTP) or a
      di-undecyl phthalate (DUP).
PAR  It has been found that DUP, as marketed by the Monsanto Chemical Company
      and having a molecular weight of 474 is a suitable phthalate plasticizer.
PAR  The addition of DUP to a polymeric composition to produce a successful cord
      product is believed to be a surprising result. Usually, DUP is not used
      because of its permanence characteristics which causes it to flow out of
      the composition. Generally, if this large an amount of DUP is used to
      achieve desirable low temperature properties, the cord will feel moist to
      the touch. Apparently, the use of DUP together with a suitable flame
      retardant plasticizer stablizes the DUP within the matrix of the
      composition. The DUP is believed to be made more soluble in the
      composition because of the flame retardant plasticizer.
PAR  A triaryl phosphate plasticizer is used in order to render flame retardant
      the inventive composition. To be rated self-extinguishing, the composition
      must not support combustion under normal atmospheric conditions. In terms
      of A.S.T.M. under designation D2863, the subject composition should meet a
      minimum limiting oxygen index (L.O.I.). The oxygen index is defined as the
      volume percent of oxygen in a mixture of oxygen and nitragen required to
      support combustion. The greater the limiting oxygen index, the better are
      the flame retardant properties of the composition.
PAR  Of course, as in the planning of every product, it is necessary to weigh
      the costs involved. Care must be taken to optimize flame retardancy, but
      at the same time consideration must be given the costs so as not to unduly
      burden the customer. It is a requirement of retractile cords manufactured
      in accordance with certain requirements deemed necessary for subscriber
      installation that a minimum limiting oxygen index of 23 be achieved.
      Needless to say, the phosphate plasticizer is an essential part of the
      inventive composition in that the phosphate plasticizer is the constituent
      which is of assistance in achieving the minimum limiting oxygen index of
      23.
PAR  The addition of the triaryl phosphate into the composition also affects
      advantageously the composition in other ways. For example, the phosphate
      plasticizer has a secondary effect of rendering the polyvinyl chloride
      composition processable in a manufacturing line. In addition, the
      phosphate plasticizer is of assistance in adding to the light stability of
      the composition.
PAR  A preferred concentration of the triaryl phosphate added to the PVC is
      15-40 parts by weight of the phosphate plasticizer to 100 parts by weight
      of the polymeric material.
PAR  A delicate balancing of the number of parts by weight of the triaryl
      phosphate in relation to the other constituents of the composition is
      necessary. If less than 15 parts are employed, the limiting oxygen index
      requirement is not met. On the other hand, the greater the number of parts
      by weight of the phosphate plasticizer, the higher the limiting oxygen
      index. However, although the phosphate is of assistance in achieving flame
      retardancy, the material adds greatly to the overall expense of the
      composition. For example, commercially available phosphates may cost in
      the range of two to three times the cost of monomeric plasticizers. Also,
      the use of more than 40 parts decreases the lacquer-mar resistance, the
      heat stability, the low temperature properties, and the processability of
      the composition.
PAR  The phosphate plasticizer may be a triaryl phosphate such as Kronitex K-100
      as marketed by FMC Chemical Co. The Kronitex K-100 has a molecular weight
      of 340, an acidity in percent of 0.2 meg/100 grams maximum and a boiling
      point of 390.degree. C at a pressure of 760 mm of mercury. Other
      phosphates which may be used include an octyl diphenyl phosphate (ODP), an
      isodecyl diphenyl phosphate or a halogenated mixed triaryl ester such as
      Phosflex 300 marketed by The Stauffer Chemical Co.
PAR  The composition must be sufficiently oil resistant so as to preclude the
      exudation of the jacket constituents of the jacket material when in
      contact with the customer's hands. In order to accomplish this, a
      polymeric plasticizer is combined with the PVC and the monomeric and
      phosphate plasticizers. The aforementioned constituent renders the
      composition resistant to oils extracting plasticizers from the
      composition. If the cord did not meet this requirement, the customer could
      experience dermatological problems. Moreover, the extraction of the
      plasticizers would cause the cord to become inflexible and tend toward
      becoming rigid. This, of course, cannot be tolerated.
PAR  A polymeric plasticizer suitable for purposes of this composition is
      available commerically from the Monsanto Chemical Company under the
      designation Santicizer 429.
PAR  A preferred concentration added to the PVC and the hereinbefore mentioned
      plasticizers is 15 to 45 parts by weight to 100 parts by weight of the
      polymeric material. If less than 15 parts are used, the composition
      suffers in its resistance to oil extraction. If more than 45 parts are
      used, the cost of the composition is needlessly increased. Also, if more
      than 45 parts are used, the amount of the monomer plasticizer must be
      reduced in order to maintain an acceptable limit for total plasticizer.
      This causes a reduction in the limiting oxygen index and the resultant
      extruded composition becomes undesirably soft.
PAR  Combined with the PVC and the plasticizers is a metallic stabilizer system
      which may or may not have a liquid carrier. The aforementioned constituent
      permits the composition to be extruded by an extrusion apparatus thereby
      rendering the material processable without any non-uniformity in
      appearance. Discoloration of course, would not be tolerable with
      subscribers. The addition of stabilizer also results in a clear
      composition, the ratio of the metals of the composition being maximized to
      give a clear color with accompanying heat stability.
PAR  A metallic stabilizer suitable for purposes of this composition may include
      (1) a metallic stabilizer containing a phosphite chelator, (2) a barium
      stearate, (3) a cadmium-stearate, (4) a barium-ethyl-hexoate, (5) a
      barium-cadium laurate or (6) a barium cadmium myristate. A metallic
      stabilizer containing a phosphite chelator may includes a
      barium-cadmium-zinc phosphite or a barium-cadmium phosphite. The use of
      these metallic constituents provides early, intermediate and long term
      heat stability while the chelator optimizes the effectiveness of these
      constiuents.
PAR  The metallic stabilizer may be present in solid form or dispersed in a
      carrier. A preferred carrier may include an organic solvent. This
      stabilizer may be defined as being an emulsion or suspension of the
      materials in an organic solvent carrier.
PAR  It has been found that a liquid metallic stabilizer has certain advantages.
      A liquid metallic stabilizer may be added to the compounding mixture
      together with the other liquid constituents such as the plasticizers and
      the other stabilizers to benefit the composition at a very early stage of
      preparation. This dispersion of metals in an organic solution interacts
      with the polyvinyl chloride and is employed to aid the extrusion process
      and provide stability.
PAR  A preferred concentration added to the PVC and the plasticizers is 1.0 to
      5.0 parts by weight of a metallic stabilizer to 100 parts by weight of the
      polymeric material. If less than 1.0 part is used, the heat stability of
      the composition is reduced. More than 5 parts detracts from the heat
      stability of the composition.
PAR  One such barium-cadmium zinc phosphite liquid stabilizer which has been
      found suitable for purposes of the composition embodying the principles of
      this invention is available commercially from the Ferro Company under the
      designation Ferro GH-148. The Ferro GH-148 phosphite stabilizer is a
      liquid emulsion, a metallic stabilizer dissolved in a liquid and includes
      a 3.9% barium, 1.9% cadmium, and 0.2% zinc by weight of the total
      emulsion.
PAR  A lubricant is combined with the PVC, the plasticizers and the metallic
      stabilizers. The lubricant used in this composition may, for example,
      include a metallic stearate or a stearic acid. Functionally, the lubricant
      (1) adds synergistically to the maintenance of the clarity by helping to
      avoid yellowing, (2) adds to the heat stability of the composition, and
      (3) provides lubrication of the composition in the manufacturing process.
PAR  The lubrication of the composition insures that all of the constituents
      blend together to obtain a homogeneous mix with an accompanying reduction
      of internal friction. The lubricant is also of assistance in causing the
      composition to be moved onto the extrusion screw, to be melted and to be
      extruded therefrom in a uniform state in an even flow.
PAR  Preferably, a concentration added to the PVC is 0.25 to 1 part by weight of
      the lubricant to 100 parts by weight of the polymeric material. If less
      than 0.25 part is used, the flow and hence the extrudability of the
      composition is reduced. Also, the use of a portion of a part outside the
      low end of the range causes poor mixings, poor flexing, internal heat
      buildup in processing, reduced heat stability and high shear forces which
      leads to burn-up of the material in processing. On the other hand, the use
      of more than 1 part overlubricates and causes slippage in the extruder.
PAR  A stearic acid lubricant available commercially from Emory Industries under
      the designation Emersol 120 has been found to be a suitable lubricant.
      Emersol 120 has a melting point of 53.degree.-54.degree. C and is
      double-press dispersed into a fine powder form to be capable of a more
      complete dispersion in the overall composition.
PAR  In order to provide adequate light stability for the inventive composition,
      an ultraviolet absorber is combined with the PVC, the plasticizers, the
      metallic stabilizer, and the lubricant. The addition of the ultraviolet
      absorber is of assistance in avoiding ultraviolet degradation such as when
      the telephone cordage having the inventive composition covering the
      conductors is exposed to sunlight. The polyvinyl chloride is caused to
      remain intact upon exposure to any ultraviolet radiation.
PAR  A preferred concentration added to the PVC is 0.25 to 1.0 part by weight of
      the ultraviolet absorber per 100 parts by weight of the polymeric
      material. If less than 0.25 part is used, there is no real protection
      against ultraviolet exposure. However, if more than 1.0 part is used, the
      cost of the composition may be prohibitive. Also, an excessive amount of
      ultraviolet absorber may plate out of the composition.
PAR  One family of ultraviolet absorbers which are available and have been found
      to be acceptable are the substituted benzophenones such as
      4-decyl-2-hydroxy-benzophenone and known as Mark 202A as marketed by the
      Argus Chemical Company. The Mark 202A ultraviolet absorber has a melting
      point of 120.degree. F and is in the form of a powder having an off-white
      appearance. The choice of absorber must be made carefully in order to
      prevent loss of clarity in the resulting composition. Ultraviolet
      absorbers are manufactured to provide light stability for opaque as well
      as for clear materials. The choice must be made to select one which
      provides light stability for a clear compound.
PAR  Other substituted benzophenones which are acceptable constituents for the
      claimed composition include a 2-hydroxy-4-dodecyloxy benzophenone, and a
      2-hydroxy-4-N-octoxy benzophenone.
PAR  Another family of ultraviolet absorbers which may be added to the polyvinyl
      chloride resin is the substituted acryonitriles. These may include a
      2-ethyl-hexyl-2-cyano-3, 3-diphenyl acrylate available commercially from
      the General Anline Company under the designation UVINUL N539 or an
      ethyl-2-cyano-3, 3-diphenyl acrylate.
PAR  In order to provide additional heat stability for the compound, a low
      molecular weight epoxy resin is included as a constituent. The epoxy resin
      has a secondary effect of providing additional light stability for the
      composition.
PAR  A preferred concentration added to the PVC is 1 to 4 parts by weight of
      epoxy resin per 100 parts by weight of the polymeric material. Should less
      than 1 part be combined with the PVC, there is a reduction in the heat
      stability and the extrudability of the composition. Also, the light
      stability is reduced which may be manifested in early yellowing. If more
      than 4 parts are used, the long term heat stability is reduced and the
      cost of the composition is increased.
PAR  More particularly, a diglycidyl ester of bisphenol A epoxy (bisphenol A
      epichlorohydrin epoxy), low molecular weight epoxy resin, having a
      molecular weight in the range of 350-400 is included as a constituent of
      the composition. A suitable epoxy resin is marketed by the Shell Chemical
      Company under the trademark EPON 828, and which is an uncured epoxy
      (liquid), having an epoxide equivalent of 175-210, an average molecular
      weight of 350 to 400, and a refractive index at 25.degree. C of
      1.570-1.575, and which is a pourable liquid at room temperature. Also
      suitable are branched di and tri-epoxides manufactured by the condensation
      of epichlorohydrin and glycerine, an example of which is EPON 812
      available from the Shell Chemical Company.
PAR  Finally, an epoxy plasticizer may be added to the PVC for additional heat
      stability and light stability. The heat stability of the composition must
      be adequate in two regards, one, the short term heat stability and two,
      long term heat stability. Without the short term heat stability, it may be
      necessary to discontinue the operation of the manufacturing line since the
      composition may be degraded in line and possibly in the extruder. Longer
      term heat stability prevents discoloration of the composition with the
      passage of time. Should the composition be lacking in long term heat
      stability, the insulative covering tends to become yellowish and detract
      from the overall aesthetic appeal of a clear insulation. Adequate heat
      stability of the composition avoids yellowness of the conductor covering
      and lengthens the time between shut downs of the manufacturing facility.
PAR  It has been found that a preferred concentration added to the PVC is not in
      excess of 8 parts by weight of the epoxy plasticizer per 100 parts by
      weight of the PVC.
PAR  The epoxy resin and the epoxy plasticizer yield synergistic results as
      regards the heat stability of the composition, that is, the heat stability
      of the composition is in excess of that to be expected from the addition
      of the epoxy plasticizer or the epoxy resin alone. In addition, the epoxy
      plasticizer acts as a secondary plasticizer for the composition. The
      employing of more than 8 parts is not compatible with the composition and
      the plasticizer will exude to the surface. Also, the lacquer-mar
      resistance is reduced.
PAR  An epoxy plasticizer suitable for this composition may include octyl epoxy
      stearate such as a material available commerically from the Argus Chemical
      Company and designated Drapex 6.8 or an octyl epoxy tallate have been been
      found suitable to add the above-mentioned properties into the composition.
      An octyl epoxy tallate is available under the trade name Drapex 4.4,
      marketed by the Argus Chemical Company, and has a specific gravity of 9.22
      and a molecular weight of 420. An epoxidized soy bean oil or an epoxidized
      linseed oil have also been found to be acceptable epoxy plasticizers.
PAR  Laboratory Brabender heat stability studies supported by actual extrusion
      trials, demonstrate that this unique combination of additives provides
      excellent initial clarity as well as long term heat stability.
PAR  The hereinbefore described composition has been found to satisfy the
      requirements of a jacketing material for spring cords. Specifically, the
      composition (1) is flame retardant, (2) is clear, (3) is extrudable, (4)
      has excellent low temperature properties, (5) is flexible, (6) includes
      compatible constituents, i.e., the plasticizers which will not migrate out
      of the composition, (7) does not produce skin irritations for the
      customer, (8) has heat and ultraviolet light stability, and (9) possesses
      excellent retractile properties.
PAR  The excellent retractile properties are, of course, necessary in order to
      use strand material covered with the above-described composition to
      manufacture spring cords for telephone use. It is important to realize
      that although constituents may be added for flame retardance, clarity, low
      temperature properties, etc., the sum effect of all the constituents may
      not provide the requisite retractile properties. The composition of this
      invention not only provides for flame retardance, etc. but does, in fact
      yield excellent retractile properties.
PAR  It should be realized that although the composition disclosed and claimed
      herein was developed essentially as a jacketing material for retractile
      telephone cords, other uses of the composition may evolve. For example,
      the claimed composition may very well be used to jacket the line cord
      which connects the telephone base to the wall terminal.
PAC  EXAMPLES
PAR  The following examples illustrate various clear flame retardant jacketing
      compositions prepared in accordance with the invention. In all cases, the
      structure is that of a conductor such as tinsel conductors with a nylon
      insulation thereover. Examples are set forth in tabular form. For
      comparison purposes, all examples set forth were carried out using the
      homopolymer described hereinbefore. Moreover, all amounts are in parts by
      weight.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Examples                                                                  
     Ranges       A   B   C   D   E   F   G   H                                
     __________________________________________________________________________
     100   PVC Resin                                                           
                  100 100 100 100 100 100 100 100                              
     10-40 Phthalate                                                           
           Plasticizer                                                         
                  10  25  14  40  18  10  22  21                               
     15-40 Phosphate                                                           
           Plasticizer                                                         
                  35  20  15  15  20  40  20  20                               
     15-45 Polymeric                                                           
           Plasticizer                                                         
                  25  20  45  15  20  15  23  23                               
     1.0-5.0                                                                   
           Ba, Cd, Zn,                                                         
           Phosphite                                                           
           Stabilizer                                                          
                  5   3   3   3   1   3   2.5 2.5                              
     0.25- Lubricant                                                           
     1.0          0.25                                                         
                      0.25                                                     
                          0.5 0.5 1.0 0.25                                     
                                          0.5 0.5                              
     0.25- UV-Absorber                                                         
     1.0          0.25                                                         
                      1.0 0.5 0.5 0.5 0.25                                     
                                          0.5 0.5                              
     1.0-4.0                                                                   
           Epoxy Resin                                                         
                  4   3   3   3   1   4   3.0 3.0                              
     0-8.0 Epoxy                                                               
           Plasticizer                                                         
                  0   2   1   0   8   0   0   0                                
     __________________________________________________________________________
PAR  All of the example compositions of Table I result in acceptable jacketing
      for retractile cords. Each of the example compositions of Table I meets
      the physical and chemical requirements set out hereinafter. Of those
      compositions shown in Table I, example G is preferred for manufacturing
      retractile cords. The composition of example H is preferred for
      manufacturing line cords.
PAR  The phthalate plasticizer used in example G in Table I, is DUP (referred to
      hereinbefore), a high molecular weight phthalate ester based on
      essentially linear undecanol (C 11 alcohol). Example H uses a phthalate
      plasticizer marketed by Monsanto Chemical Company under the designation
      Santicizer 711. This is a high molecular weight branched ester based as a
      blend of C7, C9 and C11 alcohols.
PAC  Subcombination Requirements
PAR  Referring now to Table I, it is important to recognize that certain
      subcombinations of the constituents of the inventive composition are
      necessary in order to achieve certain desirable results. For example, it
      is important that the combined parts by weight of the plasticizers -- the
      phthalate plasticizers, the phosphate, the polymeric plasticizer and the
      epoxy plasticizer if any is used -- be at least equal to 50 parts by
      weight per 100 parts by weight of the PVC resin to provide adequate
      properties at low temperatures. Moreover, if the composition is not
      provided with sufficient quantities of plasticizer, the composition will
      not possess adequate shear heat resistance.
PAR  There is also an upper limit for the total parts by weight of the
      plasticizers per 100 parts by weight of the polymeric material. If the
      plasticizers total over 75 parts by weight, the resulting jacket becomes
      very flexible and also becomes very difficult to strip from the primary
      insulation, i.e., the insulation on the individual conductors.
PAR  The main function of the phthalate plasticizer is to achieve the low
      temperature qualities of the composition while the epoxy plasticizer is
      included for clarity, heat stability and secondarily for imparting low
      temperature properties to the composition. The phosphate plasticizer
      provides good low temperature properties down to approximately 0.degree.
      C; the polymeric plasticizer, down to approximately -10.degree. C.
PAR  While the phthalate plasticizer and the epoxy plasticizer perform equally
      as well with regard to the low temperature characteristics of the
      composition, the epoxy plasticizer is more expensive than the phthalate.
      Moreover, increased parts by weight of the epoxy plasticizer engenders
      lacquer-mar problems.
PAR  Although the combinations of the phthalate phosphate, polymeric and the
      epoxy plasticizers, should have combined parts by weight at least equal to
      50, per 100 parts by weight of the polymeric material, it is important to
      recognize that the phosphate must be maintained at not more than 40 parts
      by weight per 100 parts by weight of the polymeric material. Should the
      other constituents not be added to this subcombination, the heat stability
      and low temperature properties of the composition may become unacceptable.
      On the other hand, if the phosphate constituent in and of itself were used
      to satisfy the subcombination parts by weight of 50 per 100 parts by
      weight of the polymeric material, the composition would fail the heat
      stability test as well as the oil extraction requirement. Moreover, the
      phosphate constituent, which is primarily used for flame retardancy, is
      inferior to the phthalate plasticizer with respect to enhancing the low
      temperature qualities of the composition.
PAR  When using the diundecyl phthalate (DUP), it is important to maintain a
      weight ratio of the DUP to the phosphate plasticizer which is less than
      two to one (2:1). This is necessary since the phosphate acts as a solvent
      for the very powerful DUp and insures that the DUP is soluble in the
      composition. In this way, the excellent low temperature properties of the
      DUP can be realized while insuring compatibility of the DUP with the other
      constituents.
PAR  In arriving at a composition which is processable and which meets the
      minimum requirements as will be set forth hereinafter with regard to
      certain ASTM and other tests, a certain degree of heat stability must be
      maintained. The barium-cadium-zinc phosphite stabilizer is primarily
      responsible for heat stability with a secondary function of the epoxy
      resin and the epoxy plasticizer also being of assistance in imparting heat
      stability to the composition. Of course, the composition must be
      structured so that the constituents which give the composition heat
      stability are compatible with providing the composition with a desired
      amount of lacquer-mar resistance.
PAR  The barium-cadmium-zinc phosphite stabilizer may be varied to effect
      clarity and heat stability. It is important to recognize that not only is
      the long term clarity important, but also initial clarity as the material
      is moved out of the extruder die. A balance between the
      barium-cadmium-zinc phosphate stabilizer and the epoxy resin is sought to
      impart heat stability plus the initial clarity to the composition.
PAC  TESTING
PAR  The clear flame retardant composition for producing retractile cords must
      possess specified properties, some of which have been described
      hereinbefore. The following table, Table II, indicates the properties of a
      preferred composition, having the composition designated Example G in
      Table I: for spring cords, the properties for the composition H used to
      produce line cords as well as the properties for Examples B and E.
TBL                                    TABLE II                                
     __________________________________________________________________________
     TEST RESULTS FOR EXAMPLES                                                 
                                           ASTM                                
                  Examples          Limiting                                   
                                           Testing                             
     Properties   B   E   G    H    Value  Spec. No.                           
     __________________________________________________________________________
     Tensile Strength                                                          
     (psi)                2400 2340        D 412                               
     Tensile Stress at                                                         
     100% Elongation                                                           
     (psi)                1070 1000        D 412                               
     Ult. Elongation                                                           
     Unaged (%)           415  420         D 573                               
     Ult. Elongation                                                           
     after 2 days                                                              
     Aging (% of Orig.)   98   100          D 573                              
     Heat Dist. (%)       21   30           D 2219                             
     Tear Resist. (lb./                                                        
     in.)                 400  360         D 624                               
     Volatile Loss (%)    1.7  2.1          D 1203                             
     Spec. Gravity        1.25 1.26        D 792                               
     Low Temp. Brittle-                                                        
     ness (No. of Fail-                                                        
     ures at -10.degree.C)                                                     
                   0   0  0    0    2(Max.)                                    
                                           D 746                               
     Low Temp. Brittleness                                                     
     Point                -25.degree.C                                         
                               -20.degree.C                                    
     Finish Mar (% Soft-                                                       
     ening after 20 Hrs.                                                       
     contact at 23.degree.C)                                                   
                  45  54  46   46   85(Max.)                                   
     Torsional Resilien-                                                       
     ce (Max. recovery                                                         
     time in Seconds)                                                          
                   3   4  4    3    8(Max.)                                    
     Mod. in Flexure (psi)                                                     
                          960  1040        D 747                               
     Mod. in Flexure                                                           
     after 24 Hr. Oil                                                          
     Immersion % of                                                            
     Original     120 130 118  109  250(Max.)                                  
                                           D 747                               
     Mod. of Rigidity                                                          
     at -10.degree.C (psi)                                                     
                          10,000                                               
                               9090         D 1043                             
     -20.degree.C         36,000                                               
                               35970        D 1043                             
     L.O.I. (%)   25  25  26.3 25.6 23(Min.)                                   
                                            D 2863                             
     Sulfide Staining     None None         D 1712                             
     Shear Strength (psi) 990  980                                             
     Heat Stability                                                            
     Brabender Test                                                            
     (time in min.)                                                            
                  35  28  30   31   15 (Min.)                                  
     __________________________________________________________________________
PAR  The tensile stress at 100% elongation is a measure of how well an extruded
      jacket of the inventive composition will elongate under specified
      conditions of test.
PAR  The heat distortion is a measure of how much the cord jacket will distort
      under heat in terms of percent distortion from the original configuration.
      This test is an indication of the ability of the cord to withstand heat
      should a subscriber inadvertently cause the cord to become engaged with a
      high temperature surface.
PAR  The tear resistance of the composition is an indication of the toughness of
      a cord having an extruded jacket of the inventive composition as resisting
      tear, say, when the cord is extended over edges of furniture or other
      supporting surfaces.
PAR  During the extrusion of a covering material of the inventive composition
      over the tinsel conductors, it is important to be able to maintain a
      certain volatile loss within specified limits to prevent excessive amounts
      of the material from going into a gaseous state. The volatile loss is
      expressed as a percent of initial quantity of material.
PAR  The phthalate plasticizer imparts to the composition the capability of
      maintaining desirable properties at lower than -10.degree. C. No more than
      two samples out of 10 should develop a clean break or cracks at
      -10.degree. C when tested in accordance with A.S.T.M. specification D 746.
PAR  During use, a subscriber's hand, in engagement with the cord, tends to
      cause the jacketing composition to exude plasticizers therefrom. When this
      happens, the flexure strength of the jacketing material is reduced causing
      the cord to become stiff and possibly break if exposed thereafter to low
      temperatures.
PAR  In order to measure the resistance of the composition to extraction of
      plasticizers by oils, the relative stiffness of a section of the material
      in a dry state is determined. Then the section is immersed in oil of
      predetermined characteristics and the relative stiffness again measured.
      The modulus of flexure changes as a function of the amount of oil
      extraction. Hence the measure of oil extraction is determined by measuring
      the change in the modulus of flexure. The test procedure is outlined in
      A.S.T.M. specification D 747. Hence, the modulus in flexure after a
      predetermined immersion in oil is indicative of the ability of the
      composition to maintain flexure strangth when handled by the subscriber.
      For example, the maximum increase in modulus of flexure after oil
      immersion for 24 hours should be no greater than 250%.
PAR  Tests have also been conducted to insure that cords jacketed with the
      inventive composition does not adversely affect a subscriber from a
      dermatological standpoint. Patch tests on the skin of several hundred
      volunteers are made and the severity of skin reaction recorded, using a
      scale of 0 to 4 with 4 being the most severe. The inventive compositions
      have a recorded severity of 0 for all persons tested by professional
      testing laboratories.
PAR  Test procedures have been devised to determine the lacquer-mar resistance
      of a composition in terms of the resistance of the composition to exuding
      constituents onto surfaces in engagement with a cord manufactured in
      accordance with the inventive composition. A sheet of material from which
      furniture may be constructed is painted with a nitrocellulous base lacquer
      and the Rockwell hardness of the surface determined. Then a sheet of the
      inventive composition is pressed into engagement with the lacquered
      surface for a predetermined time after which the cord is removed and the
      hardness of the contacted portions of the surface retested for hardness.
      The quotient of the difference in the original hardness and the final
      hardness divided by the original hardness multiplied by 100 yields a
      percent softening of the lacquered surface and is referred to as %
      Finish-Mar. This is an indication of the amount of plasticizer exuding
      from the composition and causing softening of a lacquered surface. For the
      examples in Table I, the finish-mar resistance should not exceed 85% after
      20 hours contact at 23.degree. C.
PAR  It is also important that the material having the above-described
      composition be processable without degradation within an extrusion
      apparatus. In order to measure the ability of the material to withstand
      the extrusion process, a Laboratory Brabender test is used. The test is
      designed to be analogous to the extrusion process. In that test, a
      measured sample of the composition is introduced to a chamber to be
      subjected to forces by two rotating sigma blades which tend to churn and
      fuse and hence degrade the material. The time elapsed to the beginning of
      degradation of the composition is measured. A measured time in excess of
      15 minutes will insure that the material of the inventive composition will
      not yellow or discolor otherwise during the extrusion process.
PAR  Each of the example compositions was found to have acceptable heat
      stability. This is indicated by the composition's being capable of being
      subjected to at least a 15 minute run in a Brabender test without being
      degraded.
PAR  Of great importance in evaluating a composition for use in covering
      telephone spring cords is the resilient property of the extruded
      composition. This is determined by deforming an extruded shape of the
      composition and then measuring the time required for the shape to regain
      its original configuration. The measured time is compared to an acceptable
      standard time in seconds (see Table II) and is indicative of the torsional
      resistance of the cord. The maximum recovery time for a cord insulated
      with an acceptable composition should not exceed 8 seconds.
PAR  Of the properties enumerated in Table II, the low temperature brittleness,
      the finish-mar resistance, the L.O.I., the heat stability and the
      resilience are among the most important.
PAC  METHOD OF COVERING STRAND MATERIAL
PAR  In a method of covering strand material such as the tinned tinsel nylon
      covered conductors with a composition embodying the principles of this
      invention, the PVC resin is heated to a temperature of approximately
      170.degree. C. Then a liquid system is prepared by mixing thoroughly the
      plasticizers and the stabilizers together with the epoxy resin to obtain a
      homogeneous mix. The liquid system is then added to the resin system with
      the application of heat being continued until the temperature is raised to
      approximately 190.degree. C. Then the powder constituents, the lubricant
      and the ultraviolet absorber are added and the mixture run for
      approximately five minutes in a Henchel mixer to heat and fuse together
      the constituents.
PAR  The mixture is then released in the form of a powder to a holding tank.
      Subsequently, the powder material is moved into an extruder-pelletizer
      where the material is fused and then cubed into pellets. The pelletized
      composition is then fed into an extruder typically having three heating
      zones, a first zone being at 320.degree. F and the last zone at
      350.degree. F. A typical commercially available extruder may be that shown
      and described in U.S. Pat. No. 3,579,608, issued May 18, 1971. In this
      way, the material is in the form of an extremely viscous fluid at the
      extruder head to permit pressure extrusion thereof about the advancing
      successive sections of the strand material.
PAR  Alternately, all of the constituents may be mixed together in say a Banbury
      mixer. There are several advantages to this approach in which a fused
      mixture of the ingredients is produced and then formed into a sheet which
      is diced into pellets. The overall temperature of this system is less
      because of rotating blades designed for very intensive mixing. This
      reduces the possibility of heat degradation of the material. Also, by
      adding all of the constituents simultaneously, the stabilizers are present
      to prevent initial heat degradation.
PAR  The composition admitted to the extruder is worked thoroughly and moved
      toward a die end of the extruder. There is some latitude in the selection
      of extruder screw sizes and speeds as well as operating temperatures in
      order to successfully extrude the inventive composition about successive
      sections of the core of tinned tinsel conductors.
PAR  The nylon-covered tinsel conductor core for example, is treated with
      silicone-water spray mixture in order to facilitate stripping of the PVC
      jacket from the nylon-covered cord during use of the cord. However, if
      excessive amounts of the silicone-water spray mix is used, the cord will
      be too well lubricated and the jacket not properly adhered to the nylon
      cord. Since the successive sections of the PVC-jacketed cord are being
      advanced by a capstan exterting pulling forces through the external
      surface of the jacketed cord, a jacket not properly bonded to the core
      must withstand in and of itself all the pulling forces. This causes what
      is commonly referred to as stress-crazing, the forming of very small
      cracks in the jacket, which is detrimental to the integrity and appearance
      of the jacket material.
PAR  It is also important during the processing of the material of the inventive
      composition using nylon insulated conductors to maintain the conductors in
      a predetermined path of travel to avoid curvature of the conductors during
      the extrusion process. Any curved portions of the conductors will result
      in a portion of the cord having a different refractive index which is
      readily observable in a clear cord.
PAR  The composition described herein is extrudable. However, the composition
      could be callendered into sheets which could be divided into a form
      suitable for feeding to an extruder. In the alternative, a plurality of
      spaced conductive cores or conductors could be enclosed between two of the
      sheets with the sheets subsequently cut into strips to produce jacketed
      cords.
PAR  Subsequently, the jacketed cord is cut to predetermined lengths. Each
      length is then wound on a mandrel to form a plurality of closely spaced
      helical convolutions. Then the mandel and cord wound thereon are exposed
      to heat after which the cord is removed from the mandrel and rewound so as
      to reverse the pitch of the convolutions. The ends of the cord are
      finished and packaged for delivery to a subscriber.
PAR  It is to be understood that the above-described arrangements are simply
      illustrative of the principles of the invention. Other arrangements may be
      devised by those skilled in the art which will embody the principles of
      the invention and fall within the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An elongated material provided with covering of a clear flame retardant
      composition which includes a polymeric material consisting essentially of
      at least 80 percent, by weight of polyvinyl chloride; 10 to 40 parts by
      weight of a low molecular weight monomeric plasticizer selected from the
      group consisting of di (N-hexyl-n-decyl) and di-undecyl phthalate
      plasticizers are 100 parts by weight of the polymeric material; 15 to 40
      parts by weight of a phosphate plasticizer selected from the group
      consisting of triaryl phosphate and isodecyl diphenyl phosphate, per 100
      parts by weight of the polymeric material; 15 to 45 parts by weight of a
      medium-high molecular weight polymeric polyester plasticizer made from a
      glycol reacted with a dibasic acid, per 100 parts by weight of the
      polymeric material; 1 to 5 parts by weight of a metallic stabilizer, per
      100 parts by weight of the polymeric material; 0.25 to 1.0 part by weight
      of a lubricant, per 100 parts by weight of the polymeric material; 0.25 to
      1.0 part, by weight of an ultraviolet light absorber per 100 parts by
      weight of the polymeric material; and 1 to 4 parts, be weight of an epoxy
      resin, per 100 parts by weight of the polymeric material wherein the
      combined parts by weight of the plasticizers is at least 50 parts by
      weight per 100 parts by weight of the polymeric material.
NUM  2.
PAR  2. The strand material of claim 1, wherein the composition also include no
      greater than 8 parts by weight of an epoxy plasticizer, per 100 parts by
      weight of the polymeric material.
NUM  3.
PAR  3. The strand material of claim 1, wherein the flame retardant plasticizer
      is a phosphate plasticizer selected from the group consisting of a
      triaryl, a tricresyl, an octyl diphenyl, an isodecyl diphenyl and a
      halogenated mixed triaryl ester phosphate.
NUM  4.
PAR  4. The strand material of claim 1, wherein the metallic stabilizer is
      selected from the group consisting of a metallic stabilizer which includes
      a phosphite chelator, a barium stearate, a cadmium stearate, a
      barium-ethyl-hexoate, a barium-cadmium-laurate and a barium-cadmium
      myristate.
NUM  5.
PAR  5. The strand material of claim 4, wherein the metallic stabilizer
      including a phosphite chelator includes a barium-cadmium-zinc stabilizer
      with a phosphite chelator and a barium-cadium stabilizer with a phosphite
      chelator.
NUM  6.
PAR  6. The strand material of claim 1, wherein the lubricant is selected from
      the group consisting of a metallic stearate and a stearic acid.
NUM  7.
PAR  7. The strand material of claim 1, wherein the ultraviolet light absorber
      is an ultraviolet absorber selected from the group consisting of a
      substituted benzophenone and a substituted acryonitrile.
NUM  8.
PAR  8. The strand material of claim 7, wherein the substituted benzophenone is
      selected from the group consisting of a 4-decyl-2-hydroxy benzophenone, a
      2-hydroxy-4-dodecyloxy benzophenone and a 2-hydroxy-4-N-oxtoxyl
      benzophenone.
NUM  9.
PAR  9. The strand material of claim 7, wherein the substituted acryonitrile is
      a substituted acryonitrile selected from the group consisting of a
      2-ethyl-hexyl-2-cyano-3, 3-diphenyl acrylate and an ethyl-2-cyano-3,
      3-diphenyl acrylate.
NUM  10.
PAR  10. The strand material of claim 1, wherein the epoxy resin is selected
      from the group consisting of a diglycidyl ester of bisphenol A epoxy
      (bisphenol A epichlorohydrin epoxy) and branched di and tri epoxides
      manufactured by the condensation of epichlorohydrin and glycerine.
NUM  11.
PAR  11. The strand material of claim 1, wherein the polymeric material is a
      polyvinyl chloride homopolymer.
NUM  12.
PAR  12. The strand material of claim 2, wherein the epoxy plasticizer is an
      epoxy plasticizer selected from the group consisting of an octyl epoxy
      stearate, an octyl epoxy tallate, an epoxidized soybean oil and an
      epoxidized linseed oil.
NUM  13.
PAR  13. The strand material of claim 1, wherein the combined parts, by weight
      of the monomeric, flame retardant, polymeric and the epoxy plasticizers,
      per 100 parts by weight of the polymeric material, is at least equal to
      50.
NUM  14.
PAR  14. The strand material of claim 1, wherein the combined parts by weight of
      the plasticizers, per 100 parts by weight of the polymeric material, does
      not exceed 75.
NUM  15.
PAR  15. The strand material of claim 1, wherein the parts, by weight of the
      flame retardant plasticizer, per 100 parts by weight of the polymeric
      material, is not greater than 40.
NUM  16.
PAR  16. The strand material of claim 1, wherein the monomeric plasticizer is a
      diundecyl phthalate.
NUM  17.
PAR  17. The strand material of claim 16, wherein the weight ratio of the
      phthalate plasticizer to the flame retardant plasticizer is less than two
      to one.
NUM  18.
PAR  18. A method of making a strand material covered with a clear
      flame-retardant composition, which includes the steps of:
PA1  advancing successive sections of the strand material; and
PA1  extruding a coating about the strand material, the composition of the
      coating including a polymeric material consisting essentially of at least
      80 percent by weight, of polyvinyl chloride; 10 to 40 parts, by weight of
      a low molecular weight monomeric plasticizer selected from the group
      consisting of di(N-hexyl-n-decyl) and di-undecyl phthalate plasticizers,
      per 100 parts by weight of the polymeric material; 15 to 40 parts by
      weight of a phosphate plasticizer selected from the group consisting of
      triaryl phosphate and isodecyl diphenyl phosphate, per 100 parts by weight
      of the polymeric material; 15 to 45 parts by weight of a medium-high
      molecular weight polymeric polyester plasticizer per 100 parts by weight
      of the polymeric material 1 to 5 parts by weight of a metallic stabilizer,
      per 100 parts by weight of the polymeric material; 0.25 to 1.0 part by
      weight of a lubricant, per 100 parts by weight of the polymeric material;
      0.25 to 1.0 part by weight of an ultraviolet absorber, per 100 parts by
      weight of the polymeric material; and 1 to 4 parts, by weight of an epoxy
      resin, per 100 parts by weight of the polymeric material wherein the
      combined parts by weight of the plasticizers is at least 50 parts by
      weight per 100 parts by weight of the polymeric material.
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ABST
PAL  A process for improving the adhesive properties of the surface of a body or
      article derived from co-polymers or terpolymers of ethylene and propylene
      wherein the surface of the article or body is treated with a primer
      containing an isocyanate-terminated prepolymer which is the reaction
      product of a rubber-like, hydroxyl-containing alkadiene-derived polymer
      and an organic diisocyanate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for improving the adhesive
      properties of surfaces of objects or articles made from copolymers and
      terpolymers of ethylene and propylene, and in particular to a means for
      improving the adhesion of paint layers to surfaces of this kind.
PAR  As is well known to those skilled in the art objects made from copolymers
      or terpolymers of ethylene and propylene cannot be easily painted or
      provided with a lacquer coating because of the insufficient adhesion of
      the cured layer of paint to the waxy or paraffin-like surface of the
      materials. It has been found in U.S. Pat. No. 3,607,536 that by first
      subjecting the surface of such materials to treatment with a sensitizer,
      such as benzophenone and an organic isocyanate, followed by irradiation
      with ultraviolet light, the radiation causes an interaction between the
      isocyanate and the surface substrate thereby providing a surface stratum
      capable of undergoing strong adhesive bonding. Although the adhesive
      characteristics of such materials towards lacquer coatings is improved by
      this technique, the method is objectionable since the need for ultraviolet
      light requires expensive, special, high-power lamps and radiation
      chambers.
PAR  It has now been surprisingly discovered that it is possible to improve the
      adhesive properties of a polyolefin surface, in particular towards paint
      and lacquer without the need for irradiation with light or high-energetic
      radiation.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed to a process for improving the adhesive
      properties of the surface of a body or article derived from copolymers or
      terpolymers of ethylene and propylene wherein the surface of the article
      or body is treated with a primer containing an isocyanate-terminated
      prepolymer which is the reaction product of a rubber-like,
      hydroxyl-containing alkadiene-derived polymer and an organic
      di-isocyanate.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to the invention a polyolefin surface with improved adhesive
      properties is readily obtained by applying to such surfaces an
      isocyanate-terminated prepolymer which is obtained by reacting a
      rubber-like, hydroxyl-containing alkadiene-derived polymer, with an
      organic di-isocyanate at a ratio of at least 0.9 moles of di-isocyanate to
      every mole-equivalent of the hydroxyl groups. If desired, compounds which
      accelerate the reactions of isocyanates can also be applied with the
      prepolymer, and the applied layer may also contain one or more compounds
      which yield free radicals upon heating.
PAR  Generally, not more than about 5 moles of di-isocyanate per mole-equivalent
      of hydroxyl groups are used to prepare the prepolymer and this ratio
      usually does not exceed 2 and is preferably between about 0.9 and 1.2 and
      especially between 1.0 and 1.05. During the formation of the
      isocyanate-terminated prepolymer and/or during the time the wax-like or
      paraffin-like surface of the ethylene-propylene copolymer or terpolymer is
      contacted with the prepolymer a solvent may be present, but this is not
      necessary. Generally, though, a solvent will facilitate contact between
      the prepolymer and the surface and lead to better results.
PAR  After evaporation of any solvent present, and curing of the reaction
      product, the resultant surface is found to possess improved adhesive
      properties with respect to paints and lacquers, metals and metal
      compounds, glues and similar materials such as hot-melt adhesives,
      printing-ink resins, and the like. Surfaces treated by the process of the
      invention and conventionally coated with polyurethane-based paints, alkyd
      resins, modified alkyd resins, acrylate resins, epoxy resins, chlorinated
      polymers, and the like, result in coatings having excellent adhesion to
      the primer-coated surface.
PAR  The essential component of the primer layer is the reaction product of a
      rubber-like polymer containing hydroxyl groups derived from an alkadiene,
      and an organic di-isocyanate, reacted in a ratio whereby there are at
      least 0.9 moles of diisocyanate per mole-equivalent of hydroxyl groups. In
      this reaction product of prepolymer, essentially all of the hydroxyl
      groups on the rubber-like polymer have reacted to give the corresponding
      --OCONH--R--NCO groups in which R represents the backbone of the
      di-isocyanate.
PAR  The prepolymer may be dissolved, in a concentration of up to about 40% by
      weight, in an anhydrous organic solvent. Preferably solutions are applied
      containing from about 1 to 20% by weight of prepolymer. The solution may
      also contain, besides the prepolymer, one or more conventional compounds
      which are known to accelerate the reactions of isocyanates, such as
      tertiary aliphatic amines. In many cases the use of about 0.1 to 2.5% by
      weight of tri-ethylene diamine has been found to be advantageous. Other
      teriary amines that can be used include triethylamine,
      N,N-dimethyl-piperazine, N-ethylmorpholine, and N-methylmorpholine.
PAR  The solution may further contain minor amounts of other compounds, such as
      chlorinated rubber, cellulose derivatives, epoxy resin-forming components,
      pigments, electrically conductive substances, and the like, provided, of
      course, their presence does not interfere with the action of the layer of
      primer.
PAR  Very good results are also obtained by including one or more free radical
      initiators in the solution which yield free radicals when heated,
      preferably in an amount of about 0.01 to 2% by weight. This makes a
      further improvement of the bond of the layer of primer possible. Suitable
      initiators include, among others, organic azocompounds and organic
      peroxides, for example azobis-isobutyronitrile, benzoylperoxide or
      lauroylperoxide and the like.
PAR  For the solvent, preference is given to the use of a solvent that will
      properly wet the wax-like surface of the ethylene-propylene copolymer or
      terpolymer. Preferred solvents are aromatic hydrocarbons, chlorinated
      aliphatic or aromatic hydrocarbons, or tetrahydrofuran. Especially
      preferred solvents include trichloroethylene, 1,1,1-trichloroethane,
      chlorobenzene, benzene, toluene, xylenes and mixtures of these solvents.
      The solvent may also be a mixture of one or more of the solvents mentioned
      above with up to about 85% of a solvent having less wetting power with
      respect to the surface to be treated. The latter class of solvents
      comprises aliphatic and cycloaliphatic hydrocarbons, ketones, ethers and
      esters, such as cyclohexane, pentamethylheptane, hexane,
      methylethylketone, ethylacetate and dioxane.
PAR  As mentioned hereinabove, the prepolymer is derived from the reaction
      product of an organic di-isocyanate and a rubber-like homo- or co-polymer
      of an alkadiene containing predominantly terminal hydroxyl groups.
      Examples of typical alkadienes include low molecular weight polybutadiene,
      styrenebutadiene copolymers and styrene-acrylonitrile copolymers.
      Polyisoprene or polychloroprene low molecular weight polymers can also be
      used. Best results are achieved if the rubber-like polymer has a molecular
      weight of between 500 and 10,000 and, more particularly, a molecular
      weight of between 1,000 and 5,000. On an average, the rubber-like polymers
      may contain 1.75 to 5 OH groups per molecule. Preferably, however,
      polymers are applied containing 2 to 3 OH groups to every molecule.
PAR  These hydroxyl-group containing rubber-like polymers are known in the art
      and are commercially available. In addition, graft polymers of such
      alkadienes can be used. Thus, polylactone grafts can be added to the
      hydroxyl groups of a hydroxyl group-containing polybutadiene and the
      hydroxyl groups with which the organic di-isocyanate later reacts
      originate from the polylactone grafts. Non-grafted polylactones per se,
      however, are not usable.
PAR  Of the organic di-isocyanates, aliphatic or aromatic di-isocyanate are
      preferred. Particularly preferred di-isocyanates include hexamethylene
      di-isocyanate, isophorone di-isocyanate, toluene di-isocyanates,
      4,4'-di-isocyanate di-phenylmethane, 1,5-naphthalene di-isocyanate,
      xylylene di-isocyanate, bitoluene di-isocyanate, and methyl cyclohexylene
      di-isocyanate. The particular type of di-isocyanate, however, does not
      have a strong influence on the ultimate adhesive properties.
PAR  A minor part of the di-isocyanate may also be replaced by a tri-isocyanate,
      such as triphenylmethane tri-isocyanate and one skilled in the art can
      easily establish at what tri-isocyanate concentration the resulting
      cross-linkage will have a deleterious effect on the ultimate adhesive
      properties.
PAR  The prepolymer may be prepared by preferably reacting the rubber-like
      polymer containing the hydroxyl groups with the di-isocyanate in a solvent
      and preferably with heating. Preferably, the amount of di-isocyanate used
      should provide 0.9 to 1.2 moles of di-isocyanate per mole-equivalent of
      hydroxyl groups. In most cases, however, a small excess of di-isocyanate
      can be used, in particular enough to provide 1.02 to 1.05 moles of
      di-isocyanate per mole equivalent of hydroxyl groups. It will be seen then
      that the resultant prepolymer will contain no, or at most very little,
      free hydroxyl groups.
PAR  When the prepolymer solution is applied to the rubber surface as a
      solution, the solvent is first evaporated, generally by allowing the
      treated substrate to air-dry. The layer of primer is then cured either at
      ambient temperature or at an elevated temperature, for instance at
      50.degree. - 150.degree.C. The curing time also depends upon whether a
      curing-accelerator is used. When a free radical initiator is used as a
      curing-accelerator, curing should be carried out at an elevated
      temperature, above the initiating temperature of the radical source.
      Curing of the primer layer may also be accomplished after the paint has
      been applied, the layers of primer and paint being cured simultaneously.
      If desired, another similar or conventional primer layer may be applied to
      the layer of primer obtained according to the invention.
PAR  The primer layer may be easily applied by conventional techniques, such as
      spraying, immersion or spreading. As a rule, it is preferred that a
      solution containing at most 10% by weight of prepolymer be applied first,
      followed by if necessary, with or without intermediate drying, a more
      concentrated solution of prepolymer.
PAR  The present invention is especially effective for the priming of surfaces
      made of ethylene-propylene copolymers and, more particularly, for the
      priming of surfaces of terpolymers of ethylene and propylene with one or
      more non-conjugated dienes.
PAR  Terpolymers of this type are generally known as EPT or EPDM rubbers or
      elastomers and are generally based on stereospecific linear terpolymers of
      ethylene, propylene and small amounts of a nonconjugated diene, which can
      be a cyclic or aliphatic diene. Typical non-conjugated dienes that are
      used to prepare such terpolymers include 1,4-pentadiene,
      2-methyl-1,4-pentadiene, norbornadiene, methylenenorbornene,
      1,5-cyclooctadiene, dicyclopentadiene, 1,5-hexadiene, 1,4-hexadiene,
      2-methyl-1,5-hexadiene, vinylnorbornene, ethylidenenorbornene,
      propenylnorbornene. A widely used EPDM elastomer is derived from 65%
      ethylene, 34 % propylene and 2% 1,4-hexadiene. Such polymers may or may
      not be vulcanized and can be filled or impregnated with oil, carbon black
      or other substances.
PAR  It is preferable that the surface be cleaned and degreased prior to the
      application of the layer of primer. Although it is not necessary, before
      the layer of primer is applied, the surface can be roughened and/or
      treated by corona, UV radiation or the like. If a non-vulcanized rubber is
      used as the substrate, the primer may be applied by coating the inside of
      the mould used to prepare the object with the layer of primer prior to
      vulcanizing the rubber in the mould with the aid of sulphur and/or
      peroxides.
DETD
PAR  The following examples are provided to demonstrate the scope of the
      invention, but should not be construed as limiting it in any way.
PAC  EXAMPLE I
PAR  100 g of a hydroxyl group-containing styrene-butadiene rubber having a
      molecular weight of 2,800 - 3,300 and a hydroxyl number of 0.65 mgeq/g
      (available under the designation CS 15, from Arco Chemical Co,
      Philadelphia Pa. USA) were dissolved in 300 cc of toluene. To this
      solution were added 12.2 g of toluene di-isocyanate. The mixture was
      heated for 1 hour under slight reflux and subsequently cooled. There was
      thus obtained a solution of 112.2 g of prepolymer in toluene. Using this
      solution, a solution was prepared containing 5% by weight of prepolymer
      and 1% by weight of tri-ethylene diamine (DABCO) based upon the weight of
      the prepolymer.
PAC  EXAMPLE II
PAR  The procedure of Example I was repeated, using 100 g of a hydroxyl
      group-containing butadiene acrylonitrile rubber having a molecular weight
      of about 3,300 - 3,800 and a hydroxyl number of 0.60 mgeq/g (available
      under the designation CN-15 from ARCO, USA), and 12.4 g of toluene
      di-isocyanate.
PAR  There was thus obtained a 5% by weight solution of the reaction product of
      the toluene di-isocyanate and the hydroxyl group-containing copolymer of
      butadiene and acrylonitrile in toluene, to which solution was added 1% by
      weight of DABCO, based upon the weight of the reaction product.
PAC  EXAMPLE III
PAR  Following the procedure of Example II, a 5% by weight solution of the
      reaction product of toluene di-isocyanate and the hydroxyl
      group-containing copolymer of butadiene and acrylonitrile in toluene was
      obtained, to which was added instead of DABCO, 1% by weight of
      .alpha.,.alpha.-azobis-isobutyronitrile, based upon the weight of the
      reaction product.
PAC  EXAMPLE IV
PAR  A mixture of 50 g of a hydroxyl group-containing butadiene-styrene rubber
      (CS-15 from ARCO), having a hydroxyl number of 0.65 mgeq/g, 50 g of
      .beta.-caprolactone and 0.01 g of hexabutyldichlorotristannoxate was
      heated for 3 hours at 150.degree.C with exclusion of oxygen and water. The
      reaction product was dissolved in 300 cc of toluene, and after the
      addition of 6.1 g of toluene di-isocyanate, the resultant mixture was
      heated for 1 hour under reflux. After diluting with toluene and adding
      (DABCO)-triethylenediamine a solution was obtained containing 5% by weight
      of prepolymer and 1% by weight -- based upon the weight of the prepolymer
      -- of triethylenediamine.
PAC  EXAMPLE V
PAR  80 parts by weight of a polycaprolactone ester polyol having a molecular
      weight of approximately 2000 and a hydroxyl number of about 56 mg of KOH/g
      (available under the designation NIAX-PCP-0240 from the Union Carbide
      Corp., New York N.Y., USA) were dissolved in 100 ml of toluene. To the
      solution were added 20.88 g of toluene di-isocyanate and the resulting
      mixture was heated for 2 hours at about 115.degree.C, with stirring, under
      moisture-free conditions. A sufficient amount of toluene was then added to
      the cooled solution to provide a 5% by weight solution of the reaction
      product. Finally, a 1% by weight of triethylenediamine, based upon the
      weight of the reaction product, was added to the solution.
PAC  EXAMPLE VI
PAR  A 5% by weight solution of a polyetherurethane prepolymer containing
      isocyanate groups, (available under the designation Adiprene L 100 the Du
      Pont Co., Wilmington Del, USA) having an isocyanate content of about 4.1%
      and a viscosity at 30.degree.C of approximately 1800 cP was prepared in
      toluene. To this solution was added 1% by weight of triethylene-diamine,
      based upon the weight of Adiprene.
PAC  EXAMPLE VII
PAR  A 5% by weight solution in toluene was prepared from a mixture consisting
      of the reaction product of toluene di-isocyanate and the hydroxyl
      group-containing copolymer of butadiene and acrylonitrile, and the
      remainder, being one third part by weight of the mixture, the
      triglycidylether of glycerol (available under the name Epikote 812 from
      the Shell Co. Monston Texas USA).
PAC  EXAMPLE VIII
PAR  The following rubber compounds were processed into smooth, vulcanized test
      plates of 2 .times. 120 .times. 60 mm, which were applied in the bond
      tests.
PAC  Compound A
PAR  100 parts of Keltan-712 (RTM), an EPDM rubber having a Mooney value of 70,
      (available from DSM. Geleen, the Netherlands, 200 parts of carbon black
      (SRF-HS), 100 parts of oil (Sumpar 150 from Sun Oil Comp. St. Davids
      Penna. USA) and the following customary additives comprising 5 parts of
      zinc oxide, 1 part of stearic acid, 1.5 parts of 2.2' dithio bis
      (benzothiazol, 0.8 part of tetra methyl thiuram disulfide, 3 parts of
      ethyl dithio morpholine and 1.5 parts of sulphur.
PAC  Compound B 100 parts of Keltan-712 (RTM), 120 parts of carbon black, 40
      parts of oil and the additional additives mentioned in compound A.
PAC  Compound C
PAR  100 parts of Keltan-712 (RTM), 200 parts of carbon black, 100 parts of oil,
      5 parts of zinc oxide, 1 part of stearic acid, 1.5 parts of sulphur, and,
      for non-blooming accelerator system, 1 part of zinc dibutyl dithio
      carbamate and 0.5 part of 2 mercapto benzothiazol.
PAC  Compound D
PAR  100 parts of Keltan 520 (EPDM rubber having a Mooney value of 50, from DSM,
      70 parts of FEF carbon black, 40 parts of SRF carbon black, 70 parts of
      oil (Sunthene, from Sun Oil Comp.), 1 part of stearic acid, 2 parts of
      zinc dibutyl dithio carbamate, 1.5 parts of sulphur, 0.5 part of tetra
      methyl thiuram disulfide, and 1 part of 2-mercapto benzothiazol. The
      compounds A and C have a high filler load, and the compounds B and D a low
      filler load.
PAR  The surface of the test strips was cleaned with toluene, xylene or
      trichloroethane, and the strips immersed in the priming solution. After
      drying in air for 10 to 20 minutes and after curing at 90.degree. -
      100.degree.C for one hour, a thin layer of a flexible moisture-curing
      polyurethane lacquer was sprayed onto the primer-coated plates (Cuvertin
      320, a black high-gloss lacquer available from Henkel & Cie, Duesseldorf
      BRD). The painted strips were kept for 20 hours at 20.degree.C, and a
      relative humidity of 50%, and were subsequently cured at 100.degree.C for
      20 minutes.
PAR  The bond was determined by means of the peeling test according to standard
      specification ISO-R-36 (angle of peel 180.degree., peeling rate 10
      cm/minute). The peeling tests were performed prior to and after 5 days of
      immersing the samples in water of 80.degree.C.
PAR  The wetting power of the freshly applied priming material on the EPDM
      sample was judged visually during and after evaporation of the solvent. If
      after the evaporation a closed layer of primer was present, the wetting
      was considered good; if open spots were present in the layer of primer, it
      was considered poor.
PAR  The results of the tests employing the different types of primers are
      summarized in the following Table.
PAR  The priming solutions according to the invention are capable of wetting the
      substrate and form a uniform and even layer of primer. The solutions of
      polyether- or polycaprolactone-based prepolymers do not properly wet the
      surface of the substrate and thus do not yield a uniform coating of
      primer. Therefore no further testing was carried out on these imperfectly
      coated substrates.
PAR  The table shows that the use of a primer according to the invention greatly
      increases the adhesion of the lacquer to the substrate, giving even good
      adhesion after several days immersion in water. Peel strengths could only
      be determined at forces up to about 900 gm/ 25mm, as the film of lacquer
      broke when a greater force was used. The peeling test was preferred above
      other conventional test such as scratching the lacquer with a knife or
      fingernail or cross-hatching the coating and counting how many small
      squares can be torn off with the aid of adhesive tape, because even
      coatings with a low adhesion to the rubber substrate pass such tests.
TBL  __________________________________________________________________________
               Compound A   Compound B   Compound C   Compound D               
               peeling      peeling      peeling      peeling                  
     Type of   after        after        after        after                    
     Primer    0 days                                                          
                   5 days                                                      
                       wetting                                                 
                            0 days                                             
                                5 days                                         
                                    wetting                                    
                                         0 days                                
                                             5 days                            
                                                 wetting                       
                                                      0 days                   
                                                          5 days               
                                                              wetting          
     __________________________________________________________________________
     Example                                                                   
          I    2)       yes 2)       yes  2)      yes  x   x   yes             
     "    II   765 400  yes x    x   yes  x  x    yes  x   x   yes             
     "    III  x   870  yes x    x   yes  x  x    yes  x   x   yes             
     "    IV   2)       yes 2)       yes  2)      yes  x   x   yes             
     "    V.sup.3)                                                             
               1)       no  1)       no   1)      no   1)      no              
     "    VI.sup.3)                                                            
               1)       no  1)       no   1)      no   1)      no              
     "    VII  x   x    yes x    x   yes  x  x    yes          yes             
          no layer                                                             
          of                                                                   
          primer                                                               
               170 30       350  0        x  485                               
     __________________________________________________________________________
      1) wetting of the EPDM samples by the primer solutions was so poor that  
      varnishing was abandoned                                                 
      2) peeling test not conducted                                            
      3) comparative examples                                                  
      x  varnish cannot be peeled off                                          
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for improving the adhesive properties of a surface of a body
      derived from copolymers or terpolymers of ethylene and propylene which
      comprises applying to the surface a layer of a primer containing an
      isocyannate-terminated prepolymer which is the reaction product of a
      rubber-like, hydroxyl-containing alkadiene-derived polymer and an organic
      diisocyanate, wherein the ratio of diisocyanate to every moleequivalent of
      the hydroxyl groups in the rubber-like polymer is at least 0.9 mole
      diisocyanate:1 mole equivalent of hydroxyl group.
NUM  2.
PAR  2. The process of claim 1 wherein the hydroxyl-containing alkadiene-derived
      polymer is a hydroxyl-containing rubber-like polybutadiene or co-polymer
      of butadiene having a molecular weight of between 500 and 5,000.
NUM  3.
PAR  3. The process of claim 2 wherein the polybutadiene or co-polymer of
      butadiene has a functionality of between 2 and 3.
NUM  4.
PAR  4. The process of claim 1 wherein the hydroxyl-containing alkadiene-derived
      polymer is selected from the group consisting of a hydroxyl
      group-containing polybutadiene, a hydroxyl group-containing co-polymer of
      butadiene and acrylonitrile, and a hydroxyl group-containing co-polymer of
      butadiene and styrene.
NUM  5.
PAR  5. The process of claim 1 wherein the primer contains one or more solvents
      selected from the group consisting of benzene, toluene, a xylene,
      tetrahydrofuran, and a chlorinated lower hydrocarbon.
NUM  6.
PAR  6. The process of claim 5 wherein the solution also contains 0.01 to 2% by
      weight of a free radical initiator.
NUM  7.
PAR  7. A process for coating the surface of an ethylene-propylene co-polymer or
      a terpolymer derived from ethylene and propylene which comprises: (a)
      first coating the surface with one or more layers of a primer containing a
      reaction product derived from a rubber-like hydroxyl group-containing
      alkadiene derived polymer and an organic diisocyanate wherein the ratio of
      diisocyanate to every mole-equivalent of the hydroxyl groups in the
      rubber-like polymer is 0.9 mole dissocyanate:1 mole equivalent of hydroxyl
      groups, and (b) subsequently applying a layer of a paint of lacquer to the
      surface as treated in (a).
NUM  8.
PAR  8. A shaped object derived from co-polymers or terpolymers of ethylene and
      propylene, the surface of which is coated with a primer layer obtained
      according to the process of claim 1.
PATN
WKU  039419100
SRC  5
APN  3888908
APT  1
ART  162
APD  19730814
TTL  Oil-coated metal sheet
ISD  19760302
NCL  2
ECL  1
EXP  Gwinnell; Harry J.
INVT
NAM  Asano; Hidejiro
CTY  Kitakyushu
CNT  JA
INVT
NAM  Hiromae; Yoshitaka
CTY  Kitakyushu
CNT  JA
ASSG
NAM  Nippon Steel Corporation
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19700910
APN  45-78832
RLAP
COD  71
APN  178809
APD  19710908
PSC  03
CLAS
OCL  428457
XCL  106243
XCL  106265
XCL  252 57
XCL  427 27
XCL  427405
XCL  427417
XCL  428467
XCL  428497
EDF  2
ICL  B32B 1504
ICL  B32B  904
FSC  117
FSS  134;167
FSC  252
FSS  57
FSC  106
FSS  14;243;265
FSC  427
FSS  27;405;417
FSC  428
FSS  457;467;497
UREF
PNO  2579778
ISD  19511200
NAM  Allen
XCL  117134
UREF
PNO  2741567
ISD  19560400
NAM  Otto
OCL  117134
UREF
PNO  2884338
ISD  19590400
NAM  Jenison
OCL  117 68
UREF
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ISD  19701100
NAM  Shannon et al.
OCL  252170
OREF
PAL  "Polar-type Rust Inhibitors," Industrial and Engineering Chemistry,"  Baker
      et al., pp. 137-144, Vol. 4, No. 1, (1949).
LREP
FRM  Toren, McGeady and Stanger
ABST
PAL  An oil-coated metal sheet coated with a surface coating oil in an amount of
      from 0.05 - 1.0 g/B.B., said surface coating oil comprising diisodecyl
      phthalate and 0.1 -5% of one or more of a fatty acid having 14-18 carbon
      atoms.
PARN
PAR  This is a continuation of application Ser. No. 178,809, filed on Sept. 8,
      1971, now abandoned.
BSUM
PAR  This invention relates to a metal sheet coated with a film of oil having
      durable lubricity and antioxidizability as well as excellent
      lacquerability.
PAR  In this invention, a metal sheet means chiefly sheets such as, steel sheet,
      aluminum sheet and tin plated-, chromate treated- or phosphate treated
      steel sheets. However, the invention is not limited merely to such, and a
      metal sheet for lacquer painting in which permanent lubricity is required
      and a surface-cleaned metal sheet are also included.
PAR  As for a surface coating oil for plated steel sheet and others, cotton seed
      oil or dioctyl sebacate (DOS) is used generally.
PAR  Excellent properties in coating workability, durable lubricity,
      antioxidizability and adhesiveness to a lacquer are required for such a
      surface coating oil.
PAR  Cotton seed oil as above mentioned possesses defects such as, the so-called
      eye holes -- to which lacquer will not adhere -- are formed when a lacquer
      is applied to the oil coated plated steel sheet. Also, such oils are
      oxidized within a short period, and thus the sheet loses its lubricity.
PAR  Although DOS above mentioned has no tendency to form eye holes as does
      cotton seed oil when a lacquer is applied, since DOS has a low viscosity,
      there is a tendency for the oil to accumulate at the edge when it is
      applied on the plated steel sheet, and printing of the sheet becomes
      impossible when such accumulation is extreme.
PAR  As a result of various investigations to solve the defects of conventional
      surface coating oils, the present inventors found that diisodecyl
      phthalate, C.sub.6 H.sub.4 (COOC.sub.10 H.sub.21).sub.2 is excellent as a
      surface coating oil for plated steel sheets. Diisodecyl phthalate itself
      is, as disclosed in Japanese Patent Publication No. Sho 42-9256, an
      excellent surface coating oil. However as a result of various
      investigations to obtain a better surface coating oil by using diisodecyl
      phthalate which has durable lubricity, the present inventors have found
      that the lubricity of diisodecyl phthalate is improved remarkably by the
      addition of 0.1 - 5% of a fatty acid having 14 to 18 carbon atoms. Sheets
      treated with such compositions show only minimal graze and scratch marks
      in the subsequent treatment of the product.
PAR  As fatty acids with the carbon number of 14 - 18, a saturated fatty acid,
      such as, stearic acid (C.sub.17 H.sub.35 COOH), palmitic acid (C.sub.15
      H.sub.31 COOH) and myristic acid (C.sub.13 H.sub.27 COOH) as well as an
      unsaturated fatty acids, such as, oleic acid (C.sub.17 H.sub.33 COOH),
      linoleic acid (C.sub.17 H.sub.31 COOH) and linolenic acid (C.sub.17
      H.sub.29 COOH) can be used beneficially.
PAR  The reason why the carbon number of the fatty acid is restricted to 14 - 18
      in this invention is that lubricity improvement is not obtained when the
      carbon number is smaller than 14, and the solubility of the acid in
      diisodecyl phthalate decreases and the effect becomes less when the carbon
      number is greater than 18. On the other hand, the reason why the amount of
      the additive is restricted to 0.1 - 5% is that no effect is obtained below
      0.1%, and no further promotion of the effect can be observed and the
      composition and use thereof becomes uneconomical when more than 5% is
      used.
PAR  The essential point of the present invention is a metal sheet which is
      coated with a surface coating oil in an amount 0.05 - 1.0 g/B.B., said
      surface coating oil comprising diisodecyl phthalate and 0.1 - 5% thereof
      of one or more of a fatty acid with a carbon number of 14 - 18.
PAR  In this invention, B.B. (base box) means the surface area which is occupied
      by 112 pieces of 14 .times. 20 in.sup.2 sheets, corresponding to about 40
      m.sup.2. The reason why the coating amount of the oil in the inventive
      metal sheet is restricted to 0.05 - 1.0 g/B.B. is that a coating amount of
      less than 0.05 g/B.B. makes the lubricity of the metal sheet insufficient,
      i.e., does not reduce the friction coefficient sufficiently, and thus
      resulting in damage during transportation and working. On the other hand,
      an amount of more than 1.0 g/B.B. has a bad influence on the adhesiveness
      of the paint to the oil-coated metal sheet as well as on the printability
      thereof.
PAR  As for the coating method to obtain the metal sheet of this invention, an
      electrostatic spray coating or an emulsion coating may be applied.
DETD
PAR  Examples of the oil-coated metal sheet of this invention will be set forth
      together with the manufacturing method thereof in the following.
PAC  EXAMPLE 1
PAR  A surface cleaned, cold rolled steel sheet was electroplated with tin by a
      common process, and was coated with a surface coating oil having the
      following composition with a thickness of 0.15 g/B.B. by electrostatic
      spray coating.
TBL  ______________________________________                                    
     Diisodecyl phthalate  99.5 parts                                          
     Stearic acid          0.5 part                                            
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  A tin-plated steel sheet obtained by the same method as in Example 1 was
      coated with a surface coating oil having the following composition with a
      thickness of 0.25 g/B.B. by electrostatic spray coating.
TBL  ______________________________________                                    
     Diisodecyl phthalate   99 parts                                           
     Palmitic acid          1 part                                             
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  A tin-plated steel sheet obtained by the same method as in Example 1 was
      coated with a surface coating oil having the following composition with a
      thickness of 0.20 g/B.B. by electrostatic spray coating.
TBL  ______________________________________                                    
     Diisodecyl phthalate   97 parts                                           
     Myristic acid          3 parts                                            
     ______________________________________                                    
PAC  Example 4
PAR  A surface cleaned, cold rolled steel sheet was plated thinly with chromium
      by using a sargent bath, and was coated with a surface coating oil having
      a composition as in Example 2 with a thickness of 0.35 g/B.B. by
      electrostatic spray coating.
PAR  Testing results of the various properties of the oil-coated metal sheets
      obtained above are summarized in Table 1.
PAR  As it is obvious from Table 1, the oil-coated metal sheet of this invention
      has such superior characteristics that, as in the case of the coating with
      diisodecyl phthalate alone, the loss of coating oil during storage is
      small, the adhesiveness of paint to the oil-coated metal sheet is
      excellent and no formation of eye holes takes place at all. Moreover, in
      the oil-coated metal sheet of this invention, the lubricity of the product
      (friction coefficient .mu.) is improved still more, thus contributing to
      the reduction of the formation of wounds during transportation and
      working.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Test Results                                                              
     Example                                                                   
          Lubricity                                                            
                Loss of the                                                    
                       Adhesive-                                               
                             Spreading                                         
                                   Eye hole                                    
     No.  (n)   amount of                                                      
                       ness of                                                 
                             of paint                                          
                                   formation                                   
                coated oil                                                     
                       paint                                                   
                (%)*.sup.4)                                                    
     __________________________________________________________________________
     1    0.12  10     excellent                                               
                             excellent                                         
                                   none                                        
     2    0.11  10     "     "     "                                           
     3    0.12  10     "     "     "                                           
     4    0.11  10     "     "     "                                           
     A*.sup.1)                                                                 
          0.15  10     "     "     "                                           
     B*.sup.2)                                                                 
          0.15  30     "     "     violent                                     
     C*.sup.3)                                                                 
          0.13  20     "     "     none                                        
     __________________________________________________________________________
      *.sup.1) tin-plated steel sheet coated with diisodecyl phthalate alone   
      (0.15 g/B.B.)                                                            
      *.sup.2) tin-plated steel sheet coated with cotton seed oil (0.15 g/B.B.)
      *.sup.3) tin-plated steel sheet coated with DOS (0.15 g/B.B.)            
      *.sup.4) after storing in a thermostat at 38.degree.C for 30 days        
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oil-coated metal sheet coated with a surface coating oil in an amount
      of 0.05 - 1.0 g/B.B., said surface coating oil comprising diisodecyl
      phthalate and 0.1 - 5% of one or more of a fatty acid having 14 to 18
      carbon atoms.
NUM  2.
PAR  2. An oil-coated metal sheet according to claim 1, in which the fatty acid
      is selected from the group consisting of stearic acid, palmitic acid,
      myristic acid, oleic acid, linoleic acid and linolenic acid.
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ISD  19760302
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UREF
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UREF
PNO  3320090
ISD  19670500
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XCL  117121
UREF
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NAM  Stetz
XCL  260835
UREF
PNO  3484286
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NAM  Beck et al.
XCL  117237
UREF
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ISD  19711100
NAM  Beck
OCL  117226
UREF
PNO  3649541
ISD  19720300
NAM  Ingersoll
XCL  260858
LREP
FR2  Cesari; Robert A.
FR2  Kehoe; Andrew F.
FR2  McKenna; John F.
ABST
PAL  An improved magnetic tape having the property of retaining magnetic data
      even when spooled and subjected to high temperature environments. This
      thermal resistance is suitably achieved by providing a backing coating
      which contacts the magnetic-particle-bearing facing coating of the tape
      and is chemically incompatible therewith. Pairs of chemically-incompatible
      coatings include polyester polyurethane-polyether-polyurethane;
      polyfluorinated hydrocarbons-polyurethane. A conductive furnace carbon
      black is advantageously used in the backing coating, and the substrate is,
      suitably, temperature-resistant polyimide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There has been a need for a high-temperature resistant magnetic tape
      material for use in such applications as aircraft flight-recorder systems
      and other applications wherein very high temperature resistance is
      required. Heretofor, such systems have been made from metal rather than
      polymeric-based tapes. The metal tapes, besides being expensive to
      manufacture, have not been entirely satisfactory from an operational point
      of view, either.
PAR  There have been intensive and extensive efforts to develop a spooled
      magnetic tape which will remain magnetically readable at temperatures of
      400.degree. F. to 800.degree. F. These efforts have been failures. For
      example, the tape disclosed by Beck et al. in U.S. Pat. No. 3,484,286
      utilizes a substrate that is resistant to thermal degradation and a
      magnetic coating thereover comprising a matrix copolymer of vinylidene
      fluoride and hexafluoropropylene and a magnesia stabilizer. Beck et al.
      disclose nothing very relevant to solving the substantial problems
      encountered in use of spooled tape at high temperatures which problems
      have to do with inter-adhesion of adjacent layers and loss of adhesion to
      substrate, etc. Beck et al. do disclose what has proved to be a very
      useful substrate material for such applications, i.e. the polyimide
      substrate sold under the trade designation Kapton by E. I. DuPont de
      Nemours and Company. However, when used in spooled tape, this material has
      always presented an extraordinary sticking or clinging tendency creating a
      far greater problem than any associated with the more commonly-used
      polyethylene terephthalate films. Another useful polymer substrate having
      similar properties is a poly (para-phenyleneterephthalamide) sold under
      the trade designation Kelvar by DuPont. For the purpose of this
      application, such polymers will be characterized as "refractory polymers,"
      i.e. polymers that retain their structural properties above 450.degree. F.
PAR  In art heretofore unrelated to the Beck et al. patent, certain
      prepolymerized polyurethane resins have been found to be useful in
      magnetic tape formulations. For example. U.S. Pat. No. 3,649,541 to
      Ingersoll describes some such prepolymerized polyurethane resins. Some of
      these are further described in U.S. Pat. No. 2,899,411 to Schollenberger,
      U.S. Pat. No. 2,871,218 to Schollenberger, U.S. Pat. No. 3,384,679 to
      Stetz and U.S. Pat. No. 3,320,090 to Graubart also discuss such
      prepolymerized polyurethane systems which, for a number of reasons, seem
      to be more desirable for use in magnetic coatings than reactive systems
      formed.
PAR  In further art, heretofore, unrelated, it has been known to use conductive
      carbon black on the backing tape -- usually for antistatic purposes on
      high-speed tapes. U.S. Pat. No. 3,293,066 to Haines discloses use of an
      acetylene black in a resin binder for such a purpose.
PAR  No combination of the above art has suggested a means for solving the
      problem of substituting a heat-resistant magnetic tape for the metallic
      tapes now used in applications wherein very high temperatures are
      encountered.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is an object of the present invention to provide a useful
      magnetic recording tape from which information can be readily retrieved
      even after the tape has been subjected to temperatures as high as
      800.degree. F.
PAR  Another object of the invention is to provide a magnetic tape system that
      does require a metal substrate and will resist delamination on being
      unwound after exposure to temperatures above 400.degree. F.
PAR  A further object of the invention is to provide a polyurethane based
      magnetic tape with improved resistance to delamination on being unreeled.
PAR  Another object of the invention is to provide improved aircraft flight
      recorders and like packaged-tape systems.
PAR  Still another object of the invention is to provide an improved process for
      making reeled magnetic tape.
PAR  Other objects of the invention will be obvious to those skilled in the art
      on reading the instant application.
PAR  The above objects have been substantially achieved by the discovery that
      certain chemically incompatible coating systems can be used on the facing
      (magnetic-particle bearing surface) of a tape substrate and the backing of
      the same substrate to wholly avoid merger of the coatings at temperatures
      even as high as 700.degree. to 800.degree. F. These relatively
      incompatible coatings are advantageously placed on a highly-thermal
      resistant synthetic resin substrate; indeed, the possibility of using such
      as synthetic organic resin substrate is one advantage of the invention.
      However, there is no reason why the invention would not be entirely
      operable on any flexible thermally-resistant substrate properly primed to
      adhesively bond to the coatings. An entirely suitable substrate is that
      formed of polyimide resin and sold under the trade designation Kapton.
PAR  An advantageous polymer system combination for use in the invention
      comprises
PA1  1. one polyurethane binder system comprising a polyester-polyurethane
      system such as is sold under the trade designation Estane 5707 by B. F.
      Goodrich Company and crosslinked, as with a triisocyanate. This polymer is
      believed to be of the general type described in U.S. Pat. No. 2,871,218 to
      Schollenberger.
PA1  2. one polyurethane binder system, a polyetherpolyurethane as is sold under
      the trade designation Estane 5714. This polymer is believed to be of the
      general type described in U.S. Pat. No. 2,899,411 to Schollenberger.
PAR  One of these systems, preferably the first, because of its ability to be
      more highly loaded will be loaded with a mangetic pigment system,
      according to procedures known to the art. The magnetic pigment system may
      not have a low Curie Point. Thus, iron oxide is useful whereas chromium
      dioxide powders which lose their ability to retain recorded information
      about 250.degree. F. are not at all useful in such a system.
PAR  Because of an extraordinary tendency of the advantageous polyimide
      substrate to cling to the facing layer of a wound tape, it has been found
      desirable to load the other of the aforesaid systems with about 30 - 60
      weight percent of a carbon black. The carbon black is preferably of the
      conductive type in order to achieve a desirable anti-static effect.
      However, the black is also utilized to enhance the resistance to
      layer-to-layer adhesion at high temperatures.
PAR  It is advantageous that the conductive carbon black be of the conductive
      furnace (CF) type, especially of the ECF type. Acetylene blacks may be
      used, but they have a relatively small surface area, usually less than 125
      square meters per gram, and the higher surface area associated with
      furnace blacks appears to be responsible for an improved incompatibility
      (or resistance to intersticking) of the coatings at higher temperature.
PAR  While the above invention has been described with particular emphasis on
      chemically-incompatible polyurethane systems, it should be obvious to
      those skilled in the art in view of this disclosure that incompatible
      resin systems adhered to opposite faces of a thermally-resistant
      substrate, having thermal resistance themselves, and so formulated as to
      avoid sticking together on heating at high temperatures form operable
      systems under the broad concept of this invention.
PAR  Nevertheless, even in hindsight, it is particularly surprising that
      applicants' tape has been able to pass tests wherein maximum temperatures
      of over 700.degree. F., indeed up to 800.degree. F., have been withstood
      within an aircraft flight-recorder which has been placed for 30 minutes in
      a pool of burning jet-aircraft fuel. This testing is carried out in a
      conventional aircraft flight recorder and, according to the procedure for
      such testing promulgated by the Federal Aviation Administration and
      published in the Federal Register of Jan. 6, 1966. The recorder is exposed
      to flames of 1100.degree. C enveloping at least 50 percent of the recorder
      container. The 30 minutes is the time set for a "Type 1" record medium.
PAR  Among alternate synthetic polymers having the requisite heat-resistance and
      pigment-coating capacity to serve as a matrix for one of the tape coating
      systems are those formed of fluorinated hydrocarbons, i.e. FEP-type resins
      including polychlorotrifluoroethylene, FEP fluoroplastic, polyvinylidene
      fluoride and copolymers formed of such fluoride-bearing monomers. Other
      synthetic resin systems which can be utilized include polyphenoxy-bearing
      polymeric compositions of such materials. A poly
      (para-phenyleneterephthalamide) polymer sold by E. I DuPont under the
      trade designation Kelvar is also an excellent material for high
      temperature magnetic tape binders. In general, those skilled in the art
      will, on reading this disclosure and understanding the thermal
      requirements of the polymer systems, be able to select appropriate pairs
      of chemically incompatible matrices for use in the invention. In any case,
      the use of an ECF carbon black, in quantities of about 40% or more by
      weight of carbon black in the backing layer and appropriate crosslinking
      agents is strongly recommended. And the smallest compromise in pigment
      loading characteristics is achievable with the highly preferred
      combination of polyester and polyether-type polyurethanes.
DRWD
PAC  IN THE DRAWINGS
PAR  FIGS. 1 and 2 are graph comparing the thermal performance of spools of the
      instant tape with a typical conventional magnetic tape.
PAR  The data in the drawings was obtained by spooling 1,000 feet of the tape to
      be tested into an air oven at the indicated temperature, then withdrawing
      it cooling it to about 75.degree. F. and running the indicated tests.
PAR  FIG. 1 is indicative of a test on a Control Data Corporation Model 686
      certifier (9 track, 3,200 fci, 35% threshold). The test is most useful in
      evaluating for Digital Tape performance.
PAR  FIG. 2 is indicative of the signal loss on playback when a 1 megahertz
      signal was recorded on the thermally-conditioned tape at 120 inch per
      second. The test is most useful in evaluating instrumentation tape.
PAR  In general, it will be noted that the tape of Example 1 had
PA1  a. a signal loss of less than 2 decibels at 400.degree. F. and
PA1  b. a no noticeable increase in error activity at temperatures above
      400.degree. F.
DETD
PAR  In order to point out more fully the nature of the present invention, the
      following specific examples are given as illustrative embodiments of the
      present process and products produced thereby.
PAC  EXAMPLE 1
PAR  A coating with the composition shown in Table 2 is made by dissolving 15
      parts by weight of a polyether urethane (sold under the trademark Estane
      5714 by B. F. Goodrich Company) in 85 parts by weight of tetrahydrofuran
      and adding to this solution 0.67 parts the soya lecithin dispersing agent.
      To this solution was added 15 parts by weight of an ECF carbon black, sold
      by Cabot Corporation under the trade designation Vulcan XC-72P. The black
      was dispersed by milling the resulting mixture in a ball mill. The total
      solids content of the milled mixture was about 25%. Prior to draining from
      the mill the lubricants (0.33 parts of butoxyethyl steorate) and catalyst
      (0.016 parts of ferric acetyl acetonate) were added to the mixture with
      enough additional solvent to reduce the total solids content to 10%. About
      0.23 parts of the crosslinking agent, a trissocyanate material formed of a
      polyurethane type prepolymer with terminal isocyanate functionality and
      sold under the trade designation Mondur CB-75 by the Mobay Chemical
      Company, was then added and the final mixture applied to a 0.001 inch
      thick polyimide film with a gravure coater and dried for 8 seconds at
      180.degree. F. to a dry thickness of 0.00008 to 0.0001 inch.
PAR  The magnetic coating was prepared by dissolving 72.5 parts by weight of a
      polyester polyurethane sold B. F. the trade designation Estane 5707 by
      B.F. Goodrich Company and 2.00 parts by weight of soya lecithin chosen
      that the total solids content of this solution being 15%. The solution was
      charged to a ball mill, 72.5 parts by weight of gamma-iron oxide was added
      and this mixture was milled for 24 hours. This carbon black, (3.7 parts by
      weight), lubricants (2.3 parts), catalyst (0.05 parts) and sufficient
      solvent to reduce the total solids content of the mixture to 35% and
      milling was continued for 2 more hours. This mixture was drained from the
      mill, 1 part by weight of the isocynanate crosslinking agent is added, and
      the final mixture applied, by gravure coating, to the opposite side of the
      previously coated polyimide film and dried as before to a thickness of
      0.0002 inch.
PAR  The polyimide film, now coated on both sides, was subjected to a
      calendering process between a compliant paper roll and a smooth steel
      roll, as is well known in the art, to smooth and compact the two coatings
      and then placed in an oven for 2 hours at 100.degree. C. after which time
      the crosslinking reactions were complete as evidenced by the disappearance
      of the absorbance band at 2300 cm.sup.-.sup.1 in the infared spectrum of
      tetrahydrofuran extracts of the coating and by the insolubility of the
      coating when subjected to a "rub test" with a Q-Tip wet with methyethyl
      ketone. This completed web was then slit to various widths for testing.
TBL                TABLE 1                                                     
     ______________________________________                                    
     MAGNETIC FORMULATION                                                      
     Ingredient             Parts by Weight                                    
     ______________________________________                                    
     Gamma -FE.sub.2 O.sub.3                                                   
                            72.5                                               
     Carbon Black (Vulcan XC 72R)                                              
                            3.7                                                
     Polyester-polyurethane (Estane 5707)                                      
                            8.45                                               
     Soya Lecithin          2.00                                               
     Lubricants (Butoxyethyl stearate)                                         
                            2.30                                               
     Crosslinking Agent CB-75                                                  
                            1.00                                               
     Catalyst, Ferric Acetyl Acetonate                                         
                            0.05                                               
     ______________________________________                                    
TBL                TABLE 2                                                     
     ______________________________________                                    
     BACKING FORMULATION                                                       
     Ingredient             Parts By Weight                                    
     ______________________________________                                    
     Carbon Black (Vulcan XC-72P)                                              
                            45                                                 
     Polyether-polyurethane (Estane 5714)                                      
                            45                                                 
     Soya Lecithin          2.00                                               
     Lubricants (Butoxyethyl stearate)                                         
                            1.00                                               
     Crosslinking Agent (CB-75)                                                
                            7.00                                               
     Catalyst, Ferric Acetyl Acetonate                                         
                            0.05                                               
     ______________________________________                                    
PAR  As shown in Table 3 the resulting tape had excellent durability
      characteristics, as determined in the 2-foot shuttle test and these
      durability characteristics remained at high level after the tape had been
      heated in an oven at 400.degree. F. for one hour. Commercially available
      computer tapes usually exhibit failure after 20,000 to 500,000 passes in
      this test and if heated to only about 400.degree. F. are subject to such
      extensive physical and chemical damage that the tape cannot be unwound
      intact for subsequent testing.
PAR  Also shown in Table 3 are test results in an audio tape configuration
      demonstrating the retention of useful magnetic recording properties after
      exposure to 400.degree. F. Prerecorded music on tape suffered no
      degradation in quality after heating for one hour at 400.degree. F.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     DIGITAL EVALUATION                                                        
     Tape of Example 1                     Conventional Tape                   
                           After 1 Hr.                                         
                                   After 1 Hr.   After 1 Hr.                   
                                                            After 1 Hr.        
                    Initial                                                    
                           at 400.degree. F.                                   
                                   at -65.degree. F.                           
                                           Initial                             
                                                 at 400.degree. F.             
                                                            at -65.degree. F.  
     Error Activity                                                            
     __________________________________________________________________________
     At 3200 flux changes                                                      
     per inch                                                                  
      Temporary errors                                                         
                    5      6       5       1     Tape was   65                 
      Permanent errors                                                         
                    1      1       1       0     destroyed  34                 
     At 800 bits per inch                                                      
      Temporary Errors                                                         
                    0      4       4       0     Could not be                  
                                                            55                 
      Permanent Errors                                                         
                    0      1       1       0     unwound for                   
                                                            23                 
                                                 testing.                      
     Digital Signal Amplitude                                                  
     At 3200 flux changes per                                                  
     inch, % of NBS Standard                                                   
     Tape           139    130     130     110              108                
     At 800 bits per inch,                                                     
     % of NBS Standard                                                         
     Tape           100    104     102     100              100                
     Two-foot shuttle test,                                                    
     passes until first                                                        
     dropout occurs 1,040,431                                                  
                           40,431  808,435 175,000          173,000            
     (800 bits per inch)                                                       
     Relative output at                                                        
                    +2db   +2db    +2db    0db              -1db               
     3KHz                                                                      
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  Example 1 is repeated using the polyurethane binder system of Table 1 for
      the carbon black-bearing coat and the polyurethane binder system of Table
      2 for the magnetic Fe.sub.2 O.sub.3 -bearing coat.
PAC  EXAMPLE 3
PAR  Example 1 is repeated substituting a binder system formed of a copolymer of
      vinlidene fluoride and a hexafluoropropylene as the matrix for the carbon
      black. Such a binder system is described in Example 2 in U.S. Pat. No.
      3,484,286 to Beck et al.
PAC  EXAMPLE 4
PAR  Example 1 is repeated substituting the fluorinated binder system mentioned
      in example 3 as the matrix for the iron oxide coating.
PAC  EXAMPLE 5
PAR  Example 4 is repeated, but the fluorinated binder system is used for the
      backing and the polyether polyurethane of Table 2 is used for the magnetic
      coating.
PAC  EXAMPLE 6
PAR  Example 1 is repeated but using a binder system formed of poly
      (para-phenylene terephthalamide) as the polymeric matrix for the magnetic
      coating rather than the crosslinked polyester-polyurethane system of
      Example 1.
PAC  EXAMPLE 7
PAR  Example 6 is repeated but using the fluorinated copolymer of claim 3 for
      holding the carbon black and, in this case, using acetylene carbon black
      in the backing coat.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in carrying out the above method without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description shall be interpreted as illustrative
      and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic tape comprising a substrate formed of a synthetic organic
      resin, a first magnetic-pigment-containing coating on one side of said
      substrate and a second non-magnetic-conductive-pigment-containing coating
      on the other side of said substrate wherein one of said coatings has a
      polyester polyurethane resin matrix and the other of said coatings has a
      polyether polyurethane resin matrix and wherein said magnetic pigment is
      readable after exposure to temperatures at or above 400.degree.F; and
      wherein said tape, when reeled has a heat resistance of at least
      400.degree.F.
NUM  2.
PAR  2. A magnetic tape as defined in claim 1 wherein said resins are
      crosslinked by a polyfunctional cross-linking agent.
NUM  3.
PAR  3. A magnetic tape as defined in claim 1 wherein said polyether urethane is
      used to form the matrix for the non-magnetic pigment.
NUM  4.
PAR  4. A magnetic tape as defined in claim 1 wherein said substrate is a
      refractory polymer.
NUM  5.
PAR  5. A magnetic tape as defined in claim 2 wherein said substrate is a
      refractory polymer.
NUM  6.
PAR  6. A magnetic tape as defined in claim 3 wherein said substrate is a
      refractory polymer.
NUM  7.
PAR  7. A magnetic tape as defined in claim 2 wherein said polyether urethane is
      used to form the matrix for the nonmagnetic pigment.
NUM  8.
PAR  8. A magnetic tape as defined in claim 3 wherein said polyether urethane is
      used to form the matrix for the nonmagnetic pigment.
NUM  9.
PAR  9. A magnetic tape as defined in claim 1 wherein said non-magnetic
      conductive pigment is a carbon black.
NUM  10.
PAR  10. A magnetic tape as defined in claim 9 wherein said non-magnetic pigment
      is a conductive furnace carbon black.
NUM  11.
PAR  11. A magnetic tape as defined in claim 10 wherein said furnace carbon
      black is of the ECF-type.
NUM  12.
PAR  12. A magnetic tape as defined in claim 2 wherein said non-magnetic pigment
      is a conductive furnace carbon black.
NUM  13.
PAR  13. A magnetic tape as defined in claim 3 wherein said non-magnetic pigment
      is a conductive furnace carbon black.
NUM  14.
PAR  14. A magnetic tape as defined in claim 4 wherein said non-magnetic pigment
      is a conductive furnace carbon black.
NUM  15.
PAR  15. A magnetic recording member comprised of
PA1  a polyimide film supporting member
PA1  a magnetic recording surface on one surface of the support film, this layer
      being made up of 65-80 weight percent synthetic gamma-Fe.sub.2 O.sub.3
      dispersed in a polyester-urethane binder which is crosslinked with a
      triisocyanate, said binder and crosslinking agent comprising 20-30 weight
      percent of the layer and the remainder of the layer made up of 3.7% of a
      conductive oilfurnace black and 2% to 4% dispersing aids and lubricants
      and
PAR  A second layer on the other surface of the support film, this layer being
      made up of 40-50 weight percent of a conductive oil-furnace black
      dispersed in a polyether-urethane binder which is crosslinked with a
      triisocyanate, said binder and crosslinking agent comprising 50-60 weight
      percent of the layer and the remainder of the layer made of 1% to 5%
      dispersing aids and lubricants
PAR  Said first and second layers being chemically inert with one another as
      evidenced by failure to stick to one another when in spooled
      backing-to-facing contact at 400.degree.F.
NUM  16.
PAR  16. The article of claim 15 wherein the polyester-urethane binder is used
      in the second layer and at the same time the polyether-urethane binder is
      used as the binder in the magnetic layer.
NUM  17.
PAR  17. A magnetic tape as defined by claim 1 wherein said tape has a heat
      resistance of about 700 .degree. F when reeled.
NUM  18.
PAR  18. A magnetic tape as defined by claim 15 wherein said tape has a heat
      resistance of about 700 .degree. F when reeled.
NUM  19.
PAR  19. A process for making a reeled magnetic tape which is magnetically
      stable in an environment of temperatures to at least 700.degree.F
      comprising the steps of
PA1  a. coating one side of a substrate with a polyester polyurethane-based
      resin matrix containing a member selected from the group consisting of a
      conductive carbon black and iron oxide and,
PA1  b. coating the other side of said substrate with a resin-based matrix which
      is chemically incompatible with said polyurethane resin containing the
      other of said group consisting of conductive carbon black and iron oxide,
PA1  c. curing said matrices until they are chemically incompatible with one
      another as evidenced by failure to stick to one another when in spooled
      backing-to-facing contact at 400.degree.F, and
PA1  d. winding said coated substrate on a reel with said matrices in
      backing-to-face contact.
NUM  20.
PAR  20. A process as defined in claim 19 wherein said substrate is formed of a
      synthetic organic resin.
NUM  21.
PAR  21. A process as defined in claim 20 wherein said resin is a polyimide and
      said carbon black is a conductive furnace black.
NUM  22.
PAR  22. A process for improving the resistance to delamination of a magnetic
      tape formed of a polyimide substrate and a polyurethane facing thereover,
      comprising the steps of
PA1  1. applying a polyester polyurethane coating on one side of the tape and
      applying a polyether polyurethane coating on the other side of the tape,
PA1  2. filling one of the aforesaid coatings with a conductive carbon black,
PA1  3. the other said coating comprising a magnetic pigment readable after
      exposure to temperatures all or above 400.degree.F., and
PA1  4. curing said coatings until they are chemically incompatible with one
      another as evidenced by failure to stick to one another when in spooled
      backing-to-facing contact at 400.degree.F.
NUM  23.
PAR  23. A Magnetic tape comprising a polymeric substrate, a first
      magnetic-pigment-containing coating on one side of said substrate and a
      second non-magnetic conductive-pigment-containing coating on the other
      side thereof wherein
PA1  1. each of said coatings is based on a different synthetic polymer-based
      matrix for the pigment contained therein, and said different synthetic
      polymers are chemically incompatible with each other as evidenced by their
      failure to adhere to one another when in spooled backing-to-facing contact
      at 400.degree.F, and
PA1  2. the non-magnetic conductive pigment is a furnace carbon black, and
      wherein one of said coatings is based on a crosslinked polyester
      polyurethane matrix and one of said coatings is based on a crosslinked
      polyether matrix and wherein said magnetic pigment is readable after
      exposure to temperatures at or above 400.degree.F.
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ABST
PAL  A copolymer latex comprising 25 to 45 percent by weight of a conjugated
      diolefinic monomer, 3 to 40 percent by weight of an alkyl ester of
      unsaturated carboxylic acid, 1 to 5 percent by weight of a
      hydroxyalkyl-containing unsaturated monomer, 0.5 to 4 percent by weight of
      an unsaturated carboxylic acid monomer and the remaining percent of an
      alkenyl aromatic monomer, and a pigmented paper coating composition, which
      can give a coated paper having excellent properties, such as water
      resistance, "transferability of multicolor offset printing ink" and
      blister resistance in case of web offset printing.
BSUM
PAR  The present invention relates to an improved conjugated diolefinic
      copolymer latex. More particularly, it relates to a copolymer latex
      comprising 25 to 45 percent by weight of a conjugated diolefinic monomer,
      3 to 40 percent by weight of an alkyl ester of unsaturated carboxylic
      acid, 1 to 5 percent by weight of a hydroxyalkyl-containing unsaturated
      monomer, 0.5 to 4 percent by weight of an unsaturated carboxylic acid
      monomer and the remaining percent of an alkenyl aromatic monomer.
PAR  An aqueous latex has been usually used for paper coating either alone or
      together with various pigments, adhesives or the like. For the preparation
      of coating composition having excellent properties, it is generally
      required to have excellent stability against mechanical shear in the way
      of polymerization step or coating step and excellent chemical stability in
      case of mixture with various pigments or the like, and further to have
      enough adhesion strength and water resistance. Moreover, for adapting to
      the up to date paper coating technique and printing technique in higher
      level, the latex has been required to have more excellent properties, that
      is, it has been required not only to have excellent chemical and
      mechanical stability, but also to have some characteristics that the
      coating color is heat-stable and further the coated paper is excellent in
      adhesion strength and water resistance and also in "transferability of
      multicolor offset printing ink" as mentioned hereinafter and in blister
      resistance in case of web offset printing.
PAR  Recently, it has been described in U.S. Pat. No. 3,404,116 that there could
      be prepared a conjugated diolefinic latex having improved tolerance for
      electrolytes and shear stability by copolymerizing a half-ester of an
      aliphatic diol and an .alpha. ,.beta.-ethylenically unsaturated aliphatic
      monocarboxylic acid (e.g. .beta.-hydroxyethyl acrylate) and others, and
      that the latex can give a protein-containing coating color having reduced
      viscosity. However, the half-ester of an aliphatic diol and an .alpha.
      ,.beta.-ethylenically unsaturated aliphatic monocarboxylic acid contains
      generally hydroxy group in the molecule and therefore is highly
      hydrophilic. Accordingly, when the copolymerization is carried out by
      using the half-ester in much amount enough to show the desired effect, it
      functions as a thickening agent and therefore, it tends to give a latex
      having high viscosity which is difficult to be handled. And further, the
      latex gives coating composition having lower adhesion strength and water
      resistance and the transferability of multicolor offset printing ink is
      also lowered. On the other hand, when the half-ester is used in smaller
      amount, there are not given the desired properties, such as tolerance for
      electrolytes and shear stability and reduced viscosity of the
      protein-containing coating colors.
PAR  It has been studied to find an improved latex having no defects as observed
      in the conventional latexes and a excellent coated paper, and then it has
      now been unexpectedly found that by copolymerizing a conjugated diolefinic
      monomer by using together a hydroxyalkyl-containing unsaturated monomer
      and an alkyl ester of unsaturated carboxylic acid there can be obtained a
      conjugated diolefinic latex having no such defects, and further that the
      viscosity of the latex is lowered; the viscosity in case of the
      preparation of pigmented composition and the heat stability are improved;
      and further the transferability of multicolor offset printing ink and the
      light resistance thereof are also improved.
PAR  An object of the present invention is to provide an improved conjugated
      diolefinic copolymer latex useful for paper coating.
PAR  Another object of the invention is to provide a coated paper for offset
      printing, which has excellent properties, such as water resistance,
      transferability of multicolor offset printing ink and blister resistance
      in case of web offset printing.
PAR  A further object of the invention is to provide a method for obtaining a
      printing paper having no such defects as observed in the conventional one,
      such as difficulty in handling of the latex and heat stability of the
      coating color in the way of pigment coating step, by using a copolymer
      latex. The heat stability of the coating color is particularly important
      since the speed for production of coated paper in on-machine system has
      been become so higher.
PAR  According to the present invention, the desired latex is prepared by
      copolymerizing 25 to 45 percent by weight of a conjugated diolefinic
      monomer, 3 to 40 percent by weight of an alkyl ester of unsaturated
      carboxylic acid, 1 to 5 percent by weight of a hydroxyalkyl-containing
      unsaturated monomer, 0.5 to 4 percent by weight of an unsaturated
      carboxylic acid monomer and the remaining percent of an alkenyl aromatic
      monomer and the latex may be used for paper coating.
PAR  The copolymer latex of the present invention may be prepared by a
      conventional emulsion polymerization and there is no particular limitation
      to the manner of addition of the monomers and they may be added at one
      time at the first stage of the reaction or may be added continuously or
      incrementally while the polymerization reaction.
PAR  The conjugated diolefinic monomer used in the present invention has 4 to 10
      carbon atoms, and may be, for instance, 1,3-butadiene,
      2-methyl-1,3-butadiene, 2-chloro-1,3-butadiene, a conjugated pentadiene
      having straight chain which may have a substituent, and a conjugated
      hexadiene having straight or branched chain which may have a substituent.
      The conjugated diolefinic monomer may be used in a range of 25 to 45
      percent by weight. When it is used in an amount of less than 25 percent by
      weight, the product can not be given enough elasticity nor enough adhesion
      strength, and on the other hand, when it is used more than 45 percent by
      weight, the product becomes soft and shows sticky and the water resistance
      thereof becomes lower.
PAR  The suitable examples of the alkyl ester of unsaturated carboxylic acid may
      be methyl acrylate, methyl methaacrylate, ethyl acrylate, ethyl
      methacrylate, butyl acrylate, cyclohexyl acrylate, glycidyl methacrylate,
      dimethyl fumarate, dimethyl fumarate, dimethyl maleate, diethyl maleate,
      dimethyl itaconate, monomethyl fumarate, monoethyl fumarate, and the like.
      The alkyl unsaturated carboxylate monomer may be used in a range of 3 to
      40 percent by weight. When it is used in an amount of less than 3 percent
      by weight, any effect can not be given, and on the other hand, when it is
      used more than 40 percent by weight, the product shows inferior adhesion
      strength and water resistance.
PAR  The hydroxyalkyl-containing unsaturated monomer may be a polymerizable
      monomer having at least one hydroxy group in the molecule, such as an
      ester of hydroxy-containing unsaturated carboxylic acid (e.g. ester of
      monocarboxylic, dicarboxylic or tricarboxylic acid), a vinyl ether
      monomer, an aromatic vinyl monomer, and a vinyl ketone monomer. The
      suitable examples may be .beta.-hydroxyethyl acrylate, .beta.-hydroxyethyl
      methacrylate, hydroxypropyl acrylate, hydroxypropyl methacrylate,
      hydroxybutyl acrylate, hydroxybutyl methacrylate, 3-chloro-2-hydroxypropyl
      methacrylate, di(ethylene glycol) itaconate, di(propylene glycol)
      itaconate, bis(2-hydroxypropyl) itaconate, bis(2-hydroxyethyl) itaconate,
      bis(2-hydroxyethyl) fumarate, bis(2-hydroxyethyl) maleate, 2-hydroxyethyl
      methylfumarate, 2-hydroxyethyl vinyl ether, hydroxymethyl vinyl ketone,
      allyl alcohol, or the like. These monomer may be used in a range of 1 to 5
      percent by weight either alone or in a mixture of two or more kinds
      thereof. When it it used in an amount of less than 1 percent by weight,
      the effect can not be enough achieved, and on the other hand, when it is
      used more than 5 percent by weight, the emulsion polymerization is hardly
      proceeded and the product shows inferior water resistance.
PAR  As the unsaturated carboxylic acid monomer, there may be acrylic acid,
      methacrylic acid, fumaric acid, maleic acid, itaconic acid or the like.
      The monomer may be preferably used in a range of 0.5 to 4 percent by
      weight.
PAR  In the present polymerization, there may be further used an alkenyl
      aromatic monomer in the range of remaining percent (i.e. 6 to 70.5 percent
      by weight). The suitable examples may be styrene, .alpha.-methylstyrene,
      dimethylstyrene, chlorostyrene, vinyltoluene or the like.
PAR  In the present polymerization, there may be used any conventional emulsion
      polymerization methods. And further there may be added any other
      conventional ingredients, such as emulsifiers, chain transfer agents,
      polymerization initiators, various electrolytes, and chelating agents,
      which are usually used for giving the product excellent properties
      suitable for the preparation of coating composition. There is no
      limitation to the manner of addition of the ingredients, and there may be
      added at once at the first stage of the reaction or may be added
      continuously or incrementally while the polymerization reaction. However,
      for giving the best properties to the paper coating composition of the
      present invention, it is most preferable that an emulsifier is used in a
      ratio of 0.05 to 3.0 parts, preferably 0.1 to 2.0 parts by weight on the
      basis of 100 parts by weight of the monomer mixture, and that at least 30
      percent by weight of the monomer mixture and at least 30 percent by weight
      of the emulsifier are continuously or incrementally added after the
      initiation of the polymerization reaction and after the concentration of
      the total solids becomes over 20 percent by weight in the polymerization
      system so that the concentration of the total solids of the polymer is
      maintained above 20 percent by weight and the rate of polymerization
      reaction is maintained above 50 percent.
PAR  "The rate of polymerization reaction" means
      ##EQU1##
      R: rate of polymerization reaction A: weight of polymer in the
      polymerization system (reactor)
PA1  B: weight of monomers in the polymerization system (reactor)
PAR  The present latex can be used for the preparation of pigmented paper
      coating composition, to which any conventional pigments may be added. As
      the pigments, there may be, for instance, kaolin, titanium dioxide,
      titanium white, barite, satin white, barium sulfate, calcium carbonate or
      the like. Furthermore, there may be added any other conventional
      ingredients used for coating composition, such as co-binders (e.g. starch,
      casein, or polyvinyl alcohol), lubricants (e.g. calcium stearate, ammonium
      stearate, or wax emulsion), cross linking agents (e.g. formalin, glyoxal,
      melamine-formalin resin, or urea-formalin resin), alkali stabilizers,
      antifoaming agents, surface active agents, and the like. The latex and the
      pigments may be admixed with each other in a ratio of 2 to 50 parts,
      preferably 3 to 40 parts by weight (as a solid material) of the latex on
      the basis of 100 parts by weight of the pigments. Further, there may be
      used 50 or less parts by weight of co-binders and 20 or less parts by
      weight of lubricants on the basis of 100 parts by weight of the pigments,
      which can give more improved properties to the paper coated with the
      coating color. The stability of the coated paper can be enhanced by adding
      the cross linking agent and stabilizers.
PAR  The latex of the present invention has the following excellent properties
      which can be given by using a hydroxyalkyl-containing unsaturated monomer
      and an unsaturated carboxylic acid ester monomer in the polymerization.
PAR  That is, the present latex has the following characteristics:
PAR  1. it has excellent shear stability and electrolyte tolerance, and
      excellent chemical stability in case of mixture with various pigments, and
PAR  2. it is easily handled in case of its storage, transportation by pipe and
      admixture since the viscosity is low, and further the solid components can
      be increased.
PAR  The coating colors prepared by using the present lates have the following
      characteristics:
PAR  3. it is significantly stable, and is not gelated nor increases the
      viscosity even if it is heated, and
PAR  4. because of its excellent heat-stability, it can be applied in high speed
      on hot paper immediately after drying, as in case of on-machine coating.
PAR  Furthermore, the coated paper, which is applied with the coating color
      prepared by using the present latex, has the following characteristics:
PAR  5. it has excellent adhesion strength (RI-Dry Pick), and the adhesion
      strength is not lowered even if it is wetted with water, i.e. it has
      excellent water resistance (RI-Wet Pick),
PAR  6. it shows excellent transferability of ink onto paper, and particularly
      it is excellent in the transferability of multicolor offset printing ink,
PAR  7. it has excellent light resistance, and
PAR  8. it is excellent in blister resistance in case of web offset printing.
PAR  These effects of the present invention are explained in more detailed
      below.
PAR  With recent speed up of the offset printing and employing two-color
      printing press such as Rowland type, the transferability of second or
      further next color ink onto the paper, i.e. the printed ink density has
      been called into question. In multicolor offset printing process, some
      portion of the paper, at the first printing unit, may not be printed with
      ink consequently dampened or wetted with water and thereafter, at the next
      printing unit while the portion is still wet, it may be printed with ink.
      It is an important property whether the second or further next ink is
      easily transferred onto the said paper surface which is wetted at the
      beforegoing printing unit. In the present specification, this is called as
      transferability of multicolor offset printing ink. The receptivity of ink
      has generally been measured or evaluated by means of K & N ink receptivity
      or oil-absorbency. It has been, however, known that there is not
      necessarily correlation between the K & N ink receptivity and the
      transferability of multicolor offset printing ink. The transferability of
      multicolor offset printing ink has an important relation with the air
      permeability and water absorbency of the coated paper, and it has been
      considered as an another printing property than the ink receptivity onto
      the dry paper such as K & N ink receptivity. The said printing property,
      i.e. the transferability of multicolor offset printing ink is an essential
      factor for any pigmented coated paper in case of high speed multicolor
      offset printing, while it is out of the question in case of relief
      printing or the like.
PAR  The printing property can be evaluated by using RI type printing press as
      follows:
PAR  That is, a RI type four color printing property tester is used, and further
      a wet roll is used instead of third color printing roll without using
      first and second color rolls, and then water is supplied on a test paper
      piece by the wet roll. Immediately after, the resulting wet paper is
      printed by fourth color ink roll. The ink density on the printed paper
      thus obtained is evaluated by observation with naked eyes. The results of
      the evaluation are classified into five classes.
PAR  According to the evaluation method as mentioned above, the coated paper
      prepared by using the present latex showed most superior property. In the
      examples hereinafter, the transferability of multicolor offset printing
      ink was evaluated by the method mentioned above.
PAR  When a latex prepared by copolymerizing a conjugated diolefinic monomer
      with a hydroxyalkyl-containing unsaturated monomer is used, the coating
      color prepared therefrom generally shows improved chemical stability, but
      on the other hand, it results in lowering of the transferability of
      multicolor offset printing ink. On the other hand, when a latex is
      prepared without using a hydroxyalkyl-containing unsaturated monomer, it
      shows rather excellent transferability of multicolor offset printing ink,
      but is inferior in the chemical stability and therefore the latex could
      not be used for any composition containing a chemically unstable pigment
      such as satin white.
PAR  According to the present invention, by using together both
      hydroxyalkyl-containing unsaturated monomer and alkyl ester of unsaturated
      carboxylic acid, there can be obtained a conjugated diolefinic copolymer
      having excellent transferability of multicolor offset printing ink and
      further improved adhesion strength, water resistance, light resistance and
      latex viscosity without obstructing the chemical and mechanical stability.
      The present latex has further unexpectedly excellent property such as
      blister property in case of web offset printing. Accordingly, the present
      latex is highly valuable as a binder for the pigmented paper coating
      composition having high capacity which can be used even in the up-to-date
      high speed printing technique.
PAR  Moreover, the coating color prepared by using the present copolymer latex
      has excellent heat stability. When the coating color is used for C-2-S
      application (it means an application for both surface and reverse side of
      the paper) or double coating, it is usually necessary to apply the color
      onto hot paper immediately after drying, in both cases of onmachine coater
      and off-machine coater, and therefore the coating color tends to be
      heated. When a heat-unstable color is used, it is gelated and becomes to
      be highly viscous, which caused difficulty of coating thereof, and further
      the pick strength of the coated paper is sometimes significantly lowered
      because of insufficient dispersion of the coating color. With the recent
      progress of high speed coater, the heat stability of coating color is
      coming more important in addition to the chemical and mechanical
      stabilities.
DETD
PAR  The present invention is illustrated by the following examples, but not
      limited thereto. In the examples, the "parts" means parts by weight.
PAC  EXAMPLE 1
PAR  Into a reactor were added 45.9 parts of water, 30 percent by weight of an
      aqueous emulsion solution (lauryl sulfate 1 part and water 20 parts), 20
      percent by weight of monomer mixture (butadiene 39 parts, styrene 51
      parts, methyl methacrylate 6 parts, .beta.-hydroxyethyl acrylate 2 parts
      and tert-dodecyl mercaptane 0.25 part), 1.5 parts of fumaric acid, 0.5
      part of acrylic acid and 0.6 part of sodium bicarbonate, and then the
      mixture was heated. When the inner temperature became 65.degree.C, an
      aqueous solution of potassium persulfate (potassium persulfate 1.0 part
      and water 26.8 parts) was further added. When the inner temperature became
      70.degree.C, the total solids of the polymer in the reactor was 22
      percent. Then, the remaining monomer mixture and the aqueous emulsifier
      solution were continuously added over a period of 7 hours.
PAR  The FIG. 1 shows the relationship of the concentration of total solids and
      the rate of polymerization reaction while the continuous addition.
PAR  The polymerization reaction was finished for 13 hours to give a latex
      having 0.06 percent by weight of coagulum (i.e. the ratio of the dried
      residue which is obtained by filtration with 100 mesh screen to the amount
      of latex in wet state) and 1600 to 1900 A of particle size.
PAR  When the polymerization reaction was carried out in the same manner as
      described above excepting that the total amount of the emulsifier was
      added at once at the first stage of the reaction and only the monomers
      were continuously added, there was obtained a latex having 0.5 percent by
      weight of coagulum and 600 to 900 A of particle size.
PAC  EXAMPLE 2
PAR  Latexes of the invention (A, B and C) were prepared by copolymerizing a
      mixture of monomers according to a conventional emulsion copolymerization
      method. Likewise, as the controls, some latexes (D, E and F) were
      prepared. The kinds and amount (part) of the monomers are shown in Table
      I.
TBL                Table 1                                                     
     ______________________________________                                    
              Latex of this                                                    
              invention on Latex of controls                                   
     Kind of monomers                                                          
                A      B       C     D     E     F                             
     ______________________________________                                    
     Butadiene  32.5   36.5    30.0  37.0  40.0  38.0                          
     Styrene    30.5   47.0    50.5  58.0  54.5  59.0                          
     .beta.-Hydroxyethyl                                                       
                 4.0   4.0     2.0   --    3.0   --                            
     acrylate                                                                  
     Methyl     30.5   10.0    15.0  2.0   --    --                            
     methacrylate                                                              
     Acrylic acid                                                              
                 2.5   0.5     1.5   1.0   0.5    1.0                          
     Fumaric acid                                                              
                --     2.0     1.0   2.0   2.0    2.0                          
     ______________________________________                                    
PAR  The viscosity of the latexes shown in Table 1 (total solids: 48 percent,
      pH: 6.5) was measured. The results are shown in Table 2. As made clear
      from the results, the latexes of the present invention have lower
      viscosity than those of controls.
TBL                Table 2                                                     
     ______________________________________                                    
                A      B        C    D     E     F                             
     Viscosity of                                                              
     latexes (cps)                                                             
                70     95       60   240   380   410                           
     ______________________________________                                    
PAR  By using the above latexes, there were prepared casein-containing coating
      color (Formulation I) and Satin white-containing coating color
      (Formulation II) as shown in the following Table 3. In both formulation,
      the total solids were included in 50 percent by weight.
TBL                Table 3                                                     
     ______________________________________                                    
     Components of     Components of                                           
     Formulation I     Formulation II                                          
     Kind        Part      Kind           Part                                 
     ______________________________________                                    
     Kaolin clay 70        Kaolin clay    90                                   
     Calcium carbonate                                                         
                 30        Satin white    10                                   
     Zinc oxide   1        Oligomer        0.5                                 
                           dispersing                                          
     Casein      10        agent (e.g.                                         
                           Aron 20 SL)                                         
     Latex       15        Modified starch                                     
                                           8                                   
                           (Tradename: Neal                                    
                           gum A-220)                                          
                           Latex          10                                   
     ______________________________________                                    
PAR  The characteristics of the above Formulation I and Formulation II were
      evaluated as follows:
PAL  1. Re: Formulation I
PAR  The properties of the coating color are as shown in Table 4. The latexes of
      the present invention (A, B and C) had lower viscosity of color and
      excellent viscosity stability after kept for 24 hours in comparison with
      the latexes of controls (D, E and F).
TBL                                    Table 4                                 
     __________________________________________________________________________
                 A    B    C    D    E    F                                    
     __________________________________________________________________________
     Viscosity immediately                                                     
     after preparation                                                         
                 3,650                                                         
                      3,530                                                    
                           3,320                                               
                                 6,530                                         
                                      7,260                                    
                                           8,400                               
     (cps)                                                                     
     pH value immediately                                                      
                 9.3  9.3  9.2  9.3  9.3  9.4                                  
     after preparation                                                         
     Viscosity 24 hours                                                        
                 5,260                                                         
                      4,410                                                    
                           4,830                                               
                                35,000                                         
                                     37,000                                    
                                          43,000                               
     after preparation                                                         
     (cps)                                                                     
     Viscosity stability*                                                      
                 1.44 1.25 1.45 5.36 5.10 5.12                                 
     __________________________________________________________________________
      [Note]:                                                                  
     *Viscosity 24 hours after preparation                                     
      Viscosity immediately after preparation                                  
PAR  The properties of the coated paper are as shown in Table 5. The RI-Dry
      Pick, RI-Wet Pick and transferability of multicolor offset printing ink
      were evaluated by observing the degree of picking and the density of ink
      by naked eyes and the result being classified into five classes from 1
      (best) to 5 (worst). The light resistance test was carried out by
      measuring the degree of yellowing after irradiation with Fade-O'meter for
      20 hours. The degree of yellowing was calculated by the following
      expression:
EQU  (A - B ) / G
PAL  wherein A, B and G means the reflectivity which was measured by using
      Hunter colorimeter (Amber filter, Blue filter and Green filter,
      respectively).
PAR  As made clear from the results shown in Table 5, the papers coated with the
      present latexes (A, B and C) showed excellent adhesion strength and water
      resistance, and also excellent light resistance (i.e. lower degree of
      yellowing) in comparison with those coated with the latexes of controls.
TBL                                    Table 5                                 
     __________________________________________________________________________
               A     B     C     D     E     F                                 
     __________________________________________________________________________
     RI-Dry Pick                                                               
               1.2   1.4   1.2   2.0   2.0   2.0                               
     RI-Wet Pick                                                               
               1.0   1.5   1.5   3.0   2.0   3.0                               
     Transferability of                                                        
     multicolor offset                                                         
               1.5   2.0   1.0   3.0   5.0   3.0                               
     printing ink                                                              
     Light resistance                                                          
               0.105 0.121 0.110 0.140 0.146 0.150                             
     __________________________________________________________________________
PAL  2. Re: Formulation II
PAR  The properties of the coating color are as shown in Table 6. The present
      latexes (A, B and C) showed superior heat stability of coating color in
      comparison with other latexes.
TBL                                    Table 6                                 
     __________________________________________________________________________
                  A    B     C     D     E     F                               
     __________________________________________________________________________
     Viscosity immediately                                                     
     after preparation                                                         
                  740  720   760   820   800   790                             
     (cps)                                                                     
     pH value immediately                                                      
                  11.0 11.0  11.1  10.9  11.0  11.0                            
     after preparation                                                         
     Viscosity after heating                                                   
                  980  1,230 1,430 3,050 2,550 gelated                         
     at 70.degree.C for 15 minutes                                             
     (cps)                                                                     
     __________________________________________________________________________
PAR  The properties of the coated paper are as shown in Table 7. The papers
      coated with the present latexes (A, B and C) were excellent in RI-Wet Pick
      and transferability of multicolor offset printing ink in comparison with
      those coated with other latexes.
TBL                Table 7                                                     
     ______________________________________                                    
               A     B      C       D    E    F                                
     ______________________________________                                    
     RI-Wet Pick 1.0     1.5    1.5   3.0  2.0  4.0                            
     Transferability of                                                        
                 2.0     2.0    1.0   3.0  5.0  3.0                            
     multicolor offset                                                         
     printing ink                                                              
     ______________________________________                                    
PAR  The RI-Dry Pick was measured on the papers coated with heat-treated coating
      color and untreated coating color. The results are shown in Table 8.
PAR  The coated papers by using present latexes (A, B and C) were superior in
      RI-Dry Pick not ony in case of using untreated coating color but also in
      case of heat-treated coating color in comparison with those of other
      latexes.
TBL                Table 8                                                     
     ______________________________________                                    
     Coating color                                                             
               A       B       C     D     E     F                             
     ______________________________________                                    
     Untreated 1.0     1.5     1.5   4.5   2.0   3.0                           
     Heat-treated                                                              
               1.0     1.5     2.0   5.0   3.0   --                            
     at 70.degree.C for                                                        
     15 minutes                                                                
     ______________________________________                                    
PAR  The blister resistance was measured as follows:
PAR  As the test paper there was used the paper coated with the coating color of
      Formulation II in one side and further coated with pigment containing many
      amount of adhesive in the reverse side. The reverse side was previously
      printed and dried, and then the paper was seasoned so as to be about 5.5
      percent of humidity. The side to be tested was printed with commercial web
      offset printing ink, and then the paper was heated in an electric heating
      furnace. The critical blister temperature (i.e. the lowest temperature at
      which blister occurs) was measured. The results are shown in Table 9.
PAR  When the critical blister temperature is higher, the paper can be used for
      web offset printing at higher speed. As made clear from the results shown
      in Table 9, the papers using the present latexes (A, B and C) showed
      better blister resistance.
TBL                Table 9                                                     
     ______________________________________                                    
                 A       B      C     D    E     F                             
     Critical blister                                                          
     temperature (.degree.C)                                                   
                 210     200    190   180  170   180                           
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A copolymer latex comprising 25 to 45 percent by weight of a conjugated
      diolefinic monomer, 3 to 40 percent by weight of an alkyl ester of an
      unsaturated carboxylic acid, selected from the group consisting of methyl
      acrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate, butyl
      acrylate, cyclohexyl acrylate, glycidyl methacrylate, dimethyl fumarate,
      diethyl fumarate, dimethyl maleate, diethyl maleate, dimethyl itaconate,
      monomethyl fumarate, monoethyl fumarate and mixtures thereof, 1 to 5
      percent by weight of a hydroxyalkyl-containing unsaturated monomer
      selected from the group consisting of .beta.-hydroxyethyl acrylate,
      .beta.-hydroxyethyl methacrylate, hydroxypropyl acrylate, hydroxypropyl
      methacrylate, hydroxybutyl acrylate, hydroxybutyl methacrylate,
      3-chloro-2-hydroxypropyl methacrylate, di(ethylene glylcol) itaconate,
      di(propylene glycol) itaconate, bis(2-hydroxypropyl) itaconate,
      bis(2-hydroxyethyl itaconate, bis(2-hydroxyethyl) fumarate,
      bis(2-hydroxyethyl) maleate, 2-hydroxyethyl methylfumarate, 2-hydroxyethyl
      vinyl ether, hydroxymethyl vinyl ketone, allyl alcohol and mixtures
      thereof, 0.5 to 4 percent of an unsaturated carboxylic acid monomer and
      the remaining percent of an alkenyl aromatic monomer.
NUM  2.
PAR  2. A paper coating composition comprising a pigment and a copolymer latex
      as according to claim 1.
NUM  3.
PAR  3. The paper coating composition according to claim 2, wherein the polymer
      latex is used in a ratio of 2 to 50 parts by weight on the basis of 100
      parts by weight of the pigment.
NUM  4.
PAR  4. A coated paper comprising a paper sheet to which the paper coating
      composition as set forth in claim 2 is applied.
NUM  5.
PAR  5. A process for production of the copolymer latex according to claim 1 by
      polymerizing the monomers, which process is characterized in that an
      emulsifier is used in a ratio of 0.05 to 3.0 parts by weight on the basis
      of 100 parts by weight of the monomers and that at least 30 percent by
      weight of the monomers is continuously or incrementally added, after the
      initiation of the polymerization reaction and after the concentration of
      the total solids of the polymer becomes over 20 percent by weight in the
      polymerization system, so that the concentration of the total solids is
      maintained above 20 percent by weight and the rate of polymerization
      reaction is maintained above 50 percent.
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ABST
PAL  High frequency coaxial cable is provided with spacers bonded to both the
      inner and outer conductor through thin layers of bonding material. A
      bonding material is applied to the inner conductor and the spacer bonded
      thereto. A bonding material is then applied to the spacer and/or outer
      conductor, and the outer conductor is bonded to the spacer.
BSUM
PAR  The present invention relates to coaxial high frequency cable, and more
      particularly to coaxial cables formed of an inner and an outer conductor
      which are held in concentric position by distance spacers, with the
      distance spacers being bonded to each of the two conductors.
PAR  The German laid open Pat. No. 2,120,699 describes the production of coaxial
      cable in which the spacers are bonded to the conductors. The bonding of
      the distance spacers with the two conductors is carried out to assure that
      the radially water tight cables do not permit a leaking of water in the
      longitudinal direction, because at the connecting points, this could lead
      to shorts between the two conductors. The known method satisfies the
      mechanical problem, however, the electrical properties of the high
      frequency cable is unfavorably influenced. In accordance with the known
      method, the distance spacers, which are made of copolymer material in the
      shape of disks, are mounted on the inner conductor at certain intervals,
      and are bonded together with the inner conductor as well as with the outer
      conductor. However, the use of such material for the spacers increases the
      phase angle for the high frequency cable, so that the attenuation is
      substantially increased which impedes the transmission of the high
      frequency energy.
PAR  The principle object of this invention is to provide coaxial cables which
      are watertight in the longitudinal direction, without impeding the
      electrical properties of the high frequency cable.
PAR  In accordance with the present invention, there is provided a coaxial cable
      comprised of an inner conductor, an outer conductor and at least one
      spacer between the inner and outer conductor and bonded to the inner
      conductor by a first thin layer of bonding material and to the outer
      conductor by a second thin layer of bonding material.
PAR  In accordance with the present invention, a coaxial cable comprised of an
      inner conductor, an outer conductor and at least one spacer between the
      inner and outer conductor and bonded thereto is produced by forming a
      first coating of bonding material on the inner conductor, followed by
      mounting of the distance spacer on the coated portion and bonding of the
      distance spacer to the inner conductor through the first coating. A second
      coating of bonding material is formed on the outer conductor and/or the
      portion of the spacer to be bonded to the inner conductor, and the outer
      conductor placed around the inner conductor and in engagement with the
      spacer, followed by bonding the spacer to the outer conductor through the
      second coating of bonding material.
DRWD
PAR  By proceeding in accordance with the present invention, commonly used
      materials which provide good electrical properties for the cable, may be
      used for the distance spacers, without concern as to whether such
      materials can be bonded to the conductors in that the spacers are bonded
      to the conductors through the intermediate bonding layers. The coat of
      bonding material for bonding the spacer to the inner and the outer
      conductor may be very thin, since only a bonding between the distance
      spacers and the two conductors is intended. whereby the distance spacers
      may have any suitable configuration. The present invention will be further
      described with respect to the attached drawings wherein:
PAR  FIG. 1 is a simplified schematic representation of a device for producing
      coaxial cable in accordance with the invention;
PAR  FIG. 2 is a simplified schematic representation of another device for
      producing coaxial cable in accordance with the invention;
PAR  FIG. 3 is a simplified schematic representation of a further device for
      producing coaxial cable in accordance with the invention;
PAR  FIG. 4 is a cross sectional view, in enlarged scale, of an inner conductor
      having a spacer bonded thereto; and
PAR  FIG. 5 is a cross sectional view, in enlarged scale, of an embodiment of a
      coaxial cable of the present invention.
DETD
PAR  Referring to FIG. 1, an inner conductor of a coaxial high frequency cable,
      which, for example, may be a copper wire, is drawn off from drum 1, and is
      guided to an injection molding device 3, wherein the inner conductor 2 is
      provided with a coating of bonding material such as an ethylene copolymer,
      in the form of molded rings 4 at discrete places, as shown. After leaving
      injection molding device 3, the inner conductor is guided to a further
      injection molding device 5, wherein the distance spacers 6 are injection
      molded onto the inner conductor at the places where the bonding material 4
      had been placed and are bonded to the inner conductor through bonding
      material 4. The distance spacers 6 are formed of a common isolating
      materials, for example, polyethylene. Subsequently, a metal strip is drawn
      from drum 7 around the inner conductor 2, and in engagement with the
      spaced disks 6, so as to form an outer conductor 8. The butt-jointed ends
      of the outer conductor are welded together in a longitudinal seam by means
      of a welding apparatus 9. The metal strip from which the outer conductor 8
      is formed may also be made of copper and is provided with a coat of
      bonding material, so that the outer conductor may be bonded during the
      welding process or in an additional heating process with disks 6. After
      the outer conductor 8 has been manufactured, the finished high frequency
      cable may be wound onto a drum 10. In present techniques, where the
      distance spacers are in the shape of a disk, it is common that a large
      number of inner conductors are introduced into the injection molding
      device and are provided with the disks. Such a device is shown in FIG. 2,
      for example, wherein three inner conductors 2 are introduced into
      injection molding device 3 and wherein the bonding rings 4 are provided.
      All three inner conductors are simultaneously provided with the distance
      spacer disks 6 in injection molding apparatus 5 which are bonded to the
      inner conductor by the bonding material. The outer disks 6, are then
      provided with a coating of bonding material, e.g., a copolymer of ethylene
      in the form of molded rings 12, in injection molding apparatus 11. The
      inner conductor, including the bonded spacer disks 6 and outer ring of
      bonding material 12 is shown, in cross section, in FIG. 4.
PAR  In accordance with the embodiment where the spacer is provided with bonding
      material, coating of the outer conductor with bonding material is not
      required; however, as should be apparent, the outer conductor, if desired,
      can be provided with bonding material. The outer conductor is then placed
      around the inner conductor (not shown), and the outer conductor is bonded
      to the disks 6 (not shown); for example, by heating to liquefy ring 12
      whereby the outer conductor 8 snugly engages disks 6, whereby the ring of
      bonding material spreads evenly on the outer circumference of disk 6. The
      coaxial cable with a disk bonded to the inner and outer conductor is
      shown, in cross section, in FIG. 5.
PAR  The coating of the inner conductor with bonding material rings 4 may be
      carried out in conjunction with FIG. 3. In this case, a heating of the
      inner conductor is carried out, for example, by means of current over the
      pair of rollers 13 and 14 in the range of the injection molding apparatus
      3. In the apparatus the inner conductor 2 runs through a masking cover 15
      having recesses 16 which correspond to the width of bonding material ring
      4. Furthermore, two nozzles 17 and 18 are provided in the apparatus which
      are displaced by about 180.degree. with respect to each other and which
      supply the fine-grained bonding material onto cover 15. In the range of
      the injection molding apparatus cover 15 is moved together with the inner
      conductor, so that the cover assumes the final position as indicated by
      the dotted lines. Since the injection molding of the disks onto the inner
      conductor permits only a step-by-step operation there is enough time to
      return the cover 15 to its initial position while the disks are molded
      onto the inner conductor.
PAR  Although, the above disclosed method relates to distance spacers in the
      shape of disk it should be understood that any other suitable distance
      spacers which can provide a water-tight seal in the longitudinal direction
      may be used; for example, a foamed or solid insulation which completely
      fills the space between the inner, and outer conductor. Accordingly, the
      present invention is not limited to the spacer particularly shown.
PAR  Numerous modifications and variations of the present invention are possible
      in light of the above teachings and, therefore, within the scope of the
      appended claims, the invention may be practiced than as particularly
      described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a coaxial high frequency cable, formed of an
      inner conductor, an outer conductor, and a spacer between the inner
      conductor and outer conductor, which is bonded thereto, comprising:
PA1  applying a first bonding material in the form of at least one molded ring
      on the inner conductor;
PA1  mounting at least one distance spacer on the at least one molded ring;
PA1  bonding the at least one spacer to the inner conductor by the at least one
      molded ring of bonding material;
PA1  applying a second bonding material on at least one of the inner surface of
      the outer conductor and the portion of the at least one spacer to be
      bonded to the outer conductor;
PA1  placing the outer conductor around the inner conductor and in engagement
      with the at least one spacer; and
PA1  bonding the at least one spacer to the outer conductor by the second
      bonding material.
NUM  2.
PAR  2. The process of claim 1 wherein a plurality of distance spacers are
      employed in the coaxial cable, and the first and second bonding material
      are applied only at the points where the spacers are bonded to the inner
      and outer conductors.
NUM  3.
PAR  3. The process of claim 2 wherein the second bonding material is in the
      form of molded rings of bonding material on the distance spacers.
NUM  4.
PAR  4. The process of claim 3 wherein the molded rings for the inner conductor
      are provided in an injection molding apparatus with the bonding material
      being applied to the inner conductor through apertures in a masking cover
      for the inner conductor which moves through the injection molding
      apparatus simultaneously with the inner conductor.
NUM  5.
PAR  5. The process of claim 3 wherein the distance spacer is in the form of a
      disk.
NUM  6.
PAR  6. The process of claim 3 wherein the distance spacers are molded onto the
      inner conductor at the points on the inner conductor containing the first
      coating of bonding material in the form of molded rings.
NUM  7.
PAR  7. The process of claim 1 wherein the second bonding material is applied to
      the outer conductor.
NUM  8.
PAR  8. A high frequency coaxial cable comprising:
PA1  an inner conductor;
PA1  an outer conductor concentric with the inner conductor and spaced
      therefrom, at least one spacer between the inner and outer conductor, said
      spacer being bonded to the inner conductor by a molded ring of bonding
      material and to the outer conductor by a layer of bonding material to
      provide a water-tight seal.
NUM  9.
PAR  9. The coaxial cable of claim 8 wherein the coaxial cable includes a
      plurality of distance spacers spaced along the length of the cable, said
      spacers being in the form of disks, each bonded to the inner conductor by
      a molded ring of bonding material.
NUM  10.
PAR  10. The coaxial cable of claim 8 wherein the spacers are bonded to the
      outer conductor by a layer of bonding material formed from a molded ring
      of bonding material on the spacers.
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ABST
PAL  A damper for an overhead transmission line comprising a torsional bar
      disposed in a spaced and parallel arrangement with conductor means of an
      overhead transmission line; a fixture spacer to fix one of the ends of
      said torsional bar to said conductor means of the overhead transmission
      line; at least one bearing spacer to bear the other end of said torsional
      bar on said conductor means of said overhead transmission line so that
      said torsional bar is allowed to be twisted; and a pair of weights having
      an equal inertia moment and secured to said torsional bar adjacent to the
      torsional end and on either side thereof.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to a damper for an overhead transmission
      line, and more particularly to a damper for effectively damping or
      preventing a galloping of vibrations to which an overhead transmission
      line tends to be subject.
PAC  BACKGROUND OF THE INVENTION
PAR  Vibrations on an overhead transmission line are typically an aeolian
      vibration and a galloping. The aeolian vibration is one which is caused by
      Karman vortex behind the conductor or conductors of the transmission line
      (referred to as the conductor hereinafter) with respect to the direction
      of wind to vertically vibrate the conductor of the transmission line with
      high frequency (such as about 10 to 100 HZ) and with low amplitude (such
      as about 2cm). Such an aeolian vibration may be prevented by a well known
      device such as a Stockbridge damper, a torsional damper and a bate damper.
      On the other hand, the galloping vibration is one which is generally
      caused by ice and snow collecting on the conductor of the transmission
      line to vibrate them with low frequency (such as about 0.1 to 1 HZ) and
      with large amplitude (such as about a few centimeters to ten and extra
      meters) and such a vibration causes unfavorable accidents such as
      short-circuit between the phase conductors. The galloping cannot be
      prevented by the conventional device such as a Stockbridge damper, a
      torsional damper or a bate damper.
PAR  It has been found that the galloping tends to occur when the conductor of
      the transmission line with ice and snow thereon is blown by wind having
      the velocity of about 10 to 20 m/s and that it tends to be produced in a
      severer manner in case of a bundle conductor than in case of a single
      conductor of the transmission line. It has been also found that it tends
      to occur in a severer manner in the case of a light conductor such as
      steel reinforced aluminum conductor (ACSR) than in the case of a weighty
      conductor such as copper stranded conductor.
PAR  Of late, there has been a tendency to use an overhead transmission line of
      the bundle conductor type because of increased demand of electric power,
      and in many cases the transmission line has been constructed through a
      mountainous district which is topographically and meteorologically severe,
      because of difficulty to find a site to construct it. Thus, more and more
      transmission lines will exist which tend to produce a galloping.
      Accordingly, it is required that a damper be developed which can
      effectively prevent the galloping.
PAR  Conventionally, in order to prevent the galloping on the overhead
      transmission line, the transmission line has been strung so that the phase
      conductors thereof are largely spaced from each other. However, this has
      the disadvantage that the expenses are very high for construction of
      towers, due to the requirement of their sufficient height.
PAR  In another prior art arrangement, a line spacer has been used for
      preventing the galloping. The line spacer comprises an insulating rod or
      insulator and clamps on either side of the insulator to clamp the ends of
      the insulator to the conductors of the transmission line, so that it holds
      the distance between the phase conductors of the transmission line in a
      forced manner. However, this cannot be used for an extra-high voltage
      transmission line due to deterioration of insulation of the insulator.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a principal object of the present invention to provide a
      damper for an overhead transmission line adapted to effectively prevent a
      galloping.
PAR  It is another object of the present invention to provide a damper for an
      overhead transmission line adapted to be used even in case the
      transmission line has an extra-high voltage.
PAR  It is a further object of the present invention to provide a damper for an
      overhead transmission line constructed so that it can be strung without
      the requirement of a higher tower.
PAR  It is further object of the present invention to provide damper for an
      overhead transmission line having a simplified structure and capable of
      inexpensively being produced.
PAR  In accordance with the present invention, there is provided a damper for an
      overhead transmission line comprising a torsional bar disposed in a spaced
      and parallel arrangement with conductor means of an overhead transmission
      line; a fixture spacer to fix one of the ends of said torsional bar to
      said conductor means of said overhead transmission line; at least one
      bearing spacer to bear the other end of said torsional bar on said
      conductor means of said overhead transmission line so that said torsional
      bar is allowed to be twisted; and a pair of weights having an equal
      inertia moment and secured to said torsional bar adjacent to the torsional
      end and on either side thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a damper according to the present
      invention, which is installed on a single conductor overhead transmission
      line;
PAR  FIG. 2 is a top view of the damper of FIG. 1;
PAR  FIG. 3 is a cross sectional view of the damper taken along the line
      III--III of FIG. 1;
PAR  FIG. 4 is a cross sectional view of the damper taken along the line IV--IV
      of FIG. 1;
PAR  FIG. 5 is a side view of a torsional bar with portions taken in section;
PAR  FIG. 6 is a top view of a damper according to the present invention, which
      is installed on a twin conductor overhead transmission line;
PAR  FIG. 7 is a right-handed side view of the damper of FIG. 6;
PAR  FIG. 8 is a left-handed side view of the damper of FIG. 6;
PAR  FIG. 9 is an enlarged front view of a portion of a bearing spacer used in
      the damper of FIGS. 6 to 8 to bear a torsional bar at the free end on the
      conductors of the transmission line;
PAR  FIG. 10 is a schematic diagram of a damper according to the present
      invention, which is installed on a quad conductor overhead transmission
      line;
PAR  FIG. 11 is an enlarged front view of a clamp to clamp the damper to the
      conductor of the transmission line in an insulated relation thereto;
PAR  FIG. 12 is an enlarged vertical view of a joint portion of the torsional
      bar;
PAR  FIG. 13 is an enlarged side view of a portion of a modified torsional bar
      with a portion taken in section;
PAR  FIG. 14 is a top view of another modification of a torsional bar;
PAR  FIG. 15 is a side elevational view of a modified bearing spacer, with a
      portion taken in section for the purpose of illustration;
PAR  FIG. 16 shows the relation between a galloping amplitude and a ratio of a
      torsional vibration period to a vertical vibration period of the conductor
      of the overhead transmission line;
PAR  FIG. 17 shows the relation between a torsional vibration period of the
      conductor of the transmission line and an inertia moment of weights of the
      damper; and
PAR  FIG. 18 shows the relation between a torsional vibration period and
      torsional spring constant of the torsional bar.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  In order to develop a damper for an overhead transmission line to prevent a
      galloping on the transmission line, we made a test wherein a testing line
      with artificial ice and snow was blown by wind to cause a galloping. A
      principle of producing the galloping has been found from the result of the
      test. More particularly, it has been found that the galloping was produced
      on the transmission line while its own vertical vibration period and
      torsional vibration period have a close relation to each other. We found
      that when the conductor of the transmission line had ice and snow
      collecting thereon, the torsional and vertical vibration periods nearly
      equal each other to cause the galloping on the transmission line. We tried
      to examine the relation between them by changing a ratio of the torsional
      to the vertical vibration period to various values. As a result, we have
      found that a vibration amplitude of the galloping on the transmission line
      is extremely reduced when the torsional vibration period equals or is more
      than 1.2 times the vertical vibration period, resulting in prevention of
      the galloping on the overhead transmission line.
PAR  This invention has been made based on the above result of the test and has
      a feature of comprising a torsional bar having a length with one of the
      ends secured to the conductor or conductors of the transmission line and
      with the other end journalled on the conductor or conductors so that it is
      allowed to be twisted, and a pair of weights secured to the torsional bar
      adjacent to the free end whereby the torsional vibration period can vary.
PAR  Referring now to FIGS. 1 to 4, there is shown a damper for a single
      conductor overhead transmission line, which is indicated generally at
      numeral 1. This damper comprises a torsional bar 2 having a length and
      disposed in a closely spaced manner and parallel manner to a conductor 6
      of a single conductor overhead transmission line, a fixture spacer 3 to
      fix one of the ends of the torsional bar 2 to the conductor 6, bearing
      spacers 4 to longitudinally spacedly bear the torsional bar 2 on the
      conductor 6 so that the other or free end of the torsional bar is allowed
      to be twisted, and a pair of weights 5 secured to the torsional bar
      adjacent to the free or torsional end and on either side thereof.
PAR  As shown in FIG. 5, the torsional bar 2 may comprise stranded metal wires
      21 such as copper stranded wires or steel reinforced aluminium stranded
      wires and metal rod members 22 provided at the points of the spacers 3 and
      4 to linearly connect the stranded metal wires 21 with each other or to
      terminate them. It will be noted that the stranded metal wires may be
      alternatively replaced by bundled metal wires. The rod members 22 may be
      compressively bonded to the stranded metal wires 21. As shown in FIG. 3,
      the fixture spacer 3 may be provided at both ends with a first clamp 31 to
      clamp the conductor 6 of the transmission line and a second clamp 32 to
      clamp the torsional bar 2 at one of the terminating rod members 22. The
      first clamp 31 may comprise a movable jaw 311 and a stationary jaw 312
      hinged to each other; and the conductor 6 may be clamped by the jaws 311
      and 312 bonded by a bolt 313. Similarly, the second clamp 32 may comprise
      a movable jaw 321 and a stationary jaw 322 hinged to each other; and the
      one terminating rod member 22 of the torsional bar 2 may be clamped by the
      jaws bonded by a bolt 323. The fixture spacer 3 may be composed of
      aluminium.
PAR  The bearing spacers 4 may each comprise a first clamp 41 to clamp the
      conductor 6 and a sleeve assembly 42 through which the torsional bar 2
      extends. The first clamp 41 may comprise a movable jaw 411 and a
      stationary jaw 412 hinged to each other; and the conductor 6 may be
      clamped by the jaws bonded by a bolt 413. The sleeve assembly 42 may
      comprise two half members 421 and 422 each having a semicylindrical recess
      to complement each other to provide a cylindrical hole thereto; and the
      half members 421 and 422 may be assembled by bolts 423 and nuts 424. The
      cylindrical hole of the sleeve assembly 42 has an inside diameter slightly
      greater than an outside diameter of the rod members 22 of the torsional
      bar 2. Thus, it will be noted that the torsional bar 2 is allowed to be
      twisted about its fixed point by the fixture spacer 3. The bearing spacers
      may be also composed of auminium.
PAR  The pair of weights 5 may be preferaby positioned as close as possible to
      the free end of the torsional bar 2. The weights are positioned on the
      opposite sides, respectivey, and secured to the other terminating rod
      member 22 of the torsional bar 2 by respective arms 51 which are in turn
      integrally secured at one of the ends to the weights 5 and at the other
      end to the rod member 22 of the torsional bar 2 by any suitable means such
      as a half clamp (not shown) having the construction similar to that of the
      sleeve assembly 42 afore-mentioned in connection with FIG. 4. It should be
      noted that the weights have respective inertia moments equaling each other
      on either side. Thus, the pair of the weights 5 are normally stationary
      because of balance between them, but when the conductor 6 of the overhead
      transmission line vibrates, they move accordingly with the result that the
      torsional bar 2 is twisted about its fixed point. It should be noted that
      the centers of gravity of the weights 5 may be preferably positioned below
      the axis of the torsional bar 2 for the purpose of stabilizing them. The
      weights may be preferably composed of iron.
PAR  It will be understood that the damper or dampers each having the
      afore-mentioned structure may be installed on the conductor 6 of the
      ovderhead transmission line between the adjacent towers in accordance with
      the span length.
PAR  It will be noted that spark unfavorably occurs at the point of the sleeve
      assemblies 42 of the damper 1 due to flow of current in a shunted manner
      through the torsional bar 2, which occurs because all the components of
      the damper are composed of metal materials. In order to prevent occurrence
      of such spark, the torsional bar 2 may be preferably supported on the
      conductor 6 of the overhead transmission line in an insulated manner from
      the same. By way of example, as shown in FIG. 11, the clamps 31 and 41 of
      the spacers 3 and 4 may clamp the conductor 6 with insulations such as
      insulating rubber rings 314 and 414 lined on the clamps so that they are
      inserted between the conductor 6 and the jaws of the clamps 3 and 4.
      Alternatively or in addition, as shown in FIG. 12, the rod members 22 of
      the torsional bar 2 may be secured to the stranded metal wires 21 with
      insulating tapes 23 wound around the wires so that they are interposed
      between the rod members 22 and the wires 21. In the illustrated embodiment
      of FIGS. 1 and 2, an armoring rod 61 may be preferably provided on that
      portion of the conductor 6 facing the weights so that it covers the
      conductor, for the purpose of preventing stress on the conductor 6 from
      concentrating at the portion thereof.
PAR  With the above damper or dampers of the present invention installed on the
      overhead transmission line, a torsional vibration period of the line can
      vary and thereby the torsional vibration period can be equal to or more
      than 1.2 times a vertical vibration period of the transmission line. More
      particularly, FIG. 17 shows the relation between the torsional vibration
      period of the conductor 6 and the inertia moment of the weights 5. It will
      be seen from this figure that the torsional vibration period increases
      accordingly with the inertia moment of the weights. FIG. 18 shows the
      relation between the torsional vibration period of the transmission line
      and a spring constant of the torsional bar 2. It will be seen from this
      figure that the less the spring constant of the torsional bar and the more
      torsible the torsional bar, the larger the torsional vibration period of
      the transmission line. Thus, it will be noted that the torsional vibration
      period of the conductor of the transmission line can increase and,
      therefore, time of the same can be elongated by properly determining and
      combining the values of the inertia moment of the weights 5 and the spring
      constant of the torsional bar 2. In this manner, the torsional vibration
      period of the conductor of the transmission line can be equal to or more
      than 1.2 times the vertical vibration period, with the result that the
      galloping on the transmission line can be effectively prevented.
PAR  According to our various test results, it has been found that if the length
      of the torsional bar 2 is 5m or more or less and the value of each of the
      weights 5 is 6 kg or more or less, the torsional vibration period of the
      transmission line can be 1.2 times the vertical vibration period and
      thereby the galloping can be prevented.
PAR  FIGS. 6 to 8 show a damper 101 of the present invention, which is installed
      on a twin conductor overhead transmission line. The damper 101 comprises a
      torsional bar 2, a fixture spacer 3, a bearing spacer 4 and a pair of
      weights 5, which may be substantially identical in construction to those
      of the afore-mentioned embodiment, except for installation of the
      torsional bar 2, the fixture spacer 3, the bearing spacer 4 and the
      weights 5. The fixture spacer 3 may comprise an arm 35, clamps 36 provided
      on both ends of the arm 35 to clamp two conductors 6 of the transmission
      line and a torsional bar clamping portion 37 provided at the middle of the
      arm 35, as shown in FIG. 7. The clamps 36 may each comprise two jaws 361
      and 362 bonded by bolts; and the conductors 6 are clamped by respective
      clamps 36. The torsional bar clamping portion 37 may comprise a torsional
      bar receiving recess 371 and a cover 372 detachably secured to the arm 35
      by bolts 373 to thereby clamp one of the ends of the torsional bar 2
      between them.
PAR  As shown in FIGS. 8 and 9, the bearing spacer 4 may comprise a torsional
      bar receiving arm 45 having a recess 45a to receive the bar, two clamps 46
      provided on both ends of the arm 45 and a cover 47 detachably secured to
      the arm by bolts 48 to loosely bear the torsional bar at the other or free
      end together with the recess 45a in the arm 45. As shown in FIG. 6, the
      bearing spacer 4 may preferably bear the terminating rod member 22 of the
      torsional bar 2, which is identical to that of the torsional bar of the
      afore-mentioned embodiment. The pair of weights 5 may be secured to the
      rod member 22 of the torsional bar 2 by two pairs of arcuate arms 52. Each
      of the pairs of arms 52 may comprise a clamp 521 provided at the middle of
      the arms to clamp the terminating rod member 22 of the torsional bar 2.
      Thus, in case the weights 5 rock, the torsional bar 2 is twisted about its
      fixed point. It will be noted that the reason for the arcuate
      configuration of the arms 52 is to prevent them from interference with the
      conductors 6 of the transmission line. With this arrangement of the damper
      101 of FIGS. 6 to 8, the torsional vibration period can be changed so that
      the galloping on the transmission line is effectively prevented. It has
      been seen from our tests that it is preferable that the length of the
      torsional bar 2 is 3m or more or less and the value of each of the weights
      5 is 20kg or more or less. It will be noted that the torsional bar 2 is
      borne only at the free end by a single bearing spacer 4 without bearing
      the middle of the bar, because it is relatively shorter.
PAR  FIG. 10 schematically shows a damper of the present invention, which is
      installed on a quad conductor overhead transmission line. The damper 201
      may be substantially identical to those of the afore-mentioned embodiments
      and comprise a torsional bar 2 having a length, a fixture spacer 3 to fix
      one of the ends of the torsional bar 2 to the conductors 6 of the overhead
      transmission line, two bearing spacers 4 to loosely bear the other side of
      the torsional bar 2 on the conductors, and a pair of weights 5 secured to
      the torsional bar at the free end and having an inertia moment equaling
      each other of the weights 5. The fixture spacer 3 may comprise four clamps
      31 to clamp the four conductors 6 of the transmission line and a clamp 32
      provided at the center of the spacer 3 to clamp the torsional bar 2 so
      that it is fixed relative to the conductors. The bearing spacers 4 may
      each comprise four clamps 41 to clamp the conductors 6, and a sleeve
      assembly 42 provided at the center of the spacer 4 to bear the torsional
      bar 2 extending therethrough so that it is allowed to be twisted. The
      clamps of the spacers 3 and 4 and the sleeve assemblies 42 of the spacers
      4 may be substantially identical in construction to those of the spacers
      of the afore-mentioned embodiments. Thus, in case the weights 5 are
      vibrated together with the conductors 6 of the transmission line, the
      torsional bar 2 is twisted accordingly whereby the torsional vibration
      period can vary to thereby prevent the galloping on the transmission line.
PAR  FIGS. 13 and 14 show modifications of the torsional bar 2. The torsional
      bar of FIG. 13 has the middle rod member 22 provided at both ends with
      flanges 221 and has flange members 211 compressively connected to the
      stranded wires at the connected end. The flanges 221 and the flange
      members 211 may be bonded each other by bolt and nut assemblies 222. The
      torsional bar 2 of FIG. 14 may comprise a single stranded metal wire 21
      which may be provided with a plurality of rings 212 spaced each other
      along the axis of the torsional bar 2. The rings serve to prevent snow on
      the torsional bar 2 from moving along the strand of the bar to thereby
      restrain its growth. Thus, growth of snow is prevented so that it never
      adversely affects prevention of the galloping on the transmission line.
PAR  FIG. 15 shows a modification of the sleeve assembly 42 of the bearing
      spacer 4. The sleeve assembly 42 is required to always bear the torsional
      bar 2 without fixing the torsional bar 2 relative to the sleeve assembly
      due to freezing of water on the torsional bar. In order to prevent the
      torsional bar 2 from being fixed due to such freezing, the sleeve assembly
      of FIG. 15 may be preferably provided at both ends with bellows type
      covers 425 to prevent water on the torsional bar 2 from being intruded
      into the sleeve assembly. The covers 425 may be composed of flexible
      material such as rubber, plastics or the like. It will be noted that the
      torsional bar 2 is required to smoothly rotate or twist about its fixed
      point. For this purpose, the sleeve assembly 42 may be provided at both
      ends with bearings 426 to journal the torsional bar on the sleeve
      assembly.
PAR  While some preferred embodiments of the present invention have been
      described with reference to the accompanying drawings, it will be
      apparent, to those skilled in the art that they are by way of examples and
      that various changes and modifications may be made without departing from
      the spirit and scope of the present invention, which is intended to be
      defined only in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A damper for an overhead transmission line comprising a torsional bar
      disposed in a spaced and parallel arrangement with conductor means of an
      overhead transmission line; a fixture spacer fixing one of the ends of
      said torsional bar to said conductor means of said overhead transmission
      line; at least one bearing spacer loosely bearing the other end of said
      torsional bar on said conductor means of said overhead transmission line
      so that said torsional bar is allowed to be twisted; and a pair of weights
      having an equal inertia moment and secured to said torsional bar adjacent
      to the torsional end and on either side thereof.
NUM  2.
PAR  2. A damper as set forth in claim 1, wherein a spring constant of said
      torsional bar and inertia moments of said weights are set so that a
      torsional vibration period of said conductor means of said overhead
      transmission line is equal to or more than 1.2 times a vertical vibration
      period of said conductor means of said overhead transmission line.
NUM  3.
PAR  3. A damper as set forth in claim 1, wherein said torsional bar comprises a
      stranded metal wire.
NUM  4.
PAR  4. A damper as set forth in claim 3, wherein said torsional bar is provided
      with a plurality of rings mounted thereon in a spaced manner along the
      longitudinal axis of said torsional bar.
NUM  5.
PAR  5. A damper as set forth in claim 1, wherein said torsional bar comprises a
      bundle metal wire.
NUM  6.
PAR  6. A damper as set forth in claim 1, wherein said torsional bar comprises a
      plurality of stranded metal wires and a plurality of metal rod members,
      some of which connect one of the adjacent stranded metal wires to the
      other, and the others of which are connected to the outermost stranded
      metal wires at the ends so as to terminate them, and wherein said fixture
      and bearing spacers are mounted on said metal rod members of said
      torsional bar.
NUM  7.
PAR  7. A damper as set forth in claim 6 wherein said metal rod members are
      secured to said stranded metal wires, with flanges of said metal rod
      members bonded to flanges on said stranded metal wires.
NUM  8.
PAR  8. A damper as set forth in claim 1, wherein said torsional bar comprises a
      plurality of bundled metal wires and a plurality of metal rod members,
      some of which connect one of the adjacent bundled metal wires to the
      other, and the others of which are connected to the outermost bundled
      metal wires at the ends so as to terminate them, and wherein said fixture
      and bearing spacers are mounted on said metal rod members of said
      torsional bar.
NUM  9.
PAR  9. A damper as set forth in claim 8, wherein said metal rod members are
      secured to said bundled metal wires, with flanges on said metal rod
      members bonded to flanges on said bundled metal wires.
NUM  10.
PAR  10. A damper as set forth in claim 1, wherein the centers of gravity of
      said weights are positioned below the axis of said torsional bar.
NUM  11.
PAR  11. A damper as set forth in claim 1, wherein said torsional bar is
      insulated from said conductor means of said overhead transmission line.
NUM  12.
PAR  12. A damper as set forth in claim 11, wherein said fixture and bearing
      spacers are provided with clamps to clamp said overhead transmission line,
      and wherein an insulation is inserted between each of said clamps of said
      spacers and said conductor means of said overhead transmission line.
NUM  13.
PAR  13. A damper as set forth in claim 11, wherein said torsional bar comprises
      a plurality of stranded metal wires and a plurality of metal rod members,
      some of which connect one of the adjacent stranded metal wires to the
      other, and the others of which are connected to the outermost stranded
      metal wires at the ends so as to terminate them, wherein said fixture and
      bearing spacers are mounted on said metal rod members of said torsional
      bar, and wherein an insulation is inserted between each of said stranded
      metal wires and the corresponding metal rod member.
NUM  14.
PAR  14. A damper as set forth in claim 11, wherein said torsional bar comprises
      a plurality of bundled metal wires and a plurality of metal rod members,
      some of which connect one of the adjacent bundled metal wires to the
      other, and the others of which are connected to the outermost bundled
      metal wires at the ends so as to terminate them, wherein said fixture and
      bearing spacers are mounted on said metal rod members of said torsional
      bar, and wherein an insulation is inserted between each of said bundled
      metal wires and the corresponding metal rod member.
NUM  15.
PAR  15. A damper as set forth in claim 1, wherein said bearing spacer comprises
      a sleeve assembly through which said torsional bar extends so that it is
      allowed to be twisted and wherein flexible covers are provided at both
      ends of said sleeve assembly.
NUM  16.
PAR  16. A damper as set forth in claim 15, wherein said sleeve assembly is
      provided at both ends with bearings to journal said torsional bar thereon.
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ABST
PAL  A receptacle for wired push-button switches used to actuate appliances
      adapted for inclusion in walls under construction, having an elongated
      tubular body; a removable plug disposed in one end of the body, the plug
      having an aperture adapted to accept wires threaded therethrough; a flange
      mounted on the end of the body opposite to the plugged end in
      circumscribing relation to the body; a mounting plate connected to the
      flange disposed substantially parallel to the axis of the body and offset
      therefrom whereby the receptacle serves as a temporary tie-off for wiring
      and as a permanent receptacle for a push-button switch proper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a switch receptacle used to actuate
      appliances and more particularly to such a receptacle adapted for
      inclusion in walls and the like under construction, the receptacle having
      a disposably member serving as a tie-off for wires until installation of
      the switch.
PAR  During construction of wall-like structures it is necessary to lay all
      wiring to outlets, fixtures, conduits, and the like before the wall is
      completed; the outlets and fixtures are later installed after the wall is
      finished. The wiring must consequently be strung inside the wall to a
      pre-designed location by one crew, and after a considerable lapse of time
      another crew completes the wall construction allowing completion of the
      electrical connections and the mounting of the outlets, fixtures and the
      like from outside the wall.
PAR  Because of the likelihood of the involvement of different personnel at
      various stages of construction and time lapses therebetween, confusion
      many times exists as to the exact placement of the inside wiring. Thus,
      some type of wiring tie point is useful which is installed during the wall
      construction and which serves to secure the wires for the later external
      connection. For conventional 115 volt systems, a variety of conduit and
      junction boxes are available. Prior art in this area is typified by U.S.
      Pat. No. 2,640,619 to Schneiderman, U.S. Pat. No. 1,774,934 to Mangin,
      U.S. Pat. No. 1,675,219 to Kent, and U.S. Pat. No. 2,861,705 to Scott.
PAR  Wiring for low voltage appliances such as doorbells, is, of course,
      separate from the conventional 115 volt system and is especially prone to
      problems involving tie-off locations. It is also necessary to provide some
      type of housing or receptacle in the wall to receive the push-button
      mechanism. Those types of low voltage appliances which use push-button
      switches can thus benefit from a device which serves as a tie-off point
      and locater during construction, and also functions as a permanent
      receptacle for the pushbutton when the latter is installed.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is an object of the present invention to
      provide a push-button receptacle capable of functioning as a wire tie-off
      and locater as well as a permanent receptacle for the pushbutton.
PAR  Another object is to provide a combined switch receptacle and tie-off
      fixture which is convenient and easy to install.
PAR  Another object is to provide such a combined receptacle and fixture which
      is easily located when a wall in which it is mounted is completed.
PAR  Another object is to provide such a combined receptacle and fixture having
      a removable plug providing an aperture through which wires of an
      electrical system can be quickly and easily threaded to provide a
      temporary tie-off.
PAR  Another object is to provide such a combined receptacle and fixture about
      which a wall can be conveniently surfaced.
PAR  It is a further object to provide such a receptacle manufactured
      economically of plastic material or the like.
PAR  It is a further object to provide such a receptacle with separable and
      disposable tie-off means.
PAR  These and other objects will become more fully apparent upon reference to
      the following description and accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary front elevation of a wall typifying a usual
      doorbell switch installation and having the device of the present
      invention mounted therein.
PAR  FIG. 2 is a perspective view of a combined push-button receptacle and
      tie-off fixture embodying the principles of the present invention.
PAR  FIG. 3 is a sectional side elevation of a portion of the wall of FIG. 1 and
      the receptacle as employed as a wire tie-off and locater.
PAR  FIG. 4 is a view of the wall and receptacle similar to that of FIG. 3 but
      as employed as a receptacle with a pushbutton disposed therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawing, a typical doorbell switch
      installation is illustrated in FIG. 1 showing a doorbell push-button
      switch 10 mounted within a faceplate 11 on a wall 12.
PAR  A receptacle of the present invention is shown generally at 14 in FIGS. 2
      through 4. The receptacle is preferably constructed of plastic or some
      other economical electrically non-conductive material. Even suitably
      insulated metal may be utilized, if desired. The receptacle has an
      elongated, cylindrical tubular body 16 having an inside diameter
      represented at 17 adapted to house a conventional wired push-button switch
      10 used in doorbell systems. The push-button switch is frictionally fitted
      into an end 18 of the body. A removable and disposable plug 19 is
      initially frictionally fitted in the end 18 prior to installation of the
      switch therein. The plug has an aperture 20 therethrough adapted to have
      wires 21 threaded therethrough for tying-off purposes. A flexible strap 22
      is preferably connected between the plug 19 and the body 16 so that they
      do not become inadvertently separated.
PAR  A substantially square flange 23, integral with the body 16, circumscribes
      the end 24 of the body opposite to the plug 19. Integral with the flange
      is a mounting plate 25 disposed parallel with the axis of the body but
      offset therefrom and extending away from end 24. The plate is disposed in
      a plane substantially tangential to the body. The plate has a plurality of
      holes 26 adapted to receive nails 27 to mount the receptacle to a wall
      member, such as a stud 28.
PAC  OPERATION
PAR  The operation of the described embodiment of the subject invention is
      believed to be clearly apparent and is briefly summarized at this point.
PAR  When the construction of a wall 12 has reached an appropriate point, the
      wires 21 for a doorbell push-button switch 10 are installed and a
      receptacle 14 is mounted at the desired location. Since the body 16 of the
      receptacle is cylindrical, this is quickly and easily accomplished by
      drilling a hole 30 through the surface of the wall, such as wall board 31,
      adjacent to a stud 28 and sliding the end 18 of the receptacle outwardly
      therethrough. Nails 27 are then inserted through the holes 26 and driven
      into the stud 28, securing the receptacle in place.
PAR  As best shown in FIG. 3, preliminary to such mounting, the wires 21 are
      extended through the body 16 and threaded through the aperture 20. A knot
      32 is formed in the wires to prevent separation of the wires from the
      receptacle 14. The receptacle therefore both secures the wires preventing
      their loss inside the wall and reveals their location at a point on the
      outside of the wall board 31.
PAR  The wall 12 is then completed by applying a surface 33 to the wall board
      31. Such surface may consist of wood paneling, veneer or the like, drilled
      to receive the end 18 of the body 16, or plaster, stucco or texture
      applied thereabout. In any event, the protrusion of the end 18 of the body
      through the wall board 31, as well as the disposition of the plug 19,
      strap 22 and knot 32 prominently disclose the location of the receptacle
      prior, during and subsequent to the surfacing operations.
PAR  When construction of the wall has reached a point where the doorbell system
      is ready for completion, the knot 32 in the wires 21 is untied. The plug
      19 is removed from end 18 and separated from the body 16 as by severing
      strap 22. The pushbutton switch 10 is then attached in standard fashion to
      the wires. The faceplate 11 is then secured to the wall 12 by screws 34,
      as shown in FIG. 4.
PAR  The receptacle 14 is economical to produce and fully effective in
      performing its combined functions of tie-off fixture and switch
      receptacle. It is quickly, easily and economically installed. It
      dependably holds the wires 21 in position while the wall 12 is completed.
      The plug 19 is easily removed and discarded after untying the wires 21.
      The wires are then readily drawn out of the end 18, affixed to the switch
      10 and shoved back into the wall. The switch is friction fit to the body
      16 and dependably mounted therein by simple insertion.
PAR  Although the invention has been herein shown and described in what is
      conceived to be the most practical and preferred embodiment, it is
      recognized that departures may be made therefrom within the scope of the
      invention.
CLMS
STM  Having described my invention, what I claim as new and desire to secure by
      Letters Patent is:
NUM  1.
PAR  1. A receptacle for a switch comprising a tubular body for the extension of
      wires longitudinally therethrough and providing an end dimensioned to
      receive a switch frictionally fitted thereon, means borne by the tubular
      body for mounting said body in a wall with said end outwardly disposed,
      and a plug removably, frictionally fitted on said end of the body and
      having an aperture through which wires can be extended temporarily to hold
      the wires in place prior to receipt of a switch on said end.
NUM  2.
PAR  2. The receptacle of claim 1 in which the body, the mounting means, and the
      plug are of integral construction.
NUM  3.
PAR  3. The receptacle of claim 2 in which the plug is connected to the body by
      means of a flexible strap integral therewith.
NUM  4.
PAR  4. The receptacle of claim 1 in which the mounting means includes a flat
      mounting plate integral with the body and parallel to the axis thereof.
NUM  5.
PAR  5. A receptacle for inclusion in walls and the like during construction
      thereof to mount a switch and temporarily to secure wires thereto for said
      switch during construction, the receptacle comprising a tubular body
      having an end dimensioned releasably to receive a switch; securing means
      including a plug dimensioned to be received on said end of the body and
      having an aperture through which wires can temporarily be extended thereby
      to attach them to the plug; and mounting means connected to the body for
      attachment of the body to a wall.
NUM  6.
PAR  6. The receptacle of claim 5 wherein the tubular body includes a mounting
      flange at the end opposite to the end which is dimensioned releasably to
      receive a switch.
NUM  7.
PAR  7. A switch receptacle for inclusion in walls and the like during
      construction temporarily to secure electric wires for a switch thereto and
      ultimately to mount such a switch, the receptacle comprising an elongated
      tubular body adapted to receive such a switch in one end thereof and
      similarly adapted to receive wires connected to and extending from the
      switch through the body and emanating from the opposite end thereof; a
      disposable plug seated in said one end of the body to be discarded when
      the switch is installed, the plug having an aperture adapted to have wires
      extended therethrough awaiting installation of the switch; a flange
      mounted on the body at the end opposite said one end in which the plug is
      seated; and a plate mounted on the flange disposal parallel with the axis
      of the body but offset therefrom, the plate having a plurality of holes
      for nails whereby the receptacle is installed in a wall during
      construction thereof.
NUM  8.
PAR  8. A combined switch receptacle and tie-off fixture comprising:
PA1  A. an elongated, tubular, cylindrical body having an end adapted releasably
      to receive a switch in frictionally fitted relation therein;
PA1  B. a substantially square flange circumscribing the body and integral
      therewith at the end thereof opposite to said one end;
PA1  C. a mounting plate integral with the flange disposed in a plane
      substantially tangential to the body;
PA1  D. a plug releasably fitted to said one end of the body having an aperture
      adapted temporarily to receive switch wires in threaded relation
      therethrough; and
PA1  E. a flexible severable strap interconnecting the plug and the body.
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ABST
PAL  An electronic package assembly having a plurality of gold-plated lead pins
      solderably secured within a corresponding array of pre-metalized,
      cylindrical-shaped holes disposed in a ceramic substrate of the package.
      The interior surfaces defining the holes are pre-metalized with a layer of
      palladium-silver followed by a layer of gold. The pins are then brazed to
      the metalized hole interiors with a gold germanium filler metal which has
      been screen printed on the upper surface of the substrate in ring
      configurations outlining the pin receiving holes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to an electronic package assembly of the type having
      an encapsulated electronic device, and also to methods for assemblying
      such packages. More particularly, the invention relates to the securement
      of pre-plated electrical lead pins to the ceramic substrate of such an
      electronic package assembly.
PAR  2. Description of the Prior Art
PAR  It is well known to construct electronic package assemblies from a ceramic
      substrate having a central cavity in which a semiconductor chip is
      mounted. The substrate contains an array of holes with each hole receiving
      an electrical lead pin. The lead pins are secured in the package and a
      conductive pattern of leads printed on the surface of the substrate
      electrically interconnects the pins to the semiconductor device. The
      semiconductor device is often attached in the cavity by means of a gold
      glass frit paste, commonly referred to as a die attach pad, following
      which the package is sealed by application of a metal cap enclosing the
      central cavity to protect the chip against conductive air borne
      contaminates and other adverse environmental conditions which affect the
      operating characteristics of the device. Such chip attachment and
      encapsulation are usually one of the final steps in the package
      manufacture, taking place after electrical lead pins are secured in the
      package.
PAR  Heretofore, lead pins formed from "Kovar" or similar alloy, were bonded to
      the ceramic substrate by a copper-silver eutectic braze. The use of
      copper-silver as a filler alloy between the pins and the ceramic substrate
      necessitated the brazing operation to be conducted at 780.degree.C. After
      the pins were secured to the substrate, the lead pattern and pins were
      plated with a corrosion resistant material, such as gold.
PAR  To facilitate the fabrication of such electronic package assemblies and to
      reduce the cost factor in the prior modes of assembly, it became desirable
      to eliminate the subsequent step of gold plating the package, by gold
      plating the lead pins prior to securing the same to the package. However,
      the use of pre-plated lead pins requires a brazing operation under
      600.degree.C. to prevent the gold plating from diffusing into the
      Kovar-composed pins. But with pin-to-ceramic bonds formed at lower
      temperatures, problems arise due to the high temperature requisite for
      subsequent chip attachment within the central cavity. Such high
      temperatures will degrade the strength and reliability of these
      low-temperature-formed bonds and could possibly melt such bonds, releasing
      many of the pins before the chip is attached.
PAR  The discovery of a method to braze pre-goldplated pins within a ceramic
      substrate of an electronic package while still maintaining the integrity
      of the lead pin bonds during chip attachment has been the subject of
      continued search in the electronic device art.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the invention to secure pre-plated
      electrical lead pins to the ceramic base of an electronic package such
      that the attachment interface formed therebetween will not reflow during
      subsequent package heating operations.
PAR  It is another object of this invention to provide a method for brazing
      electrical lead pins to a ceramic substrate of an electronic package at a
      relatively low brazing temperature.
PAR  It is a more specific object of this invention to provide an electronic
      package assembly of the type having a metal alloy bond formed between
      electrical lead pins and the ceramic substrate of the package, which bond
      will not reflow at temperatures under 500.degree.C.
PAR  The objectives of the invention are accomplished in the use of a gold
      germanium solder paste for securing electrical lead pins to a ceramic base
      layer of an electronic package assembly. The solder paste is screen
      printed in ring configurations on the upper surface of the ceramic base,
      with each ring bordering the periphery of each of a plurality of
      pin-receiving holes. The interior surfaces defining the holes are plated
      with a palladium-silver layer followed by a gold layer. Gold-plated pins
      are inserted into the holes, with one end of each pin disposed flush with
      the upper surface of its corresponding solder ring. During a brazing
      operation at 525.degree.C., the solder paste combines with the gold-plated
      pins and the metalized hole interiors to form an alloy bond incapable of
      reflowing at temperatures below 500.degree.C.
PAR  Other objects and advantages of the invention will become more fully
      apparent from the following detailed description of the preferred
      embodiment taken in conjunction withe the appended claims and accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of the electronic package assembly of the
      present invention;
PAR  FIG. 2 is an exploded perspective view of the electronic package assembly
      of FIG. 1;
PAR  FIGS. 3-3C show a series of lateral views, illustrating the assembling
      steps of the electronic package assembly of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As illustrated in FIGS. 1 and 2, the electronic package of the present
      invention is constructed from a flat, rectangular, ceramic base layer 11
      having an encapsulating cavity 37 centrally located in the upper surface
      39 of the base layer 11. The cavity 37 has a horizontal bottom surface 41
      for mountably receiving a planar electronic device 23 such as a monolithic
      semiconductor integrated circuit chip. The electronic device 23 is bonded
      within the cavity 37 by means of a gold glass frit paste 45, painted on
      the bottom surface of the central cavity.
PAR  The ceramic layer 11 includes an array of cylindrical shaped holes 13,
      extending completely therethrough for receiving a corresponding plurality
      of electrical lead pins 19 which may be made from "Kovar" or similar
      alloy. Because ceramic is inherently difficult to wet with conventional
      brazing fillers, the interior surfaces of the holes 13 are metalized first
      with a liner of palladium-silver 15 and then with a liner of gold 17. The
      palladium-silver integrally adheres to the ceramic layer, serving as a
      base for supporting the metalized liner of gold 17. Such metalizations may
      be accomplished by screen printing or other known techniques in the art.
      Because the palladium-silver serves as a supporting layer, the percentage
      of palladium present in the palladium silver has been found to be
      noncritical and a wide range of percentages may be used; however, 20%
      palladium is operatively satisfactory.
PAR  A glass layer 31 is screen printed onto the upper surface 39 of the ceramic
      substrate 11 excluding the central cavity area and pin receiving apertures
      which are masked during screen printing according to conventional
      practices. The glass layer 31 provides a desirable stratum for having
      printed thereon an electrical lead pattern 25 which electrically
      interconnects the metalized pin receiving holes 13 with the electronic
      device 23. The lead pattern 25 comprises a multiplicity of laterally
      spaced gold stripes 43 radiating from the central cavity 37 and ending in
      enlarged portions 47 through which individual pin-receiving holes are
      formed. A glass layer 33 is superimposed onto the pattern 25 to
      electrically insulate the stripes 43 from loose foreign conductive
      particles.
PAR  The pin-receiving holes and central cavity are masked somewhat larger than
      their surface dimensions from application of the glass layers 31, 33. The
      masking permits the interior ends of the leads 43 to be free from
      insulation to accomodate proper connection of the leads to the
      semiconductor device 23 via small whisker-like wires in accordance with
      well-understood bonding techniques. Also, the exterior ends of the leads
      are masked free from insulation to facilitate electrical interconnection
      of the leads to the pins during metallurgical securement of the pins to
      the ceramic layer 11.
PAR  A gold germanium paste 21 is utilized to solderably join each electrical
      lead pin to its respective pin receiving hole. The solder paste is
      composed of approximately 88% gold and 12% germanium by weight and has a
      melting temperature of approximately 356.degree.C. The gold germanium
      paste flows readily and can be used as a solder filler metal in small
      joint clearances.
PAR  Referring to FIG. 3, the solder paste 21 is screen printed in ring
      configurations on the upper surface 39 of the ceramic base 11, with each
      ring 21 contiguous to and bordering the periphery of each of the plurality
      of pin receiving holes 13. The amount of paste collaring each hole
      approximates a radial thickness of a lead pin radius.
PAR  The positioning of the paste is such to permit the paste to flow into the
      joint clearances between the pins and plated holes during brazing. Thus,
      shaping or grooving of the ceramic layer, and certain types of capillary
      attraction could possibly be used to direct the paste's flow.
PAR  Gold-plated lead pins 19 are next inserted in close clearance relation into
      the plated holes 13. The pins 19 are disposed with one end of each pin
      nearly flush with the upper surface of its corresponding solder ring 21.
PAR  The package then undergoes a heating operation in a neutral atmosphere of
      nitrogen, at 525.degree.C. The gold germanium melts quickly flowing into
      the joint clearances between the pins and plated holes, wetting the pure
      gold of the pins and the pure gold of the hole interiors to form an alloy
      joint securing the pins 19 to the ceramic substrate 11. Due to the
      relative diffusement of atoms between the pure gold and gold germanium
      solder paste, the alloy remaining in the joint will have a re-melt
      temperature above 500.degree.C. The alloy joint also provides electrical
      continuity between a respective lead pin 19 and its corresponding lead
      stripe 43.
PAR  With the pins 19 securely mounted to the package, the semiconductor chip 23
      is bonded to the bottom surface of the central cavity by means of the gold
      glass frit paste 45, air fired at 420.degree.C. Finally, a cap 27 is
      sealed to the glass layer 33 by a layer of epoxy 35 placed around the
      outer edge of the cap before being set into position.
PAR  The method of assembling the package will be quite evident from the
      foregoing. FIGS. 3-3C illustrate the preferred sequence of steps in the
      assembly of the package: FIG. 3 shows the lead pattern, glass layers, gold
      cavity-paste, palladium-silver hole-linings and gold hole-linings disposed
      on the ceramic substrate; FIG. 3A shows the subsequent screen printing of
      the gold germanium solder paste; FIG. 3B shows the next step of pin
      insertion; and FIG. 3C illustrates the brazing of the package.
PAR  From the foregoing it can be seen that the present invention provides an
      encapsulated electronic package assembly having dependable lead pin to
      ceramic base bonds. Similarly, other discrete objects such as metal caps,
      flanges, and the like, could be secured to the ceramic layer in a similar
      fashion. It should be understood, of course, that the foregoing disclosure
      relates to a preferred embodiment of the invention and that numerous
      modifications or alterations may be made therein without departing from
      the spirit or scope of the invention as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of affixing gold-plated electrical lead pins within pin
      receiving holes disposed in a ceramic layer of an electronic package
      assembly comprising the steps of:
PA1  depositing palladium-silver on the interior surfaces defining the holes;
PA1  depositing gold on said palladium-silver;
PA1  positioning a plurality of gold-plated pins within the holes; and
PA1  brazing the gold-plated pins within the holes with a gold-germanium solder.
NUM  2.
PAR  2. In the art of manufacturing electronic device packages comprising a
      ceramic layer having a plurality of electrical lead pin receiving holes
      extending therethrough, the method of affixing gold-plated lead pins
      within the ceramic layer, comprising the steps of:
PA1  interiorly plating each of the holes with palladium-silver;
PA1  interiorly plating each of the palladium-silver lined holes with gold;
PA1  depositing a gold germanium solder paste having flow characteristics when
      heated, on one surface of the layer, and being positioned to flow into
      each of the holes when heated;
PA1  positioning a plurality of gold-plated pins within the holes; and
PA1  heating at least the area surrounding the holes including said solder paste
      causing the brazing of the gold-plated pins to the gold plating on the
      holes with said solder paste.
NUM  3.
PAR  3. In the art of manufacturing electronic device packages comprising a
      ceramic layer having a plurality of electrical lead pin receiving holes
      extending therethrough, the method of affixing gold-plated lead pins
      within the ceramic layer, comprising the steps of:
PA1  interiorly metalizing each of the holes with palladium-silver;
PA1  interiorly metalizing each of the palladium-silver lined holes with gold;
PA1  screen printing a gold germanium solder paste in ring shape configurations
      on one surface of said layer, each configuration of solder paste
      contiguous to and bordering the periphery of each of the holes;
PA1  positioning a plurality of gold-plated pins within respective holes and to
      contact said solder paste; and
PA1  heating at least the area surrounding the holes in an inert atmosphere of
      nitrogen causing the brazing of the pins to said gold disposed on said
      palladium-silver lined holes with said solder paste.
NUM  4.
PAR  4. The method of affixing gold-plated lead pins within a ceramic layer as
      recited in claim 3 wherein, the solder paste screen printed on said layer
      is formed of substantially 88% gold and 12% germanium by weight.
NUM  5.
PAR  5. In the art of manufacturing electronic device packages comprising a
      ceramic layer, the method of solderably joining a discrete object to the
      ceramic layer, comprising the steps of:
PA1  metalizing palladium-silver on an area of a ceramic layer where a joining
      is to occur;
PA1  metalizing the palladium-silver area with gold;
PA1  gold plating a discrete object in an area to be joined to the ceramic
      layer;
PA1  disposing said gold-plated area of the discrete object in proximity of said
      metalized area of the ceramic layer for joining to occur by brazing; and
PA1  brazing the gold on the discrete object to the gold on the ceramic layer,
      with a gold-geranium solder.
NUM  6.
PAR  6. An electronic device package comprising:
PA1  a ceramic layer having opposing surfaces with a plurality of holes
      communicating with said surfaces;
PA1  an electronic device mounted on one of said surfaces of said layer;
PA1  an array of electrical leads overlying said one of said surfaces of said
      layer, one end of each lead communicating with a respective hole and the
      other end of each lead electrically interconnected to said electronic
      device;
PA1  a plurality of electrical lead pins, each pin being disposed in one of said
      holes; and
PA1  a metallurgical joint integrally securing each of said pins to the ceramic
      layer, said joint comprising: a palladium-silver layer metalized on the
      surfaces defining said holes; a gold layer metalized on said
      palladium-silver layer; a gold layer plated on said pins; and a brazed
      joint joining both of said gold layers, said brazed joint formed of a
      gold-germanium filler metal.
NUM  7.
PAR  7. An electronic device package comprising:
PA1  a ceramic layer having opposing surfaces with a plurality of holes
      communicating said surfaces;
PA1  an electronic device mounted on one of said surfaces of said layer;
PA1  an array of electrical leads overlying said one of said surfaces of said
      layer, one end of each lead communicating with a respective hole and the
      other end of each lead electrically interconnected to said electronic
      device;
PA1  a plurality of electrical lead pins, each pin being disposed in one of said
      holes; and
PA1  a metallurgical joint integrally securing each of said pins to the ceramic
      layer, said joint comprising:
PA2  1. a metal layer metalized on the surfaces defining said holes;
PA2  2. a gold layer metalized on said metal layer;
PA2  3. a gold layer plated on said pins; and
PA2  4. a brazed joint solderably joining both of said gold layers, said brazed
      joint formed of a gold germanium filler metal.
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ABST
PAL  An electrical conduit assembly comprises a box having at least one limb
      formed of synthetic resin and for receiving an end portion of a wire or a
      so-called "pot" connected thereto, and a compression ring, the limb having
      an integrally formed external male thread and the ring having an internal
      female thread whereby on locating the wire through the compression ring
      and screwing the ring onto the limb, the wire is held tight to the limb. A
      sheath having a flared annular rim at one end may be interposed between
      the wire and the ring.
BSUM
PAR  The invention relates to electrical installations in buildings. Generally
      such installations require electrical wiring which is housed within
      conduits (also known as "raceways") the inside diameter of which is about
      25 mm. Joints and connections can be made within so-called junction boxes
      at which the conduits interconnect. The system is designed to meet
      building regulations which require a system to be erected completely
      before any wiring is drawn in so that the system is rewirable.
PAR  Typically, the conduits are made of steel but this has certain
      disadvantages. Screw threads must be cut on the ends of the conduit and a
      large number of parts is needed on site to make in interconnection between
      conduit and a junction box. Steel moreover is expensive and corrodible. In
      recent years conduit made of plastics, e.g. polyvinyl chloride or
      polyethylene has been introduced and this has certain advantages:
      corrosion resistance, lightness of weight and improved ease of working.
PAR  Both steel and plastics conduit suffer from the disadvantage of being of
      relatively wide diameter and new forms of electrical wiring having
      improved insulation have recently been introduced for specialized
      applications. Such wiring is known as mineral insulated cable or Armour
      cable. Because of their structure these forms of wiring do not require
      conduit of relatively wide diameter and so it would seem that the conduit
      could be dispensed with. However, this is not possible as space is needed
      to make electrical connections and such connections require some form of
      protection.
PAR  According to the invention, an electrical junction comprises a box and a
      compression ring, the box having at least one wire-receiving generally
      tubular limb formed of a synthetic resin, the limb being adapted to
      receive an end portion of a wire or an electrical component connected
      thereto, at least one end of the limb having a male screw thread and the
      compression ring having a female thread for engagement with the male
      thread of the limb and to hold the wire to the limb.
PAR  Preferably a sheath having a flared rim at one end is located about the end
      portion of the wire such that screwing of the ring onto the limb tends to
      compress the rim and the wire. Preferably, the sheath is formed of a
      flexible material. In another arrangement the sheath is an O-ring located
      between the limb and the compression ring such that screwing of the ring
      onto the limb tends to compress the sheath and the wire.
PAR  The limb preferably has a first relatively wider diameter portion for
      receiving an electrical component connected to the wire, e.g. a so-called
      "pot" and a second relatively narrower portion, a shoulder being formed at
      the union of these two portions.
PAR  Preferably the junction box and the compression ring together with the
      sheath (where present) are each moulded of synthetic resin. The box and
      the limb or limbs are moulded (although the limb may be a separate element
      secured to the box by screws, clamps or the like), and one advantage of
      moulding is that the male thread on the limb can be integrally moulded
      whereas, if the thread is subsequently cut in this tends to weaken the
      structure.
DRWD
PAR  An embodiment of the invention is shown in the diagrammatic drawings which:
PAR  FIG. 1 is an exploded plan view, parts having been cut away, of a junction
      assembly for mineral insulated copper or aluminum covered cable; and
PAR  FIG. 2 shows a detail of a formed junction assembly.
DETD
PAR  The assembly comprises a box 1, a sheath 2 and a compression ring 3. The
      box 1 has a cavity 4 of circular cross-sectional shape and, as shown, has
      one limb 5 although any number may be present. The limb has a through
      passageway 6 which, at its inner end, communicates with the box cavity.
      The outer end portion 7 of the passageway 6 is of relatively enlarged
      diameter and meets passageway 6 at a shoulder 17. The portion 7 is
      arranged to receive an electrical component such as a so-called "pot" 8
      connected to a length of mineral insulated cable 9. The free end portion
      of the limb 5 has an external male screw thread 10. The box 1 is moulded
      in one piece of a rigid synthetic resin.
PAR  The sheath 2 comprises a length of flexible polyvinyl chloride tube which
      tapers outwardly towards a rim 11 which is flared outwardly to a diameter
      substantially that of the limb 5.
PAR  The compression ring 3 is moulded of rigid synthetic resin and comprises a
      base 12 having an upstanding rim 13. The base 12 has a hole 14 which is of
      a diameter larger than that of the cable 9. The rim 13 has an internal
      female screw thread 15 dimensioned to engage the screw-threading on the
      limb 5. The inner walls 16 at the union of the base 12 and the rim 13
      taper towards the hole 14.
PAR  The ring 3 and the sheath 2 are first fed onto the cable 9 having the pot
      8. The end of the cable is fed through the passageway 6 of the limb 5
      until the pot 8 is received in the larger diameter portion 7 of the
      passageway. The sheath 2 is then pulled towards the limb 5 until the
      flared portion 11 is abutted against the free end of the limb. The
      compression ring 3 is then screwed onto the limb 5 and the end portion 11
      of the sheath is compressed to form a fluid-tight joint, as shown in FIG.
      2. In this way, a satisfactory joint is formed on site without the cutting
      of threads and using just three interconnecting pieces.
PAR  The box may have several limbs, some of which may receive plastics conduits
      and other the mineral insulated cable.
PAR  Without further elaboration, the foregoing will so fully illustrate our
      invention that others may, by applying current or future knowledge,
      readily adapt the same for use under various conditions of service.
CLMS
STM  What is claimed as the invention is:
NUM  1.
PAR  1. In combination with a conduitless electrical wire of relatively small
      diameter and having a larger diameter electrical componenet connected to
      one end thereof, an electrical junction assembled secured to said wire,
      said assembly comprising a box, a sheath having a flared rim, and a
      compression ring, said box having at least one wire-receiving limb
      including a free end having a male thread thereon and formed of synthetic
      resin, said limb including a first relatively wider diameter opening of
      sufficient size to receive said electrical component therein and a second
      relatively narrower opening communicating with said first opening and
      through which said conduitless electrical wire extends, said first and
      second openings forming a shoulder at their union, said compression ring
      including a female thread, said sheath being disposed about said wire with
      the flared rim thereof abutting the free end of the limb, said compression
      ring being disposed about said sheath with the female thread thereof in
      threaded engagement with the male thread of said limb whereby said sheath
      is compressed into engagement with the wire to form a fluid-tight seal
      with said box and whereby said electrical component is closely held within
      the larger diameter opening in said limb between the shoulder and said
      flared rim.
NUM  2.
PAR  2. An assembly according to claim 1 in which the junction box, the
      compression ring and the sheath are each moulded of synthetic resin.
NUM  3.
PAR  3. An assembly according to claim 2 in which the junction box and the limb
      are integrally formed of synthetic resin.
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ABST
PAL  A cement for mechanically and electrically joining metal hardware to an
      insulator shell having a semiconducting surface is made conductive by
      having graphite fibres and carbon black particles admixed therein.
BSUM
PAC  RELATED APPLICATION
PAR  This application is related to application Serial No. 315,119, filed Dec.
      14, 1972, now U.S. Pat. No. 3,836,705, entitled ELECTRICAL INSULATOR AND
      CONDUCTING TAR THEREFOR.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrical insulators, and more specifically
      relates to a novel conductive cement connecting hardware to an insulator
      shell where the shell has a semiconducting surface which is to be
      electrically connected to the hardware.
PAR  Electrical insulators, such as suspension insulators, which may be used
      individually or in strings to support electrical conductors from a support
      structure, generally consist of two conductive hardware members fastened
      by a cement to opposite surfaces of a suitably contoured insulator shell.
      The adjacent metal and insulator surfaces may be coated with a tar layer
      which preferably will be conductive when using the cement of the
      invention. A semiconducting glaze can be applied to the insulator shell
      surface to improve its performance especially in adverse environments.
      When the semiconducting glaze is used, the necessary electrical connection
      between the metal hardware and the semiconductive glaze is presently
      provided by a layer of metal which is sprayed over the normally
      nonconductive cement and tar layers.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  A novel conductive cement is formed in accordance with the invention, and
      is used with or without a conductive tar to provide a path for current
      flow from one conductive hardware member to the other through the
      semiconducting glaze. The conductive cement of the invention broadly
      contemplates the use of graphite fibres to form a conducting network
      within a cement base, such as a Portland cement, providing an electrically
      conductive cement with a high compressive strength. In a preferred
      embodiment of the invention, a quantity of carbon black is also mixed into
      the cement.
PAR  Therefore, a primary object of this invention is to provide a novel
      conductive cement used with electrical insulators having a semiconducting
      glaze to enable the electrical connection of the glaze to the insulator
      hardware through the cement.
PAR  A further object of this invention is to provide an electrical insulator
      including a novel conductive cement which has adequate mechanical
      strength.
PAR  Another object of this invention is to provide an electrical insulator
      including a novel conductive cement which has low shrinkage so that stable
      bonds can be maintained between metal and insulator surfaces.
PAR  A further object of this invention is to provide an electrical insulator
      including a novel conductive cement which has a consistency allowing its
      application to surfaces in thin cross-section layers and enabling easy
      removal of entrained air.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a cross-sectional view of a suspension type insulator
      including the conductive cement of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawing, there is shown a suspension insulator which
      has conductive hardware including an upper metal cap 10 and a bottom metal
      pin 11, where cap 10 and pin 11 are formed conventionally so that a number
      of insulators can be secured in a string. An insulator shell 12,
      conventionally of porcelain, is cemented between members 10 and 11. This
      is the conventional form of a suspension-type insulator. It will be
      understood by those skilled in the art that the invention disclosed
      hereinafter is not limited to use with suspension insulators, but can be
      used in any type of insulator structure.
PAR  The interior surface of metal cap 10 is coated with a thin bituminous
      coating 20. In a like manner, the outer surface of metal pin 11 is coated
      with a thin bituminous coating 21. The outer cyclindrical surface 22, and
      inner cylindrical surface 23 of insulation shell 12, are formed by
      porcelain sand layers, and these layers are in turn coated with thin
      bituminous coatings 24 and 25 respectively. The bituminous coatings 20,
      21, 24 and 25 are strongly adherent to their respective surfaces.
PAR  The cap 10 is then secured to shell 12 by cement layer 30 while pin 11 is
      secured to shell 12 by cement layer 31.
PAR  The above structure is conventional, and the coatings 20, 21, 24 and 25 and
      cement layers 30 and 31 have insulation characteristics. As previously
      stated, it is known that shell 12 can have a semiconducting glaze 40 over
      its outer surface. In the past, where such a glaze is used, metal layers
      sprayed over the nonconductive cement layers 30 and 31 and the bituminous
      coatings 20, 21, 24 and 25 have been used to connect the glaze surface 40
      to the cap 10 and the pin 11.
PAR  The present invention applies specifically to the conductive cement layers
      30 and 31 and their formulation and method of compounding. Note that the
      tar layers 20, 21, 24 and 25 should also be conductive to take best
      advantage of the invention. Note further that the novel cement of the
      invention could be used without the tar layers and can be used in
      applications other than for electrical insulators.
PAR  The requirements of a cement suitable for use in electrical insulators with
      a semiconducting glaze are:
PAR  1. Adequate electrical conductivity which provides adequate electrical
      contact between the semiconducting glaze and the metal hardware. The
      mechanical bond between the cement and the substrate which may be either a
      conductive bituminous coating or a semiconducting glaze should be such
      that high contact resistances are avoided.
PAR  2. The cement should have high compressive strengths so that the insulator,
      which may be the semiconducting glazed suspension insulator of the
      drawing, will have the proper mechanical strength.
PAR  3. The cement should have low shrinkage with respect to time, so that the
      mechanical bonds between the cement and the ceramic and/or metal surfaces
      are not altered during service.
PAR  4. The cement should have the proper consistency so that the flow of the
      cement is restricted during placement of the metal hardware and not too
      thick to prevent the removal of entrained air.
PAR  In order to provide the last three properties of high compressive strength,
      low shrinkage and proper consistency, a low water-to-cement ratio is
      normally used with these cements. The usual practice, without the
      introduction of conducting phases, such as graphite fibres or carbon
      black, employs a water-to-cement ratio of about 0.25 to 0.28. In the
      cement of the invention, however, the introduction of the conducting
      phases, such as graphite fibres and carbon black, necessitates a higher
      water-to-cement ratio. This increase in the water content is required
      because the carbon black adsorbs and absorbs water and thus reduces the
      amount of water available for the cement curing reactions. Generally, the
      ratio will be about 0.35 to 0.45, preferably about 0.36 to 0.40.
PAR  A conducting cement can be made using graphite fibres alone without carbon
      black. However, in this case, a higher fibre content must be used than in
      the case of a cement employing carbon black as well as graphite fibres,
      since low fibre contents were found to lead to thermal burnout. This
      thermal burnout is caused by the high current densities across an
      insufficiently small cross-sectional area of fibres and requires
      additional pathways and thus higher fibre content for the electrical
      current.
PAR  In general, the graphite fibres are about 0.5 to 2% by weight based on the
      total dry weight of the conductive cement. When used alone, the fibres are
      usually about 1% to 2% by weight of the cement. When used with the carbon
      black, the fibres are typically about 0.5 to 1% by weight, preferably
      about 0.75 to 1% of the cement. The carbon black will generally be about
      0.5 to 3% by weight, preferably about 1 to 2% based on the total dry
      weight of the cement.
PAR  The use of both carbon black and graphite fibres improves the required
      properties of the cement. The most suitable carbon blacks for the cement
      are those commonly used in conductive rubber or plastics. These carbon
      blacks are generally of fine particle size (about 15 to 55 m.mu.), large
      surface area (about 55 to 260 m.sup.2 /g) and possess a property known as
      "high structure" which is the property of the carbon black to provide
      conductive bridges through their chain-like structure. "High structure"
      carbon blacks are those which have a DBP absorption number in the range of
      from 100-225. The DBP (Dibutly Phthalate) absorption number as determined
      by ASTMD2414-70 is expressed in C.C. of DBP/100 grams of carbon black with
      higher structure blacks recording larger numbers. Two carbon blacks which
      were successfully used were:
TBL  Trade Name  DBP Absorption (CC/100 Gm. Carbon)                            
     ______________________________________                                    
     Vulcan XC-72                                                              
                 200                                                           
     Conductex SC                                                              
                 101                                                           
     ______________________________________                                    
PAR  In order for current to flow within the conductive cement, electron flow
      must occur along the carbon black clusters so that these clusters should
      be either in contact or very close together. The above properties
      influence the number and shape of the carbon clusters and hence influence
      the electrical conductivity of the cement. Another important property of
      carbon black which influences the final electrical conductivity and also
      mechanical strength is the surface chemistry of the particular carbon
      black. If substantial quantities of oxygen, also known as volatile
      content, are present on the surface of the carbon black, insulating films
      can result which reduce the cement conductivity. Equally important in the
      cement of the invention, care must be taken to prevent inadequate
      dispersion and resultant flocculation of the carbon black during mixing
      with water, since this results in a high electrical resistance after
      drying. This was particularly evident with one of the carbon blacks tested
      (Raven 30) which is not a carbon black commonly used for applications
      requiring electrical conductivity. The carbon blacks tested and found to
      be suitable for conducting cement grouts should be high electrical
      conductivity-type carbon blacks. Two satisfactory carbon blacks, each
      produced by electric furnace processes and subsequently purified by other
      processes so that an easily water-dispersed carbon black is obtained, are
      listed in order of effectiveness:
TBL          Particle Size                                                     
                      Surface Area                                             
     Trade Name                                                                
             (Millimicrons)                                                    
                      (Meters/gram)                                            
                              Manufacturer                                     
     __________________________________________________________________________
     Vulcan XC-72                                                              
             30       230     Cabot Carbon Company                             
     Conductex SC                                                              
             17       200     Columbian Carbon                                 
                               Company                                         
     __________________________________________________________________________
PAR  Other carbon black products made by other manufacturers can also be used to
      form the cement of the invention.
PAR  A graphite fibre which has been found suitable is manufactured by Union
      Carbide Co. and is known as WFA carbon fibres (average length 2 inches and
      a fibre diameter between 5 and 25 microns). This material is manufactured
      by graphitizing cellulosic yarns in a controlled heating schedule, as
      described in U.S. Pat. No. 3,107,152, entitled FIBROUS GRAPHITE, C. E.
      Ford et al, Oct. 15, 1963. WFA carbon fibre is reported to have a tensile
      strength of 40,000 pounds per square inch and a specific resistance of
      5,500 micro-ohm centimeters. Other similar graphite fibres produced by
      other manufacturers by other processes are also suitable for the cement of
      this invention, either alone or in combination with carbon black in a
      cement base to provide a conductive cement grout with adequate compressive
      strength. One advantage of graphite fibres in the conductive cement in
      combination with carbon black is a drastic lessening in the dependence on
      the surface chemistry of the carbon black when the two are used together.
      That is, the dispersion of the carbon black becomes less critical and
      highly conductive cements can be routinely produced.
PAR  The process for producing the conductive cement consists of two stages:
PAR  1. The wetting out and dispersion of the carbon black in about 95  to 98%
      of the water required for the cement. This wetting out process depends on
      the condition of the carbon surface and can involve soaking periods of up
      to 24 hours.
PAR  2.  Breakup of graphite fibre and dispersion in the dry cement base by
      mechanical agitation, usually 10 to 15 minutes depending on the type of
      mixer. The wetted carbon and water are then stirred and added to the
      graphite fibre loaded cement which is then mixed for 10 to 15 minutes,
      depending on the mixer and the degree of agitation, while the remainder of
      the water is added to the mixture. During the latter stages of mixing, the
      proper consistency is reached and the grout is ready for use. It is
      important that not too vigorous agitation or lengthy mixing periods be
      employed to prevent a falling out of the carbon caused by a flocculation
      of the carbon black.
PAR  The amounts of carbon black, graphite fibre and water-to-cement ratio
      employed directly influence the electrical conductivity and compressive
      strength, as well as the shrinkage and cement consistency. These
      properties and their variation are illustrated in the following Tables I
      and II:
TBL                                    TABLE I                                 
     __________________________________________________________________________
     % of Cement by Weight                                                     
                % CARBON                                                       
                FIBRE   Volume Resistivity (ohm-cm) of Cement                  
     WATER TO                                                                  
           %    (Union  1 week at                                              
     CEMENT                                                                    
           CARBON                                                              
                Carbide room    Additional Week                                
     RATIO TYPE WFA Type)                                                      
                        temperature                                            
                                Dried at 230.degree.F                          
     __________________________________________________________________________
     0.35  None 0.5     3720    1860                                           
     0.40  None 0.5     3990    1330                                           
     0.45  None 0.5     3270    1060                                           
     0.40  None 2.0     2550    430                                            
     0.40  0.5 V                                                               
                1.0     17690   11700                                          
     0.42  0.5 V                                                               
                1.0     5320    2130                                           
     0.45  0.5 V                                                               
                1.0     2610    670                                            
     0.35  1.0 V                                                               
                0.75    2660    1010                                           
     0.41  1.0 V                                                               
                0.75    720     400                                            
     0.45  1.0 V                                                               
                0.75    690     690                                            
     0.40  2.0 V                                                               
                0.75    880     510                                            
     0.42  2.0 V                                                               
                0.75    720     530                                            
     0.45  2.0 V                                                               
                0.75    740     450                                            
     0.51  8.0 R                                                               
                None    532 .times. 10.sup.3                                   
                                2660 .times. 10.sup.6                          
     0.46  6.0 C                                                               
                None    532 .times. 10.sup.3                                   
                                2390 .times. 10.sup.3                          
     0.45  2.0 C                                                               
                0.5     53200   4520                                           
     0.45  4.0 V                                                               
                None    5850    6920                                           
     Dispersant used Tamol SN (Rohm & Haas Co.) 7.3% of carbon                 
     __________________________________________________________________________
     weight                                                                    
     0.47  6.0 C                                                               
                None    170 .times. 10.sup.3                                   
                                80 .times. 10.sup.3                            
     0.50  6.0 V                                                               
                None    1060    1060                                           
     High Early Strength Cement                                                
     0.45  1.0 V                                                               
                0.75    1810    2130                                           
     0.42  1.0 V                                                               
                0.75    4260    2670                                           
     0.40  1.0 V                                                               
                0.75    12770   10640                                          
     __________________________________________________________________________
      Tamol SN is a neutral salt of a condensed arylsulfonic acid (soluble in  
      water) and is used as a carbon dispersant.                               
PAR  Table I above shows cement resistances for cements having different
      water-to-cement ratios, and different types and amounts of carbon black
      and carbon fibre. The cement used for the samples of Table I was a normal
      Portland cement. The carbon black types used are identified as follows:
PA1  V -- vulcan XC-72 (Cabot Carbon)
PA1  C -- conductex SC (Columbian Carbon)
PA1  R -- raven 30 (Columbian Carbon)
PAR  The following Table II shows the compressive strength of various cements
      having different water-to-cement ratios, different cement types, differing
      amounts of carbon fibre, and differing amounts and types of carbon black.
TBL                                    TABLE II                                
     __________________________________________________________________________
               % of Cement                                                     
               by Weight                                                       
     WATER/                                                                    
          TYPE %    %             CEMENT                                       
     CEMENT                                                                    
          OF   CARBON                                                          
                    CARBON                                                     
                         COMPRESSIVE                                           
                                  CURING                                       
     RATIO                                                                     
          CEMENT                                                               
               & TYPE                                                          
                    FIBRE                                                      
                         STRENGTH, psi                                         
                                  CONDITIONS                                   
     __________________________________________________________________________
     0.35 NP   None None 7,350    7 days in water                              
     0.30 NP   None None 11,500   7 days in water                              
     0.40 NP   None 2.0  6,735    7 days in water                              
     0.38 NP   1.0% V                                                          
                    0.75 9,860    7 days in water                              
     0.38 NP   1.0% V                                                          
                    0.75 8,425    6 days in water                              
     0.45 NP   2.0% C                                                          
                    0.5  5,520    7 days in water                              
     0.40 NP   2.0% C                                                          
                    0.5  8,615    14 days in water                             
     0.45 NP   4.0% V                                                          
                    None 5,060    7 days in water                              
     0.46 NP   6.0% C                                                          
                    None 5,230    7 days in water                              
     0.51 HE   8.0% R                                                          
                    None 5,900    7 days in water                              
     Dispersant - Tamol SN                                                     
     0.47 NP   6.0% C                                                          
                    None 4,855    7 days in water                              
                         (Brittle fracture)                                    
               6.0% V                                                          
                    None 4,200    7 days in water                              
                         (Brittle fracture)                                    
     __________________________________________________________________________
PAR  In Table II, the carbon fibre used was 1/4 inch WFA supplied by Union
      Carbide Co., Ltd. The cement types used were:
PA1  Np -- normal Portland
PA1  He -- high Early Strength Portland
PAR  The tests were made on cement cubes, 2 inches on a side, using conventional
      measuring techniques.
PAR  From the foregoing, it can be seen that acceptable cements for insulators
      can be prepared having acceptable resistivities, below about 15,000 ohm-cm
      and compressive strengths above about 5,000 psi.
PAR  Moreover, the cements have a consistency which allows easy application to
      surfaces, and have low shrinkage characteristics.
PAR  As mentioned previously, conductive grouts can be obtained with 0.5 to 2
      weight percent carbon fibres (based on the cement weight), with a higher
      content being preferred to prevent burnout during service. However, higher
      contents of fibres leads to pasty, unmanageable grouts. One specific
      suitable conducting cement for use in electrical insulators can be
      formulated with about 0.75% graphite fibre and 1.0% Vulcan XC-72 carbon
      black at a water/cement (Normal Portland) ratio of 0.36 to 0.39. This
      formulation exhibits good electrical conductivity (about 500
      ohm-centimeters in volume resistivity) and good compressive strength
      (9,000 to 10,000 pounds per square inch). Increased water/cement ratios
      lead to lower electrical resistivities (Table I) but also lead to lower
      compressive strengths (Table II) and higher cement shrinkage.
PAR  An important feature of the above process is the water-curing of the
      cements in order to avoid the drying out of the cement during the curing
      process which would result in decreased compressive strengths. A period of
      7 days curing under water or steam curing is preferred to obtain the
      required compressive strength.
PAR  Although there has been described a preferred embodiment of this novel
      invention, many variations and modifications will now be apparent to those
      skilled in the art. Therefore, this invention is to be limited, not by the
      specific disclosure herein, but only by the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive privilege or
      property is claimed are defined as follows:
NUM  1.
PAR  1. An electrical insulator comprising, in combination:
PA1  an insulator shell having a semiconducting glaze surface,
PA1  first and second conductive hardware members disposed on opposite sides of
      said insulator shell,
PA1  first and second cement layers securing said first and second hardware
      members to said insulator shell; said first and second cement layers being
      in electrical contact with said semiconducting glaze surface;
PA1  said first and second cement layers having graphite fibres admixed therein
      and being electrically conductive and defining a current flow path from
      said first hardware member, through said semiconducting glaze surface, and
      to said second conductive hardware member;
PA1  and a conductive tar coating disposed between said first and second cement
      layers and the surfaces of said insulator shell to which they adhere.
NUM  2.
PAR  2. The electrical insulator of claim 1 wherein said graphite fibres form
      less than about 2.0% by weight of said cement.
NUM  3.
PAR  3. The electrical insulator of claim 1 wherein said cement includes carbon
      black.
NUM  4.
PAR  4. The electrical insulator of claim 3 wherein said carbon black is a high
      structure carbon black.
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ABST
PAL  A method and apparatus for effecting digital signalling over a television
      signal channel is provided. The carrier wave of the television signal is
      phase shift keyed at the line scanning frequency rate in accordance with
      the digital information to be signalled. A receiver determines the phase
      of the said carrier wave during each line of a received television signal
      relative to a datum phase and a digital signal is generated in accordance
      therewith.
BSUM
PAR  This invention relates to a method and apparatus for effecting digital
      signalling over television signal channels. The invention may be useful
      for conveying written or pictorial information, the tele-control of
      apparatus, for example, television receivers in pay television systems and
      for selective signalling.
PAR  According to the invention there is provided a method of effecting digital
      signalling over a television signal channel which comprises phase shift
      keying the carrier wave of the television transmission at the line
      scanning frequency rate in accordance with the digital information to be
      signalled and at the receiver determining the phase of said carrier wave
      during each line of a received television signal relative to a datum phase
      and generating a digital signal in accordance therewith.
PAR  The invention more specifically provides a method of effecting digital
      signalling over a television signal channel which comprises transmitting
      during each line of the television signal the carrier wave of the
      transmission either in phase or in anti-phase with an arbitary datum in
      accordance with the digital information to be signalled and at the
      receiver determining the phase relationship of said carrier wave during
      each line relative to said datum and generating a digital signal in
      accordance with said determination.
PAR  From another aspect the invention provides a system for effecting digital
      signalling over a television signal channel which comprises a transmitter
      including means for phase shift keying the carrier wave at the line
      scanning frequency rate in accordance with the digital information to be
      signalled and a receiver including means for determining during each line
      of the television signal the phase of a received carrier wave relative to
      a datum phase and means for generating a digital signal in accordance with
      said determination. From this aspect the invention more specifically
      provides a system for effecting digital signalling over a television
      signal channel which comprises a transmitter including means for
      transmitting during each line of the television transmission the carrier
      wave of said transmission either in phase or in anti-phase with an
      arbitary datum in accordance with the digital information to be signalled
      and a receiver including means for determining the phase relationship of
      said carrier wave during each line relative to said datum and means for
      generating a digital signal in accordance with said determination.
PAR  The invention further provides a transmitting apparatus for use in a system
      as set out above which comprises means for phase shift keying the carrier
      wave of the television transmission at the line scanning frequency rate in
      accordance with the digital information to be transmitted.
PAR  The invention also provides a receiving apparatus for use in a system as
      set out above which comprises means for determining during each line of a
      television signal the phase of the carrier wave relative to a datum phase
      and means for generating a digital signal in accordance with said
      determination.
DRWD
PAR  In order that the invention may be more readily understood one particular
      embodiment thereof will now be described by way of example only with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a block schematic diagram of part of a transmitting apparatus for
      effecting digital signalling over a television signal channel in
      accordance with the present invention, and
PAR  FIG. 2 is a block schematic diagram of part of a receiving apparatus for
      use with the transmitting apparatus of FIG. 1.
DETD
PAR  In the arrangement shown in FIG. 1 high frequency modulated carrier wave
      television signals in a wired broadcasting system are applied to a phase
      shift keying arrangement 1 connected in the transmission path between
      input terminals 2 and output terminals 3 and effective to shift the phase
      of said carrier wave. Television signals passing between the input
      terminals 2 and the phase shift keying arrangement 1 are applied to a
      demodulator 4 and thence to a synchronising pulse separator 5. The
      synchronising pulses at the line scanning frequency rate are applied to a
      timing control device 6 which provides, in response to the applied pulses,
      gate enabling signals which are applied over the line 7 to a gate device
      8. The gate device 8 controls the passage of data pulses applied to the
      data input terminals 9 to the phase shift keying arrangement 1.
PAR  An advantage of the arrangement described above is that insertion of the
      digital data into the television signals may be effected without the need
      to effect a demodulation/remodulation process. This advantage is
      particularly useful where the digital data is to be conveyed over a
      television channel in a wired broadcasting system because such signals are
      usually derived from an external source such, for example, as a
      broadcasting transmitter of a standard radiated broadcasting network. By
      gating the data signals, phase shifts applied to the carrier wave of the
      television transmitter are arranged to occur at such time that they are
      least likely to produce any visible or other disturbing effects on
      television receivers which may be responding to the television picture
      information. A preferred time to effect phase shifting is during either
      the back porch or the line synchronising pulse of the television wave
      form.
PAR  The receiving apparatus shown in FIG. 2 comprises a pair of input terminals
      10 arranged to receive the high frequency modulated carrier wave
      television and data signals produced by the transmitting apparatus shown
      in FIG. 1. The signals are initially applied to a high frequency amplifier
      11 before being passed to a demodulator 12 the output signals from which
      are utilised in known manner by the video, synchronising and display
      circuits of the receiver shown diagramatically at 13. The amplified high
      frequency signals at the output of the amplifier 11 are also applied to a
      phase locked loop 14 which, in known manner, may be arranged to detect
      shifts in phase of the carrier wave signal applied to it relative to an
      internally generated signal of reference phase. The output signals of the
      phase locked loop 14 are representative of the digital data and may be
      applied directly to the data utilisation circuits shown diagramatically at
      15.
PAR  By utilising each line of the television signal the present invention
      enables digital data signalling to be effected over a television signal
      channel at a higher speed than systems previously proposed. For example,
      if the television signals are of the 625 or 525 line standards digital
      data signalling can be effected at a transmission rate of over 15 kb/s.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of effecting digital signalling over a television signal
      channel which comprises phase shift keying the carrier wave of the
      television transmission for the duration of a scanning line at the line
      scanning frequency rate in accordance with the digital information to be
      signalled and at the receiver determining the phase of said carrier wave
      during each line of a received television signal relative to a datum phase
      and generating a digital signal in accordance therewith.
NUM  2.
PAR  2. A method as claimed in claim 1 which further comprises controlling the
      application of digital information whereby phase shifts are imparted to
      the carrier wave during the back porch of the television signal.
NUM  3.
PAR  3. A system for effecting digital signalling over a television signal
      channel which comprises a transmitter including means for phase shift
      keying the carrier wave at the line scanning frequency rate for the
      duration of the scanning of a line in accordance with the digital
      information to be signalled and a receiver including means for determining
      during each line of the television signal the phase of a received carrier
      wave relative to a datum phase and means for generating a digital signal
      in accordance with said determination.
NUM  4.
PAR  4. A system as claimed in claim 3, wherein the application of the digital
      signals to the phase shift keying means is arranged to be controlled by a
      gate device in turn arranged to be controlled by a synchronising means
      whereby changes of phase imparted to the carrier wave occur at
      predetermined times during the television signal.
NUM  5.
PAR  5. A system as claimed in claim 4, wherein the synchronising means is
      arranged to act upon the gate device through the intermediary of a timing
      device.
NUM  6.
PAR  6. A system as claimed in claim 5, wherein the phase shift keying means is
      controlled to impart phase changes to the carrier wave during the back
      porch of the television signal.
NUM  7.
PAR  7. A transmitting apparatus for use in a system according to claim 3 which
      comprises means for transmitting during each line of the television
      transmission the carrier wave of the transmission either in phase or in
      anti-phase in accordance with the digital information to be transmitted.
NUM  8.
PAR  8. A transmitting apparatus as claimed in claim 7, wherein the phase shift
      keying means is controlled to impart phase changes to the carrier wave
      during the back porch of the television signal.
NUM  9.
PAR  9. A receiving apparatus for use in a system according to claim 3 which
      comprises means for determining during each line of a television signal
      the phase of the carrier wave relative to a datum phase and means for
      generating a digital signal in accordance with said determination.
NUM  10.
PAR  10. A system for effecting digital signalling over a television signal
      channel which comprises a transmitter including means for transmitting
      during the duration of each line of the television transmission the
      carrier wave of said transmission either in phase or in anti-phase with an
      arbitary datum in accordance with the digital information to be signalled
      and a receiver including means for determining the phase relationship of
      said carrier wave during each line relative to said datum and means for
      generating a digital signal in accordance with said determination.
NUM  11.
PAR  11. A method of effecting digital signalling over a television signal
      channel which comprises transmitting during the duration of each line of
      the television signal the carrier wave of the transmission either in phase
      or in anti-phase with an arbitary datum in accordance with the digital
      information to be signalled and at the receiver determining the phase
      relationship of said carrier wave during each line relative to said datum
      and generating a digital signal in accordance with said determination.
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ABST
PAL  A receiver for receiving a composite signal including a multivalue pulse
      code modulated information signal and a binary pulse code modulated
      synchronizing signal and for regenerating the information signal. The
      receiver comprises an identification circuit for the identifying binary
      pulse code signal and an identification circuit for identifying the
      multivalue pulse code signal to both of which the received composite
      signal is supplied. The synchronizing signal is detected and regenerated
      by using the identified signal identified by the identification circuit
      for identifying the binary pulse code signal. Also by using the
      regenerated synchronizing signal, the composite signal is pulse clamped
      and the pulse clamped composite signal is supplied to the identification
      circuit for identifying the multivalue pulse code signal and the
      identification is effected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a receiver for identifying a pulse signal
      in a composite signal transmission system including a multivalue pulse
      code modulated signal. In more detail, the present invention relates to a
      receiver for receiving a composite signal including a video signal and a
      pulse code modulated audio signal arranged in a predetermined sequence and
      also including a plurality of pulse coded synchronizing signals required
      for the reproduction of said video signal and audio signal inserted in a
      predetermined position of said video and audio signal, and for accurately
      identifying the pulse signals included in the composite signals.
PAR  A suitable embodiment of such a composite signal is a still picture
      broadcasting signal. The receiver according to the present invention is
      therefore suitable but not limited to use as a receiver for receiving the
      still picture broadcasting signal.
PAR  The still picture broadcasting signal has been disclosed in detail in
      application Ser. No. 361,581 filed in 1973, now U.S. Pat. No. 3,854,010,
      and will be briefly explained hereinafter to an extent to help the
      understanding of the present invention.
PAR  In one embodiment of the still picture broadcasting system, the video
      signal and the audio signal are transmitted alternately acccording to a
      predetermined sequence. In one mode of signal transmission in said
      broadcasting system, a video signal of 1/30 second duration and an audio
      signal of 1/15 second duration are transmitted alternately. The video
      signal is transmitted in a horizontal scanning period of 1/f.sub. H 1/
      f.sub.(.apprxeq. 65.3 .mu.s) in the same manner as a standard television
      broadcasting signal during the video signal transmission period. The video
      signal can represent one picture during 1/30 period so that each different
      picture can be transmitted at each video signal transmission period.
PAR  During the audio signal transmission period, a sampled audio signal is
      transmitted at a repetition period of 1/f.sub. A which is different from
      the horizontal scanning period of the video signal. The audio signal is
      pulse code modulated and a plurality of auido signals are transmitted in a
      time division multiplex scheme. One audio signal is transmitted at each of
      the above sampling period of 1/f.sub. A. In the transmission of such a
      still picture broadcasting signal, in order to increase the number of
      multiplexed audio signals without widening the required frequency band of
      the transmission path, the audio signals may be transmitted in a
      multivalue pulse code modulated signal, for instance as a quarternary
      code.
PAR  The synchronizing signals required for the reproduction of such video
      signal and audio signal must be transmitted at each 1/f.sub. H period
      during the video signal transmission period and at each 1/f.sub. A period
      during the audio signal transmission period. Besides the two kinds of
      synchronizing signals, a number of synchronizing signals having different
      repetition periods are required, for instance bit synchronizing signals,
      synchronized with the modulated pulse series for demodulating the pulse
      code modulated signal is required. In one mode of such a still picture
      broadcasting system, all of such synchronizing signals may be formed from
      pulse coded signals. The pulse coded synchronizing signals are formed of
      binary pulses. The synchronizing signals contain a blanking period, PCM
      frame pattern signal (PFP signal), and mode control code signal (MCC
      signal). The PFP signal is formed by pulses of a predetermined pattern
      having the same bit timing with the modulated pulse series of the audio
      multiplex signal. This pulse pattern is common to any one of the
      synchronizing signals having various repetition periods. Accordingly, the
      PFP signal can be utilized for the detection of the position of insertion
      of the synchronizing signals. The MCC signal contains synchronizing
      signals such as a horizontal synchronizing signal, audio PCM frame
      synchronizing signal and video frame synchronizing signal, etc., and
      synchronizing signals for representing the transmission period of the
      video signal or the audio signal.
PAR  In order to derive such synchronizing signals and pulse code modulated
      audio signal, it is necessary to identify the received signal in a usual
      manner as is the case in the conventional pulse signal transmission
      system. In this case, in order to identify a quarternary pulse signal, the
      tolerance of the deviation of the input signal level with a reference
      level becomes one third with respect to that of the case of the binary
      pulse signal.
PAR  When transmitting a composite signal such as the still picture broadcasting
      signal by using a carrier signal, the dc level of the detected composite
      signal becomes usually unstable due to deviation of gain of the tuner or
      intermediate frequency circuit of the receiver or due to variation of the
      ambient temperature. Accordingly, identification error tends to occur when
      an output signal of the intermediate frequency circuit is dc coupled to an
      identification circuit.
PAR  Also if an ac coupling is used in order to avoid the influence of variation
      of the dc level, the lower components are not transmitted so that ripples
      may occur. If such ripples are contained, the tolerance in the
      identification decreases so that an increase in identification errors is
      unavoidable.
PAR  In order to avoid the above mentioned problems, a peak clamp system using a
      diode and a capacitor may be used before identification of the signal in a
      conventional PCM transmission system.
PAR  Even if such peak clamp system is employed, there will still remain a
      deviation in the regenerated dc level depending upon the signal content by
      reason of the ratio r.sub.b /r.sub.f, the ratio of a forward resistance
      r.sub. f of the diode and a reverse resistance r.sub. b thereof.
      Accordingly, such practice does not afford a basic solution and the peak
      clamp system applied before identification of the input signal including
      the quarternary PCM signal will not give a satisfactory result.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to realize an identification circuit
      for accurately identifying a composite signal including a multivalue PCM
      signal having less tolerance with level variation.
PAR  Another object of the present invention is to realize an identification
      circuit for making an accurate identification in a simple construction.
PAR  A further object of the present invention is to obtain a receiver suitably
      used in the reception of a still picture broadcasting signal.
PAR  A still further object of the present invention is to realize a still
      picture broadcasting signal receiver which is able to reproduce a stable
      video signal having no dc level variation from a still picture
      broadcasting signal.
PAR  In one aspect of the present invention, two sets of the identification
      circuits for identifying the received signal are provided. The input
      signal which may contain a level variation is applied to one of the
      identification circuits and various synchronizing signals formed in binary
      pulse signals are detected from the identified output and the various
      synchronizing signals are regenerated. The regenerated synchronizing
      signals are utilized to make pulse clamping of the input signal and the
      pulse clamped input signal suppressed for the level variation is applied
      to the other identification circuit and the multivalue pulse signals are
      accurately identified.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are signal waveform diagrams for explaining one embodiment of
      a still picture broadcasting signal;
PAR  FIG. 3 is a block diagram showing an outline of a still picture
      broadcasting signal receiver;
PAR  FIG. 4 is a block diagram showing an essential portion of the receiver
      according to the present invention;
PAR  FIG. 5 is a block diagram showing more detail of the circuit shown in FIG.
      4;
PAR  FIG. 6 is a block diagram showing a more practical composition of a
      coincidence circuit;
PAR  FIG. 7 is a circuit diagram for showing one embodiment of a pulse clamp
      circuit;
PAR  FIGS. 8 and 9 are block diagrams showing essential parts of modified
      embodiments of the present invention; and
PAR  FIG. 10 is a signal waveform diagram for explaining part of the operation
      of the circuit shown in FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before making detailed explanation of the present invention, a suitable
      composite signal to be received by a receiver according to the present
      invention, for instance, one embodiment of a still picture broadcasting
      signal will be explained by referring to FIGS. 1 and 2.
PAR  The still picture broadcasting signal has a 5 second repetition period as
      shown in FIG. 1 a, and in this 5 second period, five submaster frames
      SMF-O, SMF-1 . . . SMF-4 each having 1 second duration are inserted
      continuously. After a lapse of 5 seconds, the same submaster frame will be
      transmitted again. One submaster frame SMF consists of 30 television
      frames each having 1/30 second duration as shown in FIG. 1 b. Among the 30
      television frames, nine frames are used as video frames V for inserting
      video signals. The video signal can represent a picuture at each one
      television frame. Accordingly, by inserting each one of different video
      signals representing different pictures in each of the video frames V,
      altogether 45 kinds of pictures may be transmitted in five submaster
      frames. The other 20 frames in one submaster frame are used as an audio
      frame A for inserting audio signals. The audio frame A is used for two
      successive television frames, the former half is termed an audio first
      frame and the latter half is termed an audio second frame. A plurality of
      channels of audio signals are pulse code modulated and transmitted in time
      division multiplex in the audio frame A. In order to increase the number
      of multiplication, quarternary pulses are used for the pulse code
      modulated signal to be considered in the present invention. The rest of
      the television frame is used as a control frame C for inserting the
      control signal. In the still picture broadcasting system, the above
      mentioned plurality of video and audio signals are combined to form one
      particular program. Combinations of the video and audio signals may be
      reproduced in a desired sequence or in a previously determined sequence
      according to the program. The control signal inserted in the control frame
      C is a signal for designating the combination of the video and audio
      signals and sequence of the reproduction. In the submaster frame SMF, the
      control frame C is transmitted at the top as shown in FIG. 1 b.
PAR  FIG. 2 is a waveform diagram showing more detail of the signal inserted in
      such video frame V and audio frame A. FIG. 2 a is a waveform the same as
      FIG. 1 b. In an audio frame A, a quarternary pulse code modulated audio
      multiplex signal 1 and a binary pulse code modulated synchronizing signal
      2 are inserted as shown in FIG. 2 b.
PAR  The audio multiplex signal is transmitted in a repetition period 1/ f.sub.
      A (f.sub. A .apprxeq.  10.5 KHz) equal to the sampling period at the
      sampling of the processed audio signal. This period is termed an audio PCM
      frame period hereinafter. The synchronizing signal 2 for the reproduction
      of the audio signal is inserted at a 1 f.sub.A repetition period.
PAR  In a video frame V, a video signal 3 according to an NTSC system and a
      synchronizing signal 4 corresponding to the synchronizing signal 2 in FIG.
      2 b are inserted as shown in FIG. 2 c. The synchronizing signal 4 is
      inserted at each horizontal scanning period 1/ f.sub.H (f.sub. H =  15.734
      KHz). Accordingly, the ratio of repetition frequencies of the
      synchronizing signals 2 and 4 is in the following relationship.
EQU   f.sub.A /f.sub. H  = 2/3
PAL  The positions where the synchronizing signals 2 and 4 are inserted, in
      other words, the phases of the both synchronizing signals 2 and 4 coincide
      at a greatest common measure frequency of about 5 KHz of the f.sub.H and
      f.sub.A as shown in FIGS. 2 b and 2 c. The synchronizing signals 2 and 4
      are formed of a 16 bit blanking period, 16 bit PCM frame pattern signal
      (referred to as a PFP signal) and 8 bit mode control code signal (referred
      to as an MCC signal).
PAR  The PFP signal is a series of pulses synchronized with the modulated pulse
      series of the pulse code modulated audio multiplex signal having a 16 bit
      fixed pulse pattern of 0010101010101010. By detecting this fixed pulse
      pattern, the bit synchronizing signal (f.sub.b = 6.5454 MHz) for taking
      identification timing of said pulse code modulated signal (PCM signal) is
      regenerated. The frequency f.sub.b of the bit synchronizing signal is so
      chosen as to have an integral ratio with both f.sub.H and f.sub.A. The PFP
      signal is not only synchronized with the pulse series of the audio PCM
      signal but it can be utilized for detecting the synchronizing signal 2 or
      4 including such PFP signal.
PAR  The 8 bit MCC signal represents the repetition period of the horizontal
      scanning period, audio PCM frame period and other synchronizing signals
      and it can be used as a synchronizing signal. In the 8 bit pulses, pulses
      5-11 for representing seven kinds of synchronizing signals are contained
      as shown in FIG. 2 d. Namely, pulse 5 represents horizontal synchronizing
      signal of repetition frequency 15.734 KHz, pulse 6 represents the audio
      PCM frame synchronizing signal of repetition frequency 10.5 KHz, pulse 7
      represents the frame synchronizing signal of repetition frequency of 30
      Hz, pulse 8 represents a synchronizing signal for indicating the position
      of the control frame, pulses 9 and 10 represent synchronizing signals for
      indicating a position of the audio first and audio second frames, and
      pulse 11 represents a synchronizing signal for indicating a position of
      the video frame, respectively. In the pulses 5-11 representing the
      synchronizing signals, the respective synchronizing signal is inserted
      when the pulse has value 1 and the synchronizing signal is not inserted
      when the pulse has value 0.
PAR  As for an example if we consider the MCC signal of the synchronizing signal
      inserted in the video frame V, the synchronizing signal 4 is inserted at a
      repetition period of the horizontal synchronizing signal so that the pulse
      5 of the MCC signal in this period assumes always 1, also the pulse 11
      representing the video frame also assumes a value 1. The audio PCM frame
      synchronizing signal and the horizontal synchronizing signal coincide with
      their phases at the common measure frequency of the repetition frequencies
      thereof as shown in FIGS. 2 b and 2 c, so that the pulse 6 in the MCC
      signal at a position where the phases of both the signals coincide assumes
      a value 1 even in the video frame period. The other pulses assume value 0
      in the video frame V.
PAR  The still picture broadcasting system as shown in FIGS. 1 and 2 may be
      received by a receiver as indicated in FIG. 3.
PAR  FIG. 3 is a block diagram showing a brief outline of such a still picture
      broadcasting signal receiver. In FIG. 3, 21 is an antenna to which a
      carrier signal modulated by the aforementioned still picture broadcasting
      signal is applied. 22 is a tuner and 23 is an intermediate frequency
      circuit including a detector. The high frequency still picture
      broadcasting signal supplied to the antenna 21 is converted into a base
      band still picture broadcasting signal as shown in FIG. 2 through the
      tuner 22 and the intermediate frequency circuit 23 and it appears at the
      output of the output terminal 24. The still picture broadcasting signal
      obtained at the terminal 24 is detected for its various synchronizing
      signals in the synchronizing signal regenerator 27 and signals
      synchronized thereto are regenerated. The regenerated synchronizing
      signals are supplied to various portions of the receiver for the
      reproduction of video and audio signals.
PAR  Selection instruction board 31 produces an instruction signal for the
      detection of a desired couple of video and audio signals and applies it to
      a controller 28. The controller 28 produces a trigger pulse for detecting
      the designated video signal and audio signal designated by said
      instruction signal when such signals are transmitted. The trigger pulse is
      supplied to a video frame memory 25 and to an audio regenerator 26. The
      video frame memory 25 derives only the desired video signal from the still
      picture broadcasting signal supplied from the terminal 24 based on said
      trigger pulse and memorizes 1 frame picture. A still picture may be
      reproduced by repeatedly reproducing the memorized 1 frame signal and
      supplying it to a cathode ray tube 29 as a display. The audio regenerator
      26 detects and derives the desired audio signal from the still picture
      broadcasting signal and reproduces the voice by supplying the signal to a
      speaker 30.
PAR  A more practical circuit diagram used in such kind of receiver which is
      able to accurately reproduce required signals from a composite signal
      including a quarternary PCM signal will be explained by referring to
      further drawings.
PAR  FIG. 4 is a block diagram showing an essential portion of a receiver
      according to the present invention and FIG. 5 is a block diagram showing
      more detail thereof.
PAR  In FIG. 4, 81 is an identification circuit for identifying the binary pulse
      signal in the input signal by using a voltage E.sub.2 corresponding to an
      intermediate level of the signal level as a reference level. 43 is an
      identification circuit for identifying the quarternary pulse signals in
      the input signal by comparing it with three voltages E.sub.1, E.sub.2,
      E.sub.3 as the reference levels.
PAR  A bit synchronizing signal regenerator 41 detects the bit synchronizing
      signal component contained in the audio PCM signal, PFP signal, etc., in
      the still picture broadcasting signal supplied to the terminal 24 and
      having a waveform as shown in FIG. 2 and regenerates the bit synchronizing
      signal. The regenerated bit synchronizing signal is supplied both to the
      identification circuit 43 and to the identification circuit 81 and the
      applied still picture broadcasting signal to the terminal 24 is identified
      by using the bit synchronizing signal as the timing signal.
PAR  At first, we may assume a case in which the input signal supplied to the
      terminal 24 converted into a base band through a tuner and the
      intermediate frequency circuit is dc coupled. In this case, the signal is
      supplied to the identification circuit 81 and identified therein and the
      output signal is supplied to a synchronizing signal regenerator 44. In
      this case, as mentioned above due to dc level variation in the
      intermediate frequency circuit and others, a perfect dc reproduction has
      not been effected so that the output signal of the identification circuit
      81 may include more or less identification error. However, as the
      synchronizing signals are transmitted in the binary pulse signal as shown
      in FIG. 2 d, the error may be considerably less if compared with the case
      of quarternary the value pulse signal. Accordingly, by using this output
      signal, the synchronizing signal may be sufficiently regenerated with
      considerable accuracy. The binary pulse signal obtained from the
      identification circuit 81 is supplied to synchronizing signal regenerator
      44. The synchronizing signal regenerator 44 derives the PFP signal and MCC
      signal from the binary pulse signal and detects various synchronizing
      signals such as the horizontal synchronizing signal, audio PCM frame
      synchronizing signal, etc. Furthermore, the bit signal obtained from bit
      synchronizing signal regenerator 41 is so processed as to step down the
      frequency to obtain signals having equal frequency with the various
      synchronizing signals and regenerates various synchronizing signals by
      making phase control by using the above mentioned detected synchronizing
      signals.
PAR  In the manner mentioned above, by using the regenerated synchronizing
      signals a pulse signal synchronized with the blanking period inserted
      before the PFP signal is obtained and the signal is supplied to a pulse
      clamp circuit 83 so as to clamp the blanking period of the input signal
      and a perfect dc reproduction is obtained. The dc reproduced input signal
      is supplied to the identification circuit 43 and identified signals
      containing no error may be obtained at the output terminals 45 to 47 by
      comparing the signal with three reference voltages E.sub.1, E.sub.2,
      E.sub.3.
PAR  In the pulse clamp circuit 83, the same perfect dc reproduction of the
      video frame signal is effected so that a correct video signal may be
      reproduced by supplying the output signal to a video frame memory 25.
PAR  More detailed explanation of the circuit operation will be given by
      referring to FIG. 5.
PAR  The bit synchronizing signal regenerator 41 consists of two tank circuits
      51 and 53, a rectifier 52 for doubling the frequency of the applied
      signal, a phase detector 54 and a voltage control type oscillator (VCO)
      55.
PAR  The still picture broadcasting signal supplied to the terminal 24 is fed to
      a tank circuit 51 tuned with one half of the bit frequency f.sub.b so as
      to emphasize the basic frequency component of the PFP signal. The output
      signal thereof is supplied to the rectifier 52 to make frequency doubling.
      The signal is fed to the tank circuit 53 tuned with the frequency f.sub.b
      so as to derive the f.sub.b component and to apply sufficient attenuation
      of the other frequency component. The signal having the frequency f.sub.b
      is applied to the voltage control type oscillator 55 and to the phase
      detector 54 forming an automatic phase control circuit In this manner, the
      bit synchronizing signal synchronized with the pulse series of the audio
      PCM signal and the PFP signal may be obtained at an output of the
      oscillator 55.
PAR  The identification circuit 81 is formed of a comparator 32 and edged
      trigger flip-flop circuit 33. The regenerated bit synchronizing signal
      obtained from the bit synchronizing signal regenerator 41 is applied to
      the edged trigger flip-flop circuit 33 of the identification circuit 81.
      The still picture broadcasting signal applied at the terminal 24 is
      applied to the comparator 32. An output signal obtained from the
      comparator 32 by comparing the input signal with a reference voltage
      E.sub.2 is identified by the pulse signals synchronized with the bit
      timing signal in the flip-flop circuit 33. In this arrangement at the
      output of the identification circuit 81, a signal effected binary
      identification is obtained so that the PFP signal, MCC signal or the like
      will be obtained in an exact pulse waveform.
PAR  The pulse signal is supplied to a synchronizing signal regenerator 44 and
      the signal is applied to a coincidence circuit 63 through a gate circuit
      62. The coincidence circuit 63 is a circuit for producing one continuous
      pulse as a coincidence signal when a pulse having a predetermined pattern
      is given to the input. One practical embodiment of such a coincidence
      circuit is shown in FIG. 6.
PAR  In FIG. 6, the pulse signal applied to a shift register is shifted to each
      succeeding stage bit by bit. The signal at each stage of the shift
      register 69 is supplied to an AND gate 70 directly or through an inverter
      71. In the AND gate 70, an output is produced as a coincidence pulse when
      all the inputs have a value 1. Accordingly, a coincidence pulse is
      produced at the output when a signal having a pattern depending upon the
      inserting positions of the inverters between the shift register 69 and the
      AND gate 70 is applied to the input. In the embodiment shown in FIG. 6,
      when the input signal having a pattern 1010 . . . 10011 (the portion . . .
      represents a repetition of 10) is applied to the input, then the
      coincidence pulse is delivered to the output. Namely, this signal
      corresponds to the 14 bit signal of the PFP signal shown in FIG. 2d taking
      away the initial 2 bits of 00 and the first three pulses of the MCC signal
      in which the initial pulse is 0 and when the pulse 5 representing the
      horizontal synchronizing signal and the pulse 6 representing the audio PCM
      frame synchronizing signal are both value 1. If this signal is applied to
      the shift register 69, an output coincidence pulse is delivered from the
      AND gate 70. Accordingly, the output of the AND gate 70 assumes a pulse
      signal having a repetition frequency corresponding to the greatest common
      measure frequency of about 5 KHz of the horizontal synchronizing signal
      f.sub.H and audio PCM frame synchronizing signal f.sub.A.
PAR  Now back to FIG. 5, the bit synchronizing signal of about 6.5 MHz obtained
      at the output terminal 42 of the oscillator 55 is supplied to step down
      circuits 64 and 66. The signal is processed to frequency division into
      1/416 and 1/624 to obtain signals of the horizontal synchronizing signal
      frequency and audio PCM frame synchronizing signal frequency,
      respectively. By controlling the phase of the step down circuits 64 and 66
      by applying the output signal of said coincidence circuit 63, a horizontal
      synchronizing signal and an audio PCM frame synchronizing signal having
      the correct phase are obtained at the output terminals 48H and 48A of the
      step down circuits 64 and 66, respectively.
PAR  By applying the synchronizing signals obtained at the output terminals 48H
      and 48A to an AND gate 67, a pulse signal having a frequency of the
      greatest common measure frequency of f.sub.H and f.sub.A the same as the
      output of the coincidence circuit 63 may be obtained. The obtained pulse
      signal is applied to the gate circuit 62 as a gate pulse and by gating the
      output signal of the identification circuit 81, only the synchronizing
      signal portion may be gated which does not include noises, the audio
      signal and video signal or some simulated pulse signal included
      accidentally so that they may be eliminated to improve the stability of
      the reproduced synchronizing signal.
PAR  When the pulse width of the output pulse signal of the AND gate 67 is so
      narrow that it does not include a portion corresponding to the sum of the
      PFP signal and MCC signal, then a circuit for widening the pulse width
      (not shown) may be provided before supplying the signal to the gate
      circuit 62. On the contrary, in case the pulse width is wider to include
      signals other than the synchronizing signal portion, then the circuit for
      narrowing the pulse width (not shown) may be provided thereto. The above
      mentioned circuits may be formed from monostable multivibrator circuits
      for either of the cases.
PAR  If the synchronization is lost by some causes, then the signal portion
      other than the synchronizing signal may be gated so that at the output of
      the coincidence circuit 63, the coincidence pulse may not be derived and
      in such an occasion the synchronization will not be attained over a
      considerable time. Considering such situation, the gate circuit 62 must
      have a function to pass all of the input signals while stopping the gate
      function. The level setting circuit 65 is a circuit provided for this
      purpose. This level setting circuit 65 produces a voltage having a value
      higher than a predetermined level when the coincidence pulse is given to
      the input and to hold a certain voltage for a predetermined time period.
      This circuit controls the gate circuit 62 to operate as a gate when the
      voltage has a value over the predetermined value. The circuit 65 controls
      to release the gate operation of the gate circuit 62 when the voltage
      decreases less than the above predetermined value when the coincidence
      pulse is not given to the input.
PAR  The time for holding the predetermined voltage by said level setting
      circuit 65 is so chosen to be longer than the repetition period of the
      normally obtained coincidence pulse, and the output voltage of the level
      setting circuit 65 assumes a higher value than the above value during the
      time when the output signals of the step down circuits 64 and 66
      synchronize with the input synchronizing signal. Therefore, only the
      synchronizing signal portion may suitably be derived from the input signal
      and the synchronized condition can be maintained. By any reason, if the
      phase of the output signal of the step down circuits 64 and 66 does not
      coincide with the synchronizing signal, then the output signal of the gate
      circuit 62 gated out by the gate pulse obtained from the output signals of
      the two step down circuits 64 and 66 may not include the PFP signal and
      the MCC signal. In this case, the coincidence pulse is not obtained from
      the coincidence circuit 63 so that the output voltage of the level setting
      circuit 65 decreases and the gate function of the gate circuit 62 is
      released and the input signal passes through the gate circuit 62. In this
      case, the PFP signal and the MCC signal will be again supplied to the
      coincidence circuit 63. Accordingly, the coincidence pulse is produced
      again. The coincidence pulse functions to reset the step down circuits 64
      and 66. By this operation, the output signals of the step down circuits 64
      and 66 synchronize with the synchronizing signal instantaneously and at
      the same time the coincidence pulse is applied to the level setting
      circuit 65 and as the output voltage of the level setting circuit 65
      assumes a value higher than the predetermined value, the input signal is
      gated by the output signal from the AND gate 67 in the gate circuit 62.
PAR  In the manner mentioned above, various synchronizing signals such as the
      bit synchronizing signal may be regenerated. In this case, all of the
      synchronizing signals are coded by a binary pulse signal so that an
      accurate identification may be effected in the identification circuit 81
      even if some level variation is applied to the input signal. Thus, the
      various synchronizing signals may be regenerated in a stable manner. As
      for the synchronizing signal regenerator mentioned above, a circuit as
      disclosed in the application Ser. No. 361,802 filed in 1973 may be used.
PAR  By using the regenerated synchronizing signals, the blanking period as
      shown in FIG. 2 may be easily detected. By fixing the level of the
      blanking period by means of a pulse clamp circuit 83, a signal having no
      dc level variation may be obtained.
PAR  For making a pulse clamp for the input composite signal by using the
      regenerated synchronizing signal, for instance the output signal of the
      AND gate 67 producing a pulse signal having a frequency of the greatest
      common measure frequency of the horizontal synchronizing signal and audio
      PCM frame synchronizing signal frequencies is supplied to a waveform
      shaping circuit 82 to obtain a phase shift ahead or delay and to adjust
      the pulse width and to obtain a pulse signal synchronized with the
      blanking period. By supplying the pulse signal to a pulse clamp circuit
      83, a perfect dc regeneration by clamping the blanking period of the input
      signal may be effected.
PAR  One practical embodiment of such pulse clamp circuit 83 is shown in FIG. 7.
      Output pulse signals of the waveform shaping circuit 82 is supplied to
      pulse applying terminals 91 and 92 through an inverter (not shown) in
      order to apply them with negative polarity to the terminal 91 and with
      positive polarity to the terminal 92. Then, by applying the composite
      signal to an input terminal of this circuit, a composite signal having no
      dc level variation is obtained from the output thereof.
PAR  The dc level suppressed signal is supplied to comparators 56, 57, 58 in the
      identification circuit 43 to compare it with three reference voltages
      E.sub.1, E.sub.2, E.sub.3 and then the comparators apply their output
      signals to edged trigger flip-flop circuits 59, 60, 61. To each of the
      edged trigger flip-flop circuits 59-61, the bit synchronizing signal
      regenerated from the bit synchronizing signal regenerator 41 is applied
      and the signals are identified with timing of the bit synchronizing
      signal. As for the identification circuits 43 and 81, and type of the
      conventional identification circuits may be used.
PAR  In the manner explained above, exact quarternary identified pulse signals
      are obtained at the output terminals 45, 46, 47 of the identification
      circuit 43. The output signals may be converted to binary pulse signals
      according to the need and the voice signal may be reproduced by supplying
      it to a digital converter (not shown).
PAR  As for the video signal, the output signal of the pulse clamp circuit 83 is
      clamped for the dc level so that by deriving the video signal to be
      supplied to the video frame memory 25 from the output of the pulse clamp
      circuit 83, a correct video signal can be regenerated.
PAR  As for the video frame memory 25, the well known storage tubes or magnetic
      recording and reproducing apparatus using a magnetic drum or magnetic disc
      rotating once per one TV frame may be used.
PAR  FIG. 8 is a block diagram showing an essential portion of a different
      embodiment according to the present invention. In FIG. 8, 84 is a peak
      clamp circuit which is well known in the art and which may be formed by a
      diode and a condenser. The other circuit portion of FIG. 8 besides the
      peak clamp circuit 84 is identical with that shown in FIG. 4. In the
      present embodiment, the composite signal to be supplied to the
      identification circuit 81 for regenerating the synchronizing signals is
      processed for dc regeneration to some extent by passing the signal through
      a peak clamp circuit 84 so as to obtain identification of the binary
      synchronizing signal in a more definite manner. By using this means a very
      stable synchronizing signal regeneration is possible even in case the
      input composite signal has a small amplitude, at a time of deterioration
      of the S/N ratio or dc level variation, or if the signal contains large
      ripples, etc. To this end, the regenerated synchronizing signal is
      processed for pulse clamping by the pulse clamp circuit 83 so that the
      identification circuit 43 can make definite identification even in the
      case of the quarternary signal.
PAR  FIG. 9 is a block diagram for showing a still further modified embodiment
      of the present invention. This figure shows only the essential portion of
      the circuit, in which 85 is a high-pass filter. The other portion is also
      the same as the previous circuit arrangements. In this embodiment, a
      high-pass filter 85 is provided at a position prior to the identification
      circuit 81 for identifying the synchronizing signal so as to eliminate an
      influence of the dc level variation by removing the dc component. The
      high-pass filter 85 may be formed as a simple CR filter using capacitor
      and resistor elements. By passing the high-pass filter, low frequency
      components of the pulse signal are removed and for instance the PFP signal
      and the MCC signal may assume a waveform as shown in FIG. 10. Namely, FIG.
      10a shows a waveform of the input synchronizing signal having the dc level
      fixed and FIG. 10b shows a waveform after passing the high-pass filter 85.
      As shown in FIG. 10b, some extent of deviation is observed but the average
      level is adjusted at nearly perfect 0 voltage or an earth voltage so that
      by setting the reference level for the identification in the
      identification circuit 81 to be the zero potential, the dc level variation
      of the input composite signal or low frequency ripples in the same may be
      completely eliminated from their influence. However, according to the
      selection of the time constant CR depending on the capacitor and the
      resistor forming the filter, the extent of the deviation may vary so that
      the regeneration of the front portion of the PFP signal becomes difficult.
      However, in a practical synchronizing circuit, all of the 16 bit patterns
      of the PFP signal need not be detected in the detection of the PFP signal
      and the MCC signal for a regeneration of the synchronizing signal. Namely,
      so far as the probability of the incidental appearance of the same pattern
      with the PFP signal at a signal portion other than the PFP signal in the
      coincidence circuit for detecting the PFP signal or the MCC signal is
      sufficiently low, an error may not occur even by obtaining a coincidence
      by a pattern with a bit number less than 16  bits. For instance, the
      probability of appearance of a pattern previously formed by n bit pulses
      coincides with a meaningless coded pulse signal or in other words the
      probability of appearance of a pattern when the 1 and 0 of a pulse series
      are produced unintentionally will be 1/2.sup.n. Accordingly, by choosing
      the value n more than a certain value, the erroneous detection will be
      very small. Furthermore, in practice the PFP signal is inserted at a
      regular repetition period, for instance, inserted at each horizontal
      scanning period or audio PCM frame period so that by utilizing the regular
      periodicity, an error may easily be identified even if such error is
      detected occasionally so that the detecting bit number can be decreased.
PAR  By using the example as shown in FIG. 9 not only the dc level variation and
      the influence of the ripples in the input signal can be eliminated, but
      also an influence in the case of the variation of the amplitude of the
      input signal is eliminated so far as the amplitude of the input signal has
      a considerable value and still further stable regeneration of the
      synchronizing signal may be obtained than the case shown in FIG. 8.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A receiver for receiving a composite signal including multivalue pulse
      series which are multivalue pulse code modulated so as to be
      representative of an information signal to be transferred, a plurality of
      blanking periods at predetermined positions in said multivalue pulse
      series, first synchronizing signals each including a binary pulse series
      of a specified code figure synchronized with said multivalue pulse series
      of said information signal, and second synchronizing signals each located
      to follow one of said first synchronizing signals and formed of binary
      coded pulses required for the reproduction of the information signal, and
      for reproducing said information signal, the receiver comprising:
PA1  means for regenerating a clock pulse series synchronized with the
      multivalue pulse series including means for detecting the timing of said
      multivalue pulse series and the first synchronizing signals from said
      composite signal;
PA1  first identification means for identifying said first synchronizing signals
      from said composite signal;
PA1  means for obtaining pulse signals synchronized with said blanking periods
      including means for using the first synchronizing signals;
PA1  pulse clamping means for pulse clamping said composite signal including
      means for using the pulse signals; and
PA1  second identification means for identifying said multivalue pulse series
      from the clamped composite signal obtained with said pulse clamping means
      including means for using the regenerated clock pulse series.
NUM  2.
PAR  2. A receiver according to claim 1, wherein said means for obtaining pulse
      signals includes first means for detecting and regenerating at least a
      part of said second synchronizing signals upon identification of said
      first synchronizing signals by the first identification means and means
      for generating the pulse signals synchronized with said blanking periods
      including means for using the part of the second synchronizing signals.
NUM  3.
PAR  3. A receiver for a still picture broadcasting signal for receiving a
      composite signal including video signals, multivalue pulse series which
      are pulse code modulated by audio signals, and combined synchronizing
      signal groups including first synchronizing signals each formed of binary
      pulse series of a specified code figure synchronized with said multivalue
      pulse series of the audio signals and second synchronizing signals each
      formed of binary coded pulse series required for the reproduction of said
      video and audio signals, and blanking periods and inserted in
      predetermined positions in said video signals and the multivalue pulse
      series, and for reproducing said video and audio signals, the receiver
      comprising:
PA1  means for regenerating clock pulse series synchronized with said multivalue
      pulse series including means for detecting the timing of said first
      synchronizing signals from said composite signal;
PA1  first identification means for identifying said composite signal as binary
      pulse signals including means for using a preselected threshold level
      under synchronized conditions with said regenerated clock pulse series;
PA1  means for detecting and regenerating at least a part of said second
      synchronizing signals from the composite signal identified as the binary
      pulse signals by said first identification means;
PA1  means for producing pulse signals synchronized with said blanking periods
      including means for using the part of said second synchronizing signals
      regenerated;
PA1  pulse clamp means for pulse clamping the composite signal including means
      for using said pulse signals synchronized with said blanking periods; and
PA1  second identification means for identifying the audio signals as multivalue
      pulse series from the composite signal, which is pulse clamped by said
      pulse clamp means, under synchronization conditions with the regenerated
      clock pulse series.
NUM  4.
PAR  4. A receiver according to claim 3, which further comprises a video memory
      for detecting said video signals from the pulse clamped composite signal
      clamped by said pulse clamp means and for recording and repeatedly
      reproducing at least a video signal corresponding at least to one picture.
NUM  5.
PAR  5. A receiver according to claim 3, which further comprises a peak clamp
      circuit for peak clamping said composite signal, the output of said peak
      clamp circuit being connected to the input of said first identification
      means for identifying said composite signal as binary pulse signals.
NUM  6.
PAR  6. A receiver according to claim 3, which further comprises a filter for
      preventing passage of lower frequency components of said composite signal,
      the output of said filter being connected to the input of said first
      identification means for identifying said composite signal as binary pulse
      signals.
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PAL  A system for converting a broad-band picture signal into a narrow-band
      signal or converting a narrow-band picture signal into a broad-band signal
      comprising a first memory means which has a capacity of storing a picture
      signal corresponding to one frame and can record and reproduce a
      broad-band picture signal at the same speed as the transmitted speed, and
      a second memory means which has a capacity of storing a picture signal
      corresponding to one scanning line and is such that writing speed and
      reading speed can be freely varied. In broad-to-narrow conversion, a
      broad-band picture signal corresponding to one frame is stored in the
      first memory means and is read out repeatedly from the first memory means
      at a speed equal to the speed with which a picture signal is commonly
      transmitted, and individual line signals appearing from the first memory
      means are successively written in the second memory means at a suitable
      time interval and are read out from the second memory means at a low speed
      corresponding to the desired frequency band. In narrow-to-broad
      conversion, individual line signals of a broad-to-narrow converted picture
      signal are successively written in the second memory means at a low speed
      and are read out therefrom at a high speed to be written in the first
      memory means, and after the signal corresponding to one frame is written
      in the first memory means according to the order of the scanning lines,
      this signal is read out from the first memory means to provide a
      broad-band picture signal. A plurality of second memory means may be
      provided so as to improve the efficiency in respect of time of transfer of
      the signal from the first to the second memory means or from the second to
      the first memory means and to reduce the period of time occupied by the
      broad-to-narrow converted frame signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to systems for converting the frequency band of
      electrical picture information signals, and more particularly to a system
      of the kind above described which is suitable for the transmission or
      recording and reproduction of a still picture or a frame of a television
      signal by means of a transmission medium having a narrow frequency band
      characteristic such as a telephone line or audio magnetic tape.
PAR  There are various conventional methods for converting the frequency band of
      an electrical picture information signal. A first method comprises
      employing a rotary memory such as a magnetic disk, magnetic sheet,
      magnetic drum or endless magnetic tape having a capacity of storing one
      frame portion of electrical picture information signal and varying the
      rotating speed of the rotary memory depending on the writing operation and
      reading operation. A second method comprises employing a stationary memory
      such as a magnetic core memory, magnetic wire memory, semiconductor shift
      register memory or capacitor memory having a capacity of storing one frame
      portion of electrical picture information signal and varying the frequency
      of clock pulses depending on the writing operation and reading operation.
      A third method comprises employing a memory of the electron beam scanning
      type such as a charge storage tube memory having a capacity of storing one
      frame portion of electrical picture information signal and varying the
      scanning rate depending on the writing operation and reading operation.
      However, these conventional methods have the following defects: The first
      method employing the rotary memory is defective in the lack of quick
      responsiveness due to the fact that an elongated stabilizing period of
      time is required during change-over of the rotating speed. The second
      method employing the stationary memory is defective in that the memory is
      more expensive than those in any other methods and thus this method is not
      economical. The third method employing the memory of the electron beam
      scanning type is defective in that satisfactory fidelity for the
      transmitted signal is difficult to obtain.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an economical frequency
      band coverting system which is suitable for converting a broad-band
      picture signal into a narrow-band signal or converting a narrow-band
      picture signal into a broad-band signal so that such broad-band picture
      signal can be transmitted or recorded in the form of the narrow-band
      signal or the narrow-band signal which is transmitted or recorded and then
      reproduced can be converted into the broad-band picture signal again.
PAR  Another object of the present invention is to provide a frequency band
      converting system of the kind above described which operates with a quick
      response characteristic and ensures satisfactory fidelity for the
      transmitted signal.
PAR  A further object of the present invention is to provide a frequency band
      converting system which can efficiently reduce the period of time required
      for the transmission of the broad-to-narrow converted signal.
PAR  In order to attain the objects above described, the present invention
      comprises in combination a rotary memory having a capacity of storing one
      frame portion of a picture information signal and a stationary memory
      having a smaller capacity than the rotary memory, the former being driven
      at a constant speed, while the latter being driven at different speeds
      depending on the writing operation and reading operation so as to
      effectively utilized the merits of these memories thereby obviating the
      defects encountered with the conventional methods.
PAR  At first, one frame portion of a broad-band picture signal is recorded at a
      high speed in the rotary memory and is then reproduced repeatedly. Then, a
      signal portion corresponding to, for example, one scanning line is derived
      from this reproduced signal and is written at a high speed in the
      stationary memory. This signal portion is then read out at a low speed
      from the stationary memory to obtain a narrow-band signal portion
      corresponding to one scanning line. Upon completion of this low-speed
      reading operation, another signal portion corresponding to the next
      scanning line is derived from the signal reproduced from the rotary memory
      and is written at a high speed in the stationary memory again. This signal
      portion is similarly read out at a low speed from the stationary memory to
      obtain another narrow-band signal portion. By the repetition of the above
      operation, one frame portion of the broad-band picture signal recorded in
      the rotary memory can be converted into a narrow-band signal. Upon
      completion of the conversion of one frame portion of the broad-band
      signal, another frame portion is recorded in the rotary memory again. In
      this manner, the broad-band signal can be converted into a narrow-band
      signal.
PAR  Another stationary memory capable of storing one scanning line portion of a
      picture signal and another rotary memory capable of storing one frame
      portion of a picture signal are provided for carrying out an operation
      reverse to that above described so that the broad-band picture signal
      converted into the narrow-band signal can be converted into the broad-band
      picture signal again. In this specification, the term "transfer" is used
      to denote an operation in which a signal stored in a memory is read out to
      be written in another memory. Further, the memory capable of storing one
      frame portion of a picture signal is called a main memory, and the memory
      having the smaller capacity than the main memory is called a sub-memory.
PAR  In the present invention, a plurality of such stationary memories or
      sub-memories may be employed so that the waiting time required for the
      matching of transmission timing between the two kinds of memories can be
      eliminated from the transmission time and the period of time required for
      transmission of the narrow-band signal can be reduced to a minimum.
      Further, a frame index signal indicating the initiation of one frame and a
      line index signal indicating the initiation of one scanning line may be
      added to the broad-to-narrow converted signal and the sub-memory may only
      handle the net picture information except the synchronizing signal,
      blanking period, etc. in the picture signal so that the period of time
      required for transmission of the narrow-band signal can be further reduced
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram showing the basic structure of a system for
      converting a broad-band signal into a narrow-band signal according to the
      present invention.
PAR  FIG. 2 is a block diagram showing the basic structure of a system for
      converting a narrow-band signal into a broad-band signal according to the
      present invention.
PAR  FIG. 3 is a timing chart for illustrating the operation of the systems
      shown in FIGS. 1 and 2.
PAR  FIG. 4 is a schematic block diagram showing an embodiment of the present
      invention including a plurality of sub-memories arranged in parallel for
      converting a broad-band signal into a narrow-band signal.
PAR  FIG. 5 is a schematic block diagram showing an embodiment of the present
      invention including a plurality of sub-memories arranged in parallel for
      converting a narrow-band signal into a broad-band signal.
PAR  FIG. 6 is a timing chart for illustrating the operation of the embodiments
      shown in FIGS. 4 and 5.
PAR  FIG. 7 is a schematic block diagram of another embodiment of the present
      invention including a pair of sub-memories arranged in series for
      converting a broad-band signal into a narrow-band signal.
PAR  FIG. 8 is a schematic block diagram of another embodiment of the present
      invention including a pair of sub-memories arranged in series for
      converting a narrow-band signal into a broad-band signal.
PAR  FIG. 9 is a timing chart for illustrating the operation of the embodiments
      shown in FIGS. 7 and 8.
PAR  FIG. 10 is a detailed block diagram of another embodiment of the present
      invention including a plurality of sub-memories arranged in parallel for
      converting a broad-band signal into a narrow-band signal.
PAR  FIG. 11 is a detailed block diagram of another embodiment of the present
      invention including a plurality of sub-memories arranged in parallel for
      converting a narrow-band signal into a broad-band signal.
PAR  FIGS. 12 and 13 are timing charts for illustrating the operation of the
      embodiments shown in FIGS. 10 and 11.
PAR  FIG. 14 is a detailed block diagram of another embodiment of the present
      invention including a pair of sub-memories arranged in series for
      converting a broad-band signal into a narrow-band signal.
PAR  FIG. 15 is a detailed block diagram of another embodiment of the present
      invention including a pair of sub-memories arranged in series for
      converting a narrow-band signal into a broad-band signal.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 are block diagrams of a broad-to-narrow converting system and
      a narrow-to-broad converting system respectively each including one main
      memory and one sub-memory, and FIG. 3 is a timing chart for illustrating
      the operation of these systems.
PAR  Referring to FIG. 1, a main memory 31 is a broad-band frames memory having
      a capacity of storing a picture signal corresponding to one frame and is
      of the rotary type such as a magnetic disk. A sub-memory 51 has a capacity
      of storing a picture signal corresponding to one scanning line and is of
      the stationary type.
PAR  A broad-band picture signal 111 arrives at an input terminal 11 and
      consists of a series of picture signals or frame signals F.sub.1,
      F.sub.1a, F.sub.1b . . . corresponding to different frames as shown in
      FIG. 3. The frame signal F.sub.1 shown in FIG. 3 is solely subjected to
      conversion into a narrow-band signal and the other frame signals F.sub.19,
      F.sub.1b, . . . are unnecessary, but the latter signals are shown therein
      for convenience. Each frame signal is composed of picture signals or line
      signals L.sub.1, L.sub.2, L.sub.3, . . . L.sub.r separated by r scanning
      lines. Thus, the relation T.sub.F = rT.sub. L holds where T.sub.F is the
      period of one frame and T.sub.L is the period of one scanning line.
PAR  In response to the application of the broad-band picture signal F.sub.1
      corresponding to the frame to be subjected to broad-to-narrow conversion,
      a switch 21 is closed for the period of time corresponding to this frame
      and a picture signal 211 corresponding to this frame is written in the
      main memory 31. Upon completion of writing of the signal 211, this signal
      211 is immediately read out and an output 311 appears from the main memory
      31. The output 311 of the main memory 31 includes a series of the same
      signals repeated with the frame period T.sub.F and consists of a train of
      the broad-band signals F.sub.1 corresponding to the specific frame. Then,
      the output 311 of the main memory 31 is transferred to the sub-memory 51
      according to the order of the scanning lines constituting the frame. In
      this transfer operation, a switch 41 is closed for the period of time
      corresponding to the line signal L.sub.1 so that the line signal L.sub.1
      corresponding to the first scanning line is written in the sub-memory 51
      as shown by 411 in FIG. 3. The sub-memory 51 is a scanning line memory
      which has a capacity of storing a picture signal corresponding to one
      scanning line. Such line signal can be written in the sub-memory 51 at any
      desired speed and can be read out from the sub-memory 51 at any desired
      speed. Upon completion of writing of the line signal L.sub.1 in the
      sub-memory 51, this signal L.sub.1 is immediately read out at a low speed
      and a narrow-band picture signal L'.sub.1, corresponding to the first
      scanning line appears from the sub-memory 51 as shown by 511 in FIG. 3.
      The period of time .tau..sub.L for reading out the narrow-band picture
      signal L'.sub.1 is determined by a predetermined band conversion ratio
      .alpha..sup..sup.-1 = T.sub.L /.tau..sub.L. During the lowspeed reading of
      the signal 511 from the sub-memory 51, a switch 61 is closed to obtain a
      narrow-band picture signal 611 which is sent out to the exterior from an
      output terminal 71.
PAR  When the line signal L.sub.2 corresponding to the next scanning line is
      read out from the main memory 31 after the narrow-band picture signal
      L'.sub.1 has been read out from the sub-memory 51, the switch 41 is closed
      again to transfer this line signal L.sub.2 to the sub-memory 51 so as to
      read out a narrow-band picture signal L'.sub.2 therefrom. However, after
      the transfer of this line signal L.sub.2, the narrow-band picture signal
      L'.sub.2 corresponding to the next scanning line cannot immediately appear
      at the output terminal of the sub-memory 51, and read-out of this signal
      L'.sub.2 must be started after waiting for a period of time .tau..sub.W
      after the preceding signal L'.sub.1 has been read out. This is necessary
      for the following reasons: In the transfer of the signals L.sub.1,
      L.sub.2, L.sub.3, . . . from a sub-memory to a main memory in a
      narrow-to-broad converting system described later, a waiting time at least
      equal to one frame period T.sub.F of the broad-band picture signal is
      required to obtain the chance of signal transfer. Further, in the
      broad-to-narrow converting system presently described too, there may occur
      a worst case in which a waiting time equal to T.sub.F is required until
      the signal can be transferred from the main memory 31 to the sub-memory
      51. The scanning line period T.sub.L is the unit period of time required
      for the transfer of the picture signal corresponding to each individual
      scanning line. Thus, strictly speaking, the waiting time .tau..sub.W must
      have the relation .tau..sub.W .gtoreq. T.sub.F + T.sub.L. After the
      appearance of the signal L'.sub.2 from the sub-memory 51, the next line
      signal L.sub.3 is transferred from the main memory 31 to the sub-memory 51
      and a signal L'.sub.3 appears from the sub-memory 51. Such operation is
      repeated r times to complete the conversion of the frame signal F.sub.1
      into a corresponding narrow-band picture signal F' .sub.2. From the
      conditions above described, one frame period .tau..sub.F of the
      narrow-band picture signal F'.sub.2 is given by
EQU  .tau..sub.F = rT.sub. L + (r - 1) .tau..sub.W .gtoreq. (.alpha. + r)T.sub.F
      - T.sub.L                                                 (1)
PAL  when, for example, the number of scanning lines r is 500 and the band
      conversion ratio .alpha..sup..sup.-1 = 1/300, .tau..sub.F is approximately
      equal to 800 T.sub.F.
PAR  The operation of a narrow-to-broad converting system shown in FIG. 2 is
      entirely reverse to that of the broad-to-narrow converting system shown in
      FIG. 1. Referring to FIG. 2, a narrow-band picture signal 621 arriving at
      an input terminal 72 must be the same as the signal 611 appearing at the
      output terminal 71 of the system shown in FIG. 1. When the picture signal
      L'.sub.1 corresponding to the first scanning line in the narrow-band
      picture signal F'.sub.1 obtained by the broad-to-narrow coonversion in the
      converting system shown in FIG. 1 arrives at the input terminal 72, a
      switch 62 is closed to write the signal L'.sub.1 in a sub-memory 52. This
      sub-memory 52 is a scanning line-memory having the same function as the
      sub-memory 51 in FIG. 1. Upon completion of writing of the signal L'.sub.1
      in the sub-memory 52, a switch 42 is closed and the signal L'.sub.1 is
      read out at a high speed determined by the band conversion ratio. The
      signal L.sub.1 thus obtained is transferred from the sub-memory 52 to a
      main memory 32. This main memory 32 is a broad-band frame memory having
      the same function as the main memory 31 shown in FIG. 1. Due to the fact
      that the writing timing for the individual scanning lines constituting one
      frame of the broad-band picture signal is previously alloted, the signal
      L.sub.1 corresponding to the first scanning line must be transferred from
      the sub-memory 52 to the main memory 32 through the switch 42 at the
      specified timing. After the transfer of the line signal L.sub.1 to the
      main memory 32, the picture signal L'.sub.2 corresponding to the next
      scanning line arrives at the input terminal 72 to be written in the
      sub-memory 52. The signal L.sub.2 appears then from the sub-memory 52 to
      be transferred from the sub-memory 52 to the main memory 32 at the timing
      specified therefor. Repetition of this manner of operation results in
      successive storage of the line signals L.sub.1, L.sub.2, L.sub.3, . . . in
      the main memory 32, and repetition of the above operation r times
      completes writing of all the picture signals corresponding to one frame in
      the main memory 32. A broad-band picture signal 121 consisting of a series
      of broad-band frame signals F.sub.1 repeated with the frame period can
      then be read out from the main memory 32 to be sent out to the exterior
      through a switch 22 and an output terminal 12. Due to the fact that the
      narrow-band picture signal 621 consists of line signals spaced apart from
      each other by the waiting time .tau..sub.W as above described, these line
      signals can be successively transferred from the sub-memory 52 to the main
      memory 32 with the exact timing alloted therefor.
PAR  In the broad-to-narrow converting system and narrow-to-broad converting
      system each including one main memory and one sub-memory, a waiting time
      must be provided between the narrow-band picture signals corresponding to
      the individual scanning lines in order that such signals can be reliably
      transferred between the main memory and the sub-memory. In the illustrated
      example, the period of time required for the transfer of the narrow-band
      frame signal is about 800 times that of the broad-band frame signal and
      the maximum frequency of the broad-to-narrow converted signal is 1/300 of
      that of the broad-band signal when the number of scanning lines r = 500
      and the band conversion ratio .alpha..sup..sup.-1 = 1/300.
PAR  A method may be employed in which a plurality of sub-memories may be used
      in order to eliminate wasteful time during signal transfer and ensure
      efficient signal transfer. This method comprises storing a broad-band
      picture signal or frame signal corresponding to one frame in a main memory
      in a broad-to-narrow converting system, reading out picture signals or
      line signals corresponding to individual scanning lines according to the
      order of the scanning lines, successively distributing and transferring to
      these line signals to a plurality of sub-memories, reading out the
      successive line signals at a low speed without any time intervals between
      these signals, arranging these line signals in series to obtain a
      narrow-band picture signal or frame signal, transmitting this narrow-band
      frame signal to a narrow-to-broad converting system, distributing and
      storing the picture signals or line signals corresponding to the
      individual scanning lines in a plurality of sub-memories, and transferring
      these line signals successively to a main memory at a high speed with
      predetermined timing alloted for these signals. In this case, the minimum
      required number m of the sub-memories is determined in relation to r and
      .alpha. as will be described later. According to this method, there is no
      need for maintaining the synchronous relation between the broad-band
      picture signal and the narrow-band picture signal and these two signals
      can be dealt with entirely independently of each other.
PAR  FIGS. 4 and 5 are schematic block diagrams of a broad-to-narrow converting
      system and a narrow-to-broad converting system respectively each including
      one main memory and m sub-memories based on the above method, and FIG. 6
      is a timing chart for illustrating the operation of these systems.
PAR  Main memories 31 and 32 are broad-band frame memories having a capacity of
      storing a picture signal or frame signal corresponding to one frame like
      those described previously. The reference numerals 51' and 52' designate
      groups of sub-memories. Each sub-memory is a scanning line memory like
      those described previously. The sub-memory has a capacity of storing a
      picture signal or line signal corresponding to one scanning line and such
      signal can be written therein at any desired speed and read out therefrom
      at any desired speed. As shown in FIG. 6, a broad-band picture signal 111
      consists of a series of picture signals or frame signals F.sub.1,
      F.sub.1a, F.sub.1b, . . . F.sub.2, F.sub.2a, F.sub.2b, . . . corresponding
      to different frames, and each frame signal is composed of picture signals
      or line signals L.sub.1, L.sub.2, . . . L.sub.r separated by r scanning
      lines. A narrow-band picture signal 631 consists of a series of different
      frame signal groups F'.sub.1, F'.sub.2, ..... suitably spaced from each
      other, and each group corresponding to one frame is composed of picture
      signals or line signals L'.sub.1, L'.sub.2, . . . L'.sub.r separated by r
      scanning lines.
PAR  Referring first to FIG. 4, the operation of the broad-to-narrow converting
      system will be described. When the frame signal F.sub.1 corresponding to
      the frame to be subjected to conversion in the broad-band picture signal
      111 arrives at an input terminal 11, a switch 21 is closed for the
      corresponding period of time and this signal F.sub.1 is written in the
      main memory 31 as shown by 211 in FIG. 6. Upon completion of writing, a
      signal 311 is read out from the main memory 31. This signal 311 includes a
      series of the signals F.sub.1 repeated with the period T.sub.F of one
      frame of the broad-band picture signal 111. A plurality of sub-memories
      51a, 51b, 51c, . . . 51m are connected to the main memory 31 through a
      sub-memory write switch 43 which has a plurality of contacts A, B, C, . .
      . M connected to the respective sub-memories 51a, 51b, 51c, . . . 51m. The
      movable contact of the switch 43 is brought into contact with the contacts
      A, B, C, . . . M in this order in an endless fashion. When the line signal
      L.sub.1 appears at the output terminal of the main memory 31, the movable
      contact of the switch 43 is in contact with the contact A and the signal
      L.sub.1 is written in the sub-memory 51a, that is, the signal L.sub.1 is
      transferred from the main memory 31 to the sub-memory 51a. Similarly, the
      next line signal L.sub.2 is transferred from the main memory 31 to the
      sub-memory 51b through the switch 43 which is now in the position B, and
      this transfer operation proceeds until the line signal L.sub.m is
      transferred from the main memory 31 to the submemory 51m.
PAR  These line signals L.sub.1 to L.sub.m are read out from the respective
      sub-memories 51a to 51m according to the order with which they are
      transferred. Upon completion of writing of the signal L.sub.1 in the
      sub-memory 51a, read-out of this signal from the sub-memory 51a is started
      immediately. This read-out is carried out at a low speed which is
      determined by the band conversion ratio .alpha..sup..sup.-1 = T.sub.L
      /.tau..sub.L, where T.sub.L is similarly the period of one scanning line
      in the broad-band picture signal and .tau..sub.L is the period of one
      scanning line in a narrow-band picture signal described later. A
      sub-memory read switch 63 having m contacts A to M similar to the switch
      43 is disposed between the sub-memories 51a to 51m and an output terminal
      71. A signal L'.sub.1 is read out from the sub-memory 51a and is applied
      to the output terminal 71 through the contact A of the switch 63 to be
      sent out to the exterior as a part of a narrow-band picture signal 631 as
      shown in FIG. 6. Immediately after the read-out of the signal L'.sub.1
      from the sub-memory 51a, read-out of a succeeding signal L'.sub.2 from the
      sub-memory 51b is started and this signal L'.sub.2 is applied to the
      output terminal 71 through the contact B of the switch 63. The read-out
      operation proceeds in this manner.
PAR  Writing of the succeeding line signals in the sub-memory group 51' is
      carried out after read-out from the individual sub-memories has ended.
      More precisely, after the read-out of the signal L'.sub.1 from the
      sub-memory 51a, the next line signal L.sub.m.sub.+1 is read out from the
      main memory 31 and is transferred from the main memory 31 to the
      sub-memory 51a through the contact A of the switch 43 at predetermined
      timing. Similarly, after the read-out of the signal L'.sub.2 from the
      sub-memory 51b, the next line signal L.sub.m.sub.+2 is read out from the
      main memory 31 to be transferred to the sub-memory 51b through the contact
      B of the switch 43. This manner of signal transfer from the main memory 31
      to the sub-memory group 51' and signal read-out from the sub-memory group
      51' proceed continuously until all the line signals corresponding to the
      scanning lines constituting the specific frame are transferred to be read
      out. In this manner, the broad-to-narrow conversion of the picture signal
      is completed to provide a narrow-band picture signal F'.sub.1. This
      narrow-band picture signal F'.sub.1 is composed of a series of line
      signals L'.sub.1, L'.sub.2 , . . . L'.sub.n corresponding to the scanning
      lines constituting the frame. Since there are no time intervals between
      these line signals, one frame period .tau..sub.F of this signal F'.sub.1
      is given by
EQU  .tau..sub.F = rT.sub. L = .alpha. T.sub.F                  ()
PAR  the number m of the sub-memories required for eliminating wasteful time is
      determined in a manner as described below. The waiting time .tau..sub.W
      for each individual sub-memory which waits for the transfer of the
      specific line signal from the main memory must be equal to (T.sub.F +
      T.sub.L) at the least. Thus, the relation .tau..sub.W = (m - 1)
      .tau..sub.L .gtoreq.  T.sub.F + T.sub.L holds, and from this relation, m
      is given by
      ##EQU1##
      When the result of calculation of the above formula by putting the
      numerical values of r and .alpha. therein gives a fraction, such fraction
      is counted as one and the natural number thus obtained is employed as the
      value of m. Thus, when r = 500 and .alpha.= 300, m.gtoreq.2.67 is obtained
      from the formula (3) and three sub-memories may be employed.
PAR  The operation of the narrow-to-broad converting system will next be
      described with reference to FIG. 5. Referring to FIG. 5, a sub-memory
      write switch 64 having m contacts A, B, . . . M similar to the switch 43
      is connected between an input terminal 72 and a submemory group 52'
      consisting of m sub-memories 52a, 52b, 52c, . . . 52m, and a sub-memory
      read switch 44 having m contacts A, B, . . . M similar to the switch 63 is
      connected between the sub-memory group 52' and a main memory 32. It is
      assumed for convenience of description that a narrow-band picture signal
      641 arriving at the input terminal 72 is the same as the signal 631
      delivered from the broad-to-narrow converting system shown in FIG. 4.
      Actually, however, the latter signal 631 is transmitted to the input
      terminal 72 by way of a narrow-band transmission path. When this signal
      641 is the narrow-band frame signal F'.sub.1 corresponding to the specific
      frame and such signal arrives at the input terminal 72, the line signals
      L' corresponding to the individual scanning lines in the signal F'.sub.1
      are successively distributed to be written in the individual sub-memories
      52a to 52m constituting the sub-memory group 52'. More precisely, the
      first line signal L'.sub.1 is written in the sub-memory 52a, the next line
      signal L'.sub.2 in the sub-memory 52b, the line signal L'.sub.m in the
      sub-memory 52m, the line signal L'.sub.m.sub.+1 in the sub-memory 52a, and
      so on. In this manner, these line signals are successively written in the
      sub-memories in an endless fashion. The line signals thus written in the
      sub-memories 52a to 52m are then successively read out at a high speed
      determined by the band conversion ratio .alpha..sup..sup.-1 = T.sub.L /
      .tau..sub.L to be successively transferred to the main memory 32 through
      the switch 44. These signals are transferred to the main memory 32 with
      predetermined timing according to the order of the scanning lines, and the
      transfer occurs successively with such timing from the sub-memories having
      the signals written therein. More precisely, during the period of time in
      which the signal L'.sub.m.sub.+1 is written in the sub-memory 52a after
      previous writing of the first signal L'.sub.1 therein, the line signal
      L.sub.1 is read out from the sub-memory 52a at the timing specified
      therefor to be transferred from the sub-memory 52a to the main memory 32
      through the contact A of the switch 44. Writing of the signals in the
      sub-memory group 52' and transfer of the signals from the sub-memory group
      52' to the main memory 32 proceed continuously until all the line signals
      corresponding to the scanning lines constituting the specific frame have
      been written and transferred. When the entire frame signal corresponding
      to the specific frame is stored in the main memory 32, the narrow-to-broad
      conversion of the narrowband picture signal F'.sub.1 is completed, and a
      series of the frame signals F.sub.1, F.sub.1, . . . repeated in an endless
      fashion with the frame period T.sub.F of the broad-band picture signal are
      read out from the main memory 32. The output 221 of the main memory 32 is
      transmitted through a switch 22 to be sent out to the exterior from an
      output terminal 12 as a broad-band picture signal 121. The minimum waiting
      time .tau..sub.W for having the chance of transferring the line signal L
      from one of the sub-memories to the main memory 32 is .tau..sub.W =
      T.sub.F + T.sub.L. Thus, the minimum number m of sub-memories required for
      reliably transferring the line signals L from all the sub-memories to the
      main memory 32 is also determined by the formula (3) as in the case of the
      broad-to- narrow converting system.
PAR  It is known from the formula (3) that two sub-memories are required when r
      + 1 &lt; .alpha.. In this case, a band converting system comprising a series
      arrangement of sub-memories may be employed in lieu of the converting
      system comprising the parallel arrangement above described.
PAR  FIGS. 7 and 8 are schematic block diagrams of a broad-to-narrow converting
      system and a narrow-to-broad converting system respectively each including
      two sub-memories arranged in series, and FIG. 9 is a timing chart for
      illustrating the operation of these systems. Main memories 31 and 32 are
      broad-band frame memories having a function similar to that described
      previously. Sub-memories 51u, 51v, 52u and 52v are scanning line memories
      having a function similar to that described previously. High-speed clock
      pulse generators 81 and 82 generate high-speed clock pulse signals 813 and
      823 for decomposing a broad-band picture signal into picture elements for
      writing same in or reading out same from the sub-memories. Low-speed clock
      pulse generators 91 and 92 generate low-speed clock pulse signals 913 and
      923 for decomposing a narrow-band picture signal into picture elements for
      writing same in or reading out same from the sub-memories. The ratio
      between the frequencies of the high-speed and low-speed clock pulse
      signals is determined by the band conversion ratio .alpha..sup.-.sup.1 =
      T.sub.L /.tau..sub.L.
PAR  The operation of the broad-to-narrow converting system will now be
      described with reference to FIG. 7. A broad-band picture signal or frame
      signal F.sub.1 corresponding to one frame is stored in the main memory 31
      to be subjected to conversion. This signal F.sub.1 is read out from the
      main memory 31 and the output 311 of the main memory 31 includes a series
      of the frame signals F.sub.1 repeated with the frame period T.sub.F. The
      output 311 is divided into line signals L corresponding to individual
      scanning lines, and these signals L are successively transferred to the
      sub-memory 51u, thence to the sub-memory 51v according to the order of the
      scanning lines to be read out at a low speed determined by the band
      conversion ratio .alpha..sup.-.sup.1 = T.sub.L /.tau. .sub.L so as to
      obtain a narrow-band picture signal 651 at an output terminal 71. The
      sub-memory 51u acts to regulate the read-out timing of the signals L
      successively read out from the main memory 31 and to regulate the read-out
      timing of the signals from the sub-memory 51v from which the signals L are
      delivered to provide the narrow-band picture signal 651.
PAR  The operation of this converting system will be described in more detail
      with reference to FIG. 9. When the line signal L.sub.1 corresponding to
      the first scanning line is read out from the main memory 31, a switch 45
      is closed and a switch 45u is connected to a contact U during this period
      of time T.sub.L for applying the line signal L.sub.1 and clock pulse
      signal 813 to the sub-memory 51u. Thus, the line signal L.sub.1 can be
      transferred from the main memory 31 to the sub-memory 51u. Immediately
      after the transfer of the line signal L.sub.1, the switch 45u is connected
      to the contact U again and a switch 45v is connected to another contact U
      for a period of time T.sub.L so as to read out the signal L.sub.1 from the
      sub-memory 51u and write the output 511u or signal L.sub.1 of the
      sub-memory 51u in the sub-memory 51v. Upon completion of the above
      operation, the switch 45v is now connected to a contact V and a switch 65
      is closed for a period of time .tau..sub.L so as to read out the signal
      L.sub.1 stored in the sub-memory 51v at a low speed thereby obtaining a
      narrow-band line signal L'.sub.1 corresponding to the specific scanning
      line. Thus, the narrow-band picture signal 651 appears at the output
      terminal 71.
PAR  In the systems shown in FIGS. 7 and 8, r + 1&lt;.alpha. as described
      previously. Thus, the next line signal L.sub.2 can be read out at least
      once from the main memory 31 during the period of time in which the line
      signal L'.sub.1 is read out from the sub-memory 51v. During this period of
      time, the switch 45 is closed and the switch 45u is connected to the
      contact U so as to transfer the line signal L.sub.2 from the main memory
      31 to the sub-memory 51u. Upon completion of read-out of the line signal
      L'.sub.1 from the sub-memory 51v, the switch 45u is connected to the
      contact U and the switch 45v is connected to the contact U for a period of
      time T.sub.L so as to transfer the line signal L.sub.2 from the sub-memory
      51u to the sub-memory 51v. Upon completion of the transfer of the line
      signal L.sub.2, the switch 45v is connected to the contact V and the
      switch 65 is closed for a period of time .tau..sub.L so as to read out a
      line signal L'.sub.2 from the submemory 51v and transmit this signal
      L'.sub.2 to the output terminal 71. Repetition of the above manner of
      operation r times completes broad-to-narrow conversion of the broad-band
      frame signal F.sub.1 corresponding to the specific frame and a
      corresponding narrow-band picture signal F'.sub.1 can be obtained. In the
      narrow-band picture signal F'.sub.1 thus obtained, one frame period
      .tau..sub.F includes wasteful time intervals approximately equal to
      T.sub.L between the adjacent line signals. However, this wasteful time is
      not so appreciable as will be apparent from the following formula:
EQU  .tau..sub.F .gtoreq.(.alpha. + 1)T.sub.F - T.sub.L         (4)
PAL  it will be seen from comparison between the formulas (2) and (4) that the
      wasteful time is approximately equal to T.sub.F.
PAR  Generally, in a stationary memory, a signal is not written therein unless a
      clock pulse is applied thereto. Therefore, the switch 45 is not
      necessarily required, but such switch is provided in FIG. 7 for
      convenience of description. The series arrangement of sub-memories is
      advantageous over the parallel arrangement in that the number of switches
      in the picture signal transfer system can be decreased.
PAR  The operation of the narrow-to-broad converting system will be described
      with reference to FIGS. 8 and 9. A narrow-band picture signal 661 arriving
      at an input terminal 72 to be subjected to conversion is similar to the
      signal 651 described with reference to FIGS. 7 and 9, and it is supposed
      that the signal 661 is the signal F'.sub.1 appearing from the
      broad-to-narrow converting system shown in FIG. 7. When the first line
      signal L'.sub.1 in this frame signal F'.sub.1 arrives at the input
      terminal 72, a switch 46v is connected to a contact V for a period of time
      .tau..sub.L for applying the low-speed clock pulse signal 923 to the
      sub-memory 52v so as to write this signal L'.sub.1 in the sub-memory 52v.
      Upon completion of writing, the switch 46v is connected to a contact U and
      a switch 46u is connected to a contact U for a period of time T.sub.L for
      applying the high-speed clock pulse signal 823 to the sub-memories 52v and
      52u so as to read out a signal 521v or signal L.sub.1 from the submemory
      52 v at a high speed and transfer this signal to the sub-memory 52u. Upon
      completion of transfer, the switch 46v is connected to the contact V again
      for a period of time .tau..sub.L so as to write the next line signal
      L'.sub.2 in the sub-memory 52v. When the time slot previously specified
      for writing the signal L.sub.1 in the main memory 32 is reached, the
      switch 46u is connected to the contact U for a period of time T.sub.L so
      as to apply the high-speed clock pulse signal 823 to the sub-memory 52u
      for reading out the signal L.sub.1 stored therein, and at the same time,
      the switch 46 is closed so as to transfer this signal to the main memory
      32. Failure of this signal transfer does not occur since the chance of
      transferring this signal L.sub.1 exists necessarily within the period of
      time .tau..sub.L during which the signal L'.sub.2 is written in the
      sub-memory 52v.
PAR  Upon completion of writing of the signal L'.sub.2 in the sub-memory 52v,
      the switch 46v is connected to the contact U and the switch 46u to the
      contact U again for a period of time T.sub.L so as to transfer the signal
      L.sub.2 stored in the sub-memory 52v from this sub-memory 52v to the
      sub-memory 52u. After the transfer of the signal L.sub.2, the next line
      signal L'.sub.3 is similarly written in the sub-memory 52v, and during
      this period of time, the signal L.sub.2 stored in the sub-memory 52u is
      transferred to the main memory 32. Thus, the sub-memory 52u acts to
      regulate the timing of the line signals L' in the narrow-band picture
      signal F'.sub.1 arriving at the input terminal 72 and to regulate the
      timing of writing the line signals L in the main memory 32. Repetition of
      the above manner of operation r times completes narrow-to-broad conversion
      of the line signals L' in the narrow-band picture signal F'.sub.1, and the
      converted line signals are successively stored in the main memory 32
      according to the order of the scanning lines until the main memory 32 is
      filled with all the line signals constituting the specific frame. A switch
      22 is then closed so as to apply to the output terminal 12 a complete
      broad-band picture signal 121 in which the signal F.sub.1 read out from
      the main memory 32 is repeated with the period T.sub.F.
PAR  In the foregoing description, a parallel arrangement of a plurality of
      sub-memories and a series arrangement of a pair of sub-memories have been
      briefly described to illustrate preferred forms of the picture signal band
      converting system according to the present invention. Practical circuit
      diagrams of these arrangements will be described hereunder.
PAR  FIG. 10 is a detailed block diagram of an embodiment of the broad-to-narrow
      converting system of the present invention which includes three
      sub-memories arranged in parallel. Referring to FIG. 10, a composite
      broad-band picture signal 111 is applied through an input terminal 11 to a
      synchronizing signal separator 13 which separates a scanning line
      synchronizing signal 133 and a frame synchronizing signal 134 from the
      input 111 and shapes such signals. A write-read change-over switch 23 for
      a main memory 33 is changed over to the position R when a control signal
      256 applied from a system control section is 1 and to the position S when
      another control signal 257 applied from the system control section is 1.
      This system control section is composed of a conversion instruction switch
      25, an AND gate 25a, and a pair of flip-flops 25b and 25c. The broad-band
      frame memory 33 has a capacity of storing a picture signal or frame signal
      corresponding to one frame and may be a magnetic disk which can record one
      frame of a television signal. The frame memory 33 stores an input signal
      231 in response to the application of such signal, and an output signal
      331 appears from the frame memory 33 in response to the disappearance of
      the input. Further, the operation of this frame memory 33 is controlled by
      the synchronizing signals applied from the synchronizing signal separator
      13 so that the phase of each line signal stored therein can be alloted
      depending on the phase of the line synchronizing signal. Sub-memories 51a,
      51b and 51c are scanning line memories each of which has a capacity of
      storing p picture elements in the effective picture signal portion of each
      individual line signal. These sub-memories 51a to 51c are driven by
      respective clock pulse signals 553a to 553c applied through OR gates 55a
      to 55c and AND gates 65a to 65c and 45a to 45c so that such line signals
      can be written therein or read out therefrom. Read signal gates 63a to 63c
      are connected to the output of the respective sub-memories 51a to 51c. An
      index signal adder 73 is connected to a line index signal generator 73a
      and frame index signal generator 73b so as to add index signals 733 and
      734 generated by these generators 73a and 73b to a narrow-band picture
      signal 631.
PAR  A high-speed clock pulse generator 83 is driven by the output signal 133 of
      the synchronizing signal separator 13 to generate a clock pulse signal 833
      whose frequency is p cycles per effective period T.sub.L of the scanning
      line and is a multiple of the scanning line frequency. A low-speed clock
      pulse generator 93 generates a clock pulse signal 933 such that the
      frequency ratio between the signals 833 and 933 is determined by the band
      conversion ratio .alpha..sup.-.sup.1 = T.sub.L /.tau..sub.L. Clock pulse
      counters 83a and 93a deliver output signals 1 or carries 834 and 934
      respectively when they count p pulses. Scanning line counters 83b, 83c and
      93b deliver output signals 1 or carries 835, 837 and 935 respectively when
      they count n effective scanning lines constituting one frame. A scanning
      line order coincidence pulse generator 83d generates an output signal 1 or
      coincidence signal 838 when the counts of the scanning line counters 83b
      and 83c coincide with each other. A pulse delay means 93d has a delay time
      .tau..sub.p which has the relation .tau..sub.p .gtoreq. T.sub.L.
      Three-phase ring counters 85 and 95 count the output signals 834 and 934
      of the clock pulse counters 83a and 93a respectively and 1 appears in an
      endless fashion at outputs a, b and c in that order. These ring counters
      85 and 95 are reset by the signal 257 applied from the flip-flop 25c and 1
      appears at the output a. A write permission signal generator 97 generates
      an output signal 973. This output signal 973 is 1 when the count of the
      ring counter 85 is advanced by less than two steps compared with that of
      the ring counter 95 thereby premitting writing of the signals in the
      sub-memories. This output signal 973 is 0 when the count of the ring
      counter 85 is advanced by two steps compared with that of the ring counter
      95, thereby inhibiting the subsequent writing operation. Therefore, the
      next signal would not be written in each individual sub-memory until the
      preceding signal written therein is completely read out. The converting
      system further includes an AND gate 93c and INHIBIT gates 83e, 93e, 85a to
      85c and 95a to 95c as shown.
PAR  The operation of the converting system shown in FIG. 10 will now be
      described with reference to timing charts shown in FIGS. 12 and 13. When a
      broad-band picture signal or frame signal F.sub.1 corresponding to the
      frame to be subjected to conversion arrives at the input terminal 11, the
      conversion instruction switch 25 is depressed to produce a conversion
      instruction signal 253, and as a result, the system control section
      composed of the AND gate 25a and flip-flops 25b and 25c produces a main
      memory write signal 256 which takes the state 1 during one frame period
      T.sub.F only.
PAR  This signal 256 is produced in a manner as described below. The frame
      synchronizing signal 134 is continuously applied to the reset terminals of
      the flip-flops 25b and 25c, and normally, the output signal 255 of the
      flip-flop 25b is in the state 1, while one of the output signals 256 of
      the flip-flop 25c is in the state 0 and the other output signal 257
      thereof is in the state 1. In response to the application of the
      conversion instruction signal 253 to the set terminal of the flip-flop 25b
      through the AND gate 25a, the output signal 255 of the flip-flop 25b is
      inverted to the state 0 and is subsequently returned to the state 1 in
      response to the application of the first pulse of the frame synchronizing
      signal 134 to the reset terminal of the flip-flop 25b. The variation of
      this output signal 255 from 0 to 1 is applied to the set terminal of the
      flip-flop 25c with the result that the output signal 256 takes the state 1
      and the output signal 257 takes the state 0. This state continues until
      the next pulse of the frame synchronizing signal 134 is applied to the
      reset terminal of the flip-flop 25c, and then the original state is
      restored. Therefore, the signal 256 takes the state 1 during only one
      frame period T.sub.F in synchronism with the frame period of the picture
      signal applied to the input terminal 11 when the conversion instruction
      switch 25 is manipulated. The AND gate 25a is provided so that the system
      control section may not be actuated even when the conversion instruction
      switch 25 may be manipulated during the band converting operation.
PAR  The signal 256 thus obtained acts to change over the change-over switch 23
      to the position R, and as a result, the broad-band frame signal F.sub.1 is
      stored in the main memory 33. After one frame period, the main memory read
      signal 257 takes the state 1 to change over the write-read change-over
      switch 23 to the position S so that the frame signal F.sub.1 is read out
      repeatedly with the frame period to appear at the output of the switch 23.
      When the output signal 257 of the flip-flop 25c changes from 0 to 1, the
      scanning line counters 83b, 93b and ring counters 85, 95 are reset and
      broad-to-narrow conversion is started.
PAR  When the scanning line counter 83b is reset, the carry 835 takes the state
      0. The output signal 973 of the write permission signal generator 97 takes
      the state 1 when the ring counter 85 and the ring counter 95 are reset.
      The gate 83e is open by the carry 835 of state 0 and the permission signal
      973 of state 1. Since the main memory 33 is driven in synchronism with the
      line synchronizing signal in the picture signal, the timing of the signal
      to be read out coincides with the timing of the output signal of the
      synchronizing signal separator 13. Thus, the line signals can be read out
      with exact timing on the basis of the line synchronizing signal separated
      from the picture signal input. The coincidence pulse generator 83d
      generates the line coincidence pulse signal 838 at the timing of the first
      line signal L.sub.1 stored in the main memory 33, and this signal 838
      passes through the gate 83e to reset the clock pulse counter 83a. The
      carry 834 takes the state 0 and the gates 85a, 85b and 85c are opened.
      Since the three-phase ring counter 85 is in the reset state, the first
      phase output 853a thereof is in the state 1, and therefore, the output of
      the gate 85a is in the state 1. As a result, the AND gate 45a is opened
      and the high-speed clock pulse signal 833 generated by the clock pulse
      generator 83 passes through the AND gate 45a and OR gate 55a to drive the
      sub-memory 51a. Thus, the transfer of the line signal L.sub.1 from the
      main memory 33 to the sub-memory 51a is started. At the same time, the
      clock pulse counter 83a starts to count the high-speed clock pulses 833,
      and the carry 834 takes the state 1 when the counter 83a counts p pulses.
      The gate 85a is closed to interrupt the supply of the high-speed clock
      pulse signal 833 to the sub-memory 51a, and the transfer of the line
      signal L.sub.1 from the main memory 33 to the sub-memory 51a is completed.
      In the meantime, the scanning line counter 83b and the three-phase ring
      counter 85 are advanced by one step by the carry 834 which is the output
      of the clock pulse counter 83a. At this time, the coincidence pulse
      generator 83d generates the scanning line order coincidence pulse signal
      838 at the timing of the next line signal L.sub.2 to reset the clock pulse
      counter 83a again. The carry 834 of the counter 83a acts to opon the gates
      85a, 85b and 85c, and the AND gate 45b is opened due to the fact that the
      second phase output 853b of the three-phase ring counter 85 takes now the
      state 1. As a result, the high-speed clock pulse signal 833 passes through
      the AND gate 45b and OR gate 55b to drive the sub-memory 51b and the
      transfer of the line signal L.sub.2 from the main memory 33 to the
      sub-memory 51b is started. Similar operation takes place for the transfer
      of the next line signal L.sub.3 to the sub-memory 51c. Upon completion of
      the transfer of the line signal L.sub.3, the three-phase ring counter 85
      is advanced by two steps compared with the three-phase ring counter 95.
      The write permission signal 973 takes the state 0  and the gate 83e is
      closed. Since the clock pulse counter 83a would not be reset even when the
      coincidence pulse signal 838 may appear from the coincidence pulse
      generator 83d, subsequent signal transfer to the sub-memories 51a, 51b and
      51c is interrupted. Then, when the signals are read out from the
      sub-memories 51a to 51c and the three-phase ring counter 95 is advanced by
      one step, the write permission signal 973 takes the state 1 again to
      permit signal transfer to the sub-memories from which the preceding
      signals have been read out. This signal transfer operation from the main
      memory 33 to the sub-memories 51a to 51c continues until the scanning line
      counter 83b counts n carries 834 and the carry 835 takes the state 1 to
      close the gate 83e.
PAR  Read-out from the sub-memories 51a to 51c is carried out in a manner as
      described below. As soon as the read-out from the main memory 33 is
      started, the scanning line counter 93b is reset by the output signal 257
      of the flip-flop 25c in the system control section, and the carry 935
      takes the state 0 to open the gate 93e. At this time, the gate 93c is
      already open since the carry 934 is in the state 1. Thus, the signal 257
      passes through the gate 93c and is delayed by .tau..sub.p by the pulse
      delay means 93d. Then, the signal 257 passes through the gate 93e to reset
      the clock pulse counter 93a. The carry 934 of the clock pulse counter 93a
      takes the state 0 and the gates 95a to 95c are opened. However, the
      three-phase ring counter 95 is also reset by the same signal 257 applied
      from the flip-flop 25c and the first phase output 953a is solely in the
      state 1. Finally, 1 appears solely from the gate 95a. Thus, the read
      signal gate 63a and AND gate 65a are opened so that the low-speed clock
      pulse signal 933 generated by the clock pulse generator 93 passes through
      the gate 65a to drive the sub-memory 51a and read-out of the signal
      L.sub.1 from the sub-memory 51a is started. The read-out of the signal
      L.sub.1 is completed when the clock pulse counter 93a counts p low-speed
      clock pulses 933 and the carry 934 takes the state 1. This carry 934
      advances the scanning line counter 93b and three-phase ring counter 95 by
      one step and passes through the AND gate 93c, pulse delay means 93d and
      INHIBIT gate 93e to reset the clock pulse counter 93a. The signal L.sub.2
      is read out from the sub-memory 51b until the counter 93a completes
      counting of p low-speed clock pulses 933 again. This read-out operation
      continues until the scanning line counter 93b counts n carries 934 and the
      carry 935 takes the state 1 to close the gate 93e, thereby completing the
      broad-to-narrow conversion of the frame signal F.sub.1. When the carry 935
      takes the state 1, that is, when the conversion is completed, the carry
      935 acts to open the AND gate 25a to place the AND gate 25a in which it is
      ready to receive the next conversion instruction signal.
PAR  The delay .tau..sub.p by the pulse delay means 93d is necessary so that the
      low-speed read-out can be started after the complete transfer of the first
      line signal L.sub.1 from the main memory 33 to the sub-memory 51a and so
      that the line index signal 733 can be inserted in the gap between the line
      signals in the narrow-band picture signal. This delay .tau..sub.p is
      selected to be slightly longer than T.sub.L. The line index signal 733 is
      shaped in the line index signal generator 73a in response to the output of
      the AND gate 93c and is applied to the index signal adder 73 to be added
      to the narrow-band picture signal 631. The frame index signal 734 is
      shaped in the frame index signal generator 73b in response to the signal
      256 delivered from the flip-flop 25c and is also applied to the index
      signal adder 73 to be added to the narrow-band picture signal 631. In this
      manner, a composite narrow-band picture signal 632 is obtained and is sent
      out to the exterior from an output terminal 71. The sub-memory write
      permission signal generator 97 can be easily obtained by the logic circuit
      designing technique so that the output signal 973 takes the state 0 or 1
      as required depending the combination of 0 and 1 of the six input signals
      applied from the two three-phase ring counters 85 and 95.
PAR  The above description has referred to the case in which three sub-memories
      are employed. Generally, in a converting system employing m sub-memories,
      the sub-memories 51a to 51c, read signal gates 63a to 63c, AND gates 45a
      to 45c, OR gates 55a to 55c, AND gates 65a to 65c, and INHIBIT gates 85a
      to 85c and 95a to 95c may be replaced by m elements respectively, the
      three-phase ring counters 85 and 95 may be replaced by m-phase ring
      counters, and the write permission signal generator 97 may be replaced by
      a write permission signal generator which delivers a write permission
      signal when one of the m-phase ring counters is advanced by less than (m -
      1) steps compared with the other. The same applies to a narrow-to-broad
      converting system which will be described below.
PAR  FIG. 11 is a detailed block diagram of a narrow-to-broad converting system
      which includes three sub-memories arranged in parallel. Referring to FIG.
      11, a composite narrow-band picture signal 641 is applied through an input
      terminal 72 to an index signal separator 74 which separates a line index
      signal 743 and a frame index signal 744 from the input 641 and shapes such
      signals. Sub-memories 52a to 52c have a function similar to that of the
      sub-memories 51a to 51c shown in FIG. 10 and are connected to sub-memory
      read signal gates 44a to 44c respectively. Write-read change-over switches
      24a and 24b are associated with a main memory 34 which has two memory
      channels and is similar to the main memory 33 shown in FIG. 10 in its
      function for each channel. A synchronizing signal adder 14 is connected to
      a synchronizing signal generator 14a which generates a scanning line
      synchronizing signal 143, a frame synchronizing signal 144 and a composite
      synchronizing signal 145. A flip-flop 26c controls the change-over
      switches 24a and 24b with its output. Elements 84, 84a to 84e, 94, and 94a
      to 94c are similar to the corresponding elements 83, 83a to 83e, 93 and
      93a to 93c respectively in FIG. 10. However, the low-speed clock pulse
      generator 94 in FIG. 11 is started by the line index signal and generates
      a low-speed clock pulse signal 943 having a frequency of p cycles during
      the effective frame period. When the narrow-band picture signal 641
      arriving at the input terminal 72 includes self-clock information
      necessary for division into picture elements, such information may be
      derived from the signal 641 and shaped to obtain the clock pulse signal.
      Three-phase ring counters 86 and 96 are similar to the counters 85 and 95
      in FIG. 10. A read permission signal generator 98 generates a read
      permission signal 983 to permit read-out during the period of time in
      which the ring counter 86 is advanced relative to the ring counter 96 so
      that read-out from a specific sub-memory can be carried out in the state
      in which writing in this specific memory has been finished. Logic elements
      46a to 46c, 56a to 56c, 66a to 66c, 86a to 86c, and 96a to 96c are similar
      to the corresponding elements 45a to 45c, 55a to 55c, 65a to 65c, 85a to
      85c, and 95a to 95c respectively in FIG. 10.
PAR  The operation of the narrow-to-broad converting system shown in FIG. 11
      will be described with reference to the timing charts shown in FIGS. 12
      and 13. When the composite narrow-band frame signal F'.sub.1 to be
      subjected to conversion arrives at the input terminal 72, the frame index
      signal 744 is separated by the index signal separator 74 and is applied to
      the scanning line counters 94b, 84b and three-phase ring counters 86, 96
      to reset same, and as a result, the outputs of the scanning line counters
      94b and 84b, that is, the carries 945 and 845 take the state 0. Therefore,
      the INHIBIT gates 94c and 84e are opened and the first phase outputs 963a
      and 863a of the respective three-phase ring counters 96 and 86 take the
      state 1, thereby initiating the converting operation.
PAR  The flip-flop 26c is initially in the state in which the output 266 thereof
      is 1. Therefore, the first channel of the main memory 34 is in the write
      condition and the second channel thereof is in the read condition. The
      line index signal 743 arriving prior to the first line signal L'.sub.1
      passes through the gate 94c to reset the clock pulse counter 94a and this
      counter 94a starts to count the low-speed clock pulses 943 generated by
      the clock pulse generator 94. The carry 944 takes the state 0 and the
      output 663a of the INHIBIT gate 96a takes the state 1 to open the AND gate
      66a. Thus, the low-speed clock pulse signal 943 passes through this gate
      66a to drive the sub-memory 52a and writing of the line signal L'.sub.1 in
      the sub-memory 52a is started. Writing of the signal L'.sub.1 in the
      sub-memory 52a is completed when the carry 944 takes the state 1 as a
      result of counting of p low-speed clock pulses 943 by the clock pulse
      counter 94a and the gates 96a and 66a are successively closed. At the same
      time, the carry 944 acts to advance the scanning line counter 94b and
      three-phase ring counter 96 by one step. Further, the read permission
      signal 983 of the read permission signal generator 98 takes the state 1
      permitting read-out of one signal from the sub-memory 52a. In response to
      the appearance of the next line index signal 743, the clock pulse counter
      94a is reset again and the next line signal L'.sub.2 is written in the
      sub-memory 52b. These operations proceed in an endless fashion in the
      order of a, b and c until finally the scanning line counter 94b counts n
      carries 944 and the gate 94c is closed.
PAR  Read-out of the signal L'.sub.1 from the sub-memory 52a is necessarily
      carried out after the writing of the signal L'.sub.1 in the sub-memory 52a
      and before initiation of writing of the line signal L'.sub.4 in the
      sub-memory 52a. The line signal L.sub.1 obtained by reading is transferred
      to the main memory 34. The signal transfer from the sub-memories 52a, 52b
      and 52c to the main memory 34 is carried out in suitably timed relation so
      that the read permission signal generator 98 would not permit simultaneous
      read-out. The transfer operation is carried out in a manner as described
      below. When the first line signal L'.sub.1 has been written in the
      sub-memory 52 a and the read permission signal 983 takes the state 1, the
      scanning line order coincidence pulse generator 84d generates the line
      coincidence pulse signal 848 at the transfer timing of the line signal
      L.sub.1 to the main memory 34. This coincidence pulse signal 848 passes
      through the gate 84e to reset the clock pulse counter 84a and the carry
      844 takes the state 0 resulting in opening of the gates 86a, 86b and 86c.
      Since the ring counter 86 remains in the reset state, the output signal
      863a is in the state 1 and 1 appears solely from the gate 86a. Therefore,
      the read signal gate 44a and AND gate 46a are opened, and the high-speed
      clock pulse signal 843 generated by the clock pulse generator 84 passes
      through the AND gate 46a to drive the sub-memory 52a for obtaining the
      signal L.sub.1 from the sub-memory 52a. This signal L.sub.1 is transferred
      to the first channel of the main memory 34 through the read signal gate
      44a and contact R of the change-over switch 24a. After being reset by the
      output signal 849 of the INHIBIT gate 84e, the clock pulse counter 84a
      counts p high-speed clock pulses 843 and the carry 844 takes the state 1.
      The INHIBIT gate 86a, AND gate 46a and read signal gate 44a are closed to
      complete the transfer of the signal L.sub.1 to the main memory 34. At the
      same time, the scanning line counter 84b and ring counter 86 are advanced
      by one step by the carry 844. When the writing of the line signal L'.sub.2
      in the sub-memory 52b is completed or has already been completed at this
      time, the scanning line order coincidence pulse generator 84d generates
      the coincidence pulse signal 848 at the transfer timing of the line signal
      L.sub.2 to the main memory 34. This coincidence pulse signal 848 passes
      through the gate 84e to reset the clock pulse counter 84a again and the
      signal L.sub.2 is read out from the sub-memory 52b to be transferred to
      the main memory 34. Such operation continues until the scanning line
      counter 84b counts n carries 844 and the carry 845 takes the state 1
      thereby closing the gate 84e. Finally, the first channel of the main
      memory 34 is filled with all the line signals of the frame signal F.sub.1.
      Further, the carry 845 triggers the flip-flop 26c thereby inverting the
      output signal of the flip-flop 26c and changing over the change-over
      switches 24a and 24b so that the first channel of the main memory 34 is
      now placed in the read-out condition and the second channel thereof is
      placed in the write-in condition. The broad-band frame signal F.sub.1
      repeated with the frame period is read out from the first channel of the
      main memory 34 and is applied to the synchronizing signal adder 14. The
      composite synchronizing signal 145 is applied from the synchronizing
      signal generator 14a to be added to the frame signal F.sub.1 and the
      composite broad-band picture signal thus obtained is sent out to the
      exterior from the output terminal 12.
PAR  The same converting operation as that above described is carried out upon
      arrival of the next composite narrow-band frame signal F'.sub.2 at the
      input terminal 72. Upon completion of the converting operation, the
      change-over switches 24a and 24b are switched over again so that the
      broad-band picture signal F.sub.2 can be sent out from the output terminal
      12 in lieu of the broad-band picture signal F.sub.1.
PAR  When the broad-band picture signal is, for example, a video signal
      according to the standard television broadcasting system employed in
      Japan, the effective scanning period ratio is about 82 % and the remaining
      is the horizontal blanking period. Further, the effective scanning line
      ratio is about 92 % and the remaining is the vertical blanking period.
      Further, when one frame is regarded as a unit, the number of horizontal
      scanning lines r is r = 525 in which the number of effective scanning
      lines n including picture information is n = 483 and the number of
      scanning lines in the vertical blanking period is 42. When one field is
      regarded as a unit, the numbers of scanning lines above described are
      one-half of the respective values. In broad-to-narrow conversion of such
      signal, all the portions including the blanking period need not be
      subjected to conversion and the portion containing the picture information
      may solely be subjected to conversion. Due to the fact that the portion
      containing the picture information is about 75 % of the signal in this
      example, such manner of conversion is advantageous in that the period of
      time required for the transfer of the narrow-band picture signal can be
      reduced by about 25 % compared with the case in which all the portions
      including the blanking period are subjected to conversion. Further, each
      sub-memory need not have the capacity of storing the entirety of one
      scanning line and may have a capacity of storing the effective picture
      portion of one scanning line. Although the signal thus treated does not
      include the synchronizing signal components, such components may be added
      after narrow-to-broad conversion. The same applies also to another
      embodiment which will be described below.
PAR  FIG. 14 is a detailed block diagram of another embodiment of the
      broad-to-narrow converting system of the present invention which includes
      a pair of sub-memories arranged in series. Referring to FIG. 14, a
      synchronizing signal separator 13 and a change-over switch 23 are similar
      to those shown in FIG. 10. Similarly, a conversion instruction switch 25,
      an AND gate 25a, and flip-flops 25b and 25c constitute a system
      controller. A main memory 33 and sub-memories 51u and 51v are similar to
      those shown in FIG. 10. An index signal adder 73, a line index signal
      generator 73a and a frame index signal generator 73b are also similar to
      those shown in FIG. 10. A high-speed clock pulse generator 83 and a
      low-speed clock pulse generator 93 are also similar to those shown in FIG.
      10. Clock pulse counters 83a, 87a and 93a count p clock pulses as in FIG.
      10, and scanning line counters 83b, 83c and 93b count n scanning lines as
      in FIG. 19. A scanning line order coincidence pulse generator 83d is also
      similar to that shown in FIG. 10. The circuit further includes INHIBIT
      gates 47a to 47c, OR gates 57u, 57v, a flip-flop 83f and an AND gate 87b.
PAR  The operation of the broad-to-narrow converting system shown in FIG. 14
      will now be described. In the initial condition, the clock pulse counters
      83a, 87a, 93a and scanning line counters 83b, 93b are at rest and the
      carries appearing therefrom are in the state 1. When a composite
      broad-band picture signal F.sub.1 corresponding to a frame to be subjected
      to conversion arrives at an input terminal 11 and the conversion
      instruction switch 25 is manipulated, the frame signal F.sub.1 is stored
      in the main memory 33 and the signal read out from the main memory 33
      appears at the input of the sub-memory 51u in a manner as described
      previously. At the beginning of read-out operation, a main memory read
      control signal 257 appears from the flip-flop 25b to reset the scanning
      line counters 83b and 93b and the carries 835 and 935 take the state 0,
      thereby initiating the conversion. The scanning line order coincidence
      pulse generator 83d generates a coincidence pulse signal 838 at the
      transfer timing of the first line signal L.sub.1 from the main memory 33
      to the sub-memory 51u. The flip-flop 83f is set by the signal 838 and the
      output signal 839 of the flip-flop 83f takes the state 1 thereby resetting
      the clock pulse counter 83`a. The carry 834 takes the state 0 and the gate
      47a is opened. As a result, a high-speed clock pulse signal 833 generated
      by the clock pulse generator 83 passes through the gate 47a and OR gate
      57u to drive the sub-memory 51u so that the line signal L.sub.1 is
      transferred from the main memory 33 to the sub-memory 51u. When the clock
      pulse counter 83a counts p high-speed clock pulses 833, the carry 834
      takes the state 1 thereby closing the INHIBIT gate 47a and completing the
      transfer of the signal L.sub.1 from the main memory 33 to the sub-memory
      51u. The carry 834 acts to advance the scanning line counter 83b by one
      step, and at the same time, passes through the AND gate 87b to reset the
      clock pulse counter 87a. The carry 874 appearing from the clock pulse
      counter 87a takes the state 1 thereby opening the INHIBIT gate 47b.
      Therefore, the high-speed clock pulse signal 833 passes through the gates
      47b, 57u and 57v to drive the sub-memories 51u and 51v simultaneously so
      that the line signal L.sub.1 stored in the sub-memory 51u is read out
      therefrom to be transferred to the sub-memory 51v. When the clock pulse
      counter 87a counts p high-speed clock pulses 833, the carry 874 takes the
      state 1 thereby closing the INHIBIT gate 47b to complete the transfer of
      the signal L.sub.1 from the sub-memory 51u to the sub-memory 51v. The
      carry 874 acts to reset the flip-flop 83f and clock pulse counter 93a to
      prepare for transfer of the next line signal L.sub.2 from the main memory
      33 to the sub-memory 51u. At the same time, the carry 934 appearing from
      the clock pulse counter 93a takes the state 0 thereby opening the INHIBIT
      gate 47c. A low-speed clock pulse signal 933 generated by the clock pulse
      generator 93 passes through the INHIBIT gate 47c and OR gate 57v to drive
      the sub-memory 51v so that the signal L.sub.1 stored in the sub-memory 51v
      is read out at a low speed to provide a narrow-band signal L'.sub.1.
PAR  The scanning line order coincidence pulse generator 83d generates the
      coincidence pulse signal 838 again at the transfer timing of the signal
      L.sub.2 from the main memory 33 to the sub-memory 51u thereby setting the
      flip-flop 83f again. The output signal 839 of the flip-flop 83f resets the
      clock pulse counter 83a again and the signal L.sub.2 is transferred from
      the main memory 33 to the sub-memory 51u. Upon completion of transfer of
      the signal L.sub.2, the carry 834 appearing from the clock pulse counter
      83a takes the state 1 and is applied to the AND gate 87b. However, due to
      the fact that read-out of the preceding signal L'.sub.1 from the
      sub-memory 51v has not yet been completed and the carry 934 appearing from
      the clock pulse counter 93a is in the state 0, the AND gate 87b remains in
      the closed position. Upon completion of read-out of the signal L'.sub.1
      from the sub-memory 51v, the carry 934 takes the state 1 and passes
      through the gate 87b to reset the clock pulse counter 87a, and the signal
      L.sub.2 is transferred from the sub-memory 51u to the sub-memory 51v.
      Before the transfer of the signal from the sub-memory 51u to the
      sub-memory 51v is completed, the carry 874 appearing from the clock pulse
      counter 87a is in the state 0 and the clock pulse counter 93a is not
      reset. Thus, the INHIBIT gate 47c remains in the closed position and the
      next line signal cannot be transferred from the main memory 33 to the
      sub-memory 51u. That is, the sub-memory 51u carries out signal relaying
      operation for regulating the read-out timing of a specific line signal
      from the main memory 33 and the read-out timing of this specific signal
      from the sub-memory 51v. The above manner of operation is repeated until
      the scanning line counter 83b counts n carries 834, the carry 835
      appearing from the scanning line counter 83b takes the state 1 thereby
      closing the gate 47a, subsequently the scanning line counter 93b counts n
      carries 934, and the carry 935 appearing from the scanning line counter
      93b takes the state 1 thereby closing the gate 47c. Finally,
      broad-to-narrow conversion of all the line signals constituting one frame
      is completed and the entire system is restored to the original
      non-operative state to stand by for the next conversion. The narrow-band
      line signals are successively applied to the index signal adder 73, and a
      line index signal 733 generated by the line index signal generator 73a and
      a frame index signal 734 generated by the frame index signal generator 73b
      are added in the adder 73 to the line signals to provide a composite
      narrow-band picture signal which is sent out to the exterior from an
      output terminal 71. The structure of this composite narrow-band picture
      signal is similar to that of the signal 632 shown in FIG. 13.
PAR  FIG. 15 is a detailed block diagram of another embodiment of the
      narrow-to-broad converting system of the present invention which includes
      a pair of sub-memories arranged in series. An index signal separator 74 is
      similar to that shown in FIG. 11. Sub-memories 52u and 52v and a main
      memory 34 are also similar to those shown in FIG. 11. Change-over switches
      24a,  24b, a high-speed clock pulse generator 84, a low-speed clock pulse
      generator 94, clock pulse counters 84a, 88a, 94a, scanning line counters
      84b, 84c, 94b, and a scanning line order coincidence pulse generator 84d
      are also similar to those shown in FIG. 11. The circuit further includes a
      synchronizing signal generator 14a, a synchronizing signal adder 14,
      flip-flops 26c and 84f, INHIBIT gates 48a to 48c, and OR gates 58u and
      58v.
PAR  The operation of the narrow-to-broad converting system shown in FIG. 15
      will now be described. In the initial condition, the clock pulse counters
      94a, 88a, 84a and scanning line counters 94b, 84b are at rest and the
      carries appearing therefrom are in the state 1. Suppose that initially the
      output signal 266 of the flip-flop 26c is in the state 1 and the first and
      second channels of the main memory 34 are ready for writing and reading
      respectively. When a composite narrow-band frame signal F'.sub.1 to be
      subjected to conversion arrives at an input terminal 72, the frame index
      signal 744 in the leading portion of the frame signal F'.sub.1 is
      separated by the index signal separator 74 and is applied to the scanning
      line counters 94b and 84b to reset same. The carries 945 and 845 appearing
      from the respective counters 94b and 84b take the state 0 and the
      converting operation is initiated. Then, the line index signal 743
      preceding the first line signal L'.sub.1 is separated by the index signal
      separator 74 and is applied to the clock pulse counter 94a to reset same,
      and the carry 944 appearing from the counter 94a takes the state 0. As a
      result, the INHIBIT gate 48c is opened and a low-speed clock pulse signal
      943 generated by the clock pulse generator 94 passes through the INHIBIT
      gate 48c and OR gate 58v to drive the sub-memory 52v and writing of the
      line signal L'.sub.1 in the sub-memory 52v is initiated. The clock pulse
      counter 94a also starts to count the low-speed clock pulses 943, and when
      it counts p pulses, the carry 944 appearing from the clock pulse counter
      94a takes the state 1, thereby closing the gate 48c to complete writing of
      the signal L'.sub.1 in the sub-memory 52v. At the same time, the carry 944
      acts to advance the scanning line counter 94b by one step and reset the
      clock pulse counter 88a. Thus, the carry 884 appearing from the clock
      pulse counter 88a takes the state 0 thereby opening the gate 48b. As a
      result, a high-speed clock pulse signal 843 generated by the clock pulse
      generator 84 passes through this gate 48b to drive the sub-memories 52v
      and 52u simultaneously and the line signal L.sub.1 obtained by reading out
      the signal L'.sub.1 stored in the sub-memory 52v is transferred to the
      sub-memory 52u. When the clock pulse counter 88a counts p high-speed clock
      pulses 843, the carry 884 appearing from this counter 88a takes the state
      1 thereby closing the gate 48b to complete transfer of the signal L.sub.1
      from the sub-memory 52v to the sub-memory 52u. At the same time, this
      carry 884 acts to reset the flip-flop 84f. When, subsequently, a line
      coincidence pulse signal 848 is generated by the scanning line order
      coincidence pulse generator 84d at the writing timing of the signal
      L.sub.1 in the main memory 34, this pulse signal 838 sets the flip-flop
      84f and the output signal 849 of the flip-flop 84f takes the state 1
      thereby resetting the clock pulse counter 84a. The carry 844 appearing
      from the clock pulse counter 84a takes the state 0 thereby opening the
      INHIBIT gate 48a and the high-speed clock pulse signal 843 of the clock
      pulse generator 84 passes through the INHIBIT gate 48a and OR gate 58u to
      drive the sub-memory 52u. Thus, the signal L.sub.1 stored in the
      sub-memory 52u is transferred to the main memory 34. When the clock pulse
      counter 84a counts p high-speed clock pulses 843, the carry 844 appearing
      from the clock pulse counter 84a takes the state 1 thereby closing the
      gate 48a to complete the transfer of the signal L.sub.1 from the
      sub-memory 52u to the main memory 34. In the operation of the
      broad-to-narrow converting system described with reference to FIG. 14, the
      relation .tau..sub.p .gtoreq. T.sub.L holds between .tau..sub.p and
      T.sub.L where .tau..sub.p is the time internal between the line signals in
      the narrow-band picture signal and T.sub.L is the period of one scanning
      line in the broad-band picture signal. Therefore, after completion of the
      transfer of the signal L.sub.1 from the sub-memory 52v to the sub-memory
      52u, the line index signal for the next line signal L'.sub.2 arrives at
      the input terminal 72. Similarly, this signal L'.sub.2 is written into the
      sub-memory 52v, and upon completion of writing, the signal L'.sub.2 is
      transferred to the sub-memory 52u from the sub-memory 52v. The line signal
      L.sub.3 is then transferred from the sub-memory 52u to the main memory 34
      at the specified transfer timing. It will thus be understood that all the
      line signals in the narrow-band picture signal are successively subjected
      to narrow-to-broad conversion by the sub-memory 52v, and the sub-memory
      52u acts as a signal relaying means for regulating the arriving timing of
      the line signals and the transfer timing of the line signals to the main
      memory 34. The above manner of operation is repeatedly carried out until
      the scanning line counter 94b counts n carries 944 appearing from the
      clock pulse counter 94a, and the carry 945 appearing from the scanning
      line counter 94b takes the state 1 thereby closing the gate 48c and until
      the scanning line counter 84b counts n carries 844 appearing from the
      clock pulse counter 84a, and the carry 845 appearing from the scanning
      line counter 84a takes the state 1 thereby closing the gate 48a. In this
      manner, all the line signals corresponding to one frame are stored in the
      first channel of the main memory 34 and the converting operation is
      completed. Subsequently, the carry 845 appearing from the scanning line
      counter 84b acts to invert the flip-flop 26c thereby changing over the
      change-over switches 24a and 24b. The first channel of the main memory 34
      is now placed in the read-out condition and the picture signal stored
      therein is applied from the main memory 34 to the synchronizing signal
      adder 14. In the adder 14, the composite synchronizing signal 145
      generated by the synchronizing signal generator 14a is added to the
      picture signal to provide a composite broad-band picture signal which is
      sent out to the exterior from an output terminal 12. After the converting
      operation, the entire converting system is restored to the original
      non-operative state to wait arrival of a succeeding composite narrow-band
      frame signal F'.sub.2. When the succeeding frame signal F'.sub.2 arrives
      at the input terminal 72, it is stored in the second channel of the main
      memory 34 after being subjected to narrow-to-broad conversion. Upon
      completion of converting operation, the change-over switches 24a and 24b
      are changed over again to send out the succeeding picture signal F.sub.2
      in lieu of the preceding picture signal F.sub.1.
PAR  It will be understood from the foregoing detailed description that,
      according to the first feature of the present invention, a memory, for
      example, a rotary memory which is relatively inexpensive in the bit unit
      cost but in which the writing speed and reading speed cannot be easily
      changed is employed as a frame memory or main memory, while a memory, for
      example, a stationary memory in which the writing speed and reading speed
      can be easily changed but which is relatively expensive in the bit unit
      cost is employed as a scanning line memory or sub-memory, and these
      memories are combined to provide a picture signal converting means which
      is economically acceptable in the relation between the cost and the
      performance. According to the second feature of the present invention, m
      sub-memories of the kind above described (m is given by the relation
      ##EQU2##
      where .alpha..sup..sup.-1 is the band conversion ratio and r is the number
      of scanning lines constituting one frame) are arranged in parallel, and
      especially when m = 2, such submemories are arranged in series in addition
      to the parallel arrangement, so as to eliminate wasteful waiting time
      during signal transfer between the main memory and the sub-memories.
      Therefore, a reduction can be attained in the period of time during which
      the narrow-band transmission path is occupied. According to the third
      feature of the present invention, band conversion is only carried out
      during the period of the effective picture including picture information
      carried by the scanning lines constituting one frame and during the period
      of the effective scanning lines including picture information of one
      frame. In order to attain the above manner of operation, a counter for
      counting p picture elements or pulses appearing during the period of the
      effective picture and another counter for counting n effective scanning
      lines are provided and the carries appearing from these counters are
      utilized for controlling the writing and reading periods for the
      sub-memories thereby reducing the narrow-band transmission time to a
      minimum.
CLMS
STM  We claim:
NUM  1.
PAR  1. A picture signal band converting system for converting a broad-band
      picture signal into a narrow-band picture signal comprising a first memory
      means for recording a picture signal representing one picture and reading
      out the picture signal repeatedly including a magnetic head, and an
      endless magnetic recording medium having a capacity of storing a picture
      signal representing one picture and rotated at a constant speed, a second
      memory means which has a capacity of storing a picture signal
      corresponding to at least one scanning line and whose writing and reading
      speeds are controlled by clock signals, said second memory means being
      such that such signal can be written therein at the same speed as the
      speed with which a signal corresponding to one scanning line can be
      written in or read out from said first memory means, while the signal
      stored therein can be read out therefrom at any desired speed, means for
      supplying a picture signal representing one picture to said first memory
      means for storing said picture signal representing one picture in said
      first memory means, and means for reading out each individual line signal
      from said first memory means to write the same in said second memory
      means, and upon completion of writing, reading out the line signal from
      said second memory means at a speed lower than the writing speed for
      delivering same.
NUM  2.
PAR  2. A picture signal band converting system for converting a broad-band
      picture signal into a narrow-band picture signal comprising a first memory
      means for recording a picture signal representing one picture and reading
      out the picture signal repeatedly including a magnetic head, and an
      endless magnetic recording medium having a capacity of storing a picture
      signal representing one picture and rotated at a constant speed, a
      plurality of second memory means each of which has a capacity of storing a
      picture signal corresponding to at least one scanning line and whose
      writing and reading speeds are controlled by clock signals, each said
      second memory means being such that such signal can be written therein at
      any desired speed and read out therefrom at any desired speed, means for
      supplying a picture signal representing one picture to said first memory
      means for storing said picture signal representing one picture in said
      first memory means and reading out repeatedly the stored signal with the
      frame period so that the individual line signals constituting the frame
      can be successively derived from said picture signal according to the
      order of the scanning lines to be successively written in said plural
      second memory means at the same speed as the speed with which the
      individual line signals are written in said first memory means, and means
      for reading out the individual line signals successively from said plural
      second memory means according to the order of the scanning lines at a low
      speed determined by the required frequency band.
NUM  3.
PAR  3. A band converting system as claimed in claim 2, wherein each said second
      memory means has a capacity of storing the true picture signal portion
      only of each individual line signal except the blanking period, and means
      for writing the true picture signal portion only of each individual line
      signal read out from said first memory means are added to said means which
      read out the line signals from said first memory means to write same in
      said plural second memory means.
NUM  4.
PAR  4. A picture signal band converting system for converting a broad-band
      picture signal into a narrow-band picture signal comprising a first memory
      means for recording a picture signal representing one picture and reading
      out the picture signal repeatedly including a magnetic head, and an
      endless magnetic recording medium having a capacity of storing a picture
      signal representing one picture and rotated at a constant speed, a second
      memory means which has a capacity of storing a picture signal
      corresponding to at least one scanning line and whose writing and reading
      speeds are controlled by clock signals, said second memory means being
      such that such signal can be written therein at any desired speed and read
      out therefrom at any desired speed, a third memory means which has the
      same capacity as that of said second memory means and whose writing and
      reading speeds are controlled by the clock signals, said third memory
      means being such that a line signal can be written therein and read out
      therefrom during the same period of time as that required for writing and
      reading out the line signal in and from said first memory means, means for
      writing a picture signal representing one picture in said first memory
      means, and upon completion of writing, repeatedly reading out the stored
      picture signal from said first memory means to write the line signal in
      said third memory means starting from the first scanning line, said means
      being further operative to read out said line signal from said third
      memory means to write said line signal in said second memory means upon
      completion of writing, and at the same time, to stand by for writing the
      succeeding line signal in said third memory means as soon as such signal
      is read out from said first memory means, means for reading out said
      preceding line signal stored in said second memory means at a low speed
      determined by the required frequency band, and upon completion of reading,
      reading out said succeeding line signal from said third memory means to
      write same in said second memory means at the writing and reading speed of
      said third memory means, and means for continuously actuating all the
      means above described until the picture signal stored in said first memory
      means is entirely read out through said second memory means.
NUM  5.
PAR  5. A band converting system as claimed in claim 4, wherein each of said
      second and third memory means has a capacity of storing the true picture
      signal portion only of each individual line signal except the blanking
      period.
NUM  6.
PAR  6. A picture signal band converting system for converting a narrow-band
      picture signal into a broad-band picture signal comprising a first memory
      means for recording a picture signal representing one picture and reading
      out the picture signal repeatedly including a magnetic head, and an
      endless magnetic recording medium having a capacity of storing a picture
      signal representing one picture and rotated at a constant speed, a second
      memory means which has a capacity of storing a picture signal
      corresponding to at least one scanning line and whose writing and reading
      speeds are controlled by clock signals, said second memory means being
      such that such signal can be written therein at any desired speed and read
      out therefrom at the same speed as the speed with which a line signal is
      commonly transmitted, means for writing each individual intermittently
      supplied line signal of a broad-to-narrow converted one picture signal in
      said second memory means at a low speed corresponding to the speed with
      which said line signal is supplied, and upon completion of writing,
      reading out said line signal from said second memory means at a high speed
      corresponding to the speed of the broad-band one picture signal for
      writing said line signal in said first memory means, said means repeating
      the above manner of operation until all the line signals constituting the
      are written in said first memory means according to the order of the
      scanning lines, and means for continuously and repeatedly reading out from
      said first memory means the one picture signal written in said first
      memory means.
NUM  7.
PAR  7. A picture signal band converting system for converting a narrow-band
      picture signal into a broad-band picture signal comprising a first memory
      means for recording a picture signal one picture and reading out the
      picture signal repeatedly including a magnetic head, and an endless
      magnetic recording medium having a capacity of storing a picture signal
      representing one picture and rotated at a constant speed, a plurality of
      second memory means each of which has a capacity of storing a picture
      signal corresponding to at least one scanning line and whose writing and
      reading speeds are controlled by clock signals, each said second memory
      means being such that such signal can be written therein at any desired
      speed and read out therefrom at the same speed as the speed with which a
      line signal is commonly transmitted, means for writing individual
      separately supplied line signals of a broad-to-narrow converted one
      picture signal in said plural second memory means according to the order
      of the scanning lines at a low speed corresponding to the speed with which
      said line signals are supplied, and upon completion of writing, reading
      out said line signals from said plural second memory means at a high speed
      corresponding to the speed of the broad-band picture signal for writing
      said line signals in said first memory means according to the order of the
      scanning lines, means for writing the succeeding line signals of the
      narrow-band picture signal again in said plural second memory means at
      said low speed upon completion of read-out from said second memory means,
      said means repeating the above manner of operation until all the line
      signals constituting one picture are written in said first memory means
      according to the order of the scanning lines, and means for continuously
      and repeatedly reading out from said first memory means the one picture
      signal written in said first memory means.
NUM  8.
PAR  8. A band converting system as claimed in claim 7, wherein each said second
      memory means has a capacity of storing the true picture signal only of
      each individual line signal except the blanking period, and means for
      writing the line signals read out from said plural second memory means in
      said first memory means at time intervals corresponding to the blanking
      period are added to said means which read out the line signals stored in
      said second memory means to write same in said first memory means
      according to the order of the scanning lines constituting one frame.
NUM  9.
PAR  9. A picture signal band converting system for converting a narrow-band
      picture signal into a broad-band picture signal comprising a first memory
      means for recording a picture signal representing one picture and reading
      out the picture signal repeatedly including a magnetic head, and an
      endless magnetic recording medium having a capacity of storing a picture
      signal representing one picture and rotated at a constant speed, a second
      memory means which has a capacity of storing a picture signal
      corresponding to at least one scanning line and and whose writing and
      reading speeds are controlled by clock signals, said second memory means
      being such that such signal can be written therein at any desired speed
      and read out therefrom at any desired speed, a third memory means which
      has the same capacity as that of said second memory means and and whose
      writing and reading speeds are controlled by the clock signals, said third
      memory means being such that a line signal can be written therein and read
      out therefrom at the same speed with which such signal is written in and
      read out from said first memory means, means for writing each individual
      intermittently supplied line signal of a broad-to-narrow converted one
      picture signal in said second memory means at a low speed corresponding to
      the speed with which said line signal is supplied, and upon completion of
      writing, reading out said line signal from said second memory means at a
      high speed corresponding to the speed of the broad-band picture signal for
      writing said line signal in said third memory means, said means being
      further operative to write the succeeding line signal of the narrow-band
      picture signal in said second memory means at said low speed upon
      completion of writing, means for writing the preceding line signal stored
      in said third memory means in said first memory means at said high speed
      during the period of time in which the succeeding line signal is being
      written in said second memory means, said means repeating the above manner
      of operation until all the line signals constituting the one picture are
      written in said first memory means according to the order of the scanning
      lines by the repetition of the low-speed writing and high-speed reading of
      the line signals for said second and third memory means, and means for
      repeatedly reading out the one picture signal at a high speed from said
      first memory means.
NUM  10.
PAR  10. A band converting system as claimed in claim 9, wherein each of said
      second and third memory means has a capacity of storing the true picture
      signal portion only of each individual line signal except the blanking
      period, and means for writing the line signals read out from said second
      memory means in said first memory means at time intervals corresponding to
      the blanking period are added to said means which read out the line signal
      stored in said second memory means to write same in said first memory
      means according to the order of the scanning lines constituting one frame.
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ABST
PAL  A transmitter for a facsimile system of run-length type, which comprises a
      facsimile signal generator, a pulse generator for producing a sampling
      pulse train, a sampler for sampling each of the space and mark signals
      with the sampling pulse train, and a coder for converting the sampled
      space and mark signals into successive binary code signals, the coder
      including at least two counters and means for selectively operating the
      two counters. A receiver for facsimile system of run-length type, which
      comprises a timing pulse generator for producing timing pulses, a
      demodulator for demodulating modulated binary code signals, a decoder for
      decoding the binary code signals into binary codes each representing a
      run-length of one of mark and space signals, a memory circuit for
      memorizing the binary codes, said memory circuit including at least two
      registers and means for selectively operating the two registers, and a
      reconverting circuit for reconverting the binary codes from the memory
      circuit into one of the mark and space signals.
BSUM
PAR  The present invention relates to facsimile systems and more particularly to
      an improved facsimile system which converts a facsimile signal into
      successive "run-length" binary code signals, transmits the successive
      run-length binary code signals, and reconverts the transmitted run-length
      binary code signals into the original facsimile signal.
PAR  A facsimile system generally includes a transmitter for converting a
      photographic image carried on an information medium such as paper into an
      electric signal, that is, a facsimile signal and for transmitting the
      facsimile signal in a suitable form, and a receiver for receiving the
      transmitted facsimile signal and for reconverting the facsimile signal
      into the original photographic image information. Since the facsimile
      signal usually consists of space (white) and mark (black) signals due to
      the nature of photographic image, it is practically desirable to transmit
      the facsimile signal in the form of successive suitable code signals
      thereby to narrow the necessary frequency band width of the transmission
      channel and to shorten the transmission intervals. Various facsimile
      system have, therefore, been developed in which the facsimile signal is
      transmitted in the form of successive code signals. However, the
      conventional facsimile systems of such type necessitates to previously
      determine the statistic property of a facsimile signal to be transmitted,
      which is not always possible. Furthermore, those facsimile systems are
      complicated in construction and much costly since they necessitate
      complicated coder and decoder and also buffer memories of large
      capacities. In order to solve this problem, an improved facsimile system
      was developed which can dispense with such a large capacity buffer memory.
      The facsimile system is constructed to store only one run-length of mark
      or space signal to be transmitted in the form of a code signal, then to
      encode the stored run-length into a code signal, and to transmit the code
      signal. Upon completion of the encoding operation, a next space or mark
      signal is transmitted. Thus, the facsimile system can operate with only
      one storing means such as counter or registor with only enough capacity to
      store only one code therein. However, it is a problem in this facsimile
      system that an increase of the scanning rate of the scanner necessitates
      an increase in the transmission rate since the transmission rate
      inherently depends on the scanning rate in this facsimile system. However,
      as is well known in the art, it is not so easy to increase the scanning
      rate of the scanner such as CRT.
PAR  It is accordingly a principal object of the present invention to provide an
      improved facsimile system which is simple in construction and accordingly
      economical.
PAR  It is another object of the present invention to provide an improved
      facsimile system which is capable of transmitting a facsimile signal
      during relatively short transmission intervals.
DRWD
PAR  For a full understanding of the invention, a detailed description in a
      preferred form will now given in connection with the accompanying drawings
      and the features forming the invention will be specifically pointed out in
      the claims.
PAR  In the drawings:
PAR  FIG. 1 is a diagram showing a waveform of a facsimile signal;
PAR  FIG. 2 is a diagram showing successive binary codes representing the
      facsimile signal of FIG. 1;
PAR  FIG. 3 is a table explaining a coding system employed for the facsimile
      system according to the present invention;
PAR  FIG. 4A is a diagram showing an information medium carrying thereon a
      photographic image;
PAR  FIG. 4B is a diagram showing waveforms produced by scanning with a light
      spot the information medium of FIG. 4A;
PAR  FIG. 4C is a diagram showing a waveform of a facsimile signal transmitted
      from transmitter of a facsimile system of the invention;
PAR  FIGS. 5a, 5b and 5c are block diagrams showing a transmitter according to
      the invention;
PAR  FIG. 6A is a diagram showing an information medium to be processed by the
      transmitter of FIGS. 5a, 5b and 5c;
PAR  FIG. 6B is a diagram showing a waveform of facsimile signal produced by the
      facsimile signal generator of FIG. 5a;
PAR  FIGS. 7A through 7F are diagrams showing waveforms of signals appearing in
      the transmitter of FIGS. 5a, 5b and 5c;
PAR  FIGS. 8A through 8N are diagrams showing waveforms of signals appearing in
      the transmitter of FIGS. 5a, 5b and 5c;
PAR  FIG. 9 is a diagram for the explanation of the operation of a converting
      circuit of the transmitter of FIGS. 5a, 5b and 5c;
PAR  FIGS. 10A through 10E are diagrams showing waveforms of signals appearing
      in the transmitter of FIGS. 5a, 5b and 5c;
PAR  FIG. 11 is a diagram showing a circuit arrangement for a part of the
      transmitter of FIGS. 5a, 5b and 5c;
PAR  FIGS. 12A through 12P are diagrams showing waveforms of signals appearing
      in the circuit arrangement of FIG. 11;
PAR  FIGS. 13a, 13b and 13c are block diagrams of a receiver in a facsimile
      system according to the present invention;
PAR  FIGS. 14A through 14R are diagrams showing waveforms of signals appearing
      in the receiver of FIGS. 13a, 13b and 13c;
PAR  FIG. 15 is a diagram showing a circuit arrangement of a part of the
      receiver of FIGS. 13a, 13b and 13c; and
PAR  FIGS. 16A through 16H are diagrams showing waveforms of signals appearing
      in the circuit arrangement of FIG. 15.
DETD
PAR  Referring now to the drawings and more specifically to FIG. 1 thereof,
      there is illustrated a waveform of a facsimile signal representing mark
      and space images lying on one of "1-H lines". The expression of "1-H
      lines" means in this specification hypothetical line along each of which a
      scanning light spot emitted from a scanner moves. It is, in this instance,
      assumed that the total length of the 1-H facsimile signal is equal to 98
      unit times and mark and space signals of the facsimile signal respectively
      have such lengths as indicated by numerals in this figure. It is now to be
      noted that a length of each of the mark and space signals is usually
      called a "run-length."
PAR  As being above-mentioned, the facsimile signal is usually converted into a
      suitable code signal when the facsimile signal is transmitted to the
      receiver. FIG. 2 shows waveforms of successive binary code signals
      respectively representing the run-lengths of the mark and space signals of
      the facsimile signal of FIG. 1. The conversion of the mark and space
      signals into the successive code signals is performed according to such a
      coding system as shown in a table of FIG. 3. As being clearly from FIG. 2,
      the total bits of the binary code signals are merely 36 and it is
      accordingly apparent that the transmission interval can be largely reduced
      when the facsimile signal is transmitted in the form of binary code
      signals.
PAR  The coding system shown in the table of FIG. 3 will be explained
      hereinbelow.
PAR  When a run-length (n) of an either mark or space signal is equal to or
      larger than 3 (n.gtoreq.3), the binary code representing the run-length
      (n) consists of lower figure digits of a binary code representing (n-1)
      and higher figure digits of one or more 0's the number of which is smaller
      by one than the number of figure of the binary code of the lower figure
      digits. When, for example, n is equal to 15, the lower figure digits are
      given by
EQU   n - 1 = 14 (decimal) = 1110 (binary code)
PAL  Since the number of figure of the lower figure digits is equal to four, the
      higher figure digits are 000. Accordingly, when n = 15, the binary code
      according to the present coding system is expressed as
TBL         0 0 0         1 1 1 0                                              
            (higher)      (lower)                                              
PAL  In the case of n = 1 and n = 2, the corresponding binary codes are defined
      as follows:
EQU  n = 1 . . . 1 0 (binary code)
EQU  n = 2 . . . 1 1 (binary code)
PAL  The above-explained coding system is advantageous in that a binary code
      according to this coding system is shorter in time that that of the
      corresponding run-length except in the case of n = 1, 2, 3, or 5. When,
      for example n = 100, the corresponding binary code is shorter than the
      run-length by a rate of 13/100 (.apprxeq.1/7.7). When n = 500, the
      corresponding binary code is shorter than the run-length by a rate of
      17/500 (.apprxeq.1/29.4).
PAR  It is now to be understood that the abovementioned coding system is
      effective for reducing the transmission interval especially in the case of
      a space signal.
PAR  When photographic image information carried on an information medium in
      such a manner as illustrated in FIG. 4A is scanned along 1-H lines p.sub.1
      q.sub.1, p.sub.2 q.sub.2, p.sub.3 q.sub.3 and p.sub.4 q.sub.4, facsimile
      signals indicated by p.sub.1 'q.sub.1 ', p.sub.2 'q.sub.2 ', p.sub.3
      'q.sub.3 ' and p.sub.4 'q.sub.4 ' in FIG. 4B are produced in the
      transmitter, which facsimile signals consist of space signals S.sub.0,
      S.sub.1, S.sub.2, . . . , and mark signals M.sub.1, M.sub.2, M.sub.3, . .
      . , respectively having run-lengths indicated by parenthesized numerals.
      The facsimile signals are then converted into successive binary code
      signals as shown in FIG. 4C, wherein pulses V are vertical synchronizing
      pulses separating the binary code signals corresponding to an 1-H
      facsimile signal from one another.
PAR  In FIGS. 5a, 5b and 5c, there is shown a preferred example of a transmitter
      of a facsimile system according to the present invention, which generally
      comprises a facsimile signal generator 10 for producing a facsimile signal
      representing photographic image information, a pulse generator 11 for
      producing a clock pulse train h, a horizontal synchronizing pulse train i,
      a blanking pulse train j, a shift pulse train y, a clear pulse train
      .delta. and a write-in timing pulse train k, a carrier wave generator 12
      for producing carrier wave (.alpha.) and (.beta.), a run-length pulse
      generator 13 for producing run-length pulse signals each representing a
      run-length of each of mark and space signals of the facsimile signal, a
      coder 14 for coding each of the run-length pulse signals into a binary
      code signal, a vertical synchronizing pulse signal generator 15 for
      producing a vertical synchronizing pulse signal, and a modulator 16 for
      mixing the code signal and the vertical synchronizing pulse signal and
      modulating the carrier waves with the mixed code and vertical
      synchronizing pulse signals. The facsimile signal generator 10 is
      preferably composed of a fibre optics cathode-ray tube 20 having a fibre
      optics faceplate 21 and a horizontal deflection element 22. A horizontal
      deflection control circuit 23 is adapted to produce a horizontal
      deflection signal in accordance with the horizontal synchronizing pulse
      train i. A feed means 24 such as a pair of drive rollers is arranged to
      feed an information medium 25 carrying thereon a photographic image in
      close proximity to the fibre optics faceplate 21. The feed means 24 is
      actuated by a prime mover 26 such as an electric pulse motor which is
      driven by a driver 27 when the driver 27 is energized by the vertical
      synchronizing pulse signal. A photo-electric converter 28 is positioned in
      the vicinity of the fibre optics faceplate 21, so that the converter 28
      converts the light-spot reflected from the information medium into an
      electric signal, that is, the facsimile signal.
PAR  The run-length pulse generator 13 includes a binary counter 30 having an
      input trigger terminal connected to an output of an AND gate 31 and a
      clear terminal connected to a horizontal synchronizing pulse terminal of
      the pulse generator 11. The counter 30 further has a plurality of output
      terminals connected to first group of input terminals of a coincident
      circuit 32. The coincident circuit 32 further has a second group of input
      terminals connected to a plurality of output terminals of a binary counter
      33 which has an input trigger terminal connected to an output of an AND
      gate 34 and a clear terminal connected to a clear pulse output terminal of
      a vertical scanning controller 35. The vertical scanning controller 35 is
      so arranged as to produce various pulse signals in response to the
      horizontal synchronizing pulse train i, the shift pulse train y, the clear
      pulse train (.delta.), the write-in timing pulse train k and a coding
      completion signal from the coder 14. The binary counter 33 has an overflow
      output terminal through which an overflow signal is produced when the
      binary counter 33 overflows. The overflow output terminal of the counter
      33 is connected to an overflow register 36 which produces an overflow
      pulse of a suitable pulse width when triggered by the overflow signal. The
      output terminal of the overflow register 36 is connected to one input of
      an OR gate 37 and also to an input terminal of the vertical scanning
      controller 35. The coincident circuit 32 has an output terminal connected
      to one input of an AND gate 38 and to an input terminal of a mark and
      space read controller 39. The mark and space read controller 39 further
      has input terminals connected to the pulse generator 11 for receiving the
      clock pulse train h, the horizontal synchronizing pulse train i and the
      blanking pulse train j, and another input terminal connected to the
      photo-electric converter 28 of the facsimile signal generator 10 for
      receiving the facsimile signal. The mark-space read controller 39 further
      has a pair of input terminals connected to output Q and Q terminals of a
      flip-flop circuit 40 which serves as a mark and space identifying circuit
      and, namely, produces a logic 1 signal on the output Q terminal when the
      run-length pulse generator 13 ought to treat a mark signal of the
      facsimile signal and a logic 1 signal on the output Q terminal when the
      run-length pulse generator 13 ought to treat a space signal. The reset
      terminal of the flip-flop circuit 40 is connected to the reset pulse
      output terminal of the vertical scanning controller 35. The trigger
      terminal of the flip-flop circuit 40 is connected to an output of an OR
      gate 41 which has its one input connected to an output terminal V.sub.1
      through which the vertical scanning controller 35 produces pulses each
      appearing a 1-H interval as early as it produces one of reset pulses on
      its reset pulse output terminal R. The vertical scanning controller 35
      also produces on an output terminal V.sub.2 a pair of pulses one of which
      appears a 2-H interval as early as it produces the reset pulse and the
      other of which appears at the same time as the single pulse appears on the
      output terminal V.sub.1. The vertical scanning controller 35 also produces
      on a start pulse output terminal start pulses each appearing at the same
      time as each of the reset pulses and on a set pulse output terminal S set
      pulses each appearing at a moment an interval V before the reset pulse
      appears. The interval V is equal to the pulse width of the vertical
      synchronizing pulse. The output terminal V.sub.2 of the vertical scanning
      controller 35 is connected to one input of an OR gate 42 which has an
      output connected to an input terminal of a set pulse generator 43. The set
      pulse generator 43 has another input terminal connected to the blanking
      pulse output terminal of the pulse generator 11. The set pulse generator
      43 produces a set pulse rising up at the trailing edge of a blanking pulse
      appearing just after the pulse applied thereto from the OR gate 42. The
      set pulse from the set pulse generator 43 is applied to a set terminal of
      a flip-flop circuit 44 which is  reset by the horizontal synchronizing
      pulse signal. The flip-flop circuit 44 has its output Q terminal connected
      to the other input of the AND gate 38 and to one input of the AND gate 31
      the other input of the AND gate 31 is connected to the clock pulse output
      terminal of the pulse generator 11. Outputs of the OR gate 37 and the AND
      gate 38 are respectively connected by way of a reset preference circuit 45
      to reset and set terminals of a flip-flop circuit 46. The flip-flop
      circuit 46 has its output Q terminal connected to one input of the AND
      gate 34 the other input of which is connected to the clock pulse output
      terminal. The output of the AND gate 34 is also connected to a 1-bit
      eliminator 47 which eliminates one pulse of each run-length pulse signal
      applied thereto.
PAR  The coder 14 includes an input selective connector 50 for selectively
      connecting the output terminal 48 of the 1-bit eliminator 47 to trigger
      terminals of two binary counters 51 and 52 in accordance with the output
      signals from the mark and space identifying circuit 40 of the run-length
      pulse generator 13. The coder 14 further includes a clear pulse generator
      53 which is arranged to clear alternately the binary counters 51 and 52 in
      response to the output signals of the mark and space identifying circuit
      40, the clear pulse from the vertical scanning controller 35 and the
      coding completion signal, the blanking pulse train and the write-in timing
      pulse train. The coder 14 further includes an output selective connector
      54 which is arranged to selectively connect the output terminals of the
      counters 51 and 52 to input terminals of a converting circuit 55 in
      response to output signals of a flip-flop circuit 56. The flip-flop
      circuit 56 is adapted to be reset by the clear pulse from the vertical
      scanning controller 35 and to be triggered by an output signal from a
      timing adjustment circuit 57. The timing adjustment circuit 57 produces
      the output signal in response to the coding completion signal and the
      timing pulse signals from the pulse generator 11. The converting circuit
      55 includes a parallel-in series-out shift register 58 having a plurality
      of input terminals to be connected by way of the output selective
      connector 54 to one of the output terminals of the binary counters 51 and
      52. Output terminals of the parallel-in series-out shift register 58 are
      connected to input terminals of a coding matrix 59. A bit or digit number
      identifying matrix 60 has input terminals connected to the input terminals
      of the shift register 58 and output terminals connected to the coding
      matrix 59. The bit number identifying matrix 60 furnishes the coding
      matrix 59 with information as to the digit or bit number of a binary
      run-length signal passed through the output selective connector 54. The
      coding matrix 59 converts the binary run-length signal from the shift
      register 58 into a binary code signal. The coding matrix 59 is adapted to
      produce the coding completion signal upon completion of its coding
      operation. The shift register 58 receives and memorizes run-length signal
      through the output selective connector 54 when it is triggered by a
      write-in pulse applied from a write-in pulse generator 61. The write-in
      pulse generator 61 produces the write-in pulse in response to the coding
      completion signal from the coding matrix 59 and the 1-H start pulse from
      the vertical scanning controller 35.
PAR  The vertical synchronizing pulse generator 15 includes a flip-flop circuit
      62 having its set and reset terminals respectively connected to the output
      terminals S and R of the vertical scanning controller 35, so that the
      flip-flop circuit 62 produces vertical synchronizing pulses each rising up
      and down at the leading edges of the set and reset pulses from the output
      terminals S and R of the vertical scanning controller 35. The vertical
      synchronizing pulse generator 15 further includes a vertical synchronizing
      code signal generator 63 for converting each of the vertical synchronizing
      pulses into a vertical synchronizing code signal.
PAR  With reference to FIGS. 6A through 7F, the general operation of the
      transmitter of FIG. 5 will be explained hereinbelow.
PAR  When the information medium 25 carries thereon such photographic images as
      shown in FIG. 6A and the information medium 25 is horizontally scanned
      with a light spot emitted from the cathode-ray tube 20 along a 1-H line
      pq, the photo-electric converter 28 produces a faximile signal having such
      a waveform as shown in FIG. 6B. As seen from FIG. 6B, the facsimile signal
      consists of space signals S.sub.0, S.sub.1, S.sub.2 and S.sub.3, and mark
      signals M.sub.1, M.sub.2 and M.sub.3. The space and mark signals
      respectively has such run-lengths as indicated by parenthesized numerals.
      It is now assumed that the time period of 1-H is equal to a time period T.
      When the horizontal deflection circuit 23 produces a sawtooth wave
      horizontal deflection voltages having such a waveform as illustrated with
      solid and broken lines H.sub.1, H.sub.2, H.sub.3, . . . and H.sub.16 in
      FIG. 7A, the photo-electric converter 28 repeatedly produces the 1-H
      facsimile signal of FIG. 6B as shown in FIG. 7B until the vertical
      synchronizing pulse signal is applied to the driver 27. The run-length
      pulse generator 13 receives the mark and space signals and produces
      run-length pulse signals each representing a run-length of each of the
      mark and space signals. When, for example, a mark or space signal has a
      run-length of n unit time periods, a run-length pulse signal consists of
      an (n - 1) number of the clock pulses. The input selective connector 50 of
      the coder 14 first connects the output terminal 48 of the 1-bit eliminator
      47 of the run-length pulse generator 13 to the trigger input terminal of
      the binary counter 51, so that the binary counter 51 counts the number of
      clock pulses of the run-length pulse signal corresponding to the space
      signal S.sub.0 during the horizontal scanning period H.sub.1. Thereafter,
      the input selective connector 50 connects the output terminal 48 of the
      1-bit eliminator 47 to the trigger input terminal of the binary counter 52
      in response to an output signal of the flip-flop circuit 40, so that the
      binary counter 52 receive a run-length pulse signal representing the mark
      signal M.sub.1 and counts the number of clock pulses of the run-length
      pulse signal during the horizontal scanning period H.sub.2. As seen from
      FIG. 7C, vertical synchronizing pulse interval ends at the end of the
      horizontal scanning time period H.sub.2 and accordingly the vertical
      scanning controller 35 produces a clear pulse on its clear pulse output
      terinal. In some cases, the vertical synchronizing pulse interval ends at
      an intermediate point of a horizontal scanning time period. The clear
      pulse is applied to the reset terminal of the flip-flop circuit 56 which
      then produces a logic "1" signal on its Q terminal, so that the output
      selective connector 54 connects the output terminals of the binary counter
      51 to the input terminals of the shift register 58 and of the bit number
      identifying matrix 60. At this instant, the vertical scanning controller
      35 produces a start pulse on its start pulse output terminal, so that the
      write-in pulse generator 61 produces a write-in pulse which triggers the
      shift register 58. Thus, the shift register 58 receives the binary code
      information from the binary counter 51. The coding matrix 59, on the other
      hand, selects one out of the output terminals of the shift register in
      accordance with the bit number information applied thereto from the bit
      number identifying matrix 60. Since the shift register 58 is triggered by
      the shift pulse train y, the shift register 58 serially conveys the binary
      code information through the selected one matrix 59 which then produces a
      binary code signal having a waveform as shown in FIG. 7C from a moment
      T.sub.4 to a moment T.sub.13. When the coding matrix 59 completes its
      coding operation for the space signal S.sub.0, the coding matrix produces
      a coding completion pulse as indicated by a.sub.1 in FIG. 7D. Since the
      code completion pulse a.sub.1 is applied by way of the OR gate 42 to the
      set pulse generator 43, the set pulse generator 43 produces a set pulse
      which causes the flip-flop circuit 44 produces a logic 1 signal. Thus, the
      run-length pulse generator 13 commences to produce a run-length pulse
      signal representing the space signal S.sub.1. The coding completion pulse
      a.sub.1 is also applied by way of the OR gate 41 to the trigger terminal
      of the flip-flop circuit 40 which then produces a logic 1 signal on its Q
      terminal. The coding completion signal is further applied to the clear
      pulse generator 53 which then clear the binary counter 51 in accordance
      with the logic 1 signal from the Q terminal of the flip-flop circuit 40.
      The logic 1 signal from the Q terminal of the flip-flop circuit 40 is also
      applied to the input selective connector 50 which then connects the output
      terminal 48 of the 1-bit eliminator 47 to the trigger input terminal of
      the binary counter 51. The binary counter 51 then receives the run-length
      pulse signal representing the space signal S.sub.1. On the other hand, the
      coding completion pulse a.sub.1 is also applied to the timing adjusting
      circuit 57 which then triggers the flip-flop circuit 56 in accordance with
      the blanking pulse train j, the shift pulse train y and write-in pulse
      train k. The flip-flop circuit 56 then produces a logic 1 signal on its Q
      terminal so that the output selective connector 54 connects the output
      terminals of the binary counter 52 to the input terminals of the shift
      register 58 and the bit number identifying matrix 60, whereby the
      converting circuit 55 produces a binary code signal representing the mark
      signal M.sub.1 from the moment T.sub.13 to a moment T.sub.16 as shown in
      FIG. 7C. When the coding matrix 59 completes its coding operation for the
      mark signal M.sub.1, the coding matrix 59 produces a coding completion
      pulse as indicated by a.sub.2 in FIG. 7D. Thereafter, the transmitter
      repeats the same operation as described above thereby to produce
      successive binary code signals representing the space signals S.sub.1,
      S.sub.2 and S.sub.3 and the mark signals M.sub.2 and M.sub.3 while
      producing coding completion pulses a.sub.3, a.sub.4, etc.
PAR  As being mentioned above, the flip-flop circuit 62 of the vertical
      synchronizing pulse generator 15 produces a vertical synchronizing pulse
      train in response to the output signals from the output terminals R and S
      of the vertical scanning controler 35. The vertical synchronizing pulse is
      applied not only to the driver 27 but also to the vertical synchronizing
      code signal generator 63 which then produces a vertical synchronizing code
      signal representing a binary code of, for example, 0111100110. The
      modulator 16 mixes the vertical synchronizing code signals and the binary
      code signals as illustrated in FIG. 7E and modulates the carrier waves
      .alpha. and .beta. as illustrated in FIG. 7F. As seen from FIG. 7F, the
      modulator 16 permits the carrier wave .beta. of 2.5KHz to carry leading
      portion of the vertical synchronizing code signal and the carrier wave
      .alpha. of 2KHz to carry a trailing portion of the vertical synchronizing
      code signal while permitting the carrier wave .alpha. to carry the code
      signals. As a result, it is readily performed in the receiver side to
      separate the vertical synchronizing pulses from the code signals and to
      correctly demodulate the modulated code signals.
PAR  Referring now to FIGS. 8A through 8N, the operation of the facsimile signal
      generator 10, the pulse generator 11 and the run-length pulse signal
      generator 13 will be explained hereinbelow in more detail.
PAR  The pulse generator 11 produces clock pulses of a repetition frequency
      800KHz as seen from FIG. 8A and horizontal synchronizing pulses appearing
      at a repetition time duration of 1 ms and each having a pulse width of
      40.mu.s as seen from FIG. 8B. In FIG. 8C, there is illustrated blanking
      pulses each having a pulse width of about 120 .mu.s. It is now to be noted
      that the trailing edge of a blanking pulse and the leading edge of the
      succeeding blanking pulse are apart from each other by the effective
      horizontal scanning width as clearly shown in FIG. 8C. Accordingly, the
      horizontal deflection circuit 23 produces a horizontal deflection voltage
      having such a waveform as shown in FIG. 8D. Accordingly, the
      photo-electric converter 28 repeatedly produces facsimile signals each
      having such a waveform as shown in FIG. 8E, until the driver 27 is
      energized by a vertical synchronizing pulse from the vertical
      synchronizing pulse generator 15. In this case, the facsimile signal
      consists of space signals S.sub.0, S.sub.1, S.sub.2, S.sub.3, S.sub.4,
      S.sub.5 and S.sub.6, and mark signals M.sub.1, M.sub.2, M.sub.3, M.sub.4,
      M.sub.5 and M.sub.6.
PAR  Since the binary counter 33 is triggered by clock pulses from the AND gate
      34, that is, sampling pulses each sampling mark or space signals of the
      facsimile signal, the binary counter 33 accumulatively memorizes a number
      of the clock pulses passed through the AND gate 34. When it is now assumed
      that the run-length pulse signal generator 13 has accomplished to sampling
      the space signals S.sub.0 and S.sub.1 and mark signals M.sub.1, the binary
      counter 33 memorizes therein an n number of clock pulses, that is,
      sampling pulses as illustrated in FIG. 8F. When the coding matrix 59
      completes its coding operation for the mark signal M.sub.1, the coding
      matrix 59 produces the coding completion pulse which is applied by way of
      the OR gate 42 to the set pulse generator 44. The set pulse generator 44
      then sets at the trailing edge of the blanking pulse the flip-flop circuit
      44 which then produces a gate pulse lasting pending the leading edge of
      the succeeding horizontal synchronizing pulse, as shown in FIG. 8G. The
      gate pulse from the flip-flop circuit 44 is applied to the AND gate 31
      which then passes therethrough such clock pulses as shown in FIG. 8H. The
      clock pulses passed through the AND gate 31 are counted by the binary
      counter 30. Since, in this instance, the binary counter 33 has memorized
      the n number of clock pulses, the coincident circuit 32 produces a
      coincident pulse falling down at a coincident point t.sub.0 as shown in
      FIG. 8J. The coincidence pulse is applied to one input of the AND gate 38
      which then produces a logic 1 signal because it is triggered by the gate
      pulse from the flip-flop circuit 44. The logic "1" signal is applied by
      way of the reset preference circuit 45 to the set terminal of the
      flip-flop circuit 46 which then produces a logic 1 signal on its Q
      terminal. Since, on the other hand, the coincidence pulse is also applied
      to the mark-space read controller 39, the mark-space read controller 39
      commences to sample according to the indication by the flip-flop circuit
      40 only the space signals of the facsimile signal applied thereto from the
      photo-electric converter 28 with the clock pulse train. Thus the clock
      pulses sampling space signals appear on the output terminal of the
      markspace read controler 39 in such a manner as shown in FIG. 8K. The
      output pulses from the controler 39 are applied through the OR gate 37 and
      the reset preference circuit 45 to the reset terminal of the flip-flop
      circuit 46 which is then reset by the leading pulse of the output pulses
      from the controler 39 and accordingly produces a gate pulse having such
      waveform as shown in FIG. 8L. Namely, the gate pulse from the flip-flop
      circuit 46 rises up at the leading edge of the coincidence pulse and falls
      down at the leading clock pulse from the mark-space read controler 39.
      Thus, the AND gate 34 passes therethrough clock pulses appearing in such a
      manner as illustrated in FIG. 8M. The 1-bit eliminator 47 passes
      therethrough the clock pulses from the AND gate 34 while eliminating the
      leading pulse, so that clock pulses appearing in such a manner as shown in
      FIG. 8N are applied through the input selective counter 50 to the binary
      counter 52.
PAR  Referring now to FIG. 9 and FIGS. 10A through 10E, the operation of the
      converting circuit 55 will be explained in more detail.
PAR  When, for example, each of the binary counters 30, 33, 51 and 52 has a
      capacity of 10 bits, the parallel-in series-out shift register 58 should
      have a capacity of at least twenty nine bits for the reason mentioned
      below. It is now intended to convert the binary code corresponding to the
      mark signal M.sub.2 of the faximile signal of FIG. 8E. When the assumption
      is made that the mark signal M.sub.2 has a run-length of 50 unit times, a
      binary code 110001 corresponding to 49 is memorized in the counter 52 as
      illustrated in FIG. 9. The binary code 110001 is then transferred by way
      of the output selective connector 54 to the shift register 58 when the
      shift register 58 receives a write-in pulse. The transferred binary code
      then forms the lower figure of the resultant code signal. When it is now
      assumed that the binary code has a length of m bits, the lower figure of
      the resultant code signal has also a length of m bits and the higher
      figure has a length of (m-1) bits as seen from FIG. 9. The bit number
      identifying matrix 60, on the other hand, detects the bit number  m of the
      binary code and furnishes with the bit number information to the coding
      matrix 59 which then has its code signal output terminal connected to an
      output terminal of 2m-th bit of the shift register 59 and its coding
      completion pulse output terminal connected to an output terminal of (3m-1)
      bit as illustrated in FIG. 9.
PAR  When the horizontal deflection voltage has such a waveform as shown in FIG.
      10A, the shift pulse train appears in such a manner as illustrated in FIG.
      10B. Since, with the above-mentioned arrangement, the shift pulses are
      applied to the shift register 58, a code signal having such a waveform as
      shown in FIG. 10C appears at the code signal output terminal of the coding
      matrix 59. Since the leading bit of the code signals according to the
      particular coding system is always a logic 1, a logic 1 signal appears at
      the coding completion signal output terminal of the coding matrix when the
      leading bit of the binary code shifted to the (3m-1)-th bit position of
      the shift register 58. Thus, the coding completion pulses appear in such a
      manner as illustrated in FIG 10D. Accordingly, the flip-flop circuit 44
      produces gate pulses appearing in such a manner as illustrated in FIG.
      10E, so that the space signal S.sub.3 and the mark signal M.sub.3 are
      respectively read by the transmitter during the gate pulses.
PAR  It should be now appreciated that although the coder 14 of FIG. 5C includes
      merely two counters 51 and 52, the coder 14 may include more than two
      counters if preferred. In this case, the coder 14 should includes address
      signal generator for producing address signals each assigned to each
      counter in stead of mark and space identifying circuit, that is, the
      flip-flop circuit 40 and furthermore the input and output selective
      connectors 50 and 54 should be respectively so arranged to establish
      connections between the output terminal of the run-length pulse generator
      13 and the input terminals of one or more of the counters and between the
      output terminals of the one or more of the counters and the input
      terminals of the converting circuit 55 in accordance with the address
      signals. A ring counter may be used for the address signal generator which
      is arranged to be triggered by the code completion pulse signal.
PAR  It is to be noted that since the transmitter according to the present
      invention includes at least two counters, one of the counters cooperates
      with the converting circuit 55 so as to produce a binary code signal while
      the other counter counts and memorizes the run-length pulse signal, so
      that the transmitter of the invention is capable of more rapidly
      transmitting the binary code signals without increasing the horizontal
      scanning speed. Whereas, the conventional transmitter of run-length type
      includes only one counter and it cannot increase its transmission speed
      without increasing the horizontal scanning speed. In order to increase the
      horizontal scanning speed, the repetition frequency of the clock pulse
      train should be raised which invites such a problem that the transmitter
      is subject to erroneous operation due to increase delay times of various
      signals appearing therein or otherwise the transmitter should be
      constructed with devices of high-speed response. The increase of the
      scanning speed, furthermore, results in reduction of the S/N ratio of the
      output signal of the faximile signal generator or necessitates speed-up in
      the feeding mechanism of the faximile signal generator.
PAR  In FIG. 11, there is shown a preferred circuit arrangement for the clear
      pulse generator 53 of the transmitter of FIGS. 5A, 5B and 5C. The circuit
      arrangement includes a flip-flop circuit 70 having its set terminal
      connected to the coding completion pulse output terminal e of the coding
      matrix 59 and its trigger terminal connected to an output of an AND gate
      71 which has its input connected to the blanking pulse output terminal and
      the write-in timing pulse output terminal of the pulse generator 11. The
      output of the AND gate 71 is also connected to one input of an AND gate 72
      the other input of which is connected to a Q terminal of the flip-flop
      circuit 70. As an output of the AND gate 72 is connected to one input of
      an AND gate 73 and to one input of an AND gate 74. The remaining inputs of
      the AND gates 73 and 74 are respectively connected to the Q and Q output
      terminals of the flip-flop circuit 40. The AND gate 73 has its output
      connected to one input of an OR gate 75 and the AND gate 74 has its output
      connected to one input of an OR gate 76. The remaining inputs of the OR
      gates 75 and 76 are connected to the clear pulse output terminal q of the
      vertical scanning controler 35. Outputs of the OR gates 75 and 76 are
      respectively connected to the clear terminals of the binary counters 52
      and 51. The circuit arrangement further includes a flip-flop circuit 77
      having its trigger terminal connected to the clear pulse output terminal
      of the pulse generator 11 and its set terminal connected to the coding
      completion signal output terminal e of the coding matrix 59. The flip-flop
      circuit 77 has its output Q terminal connected to one input of an AND gate
      78 the other input of which is connected to the clear pulse output
      terminal of the pulse generator 11. The AND gate 78 has its output
      connected to one input of an OR gate 79 the other input of which is
      connected to the clear pulse output terminal q of the vertical scanning
      controler 35. The OR gate 79 has its output connected to the clear
      terminal of the shift register 58. The output of the AND gate 72 is
      connected to one input of the OR gate 41 of the run-length pulse signal
      generator 13.
PAR  FIGS. 12A through 12E respectively show waveforms of the shift pulse train
      y, the horizontal synchronizing pulse train i, the blanking pulse train j,
      the clear pulse train .delta., and the write-in timing pulse train k. The
      AND gate 71 passes therethrough the write-in pulse train k when it is
      triggered by the blanking pulses, so that such pulses as shown in FIG. 12F
      appear on the output of the AND gate 71. When, on the other hand, a coding
      completion pulse appear, the flip-flop circuit 70 is set by the coding
      completion pulse so as to produce a logic 1 signal on its output.
      Accordingly, the write-in pulse passed through the AND gate 71 further
      passes through the AND gate 72 and applied through the OR gate 41 to the
      flip-flop circuit 40 which is then inverted to produce a logic 1 signal on
      its either Q or Q terminal as shown in FIG. 12H. It is now to be noted
      that the flip-flop circuit 70 is triggered to invert its state at the
      trailing edge of the write-in timing pulse k passed through the AND gate
      71. The write-in timing pulse passed through the AND gate 72 is also
      applied to the AND gates 73 and 74 one of which then passes therethrough
      the write-in timing pulse. The write-in timing pulse from the AND gate 73
      or 74 further passes through either one of the OR gates 75 and 76 as shown
      in FIG. 12J. The flip-flop circuit 77 is, on the other hand, set by the
      coding completion pulse and inverted at the trailing edge of the clear
      pulse .delta., so that such a pulse as shown in FIG. 12K appears on the
      output of the OR gate 79.
PAR  When a coding completion pulse appears in such a timing as shown in FIG.
      12L, no signal appears at the output of the AND gate 72 although the
      flip-flop circuit 70 is set by the coding completion pulse. When,
      thereafter, one of the write-in timing pulses appears on the output of the
      AND gate 71, the AND gate produces an output pulse which triggers the
      flip-flop circuit 40 as indicated by FIG. 12M, so that either one of the
      OR gates 75 and 76 produces such an output pulse as shown in FIG. 12N. The
      OR gate 79, however, produces an output pulse in the same manner as the
      coding pulse appears during blanking period.
PAR  In FIGS. 13a, 13b and 13c, there is shown a receiver of a facsimile system
      of run-length type according to the present invention. The receiver should
      cooperate with a transmitter adapted to produce a faximile signal in the
      form of successive binary code signals on the basis of the coding system
      of FIG. 3. The receiver can, of course, cooperate with a transmitter of a
      type different from the transmitter disclosed in FIGS. 5a, 5b and 5c. The
      receiver generally comprises a timing pulse generator 80 for producing a
      clock pulse train, a subcarrier pulse signal, a horizontal synchronizing
      pulse train and a blanking pulse train, a demodulator 81 for demodulating
      modulated and transmitted binary code signals from a transmitter, a
      decoder 82 for decoding the demodulated binary code signals into binary
      codes each representing a run-length of mark or space signal, a memory
      circuit 83 for memorizing the binary codes, a reconverting circuit 84 for
      reconverting the binary codes into the original mark or space signals, and
      a recorder 85 for recording the mark or space signal on a recording medium
      such as a photosensitive sheet.
PAR  The timing pulse generator 80 includes a clock pulse generator 90 for
      producing a clock pulse train having a repetition frequency of, for
      example, 800 KHz. The clock pulse train is applied to a first divider 91
      which divides the clock pulse train into a pulse train of a lower
      repetition frequency of, for example, 80 KHz. The pulse train from the
      first divider 81 is applied to a second divider 92 which divides the pulse
      train into a pulse train having a repetition frequency of, for example, 10
      KHz. The clock pulse train and the pulse train from the second divider 92
      are applied to a synchronizing pulse generator 93 which produces a
      horizontal synchronizing pulse train and a blanking pulse train.
PAR  The demodulator 81 receives by way of an input terminal 94 carrier waves
      modulated with successive binary code signals a vertical synchronizing
      pulse train and transmitted from a transmitter. The demodulator 81
      demodulates the carrier waves thereby to produce the successive binary
      code signals and the vertical synchronizing pulse train. The demodulator
      81 is preferably so arranged as to utilize the pulse train from the second
      divider 92 as a sub-carrier signal by modulating the pulse train with the
      received carrier waves and to, thereafter, envelope-detect the modulated
      sub-carrier signal thereby to produce the successive binary code signals
      and the vertical synchronizing pulse train.
PAR  The decoder 92 includes a vertical synchronizing pulse separator 95 for
      separating the vertical synchronizing pulse signal from the binary code
      signals. A wave-shaper 96 shapes the waveforms of the binary code signals
      and the vertical synchronizing pulse train from the demodulator 81. A
      timing pulse generator 97 is adapted to produce a timing pulse train in
      response to the binary code signals and the pulse train from the first
      divider 91. The timing pulse train is utilized in the following stages in
      order to correctly pick up or count the binary code signals
      notwithstanding such a high transmission speed as of 200 bit/sec. A
      correction circuit 98 produces vertical synchronizing pulses each falling
      down at a correct position in spite of delay of the separated vertical
      synchronizing pulses caused by an inherent property of the vertical
      synchronizing pulse separator 95. A higher 0-bit separator 99 applies
      pulses representing a number of higher 0 digits of a code signal to a
      counter controler 100 in accordance with the binary code signals, the
      timing pulse train, the vertical synchronizing pulse train and coincidence
      pulses from a decoding matrix 101. Namely, the high 0-bit separator 99
      commences to produce pulses upon receipt of a coincidence pulse, that is,
      code division pulse from the decoding matrix 101 and stops to produce the
      pulses upon receipt of a leading 1 digit of a code signal. The higher
      0-bit separator 99 also applies a shift pulse train in synchronism with
      the timing pulse train from the timing pulse generator 97. The counter
      controller 101 produces pulses of a number equal to that of the pulses
      applied thereto from the separator 99 in accordance with the timing pulse
      train from the generator 97. The counter controller 100 is disabled during
      a certain time interval by the vertical synchronizing pulse train. The
      higher 0-bit counter 102 counts the number of pulses applied thereto from
      the counter controller 100 and furnishes with information as to the bit
      number of the lower figure of the particular binary code signal. While
      being triggered by the shift pulse train, the shift register memorizes
      therein the lower figure bits of the particular code signal. When the bit
      number of the memorized lower figure bits in the shift register 103
      coincides with the information from the higher 0-bit counter 102, the
      decoding matrix 101 produces the coincidence pulse or code division pulse
      on its output terminal. A sweep gate pulse generator 104 is adapted to
      produce a sweep gate pulse in accordance with the code division pulse from
      the decoding matrix 101, the vertical synchronizing pulse, the horizontal
      synchronizing pulse and the blanking pulse.
PAR  A memory circuit 83 includes an input selective connector 105 adapted to
      selectively connects the output terminals of the shift register 103 to
      input terminals of one of first and second registers 106 and 107 in
      accordance with a write-in address signal from a write-in controller 108.
      The write-in controller 108 is adapted to alternately apply a write-in
      indication pulse to a trigger terminal of either one of the first and
      second registers 106 and 107, which then receives and memorizes the
      information of the shift register 103 by way of the input selective
      connector 105. The write-in controller 108 produces the write-in address
      signal and write-in indication signal in accordance with the code division
      pulse and the vertical synchronizing pulse. The write-in controller 108
      produce a clear pulse upon completion of registration of one of the
      registers 106 and 107, the clear pulse being applied to the clear terminal
      of the shift register 103. An output selective connector 109 is adapted to
      selectively connect the output terminals of either one of the first and
      second register 106 and 107 to input terminals of the recovering circuit
      84 in accordance with a read-out address signal from a read-out controller
      110. The read-out controller 110 produces the read-out address signal on
      one of its output terminals in accordance with the vertical synchronizing
      pulse and the sweep gate pulse. The read-out controller 110 is adapted to
      alternately apply a clear pulse to the clear terminal of one of the first
      and second registers 106 and 107.
PAR  The reconverting circuit 84 includes an AND gate 111 for passing
      therethrough the clock pulses as long as it is triggered by the sweep gate
      pulse from the sweep gate pulse generator 104 of the coder 82. The clock
      pulses passed through the AND gate 111 are counted and memorized by a
      first counter 112. The first counter 112 receives the sweep gate pulse
      through its clear terminal so that it is cleared by the falling down of
      the sweep gate pulse. An AND gate 113 passes therethrough the clock pulses
      as long as it is triggered by an output pulse, that is, a mark or space
      pulse from a flip-flop circuit 114. The clock pulses passed through the
      AND gate 113 are applied to the trigger terminal of a second counter 115
      which is so arranged as to be cleared by the vertical synchronizing pulse.
      When the memorized numbers of the clock pulses in the first and second
      counters 112 and 115 are coincident with each other, a first coincident
      circuit 116 produces a coincidence pulse which is applied to the set
      terminal of the flip-flop circuit 114. With the above-stated arrangement,
      the second counter 115 accumulatively memorizes the numbers corresponding
      to the run-lengths produced by the flip-flop circuit 114. The clock pulses
      passed through the AND gate 113 are also applied by way of a 1-bit
      eliminator 117 to the trigger terminal of a third counter 118 which is, on
      the other hand, cleared by the trailing edge of each output pulse of the
      flip-flop circuit 114. When contents memorized in the third counter 118
      and a selected one of the registers 106 and 107 are coincident with each
      other, a second coincident circuit 119 produces a coincidence pulse which
      resets the flip-flop circuit 114. A mark and space identifying circuit 120
      produces a logic "1" signal in accordance with the code division pulses
      and the vertical synchronizing pulses when a mark signal is to be
      reproduced. Thus, an AND gate 121 passes therethrough only the mark pulses
      from the flip-flop circuit 114 when it is triggered by the logic 1 pulses
      from the mark and space identifying circuit 120.
PAR  The recorder 75 includes a flying-spot tube 122 with a fibre optics
      faceplate 123 and a horizontal deflection element 124. The flying-spot
      tube 122 is so arranged as to produce a flying spot moving in one
      direction on its faceplate 123 when the deflection element 124 is
      energized by a saw-tooth wave deflection voltage from a deflection voltage
      generator 125 and an acceleration high voltage from a high voltage source
      126 is applied to an electrode of the tube 122. A recording medium 127 is
      fed in close proximity to the faceplate 123 by a feeder 128 such as a pair
      of rollers which is actuated intermittently by a prime mover 129. The
      prime mover 129 is energized by a motor driver 130 which is energized by
      the vertical synchronizing pulses. An intensity modulator 131 modulates
      the intensity of the flying spot of the tube 122 in accordance with the
      mark pulses passed through the AND gate 121, so that the mark pulses are
      successively recorded on the recording medium. The recording medium 127
      which is exposed to the modulated flying spot is thereafter processed by a
      suitable means such as a developer 132.
PAR  Referring now to FIGS. 14A through 14R, the operation of the receiver of
      FIGS. 13a, 13b and 13c will be explained hereinbelow.
PAR  When the received signal has such a waveform as illustrated in FIG. 14A,
      the demodulated signal from the demodulator 81 has such a waveform as
      shown in FIG. 14B. As seen from FIG. 14B, the successive code signals
      S.sub.0, S.sub.1, S.sub.2, . . . and M.sub.1, M.sub.2, M.sub.3, . . .
      respectively representing the run-lengths of mark and space images lying
      on a 1-H line are interposed between the adjacent two vertical
      synchronizing pulses. The vertical synchronizing pulses produced by the
      correction circuit 98 has such a waveform as shown in FIG. 14C. The timing
      pulse train generated by the timing pulse generator 97 has such a waveform
      as shown in FIG. 14D. When the shift register 103 memorizes the whole
      digits of the lower figure of each of the binary code signals, the coding
      matrix 101 produces the code division pulses appearing in such manners as
      illustrated in FIG. 14E. Accordingly, the write-in controller 108
      alternately applies the write-in pulses to the registers 106 and 107.
      FIGS. 14F and 14G respectively illustrate waveforms of write-in pulse
      trains which are respectively applied to the registers 106 and 107. The
      write-in pulse controller 108 further produces the write-in address signal
      which may have a higher voltage when the first register 106 is selected
      and a lower voltage when the second register 107 is selected, as shown in
      FIG. 14H. Thus, the contents memorized in the shift register 103 are
      alternately transferred by way of the selective connector 105 to the
      registers 106 and 107. Since, on the other hand, the synchronizing pulse
      generator 93 produces the horizontal synchronizing pulses appearing in
      such manners as shown in FIG. 14J, the sweep gate pulse generator 104
      produces the sweep gate pulses appearing in such manners as shown in FIG.
      14K. Each of the sweep gate pulses has a pulse width equal to the
      effective horizontal scanning interval of, for example, 880 .mu.s. The
      sweep gate pulses trigger the AND gate 111 which then passes therethrough
      the clock pulses. When the first counter 112 receives the clock pulses of
      the same number as that of the clock pulses memorized in the second
      counter 115, the coincident cirucit 116 produces a coincidence pulse which
      make the flip-flop circuit 114 to produce a logic 1 signal. Thus, the AND
      gate 113 commences to pass therethrough the clock pulses which are applied
      to the second counter 115 and through the 1-bit eliminator 117 to the
      third counter 118. The sweep gate pulses are also applied to the read-out
      controller 110 which then produces the readout address signal. The
      read-out address signal may have a higher voltage when the register 106 is
      selected and a lower voltage when the register 107 is selected as shown in
      FIG. 14L. Thus, the output terminals of selected one of the registers 106
      and 107 are connected by way of the output selective connector 109 to the
      input terminals of the second coincident circuit 119. When the content of
      the third counter 118 becomes equal to that of the selected one of the
      registers 106 and 107, the coincident circuit 119 produces a coincidence
      pulse which resets the flip-flop circuit 114, so that the flip-flop
      circuit 114 produces a pulse having a pulse width equal to the run-length
      of a code signal memorized in the selected one of the registers 106 and
      107. The read-out controller 110 produces clear pulse trains respectively
      appearing in such manners as shown in FIGS. 14M and 14N. The clear pulse
      trains respectively applied to the registers 106 and 107 which are
      alternately cleared by the clear pulses. The sweep gate pulses are also
      applied to the mark and space identifying circuit 120 which then produces
      logic 1 signals appearing in such manner as shown in FIG. 14P, when the
      flip-flop circuit 114 produces output pulses corresponding to mark
      signals. The AND gate 121 thus passes therethrough only mark pulses which
      appear in such manner as shown in FIG. 14Q. When the deflection voltage
      from the generator 125 has such a waveform as shown in FIG. 14R, the mark
      pulses are respectively recorded on the recording medium during horizontal
      scanning intervals as indicated by HM.sub.1, HM.sub.2, HM.sub.3, HM.sub.4,
      . . . in FIG. 14R.
PAR  It is now to be understood that although the memoray circuit 83 mentioned
      above includes merely two registers 106 and 107, the memory circuit 83 may
      include more than two registers if preferred. In this case, the write-in
      controller 108 should have more than two output terminals respectively
      connected to the trigger terminals of the more than two registers and the
      write-in controller 108 is so arranged as to produce address signals on
      its output terminals.
PAR  In FIG. 15, a preferred circuit arrangement for the write-in controller 108
      for an n number of registers is illustrated which includes a ring counter
      140, and an n number of AND gates G.sub.1, G.sub.2, . . . and G.sub.n. The
      input terminals of the ring counter 140 are respectively connected to the
      output terminal of the coding matrix 101 and the correcting circuit 98 for
      receiving the code division pulses and the vertical synchronizing pulses.
      Each of the AND gate G.sub.1, G.sub.2, . . . and G.sub.n has its one input
      connected to each of the output terminals of the ring counter 140 and the
      other input terminal connected to the output terminal of the coding matrix
      101. The output terminals of the AND gates are respectively connected to
      the output terminals A.sub.1, A.sub.2, . . . and A.sub.n of the write-in
      controller 108.
PAR  FIGS. 16A through 16H respectively illustrates waveforms of various signals
      appearing in the circuit of FIG. 15.
PAR  It should be now appreciated that since the receiver according to the
      present invention includes a memory circuit including at least two
      registers, the memory circuit uses one of the registers for receiving
      information from the coder while, at the same time, using the other
      register for reconverting a memorized binary code signal into a mark or
      space signal, whereby the receiver according to the invention is capable
      of recording the mark signal on a recording medium in a desired recording
      speed.
PAR  When, for example, the transmission speed is 2,000 bit/sec, the shortest
      lower figure code, which is 2 bits, has such a short length as 1 ms. When,
      in this case, the shortest codes successively received, the receiver
      should reproduce each mark signal during an interval shorter than 0.5 ms,
      which invites difficulty that the exposure period too short to clearly
      record on the recording medium in case the receiver includes merely one
      register. Since, on the other hand, the receiver of the invention includes
      at least two registers, it can lengthen the reproduction interval up to at
      least 1 ms.
PAR  While there has been described a preferred embodiment of the invention it
      will be understood that various modifications and rearrangement may be
      made without departing from the scope and the spirit of the invention as
      defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a facsimile transmitter of the type including a facsimile signal
      generator for developing constant rate facsimile signals comprised of
      space and mark signals respectively representing space and mark
      information of an image along a scan line; a pulse generator for
      generating a sampling pusle train; means receptive of said space and mark
      signals and responsive to a coding completion signal for developing
      run-length pulses having durations representative of the durations of said
      space and mark signals; a sampler receptive of said sampling pulse train
      and responsive to said run-length pulses for passing said sampling pulses
      therethrough when enabled by said run-length pulses; counter means for
      counting those of said sampling pulses passed by said sampler and for
      storing the count; and a coder for coding the count stored in said counter
      means into a binary code signal and for developing the coding completion
      signal when the coding is complete; wherein said counter means comprises:
PA1  at least two counters for counting sampling pulses and storing the count
      therein;
PA1  input selector means responsive to said coding completion signal for
      connecting the output of said sampler to one of said counters and for
      connecting the output of said sampler to a different one of said counters
      upon the occurrence of each coding completion signal; and
PA1  output selector means responsive to said coding completion signal for
      connecting the input of said coder with the output of the one of said
      counters having a count of sampling pulses stored therein and for
      connecting the input of said coder with the output of another one of said
      counters having a count of sampling pulses stored therein upon the
      occurrence of each coding completion signal.
NUM  2.
PAR  2. In a facsimile receiver including a decoder for decoding an encoded
      facsmile signal into a digital word corresponding to the run-length of a
      mark or space signal; storing and counting means for storing therein said
      digital word; a timing pulse generator for producing a timing pulse train
      at a constant repetition rate; a converter for receiving and converting
      the stored digital work into a run-length pulse in synchronism with said
      timing pulse train; and a recorder for recording a line image having a
      length determined by said run-length pulse on a recording medium in
      synchronism with said timing pulse train; wherein said storing and
      counting means comprises:
PA1  at least two registers each for storing therein a digital word developed by
      said decoder;
PA1  input selector means responsive to said timing pulse train for connecting
      the output of said decoder with the input of one of said registers and for
      connecting said decoder output to another said registers in synchronism
      with said timing pulse train; and
PA1  output selector means responsive to said timing pulse train for connecting
      the input of said converter with the output of one of said registers
      having a digital word stored therein and for connecting the input of said
      converter with the output of another one of said registers having a
      digital work stored therein in synchronism with said timing pulse train.
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ABST
PAL  A thermal imaging system having a scan generator for optically scanning a
      field of view in a two dimensional interlaced object space scan pattern;
      and for applying received thermal energy to an array of detector elements
      having a geometrical configuration relative to said scan pattern, such
      that each detector element views every point in the field of view during
      each scanning frame. The detector output signals are applied to a light
      emitting diode array so that each detector element is electrically coupled
      to a corresponding light emitting diode whose angular location within the
      diode array corresponds to the angular location of the associated detector
      within its array; and the resultant visible light is processed through the
      scan generator to provide a two dimensional interlaced scan reconstruction
      pattern which is synchronized with the object space scan pattern.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to systems for providing imagery in the
      visible portion of the optical spectrum from thermal energy radiated from
      within a field of view.
PAR  Thermal imaging systems with detector and light emitting diodes (LED)
      arrays operatively associated with a single scan generator are known; and
      one such system is described in U.S. Pat. No. 3,626,091. This type of
      thermal imaging system, sometimes referred to as the "parallel-scan" type
      of system, is quite suitable for many applications. However, as
      performance requirements, e.g., range, resolution and field of view, are
      increased certain problems resulting from the fact that in such systems
      different detector elements exclusively view associated portions of the
      field of view, and that a relatively large number of detectors are
      required to scan the field of view with a "low-order" interlaced scan
      pattern. For example, the systems signal to noise ratio (S/N), field of
      view and detector configuration are so interrelated that design
      flexibility is restricted. Further, since each detector must drive a
      separate signal processing channel and many detectors are required, the
      addition of desirable but sophisticated signal processing techniques can
      become quite costly since they must be reproduced in many channels. Such
      signal processing techniques might include, for example, flare suppression
      circuits, DC restoration circuits; and variable aperture correction means.
      Further, since a primary requirement for good viewability is response
      uniformity, matching the responsivity of the various channels on a
      continuous basis and keeping the number of "dead end" channels to a
      minimum, is highly desirable with parallel-scan type systems. This
      restriction on the tolerable number of "dead channels" imposes a severe
      yield problem on detector manufacture as well as a problem in system
      maintainability. Yet another disadvantage of parallel-scan systems is that
      efficient detector cold shielding is difficult to achieve because of the
      large field of view subtended by the large detector array normally
      associated with such systems.
PAR  Many of the above described problems were resolved by the improved
      mechanization described in U.S. Pat. No. 3,723,642 which allows high
      performance levels to be reached with a drastic reduction in cost. In
      accordance with the just cited patent, a field of view is optically
      scanned in a two dimensional pattern by each element of a linear detector
      array. Output signals from each detector element are delayed as a function
      of the scan rate and the relative position of the element in the array to
      allow for the summation of signals from the same image segment provided by
      the various elements of the array. The approach of the just cited patent
      provides system simplicity relative to the parallel-scan technique;
      however, electronic processing is required so that the output from each of
      the detector elements may be superimposed and a single output signal
      suitable for processing by remote electronic type display unit is
      provided.
PAC  SUMMARY OF THE INVENTION
PAR  The subject invention avoids the above discussed problems inherent in the
      parallel-scan approach while at the same time not requiring the time delay
      processing of U.S. Pat. No. 3,723,642.
PAR  In accordance with the invention thermal imaging systems are provided
      wherein a scan generator optically scans a field of view in a two
      dimensionsal object space interlaced scan pattern and applies the received
      thermal energy to an array of detector elements having a geometrical
      configuration, relative to the scan pattern, such that each detector
      element views every point in the field of view during each scanning frame
      period. The detector output signals are applied to a light emitting diode
      (LED) array, having the same angular geometry as the detector array, such
      that each detector element is electrically coupled to a light emitting
      diode whose location in the LED array corresponds to the location of the
      associated detector in its array. The resultant visible light produced by
      the LED array is processed through the same scan generator to provide a
      two dimensional reconstruction image scan pattern such that the object
      space and image reconstruction scan patterns are synchronized; and whereby
      the visible light transmitted during one frame period comprises a number
      of registered pictures, each of which is indicative of the thermal energy
      distribution within the field of view and with the number of such pictures
      corresponds to the number of detector element and light emitting diode
      pairs.
PAR  In accordance with one preferred embodiment of the invention, a novel
      afocal, non-astigmatic scan generator is incorporated. The scan generator
      includes an azimuth scan wheel adapted for rotation about a spin axis and
      a pair of elevation scan mirrors mounted for oscillation about an axis
      perpendicular to said spin axis. The elevation scan mirrors are disposed
      adjacent opposite faces of the azimuth drum wheel such that one elevation
      mirror functions in conjunction with the azimuth drum wheel to provide IR
      scanning of the field of view, while the second elevation mirror operates
      in conjunction with the azimuth drum wheel to provide a visible light
      reconstruction of the thermal imagery. The elevation mirrors are disposed
      on opposite ends of a common yoke and are synchronously driven in an
      opposite phase relationship to provide an improved dynamic drive and
      optical-mechanical arrangement within the overall system.
PAR  It is therefore a primary object of the subject invention to provide an
      improved, cost effective thermal imaging system.
PAR  Another object is to provide direct display type thermal imaging systems
      which are relatively uncomplicated and which have improved reliability.
PAR  Still another object is to provide a versatile thermal imaging technique
      whereby resolution considerations do not necessarily control field of view
      and raster scan rate design parameters.
PAR  Another object is to provide thermal imaging systems wherein there is no
      need to match channel responsivity, and detector assemblies can be
      selected solely on the basis of cumulative detectivity.
PAR  Another object of the invention is to provide thermal imaging systems
      wherein the instantaneous field of view covered by the entire detector
      array is relatively small so as to allow more efficient cold shielding and
      reduced dewar cooling requirements.
PAR  Still another object of the invention is to provide high resolution thermal
      imaging systems wherein the number of separate signal processing channels
      may be kept to a relatively small number so as to allow the implementation
      of sophisticated processing circuits, if desired, at a reasonable cost.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features of the invention, as well as the invention itself, will
      be better understood from the following description taken in conjunctions
      with the accompanying drawings in which like referenced characters refer
      to like parts and in which:
PAR  FIG. 1 is a block diagram of one preferred embodiment of a thermal imaging
      system in accordance with the subject invention;
PAR  FIG. 2 is a functional block diagram of the thermal imaging system of FIG.
      1;
PAR  FIG. 3 is a block diagram of detector and light emitting diode arrays
      suitable for use in the system of FIG. 1, for illustrating the geometrical
      similarity between the arrays and the signal processing therebetween;
PAR  FIG. 4 is an object space and display scanning format diagram useful for
      explaining the interlaced scanning technique utilized in the system of
      FIG. 1;
PAR  FIGS. 5 and 6 are top plan and schematic side elevation views,
      respectively, of a portion of the scan generator shown in FIG. 1;
PAR  FIG. 7 is a schematic side elevational view of a portion of the scan
      generator shown in FIG. 1 for illustrating the drive arrangement thereof;
PAR  FIG. 8 is a cross-sectional view along line 8--8 of FIG. 7;
PAR  FIG. 9 is a perspective schematic of the optical and scan generator
      elements of the system of FIG. 1; and
PAR  FIG. 10 is a block diagram of one detector, light emitting diode processing
      channel suitable for use in the system of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first primarily to FIG. 1, IR objective element 30 receives
      thermal (infrared) energy and transmits it through a focusing lens 32 and
      a boresight prism 34 to a field switch lens 36. Field switch lens 36 is
      shown in solid line in one of its two positions and in dashed line in the
      other of its two positions and is pivotably mounted for rotation between
      the two positions. In one position on the lens (dashed line) the receiving
      telescope has a narrow field of view whereas in the other position (solid
      line) it has a wide field of view. In either of the field switch positions
      the received radiation is next transmitted to an infrared relay lens 38
      and thence onto an azimuth scan wheel or drum 40 of a scan generator 42.
PAR  The thermal energy reflected from a facet of scan wheel 40 is applied to an
      elevation mirror 44 and is reflected therefrom to a detector lens 46 which
      focuses it upon a detector array 48 located within a dewar assembly 50.
PAR  Dewar assembly 50 is cooled by operation of a cryostat unit 52 which is
      supplied with operating gas from a bottle 54 through a cryovalve 56.
PAR  The output signal from each detector element of array 48 is processed, in
      parallel, by electrical assembly 58 and then drives a corresponding light
      emitting diode (LED) of a LED array 60. The light beam produced by LED
      array 60 is collimated by lens 62 and is then reflected from elevation
      scan mirror 64 to an adjacent facet of azimuth scan mirror 40. After
      reflection from the facet, the light enters a visible optics train which
      comprises lenses 66, 67 and 68 which transmits the light to a viewer or to
      an image conversion system such as a vidicon unit (not shown). Element 67
      might comprise a reticle pattern etched on a field lens, for example. The
      system of FIG. 1 is shown in block diagram form in FIG. 2, to which
      reference is now primarily directed. As there shown, scan generator 42
      comprises an object space scanner section 41 and an image reconstruction
      section 43. Object space scanner section 41 scans a field of view in a two
      dimensional scan pattern such that a preselected number of interlaced
      scans are provided during each scanning frame period, for example, four
      interlaced fields per frame. The received thermal energy is applied to
      array 48 of infrared detector elements. The output signal from each
      detector element is processed by an associated preamplifier and
      post-amplifier channel and is then applied as a control signal which
      modulates the visible light emitted by an associated light emitting diode
      of LED array 60.
PAR  The individual elements of array 48 (see FIG. 3) form a preselected
      geometrical configuration which is designed such that each detector
      element receives thermal (infrared) energy from each point within the scan
      field of view during each scanning frame period. Each of the light
      emitting diodes (LED) of LED array 60 has the same angular geometry
      relative to their array as the associated (driving) detector element has
      with respect to detector array 48.
PAR  The light beam produced by LED array 60 is transmitted through image
      construction section 43 of scan generator 42 and then through display
      optics 65 to an observer or an image converter unit (not shown). As will
      be described hereinafter relative to FIGS. 7 through 9, object space
      scanner section 41 and imagery construction section 43 of scan generator
      42 are implemented such that the object space and image reconstruction
      patterns are synchronized and non-astigmatic. Hence the light transmitted
      from image reconstruction section 43 comprises a number of registered
      pictures, each of which is indicative of the thermal energy distribution
      within the scanned field of view and the number of such pictures
      corresponds to the number of detector element and light emitting diode
      pairs.
PAR  One preferred embodiment of detector array 48 and light emitting diode
      array 60 is shown in FIG. 3 to which reference is now primarily directed.
      As there shown, array 48 comprises six groups of three detectors each. The
      detectors comprising a given group are substantially aligned along the
      direction of azimuth scan and the various groups are displaced along a
      direction (elevation scan) perpendicular to that of the azimuth scan. A 50
      percent "over scan" is provided by the configuration of FIG. 3. For
      example, the lower one-third portion of the detectors 1 through 3 is
      scanned by the same segment of the field of view as the upper one-third
      portion of detectors 4 through 6.
PAR  It is noted that in a configuration of FIG. 3 each of the detectors within
      a given group are aligned with the azimuth scan direction and hence the
      system is readily adaptable to the incorporation of the time delay
      integration processing techniques described in the above cited U.S. Pat.
      No. 3,723,642. In such an implementation the output signals from each of
      the detector elements within a given group would be processed in
      accordance with the time delay integration technique. The resultant
      composite signal could be either feed a LED array wherein one light
      emitting diode would be associated with each of the detector groups, or
      the resultant composite signal from each group could be parallel to serial
      scan converted and applied to a remote display unit.
PAR  The scanning format for the 18 element detector array illustrated in FIG. 3
      is depicted in FIG. 4. During each azimuth scan line the array is
      translated along the elevation (transverse to the azimuth scan direction)
      by the width of the detector array in the elevation direction. It is noted
      that the detector array is of course physically stationary and is
      optically scanned by generator 42 and that the above terminology of
      "translating the array" is used for the purpose of simplfying the
      conceptional explanation of the operation of the system. In the
      illustrated preferred embodiment, the drive ratio between the azimuth scan
      wheel and the elevation scan structure is such that one scan field
      comprises 43.75 azimuth mirror facet scan periods or 262.5 (ignoring
      vertical retrace time) data lines, i.e., six groups of detectors times
      43.75 azimuth mirror facet scans.
PAR  At the end of one scan field, i.e., a complete elevation format
      translation, the elevation scan structure is indexed such that scan field
      number 2 is translated downward by 11/2 lines and is thus interlaced with
      the scan lines of the preceeding field.
PAR  In the illustrated preferred embodiment each field is completed in
      one-thirtieth of a second and is in the standard television format, i.e.,
      it is equivalent to 262.5 lines per field and every two fields comprise
      525 interlaced lines.
PAR  Following the completion of scan field number 2 the elevation scan
      structure is indexed so that the azimuth scans for field numbers 3 are
      commenced at a point which is translated downward 11/2 lines from the
      starting point of field number 2; and similarly field number 4 is
      commenced at a point that is translated downward 11/2 lines from the start
      of field number 3.
PAR  The completion of field number 4 completes a "detection scan frame,"
      sometimes hereinafter referred to a "scanning frame period" and the just
      described sequence of four interlaced fields per frame is continuously
      repeated. It is noted that the term "frame" as used hereinafter refers to
      a group of consecutive fields, for example, four fields in the illustrated
      embodiment, during which each detector element "views" the entire space
      object field of view. It is noted that the illustrated embodiment of four
      fields per frame has proven to be a good compromise between a frame line
      sufficiently short so to allow retention by the viewer of the overall
      picture provided from each detector, LED pair; while at the same time
      conserving scan generator motor power and processing channel bandwidth
      requirements.
PAR  The "overlap" between the coverage of different detector groups, such as
      between the groups comprising detectors 1 through 3 and 4 through 6 (see
      FIG. 3) is not illustrated in FIG. 4, nor is the displacement between
      groups along the direction of scan. These last two features were not
      included in the illustration of FIG. 4 solely to improve the clarity of
      that figure relative to the explanation of the scanning format.
PAR  The non-astigmatic and non-image rotating raster image scan provided by the
      scan generator, for both optic space scanning and image reconstruction is
      a substantial contributor to the overall excellent performance of the
      subject invention. One suitable such scan generator is disclosed in my
      copending U.S. patent application, Ser. No. 362,593 filed May 21, 1973 and
      entitled "Receive and Display Optical Raster Scan Generator." The
      preferred embodiment of scan generator 42 disclosed herein is an
      improvement to the scan generator of my just cited patent application,
      which improvements will now be disclosed with reference primarily directed
      to FIGS. 5 through 9. In the description of scan generator 42, the
      scanning of a raster line horizontally is sometimes referred to as an
      azimuth scan and the vertical indexing scan from raster line to raster
      line is described as an elevation scan. It will, of course, be understood
      that these are relative terms used merely to denote two orthogonal axis
      which are at right angles relative to each other and that no connotation
      of the absolute orientation of the system is intended.
PAR  As illustrated in FIGS. 5 and 6, received infrared energy is reflected from
      azimuth drum wheel 40 and elevation scan mirror 44, through lens 46 to IR
      detector ray 48. The visible light produced by LED array 60 is transmitted
      through lens 62 and is then reflected from elevation scan mirror 64 and
      azimuth scan wheel 40 to the visible optics output train.
PAR  Multi-faceted azimuth scan wheel 40 is adapted for spinning about an
      azimuth axis (which is here shown to lie in the vertical direction) and
      scan wheel 40 comprises an even number of mirror faces which are
      substantially uniformally space angularly about the azimuth spin axis and
      parallel to the azimuth spin axis. The size, shape and geometrical
      location of the beam reflected from the mirror surfaces in the receiving
      path is defined by the aperture and field stops of the objective lens
      system which typically includes telescopic magnification. The nominal
      point of rotation of the fixed beam generated by the rotating mirror
      surface is referred to herein as "the pupil" and is located normal to the
      mid-field optical center line and is centered on each of the reflecting
      mirror surfaces of the azimuth scan wheel when mid-field surface is normal
      to the mid-fiedl optical center line. The pupil is the point of fixed area
      from which both azimuth and elevation scans appear to originate.
PAR  Elevation scan mirrors 44 and 64 are mounted on opposite ends of a
      pivotably mounted yoke 70 such that elevation scan mirror reflective
      surfaces 44 and 64 are in an opposed parallel relationship to each other
      and are disposed on opposite sides of azimuth scan wheel 40. The elevation
      scan generating mirror structure which includes yoke 70 is mounted for
      oscillation through angle about an axis parallel to a plane which is
      perpendicular to the azimuth spin axis and which is on a critical locus of
      centers. The position of the axis of rotation of the elevation scan
      generating mirror structure is critical in locating the "pupil" to contain
      the apparent substantially fixed point of origin of scan of the beams in
      elevation and azimuth.
PAR  In my above cited copending U.S. patent application two continuous portions
      of a single elevation mirror mounted on an arm pivoted at its end about an
      elevation pivot axis were used to illustrate the general case elevation
      scan arrangement. In the improved scan generator of FIGS. 5 through 9 of
      the subject application separate elevation mirrors 44 and 64 are mounted
      on the opposite ends of yoke 70 which is formed by two arms that are
      integrally joined at the elevation pivot point. However the optical
      principles and design instructions presented in my above cited U.S. patent
      application are equally applicable for defining the elevation pivot point
      of the improved scan generator disclosed herein and the designation for
      the various angles and optical center lines used in description of my
      above cited U.S. patent application have been incorporated into FIGS. 5
      and 6 herein. It is noted that the pivot point for yoke 70 of the
      improvement configuration disclosed herein must of course be a point lying
      at the intersection of the loci respectively associated with each of the
      mirrors 44 and 64.
PAR  The scan generator in accordance with the subject invention allows straight
      through sighting for the thermal imaging system which heretofore has been
      achieved only by the use of various ancillary folding mirrors, inverting
      prisms, and the like. This may be seen by momentarily referring to FIGS. 1
      and 9 which illustrate how infrared radiation incoming through IR
      objective lens 30 is reflected from the azimuth scan wheel 40 onto
      elevation scan mirror 44; and the visible light produced by LED array 58
      is reflected from elevation scan mirror 64 onto the opposite parallel face
      of azimuth scan wheel 40 and is then reflected therefrom in an output path
      through the elements 66, 67 and 68. The path of the visible light is a
      straight line parallel continuation of the input path of the IR energy and
      this allows telescopic observation or sighting with a minimum of ancillary
      optical elements. Also the embodiment of FIGS. 5 through 9, wherein the
      two elements scan mirrors are mounted on a yoke which is pivoted at a
      center, has advantages over the one elevation mirror structure
      arrangements wherein the single mirror is mounted on an arm pivoted at its
      end, in that the scan generator of the subject invention provides a better
      dynamic drive arrangement and a better optic-mechanical arrangement within
      a total thermal imaging system context. For example, the two elevation
      mirror arrangement of the subject invention wherein the receive and
      display elevation scan mirrors are driven in an opposite phase
      relationship not only eliminates the need for ancillary inverting prism
      but the fact that opposite quadrants of azimuth scan wheel 42 are used
      eliminates design constraints on the injection angle and permits a simpler
      mechanical arrangement leading to a larger scan angle.
PAR  The space scanning and display format of FIG. 4 is implemented by the drive
      arrangement shown in FIGS. 7 and 8 to which reference is now primarily
      directed. A motor 72, which might be adapted for operating at 6,000 rmp,
      for example, drives azimuth scan wheel 40 by means of an azimuth drive
      gear 74 and an azimuth drive pinion 76. The elevation scan generating
      mirror structure is oscillated about axis 71 by means of elevation drive
      pinion 78, drive gear 80 and unidirectional cam 82. Cam 82 drives a cam
      follower 84 which is mounted on a leg of yoke 70. The cam follower is
      maintained in operable contact with the cam surface by means of a spring
      arrangement (not shown). The gear ratios indicated on FIGS. 7 and 8
      provide for 43.75 azimuth mirror facet scans per field, i.e., 43.75
      azimuth mirror facets are scanned past an elevation scan mirror during the
      time period the elevation scan mirror makes one cycle. The four interlaced
      fields described with respect to FIG. 4 result from the fractional
      relationship between the azimuth and elevation cycles, i.e., it takes four
      fields before the same azimuth and elevation relationships are repeated.
PAR  The electrical processing portion of the subject invention will now be
      described with respect to FIG. 10 which illustrates one of eighteen
      identical parallel processing channels. The output signal from a detector
      86, which is one of the eighteen detectors comprising array 48 (see FIG.
      1) and which may be a HG-CD-TE type of solid state infrared detector, is
      supplied to a preamplifier unit 86. Preamplifier 86 may be a conventional
      transistor type having a differential input stage and feedback from its
      output to its input so as to create a current mode operation. The function
      of this stage is to amplify the weak current signal levels to a high
      enough voltage level so that further amplification can be accomplished
      without additional amplifier noise degradation. Amplifying stage 88 is
      similar to the preamplifier stage in that it is a differential stage
      driven from the positive input and uses simple resistive feedback to
      establish a selected value of gain such as a gain of 10, for example.
PAR  Attentuator state 90 comprises a simple resistive diode divider network
      such that the input signal is attenuated according to the AC impedance of
      the diode which in turn is controlled by the amount of DC current applied
      to the diode. Attenuator 90 could have a range of from 0 to 60 db, for
      example.
PAR  Amplifying stage 92 is similar to stage 88 and is followed by two identical
      stages 94 and 95 of nonlinear amplification. These stages provide linear
      performance for small signal inputs but become abruptly nonlinear for
      larger signals.
PAR  The output signal from nonlinear amplifier 95 is amplified within display
      driver 96 and then applied as a control signal to an LED element 97 which
      is one of the elements of array 60 (FIG. 1), and whose relative angular
      position within array 60 corresponds to the angular position of detector
      86 in array 48. The display driver stage 96 also responds to a DC
      brightness control voltage which is utilized to control the image LED
      current and a blanking signal which turns off all LEDs during the "dead
      time" of the azimuth scan generator. Such blanking, while unnecessary from
      a system functional veiwpoint, does reduce power consumption. The blanking
      signals are obtained by means of capacitive pickoffs located near azimuth
      scan wheel 40 and since the spacing of the pickoffs determines the
      blanking period it is independent of the absolute motor speed.
PAR  To summarize the operation of systems in accordance with the subject
      invention, a two dimensional scan generator scans the space object field
      of view and the scene is dissected by an array of infrared detectors
      feeding individual amplifier channels. The amplified outputs from the
      detectors are then applied in parallel to a geometrically similar array of
      light emitting diodes. The visible light produced by the LED array is then
      imaged back through the same scan generator to provide an visible light
      output signal which is indicative of the relative thermal energy
      distribution within the scanned field of view. The one-to-one mapping of
      the IR detectors into the LEDs, coupled with the use of the same scan
      generator for scanning both the infrared object space and the LED image
      space insures that the displayed image is built up coherently independent
      of the exact configuration of the detector/LED arrays or the exact details
      of the scan. The use of paired arrays of detectors and LEDs allows great
      latitude in the design of the arrays to meet such criteria as ease of
      fabrication, opitical convenience, lead fan out, etc. The invention is not
      limited to the linear arrays but is adaptable to very broad classes of
      arrays. For example, circular arrays or arrays comprising a plurality of
      circular subarrays may be desirable in some applications. For example, the
      circular arrays have near ideal lead fan-out configurations with all leads
      running out from their respective detector elements radially.
PAR  Inherent in the subject invention are significant advantages in picture
      uniformity and tolerance for channel outages. Since each detector views
      each point in the space object field of view and the image is developed
      from the sum of all the detector outputs, channel to channel nonuniformity
      cannot cause line to line or region to region nonuniformity. For example,
      if half of the detector channels were to fail, systems in accordance with
      the subject invention would only suffer a reduction in the signal to noise
      ratio of .sqroot.2. By way of contrast in conventional thermal imaging
      systems wherein the field of view is partitioned into as many regions as
      detectors and each detector scans only its region, the failure of half of
      the detector channels would cause loss of coverage of one half the field
      of view. Indeed in such prior art systems, even a few inoperative
      processing channels would produce a number of "dead lines" on the display
      which would be distracting to the viewer and no more than a few
      percentages of such "dead channels" would be considered acceptable.
PAR  The subject invention's insensitivity to inoperable channels is of
      tremendous benefit to the yield, and consequently the cost of detector and
      LED arrays. With the conventional parallel-scan systems, all but a few of
      the detector elements must be good to produce acceptable images, and
      usually 100 percent operability is required for those elements which cover
      the central portion of the field of view. However in accordance with the
      subject invention even 10 percent inoperable channels would cause no
      perceptible degradation of performance inasmuch as the only significant
      measure of detector performance is the accumulative detectivity. Not only
      is the actual number of good channels not of importance in accordance with
      the implementations of the subject invention but the distribution of such
      good channels within the array itself is immaterial and so an otherwise
      good array need not be rejected due to one or two centrally located dead
      channels. Similarly inoperable LED elements are not critical to the
      system's overall performance. Inoperative channels may be compensated for
      by merely designing the number of original channels to take into account
      the expected yield ratio of the detectors and LEDs.
PAR  Thus there has been disclosed a new and useful cost effective thermal
      imaging system which provides increases in performance and reliability.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermal imaging system comprising:
PA1  a scan generator including scanning means for optically scanning a field of
      view in a two dimenensional scan pattern such that said scan pattern
      comprises a given number of interlaced scans of said field of view during
      each scanning frame period and for applying the received thermal energy to
      a first location, and imaging means for receiving visible light energy
      applied from a second location and transmitting said light energy in a two
      dimensional scene reconstruction pattern such that said scan and
      reconstruction patterns are synchronized;
PA1  an array of detector elements disposed at said first location, with the
      individual elements of said array forming a given geometrical
      configuration such that each said detector element receives thermal energy
      from each point in said field during each scanning frame period, and with
      each detector element adapted for producing an output signal
      representative of the relative intensity of thermal energy applied
      thereto; and wherein said array of detector elements is comprised of
      groups of detectors with the detectors of each group being disposed along
      a first direction corresponding to one of said directions of optical
      scanning and with said groups being disposed along a second direction
      orthogonal to said first direction such that there is an overlap in the
      scanning of said groups during each optical scan along said first
      direction;
PA1  an array of light emitting elements disposed at said second location with
      the individual elements of said array forming the same geometrical
      configuration as that formed by the elements of said detector array, and
      with each light emitting element adapted for producing visible light
      energy as a function of the value of a control signal applied thereto; and
      means for applying the output signal from each of said detector elements
      as the control signal to a corresponding light emitting element such that
      each detector element is electrically coupled to a light emitting element
      whose location in its array corresponds to the detector element's location
      in the detector array.
NUM  2.
PAR  2. The thermal imaging system of claim 1 wherein each said group of
      detector elements comprises detector elements which are displaced
      uniformly along said first direction.
NUM  3.
PAR  3. The thermal imaging system of claim 1 wherein said scan generator
      includes means for producing non-astigmatic synchronized space object scan
      and image reconstruction patterns suitable for use with an afocal
      magnifying system.
NUM  4.
PAR  4. A thermal imaging system comprising:
PA1  a scan generator including scanning means for optically scanning a field of
      view in a two dimensional scan pattern such that said scan pattern
      comprises a given number of interlaced scans of said field of view during
      each scanning frame period and for applying the received thermal energy to
      a first location, and imaging means for receiving visible light energy
      applied from a second location and transmitting said light energy in a two
      dimensional scene reconstruction pattern such that said scan and
      reconstruction patterns are synchronized, said scan generator providing
      non-astigmatic synchronized space object scan and image reconstruction
      patterns suitable for use with an afocal magnifying system, and including
      an azimuth drum wheel adapted for rotation about a spin axis, said drum
      wheel having an even number of mirror facets which are substantially
      uniformly spaced angularly about said spin axis and parallel thereto, an
      elevation scan generating mirror structure mounted for oscillation about
      an oscillation axis which is parallel to a plane which in turn is
      perpendicular to and displaced from said spin axis, said oscillating
      mirror structure comprising first and second mirror structures mounted on
      opposite ends of a pivotably mounted yoke, said mirror surfaces being in
      opposed parallel relationship to each other and on opposite sides of said
      drum wheel, and said yoke being pivoted at such a point that as said
      elevation scan generating mirror structure is oscillated and said azimuth
      scan wheel is rotated the orthogonally directed scans produced by said
      drum wheel and said first and second mirror surfaces appear to originate
      from substantially fixed first and second areas, respectfully, on surfaces
      of said azimuth scan wheel;
PA1  an array of detector elements disposed at said first location, with the
      individual elements of said array forming a given geometrical
      configuration such that each said detector element receives thermal energy
      from each point in said field during each scanning frame period, and with
      each detector element adapted for producing an output signal
      representative of the relative intensity of thermal energy applied
      thereto;
PA1  an array of light emitting elements disposed at said second location with
      the individual elements of said array forming the same geometrical
      configuration as that formed by the elements of said detector array, and
      with each light emitting element adapted for producing visible light
      energy as a function of the value of a control signal applied thereto; and
      means for applying the output signal from each of said detector elements
      as the control signal to a corresponding light emitting element such that
      each detector element is electrically coupled to a light emitting element
      whose location in its array corresponds to the detector elements's
      location in the detector array.
NUM  5.
PAR  5. The thermal imaging system of claim 4 further comprising cam drive means
      for driving said yoke through cycles of oscillatory motion, azimuth scan
      wheel drive means for rotating said azimuth scan wheel, and means for
      synchronizing said cam drive means and said azimuth scan wheel drive means
      so that the period of the oscillatory cycles of the yoke and the
      rotational speed of said azimuth scan wheel are such as to provide said
      given number of interlaced scans of said field of view during each said
      scanning frame period.
NUM  6.
PAR  6. The thermal imaging system of claim 5 wherein said array of detector
      elements comprises groups of detectors with the detectors of each group
      being disposed along a first direction corresponding to one of said
      directions of optical scanning and with said groups being disposed along a
      second direction orthogonal to said first direction such that there is an
      overlap in the scanning of said groups during each optical scan along said
      first direction.
NUM  7.
PAR  7. The thermal imaging system of claim 6 wherein each said group of
      detector elements comprises detector elements which are displaced
      uniformly along said first direction.
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ABST
PAL  A single channel transmission and recording system for a scanner having a
      multi-channel array of dectors having a single delta modulator in the
      transmission unit and a single delta demodulator in the receiving unit. A
      plurality of analog signals, such as video signals sensed by infrared
      detectors, are each fed to an associated channel having an associated
      switch circuit. A suitable switch logic generator samples the switches in
      successive ascending order and subsequently in successive descending
      order. The sampled analog signals of each channel are fed to a signal
      delta modulator which converts them to a serial train of digital signals.
      A synchronizing code generator generates a synchronizing code word which
      is transmitted with the serial train of digital signals to a receiving
      station where the serial train of digital signals is reconverted to an
      analog signal similar to the sampled analog signals for display on a
      suitable device such as a cathode ray tube. A decoder decodes the
      synchronizing code word to initiate the frames of scan of the cathode ray
      tube and a suitable counter responsive to the decoder controls the sweep
      of the frames of scan in accordance with the sampling of each of the
      channels in successive ascending order and subsequently in successive
      descending order.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a single channel transmission and recording
      system for a multi-channel sensor. More particularly, it relates to a
      multiplexer for sampling a plurality of analog signals in a predetermined
      sequence and converting them to digital signals by a single delta
      modulator for transmission.
PAR  Various prior art devices have been used for sensing analog data and
      transmitting it to a remote station for analysis and storage. More
      particularly, such devices may have application in detecting
      electro-optical or infrared energy using analog sensors which are
      responsive to the shape of some terrain or object. The information
      obtained by these analog sensors is processed to obtain the maximum
      resolution of the object on the ground. Recent advances in aerospace
      vehicles and sensor technology make the consideration of reconnaissance
      systems with extremely high data-acquisition rates possible. It is
      frequently necessary to transmit this reconnaissance data to a remote
      location for evaluation.
PAR  Ordinarily, the analog signals are digitized for transmission and
      processing. The conversion of the analog signals to digital signals has a
      number of advantages. The digital format allows transmission of
      information over long distances without deterioration, since digital
      signals, unlike analog signals can be regenerated with only small
      probability of error. Since the signals are in digital form, they are not
      subject to phase shifting and other distortions so common with analog
      signals. The transmission of the signals in digital form also makes the
      signal to noise ratio at the receiver less critical.
PAR  Furthermore, digital information may be transmitted economically by
      time-division multiplexing. The frequency-division multiplexing, commonly
      used in transmission of analog information is thereby avoided. This avoids
      the complex filters which are required in frequency-division multiplexing
      since time-division multiplexing functions can be accomplished with
      digital switching circuitry. The use of digital circuitry with its
      relatively simple mode of switching permits fully electronic operation of
      the transmission systems. Thus, problems in transmission of analog
      information such as cross talk and mechanical contacts is avoided.
PAR  The encoding of analog information into digital information may be readily
      obtained by sampling the analog information at regular discrete intervals
      and coding the amplitude into a digital format. This procedure is commonly
      referred to as pulse code modulation (PCM). The art of pulse code
      modulation has been developed to the point where analog signals can be
      sampled successively and the differences transmitted. This technique is
      known as differential pulse-code modulation. A special form of this
      technique is known as delta modulation. This scheme provides for encoding
      of the differences in the slope of the analog signal as well as the
      differences in amplitude to thereby improve the coding properties of the
      encoders. The use of delta modulation for encoding is well described in
      the article by Schindler, Delta Modulation, IEEE Spectrum, Oct. 1970, p.
      69.
PAR  It has been proposed to use a plurality of delta modulators each associated
      with a corresponding analog sensor detector for sensing infrared or
      electro-optical information video signals. Such a system is mounted on an
      in-flight data transmission system to detect an object on the ground. In
      such a system, the analog signal received by each of the sensors is first
      individually converted from analog to digital form by sampling, using a
      plurality of delta modulators each associated with one of the sensors. The
      outputs of the delta modulators are multiplexed and transmitted to a
      receiver station where they are decoded, demultiplexed and converted back
      to analog information which may be displayed and recorded by suitable
      means. The requirement of an individual delta modulator for each channel
      renders this method expensive and cumbersome.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides transmission of information sensed by the
      analog detectors using a single delta modulator. To attain this, the
      sensors are sampled in successive ascending order and subsequently in
      successive descending order. The invention relies on the inherent function
      of delta modulators of comparing each input signal to the previous input
      signal. The continuous sampling of signals having pictorial information
      which is physically adjacent to the pictorial information of the
      previously sampled signal enables the use of a single delta modulator to
      convert each of the analog signals having pictorial information to a
      serial train of digital signals.
PAR  The use of one delta modulator for a relatively large plurality of sampling
      channels, rather than one delta modulator for each channel, provides
      substantial savings in cost of equipment. For example, in a system having
      128 channels, the use of a single delta modulator for all the channels,
      rather than one delta modulator for each channel, reduces the cost of
      equipment by the price of 127 delta modulators. It is apparent that the
      reduced number of delta modulators thereby increases the reliability of
      the system. Furthermore, the reduced number of delta modulators reduces
      power consumption as well as space consumption.
PAR  The analog signals may be in the form of video input signals, which are
      essentially analog signals containing pictorial information. The signals
      are picked up by an electro-optical detector such as a radiometer, a low
      light level TV scanner or any type of infrared or video scanner. The
      technique for detection may be any well known method such as that
      disclosed in U.S. Pat. No. 3,708,666 to Barhydt.
PAR  Each detector transmits the received analog signal containing pictorial
      information to an associated switch circuit. The switching circuitry may
      be a plurality of any standard high speed switches such as MOS-FET
      switches.
PAR  The switches are activated in successive ascending order and subsequently
      in successive descending order by switch logic generator means. The switch
      logic generator means may be any standard electronic counter comprising
      the desired number of flip-flops. In the preferred embodiment it is shown
      by a divide-by-twelve counter. The flip-flops are coupled to a plurality
      of AND gates and OR gates in a logic configuration to provide the desired
      sequence of activation to the switch circuits.
PAR  The switch logic generator samples the switches at an information rate
      which is at least twice the resolution cutoff frequency of the analog data
      rate of each channel to thereby conform with the Nyquist criteria as more
      fully explained in the article by Schindler cited above. Thus, for n
      detectors, the clock rate of the system must be a minimum of 2nf.sub.c
      where n = the number of channels and f.sub.c = the cutoff frequency of
      each channel.
PAR  The start of each frame of scan is marked by a synchronizing signal,
      commonly referred to as a sync pulse, generated by the scanner. The sync
      pulse activates a synchronizing code generator to generate a unique code
      word to subsequently synchronize the display of the pictorial information
      of the analog signals in a frame of the scan in accordance with the
      detection of the pictorial information in the analog signals in a frame of
      scan.
PAR  The sync pulse subsequently activates the switch logic generator to begin
      the sampling of the switches in the predetermined order described above.
      The sampled analog signals transmitted by the switches, and having
      pictorial information detected by the detector, are fed to the single
      delta modulator.
PAR  A delta modulator is basically an analog to digital converter having an
      electronic feedback system and a switch which is periodically closed to
      thereby quantize the output. The delta modulator may be in any preferred
      form such as that described in the Schindler article, cited above, or in
      U.S. Pat. No. 3,739,083, of which I am a joint inventor, and assigned to
      the assignee of the present invention.
PAR  Briefly, the sampled analog signals are fed to a differencing amplifier.
      The output of the differencing amplifier is fed to a flip-flop. The
      flip-flop is activated by a clock pulse at a frequency equal to the
      sampling frequency of the switches. The output of the flip-flop is
      integrated by means of an integrating circuit and fed to the input of the
      differencing amplifier for a comparison with the input sampled analog
      signal.
PAR  If the signal reconstructed and fed back to the differencing amplifier is
      more positive than the input analog signal from the sampled switch, the
      output of the comparator is equivalent to a digital binary one. The
      flip-flop is thereby set to generate a binary one output. If the signal
      reconstructed and fed back by the integrator is more negative than the
      input analog signal from the sample switch, the output of the comparator
      is equivalent to a digital binary zero. The flip-flop, which was reset by
      the previous clock pulse remains in the binary zero state to yield a
      binary zero output.
PAR  Thus, when the slope of the analog input signal is positive, the digital
      output signal of the flip-flop has a binary "one" value. Correspondingly,
      when the slope of the analog input signal is negative, the digital output
      signal is a binary "zero". When the slope of the analog input signal is
      zero, the digital signal comprises equal "ones"  and "zero" pulses
      corresponding to the clock pulses to provide an average of zero. The
      output of the delta modulator thus is a serial train of digital pulses,
      each of these pulses being indicative of the polarity of the slope of the
      video signals, the sum of such pulses for a period of time being
      indicative of the magnitude of the slope.
PAR  The digital output of the delta modulator is fed to the synchronizing code
      generator which generates the synchronizing code word, which, as indicated
      above, initiates each frame of scan of video signals at the receiving
      station. The synchronizing code word, which is a series of digital pulses,
      precedes each series of digital pulses which constitute a converted frame
      of sampled video signals.
PAR  The frame of digitized video signals, each preceded by the synchronizing
      code word, are fed to a modulator/transmitter which modulates the pulses
      on the carrier of a suitable radio transmitting unit. The transmitting
      unit transmits the data signals over an appropriate communications channel
      to a receiver/demodulator. The receiver/demodulator receives and
      demodulates the signals to enable them to be utilized for display and
      recording.
PAR  The receiver/demodulator applies each frame of digital pulses to a frame
      synchronizer decoder which extracts the sync code word to initiate the
      display of the video information in the frame of signals on the screen of
      a suitable display means such as a cathode ray tube (CRT). The received
      train of digital signals is also applied to a single delta demodulator
      which converts the digitized video signals back to an analog signal
      similar to the sampled analog signals which were passed by the analog
      signal gates from the detector array to the single delta modulator in the
      transmitting station. The reconstructed video signal is coupled through a
      suitable filter to the grid of the CRT to control the intensity of the
      beam swept across the face of the tube.
PAR  The frame synchronizer decoder transmits a signal, in response to the
      detection of the sync code word, to a horizontal oscillator which is
      connected to a pair of vertical deflection plates in the CRT to control
      the horizontal sweep of the frame of video signals. The decoder also
      transmits a reset signal to an up-down counter which controls the voltage
      applied to a pair of horizontal deflection plates in the CRT to thereby
      control the vertical sweep of the frame of video signals. The up-down
      counter provides an output which increases in successive steps and
      subsequently decreases in successive steps in accordance with the sampling
      by the switch logic generator in successive ascending order and
      subsequently in successive descending order.
PAR  The CRT thereby provides a display of the pictorial information detected by
      the scanner detector array in accordance with the relative physical
      location associated with each succeeding detected video signal transmitted
      by the analog signal gates from the detector array to the delta modulator.
      The CRT thereby provides a faithful reproduction of the object or the
      terrain scanned by the scanner detector array. The picture displayed on
      the CRT may be recorded by any suitable recording device such as a flying
      spot scanner film recorder.
PAR  It is therefore an object of this invention to provide an improved
      technique for multiplexing a plurality of analog sensors.
PAR  Another object of the present invention is to convert analog information
      from a plurality of video sensors to a single channel of digital
      information.
PAR  A further object is to provide improved techniques for digitally processing
      video signals for transmission using a single delta modulator.
PAR  Yet another object is to provide means for sampling a plurality of analog
      signals containing pictorial information in successive ascending order and
      subsequently in successive descending order to enable the conversion
      thereof to digital signals by a single delta modulator.
PAR  Still another object is the provide means for decoding and displaying a
      serial train of digitized video signals in accordance with the sequence of
      sampling of the signals.
PAR  Still a further object is to provide means for displaying on a CRT an
      analog video signal similar to a plurality of analog video signals sampled
      in successive ascending order and subsequently in successive descending
      order in accordance with the sampling thereof.
DRWD
PAR  Other object, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram illustrating the basic elements of the system of
      the present invention;
PAR  FIG. 2 is a functional block diagram of a switch logic generator and a set
      of analog signal gates that may be utilized in the system of the present
      invention;
PAR  FIG. 3 is a functional block diagram of a delta modulator that may be
      utilized in the system of the present invention;
PAR  FIG. 4 is a functional block diagram of a synchronizing code generator that
      may be utilized in the system of the present invention;
PAR  FIG. 5 is a functional block diagram of a delta demodulator that may be
      utilized in the system of the present invention;
PAR  FIG. 6 is a functional block diagram of a frame synchronizing decoder that
      may be utilized in the system of the present invention;
PAR  FIG. 7 is a functional block diagram of an up-down counter that may be
      utilized in the system of the present invention; and
PAR  FIG. 8 is a timing diagram illustrating a series of waveforms developed by
      various elements of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a block diagram illustrating the basic elements of the
      system of the invention is shown. A clock pulse source 17 generates a
      plurality of clock pulses a, shown in the timing diagram of FIG. 8, for
      synchronizing the operation of the elements of the system. A scanner
      detector array 10 feeds a plurality of analog video signals each through
      an associated channel to a plurality of analog signal gates 11. Each of
      the gates is sampled sequentially by a switch logic generator 12 which is
      activated initially by a start frame sync pulse b, shown in the timing
      diagram of FIG. 8, generated by the scanner 10 at the beginning of each
      frame of scan. The start frame sync pulse is suitably delayed for purposes
      of synchronization of the timing. As will be explained more fully
      hereinafter, the analog signal gates 11 are sampled in successive
      ascending order and subsequently in successive descending order.
PAR  Each of the signals generated by the gates 11 is fed to a single delta
      modulator 13. The delta modulator encodes the analog video signals in
      digital form to generate a pulse train of digitized analog signals. The
      train of digital signals provides an indication of the magnitude and
      direction of the slope of the sampled analog video signals.
PAR  The train of digital signals is transmitted to a synchronizing code
      generator 14 which generates a code word which precedes the train of
      digital pulses. As will be explained subsequently, the code word
      synchronizes the display of each frame of scan, at the receiving end of
      the system with the sensing of the frame of scan at the transmitting end.
      The code word is determined by the arbitrary setting of a plurality of
      code switches 16. The synchronizing code generator is initially activated
      by the sync pulse b from the scanner 10 and inverted by the inverter 18 to
      generate the code word.
PAR  The train of clock pulses a from clock pulse source 17 steps the
      synchronizing code generator to generate the code word at the beginning of
      each frame of scan. The clock pulses then step the switch logic generator
      12 to sample each of the channels of the analog signal gates 11 in
      successive ascending order and subsequently in successive descending order
      for the remainder of the frame of scan. The synchronizing code generator
      thereby provides frames of digital pulses each beginning with a
      synchronizing code word and followed by digitized video signals which were
      converted from analog to digital form by the delta modulator 13.
PAR  The train of digital signals is modulated on a radio frequency carrier wave
      by a suitable modulator/transmitter 19. The signals are transmitted to a
      receiving station and initially received by a receiver/demodulator 21. The
      receiver/demodulator 21 extracts the digital signals from the carrier wave
      in a manner well known in the art.
PAR  Means are provided at the receiving station for processing the train of
      digital information to restore it to its initial analog form for display
      and storage. This is achieved by converting the digital signals to analog
      video signals and displaying them on a suitable display device, such as a
      cathode ray tube (CRT) in accordance with the sampling of the signals at
      the transmission station.
PAR  The demodulation is obtained by a single delta demodulator 22 which
      converts the serial train of data bit pulses to an analog video signal
      similar to the analog video signals sampled by analog signal gates 11. The
      pulses are transmitted through a low pass filter 23 to filter out the
      extraneous high-frequency signals. The reconstructed analog signals are
      transmitted to a grid terminal 24 of a CRT 26 for modulating the intensity
      of the sweep of electron beams across the tube.
PAR  Means are provided for controlling the sweep of electron beams across the
      tube of the CRT 26 in accordance with the sampling of the signals at the
      transmission station. A frame synchronizer decoder 27 decodes the
      synchronizing code word to generate a recorder start pulse j to control
      the horizontal and vertical sweep of the transmitted frames of video
      signals to provide a pictorial display on the screen in accordance with
      the sampling by the analog signal gates 11 of the pictorial information
      detected by the detector array 10.
PAR  The code word is transmitted to one input of the decoder 27 with the stream
      of data bits. Clock pulses are also transmitted to the decoder 27 from the
      receiver 21 to operate the decoder 27 at a synchronous rate with respect
      to the delta demodulator 22. When the decoder 27 detects a code word, it
      initiates a frame of scan of video data by generating a recorder start
      pulse j.
PAR  The output of the decoder 27 is fed to both a horizontal oscillator 28 and
      an up-down counter 29. The horizontal oscillator 28 generates an X signal
      k which is transmitted to a pair of deflection plates 31 to control the
      horizontal sweep of the electron beam. When the present invention is used
      for aircraft reconnaissance, the horizontal sweep corresponds to the
      horizontal direction perpendicular to the direction of flight of the
      aircraft.
PAR  The up-down counter 29 controls the vertical movement of the beam in
      accordance with the sampling by the switch logic generator 12 of analog
      gates 11. The output of the up-down counter 29, shown as 1 in FIg. 8, is
      applied to an analog summing device 32. An aircraft forward motion signal
      generator 33 measures the ratio of the forward ground velocity of the
      vehicle to the altitude of the vehicle to obtain a V/H signal. This signal
      is fed to a vertical oscillator 34 to control the frequency of the
      oscillator in proportion to the V/H signal. The output of vertical
      oscillator 34 is fed to a second input of the analog summing device 32 to
      vary the spacing of the Y signal between horizontal sweeps in proportion
      to the variation of V/H. The Y signal is controlled by the pair of
      deflection plates 36. When the present invention is used for aircraft
      reconnaissance, the vertical Y signal on the face of the CRT corresponds
      to the horizontal forward direction of the aircraft.
PAR  The aircraft forward motion signal generator 33 is particularly useful if
      the present system is used for aircraft reconnaissance and the V/H varies
      considerably from one reconnaissance to the next, or even during a
      particular reconnaissance. Thus, if the aircraft is flying either
      relatively fast or relatively close to the ground, and the V/H is
      relatively high, the signal generator 33 produces a relatively large
      signal to cause the vertical oscillator 34 to provide a relatively large
      signal to cause the vertical oscillator 34 to provide a relatively large
      voltage to the Y plates 36. If, on the other hand, the vehicle is
      travelling at a relatively slow forward velocity or at a relatively high
      altitude, and the V/H is relatively low, signal generator 33 provides a
      relatively low voltage to vertical oscillator 34 to reduce the spacing
      between horizontal sweeps. Thus, with this correction in spacing of
      horizontal sweeps so as to correspond with the instantaneous V/H, the CRT
      gives an accurate picture of the object or terrain scanned.
PAR  The intensity modulated sweep on the CRT may be focused by a lens 37 on a
      moving strip of sensitive recording film 38 which is taken up by a
      suitable spool 39. Alternatively, the picture on the CRT may be recorded
      by any suitable flying spot scanner film recorder.
PAR  The system is preferably used to obtain a picture on the screen of the CRT
      of the terrain below an aircraft. Surveillance of the terrain is obtained
      by scanner means having a plurality of channels each having an
      electro-optical detector associated therewith. The array of detectors
      detect optical energy in the form of infrared radiation reflected from
      objects on the ground to generate video signals. Such a system may be used
      in conjunction with a side-looking airborne radar search system for
      searching large land and coastal areas in daylight, darkness or inclement
      weather to detect moving targets. The scanner may be any suitable type
      such as that disclosed in U.S. Pat. No. 3,708,666 to Barhydt.
PAR  The array of detectors of the scanner are preferably arranged in a line
      parallel to the forward direction of the aircraft or may be staggered
      slightly from a line parallel to the forward direction of the aircraft
      with appropriate delay circuits coupled in between to render the detectors
      effectively parallel to the forward direction of the aircraft taking into
      account the forward movement of the aircraft. A rotating scanning mirror
      is mounted on suitable bearings to rotate on an axis which is
      substantially parallel to the flight direction. The plurality of detectors
      are positioned in a line parallel to the axis of the rotary scanning
      mirror to receive energy reflected from the scanning mirror. The energy
      sensed by the detectors is effectively processed by the present invention
      to generate a picture on the screen of the CRT. The horizontal forward
      direction of the aircraft which is parallel to the array of detectors,
      corresponds to the Y direction on the CRT. The horizontal direction
      perpendicular to the forward movement of the aircraft, which is
      perpendicular to the array of detectors, corresponds to the X direction on
      the CRT.
PAR  The scanner is preset to generate a sync pulse b, shown in the timing
      diagram of FIG. 8, as one of the surfaces of the rotating scanning mirror
      is rotated to a position wherein it begins to reflect the terrain or
      object sought to be displayed. The sync pulse b is inverted by invertor 18
      and applied to the synchronizing code generator 14 to generate the
      synchronizing code word, which signals the beginning of each frame of
      scan. The sync pulse is also applied to the switch logic generator at the
      same time. As will be explained subsequently, the switch logic generator
      has suitable delays to prevent the sampling of the gates 11 until the code
      word is generated.
PAR  The synchronizing code generator may be any suitable device for generating
      an arbitrary sequence of binary ones or zeros which when detected by the
      frame synchronizer decoder 27, begins a frame of scan. The display of the
      video signals on the CRT is therefore in accordance with the sampling by
      the switch logic generator 12 of the video signals transmitted by gates 11
      from the detector array 10 to the delta modulator 13. A unique noise
      sequence of pulses is thereby generated by the code generator 14 which,
      when sensed by the decoder 27 signals the beginning of a frame of video
      data. It is therefore very important that the code word be detected by the
      decoder to produce a faithful reproduction of the associated frame of
      video data on the CRT 26.
PAR  In the preferred embodiment, the synchronizing code generator is shown as a
      seven stage shift register in FIG. 4. The code generator 14, however, may
      be constructed of a register having any suitable number of stages
      sufficiently great to reduce the probability of a false dismissal of data
      to a sufficiently low level so that the probability of losing one or more
      frames of data associated with the sync signal is insignificantly small.
PAR  The code word may be selected by any arbitrary setting of the plurality of
      binary code switches 16 with each switch associated with one of the stages
      of the shift register. In the exemplary embodiment shown in FIG. 4, the
      code word is shown as 1110010. It should be emphasized that the code word
      may be randomly selected and the code generator may have any number of
      stages determined by the desired reduction in error probability.
PAR  In the synchronizing code generator of the preferred embodiment shown in
      FIG. 4, each stage has an associated flip-flop 41 through 47 as shown.
      Each of the stages has an associated AND gate 51 through 57 having one
      input from the associated code switch 16 and a second input from the sync
      pulse line which is inverted a second time by inverter 58 (after having
      been inverted a first time by inverter 18), to provide a sync pulse b, as
      shown in FIG. 8.
PAR  Each of the stages contains a second AND gate 61 through 67 having one
      input from the sync pulse generator as inverted by inverter 18. The second
      input of AND gate 61 is the digital signal input from the delta modulator
      13. The second input of each subsequent AND gate 62 through 67 is from the
      output of the flip-flop associated with the preceding stage as shown. Each
      pair of AND gates associated with each of the stages is coupled to an
      associated output OR gate. The OR gates are identified as 71 through 77.
PAR  In the operation of the scanner, a sync pulse is generated by the scanner,
      at the point of time when a surface of the rotating mirror is focused on
      the terrain sought to be surveyed. The sync pulse is transmitted through
      inverter 18 to the synchronizing code generator 14 to begin the generation
      of the synchronizng code word.
PAR  The inverted sync pulse is inverted once more by inverter 58 and applied to
      each of the AND gates 51 through 57 for the short time duration of the
      sync pulse, as shown in FIG. 8(b). The other input to each of the AND
      gates 51 through 57 is a binary 1 or binary 0, in accordance with the
      position of the associated switch of the code word switches 16. Each of
      the AND gates 51 through 57 is thereby enabled or disenabled, depending
      upon whether the associated code word switch is in the binary 1 or binary
      0 state.
PAR  Thus, the output of each of the AND gates 51 through 57 is transmitted
      through the associated OR gate 71 through 77 to an associated inverter 81
      through 87 of the associated flip-flop 41 through 47 which in turn is
      coupled to the set input of the associated flip-flop. The output of each
      of the OR gates 71 through 77 is also coupled to the reset input of the
      associated flip-flop. Each flip-flop 41 through 47 is thereby set in
      accordance with the setting of the associated code switch 16.
PAR  The AND gates 62 through 67 each have one input which is activated by the
      negation sync pulse as shown. The other input to each of the AND gates 62
      through 67 is either activated or deactivated according to the setting of
      the flip-flop of the preceding stage. The clock pulses are coupled to the
      inputs of each of the flip-flops 41 through 47 so that at each clock pulse
      time, each of the flip-flops transmits its output to the next subsequent
      stage in a manner well known in the art. The synchronizing code generator
      thereby generates a train of pulses at the output of flip-flop 47 having a
      combination of ones and zeros representing the synchronizing code word as
      shown in FIG. 8 (c).
PAR  The sync pulse b is also applied to the switch logic generator 12, shown in
      greater detail in FIG. 2. The switch logic generator 12 generates the
      sampling pulses d through i on channels 1 through 6 respectively, as shown
      in the timing diagram of FIG. 8. It thereby provides sequential sampling
      of the analog signal gates from the lowest order to the highest order and
      subsequently from the highest order to the lowest order. The switch logic
      generator may be any suitable counter means. In the preferred embodiment
      it is shown as a divide-by-twelve counter.
PAR  The sync pulse b is applied to a delay means 89 which may be any suitable
      delay device such as a shift register. The delay means delays the sync
      pulse for a period of time equal to the number of clock pulse times
      required to generate the code word. The sync pulse is inverted by inverter
      90 to reset the flip-flops 91 through 94 of the switch logic generator.
PAR  The sync pulse is also applied to a flip-flop 95 having an output coupled
      to a series of AND gates 96 which effectively inhibit the operation of the
      switch logic generator until the delay means 89 generates an output pulse
      to reset flip-flop 95 to thereby enable gates 96. This inhibiting of gates
      96 while the code word is being generated prevents the transmission of
      video signals while the code word is being generated to thereby avoid
      confusion in the transmitted signal between the bits of the code word and
      the bits of the digitized video signals.
PAR  The flip-flops 91 through 94 are coupled through the gates 96 to a sequence
      of AND gates 100 through 109 which, in turn, are coupled to OR gates 110
      through 113 as shown. It will be apparent to anyone having ordinary skill
      in the art that the output flip-flops 91 through 94 may be coupled to the
      inputs of gates 100 through 109 in any logic configuration to provide any
      desired sequence of generation of pulses on channels 1 through 6.
      Furthermore, the switch logic generator may be expanded with any
      additional number of flip-flops, AND gates and OR gates to accommodate any
      number of analog signal channels.
PAR  In the operation of the switch logic generator, a sync pulse b, after being
      suitably delayed by delay 89 and inverted by inverter 90 resets the
      flip-flops 91 through 94. The gates 96, which were inhibited between the
      beginning of t.sub.0 and the end of t.sub.6 are enabled by flip-flop 95 in
      response to a signal from the delay at the end of t.sub.6. 6.
PAR  At clock pulse time t.sub.7, a clock pulse is applied to flip-flop 91 to
      generate a binary ones at the A output and a binary 0 at the A output. At
      this time, the output of flip-flops 92, 93 and 94 are B C D which is the
      logic requirement for the generation of an output pulse by AND gate 100.
      The output pulse shown as d in FIG. 8 is transmitted to switch S.sub.1 to
      permit an analog video signal from detector array 10 to be passed through
      switch S.sub.1 for the period of t.sub.7.
PAR  At clock pulse time t.sub.8, a clock pulse is again applied to flip-flop 91
      to change the output states of flip-flop 91. Since the A output of
      flip-flop 91 is connected to the flip-flop 92, flip-flop 92 changes state.
      Flip-flop 93 and 94 remain unchanged. It is therefore seen that the logic
      requirements of the transmission of a signal through AND gate 101, A B D,
      are satisifed. AND gate 101 thereby is enabled to transmit a pulse shown
      as e in FIG. 8, through OR gate 110 to switch S.sub.2 to permit an analog
      video signal from detector array 10 to be passed through switch S.sub.2
      for the period of t.sub.8.
PAR  It will be apparent from following the logic of the rest of the AND gates
      102 through 109 that each succeeding clock pulse enables the switch
      associated with each succeeding channel of the analog signal gates in
      successive ascending order and subsequently in successive descending order
      as shown in FIGS. f, g, h, and i of FIG. 8. Thus, each switch transmits
      the video signal detected by the associated detector for the clock period
      during which the switch is enabled by the switch logic generator.
PAR  It is noteworthy that the end channels, 1 and 6, are activated for two
      clock pulse times, after the sampling of the first channel. The reason for
      activating the two end channels for two time periods is to provide an
      equal average trace intensity in the horizontal direction for each frame
      of scan. This prevents the trace at the outer edges of each frame of scan
      from being lighter when displayed on the CRT.
PAR  Although the preferred embodiment discloses six channels, it should be
      emphasized that the present invention may be constructed to accommodate a
      plurality of analog video signal gates having any number of channels. The
      preferred embodiment is shown with only 6 channels for simplicity purposes
      only.
PAR  The video outputs of the six channels are transmitted to delta modulator
      means 13. In the preferred embodiment, the delta modulator is shown in
      FIG. 3. The delta modulator however may be in any preferred form such as
      that described in the Schindler article, cited above, or in U.S. Pat. No.
      3,739,083.
PAR  The video signals are fed to a differencing amplifier 114. The output of
      the differencing amplifier is fed to a flip-flop 115. The flip-flop is
      activated by clock pulses from the clock pulse source 17. The output of
      the flip-flop is a series of digital pulses indicative of the magnitude
      and direction of the input signals.
PAR  In order to perform the delta modulation, the output of the flip-flop is
      reconstructed and fed back to the input to be compared by the differencing
      amplifier with the next video signal. The feedback circuit has a
      transistor switch 128 having reference voltages V+ and V- applied thereto.
      The output of the switch is applied to resistors 129 and 130.
PAR  An integrating circuit is coupled between resistors 129 and 130. The
      integration circuit essentially reconstructs the digital signal which
      appears in the output of flip-flop 115 and feeds it back to differencing
      amplifier 114. The integrating network comprises resistor 116, capacitor
      117, resistor 118 and capacitor 119. The parameters of the resistors and
      capacitors are preferably selected to perform either single integration or
      double integration depending on the characteristic of the input signal.
      The relative resistances of resistors 129 and 130 are selected so that the
      current that flows into the integrating network when switch 128 is in the
      binary 1 state is equal to the current that flows out of the integrating
      network when the switch 128 is in the binary 0 state.
PAR  If the signal which is reconstructed and fed back to the differencing
      amplifier 114 is more positive than the input video signal from the
      sampled channel, the output of the differencing amplifier is equivalent to
      a digital binary 1. The flip-flop which was reset by the previous clock
      pulse, is thereby set to generate a binary 1 output. If the signal which
      is reconstructed and fed back by the integrators is more negative than the
      input video signal from the sampled channel, the output of the
      differencing amplifier is equivalent to digital binary 0. The flip-flop,
      which was reset by the previous clock pulse, remains in the binary 0 state
      to yield a binary 0 output.
PAR  Thus, when the slope of the video signal from the sampled channel is
      positive, the digital output signal of flip-flop 115 is 1 which represents
      a "positive" value. Correspondingly, when the slope of the video signal
      from the sampled channel is negative, the digital output signal is 0 which
      represents a "negative" value. When the slope of the video inputs signal
      is 0, the digital signal comprises an equal number of 1 and 0 pulses
      corresponding to the clock pulses to provide an average of 0. The output
      of the delta modulator is thus a train of pulses indicating both the
      magnitude and sign of the sampled video signal.
PAR  The digitized video signals generated by the delta modulator are fed to the
      digital signal input of the synchronizing code generator shown in FIg. 4.
      Each frame of digital pulses from the delta modulator is shifted through
      the synchronizing code generator preceded by a code word generated in the
      manner described above.
PAR  The train of digital pulses is fed by the output of flip-flop 47 to a
      modulator/transmitter 19 which modulates them on the carrier of a suitable
      radio transmitting wave. The data is transmitted over an appropriate
      communication channel to the receiver/demodulator 21 which essentially
      extracts the stream of data bits from the radio frequency carrier wave to
      utilize the information content in the bits for display of the terrain or
      object scanned by the scanner and recordation of the display.
PAR  The digital signals extracted from the carrier wave by the
      receiver/demodulator 21 are transmitted to both the frame synchronizer
      decoder 27 and the delta demodulator 22. The receiver/demodulator 21 also
      extracts clock pulses from the carrier wave to synchronize the operation
      of the elements at the receiver station.
PAR  Initially, the frame synchronizer decoder decodes the synchronizing word
      generated by the synchronizing code generator 14 to begin the scanning of
      each frame of data on the CRT 26. The frame synchronizer decoder as shown
      in FIG. 6 initially receives the digital signals at one input of AND gate
      120. The gate is activated by a clock pulse applied to the second input of
      AND gate 120. The frame synchronizer decoder is shown as constructed of a
      plurality of flip-flops equal in number to the number of code bits and
      plurality of decoder resistors each associated with one of the flip-flops.
      It should be emphasized however that the frame synchronizer decoder may be
      any suitable decoding device.
PAR  The decoder is shown having a register of seven flip-flops 121 through 127
      each having a binary 1 and binary 0 output terminal. Each flip-flop is
      coupled to an associated switch contact 131 through 137 respectively with
      each switch contact coupled to an associated resistor 141 through 147
      respectively.
PAR  The switches 131 through 137 are set to contact the associated flip-flop in
      a sequence of ones and zeros identical to that of the code switches 16.
      Thus, when the seven digits of the code word each in the associated
      flip-flop 121 through 127, a voltage is applied to each of the associated
      resistors 141 through 147 the sum of which is applied to a comparator 148.
      A reference voltage is applied to the second input of the comparator 148.
      The reference voltage is pre-set to a level just below the voltage level
      applied to comparator 148.
PAR  When the voltage on each of the resistors 141 through 147 is high due to
      the presence of the code word in the register of flip-flops 121 through
      127, comparator 148 generates an output signal which is applied to one
      input of AND gate 149. A clock pulse activates AND gate 149 to generate a
      recorder start pulse j shown in FIG. 8.
PAR  The recorder start pulse is applied to horizontal oscillator 28 to control
      the X drive k as shown in FIG. 8 through deflection plates 31 of the CRT.
      It will be recalled that the X direction corresponds to the horizontal
      direction perpendicular to the forward direction of the aircraft on which
      the detector array is mounted. The recorder start pulse is also applied to
      the up-down counter 29 to control the Y drive l as shown in FIG. 8. It
      will be recalled that the Y direction corresponds to the horizontal
      direction parallel to the forward direction of the aircraft on which the
      detector array is mounted. Thus, the CRT 26 displays a picture which will
      be seen by an observer standing in the aircraft facing forward and looking
      directly downward at the terrain below.
PAR  The up-down counter may be any suitable device for providing the sequential
      vertically up and subsequent vertically down Y drive l as shown in FIG. 7
      as comprising a three stage six-counter 151 with a reset input from the
      decoder 27 and a clock pulse input from the receiver/demodulator 21. The
      counter has three outputs 152, 153 and 154 each coupled to an associated
      transistor switch 155, 156 and 157. Each of the switches is coupled to an
      associated resistor 158, 159 and 160. The resistance of resistor 158, 159
      and 160 are selected to be in a binary progression such that resistor 159
      is one half of the resistance of resistor 158 and the resistance of
      resistor 160 is one half of that of resistor 159. The outputs of the three
      resistors are coupled to a summing operational amplifier 161 having a
      feedback resistor 162 to provide the sequentially varying output.
PAR  In the operation of the up-down counter, the recorder start pulse j
      initially resets the three stage six-counter 151 and the flip-flop 163 at
      the beginning of each frame of scan. The output of flip-flop 163 is
      coupled to the up reset input of the counter 151 and through inverter 164
      to the down reset input. Flip-flop 163 sets the counter 151 in the up
      state initially and clock pulses applied to counter 151 step the counter
      up to provide a sequentially stepped Y output voltage l shown in FIG. 8
      between time t.sub.7 through time t.sub.12. When the counter 151 reaches
      the highest stage, flip-flop 163 is activated by the counter 151 to
      transmit a pulse which is inverted by inverter 164 to set the down input
      to the counter 151. The counter is then stepped down as shown in FIG. 8 to
      provide a sequential Y drive in the vertically downward direction. At the
      end of the down count, flip-flop 163 is activated again by counter 151 to
      set the up terminal of the counter 151 to begin the up count again.
PAR  The up-down counter 29 thereby controls the Y signal which is summed by
      analog summing device 32 with an output signal from vertical oscillator
      34. The frequency of oscillator 34 is controlled by the forward motion
      signal 33 to provide proper spacing between the horizontal sweeps on the
      CRT for variable V/H. The Y signal is then applied to plates 36 to control
      the vertical deflection on the screen of the CRT 26. Thus, the up-down
      counter 29 controls the Y drive to provide a display on the CRT 26 of the
      pictorial information in the video signals transmitted by the analog
      signal gates 11 from the detector array 10 to the delta modulator 13 in
      accordance with the sequence of sampling of the analog signal gates 11 by
      the switch logic generator 12.
PAR  With the horizontal and vertical drives synchronized to provide a sweep in
      accordance with the sequence of sampling by the switch logic generator 12
      of the analog signal gates 11, the CRT is now ready to display the video
      signals in the frame of scan. The digitized video signals received by the
      receiver/demodulator 21 are converted to an analog video signal, similar
      to the analog video signals sampled by the analog signal gates 11, by the
      delta demodulator shown in the preferred embodiment in FIg. 5. The delta
      demodulator may be any suitable demodulator for converting digital signals
      to analog signals such as the type shown in the Schindler article, cited
      above. The delta demodulator must, however, have similar circuit
      parameters in the voltage divider and integrating networks as the
      corresponding parameters in the delta modulator to provide fidelilty in
      reconverting the digitized video signals to an analog signal similar to
      the analog signals converted by the delta modulator to digital signals.
PAR  The data bits are transmitted to flip-flop 165 of the delta demodulator
      shown in FIG. 5. The output of the flip-flop 165 is coupled to a
      transistor switch 166. The reference voltages are applied to the switch
      166 and the output of the switch is coupled to resistors 167 and 168. An
      integrating circuit is coupled between resistors 167 and 168. The
      integrator comprises capacitor 169, resistor 170, capacitor 171 and
      resistor 172. The time constants of the capacitor-resistor networks are
      adjusted to perform a single or double integration function to match that
      of the delta modulator. The capacitor-resistor networks thereby accumulate
      electrical energy from the digital data bits with respect to time to
      provide an analog signal similar to the analog signals converted by the
      delta modulator 13 to digital signals.
PAR  In the operation of the delta demodulator, the flip-flop 165 is set at each
      clock pulse. The output of the flip-flop 165 activates the transistor 166
      to switch it between the binary 1 and binary 0 states depending on whether
      the digital input signal to the flip-flop 165 is a binary 1 or a binary 0.
      The activation of switch 166 by the sensing of a binary 1 provides a
      voltage to the integrating circuit by virtue of the action of the resistor
      network 167 and 168. The relative resistances of resistors 167 and 168 are
      selected so that the current that flows into the integrating network when
      switch 166 is in the binary 1 state is equal to the current that flows out
      of the integrating network when the switch 166 is in the binary 0 state in
      a manner similar to the operation of the resistance network 129 and 130 of
      the delta modulator.
PAR  Thus, a binary 1 in the train of data bits increases the magnitude of the
      analog signal generated by the integrating network. A binary 0 in the data
      bits decreases the magnitude of the analog signal generated by the
      integrating network. As a result, the output of the integrating network is
      a reconstruction of the composite video signal generated by the
      sequentially sampled analog signal gates 11. The delta demodulator is
      thereby operative to convert the video signals encoded by the delta
      modulator 13 back to their original form.
PAR  The signals are passed through low pass filter 23 to eliminate extraneous
      high frequency signals. The filter 23 may be any standard filtering
      device. In the preferred embodiment it is shown as having an inductor 173
      and a capacitor 174.
PAR  The video signals from the low pass filter 23 are applied to the grid
      terminal 24 to modulate the intensity of the picture displayed on the
      screen of CRT 26. Thus, the information content of the train of data bits
      provides modulation of the intensity of the beam to provide a picture of
      the terrain sensed by the scanners. As indicated above, the movement of
      the beam on the CRT 26 is synchronized in the X and Y directions to
      provide spacial relationship of the frames of scan which is identical to
      the spacial relationship of the pictorial information content of the
      sampled video signals transmitted by the analog signal gates 11 from the
      detector array 10 to the delta modulator 13.
PAR  Thus, the present invention provides for a display on the CRT 26 of a
      picture observed by the detector array 10 by sampling the detector
      sequentially from lowest order to highest order and subsequently from
      highest order to lowest order. This sequence of sampling the video signal
      obtained from each detector enables the utilization of one delta modulator
      which provides integration of each of the sampled signals to thereby
      generate a train of digital output signals indicative of the magnitude and
      direction of the sensed signals. Since the delta modulator provides a
      comparison of the output signal with the next succeeding input signal by
      feedback, the sequential sampling of each video signal having pictorial
      information content which is physically adjacent to the pictorial
      information of the next succeeding sampled video signal permits
      utilization of one delta modulator. This avoids the requirement of one
      delta modulator per detector channel which similarly employed prior art
      devices require.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. For example, the switch logic
      generator 12 may be any suitable device for multiplexing the analog signal
      gates 11. Both the synchronizing code generator 14 and the frame
      synchronizing decoder 27 may be any suitable encoding and decoding devices
      respectively for generating a unique code word at a transmission station
      and decoding it at the receiving station.
PAR  In addition, the up-down counter 29 may be any suitable counter for
      generating a sequentially ascending or descending signal in accordance
      with the sampling by the switch logic generator of the analog signal
      gates.
PAR  In particular, the present invention has been shown in the drawings and
      described in the description of the preferred embodiment as having only
      six analog signal channels. This limitation to six channels is for
      simplicity in description only. The substantial efficiency afforded by the
      utilization of one delta modulator in the present invention is
      particularly great when the number of channels is relatively substantial,
      such as in the order of 128. Any embodiment of the invention may be
      constructed, in the light of the above teachings, with a switch logic
      generator and other related elements to accommodate the increased number
      of channels. It is therefore to be understood that within the scope of the
      appended claims, the invention may be practiced otherwise than as
      specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for transmitting analog information sensed by a multi-channel
      sensor comprising:
PA1  sensing means having a plurality of channels each adapted to sense an
      analog signal,
PA1  sampling means for activating each of said channels in successive ascending
      order and subsequently in successive descending order, and
PA1  a single analog to digital converter coupled to the outputs of each of said
      channels for providing a serial train of digital pulses indicative of the
      magnitude and polarity of said sampled signals.
NUM  2.
PAR  2. The system as described in claim 1 and further comprising
PA1  means for transmitting said serial train of digital pulses to a receiving
      station, and
PA1  a receiving station having means for reconverting said serial train of
      digital pulses to said sampled analog signals.
NUM  3.
PAR  3. The system as described in claim 2 and wherein said receiving station
      includes utilization means for utilizing the informational content of said
      sampled analog signals in accordance with the sampling of said channels in
      successive ascending order and subsequentially in successive descending
      order.
NUM  4.
PAR  4. The system as described in claim 3 and wherein said utilization device
      includes a cathode ray tube for displaying the informational content of
      said sampled analog signals and having at least one plurality of
      deflection plates, and
PA1  counting means coupled to at least one of said plurality of deflection
      plates for controlling the display of said sampled analog signals in
      accordance with the sampling of each of said channels in successive
      ascending order and subsequentially in successive descending order.
NUM  5.
PAR  5. The system as described in claim 2 and wherein reconverting means
      comprises a single digital to analog converter for reconverting said
      serial train of digital pulses to an analog signal similar to said sampled
      analog signals.
NUM  6.
PAR  6. The system as described in claim 5 and wherein said receiving station
      includes display means for displaying the informational content of said
      analog signal similar to said sampled analog signals in accordance with
      the sampling of said channels in successive ascending order and
      subsequentially in successive descending order.
NUM  7.
PAR  7. The system as described in claim 6 and wherein said display means
      comprises a cathode ray tube having at least one plurality of deflection
      plates, and
PA1  wherein said receiving station further includes counting means coupled to
      at least one of said plurality of deflection plates for controlling the
      display of the informational content of said analog signals similar to
      said sampled analog signals in accordance with the sampling of said
      channels in successive ascending order and subsequentially in successive
      descending order.
NUM  8.
PAR  8. A system for transmission and display of video signals from a
      transmission station to a receiving station comprising
PA1  scanner means having a plurality of channels each having an electro-optical
      detector associated therewith for generating an associated video signal,
PA1  sampling means for activating each of said channels in a predetermined
      sequence of successive ascending order and subsequently in successive
      descending order to each generate a sample video signal,
PA1  converter means for converting each of said sampled video signals into a
      single serial train of digital signals,
PA1  transmission means for transmitting said single serial train of digital
      signals from the transmitting station to the receiving station,
PA1  restoring means at the receiving station for reconverting said single
      serial train of digital signals to analog signals corresponding to said
      sampled video signals, and
PA1  display means responsive to said analog signals for providing a plurality
      of frames of scan to thereby display said video signals.
NUM  9.
PAR  9. The system as described in claim 8 and wherein said restoring means
      includes control means for controlling said display means to display said
      video signals in accordance with the sampling thereof by said sampling
      means in said predetermined sequence.
NUM  10.
PAR  10. The system as described in claim 9 and wherein said control means
      includes a horizontal oscillator for controlling the horizontal movement
      of said frame of scan, and
PA1  an up-down counter for controlling the vertical movement of said frame of
      scan in accordance with the sampling of said channels in successive
      ascending order and subsequently in successive descending order.
NUM  11.
PAR  11. The system as described in claim 8 and wherein said sampling means
      comprises:
PA1  a plurality of gates each associated with one of said channels, and
PA1  switch logic generator means coupled to the input of each of said gates for
      enabling each gate in said predetermined sequence.
NUM  12.
PAR  12. The system as described in claim 11 and further comprising means for
      generating a digital code word to be transmitted by said transmission
      means with said single serial train of digital signals for synchronizing
      the operation of said restoring means and said display means with respect
      to said scanning means and said sampling means.
NUM  13.
PAR  13. The system as described in claim 12 and wherein said restoring means
      includes a delta demodulator for restoring said serial train of digital
      signals to an analog signal representative of said sampled video signals.
NUM  14.
PAR  14. The system as described in claim 13 and wherein said restoring means
      further includes decoding means for controlling the initiation of a frame
      of scan of said analog signal of said display means.
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ABST
PAL  A digital soft edge transition system for use in a video special effects
      generator utilizes digital circuitry responsive to a transition signal for
      switching either a first video input signal or a second video input signal
      into a composite video output signal. An analog video switch is utilized
      to provide a gradual transition between the video input signals. The
      gradient of the transition is determined by a counter and a variable speed
      clock, driving a digital-to-analog converter, or by a data selector
      interposed between the counter and the digital-to-analog converter. A
      "mirror image" circuit is utilized to generate symmetrical effects such as
      circles, diamonds and other effects requiring more than one transition
      between the video input signals. The "mirror image" circuit serves to
      store the location of the completion of the first transition and to begin
      the second transition at a location on the displayed image determined by
      the value of the stored location. In the preferred embodiment, the
      locations of the completion of the first transition and the beginning of
      the second transition are symmetrically disposed about a center line of
      the displayed image so that the desired effect is symmetrically displayed
      on the viewing screen.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to video special effects generators
      for combining multiple video input signals into a single video output
      signal, and more particularly, to a special effects generator utilizing
      digital circuitry for providing a gradual transition between two video
      input signal switched into the video output signal.
PAR  Digital special effects generators are known. One such digital special
      effects generator is described in U.S. Pat. No. 3,821,468 issued June 28,
      1974 to Albert E. Busch, assigned to the same assignee as the assignee of
      the present invention and incorporated herein by reference. While digital
      special effects generators such as the one described in the
      above-mentioned Busch reference provide a variety of special effects,
      transitions in the video output signal between two video input signals are
      abrupt, thereby resulting in a video display wherein the two video signals
      are displayed adjacent to each other with a sharp line separating the two
      displayed images. Such sharp transitions are desirable for many special
      effects; however, for other special effects such as vignette-type inserts,
      it is desirable to have a gradual transition between the two video signals
      to provide a soft edge effect in which the two video signals gradually
      blend into each other when displayed on the screen.
PAR  Circuits for providing a gradual transition between video signals have been
      constructed. Such circuits utilize standard special effects generators
      that have been modified by adding an analog video switch that gradually
      increases the amplitude of one of the video signals while simultaneously
      decreasing the amplitude of the other video signal to provide the soft
      edge effect. A delay circuit is generally interposed between the analog
      switch and the circuitry driving it to provide a gradually changing drive
      signal to the analog video switch.
PAR  While this technique provides a way of achieving a gradual transition
      between two video signals, when a symmetrical effect such as a circle or a
      diamond effect is selected and a soft edge is desired, the switching delay
      introduced by the delay circuit driving the analog video switch causes the
      display of the central image (i.e., the diamond or circle) to shift in the
      direction of scanning by an amount equal to the width of the transition
      border. Unless compensated, such a shift can be annoying to the viewer,
      particularly when a relatively wide transition border is generated.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved video special effects generator.
PAR  It is another object of the present invention to provide an improved soft
      edge video transition circuit that overcomes many of the disadvantages of
      the prior art circuits.
PAR  It is yet another object of the present invention to provide a new soft
      edge video transition circuit that does not offset the central image of a
      symmetrical effect when a soft edge mode is employed.
PAR  Yet another object of the present invention is to provide an improved
      digital soft edge video transition circuit.
PAR  In accordance with a preferred embodiment of the invention, each horizontal
      scanning line is divided into 512 segments by a clock providing 512 pulses
      for each scanning line. The output of the clock is counted by an
      end-of-transition counter. The end-of-transition counter is reset to zero
      at the beginning of each scanning line and counts the clock pulses until
      the completion of a first video transition, at which point the counter is
      stopped. The end-of-transition counter has a capacity of 255 counts which
      corresponds approximately to one-half of a horizontal scan. A
      divide-by-255 circuit is driven by the clock and provides an output signal
      to restart the end-of-transition counter at the midpoint of the scan. The
      end-of-transition counter counts until it reaches a count of 255 at which
      point it provides a signal to the video switching circuitry to begin the
      gradual transition back to the original signal. Because the maximum count
      in the end-of-transition counter corresponds to one-half of a scanning
      line, and the count stored in the end-of-transition counter at the end of
      the first transition represents the portion of the scan beginning with the
      horizontal synchronizing pulse and ending with the end of the transition
      border. The number of counts required to fill the counter represents the
      length of the scan between the end of the transition border and the center
      of the scan. Consequently, when the end-of-transition counter is driven to
      overflow after being restarted, the length of scan generated between the
      center of the scan and counter overflow is equal to the length of the scan
      between the end of the transition border and the center of the scan. As a
      result, the transition border is symmetrically disposed about the center
      of the scan.
PAR  The switching waveform for operating the analog video switch is generated
      by a border counter circuit driving a digital-to-analog converter. To
      provide a variable width transition border, a voltage controlled
      oscillator may be utilized to drive the border counter or a data selector
      may be interposed between the border counter circuit and the
      digital-to-analog converter. The border counter circuit utilizes an
      up/down counter that is triggered by a video transition signal and driven
      in an up counting mode following the receipt of the video transition
      signal. The output of the border counter is applied to the
      digital-to-analog converter and causes the digital-to-analog converter to
      apply a gradual switching waveform to the analog video switch for
      gradually effecting the transition as the count increases. The transition
      is completed when the border counter reaches a predetermined count and
      provides an output signal to freeze the count in the end-of-transition
      counter until the end-of-transition counter is retriggered at the center
      of the scan. The amount of time required to complete the transition is
      determined by the frequency of the voltage controlled oscillator, or by
      data selectors which may be interposed between the border counter and the
      digital-to-analog converter.
PAR  When the end-of-transition counter is retriggered and overflows after the
      center of the scan, the direction of count in the border counter is
      reversed and the output of the digital-to-analog converter decreases, and
      gradually returns the analog video switch to its initial condition. The
      width of the border is controlled by adjusting the frequency of the
      voltage controlled oscillator.
DRWD
PAR  The other objects and advantages of the present invention will be readily
      apparent from the following detailed description and drawings, wherein:
PAR  FIG. 1 is a simplified schematic diagram in digital logic and block diagram
      form illustrating the operation of a preferred embodiment of the digital
      soft edge video transition system according to the invention;
PAR  FIG. 2 is an illustration of the viewing screen of a television monitor
      showing one of the soft edge special effects provided by the circuit
      according to the invention; and
PAR  FIGS. 3 and 4 are detailed schematic diagrams of a practical embodiment of
      the digital soft edge transition system according to the invention similar
      to the system illustrated in simplified form in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, the digital soft edge transition circuit according to
      the invention comprises an end-of-transition locating circuit 10 and a
      switching waveform generator 12. Only a horizontal end-of-transition
      locating circuit 10 is shown in FIG. 1; however, a similar circuit may be
      utilized to provide a soft edge transition in the vertical direction. The
      end-of-transition locating circuit 10 includes a horizontal clock 14 that
      generates 512 pulses during each horizontal line scanning interval. The
      pulses from the horizontal clock 14 are applied to an 8-bit
      end-of-transition counter 16 by means of a 3-input NAND gate 18. A source
      of horizontal synchronizing pulses 20 is utilized to reset the counter 16
      at the beginning of each horizontal scanning line. A divide-by-255 divider
      circuit 22 controls a latch 224 comprising a pair of NAND gates 26 and 28.
      The divide-by-255 circuit 22 counts the pulses from the horizontal clock
      14 and provides an output signal indicative of the center of the
      horizontal scan after 255 pulses have been received.
PAR  The soft edge transition circuit is controlled by a digital special effects
      generator 30. The digital special effects generator 30 is illustrated only
      in block diagram form for reasons of simplicity, but a much more detailed
      description of a typical digital special effects generator usable as the
      generator 30 is given in the referenced Busch U.S. Pat. No. 3,821,468
      patent. The digital special effects generator 30 includes a lever counter
      32 (similar to the lever counter 400 shown in FIG. 1 of the Busch patent),
      a horizontal counter 34 (similar to the horizontal counter 600), a
      vertical counter 36 (similar to the vertical counter 500), a series of
      comparators 36 (which may include a horizontal comparator such as the
      comparator 650, a circle comparator such as the comparator 760 and other
      comparators for providing different effects), an analog-to-digital
      converter 40 (such as the analog-to-digital converter 300) and a lever
      controlled potentiometer 42 (similar to the lever controlled potentiometer
      101). The function of the special effects generator section 30 is to
      provide a transition signal for switching the output video signals in
      accordance with the position of the lever potentiometer 42.
PAR  The switching waveform generator 12 includes a counter 44 that is driven by
      a voltage controlled oscillator 46. The frequency of the voltage
      controlled oscillator 46 is determined by the setting of a potentiometer
      48. The output signal from the voltage controlled oscillator 46 is applied
      to an up counting input 50 of the counter 44 when a pair of NAND gates 54
      and 56 are enabled, or to a down counting input 52 when the NAND gate 54
      and a NAND gate 58 are enabled. A latch circuit 60 comprising a pair of
      NAND gates 62 and 64 is controlled by the horizontal synchronizing circuit
      20 and the divider circuit 22 and determines which of the gates 56 and 58
      is to be enabled.
PAR  The output of the counter 44 is applied to a digital-to-analog converter 66
      and to a 5-input NAND gate 68. The digital-to-analog converter 66
      generates a gradually increasing and gradually decreasing amplitude
      switching waveform 70 for controlling an analog video switch 72.
PAR  The output of the NAND gate 68 is applied to an AND gate 74 together with
      the overflow output of the counter 44. The gate 74 serves to toggle the
      latch 24 and a latch 76 comprising a pair of gates 78 and 80 when the
      counter 44 overflows.
PAR  In operation, the horizontal clock 14 provides 512 pulses per horizontal
      scanning line to the horizontal counter 34. The pulses from the clock 14
      are continuously counted by the horizontal counter 34 to provide a
      numerical indication of the horizontal position of the scanning beam. The
      position of the potentiometer 42 is sensed by the A-to-D converter 40
      which applies a digital signal representative of the position of the
      potentiometer 42 to the lever counter 32. A vertical counter 36 counts the
      horizontal synchronizing pulses from the horizontal synchronizing source
      20 to provide an indication of the number of the line being scanned. The
      contents of the lever counter 32, the horizontal counter 34 and the
      vertical counter 36 are compared by the comparator 38 which provides a
      transition signal to a NAND gate 82 when a predetermined combination of
      the counts in the horizontal and vertical counters 34 and 36 exceeds the
      value stored in the lever counter 32. This causes the output video signal
      to be switched in accordance with the position of the lever 42 and the
      horizontal and vertical position of the scanning beam.
PAR  The horizontal synchronizing circuit 20 provides a positive going
      horizontal synchronizing pulse at the beginning of each scanning line. The
      horizontal synchronizing pulse resets the counter 16 and the divide-by-255
      circuit 22 to zero. The positive going synchronizing pulse is inverted by
      an inverter circuit 84 and applied to the NAND gate 26 to toggle the latch
      24. The toggling of the latch 24 enables the gate 18 to apply pulses from
      the clock 14 to the counter 16.
PAR  The pulses from the clock 14 are counted by the horizontal counter 34. When
      the value of the count in the horizontal counter 34 reaches a sufficient
      magnitude to trigger one of the comparators 38, the output of the
      comparators 38 goes high, thereby causing the output of the gate 82 to go
      low and toggle the latch 76. Toggling the latch 76 enables the gate 54 to
      pass pulse from the voltage controlled oscillator 46 to the gates 56 and
      58. The horizontal synchronizing pulse from the horizontal synchronizing
      circuit 20 is inverted by an inverter 86 and applied to the gate 62 of the
      latch 60 to cause the latch 60 to enable the gate 56 and disable the gate
      58. As a result, the pulses from the voltage controlled oscillator 46 are
      routed to the up counting input of the counter 44 via the gates 54 and 56.
      The counter 44 continues to count the clock pulses until overflow.
PAR  As the count in the counter 44 increases, the output of the
      digital-to-analog converters 66 increases in a linear manner thereby
      gradually reducing the amount of signal passed between an input point 86
      and an output point 90 of the video switch 72 while simultaneously
      increasing the amount of signal passed from an input point 88 to the
      output point 90. The rate at which the output point 90 is transferred from
      the input point 86 to the input point 88 is dependent upon the frequency
      of the voltage controlled oscillator 46. This frequency is adjusted by
      adjusting the potentiometer 48. A more rapid transition is provided when
      the frequency is increased, and a more gradual transition is provided when
      the frequency is decreased.
PAR  When the counter 44 overflows, a negative going carry signal is applied
      from the counter 44 to one input of the gate 74. All of the outputs of the
      counter 44 connected to the gate 68 are also high, and the gate 68
      provides a low active state signal to the gate 74. This causes the output
      of the gate 74 to go low to toggle the latches 24 and 76. Both inputs to
      the gate 74 need not go low to provide a low state signal at the output of
      the gate 74, but a dual drive is used to assure that the latches 24 and 76
      are toggled even if the carry signal from the counter 44 or the output
      from the gate 68 fails to go low. The gate 68 also permits the border
      count to be terminated prior to overflow, if desired, by connecting the
      inputs of the gate 68 to less significant bit outputs of the counter 44.
PAR  Toggling the latch 24 disables the gate 18, thereby freezing the count in
      the counter 16 to the value present at the end of the video transition.
      Toggling the latch 76 disables the gate 54 and freezes the count in the
      counter 44 to thereby maintain the counter 44 at full count. At this
      point, neither the counter 16 nor the counter 44 is counting and the value
      of the count stored in the counter 16 is representative of the end of the
      video transition. During this interval, however, the horizontal clock
      pulses are still being applied to the divide-by-255 circuit 22. After 255
      pulses have been received, indicative of the center of a scan, the output
      of the divider 255 goes low thereby toggling the latches 24 and 60.
      Toggling the latch 24 reenables the gate 18, and the counter 16 resumes
      counting. Toggling the latch 60 disables the gate 56 and enables the gate
      58 to permit pulses from the voltage controlled oscillator 46 to be
      applied to the down counting input 52 of the counter 44 when the gate 54
      is subsequently enabled.
PAR  The counter 16 continues to count until it overflows and applies a low
      active state signal to the gate 80 of the latch 76 to thereby cause the
      latch 76 to reenable the gate 54. When the gate 54 is reenabled, the
      counter 44 counts in the reverse direction. The decreasing count is
      converted to a decreasing amplitude analog voltage by the
      digital-to-analog converter 66 and applied to the video switch 72. The
      video switch 72 responds to the decreasing analog voltage by gradually
      reducing the video signal transmitted from the input point 88 to the
      output 90 while simultaneously increasing the video signal transmitted
      from the input 86 in order to gradually switch the first video signal into
      the input 90. The video transition is completed when the count in the
      counter 44 is returned to zero.
PAR  The operation of the soft edge transition circuit and how it assures
      symmetry in a vignette-type insert will be better understood by referring
      to FIG. 2. The effect displayed in FIG. 2 is a diamond vignette insert 100
      inserted in a background video area 102. The center of the screen is
      identified by a center line 104 and the transition border between the
      vignette 100 and the surrounding area is illustrated by a shaded area 106.
PAR  In order to explain the operation of the invention, the various switching
      operations that occur during one scanning line will be described. For
      purposes of discussion, the line being scanned will be identified by the
      numeral 108. As the scanning of the line 108 begins at a point 110 at the
      edge of the screen, the horizontal synchronizing circuit generates the
      horizontal synchronizing pulse that resets the logic and causes the
      end-of-transition counter 16 to begin counting. The line 108 is scanned
      from left to the right until the output of the comparator 38 causes the
      video transition to begin at point 112. At this point, the border counter
      44 begins to count and the digital-to-analog converter 66 begins to
      generate the video switching waveform that gradually decreases the
      amplitude of the background video 102 and increases the amplitude of the
      background video 102 and increases the amplitude of the vignette video
      100. The transition between the background video 102 and the vignette
      video 100 is completed at a point 114. At this point, the border counter
      44 overflows and disables the operation of the end-of-transition counter
      16.
PAR  As the scan proceeds from the point 114 to the intersection of the line 108
      with the center line 104 at a point 116, neither the end-of-transition
      counter 16 nor the border counter 44 is operating. After the scan crosses
      the center line 104 at the point 116, the divide-by-255 divider 22
      reenables the end-of-transition counter 16 which counts until it overflows
      at a point 118. The distance between the points 114 and 116 correspond to
      255 counts less the number of counts between the initial point 110 and the
      end-of-transition point 114. This number is equal to the number of counts
      that can be applied to the counter 16 before it overflows. Consequently,
      when the count is resumed at the point 116, the distance scanned before
      the point 118 is reached will be equal to the distance between the points
      114 and 116, thereby resulting in a symmetrical vignette about the center
      line 104. As can be seen by the dotted line 120, if the video transition
      were not begun until after the second video transition signal was
      generated by the comparator 38 (point 122) the vignette would be shifted
      to the right by an amount equal to the width of the border 106.
PAR  Between the points 118 and 122, the border counter 44 is counting in the
      reverse direction to cause the digital-to-analog converter 66 to provide a
      switching waveform to the video switch 72 for gradually increasing the
      amplitude of the surrounding video signal 102 and decreasing the amplitude
      of the vignette video 100. Following the point 122, no further switching
      is done until the horizontal synchronizing pulse at the beginning of the
      next scanning line reinitiates the same sequence.
PAR  In certain instances, a nonsymmetrical pattern may be desired. In such a
      case, the system may be inhibited by applying a low active state signal to
      an inhibit input point 92 of the gate 18. This disables the
      end-of-transition memory counter 16 causes the border generating circuit
      12 to be controlled by the output of the comparator 38.
PAR  The output of the gate 80 in the latch circuit 76 is also applied to an
      output point 94. This provides an abrupt switching signal for controlling
      a second video switch (not shown) to provide a sharp transition in the
      video when a soft edge effect is not desired.
PAR  An alternative system for adjusting the width of the border is utilized in
      the embodiment of the invention illustrated in FIGS. 3 and 4. The circuit
      illustrated in  FIGS. 3 and 4 shows a border width control circuit 150
      (FIG. 4) disposed between a counter 244 (similar to the counter 44 in FIG.
      1) and a digital-to-analog converter 266 similar to the digital-to-analog
      converter 66 of FIG. 1. The border width control circuit 150 utilizes a
      plurality of data selectors for selectively interconnecting a plurality of
      leads 152 from the counter 244 and a plurality of leads 154 connected to
      the digital-to-analog converter 266. By altering the interconnections
      between the leads 152 and 154, the value of count appearing at the leads
      154 can be altered with respect to the count applied to the leads 152. The
      rearrangement of the interconnecting changes the apparent value of the
      count received by the digital-to-analog converter, and alters the slope of
      the switching waveform produced by the digital-to-analog converter. The
      altered slope of the switching waveform changes the rate at which the
      video switch is actuated, and results in a change in the width of the
      transition border.
PAR  The border control circuit 150 utilizes six data selectors 156, 158, 160,
      162, 164 and 166 to variously interconnect the leads 152 and 154. Each of
      the data selectors has eight input and four output leads and employs four
      electronic switches each connected for selectively connecting one of two
      input leads to one of the output leads. A data selector suitable for the
      present application is a type 74157 data selector manufactured by Texas
      Instruments, Inc. The data selectors 156 and 158 are connected together as
      a divide-by-four digital divider. The division ratio of the data selectors
      156 and 158 is controlled by a potential applied to a line 168 for
      selecting which of the inputs are to be connected to the outputs. For
      example, when a first potential, for example a binary zero, is applied to
      the line 168, the input line connected directly to the counter 244 are
      coupled to the output lines to connect the counter 244 to the data
      selectors 160 and 162 directly. When a second level potential is applied
      to the line 168, for example a binary one, the interconnections are
      altered such that the second stage of the counter 244 is connected to the
      second, third and fourth output leads from the data selector 156, and the
      first three output leads of the data selector 158 are connected to the
      third, fourth and fifth output leads, respectively, of the counter 244.
      Consequently, some of the binary digits from the counter 244 are offset to
      the right by two places. The two place offset results in an apparent four
      times multiplication of the value of the count, which in turn results in a
      more rapid change in the output voltage of the digital-to-analog converter
      and a border that is narrower by a factor of four. The reduced width
      border is useful when the transition circuit is operated in the hard
      transition mode.
PAR  In a similar fashion, the data selectors 160 and 162 offset the outputs of
      the data selectors 156 and 158 one place to provide a two-to-one reduction
      in the width of the border. The data selectors 164 and 166 select the
      outputs of the data selectors 156 and 158, or 164 and 166. The selection
      provides border reduction ratios of either four-to-one or one-to-one when
      the outputs of the data selectors 156 and 158 are selected, and two-to-one
      when the outputs of the data selectors 160 and 162 are selected. The data
      selectors 160, 162, 164 and 166 are controlled by the potential applied to
      a pair of lines 184 and 186, similar to the line 168.
PAR  The operation of the rest of the circuitry illustrated in FIGS. 3 and 4 is
      similar to that of the circuitry illustrated in FIG. 1. For the reason,
      analogous components in FIGS. 3 and 4 have been designated by 200's series
      numbers having tens and units digits corresponding to similar numbers in
      FIG. 1. For example, the counter 244 in FIG. 4 corresponds to counter 44
      in FIG. 1. The circuit diagram of FIGS. 3 and 4 is more detailed than the
      diagram of FIG. 1 and shows the border counter 244 being fabricated from
      two 4-bit counters 243 and 245 connected in cascade. In the embodiment
      shown, the counters 243 and 245 are type 74193 up/down counters
      manufactured by Texas Instruments, Inc. The zero to 255 end-of-transition
      counter 216 (FIG. 3) is also fabricated from a pair of type 74193
      counters.
PAR  A pair of 5-input NAND gates 174 and 176 are utilized alternately to enable
      a pair of gates 256 and 258 to cause the counter 244 to count in the up or
      in the down direction. As in the embodiment shown in FIG. 1, after the
      first transition, the counter initially counts in the up direction until
      all ones are applied to the gate 174. At this point, the gate 256 is
      disabled by the gate 174, and the count resumes in the downward direction
      the next time the gates 254 and 258 are enabled. The down count continues
      until the count in the counter 244 is reduced to zero. The zero count is
      inverted by four inverters 177 and applied to the gate 176 to thereby
      disable the gate 258 and terminate the down count when the zero count is
      reached.
PAR  A latch 276 comprising a pair of gates 278 and 280 receives the output
      signals from the gates 174 and 176 via a pair of gates 178 and 180 and a
      monostable multivibrator 182. The output of the gate 180 toggles the latch
      276 temporarily to disable the gate 254 following the termination of each
      of up count and each down count.
PAR  In order to account for changes in the apparent count applied to the
      digital-to-analog converters caused by the data selectors, a bistable
      multivibrator fabricated from a pair of NAND gates 188 and 189 is used to
      enable both of the gates 174 and 176 when the potential on the data
      selector control line 186 is low regardless of the level of the potential
      on the one of the lines 154 connected to the gate 189. When the potential
      on the control line 186 is high, the multivibrator 187 toggles in response
      to the potential on line 154 connected to the gate 189 to enable the gate
      174 when that potential corresponds to a one, and to enable the gate 176
      when that potential corresponds to a zero. Consequently, the outputs of
      the gates 174 and 176 are dependent on the value of the least significant
      digit from counter 244 when that digit is selected by the data selectors,
      and independent of its value when it has not been selected.
PAR  The auxiliary circuitry for driving the soft transition system shown in
      FIGS. 3 and 4 is similar to that required to drive the circuit of FIG. 1.
      A horizontal clock 214 (FIG. 3) is utilized to drive the border counter
      244 and the end-of-transition counter 216. The clock pulses are applied to
      the counter 244 via a monostable multivibrator 191 which serves to shape
      the clock pulses to render them compatible with the counter 244. The clock
      pulses are further shaped by a bistable multivibrator 192 and a monostable
      multivibrator 193 and applied to the end-of-transition counter 216. Both
      the end-of-transition counter 216 and a bistable multivibrator 192 are
      cleared at the initiation of each scanning line by pulses from the
      horizontal drive source 220 applied to the reset inputs thereof by a pair
      of inverting amplifiers 194 and 195.
PAR  The remaining inputs to the system are applied to a series of input points
      (FIG. 4), 302, 304 and 306 (FIG. 3). The input point 300 receives pulses
      indicative of the center of a scan from a source similar to the divider 22
      of FIG. 1 or other source. Various transition signals from horizontal,
      vertical or other comparators, such as those contained in the comparator
      block 38 of (FIG. 1 are applied to the input points 302, 304 and 306.
      Three separate inputs are used to accommodate various polarity pulses
      which are selectively inverted by an inverter 308 and a pair of exclusive
      NOR gates 310 and 312 which serve as programmable inverters prior to being
      applied to a NAND gate 282. The NAND gate 282 serves to toggle the latch
      276 to enable the gate 254 to thereby enable the border counter 244 to
      begin the border count after the transition signal has been received from
      the comparator. A gate 317 is interposed between the multivibrator 316 and
      the latch 276 to render the latch 276 responsive to transition signals
      from the comparator only during the initial half of each horizontal scan.
      A monostable multivibrator 314 synchronizes the transition signal applied
      to the latch 276 to the horizontal drive pulses from the source 220 and a
      second monostable multivibrator 316 is used to shape the pulse prior to
      application to the latch 276.
PAR  The signal applied to the input point 300 FIG. 4) is a step signal having a
      low level potential during the initial portion of the scan and a high
      level potential during the portion of the scan following the center. The
      signal applied to the input point 300 toggles a bistable multivibrator 320
      that is synchronized to the horizontal clock 214. The bistable
      multivibrator 320 serves to apply a high level signal to the gate 256 to
      operate the border counter 244 in an up counting mode during the initial
      portion of the scan, and to enable the gate 258 to render the counter 244
      operative in its down counting mode during the last half of the scan. The
      signal from the input point 300 is also applied to a monostable
      multivibrator 322 via a pair of gates 324 and 326. The multivibrator 322
      responds to the transition in the signal applied to the point 300 by
      generating a low level pulse. The low level pulse is applied to the gate
      226 in the latch 224 in order to toggle the latch 224 and enable the gate
      218 to apply clock pulses to the counter 216. When the counter 216
      overflows, a low level signal is applied to a NOR gate 325.
      Simultaneously, the low level output from the counter 216 is inverted by
      an amplifier 327 and applied to the T input of a JK flip-flop 328. The
      flip-flop 328 is cleared at the beginning of each scanning line by pulses
      from the horizontal drive source (applied thereto via multivibrators 314
      and 316 and the gate 282), and provides an enabling pulse to the gate 325
      upon receipt of the inverted signal received from the amplifier 327. This
      causes the gate 325 to apply a positive pulse to an inverting amplifier
      330 which again toggles the latch 276. The latch 276 again enables the
      gate 254 which passes clock pulses through the now enabled gate 258 to
      cause the border counter 244 to count in the downward direction until all
      zeros are applied to the gate 176, thereby causing the gate 176 to again
      toggle the latch 276 and disable the gate 254 to terminate the count. This
      completes the transition back to the original video signal.
PAR  While certain preferred embodiments of the invention have been described by
      way of illustration, many modifications will occur to those skilled in the
      art; it will be understood, of course, that it is not desired that the
      invention be limited thereto, since modifications may be made, and it is,
      therefore, contemplated by the appended claims to cover any such
      modifications as fall within the true scope and spirit of the invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A soft edge transition system for use with a special effects generator
      providing transition signals for rendering said transition circuit
      operative to switch one of first and second video input signals into a
      video output signal under the control of synchronizing signals, said
      transition circuit comprising:
PA1  means responsive to said transition signal for gradually switching said
      fist video input signal out of said video output signal and switching said
      second video input signal into said video output signal;
PA1  means responsive to said synchronizing signals and said switching means for
      determining the time interval between a predetermined datum and the
      completion of the gradual switching by said switching means;
PA1  means for generating an intermediate point signal representative of a
      predetermined point in the interval between synchronizing signals; and
PA1  means operatively coupled to said switching means and responsive to said
      intermediate point signal generating means and said time interval
      determining means for rendering said switching means operative gradually
      to switch said second video input signal out of said video output signal
      and said first video input signal into said video output signal.
NUM  2.
PAR  2. A soft edge transition system as recited in claim 1 wherein said
      predetermined datum is the most recent synchronizing signal.
NUM  3.
PAR  3. A soft edge transition system as recited in claim 2 wherein said time
      interval determining means includes means for determining said time
      interval digitally.
NUM  4.
PAR  4. A soft edge transition system as recited in claim 3 wherein said
      switching means includes means for digitally controlling the switching of
      said video signals.
NUM  5.
PAR  5. A soft edge transition system as recited in claim 4 wherein said digital
      controlling means includes means for generating a series of digital
      representations and means responsive to said digital representations for
      generating a video switching signal having a gradual transition between
      first and second states.
NUM  6.
PAR  6. A soft edge transition system as recited in claim 5 wherein said digital
      representation generating means includes a source of periodic signals and
      means for counting said periodic signals.
NUM  7.
PAR  7. A soft edge transition system as recited in claim 6 further including
      means for rendering said video switching signal generating means operative
      to alter the rate of change of said gradual transition.
NUM  8.
PAR  8. A soft edge transition system as recited in claim 7 wherein said
      counting means has a plurality of outputs and said video switching signal
      generating means has a plurality of inputs, wherein said transition rate
      altering means includes means for selectively interconnecting various ones
      of the outputs of said counting means and the inputs of said video
      switching signal generating means.
NUM  9.
PAR  9. A soft edge transition system as recited in claim 7 wherein said gradual
      transition rate altering means includes means for changing the frequency
      of said periodic signals.
NUM  10.
PAR  10. A soft edge transition system as recited in claim 9 wherein said
      selective interconnecting means includes a digital data selector.
NUM  11.
PAR  11. A soft edge transition system as recited in claim 3 wherein said
      digital time interval determining means includes a source of periodic
      signals and means for counting said periodic signals, said counting means
      including means responsive to each of said synchronizing signals for
      initiating the counting of said periodic signals and means responsive to
      said gradual switching means for suspending the counting of said periodic
      signals upon the completion of the gradual switching.
NUM  12.
PAR  12. A soft edge transition system as recited in claim 11 wherein said
      intermediate point signal generating means includes means for counting
      said periodic signals and providing said midpoint representative signal
      upon receipt of a predetermined number of periodic signals corresponding
      to said predetermined point.
NUM  13.
PAR  13. A soft edge transition system as recited in claim 12 wherein said
      counting means includes a zero-to-255 counter and means for resetting said
      counter upon receipt of one of said synchronizing signals.
NUM  14.
PAR  14. A soft edge transition system as recited in claim 11 wherein said
      counting means includes means for providing an output upon receipt by said
      counting means of a predetermined number of periodic signals
      representative of the interval between said predetermined intermediate
      point and the synchronizing signal immediately preceeding said
      intermediate point.
NUM  15.
PAR  15. A soft edge transition system as recited in claim 14 further including
      means operatively coupling said intermediate point signal generating means
      and said counting means for reinitiating the counting of said periodic
      pulses upon the receipt of said intermediate point representative signal.
NUM  16.
PAR  16. A soft edge transition system as recited in claim 15 further including
      means operatively coupling said switching means and said counting means
      for rendering said switching means operative gradually to switch said
      second video input signal out of said video output signal and said first
      video signal into said video output signal in response to said output from
      said counting means.
NUM  17.
PAR  17. A soft edge transition system as recited in claim 16 wherein said
      predetermined intermediate point is the midpoint of a horizontal scan.
NUM  18.
PAR  18. A soft edge transition system as recited in claim 17 wherein said
      counting means includes a zero-to-255 counter.
NUM  19.
PAR  19. A soft edge transition system as recited in claim 18 wherein said
      zero-to-255 counter includes an overflow output point for providing said
      output representative of the receipt of said predetermined number of
      periodic signals corresponding to the interval between said midpoint and
      the synchronizing signal immediately preceding said midpoint.
NUM  20.
PAR  20. The method for providing a symmetrical soft edge video special effect
      comprising the steps of:
PA1  initiating a first gradual transition between first and second video
      signals;
PA1  generating an indication of the location on a video image of the completion
      of the transition;
PA1  generating an indication of the location of a datum on the video image; and
PA1  initiating a second gradual transition back to said first video signal at a
      predetermined location on the video image such that the initiation of said
      second gradual transition and the termination of said first gradual
      transition are symmetrically disposed about said datum.
NUM  21.
PAR  21. The method recited in claim 20 wherein the step of generating the
      indication of the completion of the first transition includes the steps of
      initiating a scan and to determining the time interval between the
      initiation of the scan and the completion of the first transition.
NUM  22.
PAR  22. The method recited in claim 21 wherein the step of generating the
      location of the datum includes the step of determining the center of the
      scan.
NUM  23.
PAR  23. The method recited in claim 22 wherein the step of determining the
      center of the scan includes the steps of determining the time duration of
      the scan and generating a center indication subsequent to the initiation
      of the scan, the time interval between the scan initiation and the center
      indication being substantially equal to one half of the time duration of
      the scan.
NUM  24.
PAR  24. The method recited in claim 23 wherein the step of initiating the
      second gradual transition includes the step of initiating the transition
      after a predetermined time interval has elapsed following the generation
      of the center indication, the predetermined time interval being
      substantially equal to the difference between one half of the time
      duration of the scan and the time interval between initiation of the scan
      and the completion of the first gradual transition.
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ABST
PAL  A large display system capable of displaying a video image receives video
      signals, quantizes those signals to produce a digital code capable of
      representing variations in the light content of the image and processes
      the digital code so as to control individual display devices on a large
      matrix of such devices to have different levels of visibility to thereby
      reproduce the video image for viewing by a large audience. A data
      processor is optionally utilized to store the digital representation of
      the video image in memory so that on line or off line presentations can be
      made.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to systems for displaying pictorial
      representations to large numbers of people. More specifically, it relates
      to display systems capable of information from any one or more of a number
      of different sources and presenting the data in the form of alpha
      numerical information or pictorial representation.
PAR  In recent years there has been an ever increasing interest in means for
      displaying or exhibiting to large audiences information about or pictorial
      representations of different events. For instance, there has developed a
      desire for "scoreboards" in athletic stadia to present to the audience
      information about the game in progress, information about games in
      progress elsewhere and miscellaneous information about player performance,
      statistics and the like. The scoreboards having such capability are, of
      course, well known and in relatively common use around the country.
      However, it is believed that when such scoreboards are provided with the
      additional capability of producing moving pictorial representations, their
      utility is considerably enhanced. Even more than this, the ability of such
      a scoreboard to present to a large audience an "instant replay" of events
      in the game in progress, they serve a further purpose which the owners and
      operators of stadia athletic teams and advertisers find desirable.
PAR  In addition, the presence of a display device having the capabilities
      indicated above, affords the opportunity to present to large audiences a
      wide variety of graphic and pictorial material. For instance, it becomes
      possible to display animated cartoons of either a humorous or advertising
      nature. It also becomes possible to display pictorial information from the
      memory of large scale digital data processors.
PAR  It is believed that a scoreboard of the type suggested to be truly
      satisfactory, however, must be able to present pictorial displays in other
      than mere black and white. Otherwise, the delineation is not completely
      satisfactory and the image quality is not acceptable to most viewing
      audiences.
PAR  Therefore, this invention provides a display system wherein the image
      displayed is not merely a two tone image but one which is presented in
      what might be termed "shades of gray+, that is, there are gradations going
      from black to white.
PAR  Thus, it is an object of this invention to provide a novel large scale
      display system which produces almost instantaneous display of video
      signals ("instant replay") which, because it is capable of showing shades
      of gray, is very acceptable to viewing audiences.
PAR  The most common large scale display devices in use today use incandescent
      lamps arranged in a matrix and and connected so that individual lamps can
      be selectively excited to create the image whether that image be of alpha
      numerical characters or pictorial representations. This invention
      contemplates the inclusion of means which not only selectively excites the
      lamps in such a matrix but also controls their level of excitation so as
      to provide a range of light or brightness from full off to full on. In
      this manner, a pictorial representation appears as an image in which
      persons or other foreground images are clearly delineated from background
      and some of the subtleties of shadings can be seen.
PAR  One system, capable of producing a large scale display in a shades of gray
      format, is copending application Ser. No. 387,006, filed Sept. 28, 1973,
      assigned to the assignee of the present invention. That system, while
      quite satisfactory for producing a four shades of gray display, has been
      found to require extensive improvement when additional gradations in the
      level of display excitation are desired. Further, the copending
      application disclosed a system wherein the display board was
      non-synchronous.
PAC  OBJECTS OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide a display
      which closely represents the image being represented.
PAR  It is a further object of the present invention to provide a display system
      which is fully synchronized to provide a simplified system of operation.
PAR  It is a further object of the present invention to provide a system wherein
      by simple adjustment the intensity levels of the display may be varied to
      obtain optimal image reproduction.
PAR  It is another object of the present invention to provide a display which is
      flexible and allows for the use of various display lamp configurations and
      which can accommodate a three-phase or single phase power source.
PAR  It is still another object of the present invention to provide a system
      which, although fully capable of providing an eight-shade of gray display,
      may selectively be utilized to provide four or two shades of gray should
      that be desired.
PAR  It is a further object of the present invention to provide a display system
      which is capable of utilizing a digital computer or simply a random access
      memory depending upon the desire of the user.
PAR  It is a further object of this invention to provide a large display system
      capable of displaying video signals available from a camera viewing a live
      scene or stored in a memory of either the analogue or digital variety.
PAR  It is a still further object of this invention to provide a large display
      system capable of displaying an image with variations of gradations of
      brightness in order to fully delineate the elements of the image.
PAR  Another object of this invention is to provide a novel large display system
      in images to be displayed using animation techniques which may more easily
      be prepared.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In order to achieve the foregoing and other objects, an embodiment of the
      invention includes a video to digital converter which may receive video
      signals from any number of different sources and which converts the video
      signals so received into electrical signals representing quantized and
      digitized values of the video and produces the synchronizing signals to
      permit the digital signals to be stored in the memory of the data
      processor and directly displayed if desired. Means are provided to control
      individual display devices in a large matrix of such devices so that each
      display device is energized by an amount proportional to the light
      intensity of a quantized segment of the actual scene.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention itself is set forth in the claims appended hereto while an
      understanding of an embodiment thereof can be had by reference to the
      detailed description taken in conjunction with the drawings in which:
PAR  FIG. 1 illustrates in block diagram form the general organization of and
      the flow of data in a system in accordance with the invention;
PAR  FIG. 2 is a block diagram illustrating a video to digital converter which
      may be used with the invention,
PAR  FIG. 3 is a block diagram illustration of the circuits constituting the
      master clock, the word and the line counters in the video interface;
PAR  FIG. 4 is a block diagram illustration of the line counter forming a part
      of the video interface;
PAR  FIG. 5 is a block diagram illustrating the arrangement of display board
      modules on a display board;
PAR  FIG. 6 is an enlarged view showing one complete module including the upper
      half and lower half modules and indicating the order in which data is
      displayed on each half module;
PAR  FIG. 7 is a schematic diagram of the timing board portion of the display
      board interface;
PAR  FIGS. 8 and 8-A are schematic diagrams of the control and transmission
      circuitry of the display board interface;
PAR  FIG. 9 is a schematic diagram of the upper half module memory registers
      which form a portion of the display board logic;
PAR  FIG. 10 is a schematic diagram of the control and clock circuits for the
      display board logic;
PAR  FIG. 10-A is a timing diagram illustrating the relationship between the
      display board interface clock and the clocks utilized for the memory
      registers;
PAR  FIG. 11 is a schematic diagram of a driver circuit for the A phase of the
      display board;
PAR  FIG. 11-A is a chart illustrating the decoding function performed by the
      lamp level decoder as the level control value in the phase separator
      changes;
PAR  FIG. 12 is a detailed schematic diagram of the circuit comprising the
      memory registers of FIG. 9;
PAR  FIG. 13 is a block diagram of the manner of connecting the triac circuits
      to the driver circuits;
PAR  FIG. 14 is a block diagram of the arrangement of the triac circuits on each
      triac card illustrated in FIG. 13;
PAR  FIG. 15 is a schematic diagram of the circuit for generating the phase
      synchronization and level control pulses applied to the phase separators;
PAR  FIG. 15-A is a wave form diagram illustrating the interrelationships
      between the level pulses and the sync pulses produced by the circuit of
      FIG. 15;
PAR  FIG. 16 is a timing diagram illustrating the various interrelationships
      between the signals generated by display board interface.
PAR  FIG. 17 is a schematic diagram of the triac decoder circuit.
DETD
PAC  DETAILED DESCRIPTION
PAC  GENERAL ARRANGEMENT AND OPERATION
PAR  FIG. 1 shows the general organization of one system in accordance with the
      invention.
PAR  In this figure, a main display board 101 consists of a plurality of light
      emitting display devices, in this case, incandescent lamps. The lamps are
      arranged in a solid matrix consisting of horizontal rows and vertical
      colums. In one embodiment, a matrix 180 lamps wide and 90 lamps high has
      been used. Each lamp is assigned a numerical address so that digital data
      representing its desired or commanded level of light intensity can be
      directed to it and through power control means to be described cause it to
      be maintained off or turned to the degree desired.
PAR  It is important to note that the digital data supplied to each individual
      lamp power control means determines the amount of power to be supplied
      during the period of time a particular image segment is to be displayed.
      It is in this manner that an image can be displayed in half-tones or
      "shades of gray" so that image delineations or shadings may be seen by an
      observer. Thus, any lamp in the matrix may be excited or supplied with
      electrical power at any one of a number of levels ranging from off to full
      on. In the embodiment illustrated, this number of levels is selected to be
      zero to seven where zero is the off condition and seven is the full on
      representing the maximum brightness or peak white in the scene being
      displayed.
PAR  To facilitate the control of and effect desirable economies with respect to
      the power to be supplied to the board the lamps are arranged in modules,
      modules 102 and 102' being identified. It has been found convenient in the
      actual embodiment to provide modules 60 or 72 lamps long and 20 lamps
      high. The modularization of the board also offers the advantage that
      certain modules can be assigned or used for certain purposes. For
      instance, a module or group of modules could be used to supply information
      about a game in progress, games elsewhere or some message while others are
      devoted to the display of pictorial images.
PAR  As stated, each lamp is assigned a numerical address in the memory of a
      data processor and the data to be used to control the state of that lamp
      is stored in that memory location. Thus, the memory is essentially an
      image of the display matrix. When the display system is to be black and
      white, one memory field so dedicated may be used for the one bit required
      to determine whether a lamp is to be on or off. If four shades of gray are
      desired, a second memory field is used, for then two bits are required to
      furnish the desired information. Three fields are used when eight shades
      of gray are desired for the three bits which must be stored.
PAR  In the particular embodiment described, a 12-bit word is used to define the
      memory locations of 12 lamps. Because the board has the modular
      arrangement described it is convenient to assign memory locations so that
      the first 12-bit word is assigned to the first 12 lamps at the left-hand
      side of the top horizontal row while the second 12-bit word is assigned to
      the 12 lamps immediately below those first 12. Succeeding memory locations
      are assigned to the next 12 lamps and so on until the bottom of the board
      is reached and the addressing system then assigns the next memory location
      to the next 12 lamps in the top row and then continues vertically downward
      until the entire board is represented in a processor memory field.
      However, a television field scan proceeds horizontally to complete a line
      and then vertically. Therefore, the intensity data, when it is stored in
      the memory or taken therefrom, must be directed to the proper location. As
      will be seen, this is done by starting the storage of data in the upper
      left-hand corner but then incrementing each succeeding data word to store
      it not in the memory location of the lamps below but in that of the next
      group of 12 lamps in the same row.
PAR  Obviously, the particular size of the matrix, of any module, or the
      allocation of modules to any purpose form no part of the invention and may
      be varied as desired by a designer. As may be seen, the lamps themselves
      need not be grouped into modules since each is uniquely defined and may be
      controlled by data directed by that address.
PAR  Connected to the lamps in the board 101 are necessary control and logic
      elements 103. As may be seen, auxiliary boards such as 104 and 105 may
      also be provided in a given installation, each provided with its own
      control logic 106 and 107 respectively. Each auxiliary board may also have
      a modular construction. In an athletic stadium installation, the auxiliary
      boards may be located remote from the main board to provide information
      such as messages, the score and time remaining in the game in progress.
PAR  In accordance with the invention, a video signal can be provided from any
      number of sources. These may include video cameras 1 and 2, reference
      numerals 108 and 109, respectively. Camera 108 may be devoted to live
      action in or around the installation such as the game in progress while
      camera 109 may be used to photograph film slides or graphics in a control
      room. A video disc memory 110 or tape memory 111 may be provided to store
      previously prepared video signals for later display. It is to be noted the
      arrows indicating the flow of information point in both directions at the
      output of the video memories 110 and 111 to indicate that video may be
      inserted into and extracted from those elements. Thus, a video signal from
      either camera 108 or 109 may be stored in memory 110 or 111 through a
      switch 112 for display later. This capability could be used, for instance,
      to permit the recording of video signals during one half of a football
      game and the highlights to be displayed during half-time. Another source
      of video signal could be a television network signal 113 supplied in the
      conventional manner.
PAR  The video switch 112 is provided to select the desired video signal whether
      it is for storage in memory or for immediate display. A monitor 114 may be
      provided at the output of the switch in order that an operator may observe
      the video display as desired.
PAR  The output of the switch 112 is supplied to a video to digital converter
      115. The video to digital converter receives a video signal which includes
      a varying amplitude portion representing the variations in light intensity
      of a horizontal line scan by the camera and the horizontal and vertical
      sync signal. As is well known in the United States and some other
      countries, the standard television picture is displayed using an
      interlaced scanning technique wherein a first field of 262.5 lines is
      interlaced with a second field of 262.5 lines to form a frame at a
      frequency so that there are 60 actual fields per second but two fields are
      required to form one frame giving therefore 30 frames of 525 lines per
      second.
PAR  The video to digital converter receiving such a signal produces as its
      output: digital representations of the analogue video signal, signals
      indicating the start of a frame (top), signals indicating the start of
      each horizontal line (the left side), signals dividing each horizontal
      line into segments to which the digital representations are assigned
      (quantizing). A dot matrix monitor 116 is provided to permit an operator
      to observe to the output of the converter 115.
PAR  The output of the converter 115 is supplied through a buffer 115' in one
      embodiment to an array of digital logic and control elements constituting
      a video interface 117 for coupling the converter output to a data
      processor 118. The particular data processor forms no part of this
      invention.  Generally speaking, it need only be one that has the ability
      to process data at the rate which it is supplied and desired as an output
      and that it be capable of being interfaced with the converter and the
      display board. In a particular installation, the data processor used was
      the PDP-8/E system manufactured and sold by the Digital Equipment
      Corporation of Maynard, Massachusetts. The data processor is used
      generally to store in its memory the digitized video and control signals
      and to take those signals from memory in response to a programmed
      instruction or under the control of an operator in order that they might
      be displayed.
PAR  The memory capability of the data processor 118 may be expanded by the
      provision of a disc memory 119 while data for processing, storage and/or
      display can be provided through keyboard 120. Insofar as a stadium
      scoreboard is concerned, statistical information about the game or its
      players may be stored either in the main or auxiliary memories and updated
      as necessary through the use of the keyboard. In addition, the keyboard
      could be used to prepare messages for display on the boards 101, 104 or
      105.
PAR  As will be described herein, an alternate embodiment of the invention omits
      the use of a general purpose data processor such as the PDP-8/E system,
      and utilizes in its place a Random Access Memory (RAM) interface directly
      from the digital converter 115 to the display board interface. When this
      arrangement is utilized, the buffer 115' is unnecessary. This latter
      embodiment may be utilized where disc memory is not necessary and there is
      no desire to put information into the system through a keyboard input,
      such as 120.
PAR  A display board interface 121 couples the outputs of the data processor 118
      to the control logic boards 103, 106 or 107. For athletic events, a timer
      122 may be provided with its output controlling selected lamps or other
      types of display devices on one of the boards, 104, for instance. The
      timer output may also be coupled through an interface 128 through the data
      processor for display on any of the other boards.
PAR  Summarizing, a video signal is converted to a digital form which represents
      variations in intensity or "shades of gray" and displayed on a large
      matrix of display devices along with information of a game or messages as
      desired. In one embodiment, a data processor with a memory capability is
      used to process and store the digital data. In a second embodiment, a RAM
      interface couples the digital output of the converter to the display board
      interface.
PAC  THE VIDEO TO DIGITAL CONVERTER
PAR  FIG. 2 illustrates the general arrangement of and the flow of data in the
      digital converter 115.
PAR  A terminal 201 is provided to receive the video signal from the video
      switch 112. The incoming video signal is supplied to a clamping circuit
      202 to establish its base or full black level at zero volts so a constant
      value at which to effect the digital conversion is provided. As may be
      seen, the clamp 202 is provided on a timing board 203 where it is part of
      a group of integrated circuit components. Also provided on the timing is a
      sync separator circuit 204 which functions to extract the horizontal and
      vertical sync information from the composite video signal. One output of
      the sync separator, the vertical sync signal, is supplied via line 206 to
      horizontal and vertical counters and decoders (HVCD) 208 while another
      output, the horizontal sync signal, is supplied to a clock 209. The clock
      209 is designed to operate at a variable frequency so as to produce a
      train of pulses used ultimately to divide each horizontal line scan of the
      analogue video signal into segments whose amplitudes are to be converted
      to digital values. Therefore, the clock output is supplied via 210 to the
      HVCD 208. To ensure accuracy of the clock, that is, to ensure that each
      horizontal line is always equally divided, an output of the HVCD 108 is
      supplied via 212 as an input to the clock and is effective to control its
      frequency.
PAR  The actual digital conversion is effected by a slicer board 213 which
      receives as its input via line 214 the clamped video signal. The clamped
      video signal is supplied directly as an input to a comparator 216 and also
      as an input to a peak white detector 217. The peak white detector produces
      a signal representing the peak white or maximum brightness in a scene and
      that signal provides a varying ranging upper limit as a second input to
      the comparator 216. The comparator therefore receives the video signal and
      produces discrete outputs to represent the extent to which the amplitude
      of that signal varies between black and a peak value of brightness
      established for that frame.
PAR  The output of the comparator is supplied to a video pulse encoder 218 which
      produces, for each selected pulse output of the clock 209 supplied via
      line 219, a coded representation of the amplitude of the video signal
      during that selected clock pulse. The outputs of the encoder 218 are
      further encoded by the gates 220, 221 and 222 into a three-bit code. In
      the embodiment illustrated and described where the comparator, as will be
      seen, produces light levels of output such a three-bit code would
      represent all eight levels in the following manner:
     Level              Three Bit Code                                         
     ______________________________________                                    
     1                  000)                                                   
     2                  001)                                                   
     3                  010)                                                   
     4                  011)                                                   
     5                  100)                                                   
     6                  101)                                                   
     7                  110)                                                   
     8                  111)                                                   
     ______________________________________                                    
PAR  The left-hand digit of the code is the most significant bit (MSB), the
      middle digit, identified as bit number 2 (B2), while the right-hand digit
      contains the least significant bits (LSB).
PAR  Depending upon the degree of delineation or shades of gray desired, the
      number of bits used can be varied. Thus, a four-level or four-shade of
      gray system could be provided by using only MSB and B2 bits of the 3-bit
      code. Eight shades will use all 3 bits, one for black and white (B/W) and
      two for gray (GRY) as follows:
TBL          (BLACK & WHITE)                                                   
                           (GRAY)     (GRAY)                                   
             MSB           B2         LSB                                      
     ______________________________________                                    
     OFF       0               0          0                                    
     GRAY 6    0               0          1                                    
     GRAY 5    0               1          0                                    
     GRAY 4    0               1          1                                    
     GRAY 3    1               0          0                                    
     GRAY 2    1               0          1                                    
     GRAY 1    1               1          0                                    
     FULL ON   1               1          1                                    
     ______________________________________                                    
PAL  As may be seen, OFF or black is indicated by the bit code for level 1, GRAY
      6 by the bit code for level 2, etc., until FULL ON, which is level 8. The
      MSB is produced at gate 222, B2 at gate 221 and LSB at gate 220. These
      bits are produced in response to a Record signal supplied via line 223 to
      the gates 220, 221 and 222 from the video interface 117, as will be
      explained hereinafter. In response to the presence of the Record signal,
      the output of the gates is supplied to the video interface via conductors
      225, 226 and 227 and also to a digital to analogue converter 228 which
      produces an analogue signal of the actual output of the video to digital
      converter for display on the dot matrix monitor 116. A sync signal for the
      converter 228 is supplied from the HVCD 208 via line 229.
PAR  The video to digital converter therefore receives a video signal, converts
      it to digital data and produces the necessary synchronizing and control
      signals. An output for a monitor to permit viewing of the converted video
      is provided. Other features and capabilities of the converter are
      explained in conjunction with a detailed description of the circuits of a
      specific embodiment of FIG. 2, which is contained in copending U.S.
      application Ser. No. 387,006 hereby incorporated by reference.
      Specifically, reference is made to FIGS. 2-7 of that application and the
      corresponding portion of the detailed description.
PAC  OPTIONAL BUFFER
PAR  As previously mentioned, in implementing an eight shades of gray system, a
      buffer 115' may be necessary between the video to digital converter 115
      and the video interface 117. The buffer is required in order to allow the
      PDP 8/E computer to keep up with the data rate from whichever video input
      is supplying the converter 115. It will be apparent that should a computer
      other than a PDP 8/E be utilized, which is capable of a faster processing
      rate, or, as in the case to be described subsequently where no computer is
      used but rather a Random Access Memory (RAM) is used, the buffer is
      unnecessary and is omitted.
PAR  When required, the buffer 115' is conveniently implemented using a first-in
      first-out (FIFO) delay buffer to slow down the data rate. The buffer
      receives data from the converter 115 at the data bit sync rate provided by
      the HVCD 208. The buffer is merely a small RAM of appropriate size to
      allow one horizontal line of data to be held. The data is removed from the
      RAM, after delay, at a clock rate which is controlled by the video
      interface 117. As the video converter provides information to the buffer
      115', the buffer will slowly fall behind in transferring that information
      into the video interface 117. The fact that the buffer falls behind,
      however, is not critical since the rest period between raster lines is a
      more than adequate time period to permit it to catch up.
PAC  THE VIDEO INTERFACE
PAR  It should be understood that the embodiment illustrated is by way of
      exemplification only, for the interface to be used is determined by the
      data processor used, the program used, and may be varied by a designer.
      The important criteria are that the interface be capable of inserting the
      digitized video data in a memory device and calling that data from the
      memory as desired for display.
PAR  Generally speaking, it is contemplated that the digital data necessary to
      display a picture go into the processor memory at locations specifically
      assigned to individual display devices in the matrix and be recalled from
      the memory in the sequence desired.
PAR  To accomplish this in the eight shades embodiment described, where the
      memory is of the magnetic core type, three memory fields are used, one for
      black and white data (B/W) and two for gray data (GRY), for each video
      frame.
PAR  The output from the video to digital converter 115 via the buffer 115', if
      required, for each frame is a Frame Pulse at the beginning of each frame,
      a Start Line signal at the beginning of each horizontal line in a frame
      and the necessary Data Bit Sync for each frame. The DBS pulses are each
      associated with the light intensity data (MSB, B2 and LSB bits) used
      ultimately to control a particular display device in the matrix.
      Therefore, the video to digital converter also supplies MSB, B2 and LSB
      data to the interface.
PAR  It is again noted that standard television display in the United States is
      at the rate of 60 fields per second and the video to digital converter
      produces digital data for display at the rate of 30 frames per second. For
      practical reasons in the operation of the display matrix it has been found
      that if it displays frames at the rate of 15 per second a very
      satisfactory display is achieved. Therefore, one function of the video
      interface is to divide the frame input rate by two and so it stores frames
      at the rate of 15 per second. These particular numbers are, of course, not
      critical and may be varied by a designer.
PAR  The particular data processor used in this embodiment is a PDP 8/E computer
      manufactured by the Digital Equipment Corporation of Maynard,
      Massachusetts. This computer, as do many others, use a 12-bit computer
      word. Thus, for example, the black and white, or MSB data, for one
      horizontal line of a module 72 lamps long, is contained in 6 computer
      words: (72/12). The additional B2 and LSB data, necessary for eight shades
      of gray, therefore requires 12 additional words.
PAR  The video interface operates in response to initiation by an operator who
      instructs a program to transfer digitized video data, one frame at a time
      into or out of the processor memory. One mode of transfer is called the
      Record Mode where successive video frames are transferred into the memory
      at the approximate rate of 15 frames per second depending on the buffering
      arrangement. Another mode of transfer is the Graphics Mode where a single
      frame is transferred. After storage, this frame may be inspected on the
      dot matrix monitor and then transferred to the disc memory 119 to be
      recalled for later use. This mode may be used for storing slides, still
      pictures or messages. The interface also permits digitized video stored in
      memory to be displayed on the dot matrix monitor 116.
PAR  The transfer of data into and out of the memory of the PDP 8/E is
      accomplished using a Data Break transfer (Data BRK). The "Digital PDP 8/E
      Small Computer Handbook" published in 1971 by Digital Equipment
      Corporation of Maynard, Massachusetts describes in Chapter 6 its data
      break system. Generally, such a system takes over a processor memory cycle
      for the purpose of transferring into and out of the memory and requires a
      register to receive the word being transferred, a memory address and a
      program to instruct the processor. Chapter 10 of the above publication
      provides an explanation as to how devices such as the video to digital
      converter and the large display matrix with its controls and logic 103 may
      be interfaced with the PDP 8/E using the data break capability.
PAC  VIDEO CONTROL
PAR  Before continuing with the description of the video interface, it is
      pointed out that the video to digital converter 115 during a conversion
      operation is producing signals necessary to synchronize the operation of
      the interface and the converter. These signals as used in the interface
      are designated as the DATA BIT SYNC, FRAME and START LINE signals. The
      first of these, DATA BIT SYNC, are the clock pulses of the converter and
      determine the time or sampling interval during which a horizontal video
      line is sampled. The latter two signals provide the information indicated
      by their designations. These three signals are used in conjunction with
      signals generated by the data processor to control the data transmission
      when a digitized video image is transferred from the video system to core
      memory or vice versa.
PAC  THE VIDEO CLOCK
PAR  A first element of the video interface is a clock shown in FIG. 3. In this
      figure a monostable multivibrator 301 receives the DATA BIT SYNC signal
      from the converter 115 and produces a clock signal therefrom.
      Multivibrator 301 has its output terminal applied to the clock terminal of
      a J-K flip flop 302. A conductor 303 connects DATA BIT SYNC to the flip
      flop 302 to reset it by the trailing edge of that pulse. The flip flop 302
      upon being clocked by multivibrator 301 generates Record Mode clock pulses
      and DATA STB pulses. The Record Mode pulses are supplied via conductor 304
      as one input to a NAND gate 305. Display mode clock pulses are derived
      from the multivibrator 301 and supplied via a conductor 306 as one input
      to a NAND gate 307. The DATA STB (data strobe) pulses are derived via a Q
      terminal of flip flop 302 on the conductor 308 and are used in Display
      Mode to strobe data through data gates to the converter 115.
PAR  Either the gate 305 or the gate 307 is enabled to pass either Record Clock
      or Display Clock pulses when the 1 FRAME signal is present depending upon
      the video transfer mode selected. As will be explained subsequently,
      either of these pulse trains provide clock signals to step serial data
      into or out of serial/parallel data registers used as buffers for data
      entering or exiting the data processor.
PAR  The outputs of the gates 305 or 307, therefore, constitute inputs to the
      NOR gate 309 which produces clock pulses (CLK) at its output 310. The CLK
      pulses are used to control the data transmission of one frame through the
      video interface to or from the data processor.
PAR  In either the Record Mode or the Display Mode each clock pulse is supplied
      to counter 311 that in the illustrated embodiment is set to divide by
      twelve--the number of data bits in a processor word and equivalent to 12
      lamps on the display board. Various counts are taken from various stages
      of the counter 311 via conductors 312, 313, 314 and 315 and are designated
      as A, B, C and D. As may be seen, they are inverted and combined to
      produce A, B, CD and CD signals to provide basic signals to control word,
      line and frame transmissions to the core memory.
PAR  In any transmission mode, the processors single cycle break facility is
      used to transfer video data words. These such breaks are used in
      succession for each word. The first break (BRK 1) transfers the black and
      white data while the second and third breaks transfer the gray data, i.e.,
      the MSB, B2 and LSB words.
PAR  In a video frame the video clock receives DATA BIT SYNC pulses for each
      line. Consequently, the counter 311 produces an output pulse for every
      12-bit computer word. This 12th clock pulse count is supplied via a
      conductor 316 to a down counter 317. The counter 317 is preset to count
      the number of words in a line. When it reaches zero it generates an end of
      line (EOT) pulse 318.
PAR  Thus the video clock receives the DATA BIT SYNC pulses from the converter
      115 and generates the basic timing and synchronizing signals for use
      throughout the video interface.
PAC  SIGN DONE
PAR  Referring to FIG. 4, another signal in the nature of a timing signal is
      produced by a binary counter consisting of two stages 400 and 401. This
      counter is used to provide a SIGN DONE signal each time a number of lines
      equal to the number of horizontal rows in a display board have been
      counted by the counter 317. EOT derived from 318 is supplied as the input
      to the down clock (DN CLOCK) terminal of the first stage counter 400 and
      its output at the borrow terminal constitutes the input to the second
      stage 401. Upon counting the last horizontal row a SIGN DONE signal is
      produced at 402. At the beginning of the data transmission a START FRAME
      is supplied to the load terminals of each counter to insert the number of
      horizontal rows of the particular display board in use. The SIGN DONE
      signal generates an interrupt to the processor and new IOT commands or
      software commands are required to begin transmission of the next video
      frame.
PAC  THE MEMORY ADDRESS GENERATOR
PAR  As stated previously, the digitized video is stored in the processor memory
      as specified locations corresponding to the location of the lamps on the
      display board. That is to say, twelve lamps in the first row starting in
      the upper left-hand corner have corresponding memory locations in one
      memory field for the B/W data and corresponding memory locations in two
      more memory fields for the GRY data. The twelve lamps immediately below
      those twelve in the next row are assigned the next memory location.
      However, since a television scan is from left to right along one
      horizontal line until it is complete, it is necessary when storing data in
      the processor to store the first word in the first memory location and to
      store the next word not in the next location but rather in a memory
      location, the address of which is incremented from the first by a number
      equal to the number of horizontal lines.
PAR  The necessary memory addresses may be generated by the circuits shown and
      described in the aforementioned copening application Ser. No. 387,006
      incorporated hereby, specifically, FIGS. 10 to 18 and the corresponding
      description.
PAR  As will be readily understood, the circuits of the copending application
      for generating memory addresses are disclosed as being capable of doing so
      for 3 bits of data, i.e., MSB, B2 and LSB. However, the example there
      illustrated provides for use of only the MSB and B2 data for providing a
      four shades of gray system. The present invention, utilizing eight shades
      of gray, makes use of the capability of those circuits for generating
      addresses for 3 data words. This is accomplished by providing the circuits
      with an additional serial/parallel register to accommodate the LSB.
PAC  MAIN BOARD DISPLAY
PAR  A large display board on which the converted or quantized video data which
      has been stored either in the processor core memory or in an auxiliary
      memory may be displayed, may for example be constituted by a board which
      is 60 lamps high and 144 lamps long. The general organization of such a
      board is shown in FIG. 5. Because there are a substantial number of lamps
      involved, it is desirable to supply the electrical power required using a
      3-phase system and to distribute the lamp loads substantially equally over
      the three phases. Likewise, for ease of manufacture, assembly and service
      it is convenient to divide the board into a number of modules and to
      further divide each module in half. As an example, each module may be 20
      lamps high and 72 lamps wide. However, the particular number of lamps, the
      height, the width and number of modules and dimensions of the modules all
      may be selected by a designer to suit his particular purposes.
PAR  It has been found desirable when transmitting data to the board to display
      an image, to transmit it from the top down. Thus, as indicated by the
      arrows shown in FIG. 5, data necessary to light the lamps is supplied
      beginning in the upper left-hand corner and moves to the right across the
      board. The next group of data begins at the left side of the board and
      again moves to the right, this process being repeated until the board
      image is completely transmitted. As will be appreciated, the data is
      supplied at a rate that does not permit an observer to detect the motion
      of the transmission. An observer, therefore, sees a display on the board
      practically instantaneously, and in the case of a display of video images
      the impression is quite similar to that appearing on a television screen.
PAR  FIG. 6 illustrates in somewhat greater detail the general arrangement of
      each module. Each module is constituted by an upper half and a lower half.
      Each half is preferably further divided into six submodules each 12 lamps
      long and 10 lamps high for a total of 120 lamps. The data to light a
      module is transmitted in three parallel "bursts" of 240 bits each. There
      are three bursts transmitted in sequence and designated at the A, B and C
      bursts. To light any module the lamps data associated with the A phase
      lamps is transmitted first, then those associated with the B phase, and
      finally the C. Each submodule is connected to be supplied by one of the
      three phases of the power supply so as to provide for a substantial load
      balancing. As shown in FIG. 6, in the upper half module the two A-phase
      submodules are transmitted before the two B-phase submodules, etc.
PAR  Triac cards may be used to control the lamps. Any other similar
      semiconductor switching device may be utilized. As is well known, a Triac
      is a semiconductor switching device in which a control signal applied to a
      control electrode causes the device to conduct in a selected portion of a
      half cycle supplied to a load to thereby control the energization of the
      load, the load in this case being an incandescent lamp. By determining the
      point in each half cycle of supplied voltage that the lamp goes on, the
      brightness of the lamp is determined.
PAC  DATA EXTRACTION FROM MEMORY AND TRANSMISSION TO THE DISPLAY BOARD
PAR  It has been previously explained how the data processor's data break
      facility may be used to store the digitized video signals in the processor
      memory at specified memory locations in a memory field so as to provide an
      image of the display board. Similar techniques are used to extract the
      stored data from the memory with an essential difference being that the
      data is not extracted from memory locations in the same sequence in which
      it was inserted. When the data was inserted the first word was stored at
      memory location 0000, a location corresponding to the first 12 lamps in
      the first row starting at the upper left-hand corner of the board. The
      next data word stored was that for the next 12 lamps in that first row
      with the process being continued until all of the words for the first row
      were stored and then the storage of the lamps for the next row commenced
      beginning at the left-hand side of that row.
PAR  As has been explained previously, the data for the lamps is not transmitted
      in that sequence. Therefore, it is necessary to extract the data from the
      processor memory in a sequence corresponding to that in which the lamp
      data is transmitted. The sequence of transmitting the lamp data begins on
      the left side of the first horizontal row; therefore, data is first
      extracted from memory location 0000. The next data word is extracted from
      memory location 0001 which is the memory location for the data intended
      for the 12 lamps on the left-hand side of the second horizontal row. In
      order to do this, the system includes a memory address generator which is
      effective to generate memory address signals in the desired sequence.
PAR  Before explaining how the transmission memory address generator circuit
      operates it should be understood that data is extracted from the data
      processor memory using the processor's data break capability as described
      previously.
PAR  Referring to FIG. 7, the clock or timing board for the display board
      interface is shown. The timing board 701 includes a display clock 702 and
      a clock separator 704. The clock 702 is conveniently a crystal clock
      having a frequency on the order of 8 to 10 megahertz. The timing signals
      developed from the clock 702 are utilized to synchronize the entire
      display board in the manner to be described and represents a significant
      simplification over the techniques disclosed in the referenced copending
      application. The clock separator 704 is essentially a frequency scaler or
      divider and is effective for producing two separate clock signals of a
      lower frequency as outputs therefrom.
PAR  The outputs from the separator 704 are the CLK 1 and CLK 2 signals
      indicated on lines 706 and 708. Conveniently, these signals may be
      approximately 2 megahertz. CLK 2 is provided, via line 708, as an input to
      counters 710 and 712. An additional counter, 714, is provided for a
      purpose to be described. Counter 710 is arranged to produce three outputs
      which are utilized by the system. The output on line 711 is an interrupted
      clock signal (I CLK) and consists of 12 pulses and then two blank
      intervals. In other words, it produces a pulse output 12 out of 14 input
      clock pulses. Line 713 is a count 12 output, that is to say, an output
      pulse is produced every 12th pulse. Line 715 is a count 12 envelope, that
      is, the signal on line 715 stays high for 12 counts, goes low, and then
      goes back up again for 12 more counts.
PAR  Counter 712 operates in a similar manner when enabled by counter 14,
      producing a count 4 output on line 716 designated "E CLK" for end clock.
      On line 717, counter 712 produces a count 4 envelope designated as MEMORY
      END (MEM END) when enabled by counter 714.
PAR  Counter 714 monitors the operation of the other two counters keeping track
      of the number of times that the counters have performed their functions.
      When counter 714 reaches 252 it provides an output on line 718 and is
      effective for resetting counter 710 and enabling counter 712. Counter 714
      counts the pulses from I CLK via AND gate 720 except when its counting is
      inhibited by disabling AND gate 720. The gate is disabled by line 721
      which goes low only when the control board illustrated in FIG. 8 is
      sending a data address stored in the computer as will be described.
PAR  The output of AND gate 720 is also provided as one input to OR gate 722,
      the other input being I CLK from line 711. The output of OR gate 722, R
      CLK, is provided on line 723. E CLK, line 716, from the counter 712 is
      also provided as an input to the OR gate 722. As may be seen from the
      timing diagram FIG. 16, R CLK is thus a series of clock pulses 12 in
      length except that when E CLK is applied, an additional 4 pulses are
      generated. I CLK in combination with E CLK produces the R CLK signal, the
      additional 4 pulses produced by E CLK being used to fill up memory as will
      be described.
PAR  As thus far described, it will be seen that the timing board produces a CLK
      1 and CLK 2 signal. The CLK 2 signal is provided to a pair of 3 counters
      which have their outputs connected through various logic elements to
      produce R CLK, count 12, count 12 envelope, E CLK, and Memory End.
PAR  Referring now to FIGS. 8 and 8-A, the control board for the display
      interface is shown. The control board receives the timing information from
      the FIG. 7 circuit, and in response to programmed instructions from the
      data processor, addresses the memory to obtain the lamp level data stored
      therein and supplies that data to the transmission circuit shown in FIG.
      8-A.
PAR  The control board 801 receives its instructions from the computer via
      input-output transfer logic (IOT) 802. The IOT logic is merely a softwear
      interface such as is well known in the art and which is entirely dependent
      upon the particular processor being used. Reference is made to the DEC 8/E
      handbook for appropriate IOT decoding logic. After decoding, the
      instructions are provided via AND gate 803 to a Module Data Sequence
      Controller 804. The other input to AND gate 803 is the Memory End Signal
      from line 717 (FIG. 7) which ensures that the system operates in the
      proper sequence as shown on the timing diagrams of FIG. 16.
PAR  The Sequence Controller 804, which is merely a gated shift register and
      counter, upon receipt of the start signal from AND gate 803, produces an
      output on line 805 to OR gate 806 effective for starting data break logic
      807. Data break logic 807 initiates a preliminary data break to obtain the
      address of the stored data in the processor memory. This is accomplished
      by enabling current address pointer 808. The logic 807 and pointer 808 are
      merely storage interface circuits designed for the particular computer or
      memory utilized.
PAR  Pointer 808 contains a lookup table and in a manner well known in the art,
      produces an address which is supplied to the counter via the computer
      memory address bus (MA Bus) 809. The address specified by the pointer 808
      causes the computer to provide the initial address of a selected block of
      lamp intensity data stored in the memory. The initial address is provided
      on memory data bus (MD Bus) 810.
PAR  When the initial address of the intensity data is received on the MD Bus
      810, it is provided to the current address register (CA Register) 811. In
      turn, this initial address is provided to the MA Bus 809 for obtaining the
      intensity data when the CA Register is enabled. The computer then goes to
      the location specified by the initial address and loads intensity data
      onto the MD bus 810. This is the MSB, B2 and LSB data.
PAR  After the initial address is obtained, further data requests from the
      computer are controlled by data break logic 812. Logic 812 is effective
      for causing three successive data breaks to occur for obtaining from
      computer storage the three 12-bit words necessary to generate an eight
      shades of gray display. It will be recalled that each 12-bit word
      represents one horizontal row of 12 lamps in one module. The first 12-bit
      word provides the MSB data word for that row of 12 lamps, while the second
      12 -bit word obtained by the second data break contains the B2
      information, and the third data which obtains the third 12 -bit word
      contains the LSB information. The DATA BRK logic 812 successively
      increments the address stored in the CA Register 811 for obtaining from
      the next storage location the desired display data on the MD bus 810 in
      accordance with the data break capability of the DEC 8/E processor.
PAR  Information received on the MD bus 810 is loaded in parallel into one of a
      pair of parallel-to-serial shift registers 814 or 815, 816 or 817 and 818
      and 819. Registers 814 through 819 are provided with a common clock on
      line 820 via AND gate 821. This clock is CLK 1 from line 706 of FIG. 7
      ANDed with an enabling signal from the Sequence Controller 804 and with
      the count 12 envelope from line 715, FIG. 7.
PAR  When enabled registers 814 and 815 alternately receive the LSB data words
      from the MD bus, similarly registers 816 and 817 receive the B2 data words
      while 818 and 819 receive the MSB or address data words. The correct
      register pair is selected by the particular LOAD enable line 831-833 the
      data break logic 812 sends high. Selection of which one of each pair of
      registers is to receive the data word obtained by the data break under the
      control of logic 812 is determined by a lamp row counter 824. The lamp row
      counter 824 controls the operation of the three pairs of registers
      according to a technique known as double buffering. That is, the top
      register 814 is loaded with data while the bottom register 815 transmits
      data and vice versa. A similar technique is used for each of the remaining
      two pairs, 816 and 817, and 818 and 819. Transmission from the registers
      814 through 819 to the control logic at the display board is enabled by
      lines 825 or 826 supplied as one input to AND gates 827 and 828, the other
      input to the AND gates being from the registers 814 through 819.
PAR  The lamp row counter 824 receives as its input a signal from the data break
      logic 812 on line 830. Depending upon the number of shades of gray 2, 4 or
      8 to be utilized by the system, line 830 is connected to a corresponding
      one of LOAD enable lines 831 to 833 from the data break logic 812. Thus,
      for an eight shades of gray system, line 830 is connected to line 833. In
      this position the counter 824 increments every third data break.
PAR  When the lamp row counter receives a signal on line 830, it increments its
      count by 1. Loading and sending of data then continues in the manner just
      described until the lamp row counter reaches the preselected value
      corresponding to the number of horizontal rows in the half module display
      being utilized. When the counter reaches, for example 10, it produces an
      output on line 840 effective for switching the latch pair 841 and 842.
      Prior to switching, gate 842 conducts enabling data break logic 812.
PAR  The latch pair 841, 842 change state when line 840 goes high. This is
      effected to restart logic 807 and disable logic 812. Specifically, when
      gate 842 conducts logkc 807 is disabled and logic 812 is enabled. When
      gate 841 conducts, the opposite conditions exist which are effective for
      placing the circuit back in the start mode by causing an output from date
      841 to data break logic 807 which then seeks a new address for locating
      the next block of stored information.
PAC  CONTROL AND TRANSMISSION BOARD OPERATION
PAR  Reviewing briefly the operation of the control and transmission board it
      will be apparent that on command from the computer the IOT decode logic
      802 via AND gate 803 initiates operation of the circuit by providing a
      start signal to the Module Data Sequence Control 804. The Sequence Control
      provides an output on line 805 effective for providing a start pulse to
      the data break logic 807 to obtain an address where display data is
      stored.
PAR  Logic 807 causes the current address pointer 808 to supply an appropriate
      address to the computer MA Bus 809 which in turn causes the computer to
      supply on the MD Bus 810 the address of the stored display information.
      This address is then loaded into the CA register 811 and, under the
      control of the data break logic 812, three data breaks (DATA BRK) are
      performed, to obtain the display information stored in the computer. As
      each data break is performed, the computer supplies the requested data to
      the MD bus and the CA register is incremented for the next DATA BRK. This
      display information is fed parallel into the correct one of registers 814
      through 819. The first data break of display information is provided to
      register 818, as this will be MSB information. The second data break will
      be provided to register 816 which will be B2 information, and the third
      data will obtain LSB information fed parallel to register 814.
PAR  After the first three data breaks, if eight shades are to be displayed, a
      signal is provided on line 830 to the lamp row counter 824 effective for
      switching the registers 814-819 so that the next data will be loaded into
      registers 819, 817 and 815. A signal is also provided on line 826 causing
      the display information to be transmitted from the just loaded registers
      814, 816 and 818. At the completion of each three data breaks, the lamp
      row counter increments by 1 until it reaches the first horizontal row to
      cause the latch pair 841, 842 to change state. Thus, after the first three
      data breaks, the data break logic 812 will initiate additional data
      breaks. Thus, if the half module for which data is being obtained has 10
      vertical rows, a total of 30 data breaks are performed by the data break
      logic 812 before the latch pair 841, 842 is caused to change state.
PAR  As will be apparent from FIGS. 5 and 6, on completion of 10 cycles or 30
      data breaks, the latch pair flips to stop the data break logic 812. This
      is necessary because a complete half module has been filled, and it is
      necessary to obtain an address location of stored data for the next half
      module. The flipping of the latch disables the data break logic 812 and
      restarts data break logic 807 to obtain the next address location. Each
      time that a half module is completed and the latch pair 841, 842 switches
      state, the Sequence Control 804 is incremented via line 850.
PAR  The Sequence Control includes a counter which keeps track of the number of
      half modules which have been provided with data. When the counter reaches
      the value selected by switch 851, corresponding to the one-half module
      length, this is an indication that a complete half module has been
      provided with data. Any number may be set by the switch 851 depending upon
      the particular board configuration desired. When the counter reaches the
      number selected by the switch 851, a restart signal is provided via AND
      gate 852 to the module data sequencer for initiating another entire cycle
      for the next half module.
PAR  The restart signal is ANDed with an inverted signal from line 853 supplied
      from the half module address register 854 (FIG. 8-A). The half module
      address register 854 is a counter which keeps track of the total number of
      half modules which have been supplied with data. This counter is
      incremented via line 856 each time a signal is received by the Sequence
      Controller on line 850. When the half module address register indicates
      that the entire board has been completed, an address limit signal is
      produced which disables the AND gate 852 preventing a restart of the
      module data Sequence Control. This same signal, on line 853, is also
      effective for operating the interrupt logic 857 causing the computer
      program to assume control of further processing. In normal operation, when
      an interrupt is produced, either a further command for data retrieval and
      display is given or other instructions as desired by operator at the
      keyboard are provided.
PAR  An enable signal for the register 854 is provided on line 855. Line 855
      also identifies data transmission from the MSB register 819 as being
      address data rather than lamp display data at the beginning of each
      one-half module cycle. Address data from the register 854 is loaded via
      lines 855' into register 819.
PAC  ALTERNATE EMBODIMENT UTILIZING A RANDOM ACCESS MEMORY (RAM)
PAR  Referring to FIGS. 8 and 8-A, if not required, the use of a digital
      computer such as the DEC 8/E can be omitted. Instead of the digital
      computer, a random access memory (RAM), well known in the art, can be
      substituted for the computer. In such case, the disc memory 119 and
      keyboard input 120 would be omitted from the system. The information
      provided to the RAM is provided from the video interface 117 in a similar
      manner as has been described for the digital computer embodiment. The
      interface between the RAM and the display board is also substantially
      identical to that shown in FIGS. 8-A and 8-B with the following changes.
PAR  The IOT logic 802 and the interrupt logic 857 are omitted. Instead,
      operation of the system is initiated by a start-stop command provided
      directly to a three-input AND gate 803, the other inputs being the video
      sync signal and the memory end signal as in the computer version.
      Additionally, in place of the data break logic 807, a read-only memory
      (ROM) address control is substituted for controlling a ROM pointer
      identical to the pointer 808 in FIG. 8-A. The operation of the alternate
      circuit is as described for the computer embodiment. The ROM address
      control causes the ROM pointer to obtain from the RAM the address where
      the lamp intensity information desired may be found. The information is
      supplied on the MD bus in the manner as previously described.
PAR  The RAM and ROM storage and retrieval is typical of most RAM/ROM systems
      and is well known to those skilled in the art. The ROM is used as a lookup
      table for the RAM addressing. The RAM and ROM combination will preferably
      have a read and write cycle time of approximately 1 microsecond. This will
      eliminate the need for delay buffer 115' permitting storage and retrieval
      of the digital-video data at rates compatible with the video input.
PAC  CONTROL LOGIC DISPLAY BOARD
PAR  Referring now to FIGS. 9 and 10, a first portion of the display board
      control logic is shown. Nine recirculating memory registers are provided
      for the upper half module (FIG. 9). It will be understood that a similar
      set of nine registers is provided for the lower half module. Since the
      lower half memory registers are identical to the upper memories,
      illustrated, they are omitted for simplicity.
PAR  Both the upper and lower half module memory registers are controlled by the
      circuit shown in FIG. 10, which includes an output counter 900 receiving
      the Memory End signal from the display board interface and the R CLK
      signal from the timing circuit as inputs. Counter 900 determines the
      proper Triac address for received data, as will be described. An address
      register 901 receives as its inputs R CLK, the address indicator from line
      885 and the MSB address input. The address register determines, based on
      the MSB address input whether the incoming data belongs in the upper half
      module or the lower half module and operates one of AND gates 902 or 903.
      The outputs of the AND gates 902, 903 control the operation of write
      controller 904. Write controller 904 is effective for enabling data to be
      received by the upper half or lower half module registers.
PAR  The R CLK and Memory End signals are also applied to a clock phase splitter
      905 and a clock delay 906. The The phase splitter 905 produces two
      alternating clock pulse trains having the relationship shown in FIG. 10-A.
      Both clock pulses are supplied to each of the memory registers for the
      upper and lower half modules. The clock splitter and its resultant
      two-phase clock outputs are required since the memory registers are
      preferably implemented using CMOS technology, as is well known in the art.
      It is also possible to implement the memory registers
      Transistor-transistor (T.sup.2 L) logic and in that case clock phase
      splitter 905 is unnecessary.
PAR  Referring now to FIG. 9, the arrangement of the nine upper half module
      memory registers will be described. The top row of three registers, 910,
      911 and 912 are adapted to receive on line 913 the MSB or address data
      from the display board interface. Only one register stores the data and
      this is controlled by a signal on one of lines 914, 915 and 916 from the
      write controller 904 (FIG. 10). The write controller selects the proper
      register based on the information received from the address register 901.
      The B2 data is provided to one of registers 917, 918 or 919 again
      according to which one of lines 914 through 916 is high. In the same
      manner, one of memory registers 920 through 922 is selected to receive the
      LSB data from the display interface.
PAR  The outputs from the memory registers are transmitted by phases. That is,
      the A-phase registers for the MSB, B2 and LSB data are taken on lines 925
      through 927, respectively, and provided to the A-phase driver circuit
      which is illustrated in FIG. 11. In a similar manner, registers 911, 918
      and 921, which constitute the B-phase memory registers, have their outputs
      provided to a B-phase driver circuit. In a similar manner the C-phase
      registers 912, 919 and 922 outputs are provided to the C-phase driver.
PAR  Each of the memory registers is identical in construction. A schematic
      drawing of the memory register is shown in FIG. 12 utilizing CMOS
      technology. A control signal from write controller 904 is provided as one
      input to AND gates 970 and 971, the latter receiving an inverted control
      signal via inverting amplifier 972. Display intensity data is provided as
      the second input to AND gate 970 while the output of a 256 bit shift
      register cell 973 is utilized as the second input to AND gate 971. The
      outputs from the AND gates is provided as an input to the 256 bit shift
      register 973 via OR gate 974. The shift register also receives the two
      clock signals from the clock splitter 905.
PAR  In operation, the memory register only receives new data when AND gate 970
      is enabled by the write control signal. In the absence of the write
      control signal, AND gate 971 is enabled and is effective for causing
      whatever information is stored in the shift register 973 to be
      recirculated from its output back to its input via line 970. Thus the
      memory registers recirculate during the period of time when new
      information is not being placed therein. When the write control line goes
      high, recirculation ceases and new data is provided via AND gate 970 to
      the shift register 973. The data output from the memory register is taken
      at the input of the shift register 973. It is noted that data can be
      placed into the memory register only during the proper sequencing of the
      circuit as controlled by R CLK and the Memory End signals as shown in FIG.
      10. However, the output from the memory registers can be obtained at any
      point in the cycle due to the recirculating of the information stored in
      the shift register.
PAC  DISPLAY BOARD CONTROL LOGIC OPERATION
PAR  As thus far described, the MSB, B2 and LSB data is received and applied to
      the appropriate set of three memory registers. Prior to the intensity data
      transmission the address obtained from the MSB data line is applied to
      address register 901 which determines to which one half module memory the
      following data is to be sent. Based on the address register's output, the
      write controller 904 selects either, or the upper, or lower half module
      memory registers, to receive the incoming data. Further, the write
      controller selects which of the three phases, A, B or C, the data relates
      to and enables the correct register for that phase.
PAR  The outputs from the memory registers are provided to three-driver circuits
      one of which is shown in FIG. 11 and to be described subsequently. Each
      driver circuit is for one of the three phases. After data is received for
      the A phase, the Memory End signal is applied to the write controller for
      ceasing operation of the A-phase registers and initiating operation of the
      B-phase registers. Data input continues in this manner until the upper
      half module is complete and a new address indicator is provided to address
      register 901.
PAC  DRIVER CIRCUIT
PAR  Referring now to FIG. 11, the A-phase driver circuit 950 is illustrated. An
      identical driver circuit is provided for the B and C phases of the display
      board. The driver circuit 950 receives the A phase display data from both
      the upper and lower half memory registers. The intensity data is applied
      to lamp level decoders 951 and 952 respectively. A phase separator 953 is
      also provided as an input to the lamp level decoders. The phase separator
      receives a level control and a sync control signal from the circuit to be
      described in connection with FIG. 15. The sync control is effective to
      cause the separator to count down through the eight binary codes
      representing the eight shades of gray, namely, 111 through 000.
PAR  Lamp level decoder 951 receives on lines 925 to 927 the MSB, B2 and LSB
      data for the upper half module registers of the A phase (FIG. 9). The lamp
      level decoder effects a comparison for each bit of the three 12-bit data
      words against the current code provided from the phase separator 953. Thus
      the three 12-bit data words enter the lamp level decoder and, as shown in
      FIG. 11-A, are compared bit by bit against the value in the separator. In
      this manner eight comparisons are performed on the three data words, one
      for each of the eight levels of gray. The result of each comparison is a
      new word composed of zeros where the 3 bits do not match and ones where
      they do. This comparison is repeated for each of the eight values that the
      level control provides to the phase separator. Thus eight new data words
      are produced as shown in FIG. 11-A, one for each level control value. Each
      data word represents the information for 12 bulbs in one horizontal row of
      the upper half module display. The first word produced by comparing the
      level control of 111 against the three A-phase data words will generate
      the location of bulbs which are to be full on. The second comparison
      against the level intensity 110 will determine the number of bulbs which
      are to be illuminated to intensity of Gray 1, and so on, until the
      comparing process is complete.
PAR  The output from the lamp level decoders 951 and 952 is provided to a
      respective one of the 12-bit serial-to-parallel registers 955 and 956. The
      serial-to-parallel registers transfer the serial data to parallel and then
      provide it to a corresponding 12-bit storage and driver register 957 or
      958. The D clock signal loads the serial-to-parallel registers. When the
      serial-to-parallel registers are filled the latch trigger signal loads the
      registers 957, 958. This double buffing technique permits the
      serial-to-parallel registers to then receive the next data while the
      driver registers transmit the previous data to the triacs.
PAR  In order to provide the stored information to the circuits which control
      the operation of the display lamps, a triac address decoder 961 is
      provided. The triac decoder receives as its input the output from the
      output counter 900 of FIG. 10 as well as a firing pulse from the output
      control generator 960 which serves to synchronize operation of the display
      with the R CLK signal. The triac address decoder 961 decodes the
      information from the output counter 900 to channel the information to the
      correct lamp display circuit, as will be explained in connection with FIG.
      17. The display circuits receive the information on four cables 962
      through 965. Cables 962 and 963 go to the display circuits for the upper
      half module while cables 964 and 965 go to circuits for the lower half
      module. It will be apparent that a greater or lesser number of cables may
      be utilized, it being merely a matter of design choice in view of the
      large size of the display. The use of multiple cables permits more
      efficient physical location of the wiring conduits, etc. and other
      considerations of design choice.
PAC  TRIAC DISPLAY CIRCUITS
PAR  Referring now to FIG. 13, the triac display circuits for illuminating the
      display lamps are illustrated. The lamp data from each cable 962 through
      965 is applied through a matrix connection system to each of five triac
      circuit boards. For example, cable 962, one of the two cables for the
      A-phase upper half modules, is illustrated as being connected to triac
      circuit boards 971 through 975. Each of the cables 962 through 965 carries
      a total of 18 lines as will now be explained. The five cards 971 through
      975 are connected to 12 data lines illustrated, however, as a single line
      976. These lines convey the stored information in parallel from the 12-bit
      storage and driver register 957. Additionally, a single line 977 is
      effective for selecting either of two groups of 12 triac circuits located
      on each triac board. This signal is provided from the Triac Address
      Decoder 961.
PAR  As shown in FIG. 14, each board has 24 triacs divided into two groups 978
      and 979. The top twelve triacs illuminate the top horizontal row of 12
      lamps with one triac being effective for illuminating each lamp. The
      bottom 12 triacs 979 illuminate the second horizontal row of lamps. It
      will thus be apparent that using five cards, a total of ten rows, can be
      illuminated from each of cables 962 through 965. Thus, the embodiment
      illustrated is capable of using four cables each having five triac cards
      attached thereto for illuminating a complete phase of the display board.
      Twelve cables and 60 triac boards are necessary for a 3-phase display
      module 20 lamps high by 72 lamps long. The lines 981 through 985 provided
      with the cable are selectively attached to only one of the five triac
      boards 971 through 975. These lines select the particular triac board to
      receive the intensity data.
PAC  DISPLAY BOARD OPERATION
PAR  The operation of the phase driver circuit and the triac circuit will be
      briefly summarized. When the lamp intensity data is supplied to the lamp
      level decoders (FIG. 11), this information is successively compared
      against the eight level control values to obtain the number of lamps in
      each row which are to be illuminated to each of the eight shades of gray.
      This information is then provided to a cable which carries it to the triac
      board via a serial-to-parallel register and a storage and driver register.
      The particular triac card to which the information belongss is selected by
      the triac address decoder 961. The triac address decoder also selects the
      correct group of twelve triacs. The lamp intensity information is then
      utilized to fire the twelve selected triacs controlling the lamps which
      are to be lit. The triacs are fired at different points of the power cycle
      depending on when the intensity data arrives, as will be described in
      connection with FIG. 15-A. This produces the required eight shades of gray
      display.
PAC  SYNC AND LEVEL CONTROL GENERATOR
PAR  Referring now to FIG. 15, the circuit for producing the sync and level
      control signals utilized by the phase separator is shown. A 120 volt A.C.
      60 hertz 1-phase power source 1000 is provided as an input to a zero
      crossing detector 1002 which detects the zero crossing of the 60-hertz
      power line. Based on the pulse outputs from 1002, the three phases
      corresponding to the 3-phase power supply utilized to illuminate the
      scoreboard is produced by the generators 1004 through 1006.
PAR  Each of the three phases is separated from the preceding and following
      phase by 60.degree.. For a 60-hertz signal, this represents approximately
      2.78 milliseconds with approximately 8.3 milliseconds between zero
      crossings for each phase (see FIG. 15-A). The output of the generators is
      the sync pulse applied, for each phase, to its corresponding driver
      circuit, as shown in FIG. 11, for resetting the phase separator 953.
PAR  When a sync pulse is applied to the phase separator 953 it is reset to the
      111 level control value in preparation for beginning a new decoding cycle.
      The actual decoding, however, does not begin until the level control
      signal is applied to the phase separator 953. The level control signal is
      desirably produced in the manner now to be described.
PAR  Connected to the outputs of the sync generators are three sets of seven
      1-shot delays. For example, connected to the output of the A-phase sync
      generator 1004 is a set of seven 1-shot delays 1021 through 1027. Each of
      the 1-shot delays is adjustable by means of a potentiometer to produce a
      selectable delay of increasing magnitude; that is, 1-shot 1021 produces an
      output through OR gate 1028 after a time t.sub.1 which is adjustable
      within narrow limits. 1-shot 1022 produces an output through OR gate 1028
      after a time t.sub.2 where t.sub.2 is greater than t.sub.1, and so on, as
      illustrated in FIG. 15-A. The output from the OR gate 1028 is provided via
      a fixed delay, for example a 200 microsecond 1-shot 1029 as an input to
      the level control of the phase separator 953 (FIG. 11).
PAR  As mentioned, when the sync signal is applied to the phase separator 953,
      it is reset to binary code 111. When the first level control signal is
      applied to the phase separator the lamp level decoder 951 begins the
      comparison to decode the bulb intensity data. The 1-shot 1029 maintains
      the level control pulse high for approximately 200 microseconds.
PAR  Recalling that the memory registers which provide the data input to the
      lamp level decoders are recirculating at a rate controlled by their
      2-phase clock, it will be apparent that during each 200 microsecond
      window, the entire contents of the recirculating register are to be
      received and decoded by the lamp level decoder 951. The preferred rate of
      clock pulses to the memory register is on the order of two megahertz, and
      thus the entire memory register can be decoded in approximately 160 to 180
      microseconds. Thus the 200 microsecond window provided by the 1-shot delay
      1029 is sufficient to permit complete decoding of the contents of the
      register during each successive 200 microsecond window.
PAR  It is thus apparent that the sequence of pulses illuustrated in FIG. 15-A
      cause the phase separator to count down through the eight binary code
      levels required by the lamp level decoder. In a similar manner, the level
      control signals are generated for the B and C phase driver circuits by the
      remaining two sets of 1 shots.
PAR  The A-phase level pulses occur in the interval between the zero crossings
      of the A phase. Each of the pulses corresponds to the appropriate turn-on
      time for lamps to be lit to a selected intensity. The first pulse
      corresponding to the full-on condition is effective to light the lamps
      that are to be turned on full. In a similar manner, as each of the
      succeeding pulses is applied and the information decoded, the appropriate
      lamps corresponding to that lamp intensity are caused to light. The off
      condition for a lamp is coincident with the zero crossing of the A phase
      such that these lamps are not illuminated at all. No level control pulse
      is required for the off condition and this information is thus discarded.
PAC  TRIAC ADDRESS DECODER
PAR  Referring now to FIG. 17, a schematic circuit of the triac address decoder
      is shown. As previously described, the inputs to the triac address decoder
      are the counter output and the triac firing pulse (TFP) from the control
      generator 960. The counter output is the input to a divide-by-two counter
      1100. The output of the divide-by-two counter is utilized to control which
      of the two sets of twelve triac circuits on all triac cards are utilized.
      That is, whether the top twelve circuits or the bottom twelve circuits are
      energized.
PAR  The divide-by-two output is also provided to a binary coded decimal (BCD)
      divide-by-ten counter 1102. The output of this counter on the four lines
      necessary for BCD is provided to decoder 1104. Decoder 1104 is a
      one-of-ten decoder which in essence sequentially activates its ten output
      lines in response to the input signal from the BCD counter 1102. As
      illustrated, each of the ten outputs from the decoder 1103 is connected to
      one triac card in the upper one half module and in the lower one half
      module of the A phase. It will be recalled that there are four submodules
      per phase per module, two in the upper half module and two in the lower
      half module.
PAR  By way of example, when the decoder 1104 energizes line 1106, triac card
      971 in the upper one half module and a corresponding triac card in the
      lower one half module are selected. The intensity data aplied via the
      cable from the driver circuit is then effective for operating the
      appropriate group of twelve triacs on the selected cards when the TFP
      signal enables the appropriate AND gate.
PAR  Since the entire A phase runs inn synchronism by timing from the R CLK
      signal, it is possible to achieve this economy of operation wherein both
      halves of a module are enabled simultaneously for parallel data reception.
      In similar manner successive triac cards are enabled by each of the
      remaining nine outputs from the one-of-ten decoder 1104.
PAC  TIMING RELATIONSHIPS
PAR  Referring to FIG. 16, a timing diagram for the display board interface is
      shown. In view of the preceding description it is believed that the
      signals and their relationships will be apparent. However, a brief summary
      of their significance will now be provided. The IOT start signal is the
      signal produced by the computer program which initiates operation of the
      module data sequence controller of FIG. 8. The Memory End signals are
      produced from the counter 712 of FIG. 7. The A phase information, for
      example, is transmitted between the first two Memory End pulses. The
      address indicator signal is utilized to enable counting by the half module
      address register of FIG. 8-A, and for identifying for the display board
      logic when an address data word is being transmitted, so that this
      information can be decoded for locating the correct one half module to
      receive the intensity data which follows it.
PAR  The R CLK signal is a series of twelve pulses followed by a series of two
      skips followed by another series of twelve pulses. Note, however, that
      when the Memory End signal is high the R CLK signal is composed of sixteen
      pulses, rather than twelve, the last four pulses merely being utilized to
      maintain synchronization by timing out four unused memory storage
      locations.
PAR  As indicated by the dashed arrow, the loading of the A-phase memory begins
      with the set of twelve R CLK pulses generated immediately after the
      occurrence of the address indicator pulse. The data from the memories will
      be loaded and transmitted in the manner described until the lamp row
      counter of FIG. 8 detects that the last lamp row information for a given
      one-half module is being transmitted. When this occurs the system
      increments and starts obtaining data for the second half module of the A
      phase and continuues in this manner until the last row of the second
      A-phase half module has been completed. The Memory End signal then goes
      high indicating the start of the B phase, Memory loading and transmission
      of the B-phase data proceeds in the same manner. The send and load signals
      control transmission to the display board from the parallel-to-serial
      registers. A set of three-data words for each row of twelve lamps is
      obtained by performing three data breaks at the address corresponding to
      the MSB, B2 and LSB data. When a half module on the board has been
      completed, a restart pulse is generated, unless transmission is complete.
PAR  While the embodiment described is a 3 -phase system, that is, the board is
      illuminated in three parts, the A phase, the B phase, and the C phase, the
      present invention is capable of operation on a single phase as presently
      disclosed. Further, the system is adaptable to process more than eight
      shades of gray should that be desired. The technique involved would be to
      add additional components identical to those disclosed herein to
      accommodate and process a 4 bit binary code which could produce up to 16
      shades of gray. Additional memory capacity and increased computer
      processing rates will also be required.
PAR  While I have shown and described an embodiment of this invention in some
      detail, it will be understood that this description and illustration are
      offered merely by way of example, and that the invention is to be limited
      in scope only by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for displaying images on a plurality of visual display devices
      operated by application of a periodic power waveform, including means for
      applying said periodic power waveform to said system, said display devices
      arranged in modules to form a full display matrix capable of at least
      eight levels of light intensity comprising:
PA1  a. a source of video signals;
PA1  b. a video to digital converter producing digitally coded signals
      representing said video signals;
PA1  c. means for receiving and storing a full matrix of said digital signals;
PA1  d. means for extracting the stored digital signals;
PA1  e. means for decoding the transmitted signals only during selected
      intervals on said power waveform to produce intensity level information
      for initiating operation of selected ones of said display devices at each
      interval, each of said selcted intervals corresponding to a display device
      turn on point for a different level of light intensity;
PA1  f. means for transmitting the extracted signals to said decoding means;
PA1  g. means for applying the decoded intensity level information to said
      display devices; and
PA1  h. clock means for operating said extracting means, transmitting means,
      decoding means and applying means on a real time basis at a data
      transmission rate sufficiently greater than the frequency of the periodic
      power waveform that said applying means completely applies the decoded
      intensity level information to the selected display devices during the
      occurrence of each power waveform interval
PA1  whereby each display device is energized at the proper interval on the
      power waveform to accurately reproduce the applied intensity level
      information.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein the means for storing the
      digital signals is a digital computer.
NUM  3.
PAR  3. The apparatus according to claim 1 wherein the means for storing the
      digital signals is a random access memory.
NUM  4.
PAR  4. The apparatus according to claim 1 wherein the means for extracting the
      digital signals includes:
PA1  a. means for controlling the sequence of data extraction; and
PA1  b. means for addressing said storage means to obtain the stored digital
      signals and an address yielding the proper display location for the stored
      digital signals.
NUM  5.
PAR  5. The apparatus according to claim 4 wherein the means for extracting
      further includes:
PA1  register means for receiving the extracted signals.
NUM  6.
PAR  6. The apparatus according to claim 1 wherein the means for transmitting
      the extracted signals includes:
PA1  a. parallel-to-serial register means receiving the extracted data in
      parallel from said extraction means and transmitting it serially to said
      decoding means; and
PA1  b. means for controlling the sending and receiving sequence of said
      registers.
NUM  7.
PAR  7. The apparatus according to claim 1 wherein said means for decoding
      includes:
PA1  a. a plurality of recirculating memory registers selectively receiving the
      extracted signals and repetitively producing the extracted signals at
      their output; and
PA1  b. means for selecting which memory registers receive the extracted
      signals.
NUM  8.
PAR  8. The apparatus according to claim 7 wherein said decoding means further
      includes means for determining the display devices to which the extracted
      signals are applied.
NUM  9.
PAR  9. The apparatus of claim 7 wherein said means for decoding further
      includes:
PA1  a. means for serially producing binary codes each representative of one
      level of light intensity; and
PA1  b. means for repetitively comparing each binary code so produced against
      the output signals from said memory registers to obtain said intensity
      level information.
NUM  10.
PAR  10. The apparatus according to claim 4 wherein said means for decoding
      includes:
PA1  a. a plurality of recirculating memory registers selectively receiving the
      extracted signals and producing a repetitive output of the extracted
      signals; and
PA1  b. means for selecting which memory registers receive the extracted signals
      according to the address associated with the extracted signals.
NUM  11.
PAR  11. The apparatus of claim 1 wherein said means for applying the intensity
      level information includes:
PA1  a. serial-to-parallel registers receiving the information from the decoding
      means; and
PA1  b. active circuit means receiving the information in parallel from said
      serial-to-parallel registers and causing illumination of each of said
      visual display devices to an intensity level corresponding to the
      intensity level information for that device.
NUM  12.
PAR  12. The apparatus of claim 6 wherein said register means includes at least
      three pair of parallel-to-serial registers operating in a double buffered
      relation wherein the registers of each pair alternate receiving and
      transmitting data.
NUM  13.
PAR  13. The apparatus of claim 7 wherein said means for selecting includes:
PA1  a. an address register receiving the address corresponding to said
      extracted signals and selecting the group of memory registers for a
      corresponding portion of said modules; and
PA1  b. a write controller for determining which memory register in the selected
      group is to receive the extracted data.
NUM  14.
PAR  14. The apparatus of claim 11 wherein said active circuit means includes:
PA1  a. a plurality of triacs, arranged in a configuration corresponding to the
      display device arrangement in said modules, one of said triacs being
      employed to control one of said display devices; and
PA1  b. means for selecting the triacs to which the intensity level information
      is applied.
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ABST
PAL  An optical fiber deflection device is described in which an electrical
      transducer is used for deflecting the fiber in response to an electrical
      control signal in order to deflect a light beam transmitted through such
      fiber. The transducer includes a nonmagnetic deflector means attached to
      the fiber and connected to an electrical current source, for deflection of
      the fiber by movement of the deflector means. In one embodiment employing
      an electromagnetic transducer, an electrical conductor is attached along
      the length of the fiber and is connected to a D.C. current source to
      produce a magnetic field around the conductor so that they may be
      deflected by pairs of electromagnetic coils positioned adjacent the side
      of the conductor when a control signal is applied to such coils.
      Alternatively, the control signal can be applied to the conductor attached
      to the optical fiber and a D.C. current caused to flow through the
      electromagnetic coils. Other embodiments of the invention use a
      piezoelectric transducer means including a piezoelectric element attached
      to the optical fiber so that they are deflected in response to a control
      signal applied to such element. In still another embodiment of the
      invention, the electromagnetic transducer means includes electromagnetic
      coils provided around a pair of magnetostrictive wires each having one end
      fixed and their other ends attached to the fiber, so that such wires
      expand and contract to deflect the fiber when a control signal is applied
      to such coils. In a further embodiment, a thermoelectric transducer means
      is used including a thermal expansion element, such as a bimetal strip,
      attached to the fiber and an electrical heating element supported adjacent
      to such expansion member so that when a control signal is applied to such
      heating element, the expansion member bends an amount corresponding to the
      current of such signal to deflect the fiber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The subject matter of the present invention relates generally to light beam
      deflection apparatus employing an optical fiber which is deflected by a
      transducer in response to an electrical control signal, and in particular
      to such an apparatus in which the transducer includes a deflection means
      attached to the optical fiber and connected to a source of electrical
      current for deflection of the fiber by movement of such deflection means.
      The optical fiber deflection device of the present invention is especially
      useful for scanning optical records of high density data recorded in
      tracks of data spots representing digital information, as shown in U.S.
      Pat. No. 3,501,586 of Russell, granted Mar. 17, 1970, or analog
      information such as the pulse length or frequency modulated data spots of
      U.S. Pat. No. 3,530,258 of Gregg et al, granted Sept. 22, 1970.
PAR  Previously it has been proposed in U.S Pat. No. 3,470,320 of Pike et al,
      granted Sept. 30, 1969, to provide a light scanner including an optical
      fiber which is deflected electrostatically or electromagnetically.
      Electromagnetic deflection apparatus has an advantage over electrostatic
      deflection apparatus since it is of lower impedance which is more suitable
      for the transistors used to drive the deflection circuits. However, in the
      electromagnetic deflection apparatus of Pike, a metal armature of iron or
      other magnetic material is attached to the glass fiber to enable such
      fiber to be deflected by electromagnets whose coils are connected to the
      sources of the deflection signals. This has the disadvantage that the mass
      which must be moved in order to deflect the fiber is greatly increased,
      thereby reducing the maximum frequency response and increasing the signal
      amplitude which must drive the electromagnets. A similar problem is
      created by the optical fiber deflection apparatus shown in the
      above-mentioned U.S. Pat. No. 2,530,258 which employs an optical fiber
      mounted on a strip of magnetic material which greatly increases the mass
      that is deflected.
PAR  The above-mentioned problems are overcome by the optical fiber deflection
      device of the present invention. In the preferred embodiment of the
      electromagnetic deflection apparatus of the invention, a romagnetic
      deflector means formed by a thin wire or conductive layer, is attached to
      the surface of the fiber and electrical current is caused to flow through
      such wire or conductive layer to produce a magnetic field around the
      fiber. The surrounding magnetic field enables the optical fiber to be
      deflected by an electromagnet or other electromagnetic transducer means in
      accordance with a control signal applied thereto. As a result of the
      decrease in mass of the deflected fiber and the conductive element
      attached thereto, the deflection device of the present invention is
      capable of operating at a greater frequency and consumes less power than
      that of the prior art. In addition, other embodiments of the present
      invention are described using different transducer means for deflecting
      the optical fiber.
PAR  When the optical fiber is employed to scan the light beam along the data
      track of an optical record, the deflection device of the present invention
      may be used for tracking purposes to deflect such beam laterally with
      respect to the center of the track in order to maintain such beam on the
      track at all times. Such a tracking means is much less expensive and has a
      faster response than conventional mechanical tracking and those employing
      rotating mirrors or other moving optical elements. Furthermore, the
      optical system can be simplified when using an optical fiber of the
      self-focusing type, such as that described by Uchida et al in "IEEE
      Journal of Quantam Electronics," Vol. QE-6, No. 10, October 1970, pages
      606 to 612. Since the index of refraction of the glass in a self-focusing
      fiber decreases with increasing distance from its center, such fiber
      focuses the input light beam to a small focal point at its output. The
      self-focusing fiber may be provided with a conical input end which focuses
      the light rays to a narrow beam within the fiber so that a converging lens
      need not be employed between the input end of the optical fiber and the
      light source. In addition to the tracking deflection transverse to the
      data track, a second deflection motion parallel to the data track can be
      provided by a second transducer for scanning or for correcting errors in
      the record, such as when the data tracks are not concentric with the
      scanner wheel carrying the objective lenses used for scanning. It is also
      possible to provide deflection in a third direction perpendicular to the
      record for maintaining the light beam in focus on the data track. This can
      be accomplished by bending the fiber to provide a fiber portion parallel
      to the record and deflecting such fiber portion with a third transducer.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, one object of the present invention to provide an
      improved light beam deflection apparatus of simple and inexpensive
      construction, including an optical fiber which is deflected by an
      electrical transducer having a current conducting element attached to the
      fiber.
PAR  Another object of the invention is to provide such an optical fiber
      deflection device in which an electrical transducer includes a nonmagnetic
      deflector means attached to the optical fiber which deflects the fiber in
      response to an electrical control signal in a fast and efficient manner.
PAR  A further object of the invention is to provide such an optical fiber
      deflection device employing an electromagnetic transducer in which
      electric current is transmitted through a conductor attached to the
      optical fiber in order to create a magnetic field around the fiber so that
      it may be deflected electromagnetically.
PAR  An additional object of the invention is to provide such an optical fiber
      deflection apparatus in which the transducer is an electromagnetic
      transducer of low impedance so that it may be driven with a control signal
      current of relatively low voltage.
PAR  Still another object of the present invention is to provide such an optical
      fiber deflecting means in which the fiber is deflected by a piezoelectric
      transducer including a piezoelectric element attached to the fiber.
PAR  A still further object of the invention is to provide such an optical fiber
      deflection device in which the electromagnetic transducer includes
      magnetostrictive wire attached to the fiber at one end and fixed at its
      other end so that it deflects such fiber when a control signal is
      transmitted through electromagnetic coils surrounding such wire.
PAR  A further object of the present invention is to provide such an optical
      fiber deflection device in a tracking apparatus for scanning a light beam
      along the data track on an optical record.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  Other objects and advantages of the present invention will be apparent from
      the following detailed description of certain preferred embodiments
      thereof, of which:
PAR  FIG. 1 is a schematic diagram showing a preferred embodiment of the optical
      fiber deflection apparatus of the present invention used for tracking data
      tracks on an optical record;
PAR  FIG. 2 is a schematic diagram of the apparatus of FIG. 1 taken on a
      vertical section view on line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged view of the optical fiber used in FIGS. 1 and 2 with
      a portion of the conductor layer broken away for purposes of clarity;
PAR  FIG. 4 is a section view showing another embodiment of the optical fiber
      deflection device of the present invention employing a bending type of
      piezoelectric transducer;
PAR  FIG. 4A is a section view of the device of FIG. 4 showing the piezoelectric
      element and optical fiber in a bent position as a result of the
      application of a control signal thereto;
PAR  FIG. 5 is a schematic diagram of a third embodiment of the present
      invention employing piezoelectric transducer means of the expansion and
      contraction type.
PAR  FIG. 6 is a schematic diagram of a fourth embodiment of the present
      invention in which the transducer means includes magnetostrictive wires
      attached to the optical fiber; and
PAR  FIG. 7 is a schematic diagram of a fifth embodiment of the invention in
      which the transducer means is a thermoelectric element which bends the
      thermoelectric element.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  As shown in FIG. 1, one embodiment of the optical fiber deflection
      apparatus of the present invention includes an electromagnetic transducer
      means comprising an electromagnetic coil 10 which is coupled to a magnetic
      metal core whose ends form spaced pole pieces 12 and 14, which are
      positioned on opposite sides of an optical fiber 16. The optical fiber is
      made of light transparent glass or plastic and is attached to a
      nonmagnetic deflector means provided by a coating 18 of metal or other
      nonmagnetic conducting material on the surface of such fiber. The
      conductive coating is electrically connected at one end to a lead wire 20
      and at its other end to lead wire 22, as shown in FIG. 3. One of the lead
      wires is grounded, while the other is connected to a source of electrical
      current through the movable contact 24 of an electrical switch so that
      current flows through the conductive coating 18 and produces a magnetic
      field around the optical fiber 16. This surrounding magnetic field enables
      such fiber to be deflected by the electromagnetic coil 10 and pole pieces
      12 and 14 when a control signal is transmitted to the coil 10 through the
      movable switch contact 26 of a second switch. As a result, the optical
      fiber 16 is deflected vertically in a direction perpendicular to the field
      between the pole pieces, as shown by arrows 28, and a light beam 30
      transmitted through such optical fiber is similarly deflected.
PAR  The light beam may be formed by a laser or other light source 32 and
      transmitted through a converging lens 34 which focuses such light on the
      input end of the optical fiber 16, such input end being held in a fixed
      position by a support member 36. The output end of the optical fiber 16 is
      free to move and is deflected by the electromagnetic transducer means
      described previously to cause the light beam 30 to be deflected laterally
      across data track lines 38 on an optical record 40 containing digital
      information or analog information in the form of frequency modulated or
      pulse length modulated data spots in such track lines. The data spots may
      be light opaque on a transparent background or they may be light
      transparent on an opaque background when a light transmission type record
      is employed. However, the data spots may also be light reflecting so that
      the light beam 30 is reflected from the spots onto a photocell or other
      photoelectric detector 42. Thus, the optical record is scanned by a
      scanning device 43 which deflects the light beam 30 longitudinally along
      the data track lines 38 in any suitable manner, such as by a rotating
      mirror as shown in U.S. Pat. No. 3,501,586 or moving a scanner wheel
      supporting a plurality of objective lenses 44 between the output end of
      the optical fibers 16 and such record in the manner shown in copending
      U.S. patent application Ser. No. 516,453, filed Oct. 21, 1974 of J. T.
      Russell, entitled MULTI-LAYERED OPTICAL DATA RECORDS AND PLAYBACK
      APPARATUS. Therefore, the details of this scanning apparatus will not be
      referred to further.
PAR  The electrical output signal of the photocell 42 is transmitted to a
      readout circuit 46 and to a tracking control circuit 48. The readout
      circuit produces an output signal at an output terminal 50 which
      corresponds to the data recorded in the data track lines 38 of the record
      40. However, the tracking control circuit produces an output signal whose
      amplitude is related to the distance the light beam 30 strays from the
      center of the track line being scanned. One such tracking control circuit
      is shown in pending U.S. patent application Ser. No. 483,131 of R. A.
      Walker, filed June 26, 1974. The output of the tracking control circuit is
      transmitted through a conductor 52 to the coil 10 when switch contact 26
      is in a position shown. This tracking signal causes the electromagnetic
      transducer to deflect the fiber 10 toward the center of the data track
      line being scanned and thereby causes proper tracking of the light beam 38
      along such track line. In the shown positions of switch contacts 24 and
      26, a D.C. current source 54 is connected by switch contact 24 through
      lead 20 to the conductive layer 18 on the outer surface of the optical
      fiber in order to transmit a D.C. current therethrough to the grounded
      lead 22. However, it is also possible to change the positions of switch
      contacts 24 and 26 so that the D.C. current source 54 is connected through
      contact 26 to the coil 10 of the electromagnetic transducer while the
      tracking signal output 52 is connected through contact 24 to the
      conductive layer 18 on the optical fiber. In either case, the optical
      fiber and light beam transmitted therethrough will be deflected vertically
      in the direction of arrows 28 in accordance with the tracking signal. It
      should be noted that in the second case, the D.C. current source 54 may be
      eliminated if the pole pieces 12 and 14 are replaced by permanent magnets.
      Also, the conductive coating 18 on the surface of the optical fiber 16 can
      be replaced by a thin metal wire suitably attached along the length of
      such fiber so that it is merely an extension of lead wires 20 and 22.
PAR  In order to increase the maximum deflection speed of the optical fiber 16
      in the apparatus of FIG. 1, it may be desirable because of the added mass
      of the lead wire to provide a second electromagnetic transducer means for
      deflecting the lead wire 20 simultaneously with deflection of such fiber.
      Thus, a second coil 56 may be provided around a second magnetic core
      having pole pieces 58 and 60 on opposite sides of the lead wire, as shown
      in phantom lines in FIG. 1. It should be noted that the upper pole piece
      58 and the bottom pole piece 60 are of opposite polarity to the upper pole
      piece 12 and the bottom pole piece 14 of the first mentioned transducer
      because the electrical current flows in opposite directions through wire
      20 and conductive coating 18 when passing between pole pieces 58 and 60
      and pole pieces 12 and 14. Thus, when the tracking control signal is
      applied to coils 10 and 56, both the fiber 16 and lead wire 20 are
      deflected in the same direction.
PAR  As shown in FIG. 2, it may be desirable to deflect the optical fiber 16 in
      a second direction indicated by arrows 62 which is perpendicular to the
      direction 28. For this purpose another electromagnetic transducer means is
      provided including a coil 64 surrounding a magnetic metal core having pole
      pieces 66 and 68 on the opposite sides of the optical fiber. However, it
      should be noted that the coil 64 is connected to another output of the
      tracking control circuit different than output 52 when employed for
      tracking purposes. Also, in this embodiment the lead wire 20 should always
      be connected to a D.C. current source, as shown in FIG. 2.
PAR  The optical fiber 16 may be of the self-focusing type described in the
      Uchida et al article mentioned previously. As shown in FIG. 3, a conical
      funnel shaped input end 70 may be provided on such fiber for focusing the
      substantially parallel input light rays 72 to a narrower light beam 74
      within the fiber, thereby eliminating the need for the converging lens 34.
PAR  As shown in FIGS. 4 and 4A, the optical fiber 16 may be attached to a
      piezoelectric transducer 76 for deflection of such fiber in response to a
      control signal applied to the electrodes 78 and 80 on opposite sides of
      such transducer. Thus, the piezoelectric transducer 76 may be of a bimorph
      type including a pair of piezoelectric ceramic elements 82 and 84 of
      different orientation positioned on opposite sides of a center electrode
      86 which may be grounded. The side electrodes 78 and 80 are provided on
      the outer surfaces of the two piezoelectric layers 82 and 84. As a result
      of the different orientation of the piezoelectric layers, the transducer
      element 76 bends when a control signal is applied to the side electrodes.
      This control signal may be provided by the tracking control circuit 48
      whose output 52 is connected to electrodes 72 and 78. The piezoelectric
      transducer 76 is attached along its length to the optical fiber 16 so that
      such fiber is deflected in the direction of arrows 28 when the
      piezoelectric elements bend in response to the application of a control
      signal, as shown in FIG. 4A. It should be noted that the left end of the
      optical fiber 16 and the left end of the piezoelectric elements are fixed
      to the support member 36 so that only the right ends of these elements are
      deflected up and down. Of course in the embodiment of FIG. 4, the
      conductive coating 18 is not required on the outer surface of the optical
      fiber and D.C. current source 54 is eliminated.
PAR  Another embodiment of the invention using a piezoelectric transducer is
      shown in FIG. 5 and includes a pair of linear expansion-contraction type
      piezoelectric elements 88 and 90. These piezoelectric elements 88 and 90
      are supported on fixed support arms 92 and 94, respectively, attached to
      support plate 36. Each of the piezoelectric elements is provided with two
      electrodes 96 and 98 on opposite sides of the piezoelectric material.
      Electrodes 96 may be connected to ground and attached to the fixed support
      arms while the other electrodes 98 are connected to different push-pull
      output conductors 100 and 102 of the control circuit 48. In addition the
      electrodes 98 are also physically attached by connecting wires 104 to the
      optical fiber 16, so that expansion and contraction of the piezoelectric
      elements causes the fiber to be deflected up and down in the direction of
      arrows 28. Since the two piezoelectric elements 88 and 90 are connected to
      push-pull outputs 100 and 102, one of such elements expands while the
      other one contracts when the control circuit produces push-pull output
      signals of opposite polarity, thereby causing more efficient deflection of
      the fiber.
PAR  A still further embodiment of the present invention is shown in FIG. 6 and
      includes a pair of magnetostrictive wires 106 and 108 which are fastened
      at one end to the optical fiber 16 and are fastened at their other ends to
      the fixed support plate 36. A pair of electromagnetic coils 110 and 112
      are wound about the magnetostrictive wires 106 and 108, respectively. The
      left end of each of the electromagnetic coils 110 and 112 is grounded
      while its right end is connected to push-pull outputs 100 and 102 of the
      tracking control circuit 48. An output signal of one polarity produces a
      magnetic field about the magnetostrictive wires 106 and 108 such that wire
      106 contracts while wire 108 expands. When the polarity of such output
      signal reverses, the magnetic field is reversed causing wire 108 to
      contract and wire 106 to expand. As a result, the optical fiber 16 is
      deflected vertically in the direction of arrows 28. Of course, the wires
      106 and 108 should be made of equal length and extend at substantially the
      same angle with respect to the axis of the fiber 16 on opposite sides
      thereof to cause equal deflection of the fiber in opposite directions for
      positive and negative signals of the same amplitude.
PAR  In FIG. 7, a thermoelectric transducer is employed for deflection of the
      optical fibers 16 including a bimetal strip 114 or other thermal expansion
      element which bends when heated. An electrical heating element 116 is
      positioned adjacent to the bimetal strip and connected to the output 52 of
      the control circuit. The bimetal strip 114 is fastened along its length to
      the optical fiber 116 so that when such strip bends it deflects the
      optical fiber in the direction of arrows 28 and causes deflection of the
      light beam 30 transmitted therethrough. It should be noted that this
      transducer means is much slower in response time than that of the
      previously discussed transducer means so that it is suitable for only low
      frequency deflection.
PAR  It will be obvious to those having ordinary skill in the art that many
      changes may be made in the details of the above-described embodiments of
      the present invention without departing from the spirit of such invention.
      For example, the optical fiber deflection device can be used as a light
      pickup device between the record 40 and the photocell 42 to receive light
      transmitted through or reflected from such record, in which case its input
      end would be deflected and its output end fixed. Also, the D.C. voltage
      source 54 can be eliminated and the control signal transmitted through
      both the coil 10 and the conductor 18 attached to the fiber 16. Therefore,
      the scope of the present invention should only be determined by the
      following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An optical fiber deflection device comprising:
PA1  optical fiber means for transmitting a light beam therethrough;
PA1  electrical transducer means for deflecting at least one end of said fiber
      means in response to an electrical control signal to deflect said light
      beam;
PA1  said transducer means including a nonmagnetic deflector means attached to
      said fiber means for deflection of said fiber means by movement of said
      deflector means; and
PA1  means for connecting said deflector means to an electrical current source
      so that said deflector means is moved in response to the application of
      said control signal to said transducer means.
NUM  2.
PAR  2. A device in accordance with claim 1 in which the deflector means
      includes coil means connected to the source of said control signal for
      producing an electromagnetic field in response to said control signal,
      said coil means surrounding magnetostrictive elements which are fixed at
      one end and have their other end attached to the fiber means so that said
      magnetostrictive elements move axially in response to said electromagnetic
      field to deflect said fiber means.
NUM  3.
PAR  3. A device in accordance with claim 1 in which the optical fiber is of the
      self-focusing type.
NUM  4.
PAR  4. A device in accordance with claim 1 in which at least one end of the
      fiber is of a conical shape for focusing the light transmitted through
      said fiber.
NUM  5.
PAR  5. A device in accordance with claim 1 in which the transducer means
      includes piezoelectric means for deflecting the fiber means in response to
      said control signal.
NUM  6.
PAR  6. A device in accordance with claim 5 in which the deflector means
      includes a piezoelectric element attached to said fiber means and
      connected to the source of the electrical control signal so that said
      piezoelectric element moves in response to said control signal.
NUM  7.
PAR  7. A device in accordance with claim 1 in which the deflector means
      includes a thermal expansion member attached to the fiber means, and an
      electrical heating element positioned adjacent to said expansion member
      and connected to the source of said control signal for heating said
      expansion member to cause it to bend and deflect said fiber means.
NUM  8.
PAR  8. A device in accordance with claim 7 in which the thermal expansion
      member is a bimetal strip.
NUM  9.
PAR  9. A device in accordance with claim 1 in which the transducer means
      includes an electromagnetic means for deflecting the fiber means in
      response to the control signal.
NUM  10.
PAR  10. A device in accordance with claim 9 in which the transducer means
      includes coil means for producing a magnetic field in response to the
      transmission of electrical current through said coil means, and the
      deflector means includes an electrical conductor attached to and extending
      longitudinally along said fiber means and connected to cause an electrical
      current to flow through the conductor to produce another magnetic field
      around said conductor, at least one of said currents being said control
      signal so that said fiber means is deflected in response to said control
      signal.
NUM  11.
PAR  11. A device in accordance with claim 10 in which the other of said
      currents is a D.C. current.
NUM  12.
PAR  12. A device in accordance with claim 9 in which the transducer means
      includes magnet means for producing a fixed magnetic field and the control
      signal is transmitted through an electrical conductor attached to the
      fiber means.
NUM  13.
PAR  13. A device in accordance with claim 12 in which the magnet means is a
      permanent magnet means.
NUM  14.
PAR  14. A device in accordance with claim 12 in which the magnet means includes
      a coil means for producing a fixed magnetic field in response to the
      transmission of a D.C. current through said coil.
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ABST
PAL  A pair of television receiver high voltage connectors, connecting the
      receiver high voltage rectifier to the cathode ray tube anode lead and the
      high voltage transformer, each include a resilient sleeve in which a
      cup-shaped contact and insulated wire together with an axially
      compressible spring are supported within a receptacle, formed by a portion
      of the sleeve inner surface and the cup-shaped connector. The receptacle
      expands to accommodate the insertion of the end portion of the high
      voltage rectifier forming an air-tight enclosure for the connection which
      is completed by the compression of the spring between the contact and
      rectifier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Television receivers utilize a high potential electron accelerating voltage
      for operation of cathode ray tube (CRT) display devices. In a typical
      receiver, a locally generated alternating polarity signal, associated with
      CRT horizontal scanning, is converted by a high voltage transformer to a
      high amplitude signal which, when applied to a high voltage rectifying
      device, produces a single polarity high voltage potential suitable for CRT
      operation.
PAR  Generally, the horizontal scanning signal generating components and the
      high voltage transformer are located on a separately manufactured receiver
      chassis or subchassis. The chassis, CRT and other components are combined
      within a cabinet during final assembly and appropriate connections made
      between the transformer, rectifying device and CRT. For a number of
      reasons, including ease of assembly and replacement of failed components,
      these interconnections may be made via connectors which are readily
      separable and capable of repeated use rather than being "permanently"
      welded or soldered.
PAR  Because the output of the high voltage transformer includes high amplitude,
      high frequency components, connections made thereto are susceptible to
      corona arcing which, in turn, can cause production of harmful ozone and
      deterioration of connector parts as well as interference with signal
      processing. Typically used high voltage connectors employ expensive
      insulating components and many require specially manufactured rectifiers.
PAR  For example, the high voltage rectifier may be encapsulated in a "header"
      or terminal suitable for mating with the type of high voltage connector
      employed, which substantially increases its cost over that of a rectifier
      with simple lead wire terminations.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved low cost high voltage connector suitable for a television
      receiver.
PAR  It is another object of the present invention to provide a low cost high
      voltage connector suitable to connect the high voltage transformer and CRT
      of a television receiver to a rectifying device having lead wire
      terminations.
PAC  SUMMARY OF THE INVENTION
PAR  An enclosed corona-free high voltage connector for use in a television
      receiver includes a resilient sleeve supporting a contact and spring
      within a receptacle. The sleeve expands to conform to the cylindrical
      rectifier body, completing an air-tight enclosure, with the spring being
      compressed to insure contact with the rectifier end lead. Separation
      forces cause elongation of the sleeve which constricts its diameter and
      tightens its grasp upon the rectifier. An additional retention mechanism
      is derived from the suction action of the air-tight enclosure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The invention,
      together with further objects and advantages thereof, may best be
      understood by reference to the following description taken in conjunction
      with the accompanying drawings, in the several figures of which like
      reference numerals identify like elements, and in which:
PAR  FIG. 1 shows a portion of a television high voltage system constructed in
      accordance with the present invention;
PAR  FIG. 2 is a partially sectioned detail of the present invention connector
      before final assembly; and
PAR  FIG. 3 is a partially sectioned detail of the present invention connector
      coupled to a high voltage rectifier.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a high voltage transformer, rectifier, and connector
      combination constructed in accordance with the present invention. A high
      voltage transformer 10, the details of which are omitted for clarity, is
      understood to be of conventional construction in which a plurality of
      windings (not shown) are disposed within a housing 11. A number of signal
      and operating voltage bearing wires 13-18 inclusive are connected to
      appropriate portions of the windings within housing 11. The transformer is
      part of a conventional reaction scan high voltage generating system in
      which locally generated signals are developed to provide scansion of a
      receiver cathode ray tube (CRT). A byproduct of the scansion process is a
      high amplitude energy pulse occurring during scan retrace. This pulse is
      applied to the high voltage transformer primary windings and "boosted" to
      an extremely high voltage pulse at the transformer output lead 12. A
      "stick type" rectifier 50 is connected to lead 12 by a first connector 30
      and to a CRT anode lead 61 by a second, identical connector 60.
PAR  Rectifier 50 converts the alternating potential signal to a single polarity
      voltage suitable for application to a conventional CRT accelerating anode
      (not shown). Connectors are used on both ends of rectifier 50 to allow "in
      field" replacement of rectifier 50 should it fail.
PAR  FIG. 2 shows connector 30 before assembly. Transformer lead 12 extends
      beyond a resilient sleeve 31. A conductive cup 40 may be preassembled to a
      conductor 12a, and lead 12 passed through sleeve 31 before connection to
      the transformer or preferably lead 12 may be connected to the transformer,
      passed through sleeve 31 and cup 40 attached. Assembly of the connector is
      completed by pulling lead 12 to position cup 40 within sleeve 31. As cup
      40 is pulled, sleeve 31 expands permitting movement of the cup until it
      abuts a shoulder 37 which provides positive cup positioning to assure
      accurate assembly. A flange 34 provides a convenient gripping surface
      during this pulling action facilitating assembly of the connector. A
      spring 43 having a base diameter selected to provide a "snap fit" in the
      interior of cup 40, completes the assembly.
PAR  FIG. 3 shows the assembled construction of connector 30 in detail with
      rectifier 50 inserted in the connector. Metal cup 40 is connected to
      conductor 12a of high voltage lead 12. Axially compressible spring 43 is
      positioned within the concave portion of cup 40 and supported therein.
      Sleeve 31 is formed of a suitable elastic insulating material such as
      polyvinyl chloride and supports cup 40 and lead 12 in contact with inner
      surfaces 35 and 39, forming an air-tight boundary. Another inner surface
      36, together with cup 40, define a receptacle within sleeve 31 which
      accommodates one end of rectifier 50. Tapered surface 33 permits ready
      insertion of lead 12 into sleeve 31 during the preferred mode of assembly
      of the connector.
PAR  The illustrated position of the rectifier is attained by pushing one end of
      the rectifier into the receptacle formed by inner surface 36 and cup 40.
      This puts the sleeve in compression which expands the area defined by
      surface 36, providing ease of insertion. Once the rectifier is inserted,
      sleeve 31 relaxes and conforms to the body of the rectifier. Further,
      because of the friction fit between surfaces 35 and 36 and lead 12 and
      rectifier 50, respectively, forces tending to separate the parts are
      resisted since the sleeve is placed in tension. The elasticity of sleeve
      31 provides a positive retention mechanism because these frictional forces
      cause an elongation of sleeve 31 and constriction of surface 36 tightening
      the grasp of the sleeve 31 on rectifier 50. Spring 43 is compressed
      between lead wire 38 of rectifier 50 and the lower portion of cup 40 to
      form an electrical connection therebetween. The spring constant of spring
      43 is selected to be sufficient to maintain this sleeve tension and
      provide a tight positive retention.
PAR  Because surface 36 conforms to and grasps the body of rectifier 50 forming
      an air-tight enclosure around the electrical connection, corona arcing
      problems which might otherwise occur with an "open air" connection of the
      high amplitude, high frequency signal are alleviated. In addition, the
      air-tight enclosure provides a suction action for positively retaining
      rectifier 50 within sleeve 31.
PAR  It should be noted that rectifier 50 is an encapsulated structure having a
      simple external lead wire conductor 38. Because positive retention is
      attained by the action of sleeve 31 upon the body of rectifier 50 rather
      than upon its end termination, no special heading or termination of
      rectifier 50 is required. Instead, the normally packaged rectifier lead 38
      is simply bent to the position shown and cut to appropriate length. This
      eliminates the expensive heading and terminating operations required in
      conventional high voltage connector schemes.
PAR  Rectifier 50 may be disconnected from lead 12 despite the positive lock
      retention mechanisms described above by an axial twisting movement during
      withdrawal. The twisting motion of rectifier 50 simultaneously breaks the
      contact of surface 36 and the integrity of the air-tight enclosure thereby
      permitting withdrawal of rectifier 50. The connector described is capable
      of repeated connection and disconnection and exhibits the desired "one way
      retention", namely, easy connection and positive retention.
PAR  While particular embodiments of the invention have been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from the invention in its
      broader aspects, and, therefore, the aim in the appended claims is to
      cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in the high voltage system of a television receiver in which a
      locally generated high amplitude alternating polarity signal is converted
      to a single polarity electron accelerating potential by a rectifying
      device having one end terminating in an electrical conductor, connecting
      means for producing a substantially air-tight, corona-free connection to
      said rectifying device comprising:
PA1  wire means having a conductor and surrounding insulator;
PA1  a contact mechanically and electrically connected to said conductor;
PA1  a resilient sleeve, having first and second ends, retaining said contact
      intermediate said ends with said wire means extending from said second end
      of said sleeve, said contact and the inner surface of said sleeve between
      said contact and said first end, forming a receptacle; and
PA1  an axially compressible spring, positioned in said receptacle, said
      resilient sleeve conforming to and grasping said one end of said
      rectifying device upon its insertion into said receptacle to compress said
      spring and electrically connect said one end of said rectifying device to
      said contact within said receptacle.
NUM  2.
PAR  2. Connecting means as set forth in claim 1, wherein said contact comprises
      a metal cup having a flange extending toward said first end of said sleeve
      and means for retaining said spring in said cup.
NUM  3.
PAR  3. Connecting means as set forth in claim 2, wherein said one end of said
      rectifying device and said receptacle are substantially cylindrical, the
      diameter of said receptacle being smaller than that of said one end of
      said rectifying device.
NUM  4.
PAR  4. Connecting means as set forth in claim 3, wherein said axially
      compressible spring has a diameter slightly greater than the inner flange
      diameter of said cup permitting a snap fit into said cup during assembly.
NUM  5.
PAR  5. In combination in a television receiver:
PA1  a high voltage transformer including an insulated high voltage conductor;
PA1  a cylindrical rectifier having wire end terminals;
PA1  a cathode ray tube anode conductor;
PA1  first connecting means connecting one end of said rectifier to said high
      voltage conductor;
PA1  second connecting means connecting the other end of said rectifier to said
      cathode ray tube anode conductor, each said connecting means including:
PA1  a resilient sleeve having a first end receiving one of said conductors and
      a second end receiving an end of said rectifier in a gripping
      relationship;
PA1  a cup contact connected to said conductor and an axially compressible
      spring engaging said cup contact and the wire end terminal of said
      rectifier, said cup contact, said conductor and said rectifier cooperating
      with respective portions of the inner surface of said sleeve to form an
      air-tight, corona-resistant connection.
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ABST
PAL  Transcoder for digital differential phase modulation designed for
      accumulating, separately, partial trains of pulses which are mutually
      shifted and whose rhythm is an integral fraction of that of the original
      train. The partial accumulations are finally gathered together in a common
      adder. The invention enables a differential modulation on adjacent bits at
      a speed which is not limited by the accumulation loop delay.
BSUM
PAR  The invention concerns the branch of digital transmission by differential
      phase modulation.
PAR  In a differential phase modulation, what is combined with the modulation
      signal is not a given phase state, but a given phase jump. Moreover, to
      produce a differential phase modulation, it is necessary to use a
      transcoder which, receiving the modulation signals, supplies suitable
      signals to the modulators to produce the required differential modulation.
PAR  In order to fulfill its function, a transcoder must have a memory which
      gives the state of the phase modulator energizing signals at a given
      instant, so as to determine their new values at the following instant as a
      function of the contents of the modulation signals. The states of the
      output signals of the transcoder depend on their preceding states and on
      the contents of the modulation. For a two-phase differential modulation,
      if A is the digital input train and .alpha. is the digital output train of
      the transcoder with a modulation law for example such as for .alpha. = 0,
      .PHI. = 0.degree. and .alpha. = 1, .PHI. = 180.degree., the transcoder
      will carry out the operation .alpha. [(n-1) T ] = f [A(n T), .alpha. (n
      T)]where T represents the bit period, so as to keep to the truth table,
      for example :
TBL         n t        (n + 1) T                                               
            A = 1 .alpha.                                                      
                       .alpha.                                                 
            A = 0 .alpha.                                                      
                       .alpha.                                                 
PAR  The operation f (A, .alpha. ) requires a certain time .tau. which defines
      the maximum operation speed. Indeed, the transcoder requires a certain
      time to establish the new value of .alpha. on a basis of its preceding
      value and of the value of the signal A. Before a new value of the
      modulation signal A appears, the value of .alpha. must be well
      established.
PAR  In the preceding case, the differential phase modulation bore on two
      adjacent bit periods. It is also possible, as described in the periodical
      Radio Engineering, Vol. 24, N.degree. 9, 1969, p. 70 to 74, to make the
      data bear, on a phase jump between two non-adjacent bit periods, for
      example separated by one bit period; in the latter case, the transcoder
      has available the duration of two bit periods for calculating the output
      signal on a basis of its value two bit moments before. For a given delay,
      in that case, the operation speed is doubled.
PAR  In the differential phase demodulation, to extract the data, the phase of
      the high-frequency modulated signal must be compared at a given instant
      with the phase of that same signal two bit moments previously. For that
      purpose, the demodulator uses at least one delay line having a length
      substantially equal to 2 bit moments. That type of demodulation has the
      drawback of being much more sensitive to a variation in the frequency of
      the carrier signal and to a variation in the length of the delay line,
      whose function is, in order to ensure the best performance in error rates
      of the demodulator, to effect a precise timing of the phase of the carrier
      signal.
PAR  Multiphase modulators, in which the phase vector distinguishes between more
      than two positions, more particularly, between four positions or between
      eight positions respectively are known. Its position is therefore
      described in binary terms, by two or three bits respectively, which, as a
      whole, constitute a "word". Physically, such a modulator receives,
      respectively, two or three binary pulse trains, in general m trains, on
      distinct inputs. The corresponding transcoder which supplies these trains
      from m original pulse trains, comprises a modulo 2.sup.m accumulator.
PAR  For reasons of security in transmission, it is preferred to attribute to
      two neighbouring positions of the vector, two combinations of the code
      which distinguish themselves only by a single binary element. Such a code,
      which is called a Gray code, is not, however, favourable to the adding, in
      an accumulator, where a natural binary code is preferred.
PAR  A natural-to-Gray code convertor is therefore often found in a transcoder
      for a differential modulator having a phase jump.
PAR  The invention concerns a transcoder connected with the digital differential
      phase modulation for m input binary pulse trains, m being 1 or 2 or 3...;
      this enables modulation on 2 adjacent bits without forasmuch limiting the
      binary speed by the loop delay .tau. of the accumulation.
PAR  The transcoder in an embodiment according to the invention is characterized
      in that it comprises p + 1 accumulators having m inputs, p being 1, 2,
      3..., that it comprises, moreover, m distributors each feeding in a cyclic
      manner an input of each accumulator and a modulo 2.sup.m adder which
      receives the trains leaving all the accumulators.
PAR  In an alternative embodiment of the invention, the transcoder comprises
      only a single accumulator whose loop delay is comprised between p bit
      moments T and (p+1) bit moments T of the pulse trains, comprises,
      moreover, p delay lines in series connected with each output of the
      accumulator whose delay duration is one bit step T for each, and a modulo
      2.sup.m adder which receives the trains leaving the accumulator and delay
      lines.
PAR  The common idea of the two possibilities of embodiment is to accumulate
      non-adjacent bits and to add subsequently the partial accumulations.
PAR  Thus, the final result is a modulation on adjacent bits, but the
      accumulation no longer limits the operation speed.
PAR  The simplest example is that of p = 1, this meaning that odd bits and even
      bits are classified alternately in a pulse train, that the even bits and
      the odd bits are distributed on two distinct accumulators and that the
      contents are, finally, added together. The parallel operation of two
      accumulators at a slower rate is the equivalent of an operation in series
      in a single accumulator whose loop delay is two bit moments, but whose
      rhythm is identical to that of the original train. Such a single
      accumulator supplies, at its output, alternately, the accumulation of the
      even bits and that of the odd bits and it is necessary simply to bring
      them together by means of adequate delay lines and of an adder.
PAR  The invention applies in the same way to a single pulse train (m = 1) as to
      several, but beyond m = 4, the security of the transmission seems,
      according to present knowledge, compromised.
PAR  It is possible, within the scope of the invention, to connect with or
      integrate in the accumulator and/or the adder, a code convertor.
PAR  The invention will be described hereinafter in greater detail with
      reference to two figures.
DRWD
PAR  FIG. 1 shows diagrammatically a transcoder having two accumulators
      according to the invention;
PAR  FIG. 2 shows a transcoder having a single accumulator according to the
      invention.
DETD
PAR  The example of embodiment according to FIG. 1 concerns the case m = 3 and p
      = 1, that is, a transcoder having three binary input and output trains and
      two accumulators. It is possible to define the three binary elements
      (bits) which are applied simultaneously to the three trains as a "data
      word" one of whose bits constitutes the unit, the second bearing the
      valency 2 and the third bearing the valency 4. The bit period on the
      (well-synchronized) trains is called T. The 3 inputs are marked with U, D
      and Q, the three outputs of the transcoder bearing the references U', D',
      Q'.
PAR  According to the invention, this transcoder is provided with two
      accumulators 8 and 9, which effect a modulo 2.sup.m accumulation of the
      words which reach them. Each new word is therefore added to the previous
      contents of the accumulator. The inputs of the accumulators are connected
      to the p + 1 outputs of m distributors 12, 13 and 14 which divide up the
      pulses bit by bit and distribute them in a cyclic manner on the
      accumulators. Where p = 1, the positions of even bits and the positions of
      odd bits may be distinguished. All the bits in even positions are directed
      towards the accumulator 8 and all the odd bits are directed towards the
      accumulator 9. The words leaving the accumulators are added together in an
      adder 15 whose three outputs constitute the outputs U', D', Q' of the
      transcoder.
PAR  The operation of that transcoder is explained by means of the table I
      hereinafter, which shows, starting from a random basic state (the basic
      state does not influence the operation of a transcoder for differential
      modulation) the words displayed at the input U, D, Q, at the output of the
      accumulators 8 and 9 and at the output of the transcoder at the rate of
      one bit moment T per column. Between the displaying at the input and at
      the output of an accumulator, the loop delay .tau. is slighter than 2 T.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Input    000 101 001 011 111 101 010 100 110 000 000 000                  
     Accumulator 8                                                             
              011 011 011 011 100 100 011 011 101 101 011 011                  
     Accumulator 9                                                             
              101 101 101 010 010 101 101 010 010 110 110 110                  
     Output   000 000 000 101 110 001 000 101 111 011 001 001                  
     __________________________________________________________________________
PAR  It will be observed, for example, that the input word 001 at the third
      column is accumulated in the accumulator 8 (previous state 011) to give at
      the fifth column 100 in an addition in natural modulo 2.sup.3  code. In
      each column, the outputs of the accumulators 8 and 9 are added by a modulo
      2.sup.3 addition without delay. The following input word 011 (see fourth
      column) enters the accumulator 9 (see sixth column) and so on.
PAR  It will therefore be observed that by using distributors and two
      accumulators in parallel, a modulation on adjacent bits is obtained
      despite the loop delay greater than T.
PAR  The alternative which is shown in FIG. 2 comprises a single accumulator 16
      which may be identical to one of the accumulators according to FIG. 1 and
      which receives directly the input words on terminals U, D and Q at the
      original rate of 1/T.
PAR  The three outputs of that accumulator are directly connected to a word
      input of an adder 17 identical to that in FIG. 1. The second word input of
      that adder is fed through three delay lines 18, 19 and 20 having a delay
      of T, which each receive a pulse train leaving the accumulator.
PAR  The operation of that transcoder is identical to that according to FIG. 1
      inasmuch as concerns the input and the output.
PAR  The accumulator nevertheless receives the bits at a rate higher than
      1/.tau. and therefore accumulates alternately the even words and odd words
      in series. To bring them together in the adder 17, use is made of the
      delay lines 18 to 20. The table II hereinbelow distinguishes itself from
      the preceding table only by the two rows in the middle whose contents are
      alternately reversed. For example, the input word 001 shown in the third
      column is added to the word 011 which is at the same instant at the output
      of the accumulator (second line of the table) to give, two periods later
      (see the fifth column), the word 100 at that output. The third line of the
      table indicates the same words behing the delay lines 18, 19 and 20, hence
      shifted by one column.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Input    000 101 001 011 111 101 010 100 110 000 000 000                  
     Accumulator 16                                                            
              011 101 011 010 100 101 011 010 101 110 011 110                  
     Delay 1T 101 011 101 011 010 100 101 011 010 101 110 011                  
     Output   000 000 000 101 110 001 000 101 111 011 001 001                  
     __________________________________________________________________________
PAR  Inasmuch as concerns the technical embodiment of the transcoder according
      to the invention, use may be made of integrated logic circuits which may
      be acquired for a large range of speeds.
PAR  If the operation of the circuits is not synchronized by a general clock
      pulse, adjustable delay lines must, if need be, be provided to adapt the
      loop delay to a multiple of T.
PAR  The invention is not limited to the examples described hereinabove. It is
      possible, as has been stated hereinabove, to connect code convertors
      either with the accumulators or else with the adders. It is also possible
      to combine the two alternatives according to FIGS. 1 and 2 by substituting
      an accumulator in one of the figures by the transcoder assembly according
      to the other figure. By that combination, it is possible to adapt the
      system to any technical equipment whose binary rate is too high or whose
      loop delay is too long. Finally, it is possible to vary the values of m
      and of p and, more particularly, to choose p = 2, in which case three
      accumulators in parallel are provided or, in the variant according to FIG.
      2, two delay lines of 1 bit moment, each in series in each output of the
      single storage accumulator are provided.
CLMS
STM  I claim:
NUM  1.
PAR  1. Transcoder for digital differential phase modulation for m binary input
      pulse trains, m being an integer, characterized in that it comprises a
      plurality of accumulators each having m inputs, cyclic distributor means
      for feeding the consecutive pulses of each pulse train, in a cyclic
      manner, to a respective input of each accumulator in succession and adder
      means including a modulo 2.sup.m adder for adding the contents of said
      accumulators.
NUM  2.
PAR  2. Transcoder according to claim 1, characterized in that said adder means
      further includes binary code conversion means.
NUM  3.
PAR  3. Transcoder according to claim 1, characterized in that binary code
      conversion means is connected to the inputs of said accumulators.
NUM  4.
PAR  4. Transcoder for phase jump differential modulation for m input binary
      pulse trains, characterized in that it comprises an accumulator having a
      delay comprised between p bit moments and p + 1 bit moments of the input
      pulse trains and being provided with m inputs and m outputs, p being an
      integer, a plurality of delay lines, p delay lines being connected in
      series to each respective output of the accumulator, each delay line
      having a delay duration of one bit moment, and a modulo 2.sup.m adder
      having first inputs connected respectively to the output of a respective
      delay line and second inputs connected directly to respective outputs of
      said accumulator.
NUM  5.
PAR  5. Transcoder according to claim 4, characterized in that said adder means
      further includes binary code conversion means.
NUM  6.
PAR  6. Transcoder according to claim 4, characterized in that binary code
      conversion means is connected to said accumulator.
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PAL  A synchronizing signal regenerator for regenerating all the required
      synchronizing signals from a composite signal having a plurality of
      synchronizing signals having a different repetition period and phase. The
      composite signal comprises a video signal and a pulse code modulated audio
      multiplex signal arranged in a predetermined sequence. The composite
      signal further comprises a first synchronizing signal consisting of a
      certain predetermined pulse series synchronized with a modulated pulse
      series of the audio multiplex signal and a second pulse code modulated
      synchronizing signal including a plurality of other synchronizing signals
      required for the reproduction of the video signal and the audio multiplex
      signal. The synchronizing signals are inserted at a certain predetermined
      portion in the video signal and in the audio multiplex signal.
PAL  The synchronizing signal regenerator comprises means for reproducing the
      first synchronizing signal after detecting the insertion position of the
      first synchronizing signal, a means for reproducing a predetermined part
      of a synchronizing signal among the second synchronizing signals using the
      first synchronizing signal as the reference, a means for frequency
      dividing at least one of the reproduced parts of the second synchronizing
      signal, and means for synchronizing the frequency divided signal by using
      the parts of the second synchronizing signal having the same phase as the
      other second synchronizing signals to be reproduced among said part of the
      second synchronizing signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a synchronizing signal regenerator for
      receiving a composite signal having a video signal and pulse code
      modulated audio multiplex signal arranged in a predetermined sequence and
      a plurality of pulse code modulated synchronizing signals being inserted
      in a predetermined position of said video signal and audio multiplex
      signal and required for the reproduction of said video signal and audio
      multiplex signal, and for reproducing signals each synchronizing with said
      plurality of synchronizing signals included in said composite signal.
PAR  A preferred embodiment of such a composite signal is a still picture
      broadcasting signal. Accordingly, the synchronizing signal regenerator
      according to the present invention is particularly suitable for use in a
      still picture broadcasting signal receiver.
PAR  The still picture broadcasting system has been disclosed in application
      Ser. No. 361,581 filed on May 18, 1973, now U.S. Pat. No. 3,854,010.
PAR  At first a brief explanation of said system will be given below.
PAR  In a still picture broadcasting signal transmission system, the video
      signal and the audio signal are transmitted alternately in a predetermined
      sequence. In one system of the still picture broadcasting signal, a video
      signal of 1/30 second duration and audio signal of 1/15 second duration
      are transmitted alternately. The video signal is transmitted at each
      horizontal scanning period of 1/f.sub.H (.apprxeq. 63.5 .mu.S) which is
      the same as a standard television braodcasting signal in a video signal
      transmission period. One video signal transmitted in one period of 1/30
      sec represents one still picture, and therefore, at each video signal
      transmission period, one particular still picture content may be
      transmitted. In the audio signal transmission period, the audio signal is
      sampled at a repetition period of 1/f.sub.A which is different from that
      of the video signal. The audio signal is pulse code modulated and a number
      of such audio signals are multiplexed by a time division multiplex system
      and transmitted at said sampling period 1/f.sub.A. The synchronizing
      signals required for the reproduction of the video signal and audio signal
      are transmitted at each 1/f.sub.H period during the transmission of the
      video signal and 1/ f.sub.A period during the transmission of the audio
      signal. Besides the above-mentioned two synchronizing signals having two
      different repetition periods, various synchronizing signals are required
      having a different repetition period. The synchronizing signals which
      include such a kind of synchronizing signals mentioned above are
      constituted from pulse code modulated signals. More exactly, the
      synchronizing signals are formed by a blanking period, PCM frame pattern
      signal (referred to as PFP signal) for detecting the position of the
      synchronizing signal and having a predetermined pattern of pulses having
      the same bit timing with a modulated pulse series of the audio multiplex
      signal, and a mode control signal (referred to as MCC signal) formed of a
      horizontal synchronizing signal, audio PCM frame signal, video frame
      synchronizing signal, etc.
PAR  In the still picture broadcasting signal, the repetition period 1/f.sub.H
      of the synchronizing signal transmitted in the video signal transmission
      period and the repetition period 1/f.sub.A of the synchronizing signal
      transmitted in the audio signal transmission period are selected to be in
      a simple integral ratio relationship. Also the bit period t.sub.b of the
      pulse series forming the PFP signal and forming the modulated pulse series
      of the audio multiplex signal is so chosen to be in an integral ratio with
      said period of 1/f.sub.H and of 1/fA.
PAR  In order to receive the abovementioned still picture broadcasting signal
      and to display a selected picture on a picture display device and to
      reproduce a transmitted audio signal corresponding to said picture, it is
      necessary to detect the pulse code modulated synchronizing signal
      comprising the PFP signal and the MCC signal and to regenerate
      synchronizing signals for a respective period. The synchronizing signals
      formed by the PFP signal and the MCC signal are inserted in respective
      video and audio signals at their peak level substantially the same as that
      of the video and audio signals. Accordingly, the conventional means for
      separating the synchronizing signal from a standard television signal,
      such as for instance, an amplitude separating circuit using a slice
      circuit cannot be used for the detection of the synchronizing signal of
      the aforementioned still picture broadcasting signal. For the detection
      and reproduction of the synchronizing signal, a synchronizing signal
      regenerator having a particular synchronizing signal detector circuit is
      required.
PAR  For the detection and reproduction of a number of synchronizing signals, a
      corresponding number of detector circuits and a corresponding number of
      synchronizing signal regenerators are required.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a novel and effective
      synchronizing signal regenerator suitably used in a receiver for the still
      picture broadcasting signal.
PAR  Another object of the present invention is to obtain a novel synchronizing
      signal regenerator having very simple construction.
PAR  A further object of the present invention is to obtain a synchronizing
      signal regenerator suitable for the reproduction of the synchronizing
      signal inserted in such a still picture broadcasting signal.
PAR  A still further object of the present invention is to realize a
      synchronizing signal regenerator able to accurately reproduce all of the
      synchronizing signals being transmitted at different repetition
      frequencies and/or different phases.
PAR  Again a further object of the present invention is to realize a
      synchronizing signal regenerator able to reproduce all of the transmitted
      synchronizing signals transmitted in different frequencies and/or
      different phases by detecting only a part of such synchronizing signals.
PAR  According to one aspect of the present invention, the synchronizing signal
      regenerator for reproducing all of the synchronizing signals by receiving
      a composite signal having a predetermined sequence of a video signal and
      pulse code modulated audio multiplex signal, a first synchronizing signal
      consisting of a series of a predetermined number of pulses synchronized
      with the modulated pulse series of the audio multiplex signal and a pulse
      code modulated second synchronizing signal including a number of other
      synchronizing signals required for the reproduction of said video signal
      and audio multiplex signal, of which synchronizing signals are inserted in
      predetermined positions of the video signal and the audio multiplex
      signal, is characterized in that it comprises;
PA0  a means for detecting said first synchronizing signal,
PA0  a means for detecting a predetermined part of the synchronizing signal
      among the second synchronizing signals by using the detected first
      synchronizing signal as a reference and for reproducing a signal
      synchronized with said detected synchronizing signal,
PA0  a means for dividing the frequency of at least one of the reproduced second
      synchronizing signals, and
PA0  a means for synchronizing said frequency divided signal by using a
      synchronizing signal having a common phase with the other second
      synchronizing signals to be reproduced among the reproduced second
      synchronizing signals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are signal system diagrams of one example of a still picture
      broadcasting signal.
PAR  FIG. 3 is a block diagram for showing an outline of a still picture
      broadcasting signal receiver.
PAR  FIG. 4 is a block diagram for showing one embodiment of a synchronizing
      signal regenerator used in a receiver of a still picture broadcasting
      signal.
PAR  FIG. 5 is a synchronizing signal regenerator according to the present
      invention.
PAR  FIG. 6 is a signal wave form diagram for explaining the operation of the
      synchronizing signal regenerator shown in FIG. 5.
PAR  FIG. 7 is a block diagram for showing one embodiment of a PFP coincidence
      circuit.
PAR  FIG. 8 is a block diagram for showing one embodiment of a MCC coincidence
      circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Before making a detailed explanation of the embodiments of the present
      invention, an example of a composite signal suitable to be received by a
      receiver using a synchronizing signal regenerator according to the present
      invention, such as a still picture broadcasting signal receiver will be
      explained be referring to FIGS. 1 and 2.
PAR  As shown in FIG. 1, the still picture broadcasting signal has a 5 second
      repetition period. In one 5 second period, five submaster frames SMF-0,
      SMF-1, . . . SMF-4, each having a 1 second duration, are sequentially
      inserted. After a lapse of 5 seconds, the same submaster frame is
      transmitted again. One submaster frame SMF consists of 30 television
      frames each having 1/30 second duration. Among the 30 television frames,
      nine television frames are used for inserting video signals and are termed
      as video frames V. One video signal of each one television frame can
      represent one particular picture. By inserting different video signals
      each representing different picture content into a respective video frame
      V, nine kinds of picture can be transmitted per one submaster frame SMF.
      As there are five submaster frames, 9.times.5=45 kinds of pictures can be
      transmitted per one still picture broadcasting signal. Another 20 frames
      are used for inserting audio signals and are termed audio frames A. Two
      successive television frames are used for audio frames A, of which the
      former half is termed an audio first frame and the latter half is termed
      an audio second frame. In the audio frame A, pulse code modulated audio
      signals for a number of channels are inserted in time division multiplex.
      The rest of the television frames is used as a control frame C for
      inserting control signals. In a still picture broadcasting system, the
      aforementioned plurality of video and audio signals are combined to form
      one still picture program. The combinations of such a number of video and
      audio signals are reproduced at a desired sequence or at a predetermined
      sequence. The control signals inserted in the control frame C are the
      signals for designating the combination of the video and audio signals and
      for designating the sequence for reproduction thereof. The control frame C
      is located at the top of a submaster frame SMF.
PAR  FIG. 2 shows a more detailed signal wave form to be inserted in the video
      frame V and in the audio frame A. In the audio frame A, a pulse code
      modulated audio multiplex signal 1 and a synchronizing signal 2 are
      inserted as shown in FIG. 2-b. The audio multiplex signal 1 is transmitted
      at a repetition period of 1/f.sub.A (f.sub.A .apprxeq. 10.5 KHz), which is
      equal to the sampling period of the audio signal. This repetition period
      is hereinafter termed an audio PCM frame period. Accordingly, the
      synchronizing signal 2 required for the reproduction of the audio signals
      is inserted at a repetition period of 1/f.sub.A. In the video frame V, a
      video signal 3 having the same form as a signal used with an NTSC system
      and a sychronizing signal 4 of a modified type are inserted as shown in
      FIG. 2-c. The synchronizing signal 4 is inserted at each horizontal period
      1/f.sub.H (f.sub.H = 15.734 KHz). Therefore, the repetition frequencies of
      the synchronizing signals 2 and 3 are in a relation of f.sub.A /f.sub.H
      =2/3. The positions of the two synchronizing signals 2 and 4, i.e., the
      phases of the two synchronizing signals 2 and 4 coincide at the greatest
      common measure frequency of about 5 KHz of the frequencies f.sub.H and
      f.sub.A. The sychronizing signals 2 and 4 are made of a PCM frame pattern
      signal, which is referred to as PFP signal, and a mode control code
      signal, which is referred to as an MCC signal.
PAR  The PFP signal is a train of pulses synchronized with a modulated pulse
      series of the audio multiplex signal and made of a 16 bit fixed pulse
      pattern of 0010101010101010. By using this fixed pulse pattern, a bit
      signal f.sub.b of 6.5454 MHz for taking the timing of said pulse code
      modulated signal (PCM signal) is reproduced. The PFP signal is not only
      synchronized with the pulse series of the audio PCM signal, but it acts as
      a pilot signal for detecting the synchronizing signal including the PFP
      signal. The MCC signal represents the repetition period of various
      synchronizing signals. The MCC signal itself may be used as a
      synchronizing signal and is formed of 8 bit pulses. The 8 bit MCC signal
      contains seven kinds of synchronizing signals, i.e., a horizontal
      synchronizing signal 5 of repetition frequency 15.734 KHz, an audio PCM
      frame synchronizing signal 6 of repetition frequency 10.5 KHz, a frame
      synchronizing signal 7 of repetition frequency of 30 Hz, a synchronizing
      signal 8 for showing the location of the control frame of repetition
      frequency of 1 Hz, synchronizing signals 9, 10 for showing the frame
      position of the first and second audio frames, and a synchronizing signal
      11 for showing the position of the video signal. For these synchronizing
      signals 5-11, the respective synchronizing signal exists when the
      corresponding pulse has a value 1 and does not exist when the
      corresponding pulse has a value 0.
PAR  The still picture broadcasting signal shown in FIGS. 1 and 2 is received by
      a receiver shown in FIG. 3.
PAR  FIG. 3 is a block diagram for showing the outline of a still picture
      broadcasting signal receiver. Referring to FIG. 3, the still picture
      broadcasting signal is applied to an input terminal 12. From this still
      picture broadcasting signal supplied to the terminal 12, various
      synchronizing signals are derived and reproduced by synchronizing signal
      regenerator 16. Thus, reproduced various synchronizing signals required
      for the reproduction of the video and audio signals are fed to various
      portions of the receiver as indicated by the arrow marks. An instruction
      keyboard 15 produces instruction signals for deriving a desired pair of
      video and audio signals and applies it to controller 17. The controller 17
      produces a trigger pulse for keying out the designated video and audio
      signals designated by said instruction signal when these signals are
      transmitted. This trigger pulse is supplied to a video frame memory 18 and
      also to an audio regenerator 19. The video frame memory 18 keys out only
      the desired video signal out of the still picture broadcasting signal
      based on the trigger pulse and memorizes picture information of one frame
      duration. By repeatedly reproducing the memorized signal and supplying it
      to a cathode ray tube 13 as a continuous signal, a still picture is
      obtained. The audio regenerator 19 picks up the desired audio signal from
      the still picture broadcasting signal based on said trigger pulse and
      supplies it to a speaker 14 by which the desired voice is reproduced.
PAR  FIG. 4 is a block diagram for showing more detail of the synchronizing
      signal regenerator 16 of the still picture broadcasting signal receiver.
PAR  In FIG. 4, 21 indicates a bit synchronizing signal detector circuit for
      detecting a signal having a bit synchronizing frequency component from the
      input signal. The bit synchronizing signal detector circuit 21 comprises a
      band-pass-filter for selecting a bit synchronizing frequency component, a
      circuit having a square curve characteristic such as a detector, and an
      amplitude selection circuit for deriving a signal having an amplitude
      exceeding a predetermined amplitude. The bit synchronizing signal detector
      circuit 21, detects from the input still picture broadcasting signal, the
      PFP signal in the synchronizing signal and the bit timing signal inserted
      in the PCM signal in the audio frame. By means of the detected bit timing
      signal, the synchronization of the bit synchronizing signal regenerator 22
      is adjusted and a bit signal of about 6.54 MHz synchronized with the input
      bit synchronizing signal is obtained. The bit synchronizing signal
      regenerator 22 comprises a phase detector and a voltage controlled
      oscillator.
PAR  In an identification circuit 23, the regenerated synchronizing signal is
      used as a timing pulse and the input signal is identified to obtain a wave
      form shaped pulse signal. The identification circuit 23 is known per se
      and it may be formed by various conventional ways. The input signal
      identified in the identification circuit 23 and wave form shaped is
      supplied to a PFP signal detecting circuit 50.
PAR  In the PFP signal detecting circuit 50, the input signal is supplied to a
      PFP coincidence circuit 51 via an AND gate 57 or AND gates 54 and 55. The
      PFP coincidence circuit 51 checks the input signal as to the pulse pattern
      of the predetermined bit number by checking each input bit unit. When the
      PFP signal is in the input signal as shown in FIG. 2-d  is detected, the
      circuit 51 produces a coincidence pulse at its output. 1
PAR  One embodiment of such PFP coincidence circuit 51 is shown in FIG. 7.
      Referring to FIG. 7, 60 is a shift register being able to store 16 bit
      signal. 70 shows a comparator for comparing a pulse pattern produced by a
      fixed pulse pattern generator 80 and that of the input signal being
      received and stored in the shift register 60 by comparing each signal bit
      by bit. The comparator 70 comprises a group of bit comparators C.sub.1,
      C.sub.2 . . . C.sub.j. Each of the bit comparators makes a comparison of
      the pulse of each bit. The fixed pulse pattern generator 80 comprises
      current source groups E.sub.1, E.sub.2 . . . E.sub.j for producing a dc
      voltage having the 16 bit pattern of the PFP signal, which is
      0010101010101010 as shown in FIG. 2-d. Namely, for obtaining the PFP
      signal pattern, 16 sources of E.sub.1l -E.sub.j are provided. The output
      voltage level of the source E.sub.j is made a low level or earth level
      corresponding to the "0"  value of the 1st bit of the PFP signal. The
      output voltage of the source E.sub.j-1 is also made a low level or earth
      level corresponding to the "0" value of the 2nd bit of the PFP signal. The
      output voltage level of the next source E.sub.j-2 (not shown) is made high
      corresponding to the 3rd bit "1" of the PFP signal. In the same manner,
      each source corresponding to "0" of the PFP signal produces a lower
      voltage level or earth potential and each source corresponding to "1" of
      the PFP signal produces a higher voltage level. The respective output
      levels of the sources E.sub.1 -E.sub.j are compared with respective
      outputs of output terminals Q.sub.1 -Q.sub.j of each stage of the shift
      register by the bit comparators C.sub.1 -C.sub.j. Each of the bit
      comparators C.sub.1 -C.sub.j produces an output pulse when the two input
      potentials to be compared coincide with each other. The outputs of all of
      the bit comparators C.sub.1 -C.sub.j are supplied to an AND gate 75 and a
      logic product thereof is obtained. Accordingly, the AND gate 75 delivers a
      coincidence pulse at its output only when all the bit comparators C.sub.1
      -C.sub.j deliver pulses simultaneously. Therefore if a PFP signal having a
      pulse pattern of 0010101010101010 is applied to the shift register 60, a
      coincidence pulse is obtained at the output.
PAR  With respect to FIG. 4, the input signal is applied also to a MCC
      coincidence circuit 36 at the same time with the application to the PFP
      coincidence circuit. Besides the input signal, the MCC coincidence circuit
      36 receives a coincidence pulse from the PFP coincidence circuit and
      detects the presence or absence of respective pulses 5-11 succeeding to
      the PFP signal and corresponding to a respective synchronizing signal of
      the MCC signal. One embodiment of the MCC coincidence circuit is shown in
      FIG. 8.
PAR  Referring to FIG. 8, 62 is a shift register being able to store the 8 bit
      MCC signal. The input signal is supplied from an input terminal 61. An
      input terminal 63 receives the coincidence pulse produced in the PFP
      coincidence circuit. Said coincidence pulse is applied to the input
      terminal 63 at an instant after passing an 8 bit duration from an instant
      when the 16 bit PFP signal had been received by the PFP coincidence
      circuit. Namely, the coincidence pulse is applied to the input terminal 63
      at an instant when the 8 bit MCC signal is just received by the shift
      register 62. The method of giving this delay is not shown but it may be
      realized either by providing an 8 bit delay circuit before the input
      terminal 63 or by supplying an output signal from the last stage output
      terminal Q.sub.8 of the shift register 62 of the MCC coincidence circuit
      36 to an input terminal of the shift register 60 of the PFP coincidence
      circuit 51. Output terminals Q.sub.1 -Q.sub.7 of respective stages of the
      shift register 62 are connected to a respective one input terminal of two
      input AND gates 91-97 and to the other input terminals of the gate the
      coincidence pulse supplied from the input terminal 63 is applied in
      common. By this arrangement, from an AND gate connected to a stage of the
      shift register which corresponds to the pulse position having value "1"
      among the pulses 5-11 there is produced a coincidence pulse.
PAR  Among the coincidence pulses of the MCC signal, the coincidence pulses for
      showing the horizontal synchronizing signal (f.sub.H) and audio frame
      synchronizing signal (f.sub.A), i.e., the coincidence pulses produced from
      the AND gates 91 and 92 when the pulses 5 and 6 have value "1" are applied
      to an AND gate 52 together with the output from the PFP coincidence
      circuit 51. At the output of the AND gate 52, a pulse is delivered only
      when the three coincidence pulses are applied to the inputs
      simultaneously. Therefore, this output pulse has a repetition frequency of
      about 5 KHz which is the greatest common measure frequency of the
      horizontal synchronizing signal frequency f.sub.H (15.734 KHz) and the
      audio PCM frame synchronizing frequency f.sub.A (10.5 KHz). This pulse
      having the greatest common measure frequency is applied to step down
      circuits 40 and 41 as the reset pulse. The step down circuits 40 and 41
      step down the output reproduced signal of the bit synchronizing signal
      regenerator 22 of about 6.54 MHz at a rate of 1/416  and 1/624,
      respectively, and produce f.sub.H and f.sub.A signals respectively.
      Accordingly, a horizontal synchronizing signal and audio PCM frame
      synchronizing signal being phase controlled by the reset pulse can be
      regenerated.
PAR  By applying the thus obtained horizontal synchronizing signal and audio PCM
      frame synchronizing signal to an AND gate 42, a pulse signal having the
      greatest common measure frequency of f.sub.H and f.sub.A can be obtained
      in the same manner as at the output of the aforementioned AND gate 52. By
      applying the obtained pulse from the AND gate 42 to an AND gate 54, it is
      possible to gate out only the synchronizing signal portion (PFP and MCC
      signals) corresponding to the period of greatest common measure frequency
      of f.sub.H and f.sub.A from the input signal so that a very stabilized
      synchronizing signal regeneration is possible by eliminating an
      unnecessary input signal for the synchronizing signal regeneration.
PAR  In a transient condition such as a starting time of the operation of the
      device, the signal obtained from the step down circuits 40 and 41 is not
      synchronized with the input synchronizing signal so that the gate signal
      obtained from these circuits, i.e., the gated input signal by the output
      of the AND gate 42 or the output signal of the AND gate 54 may not include
      the synchronizing signal. In this event, the synchronization is not
      attained for a substantial period. Therefore, in the time of such
      transient all the input signals should be supplied to the PFP coincidence
      circuit to detect the synchronizing signal at an early occasion. To this
      end a path for supplying the input signal without gating is provided. An
      AND gate 57 is provided for providing such circuit. The ungated input
      signal is supplied to the PFP coincidence circuit through the AND gate 57
      during the period that the signals obtained by the step down circuits 40
      and 41 are not synchronized with the horizontal synchronizing signal and
      audio PCM frame signal respectively. After synchronization of the output
      signals from the step down circuits 40 and 41 with the horizontal
      synchronization signal and audio PCM frame synchronizing signal
      respectively, the gated input signal is supplied to the PFP coincidence
      circuit 51 through the AND gate 55.
PAR  The switching of the AND gates 55 and 57 is effected in the following
      manner. When the PFP coincidence pulse and a coincidence pulse between the
      horizontal synchronizing signal and the audio PCM frame synchronizing
      signal are obtained, a pulse having the greatest common measure frequency
      of f.sub.H and f.sub.A is obtained at the output of the AND gate 52 as
      mentioned above. If this pulse is obtained the horizontal synchronization
      and audio PCM frame synchronization are established so that the pulse is
      supplied to an integrating circuit 53 which holds a voltage exceeding a
      certain value for a predetermined time. This voltage is supplied to a
      control circuit 56 which produces an output of a "1" signal during a time
      when a voltage exceeding a predetermined value is applied to its input and
      produces a "0" output when the input signal is less than said value. The
      output of the control circuit 56 is applied to the AND gate 55 to which
      also the gated input signal is applied and further to an inverter 58. The
      inverter 58 delivers a "0" output when it receives a "1" input and it
      produces a "1" output when it receives a "0" input. The output of this
      inverter 58 is supplied to an input of AND gate 57 which passes an ungated
      input signal. By this arrangement, when the pulse signal is not obtained
      at the output of the AND gate 52, i.e., when the horizontal synchronizing
      signal and the audio PCM frame synchronization signal are not obtained,
      the "0" signal from the control circuit 56 is applied to the AND gate 55
      and to the inverter 58. Accordingly, although the gated input signal
      cannot pass the AND gate 55, a "1" signal is produced at the output of the
      inverter 58 so that the ungated input signal is allowed to pass the AND
      gate 57 and is supplied to the PFP coincidence circuit 51 and to the MCC
      coincidence circuit 36.
PAR  During the time when the horizontal synchronization and audio PCM frame
      synchronization have not been attained, if there is the same pattern as
      the PFP signal and MCC signal incidentally at a position other than the
      synchronizing signal, namely in the video or audio signal, a coincidence
      pulse is delivered from the PFP coincidence circuit 51 and the MCC
      coincidence circuit 36. In this event an erroneous coincidence pulse is
      applied to the integrating circuit 53 and during the period when the
      output voltage of the circuit 53 assumes a value higher than a
      predetermined value the control circuit 56 produces a "1" output.
      Therefore, during this period the input signal gated by the AND gate 54 is
      supplied to the PFP coincidence circuit 51 and to the MCC coincidence
      circuit 36. However, the gating is effected at a timing of erroneous
      coincidence pulse so that the gated input signal does not include the
      synchronizing signal. Furthermore, the incidentally produced pattern
      signal having the same shape of PFP signal and MCC signal does not have
      regular periodicity. Therefore, even if an erroneous coincidence pulse is
      produced incidentally, owing to the lack of periodicity it will not appear
      repeatedly. Accordingly, the output voltage of the integrating circuit 53
      decreases and the output of the control circuit will assume value "0". By
      this "0" output the ungated input signal is again supplied to the PFP
      coincidence circuit 51 and MCC coincidence circuit 36 and the real PFP
      signal and MCC signal will be detected.
PAR  As with the manner mentioned above, the bit synchronizing signal,
      horizontal synchronizing signal and the audio PCM frame synchronizing
      signal are reproduced. If the horizontal synchronizing signal and audio
      PCM frame synchronizing signal are reproduced, it is now possible to gate
      the synchronizing signal 2 or 4 from the output of the identification
      circuit 23 so that the other synchronizing signals may be reproduced in
      the manner mentioned above by detecting the presence or absence of pulses
      7-11 in the MCC signal. Namely, the gated input signal through AND gates
      54 and 55 is arranged to include the PFP signal and the MCC signal and the
      signal is supplied to the MCC coincidence circuit 36 so as to obtain
      respective coincidence pulses. The respective coincidence pulses are
      supplied to respective synchronizing signal regenerators 28-32 and the
      respective synchronizing signals are regenerated therefrom. 28 is a frame
      synchronizing signal regenerator for regenerating a 30 Hz synchronizing
      signal for showing the switching time of each frame. 29 is a control frame
      synchronizing signal regenerator for regenerating a 1 Hz synchronizing
      signal showing the control frame. 30 is an audio first frame synchronizing
      signal regenerator and 31 is an audio second frame synchronizing signal
      regenerator for regenerating two 10 Hz synchronizing signals representing
      first and second audio frames, respectively. 32 is a video frame
      synchronizing signal regenerator for regenerating a synchronizing signal
      for showing the video frame. The audio frame synchronizing signal has
      repetition period of 10 Hz, but as there is not video frame at a position
      of the control frame as shown in FIG. 1-b, the pulse is skipped once per
      one second.
PAR  The present invention is intended to realize a synchronizing signal
      regenerator having a very simple construction and being able to detect
      synchronizing signal information from the MCC signal and to regenerate the
      plurality of synchronizing signals. One embodiment of the present
      invention is shown in FIG. 5, while FIG. 6 is a wave form diagram for
      explaining the operation thereof.
PAR  Now referring to FIG. 5, 21, 22 and 23 are the bit synchronizing signal
      detector, bit synchronizing signal regenerator and identification circuit
      which are the same as shown in FIG. 4. 24 is a PFP signal detector
      corresponding to detectoor 50 in FIG. 4. The difference of the detector 24
      from the detector 50 shown in FIG. 4 is that the AND gate 52 is dispensed
      with and that only the output of the PFP coincidence circuit 51 is
      supplied to the integrator 53. Timing of a coincidence pulse produced from
      the PFP signal detector is made coincident with the timing of the last bit
      of the MCC signal as mentioned already.
PAR  136 shows the MCC coincidence circuit. This circuit is the same as shown in
      FIG. 8, but it detects only from synchronizing pulses. i.e., horizontal
      synchronizing signal 5, audio PCM frame synchronizing pulse 6, TV frame
      synchronizing pulse 7 and control frame synchronizing pulse 8 out of seven
      kinds of pulses 5-11 shown in FIG. 1-d. 64 is a shift register. Output
      terminals Q.sub.7, Q.sub.6, Q.sub.5 and Q.sub.1 of the stages of the shift
      register 64 corresponding to said four synchronizing pulse positions are
      coupled to AND gates 91, 92, 93 and 97, respectively. 140 and 141 are step
      down circuits which are the same as the step down circuits 40 and 41 for
      producing signals having identical repetition frequencies of the
      horizontal synchronizing signal and audio PCM frame synchronizing signal,
      respectively, by making step down of the bit synchronizing signal. The
      difference from the embodiment shown in FIG. 4 in this case is the
      different of repetition frequency of the reset pulse. In more detail in
      the embodiment shown in FIG. 4, the reset pulse for synchronizing the step
      down circuits 40 and 41 is the coincidence pulse of common measure
      frequency of the horizontal synchronizing signal (f.sub.H) and audio PCM
      frame synchronizing signal (f.sub.A), but in the present embodiment shown
      in FIG. 5 the reset pulse for the synchronization of the step down circuit
      140 is the coincidence pulse of the horizontal synchronizing signal
      obtained at the output of an AND gate 91, and the reset pulse for the
      synchronization of the step down circuit 141 is the coincidence pulse of
      the audio PCM frame synchronizing signal obtained at the output of an AND
      gate 92. However, the means for regenerating the horizontal synchronizing
      signal and audio PCM frame synchronizing signal is not limited to the
      illustrated embodiment and the circuit shown in FIG. 4 may also be used
      for this object.
PAR  28 is a frame synchronizing signal regenerator and it comprises a voltage
      controlled oscillator and phase detector. The frame synchronizing signal
      regenerator 28 makes a comparison between a coincidence pulse of the TV
      frame synchronizing signal obtained from AND gate 93 of the MCC
      coincidence circuit 136 and the output of the voltage controlled
      oscillator in the phase detector and the oscillator is controlled by the
      output of the phase detector and regenerates a signal synchronized with
      the TV frame synchronizing signal. The reproduced frame synchronizing
      signal is as shown in FIG. 6-a and it has 1/30 second repetition period.
PAR  In order to reproduce the still picture broadcasting signal as shown in
      FIG. 1, not only the horizontal synchronizing signal, frame synchronizing
      signal and audio PCM frame synchronizing signal are required, but
      synchronizing signals synchronized with respective transmission periods
      are required since the video signal, the audio signal and the control
      signal are transmitted in time division as shown in FIG. 1-b. These
      synchronizing signals are shown in FIGS. 6-b to 6-e. FIG. 6-b shows a
      synchronizing signal representing the control frame. The control frame is
      transmitted for 1/30 second duration at each 1 second period so that a
      synchronizing signal having a 1/30 second pulse width and 1 second
      repetition period as shown in FIG. 6-b is required. FIG. 6-c shows a
      synchronizing signal representing the video frame. The video frame is
      inserted once at each three TV frames as shown in FIG. 1-b and not
      transmitted at the time of the control frame. Therefore, the synchronizing
      signal should have the wave form as shown in FIG. 6-c, in which each pulse
      has a 1/30 second pulse width transmitted at each 1/10 second and is not
      transmitted once per each second at a time of occurrence of the control
      frame. FIGS. 6-d and 6-e show synchronizing signals representing audio
      first and second frames respectively. The audio frame is the portion other
      than the control frame and video frame. Two audio frames are transmitted
      at each one TV frame. In one audio frame, the frame is divided into an
      audio first frame and audio second frame each having a one TV frame
      duration so that as shown in FIGS. 6-d and 6-e, a synchronizing signal
      representing the audio first frame and that representing the audio second
      frame each having a 1/30 second pulse width and 1/10 second repetition
      period are required. The audio first frame synchronizing signal and the
      audio second frame synchronizing signal are shifted 1/30 second with
      respect to each other and each of these signals is also shifted 1/30
      second with respect to the synchronizing signal for the video frame and
      control frame.
PAR  For the regeneration of the control frame synchronizing signal, video frame
      synchronizing signal, audio first and second frame synchronizing signals,
      the MCC signal can be utilized. The MCC signal is as shown in FIG. 2
      inserted at the repetition frequency f.sub.A of the audio PCM frame
      synchronizing signal in the audio frame and at the repetition frequency
      f.sub.H of the horizontal synchronizing signal in the video frame and in
      the control frame. Accordingly, if the control frame synchronizing pulse
      is detected from the MCC signal, a pulse series having a frequency of
      f.sub.H (15.734 KHz) is detected once in one second and for a duration of
      1/30 second. In the same manner, the video frame synchronizing pulse or
      audio first or second synchronizing pulse is detected as a pulse series
      having a frequency f.sub.H or f.sub.A in a respective frame and at a
      corresponding time for a duration of 1/30 second. In order to convert such
      detected signal to be a synchronizing signal having a 1/30 second pulse
      width, an integrating circuit or a monostable flip-flop circuit had been
      used in the known circuit. However, in the embodiment of the present
      invention shown in FIG. 5, such an integrating circuit or monostable
      flip-flop is not required. In the circuit shown in FIG. 5, by supplying
      the frame synchronizing signal regenerated by the frame synchronizing
      signal regenerator 28 as shown in FIG. 6-a to a 1/3 frequency divider 101
      formed as a ring counter, three pulse series each having a 1/30 second
      pulse width and 1/10 second repetition frequency and having a phase
      shifted 1/3 period with respect to each other are obtained. One of said
      1/10 second repetition period signal is supplied to a 1/10 frequency
      divider circuit 102 and to obtain a signal having a 1 second repetition
      period.
PAR  By the aforementioned procedure, the control frame synchronizing signal,
      audio first and second frame synchronizing signals, and video frame
      synchronizing signal all having an identical repetition period can be
      regenerated from the frame synchronizing signal. By this regeneration, the
      phase of the respective synchronizing signal is not in coincidence. As
      mentioned above, the necessary phase relationship of the various
      synchronizing signals is as shown in FIGS. 6-b to 6-e.
PAR  For obtaining the phase relationship as shown in FIGS. 6-b to 6-e between
      the output signals from the 1/3 frequency divider 101 and 1/10 frequency
      divider 102, a pulse signal synchronized with the control frame
      synchronizing signal as shown in FIG. 6-f is produced by using a
      coincidence pulse output obtained from AND gate 97 which produces said
      coincidence pulse when it receives at its input the control frame
      synchronizing pulse 11 from the MCC coincidence circuit 136. This pulse is
      supplied to the 1/3 frequency divider 101 and 1/10 frequency divider 102
      as the reset pulse, a pulse signal having a 1/10 second period as shown in
      FIG. 6-c by a broken line and full line and a pulse signal having a 1
      second period as shown in FIG. 6-b being derived respectively. Three
      output pulses from the 1/3 frequency divider 101 formed as a ring counter
      are basically shifted 1/3 period with respect to each other so that it
      suffices to make coincident the phase of only one of the three output
      pulses. The output of 1/10 frequency divider 102 is supplied to one input
      of an AND gate 104 through an inverter 103. To the other input of said AND
      gate 104, one of the three output pulses of the 1/3 frequency divider 101
      having identical phase with the build up of the control frame
      synchronizing pulse signal is applied. By the logical product of the two
      pulses obtained from the AND gate 104, a video frame synchronizing signal
      as shown in FIG. 6-c by full line in which one pulse is lacking at each
      second can be obtained. The two other output pulses of the 1/3 frequency
      divider 101 are used as audio first and second frame synchronizing signals
      without adding further process. An output of the 1/10 frequency divider
      102 is used as the control frame synchronizing signal.
PAR  The 1/3 frequency divider 101 and the 1/10 frequency divider 102 may be
      formed by a conventional flip-flop circuit so that the synchronizing
      signal regenerator may be formed in a very simple manner.
PAR  The present invention has been explained for use as an example of a
      reception of a still picture broadcasting signal as shown in FIG. 1.
      However, the control frame (CF) of FIG. 1 may be substituted by a video
      frame. In such a case, three pulses, i.e., a pulse shown in FIG. 6-c
      including the broken line portion and pulses shown in FIGS. 6-d and 6-e
      are to be regenerated. For regenerating these pulses in the place of the
      AND gate 97 for detecting the control frame synchronizing pulse detector
      28, a circuit for deriving either one of the video frame synchronizing
      pulse, audio first and second frame synchronizing pulses is provided to
      substitute therefor and by using the output of the circuit the 1/3
      frequency divider 101 is controlled so as to obtain the three kinds of
      frame pulses at the output. In this case the 1/10 frequency divider 102,
      inverter 103 and the AND gate 104 can also be dispensed with and the
      circuit construction becomes still more simple.
PAR  As described above in accordance with the present invention, a composite
      signal having various kinds of synchronizing signals such as for instance
      a still picture broadcasting signal may be processed and the respective
      synchronizing signals can be regenerated in a simple manner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A synchronizing signal regenerator for regenerating synchronizing
      signals in a composite signal including a video signal and pulse code
      modulated audio multiplex signals transmitted in a predetermined sequence,
      and further including first synchronizing signals having a predetermined
      number of pulses synchronized with a modulated pulse series of said audio
      multiplex signals and forming a fixed pulse pattern, and pulse code
      modulated second synchronizing signals located following said first
      synchronizing signals and including a plurality of other synchronizing
      signals required for the reproduction of said video and audio multiplex
      signals, wherein said first and second synchronizing signals are inserted
      in said video and audio multiplex signals and transmitted at a
      predetermined period, the regenerator comprising:
PA1  first means for detecting said fixed pulse pattern of said first
      synchronizing signals and for regenerating a first signal synchronized
      with said transmitted period of said first synchronizing signals;
PA1  second means for detecting predetermined synchronizing signals of said
      second synchronizing signals which are located in predetermined positions
      thereof including means for using said regenerated first signal as a
      reference, and for regenerating second signals each synchronized with said
      predetermined synchronizing signals of said second synchronizing signals
PA1  means for dividing the frequency of at least one of said regenerated second
      signals; and
PA1  first means for regenerating the rest of said second synchronizing signals
      including means for obtaining synchronization of said frequency divided
      signal with another signal regenerated by said second means for detecting
      and regenerating and having common phase with one of the rest of said
      second synchronizing signals to be regenerated by said first means for
      regenerating.
NUM  2.
PAR  2. A synchronizing signal regenerator as claimed in claim 1, wherein said
      means for regenerating the first synchronizing signal comprises:
PA1  a coincidence circuit for producing a coincidence pulse when pulses having
      a pattern which is the same as the fixed pulse pattern of the first
      synchronizing signals having a predetermined number of pulses are applied
      to an input thereof;
PA1  means for applying said composite signal to said coincidence circuit;
PA1  means for producing a first signal having a repetition frequency which is
      the same as the repetition frequency of said transmitted period of said
      first synchronizing signals; and
PA1  means for controlling said first signal producing means with said
      coincidence pulse obtained from said coincidence circuit, so that said
      first signal produced by said means for producing is synchronized with
      said transmitted period of said first synchronizing signals.
NUM  3.
PAR  3. A synchronizing signal regenerator for regenerating synchronizing
      signals in a composite signal including a video signal and pulse code
      modulated audio multiplex signals transmitted in a predetermined sequence,
      and further including first synchronizing signals having a predetermined
      number of pulses synchronized with a modulated pulse series of said audio
      multiplex signals and forming a fixed pulse pattern, and pulse code
      modulated second synchronizing signals located following said first
      synchronizing signals and including a plurality of other synchronizing
      signals required for the reproduction of said video and audio multiplex
      signals, wherein said first and second synchronizing signals are inserted
      in said video and audio multiplex signals and transmitted at a
      predetermined period, the regenerator comprising:
PA1  means for detecting said fixed pulse pattern of said first synchronizing
      signals and for regenerating a first signal synchronized with said
      transmitted period of said first synchronizing signals;
PA1  means for detecting predetermined synchronizing signals in said second
      synchronizing signals which are located in predetermined positions thereof
      including means for using said regenerated first signal as a reference,
      and for regenerating second signals each synchronized with said
      predetermined synchronizing signals;
PA1  means for dividing the frequency of at least one of said regenerated second
      signals, and for producing a plurality of signals having the same
      repetition frequency but different phases; and
PA1  means for controlling each phase of said plurality of signals having the
      same repetition frequency with a regenerated signal having a common phase
      with the rest of the second synchronizing signals to be regenerated.
NUM  4.
PAR  4. A synchronizing signal regenerator as claimed in claim 3, wherein said
      means for regenerating the first synchronizing signal comprises;
PA1  a coincidence circuit for producing a coincidence pulse when pulses having
      a pattern which is the same as the fixed pulse pattern of the first
      synchronizing signals having a predetermined number of pulses are applied
      to input thereof;
PA1  means for applying said composite signal to said coincidence circuit;
PA1  means for producing a first signal having a repetition frequency which is
      the same as the repetition frequency of said transmitted period of said
      first synchronizing signals; and
PA1  means for controlling said first signal producing means with said
      coincidence pulse obtained from said coincidence circuit, so that first
      signal produced by said means for producing is synchronized with said
      transmitted period of said first synchronizing signals.
NUM  5.
PAR  5. A synchronizing signal regenerator for regenerating synchronizing
      signals in a composite signal including a video signal and pulse code
      modulated audio multiplex signals transmitted in a predetermined sequence,
      and further including a first synchronizing signal having a predetermined
      number of pulses synchronized with a modulated pulse series of said audio
      multiplex signals and forming a fixed pulse pattern, and pulse code
      modulated second synchronizing signals located following said first
      synchronizing signals and including two synchronizing signals having
      repetition frequencies, respectively, of x and y in a relation of x/y=n,
      wherein n is an integer, and a plurality of synchronizing signals having a
      repetition frequency equal to y and having a phase difference of 1/n
      period with respect to each other, these first and second synchronizing
      signals being required for regenerating said video and audio multiplex
      signals and being inserted in said video and audio multiplex signals and
      transmitted at a predetermined period, the regenerator comprising:
PA1  means for detecting said fixed pulse pattern of said first synchronizing
      signals and for regenerating a first signal synchronized with said
      transmitted period of said first synchronizing signals;
PA1  means supplied with said first signal as a reference for detecting
      synchronizing signals having the repetition frequency x from said
      composite signal, and for regenerating a second signal synchronized with
      said detected synchronizing signals having repetition frequency x;
PA1  a ring counter for 1/n frequency dividing the frequency of an input signal;
PA1  means for dividing the frequency of said second signal by means of said
      ring counter so as to produce signals having a repetition frequency equal
      to y and having their phase shifted by 1/n period with respect to each
      other; and
PA1  means for regenerating signals each synchronized with said second
      synchronzing signals having a repetition frequency y included in the input
      composite signal including means for applying said second signal to the
      ring counter as a reset pulse.
NUM  6.
PAR  6. A synchronizing signal regenerator as claimed in claim 5, wherein said
      means for regenerating the first synchronizing signal comprises:
PA1  a coincidence circuit for producing a coincidence pulse when pulses having
      a pattern which is the same as the fixed pulse pattern of the first
      synchronizing signals having a predetermined number of pulses are applied
      to an input thereof;
PA1  means for applying said composite signal to said coincidence circuit;
PA1  means for producing a first signal having a repetition frequency which is
      the same as the repetition frequency of said transmitted period of said
      first synchronizing signals; and
PA1  means for controlling said first signal producing means with said
      coincidence pulse obtained from said coincidence circuit, so that said
      first signal produced by said means for producing is synchronized with
      said transmitted period of first synchronizing signals.
NUM  7.
PAR  7. A synchronizing signal regenerator for regenerating synchronizing
      signals in a composite signal including a video signal and pulse code
      modulated audio multiplex signals transmitted in a predetermined sequence,
      and further including a synchronizing pulse series having a predetermined
      number of pulses synchronized with a modulated pulse series of said audio
      multiplex signal and forming a fixed pulse pattern, and also a pulse code
      modulated synchronizing signal group located following said synchronizing
      pulse series and including a first synchronizing signal having repetition
      frequency x and a plurality of second pulse code modulated synchronizing
      signals having repetition frequency y in a relation of y=x/n, wherein n is
      an integer, and having phases 2.pi./n radians different from each other,
      and a third synchronizing signal having a repetition frequency which is
      the same as a common measure frequency of said x and y and having a phase
      which is the same as that common to one of said second synchronizing
      signals and the first synchronizing signal, the synchronizing pulse series
      and synchronizing signal group being inserted in said video and audio
      multiplex signals and transmitted at a predetermined period, the
      regenerator comprising:
PA1  a coincidence circuit for producing a coincidence signal when pulses having
      a pattern which is the same as the fixed pulse pattern of said
      synchronizing pulse series are applied to an input thereof;
PA1  means for applying said composite signal to said coincidence circuit;
PA1  means for generating a first gating signal including means for shifting the
      phase of said coincidence signal;
PA1  means for gating said composite signal with said first gating signal so as
      to reproduce said first synchronizing signal having repetition frequency
      x;
PA1  a ring counter for dividing the frequency of said reproduced first
      synchronizing signal into 1/n and for producing a plurality of signals
      having a phase difference of 2.pi./n radians with respect to each other;
PA1  means for generating a second gating signal including means for shifting
      the phase of said coincidence signal;
PA1  means for gating said composite signal with said second gating signal so as
      to reproduce said third synchronizing signal; and
PA1  means for reproducing signals having repetition frequency y and
      synchronized with said plurality of second pulse code modulated
      synchronizing signals, respectively, including means for supplying said
      reproduced third synchronizing signal to said ring counter as a reset
      signal.
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PAL  An audio signal mixing system having left and right channels to transmit
      stereophonic left and right signals and each containing monaural signals
      and having left and right loudspeakers to reproduce the stereophonic
      signals, which includes a circuit for eliminating the monaural signal in
      one of the left and right channels, and also includes a mixing circuit for
      mixing a signal derived from a microphone in the other channel with the
      stereophonic signals, so that two different kinds of monaural signals as
      well as the stereophonic signals are reproduced by each loudspeaker.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to an audio signal mixing system,
      and more particularly to a novel system which mixes additional signals
      with the stereophonic signals.
PAR  2. Description of the Prior Art
PAR  A microphone mixing circuit has been proposed which can reproduce a live
      singer's voice through a speaker with background music from, for example,
      a recording. However, with prior art microphone mixing circuits, the
      singer's voice from the recording and the live singer's singing voice
      appear localized at the center point between left and right speakers and
      hence the sound image of the live singer is superimposed on the sound
      image of the recorded singer at the center. In this specification "live
      singer" indicates that the performer is physically present and performing
      and "recorded singer" refers to sound from a recording.
PAR  To avoid this drawback, circuits which attenuate the reproduced signal from
      the record which amplify the signal from the microphone have been
      considered. In such methods or circuits, however, the music from the
      record will also be attenuated which is undesirable.
PAR  A method has been proposed in which the center vocal signal or monaural
      signal contained in the stereophonic signals is eliminated and a signal
      from a microphone is added on to the stereophonic signals. With this
      method, the sound of a user and the sound from a record will be reproduced
      from the same speaker. In this method, however, the singer's voice on the
      recording will be entirely eliminated and it is nearly impossible to
      compare the user's voice with the singer's voice.
PAC  SUMMARY OF THE INVENTION
PAR  An audio signal mixing system according to the present invention has a
      mixing circuit that provides that the monaural signal contained in the
      stereophonic signals is reproduced from one of the loudspeakers located at
      left and right positions and provides additional sound from the other
      loudspeaker.
PAR  It is an object of the present invention to provide a novel audio signal
      mixing system free of the drawbacks of the prior art.
PAR  Another object of the invention is to provide an audio signal mixing system
      which provides that the monaural signal contained in the stereophonic
      signals is reproduced through one of two left and right loudspeakers, or
      alternately is localized between the speakers with an additional signal
      reproduced through the other loudspeaker or localized between the left and
      right loudspeakers.
PAR  A further object of the invention is to provide an audio signal mixing
      system in which the monaural signal contained in stereophonic signals is
      reproduced through one of two left and right loudspeakers and the signal
      from a microphone is reproduced through the other loudspeaker to produce a
      duet effect.
PAR  A further object of the invention is to provide an audio signal mixing
      system in which the monaural signal contained in stereophonic signals is
      reproduced through one of two left and right loudspeakers and also through
      the other loudspeaker after being passed through a sound emphasis circuit
      including a delay unit to produce a duet effect.
PAR  A yet further object of the invention is to provide an audio signal mixing
      system in which stereophonic signals containing the center vocal signal
      are reproduced from media such as, for example, a record disc or a
      magnetic tape and a signal is also reproduced from a microphone and
      wherein the stereophonic signals are supplied to left and right
      loudspeakers, and the monaural signal is supplied to one of the
      loudspeakers, and the signal from the microphone is supplied to the other
      loudspeaker to produce a special effect in the reproduced sound.
PAR  A still further object of the invention is to provide an audio signal
      mixing system which is easily operated and which provides the user with
      great flexibility of use.
PAR  The other objects, features, and advantages of the invention will become
      apparent from the following description taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram showing an embodiment of audio signal mixing
      systems according to the present invention; and
PAR  FIG. 2 is a circuit diagram showing another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In general, if it is assumed that the left channel signal of a pair of
      stereophonic signals is L and the right channel signal is R, such left and
      right channel signals L and R can be expressed as follows:
EQU  L = M + LO
EQU  R = M + RO }                                               (1)
PAL  where M represents the monaural signal to be localized at the center
      between the left and right loudspeakers and might be the vocal signal of a
      singer which has the same phase and level in both signals L and R, LO
      represents a signal which is supplied primarily to the left loudspeaker
      and RO represents a signal which is supplied primarily to the right
      loudspeaker.
PAR  If the signals L and R are added together, the following equation is
      obtained:
EQU  L + R = 2M +  LO + RO                                      (2)
PAR  if one half of the signal (L+R) is subtracted from the left signal L, the
      following equation is obtained:
EQU  L - 1/2 (L + R) = 1/2 (LO - RO)                            (3)
PAR  if the signal 1/2-(LO +  RO) is supplied to the left speaker and the signal
      R = M + RO is supplied to the right speaker, the singer's vocal sound (the
      signal M)) which is desired to be localized at the center will be
      localized at the right speaker. If at the same time an additional signal
      such as a user's vocal sound signal or singer's delayed vocal sound signal
      is supplied to the left speaker, the vocal sound due to the additional
      signal will be localized at the left speaker. This allows the singer's
      vocal sound and the vocal sound of the user to be listened to as a duet.
PAR  FIG. 1 illustrates an embodiment in which the stereophonic signals recorded
      on a signal source such as, for example, a phono record 1a are converted
      by a cartridge 1 of a record player to electrical signals for the left
      channel signal L and the right channel R. These signals are assumed to
      contain, respectively, the monaural signals expressed by equation (1). The
      electrical signals L and R are respectively amplified by
      equalizer-amplifiers 2L and 2R, and then applied to phase inverters or
      transistors 3L and 3R. In the illustrated embodiment the emitters of these
      transistors are grounded through impedances Z1 and Z2. Between the
      emitters of transistors 3L and 3R there is connected a resistive network
      comprising series connected resistors 41L, 42L, a variable resistor 51 and
      resistors 42R, 41R. Between the collectors of transistors 3L and 3R are
      connected series resistors 43L and 43R. The connection point between
      resistors 43L and 43R is connected to a slide contact arm 51a of variable
      resistor 51.
PAR  A microphone 6 may provide an additional signal. The output signal from the
      microphone 6 is applied through a microphone-amplifier 7 to a slide
      contact arm 52a of a variable resistor 52. The slide contact arms 51a and
      52a of variable resistors 51 and 52 are ganged together. The variable
      resistor 52 is connected between the input terminals of main amplifiers 8L
      and 8R. The input terminal of main amplifier 8L is connected to the
      connection point 4L between resistors 41L and 42L, and the input terminal
      of main amplifier 8R is connected to the connection point 4R between
      resistors 42R and 41R. The variable resistor 51 has a higher impedance
      than resistors 41L to 43R.
PAR  The signal delivered to the connection point 4L is supplied through a left
      channel l and left main amplifier 8L to a left loudspeaker 9L, and the
      signal delivered to the connection point 4R is supplied through a right
      channel r and right main amplifier 8R to a right loudspeaker 9R.
PAR  In the above circuit, signals -L and L appear at the collector and emitter
      respectively, of transistor 3L, and signals -R and R appear at the
      collector and emitter respectively, of transistor 3R. The signals -L and
      -R which appear at the collectors of transistors 3L and 3R are added
      together through the resistors 43L and 43R to obtain a sum signal -(L+R)
      which is supplied to the slide contact arm 51a of variable resistor 51. If
      the slide contact arm 51a of variable resistor 51 is at the upper end of
      resistor 51 relative to FIG. 1 (near connection point 4L), the signal
      -(L+R) applied to the slide arm 51a will be converted to the signal
      -1/2(L+R) by the resistor 42L and the signal - 1/2(L+R) will be applied to
      the connection point 4L. In this case, since the signal L which appears at
      the emitter of transistor 3L is also applied to the connection point 4L,
      the signals - 1/2(L+R) and L are added at connection point 4L to obtain
      the signal 1/2 (LO - RO) expressed by equation (3) which appears at the
      connection point 4L. The signal 1/2(LO - RO) is supplied through the left
      main amplifier 8L to the speaker 9L. In this case, it will be noted that
      the signal of the equation (3) contains no monaural signal component M.
      Thus, the singer's vocal sound will not be reproduced from the speaker 9L.
PAR  On the other hand, the signal R which appears at the emitter of transistor
      3R is applied to the connection point 4R, but since the slide contact arm
      51a is in the upper position near the connection point 4L, the signal
      -(L+R) applied to the slide contact arm 51a is not applied to the
      connection point 4R, primarily because of the resistor 42R. Accordingly,
      only the signal R is applied to the connection point 4R and the signal R =
      M + RO is supplied through the right main amplifier 8R to the speaker 9R
      and is reproduced.
PAR  Thus, when the slide contact arm 51a of variable resistor 51 is positioned
      relative to resistor 51 near the connection point 4L, the left speaker 9L
      will be supplied with the signal 1/2 (LO - RO) and the right speaker 9R
      will be supplied with the signal (M + RO). In this case, the stereophonic
      signals (signals LO and RO), for example, music signals are reproduced
      through the left and right speakers 9L and 9R and the singer's vocal
      signal (signal M) is reproduced through the right speaker.
PAR  Also, if the slide contact arm 52a of variable resistor 52 is positioned at
      the upper end of resistor 52 in FIG. 1 (the end near the connection point
      4L), the signal from the microphone 6 will be substantially applied to the
      connection point 4L only and will not be applied to the connection point
      4R. Thus, if a user sings into the microphone 6, the music from the record
      1a will be reproduced from the left and right speakers 9L and 9R, the
      singer's vocal sound will be reproduced from the right speaker 9R, and the
      user's vocal sound will be reproduced from the left speaker 9L. In other
      words, the user can sing in duet with the singer on the record with the
      music on the record 1a as background music.
PAR  In the case where both the slide contact arms 51a and 52a of variable
      resistors 51 and 52 are moved so that they are positioned near the
      connection point 4R, the user's vocal sound and the singer's vocal sound
      will be reproduced in opposite relation and the singer's vocal sound will
      be emitted from speaker 9L and the user's vocal sound from speaker 9R.
PAR  If the slide contact arms 51a and 52a are both centered relative to their
      resistors, the signal -(L + R) fed to the slide contact arm 51a will not
      be applied to either connection points 4L or 4R, and the factor for the
      term (LO - RO) in the equation (3) will be substantially zero, and the
      speakers 9L and 9R will be supplied only with the signals L and R,
      respectively. Consequently, the singer's vocal sound will be localized at
      the center. In this case, since the output signal of microphone 6 is
      divided equally by the variable resistor 52 and equally applied to the
      connection points 4L and 4R, the user's vocal sound will be localized at
      the center between the speakers.
PAR  If the slide contact arms 51a and 52a of variable resistors 51 and 52 are
      adjusted to intermediate positions, the factor for the term (LO - RO) in
      the equation (3) will be varied from 0 to 1/2, as a function of the
      position of the arms 51a and 52a. Thus, if the slide arms 51a and 52a are
      sequentially moved between the connection points 4L and 4R, the sound
      image of the singer's vocal sound will move sequentially from the right
      speaker 9R to the left speaker 9L, and the sound image of the user's vocal
      sound will move sequentially from the left speaker 9L to the right speaker
      9R. Thus, the sound images produced by the singer's and the user's vocal
      sounds are symmetrically localized with respect to the center and the
      relative position and distance therebetween can be easily changed by
      adjusting the slide contact arms 51a and 52a.
PAR  The present invention allows the user to enjoy singing a duet with the
      singer on the record and the position and the distance between these two
      sources be changed arbitrarily, and the microphonemixing effect is greatly
      increased.
PAR  If a delay circuit 10 is inserted between the microphone amplifier 7 and
      the slide contact arm 52a of the variable resistor 52 as shown in block in
      FIG. 1, the duet effect will be further enhanced. Switch S1 allows direct
      connection between amplifier 7 and contact 52a when closed. Switches S2
      and S3 connect delay circuit 10 between amplifier 10 and contact 52a.
PAR  The transistors 3L and 3R illustrated in the embodiment of FIG. 1, can be
      each replaced by differential amplifiers to obtain the same effect.
PAR  The embodiment of FIG. 2 utilizes the singer's vocal sound as the
      additional signal, and the left and right stereophonic signals L and R are
      applied to input terminals 101L and 101R and then applied to transistors
      103L and 103R which have their emitters connected through impedances Z3
      and Z4 to ground, respectively, as in the case of FIG. 1. In this
      embodiment, it is assumed that the left and right signals L and R consist
      of the signal components expressed by equation (1). Band pass filters 105L
      and 105R, each of which have a center frequency the same as the frequency
      of a human voice, for example, 800 Hz, are connected to the collectors of
      transistors 103L and 103R, respectively. The output terminals of band pass
      filters 105L and 105R are connected together and to a slide contact arm
      151a of a variable resistor 151. A signal -2MO corresponding to the
      singer's vocal sound appears at the slide contact arm 151a. Opposite ends
      of variable resistor 151 are respectively, connected through resistors
      142L and 142R to connection points 104L and 104R. Connection point 104L is
      between a resistor 141L and the input terminal of an operational amplifier
      108L. Connection point 104R is between a resistor 141R and the input
      terminal of an operational amplifier 108R. The opposite ends of resistors
      141L and 141R are respectively connected to the emitters of transistors
      103L and 103R. Thus, the connection points 104L and 104R are supplied with
      the signals L and R from the emitters of transistors 103L and 103R, and
      are respectively connected through left and right channels l and r and the
      operational amplifiers 108L and 108R to left and right speakers 109L and
      109R, as in the embodiment of FIG. 1.
PAR  Conductors 112L and 112R have first ends connected to the input terminals
      101L and 101R and their other ends are connected together at point 114
      through resistors 113L and 113R. A band pass filter 115, which has the
      same frequency characteristics as the band pass filters 105L and 105R is
      connected to the connection point 114 and produces at its output terminal
      the signal 2MO which corresponds to the singer's vocal sound. Thus, the
      signal 2MO is the additional signal in the embodiment of FIG. 2. The
      signal 2MO at the output of filter 119 is applied to a signal emphasis
      circuit 116 which includes a delay element. In a practical embodiment of
      the signal emphasis circuit 116, a delay circuit, a vibrato circuit and/or
      a vibration circuit can be used. A charge transfer device can be used as
      the delay element. In a practical embodiment of the present invention, the
      signal emphasis circuit 116 is formed of a delay circuit which has a time
      delay of about 60 milliseconds, and the output signal from the band pass
      filter 115 will be delayed by the circuit 116 about 60 milliseconds, and
      is then supplied to a slide contact arm 152a of a variable resistor 152
      through an attenuator 117 which attenuates the input signal level by one
      half.
PAR  In the embodiment of FIG. 2, when the slide contact arms 151a and 152a of
      variable resistors 151 and 152 are positioned at the top of resistors 151
      and 152 near the connection point 104L, the signal (LO + MO) will be
      reproduced through left speaker 109L and the signal (RO + MO) will be
      reproduced through right speaker 109R. In this case, it should be noted
      that since the signal component MO in the signal (LO + MO) is delayed by
      the delay circuit about 60 milliseconds, the singer's vocal sound will be
      first reproduced through the right speaker 109R and about 60 milliseconds
      later, will be reproduced through the left speaker 109L. Thus, the user
      can listen to a so-called one person duet.
PAR  If the signal emphasis circuit 116 is formed of a vibration circuit, when
      the slide contact arm 152a of variable resistor 152 is positioned adjacent
      connection point 104L, the singer's vocal sound will be first reproduced
      from the right speaker 109R and his reverberation sound will be reproduced
      from the left speaker 109L through the circuit 116. In this case, the
      listener gets the impression that the singer's vocal sound moves from the
      right speaker 109R to the left speaker 109L while being attenuated. Other
      effects can, of course, be obtained by moving contacts 151a and 152a.
PAR  With the embodiments of the present invention, the signals applied to the
      slide contact arm of the first variable resistor are obtained respectively
      at the collectors of the transistors, but it is possible to use a
      transformer instead of a transistor.
PAR  It will be apparent that many modifications and variations could be
      effected by those skilled in the art without departing from the spirit and
      scope of the novel concepts of the present invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. An audio signal mixing system comprising:
PA1  a. left and right channels for transmitting stereophonic left and right
      signals L and R each, respectively, containing a monaural signal;
PA1  b. a first circuit for eliminating said monaural signal contained in either
      one of said left and right signals L and R; and
PA1  c. a second circuit supplied with an additional signal and mixing it with
      either one of said left and right signals L and R, whereby said either one
      of said left and right signals L and R and said additional signal are
      passed by one of said left and right channels, and the other one of the L
      and R signals and the monaural signal are passed by the other channel.
NUM  2.
PAR  2. An audio signal mixing system as claimed in claim 1, wherein said first
      circuit comprises a first variable resistor with a slide contact arm
      connected between the left and right channels and said second circuit
      comprises a second variable resistor with a slide contact arm connected
      between the left and right channels, a signal of opposite polarity to said
      stereophonic signals L and R applied to said slide contact arm of said
      first variable resistor and said additional signal applied to said slide
      contact arm of said second variable resistor.
NUM  3.
PAR  3. An audio signal mixing system as claimed in claim 2, wherein said slide
      contact arms of said first and second variable resistors are mechanically
      ganged together.
NUM  4.
PAR  4. An audio signal mixing system as claimed in claim 2, wherein said slide
      contact arm of said second variable resistor is connected at one end of
      said second variable resistor to a microphone which furnishes said
      additional signal.
NUM  5.
PAR  5. An audio signal mixing system as claimed in claim 4, wherein a delay
      circuit is connected between said microphone and the slide contact arm of
      said second variable resistor.
NUM  6.
PAR  6. An audio signal mixing system as claimed in claim 2, wherein said left
      channel includes a first transistor having base, emitter and collector
      electrodes and said right channel includes a second transistor having
      base, emitter and collector electrodes, and the collector electrodes of
      said first and second transistor connected together and to said slide
      contact arm of said first variable resistor.
NUM  7.
PAR  7. An audio signal mixing system as claimed in claim 1, wherein said first
      circuit includes a first variable resistor which has a slide contact arm
      and is connected between said left and right channels, first and second
      filters respectively connected to said left and right channels and passing
      signals corresponding to a frequency band of a human voice, and a means
      for applying the output signals from said first and second filters to said
      slide contact arm of said first variable resistor, and said second circuit
      includes a second variable resistor which is connected between said left
      and right channels and has a slide contact arm.
NUM  8.
PAR  8. An audio signal mixing system as claimed in claim 7, further comprising
      a circuit for producing a signal which is the sum of said stereophonic
      left and right signals, L and R, a third filter connected to said sum
      signal producing circuit and passing a signal with a frequency band of a
      human voice, and a means for supplying the output signal from said third
      filter to said slide contact arm of said second variable resistor, whereby
      the signal with said frequency band of a human voice in said stereophonic
      signals becomes the additional signal.
NUM  9.
PAR  9. An audio signal mixing system as claimed in claim 8, wherein a signal
      emphasis circuit is provided between said sum signal producing circuit and
      said slide contact arm of said second variable resistor, said signal
      emphasis circuit includes delay signal means.
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ABST
PAL  Loudspeaker, in particular low-note loudspeaker, provided with a
      cone-shaped diaphragm having a coil form on which in addition to the voice
      coil is mounted a piezoelectric transducer in the form of a thin plate
      capable of pivotal movement. The output voltage of the transducer is
      degeneratively fed back to the input of an associated amplifier. The plate
      preferably is rectangular and suspended in rubber mounts along two opposed
      edges. The mounts form part of a mounting board provided with printed
      wiring on which an electronic transformation circuit is arranged. A
      shallow cup in which the mounting board is accommodated ensures that the
      piezoelectric plate is separated in an airtight manner from the coil form.
BSUM
PAR  The invention relates to a loudspeaker provided with a conical diaphragm
      having a coil form on which are mounted a voice coil and a piezoelectric
      transducer, the output voltage of the transducer being degeneratively fed
      back to the input of an associated amplifier.
PAR  Such a loudspeaker generally is used for the reproduction of low notes
      below 1,000 Hz. German patent specification 967,167 describes what is
      referred to as a motional feedback loudspeaker using a piezoelectric
      transducer which is clamped at one end with the result that the output
      voltage is not truly proportional to the acceleration of the loudspeaker
      cone. In U.S. Pat. No. 3,334,184, there is shown another motional feedback
      loudspeaker having a piezoelectric transducer secured to the apex of a
      conical member which has its base secured to the loudspeaker diaphragm.
      The transducer provides a negative feedback voltage that corresponds to
      the axial acceleration of the cone diaphragm.
PAR  The loudspeaker according to the invention is characterized in that the
      piezoelectric transducer is in the form of a thin plate hinged to the coil
      form along two edges of the plate.
PAR  This arrangement provides the advantage that the frequency characteristic
      of the transducer is perfectly straight and constant in a frequency range
      below 1,000 Hz so that the feedback voltage is directly proportional to
      the acceleration of the cone.
PAR  In a particularly advantageous embodiment the piezoelectric plate is
      rectangular and suspended in rubber mounts along two opposite edges of the
      plate. Because the impedance of the piezoelectric transducer is very high,
      it must be connected to an impedance transformer. In order to avoid the
      introduction of hum as far as possible, the impedance transformation
      circuit is preferably located as close as possible to the transducer. Thus
      the adverse effect of additional parallel capacitances is also avoided.
PAR  For this purpose an embodiment of the invention is characterized in that
      the mounts are accommodated in a printed circuit board on which the
      discrete electric components are mounted which together form an impedance
      transformer.
PAR  The printed circuit board advantageously is placed in a shallow cup which
      forms an entirely airtight separation between the piezoelectric transducer
      and the coil form.
PAR  Owing to the airtight separation any influence which the air which follows
      the cone motion in the coil form might otherwise exert on the hinged
      piezoelectric plate is avoided.
PAR  The natural frequency of the transducer is determined by its mass and by
      the stiffness of the clamping. A suitable choice of the amount of solder
      used to establish electric connections to the two electrodes of the
      piezoelectric plate enables the natural frequency of the entire transducer
      including its suspension to be readily maintained above 3,000 Hz.
DRWD
PAR  An embodiment of the invention will now be described, by way of example,
      with reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 is a cross-sectional view of a loudspeaker according to the
      invention,
PAR  FIG. 2 is a cross-sectional view of the insert including the transducer,
PAR  FIG. 3 is a cross-sectional view of the clamped transducer, and
PAR  FIGS. 4 and 5 together are an exploded view of the insert.
DETD
PAR  The larger part of the loudspeaker shown in FIG. 1 has long been known. A
      cone-shaped diaphragm 1 made of paper fibres is suspended from a metal
      frame via a rubber surround 2 and a spider 3.
PAR  A coil form 5 carrying a voice coil 6 is adhesively secured to the central
      part of the cone 1. In this operation an insert 7 which carries the
      piezoelectric transducer is also secured in place. The transducer produces
      a voltage in response to vibration of the coil form which, in a frequency
      range up to 1,000 Hz, is directly proportional to the acceleration of the
      central part of the cone.
PAR  In the usual manner a hood 8 excludes dust from the upper end of the coil
      form 5 and, in this embodiment, from the insert 7.
PAR  The voice coil 6 is arranged in the operational air gap of a magnet system
      9 to which is secured the cone frame 4.
PAR  The insert 7 shown in FIG. 2 comprises a mounting board 20 which is clamped
      in a shallow cup 21. The board is clamped in a rim 22. The mounting board
      is made of a synthetic material, for example that available under the
      registered trademark Pertinax, and on its lower surface is provided with
      printed wiring 23. On its upper surface electronic components 24, 25 and
      26, which together form an impedance transformation circuit, are connected
      to one another and to a transducer 27 by means of the printed wiring 23.
PAR  The transducer 27 is a rectangular plate 28 which comprises two oppositely
      polarised layers of a piezoelectric ceramic material. On the two major
      surfaces of the plate metal electrodes 29 and 30 are deposited from
      vapour. The electrodes 29 and 30 are connected to leads 31 and 32
      respectively, by soldering. The plate is clamped at two opposite parallel
      edges in rubber mounts 33 and 34 which in turn are secured to the mounting
      board (FIGS. 3 and 4). Clamping is such as to allow pivotal movement of
      the plate. The cup is secured to the coil form so that vibration of the
      coil form is transmitted to the mounting board and hence to the
      piezoelectric plate. The mounting of the piezoelectric plate places it
      within the circumference of the voice coil with its major surfaces lying
      in a plane substantially normal to the axis of the voice coil.
PAR  The mass of the plate and the stiffness of the clamping together determine
      the resonant frequency of the transducer.
PAR  In order to ensure that this resonant frequency lies outside the operating
      range of the loudspeaker, larger solder contacts 35 and 36 are used with a
      consequent increase in the mass of the plate.
PAR  The cup 21 (FIG. 5) serves to separate the transducer from the coil form in
      an airtight manner in order to avoid troublesome effects which the
      vibrating column of air in the coil form might otherwise exert on the
      pivoting transducer plate.
PAR  A practical embodiment had the following values:
PA1  diameter of the loudspeaker cone: 200 mm,
PA1  weight of the loudspeaker cone: 9 g,
PA1  weight of the voice coil: 6 g,
PA1  size of the piezoelectric plate: 8 mm by 8 mm,
PA1  thickness of the piezoelectric plate: 0.6 mm,
PA1  weight of the piezoelectric plate: 0.32 g,
PA1  weight of the drops of solder: 0.1 g.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A loudspeaker comprising, a cone-shaped vibratory diaphragm having an
      inner portion secured to a coil form, a voice coil mounted on the coil
      form, means including the voice coil for vibrating the coil form and
      diaphragm, a piezoelectric transducer mounted on the coil form and
      comprising a thin plate of piezoelectric material having two opposed edges
      hingedly connected to the coil form and situated within the circumference
      of said voice coil and with its major surfaces lying in a plane
      substantially normal to the axis of the voice coil, and means for
      degeneratively coupling the output voltage of the piezoelectric transducer
      to an input of an amplifier adapted to drive the voice coil.
NUM  2.
PAR  2. A loudspeaker as claimed in claim 1 wherein the piezoelectric plate is
      rectangular and is clamped in rubber mounts along two opposed edges of the
      plate.
NUM  3.
PAR  3. A loudspeaker as claimed in claim 2, wherein the mounts are accommodated
      in a mounting board provided with printed wiring and on which electric
      components are inserted which together form an impedance transformer.
NUM  4.
PAR  4. A Loudspeaker as claimed in claim 2, further comprising a mounting board
      on which the rubber mounts are supported and wherein the mounting board is
      accommodated in a shallow cup which is coupled to the coil form and
      separates the piezoelectric transducer from the coil form in an airtight
      manner.
NUM  5.
PAR  5. A loudspeaker as claimed in claim 1 wherein the piezoelectric plate
      includes first and second electrodes and first and second electric
      connections connected to said first and second electrodes respectively, by
      means of solder drops of sufficient size to cause the natural frequency of
      the transducer and its suspension to exceed 3000 Hz.
NUM  6.
PAR  6. A loudspeaker comprising, a cone-shaped vibratory diaphragm having an
      inner portion secured to a coil form and an outer portion attached to a
      support member, a voice coil attached to the coil form for vibrating the
      coil form and the attached diaphragm, a transducer comprising a plate of
      piezoelectric material, means for mounting said piezoelectric plate on the
      coil form in non-cantilevered fashion within the circumference of said
      voice coil and with its major surfaces lying in a plane substantially
      normal to the axis of the voice coil so as to allow pivotal movement of
      the plate, and means for coupling the output voltage of the transducer to
      an input of an amplifier adapted to drive said coil.
NUM  7.
PAR  7. A loudspeaker as claimed in claim 6 wherein the piezoelectric plate has
      a rectangular shape and said mounting means comprises, a mounting board
      mechanically coupled to the coil form and means for pivotally supporting
      the piezoelectric plate on the mounting board along opposed edges of the
      plate.
NUM  8.
PAR  8. A loudspeaker as claimed in claim 7 wherein said mounting means further
      comprises a cup-shaped member supported by the coil form and in which the
      mounting board is supported so that the cup-shaped member separates the
      piezoelectric plate from the coil form in an airtight manner thereby to
      isolate said plate from the effects of air movements produced by movement
      of the coil form.
NUM  9.
PAR  9. A loudspeaker as claimed in claim 7 wherein the mass of the transducer
      and the stiffness of the pivotal supporting means are chosen so that the
      resonant frequency of the transducer and its pivotal supporting means
      exceed the operating frequency range of the loudspeaker.
NUM  10.
PAR  10. A loudspeaker as claimed in claim 6 wherein said coupling means is
      connected to feed back the transducer output voltage to provide a
      degenerative action in said amplifier.
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ABST
PAL  Intercommunication between a plurality of stations is established through a
      pair of signal lines to which portable units are connected, each unit
      having its own power supply contributing to a low DC operating voltage
      maintained across the signal lines through which the audio signals are
      also conducted. Communicate and pager switches associated with each unit
      respectively control signal connections, d.c. line-voltage level, and
      signal input impedance for establishing intercommunication and paging
      functions.
BSUM
PAR  This invention relates to intercommunication systems in general and more
      particularly to a relatively inexpensive and easily installed
      communication system that is reliable in use and is especially safe for
      installation in underground mines.
PAR  Portable intercommunication systems utilizing a pair of signal lines
      through which a plurality of units are interconnected, are well known.
      Generally such systems will have a common power supply by means of which
      intercommunication is assured. Also, such systems include units composed
      of special components suitable for only one particular function. Repair
      and maintenance on such systems is therefore relatively costly and/or
      difficult. Also, many of such prior intercommunication systems employ
      relatively unsafe, high voltages providing a safety hazard in environments
      that often contain combustible gases that are readily ignited. It is
      therefore an important object of the present invention to provide an
      intercommunication system which will overcome or eliminate the
      aforementioned disadvantages and problems associated with prior
      intercommunication systems.
PAR  Applicant is aware of the following U.S. patents disclosing
      intercommunication systems and other apparatus pertinent to the present
      invention: U.S. Pat. Nos. 2,257,578; 2,269,572; 2,783,308; 3,175,045;
      3,508,139,; 3,573,780; 3,665,116; 3,783,195; 3,792,205.
PAR  In accordance with the present invention, a plurality of communication
      units are connected to a pair of common signal lines through which audio
      signals are conducted. Operating voltage is applied across the signal
      lines by the power supplies respectively associated with each of the
      communication units. Thus, a relatively low DC operating voltage such as
      24 VDC, is maintained across the signal lines by a pair of parallel
      connected batteries associated with each of the communication units. Each
      unit includes a pair of amplifiers which are interchangeable, one of the
      amplifiers being coupled to an input microphone while the other of the
      amplifiers is coupled to an output paging speaker so as to form a paging
      circuit. Audio signals conducted through the signal lines are fed to the
      paging circuit in response to energization of a relay which senses
      relatively high DC current from series-connection of caller's batteries to
      close a relay switch connecting the paging circuit to the signal lines.
      This relay is disabled upon selective actuation of a communicate switch
      which simultaneously connects the signal lines to the other amplifier to
      which the input microphone is coupled. The input microphone may be
      associated with a handset which also mounts a small speaker for two-way
      conversations through the communication circuit to which the microphone is
      coupled. When both the communicate switch and the pager switch are
      actuated, the communication unit is conditioned for its paging function by
      reconnecting the pair of DC batteries normally connected in parallel. When
      reconnected by the pager switch, one of the batteries is connected between
      ground and one of the signal lines in series with an impedance network to
      increase the input signal impedance to audio signals thereby conditioning
      the communication circuit for signal output only. The amplifiers
      associated with the communication and paging circuits are interchangeable
      thereby simplifying repair and maintenance. Also, the switching
      arrangement aforementioned is such as to simplify the circuit arrangement
      and to enable the use of a low operating voltage with current limiting
      facilities to prevent ignition of combustible gases.
DRWD
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
PAR  FIG. 1 is a front elevational view of a typical portable communication unit
      constructed in accordance with the present invention.
PAR  FIG. 2 is a simplified schematic block diagram illustrating the system of
      the present invention.
PAR  FIG. 3 is an electrical circuit diagram corresponding to one of the
      portable communication units associated with the present invention.
DETD
PAR  Referring now to the drawings in detail, FIG. 1 illustrates a typical
      portable communication unit generally referred to by reference numeral 10.
      The unit 10 may be in the form of a portable case adapted to be carried by
      a handle 12 and opened for exposure of the circuitry therein. A hanger 14
      is mounted on one end of the case 16 for supporting a handset 18 in one
      embodiment of the invention as illustrated. A paging speaker 20 is shown
      exposed on one front panel of the case 16 adjacent to a receptacle for
      fuse 22. On the end of the case 16 opposite the handset hanger 14, are a
      pair of control switches consisting of a communication switch 24 and a
      pager switch 26. Also mounted on the same end of the case is a fitting 28
      through which a signal cable 30 extends into the unit. This signal cable
      30 is common to all of the communication units associated with the system
      and includes a pair of signal conductors 32 and 34.
PAR  The unit 10 when connected into the system, will normally be in a standby
      condition for receiving a paging message from one of the other units in
      the form of an audio signal combined with a DC driving voltage. Thus, the
      paging message or audio signal will be reproduced through the output
      speaker 20 of the unit 10 in order to page a person at each of the
      stations at which the communication units are located. In order to conduct
      two way conversations with the person at the station from which the paging
      message originates, an operator merely actuates the communication switch
      24 and removes the handset 18 from its hanger 14. An input transducer or
      microphone and a small output transducer or speaker mounted in the handset
      in a manner well known to those familiar with the telephony art, will then
      be activated whereas the paging speaker 20 will be deactivated. Whenever
      the operator is desirous of utilizing the communication unit to initiate a
      paging function, both the communication switch 24 and pager switch 26 are
      actuated. The unit will then be conditioned for transmission of audio
      signals originating from the input microphone associated with the handset
      18.
PAR  Referring now to FIG. 2, it will be noted that the intercommunication
      system includes the signal cable 30 to which each of the communication
      units 10 are connected, each communication unit including its own power
      supply 36 to maintain a low operating voltage across lines 32 and 34.
      Thus, with the pager switch in the standby position shown, any audio
      signals accompanied by a DC driving voltage component conducted through
      the signal cable will be sensed by the relay 38 which is operative to
      connect the signal cable to the paging circuit generally referred to by
      reference numeral 40 which includes the output speaker 20 aforementioned.
      Audio signals transmitted by the relay assembly 38 from the signal cable
      when the DC voltage component is sensed, will accordingly be amplified by
      the amplifier unit 42 in the paging circuit so as to reproduce a paging
      message through the output speaker 20. The relay assembly 38 is disabled
      by the operator when actuating the communication switch 24 which
      simultaneously connects the signal cable to the communication generally
      referred to by reference numeral 44. Thus, the communicate switch 34
      alternately connects the communication and paging circuits to the signal
      cable. The communication circuit includes the input microphone 46 and
      speaker 48 mounted by the handset 18 in the embodiment illustrated in FIG.
      1. The input from the microphone 46 is amplified by an amplifier unit 50
      in the communication circuit, the output of the amplifier unit 50 being
      connected to the signal cable through the communication switch 24. The
      signal cable is also interconnected through the communication switch 24,
      when actuated, to the speaker 48 so that two way conversation may be
      conducted between any two stations at which similar communication units 10
      are located. In order to utilize a communication unit for paging purposes,
      both the communication switch 24 and pager switch 26 are actuated as
      aforementioned. The communication switch 24 will then condition the
      communication circuit 44 for operation and disable the paging circuit
      through the relay assembly 38. The pager switch 26, on the other hand,
      will increase the input signal impedance of the power supply to incoming
      audio signals so that only audio signals originating from the
      communication circuit 44 may be transmitted to the signal cable for
      transmission to all of the other communication units which are in a
      standby or quiescent condition.
PAR  Referring now to FIG. 3 in particular, the communication unit 10 is shown
      in its quiescent or standby condition. The power supply includes a pair of
      batteries 52 and 54. Battery 52 has its negative terminal connected to
      chassis ground 56 while its positive terminal is continuously connected
      through a current limiting resistor 58 to the signal conductor 32 in
      series with the fuse 22. Thus, the battery 52 is normally operative to
      maintain a 24 VDC voltage on the signal conductor 32 above ground. Each of
      the communication units will thus contribute to the operating voltage
      maintained on the signal line 32 for operating the communication and
      paging circuits 44 and 40 associated with each of the communication units.
      In the standby condition of the communication unit, the other battery 54
      is connected by the pager switch 26 in parallel with the battery 52.
      Toward that end, the pager switch 26 includes a pair of ganged switch
      elements 60 and 62 respectively connected to the positive and negative
      terminals of the battery 54 and normally engaging contacts 64 and 66
      respectively connected to the positive terminal of battery 52 and to
      ground 56. The pager switch 26 also includes a normally disengaged contact
      68 adapted to be engaged by the switch element 60 when the pager switch is
      actuated in order to connect the positive terminal of battery 54 to an
      impedance network 70 in which includes resistor 72 connected in series
      with inductance 74 to ground. Switch contact 76 in the pager switch 26, on
      the other hand, is engaged by switch element 62 when the pager switch is
      actuated in order to connect the negative terminal of battery 54 to the
      signal conductor 34. Thus, when the pager switch 26 is actuated, the
      battery 54 is disconnected from its parallel relationship to battery 52
      and is reconnected between ground and signal conductor 34 in series with
      the resistor 72 and the inductance 74 through which the input signal
      impedance of the batteries is increased to prevent interference with the
      paging function. With the batteries connected in series, a DC driving
      voltage is applied across the signal lines which is combined with an audio
      signal voltage originating from the microphone 46 for paging purposes. The
      current limiting resistor 58 connected in series with the battery 52 and
      the resistor 72 connected in series with the battery 54 upon actuation of
      the pager switch 26, are operative as safety measures to prevent ignition
      of gases by arcing during switch actuation. This is particularly important
      in connection with the installation of intercommunication systems in
      underground mines. Also connected in parallel with the inductive impedance
      74 is a filter capacitor 78 which is operative to eliminate transients
      generated by the inductive impedance 74 during switching operations.
PAR  The relay assembly 38 includes a signal sensing relay coil 80 which is
      connected across the signal conductors 32 and 34 in the standby condition
      of the communication unit through the communication switch 24. Toward that
      end, the communication switch 24 includes a switch element 82 which is
      connected to the signal conductor 32 and normally engages a switch contact
      84 connected to one terminal of the relay coil 80, the other terminal of
      which is connected to the switch contact 86 normally engaged by the other
      switch element 88 ganged with the switch element 82 in the communication
      switch 24. The switch element 88 is connected to the other signal
      conductor 34. Thus, the DC voltage component accompanying any audio signal
      conducted through the signal conductors 32 and 34, will energize the relay
      coil 80 to thereby close its normally opened relay switch 90. Upon closing
      of the relay switch 90, the paging circuit 40 is connected across the
      signal conductors 32 and 34 through the switch elements 82 and 88 in the
      communication switch.
PAR  Any audio signal voltage component across the signal conductors 32 and 34
      will be applied across the primary winding of the signal coupling
      transformer 92 associated with the paging circuit 40. The output winding
      of the signal coupling transformer 92 is connected to the input terminal
      94 of amplifier 42 in series with the resistor 96 and capacitor 98.
      Energizing voltage from signal line 32 is supplied to the power terminal
      100 through the relay switch 90 while the other terminal 102 of the
      amplifier 42 is connected to ground. Thus, the amplifier 42 will drive the
      paging output speaker 20 upon sensing of DC driving current by the relay
      assembly 38 while the communication unit 10 is in the standby condition.
PAR  The communication unit is conditioned for transmitting and receiving audio
      signals in a communication mode for two way conversation by actuation of
      the communication switch 24. When actuated, the switch element 82 of the
      communication switch will connect the signal conductor 32 to the switch
      contact 104 through which operating voltage from the batteries is supplied
      to the signal voltage terminal 104 of the amplifier unit 50 which like the
      amplifier unit 42 has a ground terminal 106. The input terminal 108 of the
      amplifier unit 50 is connected by coupling resistor 110 to the output
      winding of a signal coupling transformer 112 having a primary winding
      coupled by resistor 114 to the input microphone 46 mounted by the handset
      18. Operating voltage is supplied to the microphone 46 from the operating
      voltage supply contact 104 of the communication switch which is also
      connected to one terminal of the speaker 48 in the handset, the other
      terminal of which is connected by resistor 116 and capacitor 118 to the
      switch contact 120 engaged by the switch element 88 upon actuation of the
      communication switch 24. The switch element 88 connects the contact 120 to
      the other signal conductor 34 thereby connecting the communication circuit
      44 across the signal lines. The output terminals 122 and 124 of the
      amplifier unit 50 are connected to the output transformer 126 through
      which amplified audio signals originating from the microphone 46 are fed
      to the signal cable. A coupling capacitor 128 is connected in series with
      the output winding of transformer 26 across the signal lines 32 and 34
      through the switch contacts 104 and 120 of the communication switch.
      Series connected zener diodes 130 are connected in parallel with the
      primary winding of the transformer 126 in order to limit the output
      voltage of the communication circuit when connected across the signal
      conductors upon actuation of the communication switch. When actuated, the
      communication switch will also simultaneously disconnect the signal lines
      32 and 34 from the relay assembly 38 thereby disabling the paging circuit
      40.
PAR  When the communication switch 24 is actuated to enable the communication
      circuit 44 and disable the paging circuit 40, the pager switch 26 must
      also be actuated in order to condition the communication unit for output
      paging purposes. The actuated pager switch will therefore increase the
      impedance of the batteries to any input audio voltages across the signal
      conductors 32 and 34 as aforementioned thereby rendering the communication
      unit operative only for its paging function.
PAR  The amplifier units 42 and 50 are interchangeable thereby facilitating
      maintenance and replacement of components. The amplifier units are of a
      commercially available, solid state type interconnected between the three
      terminals on the input side and the two terminals on the output side.
      While the amplifier unit 50 amplifies an input audio signal derived from
      the microphone 46 and transmitted thereto through the transformer 112, the
      amplifier 42 amplifies an input signal supplied from the signal lines
      through signal coupling capacitor 130 which is fed to the input terminals
      at the amplifier through the input transformer 92. The output of the
      amplifier 50 is coupled by the transformer 126 to the signal conductors
      whereas the output of the amplifier 42 is fed to the paging speaker 20.
      Audio signals on the other hand are directly fed to the speaker 48 of the
      handset 18, when the communication circuit 44 is in operation, through the
      switch contacts 104 and 120 of the communication switch in series with the
      resistor 116 and capacitor 118.
PAR  The various operational modes for each unit 10 as hereinbefore described
      with reference to FIG. 3, are summarized in the following chart:
TBL  MODE        SWITCH POSITION   D.C. LINE                                   
               PAGER 26 COMM 2A    VOLTAGE                                     
               UP   DOWN    UP     DOWN  LOW   HIGH                            
     ______________________________________                                    
     STANDBY            X            X     X                                   
     (page-receive)                                                            
     COMMUNICATION      X       X          X                                   
     (Transmit-receive)                                                        
     PAGE-TRANSMIT                                                             
                 X              X                X                             
     ______________________________________                                    
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In an intercom system having a common signal cable to which a plurality
      of communication units are connected, each of said units including a
      source of electrical energy connected to said cable for normally
      maintaining a relatively low d.c. operating potential thereon, a paging
      circuit having an output speaker, through which incoming audio signals are
      reproduced, sensing means responsive to a relatively high d.c. driving
      voltage applied to the signal cable with said incoming audio signals for
      connecting the paging circuit thereto to reproduce the incoming audio
      signals, a communication circuit having input and output transducers
      through which incoming and outgoing audio signals are respectively
      reproduced and generated, communicate switch means for connecting the
      signal cable to the communication circuit and simultaneously disabling the
      sensing means, and pager switch means interconnected between the signal
      cable and said source of electrical energy for selectively applying said
      d.c. driving voltage to the signal cable while the outgoing audio signals
      are being generated in the communication circuit.
NUM  2.
PAR  2. The combination of claim 1 wherein each of said communication and pager
      circuits includes an operating voltage line selectively connected to the
      signal cable by one of said sensing means and communicate switch means, an
      amplifier energized by energy supplied thereto through the operating
      voltage line, and signal coupling means operatively connecting the signal
      cable to the amplifier through the communicate switch means, said
      amplifiers having outputs respectively connected to the output speaker and
      the output transducer.
NUM  3.
PAR  3. The combination of claim 1 wherein the amplifiers of the communication
      and paging circuits are interchangeable.
NUM  4.
PAR  4. The combination of claim 3 wherein the source of electrical energy
      includes a pair of batteries normally connected in parallel to the signal
      cable, an inpedance network, means responsive to actuation of the pager
      switch means reconnecting the batteries in series with each other and said
      impedance network for increasing impedance to the incoming audio signals
      in the signal cable, and means responsive to energization of the sensing
      means for energizing the paging circuit.
NUM  5.
PAR  5. The combination of claim 4 wherein said signal cable includes a pair of
      signal conductors, said circuits being alternately connected across the
      conductors by the communicate switch means for operation of the unit in a
      page-receive mode and a page-transmit mode respectively.
NUM  6.
PAR  6. The combination of claim 1 wherein said source of energy further
      includes a current limiting resistor connected in series with one of the
      batteries between one of the signal conductors and chassis ground, the
      other of the batteries being alternately connected in parallel with said
      one of the batteries by the pager switch means and in series with the
      impedance network between chassis ground and the other of the signal
      conductors.
NUM  7.
PAR  7. The combination of claim 1 wherein the source of electrical energy
      includes a pair of batteries normally connected in parallel to the signal
      cable, an impedance network, and means responsive to actuation of the
      pager switch means reconnecting the batteries in series with each other
      and said impedance network for increasing impedance to the incoming audio
      signals in the signal cable.
NUM  8.
PAR  8. The combination of claim 7 wherein said signal cable includes a pair of
      signal conductors, said circuits being alternately connected across the
      conductors by the communicate switch means for operation of the unit in a
      page-receive mode and a page-transmit mode respectively.
NUM  9.
PAR  9. The combination of claim 1 wherein said source of energy further
      includes a current limiting resistor connected in series with one of the
      batteries between one of the signal conductors and chassis ground, the
      other of the batteries being alternately connected in parallel with said
      one of the batteries by the pager switch means and in series with the
      impedance network between chassis ground and the other of the signal
      conductors.
NUM  10.
PAR  10. The combination of claim 1 wherein said signal cable includes a pair of
      signal conductors, said circuits being alternately connected across the
      conductors by the communicate switch means for operation of the unit in a
      page-receive mode and a page-transmit mode respectively.
NUM  11.
PAR  11. In an intercom system having a pair of signal lines, a communication
      unit including a pair of batteries connected in parallel between one of
      the signal lines and ground to apply a relative low d.c. operating voltage
      to the signal lines, a pair of amplifiers, signal voltage sensing means
      connected across said signal lines for connecting one of the amplifiers to
      the parallel connected batteries in response to a higher driving voltage
      applied to said signal lines, selectively actuated switch means for
      simultaneously disabling the voltage sensing means and connecting the
      other of the amplifiers across the signal lines, and pager switch means
      connected to said batteries for reconnecting one of the batteries between
      ground and the other of the signal lines to apply said driving voltage to
      the signal lines.
NUM  12.
PAR  12. The combination of claim 1 including an impedance network connected in
      series with said one of the batteries between chassis ground and the other
      of the signal lines by the pager switch means when actuated.
NUM  13.
PAR  13. The combination of claim 1 including an input microphone coupled to one
      of the amplifiers, an output speaker coupled to the other of the
      amplifiers, output means connecting said one of the amplifiers to the
      selectively actuated switch means and input means connecting the other of
      the amplifiers to the signal voltage sensing means.
NUM  14.
PAR  14. The combination of claim 13 wherein said amplifiers are
      interchangeable.
NUM  15.
PAR  15. The combination of claim 1 including an input microphone coupled to one
      of the amplifiers, an output speaker coupled to the other of the
      amplifiers, output means connecting said one of the amplifiers to the
      selectively actuated switch means and input means connecting the other of
      the amplifiers to the signal voltage sensing means, said amplifiers being
      interchangeable.
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ABST
PAL  A telephone answering system of the voice actuated type is provided which
      transmits an announcement to the calling party during an announcement
      interval (T.sub.1) and then records a message from the calling party
      during a subsequent message interval (T.sub.2). The system is of the type
      in which the calling party may record a message of any length during the
      message interval (T.sub.2) within the recording capabilities of the
      instrument, so long as he continues to talk. The particular system of the
      invention includes a circuit which effectively hangs up and removes the
      system from the telephone line for a brief instant at the end of the
      announcement interval (T.sub.1), so that the dial tone may be
      re-established on the telephone line at the beginning of the message
      interval (T.sub.2), instead of the busy signal, in the event the calling
      party hangs up during the announcement interval (T.sub.1) period. The
      voice actuated circuitry used in the system does not respond to the tone
      signal, and automatically hangs up upon the receipt of the tone signal
      after a short time. However, if a busy signal, rather than the tone
      signal, is on the line at the beginning of the message interval (T.sub.2),
      the system would otherwise respond to the busy signal, as to a speech
      signal, and record the busy signal during the entire message interval
      (T.sub.2).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The telephone answering system and apparatus of the invention is of the
      general type which includes a sensing circuit that responds to a ring
      signal on the telephone line to activate the answering instrument. When
      the instrument is so activated, a recorded announcement is transmitted to
      the calling part over the telephone line during an announcement interval
      (T.sub.1). A message recording tape is then activated within the answering
      instrument in order that the calling party may record his message. In the
      apparatus to be described, the message recording equipment is voice
      actuated, so that the calling party is not limited to any particular
      prescribed time interval in which to record his message. Instead, as long
      as he continues talking, the message is recorded.
PAR  However, problems occur in the voice actuated type of telephone answering
      system. These problems arise, for example, when the calling party hangs up
      during the announcement interval (T.sub.1). In most telephone systems, a
      busy signal occurs on the line a short time after the calling party hangs
      up. This means that, should the calling party hang up before the end of
      the announcement interval (T.sub.1), the telephone answering system enters
      the message interval (T.sub.2) when a busy signal is being received on the
      telephone line. Most voice actuated telephone answering systems cannot
      distinguish between busy signals and normal speech, so that when a busy
      signal is received the equipment remains activated during the entire
      length of the message interval (T.sub.2), so that the message tape is
      entirely wasted since only the busy signal is recorded on it.
PAR  However, most voice actuated telephone answering systems of the type under
      consideration are capable of distinguishing the usual dial tone from the
      voice signals on the telephone line. Therefore, if a dial tone is received
      during the message interval (T.sub.2) the system automatically hangs up,
      and is returned to a standby condition for the next message.
PAR  The circuitry of the present invention hangs up and effectively disconnects
      the telephone answering system from the telephone line for a brief
      interval at the end of the announcement interval (T.sub.1), so that a tone
      signal is re-established on the telephone line if the calling party has
      hung up during the announcement interval (T.sub.1), the tone signal
      continuing for a sufficient time into the (T.sub.2) message interval, so
      that the telephone answering system can hang up before the tone signal
      turns into a busy signal, as is the usual occurrence in most telephone
      answering systems after a certain interval.
PAR  The circuitry of the invention is extremely simple in its concept, and can
      easily be installed into existing telephone answering systems of the voice
      actuated type.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is a diagram, partly in block form and partly in circuit
      detail, of a voice activated type of telephone answering system, and which
      includes the circuitry of the present invention, such as described briefly
      above.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  The telephone answering system illustrated in the drawing is of the type
      which is used directly with the telephone line, and it may be plugged into
      a usual telephone jack. The system, as will be described, has the feature
      in that it operates independently of the telephone instrument, and it does
      not require the telephone instrument to be placed on top of it, as is the
      case with most prior art units.
PAR  The apparatus and system as shown in the FIGURE is of the general type
      described in more detail in copending application Ser. No. 238,470.
PAR  The particular illustrated system may be switched to provide either a fixed
      time for recording each incoming call; or a voice activated recording
      interval (T.sub.2), so that an incoming call continues to be recorded so
      long as the calling party continues to speak. By the inclusion of the
      circuitry of the present invention, the telephone answering system briefly
      hangs up at the end of the announcement interval (T.sub.1) to assure that
      a dial tone will be restored to the telephone line at the beginning of the
      message recording interval (T.sub.2), in the event that the calling party
      hangs up during the announcement interval (T.sub.1). The voice activated
      circuit of the telephone answering system then rejects the dial tone,
      deactivates the system, and returns it to its standby mode, within a short
      time following the beginning of the message interval (T.sub.2).
PAR  In the system illustrated in the drawing, a microphone may be plugged into
      a receptacle 17 for recording announcements, as will be described. A
      series of pushbutton switches are included, and these are designated "Auto
      Answer", "Rewind", "Listen", "Confirm", "Record 1", and "Record 2". A
      thumb operated "On-Off" power switch 18 is also included, as well as a
      thumb actuated volume control 22. In addition, a series of indicator
      lights designated "Power", "Ready" and "Call" are included in the system,
      these lights being designated 20, 24 and 30 respectively.
PAR  In order to install and operate the system shown in the drawing, it is
      plugged into a usual 110-volt alternating current output, and it is also
      plugged directly into a telephone jack, or otherwise connected to a
      telephone line.
PAR  The telephone answering system is equipped with a loop announcement tape on
      which an announcement is recorded, so that any time a telephone ring
      signal is received, a recorded announcement may automatically be
      transmitted to the caller. Incoming calls may be listened to by setting a
      monitor switch on the back of the housing 10. This connects a speaker "SP"
      into the circuit, so that incoming messages may be monitored as they are
      being recorded. Outgoing calls may be made merely by turning off the
      instrument and by using the telephone in a normal manner.
PAR  A remote control unit permits the system to be operated from a remote
      point. This is achieved by dialing the phone number of the telephone
      serviced by the instrument, and by then depressing a push-button on the
      remote control unit. This causes the remote control unit to emit a
      distinct tone which is transmitted over the telephone line and which is
      picked up by the circuitry of the system. When the remote control unit is
      operated from the remote point, the message tape in the system is caused
      to rewind to its origin position, and it is then caused to move forward so
      that the various messages recorded on the tape may be reproduced and
      transmitted by the telephone over the telephone lines to the remote point
      at which the caller is situated.
PAR  The system includes a loop magnetic announcement tape on which the
      announcement to be transmitted over the telephone line is recorded. The
      announcement is recorded on the tape by means, for example, of a
      record/playback head (RPH-1), and the announcement may be erased from the
      tape by means of an erase head (EH-1). The announcement tape is actuated
      whenever the solenoid (SD-1) is energized. A microswitch SD-1-SW is
      associated with the announcement tape transport. This switch is operated
      whenever the announcement tape transport is actuated, and it serves to
      switch the circuitry to a transmit mode so that the recorded announcement
      may be transmitted over the telephone line, as will be described.
PAR  A message tape is driven by a pinch roller assembly, which is selectively
      moved against a rotating capstan to drive the tape when a solenoid (SD-2)
      is energized. The record/playback head (RPH-1) is provided in conjunction
      with the message tape, as well as an erase head (EH-2). During rewind, the
      tape is moved from the left to the right, as it is rewound on the feed
      reel when a solenoid SDR is engaged. As shown in the diagram, for example,
      the system may be connected directly to the telephone line, as designated
      by the terminals 5 and 6, so as to respond to the ring signals on the
      line.
PAR  The push-button switches described above are six-pole, double-throw
      switches. For example, when the "Record 1" pushbutton switch is not
      actuated, its common terminals 2, 8 and 14 connect respectively with the
      upper terminals 1, 7 and 13, and its lower common terminals 5, 11 and 17
      connect respectively with its upper terminals 4, 10 and 16. However, when
      the push-button switch is actuated, its common terminals 2, 8 and 14
      connect respectively with its lower terminals 3, 9 and 15, whereas its
      common terminals 5, 11 and 17 connect respectively with its lower
      terminals 6, 12 and 18. This also applies to the "Hold" pushbutton switch,
      the "Record 2" push-button switch, the "Listen" push-button switch, the
      "Rewind" push-button switch, and the "Auto Answer" push-button switch.
PAR  As a preliminary setting for the system, it will be assumed that the "Auto
      Answer" push-button switch has been depressed, so that the system is in
      the standby mode awaiting an incoming ring to set it in operation. For
      that mode, the common terminals 92, 98, 104, 110, 116 and 122 of the "Auto
      Answer" pushbutton switch are connected respectively to the terminals 93,
      99, 105, 111, 117 and 123; and the common terminals 95, 101, 107, 113, 119
      and 125 are connected respectively to the terminals 96, 102, 108, 114, 120
      and 126.
PAR  For the actuated position of the "Auto Answer" switch, and when the power
      switch 18 is on, the power supply 100 is energized, so that a negative
      direct voltage is applied to the lead designated B-. This negative voltage
      causes the Power lamp 20 to be energized. Also, the message tape is
      assumed to be at its origin position, so that the switch CONT-SW is
      closed, and so that the "Call" lamp 30 is energized. The Ready lamp 24 is
      also on, as its path is returned through the normally closed contact Y3A
      to ground.
PAR  In accordance with the invention, a relay Y10 and a series capacitor C1 are
      connected from one terminal of the control solenoid SD1 to the negative
      terminal B- of the power source. The relay Y10 operates a pair of normally
      closed contacts Y10A in the lead connecting the input terminal L.sub.2 to
      the input/output circuit 103.
PAR  Now, should a ring signal be received over the telephone line, the ring
      signal is introduced by way of the input terminals L.sub.1 and L.sub.2
      through the normally closed contacts Y10A to the input/output circuit 103.
      The ring signal from the input/output circuit 103 is introduced to a
      direct current amplifier 104, the output of which is connected to a relay
      Y4. In response to the ring signal from the input/output circuit 103, the
      direct current amplifier draws current through the relay Y4 to energize
      the relay. The relay contacts Y4B now close when the relay Y4 is
      energized, causing the relay Y1 to be energized. When the relay Y1 is
      energized, the contacts Y1A close so that the incoming messages may be fed
      to the audio amplifier 102.
PAR  When the relay is energized, it also closes the contacts Y1B so as to
      connect the negative lead (B-) to a timer circuit 110. The timer circuit
      is energized through normally closed contacts of one section of an
      announce-record switch. These contacts are connected through a diode D8 in
      the timer circuit to a 400 ohm resistor R69. The resistor R69 is connected
      back through a diode D17 to a 100 kilo-ohm potentiometer VR7. The
      potentiometer VR7 is connected to a further 10 kilo-ohm potentiometer VR11
      which, in turn, is connected to ground. The potentiometer VR7 is also
      connected to a 5 kilo-ohm resistor R68 which is connected back to the DC
      amplifier 104 by way of the terminal 18 of that amplifier.
PAR  The contacts of the announce-record switch are also connected to a grounded
      potentiometer VR14 having a resistance of 10 kilo-ohms. The output
      terminal 82 of the voice actuated circuit 112 is connected to that
      potentiometer through a silicon diode D18. The terminal 82 of the voice
      actuated circuit is connected by way of one section of a VOX-SW switch to
      the input terminal 18 of the DC amplifier 104. The VOX-SW switch has a
      further section with normally closed contacts connected to a capacitor C24
      and to the junction of resistor 69 and diode D19, and with normally open
      contact connected to ground. The capacitor C24 may have a capacity of 100
      microfarads and it is grounded.
PAR  When the two sections of the VOX-SW switch are in their illustrated
      positions, the system is set for a predetermined time interval for
      recording calls on the message tape, the time interval being established
      by the discharge time of the capacitor C24 through the various resistances
      and potentiometers associated therewith. However, when the two sections of
      the VOX-SW switch are in the other position, the time interval of each
      message is controlled by the output from the voice actuated circuit 112,
      so that as long as the calling party continues talking, his message is
      recorded on the message tape.
PAR  The latter control is accomplished by the voice actuated circuit 112, as
      described in detail in the aforementioned copending application, the voice
      actuated circuit 112 being energized only when the VOX-SW switch is placed
      in its second position.
PAR  As described above, the voice actuated circuit 112 does not respond to the
      dial tone. Therefore, should the dial tone occur during the message
      recording interval (T.sub.2), the voice actuated circuit will cause the
      system to be disconnected from the telephone line and return to its
      standby condition, awaiting the next call. The relay Y4 is held energized
      during the voice actuated mode (Vox), so long as the calling party is
      speaking. However, when the calling party hangs up, resulting either in
      silence on the phone line or a continuous dial tone, the voice actuated
      circuit causes the relay Y4 to become de-energized so as to disconnect the
      system from the telephone line. In the timed mode, the relay Y4 is held
      energized so long as the capacitor C24 in the timer circuit 110 retains
      its charge. In each case, the relay Y4 remains energized so long as the
      terminal 18 of the DC amplifier 104 is sufficiently negative to maintain
      the relay Y4 energzied.
PAR  As mentioned above, the initial energizing of the relay Y4 by the received
      ring signal causes the contacts Y4B to close, so that the relay Y1 is
      energized to set the system to the announcement transmitting mode
      (T.sub.1). It will be appreciated that so long as the relay Y1 is
      energized, the timing cycle of the timer or of the voice actuated circuit
      112 does not begin. This is because the capacitor C24 of the timer circuit
      is maintained in its charged state during the announcement mode by the
      closed contacts Y1B, so that the appropriate bias is applied directly to
      the DC amplifier 104 to hold the relay Y4 energized.
PAR  It is only after the relay Y1 is de-energized, and the system is switched
      to its message receiving and recording mode (T.sub.2) by the energization
      of the relay Y2, that the timing cycle begins. The relay Y4 is
      de-energized a certain time after the beginning of the message recording
      mode to disconnect the system from the telephone line. The particular time
      interval depends upon whether the system is in the fixed message recording
      time mode, or is set to the voice actuated message recording time mode.
PAR  The energizing of the relay Y4 when the system is first switched from its
      standby mode to its announcement mode by the receipt of a telephone ring
      signal also causes the relay contacts Y4D to close to energize the motor
      M. The motor circuit M, as shown, includes a filter choke L3, and it also
      has an associated filter network including capacitors C32, C33, C34 and
      C35. These capacitors have values of 0.1, 10, 0.01 and 0.5 microfarads
      respectively. The filter network also includes a resistor R36 having a
      resistance, for example, of 10 ohms.
PAR  The motor M remains energized so long as the system is operational. The
      motor drives both the announcement tape 60 and the message tape 64 when
      their corresponding pinch roller assemblies are actuated by the selective
      energization of the solenoids SD-1 and SD-2. When the relay Y1 is
      energized, the system is set to its announcement mode, and the relay
      contacts Y1B close to charge the capacitor C24 in the timer circuit 110 so
      as to apply the necessary bias to the amplifier 104 to hold the relay Y4
      energized. The solenoid SD-1 is also energized during this mode, and this
      solenoid actuates the pinch roller assembly associated with the
      announcement tape transport (not shown) and causes the announcement tape
      to be driven. The playback head RPH-1 associated with the announcement
      tape senses the announcement on the tape, and applies the audio signals
      corresponding to the announcement through the microswitch SD1-SW (which is
      now actuated) to the pre-amplifier circuit 111. The output from the
      pre-amplifier is then applied to the input/output amplifier 102 and the
      amplified output from the latter amplifier is applied to the input/output
      circuit 103, so that the announcement may be applied to the telephone
      line.
PAR  During the announcement mode, as as described above, the relays Y4 and Y1,
      and the solenoid SD-1 are energized, and the announcement signal is read
      by the playback head RPH-1, passed through the actuated switch SD1-SW, and
      amplified by the amplifiers 111 and 102. The amplified announcement from
      the amplifier 102 is applied to the input/output circuit 103 through the
      contacts Y2D and terminal 16. In this way, the recorded announcement on
      the announcement tape is transmitted over the telephone line to the
      calling party during the announcement mode interval (T.sub.1). At the end
      of the announcement mode interval (T.sub.1), the relay Y2 is energized.
      The system is now switched from its announcement mode when relays Y4 and
      Y1 were energized, to its message receiving mode when the relays Y4 and Y2
      are energized.
PAR  The energization of the relay Y2 is achieved through the closed contacts 92
      and 93 of the actuated "Auto Answer" pushbutton switch, and through a 5
      ohm resistor connected to the emitter of the transistor Q12, the collector
      of which is connected to the relay Y2. The other terminal of the terminal
      Y2 is connected to the B- lead. When the relay Y2 is energized, the relay
      contacts Y2C are actuated so as to de-energize the relay Y1. This causes
      the contacts Y1B to open removing the unidirectional potential from the
      timer circuit 110, and initiating the timing cycle. At the same time, the
      contacts Y2B close energizing the solenoid SD-2 which causes the message
      tape to be actuated. The incoming message from the calling party is now
      recorded by the head RPH-2 on the message tape.
PAR  The incoming message is amplified in the amplifier 102, and its output from
      terminal 78 is applied to the bias oscillator 116 by terminal 23 to
      modulate the alternating current bias output signal. Then, the modulated
      bias signal is applied to the switching contact 96, and then to the
      switching contact 95, and from there to the record head RPH-2 through the
      switch contact 56. Therefore, during the message recording mode, the
      incoming message signal modulates the alternating current signal from the
      bias oscillator, and the resulting modulated signal is recorded on the
      message tape by the record head RPH-2.
PAR  At the same time, the output from the input/output amplifier 102 is fed to
      the switch contact 110 by the output terminal 74, and from there it is
      switched to the switch contact 111 and through the normally closed relay
      contacts Y1D to the switch contact 117, and from there to the switch
      contact 116, and through the switch contact 109 to the extension jack
      marked "Ext". Therefore, the incoming messages may be monitored, merely by
      plugging a speaker into the extension jack "ext". The incoming messages
      may also be monitored by the speaker SP by moving the adjacent "Monitor"
      switch to the down position.
PAR  It will be understood, therefore, that during the announcement mode, the
      relays Y4 and Y1 are energized so that the announcement tape is actuated
      and the timer circuit 110 is set. During the message receiving and
      recording mode, the relay Y4 remains energized, and the relay Y2 is
      energized, but the relay Y1 is de-energized. When the relay Y1 is
      de-energized, the solenoid SD1 is deactivated so that the announcement
      tape is stopped at its origin position, as established by the closure of
      the switch HSW-1.
PAR  When the solenoid SD1 is first activated at the beginning of the
      announcement interval (T.sub.1), a current pulse flows through the relay
      Y10 which opens briefly the relay contacts Y10A. However, this current
      through the relay Y10 rapidly drops to zero as the capacitor C1 becomes
      charged, and the relay contacts Y10A return to their normally closed
      condition, permitting the system to transmit the recorded announcement to
      the calling party during the announcement interval (T.sub.1). When the
      solenoid SD1 is de-energized at the end of the announcement interval
      (T.sub.1), another current pulse flows briefly through the relay Y10 as
      the capacitor C1 discharges, and again the relay contacts Y10A open
      briefly. Should the calling party hang up during the announcement time
      interval (T.sub.1), the brief interruption effectuated by the opening of
      the relay contacts Y10A at the end of the announcement interval (T.sub.1)
      effectively causes the system to hang-up and thereby causes the tone
      signal to be re-established on the telephone line, so that the system will
      enter its message mode (T.sub.2) with a tone signal on the line, rather
      than a busy signal. As mentioned above, the voice actuated circuit 112
      does not respond to the tone signal, so that the system is rapidly
      deactivated and returned to its standby position, as is desired.
      Specifically, it causes the relay Y4 to be de-energized.
PAR  When the relay Y4 is de-energized, the system returns to its standby mode.
      The contacts Y4B return to their normally open position, and the relay Y1
      cannot again be energized until the relay Y4 is again energized. The relay
      Y2 is also de-energized at this time, causing the contacts Y2B to open and
      thereby de-energizing the solenoid SD2 to stop the messasge tape. When Y4
      is de-energized, the relay Y2 is de-energized since the contacts Y2C not
      only serve to de-energize Y1 when Y2 is energized, but also form a holding
      circuit for the relay Y2. Then, when the relay Y4 is de-energized the
      contacts Y4B open to open the holding circuit for the relay Y2, and
      therefore the relay Y2 also is deenergized.
PAR  The relay Y2 is shunted by a 200 microfarad capacitor C36, and the relay Y1
      is shunted by a 500 microfarad capacitor C38 and a 100 ogm series resistor
      R70. During the transition from the announcement mode to the message
      recording mode, during which the relay Y1 is de-energized and the relay Y2
      is energized, the circuit C38, R70 produces a slight delay in the
      de-energization of the relay Y1, and an internal oscillation is set up
      when both Y1 and Y2 are on at the same time briefly, as the contacts Y1C
      and Y2A are closed setting a regenerative feedback path in the amplifier
      102. This produced a "beep" tone which is recorded on the message tape at
      the beginning of each message, and which serves as a message separation on
      the message tape.
PAR  The message tape is now ready to receive and record the incoming messages.
      The message tape continues to record messages during the message interval
      (t.sub.2) until an end of tape sensing element causes the switch contacts
      HSW-2 to close. When that occurs, the circuitry of the transistors Q20 and
      Q21 switches the system to the "announce-only" mode. During the
      "announce-only" mode, the announcement tape continues to be activated in
      response to incoming messages and announcements are transmitted to the
      calling party. However, no further messages are recorded on the message
      tape.
PAR  The rewind operation is instituted by actuating the "Rewind" push-button
      switch which comprises the switch contacts 73-90. This, as mentioned
      above, causes the contacts 74, 80 and 86 to break with the contacts 73, 79
      and 85, respectively, and to engage the contacts 75, 81 and 87; and causes
      the contacts 77, 83 and 89 to break with the contacts 76, 82 and 88, and
      to engage selectively with the contacts 78, 84 and 90. When the "Rewind"
      pushbutton switch is depressed, a ground is established at the upper end
      of the rewind solenoid SDR through the switch contacts 77 and 78, and
      through normally closed contacts Y3A of a protective relay Y3. The rewind
      solenoid SDR remains energized until the protective relay Y3 is employed.
      The rely Y3 is shunted by a 200 microfarad capacitor C37. The energizing
      of the solenoid SDR causes the message tape 64 to rewind until the sensing
      element 65 causes the switch G-SW2 to close. When that occurs, the
      protective relay Y3 is energized through the start switch SW3B, through a
      10 kilo-ohm resistor R67, through the circuit of a transistor Q20, and
      through switch contacts 105 and 104.
PAR  When the protective relay Y3 is energized, the normally closed contacts Y3A
      open to cause the rewind solenoid SDR to be de-energized, and the normally
      open contacts Y3A close to form a holding circuit for the relay Y3. The
      normally closed contacts Y3B also open to assure that the relay Y1 is
      de-energized, and the normally open contacts Y3C close. When the contacts
      Y3C close, the message mode relay Y2 becomes energized to energize the
      solenoid SD2 to cause the message tape to start in its forward direction.
      The message tape moves forward until the element 65 moves off the switch
      HSW-2. When that occurs, the relay Y2 is de-energized, and the system is
      ready for the next cycle.
PAR  It should be noted that when the "Auto Answer" switch is off, the B- lead
      is connected by the switch contacts 98 and 97 directly to the terminal 72
      to energize the pre-amplifier 112 and input/output amplifier 102 and to
      the motor M so that the drive motor is energized. Also, the (B-) is
      applied to the contacts 35, 40 and 41 of the "Record-2" switch, so as to
      exert a bias through the 1.5 kilo-ohm resistor R38 on the erase head EH-2.
      This means that all previous recordings are erased by the erase head prior
      to the new recordings being made on the tape by the head RPH-2. As
      mentioned above, if the "Rewind" button is pushed at the same time as the
      "Record-2" button, the message tape may be erased during the rewind
      operation.
PAR  The output terminal 74 of the input/output amplifier 102 is also connected
      to the input terminal 81 of the voice actuated circuit 112. The exciting
      potential for the voice actuated circuit is applied to the terminal 84
      whenever the adjacent Vox-SW switch is set to the upper position. So long
      as the Vox-SW switch is in the illustrated position, the voice actuated
      circuit 112 is not active, and that occurs when the system is set in its
      timed mode, and the timer circuit 110 establishes a predetermined time
      interval for each message to be recorded on the message tape. As mentioned
      above, when the voice actuated circuit 112 is active, the messages may
      continue to be recorded on the message tape so long as there is an audio
      input to the voice actuated circuit.
PAR  So long as the capacitor in the voice actuated circuit 112 remains charged,
      the output terminal 82 causes a negative bias to be applied to the DC
      amplifier 104, so that the relay Y4 is held energized, which is essential
      to maintain the system effectively connected to the telephone lines. The
      timer capacitor C24 in the timer circuit 110 is disconnected and
      discharged at this time by the silicon diode of the Vox-SW switch adjacent
      the timer circuit. However, at the end of an incoming message, the
      capacitor C22 begins to discharge through the resistor R44 and through the
      associated potentiometer VR13 in the timer circuit 110, as described
      above. The parameters of the resistance-capacitance circuit are such that
      the discharge time constant is relatively fast, as compared with the
      discharge time of the capacitor C24 in the timer circuit when the system
      is in the fixed time message recording mode of operation.
PAR  A feature of the system is that it may be controlled from a remote point,
      and merely by introducing a tone of a predetermined frequency into the
      telephone line. The system must be in the "Auto Answer" push-button switch
      must be actuated. Assuming at that time that a number of previous messages
      have already been recorded on the message tape, then, upon receipt of the
      tone signal, the system is automatically placed in the "Rewind" mode, so
      that the message tape is rewound to its origin position. The system is
      then placed in its "Listen" mode, and the messages recorded on the message
      tape are now, instead of being fed into the loudspeaker SP, it is fed
      through the input/output amplifier 102 to the telephone line so that the
      messages may be heard by the person originating the tone signal.
PAR  When the proper tone is received, and the relay Y0 is energized, the
      contact Y0l closes, so that the relay Y5 is energized, as the circuit is
      completed through the normally closed contacts Y6C and Y6D, and through
      the grounded 40 ohm resistor R64. The relay Y6 is also energized at this
      time as the contacts Y5C close. The relay Y0 drops out when the tone
      signal stops, but the relays Y5 and Y6 remain energized. The rewind
      solenoid SDR is now energized as the relay contacts Y5B close, so that the
      message tape 64 is rewound to its origin position. When the message tape
      reaches its origin position at the end of the rewind operation, the switch
      CONT-SW closes to energize the relay Y7. The normally closed relay
      contacts Y7B now opens to de-energize the solenoid SDR.
PAR  The message solenoid SD2 is now energized through the closed contacts Y7A,
      and the message tape 64 begins to move in its forward direction. The
      recorded messages on the message tape are sensed by the head RPH-2 and are
      applied through the closed relay contacts Y5A and Y5D and through the
      switch SD1-SW to the preamplifier 111. The amplified signals are further
      amplified by the input/output amplifier 102. The output from the
      input/output amplifier 102 is applied across the "Auto Answer" switch
      contacts 110 and 111, and across the closed relay contacts Y1D, and
      through the normally closed relay contacts Y2D, to the input/output
      circuit 103 for transmission over the phone lines to the person
      originating the tone.
PAR  It might be pointed out that during the remote mode, the relay Y2 is not
      energized, and the message solenoid SD2 is activiated by the relay Y7, as
      described above. The relay Y1, however, is energized. Even though the
      relay Y1 is energized, the announcement tape solenoid SD1 is not energized
      during the remote mode because the normally closed relay contacts Y5B are
      now open. It might also be pointed out that during the remote mode, the
      negative potential B- is applied to the lead connected to the remote
      signal filter and amplifier 130 and to the relays Y0, Y5 and Y7, the
      connection being completed through the switch contacts 107 and 108, 99 and
      98 of the actuated "Auto Answer" push-button switch, and through the
      closed relay contacts Y4D. The normally closed relay contacts Y3D energize
      the circuit of the transistor Q20 at this time through a 10 kilo-ohm
      resistor R72 connected to the base of the transistor. The base is also
      connected to a grounded 30 kilo-ohm resistor R71 which is shunted by a 470
      microfarad capacitor C50.
PAR  After the calling party has received the messages from the message tape, he
      should again transmit the tone signal over the telephone line. If this is
      done, the relay Y0 is again energized which causes the relay contacts Y0
      to close shorting out the relay Y5 and causing it to be de-energized.
      Then, when the tone is terminated, the relay Y6 is de-energized which
      causes the relay Y7 to be de-energized and the message tape 64 to be
      stopped at that point, and the system is now in readiness to receive and
      record additional messages. The calling party may then transmit a further
      tone over the telephone lines, and the further tone will set the system to
      the rewind mode, as mentioned above, so as to return the message tape to
      its origin position. At that point, the calling party may transmit yet a
      further tone signal to stop the message tape at its origin position, so
      that the system is then in readiness to receive and record an entirely new
      set of messages.
PAR  As mentioned above, the system may be set to an "Announce Only" mode. When
      in such a mode, no messages are recorded, and the system responds to
      incoming calls only by transmitting the announcement on the announcement
      tape over the telephone line to the calling party. The instrument may be
      set to the "Announce Only" mode by moving the Announce-Record switch from
      it illustrated position to its second position.
PAR  A first section of the Announce-Record switch is connected to the solenoid
      SD2, so that when the switch is moved to its second position, the solenoid
      cannot be energized so that the message tape 60 cannot be activated. A
      second section of the Announce-Record switch switches the SD1 solenoid
      from the timer circuit 110 to the DC amplifier 104 through a 100 kilo-ohm
      resistor R45 so that the system remains activated only for the duration of
      the announcement, and is then de-energized.
PAR  The invention provides, therefore, an improved telephone answering system
      which incorporates a voice actuated circuit, and which assures that the
      voice actuated circuit will be effective to return the system to the
      standby mode, in the event a calling party should hang up during the
      announcement mode of operation of the system.
PAR  While a particular embodiment of the invention has been shown and
      described, modifications may be made. It is intended in the claims to
      cover the modifications which come within the spirit and scope of the
      invention.
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STM  What is claimed:
NUM  1.
PAR  1. In a telephone answering system for responding to telephone calls
      received over a telephone line and which comprises an announcement storage
      means and a message storage means and respectively associated transducers,
      and first and second means for driving said announcement storage means and
      said message storage means respectively relative to said transducers for
      producing a recorded announcement from the announcement storage means in
      response to an incoming telephone call during an announcement interval
      (T.sub.1) and for subsequently recording a message from the calling party
      on said message storage means during a message interval (T.sub.2), the
      combination of: first control circuit means for activating said
      announcement storage driving means in response to said incoming telephone
      call to reproduce said recorded announcement for transmission to the
      calling party during the announcement time interval (T.sub.1) and for
      de-activating said announcement storage driving means at the end of the
      announcement time interval (T.sub.1), so as to initiate the recording of
      the aforesaid message from the calling party on said message storage means
      during a subsequent time interval (T.sub.2); second control means coupled
      to said first control circuit means for developing a control signal during
      the time interval (T.sub.2) in response to discontinuous audio signals
      corresponding to said message for application to said first control
      circuit means to maintain said message storage driving means activated as
      long as said message continues; and hang-up circuit means connected to
      said first control circuit means for effectively disconnecting the
      telephone answering system from the telephone line for a brief interval at
      the end of the announcement interval (T.sub.1), thereby to re-establish a
      dial tone on the telephone line at the beginning of the message interval
      (T.sub.2) in the event the incoming telephone call is terminated during
      the announcement interval (T.sub.1).
NUM  2.
PAR  2. The combination defined in claim 1, in which said hang-up circuit means
      comprises a series-connected relay and capacitor, and normally-closed
      relay contacts connecting the system to the telephone line and operated by
      said relay.
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PAL  A telephone exchange of the time-division-multiplex type is provided with
      several synchronized circulating memories whose operating cycle is divided
      into, say, 100 phases corresponding to respective time slots of a
      communication frame whereby a multiplicity of conversations can be
      initiated and carried on simultaneously between calling and responding
      subscribers. These memories include a caller memory I, a responder memory
      N, a monitoring memory LP, a counting memory LK, and two ancillary
      memories LT.sub.1, LT.sub.2 respectively associated with the caller and
      the responder. Monitoring memory LP, registering the progress of a call in
      a corresponding phase thereof, defines up to 10 different states in the
      establishment of a connection; in the event of a toll call, state No. 10
      is followed by either state No. 11 or state No. 12, depending on whether
      the charge is to be debited to the calling or the called party, wherever a
      supervisory unit emits a rate pulse. In either case, the counting memory
      LK registers a series of clock pulses in successive cycles which measure
      the length of a charge pulse to be stored in ancillary memory LT.sub.1 or
      LT.sub.2 in the form of a bit recurring over a predetermined number of
      cycles. The charge pulse read out from the ancillary memory during the
      corresponding time slot of a frame is integrated and rounded in a
      harmonics suppressor before being used to modulate the amplitude of a
      high-frequency carrier delivered to the respective subscriber line for
      stepping a pulse counter connected thereto.
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PAC  FIELD OF THE INVENTION
PAR  Our present invention relates to a central debiting system for telephone or
      other telecommunication networks of the time-division-multiplex (TDM) type
      in which a central office or exchange, serving a multiplicity of
      subscriber lines, establishes connections (hereinafter referred to as toll
      calls) which are to be charged to the account of a participating
      subscriber. Such connections, as is well known, may interlink subscribers
      served by the same exchange or may include trunk lines extending between
      different exchanges.
PAC  BACKGROUND OF THE INVENTION
PAR  Systems for debiting a subscriber participating in a toll call are known,
      for example, from commonly owned U.S. Pat. Nos. 3,591,723 and 3,657,482
      granted to Giorgio Dal Monte. These systems, however, relate to exchanges
      of the space-division type, i.e. wherein the several subscriber lines (or
      their extensions terminating at the exchange) are physically separated and
      individually accessible through cross-bar switches or the like. Such
      debiting systems are not readily adaptable to the TDM exchanges in which
      simultaneous connections between different subscriber pairs are
      established in respective time slots of a communication frame recurring,
      for example, 8000 times per second so as to have a duration of 125 .mu.s.
      This type of TDM exchange has been described in commonly owned U.S. Pat.
      No. 3,581,016 granted to Saverio Martinelli and Giorgio De Varda. Such an
      exchange comprises a group of synchronously circulating memories for the
      temporary storage of data relating to the progress of the several
      connections concurrently established, the operating cycle of these
      memories coinciding with a communication frame and being subdivided into a
      multiplicity of phases (e.g. 100) corresponding to the time slots of that
      frame. More specifically, the group comprises a caller memory registering
      in its phases the addresses (i.e. call numbers) or respective calling
      parties, a responder memory registering in corresponding phases the
      addresses of respective called parties, and a monitoring memory whose
      corresponding phases contain entries which identify successive stages in
      the establishment and consummation of a connection. More particularly, the
      entries in the phases of the monitoring memory according to the Martinelli
      et al patent represent successive numerical values or "states", with state
      No. 10 denoting the completed establishment of a connection between a
      calling and a called subscriber preparatorily to the exchange of
      information between these subscribers.
PAC  OBJECTS OF THE INVENTION
PAR  The general object of our present invention is to provide a debiting system
      suitable for TDM exchanges.
PAR  A more specific object is to provide a system of this nature adapted to be
      used in an exchange of the type disclosed in the above-identified
      Martinelli et al patent.
PAC  SUMMARY OF THE INVENTION
PAR  The exchange of a TDM telecommunication network embodying our invention
      includes a supervisory unit which processes, in a manner known per se,
      certain information concerning an established toll call (such as the
      distance between the intercommunicating subscribers) to generate a
      succession of rate pulses indicative of the number of toll units to be
      charged to the account of one of the participating subscribers, usually
      the calling party. These rate pulses, which in the case of a trunk call
      may be derived from similar pulses arriving from a remote exchange, recur
      with a frequency depending on the applicable unit rate (e.g. charge per
      minute) and are to be registered on a counter individual to the subscriber
      to be debited. The supervisory unit is connected to one of the
      synchronized circulating memories, specifically the aforementioned
      monitoring memory, for registering a characteristic entry in a phase
      thereof assigned to a toll call upon the occurrence of each pulse relating
      to that call; in the particular instance in which state No. 10 is entered
      in that phase at the commencement of the toll call, i.e. upon the
      establishment of the connection between the subscribers, this
      characteristic entry may be designated state No. 11 and may be represented
      by the corresponding decimal value inscribed in binary form on the several
      memory tracks. The circuitry inscribing that characteristic entry in the
      monitoring memory controls a counting unit which preserves this entry in
      the assigned memory phase for a predetermined number of operating cycles.
      During that period, a pulse generator under the control of the monitoring
      memory emits a train of voltage pulses converted by an integrator into a
      single charge pulse which is delivered to the line of the participating
      subscriber that is to be debited for the toll call.
PAR  According to a more specific feature of our invention, the counting unit
      comprises a further circulating memory of the synchronized group, a
      numerical value progressively increasing over consecutive operating cycles
      being inscribed in the corresponding phase of this counting memory until
      it reaches a predetermined limit whereupon the writing circuitry for the
      monitoring memory cancels the characteristic entry previously inscribed
      therein. This cancellation may involve a restoration of state No. 10 in
      lieu of the previously entered state No. 11.
PAR  In accordance with another feature of our invention, the pulse generator
      controlled by the monitoring memory comprises an ancillary circulating
      memory of the same group, synchronized therewith, whose input circuit
      enters a bit in a corresponding phase thereof during each operating cycle
      in which the monitoring cycle carries the characteristic entry.
PAR  If the toll charge is to be debited either to the calling or to the called
      subscriber (the latter, for example, in the case of a collect call), two
      such ancillary memories may be provided. The characteristic entry may then
      take one of two forms, e.g. state No. 11 and state No. 12, depending on
      whether the calling or the called subscriber is to be debited; according
      to the form of that entry, one or the other ancillary memory is
      recurrently loaded with the bit.
PAR  The delivery of the charge pulse to the line of the subscriber to be
      debited, pursuant to still another feature of our invention, involves the
      modulation of the amplitudes of a carrier wave under the control of that
      charge pulse, the frequency of the carrier wave advantageously lying
      outside the band of voice frequencies to be transmitted over the
      subscriber line in the case of a telephone network. Filters may be
      provided to block the transmission of this carrier frequency to a common
      voice channel terminating at the exchange and to attenuate it toward the
      subscriber station. The generation of annoying transients, which could
      penetrate the filters, is avoided by a smoothing circuit which rounds the
      leading and trailing edges of the charge pulse; advantageously, the
      carrier frequency is cut off in the absence of a charge pulse so that its
      envelope, conforming to the charge pulse, has generally sinusoidally
      rising and falling flanks.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of our invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a block diagram of a debiting system embodying our invention;
PAR  FIG. 2 is a flow diagram relating to certain aspects of the operation of
      the system in FIG. 1;
PAR  FIG. 3 is a more detailed circuit diagram of part of the system; and
PAR  FIG. 4 is a set of graphs relating to the operation of the circuits shown
      in FIG. 3.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIG. 1 we have shown several subscriber lines L.sub.1, L.sub.2, . . .
      L.sub.n terminating at an exchange of the general type disclosed in the
      above-identified Martinelli et al patent, only so much of that exchange
      having been illustrated as is necessary for an understanding of our
      present invention. The lines L.sub.1 - L.sub.n are branches of a common
      transmission path, including a voice channel H and a service line S,
      through a network RC comprising couplers CL.sub.1, CL.sub.2 . . . CL.sub.n
      one of which, generically designated CL, has been shown in detail in FIG.
      3 described below.
PAR  Service line S extends to a central processor DT including a group of
      synchronized circulating memories, i.e. a caller memory I, a responder
      memory N, a monitoring memory LP, a counting memory LK, and two ancillary
      memories LT.sub.1, LT.sub.2. These memories are provided with respective
      input circuits RI, RN, RP, RK, RT.sub.1 and RT.sub.2 in the form of fixed
      logic matrices. Reinscription of entries read out of a given memory phase
      via the respective input circuit, in its original or in modified form,
      takes place via a feedback loop which has been respectively designated
      F.sub.I, F.sub.N, F.sub.P, F.sub.K, F.sub.1 and F.sub.2. For details of
      the construction of such a circulating memory and its writing and reading
      means, reference may be made to commonly owned U.S. Pat. No. 3,603,774
      granted to Saverio Martinelli et al.
PAR  The binary numbers constituting the entries in the phases of memories I and
      N are translated by associated decoders DI and DN into signals on
      respective leads 1', 2', . . . n' and 1", 2", . . . n" controlling the
      temporary closure of line switches SW (FIG. 3), operating as sampling
      gates, in their respective coupling circuits CL.sub.1 . . . CL.sub.n.
PAR  Memories I and LP have output connections to an interface unit IA which
      informs a supervisory unit CD of the progress of a connection to be
      established or already in existence. As described in the first-mentioned
      Martinelli et al patent, the address of the calling subscriber is
      inscribed in an assigned phase of memory I which happens to be vacant as
      indicated by state No. 0 in the corresponding phase of memory LP. When the
      caller dials the number of the party to be called, the latter number is
      inscribed via an interface unit IB and circuit RN in the parallel phase of
      memory N. The circulating addresses are continuously read out to a pair of
      decoders C.sub.1 and C.sub.2 which also periodically receive from unit IB
      the address of the party to be charged for a toll call. This determination
      may be made by unit CD from certain prefixes present in the dialed number.
PAR  From the information transmitted to it by interface unit IA, supervisory
      unit DC computes the frequency with which a rate pulse is to be emitted
      via a line t extending to interface unit IB which feeds the input circuits
      RN and RP associated with memories N and LP. These pulses coincide with
      the time slot assigned to the toll call in question and are generated when
      the corresponding phase of monitoring memory LP has reached state No. 10,
      indicating the interlinking of the two subscribers, after passing through
      the preceding states (Nos. 1 - 9) which are of no interest here.
PAR  The change of state of a phase of memory LP is controlled by supervisory
      unit CD in response to line tests periodically performed, as described in
      Martinelli et al U.S. Pat. No. 3,581,016, on the basis of the current
      state of that phase as reported to unit CD via unit IA from the output
      F.sub.P of memory LP.
PAR  Thus, the arrival of a rate pulse at unit IB during a particular time slot
      presupposes the existence of state No. 10 in the corresponding phase of
      memory LP as diagrammatically indicated by the symbol P/10 in FIG. 1. This
      rate pulse, indicated at X, reaches the input circuit RP while an address
      code Ut is delivered by unit IB to detectors C.sub.1 and C.sub.2 which
      compare that code with those stored in memories I and N. If the
      corresponding address is that of the calling party, registered in memory
      I, a first discriminating pulse U.sub.I appears in the output of detector
      C.sub.1 ; if it is that of the called party, registered in memory N, a
      second discriminating pulse U.sub.N appears in the output of detector
      C.sub.2. The discriminating pulse so produced is fed to circuit RP to
      change the state of the corresponding phase of memory LP from No. 10 to
      No. 11 or No. 12.
PAR  The change to state No. 11, indicating that the calling subscriber is to be
      charged, results in the transmission of a pulse P/11 from circuit RP to
      circuit RT.sub.1 associated with ancillary memory LT.sub.1. Similarly, the
      change to state No. 12 (indicating that the called subscriber is to be
      debited) causes the transmission of a pulse P/12 from circuit RP to
      circuit RT.sub.2 associated with ancillary memory LT.sub.2. Thus, pulses
      P/11 and P/12 satisfy the following logical equations:
EQU  P/11 = P/10 . U.sub.I . X                                  (1)
EQU  p/12 = p/10 . u.sub.n . x                                  (2)
PAR  if either state No. 11  or state No. 12 is read out from a phase of memory
      LP, input circuit RK associated with counting memory LK unblocks a line CK
      from a nonillustrated clock circuit which times the operation of the
      exchange and whose operating frequency corresponds to the recurrence rate
      of the time slots. Thus, the coincidence of a clock pulse with such an
      output from memory LP causes the entry, in a corresponding phase of memory
      LK, of a numerical value which progressively increases during successive
      frames until it reaches a predetermined limit as detected by a
      nonillustrated comparator in circuit RP. At this point the circuit RP
      cancels the emission of pulse P/11 or P/12 and restores state No. 10 in
      the corresponding phase of memory LP, thus preparing the way for the
      emission of a new rate pulse by unit CD.
PAR  The presence of a pulse P/11 in the input of circuit RT.sub.1 causes the
      inscription and continuous recirculation of a bit "1" in the corresponding
      phase of ancillary memory LT.sub.1. Similarly, the presence of a pulse
      P/12 in the input of circuit RT.sub.2 enters and maintains a bit "1" in
      the corresonding phase of ancillary memory LT.sub.2. The bits so entered
      are read out via a respective line t.sub.1 or t.sub.2 to a matrix Mt
      formed by extensions of the output leads 1' - n' and 1" - n" of decoders
      DI and DN. Through respective diodes D' or D", the voltage on line t.sub.1
      or t.sub.2 energizes the corresponding set of leads of the matrix at the
      instant when one of these leads, i.e. the one to which the phase here
      considered has been assigned, is driven positive by the associated decoder
      DI or DN. This gives rise to a train of voltage pulses T.sub.1, T.sub.2, .
      . . T.sub.n applied to the corresponding coupler CL.sub.1, CL.sub.2, . . .
      CL.sub.n in network RC, the pulse train being converted within the coupler
      into a charge pulse of predetermined duration as described hereinafter
      with reference to FIGS. 3 and 4.
PAR  In FIG. 2 we have diagrammatically illustrated the changeover of a phase of
      memory LP among states Nos. 10, 11 and 12, state No. 0 having been
      included for the sake of completeness. The phase is advanced to state No.
      11 or No. 12 in conformity with logical equation (1) or (2); the
      switch-back to state No. 10 takes place in accordance with the logical
      equation
EQU  P/10 = P/11. P/i + P/12. P/i                               (3)
PAL  where P/i denotes the output of the comparator within circuit RP upon the
      stored value in memory LK reaching its predetermined limit (i). The return
      to state No. 0 occurs, of course, upon termination of the call.
PAR  FIG. 3 shows details of the coupler CL to which a train of pulses T is
      being applied; see also graph (a) of FIG. 4. This pulse train energizes
      the base of a normally nonconductive NPN transistor TR.sub.1 whose emitter
      is grounded and whose collector is connected to a source of positive
      voltage +12V through a time-constant network comprising a capacitor C and
      a pair of resistors R.sub.1, R.sub.2 constituting a voltage divider.
      Transistor TR.sub.1, forming the first stage of a multistage amplifier,
      and time-constant network C, R.sub.1, R.sub.2 form part of an integrator M
      which converts the pulse train T into a single charge pulse P as shown in
      graph (b) of FIG. 4; for this purpose the time constant of the network
      must be greater than the frame period of, say, 125.mu.s. Voltage divider
      R.sub.1, R.sub.2 normally biases to cutoff the base of a second-stage PNP
      transistor TR.sub.2 whose emitter is connected to the positive pole +12V
      and whose collector is connected to the negative pole -12V of the voltage
      source via a smoothing network comprising a series resistor R.sub.3 and a
      shunt capacitor C.sub.1 in parallel with a resistor R.sub.4 in the input
      of a third-stage NPN transistor TR.sub.3. The latter transistor, whose
      base is tied to the collector of transistor TR.sub.2 by way of resistor
      R.sub.3, has its emitter joined through a resistor R.sub.5 to negative
      voltage -12V and is also normally nonconductive; smoothing network
      C.sub.1, R.sub.3, R.sub.4 rounds the leading and trailing edges of charge
      pulse P as illustrated at P'  in graph (c) of FIG. 4.
PAR  A fourth amplifier stage comprises a pair of matched NPN transistors
      TR.sub.4 and TR.sub.5 whose emitters are connected in parallel to the
      collector of transistor TR.sub.3 via respective resistors R.sub.6 and
      R.sub.7. Amplifier stages TR.sub.1 - TR.sub.5 form part of a modulator SM
      also including a local oscillator OS emitting a carrier wave whose
      frequency, e.g. of 16 kHz, lies well above the band of voice frequencies
      transmitted over the subscriber lines L. Oscillator OS, which is common to
      the several couples LC, works through a resistor R.sub.9 into the base of
      transistor TR.sub.4 whose counterpart TR.sub.5 has its base grounded
      through a resistor R.sub.8. The collectors of these two transistors are
      interconnected through the primary winding of a modulating transformer TA
      whose midpoint is connected to positive voltage +12V.
PAR  Subscriber line L is connected to voice channel H (here shown as a coaxial
      line) via an extension L' through the intermediary of a coupling
      transformer TU; line extension L' contains the usual voice filter FU',
      passing a speech band in the range of 300 to 3400 Hz, and also includes a
      low-pass filter FU" blocking the carrier frequency of oscillator OS. The
      secondary of transformer TA is connected across line extension L', between
      the two filters FU', FU", in series with a capacitor C.sub.2 forming
      therewith a resonant circuit which is tuned to the carrier frequency of 16
      kHz. The two filters FU' and FU" prevent that carrier frequency from
      reaching either the subscriber line L or the voice channel H which is
      periodically connected to line L', in the active condition of that line,
      through closure of a sampling switch SW. Modulating transformer TA lies at
      a junction of band-pass filter FU' with the common voice channel H from
      which it is separated by the low-pass filter FU".
PAR   A pulse counter CU is connected across the secondary of transformer TU to
      receive the charge pulse P' which modulates the envelope of carrier wave
      cw as shown in graph (d) of FIG. 4. The rounding of the edges of the pulse
      P' entails a gradual, generally sinusoidal rise and fall of the flanks of
      that envelope to eliminate objectionable transients. This envelope is
      detected by the filter FU" and reaches the pulse counter CU while the
      carrier itself does not. Even though oscillator OS operates continuously,
      transformer TA is not energized in the absence of a pulse train T since
      its circuit is interrupted by the nonconductive transistor TR.sub.3.
PAR  The toll charge registered in counter CU may be stored in an associated
      section of a memory, e.g. as disclosed in the aforementioned Dal Monte
      patents, or may be recorded in some other convenient manner.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a time-division-multiplex telecommunication system including an
      exchange serving a multiplicity of subscriber lines, in combination:
PA1  central-office equipment at said exchange for establishing a connection
      between a calling subscriber and a called subscriber, at least some
      connections so established being toll calls to be debited to participating
      subscribers, said equipment including a group of synchronously circulating
      memories for the temporary storage of data relating to the progress of a
      multiplicity of connections concurrently established in respective time
      slots of a recurrent communication frame, each of said memories having an
      operating cycle coextensive with said frame and subdivided into a
      multiplicity of phases corresponding to the time slots of said frame;
PA1  supervisory means operative upon the stablishment of a toll call in one of
      said time slots for generating a succession of rate pulses indicative of
      the number of toll units to be charged to the account of a subscriber
      participating in said toll call;
PA1  circuit means connecting said supervisory means to one memory of said group
      for registering a characteristic entry in a phase thereof, assigned to
      said toll call, in response to a rate signal;
PA1  counting means controlled by said circuit means for preserving said
      characteristic entry in said assigned phase for a predetermined number of
      operating cycles;
PA1  pulse-generating means controlled by said one memory for emitting a voltage
      pulse upon each occurrence of each characteristic entry in successive
      operating cycles;
PA1  integrating means connected to said pulse-generating means for converting a
      train of said voltage pulses into a single charge pulse; and
PA1  output means connected to said integrating means for delivering said charge
      pulse to the line of the participating subscriber to be debited for the
      toll call.
NUM  2.
PAR  2. The combination defined in claim 1 wherein said counting means comprises
      a second memory of said group, writing means for inscribing in a
      corresponding phase of said second memory a numerical value progressively
      increasing over consecutive operating cycles, and reading means connected
      between said second memory and said circuit means for canceling said
      characteristic entry upon said numerical value reaching a predetermined
      limit.
NUM  3.
PAR  3. The combination defined in claim 2 wherein said pulse-generating means
      comprises a third memory of said group provided with input means for
      entering a bit in a corresponding phase thereof during each operating
      cycle in which said characteristic entry is present in said one memory.
NUM  4.
PAR  4. The combination defined in claim 2 wherein said supervisory means has a
      pair of alternate outputs for discriminating between toll connections
      charged to the account of a calling subscriber and toll connections
      charged to the account of a caller subscriber, said characteristic entry
      assuming one of two alternate forms depending upon which of said outputs
      is energized; said pulse-generating means comprising a pair of further
      memories of said group provided with input means for entering a bit in a
      corresponding phase of either of said further memories, depending upon the
      form of said characteristic entry, during each operating cycle in which
      said characteristic entry is present in said one memory.
NUM  5.
PAR  5. The combination defined in claim 1 wherein said output means comprises a
      source of carrier wave and modulating means connected to said integrating
      means and to said source for varying the amplitude of said carrier wave
      under the control of said charge pulse.
NUM  6.
PAR  6. The combination defined in claim 5 wherein said subscriber lines are
      voice channels, said carrier wave having a frequency outside the band of
      voice frequencies.
NUM  7.
PAR  7. The combination defined in claim 6 wherein said subscriber lines are
      branches of a common voice channel terminating at said exchange, each of
      said branches being provided with a band-pass filter giving passage to the
      band of voice frequencies, said modulating means being connected to the
      corresponding branch at a junction between said band-pass filter and said
      common transmission path.
NUM  8.
PAR  8. The combination defined in claim 7 wherein each of said branches is
      further provided with a filter network blocking said carrier frequency,
      said filter network being interposed between said common voice channel and
      said junction.
NUM  9.
PAR  9. The combination defined in claim 5 wherein said modulating means
      comprises amplifier means provided with biasing means for cutting off said
      carrier wave in the absence of said charge pulse and further provided with
      smoothing means for rounding the edges of said charge pulse with
      corresponding rounding of the envelope flanks of said carrier wave.
NUM  10.
PAR  10. The combination defined in claim 9 wherein said amplifier means
      comprises a plurality of cascaded transistor stages including a normally
      nonconductive first stage rendered conductive by said voltage pulses, a
      normally nonconductive second stage adapted to be driven conductive by
      said biasing means, a normally nonconductive third stage adapted to be
      driven conductive by said smoothing means, and a fourth stage constituted
      by a pair of matching transistors with emitters connected in parallel to
      the output of said third stage, with bases respectively connected to said
      source of carrier wave and to a point of fixed reference potential, and
      with collectors connected across said line through a tuned circuit
      resonant at the frequency of said carrier wave.
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ABST
PAL  A telecommunications system using TDM principles for signalling and speech
      path usage plus PAM principles for speech transmission. Each function
      circuit such as a trunk, link or register, etc. is allocated a basic time
      slot or channel for initiation of its function when indicated. The active
      period of each function circuit is continued during the period of three
      succeeding time slots. In this way, up to four function circuits or
      channel units may be active during a finite period of time.
PAL  In the system, a line is scanned at the end of each complete scan of all
      channels, thereby lessening the complexity of associating a line and a
      function circuit. The system shown uses the dual highway principle for its
      speech path and provision is made in each line circuit for switching onto
      both highways.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Telecommunications systems employing time division switching are, of
      course, well-known in the art. Such systems have employed many different
      approaches, the most prevalent being those which allocate each time slot
      to a conversation path. Where systems assign a time channel to each
      function circuit, all activities relative to the call in process over a
      channel are generally consummated during that channel period. Frequently,
      this processing is accomplished by subdividing the channel period into
      individual sub-periods for each step in the sequence. Thus, the duration
      of each time slot must be lengthened to provide the serial transmission of
      data.
PAR  Other systems combine both time division and space division to provide
      sufficient time slots and line capacity. Still other systems employ a
      single closed loop and transmit information on the loop only as from one
      line to another line, each line having a fixed time slot appearance on the
      line.
PAR  Within the general framework of TDM switching, either one of two basic
      approaches have been used, these being the single highway and the dual
      highway approaches. With a single highway, allocation of channels for each
      direction of transmission is necessary while the dual highway provides
      unidirectional flow of information with the necessity of synchronizing and
      maintaining synchronization of channels.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a telecommunication exchange using time division
      switching and PAM speech transmission. Any known PAM approach may be used
      herein. The present system is a dual highway system in which one highway
      is used for the receipt of message information and the other is used in
      the transmission of message information.
PAR  Within the system all function circuits or talking circuits such as
      registers, local links, C.O. trunks, and special features circuits are
      permanently assigned individual time slots or channels. Thus, only the
      addresses of the calling and called parties need be stored in the time
      slot for a call in process. A final time slot in each time slot frame is
      assigned to the line-scanning function.
PAR  Each time slot as assigned to a function circuit may be considered a basic
      time slot with one function occurring during the basic time slot. Each
      function circuit employs in total four time slots, three subsequent to the
      basic slot. During a basic time slot, such as time slot No. 1, information
      is fed or transferred into the processor for function circuit No. 1.
      During the next time slot (time slot No. 2), information is processed for
      circuit No. 1 while information regarding function circuit No. 2 is being
      transferred in. During the next time slot, information is transferred in
      for function circuit No. 3, information is processed for circuit No. 2 and
      information is decoded or processed further for function circuit No. 1.
      During the fourth time slot, information is transferred in for the circuit
      No. 4, processed for circuit No. 3, decoded or processed for circuit No. 2
      and the call condition or status is re-stored in the memory for circuit
      No. 1. In this way, each function circuit is acted upon during four time
      slots, the added slots being disposed adjacent the basic time slot for
      that circuit. Up to four function circuits may be involved independently
      in call processing during a particular time slot.
PAR  Within each line circuit is provided switching capability for each of the
      dual highways. Actual switching of the highway connections at a line
      circuit is performed by FET devices, with logic controlling the FET
      devices. Each line circuit thus has four FET's, one for origination and
      one for termination on each highway. The state of the FET's is stored in
      the logic so that busy testing may be performed by interrogating the
      logic.
PAR  The system is controlled by an electronic control processor which receives
      data from a plurality of function circuits in parallel, there being up to
      eight data bus leads per time slot (status and identity).
PAR  Thus, it is an object of the invention to provide a new and improved local
      telecommunications exchange using TDM principles.
PAR  It is a further object of the invention to provide a telecommunications
      exchange using TDM principles in which the time slots are assigned to
      specific individual function circuits such as links, trunks and conference
      circuits.
PAR  It is a still further object of the invention to provide a
      telecommunications system using TDM principles in which each time slot is
      assigned to a particular operational circuit and in which the circuit is
      active during a plurality of time slots to receive information in parallel
      form.
PAR  These and other objects, features and advantages of the invention will
      become apparent from the detailed specification viewed in conjunction with
      the drawings described briefly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram of the system using our invention;
PAR  FIG. 2 is a schematic block circuit diagram of a line circuit of FIG. 1;
PAR  FIG. 3 is a schematic block diagram of the register of FIG. 1;
PAR  FIG. 4 is a detailed circuit of a local link circuit of FIG. 1;
PAR  FIGS. 5-7 form a schematic circuit diagram of greater detail of the
      recirculating memory of FIG. 1;
PAR  FIG. 8 is a schematic circuit diagram of the line scanner of FIG. 1;
PAR  FIG. 9 is a block diagram showing of the location of FIGS. 5-8 relative to
      one another;
PAR  FIGS. 10-12 form a schematic circuit diagram in greater detail of the
      central processor of FIG. 1; and
PAR  FIG. 13 is a block diagram of the location of FIGS. 10-12 relative to one
      another.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In FIG. 1, we show a block diagram of a telecommunications system designed
      to service up to 100 lines in the form of a local PABX. Each line has a
      line circuit 12 interconnecting between the exchange and the telephone
      stations on that line. Two such line circuits are shown, each with one
      telephone station, the stations being indicated by circles denoted by
      reference numeral 14A and 14B.
PAR  As is conventional, there are provided a plurality of local links 16 (only
      one of which is shown) for completing and supervising local calls. In one
      exemplary system, up to twelve local links may be provided. For calls to
      and from a remote central office, one or more central office (C.O.) trunks
      20 are provided, the number of such trunks provided being dependent on the
      grade of service to be provided between the local exchange and the central
      office. In addition, tie lines may be provided (none being shown) and
      preferably the number of tie lines and C.O. trunks should not exceed
      twenty-four in total within the exemplary embodiment described.
PAR  An attendant position or console 24 may be provided, the console having
      connected thereto including at least one local link, line circuit and
      control circuit along with a register, these being collectively identified
      by the numeral 26. The functioning of the attendants console and C.O.
      trunk will not be described in detail herein, as not being necessary to
      the understanding of the general principles of the system.
PAR  Also shown in FIG. 1 is one register 30 which is used to register called
      station information as will be described. As many as four registers may be
      provided in the system shown.
PAR  The present system uses TDM principles and provides 64 time slots, each
      time slot being of one microsecond duration. With a system comprised of 64
      time slots per frame or cycle, a complete time slot or channel scan cycle
      of channel scanner 34 as controlled by master clock 36 occurs in 65
      microseconds. One line is scanned during the final time slot of each
      channel scan frame by a line scanner 40, so that a full line scan of the
      one hundred lines of the system occurs in 6.4 milliseconds.
PAR  In the system, all talking or function circuits such as trunks, registers,
      local links, conference links, paging circuits, etc. are considered to be
      channel units and are assigned a time slot. There are sixty-four of these
      time slots; however, only a maximum of 62 may be used for speech-carrying
      circuits and one slot is used for line scan. Thus, the maximum number of
      function circuits is 62.
PAR  Within the system, most of the interconnection of the function circuits to
      the central processor 42 is by the use of common data bus leads connecting
      the control processor 42 to the various channels. These circuits generate
      their own identity code by strapping, and therefore, circuits of the same
      physical size can be plugged into like positions, i.e., a trunk can be
      inserted into a tie line and function properly as a C.O. trunk. As the
      positions are assigned one, three or four time slots each, care must be
      exercised in choosing the required positiion. However, a four-link board
      inserted into a three-time slot position, will allow three links to be
      operational.
PAR  The master clock 36 controls two scanning functions, the first being the
      channel scanner 34 which scans the channels sequentially and after a
      complete scan, increments the line scanner 40 by one to cause a line to be
      scanned during the last slot of each frame.
PAR  Each channel when scanned transmits data in a parallel format to the
      control. This data comprises: (1) The channel identity; (2) Status of the
      channel (free, busy, etc.); and (3) Station number (in the case only of
      registers).
PAR  The central control (processor) 42 processes data received from the
      function circuits, the memory 44, and from the register, and returns data,
      if required, to the channel two time slot periods later, i.e., data read
      out on channel No. 1 will be returned to channel No. 1 during the read
      period of channel No. 3.
PAR  The purpose of the line scan is primarily to process "requests for service"
      from a station. On receipt of a request, the number of the calling line is
      stored in the memory and transferred to a free register to connect the
      line circuit to a channel. Subsequent line scans past that number no
      longer comprise requests for service, as a busy indication is now
      provided.
PAR  Data is transferred from the function circuits to the processor 42 and
      memory 44 in coded form (the processor and memory jointly forming the
      common control) over a plurality of bus leads, the bus leads being common
      to the function circuits and entitled "Channel Data In" in FIG. 1. This
      data comprises identity leads, status leads and terminating number data,
      using four leads for identity, four leads for status and four leads for
      hundred numbers, four leads for tens numbers and four leads for units.
      Data from the control to the function circuits is sent in uncoded form on
      twelve input leads symbolically shown in FIG. 1 by one lead entitled "Data
      Out". From the memory to the line circuits data is sent over the leads
      labeled "Line Data Out".
PAR  On a call being originated, and found by the line scan, a register is
      activated during the next time frame to process that call. The register
      remains in the call processing mode until all digits are received and
      analyzed. If the call is a local call, three digits are dialed and the
      digits are stored in the register. A busy test of the called line is
      initiated, and the register is dropped once an idle called line has been
      found. A link is activated to supervise the call once an idle line has
      been found.
PAR  A station-to-station call may be traced as follows: Assume station 14A is
      calling station 14B. When station 14A goes off-hook, the Line Circuit 12A,
      a signal on the originate scan output lead to the Processor is routed to
      the Memory and to a line scanner which determines the number of the
      calling station and stores the number. A proper free or busy signal to the
      processor indicates the line circuit is now busy.
PAR  The processor causes an idle register to be transferred to control the call
      and applies a dial tone enable signal to the Common Services, which
      applies dial tone to station 14A via the RxO path of the common highway
      and line circuit 12A of station 14A. Dial tone is routed to the common
      highway and to station 14A only during the time slot allocated to the
      register (one microsecond every sixty-four microseconds). The units and
      tens outputs of the memory, corresponding to line 14A, along with a
      receive enable signal, enables line circuit 12A of station 14A.
PAR  When the dial tone is received, the three-digit station number of called
      station 14B with prefix 2 and the desired tens and units digits, is
      dialed, dial tone being removed when the first digit is dialed. The
      station may dial rotary dial pulses or multifrequency tones. When the
      station is rotary dial, the dial pulses are applied to the register via
      the line circuit and the processor. When station signalling uses
      pushbutton MF tones, the multi-frequency tones are applied to the register
      via the line circuit, a first originate path of the common highway and a
      second terminate path of the common highway. The register counts the
      dialed information and applies the information, in binary form to the
      processor and the memory. When the dialed number is received, the
      processor, using status information from the called line circuit
      determines that the line is free. The processor transfers control of the
      call to a free local link, releases the register, and the memory stores
      the calling and called station numbers in the time slot allocated to the
      local link.
PAR  During the time slot allocated to the local link: The called station units
      and tens outputs of the memory enables the ringing circuits of line
      circuit 12B of station 14B causing interrupted ringing to be applied to
      the called station. The calling station units and tens outputs of the
      memory enables the talking path of the calling line circuit, and ring tone
      is applied to the calling station. Ring tone is connected into the
      originate path of the common highway by the ring tone enable signal from
      the processor.
PAR  When the called station answers, its off-hook terminator and free/busy
      signals to the processor cause the ringing to be removed from the called
      station and the ring tone to be removed from the calling station. At this
      time the intercom lamps at the calling and called stations will be
      illuminated. Supervision between the station line circuits is now
      maintained by the local link.
PAR  During the time slot allocated to the local link, the units and tens
      outputs of the memory for the calling and called stations are applied to
      the calling and called line circuits respectively. In conjunction with the
      receive enable signal, the talking circuits of both line circuits are
      enabled during the one microsecond time slot. Four paths (transmit and
      receive originate and transmit and receive terminate) of both line
      circuits are enabled and the power board connects the transmit-originate
      path to the receive-terminate path and connects the transmit-terminate
      path to the receive-originate path. Thus, during one microsecond out of
      every 64 microseconds, the talking paths of the two stations are
      connected.
PAR  When the call is complete, the first station goes on-hook, the other
      station is locked out and receives busy tone if it does not go on-hook.
      The processor releases the local link and that time slot is free for
      another call.
PAR  Assume that when the originating station had dialed the desired number, the
      called station was busy. In this case, the processor would return a busy
      lockout signal to the line circuit and busy tone would be applied to the
      calling station.
PAR  Assume that the originating station had dialed an unavailable number. In
      this case, the processor would return an unavailable lockout signal to the
      line circuit, and reorder tone from the board would be applied to the
      calling station.
PAR  In FIG. 2, we show a simplified line circuit which performs four basic
      functions, provides a speech path, provides ring control, provides a
      constant current talking battery and provides off-hook detection. Included
      is a hybrid 50 for speech transmission with an amplifier 51 and 52 for
      each speech path, these being the receive the transmit of the dual
      highway. The amplifiers, as shown symbolically may be considered to
      include the PAM multiplexing and demultiplexing as necessary. Each highway
      has two possible activation paths, one for call origination and the other
      for call termination. Each activation path is controlled by an FET devcie,
      these being indicated by an X in a circle. Four FET devices (60-63) are
      provided, one for each possible path with each FET controlled by a logic
      network 65, the logic network being responsive to line and channel scan
      for operating the designated FET during a basic time slot. With an FET
      activated, contact 68 responsive to the hybrid energization closes a
      ground path to the hold latch 70 and consequently, latch 75 to mark the
      line as busy.
PAR  On an outgoing call, the calling party goes off-hook in the normal manner.
      This closed loop condition provides a preliminary enabling signal on lead
      72 to enable a line scan lead. When the line scan reaches the line seeking
      service, the originate FET's are activated for the basic period of the
      line scan, time slot 64. During the ensuing time frame, an available
      register is activated and the identification of the calling line is
      transferred into memory for subsequent use.
PAR  On a call coming to a station such as that whose circuit is shown in FIG.
      2, first the free or busy FB lead is scanned during the time slot of the
      register handling the call and on an idle indication returned, the further
      handling of the call is transferred to the local link circuit during its
      time slot. During the link time slot over line scan and channel scan
      leads, the terminate FET's 60 and 62 are activated by logic 65 and provide
      ringing current to the station.
PAR  A start-ring indication is received from the processor over leads 72 and 74
      to operate latch 75 and mark the line circuit FB lead as busy. The ring
      relay 80 is actuated to transfer its contacts 81 to open the hybrid path
      and to close a path to the off-hook detector 84. A path is completed to
      gate 86 to provide ringing signals to the L lead and across tip, ring and
      RT leads.
PAR  On the called party going off-hook, detector 84 is activated to cause relay
      80 to shut off and remove the input signal over lead 88 to gate 86. Relay
      80 on release restores its contacts 81 to remove ring detection and to
      reclose the talking path.
PAR  In FIG. 3, we show in block form a register as used herein. A plurality of
      registers is provided, each register having a basic time slot assigned to
      it. One register indicated as having an idle status on leads 111 is
      allocated to handle a call on receipt of an off-hook signal determined to
      be a request for service. The register receives dialed digits, stores the
      digits, performs a busy test on the called line, and if the line is busy
      provides an indication to the processor so that a busy tone may be
      returned to the caller. The register is then free to release. If digits
      are not dialed within a predetermined time limit, the call is terminated.
      If the called line is not busy, the allocation of handling the call is
      passed on to the local link by the processor.
PAR  To perform these functions, the register 30 of FIG. 3 includes a
      multi-frequency tone detector 101 to validate and accept keyed digits.
      These digits are decoded in decoder 103 to binary coded decimal form (BCD)
      for passage through inverter gate stage 105. On receipt of dialed digits,
      timer 110 times the interdigital pause, and the digits are counted in
      counter 112. In either case, digits are passed to separate four-bit
      latches 121, 123 and 125 for hundreds, tens and units respectively, for
      executing a busy test on a called line. The status of the FET controlling
      logic of the line circuit of the called line is checked on the FB lead.
      When the FB lead indicates the line is idle, the call is transferred by
      the processor to the time slot of an available local link if a local call
      is indicated. If a trunk is called, the operation of the processor circuit
      is similar to transfer the call to a trunk time slot following receipt of
      the first or hundred digit 9.
PAR  The local link 16 of FIG. 4 provides supervisory control for a local call
      through the ringing and conversation stages. As mentioned previously, each
      link of the plurality available is provided with a separate time channel.
      A called line is tested for a busy condition by the register prior to
      transfer to control by the link, and a link is only called into operation
      when the called line is found to be idle. Thus, the call is transferred
      from the register in use to a link by seizing an available link over data
      input lead SI-1. The link when seized is latched by latch 201 and the data
      input leads SI-2 and SI-3 are connected to th called line through
      processor 42 over data out leads SO-1 and SO-4 to memory and the called
      line circuit.
PAR  Gate 205 of the link is pulsed by the processor to gate data in, the
      signals being coincident with clock-generated signals received over lead
      C1 to internal clock 207 to gate the signals between the calling and
      called line. Off-hook sensing is performed over leads SI-2 and SI-3 for
      supervising calls in process.
PAR  The memory of FIGS. 5-7 comprises a 64-bit shift register, sixteen bits
      wide to provide for each channel, memory of both the originating and
      terminating numbers. The upper portion of the circuit of FIGS. 5-7
      comprises the terminate station data section while the lower portion
      comprises the originate station data portion, the portions being virtually
      identical one to the other. This memory shift register has 60 circulating
      shift stages of memory and has four operative final stages, one for
      transferring in or the writing of data for processing, a second for
      processing data, a third for decoding data and a fourth for writing in
      data for the next frame or cycle. These areas may be seen in FIGS. 5-7 as
      designated across the top of the figures. Thus, the memory of FIGS. 5-7
      provides the recirculating control of the channel unit being implemented
      at each finite time period and the memory acts to time position the
      four-channel simultaneous activity within the final four stages.
PAR  Within the memory, the storage area comprises terminating station data
      stores 311, 313 and 315 and originating number data stores 321, 323, and
      325, the calling or originating station numbers and the called station or
      terminating numbers being stored in coded form in the stores. Information
      passes through a plurality of coding stages. Terminating station
      information from the stores in multiplexed withn two to one multiplexer
      stages 331 and 333. Digital information in both terminating and
      originating stores is converted within respective parallel-to-series
      converters 340 and 342 within the start of the writing stage for
      subsequent processing of the serial data. Information from the particular
      channel whose basic time period has arrived are first converted within
      stage No. 1 to serial data. This serial data is then transmitted to stage
      No. 2 for processing. This step comprises the comparison of stored station
      numbers with numbers stored in the individual channel coupled circuits
      such as links, etc. This comparison is performed continuously to determine
      whether transfer to another channel is necessary.
PAR  The comparison of stored addressed within a line or trunk and that of a
      station stored in the memory as being involved in the call provide the
      basis of the call processing function. The output of comparator 350 of the
      comparison stage is transmitted on lead 352 to the processor (FIG. 11), as
      will be explained. The processing stage as initiated by the comparator 350
      occurs during the time period next after the basic time period for a
      channel.
PAR  Serial information from converters 340 and 342 is fed to shift registers
      360 and 362 during the processing period for each channel. Within this
      time period, data passed down the recirculating memory is decoded within
      selectors 370 and 372. In this stage, any new station numbers to be
      inserted into a time channel are entered into the memory for decoding and
      subsequent storage in the memory over a path from lead 375 from the
      processor through the comparison stage to selectors 370 and 372. Data is
      decoded or re-encoded in selectors 370 and 372 and series-to-parallel
      converters 377, 378 and 379. The data is subsequently coded, written and
      stored in latches 380, 382, 384, 386, 389 and 391 for recirculation to the
      memory through multiplex stages 390 and 392 by way of stores 395, 396 and
      397.
PAR  FIGS. 7 and 8 also include the line scanner. As mentioned, the line scanner
      is activated once for each frame or cycle of the memory scan. First of
      all, the line decoders 404-406 of the line scanner are enabled to enable
      the particular line circuit being scanned during the particular time
      period for call origination. Decoders 401-403 provide the terminating line
      circuit decoding. The line being scanned is incremented by one from the
      line circuit scanned during the preceding line scan period.
PAR  The line circuit enabling is accomplished by converting the number of the
      line circuit being checked from BCD form into decimal form with one line
      circuit being enabled by a combination of energization of its tens and
      units digit leads. The line scan is effected by scanning of the logic
      controlling originate FET's of the line circuit for their condition and
      thereafter ascertaining that no busy signal is present on the FB lead. The
      coincidence of these conditions (1) render the FET's of the originating
      line circuit conductive, and (2) determine that there is no busy signal on
      the FB lead. Then the line considered to be calling has its number stored
      in stores 395-397 (FIG. 5) for transfer to an available digit register
      during the time period of an available register during the next frame.
PAR  The processor 42 is shown in detailed form in FIGS. 10-12. The processor
      provides the functions of decoding call control information from channel
      visits such as the register, and routing the call in conjunction with the
      information received from the channel unit.
PAR  The processor is involved during a change of status condition when logic
      and next step control are necessary. Further, the processor provides
      enabling for transmission of tones to lines involved in a call. The
      processor determines when a transfer to another time slot is indicated and
      performs that transfer.
PAR  The processor of FIGS. 10-12 analyzes received information for call routing
      and for selection of suitable channel circuits responsive to input
      conditions, and for the transfer of control data concerning the calling
      and the called station to the memory area of the channel section to which
      control is being transferred.
PAR  Information is fed into the processor each microsecond or channel time slot
      even if nothing is happening, the feeding of information being for the
      determination as to whether processing is necessary or not.
PAR  The processor may be considered as having four stages coincident with the
      four stages of the memory. Thus information is read or transferred in
      during one time slot, processed during the next time slot, decoded during
      a second processing step and written again into the memory during the
      fourth stage.
PAR  The following processor description is premised on the usual numbering
      arrangement used in telephony, i.e., the number zero as the first digit
      (in this instance, the hundreds digit) denoting a call to an operator, the
      first digit 9 indicating an outgoing trunk call, the first digit 8
      indicating a tie line call, and the first digit 2 denoting a local call.
      Thus, the processor receives a signal from the register as to the first
      digit dialed and causes a function circuit of the desired type to be
      transferred to control of the call in question.
PAR  The processor is connected to receive call routing information from the
      register in the form of the number of the called or terminating station.
      This number is received on leads H, T and U noted as 510 at the inputs to
      four to ten line decoders 512, 514 and 516. The outputs of these decoders
      are encoded in a thirty-two line to five-line encoder 520, the five data
      lines being transmitted into six-bit latch 522 for temporary storage.
      Concurrently with the dialed data, status and identity information from
      the registers is received on the two, four-bit latches, 524 and 526.
PAR  The output of latch 522 passes in parallel to logic network 525 for
      enabling purposes, and to the four-to-one multiplexers or pre-encoders
      530, 532, 534 and 536 within the data processing stage. The multiplexed
      information is then transferred to the programmable read only memory 535.
      Memory 535 is an integrated circuit unit of the type manufactured and sold
      by many manufacturers of such electronic circuits under the general class
      of programmable read only memory (PROM). This memory as programmed,
      provides a decoding a data for comparison with status and identity
      information from the channels through latches 524 and 526. The decoded
      output is forwarded to latches for comparison with data from the channels.
      Thus, when there is a positive comparison between the coded information
      from the PROM and from the channel unit being processed, the call is
      transferred to that channel unit or function circuit for control of the
      call.
PAR  In the event that the processor has a transfer in process and is awaiting
      the time slot of a function circuit for handling that call, the data of
      the call being transferred is stored in latches 582 and 583 awaiting the
      comparison. Other signals received from function circuits will pass
      unprocessed through memories 601-604 for rewriting in the memory during
      the properly addressed time slot. Rewriting through this path provides an
      indication that the processor will handle the call transfer during a
      subsequent cycle. If information being processed is incapable of being
      processed, such as errors, excess noise, ets., the processor will make
      four attempts to process the data. The information is stored during those
      four cycles and will be cancelled as invalid information at the end of
      four cycles.
PAR  Class of service information is forwarded to multiplexers 540 and 542 for
      encoding and pre-selection along with information for vacant number
      intercept. This information is also sent to a read only memory 544 and
      six-bit latch 546 for aiding in the call routing and/or transmission of
      tones.
PAR  From the class of service read only memories 540 and 542, an output is
      provided to busy gate 550 at the output of latch 548, the busy signal path
      being traceable through amplifier 560 to gate 562 of logic network 525.
      This path is used to enable busy signalling. The output of logic network
      525 is fed to multiplexers 530 and 534. A further output of memory 544 is
      fed to flip-flop 570 and decoder 572. A second output from flip-flop 570
      may be traced on write lead 574 to gate 576 of logic 525.
PAR  The output of memory 535 is fed to the latches 581-586, for call
      processing. The output of latches 581-583 is fed to comparators 590-591 to
      control the transfer during the first processing period through NAND gate
      592 to the memory over gates 601-604 for writing of information in the
      memory. From the decoder 572, other output leads are connected to latches
      611, 612 and 613 to provide search control, write number control and write
      status control respectively through gates 621-626 in conjunction with
      clock pulses received over lead CLK at the input to gate 625.
PAR  The output of read only memory 544 is sent in parallel with its inputs to
      latch 546 to parallel multiplexers 631 and 632 for comparison and output
      over inverter gate 634 to latch 548.
PAR  For tone transmission, such as dial tone, busy tone, ringback tone, a path
      may be traced from the register through pre-coding stage comprised of
      multiplexers 651-652 and latches 661 and 662 to the second processing
      stage of programmable read only memories 671, 672 and 673 and latches
      681-684 to provide tone enabling signals for operating sources of the
      necessary tones as mentioned previously.
PAR  Speech and audio tones are transmitted to the line circuits in time
      division form and are modulated by a PAM network into audio signals. The
      audio signals are forwarded to the station from the line circuit in the
      normal manner.
CLMS
STM  We claim:
NUM  1.
PAR  1. A telecommunications exchange comprising a central control including a
      processor and a memory, and a plurality of stations; said memory
      comprising means for storing numbers of a calling one of said stations and
      a called one of said stations, said storing means comprising a
      recirculating memory having as its capacity a first predetermined number
      of memory areas with each memory area comprising storage for calling and
      called station numbers, means operative with one of said memory areas for
      transferring memory information for processing by said processor, means in
      said processor responsive to input information received from a calling
      station for enabling routing a call in conjunction with data from a second
      memory area, and means in a third memory area for again storing call data
      in said memory for recirculation.
NUM  2.
PAR  2. An exchange as claimed in claim 1, wherein there are a plurality of
      circuits peripheral to said central control for controlling functions of
      calls through the exchange, and in which each of said memory areas
      comprises a time separated channel, and in which said function control
      circuits are each allotted one of said channels for performing its control
      functions.
NUM  3.
PAR  3. An exchange as claimed in claim 1 wherein said exchange uses time
      division principles for signalling control through said processor, and
      said time division includes a plurality of time slots in a recurring frame
      for circulating call processing information in parallel form through said
      memory and processor.
NUM  4.
PAR  4. An exchange as claimed in claim 3, wherein there are a plurality of
      registers and local link circuits and one of said time slots represents
      each of said registers and other of said time slots represents each one of
      said local link circuits, and means responsive to data from said calling
      station for storing information in the register corresponding to the
      called and calling station information and for means responsive to said
      stored data for testing the calling station for a busy condition.
NUM  5.
PAR  5. An exchange as claimed in claim 3 wherein the last of said plurality of
      time slots in each frame comprises a time period for scanning lines of
      said exchange seeking service.
NUM  6.
PAR  6. An exchange as claimed in claim 4, wherein said processor includes means
      for transferring control of said call from the time slot representing said
      register to the time slot representing said local link responsive to the
      called station being found idle in said testing.
NUM  7.
PAR  7. An exchange as claimed in claim 4 wherein there are a plurality of call
      processing circuits peripheral to said processor and coupled thereto over
      a multiple conductor highway, each of said processing circuits represented
      by different ones of said time slots, and each of said processing circuits
      operative during a plurality of time slots in addition to the time slot
      represented thereby.
NUM  8.
PAR  8. A time division telecommunications exchange wherein there are a
      plurality of time channels comprising a time frame, a plurality of
      circuits for supervising exchange functions with each of said channels
      representing a separate one of said function circuits, means operative
      during each time channel for storing calling and called line data on calls
      being handled by the associated function circuit, line scanner means
      operative at the conclusion of each time frame to scan one line for call
      service request, a register comprising one of said function circuits,
      means operative during the time frame subsequent to a line scan finding a
      line seeking call service for associating said register with said seeking
      line, means in said register for receiving dialed digits from the calling
      line for identifying a called line, means in said register for testing the
      called line for availability, and a central processor responsive to a
      called line being found available on said testing for transferring the
      call being serviced from said register to a further function circuit.
NUM  9.
PAR  9. An exchange as claimed in claim 8, wherein said central processor
      includes a recirculating memory, plural storage areas in said memory, each
      storage area comprising means for storing data in parallel on a calling
      line seeking service, a line being called and the status of the call
      between the calling and called lines.
NUM  10.
PAR  10. An exchange as claimed in claim 8, wherein said processor comprises
      means for decoding information received from said register indicating the
      called line being available to a code designation representative of a link
      circuit, and further includes means in the processor for transferring the
      call being serviced to a link circuit responding to the code designation.
NUM  11.
PAR  11. An exchange as claimed in claim 8, wherein each line is coupled to a
      line circuit, each line circuit coupled to said exchange by a receive
      highway and a transmit highway, and each of said highways includes an
      originate control lead operative with said line being a calling line and a
      terminate control lead operative when said line is a called line.
NUM  12.
PAR  12. An exchange as claimed in claim 11, wherein there is an individual
      control FET in a line circuit for each of the leads coupled to the
      exchange therefrom.
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ABST
PAL  A dial pulse receiver having a clock pulse input to a counter and a first
      and second flip-flop. The outputs of the two flip-flops are coupled to an
      exclusive OR gate to reset the counter. The counter output and the two
      outputs of the second flip-flop are coupled to an output gate and latch
      configuration. The counter is set to enable the latches so only a
      legitimate dial pulse is recorded.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This invention is incorporated in the Register and Sender Arrangement by
      Moorehead and Gauthier, Ser. No. 510,081, filed the same day as this
      application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the detection of dial pulses for a telephone
      communication switching system, and more particularly to detect only
      legitimate dial pulses and convert them into logic signals for use in the
      registers of a communication system.
PAR  2. Description of the Prior Art
PAR  The invention was developed for the system shown in U.S. Pat. No.
      3,767,863, issued Oct. 23, 1973, by Borbas et al. for a Communication
      Switching System with Modular Organization and Bus, hereinafter referred
      to as the System S2 patent.
PAR  The previous system is described in U.S. Pat. No. 3,487,173, issued Dec.
      30, 1969, by Duthie et al. for a Small Exchange Stored Program Switching
      System, hereinafter referred to as the System S1 patent. The dial pulse
      receiver of the S1 System was disclosed in U.S. Pat. No. 3,678,197, issued
      July 18, 1972 by Panter et al. for a Dial Pulse Incoming Trunk and
      Register Arrangement.
PAR  The dial pulse receiver (designated Dial Pulse Corrector, FIG. 11) in the
      Panter et al. patent was a discrete component circuit. This circuit has
      four transistor circuits and two capacitors. Two transistors served as
      in/out transistors and were coupled to the make and break contacts of a C
      contact (make and break contact) pulsing relay. The two capacitors and the
      four transistors provided the necessary delay by discharging or charging
      the respective capacitors. The accuracy of this circuit was, of course,
      dependent upon the various discrete components in the circuit and would
      vary from circuit to circuit by the nature of the components comprising
      the circuits. The number of discrete components in this circuit also made
      it an expensive circuit in comparison to the chip logic that was available
      for utilization in the System S2. This circuit could also not be adapted
      to the System S2 requirements as the battery feed device (BFD) in System
      S2 has only an A contact (make only contact).
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, a four-bit counter is provided with a 1
      millisecond clock pulse from any convenient clock in a system and the
      counter is set to count for eight steps (8 milliseconds). The clock pulse
      is also coupled to the input of two flip-flops, the first flip-flop also
      being provided with the dial pulse input from an A contact of the battery
      feed device (BFD) of the circuit. The output of the first flip-flop is fed
      both to an exclusive OR circuit and to the second flip-flop. The outputs
      of the second flip-flop are fed to the second input of the exclusive OR
      circuit and also to the first inputs of two output NAND gates. The output
      of the exclusive OR is coupled to the counter to reset the counter on a
      change of state between the first and second flip-flop caused by a change
      of state in the battery feed device. Upon a count of 8 milliseconds the
      output of the counter is coupled to the second inputs of the two output
      NAND gates enabling them to record the new state of the battery feed
      device if the output of flip-flop number two is still present.
PAR  A first object of the invention is to provide a dial pulse receiver which
      will receive pulses from only a make contact of a battery feed device.
PAR  A second object of the invention is to provide a more accurate circuit.
PAR  A third object of the invention is to provide a receiver whose output will
      not vary from circuit to circuit.
PAR  A fourth object of the invention is to decrease the number of components
      required in the circuit.
PAR  A fifth object of the invention is to set a fixed delay to discriminate
      against non-legitimate dial pulses.
PAR  A final object of the invention is to provide a receiver which can be
      tested with an automatic card test.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above mentioned and other features and objects of this invention and
      the manner of obtaining them will become more apparent, and the invention
      itself will be best understood by reference to the following description
      of an embodiment of the invention taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram of the improved dial pulse receiver;
PAR  FIG. 2 is a block diagram of a particular register and sender arrangement
      which incorporates a dial pulse receiver;
PAR  FIG. 3 shows an interface that is added to the output of the dial pulse
      receiver which adds one more delay pulse which allows it to function with
      the remaining register logic in the system;
PAR  FIG. 4 shows a timing diagram for the system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows the improved dial pulse receiver of the invention 1 which is
      composed of 7400-Series Transistor Transistor Logic (TTL). The circuit is
      composed of commercial 7400 circuits including a 7493 four-bit binary
      counter, two 7474 edge triggered flip-flops, a 7486 input exclusive OR
      gate, and four 7400 NAND gates.
PAR  A one millisecond clock pulse is input to the counter and to flip-flop one
      (FF1) and flip-flop two (FF2). This clock pulse may be derived from any
      convenient clock in the circuitry or of course could be a clock provided
      with the dial pulse receiver itself. Such a clock is disclosed in the
      copending application to Moorehead and Gauthier. The single output from
      FF1 is tied to one input of the exclusive OR gate 10 and also to FF2. One
      of the dual outputs of FF2 is tied to NAND gate 12 and the second output
      is tied to both the second input of exclusive OR gate 10 and one input of
      NAND gate 11. The output of exclusive OR gate 10 is input to the counter.
      The output of the counter is coupled to the second input of NAND gates 11
      and 12. The outputs of NAND gates 11 and 12 are inputs respectively to
      NAND gates 13 and 14. The second input to NAND gates 13 and 14 are
      provided by each other's respective outputs. The output of NAND gate 13 is
      also AOP and the output of NAND gate 14 is the output ARLS.
PAR  The operation of the dial pulse receiver is to monitor the dial pulses
      received via the A contact in the battery feed device (BFD) which is
      located in the register line circuit in the System S2. The dial pulse
      receiver rejects any short pulses which could be contact bounce or
      momentary opens in the loop upon switching through the network. The
      legitimate dial pulses which allow the BFD to operate and release for
      periods greater than 9 milliseconds are converted into logic signals for
      use in the register logic. The output AOP is a logic 1 and output ARLS is
      a 0 when the BFD has been operated for greater than 9 milliseconds. On
      release the opposite is then true; AOP is a 0 and ARLS is a logic 1.
      Normally dial pulses are received at a rate of 10 pulses per second with
      60% break. (BFD released for 60 milliseconds).
PAR  FF1 and FF2 are arranged as a shift register and as such they shift 1's
      when the BFD is operated and 0's when it is released. When a change of
      state occurs at the A contact of the BFD the output of FF1 will switch on
      the first clock pulse, thus the inputs to exclusive OR gate 10 will be
      opposite for one clock period. This causes an output from exclusive OR 10
      and this output is a logic 1 which resets the counter. The counter then
      counts for eight steps (8 milliseconds) before producing an output signal
      and this output of the counter enables NAND gates 11 and 12 to operate. If
      the change of state of contact A of the BFD was produced by the BFD
      operating and if it is still operated the output of NAND 11 will be a
      logic 1 and NAND 12 will be a logic 0. These outputs will be reversed if
      the BFD was released. The outputs of NAND gates 11 and 12 are fed to NAND
      gates 13 and 14 which are in a latch type configuration and serve to
      record and store the last legitimate state of the BFD. If operated AOP
      will be equal to 1 and ARLS will be equal to 0. If released, ARLS will be
      equal to 1 and AOP will be equal to 0. When ARLS goes from a 0 state to a
      1 state, a count is recorded in the dial pulse counter and this counter
      forms a part of the rest of the register logic.
PAR  FIG. 2 shows a register and sender arrangement which could incorporate the
      present invention. Briefly for a signal from the System S2 control, the
      signal would be coupled onto Bus A or Bus B and coupled through the
      respective bus interface unit (BIU) to the register sender group bus and
      from the group bus to the respective common control (COM) and the
      registers and senders here designated registers 0, 1, 2, and 3 (REG) and
      senders 8 and 10 (SNR). From a sender the signal would be coupled to the
      interface circuits and thence to the switching network. For the registers
      the signal would be coupled from the switching network through the
      interface circuits to the tine control card (TNC), or register card (REG),
      which accommodate touch calling multifrequency, 2/6 multifrequency tone
      signals and dial pulse from incoming trunks or subscribers. Dial pulses
      are transmitted to the dial pulse receivers 1, 2, 3, and 4 respectively
      and thence to their respective registers. Further details of the register
      and sender arrangement are found in the above referenced copending
      application to Moorehead and Gauthier.
PAR  FIG. 3 shows a modification of the invention which adds another millisecond
      to the delay to make a total of 10 milliseconds. This modification would
      be added to the output of the dial pulse receiver of FIG. 1 to enable it
      to be used in the above-mentioned copending application to Moorehead and
      Gauthier for the System S2. FF3 is also of the 7400 series logic being a
      7476 dual JK flip-flop and exclusive OR gate 15 is another 7486 device.
      This modification is connected to the dial pulse receiver by connecting
      the outputs of latch type configuration NAND gates 13 and 14 to the inputs
      FF3. These inputs (AOP and ARLS) and the same 1 millisecond clock pulse
      provide the inputs to FF3. NAND gates 13 and 14 and FF3 are arranged as a
      shift register and with exclusive OR 15 they provide another one clock
      period delay to give a total of 10 milliseconds on a change of state of
      the A contact. The outputs of the circuits are now AOPD (a relay operated)
      and ARLSD (a relay released) and RSTSHT. RSTSHT is used to clear the
      register control shift registers in registers 1-4.
PAR  FIG. 4 shows the timing chart for the system. The BFD (contact A) is shown
      operated and released. Typically 60 percent break (released) and 40
      percent make (operated). The 0 and 1 outputs of AOP and ARLS are also
      shown. The counter counts when ARLS goes from 0 to 1.
PAR  While the invention has been described in a particular application above,
      it may also be used in other circuits as a contact bounce eliminator or as
      a short pulse eliminator. It could also be used as a delay circuit with
      the delay dependent upon the clock rate. The delay produced of course
      would have to be shorter than the incoming pulses.
PAR  While principles of the invention have been illustrated above in connection
      with specific apparatus and applications, it is to be understood the
      description is made only by way of example and not as a limitation on the
      scope of the invention as encompassed by the following claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An improved dial pulse receiver for a register and sender arrangement of
      a communication switching system, said arrangement comprising a plurality
      of registers and senders, a single clock source producing a single train
      of clock pulses, and a battery feed device, wherein dial pulses are
      received by said dial pulse receiver from the battery feed device contact
      and transmitted from said dial pulse receiver to said registers, said
      improved dial pulse receiver comprising:
PA1  counter means directly connected to said clock pulses;
PA1  flip-flop means directly connected to said clock pulses and said dial
      pulses;
PA1  counter reset means coupled to said counter means and to said flip-flop
      means; and
PA1  gate output means coupled to said flip-flop means and to said counter
      means;
PA1  whereby on receiving a dial pulse the output of said flip-flop means is
      input to said reset means to reset said counter means and said output
      being also input to said gate output means, on reaching a predetermined
      count the output of said counter means enabling said gate output means to
      transmit a legitimate dial pulse signal if said flip-flop means output is
      still present at said gate output means or a no legitimate signal being
      transmitted from said gate output means if said flip-flop means output is
      no longer present.
NUM  2.
PAR  2. An improved dial pulse receiver as claimed in claim 1 wherein said
      flip-flop means comprises:
PA1  first flip-flop means coupled to said counter reset means; and
PA1  second flip-flop means coupled to said first flip-flop means and to said
      gate output means and said counter reset means;
PA1  whereby said clock pulses and dial pulses are input to said first flip-flop
      means, and said clock pulses are input to said second flip-flop means, and
      the outputs of said first flip-flop means and said second flip-flop means
      are equal except for one clock pulse following a change of state in the
      dial pulse input.
NUM  3.
PAR  3. An improved dial pulse receiver as claimed in claim 2 wherein said
      counter reset means comprises:
PA1  an exclusive OR circuit with one input from said first flip-flop means and
      a second input from said second flip-flop means;
PA1  wherein when the two inputs are different for one clock pulse said
      exclusive OR circuit produces an output to reset said counter means.
NUM  4.
PAR  4. An improved dial pulse receiver as claimed in claim 1 wherein said gate
      output means comprises:
PA1  two input NAND gates coupled to two output NAND gates, said two output NAND
      gates being configured in a latch type configuration.
NUM  5.
PAR  5. An improved dial pulse receiver as claimed in claim 1 further
      comprising:
PA1  third flip-flop means coupled to said gate output means; and
PA1  an exclusive OR means coupled to said third flip-flop means;
PA1  whereby said dial pulse must be present for 10 milliseconds for a
      legitimate dial pulse signal to be output from the circuit.
NUM  6.
PAR  6. An improved dial pulse receiver as claimed in claim 1 wherein said
      flip-flop means comprises:
PA1  first flip-flop means coupled to said counter reset means; and
PA1  second flip-flop means coupled to said first flip-flop means and to said
      gate output means and said counter reset means; said counter reset means
      comprising:
PA1  an exclusive OR circuit with one input from said first flip-flop means and
      a second input from said second flip-flop means; and
PAL  said gate output means comprising:
PA1  two input NAND gates coupled to two output NAND gates, said two output NAND
      gates being configured in a latch type configuration;
PA1  whereby said clock pulses and dial pulses are input to said first flip-flop
      means, and said clock pulses are input to said second flip-flop means, and
      the outputs of said first flip-flop means and said second flip-flop means
      are equal except for one clock pulse following a change of state in the
      dial pulse input, and during said one clock pulse said exclusive OR
      circuit produces an output to reset said counter means.
NUM  7.
PAR  7. An improved dial pulse receiver as claimed in claim 6 further
      comprising:
PA1  third flip-flop means coupled to said output gate means; and
PA1  an exclusive OR means coupled to said third flip-flop means;
PA1  whereby said dial pulse must be present at the input for 10 milliseconds
      for a legitimate dial pulse signal to be output from the circuit.
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PAL  A TCMF and MF decoder with common decoder section and separate TCMF and MF
      control sections. The decoder is time shared between two or more registers
      served on a first-come, first-served basis with priority assigned to one
      in case of identical seizure time. Strapping options are provided to allow
      the two registers to be both TCMF registers, or both MF registers, or one
      of each.
BSUM
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This invention is incorporated in the Register and Sender Arrangement by
      Moorehead and Gauthier, Ser. No. 510,081, filed the same day as this
      application.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the decoding of TCMF and MF pulses for a telephone
      communication switching system, and more particularly for providing a TCMF
      and an MF decoder time shared in a single decoder.
PAR  2. Description of the Prior Art
PAR  The invention was developed for the system shown in U.S. Pat. No.
      3,767,863, issued Oct. 23, 1973, by Borbas et al for a Communication
      Switching System with Modular Organization and Bus, hereinafter referred
      to as the System S2 patent.
PAR  The previous system is described in U.S. Pat. No. 3,487,173, issued Dec.
      30, 1969, by Duthie et al for a Small Exchange Stored Program Switching
      System, hereinafter referred to as the System S1 patent. The registers and
      the associated decoders of the S1 System are disclosed in U.S. Pat. No.
      3,678,197, issued July 18, 1972 by Panter et al for a Dial Pulse Incoming
      Trunk and Register Arrangement.
PAR  The S1 System has two separate and distinct types of registers. One is a
      basic DP (Dial Pulse) register which can be supplied with a TCMF (Touch
      Calling Multi Frequency) adapter to convert it into a DP and TCMF
      register. The second type of register is a MF (Multi Frequency) register
      which can only be used to receive MF tones. Both of these registers use
      NOR gate decoders which convert the output of the receivers into the
      binary hexadecimal code used by the registers.
PAR  In developing the System S2 a universal register was required. That is, one
      that could be strapped to receive TCMF or MF as well as still be capable
      of receiving the standard DP signals. In the particular arrangement of the
      S2 System four registers are provided in each module and therefore one
      card would have to contain all of the required circuitry for all four
      registers. A straight forward approach along the lines of the S1 System
      would have required both MF and TCMF decoders and control for each
      register, thereby requiring four of each. However, in operation once a
      register has been assigned to a specific type of receiver (MF or TCMF)
      then only one of the two decoders supplied would actually ever be used. A
      typical decoder requires approximately 10 integrated circuits for both
      decoding and control. Therefore the straight forward approach would
      require approximately 80 integrated circuits to be mounted on a single
      card. This is not only impractical but practically impossible.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention a common decoder is provided to control and
      decode TCMF or MF tones for two or more registers, with separate control
      circuits which are assigned to specific registers. The common decoder is
      then time shared between each register on a first-come first-serve basis
      with priority assigned to one in the event of identical seizure time.
      Strapping options, performed in a per register basis, allow the registers
      to be assigned for either TCMF or MF operation.
PAR  A first object of the invention is to provide a decoder which will decode
      TCMF and/or MF signals while still allowing the register to receive DP
      signals.
PAR  A second object of the invention is to decrease the number of components
      necessary to decode MF and TCMF signals.
PAR  A third object of the invention is to provide a time shared control of the
      decoder to allow a single decoder to be used with two registers.
PAR  A fourth object of the invention is to allow a single decoder to handle
      both an MF and a TCMF register.
PAR  A fifth and final object of the invention is to provide a decoder which can
      be time shared between four or more registers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above mentioned and other features and objects of this invention and
      the manner of obtaining them will become more apparent, and the invention
      itself will be best understood by reference to the following description
      of an embodiment of the invention taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of the improved time shared TCMF and MF decoder;
PAR  FIGS. 2A, 2B, and 3B are a schematic diagram of the control section of the
      decoder;
PAR  FIG. 3A is a schematic diagram of the decoding section of the decoder;
PAR  FIG. 4 is a block diagram of a register and sender group which could
      incorporate the invention; and
PAR  FIG. 5 is a block diagram of a TCMF and MF decoder system for four
      registers.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a block diagram of the time shared TCMF and MF decoder as
      designed for two registers. For example, in a two register system three
      possibilities exist:
PA1  1. Both assigned for TCMF;
PA1  2. both assigned for MF; or
PA1  3. one assigned for TCMF and one assigned for MF.
PAL  The signals from the switching network are received by their respective MF
      or TCMF receiver and transmitted via the RLC (Register Line Circuit)
      module to the tone control circuit. (The RLC module is used only as a tie
      point for these signals). In the tone control circuit the signals are
      received by their associated control section which through the use of the
      common decoder clocks the decoded binary into their respective register.
      Both registers could be TCMF registers or both MF registers or they could
      be one of each as noted above. From the registers the information is sent
      to the bus to be further acted upon.
PAR  FIGS. 2A and 2B show the details of the decoder control section. The
      circuit is composed of commercial 7400-Series, Transistor Transistor Logic
      (TTL) with the exception of filters 10 through 21 which are of our own
      design. The filters are used merely as an interface between the
      electromechanical system and the electronic system of the circuit shown
      and are further described in co-pending application to Gauthier to a
      Software Oriented Sender, Ser. No. 510,084, filed the same day as this
      application. Inverter 22 is a 7404 hex inverter, multiplexers 23 through
      26 are 74157 quad 2 to 1 multiplexers, gates 27 and 28 are 7420 dual 4
      NAND gates, flip-flops 29 through 32 are 7474 dual D flip-flops,
      flip-flops 33 and 34 are 7476 dual JK flip-flops, gates 35 and 36 are 7402
      dual 2 NOR gates, and gates 37 and 38 are 7408 quad 2 AND gates.
PAR  FIG. 3A shows the common decoding section of the decoder. Multiplexers 50
      through 53 are 74150 16 to 1 multiplexers and gate 54 is a 7440 dual 4
      NAND buffer gate.
PAR  FIG. 3B shows the rest of the decoder control. Gate 55 is a 7440 dual 4
      NAND buffer gate, filters 56 and 57 are the same as those noted in FIG.
      2A, triggers 58 and 59 are 7413 dual 4 NAND (Schmitt) triggers, and
      flip-flops 60 and 61 are 7474 dual D flip-flops.
PAR  The tones received from either of the 2 receivers are first decoded into
      binary by the tone control circuit (multiplexers 50 through 53 and leads
      W, X, Y. and Z FIG. 3) and secondly this binary is then clocked into the
      register associated with the receiver via leads TNRCVD (1) and TNRCVD (1)
      of TNRCVD (2) and TNRCVD (2) depending upon which receiver is receiving
      the tones. The tone control inputs HTRM (1), JTRM (1), KTRM (1), LTRM (1),
      MTRM (1), NTRM (1), RTRM (1), INA (1), ING (1), INH (1), MF (1) TCMF (1),
      and TONE (1) are associated with outputs TNRCVD (1) and TNRCVD (1). Those
      same tone control inputs followed by postscript (2) are associated with
      outputs TNRCVD (2) and TNRCVD (2). This means that the receiver connected
      to inputs HTRM (1), etc. is always associated with the register connected
      to outputs TNRCVD (1) and TNRCVD (1). This is also true for inputs HTRM
      (2), etc. and their associated outputs TNRCVD (2) and TNRCVD (2). However,
      leads W, X, Y, and Z are shared between the two registers. In effect when
      tones are received by one of the receivers, the decoded binary is
      presented to both registers, however only the register associated with the
      receiver in question will actually load the binary information into its
      counter due to the separate control signals. A TCMF receiver is connected
      to the tone control circuit via only four leads: MTRM, NTRM, KTRM, and
      LTRM (the group (1) or (2) respectively depending on which part of the
      tone control circuit it is to be associated with). Each of these leads are
      normally high and when tones are received certain of them go low
      (depending on which-tones are received) and thus signal the tone control
      circuits that tones are present. The pattern which these leads may take
      when different digits are received is shown in table A along with their
      binary equivalents.
TBL                                    TABLE A                                 
     __________________________________________________________________________
                          HEXADECIMAL                                          
     TONES                                                                     
          INPUT LEADS     DECIMAL                                              
                                 BINARY                                        
     LTRM     KTRM                                                             
                  NTRM                                                         
                      MTRM                                                     
                          NOTATION                                             
                                 NOTATION                                      
                                8 4 2 1                                        
     __________________________________________________________________________
     H1, L1                                                                    
          0   0   0   1   1     0 0 0 1                                        
     H2, L1                                                                    
          0   0   1   0   2     0 0 1 0                                        
     H3, L1                                                                    
          0   0   0   0   3     0 0 1 1                                        
     H1, L2                                                                    
          0   1   0   1   4     0 1 0 0                                        
     H2, L2                                                                    
          0   1   1   0   5     0 1 0 1                                        
     H3, L2                                                                    
          0   1   0   0   6     0 1 1 0                                        
     H1, L3                                                                    
          1   0   0   1   7     0 1 1 1                                        
     H2, L3                                                                    
          1   0   1   0   8     1 0 0 0                                        
     H3, L3                                                                    
          1   0   0   0   9     1 0 0 1                                        
     H2, L4                                                                    
          1   1   1   0   .THETA.                                              
                                1 0 1 0                                        
     H1, L4                                                                    
          1   1   0   1   B     1 0 1 1                                        
     H3, L4                                                                    
          1   1   0   0   C     1 1 0 0                                        
     __________________________________________________________________________
PAR  Besides the connections between the receiver and tone control circuit other
      strapping is also required. INA (1) and ING (1) or INA (2), and ING (2)
      must be strapped to ground depending again upon which section of the tone
      control circuit is to be used with this TCMF receiver. INH1 or INH2 must
      be strapped to lead RESVCC as shown on FIG. 2A. This simply provides a
      resistive pull up which is derived from the output of inverter 22. A
      connection must also be made from TCMF (1) to TONE (1) or from TCMF (2) to
      TONE (2). This connects the output of gate 27 or gate 28 to its input of
      flip-flop 29 or 30 respectively. This section is now capable of
      controlling and decoding TCMF for its associated register.
PAR  If an MF receiver is to be used instead, then the connection from receiver
      to tone control circuit is different, as well as the above mentioned
      strappings. In the MF receiver leads LTR (700), KTRM (900), NTRM (1100)
      and MTRM (1300) correspond to the above leads of the TCMF receiver and as
      such they should be connected to the same points. These leads present the
      decoder circuit with a completely different code to decode and table B
      illustrates the code presented and its hexadecimal equivalent.
TBL                                    TABLE B                                 
     __________________________________________________________________________
     INPUT LEADS                         HEXADECIMAL                           
             (700)                                                             
                  (900)                                                        
                       (1100)                                                  
                            (1300)                                             
                                 (1700)                                        
                                     (F0)                                      
                                         DECIMAL                               
                                                BINARY                         
     TONES   LTRM KTRM NTRM MTRM RTRM                                          
                                     HTRM                                      
                                         NOTATION                              
                                                NOTATION                       
     __________________________________________________________________________
     700 &  900                                                                
             0    0    1    1    1   0   1      0 0 0 1                        
     700 & 1100                                                                
             0    1    0    1    1   0   2      0 0 1 0                        
     900 & 1100                                                                
             1    0    0    1    1   0   3      0 0 1 1                        
     700 & 1300                                                                
             0    1    1    0    1   0   4      0 1 0 0                        
     900 & 1300                                                                
             1    0    1    0    1   0   5      0 1 0 1                        
     1100 & 1300                                                               
             1    1    0    0    1   0   6      0 1 1 0                        
     700 & 1500                                                                
             0    1    1    1    1   0   7      0 1 1 1                        
     900 & 1500                                                                
             1    0    1    1    1   0   8      1 0 0 0                        
     1100 & 1500                                                               
             1    1    0    1    1   0   9      1 0 0 1                        
     1300 & 1500                                                               
             1    1    1    0    1   0   .THETA.                               
                                                1 0 1 0                        
     1100 & 1700                                                               
             1    1    0    1    0   0   B (KP) 1 0 1 1                        
     1500 & 1700                                                               
             1    1    1    1    0   0   C (ST) 1 1 0 0                        
     900 & 1700                                                                
             1    0    1    1    0   0   D (STP)                               
                                                1 1 0 1                        
     1300 & 1700                                                               
             1    1    1    0    0   0   E (ST2P)                              
                                                1 1 1 0                        
     700 & 1700                                                                
             0    1    1    1    0   0   F (ST3P)                              
                                                1 1 1 1                        
     __________________________________________________________________________
PAR  Since some of these codes overlap, it is necessary to also use the RTRM
      (1700) signal in order to distinguish between these overlapping codes.
      Therefore lead RTRM (1700) from the MF receiver must be connected to lead
      RTRM (1) or RTRM (2) again depending upon which section is to be used. The
      rest of the leads including HTRM (FO) and JTRM (TXP) are brought to the
      tone control circuit from the associated MF receiver and connected to the
      (1) or (2) postscript associated leads depending upon which section is to
      be used with that receiver. The following strapping is also required: ING
      (1) or ING (2) is strapped to RESVCC, DEC16 is connected to INH (1) or INH
      (2), and finally MF (1) is connected to TONE (1) or MF (2) is connected to
      TONE (2). With the above connections made, then the chosen section of the
      tone control circuit is now capable of decoding and controlling MF as
      received from its associated MF receiver.
PAC  CIRCUIT OPERATION FOR TCMF
PAR  When a TCMF receiver is connected to the tone control circuit and tones are
      received one or more of LTRM (1), KTRM (1), NTRM (1) and MTRM (1) leads
      will go to a zero. This is in turn relayed through filters 12 through 15
      (FIG. 2A) into the inputs of multiplexer 23. This multiplexer acts as a
      data selector and is used only for loading purposes in order to buffer the
      standard load capacity of the filter (1) to the standard load requirement
      of gate 27 and multiplexer 26 (2). Gate 27 will thus go to a 1 and in so
      doing will place a 1 on its input to flip-flop 29. When the positive going
      edge of the two millisecond clock (TNC2MS) is seen by the clock input of
      flip-flop 29 it will set and thus cause the inputs from it to flip-flop 33
      to go to a 1 and a 0 respectively. The clockpulses may be derived from the
      control circuit (COM) or from a clock within this circuit itself. One
      millisecond later, when the negative going edge of the clock is seen
      flip-flop 33 will set. Since the decoding portion of the decoder is shared
      between sections one and two, only one section may use this decoding
      (multiplexers 50 through 53) at any one particular time. Therefore, when
      flip-flop 33 sets it will prevent flip-flop 31 in section two from setting
      via gate 36 which maintains a 0 on the clear input of flip-flop 31 for the
      length of time that flip-flop 33 is set. This is accomplished by the
      output of flip-flop 33 which is input to one lead of gate 36. The second
      output of flip-flop 33 causes a low to be input to its respective inputs
      of multiplexer 25 and 26. Thus the outputs of the data selector
      multliplexer 26 will relay the information present at the inputs. That is
      whatever code being received from the TCMF receiver on leads LTRM (1),
      KTRM (1), NTRM (1) and MTRM (1) will now be contained on leads DEC8, DEC4,
      DEC2, and DEC1 respectively. These outputs are placed on the inputs of
      multiplexers 50 through 53 on FIG. 3A and act as an address which will
      select one input (DO through DF). Depending on which code is present, one
      of the inputs (DO through DF) of the multiplexers will be gated to its
      output. Since the multiplexers (50 through 53) invert once internally, any
      one on its input will appear as a zero on its output and vice versa. If
      code 0000 is present (on the DEC leads) then the data present at the first
      input (DO) will be transferred to the output (inverted). Since the first
      input of multiplexer 50 and multiplexer 53 is a permanent 1 the output of
      these two will be a 0, while the first input to multiplexers 51 and 52 is
      a permanent 0 therefore they will output a 1. Thus 0011 will appear on
      leads X, Y, and Z, respectively which is a binary 3 and which is in fact
      the correct decoding according to table A.
PAR  When flip-flop 33 was originally set, it also caused lead TNRCVD (1) to go
      to a 1 and lead TNRCVD (1) to go to a 1. These signals fed to the
      associated register cause the binary digit contained on leads W, X, Y, and
      Z, to be loaded into the register. These two signals will remain true for
      approximately 2 milliseconds which allows plenty of time for the
      multiplexers 50 through 53 to settle down to the proper decoding. On the
      next negative going edge flip-flop 34 will set and cause flip-flop 33 to
      be reset. This is done via gate 35 which places a 0 on the clear input of
      flip-flop 33. Again gate 35 goes to a 0 because of its input from gate 34.
      The three flip-flops 29, 33, and 34, will now remain in their present
      state (1, 0, and 1 respectively) until LTRM (1), KTRM (1), NTRM (1), and
      MTRM (1), all return high again indicating the end of this particular TCMF
      pulse. Gate 27 will then go to a  0 and on the next positive going edge of
      the clock cause flip-flop 29 to reset. In resetting it causes flip-flop 34
      also to reset due to the connection of the output of flip-flop 29 to the
      clear input of flip-flop 34. Now the circuit is back to the original state
      and is now ready to receive a new digit.
PAR  Section two of the tone control circuit works very similar to the above
      section one. However, of course it uses different equipment. This time the
      code is contained in inputs LTRM (2) KTRM (2), NTRM (2), and MTRM (2).
      Again considering TCMF operation, gate 28 will now go to a 1 and cause
      flip-flop 30 to set on the next positive going edge of the clock pulse.
      Multiplexer 24 is used for a similar purpose as multiplexer 23. When
      flip-flop 30 sets, it places a 1 on its input to flip-flop 31. Flip-flop
      31 will on the next positive going edge set and cause TNRCVD (2) to go to
      a 1 and TNRCVD (2) to go to a 0. Due to the fact that flip-flop 33 of
      section one is now reset, a 1 is placed on its input to multiplexers 25
      and 26. This input being at a 1 now causes leads DEC8, DEC4, DEC2, and
      DEC1, previously mentioned, to take on the information contained on inputs
      LTRM (2), KTRM (2), NTRM (2) and MTRM (2), respectively. Similarly
      whatever code is present on these leads will cause the multiplexers 50
      through 53 to relay information from one of the other inputs to leads W,
      X, Y and Z. Thus since TNRCVD (2) and TNRCVD (2) are true this time, the
      register associated with this second production will now receive the
      decoded binary digit. Also, due to the second input of gate 35 being at a
      1, a ground is maintained on the clear input of flip-flop 33 in section 1
      thus preventing it from setting while flip-flop 31 is set. Although
      flip-flop 33 of section 1 and flip-flop 31 of section 2 perform the same
      function for their respective sections, they do so on opposite edges of
      the clock pulse. This is done in order to prevent any clashes should the
      two tone receivers become active at exactly the same moment. Flip-flops 29
      and 30 are allowed to set at the same time but now, since the next edge of
      the clock is necessarily a negative going edge flip-flop 33 will set and
      thus prevent flip-flop 31 from setting until section 1 has finished with
      the decoders.
PAC  CIRCUIT OPERATION FOR MF
PAR  When an MF receiver is attached it is not necessary to detect a change in
      state of the LTRM, KTRM, NTRM, nad MTRM inputs via gates 27 or 28. Instead
      the HTRM (FO) signal from the MF receiver is used to signal the tone
      control circuit that tones are present. HRTM (1) or HTRM (2) are connected
      to the FO signal, with HTRM (1) being used to set flip-flop 29 of section
      1 and HTRM (2) being used to set flip-flop 30 of section 2. When tones are
      present, the HTRM (FO) signal from the MF receiver and thus HTRM (1) or
      HTRM (2) goes to a 0. These leads are inverted after filters 20 and 21 and
      thus a 1 is presented to the associated flip-flop 29 or 30. The same
      sequence as explained for a TCMF receiver is now initiated.
PAR  This time however the code presented to the multiplexers 50 through 53 is
      derived from signals LTRM (700) KTRM (900), NTRM (1100), and MTRM (1300),
      from the MF receiver. Table B shows the code which these leads can follow
      and the hexadecimal equivalent.
PAR  Clashes between the codes presented by a TCMF receiver and that presented
      by an MF receiver are prevented by varying the contents of certain data
      inputs of the multiplexers 50 through 53. The following list of codes
      explains how both TCMF and MF decoding is handled.
PA0  1. code 0000 -- data input "DO": Code 0000 is used only by the TCMF
      receiver and therefore it is wired so as to always produce a hexadecimal 3
      (0011) on leads W, X, Y, and Z.
PA0  2. code 0001 -- data input "D1": Code 0001 is not used by either MF or TCMF
      receiver therefore it is wired to always produce a hexadecimal 0 (0000) on
      leads W, X, Y, and Z.
PA0  3. code 0010 -- data input "D2": Code 0010 is used only by the TCMF
      receiver and therefore it is wired to always produce a hexadecimal 2
      (0010) on leads W, X, Y, and Z.
PA0  4. code 0011 -- data input "D3": This code is used only by the MF receiver
      therefore, it is wired to always produce a hexadecimal 1 (0001) on leads
      W, X, Y, and Z.
PA0  5. code 0100 -- data input "D4": Code 0100 is used only by the TCMF
      receiver, therefore it is wired to always produce a hexadecimal 6 (0110)
      on leads W, X, Y, and Z.
PA0  6. code 0101 -- data input "D5": This code is used by both MF and TCMF
      receivers. It represents a hexadecimal 4 (0100) for TCMF and a hexadecimal
      2 (0010) for MF. In order to accommodate both, inputs D5 of multiplexers
      50 and 51 are wired to always produce a 0 on outputs W and Z. Secondly,
      multiplexer 53 is connected to lead DEC32 and multiplexer 52 to DEC32.
      DEC32 is controlled only by inputs 2DO or 2D1 of multiplexer 25. DEC32
      must be at a 1 for MF decoding and at a 0 for TCMF decoding. Thus ING1
      must be connected to RESVCC if section 1 is to be associated with an MF
      receiver. ING1 must be grounded if a TCMF receiver is used. This also
      holds true for ING2 and section 2.
PA0   When code 0101 is seen for an MF receiver, due to DEC32 being at a 1 and
      DEC32 being at a 0, a hexadecimal 2 (0010) is produced on outputs W, X, Y,
      and Z.
PA0   if a TCMF receiver is used a hexadecimal 4 (0100) is produced on leads W,
      X, Y, and Z.
PA0  7. code 0110 -- data input "D6": This code represents a hexadecimal 5
      (0101) for TCMF and a 4 (0100) for MF. Multiplexers 50, 53, and 52 are
      wired to always produce a 0, 1, 0 on leads W, X, and Y respectively.
      Multiplexer 51 however, is connected to lead DEC32. Since this lead is
      high for MF and low for TCMF, multiplexer 51 will produce a 0 when MF
      decoding is desired and a 1 when TCMF is desired.
TBL  ______________________________________                                    
     MF -     DEC32 = 1                                                        
              0100 is produced on leads W, X, Y, and                           
              Z;                                                               
     TCMF -   DEC32 = 0                                                        
              0101 is produced on leads W, X, Y, and                           
              Z.                                                               
     ______________________________________                                    
PA0  8. code 0111 -- data input "D7": Code 0111 is used only by the MF receiver
      but, however, it may represent one of two digits. The reason being that
      since these codes are generated only from leads LTRM(700), KTRM(900),
      NTRM(1100) and MTRM(1300), the 0 on lead LTRM(700) which means 700 Hz
      present can thus be accompanied by 1500Hz or 1700 Hz. Therefore, for this
      reason the RTRM (1700) lead is also used and is connected to inputs
      RTRM(1) or RTRM(2) depending on the section. When lead RTRM(1700) is true
      (low) (1700 Hz present) this means that 700 Hz and 1700 Hz are the tones
      which the MF receiver is receiving (ST3P) and therefore they must be wired
      to produce a hexadecimal F (1111) on leads W, X, Y, and Z. If 1700 is not
      true then tones 700 Hz and 1500 Hz, are the two tones which are being
      received and it is therefore necessary to produce a hexadecimal 7 (0111)
      on leads W, X, Y, and Z. Multiplexers 51-53 are wired to always produce a
      111 on leads X, Y, and Z respectively. Mutliplexer 50 however is connected
      to lead DEC16 which in turn is connected to multiplexer 25 output 1Y. If
      RTRM(1700) is true, DEC16 = 0; RTRM(1700) is not true, DEC16 = 1.
TBL  ______________________________________                                    
     mf -       rtrm(1700) true, DEC16 = 0                                     
                1111 on leads W, X, Y, and Z;                                  
                RTRM(1700) not true, DEC16 = 1                                 
                0111 on leads W, X, Y, and Z.                                  
     ______________________________________                                    
PA0  9. code 1000 -- data input "D8": Code 1000 is used only by the TCMF
      receiver, therefore it is wired to always produce a hexadecimal 9 (1001)
      on leads W, X, Y, and Z.
PA0  10. code 1001 -- data input "D9": This code represents a 7 (0111) for TCMF
      and a 3 (0011) for MF. Multiplexers 50-52 are wired to always produce 0, 1
      and 1 on leads W, Y, and Z respectively. Multiplexer 53 is connected to
      lead DEC32.
TBL  ______________________________________                                    
     mf -     dec32 = 1                                                        
              0011 is produced on leads W, X, Y, and                           
              Z;                                                               
     TCMF -   DEC32 = 0                                                        
              0111 is produced on leads W, X, Y, and                           
              Z.                                                               
     ______________________________________                                    
PA0  11. code 1010 -- data input "DO": Code 1010 represents an 8 (1000) for TCMF
      and a 5 (0101) for MF. Multiplexer 52 is wired to always produce a 0 on
      lead Y. Multiplexers 51 and 53 are connected to lead DEC32 and multiplexer
      50 is connected to lead DEC32.
TBL  ______________________________________                                    
     MF -     DEC32 = 1, DEC32 = 0                                             
              0101 is produced on leads W, X, Y, and                           
              Z;                                                               
     TCMF -   DEC32 = 0, DEC32 = 1                                             
              1000 is produced on leads W, X, Y, and                           
              Z.                                                               
     ______________________________________                                    
PA0  12. code 1011 -- data input "DB": This code represents an 8 (1000) for MF
      if 1700 is not true or D (1101, STP) if 1700 is true. Multiplexer 50 is
      wired to always produce a 1 on lead W. Multiplexer 52 will always produce
      a 0 on lead Y. Multiplexers 51 and 53 are connected to lead DEC16 which
      goes to 0 when 1700 goes true.
TBL  ______________________________________                                    
     MF -     DEC16 = 1, 1700 is not true                                      
              1000 is produced on leads W, X, Y, and                           
              Z;                                                               
              DEC16 = 0, 1700 is true                                          
              1101 is produced on leads W, X, Y, and                           
              Z.                                                               
     ______________________________________                                    
PA0  13. code 1100 -- data input "DC": Code 1100 represents a C (1100 ) for TCMF
      and a 6 (0110) for MF. Multiplexers 51 and 53 are wired to always produce
      1 and 0 on leads X and Z repectively. Multiplexer 50 is connected to lead
      DEC32 and multiplexer 52 to DEC32.
TBL  ______________________________________                                    
     MF -     DEC32 = 1, DEC32 = 0                                             
              0110 is produced on leads W, X, Y, and                           
              Z;                                                               
     TCMF -   DEC32 = 0, DEC32 = 1                                             
              1100 is produced on leads W, X, Y, and                           
              Z.                                                               
     ______________________________________                                    
PA0  14. code 1101 -- data input "DD": This code represents a 0 (1011) for TCMF
      and a 9 (1001) for MF if lead RTRM (1700) is true then it represents a B
      (1011) for MF. Multiplexers 50, 51, and 53 are wired to always produce 1,
      0, and 1 on leads W, X, and Z respectively. Mutliplexer 52 is connected to
      DEC16 which goes to 0 when lead RTRM (1700) goes true and is wired to 0
      for TCMF via leads RTRM (1) or RTRM (2).
TBL  ______________________________________                                    
     MF -     DEC16 = 1 (1700 Hz not present)                                  
              1011 is produced on leads W, X, Y, and                           
              Z;                                                               
              DEC16 = 0 (1700 Hz present)                                      
              1011 is produced on leads W, X, Y, and                           
              Z;                                                               
     TCMF -   DEC16 = 0                                                        
              1011 is produced.                                                
     ______________________________________                                    
PA0  15. code 1110 -- data input "DE": This code represents a B (1010) for TCMF
      and a .theta. (1010) for MF when 1700 Hz is not present. When 1700 Hz is
      present it represents an E (1110) for MF. Multiplexers 50 and 52 are wired
      to always produce 1 on leads W, and Y. Multiplexer 51 is connected to lead
      DEC32 and multiplexer 53 is connected to lead DCE which is high for TCMF
      and is connected to DEC16 for MF.
TBL  ______________________________________                                    
     TCMF -   DEC16 = 0, DCE = 1                                               
              1010 is produced;                                                
     MF -     DEC16 = 1, DCE = 1 (1700 not present)                            
              1010 is produced;                                                
              DEC16 = 0, DCE = 0 (1700 is present)                             
              1110 is produced.                                                
     ______________________________________                                    
PA0  16. code 1111 -- data input "DF": This code is used only on MF and
      therefore it is wired to always produce C (1100) on leads W, X, Y, and Z.
PAR  Since the MF receiver is a much more precise receiver than the TCMF
      receiver, additional precautions are taken to insure wrong numbers are not
      recorded. Therefore lead JTRM (TXP) is used to signal the tone control
      circuit and thus the register when three or more tones are present on the
      line. This is an error indication. Leads JTRM (1) of section 1 or JTRM (2)
      of section 2 are connected to JTRM (TXP) of their associated MF receiver.
      When an error is seen lead JTRM (TXP) goes low causing trigger 58 or 59 to
      go high which in turn causes flip-flop 60 or 61 to set. In setting they
      cause leads MFER (1) or MFER (2) to go high which signals the register of
      the error condition. When the register has stored the error a zero is sent
      back on lead ERCLR (1) or ELCLR (2) which will reset the flip-flops. Thus
      the error is recorded.
PAR  FIG. 4 shows a particular register and sender arrangement which
      incorporates the decoder of the present invention designated TNC (A and
      B). Further details of this circuit are noted in copending application to
      Moorehead and Gauthier to a Register and Sender Arrangement. In this
      particular circuit two of the circuits of FIGS. 2A, 2B, 3A, and 3B are
      used in tandum to drive 4 registers.
PAR  FIG. 5 shows a block diagram for a system which controls and decodes TCMF
      and MF for four registers. It is not necessary to increase the clock rate
      since the normal receiver output signal is 40 milliseconds. However, the
      clock rate could be increased in order ot accommodate shorter signal
      lengths. In this embodiment the TRM leads are brought into four control
      sections 72-75. The control sections are coupled to decoder section 70 by
      a four to one multiplexer 71. The circuit operation would then be similar
      to that described above.
PAR  While principles of the invention have been illustrated above in connection
      with specific apparatus and applications, it is to be understood the
      description is made only by way of example and not as a limitation on the
      scope of the invention as encompassed by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved decoder for a register and sender arrangement of a
      communication switching system, said arrangement comprising a plurality of
      registers and senders, a clock, TCMF and MF receivers, wherein TCMF, MF,
      and DP pulses are received by said receivers, and said TCMF and MF signals
      are transmitted to said decoder, said improved decoder comprising:
PA1  Tcmf decoder control means;
PA1  Mf decoder control means;
PA1  common TCMF and MF decoder means for decoding both TCMF and MF signals; and
PA1  time sharing control means coupled to said TCMF and said MF decoder control
      means;
PA1  whereby said common TCMF and MF decoder means may be time shared by at
      least two MF or two TCMF registers or a TCMF register and an MF register.
NUM  2.
PAR  2. An improved decoder as claimed in claim 1 further comprising:
PA1  Mf error indication means.
NUM  3.
PAR  3. An improved decoder as claimed in claim 1 further comprising:
PA1  register priority means.
NUM  4.
PAR  4. An improved decoder as claimed in claim 1 further comprising:
PA1  second TCMF decoder control means;
PA1  second MF decoder control means; and
PA1  second time sharing control means coupled to said TCMF and said MF decoder
      control means;
PA1  whereby said common TCMF and MF decoder means may be time shared among at
      least four registers of any TCMF or MF combination.
NUM  5.
PAR  5. An improved decoder as claimed in claim 4 further comprising:
PA1  register priority means.
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ABST
PAL  Disclosed is an electronic ring trip circuit which does not require the use
      of an electromagnetic ring trip relay. The circuit employs an optical
      coupler as the offhook detector to act on an essentially bi-stable
      operational amplifier which is normally in a ring enabling state. With the
      amplifier in this state, the circuit responds to ring current and a ring
      connect relay is enabled by the circuit for operation. When the called
      station goes off-hook, the amplifier is switched to its ring trip state
      and disables the ring connect relay. An input circuit for the ring current
      shunts this AC away from the optical coupler to render the coupler
      responsive to minor changes in DC resulting from the called station going
      off-hook.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ring trip circuits are of course well known in the telephone art and these
      circuits respond to an off-hook condition at a called line to terminate
      the ringing. Most generally these circuits use relays to provide the
      isolation of the off-hook detector from line conditions while providing
      sensitivity enough to respond to the DC path closure caused by a station
      on the line going off-hook. More recently with the advent of optical
      couplers, a number of approaches have been developed using these
      components to provide DC detection with the necessary line to CO
      isolation.
PAR  In such systems, one major problem is to maintain the isolation provided by
      an optical coupler while maintaining the DC sensitivity of the off-hook
      detector at sensitive levels. The circuit must sense the off-hook DC
      current under the line condition extremes which may be encountered in a
      system. The circuit receives AC ringing signals which it must ignore while
      acting to detect a change in line conditions due to a called station going
      off-hook to shut off the ringing signals.
PAR  In the prior art use of optical couplers, variable resistors are commonly
      used with multiple strapping points to allow the circuit to be set
      individually for each line condition under which the circuit is to
      operate.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an electronic ring trip circuit for
      telephone systems. The circuit as shown responds to a wide range of line
      conditions by providing a filter for ringing current from 16 cps to 66
      cps. The filter shunts most of the AC from the ringing current away from
      the detector circuit to render the detector more sensitive to changes in
      the applied DC level.
PAR  The detector responds to a constant current DC which occurs on the called
      station going off-hook to trigger its LED within an optical coupler. The
      combination of DC plus the unfiltered portion of the ring current causes
      the LED to pulse on the on-hook condition. The output transistor of the
      optical coupler conducts during the pulse periods to cause a capacitor to
      partially discharge. The partial discharges due to the alternate half
      cycles is insufficient to discharge the capacitor to the output threshold
      of an operational amplifier. When the called station goes off-hook, the
      resultant DC operates the coupler more steadily to more fully discharge
      the capacitor and cause the operational amplifier to switch its condition
      and to latch in the switched condition. The change of condition causes the
      ring connect relay to release shutting off ringing current to the line.
      The amplifier latches itself in the switched state to keep the ringing cut
      off.
PAR  It is therefore an object of the invention to provide an improved
      electronic ring trip circuit.
PAR  It is a further object of the invention to provide an improved ring trip
      circuit using optical couplers, in which the AC ring input to the trip
      circuit is shunted away from the off-hook detector.
PAR  It is a still further object of the invention to provide an electronic ring
      trip circuit with an operational amplifier which responds to an off-hook
      condition and latches itself in a ring cut-off condition.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram of a preferred embodiment of our
      invention; and
PAR  FIG. 2 is a waveform chart showing the ringing waveform applied to the
      circuit of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The circuit of FIG. 1 is shown as wired for battery connected ringing
      generator and will be described for this direction of bias. For ground
      connected generator, terminal A would be connected to the telephone
      station line and terminal B to the ringing generator. With either
      arrangement, the generator may be any known type.
PAR  In the drawing, we show a ring trip circuit which is connected between or
      in the final stage of a switching network and a called telephone station.
      Associated with the ring trip circuit is a conventional ring connect relay
      RC of any known design and a ringing interrupter of any conventional
      suitable design.
PAR  The ring connect relay RC receives input ring signals and responds to the
      first of these signals to connect a ringing generator to the subscriber
      station ringer through the ring trip circuit. On operation, relay RC
      switches its contacts RC1-RC4. Ring input to relay RC is terminated after
      a period deemed sufficient to enable relay RC to operate fully.
PAR  Contacts RC1 act to latch the RC relay operated over a path from -48 volts
      to ground through normally conducting transistor Q3 and series string of
      diodes D4, D5 and D6. The relay RC latches over this path to maintain its
      contacts closed to operate the ringing generator and to feed the
      interrupted AC ring current to the called station over lead AB.
PAR  Contacts RC2, RC3 and RC4 close on operation of the relay to connect the
      ringing current from the ringing generator to the ringer of the called
      station and ground. The ringing generator is operated over this path
      between ground and -48 volts. The generator operates self-interruptedly in
      a conventional manner over an obvious path to produce sinusoidal AC
      ringing current which is symmetrical directionally.
PAR  The ringing current is filtered by the combination of resistor R12 and
      capacitor C2 which act to filter a major part of the AC ringing current
      and shunt this current around from the LED of optical coupler Q1.
PAR  Relay RC locks through its own make contact to a ground supplied by
      transistor Q3 which is biased to its conductive state by operational
      amplifier AMP1 to provide locking current through transistor Q3. In this
      mode, the AMP1 supplies the "logic O" output (toward -24 volts). The
      operational amplifier itself is used as a differential comparator, giving
      rise to essentially digital operation on its output, turning the
      transistor either "on" or "off".
PAR  Ringing voltage is supplied from the generator to the telephone. The
      generator may be either ground-connected (not shown) or battery-connected
      (as shown). As mentioned previously, the following explanation will cover
      the battery-connected case. The generator, therefore, will be biased to a
      DC value of negative 48 volts (central office battery). The generator
      produces a sinusoidal AC voltage of up to 90 volts typically in the
      frequency range between 16 Hz to 66 Hz. During the on-hook, ringing
      condition of the telephone system, essentially no DC current reaches the
      ring trip input lead AB. The current reaching lead AB is essentially
      sinusoidal and symmetrical with respect to direction, having no DC
      component. During one-half cycle, Zener diode ZD2 will shunt current in
      the A-B direction. During these and the alternate half cycles, the filter
      comprised of resistor R12 and capacitor C2 act as a low resistance shunt
      for AC.
PAR  When the interrupter switches from generator voltage to negative battery,
      the voltage impressed on the telephone include only the DC component
      present during ringing, but current flow is zero, being blocked by the
      ringer circuit in the telephone. The ring-trip network in the tip-ring
      circuit AB functions to steer appropriate current into the light emitting
      diode QD of transistor Q1. As current begins to flow from ground through
      the telephone to the generator or negative battery, a voltage is developed
      across diodes D2 and D3 producing a regulated voltage across the LED QD of
      Q1, while Zener diode ZD2 is back biased. As current through resistor R13
      tends to produce a voltage in series combination with the voltage of the
      LED of Q1, the LED of Q1 is protected from high DC currents and made
      uniform in operation over the range of other parameters.
PAR  When the current reverses direction of flow -- going from the generator
      through the telephone to ground -- Zener diode ZD2 conducts bypassing the
      Q1 LED altogether. Diodes D2 and D3 protect the LED from the reverse
      voltage.
PAR  Thus, the current flows in a cyclic fashion in the tip-ring circuit and a
      portion flows through the LED of Q1 on each half-cycle. Transistor Q1
      turns on as the LED conducts, bringing its emitter node toward ground
      while beginning a discharge of capacitor C1. The capacitor normally
      retains a charge of -24 volts during the quiescent state, through the path
      of resistor R6, diode D7, and resistor R4. When the discharge of C1 is
      brought about by Q1, a discharge path may be followed through resistors
      R6, R5 and transistor Q1. The charge and discharge path resistance is
      approximately equal at a nominal value of 260K. Diode D7 allows this by
      bypassing R5 in the charge path, and resistor R6 is a common element. The
      lead from capacitor C1 into the non-inverting input of amplifier AMP1 is a
      high impedance input which does not appreciably affect the charge and
      discharge of C1. A reference voltage of half negative twenty-four volts is
      provided to the inverting input of AMP1 by the voltage divider resulting
      from resistors R8 and R9.
PAR  The combination of resistor R12 and capacitor C2 act as a bandpass filter
      to shunt the ringing frequency in parallel around LED of the optical
      coupler to reduce the AC component of the voltage in the detection network
      to a minimum. Capacitor C2 is a polar capacitor of 470 microforads to
      shunt the ring frequency regardless of the frequency used, within the
      normal 16 to 66 cps range.
PAR  With the quiescent voltage of negative twenty-four on the plus terminal and
      negative twelve on the negative terminal of amplifier AMP1, the polarity
      on the terminals (+ and -) are reversed, causing the AMP1 to be in the
      logic 0 mode or toward -24 volts. As the charge and discharge of C1 takes
      place alternately due to ringing current in the tip-ring loop, the charge
      on C1 is decreased and replenished such that the -12 volts threshold is
      not reached on the plus terminal of AMP1 at the frequencies in question
      because of the symmetry of the cyclic current wave with respect to time.
      During an off-hook condition, however, a DC current component flows in the
      tip-ring circuit. Now, with a strong DC component super-imposed on a
      sinusoidal current, the amount of current flow and its period in the
      direction of the DC is considerably longer than during the other AC
      half-cycle, resulting in the Q1 transistor being on longer than it is off
      due to the ringing frequency. This effect is shown in the chart of FIG. 2.
PAR  When the called party goes off-hook, and closes contacts HKS-1, ground is
      fed to the path including the LED, R13, D3 and D2 to cause the LED to emit
      its optical output constantly, sensed by transistor Q1 and this causes the
      transistor to conduct and complete the discharge path for capacitor C1.
PAR  Consequently, the capacitor C1 will alternately be discharged longer than
      it is charged producing over several cycles a net decrease in charge.
      After a number of cycles, the threshold of the plus terminal of AMP1 is
      reached. This interval of the station being off-hook prior to response may
      be as long as 200 milliseconds without causing any problems. When the
      polarity on AMP1 is such that the plus terminal is positive with respect
      to the negative terminal, the output of AMP1 switches to the logic 1 mode,
      or to ground, turning off the transistor Q3. Furthermore, as soon as the
      logic 1 output is reached on the AMP1 output, the output is coupled back
      to the plus terminal input through transistor Q2 (this transistor having
      been enabled for conduction by the change of condition of AMP1 and the
      shutting off of transistor Q3. The feedback path through resistor R3
      latches AMP1 in the logic 1 state. The snap action resulting from this
      latching of the amplifier prevents oscillations of the amplifier AMP1 and
      transistor Q3 between logic 0 and logic 1 for small excursions across the
      switching threshold of the AMP1 since the RC relay locked to Q3 would not
      be able to respond to the fast discontinuities in current; moreover, the
      decision to trip will have been made at the instant the threshold on AMP1
      has first been reached. When Q3 turns off, relay RC drops out. During the
      silent period, with ring current shut off, DC current flows in the
      tip-ring circuit (in the direction to cause tripping) and Q1 turns on
      fully, completely discharging C1 with no oscillations once an off-hook is
      established in the tip-ring circuit.
PAR  When relay RC releases and opens its hold path contacts RC1, transistor Q2
      shuts off due to the removal of its base current consequent to contact RC
      having opened. With ring current shut off, capacitor C1 recharges and when
      the threshold level of amplifier AMP-1 is reached, the amplifier restores
      to its normal condition.
PAR  In FIG. 2, there is shown the input sinusoidal curve of ringing current.
      The ringing current of 90 volts r.m.s. represented by the sine wave is
      generally symmetrical about its horizontal axis DC1. This condition exists
      with ringing current fed to the called station prior to response by the
      called station. When the called station goes off-hook, a DC path is closed
      and this DC is superimposed on the ringing current.
PAR  The difference between the no DC component DC-1 and the closed DC path
      shown by DC-2 provides the difference which must be sensed. The window
      between points W2 on the line DC2 and W1 on DC1 must be sensed. As can be
      seen, the duration of this window is extremely short, making sensing of
      the DC a task of extreme sensibility and difficulty. By reducing the AC
      reaching the sensing LED to the level of the curve indicated by the
      Filtered Ring Current Curve, the period of the sensing window is increased
      to a period from W3 to W1, a considerably greater period than W to W1,
      thereby greatly eliminating the need for the greater sensitivity. It has
      been found that the DC difference between line DC1 and that of the line
      DC2 may be as low as 2 volts DC under some of the operating conditions
      under which the present ring trip circuit is designed to operate.
CLMS
STM  We claim:
NUM  1.
PAR  1. A ring control circuit for a telephone line to which alternating current
      ringing signals are applied from a ring signal source, including a ring
      connect relay operated responsive to ring signal input to close a path
      from said source to said telephone line and to a ring trip portion of said
      circuit, means for latching said relay in its operated condition, direct
      current detecting means responsive to rectified alternating current ring
      signals for maintaining the charge on a capacitor beyond a threshold
      level, means responsive to direct current through said line resulting from
      a closed loop condition of said line for causing the direct current and
      superimposed rectified ringing current to cause the charge on said
      capacitor to pass said level, an operational amplifier responsive to the
      charge of said capacitor passing said threshold for changing condition to
      release said latching means to cause release of said relay, said relay on
      release opening the closed path, and means for latching said amplifier in
      said changed condition.
NUM  2.
PAR  2. A ring control circuit as claimed in claim 1 wherein said latch means
      comprises a feedback path to one input of said amplifier with the path
      from the capacitor on discharge being connected to the other input to said
      amplifier.
NUM  3.
PAR  3. A ring control circuit as claimed in claim 2, wherein said feedback path
      includes a first, normally non-conductive transistor, and said amplifier
      has an output path including a second transistor which is normally
      conductive and is responsive to said amplifier changing condition for
      being shut off, said second transistor on being shut off causing said
      first transistor to turn on and become conductive to complete the feedback
      path.
NUM  4.
PAR  4. A ring control circuit as claimed in claim 3, wherein said ring connect
      relay is coupled to said second transistor, said second transistor on
      conduction enabling said relay for operation and maintaining a hold path
      for said relay over said second transistor.
NUM  5.
PAR  5. A ring control circuit as claimed in claim 2, wherein there is means for
      shunting ringing current from said direct current detector, and said
      shunting means comprises a band pass filter in parallel with said current
      detector with the pass band of said filter covering the ringing signal
      range of 16 to 66 Hz.
NUM  6.
PAR  6. A ring control circuit as claimed in claim 1 wherein said current
      detecting means comprises an optical coupler, and in which there are means
      for filtering the ringing current to reduce the amplitude levels thereof
      to said coupler.
NUM  7.
PAR  7. A ring control circuit for a telephone line to which alternating current
      ringing signals are applied from a ring signal source, including a ring
      connect relay operated responsive to ring signal input to close a path
      from said source to said telephone line and to a ring trip portion of said
      circuit, a first transistor conductive to latch said relay in its operated
      condition, current detecting means responsive to rectified alternating
      current ring signals for maintaining the charge on a capacitor above a
      threshold level, means responsive to direct current through said line
      resulting from a closed loop condition of said line for causing the direct
      current and superimposed rectified ringing current to discharge said
      capacitor below said level, an operational amplifier responsive to
      discharge of said capacitor below said threshold for changing to a tripped
      condition to release said latching transistor and cause release of said
      relay, said relay on release opening the ringing path to said current
      detecting means, a second transistor for latching said amplifier in said
      changed condition, and said current detector responsive to the cessation
      of ring current over said opened path to restore said amplifier from its
      tripped condition.
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ABST
PAL  A diode OR gate permits trigger circuits of an array of SCR's to share the
      same integrating capacitor for suppression of short-lived transients,
      which might otherwise cause false triggering of the SCR's. The SCR's are
      switching and latching elements in a telephone cross-point switch array.
BSUM
PAR  The present invention relates to telephone cross-point switching arrays
      using four-layer semiconductor devices as cross-point elements and, more
      particularly, to transient suppression circuitry for the trigger circuits
      of these devices.
PAR  Telephone cross-point switch arrays are more and more being constructed in
      monolithic integrated circuit form. The switching and latching function in
      such circuits is most feasibly provided by air-isolated semiconductor
      controlled rectifiers (SCR's) each of which is triggered by a command
      signal. These command signals are supplied by respective command lines.
      Each of these lines undesirably tends to have short-lived transients,
      typically no more than 30 microseconds in duration, coupled to it by stray
      capacitances. The command signal pulses are of longer duration, at least
      100 microseconds.
PAR  Low-pass filtering of each of the command lines would suppress the
      short-lived transients while preserving the larger-duration command signal
      pulse. The problem is to provide low-pass filtering for each of the
      command lines which will not take up excessive area on the monolithic
      integrated circuit die. This problem is solved by connecting the input
      terminals of a diode OR gate to each of the command lines so the shared
      capacitance at the output terminal of the OR gate can provide filtering
      for each of the command lines.
DRWD
PAR  In the drawing, the sole FIGURE is a schematic diagram of a portion of a
      cross-point array with SCR switching and latching elements, their
      associated trigger circuitry and the transient suppression circuitry in
      which the present invention is embodied.
DETD
PAR  In the interest of brevity and clarity, only two-cross-point switch
      elements (SCR's 10 and 30) and their associated circuitry are shown in the
      FIGURE and described in the following detailed description of the
      invention. However, in actual practice there are customarily several
      (e.g., eight) cross-point switch elements in each integrated circuit
      cross-point switch array.
PAR  Each of the SCR's 10 and 30 has its cathode connected to a ROW bus 2, of
      the cross-point switch. The anodes of SCR's 10 and 30 are provided
      terminals 11 and 31, respectively, for connection to separate COLUMN
      busses (not shown) of the cross-point switch. Bus 3 is supplied a direct
      potential, positive with respect to that appearing on ROW bus 2; and bus 4
      is supplied a direct potential about the same as the potential appearing
      on ROW 2. Each SCR may be triggered into conduction by the application of
      a positive-going pulse of current to its gate electrode (12 or 32), and
      each thereafter remains conductive until current flow to its anode
      terminal (11 or 31) is either interrupted or reduced below the SCR holding
      current.
PAR  Terminals 13 and 33 are for connection of command lines to apply a
      positive-going pulse to SCR 10 or 30, respectively, when that SCR is to be
      triggered into conduction. For example, a positive-going pulse at terminal
      13 is coupled through resistor 14 to the base electrode of an NPN
      transistor 15, switching it into saturated conduction, and clamping its
      collector electrode to substantially the same potential as appears on bus
      4. Resistor 16 connects the collector electrode of transistor 15 to the
      interconnected base and collector electrodes of a self-biased PNP
      transistor 17 having its emitter electrode connected to bus 3. The
      self-biased transistor maintains a relatively constant offset potential
      (550 to 700 millivolts for a silicon transistor) across itself by negative
      collector-to-base feedback. So, for this condition of transistor 15 being
      biased into saturation, the potential across resistor 16 is about one volt
      less than that appearing between busses 4 and 3, and the current flow
      through resistor 16 for this condition has a well-defined value in
      accordance with Ohm's Law. The base-emitter potential of transistor 17 has
      the value associated with this current level, and is applied to the
      serially-connected resistor 18 and base-emitter junction of transistor 19.
      This biases PNP transistor 19 into conduction, albeit at a substantially
      lower level of collector current than that of transistors 15 and 17.
      Transistor 19 can be viewed as a switchable constant current source
      activated by COMMAND pulses or transients appearing on the COMMAND signal
      line (not shown) connected to terminal 13.
PAR  The collector current of transistor 19 forward biases the emitter-base
      junction of PNP transistor 20. Transistor 20 is self-biased and functions
      as a diode to couple the collector electrode of transistor 19 to a bus 5
      floating in potential developed by the charge on a capacitance 6. This
      capacitance 6 could be provided by a specific and separate capacitor
      structure, that is, by a lumped element. However, the PNP transistor 20
      will be of a lateral construction in a monolithic integrated circuit and
      so will have substantial base-to-substrate capacitance associated
      therewith. This base-to-substrate capacitance parallelled with those of
      corresponding elements (e.g. 40) in the triggering circuits of the other
      cross-point switch elements can provide an adequately large capacitance 6
      without need for further, especial capacitor structure. This distributed
      capacitance is illustrated in the FIGURE by the phantom (dashed line)
      showing.
PAR  In operation, the collector current of transistor 19 charges capacitor 6
      via self-biased transistor 20, raising the emitter potential of transistor
      20. This raises the potential on bus 5 because of the clamping action of
      self-biased transistor 20. The raising of potential on bus 5 cuts-off the
      base-emitter junctions of other self-biased transistors (e.g., 40)
      connected to bus 5 and prevents the coupling of trigger pulses to the
      other SCR's (e.g., 30).
PAR  When the emitter potential of transistor 20 is raised sufficiently
      positive, it will overcome the threshold potential offered by the
      serially-connected avalanche diode 21 and base-emitter junctions of
      transistors 22 and 23 in Darlington connection 24. This serial connection
      in effect forms a threshold-potential breakdown device. Current will then
      flow in this serial connection as base current for transistor 23, applying
      current to resistor 25 and to gate electrode 12 of SCR 10. The value of
      this current is constrained to a limit value by resistor 26 when
      transistor 23 saturates. A level of current flow much lower than this
      limit value is, however, sufficient to trigger SCR 10 into latching
      conduction.
PAR  Applying a positive pulse to terminal 33 will trigger SCR 30 into latching
      conduction in an analogous manner, elements 34, 35, 36, 37, 38, 39, 40,
      41, 42, 43, 44, 45 and 46 corresponding to elements 14, 15, 16, 17, 18,
      19, 20, 21, 22, 23, 24, 25 and 26, respectively.
PAR  Now, a short-lived transient pulse of current from the collector electrode
      of transistor 19 during an interval between command pulses will render
      self-biased transistor 20 conductive and the capacitance 6 will integrate
      the transient pulse. Since the pulse is short-lived and the collector
      current of transistor 19 is constrained to a low level, capacitor 6 will
      be insufficiently charged to develop a potential thereacross large enough
      to overcome the threshold potential presented by avalanche diode 21 and
      the base-emitter junctions of transistors 22 and 23. So, there will be no
      triggering of SCR 10. Self-biased transistor 40 and capacitance 6 operate
      similarly to prevent triggering of SCR 30 by transient current pulses from
      the collector electrode of transistor 39.
PAR  Transistors 7 and 8 are connected in a Darlington configuration 9 with
      base-electrode of transistor 8 being left uncommitted. Darlington
      configuration 9 accordingly provides a high-resistance leakage path for
      bleeding off charge accumulated on capacitor 6 during transient pulses.
      Stray leakage may be sufficient for this purpose in some circuits, in
      which case the Darlington configuration 9 may be dispensed with.
PAR  One may consider self-biased diodes 20 and 40 as diodes in an OR gate
      configuration. This OR gate configuration permits a single integrating
      capacitance 6 which is common to the entire array to provide transient
      immunity to the triggering circuitry of each SCR 10, 30, while at the same
      time isolating the trigger pulses to one of the SCR's from the other(s).
      The diodes themselves as self-biased PNP lateral transistors contribute
      their respective base-to-substrate capacitances, which are parallelled to
      form an adequately large capacitance 6 without need for separate
      capacitative structures.
PAR  The lateral-structure transistors (20, 40, etc.) may have separate base
      regions in which case their respective base electrodes and their
      respective collector electrodes will all be connected by metallization to
      the floating bus 5. Alternatively, the lateral-structure transistors may
      share the same base region and, in such case, can use in common a single
      base electrode. The transistors in such case may also share a common
      collector region, which would permit the transistors to use in common a
      single collector electrode. Large threshold potentials to trigger pulses
      are provided by avalanche diodes 21, 41 to reduce the value of the
      integrating capacitance necessary to prevent false triggering of the SCR's
      10, 30 by transients. The time delay before triggering achievable with
      this integrated circuit is reasonably uniform and predictable,
      facilitating mass production of the cross-point switching array.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a cross-point switch array with a plurality of four-layer devices
      having their anode-to-cathode paths connected as switching and latching
      elements between COLUMN and ROW busses and having their respective gate
      electrodes connected to receive COMMAND pulses of current from respective
      COMMAND signal lines for triggering their respective anode-to-cathode
      paths into conduction, triggering circuitry immune to false triggering
      brought about by transient pulses of shorter duration than said COMMAND
      pulses, said triggering circuitry comprising:
PA1  a plurality, N in number, of switchable current sources each for being
      activated by a COMMAND or transient pulse applied thereto from a
      respective COMMAND signal line;
PA1  a diode OR gate having a plurality, N in number, of input terminals, each
      connected to a separate one of said switchable current sources, and having
      an output terminal;
PA1  a capacitance connected between said OR gate output terminal and a point of
      potential to which the cathodes of said four layer devices are referred,
      for integrating said transient pulses; and
PA1  a plurality, N in number, of threshold potential breakdown devices, each
      connected between a respective one of said OR gate input terminals and the
      gate electrode of a respective one of said four-layer devices, their
      threshold potentials for breakdown being chosen sufficiently low that
      COMMAND pulses as integrated by said capacitance are large enough to
      overcome these threshold potentials and being chosen sufficiently high
      that transient pulses as integrated by said capacitance are too small to
      overcome these threshold potentials.
NUM  2.
PAR  2. Triggering circuitry as set forth in claim 1 wherein said diode OR gate
      and at least a portion of said capacitance for integrating transient
      pulses comprises:
PA1  a plurality, N in number, of lateral-structure integrated transistors
      having their respective emitter electrodes connected as the respective
      input terminals of said OR gate, having their base and collector
      electrodes connected together as the output terminal of said OR gate, and
      having a substrate, their parallelled base-to-substrate capacitances
      providing at least a portion of said capacitance for integrating transient
      pulses.
NUM  3.
PAR  3. The combination of:
PA1  an array of semiconductor controlled rectifiers, each having a conduction
      path and a gate electrode for controlling conduction through said path;
PA1  a plurality of control circuits, one for each gate controlled rectifier,
      each including an input terminal to which a COMMAND pulse may be applied,
      a current source, a normally open switch between that source and the gate
      electrode of its gate controlled rectifier, and means responsive to said
      COMMAND pulse for closing the switch of that circuit;
PA1  integrating means for substantially attenuating pulses of shorter duration
      than one of said COMMAND pulses; and
PA1  selective switching means responsive to pulses appearing at each of said
      input terminals for selectively applying said integrating means to the one
      of said control circuits having the input terminal on which the largest
      pulse appears to reduce the sensitivity of that control circuit to such
      pulse if it be of said shorter duration.
NUM  4.
PAR  4. The combination set forth in claim 3 having a plurality of lateral
      geometry integrated transistors on a common substrate, having their
      respective emitter electrodes connected to separate ones of said control
      circuits and having their base and collector electrodes connected together
      to form an OR gate connection comprising said selective switching means,
      the parallelled capacitances between the base and collector regions of
      said transistors comprising said integrating means.
NUM  5.
PAR  5. In combination:
PA1  an array of electronic switch devices, each having an input circuit and an
      output circuit, the output circuit of each electronic switch device having
      a relatively conductive state and a relatively non-conductive state
      depending upon whether a control potential appearing at the input circuit
      of that electronic switch device is above or below a threshold value;
PA1  means for recurrently applying a COMMAND current pulse to a selected one of
      the input circuits of said electronic switch devices to cause the
      potential thereacross to exceed said threshold value;
PA1  a plurality of unilaterally conductive devices, each of said unilaterally
      conductive devices exhibiting relatively easy current conduction from an
      electrode thereof to a common circuit node and each connected at its said
      electrode to a different one of the input circuits of said electronic
      switch devices;
PA1  a capacitance between said common circuit node and a reference potential,
      said capacitance being of a value to integrate any transient current pulse
      of shorter duration than said COMMAND pulse which transient current pulse
      is undesirably coupled to the input circuit of any one of said electronic
      switch devices and tends to cause the potential across the input circuit
      of said any one of said electronic switch devices to exceed the potential
      then present across the input circuit of each other of said electronic
      switch devices, whereby the likelihood of such shorter duration pulse
      causing a control potential larger than said threshold value is
      substantially diminished.
NUM  6.
PAR  6. In integrated circuitry built upon a common substrate and having a
      plurality of conductors for parallelly applied pulse signals, a transient
      suppressor comprising:
PA1  a plurality of lateral structure transistors having joined bases and joined
      collectors, said transistors having respective emitter electrodes
      connected to respective ones of said conductors where transient current
      pulses may occur which transient pulses are short-lived as compared to
      said pulse signals and the combined base-to-substrate capacitances of the
      transistors being free to integrate such transient current pulses and
      thereby reduce their amplitudes relative to the amplitudes of said pulse
      signals.
NUM  7.
PAR  7. In integrated circuitry built upon a common substrate and having a
      plurality of conductors for parallelly applied pulse signals, a transient
      suppressor comprising:
PA1  a plurality of transistors having joined base regions and joined collector
      regions, one type of said regions being disposed upon said substrate and
      having the other type of regions disposed therewithin, said transistors
      having respective emitter regions disposed in their base regions to form
      base-emitter junctions, which emitter regions are ohmically contacted and
      connected to respective ones of said plurality of conductors where
      transient pulses short lived as compared to said pulse signals may occur,
      said base-emitter junctions providing a diode OR gate for selectively
      connecting such of said plurality of conductors upon which a pulse occurs
      to the combined base-to-substrate and collector-to-substrate capacitances
      of said transistors.
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ABST
PAL  A relayless switching circuit which provides an effectively open circuit
      between a telephone and a ringing generator when the ringing generator is
      de-energized and which is conditioned when the ringing generator is turned
      on to couple pulses of ringing voltage to the telephone and to effectively
      open the talking circuit during the occurrences of the ringing voltage
      pulses.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to circuits for applying ringing voltage to a ringer
      or other signalling device in a telephone.
PAC  BACKGROUND
PAR  In telephone circuits which have a telephone coupled by an interface
      transformer to transmission equipment, it has been a practice prior to
      this invention to employ a relay switching circuit which normally connects
      the telephone to its associated winding of the transformer and which
      maintains the telephone normally disconnected from a ringing generator in
      absence of a ring control signal. Upon the occurrence of the ring control
      signal, a relay in the relay switching circuit is effective to disconnect
      the telephone from its associated transformer winding and to connect the
      telephone to the ringing generator so that the a.c. ringing voltage, which
      is produced by the generator, can energize the ringer in the telephone.
PAR  The purpose of disconnecting the telephone from the generator when the
      telephone is connected to its associated transformer winding is to prevent
      current flowing in the talking circuit from being shunted or diverted
      through the generator which is usually of low impedance. A purpose of
      disconnecting the telephone from its associated transformer winding when
      the telephone is connected to the ringing generator is to prevent ringing
      current, which is fed to operate the ringer, from being diverted through
      the transformer winding.
PAR  Though these relay switching circuits operate generally satisfactorily, it
      was recognized as an incident to this invention that cost and space
      savings could be realized over the foregoing type of relay switching
      circuit.
PAC  SUMMARY AND OBJECTS OF INVENTION
PAR  A primary object of this invention is to provide a novel relayless
      switching circuit which is effective to apply ringing voltage to a
      telephone and which is less costly and requires less space as compared
      with the previously described relay switching circuit.
PAR  Another object of this invention is to provide a novel relayless switching
      circuit which is effective to apply ringing voltage to a telephone, which
      prevents current coming from a ringing voltage source from being shunted
      through the interface transformer winding, and which is effective to
      effectively disconnect the telephone from the ringing voltage source in
      absence of a pre-selected signal.
PAR  Still another object of this invention is to provide a novel relayless
      switching circuit which is effective to apply ringing voltage to a
      telephone and which is normally more reliable as compared with the
      previously described relay switching circuit.
PAR  These and other objects of this invention are achieved in the illustrated
      embodiment in which the relayless switching circuit is connected between a
      ringing generator and the telephone and includes two semiconductor diode
      devices. One of the diode devices, which may be a Zener diode, is
      connected in series with the ringing generator in a first circuit branch,
      and the other diode device is connected in series with the interface
      transformer winding in a second circuit branch. These first and second
      circuit branches are in parallel across the operating terminals of the
      telephone instrument, and the two diode devices are biased in such a
      manner that only one of the two diode devices will conduct at a given
      time.
PAR  Further objects of this invention will appear as the description proceeds
      in connection with the below-described drawings and the appended claims.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram which illustrates a preferred
      embodiment of this invention; and
PAR  FIG. 2 is a synchrogram (waveform chart) which illustrates the ringing
      generator voltage and the ringing voltage which is applied to the
      telephone by the circuit of this invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 of the drawings, the relayless switching circuit which
      incorporates the principles of this invention is generally indicated at 10
      and has a pair of output terminals 12 and 14. A telephone 16, which is of
      any suitable conventional construction, is connected to circuit 10 and
      typically includes a handset 18, a hookswitch 19 and a suitable signalling
      device such as a ringer 20.
PAR  In this example, ringer 20 is connected in series with a capacitor 22
      across terminals 12 and 14. Handset 18 is connected in series with
      hookswitch 19 across output terminals 12 and 14. The two circuit branches
      respectively containing handset 18 and ringer 20 or other signalling
      devices are in parallel as shown.
PAR  Telephone 16 is also connected through terminals 12 and 14 to one side of a
      suitable interface transformer 30 which is effective to couple voice
      frequency signals in both directions. Transformer 30 has a pair of
      magnetically coupled windings 29 and 31. Winding 29 is of the split type
      and has a pair of winding portions 32 and 33.
PAR  As shown in FIG. 1, one terminal of winding portion 32 is connected to the
      positive side of a battery 34, and the other terminal of winding portion
      32 is connected to the anode terminal of a semiconductor diode 36 which
      forms a part of circuit 10. The cathode terminal of diode 36 is connected
      to terminal 12. One terminal of winding portion 33 is connected to the
      negative side of battery 34, and the other terminal of winding portion 33
      is connected directly to terminal 14. When diode 36 is forward biased,
      winding 29 will be electrically connected to telephone 16.
PAR  Winding 31 may be connected to conventional transmission means or equipment
      which, in turn, is connected by a two-conductor telephone transmission
      line 39 to a central office. By way of example, the transmission means may
      be a repeater. Alternatively, the transmission means may be a subscriber
      carrier apparatus such as that shown in U.S. Pat. No. 3,501,591 which
      issued on Mar. 17, 1970 to Lester Q. Krasin and Clifford E. Greene. If
      subscriber carrier apparatus is connected to transformer 30, it will be
      appreciated that transformer 30 will customarily be of the hybrid type.
PAR  Battery 34 which is connected between and in series with winding portions
      32 and 33 supplies the power for operating telephone 16. More
      particularly, battery 34 supplies the talking or microphone current for
      telephone 16 as well as signalling power.
PAR  Circuit 10, which is connected between a conventional ringing generator 40
      and telephone 16, further comprises a capacitor 42, a semiconductor diode
      44, a Zener diode 46 and a limiting resistor 48. Generator 40 provide an
      a.c. ringing voltage. The voltage supplied by generator 40 may be a
      constant frequency square wave as indicated at 50 in FIG. 2.
      Alternatively, generator 40 may produce a sine wave. The frequency and RMS
      value of the a.c. ringing voltage may be any suitable pre-selected values.
      The waveform voltage values indicated in FIG. 2 are only examples to
      assist in the understanding of this specific embodiment and are not
      intended to limit the scope of this invention.
PAR  The output terminals of generator 40 are respectively indicated at 52 and
      53 and are respectively connected to the positive side of battery 34 and
      one plate of capacitor 42. The cathode and anode terminals of diode 46 are
      respectively connected to the other plate of capacitor and to one terminal
      of resistor 48. The other terminal of resistor 48 is connected to terminal
      12 and to the cathode of diode 36. Resistor 48, Zener diode 46, capacitor
      42, generator 40, battery 34, and winding portion 33 are connected in
      series across terminals 12 and 14.
PAR  Diode 44 is connected in parallel with the circuit branch containing
      generator 40 and capacitor 42. The anode of diode 44 is connected to the
      junction between battery 34 and generator 40 and hence to the positive
      side of battery 34 and to terminal 52. The cathode of diode 44 is
      connected to the junction between capacitor 42 and Zener diode 46. Thus,
      the cathode of diode 44 is connected to the cathode of diode 46 on the
      side of capacitor 42 opposite from generator 40.
PAR  The talking circuit for telephone 16 includes transformer 30 and the two
      conductors that connect winding 29 through terminals 12 and 14 to the
      telephone. Diode 36 is also in the talking circuit as shown.
PAR  Generator 40, which is locally powered, is normally turned off or
      de-activated prior to the application of a ring control signal. The ring
      control signal is conventionally developed upon dialing the number of
      telephone 16. The ring control signal may be supplied in a conventional
      manner from an unshown conventional ring control circuit or means which
      may be in the previously mentioned subscriber carrier apparatus.
PAR  For an incoming call, the ring control signal, upon dialing the number of
      telephone 16, is developed and applied to generator 40 to activate or turn
      the generator on. Generator 40, upon being turned on, produces an a.c.
      ringing voltage (E.sub.ac) such as the voltage which is indicated at 50 in
      FIG. 2. The output of generator 40 therefore varies between maximum
      positive and negative values +E.sub.ac and -E.sub.ac. The voltage waveform
      50 is the voltage across terminals 52 and 53.
PAR  During the negative half cycle of the generator-produced voltage E.sub.ac
      diode 44 will be forward biased so that capacitor 42 will be charged by
      generator 40 to the generator -E.sub.ac voltage value. When diode 44
      conducts it will be appreciated that it effectively completes a short
      across the circuit branch consisting of generator 40 and capacitor 42.
      Thus, capacitor 42 will charge up rapidly because of the short charging
      time constant which is nearly equal to zero.
PAR  When diode 44 conducts during the negative half-cycle of voltage E.sub.ac
      it will be appreciated that it clamps the positive side of capacitor 42 to
      the positive voltage (+E.sub.B) of battery 34. This is as far negative as
      the applied voltage excursion can go. During the negative half-cycle of
      the generator-produced voltage, diode 44 conducts only long enough to
      charge capacitor 42 to the previously mentioned value.
PAR  During the positive half-cycle of the generator-produced voltage capacitor
      42 will discharge through resistor 48. Capacitor 42 is relatively large
      with the result that the discharging time constant is long. As a result,
      capacitor 42 relinquishes only a relatively small amount of its charge
      during the positive half-cycle of the generator-produced voltage.
PAR  Thus, after one or more periods of the generator-produced voltage, the time
      for charging capacitor 42 back to its original value will stabilize. This
      charging time is normally shorter than the duration of each negative
      half-cycle of the generator-produced voltage.
PAR  From the foregoing it will be appreciated that the voltage across generator
      40 and capacitor 42 varies between zero volts and two times the peak
      voltage (+E.sub.ac) of the generator-produced voltage because capacitor 42
      provides, in effect, a voltage doubler action.
PAR  While capacitor 42 is being charged during the negative half-cycle of the
      generator-produced voltage and for the duration of the negative half-cycle
      of the generator-produced voltage, Zener diode 46 will not be biased far
      enough forward to be conductive. However, in the positive half-cycle of
      the generator-produced voltage, when the polarity across generator 40 is
      switched, diode 44 will be reverse biased and the charge on capacitor 42
      will be added to the generator-produced voltage (+E.sub.ac) to produce the
      doubler effect. As a result, the voltage applied across Zener diode 46
      during the positive half-cycle will exceed the Zener potential to cause
      diode 46 to conduct. The Zener potential is pre-selected at a suitable
      value which is greater than the voltage of battery 34, but significantly
      smaller than the peak-to-peak variation of the generator-produced voltage.
      For example, for a 6 volt battery and a 200 volt peak-to-peak variation of
      the generator-produced voltage, the Zener potential may be 20 volts.
PAR  Upon reaching the Zener potential when the generator-produced voltage
      switches to its positive half-cycle, diode 46 will conduct to couple a
      ringing voltage pulse (see FIG. 2) through the circuit for application
      across terminals 12 and 14 and, consequently, across the telephone circuit
      branch 60 which contains capacitor 22 and ringer 20. This ring voltage
      pulse will be positive and is superimposed on the positive voltage bias
      (E.sub.B) which is furnished by battery 34.
PAR  When Zener diode 46 conducts, the voltage applied to the cathode of diode
      36 will become more positive than the positive battery voltage which is
      applied to the anode of diode 36. As a result, diode 36 will be reverse
      biased and non-conducting while Zener diode 46 is conducting. Diode 36 is
      therefore reverse biased for the duration of the positive half cycle of
      the generator-produced voltage.
PAR  Thus, for the duration of the positive half cycle of the generator-produced
      voltage, diode 36 effectively opens the talking circuit that connected
      winding 29 across terminals 12 and 14. Consequently, none of the ringing
      current which is fed through Zener diode 46 to charge capacitor 22 will be
      diverted or shunted through the two winding portions 32 and 33.
PAR  Instead, the charging circuit for charging capacitor 22 and the discharging
      circuit for capacitor 42 is from capacitor 42, generator 40 and battery 34
      (which are all connected in series), through winding portion 33, through
      branch 60, through resistor 48 and finally through Zener diode 46 to the
      composite emf source which consists of capacitor 42, generator 40 and
      battery 34.
PAR  It will be observed that for the duration of the positive half cycle of the
      generator-produced voltage, the talking circuit is effectively
      disconnected from telephone 16 and only one circuit branch in circuit 10
      is connected across terminals 12 and 14. In this single circuit branch,
      capacitor 42, generator 40, battery 34, winding portion 33, resistor 48,
      and Zener diode 46 are all connected in series across terminals 12 and 14.
      Thus, neglecting the voltage drops across diode 46 and resistor 48, the
      ringing voltage which is coupled through by circuit 10 and which is
      applied across circuit branch 60 at the start of the positive half cycle
      of the generator-produced voltage will be the sum of twice the positive
      generator-produced voltage plus the battery voltage and less the zener
      potential of diode 46.
PAR  Since diode 36 effectively provides an open circuit for the duration of the
      positive half cycle of the generator-produced voltage it is clear that the
      objectionable application of ringing voltage across both portions of
      winding 29 is avoided.
PAR  On the next negative half cycle of the generator-produced voltage, Zener
      diode 46 again becomes non-conductive to effectively present an open
      circuit that disconnects generator 40 and capacitor 42 from telephone 16.
      In addition, diode 44 will again conduct to complete the charging circuit
      for re-charging capacitor 42 which partially discharged during the
      positive half cycle of the generator-produced voltage.
PAR  During the negative half cycles of the generator-produced voltage, diode 36
      is biased by battery 34 so that, neglecting the resistance in winding
      portion 32, it will conduct if the voltage at the anode of diode 36 starts
      to go negative with respect to the positive battery voltage. As a result,
      diode 36 is conditioned to conduct to maintain a positive d.c. bias
      (E.sub.B) across terminals 12 and 14. The positive pulses coupled through
      Zener diode 46 will be superimposed on this positive bias. Thus, for
      recurrent cycles of the generator-produced voltage, a pulsating d.c.
      current, which is always positive, will be fed with a superimposed bias to
      capacitor 22. Capacitor 22 will therefore charge and discharge in a well
      known manner to cause an alternating current to flow through ringer 20 to
      ring the ringer.
PAR  From the foregoing description it will be appreciated that when generator
      40 is turned on, circuit 10 is rendered effective by the
      generator-produced voltage to couple positive pulses, as indicated at 62
      in FIG. 2, to circuit branch 60. The maximum and minimum valves of the
      waveform 62 will be of the same polarity and are positive for this
      embodiment. If the generator-produced voltage is a square wave, the
      waveform 62 will also be a square wave.
PAR  It also is clear that during the negative half cycles of the
      generator-produced voltage, Zener diode 46 is not conducting with the
      result that it effectively disconnects generator 40 and capacitor 42 from
      terminals 12 and 14. During the positive half-cycles, when Zener diode 46
      is conducting, diode 36 will be reverse biased and hence nonconducting. It
      will be appreciated that the bias conditions are such that diodes 36 and
      46 will not conduct at same time.
PAR  When the call is answered by transferring the telephone to its off-hook
      condition, hookswitch 19 closes. As a result a change in loop current in
      the talking circuit occurs. Ring trip voltage may be taken from any
      suitable location in the talking circuit such as from the negative leg of
      battery 34. When hookswitch 19 is closed, a change in the ring trip
      voltage occurs, as is well known, and a conventional unshown ring trip
      circuit is responsive to this voltage change to turn off generator 40.
PAR  When generator 40 turns off Zener diode 46 will no longer conduct and
      therefore effectively opens the circuit that connected generator 40 and
      capacitor 42 to terminals 12 and 14. Generator 40 and capacitor 42 are
      therefore effectively disconnected from the talking circuit and from
      terminals 12 and 14. Therefore, alternating current in the talking circuit
      will not be shunted or diverted through generator 40 which has a low
      impedance.
PAR  Furthermore, the single polarity of the ringing voltage, which is applied
      across terminals 12 and 14 and which is indicated at 62, assures that the
      ring trip current will also be at the proper polarity (on the positive
      side in this instance) regardless of whether the generator-produced
      voltage 50 is in its positive half cycle or its negative half cycle when
      hookswitch 19 is closed.
PAR  The presence of diode 36 in the talking circuit does not present any
      problem in the transmittal of signals or voice frequency information
      bcause the alternating current in the talking circuit is not large enough
      to reverse bias diode 36. Therefore, when diode 36 is biased into
      conduction upon transferring the telephone to its off-hook condition, it
      will remain conductive and hence will not cause any rectification.
PAR  From the foregoing description it is evident that circuit 10 achieves all
      of the desired switching functions without any relays. In addition to not
      containing any relays, circuit 10 also does not contain any tubes,
      transistors, or semiconductor devices with three or more terminals. As
      compared with prior relay switching circuits, circuit 10 is less costly,
      requires less space and is uniquely simple.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiment is therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. In combination with a telephone, a talking circuit normally connected to
      said telephone, a telephone transmission line providing a
      signal-transmitting connection between said talking circuit and a central
      office, and a ringing generator located at the talking circuit end of said
      transmission line remote from said central office for developing an a.c.
      voltage in response to the occurrence of a pre-selected signal which is
      transmitted from said central office to signal an incoming call to said
      telephone, a static switching circuit rendered effective by said a.c.
      voltage (a) to convert said a.c. voltage into a pulsating d.c. ringing
      voltage and to apply said pulsating ringing voltage to said telephone to
      operate a signaling device in said telephone and (b) to effectively
      electrically disconnect a portion of said talking circuit from said
      telephone during application of the pulses of said ringing voltage to said
      telephone.
NUM  2.
PAR  2. In combination with a telephone, a signal transmitting circuit having an
      interface transformer, a winding forming a part of said transformer, and a
      ringing generator which is responsive to a pre-selected signal to produce
      an a.c. voltage, a switching circuit having first and second semiconductor
      means, said first semiconductor means being in series with said winding in
      a first circuit branch, said second semiconductor means being in series
      with said generator in a second circuit branch, and said first and second
      circuit branches being connected in parallel across operating terminals of
      said telephone, said second semiconductor means being effective to couple
      d.c. ringing voltage pulses to said operating terminals only on the
      occurrence of half cycles of only one pre-selected polarity of said a.c.
      voltage, and said first semiconductor means being effective upon the
      occurrence of said d.c. pulses to effectively open the circuit which
      connects said first branch across said operating terminals.
NUM  3.
PAR  3. The combination defined in claim 2 wherein said first and second
      semiconductor means respectively are a diode and a Zener diode.
NUM  4.
PAR  4. The combination defined in claim 3 wherein a terminal of a battery is
      connected to said generator, wherein said switching circuit further
      comprises a capacitor connected in said second circuit branch in series
      with and between said Zener diode and said generator, and wherein a
      further diode has one terminal connected to a junction between said
      capacitor and said Zener diode and its other terminal connected to a
      junction between said generator and said battery to effect the charging of
      said capacitor only during half cycles of said a.c. voltage which are of
      the opposite polarity from said one pre-selected polarity.
NUM  5.
PAR  5. A telephone transmission system comprising signal transmission means, a
      telephone instrument, a transformer normally coupling said telephone
      instrument to said transmission means and having first and second winding
      means, said first winding means being connected to said transmission
      means, a ringing generator energizable from an inactive state to an active
      voltage-producing state by a pre-selected ring control signal, and circuit
      means for connecting said generator to said telephone to couple pulses of
      ringing voltage to said telephone, said circuit means including a
      semiconductor device which is normally conductive when said generator is
      in said inactive state to complete a signal transmitting circuit between
      second winding means and said telephone, the bias of said semiconductor
      device being controlled by voltage conditions which are developed when
      said generator is in its active voltage-producing state to effectively
      open said signal transmitting circuit during the occurrence of said
      pulses.
NUM  6.
PAR  6. The telephone transmission system defined in claim 5 wherein said
      transmission means comprises a carrier circuit.
NUM  7.
PAR  7. The telephone transmission system defined in claim 5 wherein said
      circuit means further comprises a capacitor connected in series with said
      generator and a Zener diode connected in series with said capacitor and
      said generator, said semiconductor device being in parallel with the
      circuit branch containing said generator, said Zener diode and said
      capacitor.
NUM  8.
PAR  8. The telephone transmission system defined in claim 7 wherein a battery
      is connected to said second winding means, and wherein said circuit means
      further includes a semiconductor diode, the positive terminal of said
      battery being connected through said semiconductor diode to interconnected
      terminals of said Zener diode and said capacitor.
NUM  9.
PAR  9. The telephone transmission system defined in claim 8 wherein said
      semiconductor device is a semiconductor diode, said battery, said second
      winding means, and said semiconductor device being connected in series in
      a circuit branch which is connected across terminals of said telephone.
NUM  10.
PAR  10. In combination with a telephone, a telephone transmission line adapted
      to be connected to a central office, a talking circuit normally
      electrically connected to said telephone to provide a signal-transmitting
      connection between said telephone and said transmission line, and a
      normally de-activated ringing generator located at the talking circuit end
      of said transmission line remote from said central office, said generator
      being turned on to develop an a.c. output voltage in response to the
      occurrence of a pre-selected signal which signals an incoming call to said
      telephone, the improvement comprising a static switching circuit connected
      to said generator, said talking circuit and said telephone for maintaining
      said generator effectively electrically disconnected from said telephone
      in absence of said output voltage, and said switching circuit being
      rendered effective by said output voltage (a) to convert said output
      voltage into a pulsating d.c. ringing voltage and to apply said pulsating
      ringing voltage to said telephone to operate the telephone's ringer and
      (b) to effectively electrically disconnect a portion of said talking
      circuit from said telephone during application of the pulses of ringing
      voltage to said telephone.
NUM  11.
PAR  11. The combination defined in claim 10 wherein said switching circuit has
      only passive and two terminal semiconductor components.
NUM  12.
PAR  12. The combination defined in claim 10 wherein said talking circuit
      comprises a transformer having first and second mutually coupled winding
      means electrically connected to said telephone and said transmission line
      respectively, and wherein said switching circuit includes a semiconductor
      component in series with said first winding means and reverse biased by
      said pulses of ringing voltage.
NUM  13.
PAR  13. In combination with a telephone, a telephone transmission line adapted
      to be connected to a central office, a talking circuit normally
      electrically connected to said telephone to provide a signal-transmitting
      connection between said telephone and said transmission line, and a
      normally de-activated ringing generator located at the talking circuit end
      of said transmission line remote from said central office, said generator
      being turned on to develop an a.c. output voltage in response to the
      occurrence of a pre-selected signal which signals an incoming call to said
      telephone, the improvement comprising a static switching circuit connected
      to said generator, said talking circuit and said telephone for maintaining
      said generator effectively electrically disconnected from said talking
      circuit in absence of said output voltage, and said switching circuit
      being rendered effective by said output voltage to apply a pulsating d.c.
      ringing voltage to said telephone to operate the telephone's ringer.
NUM  14.
PAR  14. The combination defined in claim 13 wherein said switching circuit has
      only passive and two terminal semiconductor components.
NUM  15.
PAR  15. The combination defined in claim 13 wherein said generator has a pair
      of output terminals across which said output voltage is developed, and
      wherein said switching circuit comprises a capacitor, semiconductor means
      connected in series with said capacitor across said output terminals to
      complete a circuit which applies said output voltage to charge and
      capacitor only on output voltage alternations of one pre-selected
      polarity, a capacitor discharge circuit branch including a Zener diode,
      said discharge circuit branch electrically connecting said capacitor to
      said telephone for discharging said capacitor with a time constant that is
      longer than the time constant for charging said capacitor, said capacitor
      being electrically connected between said Zener diode and one of said
      output terminals so that said output voltage and the charge stored on said
      capacitor are applied in series for biasing said Zener diode, said Zener
      diode being biased to its non-conducting state when said charge and said
      output voltage are opposing and being reversed biased far enough to
      conduct when said output voltage and said charge are of a common polarity
      and thus additive to each other to thereby facilitate the application of
      the ringing voltage pulses to said telephone.
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ABST
PAL  A two of eight tone encoder utilizing digital techniques to synthesize the
      dual tones of a Touch Tone telephone operator system is provided. One of
      sixteen switches from the telephone keyboard selects one of four desired
      row tones and one of four desired column tones. The two of eight encoder
      circuit includes, for the row encoding section, a counter which is
      programmable by the row input signals. The counter output drives a
      plurality of exclusive OR gates and a one of eight decoder which switches
      one of eight resistors into a resistive divider network. The exclusive OR
      gates and the one of eight decoder cooperate to perform an up-down
      counting function. The eight resistors are chosen in value so that a
      synthesized stepped sine wave is generated at the output of the resistive
      divider network, the synthesized stepped sine wave corresponding to the
      desired selected row frequency. Similar circuitry generates a stepped sine
      wave corresponding to the desired selected column frequency. The two
      stepped sine waves are filtered, if desired, and provided as inputs to a
      summation amplifier, the output of which produces the desired tone having
      the frequency components for both the selected row input and the selected
      column input.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Modern telephone systems use tone dialing, and require tone encoders to
      generate dual frequencies corresponding to one of 16 keys activated from
      the telephone keyboard. For example, in order to transmit a signal
      representing a five, the two frequencies, 770 Hz and 1336 Hz are
      transmitted. Present methods of implementation utilize a bridge-stabilized
      oscillator employing a T-network bridged by mutual inductance. Two
      separate tunable inductors are used as a portion of the frequency
      controlling device. Thus, factory calibration is a requirement. The
      achievable frequency tolerance is approximately .+-.1.5 percent with
      initial adjustment, temperature, and aging being the primary controlling
      factors. Such oscillators also possess the characteristic of frequency
      pulling. In other words, the row frequency determining elements are not
      truly independent of the column frequency determining elements.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a tone encoder.
PAR  It is another object of this invention to provide a digital tone encoder
      which synthesizes a selected frequency.
PAR  It is another object of this invention to provide a two of eight tone
      encoder for synthesizing the dual tones required in telephone tone dialing
      systems.
PAR  It is another object of this invention to provide a two of eight tone
      encoder which includes a single crystal oscillator, programmable dividing
      circuitry, a digital to analog converter, and a summation amplifier.
PAR  Briefly described, the invention is a X of Y tone encoder for synthesizing
      multiple tones for tone encoding systems, where X and Y are integers. A
      preferred embodiment of the invention is a two of eight tone encoder for
      synthesizing the dual tones for telephone tone dialing systems. A single
      crystal controlled oscillator is coupled to dividing circuitry which
      generates a suitable clock signal. The dividing circuitry is coupled to
      row tone synthesizing circuitry and column tone synthesizing circuitry.
      The row tone synthesizing circuitry includes a programmable counter
      clocked by the clock signal. The programmable counter is controlled by row
      control circuitry having four row inputs corresponding to one of four
      possible tones corresponding to one of the four rows of the keyboard
      matrix. In one embodiment, the row control circuitry controls the
      programmable counter by controlling the feedback from divider circuitry to
      a pulse gobbler circuit which is coupled between the clock signal
      conductor and divider circuitry of the programmable counter. The four most
      significant bit outputs of the first programmable counter are coupled to
      exclusive OR (or exclusive NOR) circuitry and functions in combination
      therewith as an up-down counter. The outputs of the exclusive OR circuitry
      are coupled to a decoder circuit; the outputs of which sequentially switch
      one of eight resistors into a resistive divider circuit. The resistive
      divider circuit may be designed to be a stepped sine wave generated by
      appropriately selecting the various resistor ratios. The column tone
      synthesizing circuitry is entirely similar to the row tone synthesizing
      circuitry. The stepped sine waves produced by each are fed into a
      summation amplifier circuit coupled to the column and row tone
      synthesizing circuitry. The output conductor provides the desired signal
      including the two desired tone frequency components corresponding to the
      selected row and selected column of the keyboard matrix.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a two of eight tone encoder according to the
      invention.
PAR  FIG. 2 is a diagram indicating the four row frequencies and the four column
      frequencies and their relationship to the touch tone telephone keyboard
      matrix.
PAR  FIG. 3 is a diagram illustrating an embodiment of the counters, decoders
      and sine wave generators of FIG. 1.
PAR  FIG. 4 is a frequency plot of the signal generated by the inventive system
      when the 1 keyboard button is pushed.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, two of eight tone encoding system 10 includes a 1 MHz
      oscillator 12 controlled by crystal 14. The output of oscillator 12 is
      coupled to divider circuit 16 to produce a more convenient frequency
      signal. The output of divider circuit 16 is connected to multiple key
      disable circuit 18 which disables the clock signals if more than one of
      the sixteen buttons are pushed on the telephone keyboard matrix. The
      output of multiple key disable circuit 18 is produced on conductor 36
      which is connected to counter 38. Counter 38 is also connected by a
      plurality of conductors 26 to row control circuit 20. Row control circuit
      20 has four row input conductors 22 coupled thereto and is also coupled by
      means of conductor 24 to multiple key disable circuit 18. Counter 38 is
      connected to decoder 42 by means of a plurality of conductors 40. The
      output of decoder 42 is connected to sine wave generator 44 by means of a
      plurality of conductors 46. The output of sine wave generator 44 appears
      on conductor 48 which is fed into summation amplifier 62 by means of
      conductor 48. Counter 50 is connected to conductor 36, and is also
      connected to column control circuit 28. Column control circuit 28 has four
      column input conductors 30 connected thereto and is connected to multiple
      key disable circuit 18 by means of conductor 32. Counter 50 is connected
      to column control circuit 28 by means of a plurality of lines 34. A
      plurality of output conductors 52 from counter 50 is connected to decode
      circuit 54, the output lines 56 of which are connected to sine wave
      generator 58. The output of sine wave generator 58 is connected to
      conductor 60 which feeds the synthesized column tone into summation
      amplifier 62. The output signal of two of eight tone encoder 10 is
      provided on output conductor 64.
PAR  FIG. 2 is a diagram representing a sixteen-key telephone keyboard matrix
      for tone dialing systems. It is seen that if any of the 16 keys in the 4
      .times. 4 array is activated, one row tone and one column tone of the
      frequencies indicated in FIG. 2 will be generated by the circuit in FIG.
      1.
PAR  The circuit in FIG. 1 converts the two synthesized frequencies
      corresponding to the column and row of the selected key into a single
      signal having the harmonic content representative of the selected row and
      column. For example, FIG. 4 shows a frequency diagram corresponding to the
      case when the key corresponding to the numeral 1 is activated showing a
      row frequency of 697 Hz and a column frequency of 1209 Hz.
PAR  In the diagram of FIG. 3, circuitry 68 includes counter 38, decoder 42, and
      sine wave generator 44 all of FIG. 1. As shown in FIG. 3, one embodiment
      of counter 38 may include an 8-bit divider 72 which includes divide by 2
      elements 74, 76, 78, 79, and 80, and also includes pulse gobbler 70, which
      is connected to conductor 36 from FIG. 1. Pulse gobbler circuits are known
      to those skilled in the art. For example, a circuit which could be called
      pulse gobbler is described in copending patent application, Ser. No.
      280,620 by Earl F. Carlow, filed Aug. 14, 1972 and assigned to the
      assignee of the present invention, now U.S. Pat. No. 3,792,360. In order
      to generate the four row frequencies, 697 Hz, 770 Hz, 852 Hz, and 941 Hz,
      for example, the programmable counter 38 of FIG. 3 divides the signal on
      conductor 82 by an appropriate divisor. The additional counts required on
      conductor 36 to divide the 250 KHz frequency on pulse rate on conductor 36
      to achieve the row frequencies is obtained by providing appropriate output
      signals at various bits of counter 72 and feeding them back to pulse
      gobbler 70 by means of row control circuit 20. The most significant bit 80
      of divider 72 is also used as an input to three exclusive OR (or exclusive
      NOR) gates 100, 102 and 104. The next three most significant bit outputs
      are provided, respectively, to the exclusive OR gates. The three outputs
      of the exclusive OR gates are then coupled to one of eight decoder 106,
      which may consist of eight NAND gates. The counting sequence obtained at
      the outputs of the gates of one of eight decoder 106 is an up-down
      counting sequence. If the outputs of one of eight decoder 106 are used to
      switch one of resistors 110, 112, 114, 116, 118, 120, 122, or 124 to
      ground. A positive voltage is applied to the upper end of resistor 108,
      and a periodic signal will appear at conductor 48. The resistor ratios of
      the above resistors may be chosen so that a stepped sine wave is provided
      at conductor 48.
PAR  The operation of the two of eight tone encoder of FIG. 1 is described as
      follows. The oscillator 12, which may be 1 MHz, for example, is controlled
      by crystal 14. For a complementary MOS implementation of the system, 1 MHz
      is an inconveniently high frequency, so that divider circuit 16 produces a
      lower, more manageable signal for CMOS circuitry. Multiple key disable
      circuit 18 interrupts the clock signal if more than one key is activated
      on the telephone keyboard. A system clock signal then appears on conductor
      36, which clocks both programmable counters 38 and 50.
PAR  The operation of one type of programmable counter suitable for this
      application is best understood by referring to FIG. 3. The circuit 10, in
      order to produce, for example, the 697 Hz row tone required if the 1 key
      is activated, must divide the 1 MHz oscillator signal by approximately
      1440, and in this embodiment the programmable counter 38 must divide the
      clock signal on conductor 36 by approximately 380, if, for example,
      circuit 16 divides by 4. One approach to accomplishing this division would
      be to use a polynominal counter. The approach in FIG. 3, however, is to
      use a sequential binary counter which counts up to the number which is the
      highest power of 2 less the desired frequency. Additional counts required
      to accomplish the division by 380 are obtained by feeding back signals
      from the various bits of the sequential counter which add up to the number
      of additional counts required to pulse gobbler 70, which acts to delay or
      interrupt the signal on conductor 36 by that number of counts. Thus, the
      desired division by 380 is accomplished. The counter is made programmable
      by controlling the feedback from the bits of sequential counter 72 to
      pulse gobbler 70 by means of row control circuitry 20.
PAR  The outputs of the four most significant bits, 76, 78, 79 and 80 will count
      in a normal binary progression. The outputs of 76, 78 and 79 are fed to
      separate exclusive OR gates 104, 102 and 100, respectively. The most
      significant bit 80 has its output connected to all three of the exclusive
      OR gates, and the resultant operation is that every time the most
      significant bit 80 changes, the counting sequence is inverted. In other
      words, the counting sequence of bits 76, 78 and 79 counts from 000 up to
      111, at which point most significant bit 80 changes and complements the
      next count, which would be 000, to obtain 111 at the outputs of the
      exclusive OR gates. During the successive counts, the outputs of exclusive
      NOR gates 104, 102 and 100 count back to 000. Thus, the last four bits of
      counter 72 plus the three exclusive NOR gates operate as an up-down
      counter. Additional bits may be used to provide narrower steps of the
      stepped sine wave, as described later.
PAR  The three binary variables at the outputs of the exclusive NOR gates are
      decoded to successively select one of eight gates of one of eight decoder
      106. Of course, if more bits of counter 72 are used to provide the up-down
      counting feature, more gates will be required. The gates may, for example,
      be NAND gates. The outputs of one of eight decoder 106 may, in a CMOS
      implementation, be connected to MOSFET devices which connect,
      respectively, resistive devices 110, 112, etc. to ground. Or,
      alternatively, resistive devices 110, 112, etc. may themselves be MOSFET
      devices having their gates connected, respectively, to outputs of the
      eight gates encoded in one of eight decoder 106. The relative resistances
      of resistor 108 and resistive devices 110, 112, etc. are then chosen so
      that a stepped sinusoidal waveform appears at conductor 48. The
      combination of the exclusive OR gates, the decoder, and the resistor
      network may be thought of as a digital to analog converter.
PAR  REferring back to FIG. 1, the stepped sinusoidal waveform on conductor 48
      is provided as an input to summation amplifier 62. Summation amplifier 62
      may be a circuit such as is described in U.S. patent application Ser. No.
      427,752, inventor Harold Garth Nash, filed Dec. 26, 1973, and assigned to
      the assignee of the present invention. Similarly, the operation of counter
      50, decoder 54, and sine wave generator 58 are completely analogous and
      provide a 1209 Hz stepped sine wave signal on conductor 60 which is also
      provided as an input to summation amplifier 62. The signal on output
      conductor 64 is then the sum of the two stepped sine wave signals and has
      the frequency distribution as shown on the graph of FIG. 4.
PAR  Simple roll-off filters can be inserted at conductors 48 and 60 to provide
      a very clean frequency spectrum. In summary, the invention provides a
      digital two of eight tone encoder having a number of advantages over the
      prior art, including the fact that no calibration of inductors is
      required, and that only a single crystal oscillator is required, high
      frequency accuracy, the absence of "frequency pulling" and is readily
      implemented using conventional digital CMOS LSI techniques. Further, the
      effects of aging of reactive components such as inductors is eliminated.
PAR  While the invention has been described in relation to a particular
      embodiment thereof, those skilled in the art will recognize that
      variations in placement and connections of components may be made to suit
      varying requirements in the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An X of Y tone encoder for synthesizing X selected tone signals at an
      output thereof, X and Y being integers, including clock signal input means
      for generating a reference input signal, comprising:
PA1  programmable counting circuit means for counting a preselected one of a
      plurality of up-down sequences coupled to said clock signal input means,
      wherein an up-down sequence is a repetitive sequence of numbers wherein
      each number is incremented from the previous number until all bits of a
      number are logical 1's, and then each number is decremented from the
      previous number until all bits of a number are a logical 0;
PA1  digital-to-analog conversion circuit means coupled to said programmable
      counting circuit means for converting digital output signals from said
      programmable counting circuit means to X analog signals; and
PA1  a summation amplifier circuit for summing said X analog signals coupled to
      said digital-to-analog conversion circuit means for producing a single
      output signal including X selected tone signals.
NUM  2.
PAR  2. The X of Y tone encoder as recited in claim 1 further including X
      selection circuits for selecting X of Y tones coupled to said X
      programmable counting means.
NUM  3.
PAR  3. The X of Y tone encoder as recited in claim 1 wherein said clock signal
      input means includes a crystal controlled oscillator circuit for
      generating said clock signal.
NUM  4.
PAR  4. A two-of-eight tone encoder for synthesizing two of eight signals at an
      output thereof comprising:
PA1  first and second programmable counter means coupled to an input signal
      conductor for each generating a preselected one of four up-down counting
      sequences at a plurality of outputs thereof, wherein an up-down sequence
      is a sequence of numbers repetitively incremented until all bits of a
      number are logical 1's and then decremented until all bits of a number are
      logical 0's;
PA1  first and second decoder circuit means coupled, respectively, to said
      outputs for each selecting, in an up-down sequence, occurrence of binary
      combinations of logical levels at said plurality of outputs;
PA1  first and second switchable resistive circuit means coupled to,
      respectively, said first and second decoder circuit means for synthesizing
      first and second stepped sine wave signals at outputs of said first and
      second switchable circuit means, respectively, by having various resistor
      ratios selected, respectively, by said first and second decoder means in
      response to digital signals at outputs of said first and second decoder
      circuit means; and
PA1  a summation amplifier circuit for summing said first and second stepped
      sine wave signals coupled to said outputs of said first and second
      switching resistive networks.
NUM  5.
PAR  5. The two of eight tone encoder as recited in claim 4 further including a
      crystal controlled oscillator coupled to said input signal conductor.
NUM  6.
PAR  6. The two of eight tone encoder as recited in claim 5 further including a
      divider circuit coupled between said crystal controlled oscillator and
      said input signal conductor.
NUM  7.
PAR  7. A two-of-eight tone encoder as recited in claim 5 wherein said first and
      second programmable counter means each include a sequential counter and
      pulse gobbler circuit means coupled to said sequential counter for
      delaying an input signal to said pulse gobbler means by a number of counts
      represented by a bit of said programmable counter means and further
      including digitally controlled feedback circuit means controllably coupled
      to selected outputs of said sequential counter for controlling feedback
      from bits of said sequential counter to said pulse gobbler means in
      response to input signals applied to inputs of said digitally controlled
      feedback circuit means, said pulse gobbler circuit means having an input
      coupled to said input signal conductor and an output coupled to said
      sequential counter.
NUM  8.
PAR  8. The two of eight tone encoder as recited in claim 7 wherein said first
      and second programmable counter means include a plurality of exclusive NOR
      gates each having an input coupled to an output of the most significant
      bit of said sequential counter, each of said exclusive NOR gates also
      having an input coupled, respectively, to one of said next most
      significant bits of said sequential counter.
NUM  9.
PAR  9. The two-of-eight tone encoder as recited in claim 4 wherein said first
      and second switching resistive network means each include a first
      resistive element coupled between a first voltage conductor and an output
      signal conductor of said switching resistive network means and a plurality
      of additional resistive elements in parallel individually switchable
      coupled between said output signal conductor and a second voltage
      conductor, said additional resistive elements being controllably
      switchable in response to digital signals at said outputs of said first
      and second decoder circuit means, respectively.
NUM  10.
PAR  10. The two-of-eight tone encoder as recited in claim 7 further including
      multiple key disable circuit means coupled to said input signal conductor
      and said crystal controlled oscillator circuit and said digitally
      controlled feedback circuit means and for disabling said input signal as a
      function of row inputs of said two-of-eight tone encoder.
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ABST
PAL  In key telephone systems where a plurality of stations have access to a
      line by merely depressing a line key, a circuit is provided to prevent
      that station from entering a busy line. The circuit uses a single relay
      per station to provide a normal condition of privacy for any line at a
      station to equipped. The circuit senses the condition of the line and on a
      busy condition, the station cannot access the busy line. By providing all
      stations of a key group with privacy circuits, all stations can have
      complete privacy on line calls. Privacy control is possible on less than
      all stations of a system and less than all lines by selective deployment
      of privacy circuits. Optionally, a privacy release button can be provided
      to allow a station to enable other stations to access that busy line.
      Protection has been built into the circuit against transient surges and
      the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A key telephone system is one which has multiple stations having access to
      one line and has multiple lines terminating at each station of the group.
      Each station instrument or subset has a line or pick-up key, one per line
      which may be individually depressed to allow that particular telephone
      line to be accessed by the station for use. When the line is in use, a
      direct current flow in that line, and a visual indication is usually
      presented of the busy condition of the line.
PAR  In the usual key system, when a line is in use, any other station may
      access that line and join or listen in on the conversation. To prevent
      this free access and to provide a privacy option, a relay and logic
      circuitry may be provided in such a manner to deny entry into a busy line
      of the key telephone system. One well-known approach is to sense the
      condition of the A lead between the line circuit and the key station and
      to provide the access denial responsive to the sensed condition.
PAR  When the line circuit is in the idle, ring up, or hold condition or mode of
      operation, the well-known A lead of the key telephone line circuit will
      have a negative voltage of approximately -24 volts D.C. on it. When the
      line circuit is busy, the A lead of the key telephone line circuit will
      have a very low negative voltage or approximately ground on it, the ground
      usually being drived from a switch at the station instrument. When a
      voltage of -24 volts is present on the A lead of the line circuit, a key
      telephone station with a privacy circuit installed can access that line
      circuit, but when ground is present on the A lead of the line circuit, it
      cannot be accessed by the key telephone station. Once a line circuit is
      accessed by a station, that station applies a ground to the A lead of the
      line circuit. Thus, privacy is established using the condition of the A
      lead circuit for initiation of the control circuit.
PAR  The privacy circuits as presently constituted utilize two relays and/or
      changes to the mechanical structure of the key telephone. One relay is
      used in one known system; however, a special phone must be used to provide
      this feature.
PAC  SUMMARY OF THE INVENTION
PAR  A line circuit to which the present invention may be applied is one such as
      that of U.S. Pat. No. 3,436,488 to Barbato and known as the Bell 400D Line
      Card. The privacy circuit is interposed between the line circuit of a line
      for secrecy and the station to be denied busy access to that line. The
      only circuits of interest external to the key telephone station are the
      speech leads such as the tip, ring, leads and the auxiliary control
      generally known as the A lead between the station instrument and the key
      telephone line circuit. Because of the construction of a usual line
      circuit, a voltage of -24 VDC is present on the A lead of a line circuit
      when it is idle in the hold or ring up condition. The tip and ring leads
      have a battery feed voltage applied to them and when terminated into a
      resistance (network of a telephone) produce a current flow. This current
      flow and the condition of the A lead of the line circuit (-24 VDC or
      ground) provide the necessary indication for the present circuit.
PAR  Only a single relay with two normally closed contacts is used herein. When
      -24 VDC is present on the A lead of the line circuit, the privacy circuit
      will allow the station user to access that line, but when ground is
      present it cannot be accessed. Once the line is accessed by the station
      user, the privacy circuit in that station latches in the accessed position
      and applies a ground to the A lead of the line circuit which prevents any
      other station equipped with a privacy circuit from accessing the busy
      line.
PAR  As an optional feature, any other station of the key group can be allowed
      to join in the conversation by depressing the privacy release button of
      the station originally busying the line.
PAR  When a line is in use and a second station tries to access that line, the
      privacy relay for the second station will be energized and the second
      station is disconnected from the busy line. The privacy circuit allows
      normal use of the key telephone set during conditions of power failure
      since the normally closed contacts of the privacy circuit remain in their
      normal state.
PAR  The connections between a telephone line and a privacy circuit may
      preferably be made at the common output of the pick-up key block of a
      station instrument and the network of the key telephone instrument or
      subset.
PAR  It is therefore an object of the invention to provide a privacy circuit for
      a station of a key telephone system which will prevent that station from
      accessing a busy line which is accessible at the station when said line is
      not busy.
PAR  It is a further object of the invention to provide a key telephone system
      in which one or all of the stations of a line may be equipped with
      individual privacy circuits to prevent all stations so equipped from
      accessing a busy line.
PAR  It is a further object of the invention to provide individual circuits for
      a station of a key telephone system by which one or more lines may be
      maintained against access by said station when the lines so equipped are
      busy.
PAR  It is a still further object of the invention to provide a privacy circuit
      for a key telephone system in which the privacy feature is normally in
      force and may be overridden by a station wishing to allow the line to be
      accessed by a second station which would otherwise be denied access to
      that line.
PAR  Other objects, features and advantages of the invention may become apparent
      from the following detailed specification viewed in conjunction with the
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic diagram of a privacy circuit according to this
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As mentioned previously, and as shown in the drawings, the disclosed
      privacy circuit is interposed between a line circuit and a station
      instrument to deny that station access to the line represented by the line
      circuit.
PAR  The two basic conditions of a telephone line and the two basic conditions
      of the A lead of the line circuit are used by the privacy circuit to
      perform its function. The telephone line may have line current flowing
      (busy) or may have no line current (available). The A lead circuit of a
      line circuit may be at approximately -24 VDC (available) or may be at
      ground (busy).
PAR  When voltage of -24 VDC is present on the A lead of the line circuit
      indicating that the line is not busy, transistor Q1 of the privacy circuit
      of the drawing is turned on which turns on transistors Q4 and Q5.
      Transistor Q4 applies a voltage of -24 volts D.C. to the emitter of
      transistor Q3 which is in the non-conducting state until line current
      flows from T to T1 or vice versa. The flow of line current passing through
      resistor R1 turns on optoisolator U1. U1 turns on transistor Q3. Q1 is
      latched in the "on" state by the negative voltage (-24 VDC) supplied over
      a path from transistors Q4 and Q3, and resistor R3 to the base of
      transistor Q1. The -24 VDC at the collector of Q3 also turns on transistor
      Q7 by drawing base current from Q7 over a path through resistor R6 and
      diode CR5. No denial of access to the line is provided by the privacy
      circuit being in this state.
PAR  A ground is closed to the A lead via the hookswitch HK of the key telephone
      set in a well-known manner when the station goes off-hook. This ground
      causes transistor Q7 to saturate and the ground from the A lead is applied
      to terminal designated A which is connected to the A lead of the line
      circuit. This ground on the A lead busies out the line circuit and
      prevents any other station from accessing that particular telephone line
      unless invited to join by the user. Should the person using the telephone
      line want another station to join the conversation, he can allow this
      entry by a second station (equipped with a privacy circuit) by depressing
      a privacy release key PK at the station instrument. The PK key has a
      normally open set of contacts with one side connected to ground and the
      other connected to the cathode of diode CR5. The ground through the PK
      contacts turns off transistor Q7 and places the line circuit in the hold
      condition. The potential on the A terminal to the line circuit is no
      longer at ground potential, but changes to approximately -24 VDC. This
      ground removal allows another privacy circuit to access that line, since
      the line does not appear busy to the privacy circuit of the other line. As
      long as the first user does not switch lines or hang his handset back on
      the cradle, the conversation can be shared by the added station on the
      line.
PAR  The single relay of the privacy circuit, the M relay, has remained
      de-energized due to the initial conditions of line seizure. As mentioned
      previously, on seizure of the line and the privacy circuit, transistors Q1
      and Q5 were turned on serially, Q6 remained turned off because the voltage
      between its emitter and base junction had been insufficient to turn it on.
PAR  The first user of the line can remain on the line when he depresses the
      privacy release because his circuit has a latched condition which may be
      traced as follows: Once the telephone line circuit A lead has -24 VDC bias
      applied, the only way this bias can be replaced by a ground is by turning
      on transistor Q7. To turn on transistor Q7, transistor Q1 is turned on by
      the -24 VDC on the A lead which is connected to A terminal. Transistor Q1
      turns on and turns on transistor Q4. Transistor Q4 supplies -24 VDC to the
      emitter of Q3.
PAR  The M relay has remained de-energized and current continues to flow between
      speech lead terminals T and T1, and R to R1, of the privacy circuit. The
      line current between terminals T and T1 flows through one of the
      light-emitting diodes of U1 and the light from the light-emitting diode
      turns on its photo transistor. (The direction of current flow is
      irrelevant since there are two optoisolators with diodes reversed and
      connected in parallel. The two photo transistors are connected collector
      to collector and emitter to emitter. The collectors are connected to
      ground and the emitters are connected to resistor R8.) When current flows
      through either optoisolator LED, the coupled photo transistor is turned
      on. The conductive photo transistor applies a ground from its emitter to
      resistor R8 and turns on transistor Q3. Transistor Q3 applies the -24
      volts direct current from its emitter to resistors R3 and the base of
      transistor Q1 and to resistor R6. Transistor Q1 latches in the on state
      and turns on transistor Q7. Transistor Q7 applies a ground via diode CR6
      to the A lead terminal to the line circuit. The voltage that initially
      turned on transistor Q1 is no longer present, but a holding voltage has
      been generated by the flow of line current in the speech lead from
      terminal T to terminal T1 or T1 to T depending upon the polarity of the
      line. This holding voltage exists until either the handset is placed on
      hook or another pick-up key on the key telephone is depressed.
PAR  When the user of the key telephone switches from his already accessed line
      to a line accessed by another key telephone set, the following events
      occur: There will be a momentary break in line current which will cause
      the photo transistor U1 to turn off briefly. This interruption in photo
      transistor current will cause transistor Q3 to turn off momentarily. The
      change in collector current of transistor Q3 is capacitively coupled to
      the base of transistor Q2 via diode CR7. Transistor Q2 saturates,
      connecting -24 VDC to the bases of transistors Q4 and Q5. Transistors Q4
      and Q5 turn off. The -24 VDC from the collector of transistor Q4 is
      removed from the emitter of transistor Q3. At this time, ground is present
      from resistors R3 and R4 and the series connection of resistors R6 and R7
      and diode CR5 to keep base current flowing through transistor Q2 until
      capacitor C1 charges. Once capacitor C1 charges to a point where the base
      current of transistor Q2 is insufficient to generate a collector current
      of sufficient magnitude to keep transistors Q4 and Q5 turned off, the A
      lead connection to the line circuit will have control. But with ground
      present on the A lead terminal from the line circuit, transistor Q1
      remains cut off and transistors Q4 and Q5 remain cut off.
PAR  When transistor Q5 is cut off, transistor Q6 conducts and energizes relay
      M. Relay M takes approximately 10 milliseconds to operate once transistor
      Q6 turns on. Relay M on operation, opens its normally closed contacts M1
      and M2 in the tip and ring leads respectively.
PAR  Diodes CR1, CR2, CR3 and CR4 and resistor R1 are used to protect the
      light-emitting diodes of the optoisolator. With a line current maximum of
      100 milliamperes, approximately 50 ma would flow in both the series diodes
      and the light-emitting diode circuit. A typical voltage drop across the
      two LED's would be 1.54 volts with a maximum of 1.8 volts. With 1.54 volts
      across resistor R1 and the light-emitting diode, approximately 30 ma would
      flow in resistor R1 and the LED, the drop across resistor R1 being .3
      volts and across the LED, 1.2 volts. If 1.8 volts were present across
      resistor R1 and the LED, then approximately 55 milliamperes would flow
      through resistor R1 and the LED with 0.55 volts drop across resistor R1
      and 1.27 volts drop across the LED. Thus the current through the LED is
      limited to a value considerably less than the maximum of 80 milliamperes.
PAR  Diode CR6 is used to prevent the -24 volts direct current from the power
      supply from reaching the A lead to the line circuit. Diode CR9 protects
      transistor Q6 from the transients generated by the relay coil M when
      transistor Q6 is turned off. Diode CR8 produces an additional voltage drop
      which must be overcome to allow transistor Q6 to turn on. This diode
      guarantees that the saturation voltage of transistor Q5 will be low enough
      to turn off transistor Q6. Diode CR7 protects the emitter base junction of
      transistor Q2. Diode CR5 is used to insure that when a ground is connected
      to the cathode of diode CR5, transistor Q7 will turn off and diode CR7
      will block the negative voltage (-24 VDC) if it is present and keeps it
      from activating transistor Q1.
PAR  The second set of off normal contacts on the dial ON are used. When the
      dial is activated, the off normal contacts short and place ground on lead
      HP. Lead HP provides a holding path which is in parallel with the
      optoisolator and keeps transistor Q3 turned on. This path completes the
      loop of transistors Q1, Q4 and Q3. During dialing, transistor Q5 is
      conducting and the relay driver, transistor Q6, is turned off. This
      sequence prevents the relay M from fluttering during the dialing
      operation. There is no need for the off normal contact connection when a
      pushbutton tone dial is used since there are no interruptions of line
      current during the pushbutton tone dialing.
PAR  The circuit as described can be installed in any key telephone set with a
      rotary dial that has an available set of off normal contacts. There is no
      need for the off normal contact connection when a pushbutton dial is used
      since there are no interruptions of line current during the pushbutton
      dialing operation. Needless to say, each type of phone would require a
      different packaging or mounting approach, but the electrical operation of
      the circuit would not vary.
PAR  Another feature of the circuit is that it does not require mechanical
      linkages to the pick-up key mechanism. The two optoisolators detect the
      presence or absence of line current. Minimal losses of less than 1.4 volts
      at a minimum line current of 20 milliamperes would occur as a result of
      using the dial optoisolators. The light-emitting diodes of each
      optoisolator are connected cathode to anode and vice versa. The circuit
      thus is independent of the direction of the current flow in the line. A
      loss of 1.4 volts at 20 milliamperes is equivalent to 70 ohms series
      resistance in a telephone line. This arrangement also allows that two
      privacy circuits could conference with an outside party on a minimum line
      current, necessary for central office supervision.
PAR  A still further feature is that a single relay is used. Besides providing
      privacy, operation of the system in the event of a power failure is
      obtained, since the relay is energized only when excluding its user from a
      busy line. Monitoring of the A lead to the line circuit results in a power
      supply current of approximately 5 milliamperes when the pickup key of an
      accessible line is depressed, even if that station's handset is on hook.
PAR  Also, the circuit amplifies any break in line current, using that break
      period to shut down the circuit until the condition of the A lead of the
      line circuit can be rechecked automatically to determine if the selected
      line circuit can be accessed by the key telephone set user. This feature
      is accomplised by C1, CR1, R9, Q2 and the loop of Q1, Q4 and Q3.
PAR  The optoisolator diodes are protected by the series and parallel
      connections of diodes CR1, CR2, CR3 and CR4 which limit the voltage that
      appears across the light-emitting diodes and resistor R1. Resistor R1
      limits the current through the light-emitting diodes by using that current
      to produce a voltage drop and thereby reduce the available voltage to the
      light-emitting diodes.
PAR  With the principle of a privacy individual to a station and to a line,
      certain stations of a key group may be denied access to certain lines when
      busy, other stations may be denied access to all busy lines and other
      stations may be allowed access to all lines, whether busy or not. By
      providing a privacy circuit for each station which is to be denied access
      to some or all lines when busy, a separate circuit being necessary for
      each line to which such access is to be denied. Thus, if in a group of
      five stations having access to two lines, a maximum of ten privacy
      circuits could be used for full secrecy or privacy. If three stations are
      to be denied access to both lines when busy, one station is to be denied
      access to line A when busy and the final station is to be allowed access
      to both lines at all times, seven privacy circuits would be employed
      interfaced between the stations and lines circuits for denied busy access.
PAR  Thus, a system of flexibility in denial of busy access may be provided in
      the manner disclosed herein. Other modifications in the approach may be
      made, and it is intended to cover in the appended claims all such
      modifications which fall within the true spirit and scope of the invention
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. In a key telephone system in which each station has access to a
      plurality of lines with each line having loop conductors for completing a
      talkpath from a line to a station and a control lead conductor, and in
      which said control conductor is in a first condition when its line is idle
      and a second condition when its line is busy, means responsive to a line
      becoming busy for applying said second condition to the control conductor
      of said line, a privacy circuit for each said station including means for
      sensing said second condition in said control conductor of a line
      completed to said station, means for enabling said privacy circuit
      responsive to a sensed second condition, means for latching said privacy
      circuit in an enabled condition, means for sensing the presence of line
      current in a line loop of said completed line for causing the operation of
      a privacy relay in said privacy circuit only when said privacy circuit is
      not latched, and contacts of said privacy relay for opening the line loop
      conductors responsive to operation of said relay to prevent access to said
      line by the station with its relay contacts open.
NUM  2.
PAR  2. In a system as claimed in claim 1, wherein the loop condition sensing
      means in said privacy circuit comprises an electro-optical coupling
      device.
NUM  3.
PAR  3. In a system as claimed in claim 1, wherein said station has a privacy
      release button and means responsive to the depression of that button for
      causing said control conductor to enter said first condition.
NUM  4.
PAR  4. A key telephone system having a plurality of stations which may have
      access to a key system line, in which the line has a pair of loop
      conductors for completing a speech path from the line to stations having
      access thereto and a control conductor; the invention comprising a privacy
      circuit at each of said stations, a privacy lockout relay in all privacy
      circuits, means in a privacy circuit at a first station accessing said
      line for grounding said control conductor to all stations having access to
      the busy line, means in the privacy circuit at said first station
      responsive to the busy condition on said one line for enabling said
      privacy circuit and for latching said circuit operated, means in the
      privacy circuit at any other station responsive to said other station
      attempting to access said line for sensing the presence of current in one
      of said loop conductors of the loop pair for the busy line for causing
      operation of the privacy relay at said other station only when said
      privacy circuit at said other station is not latched, and means in said
      other privacy circuit responsive to the operation of said privacy relay
      for opening the line loop conductors to the station having an operated
      lockout relay.
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ABST
PAL  The present invention relates to a device which is to be used in
      conjunction with key telephone systems, as for example intercom systems.
      More particularly, the invention consists of a device for decoding the
      tone output from touch-tone telephones, indicating which digit has been
      operated and selectively signalling the called party. Special features
      include a minimum latching time for received signals and a time-out
      circuit. A relay decoding matrix is also covered with provision for
      accommodating either single or two digit codes. The device may be used in
      key telephone systems which include rotary dial equipment as well as
      touch-tone.
PARN
PAR  This is a continuation of application Ser. No. 448,036, filed Mar. 4, 1974,
      now abandoned.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention is directed to an improved signal detection and calling
      device for use with key telephone systems, as for example, intercom
      systems.
PAR  The embodiment shown may utilize either single or two digit codes,
      providing for a system of up to 19 stations. It also provides for
      conference calling on both single and two digit systems and allow
      conference calls to be established while the system is in use.
PAR  The invention embodies a unique latching feature which assures that the
      calling signal remains on for at least 1 second. It also provides a
      time-out circuit whereby signal detection is inhibited while the detection
      circuit is latched in.
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years the art in the field of telephone systems has been advanced
      through the use of tone switching systems in which the line switching and
      signalling information are transmitted through the telephone lines in the
      form of audio tones. In general, two pure tones are used in most switching
      systems to improve reliability and to prevent voice generated audio
      signals from confusing the tone detectors. In a key system, these tones
      originate from the depression of keys on a telephone keyboard.
PAR  An object of the present invention is to provide an improved signalling
      device for key telephone systems using tone detection which combines all
      circuit and logical functions in a single device. Another object of this
      invention is to provide an intercom signalling device which allows the
      connection of up to 19 intercom stations. Still another object of the
      invention is to provide an intercom signalling device which may utilize
      either single digit or two digit codes. A further object of the invention
      is to provide conference calling on both single digit and two digit
      systems utilizing the same device. Yet another object of the invention is
      to provide a device which permits conference calls to be established while
      the system is in use. Still another object of the invention is to provide
      a device in which the calling signals can be repeated without the
      necessity of operating the switch hook on the telephone instrument. Yet
      another object of the invention is to provide a device which includes a
      one second signal contact closure whenever an intercom signal is detected.
      Still another object of the invention is to provide a lock-out of imcoming
      signals immediately following the detection of a calling tone. Yet another
      object of the invention is to provide a device which may be used with
      rotary dial equipment on the same line as the touch-tone system. Still
      another object of the invention is to provide a device which is so compact
      and self-contained that it may be installed in a fraction of the time and
      at less cost than prior art systems.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  The above and other objects and advantages of the invention will become
      apparent upon full consideration of the following detailed description
      accompanying the drawings in which:
PAR  FIG. 1 is a schematic diagram of a tone decoder including regulated power
      supply and latching and time-out circuits, according to a preferred
      embodiment of the present invention;
PAR  FIG. 2 is a schematic diagram of a relay matrix including provision for
      either one or two digit signalling and including a line-feed relay
      according to a preferred embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, at 19 on FIG. 1 is shown a connection to the
      telephone line in which the connection labeled R stands for the RING line
      and the connection T stands for the TIP line. These terms are standard in
      telephone systems. The circuit shown at 19 is required to convert the
      balanced circuit commonly used on telephone lines to an unbalanced
      arrangement required for tone detection. A transformer T1 serves this
      purpose in addition to matching the relatively high impedance of the tone
      decoder circuits to the 600 ohm line impedence. Capacitor C5 serves to
      protect the transformer from the DC voltage provided by the line feed
      coil. This is explained in more detail later in the description. A small
      resistor R60 serves to limit the peak currents into the transformer which
      result from line transients, etc.
PAR  Information which passes through T1 from the line consists of talking
      information as well as audio signalling tones. The signalling system
      utilized here is commonly known in the telephone art, consisting of groups
      of audio tones taken two at a time. Sinusoidal tones of specified
      frequencies are used to define each of the buttons on the telephone
      keyboard. The specified tones utilized are divided into a high frequency
      group and a low frequency group tones. The low frequency group consists of
      four frequencies standardized by wide spread usage in the telephone
      industry. These are 697 Hz, 770 Hz, 852 Hz, and 941 Hz. The high group
      consists of 1209 Hz, 1336 Hz,, and 1477 Hz. These frequencies are produced
      when the buttons are depressed on the standard ten button keyboard or pad
      which is in common usage throughout the United States telephone industry
      for so-called touch-tone dialing.
PAR  The output of transformer T1 is fed in the present embodiment into a series
      of tone decoders. FIG. 1 shows in block diagram form how the seven tone
      decoders associated with each of these seven touch-tone frequencies are
      connected with a common input so that signals appearing on the secondary
      of T1 are presented simultaneously to all seven tone decoder circuits.
PAR  Also in this embodiment of the invention, FIG. 1 shows a typical tone
      decoder circuit consisting of a phase locked loop tone decoder. The phase
      lock circuit is shown as a single component consisting of an integrated
      circuit available from several manufacturers. The integrated circuit is
      used in conjunction with several external components to select the
      frequency to which the circuit will be rsponsive. Two external transistors
      are also used in each tone decoder to produce drive power and to
      accomplish the latch and time out functions. All seven tone decoder
      circuits are identical in this embodiment with the exception of those
      components which select the frequency to which the circuit will respond.
      The typical circuit is shown in FIG. 1 at 13 and each of the tone decoders
      is shown at 10, 11, 12, 14, 16, 17 and 18.
PAR  Signals appearing at the output or secondary side of T1 undergo a coarse
      separation into high and low frequency groups by means of RC filter
      circuits which are interposed between the transformer output and the
      decoder circuit busses. C2 blocks the DC ground path to the phase lock
      loops. R5 and C4 attenuate the high group signal while passing the low
      group signal through the low group buss. C3 passes the high group signals
      of the high group buss while attenuating the low group signals. In
      addition to separating the high and low groups, the filter circuits are
      designed to present correct signal levels to the input of the phase lock
      loop detectors.
PAR  The action of the tone decoder circuit can be understood best by analyzing
      the function of each component shown in the circuit at 13 on FIG. 1. The
      input to the phase locked loop integrated circuit is supplied through R56
      which allows adjustment of the input signal levels from the tone decoder
      buss. C18 and C19 are used to establish the low frequency lock signal and
      also to establish the band width required for detection. Capacitor C17 in
      conjunction with R29 and R30 determines the frequency selection of the
      individual tone decoder phase locked loop. The loop output is available at
      pin 8 of the integrated circuit type shown in the present embodiment and
      is routed via R28 to the base of QB. QB serves as an amplifier which
      permits operation of the circuit at a higher voltage than the phase locked
      loop integrated circuit can safely be subjected to. QB also provides a DC
      reference, establishing the DC positive at ground potential in order to be
      compatible with most telephone system supplies.
PAR  The time out and delatching circuit is shown at 20 on FIG. 1. Q3 on this
      circuit establishes a positive latching ground to all tone decoder loops
      via R3 and D1, the common latch buss and QA transistors.
PAR  QA in each tone detector circuit is connected between pins 1 and 8 of the
      integrated circuit via the current limiting resistor R32. QA serves as the
      means by which a particular tone decoder circuit may be latched in the ON
      condition. Referring again to the FIG. 2, Q4 will be switched ON whenever
      any high loop tone decoding circuit is operating in association with any
      low group circuit. This provides a negative voltage at terminal D. On FIG.
      1 at 20, terminal D is shown feeding the base of transistor Q3. The
      negative signal at terminal D initiates the latching sequence and those
      detector circuits which have detected the high and low group tones will be
      locked in the ON condition while all other of the tone decoders will not
      respond.
PAR  Q3 also initiates a time out function in conjunction with the programmable
      unijunction transistor Q2. When Q3 is switched ON, a positive potential is
      applied to the junction of R2 and R3. This starts a charging action in C1
      and applies voltage to transistor Q2. Q2 is not conducting at this point
      and as a result D1 becomes forward biased. This causes the latching buss
      to have a potential somewhat more positive than the negative power supply
      voltage. C1 continues charging and in approximately 500 msec reaches a
      critical voltage at which pont Q2 conducts, connecting the anode of diode
      D1 to the negative supply voltage. This back-biases D1 and removes the
      positive voltage from the latching buss. This action serves to unlock the
      two tone decoding circuits which are detecting and opens the path through
      the matrix turning off Q4 shown in FIG. 2. This action in turn removes the
      negative signal from terminal B turning off Q3 in the time-out and
      delatching circuit at 20 and restores Q2 to a normal non-conducting state.
PAR  The outputs of each tone decoder circuit amplified by transistor QB. The
      output lines are shown on both FIG. 1 and 2. A diode/transistor matrix is
      shown at 25 on FIG. 2. This circuit serves to select one of ten decimal
      output relay coils. Each relay coil is selected as a result of the
      detection of a high and a low group frequency simultaneously and
      corresponds to one of the depressed buttons on the calling telephone
      keyboard. The arrangement of the matrix is such that the output of each of
      the high group tone decoders is amplified by transistors Q10, Q11, and Q12
      respectively, one of which is activated depending upon which of the three
      high group tones has been detected. The collector circuits of transistors
      Q10, Q11, and Q12 are used to pull in a matrix of relay coils depending
      upon which one of the four low group frequencies has been detected. The
      arrangement of relay coils K1 through K10 in block of FIG. 2 illustrates
      the arrangement of push buttons on a common ten button touch-tone
      telephone instrument keyboard. By means of the matrix shown, one out of
      ten operated digits may be arrived at as a result of the detection of any
      two of the seven possible frequencies.
PAR  Referring to FIG. 2 transistors Q10, Q11, and Q12 switch the decoder
      high-group output grounds to the minus DC battery level. Transistors Q10,
      Q11, and Q12 also invert the outputs of the high-group decoders. The
      low-group signals are fed into the matrix through diodes and therefore do
      not undergo inversion. Because of this the diode and relay matrix
      arrangement can then be suspended between battery and ground voltages with
      both sides switched. Transistor Q4 is inserted at a common point in order
      to detect whenever any one of the relays is operated.
PAR  Each relay has two form A contact sets. One form A set in each relay is
      connected to a single digit buss. The other is connected to a two digit
      buss. Both contact sets close when the relay is operated but only the
      contact connected to an active buss as directed by the transfer relay will
      produce an output signal. This arrangement provides for 20 output signals
      using ten relays plus the transfer relay. Since one digit is lost in
      operating the transfer relay, a total of 19 relay contacts are available
      for switching purposes. Suppression diodes are shown bridged across each
      relay coil to protect the driver transistors from the inductive voltage
      peaks generated whenever current in the relay coils is interrupted.
PAR  In the embodiment shown, single digit stations may be selected by
      depression of all buttons with the exception of the digit "TWO". Detection
      of a digit TWO signals the system that a two digit station is involved and
      operates the transfer circuit in preparation for reception of the second
      digit. Thus, only 9 stations may be selected from a single button
      depression on a touch-tone telephone instrument. Referring to FIG. 2,
      block 22 shows the relay contacts associated with the transfer relay K. KB
      selects either single digit or two digit relay banks. Contact K/A permits
      the existence of a station 22 in the system.
PAR  The transfer circuit for two digit operation is shown in FIG. 2 at 23. Q9
      is switched ON whenever the external line loop is closed. This is
      accomplished by connecting the base of Q9 to the TIP side of the line via
      R10. The TIP side of the line is normally maintained positive through one
      winding of the line relay coil at 21 to the ground side of the system. The
      TIP side of the line goes negative whenever the external line loop is
      completed by the insertion of a telephone instrument into the loop. This
      normally occurs whenever the handset is lifted from a telephone instrument
      connected into the line. When Q9 is switched ON, voltage is applied via
      D21 to the coil of the transfer relay K and to the anode of the silicon
      controlled rectifier Q8. Q8 is normally non-conducting. R12 connects the
      gate of Q8. Q8 is normally conducting. R12 connects the gate of Q8 to the
      ground or positive side of the DC supply. The combination of D21, relay K,
      and R15 forms a voltage divider by means of which the anode of Q8 is
      maintained at a potential lower than the gate. This maintains Q8 in a
      non-conducting condition.
PAR  When the tones corresponding to a digit TWO are received and decoded in the
      diode matrix, Q7 is switched ON since the base resistors R9 and R8 are in
      the matrix path for relay K2. C8 discharges through transistor Q7. When
      the digit TWO signal is removed, Q7 turns off and Q8 is routed towards the
      negative supply potential via resistor R11. This drops the gate voltage on
      Q8 below its anode voltage, causing it to conduct. When Q8 conducts, it
      pulls in the transfer relay K, causing contact K/A to close, shunting out
      R9, R8, and Q7. This also places relay K2 in the matrix in the event that
      the second digit received is another TWO. Thus, if two TWO`s are depressed
      in sequence, the first digit TWO received will pull in the transfer relay
      while the second TWO will select station number 22.
PAR  Contacts K/B are also picked up with the K relay and serve to switch the
      audible signal supply from the single digit buss to the two digit buss
      feeding the signal relays. When the time-out circuit referred to above
      releases Q4, a positive pulse is applied to the base of Q9 via R16 and C8,
      momentarily turning off Q9. This cuts off the anode current of Q8
      restoring Q8 to its normally off condition. Relay K is then released
      preparing it for the next operation. Note that the transfer relay K can
      also be reset when the telephone is returned to an ON hook condition,
      turning off Q9.
PAR  The device also includes provision for supplying talking battery voltage
      for the telephone instruments connected to the system. Referring to FIG.
      2, block 21 includes a line feed relay coil circuit. The line feed relay
      usually consists of a dual winding sandwich-wound relay. A battery and A
      ground are fed into each winding of the line coil. The direction of
      current flow is such that the windings are in phase and provide a magnetic
      field of sufficient strength to operate the reed relays if a short circuit
      or a standard telephone instrument is connected across the T and R
      windings of the intercom line. C22 serves to bring the relay coil into
      resonance at the lower frequencies. The line feed relay also provides DC
      power for the telephones and passes all AC signals which appear across the
      T and R terminals of the line.
PAR  A self-contained power supply is included in the device in order to
      regulate the supply voltage into the phase locked loops. This is required
      since the device is designed to operate from telephone systems in which
      the voltage may be in excess of the 18-28 VDC specified on common
      telephone equipment. Note that all of the circuitry shown on FIG. 2 as
      well as the B transistors in the tone decoders operate from unregulated
      power available from the telephone system. Similarly, the time-out circuit
      described above operates from the unregulated supply but is switched
      during operation into the regulated supply via D1. The telephone system
      supply, nominally minus 24 VDC, is connected to the collector to the
      regulating transistor Q1 shown in FIG. 1 at block 15. A limiting resistor
      R25 is inserted in series with the collector. R26 provides biasing
      currents to the Zener diode DZ1. This provides a reference voltage at the
      base of Q1. Q1 is shown connected as an emitter follower. The tone decoder
      loops provide the load circuit. Capacitor C16 acts as a filter and storage
      source providing current during periods when there may be a momentary low
      voltage condition in the unregulated supply. Capacitor C15 filters out the
      low level, high frequency noise appearing at the base of Q1. System power
      to operate the device is supplied through the B battery input, while the A
      battery input provides power for telephone instruments connected into the
      system. In some alternative embodiments for the system, another device on
      the line may provide line battery power. In this case, the A battery would
      not be required and operation would be normal so long as the B battery is
      operating.
PAR  Additional embodiments of the invention in this specification will occur to
      others and, therefore, it is intended that the scope of the invention be
      limited only by the appended claims and not by the embodiments described
      hereinabove. Accordingly, reference should be made to the following claims
      in determining the full scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A telephone signalling device comprising tone detection means responsive
      to signal tones occurring on a telephone line to which the device is
      connected, said signal tones emanating from one or more touch-tone
      telephones connected to said telephone line, means for latching responding
      tone detection means into the responsive state for a predetermined period
      of time after detection of a valid signal, said tone detection means being
      based upon the phase locked loop principle wherein the output of said
      means is proportional to the phase difference between the tone presented
      for test and a voltage controlled oscillator, said latching means being
      controlled by a relaxation circuit which determines the length of time the
      latch remains activated, and a matrix comprising circuit branches
      containing switching elements and including relay coils selectively
      activated by said tone detection means, respective pairs of contact sets
      operated by said relay coils, each arranged to connect to a telephone
      instrument and actuate an indicator at said telephone instrument, one set
      of each pair corresponding to a single digit signalling code and the other
      set of the pair corresponding to a two digit signalling code, transfer
      relay means to select either the single digit sets or the two digit sets,
      and means responsive to a predetermined signal tone code and its decoding
      to operate said transfer relay means, comprising energizing circuit means
      including a silicon controlled rectifier connected to said transfer relay
      means, means to hold the anode potential of the silicon controlled
      rectifier below its gate electrode potential before said predetermined
      signal tone code is received, and means to drop the gate electrode
      potential sufficiently below said anode potential when said predetermined
      signal tone code is decoded, to cause the silicon controlled rectifier to
      conduct.
NUM  2.
PAR  2. The invention according to claim 1 wherein a line feed coil matches
      impedances from the telephone line to the tone detection means.
NUM  3.
PAR  3. The telephone signalling device of claim 1, and wherein the means to
      hole the anode potential below the gate electrode potential comprises
      first voltage divider means including the transfer relay means, circuit
      means connecting the silicon controlled rectifier anode to a point on said
      voltage divider means, another voltage divider means including a normally
      charged capacitor, and circuit means connecting the gate electrode to a
      point on said second-named voltage divider means, and wherein the means to
      drop the gate electrode potential comprises means to discharge said
      capacitor responsive to the decoding of said predetermined signal code
      tone.
NUM  4.
PAR  4. The telephone signalling device of claim 3, and wherein the means to
      discharge said capacitor comprises a transistor connected in circuit with
      said capacitor, and means to render said transistor conducting responsive
      to the decoding of said predetermined signal code tone.
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ABST
PAL  A pickup system for playing back signals stored on the surface of a carrier
      in a form providing an optically detectable property which varies as a
      function of the time pattern of the stored signals, the storage being
      constituted by undulations or variations in the reflectivity of the
      carrier surface and the pickup system employing a laser beam which is
      reflected in a manner controlled by the stored information. The system
      includes a laser radiation generating element forming part of an optical
      resonator which also includes the carrier surface so that the intensity of
      radiation oscillations in the resonator is influenced by the surface and
      varies as the carrier moves relative to the laser element. The system also
      includes an output member for converting such intensity variations into an
      electrical signal representative of the stored signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to signal reproducing systems, particularly
      for high frequency signals stored on record discs.
PAR  Mechanical pickups are known for scanning disc-shaped record carriers, or
      picture records, on which television pictures, for example, are stored. In
      contradistinction to the mode of operation for phonograph record pickups
      in which the pickup element is deflected by the recorded signal
      oscillations, the pickup element remains at rest when scanning such
      picture records and the deformable picture record undulations exert a more
      or less strong pressure force on the pickup element. The basic picture
      record arrangement is described, for example, in U.S. Pat. No. 3,652,809,
      issued to Gerhard Dickopp et al.
PAR  In a known device in which the signal track is constituted by undulations
      in the walls of a groove, the pickup element is an asymmetrical skid whose
      leading edge, based on its direction of movement relative to the tracks,
      has a flat shape and whose trailing edge has a steeply ascending shape.
      Good pickup results are obtained if:
PAR  1. THE STEEPLY ASCENDING PORTION OF THE SKID FORMS AN ANGLE OF ABOUT
      90.degree. WITH THE SURFACE OF THE RECORD AND HAS AS SMALL AS POSSIBLE A
      RADIUS OF CURVATURE SO THAT THE UNDULATION PEAKS OF THE PICTURE RECORD CAN
      UNIMPEDEDLY SNAP UPWARD AGAIN WHEN THEY LEAVE THE REAR END OF THE SKID;
      AND
PAR  2. THE CONTACT SURFACE OF THE SKID IS NOT TOO LARGE IN THE DIRECTION OF THE
      GROOVE SO THAT THE UNDULATION PEAKS RELEASED BEHIND THE REAR OF THE SKID
      CAN HAVE AN INCREASED INFLUENCE WITH RESPECT TO THE PROPORTIONAL CHANGE IN
      PRESSURE ON THE SKID UPON DEPARTURE OF AN UNDULATION PEAK FROM CONTACT
      THEREWITH.
PAR  A certain drawback of mechanical pressure scanning is the wear inevitably
      experienced by the skid, due to which its contact surface becomes wider
      and its sharp rear edge is worn down. The widening of the skid will have
      an annoying influence only when the skid no longer rests on the groove
      wall undulations carrying the recorded information but rather rests on the
      surface portions outside the groove. The wear on the steep rear edge
      creates problems much earlier, however.
PAR  Methods for scanning record carriers employing light radiation or similar
      radiation are also known. In this case, the signals are stored in the form
      of different degrees of darkening of the carrier surface. The quantity of
      light which is either reflected or transmitted, depending on the degree of
      darkening, excites a light receiver whose electrical output value
      constitutes a representation of the signal. There exists the difficulty in
      the case of this method that copies of the carrier can be obtained only by
      way of photochemical processes or similar procedures, but not by the
      simple and inexpensive pressing or stamping process known for fabricating
      phonograph records.
PAR  It is also known to optically scan carriers which contain the signal
      recording in the form of deformations or undulations on their surface.
      Difficulty has been encountered in this case in bringing the portion of
      the light reflected by the surface into an unambiguous relationship to the
      size and type of deformations involved. This requires complicated optical
      systems which result in poor utilization of the reflected light. Such
      systems thus have a low energy utilization efficiency and a low signal to
      noise ratio.
PAR  A system is also known which evaluates the deformations in a picture
      record, which correspond to the signal values, by means of light
      radiation, or similar radiation, and a radiation receiver. For this
      purpose a slit aperture and the surface bearing the deformations are
      arranged in the path of the beam at such a spacing from one another that
      in the plane of the slit there results, in dependence on the curvature of
      the surface bearing the deformations in the direction of the relative
      speed of the carrier and with respect to the collimated scanning beam, a
      change in density of the radiation emanating from this surface, which
      change at least qualitatively represents the path of the curvature. A
      system of this type is disclosed in German Offenlegungsschrift (Laid Open
      Application) No. 1,903,822 and in U.S. application Ser. No. 295,011, filed
      by Gerhard Dickopp on Sept. 29, 1972.
PAR  It is known in this connection, in order to maintain the pickup system on a
      perfect track with respect to the associated signal track and to guide it
      vertically when the carrier undergoes vertical movements, to provide a
      guide element which engages, together with a slide element, in a groove of
      the carrier containing the deformations and includes a member which is
      optically effective for the particular type of radiation employed and
      which takes a substantial part in the evaluation of the changes in light
      density effected by the deformations. This member may be, for example, a
      slit aperture or a lens as disclosed in U.S. Pat. No. 3,654,401, issued to
      Gerhard Dickopp.
PAR  The previously suggested optical pickup systems, however, have the drawback
      that when they are used for carriers having a very high storage density
      the beam cross section must be made so small that it attains the order of
      magnitude of the wavelength of the radiation. This makes it very difficult
      to obtain good focussing of the beam due to diffraction phenomena. Thus
      limits are set for the information storage density.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of the present invention to provide less expensive optical
      systems.
PAR  Another object of the invention is to reduce the amount of manual
      adjustment required for such systems.
PAR  A further object of the invention is to permit an increase in the
      information storage density which can be handled by such systems.
PAR  Another object is to provide a system which will experience reduced wear
      compared to known mechanical scanning systems.
PAR  These and other objects are accomplished by a system which incorporates the
      surface to be scanned in an optical resonator containing a laser medium so
      that the radiation reflected or scattered by the surface influences the
      intensity of the light oscillation in the resonator and the intensity of
      this light oscillation is utilized for reproducing the recorded signal.
PAR  Output radiation fed back into a laser resonator is able to influence the
      output radiation emitted by the laser. Such an influencing of the
      intensity of the output radiation is possible via the following effects:
PAR  1. The quantity of the fed back radiation can influence the energy output.
      This means, when utilized for the picture record:
PA1  a. storage of the information by modulation of the reflection capability,
      i.e. forming reflecting and nonreflecting spots, in a track:
PA1  b. storage of the information by modulation of the surface geometry of the
      picture record, which permits compatibility with records to be
      mechanically scanned. A recess, or trough, in the picture record acts
      approximately like a concave mirror and feeds more light energy back into
      the laser than does a raised portion, or peak, in the record surface, the
      latter acting approximately like a convex mirror.
PA1  c. storage by combination of (a) and (b).
PAR  2. The phase position of the fed back radiation can influence the output
      energy. Depending on the distance of the surface effecting the feedback,
      the fed back light energy may be in or out of phase with the standing wave
      in the laser and can thus effect either constructive interference, which
      increases the energy output or destructive interference, which reduces the
      energy output. Consecutive maxima of constructive or destructive
      interference, respectively, result when the distance between the laser and
      reflecting surface changes by the optical path length of .lambda./2 where
      .lambda. is the laser radiation wavelength. For example, with a GaAs laser
      and air as the intermediate medium .lambda./2 is about 0.45 .mu.. This
      effect can be utilized either by itself or in conjunction with that
      mentioned above under (1.b) for the scanning of picture records.
PAR  For example, additional information can be stored on a picture record by
      giving the relief-type recesses varying depths.
PAR  The feedback producing picture record surface to be scanned may also form,
      together with the frontal face of the laser, an optical resonator which is
      coupled to the actual laser resonator. The quality of this resonator and
      particularly its optical length will not only influence the intensity in
      the laser resonator but also the emitted mode spectra. Under certain
      circumstances, changes in the mode spectrum can be used for the signal
      derivation during scanning.
PAR  The advantage of the scanning method according to the present invention
      compared to the above-mentioned known optical scanning methods is that it
      is not the laser radiation reflected at the picture record surface which
      is used directly for detection, but rather the scattered or reflected
      laser light itself which influences the laser oscillation as it is
      generated.
PAR  This is advantageous in that no measures need be taken to focus the laser
      radiation or to form partial beams, since only the backscattered component
      of the laser light which is correctly fed back into the waveguide
      structure automatically contributes to an influence on the laser
      oscillation during its generation.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partly pictorial circuit diagram of one embodiment of a pickup
      according to the invention.
PAR  FIG. 2 is a view similar to that of FIG. 1 of another embodiment of a
      pickup, including a combined laser and detector diode.
PAR  FIG. 3 is a circuit diagram of another embodiment of a pickup which has no
      detector diode and which is supplied by a constant current source.
PAR  FIG. 4 is a circuit diagram of another embodiment of a pickup which has no
      detector diode and which is supplied with a constant operating voltage.
PAR  FIG. 5 is a pictorial view illustrating the arrangement of a waveguide
      structure according to the present invention at the scanning skid of a
      picture record player.
PAR  FIG. 6 is an elevational view of a complete pickup arrangement according to
      the invention.
PAR  FIG. 7 is a longitudinal cross-sectional view of a pickup and associated
      electrical circuit elements according to the invention.
PAR  FIG. 8 is a cross-sectional detail view taken along line A--A of FIG. 7 and
      showing parts of the pickup shown in FIG. 7.
PAR  FIG. 9 is a detail view of a variation of the arrangement shown in FIG. 8.
PAR  FIG. 10 is a pictorial view of one exemplary operative embodiment of a
      laser-photodiode structure according to the invention, where the dimension
      of the semiconductor body and of the layers and the nature of the
      semiconductor material are specified.
PAR  FIG. 11 is a circuit diagram of one embodiment for modulating and optimum
      value setting control system, where the optimum value setting control
      system is shown in manner of a block diagram.
PAR  FIG. 12 is a circuit diagram of one embodiment of a pulse operating
      arrangement.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates the principle of an embodiment of a waveguide structure
      according to the present invention which is excited by a laser diode 1,
      preferably a semiconductor laser diode. Conductive contact is established
      between the contact surface 2 and the metallized basic surface 3 and a
      suitable voltage between these contacts causes light to be generated in
      pn-junction 4.
PAR  Light fluctuations may be produced, for example, by fluctuations in the
      intensity of the light reflected from the picture record surface into the
      waveguide structure during scanning of the picture record. These
      fluctuations can be detected by a semiconductor photodiode 6 having
      electrodes 5 and 3. The laser diode 1 and photodiode 6 have the metallized
      base surface 3 as their common contact. The light-sensitive layer of the
      photodiode is constituted by the pn-junction 6a.
PAR  Laser diode 1 is fed, for example, by a voltage source 7 via a bias
      resistor 8 and is biased in the forward direction.
PAR  The photodiode 6 is electrically supplied by a voltage source 9 which
      applied a blocking voltage to the photodiode via a choke coil 10.
PAR  The choke coil blocks flow of the HF signals generated by the photodiode.
      These signals are conducted through the coupling capacitor 11 to the
      output lead 13 for further processing. Between output 13 and coupling
      capacitor 11 low frequency components are conducted to ground via
      inductance 12, so that the coupling capacitor 11 and this last mentioned
      inductance 12 from a highpass filter.
PAR  The light exit and entrance for the picture record to be scanned takes
      place via the surface a of the laser diode 1. The waveguide structure of
      this arrangement, in which laser diode 1 and photodiode 6 are separated by
      a slit 19 which is only a few microns (.mu.) wide, extends only to the
      surface c of the laser diode. The light emanating from surface c is used
      to provide a measurement of the light energy present in the waveguide
      structure or, respectively, its fluctuations due to the time modulated
      feedback from the picture record to be scanned. This measurement is
      performed with the aid of the photodiode 6.
PAR  If, to simplify construction, a larger spatial separation is desired
      between semiconductor laser 1 and detector diode 6, the optical connection
      between these two components can be effected by a further optical
      waveguide, for example a glass fiber. In this case any other desired type
      of optical-electrical transducer can be used instead of the proposed
      transverse radiation photodiode 6.
PAR  The semiconductor materials to be used are any substances and structures
      known in connection with lasers and photodiodes, in addition to gallium
      arsenide and gallium aluminum arsenide. For example, a silicon multiple
      layer structure can be used as well.
PAR  FIG. 2 shows the basic composition of a further embodiment of a scanning
      arrangement according to the present invention, where the laser diode 1
      and the photodiode 6 are formed in a common semiconductor body, i.e. the
      laser diode and photodiode have their n-type conductivity semiconductor
      part in common, for example. The p-type conductivity semiconductor parts,
      separated from the n-type semiconductor part by the pn-junctions 4 and 6a,
      are electrically insulated from one another by a slit 14. This is
      necessary, because contacts 2 and 5 are at different voltage potentials.
PAR  In this embodiment, in which the waveguide structure extends from surface a
      to surface b, the light enters from, and exits toward, the picture record
      to be scanned again through surface a of the laser diode. In order to
      improve the optical, or light utilization, efficiency, surfaceb should be
      made mirrorlike, so that no light can emanate therefrom and so that as
      much radiation energy as possible is available for the actual scanning
      process. It would also be possible, however, to have the light emanate
      from surface b, in which case surface a should then be made reflective
      instead of surface b and surface b would be directed toward the carrier.
PAR  With additional doping of the pn-junction in the receiving diode 6 and/or
      the laser diode 1, it is possible to reduce the attenuation of the light
      present in the waveguide structure.
PAR  An increase in the sensitivity of the light detector is attained when the
      photodiode is constructed as an avalanche photodiode. These diodes utilize
      internal current multiplication for increasing the sensitivity.
PAR  There exists an optimum sensitivity value when these diodes are used in the
      system of the present invention. This optimum can be automatically
      obtained, according to a further embodiment of the present invention, if
      the direct injection current for the semiconductor laser is modulated, for
      example at a frequency of 50 Hz. It is then possible to derive, in a known
      manner, a control voltage for the optimum setting of the avalanche bias
      and/or the direct injection current via an additional filter connected in
      parallel with the highpass filter which, when used in the picture record
      playback instrument, must permit only frequencies above 100 kHz to pass.
PAR  The semiconductor materials to be used are any substances and structures
      known in connection with laser diodes.
PAR  For example, a GaAs-Al.sub.x Ga.sub.1-x As double heterostructure junction
      laser may be used. Structures of such a kind and doping ingredients are
      described in an article entitled "GaAs-Al.sub.x Ga.sub.1-x As Double
      Heterostructure Injection Lasers" by I. Hayashi et al. in the Apr. 1971
      publication of Journal of Applied Physics, Volume 42, Number 5, pages 1929
      - 1941. Here the same structure is used for the photodiode, too.
PAR  FIG. 10 shows an exemplary operative embodiment of a laser-photodiode
      structure according to the invention, including the nature of the
      semiconductor material and the dimension of the semiconductor body, for
      example. The diodes 1 and 6 are fabricated in a single run. During the
      last working step the slit 14 is prepared by an etching method in a manner
      known per se. Preferably the laser diode is fabricated in a strip geometry
      as shown.
PAR  A suitable power supply on the one hand for the laser diode is a laser
      current about 100 m A, for example derived from a source of a voltage of
      5V via a bias resistor of 50.OMEGA., and on the other hand for the
      photodiode is a blocking voltage 9 of about 5 V. The wavelength of the
      GaAs laser diode is about 0,850 .mu.m.
PAR  The mean distance between surface a, shown in FIG. 2, and the record
      carrier surface is about 10 - 50 .mu.m, but also smaller distances are
      possible.
PAR  FIG. 11 illustrates an embodiment of the modulating and optimum value
      setting control system. For this example a scanning arrangement is chosen
      according to FIG. 2 Laser diode 1 and photodiode 6 are formed in a common
      semiconductor body. The direct injection current for the laser diode is
      modulated by means of an alternating voltage V1 at a frequency of 50 Hz
      produced by one secondary coil of a transformer 71 connected between the
      voltage source 7 and the bias resistor 8.
PAR  Via an additional filter connected in parallel with the highpass filter 11,
      12, the additional filter consisting of the coil 412 and the capacitor
      411, and an amplifier 43, a rectifier 44 and a lowpass filter 45 an
      alternating voltage V2 at the frequency of 50 Hz is produced voltage V2
      being derived from the output of photodiode 6 which is in response to the
      modulated beam of the laser diode.
PAR  The time constant of the lowpass filter 45 is approximately 10 ms.
PAR  The output voltage V2 of the lowpass filter 45 is phasesensitive rectified
      in the rectifier 46 by means of the reference voltage V3 from a further
      secondary of the transformer 71.
PAR  The output voltage of the phase-sensitive rectifier gives the control
      voltage for controlling the bias voltage of the diode 6.
PAR  FIG. 12 shows an example of an embodiment of the pulse operating
      arrangement. Between the voltage source 7 and the bias resistor 8 a pulse
      transformer 72 is connected. The bias current for the laser diode is
      approximately as high as the threshold current of the laser diode. The
      pulse transformer 72 is the source of an additional pulse current for
      exciting a light pulse emission of the laser diode. The pulse form is
      rectangular shaped (FIG. 12 above) and preferably the repetition frequency
      is twice the highest frequency to be recognized as information stored in
      the surface of the record disc.
PAR  In order to obtain optimum effects from the light reflected at the surface
      of the picture record with respect to the laser oscillation building up in
      the waveguide structure, the entrance and exit surface of the waveguide
      structure facing the picture record may be modified in its reflection
      capability, for example it can be made nonreflective by use of an
      antireflective layer known per se.
PAR  A further embodiment of the present invention is one in which the detector
      is completely eliminated. This embodiment makes use of the face that
      fluctuations in the light energy present in the semiconductor laser
      produce a corresponding reaction in the electrical forward resistance of
      the laser.
PAR  FIGS. 3 and 4 show circuits for the case where such varying forward
      resistance of the light emitting laser is used for effecting detection,
      this forward resistance changing in dependence on the intensity of the
      reflected light.
PAR  In FIG. 3 the laser diode is operated by a constant current from a current
      source I and the voltage fluctuations at electrode 2 are detected via
      coupling capacitor 11. The choke 10 is connected in series with the
      current source and presents a highly ohmic resistance to the signal
      current.
PAR  In the embodiment shown in FIG. 4, the laser diode is fed by a constant
      voltage source U via a resistor R and the desired signal voltage is
      obtained via coupling capacitor 11.
PAR  FIG. 5 shows the waveguide structure according to the present invention in
      use for picture record scanning. For example, the system including the
      laser and photodiode, which has essentially the form shown in FIG. 2, is
      here attached to the rear edge of a mount 15 for a scanning, or pickup,
      skid 16. The pickup moves in the direction of the arrow, i.e. from the
      left to the right in the illustrated embodiment, relative to the picture
      record surface 17. In practice, of course, skid 16 and mount 15 are
      stationary and surface 17 moves in the direction opposite to that
      indicated by the arrow.
PAR  The optical coupling of the waveguide structure can be effected directly to
      the picture record, or, as shown in FIG. 5, via a glass fiber line 18. The
      scanning of the signal stored in the picture record may take place in the
      same groove in which the skid moves. However, it is more advantageous to
      optically scan one of the adjacent grooves which has just been traversed
      by the skid since these will have just been cleaned of impurities by the
      advancing skid and the structure of such adjacent groove will have
      reassumed its original shape.
PAR  The pressure of the skid on the picture record may be less than, for
      example, half as much as, that required for pressure scanning. This also
      reduces wear on the skid. Moreover, the skid is no longer required to have
      a steep trailing edge. However, the same carriers can be scanned by the
      method according to the present invention and by the pressure scanning
      method. Such carrier is intended to rotate for example at 1500 revolutions
      per minute during scanning, and is provided with a helical groove which is
      to be scanned according to the pressure scanning technique with a skid
      contact pressure of approximately 0.15 to 0.2 pond (= gram force). This
      carrier has at its surface a groove which may be 3.5 .mu. wide, the groove
      walls being formed with undulations which have wavelengths of about 2 to 4
      .mu. and amplitudes of about 0.1 .mu..
PAR  In the system according to the present invention, the guide element can be
      a diamond skid similar to that used in the practice of the pressure
      scanning method. The length of this skid can, for example, be 200 .mu.,
      and its height is 70 .mu.. The skid has a wedge-shaped cross section with
      a rounded portion which is adapted to size and shape of the groove.
PAR  The groove may have a triangular groove profile, with its sides enclosing
      an angle of 135.degree., for example. The dimensions of the guide element,
      however, are not as critical, when the longitudinal profile is not
      symmetrical or when there is no contact with the undulations on the
      carrier surface, as in the pressure scanning technique because the
      undulations do not lead to an excitation of mechanical oscillations.
PAR  FIG. 6 is an overall view of an embodiment of the pickup system according
      to the present invention. In a housing 19 there is fastened an aluminum
      tube 20 whose free end is flattened. The flattened end is provided with a
      pickup member provided with an optical structure having the form shown in
      one of FIGS. 1 through 4, which member is connected with a track guide
      member. In order to damp mechanical oscillations resulting from rotational
      eccentricities and/or wobbling of the carrier, a damping ring 21 is
      attached to the tube 20 and clamped in housing 19. One of the electrical
      leads for the pickup member is formed by tube 20, while a wire 23
      constituting a second lead is connected to an electrical support point 22.
      Connecting lines from tube 20 and from the supporting point 22 to suitable
      connecting terminals are not shown.
PAR  FIG. 7 shows in detail, the free end of tube 20 of FIG. 6 carrying a laser
      diode 1 and photodiode 6 similar to those shown in FIG. 1 for example and
      a groove guide element 25, shown in longitudinal section, the components
      being shown to an enlarged scale compared with FIG. 6. The laser employed
      in this case is preferably a GaAs-GaAlAs dual heterostructure laser.
PAR  Laser diode 1 and photodiode 6 are embedded in a casting mass 26, for
      example of epoxy resin, which connects the free end of the tube 20 with
      the diamond track guide element 25. A heat dissipation element 24, for
      example of copper, is disposed between tube 20 and element 25. The outline
      of the edge of guide element 25 which contacts the undulations 27 along
      the groove in carrier 28 is symmetrical in its longitudinal section with
      respect to cross section line A.
PAR  The laser beam 30 emanating from laser diode 1 travels through guide
      element 25 either to one of the contact surfaces between the guide element
      and the undulations 27 or out of the guide element and onto one of the
      interstices between the raised undulations 27. In both cases there result
      varying reflection values for the laser radiation. In the absence of
      undulations, laser radiation would be reflected from the interface between
      the diamond and air back to the laser diode 1. This radiation would have a
      constant travel path through the diamond and back, and thus a constant
      travel time.
PAR  When the track guide element 25 is placed against the undulations 27, the
      reflection is reduced at those points where the guide element is in
      contact with the undulations. At the interstices, or troughs, between the
      points of contact, however, the reflection at the diamond/air interface
      remains intact, but a further reflecting component from the picture record
      surface is added. It is here particularly advantageous that the radiation
      lobe pattern of the laser radiation remain narrower in a diamond with a
      high diffraction power than in air so that stronger feedback and better
      local resolution of the undulations 27 is possible during scanning.
PAR  The electrical circuit of the pickup is analogous to that shown in FIG. 1
      and the electrical signal obtained at terminal 13 corresponds to the
      signal stored on carrier 28.
PAR  In order to for the impingement on the modulated groove wall by the laser
      beam to be as perpendicular as possible the waveguide structure is mounted
      in an inclined position in the guide element 25.
PAR  FIG. 8 is a cross-sectional view taken along line A-A of FIG. 7. The
      section line B--B defines a plane parallel to that of FIG. 7. While FIG. 7
      shows that the undulations are not flattened to any marked extent by the
      guide element 25, FIG. 8 shows the manner in which the guide element 25
      rests on the sides, or walls, of a plurality of the grooves in carrier 28.
      Resting on but one groove would already reduce wear on the guide element,
      compared to that occurring during the known pressure scanning technique,
      since the contact force is reduced. However, since in the pickup system
      according to the present invention the track guide element can rest on a
      plurality of grooves without creating difficulties, wear can be further
      reduced by the thus enlarged contact surface and the resulting reduction
      in contact pressure with the same contact force. The laser beam, which in
      FIG. 8 is also indicated at 30, impinges on but one groove side, or wall,
      31, which is shown in section in FIG. 7.
PAR  FIG. 9 shows a modification of the arrangement of FIG. 8 in which, during
      scanning, the guide element rests only on the surface portions of the
      carrier 28 which are at that instant not being scanned, and thus does not
      rest on the groove wall 31 which is being scanned. Here the movement of
      the carrier 28 in a direction perpendicular to the plane of the figure
      results in the laser beam 30 being alternatingly converged and diverged,
      or scattered, by a recess and a raised portion, respectively, on the
      groove wall 31 similarly to the result produced by adjacent concave and
      convex mirrors. Thus the quantity of reflected light, and hence the degree
      of feedback, fluctuates.
PAR  Compared to the pressure scanning method the track guide body can be made
      wider and/or longer so that abrasion due to friction is reduced because of
      the consequently reduced contact pressure. A larger contact length does
      not impair the signal to noise ratio and does not lower the frequency
      limit.
PAR  In order to increase the lifetime of the optical resonator and/or the
      signal to noise ratio of the output signal, it is advantageous for the
      optical resonator which contains the laser medium to be operated in a
      pulsating manner.
PAR  This results in the advantage that the number of operating hours for the
      pickup system is increased and that the electrical sensitivity of the
      system can be increased as well.
PAR  According to the scanning theorem, the pulse repetition frequency must be
      twice as high as the upper frequency limit of the information recorded on
      the picture record. Pulse durations which can still be processed well by
      the semiconductor laser diode extend from about one nanosecond to several
      nanoseconds.
PAR  The signal to noise ratio in the receiving diode or in the injection
      current to be measured in order to detect the information can be improved
      by increasing the pulse energy up to an order of magnitude of 1 W.
PAR  The system according to the present invention can be used with longer,
      preferably single mode glass fiber lines to solve measuring and scanning
      problems at points which are less easily accessible. For example, the
      roughness of surfaces or the amount by which rotating shafts are out of
      round, and the like, can be determined in this way.
PAR  The embodiments of the present invention have been described for the case
      where the surface of the recording carrier is provided with spatial
      undulations which correspond to the recorded information.
PAR  The record carrier material may be the usually used material for mechanical
      pressure scanned picture record discs. For example a suitable material is
      PVC-plastics (Polyvinylchloride). In order to improve the optical
      properties the carrier surface may be made reflective by aluminizing in
      vacuum.
PAR  However, the present invention can also be used in cases where the
      information is recorded on the carrier surface in the form of
      modifications of its reflection capability. For example, one such case
      would be the storage of information in the form of holes formed in a
      reflecting surface of the carrier.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range, of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pickup system for playing back wide-band signals stored on the surface
      of a carrier in the form of surface deformations extending along a
      recording track and capable of reflecting laser radiation in a manner
      which varies as a function of the time pattern of the stored signals,
      comprising: laser means for producing laser radiation and arranged to be
      positioned to form, during playback, an optical resonator with the carrier
      surface such that when said laser means are in operative association with
      the surface the intensity of the laser radiation oscillations produced by
      said laser means is influenced by the radiation relfected back to said
      laser means by the surface and varies as a function of variations in the
      reflection or scattering of laser radiation back into said laser means
      from said carrier surface when said laser means undergoes relative
      movement along the recording track; and output means for converting such
      intensity variations in the radiation produced by said laser means into an
      electrical signal representative of the stored signals.
NUM  2.
PAR  2. Pickup system as defined in claim 1 wherein the signals are stored on
      the carrier surface in the form of spatial undulations.
NUM  3.
PAR  3. Pickup system as defined in claim 1 wherein the signals are stored on
      the carrier surface in the form of reflectivity variations.
NUM  4.
PAR  4. Pickup system as defined in claim 1 wherein the intensity of the laser
      radiation oscillations in said resonator is a function of the quantity of
      laser radiation fed back by said resonator.
NUM  5.
PAR  5. Pickup system as defined in claim 1 wherein the intensity of the laser
      radiation oscillations in said resonator is influenced by the relative
      phase position of the laser radiation fed back from the carrier surface by
      said resonator.
NUM  6.
PAR  6. Pickup system as defined in claim 1 wherein said optical resonator
      comprises a light waveguide structure including a semiconductor laser
      diode, and said output means comprises a semiconductor diode arranged to
      detect the radiation oscillations produced by said laser diode, and means
      biasing said output means semiconductor diode for operation in its
      blocking direction, and wherein said output means semiconductor diode is
      combined with said semiconductor laser diode.
NUM  7.
PAR  7. Pickup system as defined in claim 6 wherein said output means
      semi-conductor diode has a pn-junction which is doped to create low
      attenuation of the radiation oscillations present in said resonator.
NUM  8.
PAR  8. Pickup system as defined in claim 1 wherein said optical resonator
      comprises a light waveguide structure including a semiconductor laser
      diode, and said output means comprises an optical-electrical transducer
      arranged to detect the radiation oscillations, said transducer being
      separate from said optical resonator.
NUM  9.
PAR  9. Pickup system as defined in claim 8 comprising a further light waveguide
      disposed for feeding the oscillations emanating from said optical
      resonator to said transducer.
NUM  10.
PAR  10. Pickup system as defined in claim 9 wherein said further light
      waveguide is constituted by a glass fiber.
NUM  11.
PAR  11. Pickup system as defined in claim 1 wherein said output means comprises
      an avalanche diode optically linked to said laser means.
NUM  12.
PAR  12. Pickup system as defined in claim 1 wherein said laser means comprises
      a semiconductor laser diode and said output means comprises a
      semiconductor photo diode arranged to detect the radiation oscillations,
      further comprising: first supply means connected to apply a direct
      injection current to said laser diode for producing laser radiation;
      modulating means connected to modulate the current provided by said first
      supply means; second supply means connected to bias said photo diode;
      control signal generating means including a low pass filter and connected
      to the output of said photo diode for deriving a control signal from the
      electrical signal produced by said photo diode; and optimum value setting
      means connected between said generating means and at least one of said
      supply means for enabling said control signal to establish optimum
      operating conditions for the respective diode associated with said supply
      means.
NUM  13.
PAR  13. Pickup system as defined in claim 1 wherein said laser means comprises
      a laser diode and said output means is defined by the electrical forward
      resistance of said laser diode, which is a function of the radiation
      oscillation in said laser diode, and comprises a sensing circuit connected
      to said laser diode.
NUM  14.
PAR  14. Pickup system as defined in claim 13 further comprising supply means
      connected to deliver a constant current to said laser diode to cause it to
      generate laser radiation, and said sensing circuit derives a signal
      representative of the voltage across said laser diode.
NUM  15.
PAR  15. Pickup system as defined in claim 1 wherein said laser means comprises
      a laser diode and further comprising a constant voltage source connected
      to apply operating current to said diode, and wherein said output means
      produces an electrical signal representative of the current fluctuations
      in said diode resulting from fluctuations in the intensity of the
      radiation oscillations in said resonator.
NUM  16.
PAR  16. Pickup system as defined in claim 1 wherein said laser means comprises
      a light waveguide contained in said optical resonator and having a surface
      arranged to be directed away from the carrier formed to have the
      reflective properties of a mirror.
NUM  17.
PAR  17. Pickup system as defined in claim 1 wherein said laser means comprises
      a light waveguide contained in said optical resonator and having a surface
      arranged to be directed toward the carrier formed to be substantially
      nonreflecting.
NUM  18.
PAR  18. Pickup system as defined in claim 1 further comprising power supply
      means connected to operate said laser means in a pulsating manner.
NUM  19.
PAR  19. Pickup system as defined in claim 1 wherein the signals are stored on
      the walls of a groove formed on the carrier surface and further comprising
      groove guide means carrying said laser means and output means and arranged
      to move along, and be guided by the groove.
NUM  20.
PAR  20. Pickup system as defined in claim 19 wherein said laser means and
      output means are mounted for scanning the groove portion directly behind
      said guide means, with respect to the direction of movement of said guide
      means along the groove.
NUM  21.
PAR  21. Pickup system as defined in claim 19 wherein the groove has a spiral
      form composed of a succession of adjacent turns and said laser means and
      output means are mounted for scanning a groove turn which has previously
      been traversed by said guide means.
NUM  22.
PAR  22. Pickup system as defined in claim 19 wherein the signals are stored in
      the form of spatial undulations on the groove walls and said guide means
      are transparent to the laser radiation and are shaped and mounted to move
      along the groove without producing any marked compression of the
      undulations, and wherein said laser means and output means are mounted so
      that they are to one side of said guide means and the carrier surface is
      to the opposite side of said guide means.
NUM  23.
PAR  23. Pickup system as defined in claim 22 wherein said guide means are
      formed to rest only on groove portions which are momentarily not being
      scanned by said laser means.
NUM  24.
PAR  24. A signal playback system comprising:
PA1  a record carrier provided with stored signals to be played back, the
      signals being in the form of surface deformations extending along a
      recording track and capable of reflecting laser radiation in a manner
      which varies as a function of the time pattern of the stored signals
PA1  laser means for producing a laser beam and positioned, during playback,
      relative to said carrier so as to form an optical resonator with said
      carrier surface such that laser radiation produced by said laser means is
      reflected back to said laser means from said carrier surface to influence
      the intensity of the output radiation produced by said laser means, the
      laser radiation being produced by said laser means thus varying in
      intensity as a function of variations in the reflection or scattering of
      laser radiation back to said laser means from said carrier surface as said
      laser means undergoes relative movement along said recording track; and
PA1  output means connected for converting such intensity variations in the
      radiation produced by said laser means into an electrical signal
      representative of the stored signals.
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ABST
PAL  An electrostatic transducer assembly including a pair of transducer units,
      each unit having a pair of plates with a conductive coating and a
      diaphragm disposed between the plates. Both diaphragms are biased by a
      single source and the electrode plates are energized in such a way as to
      move the diaphragms in a common direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The field of art to which this invention pertains is electrostatic speakers
      and in particular to means for biasing the speakers to use only a single
      voltage source and also to constructional means for supporting and
      mounting the individual transducer units of the speaker.
PAR  2. Description of the Prior Art
PAR  In general, electrostatic transducers have been limited with respect to
      power output capability, particularly in the lower range of frequency
      response, because of narrow spacing between the active elements thereof.
      With the given spacing, only a given voltage may be applied due to
      breakdown of the air dielectric, and thus a limit to the force which can
      be developed is established.
PAR  Application of this class of transducer has therefore been limited to
      designs that can accept this limitation. In particular, this limitation is
      more noticeable at low audio frequencies, since it is desirable to totally
      enclose the back of the speaker with a reasonably sized enclosure, and
      this in turn implies that high forces be developed to move the diaphragm
      against the air loading.
PAR  The foregoing will be more apparent in considering a system, by way of
      example, for converting audio frequency electrical energy into acoustical
      energy. It is axiomatic in the art that equal power output over the audio
      frequency range a much greater mass of air must be moved at the lower
      frequencies and it is the reason that low frequency loudspeakers are much
      larger and more heavily constructed than high frequency loudspeakers. In
      any case, the low power output limitation is the result of the limited
      maximum excursions demanded of the flexible diaphragm.
PAR  In order to solve the above problems, Brettel has developed a new
      electrostatic transducer as described in his U.S. Pat. No. 3,136,867
      (issued June 9, 1964).
PAR  According to Brettel's transducer, it is required to provide two kinds of
      D.C. voltage sources in order to drive both diaphragms in the same
      direction. Generally, since it is required high voltage for bias, it is
      not wished to provide two kinds of sources.
PAC  SUMMARY OF THE INVENTION
PAR  It is an important feature of the present invention to provide an improved
      electrostatic transducer speaker assembly.
PAR  It is another feature of the present invention to provide an electrostatic
      speaker which utilizes only a single bias source.
PAR  It is an object of the present invention to provide a novel means for
      mounting transducer units of an electrostatic speaker assembly.
PAR  It is also an object of the present invention to provide an electrostatic
      speaker assembly which includes a pair of planar transducer units and a
      housing for mounting the same, the housing having locating means
      cooperable with the transducer units for positioning the units relative to
      the housing and relative to each other.
PAR  It is another object of this invention to provide an electrostatic speaker
      assembly as described above wherein the housing has a sloped rear wall
      portion to prevent the formation of undesirable resonances.
PAR  These and other objects, features and advantages of the invention will be
      apparent from the following description and the associated drawings
      wherein reference numerals are used to designate a preferred embodiment.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an illustration of the positioning of the elements of the
      transducer units of the present invention and includes a schematic showing
      the single bias source and the application of the audio signal in the
      transducer circuit;
PAR  FIG. 2 is a cross section of the pair of transducer units comprising the
      speaker assembly of the present invention;
PAR  FIG. 3 shows a db vs. frequency diagram of the speaker of the present
      invention;
PAR  FIG. 4 shows the arrangement of the speaker plates and the use of the
      locating means of the present invention; and
PAR  FIG. 5 is an exploded view of the speaker elements and the associated
      housing.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  This invention relates to an electrostatic speaker which has a pair of
      transducer units biased by a single voltage source. Also, the invention
      relates to structural mounting means for the elements of the speaker
      assembly.
PAR  As shown in FIG. 1, an electrostatic transducer assembly 20 comprises a
      pair of laminated transducer units A and B and an electric drive circuit
      C. The unit A includes a pair of plates 21a and 22a and a flexible
      diaphragm 23a such as Mylar with a conductive coating 24a of silver or the
      like. Plates 21a and 22a are made from plastic material, such as epoxy
      resin, acrylic acid resin, or so on, and have conductive layers 25a and
      26a at the inside surface thereon, each having a plurality of apertures
      27a and 28, respectively. The other unit B is the same, therefore, each
      corresponding element is numbered with the letter b.
PAR  The electric circuit C comprises a transformer 30 having a primary winding
      31 connected between two terminals 32 and 33 and a secondary winding 34
      having a center tap 35. One lead 36 of the secondary winding 34 is
      connected to the conductive layers 25a of the plate 21a of the unit A and
      also to the conductive layer 26b of the plate 22b of the unit B. The other
      lead 37 of the secondary winding 34 is connected to the conductive layer
      25b of the plate 21b of the unit B and also to the conductive layer 26a of
      the plate 22a of the unit A. A DC bias source 38 is connected to the
      center tap 35, and the other side thereof is connected to both conductive
      layers of the diaphragm 23a and 23b of the units A and B through a
      resistor 39. Further, a signal source 40 is connected between two
      terminals 32 and 33 of the primary winding 31. When an alternating signal
      is supplied from the signal source 40, the conductive layer 25 a of the
      plate 21a of the unit A and the conductive layer 26b of the plate 22b of
      the unit B are given the same potentials with each other, and the
      conductive layer 26a of the plate 22a of unit A and the conductive layer
      25b of the plate 21b of the unit B are given the same potentials with each
      other, but opposite potentials with respect to the conductive layers 25a
      and 26b. In other words, the conductive layer 25a of the plate 21a and the
      conductive layer 26a of the plate 22a of unit A are given opposite
      potentials, and also the conductive layer 26b of the plate 22b and the
      conductive layer 25b of the plate 21b are given opposite potentials,
      respectively. Further, since the layers 24a and 24b of the diaphragms 23a
      and 23b are given positive potentials by the D.C. bias source 38, both
      diaphragms 23a and 23b are driven in the same direction.
PAR  Now, if a single diaphragm is placed between a pair of plates, the sound
      pressure P.sub.1 is given by:
      ##EQU1##
      where: .rho..sub.o = density of air
PA1  a = semidiameter of the diaphragm
PA1  r = distance between the plate and measure point
PA1  C.sub.o = capacitance
PA1  .epsilon..sub.o = dielectric constant of air
PA1  S = area of the plate
PA1  M.sub.D = mass of the diaphragm
PA1  M.sub.A = mass component of radiation impedance
PA1  R.sub.A = resistance component of radiation impedance
PA1  .epsilon..sub.0 = bias voltage
PA1  ei = signal voltage
PAR  However, if a pair of the units, each having a diaphragm, is placed in
      parallel, as in this invention, since both diaphragms are moved in the
      same direction, the sound pressure P.sub.2 is given by:
      ##EQU2##
      wherein, Z.sub.AM is a mutual radiation impedance caused by the operation
      of both diaphragms, and
EQU  Z.sub.AM = R.sub.AM + X.sub.AM
PA1  r.sub.am = resistance component
PA1  X.sub.am = reactance component
PAL  also,
EQU  R.sub.AM = -R.sub.A, X.sub.AM = -jwM.sub.A
EQU  .thrfore. z.sub.am = - (r.sub.a + jwM.sub.A)
PAL  therefore, the sound pressure P.sub.2 is rewritten by
      ##EQU3##
      Generally,
EQU  jwM.sub.D + jwM.sub.A &gt;&gt; R.sub.A
PAL  and
EQU  M.sub.A &gt;&gt; M.sub.D
PAL  so that
EQU  (1P.sub.2 1/1P.sub.1 1).apprxeq.(jw2M.sub.A /jwM.sub.A) = 2
PAL  therefore, it will be understood that the sound pressure regarding this
      invention increases by 6 dB in a region between fo and ka &lt; 1.4.
PAR  A mathematical explanation as described above is supported by our actual
      examination as shown in FIG. 3.
PAR  FIG. 3 is a graph showing the pressure response frequency characteristic of
      certain electrostatic transducers. The curve X indicates a frequency
      characteristic of a single diaphragm as prior art, and the curve Y
      indicates a frequency characteristic of this invention. It is noted that,
      according to this invention, the response is increased by about 6 dB in
      the mid range of the frequency, (400 Hz to 4 KHz).
PAR  FIG. 5 is a view of an electrostatic loudspeaker having a pair of
      electrostatic transducer units as described above. The loudspeaker
      includes an enclosure 51, a pair of electrostatic transducer units A and
      B, and a cover 52. A pair of back-electrode plates 55a and 56a of the unit
      A made from plastic material, such as epoxy resin, has a plurality of
      apertures 57a and 58a and hollows 59a and 60a, respectively, and
      conductive layers 61a and 62a are coated on the surface of both plates. A
      diaphragm 63a is supported by a pair of conductive rings 64a and 65a.
      Further, the diaphragm 63a is adhered to the rings 64a and 65a with
      conductive adhesive material. The other unit B is constructed in the same
      manner, so that each element of unit B is numbered with a letter b. The
      enclosure 51 has a flange 52' having a plurality of apertures 53, a
      plurality of slanted projections 54 on a cylindrical part 55, a plurality
      of posts 56 formed on a flat portion 57 to place the pair of units A and B
      thereon, and a back-chamber 58. It is noted that the back-chamber 58 does
      not have surfaces which oppose each other. In this case, it is a triangle
      shape in sectional view. Therefore, the enclosure 51 has a wall portion
      whose trangent is sloped at an angle substantially greater than zero and
      substantially less than 90.degree. with respect to the plane of the units
      A and B. In other words, the enclosure 51 has a planar rear wall sloped
      from a first point located substantially adjacent to the plane of the
      units A and B to a second point spaced substantially rearwardly of said
      plane.
PAR  The cover 52 has a flange member 60 with a plurality of projections 61 to
      be engaged by the apertures 53 of the enclosure 51, and a cylindrical
      member 62 having a plurality of slanted projections 63 to be engaged with
      the projections 54 of the enclosure 51. An opening 64 is formed in the
      cover 52 to radiate sound. Further, both projections 54 and 63 are formed
      as a part of screws, and each of plates 55a, 56a, 55b and 56b have
      apertures 65a, 66a, 65b and 66b, respectively, to permit the insertion of
      posts 56.
PAR  Furthermore, as shown in FIG. 2, the plates 56a and 55b of the units A and
      B have apertures 67 and 68 and slits 69 and 70 to permit an insertion of a
      conductive terminal 71. The terminal 71 is made from a leaf spring and has
      a pair of circular portions 72a and 72b which connect to the rings 65a and
      64b of the diaphragms 63a and 63b, respectively, so that a bias voltage is
      supplied to them through only one terminal 71.
PAR  In the course of assembling the units, the plates 55a and 56a are joined to
      the diaphragm 63a and to each other by a plurality of screws 75a as shown
      in FIG. 4. Also, the plates 55b and 56b are joined through the diaphragm
      63b to each other by a plurality of screws 75b.
PAR  As shown in FIG. 2, the units A and B are inserted into the enclosure 51 so
      as to meet the apertures 65a, 66a, 65b and 66b with the posts 56, together
      with the terminal 71. In this case, the free end of the terminal 71 is fed
      out from the enclosure 51, for example, through an aperture 77, as shown
      in FIG. 5, and the other leads (not shown) for the conductive layers may
      be fed out in the same manner.
PAR  Then, the cover 52 is screwed into the cylindrical portion 55, so that both
      projections 54 and 63 are engaged with each other, and the projections 61
      of the cover 52 are inserted into the apertures 53 of the flange 52' so
      that the cover 52 is fixed to the enclosure 51. Since the units A and B
      are depressed by the flange 60 of the cover 52, they are mounted on the
      flat portion 57, of the enclosure 51, rigidly.
PAR  Further, an absorbent material may be enclosed in the chamber 58. Since the
      chamber 58 of the enclosure 51 does not provide faces which oppose to each
      other, standing waves are not developed. As shown on curve Z in FIG. 3, a
      relatively flat frequency characteristic is established by the enclosure
      51. Also, the response is increased about 3dB.
PAR  It will be well understood by those skilled in the art that many
      modifications and variations may be made without departing from the spirit
      and scope of the novel concepts of this invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. An electrostatic transducer assembly comprising:
PA1  first and second transducer units, each having a pair of apertured plates
      with conductive coatings and a conductive diaphragm fixedly disposed
      between the plates at the periphery thereof,
PA1  a housing having a recessed region for receiving the two transducer units,
PA1  locating pins positioned within the recessed region of the housing and
      extending outwardly therefrom,
PA1  each of the transducer units having locating openings for positioning the
      unit over the pins in the housing,
PA1  means for extending electrical leads from the respective apertured plates
      and diaphragm through the housing, and
PA1  means for locking the two transducer units in place over the pins.
NUM  2.
PAR  2. An electrostatic transducer assembly comprising a first transducer unit
      consisting of a pair of apertured plates each having a conductive layer
      and a conductive diaphragm disposed between said plates, a second
      transducer unit consisting of a pair of apertured plates each having a
      conductive layer and a conductive diaphragm disposed between said plates,
      the first and second transducer units being sandwiched together to form an
      assembly whereby each unit has an outside and an inside plate of the
      assembly, a single polarity bias source coupled to both said diaphragms, a
      source of audio signal having a first and second polarity, the outside
      plate of the first unit and the inside plate of the second unit being
      supplied with the first polarity of the audio signal, and the inside plate
      of the first unit and outside plate of the second unit being supplied with
      the second polarity of the audio signal source.
NUM  3.
PAR  3. A transducer assembly in accordance with claim 2, wherein the source of
      audio signal comprises an audio transformer including a transformer
      secondary, one end of the secondary being the first polarity and the other
      end being the second polarity and the bias source being coupled from the
      center tap of the secondary to both diaphragms.
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ABST
PAL  Connection unit for linking subscribers to an exchange in a time switching
      system comprising at least a space-time concentrator consisting
      essentially of a subscribers' connection circuit, a concentration network,
      a set of supply and supervising circuits for a subscribers' junctor set,
      multiplex time transmission digital terminal sets, and a logic control
      unit which controls the space-time concentrator, the said logic control
      unit operating on a basis of time sharing between the various switches.
PARN
PAR  This is a continuation-in-part of my copending application Ser. No.
      267,927, filed June 30, 1972, now abandoned.
BSUM
PAR  The invention concerns connections between subscribers, more particularly
      telephone subscribers, and an exchange, in time-division digital
      transmission and switching systems.
PAR  A connection unit according to the invention comprises at least one
      space-time concentrator consisting essentially of a connection circuit for
      linking the subscribers of a concentration network, of a set of subscriber
      junction or junctor set supply circuits and supervisory circuits, of
      time-division multiplex transmission digital terminal sets, and a logic
      control unit which pilots the space-time concentrator(s), the said logic
      control unit operating on a basis of time-sharing among the various
      space-time concentrators.
PAR  According to another characteristic, a space-time concentrator comprises
      buffer memories for memorizing the orders received from the logic control
      unit, and for releasing the latter during the execution of the order
      received.
PAR  According to another characteristic, a concentration network of the
      connection unit comprises at least two stages, an input stage and an
      output stage, the input stage consisting of groups of switches, these
      switches, in a variable number, being connected in parallel with the
      inside of each group so as to adapt the number of inputs of a group to the
      traffic of the subscribers who are connected thereto.
PAR  According to another characteristic, the logic control unit comprises
      various modules which are connected between a machine address line, a
      machine data line, a data test line, these lines each comprising a certain
      number of binary elements.
DRWD
PAR  Other characteristics and advantages of the invention will become apparent
      from the following description of an example of an embodiment illustrated
      by the accompanying figures, in which:
PAR  FIG. 1 is a schematic block diagram of a connection unit for linking
      subscribers, equipped with a single space-time concentrator;
PAR  FIG. 2 is a block diagram of the concentration network 2 in FIG. 1;
PAR  FIG. 3 is a schematic diagram of a switch group in FIG. 2;
PAR  FIG. 4 is a schematic diagram of a switch of a switch group in FIG. 3;
PAR  FIG. 5 is a waveform diagram which illustrates, as a function of time,
      various clock signals used for controlling the junctors;
PAR  FIG. 6 is a schematic circuit diagram of a subscriber junctor;
PAR  FIG. 7a is a schematic diagram of the logic control unit 6 in FIG. 1;
PAR  FIG. 7b is a schematic circuit diagram of the modules 70, 71, 78 in FIG.
      7a;
PAR  FIG. 7c is a schematic circuit diagram of the modules 72, 73, 741, 730 in
      FIG. 7a;
PAR  FIG. 7d is a schematic circuit diagram of the modules 717, 740, 742, 721,
      743 in FIG. 7a;
PAR  FIG. 7e is a schematic circuit diagram of the modules 700, 701, 728, 729 in
      FIG. 7a;
PAR  FIG. 8 is a schematic circuit diagram of the module 78, or operator block;
PAR  FIG. 9 is a chart of the orders code of the logic control unit;
PAR  FIG. 10 is a general flow chart of the system;
PAR  FIGS. 11a and 11b are flow charts of routine subprograms;
PAR  FIG. 12 is a flow chart of a priority call (APR) management subprogram;
PAR  FIG. 13 is a flow chart of a return to zero subprogram;
PAR  FIG. 14 is a flow chart of a path finding subprogram;
PAR  FIG. 15 is a flow chart of a connection subprogram;
PAR  FIG. 16 is a flow chart of the disconnection subprogram;
PAR  FIG. 17 is a flow chart of the on-hook and release cam intervention
      subprogram;
PAR  FIG. 18 is a flow chart of the marker function analysis subprogram;
PAR  FIG. 19 is a flow chart of a caller subscriber test subprogram;
PAR  FIG. 20 is a flow chart of an interrogative subprogram with caller-called
      subscriber discrimination;
PAR  FIG. 21 is a flow chart of a supervision withdrawal subprogram with
      caller-called subscriber discrimination;
PAR  FIG. 22a is a flow chart of a setting under supervision subprogram with
      caller-called subscriber discrimination;
PAR  FIG. 22b is a flow chart of a release subprogram; and
PAR  FIG. 23 is a flow chart of a message toward the markers and answer to the
      markers subprogram.
DETD
PAR  FIG. 1 represents the general diagram of a connection unit comprising a
      single space-time concentrator in which 1 is a connection circuit for
      subscribers, 2 is a concentration network, 3 is a subscriber's junctor
      unit, 4 and 5 are two digital terminal sets for point-to-point
      transmission, 6 is a logic control unit.
PAR  The subscribers' connection circuit 1, which receives 512 subscribers'
      lines B1 to B512, consists of conventional subscriber line equipment; the
      lines B1 to B512 are also connected to the concentration network 2; 64
      lines C1 to C64 connecting the said concentration network to the
      subscribers' junctor set 3 emerge from the concentration network 2; 64
      lines, D1 to D64, emerge from the said junctor set 3, the lines D1 to D30
      connecting the junctor set 3 to the digital terminal set 4, the lines D31
      to D60 connecting the junctor set 3 to the digital terminal set 5, the
      lines D61 to D64 being reserved for trials on the subscribers' lines unit;
      one of the subscribers' lines B1 to B512 is reserved for tests on the
      subscribers' junctor set. The digital terminal sets 4 and 5, of a known
      type, are connected to the time connection network of the telephone
      exchange respectively by the lines LR0 and LR1. The junctor set 3 is also
      connected, on the one hand, to the time connection network by a signalling
      line LV, and, on the other, to the multirecorders of the exchange by the
      testing line LT. The logic control unit 6 is connected to the subscribers'
      connection circuit 1 by connections L1, to the concentration network 2 by
      connections L2, to subscribers' junctor set 3 by the connections L3; it is
      also connected by a line LU to the markers of the telephone exchange, and
      by a line LC to the control element of the said exchange; the logic
      control unit also receives signals from a time base by way of a line LS.
PAR  The telephone exchange with which the present invention is associated may
      be of the type designated "Project Platon" and described in the French
      publication "Commutation and Electronique", No. 25, Apr. 1969, in an
      article by D. Hardy, D. Goby, J. B. Jacob and J. Baudin, entitled "
      Organes Centraux dan un Systeme de Commutation Temporelle--Project
      Platon," pages 24 - 38.
PAR  The connection unit is provided, for example, for a capacity of 512
      subscribers concentrated on 60 time junctions or channels at the most,
      this allowing an average traffic of nine hundredths of an Erlang per
      subscriber.
PAR  The connection unit can be local or, that is, it can be installed in the
      telephone exchange room, or be installed in a remote-controlled satellite
      unit and connected to the exchange by 2.048 Megabit digital connections.
PAR  The digital terminal sets 4 and 5 are two in number, on the one hand, to
      allow the fitting up of the 60 speech junctions or channels, and, on the
      other hand, to ensure the safety of the system.
PAR  The logic control unit ensures the following main functions: scanning of
      the subscribers, and detection of new calls, testing the state of the
      called subscribers, searching for a connection path in the concentration
      network, controlling the connections and disconnections of the
      subscribers, exchanges with the central elements and more particularly
      with the markers and the checking or supervising element which ensures the
      connections between a time exchange and its data processing center.
PAR  The subscribers' connection circuit 1 consists of the assembly formed by
      the subscribers' line equipment; the line equipment of a subscriber is a
      conventional equipment, comprising essentially a sensitive call relay for
      detecting the subscriber's loop, even in the case of a very long line, and
      a call isolating relay which is set in the operating position as soon as
      the subscriber is connected to a junction.
PAR  FIG. 2 represents the general diagram of the concentration network 2 in
      FIG. 1; that network comprises, for example, eight switch groups, GR1 to
      GR8, and 16 switches 201 to 216; each switch group has a maximum of 64
      in-coming lines B1 to B64 for GR1 . . . B449 to B512 for GR8, and 16
      out-going lines, S1 to S16 , . . . S113 to S128, each out-going line being
      connected to an input of a switch 201 to 216; each switch 201 to 216
      comprises eight inputs and four outputs, C1 to C4 for the switch 201, C61
      to C64 for the switch 216.
PAR  FIG. 3 represents the diagram of a switch group in FIG. 2, such as GR1;
      such a switch group is composed of from one to four switches 7, 8, 9, 10
      having 16 inputs and 16 outputs; the inputs are B1 to B16, B17 to B32, B33
      to B48, B49 to B64, the outputs are connected in parallel to the sixteen
      outputs of the group S1 to S16; the number of switches is chosen as a
      function of the average traffic of the subscribers, who are connected to
      the group; for example, there will be four switches for medium-traffic
      subscribers, in the order of 9/100 Erlang, one switch for high-traffic
      subscribers, in the order of 5/10 Erlang, and two or three switches for
      intermediate traffic.
PAR  FIG. 4 represents the diagram of a switch in the group GR1 in FIG. 3, such
      as the switch 7, for example; such a switch comprises eight square
      matrices M1 to M8 each comprising four inputs and four outputs; the inputs
      of the matrices M1 to M4 are connected to the lines B1 to B16, each output
      of these matrices being connected to an input of one of the matrices M5 to
      M8, whose outputs are connected to the outputs S1 to S16 of the group GR1.
PAR  The matrices M1 to M8 of the switches 7, 8, 9, 10 of a group, as well as
      the switches 201 to 216 of the concentration network are essentially
      formed by connection points constituted in a conventional way by
      magnetically or electrically locking relays; these matrices and these
      switches can also consist of switches of the cross-bar type, such as the
      minicrossbar, which makes it possible to obtain connection points having a
      small volume; a connection point can also be a flexible blade relay of
      known type.
PAR  FIG. 5 represents the various clock signals ti, .theta.1, .theta.2,
      .theta.3, .theta.4, .theta.5, h1, h2 which are used in data transmitting.
PAR  ti is a signal lasting 3-9 microseconds and having a frequency of 8 Kc/s
      and a cycle of 125 microseconds; that signal is connected to a time
      channel;
PAR  .theta.1, .theta.2, .theta.3, .theta.4, .theta.5 are signals lasting 780
      nanoseconds and a cycle of 3.9 microseconds; these signals are staggered
      by 780 nanoseconds in relation to one another.
PAR  h1, h2 are signals lasting 195 nanoseconds and having a cycle of 780
      nanoseconds; they are staggered by 390 nanoseconds in relations to one
      another.
PAR  An electronic memory EM is associated with the concentration network and
      connected to the junctor set 3 and to the logic control unit 6, such as by
      connections L3 so as to record the addresses of each caller subscriber
      connected to the Connection Unit, and being in communication with a called
      subscriber, through a time channel; the electronic memory is divided in
      two parts, one called Channel Memory and another called Channel State
      Memory. The Channel Memory has 64 words; a word containing nine bits
      corresponds to each line so as to be able to locate any given subscribers
      among the sixty subscriber who may be, at the most connected to the two
      digital terminal sets 4 and 5. The Channel State Memory has also 64 words
      of 3 bits each to record the state of the line: conversation, preparation
      and/or fault. These memories keep the addresses of the caller stored
      throughout the call, and even after the call is ended as long as the line
      thus released is not assigned to another subscriber.
PAR  FIG. 6 shows the diagram of a subscriber's junctor of the junctor set 3 in
      FIG. 1, that set comprising 64 subscribers' junctors. A junctor is
      connected, through the concentration network, with each time junction or
      channel. The essential junctions of that subscriber's junctor are:
      microphonic supplying and subscriber signalling, namely:
PAR  The supervision of the state of the subscriber loop connected to a time
      channel through the actual concentrator;
PA1  The supplying of the subscriber's set;
PA1  The controlling of the sending of the ringing current;
PA1  The detecting of the lifting of the subscriber's hand-set during the
      sending of the ringing current;
PA1  The sending of particular signalling pulses: charging pulses sent to the
      subscriber's telephone set (telecharging), reversing of the battery under
      the control of the connection network;
PAR  The detecting of the replacing of the subscriber's handset when the state
      of the subscriber's loop is no longer ensured by a recorder.
PAR  In that figure, T1 is an electromagnetic relay having a flexible blade
      switch one of whose ends is grounded, the other end being connected to the
      testing line LT in FIG. 1, CO1, CO2, CO3 of the capacitors, VDR a variable
      resistor varying as a function of the voltage, CO1, CO2 and VDR having an
      anti-interference function, R1 and R2 two resistors having a positive
      temperature coefficient, RS ringing relay having four make-and-break
      contacts RS1, RS2, RS3, RS4, RIB a battery reversing relay having two
      make-and-break contacts RIB1, RIB2, T2 a transformer, MDA a ringing
      machine, RCIB a battery reversing control relay having one make contact
      RCIB1, RCS a ringing control relay having one make contact RCS1, R3 and R4
      resistors, T3 a transistor, PMS a ringing memory point, RD a shift
      register, PMIB a battery reversing memory point, PMTTX a telecharging
      memory point, the junctor is supplied from a supply source giving the
      polarities +5V, +12V, -48V, OV.
PAR  The two wires C1a and C1b, line C1 for example, coming from the
      concentration network are connected respectively to the fixed points of
      RS1 and RS2, the two wires D1a and D1b of line D1 being connected
      respectively to the break contacts of RS1 and RS2. The relay T1 comprises
      three windings RL1, RL2, RL3; the winding RL1 is connected, on the other
      hand, to the wire C1b, and on the other hand, to the polarity 0V of the
      current supply through the capacitor CO1; the common point of CO1 and RL1
      is connected through R1 to the pole of the contact RS3, the winding RL2 is
      connected, on the one hand, to the wire C1a, and, on the other hand, to
      the polarity 0V of the said current supply through the capacitor CO2; the
      common point of CO2 and RL2 is connected through R2 to the pole of the
      contact RS4; the winding RL3 is connected, on the one hand, directly to
      the wire C1b, and, on the other hand, to that same line by the resistor
      VDR, and to the make contact of RS2; the flexible blade relay ILS is
      connected, on the one hand, to ground, and, on the other hand, to the
      polarity +5V of the current supply through the resistor R1, to the testing
      line LT and to an input of the register RD. The break contact of RS3 is
      connected to the pole of the contact RIB1, the make contact of RS3 is
      connected to the polarity 0V through the ringing machine MDA; the break
      contact of RS4 is connected to the pole of RIB2; the make contact of RS4
      is connected to the polarity +48V of the current supply through MDA; the
      winding of the ringing relay RS is connected, on the one hand, to the
      polarity +12V of the current supply, and, on the other hand, to the
      polarity 0V of the said current supply through the make contact RCS1 of
      the relay RCS.
PAR  The break contact of the contact RlB1 is connected to the positive polarity
      0V of the current supply; the transformer T2 comprises a primary winding
      T21 connected, on the one hand, to the polarity +5V of the current supply,
      and, on the other hand, to the collector of the transistor T3, and a
      secondary winding T22 connected, on the one hand, to the wire D1b, and, on
      the other hand, to the wire D1a through the capacitor CO3. The ringing
      machine MDA comprises essentially a transformer T3 having a primary
      winding T31 supplied by an alternating current mains, a secondary winding
      T32 connected to the polarity 0V and to make contact of RS3, a secondary
      winding T33 connected, on the other hand, to the polarity -48V of the
      current supply, and, on the other hand, to the make contact of RS4 of the
      relay RS. The winding of the relay RCS is connected, on the one hand, to
      the polarity +5V of the current supply, and on the other hand, to an
      output of the ringing memory point PMS; the winding of the relay RIB is
      connected, on the one hand, to the polarity +12V of the current supply,
      and, on the other hand, to an output of the battery reversing memory point
      PMIB through a logic inverter 11. The ringing memory point PMS consists of
      an electronic flip-flop having three inputs and one output; an input 61
      receives the ringing data from the electronic memory EM, and an input 62
      for clock signals at the instant ti .theta.5 h1; another PMS ringing
      memory point input is connected up by a wire 69 to an output of the
      register RD; the output is connected to the winding of the relay RCS. The
      shift register RD consists of two flip-flops RD1 and RD2; that register
      has three inputs and one output; two inputs receive through the wire 63,
      clock signals (H 32 ms), these signals being applied to the two flip-flops
      RD1 and RD2; another input connects the first flip-flop to the flexible
      blade switch ILS; the flip-flop RD1 has an output connected to an input of
      the flip-flop RD2; the output of RD, on the flip-flop RD2, is connected by
      the wire 69 to an input of the flip-flop PMS. The battery reversing memory
      point PMIB consists of a flip-flop having two inputs and one output, the
      said flip-flop being composed of two elements in which the output of the
      one is applied to an input of the other; an input 64 receives battery
      reversing data from the electronic memory EM, an input 65 receives clock
      signals at the instant ti .theta.5 h1; the output of PMIB is connected to
      the winding of the relay RCIB through the inverter 11.
PAR  The telecharging memory point PMTTX consists of a flip-flop having two
      inputs and one output; an input 66 receives telecharging data items from
      the electronic memory EM, an input 67 receives a clock signal at the
      instant ti .theta.5 h1; the output of the telecharging memory point PMTTX
      is connected to the emitter of the transistor T3 through a logic inverter
      I2 and the resistor R4; the base of the transistor T3 is connected to an
      oscillator having a frequency of 12 Kc/s.
PAR  The detecting of the state of the subscriber's line loop is ensured by a
      polarized electromagnetic relay sensitive to direct current (significant
      of the closed state of the subscriber's loop) and insensitive to the
      ringing alternating current, and which makes it possible to supply the
      subscriber's telephone set; this relay is a flexible blade relay. The
      contact of the relay opens and closes, therefore, with the opening or
      closing of the subscriber's line, and thus enables the sending of dialling
      pulses, on the testing line LT, having, for their destination,
      multirecorders, as well as the detecting of the lifting or replacing of a
      handset.
PAR  The test line connection LT ensures the transferring of data from the
      connection unit towards the multirecorders inasmuch as concerns the state
      of the loop of the subscribers' lines connected to the junctors; the
      testing of the loop of the subscriber's line connected to the junctor i of
      the digital terminal set 4, FIG. 1, will be transmitted on that test line
      connection LT at the instant ti .theta.2; if that subscriber's line is
      connected to the junctor i of the digital terminal set 5, the data will be
      transmitted at the instant ti .theta.5; from the data point of view, a
      closed loop is equivalent to a logic "1".
PAR  The "subscriber's loop testing" function is fulfilled by time scanning of
      the flexible blade switch contacts in each of the line junctors at the
      rhythm of the time base. Besides that time scanning of the states of the
      subscribers' line loops, these loop states can be scanned by an addressing
      process under the control of the program of the machine. That double
      addressing system extended to the channel memory, to the channel state
      memory and to a priority call memory enables a time scanning of these loop
      states necessary for the time interface between the concentration
      equipment and the multirecorder at the same time as a testing of the state
      of an addressed line, in compliance with the requirements of the program,
      at a given phase of execution.
PAR  The detection of the replacing of a handset is effected by coincidence
      between the open loop state and the setting to supervision state contained
      in the channel memory of the channel corresponding to the line. The
      scanning of that loop state and channel state is effected on a time basis,
      that is, the address of the channel is supplied by the time base, and the
      coincidence between these two states, open loop and supervision, ensured
      by the concentrator, leads to the recording of a replacing of handset
      binary bit in the priority call memory; the set of replacing of handset
      binary bits constitutes a replacing of handset waiting sequence in
      relation to the program, in the case of multiple replacings of handsets.
      When the logic control unit becomes available, that is, when the program
      returns to routine operation, the priority replacing of handset call is
      taken into account and reported to the multirecorders, one of whose
      recorders assumes the supervision of the replacing of handset state.
PAR  The two windings RL1 and LR2 of T1 ensure the subscriber's line isolating
      function from the point of view of low frequency in relation to the
      battery in charge of supplying the subscriber's telephone set with
      current. In order not to cause a decrease in the lowest frequency, that
      is, 300 Kc/s, the self-inductance provided by these windings is high. The
      use, in the manufacturing of T1, of a ferrite pot with an air gap, to
      avoid magnetic saturation makes it possible to obtain excellent
      performances within a slight bulk.
PAR  The sending of the ringing alternating current voltage is effected in
      series with the current supply voltage, this being obtained by injecting,
      in phase opposition, into each of the two windings T32 and T33 of the
      ringing machine MDA, a 40-volt alternating current. The direction of the
      windings is such that these two components are added together at the
      terminals of the subscriber's line; the advantage of that injection in
      relation to a parallel injection generally used resides in the saving of
      alternating current power which is usually lost in the current supply unit
      T1 which cannot provide a sufficient impedance at 50 Kc/s in the case of
      parallel injection of the ringing current, unless excessively bulky
      equipment is used.
PAR  That sending of the ringing current is effected by the ringing relay RS
      itself, controlled by the relay RCS, which is, for example, a flexible
      blade relay, and which ensures the interface between the ringing memory
      point PMS and the ringing relay RS. A continuous current in the
      subscriber's line inhibits the ringing data between 32 and 64 milliseconds
      after the subscriber has lifted his handset; that inhibition is obtained
      by the shift register RD which receives, at its input 63, a 32-millisecond
      clock signal (h 32 ms).
PAR  The winding RL3 of the current supply transformer T1, shortcircuited by the
      make contact of RS2 of the ringing relay RS aims at damping the
      alternating current component of the magnetic induction liable to make the
      flexible blade switch vibrate during the ringing control. It is this
      contrivance which makes it possible to transform the assembly formed by
      T1, the flexible blade relay ILS and the loop detector, into a polarized
      electromagnetic relay.
PAR  The battery reversing operation does not call for any particular remark; it
      is effected by a battery reversing relay RIB itself controlled by a
      flexible blade relay RCIB which ensures the interface between the battery
      reversing memory point PMIB and the battery reversing relay TIB.
PAR  The telecharging signalling operation brings into place a 12 Kc/s
      oscillator common to eight junctors followed, for each of the line
      junctors, by an integrated amplifier, transistor T3, which functions in
      blocked mode or in amplifying mode under the control of the telecharging
      memory point PMTTX. There is therefore one telecharging control circuit
      per junctor, so that there is no need to modify the equipment of the
      concentrator when a subscriber applies for a counter at his residence.
PAR  The subscriber's junctor set 3 in FIG. 1 is produced by means of a printed
      circuit card; a set of eight junctors is implanted on a card, for a
      completely equipped concentrator, eight cards of junctors are therefore
      found, their implanting being, of course, modular, and it is possible to
      complete it as and when traffic increases.
PAR  The data items concerning signalling, this is, ringing, battery reversing,
      telecharging, are brought from the connection network situated at the
      telephone exchange towards the concentration equipment by the connection
      LV, which comprises a line LVO concerning the junctors connected up to the
      digital terminal set 4 and a line LV1 concerning the junctors connected up
      to the digital terminal set 5 in FIG. 1.
PAR  FIG. 7a represents the diagram of the logic control unit 6 in FIG. 1,
      composed of various modules, 70, 71, 78, 72, 73, 741, 730, 717, 740, 742,
      721, 743, 700, 701, 728, 729 connected to data lines LAM, LIM, LTI.
PAR  The internal structure of the logic control unit ELS has been designed to
      afford the maximum of versatility for producing the microprogrammed logic
      control units called wired logic circuits; that versatility has been
      obtained by adopting an open structure based on the connection of various
      modules to data item and address omnibus lines enabling direct transfer of
      the data items between the various components of the system. Thus, it may
      be conceived that is is possible to add various specialized operating
      units or various peripheral equipment units, the modular configuration of
      the system affording possible extension or varied equipment.
PAR  The kind and various functions of the various omnibus lines LAM, LIM, LTI,
      will be specified, and basic modules of the logic control unit, as well as
      the code of instructions will be set forth. The way in which the actual
      time and time-sharing problems, as well as problems concerning the various
      programming possibilities have been solved.
PAR  All the elements of the logic control unit are connected directly to the
      address lines LAM, and item lines LIM and test lines LTI.
PAR  The logic control unit comprises: a module 70 or direct and indirect
      addressing device, a module 71 or operation memory, a module 78 or
      operation block, a module 72 or phase processing device, a module 73 or
      program memory, a module 741 or processing tables, a module 730 or remote
      control console, a module 717 or instruction memory, a module 740 or
      exchange channels, a module 742 or time base, a module 721 or data
      grouping device, a module 743 or space-time addressing device, a module
      700 or time delay memory, a module 701 or priority call device, a module
      728 or console access logic unit, a module 729 or visual display device.
PAR  The machine address line LAM is a 16-wire omnibus line, the address words
      comprising 16 binary bits, this enabling the selecting of the exchange
      channels, the memories or pheripheral modules concerned by the data items
      existing in the data line (LIM) or on the data test line (LTI). That
      address line LAM is situated downstream from a memory address register
      (RAM) 74, of the module 70, the said register being an output accumulator
      of the operation block, thus affording all the processing possibilities on
      the data time slots before they are stored in the register 74. The formats
      of the time slots are defined for each of the modules by programming
      cards; they are generally broken down as follows:
PA1  4 bits: 1 to 4: selection of the module;
PA1  3 bits: 5, 6, 7: selection of a type of memory in the module;
PA1  6 bits: 8 to 13: selection of the word in the memory;
PA1  3 bits: 14 to 16: selection of the exchange channels with the markers and
      control elements of the telephone exchange.
PAR  It must be specified that the address register (RAM) 74 may be charged
      directly by a parameter imposed by the program.
PAR  The machine data line LIM is a 16-wire omnibus line, the data words
      comprising 16 bc, which enables the transfer of data from an address
      source to an address destination. The source and the destination can be
      registers or memory words. In the case of a transfer from one memory to
      another, one of the address sources or address destinations will
      previously be stored in the address memory register 74, whereas the other
      will be provided by the actual instruction word, actuated by an ordinal
      counter 75 of the phase processing device 72; that address is coded by a
      micro-instruction device, work address memory ADMT, coming from the module
      70.
PAR  The data testing line LTI is a four-wire omnibus line, the data words
      comprising 4 binary cells, which enables the data items grouped into sets
      of four to be brought towards the logic control unit, and five
      simultaneous tests to be effected, the first four of these being positive
      tests for a priority decreasing from the first to the fourth, the fifth
      being the negation of the first four, as will be explained in the
      description of the operation block 78 of the logic control unit.
PAR  The peripheral elements liable to be connected to the logic control unit
      are inserted naturally between the lines LAM, LIM and LTI like the
      component modules of the actual logic control unit.
PAR  The instruction phase processing device TR.phi., module 72, FIG. 7c,
      ensures the execution and sequencing of the instructions; it consists of a
      phase register of ordinal counter 75 of known type, which gives the
      address of the instruction being executed and of a phase preparation
      register 76 which prepares the address of the next instruction to be read
      in the program memory. The phase preparation register is connected, of
      course, to the program memory, and also to the universal unit for data
      coming from the memories or the registers (LIM), and to that of the data
      to be tested (LTI). It is also connected to processing tables (sequential
      truth tables) which the program may be brought to consult, that is to say,
      that a phase number coming from any external element may be recorded in
      the phase register, and hence, the program can be directed towards
      particular secondary programs by a direct or indexed phase jump.
PAR  The data items entering the module 72, FIG. 7c, are applied to the "AND"
      gates a, b, c, d, p, whose outputs are applied to an "OR" gate e, the
      output of that gate e being connected to the input of the phase
      preparation register 76, which is connected to the phase register 75 by an
      "AND" gate q. The output of the phase register 75 is applied to a decoder
      750 whose output is connected to the program memory module 73.
PAR  It must be specified that the phase register is limited to 12 binary cells,
      this allowing 4096 possible phases, that is to say, it has ample
      dimensions for switching microprograms which are generally less than 1,000
      phases.
PAR  The phase-processing device consists of integrated circuits of known type.
PAR  The program memory module 73, FIG. 7c, comprises a dead diode memory 77, an
      order decoder 751 and an address decoder 752, these decoders being
      connected up to the memory 77 and an AND gate r, at the output of 77.
PAR  The module 741 in FIG. 7c is composed of processing tables which are
      essentially diode-type dead memories. These tables are addressed by the
      address line LAM; they are connected up by a set of AND gates 130 to the
      line LT1, and to the machine data line LIM, by a set of AND gates 131.
PAR  That module 730 or remote control console comprises a logic circuit for the
      processing of data which it receives from the data-processing center
      through the telephone exchange control element by lines L9, L10; it is
      also connected up to the test line LT1 and machine data line LIM by AND
      gates s and t.
PAR  The program memory, consisting of instruction words comprising 40 binary
      cells is produced as a dead memory with diodes on printed circuit cards,
      at a rate of 64 words per card, and may be extended by adding thereto
      extra cards, connected in parallel to the output.
PAR  The module 70, FIG. 7b, comprises an address memory register 74 receiving
      signals from the address line LAM, by a set of AND gates 128, and an
      addressing device of the operation memory formed by the AND gates f, g, h,
      whose outputs are connected to an OR gate 746, the output of the said gate
      746 being connected to the module 71; these gates enable, respectively,
      addressing by the program memory, by the machine address line, by the
      instruction memory.
PAR  The module 71, FIG. 7b, or operation memory, comprises a memory 713, a
      series and parallel input register 714, a series output register 715, a
      parallel output register 716; AND gates i at the output of the register
      715 are connected up to the exchange channel module 740, and AND gates j
      at the output of the register 716 are connected up to the machine data
      line LIM.
PAR  The module 78 in FIG. 7b, or operation block, is shown in FIG. 8 and will
      be described in detail.
PAR  The module 717 in FIG. 7d, or instruction memory, comprises ET gates k for
      the input of the signals coming from the machine data line LIM, a register
      718 whose input is connected to the gates k and whose output is connected
      to a memory 750, the output of that memory being connected to an input of
      the gate h of the module 70.
PAR  The module 740, FIG. 7d, exchange channels, receives data items from the
      module 71, operation memory, by the output of the gates i of the register
      715, and, by means of the line 744, sends out data to the register 714 of
      the said module 71; lines L5, L6, L7, L8 connect the module 740 to the
      central elements of the telephone exchange, such as markers and control
      elements; a set of AND gates 109 makes it possible to send signals coming
      from the module 740 to the test line LTI.
PAR  The module 742, FIG. 7d, is a time base which distributes coded time
      channels to the addressing device 743 and to the test line LTI by a set of
      AND gates 114, as well as the signal .theta.1 to .theta.5 and h1 and h2
      distributed to all the modules for the purpose of sampling the various
      addresses.
PAR  The addressing device 743, FIG. 7d, comprises AND gates I and m, the gates
      receiving signals from the address line LAM, and the gates m receiving
      signals from the module 742, time base; the outputs of the gates l and m
      are applied alternatively to an OR gate 751 whose output is applied to the
      module 700, time-delay memory, this enabling a cycle scanning of the
      memories by the gates m at the rhythm of the time base, as well as a
      hazardous access by the gates l under control of the program.
PAR  The data grouping device 721, FIG. 7d, receives signals from the machine
      data line LTM at the AND gates 101, 102, 103, 104 whose outputs are
      grouped together at an OR gate 105 whose output is connected to the test
      line LTI by a set of AND gates 115.
PAR  The module 700, FIG. 7e, time delay memory, comprises a memory 719, a
      reverse counting unit 720, an AND gate 106 receiving signals from the
      reverse counting unit 720, a set of AND gates 107 receiving signals from
      the machine data line LIM, the outputs of the gates 106 and 107 being
      grouped together at an OR gate 108, whose output is connected to the
      memory 719. The output of the reverse counting element 720 is connected to
      the module 701 or priority call device; a set of AND gates 116 enables
      signals to be sent on the test line LTI.
PAR  The module 701, FIG. 7e, priority call device, comprises a device 722 for
      coding the priority levels, actuated by the various modules, two AND gates
      110 and 111 whose outputs are grouped together at an OR gate 112 whose
      output is connected to the input of a register 727 whose output is
      connected to a set of AND gates 113 whose output is connected to the
      machine data line LIM.
PAR  The module 728, FIG. 7e, or logic console access unit comprises a register
      737 and a comparator 753, a register 738 and a comparator 752, the two
      registers 737 and 738 receiving signals from the machine data line LIM;
      two sets of AND gates u and v whose outputs are connected to a set of OR
      gates w; an input of the gates u is connected by the line 901, to the
      output of the phase register 75 of the module 72, an input of the gates v
      is connected to the machine data line LIM; the output of the set of gates
      w is connected to an input of the comparators 752 and 753; another input
      of the comparator 753 is connected to the output of the register 737;
      another input of the comparator 752 is connected to the output of the
      register 738; the inputs of the registers 737 and 738 connected by the
      line 755, on the one hand, to the module 729, and, on the other hand, to
      the module 730; the output of the comparator 753 is connected to the gate
      q of the module 72 in FIG. 7c by the line 900, the output of the
      comparator 752 is connected to a lamp for the visual display of the
      module.
PAR  The module 729, FIG. 7e, is a visual display module whose elements 731,
      732, 733, 734, 739 enable various data items to be read; 735 is a set of
      phase coding wheels; 736 is a set of data coding wheels.
PAR  FIG. 8 shows the module 78 in FIG. 7b, or operation block; that block
      receives signals from the machine data line LIM and test line LTI, and
      from the memory 77 of the module 73 or program memory.
PAR  The module 78, or operation block, comprises: a set of AND gates 120
      receiving data from the machine data line LIM, a set of AND gates 121
      receiving data from the test line LTI, the outputs of the gates 120 and
      121 being grouped together at an OR gate 122 whose output is connected to
      a register 79 whose output is connected to a shift network 723; a set of
      AND gates 123 receives signals from the shift network 723 and addresses; a
      set of AND gates 124 receives addresses and data from the program memory
      77; the outputs of the gates 123 and 124 are grouped together at an OR
      gate 125 whose output is connected to a register 710 whose output is
      connected to a shift network 724; a calculating unit 754 receives signals
      from the various data items to be read.  The calculating unit 754 receives
      signals from the shifting networks 723 and 724, and its output is
      connected, on the one hand, through an AND gate 755, to an output register
      711 whose output is connected to the machine data line through a set of
      AND gates 126 whose outputs are grouped together at an OR gate 127, and,
      on the other hand, to a decision circuit 712 whose output 745 is connected
      to the gate a of the phase processing module 72; the circuit 712 also
      receives signals from the shift network 724; the networks 723, 724, the
      calculating unit 754 and the circuit 712 receive, over the line 726,
      signals from the program memory 77 of the module 73.
PAR  The output of the gate 127 is connected to the machine data line LIM;
      through that machine data line LIM, the output of the gate 127 is
      connected to the input of the gate 128 of the register 74 of the module
      70.
PAR  The decision circuit 712 is composed of four comparators 81, 82, 83, 84 of
      five sets of AND gates 810, 811, 812, 813, 814 whose outputs are grouped
      together at a set of OR gates 815, the output 745 of that set of gates 815
      being connected to the module 72; all the gates 810 to 814 receive signals
      from the line 726 connecting the operation block to the program memory 73;
      the circuit 712 also comprises AND gates 85, 86, 87, 88 and reversing
      circuits 815, 816, 817, 818; the comparator 81 is connected to an input of
      the gate 810 and to the reversing circuit 815 whose output is connected to
      an input of the gates 85, 86, 87, 88; the comparator 82 is connected to an
      input of the gate 85, whose output is connected to an input of the gate
      811 and to the reversing circuit 816; the output of 816 is connected to an
      input of the gates 86, 87, 88; the comparator 83 is connected to an input
      of the gate 86 whose output is connected to an input of the gate 812 and
      to the reversing circuit 817, the output of 817 being connected to an
      input of the gates 87 and 88; the comparator 84 is connected to an input
      of the gate 87 whose output is connected to an input of the gate 813 and
      to the reversing circuit 818; the output of 816 is connected to an input
      of the gate 88, the output of that gate being connected to an input of the
      gate 814.
PAR  That operation block offers numerous possibilities; thus it can test data
      items, receive and transmit checking and control signals, effect
      arithmetical and logic operations on words comprising 16 binary bits,
      groups of 4 binary bits, or effected tests binary bit by binary bit if a
      single binary bit is significant.
PAR  The operation block shown diagrammatically in FIG. 8 constitutes a parallel
      calculating unit capable of effecting the majority of usual logic and
      arithmetical calculation operations on words comprising 16 binary bits.
      Its control operation is effected by separate microinstructions which can
      be combined together in a same program instruction. As that logic
      processing unit aims at producing automatic wired units which must execute
      sequences determined once and for all in the operating life of the
      machine, it is the language which is closest to binary data, that is, a
      micro-programming language connected with the data, which leads to the
      most effective programs. That micro-programming is, however, made easier
      by the fact that all the micro-instructions have received a mnemotechnical
      nomenclature and that the digital address, parameter or phase data is
      given in octal code. The binary transcription of the symbolical programs,
      written at the time of analysis, comes, moreover, within the scope of
      conventional assembling techniques and can be automated.
PAR  The controlling of the various functions of the operation unit will become
      apparent from the following description. In compliance with FIG. 8, the
      operation block consists of two input registers 79 and 710 called
      accumulator A and accumulator B in which are stored the two operands of
      the operation to be effected by the actual operation unit. Particular
      micro-instructions are provided for the transfer of data items in each of
      the accumulators, which can thus be protected if controlling operations
      are to be effected with respect to the peripheral equipment, for example,
      without altering their contents used subsequently.
PAR  An output register 711 also presented by a special micro-instruction
      enables the storing of the results of operations effected on the contents
      of 79 and 710. Besides that output register 711, an address storing
      register 74 of the module 70 which enables data item time slots to be
      stored, constitutes, so to speak, a second output register of the
      operation unit.
PAR  Two parallel shift networks 723, 724 inserted downstream from the
      accumulators 79 and 710 enable closed shifts to be effected on the
      contents of those registers (direct transfer or 1 to the left, 2 to the
      left, 3 to the left for 723, and direct transfer or 4 to the right or 4 to
      the left or 8 to the left for 724.) These networks may be controlled
      separately or simultaneously by micro-instructions, supplied by the
      instruction words of the memory program 723, sent out by the line 726.
PAR  Then come the calculation circuit 754 and decision circuits 712. The
      calculation circuits formed by completely integrated circuit boxes are
      capable of effecting 16 logic functions and 16 arithmetical functions. A
      micro-instruction enables the logic or arithmetic mode to be selected,
      whereas four other binary elements of the instruction work enable the
      function which is to be effected (for example, addition, subtraction,
      comparison, gate connecting functions, intersecting, complementation,
      incrementation, etc.) to be programmed.
PAR  The decision circuits consisting of 4 comparators, enable the testing of
      the identical nature between two data items comprising 4 binary bits. The
      arranging of these 4 comparators with a hierarchy which inhibits, due to
      the gates 85, 86, 87, 88, the functioning of the following comparators if
      a preceding comparator has found identical data items, allows five
      simultaneous tests in a same program instruction, that is, four possible
      positive responses and one negative which is the negation of the other 4.
PAR  The calculating circuits 754 are used jointly with those comparators 712
      for effecting or not effecting masking operations, as well as for
      effecting equality, superiority or inferiority tests, not on words
      comprising 4 binary bits, but on words comprising 16 binary bits. Of
      course, the program word coming by the line 726 supplies the four
      parameters of 4 binary bits which define the tests or analyses to be
      effected, as well as the 5 phase jump indications .theta. 0, .theta. 1,
      .theta. 2, .theta. 3, .theta. 4 corresponding to the operation of one or
      the other or none of the comparators.
PAR  Particular binary elements of the program also make it possible to specify
      if the original carry-over is authorized, if the output carry-over is to
      be allowed to propagate, whether the case of an imposed phase jump has
      arisen, these details adding to the versatility of the programming.
PAR  The particularity of that operation unit which operates in parallel is that
      it possesses two data item input registers 79 and 710, an output register
      711, and that it accedes to an address storing register 74 (RAM), of the
      module 70, this enabling calculation operations to be effected as much on
      the addresses as on the actual data items without having to proceed with
      intermediate storing operations and calls. An instruction enables the
      calling, by the test lines LTI, of the data to be tested in the same phase
      as the taking of the decision relating to the test effected, this
      proportionally reducing the duration of the execution of the program, in
      the case of the switching of a program by "yes" or "no".
PAR  That simple test instruction enables, more particularly, the synchronizing
      of the program at any instant of the time base, that time reference being
      necessary for the execution of the series exchange sequences in actual
      time with the telephone exchange central elements.
PAR  If the data items to be tested are previously called in the accumulator 79
      (ACA), an instruction test or analysis enabling 5 simultaneous tests or
      analyses to be effected then becomes available, this resulting in one or
      the other of the four positive responses and one negative response. That
      possibility is particularly interesting when it is known that there are
      several sources of data items to be tested for deciding the arrangement of
      the programs to be switched. Thus, instead of effecting five successive
      simple test operations as in conventional units, it is possible to decide,
      in a single instruction corresponding to the combining of 4 test
      microinstructions, of five probable arrangements of the program, according
      to the state of the data.
PAR  The operation block enables, besides these particular functions, the
      performing of all conventional addition, subtraction, incrementation,
      complementation, shifting, AND (masking), OR, EXCLUSIVE OR operations, as
      well as comparisons on 16 binary bits, providing an equality, inequality,
      inferiority or superiority data item which actuate the corresponding phase
      jumps, with these various results. That operation block consists of two
      printed circuit cards supporting integrated circuits: one of the cards
      contains the two registers 79 and 710 for storing the operands, as well as
      the shift networks 723, 724; the other card consists of actual calculation
      circuits 754 and decision circuits 712, as well as the output register
      711.
PAR  The operation memory 71 constitutes, so to speak, the turntable of the
      system, since it fulfills the function of a buffer memory, between the
      operation block, the various memories of the peripheral equipment and the
      various interface registers as well as with the various exchange
      connections with the central elements. In this memory are also stored the
      various secondary program sequencing phases, and the various data or
      program loop counting operations are effected, and the results of
      intermediate calculations or of the momentary references of program
      switching operations are stored.
PAR  A micro-instruction ADMT (operating memory address) for the direct
      addressing of that operation memory to be considered as a direct access
      data item storing register whose advantage is well-known inasmuch as
      concerns the versatility of programming afforded by the multiplying of the
      direct access registers. Each of these words can thus be used for the
      purposes of index data or phase registers. That versatility of operation,
      due to the direct and indirect addressing device 70, provides the
      programming with a considerable number of storing registers which are
      assigned more particularly to each of the peripheral equipment units in
      the case where the effecting of the programs on a time-sharing basis
      requires rapid storing and "return" of the various parameters relating to
      the end or resumption of the processing. Each of the words comprising 16
      binary bits of the operation memory 71 is, moreover, divided into four
      sections of 4 binary bits with independent access, each or several of
      these sections possibly being recorded or read in a same instruction.
PAR  This possibility is particularly interesting in the case of calculations on
      time slots which are generally the gathering of data items coming from
      various sources, that arrangement of the operation memory enabling the
      gathering of these data items without the assistance of the operation
      block, thus affording the saving of call phases in the accumulator
      registers 79, 710, and of result storing operations in 711 or register 74
      of the module 70. Thus, it may be considered that the operation memory 71
      MTR comprises either 64 words of 16 binary bits, or 64 .times. 4 = 256
      words of 4 binary bits.
PAR  In order to be able to receive or return data items from or to the various
      modules or the various connections, all the means of access, that is,
      series or parallel input 714, series output 715, or parallel output 716,
      are available to the operation memory. As has been seen, it may be
      addressed directly by an address contained in a program word, but also
      indirectly by an address stored in the memory address register 74 RAM, on
      which all the necessary calculating operations necessary for determining a
      time slot may be carried out. Besides these accesses, under the control of
      the program, that operation memory is directly accessible by an address
      table scanned by the time base and called exchange instruction memory,
      module 717, enabling the data items exchanged in series with the central
      elements to be received or sent out, and to be stored in or extracted from
      the words of the operation memory 71 reserved for that purpose. This
      method of access enables the solving of all data handling problems arising
      from the series channels 740 for exchanges with the other elements
      connected to the telephone exchange, on condition that these exchanges use
      call-reply processes for ensuring that the correspondent is available to
      them. The problems concerning the synchronizing of exchanges with the
      telephone exchange central elements are thus solved.
PAR  The exchange channels 740, which are microprograms contained in time
      instruction memories, are, indeed, piloted by the general time. base, and
      operate on an actual time basis; all that is required, therefore, is the
      actuating of these instruction memories at a suitable moment, by
      synchronizing the program on a time reference of the time base 742, and
      the "inhibiting"to thereof after the exchange sequence has been effected.
      Besides the simplifying of the programming obtained by "sending back the
      order" to an instruction memory 717, specialized in exchanges by the line
      744, that contrivance enables the saving of long series registers required
      in the case of specialized exchanges processed in a conventional way with
      each of the central elements. It must be understood that the data items
      are previously arranged in the operation memory before being transmitted
      to present themseves conveniently in the parallel-series output conversion
      register 715; the dimension of the memory 713 is 64 words of 16 binary
      bits, but this has no limiting effect.
PAR  It is useful to observe that, with a view to providing a system whose
      characteristics are as modular as possible, each of the peripheral modules
      to which the logic control unit is connected is provided with its own
      memories, this in no way complicating the access problems, since, with the
      open structure of the machine, the data transfer operations by the omnibus
      lines are as easy as if only a single centralized memory were installed;
      memory extensions are obviously possible by adding other modules to the
      memory 713.
PAR  The memory 719, of the module 700, or time-delay memory, has a capacity of
      32 words of 12 binary bits and a minimum caliber of 125 microseconds and a
      maximum caliber of 0.125 .times. 2.sup.12 = 512 milliseconds. The words of
      that time-delay memory are generated initially by the program and have the
      particularity of reverse counting, by the reverse counter 720,
      independently from the latter, at the rhythm of the time base.
PAR  When the reverse count thus started arrives at its end, a priority call is
      generated and memorized in the cell memory 727 of the module 701.
PAR  When the central logic unit is able to take charge of that call, all that
      it will have to do is to call back the return phase stored in the memory
      713 of MTR, at the instant when that time delay has been initially
      generated to sequence the following part of the program, in which that
      time delay was inserted, this program having been left so that other
      peripheral equipment units could be dealt with. Evidently there is a
      bi-unique equivalency between the time-delay memory word and the phase for
      returning the storage word to the memory 713.
PAR  The device for grouping together the data items, module 721 ensures the
      selecting of a section of 4 binary bits among four sections of the 16
      binary bit data line LIM for switching that section to the 4 binary bit
      testing line LTI for testing or analysis purposes in the operation unit;
      moreover, a selection device or priority logic unit 722 enables the 16
      priority levels provided for in the machine to be assigned to the various
      peripheral modules, according to the urgency of the processing of data
      items entrusted to those peripheral modules.
PAR  A space-time addressing device, module 743, enables the scanning of the
      time-delay memory words, more particularly at the rhythm of the time base,
      module 742, and in a hazardous way under the control of the programmer.
PAR  The various instructions of the orders code are continued in the diode-type
      program memory.
PAR  The various instructions are:
PA1  Tan : testing or analysis;
PA1  Ope : operation unit control;
PA1  Amt : access to the operation memory;
PA1  Aes : access to the inputs and outputs;
PA1  Amp : access to the peripheral memories:
PA1  Tmm : transfer from memory to memory (from source to destination);
PAR  These instructions include sets of addresses AD1, AD2, except instruction
      TAN.
PA1  Ad1 : address which supplies transfer of micro-instructions in certain
      particular registers such as: accumulator 79, register 74 and the source
      addresses of the data line LIM;
PA1  Ad2 : address which supplies the address source of the data to be tested on
      the line LTI;
PA1  Ad3 : address which supplies the destination address of the data items in
      the data line LIM.
PAR  There are, also, the following micro-instructions:
PA1  Admt : operation memory address;
PA1  Sct : selection of one to four sections in a word of the operation memory.
PAR  The micro-instructions ADMT and SCT enable direct access to the operation
      memory, of which each word thus becomes an intermediate storage, data
      phase or address register.
PAR  The binary elements 20 to 40 of a program word supply a 12 or 16 binary bit
      parameter used for initially using registers or memories, then the phase
      jump indication .phi. to be effected when the instruction has been
      executed, that phase jump of 4, 8 or 12 binary bits enabling operation
      inside pages of 16 or 256 program phases or else the changing of pages.
PAR  FIG. 9 represents the order code of the logic control unit. This logic
      control unit controls the concentrator by means of a program in the form
      of a series of orders or instructions comprising 40 binary elements. These
      instructions determine the execution of cabled sequences contained in the
      dead memory comprising diodes 77 of the program memory 73.
PAR  FIG. 10 represents the flow chart of the program which is divided into a
      number of sub-programs designated by SP hereafter.
PAR  FIGS. 11a and 11b show the flow chart of the ROUTINE subprogram. This is
      the only SP which can be interrupted by a priority call (PRC), the
      presence of which during the ROUTINE SP causes a phase jump to the CONTROL
      (ADMINISTRATION) OF PRIORITY CALLS SP. In addition to its role of waiting
      for a priority call, the ROUTINE SP performs certain operations in series,
      the interruption of which does not constitute a disturbing factor for the
      through-put. The operations in question are the following:
PA1  observation of the index lines
PA1  scanning of the time channels
PA1  scanning of the subscriber lines
PA1  processing of false calls
PA1  dealing with errors
PA1  blocking of network lines
PA1  indication of the contents of the work memory
PA1  observation of through-put (traffic)
PAR  FIG. 12 represents the flow chart of the CONTROL OF PRIORITY CALLS
      sub-program (PRC). This SP must recognize the priority call received and
      release into the logic control unit the appropriate processing for the
      nature of the priority call.
PAR  FIG. 13 represents the flow chart of the RETURN TO ZERO sub-program.
PAR  FIG. 14 represents the flow chart of the ROUTE SEARCH sub-program. This
      sub-program enables a free time line to be allotted to a subscriber making
      a call or being called. The route between the subscriber and the free line
      obviously also has to be free.
PAR  FIG. 15 represents the flow chart of the CONNECTION sub-program. This SP
      prepares and established a connection. It then checks that the connection
      has been made after the necessary period of time for the operation of the
      relays.
PAR  FIG. 16 represents the flow chart of the DISCONNECTION sub-program. This
      SP, after having effected the disconnection of a time line, is intended to
      check that disconnection has actually taken place.
PAR  FIG. 17 represents the HANGING UP AND INTERVENTION OF THE RELEASING CAM
      sub-program. This sub-program controls the hanging-up of the subscribers
      and the time lines blocked as a result of general malfunctioning.
PAR  FIG. 18 represents the flow chart of the CONTROL OF THE MARKER FUNCTIONS
      sub-program. This SP belongs to the Marker Functions programmed referred
      to in FIG. 10. This sub-program is designed to determine which marker
      function is to intervene and to direct the program to the processing
      associated with this function.
PAR  FIG. 19 represents the flow chart of the TESTING OF A CALLED SUBSCRIBER
      sub-program. This sub-program belongs to the Marker Functions program
      mentioned in regard to FIG. 1. This SP corresponds to a series of tests
      enabling the state of a subscriber to be given to the markers and enabling
      the program to be oriented as a function of this state.
PAR  FIG. 20 represents the INTERROGATION sub-program. This SP belongs to the
      Marker Functions program mentioned in regard to FIG. 10. This SP consists
      in the reading of the channel memory to indicate to the markers the number
      of the subscriber connected to the line in question. It also informs them
      whether the subscriber was placing the call or being called.
PAR  FIG. 21 represents the flow program of the MONITORING WITHDRAWAL
      sub-program. This SP belongs to the Marker Functions program referred to
      in FIG. 10. This SP is used to position the word in the channel states
      memory of the time channel associated with the time channel involved with
      the message coming from the Marker or from the ringing off of the
      subscriber in TVO code, discrimination being made between the subscriber
      making the call and the subscriber being called.
PAR  FIG. 22a represents the flow chart of the COMMENCEMENT OF MONITORING
      sub-programs and FIG. 22b the RELEASE sub-program. These SP belong to the
      Marker FUnctions program referred to in FIG. 10. The COMMENCEMENT OF
      MONITORING sub-program is used to position the word in the channel states
      memory of the time channel associated with the time channel involved (by
      using way of) the SCE+ code (commencement of monitoring), discrimination
      being made between the subscriber being called and the subscriber placing
      the call. The release SP is used to position the word in the channel
      states memory of the time channels associated with the time channel
      involved.
PAR  FIG. 23 represents the MESSAGES TO THE MARKERS and response to the markers
      sub-program. This SP comprises two parts: one which consists in preparing
      and emitting a message to the Markers and the other which consists in
      preparaing and emitting a response to the Markers after the execution of a
      function.
PAR  THE ORDER CODE shown in FIG. 9 and described in detail hereafter is
      contained in the program memory 73 comprising diodes. This program memory
      73 comprises 40 binary elements numbered 1-40. These elements are
      designated by MP1 - MP40. The binary elements 1, 2, provide, in coded
      form, the number or type of order contained in the program word or
      instruction. Only six types of orders are defined and their structure is
      provided in FIG. 9. These orders are TAN, OPE, AMT, TMM, AES, AMS. These
      orders may be classed in three categories:
PA1  orders for the transferral of information between the different memories or
      registers of the logic control unit: AMT, TMM, AES, AMS
PA1  a decision order TAN
PA1  an arithmetic and logic operations order OPE.
PAR  TRANSFER ORDERS enable information to be transferred:
PA1  between any two registers of the logic control unit,
PA1  between any register of the logic control unit and a word in the operation
      memory 71 (MTR),
PA1  between a word in the operation memory (MTR) and any register,
PA1  between the program memory (the parameter) and a word in the operation
      memory (MTR).
PAR  AMT order: This is the access order to the operation memory (MTR). It is
      used either for a written message or for reading information into the
      operation memory.
PAR  The significance of the different binary instruction elements is the
      following:
PA1  the MP1 - MP3 elements correspond to the coded AMT order,
PA1  the element MP4 indicates whether a writing or reading operation is
      involved (MP4 = 1 written operation: MP4 = 0 reading operation),
PA1  the elements MP5 - MP8 provide in coded form the address of the register of
      origin (or source) of the information to be written into the memory for a
      written order, or the address of the register for which the information
      read into the memory is intended in the case of a reading order,
PA1  the element MP9 permits the transfer of information into the input register
      79, known as the accumulator A (ACA) to be controlled directly. Thus this
      element enables a double information transfer to be effected; the one
      transfer being designated by the address AD1 of the source register and
      the other into A if MP9 = 1,
PA1  the elements MP10 - MP16 provide the ADMT address of the word in the
      program memory to be read or entered in written form,
PA1  the binary elements MP17 - MP20 constitute an additional address in non
      coded form making it possible to select or address one or more groups of
      four binary elements in the word of 16 binary elements addressed by the
      microinstruction operation memory address ADMT (elements MP10 - MP16)
PA1  the elements MP21 - MP36 constitute a parameter or instruction of 16 binary
      elements which may be entered in the word of the operation memory (MTR)
      designated by the microinstruction ADMT,
PA1  the elements MP37 -to MP40 correspond either to a phase jump or to a number
      to be added to the number of the current instruction to obtain the
      following instruction.
PAR  TMM order: This order is also an access order to the operation memory
      (MTR). It is also used as an AMT order for the reading or writing of
      information in the operation memory.
PAR  The significance of the groups of binary instruction elements is the same
      as for the AMT instruction. The difference between the two orders is that
      the parameter only has 12 binary elements and comprises the elements MP21
      - MP32 and that the phase jump corresponds to the 8 binary elements MP33
      to MP40.
PAR  The AES and AMS orders: These two orders are used for the information
      transfer operations between any two registers of the logic control unit
      without the use of the operation memory (MTR). These two orders are very
      similar and only differ in the number of binary elements of the parameter
      (.DELTA..phi.). The different groups of binary elements have the following
      significance:
PA1  the elements MP1 - MP3 correspond to the AES or AMS order in coded form.
PA1  the element MP4 is not used.
PA1  the elements MP5 - MP8 provide in coded form the address AD1 of the source
      register containing the information to be transferred (address of the
      source of information).
PA1  the elements MP16 - MP20 provide in coded form the address AD3 of the
      register into which the information has to be transferred:
PAL  destination address.
PA1  the elements MP10 -to MP14 are at zero when AD1 and AD3 contain a piece of
      information, that is, when they are not at zero. When there is no
      information in AD1 and AD3, these elements provide the address AD2 of the
      register containing the information to be transferred into the register
      79, accumulator A(ACA). In this case the binary element MP9 is active
      (positioned at 1). It has been stated already that this element is
      specially designed for the transfer operation to the register 79,
      accumulator ACA.
PAR  The Decision Orders: These orders have the structure of the TAN order of
      FIG. 9 and utilize the groups of binary elements designated in this order.
      There are two types of order which differ according to whether the binary
      element MP4 has the value 1 or 0.
PAR  TAN Analysis Order (MP4 = O): This order comprises the following groups of
      binary elements:
PA1  the elements MP5 - MP20 each correspond to four parameters P1 - P4 each
      comprising four binary elements -- these parameters representing in coded
      form a number which may have the values 0 - 15,
PA1  the elements MP21 - MP40 correspond to five possible phase jumps
      (.DELTA..phi.o - .DELTA..phi.4).
PAR  The use of this order presupposes that the information to be analyzed, the
      quantity coded on 4 binary elements has been transferred to the input
      register 79 (accumulator ACA), by a preceding order (type AES or AMS)
      utilizing the address AD2 as described above during the description of the
      orders AES and AMS.
PAR  The TAN analysis order (MP4 = 0) makes it possible to compare the
      information recorded in the input register 79 with the four values of the
      parameters P1, P2, P3 and P4. If a coincidence is obtained in one of the
      four comparators of the operator unit, a phase jump .DELTA..phi.1 -
      .DELTA..phi.4 bearing the same number as the parameter which is the reason
      for the coincidence, is effected. If no coincidence arises, a phase jump
      .phi.o is effected.
PAR  TAN Test Order (MP4 = 1): This is an order with the same unit structure as
      the preceding order (TAN analysis). As a piece of information comprising
      four non coded binary elements, i.e., independent elements, has been
      transferred to the input register 79, accumulator ACA, in a prior
      instruction, the TAN test makes it possible to check which of the 4 binary
      information elements has the value 1. Accordingly, in this order, the
      parameters P1 - P4 of 4 binary elements have a single binary element at 1,
      that is, the one which corresponds to the position of the binary element
      to be checked in the information recorded in the input register 79.
PAR  In the preceding TAN test there are only two possibilities: either there is
      no identity (no correspondence) which is equated with a phase jump
      .DELTA..phi.o or there is a single coincidence (since the information is
      coded) and the phase jump is one of the phase jumps .DELTA..phi.1 -
      .DELTA..phi.4.
PAR  In the TAN test order, it is possible to have four positive test results
      for the four tests or it is possible for there to be none at all. In the
      case of the latter, the phase jump is .DELTA..phi.o. It is obviously
      possible in a program instruction to pick only one decision of the four.
      There is thus one priority among the results of the first to fourth tests
      and the phase jump effected corresponds to the first positive test present
      in the order of 1 - 4, and hence in the order .DELTA..phi.1 -
      .DELTA..phi.4.
PAR  The OPE Order: The OPE order, the structure of which is shown in FIG. 9 is
      an arithmetic and logic operations order.
PAR  The significance of the groups of binary elements is the following:
PA1  elements MP1 - MP3 order coded OPE,
PA1  elements MP4 differentiate between the arithmetic and logic operations,
PA1  elements MP21 - MP24 constitute the number of types of operations from 16
      possible operations, to be effected by the calculation circuits 754,
PA1  elements MP17 and MP18 and the elements MP19 and MP20 are control elements
      of the delay network 723, DDA, at the output of the input register 79 and
      at the output of the delay network 724, DDB, at the output of the input
      register 710, the accumulator B, ACB,
PA1  the elements MP5 - MP8 which provide the address AD1 of the register into
      which the result of the operation (that is the output of the operator
      block) must be transferred,
PA1  the element MP25 (CIN) controls the application of a 1 or a zero at the
      input "carry in" of the calculation circuits 754.
PAR  The arithmetic and logic operations -- type OPE -- generally presuppose
      that the two pieces of information on the basis of which the operation is
      to be effected, have been previously recorded in the two input registers
      79 and 710, these being the accumulators ACA and ACB.
PA1  elements MP10 - MP14 -- The OPE order used to effect, in a single order, an
      analysis or a test on a piece of information comprising 4binary elements
      which is transferred in the same order into ACA. To this end, the address
      AD2 is used as a source address, i.e., to designate the register in which
      is located the information to be analyzed and which must be transferred to
      the input register 79. The element MP9 is used to control the transfer
      into the input register 79. The binary element MP27 is then used to
      indicate that the elements MP37 - MP40 are to be used as a parameter for
      the analysis operation or test and not as a phase jump .DELTA..phi.o which
      is the case of the other operations defined by the order OPE.
PAR  One of the arithmetic operations is the comparison having a triple result.
      (&gt;1, = , 1&lt;). Depending on the result of the comparison, three different
      decisions are available, i.e., it is necessary to choose between three
      phase jumps .DELTA..phi.o, .DELTA..phi.1, .DELTA..phi.2.
PAR  In an analysis or test, the elements MP37 - MP40 are taken as a test or
      analysis parameter and depending on whether the result of the test or
      analysis is positive or negative, the phase jump .DELTA..phi.1 or
      .DELTA..phi.2 is effected (elements MP33 - MP36 and MP29 - MP32).
PA1  the element MP26 is 1 for a comparison operation,
PA1  the element MP27 is 1 for an analysis or test operation,
PA1  the element MP28 is 1 for all the other types of operations.
PAR  The following abbreviations relate to the flow charts of FIGS. 10 - 23 as
      described above:
TBL  ACA      Register 79                                                      
     ACB      Register 710                                                     
     AEI      Input information call                                           
     AL       Free subscriber                                                  
     AMI      Loading preparation                                              
     AMQ      Marker call                                                      
     AMQ1     Marker 1 call                                                    
     AMQ2     Marker 2 call                                                    
     AP       Call to marker                                                   
     APR      Priority call                                                    
     ASP      Sub program call                                                 
     BLR      Network line blocking (General)                                  
     BLR0     Network line 0 blocking                                          
     BLR1     Network line 1 blocking                                          
     BTS      Connection unit time basis                                       
     CD       Called                                                           
     CR       Caller                                                           
     CX       Switching Network (at the exchange)                              
     DCX      Disconnection                                                    
     Deb      Beginning                                                        
     ELU      Interface Logic Control Unit/Marker and Logic                    
              Control Unit/Control element (at the exchange)                   
     ELS      Logic Control Unit                                               
     Em       Emission                                                         
     ERs      Emission reception semaphore                                     
     FA       Faulty call                                                      
     Fct      Function                                                         
     IDM      Module Identification                                            
     ILS      Reed relay                                                       
     Imp      Pulse                                                            
     INT      Interrogation                                                    
     Jct      Junctor                                                          
     LC       Link to Control element (at the exchange)                        
     LEC      Memory program 73 MPD reading                                    
     LIB      Release                                                          
     LIM      Machine data line                                                
     LR       Network line                                                     
     LRi      Network line 0 or 1                                              
     LRO      Connection Unit Output line 0                                    
     LR1      Connection Unit Output line 1                                    
     LU       Link to marker Unit                                              
     MAP      Priority calls Memory                                            
     MEV      Channel State Memory                                             
     MFA      Faulty call Memory                                               
     MOD      Module                                                           
     MQ       Marker Unit                                                      
     MQ1      Marker 1                                                         
     MQ2      Marker 2                                                         
     MTP      Time delay buffer Memory (temporization)                         
     MTR      Operation Memory, module 71                                      
     MV       Channel Memory                                                   
     NA       New call                                                         
     NAT      New call test                                                    
     Nb       Number                                                           
     OC       Control element (at the exchange)                                
     OCC      Busy                                                             
     OMC      Marking connection order                                         
     OMD      Marking disconnection order                                      
     PBX      Private branch exchange                                          
     PDVL     No free time channel                                             
     RAM      Memory address register 74                                       
     RAZ      Return to zero                                                   
     RGA      Subscribers' register                                            
     RI.phi.  Phase register                                                   
     RJT      Junctor grouping                                                 
     RLC      Link LC register                                                 
     RP       Phase Register                                                   
     RPMQ     Marker's answer                                                  
     RP.phi.  Phase Preparation Register                                       
     RZG      General return to zero                                           
     SCE      Supervision                                                      
     SEM      Semaphore                                                        
     SMFA     Faulty calls Memory output                                       
     TPO      Temporization (delay)                                            
     TRA      Tracer                                                           
     TVO      Busy channel Test                                                
     US       Connection Unit (in general)                                     
     VAP      Call blocking                                                    
     VTL      Time channel to be released                                      
     .phi.R   Return Phase                                                     
PAR  Data transfer between the various elements is made easier by the use of the
      omnibus lines LAM, LTM, LTI, but also by the arranging of the
      micro-instructions one in relation to another; that arrangement has been
      guided by the requirement for minimizing the programs by effecting a
      compromise between the possibilities which can be materialized in a wired
      structure and the requirements of programming which require, of course,
      the availability of means for handling characters which it is possible to
      produce for effecting rapid processing.
PAR  It is, indeed, a quite specific particularity of telephonic switching to
      have only simple processing operations to effect, but for such a great
      number of sources, that the facility and rapidity with which they can be
      acceded to are determining characteristics.
PAR  At present, a few particularities of programming, such as the processing of
      priority calls, and the function of the time-delay memories, will be
      examined.
PAR  The program sequencing structure and the processing of priorities inasmuch
      as they break with concepts usually designated by the expression priority
      level, call for a few particular remarks. The actual time stresses,
      inherent to telephony, connected with time-sharing stresses of
      time-sharing between several peripheral equipment units require that no
      secondary program exceeds a duration of a few milliseconds (5 ms) for
      events requiring processing must not pass without any possibility of being
      handled by the program. In fact, it is observed that processing operations
      inherent to telephony, if there are several of them and they are urgent,
      are elementary; it was therefore possible to observe that no secondary
      program exceeded sixty or so phases, that is, 60 .times. 4 = 240
      microseconds, and that the program can thus return to routine operation
      every 240 microseconds; it may then be realized to what extent it would be
      of little advantage to make several priority levels cross one another.
PAR  Therefore, what is most suitably called a priority call device, and not an
      interruption device, which consists in making the unitary memories calling
      the program work as soon as an operation to be effected, this being an
      event not included in the program, is inserted in a module. These unitary
      memories are scanned by a program within a program, called a priority call
      monitoring program, which, according to the order in which these unitary
      memories are scanned, sets up a hierarchy in the urgency of the operations
      which the program will be able to take charge of.
PAR  In order that the great number of calls possible for each peripheral
      equipment unit and each telephone line which constitutes a source of an
      event not included in a program will not lead to a prohibitive operation
      scanning time for the operation to be effected, an elementary wired device
      enables the recording, in a call register, 727 of module 701, the number
      of the peripheral equipment unit or of the module and the time channel in
      which has occurred an event which the program must examine.
PAR  Thus, the priority call monitoring program does not exceed 30 phases, and
      it does not take more than an average of 10 phases, that is, 40
      microseconds, to effect.
PAR  Thus, it can be observed that, with the wired device 722 of the simple
      priority call recording module 701, extremely short times for effecting
      operations at a low programming cost are attained.
PAR  Attention was called, above, to the rapidity with which the processing
      programs, are effected, but it is quite evident that the relay response
      times which are included in the forming of telephone equipment unit will
      be unable to be suited to that rapidity. It is nevertheless out of the
      question, if operation is on a basis of time-sharing between several
      space-time concentrators and several channels, that the program is delayed
      while waiting for the execution of a connection order given to a relay,
      for example; it will therefore confine itself to positioning the control
      register, setting off a time delay and subsequently returning, after that
      time delay has been exceeded, to see if the order has duly been executed.
      Thus, the function of the memories 719 of the timedelay memory module 700
      which, once they are initially used by the program, effect a reverse count
      at the rhythm of the time base until that reverse countdown comes to an
      end, becomes apparent.
PAR  A call is then made towards the program which notes the identity of the
      time delay which has been exceeded in the register 727 of the module 701
      presented at the instant when the time delay was exceeded and is then
      directed towards the secondary program whose input phase has been stored
      in a word of the operation memory 713 of the module 71 reserved for that
      purpose; evidently, the time delay of several memories may be exceeded
      successively before the program has been able to take charge of them; this
      condition remains memorized, and thus a waiting sequence whose duration
      will be negligible compared with the time delay will be constituted.
PAR  The use of these time-delay memories which make it possible to release the
      program from all inactive waiting is varied: this ranges from the waiting
      time for the energizing or de-energizing of certain relays, to safety time
      delays inserted in the program loops which, more particularly in the case
      of waiting for outside events, could possibly never open, in the case of a
      faulty element, for example.
PAR  In the case of interurban junctors, circumstances also lead to the
      providing of defense time delays for "extracting" the program from the
      state of waiting, on a line for distant events which, if they did not
      occur, could block that channel or even the system.
PAR  These two systems, the priority call system 701 and the timedelay memory
      700, constitute, in the logic control equipment, the most interesting
      particularities, from the point of view of program execution time. These
      wired devices are nevertheless a sufficiently elementary not to increase
      appreciably the cost of the equipment in relation to the considerable
      advantages they introduce.
PAR  FIG. 7a shows that the logic control assembly comprises modules 728, 729,
      730 fulfilling the console function, these modules being optional.
PAR  The module 728 has been produced as a random connection unit, that is, this
      is a particular module inserted between the universal data lines LIM and
      LTI and it has access to the central logic unit by priority call methods
      similar to those of other connection units.
PAR  That module therefore enables the insertion or extraction of data in the
      machine, as well as the operation of random secondary programs which are
      inserted on a basis of time-sharing among the other programs as a whole
      being effected for other connection units.
PAR  The interference of an operation unit at the console is therefore possible
      without interrupting the normal operation of the machine, this enabling
      manipulations, even on a machine in use.
PAR  The technological embodiment of that console function has been designed so
      as to enable either manual access due to a visual display unit module 729,
      or a remote-controlled access operated from the data item processing
      center, this enabling operation as a remote control console, module 730.
      According to whether one or the other of these equipment units 729 or 730
      is placed before module 728 which ensures the interface with the remainder
      of the machine, the case in consideration is therefore one of operation as
      a local console or as a remote control console.
PAR  In any case, the two equipment units can be installed in tandem, the
      operation unit having the possibility of reverting to manual access or of
      returning that access to the data item processing center by actuating a
      remote control console switch on the visual display panel.
PAR  The module 728 enables the following operations:
PA1  Normal operation;
PA1  Stop coder function with presentation control for its register 737 and
      comparison in the comparator 753;
PA1  Step-by-step function with step-by-step control in the register 75 of the
      module 71;
PA1  Tracer function: with the tracer presentation ATR in the register 738 and
      comparison in the coder 752;
PA1  Presenting of the ordinal counter 75 from the phase coding wheels 735;
PA1  Data introduction from the data coding wheels 736 by a control pulse in a
      random control or peripheral module, by two successive charging
      operations, firstly of the address register 74 which supplies the time
      slot and then the charging of the actual data in the data item line LIM;
PA1  Call of a secondary program whose initial phase will be presented at the
      phase coding wheels 735;
PA1  The selection of the modes of operation stop coder function with
      presentation control, step-by-step function, remote control console 730,
      is effected by a switch;
PA1  The presenting operations, presentation control, step-by-step control,
      tracer presentation, ETR, AFI, ASP, are effected by press-buttons;
PAR  The ordinal counter positioning data items (phase n.sup.0) are inserted by
      the coding wheels 735 in octal code (3 binary bits per coding wheel); the
      data items (words comprising 16 binary bits) are also inserted by six
      coding wheels 736 (6.times.3 binary bits), still in octal code: that mode
      of presentation has been chosen for reasons of bulk, the octalbinary
      transcription for ascertaining the binary equivalents of the positions of
      the coding wheels being immediate.
PAR  The visual presentation panel enables the following to be read:
PA1  The contents of the ordinal counter, phase register 739, by presentation in
      plain octal code (digital characters presented in sections);
PA1  The contents of the input accumulators 79 and 710 of the
      binaryelement-by-binary-element-operation block, that is, by 16
      electroluminescent diodes for each of the accumulators by the elements 731
      and 732.
PAR  The contents of the address line LAM and of the data line LIM, this
      enabling the visual presentation of the contents of the accumulator of the
      operation block by the element 733, as well as the contents of a random
      word in the memories of a random module by the element 734. The organizing
      of the machine round the address lines LAM, data item lines LIM, test
      lines LTI, thus enables the visual presentation of all that is taking
      place without its being necessary to add anything to the visual
      presentation panel when a new peripheral equipment unit is connected.
PAR  The visual presentation of the contents of the program word actuated by the
      ordinal counter, by 40 electroluminescent diodes on the module 73, program
      memory, completes the data items available to the programming unit for
      adjusting its programs in step-by-step operation, since it then has
      available to it all the elements which play a part in executing the phase
      presented at the ordinal counter.
PAR  The maintenance functions assume the greatest importance in an automatic
      switch, where the operations relating to the controlling of the proper
      operation or of the locating of faults in an element must be made as easy
      and as rapid as possible. The data-processing center in charge of these
      remote-controlled maintenance functions will therefore be all the more
      able to locate the faulty elements as it will have powerful investigation
      means available to it, which must be provided for on designing the
      machine.
PAR  In this respect, the modular structure of the concentrators having omnibus
      data lines which enable direct access to each of the modules whose logic
      organization is, moreover, fairly simple, is particularly well-adapted to
      methods for automatic diagnosis of the faulty module.
PAR  Internal test programs which enable the transmitting of the known data
      through the various registers and universal data lines and make it
      possible to check if these transfers are properly effected, are provided.
PAR  These diagnosis programs are, of course, executed at the request of the
      data-processing center CTI.
PAR  Nevertheless, before undertaking these "repair" processes which entail the
      non-availability of the machine, the data-processing center has the
      possibility of checking the contents of the diode-type wired program 73 by
      making out a "listing" of the program. That function is ensured by the
      remote-control console 730 which enables, without interrupting the normal
      operation of the machine, the reading, during a time when the program is
      not engaged, that is, in routine operation, of the contents of the program
      word corresponding to the phase interrogated by the data-processing
      center. The program being momentarily stopped during the reading sequence
      of the program word, it is then a wired micro-program in the instruction
      memory 717 which ensures the monitoring of the various operations
      necessary for returning the program word in the words of the operation
      memory 71 set apart for that purpose.
PAR  The micro-programmed structure of the logic unit, moreover, makes it
      possible, as has been said for the adjusting of the programs, to use
      either a stop coder or a step-by-step unit, or to reference the passing in
      an instruction by a tracer.
PAR  These very useful possibilities for adjusting or repairing manually at the
      console may also be remote-controlled from the data-processing center, by
      means of the remote-control console 730. Thus, after having put the
      machine in the test state, the operation unit can, at the data-processing
      center, put itself in the same situation as a repair mechanic before the
      console of the machine, and reference, for example, at the tracer, the
      passing in certain phases to check if programs are being executed
      properly. The "tracing" and stop coder functions may, moreover, be
      effected not only on the ordinal counter, but also on a data item
      comprising 12 binary bits, for example, on a table output, in the case
      where truth tables are used for processing particular sequences. When an
      operation unit takes control of testing at the manual console, it has the
      possibility of locking the remote-control console function and viceversa.
      It must be remembered that, in console or remote-controlled console
      operation, particular secondary programs may be called, or data may be
      inserted in the machine, superimposed with its normal operation, these
      elements then being processed by the central logic unit as a particular
      peripheral equipment unit. In step-by-step operation, besides the program
      word, the contents of the accumulators of the operands 79 and 710, the
      result accumulator 711 on the data line LIM, the memory address line LAM,
      as well as the four binary bits of the test line and the indication of the
      phase jump decided by the operation block may be returned towards the
      data-processing center, this enabling the step-by-step progress of each
      phase of the program to be surveyed, and the proper execution thereof to
      be executed at a distance.
PAR  While we have shown and described several embodiments in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to a person skilled in the art, and We therefore do not wish to be limited
      to the details shown and described herein, but intend to cover all such
      changes and modifications as are obvious to one of ordinary skill in the
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Connection unit for linking subscribers to an exchange in a time
      switching system comprising a plurality of subscriber circuits, a
      plurality of subscriber junction supervisory circuits connected to said
      subscriber circuits, a plurality of time multiplex digital terminal sets,
      at least one space-time concentrator connected to said subscriber circuits
      and a logic control unit operating on a time-sharing basis with said
      concentrator, said concentrator comprising a concentration network having
      at least an input stage and an output stage, the input stage consisting of
      a plurality of groups of switches in variable numbers connected in
      parallel to said subscriber circuits to adapt the number of inputs of a
      group to the traffic of the subscriber to be serviced, a junctor set
      connecting the output stage of said concentrator to said digital terminal
      sets, and memory means including line and line state memories connected to
      said junctor set for storing the state of the connections and the orders
      received from the logic control unit.
NUM  2.
PAR  2. Connection unit according to claim 1, characterized in that said input
      stage of said concentration network comprises eight groups of switches
      having 64 inputs and 16 outputs and said output stage of said
      concentration network comprises 16 switches having eight inputs and four
      outputs, each input group being composed of four switches having 16 inputs
      and 16 outputs, the 16 outputs of those switches being connected in
      parallel, and an output of each group being connected to a respective
      input of an output switch.
NUM  3.
PAR  3. Connection unit according to claim 2, characterized in that a space-time
      concentrator is connected to 512 subscriber lines and that those lines are
      concentrated on 60 lines entering on two output digital terminal sets, so
      that it is possible to connect each of the 512 subscriber lines to any one
      of the 60 lines.
NUM  4.
PAR  4. Connection unit according to claim 2, characterized in that the junctor
      set comprises a plurality of inputs, one per output of the switches of
      said output stage of the concentration network, and a plurality of outputs
      connected to the digital terminal sets and to the returns to the testing
      states of the subscriber lines, said junctor set including one subscriber
      junctor per input, a junctor comprising electromagnetic subscriber loop
      detection relay means for detecting a closed loop condition in said
      subscriber lines, ringing relay means for detecting ringing currents in
      said subscriber lines, a battery reversing relay, a calling machine, a
      battery reversing control relay connected with a battery reversing memory
      device and said battery reversing relay, a ringing control relay connected
      with a ringing memory device and said ringing relay, a transistor
      connected with a telecharging memory device, and an inhibition shift
      register composed of two memory devices connected with the said ringing
      memory device.
NUM  5.
PAR  5. Connection unit according to claim 4, characterized in that the logic
      control unit comprises a plurality of modules forming direct and indirect
      addressing devices, said modules being connected between a machine address
      line, a machine data line and a data test line, these lines each including
      a plurality of bit lines for carrying a number of binary bits, an
      operation memory connected to said modules and said data line, an
      operation block connected to said data and test lines, a phase processing
      device connected to said operation block and to said data and test lines,
      a program memory and data processing table connected to said data and test
      lines, a remote control console connected to said data and test lines, an
      instruction memory connected to said modules and said data line, exchange
      channels connected to said operation memory, a time base connected to said
      instruction memory and said test line, a space-time addressing device, a
      time delay memory connected to said addressing device, a priority call
      device connected to said phase processing device and said test line, a
      console access logic unit connected to said phase processing device and
      said data line and a visual presentation device connected to said data and
      address lines.
NUM  6.
PAR  6. Connection unit according to claim 5, characterized in that the machine
      data line and the machine address line are lines having 16 bit lines
      carrying binary bits and said data testing line is a line having 4 bit
      lines carrying binary bits.
NUM  7.
PAR  7. Connection unit according to claim 5, characterized in that said
      operation block comprises a first input register connected to said machine
      data line and connected with a first shift network, a second input
      register connected to said program memory and with a second shift network,
      a calculating unit connected with said first and second shift networks, an
      output register connected to said calculating unit and to said machine
      data line, and a comparison circuit connected to said calculating unit and
      said second shift network.
NUM  8.
PAR  8. Connection unit according to claim 2 wherein said switches are of the
      electromechanical type.
NUM  9.
PAR  9. Connection unit according to claim 1, characterized in that the logic
      control unit comprises a plurality of modules forming direct and indirect
      addressing devices, said modules being connected between a machine address
      line, a machine data line and a data test line, these lines each including
      a plurality of bit lines for carrying a number of binary bits, an
      operation memory connected to said modules and said data line, an
      operation block connected to said data and test lines, a phase processing
      device connected to said operation block and to said data and test lines,
      a program memory and data processing table connected to said data and test
      lines, a remote control console connected to said data and test lines, an
      instruction memory connected to said modules and said data line, exchange
      channels connected to said operation memory, a time base connected to said
      instruction memory and said test line, a space-time addressing device, a
      time delay memory connected to said addressing device, a priority call
      device connected to said phase processing device and said test line, a
      console access logic unit connected to said phase processing device and
      said data line and a visual presentation device connected to said data and
      address lines.
NUM  10.
PAR  10. Connection unit according to claim 1, characterized in that the junctor
      set comprises a plurality of inputs, one per output of the switches of
      said output stage of the concentration network, and a plurality of outputs
      connected to the digital terminal sets and to the returns to the testing
      states of the subscriber lines, said junctor set including one subscriber
      junctor per input, a junctor comprising electromagnetic subscriber loop
      detection relay means for detecting a closed loop condition in said
      subscriber lines, ringing relay means for detection ringing current in
      said subscriber lines, a battery reversing relay, a calling machine, a
      battery reversing control relay connected with a battery reversing memory
      device and said battery reversing relay, a ringing control relay connected
      with a ringing memory device and said ringing relay, a transistor
      connected with a telecharging memory device, and an inhibition shift
      register composed of two memory devices connected with the said ringing
      memory device.
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ABST
PAL  A four-wire interface regulator for long distance trunk circuits is
      provided in which the interface regulator separates the components of a
      conventional local plant output signal to change the relative magnitude of
      the components to deliver any desired output with a minimum variability to
      drive long distance trunk circuits.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present invention is related to the patent application entitled, "SELF
      REGULATING TELEPHONE SETS" by Fred A. Brooks, Ser. No. 420,330 filed in
      the U.S. Patent Office at an even date herewith. The present invention is
      utilized as a interface regulator for long distance trunk circuits and is
      an improvement of the self regulating circuit shown and described in the
      other aforementioned patent application.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention provides a new self regulating circuit between the local
      voice telephone plant and the input, output or interface between links of
      long distance built up voice trunks. Voice signals applied to long
      distance trunks may originate in any one of many different local switching
      areas having different mean volumes as well as individual circuit and
      talker variations. The voice signal generated in telephone sets and
      delivered over local loops to the input or delivered from long distance
      trunk circuits over local loops to the input or delivered from long
      distance trunks can be divided into two parts occupying different
      frequency bands; first, the amplitude of the informational voice signal
      occupies a frequency band from just above direct current to include all
      frequencies to just below about 100 Hertz at decreasing amplitudes with
      respect to frequency. Second, the information signal is usually considered
      to occupy a band from about 0.2 to 3.4 kiloHertz with about the same
      average power in each incremental band. These signals are generated in
      individual transducers in response to sound pressures from a universe of
      talkers. The electrical signal is usually considered to be a convolution
      of vocal cord frequencies, glottal and voice box impulses. That is, the
      signal is considered to be of the form f(A)t .times. f(B)t. The
      frequencies contained in the individual terms are non-overlapping or
      nearly so, and can be separated by demodulation and frequency selection.
      The relative amplitudes of the components may be changed by equalization
      or amplification and attenuation of the individual components selected by
      filtering. The desired signal output can be attained from the telephone
      set by rearranging the relative amplitudes and recombining the components
      in a product modulator to obtain increased signal amplitude in the
      original form or as desired. The long distance transmission circuits were
      designed to give satisfactory performance when the signal applied has a
      specific means with a normal talker volume standard deviation produced by
      a talker sound pressures from large local office areas. When the signal
      originates in a small local office area, the mean volume changes from
      office to office. The variation between offices added to the variability
      of the talker sound pressure that might be applied to a transmitting
      transducer and in turn to a long distance trunk is increased above the
      variability of a individual talker from a particular large office area.
      The number of users rating the transmitting circuits "good" for trunks
      with booster station designed for a higher mean volume will be reduced
      with the increased standard deviation or variation of the applied talker
      signal. If the standard deviation of the voice signal is reduced, a
      greater proportion of the users will rate the circuit "good".
PAR  The object of this invention is to disclose a means of modifying and
      reducing the signal variation applied to long distance trunks from any
      originating local area. Preferred signal volume is delivered to the
      listener with a minimum amplitude change due to individual talkers at the
      trunk input. Variations in the net loss can be removed by providing a
      receiving regulator.
PAC  SUMMARY OF THE INVENTION
PAR  A four-wire interface regulator for long distance trunk circuits is
      provided. The components of the convoluted plant output signal are
      separated to change the relative magnitude of the components to deliver
      any desired output with a minimum variability to drive long distance trunk
      circuits. Self regulation of trunk circuits is obtained by using the
      received signals at either the input, output, or both, to deliver the
      desired signal to the trunk ongoing link or listener by separating the
      signal parts and modifying the relative amplitudes of the components.
      Combining the modified components produces the desired mean output with a
      reduced standard deviation. Center clipping is introduced to reduce signal
      amplitudes in the low amplitude component to reduce loop gain to provide
      control of howling through the coupling in the hand set at distant
      terminals. A circuit is provided in the return path of the trunk when the
      local transmitting circuit is active to prevent loop around instability
      when the transmission path gain is increased due to system regulation.
PAR  This invention makes it possible to drive long distance trunks to standard
      design volume although the locally generated signal which would be applied
      to the trunk is below the desired mean volume. It also provides a means of
      effectively interfacing links in built up long distance trunks although
      the originating volumes are unknown to deliver the necessary volume to the
      ongoing link to operate the link at design volume and deliver preferred
      listening volume. It further provides a constant output to listeners
      although the input signal may not be within design limits.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  There is shown in block diagram form the single FIGURE of the preferred
      embodiment of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Now referring to the single FIGURE of the present invention, there is shown
      the self regulator which is connected as an interface between links of
      long distance built up voice trunks and may serve as a four wire interface
      for national and international telephone systems. The interface regulator
      receives an electrical signal representative of speech at input 1 which is
      labeled from east to west amplifier out or demodulator amplifier out (for
      carrier signals). Output 2 is labeled to east to west amplifier out or to
      modulator in (for carrier signals). Input 3 is labeled from west to east
      amplifier out or demodulator amplifier out (for carrier signals). Output 4
      is labeled to west to east or to modulator in (for carrier signals).
PAR  The electrical signals received at inputs 1 and 3 are representative of
      speech. Each of the input signals may be divided into two parts occupying
      different frequency bands. First, the amplitude of the informational
      signal occupies a frequency band from just above direct current to include
      all frequencies to just below 100 Hertz amplitudes in respect to
      frequency. Second, the informational signal is considered to occupy a band
      from about 0.2 to 3.4 kHz with the same average power in each incremental
      band. Since the aforesaid electrical signals representative of speech are
      considered to be a convolution of vocal cord frequencies, glottal and
      voice box impulses, it may be represented by a product wave in the form of
      f (A) t .times. f(B)t  where f(A)t represents the amplitude of the
      informational signal f(B)t.
PAR  It is noted that the electrical voice signal is made up of relatively high
      frequencies in transmitting voiced signals and hiss signals in unvoiced
      components. Both types of signals are controlled by frequencies below
      about 30 Hertz. The high frequencies are transmitted directly and carry
      sidebands modulated by the low frequency control signals. In order to
      control and reduce the difference between talkers, the signal is
      demodulated to separate the components to reduce the range of the
      informational signal. The relative amplitude of the signal amplitude is
      changed by demodulating to obtain the signals at base band from 0-30 Hertz
      and 200 to about 4 K Hertz. That is, the signal transmitted is of the form
      a sin w.sub.1 t .times. b cos w.sub.2 t separating components to a sin
      w.sub.1 t and b cos w.sub.2 t and modifying the relative amplitude of the
      terms. This changes the range required in the medium when the low
      frequency component is changed (reduced) relative to the informational
      content contained in the second term.
PAR  The electrical signal in the form of f(A)t .times. f(B)t, representative of
      speech, received at input 1 is fed through voltage controlled attenuator 5
      and amplifier 6 to demodulator 7. Voltage controlled attenuator is
      conventional and its attenuation is controlled automatically by a voltage
      input at terminal 5a. Demodulator 7 permits the input signal thereto to be
      separated by way of high pass frequency branch 8 and low pass frequency
      branch 9 into their component parts f(B)t and f(A)t, respectively. High
      pass frequency branch 8 consists of a series arrangement of high pass
      filter 9, amplifier 10 of a preselected gain, and high pass filter 11. Low
      pass frequency branch 9 consists of a series arrangement of low pass
      filter 12, conventional center clipper 13, amplifier 14 of a preselected
      gain, conventional limiter 14, and low pass filter 15. In place of
      conventional limiter 14 there may be substituted a regulator. The outputs
      from low pass frequency branch 9 and high pass frequency branch 8 are fed
      simultaneously to modulator 16. Modulator 16 provides a recombined output
      signal by way of amplifier 17.
PAR  It is noted that center clipper 13 reduces the voltages abruptly below the
      center clip amplitude and applies the modified signal to limiter 14. The
      output of the limiter is transmitted through low pass filter 15 to output
      modulator 16. The amplitude term modified as desired is modulated with the
      informational component to obtain a more constant or as desired convoluted
      signal for further application at optimum volume with a low standard
      deviation from a universe of long distance users. The component of the low
      frequency limiter signal is used to control the return loss to prevent
      circuit instabilities by application of this voltage component to
      conventional voltage controlled attenuator 18 by way of terminal 18a. It
      is emphasized that the attenuation provided by voltage controlled
      attenuator 18 changes only when there is an electrical signal
      representative of speech present at input 1.
PAR  Input 3 receives an electrical signal representative of speech in response
      to the one received at input 1. This represents the typical telephone
      conversation between two individuals. Conventional voltage controlled
      attenuator receives the aforesaid signal which is passed through amplifier
      19 to demodulator 20 which then permits the product wave signal of f(A)
      .times. f(B)t to be separated by low pass frequency branch 21 and high
      pass frequency branch 22, respectively. Low pass frequency branch consists
      of series arrangement of low pass filter 23, conventional center clipper
      24, amplifier 25 of preselected gain limiter 26, and low pass filter 27.
      In place of conventional limiter 26, there may be substituted a regulator.
      High pass frequency branch 22 consists of a series arrangement of high
      pass filter 28, amplifier 29 of preselected gain, and high pass filter 30.
      The output signals of low and high pass frequency branches 21 and 22 are
      fed simultaneously to modulator 31 for recombination. The recombined
      signal is fed through amplifier 32 to output 4. It is noted that when
      electrical signals representative of speech are received at input 1,
      voltage controlled attenuator operates to insert attenuation in the loop
      back to output 4 whereas when electrical signals representative of speech
      are received at input 3 voltage controlled attenuator operates to insert
      attenuation in the loop back to output 2.
PAR  It is again emphasized that the apparatus of FIG. 2 is used to interface
      between links in built up connections. After modification, the signal is
      applied to the ongoing link or trunk input. The signal received depends
      upon the character of the signal applied in the originating area and as
      modified for transmission. The signal applied in the originating area can
      be regulated or nonregulated. If the input signal is regulated, the
      variations added to the signal in the trunk are relatively small and
      except for the shift in mean volume from the originating area, could be
      passed to the ongoing link at design mean. When the input is nonregulated
      and subject to a systematic shift of the mean, the interface regulator
      (circuit) will correct the signal to the ongoing link to the desired mean
      volume as with reduced standard deviation.
PAR  It is noted that the present invention may be used as interfaces for
      four-wire link circuits between unknown originating volume areas in built
      up long distance trunk circuits. It provides increased output from low
      volume originating areas to drive long distance trunk circuits to design
      volume to deliver the desired signal to noise and preferred listening
      volume. It also reduces the range of volumes applied to long distance
      trunk circuits to reduce the per channel mile cost of long distance
      circuits. It further prevents overloading for signals originating in high
      volume areas. It still further permits a wider range of volumes to be
      applied to long distance trunks either in tactical or long distance
      service systems. It also reduces the range of signal amplitudes and
      frequency band required in secure communication systems.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A self regulator for interfacing links in built up long distance trunks
      comprising a first input terminal receiving first electrical signals
      representative of speech from one of said links, said electrical signal
      represented by product waves in the form of f(A)t .times. f(B) t where
      f(A)t represents the amplitude of informational signal f(B)t and a high
      frequency wave f(B)t, a first voltage controlled attenuator passing said
      electrical signals from said first input, said voltage controlled
      attenuator having a first control input for variation thereof, a first
      demodulator receiving the electrical signals from said first voltage
      controlled attenuator and providing output signals permitting separation
      thereafter of the signals representative of f(A)t and f(B)t, a first low
      and high pass frequency branch exclusively passing said signals
      representative of f(A)t and f(B)t, respectively, said low pass frequency
      branch consisting of a series arrangement, in sequence, of a first low
      pass filter, a center clipper, a first amplifier of preselected gain, a
      first limiter, and a second low pass filter, said high pass filter
      consisting of a first high pass filter, a second amplifier of preselected
      gain, and a second high pass filter, a first modulator for recombining the
      output signals from said low and high pass frequency branches, a first
      output terminal for said one link for receiving the recombined signals
      from said first modulator, a second voltage controlled attenuator having a
      second control input for variation of the attenuation thereof, said second
      control input receiving an input signal from said first limiter in
      response to the presence of an electrical signal at said first input
      terminal, a second input terminal for said one link receiving second
      electrical signals representative of speech also having the form of f(A)t
      .times. f(B)t and f(B)t and being received in response to said first
      electrical signals, a second demodulator receiving said second electrical
      signals by way of said second voltage controlled attenuator, a second low
      and high pass frequency branch receiving the output signal from said
      second modulator and passing exclusively signals representative of f(A)t
      and f(B)t, respectively, said second low pass frequency branch consisting
      of a series arrangement, in sequence, of a third low pass filter, a second
      center clipper, a third amplifier of preselected gain, a second limiter,
      and a fourth low pass filter, said high pass frequency branch consisting
      of a series arrangement, in sequence, of a third high pass filter, a
      fourth amplifier of preselected gain, and a fourth high pass filter, said
      second limiter providing said first control input with a signal to vary
      the attenuation of said first voltage controlled attenuator, a second
      modulator receiving simultaneously signals from said second low and high
      pass frequency branches for recombination and a second output terminal for
      said one link receiving the recombined signals from said second modulator.
NUM  2.
PAR  2. A self regulator for interfacing links as described in claim 1 further
      including a fifth amplifier connected between said first voltage
      controlled amplifier and said first demodulator and a sixth amplifier
      interconnecting said second voltage controlled amplifier and said second
      demodulator.
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ABST
PAL  A method and apparatus for isolating malfunctions occurring in a
      communication switching system having a line switching network for
      establishing communications selectively between calling and called lines
      under the control of common equipment including a plurality of registers
      for storing temporarily call processing information received from the
      calling lines via a plurality of register junctors, a junctor switching
      network connecting selectively a pool of sending units and receiving units
      to the junctors, the common equipment including memory, includes
      establishing a connection between a register junctor and a sender-receiver
      unit for test purposes, connecting testing circuits to the register
      junctor via the line switching network, testing the register junctor
      circuits to determine whether or not they can extend a path from the line
      switching network to the junctor switching network, testing the
      sender-receiver unit by means of the testing circuits via the path between
      the junctor and the sender-receiver unit if the junctor circuit was found
      to operate properly, and thereafter establishing a new path between a
      selected different one of the register junctors and the same
      sender-receiver unit under test so that the new path can be checked for
      continuity if the sender-receiver unit under test was found to operate
      properly, whereby a malfunction can be isolated to either a register
      junctor, sender-receiver unit or the junctor network interconnecting them.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and apparatus for isolating malfunctions
      occurring in sender-receiver equipment.
PAR  2. Description of the Prior Art
PAR  Electronic communication switching systems, such as electronic telephone
      switching systems, have employed registers for receiving and temporarily
      storing call processing information from calling lines. Register junctors
      have been employed for conveying the call processing information to the
      appropriate registers. The register junctors have been provided with
      senders and receivers, such as touch calling multi-frequency (TCMF) and
      multi-frequency (MF) receivers and multi-frequency (MF) senders, and the
      senders and receivers have been selectively interconnected with the
      register junctors for use thereby. Should a malfunction occur during the
      operation of the system, a call would then have to be reinitiated.
      Eventually, the service would be degraded in that the initiation of calls
      would continuously be repeated. Therefore, it would be highly desirable to
      have a method and apparatus for quickly and efficiently isolating the
      source of the malfunction so that repair or replacement could take place
      to alleviate the problem. In this regard, it would be desirable to quickly
      and efficiently be able to determine whether the problem is caused by the
      register junctor, the sender-receiver unit or by the switching network
      interconnecting them.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, the principal object of the present invention is to provide a
      new and improved method and apparatus for isolating the cause of
      malfunctions occurring in sender-receiver equipment.
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  The preferred embodiment of the invention is incorporated in a
      COMMUNICATION SWITCHING SYSTEM WITH MARKER, REGISTER, AND OTHER SUBSYSTEMS
      COORDINATED BY A STORED PROGRAM CENTRAL PROCESSOR, U.S. patent application
      Ser. No. 130,133 filed Apr. 1, 1971 by K. E. Prescher, R. E. Schauer and
      F. B. Sikorski, and a continuation-in-part thereof Ser. No. 342,323 filed
      Mar. 19, 1973, now patent No. 3,835,260 issued Sept. 10, 1974, hereinafter
      referred to as the SYSTEM application. The system may also be referred to
      as No. 1 EAX or simply EAX.
PAR  The memory access, and the priority and interrupt circuits for the
      register-sender subsystem are covered by U.S. Pat. application Ser. No.
      139,480 filed May 3, 1971 now U.S. Pat. No. 3,729,715 issued Apr. 24,
      1973, by C. K. Buedel for a MEMORY ACCESS APPARATUS PROVIDING CYCLIC
      SEQUENTIAL ACCESS BY A REGISTER SUBSYSTEM AND RANDOM ACCESS BY A MAIN
      PROCESSOR IN A COMMUNICATION SWITCHING SYSTEM, hereinafter referred to as
      the REGISTER-SENDER MEMORY CONTROL patent application. The register-sender
      subsystem is described in U.S. Pat. application Ser. No. 201,851 filed
      Nov. 24, 1971 now U.S. Pat. No. 3,737,873 issued June 5, 1973, by S. E.
      Puccini for DATA PROCESSOR WITH CYCLIC SEQUENTIAL ACCESS TO MULTIPLEXED
      LOGIC AND MEMORY, hereinafter referred to as the REGISTER-SENDER patent
      application. Maintenance hardware features of the register-sender are
      described in four U.S. patent applications having the same disclosure
      filed July 12, 1972, Ser. No. 270,909, now U.S. Pat. No. 3,784,801, issued
      Jan. 8, 1974, by J. P. Caputo and F. A. Weber for a DATA HANDLING SYSTEM
      ERROR AND FAULT DETECTING AND DISCRIMINATING MAINTENANCE ARRANGEMENT, Ser.
      No. 270,910, now U.S. Pat. No. 3,783,255 issued Jan. 1, 1974, by C. K.
      Buedel and J. P. Caputo for a DATA HANDLING SYSTEM MAINTENANCE ARRANGEMENT
      FOR PROCESSING SYSTEM TROUBLE CONDITIONS, Ser. No. 270,912, now U.S. Pat.
      No. 3,783,256 issued Jan. 1, 1974, by C. K. Buedel and J. P. Caputo for a
      DATA HANDLING SYSTEM MAINTENANCE ARRANGEMENT FOR PROCESSING SYSTEM FAULT
      CONDITIONS, and Ser. No. 270,916 by J. P. Caputo and G. O'Toole for a DATA
      HANDLING SYSTEM MAINTENANCE ARRANGEMENT FOR CHECKING SIGNALS, these four
      applications being referred to hereinafter as the REGISTER-SENDER
      MAINTENANCE patent applications.
PAR  The marker for the system is disclosed in the U.S. Pat. No. 3,681,537,
      issued Aug. 1, 1972 by J. W. Eddy, H. G. Fitch, W. F. Mui and A. M.
      Valente for a MARKER FOR COMMUNICATION SWITCHING SYSTEM, and U.S. Pat. No.
      3,678,208, issued July 18, 1972 by J. W. Eddy for a MARKER PATH FINDING
      ARRANGEMENT INCLUDING IMMEDIATE RING; and also in U.S. patent applications
      Ser. No. 381,586 filed Aug. 17, 1972 now U.S. Pat. No. 3,806,659 issued
      Apr. 23, 1974, by J. W. Eddy for an INTERLOCK ARRANGEMENT FOR A
      COMMUNICATION SWITCHING SYSTEM, Ser. No. 311,606 filed Dec. 4, 1972 now
      U.S. Pat. No. 3,830,983 issued Aug. 20, 1974 by J. W. Eddy and S. E.
      Puccini for a COMMUNICATION SYSTEM CONTROL TRANSFER ARRANGEMENT, Ser. No.
      303,157 filed Nov. 2, 1972 now U.S. Pat. No. 3,809,822 issued May 7, 1974
      by J. W. Eddy and S. E. Puccini for a COMMUNICATION SWITCHING SYSTEM
      INTERLOCK ARRANGEMENT, hereinafter referred to as the MARKER patents and
      applications.
PAR  The communication register and the marker transceivers are described in
      U.S. patent application Ser. No. 320,412 filed Jan. 2, 1973 now U.S. Pat.
      No. 3,814,859 issued June 4, 1974 by J. J. Vrba and C. K. Buedel for a
      COMMUNICATION SWITCHING SYSTEM TRANSCEIVER ARRANGEMENT FOR SERIAL
      TRANSMISSION, hereinafter referred to as the COMMUNICATION REGISTER patent
      application.
PAR  The executive program for the data processor unit is disclosed in U.S.
      patent application Ser. No. 347,281, filed Apr. 2, 1973 by C. A. Kalat, E.
      F. Wodka, A. W. Clay and P. R. Harrington for a STORED PROGRAM CONTROL IN
      A COMMUNICATION SWITCHING SYSTEM, hereinafter referred to as the EXECUTIVE
      PROGRAM patent application.
PAR  The computer third party circuit is disclosed in U.S. patent application
      Ser. No. 348,575, filed Apr. 6, 1973 for a "DATA PROCESSOR SYSTEM
      DIAGNOSTIC ARRANGEMENT" by L. V. Jones et al, hereinafter referred to as
      the THIRD PARTY patent application.
PAR  The automatic test system for the system is disclosed in the following
      United States patent applications:
PAR  H. R. Miller, L. J. Putchinski, K. W. Vanderlei and D. A. Heck application
      Ser. No. 446,433, filed Feb. 27, 1974; T. W. Crosley, H. R. Miller and L.
      J. Putchinski application Ser. No. 446,574, filed Feb. 27, 1974; H. R.
      Miller and L. J. Putchinski application Ser. No. 446,548, filed Feb. 27,
      1974; L. J. Putchinski, and H. R. Miller and T. W. Crosley application
      Ser. No. 446,575, filed Feb. 27, 1974.
PAR  The above system, register-sender, marker communication register, executive
      program, third party, computer localization program and automatic test
      system patents and applications are incorporated herein and made a part
      hereof as though fully set forth.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention will become more apparent and be better understood by
      reference to the following description of an embodiment of the invention
      taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a simplified block diagram of the system incorporating the
      principles of the present invention;
PAR  FIG. 2 is a block flow chart diagram of the automatic test system software
      program arrangement for the system of FIG. 1; and
PAR  FIGS. 3-10 are flow chart diagrams for the automatic test system software
      arrangement to control the operation of the system of FIG. 1 according to
      the present invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The communication switching system employing the method and apparatus of
      the present invention is disclosed in the foregoing mentioned patent and
      patent applications incorporated herein and made a part hereof by
      reference, and the method and apparatus of the present invention may be
      employed with the system, it being understood that the method and
      apparatus of the present invention may also be employed in other systems
      as well. Referring now to FIG. 1 of the drawings, the system disclosed in
      the cited patents and patent applications includes an automatic test
      system ATS having generators, such as pulse generator 12, and detectors,
      such as pulse detector 11 and tone detector 13, necessary for routine
      testing of the register-sender space divided apparatus, namely register
      junctors 30 and 50, touch calling multiple frequency (TCMF) receiver 44,
      multiple frequency (MF) receiver 43, and multiple frequency (MF) sender 45
      of a register sender unit RSU. While only one of each kind of sender and
      receiver is shown in the drawings, it is to be understood that there are a
      pool of such senders and receivers, which are connected selectively to the
      register junctors by a sender-receiver junctor matrix 40 via a register
      sender distributor frame 42.
PAR  The register sender unit RSU includes space divided apparatus which are
      functionally tested by an automatic test system ATS which in turn is
      controlled by the computer central processor CCP of the communication
      switching system. The switching system in the preferred form of the
      present invention is an electronic telephone switching system.
PAR  The system ATS obtains access to the RSU space divided apparatus, such as
      the register junctors, touch calling multiple frequency receivers,
      multiple frequency receivers MFR and multiple frequency senders MFS
      through special test circuits, such as the line test inlet circuit LTI on
      switching system line matrix 23 and a selector test outlet STO circuit of
      the switching system selector matrix. The system ATS sends and receives
      digits and tones to test for proper functioning of register junctors,
      senders and receivers. The digits or tones are interpreted as part of the
      normal operation of the register sender unit RSU. The controlling software
      operates from the computer control processor CCP to control the operation
      of the system ATS and the unit RSU in a sequential manner to verify the
      operation of the apparatus under test as hereinafter described in greater
      detail.
PAR  The system ATS includes an electronic logic MRL circuit 10 which sequences
      the operation of the pulse generator 12 and operates a K15 relay 15 to
      operate K15 relay contacts 17 to connect the generator 12 to maintenance
      test connect circuit 14, which in turn extends a test path therethrough to
      the line matrix AB group 23 at the line test inlet LTI 26 terminal.
      Similarly, a relay 16 is controlled by the MRL unit 10 to connect a tone
      generator circuit 13 via contacts 18 of the relay 16 to the same test
      path. Thus, the generator 12 and the detectors 11 and 13 are testing
      circuits, which are selectively connected through the call processing line
      switching network including the matrix 23, originating junctor 22 and the
      matrix 25 to the register junctors for testing them as well as the matrix
      40 and the senders and receivers in accordance with the present invention
      as hereinafter described in greater detail. The generator 12 and detectors
      11 and 13 communicate with the unit 10 via interface circuits in a manner
      as more fully described in the above-cited applications and in a similar
      manner as the interface circuits in the register junctors, such as the
      junctor 30 for communicating between the register junctors and a register
      junctor multiplex 51.
PAR  Under control of an originating marker 24, the test path is extended
      through an originating junctor 22 and from there through a line matrix R
      stage 25 to a pair or originating leads 31 of the local register junctors,
      such as the junctor 30. The originating marker 24 also causes a K2 hold
      relay 32 by means (not shown) to operate by means of the register junctor
      multiplex RJM 51 causing the K2 relay contacts 33 to close. Under software
      control by programs stored partially in the computer main memory CMM 61
      and in the DMS drum memory system 62 and operated from the computer
      central processor CCP 60, instructions are given to the circuit MRL 10 to
      operate the pulse generator circuit 12. As the pulse generator operates
      the K5 relay 34 operates following the pulses causing K5 relay contacts 35
      to follow the pulses in synchronism to relay them to the register sender.
      The pulse digits are counted as a normal function of the common logic unit
      52 via register junctor multiplex RJM 51 and are stored in register sender
      memory RSM 53. The stored digits are caused to be read from the memory RSM
      53 by the software program operating in the processor CCP 60. There, for
      test purposes, the dial pulses are compared to the expected values as
      stored in the CMM memory 61, thus verifying the ability of the local
      register junctor to sense dial pulses. The unit RSU has the ability to
      process information from up to 192 register junctors which may be either
      local register junctors or incoming register junctors. The local register
      junctor 30 is shown in some detail to serve as a representative example,
      and the remaining register junctors are indicated by the box 50 and may
      also be tested in a similar manner.
PAR  With the same network path still connected for the generator 12, the
      register junctor may also be tested for its ability to return dial tone by
      instructing the MRL unit 10 to release the K15 relay 15 and operate the
      K16 relay 16 to close its K16 relay contacts 18 via software control. The
      software program also instructs the unit RSU via its RSM unit 53 and the
      CLU unit 52 to operate the K10 relay of junctor 30 to connect a tone
      source 80 via K10 relay contacts 38 to the test path. Thus, the local
      register junctor 30 is tested for its ability to return dial tone when the
      detector 13 receives the tone properly.
PAR  In a similar manner and with the same test path but with the K10 relay 37
      not operated, the local register junctor under test may also be tested for
      its ability to receive touch calling multiple frequency TCMF digits. To
      perform this test the software program operating from the CCP processor 60
      instructs the MRL unit 10 to operate K15 relay 15 of the ATS system to
      connect the pulse generator 12 to the previously set up network test path
      via K15 relay contacts 17. Also under software program control, the unit
      RSU is instructed via memory RSM 53 and unit CLU 52 to connect one of a
      plurality of TCMF receivers, such as the receiver 43, by operating the
      sender receiver multiplex circuit SRM 47. The TCMF receiver is connected
      to the register junctor under test through the register sender
      distributing frame 42 via the sender receiver matrix SRM 40, which is
      operated by junctor 30 to close one pair of a group of matrix crosspoints,
      only one pair of which is shown at 41. Thus, the local register junctor
      under test is tested for its ability to receive TCMF digits as required.
      Other register junctors, usually incoming register junctors, are tested in
      a manner similar to that described for the TCMF receiver, local register
      junctor case to receive multiple frequency digits using one of a plurality
      of MF receivers 44.
PAR  Both incoming register junctors or local register junctors, as shown at 30,
      may be tested for their ability to send MF tones. For this test the MAL
      circuit 10 is instructed under software control to operate the pulse
      detector circuit 11. The terminating marker of the originating and
      terminating markers 24 is further instructed to complete a network path
      through selector matrix 21 from the selector test outlet circuit 20 of the
      system ATS to the originally selected originating junctor 22 connecting a
      pair of terminating leads 36 of the local register junctor 30. The unit
      RSU is then instructed via RSM unit 53 and CLU unit 52 to connect sender
      45 of the plurality of MF senders which are all connected to a two out of
      six (2/6) tone supply circuit 46. The selected MF sender is controlled
      through the matrix SRM 47 and is connected through the register sender
      distributing frame 42 and the sender receiver matrix SRM 40 via matrix
      crosspoints 41 to junctor 30 under its control. Under unit CLU control, a
      K3 relay 39 is energized in the local register junctor 30 to operate K3
      relay transfer contacts 81 connecting the MF sender to the selector matrix
      test path and the STO outlet 20 to the pulse detector. Multifrequency
      digits are then sent and detected via the pulse detector circuit 11 in the
      system ATS and are finally compared with the expected values by software
      procedures operating in the CCP processor 60.
PAR  Test results of all system ATS tests including register junctor tests are
      printed out on the teletypewriter 71 via input/output device buffer 70 by
      the controlling software program operating in the CCP processor 60. The
      teletypewriter is also used to make requests to the system ATS for
      selected space divided apparatus tests.
PAR  The TCMF receivers, MF receivers and MF senders are used during the
      processing of the switching system call processing operations by being
      used only during digit reception and transmission, and they are used only
      as long as necessary and are returned to their idle state to be made
      available for use in other call processes. Hence, relatively few senders
      and receivers are accessible to the many register junctors through the
      medium of the matrix SRM 40. In the preferred form of the present
      invention, the matrix SRM includes planes which are used for groups of
      eight register junctors at a time, and each plane comprises an 8 by 20
      crosspoint configuration allowing eight register junctors to achieve
      access to twenty senders and receivers through the medium of the register
      sender distributing frame 42. As a group of eight register junctors are
      added, an additional plane is also added. Thus, the total number of
      senders or receivers accessible by a group of 8 register junctors depends
      on the amount of traffic to be handled by the switching system. Hence, not
      all twenty sender-receiver terminals on the matrix SRM are required to be
      used. The distributing frame 42 further allows a given sender or receiver
      to be accessed by more than one group of eight register junctors.
PAC  TESTING PROCEDURE
PAR  Since the matrix SRM is not duplicated and no inherent matrix fault
      localization circuits need to or are provided in the preferred form of the
      present invention, faults can occur in the matrix SRM which can degrade
      office call handling capabilities. The only means for verifying the proper
      operation of the matrix SRM is to test combinations of register junctors
      and senders and receivers and verify that they operate properly. This
      capability is provided by the system ATS in accordance with the present
      invention.
PAR  The system ATS receives requests for testing the operation of register
      junctors and sender or receiver combinations from either a register sender
      space divided apparatus diagnostics software program or from a switching
      system office craftsman via a teletypewriter.
PAR  Register sender space divided apparatus diagnostic software gains control
      whenever call processing software encounters problems while utilizing a
      register junctor in processing a call and proceeds to isolate the cause of
      the problems. A problem, for example, could be that a specified sender or
      receiver could not be connected to a specified register junctor,
      indicating a possible failing crosspoint in the matrix SRM. Another
      example of a problem might be that the register junctor encountered a
      malfunction while a sender or receiver was being attached, also indicating
      a possible failing crosspoint. In both of these situations the system ATS
      is requested to test the register junctor and sender or receiver
      combination for proper operation. Thus, the suspected crosspoints in the
      matrix SRM are accessed and verified for proper operation as hereinafter
      described in greater detail.
PAR  The switching system office craftsman also utilizes the system ATS to test
      the matrix SRM operation when attempting to localize a suspected register
      junctor-sender/receiver problem or to test that the replacement of a
      matrix SRM plane connected to a register junctor-sender/receiver problem.
      The system ATS is also used whenever additional senders and receivers and
      associated matrix planes are added due to increased traffic handling
      requirements. This enables the switching system office craftsman to fully
      test the operational aspects of the new apparatus before it is used in the
      processing of telephone calls.
PAR  The system ATS hardware in combination with the associated system ATS
      software tests register junctors and sender or receiver combinations for
      proper connection and disconnection as well as for proper digit sending or
      digit reception. This process insures that the path through the matrix SRM
      is continuous and has sufficient signal transmission quality for use in
      processing calls.
PAR  In accordance with the present invention, when a particular register
      junctor, such as the junctor 30 connected by crosspoints, such as
      crosspoints 41, to a particular sender/receiver unit, such as the receiver
      43, fails to function properly so that the call must be reinitiated and
      other equipment employed, the ATS system under software control causes the
      establishment of the same suspect path between the junctor 30 and the
      receiver 43 via the crosspoints 41 for the purpose of isolating the cause
      of the malfunction -- the junctor 30, the matrix 40 or the receiver 43, so
      that the faulty equipment can be repaired or replaced. After the path is
      established, the junctor 30 is tested for proper operation by performing
      various tests as described herein as well as other tests as more fully
      described in the abovecited patents. For example, the K3 relay 39 is
      operated remotely by the ATS system to determine whether its transfer
      contacts 81 are able to function properly to connect the receiver 43 to
      the leads 36 and to the leads 31 so that it can be determined whether the
      receiver 43 can be coupled through the register junctor 30. If not, then
      the junctor 30 is determined to be the faulty unit.
PAR  If the junctor 30 passes all of its tests, then the receiver 43 is tested
      to determine whether or not it can function properly. In this regard, for
      example, TCMF signals are transferred from the ATS system to the receiver
      43 to determine whether or not the signals have been properly received.
      For this purpose, marginally acceptable signals within a range of
      acceptable values are sent to the receiver 43 so that these parameters may
      be range checked. Marginally acceptable tones are sent to the receiver 43
      with tones which are either high, low or nominal in frequency and
      amplitude as more fully described in the above-cited automatic test system
      patent applications such as application Ser. No. 446,548, filed Feb. 27,
      1974 now Pat. No. 3,886,323 issued May 27, 1975. If the receiver 43 does
      not pass these checks, then it must be determined if the receiver 43 is
      faulty or if the crosspoint contacts 41 prevented the marginal signals
      from being properly received by the receiver 43. If the receiver 43 is
      determined to operate satisfactorily, then the suspect devices are no
      longer suspected and are determined to be operative.
PAR  If the marginal parameter tests on the receiver 43 have failed, then in
      order to determine whether the receiver 43 or the matrix 40 is at fault,
      another connection is established between a randomly selected register
      junctor of the junctors 50 through other crosspoints (not shown) to the
      suspected receiver 43. The marginal parameter tests are then repeated
      using the new connection. If the tests are successful, then the contacts
      41 are condemned so that the matrix 40 or the relevant portions thereof
      may be repaired or replaced. If the tests are not successful in all
      respects, then the receiver 43 is condemned and is either replaced or
      repaired.
PAR  After one of the three units is replaced or repaired, the repaired or
      replaced unit is tested again according to a repair verify test operation
      more fully described in the above-cited patent application Ser. No.
      (EN-1739), filed Feb., 1974.
PAC  SOFTWARE PROCEDURES
PAR  The method and apparatus of the present invention is carried out by the
      system ATS hardware under control of the system ATS software. The overall
      arrangement and flow of the system ATS software is shown in FIG. 2. System
      ATS requests enter into the Request Scheduler module 601 from the office
      teletypewriter or as a client request from the register sender space
      divided apparatus maintenance programs. The request scheduler verifies
      that the request is acceptable and adds the request to the teletypewriter
      and program request TAP quenue 602. For all except client requests, the
      request scheduler 601 also outputs a message indicating message acceptance
      via the output routine 607. The request processor module is then given
      control and upon finding the request in the queue TAP sets up data in
      working storage of the computer main memory for one of a plurality of
      control block modules 604. The control block module then causes a message
      to be output indicating the start of execution of the test, verifies the
      unit identity of the particular unit to be tested and passes control to a
      routining module 605. The routining module performs the actual routine
      interfacing with the system hardware including markers for path setup,
      register sender, and the system ATS hardware. Upon completion of a single
      test request, the routining module 605 releases control to the routining
      module returns module 606 indicating all tests passed ATP, failure or
      other indications such as path blockage. The routining module returns
      module 606 then scores the pass, failure, or blockage indication and
      outputs an all tests pass ATP message for a pass, a trouble report TR
      message for a fail, or other message as required. Module 606 then returns
      control to the request processor 603 which subsequently yields control to
      the appropriate control block module 604. If all tests on the apparatus
      unit have not been completed, then the cycle repeats until all tests are
      complete. When all tests on the unit are complete, a message is output via
      the output routing 607 to indicate the end of testing on that unit.
PAC  SOFTWARE OPERATION EXAMPLE
PAR  As an example, assume that a single request has been made to test the
      operation of a specified local register junctor in combination with a
      specified TCMF receiver. Other combinations are possible such as local
      register junctor with an MF sender, incoming register junctor with an MF
      receiver or an incoming register junctor with an MF sender. These optical
      cases are similar in operation to the local register junctor and TCMF
      receiver testing.
PAR  Referring to FIG. 3, the system ATS receives the input request from a
      teletypewriter or from register sender space divided apparatus diagnostics
      700. The first check which is made to determine if the request is for a
      repeat or a non-repeat test. Next the parameters are checked for the
      proper range in blocks 701 and 702. After having been found in range, the
      request is added to the queue TAP in blocks 703-706. The request processor
      module is then scheduled if it is not already active, blocks 707 and 708.
      Next, control is passed to the system executive program to release control
      or to output a message on the typewriter 71 (FIG. 1) indicating acceptance
      of the request and then release control, blocks 709-712.
PAR  Referring now to FIG. 4, the request processor module is given control
      either because it was scheduled by the request scheduler module 708 or
      because it is already actively processing a request. After determining
      that neither repeat queue nor queue TAP processing is in progress as shown
      in blocks 800 and 801, a search is made to determine if any requests are
      now queued, block 802. The request processor then moves a request found in
      the queue working storage and sets the proper routining in progress
      indicator as shown in blocks 803 and 804. One of a plurality of routining
      control drum blocks is then given control at its initialization entry line
      to begin processing the request. In the present example, the register
      junctor drum block module 806 is given control.
PAR  As shown in FIG. 5, the register junctor routining control block module
      initializes a counter for repair verify testing when entered at its
      initialization entry line and passes control to a subroutine to output a
      message indicating testing has started, as illustrated in blocks 900 and
      901. Repair verify testing indicates that all possible functional tests
      are to be performed on the register junctor. The register junctor
      routining control block module receives control back at its continue entry
      line after the actions necessary to cause the output of the start message
      have been completed (block 902). The first test determines if the request
      has been completed. This test is performed by testing an end indicator 903
      which if set, causes a link to a message subroutine to output another
      message on the teletypewriter indicating the end of the routining request
      has been reached and finally purges the request from the appropriate
      system ATS queue. Since in the present example the request has not been
      completed, a test is made to verify that the specified local register
      junctor has been previously verified to exist in the office (block 904).
      In the present example, this indicator is not set because this is the
      first path through the module for this request. Next, a test is performed
      to check if a register junctor and sender/receiver combination was
      specified as shown in block 905. Since in the present example, this is the
      case, the existence of the specified TCMF receiver is verified with an
      unequipped message output if the receiver is not equipped (blocks
      906-908).
PAR  A final apparatus verification test is made to verify that specified local
      register junctor and TCMF receiver are graded such that they can work
      together. Failure of this test results in a message indicating the test
      cannot be performed and the request is ended as indicated in blocks
      909-914.
PAR  Next, the repair verify counter is decremented to determine if all of the
      tests have been performed and if all tests are complete, the request is
      ended with a message indicating the end of the test as previously
      described (blocks 910-915). The repair verify is then decremented in the
      present example and a subroutine is called to verify that the specified
      local register is equipped as indicated in blocks 911-912. The request is
      ended as previously described if the specified register junctor is not
      equipped.
PAR  After the register junctor is verified equipped, the verification indicator
      is set and the data to be passed to the routining module is set up in the
      work area of memory storage as shown in blocks 916 and 917. Next, the
      routining inhibit hardware manual switch (not shown) is read (918) to
      verify that register junctor and receiver routining is presently allowed.
      The final test is then made to verify that the register junctor type and
      receiver or sender type are a compatible combination. In the present
      example, the local register junctor and TCMF receiver are compatible
      (blocks 920 and 921). Indicators are then initialized and the local
      register junctor routining module is scheduled via the system executive
      program as indicated in blocks 922-924.
PAR  Referring now to FIG. 6, the local register junctor routining module begins
      by instructing the originating marker to set up a path from the inlet LTI
      to the specified local register junctor as shown in FIG. 1. The local
      register junctor routining module interfaces with the marker by preparing
      appropriate data and storing the data in the work area and then scheduling
      the originating path setup module, blocks 1000-1001. As shown in FIG. 7,
      the originating path setup module obtains the status of the TCMF receiver
      after determining that a combination local regiater junctor and TCMF
      receiver were specified (blocks 1100-1102). If the TCMF receiver is out of
      service or is busy in another use, control is returned to the local
      register junctor routining module with appropriate indicators set, blocks
      1103-1106. If the receiver is available as in the present example, it is
      then reserved via software 1104. The specified local register junctor is
      then translated to yield a possible hardware path to the inlet LTI and the
      data is placed in the work area as indicated by blocks 1109-1113. Next,
      the specified register junctor is verified that it is neither busy nor out
      of service (1114). All data is then passed in the work area to the
      computer communication register handler module which performs the actual
      interface with the originating marker as indicated by blocks 1115 and
      1116. The originating path setup module is returned control after the
      handler module completes its interface and evaluates the results of the
      path attempt by interrogating a success or failure indicator (blocks
      1117-1120). The originating path setup module returns control to the
      routining module and the routining module after receiving control
      determines that the path was successful in the present example.
PAR  Next, the routining module places the logic circuit MRL into its start
      sequence 1201 to prepare it for testing the local register junctor. In the
      present example, the specified TCMF receiver is connected to the specified
      local register junctor to verify the ability of the junctor to access the
      matrix SRM. Hardware actions are then as described in the foregoing
      detailed description of FIG. 1. A failure to attach the receiver results
      in a trouble report output message and the request is terminated. The
      routining module next instructs the unit RSU to apply dial tone 1206.
      Successful dial tone detection by the system ATS causes the logic circuit
      MRL to advance sequence state and output a tone digit to TCMF receiver.
      The tone digit is received by the unit RSU and stored in memory RSM. The
      unit RSU then generates an interrupt to the computer. The logic circuit
      MRL, upon completion of sending and the detection of no dial tone which is
      removed automatically by the unit RSU, also generates an interrupt. When
      both interrupts have been received, the routining module checks the memory
      RSU to determine that the proper digit was received (blocks 1203 and
      1208). The unit RSU is then instructed to drop the receiver (1211) and
      continues the completion of the local register junctor routine test 1213
      which includes setting up a second network path from the originating
      junctor to the outlet STO as previously described. This path verifies dial
      pulse sending capability of the register junctor.
PAR  At the completion of these tests and assuming all tests passed, an all
      tests passed indicator is set, blocks 1214 and 1215, and the routining
      module returns module FIG. 9, is then scheduled as indicated in block
      1217. The routining module returns module then increments the pass counter
      for the queue TAP, block 1309, and clears down the hardware used in the
      test 1310. Finally, if it is determined that the test is a repair verify
      test, the request processor is given control to continue testing and the
      cycle as previously described begins again until all tests for the
      register junctor have been completed (blocks 1311-1313). In the present
      example, when a register junctor and sender or receiver combination is
      specified, repair verify testing is always performed as a convenience for
      the switching system office craftsman.
PAR  If the combination of the local register junctor and TCMF receiver failed
      any of the tests, the fail counter for the queue TAP is incremented, and
      the routining request is ended as indicated by blocks 1301-1304. Finally,
      data is collected for the trouble report output message and the hardware
      as used in the test is cleared and returned to the idle state, blocks 1305
      and 1306. A request is then made to schedule the request processor module
      with the failing data where control is released to the system executive
      program to output a trouble report as shown in blocks 1307 and 1308.
PAR  The hardware circuits as shown in FIG. 1 together with the accompanying
      software for controlling the circuits the operation of the sender receiver
      matrix SRM to be verified by providing the capability to test selectively
      register junctor or receiver pairs.
PAR  While the foregoing described software program is the preferred manner of
      controlling the method and apparatus of the present invention, it is to be
      understood that other programs may also be employed and that suitable
      hardware circuits or manually controlled switches may be employed to
      control the method and apparatus of the present invention as will be
      apparent to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a communication switching system having a line switching network for
      establishing connections selectively between calling and called lines
      under the control of common equipment including a plurality of registers
      for storing temporarily call processing information received from the
      calling lines via a plurality of register junctors, a junctor switching
      network connecting selectively a pool of units comprising sending units
      and receiving units to the junctors; the common equipment including memory
      means, a method for isolating malfunctions, comprising:
PA1  establishing a test connection through the junctor switching network
      between one of said register junctors and one of said units for testing
      purposes;
PA1  providing testing means;
PA1  connecting said testing means to the register junctor under test via the
      line switching network;
PA1  testing the register junctor under test to determine whether it can operate
      properly;
PA1  testing said unit under test with said testing means via said test
      connection if the junctor was determined to operate properly;
PA1  establishing subsequently another test connection between a different one
      of the register junctors and said same unit under test if said unit was
      determined to operate improperly;
PA1  testing said unit under test again after establishing said another test
      connection;
PA1  determining that said unit under test is faulty if said unit functions
      improperly for the second test; and
PA1  determining that said junctor network is faulty if said unit under test
      functions properly for the second test.
NUM  2.
PAR  2. A method according to claim 1, wherein said testing of the junctor under
      test includes determining if it can extend a connection from the line
      switching network to the junctor switching network.
NUM  3.
PAR  3. A method according to claim 2, wherein said junctor switching network
      comprises a crosspoint switching network.
NUM  4.
PAR  4. In a communication switching system having a line switching network for
      establishing connections selectively between calling and called lines
      under the control of common equipment including a plurality of registers
      for storing temporarily call processing information received from the
      calling lines via a plurality of register junctors, a junctor switching
      network connecting selectively a pool of units comprising sending units
      and receiving units to the junctors, the common equipment including memory
      means, an apparatus for isolating malfunctions comprising:
PA1  means for establishing a test connection through the junctor switching
      network between one of said register junctors and one of said units for
      testing purposes;
PA1  testing means;
PA1  means for connecting said testing means to the register junctor under test
      via the line switching network;
PA1  means for testing the register junctor under test to determine whether it
      can operate properly;
PA1  means for testing said unit under test with said testing means via said
      test connection if the junctor was determined to operate properly;
PA1  means for establishing subsequently another test connection between a
      different one of the register junctors and said same unit under test if
      said unit was determined to operate improperly;
PA1  means for testing said unit under test again after establishing said
      another test connection;
PA1  means for determining that said unit under test is faulty if said unit
      functions improperly for the second test; and
PA1  means for determining that said junctor network is faulty if said unit
      under test functions properly for the second test.
NUM  5.
PAR  5. An apparatus according to claim 4, wherein said testing of the junctor
      under test includes determining if it can extend a connection from the
      line switching network to the junctor switching network.
NUM  6.
PAR  6. An apparatus according to claim 5, wherein said junctor switching
      network comprises a crosspoint switching network.
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PAL  A movable telephone circuit test instrument is provided, indicators mounted
      thereon which show the communicating state of a telephone circuit being
      tested. Supervision of the circuit under test is thus provided at the same
      location as the tester, thereby reducing the number of persons required to
      carry out the test. The supervising indicating means are preferably light
      emitting diodes and are provided in a unique driving circuit that includes
      a variable conductance parallel current path for maintaining the
      brightness of the light emitting diode substantially constant regardless
      of the magnitude of current being monitored by the supervising circuits.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to telephone circuit test instruments and,
      more particularly, to such instruments that are portable in nature and
      which also include telephone circuit supervising and controlling means.
PAR  The testing of telephone circuits for transmission quality is a common
      practice in the maintenance of a telephone system. Such testing is most
      often conducted in a telephone central office, both upon its own circuits
      and those connecting the central office with another location. A test
      apparatus having a test signal transmitter and a receiver permits the
      testing of transmission characteristics of a line by inserting the test
      apparatus at one end of the line and looping the other end back upon
      itself. The test signal transmitted by the testing apparatus travels along
      such a circuit to its end and back again to the test apparatus receiver
      where a measurement is made. A test signal transmitter can be a white
      noise generator, pure sine wave generator, etc., while a receiver of the
      test set and associated measuring circuitry detects some characteristic of
      the transmitted signal after passing through the communication circuit
      under test. A particular characteristic that is typically measured may be
      the loss of 1 kHz, the frequency response of the line, its echo return
      loss or its singing point in any one test.
PAR  Such testing apparatus, including both a transmitter and receiver, is
      presently manufactured in a portable configuration. It is moved around to
      convenient locations within a central office for testing various telephone
      lines. A central telephone office usually has telephone status monitoring
      equipment located at centralized positions within the office. The result
      is that a technician using such a test set cannot be sure of the
      communication status of the line that he is testing unless he happens to
      be physically located near one of the central office test boards equipped
      with supervision indicators. If the testing technician is located away
      from such supervising stations in order to make a connection with a
      desired telephone line, a second technician must be employed to monitor
      the supervising indicators while the two technicians are in communication
      on some unused telephone circuit.
PAR  It is a primary object of the present invention to provide a portable
      telephone line testing apparatus that permits efficient and accurate
      telephone line testing from anywhere in a central office with reduced
      manpower requirements.
PAR  It is an additional object of the present invention to provide an improved
      telephone line supervising circuit.
PAC  SUMMARY OF THE INVENTION
PAR  These and additional objects are accomplished by the present invention
      where, according to one aspect thereof, a single unit portable test
      apparatus is provided with a desired apparatus for conducting a telephone
      line quality test such as a test signal transmitter or a signal receiver
      with associated measuring instruments or both, and additionally including
      circuits and associated indicators for supervising the status of a
      telephone circuit being tested. In one form of the invention, the test
      apparatus is provided with indicating lights on its panel which operate to
      give a visual indication of the existence and polarity of a direct current
      in the telephone line under test. Two visual indicators are provided, one
      which indicates a direct current in the telephone line under test of one
      polarity and another indicator which reveals when a direct current of an
      opposite polarity is present. Therefore, when the technician at the test
      set position is initiating the call in the line under test, he can first
      determine by reference to one indicating light whether a required circuit
      establishing direct current is flowing in the line and secondly can
      determine with reference to the second indicating light whether the
      opposite end completes connection with the line. According to another
      aspect of the invention, a third supervising light is provided on the test
      set panel for indicating when a remotely initiated call has caused
      automatic switching equipment to be connected to the line under test.
PAR  A testing system incorporating the various aspects of the present invention
      is available as Model 9041 Test Set that is manufactured and sold by
      Wiltron Company of Palo Alto, Calif., the assignee of the present
      application. Descriptive brochures are provided by the Wiltron Company,
      including the data sheet entitled, "Transmission Level and Return Loss
      Measuring Set -- Model 9041" and the Wiltron Technical Review, Vol. II,
      No. 2, April 1973. These brochures are expressly incorporated herein by
      reference. The provision of line supervising indicator lights on the test
      set means that a single connection to a telephone circuit under test
      permits that test to be accomplished while the same technician can
      continuously monitor the status of that line by watching the line
      supervising lights. The requirement of a separate technician in another
      place in the central office to watch the central office supervising
      indicators is thus not necessary.
PAR  According to another aspect of the present invention, unique and improved
      supervising circuits are provided. The three visual indicators provided on
      the panel of the test set are each independent light emitting diodes
      (LED's). A supervising circuit is connected in series with a holding coil
      within the test set in a manner to maintain the voltage drop across a
      supervising circuit at a low level, to have one light for one direct
      current direction in the telephone circuit and the other light indicate an
      opposite direct current polarity and additionally to provide a
      substantially constant light output of the LED's over a wide range of
      telephone line current. A substantially constant light brightness
      indication of an LED is maintained by providing a current path parallel
      thereto that permits substantially all the current in excess of a
      predetermined value to pass therealong, thereby maintaining substantially
      constant current through the LED.
PAR  Additional objects, advantages and features of the present invention will
      become apparent from the following detailed description of a preferred
      embodiment thereof which should be taken in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a test set including supervising and
      holding circuits;
PAR  FIG. 2 is an equivalent circuit of a portion of FIG. 1 in one condition;
PAR  FIG. 3 is an equivalent circuit of a portion of the circuit of FIG. 1 in
      another condition; and
PAR  FIG. 4 shows a possible modification of a portion of the circuit diagram of
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  All of the cooperating circuitry of FIG. 1 is preferably provided within a
      single test set package. A jack J1 is provided for connection to the
      telephone circuit or line under test. A line 11 is connected to the ring
      terminal of the jack J1, a line 12 connected to the tip terminal of the
      jack J1 and a third line 13 is connected to the sleeve terminal of the
      jack J1. A talk/dial input jack J2 is also provided on the test set so
      that the operator thereof may plug in a portable telephone for
      communicating or dialing over the telephone line under test that is
      connected to the jack J1. A conductor 15 is connected to the ring terminal
      of the jack J2, a conductor 16 connected to the tip terminal of the jack
      J2 while its sleeve is commonly connected to the line 13 and to a
      conductor 17. The tip and ring conductors or both of the jacks J1 and J2
      are connected to a manually actuated switch 19 for controllable connection
      to one another and to other elements of the test set.
PAR  In order to conduct tests on a test line, the test set includes a test
      signal transmitter 21 and a test signal receiver 23 which are both
      connected through a standard hybrid circuit 25 to a two-wire line 27, 28
      which extends into the switch 19. A reference impedance network 29 of a
      known type is also connected with the hybrid 25. For the purposes of this
      invention, as discussed previously, the test signal transmitter 21 can be
      of any desired type such as a white noise generator or a sine wave
      generator, that is desired to conduct a particular telephone line test.
      The receiver 23 is, of course, matched in type to the character of the
      signal generated by the test transmitter 21. Measuring circuits (not
      shown) connected as part of the receiver 23 may include an analog meter, a
      digital meter, a graph recording system, selective filter circuits, etc.,
      depending upon the particular application requirements of the test set.
PAR  A fourth pair of conductors 31 and 32 are connected to the manual switch 19
      for providing interconnection with a telephone line and holding and
      supervising circuits. The holding and supervising circuits include a
      holding coil L1, a local battery jack J3 provided for access external of
      the test set, a first supervising circuit 33 and a second supervising
      circuit 35.
PAR  The switch 19 has three stable positions which are selected by a panel
      mounted switch handle 37. A talk/dial switch position (1) connects the
      lines 11, 12 from the telephone line connection jack J1 to the talk/dial
      jack J2 while maintaining the other two pair of lines 27, 28 and 31, 32
      disconnected from the telephone line jack wires 11, 12. In this position
      (1) the operator is permitted to dial and communicate along the telephone
      circuit under test by means of a dial head set or other portable telephone
      equipment which is plugged into the jack J2.
PAR  When the switch 19 is in a hold position (2), the lines 31, 32 of the
      holding and supervising circuits and the lines 27, 28 from the testing
      transmitter and receiver are both connected to the telephone line jack
      lines 11, 12. The jack J2 is then disconnected from the telephone line. In
      the hold position (2) of the handle 37 of the switch 19, the test set is
      connected to hold the telephone line under test in a communicating state
      and also to connect the transmitter 21 and receiver 23 to the telephone
      line. It is this hold position (2) which is utilized during the testing
      and measuring of the telephone circuit.
PAR  A position (3) of the handle 37 of the switch 19 opens the telephone line
      under test by disconnecting the holding circuit lines 31, 32 therefrom. In
      this open position (3), only the lines 27, 28 are connected to the
      telephone line jack lines 11, 12. Without a holding circuit applied to the
      telephone line under test, the circuit established thereon is broken. This
      open position (3) is used by a technician after a test is completed.
PAR  The local battery jack J3 includes a terminal 39 connected to the sleeve of
      the jack for receiving the positive voltage terminal of the battery. A
      terminal 41 of the jack J3 receives the negative potential of the battery
      when connected to the jack J3. Associated with the jack J3 is multiple
      contact switch 43 operable by a mechanical element 45 that is displaced
      away from the jack J1 of FIG. 1 in response to the insertion in jack J3 of
      a plug. The rest position of the switch 43 shown in FIG. 1 is that which
      occurs when a plug is not inserted in the jack J3. Three terminal pairs
      47, 48 and 49, 50 and 51, 52 exist as part of the switch 43. In the rest
      position shown in FIG. 1, only the terminal pair 51, 52 are connected
      together while the other two terminal pairs are open. This reverses when a
      plug is inserted into the jack J3.
PAR  The elements of the telephone line holding circuit shown in FIG. 1 include
      a holding coil L1 having center terminals 53 and 55. When no plug is
      inserted into the jack J3, as shown in FIG. 1, the supervising circuit 33
      is inserted in series with the two coils of the holding coil L1 by a
      terminal 57 being connected to the terminal 53 and a terminal 59 being
      connected through the contacts of terminals 51, 52 of the switch 43 back
      to the terminal 55 of the holding coil L. This condition is shown in an
      equivalent circuit of FIG. 2 which also indicates that the terminal 50 of
      the switch 43 is floating so that the supervising circuit 35 is
      inoperative. As can be seen from FIG. 2, the holding coil L1 and
      supervising circuit 33 are connected in series across a telephone line
      under test that is connected to the jack J1 when the switch 19 is in its
      hold position (2).
PAR  When a local battery is electrically connected to the test set by insertion
      of a battery plug into the jack J3, the switch 43 operates in a manner to
      connect the elements of the circuit of FIG. 1 as shown in a simplified
      schematic of FIG. 3. A battery 61 is connected into the circuit in such a
      circumstance as well. The terminals 57 and 59 of the supervising circuit
      33 are shorted together through the switch terminals 47, 48 when a battery
      plug is inserted in the jack J3. While the supervising circuit 33 is
      rendered inoperative, one side of the supervising circuit 35 is connected
      through terminals 49, 50 of the switch 43 to the negative terminal of the
      battery 61. The supervising circuit 35 is connected on its other end by
      way of a line 17 to the sleeve of the telephone line jack J1. A battery is
      so plugged in to form the circuit of FIG. 3 when a call is being
      originated on a telephone line under test from a location remote to that
      of the test set. The battery 61 is placed in series with the two coils of
      the holding coil L1 across a telephone line connected with the jack J1
      when the switch handle 37 is in its hold position (2).
PAR  The supervising circuit 35 includes a current limiting resistor R6, a diode
      D1 and a light emitting diode LED3 in series between its connecting line
      17 and the terminal 50 of the switch 43. When a battery plug is inserted
      in the jack J3, this series supervising circuit 35 is connected so that
      when the sleeve of a telephone line connected to the jack J1 is grounded,
      the light emitting diode LED3 gives a visual indication. The sleeve is so
      grounded by central office switching equipment when connection is made
      therethrough to a telephone line. When LED3 is lighted, therefore, the
      technician knows that a proper connection has been made through the
      central office switching equipment to a telephone line which is being
      dialed at its opposite end. The light LED3 is provided on the panel of the
      test set and is labeled "incoming-sleeve gnd". When operated in a
      condition illustrated in FIG. 3, the local battery 61 provides the holding
      current in the telephone line being tested.
PAR  When no local battery is connected to the jack J3, however, the supervisory
      circuit 33 becomes operative while the supervisory circuit 35 becomes
      inoperative. The supervising circuit 33 contains two light emitting diodes
      LED1 and LED2. Both of these indicators are mounted on the panel of the
      test set and are labeled respectively, "tip bat" and "ring bat". The
      supervisory circuit 33 is designed so that when its terminal 57 is
      positive with respect to its terminal 59, LED 1 lights while LED2 remains
      dark. Conversely, when the terminal 59 is positive with respect to the
      terminal 57, LED2 lights while LED1 remains dark. This thus gives the
      operator of the test set a direct indication as to the polarity of the
      direct current flowing in a telephone line under test and informs him
      whether the telephone line is still operable. Without this information,
      the technician utilizing the test set is unaware as to whether the signal
      being received and measured by him is passing over the telephone circuit
      as desired or whether a signal is travelling over some undesired and
      unknown electrical path. The reliability of the test results depends upon
      the ability of the operator to accurately verify the communication status
      of the line under test.
PAR  The improved current monitoring circuits of the supervisory circuit 33 will
      now be explained in detail. The circuit 33 can be broken down into three
      components 63, 65 and 67. FIG. 1 shows the components 63 and 65 in a
      series relationship between the terminals 57 and 59. FIG. 4 shows a
      variation of the supervisory circuit 33 in which the components 63 and 65
      are connected in parallel between the terminals 57 and 59. In either case,
      the operation is substantially identical the only difference being perhaps
      slight differences in component values between the FIG. 1 and FIG. 4
      embodiments of the circuit 33. Since the function and operation of the
      various components of the circuit 33 in each of the FIGS. 1 and 4 are the
      same, they have been given the same reference characters. It should also
      be noted that the circuit 33 as illustrated in FIGS. 1 and 4 has general
      application for indicating the existence and polarity of currents from
      whatever source that are passed between the terminals 57 and 59.
PAR  The supervisory current indicating circuit 33 will now be explained. The
      series capacitors C1 and C2 provide a low impedance path for voice
      frequencies between the terminals 57 and 59. In addition to these
      capacitors, a resistance R1 is provided between the terminals 57 and 59 to
      complete the portion 67 of the circuit. The purpose of the resistance R1
      is to provide a threshold voltage level between the terminals 57 and 59
      below which an LED will not indicate, thereby requiring a substantial
      direct current before an indication on either LED1 or LED2 is obtained.
      This takes advantage of the known characteristics of light emitting diodes
      wherein a threshold voltage such as 1.6 volts must be impressed across a
      light emitting diode in its forward direction for sufficient current to
      flow therethrough to emit a light indication. Enough current must be
      flowing through R1 to produce such a voltage drop across either the LED1
      or LED2, depending upon the polarity of the voltage impressed across the
      terminals 57 and 59.
PAR  Assume for the purposes of the following explanation that the terminal 57
      is positive with respect to the terminal 59. LED2 will be back biased and
      will not conduct. LED1 is forward biased when current through R1 reaches a
      level sufficient for the voltage drop across LED1 to exceed its threshold
      characteristic, and current will flow through LED1 and cause it to light.
      A resistance R3 is connected in series with LED1 as part of the circuit
      portion 63. A transistor Q1 has its emitter-collector terminals connected
      in series with a resistance R2, the series combination being connected in
      parallel with LED1 and R3. The base of the transistor Q1 is connected to
      the common junction of the resistor R3 and LED1 so that when the voltage
      drop across the resistance R3 exceeds the base emitter voltage
      characteristic (V.sub.BE) of the transistor Q1, current begins flowing
      through the series combination R2 and Q1 in parallel with the current in
      the path of LED1 and R3. It can be seen directly from FIG. 4 that the full
      voltage between the terminals 57 and 59 is applied across the circuit
      portion 63. In the FIG. 1 embodiment of the circuit 33, however, an
      additional small impedance in the form R5, a forward biased base-collector
      circuit of the transistor Q2 and a collector resistor R4 are connected in
      series with the circuit 33. With the assumed polarity, LED2 is reversed
      biased and no current flow therethrough.
PAR  The operation of the circuit portion 63 for the assumed polarity of the
      terminal 57 being positive to the terminal 59 will now be explained for
      various current levels. As previously mentioned, low value of currents
      flow through the resistor R1 when the potential created thereby across
      LED1 is less than its threshold. When this potential exceeds the threshold
      of LED1, current will flow therethrough and cause it to light. The
      resistance R3 is made of a value with respect to the characteristics of
      the transistor Q1 so that Q1 remains turned off until the current through
      LED1 and R3 in series reaches a certain level which is about the maximum
      current desired to pass through LED1. The value of R3 is chosen so that at
      this current level, the transistor Q1 is turned on, thus establishing the
      parallel current path of R2 and Q1. Further incremental increases in total
      current passing through the circuit nearly all travel through the R2 and
      Q1 path, thereby maintaining the current through LED1 substantially
      constant. This results when the transistor Q1 is chosen to have a high
      transconductance as represented by the characteristic that the very small
      change in the voltage drop across R3 which is applied between the base and
      emitter of Q1 will give very large changes in the collector current of Q1.
      Q1 thus accepts large incremental changes in collector current in response
      to very small changes in current through R3. As a result, the current
      through LED1 and R3 increases very little in response to a large increase
      in current applied to the total circuit 63. Since the light output of LED1
      is a function of the current therethrough, the circuit 63 assures that for
      a wide range of impressed currents, the light indication is substantially
      the same in brightness.
PAR  The voltage drop across the circuit 63 is the sum of the V.sub.BE
      characteristic of the transistor Q1 and the forward bias (threshold) level
      of LED1 for a wide range of impressed currents to the circuit 33. This
      total voltage drop will usually be in the range of 2-3 volts. Therefore,
      the holding coil L1 and the rest of the circuit sees the supervisory
      indicating circuit 33 as a substantial short circuit. No additional
      voltage supply is required to light the LED's but rather the direct
      current existing in the telephone line under test performs this function.
      Furthermore, LED1 only indicates for one direction of current flow when
      the terminal 57 is positive with respect to the terminal 59. For the
      opposite case, when the terminal 59 is positive with respect to the
      terminal 57, the roles of the circuit components 63 and 65 are reversed
      from that described above since LED1 is now reversed biased and LED2 is
      forward biased to give a visual indication. In this case, it is the
      voltage drop across R5 which controls the conductive state of the
      transistor Q2 in the same manner described above with the resistor R3 and
      the current therethrough controlling the conductive state of the
      transistor Q1.
PAR  In a specific form of the circuit 33 shown in FIG. 1, the values of R3 and
      R5 are each 10 ohms while the transistors Q1 and Q2 are of a type 2N3566.
      Of course, other semiconductor elements, such as FET's, can be substituted
      for the transistors shown as Q1 and Q2. The resistance R1 in such a form
      is preferably about 220 ohms. The value of each of the capacitors C1 and
      C2 is 220 uf. The resistances R2 and R4 in a specific example are each 11
      ohms, but it will be understood that in other embodiments of the circuits
      these resistances may be omitted. The resistances R2 and R4 are preferred
      in order to limit maximum collector dissipation in the embodiment of FIGS.
      1 and 4. It will also be understood that the resistance R1 may be omitted
      if it is acceptable to light the diodes LED1 and LED2 at very low
      impressed currents.
PAR  Although the various aspects of the present invention have been described
      with respect to specific test set examples embodying them, it will be
      understood that the various aspects of the present invention are entitled
      to protection within the full scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A telephone test apparatus comprising in a single unit:
PA1  a connector having at least two terminals for establishing electrical
      contact with a telephone circuit under test,
PA1  means including an alternating current test signal transmitter or receiver
      or a cooperative combination thereof connectible to said at least said two
      terminals for participating in a test of the quality of a telephone
      circuit connected thereto,
PA1  means having low direct current impedance but high impedance to alternating
      current signals for holding a telephone circuit in a communicating state,
      and
PA1  electrical circuit means for supervising the communicating state of a
      telephone circuit under test, said supervising circuit connectible in
      series with said holding means across said two telephone line connector
      terminals, said supervising circuit including a first indicator that
      responds to a direct current in excess of a certain level flowing in one
      direction through said holding means, and a second indicator that responds
      to direct current in excess of a certain level flowing through said
      holding means in an opposite direction, whereby the communicating state of
      a telephone circuit under test may be monitored simultaneously with
      conducting a quality test thereon, both from a common location.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein each of said first and second
      indicators are cooperatively connected with means providing a direct
      current conductive path parallel to the indicator for maintaining the
      current through the indicator substantially constant over a wide range of
      current through said holding means.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said connector additionally
      includes a sleeve connection and wherein the apparatus additionally
      inclludes a supervising circuit having a third indicating means operably
      connectible between the sleeve of said telephone line connector and a
      negative power supply terminal.
NUM  4.
PAR  4. Apparatus according to claim 1 which additionally includes a local
      battery jack having a switch mechanically associated therewith that
      substitutes a connected battery source in series with said holding means
      for the first and second indicating means when a battery plug is inserted
      therein, thereby to establish supervision of a line at its point of
      origin.
NUM  5.
PAR  5. A telephone test apparatus comprising in a single unit:
PA1  a connector having at least two terminals for establishing electrical
      contact with a telephone line under test,
PA1  means connectible to said telephone line connector for participating in a
      test of the quality of a telephone circuit connected thereto,
PA1  means for holding a telephone line, and
PA1  electrical circuit means for supervising the communicating state of a
      telephone line under test, said supervising circuit connectible in series
      with said holding means across said two telephone line connector
      terminals, said supervising circuit including a first light emitting diode
      that responds to a direct current flowing in one direction through said
      holding means, and a second light emitting diode that responds to direct
      current flowing through said holding means in an opposite direction, each
      of said first and second light emitting diode indicators having a
      resistance connected in series therewith, a semiconductor device forming a
      current path parallel to the light emitting diode and a connection of a
      control element of the semiconductor device to said series resistance in a
      manner that small increases in current passing through the light emitting
      diode causes amplified increases in current through said current path,
      whereby the current through the light emitting diode remains substantially
      constant regardless of the current in the telephone circuit under test.
NUM  6.
PAR  6. A telephone test apparatus comprising in a single portable unit:
PA1  a connector having at least two terminals for establishing electrical
      contact with a telephone line under test,
PA1  means connectible to said telephone line connector for participating in a
      test of a telephone circuit connected thereto as to its quality of audio
      frequency transmission,
PA1  means for holding a telephone line in a communicating state, and
PA1  electrical circuit means for supervising the communicating state of a
      telephone line under test, said supervising circuit connectible in series
      with said holding means across said two telephone line connector
      terminals, said supervising circuit including a first indicator that
      responds to a direct current flowing in one direction through said holding
      means, and a second indicator that responds to direct current flowing
      through said holding means in an opposite direction,
PA1  each of said indicators having a resistance connected in series therewith,
      a semiconductor device forming a current path parallel to the indicator
      and a connection of a control element of the semiconductor device to said
      series resistance in a manner that small increases in current passing
      through its associated indicator causes amplified increases in current
      through said current path, whereby the current through each indicator
      remains substantially constant regardless of the current in the telephone
      circuit under test.
NUM  7.
PAR  7. A telephone test apparatus, comprising in a single portable unit:
PA1  a connector having at least two terminals for establishing electrical
      contact with a telephone circuit under test,
PA1  an alternating current test signal transmitter,
PA1  an alternating current test signal receiver,
PA1  a hybrid circuit connectible between said receiver and transmitter and said
      at least two terminals of the connector, thereby providing the capability
      of simultaneous test signal transmimssion and reception along a telephone
      circuit connected to said at least two terminals,
PA1  means connectible across said at least two terminals for providing an
      electric current path having a low impedance to direct current in both
      directions but having a high impedance to said alternating current
      signals, and
PA1  means connectible in series with said current path means for indicating the
      presence of a direct current level above a given threshold amount that
      exists in said current path means.
NUM  8.
PAR  8. A telephone test apparatus according to claim 7 wherein said current
      path means comprises an electromagnetic coil and wherein said indicating
      means includes a visual indicator.
NUM  9.
PAR  9. The telephone test apparatus according to claim 7 wherein said current
      path means includes an electromagnetic coil having a center tap, and
      further wherein said indicating means includes a visual indicating circuit
      connected in series with the coil at its center tap.
NUM  10.
PAR  10. A telephone test apparatus according to claim 9 wherein said visual
      indicating means includes two lights connected so that one light gives a
      visual indication when current through said holding coil is in one
      direction and the other of said indicating lights giving a visual
      indication when the current through said holding coil is in an opposite
      direction.
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ABST
PAL  A telephone stand is disclosed including a chassis that is enclosed within
      a housing comprising a cover member and a base member. The chassis is a
      lattice-like structure including side and end walls at the periphery
      thereof and at least one intermediate wall extending therebetween. The
      walls serve as partitions that define open-ended cubicles within which
      substantially all of the components contained within the housing are
      mounted. The height of the side, end, and intermediate walls is such that
      a substantial portion of each component mounted within the confines of the
      walls is contained within the volume defined by the upper and lower
      surfaces of the walls. Certain of the components and the cover member and
      base member are fastened to the walls.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to the field of station apparatus and within that
      field to a telephone stand including an internal chassis on which
      substantially all of the components contained within the stand are
      mounted.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  U.S. Pat. No. 3,413,423 issued to M. J. Steveko on Nov. 26, 1968, discloses
      a telephone subset including a chassis to which many of the components of
      the subset are mounted. The chassis is positioned between the upper and
      lower housing shells of the subset, and it consists of a pair of flat
      plates that are joined together. The perimeter of each plate has a
      circumferential flange that extends in the opposite direction from the
      flange of the other plate, and the flanges are situated outside of the
      perimeter of the housing shells. The components are secured to the flat
      portions of the plates, and the height of the flanges is such that only a
      very small portion of each component secured to the plates is contained
      within the volume defined by the upper and lower edges of the flanges.
      Thus, the flanges only serve to provide ornamentation for the exterior of
      the subset and to conceal the lower edge of the upper housing shell and
      the upper edge of the lower housing shell.
PAR  The upper and lower housing shells of Steveko are not mounted to the
      chassis, but are instead respectively secured to mounting plates and
      brackets. In addition, the mounting plates serve as the mounting means for
      a ring pushbutton, mode lights, and a pushbutton calling device, which
      components are completely outside the volume defined by the upper and
      lower edges of the flanges of the chassis.
PAC  SUMMARY OF THE INVENTION
PAR  A telephone stand in accordance with the present invention includes a
      chassis comprising a lattice-like structure including side and end walls
      at the periphery thereof and at least one intermediate wall extending
      therebetween. The walls serve as partitions that define open-ended
      cubicles within which substantially all of the components are mounted. The
      height of the side, end, and intermediate walls is such that a substantial
      portion of each component mounted within the confines of the walls is
      contained within the volume defined by the upper and lower surfaces of the
      walls.
PAR  As a result, in contrast to the chassis described in Steveko, the side,
      end, and intermediate walls serve as a protective shield for substantially
      all of the components mounted on the chassis. The chassis protects the
      components as they are assembled to the chassis in the usual assembly-line
      fashion.
PAR  The side, end, and intermediate walls, in addition to providing cubicles
      within which the components can be protectively mounted, also provide
      multiple mounting surfaces on both the upper and lower ends thereof that
      facilitate efficient use of the volume contained within the telephone set
      housing. Thus, in accordance with the invention, certain of the components
      and the cover member and base member that comprise the housing of the
      telephone stand are fastened to the walls. Furthermore, the chassis is
      enclosed within the cover and base members so that the chassis forms no
      part of the exterior ornamentation of the telephone stand. Consequently,
      the chassis is not subject to damage or wear that could lead to its
      replacement merely because of its appearance rather than because of any
      structural failure.
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PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an exploded perspective view showing the handset, faceplate,
      cover member, component assembly, and base member of a telephone set
      embodying the present invention, parts being broken away for greater
      clarity;
PAR  FIG. 2 is an exploded perspective view showing the manner in which the base
      member is secured to an upper station assembly comprising the combination
      of the faceplate, cover member, and component assembly;
PAR  FIG. 3 is a perspective view showing the base member joined to the upper
      station assembly so as to facilitate use of the telephone stand on a
      horizontal surface; and
PAR  FIG. 4 is a perspective view showing the base member joined to the upper
      station assembly so as to facilitate use of the telephone stand on a
      vertical surface, a hook member for supporting the handset being exploded
      away from the telephone stand.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1 of the drawing, a telephone set in accordance with the
      present invention comprises a handset 100 and a telephone stand including
      a faceplate 200, a cover member 300, a component assembly 400, and a base
      member 500. The cover member 300 comprises a hollow rectangular shell
      including a pair of spaced opposed side wall portions 310 and 315
      extending orthogonally to a pair of spaced opposed end wall portions 320
      and 325. The undersurfaces of the side and end wall portions 310, 315,
      320, and 325 essentially lie in a common plane and a planar rectangular
      flange 330 is secured thereto, the flange protruding outwardly from the
      wall portions. In addition, the end wall portion 325 is of greater height
      than the end wall portion 320 whereby the cover member 300 has a
      wedge-shaped profile, the upper surface of the cover member extending at
      an angle of 3.degree.to the plane of the flange 330.
PAR  The upper surface of the cover member 300 is provided with an ear piece
      well 335 and a mouth piece well 340 for respectively accommodating the ear
      piece and mouth piece portions of the handset 100, and the ear piece well
      includes a pair of line switch plunger openings 337. The portion of the
      cover member 300 between the ear piece and mouth piece wells 335 and 340
      has an array of acoustic perforations 345 extending therethrough, and a
      fine mesh screen (not shown) is advantageously attached to the underside
      of this portion of the cover member to prevent dirt from passing through
      the holes to the components therebelow.
PAR  In addition, the portion of the cover member adjacent to the ear piece well
      335 is provided with a rectangular recess 350 for accommodating an opaque
      telephone number card 250 and a transparent number card cover 260. The
      number card cover 260 includes a finger 262 at each end thereof that is
      respectively received by a slot 352 in each end of the recess 350, to
      secure the number card cover in place. The number card cover 260 overlies
      the telephone number card 250, thereby holding it in place, and the number
      card cover completely fills the recess 350 and is flush with the upper
      surface of the cover member 300, the number card cover being bowed in
      order to either insert it into or remove it from the recess. The recess
      350 has a countersunk fastener hole 354 in the center thereof that is
      covered by the telephone number card 250 and the number card cover 260.
PAR  The upper portion of the cover member 300 further includes a generally
      rectangular opening 355 circumscribed by a rectangular frame 360 for
      accommodating the faceplate 200. The faceplate 200 has tabs 210 extending
      from opposed ends thereof, and the tabs are respectively received by slots
      362 (only two which are shown) in associated walls of the frame 360 to
      secure the faceplate to the cover member 200, the faceplate being bowed to
      insert the tabs into or remove them from the associated slots. In
      addition, the faceplate 200 has openings 220 therein through which various
      components of the telephone stand protrude, and therefore the tabs 210 and
      slots 362 are located asymmetrically so as to assure that the faceplate
      can only be secured to the cover member 300 in the proper orientation.
PAR  The faceplate 200 when joined to the cover member 300 covers up a plurality
      of countersunk fastener holes 362 disposed about the perimeter of the
      recess 360. The fastener holes 362 in conjunction with the fastener hole
      354 in the number card recess 350 respectively receive screws (not shown)
      for securing the cover member 300 to a chassis 410 of the component
      assembly 400.
PAR  The chassis 410 serves as the support for all of the electrical and
      mechanical components contained within the telephone stand and thus the
      component assembly 400 in combination with the cover member 300 and
      faceplate 200 comprises an upper station assembly 600 that incorporates
      all of the components of the telephone stand aside from the base member
      500.
PAR  The chassis 410, which is of a size to fit within both the cover member 300
      and the base member 500, is a lattice-like member that comprises a pair of
      spaced side walls 411 and 412 that straddle a pair of spaced intermediate
      walls 413 and 414, the side walls and intermediate walls extending
      parallel to one another and orthogonal to a pair of spaced opposed end
      walls 415 and 416. The shape of the chassis is such that the portion
      thereof above a datum plane A, shown in FIG. 1, has a different
      configuration than the portion of the chassis below the datum plane. More
      specifically, the upper surfaces of the chassis 410 above the datum plane
      extend at the same angle (i.e., 3.degree. ) to the datum plane as the
      upper surface of the cover member 300 extends to the plane of the flange
      330. In addition, the upper surfaces of the chassis 410 have a plurality
      of holes 417 therein that have the same relationship to one another as the
      fastener holes 354 and 362 of the cover member 300 have to one another.
      Furthermore, the portion of the chassis 410 above the datum plane A is
      shaped so that when the cover member 300 is placed on the chassis with the
      fastener holes 354 and 362 of the cover member in registration with the
      holes 417 of the chassis, the upper surface of the cover member extends
      parallel to the upper surfaces of the chassis and the flange 330 lies in
      the datum plane A, the wall portions 310, 315, 320 and 325 of the cover
      member enclosing the portion of the chassis above the datum plane.
PAR  The components operated in the utilization of the telephone set are
      advantageously secured to the upper surfaces of the chassis 410, so that
      the elements thereof with which the user directly interacts are available
      at the face of the telephone stand. In the set shown, these components
      comprise line switch plungers 420, a multibutton selection switch 425, a
      pushbutton dial 430, a volume control 435, and a multi-button key 440, and
      when the cover member 300 with the faceplate 200 attached thereto is
      secured to the chassis 410, the switch hook plungers protrude through the
      openings 337 in the cover member while the selection switch, the
      pushbuttons of the dial, a thumb wheel of the volume control, and the
      buttons of the key protrude through associated openings 220 in the
      faceplate. Furthermore, because of the above described relationship
      between the cover member 300 and the chassis 410, the faces of the
      selection switch 425, dial 430, and key 440 extend parallel to the plane
      of the faceplate 200.
PAR  Other components supported by the portion of the chassis 410 above the
      datum plane A include a speaker 445 and a handset cord jack 450. The
      speaker 445 is secured to an upper surface of the chassis 410 that
      underlies the array of acoustic perforations 345 in the cover member 300,
      the speaker including a gasket that extends parallel to the plane of the
      face of the cover member and provides an acoustic seal with the
      undersurface of the faceplate. The jack 450 is mounted on the end wall 415
      so as to be in juxtaposition with an opening 322 in the end wall 320 of
      the cover member 300, the jack accommodating one end of a plug-ended
      handset cord (not shown) the other end of which is accommodated by a jack
      accessible through an opening 110 in the handset 100.
PAR  It is seen that, with the exception of the jack 450, all of the components
      supported on the chassis 410 are mounted within the confines of the side
      walls 411 and 412 and the end walls 415 and 416. Furthermore, it is seen
      that because of the height of the side walls 411 and 412 and the end walls
      415 and 416, they serve as a protective shield for substantially all of
      the components mounted on the chassis 410. That is, the height of the
      walls is such that a substantial portion of each component mounted within
      the confines of the walls is contained between the upper and lower
      surfaces of the walls.
PAR  Referring now also to FIG. 2, the portion of the chassis 410 below the
      datum plane A is generally symmetrical about a region extending parallel
      to and approximately midway between the end walls 415 and 416 of the
      chassis. More specifically, the portion of the side walls 411 and 412 and
      intermediate walls 413 and 414 below the datum plane A have the greatest
      height within this mid-region and the walls decrease in height as they
      approach the end walls 415 and 416. In addition, the bottom of the side
      walls 411 and 412 each have a fastener hole 418A located along an axis B-B
      that extends parallel to the end walls 415 and 416 within this midregion
      and a pair of feet 419A and 419B that are equidistant from this axis. The
      bottom surfaces of the feet 419A and 419B both extend at an angle of 7
      degrees to the datum plane A, but the slopes of the feet are opposite to
      one another whereby the bottom surfaces of one pair of feet extend at an
      angle of 14.degree. with respect to the bottom surfaces of the other pair
      of feet. Finally, the underside of the chassis 410 includes a second pair
      of fastener holes 418B that straddle and are spaced equidistant both from
      the axis B--B and from a second axis (not shown) that extends parallel to
      and midway between the side walls 411 and 412.
PAR  As shown in FIG. 1, the base member 500 comprises a hollow rectangular
      shell including a pair of spaced opposed side wall portions 510 and 515
      extending orthogonally to a pair of spaced opposed end wall portions 520
      and 525, the wall portions upstanding from a planar bottom portion 530.
      The lower end of each wall portion 510, 515, 520, and 525 is stepped
      inwardly toward the opposing wall portion, while the upper surfaces of the
      wall portions all lie in a common plane, the spacing of the wall portions
      being such that the upper surfaces thereof register with the bottom
      surfaces of the corresponding wall portions 310, 315, 320, and 325 of the
      cover member 300. In addition the end wall portion 525 is of greater
      height than the end wall portion 520 whereby the base member 500 has a
      wedgeshaped profile. Furthermore, the plane of the upper surfaces of the
      wall portions extend at the same angle (i.e., 7.degree. ) to the plane of
      the bottom portion 530 as the bottom surfaces of the feet 419A and 419B of
      the chassis 410 extend to the datum plane A of the chassis.
PAR  The steps at the lower ends of the side wall portions 510 and 515 each have
      a pad 535 that comprises a raised boss that is adjacent to the end wall
      portion 520 and a pad 540 that comprises a plurality of posts that are
      adjacent to the end wall portion 525 (only the pads associated with the
      side wall portion 510 being shown). The pads 535 and 540 of each side wall
      portion are spaced the same distance apart as the feet 419A and 419B of
      the chassis 410. In addition, the upper surfaces of the pads 535 lie in a
      plane that extends parallel to the plane of the bottom portion 530 while
      the upper surfaces of the pads 540 lie in a plane that extends at an angle
      of 14 degrees to the plane of the bottom portion whereby the upper
      surfaces of the pads 535 and 540 both extend at an angle of 7 degrees to
      the plane of the upper surface of the wall portions 510, 515, 520, and
      525. Furthermore, the distance between the upper surfaces of the pads 535
      and 540 and the plane of the upper surfaces of the wall portions 510, 515,
      520, and 525 is slightly less than the distance between the bottom
      surfaces of the feet 419A and 419B and the datum plane A of the chassis
      410.
PAR  As a result of the foregoing relationships, when the base member 500 is
      positioned on the upper station assembly 600 with the pads 535 and 540 in
      engagement with the feet 419A and 419B of the chassis 410, the plane of
      the upper surfaces of the wall portions 510, 515, 520, and 525 of the base
      member extends parallel to and just below the bottom surface of the flange
      330 of the cover member 300. In addition, this remains true irrespective
      of whether the base member 500 is oriented so that the feet 419A engage
      the pads 535 and the feet 419B engage the pads 540, or whether the base
      member is rotated 180 degrees so that the feet 419A engage the pads 540
      and the feet 419B engage the pads 535. However, as shown in FIG. 3, in the
      first orientation of the base member 500 the upper surface of the upper
      station assembly 600 extends at an angle of 10.degree.  to the bottom of
      the base member, which facilitates use of the telephone stand on a
      horizontal surface. On the other hand, as shown in FIG. 4, in the second
      orientation of the base member 500 the upper surface of the upper station
      assembly 600 extends at an angle of -4.degree. to the bottom of the base
      member which facilitates use of the telephone stand on a vertical surface.
PAR  Referring to both FIGS. 1 and 2, the steps at the lower end of the side
      wall portions 510 and 515 of the base member 500 each have a fastener hole
      545A that is in between and equidistant from the adjacent pads 535 and
      540. Furthermore, the bottom portion 530 has a pair of fastener holes 545B
      that have the same spatial relationship with respect to the fastener holes
      545A that the fastener holes 418B of the chassis 410 have to the fastener
      holes 418A. Thus, irrespective of whether the base member 500 is placed in
      the first or second orientation, the fastener holes 545A thereof register
      with the fastener holes 418A of the chassis 410 while the fastener holes
      545B register with the fastener holes 418B. As a result, the base member
      500 can be secured to the upper station assembly 600 in either orientation
      with the same fastener holes, and when so secured, the feet 419A and 419B
      of the chassis 410 rest on the pads 535 and 540 of the base member.
PAR  Finally, the axis B--B (FIG. 1) extends parallel to and approximately
      midway between the end wall portions 320 and 325 of the cover member 300,
      and the components of the upper station assembly 600 located along this
      axis depend below the bottom surface of the flange 330 a distance that
      does not exceed the depth of the base member 500 along a corresponding
      midway axis C--C (FIG. 2). In addition, with one possible exception, the
      components of the upper station assembly 600 located between the axis B--B
      and the end wall portions 320 and 325 of the cover member 300 depend below
      the bottom  surface of the flange 330 a distance that does not exceed the
      depth of the base member 500 at the corresponding location between the
      axis C--C and the end wall portion 520 of the base member 500. Thus the
      components of the upper station assembly 600 are accommodated within the
      base member 500 in either of its orientations. The one possible exception
      is if a strain relief clamp 455 is provided for the line cord (not shown)
      of the telephone stand, it might be transferred from one end of the
      chassis 410 to the other when the base member 500 is rotated from one
      orientation to the other, the line cord extending through an opening 550
      in the base member. Since in this situation the strain relief clamp 455
      would always be positioned within the deep end of the base member 500, it
      could depend below the bottom surface of the flange 330 a greater distance
      than recited above.
PAR  Referring again to FIG. 4, when the base member 500 is mounted on the upper
      station assembly 600 so as to facilitate the use of the telephone stand on
      a vertical surface, a hook member 270 is advantageously provided to
      support the handset 100 (FIG. 1). The back of the hook member 270 includes
      a boss that fills the number card recess 350 and counter sunk fastener
      hole 354 in the cover member 300, while the front of the hook member
      includes a substantially identical number card recess 272 and countersunk
      fastener hole 274. In addition, the hook member 270 has a slot 276 in each
      end of the recess 272. Thus the hook member 270 is mounted in place by
      merely removing the number card cover 260 and number card 250 (FIG. 1)
      from the recess 350 and the fastener from the fastener hole 354, and then
      reinserting the fastener in both the fastener holes 275 and 354, whereby
      the hook member is secured in place. The number card 250 and number card
      cover 260 are then inserted into the recess 272 in the same manner as with
      respect to the recess 350. A hook portion 278 of the hook member 270 is
      then positioned immediately adjacent to the ear piece well 235 of the
      cover member 300 whereby it is accommodated by a cavity 120 (FIG. 1) in
      the ear piece of the handset 100 when the handset is placed in an on-hook
      position on the telephone stand.
PAR  Although a specific embodiment of the invention has been shown and
      described, it will be understood that it is but illustrative and that
      various modifications may be made therein without departing from the scope
      and spirit of this invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A telephone stand comprising:
PA1  a cover member and a base member that combine to provide a housing;
PA1  a plurality of components contained within the housing;
PA1  a chassis completely enclosed within the housing, the chassis comprising a
      lattice-like structure including side and end walls at the periphery
      thereof and at least one intermediate wall extending therebetween, the
      walls serving as partitions that define open-ended cubicles within which
      substantially all of the components are mounted, the height of the side,
      end, and intermediate walls being such that a substantial portion of each
      component mounted within the confines of the wall is contained within the
      volume defined by the upper and lower surfaces of the walls, and the cover
      member, base member, and certain of the components being fastened to the
      walls.
NUM  2.
PAR  2. A telephone stand as in claim 1 wherein the chassis includes a datum
      plane extending therethrough intermediate the upper and lower surfaces of
      the walls, the shape of the chassis being such that the portion of the
      chassis above the datum plane generally conforms to the shape of the cover
      member and the portion of the chassis below the datum plane is generally
      symmetrical about a region extending generally parallel to and
      approximately midway between the end walls of the chassis.
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ABST
PAL  A telephone exchange system has a switch frame employing mechanical
      latching type crossbar switches. Input terminals of the switch frame are
      associated with incoming terminal units, while output terminals of the
      switch frame are associated with outgoing terminal units. The incoming and
      outgoing terminal units are provided with means capable of disconnecting
      the associated terminals from the terminal units when the call connection
      is opened at the telephone circuit.
BSUM
PAR  The present invention relates to a telephone exchange system, and more
      particularly to one having a switch frame comprising mechanical latching
      type crossbar switches.
PAR  Well known is a telephone exchange system using the crossbar switches, and
      also one employing the mechanical latching type crossbar switches for the
      purpose of minimizing the power consumption made during a call or an
      effective control of the telephone exchange system.
PAR  The mechanical latching type crossbar switch has an advatage in that no
      holding current is necessary. That is, the holding of the closing
      condition of a cross point can be mechanically made after it has been once
      closed by energizing the vertical and horizontal magnets corresponding to
      the cross point to be closed in the crossbar switch. However, the once
      closed cross point is held in the closed state unless it undergoes a
      release operation. If the release operation is not applied to the closed
      cross point, the terminal unit which has been used in a previous call may
      also be engaged in the use of a newly occurring call without release from
      the previous call. In order to resolve this problem it has been proposed
      to employ a common control which is adaptable to perform the release
      operation of a cross point every time that each closure of the
      subscriber's loop circuit made through the cross point has ended. This
      measure has disadvantages in that the common control must be provided with
      a means to detect each opening of the subscriber's loop circuit, and a
      means to effect the release operation on the crossbar switch in response
      to the detection of the former means, resulting in complexity in
      structure, increasing of the load and the need of many large common
      controls.
PAR  Further, this invites a limitation in fitting the terminal unit, especially
      in the case of utilizing a mechanical latching type crossbar switch in
      which the release of the once closed cross point is carried out by driving
      one of the vertical and horizontal magnets to be employed for closing the
      cross point, for example the horizontal magnet, the terminal unit as
      abovementioned must be provided on the horizontal line on which the
      horizontal magnet to be utilized for the release operation is disposed.
      This also restricts the variety of the combination of the crossbar
      switches for the construction of the switch frame. As a result, it is
      difficult to appropriately construct the switch frame in accordance with
      the number of the terminals. Additionally, it is impossible to perform a
      multiple connection such as an offering connection, in the crossbar switch
      fitted with the terminal unit. If the horizontal magnet is driven in order
      to make an offering connection to a line engaged in a call, the cross
      point previously closed is opened.
PAR  Still further, it is required to make provision of means to protect the
      contact of the cross point in the crossbar switch from damage due to
      cutting off the current flow in the release operation because, if it is
      made through the contact of the cross point, the contact tends to be
      damaged.
PAR  Accordingly, an object of this invention is to simplify the common control
      unit by eliminating the need of the release operation in the mechanical
      latching type crossbar switch.
PAR  Another object of this invention is to provide flexibility to the
      construction of the switch frame by employing a method whereby the
      terminal unit may be fitted on either horizontal or the vertical line of
      the mechanical latching type crossbar switch.
PAR  Still another object of the present invention is to permit a multiple
      connection in the mechanical etching type crossbar switch fitted with the
      terminal unit.
PAR  Another object of this invention is to eliminate the need of a special
      means to protect the cross point contacts of the crossbar switch of the
      same type from the damage.
PAR  The first feature of the present invention resided in that each of the
      terminal units incorporated in the switch frame constructed from the
      mechanical latching type crossbar switch is provided with means to
      disconnect the connection between the crossbar switch and the terminal
      unit per se in response to the detection of each opening of the
      subscriber's loop circuit.
PAR  Another feature of the present invention is that the terminal unit is
      comprised of a line relay and a cut off relay, and those relays are used
      as means to break the connection between the terminal unit per se and the
      crossbar switch.
PAR  Other objects and features of this invention will be apparent from the
      following description taken in connection with the accompanying drawings
      in which;
DRWD
PAR  FIGS. 1a and 1b show an example of the mechanical latching type crossbar
      switch adapted to be used in the present invention, in which FIG. 1a is a
      schematic diagram of the crossbar switch and FIG. 1b is a timing chart to
      explain the operation of the crossbar switch in FIG. 1a;
PAR  FIG. 2 is a block diagram of an embodiment of the link frame in accordance
      with the present invention;
PAR  FIG. 3 shows a circuit diagram of a part of an incoming terminal unit and a
      line link frame;
PAR  FIG. 4 is a schematic circuit diagram of a part of an outgoing terminal
      unit, a trunk line frame and a common control unit.
DETD
PAR  Referring now to FIG. 1a, there is shown an example of the mechanical
      latching type crossbar which is assembled from a horizontal group
      consisting of eight horizontal lines h.sub.0 to h.sub.7, a vertical group
      consisting of eight vertical lines v.sub.0 to v.sub.7, eight reset magnets
      RM.sub.0 to RM.sub.7, and eight finger magnets FM.sub.0 to FM.sub.7,
      wherein each horizontal line is provided with one reset magnet and each
      vertical line with one finger magnet, and these horizontal lines and
      vertical lines are arranged to form 64 cross points. It is noted here that
      each of the horizontal lines, vertical lines, and cross-points, for ease
      of explanation, are illustrated with a single element, although it is
      comprised of a plurality of components. The operation of the crossbar
      switch will be described with reference to FIG. 1b. When it is desired to
      close the cross point XP.sub.10, the associated reset magnet RM.sub.1 is
      first energized at time t.sub.0, and the finger magnet FM.sub.0 is next
      energized at time t.sub.1. Then, the reset magnet RM.sub.1 is released at
      time t.sub.2, and at the substantially same time the cross point XP.sub.10
      is closed. At time t.sub.3 following t.sub.2 the finger magnet FM.sub.0 is
      also released. However, the closed cross point XP.sub.10 remains closed
      because a mechanical latching mechanism (not shown) maintains the closed
      condition thereof. By the way, if another cross point, e.i. the cross
      point XP.sub.11, which is arranged on the horizontal line h.sub.1 of the
      cross XP.sub.10 to be closed, is closed before time t.sub.0, the operation
      of the magnet RM.sub.1 energized at time t.sub.0 causes the cross point
      XP.sub.11 to be opened.
PAR  FIG. 2 shows a switch frame of four stages constructed by the mechanical
      latching crossbar switches described above referring to FIG. 1.
PAR  As shown in FIG. 2, the switch frame is comprised of a group of eight line
      link frames LF.sub.0 to LF.sub.7, each line link frame including eight
      line primary switches LP.sub.0 to LP.sub.7 and eight line secondary
      switches LS.sub.0 to LS.sub.7, a group of eight trunk link frame TF.sub.0
      to TF.sub.7, each trunk link frame including eight trunk primary switches
      TP.sub.0 to TP.sub.7 and eight trunk secondary switches TS.sub.0 to
      TS.sub.7, and a junctor J serving to properly connect the eight line link
      frames LF.sub.0 to LF.sub.7 and the eight trunk link frames TF.sub.0 to
      TF.sub.7. The arrangement of the link frame LF is as follows. An incoming
      terminal unit SUB is disposed on one side of each line primary switch LP
      where the finger magnets are fitted. The other side of each line primary
      switch LP.sub.0 to LP.sub.7 where the reset magnets are disposed is linked
      with the one side of the corresponding line secondary switch LS.sub.0 to
      LS.sub.7 where the finger magnets are fitted. The linking therebetween is
      made by means of a link A. Further details of the connection between the
      incoming terminal unit SUB and the line primary switches will be described
      in detail later referring to FIG. 3. The trunk link frame TF is arranged
      as follows. An outgoing terminal unit TRK is disposed on one side of the
      trunk primary switches TP where the reset magnets are fitted, taking the
      proper correspondence between the talking lines of the outgoing terminal
      unit and the horizontal lines of the trunk switches in the connection. The
      trunk primary switches TP and the trunk secondary switches TS are linked
      by means of a link C. Particularly, the link C serves to connect the
      vertical lines provided with the finger magnets in the eight trunk primary
      switches TP.sub.0 to TP.sub.7 and the horizontal lines provided with the
      reset magnets in the corresponding eight trunk secondary switches TS.sub.0
      to TS.sub.7 with a due relation therebetween.
PAR  FIG. 3 shows a part of the incoming terminal unit SUB and the line link
      frame LF shown in FIG. 2. The incoming terminal unit comprises a
      subscriber's end device EXT and a line circuit LC. In the figure, the
      reference character LR designates a line relay, CR a cut off relay, BT and
      audible busy-signal or busy tone source, T a transformer, CNa condenser,
      LP.sub.0 the line primary switch of a zero numerical order, and LS.sub.0
      the line secondary switch of a zero numerical order. The leads designated
      by the reference numerals I and II are talking lines, and the lead of III
      is a control line.
PAR  FIG. 4 shows in part a register REG as an example of the outgoing terminal
      unit, the trunk frame TF, and a common control CC. In the figure, the
      reference character AR designates a talking monitor and pulse receiving
      relay, BR a position relay, SR a switching relay, FR a selecting relay for
      the outgoing unit, TP.sub.0 the trunk primary switch of a zero numerical
      order, and TS.sub.0 the trunk secondary switch of a zero numerical order.
      In FIG. 3 and FIG. 4, the small letter corresponding to the large letter
      representing the relay designates the contact thereof and the subscript of
      the small letter designates the number of the contact designated.
PAR  The operation of the switch frame will be described below.
PAR  The subscriber's end device EXT generates a signal which in turn closes the
      loop circuitry (not shown) in the EXT thereby forming the closed circuit
      consisting of ground, the line relay LR (the coil I), the break contact
      C.sup.o (B), the EXT, the contact C.sup.1, the line relay LR, a battery
      E.sub.1 and the ground. The line relay LR is energized by the forming of
      the closed circuit.
PAR  The identification circuit (not shown) serves to identify the subscriber
      originating a call with the result that the desired outgoing terminal unit
      is selectively seized by the common control CC. More particularly, the
      seized outgoing terminal unit is the register REG. An outgoing terminal
      unit control circuit 41, provided in the common control unit, energizes
      the outgoing terminal unit selecting relay FR of the register REG. The
      common control CC, after seizing the register REG, selects the desired
      link between the incoming terminal unit SUB, shown in FIG. 3, and the REG,
      shown in FIG. 4, of the outgoing terminal unit, thereby closing the cross
      point of the crossbar switch.
PAR  It will be recalled from the description made with reference to FIG. 1 that
      at the closing operation of this cross point, the cross point of the
      crossbar switch corresponding to each of the channels, the call connection
      through which has ceased, is released at the instant that the reset magnet
      is energized.
PAR  After closing the cross point, the common control CC energizes the switch
      relay SR in the register REG under the action of a switch relay drive
      circuit 42 provided in the common control. That is, the drive of the
      switch relay drive circuit 42 forms the closed circuit consisting of the
      switch relay drive 42 circuit per se, the closed contact f.sup.o, the
      switch relay SR, and a battery E.sub.3 to ground. By the energization of
      the switch relay SR, the leads I', II' and III' are connected with the
      line circuit LC, shown in FIG. 3, via the closed cross points of the
      crossbar switch TP.sub.0 and TS.sub.0, and LS.sub.0 and LP.sub.0 (shown in
      FIG. 3). The cut off relay CR of the line circuit LC is energized
      depending upon forming the closed circuit from the make contact S.sup.2
      (M) of the register REG (FIG. 4) through the lead III', TP.sub.0,
      TS.sub.0, LS.sub.0, LP.sub.0, III, the relay CR (the coil), and the
      battery E.sub.2 to ground. The subscriber's end device EXT is disconnected
      from the line relay LR and at the same time connected to the register REG
      since the contacts C.sup.0 and C.sup.1 are reversed depending upon the
      energization of the cut off relay CR. The line relay LR as well as the cut
      off relay CR remains operating because the closed circuit including these
      are formed via ground at the resister REG.
PAR  The AR relay in FIG. 4 is energized when the closed circuit is formed from
      AR (the coil II) through S.sup.3 (M), lead II', TP.sub.0, TS.sub.0,
      LS.sub.0, LP.sub.0, lead II, l.sup.0 (M), C.sup.0 (M), EXT, C.sup.1 (M),
      l.sup.1 (M), lead I, LP.sub.0, LS.sub.0, TS.sub.0, TP.sub.0, lead I',
      S.sup.4 (M), AR (the coil I), and E.sub.4, to ground. The energization of
      the AR relay causes the contact a.sup.0 (M) to be closed, thereby forming
      the closed circuit consisting of ground, a.sup.0 (M), the coil of the BR
      relay and the battery E.sub.3, resulting in the operation of the BR relay.
      The energization of the relay BR forms the circuit for holding the relay
      SR comprising rl.sup.0 (B), b.sup.0 (M), S.sup.0 (M), SR (the coil II),
      E.sub.3 and ground. The common control, after completing the necessary
      control for the register REG of the outgoing terminal unit, functions to
      release the common control per se as well as the relay FR of the register
      REG.
PAR  The register REG serves to receive the dialed information supplied from the
      subscriber's end device EXT and then to transfer it to the common control
      CC. The common control CC, in response to the signal from the register
      REG, establishes the connection between the necessary outgoing terminal
      unit, for example, the outgoing trunk, and the line circuit LC. Although
      the outgoing trunk is not shown, it has a switch relay SR as the register
      REG has. The connecting operation between the outgoing trunk and the line
      circuit LC is performed in the same way as the one of the register REG.
      That is to say, after closing the cross points between the line circuit LC
      and the outgoing trunk, the common control CC energizes the switch relay
      SR of the outgoing trunk to complete the connection between the outgoing
      trunk and the line circuit. The register release relay RL (not shown) is
      energized to open the associated break contact rl.sup.0 (B). As a result,
      the circuit for holding the relay SR is opened, and also disconnected is
      the connection between the register REG and the crossbar switch TP.sub.0.
      On the other hand, in the register REG, the relays AR, BR and the relay RL
      (not shown) are released successively. The connection between the ground
      and the lead III of the line circuit LC is formed by the outgoing trunk
      instead of the register REG. The end of the call connection causes the
      loop circuit in the subscriber's end device EXT to be cut off, and
      supplies an on-hook signal to the outgoing trunk. This signal in the
      outgoing trunk serves to release the switch relay SR provided therein,
      resulting in the release of the outgoing trunk per se. Moreover, the
      release of the relay SR in the outgoing trunk compels the connection from
      the ground through the associated contact to the lead III of the line
      circuit LC to be disconnected with result that the relays LR and CR are
      released and released is also the connection between the subscriber's end
      device EXT and the crossbar switch LP.sub.0.
PAR  As described in the above, in the telephone exchange system according to
      the present invention, the signal indicating the opening of the
      subscriber's loop circuit causes the channel to be opened either at the
      incoming terminal unit or the outgoing terminal unit so that the release
      operation of the crossbar switch of mechanical holder type becomes
      unnecessary, thereby accomplishing the improvement in simplification and
      in the cost reduction. Particularly, the present invention is effective in
      the application for the telephone exchange system of small type.
PAR  While there have been described what are at present considered to be
      preferred embodiments of the invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      within the scope of the appended claims without departing from the scope
      and spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a telephone exchange system including a switch frame having a
      plurality of input terminals and a plurality of output terminals, between
      which terminals selectively interconnectable stage of mechanical latching
      type crossbar switches are coupled;
PA1  an incoming terminal unit having its input coupled to an external end
      device and its output coupled to one of said input terminals of said
      switch frame;
PA1  an outgoing terminal unit having its input coupled to one of said output
      terminals of said switch frame; and
PA1  a common control for controlling the establishment of a channel through the
      crossbar switches from the input to output terminals thereof and for
      setting up a call connection circuit from the external end device, through
      the incoming terminal unit and the channel, to said outgoing terminal
      unit;
PA1  the improvement wherein said outgoing terminal unit comprises:
PA1  first disconnecting means, responsive to the opening of the call connection
      circuit at the external end device, for electrically disconnecting the
      input of said outgoing terminal unit with the output terminal of said
      switch frame; and
PA1  said incoming terminal unit comprises
PA1  second disconnecting means, responsive to the disconnecting of the call
      connection at the outgoing terminal unit by the first disconnecting means,
      for electrically disconnecting the output of said incoming terminal unit
      with the input terminal of said switch frame.
NUM  2.
PAR  2. A telephone exchange system according to claim 1, wherein said incoming
      terminal unit is a subscriber's line circuit containing a line relay and a
      cut-off relay, the closure of the contacts of which effect the connection
      of said external end device to said switch frame, while the opening of the
      contacts thereof break said connection.
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ABST
PAL  An array of curved metal strips is supported over an array of conductors,
      and a key is supported over each intersection of a metal strip and a
      conductor. When a user depresses a key, a metal strip is pressed against a
      conductor to make an electrical connection. As the metal strip is
      deflected by the key, it snaps or buckles, providing tactile feedback to
      the user.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Prior art keyboards may be divided into two categories: those which provide
      tactile feedback and those which do not. The switching mechanisms in prior
      art keyboards providing tactile feedback are relatively bulky and often
      mechanically complex. Some of that complexity is due to the use of
      separate mechanisms for the tactile feedback function and for the
      switching function. Many of the keyboards not providing tactile feedback
      are relatively compact, but suffer the disadvantage that the user is never
      sure if he has depressed a key sufficiently to close the switch. Some of
      these non-feedback type keyboards comprise two arrays of conductors
      separated by a small air space. When the user depresses a key, one of the
      conductors, an elastic member, is pressed against another conductor to
      make an electrical connection. Examples of both of these types of
      keyboards are shown in an article entitled "Keyswitches and Keyboards",
      EEE Magazine, pp. 64-73, November 1970.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a keyboard in which the same physical
      elements perform the switching function and the tactile feedback function.
      An array of conductors is supported on a substrate such as a printed
      circuit board, and an array of metallic strips is supported over the array
      of conductors, with an air space between the two arrays. Each metal strip
      is curved about an axis lying in the plane of the substrate and a key is
      supported above each intersection of the arrays of conductors and metal
      strips. When a user depresses a key, it deflects a corresponding portion
      of a metal strip toward one of the array of conductors to make a switch
      closure. As the metal strip is deflected, it abruptly snaps or buckles, as
      the curvature is changed to give tactile feedback to the user. The
      snapping action results in a decrease in the resilience of the metal
      strip, which insures that the strip will be pressed against the
      corresponding one of the array of conductors. Thus, the tactile feedback
      assures the user that the key has been depressed sufficiently to close the
      switch.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows an exploded perspective view of one preferred embodiment of
      the present invention.
PAR  FIGS. 2 a-c show cutaway side views of the device of FIG. 1.
PAR  FIG. 3 shows a force-deflection curve for a key switch having tactile
      feedback.
PAR  FIG. 4 shows a perspective view of a portion of another preferred
      embodiment.
PAR  FIGS. 5 a-b show cutaway side views of the device of FIG. 4.
PAR  FIG. 6 shows an exploded perspective view of an alternative embodiment of
      the device of FIG. 4.
PAR  FIGS. 7 a-c show cutaway side views of the device of FIG. 6.
PAR  FIG. 8 shows a cutaway side view of an alternative embodiment of the device
      of FIG. 6.
PAR  FIG. 9 shows a perspective view of a portion of FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  One of the preferred embodiments of the present invention is shown in FIGS.
      1 and 2 a-c. An array of conductors 10 is supported on a rigid substrate
      12, which may comprise an etched printed circuit board, for example. Each
      conductor 10 forms one contact of a switch. Wires or printed circuit
      conductors may attach to each conductor 10 from the underside of substrate
      12. A curved conductive strip 14, made of beryllium-copper, for example,
      is supported above each row of conductors (e.g. conductors 10a-10d) by a
      series of insulating supports 16. Each conductor has an insulating support
      on either side of it, as, for example, conducotr 10a has insulating
      supports 16a and 16b beside it. A tab 18 on strip 14 fits into a hole 20
      in substrate 12 to retain strip 14 and also to provide an electrical
      connection with it. Alternate means can also be used to retain and make
      contact to strip 14, such as insulative blocks fastened to substrate 12 at
      each end of strip 14 and a conductor on substrate 12 under one edge of
      strip 14. As can be seen from FIG. 2b, insulating supports 16 also act as
      retainers for strip 14. Also illustrated in FIGS. 2a and 2b is a thin
      plastic membrane 21 which protects the conductors from contamination such
      as dust. Membrane 21 is omitted from subsequent figures for the sake of
      clarity.
PAR  A key 22 is supported over each conductor 10 by a support member 24, and a
      button portion 26 of key 22 projects through a hole 28 in the support
      member. Shafts 30a and 30b on key 22 are rotatably mounted in journals 32a
      and 32b to constrain the key to move in an approximately up and down
      fashion. A protrusion 34 on key 22 rests on strip 14, and thus the strip
      holds the key in its up position. This description of key 22 is offered as
      just an example since other key embodiments are possible.
PAR  When a user depresses key 22, protrusion 34 deflects strip 14 toward
      conductor 10a as illustrated in FIG. 2c. Strip 14 acts as a spring and
      thus offers increasing resistance as the key is depressed. However, after
      the strip has been deflected part way toward conductor 10a, the curvature
      of the strip will flatten out and the resilience of the strip will
      decrease abruptly. The user will feel the strip snap and the decrease in
      resilience will insure that the key is depressed completely to make
      electrical contact between strip 14 and conductor 10a, as shown in FIG.
      2c. This action is illustrated in the force-deflection curve of FIG. 3. At
      inflection point 50 the resilience of the strip abruptly changes and it
      then decreases with further deflection until inflection point 52 is
      reached. At this second inflection point the resilience of the strip again
      changes. It is desirable that strip 14 make electrical contact with
      conductor 10a at some point on the force-deflection curve between points
      50 and 52. When the user releases key 22, strip 14 will snap back to its
      curved configuration and will return the key to its up position. It is
      desirable that the electrical contact also break between points 50 and 52
      on the force-deflection curve. Such a relationship between the strip
      resilience and the making and breaking of electrical contact insures that
      the user will receive the tactile feedback at the appropriate time.
PAR  The amount of tactile feedback to the user depends on the abruptness in the
      change in resilience of strip 14. That abruptness is determined, inter
      alia, by the length and shape of protrusion 34, the spacing between
      insulating supports 16, the width and curvature of strip 14, and the
      amount of restraint on the ends of strip 14, such as at tab 18. If the
      change in resilience is very abrupt, the user will hear it as an audible
      click as well as feel it. The abruptness may be increased, for example, by
      making protrusion 34 shorter and more pointed, or by decreasing the space
      between insulating supports 16. However, it is believed that the life of
      strip 14 is reduced by increasing the abruptness of the change in
      resilience. Therefore, the amount of tactile feedback provided by a key
      must be traded off against such considerations as life of the switching
      element.
PAR  A second preferred embodiment is shown in FIGS. 4 and 5 a-b. Conductors 11
      are supported on a substrate 13 and curved strips 15 arch over conductors
      11. Strips 15 are fastened to substrate 13 on either side of each
      conductor 11 by soldering, for example. As illustrated in FIG. 5a, key 22
      is held in the up position by a strip 15a. When key 22 is depressed, strip
      15a is deflected toward conductor 11a. The strip offers increasing
      resistance to the key as the key is depressed until the strip snaps or
      buckles with a change in curvature. At that point, the resilience of the
      strip abruptly decreases insuring that the user will completely depress
      the key to make an electrical contact between metal strip 15a and
      conductor 11a as shown in FIG. 5b. This action is illustrated in FIG. 3,
      as discussed above. When the user releases the key, the strip will snap
      back to its arched configuration and will return the key to its up
      position.
PAR  A third preferred embodiment is shown in FIGS. 6 and 7 a-c. As in the first
      embodiment, the substrate 12 supports a plurality of contacts 10. Strip
      assemblies 40 fastened to the substrate, comprise curved strips 42 and
      mounting portions 44. Strips 42 are similar to strips 15 except that they
      are integral with mounting portions 44. Strip assemblies 40 may be formed
      from a single piece of material by a process such as stamping. Mounting
      portions 44 are fastened to substrate 12, by soldering to printed circuit
      pads, for example. This method of fastening strips 42 to substrate 12 is
      more easily repeatable under production conditions than the method shown
      in FIG. 4. The operation of the switching element, illustrated in FIGS. 7
      a-c, is essentially the same as described for the second embodiment.
      Depression of key 22 deflects strip 42a toward conductor 10a. As the strip
      flattens out it changes resilience, providing tactile feedback and making
      contact with the conductor.
PAR  FIGS. 8 and 9 illustrate a slight modification of the embodiment discussed
      above in connection with FIGS. 6 and 7. Protrusions 50a and 50b are
      attached to substrate 12 on either side of conductor 10a.  When key 22
      deflects strip 42a toward conductor 10a, protrusions 50a and 50b help
      insure that the strip will buckle in the middle and not off to one side.
      If protrusions 50a and 50b are omitted and the key is not centered over
      the curvature of the strip, the strip may buckle asymmetrically when
      deflected and fail to make contact with conductor 10a. In addition,
      protrusions 50a and 50b help insure repeatability and uniformity of the
      tactile feedback. Strips 42 may also be flattened slightly at the
      mid-portion of their curvature to help them buckle symmetrically when
      deflected.
PAR  An additional trade off in the selection of the configuration of key 22 is
      the relation of the shape of protrusion 34 to the repeatability of the
      tactile feedback. In FIG. 7 protrusion 34' is illustrated as much larger
      than protrusion 34 of previous figures. The broad flat surface of
      protrusion 34' insures a more symmetrical and repeatable buckling of strip
      42a.
PAR  The embodiments herein described can also be used to actuate non-contacting
      type keyboards such as the one described in copending patent application
      Ser. No. 74,949 now U.S. Pat. No. 3,668,697 entitled Non-Contacting
      Keyboard by David S. Cochran and Glenn E. McGhee, assigned to the assignor
      of the present invention. Additionally, the strips 14, 15 or 42 can be
      used to connect pairs of contacts on the substrates.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A switching apparatus comprising:
PA1  a rigid substrate;
PA1  first conductive means comprising at least one conductor supported on the
      substrate;
PA1  second conductive means comprising at least one conductive strip having at
      least a portion thereof arched about an axis substantially parallel to the
      surface of the substrate and supported over the first conductive means to
      form one or more intersections of the arched portion of the second
      conductive means and the first conductive means; and
PA1  actuator means supported over the second conductive means comprising an
      actuator for each intersection of the first and second conductive means
      for deflecting the arched portion of the second conductive means into
      contact with the first conductive means and for causing the resilience of
      the arched portion of the second conductive means to change abruptly in
      response to deflection by an actuator, whereby tactile feedback is
      provided to a user actuating an actuator.
NUM  2.
PAR  2. A switching apparatus as in claim 1 including support means attached to
      the substrate for supporting a conductive strip of the second conductive
      means at spaced intervals along the length of the conductive strip and a
      support member for supporting the actuators of the actuator means,
      wherein:
PA1  the conductive strip is arched about an axis along the longest dimension of
      the conductive strip; and
PA1  the first conductive means includes a plurality of conductors at spaced
      intervals on the substrate substantially between the support means.
NUM  3.
PAR  3. A switching apparatus as in claim 2 wherein:
PA1  the actuators are one-piece keys rotatably mounted in bearings attached to
      the support member; and
PA1  actuation of an actuator comprises depression of one of the keys by the
      user to deflect the conductive strip toward and into contact with one of
      the plurality of first conductors, the curvature of the conductive strip
      changing during deflection to effect said abrupt change in resilience.
NUM  4.
PAR  4. A switching apparatus as in claim 3 wherein the support means comprises
      a plurality of stepped protrusions from the substrate located between the
      intersections of the conductive strip and each of the plurality of
      conductors, the stepped protrusions supporting one edge of the conductive
      strip above the substrate.
NUM  5.
PAR  5. A switching apparatus as in claim 1 including a support member for
      supporting the actuators of the actuator means wherein:
PA1  the second conductive means comprises a plurality of conductive strips each
      arched about an axis substantially perpendicular to the longest dimension
      of each conductive strip and substantially parallel to the surface of the
      substrate, each end of each conductive strip being fastened to the
      substrate; and
PA1  the first conductive means comprises an elongated conductor situated under
      the arched portions of a plurality of conductive strips.
NUM  6.
PAR  6. A switching apparatus as in claim 5 wherein:
PA1  the actuators are one-piece keys rotatably mounted in bearings attached to
      the support member; and
PA1  actuation of an actuator comprises depression of one of the keys by the
      user to deflect a corresponding conductive strip toward and into contact
      with the elongated conductor, the curvature of the conductive strip
      changing during deflection to effect said abrupt change in resilience.
NUM  7.
PAR  7. A switching apparatus as in claim 1 including a support member for
      supporting the actuators of the actuator means wherein:
PA1  the first conductive means comprises a plurality of conductors situated at
      spaced intervals on the substrate;
PA1  the second conductive means comprises a conductive strip having a plurality
      of arched portions, each arched portion being arched over one of the
      plurality of conductors, and the conductive strip being attached to the
      substrate between the arched portions.
NUM  8.
PAR  8. A switching apparatus as in claim 7 wherein:
PA1  the actuators are one-piece keys rotatably mounted in bearings attached to
      the support member; and
PA1  depression of one of the keys by the user deflects a corresponding one of
      the arched portions of the conductive strip toward and into contact with
      one of the plurality of conductors, the curvature of the arched portion of
      the conductive strip changing during deflection to effect said abrupt
      change in resilience.
NUM  9.
PAR  9. A switching apparatus as in claim 8 including a plurality of protrusions
      on the substrate higher than the plurality of conductors and situated on
      opposite sides of each of the plurality of conductors along an axis
      perpendicular to the axis of curvature of the arched portions for coacting
      with an arched portion when deflected to insure contact with a
      corresponding one of the plurality of conductors.
NUM  10.
PAR  10. A switching apparatus as in claim 8 including a flexible, insulative
      member disposed between the first and second conductive means and the
      actuators to protect the first and second conductive means from
      contamination.
NUM  11.
PAR  11. A switching apparatus as in claim 1 wherein the second conductive means
      comprises a conductive strip having a portion arched about the
      longitudinal axis of the conductive strip, each end of the strip being
      fastened to the substrate.
NUM  12.
PAR  12. A switching apparatus as in claim 1 wherein the second conductive means
      comprises a conductive strip having a portion arched about a transverse
      axis of the conductive strip substantially parallel to the surface of the
      substrate with each end of the strip fastened to the substrate.
NUM  13.
PAR  13. A push button switching apparatus comprising:
PA1  a base;
PA1  a plurality of bearings attached by means to the base;
PA1  a plurality of electrical contacts mounted on the base;
PA1  a bridging electrical conductor supported by the base over selected ones of
      the electrical contacts and movable into and out of contact with the
      selected ones of the electrical contacts; and a plurality of key bodies,
      each having a button portion, a protrusion on the button portion for
      engaging the bridging electrical conductor, a lateral tab portion
      extending from the button portion and a shaft portion attached to the
      lateral tab portion and rotatably mounted in one of the bearings, for
      deflecting the bridging electrical conductor into contact with a
      corresponding electrical contact in response to a user pushing the button
      portion.
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ABST
PAL  A cylinder and plug type lock mechanism drivingly connects an authorized
      key to the actuator of a switch device and captivates the key when turning
      the switch on. A magnetic latch activated in the captive position of the
      key, prevents return of the key to its release position. A magnetic
      release element is positioned on the key against the lock mechanism to
      disengage the magnetic latch.
BSUM
PAR  This invention relates generally to key operated lock mechanisms through
      which an operating device is actuated in an authorized manner.
PAR  The use of a lock mechanism to actuate an operating device such as a switch
      by means of a key, is well known as disclosed for example in U.S. Pat.
      Nos. 2,060,951 and 2,894,082 to Rae and Collotta respectively. Generally,
      an authorized key is inserted into the keyway of the plug in the lock
      mechanism only in the release position of the plug so that it may be
      rotated to actuate the switch by the key. The lock mechanism is designed
      to prevent withdrawal of the key in its actuated position but no
      facilities are usually provided to prevent return of the key and plug to
      the release position and withdrawal of the key once the switch has been
      actuated. Key captivating facilities are disclosed for example in U.S.
      Pat. Nos. 1,016,541 and 3,575,024 to Boone and Schlage. The captivating
      facilities disclosed in the Boone patent are rather cumbersome and do not
      offer any high degree of security whereas the captivating facilities
      disclosed in the Schlage patent are limited to capture of all unauthorized
      keys inserted into the keyway. U.S. Pat. Nos. 1,445,589 and 3,785,188 to
      Horiguchi and Drathschmidt, are also of interest in that they disclose
      magnetic facilities associated with key operated key mechanisms. However,
      the magnetic facilities associated with the lock mechanisms disclosed in
      the latter two patents are not related to any captive key arrangement
      through which withdrawal of an authorized key is permitted under control
      of authorized personnel only.
PAR  The captive key operated lock mechanism of the present invention is
      particularly suited for switch controlled operation of electrical devices
      such as television receivers that have heretofore been operated under
      control of coin receiving mechanism. By use of the present invention, a
      switch may be built into a key operated lock mechanism and actuated by a
      key inserted into the lock mechanism in its release position. Withdrawal
      of the key is prevented once it is turned to the on position of the switch
      device and a special release element must be utilized in order to release
      the key for return to its release position and withdrawal from the lock
      mechanism. Operation of the switch device by a key and capturing of the
      key in the lock mechanism is thus limited only to authorized keys.
      Further, the switch, the switch actuator and the lock mechanism together
      with the releasable latching facilities for capturing the key, are built
      into a single unitary assembly in accordance with the present invention.
PAR  The present invention is therefore associated with a conventional type of
      cylinder and plug lock mechanism with an axial extension on the cylinder
      for holding the fixed terminals of the switch device in operative relation
      to a floating contact assembly that is carried by a switch actuating
      driver coupled to the plug of the lock mechanism. Thus, the switch is
      actuated upon rotation of the plug by a inserted key from a release
      position, in which the key is inserted into the keyway of the plug to an
      actuated position, in which the key cannot be withdrawn from the plug. In
      the actuated position of the plug, magnetic latch elements mounted by a
      face cap member to which the cylinder is connected, are aligned with
      cavities or holes in a latching flange secured to the plug so as to be
      automatically projected into such holes by magnetic force for locking the
      plug in its actuated position and preventing it from being angularly
      returned to the release position. The magnetic latch is released by
      positioning a special magnetic release element over the key in abutment
      with the face cap member of the lock mechanism. Magnets embedded in the
      release element are thereby operatively aligned with the magnetic latch
      elements so as to effect their retraction from the latching flange of the
      plug and thereby permitting the plug to be rotated back to its release
      position by the key. The key may then be withdrawn.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part thereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAR  FIG. 1 is a perspective view showing the device of the present invention
      installed with an authorized key and a magnetic release element disposed
      adjacent thereto.
PAR  FIG. 2 is a longitudinal sectional view through the lock mechanism taken
      substantially through a plane indicated by section line 2--2 in FIG. 1.
PAR  FIG. 3 is a partial side sectional view similar to FIG. 2 showing the key
      inserted in the release position of the lock mechanism.
PAR  FIG. 4 is a transverse view taken substantially through a plane indicated
      by section line 4--4 in FIG. 2.
PAR  FIG. 5 is a transverse sectional view taken substantially through a plane
      indicated by section line 5--5 in FIG. 2.
PAR  FIG. 6 is a transverse sectional view taken substantially through a plane
      indicated by section line 6--6 in FIG. 2.
PAR  FIG. 7 is a transverse sectional view taken substantially through a plane
      indicated by section line 7--7 in FIG. 2.
PAR  FIG. 8 is a transverse sectional view taken substantially through a plane
      indicated by section line 8--8 in FIG. 2.
PAR  FIG. 9 is a front elevational view of the lock mechanism shown in FIG. 1.
PAR  FIG. 10 is a top sectional view taken substantially through a plane
      indicated by section line 10--10 in FIG. 9.
PAR  FIG. 11 is a front elevational view of the lock mechanism with an
      authorized key installed and rotated to an actuated position.
PAR  FIG. 12 is a partial side sectional view taken substantially through a
      plane indicated by section line 12--12 in FIG. 11.
PAR  FIG. 13 is a front elevational view of the lock mechanism similar to that
      of FIG. 11 but with a magnetic release element in position.
PAR  FIG. 14 is a partial side sectional view taken substantially through a
      plane indicated by section line 14--14 in FIG. 13.
PAR  FIG. 15 is a side elevational view of the disassembled parts of the lock
      and switch assembly of the present invention.
PAR  FIG. 16 is a front elevational view of the magnetic release element
      associated with the invention.
DETD
PAR  Referring now to the drawings in detail, FIG. 1 illustrates a lock and
      switch assembly generally referred to by reference numeral 10 installed on
      any desired appliance such as a television receiver through which the
      appliance may be activated by insertion of an authorized key 12 and
      rotation thereof by 90.degree. in a clockwise direction for example. Once
      the key 12 is fully inserted into the keyway 14 of the assembly 10, and
      rotated 90.degree., it will be automatically captivated in that it cannot
      be withdrawn nor rotated back from its actuated position to the initial
      release position. In order to effect release of the key, a magnetic
      release element generally referred to by reference numeral 16 must be
      operatively positioned adjacent the lock mechanism over the key as will be
      explained hereafter in detail.
PAR  As more clearly seen in FIGS. 2, 9 and 10, the lock and switch assembly 10
      includes a lock mechanism 18 mounted in the wall 20 of the appliance and
      supporting at its inner end, an electrical switch device generally
      referred to by reference numeral 22. The lock mechanism 18 includes an
      outer cylinder 24 made of a non-magnetic or non-ferrous material and
      having external threads 26 on which a locknut 28 is received for clamping
      the cylinder to the wall 20 on the inside against a face cap member 30
      secured to the cylinder in any suitable fashion after being coaxially
      aligned therewith by means of pins 32 as more clearly seen in FIG. 10. A
      diametrically smaller, tubular extension 34 of the lock cylinder encloses
      the switch device 22 in coaxial relationship to the lock cylinder and a
      lock plug 36 through which the keyway 14 extends.
PAR  The plug 36 is cylindrical in shape and coaxially mounted within the
      cylinder for rotation. An annular flange 38 is formed on the plug and
      received within an annular recess 40 formed at one axial end of the
      cylinder 24. A small diameter axial extension 42 of the plug is journaled
      within the face cap member 30 at one axial end of the plug while the
      opposite axial end is provided with a switch actuating driver formation 44
      as more clearly seen in FIG. 7. In order to limit angular displacement of
      the plug 36 relative to the cylinder, an arcuate recess 46 is peripherally
      formed in the flange 38 as more clearly seen in FIGS. 2 and 5, the recess
      receiving a stop pin 48 which projects from the face plate member 30 fixed
      to the cylinder. The arcuate extent of the recess 46 is 90.degree. to
      thereby limit angular displacement of the plug by this amount between a
      release position in which the key 12 is inserted and a captive position.
PAR  The cylinder and plug are made of a non-magnetic, non-ferrous material. A
      plurality of non-magnetic plug pins 50 are slidably mounted in the plug in
      transverse relation to its longitudinal or rotational axis. The plug pins
      are adapted to project into the keyway 14 from transverse bores 52 formed
      in the plug. The edge notches on an authorized key 12 will accordingly
      position the plug pins 50 as shown in FIG. 3 so that the radially outer
      ends thereof will be flush with the cylindrical outer surface of the plug
      to thereby correspondingly position the cylinder pins 54 within the
      cylinder 24 as shown in FIG. 3. The cylinder pins 54 are also made of
      non-magnetic material and are biased radially inwardly within bores 56 by
      cylinder springs 58. Since the bores 56 are radially aligned with the
      bores 52 in the release position of the plug 36 as shown in FIG. 3, the
      key 12 may be inserted or withdrawn. However, when rotated to the actuated
      position, the bores 52 will no longer be aligned with the bores 56 so that
      no radially outward displacement of the plug pins 50 is possible.
      Withdrawal of the key is thereby prevented. The bores 56 in the cylinder
      are closed by a pin retainer plate 60 as more clearly seen in FIG. 6
      against which the springs 58 react to inwardly bias the pins to the
      positions shown abutting the shoulder 62 in the keyway prior to insertion
      of the key 12.
PAR  The drive extension 44 of the plug is received within and thereby keyed to
      a switch actuating drive member 64 as more clearly seen in FIGS. 2 and 10.
      The drive member 64 is associated with the switch device 22 and is
      provided with a cavity 66 receiving a stub shaft portion 68 of a floating
      contact carrier 70 made of a non-conductive material. A floating contact
      assembly 72 made of a conductive material is carried at the axial end of
      the carrier 70 confronting a fixed terminal block 74 made of a
      non-conductive material and retained at the inner axial end of the
      cylinder extension 34 by the inturned retainer formations 76. A pair of
      fixed terminals 78 are embedded in the block 74 and project inwardly
      therefrom for engagement by the floating contact assembly 72 when rotated
      by 90 degrees from the position illustrated in FIG. 2. The other ends of
      the terminals 78 project outwardly from the assembly 10 and are adapted to
      be connected to electrical cables 80 as shown by dotted line. The contact
      assembly 72 is axially urged into engagement with the block and the
      projecting ends of the terminals 78 by the bias of a spring 80 seated
      within the cavity 66 of the actuator drive member 64 and reacting against
      the laterally extending portion of the carrier 70. Angular displacement is
      imparted to the carrier 70 by the arcuate extensions 82 of the drive
      member 64. The drive member 64 is coaxially positioned within the tubular
      extension 34 of the cylinder by means of an annular spacer 84 as shown in
      FIGS. 2 and 10.
PAR  Referring now to FIG. 12 in particular, the face cap member 30 is provided
      with a pair of diametrically opposed recesses 86 that open inwardly in
      confronting relation to the annular latching flange 38 of the plug. A pair
      of magnetic latch elements such as axially polarized magnets 88 are
      slidably positioned within the recesses or openings 86 and are adapted to
      be projected into cavities or holes 90 formed in the flange 38 when
      aligned with the magnetic elements 88 in the actuated position of the
      plug. Ferrous inserts 92 are fixedly seated within the cavities 90 of the
      flange 38 in view of the non-magnetic material from which the plug is
      made. Thus, the magnetic latch elements 88 are projected into the cavities
      90 in the flange by magnetic force thereby angularly latching the plug to
      the fixed face cap member 30 to prevent it from being angularly displaced
      back to the initial release position. Thus, once a key is inserted into
      the lock mechanism and rotated 90.degree. in order to actuate the switch
      device 22, it cannot be rotated back to the release position and
      withdrawn.
PAR  In order to permit removal of the key, the magnetic latch is released by
      operatively positioning the magnetic release element 16 over the key in
      abutment with the face cap member 30 of the lock mechanism as shown in
      FIGS. 13 and 14. A slot 94 is accordingly formed in the release element so
      that it may straddle the key while abutting the face cap member. A pair of
      magnets 96 are embedded in the release element so that the flux emitting
      faces thereof may be brought into proximity to the movable magnetic
      latching elements 88 causing the same to be retracted from the cavities 90
      into the holes 86 in the face cap member. The key and plug 36 may then be
      rotated back to the release position bringing the magnetic latch elements
      88 out of alignment with the cavities 90. The release element 16 may then
      be withdrawn. An offset handle portion 98 is connected to the release
      element so that it may be manually held and applied.
PAR  It will be apparent from the foregoing, that an authorized key 12 when
      inserted into the lock mechanism will be drivingly connected to the switch
      device 22 and upon rotation of the key by 90.degree. the floating contact
      assembly 72 of the switch device will engage the fixed terminals 78
      thereby bridging the same to complete an electrical circuit for operating
      any electrical appliance such as a television receiver. In this actuated
      position, the key 12 cannot be withdrawn from the plug and the plug will
      be magnetically latched against rotation. The magnetic latch is
      automatically activated only in the actuated position of the plug because
      of the alignment of the magnetic latch elements 88 with the inserts 92 in
      the latching flange 38 of the plug. The latching elements 88 are withdrawn
      to disengage the magnetic latch by operative positioning of the magnetic
      release element 16 on the key in abutment with the face cap member 30.
      Only then may the key be rotated back to the release position and
      withdrawn thereby also disengaging the switch device.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In combination with a lock mechanism having a tubular housing and a plug
      angularly displaceable by an authorized key from a release position in
      which said key is received in a keyway formed in the plug to a captive
      position in which the key cannot be withdrawn from the keyway, means for
      releasably preventing withdrawl of said key from the lock mechanism,
      comprising latch means automatically activated in response to positioning
      of the plug in the captive position for preventing angular displacement of
      the plug by said key to the release position, and release means
      operatively positioned in non-rotative relation on the key in the captive
      position of the plug for magnetically releasing the latch means to permit
      displacement of the plug to the release position.
NUM  2.
PAR  2. The combination of claim 1 wherein said latch means includes a face cap
      member secured to the housing, a latch member secured to the plug in
      confronting relation to the face cap member, and a magnetic element
      movably mounted by one of said members, the other of said members having a
      cavity into which the magnetic element is projected by magnetic force only
      in the captive position of the plug.
NUM  3.
PAR  3. The combination of claim 2 wherein said release means comprises a
      release element having a slot adapted to straddle the key in abutment with
      the face cap member, and a magnetic means embedded in the release element
      in operative alignment with the magnetic element in the captive position
      of the plug for retracting the magnetic element from the cavity.
NUM  4.
PAR  4. The combination of claim 3 wherein said latch member comprises a flange
      connected to the plug in slide bearing contact with the face cap member
      and within which said cavity is formed when aligned with the magnetic
      element in the captive position of the plug.
NUM  5.
PAR  5. The combination of claim 4 including fixed terminal means connected to
      the housing, a switch actuator drivingly connected to the plug and contact
      means carried by the actuator for engagement with the terminal means in
      only one of said positions of the plug.
NUM  6.
PAR  6. The combination of claim 2 wherein said latch member comprises a flange
      connected to the plug in slide bearing contact with the face cap member
      and within which said cavity is formed when aligned with the magnetic
      element in the captive position of the plug.
NUM  7.
PAR  7. The combination of claim 1 including fixed terminal means connected to
      the housing, a switch actuator drivingly connected to the plug and contact
      means carried by the actuator for engagement with the terminal means in
      only one of said positions of the plug.
NUM  8.
PAR  8. In combination with an operating mechanism actuated through a lock
      mechanism by an authorized key in response to angular displacement thereof
      from an inactive position to an actuated position, said lock mechanism
      receiving said key in the inactive position and captivating the key in the
      actuated position, magnetic latch means automatically activated in the
      actuated position of the key for preventing return of the key to the
      inactive position and magnetic release means non-rotatively positioned on
      the key for disengaging the magnetic latch means in the actuated position.
NUM  9.
PAR  9. The combination of claim 8 wherein said operating mechanism is a switch
      device.
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PAL  An electrical lock assembly which includes within a lock housing a set of
      flexible electrical key contacts and a set of electrical unlock contacts
      mounted in the lock housing and located proximate to the key contacts. A
      key directly engages the flexible key contacts and presses them directly
      against the unlock contacts thereby completing an electrical circuit
      between the key contacts and the unlock contacts. An unlock circuit means
      electrically connected to the unlock contacts is responsive to the
      completion of a circuit between the key contacts and the unlock contacts.
      In another embodiment the lock assembly includes flexible alarm contacts
      which are pressed against a second set of alarm contacts to activate an
      alarm circuit when an improper key is employed.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of Ser. No. 401,991, filed Oct. 1, 1973,
      which is a division of Ser. No. 214,675, filed Jan. 3, 1972, now U.S. Pat.
      No. 3,793,500.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevation of the electrical lock and key assembly of this
      invention, shown with the key in a vertical plane position of insertion,
      and with various parts of the housing broken away to show interior parts,
      some of which are shown in cross section, certain other interior parts
      being indicated in dotted lines.
PAR  FIG. 2 is a sectional view taken along the line 2--2 of FIG. 1.
PAR  FIG. 3 is a view of a sample door locking plunger assembly with a door
      locking and unlocking plunger splenoid system of this invention mounted
      thereon.
PAR  FIG. 4 is a wiring diagram showing how the switch of this invention is
      related to the starter and ignition coil of an automobile when viewed as
      an ignition switch.
PAR  FIG. 5 is a sectional view of this invention taken along the line 5--5 of
      FIG. 1, having front and back contact assembly electrical alarm plates
      being shown in cross section, a dotted position of the key being shown in
      engagement with a relocker contact, which latter is shown as connected to
      the door plunger locking solenoid.
PAR  FIG. 6 is a sectional view taken along the line 6--6 of FIG. 1 and showing
      a notch system in the outer housing for preventing the key from being
      rotated except when it is fully inserted.
PAR  FIG. 7 is a wiring diagram showing how contacts of the contact assembly of
      FIG. 1 are connected through transistors to a target circuit and also how
      special contacts on the contact assembly are connected through transistors
      to an alarm circuit.
PAR  FIG. 8 is a detail showing a modified contact assembly for use with a
      non-energized key, in which the key and one contact are shown in dotted
      lines in position for causing that one contact to engage a mating contact,
      the open position of the two contacts and the key being shown in full
      lines, the view being substantially as it would be seen along the line
      5--5 of FIG. 1, if FIG. 1 contained this modified contact assembly of FIG.
      8 but the contacts and key being shown in FIG. 8 as though the entire
      outer housing were rotated approximately 40.degree. counter-clockwise from
      the position shown in FIG. 5.
PAR  FIG. 9 is a top plan view of the lock and key assembly of FIG. 1, with the
      top half of the outer housing removed for showing the contact assembly and
      particularly for illustrating a special conductive device used, only when
      the lock and key assembly is used as an ignition switch, for engaging a
      metallic key whenever the key is in the key receiving means to prevent
      doors from being locked when the key is in the ignition switch. FIG. 9
      also show the door locking plunger unlocking solenoid of FIG. 3 and e
      portion of its plunger.
PAR  FIG. 5A is a wiring diagram showing how front and rear conductive alarm
      associated plates and also how a doorlocking contact of the switch are
      wired into the circuit of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 the electrical lock and key assembly of this invention
      is there generally shown at 10, and comprises a key 20 having a forward
      insertion section 22 and a rearward handle section 24.
PAR  The key 20 has on the exterior of its insertion section 22 a plurality of
      raised portions of protrusions 30, which latter extend outward various
      distances from an axis of rotation 34 of the key and likewise respective
      distances from a guided surface of the key, which latter surface can be
      the undersurface 36 of the key. The guided surface or undersurface 36
      extends forwardly and rearwardly along the key 20.
PAR  A key guide 50 has a slot 52 extending from the forward to the rearward end
      thereof. The slot 52 is upwardly opening and has vertical parallel side
      surfaces which can be called guide surfaces 54, which latter are
      ordinarily in guiding relationship or guiding engagement with the guided
      surface or undersurface 36 of the key 20 for directing the key lineally
      upon insertion of the key into the guide 50.
PAR  The guide 50 has a bottom portion 56 which interconnects two cylindrical
      end portions, a forward cylindrical end portion 57, and a rearward
      cylindrical end portion 58.
PAR  An outer housing 70 is provided having forward and rearward end walls 72
      and 74 interconnected by a cylindrical central portion 76, which latter is
      concentric about the axis 34 of rotation of the key. The central portion
      76 of the housing is cylindrical not only on its outer side but also on
      its inner surface 78, which latter receives the cylindrical forward and
      rearward end portions 57 and 58 of the guide 50 slidably thereagainst so
      that the guide 50 also rotates about the axis 34.
PAR  As best seen in FIG. 5, the key 20, if twisted, can define a movement in a
      clockwise direction or counterclockwise direction, as seen from the right
      end of FIG. 1. The clockwise direction is indicated by the arrow 80 in
      FIG. 5 and the counterclockwise direction by the arrow 82.
PAR  As best seen in FIG. 6, once the key is inserted through a keyhole 90 in
      the forward end 72 of the housing 70, as is made possible by a vertically
      elongated chamber entrance 92 extending through the end wall 57 of the
      guide 50, whereby the key and the key guide 50 can both be rotated
      clockwise or counterclockwise with respect to the housing 70.
PAR  Referring to FIG. 6, the keyhole 90 can be said to have a main portion 94,
      and there is a small recess 96 in the upper wall of the main keyhole
      portion 94, the recess 96 having opposed spaced wall portions 97 and 98
      closesly and slidably receiving an edge portion 99 of the key 20, the edge
      portion 99 being the upper edge portion.
PAR  As best seen in FIG. 1, the upper edge portion 99 of the key has a notch
      100 therein which is disposed opposite the walls 97 and 98 of the recess
      96 so that as the key is rotated, the notch will receive the walls 97 and
      98 permitting the key to be rotated. But it will be seen that this can
      only happen when the key is fully inserted into the housing 70 with the
      exception of its enlarged outer end 24. This is because the notch 100 is
      opposite the recess surfaces 97 and 98 only when the key is fully
      inserted.
PAR  The purpose of this is to assure that the operator inserts the key fully so
      that it can be rotated because this full position of insertion must be
      achieved in order to place the protrusions 30 opposite mating contacts 120
      of a contact assembly 130.
PAR  The contact assembly 130 has a row of contacts thereon disposed
      side-by-side and extending in a plane extending forwardly and rearwardly
      with respect to the outer housing and disposed at an acute angle of about
      40.degree. with respect to the vertical, by way of example, and extending
      inwardly toward a center of the cylindrical surface 78 of the inner side
      of the outer housing. The contacts 120 are insulated from each other by
      either air space or insulation, and preferably they are held together by
      insulation, best seen in FIG. 5 at 140, and which is attached to the outer
      housing for holding the contact assembly in place with terminals 142
      extending completely through the housing from each of the contacts 120, as
      best seen in FIG. 5. Each of the contacts 120 can be made of flexible
      material such that its inner end is adapted to flex somewhat as the key 20
      engages it and is best seen in FIG. 5 in full lines, although the dotted
      line position of the inner end of a contact 120 shows the relaxed and
      normal position of a contact.
PAR  A stop 160 is attached to the inner side of the outer housing in a position
      for engaging an upper surface of the central portion 56 of the rotating
      guide 50 at a time when the key is rotated clockwise, as seen in FIG. 5,
      sufficiently for its protrusions to have contacted the mating contacts
      120, but preventing further clockwise rotation of the key so as to prevent
      the contacts 120 from being broken off.
PAR  Rotation of the key is impossible except when it is fully inserted and, for
      that reason, the walls 97,98 of the recess 96 and also the entire annular
      circular portion of the end wall 72 of the housing 70 can altogether be
      called the blocking means 170 and blocks rotation of the key when it is
      less than fully inserted.
PAR  Referring to FIG. 2, a rearward biasing spring 200 of a spiral
      configuration has its outer end anchored to the rearward side of the
      rearward wall 58 of the guide 50 and has its inner end suitably secured by
      means at 210 to a boss 216 which protrudes inwardly from the center of the
      rearward wall 74 of the outer housing 70, the boss 216 also serving to
      space the guide from the wall 74 to provide room to accommodate the spring
      200.
PAR  The rearward biasing spring 200 constantly urges the key toward a vertical
      planar position of original insertion to cause it to return from a
      position of contacting the contacts 120.
PAR  In FIG. 7 is a wiring diagram in which a plurality of switches are shown at
      S.sub.1, S.sub.2, S.sub.3, S.sub.4, S.sub.5, S.sub.6 and S.sub.7, each of
      these swltches representing the connection made when one of the
      protrusions 30 of the metallic conductive key 20 touches one of the mating
      contacts 120 of the contact assembly 130.
PAR  In FIG. 7 a plurality of electronic switching means are shown and
      illustrated by transistors T.sub.1, T.sub.2, T.sub.3, T.sub.4, T.sub.5,
      T.sub.6, and T.sub.7, respectively, each of which has a base or first
      terminal 231, 232, 233, 234, 235, 236 and 237, respectively; and each
      having a collector or second terminal 241, 242, 243, 244, 245, 246 and
      247, respectively; and each having a third or emitter terminal 251, 252,
      253, 254, 255, 256 and 257, respectively.
PAR  The transistors T.sub.1 to T.sub.7 are sequentially arranged T.sub.1 being
      the first and T.sub.7 being the last, and the first terminal 231 to 237
      respectively of each of the transistors is connected each to a terminal
      142 of a different one of the switches S.sub.1 to S.sub.7, this being
      accomplished by wires in the sequence 261 to 267, respectively.
PAR  The second or collector terminal 241 of the first transistor T.sub.1 is
      connected to a terminal 269 of a target circuit 270 to be later described.
PAR  The third terminal 251 of the first of the transistors T.sub.1 is connected
      by a wire 281 to the second or collector terminal of the second transistor
      T.sub.2. A wire 282 connects the third or emitter terminal 252 of the
      second transistor T.sub.2 to the second or collector terminals 243 and 244
      of the transistors T.sub.3 and T.sub.4.
PAR  The third terminal 254 of transistor T.sub.4 is connected by a wire 286 to
      the second or collector terminals of the transistors T.sub.5 and T.sub.6.
      The third or collector terminal 256 of the transistor T.sub.6 is connected
      by a wire 287 to the second or collector terminal 247 of the transistor
      T.sub.7.
PAR  The target circuit 270 has in it a source of electrical power illustrated
      by an automobile battery 300, which latter has a grounded terminal 302'
      and has its other terminal connected by a wire 302 to a wire 303, which
      latter is connected to the terminal 269, which latter can be considered
      one of the terminals of a target circuit 270.
PAR  The wire 303 is connected to one of the terminals 310 of a relay 320, which
      latter has its other terminal grounded at 321. The relay 320 may be for
      the purpose of permitting current from the wire 303 to reach a solenoid S
      which latter is connected to the relay at 342 and has its other terminal
      grounded at 344.
PAR  The solenoid S can be an unlatching solenoid for door unlatching and is
      seen in FIG. 3, the solenoid S appears again in more complete detail
      showing its core 350 extending outwardly and into a notch 352 of a plunger
      360 of a door-locking mechanism generally indicated at 362.
PAR  The core 350 is urged continually toward a locking relationship with
      respect to the plunger 360 by means of a spring assembly 368.
PAR  The door-locking plunger 360 is adapted to be automatically locked by means
      of a locking solenoid 380, which latter has a core 382 suitably attached
      to the plunger 360 for causing reciprocatory movements thereof. The core
      362 of the solenoid 380 urges the plunger 360 upwardly whenever the
      solenoid 380 is not energized because of the action of a spring assembly
      390 associated with the core 382 and solenoid 380. But when the solenoid
      380 is energized, the plunger 360 will move downwardly from the dotted
      line position of its top 394 to the full-line position of its top and as
      shown in FIG. 3 for causing door locking. The remainder of the
      door-locking mechanisms associated with the plunger 360 are not shown
      since they are all common and the plunger 360 will itself be recognized as
      being of the type which commonly protrudes form the upper side of the door
      of an automobile or usually pushed downward by the finger of an operator.
PAR  In the wiring diagram of FIG. 7, the line indicated at 20 represents the
      conductive key itself with its inner end touching and making contact with
      an end contact 400 seen in FIGS. 1 and 2, which latter is resilient and
      elongated and is attached by a securing means 402 to the rear end wall 74
      of the housing.
PAR  The end contact 400 is of a size for extending along substantially a
      45.degree. segment of a circle on the axis 34 so as to be in contact with
      an inner end portion 402 of the key 20 as the key rotates and as later
      described.
PAR  As best seen in FIG. 1, this inner end portion 402 extends through an
      opening 406 in the cylindrical rearward end portion 58 of the guide 50 so
      as to permit it to engage the end contact 400.
PAR  In FIGS. 1, 2 and 9, a wire 408 can be seen leading from the end contact
      400 to the key energizing terminal 410 which is suitably mounted on and
      extends through the outer housing 70.
PAR  In FIG. 7, a wire 420 connects the terminal 269 of the target circuit 270
      to a resistor 430, which latter protects the transistors T.sub.1 to
      T.sub.7 from excessive current, the resistor 430 being connected to the
      inner end of the metallic key 20 by means of the end contact 400, but also
      by means of two elements not shown in FIG. 7, namely, the wire 408 and the
      key energizing terminal 410, seen in FIGS. 1 and 9.
PAR  Referring to FIG. 7, the emitter or third terminals 253 and 255 of the
      transistors T.sub.3 and T.sub.5 are shown as connected to suitable
      resistors 502 and 503 respectively.
PAR  A wire 510 leads from the resistors 502 and 503 to a terminal of a relay
      511 which latter has a terminal 512 connected to the heavy current wire
      303 and an output terminal for heavy current at 513 connected to an
      electrical alarm A grounded at 522. The relay 511 is grounded at 515.
PAR  The alarm A can be of any signalling or humanly sensible type such as an
      audible alarm different from the automobile horn or it can be the
      automobile horn itself.
PAR  In operation, the circuit of FIG. 7 and lock and key assembly 10 of FIG. 1
      will begin operation upon insertion of the key 20 through the outer
      housing 70 at the key-hole 90 while the key is held in the vertical plane
      in the example shown.
PAR  Rotation of the key toward the contact plate 130 will not be possible until
      the key has been fully inserted because it is only in that position that
      the notch 100 in the key will be opposite the walls 97 and 98 of the key
      recess 96. Since full insertion is thus made easy for the operator to
      recognize, the inner end 402 of the key will then surely be in contact
      with the end contact 400 for the operation of the circuit of FIG. 7. When
      the key has its protrusions 30 in engagement with the flexible mating
      contacts 120 of the contact assembly 130, then because it is the proper
      key, only the contacts 120 of the switches S.sub.1, S.sub.2, S.sub.4,
      S.sub.6, and S.sub.7 will be engaged by protrusions of the key and the
      contacts 120 of the contact assembly 130 which form terminals of the
      switches S.sub.3 and S.sub.5 will not be engaged by protrusions of the
      proper key.
PAR  As thus described, all of the transistors which can be called target
      circuit operating transistors T.sub.1, T.sub.2, T.sub.4, T.sub.6 and
      T.sub.7 are operated for delivering current from the third or emitter
      terminal 257 of the transistor T.sub.7 through a wire 258 to the solenoid
      terminal 259 of the relay 320 for operating the relay 320 so that it
      energizes the solenoid S, which latter, as seen in FIG. 3 will then
      retract its core 350, whereby the spring 390 will cause the door-locking
      plunger 360 to move upward into unlocked position, shown in dotted lines
      in FIG. 3.
PAR  However, the operation of an unauthorized or foreign key, not shown, is
      different. The foreign key would possibly have protrusions in the wrong
      places which would then engage those contacts 120 which form parts of the
      switches S.sub.3 and S.sub.5 of FIG. 7, whereby one or both of the
      transistors T.sub.3 and T.sub.5 would be energized in accordance with
      whether one or both of the switches S.sub.3 and S.sub.5 are energized
      respectively, whereby the transistors T.sub.3 or T.sub.5, or both, would
      deliver current to the audible alarm 520 which would make a loud noise
      sounding substantially different than ordinary automobile horns,
      indicating that a theft has been taking place. It is possible, however,
      for the alarm 520 to actually be the automobile horn itself, or to be an
      alarm means of any kind that is sensible in any way.
PAR  It is understood that FIG. 7 is only an illustration. Any numbers of
      transistors may be used, and also, instead of transistors, the electronic
      switching means used can be switching diodes or relays.
PAR  To prevent the locking of the automobile doors when the key has been left
      in the ignition switch, a special system is used as illustrated in FIG. 9
      in which the entire electrical lock and key assembly is being used as an
      ignition switch in an automobile, whereby the outer housing 70 is mounted
      in the dashboard of the automobile of which a portion is shown at 550 in
      FIG. 9, the automobile itself not being shown, with the exception of the
      numeral 560 indicating the automobile broadly as represented by the
      dashboard portion 550.
PAR  The understanding of FIG. 9 is best accomplished by realizing that FIG. 9
      is a composite view, since most of the parts of FIG. 9 are useful as an
      ignition switch, but FIG. 9 also illustrates the position of a
      door-locking contact 900 and of a substitute modification door-locking
      switch S11, both of which are later described herein and are used only
      when the switch is used as a door lock and are not used when the switch is
      used as an ignition lock. Most parts which are peculiar to my new
      electrical lock when this electrical lock is used as an ignition lock to
      be found in FIG. 4. But an exception to this is the feature of a later
      described lock-out prevention switch generally indicated at 601 in FIG. 9.
PAR  The purpose of the lock-out prevention switch 601 is to prevent an operator
      from becoming accidentally locked out of his car by shutting and locking
      his door while his keys are at his ignition switch as later described in
      detail.
PAR  The lock-out prevention switch 601 is in electrical association with the
      door-unlocking solenoid S of FIG. 3, although this association is
      indirectly through the relay 320 which controls the door locking solenoid
      S as later described.
PAR  Referring to FIG. 9, a system for preventing doors from being accidentally
      locked while the key remains in the ignition is now to be described. For
      this system, the lock and key assembly 10 in FIG. 9 is to be considered to
      be an ignition switch mounted in the dashboard of an automobile, the
      dashboard being indicated at 550 and the automobile being indicated
      generally at 560 as represented by that portion thereof which is the only
      part shown, namely, the dashboard portion.
PAR  The key guide 50 and the outer housing 70 together define a key-receiving
      and housing assembly 600 on which a circuit-closing device generally
      indicated at 601 is mounted in the position for being engaged by the key
      20 at a time when the key 20 is but slightly inserted into the housing 70
      so that it is substantially impossible for the key to be in an ignition
      switch without engaging the circuit-closing assembly 601.
PAR  The circuit-closing assembly 601 comprises a key-engaging member 602 which
      is formed of resilient, springy conductive material having one end
      suitably mounted on the inner side of the cylindrical end wall 57 of the
      guide 50. The circuit-closing assembly 601 further comprises a conductive
      engaged means 603 which is disposed on the side of the outer end of the
      key-engaging means 602 which faces away from the key, the positions being
      such that when the key is in a certain position shown in FIG. 9, it will
      engage the key-engaging means 602 causing it to flex from a dotted line
      position shown in dotted lines at 602 to a full-line position in which
      latter it contacts the conductive engaged means 603 and it is to be
      understood that the key-engaging means 602 does not engage the conductive
      engaged means 603 except at times when the key 20 is inserted whereby it
      has pressed the key-engaging means 602 into the full-line position shown
      in FIG. 9.
PAR  A wire 604 leads from the key-engaging means 602 to a lead 606 which
      extends through the housing 70 and which is connected by a wire 610 to the
      terminal 259 of the relay 320.
PAR  A second wire from the circuit-closing assembly 601 leads from the
      conductive engaged means 603 and can be seen at 612 in two separated parts
      since it actually extends through that part of the housing 70 which has
      been broken away in FIG. 9, and so the wire 612 extends to the terminal
      269 where it causes the circuit-closing assembly 601 to have the effect of
      conducting current from the terminal 269 over to the relay terminal 259
      for energizing the relays so that it tends to hold the solenoid S
      energized so that it releases the door plunger and maintains it released
      until such time as the key has been removed from the ignition switch.
PAR  This will tend to prevent a person from being locked outside of his car at
      a time when his ignition key is in the ignition having attached to it
      probably his door-unlocking key.
PAR  A variation has a switch 620 in a wire 610, the switch 620 being a manual
      switch somewhere in the dashboard area and known to the driver so that if
      there are times when he wishes to drive the automobile through a dangerous
      area and wants the doors to be locked at the same time, he can simply open
      the switch 620 making a disconnection along the line 610 to temporarily
      place this circuit-closing assembly 601 out of action so that the doors
      can remain locked.
PAR  An alternate way of setting off the alarm 520 is shown in FIG. 5 in which a
      conductive alarm associated plate shown at 750 is arranged in disposition
      closely adjacent to, but not in, the swaths of motion of at least some of
      the protrusions 30 and in a plane disposed with respect to the outer
      housing 70 closer to the insertion or vertical position of the key with
      respect to the swath of motion of the key as it moves toward the contact
      assembly 130 than is the position of the contacts 120 themselves with
      respect to the key insertion or vertical position.
PAR  The alarm associated plate or front plate 750 has many notches 754 therein
      of a size for permitting respective protrusions to pass therethrough on
      their way to the respective contact 120. In another sense, the alarm
      associated plate 750 has between its notches 754 a plurality of spaced
      downwardly extending fingers 756 formed integrally with the conductive
      plate material of the alarm associate plate 750. Whenever an unauthorized
      or foreign key is inserted into the lock, there are so many of these
      fingers 756 which can be engaged by one of the protrusions of the key
      which do not match the notches 754 in the front alarm associated plate
      that an alarm means attached to the plate 750 will very likely be
      energized. The specific alarm means is not shown in FIG. 5, but can be the
      alarm A of FIG. 7, as is energized by circuit means now to be described.
PAR  A wire 770 is connected to a terminal 772 of the alarm plate 750, which
      latter extends beyond the outer housing 70. The wire 770 is connected to
      the wire 510 of FIG. 7 for operating the relay 511 to energize the alarm
      A. A wiring diagram showing this can be found in FIG. 5A in which a switch
      S-9 is shown of which the switch throw is to be considered to be whatever
      portion of the key 20 which touches the alarm plate 750 and which the
      other terminal of the switch S-9 is considered to be the plate 750 itself.
PAR  Referring to FIG. 5, it will be seen that a back alarm associated plate 800
      is mounted on the inner side of the outer housing 70 in a position on the
      opposite side of the key protrusions 30 from the mating contacts 120. The
      back alarm associated plate 800 extends generally toward the axis 34 of
      the switch a greater distance than the front alarm associated plate 750,
      whereby, if the protrusions of the foreign key disposed in the lock pass
      beneath the fingers 756 of the front alarm plate 750 and also pass by the
      contacts 120, then they will touch the back alarm associated plate 800
      causing energy to pass through the same to its terminal 804, which latter
      is connected by a wire 808 to the wire 770 for indirectly operating the
      alarm A in the same manner as does a key contact with the front alarm
      associated plate 750. A small extension 810 is disposed on the key side of
      the back alarm associated plate 800 so that the extension 800, which is
      conductive, and which is conductively attached to the plate 800 will be
      engaged before key rotation is stopped by the engagement of the central
      part 56 of the guide with the stop 160 of FIG. 5.
PAR  The back alarm associated plate 800 is separated by insulation 814 from the
      contacts 120 and parts electrically connected thereto.
PAR  Referring to FIG. 5, when it is desired to lock a door automatically, the
      key is turned so that its inner end 22 is disposed in the dotted line
      position of FIG. 5 and in contact with a locking contact 900 which is
      attached to the housing 70 and extends inwardly therefrom in a position to
      be engaged by the key 20 at times when the key has been turned
      counterclockwise through an acute angle of perhaps 35.degree.. A terminal
      902 attached to the locking contact 900 extends through the housing 70 and
      has a wire 910 attached to it, which latter can also be seen in FIG. 5A in
      which a switch S10 in the wiring diagram of FIG. 5A represents the
      switching contact made between the key 20 and the locking contact 900. The
      entire key is not diagrammed in FIG. 5A and the method of showing the
      switches S9 and S10 as coming directly from a line extending horizontally
      at points inbetween the positions S.sub.6 and S.sub.7 is a device used to
      indicate that it is not the protrusions necessarily which cause operation
      of the switches S9 and S10, but rather any part of the key can close the
      switches, and it is preferable that the locking contact 900 and also the
      back alarm associated plate 800 extend far enough downwardly so as to
      engage a key along its main portion below its protrusions, although this
      is not necessary if the locking contact 900 is of a great width in a
      direction along the axis 34, since it would touch one of the other of the
      contacts of the proper key anyway.
PAR  Switches S9 and S10 depend for their operation upon an energized conductive
      key 20. But an alternate locking switch is shown at S11 which is intended
      for use in situations in which the key can be either conductive or
      non-conductive. The switch S11 has two contacts 920 and 922, both of which
      are elongated and resilient and extend alongside one another. The contact
      920 is disposed closer to the top of the central section 58 and is adapted
      to be pressed upward in a normal position shown in dotted lines in FIG. 5
      into the full-line position thereshown, in which latter the contact 920
      engages the contact 922 closing the switch, although the contact 920 is
      not in engagement with the contact 922 whenever the central section 58 is
      not in engagement with the contact 920.
PAR  Upper ends of the contacts 920 and 922 are suitably insulated from each
      other by insulation means 923 and terminals attached thereto extend
      through the outer housing 70, as seen at 924 and 926 respectively.
PAR  An understanding about how switch S11 would work can be had by considering
      FIGS. 5, 5A, and 7 together in which it is understood that a terminal 926
      of the switch S11 is connected to the wire 410 which leads from the
      resistor 430 of FIG. 7 through a wire 401 seen in FIG. 1 and FIG. 7 to the
      key contacting member 400, whereby no conductivity through the key is used
      since the switch S11 is for purposes in which the need is to make possible
      switching when the key is non-conductive.
PAR  The other terminal 924 of the switch S11 is connected to the wire 910 just
      described and the wire 910 can be seen in FIG. 3 as connected to the
      door-locking control relay 940 which is itself connected to one of the
      terminals 942 of the door-locking solenoid 380, earlier described, and
      which latter has its other terminal grounded at 943.
PAR  The door-locking control relay 940 has one terminal grounded at 946 and has
      its remaining terminal connected at 948 to the heavy current wire 303 seen
      in FIG. 7, whereby at times when the switch S11 is closed and power from
      the power source or battery 300 can reach the relay terminal wire 910
      through the FIG. 7 wires 303, 420, resistor 430, wire 410, then the
      energized relay will cause the solenoid 380 to be energized pulling down
      on its core 382, and thereby pulling down on the plunger 360 and having
      the same effect as though the plunger 360 was pushed downward by the
      operator's hand.
PAR  This same result of locking the door by pulling down on the plunger 360 is
      likewise accomplished by energy passing through the wire 910 from the
      locking contact 900.
PAR  In FIG. 4 the switch is diagrammatically shown in a view similar to FIG. 5,
      but simpleified to illustrate its operation as an ignition switch. The
      door locking switch S11 or door locking contact 900 of FIG. 5 are not
      needed, although the contact assembly 130 would be made substantially the
      same and the advantages of having a front and rear alarm associated plate
      750 and 804 would remain, although these are not shown in FIG. 4 for
      convenience of illustration. In FIG. 4 a wire 261 leads from one of the
      terminals 142 of one of the switches which can be called S1 of the diagram
      of FIG. 1 to a multitransistor assembly 1000, which latter comprises the
      resistors T.sub.1 to T.sub.7 of FIG. 7 and the details of the wiring
      thereof are not repeated in FIG. 4 for convenience of illustration, it
      being understood that the numeral 261 serves to illustrate a sample wire
      and that other wires from other terminals 142 of the various switches
      S.sub.1 to S.sub.7 also extend to the multi-transistor assembly 1000 and
      in the same manner as do the wires 262 to 267 sequentially of the diagram
      of FIG. 7. The wire 258 from the multitransistor assembly 1000 is a low
      voltage output wire for relay control and can be seen in FIG. 7 and FIG.
      4, although in the wiring diagram of FIG. 4 the wire 258 leads to a relay
      1002, which latter has another of its terminals connected to a starter
      1004, which latter is grounded at 1006, the relay itself is grounded at
      1008 and has one of its terminals connected to the high voltage current
      wire 303 of FIG. 7 so that high voltage current passes from the relay 1002
      through a wire 1010 to the starter 1004.
PAR  A low voltage wire 1020 connected to the wire 258 leads to a terminal of a
      latching relay 1030, which latter is grounded at 1032 and receives heavy
      current at one of its terminals through the wire 303, heavy current from
      the latching relay leaving another of its terminals through a wire 1040
      extending to a coil 1060 which is grounded at 1062.
PAR  As thus described, when the key 20 is inserted in the vertical position, in
      an alignment with an "Off" mark 1090, it is then turned clockwise to a
      "start" position at which it engages one of the contacts 120 and also any
      of the other contacts 120 which the proper key would engage, whereby the
      transistors of the multi-transistor assembly 1000 which are the
      transistors T.sub.1, T.sub.2, T.sub.4, T.sub.6 and T.sub.7 all receive
      energy from their various contacts 120 so that energy is passed through
      the wire 258 to the relay 1002 and from there to the starter so that the
      car starts with other energy reaching the latching relay 1030 so that the
      ignition coil 1060 is energized and the car will start.
PAR  After the operator has turned the key to the start position, he then
      releases the key and a spring 1094 mounted on a bracket 2000 fixed to the
      housing 70 urges against the central section 58 of the guide 50 forcing
      the central section itno a dotted line position shown at 1098 in dotted
      lines so that the key reaches the dotted position indicated at 2002 at
      which it no longer contacts the contacts 120.
PAR  The key 20 is maintained in the position 2002 because the spring 1094 is
      prevented from expanding excessively by a telescoping frame assembly 2030
      having interlocking parts 2032 and 2040.
PAR  With the key in the position 2002, the automobile can be operated.
PAR  When the operator desires to stop his car, he turns the key 20 to the
      position shown at 2070 which is the engine "Off" position. In this
      position, the key touches the contact 2072 connected by a wire 2080 to the
      latching relay 1030, whereby the latching relay gets a second impulse
      which releases its latching so that energy no longer goes to the ignition
      coil 1060. However, it is to be understood that unless the key is turned
      to the position 2070, then from the time the key has first touched, the
      contacts 120 the latching relay will have remained latched energizing the
      coil 1060.
PAR  Referring now to FIG. 8, an alternate contact plate assembly is there shown
      and is generally indicated at 130'. The contact plate assembly 130' has a
      similar front alarm associated plate 750 and a similar back alarm
      associated plate 800, but between them, instead of there being a single
      contact 130 at each cross-section taken at a right angle to the axis 34,
      there are two contacts 3000 and 3002 so disposed that when the key 20
      strikes a contact 3000, it presses that contact to the contact 3002 and
      since the contacts 3000 and 3002 form the contacts of the switch S.sub.1
      of the diagram of FIG. 7, therefore, the same diagram of FIG. 7 will work,
      even though the key in the case of FIG. 8 is non-metallic and
      non-conductive.
PAR  If the switch of the type of FIG. 8 is preferred, even though the key is
      metallic, then an insulative piece 3010 can be fastened to each contact
      3000 to insulate it from the key 20, as shown in FIG. 8.
PAR  A second telescoping assembly 3040 similar to the one shown at 2040 and
      containing a spring and mounted on a bracket 3060 fixed to the housing 70
      is shown in FIG. 4 in a position of urging the central part 58 of the
      guide back from the position in which the key is opposite the engine "Off"
      station and contact 3072 to a position in which the key is opposite the
      "Off" station 1090 from which the key can be withdrawn. The engine "Off"
      station can also be an accessory's position of the car radio and other
      accessories.
PAR  Referring to FIG. 4, a resilient contact 3100 can be seen in a position
      directly vertically above the axis 34 in a place where it would be
      contacted by the key only at times when the key is in the vertical plane
      position of insertion and removal.
PAR  A terminal 3102 extending through the housing 70 is connected by a wire
      3200 to another terminal of the switch 620, as seen in FIG. 9, whereby at
      times when the switch 620 closes, the contact between the wire 3200 and
      the wire 610', then the wire 3200 is connected to the relay terminal 259.
PAR  Alternatively, the wire 3200 could be directly connected to the wire 259,
      but in either case, the effect is that when the key touches the key-left
      contact 3100 while the key also touches the end contact 400, the net
      effect is to make a direct contact between the relay terminal 259 and the
      end contact 400 of the wiring diagram of FIG. 7, thus by-passing the
      transistors of FIG. 7 and causing the relay 320 to operate which then
      itself causes the terminal 342 of FIGS. 3 and 7 to be energized, this
      energizing the solenoid S which keeps the door lock plungers 360 unlocked
      for making it impossible for a man to shut and lock his car door at a time
      when his ignition key is in the ignition at the insertion and removal
      position. This works because the key, when not being manually twisted, is
      urged to the vertical position by the spring-loaded telescoping frame
      assemblies 2030 and 3040.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electric lock comprising:
PA1  a. a lock housing;
PA1  b. a set of flexible electrical, key contacts mounted in said housing, said
      key contacts being insulated from each other;
PA1  c. a set of electrical unlock contacts, mounted in said housing and located
      proximate to said key contacts, said unlock contacts being insulated from
      each other;
PA1  d. an easily duplicated key having protrusions thereon for directly
      engaging said flexible key contacts and pressing them directly against
      said unlock contacts, thereby completing an electrical circuit between
      said key contacts and said unlock contacts;
PA1  e. a rotatable key guide located within said housing and adapted to receive
      said key;
PA1  f. an unlock circuit means electrically connected to each of said unlock
      contacts and responsive thereto for producing an unlock electrical signal
      upon insertion of said key into said key guide so as to directly engage
      each of said flexible key contacts and upon rotation of said key guide to
      press said key contacts directly against said unlock contacts.
NUM  2.
PAR  2. The electric lock assembly of claim 1 which includes mounted within said
      housing electrical alarm contacts which activate an alarm system when an
      improper key is employed.
NUM  3.
PAR  3. The electric lock assembly of claim 2 wherein said electrical alarm
      contacts, mounted in said housing include a first set of flexible alarm
      contacts, each being insulated from the other, a second set of alarm
      contacts located proximate to said first set of flexible alarm contacts,
      and alarm circuit means electrically connected to said second set of alarm
      contacts and responsive thereto for producing an alarm signal upon
      insertion of an improper key into said key guide so as to directly engage
      at least one of said flexible alarm contacts in said first set and press
      said flexible alarm contact into direct engagement with at least one of
      said alarm contacts in said second set.
NUM  4.
PAR  4. A lock assembly comprising:
PA1  a. a lock housing;
PA1  b. a rotatable key guide within said housing, said key guide being movable
      from a first position to a second position;
PA1  c. a set of flexible electrical key contacts, mounted in said housing, said
      key contacts being insulated from each other;
PA1  d. a set of electrical unlock contacts, mounted in said housing proximate
      to said key contacts to form a switching circuit, said unlock contacts
      being insulated from each other;
PA1  e. a locking solenoid which is energized upon closing said unlock contacts
      in said switching circuit;
PA1  f. a locking means which is moved from one position to another position
      when said locking solenoid is energized;
PA1  g. the contacts of said switching circuit being closed when an easily
      duplicated key having prearranged protrusions moves said key guide from
      said first position to said second position and said protrusions directly
      engage said key contacts and press said key contacts directly into
      engagement with said unlock contacts of said switching circuit, completing
      an electrical circuit between said key contacts and said electrical
      contacts of said switching circuit, whereby said locking solenoid is
      energized and said locking means is moved from said one position to said
      other position.
NUM  5.
PAR  5. The electric lock assembly of claim 4 which includes mounted within said
      housing electrical alarm contacts which activate an alarm system when an
      improper key is employed.
NUM  6.
PAR  6. The electric lock assembly of claim 5 wherein said electrical alarm
      contacts, mounted in said housing include a first set of flexible alarm
      contacts, each being insulated from the other, a second set of alarm
      contacts located proximate to said first set of flexible alarm contacts,
      and alarm circuit means electrically connected to said second set of alarm
      contacts and responsive thereto for producing an alarm signal upon
      insertion of an improper key into said key guide so as to directly engage
      at least one of said flexible alarm contacts in said first set and press
      said flexible alarm contact into direct engagement with at least one of
      said alarm contacts in said second set.
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ABST
PAL  An electromotor is mounted on a support and has a shaft extending into the
      silo or the like. The shaft, which is rotated by the electromotor, carries
      a blade which contacts the material in the silo when the material rises to
      a predetermined level. This prevents the blade and shaft from further
      rotating, and results in the generation of a signal. A free-wheeling
      device connects the shaft with the motor so that the shaft and motor are
      coupled for joint rotation in only one direction, but not in the opposite
      direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for indicating the filling
      level of silos and the like.
PAR  There are many types of storage receptacles, such as silos, vats, tanks and
      the like, in which flowable materials such as synthetic plastic powder,
      soybeans, coal and the like are stored. Very often, the filling level of
      these storage units, hereafter called "silo" for short, cannot be visually
      inspected. For this reason it is already known to provide an indicating
      apparatus which indicates the filling level. This type of apparatus uses
      an electromotor the output shaft of which drives a blade in rotation. When
      the filling level of the silo exceeds a preselected level, the material in
      the silo will be engaged by the rotating blade as it rises up to the level
      of the latter, and will prevent further rotation of the blade. This, in
      turn, results in activation of a switch which shuts off the motor and at
      the same time provides a signal indicative of the fact that the silo has
      been filled to the desired level.
PAR  This prior-art indicating apparatus has, however, various disadvantages.
      The blade and the shaft on which it is mounted can rotate into mutually
      opposite directions, i.e., both clockwise and counterclockwise. This means
      that the switch which shuts off the motor and provides the signal can be
      actuated both ways, that is either by the shaft turning in clockwise
      direction or in counterclockwise direction. Assuming that the motor turns
      the shaft in clockwise direction, it is clear of course that when the
      shaft is undesirably turned in counterclockwise direction a signal should
      not be given. Such counterclockwise rotation can, however, occur if for
      instance material is being admitted into the silo and momentarily should
      hit one side of the blade, causing it to rotate in counterclockwise
      direction. Evidently, this results in a false indication of the filling
      level condition.
PAR  Other error sources also exist with the known apparatus. For instance, all
      movements of the contents of the silo, for instance due to the admission
      of compressed air, and all other circumstances which reduce the ability of
      the material to prevent continued rotation of the blade, for instance
      internal hollows or pockets which might have been formed during pouring of
      the material and which collapse, can result in the provision of erroneous
      indications.
PAR  The prior-art apparatus seeks to overcome these problems by using delay
      relays which permit switching on or off of the motor, and generation of a
      filling level signal, only if the particular circumstance which gives rise
      to the need for the switching on or off or for the generation of the
      signal, persists for a certain period of time that is preselected by the
      delay time of the respective relay. This, however, is an expensive way of
      solving the problem and therefore not desirable.
PAR  In addition, the prior-art equipment has a further disadvantage, namely the
      danger of damage to various components of the apparatus due to high
      pressures existing in the particular silo. These pressures can enter the
      interior of the apparatus housing if bearing seals for the shaft carrying
      the blade should become defective, and particularly if the silo should
      contain aggressive gases this can damage the apparatus. The same
      difficulties exist if moisture should condense in the apparatus housing.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a general object of the invention to overcome the
      disadvantages of the prior art.
PAR  More particularly, it is an object of the present invention to provide an
      indicating apparatus of the type outlined above which avoids the prior-art
      disadvantages in a simple and inexpensive manner.
PAR  In keeping with the above objects, and with others which will become
      apparent hereafter, one feature of the invention recites, in an apparatus
      for indicating the filling level of silos and the like, in a combination
      which comprises a support, an electromotor mounted on the support, and a
      filling-level sensor which includes a rotatable shaft driven by the motor
      and a blade mounted on the shaft. A free-wheeling device connects the
      shaft with the motor so that the shaft and motor are coupled for joint
      rotation in only one direction.
PAR  According to a further concept of the invention, the apparatus may be
      provided with a pressure-venting conduit connecting its interior with its
      exterior so that it is impossible for excessively high and damaging
      pressures to develop in the interior of the apparatus. This feature is
      advantageously utilized in combination with the free-wheeling device, but
      should be understood to be of importance in and of itself, so that the
      invention contemplates also using the apparatus without the free-wheeling
      device but with the pressure-venting conduit.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical section through an apparatus according to the present
      invention;
PAR  FIG. 2 is a top-plan view, partly in section, of the apparatus in FIG. 1,
      with parts omitted for the sake of better illustration;
PAR  FIGS. 3a-3c are views similar to FIG. 2, but illustrating three different
      operating positions of a further embodiment of the invention and
PAR  FIG. 4 is a perspective view of the apparatus according to the present
      invention; and
PAR  FIG. 5 is a partly sectioned plan view showing details of the free-wheeling
      device used in the apparatus of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Discussing the drawing now in detail, and referring firstly to the
      embodiment of FIG. 1, it will be seen that reference numeral 1 identifies
      an electric motor to which a gear drive is connected. An output shaft of
      the gear drive 2, which for all intents and purposes can also be
      considered the output shaft of the electromotor 1, is connected with a
      shaft 3 on which a blade 4 is mounted. The shaft 3 is journalled in
      bearings 6 and 7 for rotation, and the bearings 6 and 7 are, in turn,
      mounted in the housing 5. Above the bearing 6 there is provided a
      free-wheeling device 8 of known construction which acts as a one-way
      clutch and couples the shaft 3 with the output shaft of the drive 2 for
      joint rotation in only one direction.
PAR  In the space defined between the bearings 6 and 7 is located one open end 9
      of a pressure-venting conduit 10 which has an outer end 11 communicating
      with a compartment 12 of the housing 5. The lower end of the compartment
      12 communicates with the ambient atmosphere surrounding the housing 5, via
      a channel 13, whereas the upper end 11 of the conduit 10 communicates with
      the compartment 12 at the upper end of the latter.
PAR  The advantage of the venting conduit 10 is that if the seal of the bearing
      7--which is capable of withstanding pressures of for instance up to 3
      atms--should become defective, and if gases or liquids can now enter under
      pressure into the space between the bearings 6 and 7, then they will be
      vented to the outside via the venting conduit 10 as a result of the
      pressure in the container. This means that pressure cannot reach the
      interior of the housing 5, which may incidentally be of synthetic plastic
      material, so that the proper operation of the device will be assured even
      if the seal of the bearing 7 should have thus become defective. Moreover,
      the components in the interior of the housing 5 are also protected against
      aggressive gases which are similarly vented via the conduit 10, and any
      condensed moisture which could otherwise lead to corrosion of the various
      components, particularly of the motor and the drive, is also vented.
PAR  The entry of dust and liquid from the exterior into the conduit 10, on the
      other hand, is also largely precluded by the manner in which the end
      portion 11 of the conduit 10 terminates at the upper end of the
      compartment 12, whereas it is the lower end of the compartment 12 that
      communicates via the channel 13 with the ambient atmosphere. This means
      that if dust should enter from the exterior via the channel 13, it must
      first become distributed throughout the compartment 12, before it can
      enter into the end portion 11. Since the volume of the compartment 12 is
      substantially greater than that which exists at the opening of the end
      portion 11, the chance that dust would enter into this small opening is
      very small. The angled shape of the conduit 10 is a further discouragement
      to the entry of such dust. If liquids should enter from the exterior, on
      the other hand, they must rise from the level of the channel 13 to that of
      the opening of the end portion 11, and since the level difference is quite
      significant, and the chance that large enough amounts of liquid might
      enter is very small, the protection against liquid is also quite reliable.
PAR  FIG. 2 shows the principle of operation of the apparatus in FIG. 1, when
      the level of the contents of a silo has risen to the extent where the
      equipment indicates that the silo is filled. The stator 14 of the motor 1
      carries a cam plate 15. In the direction of rotation of the shaft 3, the
      housing of the motor--which latter is of course freely turnably mounted in
      the housing 5--is held by the spring 16 which is connected with the
      housing of the motor 1 and with the housing 5, respectively. A microswitch
      17 is located as illustrated and can be operated if engaged by the cam
      projection of the cam plate 15.
PAR  If the contents of the silo rise to the point where they interfere with the
      turning of the blade 4, the turning of the blade 4 will be stopped by
      engagement of the blade with the silo contents. Of course, the motor
      continues to turn and, since the housing of the motor 1 can turn freely,
      the motor torque results in a reaction force which turns the motor housing
      in the direction opposite to the previous direction of rotation of the
      blade 4. The motor housing of the motor 1 thus turns with reference to the
      housing 5 until the cam of the cam plate 15 engages and operates the
      microswitch 17. The microswitch 17 is interposed in the power circuit of
      the motor 1, and when so operated the microswitch interrupts the power
      circuit and shuts down the motor 1. At the same time a signal is produced
      to indicate that the preselected filling level has been reached. The motor
      1 remains in the position which it has assumed at the time it has been
      shut off, until subsequently the level of the contents of the silo drops
      again to such an extent that it recedes out of engagement with the blade 4
      so that the latter can turn again. At this time, the spring 16 turns the
      motor 1 back to its original position, causing the cam of the cam plate 15
      to disengage the microswitch 17 which thus closes the power circuit for
      the motor 1 again, so that the blade 4 begins to turn.
PAR  The possibility of wrong indications caused by reverse turning of the blade
      4, that is turning in the direction opposite that which is caused by the
      motor 1, is eliminated with this construction. A brief contacting of the
      blade with material that might have dropped onto it and caused it to turn
      in the opposite direction--which it can do because of the free-wheeling
      device 8--does not produce any operation of the microswitch 17. Only if
      the blade 4 has been retarded against rotation for approximately 3
      seconds, will the motor 1 have turned to the position where the cam of the
      cam plate 15 can operate the microswitch 17.
PAR  Details of the device 8 are shown in FIG. 5, where it will be seen to have
      an outer ring 25 and an inner ring 26; recesses in the latter receive
      rollers 27 which are biased by springs 29 and pins 28. The ring 26 is
      fixedly mounted in the housing (not shown in FIG. 5); shaft 3 is fixed to
      ring 25 and can turn with the same in clockwise direction. An attempt at
      counter-clockwise rotation causes the rollers 27 to become clamped between
      rings 25 and 26 and to block such rotation. A device of this type is
      disclosed in U.S. Pat. No. 2,064,230.
PAR  A further embodiment of the invention is illustrated in three operating
      positions in FIGS. 3a-3c. In this embodiment, two microswitches are
      utilized for signal delay and stabilization.
PAR  FIG. 3 shows that in this embodiment, which structurally is essentially the
      same as the one in FIGS. 1 and 2, the motor operates to turn the shaft 3
      with the blade 4 prior to rising of the level of contents in the silo to
      the point where the contents can engage the blade 4. At this time the
      signal-providing switch 19 indicates that the silo is "empty" in that the
      plunger 19a of this switch is in its farthest outward position.
PAR  When, as shown in FIG. 3b, the level of the material has risen to the point
      where it engages the blade 4 and prevents the latter from turning, the
      housing of the motor 1 with the stator 14 begins to turn as a result of
      the reaction force which is generated. This causes the arm 22 that is
      mounted on the stator 14 or the housing of the motor 1 to move to a
      position in which it activates the microswitch 19 so that its plunger 19a
      is depressed and a signal "full" is generated. It takes approximately 1
      second after this signal has been generated for the housing of the motor 1
      to turn sufficiently so that the arm 20 acts upon the motor switch 18
      which is interposed in the motor circuit and depresses its plunger 18a, in
      order to interrupt the motor circuit and stop the motor. This is shown in
      FIG. 3.
PAR  When subsequently the material level in the silo drops and the blade is
      free for rotation, the springs 21 and 23 which have been tensioned
      previously pull the motor back towards the position shown in FIG. 3a from
      the one in FIG. 3c. This results initially in switching-on of the power
      for the motor 1, via the switch 18, and subsequently in a switching-on of
      the switch 19 which provides a "empty" signal. However, a false indication
      is prevented, for instance an indication that might result from the fact
      that it is not actually the material that has dropped in the silo but only
      that a void previously present in the material has collapsed. Since the
      operation of the switch 19 is somewhat delayed past the operation of the
      switch 18, the blade 4 can turn to some extent by the newly-energized
      motor 1, and if in fact there is still material present at its level,
      which has just slightly receded laterally rather than downwardly due to
      the fact that a void previously present has collapsed, the blade will
      again encounter resistance as it moves into contact with the material
      again, and the motor 1 will be switched off again by its switch 18 without
      the switch 19 having been operated.
PAR  Thus, with the arrangement shown in FIGS. 3a-3c the motor 1 can be switched
      on and off quite frequently without the status of the signal-generating
      switch 19 (which provides a "full" level signal) being changed. The signal
      will change only when the blade 4 can actually turn quite freely again,
      that is when the level of material in the silo has generally receded below
      the blade 4.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the type described above.
PAR  While the invention has been illustrated and described as embodied in an
      apparatus for providing an indication of the filling level of silos and
      the like, it is not intended to be limited to the details shown, since
      various modifications and structural changes may be made without departing
      in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. In an apparatus for indicating the filling level of silos and like
      containers, a combination comprising support means; filling level sensing
      means, including a rotatable shaft mounted on said support means, and a
      blade mounted on said shaft for rotation with the same until the contents
      of the container exceed a predetermined level; one-way clutch means
      interposed between said shaft and said support means and permitting free
      rotation of said shaft in one direction but non-rotatably coupling said
      shaft with said support means upon blocking of said shaft and blade
      against rotation in said one direction; electromotor means having a rotor
      which is coupled with and drives said shaft in said one direction, and a
      stator; mounting means mounting said electromotor means on said support
      means and permitting limited turning of said stator relative to said
      support means between a normal position which the stator assumes when said
      shaft rotates in said one direction, and an angularly displaced position
      which the stator assumes in response to the development of reaction forces
      resulting from blocking of said shaft and blade against rotation in said
      one direction; and signal-generating means for generating a signal in
      response to said stator assuming said displaced position.
NUM  2.
PAR  2. A combination as defined in claim 1, said stator being capable of also
      assuming an additional angularly displaced position beyond the
      first-mentioned displaced position and under the influence of said
      reaction forces; and further comprising switch means for interrupting the
      supply of electric energy to said electromotor means in response to said
      stator assuming said additional displaced position.
NUM  3.
PAR  3. A combination as defined in claim 1, wherein said support means
      comprises a housing having a first chamber in which said electromotor
      means are located, and a second chamber communicating with said first
      chamber and with the container; said sensing means comprising two bearings
      axially spaced along said shaft and mounting the same in said second
      chamber, said bearings forming between themselves a space which is sealed
      from the container by one of said bearings; and further comprising a
      venting conduit connecting said space with the exterior of said housing so
      as to prevent communication between said container and said first chamber
      in the event the seal formed by said one bearing becomes defective.
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ABST
PAL  Presented is a switch structure having high current carrying capacity over
      a broad range of frequencies from DC to 50 megacycles, constructed to be
      air operated so as to eliminate the need for an external actuator. The
      switch includes an airactuated piston which reciprocates between open and
      closed positions of the switch, and which also constitutes the movable
      contact element of the switch.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art is replete with switches of various designs. For instance,
      the inventor herein joined in the conception and design of the devices
      taught by U.S. Pat. No. 3,368,049 entitled High Current Radio Frequency
      Switch, and U.S. Pat. No. 3,394,324 entitled Coaxial Switch. Both of these
      radio frequency devices, and many conventional switches have incorporated
      a vacuum envelope within which the contacts make and break a circuit
      through the switch. The inventor herein has pioneered vacuum-type radio
      frequency switches and other switches such as exemplified by the above
      noted patents and U.S. Pat. No. 3,261,953. The disadvantage inherent in a
      vacuum switch is that the cost of processing the vacuum switch tends to be
      prohibitive.
PAR  Additionally, because the atmosphere within the sealed vacuum envelope
      constitutes a high vacuum, it is especially difficult to achieve movement
      of parts relative to one another within the vacuum envelope without a
      certain amount of galling. The reason for such galling is that the
      surfaces of the metallic parts within a vacuum switch are so clean and
      free from oxidation that two metal parts that come together tend to stick
      together and resist relative movement one to the other. On the other hand,
      heretofor, it has not been practicable within the state of the art to
      produce a radio frequency switch that has the voltage standoff
      characteristics required for wide applicability without using a vacuum
      envelope. Accordingly, it is one of the principal objects of this
      invention to provide a switch structure which dispenses with the vacuum
      envelope.
PAR  Another of the disadvantages of conventional vacuum switches is the fact
      that these switches require the use of an external actuator to effect
      transfer or movement of the contact within the envelope. The use of
      external actuators has run the gamut from hydraulic to air, to solenoids,
      and to mechanical linkages adapted to effect transfer of the movable
      contact within the envelope. All such external actuators have required the
      utilization of a deformable vacuum tight wall in the nature of a flexible
      bellow or diaphragm interposed between the movable contact and the
      actuating mechanism. Where a solenoid has been used, it has been necessary
      to provide a vacuum tight seal between the coil structure of the solenoid
      and the armature thereof on which, or in association with which, is
      mounted the movable contact within the vacuum envelope portion of the
      switch. The use of such vacuum tight sealing methods and materials has
      required the utilization of special skills and fabrication techniques
      which contribute to the prohibitive cost of such devices. Accordingly, it
      is another object of this invention to provide a switch structure in which
      the contact element reciprocates and makes and breaks contact within a
      fluid medium.
PAR  So far as is known, a radio frequency switch has not been patented or
      successfully used in which the contact element of the switch constitutes a
      piston mounted for displacement between a switch "open" and switch
      "closed" position by the imposition of fluid pressure applied directly to
      the piston contact structure within the envelope, and which is useable for
      high direct or alternating current applications including radio frequency.
      Accordingly, it is a still further object of this invention to provide a
      switch structure suitable for both DC and radio frequency applications in
      which movement of the contact element is controlled by the direct
      application of fluid pressure thereto.
PAR  One of the problems that has been inherent in conventional vacuum switches
      has been the low contact pressure in such devices with attendant high
      contact resistance. Such low contact pressure derives from the fact that
      in all such switches contact pressure is dependent upon the external
      actuator which effects movement of the contact within the vacuum envelope.
      We have found, and it is therefore an object of this invention, that
      contact pressure be augmented several orders of magnitude, and result in
      decreased contact resistance, through design and fabrication of the fixed
      and movable contacts so that the contacts themselves, regardless of the
      actuating means therefor, generate or are responsible for the contact
      pressure and attendant low contact resistance.
PAR  Conventional radio frequency switches, both vacuum and air dielectric
      types, have been plagued by two obvious deficiencies. First, it is
      extremely important in a radio frequency switch that the inductance of the
      switch be kept to a minimum. Conventional radio frequency vacuum
      dielectric switches utilizing a bellow in the circuit in the conventional
      manner are subject to high inductance due to long current paths and are
      therefore limited in their application. Secondly, in conventional radio
      frequency switches little or no consideration is given to the distribution
      of voltage across the envelope, with the result that non-uniformly
      distributed high electrostatic stresses are imposed on the envelope,
      resulting in non-uniform heating of the envelope with attendant rupture
      thereof and destruction of the switch. It is therefor another object of
      the invention to produce an air-operated radio frequency switch which
      eliminates these deficiencies.
PAR  Still another object of the invention is the provision of a radio frequency
      switch capable of carrying high current in the order of 0 to 6000 amperes
      and which incorporates a contact assembly capable of handling DC or radio
      frequency signals up to about 50 megacycles.
PAR  The susceptibility of radio frequency switches to arcing between relatively
      movable members is well known. This is particularly true in a switch which
      is utilized in high current applications. One of the factors that
      initiates such arcing in a switch is contact "bounce" upon closing of the
      switch at high closing velocities. Accordingly, it is another object of
      the present invention to provide in a high current radio frequency switch
      a contact assembly and method of actuation thereof which inherently
      produces a built in resilience and resistance to contact bounce, thus
      reducing the tendency of the contact to generate an arc.
PAR  Among the factors that determine the cirtcuit breaking characteristics of a
      radio frequency switch is the efficiency with which heat generated in the
      contact elements is dissipated. It is well known that permitting the
      contact elements to operate at elevated temperatures increases the
      electrical resistance and thus lowers the current carrying capacity of the
      switch. This problem has been partially solved in the art by fabricating
      the relatively movable contact member of material possessing a large mass,
      the thought being that such large mass functions as a heat sink. This
      solution however introduces a new problem, namely, an increase in the
      inertial forces when the switch contact of large mass is moved at high
      velocity from one position to another. Such high inertial forces
      contribute to contact bounce and to arcing between the contact surfaces.
      Accordingly, it is yet another object of the present invention to provide
      a contact assembly for a high current radio frequency switch in which the
      contact assembly includes a piston moveable between requisite positions by
      the direct imposition of air pressure thereon, which also serves to absorb
      and convey away a large proportion of the heat from the radio frequency
      contact, and which works in conjunction with a fixed resilient contact
      that provides a multiplicity of short current carrying paths between the
      movable and fixed contacts.
PAR  In conventional radio frequency switches, whether they utilize a vacuum or
      an air dielectric, it has been unknown to use a single switch structure
      for different modes of operation. For instance, a single pole-single throw
      switch structure is not ordinarily also used for single pole-double throw
      or for cross-point applications. Accordingly, it is another object of the
      present invention to provide aa radio frequency switch structure which may
      be fabricated in either a single pole-single throw configuration, a single
      pole-double throw configuration, or double pole-double throw or even a
      multiplicity of poles interconnected to form a cross-point configuration.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It is of course well known that air pressure, or in a broader sense fluid
      pressure, has been used to actuate switches of various types. For
      instance, U.S. Pat. No. 2,794,087 which names the inventor herein as
      inventor, relates to a coaxial switch in which the movable contact is
      enclosed within a vacuum envelope and is actuated from outside the vacuum
      envelope by high pressure air working within an appropriate cylinder
      having a piston therein connected through a deformable bellows to the
      movable contact. It should be noted however that in this construction, the
      high pressure air is not admitted directly into the envelope within which
      the movable contact is enclosed, nor does the movable contact itself form
      the piston as in the present application. There are therefore important
      mechanical and functional differences in the present structure. One of
      these distinctions lies in the fact that with respect to the structure
      taught by U.S. Pat. No. 2,794,087, the movable contact slams into the
      fixed contact with a considerable amount of inertia, requiring the
      interposition of a post arranged to absorb the energy of impact of the
      movable contact. By contrast, in the present invention, the movable
      contact slides along a slideway, with the movable contact coming into
      engagement with the fixed contact in a wiping action that wholly
      eliminates the mechanical shock of impact between movable contact and
      fixed contact, thus precluding the possibility of contact bounce.
PAR  Another vacuum switch structure which operates similar to U.S. Pat. No.
      2,794,087 is taught by U.S. Pat. No. 2,917,596 in which the inventor
      herein is again named as inventor. As taught by this patent, air under
      pressure is admitted to an air cylinder disposed outside of the switch
      structure, the movable contact of the switch forming no part of the piston
      which actuates the movable contact, and electrical contact being effected
      by impact of one movable contact against a fixed contact.
PAR  Again, by way of comparison and distinction, in the present invention a
      circuit is completed between two terminals by sliding action of the
      movable contact from one position to another. Such movement of the movable
      contact does not involve an impact-generating abutment between the movable
      contact and the associated fixed contact, such contact being effected by a
      wiping action between the movable contact and the fixed contacts.
PAR  In U.S. Pat. No. 2,863,026, it is noted that a movable connector contact is
      provided which moves axially to make and break a circuit between two
      oppositely disposed contact terminals. It should be noted however that in
      that structure the connector contact is caused to move by abutment by the
      moving mobile contact, continued movement of the two contacts after
      abutment effecting movement of the connector contact into abutment with
      the fixed contact. Additionally, in that structure, contact between the
      various electrically conductive members is not effected with a wiping
      action.
PAR  There are switch structures of course that do incorporate movable contacts
      which wipe across an associated fixed contact. An example of such a
      construction is shown in U.S. Pat. No. 2,886,671 in which a triadic shoe
      is arranged to slide between associated pairs of contacts, being in
      permanent electrical contact with one of such contacts designated the feed
      contact or lead. In the present instance, in at least one aspect of the
      invention, the movable contact is shifted so that for a finite interval
      during its translation it does not contact any of the fixed contacts. In
      another aspect, the movable contact in the present invention is retained
      in resilient current carrying contact with one of the fixed contacts even
      during translation of the movable contact.
PAC  SUMMARY OF THE INVENTION
PAR  In terms of broad inclusion, the air actuated switch of the invention in
      one of its aspects comprises a hollow envelope formed from a pair of
      oppositely disposed axially aligned hollow metallic terminal members
      retained in spaced relationship by an intermediate dielectric envelope
      portion which also functions as a piston cylinder. Each of the terminals
      is provided with appropriate fixed contact members, and a piston is
      arranged within the envelope reciprocable to make or break a circuit
      through the fixed contact members associated with each terminal. The
      displacement of the piston is effected by the direct imposition against
      the piston of a suitable fluid pressure, such as compressed air, or other
      appropriate fluid, admitted to the interior of the envelope and piston
      cylinder through appropriate ports. In one aspect of the invention the
      only moving part in the switch is the reciprocable piston, which operates
      in a single pole-single throw mode. In another aspect of the invention,
      the fixed contacts within the envelope are arranged so that the single
      moving piston operates in a single pole-double throw mode, while in a
      third aspect of the invention a second piston is included within the
      hollow envelope so that the switch may be operated in almost a universal
      fashion to provide single pole-double throw operation, both switches open,
      both switches closed, make before break, break before make, single
      pole-single throw mode for bouble voltage, and single pole-single throw
      for double current. In a fourth aspect of the invention the terminal
      members are spaced apart and provided with axially aligned centrally
      disposed bores within which are fitted fixed resilient contacts that
      extend substantially 360.degree. around the bores and which make contact
      with the movable contact through a multiplicity of short electrically
      conductive paths.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view through the central axis of the switch,
      the movable contact member being illustrated in a position to complete a
      circuit through the switch.
PAR  FIG. 2 is a cross-sectional view taken through the central axis of a second
      embodiment of the switch, the movable contact member again being
      illustrated in a position to complete a circuit through the switch.
PAR  FIG. 3 is a cross-sectional view and illustrates a third embodiment of the
      switch of the invention, shown in a single pole-double throw
      configuration, the movable contact member of the switch being illustrated
      in a position to complete a circuit through a pair of the poles.
PAR  FIG. 4 is a cross-sectional view of a fourth embodiment of the switch of
      the invention, incorporating a pair of single pole-single throw switches
      in a single envelope, and incorporating a pair of movable contacts, each
      operable independently of the other or in cooperation with the other to
      provide a maximum of versatility in operation of the switch.
PAR  FIG. 5A is a fragmentary sectional view partly in elevation illustrating
      the relationship of the movable contact fingers arranged in a cylindrical
      array and preparatory to being expanded by an appropriate tool.
PAR  FIG. 5B is a fragmentary sectional view similar to FIG. 5A, but showing the
      tool advanced to effect displacement of the contact fingers beyond their
      elastic limit so that the fingers remain in expanded position.
PAR  FIG. 5C is a fragmentary sectional view illustrating the relationship
      between fixed and movable contacts and between the movable contact and the
      adjacent dielectric sleeve which precludes the necessity of the movable
      contact fingers from flexing during translation from one position to
      another.
PAR  FIG. 6 is a cross-sectional view of a fifth embodiment of the switch
      illustrating a different contact assembly embodying a pair of resilient
      fixed contact bands arranged to extend completely around the movable
      contact when engaged therewith.
PAR  FIG. 7 is a cross-sectional view taken in the plane indicated by the line
      7--7 in FIG. 6.
PAR  FIG. 8 is an enlarged fragmentary sectional view illustrating the method
      and means of retaining the fixed contact bands.
PAR  FIG. 9 is a fragmentary elevational edge view of the fixed contact band of
      FIG. 6.
PAR  FIG. 10 is a fragmentary elevational plan view of the fixed contact band of
      FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In terms of greater detail, the switch of the invention, in its various
      aspects as illustrated in the drawings above and as explained in greater
      detail herein, comprises a pair of electrically conductive metallic
      connection terminals designated generally by the numerals 2 and 3, the
      pair of connection terminals being axially aligned with respect to a
      central axis, and each being preferably configured symmetrically about the
      central axis and concentrically disposed thereabout. The connection
      terminals of each of the switch structures illustrated in FIGS. 1 and 2
      are rigidly and electrically non-conductively interconnected by a
      dieelectric sleeve 4 in a manner which will hereinafter be explained in
      greater detail in respect to each of these embodiments. In the embodiments
      of the invention illustrated in FIGS. 3 and 4, the electrically conductive
      connection terminals of each switch are interconnected by a pair of
      dielectric sleeves 6 and 7, coaxially aligned with remote ends rigidly
      attached to the associated connection terminals, and their associated ends
      rigidly attached to an intermediate terminal member designated generally
      by the numeral 8 (FIG. 3) and an intermediate terminal member designated
      generally by the numeral 9 (FIG. 4) which will also be explained
      hereinafter in greater detail.
PAR  In each of the four embodiments of the switch structure illustrated in
      FIGS. 1 through 4, there is provided a movable contact assembly designated
      generally by the numeral 12 and adapted to be reciprocated longitudinally
      with respect to the switch structure so as to make or break a circuit
      between selected terminals. In each switch structure, the movable contact
      assembly is caused to move in one direction or other by air pressure
      admitted to the interior of the hollow envelope formed by the associated
      connection terminals and the intermediate dielectric sleeve or sleeves. In
      this respect, and in this mode of operation, the movable contact assembly
      constitutes a piston and the interior bore of the connection terminals and
      the interior bore of the associated intermediate sleeve or sleeves
      cooperate to define a cylinder within which the pitson-like movable
      contact assembly reciprocates under the impetus of fluid pressure admitted
      to the cylinder. It will be noted from a comparison of the different
      embodiments illustrated in FIGS. 1 through 4 that many of the components
      utilized in these switch structures are common in design and function,
      with changes being made only to accomplish a particular purpose of mode of
      operation. Accordingly, in the interest of brevity, corresponding parts in
      the different embodiments will be designated by corresponding reference
      numbers, and specific differences in structure, function, or mode of
      operation will be explained separately with respect to each of the
      different embodiments in FIGS. 1 through 4.
PAR  Referring to FIG. 1, it will be noted that each of the connection terminals
      2 and 3 is generally cylindrical in configuration, and provided with a
      hollow interior 13 defined by the inner peripheral surface 14 which lies
      concentrically disposed about the central axis of each of the switch
      structures. It should also be noted that the cylindrical inner peripheral
      surfaces 14 of the connection terminals associated with each switch are in
      coextensive alignment.
PAR  Each of the connection terminals of each of the switches is also configured
      to provide in each switch mutually reaching reduced-in-diameter support
      portions 16, the support portions in each switch structure sealingly
      abutting or otherwise sealingly engaging the associated intermediate
      dielectric sleeve member 4 (FIGS. 1 and 2) or dielectric sleeves 6 and 7
      (FIGS. 3 and 4), so that the cooperative effect of uniting the opposed
      connection terminals of each embodiment with the intermediate dielectric
      members is to form an air-tight elongated generally cylindrical hollow
      envelope concentric and symmetrical about a longitudinal central axis.
PAR  To close the envelope, opposite ends of the assembly are closed by end
      plates 17 and 18 closing the left and right ends, respectively. In each
      embodiment, the end plates extend transversely with respect to the central
      axis, with the peripheral edge of each end plate being nested in an
      appropriate rabbet formed in the inner peripheral surface 14 of each
      connection terminal. As will be seen in each of FIGS. 1 through 4, the
      outer surface of each end plate lies flush with the end surface of the
      connection terminal with which it is associated. This is an advantage
      because it facilitates connection of the switch structure to associated
      circuit members such as conductive straps or bus bars. For this purpose,
      each of the connection terminals may conveniently be provided with a
      plurality of threaded bores 19 as shown.
PAR  Referring to the end caps 17 in FIGS. 1, 2 and 3, it will be seen that
      interiorly of the switch envelope each end cap is provided with a
      concentrically disposed inwardly extending post or pad 21 which extends
      into the hollow interior 13 an amount depending upon the function to be
      performed by each post or pad in its associated environment. Thus, with
      respect to FIG. 1, the pad 21 is provided with a transversely extending
      bore 22 connected by an exteriorly extending threaded bore 23 so that the
      hollow within the envelope may be connected with an appropriate source of
      compressed air outside the envelope, thus providing interconnected
      passageways 22-23 through which high pressure air may be admitted to the
      hollow interior 13 of the envelope.
PAR  With respect to the embodiment illustrated in FIG. 2, the pad or post 21 is
      somewhat longer than the corresponding part in the FIG. 1 embodiment, and
      in this case the pad is not used as a means of providing admission of high
      pressure air to the hollow interior 13. To accomplish this purpose in the
      embodiment illustrated in FIG. 2, the connection terminal 2, is provided
      with the transversely extending passageway 24, the inner end of which
      communicates with the interior hollow 13 and the other end of which
      communicates with a threaded bore 26 formed in the connection terminal so
      that a high pressure air hose may be connected thereto. This latter
      construction is also utilized in the embodiments illustrated in FIGS. 3
      and 4, and in the interest of brevity, corresponding reference numbers
      have been applied to corresponding parts.
PAR  In connection with end caps 18, and referring specifically to FIG. 1, it
      will be noted that end cap 18 is provided interiorly with an elongated
      post 27 having an inner end surface 28 and a transversely extending
      passageway 22' communicating with threaded bore 23'. In general, the end
      surface 28 of the post lies in planar alignment with the end surface 29 of
      the support section 16.
PAR  Referring to FIG. 2, it will be noted that this embodiment of the invention
      utilizes a post 27' of the same length as the post 27 in FIG. 1, but omits
      the transverse air passage 22' and threaded bore 23'. In this embodiment,
      air is admitted into the chamber 13 within connection terminal 3 through
      transverse passage 24' and threaded bore 26', similar to corresponding
      passageways formed in connection terminal 2 and discussed above.
PAR  Referring to FIGS. 3 and 4, the end cap 17 in FIG. 3 is provided interiorly
      with an axially extending concentrically disposed post 31 having a length
      substantially similar to the length of the connection terminal 2, and
      providing an end surface 32 similar to the end surfaces 28 and 28' in
      FIGS. 1 and 2. In this embodiment, the end cap 18 is similarily formed
      with an axially disposed inwardly extending concentric post 31' having an
      inner end surface 32'. In FIG. 4, end cap 18 is provided with a pad 21'
      similar to the pad 21 formed on end cap 17 in FIG. 2. In both the
      embodiments illustrated in FIGS. 3 and 4, air under pressure is admitted
      to the interior chamber 13 within terminal connections 3 through
      passageways similar to those described in connection with the opposite
      terminal 2, ie.e., transversely extending passageways 24' and 26'.
PAR  In the embodiments illustrated in FIGS. 2, 3 and 4, it will be noted that
      the intermediate dielectric sleeves 4 and 6 are surrounded by an
      additional concentric cylindrical and dielectric sleeve 33. In each of
      these embodiments, the sleeve 33 creates an annular void 34 disposed
      between the concentric sleeves. These sleeves are preferably formed from a
      suitable epoxy glass, and are rigidly sealed between associated connection
      terminals 2 and 3 as shown, by an appropriate epoxy adhesive disposed
      between end portions of these and the associated connection terminal. In
      the embodiments illustrated in FIGS. 2 and 3, the annular space 34
      disposed between the dielectric sleeves may be pressurized by admission of
      air under pressure through appropriate passageways 36 (FIG. 2) and 37
      (FIG. 3) so as to increase the withstand voltage between opposing terminal
      connections 2 and 3. Alternatively, this space may be filled during
      manufacture with an appropriate dielectric jell or other appropriate
      fluid.
PAR  The embodiments illustrated in FIGS. 3 and 4 differ in that the envelope
      construction incorporates the intermediate terminal member designated
      generally by the numeral 9. In both these embodiments, the intermediate
      terminal member comprises a circular plate having an outer peripheral
      portion 41 which may be provided with mounting holes 42 for mounting the
      switch to an appropriate support panel (not shown). Alternatively, the
      mounting holes may be omitted and mounting of the switch effected through
      the threaded bores 19 provided in the terminal connections 2 and 3. With
      respect to FIG. 3, the intermediate terminal member 8 constitutes an
      annulus having an inner peripheral surface 43 to which associate ends of
      the axially aligned dielectric sleeves 6 and 7 are appropriately secured,
      as by the interposition of an appropriate adhesive. The body portion of
      the annular plate is provided with annular recesses 44 and 44' adapted to
      receive the associated ends of the dielectric sleeves 33 and 33'
      surrounding dielectric sleeves 6 and 7 respectively.
PAR  It will thus be seen that since the outer end portions 46 and 46' of
      sleeves 33 and 33' are rigidly secured to the associated terminals 2 and
      3, and since the inner end portions of these same sleeves are rigidly
      attached to the intermediate member 8, and further since the dielectric
      sleeves 6 and 7 are rigidly interposed between the mounting portions 16 of
      terminal connections 2 and 3, and the intermediate terminal plate 8, the
      envelope so formed is rugged and capable of manufacture and assembly
      through assembly line techniques.
PAR  In the embodiment of the invention illustrated in FIG. 4, the circular
      intermediate terminal 9 is also platelike, having an outer peripheral
      portion 51 and intermediate portion 52 disposed between the associated
      ends of the dielectric cylinders 33-34 and 6-7 in both a transverse and
      longitudinal sense, and a central portion 53 provided with centrally
      disposed, coaxially entending pads 54 and 54' presenting transversely
      extending surfaces 56 and 56'. In this embodiment, the intermediate
      terminal member 9 is also provided with a transversely (radially)
      extending threaded bore 57 communicating with an extension thereof in the
      form of a transverse passageway 58 communicating at its inner end within
      the envelope with a longitudinally (axially) extending passageway 59
      extending through the central body portion 53 of the intermediate terminal
      member 9.
PAR  The intermediate portion 52 of the terminal plate 9 is also provided with a
      longitudinally axially extending passageway 61 which communicates the
      passgeway 58 with the annular space 34 disposed between the coaxially
      arranged dielectric cylinders 33-33' and 6-7. In this embodiment,
      admission of high pressure air through the passageway 58 will result in
      the annular chamber 34 also being charged with the same high pressure air,
      and will result also in admission of such high pressure air into the
      chamber 13 disposed between the central body portion 53 of the
      intermediate terminal member and the terminal connections 2 and 3. From an
      electrical point of view, it will be noted that the terminal connections 2
      and 3 are preferably fabricated from a high grade aluminum alloy for
      maximum electrical and thermal conductivity.
PAR  In the embodiment illustrated in FIG. 1, the mounting portions 16 of the
      terminal connections 2 and 3 are provided with fixed radially inwardly
      extending annular electrical contacts 66 and 67, respectively. The
      contacts 66 and 67 are provided with cylindrical contact surfaces 68 and
      69, respectively, the contact surfaces 68 and 69 being axially spaced
      apart as shown, and the contacts are conveniently intergal with each
      associated terminals 2 and 3. The contact surfaces 68 and 69 lie flush
      with the inner cylindrical periphery 71 of the intermediate dielectric
      sleeve 4, and the inner peripheral cylindrical surface 72 of the sleeve 73
      disposed in the form of a liner within the inner periphery 14 of terminal
      member 2. It will thus be seen that the contact 66 lies disposed between
      the sleeve 73 of the left and the sleeve 4 on the right, the surfaces 71
      and 72 being, in effect, extensions of the contact surface 68. At the end
      of sleeve 73 remote from contact 68, there is provided a second radially
      inwardly extending conductive contact ring 73, the inner peripheral
      contact surface 74 of which lies flush with the inner peripheral surface
      72 of the associated sleeve 73. It will thus be seen that the contact
      surfaces 68 and 74 and the inner peripheral surfaces of dielectric sleeves
      73 and 4 form a continuous cylindrical surface which extends between the
      contact surface 69 of contact 67 and contact surface 74 of contact ring
      73.
PAR  In the embodiment of the invention illustrated in FIG. 1, the movable
      contact designated generally by the numeral 12 is arranged to reciprocate
      within the cylindrical slideway formed by the inner peripheral surfaces
      discussed above, which also function as an air cylinder and a piston
      cylinder. In the position of the movable contact illustrated in FIG. 1,
      electrical energy is conducted by the movable contact between the terminal
      members 2 and 3. When air under pressure is admitted to the chamber 13
      disposed within terminal member 3 through threaded bore 23' and transverse
      passageway 22', the movable contact 12 is caused to move to the left as
      viewed in FIG. 1, until it comes to rest on contact surfaces 68 and 74. In
      this respect, movement of the movable contact 12 to the left is limited by
      pad 21, and when moved to the right as viewed in FIG. 1 by admission of
      high pressure air into the chamber 13 disposed within the terminal member
      2, movement of the movable contact 12 is limited by post 27 so that the
      movable contact comes to rest in the position indicated in FIG. 1. The
      specific construction of the movable contact 12 will be explained in
      greater detail hereinafter. It is important to note that in moving from
      one position to another the movable contact member makes and breaks
      electrical contact with the fixed contacts by a wiping action rather than
      through impact as in most conventional switches.
PAR  Referring to FIG. 2, in this embodiment, contacts 68' and 69' function in
      the same manner as the corresponding contacts in FIG. 1, but in this
      embodiment constitute radially inwardly projecting cylindrical ring
      portions formed on conductive contact sleeves 76 and 77. The end of each
      of the contact sleeves 76 and 77 remote from contacts 68' and 69' is
      suitably brazed to the inner peripheral surface 14 of the associated
      mounting portion 16 of the associated connection terminal members 2 and 3
      as shown. In this embodiment, the inner peripheral surface 71' of the
      dielectric member 4 functions as a slideway, air cylinder and piston
      cylinder in the same manner as the corresponding surface in FIG. 1.
      Similarly dielectric sleeve 73' is provided with an inner peripheral
      surface 72' defined at one end by the contact surface 68' and at the other
      end by the contact surface 74' formed on contact ring 73'.
PAR  Again, as in FIG. 1 admission of high pressure air to the chamber 13 of
      connection terminal member 3 as viewed in FIG. 2 will cause the movable
      contact 12 to move to the left as to interrupt the electrically conductive
      path formed by the movable contact between the contacts 66' and 67'. The
      movable contact, under the impetus of such high pressure air, will come to
      rest against the pad 21, so that the movable contact will span the space
      between contact rings 66 and 73', both conductively related to connection
      terminal 2 and thus resting in a nonconductive attitude. Movement of the
      movable contact in the opposite direction, i.e., to the right as viewed in
      FIG. 2 from its non-conductive position of rest is effected by admitting
      high pressure air into the chamber 13 disposed within connection terminal
      member 2. It will of course be understood that with respect to each
      embodiment admission of air under pressure to the chamber 13 within one
      connection terminal member is accompanied by relief of the pressure within
      the chamber 13 in the opposite connection terminal member.
PAR  Referring to FIG. 3, the switch forming the subject matter of this
      embodiment constituting a single pole-double throw switch structure has
      the novel characteristic of being bi-stable. In this embodiment of the
      invention, the connection terminal members 2 and 3 are related to the
      intermediate terminal member 8, which can be said to be common in both the
      associated connection terminal members 2 and 3. Thus, there is provided on
      the inner peripheral surface 43 of the intermediate terminal member 8 an
      annular contact 81 having a cylindrical contact surface 82. The contact
      surface 82 is of the same diameter as the associated inner peripheral
      surfaces 83 and 84 of intermediate dielectric sleeves 6 and 7,
      respectively. Opposite ends of the dielectric sleeves 6 and 7 abut contact
      rings 86 and 87, respectively, each of these contact rings having inner
      peripheral surfaces 88 and 89, respectively, of the same diameter as the
      associated inner peripheral surfaces 83 and 84 of dielectric sleeves 6 and
      7.
PAR  It will thus be seen that as the movable contact 12 reciprocates between
      the position illustrated in FIG. 3, and its alternate position spanning
      the space between intermediate contact 81 and end terminal contact 87, the
      inner peripheral surfaces of the members described above form a continuous
      smooth slideway for guiding movement of the movable contact 12.
      Additionally, these surfaces function as an air cylinder and piston
      cylinder, and the movable contact functions as a piston during the
      reciprocation within the piston cylinder. It will also be noted that
      movement of the movable contact 12 to the right as viewed in FIG. 3, is
      limited by the end surface 32' of post 31' while movement of the movable
      contact 12 to the left is limited by end surface 32 of post 31.
PAR  As with the embodiments illustrated in FIGS. 1 and 2, movement of the
      movable contact 12 is effected by admission of high pressure air into the
      chambers 13 formed in connection terminal members 2 and 3. Thus, admission
      of high pressure air into the chamber 13 associated with connection
      terminal member 2 as viewed in FIG. 3, will effect movement of the movable
      contact 12 to the right into its alternate position against stop surface
      32'. In such alternate position, an electrical circuit will be completed
      between the intermediate terminal member 8 and connection terminal member
      3.
PAR  Conversely, admitting air under pressure to the chamber 13 within terminal
      connection member 3, will cause the movable contact 12 to move from such
      alternate position to the left until it assumes the position illustrated
      in this figure. As there shown, the movable contact forms a continuous
      conductive path between the intermediate terminal member 8 and connection
      terminal member 2. It is important to note that the movable contact is
      fabricated so that it is approximately the same diameter as the associated
      conductive terminal members 2 and 3, or contact 81, an important
      consideration when the switch is used with higher frequencies. This fact
      is also important with respect to the substantially matching impedance of
      the movable contact as compared to the impedance of associated conductive
      surfaces.
PAR  The embodiment of the invention illustrated in FIG. 4 is similar in many
      ways to the embodiment of the invention illustrated in FIG. 3. In this
      embodiment, a second movable contact member 12' is provided, thus
      permitting greater flexibility in application of the switch in that within
      a single envelope, or embodied within a single structure, there is
      provided a pair of single pole-single throw switches each of which may be
      operated independent of the other, or which may be operated in unison to
      provide a single pole-double throw operation, simultaneous open or closed
      conditions, make before break or break before make operation, or single
      pole-single throw for double voltage and single pole-single throw for
      double current applications.
PAR  To achieve this versatility in a single structure, there is mounted on each
      of the two connection terminal members 2 and 3, and on the intermediate
      terminal member 9, pairs of contact rings 91-92, 93-94, and 96-97,
      respectively. As with the corresponding contact rings in the other
      embodiments illustrated in FIGS. 1 through 3, the cylindrical inner
      peripheral surfaces of these contact rings constitute contact surfaces
      coextensive with the cylindrical inner peripheral surfaces of the
      associated cylindrical sleeves 6 and 7, and dielectric sleeves 98 and 99
      associated, respectively, with terminal connection members 2 and 3. As
      shown, the dielectric sleeve 98 lies within the inner periphery 14 of
      connection terminal member 2, bounded at one end by contact ring 91 and at
      the other end by contact ring 92.
PAR  In like manner, the dielectric sleeve 99 lies within the inner periphery 14
      of terminal connection member 3, bounded on one end by contact ring 93 and
      at its other end by contact ring 94. It will thus be seen that with
      respect to the assembly on the left side of the intermediate terminal
      member 9, contacts 91, 92 and 96 and the inner peripheral surfaces thereof
      cooperate with dielectric sleeves 6 and 98 to provide a continuous and
      smooth slideway for reciprocal movement of the movable contact 12. In the
      position of the movable contact 12 illustrated in FIG. 4, an electrical
      circuit is completed between the connection terminal member 2 and the
      intermediate terminal member 9. When the movable contact 12 is moved to
      the left as viewed in FIG. 4, this electrical circuit is broken and the
      movable contact member 12 comes to rest in an electrical "off" position
      spanning the space between contacts 91 and 92. Movement in this direction
      is limited by pad 21. Movement of the movable contact 12 to the left as
      viewed in FIG. 4 is effected by admitting air under pressure through
      passageway 58 and connecting passageway 59 so that air under pressure is
      admitted to the chamber 101 disposed between the intermediate terminal
      member 9 and the associated end of the movable contact member 12.
PAR  With respect to the assembly illustrated to the right of the intermediate
      terminal member 9 in FIG. 4, the movable contact member 12' is there shown
      in its electrical off position, the movable contact member spanning the
      space between contacts 93 and 94. Again, as with the counterpart assembly
      on the left side of the intermediate terminal member 9, the inner
      periperal surfaces of contacts 93, 94 and 97, and the inner peripheral
      surfaces of dielectric sleeves 7 and 99 form a smooth slideway through
      which the movable contact 12' reciprocates. Movement of the movable
      contact 12' to the left as viewed in FIG. 4 is effected by admitting air
      under pressure to the chamber 13 through the transversely extending
      passageway 24' formed in connection terminal member 3. When the movable
      contact member 12' has reached its alternate position so as to complete a
      circuit between contact 93 on connection terminal member 3 and contact
      ring 97 on intermediate terminal member 9, it may be returned to its first
      position (illustrated in full lines in FIG. 4) by admitting air under
      pressure through passagway 58 and interconnecting passageway 59 into
      chamber 101', disposed between the intermediate terminal member and
      movable contact 12'.
PAR  It should be noted that with respect to this embodiment, movement of the
      movable contact members 12 and 12' may be controlled in several different
      modes. For instance, in the positions of the movable contacts illustrated,
      an electrical circuit is completed between connection terminal member 2
      and intermediate terminal 9. There is no electrical connection between
      connection terminal 3 and intermediate terminal 9 in the position of
      movable contact 12' as illustrated. Admission of air however to chamber 13
      in connection terminal member 3 will cause movable contact 12' move to the
      left, thus completing a second path for voltage and current between
      connection terminal member 3 and intermediate terminal member 9.
PAR  In another mode, the air pressures admitted to the various chambers 13, 101
      and 101', may be controlled so that the two movable contacts 12 and 12'
      move in unison from left to right. Alternatively, air under pressure may
      be admitted to the passageways and chambers in such a way that the movable
      contacts simultaneously complete circuits between the intermediate
      terminal member 9 and the associated connection terminal members 2 and 3.
PAR  The movable contact member 12 as illustrated in FIGS. 1-4 and the movable
      contact member 12' as illustrated in FIG. 4, is designated and conditioned
      to cooperate with the various contact surfaces so as to minimize the
      contact resistance and thus minimize the current flow through the movable
      contact member. Additionally, the movable contact member while being
      designed for optimum electrical characteristics, is also designed to
      perform the mechanical function of a piston in combination with the
      associated cylindrical slideway surfaces or piston cylinder within which
      the movable contact member reciprocates. Additionally, it is important
      that the mass of the movable contact 12 be minimal, or at least within a
      predetermined range, so that the air pressure required to move the movable
      contact is minimized. In this respect, it is noted that a low mass
      minimizes the inertia required to be overcome to move the movable contact,
      thus enhancing speed of operation of the switch.
PAR  To achieve these important purposes, the movable contact in each of the
      embodiments includes a central body portion 102 the outer peripheral
      surface 103 of which is provided with an annular groove 104 within which
      is seated a suitable seal ring 106. The seal ring may be in the form of
      and O ring or it may be a quad ring. In each embodiment, the seal ring
      functions to seal the union between the movable contact member and the
      associated cylindrical slideway surfaces formed by the fixed contacts and
      the intermediate dielectric sleeves. The movable contact member thus forms
      a piston within the cylindrical slideway, being effectively, moved in one
      direction or the other by the admission of high pressure air into the
      chambers on opposite sides of the central body portion 102 of each movable
      contact member.
PAR  On opposite sides of the central body portion 102, and extending coaxially
      in opposite directions, are conductive metallic skirt portions 107 and
      108. Each of the skirt portions is cylindrical in configuration, and is
      provided with a multiplicity of longitudinally extending slots 109 which
      convert each skirt portion into a multiplicity of parallel inherently
      resilient fingers 112. Each of the inherently resilient fingers 112 is
      provided on its extreme end with a contact surface 113 configured to
      conform to the cylindrical configuration of the associated inner
      peripheral surfaces of fixed contacts and intermediate dielectric sleeves.
      In this manner, a maximum amount of surface-to-surface contact is provided
      between each of the movable contact finger surfaces 113 and the fixed
      cylindrical contact surfaces against which they resiliently impinge.
PAR  Referring to FIG. 5, it will there be seen that after the slots 109 have
      been formed in the skirt portions of the movable contact, the resilient
      finger portions thus formed are sprung outwardly beyond their elastic
      limit so that they take a permanent set in which collectively the finger
      portions diverge outwardly in a conical array. Thus, when the movable
      contact is inserted into the cylindrical slideway provided by the inner
      peripheries of the fixed contacts and intermediate dielectric sleeves, the
      splayed resilient fingers are resiliently compressed into a smaller
      diameter skirt so as to be accommodated within the inner periphery of the
      slideway. Such compression of the resilient fingers into a smaller
      diameter skirt has the effect of resiliently loading the spring fingers so
      that after insertion they exert a strong resilient radially outwardly
      directed force against the fixed contact surfaces and the associated
      dielectric sleeves. A method of construction of the movable contact
      fingers is illustrated by way of example of FIG. 5. It will be apparent
      from this construction and mode of operation that after assembly and
      during operation of the switch, no flexure of the fingers occurs so that
      no "fatigue" is experienced by the fingers, thus contributing to the long
      life experience of the switch. The slotted contact configuration also
      results in a significant reduction of self-induced eddy currents at radio
      frequencies, thus precluding destructive heating of the movable contact.
PAR  Each of the movable contacts is also provided with a centrally disposed
      post or pad having a smaller diameter than the surrounding skirt portion
      of the movable contact and projecting axially on opposite sides of the
      central body portion of each movable contact to provide transversely
      extending end surfaces 116 and 117 which cooperate with the end surfaces
      of pads 21 and posts 27 to limit movement of the movable contact in each
      direction. Thus, referring to FIG. 1, the surface 117 is shown in
      contiguous abutment against the surface 28 of post 27. In this position of
      the parts, the resilient fingers arranged in a circular array to form the
      skirt portion of each of the movable contacts lie in direct opposition and
      resilient current carrying contact with fixed contact rings 66 and 67 as
      shown. Additionally, to enhance the current carrying capacity of the
      movable contact, it is important that heat generated in the movable
      contact be drawn therefrom. For this purpose, the posts 27, 27', 31, 54
      and 54' function as heat sinks to draw heat from the movable contact.
PAR  Upon the admission of high pressure air into the chamber 13 through the
      passageway 22'-23', the movable contact will be caused to move to the left
      until the stop surface 116 comes into contact with the end surface of pad
      21. In this position, the movable contact surfaces on the skirt 107 formed
      on the left end of the movable contact will be in resilient engagement
      with fixed contact ring 73. In like manner, the resilient contact finger
      surfaces on skirt 108 will have been shifted so that they now resiliently
      engage fixed contact ring 66. The same mode of operation is implicit in
      each of the other embodiments illustrated in FIGS. 2, 3 and 4.
PAR  It should be noted that there is little frictional resistance to movement
      of the movable contact from one position to another by virtue of the fact
      that for a major portion of its travel the resilient contact fingers press
      outwardly against the inner peripheral surface of the dielectric sleeves
      disposed between the fixed contact rings. To minimize frictional
      resistance, it is preferable that these cylindrical sleeves be fabricated
      from an appropriate grade of "Teflon". The fact that the inner peripheral
      surfaces of these "Teflon" sleeves is coextensive with the inner
      peripheral surfaces of the fixed contacts eliminates any impediment that
      might be imposed upon movement of the movable contact from one position to
      the other in that it eliminates any abutment uneveness or sudden
      impositions of stresses on the resilient contact fingers.
PAR  In connection with the illustration of the movable contact members 12 and
      12', it will be noted that in FIG. 1, the centrally disposed post
      terminating at each end in stop surfaces 116 and 117 is formed in two
      parts of FIGS. 1 and 2, and as a single integral unit in FIG. 4. The
      construction illustrated in FIG. 1 embodies two posts 118 and 119 suitably
      seated in a central aperture formed in the body portion 102 of the movable
      contact and secured therein through appropriate braze techniques. In the
      embodiment of FIG. 2, a similar construction is used, however here a screw
      121 has been added to one of the parts and a threaded bore has been
      provided in the other so as to permit mounting of the post portions 118
      and 119 so as to properly position the surfaces 116 and 117.
PAR  It has been found however that by controlling manufacturing tolerances the
      spacing between the fixed contacts 66 and 67 may be made to closely
      correspond to the spacing between the contact surfaces formed on the
      resilient fingers constituting skirt portions 107 and 108, thus
      eliminating the necessity of the screw 121. Where used, the screw is
      adjusted to provide the requisite positioning of the stop surfaces 116 and
      117 in relation to the stop surfaces formed on the pad 21 and post 27
      (FIG. 1) and post portions 118 and 119 are then appropriately brazed to
      the central body portion 102 of the movable contact so that they retain
      their adjusted position.
PAR  In the embodiment of the invention illustrated in FIGS. 6 through 10,
      inclusive, the switch structure includes an end cap 126, preferably
      fabricated from aluminum and silver plated over its entire surface. For
      purposes of mounting the terminal to an associated structure, the end cap
      is provided with three mounting holes 127 spaced at 120.degree.  about the
      terminal member. Spaced from its end surface 128, the terminal is provided
      with a shoulder 129 which leads into an annular recess 131. From the
      shoulder 129, the terminal member is provided with a nose section 132
      having a conically tapered face 133 which merges smoothly into an annular
      surface 134 lying transverse to the longitudinal axis 136 of the switch.
      The terminal member 126 is provided with a recess 137 having a bottom
      surface 138 and a cylindrical surface 139. The bottom surface 138 is
      provided with an annular cylindrical wall portion 141 proportioned to
      snugly receive in a press fit manner an electrically insulated and
      thermally conductive stop ring 142. The stop ring is preferably aluminum
      formed with a thick anodized coating thereon to provide the necessary
      electrical insulation.
PAR  The opposite end terminal member 143 is also cylindrical in general
      configuration, and is provided with three mounting bores 144 spaced at
      120.degree. intervals about the end terminal. A shoulder 129' is formed on
      a forward portion of the terminal, a shoulder merging smoothly with an
      annular recess 131' for purposes which will hereafter be explained. The
      soulder 129' merges integrally into a long nose section 132' which
      intercepts a transversely extending annular end face 134'. It will be
      noted from FIG. 6, that the end surfaces 134 and 134' of end terminal
      members 126 and 143 lie opposite each other and spaced apart approximately
      1 inch in the embodiment illustrated, which is shown approximately full
      size.
PAR  The end terminal 143 in other respects differs from the end terminal member
      126 in that the terminal member 143 is provided with a central bore 146
      that extends from the end face 134' to adjacent the opposite end face 147.
      The end face 147 is recessed to provide a shoulder 148 within which is
      disposed an end cap 149 as shown. The end cap 149 may be conveniently
      secured permanently to the end terminal member 143 by application of an
      appropriate epoxy adhesive in the joint between the end cap 147 and the
      surrounding terminal member 143. For reasons which will hereinafter be
      explained, the bore 146 is further increased in diameter at 151 to provide
      an annular space between the inside surface 152 of the end plate 149 and
      the end of the bore 146.
PAR  Mounted on the nose section 132 and 132' of the end terminal members are
      fixed contact assemblies designated generally by the numerals 153 and 154.
      As indicated in FIGS. 8, 9 and 10, the fixed contacts 153 and 154 comprise
      elongated strips of electrically conductive material formed with
      serrations 156 along each opposite long edge thereof, the serrations
      constituting tabs 157 which may be bent as illustrated in FIG. 8 to nest
      within a recess 158 formed in the inner periphery of the bores 139 and
      146. Between the serrations 156 on opposite long edges of the stip, the
      body of the strip is provided with a plurality of closely adjacent
      apertures 159 separated by a web 161 disposed between pairs of adjacent
      apertures. The webs 161 as illustrated in FIG. 9 are angularly disposed
      with respect to the plane of the edge strips 162 which separate the
      serrations 157 from the central body portion of the strip. Thus, the thin
      strip portion 162 separating the tabs 157 from the webs 161 lies in a
      different plane from the webs, and lies also in a different plane from the
      tabs 157 when these are bent as illustrated in FIG. 8 to lie snugly within
      the annular groove 158 formed to receive them. It will thus be seen that
      when the elongated strip 153 or 154 is formed into a circular
      configuration to fit the inner periphery of the nose sections 132 and 132'
      of the terminal members, the angularly disposed web members 161 lie in the
      relationship illustrated in FIG. 7, each web extending generally in a
      radial direction and having one longitudinal edge 163 forming tight
      resilient contact with the inner periphery of the associated bores 139 or
      146. The opposite edge 164 of each web is arranged to present an elongated
      end surface that comes in resilient contact with the associated outer
      periphery 166 of a centrally disposed movable contact designated generally
      by the number 167.
PAR  The movable contact is preferably fabricated from a solid slug of aluminum
      to provide a cylindrical body portion 168 having an inner periphery 169
      closed by a transverse wall 171. On opposite sides of the wall 171, the
      movable contact is provided with a nose section 172 adapted to be
      selectively engaged with the annular insulating ring 142 in the position
      of the parts illustrated in FIG. 6. The opposite end of the cylindrical
      movable contact constitutes a bearing section 173 provided on its outer
      periphery with a quadring 174 to seal the union between the outer
      periphery 166 and the inner periphery 146 of the terminal member 143.
PAR  It will thus be seen that in the orientation of the fixed contact members
      153 and 154 as illustrated in FIG. 6, the outer surface 166 of the movable
      contact is preferably smooth and comes into electrically conductive
      relationship with each of the webs 161 spaced in small increment 360
      degrees about the movable contact. The outer diameter of the movable
      contact that defines the surface 166 is proportioned so that when the
      movable contact lies disposed in the position illustrated in FIG. 6, the
      webs 161 are flattened somewhat as illustrated at 176 in FIG. 7. Thus, the
      inherent resilience of the webs 161 minimize the contact resistence
      because of the individual pressure each imposes on the outer periphery of
      the movable contact. Additionally, since the path of current through the
      switch is from one terminal member, through the movable contact by way of
      the multiplicity of webs 161 and thence through the movable contact and
      the opposite set of fixed contacts embodying webs 161 and the terminal
      member associated therewith, the path that the current must follow is an
      extremely short one. Additionally, it will be seen that since the contact
      strip 156 is arranged in a circular array, contact will be made with the
      movable contact through approximately 160.degree..
PAR  To retain the end terminal members 126 and 143 in axially spaced alignment
      as illustrated, there is disposed in the recess 131 and 131', and
      shoulders 129 and 129', a cylinder 176 of epoxy glass. The cylinder may be
      threaded into the recesses 131, but it has been found that using a
      suitable epoxy adhesive will secure the glass envelope with sufficient
      strength to retain the pressures that are imposed on the interior of the
      envelope.
PAR  To actuate the movable contact 167, there is provided in the end terminal
      126, a bore 177 to receive an air hose fitting (not shown). The bore 177
      is connected by a passageway 178 and 179 with the interior of the
      envelope, the passage 179 passing through the bottom wall 138 of the
      terminal member 126.
PAR  At the opposite end of the switch, a similar threaded bore 181 is provided,
      connected by passageways 182 and 183 with the annular passageway 151
      disposed between the underside surface 152 of the end plate 149 and the
      end of bore 146. It will thus be seen that injecting fluid under pressure
      into either one of the threaded bores 177 or 181 causes the movable piston
      167 to move in the opposite direction.
PAR  A switch structure fabricated in the proportions indicated in FIG. 6, which
      is shown essentially in full scale, it has been found that with the end
      terminal members 126 and 143 silver plated as previously discussed, and
      with the fixed contact assemblies 153 and 154 also silver plated, and with
      the surfaces of the movable contact 167 silver plated, the switch
      structure illustrated may easily carry six thousand amps of direct
      current, or may be utilized in a radial frequency application without
      appreciable heating. It has been found that air pressure may vary from
      thirty to seventy pounds per square inch may be utilized to shift the
      piston, the wide range of air pressures eliminating any criticality in
      this area. To regulate the transfer time of the piston from one end of the
      switch to the other, all that is required is that the bleed passageways
      178 and 182 be proportioned to provide the requisite transfer time. Thus,
      a larger bore will provide a faster time, whereas a smaller bore slows the
      transfer time.
PAR  It is an advantage that all of the current passing between the terminal
      members 126 and 143 pass through the silver plated copper movable contact
      167. To effect this purpose, the impact ring 142 is rendered electrically
      insulative by anodizing the surface thereof as previously stated.
      Additionally, the end plate 149 is also formed from aluminum that has been
      heavily anodized to render the end plate non-conductive. It will thus be
      seen that when the movable contact is in the switch open position as
      illustrated, current passing between each of the terminal members and the
      associated movable contact passes in parallel through the multiplicity of
      resilient web members 161 which individually impinge resiliently on the
      bore 139 on the one hand and the associated end portion 172 of the movable
      contact on the other hand when the switch is in "OPEN" position.
      Obviously, the fixed contact assembly 154 operates by the same mode, and
      performs the additional function of providing a bearing support for the
      movable contact 167 when the movable contact is moved to the right into a
      switch "CLOSED" position. It has been found that best results are secured
      from the fixed contact assembly when the multiple contact strip 156 is
      fabricated from beryllium copper and silver plated in conformity with the
      rest of the structure.
PAR  Having thus described the invention, what is claimed to be novel and sought
      to be protected by letters patent is as follows:
CLMS
STM  I claim:
NUM  1.
PAR  1. An electric switch structure comprising:
PA1  a. a pair of axially aligned and spaced terminal connection members having
      fixed cylindrical contact surfaces thereon arranged in axially spaced
      relationship;
PA1  b. a cylindrical dielectric sleeve disposed between said spaced terminal
      connection members, the inner peripheral surface of said sleeve being
      coextensive with the inner peripheral surface of said fixed cylindrical
      contact surfaces on said terminal connection members;
PA1  c. a movable contact disposed within the envelope formed by said terminal
      connection members and said dielectric sleeve and reciprocable between
      first and second positions to make or break an electric circuit through
      said terminal connection members, said movable contact including a pair of
      oppositely extending cylindrical skirt portions, each skirt portion
      comprising a multiplicity of resilient contact fingers arranged in a
      circular array and guided in its movement by the interior periphery of
      said fixed contact surfaces and said intermediate dielectric sleeve; and
PA1  d. said movable contact constituting an electrically conductive piston
      which makes electrical contact with said spaced terminal connection
      members through substantially 360.degree.
NUM  2.
PAR  2. The combination according to claim 1, in which said terminal connection
      members constitute hollow electrically conductive shells axially aligned
      with said intermediate dielectric sleeve to form an axially extending
      slideway through which said movable contact moves between said first and
      second positions, said movable contact in said first position spanning the
      space between said hollow electrically conductive shells to form a direct
      connection therebetween.
NUM  3.
PAR  3. The combination according to claim 1, in which one of said terminal
      connection members includes a second cylindrical dielectric sleeve
      coaxially disposed therewithin, the inner peripheral surface of said
      second dielectric sleeve and being coextensive to the contact surfaces of
      said fixed contacts forming a part of said terminal connection members.
NUM  4.
PAR  4. The combination according to claim 1, in which thermally conductive stop
      means are associated with each of said terminal connection members
      cooperating with said movable contact member to restrict movement thereof
      between said first and second positions.
NUM  5.
PAR  5. The combination according to claim 1, in which the inner peripheral
      surfaces of said terminal connection members forming fixed contact
      surfaces are cylindrical in configuration, the inner peripheral surfaces
      of said intermediate dielectric sleeve is cylindrical and coextensive with
      the cylindrical contact surface of said fixed contacts, and said movable
      contact makes contact with said fixed contact through sliding action
      thereof along the inner periperal surfaces thereof without flexure of said
      movable contact.
NUM  6.
PAR  6. The combination according to claim 1, in which each of said terminal
      connection members is cylindrical in configuration having a cylindrical
      bore extending therethrough, said fixed cylndrical contact surfaces being
      associated with the associated ends of said terminal connection members,
      and end cap means sealing the central cylindrical bore of each said
      terminal connection member at the end thereof remote from said fixed
      contact surface.
NUM  7.
PAR  7. The combination according to claim 1, in which a dielectric sleeve is
      disposed between said terminal connection members in circumscribing
      coaxial relationsip with said first mentioned dielectric sleeve.
NUM  8.
PAR  8. The combination accorded to claim 1, in which the interior of said
      terminal connection members constitute fluid tight chambers, and means are
      provided connecting said chambers with a source of fluid pressure, said
      movable contact constituting a piston within the envelope against which
      said fluid pressure may work.
NUM  9.
PAR  9. The combination accorded to claim 1, in which said movable contact is
      adapted to reciprocate between said first and second positions, seal means
      are provided associated with said movable contact and disposed
      intermediate the ends thereof and providing a fluid tight yet slidable
      connection between said contact and the inner periperal surfaces of said
      fixed contacts and the inner peripheral surfaces of said dielectric
      sleeve, whereby fluid under pressure may be selectively admitted to the
      interior of said hollow terminal connection members on opposite sides of
      said movable contact to effect movement thereof in a selected direction.
NUM  10.
PAR  10. The combination accorded to claim 1, in which a second dielectric
      sleeve is disposed coaxially about the first mentioned dielectric sleeve,
      and means are provided filling the space between said dielectric sleeves
      and said fixed contact surfaces to increase the voltage breakdown limit
      between associated ends of said terminal connection members.
NUM  11.
PAR  11. An electric switch comprising:
PA1  a. a hollow envelope structure generally symmetrically arranged about a
      longitudinal axis and including an elongated tubular slideway within the
      envelope coaxially disposed about the longitudinal axis and including
      electrically conductive and non-conductive sections spaced apart so that
      said conductive sections are electrically insulated one from the other by
      said conductive and non-conductive sections cooperating to form a smooth
      interior surface in said tubular slideway;
PA1  b. terminal means closing opposite ends of said elongated tubular slideway,
      each of said terminal means being electrically connected to one of said
      electrically conductive sections of said slideway;
PA1  c. movable contact means reciprocally mounted within said slideway and
      having contact surfaces thereon adapted to selectively span a dielectric
      section of said slideway to electrically connect adjacent but axially
      spaced and normally electrically insulated conductive sections of said
      slideway to selectively make or break a circuit through said switch;
PA1  d. said movable contact constituting an electrically conductive piston
      which makes electrical contact with said spaced electrically conductive
      sections through substantially 360 degrees; and
PA1  e. electrically conductive stop means on said movable contact and thermally
      conductive stop means on said terminal members limiting the extent of
      movement of said movable contact within said slideway.
NUM  12.
PAR  12. The combination according to claim 11, in which means are provided
      associated with said movable contact for sealing the space between said
      movable contact and the innner periphery of said slideway whereby said
      movable contact constitutes a piston adapted for longitudinal displacement
      within said slideway, and means are provided for admitting a fluid under
      pressure into said slideway on one side or the other of said movable
      contact to effect reciprocation thereof within said slideway.
NUM  13.
PAR  13. The combination according to claim 11, in which one of said conductive
      sections of said slideway constitutes the common contact, and the other of
      said conductive sections of said slideway constitute terminal contacts,
      and said movable contact is selectively movable between said common
      contact and one or the other of said terminal contacts.
NUM  14.
PAR  14. A switch structure comprising:
PA1  a. first, second and third terminal members axially aligned and spaced
      along a longitudinal axis;
PA1  b. fixed contact surfaces formed on said first, second and third terminal
      members;
PA1  c. dielectric sleeve means disposed between said fixed contact surfaces,
      the said fixed contact surfaces and the inner peripheries of said
      dielectric sleeves being coextensive to thereby define a cylindrical
      slideway;
PA1  d. a movable contact member reciprocable within said slideway and having
      contact surfaces thereon spaced apart in correlation to the spacing
      between said fixed contact surfaces whereby longitudinal displacement of
      said movable contact from a first position to a second position will
      effect completion of an electrical circuit between a selected pair of said
      terminal members;
PA1  e. said movable contact constituting an electrically conductive piston
      which makes electrical contact with said spaced contact surfaces through
      substantially 360 degrees;
PA1  f. one of said terminal members constituting a common terminal and
      including an intermediate centrally disposed section forming a stop for
      limiting movement of an associated movable contact; and
PA1  g. a movable contact on the opposite side of said intermediate terminal
      operable to selectively complete a circuit between said intermediate
      terminal member and the associated other terminal member.
NUM  15.
PAR  15. An electric switch structure comprising:
PA1  a. a pair of axially aligned and spaced terminal connection members having
      fixed resilient circularly arranged contact surfaces thereon arranged in
      axially spaced relationship;
PA1  b. a dielectric sleeve disposed between said spaced terminal connection
      members to retain them in spaced alignment and to electrically insulate
      one from the other; and
PA1  c. a movable contact disposed within the envelope formed by said terminal
      connection members and said dielectric sleeve and reciprocable between
      first and second positions to make or break an electric circuit through
      said terminal connection members;
PA1  d. said movable contact constituting an electrically conductive piston
      having a smooth cylindrical contact surface which makes electrical contact
      with said circularly arranged spaced terminal connection members through
      substantially 360.degree. .
NUM  16.
PAR  16. The combination according to claim 15, in which said fixed resilient
      circularly arranged contacts comprise an elongated strip of conductive
      metal sections of which have been sprung out of the plane of the strip to
      provide a multiplicity of angularly disposed webs therealong, one edge of
      each web adapted to resiliently impinge against the associated terminal
      member and the other edge of each web being adapted to resiliently impinge
      against the smooth cylindrical contact surface of said movable contact
      when the switch is in "closed" condition whereby said multiplicity of webs
      provide parallel paths for the passage of electrical current between the
      movable contact and the associated terminal members.
NUM  17.
PAR  17. The combination according to claim 16, in which said elongated strip of
      conductive metal is formed from beryllium copper.
NUM  18.
PAR  18. The combination according to claim 16, in which said elongated strip of
      conductive metal is formed into a circular configuration and disposed
      within each associated terminal member.
NUM  19.
PAR  19. The combination according to claim 16, in which each said fixed
      resilient contact is formed into a circular configuration, and a retainer
      ring is provided to retain the contact strip in conductive contact with
      each associated terminal member.
NUM  20.
PAR  20. The combination according to claim 16, in which engagement of the
      movable contact with said web sections of said strip sprung from the plane
      of the strip effects resilient displacement of said webs in a direction
      toward the plane of the strip.
NUM  21.
PAR  21. The combination according to claim 16, in which the interior surfaces
      of said terminals, said resilient contact strips and said movable contact
      are silver plated.
NUM  22.
PAR  22. The combination according to claim 16, in which electrical insulator
      means are provided within one of said terminal members against which said
      movable contact impinges when the switch is in "closed" condition.
NUM  23.
PAR  23. The combination according to claim 16, in which said movable contact
      comprises a piston generally tubular in cross-section and having a
      transverse wall disposed intermediate its ends, and seal means disposed
      between the outer periphery of the movable contact and one of said
      terminal members whereby fluid under pressure admitted into said envelope
      one side or the other of said transverse wall will effect axial
      translation of the movable contact to make or break a circuit
      therethrough.
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PAL  A fluid filter system includes housing means, including a housing body and
      a terminal fixed thereto, a filter element and a bypass associated with
      the housing body, a piston movable in first and second directions relative
      to the housing body and resilient means for urging the piston in the first
      direction. The piston is also movable in the second direction against the
      resilience of the resilient means. The piston is movable in the first
      direction to a position directing fluid through the filter element, and
      movable in the second direction upon buildup of fluid pressure thereon due
      to blockage of fluid flow in the filter element, against the resilience of
      the resilient means, to a position wherein the fluid flow may bypass the
      filter element. The improvement comprises a helical spring for maintaining
      an electrically conductive state between the piston and the terminal means
      upon an initial degree of movement of the piston in its second direction
      and for breaking the electrically conductive state between the piston and
      the terminal upon further movement of the piston in the second direction
      due to further fluid pressure buildup on the piston.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fluid systems for engines and transmissions, and
      more particularly, to means indicating fluid pressure in a fluid system.
PAR  In general, it is known to provide in an oil filter a bypass piston which
      is slidably disposed in the housing thereof. The piston is urged into a
      first position by a spring, and upon filter plugging, pressure buildup on
      such piston moves it against such spring to bring into effect the bypass
      system of the filter. Such a system may be used with advantage in
      combination with the system of U.S. Pat. No. 3,364,481, assigned to the
      assignee of this invention. When used in combination with such system, the
      piston is used to make contact with a terminal under the urging of the
      spring thereof, and such contact is utilized to provide that the indicator
      of U.S. Pat. No. 3,364,481 shows a green color. Ideally, upon blockage of
      the filter element, the piston moves away from such contact, to indicate a
      red color on the indicator. However, it has been found that pressure
      pulsations are imposed on the piston due to fluctuations, created by the
      gear pump of the oil system, causing the indicator to turn red even though
      the filter element is not plugged or blocked.
PAR  Of more general interest in this area is U.S. Pat. No. 3,611,337, also
      assigned to the assignee of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of this invention to provide apparatus for
      indicating blockage or plugging of a filter element which is part of a
      lubricating system.
PAR  It is a further object of this invention to provide apparatus which, while
      fulfilling the above object, provides accurate indication of the filter
      condition which is not affected by pressure pulsations due to variation in
      the speed of the gear pump of the system.
PAR  It is a still further object of this invention to provide apparatus which,
      while fulfilling the above objects, is extremely simple in design and
      effective in operation.
PAR  Broadly stated, the invention is in combination with fluid filter means
      comprising housing means having terminal means associated therewith, and a
      filter element, and bypass means associated with said housing means and
      comprising a piston movable in first and second directions relative to the
      housing means. Resilient means are included for resiliently urging the
      piston in the first direction, the piston being movable in the second
      direction against the resilience of the resilient means. The piston is
      movable in the first direction to a position directing fluid through the
      filter element, and is movable in the second direction upon buildup of
      fluid pressure thereon due to blocking of fluid flow in the filter
      element, against the resilience of the resilient means, to a position
      wherein a fluid flow may bypass the filter element. In combination with
      such structure, the improvement comprises means for maintaining an
      electrically conductive state between the piston and the terminal means
      upon an initial degree of movement of the piston in its second direction
      against the resilience of the resilient means due to a degree of fluid
      pressure buildup on the piston, and for breaking the electrically
      conductive state between the piston and the terminal means upon further
      movement of the piston in the second direction, due to further fluid
      pressure buildup on the piston.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects of the invention will become apparent from a study
      of the following specification and drawings, in which:
PAR  FIG. 1 is a sectional view of a fluid filter incorporating the invention;
PAR  FIG. 2 is a sectional view taken along the line II--II of FIG. 1, with the
      piston in contact with the terminal means of the apparatus;
PAR  FIG. 3 is a view similar to that shown in FIG. 2, but with the piston moved
      to a small extent away from contact with the terminal means;
PAR  FIG. 4 is a view similar to that shown in FIGS. 2 and 3 but showing the
      piston substantially removed from contact with the terminal means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a filter element 10 is assembled against a cover
      adapter 12. An elongated rod 14 threaded at 16 is screwed into the adapter
      12 to be secured thereto. The filter element 10 is located about diameter
      18 and against face 20 of adapter 12 and is clamped to the adapter 12 by
      plate means 22 disposed about rod 14 and nut 24 which threads onto the end
      of the rod 14. The entire assembly 26 made up of filter element 10,
      adapter 12, rod 14, plate means 22, and nut 24 is placed into a housing
      28, and the adapter 12 is bolted to the housing. Seal means are provided
      at 30.
PAR  Bypass means 32 are associated with the housing 28, and include a piston 34
      movable in first and second opposite directions relative to such housing
      within a bore 36 defined by the housing 28. A spring 38 is disposed
      between a plug 40 which is part of the housing 28 and the piston 34, to
      urge the piston 34 in its first direction, bringing the extending face 42
      of the piston 34 into contact with a terminal 44 which is also part of the
      housing 28. It will be seen that the piston 34 is movable in the second
      direction against the resilience of the spring 38.
PAR  Under normal conditions, with the filter relatively unblocked, fluid
      normally flows from the inlet chamber 46 through the filter element 10
      inwardly thereof to an outlet chamber 48, from which fluid is allowed to
      leave the housing 28. The seal means 30 are appropriately placed so that
      fluid flow must pass from inlet chamber 46 through the filter element 10
      and into outlet chamber 48. Inlet 50 communicates with the inlet chamber
      46, so that the piston 34 is subjected to fluid pressure which may exist
      in such inlet chamber 46. The spring 38 normally urges the piston 34 in
      the first direction to a position wherein fluid is directed through such
      filter element 10, the bypass system 32 not being operable in such state.
      Upon buildup of fluid pressure on the piston 34, due to fluid pressure
      buildup in the chamber 46, the piston 34 is moved in the second direction
      against the force of the spring 38. (See FIG. 3) Upon a substantial degree
      of blockage in the filter element 10, the piston 34 will be subjected to
      relatively great pressure buildup thereon, and will move further in the
      second direction so that fluid is allowed to flow from inlet 50 past the
      piston 34 and through an outlet 52, which communicates with the outlet
      chamber 48, thereby allowing the fluid to bypass the plugged or clogged
      filter element 10.
PAR  The apparatus is set up so that when an electrically conductive state is
      maintained between the piston 34 and the terminal 44, the indicator of the
      type disclosed in U.S. Pat. No. 3,364,481 shows green, and when the
      electrical circuit is broken between such piston 34 and terminal 44, the
      indicator will show red. In prior usage, the helical spring 38 has been
      depended upon to maintain proper contact between the face 42 of the piston
      34 and the terminal 44 when appropriate. It has been found, however, that
      when depending solely on the helical spring 38, a relatively small initial
      degree of movement of the piston 34 in its second direction against the
      resilience of the spring 38 due to a degree of fluid pressure buildup on
      the piston 34 provides a gap between the face 42 of the piston 34 and the
      terminal 44, which under normal circumstances would then indicate a red
      condition. This may occur even with a low pressure differential across the
      filter element 10, wherein the filter element 10 is not in a clogged
      state.
PAR  In order to provide an accurate red-green reading as to the true state of
      the filter element 10, a helical resilient spring 54 is mounted on the
      piston 34 and has its base 56 secured to the piston 34, and in its fully
      extended state has its extended end 58 extending past the face 42 of the
      piston 34. The spring 54 is positioned so that it may contact the terminal
      44 upon an initial small degree of movement of the piston 34 in its second
      direction against the resilience of the spring 38 due to a relatively
      small degree of fluid pressure buildup on the piston 34, as shown in FIG.
      3. In such state, the filter element 10 is still in its unclogged state,
      and the bypass system 32 of the apparatus is not in operation. The
      maintainence of such electrically conductive state between the piston 34
      and the terminal 44 provides a continued green indication, indicating that
      the filter element 10 is in such properly operable state. Even during
      pressure pulsations in the system which move the piston 34 to an extent in
      its first and second directions, the spring 54 acts to maintain such
      electrically conductive state between the piston 34 and the terminal 44.
PAR  Upon sufficient plugging or blockage of the filter element 10, the piston
      34 will be subjected to a relatively high pressure tending to move it in
      its second direction, and the piston 34 will move to a point where the
      inlet 50 communicates with the outlet 52 as shown in FIG. 4, so that fluid
      flow bypasses the filter element 10. As the piston 34 moves in its second
      direction, the spring 54 extends more and more, until (since the base 56
      of the spring 54 is secured to the piston 34) with the spring 54 obtaining
      its free length, the extended end 58 of the spring 54 is removed from the
      terminal 44, breaking the electrically conductive state between the piston
      34 and the terminal 44. Upon such breaking of the electrically conductive
      state, the indicator turns red.
PAR  The additional spring 54 thus insures that the red-green indicator provides
      an accurate indication of the state of the filter element 10 and the
      bypass circuit 32. False readings of the red-green indicator will not
      occur due to pressure pulsations created by the gear pump of the system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The combination comprising housing means having terminal means
      associated therewith and a filter element, and bypass means associated
      with said housing means and comprising a piston movable in first and
      second directions relative to said housing means within a bore defined by
      the housing means, and resilient means for resiliently urging the piston
      in the first direction, said piston being movable in said second direction
      against the resilience of the resilient means, the piston being movable in
      said first direction to a position directing fluid through said filter
      element, and movable in said second direction upon buildup of fluid
      pressure thereon due to blocking of fluid flow in the filter element,
      against the resilience of the resilient means, to a position wherein the
      fluid flow may bypass the filter element, and means for maintaining an
      electrically conductive state between the piston and the terminal means
      upon an initial degree of movement of the piston in its second direction
      against the resilience of the resilient means due to a degree of fluid
      pressure buildup on said piston, and for breaking said electrically
      conductive state between said piston and said terminal means upon further
      movement of the piston in the second direction, due to further fluid
      pressure buildup on said piston.
NUM  2.
PAR  2. The invention of claim 1 wherein the means for maintaining said
      electrically conductive state between the piston and the terminal means
      comprise additional resilient means having a conductivity rate sufficient
      to maintain said electrically conductive state when in contact with both
      the terminal means and piston.
NUM  3.
PAR  3. The invention of claim 2 wherein the additional resilient means comprise
      a helical spring mounted on the piston and which may contact said terminal
      means.
NUM  4.
PAR  4. The invention of claim 3 wherein a portion of the helical spring is
      secured to the piston.
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ABST
PAL  A vacuum switching apparatus is equipped with a switching vessel which can
      be actuated by a drive unit at ground potential by means of a drive
      assembly transmitting the drive motion. The drive assembly includes a
      lever made of insulating material which is fulcrumed about an electrically
      conductive bearing pin. The lever serves as the actuating member of the
      switching vessel and the bearing pin is at an intermediate potential
      between the grounded and the high-voltage-carrying parts.
PAL  The invention is suited particularly for single-pole or multi-pole vacuum
      switching apparatus in the medium-voltage range.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a vacuum switching apparatus with switching
      vessels which can be actuated by a drive unit at ground potential by means
      of an actuating member. The actuating member has the function of
      transmitting a mechanical motion from the drive unit to the switching
      vessel as well as of bridging a potential difference between the drive
      unit and the switching vessel. In known vacuum switching apparatus this is
      achieved by utilizing a lever made of conductive material which is coupled
      with the actuating member of the switching vessel with an interposed
      insulating member.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an improved drive assembly for
      a vacuum switching apparatus. Subsidiary to this invention, it is an
      object of the invention to provide such an assembly which has improved
      mechanical and electrical characteristics.
PAR  The foregoing objects are realized in a vacuum switch apparatus which
      includes a switching vessel operable at high potential and a drive unit at
      ground potential. The drive unit is equipped with a drive assembly for
      actuating the switch of the switching vessel. According to a feature of
      the invention, the drive assembly is equipped with an actuating lever made
      of insulating material extending between the drive unit and the switching
      vessel. The lever consists of insulating material and is fulcrumed about a
      conductive bearing pin. The lever can be a two-armed lever for example and
      serves as the actuating member of the switching vessel. The bearing pin is
      arranged at an intermediate potential. This leads to a relatively
      favorable dielectric stress of the insulating material and therefore, to
      small dimensions. It is especially advantageous that a separate insulating
      member is no longer needed. The intermediate potential can be obtained by
      arranging the bearing pin for the lever at a definite distance from the
      voltage-carrying parts and the parts at ground potential.
PAR  According to another feature of the invention, the bearing pin supporting
      the lever, together with the movable actuating plunger of the switching
      vessel, can be located in a chamber which is associated with the
      high-voltage potential and is closed off from the ambient atmosphere. An
      opening in the wall of the housing accommodates the passage therethrough
      of the lever. At this opening there is provided a diaphragm-like
      insulating and sealing member consisting of rubber-elastic material.
PAR  The lever arm making contact with the switching vessel can be designed in
      the form of a fork, and the ends of the fork may be provided with slots,
      with which a pin disposed transversely to the actuating plunger of the
      switching vessel engages. This arrangement is distinguished by low
      structural height and a favorable application of the forces.
PAR  The lever can be given advantageous dimensions and properties by using
      oriented glass fibers as filler for the insulating material used in its
      manufacture.
PAR  Although the invention is illustrated and described herein as a vacuum
      switching apparatus with a drive unit at ground potential, it is
      nevertheless not intended to be limited to the details shown, since
      various modifications may be made therein within the scope and the range
      of the claims. The invention, however, together with additional objects
      and advantages will be best understood from the following description and
      in connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram, partially in section, illustrating a vacuum
      switching apparatus equipped with an improved drive assembly according to
      the invention.
PAR  FIG. 2 is a plan view of the upper portion of the vacuum switching
      apparatus shown in FIG. 1 wherein the right half portion of the FIG. shows
      details of the drive assembly according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  A switching vessel 1 is disposed in a housing 2 closed on all sides which
      may consist of a suitable insulating material such as a cast resin for
      example. The housing 2 consists of a lower part 3, an upper part 10 and a
      cover 24. The lower part 3 of the housing 2 contains an embedded metal
      part 4. Metal part 4 has a contact surface 5 for the lower contact post 6
      of the switching vessel 1 and an extension 7 for connection to a bus bar.
      The upper part 10 of the housing 2 contains an additional, similarly
      shaped metal part 11 which has an opening 12 for the upper end of the
      switching vessel 1 and also an extension 13 for connecting a bus bar. A
      flexible conductor band 14 serves to electrically connect the metal part
      11 with the upper terminal of the switching vessel 1. The conductor band
      14 is fastened to the metal part 11 by means of a clamping screw 15.
PAR  On bosses 16 of the lower part 3 of the housing 2, an actuator box 17 is
      attached which is at ground potential and contains a suitable actuator
      mechanism. A drive rod 20 extends from the actuator box 17 and is arranged
      essentially parallel to the switching vessel 1. The drive rod 20 is
      articulately connected by means of a joint with a lever 21 which consists
      of insulating material and drives the switching vessel 1. For this
      purpose, the lever 21 is linked with the actuating plunger 22 of the
      switching vessel 1 and is pivotally mounted on a bearing pin 23. The
      bearing pin 23 consists of metal and is at an intermediate potential
      because of its arrangement between the voltage-carrying actuating plunger
      22 and the drive rod 20 at the actuator box 17 at ground potential.
PAR  A cover 24 is placed on the upper part 10 of the housing 2. This forms a
      chamber which contains the voltage-carrying actuating plunger 22 of the
      switching vessel 1 as well as the flexible conductor 14 connected
      therewith and the bearing pin 23. This chamber is sealed from the
      environment at the feedthrough point of the lever 21 by a diaphragm-like
      sealing member 25 consisting of a rubber-elastic insulating material. The
      sealing member 25 has inner and outer sealing lips 26 and 27 which engage
      with a slot 30 provided at the circumference of the feedthrough opening
      and with a further slot 31 provided at the lever 21. The larger part of
      the lever 21 is therefore in a dust-free, dry zone.
PAR  As is shown in FIG. 2, the lever arm 32 facing the switching vessel 1 is
      configured in the form of a fork with the bearing pin 23 approximately
      extending through the forking point. At the ends of the fork prong
      portions 34 are provided slots 33 with which a pin 35 engages. The pin 35,
      in turn, is connected with the actuating plunger 22 of the switching
      vessel. The lever 21 may be configured with a profiled cross-section and
      may consist of a plastic which is reinforced with oriented glass fibers.
PAR  The invention is equally well suited for single, two or multi-pole vacuum
      switching apparatus wherein each pole may be of the construction
      described. For such apparatus, however, a common actuating device can
      advantageously be provided to act by means of a cross piece on the levers
      of insulating material corresponding to respective switching vessels.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vacuum switch apparatus including a switching vessel operable at
      and including parts at high potential, and a drive unit at ground
      potential equipped with a drive assembly for actuating the switch of the
      switching vessel, the drive assembly comprising:
PA1  an actuating lever made of insulating material extending between the drive
      unit and the switching vessel;
PA1  an electrically conductive bearing pin for pivotally supporting said lever,
      said electrically conductive bearing pin being mounted in said apparatus
      between said switching vessel and drive unit and being at a potential
      intermediate said high potential and said ground potential;
PA1  a cover mounted on said switching vessel to define an enclosed space with
      respect to said parts of the switching vessel, said lever being connected
      to said switching vessel at one of said parts thereof, said electrically
      conductive bearing pin and the portion of said lever connected to the
      switching vessel being contained within said cover;
PA1  a housing for accommodating the switching vessel therein, said electrically
      conductive bearing pin being mounted in said housing, and said cover being
      a removable part of the housing, said housing having an opening formed
      therein for accommodating the passage therethrough of the portion of said
      lever extending to the drive unit; and
PA1  a membrane-like insulating and sealing member arranged at said opening in
      surrounding relation to said lever, whereby said space in said cover is
      maintained as a dust-free, dry zone.
NUM  2.
PAR  2. The drive assembly of claim 1 wherein said one part of the switching
      vessel is the actuating plunger thereof, said portion of said lever
      connected to the switching vessel having a fork-like configuration, the
      prong-like portions of said lever defining said fork-like configuration
      having respective slots, and a pin connected to the actuating plunger and
      extending transverse to the same, said last-mentioned pin engaging said
      prong-like portions at said slots.
NUM  3.
PAR  3. The drive assembly of claim 1, said actuating lever being made of
      synthetic material reinforced by glass fibers having a predetermined
      orientation.
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ABST
PAL  A vacuum power circuit breaker having a vacuum-bulb interrupter unit
      comprising a vacuum bulb consisting of a cylindrical insulating envelope
      and end plates attached to the axial ends of the insulating envelope,
      stationary and movable electrode rods projecting into the vacuum bulb
      through the end plates, and metallic bellows assemblies connecting the
      stationary and movable electrode rods to the associated end plates of the
      vacuum bulb. Not only the movable electrode rod but the stationary
      electrode rod is thus axially movable relative to the vacuum bulb so that
      an impact applied to the stationary electrode rod when the movable
      electrode rod is connected to the stationary electrode rod is absorbed by
      the stationary electrode rod itself. The stationary electrode rod is held
      fixed independently of the vacuum bulb to prevent the electrode rod from
      being moved away from the movable electrode rod when the latter is moved
      and connected to the former. Means are provided for the purpose of
      preventing relative rotation between the electrode rods and the vacuum
      bulb so that the bellows assemblies are protected from being distorted
      when the stationary electrode rod is fixed to a stationary member.
BSUM
PAR  The present invention relates to power circuit breakers and, more
      particularly, to vacuum power circuit breakers.
PAR  The vacuum power circuit breakers are used principally for polyphase
      medium-voltage power distribution purposes and comprise vacuum-bulb power
      interrupter units which are respectively allocated to individual phases of
      the current to be cut off. Each of the interrupter units has a vacuum bulb
      which is composed of a generally cylindrical insulating envelope and a
      pair of end plates of metal which are connected through
      metal-to-insulation vacuum seals to the longitudinal ends of the
      insulating envelope. Stationary and movable electrode rods project into
      the vacuum bulb through these end plates and respectively carry electrical
      contacts at their leading ends which are located in the vicinity of the
      longitudinal center of the bulb. The vacuum circuit breaker is mounted on
      a power distributor in such a manner that each of the interrupter units is
      suspended from a stationary member through its upper end plate connected
      to the stationary electrode rod or carried on a stationary member through
      its lower end plate connected to the movable electrode. When the movable
      electrode rod is driven to axially move for connection to the stationary
      electrode rod, an impact is applied to the stationary electrode rod and
      through the stationary electrode rod to the end plate connected to the
      stationary electrode rod. The impact thus imparted to the end plate of the
      interrupter unit is transferred to the insulating envelope to which the
      end plate is fixed. The insulating envelope, usually formed of glass, is
      susceptible to such an impact and is consequently liable to break in case
      the movable electrode rod happens to forcefully strike the stationary
      electrode rod. It has therefore been proposed to have not only the movable
      electrode rod but the stationary electrode rod connected to the associated
      end plate by means of a metallic bellows assembly so that the stationary
      electrode rod as well as the movable electrode rod is movable relative to
      the end plate and accordingly to the insulating envelope. The impact
      applied to the stationary electrode rod from the movable electrode rod is
      thus absorbed solely by the cushioning effect of the stationary electrode
      rod itself.
PAR  In the vacuum-bulb interrupter unit thus constructed, it is important that
      the stationary electrode rod be held stationary independently of the
      vacuum bulb so that the stationary electrode rod may not ve moved away
      from the movable electrode rod when the movable electrode rod is to be
      connected thereto. When the stationary electrode rod is adjusted for
      proper relative position during assemblage of the circuit breaker, a
      twisting motion applied to the stationary electrode rod tends to be
      imparted to the bellows assembly interconnecting the stationary electrode
      rod and the associated end plate. During use of the circuit breaker,
      therefore, the bellows assembly tends to be caused to expand and collapse
      in a distorted condition so that the service life of the bellows assembly
      is shortened and accordingly the reliability of the circuit breaker as a
      whole is critically degraded. The present invention contemplates
      elimination of all these problems that have been encountered in the prior
      art vacuum power circuit breakers of the describe character.
PAR  It is, therefore, an important object of the present invention to provide
      an improved vacuum power circuit breaker having means adapted to protect
      the insulating envelope of the vacuum-bulb interrupter unit from being
      damaged by an impact applied to the stationary electrode rod when the
      movable electrode rod is connected thereto.
PAR  It is another important object of the invention to provide an improved
      vacuum power circuit breaker in which not only the movable electrode rod
      but the stationary electrode rod is axially movable relative to the vacuum
      bulb of the interrupter unit of the circuit breaker so that an impact
      applied to the stationary electrode rod when the movable electrode rod is
      connected thereto is absorbed by a cushioning effect of the stationary
      electrode rod.
PAR  It is still another important of the present invention to provide an
      improved vacuum power circuit breaker in which the stationary electrode
      rod is fixedly supported by a support member in such a manner that the
      stationary electrode rod is axially movable over an appreciable distance
      relative to the vacuum bulb of the interrupter unit and is yet prevented
      from being twisted about its axis relative to the support member when the
      support member is fixed to a stationary member.
PAR  It is a further important object of the present invention to provide an
      improved power circuit breaker which is simple in construction, easy to be
      installed in a working position and economical to manufacture and to use.
PAR  In accordance with the present invention, these and other objects will be
      accomplished in a power circuit breaker having a vacuum-bulb power
      interrupter unit which comprises a vacuum bulb including a generally
      cylindrical insulating envelope and first and second end plates which are
      attached to longitudinal ends of the insulating envelope; a first
      electrode rod axially projecting into the vacuum bulb through an aperture
      formed in the first end plate of the vacuum bulb; a second electrode rod
      axially movably projecting into the vacuum bulb through an aperture in the
      second end plate of the vacuum bulb and extending substantially in line
      with the first electrode rod; the first and second electrode rods
      respectively carrying at their leading ends electrical contact elements
      which are spaced apart from each other when the second electrode rod is
      moved away from the first electrode rod and which are in contact with each
      other when the second electrode rod is moved toward the first electrode
      rod; a first flexible connecting member connecting the first electrode rod
      to the first end plate of the vacuum bulb; a second flexible connecting
      member connecting the second electrode rod to the second end plate of the
      vacuum bulb; a support member positioned over and in parallel an outer
      face of the first end plate of the vacuum bulb and fixedly supporting the
      first electrode rod thereon; the support member being formed with at least
      one aperture and fixedly connected to a stationary member through rigid
      fastening means; and at least one elongated rigid member which projects
      axially outwardly from the first end plate of the vacuum bulb and which is
      axially moveable through the aperture in the support member. If desired,
      the vacuum power circuit breaker may further comprise a sleeve fixedly
      received in the aperture in the second end plate of the vacuum bulb so
      that the second electrode rod is received in the sleeve in such a manner
      as to be axially movable in the sleeve and prevented from being rotated in
      the sleeve. In this instance, the second electrode rod may be splined to
      the sleeve through mating axial teeth formed internally of the sleeve and
      externally of the second electrode rod or, otherwise, the second electrode
      rod may be keyed to the sleeve through an axial groove formed internally
      of the sleeve and a key formed externally of the second electrode rod.
      Where desired, moreover, a stop member may be fixed to the elongated
      member on the first end plate, which stop member is in abutting engagement
      with the outer face of the support member for limiting an axial
      displacement of the vacuum bulb away from the support member.
DRWD
PAR  The features and advantages of the vacuum power circuit breaker according
      to the present invention over the prior art vacuum circuit breakers will
      become more apparent from the following description taken in conjunction
      with the accompanying drawings in which:
PAR  FIG. 1 is a longitudinal sectional view which schematically shows a
      representative example of the conventional vacuum power circuit breaker;
PAR  FIG. 2 is a view similar to FIG. 1 but schematically shows a preferred
      embodiment of the vacuum power circuit breaker according to the present
      invention;
PAR  FIG. 3 is a top end view of the power circuit breaker illustrated in FIG.
      2;
PAR  FIG. 4 is a fragmentary sectional view which shows, to an enlarged scale,
      details of a modification of the vacuum power circuit breaker illustrated
      in FIGS. 2 and 3; and
PAR  FIG. 5 is a view similar to FIG. 4 but shows another modification of the
      embodiment illustrated in FIGS. 2 and 3.
DETD
PAR  Reference will now be made to the drawings, first to FIG. 1 for better
      understanding of the drawbacks inherent in the prior art vacuum power
      circuit breaker of the described character.
PAR  The vacuum power circuit breaker usually has a vacuum-bulb interrupter unit
      which comprises a vacuum bulb 10 consisting of a generally cylindrical
      insulating envelope 12 of glass and a pair of end plates 14 and 16 of
      metal. The cylindrical insulating envelope 12 is securely connected at its
      longitudinal ends to the end plates 14 and 16 through metal-to-insulation
      vacuum seals 18 and 20, respectively, so that a vacuum chamber is formed
      in the bulb 10. The end plates 14 and 16 are formed with central apertures
      14a and 16a, respectively, through which stationary and movable electrode
      rods 22 and 24 project into the vacuum bulb 10. The stationary and movable
      electrode rods 22 and 24 are in line with each other and carry at their
      leading ends stationary and movable electrical contact elements 26 and 28,
      respectively. The movable electrode rod 24 is axially movable toward and
      away from the stationary electrode rod 22 so that the movable contact
      element 28 carried thereon is brought into contact with the stationary
      contact element 26 on the stationary electrode rod 22 for providing
      electrical connection between the two electrode rods when the movable
      electrode rod 24 is moved toward the stationary electrode rod 22. When,
      conversely, the movable electrode rod 24 is moved away from the stationary
      electrode rod 22, then the movable contact element 28 is spaced apart from
      the stationary contact element 26 so that an arcing region 30 is formed
      between the two contact elements 26 and 28 thereby interrupting the flow
      of an electric current between the electrode rods 22 and 24. The
      stationary and movable electrode rods 22 and 24 are connected to the
      associated end plates 14 and 16 by means of metallic bellows assemblies 32
      and 34, respectively. Between the insulating envelope 12 and the aligned
      stationary and movable electrode rods 22 and 24 is concentrically
      positioned a generally cylindrical main arc-shield element 36 which is
      supported by the insulating envelope 12 through an annular support member
      38. The main arc-shield element 36 has its axial ends located in the
      neighbourhood of the end plates 14 and 16 of the vacuum bulb 10 and a pair
      of generally ring-shaped auxiliary arc-shield elements 40 and 42 are
      connected to the end plates 14 and 16, respectively, for lessening the
      strength of electric field around each of the vacuum seals 18 and 20.
      Designated by reference numerals 44 and 46 are generally cup-shaped
      arc-shield elements which are supported by the stationary and movable
      electrode rods 22 and 24 for the protection of the bellows assemblies 32
      and 34, respectively, from arc plasma.
PAR  The vacuum-bulb power interrupter unit thus constructed is incorporated
      into a power distributor in such a manner that either the upper end plate
      14 or the lower end plate 16 of the vacuum bulb 10 is rigidly connected
      through an insulation to a stationary support member (not shown) of the
      distributor so that the vacuum bulb 10 is suspended from or superposed on
      the support member. The stationary electrode rod 22 is electrically
      connected to a leading-in power line (not shown) whereas the movable
      electrode rod 24 is electrically connected to a leading-out power line
      (not shown) and is mechanically connected to an actuating member of a
      suitable control mechanism (not shown) using, for example, a solenoid
      and/or spring arrangement as is well known in the art.
PAR  When, thus, the movable electrode rod 24 is axially moved toward the
      stationary electrode rod 22 by means of the control mechanism for
      establishing electrical connection between the two electrode rods, an
      impact is exerted on the stationary electrode rod 22. The impact is,
      however, isolated from the end plate 14 and accordingly from the
      insulating envelope 12 of glass because the stationary electrode rod 22 is
      arranged to be axially movable relative to the vacuum bulb 10 through the
      bellows assembly 32. The impact exerted on the stationary electrode rod 22
      is thus absorbed by the stationary electrode rod itself 22 so that the
      insulating envelope 12 formed of the fragile material such as glass is
      protected from being ruptured.
PAR  In order that the stationary electrode rod 22 is prevented from being moved
      away from the movable electrode rod 24 when the movable electrode rod 24
      is connected to the stationary electrode rod 22, it is required that the
      stationary electrode rod 22 be fixed independently of the vacuum bulb 10
      to a suitable stationary member (not shown) by means, for example, of a
      screw 22a formed on an outer end portion of the stationary electrode rod
      22. As noted previously, a twisting motion is imparted to the stationary
      electrode rod 22 and accordingly to the associated bellows assembly 32
      when the stationary electrode rod 22 is being fixed to the support member
      during assemblage, causing the bellows assembly 32 to be distorted about
      its axis. When the bellows assembly 32 is collapsed and expanded in such a
      distorted condition, an undue stress is produced therein and as a
      consequence the service life of the bellows assembly 32 tends to be
      shortened and accordingly the reliability of the interrupter unit as a
      whole is deteriorated during use. The principal goal of the present
      invention is to provide means capable of preventing the stationary
      electrode rod 22 from being rotated about its axis when the electrode rod
      22 is fixed to the stationary support member so as to prolong the service
      life of the bellows assembly 32 and accordingly to enhance the reliability
      of the vacuum power circuit breaker of the described character.
PAR  Referring to FIG. 2, the vacuum-bulb interrupter unit of the vacuum power
      circuit breaker embodying the present invention is shown to be constructed
      generally similarly to the interrupter unit illustrated in FIG. 1. In FIG.
      2, therefore, the parts and elements corresponding to those of the
      interrupter unit shown in FIG. 1 are designated by like reference numeral.
      The description made in respect of the interrupter unit illustrated in
      FIG. 1 thus applies as it is to the construction of the interrupter unit
      shown in FIG. 2. It is, however, to be noted that the arc-shield
      arrangement incorporated into the interrupter herein shown is merely for
      the purpose of illustration and may be modified in numerous manners.
PAR  The stationary electrode rod 22 is fixedly connected at its outer end
      portion to a support member 48 which is positioned over the upper end
      plate 14 of the vacuum bulb 10. The support member 48, which is shown in a
      circular disc form with in FIG. 3, is formed a plurality of projections 50
      on the outer face of the member 48 and with and a plurality of apertures
      52. As seen in FIG. 3, the projections 50 and the apertures 52 are
      arranged substantially symmetrically with respect to the center of the
      support member 48, viz., to an axis of the vacuum bulb 10. The end plate
      14 of the vacuum bulb 10 has fixed secured to the outer face thereof a
      plurality of elongated rigid members or pins 54 which are respectively
      axially movably received in the apertures 52 in the support member 48. The
      projections 50 of the support member 48 are threaded to form screw
      portions and, through these screw portions, fastened to a stationary
      member or structure (not shown) forming part of the power distributor. A
      flanged sleeve 56 is received in the central aperture 16a in the lower end
      plate 16 of the vacuum bulb 10 and is securely connected to the end plate
      16 through its flange portion 56a and a mounting plate 57 attached to the
      outer or lower face of the end plate 16. The movable electrode rod 24 is
      splined to the sleeve 56 through axial external teeth formed on the
      movable electrode rod 24 and corresponding axial internal teeth formed on
      the sleeve 56 so that the electrode rod 24 and the sleeve 56 are allowed
      to be axially moved relative to each other but relative rotation between
      the electrode rod 24 and the sleeve 56 is prevented. It is, in this
      instance, apparent that the splined connection between the movable
      electrode rod 24 and the sleeve 56 can be replaced with a connection using
      a key and an axial groove engaging the key.
PAR  Since, in the interrupter unit above described, the stationary electrode
      rod 22 is fixedly connected to the stationary member or structure through
      the threaded projections 50 of the support member 48 secured to the
      electrode rod 22, the stationary electrode rod 22 is prevented from being
      axially moved relative to the stationary member or structure although the
      same is allowed to axially move relative to the vacuum bulb 10 because the
      pins 54 on the end plate 14 of the vacuum bulb 10 are axially movable
      through the apertures 52 in the support member 48. Due to the engagement
      between the end plate 14 and the support member 48 through the pins 54 on
      the end plate and the apertures 52 in the support member, moreover,
      relative rotation is prevented between the end plate 14 and the support
      member 48 and accordingly between the vacuum bulb 10 and the stationary
      electrode rod 22. The engagement between the end plate 14 and the support
      member 48 through the pins 54 and the apertures 52 is also effective to
      prevent lateral movement of the stationary electrode rod 22 relative to
      the vacuum bath 10. Thus, no twisting motion is imparted to the stationary
      electrode 22 and accordingly to the vacuum bulb 10 when the support member
      48 is secured to the stationary member or structure through the threaded
      projections 50 of the support member 48 so that the bellows assembly 32
      interconnecting the end plate 14 and the stationary electrode rod 22 is
      prevented from being twisted and distorted. Through provision of the
      sleeve 56 splined or keyed to the movable electrode rod 24, furthermore,
      the movable electrode rod 24 is also prevented from being turned relative
      to the vacuum bulb 10 so that the bellows assembly 34 associated with the
      movable electrode rod 24 can be prevented from being twisted and distorted
      even though a torque may be imparted to the movable electrode rod 24.
PAR  Where desired, each of the pins 54 on the end plate 14 may be externally
      threaded and screwed to a stop member 58 which is in tightly abutting
      engagement with the outer or upper face of the support member 48 as
      illustrated in FIG. 4. The stop members 58 thus connected to the pins 54
      on the end plate 14 will be conducive to preventing the stationary
      electrode rod 22 from being axially inwardly moved relative to the vacuum
      bulb 10 when an external force happens to be applied to the stationary
      electrode 22 and/or the support member 48 during, for example, assemblage,
      storage or haulage of the interrupter unit. Similar results will be
      achieved if, as illustrated in FIG. 5, each of the pins 54 on the end
      plate 14 is internally threaded and engaged by a bolt 60 and a stop member
      62 is tightened against the outer or upper face of the support member 48
      by means of the bolt 60.
PAR  It will now be appreciated from the foregoing description that the vacuum
      power circuit breaker according to the present invention is characterized
      in that the bellows assemblies 32 and 34 connected to the stationary and
      movable electrode rods 22 and 24, respectively, are prevented from unduly
      distorted during operation or during handling for assemblage or
      transportation so that the performance quality of the power circuit
      breaker can be maintained throughout a prolonged use of the circuit
      breaker. Since, moreover, the mechanism to prevent the relative rotation
      of the stationary electrode rod 22 is mounted on a fixed side of the
      interrupter unit, no such an arrangement need be provided as will movably
      hold the movable electrode rod. This will provide simplicity of
      construction of the interrupter unit and ease of installation in the power
      distributor.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vacuum power circuit breaker including a generally cylindrical
      vacuum bulb having first and second end plates formed with respective
      openings which are substantially aligned with each other, first and second
      electrode rods axially projecting into said vacuum bulb respectively
      through said openings in the first and second end plates and carrying
      respective electrical contact elements at their leading ends, said second
      electrode rod being axially movable toward and away from said first
      electrode rod for moving the contact element on the second electrode rod
      into and out of engagement with the contact element on the first electrode
      rod, first and second flexible connecting members respectively providing
      sealed connections between said first end plate and said first electrode
      rod and between said second end plate and said second electrode rod, and a
      stationary support member positioned over the outer face of said first end
      plate and having said first electrode rod fixedly secured thereto so that
      said vacuum bulb is entirely movable relative to said support member and
      to said first electrode rod, the improvement comprising means for
      preventing said vacuum bulb from rotating about its axis relative to said
      support member while allowing the vacuum bulb to axially move relative to
      the support plate, said means comprising a portion of said support member,
      said portion being formed with at least one aperture located over the
      outer face of said first end plate of said vacuum bulb, and at least one
      rigid, elongated member fixedly mounted on said first end plate and
      extending from the outer face of said first end plate parallel with the
      axis of said vacuum bulb, said elongated member being axially movable
      through said aperture so that said first end plate is allowed to move
      relative to said support member in axial direction of said vacuum bulb
      while being prevented from rotating relative to said support plate about
      the axis of said vacuum bulb.
NUM  2.
PAR  2. The improvement as set forth in claim 1, wherein said means further
      comprise an internally splined tubular member fixedly mounted on said
      second end plate through the opening formed therein and having a
      longitudinal axis in line with the axis of said second electrode rod, and
      external splines formed on said second electrode rod and in mating
      engagement with the internal splines of said tubular member so that the
      vacuum bulb is axially movable relative to the second electrode rod, while
      being prevented from being rotated about its axis relative to the second
      electrode rod.
NUM  3.
PAR  3. The improvement as set forth in claim 1, wherein said portion of said
      support plate is formed with a plurality of apertures located over the
      outer face of said first end plate and said means comprise a plurality of
      rigid elongated members fixedly mounted on said first end plate and
      extending from the outer face of said first end plate parallel with the
      axis of said vacuum bulb, said elongated members being axially movable
      respectively through said apertures.
NUM  4.
PAR  4. The improvement as set forth in claim 3, wherein said apertures and said
      elongated members are arranged substantially symmetrically around the
      center axis of said vacuum bulb.
NUM  5.
PAR  5. The improvement as set forth in claim 1, wherein said means further
      comprise a stop member fixed to the free end of said elongated member
      projecting out of said aperture in said support member, said stop member
      being engaged by the support member when said vacuum bulb is axially moved
      away from said support plate.
NUM  6.
PAR  6. The improvement as set forth in claim 5, wherein said elongated member
      is connected to said stop member by an adjustable member for adjusting the
      spacing between the outer face of said first end plate and said stop
      member.
PATN
WKU  039419614
SRC  5
APN  5117127
APT  1
ART  217
APD  19741003
TTL  Contact arrangement for a vacuum switch
ISD  19760302
NCL  7
ECL  1
EXP  Macon; Robert S.
NDR  1
NFG  3
INVT
NAM  Kopplin; Horst
CTY  Berlin
CNT  DT
ASSG
NAM  Siemens Aktiengesellschaft
CTY  Munich
CNT  DT
COD  03
PRIR
CNT  DT
APD  19731018
APN  2352540
CLAS
OCL  200144B
EDF  2
ICL  H01H 3366
FSC  200
FSS  144 B
UREF
PNO  3211866
ISD  19651000
NAM  Crouch et al.
OCL  200144B
UREF
PNO  3711665
ISD  19730100
NAM  Dethlefsen
OCL  200144B
UREF
PNO  3818164
ISD  19740600
NAM  Mizutani et al.
OCL  200144B
UREF
PNO  3836740
ISD  19740900
NAM  Hundstad
OCL  200144B
FREF
PNO  125,461
ISD  19311100
CNT  OE
OCL  200144B
LREP
FRM  Kenyon & Kenyon Reilly Carr & Chapin
ABST
PAL  A contact arrangement for a vacuum switch includes contacts which have
      central contact surfaces and arc running surfaces surrounding the central
      contact surfaces. Means are provided to direct current to the area of the
      central contact surfaces as well as to the area of the arc running
      surfaces. As the arc foot points approach the edge of the contacts, forces
      become effective which prevent the arc from leaving the area between the
      contacts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The opening operation in vacuum switches is initiated by the separation of
      the interacting contacts. During this process, there arises a metal vapor
      arc having foot points which should be put into motion to limit the
      burning of the contact pieces. In known contacts, this is accomplished by
      separate arc contact surfaces which surround the actual contact surfaces
      and which may be provided with slots to form guiding edges for the arc
      foot points. The contact pieces may then be constructed so that a rotation
      of the switching arc about the axis of the contact arrangement results.
PAR  Until now, efforts were directed to bringing about a radial expansion of
      the arcs by the utilization of loop forces. For example, the U.S. Pat. No.
      3,211,866 describes a contact arrangement wherein concentric contact
      pieces are opened successively to increase the current loop. Such
      measures, however, may lead to the arcs leaving the area between the
      contacts and making contact with the vapor shields surrounding the contact
      arrangement. This may not only damage the vapor shields, but may also
      reduce the overall circuit-breaking capacity of the vacuum switch.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to avoid the above-mentioned
      disadvantageous phenomena.
PAR  The object of the invention is achieved by a contact arrangement for a
      vacuum switch which includes contact members which can be moved relative
      to each other and which have central contact surfaces as well as arc
      running surfaces surrounding the central contact surfaces. According to a
      feature of the invention, the central contact surfaces and the arc running
      surfaces are supplied with first and second current conducting means
      respectively. This configuration establishes the condition that as the arc
      foot points migrate in radial direction, the current forces going away
      from the center are increasing in the beginning, but that forces in
      central direction become effective when the arc foot points approach the
      edge of the contacts. Therefore, no current forces can occur to drive the
      arcs out of the area between the contacts.
PAR  The second current conducting means can be a current conducting structure
      for supplying current to the edges of the arc running surfaces. The
      desired effect may be influenced by the appropriate selection of the
      cross-section and the conductivity of the means connected to the edge of
      the contacts. These means may be constructed in the form of a conducting
      part of annular profile disposed between the support of each contact and
      the outer rim of the arc running surface.
PAR  The effect of supplying current at the edge of the arc running surfaces can
      be further improved according to a subsidiary feature of the invention by
      providing an annular gap that separates the central contact surfaces from
      the arc running surfaces surrounding central contact surfaces. The
      consequence of the gap is that the current is supplied to the arc through
      the edge of the arc contact surfaces only when the arc foot points have
      jumped from the central contact surfaces to the arc running surfaces. This
      arrangement does not require the annular gap to be directly adjacent to
      the central contact surface. It may, rather, be beneficial to provide the
      annular gap a lesser or greater distance away from the central contact
      surface.
PAR  Furthermore, the arc contact surfaces may be provided with helical cuts
      terminating in the annular gap. This establishes guiding edges for the arc
      foot points which promote a motion of the arc in circumferential
      direction. In addition, the arc contact surface is divided into several
      fields so that the current is supplied to the arc only through the edge
      zone of the particular field in which the foot point of the arc is
      located.
PAR  Although the invention is illustrated and described herein as a contact
      arrangement for a vacuum switch, it is nevertheless not intended to be
      limited to the details shown, since various modifications may be made
      therein within the scope and the range of the claims. The invention,
      however, together with additional objects and advantages will be best
      understood from the following description and in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram, partially in section, showing a vacuum
      switch equipped with a contact arrangement according to the invention. The
      contact arrangement according to the invention is especially suitable for
      vacuum switches operable in the medium voltage range.
PAR  FIG. 2 is an exploded view of the contact arrangement according to the
      invention. The left hand portion of the contact pieces is shown in section
      along the line II--II in FIG. 3.
PAR  FIG. 3 is a plan view of one of the contact pieces showing helical cuts
      formed in the arc running surface according to a subsidiary embodiment of
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The vacuum switch 1 in FIG. 1 has a hollow-cylindrical housing 2 made of a
      suitable insulating material such as glass or porcelain closed at its
      upper end by a metal cap 3 and at its lower end by another metal cap 9. On
      the longitudinal axis of the switch vessel are disposed a movable contact
      piece 4 with a carrier in the form of a supporting pin 5 and a fixed
      contact piece 6 with another supporting pin 7. The supporting pin 5 of the
      movable contact piece 4 is movably guided in an opening 10 of the upper
      cap 3. A bellows 11 fastened to the supporting pin 5 and to the cap 3
      serves as a sealing means. The supporting pin 7 of the fixed contact 6 is
      joined rigidly and vacuum-tight to the cap 9. The contacts 4 and 6 are
      surrounded by a vapor shield 8 mounted concentrically with respect
      thereto.
PAR  The contacts 4 and 6 shown separately in FIG. 2 have central contact
      surfaces 12 and 13, respectively, which, in the closed position of the
      contact arrangement, make contact with each other and carry the continuous
      current. The adjacent arc running surfaces 14 and 15 corresponding to
      contacts 4 and 6, respectively, extend outwardly and form conical surfaces
      which function to take over the arc after its foot points have left the
      central contact surfaces 12 and 13. The current is supplied, on the one
      hand, through first current conducting means in the form of the full
      cross-section of the supporting pins 5 and 7 to the central contact
      surfaces 12 and 13 and, on the other hand, through second current
      conducting means in the form of bypasses of annular section to the edges
      of the arc running surfaces 14 and 15. This purpose is served by
      bell-shaped parts 16 and 17 which are connected to the supporting pins 5
      and 7. Accordingly, each contact has the shape of a disc becoming thinner
      towards the edge, with an internal, annular cavity.
PAR  As shown in FIGS. 2 and 3, the contact surfaces 12 and 13 are separated
      from the arc running surfaces 14 and 15 surrounding the same by an annular
      gap 23. Helical cuts 22 which start a certain distance away from the outer
      edge of the contacts terminate in this gap.
PAR  As indicated in FIG. 2 by broken lines, upon the ignition of the arc, the
      current takes its course first in the axis of the contact arrangement in a
      straight line through the supporting pins 5 and 7. The arc 20 then is in
      the area of the central contact surfaces 12 and 13. But when the arc
      leaves these areas and migrates laterally to location 21, the current
      flows from the supporting pin 5 through the part 16 to the edge of the arc
      running surface 14 through the arc at location 21 and thence again through
      the edge of the arc running surface 15 and part 17 to the supporting pin
      7. In this course, the current flows in a loop which exerts on the arc
      forces oriented inwardly, that is, forces directed towards the center of
      the contact arrangement. This prevents the arc from leaving the area
      between the contacts. As soon as the arc jumps the gap 23 and enters the
      central contact surfaces 12 and 13, further current supply through the
      edges of the arc running surfaces 14 and 15 ceases so that the current
      flows again through the contact surfaces 12 and 13, enabling the current
      loop to become effective which exerts on the arc forces directed
      outwardly. The arc is kept in motion by the alternation between current
      forces directed outwardly and inwardly.
PAR  The operating mode described above is promoted in particular by the feature
      that the annular gap 23 by itself effects a redirection of the current fed
      to the arc when the latter jumps from the central contact surfaces 12 and
      13 to the arc running surfaces 14 and 15. The helical cuts 22 participate
      in the further operations in two ways, because they form guiding edges for
      the arc foot points on the one hand, and divide the arc running surface
      into fields on the other, as is evident particularly from FIG. 3.
      Therefore, the current can flow to the arc only through the edge zone of
      the particular field in which the foot point of the arc happens to be.
PAR  While the contacts 4 and 5 are shown in FIGS. 1 and 2 as forming integral
      parts with the supporting pins 5 and 7, a multi-part construction may also
      be selected in which, for example, the contact surface 12 including the
      arc running surface surrounding it and the bell-shaped part 16 form
      separate components connected to each other and to the supporting pin 5.
      This makes available the possibility of influencing the forces acting upon
      the arc by the selection of suitable materials and of appropriate
      dimensions of their cross-sectional areas.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A contact arrangement for a vacuum switch comprising contact members
      movable relative to each other for electrically opening and closing the
      vacuum switch, each of the contact members including a carrier and a
      contact piece mounted on said carrier, each of the contact pieces defining
      a centrally disposed contact surface, the contact surfaces of the contact
      pieces being mutually adjacent so as to be in mutual contact when the
      switch is closed and to conjointly define a gap when the vacuum switch is
      opened; each of the contact pieces having an arc running surface disposed
      in surrounding relation to the contact surface thereof; and, each of the
      contact pieces further including first current conducting means for
      directing current to the central contact surface thereof, and second
      current conducting means for supplying current to the arc running surface
      when the arc drawn between said contact pieces wanders outwardly from the
      central contact surface to the arc running surface whereby the current
      flowing to said arc running surface develops a force to urge the arc to
      remain in the region between the contact pieces as the arc moves toward
      the edge of the contact piece.
NUM  2.
PAR  2. The contact arrangement of claim 1, said second current conducting means
      being a current conducting structure for directing current to the edge of
      the arc running surface.
NUM  3.
PAR  3. The contact arrangement of claim 2, said structure having an annular
      section and being connected to the carrier for directing current from said
      carrier to the outer edge of the arc running surface.
NUM  4.
PAR  4. The contact arrangement of claim 3, each of said contact pieces having
      an annular gap formed therein for separating the centrally disposed
      contact surface from the arc running surface.
NUM  5.
PAR  5. The contact arrangement of claim 4, each of said contact pieces having a
      plurality of spiral shaped cuts formed in the arc running surface thereof,
      said spiral cuts communicating with said annular gap.
NUM  6.
PAR  6. The contact arrangement of claim 1, each of said contact pieces having
      an annular gap formed therein for separating the centrally disposed
      contact surface from the arc running surface.
NUM  7.
PAR  7. The contact arrangement of claim 6, each of said contact pieces having a
      plurality of spiral shaped cuts formed in the arc running surface thereof,
      said spiral cuts communicating with said annular gap.
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ABST
PAL  A gas blast circuit breaker has fixed and movable contact sets, the latter
      mounted on a cylinder slidable on a fixed piston to generate a gas blast
      on separation of the contact sets. Each contact set consists of radially
      inner and outer contacts, the inner contacts separating later than the
      outer. A gas blast nozzle mounted on the cylinder and between the radially
      inner and outer movable contacts has a throat downstream of the inner
      contact, communicating with the interior of the cylinder by way of an
      inner duct containing the inner contact, and an annular outer duct, so
      arranged that on separation of the contacts relatively cool fresh
      quenching gas is directed through the inner duct over the inner contact
      and arc.
BSUM
PAR  The invention relates to a gas blast circuit breaker of the kind having a
      fixed contact set and a moving contact set which latter comprises two
      coaxially disposed contact members which can be engaged with and
      disengaged from associated contact surfaces of the fixed contact set in
      timed sequence by means of a drive, and a blast nozzle of insulating
      material adapted to move with the movable contact set, the inlet of the
      said nozzle being connected to a quenching gas source, usually an integral
      pumping device, which can be actuated during the rupturing motion, the
      nozzle having its narrowest portion downstream (in the blast direction)
      with respect to the inner contact member, which is disengaged later in
      time during the rupturing motion.
PAR  It is generally known that an arc which results from the rupturing of an
      alternating current can be quenched by blowing with a quenching gas only
      when the current is close to zero phase or at zero phase itself. Blowing
      the arc while the current is at or near its peak value results in only a
      modest dissipation of the arc heat; however, during this time the
      quenching gas which is used for the blast is not only greatly expanded but
      it is also partly dissociated, and furthermore highly stressed vapours are
      developed in the region of the arc, which originate from the walls of the
      blast nozzle and more particularly from the burn zones of the contact
      surfaces.
PAR  These factors contribute to the generation of a conductive gas volume which
      is too large to be completely discharged through the narrowest portion of
      the blast nozzle. As a result pressure peaks occur in the nozzle during
      the time at which the current has its maximum values, the value of such
      pressure peaks greatly exceeding the quenching gas delivery pressure. As a
      consequence these conductive gases are forced back against the quenching
      gas blast. When the current subsequently diminishes the pressure in the
      nozzle also decays so that the quenching gas pressure again predominates
      and gas flow recommences in the desired blast direction. However, the
      ionized and conductive gases which have been forced against the blast will
      then again play on the still-burning arc and make no contribution to the
      effective quenching of the arc. Quenching can take place only when fresh,
      "unpolluted" quenching gas plays upon the arc as the latter approaches its
      unstable state (zero current phase).
PAR  Once the arc is extinguished it is necessary to prevent restriking thereof.
      However, restriking is substantially facilitated by the presence in the
      arc gap of ionized gas and vapour residues. In order to prevent restriking
      it is therefore important to keep ionized gases and vapours away from the
      arc gap.
PAR  These problems which occur in gas blast circuit breakers of the kind
      described hereinbefore are generally known and proposals have already been
      made in order to overcome these problems.
PAR  In a known circuit breaker of this kind (German Offenlegungsschrift No.
      2,030,605) the overall cross-section of the gas passage between the gas
      blast pumping device and the inlet side of the blast nozzle is
      substantially smaller, or at most no greater, than the cross-section of
      the narrowest portion of the blast nozzle itself. The purpose of this
      proposal was evidently to provide a restrictor against the pressure surge
      which causes the backflow of polluted gas which would not entirely prevent
      the ingress of such gases into the pumping chamber but would ensure that
      such ingress would take place at a speed which was sufficiently high to
      ensure that the back-flowing ionized gases would be instantaneously mixed
      with fresh, unpolluted quenching gas and would thus be deionized. The
      restrictor however also acts against the flow in the intended blast
      direction, so that the pumping device itself must be able to supply a very
      high pressure in order to supply sufficient quenching gas to the quenching
      gap. Moreover, the blast nozzle of this known circuit breaker surrounds
      both the inner and the outer movable contact member. As a result the
      volumetric capacity of the nozzle chamber must be correspondingly large
      with the consequence that the delivery rate of the pumping device must
      also be great enough to flush the entire nozzle chamber with fresh
      quenching gas while the current decays and before it passes through zero
      phase.
PAR  In other known circuit breakers of the kind described hereinbefore, for
      example those disclosed in the Swiss patent specifications Ser. Nos.
      414,793 and 471,456 or the U.S. Pat. No. 3,311,726, an attempt was made to
      solve the previously mentioned problems, by facilitating discharge of the
      highly stressed ionized gases in the blast direction and impeding flow in
      the reverse direction by special shaping of the diffuser of the blast
      nozzle which surrounds both movable contact members and/or by special
      shaping of the contact members themselves. These circuit breaker also call
      for a pumping device with a substantial output in order to achieve the
      desired effect.
PAR  It is an object of the present invention to provide a circuit breaker of
      the kind described hereinbefore, in which flow of part of the ionized gas
      against the blast direction is not prevented but is effectively
      restricted, and the arc gap is kept free from subsequent flow of this gas
      in the blast direction, using a pumping device with a comparatively low
      rating.
PAR  The invention resides in a gas blast circuit breaker having a stationary
      set of contact means and a movable set of contact means each set
      comprising radially inner and radially outer contact means, the radially
      inner contact means of the two sets being arranged to interengage and the
      radially outer contact means of the two sets being arranged to
      interengage; actuating means for moving the movable set of contact means,
      the radially outer contact means being arranged to be disengaged before
      the radially inner contact means disengage; and a blast nozzle of
      insulating material arranged to move with the movable contacts and having
      inlet means for receiving a pressurized quenching gas, which nozzle has a
      narrowest portion thereof disposed downstream (with respect to the
      direction of the quenching gas blast) of the radically inner movable
      contact means, is disposed between the radially inner and radially outer
      movable contact means, and contains upstream of its said narrowest portion
      of a radially inner first annular longitudinal quenching gas duct
      encircling the radially inner movable contact means whereby quenching gas
      in said duct will directly impinge on the said inner movable contact
      means, and a coaxial radially outer second annular longitudinal quenching
      gas duct.
PAR  The invention utilises the known phenomenon of pulsation of the
      cross-section of the arc (the plasma column) with the current. In other
      words, the cross-section of the arc at zero current -- and immediately
      prior thereto -- is a minimum so that sufficient space remains, even in
      the region of the narrowest portion of the blast nozzle, to eject the
      ionized gases previously forced back against to the blast, in good time
      and at a distance from the path of the constricted arc. Specifically,
      these ionized gases flow mainly or entirely through the outer coaxial duct
      and fresh quenching gas can flow through the inner coaxial duct into
      direct contact with the arc.
PAR  To this end the system may be arranged so that the blast inlet end of the
      inner duct is provided with at least one non-return valve which opens in
      the blast direction.
PAR  The movable contact members as well as the blast nozzle and the
      intermediate member defining the inner and outer ducts are preferably
      mounted on the outside of the end wall of a movable pumping cylinder which
      cooperates with a stationary pump piston to generate the gas blast. In
      this case it is desirable if the inside of the said terminal wall is
      attached to a tubular member which extends into the interior of the
      cylinder and is situated coaxially thereto and divides the cylinder into a
      radially inner and a radially outer part region at least at the end of the
      cylinder, the inlet to the non-return valve proceeding from the inner
      region and the inlet to the outer duct proceeding from the outer region,
      the end face of the pump piston being provided with an annular groove for
      receiving the tubular member on movement of the cylinder. In this
      embodiment it is advantageous if the volumetric capacity of the inner
      region is smaller than that of the outer region of the cylinder.
DRWD
PAR  Further details and advantages of the invention are disclosed in the
      description hereinbelow of two exemplary embodiments of the invention
      which are illustrated in the accompanying drawing, in which:
PAR  FIG. 1 is a cross-section through a gas blast circuit breaker,
PAR  FIGS. 2 and 3 show axial cross-sections through a first embodiment of the
      contact sets and of the blast pumping device of the gas blast circuit
      breaker of FIG. 1, in the open and closed positions respectively; and
PAR  FIGS. 4 and 5 show cross-sections through a further embodiment of the
      contact sets and the pumping device of the gas blast circuit breaker, in
      the open and closed positions respectively.
DETD
PAR  The gas blast circuit breaker illustrated in FIG. 1 is disposed in a closed
      metal casing 1 filled with a gas, for example sulphur hexafluoride
      (SF.sub.6) which is suitable as a quenching and insulating gas. The gas
      blast circuit breaker is connected by means of tubular ducts 2 to a switch
      gear system which is not shown. The ducts 2 are surrounded by sealing
      tight metal encapsulations 3 and are supported therein by means of disc
      insulators 4. The ducts 2 are electrically connected to electrically
      conductive cylinders 5 and 6 respectively. As will be described
      subsequently the cylinder 5 is associated with the moving contact set and
      the cylinder 6 is associated with the stationary contact set. The
      cylinders 5 and 6 are provided with respective sets of contact fingers 7
      at their mutually facing ends. The stationary contact set comprises the
      fingers 7 on the cylinder 6, and a tubular central contact 12; the moving
      contact set comprises contact 9' on the free end of the pumping cylinder
      9, and a central contact pin 11. The contact fingers 7 of the cylinder 5
      slidably engage the exterior surface of the cylinder 9, which carries
      current.
PAR  FIG. 1 shows the gas blast circuit breaker in the open position. When the
      circuit breaker is closed the two cylinder 5 and 6 are joined by a pumping
      cylinder 9 which is movable by means of a drive 8. When the circuit
      breaker is opened the pumping cylinder 9 is retracted together with a
      blast nozzle 10 of insulating material, which moves therewith. The central
      contact member 11 (FIGS. 2 and 3) of the moving contact set is disposed
      within the blast nozzle 10 as will be described subsequently and is
      electrically connected to the pumping cylinder 9. The outer contact 9'
      encircles the blast nozzle. The central contact member 12 of the fixed
      contact set (FIGS. 2 and 3) which mates with the contact member 11, is
      mounted in the cylinder 6. During the rupturing motion the pumping
      cylinder 9 and the cylinder 6 are separated first, an arc being then
      established between the subsequently separating contact member 11 and 12.
      The arc will then burn in the nozzle chamber of the blast nozzle which is
      disposed on the one hand between the contact fingers 7 and on the other
      hand between the contact members 11 and 12. The hot and ionized gases are
      first ejected into the cylinder 6 whose upper end is open and is covered
      by a reversing hood 13. The said hot gases are cooled in the reversing
      hood 13 and are subsequently ejected into the interior of the metal casing
      1.
PAR  Cooling fins may be provided on the cylinder 6 and/or on the reversing
      hood.
PAR  The reversing hood 13 is attached to the cylinder 6 by means of metal
      supports 14. The cylinder 6 which is provided with the reversing hood 13
      is mounted in the metal casing 1 by means of a plurality of supporting
      insulators 15. The cylinder 5 is mounted in the metal casing 1 by means of
      supporting insulators 16. As may be seen by reference to FIGS. 2 and 3 a
      stationary pumping piston 17 is supported in the stationary cylinder 5 by
      means of a rod 18 of circular cross-section. The movable pumping cylinder
      9 on the other hand is coupled to the drive 8 through insulating push rods
      19 (FIG. 1). Known hydraulic or force accumulator drives may be used for
      the drive 8 and description thereof in this context is unnecessary. A
      non-return lock 20 which can be disengaged by an electromagnetic 21 during
      the make motion is provided in order to prevent a return motion of the
      push rods 19 and therefore of the moving contact set in the make direction
      during the rupturing motion. The reason for the possibility of return
      motion in the make direction during the rupturing motion will be explained
      subsequently.
PAR  Torus shaped electrodes 22, intended to reduce local field strength, are
      disposed on the cylinder 5 or in the casing 1 where the push rods 19
      emerge from the casing.
PAR  From FIGS. 2 and 3 it will be seen that the contact member 1 is mounted
      together with the blast nozzle 10 on an intermediate plate 23. The free
      end of the contact member 11, which functions as a consumable surface, is
      disposed upstream of the narrowest portion or throat 24 of the blast
      nozzle 10, relative to the blast direction. The nozzle chamber of the
      blast nozzle 10 which is disposed upstream of the throat 24 is divided by
      a tapered tubular intermediate member 27 into two coaxial ducts 25 and 26
      of which the inner duct 25 surrounds the contact member 11 practically
      over its entire length. The inner duct 25 is connected via a non-return
      valve 29 to the delivery side of the pumping cylinder chamber 28 while the
      outer duct 26 is directly connected to the said chamber 28 via ports 29'.
      A tubular cylindrical partitioning apron 30, which divides the pumping
      cylinder chamber 28 into two delivery chambers 34 and 34' during the last
      portion of the return stroke of the pumping cylinder 9, is mounted on the
      side of the intermediate plate 23 which is nearer to the pumping cylinder
      chamber 28. Ports 29' extend from the delivery chamber 34' and inlet ports
      extend from the delivery chamber 34 to the non-return valves 29. This
      ensures that the polluted, hot gases can be forced back during the
      rupturing motion only through the ports 29' into the delivery chamber 34',
      and cannot enter the delivery chamber 34 which feeds the inner duct 25. An
      annular groove 31 is formed in the free end face of the stationary pumping
      cylinder 7 facing the plate 23, to accommodate the apron 30 at the end of
      the operating stroke.
PAR  Inflow of fresh gas into the pumping cylinder chamber 28 during the make
      operation is made possible by inlet valves which are provided in the
      stationary pumping piston 17 and are also constructed as non-return valves
      32 and 33. It should be noted that the volumetric capacity of the delivery
      chamber 34 is less than that of the delivery chamber 34' and that the
      non-return valve 29 is a spring-biased flutter valve normally held closed
      by a spring or springs 36 seated on a fixed collar 37.
PAR  FIG. 3 shows the contact members 11 and 12 of the circuit breaker in the
      closed state. The greater part of the current flows via the pumping
      cylinder 9 from the contact fingers 7 of the stationary contact set
      (cylinder 6) to the contact fingers 7 of the cylinder 5. The contact
      members 11 and 12 which are engaged with each other also carry current but
      only to a negligible degree compared with the wall of the pumping cylinder
      9.
PAR  At the beginning of the rupturing motion the upper, free end of the pumping
      cylinder 9 is separated from the contact fingers 7 of the stationary
      contact set. At this moment the entire current will flow via the contact
      members 11 and 12 only. Practically no gas is able to escape from the
      pumping cylinder chamber 28 until these contact members are separated,
      because the valves 32 and 33 are closed and the throat 24 of the blast
      nozzle 10 is closed by the contact member 12. The gas in the pumping
      cylinder chamber 28 is therefore precompressed. As the pumping cylinder 9
      continues to move in the rupturing direction (downwardly in FIG. 3) the
      contact members 11 and 12 are separated and a short arc is initially
      established in the blast nozzle 10. This short arc is elongated when the
      rupturing motion stops. The pressure which develops in the nozzle chamber
      of the blast nozzle 10 depends on the instantaneous value of the current
      which flows in the arc and also depends on the length of the arc. No gas
      can be supplied from the pumping chamber 28 to the blast nozzle when the
      pressure in the nozzle chamber of the blast nozzle 10 reaches or exceeds
      the instantaneous pressure in the chamber 28. Instead, the hot and ionized
      gases are forced back into the ducts 25 and 26 and only the gas which is
      forced back into the duct 26 is able to enter the pumping cylinder chamber
      28. The resulting rise in pressure, which is produced in the pumping
      cylinder chamber 28 may overcome the force applied by the drive 8 and thus
      may thrust the pumping cylinder 9 back in the direction opposite to the
      rupturing motion, that is to say in the make direction. The non-return
      lock 20 is provided to prevent such reversal of the motion of the pumping
      cylinder 9 during the rupturing operation and therefore to avoid having to
      provide a drive 8 of an unnecessarily large rating.
PAR  As the cylinder 9 moves, the cylindrical apron plunges into the annular
      groove 31. The length of the apron is such that this occurs when the
      distance between the contact members 11 and 12 is that at which it is to
      be expected that displacement of the hot and ionized gases from the nozzle
      chamber of the blast nozzle 10 into the chamber 28 is most marked, that is
      to say at the maximum value of the current which is to be interrupted. As
      already mentioned, the hot gases cannot be forced back into the delivery
      chamber 34 because they are prevented from so doing by the non-return
      valve 29. The hot gases can be forced back through the outer duct 26 and
      through the ports 29' into the delivery chamber 34' but the latter is now
      separated from the delivery chamber 34 by the apron 10 engaging the groove
      31. The gases which are forced back into the delivery chamber 34' are
      therefore unable to pollute the still pure gas in the delivery chamber 34.
      The pumping cylinder 9, which has meanwhile been retained by the
      non-return lock, continues its rupturing motion as soon as the
      instantaneous pressure in the nozzle chamber of the blast nozzle 10
      diminishes because the current which is to be interrupted approaches zero
      phase. The ionized gases are then blown back into the nozzle chamber from
      the delivery chamber 34' through the ports 29' and the outer duct 26.
      Fresh unpolluted gas flows simultaneously from the delivery chamber 34
      through the non-return valve 29 into the inner duct 25 and come into
      direct contact with the contact member 11 and the arc extending therefrom
      which will then have a diminishing current flow. This results in a
      separation between polluted gases and fresh gases in the nozzle chamber of
      the blast nozzle 10. The fresh gas flushes around the base of the arc,
      which has a very small diameter near zero phase, and flows approximately
      in the middle of the nozzle chamber of the blast nozzle 10. The polluted
      gases on the other hand cover the internal wall of the nozzle chamber of
      the blast nozzle 10 but do not interfere with the quenching operation
      because only small nozzle cross-sections are required for extinguishing
      small arcs (that is to say low currents and a plasma column of small
      diameter). When the arc is close to zero current phase it is intensively
      blown only with fresh extinction gas from the delivery chamber 34 during
      the entire rupturing motion.
PAR  Accordingly it is possible to interrupt far higher currents than would be
      possible with current breakers of the kind disclosed by the prior art,
      with comparable dimensions for the contact members, the pumping device and
      the drive 8.
PAR  A capillary bore 35 with a diameter of the order of magnitude of 1 mm
      extends approximately centrally through the contact member 11. The purpose
      of the capillary bore 35 is to centre the arc. The diameter of the said
      bore is so small as to practically prevent hot ionized gases being forced
      through it back into the delivery chamber 34. The cross-sectional area of
      the bore 35 should be not more than 5% of the total cross-sectional area
      of the ducts 25 and 26 at their narrowest portions.
PAR  When the illustrated gas blast circuit breaker is closed, the two contact
      members 11 and 12 touch first and subsequently the pump cylinder 9
      connects the contact fingers 7 of the fixed and moving contact sets
      respectively. During this make motion the non-return valves 32, 33 also
      open and allow new, fresh gas to flow from the interior of the metal
      casing 1 into the pump cylinder chamber 28.
PAR  The embodiment illustrated in FIGS. 4 and 5 is of simpler construction than
      that of FIGS. 2 and 3. The contact member 11 is surrounded by the blast
      nozzle 10, and both are mounted on the intermediate plate 23, and the
      intermediate member 27 which subdivides the nozzle chamber, upstream of
      the throat 24, into the two ducts 25 and 26 is also provided on the
      intermediate plate 23. However the blast inlet end of the inner nozzle
      duct 25 of this embodiment communicates through ports 129 with the blast
      inlet end of the duct 26 which in turn communicates via the ports 29' with
      the pump cylinder chamber 28. The non-return valves 29, the cylindrical
      apron 30 and the associated groove 31 in the pump piston 17 are all
      omitted in this embodiment, and the pump piston 17 is provided with only
      one set of non-return valves or suction valves 32.
PAR  However, the method of operation of the embodiment illustrated in FIGS. 4
      and 5 differs from that of the embodiment of FIGS. 2 and 3 only in detail.
      The hot, ionized gases are again forced back mainly through the outer duct
      26 because the inner duct 25 functions as a blind alley even though the
      ports 129 are provided. As soon as the pressure in chamber 28 again
      exceeds that in the nozzle chamber, the gases previously forced into the
      chamber 28, which are polluted except insofar as they have been cooled and
      de-ionized in the chamber 28, the blown back through the ports 29' and,
      mainly through the outer duct 26, over the arc, whose diameter is by this
      stage decreasing. Fresh unpolluted quenching gas will then flow from the
      pumping cylinder chamber 28, with an increasing pressure gradient so that
      the inner duct 25 as well as the outer duct 26 will be supplied with
      fresh, unpolluted quenching gas via the ports 129. The arc, of diminishing
      diameter, will then be blown with increasingly fresh quenching gas, and
      remains centered by a small gas stream which flows through the capillary
      bore 35.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gas blast circuit breaker having a stationary set of contact means and
      a movable set of contact means, each said set comprising radially inner
      and radially outer contact means, the radially inner contact means of the
      two sets being arranged to interengage and the radially outer contact
      means of the two sets being arranged to interengage; actuating means for
      moving the movable set of contact means, the radially outer contact means
      being arranged to be disengaged before the radially inner contact means
      disengage; and a blast nozzle of the insulating material, arranged to move
      with the movable contacts and having inlet means for receiving a
      pressurized quenching gas from a gas pressure chamber, which nozzle has a
      narrowest portion thereof disposed downstream with respect to the
      direction of the quenching gas blast of the end of the radially inner
      movable contact means and disposed between the radially inner and radially
      outer movable contact means, said blast nozzle comprising upstream of its
      said narrowest portion a radially inner first annular longitudinal
      quenching gas duct encircling the radially inner movable contact means
      whereby quenching gas in said first duct will be directly impinge on and
      flow along the said inner movable contact means, and a coaxially outer
      second annular longitudinal quenching gas duct, merging with said first
      annular quenching gas duct in the range of the free end of the radially
      inner movable contact means, further means being provided at the inlet end
      of said first annular longitudinal duct for preventing direct back flow
      from said first annular duct into said gas pressure chamber.
NUM  2.
PAR  2. A circuit breaker as claimed in claim 1 wherein said further means at
      the inlet end of said first duct is at least a non-return inlet valve
      arranged to permit gas flow in the direction of the gas blast only.
NUM  3.
PAR  3. A circuit breaker as claimed in claim 2 in which the movable contact set
      is associated with pumping means arranged to compress a body of quenching
      gas on movement of the movable contact set to disengage the contact means,
      the pumping means comprising said gas pressure chamber communicating with
      the inlet means of the said blast nozzle.
NUM  4.
PAR  4. A circuit breaker as claimed in claim 3 wherein the pumping means
      consists of a movable cylinder and a stationary piston therein, said gas
      pressure chamber being defined between the piston and an end wall of the
      cylinder adjoining the blast nozzle.
NUM  5.
PAR  5. A circuit breaker as claimed in claim 4 wherein the pumping cylinder
      carries at the said end of the blast nozzle and the movable contact means.
NUM  6.
PAR  6. A circuit breaker as claimed in claim 4 wherein the said end wall of the
      pumping cylinder is provided with a tubular partition extending from the
      said end wall towards the piston and dividing the end region of the gas
      pressure chamber into a radially inner and a radially outer portion, which
      portions communicate respectively with the first duct via the non-return
      valve or valves and with the second duct, the piston being provided with
      an annular recess arranged to receive the said partition during movement
      of the cylinder on disengagement of the contact means.
NUM  7.
PAR  7. A circuit breaker as claimed in claim 6 wherein the volume of the said
      inner portion is less than that of the said outer portion.
NUM  8.
PAR  8. A circuit breaker as claimed in claim 1 wherein ingress of quenching gas
      to the first duct is provided by transverse ports connecting the blast
      inlet end of the first duct to the blast inlet end of the second duct.
NUM  9.
PAR  9. A circuit breaker as claimed in claim 8 in which the transverse ports
      converge towards one another in the direction of the blast.
NUM  10.
PAR  10. A circuit breaker as claimed in claim 1 wherein the inner contact means
      of the movable contact set is a single consumable contact pin, which pin
      is provided with an axial capillary bore for flow of quenching gas to the
      tip of the pin.
NUM  11.
PAR  11. A circuit breaker as claimed in claim 10 wherein the cross-sectional
      area of the capillary bore is not more that 5% of the total
      cross-sectional area of the first and second ducts at the narrowest
      portions thereof.
NUM  12.
PAR  12. A circuit breaker as claimed in claim 1 including a non-return
      mechanism arranged to prevent reversal of the disengaging movement of the
      movable contact set.
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ABST
PAL  In a circuit breaker having puffer type circuit breaking units housed
      within a tank of metal material, an inspection opening is formed in the
      tank side wall at a position opposite to a contact assembly in each of the
      circuit breaking units and is tightly closed by a detachable cover.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to circuit breakers and more particularly to a
      circuit breaker of the kind in which a puffer type circuit breaking unit
      is housed within a tank of metal material for compressing an arc
      extinguishing gas and supplying a puff of this compressed gas to the space
      between the parted contacts as soon as the circuit breaking operation
      takes place.
PAR  The increase in the electric power demand in recent years is quite
      remarkable, and this is accompanied by a tendency toward a further
      increase in the capacity of power systems. Circuit breakers are used in a
      power system as a means for protecting the power system against
      short-circuit and other troubles. In the event of occurrence of trouble in
      a section of the power system, the circuit breakers must interrupt
      immediately the flow of current through the electrical path in order to
      quickly cut off the faulty section from the remaining sound sections. The
      current, for example, short-circuit current to be interrupted increases
      remarkably with the increase in the capacity of the power system. Thus,
      the contact assembly in the circuit breaking unit in which an arc is
      produced during the interruption of the short-circuit current tends to be
      excessively damaged due to the fact that the arc energy is very large.
      Therefore, the contact assembly must be inspected after the interruption
      of such a large current or periodically and must be replaced by new parts
      as required. However, the period of time required for this work must be
      reduced to a minimum since power supply is interrupted completely during
      this period of time. This is demanded especially in principal power
      transmission lines.
PAR  In the prior art circuit breakers of this kind, the entire circuit breaking
      unit is taken out of the tank for the inspection or replacement of the
      contact assembly. However, the work for taking the circuit breaking unit
      out of the tank is extremely troublesome. Further, this work is
      inefficient and time consuming since the entire circuit breaking unit must
      be taken out of the tank in spite of the fact that the inspection is
      actually required for the contact assembly only. Further, in the case of
      circuit brakers having a higher voltage rating and a larger capacity, this
      work becomes more troublesome and time consuming since it is required to
      provide impedance elements such as making resistors or voltage dividing
      capacitors in electrically parallel relation with the circuit breaking
      unit.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a novel and improved
      circuit breaker in which the inspection or replacement of the contact
      assembly can be carried out efficiently within a short period of time.
PAR  Another object of the present invention is to provide a circuit breaker in
      which means are provided for facilitating the mounting and dismounting of
      the contact assembly for inspection and replacement.
PAR  Still another object of the present invention is to provide a circuit
      breaker in which the means provided for attaining the objects above
      described can be utilized for various other purposes so as to simplify the
      overall structure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partly sectional front elevational view of an embodiment of the
      circuit breaker according to the present invention.
PAR  FIG. 2 is a side elevational view of the circuit breaker shown in FIG. 1.
PAR  FIG. 3 is an enlarged longitudinal sectional view of the circuit breaking
      unit in the circuit breaker shown in FIG. 1.
PAR  FIG. 4 is a sectional view taken on the line IV -- IV in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 show a circuit breaker having a pair of puffer type circuit
      breaking units providing two breaking points arranged in series. The
      structure of the left-hand side breaking unit only will be described in
      detail since the breaking units in FIG. 1 are arranged symmetrically with
      each other.
PAR  Referring to FIGS. 1 and 2, the opposite end openings of a tank 1 of metal
      material are tightly closed by covers 2 and 3. An arc extinguishing gas,
      for example, SF.sub.6 of single pressure is charged in this tank 1. A pair
      of bushings 4 and 5 are erected on the upper part of the tank 1 and are
      spaced apart from each other by a predetermined insulating distance. These
      bushings 4 and 5 are supported on the foundation by ribs 7 and a base 6.
      One of the breaking units is designated by the reference numeral 8. This
      breaking unit 8 is supported in position by a cylindrical supporting
      member 9 of electrical insulator fixed to the cover 2 of the tank 1 and by
      another cylindrical supporting member 10 of electrical insulator fixed in
      a position intermediate between the axial ends of the tank 1. A stationary
      contact 12 is connected to the cylindrical supporting member 9 of
      electrical insulator by a supporting conductor 11 which is a main circuit
      conductor, and a central conductor 13 in the bushing 4 is connected to the
      supporting conductor 11. A central bracket 14 is fixedly supported on the
      cylindrical supporting member 10 of electrical insulator, and a movable
      contact 15 is electrically connected to this central bracket 14. The
      breaking units are electrically connected in series with each other by a
      connecting conductor 36 provided on the outer periphery of the central
      bracket 14. A gas compressing means 16 is connected to the movable contact
      15. This gas compressing means 16 compresses the arc extinguishing gas in
      the tank 1 in response to the parting movement of the movable contact 15
      away from the stationary contact 12 and supplies a puff of this compressed
      arc extinguishing gas to the space between the parted contacts 12 and 15.
      The movable contact 15 is moved away from the stationary contact 12 by
      being actuated by an actuator 18 through a link means 17 mounted to the
      central bracket 14. The actuator 18 is disposed beneath the tank 1. A
      cylindrical portion 1a is formed on the side wall of the tank 1 at a
      position opposite to the stationary contact 12 and movable contact 15 in
      each of the two breaking units 8, and the flange of this cylindrical
      portion 1a is tightly closed by a detachable cover 19. Impedance elements
      20 are provided in electrically parallel relation with the contacts 12 and
      15. These impedance elements 20 may be voltage dividing capacitors for
      uniformalizing the voltage applied to each of the breaking points arranged
      in series or making resistors for suppressing the surge voltage appearing
      when the circuit breaker is restored from the breaking position.
PAR  The structure of the breaking unit 8 is shown in detail in FIG. 3.
      Referring to FIG. 3, the stationary contact 12 is fixed by bolts 21 to the
      supporting conductor 11 which is the main circuit conductor. A hollow
      conductive member 22 is connected to one end of the link means 17 shown in
      FIG. 1, and a puffer cylinder 23 is formed integrally on the outer
      periphery of the hollow conductive member 22. The right-hand end opening
      of this puffer cylinder 23 is closed by a piston 24 which is fixed to the
      central bracket 14. The puffer cylinder 23 and piston 24 define a puffer
      chamber 25 of the gas compressing means 16. Therefore, when the conductive
      member 22 is urged rightward in FIG. 3 by the actuator 18, the arc
      extinguishing gas in the puffer chamber 25 is compressed to be forced out
      of an opening 23a of the puffer cylinder 23.
PAR  A coil spring 26 is disposed within the hollow space of the conductive
      member 22 so as to normally urge the movable contact 15 toward the
      stationary contact 12. These two contacts 12 and 15 are disposed in
      electrically series relation between the members constituting the main
      circuit. The movement of the movable contact 15 toward the stationary
      contact 12 is limited by a current collector holder 27. Thus, when the
      conductive member 22 is urged rightward in FIG. 3, the movable contact 15
      makes wiping movement relative to the stationary contact 12 and the arc
      extinguishing gas in the puffer chamber 25 is compressed. When the movable
      contact 15 is engaged by the current collector holder 27, parting of the
      contacts 12 and 15 takes place. The current collector holder 27 supports a
      current collector 28 which connects electrically the contacts 12 and 15
      with each other. The current collector 28 is covered by a shielding member
      29 and a cover 30 of electrical insulator fixed to the puffer cylinder 23
      by bolts 31. This insulating cover 30 is surrounded in suitably spaced
      relation by a nozzle 32 of electrical insulator. This nozzle 32 is fixed
      by bolts 33 to the puffer cylinder 23 through a holding member 38 disposed
      on an outer peripheral portion thereof. Further, the stationary contact 12
      extends into the nozzle 32 through the throat portion of the nozzle 32.
      The opening 23a of the puffer cylinder 23 opens into the space within the
      nozzle 32 so that the arc extinguishing gas compressed in the puffer
      cylinder 25 can be guided by the nozzle 32. In the present embodiment, the
      stream of this arc extinguishing gas is divided into a portion flowing to
      the exterior through the hollow space of the movable contact 15 and
      through the hollow space of the conductive member 22 and another portion
      flowing to the exterior through the throat portion of the nozzle 32.
PAR  The circuit breaking operation will now be briefly described. The arc
      extinguishing gas in the puffer chamber 25 is compressed when the
      conductive member 22 is urged to the right in FIG. 3 by being actuated by
      the actuator 18 through the link means 17 shown in FIG. 1. This compressed
      arc extinguishing gas is guided by the nozzle 32 to apply a puff for
      extinguishing the arc produced due to the parting of the contacts 12 and
      15.
PAR  During this breaking operation, the contact assembly consisting of the
      contacts 12 and 15 tends to be damaged by the arc produced due to the
      contact parting. Thus, after the interruption of current, the contact
      assembly must be inspected for damage and must be replaced as required. In
      this inspection work, the arc extinguishing gas in the tank 1 is replaced
      by air and then the covers 19 shown in FIGS. 1 and 2 are removed to expose
      the inspection openings. The bolts 33 shown in FIG. 3 are then removed
      through these inspection openings, and the movable contacts 15 are taken
      out of the tank 1 together with the nozzles 32 and associated members. The
      movable contacts 15 are replaced by new ones when so required. Further,
      the stationary contacts 12 are similarly inspected by removing the bolts
      21.
PAR  The opening 1b formed in each of the cylindrical portions 1a has a diameter
      which permits taking in and out of the nozzle 32. It will be seen that the
      period of time required for the inspection of the contact assembly in the
      circuit breaker of the present invention can be remarkably reduced
      compared with the prior art method in which the entire breaking unit is
      taken out of the tank for inspection. Such reduction can be attained
      because it is unnecessary to dismount and mount the parts including the
      gas compressing means 16.
PAR  In the circuit breaker of this kind which is rated at a large current,
      contacts for providing a main conduction path are disposed adjacent to the
      outer periphery of the nozzle 32 of electrical insulator in order to
      ensure a sufficiently wide conduction area. In the circuit breaker of this
      kind, the portion of the holding member 38 lying between the bolts 33 and
      the nozzle 32 of electrical insulator serves as a main movable contact 35
      for establishing the main conduction path as shown in FIG. 3. A main
      stationary contact 37 is disposed opposite to this main movable contact 35
      and is detachably mounted to the supporting conductor 11 by bolts.
PAR  In the circuit breaker of this kind which is designed to have a large
      capacity, impedance elements 20 are disposed in electrically parallel
      relation with the contacts 12 and 15 as described previously. These
      impedance elements 20 may obstruct the replacement of the contacts. To
      obviate this obstruction, a space required for the taking in and out of
      the nozzle 32 of electrical insulator is preserved in the portion opposite
      to the inspection opening 1b as shown in FIG. 4. In other words, the
      impedance elements 20 are disposed in the space between the nozzle 32 and
      the side wall of the tank 1 remote from the opening 1b. Even in the case
      in which these impedance elements 20 are combined together to form a
      columnar unit, this unit is not disposed in the space between the opening
      1b and the nozzle 32. By virtue of such an arrangement, the impedance
      elements 20 disposed in parallel with the contacts 12 and 15 do not
      obstruct the inspection work on the contacts.
PAR  In FIG. 4, an adsorbent 34 is fixed to the inner surface of the cover 19
      tightly closing the inspection opening 1b so as to adsorb moisture and
      decomposition products produced from the arc extinguishing gas due to the
      arc generated during the interruption of current. Therefore, the adsorbent
      34 can also be inspected and replaced as required during the inspection
      work on the contacts. Hitherto, an additional opening has been provided in
      the tank 1 and the adsorbent 34 has been fixed to the cover tightly
      closing this opening.
PAR  According to the present invention, the cover 19 tightly closing the
      contact inspection opening 1b serves also as a means for mounting the
      adsorbent 34. Thus, any other openings need not be bored in the tank 1
      except those bored in the side wall portions opposite to the contact
      assemblies in the breaking units. These inspection openings 1b ensure
      accessibility due to the fact that they are provided in the side wall of
      the tank 1. That is, provision of the inspection openings 1b in the side
      wall of the tank 1 is advantageous in that a sufficient working space can
      be obtained. On the contrary, provision of these openings 1b in the lower
      wall of the tank 1 is disadvantageous in that the working space is limited
      by the base 6 and actuator 18.
CLMS
STM  We claim:
NUM  1.
PAR  1. A circuit breaker comprising:
PA1  a tank of metal material filled with an arc extinguishing gas of a single
      pressure;
PA1  at least two puffer type circuit breaking units disposed within said tank
      in series relation with each other and extending horizontally along the
      same axis, each of said breaking units including gas compressing means for
      compressing said arc extinguishing gas as soon as the breaking operation
      takes place, a nozzle of insulating material for guiding the compressed
      arc extinguishing gas, and a partible contact assembly detachably mounted
      to a main circuit conductor disposed within said tank;
PA1  actuating means for actuating said gas compressing means and said contact
      assembly;
PA1  an opening bored in the side wall of said tank at a position opposite to
      one of said contact assemblies, said opening having a diameter larger than
      the outer dimension of said nozzle; and
PA1  a detachable cover tightly closing said opening.
NUM  2.
PAR  2. A circuit breaker as claimed in claim 1, wherein an adsorbent for
      absorbing decomposition products of said arc extinguishing gas is fixed to
      the inner surface of said cover, said adsorbent being disposed outside of
      the inner radius of said tank.
NUM  3.
PAR  3. A circuit breaker as claimed in claim 1, wherein a plurality of
      impedance elements are disposed within said tank in electrically parallel
      relation with a contact assembly, said impedance elements being
      concentrically arranged around a portion of said breaking unit other than
      a portion of said breaking unit in facing relation.
NUM  4.
PAR  4. A circuit breaker as claimed in claim 1, wherein an opening is bored in
      the side wall of said tank at a position opposite each of said contact
      assemblies, each of said openings having a diameter larger than the outer
      dimension of said nozzle, each opening being provided with a detachable
      cover tightly closing said opening.
NUM  5.
PAR  5. A circuit breaker as claimed in claim 4, wherein a plurality of
      impedance elements are disposed within said tank in electrically parallel
      relation with a respective contact assembly, said impedance elements being
      concentrically arranged around a portion of said breaking unit other than
      a portion of said breaking unit in facing relation to said opening.
NUM  6.
PAR  6. A circuit breaker as claimed in claim 5, wherein an adsorbent for
      absorbing decomposition products of said arc extinguishing gas is fixed to
      the inner surface of said cover said adsorbent being disposed outside of
      the inner radius of said tank.
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PAL  A push-button type switch device for use in generating binary coded
      signals. An insulative board is provided having flat opposite surfaces. An
      overcenter, snap-acting diaphragm switch element is provided movable
      between a first inactive position and a second overcenter operative
      position in response to application of a predetermined operating force
      thereon, as by depression of a push button. The diaphragm element has a
      centrally disposed common contact area and a plurality of radially spaced
      leg members extending outwardly therefrom. The leg members have outer ends
      which respectively engage first terminal pads on one surface of the board
      thereby normally supporting the diaphragm element thereon in its first
      position. A common terminal is provided on the one side of the board and
      has an external conductor connected thereto, the common terminal being in
      registry with the common contact area of the diaphragm element and spaced
      therefrom in the first position. The common contact area engages the
      common terminal in the second position of the diaphragm element. The leg
      members have portions thereon inwardly from the outer ends which are
      respectively in registry with and spaced from other terminal pads on the
      one surface of the board in the first position of the diaphragm element.
      At least one preselected terminal pad has an external conductor connected
      thereto. The diaphragm element is proportioned and arranged so that the
      leg member portions engage their respective other terminal pads in a third
      position of the diaphragm element which is intermediate the first and
      second positions and prior to engagement of the common contact area with
      the common terminal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to binary switches and more particularly
      to a push button type binary switch device.
PAR  2. Description of the Prior Art
PAR  Binary switches are employed for generating preselected binary coded
      signals for use in digitally controlled and data processing apparatus. The
      most common type of binary switch is a rotary switch often provided in
      thumb wheel-actuated form. Such prior binary switches have been
      characterized by their complexity and relatively high cost. U.S. Pat. No.
      3,796,843 assigned to the Assignee of the present application discloses a
      keyboard switch assembly employing an overcenter, snap-acting diaphragm
      switch element and a singlesided printed circuit board.
PAC  SUMMARY OF THE INVENTION
PAR  It is desirable to provide a push-button type switch device capable of
      generating binary coded signals. A plurality of such binary switches may
      be assembled in a keyboard resembling a calculator keyboard or push-button
      telephone dial thus permitting selection of the desired binary coded
      signals by pushing the appropriate pushbuttons.
PAR  The invention, in its broader aspects, provides a push-button type switch
      device for use in generating binary coded signals and comprises an
      insulative board having flat opposite surfaces and an overcenter,
      snap-acting diaphragm switch element movable between a first inactive
      position and a second overcenter operative position in response to
      application of a predetermined operating force thereon, as by a
      pushbutton. The diaphragm element has a centrally disposed common contact
      area and a plurality of radially spaced leg members extending outwardly
      therefrom. At least some of the leg members respectively engage first
      terminal pads on one surface of the insulative board and normally support
      the diaphragm element thereon in its first position. A common terminal on
      the one surface of the board has an external conductor connected thereto,
      the common terminal being in registry with the common contact area of the
      diaphragm element and spaced therefrom in the first position thereof. The
      common contact area engages the common terminal in the second position of
      the diaphragm element. Certain of the leg members have portions
      respectively in registry with and spaced from other terminal pads on the
      one surface of the board in the first position of the diaphragm element.
      At least one preselected terminal pad has another external conductor
      connected thereto, the number of terminal pads to which external
      conductors are connected providing the desired binary coded signal upon
      actuation of the diaphragm element. The diaphragm element is proportioned
      and arranged so that the leg member portions engage their respective other
      terminal pads in a third position of the element intermediate the first
      and second positions and prior to engagement of the common contact area
      with the common terminal.
PAR  It is accordingly an object of the invention to provide an improved binary
      switch device.
PAR  Another object of the invention is to provide a push-button type switch
      device for use in generating binary coded signals.
PAR  The above-mentioned and other features and objects of this invention and
      the manner of attaining them will become more apparent and the invention
      itself will be best understood by reference to the following description
      of an embodiment of the invention taken in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view showing one embodiment of the push-button type switch
      device of the invention;
PAR  FIG. 2 is a cross-sectional view taken generally along the line 2--2 of
      FIG. 1;
PAR  FIG. 3 is a schematic view showing different connections to provide binary
      coded signals with the switch device of the invention;
PAR  FIG. 4 shows a binary code which may be provided by the various
      permutations of the switch device of the invention;
PAR  FIG. 5 is a top view showing the preferred embodiment of the invention;
PAR  FIG. 6 is a cross-section view taken generally along the line 6--6 of FIG.
      5;
PAR  FIG. 7 is a fragmentary top view showing a modification of the embodiment
      of FIG. 5;
PAR  FIG. 8 is a fragmentary top view showing another modification of the
      embodiment of FIG. 5; and
PAR  FIG. 9 is a fragmentary cross-sectional view taken generally along the line
      9--9 of FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2 of the drawings, the improved binary switch
      device of the invention, generally indicated at 10, comprises an
      overcenter, snap-acting, "oilcan", diaphragm switch element 12 having a
      center contact dimple 14. Diaphragm element 12 has four equally-radially
      spaced apart, outward extending leg members 16 formed thereon.
PAR  An insulative board 18 is provided having flat opposite surfaces 20 and 22.
      Outer ends 24 of leg members 16 respectively engage terminal pads 26 on
      top surface 20 of board 18 and support diaphragm element 12 in a first,
      inactive position with center dimple 14 spaced from common terminal pad 28
      on surface 20 of board 18, as shown in FIG. 2. Insulative retainer member
      25 covers surface 20 of board 18 and the terminal pads and conductors
      thereon and has cut-out portion 27 therein which receives and locates
      switch element 12. Thin insulative sheet 29 covers retainer member 25 and
      switch element 12, as further shown and described in the aforesaid U.S.
      Pat. No. 3,796,843.
PAR  Escutcheon plate 30 is provided having opening 32 therein which receives
      and locates push button 34. Push button 34 is adapted to apply a downward
      force to diaphragm element 12 as will hereinafter be described.
PAR  Three equally-radially spaced relatively short leg members or feet 36
      extend outwardly from diaphragm element 12 and are respectively in
      registry with terminal pads 38 on side 20 of board 18. Feet 36 are
      respectively spaced from terminal pads 38 in the first position of
      diaphragm element 12, as shown in FIG. 2.
PAR  Upon application of a predetermined force on push button 34, as shown by
      arrow 40, diaphragm element 12 is moved to a second, operative position
      with center contact dimple 14 engaging common terminal pad 28 and with
      feet 36 engaging terminal pads 38. In accordance with the invention,
      diaphragm element 12 and leg members 16 are proportioned and arranged so
      that diaphragm element 12 passes through a third, intermediate position in
      which feet 36 engage terminal pads 38 prior to engagement of center
      contact dimple 14 with common terminal pad 28.
PAR  Common external conductor 42 on surface 20 of board 18 is connected to
      common terminal pad 28. In order to provide a desired binary signal
      output, external conductors are connected to preselected ones of the
      remaining terminal pads, such as conductor 44 connected to terminal pad 26
      and conductor 46 connected to terminal pad 38 which provides a binary
      coded signal corresponding to the numeral three as shown in FIG. 4.
PAR  Referring now to FIGS. 3 and 4, it will be seen that common external
      conductor 42 is, in each switch configuration, connected to common
      terminal pad 28. The connection of external conductors to the remaining
      terminal pads 26, 38 depends on the binary coded signal to be provided
      upon actuation of the switch element. Thus, as shown in FIG. 4, and
      referring to an 8421 binary code, external conductor 46 may be connected
      to terminal pad 38 and external conductor 44 may be connected to terminal
      pad 26 to provide a binary coded signal corresponding to the digital
      numeral three. Likewise, external conductor 48 may be connected to the
      "four" terminal pad 38 and external conductor 50 may be connected to the
      "eight" terminal pad 38 in accordance with the table shown in FIG. 4 to
      provide, for example, binary coded signals corresponding to the digits
      zero through sixteen.
PAR  It will now be seen that ends 24 of leg members 16 are in contact with
      terminal pads 26 on printed circuit board 18 in the first, at-rest or
      released position of the device. As load is applied by push button 34 to
      the center dimple 14, the leg members 16 and diaphragm element 12 deflect,
      the force at the dimple increasing to a maximum and then starting to
      decrease. At this point, the diaphragm element or dome 12 will snap-over
      and the feet 36 and center dimple 14 come in contact with their respective
      terminal pads 28, 38 on printed circuit board 18. As the load is released,
      the force at the center dimple 14 will decrease to a point where the
      diaphragm element or dome 14 will snap-back and the center dimple 14 and
      feet 36 will break contact with the printed circuit board 18. As
      previously stated, it is important that the center contact dimple 14 make
      contact last with feet 36 making contact prior to that time, and that the
      center contact dimple 14 be the first to break contact upon release.
PAR  Referring now to FIGS. 5 and 6 in which like elements are indicated by like
      reference numerals and similar elements by primed reference numbers, there
      is shown the preferred embodiment of the invention generally indicated at
      51. Here, overcenter, snap-acting, "oilcan", diaphragm switch element 12'
      has four equally-spaced apart, outwardly extending leg members 16' formed
      thereon and contact dimple 14 at the center thereof. Outer ends 24' of leg
      members 16' respectively engage terminal pads 26 on top surface 20 of
      insulative board 18 and support diaphragm element 12' in its first,
      inactive position with center dimple 14 spaced from common terminal pad 28
      on surface 20 of board 18, as shown in FIG. 6.
PAR  Insulative retainer member 25' covers surface 20 of board 18 and the
      terminal pads and conductors thereon and has cut-out portion 27' therein
      which receives and locates switch element 12'. Thin insulative sheet 29
      covers retainer member 25' and switch element 12'.
PAR  Here, contact dimples 52 are formed in switch element 12' respectively
      adjacent the junctions of leg members 16' therewith, contact dimples 52
      being respectively in registry with terminal pads 38' on side 20 of board
      18 and respectively spaced therefrom in the first position of diaphragm
      element 12' as best seen in FIG. 6.
PAR  Upon application of a predetermined force on push-button 34 (FIG. 1),
      diaphragm element 12' is moved to a second, operative position with center
      contact dimple 14 engaging common terminal pad 28 and with contact dimple
      52 respectively engaging terminal pads 38'. It will be readily apparent
      that in this embodiment, contact dimples 52 engage terminal pads 38 prior
      to engagement of center contact dimple 14 with common terminal pad 28.
PAR  As in the case of the previous embodiment, common external terminal 42' on
      surface 20 of board 18 is connected to common terminal pad 28 and, in
      order to provide the desired binary signal output, external conductors are
      connected to preselected ones of the remaining terminal pads, such as
      conductor 44 connected to terminal pad 26 and conductor 46 connected to
      terminal pad 38.
PAR  As in the case of the construction shown in the aforesaid U.S. Pat. No.
      3,796,843, the design of switch element 12, 12' is such that it is
      possible to route other conductors, such as conductor 54, on top surface
      20 of board 18 under switching element 12, 12'.
PAR  Referring now to FIG. 7 in which like elements are again indicated by like
      reference numerals and similar elements by double primed reference
      numerals, diaphragm switching element 12" may be provided with only three
      leg members 16' as shown in FIG. 7, or may have more than four leg members
      16'.
PAR  Referring now to FIGS. 8 and 9 in which like elements are again indicated
      by like reference numerals and similar elements by triple primed reference
      numerals, diaphragm switch element 12'" may have only two leg members 16'
      with the remaining engagement with a terminal pad 26 being provided by
      contact dimple 54 at the peripheral edge of element 12'". It will thus be
      seen that in this manner the three-leg embodiment shown in FIG. 7 may be
      provided with one leg missing, and that the four-leg embodiment of FIG. 5
      may be provided with two legs missing. It will further be seen that the
      three-leg embodiment of FIG. 7 may in the same fashion be provided with
      only one leg member 16'.
PAR  Referring again to the embodiment shown in FIGS. 1 and 2, while ends 24 of
      leg members 16 have been shown and described as being at all times in
      engagement with terminal pads 26, depending upon the spring rate of the
      leg members 16 and the relative height dimensions of ends 24, feet 36 and
      center contact dimple 14, it is possible to produce a device in which ends
      24 will lift off and be spaced from their respective terminal pads 26 when
      switch element 12 is moved to its second, operative position. This
      construction adds a normally closed or double throw feature to the
      switching possibilities of the device.
PAR  While there have been described above the principles of this invention in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation to
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A push-button type switch device for use in generating binary coded
      signals comprising an insulative board having flat opposite surfaces, and
      an overcenter, snap-acting diaphragm switch member movable between a first
      inactive position and a second overcenter operative position in response
      to application of a predetermined operating force thereon, said member
      having a centrally disposed common contact area, said switch member having
      a plurality of radially spaced contact elements formed on the periphery
      thereof, at least some of said contact elements respectively engaging
      first terminal pads on one surface of said board and normally supporting
      said member thereon in said first position, a common terminal on said one
      surface of said board and having an external conductor connected thereto,
      said common terminal being in registry with said common contact area and
      spaced therefrom in said first position, at least one of said contact
      elements having a portion respectively in registry with and spaced from
      another terminal pad on said one surface of said board in said first
      position of said member, at least one preselected terminal pad having
      another external conductor connected thereto, said member being
      proportioned and arranged so that said contact element portion engages
      said other terminal pad in a third position of said member intermediate
      said first and second positions and prior to engagement of said common
      contact area with said common terminal.
NUM  2.
PAR  2. The device of claim 1 wherein at least one of said contact elements is a
      leg member extending outwardly from said periphery of said switch member
      and having an outer end engaging a first terminal pad.
NUM  3.
PAR  3. The device of claim 2 wherein said portion is formed on said leg member
      inwardly from said outer end thereof.
NUM  4.
PAR  4. The device of claim 1 wherein said contact elements are leg members
      extending outwardly from said periphery of said switch member.
NUM  5.
PAR  5. The device of claim 4 wherein there are a plurality of other terminal
      pads, there being first and second groups of said leg members, all of said
      first group engaging first terminal pads and supporting said switch member
      thereon, all of said second group having said portions thereon and being
      respectively in registry with said other terminal pads.
NUM  6.
PAR  6. The device of claim 5 wherein said first group of leg members are
      respectively longer than said second group.
NUM  7.
PAR  7. The device of claim 6 wherein the outer ends of said first group of leg
      members engage respectively said first terminal pads, the outer ends of
      said second group of leg members comprising said portions and being
      respectively in registry with said other terminal pads.
NUM  8.
PAR  8. The device of claim 7 wherein there are four of said first group of leg
      members and three of said second group.
NUM  9.
PAR  9. The device of claim 7 wherein said common contact area disengages said
      common terminal upon release of said force prior to disengagement of said
      portions of said second group of leg members from said other terminal
      pads.
NUM  10.
PAR  10. The device of claim 5 wherein all of said leg members have outer ends
      which respectively engage said first terminal pads, all of said leg
      members having said portions respectively formed thereon inwardly from
      said outer ends.
NUM  11.
PAR  11. The device of claim 10 wherein said leg member portions are formed
      thereon adjacent the junctions of said leg members with said switch
      member.
NUM  12.
PAR  12. The device of claim 10 wherein said switch member has another contact
      area formed at the periphery thereof and spaced from said leg members,
      said other contact area engaging a terminal pad on said one surface of
      said board and supporting said member thereon in said first position.
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ABST
PAL  A round plastic bushing and frame for an electric switch wherein the
      bushing has a flared collar that is radially squeezed when it is pressed
      through a round hole from the back of a mounting panel and spreads out in
      front so that its edge locks the bushing to the panel for great strength
      retention. A pair of integral spring fingers press against the back of the
      panel to keep the collar tight against the front of the panel. The
      integral frame has a pair of parallel arms that hug the switch base and
      are terminated in hooks that engage notches on opposite sides thereof to
      secure the integral bushing and frame to the base.
PAL  In a first version where the bushing and frame cannot be molded integrally
      into final form, the collar is molded as a radial flange on the projecting
      end of the bushing and, after removal from the mold, is formed into a
      frusto-conical collar around the tip of the bushing for snap-in mounting.
PAL  In a second version, the retainer end of the bushing having the snap-in
      collar thereon is molded separately from the frame and remainder of the
      bushing, and the two parts are ultrasonically welded together.
PAL  In a third version, the retainer part of the bushing is molded as a
      separate snap-in tubular liner that is snap-inserted into the lower part
      of the bushing that is molded integrally with the frame.
PAL  In a fourth version, the retainer part of the bushing is molded as a
      separate snap-in tubular liner and its lower end is then inserted into and
      flared to grip the lower end of the remainder of the bushing that is
      molded integrally with the frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Snap-in devices for mounting switches and other electrical components have
      been known heretofore. Such prior structures, especially for rectangular
      apertures, customarily used biased fingers or the like that would grip the
      edges of the aperture in the mounting panel when the electrical device was
      pressed thereinto. However, these prior devices have not generally been
      suitable for snap-in mounting the round bushing of a toggle switch with
      sufficient strength of retention as well as completely closing the hole in
      the mounting panel and providing a smooth and neat appearance. While such
      prior snap-in mounting means have been useful for their intended purpose,
      this invention relates to improvements thereover.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to snap-in bushing and frame devices for mounting in
      a hole in a mounting panel and more particularly to such bushing and frame
      devices of the stiff plastic type.
PAR  An object of the invention is to provide an improved method of and means
      affording a snap-in bushing and frame device having great strength of
      retention.
PAR  A more specific object of the invention is to provide an improved molded
      bushing and frame for an electrical device that may be pressed into a
      round hole from the back of a mounting panel and presents a smooth and
      neat appearance at the front of the panel.
PAR  Another specific object of the invention is to provide an improved snap-in
      bushing and frame that may be molded in one piece and then formed to
      provide a snap-in collar at the tip of the bushing.
PAR  Another specific object of the invention is to provide an improved snap-in
      bushing and frame that may be molded in two pieces and then joined to
      provide an integral snap-in structure.
PAR  Other objects and advantages of the invention will hereinafter appear.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an enlarged front elevational view of a onepiece snap-in bushing
      and frame for an electric switch after the molding operation but before
      the forming operation and showing the switch base in broken lines;
PAR  FIG. 2 is a top view of the snap-in bushing and frame of FIG. 1;
PAR  FIG. 3 is a partial cross-sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a partial front elevational view of the snap-in bushing and frame
      of FIGS. 1-3 after the forming operation and showing the mounting panel in
      broken lines;
PAR  FIG. 5 is a top view of the formed snap-in bushing and frame of FIG. 4; and
PAR  FIG. 6 is a partial cross-sectional view of the formed snap-in bushing and
      frame of FIG. 4 along with an ultrasonic forming horn showing how the
      snap-in collar is formed;
PAR  FIG. 7 is an exploded enlarged cross-sectional view of a modification of
      the invention wherein the retainer is molded separately from the lower
      part of the bushing and frame and then welded thereto;
PAR  FIG. 8 is a top view of the retainer of FIG. 7;
PAR  FIG. 9 is a magnified fragmentary cross-sectional view of the lower edge of
      the retainer of FIGS. 7 and 8 showing the "energy director" formed thereon
      that is ultrasonically welded to the lower part of the bushing; and
PAR  FIG. 10 is a cross-sectional view of the snap-in bushing and frame of FIGS.
      7-9 showing the retainer secured to the lower part of the bushing and
      including the ultrasonic vibratory horn whereby the parts are secured
      together;
PAR  FIG. 11 is an enlarged partial cross-sectional view taken along line 11--11
      of FIG. 12 of a second modification of the snap-in bushing and frame
      wherein the retainer is molded separately from the lower part of the
      bushing and is then snap-in connected thereto;
PAR  FIG. 12 is a cross-sectional view taken along line 12--12 of FIG. 11;
PAR  FIG. 13 is an enlarged cross-sectional view of a third modification of the
      snap-in bushing and frame wherein the retainer is molded separately from
      the lower part of the bushing and is then flared to grip the latter and
      showing the toggle lever in broken lines;
PAR  FIG. 14 is an exploded enlarged partial cross-sectional view of the snap-in
      bushing and frame of FIG. 13 showing how the retainer is molded before its
      lower end is flared in assembly; and
PAR  FIG. 15 is a top view of the snap-in bushing and frame of FIGS. 13 and 14.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1-6, there is shown a first version of a snap-in bushing
      and frame device for a toggle switch. While only the bushing and frame
      part is shown in detail, toggle switches generally are well known in the
      art such as, for example, the toggle switch shown in R. G. Miller U.S.
      Pat. No. 3,146,330, dated Aug. 25, 1964, so that it will readily be
      apparent what purpose the snap-in bushing and frame device fulfills.
PAR  As shown in FIGS. 1 and 2, frame 2 is generally rectangular in top view and
      has a pair of depending legs 4 and 6, one at each end, for hugging the
      insulating housing or base 8 of the switch shown in broken lines. Each
      such leg has an inwardly directed hook, 4a and 6a, at its lower end that
      snaps into a notch in the switch base to retain the frame securely thereon
      and to close the open top of the base. As will be apparent, the base
      encloses the switch contacts, and a toggle lever (shown in broken lines in
      FIG. 13) is pivoted at its enlarged spherical midportion within the
      bushing, and has an external handle whereby it is actuated and an internal
      end that extends down through the bushing into the switch base for
      actuating the contacts, generally as shown in the aforementioned Miller
      patent.
PAR  As shown in FIGS. 1 and 2, an integral bushing 10 rises from the center of
      the frame. A pair of integral "back-up" or "pressure" elements 12 and 14
      having wing-like configurations extend laterally left and right at
      upwardly curved angles. These elements 12 and 14 have some resiliency so
      that they will "give" when the bushing is pressed into a hole in the
      mounting panel and serve to apply bias forces to the back of the panel to
      keep the snap-in collar, hereinafter described, tight against the front of
      the panel.
PAR  As shown in FIG. 1, bushing 10 is provided with a reduced-diameter portion
      10a at its upper end providing clearance space for the snap-in collar and
      terminating in a thin flange 10b at its tip, this flange having a keyway
      10c molded at one side as more clearly shown in FIGS. 2 and 3. The lower
      portion 10d of the bushing has a large enough diameter to completely fill
      the hole in the panel.
PAR  Since for strength and dimensional stability, this bushing and frame device
      is made of stiff or semi-rigid thermoplastic material such as General
      Electric "Lexan," or the like, it would not be possible to mold it in one
      piece in its final form. This is because a mold insert could not be
      removed from the clearance under the snap-in collar. For this reason, this
      device is molded in the flanged shape shown in FIGS. 1-3 and is thereafter
      formed to the shape shown in FIGS. 4-6, having the snap-in collar 10b, to
      complete its manufacture. The bushing is provided with the reduced section
      10a to provide clearance for snap-in collar 10b to be squeezed when the
      bushing is inserted into a round hole in the mounting panel. The hole in
      the mounting panel is normally provided with a key or lug at one side
      thereof that fits into and passes through keyway 10c. As shown in FIG. 3,
      the keyway has a continuation 10e into the larger diameter portion 10d of
      bushing 10 to keep the switch from turning after it has been mounted in
      the hole in the mounting panel 15 as shown in FIG. 4.
PAR  The bushing is provided with a bore 10F as shown in FIG. 3 having a
      constriction 10g at its upper portion. The toggle lever (shown in broken
      lines in FIG. 13) is inserted into this bore from below and has an
      enlarged spherical portion that bears against this constriction to pivot
      the toggle lever in the bushing.
PAR  FIG. 6 shows how the snap-in collar is formed after the bushing-frame has
      been molded. As shown therein, an ultrasonic vibratory horn 16 having the
      required configuration for the final desired form of the snap-in collar is
      pressed over flange 10b and is sonically or ultrasonically driven to
      provide the snap-in collar 10b with the form shown in FIGS. 4-6.
PAR  Now when this completed bushing is pressed through a hole in its mounting
      panel, collar 10b is squeezed and back-up elements 12 and 14 are biased
      until snap-in collar 10b spreads out on the front of the panel to retain
      the switch on the panel with great strength. In this position, the hole in
      the panel closely surrounds and hugs the larger diameter part 10d of the
      bushing at its upper shoulder, and back-up elements 12 and 14 are biased
      as shown in broken lines in FIG. 4. The continuous form of the collar
      provides the great strength.
PAR  FIGS. 7-10 show a modified form of bushing and frame for a toggle switch.
      This version is molded in two parts which are then ultrasonically welded
      together to provide the completed device.
PAR  As shown in FIG. 7, upper part 18 of the bushing is molded separately from
      lower part 20 of the bushing and frame 22, the latter two being molded
      integrally in one piece. It must be molded in two pieces so that the mold
      can be removed from the clearance space between upper part 18 of the
      bushing and its collar 18a. This upper part of the bushing is provided
      with a bore having a constriction 18b like that in the first version
      described above. Also collar 18a is provided with a keyway 18c molded
      therein as shown in FIGS. 7 and 8. In addition, the lower edge is provided
      with an "energy director" in the form of an annular V-shaped ridge 18d
      shown enlarged in FIG. 9 to aid in ultrasonic welding as hereinafter
      described.
PAR  The lower part 20 of the bushing is provided with a reduced-diameter
      portion 20a around which the upper part 18 closely fits and affords a
      shoulder 20b against which the upper part of the bushing is welded. A
      keyway continuation 20c is provided in this part of the bushing that is in
      registration with the keyway in the upper part.
PAR  Frame 22 is generally rectangular in top view as in the first version
      described above and is provided likewise with a pair of depending legs 24
      and 26, one at each end, for hugging the insulating switch base that fits
      therebetween. These legs have hooks 24a and 26a, respectively, at their
      lower ends that snap into suitable notches in the switch base to retain
      the frame securely thereon and close the open top of the base. A pair of
      integral "back-up" elements 28 and 30 extend laterally left and right at
      upward angles for purposes described in connection with the first version
      shown in FIGS. 1-6. The lower part of the bushing is provided with a bore
      20d having a constriction 20e at its upper end that joins constriction 18b
      in the upper part of the bushing when the two parts are welded together.
PAR  The manner in which the parts are joined together is illustrated in FIG.
      10. Upper part 18 of the bushing is placed on top of and telescoped onto
      and around lower part 20. A vibratory horn 32 is then pressed down on the
      upper part and is driven sonically or ultrasonically to weld the parts
      together. Energy director 18d (FIG. 9) aids in starting the welding
      process to secure the parts together. This energy director enhances the
      flow of the material throughout the area of the joint to bind the parts
      together.
PAR  FIG. 11 shows a third version of the bushing and frame. In this version,
      upper part 34 of the bushing is molded as a separate piece and includes a
      substantially full-length liner 34a that is then snap-in assembled into
      the lower part 36 of the bushing. This lower part 36 of the bushing is
      molded integrally with frame 38. Frame 38 and its legs and hooks are
      similar to those in the versions hereinbefore described.
PAR  Upper part 34 of the bushing is provided with a snap-in collar 34b having
      an external keyway 34c molded therein. A bore 34d extends down through
      this upper part of the bushing and is provided with a constriction 34e
      affording a seat for the enlarged spherical portion of the toggle lever as
      hereinbefore described. An external keyway 36a extends along the lower
      part of the bushing in alignment with keyway 34c in the upper part of the
      bushing. Back-up elements 40 and 42 are similar to those in the previously
      described versions.
PAR  Upper part 34 of the bushing is provided with a bevel or chamfer 34f at its
      lower end to facilitate insertion thereof into the hole in the lower part
      of the bushing. Directly above this chamfer, the liner is provided with an
      annular ridge having a shoulder 34g that forms the snap-in hook for
      retaining the upper part of the bushing within the lower part of the
      bushing. The lower part of the bushing is provided with a stepped hole
      providing a complementary annular shoulder 36b onto which shoulder 34g of
      the liner catches when the latter has been pressed down all the way such
      that its upper annular shoulder 34h abuts the top edge of the lower part
      of the bushing. The material from which this bushing is molded has
      sufficient resiliency that it will squeeze down through the hole in the
      lower part of the bushing.
PAR  As shown in FIG. 12, the liner 34a is provided with a plurality of the
      aforementioned snap-in hooks or shoulders 34g that engage a corresponding
      plurality of annular shoulders 36b, four in the version illustrated.
      Between these four shoulders 34g, the outer wall of the liner is provided
      with four vertical keys 34j that slide into four complementary keyways 36c
      equally spaced around the inner wall of lower part 36 of the bushing.
      These four keys and keyways prevent the liner from turning after assembly.
PAR  FIGS. 13-15 show a fourth version of the snap-in bushing and frame. In this
      version, upper part 44 of the bushing is molded as a separate piece that
      includes a substantially full-length liner 44a that is then secured in the
      lower part 46 of the bushing that is integral with frame 48. This version
      differs from FIG. 11 in that the lower end of this liner is formed or
      flared rather than snapped-in to secure it in the hole in the lower part
      of the bushing. For this purpose, lower end 46a of the hole in the lower
      part of the bushing has a larger diameter than in FIG. 11 to provide more
      space for forming (flaring) the lower end of the liner thereinto. That is,
      the difference between the diameters of the two parts of the hole in the
      lower part of the bushing is greater in this version. As shown in FIGS.
      13-15, a pair of notches 46b and 46c are provided in the shoulder between
      the two different diameters of the hole. The lower end of the liner is
      formed into these notches to keep it from turning after assembly as shown
      in FIG. 13. Back-up elements 50 and 52 are similar to those in the
      hereinbefore described versions for applying pressure to the back of the
      mounting panel so as to keep snap-in collar 44b tight against the front of
      the panel around the mounting hole in the latter. Legs 54 and 56 grip and
      retain the switch base as hereinbefore described in connection with FIG.
      1. Bore 44c in the upper part of the bushing has a constriction 44d
      providing a pivotal seat for toggle lever 58 shown in broken lines in FIG.
      13.
PAR  While the invention has been illustrated in connection with a round snap-in
      bushing, it will be apparent that other forms are possible so long as the
      retaining collar is substantially continuous around the periphery thereof.
      Also, other actuators than toggle levers are possible.
PAR  While the apparatus hereinbefore described is effectively adapted to
      fulfill the objects stated, it is to be understood that the invention is
      not intended to be confined to the particular preferred embodiments of
      snap-in switch bushing and frame devices for mounting in a hole in a panel
      disclosed, inasmuch as they are susceptible of various modifications
      without departing from the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A snap-in mounting means for an electric device adapting the device to
      be mounted from the rear through a hole in a mounting panel so that a part
      of the device is accessible at the front of the panel comprising:
PA1  a bushing having a bore therethrough including means for retaining the
      accessible part of the electric device therein;
PA1  a circular locking collar on said bushing flaring from the top thereof out
      toward the electric device to a point spaced from the device a distance
      greater than the thickness of the mounting panel;
PA1  clearance space on the wall of said bushing beneath said locking collar
      allowing the latter to be squeezed thereinto when said bushing is pressed
      into the hole in the panel whereafter said locking collar will inherently
      flare out again to abut the front of the panel and lock the device to the
      panel;
PA1  and the part of said bushing below said clearance space being large enough
      to be closely surrounded by the edge of the panel at the hole.
NUM  2.
PAR  2. The snap-in mounting means defined in claim 1, wherein:
PA1  said locking collar is frusto-conical in form;
PA1  and said collar and bushing comprise a keyway for keying said snap-in
      mounting means to the panel.
NUM  3.
PAR  3. A toggle switch adapted to be snap-in mounted in a hole in a mounting
      panel and having an insulating base housing the switch contacts and a
      pivotal toggle lever for actuating the switch contacts, and including the
      improvement comprising:
PA1  a combined bushing and frame device having a frame portion and a bushing
      portion pivotally supporting the toggle lever on the base and closing the
      open top of said base and including:
PA1  a peripheral snap-in collar on and integral with said bushing portion
      having sufficient resiliency to be squeezed through the hole in the
      mounting panel and effective to spread out so that its rim abuts the front
      surface of the panel around the hole therein:
PA1  and resilient back-up members biased against the rear surface of the
      mounting panel to keep the snap-in collar tight against the front surface
      of the panel around the hole.
NUM  4.
PAR  4. The toggle switch of claim 3, wherein said frame portion comprises a
      pair of depending legs for embracing the switch base and inwardly directed
      hooks on said legs for engaging notches on opposite sides of the switch
      base.
NUM  5.
PAR  5. The toggle switch of claim 3, wherein said combined bushing and frame
      device comprises:
PA1  a two-piece molded assembly including an upper bushing part integral with
      said snap-in collar and a lower bushing part integral with said frame
      portion;
PA1  means affording telescoping of one of said bushing parts into the other
      bushing part;
PA1  and means securing said bushing parts rigidly to one another.
NUM  6.
PAR  6. The toggle switch of claim 5, wherein said securing means comprises:
PA1  interfitting surfaces ultra-sonically welded together.
NUM  7.
PAR  7. The toggle switch of claim 4, wherein said securing means comprises:
PA1  a liner on said upper bushing part snap-in secured within said lower
      bushing part.
NUM  8.
PAR  8. The toggle switch of claim 5, wherein said securing means comprises:
PA1  a liner on said upper bushing part extending down through said lower
      bushing part and flared at its lower end to rigidly secure it therein.
NUM  9.
PAR  9. The toggle switch of claim 3, wherein said combined bushing and frame
      device comprises:
PA1  a two-piece plastic molded assembly including an upper bushing part
      integral with said snap-in collar and having a bore therethrough and a
      lower bushing part integral with said frame portion and having a bore
      therethrough;
PA1  interfitting portions affording alignment of said upper and lower bushing
      parts so that said bores provide a toggle lever opening therethrough;
PA1  means securing said bushing parts rigidly to one another;
PA1  and a constriction in said opening forming a pivotal seat for an enlarged
      intermediate portion of the toggle lever.
NUM  10.
PAR  10. The method of making a combined plastic bushing and frame for a toggle
      switch comprising:
PA1  molding a one-piece bushing and frame wherein the frame has a cover for the
      switch base and a pair of legs for embracing the switch base and the
      bushing has a thin radial flange around the tip thereof;
PA1  and forming said flange into a peripheral flared collar around the bushing
      so that it can be squeezed through the hole in the mounting panel and will
      spread whereby its rim will catch against the front surface of the panel.
NUM  11.
PAR  11. The method of making a combined plastic bushing and frame for a toggle
      switch comprising:
PA1  molding the bushing and frame in two pieces including:
PA1  an upper bushing part having an integral peripheral snap-in collar
      therearound;
PA1  a lower bushing part having integral therewith a frame for closing the top
      of the switch base, a pair of legs for embracing the switch base, and a
      pair of resilient back-up arms for pressing against the back surface of
      the mounting panel when the bushing is inserted through a hole therein to
      draw the snap-in collar against the front surface of the panel around the
      mounting hole;
PA1  and securing said upper bushing part to said lower bushing part.
NUM  12.
PAR  12. The method of claim 11, wherein said securing step comprises:
PA1  ultrasonically welding said upper bushing part to said lower bushing part.
NUM  13.
PAR  13. The method of claim 11, wherein said securing step comprises:
PA1  inserting said upper bushing part into said lower bushing part;
PA1  and snap-in attaching them together.
NUM  14.
PAR  14. The method of claim 11, wherein said securing step comprises:
PA1  inserting said upper bushing part into said lower bushing part;
PA1  and flaring the inserted end of said upper bushing part to rigidly connect
      them together.
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ABST
PAL  Transmission line for RF power utilizing generally flat supply and return
      lines each comprising a plurality of flexible, insulated conductors
      connected together at their ends. The two lines are enclosed in a flexible
      sheath which holds the lines in close proximity to each other, and fields
      produced by the lines tend to cancel each other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to electrical transmission lines and more
      particularly to a transmission line for carrying radio frequency power
      from an RF power supply to the work coil of an induction heated vapor
      source.
PAR  Induction heated vapor sources utilized in thin film deposition have a work
      coil which is energized with RF energy to produce a magnetic field which
      induces current in the load or succeptor and subsequently heats and
      vaporizes the metal to be deposited. With induction heated vapor sources
      of the prior art, the RF current required to vaporize materials commonly
      used in vapor desposition is typically on the order of several hundred
      amperes. A current of this magnitude requires a relatively large effective
      conductor, and because of the poor use factor and losses due to the
      so-called skin effect, i.e. the tendency of high frequency currents to be
      concentrated toward the outer surface of a conductor, hollow water cooled
      conductors are generally employed for supplying the RF current to vapor
      source work coils. The hollow conductors are commonly fabricated of
      copper, and they are expensive and difficult to use.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  The invention provides a power transmission line for induction heated vapor
      sources utilizing generally flat supply and return lines each comprising a
      plurality of flexible, insulated conductors connected together at their
      ends. The two lines are enclosed in a flexible sheath which holds the
      lines in a closely spaced superposed position in which the fields produced
      by the lines tend to cancel each other.
PAR  It is in general an object of the invention to provide a new and improved
      transmission line for RF power.
PAR  Another object of the invention is to provide a transmission line of the
      above character which is particularly suitable for use in carrying RF
      power to the work coil of an induction heated vapor source.
PAR  Another object of the invention is to provide a transmission line of the
      above character having supply and return lines each formed of a plurality
      of insulated conductors disposed side-by-side and connected together at
      their ends.
PAR  Another object of the invention is to provide a transmission line of the
      above character in which the supply and return lines are disposed in
      proximity to effect field cancellation.
PAR  Additional objects and features of the invention will be apparent from the
      following description in which the preferred embodiment is set forth in
      detail in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a transmission line according to the
      invention.
PAR  FIG. 2 is an elevational view of the transmission line of FIG. 1.
PAR  FIG. 3 is an enlarged cross-sectional view taken along line 3--3 in FIG. 2.
PAR  FIG. 4 is a block diagram, illustrating the use of the transmission line of
      FIG. 1 in connection with an RF power supply and an induction heated vapor
      source.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The transmission line includes a generally flat supply line 10, a generally
      flat return line 11, and an elongated sheath 12 which holds the supply and
      return lines together.
PAR  Supply line 10 comprises a plurality of longitudinally extending electrical
      conductors 16, each of which is provided with an insulative jacket 17. The
      insulated conductors are disposed side-by-side, and in the preferred
      embodiment, the insulative jackets of adjacent conductors are fused or
      otherwise bonded together to form a unitary structure, with the conductors
      remaining insulated from each other.
PAR  Return line 11 is similar to supply line 10 and includes a plurality of
      longitudinally extending conductors 18 having insulative jackets 19.
      Conductors 18 are also disposed side-by-side, and jackets 19 are
      preferably fused or otherwise bonded together to form a unitary structure.
PAR  At the ends of the supply and return lines, the conductors of each line are
      connected electrically together, and each line functions as a single
      conductor. In the embodiment illustrated, the ends of supply line
      conductors 16 are soldered to connectors 21, 22, and the ends of return
      line conductors 18 are soldered to connectors 23, 24. These connectors are
      fabricated of an electrically conductive material such as copper or brass.
PAR  The number and size of the conductors used in the supply and return lines
      is largely dependent upon the current which the line is to carry. In a
      preferred transmission line for a 50 KHz current on the order of 80
      amperes RMS, for example, the supply and return lines each have 30 number
      20 stranded copper wire conductors. In the preferred embodiment,
      insulative jackets 17 and 19 are fabricated of polyvinyl chloride which
      can be used at temperatures up to about 100.degree. C. If the line is to
      be subjected to higher temperatures, insulative materials with higher
      working temperatures, such as irradiated polyvinyl chloride and kapton,
      can be used.
PAR  In the embodiment illustrated, sheath 12 comprises two sheets 26, 27 of a
      flexible insulating material, such as vinyl plastic, bonded together along
      their outer edges to form a chamber 28 which is adapted to receive the
      supply and the return lines and hold them in close proximity in a
      superposed position, as illustrated in FIG. 3. The sheath extends
      substantially the entire length of the supply and return lines, although
      portions of the lines, designated 10a, 10b, 11a, and 11b, extend beyond
      the ends of the sheath to form leads for connecting the transmission line
      to the terminals of a power source and load. If desired, the sheath can be
      formed of a heat shrinkable material.
PAR  Operation and use of the transmission line can be described briefly with
      reference to FIG. 4 wherein the line is shown connected between an RF
      power supply 31 and a vapor source 32 of the induction heated tape. RF
      current from power supply 31 flows through conductors 10 and 11 to the
      work coil in the vapor source 32, and the magnetic and electric fields
      produced by the current in the two lines tend to cancel each other.
PAR  The transmission line has a number of important features and advantages. It
      is flexible, light in weight, and easy to use. Moreover, it is economical
      and easy to manufacture. The multiconductor supply and return lines have
      two to three times the current carrying capacity of flat strip conductors
      of comparable cross-sectional area, and the positioning of the two lines
      in close proximity provides effective cancellation of the electric and
      magnetic fields produced by the RF current in the lines.
PAR  Unlike flat strip conductors where the current tends to be concentrated in
      the outer edges of the conductor, in the multiconductor transmission line
      of the invention the current tends to be distributed evenly among the
      conductors across the line. Field cancellation occurs between pairs of
      individual conductors in the supply and return lines, and this
      cancellation helps to keep the current toward the centers of the
      individual conductors. In addition, the multiconductor line is more
      flexible and easier to use than a line having flat strip conductors.
PAR  It is apparent from the foregoing that a new and improved transmission line
      has been provided. While only the presently preferred embodiment has been
      described as will be apparent to those familiar with the art, certain
      changes and modifications can be made without departing from the scope of
      the invention as defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a transmission line for delivering power from a radio frequency power
      supply to the work coil of an induction heated vapor source:
PA1  A. a radio frequency power source;
PA1  B. an induction heated vapor source having a work coil adapted to be
      energized with RF energy to produce a magnetic field for inducing a
      current in a material to be vaporized or in an electrically conductive
      susceptor in contact with the material to be vaporized;
PA1  C. a supply line comprising a plurality of flexible electrically conductive
      wires disposed side-by-side extending between the power supply and vapor
      source and flexible electrically insulative material encasing the wires to
      form a generally flat unitary structure in which the wires are insulated
      from each other;
PA1  D. means connecting the ends of the supply line wires electrically together
      at the power supply and vapor source, respectively;
PA1  E. a return line comprising a plurality of flexible electrically conductive
      wires disposed side by-side extending between the power supply and vapor
      source and flexible electrically insulative material encasing the wires to
      form a generally flat unitary structure in which the wires are insulated
      from each other;
PA1  F. means connecting the ends of the return line wires electrically together
      at the power supply and vapor source, respectively; and
PA1  G. an insulative flexible sheath extending substantially the length of the
      supply and return lines serving to hold the lines together in a closely
      spaced superposed position and permit at least limited longitudinal
      movement of the lines relative to each other and to the sheath.
NUM  2.
PAR  2. In a transmission line for delivering power from a source to a load:
PA1  A. a first group of longitudinally extending flexible wire conductors
      disposed side-by-side and connected electrically together at their ends to
      form a generally flat supply line for connection between the source and
      load, said conductors having individual insulative jackets encasing the
      same, said jackets being bonded together along their lateral edges to form
      a unitary structure;
PA1  B. a second group of longitudinally extending flexible wire conductors
      disposed side-by-side and connected electrically together at their ends to
      form a generally flat return line for connection between the source and
      load, said conductors having individual insulative jackets encasing the
      same, said jackets being bonded together along their lateral edges to form
      a unitary structure; and
PA1  C. flexible sheath means encasing the supply and return lines and holding
      said lines in close proximity to each other, said sheath means permitting
      longitudinal movement of the lines relative to each other and to the
      sheath means.
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ABST
PAL  A microwave oven comprises a heating element which produces heat by
      absorption of microwave radiation and on which is placed a material to be
      cooked with the interposition of a material support therebetween. If
      required, the heating element is disposed on a heat insulating body. A
      shield cover is arranged on the support for enclosing the material to be
      cooked placed on the support and for limiting the amount of microwave
      radiation which is allowed to be incident on the material from the
      exterior thereof. The material to be cooked is internally heated upon
      irradiation with the radiation and at the same time the heating element
      produces heat which is applied to the surface of the material through the
      material support. When the material support comprises a metal plate, an
      electric insulating body which prevents a spark discharge is arranged
      between the shield cover and the metal plate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a cooking apparatus in which the cooking is
      effected by irradiating a material to be cooked with microwave radiation,
      and more particularly to a microwave cooking apparatus in which a scorched
      texture is effectively produced on the material to be cooked.
PAR  Generally, when cooking with a microwave oven, no scorching appears on the
      surface of a material to be cooked in view of the nature of heating which
      takes place only internally of the material. However, the scorching is
      often necessary to suit the taste because the absence of scorching when
      roasting or broiling a fish results in an appearance that the fish remains
      raw or undone and such absence of gratin diminishes its taste. These
      considerations led to the use of scorching means concurrently with the
      cooking of a material in a microwave oven, which means heretofore
      comprised (1) incorporating an infrared or nichrome wire heater within the
      microwave oven, (2) using a dish comprising ferrite or silicon carbide
      ceramics as a microwave absorbing, heating element, (3) flame spraying a
      resistive film to the rear surface of a heat-resisting glass with
      supporting metal legs attached thereto, (4) placing a material to be
      cooked on a microwave absorbing heating element which is provided with
      metal antennas, (5) placing a material to be cooked which is enclosed by
      an aluminium foil on the heating element, or the like.
PAR  However, these techniques involve various drawbacks which are mentioned
      below. Specifically, the technique (1) must upgrade the power capacity of
      the microwave oven to effect the heating by microwave radiation
      concurrently with the scorching by the heater or must tolerate the heating
      by the microwave radiation followed by the scorching with the heater.
      However, the general house wiring from the distribution line may not
      accommodate for the required power in the former case, which must be
      supplemented by an additional wiring work to the kitchen, dining room or
      other location of the customary household where the microwave oven is
      located. In the latter case, the labor and time required for the cooking
      are doubled. In addition, the scorching cannot be achieved with a
      microwave oven which is not provided with a heater. Furthermore, the cool
      cooking which characterises the usual microwave oven is no longer
      possible, thus rendering the use of paper napkin, plastic receptacle or
      the like impossible. The entire interior of the oven is substantially
      heated, so that the interior structure of the oven must be made of
      refractory material. Furthermore, there is the possibility for oil from
      the material to be cooked such as meat or fish to be sputtered around. The
      technique (2) utilizes the fact that a dish formed of ferrite or silicon
      carbide ceramic produces a great deal of heat when subjected to microwave
      radiation, but has a general tendency to absorb the moisture, or to retard
      the generation of heat due to its absorption of microwave radiation when
      it is co-existent with a material to be cooked, as compared with when such
      material is left alone, thereby requiring a considerably increased length
      of time until a temperature is reached at which a scorching appears on the
      surface of a material to be cooked. If such an increased period of time is
      allowed for the purpose of scorching, there arises the likelihood that the
      material to be cooked is excessively internally heated or becomes dried
      up. To avoid these likelihoods, it is necessary to pre-heat the heating
      element alone before a material to be cooked is placed in contact
      therewith for the purpose of microwave heating, which however renders the
      cooking procedure complicate. In addition, there is also the possibility
      that a detergent or oil contained in a material to be cooked may become
      absorbed into the heating element, or conversely harmful metals within the
      heating element may become mixed with the material to be cooked. The
      technique (3) involves the disadvantages that the resistive film is
      susceptible to mechanical detachment, that the supporting metal legs may
      cause a hazardous spark discharge upon contact with the inner surface of
      the oven to thereby damage it, and that it often requires a pre-heating
      without the material as in the technique (2). The fourth technique is also
      susceptible to the occurrence of a hazardous spark discharge upon contact
      of the antenna with the inside of the oven to damage it, and also often
      requires a pre-heating of the heating element alone. Finally, the fifth
      technique, while it permits a certain degree of control over the heating
      and/or the suppression of drying up without recourse to pre-heating by
      virtue of the partial shielding effect of the microwave radiation provided
      by the aluminium foil, suffers from poor reproducibility, and does not
      assure the re-use of the aluminium foil. In addition, the aluminium foil
      may cause a spark discharge within the oven.
PAR  Therefore, it is an object of the invention to provide a microwave cooking
      apparatus capable of scorching a material to be cooked and which is
      hygienic and safe in operation.
PAR  It is another object of the invention to provide a microwave cooking
      apparatus capable of scorching the surface of a material to be cooked
      without excessively heating the interior of the material.
PAR  It is a further object of the invention to provide a microwave cooking
      apparatus which permits the scorching of the surface of a material to be
      cooked with minimized labor and without requiring a pre-heating of the
      heating element alone.
PAR  It is an additional object of the invention to provide a microwave cooking
      apparatus which can be used in the general household without requiring a
      special house wiring.
PAR  It is still another object of the invention to provide a microwave cooking
      apparatus capable of scorching the surface of a material to be cooked and
      which is safe and insusceptible to a spark charge and damage.
PAR  It is a still further object of the invention to provide a microwave
      cooking apparatus which enables the control over both the internal heating
      of a material to be cooked and the degree of scorching of the surface
      thereof.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, there is provided a microwave cooking
      apparatus comprising a vessel subjected to irradiation with microwave
      radiation, the vessel housing a heating element which produces heat by
      absorption of the microwave radiation, a support placed thereon for
      carrying a material to be cooked, and a shield cover located on the
      support to enclose the material to be cooked and to isolate the microwave
      radiation therefrom. When the support for the material to be cooked
      comprises a metal plate, an insulating material is interposed between the
      shield cover and the metal plate to prevent them from contacting with each
      other. If required, the heating element is placed on an electrically
      insulating and heat insulating body, and both the heating element and the
      insulating body may be contained within an insulating vessel which permits
      transmission of the microwave radiation, as required.
PAR  In the above arrangement, when the irradiation with the microwave is turned
      on, the material to be cooked is internally heated by the microwave which
      is transmitted through the shield cover itself and/or the support for the
      material to be cooked or through the space between them. The heating
      element is heated to a high temperature as a result of the application of
      the microwave radiation thereto, which heat serves to heat the material
      through the support, thereby providing a scorched texture on the surface
      of the material.
PAR  Because the material to be cooked is placed in contact with the heating
      element through the interposition of the support for the material, the
      arrangement is hygienic without causing a reduction in the efficiency of
      the heating element. When the internal heating is found to be excessive,
      it can be suppressed by the use of the shield cover, thereby enabling the
      internal heating of the material to be cooked to be set to a suitable
      level by properly adjusting the leakage of the microwave radiation through
      the shield cover. By using a shield cover which is an air tight structure,
      the evolution of the moisture from the material to be cooked can be
      prevented. When the insulating body is used, the loss of heat from the
      heating element is minimized and the occurrence of a spark discharge as a
      result of contact between the heating element and the inner wall of the
      oven can be prevented. The handling can be greatly facilitated by
      containing the heating element and the heat insulating body within an
      insulated vessel.
PAR  Means for adjusting the amount of the microwave radiation which transmits
      through the shield cover in accordance with the variety of the material to
      be cooked is provided, as by adjusting the spacing between the shield
      cover and the support, by changing the height of the insulating body or by
      varying the dimension of the microwave transmitting aperture or apertures
      formed in the shield cover. The handling is greatly facilitated when the
      support for the material to be cooked, the heating element and, if
      required, the heat insulating body are contained in an insulated vessel in
      a manner to form a unitary construction.
PAR  In another embodiment of the invention, a material to be cooked is placed
      on top of a dish formed of a ferrite ceramic with a metal plate interposed
      therebetween as a support, and is enclosed by a shield cover. In a further
      embodiment of the invention, a resistive film is applied, as a heating
      element, to the rear surface of a dish formed of heat-resisting glass, the
      dish serving as a support on which a material to be cooked is placed with
      the material being enclosed by the shield cover.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIGS. 1 to 3 are schematic cross sections showing one embodiment of the
      microwave cooking apparatus according to the invention;
PAR  FIG. 4 is a cross section of one example of the heating element;
PAR  FIG. 5 is a plan view of FIG. 4;
PAR  FIGS. 6 to 8 are schematic cross sections showing another embodiment of the
      microwave cooking apparatus according to the invention; and
PAR  FIG. 9 is a front view showing the principal parts of a further embodiment
      of the apparatus according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a microwave oven according to the
      invention including a casing 1 in which is disposed a heating element 2
      adapted to produce heat by absorption of microwave radiation. On top of
      the heating element 2 is arranged a metal plate 3 which serves as the
      support for a material 4 to be cooked placed thereon. The heating element
      2 is retained on a heat insulating body 5, with the heat insulating body
      5, the heating element 2 and the metal plate 3 being contained within an
      insulating vessel 6. In the present example, the open top of the vessel 6
      is closed by the metal plate 3. A shield cover 7 which encloses the
      material 4 to be cooked and isolates the microwave radiation is arranged
      on top of the metal plate 3, and has its periphery located on the metal
      plate 3 with an insulating body 8 interposed therebetween. The periphery
      of the metal plate 3 is attached to the insulating vessel 6 for the
      convenience of handling. At this end, the inner periphery of the top 6a of
      the insulating vessel 6 is formed with an annular step 9 against which the
      periphery of the metal plate 3 abuts. The insulating body 8 is in the form
      of a ring having an integral annular extension 8a which extends downwardly
      to a small distance and which is internally formed with a thread 10 which
      is in turn threadably engaged by a thread 11 formed on the outer periphery
      of the top of the vessel 6, whereby the insulating body 8 is mechanically
      unified with a vessel 6 while holding the periphery of the metal plate 3
      against the step 9. As a result of such construction, the heating element
      2 and the heat insulating body 5 are pressed down by the metal plate 3
      against the bottom of the vessel 6 to be retained in place mechanically.
      The upper surface of the insulating body 8 is formed with an integral
      annular rib 12 which abuts against the outer periphery of the shield cover
      7 to prevent its displacement. A knob 13 of an insulating material is
      attached to the central area of the shield cover 7.
PAR  When the insulating vessel 6 and the insulating body 8 are formed of glass,
      porcelain or ceramic, or synthetic resin such as fluorine-contained resin,
      polypropylene, polyethylene, polystyrene, polyester or the like which
      permits the transmission of microwave radiation without substantial loss,
      their machining is facilitated and a high resistance to mechanical shocks
      is provided. Of these synthetic resins, fluorine-contained resin is most
      preferred in view of its heat resistance, but because of the expensiveness
      involved with this material, polypropylene which is relatively inexpensive
      and provides an acceptable degree of heat resistance may be preferred for
      practical purposes.
PAR  Another embodiment of the invention is shown in FIG. 2 in which the heating
      element comprises a dish 2 of ferrite ceramic, the inner periphery of
      which is overlaid with a metal plate 3. The outer periphery of the metal
      plate 3 is partially folded over the outer periphery of the dish 2 to
      provide a mechanical connection between the metal plate 3 and the dish 2.
      A shield cover 7 has its periphery embedded into an insulating body 8 for
      the purpose of providing a unitary construction, and is positioned
      relative to the dish 2 by an annular extension 8a of the insulating body
      8.
PAR  In FIG. 3, a support 3 for a material to be cooked comprises a dish of
      heat-resisting glass, to the bottom surface of which is applied a
      resistive film as a heating element 2. To avoid the possibility that the
      dish 3 is located so as to bring the resistive film 2 into contact with an
      external body directly, the bottom surface of the dish 3 is integrally
      formed with suitable projections 14. In this instance, the support 3 for
      the material to be cooked is formed of an insulating material, so that the
      insulating body 8 mentioned above is omitted and the periphery of the
      shield cover 7 is disposed in direct contact with the support 3.
PAR  For use as a heating element 2 which produces heat by absorption of
      microwave radiation, a ferrite ceramic, silicon carbide ceramic or a
      resistive film may be used as is known. By way of example, an effective
      heating element may be provided by an agglomeration comprising
      semiconductor particles measuring 1 to 40mm in length and having a
      specific resistance of 10.sup.-.sup.4 to 10.sup.8 .OMEGA.-cm, assembled
      together. Alternatively, when particles formed of barium ferrite or
      strontium ferrite added with 1 to 10% by weight of silicon dioxide or
      titanium dioxide and fired at a temperature between 1200.degree. to
      1400.degree.C are assembled together so as to maintain contact with each
      other, there is provided a microwave absorbing, heating element which
      functions with a high performance. In this instance, silicon oxide or
      titanium dioxide serves to reduce the specific resistance of the ferrite,
      and the d.c. specific resistance will be on the order of 10.sup.0 to
      10.sup.5 .OMEGA.-cm at room temperatures. Specific examples are shown in
      FIGS. 4 and 5 in which the semiconductor particles are shaped into a solid
      cylinder, the end face of which is disposed for abutment against the
      support 3 for the material to be cooked in order to improve the thermal
      contact therebetween. In the example shown, the particles are arranged in
      the form of an annulus while maintaining contact between adjacent
      particles, and if required, a plurality of such annular arrays may be
      provided in concentric relationship. Such a disposition provides
      substantially uniform heating, preventing localized heating around the
      annular array.
PAR  The support 3 for a material to be cooked comprises a metal, heat-resisting
      glass or porcelain or ceramic which has a sufficient heat resistance and
      is not harmful to human beings. In particular, 18 chrome steel having a
      thickness on the order of 0.3 to 0.5mm is preferred. An excessively thin
      support 3 will be fragile, while an excessively high thickness is not
      desirable because of the increased heat conduction loss. A metal plate
      having a thickness on the order of 0.2 to 1.0mm, more preferably 0.3 to
      0.6mm is preferred, and when glass or ceramic is used alternatively, a
      thickness on the order of 1 to 10mm is used. The heat insulating body 5
      may comprise, for example, a refractory and heat isolating brick of
      alumina, silica, magnesia or the like. In such an instance, it is also
      possible to provide a layer of mineral fibre 15 having a high refractory
      resistance under the alumina brick, as shown in FIG. 6, so as to provide a
      cushioning effect additionally. In the arrangement of FIG. 6, the
      periphery of a metal plate 3 is embedded into the inner periphery of an
      annular insulating body 8 for the purpose of unification, while the outer
      periphery of the insulating body 8 is integrally formed with a rib 16
      which is fitted into an annular groove 17 formed in the inner periphery of
      the insulating vessel 6 for the purpose of providing a connection
      therebetween.
PAR  A shield cover 7 may comprise a metal plate or metal meshwork. Where a
      metal meshwork is used, the mesh size should be less than half the
      wavelength of the microwave used. A metal meshwork provides the
      convenience that a material 4 to be cooked can be viewed from the exterior
      through the shield cover, while it is subject to the evaporation of the
      moisture. In order to provide a shield cover 7 which permits the material
      4 to be cooked to be viewed from the exterior and prevents the evaporation
      of the mositure, a transparent glass having a transparent and electrically
      conductive layer may be used. FIG. 7 shows such an example in which the
      shield cover 7 comprising a transparent and electrically conductive layer
      is formed on the inner surface or the outer surface of a glass body 18
      which is in the form of an inverted cup. The shield cover 7 or transparent
      and conductive layer is not formed around the lower periphery of the glass
      body 18 to leave this region as an insulating body 8, thereby permitting
      the shield cover 7 and the insulating body 8 to be unified. In this
      instance, an insulating vessel 6 formed of polypropylene is filled with a
      heat insulating body 5 of foamed alumina, with the heat insulating body 5
      being formed with a shallow recess 19 in it upper surface in which a
      heating element 2 is fitted. A metal plate 3 is placed on top of the
      heating element 2, with the periphery of the plate 3 being held in place
      by the in-turned periphery 6b of the insulating vessel 6.
PAR  When the shield cover 7 comprises a metal plate or fine-meshed metal
      meshwork, an aperture or apertures 20 for partial transmission of the
      microwave radiation are formed therein as shown in FIG. 1, the amount of
      the microwave radiation contributing to the internal heating of the
      material 4 to be cooked being adjusted by the number or size of the
      apertures provided. Such adjustment of the amount of the microwave
      radiation permitted to transmit therethrough may be achieved by changing
      the mesh size where the shield cover 7 comprises a metal meshwork. The
      apertures in the cover 7 or the meshes in the metal meshwork 7 may be
      blocked by an insulating material 21 such as glass, porcelain, ceramic,
      synthetic resin or the like which involves no loss of the microwave
      radiation, thereby suppressing the evaporation of water from the material
      4 to be cooked. Such insulating material 21 may be applied as an
      insulating layer covering the entire surface of the shield cover 7 as
      shown in FIG. 6. This insulating layer may be substituted for the glass
      body 18 of FIG. 7, for example. Alternatively, the shield cover 7 may be
      embedded in such insulating layer. Suitable materials for the insulating
      layer include plastics such as fluorine-contained resin, polypropylene,
      polyethylene, polystyrene, polyester or the like, in view of their
      machinability, substantially loss-free characteristics at microwave
      frequencies, and high resistance to mechanical shocks. From the aspect of
      heat resistance, fluorine-contained resin is most preferred, but
      polypropylene may be used for economical reasons, though its heat
      resistance is slightly inferior to that of fluorine-contained resin. The
      amount of microwave radiation which contributes to the internal heating of
      the material 4 to be cooked may also be adjusted by changing the height of
      an insulating body 8 which is interposed between the metal plate 3 and the
      cover 7, as shown in FIG. 9. Thus, a plurality of insulating bodies 8 in
      the form of hollow cylinders or parallelpipeds of short but different
      axial lengths may be provided and selectively used to vary the spacing
      between the metal plate 3 and the shield cover 7, thereby adjusting the
      amount of microwave radiation which transmits through the spacing to
      thereby control such amount contributing to the internal heating of the
      material 4 to be cooked. As shown in FIG. 8, a metal plate 3 is held
      against an inner step 9 of the top of an insulating vessel 6, which is
      extended upwardly to provide an extension 6c which serves as an insulating
      body 8. The periphery 7a of a shield cover 7 is extended in the form of a
      flange which is positioned on the extension 6c of the vessel 6. The metal
      plate 3 is held in place by the vessel 6 as a result of its engagement
      with projections 22 formed on the inner surface of the top of the vessel
      6.
PAC  EXAMPLE 1
PAR  An apparatus has been constructed as shown in FIG. 9 using a heat
      insulating body 5 comprising heat insulating brick, on which was placed a
      150g mass of heating element 2 which comprises manganese zinc ferrite
      ceramic plate. On top of the heating element 2 is placed a dish-shaped
      metal plate 3 formed of stainless steel and measuring 200mm in diameter
      and 0.4mm in thickness, the open top of the metal plate 3 being shaped
      into a flange 3a which extends in a direction perpendicular to the axis. A
      cylindrical insulating body 8 formed of polypropylene and having a short
      axial length is disposed on the flange 3a, and is enclosed by a shield
      cover 7 formed of stainless steel plate. A plurality of insulating bodies
      8 are prepared having different heights so as to be interchangeable. To
      facilitate the positioning of the insulating plate with respect to the
      metal plate 3, a rib 23 is formed on the upper surface of the flange 3a so
      as to extend around the outer or inner periphery of the insulating body 8.
PAR  When microwave radiation is applied to this cooking apparatus, the
      microwave radiation penetrates into the interior of the apparatus
      transmitting through that portion of the insulating body 8 which is
      located between the dish-shaped metal plate 3 and the cover 7 in the form
      of a metal plate, and provides a microwave heating of a material to be
      cooked (not shown) placed on the metal plate 3. Additionally, the
      microwave radiation is also absorbed by the heating body 2 which therefore
      is heated to high temperatures, and the heat therefrom is transmitted
      through the metal plate 3 to heat the surface of the material to be cooked
      which is placed in contact therewith. Cooking experiments have been
      conducted when insulating bodies 8 having heights of 0.5cm and 2.0cm are
      used and when the metal plate cover 7 is removed. The material to be
      cooked comprises 50g of commercially available hotcake mix powder added
      with 40g of water, which was placed on the metal plate 3, and a microwave
      signal having a frequency of 2450 MHz and output of 650W was applied for a
      time period of 2.5 minutes.
PAR  When an insulating body 8 having a height of 0.5cm is used, the material to
      be cooked has been scorched on its surface contacting the metal plate 3,
      but the internal heating is insufficient. When an insulating body 8 having
      a height of 2.0cm is used, the material is sufficiently heated throughout
      its interior and exhibited scorching on its surface while retaining the
      moisture. When the metal plate cover 7 is removed, the evaporation of the
      moisture was too great to result in a tough, excessively dried product
      even though the surface has been scorched. This shows that the degree of
      surface scorching and the internal heating of the material to be cooked
      can be controlled by adjusting the height of the insulating body 8. The
      presence of the insulating body 8 is effective to prevent an induction
      spark from occurring between the metal plate 3 and the cover 7.
PAC  EXAMPLE 2
PAR  A mixture comprising BaO.6Fe.sub.2 O.sub.3 added with 2% by weight of
      SiO.sub.2 is moulded into cylindrical form, measuring 12mm in diameter and
      4mm in height, and is fired in air at a temperature of 1300.degree.C for
      one hour to produce a fired semiconductor product having a specific
      resistance on the order of 10.sup.2 .OMEGA.-cm. This fired product has
      been used as a heating element 2, and was disposed in an annular array on
      a heat insulating body 5 which comprised heat insulating brick, with the
      periphery of adjacent fired moulds being held in contact with each other.
      Three circular concentric arrays having increasing number of such moulds
      of 9, 18 and 27 constituted together the heating element 2, which was used
      in the same procedure as in Example 1. The results were similar to Example
      1.
PAC  EXAMPLE 3
PAR  The metal plate cover 7 in Example 1 was replaced by a metal meshwork cover
      having the maximum mesh size of 5mm to repeat the procedure outlined in
      Example 1. The results obtained were similar to those of Example 1. In
      this example, the material being cooked could be observed through the
      metal meshwork cover during the cooking process.
PAR  From the foregoing, it will be appreciated that with the microwave cooking
      apparatus of the invention, the heating element 2 produces heat by
      absorption of microwave radiation to scorch the surface of a material to
      be cooked concurrently with the internal heating of the material by the
      microwave radiation. Because the material 4 to be cooked is placed
      indirectly on the heating element 2 with the support 3 interposed
      therebetween, the cooking process takes place hygienically without causing
      the invasion into the material to be cooked of components contained in the
      heating element 2 or detergent, or without causing the oil or water
      contained in the material 4 such as meat or fish to be absorbed into the
      heating element 2.
PAR  The shield cover 7 provides a control against the overheating and drying up
      of the material 4 to be cooked so that as a result of the heating of the
      heating element 2 by absorption of the microwave radiation, combined with
      the internal heating characteristic to the microwave heating and cooking,
      a scorching can be produced on the surface of the material to be cooked
      while retaining a proper amount of moisture internally.
PAR  When the heating element is received within the vessel 6 with the heat
      insulating body 5 interposed therebetween, the external exposure of the
      heating element 2 which might cause mechanical damage thereto can be
      prevented, thereby facilitating the handling of the apparatus. The heat
      insulating body 5 is effective to minimize the heat loss of the heating
      element 2 and to prevent a spark discharge from occurring as a result of
      the contact of the heating element 2 with the inner wall 1 of the oven.
      The use of the insulating vessel 6 avoids the damage to the fragile heat
      insulating body 5.
PAR  The safe cooking is assured by preventing a spark discharge by means of the
      insulating body 8. Since the additional heating is achieved by a local
      heating of the heating element rather than by incorporation of an internal
      heater, there is no need to use a refractory and heat resisting structure
      for the overall inner wall of the oven. Where the heat insulating body 5
      is used, the inner wall of the oven may be of similar construction as that
      of the conventional microwave oven in which the scorching is not
      performed. Since the heating of the heating element 2 occurs by utilizing
      a part of the microwave radiation inherently irradiated into the oven
      without providing any additional heater, the house wiring of the general
      household need not be replaced.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. An integrated cooking vessel adapted to provide controlled thermal and
      microwave cooking of food contained therein upon irradiation with
      microwave radiation, which comprises:
PA1  a microwave-absorbing heating element having an upper surface and a lower
      surface, and capable of being heated rapidly to high temperatures upon
      irradiation with microwave radiation;
PA1  a heat-insulating and microwave-transparent body located beneath the lower
      surface of said heating element for supporting said element and limiting
      the downward conduction of heat therefrom;
PA1  a heat-insulating and microwave-transparent container having a lower base
      portion and a sidewall portion, said heat-insulating supporting body being
      positioned on said base portion, said heating element being supported in
      spaced relationship above said base portion by said supporting body, and
      said container sidewall portion extending upwardly from said base portion
      to surround said heating element and said supporting body and terminating
      in a container rim at the height of the upper surface of said heating
      element;
PA1  flat, heat-resistant food-supporting plate means for covering said
      container attached to the rim portion thereof, said plate means contacting
      the upper surface of said heating element for enhancing the upward
      conduction of heat therefrom;
PA1  an electrical insulating member positioned around said container above the
      rim portion thereof and extending above the level of said flat metallic
      food-supporting plate means; and
PA1  a container cover, removably positioned on said electrical insulating
      member in spaced relationship above said metallic food-supporting plate
      means, said cover having selected microwave-transparent portions and
      selected microwave-opaque portions to permit a desired degree of microwave
      radiation to reach the food being cooked and to establish a desired
      relationship between the degree of thermal cooking and microwave cooking
      thereof.
NUM  2.
PAR  2. An integrated cooking vessel as in claim 1, wherein said heat-resistant
      food-supporting plate means comprises a metallic plate.
NUM  3.
PAR  3. An integrated cooking vessel adapted to provide controlled thermal and
      microwave cooking of food contained therein upon irradiation with
      microwave radiation, which comprises:
PA1  a heat-insulating and microwave-transparent container having a base portion
      with an upper surface and a lower surface and a sidewall portion, the
      upper surface of said container base having a substantially flat portion
      for supporting said food to be cooked;
PA1  a microwave-absorbing heating element, capable of being heated rapidly to
      high temperatures upon irradiation with microwave radiation and affixed to
      the lower surface of said base portion;
PA1  means for supporting said container disposed on the lower surface of said
      base portion; and
PA1  a container cover, removably positioned on said container and having
      selected microwave-transparent portions and selected microwave-opaque
      portions to permit a desired degree of microwave radiation to reach the
      food being cooked and to establish a desired relationship between the
      degree of thermal cooking and microwave cooking thereof.
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ABST
PAL  A microwave browning plate utilizing members of a relatively low dielectric
      constant material is provided having a conductive coating on three sides
      with a load supported on the uncoated side. The induced currents in the
      conductive material provides for current induced in the dielectric
      material. An exponentially decreasing fringing electric field is provided
      as a standing wave adjacent to the uncoated side. A low dielectric
      constant material may be utilized with the conductive coating and an
      overall height of one-quarter of a wavelength will result in a thinner
      microwave plate. Means are provided for restricting the current flow to a
      desired mode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to microwave heating and a utensil for producing
      browned and seared surfaces.
PAR  2. Description of the Prior Art
PAR  Microwave heating has become widely accepted for the preparation of a
      number of products. The microwave frequency energy is radiated within an
      enclosure from an energy source, such as a magnetron. The waves are
      radiated and reflected within the enclosure in free space and are
      distributed by such means as mode stirrers and the like. The microwave
      energy sets up a high frequency oscillatory movement of the molecules in a
      load to cause heating by molecular friction. The term "microwaves" is
      defined as electromagnetic energy radiation having wavelengths in the
      order of one meter to one millimeter and frequencies in excess of 300 MHz.
      Materials heated by microwave radiation have differing dielectric constant
      and loss tangent characteristics which result in heating in a varying
      pattern. As a result the varying absorption of the radiated energy causes
      the depth of penetration and surface coloration of the load to vary. It is
      difficult, therefore, to achieve a browned or seared surface similar to
      that produced by broiling without long periods of exposure which results
      in overcooking of the interior regions. Prior art techniques for browning
      include the incorporation of electric or gas broiling elements in the
      microwave oven. Another method involves the coating of the outer surface
      with a food additive having a high energy absorption characteristic.
      Another example of prior art teachings involves the use of lossy ovenware
      or utensils having selective heating capability by means of the use of
      conductive materials. Such conductive materials become heated from the
      absorbed energy and transfer this heat thermally to the supported load.
PAR  Still another example of prior art teaching is the utensil described in
      U.S. Pat. No. 3,857,009 issued Dec. 24, 1974 to G. MacMaster et al and
      assigned to the assignee of the present invention. This structure
      incorporates a load supporting means for converting and transforming the
      free-space energy waves into a finging electric field pattern having
      180.degree. phase differential in close proximity to the exterior surfaces
      of the load. The means for converting and transforming the planar energy
      comprise alternating regions of high and low dielectric constant material.
      Providing high dielectric constant materials, such as those having a value
      of K38 or K50, tends to be costly. In addition in the patented structure
      an overall height of approximately one-half wavelength is required to
      arrive at the 180.degree. phase differential between the ends of adjacent
      elements. Further, in the patented structure the waves are directed
      through the dielectric material in varying degress to evolve the
      180.degree. phase differential pattern. A continuing need exists for a
      microwave browning utensil which is relatively thin, lightweight and easy
      to clean.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the teachings of the present invention a microwave
      browning utensil is provided having a plurality of dielectric members
      one-quarter wavelength in height supported by a body or holding member.
      The dielectric members may be of a low or moderately high dielectric
      material such as a material having a dielectric constant of 9 or,
      alternatively, a material having a dielectric constant value of 38. The
      dielectric members are arranged in an array with an intervening space
      between the members. A conductive material is disposed on three sides of
      the dielectric members which may be of a rectangular or square
      configuration.
PAR  The conductive coating supports the currents which are induced along the
      surfaces as well as within the dielectric material itself. The current
      flow and phase delay introduced by the dielectric material creates a
      180.degree. phase differential to result in the intense fringing fields
      adjacent the load supporting surface of the dielectric members.
PAR  In an illustrative embodiment a utensil is provided having legs to raise
      the load to be heated from the bottom wall of the oven enclosure to permit
      the free-space waves bouncing from the bottom wall to penetrate the load.
      The free-space waves from the bottom wall impinge on the conductive
      coating to induce the current flow terminating in a free end of the
      metallized members and give rise to the fringing field pattern adjacent to
      the load. The induced currents along the conductive layer also result in
      the injection within the dielectric members of the electromagnetic energy
      and the propagation through the dielectric members provides the
      180.degree. phase shift to evolve the fringing heating pattern.
PAR  The .pi. mode fringing electric field is of the standing wave type and for
      most efficient operation the TEM mode is desirably suppressed to prevent
      the excitation of modes other than the .pi. mode. Such propagating waves
      would be propagated along the conductive layers formed on adjacent walls
      of the dielectric bar members. The mode damping slots are provided on
      parallel sides which face one another. The damping of the current flow in
      the TEM mode enhances the energy available in the fringing field to result
      in additional searing with improved uniformity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Details of the invention will be readily understood after consideration of
      the following description of an illustrative embodiment and reference to
      the accompanying drawings, wherein:
PAR  FIG. 1 is an isometric view of the illustrative embodiment of the
      invention;
PAR  FIG. 2 is a cross-sectional view of a portion of the embodiment shown in
      FIG. 1 taken along the line 2--2; and
PAR  FIG. 3 is an isometric view of a metallized dielectric bar member having
      mode damping slots.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The microwave browning utensil 10 comprises a recessed main body portion
      12. Leg portions 14 provide for supporting the utensil within a space for
      radiating microwaves reflected from the bottom wall of the microwave oven.
      The sides 16 of the body portion 12 are notched as at 18 to receive a
      plurality of rectangular bar members 20 which are positioned to span the
      main body portion and snugly engage the notches 18. The bar members are
      fabricated of any dielectric material such as epoxy loaded titanium
      dioxide having a dielectric constant value of, illustratively, 9. The
      conductive coating of a material such as copper is applied to sides 22, 24
      and 26 as shown in FIG. 2 by a plating process such as electrolysis. The
      uncoated side 28 supports the articles to be heated and for ease in
      cleaning Teflon is applied to the nonmetallized surfaces 28.
PAR  In FIG. 2 the metallized bars are shown. Microwave energy from a source
      such as a magnetron is radiated within an enclosure. Since these
      components are believed to be well known, details have been omitted in the
      interest of clarity in understanding the invention. The microwave energy
      at a predetermined frequency such as 2450 MHz.+-.50 MHz is represented by
      arrow 36 as a free space planar wave. The energy is converted by the bar
      members 20 into a fringing electric field pattern designated by arrows 38
      adjacent to the load. The bar members are approximately one-quarter of a
      guided wavelength in height at the microwave frequency. The wavelength
      .lambda. is derived from the equation
      ##EQU1##
      where c is the velocity of light, .SIGMA. is the dielectric constant and f
      is the frequency. In an exemplary embodiment utilizing material having a
      dielectric constant value of 9 the height of the bar members was 0.306
      inches. This dimension is a marked improvement over prior art one-half
      wavelength dimension of approximately 0.456 inch for dielectric constant
      material having a value of 38.
PAR   Referring to FIG. 3 a bar member 30 is illustrated having a conductive
      coating 32 along one planar side wall. The conductive walls of the bar
      member can support TEM modes which will result in nonunifom searing or
      browning of the meat. The energy in the TEM mode will cause overcooking at
      the ends of the meat and reduce the electric field strength in the desired
      .pi. mode. A series of slots or coating voids extending perpendicular to
      the direction of flow of the current in the TEM mode will prevent the
      propagation of power in this mode along the conductively coated bar
      members. Since it is important that all the microwave energy entering the
      microwave plate be converted into the .pi. mode the distance between slots
      on the metallized side is less than one-half a wavelength at the operating
      frequency.
PAR  There is thus disclosed a utensil for uniformly browning and searing the
      surfaces of a load. Lower dielectric constant materials may be utilized
      with the one-quarter wavelength height dimension by means of the provision
      of a conductive layer on all sides of the dielectric member except the
      load supporting side. A thinner utensil results at a lower cost.
PAR  Numerous variations, modifications and alterations will be evident to those
      skilled in the art. The foregoing detailed description of an illustrative
      embodiment is, therefore, intended to be interpreted broadly.
CLMS
STM  We claim:
NUM  1.
PAR  1. A utensil for heating with microwave energy at a predetermined frequency
      comprising:
PA1  a plurality of members of a low dielectric constant material having four
      parallel sides;
PA1  siad dielectric members having a height of approximately one-quarter of a
      guided wavelength of energy at said frequency propagated within the
      dielectric members;
PA1  a coating of a conductive material on three sides of said members;
PA1  means for supporting said members in a parallel array with intervening
      spaces and the uncoated sides exposed to receive a load to be heated; and
PA1  said uncoated sides providing a fringing electric field in close proximity
      to the load when microwave energy is applied.
NUM  2.
PAR  2. A utensil according to claim 1 wherein slots are provided in the
      conductive coating on sides of said dielectric members bounding said
      intervening spaces to suppress unwanted energy modes.
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ABST
PAL  A process and apparatus are provided for applying gold contacts to a metal
      member by engaging the end of a hard gold wire with the metal member,
      welding the end of the wire to the member, heating the gold wire to
      establish a difference in its temper along a boundary in the region of the
      weld, and breaking away the gold wire along the boundary in the region of
      the weld. The apparatus comprises a first welding electrode having
      opposing jaws for receiving a gold wire, the jaws are actuatibly disposed
      on a yoke member which is pivotally mounted in an opposing relationship
      with a second welding electrode. The jaws clamp the wire and urge its end
      against the metal member during electrical welding of the wire end to the
      member. The opposing jaws are then released and retracted a first distance
      along the gold wire and then reclamp the wire. The yoke completes its
      pivotal travel pulling on the wire. The wire is deformed along the temper
      boundary in the region of the weld and then broken. The welded gold
      contact may then be coined to provide a contact of desired configuration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the fabrication of contacts for use with
      electrical circuits, and particularly relates to attaching an electrical
      contact to a metal member, suitable for fabricating electrical sockets or
      terminals.
PAR  2. Description of the Prior Art
PAR  Female sockets for receiving male terminals are well-known in the prior
      art. The general requirements for such sockets is that they have interior
      surfaces for establishing electrical contact with a male terminal. It is
      well-known to gold plate the interior surface of a female socket and the
      outer surface of the male terminal to insure that they remain engaged and
      provide good electrical contact. The gold plating process of the prior art
      is both expensive and inefficient. Whether the strip material from which
      the female sockets are to be fabricated is coated on one or both sides the
      amount of gold applied to the surface is greater than is actually required
      for establishing good electrical contact with the male terminal. In an
      effort to decrease the amount of gold used and insure good electrical
      contact with the male socket terminal, the female sockets have been
      fabricated from base metal strips having a small raised gold contact or
      dot welded on what is to become the interior surface of the female socket.
      Although this latter type of socket provides for substantial economy in
      the amount of gold required for providing good electrical contact with the
      male terminal, it requires either substantial manual processing operations
      or complex and expensive automatic equipment.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a process for
      attaching a tarnish-resistant metal contact on a metal member comprising
      the steps of
PA1  Engaging an end of a metal element with the metal member,
PA1  Welding the metal element to said metal member,
PA1  Heating the metal element to establish a difference in temper along a
      boundary within the element in the region of the weld, and
PA1  Pulling the element from the member to break the element away from the
      member along the boundary within the element in the region of the weld
      leaving the end of the element attached to the member to provide a
      tarnish-resistant contact on the member.
PAR  The invention also provides an apparatus for attaching a tarnish-resistant
      contact to a metal member, comprising,
PA1  feed means for engaging a metal element with a metal member,
PA1  means for welding said metal element to said metal member and establishing
      a difference in the temper within the element along a boundary in the
      region of the weld, and
PA1  means for pulling the element and braking it away from the member along the
      boundary in the region of said weld leaving the end of the element
      attached to the member to produce a tarnish-resistant contact on the
      member.
PAR  Optionally means may be provided for coining the tarnish-resistant contact
      subsequent to breaking away the end of the element from the member.
PAR  The process and apparatus of the invention provide for reliably attaching a
      contact to a metal member from which female sockets may then be fabricated
      by conventional techniques well known in prior art. The process and
      apparatus of the invention provide for substantial economy by eliminating
      waste and minimizing the amount of contact material, e.g., gold, required
      to provide an electrical contact. Further expensive manual operations or
      complex automatic apparatus presently required for preparing contacts are
      not required.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective schematic drawing of a preferred embodiment of an
      apparatus of the invention.
PAR  FIg. 2 is a perspective drawing of a contact surface attached to a metal
      member illustrating a contact prepared according to the invention.
PAR  FIGS. 3-8 illustrate in detail the sequence of operation of the process and
      apparatus of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The apparatus and process of the invention are described with reference to
      the attached drawings wherein the same numerals are used throughout the
      figures to identify the same elements.
PAR  The apparatus of the invention comprises a first welding electrode 19
      having opposing jaws with recesses 20 therein. The opposing jaws are
      actuatibly disposed on yoke member 18. A clamp mechanism 21 opens and
      closes the opposing jaws of welding electrode 19. The yoke member 18 is in
      turn pivotally disposed through trunnions 23 on fixed members on a housing
      provided for the apparatus, neither of which are illustrated. The yoke
      member 18 is connected through shaft 24 to air cylinder 22 which is
      mounted to a housing for the apparatus, not shown in the schematic
      representation of FIG. 1. A second welding electrode 17 is disposed below
      the first electrode 19 on fixed member 16 on a base of the housing
      provided for the apparatus but not shown. Welding electrodes 19 and 17 are
      respectively connected through wires 15 and 14 to an electric welding
      source 13. A wire element W, preferably a hard gold wire, is supplied to
      electrode 19 from feed reel 11. Strip member S is conveyed over the tip of
      welding electrode 17 from supply reel 12. Additionally, a coining member
      25 and an anvil 26 may be provided. A take-up roll and guide means (not
      shown) may be provided for advancing and indexing the strip S in descrete
      increments between the welding electrodes 19 and 17 and optional coining
      member 25 and anvil 26. Additionally, cooling means may be provided to the
      opposing jaws for increasing the heat sink capacity of the opposing jaws.
PAR  The operation of the apparatus and process may be readily understood with
      reference to the drawings and particularly FIGS. 3-7. The element from
      which the contact is to be formed, preferably a hard gold wire, is
      threaded through recesses 20 in opposing jaws 19 of the first welding
      electrode until an end extends therefrom. The operation of the apparatus
      is then initiated and the opposing jaws 19 are closed by clamp 21. Air
      cylinder 22 is activated and shaft 24 pivots yoke and electrode 19
      downward engaging the end of the element W into contact with the strip S.
      Strip S is firmly urged against the second electrode 17. The end mushrooms
      as illustrated in FIG. 4. As the electrode continues downward the
      mushroomed tip is flattened as illustrated in FIG. 5 and welded to the
      strip S. The jaws of electrode 19 are opened by clamp 21 and the wire
      element is released. The electrode 19 is withdrawn in two steps. The first
      step illustrated in FIG. 6 with the opposing jaws released shows the jaws
      withdrawn a distance approximately the length of the temper boundary B
      established by heating during the welding and the removal of the heat from
      the element within the opposing jaws which act as a heat sink. Clamp 21 is
      reactivated closing opposing jaws of the first welding electrode 19. In
      the second step shaft 24 pivotally withdraws the yoke 18 the remainder of
      its travel and opposing jaws disposed thereon pull the element. The
      pulling of element W causes deformation along the temper boundary B shown
      in FIG. 6 until the element breaks away along the deformed temper boundary
      leaving the end of the element welded to the strip and producing the
      contact C attached to the strip S. The temper boundary as described and
      illustrated is not intended to be limiting, but merely descriptive of the
      region within the element contiguous to the weld where the heat generated
      by passing an electrical current through the element to make the weld
      causes tempering of the hard gold wire. The boundary may be irregularly
      shaped and its shape interface is not critical. The element is preferably
      annealed at the weld, and a difference in the temper within the element is
      established in the region contiguous to the end welded to the member and
      the hard gold wire within the opposing jaws of electrode 19 which act as a
      heat sink and prevent change of the temper of the wire element within the
      jaws. Then when the unwelded portion of the element is pulled that portion
      will tensile break from the end of the element welded to the member.
      Generally this break will be preceded by deformation of the element along
      the temper boundary. The contact C may then be coined to produce a smooth
      uniform surface as illustrated by C in FIG. 8.
PAR  In the preferred embodiment of the invention the element W is preferably a
      hard gold wire which on heating becomes annealed or tempered in the region
      of the weld below boundary B and remains hard above B due to the action of
      the jaws as a heat sink. The strip member S may be any conventional metal
      suitable for fabricating female sockets or other electrical contact
      members. However, the particular materials useful in the process of the
      invention are not so limited. For example, any metal element, wherein a
      difference in the temper in a region within the element can be established
      contigious to the weld, and which deforms along the temper boundary when
      pulled from the member to which it is welded, may be used. Similarly, the
      process is not limited to the preparation of contacts for female sockets,
      or electrical terminals, but may be used for attaching metal elements on
      metal members for other purposes, with or without the subsequent coining
      step. In view of variations, equivalents and modifications of the
      invention which will be obvious to others skilled in the art, the
      invention is not intended to be limited except by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for attaching a metal element to metal member, comprising the
      steps of:
PA1  engaging an end portion of said metal element with said metal member,
PA1  welding said end portion to said metal member by passing an electrical
      current through said element and said member thereby heating said element
      and removing the heat from said element thereby establishing a difference
      in temper along a boundary within said element contiguous to the region of
      said weld, and
PA1  pulling said element to break it away from said member in the region of
      said weld along said boundary leaving said end portion of said element
      attached to said member.
NUM  2.
PAR  2. A process according to claim 1 wherein said metal element is a
      continuous hard gold wire.
NUM  3.
PAR  3. The process according to claim 1 additionally including the step of
      coining the end portion of said element attached to said member.
NUM  4.
PAR  4. A process for preparing a contact on a metal member, comprising the
      steps of:
PA1  engaging an end portion of a metal element with a metal member,
PA1  welding said end portion to said member by passing an electrical current
      through said element and said metal member thereby heating said element
      and removing the heat from said element thereby establishing a difference
      in temper of said element along a boundary within said element continguous
      to the region of said weld, and
PA1  pulling said element from said member to break it away from said member in
      the region of said weld along said boundary leaving said end portion of
      the form of a contact attached to said member.
NUM  5.
PAR  5. A process according to claim 4 wherein said element is a hard gold wire.
NUM  6.
PAR  6. A process according to claim 4 additionally comprising coining said end
      portion of the element welded to the member to provide a substantially
      uniform contact.
NUM  7.
PAR  7. An apparatus for attaching an end portion of a metal element to a metal
      member comprising
PA1  feed means for engaging said end portion of said metal element with said
      strip member,
PA1  means for welding said end portion of said metal element to said member
      including a heat sink for establishing a difference in temper along a
      boundary within said element contiguous to the region of said weld, and
PA1  means for pulling said element to break it away from said member along said
      boundary in the region of the weld leaving said end portion as a contact
      attached to said member.
NUM  8.
PAR  8. An apparatus according to claim 7 wherein said means for welding said
      metal element comprises a first welding electrode having opposing jaw
      members actuatibly disposed for clamping said element, and a second
      welding electrode disposed in an opposing relationship with said first
      welding electrode.
NUM  9.
PAR  9. An apparatus according to claim 8 additionally including means for
      coining said contact to provide a substantially uniform contact.
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ABST
PAL  A feed roll, especially for feeding strip stock, and a method of imparting
      a roughened texture to the surface thereof, in which the roll is formed of
      hardened steel and the peripheral surface which engages and feeds the
      strip stock is treated by electrical discharge machining to impart a
      roughness to the surface. The roughness is in the form of a textured
      surface often having a finish ranging from about 175 microinches RMS to
      about 325 microinches RMS and is preferably within the range of about 250
      microinches RMS for many applications. Requirements also exist for rougher
      and smoother feed roll finishes that can be controllably produced by this
      process.
BSUM
PAR  The present invention relates to feed rolls and to a method of making a
      feed roll and especially in respect of a method of imparting a roughened
      texture to the surface of the feed roll.
PAR  Feed rolls are widely used for feeding strip stock into machine tools,
      especially presses, and are required to grip the stock being fed with a
      substantial degree of friction without, however, damaging the strip stock
      in any way. The feeding of stock into a press is intermittent, at least
      along the region of the strip stock immediately adjacent the press, and
      with modern extremely high speeds of operation of presses, the feed rolls
      adjacent the press must start and stop up to several times a second.
PAR  The rapid starting and stopping of the feed rolls tends to induce slippage
      between the rolls and the strip stock which causes an error in the length
      of stock fed on each feeding cycle. It has been attempted to impart a
      roughened surface texture to feed rolls as by sand blasting or shot
      blasting the rolls and then giving the rolls a hard finish as by plating
      the rolls with chromium. These rolls, while improved over plain steel
      rolls, are expensive and troublesome to produce, and experience a fairly
      rapid wear of the plated surface.
PAR  With the foregoing in mind, it is the primary objective of the present
      invention to provide a feed roll and a method of imparting rough surface
      texture to the feed roll which results in an improved product having
      longer life than has been obtainable heretofore, and at a lower cost.
PAR  Another object of the present invention is the provision of imparting a
      roughened surface texture to a feed roll in which the feed roll is
      simultaneously brought to the exact size desired.
PAR  A still further object of the present invention is the provision of a
      method of making a feed roll and imparting a roughened surface texture
      thereto in which the advantages of hard steel for at least the surface
      region of the roll can be taken advantage of.
PAC  BRIEF SUMMARY OF THE INVENTION:
PAR  According to the present invention, a feed roll is formed of hardenable
      steel and is hardened. Such a roll usually comprises a cylindrical central
      section formed accurately to a predetermined diameter, with a tapered bore
      through the center of the roll to permit it to be securely mounted on a
      shaft for the support and driving of the roll. The roll according to the
      present invention is made of a hardenable steel and is then hardened and
      then may, at this time, be ground to a predetermined diameter.
PAR  Thereafter, the entire peripheral surface of the roll, or at least that
      portion thereof which is to engage the strip stock, is subjected to
      electrical discharge machining (EDM) which will roughen the surface in a
      controlled manner.
PAR  In brief, EDM treatment of the surface results in the formation of tiny
      pits therein distributed uniformly over the entire peripheral extent of
      the feeding surface of the roll. The surface texture can be formed in an
      already hardened roll as easily as it can be formed into a roll prior to
      hardening so that the advantage exists of being able to manufacture and
      size the roll preparatory to the treatment of the peripheral surface of
      the roll.
PAR  At the same time, the EDM treatment of the roll can, if desired, be
      employed to reduce the roll diameter to a predetermined exact size in the
      event the roll is manufactured slightly larger than desired.
DRWD
PAR  The objects referred to above as well as other objects and advantages of
      the present invention will become more apparent upon reference to the
      following detailed specification taken in connection with the accompanying
      drawings in which:
PAR  FIG. 1 is a schematic representation of an apparatus for electrical
      discharge treatment of a roll surface.
PAR  FIG. 2 is a greatly enlarged schematic view showing the appearance of the
      treated roll surface.
PAR  FIG. 3 is a modification showing the use of a ring-like electrode.
PAR  FIG. 4 is a fragmentary view showing how a roll longer than the electrode
      could be treated.
PAC  DETAILED DESCRIPTION OF THE INVENTION:
PAR  Referring to the drawings somewhat more in detail, the apparatus shown in
      FIG. 1 comprises a stationary bed 10 on which is mounted a tank 12
      containing a dielectric liquid 14. A support 16 in the tank rotatably
      supports feed roll 18 which has a peripheral feed surface 20 and is
      mounted on shaft 22 for rotation in support 16. Shaft 22 is connected to a
      drive motor 24 for driving the roll in rotation while it is in tank 12.
PAR  An electrode member 34 is vertically displaceable by control unit 38.
PAR  A source of electrical energy is provided and it may be of different types
      but is shown herein as a direct current source 40 having one side
      connected through an adjustable resistor 42 to one side of a capacitor 44
      and also to electrode 34. The other side of source 40 is connected to the
      other side of capacitor 44 and also to feed roll 18.
PAR  There may also be mounted on table 10 a motor 46 connected for driving a
      grinding wheel 48 which can be employed for truing up the end of the
      electrode which faces the peripheral surface 20 of roll 18.
PAR  It would also be possible to arrange electrode 34 to traverse axially
      relative to the feed roll if it is desired to finish a feed roll whose
      length is greater than the axial dimension of the electrode.
PAR  In operation, the roll is rotated while the switch 50 is closed to connect
      source 40 across capacitor 44. The result of closing switch 50 is to cause
      capacitor 44 to charge up at a rate dependent on the size and adjustment
      of resistor 42, and when the capacitor reaches a predetermined voltage,
      the energy stored therein will discharge across the gap between electrode
      34 and surface 20 of feed roll 18.
PAR  The rate at which pulses are thus supplied to electrode 34 may vary over a
      wide range, for example, from about 5,000 cycles per second up to 100,000
      cycles per second or more. The voltage at which the pulses are supplied to
      electrode 34 is dependent upon the radial spacing between surface 20 of
      the feed roll 18 and the opposed end of electrode 34. This spacing is
      referred to as overcut and the spacing may vary from less than one
      thousandth of an inch up to several thousandths of an inch, but is
      automatically controlled during operation by control unit 38 of the EDM
      machine. In general, the longer the gap, the greater the voltage that is
      required to drive a spark across the gap.
PAR  What happens to EDM treatment of the surface is that each spark contains a
      discrete, measured, and controllable amount of energy so that the metal
      removal rate and the resulting surface finish can be predicted. Each spark
      normally produces a small crater on both the workpiece and the tool, with
      the crater on the tool normally being substantially smaller than that
      which is formed on the workpiece surface.
PAR  The energy for removal of metal from the workpiece comes primarily from the
      heat generated from the spark. The metal is probably first melted and is
      ejected from the workpiece by the impact of the spark and may even be
      vaporized and then solidifies and forms the chip that is removed from the
      working area.  The chips may be removed or flushed away as the feed roll
      18 rotates in the dielectric liquid 14 or by supplying additional
      dielectric liquid between the electrode and the surface of the roll
      through a conduit or other suitable means mounted adjacent the feed roll.
PAR  The feed roll can be hardened steel and no problems are encountered in
      connection with removal of material therefrom.
PAR  The electrode can be any of several materials, including aluminum, brass,
      copper, alloys of copper and tungsten, steel and graphite. For graphite
      and copper and brass, standard polarity is ordinarily employed and wherein
      the electrode forms the cathode and the work the anode. For some types of
      electrodes such as aluminum and copper tungsten alloy, the polarity is
      reversed and it may also be reversed when the electrode is graphite and
      when the electrode is steel.
PAR  The dielectric indicated at 14 may be oil or it may consist of a polar
      liquid such as triethylene glycol in water or glycerin in water. Polar
      liquids are generally preferred but oils can also be employed to no
      disadvantage.
PAR  It is of advantage to be able to dress the end of the electrode 34 in FIG.
      1 facing the roll 18 and this can be done by moving the electrode into
      registration with grinding wheel 48 and grinding the end of the electrode
      to a true configuration. Curvature of the electrode need not match
      curvature of the feed roll, but the electrode surface should not be
      inclined relative to a straight line on the feed roll surface when a
      cylindrical surface is to be produced.
PAR  The process according to the present invention is relatively inexpensive
      because it is not necessary to remove a great deal of material from roll
      18. In most cases, it is necessary merely to randomly pit the surface so
      that the surface is uniformly roughened throughout the peripheral extent
      thereof.
PAR  FIG. 2 shows a fragment of roll 18 drawn at increased scale and showing the
      pits 52 formed in the surface by the electrical discharge machining
      operation.
PAR  The pits or craters 52 are quite small and will, in general, not exceed
      about 0.001 of an inch in any direction, including depth. The actual size
      and depth of the pits or craters and the distribution thereof is, of
      course, determined by the amount of overcut, the frequency at which pulses
      are supplied to the electrode, the size of the capacitor employed, and the
      rate of relative movement between the workpiece and the electrode.
PAR  FIG. 3 shows how a ring-like electrode 34' could be employed for treating
      surface 20 of feed roll 18. The ring-like electrode around the feed roll
      could be moved relatively in the axial direction while, preferably, the
      feed roll is rotated so that the roughened texture is applied uniformly to
      the surface throughout the axial and peripheral extent thereof.
PAR  FIG. 4 shows a modification wherein the roll 54 being treated is
      substantially longer in the axial direction than electrode structure 56.
      The electrode structure 56 is moveable on guide rods 58 for traversing
      feed roll 54 from end to end while also being moveable vertically to vary
      in distance between the electrode and feed roll. The circuit of FIG. 1
      could be employed in connection with the modification of FIG. 4.
PAR  Modifications may be made within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A feed roll formed of hardened steel, especially feeding strip stock
      into a machine tool, such as a press, and comprising, a steel body having
      a central axis of rotation and a peripheral surface concentric with said
      axis, wherein the improvement comprises EDM formed pits in said peripheral
      surface and distributed uniformly thereover in both the axial and
      circumferential directions, said EDM formed pits being on the order of
      about 250 microinches RMS, and said EDM formed pits imparting a roughness
      to said peripheral surface to enhance the gripping of the strip stock by
      said peripheral surface as the strip stock is intermittently fed to the
      press.
NUM  2.
PAR  2. A feed roll formed of hardened steel, especially feeding strip stock
      into a machine tool, such as a press, and comprising, a steel body having
      a central axis of rotation and a peripheral surface concentric with said
      axis, wherein the improvement comprises EDM formed pits in said peripheral
      surface and distributed uniformly thereover in both the axial and
      circumferential directions, said EDM formed pits being in a range of about
      175 microinches RMS to about 350 microinches RMS, and said EDM formed pits
      imparting a uniform roughness to said peripheral surface to enhance the
      gripping of the strip stock by said peripheral surface as the strip stock
      is intermittently fed to the press.
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ABST
PAL  The present invention relates to a method for joining a solid copper member
      to a stranded copper member employing phosphorus-silver-copper alloys as
      the joining material and in which resistance heating is utilized in
      forming the joint. More specifically, the invention employs a copper
      tungsten alloy for the tip portion of an electrode which is in contact
      with the stranded copper member to enable good joints to be made.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the method of forming joints between
      copper members, one of which is stranded, which are utilized in
      transformer parts. More particularly, the invention is directed to the
      method of forming an assembly containing a solid terminal which is joined
      to a flexible or stranded copper wire, the joint being made by resistance
      brazing employing a joining compound of the copper-silver-phosphorus type.
PAR  2. Description of the Prior Art
PAR  High volume brazing of stranded copper wire to a solid copper part
      employing phosphorus-silver-copper (hereinafter called "phos-silver") as
      the joining material can be a real problem when the same is performed on a
      resistance welder. One of the major difficulties encountered is the fact
      that the copper parts start sticking to the electrode tips and eventually
      destroy the usefullness of the tips of the electrodes of the resistance
      welder.
PAR  In high production runs of producing such assembled parts, the individual
      components or subassemblies are usually loaded on an indexable table in
      which a solid copper member of the desired configuration is placed in
      position on which a thin strip or sheet of the joining composition is
      placed on the solid copper member. Thereafter the stranded copper wire or
      subassembly is placed in position over the joining material. As thus
      assembled the electrodes of a resistance welder are placed on opposite
      sides of the assembly, one of the electrodes being in contact with the
      solid copper member and the other in contact with the stranded copper wire
      component. Pressure is applied and the welder is thereafter energized at
      which time it passes approximately 10,000 amperes through the electrodes
      and the parts assembled for a duration of about 1 second. During this
      time, the electrode tips as well as the parts heat up until a sufficient
      temperature is achieved at which the phos-silver joining composition
      melts.
PAR  Heretofore the tips of the resistance welding electrodes were formed of
      molybdenum or molybdenum base alloys because at the temperatures employed
      and with the phos-silver joining material having low wetability for the
      molybdenum, it was believed that no problem would be incurred of the
      finished parts sticking to the electrode. However, with the proximity of
      the stranded wires and the pressures employed acting on the molten
      material, it was found that the material "wicked" through the wire and
      came into contact with the electrode contacting the stranded wire. This
      was apparently caused by the fact that the stranded wire heated up to a
      higher temperature and more quickly than the solid copper member and as a
      result, the stranded copper part appeared to act more as a resistor than a
      conductor. Consequently, after a short period of use the supposed low
      wetability of the molybdenum tip of the resistance welding electrode was
      no longer effective and the stranded copper portion of the assembly began
      to stick to the electrode tip, with the result that the entire operation
      had to be interrupted and the resistance welding tip replaced with a
      consequent cleaning of the adjacent parts. This malfunctioning severely
      limited the number of parts that could be produced within a given time
      period. In accordance with this invention, it was discovered that a
      solution to this problem required a heat balance be achieved by minimizing
      the thermal gradient between the electrode in contact with the solid
      copper member and the electrode in contact with the stranded copper
      member, so that both the solid and stranded copper members were at nearly
      the same temperature at the time the joining material melted.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a method for joining solid copper
      members to stranded copper members by a resistance welding technique and
      specifically in which the tip of the electrode which is in contact with
      the stranded copper member comprises an alloy consisting essentially of
      tungsten and copper in which the tungsten and copper ratio is about 3:1 on
      a weight percentage basis. The solid copper is in contact with an
      electrode of molybdenum or silver-molybdenum alloy. In particular, it has
      been found that by employing electrode tips of thermal conductivities
      correlated to the heat developed in the copper strand and solid copper,
      thereby maintaining a proper heat balance between the materials to be
      joined and the tips of the resistance welding electrodes reliable joints
      can be fabricated where the electrode in contact with the stranded copper
      is provided with a composition so that the theoretical thermal
      conductivity of the electrode tip material in contact with the stranded
      copper ranges between about 0.55 and about 0.68 gr. Cal/cm.sup.2
      /.degree.K/cm/Sec. Molybdenum has a thermal conductivity of about 0.33 gr.
      Cal/cm.sup.2 /.degree.K/cm/Sec, while 20% silver - 80% molybdenum alloy
      has a thermal conductivity of about 0.45 gr. Cal/cm.sup.2
      /.degree.K/cm/Sec.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of a Stationary Lead Assembly and, FIG. 2 is a side
      view of the same assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention is directed to a method of metallurgically joining a
      solid copper member to a stranded copper member employing a phos-silver
      joining material and in which a resistance welder is used. The joined
      members form a stationary lead which finds use in circuit breakers,
      transformers and the like.
PAR  Referring now to FIGS. 1 and 2 of the drawings there is shown generally a
      stationary lead assembly at 10 which comprises an external connection
      terminal 12 at one end thereof and a contact terminal 14, the later of
      which is usually disposed interiorly of, for example, a circuit breaker.
      Typically the terminal 14 has fastened thereto a contact surface 16 which
      mates with another contact surface, not shown, in the circuit breaker
      assembly, the contact 16 being the fixed contact. Spanning the gap between
      the interior terminal 14 and the external terminal 12 of the stationary
      lead assembly 10 is one or more lengths of stranded copper wire 18 which
      function is to provide flexibility between the internal terminal and the
      external terminal 12. Typically one or more lengths of the stranded wire
      18 span the distance between the terminals 12 and 14.
PAR  In actual production the stranded copper 18 is a subassembly wherein an
      anchor 20 is connected to the stranded copper 18 to isolate physical
      stresses on terminal 12 from terminal 14 when the part is assembled in a
      circuit breaker and to maintain the plurality of strands of copper wire in
      close proximity to one another. This is usually accomplished by press
      welding or brazing the strands to the intermediate anchor 20. In similar
      manner the terminating portion of the strands 18 are usually pressed so as
      to form a flat surface 22 adjacent the terminal 12 and the terminal 14.
PAR  In the actual manufacture of the stationary lead assembly 10, the terminal
      12 and the terminal 14 are positioned on an indexable table and a joining
      material 24 is placed adjacent that portion of the terminal which will
      overlap with the subassembly which will be placed to span the distance
      between the terminal 12 and the terminal 14. Good success has been had
      with a phos-silver alloy which has been performed into a thin sheet, strip
      or ribbon from which a convenient length may be severed and placed on each
      of the solid copper terminal members 12 and 14. A suitable composition for
      joining the stranded copper wire member to the solid copper terminal
      member consists of a phosphorus-silver copper alloy such as is described
      in U.S. Pat. No. 2,795,520. Thereafter the subassembly of the stranded
      copper wire 18 is placed in position to span the distance between the two
      terminals 12 and 14 and in contact with the joining material 24 which has
      been placed on the solid copper terminal members.
PAR  As thus assembled, the terminal 12 and one end of the stranded copper 18
      are placed between the electrodes of a resistance welder. As illustrated
      in the drawing, the electrode 26 which is in contact with the solid
      terminal 12 on the side opposite from the joining compound is preferably
      formed having a tip 28 of molybdenum since molybdenum possesses low
      wetability with respect to the copper and is quite effective for rapidly
      heating the terminal 12 in the portion adjacent or beneath the joining
      alloy to a temperature sufficiently high to cause the joining alloy to
      melt. The opposite electrode 30 of the resistance welder is brought into
      contact with the stranded copper subassembly 18. In order to insure a good
      joint and to effectuate uniformity within the joint, pressure between the
      opposed resistance heating electrodes is applied, such pressure varying
      between about 100 and about 800 pounds per square inch. The pressure
      between the welding electrodes not only insures rigidity of the assembled
      components during the heating operation but in addition provides for good
      contact and the assurance of a sound joint therebetween.
PAR  The electrode 30 which is in contact with the stranded flexible copper wire
      member 18 is of critical importance in the joining operation. In this
      respect the electrode must not heat the stranded copper wire to a
      sufficiently high temperature that wicking will occur, that is, that
      through the capillary action, combined with the force applied between the
      welding electrodes and the thermal gradient between the electrodes,
      capillary action must be minimized so that the molten joining material
      when the electrodes are energized does not flow up and into contact with
      the electrode thereby ultimately adhering thereto and causing sticking of
      the joined parts when the joining alloy has cooled and solidified.
PAR  Heretofore, the tip 32 that had been employed in contact with the stranded
      copper wire also comprised molybdenum since it was believed that because
      of the low wetability, little wicking would occur with the result that a
      sound clean joint would be formed. In contrast to what had been expected,
      the molybdenum tip portion of the electrode which was in contact with the
      stranded copper wire together with the copper wire appeared to act as an
      additional resistor rather than a conductor and as result localized
      heating appeared to have occurred causing the joining alloy when molten to
      wick through the individual strands of the copper wire and after a short
      period cause the assembled components to stick to or adhere to the tip of
      the welding electrode in contact with the stranded copper wire.
PAR  In order to alleviate this condition, it was found that the contact area or
      tip 32 of the electrode which was touching the stranded copper wire could
      provide the proper heat balance when the same was formed of an alloy
      consisting essentially of tungsten and copper in which the tungsten to
      copper ratio was about 3:1 on a weight percentage basis. Moreover, while
      this general ratio was also applicable it was further found that
      deviations from this idealized ratio of tungsten to copper were
      permissible so long as the theoretical thermal conductivity of the
      material which formed the contact touching the stranded copper wire during
      the joining operation was controlled such that the tungsten and copper
      were present in proportions which would provide a theoretical thermal
      conductivity which was exhibited by the contact material ranging between
      about 0.55 and 0.68 gr. Cal/cm.sup.2 /.degree.K/cm/Sec. Thus an electrode
      tip 32 was formed containing about 75% tungsten and about 25% copper, and
      this tip material was utilized in joining the solid copper terminals to
      the stranded copper wires so that the phos-silver joining alloy which was
      melted during the operation not only did not wick through the individual
      copper wires of the strand but rather formed a fillet around the edge of
      the wire with the result that a sound reliable joint could be produced
      without any sticking occurring.
PAR  In the actual conditions which the stationary lead assembly was
      manufactured, the tip 32 of the electrode 30 which was in contact with the
      stranded copper wire 18 was formed employing powder metalurgical
      techniques of sintering tungsten powder which was thereafter infiltrated
      with copper such that a tungsten was present in the amount of 75% by
      weight of the contact material and the copper was present in an amount of
      approximately 25% of the contact material. This tip composition was shaped
      to the desired configuration of the resistance welding electrode and
      installed thereon so that when placed in contact forming the stationary
      lead assembly, the tungsten-copper contact material was adjacent to the
      stranded copper portion. A force of 200 pounds was then applied between
      the welding electrodes, the solid copper member, the stranded copper
      member and the joining alloy which was interposed between the solid copper
      member and the stranded copper member. Thereafter the welder was energized
      and passed approximately 10,000 amperes through the electrode and the
      parts for a time period of about 1 second. This was sufficient to cause
      the phos-silver joining composition to melt and form a clean fillet around
      the edge of the stranded copper wire and join the stranded copper wire to
      the solid copper terminal portion. The process was repeated to form each
      end of the stationary lead assembly and in excess of 2500 parts were
      produced without any evidence of sticking.
PAR  It is believed that by regulating the composition of the welding electrode
      contact tip area, in a manner as heretofore described, has resulted in a
      better heat balance and the minimizing of thermal gradients between the
      welding electrodes of the resistance welder. Sufficient heat is supplied
      to the joint area so that the phos-silver melts and forms a strong
      reliable bond in the formation of stationary lead assembly.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the method of brazing solid copper to stranded copper by means of a
      joining compound containing copper, silver and phosphorus which method
      includes clamping under predetermined force the members to be joined in
      predetermined relation with the joining metal disposed therebetween and in
      which the joint to be effected is heated by resistance heating including
      the utilization of a molybdenum tip on the electrode adjacent the solid
      copper, the improvement comprising forming at least the tip of the
      opposite electrode which is in contact with the stranded copper from a
      composite consisting essentially of tungsten and copper in which the
      tungsten to copper ratio is about 3:1 on a weight percent basis.
NUM  2.
PAR  2. The method of claim 1 in which the tungsten to copper ratio is varied
      over a range to provide a theoretical thermal conductivity of between
      about 0.55 and about 0.68 gr. Cal/cm.sup.2 /.degree.K/cm/Sec.
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ABST
PAL  A flash welding machine which comprises two pairs of current-carrying
      welding electrodes, one pair movable and the other, stationary. A double
      cut guillotine shear is normally positioned forwardly and alongside the
      welder at a "stand-by" position, remote from the welding position to avoid
      splattering from welding sparks. When it is desired to shear and weld,
      carriage means move the shear longitudinally alongside the machine and
      then laterally into a gap formed by moving the movable pair of welding
      electrodes from the stationary pair. Depending upon the selected gauge bar
      of a ladder-like gauge bar construction mounted on each side of the shear
      when in the "stand-by" position, such selected gauge bars are clamped
      between the lower current-carrying dies and the lower blades of the shear
      so as to provide back-up support for such blades as well as to tightly
      clamp the selected gauge bars for accurate gauging of the projection of
      strip desired beyond the welding dies after shearing. The welding dies,
      after clamping of the strips therebetween preparatory for welding, remain
      clamped until after the welding operation to avoid introduction of
      positioning errors, thereby assuring that the ends of the strip are cut
      squarely, parallel and in exact registry to provide an excellent weld.
BSUM
PAR  This invention relates to a method of welding two lengths of strip material
      together end-to-end, and to a machine for performing the method and having
      two pairs of welding dies, each pair of welding dies being adapted to
      clamp the adjacent strip so that the strip ends which are to be joined
      together are located between the two pairs of welding dies for welding
      together.
PAR  The present invention is an improvement of that shown in J. H. Cooper et
      al. U.S. Pat. No. 3,249,732, dated May 3, 1966, assigned to the present
      assignee. In such patent, the strip ends are sheared outside the
      apparatus. Each strip end is moved against a gauge bar in the gap between
      the two pairs of dies of the flash welding means, which gauge bar is
      adjusted for the thickness of the strip being welded. The welding dies of
      the flash welding means are then closed on the strip, separated slightly
      from each other to allow the gauge bar to be withdrawn, after which the
      flash welding process is commenced. After welding, the strip may be moved
      by a transfer clamp so that the weld upset is situated in position
      opposite a trimming machine and, if required, further movements may be
      made to a notching and punching machine or to other work stations as
      required.
PAR  In order to obtain a good weld with these arrangements it is necessary and
      extremely important that the ends of the strip are cut cleanly and
      squarely, that these two ends are then abutted against each side of the
      gauge bar so that after clamping, the ends are parallel to each other and
      aligned in a lengthwise direction. After welding, the strip has to be
      moved the correct distance for trimming.
PAR  Occasionally the sheared strip end is not butted against the gauge bar at
      both the operator and drive end of the machine. This causes non-uniform
      extension of the strip ends from the welding electrodes and results in
      poor quality welds. The welding machine operator must correct the
      non-uniform extension by repeating the clamping sequence making certain
      that the extension is uniform laterally across the machine. It is also
      necessary that the extension of strip from the welding electrodes be the
      same on both the moveable platen and stationary platen. When the strip
      ends have to be repositioned, there is a loss of time and decreased
      production.
PAR  The operator abuts the sheared strip against the gauge bar by creating a
      loop of strip which, when released, causes the strip to move against the
      gauge bar. Operator experience is an important and practically
      indispensable feature in achieving contact of the strip edge along the
      face of the gauge bar. Operator error may result in nonachievement of the
      required result.
PAR  If the strip is wavy (not flat), the strip pulls away from the space bar
      when it is clamped. The clamping sequence may have to be repeated several
      times until the strip will remain against the gauge bar. The loss of time
      results in loss of tonnage.
PAR  The principle object of the present invention is to provide means to avoid
      the necessity of locating the strip ends precisely against the gauge bar.
PAR  Means are also provided to eliminate the influence of wavy strip in
      effecting non-uniform extension of the strip from the welding dies prior
      to welding.
PAR  A further object is to enhance the possibility of making the weld at right
      angles to the strip center line.
PAR  An object of the present invention is to overcome the abovenamed
      disadvantages and to provide apparatus for accurately locating, shearing,
      moving to weld position, flash welding, trimming the weld upset and, if
      necessary, other operations such as notching and punching strip metal or
      like workpieces.
PAR  A further object is to provide apparatus more easily automated, therefore,
      removing to a greater degree dependence on operator error.
PAR  A still further object is to reduce the time required to prepared for
      welding, while providing highly improved quality of prewelded strip ends,
      and, as a result, enhance the probability of attaining the necessary weld
      quality.
PAR  Still another object of the present invention is to interpose the shear in
      the gap between the current carrying welding dies and to support the shear
      by clamping it between said dies and retain the closed condition of the
      welding dies on the strip ends continuously from the shearing to the
      welding operation to insure an excellent welded joint.
PAR  To make welds of high quality suitable for rolling, it is necessary to
      limit the material extension from the welder electrodes, for example,
      approximately .32 inches when welding 16 gauge strip. This dimension
      limits the thickness of the shear blade. To obtain the necessary strength
      and reduce deflection, the shear blades are effectively clamped between
      the movable and stationary platens when the shear cuts.
PAR  The strip ends are not moved after shearing so optimum conditions exist for
      welding.
DRWD
PAR  Other objects and advantages will become more apparent from a study of the
      following description taken with the accompanying drawings wherein:
PAR  FIG. 1 is an elevational view of a guillotine type of shear which is
      interposed in the gap between the welding dies in accordance with the
      principles of the present invention;
PAR  FIG. 2 is a side view thereof with the lower part shown in cross-section;
PAR  FIG. 3a is an elevational view of the shear spacer bar;
PAR  FIG. 3b is a side view thereof; and, FIG. 3c is a top view thereof;
PAR  FIGS. 4a, 4b, 4c, 4d and 4e are somewhat diagrammatic showings of the
      successive steps for shearing and welding in accordance with the present
      invention.
DETD
PAR  As stated previously, the present invention is an improvement of that shown
      in J. H. Cooper et al. U.S. Pat. No. 3,249,732. An important difference is
      that the gauge bar assembly located between the welding dies of the patent
      is omitted and replaced by a shear which is introduced in the gap between
      the dies when the tail end of the old strip and head end of the new strip
      are to be sheared. After shearing, the shear is moved laterally out of the
      gap and then longitudinally beyond the exit side of the welder for minimum
      exposure and splashing by sparks from the welding operation.
PAR  Important features of the invention are illustrated in FIGS. 4a to 4e
      inclusive, relating to the shearing and welding steps. While shears have
      been built into welders, such as shown in Chew et al. U.S. Pat. No.
      3,426,952, dated Feb. 11, 1969, assigned to the present assignee, relating
      to an arc welder, significant features of improvement are covered by the
      present invention to insure a highly improved and reliable weld, as will
      be described hereinafter.
PAR  Referring more particularly to FIGS. 1 and 2 of the drawing, the shear
      assembly, denoted generally by numeral 1, is floor mounted on the drive
      side of the welder. Preferably a single stroke, double cut guillotine
      shear 7 is used to finish cut both tail end and head end of the strips to
      be joined. The "Stand-By" position of the shear, when not in use, is
      upstream of the "weld center line", beyond the exit side of the welder,
      thus placing the shear out of the vicinity of flash when welding. This
      will minimize the accumulation of splattered red hot material on the shear
      assembly as a consequence of the welding operation and thereby greatly
      prolong its life.
PAR  Attached to the mill foundation is the shear carriage base 2. Rails 3 and 4
      are mounted on the base 2 on which the shear carriage 5 can be moved on
      wheels 5a, together with the shear 7, parallel to the welder.
PAR  Carriage travel from the "stand-by" position is produced by the operation
      of the fluid cylinder 6.
PAR  Shear carriage 5, with the shear 7 locked to it, is positioned opposite the
      "shear enter gap" between the welding dies of the welder.
PAR  When the tail end of the running strip has cleared the exit welding dies of
      the welder, the shear bridge 8 is unlocked from the shear 7. The shear
      traverse, fluid cylinder 9 is actuated to run the bridge 8, supported by
      rolls 10 on the carriage 5, out from underneath the shear 7. The bridge
      spans the welder side frames 11 and 11, being supported by side frame
      rolls 12 and 12. The newly positioned bridge 8 is locked to the welder and
      the shear 7 is unlocked from the carriage 5.
PAR  The shear traverse, fluid cylinder 9 is reversed to move the shear 7 from
      off the carriage 5 and onto the bridge 8. The shear 7 is locked to the
      bridge 8 and is now ready for loading and shearing in a manner illustrated
      in FIGS. 4a to 4e inclusive which will be described later.
PAR  After shearing strip ends and being released from the welder clamping
      effect, the shear 7 is unlocked from the bridge 8. The shear-traverse,
      fluid cylinder 9 is actuated to move the shear 7 from off the bridge 8 and
      onto the carriage 5.
PAR  The shear 7 is locked to the carriage 5 and the bridge 8 is unlocked from
      the welder. The shear traverse, fluid cylinder 9 is reversed to move the
      bridge 8 from out of the welder and underneath the shear 7 onto which it
      locks. The fluid cylinder 6 is then actuated to move the carriage 5 with
      the shear 7 upstream back to its "stand-by" position out of the range of
      welding flash, after which, welding is started.
PAR  As stated previously, an important feature of the invention is the
      elimination of the finish cut shear for cutting the strip ends before
      introduction into the welder, which eliminates inaccuracies in the attempt
      to make a perfectly square cut of the strip ends with fully abutting end
      surfaces. Another important feature is the elimination of the conventional
      gauge bar and operating mechanism located between the welding dies.
PAR  Instead, and in accordance with the present invention, a shear, preferably
      a single stroke, double cut guillotine shear, is introduced from the
      "stand-by" position alongside the forward portion of the welder, to the
      gap made between the welding dies, only at the time it is desired to
      simultaneously finish cut both tail end and head end of the strip to be
      joined by welding.
PAR  Mounted centrally of the shear is a strip gauge bar 15 of ladder-like
      construction in which the different rungs (FIG. 3a) are of different
      thicknesses to enable selective projections of the strip ends beyond the
      welding dies in which they are clamped before being sheared. The greater
      the thickness of the strip, the greater will be the extensions of the
      strip ends beyond the dies to be sheared off.
PAR  More specifically, and as an example, for a No. 1 setting of the gauge bar
      15 for a strip 0.05 to 0.06 inch thick, the extension would be 0.32 inch;
      for a No. 2 setting for a strip 0.07 to 0.09 inch thick, the extension
      would be 0.44 inch; for a No. 3 setting for a strip 0.10 to 0.18 inch
      thick, the extension would be 0.66 inch and for a No. 4 setting (if
      desired) for a strip 0.20 to 0.25 inch thick, the extension would be 1.00
      inch. It should be understood that these values are merely exemplary and
      may be altered in size and number.
PAC  IN OPERATION:
PAR  FIG. 4a shows the retraction of the movable entry side assembly 20 of the
      welder to provide a shear gap 21 between the movable entry side assembly
      20 and the stationary exit side assembly 26 of the welder. The tail end 22
      of the old strip has been cropped and run beyond the current carrying exit
      dies 23 and 24 as shown.
PAR  FIG. 4b shows the introduction of the shear 7 in the gap 21 in the manner
      described previously, that is, by movement, from the "stand-by" position,
      alongside the welding machine and then laterally into gap 21. The entry
      side welding dies 28 are actuated to clamp the lower shear blades 29 and
      gauge bars 15a between the lower entry die 28 and the lower exit die 24 to
      provide accurate gauging and very firm support of the lower shear blades
      29. The tapered strip stop 30 is lowered to limit movement of the ends of
      strips 22 and 31 pushed thereagainst. The tail end 22 is jogged against
      the stop 30, looped, centered and clamped in the exit side dies 23, 24.
      The head end 31 of the new coil or strip is cropped and fed into the entry
      side assembly 20 and against the strip stop 30.
PAR  FIG. 4c shows the head end 32 of the new coil or strip 31 as being clamped
      in the entry side dies 28. The strip stop 30 is retracted and the shear 7
      is actuated to shear the strip ends 32 and 33 by an amount previously
      selected by selective vertical adjustment of the gauge bar 15 while the
      shear is in the "stand-by" position. The scrap strip ends 32 and 33 will
      then drop onto a scrap removal device (not shown).
PAR  FIG. 4d shows the respective welding dies after the shearing has been
      completed and after the entry side 20 has been retracted to release the
      shear 7 from between the welding dies 28 and 24. The shear is withdrawn
      laterally and then moved longitudinally to the "stand-by" position
      alongside, forwardly of the welding dies and out of range of the flash
      from welding.
PAR  FIG. 4e shows the respective dies after the entry side assembly 20 moves
      toward the exit side assembly 26 sufficiently to allow the strip ends 22
      and 31 to make contact and initiate the flash welding process to weld the
      strip ends together.
PAR  It should be especially noted first that the lower blades of the shear have
      full back up or support by being clamped by the respective welding dies,
      as shown in FIG. 4c, which assures accurate, square and smooth cutting of
      the edges of the strips. It should also be especially noted that once the
      respective strips are clamped between the welding dies, as shown in FIG.
      4c, they remain clamped until they are brought together into contact for
      welding, as shown in FIG. 4e. In other words, there is no unclamping of
      the dies after they have been prepared for the shearing operation, or
      after such operation and the welding operation, thereby removing a strong
      possibility of inaccuracy in shearing a square cut along flat end
      surfaces.
PAR  Thus it will be seen that I have provided a novel shearing and welding
      method for insuring accurate shearing of the ends of strips to be welded
      so as to insure that the edges will register accurately throughout their
      widths and provide a perfect and strong weld and eliminate the danger of
      severing of the strip ends as a consequence of an imperfect weld;
      furthermore, I have provided a welding machine which eliminates the
      necessity of the usual gauge bar between the welding dies and possible
      inaccuracies of the sheared strip ends when brought together in abutment
      for welding; furthermore, I have provided a shear which is kept out of the
      range of flash or sparks from the flash welding process and which is moved
      along a novel carriage trackway, first longitudinally then laterally into
      the gap between the welding dies where the lower blades thereof are
      clamped by the welding dies for firm support, so as to resist bending as a
      consequence of shearing; also wherein the strip ends, when clamped will
      remain clamped until and through the welding process, thus preventing
      inaccuracies that otherwise would occur if the strip ends were unclamped
      and reclamped for the welding process as is conventionally done.
PAR  While I have illustrated and described a single specific embodiment of my
      invention, it will be understood that this is by way of illustration only
      and that various changes and modifications may be contemplated in my
      invention and within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of welding the ends of metal strip in a flash welding
      machine, comprising retracting the movable, current carrying welding die
      assembly from the fixed, current carrying welding die assembly to provide
      a gap therebetween, introducing a double blade guillotine shear into said
      gap, clamping both lower blades of said shear by the lower portions of
      said welding die assemblies so as to provide rigid support to said lower
      blades, projecting a stop between said movable and stationary welding
      dies, pushing said strip ends against said stop, clamping said strip ends
      between said stationary and movable welding dies, with extensions
      projecting beyond said dies, moving the upper blades of said shear
      downwardly to cut off preselected portions of said extensions, removing
      said shear from said gap, and moving said movable die assembly towards
      said fixed die assembly while said strip ends are still clamped
      therebetween until the ends of the strips come into contact so as to
      initiate flash welding.
NUM  2.
PAR  2. The method recited in claim 1 wherein before said clamping, a gauge bar,
      mounted on said shear, is selectively moved downwardly between the lower
      shear blades and lower dies and clamped therebetween to selectively adjust
      their distance apart so as to accurately preselect the length of said
      extensions beyond the welding dies to be sheared in accordance with the
      thickness of said strip.
NUM  3.
PAR  3. The method recited in claim 1 wherein a stop is introduced between said
      strip ends prior to shearing to provide a gap therebetween.
NUM  4.
PAR  4. A flash welding machine comprising two pairs of current-carrying welding
      electrodes, a double blade guillotine type shear, means for moving said
      welding electrodes relatively apart to form a gap therebetween, means for
      moving said shear from an exterior position into said gap, and means for
      clamping both lower blades of said shear between both lower welding
      electrodes of said pairs to provide firm support therefor prior to
      shearing.
NUM  5.
PAR  5. A flash welding shear as recited in claim 4 together with power operated
      carriage means for moving said shear from a stand-by position forwardly
      and alongside said machine away from sparks accompanying welding,
      alongside said machine, and into said gap.
NUM  6.
PAR  6. A flash welding machine as recited in claim 5 wherein said carriage
      means includes means for effecting translation of said shear alongside
      said welding machine and means for subsequently effecting translation of
      said shear laterally of said machine into said gap between said welding
      electrodes, and vice versa.
NUM  7.
PAR  7. A flash welding machine as recited in claim 4 together with a pair of
      gauge bars, mounted on opposite sides of said shear, means for selectively
      moving said gauge bars downwardly between the respective lower current
      carrying electrodes and lower shear blades prior to their being clamped
      together so as to predetermine the length of strips extending beyond said
      welding dies after shearing.
NUM  8.
PAR  8. A flash welding machine as recited in claim 4 together with a stop
      element movable downwardly in said shear between said strip ends to
      determine the gap therebetween before the strip ends are clamped between
      said electrodes in preparation for shearing.
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ABST
PAL  A laser material removal apparatus and method of removing material from a
      workpiece wherein a laser forms a beam of radiation having a substantially
      circular cross-sectional configuration, and optical means is provided for
      compressing portions of the beam so that the resultant focused beam will
      provide an image of substantially rectangular shape and uniform energy
      whereby improved control of the size and shape of the area to be removed
      is obtained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has become common practice to employ lasers in various manufacturing
      processes where it is necessary to remove material, such as in drilling,
      for example. In the fabrication of devices such as microcircuits, for
      example, resistor trimming is often done by utilization of a laser beam,
      as is material removal in the formation of circuit runs, for example.
PAR  Known lasing devices such as ruby or YAG crystals, produce a highly intense
      beam of coherent electromagnetic radiation. Since the crystal is of a
      solid cylindrical shape and since the beam of radiation exits from one end
      of the crystal, the beam has a substantially circular cross-sectional
      configuration. While a beam having such a cross-sectional shape is
      extremely useful for many material removal applications, it is often
      highly desirable that the beam have a rectangular cross-sectional shape.
      For example, for critical removal of material from a selected area of a
      microcircuit a round or elliptical beam may not prove satisfactory. One
      example is a memory device where fusible links are provided and where
      selected ones of such links must be "blown" to isolate components of the
      device. In such cases, a round or elliptical beam of small size may burn
      away a portion of a link but in doing so may damage an adjacent surface
      area of the device or, if extremely small, may burn away a portion of the
      link while still leaving portions of the link so closely adjacent to one
      another as to continue to permit undesirable electrical interconnection.
PAR  It has been found possible to alter the cross-sectional shape of a beam of
      electromagnetic radiation from round or elliptical to rectangular in many
      ways. This can be done electronically or optically. However, all known
      methods have proved undesirable for several reasons such as poor quality
      or definition of shape, loss of radiation energy, or uneven distribution
      of energy. One of the better known methods has been to direct the beam
      through an aperture in an opaque plate where the aperture has a
      configuration conforming to the desired cross-sectional shape of the beam.
      In this method a considerable quantity of radiation is lost because
      portions of the beam necessarily impinge upon and are intercepted by the
      opaque portions of the plate.
PAR  In a known prior art system a quasi rectangular beam shape has been created
      by pairs of cylindrical lens elements emitting an extreme astigmatic
      imaging. However, in such a system it has been found to be extremely
      difficult to determine before the actual material removal process where
      the resultant rectangular image falls. This prevents ready use of coaxial
      closed circuit television viewing and personal ocular viewing
      arrangements.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other objections to prior art devices or systems of the
      character described are overcome by the present invention wherein means is
      provided for altering the cross-sectional shape of a laser output beam of
      radiation in a manner whereby a resultant rectangular image is produced
      which contains substantially all of the energy generated in the initial
      unaltered beam without any substantial loss, and which further contains a
      more uniform distribution of energy density throughout the image than is
      provided in the initially formed beam. Furthermore, coaxial viewing,
      television and other optical appurtenances may be readily utilized as
      desired.
PAR  This is achieved by providing an adjustable beam compressor such as a pair
      of long flat mirrors or thin wedge prisms which are spaced to provide an
      arrangement into which the beam is directed. Opposed sides of the beam
      will be reflected with the mirror arrangement toward the exit end while
      the central portion of the beam will emerge unattenuated. Thus the beam
      will be separated into at least three portions which are thereafter
      focused by a suitable lens onto an image plane where the portions
      representing the side portions of the initial beam will be superimposed on
      the central portion, thus producing an extremely narrowed, relatively
      rectangular image. Thus a substantially rectangular image of the laser
      beam is produced which contains substantially all of the beam energy and
      is much more uniform in density throughout its area.
PAR  Slit means may be provided at the exit end of the compressor for
      controlling the length of the image, and prisms may be used between the
      laser and the compressor for initially compressing the beams so that
      smaller compressor elements may be used.
PAR  This system enables optical on-axis viewing to be employed and on-axis
      superimposing of reticles and the like. Furthermore, it is well adapted
      for use with television camera and monitor controls.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objectives and advantages of the invention will become apparent from
      the following description taken in connection with the accompanying
      drawings, wherein:
PAR  FIG. 1 is an isometric view of a laser material removal apparatus embodying
      the invention;
PAR  FIG. 2 is a plan view of an optical beam compressor suitable for use with
      this invention;
PAR  FIG. 3 is a schematic diagram of the entire optical portion of the
      apparatus shown in FIG. 1;
PAR  FIG. 4 is a diagrammatic illustration of means for partial compression of a
      laser beam before entering the compressor unit;
PAR  FIG. 5 is a curve illustrating radiation intensity output from a laser rod;
PAR  FIG. 6 is a partial elevational view of a memory circuit with which the
      invention is utilizable;
PAR  FIG. 7 is a vertical sectional view taken substantially on line 7--7 of
      FIG. 6; and
PAR  FIG. 8 is a view similar to FIG. 2 illustrating a modification of the beam
      compressor unit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings wherein like characters of
      reference designate like parts throughout the several views, a laser
      apparatus embodying the invention is shown in FIG. 1 and may employ a
      desk-mounted console 10 which houses the laser and associated optical
      system and which includes means such as doors 12 whereby operator access
      to the work is accomplished. A television monitor 13 is adapted to be
      mounted in suitable viewing position as shown and suitable controls are
      provided on the front for easy access.
PAR  When doors 10 are opened, the operator is enabled to place a workpiece such
      as a microcircuit device 14 (FIG. 3) on a suitable adjustable support, and
      when the doors are closed he is enabled to operate a laser to direct a
      relatively intense beam of coherent electromagnetic radiation onto the
      workpiece whereupon material will be removed from the surface of the
      workpiece in the impinged area.
PAR  However in conventional pulsed lasers, rods of ruby, YAG or the like are
      usually utilized as the lasing medium and when optically pumped in the
      known manner will produce the desired intense beam of radiation which will
      be emitted from one end of the rod. Since such rods are generally of solid
      cylindrical shape, the beam will have a generally circular cross-sectional
      shape, and will have energy density distribution such as shown by curve 16
      in FIG. 5. It will be apparent that the energy is considerably more
      intense in the center of the beam than in marginal portions.
PAR  In accordance with this invention, the cross-sectional circular shape of
      the laser beam is converted to a substantially rectangular configuration
      without producing any substantial reduction in the total intensity of the
      radiation, and with improvement in uniformity of radiation density
      throughout the entire width and thickness of the beam so that at the
      projected image plane the beam will be of substantially uniform intensity
      throughout its area.
PAR  Such altering of the cross-sectional shape of the beam is accomplished
      primarily by an optical compressor 18 (FIG. 2) preferably in the form of a
      pair of long narrow optical reflectors of plates 20 and 22. The reflectors
      may be merely glass sheets having relatively smooth reflecting surfaces.
      The plates 20 and 22 are slightly apart and angled as shown so as to
      provide a tapered light tunnel through which the laser beam passes. As
      shown in FIG. 2, the laser beam 24 is directed into the wider end of the
      compressor and exits from the narrow end, from which it passes through a
      focusing lens 26 onto an image plane 28 which may be the workpiece 14.
PAR  The beam has a circular cross-sectional shape as it enters the compressor
      18 and will pass through the compressor and exit from the opposite end as
      a long narrow quasi rectangle in cross-section. This is due to the fact
      that opposite side portions of the beam will impinge upon the respective
      inner angled surfaces of the plates and will be reflected thereby out
      through the narrow end of the device. This is indicated in FIG. 2 by
      numeral 28 which refers to the side portion of the beam which contacts
      surface 30 of plate 20. It will be seen that beam portion 28 will be
      entirely reflected once and upon emerging from the compressor 18 will
      become effectively a separate beam 32 which will impinge upon the adjacent
      surface of the focusing lens 26. Likewise, the opposite side portion of
      the laser beam 24 will be reflected once by the inner surface of plate 22
      and will emerge from the compressor as a third separate beam 34 which will
      be focused by lens 26 into superimposition with beam 32 and with the
      central unreflected portion of initial laser beam onto the image plane 36
      as a single image 38 having the substantially rectangular shape.
      Furthermore, since very little, if any, of the initial beam is lost in the
      compression process, substantially all of the energy of the initial beam
      remains in the image 38 at the image plane 36.
PAR  Referring to FIG. 5, the radiation output from the end of the laser rod
      appears normally as a curve 16. However, the side portions 40 and 42
      during the compression process become superimposed at the image plane upon
      the central portion, thus increasing the radiation density of the central
      portion and tending to square off the peak of the central portion of the
      curve 16.
PAR  While it has been mentioned above that the side portions of the laser beam
      24 will be reflected once, this is preferable. However, it will be
      understood that additional reflections may occur, depending upon the
      optical parameters selected and image size desired. Preferred image width
      is from 0.001 to 0.002 inches. This size may be varied by symmetrically
      spreading apart or closing the exit ends of the plates 20 and 22, which is
      easily accomplished by a micrometer drive and linkage. For this purpose,
      the entrance ends of the plates may be hinged. Changing size will not
      affect the total energy content in the beam.
PAR  The long dimension of the image spot is typically 0.0063 inches. An
      adjustable slit 44 is provided adjacent the exit end of the compressor
      device 18 for the purpose of controlling the exact length of the image
      spot.
PAR  While the compression of the laser beam 24 is performed primarily by the
      compressor element 18, a beam having a typical beam diameter of 0.250
      inches will require a relatively large compressor device 18 for desirable
      beam size reduction. Accordingly, it is usually desirable to employ
      additional beam compression means, preferably located between the laser
      head and the compressor device 18. Such additional means may comprise a
      pair of prisms 46 and 48 (FIG. 4) which function to initially compress the
      beam 24 in one direction. Beam 24 will enter the first prism unaltered as
      shown at 50 but will be compressed when it emerges, as shown at 52, and
      will be still further compressed when it emerges from the second prism 48,
      as shown at 54. Thus, only the compressed beam per 54 will pass into the
      compressor unit 18.
PAR  Referring now to the complete system shown in FIG. 2, the pulsed laser 56
      which produces the high intensity beam 24 of electromagnetic radiation
      which is used for the material removal process is typically a ruby crystal
      or rod 58. The front end of the rod 58 has a surface which is a Fresnel
      reflection output mirror and its opposite end is anti-reflection coated. A
      100% reflecting mirror 60 spaced from the rear end of the rod 58
      cooperates with the front surface mirror to produce a resonator, in the
      well-known operation of a laser of this character. The rod 58 and a
      parallel Xenon flash pump lamp 62 are disposed on the foci of an
      elliptical reflector 64 which cooperates with the rod 58 to produce the
      laser beam 24 in the form of pulses of high intensity radiation at as much
      as 10 pps. The power supply (not shown) may be housed in desk pedestal 66.
PAR  The beam 24 will pass through the compressing prisms 46 and 48 and will be
      compressed in one direction as discussed in connection with the discussion
      of FIG. 4. The resultant partially compressed beam 54 then passes through
      the optical compressor unit 18, as described in connection with the
      discussion of FIG. 2, whereupon it becomes further compressed, emerging
      from the unit 18 as three narrow beams which are focused by lens 26 onto
      an image plane which is the surface of the workpiece 14.
PAR  The image of the beam at the image plane is a thin or narrow spot. Although
      the beam was initially circular in cross-section, the spot has become so
      thin or narrow that it is unnecessary to provide any means for squaring
      off the ends of the image which correspond to the uncompressed sides of
      the beam. In fact, the long dimension of the beam may be controlled by the
      adjustable slit 44 at the exit end of the compressor unit 18.
PAR  This invention has been found to be particularly useful in the manufacture
      of semiconductor devices such as microcircuits where it is often desired
      to selectively remove a thin layer of material from a substrate. For
      example, memory devices 70 (FIG. 6) include a number of semiconductor
      elements such as diodes 72 arranged in an array of rows and columns, as
      described in U.S. Pat. application Ser. No. 402,495, filed by H. Schilling
      et al and assigned to the same assignee as this invention. Each diode 72
      is an integral portion of an elongated strip 74 of semiconductor material
      on the surface of a dielectric substrate 76. Strips 74 comprise column
      connectors for the diodes 72, each strip terminating in a bonding pad 78.
      Covering each of the strips 74 is a layer 80 of insulating material, and
      lead wires 82 are connected at one end through holes in layer 44 to
      respective pads 78.
PAR  Crossing the strips 74 and overlying the layer 80 are a plurality of metal
      strips 84 each of which terminates in a respective bonding pad 86. Each
      pad 86 comprises a layer 88 of silicon, a covering layer 90 of insulation,
      and the metal portion 86. Fine wires 92 are connected at one end to
      respective bonding pads 86.
PAR  The metal strips 48 comprise row conductors for each of the diodes 72 and
      are connected to the diodes by conductors 94 which contain fusible
      sections 96. These conductors are connected at one end to the strips 84
      and at their other end to the P-regions 98 of the diodes 72 through holes
      in layer 80.
PAR  The fusible elements 96 are of a shape, size and composition as will lend
      to their being "blown" by melting and/or vaporizing when heated. The laser
      beam is suitable for performing this function, especially when the beam
      energy is confined and compressed into the small image 38 as described. It
      will be apparent that a small round image or spot may not always perform
      satisfactorily because good isolation or rupture may not occur when a
      small spot is used. When large round spots are formed, there is
      considerable possibility that the spot may destroy or damage other areas
      adjacent to the area desired to be removed. Accordingly, a small
      rectangular spot is highly desirable.
PAR  As shown in FIG. 7, the fusible link 96 is "blown" by directing the
      compressed laser beam 24 onto the link, whereupon the link will melt
      and/or vaporize in the area impacted by the beam. Although a layer 100 of
      silicon dioxide or the like is disposed over the entire structure, the
      laser beam 24 easily penetrates this layer to reach the metal link. Thus,
      selected ones of the diodes 72 may be isolated.
PAR  It will be apparent that the laser apparatus may be programmed to
      efficiently blow the selected links in any desired manner.
PAR  Referring again to FIG. 3, it will be seen that in initially setting up the
      apparatus, the workpiece 14 is mounted on a suitable adjustable support
      such as table 102 which has portions adjustable in X and Y directions as
      is well known. Height control may also be accomplished in any known manner
      by manual operation of handle 104.
PAR  To visually indicate and observe location of a spot on the workpiece, there
      is provided a second low power laser 106, which may be of the helium-neon
      type, for producing a visible spot on the workpiece in the same area where
      the high power ruby laser beam 24 will impact. Second laser 106 forms a
      continuous beam 108 which is reflected by a mirror 110 to the prism 46 and
      thereafter follows the same path as the pulsed beam 24, being compressed
      and focused so as to form a small substantially rectangular spot on the
      workpiece.
PAR  Visual observation of the spot may be made by the operator through a
      biocular or other microscope 112 via suitable reflectors 114 and 116 and a
      perforated flip-in mirror 118 located in the path of the beam at a point
      after the compressor unit 18.
PAR  A television camera 120 may also be disposed in optical alignment with the
      workpiece 14 by means of suitable mirrors 122 in the optical path of the
      compressed beam, as shown.
PAR  Means for superimposing a reticle (not shown) on the workpiece 14 is also
      readily achievable with this invention.
PAR  It will be apparent that all of the objectives of this invention have been
      achieved by the novel optical means described for converting a
      substantially circular laser beam to one which is substantially
      rectangular (including square) in cross-sectional configuration.
PAR  It will also be apparent that various modifications and changes in the
      inventive structures and methods shown and described may be made by those
      skilled in the art without departing from the spirit of the invention. For
      example, the compressor unit, instead of angled plates 20 and 22, may be a
      pair of spaced prisms 124 and 126 as shown in FIG. 8. The incoming
      uncompressed or partially compressed beam 24 will be split by the prisms
      124 and 126 into three component portions 128, 130 and 132 which are
      superimposed and focused by lens 26 onto the image plane 36 as a single
      substantially rectangular image or spot 38.
PAR  It will be apparent that various other modifications and changes may be
      made by those skilled in the art. Therefore, all matter shown and
      described is to be interpreted as illustrative and not in a limiting sense
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. Laser material removal apparatus comprising a laser adapted to produce a
      beam of radiation having a substantially circular cross-sectional shape
      and to dissect said beam toward an image plane along an optical asis, and
      means for forming at said plane a substantially rectangular image of said
      beam having a fixed predetermined width and a controllable length, said
      means comprising an optical system located on said axis and including a
      pair of spaced flat reflecting means disposed on opposite sides of said
      axis and angled to provide at one end an entrance aperture for the beam
      and an exit aperture at the opposite end which is smaller than said
      entrance aperture for superimposing opposite side portions of said beam
      onto a central portion thereof whereby the beam at the exit aperture is
      compressed in one direction without being compressed in the perpendicular
      direction, and slit means adjacent said exit aperture for controlling the
      size of the beam in said perpendicular direction.
NUM  2.
PAR  2. In a laser apparatus which provides a beam of electromagnetic radiation
      having a substantially circular cross-sectional shape, optical means for
      forming at an image plane an image of said beam having a substantially
      rectangular shape and containing substantially all of the radiation energy
      as the beam initially produced by the laser, said optical means comprising
      a pair of spaced prisms and a focusing lens, said prisms being positioned
      to intercept a respective opposite side portion of the beam with the
      remaining portion of the beam being enabled to pass therebetween
      substantially unattenuated to said lens, said prisms comprising means for
      separating said opposite side portions of the beam from the remaining
      portion thereof and directing said side portions separately to said lens,
      and said lens comprising means for focusing all said portions of the beam
      to a common spot on said image plane.
NUM  3.
PAR  3. In a laser apparatus as set forth in claim 2, wherein said prism means
      is located in the path of said beam for intercepting and partially
      compressing the beam in one direction, and an optical compressor unit is
      located in the path of said partially compressed beam for superimposing
      opposite side portions of the partially compressed beam onto a central
      portion thereof to form an image wherein all portions are combined.
NUM  4.
PAR  4. In a laser apparatus as set forth in claim 3, said optical compressor
      unit comprises a pair of spaced optical elements and a focusing lens, said
      elements being positioned to each intercept a respective opposite side
      portion of the partially compressed with the remaining portion thereof
      being enabled to pass therebetween substantially unattenuated to said
      lena, said elements comprising means for separating said opposite side
      portions of the beam from the remaining portion thereof and directing said
      side portions separately to said lens, and said lens comprising means for
      focusing all said portions of the beam to a common spot on said image
      plane.
NUM  5.
PAR  5. In a laser apparatus as set forth in claim 4, said elements being a pair
      of spaced angularly disposed reflecting plates.
NUM  6.
PAR  6. In a laser apparatus as set forth in claim 4, said elements being a pair
      of spaced prisms.
NUM  7.
PAR  7. A method of removing a rectangular area from the surface of a
      microcircuit device comprising locating a pulsed laser so as to direct a
      beam of radiation having a substantially circular cross-sectional shape
      along a known path, placing the device on a support and adjusting it to
      locate the area to be removed in said path, operating said laser to form
      the beam, and simultaneously optically separating opposite side portions
      of the beam from the central portion of the beam and superimposing them on
      said central portion to form a combined image of all portions at said area
      to be removed by passing opposite side portions of the beam through
      respective spaced prisms while passing the central portion of the beam
      unintercepted by the prisms through the space therebetween, and focusing
      all said portions simultaneously to a common image spot on said surface.
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ABST
PAL  There is disclosed a novel arc welding process of the type in which an
      electrode is placed in a weld groove with an insulating material
      interposed between the electrode and the inner surfaces of said groove.
      The process utilizes the principle by which an arc produced tends to be
      directed toward a region having the least or thinnest density of magnetic
      flux. Accordingly, this permits the welding arc produced to be directed
      toward the desired portion in the weld groove, thereby giving greater
      penetration thereat. For such purposes, various embodiments are presented,
      such as placing a subsidiary backing member of a ferromagnetic substance
      above or beneath the weld groove, causing electric current to flow through
      the backing member independently of the welding current, or providing two
      backing members in the same manner described through which, for instance,
      alternating currents having a phase difference of 180.degree. are caused
      to flow with a direct current used as a welding current to thereby
      alternately direct the welding arc between said inner surfaces of the weld
      groove, with a resultant uniform but deep penetration therein. This
      principle further permits the adjustment of the depth of penetration by
      controlling the amount of the electric current flowing through the backing
      member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an arc welding process of the type in which an
      electrode is placed in a space defined by the inner surfaces of a weld
      groove in a lengthwise direction thereof, with insulating material
      interposed between the electrode and the inner surfaces of said groove.
      More particularly, this invention is associated with a submerged arc
      welding of the type described.
PAR  2. Description of the Prior Art
PAR  In the past, in various industries, such as the ship-building industry, the
      development of production-size welding of relatively shorter members of a
      hull, for example, such as the web of a sidelongeron or the face plate of
      a cross-tie, has created a fresh approach to arc welding of the type in
      which an electrode is laid in a weld groove in a lengthwise direction
      thereof, because of its simplicity and high efficiency. It appears that
      this conventional process meets the demand of modern manufacturers or ship
      builders. However, attempts of such natures suffered from many
      shortcomings. Particularly, the former case involved problems which arise
      from the balance of an electric power load and the treatment of a cabtyre
      cable, because it requires the use of a large electric power source.
      Particularly, in the case of multi-layer welding of a plate over 30 mm in
      thickness, difficulties arise due to the instability of the back bead,
      poor peelability of the slag, and poor notch toughness of the deposited
      metal, which are all attributable to the poor penetration of the weld due
      to an improper direction of the welding arc produced. Due to the nature of
      arc welding, there is no way to approach the welding of a weld groove
      having a small groove angle. Furthermore, even in the case of a weld
      groove having a wider root gap, if an electrode is placed somewhat off-set
      to either side of the weld groove, there results poor penetration on the
      side of the groove from which the electrode is further spaced. The
      improper direction of the welding arc such as has been experienced in the
      past will be explained in more detail hereinbelow under the "Detailed
      Description of The Invention."
PAR  Accordingly, a need exists for an arc welding process whereby a welding arc
      can be directed to the desired portion within the weld groove, with
      resultant deep penetration, such that the electric power required for the
      welding can be reduced by a considerable degree, and wherein the weld is
      free from deficiencies such as unstable back bead formation, poor
      peelability of slag and poor notch toughness of the deposited metal.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of the invention to provide an arc welding
      process wherein the arc produced can be directed to a desired portion
      within a welding groove to thereby achieve improved appearance of the back
      bead of the weld and accompanying deep penetration at the first or base
      layer of the weld.
PAR  It is a further object of the invention to provide an arc welding process
      wherein an arc can be alternately directed to either of the inner surfaces
      of the weld groove to thereby obtain uniform but deep penetration of the
      weld.
PAR  It is a still further object of the invention to provide an arc welding
      process which permits an adjustment of the penetration of the weld
      depending on the condition or the configuration of the weld groove.
PAR  The foregoing and other objects are attained in accordance with one aspect
      of the present invention through the provision of an electrode placed in
      the space defined by the inner surfaces of a weld groove in a lengthwise
      direction thereof, with an insulating material interposed between the
      electrode and said inner surfaces, and electromagnetic means such as a
      subsidiary backing member placed above or beneath the weld groove, said
      backing member being of a ferromagnetic substance, to thereby provide a
      region having the least or thinnest density of magnetic flux which can
      direct the arc produced to a desired portion within the weld groove.
PAR  According to a further aspect of the invention, an electrode is placed in
      the same manner as described above, a subsidiary backing member is placed
      in the vicinity of a weld groove along the weld line thereof, with said
      subsidiary backing member being insulated from said weld groove, and an
      electric current is caused to flow through said subsidiary backing member
      independently of the welding current.
PAR  According to a further aspect of the invention, an electrode is placed in
      the same manner as described above, a subsidiary backing member is placed
      above or beneath the weld groove, said backing member being of substance
      having a lesser magnetic permeability to thereby provide a region having a
      concentrated or high density of magnetic flux therein by enclosing said
      region therewith to thereby direct the arc produced to a direction
      opposite to that of said backing member.
PAR  According to a still further aspect of the invention, an electrode is
      placed in the same manner as described above, a pair of subsidiary backing
      members are placed above or beneath but in the vicinity of a weld groove
      along the weld line with said backing members being insulated from said
      weld groove. A combination of direct current and alternating current is
      used, as required, as a welding current and as the currents flowing
      through the subsidiary backing members, respectively, to alternately
      direct the arc produced between the inner surfaces of the weld groove.
PAR  According to a yet further aspect of the invention, there is provided an
      arc welding process which permits the adjustment of penetration depending
      on the condition or configuration of a weld groove by placing a subsidiary
      backing member in the same manner as described above and by adjusting the
      flow of electric current such that said electric current is caused to flow
      through said subsidiary backing member independently of the welding
      current.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various objects, features and attendant advantages of the present invention
      will be more fully appreciated as the same becomes better understood from
      the following detailed description of the present invention where
      considered in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a side elevation showing a conventional arc welding process in
      which an electrode is placed in a weld groove in a lengthwise direction
      thereof;
PAR  FIG. 2 is a photograph of one example illustrating the penetration of a
      weld obtained according to the conventional arc welding process of FIG. 1;
PAR  FIG. 3 is a side elevation showing an arc welding process according to the
      present invention of the type in which an electrode is placed in a weld
      groove in a lengthwise direction thereof as in FIG. 1;
PAR  FIG. 4 is an explanatory view illustrative of the principles used in the
      arc welding process of the present invention;
PAR  FIG. 5 is a cross-sectional view taken along the line V-V of FIG. 4;
PAR  FIG. 6 is a photograph illustrative of an example showing the penetrating
      condition according to the arc welding process of the present invention;
PAR  FIG. 7 is a side elevation showing another example of the present
      invention;
PAR  FIG. 8 is a schematic diagram showing one embodiment according to the arc
      welding process of the present invention;
PAR  FIG. 9 is a side elevation showing one embodiment according to the arc
      welding process of the present invention;
PAR  FIG. 10 is a diagram showing the condition of the maagnetic flux of the
      embodiment of FIG. 8;
PAR  FIG. 11 is a diagram showing the condition of the magnetic flux in the case
      of multi-layer arc welding;
PAR  FIG. 12 is a perspective view showing one example of a solid flux used in
      the arc welding process of the present invention;
PAR  FIG. 13 is a diagram of an embodiment of the arc welding process of the
      present invention applied to a horizontal fillet welding;
PAR  FIG. 14 is a side elevation showing an embodiment of the arc welding
      process of the present invention, wherein the process is applied to
      build-up welding;
PAR  FIG. 15 is a side elevation showing another example of build-up welding;
PAR  FIG. 16 is a perspective view showing another embodiment illustrative of
      the arc welding process of the present invention;
PAR  FIG. 17 is a side elevation showing an example of a preferred embodiment in
      which a pair of subsidiary backing members are used;
PAR  FIG. 18 is a plan view showing one example of the arc welding process of
      the invention which is applied to an electrogas arc welding process;
PAR  FIGS. 19, 22 and 23 are photographs which show the weld zones prepared
      according to the arc welding process of the present invention;
PAR  FIGS. 20, 21 and 24 are photographs which show the weld zones prepared
      according to the conventional arc welding process;
PAR  FIG. 25 is a schematic diagram showing another embodiment of the arc
      welding process of the present invention;
PAR  FIGS. 26 and 27 are cross-sectional views taken along the lines VI--VI and
      VII--VII of FIG. 25, respectively;
PAR  FIG. 28 is a front view showing the conditions of a weld groove;
PAR  FIGS. 29a, 29b, 29c and 29d are cross-sectional views taken along the lines
      A--A, B--B, C--C and D--D of FIG. 28 respectively; and
PAR  FIGS. 30a, 30b, 30c and 30d are explanatory views showing the phase
      conditions of electric currents flowing through the subsidiary backing
      member at the cross sections illustrated in FIG. 28.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For a better understanding of the features of the novel arc welding process
      of the present invention, a conventional arc welding process of the prior
      art will now be described in detail.
PAR  Referring now to the drawings, wherein like reference numerals designate
      indentical or corresponding parts through out the several views, and more
      particularly to FIG. 1 thereof, there is shown an electrode 4 placed in a
      weld groove 2 in a lengthwise direction thereof with an insulating
      material 3 interposed between the electrode and the inner surfaces of the
      groove. A backing tape 6' and a copper plate 6 positioned thereunder are
      placed in an abutting relation to the undersurface of the groove 2.
      Although the welding arc produced thereby is directed forwardly and
      downwardly, due to the gravity of the molten metal, along the length of
      the electrode 4, the angle of the arc being directed downwardly is
      relatively small, such that the arc produced is directed in a
      substantially horizontal direction. This results in a shallow penetration
      and a narrow width penetration at the root portion, as shown in FIG. 2.
      Because of such poor penetration, such a conventional arc welding process
      is grossly deficient when applied to the welding of a plate of a thicker
      gage or to a work piece having a high cooling rate or having a narrow root
      gap. Furthermore, even in the case of a wider root gap, when an electrode
      is placed in a weld groove in a somewhat off-set relation thereto, poor
      penetration will occur in one of the inner surfaces of the groove from
      which said electrode is farther spaced.
PAR  We have discovered that such shortcomings arise from an improper direction
      of the arc being produced. To overcome such shortcomings, the arc should
      be directed toward the root of the weld groove if a deeper penetration is
      required. Also, if necessary, the arc should alternately be directed to
      and between the two inner surfaces of the weld groove to give a uniform
      penetration in either surface of the weld groove.
PAC  THE FIRST EMBODIMENT OF THE INVENTION
PAR  Referring now to FIG. 3, in which the novel submerged arc welding process
      of the present invention is shown, an electrode 4 is placed in a space
      defined by the inner surfaces of a weld groove 2 in a lengthwise direction
      thereof, with an insulating material 3 interposed between said electrode
      and the inner surfaces of the weld groove 2, while flux 5 of a power form
      covers the welding zone. One of the secondary sides of a welding
      transformer 10 is connected to the base metal 1 to be welded and the other
      is connected to the electrode 4. Furthermore, there is placed
      electromagnetic means such as a subsidiary backing member 8 in an abutting
      relation to the underside of the weld groove, said backing member being of
      a ferromagnetic substance and having a channel shape. A backing tape 6'
      and a copper plate 6 placed thereunder are contained in the channel of
      backing member 8 in such a manner that said backing tape abuts the
      undersurface of the weld groove.
PAR  It should be noted that the principles of the submerged arc welding process
      of the present invention can be equally applied to visible arc welding
      processes other than submerged arc welding.
PAR  The subsidiary backing member 8 is made of a ferromagnetic substance such
      as iron, carbon steel, low alloy steel, or the like. The shape of the
      backing member 8 may be of a `U` channel as shown in FIG. 3, but may be of
      any suitable shape such as circular arc. However, a type having a concaved
      or recessed portion extending lengthwise therein is preferred for reasons
      that will become clear from the ensuing description.
PAR  The operational effects of the submerged arc welding process of the present
      invention will be described with reference to FIGS. 4 and 5. In general,
      when an electric current flows through an electrical conductor, a magnetic
      field will be created around said substance. In the case of arc welding
      wherein an electrode is placed in a weld groove as described earlier, when
      a welding current flows through an electrode 4 in a direction
      perpendicular to the plane of the drawing, i.e., from the front to the
      rear thereof as viewed in FIG. 4, then there will be created magnetic flux
      in a clockwise direction, as shown, due to the welding current. However,
      due to the presence of electromagnetic means such as subsidiary backing
      member 8 comprising a ferromagnetic substance, in addition to the
      conventional backing comprising a copper plate 6, the magnetic flux will
      pass through the backing member 8 such that there will be created a region
      of thinnest or lowest density of the magnetic flux at the backing material
      placed in the channel of the subsidiary backing member 8. On the other
      hand, since there is provided no such backing member above the weld
      groove, there will be created a region having a high density of magnetic
      flux covering the electrode 4 in a circular arc form. The arc produced
      tends to be directed towards the region having the thinnest or lowest
      density of magnetic flux, such that the arc will be forceably directed
      downwardly as shown by the arrows in FIGS. 4 and 5. This enhances the
      penetration caused by the arc of the deposited metal, thus providing very
      deep penetration, as shown in FIG. 6, even when the welding is conducted
      under the same conditions as in FIG. 2. Thus, the arc welding process of
      the present invention can be applied to the welding of a work piece having
      a narrow root gap or that of a plate of a thicker gage having a high
      cooling rate, which could not otherwise have been achieved by the
      conventional welding process. Subsidiary backing member 8 may be placed
      over the entire length of the undersurface of the weld groove or may be
      placed over that part of the weld groove where the root gap is narrow and
      hence only partial deep penetration is required. Conversely, in the case
      wherein a wide root gap is provided along the entire length of the weld
      groove such that the amount of the deposited metal should be increased, it
      would be better to place the subsidiary backing member above the weld
      groove to thereby locate above the electrode the region having the
      thinnest or lowest density of magnetic flux for the purpose of directing
      the arc upwardly. Furthermore, if the root gap varies in its width
      throughout the entire length of the weld groove, the subsidiary backing
      member can be placed both above or beneath the weld groove to thereby
      direct the arc downwardly for deeper penetration, or to direct it upwardly
      for lesser penetration to increase the amount of the deposited metal. As
      has been described, the present invention is directed to adjusting or
      changing the path of magnetic flux, such that the location of the
      subsidiary backing member may be placed above or beneath the weld groove
      as the case dictates. Furthermore, the shape of the backing member may be
      either of a channel form or of a plate form. However, the channel form is
      preferred to obtain a region having the thinnest density of magnetic flux
      above or beneath the weld groove. If the subsidiary backing member assumes
      a plate form, said backing member may be placed within a range of 15 mm
      from the weld groove; however, if the above limit is exceeded, the
      aforesaid effect may not be achieved.
PAC  THE SECOND EMBODIMENT
PAR  Turning now to FIG. 7, in which another embodiment of the arc welding
      process of the invention is presented, the subsidiary backing member 8 of
      a ferromagnetic substance is placed in the same manner as in the first
      embodiment, while additionally a subsidiary backing member 8' is placed
      above the weld groove, said backing member 8' having the lesser magnetic
      permeability. Thus, there will be created a region having a concentrated
      high density of magnetic flux in the space enclosed with the backing
      member 8', such that the tendency of the arc to be directed downwardly is
      enhanced. Conversely, if the subsidiary backing member 8' having the
      lesser magnetic permeability is placed beneath the weld groove with the
      subsidiary backing member 8 of a ferromagnetic substance placed above said
      groove, then the upward directivity of the arc will be further enhanced.
PAC  EXAMPLE 1
PAR  The work piece to be welded was of a plate form having a groove angle of
      50.degree. and a root gap of 3mm. A basic sintered type flux was used, and
      an electrode was placed in the weld groove of said work piece. The
      electrode was a low manganese content triangular electrode (an isosceles
      triangle in cross section, having a base 15 mm long, an isosceles side 20
      mm long and a cross sectional area of 150 mm.sup.2). As a subsidiary
      backing member, an iron plate of 6 mm in thickness was bent to form a
      channel having a circular arc shape in cross section, a maximum depth of
      10 mm and a width of 80 mm. The backing member thus formed was placed
      beneath the weld groove. Then submerged arc welding of the type described
      above was conducted by causing an electric current of 1,600 A to flow
      through said triangular electrode. The test results revealed that there
      was formed a good back bead that was not obtainable when using the
      conventional process.
PAC  EXAMPLE 2
PAR  A workpiece to be welded was of a plate form and had a groove angle of
      50.degree.and a root gap of 4 mm. A MnO--SiO.sub.2 series neutral fusion
      type flux was used and, as an electrode, a high Mn--Mo content triangular
      electrode (an isosceles triangle in cross section, having a base 20 mm
      long, an isosceles side 28 mm long and a cross sectional area of 250
      mm.sup.2) was utilized. As a subsidiary backing member, an iron plate of
      80 mm in width and 15 mm in thickness was bent to form a channel having a
      rectangular cross section (a width of 80 mm and a depth of 15 mm). The
      backing member thus formed was placed beneath the weld groove. Then,
      submerged arc welding of the type specified above was conducted by causing
      electric current of 2,400 A to flow through the triangular electrode. The
      test results revealed that a back bead of a width of 12 mm and penetration
      on either side of the weld having a minimum depth of 4mm was obtained,
      whereas with the conventional process, a back bead of 6 mm in width and
      penetration on either side of the weld having a depth of only 1 mm was
      obtained.
PAR  In addition to the above advantages, the present invention provides the
      following applications and effects:
PA1  i. Even in the case of a groove angle of, say, 40.degree., there can be
      obtained a back bead.
PA1  ii. If the root gap is below 4 mm and inclusive, there can be obtained a
      back bead.
PA1  iii. Even if a `Y` type weld groove is used, there can be obtained a back
      bead.
PA1  iv. Even with a weld groove having irregular surfaces caused by a manual
      gas cutting, there can be obtained a back bead.
PA1  v. Even if there are tack beads on the surfaces of the weld groove, there
      can be obtained a back bead.
PA1  vi. Even in cases where the conditions such as (i) through (v) above are
      present partially on the welding line, there can be obtained a uniform
      back bead.
PA1  vii. In the cases of (i) through (vi) above, poor penetration can be
      minimized.
PAC  THE THIRD EMBODIMENT
PAR  Referring now to FIG. 8, in which there is shown another embodiment of the
      submerged arc welding process according to the present invention, and to
      FIG. 9, in which there is shown a side elevation thereof, an electrode 4
      is placed in a weld groove 2 of the work piece to be welded, with an
      insulating material of glass tape 3 interposed between the electrode 4 and
      the inner surfaces of the weld groove, over which there is scattered a
      flux 5. A flux to provide for the formation of the back bead, a backing
      material 6 such as a glass tape and a backing member 7 made of a copper
      plate are placed as shown on the undersurface of the weld groove. One
      terminal of a welding transformer 9 is connected to the work-piece 1 to be
      welded, with the other terminal connected by a known method to the
      electrode 4. Furthermore, a subsidiary backing member 8 is placed under
      the backing member 7 in such a manner that said subsidiary backing member
      8 may be electrically insulated from said workpiece to be welded, said
      subsidiary backing member being made of a metal such as iron. Both
      terminals of a subsidiary transformer 10 are connected by using an
      in-phase connection to the subsidiary backing member 8, said inphase
      connection feeding an electric current from a single phase power source to
      flow through the subsidiary backing member, said electric current being
      approximately 3 to 50% of the welding current flowing in the same
      direction as that of the welding current during the welding operation. As
      seen in FIG. 10, an electric current flows through the subsidiary backing
      member 8 in this manner, the direction of the magnetic flux C.sub.1, which
      is created by the electric current flowing through the welding electrode
      4, will be in reverse at the undersurface of the weld groove to that of
      the magnetic flux C.sub.2 which is created by the electric current flowing
      through the subsidiary backing member 8, thus resulting in a mutual
      off-setting. Conversely, both magnetic fluxes will be reinforced or
      strengthened at the position above the weld groove. Since the welding arc
      tend to be directed toward the region of the thinner or lowest density of
      magnetic flux, the arc will be directed downwardly, while the
      electronmagnetic force (F) will likewise be directed downwardly by means
      of the subsidiary electric current and the welding current, whereby the
      downward directivity of the arc will be further enhanced. As a result, the
      penetration of the weld will be extremely deepened, such that good welding
      can be achieved, even if the workpiece has a thick gage and a narrow weld
      groove. Furthermore, because of the downward directivity of the arc, the
      space occupied by the arc will become smaller with a resultant reduced
      amount of flux used. This further leads to the formation of a lesser
      amount of slag as well as to a reduced amount of flux to be scattered over
      the weld groove. Those advantages and features of the welding, with the
      aid of the downward directivity of the electromagnetic force (F), will
      result in a uniform and smooth surface of the deposited metal with an
      advantageous peelability of the slag formed.
PAR  On the other hand, although it may be possible to cause an electric current
      to flow through the copper backing member 7 without using the subsidiary
      backing member 8, it should be noted that the subsidiary electric current
      is relatively small in quantity as compared with the welding current.
      Accordingly, in order to concentrate the magnetic flux caused by the
      subsidiary electric current at the undersurface of the weld groove, it is
      advantageous to use a subsidiary backing member 8 having a channel 12
      which extends lengthwise thereof.
PAR  Alternatively, when the connection of both terminals of the subsidiary
      transformer 10 to the subsidiary backing member 8 is reversed as shown by
      the dotted lines in FIG. 8 to thereby reverse the direction of flow of the
      welding current and the subsidiary electric current, then the arc will be
      directed upwardly by means of the subsidiary electric current, while a
      region of thinnest or lowest density of magnetic flux will be created
      above the weld groove. Thus, the arc will be directed upwardly, thereby
      accomodating welding processes in which a shallow penetration into the
      base metal is required.
PAR  The relationship between the welding transformer 9 and the subsidiary
      transformer 10, i.e., the welding current and the subsidiary electric
      current, may comprise an in-phase or reversed phase electric current
      obtained by a single phase electric power source, or an electric current
      to which has been imparted a phase and which is fed through a `V`
      connection or a Scott connection from a three-phase power source, or
      otherwise may be a combination of alternating and direct currents.
      Particularly, in the case of the combination of alternating and direct
      currents, the arc can be directed alternately upwardly and downwardly per
      half cycle of the A.C. power source such that there will result a deep
      penetration. no undercut portion, a reduced amount of slag and an improved
      peelability of slag. The additional advantages which accrue are the
      non-metallic inclusions and gas contained in the molten metal may float up
      to the molten metal surface to thereby prevent internal defects in the
      deposited metal, thereby providing improved mechanical properties. Such
      advantages result from the agitating action of the slag and molten metal
      in the vicinity of the arc produced, which agitation is due to the upward
      and downward movements of the arc.
PAR  On the other hand, in the case of a multi-layer welding, as depicted on
      FIG. 11, there can be obtained good welding for the first layer of the
      deposited metal for the same reasons which were described with respect to
      FIGS. 8 to 10. In the case of the second layer welding, as shown in FIG.
      11, since the bottom portion of a weld groove of a work piece 1 is welded
      together to form the first layer weld zone 11, the magnetic flux created
      by the welding current flowing through the welding electrode 4 and by the
      subsidiary electric current flowing through the subsidiary backing member
      8 will pass through the first layer of weld zone 11 such that both
      magnetic forces will be offset or reduced in density to direct the arc
      downwardly.
PAR  With the reversed phase electric current, as shown by the dotted lines in
      FIG. 8, the arc will be directed upwardly for the same reasons as
      described above.
PAC  THE FOURTH EMBODIMENT
PAR  Alternatively, there is depicted in FIG. 12 the case wherein there is used
      a subsidiary backing member in which a solid flux 16 is placed in a
      metallic casing 15 having a lengthwise channel therein. The subsidiary
      electric current may be directed through the metallic casing 15, avoiding
      the use of the subsidiary backing member 8 as shown in FIG. 8.
PAC  THE FIFTH EMBODIMENT
PAR  FIG. 13 shows the arc welding process of the present invention being
      applied to a horizontal fillet welding. In this example, a coated welding
      rod 20 is placed in a side-by-side relation along the weld line, and both
      terminals of a welding transformer 9 are connected in a known manner to
      welding rod 20 and to a work piece 21 to be welded. Furthermore, a
      subsidiary backing member 22 in a rod form having insulating material
      coated therearound is placed on the opposite side of the welding rod 20
      with respect to the vertical plate. The subsidiary electric current is
      caused to flow through said subsidiary backing member 22 from the
      subsidiary transformer 10.
PAR  Advantages similar to those obtained in the case shown in FIG. 8 can be
      expected, i.e., the arc may be directed toward the subsidiary backing
      member and the electromagnetic force created by the subsidiary electric
      current may also be directed upwardly. This aids in preventing the
      formation of a bead of excessive width caused by the downward flow of the
      molten metal, which has long been a problem in the art of fillet welding.
PAR  As is clear from this example, the shape of the subsidiary backing member
      of the present invention may be of the type having a lengthwise channel as
      shown in FIG. 8, or may be of a rod form, as necessary, although it should
      be made of an electrically conductive material.
PAR  Alternatively, the subsidiary backing member 22 may be tackwelded to the
      work piece to be welded so as to prevent the movement or misalignment of
      the subsidiary backing member 22 during the welding operation. In this
      case, however, the subsidiary electric current flows through the work
      piece to be welded, since the subsidiary electric current tends to flow
      through the portion having the lesser electric resistance, such as a
      majority of the electric current will flow through the subsidiary backing
      member 22. Accordingly, a small quantity of electric current will flow
      through the work piece 21, thus exerting no appreciable effect on the
      welding effect of the arc welding process according to the present
      invention. Thus, the arrangement of the subsidiary backing member being
      insulated from the work piece to be welded may include tack-welding as
      described above, as well as that of the subsidiary backing member with an
      insulating coating, or the case where the work piece has rust on its
      surface on which the subsidiary backing member is placed in an abutting
      relation thereto. In other words, the term `insulation` as used herein may
      include such a condition where most of the subsidiary electric current is
      flowing through the subsidiary backing member.
PAR  On the other hand, even when a gravity type welder or a low angle type
      welder is used for fillet-welding, the greater bead width due to the
      downward flowing of the deposited metal may be prevented, because there
      arises a region of thinnest or lowest density of magnetic flux at a
      position where the two planes of the magnetic flux intersect with each
      other, although the plane of magnetic flux created by the welding current
      is somewhat out of coincidence with that created by the subsidiary
      electric current.
PAC  THE SIXTH EMBODIMENT
PAR  FIG. 14 shows the arc welding process of the present invention applied to
      build-up welding. A build-up electrode 32 is placed via insulating
      material 31 such as a glass tape on the upper surface of a base metal 30.
      The terminals of a welding transformer 9 are connected by a known manner
      to the welding electrode 32 and the base metal 30. A subsidiary backing
      member 34 is placed via insulating material 33 such as glass tape in
      contact with the undersurface of the weld groove, while both terminals of
      a subsidiary transformer 10 are connected to the subsidiary backing member
      34. When the wiring arrangement as shown by the solid lines of FIG. 8 is
      used and the base metal 30 is of a ferromagnetic substance, then the
      magnetic flux created by the subsidiary electric current and welding
      current will pass through the base metal as shown in FIG. 14, such that
      there will be created a region of least density of the magnetic flux
      within the base metal beneath the weld zone, and thereby the arc produced
      will be directed downwardly, while the downward directivity of the arc
      will further be enhanced by an electromagnetic force, whereby the
      penetration will be deepened further. On the other hand, in the case where
      the base metal has been subjected to a heat-treatment or in the case where
      steel having a greater carbon content (such as high manganese steel) is
      used as a base metal and thus the adverse effect by the welding heat on
      the base metal should be avoided, then the phases of the welding current
      and subsidiary electric current should be opposite to each other as shown
      by the dotted lines of FIG. 8, so that the arc may be directed upwardly,
      thereby providing the desired lesser penetration.
PAR  The build-up welding can be applied to the lining of chemical equipment.
      For instance, as shown in FIG. 15, the lining is applied to the inner
      surface of a reactor 40 by using stainless steel build-up welding. In this
      case, however, a stainless steel electrode 41 is placed via insulating
      material on the inner surface of the reactor, while a subsidiary backing
      member 42 of a strip form is positioned via insulating material around the
      outer periphery of said reactor 40. The subsidiary electric current is
      caused to flow through the subsidiary backing member 42 to thereby effect
      the lining with the required depth of penetration.
PAR  FIG. 16 shows an arc welding process in which an electrode is placed in the
      weld groove as has been described eariler. In this figure, a subsidiary
      backing member 50 is placed above the weld groove or weld zone and has a
      plurality of holes 51 therein which permit the egress of the gas which
      develops during the welding. The inner surface of the subsidiary backing
      member 50 is coated with an insulating material such as a glass tape 52.
      In this respect, to direct the arc downwardly, the direction of the
      subsidiary electric current flowing through the subsidiary backing member
      should be opposite to that of the current flowing through the welding
      electrode 4. With this arrangement, there will be created a region of
      thinnest or lowest density of magnetic flux on the undersurface of the
      weld groove, thus resulting in a downwardly directed arc.
PAC  THE SEVENTH EMBODIMENT
PAR  FIG. 17 shows the seventh embodiment of the arc welding process of the
      present invention, in which there are placed two subsidiary backing
      members 60 and 61 via insulating materials 63 and 64 on the undersurface
      of the weld groove but on the opposite sides thereof, respectively. The
      subsidiary alternating currents each having a phase difference of
      180.degree. are caused to flow through said subsidiary backing members 60
      and 61, while alternating current is also used as the welding current.
      With this arrangement, the line of magnetic force C.sub.1 can be
      maintained constant, whereas the directions of the subsidiary electric
      currents vary at all times, thereby changing the lines of magnetic force
      C.sub.2 and C.sub.3, such that there will be created thin and thick
      portions of the magnetic flux by means of the magnetic force C.sub.1,
      C.sub.2 and C.sub.3 on both sides A and B of the weld groove, alternately.
      Accordingly, the arc will be switched over as shown by an arrow 65 from
      one side to another. This aids in deepening the penetration with a
      resultant uniform surface of the deposited metal, while the peelability of
      the slag may be improved and the removal of gas and non-metallic
      inclusions contained in the molten metal may be effected due to the
      agitating action of the molten metal and slag, such that a good deposited
      metal can be obtained.
PAR  Alternatively, a pair of subsidiary backing members may be placed above the
      weld groove or above and underneath the groove, respectively, as desired.
PAC  THE EIGHTH EMBODIMENT
PAR  Still with reference to FIG. 17, direct currents having opposite directions
      may be used as the subsidiary electric currents flowing through subsidiary
      backing members 60 and 61, respectively, while an alternating current is
      used as the welding current. Furthermore, electric currents having a phase
      difference may be used as the subsidiary electric currents. In the latter
      case, there will be created thin and thick regions of magnetic flux
      density at the regions A and B, alternately, such that the arc produced
      will be periodically switched over from one side to another as shown by
      arrow 65. Such effect may be further enhanced by using subsidiary electric
      currents having a phase difference of 180.degree. and by using as a
      welding current an alternating current having a phase difference of
      90.degree..
PAC  THE NINTH EMBODIMENT
PAR  FIG. 18 shows the arc welding process of the present invention applied to
      an electrogas welding. In this figure, a welding wire 73 is fed into a
      weld groove of the work pieces 70 and 71 to be welded together, and
      subsidiary backing members 76 and 77 (in most cases comprising copper
      backing members) are placed on the opposite upper and lower sides of work
      pieces 70 and 71, respectively, with the insulating materials 74 and 75
      interposed between said subsidiary backing members 76 and 77 and the work
      pieces 70 and 71, respectively. Alternating currents having a phase
      difference of 180.degree. are caused to flow through the subsidiary
      backing members 76 and 77, while a direct current flows through the
      welding wire 73, such that, for the same reasons as in the case depicted
      in FIG. 17, the arc produced will be switched over from one side to
      another to and between the subsidiary backing members 76 and 77, providing
      a rocking motion of the arc. It follows that a uniform surface of the
      deposited metal can be achieved due to the weaving action, as well as
      bringing about easy removal of the gas contained in the molten metal due
      to the agitating action of the molten metal and slag.
PAR  As is apparent from the foregoing description, according to the arc welding
      process of the present invention, at least one subsidiary backing member
      is placed in close vicinity to the work piece to be welded, in such a
      manner so as to be insulated therefrom and extend along the weld line, and
      electric current is caused to flow through said subsidiary backing member,
      whereby the arc produced will be directed to the required portion in the
      weld groove to thereby adjust the depth of penetration of the deposited
      metal. Furthermore, this type of arrangement of the welding process finds
      various applications as has been described thus far, with the resultant
      attractive advantages.
PAR  It should be recognized, however, that there have been proposed various
      processes wherein electric current is caused to flow through the molten
      metal to prevent the undercut of the bead. However, that type of process
      has been proven to fail when applied to the welding of a work piece having
      a narrow root gap and a small groove angle. In addition, that type of
      process suffers from disadvantages in that, as compared with the
      conventional processes, a great amount of electric current is required to
      weld the same work piece, thus being inapplicable to a steel having a
      greater carbon content and causing a shortage in the capacity of the power
      source, if the welding requires a great amount of electric current. The
      present invention has succeeded in avoiding such drawbacks with the
      aforedescribed attractive results.
PAC  EXAMPLE 3
PAR  Each welding equipment was arranged as shown in FIGS. 8 and 9, and an
      in-phase alternating current was used as the welding current and
      subsidiary electric currents. A photograph of the cross section of the
      weld zone thus obtained is shown in FIG. 19. A complete insulation was
      maintained between the subsidiary backing member and the work piece to be
      welded.
PAR  Welding specifications:
PA1  Work piece to be welded -- thickness, 32 mm; Type of Steel, SM-50 (Japanese
      Industrial Standard)
PA1  Weld groove -- Groove angle, 50.degree.; `V` type; Root gap, 4 mm
PA1  Welding electrode -- Isosceles triangular, high Mn-Mo base electrode having
      a base of 20 mm and height of 28 mm.
PA1  Flux -- Fusion type basic flux
PA1  Welding current -- 2400 A (AC)
PA1  Subsidiary electric current -- 200A (AC)
PA1  Insulating material -- Glass fiber tape
PA1  The rate of the amount of slag produced -- 2300 g/m
PAC  EXAMPLE 4
PAR  The same specifications as in Example 3 were utilized except that the
      subsidiary electric current was 800 A (AC) and the subsidiary backing
      member was placed in a manner so as to contact the work piece to be welded
      to thereby cause the subsidiary electric current to flow through the
      subsidiary backing member as well as the work piece to be welded. FIG. 20
      shows a photograph of the cross section of the weld zone thus obtained.
      The rate of the amount of slag produced was 1,840 g/m.
PAR  As is clear from FIGS. 19 and 20, the arc welding process of the invention,
      in which the subsidiary backing member is insulated from the work piece to
      be welded, provides a deeper penetration, despite the subsidiary electric
      current being one fourth the welding current, as compared with the case
      where the subsidiary backing member is not insulated from the work piece
      to be welded. This means that if the subsidiary electric current is
      allowed to flow through the work piece, then the objects of the present
      invention will not be attained in that a much greater amount of electric
      current would be required to attain a penetration of the same depth.
PAC  EXAMPLE 5
PAR  The same welding specifications were followed except for the omission of
      the use of the subsidiary electric current. FIG. 21 shows a photograph of
      the cross section of the weld zone thus obtained. The rate of the amount
      of slag produced was found to be 5,750 g/m.
PAR  As can be seen from FIG. 21, the omission of the subsidiary electric
      current leads to incomplete fusion at the bottom of the weld groove. When
      the subsidiary electric current is not used, there results incomplete
      penetration or failure to produce the back bead. The rate of the amount of
      slag produced when the subsidiary electric current was used was found to
      be 2,300 g/m, being over half the rate of that of the present example
      which was 5750 g/m. This proves that arc welding that utilizes the
      subsidiary electric current according to the present invention saves on
      the amount of flux to be used as compared with the case in which the
      subsidiary electric current is not used, as in this Example.
PAC  EXAMPLE 6
PAR  Welding equipments were arranged as shown in FIGS. 8 and 9, and a filling
      material containing iron powder was filled between the insulating tape 3
      and the work piece to be welded. The welding was conducted with in-phase
      alternating currents being used as the welding current as well as the
      subsidiary electric current, according to the following specifications.
      Photographs of the cross sections of the weld zones thus obtained are
      shown in FIG. 22. The insulation between the subsidiary backing member and
      the work piece to be welded was maintained satisfactorily.
PAR  Welding specifications:
PA1  Work piece to be welded -- thickness, 12  mm; Type of steel, SS-41
      (Japanese Industrial Standard)
PA1  Groove angle -- 50.degree., `V` type
PA1  Root gap -- 0, 2, 4, 6, 8, 10 mm
PA1  Welding electrode -- Isosceles triangular, low carbon steel base electrode
      having a base of 14 mm and height of 18 mm.
PA1  Flux -- Sintered type flux containing iron powder
PA1  Welding current -- 1250 A (AC)
PA1  Subsidiary electric current -- 400 A, 200 A (AC)
PA1  Insulating tape -- Glass fiber tape
PAR  As is clear from FIG. 22, according to the present example, there was
      obtained a deep penetration, or rather too deep a penetration in the case
      wherein a subsidiary electric current of 400 A (root gap of zero mm) was
      utilized. With the combined use of metal powder such as iron powder, there
      was achieved a good bead. Table 1 shows the amount of the slag produced
      and mechanical properties of the deposited metal of steel.
TBL                Table 1                                                     
     ______________________________________                                    
     Root    Rate of         Yield     Tensile                                 
     gap     the amount of   strength  Strength                                
     (mm)    slag produced (g/m)                                               
                             (kg/mm.sup.2)                                     
                                       (kg/mm.sup.2)                           
     ______________________________________                                    
     0       545             31.7      45.5                                    
     2       379             31.1      44.6                                    
     4       410             31.6      44.9                                    
     6       406             31.4      44.1                                    
     8       500             32.3      44.3                                    
     10      503             31.8      43.5                                    
     ______________________________________                                    
PAR  Table 1 reveals that the welding process of the present invention provides
      a minimized rate of the amount of slag produced along with satisfactory
      mechanical properties.
PAC  EXAMPLE 7
PAR  The same specifications were utilized as in Example 6, except that the
      subsidiary electric current was omitted and the welding current was
      increased to 1,600 A (AC). The lengthwise welding strain of the welded
      work piece was measured and compared with that of the work piece obtained
      in Example 6. Table 2 represents the results thereof.
TBL                Table 2                                                     
     ______________________________________                                    
     Root gap                                                                  
             Example 6     Example 7                                           
     ______________________________________                                    
     0    (mm)   0/1000     (mm) +10.0/1000                                    
                                          (mm)                                 
     2           +1.5/1000       + 6.9/1000                                    
     4           -1.5/1000       + 1.5/1000                                    
     6           0/1000          + 0.3/1000                                    
     8           0/1000          - 4.9/1000                                    
     10          +1.2/1000       - 8.9/1000                                    
     Total strain                                                              
             4.2               32.5                                            
     Average                                                                   
     strain  0.7/1000          5.4/1000                                        
     ______________________________________                                    
PAR  As can be seen from the above table, the welding strain in the case where
      the subsidiary electric current was utilized proved to be much less than
      in the case without the use of the subsidiary electric current, the values
      being reduced about one-eighth.
PAC  EXAMPLE 8
PAR  Welding equipments were arranged as shown in FIGS. 8 and 9, and the welding
      was conducted with in-phase alternating currents used as the welding
      current as well as the subsidiary electric current. A photograph of the
      cross section of the weld zone thus obtained is shown in FIG. 23. A good
      insulating relation was maintained between the work piece welded and the
      subsidiary backing member.
PAR  Welding specifications:
PA1  Work piece to be welded -- thickness, 12 mm; type of steel, SS-41 (Japanese
      Industrial Standard)
PA1  Weld groove -- groove angle 50.degree.; `V` type; root gap, 0 mm
PA1  Welding electrode -- A low Mn content steel base electrode having an
      isosceles triangular cross section having a base of 14 mm and a height of
      18 mm.
PA1  Flux -- Sintered type flux containing iron powder
PA1  Welding current -- 1,200 A (AC)
PA1  Subsidiary electric current -- 400 A (AC)
PA1  Rate of the amount of slag produced -- 550 g/m
PAC  EXAMPLE 9
PAR  The following welding specifications were followed. FIG. 24 shows a
      photograph of the undersurface of the weld zone thus obtained.
PAR  Welding specifications:
PA1  Welding electrode -- A low Mn steel base electrode having an isosceles
      triangular cross section with a base of 15 mm and a height of 20 mm.
PA1  Welding current -- 1600 A (AC)
PA1  Subsidiary electric current -- 0
PAR  The other particulars were the same as in Example 7. The rate of the amount
      of slag produced was 1,200 g/m. A comparison of the photograph of the back
      bead (FIG. 23) in the case wherein the subsidiary electric current was
      used, with that (FIG. 24) in the case where the subsidiary electric
      current was not used, reveals that even if the total electric current
      remains the same, a good back bead was obtained in the case of the use of
      the subsidiary electric current, whereas no back bead resulted in the
      absence of the subsidiary electric current. This proves that the arc
      welding process of the present invention can achieve good welding results
      with less welding current as compared with conventional processes.
      Accordingly, even if the work piece is susceptible to adverse effects due
      to welding heat, the present invention can be successfully applied in such
      a case because there is required only a small amount of welding current,
      i.e., heat input, thereby exerting no adverse effect on the work piece
      welded.
PAR  It should be appreciated that the desired value of the subsidiary electric
      current is a function of various conditions, such as the thickness of the
      work piece to be welded, the groove angle, the root gap, the welding
      current, and the required penetration depth. However, the subsidiary
      electric current is preferably 3 to 50% of the welding current.
PAR  The present invention provides numerous advantages over the prior art, and
      they can be summarized as follows for the second through ninth
      embodiments:
PAR  i. The combination of the use of an alternating current and direct current
      as the welding current and the subsidiary electric current permits a
      periodical change in the directivity of the arc, whereby the molten metal
      and the fused flux can be agitated with a resultant removal of gas and
      non-metallic inclusions, and achievement of a uniform metal structure and
      a weld zone having a high mechanical strength.
PAR  ii. When the arc welding process of the invention is applied to electrogas
      welding, the directivity of the arc can be changed periodically, thereby
      yielding an effect similar to that of weaving, such that the conventional
      weaving process can be avoided or the width of the weaving can be reduced.
PAR  iii. Where the arc welding process of the invention is applied to
      horizontal fillet welding, the arc produced can be directed in a
      horizontal or upward direction, such that various problems, such as
      non-uniform leg length of the deposited metal due to the downward flowing
      of the molten metal, can be avoided with a resultant good fillet welding.
PAR  iv. When the arc welding process of the invention is applied to build-up
      welding, the arc can be directed toward the work piece being welded, or if
      necessary, the arc can be controlled so as to lessen the penetration depth
      of the deposited metal. The welding can also be acomplished even where the
      base metal has been heat-treated, avoiding the post heat-treatment after
      the welding.
PAC  THE TENTH EMBODIMENT
PAR  In this embodiment, the arc being produced can be controlled for depth of
      penetration by varying the amperage of the subsidiary electric current,
      the direction of the electric current, and the phase difference between
      the welding current and the subsidiary electric current. This embodiment
      can be well adapted to a situation where the root gaps vary throughout the
      welding line of a work piece to be welded.
PAR  Referring now to FIG. 25, there is shown a schematic of a submerged arc
      welding apparatus in which an electrode is placed in the weld groove along
      the length thereof, as in FIG. 8. A work piece 21 has a `Y` type weld
      groove at the cross section VI--VI, shown in FIG. 26, perhaps due to poor
      workmanship, and has a `V` type weld groove at the other end at the cross
      section VII--VII, as shown in FIG. 27. Shown in FIGS. 25, 26 and 27 are an
      insulating material 23 such as a glass tape, a welding electrode 24, flux
      25, backing material 26, a copper backing member 27, a subsidiary backing
      member 28, a welding transformer 39, a subsidiary transformer 30, a
      conductor rod 31 and a subsidiary electric current controlling circuit 32.
      The subsidiary electric current controlling circuit 32 serves to adjust
      the current flowing through the subsidiary backing member 28 from the
      subsidiary transformer 30. When the welding proceeds in a direction from
      the `Y` type groove to the `V` type groove as shown in FIG. 5, the
      subsidiary electric current will be reduced continuously therewith, such
      that the electromagnetic force, caused by the parallel in-phase currents
      of the welding current and the subsidiary electric current and adapted to
      act on the arc so as to direct it downwardly, will be reduced accordingly,
      to thereby reduce the depth of the penetration therewith. Thus, a greater
      attracting force is created for the arc at the `Y` type groove and then a
      gradually less or reversed attracting force may be provided for the `V`
      type groove, whereby a constant welding condition may be obtained despite
      the differing groove conditions.
PAR  The relationship between the groove condition and the phase difference of
      the electric current will now be described. FIG. 28 shows a work piece 1
      having various weld grooves 2. FIGS. 29a, 29b, 29c and 29d are the cross
      sections taken along lines A--A, B--B, C--C and D--D, respectively of FIG.
      28. FIGS. 30a, 30b, 30c and 30d are explanatory views showing the phase
      conditions of the welding current I.sub.1 and a subsidiary electric
      current I.sub.2 at the respective cross sections taken as above, the phase
      differences being represented by .theta.a, .theta.b, .theta.c and
      .theta.d, respectively. Shown shaded in FIGS. 30a-30d are the portions
      where the phases of the currents coincide with each other to thereby
      direct the arc downwardly.
PAR  The `Y` type groove at the cross section A--A as shown in FIG. 29a
      comprises a shallow groove, such that deeper penetration is required. For
      this purpose, the in-phase subsidiary electric currents having a phase
      difference .theta.d of almost zero are caused to flow through the
      subsidiary backing member placed beneath the wild groove, with the result
      that deep penetration and a good back bead are obtained.
PAR  The `V` type groove taken at the cross section B--B as shown in FIG. 29b
      has a `V` type groove with zero root gap, such that a relatively smaller
      penetration will be required. Thus, the welding may be conducted by using
      a phase difference .theta.c of 90.degree., as shown in FIG. 30b. In this
      case, deep penetration cannot be obtained, although agitating action of
      the molten metal in the weld results to thereby provide a good back bead.
      Alternatively, in the absence of phase control, a small amount of in-phase
      electric current may be used as the subsidiary electric current. The weld
      groove at the cross section C--C as shown in FIG. 29c is of a `V` type
      groove having a small root gap, such that the welding may be conducted
      without the use of the subsidiary electric current or by using subsidiary
      electric current having a phase difference .theta.d greater than
      180.degree. as shown in FIG. 30c. Thus, the welding arc may be directed in
      a horizontal or upward direction, resulting in a good back bead.
      Alternatively, in the absence of phase control, the connection for the
      subsidiary electric current may be reversed to use the reversed phase
      current of a small amperage thus obtained.
PAR  The weld groove at the cross section D--D in FIG. 29d is of a `V` type
      groove, having a large root gap, such that there may be used a subsidiary
      electric current of a large amperage having a phase difference of
      360.degree. as shown in FIG. 30d. Accordingly, the arc will be directed
      upwardly to limit the formation of the back bead with the resultant good
      back bead similar to that obtained in the previous case.
PAR  In this manner, according to the present invention, the level and direction
      of the electric current may be adjusted to accomodate the varying groove
      shapes to achieve a uniform, good welding. Alternatively, when the
      subsidiary backing member is placed above the weld groove, the same
      results may be obtained by reversing the phase of the current.
PAR  Referring again to FIG. 25, there tends to be created a crater in the
      vicinity of or beneath the conductor rod 31. In the past, the adjustment
      for removing such a crater has a recourse to the timing of the conductor
      rod 31 to be removed. However, according to the present invention, such a
      crater may be successfully eliminated by adjusting the subsidiary electric
      current. More specifically, when the welding arc comes in the vicinity of
      the conductor rod, the subsidiary electric current may be reduced, or
      otherwise its phase difference to the welding current may be reversed by
      180.degree., such that the reversed phase parallel currents will produce a
      repulsive magnetic field which in turn acts on the arc so as to adjust the
      depth of penetration.
PAR  As has been described, the adjustment of the subsidiary electric current
      allows uniform welding even in the face of undesirable conditions such as
      varying groove conditions and or the occurrence of a crater. For this
      purpose, it is necessary that the subsidiary electric current be
      controlled through the subsidiary electric current controlling circuit 32
      so as to meet the varying shapes of the weld groove. Such a controlling
      method may be effected by means of a timer or by programming when welding
      speed can be considered to be constant or when the timing of welding at a
      specific position can be predetermined. This then permits a uniform bead
      to be obtained.
PAC  THE ELEVENTH EMBODIMENT
PAR  For automating such a controlling operation, the welding conditions may be
      detected continuously and then fed back to the subsidiary current
      controlling circuit. As one example, there has been proposed a method
      wherein the position of the welding arc is detected by a photocell such as
      phototransistor, while the temperature at the back bead corresponding to
      the position of said welding arc is detected by means which is responsive
      to temperature in a non-contacting manner, i.e., by such as an
      infrared-ray responsive element, such that the subsidiary current
      controlling circuit may be operated by means of the output thus obtained.
PAR  As is clear from the above, the present invention is directed to
      controlling the directivity of the arc governed by an electromagnetic
      force to thereby obtain a good welding condition. The following example
      embodies the controlled welding process according to the present
      invention. The materials used in the following example are as follows:
PA1  Thickness of the material to be welded -- 12 mm
PA1  Weld groove -- 50.degree., `V` type
PA1  Length of weld -- 560 mm
PA1  Condition of root gap -- Front half portion: 6 mm; Rear half portion: 0-2
      mm.
PAC  EXAMPLE 10
PAR  The above material was welded according to the submerged welding process of
      the type described, using basic sintered type flux and a manganese
      electrode at a welding electric current of 1,600 A. The front half portion
      having a root gap of 6 mm gave a back bead of about 9 mm in width, whereas
      the rear half portion could not give any back bead except for the crater
      portion.
PAR  In another test, the material the same as that in the previous case was
      welded by using a subsidiary transformer and a timerintegrated-type
      subsidiary electric current controlling device. 49 seconds after the
      welding had been started, the timer was actuated to cause a subsidiary
      electric current of 400 A to flow in a direction and at a phase the same
      as those of the welding current. As a result, both the front and rear
      halves yielded good weld joints having good back beads of 6 mm in width
      which required no back chipping welding.
PAR  However, even with the foregoing welding process using such a timer, there
      occured craters of about 600 mm in diameter both at a position spaced 280
      mm from the starting position of welding and where a varied root gap
      existed, and at the terminating position of welding, providing a back bead
      having a width as great as 20 to 25 mm.
PAR  However, since a back bead having such a large width should be prevented,
      because it leads to lateral cracking, the aforesaid subsidiary electric
      current controlling circuit was provided with an interruptor. Thus, the
      subsidiary electric current was interrupted for 40 seconds after the
      commencement of welding until the subsidiary transformer has been set to
      give 400 A, for the purpose of preventing the occurrence of a crater,
      after which the subsidiary electric current was caused to flow for 30
      seconds. The subsidiary electric current was cut before cutting the
      welding current in the vicinity of the terminating portion of the welding
      so as to prevent the occurrence of the crater.
PAR  As a result, there was obtained a uniform back bead throughout the front
      and rear half portions, free from craters.
PAR  It will be understood that the above description is merely illustrative of
      preferred embodiments of the invention. Additional modifications and
      improvements utilizing the discoveries of the present invention can be
      readily anticipated by those skilled in the art from the present
      disclosure, and such modifications and improvements may fairly be presumed
      to be within the scope and purview of the invention as defined by the
      claims that follow.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. An arc welding process, comprising the steps of:
PA1  positioning an electrode in a space defined by the inner surfaces of a weld
      groove in a length wise direction thereof,
PA1  interposing an insulating material between said electrode and said inner
      surfaces, and
PA1  placing an electromagnetic means in the vicinity of said weld groove,
PA1  applying a subsidiary electric current independent of said welding current
      to said electromagnetic means,
PA1  wherein said electromagnetic means comprises a first subsidiary backing
      member placed either above or beneath said weld groove and a second
      subsidiary backing member placed at a position opposite said first backing
      member with respect to said weld groove, said subsidiary electric current
      comprises two currents which flow in said first and second backing member,
      respectively and wherein a current flow through said first subsidiary
      backing member is in a direction opposite to a current flowing through
      said second subsidiary backing member and wherein said welding current
      comprises an alternating current and said subsidiary currents comprise
      direct currents,
PA1  for controlling the path of magnetic flux caused by a welding current to be
      applied to said electrode and members to be welded whereby the welding arc
      is directed towards a predetermined region in said groove.
NUM  2.
PAR  2. An arc welding process, comprising the steps of:
PA1  positioning an electrode in a space defined by the inner surfaces of a weld
      groove in a length wise direction thereof,
PA1  interposing an insulating material between said electrode and said inner
      surfaces,
PA1  placing an electromagnetic means in the vicinity of said weld groove,
PA1  applying a subsidiary electric current independent of said welding current
      to said electromagnetic means,
PA1  wherein said electromagnetic means comprises a first subsidiary backing
      member placed either above or beneath said weld groove and a second
      subsidiary backing member placed at a position opposite said first backing
      member with respect to said weld groove, said subsidiary electric current
      comprises two currents which flow in said first and second backing member,
      respectively, said first and second subsidiary backing members are
      substantially insulated from said members to be welded, and said current
      flowing through said first subsidiary backing member has a phase
      difference from said current flowing through said second subsidiary
      backing member, and said welding current comprises an alternating current,
      for controlling the path of magnetic flux caused by a welding current to
      be applied to said electrode and members to be welded whereby the welding
      arc is directed towards a predetermined region in said groove.
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PAL  A frangible panel having an electrically-energizable layer carried in an
      area thereof for heating the panel and main circuit means for supplying
      electrical power to the layer is provided with circuit breaker means
      operable to interrupt electrical power to the layer upon breakage of the
      panel. The circuit breaker means includes a fusible link connected in
      series with the layer and a solid-state control device connected in the
      main circuit in parallel with the layer. The solid-state device has a
      control gate which is connected to a sensing circuit surrounding the
      electrically-energizable layer and which is connected in the main circuit
      to render the solid-state control device non-conductive as long as the
      sensing strip is continuous and to render the solid-state control device
      conductive when the sensing circuit is broken. Thus, the solid-state
      control device connects the fusible link to ground and causes the link to
      blow, thereby interrupting power to the electrically-energized layer.
PARN
PAR  The present application is a continuation-in-part of our copending
      application Ser. No. 446,429, filed Feb. 27, 1974, now U.S. Pat. No.
      3,876,862.
BSUM
PAR  The present invention relates to electrically-energized glass panels; and
      more particularly, the present invention relates to circuit breaker means
      for interrupting power to a frangible panel in the event it breaks.
PAR  In our aforementioned patent, there are disclosed various embodiments of an
      invention which operates to interrupt power to an electrically-energized
      layer on a glass panel in the event the panel breaks or becomes cracked.
      The various embodiments include circuit breaker means controlled by a
      solid-state device connected to a sensing circuit strip carried on the
      panel around the area. When continuity of the strip is broken, as would
      occur when the panel is cracked or broken, the solid-state device is
      rendered non-conductive, thereby interrupting power to the panel. Although
      the apparatus disclosed in our patent operates entirely satisfactorily and
      safely, there exists a need for apparatus providing an even greater margin
      of safety.
PAR  With the foregoing in mind, it is a primary object of the present invention
      to provide an electrically-energized glass panel having an improved
      circuit breaker and breakage-sensing arrangement which operates with the
      highest degree of safety.
PAR  Another object of the present invention is to provide a completely
      fail-safe system for interrupting power to an electrically-energized glass
      panel in the event of breakage of the panel.
PAR  More specifically, in the present invention, an electrically energizable
      layer carried in an area of a frangible panel is supplied with electrical
      energy by main circuit means which includes a pair of parallel bus bars
      carried on the panel. A fusible link is connected in series with the
      high-voltage bus bar, and a solid-state device is connected in parallel
      with the layer across the bus bars. The solid-state device has a control
      gate which is connected to the low-voltage bus bar by means of a
      continuous sensing circuit extending around the layer. The gate is also
      connected to the high-voltage bus through a high-impedance resistor. The
      sensing circuit renders the solid-state device non-conductive as long as
      the sensing circuit is continuous and renders the solid-state device
      conductive when the sensing circuit is interrupted, such as when the panel
      is broken. As a result, the solid-state device substantially
      short-circuits the bus bars to blow the fusible link and thereby to
      interrupt power to the layers on the panel.
PAR  These and other objects, features and advantages of the present invention
      should become apparent from the following description when taken in
      conjunction with the accompanying drawing which illustrates schematically
      a frangible panel having the improved breakage sensing and circuit breaker
      means of the present invention.
DETD
PAR  Referring now to the drawings, the numeral 10 indicates schematically a
      frangible panel of glass or other material. A layer of electrically
      resistive material 11 is secured to the panel 10 in copolanar relation,
      and power is supplied to the layer 11 by a pair of parallel bus bars 12
      and 13 carried on the panel 10 in electrical contact with the layer 11.
      The bus bar 12 is the high-voltage or hot bus, and the bus bar 13 is the
      low-voltage or ground bus. Thus, electrical energy supplied to the
      high-voltage bus 12 flows through the layer 11 to the bus 13 and to
      ground, causing the layer 11 to generate heat for heating the panel. A
      typical layer has an impedance between bus bars of about 130-180 ohms. As
      a result, a current flow of about 1 ampere can be expected to flow through
      layer 11.
PAR  For a more detailed discussion as to the structure and operation of this
      type of panel, reference is made to our U.S. Pat. No. 3,876,862 issued on
      Apr. 8, 1975, the disclosure of which is hereby incorporated herein.
PAR  In accordance with the present invention, highly safe yet simple circuit
      breaker means is provided to interrupt power to the
      electrically-energizable layer 11 in the event the panel 10 breaks. To
      this end, a fusible link or fuse 14 is connected in series with the
      high-voltage bus 12, and hence the layer 11, in the main circuit which
      includes a high-voltage supply lead 15 connected to the high voltage bus
      12 and a low voltage lead or ground 16 connected to the ground bus 13.
      Breakage sensing circuit means 17 in the form of a thin elongated strip is
      provided on the panel 10 to sense breakage of the panel 10 and to actuate
      control means 18 to provide a low-impedance shunt around the layer 11 and
      downstream of the fusible link 14. The sensing circuit means 17 cooperates
      with the control means 18 to render the same non-conductive as long as the
      sensing circuit 17 is continuous; however, if the panel breaks, continuity
      of the sensing circuit means 17 is interrupted, and the control means 18
      is actuated to substantially short-circuit the fusible link 14. As a
      result, the link 14 blows and power to the bus 12 and hence to the layer
      11 is thereby interrupted. The fusible link 14 is sized to carry the
      current normally flowing through the layer 11. Since such current is about
      1 ampere for a typical panel a fuse 14 having a capacity, without blowing,
      of 1.5 amperes would be provided. The fuse 14 should also be of the "fast
      blow" type.
PAR  In the present instance, the control means 18 is provided by a solid-state
      device such as a conventional silicon control rectifier (SCR). The anode
      of the SCR 18 is connected to a terminal 20 downstream of the fusible link
      14. The cathode of SCR 18 is connected to a relatively low impedance
      resistor 21 to the ground bus 13 or ground lead 16. The gate of the SCR 18
      is connected to a terminal 22, and a high-impedance resistor 23 connects
      the terminal 22 to a terminal 24 in the high-voltage supply line 15. One
      end 17a of the sensing circuit strip is connected to the low-voltage
      ground bus 13 or lead 16.
PAR  Preferably, the low impedance resistor 21 has a value of about 5 ohms, so
      that when connected across the main circuit 15 and 16, current flow
      through the fuse 14 exceeds its capacity, causing the fuse 14 to blow. Of
      course, the low-impedance resistor 21 also protects the SCR 18 against
      excessive current when the SCR 18 is gated. The value of the low-impedance
      resistor 21 is substantially lower than the resistance of the layer 11.
PAR  In operation, alternating current power (120 V.A.C.) supplied to the main
      circuit means causes electrical current to flow through the resistance
      layer 11 from the high-voltage bus 12 to the low-voltage bus 13. At the
      same time, full power is supplied to the anode of the SCR 18, and a very
      low voltage is supplied to the gate through the high-impedance resistor
      24. The gate of the SCR 18 is connected to the ground lead 16 through the
      very low-impedance sensing strip 17 so that the voltage supplied to the
      gate of the SCR 18 is exceedingly low and not of sufficient magnitude to
      cause it to conduct. In the event the strip 17 becomes broken, however,
      such as when the panel 10 breaks, a positive voltage sufficient to
      activate the SCR is applied to the gate of the SCR 18 through the
      high-impedance resistor 23. As a result, the SCR conducts and provides a
      low-impedance shunt across the layer 11. This causes the fusible link 14
      to blow, thereby interrupting the power to the high-voltage bus 12 and
      hence to the layer 11. Thus, in the event that a person were to contact
      the panel after it has been broken, the person would not receive an
      electrical shock.
PAR  While the disclosed circuit breaker means has been described in combination
      with a sensing strip completely surrounding an electrically-energizable
      layer, it is contemplated that any one of the sensing strips and breaker
      mounting arrangements disclosed in our aforementioned patent may be
      utilized satisfactorily therewith.
PAR  In view of the foregoing, it should be apparent that there has now been
      provided a highly safe and effective circuit breaker and sensing circuit
      arrangement for use in combination with electrically energized glass
      panels to interrupt power to the panels in the event of breakage.
PAR  While a preferred embodiment of the present invention has been described in
      detail, various modifications, alterations or changes may be made without
      departing from the spirit and scope of the present invention as defined in
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination with a frangible panel having an electrically-energizable
      layer secured thereto in coplanar relation and main circuit means having
      upper and lower voltage level leads for supplying electrical power to said
      layer, the improvement comprising: circuit breaker means connected in said
      main circuit for interrupting electrical power to said
      electrically-energizable layer upon breakage of said panel,
      electrically-actuated control means operable to cause said breaker means
      to conduct electricity when said main circuit means is energized, and a
      frangible sensing circuit strip carried by said panel and extending around
      a substantial portion of said electrically-energizable layer to detect
      breakage of said panel, said circuit breaker means including a fusible
      link connected in series with said upper voltage lead in said main circuit
      means and in series relation with said electrically-energizable layer,
      said control means including a solid-state device connected in said main
      circuit means in parallel relation with said electrically-energizable
      layer and in series with said fusible link, said solid-state device having
      gate means operable to render said solid state control device selectively
      conductive and non-conductive, and means electrically connecting one end
      of said sensing circuit strip to said gate means and the upper voltage
      lead and means electrically connecting the other end of said sensing
      circuit strip to the lower voltage lead in said main circuit means to
      maintain said solid-state control device non-conductive so long as said
      sensing circuit strip is continuous and to cause said solid-state control
      device to conduct when continuity of said sensing circuit strip is
      interrupted, whereby the solid state control device shunts the
      electrically-energizable layer and blows the fusible link to interrupt
      power to the electrically-energizable layer.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said solid state control device
      conducts electricity upon application of a positive voltage to said gate
      means, and said means electrically connecting said gate means to said
      upper voltage level lead includes a resistor having a high impedance
      relative to the impedance of said frangible sensing strip between said
      gate means and said low voltage level lead, so that said strip normally
      applys voltage at substantially said lower voltage level to said gate
      until said strip is interrupted, whereby a positive voltage is applied to
      the gate means to render the solid state control device conductive for
      blowing the fusible link.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said solid state control device
      includes a silicon control rectifier having its anode electrically
      connected to said upper voltage lead and its cathode connected to said
      lower voltage lead through another resistor having an impedance
      substantially lower than the impedance of said layer across said upper and
      lower voltage leads.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said fusible link has a
      current-carrying capacity sufficient to carry current to said energizable
      layer during normal operation thereof but insufficient to carry current
      through said solid-state device and said another resistor when activated
      upon breakage of said sensing strip.
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PAL  An electronic voting machine includes a number of terminals to facilitate
      accommodating virtually any ballot with nearly the minimum amount of
      apparatus for the particular ballot. A display lists the candidates for
      each office beside an identifying tag. A poll worker actuates a switch
      which enables the apparatus to receive vote selection indicated on a
      keyboard by the voter. The voter operates a switch to identify the office
      or issue being voted and then enters his choice on a keyboard to cause a
      signal representative of his selection to enter a temporary storage means
      and be illuminated on a display means. The voter turns a switch to the
      office or issue voted upon, enters a number representative of the
      candidate or issue decision selected and sees his vote displayed as it
      enters storage. A circuit arrangement prevents more than a predetermined
      number of votes for an office from entering storage and indicates an
      invalid vote on the display when the voter tries to cast more than the
      authorized number of votes for a particular office or issue. The voter may
      also indicate his desire to write in for a particular office by entering
      his choice on a keyboard and operating a switch to identify the choice as
      a write-in, whereby a signal indicating that a write-in vote is being cast
      for that office enters temporary storage. If the write-in is valid, the
      voter may write in his vote for a particular office, and the write-in vote
      cannot be seen by others until voting is completed and all write-in votes
      counted. Upon completing his voting, the voter actuates an enter switch
      that causes transfer of his votes in temporary storage into an appropriate
      accumulator, such as a computer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to automatic vote recording and
      more particularly concerns novel apparatus and techniques for reliably,
      rapidly and securely accummulating votes manually entered by voters with
      relatively economical apparatus characterized by extreme flexibility for
      accommodating a wide variety of ballot forms, numbers of candidates,
      offices and acceptable votes for each office. The invention is especially
      useful in connection with an easily programmed electronic computer for
      recording the votes, first at the precinct level and thereafter at a
      central location.
PAR  Election results accurately reflecting the choices made by the voters is
      vital to the democratic process in all kinds of elections, whether they be
      for governmental offices, changes in laws, or in private elections, such
      as for offices of an organization. Where the number of voters is small,
      the paper ballot is acceptable provided honest careful officials supervise
      the dispensation and counting of ballots. The disadvantages of paper
      ballots in most large elections are readily apparent. Each vote from each
      ballot must be manually tallied and accummulated. Apart from the time
      required, the opportunities for even honest errors is evident.
      Accordingly, many voting authorities now use automatic techniques for
      accummulating votes.
PAR  A typical approach is the mechanical automatic voting machine. There is one
      bulky machine for each voting booth. Each machine is individually set up
      for each electron with a sequence of mechanical adjustments. A voter
      enters the booth and pulls knobs to register his votes. Opening the
      curtain registers the votes and readies the machine for the next voter.
      After the polls close, the count from each machine are manually tabulated
      in each precinct. Moving these bulky machines in and out of the polling
      places for each electron is disadvantageous. Storing these bulky machines
      is costly. Still another disadvantage is the relative inflexibility of
      these machines. Each machine must have enough voting channels to
      accommodate the largest number of expected offices and candidates even
      though most will not be used. The result is costly bulky mechanical
      machines.
PAR  Other automatic counting approaches include the use of manually punched
      business machine cards and paper ballots marked with a special marking
      device. Business machines then scan the business machine cards or paper
      ballots to accummulate the vote totals. These techniques are subject to
      not insubstantial errors.
PAR  For a discussion of prior art in electronic voting machines reference is
      made to U.S. Pat. No. 3,793,505. Despite the extensive array of prior art
      in this field, the electronic voting machine of the prior art has not yet
      made appreciable entry into the automatic voting machine market.
PAR  It is an important object of this invention to provide improved apparatus
      for voting automatically that overcomes one or more disadvantages of prior
      art apparatus, such as those enumerated above.
PAR  It is a further object of the invention to achieve the preceding object
      with apparatus that is reliable, relatively free from complexity, capable
      of economically accommodating a wide variety of ballot formats and is
      especially suitable for use with a simply programmed digital computer.
PAR  It is a further object of the invention to achieve one or more of the
      preceding objects with apparatus that facilitates accommodating write-in
      votes.
PAR  It is a further object of the invention to achieve one or more of the
      preceding objects with apparatus that enables the voter to observe vote
      selections before they are entered into the accumulated total and make
      changes, if desired.
PAR  If it a further object of the invention to achieve one or more of the
      preceding objects with apparatus that may be constructed in modular form
      via connection of two voting terminals within one booth, or by insertion
      of additional memory in the format legalizer apparatus, for facilitating
      accommodating virtually any election while using only essentially the
      minimum necessary for a given election.
PAR  It is still another object of the invention to achieve one or more of the
      preceding objects with apparatus that may be relatively easily controlled
      to insure honest voting.
PAR  It is still another object of the invention to achieve one or more of the
      preceding objects while maintaining the secrecy of the ballot.
PAR  It is still a further object of the invention to achieve one or more of the
      preceding objects while maintaining an accurate count of not only the
      votes cast by a voter but also the number of selections which the voter
      could but did not choose (blanks).
PAR  It is still another object of the invention to achieve one or more of the
      preceding objects while presenting signals representative of votes in such
      a manner that a computer may function simply as an accumulator of the
      votes for each candidate.
PAR  Still another object of the invention is to achieve one or more of the
      preceding objects while providing simple apparatus to prevent a voter from
      selecting more than a predetermined authorized number of candidates for a
      particular office.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is display means for displaying the
      candidates for each office beside an associated designation, such as a
      number, uniquely identifying each candidate, for each office, and uniquely
      identifying each candidate among all the candidates and issues on that
      ballot. There is vote selecting means for actuation by a voter to
      designate the identifying tag of a candidate or issue selected. There is
      vote display means for indicating the selected vote of the voter then
      voting. There is temporary storage means for receiving signals
      representative of each vote cast by the voter then voting. There is also
      means for selectively cancelling a vote cast by the voter then voting.
      There is also final selection means responsive to actuation of a voter
      then voting when satisfied with the vote indicated for effecting transfer
      of the selected votes from the temporary storage means into means for
      accumulating the votes being cast, such as a digital computer.
PAR  According to another aspect of the invention, there is means responsive to
      selection of a predetermined number of candidates for an office for
      preventing entry of another vote for that office into the temporary
      storage means and for indicating on the display means that the attempt to
      vote is invalid.
PAR  Still another feature of the invention includes means for counting blanks
      to facilitate accounting for every potential vote.
PAR  A further feature of the invention includes means for accepting write-in
      votes and preventing a subsequent voter from observing the write-in vote
      while counting the write-in votes.
PAR  Numerous other features, objects and advantages of the invention will
      become apparent from the following specification when read in connection
      with the accompanying drawing in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1A, 1B, and 1C are block diagrams showing the three separate
      components of the novel electronic voting machine and the three alternate
      ways that the format legalizer can be embodied within the apparatus, where
      FIG. 1A illustrates the preferred apparatus;
PAR  FIG. 2 is a block diagram of the apparatus set up in a precinct for an
      electron. The apparatus embodies a sequencer to time transmission of vote
      choices from multiple voting booths to a single counting apparatus, in
      this case a mini-computer;
PAR  FIG. 3A is a perspective view of the preferred vote selection terminal,
      where offices, candidates, and questions are displayed on a board and
      selections are made in a separate area by reference to a code associated
      with each possible choice;
PAR  FIG. 3B shows an alternate configuration of the ballot display area and the
      vote selection area, an optional large office representation, and a slate
      voting display;
PAR  FIG. 3C is a top view of an alternate candidate choice display and a paper
      tape slot for record of the vote selections;
PAR  FIG. 3D is a side view of the paper tape apparatus, showing the tape, the
      feeder, the electro-mechanical digital counter and a printing mechanism;
PAR  FIGS. 4A to 4D show an alternate vote selection terminal which has lights
      and switches associated with each name, slate, or question; more
      particularly,
PAR  FIG. 4A is a front view of the ballot display board;
PAR  FIG. 4B is a view of one candidate display;
PAR  FIG. 4C is a side elevation view of the angularly mounted ballot display
      board shown in FIG. 4A and the horizontal shelf for write-ins shown in
      FIG. 4D;
PAR  FIG. 4D is a top view of the shelf that holds the write-in mechanism and
      the vote registration mechanism;
PAR  FIG. 5 is a block diagram of the manual input terminals on the electronic
      voting machine, demonstrating which component apparatus receives a
      particular input;
PAR  FIGS. 6A to 6E are perspectives and diagram of the write-in apparatus; more
      particularly,
PAR  FIG. 6A is a side view of the write-in apparatus with the door open and
      paper exposed to the voter;
PAR  FIG. 6B is a top view of the write-in mechanism, with the door closed;
PAR  FIG. 6C is a side view of the write-in door closed;
PAR  FIGS. 6D and 6E are a magnified view of the lock and switch associated with
      the write-in door. The lock and switch are controlled by the format
      legalizer interlock; they in turn control access to the write-in paper
      area;
PAR  FIG. 7 is an alternate representation of the selection keyboard apparatus;
PAR  FIG. 8 is a representation of the vote selection keyboard encoder;
PAR  FIG. 9A is a representation of the active status register (ASR) that holds
      a format word, and of the three subsections of the word;
PAR  FIG. 9B is a bit representation of the format word within the active status
      register (ASR);
PAR  FIG. 10 is a representation of the precinct format legalizer apparatus
      showing the format entry keyboard that is used to set up for an election;
PAR  FIG. 11 is a block diagram of the preferred implementation of the vote
      selection terminal format legalizer apparatus and vote selection memory;
PAR  FIG. 12A is a block diagram of the alternate format legalizer apparatus
      connected to the vote selection memory;
PAR  FIG. 12B is a block diagram of a format legalizer interlock flip flop which
      provides the candidate interlock for a single office, vote for one;
PAR  FIG. 12C shows the format legalizer flip flop switches, integral to the
      single office interlocks, used to form a group office of vote for three;
      and
PAR  FIG. 13 is a block diagram of the vote counting apparatus.
DETD
PAR  With reference now to the drawing, and more particularly FIGS. 1A to 1C
      thereof, there are illustrated three different configurations of a format
      legalizer. It is possible to configure the format legalizer in many
      different ways without changing the basic concepts described herein. The
      three FIGS. 1A to 1C are shown merely to demonstrate possible alignments,
      and are not meant to be inclusive. Since the figures contain the same
      basic components, they are described together. The format legalizer 31A,
      31B, 31C serves as the main interlocking mechanism to prevent illegal vote
      choices. The vote choices are made at the vote selection terminal 32A,
      32B, 32C. Only legal choices are indicated to the voter; the voter can
      erase a vote and have all other previous selections remain. When all
      desired selections have been made, the votes, along with the blank votes
      for each office are cast on lines 36A, 36B, 36C in the vote counting
      apparatus 33A, 33B, 33C. The vote register sequencer 42A, 42B, 42C
      sequences the transmission of votes from the selection terminals 32A, 32B,
      32C, one terminal at a time. Similarly, for the apparatus shown in FIGS.
      1A and 1C, the format legalizer sequencer 38A, 38C makes the load requests
      to the precinct format legalizer 31A, 31C, consecutive, from the selection
      terminal 32A, 32C, allowing one format legalizer 31 to serve several vote
      selection terminals 32.
PAR  The format legalizer apparatus 31 is uniquely versatile regarding set-up
      for an election. Set up processes that affect the functioning of the
      apparatus occur only in the format legalizer apparatus 31, so that vote
      selection mechanisms in the vote selection terminal 32 and vote registers
      in the vote counting apparatus 33 are assigned permanent numbers. In
      conjunction with this, each three candidates are assigned one interlock
      that is permanently associated with that group. The same basic concept is
      operative in a mechanism not described herein, but nevertheless intended
      to be covered by the claims put forth hereinafter, where a group of eight
      candidates are permanently assigned an interlock that increments to four.
      In each case, permanent candidate and write-in numbers are associated with
      permanent interlock numbers.
PAR  More specifically, with regard to the separate figures, FIG. 1A shows the
      preferred method of configuring the format legalizer; one format legalizer
      31A serves a precinct by transmitting via a line 37A the election set-up
      data to a second format legalizer 41A within the vote selection terminal
      32A. The precinct format legalizer 31A is set up prior to the election,
      while the selection format legalizer 41A is reloaded from the precinct
      format legalizer 31A each time a voter pushes the start voting button 43.
PAR  Candidate selections are made in the vote selection terminal 32A,
      transmitted via a line 34A to the selection module format legalizer 41A to
      see that the number of choices for that office have not yet been made.
      Similarly, question selections are checked to see that the question has
      not been voted. If the selection is legal, it is transmitted back to the
      vote selection terminal 32A via a line 35A and displayed. Each selection
      is tested as it is made.
PAR  An alternate apparatus, the simplest form, is the one shown in FIG. 1B. The
      format legalizer 31B is connected inextricably to the vote selection
      terminal 32B; each format legalizer 31B is set up prior to the election.
      Vote selections are sent via a line 34B and returned via a line 35B to be
      displayed if they are legal.
PAR  FIG. 1C illustrates a second alternate configuration. Here, one format
      legalizer 31C serves an entire precinct. All vote choices from the several
      vote selection terminals 32C are transmitted on a line 34 through a
      sequencer 38C to one format legalizer 31C for a test of legality. A line
      35C transmits legal choices from the format legalizer 31C back through the
      sequencer 38C to the correct vote selection terminal 32C for display.
PAR  Referring to FIG. 2 is a block diagram showing multiple vote selection
      terminals 32, numbered 1 to m, connected to a central vote counting
      apparatus 33. Each terminal 32 contains some configuration of vote
      selection terminals 32 and format legalizers 31 or processing to a central
      precinct format legalizer 31 as described in FIGS. 1A to 1C. Choice of
      configuration depends on the typical elections that prevail in the county,
      state, or country purchasing the vote counting apparatus. Data is
      transmitted from the selection terminal 32 to the vote counting
      minicomputer 33 in the following manner: after a voter has finished making
      selections, he pushes a register votes button 44 that produces a unique
      signal for vote terminal sequencing by the sequencer 42 in a manner
      well-known in the state of the art, for data coding by the computer
      interface 42 in a manner well known, and for transmission on a line 36 for
      input to the computer 33. The data may be further coded by the computer
      interface 42 in a manner well-known, for telephone transmission to a
      remote computer. The vote terminal sequencer 42 and the minicomputer 33
      will frequently be housed in the same casing and not be discernable as
      separate components to the onlooker.
PAR  With reference to FIG. 3A, there is shown a perspective view of the
      preferred embodiment of the vote selection terminal 32A. The terminal 32,
      with a casing 51, is divided into two main sections, the nearly vertical
      ballot display area 46, and the nearly horizontal vote selection area 47.
      On the ballot display area 46 there are: the candidates and party
      designations 52 which may appear in any of the three standard ballot
      formats, horizontal, vertical, or Australian paper ballot; the instruction
      area 53 which lists simplified instructions to the voter for machine
      operation; and the question area 54 which presents the questions on paper
      inserts into plexiglass pages 55. After the questions are inserted for a
      particular election, the pages are locked in place for the duration of the
      election with two locks 56. A removable plexiglass shield 57 covers the
      instruction area and candidate display area. Locks 61 permit the removal
      of the plexiglass shield for insertion of the candidate ballot prior to
      election day and permit locking of the shield for the duration of the
      election as a protection against fraudulent or erroneous mutilation of the
      printed ballot. Each candidate name, party, and question has an associated
      code printed on the ballot. Voter choices are made in the vote selection
      area by reference to this code.
PAR  In the vote selection ares 47, vote choices are made in a step by step
      manner. First the voter pushes the start voting button 43 which is
      connected to the election officer's entrance knob 62. If the person is a
      qualified voter, the election officer will have pressed the entrance knob
      62, and the start voting button 43 will activate the voting mechanism.
      Secondly, the voter chooses to vote questions by putting the question
      toggle switch 62 on, or off to vote offices. The voter then keys the
      desired candidate or question number on the vote selection keyboard 63,
      which could alternately be a dial or thumb wheel arrangement. Then he
      pushes the vote button 67 or the interlock button 71 for questions. For
      candidate choices, the interlock number display 64 shows the first digit,
      and the candidate display 66 shows the second digit, for one or several
      candidates. Yes or no votes are shown on the question display 68. The
      displays may be covered by a slanted, raised, tinted plexiglass shield 65
      to prevent excessive light from dimming the choice displayed. Instead of a
      vote selection area 47 that is fixed to the voting booth, the selection
      apparatus may be in the form of a hand-held calculator-type keyboard that
      is connected by wires to the format legalizer 31. A hand-held selection
      device would allow the voter to associate choices with the display most
      closely.
PAR  Candidate choices are indicated only if they are legal, that is, if the
      office with which that choice is associated has not yet been voted the
      total number of times legally permitted. Not all candidate choices for an
      office will be displayed at the same time; in an office where the size of
      the candidate display exceeds the number of vote fors, not all choices for
      that office can be displayed at one time. While it is possible to build a
      unit that displays more choices, such a unit is not as economically
      feasible as the preferred embodiment of the apparatus. However, the
      building of such a unit is within the principles of the invention and may
      be especially advantageous should LED displays become cheaper in the
      future. Any number of candidate selection digital displays are within the
      scope of the invention.
PAR  In the preferred implementation of the apparatus, to erase a selection
      before the votes have been registered, (it is impossible to erase after
      the votes have been registered), the voter merely revotes the particular
      selection he desires to erase, and pushes the erase button 72. The erase
      button 72 is not necessary because an erase merely complements a vote, but
      it is a convenience to the voter.
PAR  A door 73 provides access to a paper which serves as the write-in area for
      the entire voting machine ballot on the preferred apparatus of FIG. 3A. To
      write in, the office interlock number is keyed on the vote selection
      keyboard 63 and the write-in button 74 is pushed. This creates the same
      search for a legal vote as a vote button 67 does for a candidate number
      selection 63. However, write-in votes cannot be erased. If the write-in is
      legal, the office number is automatically printed on the write-in paper,
      and the write-in active light 75 is illuminated. The voter opens the door
      73 of the write-in box by pushing toward the left with the thumb tab 76 to
      expose the paper. The voter can then write-in one choice for the office;
      since the office number has been printed on the paper, the write-in is a
      unique vote. The write-in process can recur as often as there are legal
      choices available.
PAR  The total write-ins, plus the total votes, plus the total blanks for an
      office provide proof of complete accuracy of the electronic voting system,
      because they add up to the number of people who voted in the precinct. The
      invention thus provides a real cross check for accuracy of the vote count.
PAR  The register votes button 44, when pushed, deactivates the vote selection
      module to prohibit further voting by that voter and signals the vote
      counting apparatus to register all the votes and blank votes from that
      terminal. When the votes and blanks are counted, a signal is returned, and
      the votes registered light 77 is lighted, and stays lighted until the vote
      selection terminal is reactivated by the election officer entrance knob 62
      in preparation for the next voter.
PAR  Table A is an illustration of the three ballot formats any of which may be
      presented to the voter with equal facility on the ballot display area 46
      of the preferred embodiment of the vote selection terminal 32. The
      horizontal ballot display features the parties listed vertically, the
      offices listed horizontally, and the candidates in one party listed
      horizontally one beside each other. The vertical ballot display features
      the parties listed horizontally, the offices listed vertically and the
      candidates of one party listed vertically one under the other. The
      Australian paper ballot format displays the first office, the candidates
      for the first office, the party with which each particular candidate is
      affiliated, and lists the remaining offices in sequence in the same
      format. A number code is associated with each candidate's name. Table A is
      set forth on the following page.
TBL                                    TABLE A                                 
     __________________________________________________________________________
     BALLOT FORMAT                                                             
                HORIZONTAL, VERTICAL, AND                                      
                AUSTRALIAN PAPER BALLOT ARRANGEMENTS                           
     __________________________________________________________________________
     HORIZONTAL                                                                
                                             Superior                          
                                     U.S.    Court                             
              President                                                        
                       Governor                                                
                               Senate                                          
                                     Representative                            
                                             Judge                             
     __________________________________________________________________________
     Democratic                                                                
              11 DOE   21 CROW 31 SOCK                                         
                                     41 SALVESEN                               
                                             51 JONES                          
     Republican                                                                
              12 RACK  22 HAWK 32 SACK                                         
                                     42 SVEDLOCK                               
     Socialist                                                                 
              13 MOSS                43 SWANSON                                
     Labor    14 RATHBONE                                                      
     Independent                                                               
              15 LIVINGSTONE                                                   
     __________________________________________________________________________
     VERTICAL                                                                  
              Democratic                                                       
                       Republican                                              
                               Socialist                                       
                                     Labor   Independent                       
     __________________________________________________________________________
     President                                                                 
              11 DOE   12 RACK 13 MOSS                                         
                                     14 RATHBONE                               
                                             15 LIVINGSTONE                    
     Governor 21 CROW  22 HAWK                                                 
     Senate   31 SOCK  32 SACK                                                 
     U.S. Repre-                                                               
     sentative                                                                 
              41 SALVESEN                                                      
                       42 SVEDLOCK                                             
     __________________________________________________________________________
     AUSTRALIAN PAPER BALLOT                                                   
     __________________________________________________________________________
     President         U.S. Representative                                     
     11 DOE            41 SALVESEN                                             
     12 RACK           42 SVEDLOCK                                             
     13 MOSS           43 SWANSON                                              
     14 RATHBONE       Superior Court Judge                                    
     15 LIVINGSTONE    51 JONES                                                
     Governor                                                                  
     21 CROW                                                                   
     22 HAWK                                                                   
     Senate                                                                    
     31 SOCK                                                                   
     32 SACK                                                                   
     __________________________________________________________________________
PAR  Referring to FIG. 3B there is shown an alternate embodiment of the vote
      selection terminal 32 with the ballot display area 46 located below the
      vote selection area 47. A tinted plexiglass shield 97 shades the entire
      vote selection area 47. The write-in indication button 74 remains in the
      vote selection area 47. The write-in door 73 is in the ballot display area
      46.
PAR  Also shown is an optional device, the large office display 101 which is a
      board of numbers that light. Another optional device is the slate voting
      device 102 whereby party symbols are listed 103 and associated with
      buttons 104 that light when a particular slate is chosen, a light button
      104 representing a legal selection.
PAR  Referring to FIG. 3C there is shown the top view of an alternate candidate
      display and a selection tape option. Legal votes appear as selected on the
      digital display 105 in the area THIS CHOICE 106; the previous selection
      moves to area PREVIOUS 107, and in addition is printed on a rolled paper
      tape that is dispensed continuously from a slot 111. All legal selections
      are held in a vote selection memory 173 (FIG. 11) to be reviewed by the
      voter if so desired, and ready for transmission to the vote counting
      apparatus when the register votes button 44 is pushed. The paper tape of
      selections and erased votes is removed by the voter after he has completed
      voting.
PAR  FIG. 3D is a side view of the vote selection tape apparatus shown in FIG.
      3C. The paper tape roll 112 is mounted on a ratchet 113 that turns
      automatically each time a number is printed by the electromechanical
      counter 114. The counter 114 is set to the code displayed in area PREVIOUS
      CHOICE 107, that is, the previous legal candidate choice. The voter has
      the opportunity to erase the present candidate choice. The voter has the
      opportunity to erase the present selection, before it prints on the tape
      record of his votes. A feeder 115 guides the paper tape 116 to the
      printing block 117. The counter 114 has raised numbers 121 that are
      imprinted on the paper tape 116 at the appropriate time, by pressure
      exerted from the block and carbon ribbon 117. As the ratchet 113 turns,
      the tape 122 of this voter's previous selections appears through a slot
      111.
PAR  Referring to FIGS. 4A to 4D, there is shown an alternate implementation of
      the vote selection terminal apparatus that provides light and switches
      associated with each choice. FIG. 4A shows a front view of a display board
      with lights and switches. This board can be mounted lengthwise to provide
      a vertical ballot display format or an Australian paper ballot format, or
      it can be mounted sideways, as is demonstrated herein to provide a
      horizontal ballot display. Ballot format presentation is flexible.
PAR  The start voting button 43 activates the machine for voting. The voter
      makes choices by referring to office titles 83A, party label affiliations
      82A, and the candidate names 84A, then pushing the vote button 67A
      associated with a particular candidate. Slate voting takes place by
      pushing a slate button 104A.
PAR  FIG. 4B is an enlarged view of the vote button 67A associated with each
      candidate name. When the button 67A is pushed, the candidate vote display
      66A lights an elevator button, but with a name instead of a number. It
      lights if and only if a legal vote choice has been made. All vote select
      keys and buttons 67 are non-bounce, of a type well-known to those skilled
      in the art, so that only one vote is made per indication.
PAR  Referring again to FIG. 4A the question area has a yes and no button 68A
      associated with each question where the yes or no button will light to
      indicate a choice, but both cannot be chosen for the same question. Each
      office column 83A has an associated write-in indicator button 74A that
      tests the format legalizer main interlock to see if the write-in for that
      office will represent a legal choice, and if so, it activates the write-in
      active light 75. The entire display board is covered with a removable
      plexiglass cover 57A that is locked on by the ballot locks 61A which
      prevent access to any portion of the ballot during the election.
PAR  With reference to FIG. 4C, there is shown a side elevation view of the
      casing for the vote selection terminal 32B. The display board of FIG. 4A
      is mounted at a slant with the start voting button 43 at the top, the
      office title captions 83A immediately below, the office write-in bottons
      74A next, the candidate 82A and party display 84A below these, and last
      come the question displays 68A. The vote selection terminal 32B is of the
      type illustrated in the block diagram of FIG. 1B, where there is a format
      legalizer 31B associated with each terminal mounted directly beneath the
      selection board 32B by struts 127. Access to the back of the format
      legalizer is provided by opening latch and lock 124, to open the door 125,
      which swings on a hinge 126. Access is needed for the purpose of setting
      the format legalizer for the particular election, prior to election day.
      On election day, the door 125 remains locked.
PAR  Data from the selection board 32B is transmitted on a line 36B to the vote
      counting apparatus 33B (FIG. 1B) after the register votes button 44 (FIG.
      4D) is pushed.
PAR  Referring to FIG. 4D, there is shown a front view of the horizontal shelf
      123 which houses the write-in active light 75, the write-in door 73, the
      register votes button 44, and the votes registered light 77.
PAR  Referring now to FIG. 5, there is shown a block diagram of manual input
      terminals, their associated voting machine components, and the designated
      operator users. This diagram lists by column the use and location of
      selecting switches. The first column 124 represents the technicians
      control switches for the vote registering unit 33; the second column 125
      lists the technicians control switches for the format legalizer 31. These
      are located on the format entry keyboard 181 and are set a week or two
      prior to the election. The next two columns 126, 127 represent the
      precinct worker's election day controls: the switches are connected to the
      interlock format legalizer 31, the vote register unit 33, and the switches
      which control the vote selection terminal 32 are shown. The voter switches
      are on the vote selection terminal 32. The next column 131 lists the voter
      switches not used in every election, or used optionally by the voter, or
      provided to accommodate a specific implementation of the format legalizer.
      The last column 132 lists switches generally standard on the vote
      selection terminal 32.
PAR  Referring to FIGS. 6A to 6D, there is shown the write-in mechanism. This
      write-in mechanism provides a basis for the simplicity of the new
      invention, because with it, write-in votes are associated with a
      permanently assigned interlock number, write-ins are integral to the
      format legalizer 31, and because one box, conveniently located for
      writing, serves the voter for all write-ins.
PAR  With reference to FIG. 6A, there is shown a side view of the write-in
      mechanism. Struts 133 provide structural support for the mechanism. The
      paper roll 134 is a roll of blank paper which is fed from beneath the
      write-in shelf 123 in a single layer 135, or with a double copy layer 135,
      when the center gear 136 turns. The paper is fed across the writing
      support bar 137 and back along path 141 onto the take up spool 142. The
      take up spool 142 is turned by a gear 143. The gear 136 of the feeder
      spool 134 turns simultaneously with the gear 143 of the take up spool 142.
      Both gears move a measured turn, then lock until turned by the next legal
      indication of a write-in. Neither roll can be turned by a voter pushing or
      pulling on the exposed write-in paper; i.e., the voter's access to the
      write-in paper is limited to a particular portion of paper, thereby
      preserving the secrecy of previous write-ins, and preventing fraud by
      preventing more than one write-in at a time. Specific mechanisms for
      advancing the paper incrementally are known in the art and not a part of
      this invention.
PAR  When the voter pushes the write-in entry bar 74, the format legalizer is
      searched for the indicated office. If the interlock is full, or if an
      office is null in the election, nothing happens. If an office is active,
      and if the interlock is not full, several automatic actions happen in the
      following sequence: (1) the interlock is set by an increment for an
      additional vote, and cannot be reset by this voter for this vote, because
      write-ins cannot be erased; (2) the active office number printer 144
      prints the office number on the write-in paper roll; (3) the take up roll
      142 turns one measure, in consequence, turning the feed spool 134 one
      measure, moving the previous write-in out of the write-in box, exposing
      paper for a new write-in, and showing the office number which is to be
      associated with this write-in; (4) the lock and switch 145 release,
      allowing the write-in door to be opened by the voter; (5) the write-in
      active light 75 lights. The voter then takes the thumb tab 76, shown in
      the open position, and opens the write-in door.
PAR  FIG. 6B is a top view of the write-in mechanism showing the write-in door
      73 closed. As described above, in order to write in, the voter pushes the
      write-in button 74, and if the write-in represents a legal choice for the
      office which is active, the write-in active lamp 75 will light. This
      drawing illustrates the mechanism for the preferred vote selection
      terminal of FIG. 3. The only modification necessary for implementation of
      the alternate vote selection terminal of FIG. 4 is that instead of having
      one write-in button 74 associated with the write-in door, there are
      write-in buttons 74A associated with each separate office in the matrix.
PAR  FIG. 6C is a side view of the write-in mechanism, where the write-in door
      73 is closed shielding the paper from observation.
PAR  FIG. 6E is a magnified side view showing write-in door 73 open at the top
      and is shown closed in FIG. 6D at the bottom. Solenoid 151 is controlled
      by the write-in lock and switch 145. The write-in active light 75, when
      lighted, sends a signal through a gate 145, the office number counter and
      printer 144, the paper roll advance 143, on a line 155 to the solenoid 151
      in the lock and switch 145. This signal creates a magnetic force that
      brings the solenoid lock 151 from the lowered position shown at the bottom
      of FIG. 6D to the raised position shown at the top so that the write-in
      door 73 can be moved to the open position 146. When the door 73 is opened
      as far as it can be, the electrical contact 153 on the thumb tab 76
      touches the electrical contact 154 on the write-in shelf 123 and sends a
      signal on line 152 to the lock and switch 145 that cuts off the magnetic
      force holding the solenoid 151 in the raised position. The signal on line
      152 from the contact of the two metal pieces 152, 154, when the door 73 is
      open, also sends a signal on line 155 to turn off the write-in active
      light 75. When the write-in door is moved back to the closed position
      after the write-in is completed, the solenoid lock 151 drops down, and
      locks the door 73 shut until the next time the write-in active light goes
      on. Because the solenoid lock 151 is released when the write-in door 73 is
      moved from the closed position 147 to the open position 146, the door will
      not re-open. Therefore, the open door 73 position exposes a sign: WARNING
      DO NOT CLOSE DOOR UNTIL THIS WRITE-IN IS COMPLETE.
PAR  Referring to FIG. 7, there is shown an alternate representation of the
      selection key board apparatus 63 where 81 candidates can be selected for
      27 offices using a two digit interlock number display. Alternately, by
      using a three digit interlock number, and one digit candidate number the
      potential number of candidates and questions displayed rises to 729. Each
      candidate is assigned a two digit number where the first digit represents
      an interlock number and is displayed on the interlock number display 64,
      and the second digit represents the candidate number and is displayed on
      the candidate number display 66A. The lights numbered one to nine 66A
      display choices for candidates associated with the displayed interlock
      number. For questions, two digits are displayed on the interlock number
      display 64.
PAR  The keyboard 63 has decimal keys 1 to 9, and yes, no keys. Candidates are
      selected by keying the two digits of the candidate number, then pushing
      the vote entry bar 67. The first digit is displayed on the interlock
      number display 64. Previous selections associated with the interlock
      number are immediately displayed on the candidate number display 66A. The
      selected candidate number is not displayed until the format legalizer has
      determined that the selection is legal.
PAR  This display apparatus illustrates the feature of using a number
      permanently associated with each candidate, and the formation of offices
      by creating a cluster of candidate numbers, because in a large office, one
      with more than 10 candidates, the interlock display will change at least
      once to represent the same office. While the voter chooses a unique
      candidate number, there is no unique office number unless it is created
      with logic in the keyboard encoder 156 that is tied to the format words in
      the vote selection memory 173. In the preferred apparatus, for large
      offices, successive interlock digits are displayed to the voter, while one
      interlock digit may be displayed for three small offices.
PAR  Each interlock digit represents three format words as shown in Table B.
      Table B is set forth on the following page.
TBL                TABLE B                                                     
     ______________________________________                                    
                   Format  Word     Number                                     
     ______________________________________                                    
                 1        1         2      3                                   
     Interlock   2        4         5      6                                   
     Number                                                                    
     Displayed   3        7         8      9                                   
     to the                                                                    
     Voter       4       10        11     12                                   
                 5       13        14     15                                   
                 6       16        17     18                                   
                 7       19        20     21                                   
                 8       22        23     24                                   
                 9       25        26     27                                   
     ______________________________________                                    
      Format words 28 to 32 present in the memory are not used in this         
      configuration.                                                           
PAR  Previously selected candidates can be erased by reselecting the candidate
      number on the keyboard 63, then pushing the erase bar 72. The first digit
      will be displayed on the interlock number display 64, and the second
      number will disappear from the candidate number display 66A. If a
      candidate name is keyed 63 and the erase bar 72 is pushed when that number
      is not previously selected, the candidate will be selected, and if the
      selection is legal, it will be displayed on the candidate number display
      66A. The erase bar 72 is wired to the vote button 67, and an erase is
      merely a complement to a vote.
PAR  Write-ins are selected by keying two digits with keyboard 63 and then
      pushing the write-in entry bar 74. The first digit is displayed on the
      appropriate write-in active light 75, 2W, 5W, or 8W. The write-in active
      light goes on if and only if the interlock for that office is not yet
      full.
PAR  Questions are voted by putting the question switch 62 on. The two digits of
      the question number are keyed with keyboard 63, and the interlock bar 71
      is pushed; both digits of the question number are displayed on the
      interlock number display 64. A previous choice of yes and no is
      automatically displayed on the question display 68. Yes or no is voted by
      pushing the appropriate buttons on the keyboard 63. The choices are
      displayed by a yes or no light 68 if the vote is legal.
PAR  Slates are selected by keying one digit with keyboard 63 and pushing the
      slate bar 104; legal selections are then automatically displayed
      sequentially on the interlock number display 64 and the candidate number
      display 66A.
PAR  Referring to FIG. 8, there is shown a representation of the vote selection
      keyboard 63 and keyboard encoder 156. The start voting button 43 activates
      the keyboard encoder 156 on line 161 if the entrance 62 has enabled on
      line 162 the start voting gate 157. The vote selection keyboard 63
      consisting of nine digits, yes, no, and seven entry bars 163 are input on
      lines 164 to the keyboard encoder 156. Every vote selection is an entry of
      two digits via keyboard 63 and then the pulse of an entry bar 163. For
      questions, the switch 62 must be on. Table C shows the effect of each
      entry bar on a digital key input:
TBL                                    TABLE C                                 
     __________________________________________________________________________
     Entry Bars                                                                
     __________________________________________________________________________
                                           question                            
                 vote                                                          
                    erase                                                      
                        write-in                                               
                             slate                                             
                                 interlock                                     
                                       yes/no                                  
                                           switch                              
     __________________________________________________________________________
            Vote x                                                             
     Entry Bar                                                                 
     Effect on                                                                 
            Erase   x                                                          
     Digital                                                                   
     Key    Write-in    x                                                      
     Entry                                                                     
            Slate            x                                                 
            Question             x     x   on                                  
     __________________________________________________________________________
PAR  A mod three counter 165 within the keyboard encoder 156 is part of the
      logic used along with other logic well-known in the state of the art, that
      associates the interlock digit and the candidate digit with a format word
      interlock address and candidate address. Only digital combinations which
      address a candidate number are output on line 171 by the keyboard encoder
      156 to the vote selection memory 173. The other output on line 172 from
      the keyboard encoder 156 is to the interlock number display 64.
PAR  The circuitry for the question switch 62 is also connected by line 166 to a
      toggle switch 167 outside the casing of the voting booth so that the
      election officer can lock out a portion of the machine as the office or
      question lockout. When the election officer toggle switch 167 is active,
      the voter question switch 62 is disabled or locked.
PAR  Referring to FIG. 9A, there is shown a representation of the active status
      register ASR 174 which is used to evaluate and write into the nucleus of
      the electronic voting machine - the format word. The first ASR 174A holds
      the active format word in the precinct format legalizer 31A; the second
      ASR 174 AA holds the active format word in each vote selection format
      legalizer 41A.
PAR  The format word is an association of twelve bits subdivided into three
      subwords of four bits each. The vote selections bits 177 receive votes for
      three candidates and one interlock. An interlock is set with each
      candidate, question, or write-in vote. The office extender bits 175
      describe the length of an office: up, down, or slate to the next format
      word, or a special situation. They create the code for entering and
      exiting sequential format words into the vote selection ASR 174AA in a
      systematic search for an empty interlock within a particular office. The
      candidate entry bits 176 define whether the vote selection bits 177 for
      the format word are active or null in a particular election.
PAR  The format word is useful because the office extender bits 175 and the
      candidate entry bits 176 can be set up in the precinct ASR 174A before the
      election and remain set up throughout the election. Setup in the precinct
      ASR 174A occurs directly from the format entry keyboard 181 on a write
      enable line 182. The vote selection bits 177 are cleared in the precinct
      ASR 174A before the election and are set by each voter in the vote
      selection ASR 174AA. During the election, voter entry from the vote
      selection keyboard 63, to the office extender bits 175 and Candidate entry
      bits 176 is prevented by a write disable for these bits 175, 176 from the
      format legalizer ROM 194 (FIG. 11) input on a line 195 to the vote
      selection ASR 174AA. The voting system is essentially tamperproof, because
      this arrangement makes fraudulent manipulation of the format word easily
      detectable during and after the election.
PAR  FIG. 9B is a representation of the active status register ASR 174 giving a
      clear view of the 12 bit assignments in the format word. There are four
      selection bits 177. Three vote selection bits 183 are associated with an
      office interlock selection bit 184. Each vote is indicated on a vote
      selection bit 183, and an interlock bit 184, except for write-in votes
      which are incremented in the interlock bit 184, and therefore are not
      distinct from, and in fact, are the same as office interlocks 184. A
      write-in vote can never be erased, and does not need a separate vote bit
      183, only an interlock bit 184.
PAR  Eight format bits 175, 176 control access to the vote selection bits 177.
      There are four office format bits 175. The up bit 185 sets the upper
      limits of each office in the first format word of the office. The down bit
      186 sets the lower limit in the last format word of the office. Slate
      voting for the following format word is set by the slate bit 187. The
      extra bit 191 covers special situations like anti-single shot, primaries,
      endorsed candidates, and large numbers of slates. There are four entry
      bits 176 which describe whether a selection bit is active or null. Each
      vote selection bit 183 has an associated candidate entry bit 193. The
      interlock selection bit 184 is associated with the interlock entry bit
      194.
PAR  Referring to FIG. 10, there is shown a block diagram illustrating the
      logical arrangement of the precinct format legalizer apparatus 31A showing
      the mechanisms that are used to set up for a particular election. A
      primary component of the apparatus is the random access memory RAM 196 as
      large or as small as the total voting machine ballot format capacity. In
      implementation a sequential memory may be substituted for this or any
      other RAM described herein with no implied change in the claims that
      follow hereafter. Discussed herein is a machine with 384 bits of memory
      arranged in 32 format words of 12 bits each to accommodate electing 32 of
      96 total candidates with 256 bits of format legalizer information.
      Obviously, with more memory, and modification of the display board to
      three digits, the capacity of the machine can be increased. For example, a
      memory of 1,536 bits would allow the formation of 128 format words with
      1,024 format bits to control 128 office interlocks and 384 candidates. The
      following describes the operation of the apparatus without establishing a
      maximum or minimum capacity.
PAR  Only one format word is active at a time, an ASR 174A accommodates one
      format word. Each 12 bit format word has an address. A set-up terminal
      address button 197 provides input on a line 201 to the sequential address
      encoder 202 which provides input on a line 203 to the RAM 196, which in
      turn deposits the addressed word by input on line 204 to the ASR 174A.
      Output back to the RAM 196 is on a line 205 after the format word has been
      set for the election. Each format word in the memory is addressed by the
      setup technician and set in the manner described above in connection with
      FIG. 9B to accommodate the ballot format requirements of that particular
      election using the format entry keyboard 181 and the write enable on line
      182. On election day, the format entry keyboard 181 is disabled by an
      interlock switch and locked cover 206, inserted on the line 182 that
      serves as the write enable to the ASR 174A. In a similar manner, on
      election day, access to the entire format legalizer and vote counting
      mechanism is prohibited by locks and covers.
PAR  On election day, the information stored in the precinct legalizer RAM 196,
      is output via a line 207, to the memory output device 211 where it is
      output on a line 37A to each vote selection format legalizer 41A in the
      precinct. The output on a line 37A of the entire contents of the RAM 196
      occurs for each voter and is activated by a signal carried on a line 37A
      from the start voting button 43 of each vote selection terminal 32A.
PAR  Referring to FIG. 11, there is shown a block diagram illustrating the
      logical arrangement of the vote selection terminal format legalizer
      apparatus 41A. The primary functions of the format legalizer are: to check
      the legality of each selection entered on the vote entry keyboard 63; to
      use the ASR 174AA and the format legalizer interlock ROM 194 to determine
      whether a selection is in fact legal; to display only legal selections to
      the voter on the active selection displays 75, 66, 68; to store only legal
      selections in the vote selection terminal memory 173 for deposit as votes
      in the vote counting apparatus 33A which incorporates power fail
      protection 212; to output on a line 36A the legal votes and blank votes of
      each voter to the vote counting apparatus 33A after the register votes
      button 44 is pushed; to clear by output on a line 213 from the format
      legalizer ROM 194 the entire vote selection memory 173 to Zero after the
      votes registered signal 77 has been received; and to reload on a line 37A
      the vote selection memory 173 from the precinct format legalizer memory
      196 each time the start voting button 43 is pushed.
PAR  More particularly, the vote selection format legalizer apparatus 41A
      operates in the following manner. The keyboard encoder 156 is enabled by
      the output of the gate 157 on line 161. The gate 157 is enabled by input
      on line 214 from the start voting button 43, and input on line 162 from
      the precinct officer's entrance knob 62 (FIG. 3A) located outside the
      casing of the vote selection terminal 32. The output of the keyboard
      encoder 156 in on line 172 that (1) inputs on line 215 to the current
      selection gate 216 and (2) inputs on line 172 the address of the selected
      candidate or quesion and the associated format word to the vote selection
      memory 173. The address to the memory 173 outputs the correct format word
      on line 217 to the ASR 174AA.
PAR  The ASR 174AA evaluates selections: first the selected bit 177 is compared
      to the candidate entry bit 176 to see if the selection is null; if it is,
      the selection is not displayed, and does not go through the interlock
      legalizer sequence. If the selection is active, it is compared to its vote
      selection bit 177 to see if it has already been voted; if it has, the
      erase cycle in the FLIROM 194 is activated; if it has not been voted, the
      vote cycle of the FLIROM 194 is activated. The FLIROM 194 systematically
      evaluates the format word interlocks using the office extender bit 175
      configuration described in FIGS. 9A and 9B. The interlocks assigned to a
      specific office are searched sequentially by addressing their format words
      in the vote selection memory 173 from the format legalizer address encoder
      221 on line 222 and depositing the addressed format word in the ASR 174AA.
      In the ASR 174AA the interlock selection bit 184 is searched to see if it
      has been voted, and is compared to the interlock entry bit 194 to
      determine null select. If all the interlocks associated with an office are
      null or full, the selection is nulled and is not displayed to the voter.
      If there is an empty interlock associated with an office, the interlock is
      set in the ASR 174AA by an output on a line 223 from the FLIROM 194.
PAR  The up, down, slate office extender bits 175 from the ASR 174AA use
      information contained in the FLIROM 194 to activate on a line 224 the
      FLIROM address encoder 221. The FLIROM 194 is activated on line 270 by the
      master timing apparatus 271. The FLIROM address encoder 221 outputs on a
      line 222 to the vote selection memory 173 to call format words within an
      office. The FLIROM address encoder 221 contains a counter 232 which is set
      by the format word selection counter 226 on line 233. The input on line
      234 to the format legalizer address encoder 221 of the up down or slate
      bit from the FLIROM 194 decrements the counter 232 if the office interlock
      is contained in the next word down, as indicated in the down bit 186 of
      the ASR 174AA; it increments the counter 232 if the office interlock is
      contained in the next word up as indicated in the up bit 185, or the slate
      bit 187 of the ASR 174AA. Each time the FLIROM address encoder counter 232
      is incremented or decremented, the vote selection memory 173 is addressed
      on line 222 and the addressed format word replaces the one which has been
      in the ASR 174AA. In this manner, format words belonging to a single
      office are sequentially deposited in the ASR 174AA until an empty
      interlock is found, or until all format words associated with an office
      are found to have full interlocks. The format legalizer counter 235 keeps
      track of which format word interlock of an office is being activated by
      incrementing when the FLIROM 194 calls a format word that is up in the
      sequence, and decrementing when the format word called is down in the
      sequence. After the interlock is set, the FLIROM address encoder counter
      232 is incremented or decremented by input on line 234 from the format
      legalizer counter 235 until the selected candidate format word is
      addressed, that is, until the format legalizer counter 235 is zero. The
      FLIROM address encoder counter 232 is reset to zero by input from the
      format legalizer counter 235 on a line 234, when the format legalizer
      counter 235 returns to zero, indicating that the format word in the ASR
      174AA is the word containing the current selection.
PAR  The current selection register 225 and the format word selection counter
      226 are both addressed from the current selection gate 216 in a manner
      well-known in the state of the art. The input to the gate 216 comes from
      the keyboard encoder 156 on line 215 and the vote selection memory 173 on
      line 172. The input on line 227 to the current selection register 225 is
      the address of the selected vote selection bit 183. The input on line 231
      to the format word selection counter 226 is the unique number assigned to
      the format word associated with the current selection. The vote is set by
      output from the FLIROM 194 on line 236 to the current selection register
      225 which ouputs on line 237 to the appropriate vote selection bit 183 in
      the ASR 174AA.
PAR  The first digit of the selection is output from the keyboard encoder 156 on
      line 171 and is displayed on the interlock number display 64 (FIG. 7). The
      second digit is the one that is evaluated by the FLIROM 194 in the ASR
      174AA to see if it represents a legal vote.
PAR  Leagal selections are displayed from the display memory reigster 241. The
      contents of the ASR 174AA are output on a line 242 through the display
      gate 243 and input on a line 244 to the display memory register 241 if the
      display gate 243 is enabled. The display gate 243 is enabled by an output
      on line 245 from the format legalizer counter 245, when the counter is at
      zero. The display memory 241 may have had a format word with selections in
      it, and may receive a new selection that has just been found legal, i.e.,
      a new version of the same format word may be sent to the display memory
      241, or the display memory 241 may receive an entirely new format word,
      indicating there is a new selection from the vote selection keyboard 63.
      In either case, the format legalizer counter 235 is zero. During the time
      other format words of an office are being searched with the up, down
      office extender bits, the format legalizer counter 235 is not zero.
      Illegal selections are never displayed. Obviously, display of selections
      from more than one format word are made possible by creating more
      candidate display lights 66, using more display status registers 241, and
      addressing via the format legalizer address encoder 221 more format words
      within the vote selection memory 173 to display votes from even a large
      office.
PAR  The display memory register 241 holds the vote selction bits 177 of the
      format word. A yes or no vote is output on line 246 to a gate 247, which
      is enabled by output on a line 251 from the question switch 62. The yes/no
      display is activated by the output of the gate 247 on line 252. Candidate
      votes are output on line 253 from the display memory register 241 to the
      gate 254 which is enabled on line 256 by the vote, erase, or slate entry
      bars 67, 72, 104 and is output on line 255 to the candidate display 66.
      Write-in votes are output on line 257 to a gate 261 which is enabled by
      the write-in entry bar 74 on line 262 and output on line 263 to the
      write-in active light 75. Previously selected write-in votes are never
      displayed because the write-in active light 75 indicates that the office
      interlock has just been set, and that the write-in door will open.
PAR  Following is how the write-in door 73 is released. The write-in active
      light 75 outputs its digit on line 155, and the interlock number display
      outputs its digit on line 264 through a gate 145, which is enabled by the
      output on line 155 from the write-in active light 75. The digits are then
      input on line 267 to the write-in office number indicator 144A which in
      turn activates on line 265 the write-in office number printer 144B which
      activates on line 266 the paper roll advance mechanism 143. The write-in
      active light also activates, after a time delay long enough to advance the
      paper roll, on line 155 the solenoid 151 which releases the write-in door
      73.
PAR  FIGS. 12A to 12C are block diagrams of an alternate format legalizer
      interlock apparatus 31 utilizing switches that replace the format office
      extender bits 175 in the format word. Again this format legalizer can be
      incoporated in any of the three basic configurations of the electronic
      voting machine apparatus illustrated in FIGS. 1A, 1B, 1C, but the
      preferred implementation is that shown in FIG. 1C because, there, the
      switches can be set once for an entire precinct.
PAR  FIG. 12A is a block diagram showing the components of the format legalizer
      31C. Eavh vote selection terminal 32C has a keyboard encoder 156C that
      addresses on a line 34C, through a sequencer 38C, the assigned format word
      in the precinct vote selection memory 173C. The format word consists of
      four vote selection bits 177C and four candidate entry bits 176C and no
      interlock selection bit 184, and no interlock entry bit 194. The candidate
      entry bits 176C are set prior to the election in exactly the same manner
      as previously described in connection with FIG. 10. The addressed format
      word is deposited in the ASR 174C. A vote is set on the addressed vote
      selection bit 183. If the bit 183 has already been voted, the bit 183 will
      be complemented instead of set. The FLIROM 194C, activated by the master
      timer 271C, on line 270C inputs on a line 195C to the ASR 174C the
      sequence for comparing the vote selection bit 183 to its associated
      candidate entry bit 193 to see that it is not set null in this election. A
      null candidate entry bit 193 will cause the vote that was set in the
      selection bit 183 to be complemented and nulled. The vote selection
      address output on line 34C from the keyboard encoder 156C, through the
      sequencer 38C, is also input on line 34C to two gates 272, 273. The vote
      gate 273 is enabled by the vote button 67. The vote is transmitted on vote
      line 274 to the flip-flop 276 associated with the selection. The erase
      gate 272 is enabled by the erase button 72, and the erase is transmitted
      on erase line 275 to the flip-flops 276 associated with the selection.
PAR  The flip-flops 276 output a set vote signal on line 277 to the ASR 174C if
      there is an empty interlock. When the ASR 174C receives a set vote signal,
      the format word is output from the ASR 174C on line 217C to the vote
      selection memory 173C, and output from the vote selection memory 173C on
      line 34C back through the sequencer 38C to the display memory register
      241C for active selection display on the appropriate display 75, 66, 68
      which takes place in the manner described above in connection with FIG.
      11. If the interlock flip-flop 276 for a specific office is set, the
      output on line 277 to the ASR 174C so indicates, and the contents of the
      ASR 174C are dumped and not returned to the vote selection memory 173C.
PAR  With this implementation of the format legalizer 31C, it may be useful to
      offer the voter two additional entry bars on the vote selection terminal
      32C: a review candidate selections bar 281, and a review question
      selections bar 282, which address, through the keyboard encoder 156 on
      line 34C, a format word in the vote selection memory 173C, through the
      sequencer 38C, and the format word is returned to the display memory
      register 241C on line 34C for appropriate display 66, 68 without setting
      or erasing a selection.
PAR  As described above in connection with FIG. 11, when the registered votes
      button 44 is pushed, the contents of the vote selection memory 173C are
      output on a line 36C to the vote counting apparatus 33C. In addition, the
      register votes button 44 signals the format interlock flip-flops 276; the
      flip-flops which are active in the particular election, but which have not
      been set by a vote, output on line 36CC to register the blank votes for
      that office in the vote counting apparatus 33C. When all the votes or
      blank votes have been properly input, a signal votes registered is
      returned on line 36C to the vote selection memory 173C, and the votes
      registered light 72 is lighted.
PAR  Referring to FIG. 12B, there is shown a single office interlock flip-flop
      276 that allows the voter to vote for one, and no more than one, candidate
      associated with that office. The vote, or set input is on a line 274, and
      the erase, or clear input, is on a line 275; both come from the output of
      the keyboard encoder 156 in the vote selection terminal 32C. Various
      switches interrupt the transmission lines in order to allow the single
      office flip-flops 276 to be connected, for the entire length of the
      machine if necessary, to accommodate large offices. Table C lists the
      state of the switches which make the flip flop 276 shown in FIG. 12B
      interlock one and only one selection:
TBL                TABLE C                                                     
     ______________________________________                                    
     Single Office Interlock                                                   
            Vote   Erase    Test       Previous                                
                            Interlock  Interlock                               
     ______________________________________                                    
     OPEN     293      294                                                     
              283      284                                                     
              285      286                                                     
     CLOSED   291      292      297                                            
              295      296                                                     
     DON'T CARE                          287                                   
     ______________________________________                                    
PAR  A vote enters the assigned flip-flop 276 on vote line 274. The line input
      switches 291, 295 are both closed, the next office line switches 283, 285
      are both open, and the next interlock vote gate switch 293 is open, so the
      vote selection sets the interlock flip-flop 276. An erase on line 275
      complements the interlock in a manner parallel to the way a vote sets it.
      Output from the interlock flip-flop on line 297 is closed. The previous
      interlock switch 287 can be either open or closed.
PAR  FIG. 12C is a block diagram which shows three single office interlocks 303,
      304, 305 tied together to form a group office of vote for three. As many
      interlocks can be tied together as needed for a particular office.
PAR  Votes and erases from a format word are addressed to a particular interlock
      flip-flop 276. A vote for the first interlock 303 enters on the vote line
      274. The vote signal is connected by line 306 to the vote input 274 of the
      last interlock 305 in the office. It is prevented from entering the next
      office by the open switch 285.
PAR  A vote entering the last interlock 305 of the office on a line 274 comes
      through switch 291 which is closed, is sent through the closed switch 293
      as an input on a line 311 to the vote gate 301. The open switch 295
      prevents the vote signal from entering directly into the set position of
      the flip-flop 276. The vote gate 301 is enabled on a line 312 if the
      output on a line 313 of the previous interlock 304 flip-flop 276 has been
      set. The output on a line 314 of the vote gate 301 is input on a line 314
      to the interlock flip-flop 276.
PAR  Switches, when set as shown in Tables D, E and F, allow interconnection of
      many single interlocks to form a group office.
TBL                TABLE D                                                     
     ______________________________________                                    
     First Interlock of Multiple Vote Office                                   
            Vote   Erase      Test      Previous                               
                              Interlock Interlock                              
     ______________________________________                                    
     OPEN     285      286        297     287                                  
              291      292                                                     
     CLOSED   283      284                                                     
     DON'T CARE                                                                
              293      294                                                     
              295      296                                                     
     ______________________________________                                    
TBL                TABLE E                                                     
     ______________________________________                                    
     Center Interlocks of Multiple Vote Office                                 
            Vote   Erase      Test      Previous                               
                              Interlock Interlock                              
     ______________________________________                                    
     OPEN     291      292        297                                          
     CLOSED   283      284                287                                  
              285      286                                                     
     DON'T CARE                                                                
              293      294                                                     
              295      296                                                     
     ______________________________________                                    
TBL                TABLE F                                                     
     ______________________________________                                    
     Last Interlock of Multiple Vote Office                                    
            Vote   Erase      Test      Previous                               
                              Interlock Interlock                              
     ______________________________________                                    
     OPEN     283      284                                                     
              295      296                                                     
     CLOSED   285      286        297     287                                  
              291      292                                                     
              293      294                                                     
     DON'T CARE        none                                                    
     ______________________________________                                    
PAR  There is only one last interlock 305, and only one first interlock 303;
      they are so called because in voting for a group office, the former is the
      last to be set, and the latter is the first to be set. Center interlocks
      can be connected until there are n - 2 of them, where n is equal to the
      number of intrelock flip-flops 276 in the machine.
PAR  In the first interlock 303 the switch 287 from the output of the previous
      interlock is open, and the input on a line 312 to the vote gate 301 is
      tied high over a line 316 so the gate 301 is automatically enabled when
      there is a vote input on a line 311.
PAR  The center interlock in the same manner, except that switch 287 is closed,
      and input on a line 311 to the vote gate is enabled by the previous
      interlock 303 flip-flop 276 output on a line 313 instead of by output on a
      line 312 from a line 316.
PAR  The vote signal comes to the vote gate 301 on a line 311 from an inverter
      317 through the closed switch 283. The open line input switch 291 prevents
      the vote signal from coming directly from the vote line 274. A high output
      314 of the vote gate 301 is sent as a set input on a line 322 to the
      flip-flop 276. A low output of the vote gate 301 becomes a high input to
      the next sequential vote gate 301 because of the vote inverter 317.
PAR  After the last interlock 305 flip-flop 276 is set, output on a line 277 to
      the ASR 174C of the test interlock will disable the output of the ASR
      174C, and the contents will be dumped. The test interlock output on a line
      277 can only come from the last interlock 305 in an office. All the other
      test interlock lines 277 are disabled because the test interlock switches
      297 are open.
PAR  It should be noted that the erase gate 302 is enabled by the output on a
      line 313 from its own associated interlock 3on flip-flop 276, while the
      vote gate 301 is enabled by the output on a line 313 from the next
      sequential interlock 3on-1 flip-flop 276.
PAR  The interlock empty output on a line 315 of the interlock flip-flop 276
      provides the count of blank votes for an office in the vote registering
      apparatus 33C. Prior to an election, all unused interlock flip-flops 276
      are preset high on a line 316 from a switch 317. Because they are preset
      high, the interlocks prevent the voter from registering illegal votes; in
      addition, they do not register blank votes in the vote counting apparatus
      33C.
PAR  Referring to FIG. 13, there is shown a block diagram of the vote counting
      apparatus 33, which may be a small, special purpose, minicomputer like the
      DEC PDP 8, the HP 2100, or a Data General Nova. Special adaptions 323 are
      typically included on whatever equipment is used to count votes:
      pre-election and post-election locks and seals, a resettable public
      counter, a nonresettable protective counter, and preferably a real time
      clock 334. All these appratus serve the protective function of making
      attempted election fraud detectable. The clock 334 registers the time on a
      line 335 on the pre-election zero proof sheet print-out, the 5 minute
      interval print-outs, and the print-out of the results after the polls
      close. A record of the vote counts are printed at 5 minute intervals
      throughout the election to guard against fraudlent manipulation of the
      votes at any stage of the vote registering process, to prevent
      manipulating of the various memories and to provide a partial election
      total in case the vote registering unit 33 quits working and needs to be
      replaced by a standby unit during the election.
PAR  Input on a line 36 to the vote counting apparatus 33 is controlled by the
      sequencer 42 and computer interface 42. The transfer and control logic 324
      are controls within the computer that associate on lines 326 specific
      votes with specific vote memory registers 325, and associate on lines 326
      specific blank votes, with specific vote memory registers 325. The
      transfer and control logic 324 also transfer votes on line 327 from the
      vote memory registers 325 to the printer and output communicators 331.
PAR  The printer 331 provides a printed readout of the contents of the vote
      memory registers 325 before the polls open, every 5 minutes during the
      election, and after the polls close. Only the beginning and ending vote
      totals are available to the precinct workers; the record of the votes made
      during the day is locked and cannot ve viewed, except in the event of a
      recount.
PAR  There is a special output communicator 331 that sends a votes registered
      signal 77 on line 332 from the vote counting apparatus 33 to the vote
      selection module 32 after a voter's votes and blank votes have been
      registered.
PAR  The election process should preferably depend on a power source available
      in a building where the voting is taking place, because the election could
      be stopped if someone unplugged the machine, cut off the building power by
      pulling a circuit breaker, or if the electricity went off because of a
      storm or some natural disaster. An alternate power source 212 is
      preferably available so that the election can continue if power is lost.
PAR  The specific techniques for accumulating and printing out votes is not a
      part of this invention and apparent to those skilled in the art. The
      invention facilitates this accumulation. In an especially convenient form
      of the invention with each potential selection identified by a unique
      number, the computer need only accumulate the number of each of these
      numbers, and the printout of the total of each number will be the number
      of votes cast for that selection, blanks being identified by a unique
      number also. The invention thus facilitates accounting for every
      affirmative and blank vote cast in an especially convenient manner.
PAR  The invention also facilitates secure setup before each election through
      keyboard selection, detachable wire connections and/or operation of
      switches to establish the acceptable number of votes for each office.
PAR  It is evident that those skilled in the art may now make numerous other
      uses and modifications of and departures from the specific embodiments
      described herein without departing from the inventive concepts.
      Consequently, the invention is to be construed as embracing each and every
      novel feature and novel combination of features present in or possessed by
      the apparatus and techniques herein disclosed and limited solely by the
      spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Voting apparatus comprising,
PA1  display means for displaying items to be voted upon and an item that is
      selected,
PA1  means for selecting an item to be voted upon to provide a uniquely
      representative digital address signal,
PA1  vote selection storage means coupled to said means for selecting,
PA1  means coupled to said means for selecting for entering a voter's choice in
      a location in said vote selection storage means designated by said digital
      address signal to provide a vote signal for temporary storage,
PA1  means for conditioning said vote selection storage means to have available
      a number of vote storage spaces corresponding to the maximum number of
      legal votes designated for the item then being voted upon and the
      partition said vote storage spaces by designating the beginning and end of
      the spaces associated with an item then being voted upon,
PA1  means for transferring each vote signal only to a previously vacant vote
      selection storage means vote storage space,
PA1  means for indicating when a vote selection storage means storage space then
      stores a vote signal,
PA1  means coupled to said vote selection storage means responsive to all the
      vote storage spaces partitioned for storing a particular vote signal for
      providing a full signal,
PA1  means responsive to said full signal for preventing additional vote signals
      from being accepted for counting,
PA1  accumulating means coupled to said vote selection storage means for
      receiving vote signals from said vote selection storage means and
      accepting them for counting,
PA1  and means for effecting transfer of said vote signals from said vote
      selection storage means to said accumulating means after each voter
      completes his selections.
NUM  2.
PAR  2. Voting apparatus in accordance with claim 1 and further comprising means
      for establishing each vote signal as a digital representation of the
      selected voter choice for a particular item,
PA1  and said accumulating means includes means for counting the number of times
      each digitally encoded choice is transferred from said temporary storage
      means to said accumulating means to thereby provide an indication of the
      total number of votes cast for an item.
NUM  3.
PAR  3. Voting apparatus in accordance with claim 1 and further comprising means
      coupled to said vote selection storage means for displaying an indication
      of the vote signal then in vote selection storage for an item to be voted
      upon to thereby inform the voter of his choice then in vote selection
      storage awaiting transfer to said accumulating means,
PA1  and means coupled to said vote selection storage means for cancelling the
      vote then in said vote selection storage means to enable a voter to make a
      different choice before transfer of vote signals from said vote selection
      storage means to said accumulator means.
NUM  4.
PAR  4. Voting apparatus in accordance with claim 1 and further comprising means
      for providing a blank count signal representative of the difference
      between said maximum number and the number of choices made by the voter
      for vote storage spaces associated in one partition,
PA1  and means for transferring said blank count signal to said accumulating
      means when said means for effecting transfer of said vote signals from
      said vote selection storage means to said accumulating means effects
      transfer of said vote signals from said vote selection storage means to
      said accumulating means.
NUM  5.
PAR  5. Voting apparatus in accordance with claim 1 and further comprising,
PA1  a write-in means for receiving write-in votes,
PA1  means for providing a write-in signal when a voter wants to write in a
      vote,
PA1  means responsive to said write-in signal for enabling said write-in means,
PA1  said write-in means including a normally covered writing surface for
      receiving a write-in vote uncoverable only in response to at least said
      write-in signal,
PA1  means responsive to said write-in signal for providing a write-in vote
      signal to said vote selection storage means,
PA1  and means responsive to the voter covering said writing surface for causing
      the writing surface just written upon to be moved to a hidden storage area
      whereby a write-in voter may see only his own write-in votes.
NUM  6.
PAR  6. Voting apparatus in accordance with claim 5 wherein said write-in means
      includes opaque movable normally locked door means for normally covering
      said writing surface,
PA1  means responsive to at least said write-in signal for unlocking said
      movable door means to allow the voter to open said door means and write
      his vote upon said writing surface,
PA1  and means responsive to the voter closing said door means for both causing
      the writing surface just written upon to move to said hidden storage area
      and for then locking said door means whereby a voter can write in only one
      choice for each write-in signal.
NUM  7.
PAR  7. Voting apparatus in accordance with claim 1 and further comprising,
PA1  means responsive to the transfer of said vote signals from said vote
      selection storage means to said accumulating means for storing each voter
      choice upon a recording medium.
NUM  8.
PAR  8. Voting apparatus in accordance with claim 7 wherein said last-mentioned
      means for storing comprises printing means and a tape for receiving
      printed impressions of the symbols corresponding to voter choices
      transferred from said vote selection storage means to said accumulating
      means.
NUM  9.
PAR  9. Voting apparatus in accordance with claim 1 and further comprising
      storage register means associated with each item for storing the maximum
      associated with that item for that election,
PA1  and disconnectable means for providing each storage register means with a
      maximum number signal associated with that item for that election prior to
      the election while preventing the maximum vote signals thus stored in each
      storage means from being changed during the election when said
      disconnectable means is disconnected from the rest of said apparatus
      during that election.
NUM  10.
PAR  10. Voting apparatus in accordance with claim 1 wherein said means for
      indicating when a vote storage space is full comprises an interlock means
      for each vote storage space,
PA1  each interlock means assuming initially a reset state before a voter makes
      his choice and a set state in response to the voter making that choice
      corresponding to the order number of the respective interlock means,
PA1  and said means responsive to said full signal and the provision of another
      vote signal for that digital address comprises means for sensing the state
      of the last of said interlock means assoicated with a particular digital
      address signal for blocking any additional vote signals from entering vote
      selection storage when said last of said interlock means assumes the set
      state.
NUM  11.
PAR  11. Voting apparatus in accordance with claim 10 and further comprising
      means for transferring to said accumulating means a designation of each
      interlock means then in said reset state when said vote signals are
      transferred from said vote selection storage means to said accumulating
      means to thereby accumulate a signal representative of the number of blank
      votes associated with the each vote storage space partitions just voted
      upon.
NUM  12.
PAR  12. Voting apparatus in accordance with claim 1 and further comprising
      means responsive to the uniquely representative digital address signal for
      addressing a uniquely corresponding vote storage space.
NUM  13.
PAR  13. Voting apparatus in accordance with claim 1 and further comprising,
PA1  means for sequentially addressing the vote storage spaces corresponding to
      the maximum number of legal votes designated for the then being voted on
      item,
PA1  and means for transferring each vote signal only to a previously vacant
      vote selection storage means storage space.
NUM  14.
PAR  14. Voting apparatus in accordance with claim 1 wherein said display means
      for displaying items to be voted upon includes means defining a symbol
      beside each displayed choice available to a voter and said means for
      selecting an item to be voted upon comprises keyboard means operable by a
      voter and having symbols thereon related to the symbols associated with
      said display means so that a voter may actuate keys on said keyboard means
      associated with said symbols and thereby make choices by actuating keys on
      said keyboard means associated with corresponding symbols on said display
      means.
NUM  15.
PAR  15. Voting apparatus comprising,
PA1  display means for displaying items to be voted upon and displaying items
      voted upon,
PA1  means for entering a voter's choice by providing a digital vote signal
      uniquely characteristic of that choice,
PA1  format storage means for storing a number of digital format words uniquely
      identifying items being voted upon corresponding to the number of
      available selections in the election for identifying whether a vote signal
      then represents a legal voter's choice,
PA1  vote selection storage means for storing legal vote signals coupled to said
      format storage means,
PA1  accumulating means coupled to said vote selection storage means and said
      format storage means which accepts votes for counting,
PA1  and means responsive to each digital vote signal, and the stored digital
      format words for transferring each digital vote signal to said
      accumulating means only when a digital vote signal represents a legal
      voter's choice.
NUM  16.
PAR  16. Voting apparatus in accordance with claim 15 and further comprising
      legal vote selection display means coupled to said vote selection storage
      means and coupled to current selection storage means for displaying a
      legal voter's choice represented by a digital vote signal then in said
      current selection storage means only when said means responsive to each
      digital vote signal and the stored digital format words transfers a
      digital vote signal to said vote selection storage means so that said
      display means displays to the voter only the voter's legal choices.
NUM  17.
PAR  17. Voting apparatus in accordance with claim 15 wherein said format
      storage means stores digital format words identifying vote signals that
      may be legal choices in the election being voted upon, identifying limits
      to indicate the item with which a vote signal representative of such a
      legal choice is associated and identifying the maximum number of legal
      choices for each item, whereby said means responsive to said digital vote
      signal and the stored digital format words receives enough information for
      determining the legality of each digital vote signal provided in response
      to each voter's choice.
NUM  18.
PAR  18. Voting apparatus in accordance with claim 16 wherein said display means
      includes a display register coupled to the vote selection storage means
      for storing a digital vote signal representative of a legal voter's
      choice,
PA1  and visible display means coupled to said vote selection storage means and
      coupled to said display register and responsive to the digital vote signal
      stored in said display register for providing a visible indication of the
      legal choice selected by the voter then voting.
NUM  19.
PAR  19. Voting apparatus in accordance with claim 15 wherein said format
      storage means comprises a random access memory.
NUM  20.
PAR  20. Voting apparatus in accordance with claim 15 comprising means
      responsive to each unique digital vote signal for determining whether that
      digital vote signal is representative of an available choice for any item
      in the election being voted upon,
PA1  means responsive to a digital vote signal that is representative of an
      available choice for any item in the election being voted upon for
      determining whether the voter's choice represented thereby is then legal,
PA1  and further comprising means for displaying to the voter visual
      representations of only legal choices characterized by digital vote
      signals stored in said vote selection storage means.
NUM  21.
PAR  21. Voting apparatus in accordance with claim 15 and further comprising,
PA1  acumulating means coupled to said temporary storage means for receiving
      digital vote signals from said temporary storage means,
PA1  blank vote storage means for storing a blank signal representative of the
      difference between the number of available choices for each item and the
      number of choices made by the voter then voting for that item,
PA1  and means for effecting transfer of said digital vote signals from said
      temporary storage means and of each blank signal from said blank vote
      storage means to said accumulating means.
NUM  22.
PAR  22. Voting apparatus in accordance with claim 15 and further comprising
      means for calling up a format word that is at least one of up or down in
      the sequence.
NUM  23.
PAR  23. voting apparatus in accordance with claim 15 wherein vote selection
      storage means vote storage spaces may assume a set or reset state in a
      random manner being set from one of and reset from another of the top,
      bottom, or a point designated by the uniquely representative digital
      address signal.
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ABST
PAL  A method and apparatus for automatically dispensing cash and performing
      other transactions relating to customer accounts. A magnetic card reader
      reads coded information into the system from a credit card which
      information identifies the account of the user. A keyboard entered code is
      compared with the card encoded information to verify that the account is
      that of an authorized user. The system includes a disc storage file which
      is checked for the account numbers of stolen cards and of accounts with
      respect to which transactions are to be restricted or otherwise modified.
      The file also includes a list of the images of cards read in the most
      recent past transactions and against these images the inserted card is
      checked for detection of duplicate cards. The system is capable of
      performing different types of transactions involving plural accounts of
      each user. A control code on each card enables the selection of only those
      machine functions which the user is authorized to select. Each card
      includes a renewable credit limit which is restorable after a given usage
      interval. The cards are encoded with the maximum amount of cash
      dispensible per given usage interval, the length of the usage interval,
      the next usage date, and the amount remaining during the current usage
      interval.
PARN
PAR  This is a continuation of application Ser. No. 285,812, filed Sept. 1,
      1972, now Patent No. 3,845,277.
BSUM
PAR  The present invention relates to automatic banking systems and particularly
      to such systems as off-line cash dispensers which permit transactions in
      accordance with information encoded on cards carried by bank customers who
      use the system.
PAR  Modern banking systems have sought to provide automated teller facilities
      which are capable of carrying on the most routine banking functions such
      as check cashing, deposits, and withdrawals. For the convenience of
      customers, these systems have attempted to provide a plurality of
      automated remote units which are conveniently accessible to customers for
      such purposes. The major problem encountered in the development of such
      units is that of providing these units with current account information
      against which the authorization to perform transactions must be checked.
      One solution to this problem is to provide that these units be connected
      through data lines to the bank's central data processing center where each
      proposed transaction is automatically checked against the bank's date
      file. The expense and difficulty in providing such on-line systems is a
      serious drawback to their effective use and development.
PAR  The tendency has therefore been toward the use of off-line systems.
      However, to date the employment of such systems has all been at the
      expense of either credit security or convenience to the customers through
      the lack of provision for current updated account information at these
      remote off-line units. Many of these proposed units require the use of
      customer identifying cards which are deposited in card readers at these
      remote units, which cards carry a certain amount of account information.
      Some of these systems have provided for the updating of information on the
      cards which information is supposed to reflect in some way the current
      status of the user's accounts. However, the encoding schemes employed have
      been somewhat less than completely effective in maintaining sufficiently
      updated information at the remote off-line units and either do not give
      the customer the complete benefit of his full credit limit or leave the
      bank with much less than optimum security against the overdrawing of
      accounts and credit limits that it would have had the transactions been
      conducted in person by the customer at the bank's central office.
PAR  Accordingly, it is a primary objective of the present invention to provide
      an automatic banking system particularly useful with off-line cash
      dispenser units which can rely on the currency of information encoded on
      the customer's personal credit cards to allow the customer full use of his
      maximum current credit limit. More particularly, it is an objective of the
      present invention to provide such a banking system which gives the user
      with a personal card bearing thereon a renewable credit limit which
      reflects the results of all of the customer's transactions up to the
      current transaction.
PAR  Accordingly, one aspect of the present invention is predicated on the
      concept of assigning to each customer a maximum credit limit against which
      he may withdraw cash during some specific usage interval. This maximum
      amount, the usage interval, and the amount remaining during the interval,
      and the the usage date are encoded upon the user's card. As the customer
      withdraws money against his account, the withdrawn amount is subtracted
      from the remaining amount and the new remaining amount is stored in that
      field on the user's card. When this remaining amount is decreased to zero,
      the usage interval is added to the usage date and the next usage date is
      encoded upon the card to replace the usage date. No further transactions
      will be permitted against the user's account before the next usage date.
      If the next usage date read is more than the usage interval old, the usage
      date is first reset to the calendar date and the amount remaining is reset
      to the maximum amount.
PAR  A further consideration of such automated banking systems is that of
      providing such units with the capability of allowing different types of
      transactions for different users. For example, some users may be operating
      solely with the use of credit cards, while others may use also or instead
      checking or saving accounts. Such systems should further provide the
      capability of allowing the user to select the type of transaction which he
      desires.
PAR  The general problem involved with providing such a capability is that
      different customers will have different types of accounts, and the types
      of transactions to be permitted will differ from customer to customer.
PAR  Accordingly, it is a further objective of the present invention to provide
      such a system which will allow the selectability of transactions but only
      in accordance with the types of transactions authorized for each specific
      user.
PAR  Accordingly, the present invention provides an off-line system which is
      capable of accepting or performing any one of a number of different types
      of transactions. The system is further provided with means which will
      condition the selection of various types of transactions upon specific
      authorization codes which are read from the individual user's personal
      cards. Specifically, each card associated with the system is provided with
      a control function code which represents the various types of transactions
      or accounts which the specific user is authorized to use. When this
      information is read into the system, all transactions involving transfers
      of funds to, from, or between authorized accounts will be enabled so that
      the user may select any one of, but only among, those authorized
      transactions.
PAR  Another important consideration for automatic banking systems of this type
      is to provide a certain amount of security against common fraudulent
      transactions. Such fraudulant transactions would include, for example, the
      use of stolen credit cards, the use of credit cards by persons whose
      credit has been revoked, and the use of counterfeit or duplicate credit
      cards. Another common and closely related problem which is particularly
      found is off-line systems of the type in which the information upon the
      user's card is used is that of revising the credit limits and other fixed
      data information upon the credit cards automatically without having the
      customer exchange his card with the bank.
PAR  Further objectives of the present invention are to overcome these problems
      in ways which maintain maximum security for the bank while still not
      requiring the use of coupling such systems on-line to a central processing
      unit.
PAR  The present invention provides new and particularly advantageous solutions
      to the above problems in one way or another through the use of the
      following features:
PAR  One feature of the present invention which accomplishes one of these
      objectives is the provision in the remote units of a memory file which may
      be in the form of a rotating disc or drum. Such memory may have recorded
      thereon the account numbers of certain cards of users whose authorization
      has for some reason been cancelled or modified. Specifically, these
      numbers may be those of stolen credit cards, users, who have abused their
      credit and whose credit has therefore been terminated, of users whose
      credit limits have been reduced or even increased since their present
      cards were issued, or other such factors which would influence the
      authorization of transactions which can be executed against the accounts
      of such users. The system operates to check the number of each credit card
      presented to the remote unit against each number recorded in the memory
      file before any transaction is permitted to be executed against the user's
      account. If the account number is found, an interrogation of a certain
      code field of the memory file is made to determine the reason for the
      number appearing in the file. For example, a number may appear in the
      control code field of the memory file. If the account number represents
      that of a stolen card or one which is to be voided, a number, such as a
      zero, in this field will indicate such fact and a command is thereupon
      exected in the unit which will cause the card to be captured and permit no
      transaction to be made against the account. Another code in this field
      might indicate that the credit card is new and that credit has not yet
      been established, in which case transactions may be refused but the credit
      card will be returned to the customer. Furthermore, a code may appear
      which will indicate that the customer has opened a new account or closed
      an old account or that his credit limit has been either increased or
      decreased and the system will thereafter be conditioned to rewrite the
      customer's card to reflect this change of status.
PAR  Another feature which the present invention provides is one which is
      designed to detect the fraudulent practice of a user duplicating his
      credit cards to exceed his credit limit during a given usage interval. To
      detect such duplicate cards, the system is provided with means for
      recording in the memory file an image of each card which is read and
      against which a cash withdrawal is made. These images for a specified
      number of the most recent transactions are retained in the memory file.
      Whenever a card is inserted into the machine, this file is interrogated
      for an exact duplicate image. In that each cash transaction will result in
      a rewriting or updating of the card, any close correspondence between an
      inserted card and an image in the file will indicate that the card is a
      duplicate card. When this occurs, this card will be captured and no
      transaction will be permitted against the account indicated thereon.
PAR  Another security feature of the present invention is that of providing a
      manual code entry which must be made by the user prior to the operation of
      any of the machine functions. This code entry is made on a keyboard and
      the code thereby entered is automatically compared with a code carried by
      the card for correspondence. This code may be an indirect code derived
      from information on the card and transformed in a manner unknown to the
      user. This aspect of the system is more completely described in a
      copending application, Ser. No. 276,028, filed July 28, 1972, and invented
      by William L Spetz. This application is hereby expressly incorporated into
      this application by reference.
PAR  The above features of the present invention provide the important
      advantages of making an entirely off-line system possible which can rely
      upon current and updated information coded upon the credit cards of the
      user to determine the types of transactions which the user is permitted to
      perform, the limits of the transactions which he can perform in given
      periods of time, and which can provide the bank with security against
      overdrafts and abuses of credit and against many of the most common types
      of fraudulent types of transactions which are encountered with such
      systems.
PAR  These features, however, are not limited to use in off-line systems. They
      provide important advantages in on-line systems also. They can be used in
      on-line systems to minimize tie up of the data lines and the amount of
      data that must be transmitted on the lines. Even in essentially real-time
      on-line systems, data can be conveyed to buffers and storage units for
      interrogation and analysis and thus enhance the time sharing ability of
      the control processing unit.
DRWD
PAR  These and other objectives and advantages of the present invention will be
      more readily apparent from the following detailed description of the
      drawings which illustrate the preferred forms of the method and apparatus
      of the present invention in an off-line cash dispenser system which
      embodies the principles of the present invention:
PAR  FIG. 1 is a diagram illustrating the line of credit information which is
      encoded upon the user's card.
PAR  FIG. 2 is a diagram representing the code format which appears on the
      user's card.
PAR  FIG. 3 is a general flow diagram of the control function enabling procedure
      of the present invention.
PAR  FIG. 4 is a table of the control function codes carried by the cards used
      in the present invention.
PAR  FIG. 5 is a table illustrating the permitted transactions for each of the
      possible control function codes of FIG. 4.
PAR  FIG. 6 is an elevational drawing of the panel of a cash dispenser unit
      embodying the principles of the present invention.
PAR  FIG. 7 is a flow chart diagram illustrating the general system operation of
      the unit of FIG. 6.
PAR  FIG. 8 is a general flow chart diagram of the "hot card" list check
      operation portion of FIG. 7.
PAR  FIG. 9 is a general flow chart diagram of the duplicate card detection
      portion of the operation of FIG. 7.
PAR  FIG. 10 is a block diagram of the controls and logic of the system
      associated with the unit of FIG. 6.
PAR  FIG. 11 is a more detailed flow chart representation of the operation of
      FIG. 7 illustrating particularly the initial condition set up and check
      procedure.
PAR  FIG. 12 is a detailed flow chart diagram of the procedure of FIG. 7 in
      illustrating more particularly the "hot card" and duplicate card list
      check procedures which were isolated in FIGS. 8 and 9.
PAR  FIG. 13 is a more detailed flow chart diagram of the procedure of FIG. 7
      illustrating particularly the authorized user check portion and the
      function selection procedure portion which was isolated in the diagram of
      FIG. 3.
PAR  FIG. 14 is a more detailed flow chart diagram of the procedure of FIG. 7
      illustrating particularly the procedure involved in execution of cash
      transactions.
PAR  FIG. 15 is a more detailed flow chart diagram of the procedure of FIG. 7
      illustrating more particularly the exit loop and final accounting and
      reset procedures.
PAR  FIG. 16 is a detailed flow chart diagram of the "current card check"
      portion of the procedure of FIG. 7.
DETD
PAC  GENERAL DESCRIPTION OF SYSTEM AND OPERATION
PAR  FIG. 1 illustrates the four basic fields of information which are provided
      to maintain current user line of credit information on his personal card.
      These fields include a dollar amount field 10 which contains generally
      fixed data representative of the maximum amount of credit permitted during
      a given usage interval. The data further includes a field 11 which is
      encoded with information indicating the amount of credit remaining during
      the current usage interval. This information is generally variable, being
      reduced by the amount of each cash transaction each time the user makes a
      withdrawal with his card. The information further includes a fixed data
      field 12 which indicates the length of the usage interval for the
      particular holder of the card. The fourth data field 13 includes
      information representing the next usage day. This information is generally
      variable and is revised each time the card holder exhausts his credit
      limit. Specifically, the field 13 contains a number representative of the
      calendar day of the year. If the day upon which the card is used falls
      before the day appearing in this field, no transaction will be permitted.
      If it is more than the usage interval before the current calendar day, it
      is reset to the current calendar day, and the amount remaining in field 11
      is rewritten to the maximum amount in field 10. If the current calendar
      day is, however, a day equal to or later than this usage day, transaction
      will be permitted up to the amount appearing in the field 11. When the
      number in the field 11 is reduced to zero, the next usage day appearing in
      field 13 will be rewritten to correspond to original usage day plus the
      usage interval field 12. When the card is so rewritten, the amount
      remaining in field 11 will be rewritten to the maximum limit appearing in
      the dollar amount field 10. The data represented in the diagram of FIG. 1
      is that for a card holder whose renewable credit card limit is $100 for a
      7-day usage interval.
PAR  The precise format of the card of the user is illustrated in FIG. 2. This
      card is encoded in a 40-character word 20. This word 20 is divided into
      several fields. The first field is one character long and is the start
      sentinal field 21 which initiates the reader logic. The second field is
      the account number field 22 which occupies character positions 2-17. This
      includes an account number which identifies a specific user. The 18th
      character is a field separator 23. The next field 24 is a four-character
      expiration date field occupying character positions 19-22. The date
      included in this field is the expiration date of the card and no
      transactions will be permitted after this date. The account suffix field
      25 includes the 23rd character of the word. This suffix is provided when a
      plurality of cards are issued for a single account, such as when different
      cards are provided for different members of a given family. The next
      field, fields 26, is the controlled code field which occupies character
      positions 24 and 25. The information encoded in this field is used by the
      system to enable the authorized transactions which the user may perform.
      The next field is the next usage date field 13 referred to in FIG. 1. It
      occupies character positions 26-29. The next field is the usage interval
      field 12 referred to in FIG. 1. It occupies only character position 30 of
      the word. Character positions 31 and 32 form the dollar credit limit field
      10 of FIG. 1. The number encoded in this field represents the dollar
      amount in terms of the number of 10 dollar bills which equal the dollar
      limit. The "amount remaining" field 11 referred to in FIG. 1 occupies
      positions 33 and 34 of the word. This amount, too, is encoded in terms of
      the number of 10 dollar bills which equal the amount remaining. If the
      particular machine dispenses bills of other denominations, as for example,
      20 dollar bills, the arithmetic logic of the machine can be programmed to
      double the bill count of the transaction when the card is rewritten or the
      bill count on the card could be standardized to reflect the number of
      other denomination bills. The next field is the bank code field 27 which
      occupies bit positions 35-38 of the word. This field contains a number
      which identifies the bank with which the account is maintained. In that
      these systems may be used for a plurality of banks, and that different
      systems may be used with different banks, this code field is provided to
      determine whether or not a card is being presented to a bank which
      authorizes its accounts transacted through the particular off-line unit.
      The final two fields 29 and 30 of the word relate to character positions
      39 and 40 and contain machine operation codes which are of no interest to
      the present invention.
PAR  Referring now to FIG. 3, the general flow diagram representing the
      operation of the function selection portion of the system is illustrated.
      This diagram represents first the card read operation 35. In this
      operation, the data word 20 is read from the card. From this word, the
      controlled code digits are extracted and this is represented by step 36 in
      FIG. 3. The machine automatically performs the operation indicated in step
      37 in which the machine will enable specific machine functions in
      accordance with the code extracted by step 36, and these enabled functions
      operate lighted push-button switches on the display panel of the machine
      so that the user can select the enabled and authorized transactions which
      he may perform.
PAR  In FIG. 4 is a table which illustrates the numerical codes used to indicate
      the various types of transactions and accounts available to a particular
      user and which codes are those present in field 26 of the word 20. The
      word 20 is coded in four-bit BCD representations of the decimal digits.
      Thus, the codes illustrated in FIG. 4 assign one bit to each of the
      respective permissible accounts and when a bit appears in that respective
      position of any one of the customer's credit cards, then that particular
      account is available to him. When any one account is authorized,
      transactions may be made to and from that account. When more than one
      account is authorized, transactions may be made to and from either of
      those accounts or between any two of those accounts.
PAR  The total permissible transactions available in the system illustrated are
      listed across the top of the chart of FIG. 5. The appropriate control
      codes which are available are listed down the left column of the chart.
      The marks in the chart adjacent each of the control codes illustrate those
      transactions which are avilable when the respective code is present on the
      card.
PAR  FIG. 6 represents a view of the panel 40 which is used in a system
      according to the present invention. The pushbutton function selectors 42
      which relate to those transactions illustrated in the chart of FIG. 5
      appear near the center of the panel. Of these function control buttons,
      the deposit button 41 is used for either loan payment, mortgage payment,
      or deposit to any account. Such deposits are made through the depository
      39 and the final accounting therefor is made by the bank and does not
      effect information on the credit card. A cash-from-credit-card transaction
      is executed by use of button 43 while the cash-from-checking and -savings
      accounts are executed respectively by buttons 44 and 45. Transfers of
      funds from checking to savings and savings to checking accounts may be
      performed by the use of buttons 46 and 47 respectively while loans may be
      paid off to the bank by transfer of funds from checking and savings
      accounts respectively by use of buttons 48 and 49. Similarly, mortgage
      payments may be made from checking and savings accounts respectively by
      use of buttons 51 and 52.
PAR  When cash transactions are made, the amount of the transactions may be
      selected by the use of the transaction amount selector buttons 54. A pair
      of selector switches 55 are also provided for the user to use in selecting
      additional transactions after his first transaction is completed.
PAR  Other devices provided on the panel include a code entry keyboard 57.
      Numbers entered on the keyboard 57 are displayed on a keyboard display 58.
      Two display panels are provided by which the system communicates
      information to the customer. These include a message panel 59 which
      displays various messages usually indicating some irregularity in the
      attempted transaction and may, for instance, inform the customer to call
      the bank or that the bank will call him. A display panel 60 is also
      provided which communicates informational messages to the customer which
      inform him of the next operational step which he is to perform in
      executing his transaction.
PAR  Cash transactions will result in the dispensing of cash through a cash
      dispenser 62. Also, at the end of the transactional cycle, receipts are
      printed and dispensed to the customer through a receipt printer outlet 63.
      The functions controls enclosed within the panel section are covered by a
      door 65 which is operated by a door control controlled under the operation
      of the machine circuitry. The panel also includes the card reader-writer
      68 into which the card is inserted and from which the card is returned
      updated at the end of the transaction. A card return button 70 is also
      provided for the user to cancel his transaction before execution begins.
PAR  The general system operation will be better understood by reference jointly
      to the panel drawing of FIG. 6 and the general system operation flow
      diagram of FIG. 7 here to be described.
PAR  The functions in FIG. 7 are divided into those functions which are
      performed by the user or operator on the panel 40 and those functions
      which are performed automatically by the machine. Initially, door 65 on
      the panel is closed covering those controls behind it. The user approaches
      the panel and inserts a card through the card reader slot 68 as
      represented by the step 71 in FIG. 7. The machine then reads the
      information from the card as represented by step 72 and then performs a
      file check of the hot-card list and the duplicate card list, the operation
      of which will be explained in more detail below. This function is
      represented by step 73 in FIG. 7. If the card is on the hot-card or
      duplicate card list, this decision is indicated by a function 74 of FIG. 7
      and the card is then captured and no transactions are thereby permitted
      with that card. The card capture is represented by step 75. After the card
      is captured, the system will reset as represented by step 76. If no image
      of the card is found in either the hot-card or duplicate card list, the
      code entry keyboard 57 is enabled, as represented by step 79 in FIG. 7,
      and a message reading "enter code" will be displayed on the panel 60.
PAR  The user then enters a secret code on the keyboard 57 as represented by the
      step 81 in FIG. 7. When the code is entered, the machine proceeds to
      compare this code with a code derived from that information encoded and
      read from the card. This comparison test is made at 82 in the diagram of
      FIG. 7. If an improper code is entered, the use is unauthorized and the
      card is returned to the user as represented by step 83 and the system is
      then reset according to step 76 of the drawing. If the proper code is
      entered, the system proceeds to enable certain machine codes as read from
      the card in accordance with that table represented in FIG. 5. This
      enabling function is represented by the step 85 in FIG. 7. The enabling
      function performed in step 85 will illuminate those function selectors 42
      which correspond to the authorized transactions and a message "select
      transaction" will be displayed on the panel 60.
PAR  The user then depresses one of the illuminated select transaction buttons
      as represented by step 86. This selection enables the machine to execute
      the selected function as illustrated by step 87 in the diagram and then
      causes the transaction amount selector buttons 54 to be enabled and
      illuminated along with a message which reads "select amount" which is
      displayed on the panel 60. The user then selects the amounts of his cash
      transaction if it was a cash transaction which he selected by depression
      of the appropriate button of the selector 54. This selection function is
      represented by box 88 in the diagram.
PAR  Had the user not selected a cash transaction, but instead a transfer
      transaction of funds from one account to another or a deposit, he will
      enter this amount on the keyboard 57 which will have been illuminated by
      his selection of such a transaction along with appropriate message
      indicating that he should thereby enter the amount on the keyboard 57
      which informational message will be displayed on the panel 60. The amount
      that he does enter on the keyboard 57 will be displayed on the display
      register 58 and then by depression of the transaction complete button 69
      on panel 57 will cause that transaction to be executed within the internal
      accounting mechanism of the system.
PAR  Whatever transaction is selected, the operation will proceed in accordance
      with the machine controls as represented by the step 89 in FIG. 7. When
      the transaction is completed and the cash dispensed, if so required, the
      user is given an opportunity to perform another transaction and the
      additional transaction selection is enabled as represented by the step 90
      in FIG. 7. This function will display a message reading "select another
      transaction" on the panel 60 and the decision buttons 55 will be
      illuminated for the user to actuate. If another transaction is desired,
      the user selects the appropriate button 55 as represented by the step 92
      in FIG. 7. If the user does select another transaction, control will
      return to the step 85 in FIG. 7. If the user selects no other transaction,
      the machine will enter the exit function mode as represented by step 94 in
      FIG. 7 which will cause the card to be updated if a cash transaction has
      been made and will also cause a receipt of all the transactions executed
      to be printed and then return control to the return card function 83 and
      then the system reset function 76 and the system will thereafter cause the
      door 65 to be closed and stand ready for the next customer.
PAR  Referring now in more particular detail to the security option of the
      hot-card list check, this procedure is generally functionally shown in the
      flow chart of FIG. 8. This is one of the functions represented by the box
      73 in FIG. 7. The data from the card is received by a comparison circuit
      from step 72 and the search of a disc file is thereby executed. The card
      information is compared with that found in each position of the disc file.
      This comparison and search function is represented by the step 101 in FIG.
      8. The comparison function checks to see if the account number of the file
      matches that account number read from the card. If a match is found, then
      the control code from the word in the disc file is interrogated as
      represented by step 103 of FIG. 8. In the specific example taken, if this
      control code is zero, it is detected by decision operation 104. This code
      indicates that the record was placed on the file to indicate that that
      account number referred to is either of a stolen card or a card of a
      holder whose credit was to be terminated for some reason, and that the
      bank should capture or retain the card. This capture function is executed
      by the step 105 in FIG. 8. In other instances, a new card holder may be
      denied use of his card if clearance has not yet been made by the bank and
      this account may appear in the hot-card file. The card code double zero,
      for example, as represented by the decision circuit 107 will detect this
      fact and merely return the card to the customer and cause a message to be
      displayed indicating he should wait for a certain period of time before
      using this card. This operation is represented by the step 108 in FIG. 8.
PAR  If the card was found in the file and if neither of the two operations
      above represented by positions 104 and 107 have been indicated with the
      positive result, then, the information will indicate that the card should
      be updated with new information from the disc file. This operation is
      represented by the step 109 in FIG. 8. After this update, or if no match
      is found in the file, this system will proceed with normal transactions
      (Step 110).
PAR  FIG. 9 represents a general functional block diagram of the operation
      involved in the duplicate card detection function represented in step 73
      of FIG. 7. This is functionally separated from FIG. 8 for illustration
      purposes but may be performed in a common functional operation. The
      duplicate card list is generated on the file by recording each card after
      each cash transaction is performed, for example, at step 89 of FIG. 7.
      This information from the original card as it was inserted into the
      machine is recorded after each transaction as represented by step 112 of
      FIG. 9. The revolving storage file is thereby generated containing images
      of cards inserted in the last, for example, 100 transactions. This is
      represented by step 113.
PAR  The interrogation of the duplicate card file may be made in the same manner
      as the hot-card file search. The data read from the card is compared with
      the data in the duplicate card file, and when an identical copy is found,
      this is indicated in the step 117 and a card capture is commanded. Since
      each card is revised after cash transaction, the exact match will indicate
      that the card has been duplicated and thus, its use is not permitted. When
      no match is found, the system proceeds with normal transactions as
      indicated by step 120.
PAC  DETAILS OF SYSTEM AND OPERATION
PAR  The following is a detailed description of flow charts representing the
      operation of the specific embodiment of the present invention. This will
      be, however, better understood when the general elements of the controls
      of the system are briefly described. These are represented in FIG. 10. The
      system includes the panel control and items described in connection with
      FIG. 6 which are the display panel 60, the message panel 59, the card
      reader-writer 68, the code entry keyboard 57, the keyboard display 58, the
      function selector switches 42, the transactional amount selector switches
      54, the additional transaction selector switches 55, the receipt printer
      63, the cash dispenser 62 and a door control 66 which operates the door
      65. Also an internal accounting recorder 122 is provided which performs
      certain recording and arithmetic operations for the bank record system.
      The date handling components of the panel 40 have data outputs connected
      to a general data buss 125. Also connected to this buss are internal
      registers which include a today's date register or calendar 126, a bank
      data register or set of register 127, and a disc file 130 which includes
      the hot-card and duplicate card lists. The contents of the bank data
      register 127 may be stored on the disc file 130. Also, several registers
      are provided for date handling. These include the scratch pad register
      131, an X register 132, a Y register 133 and A, B, C, F and I registers
      134, 135, 136, 137, and 138, respectively. The system is also provided
      with, symbolically, a pair of buffer register 141 and 142 having data
      inputs connected to the data buss 125. These buffers represent storage
      registers on which the comparison logic 143 operates to deliver decisional
      information along line 144 to the system select and control unit 145. The
      system select and control unit 145 has control outputs connected to each
      of the above mentioned components and registers of the system. The system
      145 also controls an address control 147 which operates the searching
      function of the disc file 130. The system select and control unit 145
      operates under the control of a program memory 148 which is directly
      driven by a program counter 149. A stop-start control 150 and a timer 151
      also deliver information to the system select and control unit 145 for the
      control thereof. With this general diagrammatic discussion of system
      hardware, the detailed operational flow charts of FIGS. 11-15 can better
      be understood.
PAR  With reference back to FIG. 10, throughout the discussion of FIGS. 11-15,
      the machine operation starts with the energization of the system as
      represented by a start command 161 through operation of the start control
      150. This causes the execution of certain routine machine checks and the
      setting of initial conditions, such as the clearing of the registers, etc.
      This is represented by step 162 in FIG. 11. When the machine has been set
      up, the control passes into an idle loop 163 where it remains until a card
      is inserted into the slot 68 (FIG. 6). When this card is detected in step
      164, the card reader 68 is caused to read the card in step 165 and store
      the entire data read therefrom in the X register 132 at step 166. The
      customer's credit limit is then transferred from the positions 31-32 from
      X register 132 to an A register 134 in step 167. Then, the banks maximum
      credit limit is transferred from one of the bank data registers 127 to the
      B register 135 in step 168. Then a check is made in step 169 to determine
      whether or not in fact the limit on the card is a legal limit. If it is
      not, there is a card error and the program exits through an exit 170. If
      the limit is a legally authorized limit, the machine proceeds by
      transferring the bank code from positions 35-38 of X register 132, in step
      172, to the A register 134. Then the bank data registers 127 are searched
      for the bank code lists to determine whether or not the customer has used
      the unit associated with his bank. This is represented by step 173.
PAR  If the bank code information is not found, the customer has used the wrong
      bank and an exit is made through exit 170. If it is found, the transaction
      proceeds as normal. This check is represented by step 174 in FIG. 11. This
      step may also be programmed to permit limited types of transactions
      against accounts of associated banks or national credit cards. For
      example, it may be desirable to permit cash transactions against accounts
      of out of town banks or national credit cards to accommodate travelers. If
      this is the case, the function selection steps of FIG. 13 will be modified
      in accordance with the information contained in the bank data registers
      127.
PAR  The procedure then transfers the expiration date from positions 19-22 of
      the X register 132 to the A register 134 as represented by step 175. Then
      today's date is transferred from the "today's date" register 126 to the B
      register 135 in step 176. A decision is then made in step 177 whether or
      not the card has expired. If it has, exit is made through exit 170, and if
      it has not, control proceeds to path 12A of FIG. 12.
PAR  Referring to FIG. 12, the first step performed is the clearing the update
      flag register F, 137, for reasons which will become apparent from the
      description below. This is done in step 181. The operation then proceeds
      with interrogation of the hot-card and duplicate card lists. All of these
      steps, incidentally, are being actuated by the system selecting control
      unit 145 under direction of the program memory 148 which in turn is
      controlled by the program counter 149.
PAR  The disc file search is initiated by actuating the address control 147.
      This is shown in step 182. First, the index register 138 is set to index
      the position 1 in step 183. Then, the i th word is transferred from the
      disc file 130 to the Y register 133 in step 184. Then, the account number
      portion in bit position 2-17 of the X register 132 is transferred to A
      register 134 and the account number positions 2-17 of Y register 133 are
      transferred to the B register 135. This is done in step 185. Then, the A
      and B registers are compared in step 186 and, if no match is found, the I
      register 138 is tested in step 187 to see if the file has been completely
      searched and, if not, the I register 138 is incremented in step 188 and
      the next i th word is retrieved from the disc file and comparison in turn
      will proceed until the entire file has been scanned. If no match is found,
      a normal exit will be made through exit 190.
PAR  If an account number match is found in the comparison step 186, the index
      register 138 is checked in step 191 to determine whether the match was
      found in the hot-card list or the duplicate card list. If in the duplicate
      card list, the entire contents of the X and Y registers are compared in
      step 192 to see if there is a total match and if so, a duplicate card
      decision is made and the card is captured in step 193. If these are not a
      complete match, then further checks are made to catch abnormal conditions
      found only on fraudulent cards. These steps include step 189 in which a
      check is made for the abnormal condition in which the amount remaining is
      the same but the next usage date on the card is later than the one in
      storage. Also in step 194 a check is made for the abnormal condition in
      which the usage dates are the same but the amount remaining is greater on
      the card than on the disc, then the search loop proceeds through the
      decision step 187.
PAR  If the match was found in the hot-card list, the first comparison is made
      in step 195 to see if the control code field positions 24 and 25 of the Y
      register equal zero. If they do, this indicates a stolen card, for
      example, and control proceeds through the card capture step 193.
      Whereafter control proceeds to exit 197.
PAR  If the control code is not zero, it is then checked for a double zero code
      in step 198 which indicates that the card has been prematurely used, in
      which case, an exit is made through exit 199. If the entry decision boxes
      195 or 198 is affirmative, then the appearance of the match on the
      hot-card list indicates that it was put there for purposes for updating
      the card of the user. Then, the contents of the Y register 133 are
      transferred to the scratch pad register 131 for furture reference in
      writing the card before it is returned to the customer. This is done in
      step 200. In step 201, the update flag is set to condition the machine to
      rewrite the card before it is returned to the user. After this, the system
      returns to the search loop through decision step 187.
PAR  The normal exit 190 from FIG. 12 proceeds to branch 13A of FIG. 13. Now, an
      appropriate transaction can be made and the doors open uncovering the
      panel section 69. This is done in step 204. Then, the coded entry keyboard
      57 is enabled through step 205 and a message is displayed for the user to
      enter the proper code. The machine then goes into a timed stop in step
      206. The timed stops 206 are controlled by timer 151 and, if an operator
      decision is not made within a specified time of, for example, 15 seconds,
      the machine will make an exit through exit 207. When the operator does
      enter a code through keyboard 57, as indicated in step 208, this code is
      compared to step 209 with one derived from the card which was read. If
      there is no match, the user is permitted two more tries through a counting
      loop 210. If the user fails in, for example, three tries, the exit 207 is
      used and the card will be returned to him. The number of tries allowed is
      a bank presettable number. If a proper comparison is made, the function
      selection operation proceeds with the setting of the count register 136 to
      zero in step 212. The system can also be programmed to allow only a
      limited set of failures by the user in arriving at the user code. This is
      desirable so that a user cannot attempt an infinite number of tries as he
      might with a stolen card. This can be done by marking the card when the
      card is returned for this reason. The marking may be done by replacing,
      for example, the account suffix digit on the card with an unused number.
      When the mark is detected in a subsequent failure to enter the card, the
      card is captured.
PAR  Function selection begins with the transfer of the machine code as read
      from the card and as stored in positions 24 and 25 of the X register 132
      to the A register 134 in step 214. This code enables the appropriate
      function selector switches 42 in accordance with the table of FIG. 5 and
      displays the message "select transaction" on the display panel 60. The
      machine then goes into a timed stop in step 215. When a code function
      selection is made, it is stored in the B register 134 in step 216. Then
      the A and B registers are compared in step 217 to see if a proper choice
      has been made. If not, control returns to the timed stop 215.
PAR  When the choice is made, a test is made in step 218 to determine whether
      the control in the B register is fund transfer. If it is, the keyboard 57
      is enabled for entry of the amount in step 219. The machine then proceeds
      to a time stop in step 220. When the amount has been entered (step 221) on
      keyboard 57 and displayed in the display 58 provided therefor, the machine
      exits through exit 223.
PAR  If the code in B is not a fund transfer, it is tested to determine whether
      or not it is a deposit in step 225. If it is a deposit, control passes
      again to step 219. If neither tests 218 nor 225 are affirmative, then the
      selection is a cash transaction and control passes to branch 16A in FIG.
      16.
PAR  In FIG. 16 a check is made to determine whether or not the card inserted is
      a current card, that is, whether or not an entire usage interval has
      elapsed since the card was last used. Frequently, a customer may use his
      card to withdraw cash in an amount less than the total amount permitted
      during a usage interval, and then not make another cash transaction for
      some time. In such a case, his card would not be normally updated until
      the amount remaining has reached zero, in which case he would not reuse
      his card to withdraw cash until a usage interval has elapsed again. To
      overcome this condition, the usage date is checked here, and if it is more
      than the usage interval old, his entire amount is restored and the usage
      date is set to the current calendar date, thus providing a new effective
      cash transaction limit and next usage date.
PAR  This is done by transferring the calendar date from register 126 to the A
      register 134 and the usage interval from the card, as stored in position
      X:30 of X register 132, to the B register 135, in step 301. The B register
      135 is then subtracted from the A register 134 in step 302, and the next
      usage date is transferred from positions 26-29 of X register 132 to the B
      register 135, in step 303. Then the A register 134 and B register 135 are
      compared in step 304. If the card is current, the procedure proceeds to
      branch 14A and FIG. 14. If the card is not current, the card image in X
      register 132 is stored in the duplicate card list of the disc file 130. As
      will be seen when FIG. 15 is described below, a cash transaction involving
      a non-current card results in two images being stored in the duplicate
      card list, one being that of the non-current information, and the other
      being that of revised card before the execution of the transaction, that
      is, which contains the effective usage date and current remaining
      information. If this were not done, and only the non-current card image
      stored, a person could duplicate cards and use them, one at a time, at
      wide intervals, thus obtaining a supply of different appearing cards. Then
      he could wait until all cards are non-current, and use them all on the
      same day, exceeding his credit limit, without an image being found in the
      duplicate card file. If only the effective image were stored, duplicate
      non-current cards would not be detected. By storing both images, this
      fraudulent conduct would be detected. Thus, the extra storage step 306 is
      necessary.
PAR  The provision for the effective next usage date is accomplished by step 307
      in which today's day is transferred from register 126 to positions 26-29
      of the X register 132 to provide the effective usage date, and also to
      positions 26-29 of the scratch pad 131 for re-writing of the card if the
      amount limit is not exhausted. Similarly, the maximum credit limit is
      transferred from positions 31-32 of the X register 132 to the amount
      remaining positions 33-34 of the X register 132 and the scratch pad 131,
      in step 308. Then the flag register 137 is set to one in step 309 to
      indicate that the card must be rewritten. Control then proceeds to branch
      14A and FIG. 14.
PAR  In FIG. 14, for a cash transaction, first, the next usage date information
      is transferred from positions 26-29 of the X register 132 to A register
      134. Then today's date is transferred to the B register 135 from today's
      date register 126. These transfers are done in steps 231 and 232
      respectively. Then, a check is made to determine whether the next usage
      date is later than today's date in decision step 233. If it is, a credit
      exceeded indicator light is lit on the message panel 59 at step 234 and
      exit is made through exit 235. If the next usage date is equal to or less
      than today's date, the bill's remaining information from positions 33 and
      34 of X register 132 are transferred to A register 134 in step 237. Then
      the contents of the A register are interrogated in step 238 to determine
      whether any amount remains. If the amount is zero, the credit exceeded
      indicator light is lit as control returns to step 234 and exit is made
      through branch 235. If credit still remains, the amount selector switches
      54 are enabled and the message "select amount" is displayed on the panel
      60 in step 239. Then a timed stop is executed in step 240. Then, when an
      amount is entered through switches 54, the amount selected is transferred
      to the B register 134 in step 242. Then the A and B registers are compared
      and if the B register is greater than the A register, decision step 243
      limits the credit to only the amount remaining and lights the credit
      extended indicator light on panel 59 through steps 244 and 245. Then, the
      system proceeds to dispense the selected number of bills through the bill
      dispenser 62 in step 247. Then, the number of bills dispensed is
      subtracted from the amount remaining in the A register step 248. This
      remainder is transferred to the scratch pad 131 for later writing and
      updating the card. This is done in step 249. Then, remaining amount in the
      A register is checked in step 250. If the amount is not zero, then the
      update flag from register 137 is set in step 251 and an exit is made
      through exit 254.
PAR  If the bills remaining amount has been reduced to zero as detected by
      decision 250, the usage date is transferred from positions 26-29 of X
      register 132 to the A register 130 and the usage interval is transferred
      from the 30th position of the X register 132 to the B register 135. This
      is done in step 256. Then, the contents of the A and B registers are added
      and the total representing the next usage date to be written on the card,
      is transferred to positions 26-29 of the scratch pad 131 for later writing
      on the card before it is returned to the customer. This is done in steps
      257 and 258 after which the flag is set as control passes through step 251
      to exit 254.
PAR  The various exit paths are illustrated in FIG. 15. The normal exit passes
      through branch 15A where the information indicating the occurrence of the
      transaction is stored in the print-out file of the internal recorder 122.
      This is done in step 261. Then, the C register is incremented in step 262
      to indicate that one more transaction has been completed. In the next
      step, 263, a test is made to see whether or not five transactions have
      been completed. If less than five transactions have been conducted by the
      current user, the controls 55 are enabled to allow the customer to
      indicate whether or not he desires another transaction. This is done in
      step 264. Control then proceeds to a timed stop step 265 where, after
      another selection is indicated, control returns to branch 13B where the
      new selection of a transaction can be made. If, in decision 266, the user
      indicates that he wishes no more transactions or, if the fifth transaction
      in decision 263 has been detected, the final exit loop is executed wherein
      the card update flag 137 is checked in step 271. If updating of the card
      is required, the card is rewritten in step 272 wherein the contents of the
      scratch register 131 are transferred onto the card. After the writing step
      272 or if no writing is required as detected by decision step 271, the
      exit step 273 is executed wherein the contents of the X register 132 are
      stored in the duplicate card file and each word in that file is shifted up
      on position with the last or, for example, 100th position information
      being dropped. Then, control passes to the final exit function step 274
      wherein the internal accounting is performed in the recorder 122, a
      receipt is printed and the receipt is delivered to the customer by the
      receipt printer 63. The door control 66 is actuated to close the door 65,
      and the card is returned by the card reader 68 to the customer. The system
      then proceeds to reset in step 275 whereupon control is returned to the
      idle loop through final exit 277 whereupon the system waits for an
      insertion of a card by the next customer.
PAR  It will be appreciated from the detailed description immediately above that
      many variations of the system and the process may be made while achieving
      the objectives and advantages of the present invention according to the
      principles taught herein.
PAR  While cards are referred to throughout the specification and claims, it is
      intended that the use of records in any form may be substituted and
      accordingly such meaning is to be implied in the claims. Further, user
      identifying information need not be read into the system from a record
      ingested by the user, but may be the input of a memorized code via, for
      example, a keyboard, or may be some user identifying criteria such as, for
      example, a fingerprint.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. An automatic banking system for serving a plurality of users comprising:
PA1  a card reader for reading information from a coded card;
PA1  the encoded information on the card including:
PA2  a. information relating to the duration of a usage interval; and
PA2  b. information relating to a specified date bearing a predetermined
      relationship to said usage interval;
PA1  means for performing a specified banking transaction when the current date
      bears a first predetermined relationship to said specified date
      information and for denying said specified banking transaction when the
      current date bears a second predetermined relationship to said specified
      date information; and
PA1  means for revising said specified date information encoded on said card by
      an amount at least equal to said usage interval incident to performing
      said specified banking transaction.
NUM  2.
PAR  2. The system of claim 1 further including a plurality of encoded cards,
      and wherein the usage interval information on a first group of said cards
      is different from the usage interval information on a second group of said
      cards, and wherein said revising means revises said specified date
      information of said first and second card groups in accordance with said
      different usage interval information encoded upon said cards of said first
      and second card groups, respectively.
NUM  3.
PAR  3. The system of claim 1 wherein said information on the card further
      includes information relating to a credit limit, and wherein said bank
      transaction means performs said specified bank transaction in an amount
      not exceeding said credit limit when said current date bears said first
      predetermined relationship to said specified date information.
NUM  4.
PAR  4. The system of claim 3 further including means to revise said credit
      limit to reflect the amount of said performed bank transaction.
NUM  5.
PAR  5. The method for performing banking transactions of a plurality of users
      comprising the steps of:
PA1  reading information from a coded card, which information includes:
PA2  a. information relating to the duration of a usage interval, and
PA2  b. information relating to a specified date bearing a predetermined
      relationship to said usage interval;
PA1  performing a specified banking transaction when the current date bears a
      first predetermined relationship to said specified date information and
      denying said specified banking transaction when the current date bears a
      second predetermined relationship to said specified date information; and
PA1  revising said specified date information encoded on said card by an amount
      at least equal to said usage interval incident to performing said
      specified banking transaction.
NUM  6.
PAR  6. The method of claim 5 wherein the information on said card further
      includes information relating to a credit limit, and said method further
      includes performing said specified banking transaction in an amount not
      exceeding said credit limit when said current date bears said first
      predetermined  relationship to said specified date information.
NUM  7.
PAR  7. The method of claim 6 further including the step of revising said credit
      limit to reflect the amount of said performed bank transaction.
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PAL  An automatic film retrieval system of the type which utilizes film having a
      plurality of frames, each frame including document images and an adjacent
      frame marker to facilitate sensing and counting of the frames has an
      improved film speed drive control circuit which causes the film to be
      driven at high speed when a desired film frame is greater than a fixed
      given number of frames away from the actual present frame and at low speed
      when the desired film frame is less than or equal to a fixed given number
      of frames away from the actual present frame. The system additionally has
      an automatic film drive direction control circuit and a stop-go and reset
      control circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is generally directed to a microfilm retrieval system
      and more particularly to a microfilm retrieval system which includes
      automatic film search control, up-down direction control, and stop-go and
      reset control.
PAR  One efficient type of information storage and retrieval system that has
      found widespread acceptance is often referred to as microfilm storage. In
      such systems, copies of documents and data are recorded on film such as
      16mm film with the size of the recording on the film being on the order of
      1mm per inch of document size. Obviously such size reduction affords a
      substantial reduction in document storage volume and greatly simplifies
      handling of the documents. Such a reduction in size necessarily inhibits
      direct reading of the stored documents and the usual procedure for reading
      them is to project the microfilm images onto a screen with their
      magnification to a size corresponding approximately to the original size
      of the document.
PAR  Because literally thousands of documents are stored on each film reel,
      searching for a particular document can be time consuming. Therefore, to
      overcome this disadvantage automatic search techniques have been
      developed. Unfortunately, to avoid damage to the film such techniques have
      incorporated film handling apparatus which move the film at a relatively
      low rate of speed when searching for a document to avoid breakage of the
      film when it is stopped. Additionally, systems for determining in which
      direction the film must be displaced to arrive at the desired document
      have been complex. In those systems which displace the film at a high rate
      of speed, very complicated mechanical arrangements have been necessary for
      disengaging the drive means and stopping the film to avoid film breakage.
PAR  It is therefore a general object of the present invention to provide an
      improved automatic microfilm retrieval system which affords film searching
      in a minimum amount of time without breakage of the microfilm.
PAR  It is a still further object of the present invention to provide an
      automatic film drive direction control means for a microfilm retrieval
      system for determining in what direction the film must be moved to arrive
      at a desired document.
PAR  It is a still further object of the present invention to provide an
      automatic stop-go and reset control means for a microfilm retrieval system
      for starting and stopping the film drive and for resetting the system
      after each document search sequence.
PAR  The present invention provides an automatic film searching and retrieval
      system for use with film having a plurality of frames, each frame
      including document images and an adjacent frame marker. The system
      comprises first film drive means for driving the film at a high rate of
      speed in a given direction, second film drive means for driving the film
      at a low rate of speed in a given direction and frame marker sensing means
      for sensing the frame markers and for providing a counting pulse for each
      marker sensed. The system additionally comprises programming means for
      preselecting a given film frame represented by a predetermined count, film
      drive selecting means for actuating either the first or second film drive
      means, means responsive to the film mark sensing means and the programming
      means for causing the selecting means to actuate the second film drive
      means when the total number of the counting pulses differs from the
      predetermined count by a fixed number of counts, and means for stopping
      the film when the total number of the counting pulses equals the
      predetermined count.
PAR  The invention additionally provides a film drive direction control circuit
      for use in an automatic film retrieval system which uses film having a
      plurality of frames including document images, and has frame sensing and
      counting means, a programmer for preselecting a given film frame
      represented by a predetermined count, a comparator for comparing the
      counting means count with the predetermined count, film drive means
      capable of driving the film in either a first or second direction, drive
      enabling means for providing a drive enabling signal and rewind enabling
      means for initiating a rewind command. The film drive direction control
      circuit comprises a first gate coupled to the comparator, to the drive
      enabling means and to the rewind enabling means, and responsive to a first
      comparator signal when the counting means count is less than the
      predetermined count, the enabling means drive enabling signal, and the
      absence of the rewind command to provide a first intermediate drive
      direction control signal and a first control means coupled to the first
      gate for providing a first film drive direction control signal in response
      to the first intermediate drive direction control signal to cause the
      drive means to drive the film in the first direction.
PAR  The film drive direction control circuit additionally comprises a second
      gate coupled to the comparator and to the drive enabling means and
      responsive to a second comparator signal when the counting means count is
      greater than the predetermined count and the enabling means drive enabling
      signal, to provide a second intermediate drive direction control signal, a
      third gate coupled to the second gate and to the rewind enabling means for
      providing a third intermediate direction control signal in response to
      either the second intermediate control signal or a rewind command signal,
      and a second control means coupled to the third gate for providing a
      second film drive direction control signal in response to the third
      intermediate direction control signal to cause the drive means to drive
      the film in the second direction.
PAR  The invention still further provides a film drive speed control circuit for
      use in an automatic film searching and retrieval system which utilizes
      film having a plurality of frames, each frame including document images
      and having an adjacent frame marker and wherein the system includes a high
      speed film drive means and a low speed film drive means for driving the
      film at high and low speeds respectively, frame marker sensing means for
      sensing the frame markers and for providing a marker pulse corresponding
      to each marker sensed, counting means for counting the marker pulses, the
      number of the marker pulses counted representing an actual count,
      programming means for preselecting a given film frame represented by a
      predetermined count, and comparator means coupled to the counting means
      and to the programming means for comparing the counts of the counting
      means with the predetermined count. The film drive speed control circuit
      comprises adding means responsive to the comparator means for adding a
      fixed given number of counts to the actual count to provide an augmented
      actual count when the actual count is less than the predetermined count
      and high speed actuating means responsive to the comparator means for
      actuating the high speed film drive means when the augmented actual count
      is less than the predetermined count.
PAR  The film drive speed control circuit additionally comprises low speed
      actuating means responsive to the comparator means for providing a low
      speed drive actuating signal to actuate the low speed film drive means
      when the augmented actual count equals the predetermined count,
      subtracting means responsive to the low speed drive means signal for
      subtracting the fixed number of counts from the augmented actual count to
      restore the actual count, and stopping means responsive to the comparator
      means for stopping the low speed drive means when the actual count equals
      the predetermined count.
PAR  The invention still further provides a film drive control circuit for use
      in an automatic film retrieval system which uses film having a plurality
      of frames including document images, and has frame sensing and counting
      means, a programmer for preselecting a given film frame represented by a
      predetermined count, a comparator for comparing the counting means counts
      with the predetermined count, film drive means for driving the film and a
      command unit including a go command means for generating a go command
      signal, a rewind command means for generating a rewind command signal, and
      a rewind stop command means for generating a rewind stop command signal.
      The film drive control circuit comprises go-enable means coupled to the
      comparator and to the go command means for providing a first intermediate
      drive comparator when the counting means count is unequal to the
      predetermined count, rewind enable means coupled to the rewind command
      means and to the rewind stop command means for providing a second
      intermediate drive control signal responsive to the rewind command signal
      and to the absence of the rewind stop command signal, and drive control
      means coupled to the go-enable means and to the rewind enable means for
      providing the drive means with a final drive control signal responsive to
      either the first or second intermediate drive control signals causing the
      drive means to drive the film.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The invention,
      together with further objects and advantages thereof, may best be
      understood by reference to the following description taken in connection
      with the accompanying drawings, in the several figures of which like
      reference numerals identify like elements, and in which:
PAR  FIG. 1 is a block diagram of a microfilm retrieval system embodying the
      present invention;
PAR  FIG. 2 is a partial perspective and block diagram of a document marker
      sensing means which may be utilized in practicing the present invention;
PAR  FIGS. 3a and 3b show the output waveforms of the sensing means of FIG. 2;
PAR  FIG. 4 is an expanded block diagram of a portion of the system shown in
      FIG. 1;
PAR  FIG. 5 is a schematic circuit diagram of a stop-go and reset control
      circuit embodying one aspect of the present invention;
PAR  FIG. 6 is a circuit diagram of a film drive direction control circuit
      embodying another aspect of the present invention;
PAR  FIG. 7 is a logic block diagram showing in greater detail a portion of the
      film speed drive control circuit embodying another aspect of the present
      invention;
PAR  FIG. 8 is a circuit diagram partially in block form of another portion of
      the film speed control circuit embodying the present invention.
DETD
PAR  Referring now to the block diagram representation of the microfilm
      retrieval system of FIG. 1, the microfilm retrieval system includes a
      keyboard 10 having a numeric unit 11 and a control unit 12. The numeric
      unit 11 includes a plurality of keys which are pressed to indicate the
      number of the desired film frame to be examined. Numeric unit 11 is
      coupled to encoder and strobe unit 13 which transforms the decimal numeric
      unit number representation into four, fourbit binary words representing
      the number of the desired film frame which is then stored in shift
      register 14. Shift register 14 is coupled to keyboard storage counter 15
      which stores the several digits of the number of the desired film frame.
PAR  Control unit 12 includes a plurality of keys each indicating a separate
      system function such as automatic search, rewind, stop, up one, down one,
      etc. Control unit 12 is coupled to command sequence control unit 16 which
      receives from control unit 12 the desired function and controls the system
      in a given sequence to assure that the system operates in a properly timed
      manner. Command sequence control unit 16 is also coupled to storage
      counter 15.
PAR  To detect which particular film frame is being examined, the system
      includes film frame marker sensor 17 and trigger amplifier 18. Referring
      briefly to FIG. 2, film frame marker sensor 17 comprises a pair of light
      pipes 19 and 20 and a pair of photo cells 21 and 22. As shown in FIG. 2
      the microfilm 23 includes film frame 24 which includes the photographic
      representation of the document it bears and in addition, adjacent to film
      frame 24 there is a marker 25. Marker 25 as shown is rectangular but of
      course could be of any desired shape. Each film frame on the microfilm
      includes an adjacent marker. A light source (not shown) projects light in
      the direction of arrow 26 through marker 25 to be received by light pipes
      19 and 20 as the film marker moves past the light pipes.
PAR  The light projected through marker 25 is sensed by photosensors 21 and 22
      which generate an output responsive to the light being sensed. Amplifiers
      27 and 28 coupled to photosensors 21 and 22 respectively provide an
      amplified signal of the photosensor outputs.
PAR  As the film moves, marker 25 first does not expose either of the light
      pipes to the light source. Thus, photosensors 21 and 22 will not provide
      an output. As the film continues to move, marker 25 first exposes light
      pipe 19 causing photosensor 21 to provide an output, then both light pipes
      are exposed and both photosensors 21 and 22 will provide outputs, and
      lastly, as the film continues to move, marker 25 will only expose light
      pipe 20 causing photosensor 22 to provide an output. Thus it can be seen
      that in the direction of film movement just described there are four
      distinct combinations of outputs from photosensors 21 and 22. If the film
      were reversed to travel in the other direction, there would again be four
      distinct combinations of outputs from photosensors 21 and 22 but in a
      different sequence than in the first direction. Therefore, the film frame
      sensor 17 provides not only a means for counting film frames but
      additionally provides a means for detecting in which direction the film is
      traveling.
PAR  This may be more clearly seen in FIGS. 3a and 3b which show the
      representative waveforms from amplifiers 27 and 28 as the film moves. FIG.
      3a shows the amplifier outputs as the film moves in the up direction, or
      in other words, towards higher numbered film frames, and FIG. 3b shows the
      waveforms as the film moves in the downward direction toward the lower
      numbered film frames. The frame counting pulses or "blips" are translated
      to count sequence control unit 29. Count sequence control unit 29 is
      additionally coupled to blip counter 30.
PAR  The count sequence control unit is deviced to take care of an inherent
      counting problem that arises when the film is stopped in an arbitrary
      place between marks and is returned to a previously counted mark. By way
      of example, when the sensor and counter has counted up to and past the
      twelfth mark and the film is stopped and reversed to go back and find the
      tenth, as soon as the film returns to the twelfth mark, the counter counts
      down 1 and shows 11. When the film moves down to the eleventh mark, the
      counter would count down one more, 10, and stop the film at the wrong
      frame. The count sequence control inhibits counting the next mark after a
      direction change either up or down.
PAR  Count sequence control unit 29 is additionally coupled to rewind beginning
      sensor unit 31. Rewind beginning sensor unit 31 is a specialized circuit
      which stops the rewind mechanism in response to the absence of blips. At
      the rewind end of the film there preferably is a leader section that does
      not include on it any markers because there are no pictures. The circuit
      includes a charging capacitor which is charged between blips and is
      discharged whenever the blip is sensed. When the charges are permitted to
      build up to within a certain level the capacitor has not been discharged
      and thus indicates that there are no more blips. The rewind mechanism is
      therefore actuated for stopping the film. As shown, rewind beginning
      sensor 31 is also coupled to blip counter unit 30 to inhibit counting
      during rewind.
PAR  Keyboard storage counter 15 and blip counter 30 are coupled to comparator
      32. Keyboard storage counter 15 is coupled to comparator 32 at input 33
      designated B and blip counter 30 is coupled to the comparator at input 34
      designated A. The B inputs from the keyboard storage counter provides the
      comparator with the number of the desired film frame and the A inputs from
      the blip counter provides the comparator with the actual number of the
      particular document film frame marker exposing the light pipes of the film
      frame sensor.
PAR  The comparator provides a number of operating functions for the overall
      system. Particularly, it provides at output 35 outputs indicating when the
      B input equals the A input, or in other words, when the desired film frame
      has been found, and also output signals indicating when the desired film
      frame is above or below the actual film frame indicated by the A input.
      Output 35 of comparator 32 is coupled to the relay drivers and logic unit
      36. Also coupled to the relays, drivers and logic unit 36 is rewind
      beginning sensor 31.
PAR  A ten frame slow down unit 37 is coupled to the relays, drivers and logic
      unit 36, comparator output 35, and blip counter 30. Briefly, its function
      is to provide a signal which effects blip counter 30 to cause the system
      to switch from a high speed film handling mode to a low speed film
      handling mode when the film gets to within ten frames of the desired film
      frame number. Its function will be described in more detail later.
PAR  The relays, drivers and logic circuit 36 is additionally coupled to film
      drive motors and mechanism unit 38. Unit 38 includes a pair of motors, a
      high-speed motor and a low speed film drive motor. The high speed motor is
      preferably a constant high speed motor and the low speed motor is
      preferably a variable low speed motor for manual operation. During
      automatic operation, the variable potentiometer which is used to vary the
      speed of the low speed motor is switched out of the circuit by a manual
      automatic relay and a fixed potentiometer is used to replace it.
      Therefore, during automatic operation, a fixed high speed and a fixed low
      speed motor are used.
PAR  Just prior to the film being stopped, the system will be in the low speed
      mode. The fixed low speed is preferably selected to allow for the maximum
      rate of movement of the film without excessive overshooting at the stop
      command. This depends upon the dynamics of the mechanism film spool
      combination and is set by trial and error for the worst case loading
      condition.
PAR  Referring now to FIG. 4, there is shown in greater detail the loop formed
      by comparator 32, relays, drivers and logic unit 36, blip counter 30, and
      ten frame slow-down unit 37. Relays, drivers and logic unit 36 provides a
      control interface between command sequence control unit 16 via rewind
      beginning sensor unit 31 and the film drive motors and mechanism 38. It
      receives go enable, rewind stop, and rewind command signals from the
      command sequence control unit 16 and depending upon the state of
      comparator 32, provides control signals for actuating a stop-go relay, an
      up-down relay, or a high-low speed relay for controlling the high and low
      speed motors of the film drive motors and mechanism 38.
PAR  Comparator 32 is of the type well known in the art and includes four
      standard 5 bit comparators such as type 9324 manufactured by Fairchild
      Instruments that are connected in series to compare two four-digit
      binary-coded-decimal numbers as previously described. The A inputs 39 are
      coupled to the blip counter 30 and the B inputs 33 is coupled to the
      keyboard storage counter 15 as shown in FIG. 1. Comparator 32 provides at
      its outputs 40, 41 and 42 voltage levels indicative of the number of the
      document marker detected by the film frame sensor as compared to the
      desired document number as stored in the storage counter 15. For example,
      when the desired document number equals the actual document number output
      40 will provide a logical 1 or a high output signal. When the desired
      document number is higher than the actual document number output 41
      provides a logical 1 and when the actual document number is higher than
      the desired document number output 42 provides a logical 1.
PAR  Blip counter 30 is shown in block diagram form as comprising a first
      counter 43 for counting tens, hundreds and thousands and for providing a
      borrow signal when necessary as explained later and a second counter 44
      for counting units. Blip counter 30 receives up count pulses at input 45
      and down count pulses at input 46 of the second counter 44. Coupling the
      first and second counters are OR gates 47 and 48 which are coupled to the
      ten frame slow down control unit 37. The OR gates responsive to the ten
      frame slow down control unit 37 cause a count of 10 to be added or
      subtracted from blip counter 43 for ultimately causing the system drive
      motors to switch from the high speed mode to the low speed mode as more
      fully explained hereinafter.
PAR  Relays, drivers and logic unit 36 comprises reset circuit 50, stop-go
      control circuit 51, up-down control circuit 52, and high-low speed control
      circuit 53. Reset circuit 50 is coupled to stop-go control circuit 51 and
      also to ten frame slow-down control unit 37 and additionally to the
      keyboard shift registers and to all of the control bistable circuits. The
      reset signal is used to reset the keyboard shift registers to 0 and all
      the control bistable circuits to the right state after the completion of
      an automatic operation.
PAR  Stop-go control circuit 51 is coupled to the command sequence control unit
      and receives therefrom rewind and go enable inputs and a stop signal from
      the rewind beginning sensing unit. The stop-go control circuit 51 is
      additionally coupled to output 40 [A = B] of comparator 32. Output 54 of
      stop-go control circuit 51 is coupled to a delay circuit 55 which is in
      turn coupled to the stop-go relay 56 of the system.
PAR  Up-down control circuit 52 is coupled to the command sequence control unit
      and receives therefrom go enable, and rewind command inputs. It is
      additionally coupled to comparator 32 at outputs 41 and 42 for receiving A
      &lt; B and A &gt; B inputs. Output 57 of up-down control circuit 52 is coupled
      to the up relay 58 which sets the drive motors in the up direction when
      actuated. Output 59 is similarly coupled to down relay 60 which sets the
      drive motors in the down direction when actuated.
PAR  High-low speed control circuit 53 is coupled to the up-down control circuit
      outputs 57 and 59. High-low speed control circuit 53 is additionally
      coupled to the command sequence control unit and receives therefrom rewind
      and go enable command inputs. Output 61 is coupled to the high-low speed
      relay 62 which engages the high or low speed motors responsive thereto.
PAR  Ten frame slow down unit 37 is coupled to comparator 32 at outputs 41 and
      42 to receive A &lt; B and A &gt; B inputs respectively therefrom. Ten frame
      slow down circuit 37 is additionally coupled to the reset circuit 50 and
      to command sequence control units 16 for receiving go enable command
      inputs. Input 63 of the ten frame slow down control unit 37 is coupled to
      output 61 of the high-low speed control circuit 53.
PAR  Referring now to FIG. 5, there is shown a detailed circuit diagram of the
      reset circuit 50 and stop-go control circuit 51 embodying the present
      invention. Stop-go control circuit 51 comprises nverters 64 and 65, NAND
      gates 66, 67 and 68 and transistor 69. Inverter 64 has an input 70 coupled
      to the comparator circuit output 40 (FIG. 4) to receive therefrom the A=B
      signal. Output 71 of inverter 64 is coupled to input 72 of NAND gate 66.
      NAND gate 66 has input 73 coupled to the command sequence control unit and
      receives go enable command signals therefrom. Output 74 of NAND gate 66 is
      coupled to input 75 of NAND gate 68. Inverter 65 has input 76 coupled to
      the command sequence control unit to receive therefrom rewind command
      signals. Output 77 of inverter 65 is coupled to input 78 of NAND gate 67.
      Input 79 of NAND gate 67 is coupled also to the command sequence control
      unit and receives rewind stop command signals. Output 80 of NAND gate 68
      is coupled to resistor 83 which in turn is coupled to base 84 of
      transistor 69. Output 82 is additionally coupled to input 85 of inverter
      86.
PAR  Base 84 of transistor 69 is coupled to diode 87 which is coupled to ground
      via capacitor 88. Emitter 89 is coupled to ground through diode 90.
      Collector 91 is coupled through resistor 92 to the stop-go relay of the
      system.
PAR  The stop-go control circuit takes the go enable or the rewind command
      signal inputs and generates at collector 91 a go signal energizing the
      stop-go relay. When the desired document number is found [A = B], or when
      the rewind stop signal appears at input 79, a stop signal is generated at
      collector 91 to de-energize the stop-go relay.
PAR  When a rewind operation is initiated, the go enable input 73 of NAND gate
      66 will be low, the A = B input 70 of inverter 64 will be high or low, the
      rewind stop input 79 will be high and the rewind input 76 will be low. The
      low input at input 73 causes output 74 to be high. The low rewind signal
      at input 76 causes output 77 of inverter 65 to be high and the high rewind
      stop input at input 79 together with the high input at input 78 causes
      NAND gate 67 at output 80 to be low. Therefore, there is a high input at
      input 75 and a low input at input 81 of NAND gate 68 causing output 82 to
      be high. The high output at output 82 causes transistor 69 to be forward
      biased and provides at collector 91 a go signal to the stop-go relay to
      energize the stop-go relay. Capacitor 88 and resistor 83 form a delay
      circuit and slow the turn on action of transistor 69 so that other circuit
      operations within the system can take place before the stop-go relay is
      energized. Diodes 87 and 90 isolate this delay so that it is effective
      only for the turn on of transistor 69 but not when transistor 69 is turned
      off. Resistor 93 provides a discharge path for capacitor 88 when
      transistor 69 turns off and also a path for collector leakage current.
PAR  When the beginning frame is reached, a rewind stop signal is generated by
      the rewind beginning sensor 31 (FIG. 1) and the rewind stop line goes low.
      This low input at input 79 of NAND gate 67 causes its output 80 to be
      high. Inputs 75 and 81 will both be high causing output 82 to be low. This
      low output is the stop signal and turns transistor 91 off de-energizing
      the stop-go relay.
PAR  A go-enable signal is provided in the command sequence control unit when
      the required film frame number is inserted into the keyboard storage
      counter and when the automatic film search button is pushed on control
      unit 12. In this case, the rewind stop input at input 79 will be high and
      the rewind signal inputs at input 76 will be high. The A=B signal from the
      comparator will be low and the go enable input 73 will be high. The high
      rewind input at input 76 of the inverter 65 will cause output 77 to be low
      which causes output 80 of NAND gate 67 to be high. The low input at input
      70 of inverter 64 causes output 71 to be high and the high go enable input
      at input 73 combined with the high input at input 72 causes output 74 of
      NAND gate 66 to be low. Therefore, there is a high input at input 81 and a
      low input at input 75 at NAND gate 68 which causes output 82 to be high
      indicating a go signal. The high output at output 82 will turn on
      transistor 69 after a short delay due to resistor 83 and capacitor 88.
      When the desired film frame is reached, the A=B input at input 70 of
      inverter 64 will go high causing output 71 to go low thus causing the
      output 74 of NAND gate 66 to be high. Therefore, both input 75 and input
      81 will be high causing output 82 of NAND gate 68 to be low indicating a
      stop signal. The low output causes transistor 69 to turn off and to
      de-energize the stop-go relay.
PAR  Reset circuit 50 comprises inverter 86, positive Schmitt one shot
      trigger-94, Schmitt trigger 95, and transistor 96. Output 97 of inverter
      86 is coupled to input 98 of Schmitt trigger 94 through resistor 99. Input
      98 of Schmitt trigger 94 is also coupled to ground through the parallel
      combination of resistor 100 and capacitor 101. Output 102 of Schmitt
      trigger 94 is coupled to the base 103 of transistor 96 through resistor
      104. Base 103 is additionally coupled to ground through resistor 105. The
      emitter 106 of transistor 96 is coupled to ground and the collector 107 is
      coupled to a positive voltage source through the series combination of
      resistors 108 and 109. The common junction of resistors 108 and 109 is
      coupled to ground through the parallel combination of capacitor 110 and
      resistor 111. Schmitt trigger 95 has input 112 coupled to the common
      junction of resistors 108, 109, and 111 and capacitor 110. The output 113
      of Schmitt trigger 95 is coupled to the keyboard shift register and to all
      of the bi-stable circuits of the system. The reset signal produced at
      output 113 resets the keyboard shift registers to zeros and all the
      control bi-stable circuits to the proper state.
PAR  In operation, after an automatic search operation is completed, the stop
      signal, the low going signal at output 82 of NAND gate 68 is used to
      generate the reset signal. This low going signal is delayed, shaped into a
      pulse and stretched and formed into a relatively long, low going,
      rectangular pulse. The delay is included so that although a short
      transient positive pulse on the A = B input may cause output 82 of NAND
      gate 68 to go low temporarily, it will not generate a reset signal. The
      stretching is done so that the reset signal will be present long enough at
      the input of the storage counter to inhibit the clearing of the storage
      counters when the keyboard shift registers are cleared to zeros by the
      reset signal action.
PAR  As shown, output 82 of NAND gate 68 is coupled to input 85 of inverter 86.
      The output 97 of inverter 86 is connected to a delay circuit comprising
      resistors 99 and 100 and capacitor 101. The delayed output from output 97
      is coupled to input 98 of Schmitt trigger 94 which is a positive one-shot
      trigger.
PAR  When the output of NAND gate 68 goes low (stop signal), the output 97 of
      inverter 86 goes high and capacitor 101 begins to charge. When the voltage
      across capacitor 101 reaches the firing level of Schmitt trigger 94, a
      single positive pulse appears at output 102. This positive pulse forward
      biases transistor 96 turning it on long enough to discharge capacitor 110.
      This causes the output of Schmitt trigger 95 to go low. As soon as the
      positive pulse passes, transistor 96 turns off and capacitor 110 starts to
      charge. When the voltage across capacitor 110 reaches the firing level of
      Schmitt trigger 95, the output 113 of Schmitt trigger 95 goes high
      completing the low going rectangular pulse.
PAR  When the system is initially energized, capacitor 110 is discharged and its
      voltage is zero. As a positive voltage source comes up, the logic circuits
      are activated, but capacitor 110, being discharged, holds the input to
      Schmitt trigger 95 low. This causes output 113 to be low, which is a reset
      signal. As the voltage across capacitor 110 rises, the trigger level is
      reached and output 113 of Schmitt trigger 95 goes high, ending the reset
      signal.
PAR  Therefore, it can be seen, that the reset circuit of FIG. 5 generates a
      reset signal when the system is first initially energized and after each
      automatic operation is completed. The reset signal is stretched so that
      the reset signal will be present long enough at the input of the storage
      counter clear input to inhibit the clearing of the storage counters when
      the keyboard shift registers are cleared to zeros by the reset signal
      action.
PAR  Referring now to FIG. 6, there is shown a film drive direction control
      circuit 52 embodying another aspect of the present invention. It comprises
      NAND gates 120, 121 and 122, inverter 123 and transistors 124 and 125.
      NAND gate 120 has three inputs, input 126 coupled to output 41 of
      comparator 32 to receive A &lt; B signals, input 127 coupled to the command
      sequence control for receiving rewind command signals, and input 128
      coupled also to the command sequence control unit for receiving go enable
      command signals. Output 129 of NAND gate 120 is coupled to input 130 of
      inverter 123. Output 131 of inverter 123 is coupled to the base 132 of
      transistor 124 through resistor 133. Base 133 is also coupled to ground
      through resistor 134 and emitter 135 of transistor 124 is also coupled to
      ground. Collector 136 is coupled to the up relay of the system through
      resistor 137.
PAR  NAND gate 121 has two inputs, input 138 coupled to output 42 of comparator
      32 for receiving A &gt; B signals, and input 139 coupled to the command
      sequence control unit for receiving go enable command signals therefrom.
      Output 140 of NAND gate 121 is coupled to input 141 of NAND gate 122.
      Input 142 of NAND gate 122 is coupled to the command sequence control unit
      for receiving rewind command signals. Output 143 of NAND gate 122 is
      coupled to the base 144 of transistor 125 through resistor 145. Base 144
      is also coupled to ground through resistor 146 and emitter 147 is also
      coupled to ground. Collector 148 is coupled to the down relay of the
      system through resistor 149.
PAR  Output 131 of inverter 123 and output 143 of NAND gate 122 are coupled to
      the high-low speed control circuit of FIG. 7 for reasons to be explained
      later.
PAR  In operation, the up-down detection control circuit takes the go enable
      signal from the command sequence control unit and combines it with either
      a high A &lt; B or A &gt; B output of the comparator to generate a relay drive
      signal for either the up relay or the down relay respectively. Remembering
      for the moment that the A inputs to the comparator are coupled to the blip
      counter outputs and the B inputs are coupled to the keyboard storage
      counter outputs, any time both inputs are the same, and A = B output of
      the comparator is high and the A &gt; B and A &lt; B outputs are low. When the
      comparator A &lt; B output is high, the A &gt; B and the A = B outputs will be
      low, and the blip count will be lower than the desired keyboard number and
      the film should therefore be moved in the up direction. In like manner,
      when the comparator output A &gt; B is high, the A &lt; B and A = B outputs will
      be low, and the blip count will be higher than the keyboard number and the
      film should be moved in the down direction.
PAR  If the desired document number in the keyboard storage counter is higher
      than the document number in the blip counter, the A &lt; B comparator output
      will be high and the A &gt; B output will be low. Therefore, input 126 of
      NAND gate 120 will be high and input 138 of NAND gate 121 will be low.
      When the automatic search button is pushed, the rewind signal input at
      inputs 127 of NAND gate 120 and 142 of NAND gate 122 will be high and the
      go enable input at input 128 of NAND gate 120 and input 139 of NAND gate
      121 will be high. Thus, all of the inputs to NAND gate 120 are high, and
      its output at output 129 will be low. The input to inverter 123 goes low
      and its output 131 goes high. This turns on transistor 124 for energizing
      the up relay. Because the A &gt; B input 138 remains low and the rewind
      signal remains high, NAND gate 121 will have a high at output 140, and the
      two high inputs at NAND gate 122 causes its output 143 to be low keeping
      transistor 125 turned off. Therefore, the down relay will remain
      de-energized.
PAR  If the number inserted into the keyboard storage counter is lower than the
      document number in the blip counter, the A &gt; B comparator output will be
      high and the A &lt; B output will be low. Therefore, input 138 of NAND gate
      121 will be high and input 126 of NAND gate 120 will be low. When the go
      enable input at inputs of NAND gate 120 and input 139 of NAND gate 121
      goes high, the two high inputs at NAND gate 121 will cause its output 143
      to be low and although the rewind input remains high at input 142 of NAND
      gate 122, the low input at input 141 of NAND gate 122 causes output 143 to
      go high turning on transistor 125 to energize the down relay. Because the
      A less than B input 126 remains low, NAND gate 120 at its output 129
      remains high, and the inverter output remains low keeping transistor 124
      turned off and the up relay de-energized.
PAR  Although either the A &lt; B or A &gt; B inputs may go high immediately after the
      desired document number is selected at the keyboard storage counter, the
      respective relays are not energized until the film search button is pushed
      thus generating a go enable command signal. Therefore, the NAND gates 120
      and 121 will be allowed to respond to the A &lt; B or A &gt; B inputs
      respectively.
PAR  Whenever a rewind signal is generated, the rewind inputs go low thus
      overriding the A &lt; B, A &gt; B, and the go enable inputs. A low rewind input
      at input 127 of NAND gate 120 holds the output 129 of NAND gate 120 high
      causing inverter 123 to produce at its output 131 a low signal keeping
      transistor 124 turned off. A low rewind signal also holds the output of
      NAND gate 122 high keeping transistor driver 125 turned on and the down
      relay energized. Thus, it is insured that the film will always move in the
      down direction when a rewind signal appears.
PAR  When the film blip count reaches the desired document number, the A &lt; B or
      A &gt; B output that was high goes low, and the A = B input goes from low to
      high. Both transistors 124 and 125 are turned off and both relays are
      de-energized.
PAR  Thus it can be seen that the film drive direction control circuit of the
      present invention automatically controls the direction that the film must
      be moved to search for the desired film frame number. The direction
      control circuit operates in such a way as to render the up or down
      decision unambiguous and also allows a rewind signal to override the
      circuits operation to insure that the film will move backward when a
      rewind signal is generated.
PAR  Referring to FIGS. 7 and 8, FIG. 7 shows a detail logic diagram of the ten
      frame slow-down circuit 37, a detailed block representation of the blip
      counter 30 and the interconnections between the two. FIG. 8 shows a
      detailed schematic diagram of the high-low speed control circuit 53. (FIG.
      4). The ten frame slow-down circuit 37 and the high-low speed control
      circuit 53 in conjunction with the blip counter 30 provides the function
      of slowing down the film when it is a predetermined number of frames away
      from the desired film frame during an automatic search operation. As
      previously explained, during the automatic search operation, two film
      drive motors are utilized. One motor is a high speed motor and the other
      is a low speed motor. When the automatic search is initiated, if the
      desired film frame is more than the predetermined number of film frames
      from the actual film frame stored in the blip counter, the film is driven
      at high speed in the direction of the desired document and switched to low
      speed when the actual film frame in the blip counter is the predetermined
      number of film frames away from the desired film frame. When the desired
      film frame is reached, the film is stopped.
PAR  The purpose of slowing down the film as it approaches the desired film
      frame is to assure that the film is not damaged when the film is brought
      to a stop. A fixed low speed is selected that will allow the maximum rate
      of movement of the film without excessive overshooting of the film frames
      at the stop command. As previously mentioned this depends upon the
      dynamics of the mechanism-film spool combination and is set by trial and
      error for the worst case loading condition. The inertia of the system
      tends to smooth the transitions between high and low speeds and between
      low speed and stop. While ten frames of film is considered sufficient for
      the transitions between the high to low speeds and low speed to stop for
      the worst case, other predetermined number of frames may also be utilized
      to accommodate a particular film handling mechanism. A solenoid operated
      brake on the supply reel is actuated momentarily when the film is switched
      from a high to low speed to prevent film spillage and the resultant delay
      in taking up the excess of film.
PAR  Referring now to FIG. 7, the ten frame slow-down circuit 37 comprises NAND
      gates 160 through 169, inverters 170 through 174, and negative one shot
      Schmitt triggers 175 and 176.
PAR  NAND gates 161 and 162, and NAND gates 63 and 64 are interconnected forming
      a familiar bi-stable circuit well known in the art. Input 177 of NAND gate
      160 is coupled to output 41 of comparator 32 (FIG. 4) to receive A &lt; B
      signals from the comparator. Output 181 of NAND gate 160 is coupled to
      input 183 of NAND gate 161.
PAR  Input 180 of NAND gate 165 is coupled to output 42 of comparator 32 (FIG.
      4) to receive A &gt; B inputs from the comparator. Output 182 of NAND gate
      165 is coupled to input 184 of NAND gate 164.
PAR  Input 191 of NAND gate 162 and input 192 of NAND gate 163 are connected to
      the reset line at the output 113 of Schmitt trigger 95 (FIG. 5). When the
      system is initially energized or after the completion of an automatic
      search operation, the reset signals at inputs 191 and 192 reset the
      bi-stable circuits to their proper state.
PAR  Output 185 of NAND gate 161 is coupled to input 189 of inverter 170. Output
      190 of inverter 170 is coupled to input 179 of NAND gate 165.
PAR  Output 186 of NAND gate 164 is coupled to input 187 of inverter 171 and
      output 188 of inverter 171 is coupled to input 178 of NAND gate 160.
      Output 185 is additionally coupled to input 200 of NAND gate 166 and input
      213 of NAND gate 169. Output 186 of NAND gate 164 is additionally coupled
      to input 206 of NAND gate 167 and input 208 of NAND gate 168. Inputs 201
      of NAND gate 166, 205 of NAND gate 167, 295 of NAND gate 168, and 212 of
      NAND gate 169 are all coupled to the go enable line from the command
      sequence control unit 16 (FIG. 1).
PAR  Input 215 of negative one shot Schmitt Trigger 175 is coupled to output 250
      of NAND gate 251 of the high-low speed control circuit shown in FIG. 8.
      Output 216 of Schmitt trigger 175 is coupled to input 217 of inverter 172.
      Output 218 of inverter 172 is coupled to inputs 202 of NAND gate 166 and
      input 204 of NAND gate 167.
PAR  Input 219 of inverter 174 is coupled to the go enable line of the command
      sequence control unit. Output 220 of inverter 174 is coupled to input 221
      of Schmitt trigger 176. Output 222 of Schmitt trigger 176 is coupled to
      the input of inverter 173. Output 223 of inverter 173 is coupled to input
      209 of NAND gate 168 and 211 of NAND gate 169.
PAR  Blip counter 30 comprises units counter 225, tens counter 226, hundreds
      counter 227 and thousands counter 228. Blip counter 30 additionally
      comprises NAND gates 229 and 230 and inverters 231 and 232, forming OR
      gate combinations into the inputs of the tens counter 226. The counters
      are otherwise interconnected in a well known manner and for that reason
      their interconnections will not be described in further detail.
PAR  Units counter 225 has inputs 238 and 239 which receive the up and down blip
      counts from the count sequence control unit 29 (FIG. 1). Inputs 240, 241,
      242 and 243 are coupled to the preset thousands, hundreds, tens and units
      respectively from the storage counter 15 (FIG. 1). Outputs 244, 245, 246
      and 247 are coupled to the comparator for providing the comparator with
      the actual film frame blip count number for thousands, hundreds and tens
      and units respectively.
PAR  Output 203 of NAND gate 166 is coupled to input 236 of NAND gate 230.
      Output 207 of NAND gate 167 is coupled to input 233 of NAND gate 229.
      Output 210 of NAND gate 168 is coupled to input 237 of NAND gate 230 and
      output 214 of NAND gate 169 is coupled to input 224 of NAND gate 229.
PAR  Referring now to FIG. 8, the high-low speed control circuit thereshown
      comprises negative one shot Schmitt triggers 252 and 253, delayed negative
      one shot Schmitt trigger 254, NAND gates 261, 267, 275, 276 and 251,
      inverters 287 and 272 and transistor 282. Input 255 of delayed negative
      one shot Schmitt trigger 254 is coupled to borrow output 289 of thousands
      counter 228. Output 258 of delayed negative one shot Schmitt trigger 254
      is coupled to input 268 of NAND gate 267.
PAR  Input 256 of Schmitt trigger 252 is coupled to output 131 of inverter 123,
      the up-down direction control circuit (FIG. 6). Output 259 is coupled to
      input 263 of NAND gate 261. Input 257 of Schmitt trigger 253 is coupled to
      output 143 of NAND gate 122 of the up-down direction control circuit (FIG.
      6). Output 260 of Schmitt trigger 253 is coupled to input 262 of NAND gate
      261. Output 264 of NAND gate 261 is coupled to input 265 of inverter 287
      and the output 266 of inverter 287 is coupled to input 269 of NAND gate
      267. Output 270 of NAND gate 267 is coupled to input 271 of inverter 272.
      Out put 273 is coupled to input 274 of NAND gate 275.
PAR  NAND gates 275 and 276 are interconnected in a well known bistable ciricuit
      configuration. Input 289 of NAND gate 276 is coupled to the go enable line
      from the command sequence control unit. Input 290 is coupled to the reset
      line from output 113 of Schmitt 195 (FIG. 5). Output 278 is coupled to
      input 279 of NAND gate 275. Output 277 of NAND gate 275 is coupled to
      input 280 of NAND gate 251 and input 281 of NAND gate 251 is coupled to
      the rewind line from the command sequence control unit.
PAR  Output 250 of NAND gate 251 is as previously mentioned coupled to the
      negative one shot Schmitt trigger 175 of the ten-frame slow-down circuit
      37 shown in FIG. 7. Output 250 is additionally coupled to base 283 of
      transistor 282 through resistor 288.
PAR  The base 283 of transistor 282 is additionally coupled to ground through
      resistor 286. Emitter 285 is also coupled to ground. Collector 284 of
      transistor 282 is coupled to the high-low speed relay through resistor
      291. The high-low speed relay is the relay which switches the system from
      the high speed motor to the low speed motor and is normally biased to
      energize the high speed motor.
PAR  In operation, before an automatic search operation is conducted, all of the
      bistable circuits of the system are reset by the reset pulse generated
      from Schmitt trigger 95 of FIG. 5. The low reset signal at input 191 of
      NAND gate 162 and 192 of NAND gate 163 causes output 292 of NAND gate 162
      to be high and output 293 of NAND gate 163 to be high. Therefore, inputs
      294 of NAND gate 161 and input 295 of NAND gate 164 are high.
PAR  Assuming now that the operator wishes to select a film frame having a
      number greater than the predetermined number of frames (10 frames) from
      the actual film frame number in the blip counter, the A &lt; B input from the
      comparator at input 177 of NAND gate 160 will be high. In like manner, the
      A &gt; B input at input 180 of NAND gate 165 will be low. The low input at
      input 180 causes output 182 to be high. The high input at input 184
      together with the high input at input 295 causes output 186 to be low.
      Inverter 171 inverts the low output and provides a high input at input 178
      of NAND gate 160. Therefore, there are two high inputs at the NAND gate
      160.
PAR  The high inputs at inputs 177 and 178 causes output 181 to go low which in
      turn causes output 185 to be high. The high output at output 185 is
      impressed upon inputs 200 of NAND gate 166 and input 213 of NAND gate 169,
      thus enabling these gates with respect to the up signal. The low output
      from output 186 is impressed upon inputs 206 of NAND gate 167 and 208 of
      NAND gate 168.
PAR  As a result, output 207 of NAND gate 167 will be high, output 210 of NAND
      gate 168 will be high. Thus, these gates are inhibited from reacting to
      their other inputs.
PAR  Outputs 185 and 186 will remain in these states until a reset signal occurs
      at the end of the automatic search operation, no matter how many times the
      comparator outputs A &lt; B and A &gt; B change levels.
PAR  The high level signal from the hi-low speed control impressed on input 215
      of negative one shot 175 causes its output 216 to remain high. Output 216
      is coupled to input 217 of inverter 172. Inverter 172 inverts the high
      level signal to a low at its output 218. The low output from output 218 is
      impressed upon inputs 202 of NAND gate 166 and 204 of NAND gate 167. As a
      result, output 203 of NAND gate 166 will be high and output 207 of NAND
      gate 167 will be high, although output 207 of NAND gate 167 is also being
      held high by the low from output 186 of NAND gate 164 at input 206.
PAR  When the high enable command from the command control unit appears at
      inputs 201 of NAND gate 166, 205 of NAND gate 167, 295 of NAND gate 168
      and 212 of NAND gate 169 enabling these gates with respect to their go
      enable inputs, the high going go enable signal is also impressed on input
      219 of inverter 174. Inverter 174 inverts the high going signal to a low
      going signal at its output 220. Output 220 is coupled to input 221 of
      negative one shot 176. The low going signal at input 221 is converted to a
      single low pulse by the negative one shot and appears at its output 222.
      Output 222 is coupled to inverter 173 and the single low pulse is inverted
      to a single high pulse which appears at output 223. Output 223 is coupled
      to input 209 of NAND gate 168 and input 211 of NAND gate 169. Since NAND
      gate 168 is being inhibited by the low signal on input 208, its output is
      not affected by the single high pulse. However, inputs 212 and 213 of NAND
      gate 169 are both high so the single high pulse at input 211 causes a
      single low pulse at output 214. The outputs of NAND gates 166 and 168 are
      impressed upon the inputs to NAND gate 230 and the outputs of NAND gates
      167 and 169 are impressed upon the inputs of NAND gate 229.
PAR  Because input 224 is a single low pulse, the output of 229 will be a high
      pulse which is then inverted by inverter 231 impressed upon the up side of
      tens counter 226. This causes the tens counter to add ten digits to the
      actual number in the blip counter.
PAR  While the ten digits are being added to the blip counter, the up-down
      direction control circuit of FIG. 6 is determining in what direction the
      film must be moved to reach the desired film frame. Its operation has been
      described earlier. As previously mentioned, the stop-go control circuit 51
      of FIG. 5 has a delayed output to allow the other functions of the system
      to operate. Therefore, the ten digits are added to the counter and the
      up-down direction control circuit determines what direction the film must
      move before drive signal is generated by the stop-go control circuit of
      FIG. 5.
PAR  Now the stop-go control circuit provides its drive signal to the relay that
      switches the drive motors and the drive motor is set for high speed
      operation by the high-low speed control circuit of FIG. 8.
PAR  Referring now to FIG. 8, inputs to the Schmitt triggers 252, 253 and 254
      are normally high and only go low in response to the up-down direction
      control circuit of FIG. 6, or the thousands borrow signal from the counter
      of FIG. 2. Therefore, outputs 258, 259 and 260 are all high. Output 264
      will therefore be low which is inverted by inverter 287 to provide a high
      input at input 269 of NAND gate 267. Input 268 will also be high which
      causes output 270 of NAND gate 267 to produce a low. This low is inverted
      to a high and is impressed upon input 274 of NAND gate 275.
PAR  When the reset pulse was generated at input 290 of NAND gate 276, output
      278 went high which was impressed upon input 279 of NAND gate 275. Because
      both inputs to NAND gate 275 are high, output 277 will produce a low which
      causes output 250 of NAND gate 251 to be high. The high output at output
      250 forward biases transistor 282 which energizes the high-low speed relay
      causing the high speed motor to be energized to force the film to move in
      the high speed mode.
PAR  Remembering that the counter had added to it ten digits by the go enable
      signal at input 219 of inverter 174, when the comparator is satisfied, the
      actual film frame count will still be 10 frames below the desired film
      frame. However, because the comparator is satisfied, the A &lt; B output of
      the comparator will go low. Referring back to FIG. 6 and the operation of
      the film drive direction control circuit thereshown, the low input at
      input 126 of NAND gate 120 causes output 131 of inverter 123 to go low.
      This low output is coupled to input 256 of negative one shot Schmitt
      trigger 252. Of the high-low speed control circuit of FIG. 8, this results
      in a short low level pulse at output 259 which is impressed upon input 263
      of NAND gate 261. The low at input 263 causes a high to be produced at
      output 264 which is inverted by inverter 287 to a low at input 269 of NAND
      gate 267. This causes a high to be produced at output 264 which is
      inverted by inverter 287 to a low at input 269 of NAND gate 267. This
      causes output 270 to produce a high and output 273 of inverter 272 to
      produce a low. The low thus impressed upon input 274 of NAND gate 275
      causes output 277 to go high forcing output 250 of NAND gate 251 low.
PAR  The low going output at output 250 of NAND gate 251 is coupled to the
      negative one shot Schmitt trigger 175 of FIG. 7 and also to transistor
      282. The low signal at base 283 of transistor 282 turns transistor 282 off
      and causes at the collector 284 a high voltage signal which causes
      high-low speed relay to switch to the low speed motor.
PAR  At the same time, the low going output of NAND gate 251 causes a low pulse
      out of negative one shot Schmitt trigger 175 which is inverted by inverter
      172 to a high pulse which is impressed upon inputs 202 of NAND gate 166
      and the input 204 of NAND gate 167. Since the output of NAND gate 167 is
      being held high by the low input at 206 from output 186 of NAND gate 164
      its output is uneffected by the high pulse at its input 204. However,
      since the other inputs of NAND gate 166 are already high the high pulse at
      input 202 is gated through and produces a low pulse at output 203. This
      low pulse is then impressed upon input 236 of NAND gate 230.
PAR  The low pulse at input 236 of NAND gate 230 causes a high pulse at the NAND
      gate output which is inverted by inverter 233 and is impressed upon the
      down side of counter 226 to cause the tens counter 226 to subtract ten
      digits from the blip counter. Therefore, the ten digits which were added
      earlier are not subtracted and the actual marker count is restored.
PAR  Once again, the comparator is unsatisfied, and the A &lt; B signal from the
      comparator goes high causing the film drive direction control circuit to
      produce an output causing the film to move upward but this time at the low
      rate of speed.
PAR  When the comparator is again satisfied, that is when the desired frame
      number is equal to the actual frame number in the counter, the A = B
      output of the comparator will go high and the A &lt; B and A &gt; B outputs will
      go low. This causes the stop-go control circuit of FIG. 5 to de-energize
      the drive motor and the film is stopped at the desired film frame.
PAR  To further illustrate this aspect of the present invention, a numerical
      example follows. If the desired document number [B] is 973, and the
      present film frame [A] is 721, the difference is 973 - 721 or 252.
      Therefore, A is less than B so the direction to move the film is up. The
      go enable signal causes the ten frame slow-down circuit to add ten digits
      to the present film frame count number, before film starts moving.
      Therefore, the count number will be 721 + 10 or 731. Now, the difference
      is 973 - 731 or 242. A is still less than B and the direction is still up.
PAR  When the film has moved up the 242 frames, the counter output will show 731
      + 242 or 973 which satisfies the comparator. The A &lt; B output goes from
      high to low and the A = B output goes from low to high. But, the actual
      film frame count number will be the original film frame count number plus
      the number of frames moved up before the comparator became satisfied, 721
      + 242 or 963 which is 10 frames below the desired document.
PAR  The A &lt; B comparator output going from high to low causes the up signal out
      of the film drive direction control circuit to go low. This causes the
      high-low speed control to switch to low speed. When the high-low speed
      signal goes from high to low, the 10-frame slow-down causes 10 to be
      subtracted from the frames counter output number 973 - 10 or 963 which is
      the correct film frame count. But the comparator is again dissatisfied and
      the A &lt; B output goes high again and restores the up signal and the A = B
      output of the comparator goes low. Because of the delay in the stop-go
      relay drive line, the system continues to drive but now at low speed for
      the remaining ten frames. The film stops when the comparator is again
      satisfied and the A = B output from the comparator goes high and remains
      high at the desired document.
PAR  As can be readily understood, the adding in and subtracting out the 10
      digits from the blip counter output does not change the final count. The
      counter functions are performed within a few microseconds, which is
      instantaneous compared to the control relay response.
PAR  If the desired document is less than the present blip count output by more
      than ten frames, the action is similar and will therefore not be described
      in detail. The down signal causes the 10-frame slow-down circuit to first
      subtract 10 digits from the blip counter at the initiation of the go
      enable signal and then when the comparator is satisfied the first time,
      the A &gt; B output from the comparator going low causes the 10 digits to be
      added back in, and again the speed is changed from high to low.
PAR  If the desired document number is less than ten frames away from the preset
      blip count output number, the system is initially set for low speed
      operation. For example, if the desired film frame number [B] is 376 and
      the present number [A] is 371, A is less than B and the direction is up.
      But, when 10 is added to the present blip counter output number [A], 371 +
      10 or 381, now A is greater than B so the direction changes to down. When
      the high up signal goes low, the high-low speed circuit changes to low
      speed. The speed change signal again causes the 10 to be subtracted out
      restoring the counter output to the correct count, namely 371. The A &gt; B
      signal again goes low and the A &lt; B signal goes high restoring the
      direction signal to up. The film drives at low speed to the desired
      document.
PAR  If the desired document number were less than the present number by less
      than 10 frames, the initial operation would be to subtract 10 instead of
      add, and again the resultant direction change would cause an immediate
      switch to low speed. The speed change signal would cause the ten to be
      added in, restoring the correct count and direction. The film would
      therefore drive at slow speed to the desired document.
PAR  If the present number [A] is less than 10, and the desired document number
      [B] is below that number, the A is greater than B and the direction is
      down and 10 is subtracted from the blip counter. However, this subtraction
      would cause a negative number to be indicated in the counter. For that
      reason, borrow output of thousands counter 228 is used. For example, if
      the present document number is 8 and the desired document number is 3 the
      direction is down, and 10 is subtracted. Thus, 8 - 10 is equal to a minus
      number. But the blip counter indicates the negative number as 9,998 -
      10,000. The 9,998 is at the count output and the minus 10,000 is
      represented by a borrow signal out of the thousands counter 228. In this
      case, the direction signal does not change. However, the borrow signal
      from output 289 is used instead to switch to low speed. The action of
      switching to low speed again causes the count to be restored to  8 and the
      film moves down at low speed to the desired document, 3 and stops.
PAR  Therefore, the present invention provides a microfilm retrieval system
      which is fully automatic to search for a desired document. The film is
      moved at a high rate of speed until the desired document is a
      predetermined number of film frames away from the desired film frame
      number, and then switches to low speed so that the film is not damaged
      when it comes to rest. Additionally, the up and down direction of film
      movement is fully automatic which makes its use convenient to an operator.
PAR  While particular embodiments of the invention have been shown and
      described, modifications may be made, and it is intended in the appended
      claims to cover all such modifications as may fall within the spirit and
      scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An automatic film searching and retrieval system for use with film
      having a plurality of frames, each frame including document images and
      having an adjacent frame marker and wherein the system includes a high
      speed film drive means and a low speed film drive means for driving the
      film at high and low speeds respectively, said system comprising:
PA1  frame marker sensing means for sensing said frame markers and for providing
      a marker pulse corresponding to each marker sensed;
PA1  counting means for counting said marker pulses, the number of said marker
      pulses counted representing an actual count;
PA1  programming means for preselecting a given film frame represented by a
      predetermined count;
PA1  comparator means coupled to said counting means and to said programming
      means for comparing the counts of said counting means with said
      predetermined count;
PA1  adding means responsive to said comparator means for adding a fixed given
      number of counts to said actual count to provide an added actual count
      when said actual count is less than said predetermined count;
PA1  high speed actuating means responsive to said comparator means for
      actuating said high speed film drive means when said added actual count is
      less than said predetermined count;
PA1  low speed actuating means responsive to said comparator means for providing
      a low speed drive actuating signal to actuate said low speed film drive
      means when said added actual count equal said predetermined count;
PA1  subtracting means responsive to said low speed drive means signal for
      subtractingg said fixed number of counts from said added actual count to
      restore said actual count; and
PA1  stopping means responsive to said comparator means for stopping said low
      speed drive means when said actual count equals said predetermined count.
NUM  2.
PAR  2. A system in accordance with claim 1 wherein said low speed actuating
      means is additionally capable of actuating said low speed drive means when
      said added actual count is greater than said predetermined count.
NUM  3.
PAR  3. A system in accordance with claim 1 wherein said subtracting means is
      additionally responsive to said comparator means for subtracting said
      fixed given number of counts from said actual count to provide a
      subtracted actual count when said actual count is greater than said
      predetermined count, said high speed actuating means is additionally
      responsive to said comparator means for actuating said high speed film
      drive means when said subtracted actual count is less than said
      predetermined count, said low speed actuating means is additionally
      responsive to said comparator means for providing said low speed drive
      actuating signal when said subtracted actual count equals said
      predetermined count and said adding means is additionally responsive to
      said low speed drive means signal for adding said fixed number of counts
      to said subtracted actual count to restore said actual count.
NUM  4.
PAR  4. A system in accordance with claim 3 wherein said low speed actuating
      means is additioally capable of actuating said low speed drive means when
      said subtracted actual count is less than said predetermined count.
NUM  5.
PAR  5. A system in accordance with claim 3 further comprising film drive
      direction control means coupled to said comparator and to said high and
      low speed film drive means for providing said drive means with a first
      direction control signal when said actual count is less than said
      predetermined count and a second direction control signal when said actual
      count is greater than said predetermined count to cause said drive means
      to drive said film in first and second directions respectively.
NUM  6.
PAR  6. A system in accordance with claim 5 wherein said low speed actuating
      means is coupled between said direction control means and said drive means
      and is responsive to the absence of said first and second direction
      control signals for providing said low speed drive means signal.
NUM  7.
PAR  7. The film drive direction control circuit for use in an automatic film
      retrieval system which uses film having a plurality of frames including
      document images, and has frame sensing and counting means, a programmer
      for preselecting a given film frame represented by a predetermined count,
      a comparator for comparing the counting means count with said
      predetermined count, film drive means capable of driving the film in
      either a first or second direction, drive enabling means for providing a
      drive enabling signal and rewind enabling means for initiating a rewind
      command, the film drive direction control circuit comprising:
PA1  a first gate coupled to said comparator, to said drive enabling means and
      to said rewind enabling means, and responsive to a first comparator signal
      when said counting means count is less than said predetermined count, said
      enabling means drive enabling signal, and the absence of said rewind
      command to provide a first intermediate drive direction control signal;
PA1  a first control means coupled to said first gate for providing a first film
      drive direction control signal in response to said first intermediate
      drive direction control signal to cause said drive means to drive said
      film in said first direction;
PA1  a second gate coupled to said comparator and to said drive enabling means
      and responsive to a second comparator signal when said counting means
      count is greater than said predetermined count and said enabling means
      drive enabling signal to provide a second intermediate drive direction
      control signal;
PA1  a third gate coupled to said second gate and to said rewind enabling means
      for providing a third intermediate direction control signal in response to
      either said second intermediate control signal or a rewind command signal;
      and
PA1  a second control means coupled to said third gate for providing a second
      film drive direction control signal in response to said third intermediate
      direction control signal to cause said drive means to drive the film in
      said second direction.
NUM  8.
PAR  8. A control circuit in accordance with claim 7 further comprising an
      inverter having an input and an output and wherein said first gate
      comprises a NAND gate having a first input, a second input, a third input
      and an output, said first input being coupled to said comparator, said
      second input being coupled to said drive enabling means, said third input
      being coupled to said rewind enabling means and said output being coupled
      to said inverter input and said inverter output being coupled to said
      first control means.
NUM  9.
PAR  9. A control circuit in accordance with claim 8 wherein said first control
      means comprises a transistor having a base and a collector, and wherein
      said inverter output is coupled to said base and said collector provides
      said first film drive direction control signal.
NUM  10.
PAR  10. A control circuit in accordance with claim 7 wherein said second and
      third gates each comprise a NAND gate having a first input, a second input
      and an output, said first input of said second gate being coupled to said
      comparator, said second input of said second gate being coupled to said
      drive enabling means, and said output of said second gate being coupled to
      said first input of said third gate, said second input of said third gate
      being coupled to said second control means.
NUM  11.
PAR  11. A control circuit in accordance with claim 10 wherein said second
      control means comprises a transistor having a base and a collector, and
      wherein said output of said third gate is coupled to said base and said
      collector provides said second film drive direction control signal.
NUM  12.
PAR  12. In an automatic film searching and retrieval system for use with film
      having a plurality of frames, each frame including document images and
      having an adjacent frame marker and wherein the system includes a high
      speed film drive means and a low speed film means for driving the film at
      high and low speeds respectively, frame marker sensing means for sensing
      said frame markers and for providing a marker pulse corresponding to each
      marker sensed, counting means for counting said marker pulses, the number
      of said marker pulses counted representing an actual count, programming
      means for preselecting a given film frame represented by a predetermined
      count, and comparator means coupled to said counting means and to said
      programming means for comparing the counts of said counting means with
      said predetermined count, a film drive speed control circuit comprising:
PA1  adding means responsive to said comparator means for adding a fixed given
      number of counts to said actual count to provide an added actual count
      when said actual count is less than said predetermined count;
PA1  high speed actuating means responsive to said comparator means for
      actuating said high speed film drive means when said added actual count is
      less than said predetermined count;
PA1  low speed actuating means responsive to said comparator means for providing
      a low speed drive actuating signal to actuate said low speed film drive
      means when said added actual count equals said predetermined count;
PA1  subtracting means responsive to said low speed drive means signal for
      subtracting said fixed number of counts from said added actual count to
      restore said actual count; and
PA1  stopping means responsive to said comparator means for stopping said low
      speed drive means when said actual count equals said predetermined count.
NUM  13.
PAR  13. A film drive speed control circuit in accordance with claim 12 wherein
      said low speed actuating means is additionally capable of actuating said
      low speed drive means when said added actual count is greater than said
      predetermined count.
NUM  14.
PAR  14. A film drive speed control circuit in accordance with claim 12 wherein
      said subtracting means is additionally responsive to said comparator means
      for subtracting said fixed given number of counts from said actual count
      to provide a subtracted actual count when said actual count is greater
      than said predetermined count, said high speed actuating means is
      additionally responsive to said comparator means for actuating said high
      speed film drive means when said subtracted actual count is less than said
      predetermined count, said low speed actuating means is additionally
      responsive to said comparator means for providing said low speed drive
      actuating signal when said subtracted actual count equals said
      predetermined count, and said adding means is additionally responsive to
      said low speed drive means signal for adding said fixed number of counts
      to said subtracted actual count to restore said actual count.
NUM  15.
PAR  15. A film drive speed control circuit in accordance with claim 14 wherein
      said low speed actuating means is additionally capable of actuating said
      low speed drive means when said subtracted actual count is less than said
      predetermined count.
NUM  16.
PAR  16. A film drive control circuit for use in an automatic film retrieval
      system which uses film having a plurality of frames including document
      images, and has frame sensing and counting means, a programmer for
      preselecting a given film frame represented by a predetermined count, a
      comparator for comparing the counting means counts with said predetermined
      count, film drive means for driving the film and a command unit including
      a go command means for generating a go command signal, a rewind command
      means for generating a rewind command signal, and a rewind stop command
      means for generating a rewind stop command signal, the film drive control
      circuit comprising:
PA1  go-enable means coupled to said comparator and to said go command means for
      providing a first intermediate drive control signal responsive to said go
      command signal and said comparator when said counting means count is
      unequal to said predetermined count;
PA1  rewind enable means coupled to said rewind command means and to said rewind
      stop command means for providing a second intermediate drive control
      signal responsive to said rewind command signal and to the absence of said
      rewind stop command signal; and
PA1  drive control means coupled to said go-enable means and to said rewind
      enable means for providing said drive means with a final drive control
      signal responsive to either said first or second intermediate drive
      control signals causing said drive means to drive said film.
NUM  17.
PAR  17. A film drive control circuit in accordance with claim 16 wherein said
      drive control means terminates said final drive control signal responsive
      to said go enable means and said rewind enable means when said counting
      means count equals said predetermined count or when said rewind stop
      command means generates said rewind stop command signal.
NUM  18.
PAR  18. A film drive control circuit in accordance with claim 16 wherein said
      go enable means comprises an inverter having an input and an output and a
      NAND gate having first and second inputs and an output, said input of said
      inverter being coupled to said comparator, said first NAND gate input
      being coupled to said go command means, said inverter output being coupled
      to said second input of said NAND gate, and said NAND gate output being
      coupled to said drive control means for providing said drive control means
      with said first intermediate drive control signal.
NUM  19.
PAR  19. A film drive control circuit in accordance with claim 16 whrein said
      rewind enable means comprises an inverter having an input and an output
      and a NAND gate having first and second inputs and an output, said
      inverter input being coupled to said rewind command means, said inverter
      output being coupled to said first input of said NAND gate, said second
      NAND gate input being coupled to said rewind stop command means, and said
      NAND gate output being coupled to said drive control means for providing
      said drive control means with said second intermediate drive control
      signal.
NUM  20.
PAR  20. A film drive control circuit in accordance with claim 16 wherein said
      drive control means comprises a NAND gate having first and second inputs
      and an output, and a transistor having at least a base and a collector,
      said first NAND gate input being coupled to said go enable means, said
      second NAND gate input being coupled to said rewind enable means, said
      NAND gate output being coupled to said base of said transistor, and said
      transistor collector being coupled to said drive means for providing said
      drive means with said final drive control signal.
NUM  21.
PAR  21. A film drive control circuit in accordance with claim 17 which further
      comprises reset means coupled to said drive control means and responsive
      to the termination of said final drive control signal for providing a
      reset signal delayed in time relative to said final drive control signal
      termination.
NUM  22.
PAR  22. A film drive control circuit in accordance with claim 21 wherein said
      reset means comprises:
PA1  a first capacitor coupled to said drive control means which is charged when
      said final drive control signal is terminated;
PA1  a first Schmitt trigger coupled to said first capacitor for providing a
      first delayed pulse when it is charged to its firing voltage by said first
      capacitor
PA1  a second capacitor;
PA1  means responsive to said first delayed pulse for discharging said second
      capacitor and for causing said second capacitor to charge after said first
      delayed pulse; and
PA1  a second Schmitt trigger coupled to said second capacitor for providing
      said delayed reset signal when said second capacitor is discharged, said
      reset signal being terminated when said second capacitor is charged to the
      firing voltage of said second Schmitt trigger.
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ABST
PAL  The disclosure relates to a charge coupled device (CCD) read only memory
      (ROM) capable of storing the data stored in a punch card or photographic
      film and reading same out on commands.
PAL  This is accomplished by providing a charge coupled imager, which may be of
      standard design, with frames arranged in a rectangular array to coincide
      with the regions in the card or film, in which holes are capable of being
      punched or slots on the photographic film will appear. The total size of
      the frames on the charge coupled device imager can be made large enough
      relative to the focused image from the punched card or film so that
      rotational and translational misalignments of the card or film will not
      produce errors. The reader includes a card or film holder for properly
      aligning the card or film with respect to the frames of the imager, an
      optical source which includes a light and a lens or optical system to
      properly illuminate all the possible hole locations on the punched card or
      film. In this way, light impinges on those frames of the imager wherein
      holes have been punched in the card or appropriate spots appear on a film,
      the imager then transforming the charges in the locations wherein light
      impinges to a buffer storage region of the CCD to provide the storage
      function on command. The data is then shifted out of the CCD buffer
      region, on command, in standard manner onto a transmission line or the
      like to travel to a computer for operation therein and is also
      recirculated, if desired, to the optical integration section of the
      imager.
BSUM
PAR  This invention relates to a charge coupled device (CCD read only memory
      (ROM) system and, more specifically, to such a system which performs the
      combined functions of sensing the presence of holes or the like in a card
      or film and buffering the data indicative of said holes in a storage
      region on command and reading out and/or recirculating the data on
      command.
PAR  With the continued miniaturization of electronic components, particularly
      in the field of semiconductors, and with the further increased use and
      development of semiconductor storage devices, it is desirable to provide
      the art with storage devices having maximum storage capacity relative to
      size and which are compatible with the miniaturized semiconductor systems
      with possible simultaneous fabrication therewith. The charge coupled
      device (CCD) appears to offer great possibilities for use as a storage
      device for data. In accordance with the present invention, there is
      provided a read only memory (ROM) which is capable of utilizing this new
      technology and providing a very small memory device which is capable of
      read out on command and wherein the stored data can easily be changed by
      changing of an external card or film onto which the data stored in the ROM
      is initially stored. Therefore, a compact ROM is provided wherein the
      stored data can quickly and easily be altered, as desired.
PAR  Briefly, the above is provided by utilizing a charge coupled imager, which
      may be of standard design, with frames arranged in a rectangular array to
      coincide with the regions in the card in which holes are capable of being
      punched or spots are positioned on a photographic film. The total size of
      the frames on the charge coupled device imager can be made large enough
      relative to the focused image of the punched card so that rotational and
      translational misalignments of the card will not  produce errors. The
      reader includes a card or film holder for properly aligning the card or
      film with respect to the frames of the imager and an optical source which
      includes a light and a lens or optical system to properly illuminate all
      the possible hole locations on the punched card or film. In this way,
      light impinges on those frames of the imager wherein holes have been
      punched in the punched card, the imager then transforming the charges in
      the locations wherein light impinges to a buffer storage region of the CCD
      to provide the storage function on command. The data is then shifted out
      of the CCD buffer region, on command, in standard manner and then placed
      onto a transmission line or the like for feeding to a computer and is also
      recirculated, if desired, to the optical integration section of the CCD
      device.
PAR  It is therefore an object of this invention to provide a charge coupled
      device read only memory system.
PAR  It is a further object of this invention to provide a charge coupled device
      read only memory system wherein information is placed into the memory
      system by means of an external optical device.
PAR  It is a yet further object of this invention to provide a charge coupled
      device read only memory system wherein data stored on a punched card or
      film is transferred into the charge coupled device ROM for storage therein
      and later reading out therefrom to an external device.
PAR  The above objects and still further objects of the invention will
      immediately become apparent to those skilled in the art after
      consideration of the following preferred embodiment thereof, which is
      provided by way of example and not by way of limitation, wherein:
DRWD
PAR  FIG. 1 is a schematic diagram of a CCD read only memory system in
      accordance with the present invention; and
PAR  FIG. 2 is schematic diagram of prior art charge-transfer image sensing
      array for use in accordance with the present invention.
DETD
PAR  Referring now to FIG. 1, there is shown a charge coupled device read only
      memory embodying the present invention. The system includes a lamp 3 and
      an optical system comprising lens 5 which spreads the light from the lamp
      3 over the entire card region 7 so that the light travels in the direction
      normal to the plane of the card region 7. To properly position a card in
      the card region 7, there is provided a card holder including a pair of
      guides 9 and 11, there also being a slot 13 which would be part of a
      housing (not shown) for insertion of the card into the guides 9 and 11 in
      a bevelled corner 15 to mate with a similar bevelled corner on a card for
      proper positioning of the card within the card holding region 7. It should
      be understood at this point that though a punched card is being described
      with respect to the preferred embodiment, a film having spots thereon to
      represent the existence of holes on a card could also by used in place of
      the card. A focusing lens 8 is located below the card region 7. The card
      holder maintains a card located therein in a flat disposition so that
      light passing through holes in the card will be focused by the lens 8 onto
      the proper locations of the optical integration section of a charge
      coupled device imager 21 with which the holes are required to be aligned.
PAR  The card reader is operated by placing a card C through the slot 13 onto
      the guides 9 and 11 until properly located by the bevelled corner 15, and
      then turning on the light 3 whereupon the light passes through the holes
      in the card C, the light passing through the holes 19 in the card and
      being focused and impinging upon associated CCD imager 21. In the manner
      to be described hereinbelow, the light focused on the CCD imager 21 will
      cause charges to be stored in the appropriate location in the imager
      whereupon the imager stores sets of charges indicative of those locations
      in the card wherein holes have been punched.
PAR  Upon providing proper signals, as will be discussed in more detail with
      respect to FIG. 2, the data stored in the optical integration section 21
      is read into the read out store section 23 of the CCD imager. This
      information can then be read out serially to a computer 25 by operation of
      a control 27 which controls a transistor 29 and allows the data to pass to
      the computer. The control 27 can be any desirable control device, many of
      which are known in the prior art. The data stored in the read out store
      section 23 can also be recirculated back to the optical integration
      section by operation of a control 31 which would be similar to the control
      27 and independently operated. This control 31 would operate a transistor
      33 for allowing recirculation of the data back into the optical
      integration section 21. The control circuits 27 and 31 may each comprise
      an AND gate as shown in FIG. 1. The control circuit 27 AND gate would
      receive as inputs a TRANSMIT-TO-COMPUTER signal and the inverse of a
      RECIRCULATE signal. The control circuit 31 AND gate would receive as
      inputs the RECIRCULATE signal and the inverse of the TRANSMIT-TO-COMPUTER
      signal. Such an arrangement would insure the above-mentioned independent
      operation of the control units 27 and 31.
PAR  Referring to FIG. 2, there is shown a schematic diagram of the
      "frame-transfer" method of organizing a charge-transfer image sensing
      array as set forth in "Charge-Transfer Devices", M. F. Tompsett et al,
      Journal of Vacuum Science and Technology, Vol. 9, No. 4, July - August
      1972. The array includes, in the optical integration section, frame
      transfer lines for clocking pulses .phi..sub.11, .phi..sub.21, and
      .phi..sub.31 with provide the well known three phases of transfer (as
      discussed in the above noted article) the metallization gaps, the transfer
      electrodes and the channel stop regions (conveniently formed by diffusion)
      between the rows of transfer electrodes. The portion of the array labeled
      "read-out store" includes frame and step transfer lines for clocking pulse
      input .phi..sub.12, .phi..sub.22, and .phi..sub.32 as well as the line
      transfer lines for clock pulse inputs .phi..sub.13, .phi..sub.23 and
      .phi..sub.33, an output diode and an output gate. In conjunction with the
      phase transfer signals, charge stored under designated electrodes in the
      optical integration section can be transferred in a shift register manner
      as is well known in the art into the readout store section prior to read
      out through the output diode and the output gate.
PAR  The optical integration section of FIG. 2 would correspond to the charge
      coupled imager section 21 which is positioned beneath the card region 7
      shown in FIG. 1, the read-out store corresponding to section 23 adding a
      buffering or storage operation wherein the data read from a card can be
      stored while a new card is being placed into the card holder or for later
      recirculation as described above. By appropriate application of the frame
      and step transfer clock pulses .phi..sub.12, .phi..sub.22 and
      .phi..sub.32, the data in the read-out store can then be transferred to
      the output and then to a transmission line.
PAR  It can be seen that there has been disclosed a system for storing and
      reading out data formed in cards or film by means of holes or the like
      utilizing a charge coupled device imager which provides the simultaneous
      functions of sensing the presence of punched holes as well as storing the
      data prior to transfer of the data on command to a computer.
PAR  The specific operation of the CCD device will not be discussed herein since
      the operation thereof is well known in the art and fully described in the
      above-noted literature.
PAR  Though this invention has been described with respect to a specific
      preferred embodiment thereof, many variations and modifications thereof
      will immediately become apparent to those skilled in the art. It is
      therefore the intention that the appended claims be interpreted as broadly
      as possible in view of the prior art to include all such variations and
      modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A charge coupled device read only memory, which comprises:
PA1  a. means for holding data bearing cards with predetermined alignment, said
      cards having locations thereon wherein data images have been formed in a
      predetermined pattern;
PA1  b. a charge coupled imager having an optical integration portion with a
      plurality of frames and a storage portion;
PA1  c. means for directing light through said data images in the data bearing
      card and for focusing said light on corresponding frames of said charge
      coupled imager, said frames of the charged coupled imager having a total
      area greater than the focused area of the punched card, and
PA1  d. means selectively operable by external signals to transfer data from
      said storage portion to an external device or to recirculate data from
      said data storage portion to said optical integration portion.
NUM  2.
PAR  2. A charge coupled device read only memory as set forth in claim 1 wherein
      said data bearing card is a punched card.
NUM  3.
PAR  3. A charge coupled device read only memory as set forth in claim 1 wherein
      said data bearing card is a photographic film with opaque and transparent
      regions therein.
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PAL  The present invention discloses a scanning photoelectric microscope in
      which a first reference object to be measured which is mounted on a
      stationary support is disposed relative to a second object to be measured
      which is disposed on a slidable table so as to form on both sides of the
      first object to be measured two indication intervals, which are caused to
      coincide with each other for alignment. The scanning photoelectric
      microscope according to the present invention comprises a scanning device
      for scanning an image reflected from the two indication intervals formed
      by the first and second objects to be measured at a constant speed to
      effect parallel displacement, a marker device for detecting positions of a
      scanned image corresponding to those of motion of the scanning device, and
      a circuit for detecting the two indication intervals detected by the
      scanning device in terms of time in response to a signal from the marker
      device, the second object to be measured being shifted until the two
      indication intervals coincide with each other.
BSUM
PAR  The present invention relates to a scanning photoelectric microscope, and
      more particularly to a scanning photoelectric microscope in which an image
      reflected from an object to be measured is scanned so that a photoelectric
      element may detect the scanned image through a slit to measure indication
      intervals of the object to be measured.
PAR  In the following, a device according to the present invention will be fully
      described in comparison with conventional devices in connection with the
      accompanying drawings, in which:
DRWD
PAR  FIG. 1 is an arrangement view showing a conventional slit type
      photoelectric microscope;
PAR  FIG. 2 is a view showing waveforms of an input signal to and output signal
      from a differential amplifier in the slit type photoelectric microscope of
      FIG. 1;
PAR  FIG. 3 is an arrangement view showing a photoelectric microscope in which a
      conventional vibrator is used;
PAR  FIG. 4 is a view showing waveforms of an output signal from an amplifier of
      the photoelectric microscope of FIG. 3, a signal generated by shaping the
      output signal, and an output signal from an oscillator thereof;
PAR  FIG. 5 is an arrangement view showing a scanning photoelectric microscope
      in which a conventional flat mirror is used;
PAR  FIG. 6 is a block diagram showing one embodiment of arrangement of a
      scanning photoelectric microscope according to the present invention;
PAR  FIG. 7 is views showing patterns used in the scanning photoelectric
      microscope of FIG. 6, including a pattern for alignment of a first object
      to be measured, a pattern for alignment of a second object to be measured,
      and a pattern obtained when the first object to be measured is
      superimposed on the second object to be measured to form two indication
      intervals;
PAR  FIG. 8 is a view showing waveforms of signals generated from circuit
      elements in the scanning photoelectric microscope of FIG. 6;
PAR  FIG. 9 is a view showing the relation between an angle of rotation of a
      prism used in the scanning photoelectric microscope of FIG. 6 and the
      displacement due to the scanning thereof;
PAR  FIG. 10 is a view showing another embodiment of arrangement of a scanning
      photoelectric microscope according to the present invention; and
PAR  FIGS. 11a and 11b are views of patterns for alignment of first and second
      objects to be measured which are actually used in the mask alignment of a
      semiconductor integrated circuit.
DETD
PAR  Conventional microscopes have been of such a construction that a scale on a
      standard measure of an object to be measured is read out by photoelectric
      elements so as to come into alignment with a reference line or reference
      slit. One example of them will be described in connection with FIGS. 1 to
      4. A microscope constructed as a slit type is shown in FIG. 1 with the
      waveforms therefor being shown in FIG. 2, has a light source 5 which is
      energized by a power supply 6. Light emanating from the light source,
      passing through a converging lens 4, is reflected on the surface of a
      semitransparent mirror 2 and then passes through an objective 1 to
      irradiate the standard measure of an object 16 to be measured. The light,
      after irradiation, is converted to reflected light passing through the
      objective 1 and the semitransparent mirror 2 to a semitransparent mirror
      3. A portion of the reflected light passes through the semitransparent
      mirror 3 and a slit 7 to a photoelectric element 9, which converts the
      reflected light to electric signals to detect a portion thereof. The other
      portion of the reflected light is, on the other hand, reflected on the
      semitransparent mirror 3 and passes through a slit 8 to a photoelectric
      element 10 for conversion to electric signals to detect the other portion
      of the reflected light. The electric signals detected by the respective
      photoelectric elements 9, 10 are transmitted to a differential amplifier
      11 for differential amplification and then transmitted to a control
      circuit 12, the signal from which drives a control motor 13 to displace a
      slider 14 movably supported on a base 15 and an object 16 to be measured
      which is mounted on the slider. In this case, the slits 7 and 8 are of the
      same shape and disposed in phase shifted relationship. Accordingly, the
      displacement of the scale on the standard measure of the object to be
      measured permits output waveforms 17 and 18 as shown in (a) of FIG. 2 to
      be generated from the photoelectric elements 9 and 10, respectively, and
      an output waveform as shown in (b) of FIG. 2 to be generated from the
      differential amplifier 11. The scale on the standard measure of the object
      16 to be measured is permitted to be read out by controlling the control
      circuit 12 so that the scale on the standard measure thereof may be
      positioned at a middle point 19 of the output waveform from the
      differential amplifier 11, that is to say, at a point at which the same
      outputs are generated from the photoelectric elements 9 and 10. A
      microscope as shown in FIGS. 3 and 4 detects the reflected image using a
      vibrator. A light source 23 is powered by a power supply 24, and light
      emanating therefrom passes through a converging lens 22 and is then
      reflected on a semitransparent mirror 21, then passing through an
      objective 20 to irradiate an object 38 to be measured. The light, after
      irradiation, is converted to reflected light, which passes through the
      objective 20, the semitransparent mirror 21, and balancing parallel prism
      25 and is then reflected by a mirror 27 to a vibrating slit 28. The
      balancing parallel prism 25 are connected to an adjusting screw 26, which
      adjusts the reflected light so as to be disposed at the center of the slit
      28. On the other hand, the vibrating slit 28 is fixedly mounted on an
      armature of a vibrator 29 vibrating at the frequency defined by an
      oscillator 32. The reflected light reaching the vibrating slit 28 passes
      through the gap thereof to a photoelectric element 30, from which electric
      signals are generated depending upon reflection. The electric signal is
      amplified by an amplifier 31 and then transmitted to a synchronized
      detector 33. The synchronized detector 33 synchronously rectifies the
      transmitted signal to derive therefrom a deviation signal, which is then
      transmitted to a control circuit 34. The control circuit 34 controls the
      deviation signal from the synchronized detector 33 to drive a control
      motor 35 for displacing a slider 36 on which the object 38 to be measured
      is placed. The slider 36 is movably supported on a base 37. The waveform
      of output from the amplifier 31 through the photoelectric element 30
      appears to take an output waveform 39 as shown in (a) of FIG. 4 in
      response to the displacement of the scale on the standard measure of the
      object 38 to be measured. The rectification of the output waveform 39 at
      an output level of Y permits rectangular waves 40 as shown in (b) of FIG.
      4 to be generated in the synchronized detector 33. Further, the
      synchronized detector 33 initiates the synchronized detection in response
      to a signal from the oscillator 32 as shown in (c) of FIG. 4 to derive
      therefrom a deviation time t.sub.3 between durations t.sub.1 and t.sub.2
      of the rectangular waves 40. The signal of the deviation time t.sub.3 is
      transmitted to the control circuit 34, under the control of which the
      standard measure of the object to be measured is displaced. After the
      displacement, the above operations are repeated until the deviation time
      t.sub.3 becomes zero. When the deviation time t.sub.3 becomes zero, the
      output waveform transmitted from the amplifier to the synchronized
      detector 33 takes the form as shown by a dotted line in (a) of FIG. 4,
      which is rectified in the synchronized detector 33 to take rectangular
      waves as indicated by a dotted line in (b) of FIG. 4 with the durations
      t.sub.1 and t.sub.2 becoming t.sub.0.
PAR  All the conventional microscopes as mentioned above permitted the standard
      measure scale (line or boundary) on the object to be measured to be read
      to bring it into accurate alignment with the reference line or reference
      slit provided in the microscope, but did not permit an interval between
      the scales to be read out.
PAR  On the other hand, a conventional scanning photoelectric microscope in
      which there has been used a rotating flat mirror device serving as a
      scanning mechanism is shown in FIG. 5, in which an object 41 to be
      measured is formed with a rectangular dark mark and disposed at the lower
      portion of the scanning photoelectric microscope. The scanning
      photoelectric microscope comprises a light source 42, an objective 44, a
      flat mirror assembly 46 including a polygonal column and receiving
      revolution through a drive means 45, a slit 47, a photoelectric element
      48, an amplifier and shaping circuit unit 49, a gate circuit 50, an
      oscillator 51 and a counter 52. In the scanning microscope, light
      emanating from the light source 42 is reflected by the semitransparent
      mirror 43 to irradiate the surface of the object 41 to be measured through
      the objective 44. The light, after irradiation, is converted at the
      surface of the object 41 to be measured to reflected light, which passes
      through the objective 44 and the semitransparent 43 to the surface of the
      flat mirror assembly 46. The incident light is reflected and scanned on
      the surface of the flat mirror assembly 46 receiving revolution through
      the drive means 45, and the light then passes through a gap 47a of the
      slit 47 to the photoelectric element 48. The amplifier and shaping circuit
      unit 49 receives an electric signal from the photoelectric element 48 in
      response to a light variation occurring when the photoelectric element 48
      detects the edge of the mark on the object 41 to be measured. The signal,
      after being amplified and shaped, is applied to the gate circuit 50 to
      operate the latter, whereupon a pulse signal of high frequency from the
      oscillator 51 is applied to the counter 52 which initiates the counting of
      the pulses thereupon. After then, the amplifier and shaping circuit unit
      49 receives another electric signal from the photoelectric element 48 in
      response to the light variation occurring when the element 48 detects the
      other edge of the mark on the object 41 to be measured. The signal is
      amplified and shaped to close the gate circuit 50. This causes the pulse
      signal of high frequency from the oscillator 51 to be prevented from being
      applied to the counter 52. The count in the counter 52 is proportional to
      a width along one direction of the mark on the object to be measured, thus
      measuring the dimension of the mark on the object to be measured. Such a
      scanning microscope permits the dimension of the mark (indication
      interval) on the object to be measured to be measured in terms of time,
      but any scanning microscope doesn't permit the difference between relative
      indication intervals of two objects to be measured to be detected for
      alignment between the two objects to be measured.
PAR  A primary object of the present invention is to provide a scanning
      photoelectric microscope in which an optical image reflected from a
      plurality of indication intervals formed by superimposing a first object
      to be measured on a second object to be measured is scanned by a scanning
      device to detect the difference between said plurality of indication
      intervals, which is made zero to bring the first object to be measured in
      alignment with the second object to be measured with accuracy by means of
      simple control circuits.
PAR  Another object of the present invention is to provide a scanning
      photoelectric microscope in which an optical image reflected from a
      plurality of indication intervals formed by superimposing a first object
      to be measured on a second object to be measured is scanned by passing it
      through a prism rotating at a constant speed to effect parallel
      displacement of the scanned and reflected optical image by means of a
      simplified scanning device, the speed of the parallel displacement thereof
      being small as compared with the speed of rotation of the prism with the
      result of the scanning of high accuracy.
PAR  A further another object of the present invention is to provide a scanning
      photoelectric microscope in which a binary counter and a reversible
      counter are reset in response to marker signals from a marker device for
      detecting positions of rotation of a scanning device to generate gate
      signals corresponding to a plurality of indication intervals as well as to
      detect the difference between durations of the gate signals for accurate
      alignment between first and second objects to be measured.
PAR  A still another object of the present invention is to provide a scanning
      photoelectric microscope in which a pulse motor is employed as a drive
      motor for shifting a table on which a second object to be measured is
      disposed, and a variable frequency oscillator is connected to a pulse
      motor amplifier serving as a drive circuit for the pulse motor to control
      the drive speed of the pulse motor in dependence on a positional deviation
      of a first object to be measured from a second object to be measured for
      accurate alignment therebetween in a short time.
PAR  A still another object of the present invention is to provide a scanning
      photoelectric microscope in which a decision circuit is provided with an
      dead zone therein against an output signal of the difference between a
      plurality of indication intervals in order to prevent it from hunting upon
      alignment between first and second objects to be measured.
PAR  The present invention is intended to provide a scanning photoelectric
      microscope adapted for use in measuring indication intervals of an object
      to be measured in terms of time, comprising first means for arranging a
      first object to be measured which is mounted on a stationary support and a
      second object to be measured which is disposed on a slidable table in
      slightly spaced apart and superimposed relationship to form a plurality of
      indication intervals in association with said first and second objects to
      be measured, a scanning device for scanning a reflected image from the
      indication intervals in said first means by passing through a polygonal
      prism having parallel surfaces and rotating said prism at a constant speed
      to effect parallel displacement, second means for detecting scanned and
      reflected images from said scanning device through a slit by means of a
      photoelectric element to convert it to an electric signal, third means for
      amplifying and shaping said signal from said second means to generate gate
      signals each corresponding to said plurality of indication intervals, a
      marker device for generating a signal each time when the surface to be
      scanned of said scanning device is changed, a reversible counter for
      intergrating the number of pulses from an oscillator in response to a
      first gate signal generated from said third means after said marker device
      has detected said position and subtracting the number of the pulses from
      the oscillator in response to a next gate pulse generated from said third
      means to detect the difference between said plurality of indication
      intervals, and means for shifting said table on which said second object
      to be measured is disposed in accordance with the content of said
      reversible counter for alignment between said first and second objects to
      be measured.
PAR  In the following, one embodiment of a scanning photoelectric microscope
      according to the present invention will be described in connection with
      FIGS. 6 to 9, which illustrate a system for aligning a first and a second
      object (60, 61) to be measured with respect to one axis of two-dimensional
      coordinates. The first object 60 to be measured, as shown in (a) of FIG.
      7, includes a rectangular transparent window or aperture 62 and opaque
      portions 63 having a greatly reduced reflection factor to thus form a
      pattern plate for alignment. The second object 61 to be measured, as shown
      in (b) of FIG. 7, includes portions 64 having an excellent reflection
      factor due to regular reflection and a portion of strip 65 having a poor
      reflection factor due to irregular reflection to thus form a pattern plate
      for alignment having a sharp transition therebetween. The object 60 to be
      measured corresponds to an alignment target for a photographic mask in a
      mask-to-wafer alignment system while the object 61 to be measured
      corresponds to an alignment target for a semiconductor wafer in the
      mask-to-wafer alignment system. The first object 60 to be measured is
      absorbingly mounted in position on the aperture of a frame 67 fixed to a
      base 66 and remains stationary. On the other hand, the second object 61 to
      be measured is disposed on a table 70 effective to displacement on the
      base support 66 in response to rotation of a driving motor 69, and is
      arranged in superimposed relation to the first object 60 to be measured.
      Light emanating from a light source 72 connected to a power supply,
      passing through a converging lens 73, is reflected by a semitransparent
      mirror 74 and passes through an objective 75 to irradiate the first and
      second objects 60 and 61 to be measured. The light passing through the
      transparent window 62 of the first object 60 to be measured is changed on
      the surface of the second object 61 to be measured to reflected light,
      which passes through the objective 75 and the semitransparent mirror 74 to
      a prism 76. The prism 76, formed of a regular square pole is rotatably
      mounted on a revolving shaft 77 both ends of which are supported on a
      frame (not shown) of the microscope. At one end of the prism 76 there is
      provided a synchronous motor serving as a drive motor 78 for revolving the
      prism 76 at a constant speed in response to control signals from a driving
      device 79. At the other end of the prism 76 there are provided a disc 80,
      a photoelectric element 81, a light source 82 and a power supply connected
      to the light source 82. The disc 80 is secured to the revolving shaft 77
      of the prism 76 and is formed with transparent windows or apertures 85 at
      a pitch of 90 degrees at four peripheral positions each corresponding to a
      central portion of adjacent corners 84 of the prism 76. As a result, the
      light emanating from the light source 82 passes through the transparent
      windows or apertures 85 to a photoelectric element 81. This causes a pulse
      signal serving as a marker signal to be generated from the photoelectric
      element 81 at each rotation of the prism by 90 degrees and transmitted to
      an amplifier 86. The light reflected from indication intervals h.sub.1 and
      h.sub.2 formed by the first and second objects 60 and 61 to be measured as
      shown in (c) of FIG. 7 and directed torward the prism 76 undergoes
      parallel displacement at a constant speed due to the variation of the
      angle of incidence after passing through the prism 76 and reaches a
      semitransparent mirror 87 because the prism 76 rotates at the uniform
      speed as mentioned above and the indication intervals h.sub.1 and h.sub.2
      are very small. A portion of the scanned and reflected light passes
      through the semitransparent mirror 87 and the gap of the slit 88 to a
      photoelectric element 89. The photoelectric element 89 converts the
      scanned and reflected light to an electric signal, which is applied to an
      amplifier 90. The amplifier 90 amplifies the electric signal from the
      photoelectric element 89 and provides an output to a filter 91, which
      removes noises contained in the signal from the amplifier 90 and provides
      an output signal having a waveform as shown in (b) of FIG. 8 to a
      differential amplifier 92. On the other hand, the other portion of the
      scanned and reflected light is reflected by the semitransparent mirror 87
      and passes through the gap of a slit 93 disposed in slightly phase-shifted
      relation to the slit 88 to a photoelectric element 94. The photoelectric
      element 94 converts the scanned and reflected light to an electric signal
      and provides an output to an amplifier 95. The amplifier 95 amplifies the
      electric signal from the photoelectric element 94 and provides an output
      to a filter 96, which then removes noises contained in the signal from the
      amplifier 95 and provides an output signal having a waveform as shown in
      (c ) of FIG. 8 to the differential amplifier 92. The differential
      amplifier 92 amplifies a difference between the signal voltages from the
      filters 91 and 96 and provides an output signal having a waveform as shown
      in (d) of FIG. 8 to a zero-crossing detector 97. The zero-crossing
      detector 97 converts the signal from the differential amplifier 92 to a
      pulse signal having a waveform as shown in (e) of FIG. 8, which is applied
      to a flip-flop circuit 98. The flip-flop circuit 98 is triggered by the
      pulse signals from the zero-crossing detector 97 in synchronism with the
      rising and trailing portions of the signals from the filters 91 and 96 to
      convert the positional signals corresponding to the indication intervals
      h.sub.1 and h.sub.2 formed by the first and second objects 60, 61 to be
      measured to a signal having a waveform as shown in (f) of FIG. 8, which is
      applied to a flip-flop circuit 99 and AND gates 100 and 102, respectively.
      The flip-flop circuit 99 is triggered by the output signal from the
      flip-flop circuit 98 to apply a signal having a waveform as shown in (g)
      of FIG. 8 to an AND gate 100 and an inverter 101. In this case, it is to
      be noted that the flip-flop circuits 98 and 99 constitute a two-bit binary
      counter. The inverter 101 inverts the signal from the flip-flop circuit 99
      to provide an output signal having a waveform as shown in (h) of FIG. 8 to
      the AND gate 102. An oscillator 103 employs a crystal oscillator free from
      errors resulting from temperature variations and generates a pulse signal
      of 1 MHz as shown in (k) of FIG. 8 which is applied to the AND gate
      circuits 100 and 102. On the other hand, the light emanating from the
      light source 82 passes through the transparent window or aperture 85 on
      the disc 80 secured to one end of the prism 76 and is converted to an
      electric signal by the photoelectric element 81 to generate marker
      signals. The marker signal is amplified by an amplifier 86 and shaped by a
      comparator 104. The signal then has its rising portion differentiated by a
      differential circuit 105 for conversion to a pulse signal having a
      waveform as shown in (a) of FIG. 8, which serves to reset the flip-flop
      circuits 98 and 99 and an up/down counter 106, respectively. The AND gate
      circuit 102 takes a logical product of the output signal from the
      flip-flop circuit 98 and that from the inverter 101 to seperate therefrom
      the first rectangular positional signal as shown in (i) of FIG. 8
      corresponding to the indication interval h.sub.1 formed by the first and
      second objects 60 and 61 to be meeasured. The pulse signal from the
      oscillator is applied to the up/down counter 106 as an up-count signal
      during a duration t.sub.1 of the rectangular signal. At this time, the
      up/down counter 106 integrates the number of pulses in response to the
      input of the above-mentioned pulse signal during the duration t.sub.1. The
      AND gate circuit 100, on the other hand, takes the logical product of the
      output signal from the flip-flop circuit 98 and that from the flip-flop
      circuit 99 to separate therefrom the second rectangular positional signal
      as shown in (j) of FIG. 8 corresponding to the indication interval h.sub.2
      formed by the first and second objects 60 and 61 to be measured. During a
      duration t.sub.2 of the rectangular wave, the pulse signal from the
      oscillator 103 is applied to the up/down counter 106 as a down count gate
      signal. At this time, the up/down counter 106 subtract the pulse number
      corresponding to the duration t.sub.2 from the registered pulse number
      corresponding to the duration t.sub.1 to generate the pulse number
      corresponding to a time of t.sub.1 - t.sub.2. After the completion of the
      counting, the resultant t.sub.1 - t.sub.2 of the up/down counter is
      shifted to a memory latch circuit 108 in response to a latching pulse
      signal having a waveform as shown in (l) of FIG. 8 which is produced by
      differentiating the trailing portion of the output signal from the
      flip-flop circuit 99 by the differential circuit 107. The memory latch
      circuit 108 serves as a sample and hold circuit which retains therein the
      results of the preceding scanning during a time when the prism 76 effects
      the scanning and the up/down counter 108 counts while providing renewed
      contents in an instant when the counter receives the latching pulse signal
      from the differential circuit 107. A decision circuit 109 provides a
      signal to a pulse motor amplifier 110 in dependence on the numeral values
      and signs stored in the memory latch circuit 108. The pulse motor
      amplifier 110 receives the pulse signal from a variable frequency
      oscillator 111 in response to the command from the decision circuit 109 to
      operate the drive motor 69 serving as a pulse motor in either direction in
      order to shift the second object to be measured which is mounted on the
      table 70 in the right or left direction for alignment between the first
      and second objects 60 and 61.
PAR  Next, a description will be made of the scanning of the indication
      intervals h.sub.1 and h.sub.2 formed by the first and second objects 60
      and 61 to be measured in connection with FIGS. 6 and 9. Let D be the
      thickness of the prism 76 having a square section, and i the angle of
      rotation of the prism 76 obtained when each surface thereof is rotated
      about the shaft 77 of rotation of the prism, leaving the horizontal plane,
      and then the displacement yi due to the scanning is given by the following
      expression (1),
      ##EQU1##
      where n is a refractive index.
PAR  When the angle i of rotation is small, the displacement yi is approximately
      given by an expression (2)
EQU  yi = D.i (1 - 1/n)                                         (2).
PAR  Assuming, for example, that the thickness D of the prism 76 is 14.2
      millimeters, the refractive index n thereof is 1.563 and the revolution N
      of the prism 76 is 375 r.p.m. (attained when a synchronous motor having a
      revolution of 375 r.p.m. is used as the drive motor 78), then the angle of
      rotation i'.apprxeq.0.1.degree. and the scanning time t.sub.i
      .apprxeq.0.05 milliseconds are required to attain the scanned displacement
      yi' = 10 .mu.m. Taking into consideration non-linearity of the prism 76, a
      maximum range y max to be scanned is assumed to be 5 millimeters for which
      a maximum time t max = 25 milliseconds is required. the maximum range of y
      max = 5 millimeters to be scanned corresponds to a length of 0.5
      millimeters in the first or second object to be measured because it is
      actually magnified ten times by the objective 75.
PAR  It will, on the other hand, be sufficient if the up/down counter 106 is
      permitted to operate at worst till t max = 25 milliseconds, i.e., until
      the optical image over the maximum range to be scanned has been processed.
      Accordingly, the up/down counter 106 can count from -32768 to +32767 to
      measure the range to be scanned which corresponds to the scanning time t =
      32.7 milliseconds without overflowing if the counter 106 uses one bit for
      a sign bit and 15 bits for actual count bits because it receives the pulse
      signal of 1 MHz from the oscillator 103.
PAR  Further, the up/down counter 106 is provided with a dead zone of several
      bits in order to prevent it from hunting because a pulse motor serving as
      the drive motor 69 is used to control the table 70 in on-off control
      modes. The operation in the dead zone is discriminated as follows: For
      convenience of simplification of the description, the total number of bits
      is assumed to be 5 bits of X.sub.5, X.sub.4, X.sub.3, X.sub.2 and X.sub.1
      inclusive of the sign bit with the dead zone constituted of the two lower
      bits. When t.sub.1 - t.sub.2 lies in the positive dead zone, the up/down
      counter 106 generates outputs of X.sub.5, X.sub.4 and X.sub.3 all of which
      are "0", and when t.sub.1 - t.sub.2 lies in the negative dead zone, the
      counter generates X.sub.5, X.sub.4 and X.sub.3 all of which are "1". If,
      accordingly, a logical expression y = X.sub.5.X.sub.4 .X.sub.3 +
      X.sub.5.X.sub.4.X.sub.3 becomes "1", then it indicates that the operation
      is in the dead zone, upon which a decision circuit 109 is controlled so
      that no pulse is applied to the pulse motor serving as the drive motor 69.
      It is to be noted that X.sub.5, X.sub.4 and X.sub.3 are produced by
      inverting X.sub.5, X.sub.4 and X.sub.3 by inverters.
PAR  Further, the use of the pulse motor as the drive motor 69 requires accuracy
      in the frequency of pulses for driving the pulse motor. Thus, the use of
      the pulse motor and the on-off control due to the sampling impose a
      limitation upon the driving speed taking into consideration the accuracy
      in alignment and the time for alignment. Too fast drive results in the
      danger of passing through the dead zone prior to the sampling whereas the
      slow drive encounters no problem put results in much time being required
      for alignment. In these respects, the most suitable speed is considered to
      exist in the drive, so that the oscillator 111 employs the easy
      controllable unijunction transistor to make the speed variable. It is to
      be noted that the arrangement to control the frequency of the oscillator
      111 depending on the errors in alignment generated from the up/down
      counter 106 serves to reduce the time required for alignment and to
      improve the accuracy in alignment.
PAR  A display circuit 112 serves to provide a binary display in accordance with
      the contents of a memory latch 108 by means of lamps. Accordingly, in a
      case of the time t.sub.1 &lt; t.sub.2, the contents are displayed in the form
      of two's complement.
PAR  As mentioned above, the light reflected from the very small indication
      intervals h.sub.1 and h.sub.2 formed by the first and second objects 60
      and 61 to be measured is scanned at the constant speed by the prism 76. A
      portion of the thus scanned and reflected light is detected by the
      photoelectric element 89 through the slit 88 and then amplified and shaped
      by the amplifier 90 and the filter 91 to generate the waveform as shown in
      (b) of FIG. 8 while the other portion thereof is detected by the
      photoelectric element 94 through the slit 93 and then amplified and shaped
      by the amplifier 95 and the filter 96 thereby to generate the waveform as
      shown in (c) of FIG. 8. Both the waveforms are slightly phase-shifted with
      each other by the slits 88 and 93 as shown in (b) and (c) of FIG. 8. The
      differential amplification of these output waveforms causes the
      differentially amplified signal having the waveform as shown in (d) of
      FIG. 8 to be produced which varies with the boundary or transition between
      the indication intervals h.sub.1 and h.sub.2. The signal is then shaped by
      the zero-crossing detector 97 to generate the signal having the waveform
      as shown in (e) of FIG. 8, which causes the flip-flop circuits 98, 99 each
      constituting the binary counter and the inverter 101 to generate the gate
      signal having the duration t.sub.1 corresponding to the indication
      interval h.sub.1 as shown in (i) of FIG. 8 and the gate signal having the
      duration t.sub.2 corresponding to the indication interval h.sub.2 as shown
      in (j) of FIG. 8. These gate signals causes the up/down counter 106 to
      count the difference between the number of pulses generated from the
      oscillator 103 during the duration t.sub.1 and that generated therefrom
      during the duration t.sub.2 for storage in the memory latch 108. The
      difference corresponds to the difference of dimension between the
      indication intervals h.sub.1 and h.sub.2. The drive motor 69 is controlled
      through the decision circuit 109 and the pulse motor amplifier 110 until
      the signal from the memory latch 108 becomes zero, that is, until the
      duration t.sub.1 coincides with the duration t.sub.2 to identify the
      indication intervals h.sub.1 and h.sub.2 formed by the first stationary
      object 60 to be measured and the second object 61 to be measured which is
      disposed on the table 70 for complete alignment between the first and
      second objects 60 and 61 to be measured.
PAR  FIG. 10 shows another embodiment of a scanning photoelectric microscope
      according to the present invention. The scanning photoelectric microscope
      of FIG. 10 has the same arrangement as that of FIG. 6 except that the
      semitransparent mirror 87 is replaced with a mirror 113; the system
      including the slit 93, the photoelectric element 94, the amplifier 95 and
      the filter 96 is removed therefrom; an amplifier 114 and a comparator 115
      are connected in substitution for the differential amplifier 92; and the
      zero-crossing detector circuit 97 is replaced with a differential circuit
      116. Accordingly, the signal from the filter 91 having the waveform as
      shown in (b) of FIG. 8 is amplified by the amplifier 114 and shaped to a
      rectangular wave by the comparator 115. The rectangular signal from the
      comparator 115 has its rising and trailing portions differentiated by the
      differential circuit 116 to generate the signal having the waveform as
      shown in (e) of FIG. 8, which is applied to the flip-flop circuit 98. The
      flip-flop circuit 98 is triggered by this signal to generate the
      positional signal having the waveform as shown in (f) of FIG. 8. It is to
      be noted that the differential circuit 116 disadvantageously produces a
      slight delay and is liable to effect erroneous operations due to noises.
PAR  The displacement yi is approximately proportional to the angle i of
      rotation of the prism 76 in view of the expression (1) established when
      the indication intervals formed by the first and second objects 60 and 61
      to be measured are very small, and hence the indication intervals are
      respectively, proportional to the measured times obtained from the
      waveforms of (i) and (j) of FIG. 8 from the flip-flop circuits 98 and 99
      constituting the binary counter. Accordingly, the indication intervals are
      measured by detecting the time to be measured by the counter on the
      assumption that a proportional constant is previously set.
PAR  As mentioned above, the present invention permits the detection of the
      difference between the indication intervals formed by the first and second
      objects to be measured, and thus applicable also to the alignment in the
      semiconductor integrated circuit. In actual, the mash alignment in the
      semiconductor integrated circuit is required to effect three alignments of
      X and Y coordinates and an axis of rotation. Accordingly, the pattern for
      alignment of the first object 60 to be measured which serves as a mask is
      formed to include a square transparent window 120 and an opaque portion
      121 surrounding the window as shown in (a) of FIG. 11, while the pattern
      for alignment of the second object 61 to be measured which serves as a
      semiconductor wafer is formed to include a dark cross-bank portion 122
      provided with etching to effect irregular reflection, and a light portion
      123 provided with no etching to effect regular reflection. This
      arrangement makes the mask alignment possible. In making the measurement
      of the relative difference between the two indication intervals for
      alignment, the first object to be measured is fixed in such a way that on
      the center of the gap of the slit there may be focused the center of the
      transparent window thereof which serves as a reference when the prism
      undergoes no rotation (i.e., when the parallel surfaces of the prism are
      positioned horizontal). Such an arrangement in the scanning photoelectric
      microscope according to the present invention permits the indication
      intervals to be compared with accuracy for accurate alignment even in a
      large object to be measured which has a great range to be scanned over
      which the displacement yi of the scanned and reflected light is not
      proportional to the angle of rotation of the prism.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A scanning photoelectric microscope adapted for use in measuring
      indication intervals of an object to be measured in terms of time,
      comprising first means for arranging a first object to be measured which
      is mounted on a stationary support and a second object to be measured
      which is disposed on a slidable table in slightly spaced apart and
      superimposed relationship to form a plurality of indication intervals in
      association with said first and second objects to be measured, a scanning
      device for scanning a reflected image of the indication intervals in said
      first means at a predetermined cycle to effect parallel displacement of
      said reflected image, second means including a photoelectric element for
      converting the scanned and reflected image which is passed through a slit
      from said scanning device into a signal, third means for amplifying and
      shaping said signal from said second means to generate gate signals
      corresponding to said plurality of indication intervals, respectively, a
      marker device for generating a marker signal each time when said scanning
      device recurrently scans said reflected image of said plurality of
      indication intervals, a reversible counter for integrating the number of
      pulses from an oscillator in response to a first gate signal generated
      from said third means after said marker device has generated said marker
      signal and subtracting the number of the pulses from the oscillator in
      response to a next gate pulse generated from said third means to detect
      the difference between said plurality of indication intervals, and means
      for shifting said table on which said second object to be measured is
      disposed in accordance with the content of said reversible counter for
      alignment between said first and second objects to be measured.
NUM  2.
PAR  2. A scanning photoelectric microscope according to claim 1, wherein said
      scanning device includes a polygonal prism having parallel surfaces and
      scans said reflected image by passing said reflected image through said
      polygonal prism having parallel surfaces and rotating said prism at a
      constant speed to effect parallel displacement of said reflected image.
NUM  3.
PAR  3. A scanning photoelectric microscope according to claim 2, wherein said
      first object to be measured is formed to include a transparent window and
      opaque portions adjacent to said window, and wherein said second object to
      be measured is formed to include regular reflective surfaces having an
      excellent reflection factor and an irregular reflective surface having a
      poor reflection factor, both ends of said irregular reflective surface
      being surrounded by said transparent window to form indication intervals
      in cooperation with a pair of said regular reflective surfaces having the
      excellent reflection factor.
NUM  4.
PAR  4. A scanning photoelectric microscope according to claim 2, wherein said
      third means converts the signal from said second means to a pulse signal
      by differentiating the rising and trailing portions of said signal after
      amplification and shaping thereof, said pulse signal triggering flip-flop
      circuits serving as a binary counter, the outputs from which are processed
      with a logical product to generate the gate signals corresponding to said
      plurality of indication intervals.
NUM  5.
PAR  5. A scanning photoelectric microscope according to claim 2, wherein a
      scanned and reflected image from said scanning device is divided by a
      semitransparent mirror towards a plurality of detectors including slits
      disposed in slightly phase-shifted relation to each other and
      photoelectric elements, an electric signal from each of said detectors
      being amplified and shaped for differential amplification with its rising
      and trailing portions thereof being converted to a pulse signal which
      triggers flip-flop circuits constituting a binary counter, each output
      from said flip-flop circuits being processed with a logical product to
      generate the gate signals corresponding to said plurality of indication
      intervals.
NUM  6.
PAR  6. A scanning photoelectric microscope according to claim 2, wherein said
      means for shifting the table on which the second object to be measured is
      disposed for alignment employs a pulse motor having a pulse motor
      amplifier serving as a drive circuit connected to a variable frequency
      oscillator, the oscillation frequency of which is adjusted so as to
      control the shifting speed of said table in dependence on a positional
      displacement between said first and second objects to be measured.
NUM  7.
PAR  7. A scanning photoelectric microscope according to claim 2, further
      comprising a decision circuit for rendering insensitive predetermined
      lower bits of the contents from said reversible counter.
NUM  8.
PAR  8. A scanning photoelectric microscope comprising:
PA1  a. first means for arranging a first object to be measured, which is
      mounted on a stationary support, and a second object to be measured, which
      is disposed on a table slidable with respect to said stationary support,
      in slightly spaced apart and superimposed relation to form a pair of
      indication intervals;
PA1  b. a scanning device for scanning a reflected image of said pair of
      indication intervals, said scanning device including a polygonal prism
      having parallel faces for passing the reflected image of said pair of
      indication intervals and effecting parallel displacement thereto, driving
      means for driving said polygonal prism at a predetermined rotating speed
      and at least one stationary slit having a predetermined detecting width
      for passing said reflected image;
PA1  c. a marker device for generating a marker signal each time when said
      scanning device recurrently scans said reflected image of said pair of
      indication intervals;
PA1  d. second means including at least one photoelectric element for converting
      the reflected image passed through the slit into a pair of time interval
      signals corresponding to said pair of indication intervals;
PA1  e. third means for detecting a difference between said time interval
      signals from said second means in response to a marker signal generated
      from said marker device; and
PA1  f. fourth means for shifting said table so as to adjust the difference
      between said time interval signals to zero, whereby alignment between said
      first and second objects to be measured is obtained.
NUM  9.
PAR  9. A scanning photoelectric microscope according to claim 8, in which said
      first object is composed of a transparent square window and an opaque
      pattern for alignment formed around the window and said second object is
      composed of a strip region having a narrower dimension than that of said
      window, consisting of a first reflection index region and a pattern for
      alignment formed to enclose the strip region, consisting of a second
      reflection index region having a different reflection index from the first
      reflection index.
NUM  10.
PAR  10. A scanning photoelectric microscope according to claim 8, in which said
      first object is composed of an opaque strip region and a transparent
      pattern for alignment formed to enclose said strip region and said second
      object is composed of a square region having a wider dimension than the
      width of said strip region, consisting of a first reflection index region
      and a pattern for alignment formed to enclose said square region,
      consisting of a second reflection index region having a different
      reflection index from the first reflection index.
NUM  11.
PAR  11. A scanning photoelectric microscope according to claim 8, in which said
      second means further comprises an amplifier circuit for amplifying a
      signal derived from said photoelectric element, a comparator circuit for
      shaping said signal from said photoelectric element into a rectangular
      wave having a predetermined threshold voltage, a differential circuit for
      differentiating the rising and trailing portions of the output wave from
      said comparator circuit and a pair of flip-flop circuits serving as a
      binary counter, which is reset by said marker signal generated from said
      marker device and is successively triggered by the signal derived from
      said differential circuit.
NUM  12.
PAR  12. A scanning photoelectric microscope according to claim 11, in which
      said third means comprises an oscillator for generating a high frequency
      signal, a pair of AND circuits for taking an AND logical product between
      the respective output signals from said pair of flip-flops and a
      reversible counter which is reset by the marker signal from said marker
      device, calculates the number of pulse signals from one of said AND
      circuits and subtracts the number of pulse signals from the other of said
      AND circuits from said calculated number.
NUM  13.
PAR  13. A scanning photoelectric microscope according to claim 8, in which said
      scanning device comprises a pair of stationary slits slightly
      phase-shifted to each other, each having a predetermined detecting width
      for passing said reflected image passed through said polygonal prism, and
      said second means includes a pair of photoelectric elements for converting
      the reflected image passed through each slit to a pair of electric
      signals, the photoelectric elements being positioned behind the slits.
NUM  14.
PAR  14. A scanning photoelectric microscope according to claim 13, in which
      said second means further comprises a pair of amplifier circuits for
      amplifying the signals derived from said pair of photoelectric elements,
      respectively, a differential amplifier for taking a difference between the
      output voltages from the respective amplifier, a zero-crossing detector
      for providing a signal in accordance with the output from the differential
      amplifier and flip-flop circuits serving as a binary counter, which is
      reset by said marker signal generated from said marker device and is
      successively triggered by the signal derived from said zero-crossing
      detector.
NUM  15.
PAR  15. A scanning photoelectric microscope according to claim 8, in which said
      marker device generates the same number of marks as that of the faces of
      said polygonal prism with predetermined pitches and comprises a disk
      rotating in synchronism with said polygonal prism and detecting means for
      detecting and converting the marks into electric signal.
NUM  16.
PAR  16. A scanning photoelectric microscope according to claim 15, in which
      said third means comprises an oscillator for generating a high frequency
      signal, a pair of AND circuits for taking an AND logical product between
      the output signals from said pair of flip-flop circuits and a reversible
      counter which is reset by the marker signal from said marker device,
      calculates the number of pulse signals from one of said AND circuits and
      subtracts the number of pulse signals from the other of said AND circuits
      from said calculated number.
NUM  17.
PAR  17. A scanning photoelectric microscope according to claim 8, in which said
      fourth means includes a pulse motor provided as driving means for shifting
      a table on which the second object is carried, a pulse motor amplifier for
      driving said pulse motor, and a variable frequency oscillator connected
      with said pulse motor amplifier, the oscillating frequency of said
      variable frequency oscillator being adjusted so as to control the shifting
      speed of the table in dependence upon the amount of displacement of
      alignment between said first object and said second object.
NUM  18.
PAR  18. A scanning photoelectric microscope according to claim 8, wherein one
      of the first and second objects is provided with a strip region which is
      positioned substantially parallel to a window provided on the other of the
      first and second objects, the strip region serving to divide the area
      within the window into a pair of intervals.
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ABST
PAL  A mark counter is able to count frame marks in one film margin adjacent to
      corresponding frames and group marks in the other film margin adjacent to
      the first frames of each group of frames regardless of which margin
      contains the frame marks and which margin contains the group marks. The
      marks in both margins are sensed, and analogous signals are fed into an OR
      gate and an AND gate. The output of the OR gate is the logical sum of the
      number of sensed frame and group marks which is numerically equal to the
      number of sensed frame marks, and the output of the AND gate is the
      logical product of the number of sensed frame and group marks which is
      numerically equal to the number of sensed group marks.
BSUM
PAR  The present invention generally relates to a device for retrieving
      information stored on a roll of film, and more particularly to an improved
      mark counter for counting frame and group marks provided on the film for
      the purpose of controlling the film transport.
PAR  It is well known in the art to photographically or otherwise impress
      graphical or other information on an elongated strip of material such as
      microfilm. An information retrieval device such as a microfilm reader is
      commonly employed to provide visual access to the information or project
      an image of the information impressed on the film onto a photosensitive
      material to obtain a semi-permanent copy. The information is generally
      provided on the film in the form of discrete longitudinally spaced frames,
      and to provide rapid access to the information, a frame mark is provided
      in the film margin adjacent to each frame. In a system to which the
      invention applies, a group mark is provided in the other film margin
      adjacent to the first frame of each selected group of frames. These marks
      are optically sensed and electronically counted as the film is moved
      through the retrieval device, so that if the film transport is stopped
      after a certain number of marks has been counted, the frame adjacent to
      the last marked counted will be in an information retrieval or read-out
      position in the device. If the frames are consecutively numbered and the
      number of a frame for which information retrieval is desired is known, the
      frame number can be manually entered into the retrieval device and the
      frame marks counted as the film moves through the device. When the count
      reaches the number of the desired frame, film transport will be stopped
      and the desired frame will be in the information retrieval position. The
      actual desired frame may be selected by counting the frame marks, or the
      first frame of a desired group of frames may alternatively be selected by
      counting the group marks. This system has proven quite useful and
      reliable, but a problem remains in that manufacturers have begun producing
      film in two distinct types; one type in which one margin contains the
      frame marks and the other  margin contains the group marks, and another
      type in which the relative positions of the frame and group marks are
      reversed. If a separate photoelectric sensor is arranged adjacent to each
      margin, a sensor does not know whether it is sensing frame or group marks.
      Retrieval devices have been provided with manual changeover switches to
      solve this problem, but these are a nuisance to operate and if a mistake
      is made in the setting of the switch prior to a frame selection operation,
      incorrect operation will result and the film must be completely rewound
      and the operation started again with the switch set in the correct
      position.
PAR  It is therefore an object of the present invention to provide an
      information retrieval device as described above which is capable of
      accommodating film on which frame and group marks are provided in opposite
      film margins regardless of which margin contains the frame mark and vice
      versa, and which does not require any manual changeover operation
      pertaining to the relative positions of the frame and group marks.
PAR  It is another object of the present invention to provide a mark counter for
      an information retrieval device as described above which is capable of
      correctly counting frame and group marks during film transport regardless
      of the relative positions of the frame and group marks.
PAR  It is another object of the present invention to provide a mark counter for
      an information retrieval device comprising, as will become clear from the
      following detailed description, a novel combination of electronic logic
      elements to compute the logical sum and product of the numbers of frame
      and group marks sensed to enable the mark counter to correctly count the
      frame and group marks regardless of their relative positions.
PAR  It is still another object of the present invention to provide an improved
      information retrieval device as described above which is capable of
      correctly placing a desired frame or the first frame of a desired group of
      frames in an information retrieval position after the frame number or
      group number is manually entered into the device regardless of the
      relative positions of the frame and group marks.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will become clear from the following detailed description taken
      in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic view of a portion of a roll of film to which the
      invention relates illustrating the relative positions of frames, frame
      marks and group marks;
PAR  FIG. 2 is similar to FIG. 1, but illustrates another type of film in which
      the relative positions of the frame and group marks are reversed from
      those of the film of FIG. 1;
PAR  FIG. 3 is a schematic view of information read-out means, film drive means
      and mark sensing means of an embodiment of an information retrieval device
      according to the present invention; and
PAR  FIG. 4 is an electrical block diagram of an embodiment of a mark counter to
      be employed in conjunction with the elements of FIG. 3 to constitute an
      information retrieval device according to the present invention.
DETD
PAR  Referring now to FIG. 1, a portion of an elongated strip of material here
      shown as a roll of film 10 has longitudinally spaced frames 200 to 206
      containing retrievable information. The film 10 may be microfilm
      containing information in the form of variations in optical density. Frame
      marks 200' to 206' are detachable as variations in optical density, are
      located in a lower (as shown) margin of the film 10 adjacent to the frames
      200 to 206 respectively, and are centered in the margin between the ends
      of the respective frames. Group marks 40 and 41 are similarly located in
      the upper (as shown) margin of the film 10 adjacent to the frames 201 and
      205 respectively, thus indicating that the frames 201 and 205 are the
      first frames of selected groups of frames constituted by frames 201 to
      204, and frames 205 and 206 respectively, the groups being selected
      because they contain differently classified information.
PAR  FIG. 2 is a similar to FIG. 1 and shows a film 10' which may be made by a
      different manufacturer than the film 10 or may be made by the same
      manufacturer as the film 10 but for a different model of information
      retrieval device. The only difference is that the relative positions of
      the frame and group marks of the film 10' are opposite to those of the
      film 10, with the film 10' having the frame marks in the upper margin and
      the group marks in the lower margin as shown. If the film 10' were used in
      a device designed for the film 10, erroneous operation would result
      because the group marks would be counted rather than the frame marks and
      vice versa.
PAR  An information retrieval device of the invention is designed to
      automatically adapt itself to operation with either the film 10 or the
      film 10', and is partially shown in FIG. 3. The film 10 is stored in a
      cartridge 12 which is inserted into the device for information retrieval.
      The leader (not shown) of the film 10 is threaded through rollers 14,
      pressure plates 16 and rollers 18 and wound around a take-up reel 20.
      These components, taken in conjunction with electric motors (not shown) to
      drive the film supply reel (not shown) in the cartridge 12 and the take-up
      reel 20 constitute drive means to move the film 10 through the information
      retrieval device. Read-out means to retrieve the information from the film
      10 comprise a light source 22 to project a beam of light through the film
      10, and a reader 24 which may provide a visual image of the desired frame
      of the film 10 or contain a photosensitive material to provide a
      semi-permanent copy of the desired frame. Sensing means comprising first
      and second sensors 26 and 28 arranged adjacent to the upper and lower
      margins (as shown) of the film 10 or 10'  are used to sense whichever of
      the frame or group marks are in the adjacent margin as the film 10 or 10'
      is transported through the read-out means. The sensing means also
      comprises an optical system having a first plane mirror 30, a convex lens
      32 and a second plane mirror 34 to project a beam of light from the light
      source 22 passing through the upper margin of the film 10 or 10' onto the
      first sensor 26, as is schematically shown in FIGS. 1 and 2. A similar
      optical system is provided for the second sensor 28 to project a beam of
      light from the lower margin of the film 10 or 10' thereonto although not
      shown. If the first and second sensors 26 and 28 are assumed to be
      photocells, and the frame and group marks are assumed to be optically
      denser than the remainder of the margins, the sensors 26 and 28 will
      produce a predetermined voltage output when the incident light beam has
      passed through a normal portion of the respective margin, and a lower
      voltage output when the incident light beam has passed through a frame or
      a group mark. Thus, a negative pulse is produced every time a frame or a
      group mark passes the respective sensor 26 or 28.
PAR  Referring now to FIG. 4, a novel mark counter according to the invention to
      be used in conjunction with the drive means and read-out means shown in
      FIG. 3 comprises the sensing means A, and computing means including a
      computing circuit B, switch means C and counting means having a counter
      section D and a control circuit section E. If desired, the switch means C
      may be considered a part of the control circuit section E, or the control
      circuit section E may be considered part of counting means comprising the
      counter section D and alternatively also the switch means C.
PAR  The sensing means A comprises the sensors 26 and 28 which are connected to
      the inputs of pulse generators 36 and 38 respectively. The outputs of the
      pulse generators 36 and 38 are both fed into inputs of an OR gate 42 and
      an AND gate 44 constituting the computing circuit B. The outputs of the OR
      gate 42 and the AND gate 44 are respectively fed into inputs of a first
      AND gate 46 and a second AND gate 48 of the switch means C. The outputs of
      both AND gates 46 and 48 are fed into the inputs of an OR gate 50, the
      output of which is fed into the counter section D, which comprises an
      incremental and decremental counter 52. A control circuit 54 of the
      control circuit section E is responsive to the numerical count of the
      counter 52 through a lead 62 and control the operation of the drive means
      55 in such a manner as will be subsequently described. A numerical entry
      device such as a keyboard 56 is provided to enter a preset value into the
      control circuit 54. Leads 64 and 66 also connect the control circuit 54 to
      the counter 52 as will be described in detail below.
PAR  A reset output 68 of the control circuit 54 is connected to reset inputs 70
      and 72 of first and second bistable devices such as flip-flops 58 and 60
      respectively, which have manual set inputs 74 and 76 respectively which
      may be connected to a mode changeover switch 78. The output of the
      flip-flops 58 and 60 are fed into inputs of the AND gates 46 and 48
      respectively.
PAR  In operation, the mode changeover switch 78 is moved to a position to order
      the mark counter to count either the frame marks or the group marks. If it
      is desired to count the frame marks, the switch causes the set input 74 of
      the first flip-flop 58 to be set, whereas if it is desired to count the
      group marks, the set input 76 of the second flip-flop 60 is set. Next, a
      preset value corresponding to the number of the frame or group for which
      information retrieval or read-out is desired is entered into the control
      circuit 54 through the keyboard 56. The control circuit 54 compares the
      preset value with the count of the counter 52, and switches the counter 52
      to the incremental mode if the preset value is higher than the count of
      the counter 52 (as is the case when the film 10 or 10' is first threaded
      through the drive means), and switches the counter 52 to the decremental
      mode if the preset value is lower than the count of the counter 52. The
      control circuit 54 will energize the drive means 55 to move the film 10 or
      10'  in a forward direction to bring a higher numbered frame or group into
      an information retrieval or read-out position when the counter 52 is in
      the incremental mode, energize the drive means 55 to move the film 10 or
      10' in a reverse direction to bring a lower numbered frame or group into
      the read-out position when the counter 52 is in the decremental mode, and
      de-energize or the stop the drive means 55 to place the desired frame or
      first frame of the desired group of frames in the read-out position when
      the count of the counter 52 becomes equal to the preset value.
PAR  As the film 10 or 10' is moved through the read-out means by the drive
      means 55, negative pulses are generated by the sensors 26 and 28 as the
      frame and group marks pass thereby, one pulse for each mark. These pulses
      are inverted, amplified and shaped to produce first and second electrical
      signals in the form of positive pulses by the first and second pulse
      generators 36 and 38 respectively, one pulse for each mark. It makes no
      difference which of the sensors 26 and 28 is sensing the frame marks and
      which is sensing the group marks, because the outputs of both the
      generators 36 and 38 are fed into the inputs of both the OR gate 42 and
      the AND gate 44.
PAR  As is well known in the art, an OR gate having two inputs produces as its
      output the logical sum of the two inputs, as evidenced from the fact that
      the Boolean algebra operator associated with an OR gate is a summation or
      plus "+" sign. Similarly, an AND gate produces as its output the logical
      product of the two inputs, the associated Boolean algebra operator being a
      multiplication or times ".times." sign. These concepts are cleverly
      utilized in the computing circuit B constituting the heart of the
      invention which allows the mark counter to automatically and correctly
      count the frame and group marks of either the film 10 or the film 10'.
PAR  The OR gate 42 produces an output whenever either one or both of its inputs
      is logical 1 (here assumed as a positive pulse). Since it receives inputs
      from both of the generators 36 and 38, one of its inputs is a train of
      positive pulses produced by sensing the frame marks. The OR gate 42 will
      thus produce an output every time a frame mark is sensed, and the fact
      that pulses representing sensing of the group marks also appear at its
      other input have no effect on its operation because they are coincident
      with the pulses representing the frame marks. The number of pulses passing
      through the OR gate 42 is thus the same as the number of sensed frame
      marks. The output signals of the OR gate 42 are thus called sum signals.
PAR  The AND gate 44 produces an output whenever both of its inputs are logical
      1. This condition only occurs when a group mark is sensed, because a frame
      mark is sensed simultaneously due to the fact that a frame mark and a
      group mark of a given frame have the same longitudinal position on the
      film 10 or 10'. Thus, the number of pulses passing through the AND gate 44
      is the same as the number of sensed group marks. The output signals of the
      AND gate 44 are thus called product signals.
PAR  The switch means C enables the mark counter to selectively count either the
      frame marks or the group marks. The preset value entered into the control
      circuit 54 by the keyboard 56 is the number of the frame or group for
      which information retrieval is desired, but the counter 52 and control
      circuit 54 cannot distinguish between pulses representing frame marks or
      group marks. For this reason, a frame or group mode is selected by the
      mode changeover switch 78 as mentioned above. If it is desired to count
      frame marks, the set input 74 of the flip-flop 58 is set by the switch
      causing a logical 1 (positive) voltage to be applied from the flip-flop 58
      to the input of the AND gate 46. In this way, positive pulses from the OR
      gate representing sensed frame marks will pass through the AND gate 46
      since both inputs of the AND gate 46 at the time of pusle occurance are
      positive. Since the flip-flop 60 is not set, it will apply a logical 0
      signal (zero volts) to the AND gate 48. Since one of the inputs of the AND
      gate 48 is therefore logical 0, pulses from the AND gate 44 are blocked by
      the AND gate 48.
PAR  In a similar manner, the set input 76 of the flip-flop 60 is set by the
      mode changeover switch 78 to enable the AND gate 48 and inhibit the AND
      gate 46 when it is desired to count the group marks. The OR gate 50 passes
      therethrough to the counter 52 any pulses applied thereto from the AND
      gates 46 and 48.
PAR  If the counter 52 is in the incremental mode, the numerical value or count
      of the counter 52 will be incremented each time a pulse is received from
      the OR gate 50, and the control circuit 54 will stop the drive means when
      the count of the counter 52 reaches the preset value so that the desired
      frame or the first frame of the desired group will be placed in the
      information retrieval position. Similarly, if the counter 52 is in the
      decremental mode, the count of the counter 52 will be decremented each
      time a pulse is received from the OR gate 50.
PAR  The control circuit 54 is further designed to feed a reset pulse into the
      reset inputs 70 and 72 of the flip-flops 58 and 60 respectively when the
      count of the counters 52 reaches the preset value to reset the flipflops
      58 and 60 to normally logical 0 states, such that the AND gate 46 and 48
      are inhibited and electrical communication therethrough is blocked
PAR  As an illustrative example, it will be assumed that the device is in a
      frame mark counting mode and frame 200 (see FIG. 1) is in the read-out
      position. It is subsequently desired to read-out frame 206. At this point
      the numerical count of the counter 52 is 200, and the number 206 is
      entered into the control circuit 54 through the keyboard 56. Since 206 is
      numerically higher than 200, the control circuit 54 will switch the
      counter 52 to the incremental mode. The drive means 55 will then transport
      the film in a forward direction, and the frame marks 201' to 206' will be
      sensed by the sensor 26. Pulses representing these frame marks will pass
      through the generator 36, the OR gate 42, the AND gate 46 (since the
      flipflop 58 is set) and the OR gate 50 to the counter 52. As frame 206
      approaches the read-out position, frame marks 201' to 205' are counted and
      the count of the counter 52 is incremented five times. At this point, the
      count of the counter 52 is 205, or one less than the preset value 206. As
      frame 206 reaches the read-out position, the frame mark 206' is sensed and
      the count of the counter 52 becomes 206 or equal to the preset value. At
      this point, the control circuit 54 stops the drive means 55 so that the
      desired frame 206 is placed in the read-out position.
PAR  Although the computing circuit B has been described as comprising the OR
      gate 42 and the AND gate 44, the generators 36 and 38 may be omitted or
      arranged to amplify but not invert the signals from the first and second
      sensors 26 and 28 respectively. In this case, identical operation of the
      mark counter can be obtained by replacing the OR gate 42 and the AND gate
      44 with a NOR gate and NAND gate respectively.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a device for retrieving information stored on an elongated strip of
      material in the form of longitudinally successive frames, the elongated
      strip having a detectable frame mark adjacent to each frame and a
      detectable group mark adjacent to the first frame of each group of frames,
      and the device having read-out means for retrieving the information from a
      desired frame and drive means for moving the elongated strip through the
      read-out means to place the desired frame in an information retrieval
      position, a mark counter to count the frame marks and group marks as the
      elongated strip is being moved through the read-out means by the drive
      means and control the drive means to stop movement of the elongated strip
      when the desired frame has reached the information retrieval position,
      said mark counter comprising:
PA1  sensing means operatively arranged to sense the frame marks and group marks
      as the elongated strip moves through the read-out means and produce a
      first and a second electrical signal each time a frame mark and a group
      mark respectively are sensed;
PA1  said elongated strip being a film carrying the information and the frame
      and group marks thereon in the form of variations in optical density and
      in which each frame mark is located in one margin of the film adjacent to
      the corresponding frame and each group mark is located in the opposite
      margin of the film adjacent to the corresponding frame, the mark counter
      also being applicable to a film in which the relative positions of the
      frame and group marks are reversed;
PA1  said sensing means comprising first and second sensors arranged adjacent to
      the one and the opposite film margins respectively to sense the one of the
      frame marks and group marks which is in the corresponding margin and
      produce the corresponding one of said first and second electrical signals
      respectively in response thereto;
PA1  computing means responsive to said first and second electrical signals and
      operative to compute the logical sum and produce of the total numbers of
      said first and second electrical signals respectively produce by said
      sensing means;
PA1  said computing means comprising a computing circuit including an OR gate
      and an AND gate, each of which is responsive to both of said first and
      second electrical signals, whereby the total number of electrical sum
      signals produced by said OR gate is equal to the logical sum of the total
      numbers of said first and second electrical signals produced by said first
      and second sensors, the total number of electrical product signals
      produced by said AND gate being equal to the logical product of the total
      numbers of said first and second electrical signals produced by said first
      and second sensors;
PA1  said computing means being further operative to stop movement of said film
      when a selected one of said logical sum and product is equal to a preset
      value corresponding to the desired frame so that the desired frame is
      placed in the information retrieval position; and
PA1  said computing means comprising means which is operative to selectively
      count one of said sum signals and said product signals and control said
      drive means to effect said stop movement of the film when the count is
      equal to said preset value.
NUM  2.
PAR  2. A mark counter according to claim 1, in which said computing means
      further comprises switch means to selectively connect said OR gate and
      said AND gate with said counting means;
PA1  said switch means normally blocking electrical communication therethrough
      and being manually setable to selectively allow electrical communication
      therethrough between one of said OR gate and said AND gate and said
      counting means prior to a movement of the film; and in which
PA1  said counting means is further operative to feed an electrical reset signal
      to said switch means to reset said switch means to the normal condition
      thereof in which electrical communication therethrough is blocked when the
      drive means is controlled by said counting means to stop movement of the
      film when the count thereof is equal to said preset value.
NUM  3.
PAR  3. A mark counter according to claim 2, in which said counting means
      comprises an incremental and decremental counter connected to said switch
      means and a control circuit connected to said incremental and decremental
      counter and said switch means;
PA1  said control circuit being responsive to the count of said counter and
      operative to switch said counter to an incremental mode when the count is
      less than said preset value and switch said counter to a decremental mode
      when the count is greater than said preset value;
PA1  said control circuit being further operative to control the drive means to
      move the film in one direction when said counter is in the incremental
      mode and in the opposite direction when said counter is in the decremental
      mode; and
PA1  said control circuit being still further operative to control the drive
      means to stop movement of the film and feed said reset signal to said
      switch means when the count of the counter is equal to said preset value.
NUM  4.
PAR  4. A mark counter according to claim 3, in which said switch means
      comprises;
PA1  a first flip-flop having a manual set input and a reset input connected to
      said control circuit to receive said reset signal therefrom;
PA1  a second flip-flop having a manual set input and a reset input connected to
      said control circuit to receive said reset signal therefrom;
PA1  a first AND gate having one input connected to the output of said OR gate
      and another input connected to the output of said first flip-flop;
PA1  a second AND gate having one input connected to the output of said second
      flip-flop and another input connected to the output of said AND gate; and
PA1  a first OR gate having inputs connected to the outputs of said first and
      second AND gates and an output connected to the input of said counter.
NUM  5.
PAR  5. A mark counter according to claim 3, in which said control circuit
      comprises a numerical entry device to manually enter said preset value.
NUM  6.
PAR  6. A mark counter according to claim 1, further comprising a light source
      to project a beam of light through the film, and in which said first and
      second sensors are photosensitive units arranged to produce said first and
      second electrical signals when the corresponding one of a frame mark and a
      group mark respectively pass over said light source.
NUM  7.
PAR  7. A device for retrieving information stored on an elongated strip of
      material in the form of longitudinally successive frames, the elongated
      strip having a detectable frame mark in one margin adjacent to each frame
      and a detectable group mark in the other margin adjacent to the first
      frame of each group of frames, the device also being applicable to an
      elongated strip in which the relative positions of the frame and group
      marks are reversed and comprising:
PA1  read-out means for retrieving the information from a desired frame and
      drive means for moving the elongated strip through the read-out means to
      place the desired frame in an information retrieval position;
PA1  first and second sensors operatively arranged adjacent to the opposite
      margins of the elongated strip to sense the one of the frame and group
      marks located in the corresponding margin as the elongated strip moves
      through the read-out means and produce first and second electrical signals
      respectively each time a mark is sensed;
PA1  computing means responsive to said first and second electrical signals and
      operative to compute the logical sum and product of the total numbers of
      said first and second electrical signal respectively produced by said
      first and second sensors;
PA1  said computing means comprising a computing circuit connected to said first
      and second sensors and including an OR gate and an AND gate, each of which
      is responsive to both of said first and second electrical signals, whereby
      the total number of electrical sum signals produced by said OR gate is
      equal to the logical sum of the total numbers of said first and second
      electrical signals produced by said first and second sensors respectively,
      and the total number of electrical product signals produced by said AND
      gate is equal to the logical product of the total numbers of said first
      and second electrical signals produced by said first and second sensors
      respectively;
PA1  counting means connected to said computing means and operative to count a
      selected one of said sum signals and said product signals; and
PA1  a control circuit connected to said counting means and operative to control
      the drive means to stop movement of the elongated strip when a selected
      one of said logical sum and product is equal to a preset value
      corresponding to the desired frame so that the desired frame is placed in
      the information retrieval position.
NUM  8.
PAR  8. A device according to claim 7, in which said computing means further
      comprises switch means to selectively connect said OR gate and said AND
      gate of said computing circuit with said counting means;
PA1  said switch means normally blocking electrical communication therethrough
      and being manually settable to selectively allow communication
      therethrough between one of said OR gate and said AND gate and said
      counting means prior to a movement of the elongated strip;
PA1  said counting means comprising an incremental and decremental counter;
PA1  said control circuit being responsive to the count of said counter and
      being operative to switch said counter to an incremental mode when the
      count is less than said preset value and switch said counter to a
      decremental mode when the count is greater than the preset value;
PA1  said control circuit being further operative to control the drive means to
      move the elongated strip in one direction when said counter is in the
      incremental mode and in an opposite direction when said counter is in the
      decremental mode;
PA1  said control circuit being further operative to control the drive means to
      stop movement of the elongated strip and feed an electrical reset signal
      to said switch means when the count is equal to the preset value;
PA1  said reset signal resetting said switch means to the normal condition
      thereof in which electrical communication therethrough is blocked; and
PA1  said control circuit further comprising a numerical entry device to
      manually enter said preset value.
NUM  9.
PAR  9. A device according to claim 8, in which said switch means comprises:
PA1  a first flip-flop having a manual set input and a reset input connected to
      said control circuit to receive said reset signal therefrom;
PA1  a second flip-flop having a manual set input and a reset input connected to
      said control circuit to receive said reset signal therefrom;
PA1  a first AND gate having one input connected to the output of said OR  gate
      and another input connected to the output of said first flip-flop;
PA1  a second AND gate having one input connected to the output of said second
      flip-flop and another input connected to the output of said AND gate;
PA1  first OR gate having its inputs connected to the outputs of said first and
      second AND gates and its output connected to the input of said counter.
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ABST
PAL  Two-dimensional data may be acquired at extremely high rates by means of a
      linear sensor array, and ganged shift registers with each sensor
      associated with at least one shift register. The state of each sensor is
      sampled periodically in accord with a selected, relatively high clock
      frequency and each sampling is sequentially recorded in the shift register
      associated with a specific sensor. A first dimension is provided by the
      linear nature of the sensor array and the second dimension is supplied by
      the sampling clock frequency as a subject moves past the sensor array. In
      a more advanced embodiment, the sampling operates only during the
      occurrence of an event and data is cyclically recorded in one group of
      shift registers at a rapid rate while previous data is unloaded from an
      alternative group of shift registers at a conventional rate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to acquisition of two-dimensional
      data from linear sensor arrays, and more particularly to high-speed
      acquisition of two-dimensional data from such arrays.
PAR  2. Description of the Prior Art
PAR  The desirability of determining two-dimensional data, i.e., the size and/or
      profile of objects or particles in two dimensions, utilizing a linear
      sensor array and sampling the condition of the array periodically has, in
      the broad sense, been recognized and used effectively for some time. For
      example, the RETICON image sensors use linear arrays which are
      periodically sampled. In general, the sampling of the array is done on a
      sensor by sensor basis, and a bit from each sensor across the array is
      stored consecutively in a single shift register. U.S. Pat. No. 3,692,980
      describes, in conjunction with other not necessarily germane sampling
      equipment, the use of a photocell array wherein the data is loaded into a
      single shift register. This approach is entirely satisfactory for the
      purpose for which it is intended, but is inadequate for high-speed events
      wherein relatively small objects or particles move rapidly across the
      sensor array. The sampling frequency is limited by the rates at which the
      sensors can be individually sampled in a single sweep. In some instances,
      the object being measured may move appreciably during the sampling from
      one end to the other end of the sensor array.
PAR  A number of other means for counting and sizing particles exist. U.S. Pat.
      No. 2,958,464 discloses one approach to this end, but utilizes a
      two-dimensional array of sensors.
PAR  Also, it is not an uncommon requirement to sample random events which
      provide data at an extremely high rate during the event, but since the
      events are not constant, do not, on an average, provide data at an overall
      high rate. None of the above approaches provide a means for receiving and
      storing data at a high instantaneous rate while providing for a more
      convention data output rate for supplying data to conventional systems.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, which provides a heretofore unavailable improvement
      in the provision of two-dimensional data from linear arrays of sensors,
      comprises an arrangement in which a linear array of sensors is connected
      to a plurality of shift registers with each sensor individually associated
      with at least one of the ganged shift registers. All sensors are
      simultaneously sampled and the data from each sensor supplied directly to
      an individual shift register. By using this method and arrangement,
      extremely high resolution may be obtained utilizing very high rates of
      data acquisition. Further, with additional circuitry, the arrangement can
      acquire and store data at extremely high rates when an event occurs, and
      supply the data to the ultimate data recording or readout system at a more
      conventional rate while the sensor system idles between events. Operation
      and termination of the data acquisition can be initiated by event
      occurrence and completion, respectively.
PAR  Accordingly, an object of the present invention is to provide a new and
      improved method and device for rapid acquisition of two-dimensional data
      from a linear array of sensors.
PAR  Another object of the present invention is to provide a new and improved
      method and device for recording in two dimensions the size and/or shape of
      an article with high resolution.
PAR  Yet another object of the present invention is to provide a new and
      improved method and device for accumulating and smoothing the delivery of
      data from events which intermittently provide data at high rates.
PAR  Still another object of the present invention is to provide a new and
      improved method and device for recording two dimensional data from a
      linear array of sensors only upon the occurrence of a subject event.
PAR  These and other objects and features of the present invention will become
      apparent from the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a partial schematic diagram of a simplified data acquisition
      device in accordance with the present invention;
PAR  FIG. 2 is a schematic diagram of a particularly advantageous embodiment of
      the present invention;
PAR  FIG. 3 is a schematic diagram of an element of the device shown in FIG. 1;
      and
PAR  FIG. 4 is a representation of data stored in the ganged shift registers
      coordinated to the passing of a superimposed particle.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Turning now to the drawings, wherein like components are designated by like
      reference numerals throughout the various figures, a basic device for
      high-speed acquisition of two-dimensional data from a linear array of
      sensors is illustrated in FIG. 1. The device comprises a linear array of
      individual sensors 10, each connected directly to an individual shift
      register 12. A clock 13 concurrently activates each of the ganged shift
      registers 12 to sample the condition of sensors 10.
PAR  Sensors 10 can, for instance, be proximity detectors, various transducers,
      etc., but for the purposes of this discussion shall primarily be
      considered photodiodes. Accordingly, the condition of the photodiode is
      either "0," when shadowed, or "1" when illuminated.
PAR  As clock 13 simultaneously activates ganged shift registers 12, the
      condition of the array of sensors 10 is recorded in a corresponding level
      of shift registers 12. After a predetermined period of time, clock 13
      repeats the sampling thereby providing, as one dimension, the physical
      arrangement of sensors 10, and as another dimension, the change in the
      condition of the sensors 10 with regard to time. When the speed or size of
      the subject being measured is known, determination of time as the second
      dimension permits comprehensive conclusions to be made.
PAR  A somewhat simplified, diagrammatic representation of a system which
      acquires data at high speeds, and which supplies data to the data system
      at conventional prior art speeds and manner is shown in FIG. 2.
      Specifically, a linear array of photodiode sensors 10 are connected by
      means of amplifiers 20 and voltage comparators 21, shown in more detail in
      FIG. 3, in such a manner as to provide a signal only upon occurrence of an
      event.
PAR  As shown in FIG. 3, each sensor 10 is provided with two amplifiers 20A and
      20B, one providing a dampened recent average output of the signal from
      sensor 10, and the other providing an instantaneous output. Accordingly,
      when the state of sensor 10 changes, the output from the dampened
      amplifier 20A changes much slower than the output from instantaneous
      amplifier 20B. Thus, voltage comparator 21 recognizes a voltage difference
      and provides a signal to load control 27 to initiate acquisition of data.
      Diodes 26 provide a logic OR function in response to the output from a
      specific sensor 10 to load control 27 while isolating each sensor 10 from
      the other sensors 10.
PAR  Load control logic 27 includes relatively straight-forward logic including
      a flip-flop to initiate gating of load clock 28, a counter of a capacity
      twice that of the capacity of the ganged shift registers 24 and 25 with
      capacity for response at one-half full count and at full count, and an
      inverter.
PAR  Basically, load control logic 27 is activated upon the occurrence of an
      event and functions in one of two symmetrical modes. For instance, as a
      first mode, signal "load A" is provided to AND gate 30 and AND gate 32
      from load control 27. "Load shift" signal from load control logic 27
      provides the load clock 28 frequency to AND gate 30 thereby providing an
      output from AND gate 30 at the load clock 28 frequency to OR gate 34; and,
      accordingly, the load clock frequency is provided to ganged shift
      registers 24 which acquire data from sensors 10 at the load clock 28
      frequency.
PAR  Since, in the mode under discussion, load control 27 provides no "load B"
      signal to either AND gate 35 or AND gate 32, OR gate 37 is not activated
      by AND gate 35. However, load A output from load control logic 27 provides
      a signal to AND gate 32 and an "unload shift" signal is provided to AND
      gate 32 from unload control logic 40 thereby providing to OR gate 37 an
      output from AND gate 32 which unloads one tier of data from ganged shift
      registers 25 into shift register 42. Unload control logic 40 provides
      "unload B" signal to AND gate 44, but, in the mode under consideration,
      provides no such signal to AND gate 46. Accordingly, the frequency from
      more conventional rate unload clock 39 is applied to shift register 42 and
      data thus is unloaded from shift register 42 through AND gate 44 and OR
      gate 50 to an appropriate data system 52.
PAR  In addition to determining the section of the system being unloaded through
      the provision of either unload B signal or unload A signal, the former in
      the above discussion, unload control logic 40 also includes a counter
      controlled by unload clock 39. Thus, as shift register 42 is unloaded into
      data system 52, a counter in unload control logic 40 is up-counted until a
      count corresponding to the number of sensors 10 in the sensor array is
      reached. At this point, the entire tier previously unloaded into shift
      register 42 has been loaded into data system 52. Accordingly, unload
      control logic 40 provides concurrently unload shift signal to AND gate 32
      thereby right-shifting ganged shift registers 25 one tier, and also "dump
      B" signal which enables shift register 42 to accept a tier of data from
      ganged shift registers 25. Shift register 42 is then unloaded serially to
      data system 52 as discussed above.
PAR  In addition, unload control logic 40 also counts the number of unload shift
      signals and, upon reaching a count equivalent to the tier capacity of
      ganged shift registers 25, discontinues unloading of ganged shift
      registers 25 and simply waits until ganged shift registers 24 have been
      filled to begin unloading ganged shift registers 24 in a similar manner.
PAR  As is apparent from the above discussion, load control logic 27 acquires
      data at the frequency of load clock 28 in one of ganged shift registers 24
      or 25 while, essentially independently, unload control logic 40 unloads
      the other of ganged shift registers 24 or 25 at the frequency of unload
      clock 39. Load control logic 27 counts the entries into ganged shift
      registers 24 or 25, and when capacity is reached, provides "unload
      activate" signal to unload control logic 40 to initiate unloading of the
      newly saturated ganged shift registers 24 or 25. Also, the inverter in
      load control logic 27 is activated thereby symmetrically switching the
      states AND gate 30 and AND gate 35 to initiate loading of the other of
      ganged shift registers 24 or 25. However, if the previously loaded ganged
      shift registers 24 or 25 have not been completely unloaded into data
      system 52, the system is overloaded and "inhibit" signal from unload
      control logic 40 inactivates the load control logic 27 and acquisition of
      new data until unloading of the subject ganged shift registers 24 or 25 is
      completed. Thereupon, the data acquisition process continues and unload
      control logic 40 immediately initiates unloading of the saturated ganged
      shift registers 24 or 25.
PAR  The nature of the data and the advantage of the instant invention's
      preferred embodiment will be more readily appreciated with reference to
      FIG. 4 wherein the individual shift registers of ganged shift registers 24
      or 25 are represented on the abscissa as SR-1 through SR-14, and specific
      sampling of sensors 10 are shown at T-1 through T-15 on the ordinate. It
      will be apparent at times T-1 through T-3 no particle is shadowing sensors
      10 and, accordingly, all sensors report a 1 condition. However, above Line
      A, i.e., at T-4, a particle (ghosted) shadows the sensors associated with
      SR-7 and SR-8, thereby providing a voltage change between filtered
      amplifier 20A and instantaneous amplifier 20B, and, accordingly, an output
      from voltage comparator, as shown in FIG. 3. This initiates activation of
      load control logic 27 and at T-4 through T-12 acquisition of data is
      provided. However, above Line B, i.e., between T-12 and T-13, sensors 10
      associated with SR-6 through SR-10 change from 0 shadowed condition to 1
      illuminated condition thereby providing another salient output from
      voltage comparator 21 and deactivates the system. As a result, according
      to the preferred embodiment of the instant invention as illustrated in
      FIGS, 2 and 3, the system would not acquire data at T-1 through T-3 and
      T-13 through T-15 of FIG. 4. The shape of the particle ghosted is
      indicated by shadowed 0 states of sensors 10 with, in the illustration,
      the horizontal dimension at any time being provided by the condition of
      the array of sensors 10, and the vertical dimension being provided by the
      sampling rate, i.e., T-4 through T-12.
PAR  Summarily, an initial advantage of the instant invention is the rapid
      acquisition of data by means of ganged shift registers with at least one
      of the shift registers being associated with each sensor. In a more
      preferred embodiment, and in view of the rapid rate of data acquisition
      possible, means are provided to inactivate the acquisition section of the
      system between events, and to automatically activate the acquisition
      section of the system upon the occurrence of an event. However, data
      delivery continues at a conventional rate and arrangement. Thus, the
      system is, at any given time, functionally divided into two relatively
      independent sections whereby data is acquired rapidly and stored in the
      data acquisition portion of the system, and the data is unloaded at more
      conventional rates and in more conventional arrangements from the unload
      portion of the system. By providing at least two symmetrical systems, one
      portion of the system can be unloaded while data is acquired in the other,
      symmetrical portion of the system.
PAR  Though only fundamental and preferred embodiments of the instant invention
      have been illustrated and described in detail, it is anticipated that
      those skilled in the art will readily recognize various modifications,
      alternatives and functional equivalents thereof. Accordingly, the
      invention is to be limited only by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for high-speed acquisition of two-dimensional data, comprising:
      a linear array of sensors, at least two groups of ganged shift registers,
      each of the sensors being connected to at least one shift register in each
      group, activation means interposed between the linear array and the ganged
      shift registers, the activation means being responsive to a change of
      condition from that of each sensor being at a common state corresponding
      to the absence of an event occurrence to a condition in which at least one
      sensor senses an event to activate sampling of the sensors and recording
      in the ganged shift registers, the activation means further being
      responsive to a change of condition to each sensor being at a common state
      corresponding to the absence of an event occurrence from a condition in
      which at least one sensor senses an event to terminate sampling of the
      sensors and recording in the ganged shift registers, load clock means
      connected to the ganged shift registers to periodically sample the
      condition of the sensors and enter the condition of the sensors as one
      tier of data in at least one group of ganged shift registers when the
      activation means indicates the occurrence of an event, load control logic
      means connected to the load clock means and the activation means to count
      the number of tiers entered into a first group of the ganged shift
      registers, to shift the entry of additional tiers to the second group of
      ganged shift registers upon saturation of the first group of ganged shift
      registers, and to initiate unloading of the saturated group of ganged
      shift registers while the second group of ganged shift registers is being
      loaded, an unload clock means, an unload shift register connected to the
      unload portion of each group of ganged shift registers to receive in
      parallel a tier of data unloaded from a given group of ganged shift
      registers, the unload shift registers being connected to the unload clock
      means to serially unload the individual shift register bit by bit into a
      conventional data system at the unload clock means frequency, and unload
      control logic means to shift one tier of data from one group of ganged
      shift registers into the associated unload shift register, count the bits
      unloaded into the conventional data system at the unload clock means
      frequency, and, upon reaching a count equal to the number of sensors in
      the sensor array, shift another tier of data from the group of shift
      registers into the unload shift register, whereby two-dimensional data may
      be rapidly acquired and stored in one group of ganged shift registers at
      the high load clock means frequency while the other group of ganged shift
      registers is unloaded at a conventional frequency of the unload clock
      means.
NUM  2.
PAR  2. A system as claimed in claim 1 in which the sensors are photodiodes and
      illumination means are included whereby the sensors are responsive to a
      shadow thereon resulting from the interposing of an article between the
      illumination means and the sensors.
NUM  3.
PAR  3. A system as claimed in claim 2 in which the activation means comprise
      dampened output amplifiers, instantaneous output amplifiers, voltage
      comparators and diodes, with a dampened output amplifier and an
      instantaneous output amplifier connected in parallel between each sensor
      and a voltage comparator, and the output from the voltage comparator is
      connected to the load control logic means to initiate and terminate
      sampling of the sensors.
NUM  4.
PAR  4. A system as claimed in claim 1 in which the unload control logic means
      counts the number of tiers unloaded into the unload shift register and
      inhibits the load control logic means to preclude loading of further data
      into the group of ganged shift registers actively being unloaded until a
      count equal to the number of tiers in the group of ganged shift registers
      being unloaded is reached.
NUM  5.
PAR  5. A system for acquisition of two-dimensional data comprising: a linear
      array of a plurality of discrete sensors, at least two groups of ganged
      shift registers, each of the sensors being in communication with at least
      one shift register in each group of ganged shift registers, load control
      logic means, load clock means connected to the ganged shift registers
      through the load control logic means, and activation means interposed
      between the sensor array and load control logic means, the activation
      means being responsive to the occurrence of an event to activate the load
      control logic means to provide the load clock means signal to at least one
      group of ganged shift registers to thereby sample the condition of the
      linear array of sensors at the load clock means frequency, the load
      control logic means further including a counter of twice the capacity of
      the number of tiers in the ganged shift registers with a response at
      one-half the full count, the output from the counter being connected to
      shift means to shift loading of data from one group of ganged shift
      registers to another group of shift registers upon accumulation of a count
      corresponding to the number of tiers in the ganged shift registers, the
      output from the load control logic means counter also being connected to
      unload control logic means to initiate unloading of the loaded group of
      ganged shift registers upon such shift, unload shift registers, one each
      being associated with each group of ganged shift registers with one shift
      register in each group of ganged shift registers being in communication
      with one position in the unload shift register to facilitate unloading of
      a single tier of data from the ganged shift registers into associated
      unload shift register, unload clock means in communication with the unload
      shift register and the unload control logic means to unload data from the
      unload shift register at the unload clock means frequency into a
      conventional data system, and a counter in the unload control logic means
      to count the bits unloaded from the unload shift register and, upon
      reaching a count equal to the position in the unload shift register, to
      unload another tier of data from the group of ganged shift registers into
      the unload shift register, whereby data may be acquired at a high rate
      according to the load clock means frequency and stored in the ganged shift
      registers, and, upon saturation of all tiers in a group of ganged shift
      registers, unloaded therefrom at a more conventional rate according to the
      unload clock means frequency and provided bit by bit at such conventional
      frequency to a conventional data system.
NUM  6.
PAR  6. A system as set forth in claim 5 in which the unload control logic means
      provides an inhibit signal to the load control logic means and prevents
      loading of data into a group of ganged shift registers while that group of
      ganged shift registers is being unloaded by the unload control logic
      means.
NUM  7.
PAR  7. A method of acquiring intermittently occurring data at rapid rates while
      providing the data to data systems at convention rates comprising: sensing
      an event by means of a linear array of sensors, reacting activation means
      in response to and only during the occurrence of an event, entering at a
      load clock frequency the condition of the array of sensors into a group of
      ganged shift registers only during the reaction of the activation means
      with the condition of a given sensor being recorded at a specific shift
      register, counting the number of entries into the group of ganged shift
      registers, shifting the acquisition of data into a parallel group of
      ganged shift registers upon saturation of the group of ganged shift
      registers with data, unloading a tier of data from the saturated group of
      shift registers into a single shift register with each of the ganged shift
      registers communicating with one position in the single shift register,
      unloading data bit by bit from the single shift register at a conventional
      rate into a conventional data system, unloading another tier of data into
      the single shift register upon completion of the unloading of the initial
      tier of data until each tier of data from the saturated ganged shift
      registers has been unloaded into the single shift register on a
      tier-by-tier basis and into the data system on a bit-by-bit basis and,
      upon saturation of the second parallel group of ganged shift registers,
      repeating the process with a parallel system involving another single
      shift register while again repeating the process of loading the first
      group of ganged shift registers.
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ABST
PAL  Apparatus for combining positional data from OMEGA and VOR/DME radio
      navigation systems to provide computed positional data corresponding
      thereto includes a circuit for generating an OMEGA compensation in
      accordance with the difference between the computed value of the
      positional data and the VOR/DME value thereof. The computed value is
      provided by algebraically adding the OMEGA compensation to the positional
      data from the OMEGA system. The gain of the OMEGA compensation circuit is
      adjusted in an inverse relation with respect to the range of the aircraft
      from the VOR/DME station thus providing high accuracy positional data
      throughout the enroute flight of the aircraft without the attendant
      complexities and inaccuracies normally associated with the separate OMEGA
      and VOR/DME radio navigation aids.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to aircraft radio based area navigation (RNAV) and
      particularly with regard to OMEGA and VOR/DME RNAV aids.
PAR  2. Description of the Prior Art
PAR  VOR/DME radio navigation aids are utilized to provide latitude and
      longitude positional data to aircraft equipped with suitable RNAV
      receivers. A VOR/DME station utilizes a conventional VOR transmission
      system to provide bearing data to the aircraft with regard to the station
      location as well as a standard DME system to provide distance data to the
      aircraft with regard to the station. Analog and/or digital equipment on
      board the aircraft converts the bearing and distance data with respect to
      the fixed location of the station into aircraft latitude and longitude
      positional data in a well known manner.
PAR  The positional data provided by the VOR/DME RNAV aid is accurate when the
      aircraft is relatively close to the VOR/DME station but the accuracy
      deteriorates at substantial distances from the station. Such systems
      provide accuracies of several tenths of a mile within approximately ten
      miles of a station but have an error of from five to ten miles at
      distances of 100 to 200 miles from the facility. An error no greater than
      approximately two miles is desired throughout the enroute flight of the
      aircraft to permit reduction of air route lane widths.
PAR  Previous attempts at enhancing enroute accuracy have involved the use of
      dual separated DME systems. Although more accurate than the VOR/DME system
      at significant distances from the stations, the DME/DME system requires
      two complete DME receivers (A DME receiver being more complex than a VOR
      receiver) as well as a significantly more complex way point or leg
      definition based on the two DME stations which provide range vectors with
      a significant angle with respect to each other as compared to the
      substantially simpler VOR/DME navigation system. Alternatively, inertial
      navigation equipment with radio update when the aircraft is close to a
      station has been used in navigation systems but inertial navigation
      equipment is extremely expensive compared to the simpler radio systems.
PAR  As is known, OMEGA is a low frequency hyperbolic navigation system
      providing latitude and longitude positional data throughout the world. The
      OMEGA system achieves one to two mile accuracy but OMEGA receivers require
      elaborate equipment to correct for propagation effects in order to achieve
      this accuracy, such propagation effects typically being of a slowly
      varying diurnal nature.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has a principal object to provide accurate positional
      data from a VOR/DME radio receiver and a basic OMEGA receiver without the
      elaborate propagation correction equipment.
PAR  This object is achieved by an OMEGA-VOR/DME positional data computer that
      provides a computed positional data signal in response to corresponding
      OMEGA and VOR/DME positional data signals. The computer includes a circuit
      for providing an OMEGA compensation which is algebraically added to the
      OMEGA positional data signal to provide the computed positional data
      signal. The OMEGA compensation is derived in accordance with the
      difference between the VOR/DME positional data and the computed positional
      data. The gain of the OMEGA compensation circuit is controlled in an
      inverse relationship with regard to the range of the aircraft from the
      VOR/DME station.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram of an OMEGA-VOR/DME positional data
      computer instrumented in accordance with the invention;
PAR  FIG. 2 is a schematic block diagram of an OMEGA-VOR/DME positional data
      computer instrumented in accordance with the invention with a digital
      computer;
PAR  FIG. 3 is a computer program flow diagram for instrumenting the
      computations with regard to FIG. 2; and
PAR  FIG. 4 is a flow diagram for operating the computer of FIG. 2 in failure
      modes.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a schematic block diagram of an OMEGA-VOR/DME
      positional data computer is illustrated. The computer is disclosed in
      terms of a latitude computation. It will be appreciated that the longitude
      computation is performed in identically the same manner. The latitude
      positional data from the OMEGA equipment is applied to a terminal 10 and
      is designated .lambda..sub.o. The .lambda..sub.o data is derived from a
      basic OMEGA radio receiver and is processed in any convenient and well
      known manner into the proper format for application to the computer of
      FIG. 1. The latitude data at the terminal 10 is applied as an input to a
      summing circuit 11 whose output is applied through a two-position switch
      12 to provide the computed latitude output .lambda..sub.c of the computer.
PAR  The latitude positional data from the VOR/DME system is applied to a
      terminal 13 and is designated .lambda..sub.v. The .lambda..sub.v data is
      derived from the VOR/DME system in any convenient and well known manner to
      provide signals of the appropriate format to the computer of FIG. 1. In a
      similar manner, the DME equipment provides an appropriate range signal R
      to a terminal 14 in accordance with the range of the aircraft from the
      VOR/DME facility to which the aircraft equipment is tuned. The
      .lambda..sub.v data at the terminal 13 is applied as an input to a summing
      circuit 15. The output of the summing circuit 11 is applied subtractively
      as another input to the summing circuit 15. The output of the summing
      circuit 15 is applied through a gain block 16 as the input to an
      integrator 17. The range signal at the terminal 14 is applied as another
      input to the block 16 to control the gain thereof. The gain of the block
      16, designated as k, is controlled to have an inverse functional
      relationship with regard to the range from the aircraft to the VOR/DME
      facility. The gain k may be inversely proportional to distance or may vary
      in some other fashion than inversely proportional to distance. For
      example, the gain k may vary inversely with the square or cube of the
      range R for reasons to be later discussed. The block 16 is instrumented in
      any conventional manner to perform the desired function. For example, when
      the gain k is designed to vary inversely proportional to R, the block 16
      may be instrumented as a multiplier and a circuit for taking the
      reciprocal of R. The multiplier would then multiply the output from the
      summing circuit 15 by the reciprocal of R thereby providing the inversely
      proportional relationship. Similar gain circuits are disclosed in
      co-pending U.S. patent application Ser. No. 465,228, filed Apr. 29, 1974
      in the names of D. H. Baker and L. J. Bowe, entitled "Radio Navigation
      System", and assigned to the assignee of the present invention.
PAR  The gain block 16 and the integrator 17 comprise an OMEGA compensation
      circuit 20 for providing an OMEGA compensation signal designated as
      .delta.. The OMEGA compensation signal .delta. from the integrator 17 is
      applied as an input to the summing circuit 11.
PAR  When the OMEGA receiver is inative or the OMEGA data is invalid a signal is
      applied from the OMEGA receiver (not shown) to a terminal 21 to position
      the switch 12 to the contact opposite that illustrated in FIG. 1. When so
      positioned the .lambda..sub.c output is connected directly to the terminal
      13 for reasons to be discussed. The OMEGA invalid signal is also applied
      to a terminal 22 to clamp the integrator 17 for reasons to be discussed.
      In a similar manner when the VOR/DME equipment is inactive or the VOR/DME
      data is invalid the integrator 17 is again clamped via the appropriate
      invalid signal applied to the terminal 22.
PAR  It will be appreciated from FIG. 1 that
EQU  .lambda..sub.c = .lambda..sub.o + .delta.                  (1)
PAL  and that
EQU  .delta. = .intg.k(.lambda..sub.v - .lambda..sub.c)dt       (2)
PAL  Substituting equation (2) into equation (1) yields
EQU  .lambda..sub.c = .lambda..sub.o + .intg.k(.lambda..sub.v -
      .lambda..sub.c)dt                                         (3)
PAL  And taking the derivative with respect to time yields
EQU  .lambda..degree..sub.c = .lambda..degree..sub.o + k(.lambda..sub.v -
      .lambda..sub.c)                                           (4)
PAL  Regrouping the terms yields
EQU  .lambda..degree..sub.c + k.lambda..sub.c = .lambda..degree..sub.o +
      k.lambda..sub.v.                                          (5)
PAR  It is therefore appreciated that if k is very large
      (k.lambda.&gt;&gt;.lambda..degree.), then .lambda..sub.c will tend to track
      .lambda..sub.v, the VOR/DME derived latitude. If k is very small
      (k.lambda.&lt;&lt;.lambda..degree.), then .lambda..sub.c will tend to track
      .lambda..sub.o. The first condition is desirable near a VOR/DME facility
      where the VOR accuracy is high. The second condition is desirable at large
      distances where OMEGA is significantly more accurate than VOR.
      Consequently, k is made to vary inversely with respect to the distance R
      from the aircraft to the VOR/DME facility, e.g., inversely proportional
      with respect thereto as follows:
EQU  k = k.sub.1 /R                                             (6)
PAL  where k.sub.1 is a constant.
PAR  Substituting equation (6) into equation (3) yields
      ##EQU1##
      Thus it is appreciated that with the appropriate instrumentation for the
      block 16 as described above, equation (7) describes the implementation of
      the OMEGA-VOR/DME positional data computer of FIG. 1.
PAR  In operation when the VOR/DME and the OMEGA data are valid, the switch 12
      is positioned as illustrated in FIG. 1 and the integrator 17 is unclamped.
      When the aircraft is relatively near a VOR/DME facility, the gain through
      the block 16 is adjusted to be high and therefore the computer of FIG. 1
      rapidly forces the output .delta. from the integrator 17 to be equal to
      the difference between the OMEGA derived data at the terminal 10 and the
      VOR/DME derived data at the terminal 13. Thus the term .delta. is a
      compensation that is added to the OMEGA data by means of the summing
      circuit 11 to provide the computed data .lambda..sub.c which at close
      proximity to a VOR/DME facility is equal to the accurate .lambda..sub.v
      data. As the aircraft departs from the vicinity of a VOR/DME station, the
      gain through the block 16 is diminished. When the aircraft is at a
      substantial distance from the VOR/DME station the gain through the block k
      is small so that the inaccuracies of the .lambda..sub.v data at the large
      enroute distances from the VOR/DME facility have a diminished effect on
      the value of the OMEGA compensations .delta. stored in the integrator 17.
      Thus it is appreciated that although the accuracy of the .lambda..sub.v
      data has deteriorated, the value of the OMEGA compensation .delta. that is
      added to the OMEGA data .lambda..sub.o still retains the accuracy
      accumulated when the aircraft was near the VOR/DME station because of the
      decoupling effect of the diminished gain through the block 16. It will be
      appreciated that although an inversely proportional relationship as
      discussed above with regard to the block 16 will provide adequate
      decoupling, the scale factor k utilized in determining the relative
      authorities of the OMEGA and the VOR/DME data may be varied in some other
      fashion than inversely proportional to distance. For example, k may be
      varied inversely with the square or cube of the distance to more sharply
      decouple the OMEGA data at long distances from the VOR/DME facility. In
      the event of failure of the VOR/DME equipment which invalidates the
      associated data or in the event of momentary interruption of the VOR/DME
      data such as when tuning to a new station, a signal on the lead 22 clamps
      the integrator 17, thus fixing the presently stored value of the OMEGA
      compensation .delta.. Thus the OMEGA data .lambda..sub.o at the terminal
      10 continues to be properly compensated by the fixed value of .delta.
      which is the last valid value thereof.
PAR  Similarly, when the OMEGA data .lambda..sub.o is invalid, a signal at the
      terminal 22 again clamps the integrator 17 and a signal at the terminal 21
      transfers the wiper of switch 12 to the position opposite that illustrated
      in FIG. 1 to connect the output .lambda..sub.c directly to the VOR/DME
      data .lambda..sub.v at the terminal 13. Alternatively storage means (not
      shown) may be utilized to store the latest value of .lambda..sub.o to be
      utilized in the event of a failure in the OMEGA data. The integrator 17 is
      clamped when the OMEGA data fails to preserve the last valid value of the
      OMEGA compensation .delta. for use when the system is again functioning
      properly.
PAR  When both the VOR/DME and the OMEGA data are invalid, the output of the
      computer of FIG. 1 may be switched by means not shown to dead reckoning
      equipment such as that disclosed in the aforesaid Ser. No. 465,228.
PAR  It will be appreciated from the foregoing that the computer of FIG. 1
      utilizes complementary mixing of the OMEGA and VOR/DME data to combine the
      desirable characteristics of each navigation source to provide high
      accuracy enroute latitude and longitude positional data while not
      requiring complex OMEGA propagation corrections. Thus a simple OMEGA
      receiver is utilized without the usual highly complex electronic circuitry
      for correcting the diurnal errors associated with OMEGA transmissions. It
      will furthermore be appreciated that the elements of FIG. 1 may be either
      analog or digital components with appropriately configured signals being
      applied to the terminals 10, 13 and 14, suitable conventional signal
      conversion being utilized when necessary.
PAR  The computer of FIG. 1 was described in terms of discrete analog or digital
      components. It will be appreciated that the present invention may be
      embodied by a programmed digital computer for implementing the functions
      of the present invention represented, for example, by equation (7).
      Referring now to FIG. 2, a stored program digital computer is
      schematically represented at 30 having the OMEGA positional data
      .lambda..sub.o, the VOR/DME positional data .lambda..sub.v and the range
      of the aircraft to the VOR/DME facility R applied at terminals 31, 32 and
      33 respectively. The computer 30 is programmed in a manner to be described
      to provide the computed positional data .lambda..sub.c as indicated by the
      legend. The embodiment of FIG. 2 may operate in failure modes in a manner
      similar to that described above with regard to FIG. 1 in response to a
      VOR/DME invalid signal at a terminal 34 and an OMEGA invalid signal at a
      terminal 35. It will be appreciated that signals of appropriate formats
      may be applied to the terminals 31-35 or suitable conventional conversion
      performed thereon by apparatus not shown or by well known programs stored
      within the computer 30.
PAR  Referring now to FIG. 3, the step by step computation of the computed
      latitude .lambda..sub.c performed by the computer 30 is illustrated.
      During each computation iteration, the computer enters the computational
      program flow at 40 by going to the initial address of the computational
      subroutine as stored in the memory of the computer 30. At block 41 of the
      flow chart the current value of the OMEGA data .lambda..sub.o is corrected
      by adding the last stored OMEGA compensation .delta. to form a temporary
      computed latitude .lambda..sub.c '. At block 42 .lambda..sub.c ' is
      subtracted from the current value of the VOR/DME latitude to determine the
      error therebetween .DELTA..lambda.. In block 43 the gain k is computed as
      a function of the distance R from the VOR/DME facility where k.sub.1 is a
      constant. In block 44 the latitude error .DELTA..lambda. is multiplied by
      the gain k to obtain the intergrand A. In block 45 the integration is
      performed by multiplying the intergrand A by .DELTA.t, the time since the
      last correction, and adding the result to the previous value of the OMEGA
      correction .delta. to form an updated .delta.. In block 46 the computed
      latitude .lambda..sub.c is obtained by adding the updated OMEGA correction
      .delta. to the OMEGA derived latitude .lambda..sub.o. Since block 46
      completes a computational iteration the program exits at 47.
PAR  It will be appreciated that the program segments associated with each of
      the blocks 40-47 are readily prepared by a normally skilled programmer and
      will not be shown herein for brevity. It will further more be appreciated
      that most of the legends within the blocks of FIG. 3 are in the format of
      program statements of a compiler programming language such as FORTRAN.
PAR  Referring now to FIG. 4, a flow chart for the operation of the embodiment
      of FIG. 2 in failure modes is illustrated. The program enters at 50 and at
      51 tests the state of the signal applied to the terminal 34 to determine
      if the VOR/DME data is valid. If the data is valid the program proceeds to
      block 52 to similarly test the validity of the OMEGA data in response to
      the signal at the terminal 35. If both the VOR/DME and the OMEGA data are
      valid the program proceeds to the block 53 wherein the computations
      discussed with regard to FIG. 3 are performed. Since the computational
      iteration is then complete, the program exits at 54. If, however, the
      VOR/DME data is found to be invalid in the block 51, the program proceeds
      to a block 55 which is similar to the block 52 in that the validity of the
      OMEGA data is tested. If the OMEGA data is valid, although the VOR/DME
      data is invalid, the program proceeds to a block 56 wherein the computed
      latitude data .lambda..sub.c is obtained by updating the current and valid
      OMEGA data .lambda..sub.o with the last computed OMEGA compensation
      .delta.. The program then proceeds to the exit block 54. If the program
      reaches the block 52 and finds the OMEGA data invalid, although the
      VOR/DME data is valid, the program proceeds to a block 57 that utilizes
      the VOR/DME data .lambda..sub.v directly to provide the computed data
      .lambda..sub.c whereafter the program proceeds to the exit block 54. If,
      however, neither the VOR/DME nor the OMEGA data is valid, the program
      proceeds through the blocks 51 and 55 to a block 60 wherein dead reckoning
      computations are performed of the type discussed in the aforesaid patent
      application Ser. No. 465,228, whereafter the program proceeds to the exit
      block 54.
PAR  It will be appreciated from the foregoing that the present invention
      utilizes the OMEGA equipment operating in a relatively simple differential
      mode to provide high enroute accuracy without the necessity for the usual
      complex and expensive diurnal error correction electronic circuitry. The
      VOR/DME positional data is given an authority which is an inverse function
      of the distance from the station. Within approximately ten miles from the
      station the VOR/DME data is strongly used to update the OMEGA data. At
      large distances the OMEGA data displacement from the last update is
      utilized to provide the computed position with high accuracy and without
      propagation corrections.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that the words which have been used are words of
      description rather than limitation and that changes may be made within the
      purview of the appended claims without departing from the true scope and
      spirit of the invention in its broader aspects.
CLMS
STM  I claim:
NUM  1.
PAR  1. A computer for use in aircraft for providing a computed positional data
      signal in response to an OMEGA positional data signal from an OMEGA
      system, a VOR/DME positional data signal from VOR/DME apparatus tuned to a
      stationary VOR/DME facility and a range signal representative of the
      distance of said aircraft from said VOR/DME facility, comprising:
PA1  first summing means responsive to said VOR/DME positional data signal and
      said computed positional data signal for providing a positional data error
      signal representative of the difference therebetween,
PA1  Omega compensation means responsive to said positional data error signal
      and said range signal for providing an OMEGA compensation signal with a
      dependance on said positional data error signal in accordance with an
      inverse function of said distance, and
PA1  second summing means responsive to said OMEGA positional data signal and
      said OMEGA compensation signal for providing said computed positional data
      signal in accordance with the algebraic sum thereof.
NUM  2.
PAR  2. The computer of claim 1 in which said OMEGA compensation means
      comprises:
PA1  gain adjusting means responsive to said positional data error signal and
      said range signal for providing said positional data error signal at a
      gain adjusted in accordance with said inverse function of said distance,
      and
PA1  integrator means coupled to said gain adjusting means for providing said
      OMEGA compensation signal in accordance with the integral of said gain
      adjusted positional data error signal.
NUM  3.
PAR  3. The computer of claim 2 further including means for clamping said
      integrator in response to a signal indicative of invalidity of said
      VOR/DME positional data signal.
NUM  4.
PAR  4. The computer of claim 2 further including means for obtaining said
      computed positional data signal directly from said VOR/DME positional data
      signal in response to a signal indicative of invalidity of said OMEGA
      positional data signal.
NUM  5.
PAR  5. A computer for use in aircraft for providing a computed positional data
      signal in response to an OMEGA positional data signal from an OMEGA
      system, a VOR/DME positional data signal from VOR/DME apparatus tuned to a
      stationary VOR/DME facility and a range signal representative of the
      distance of said aircraft from said VOR/DME facility, comprising:
PA1  means for storing a previous value of an OMEGA compensation signal,
PA1  first means for adding the current value of said OMEGA positional data
      signal to said previous value of said OMEGA compensation signal to provide
      a temporary computed positional data signal,
PA1  second means for subtracting the value of said temporary computed
      positional data signal from the current value of said VOR/DME positional
      data signal to provide a positional data error signal,
PA1  third means for computing a gain value in accordance with an inverse
      function of said distance,
PA1  fourth means for multiplying the value of said positional data error signal
      by said gain value to provide an intergrand value,
PA1  fifth means for multiplying said intergrand value by the time elapsed since
      the computation for said previous value of said OMEGA compensation signal
      and for adding the result to said previous value of said OMEGA
      compensation signal to provide an updated value of said OMEGA compensation
      signal, thereby performing a time integration of said positional data
      error signal at a gain determined by said third means, and
PA1  sixth means for adding said updated value of said OMEGA compensation signal
      to said current value of said OMEGA positional data signal to provide said
      computed positional data signal.
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ABST
PAL  In an integrated satellite navigation system where satellite fixes
      periodically establish the position of a ship plying a course within the
      range of a chain of radio ranging stations, ship velocities are accurately
      determined in the interval between satellite fixes to chart the course
      between fixes by establishing difference values between successive RF
      signal transit times for each of a plurality of radio ranging stations. A
      set of functions dependent upon the difference values for transit times
      related to each station is stored, retaining the most recent and
      discarding the most aged of the set. Velocity signals representative of
      the motion of the ship are then periodically generated by utilization of
      the sets of difference functions. Preferably, the sets of difference
      functions are modified to give the most recent members of each set the
      greater weight.
BSUM
PAR  This invention relates to marine navigation, and more particularly to use
      of ship velocity derived from shore based radio ranging signals to
      maintain the integrity of ship position between absolute position fixes
      derived from orbiting satellites.
PAR  In integrated marine navigation systems using satellite fixes, a major
      problem involves the lack of a reliable continuous position reference. For
      shallow water areas, doppler sonar is employed to aid in overcoming the
      problem. The present invention is directed to overcoming this problem for
      deep water areas where doppler sonar is not reliable.
PAR  Two types of navigation systems have been used in marine seismic surveying.
      A first system is a radio positioning system based upon measured transit
      times of RF signals to a receiver on a vessel from shore based stations of
      known locations. A second system is a self contained integrated satellite
      navigation system to which information is provided by six navy maintained
      polar-orbiting satellites as reference for absolute positioning where
      relative position integrity between absolute position fixes from the
      satellites has been maintained by a dead-reckoning system composed of a
      four-beam pulsed sonar doppler, a ship's gyro compass, and a highly stable
      timing system. The integration of the latter functions into a navigation
      system has been achieved by combining the data in a shipboard computer in
      a manner to enhance the qualities of the respective system elements.
PAR  Automatic integrated marine navigation based on satellite position fixes
      and dead-reckoning between fixes with doppler sonar velocities and gyro
      compass azimuth measurement has become an accepted tool for navigation in
      offshore seismic surveying. U.S. Pat. No. 3,630,079 describes a method and
      system available for Texas Instruments Incorporated of Dallas, Texas under
      the service mark GEONAV.
PAR  Such satellite navigation systems are of limited capability when viewed on
      a world-wide operational basis because doppler sonar's depth tracking
      capability is limited. Doppler sonar as thus employed provide a component
      of frequency from each of four sonar axes, fore, aft, port and starboard.
      The frequency of the transmitted sonar energy is employed to resolve the
      velocity components. Utilization of such sonar implemented systems is
      limited since the rate of change of the variables can assume large range
      of values which are valid and vary considerably depending upon the
      vessel's design and sea conditions. In depth of water over 150 fathoms,
      some other means of velocity determination is preferable to either doppler
      sonar energy which is reflected off the thermacline layer or to the E-M
      log readings described in U.S. Pat. No. 3,630,079. Neither of the
      foregoing can account for drift components due to ocean current.
PAR  The present invention is directed to utilization of an alternative means
      for determining velocity in the interval between satellite position fixes.
PAR  In accordance with the present invention, estimates of ship velocity are
      derived from an external radio ranging system such as Loran. Such
      velocities are used in place of sonar velocities in water deeper than 150
      fathoms.
PAR  More particularly, a pair of values representative of latitude and
      longitude are periodically established from orbiting satellite radio
      transmissions to establish periodic positional fixes. A velocity dependent
      course is then determined beginning with the satellite fix by generating
      successive values representative of instantaneous ship velocity.
PAR  In a more specific aspect, functions dependent upon differences in lengths
      of successive radials from a plurality of Loran stations are determined
      periodically at a high rate and difference value functions are stored in a
      moving table to retain a predetermined number of most recent values.
      Velocity along the fore/aft line of the vessel and velocity along the
      starboard/port line of the vessel are then derived from values in the
      table at a lower rate and are applied by dead-reckoning means until the
      next estimates are available thereby to define a computed course for the
      ship.
PAR  Such an integrated satellite navigation system is employed where a ship
      plies a course within the range of a chain of radio ranging stations such
      as Loran stations. Difference values between successive RF signal transit
      times for each of a plurality of stations are established. For each such
      station, a set of functions dependent upon such difference values for
      transit times related to each station is stored. Each such set is updated
      with new difference values for each station. Periodically velocity signals
      representative of the motion of the ship are generated by a least mean
      squares utilization of the sets of difference function.
DRWD
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference may now be had to the following
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIGS. 1 and 2 are graphs illustrating errors introduced in satellite
      position measurement as a function of ship velocity error;
PAR  FIG. 3 illustrates the geometry of a typical marine navigation operation;
PAR  FIG. 4 illustrates an integrated satellite-Loran shipborne navigation unit;
PAR  FIG. 5 illustrates a structure of an embodiment of the velocity generator
      of FIG. 4; and
PAR  FIG. 6 illustrates an embodiment of a moving table and a tapered summing
      unit employed in the system of FIG. 5.
DETD
PAR  An integrated marine navigation system found especially suitable for marine
      geophysical industry is known and available under the trademark GEONAV
      from Geophysical Service, Inc. of Dallas, Texas. This system is described
      in U.S. Pat. No. 3,630,079. It employs satellite position fixes obtained
      at intervals of about 1 1/2 hours. It employs acoustic doppler means for
      providing velocity data in the interval between satellite fixes. The
      system has been found satisfactory and is preferred for operations where
      the water depth is less than about 150 fathoms. However, there are vast
      marine expanses between continents which are of interest from the
      standpoint of marine geophysics that involve water depths beyond 150
      fathoms.
PAR  Chains of Loran stations have been installed along coastal areas on both
      sides of the Atlantic and Pacific Oceans for use for establishing
      position.
PAR  Satellite fixes established every 1 1/2 hour in accordance with the system
      of U.S. Pat. No. 3,630,079 are accurate to within 45 meters RMS. A
      satellite as it moves emits a signal which, as received on the earth's
      surface, exhibits a doppler shift. The satellite fix is established by
      measuring the satellite frequency shift over a fixed period of time. When
      a receiver on a ship moves during the measurement of the satellite signal,
      the ship movement introduces another doppler shift. There is thus a vital
      need to establish velocity of the ship in order to eliminate the ambiquity
      in any satellite fix.
PAR  The foregoing problem is illustrated by FIGS. 1 and 2. FIGS. 1 and 2 are
      plots of experimental data wherein a week of satellite observations were
      recorded by the system employed in accordance with U.S. Pat. No.
      3,630,079. Velocity data during such recordings was obtained from doppler
      sonar. The resulting satellite fixes were tabulated. A dead-reckoning or
      navigator's estimates were thereafter caused to have known velocity and
      heading errors. Satellite fixes were then recomputed and compared with
      previously tabulated data. The resultant data was then plotted. In FIG. 1
      the velocity error employed in computing longitude and latitude was 1 knot
      north error. Similar data is plotted in FIG. 2 where the error velocity
      employed had 1 knot east error.
PAR  In FIG. 1 the errors, scaled in kilometers, are plotted as ordinates. The
      observed satellite elevation angle at the closest approach is plotted as
      abscissae. The resulting error curve 10 for longitude shows that if there
      is a 1 knot north error in velocity while tracking a satellite whose
      elevation angle is 30.degree. at the closest approach, the position fix
      may be in error by as much as 425 meters. It is clear that the longitude
      error is the largest component of satellite fix error due to ship
      northerly velocity error. The smaller component, error in latitude, as
      shown by curves 11 and 12, tends to differ, depending on the orientation
      of the satellite observation in question. That is, the curves 11 and 12
      differ depending on whether the satellite is moving clockwise or
      counterclockwise with respect to the point of observation.
PAR  In FIG. 2, curve 13 shows the error in latitude and curves 14 and 15 show
      errors in longitude as a function of the elevation angle at the closest
      approach. Thus, the positional errors are shown for 1 knot north velocity
      error in FIG. 1 and 1 knot east velocity error in FIG. 2 at latitude of
      32.degree. north. It is to be understood from the foregoing that major
      satellite fix errors are caused by dead-reckoning error.
PAR  The resolution in time measurement by a Loran C system is about 0.01
      .times. 10.sup.-.sup.6 seconds/second. This is equal to about 6  knots.
      Needed is resolution to at least 0.05 knots. Thus, the present invention
      utilizes Loran signals in spite of poor resolution which characterizes the
      Loran normal mode, by modifying the Loran signal such that the desired
      resolution can be achieved.
PAR  In FIG. 3, a typical system geometry embodying the invention has been
      illustrated. Loran stations A, B and C may be considered shore based
      stations with a ship 20 having its fore/aft axis 21 at any given heading.
      A radial 22 represents the distance from station A to ship 20. The radial
      23 represents the distance from station B to ship 20. The legends employed
      in FIG. 3 are set out in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     SYMBOLS                                                                   
     ______________________________________                                    
     A             Loran station A                                             
     B             Loran station B                                             
     C             Loran station C                                             
     V.sub.A       Velocity along fore/aft                                     
                   line of vessel                                              
     V.sub.C       Velocity along starboard/port                               
                   line of vessel                                              
     V.sub.LA      Velocity computed toward                                    
                   station A from rate of                                      
                   change of Loran readings                                    
     V.sub.LB      Velocity computed toward                                    
                   station B from rate of                                      
                   change of Loran readings                                    
     .alpha.       Azimuth of receiver to                                      
                   station A                                                   
     .beta.        Azimuth of receiver to                                      
                   station B                                                   
     ______________________________________                                    
PAR  In accordance with U.S. Pat. No. 3,630,079, the velocity vectors V.sub.A,
      V.sub.C are determined in the operation based upon shipborne doppler
      sonar. FIG. 4 illustrates such a system. Unit 30 is a dead-reckoning
      module having inputs from a satellite position update receiver 32 which
      provides by way of channel 34 a satellite longitude (.mu..sub.S) value and
      a satellite latitude (.phi..sub.S) value by way of channel 36. The system
      of the prior art then employs a doppler sonar unit 38, not used with the
      present invention, to provide ship velocities in shallow areas. Channel 40
      from unit 38 leads to module 30. Ship azimuth measurements are made by a
      gyro unit 42 and such information is applied to module 30 by way of
      channel 44. The system operates to determine the line bearing angle in
      unit 46 to which two sets of input signals are applied in accordance with
      Table II to provide the line bearing angle .theta..sub.L as applied by way
      of channel 48 to a unit 50 which provides outputs 52 to a course plotter
      indicative of vessel motion relative to a prescribed seismic line.
TBL                TABLE II                                                    
     ______________________________________                                    
     SYMBOLS                SUFFIX                                             
     ______________________________________                                    
     D    Shotpoint interval                                                   
                           A      Alongtrack component                         
     T.sub.1                                                                   
          LORAN time-difference                                                
                           B      Beginning of line                            
     T.sub.2                                                                   
          readings         C      Crosstrack component                         
     .phi.                                                                     
          Latitude         E      End of line                                  
     .lambda.                                                                  
          Longitude        L      LORAN                                        
     .theta.                                                                   
          Line-bearing angle                                                   
                           S      Satellite                                    
                           SP     Shotpoint                                    
                           G      GEONAV System                                
     ______________________________________                                    
PAR  In order to assist in understanding the use to which the invention may be
      put, it is here noted that unit 30 may apply latitude and longitude
      signals to a seismic shot point interval measuring unit 54 whose output
      may then be applied by way of channel 56 to a shot point position
      determination unit 58. A second input to unit 58 by way of channel 60 may
      provide the shot point interval D.sub.SP. Outputs of latitude and
      longitude on channels 62 and 64 may then be provided for each shot point
      location.
PAR  In such an application, the foregoing system is detailed in structure and
      operation in U.S. Pat. No. 3,630,079 and will not be further detailed
      here.
PAR  In accordance with the present invention, velocity data is generated and
      supplied to unit 30 in place of the doppler sonar velocities which are
      employed in shallow areas. More particularly, a Loran receiver unit 66 is
      connected by way of channels 67 to registers 69 and 70. Loran unit 66 is
      also connected by way of channels 68 to registers 71 and 72. Registers 69
      and 70 are connected to a subtraction unit 73. Registers 71 and 72 are
      connected to a subtraction unit 75. Subtraction unit 73 is connected to
      one input of a comparator 76. Subtraction unit 75 is connected to one
      input of comparator 77. The second input to comparator 76 is supplied from
      a reference unit 76a. The second input of comparator 77 is supplied from
      reference unit 77a. Comparator 76 is connected to control a gate 78 in
      line 80 leading to generator 84. Comparator 77 is connected to control a
      gate 79 in line 82 leading to generator 84.
PAR  In operation, the Loran unit 66 provides on lines 67 a time interval
      measurement signal representative of the R.F. travel time to the mobile
      station on ship 20 from station A. Similarly, on line 68 the transit time
      over path 23 from station B is available. Registers 69 and 70 are actuated
      to store alternate signals representative of the transit time on line 67
      with new signals replacing the signals in register 69 and the next one
      replacing the signal in register 70 and thereafter alternating the
      signals. Thus, the two most recent measurements representing the length of
      path 22 all are maintained in registers 69 and 70. These two signals are
      subtracted one from the other in unit 73. The difference signal is then
      applied to comparator 76 wherein it is compared with a reference signal.
      If the change in velocity represented by a difference in time of the
      signals stored in registers 69 and 70 exceed a preset level set in
      reference unit 76a, then gate 78 will not permit the most recent signal on
      line 67 to pass. However, if the change in velocity is within acceptable
      limits, then gate 78 will pass the most recent signal of transit time by
      way of channel 80 to the generator 84. In a similar manner, the two most
      recent signals representing travel time to station B are maintained in
      registers 71 and 72. These signals are subtracted one from the other and
      if the difference as sensed by comparator 77 with reference to the
      reference level in unit 77a does not exceed a predetermined limit, then
      gate 79 passes the most recent signal to the velocity generator 84.
PAR  Basically, the time differences are examined for noisy signal reception
      which would be indicated by too great a change between successive signals
      of the transit times as stored in registers 69 and 70. For example, a time
      difference of .+-.0.05 microsecond per second is equivalent to
      approximately .+-.30 knots toward or away from the respective base
      station. It is known that such a change could be due only to a noisy
      signal and not to an actual change in the ship direction or velocity.
      Therefore, because of the physical limitations involved, if the time
      difference in the signal from the subtraction unit 73 exceeds .+-.0.05,
      then gate 78 will not transmit signals. Rather than apply a time
      difference signal .DELTA.T.sub.1 etc. to generator 84, a signal is applied
      to indicate that the reading for that sample is no good.
PAR  Velocity generator 84 has two output channels 86 and 88 which apply
      velocities V.sub.A and V.sub.C to unit 30. The velocities V.sub.A and
      V.sub.C are illustrated in FIG. 3 and are identified by the code set out
      in Tables I and II.
PAR  An azimuth measuring unit 42 provides an output representative of the
      heading angle of the ship relative to north as shown in FIG. 3. This
      output is connected to generator 84 by way of line 43. The longitude and
      latitude of the ship 20 .mu..sub.G and .phi..sub.G periodically available
      from satellite fixes are applied to the generator 84 by way of channels
      31a and 31b. Known longitudes and latitudes of the stations A and B
      (.mu.-sta. A; .mu.-sta. B, .phi.-sta. A and .phi.-sta. B) are also applied
      as inputs to unit 84 on lines 84a. The signals on lines 31a, 31b, 43 and
      84a are employed in elementary processing to determine the azimuth from
      the ship 20, FIG. 3, to stations A and B, i.e., to determine angles
      .alpha. and .beta. of FIG. 3.
PAR  As above noted, Loran measurements in general have resolution two orders of
      magnitude less than is necessary to be employed in the operations depicted
      in FIGS. 3 and 4. In accordance with the present invention, a system and
      method are employed for modifying the successive signals on channels 80
      and 82 to produce radio ranging dependent velocity signals V.sub.A and
      V.sub.C on channels 86 and 88 of the necessary resolution to yield
      accurate positioning in water depths exceeding depths within the
      capability of the system employing doppler sonar. Errors inherent in Loran
      may then be minimized by utilizing a continuous absolute check on its
      operation by satellite fixes which are independent of time-reference
      drift, signal-path errors, and skywave effects. With satellite fixes, the
      system provides absolute final post process positions referenced to the
      satellite.
PAR  The Loran unit 66, FIG. 4, samples the transit times of signals from base
      stations A and B, FIG. 3, each second. On the basis of such measurements,
      new values of the velocity vectors V.sub.A and V.sub.C are generated every
      four seconds, giving continuous accurate navigation update to the
      integrated output coordinates from the system. The velocity values are
      computed from the rate of change dependent upon the Loran transit times
      and not from absolute positioning from Loran range readings. Because of
      this, the navigation system is independent of Loran calibration.
PAR  In Loran system 66, transit times are represented by the differences in
      counts of pulses from a timing standard in gating intervals determined by
      Loran operation. Inasmuch as the transit time updates become somewhat
      erratic in their own up or down counts due to noisy signal reception,
      particularly at long ranges from the base stations A and B, FIG. 3,
      filters in unit 84 smooth the generated velocities giving a more accurate
      determination of the vessel's actual motion.
PAR  As above noted, Loran station data representing latitude and longitude are
      applied as inputs to generator 84 by way of channels 84a. Azimuth in terms
      of ship heading from unit 42 is input to generator 84 by way of channel
      43. Transit times in microseconds from stations to the receiver for the
      tracking of two or possibly all three of the stations A, B and C, FIG. 3,
      are applied by way of channels 80 and 82. The transfer of Loran transit
      time data occurs each second. Generator 84 operates basically at a 4
      second rate.
PAR  FIG. 5 shows in detail one embodiment of the velocity generator 84, FIG. 4.
PAR  The input signals to generator 84 above noted are provided by five units
      under control of a clock unit 98. In this embodiment one sample is taken
      each second. The first input unit is a directional gyro 100. Signals on
      lines 31a, 31b and 84a provide a second signal representative of the
      azimuth between ship 20, FIG. 3, and station A. Unit 104 provides a signal
      representative of the azimuth between ship 20 and station B. Unit 106
      provides a signal [.DELTA.T.sub.1 (R.sub.2) - .DELTA.T.sub.1 (R.sub.1)]
      /.DELTA.t where .DELTA.T.sub.1 (R.sub.1) and .DELTA.T.sub.1 (R.sub.2) are
      consecutive samples of the time interval measurement signal from station
      A, and .DELTA.t is the sample interval in unit 66, FIG. 4. Similarly, a
      fifth unit 108 provides a signal [.DELTA.T.sub.2 (R.sub.2) -
      .DELTA.T.sub.2 (R.sub.1)]/ .DELTA.t.
PAR  The signals from unit 100 and unit 102 are applied to a summation unit 110
      such that on line 111 there appears a signal representative of angle
      .alpha., FIG. 3. The signals from gyro 100 and unit 104 are applied to the
      unit 112 so that there appears on line 113 a signal representative of the
      angle .beta., FIG. 3. The system then employs signals on lines 111, 113,
      114 and 115 to produce on output lines 116 and 117 signals representative
      of the velocity V.sub.A and V.sub.C.
PAR  More particularly, units 121 and 122 produce on lines 123 and 124,
      respectively, signals representative of the cosine and the sine of the
      bearing to station A. Units 125 and 126 produce on lines 127 and 128,
      respectively, signals representative of the cosine and sine of the bearing
      to station B. These signals are then selectively applied to multiplier
      units 130-139 along with signals from lines 114 and 115. From the
      connections to the various inputs of units 130-139 it will be seen that
      the output signals are as follows:
PA1  Unit 130: cos.sup.2 of the bearing to station A;
PA1  Unit 131: the product of cos of the bearing to station A multiplied by
      [.DELTA.T.sub.1 (R.sub.2) - .DELTA.T.sub.1 (R.sub.1)]/.DELTA.t;
PA1  Unit 132: product of cos and sin of the bearing to station A;
PA1  Unit 133: product of the sin of the bearing of station A and
      [.DELTA.T.sub.1 (R.sub.2) - .DELTA.T.sub.1 (R.sub.1)]/.DELTA.t;
PA1  Unit 134: sin.sup.2 of the bearing to station A;
PA1  Unit 135: cos.sup.2 of the bearing to station B;
PA1  Unit 136: the product of the cos of the bearing to station B and
      [.DELTA.T.sub.2 (R.sub.2) - .DELTA.T.sub.2 (R.sub.1)]/.DELTA.t;
PA1  Unit 137: the product of sin and cos of the bearing to station B;
PA1  Unit 138: the product of the sin of the bearing to station B .times.
      [.DELTA.T.sub.2 (R.sub.2) - .DELTA.T.sub.2 (R.sub.1)]/.DELTA.t; and
PA1  Unit 139: sin.sup.2 of the bearing to station B.
PAR  The outputs of units 130 and 135 are summed in the adder 140; the outputs
      of units 131 and 136 are summed in adder 141; the outputs of units 132 and
      137 are summed in adder 142; the outputs of units 133 and 138 are summed
      in adder 143; and the outputs of units 134 and 139 are summed in adder
      144.
PAR  Multi-element filters 145-149 are connected to the outputs of adders
      140-144, respectively, to provide, in the embodiment in the invention here
      being described, a forty point smoothing unit the details of which will be
      further explained in connection with FIG. 6.
PAR  The outputs of filters 145-149 are then applied selectively to multipliers
      150-155. More particularly, multiplier 150 has as inputs the outputs of
      filters 146 and 149; multiplier 151 has as inputs the outputs of filters
      147 and 148; the inputs of multiplier 152 are connected to the outputs of
      filters 145 and 149; the inputs of multiplier 153 are connected to the
      output of filter 147; the inputs to multiplier 154 are connected to the
      outputs of filter 145 and filter 148; and the inputs to multiplier 155 are
      connected to the outputs of filters 146 and 147.
PAR  The outputs of multipliers 150 and 151 are applied to a summing unit 160 to
      provide an output on line 161 which is a dividend signal applied to a
      divider unit 162. The outputs of multipliers 152 and 153 are applied to a
      summing unit 163 to provide on line 164 a signal representative of a
      divisor which is applied to both divider unit 162 and a second divider
      unit 165. The dividend input signal to unit 165 as it appears on line 166
      is produced by summing the outputs of multipliers 154 and 155 in adder
      167.
PAR  The outputs of dividers 162 and 165 are then applied to multipliers 168 and
      169 along with a scale factor signal from unit 170 to provide the output
      signals V.sub.A and V.sub.C on lines 116 and 117.
PAR  The system of FIG. 5 serves to process a plurality of samples of the
      transit times represented by the counts from units 106 and 108 to provide
      velocity data of resolution far greater than otherwise is possible. This
      is made possible by incorporating filters 145-149 in the system of FIG. 5.
PAR  It will be seen that functions which are dependent upon forty successive
      time differences are stored in filters 145-149 in tables with one set of
      tables provided for each station. On the basis of such tables, velocity
      values are derived for V.sub.A and V.sub.C every fourth second. The
      velocities are applied to the dead-reckoning unit 30 for 4 seconds while
      the next velocity signals are being generated. During velocity signal
      generation, the processor of FIG. 5 weights the table functions. The most
      recent data will be more heavily weighted than the older data thereby
      causing the current computed velocity to more accurately represent the
      most recent motion of the ship. Use of weighting factors reduces the
      possibility of one erroneous reading in a table resulting from a noisy
      signal reception affecting velocity computations for a full 40 seconds.
PAR  The velocities are effectively rotated by use of adders 110 and 112, FIG.
      5, using the ship's heading derived from the gyro compass input so that
      the velocity components in the fore/aft and port/starboard coordinates
      V.sub.A and V.sub.C are generated. These velocities may then be applied to
      unit 30 in the same way as are the D.sub.A and D.sub.C values from the
      doppler sonar in the normal bottom tracking operation of U.S. Pat. No.
      3,630,079.
PAR  To compute velocities from the rate of change of Loran transit times, a
      value for the velocity of signal propagation is assumed. This assumed
      value of velocity of propagation is 300,000 kilometers/second. This
      velocity is not constant and will depend on the area of operation and
      associated climatic conditions. A constant is employed to account for
      variation in the velocity of propagation along the course of the ship in
      the intervals between satellite fixes. The constant is selected by an
      operator to cause Loran based velocity fixes to correspond with the
      periodic satellite fixes.
PAR  Following the velocity generation, both the V.sub.A and V.sub.C values are
      checked in unit 30 with respect to .+-.18.0 knots and velocities exceeding
      this level are not employed to the dead-reckoning determinations.
PAR  Since data from three stations can be accommodated and only two ranges are
      necessary to compute velocities, the system may ignore one station, either
      A, B or C; or alternatively, the data of all three stations can be used to
      generate the velocities.
PAR  Generation of velocities V.sub.A and V.sub.C from the Loran readings is
      based on their rate of change and are not actual transit time
      measurements. Therefore, the Loran receiver need not be calibrated to
      satellite fixes prior to operation. Also, the rate of change during 1
      second depends only on the propagation constants for the signals in the
      immediate vicinity of the receiving antenna; this makes the system
      independent of land path propagation constants changes for the Loran
      signals. Should a Loran C signal being tracked jump to the second or
      fourth cycle or should either Loran A or Loran C start tracking a sky
      wave, only the transit time to the receiver from the base station will be
      affected, not the rate of change at the receiver. Consequently, the noise
      check routine will discard the particular sample or samples involved in
      the jump, but the velocities computed will still be reliable for
      subsequent samples.
PAR  The present system does not resolve the problem of frequency standard
      drift. Such drift can superimpose an induced velocity on the actual
      velocities of the receiver. An initial calibration period during which the
      Loran receiver frequency standard is compared to the base stations'
      standard drift may be employed to minimize this problem. In the normal
      Loran installations, the transmitting standards of the various slave
      stations of a particular chain are locked to the master station's standard
      to preserve synchronization. In such case, the receiver standard need only
      be flattened out against the one common drift. With the present system,
      however, drift compensation need not be as precise as it would be if the
      Loran system were being used as the primary navigation system; with small
      drift mismatches between the transmitters and the receiver, the percentage
      of the drift induced velocity as compared with the actual receiver
      velocity is very small between 1 second samples.
PAR  A typical representation of a suitable filter (145-149) is shown in FIG. 6.
      The output signals, such as from unit 140, FIG. 5, appear on channel 140a,
      FIG. 6. Such signals may be in a binary code representing the levels of
      the signals from summation unit 140. This signal is then applied to the
      first stage 192a of a shift register 190. A clock pulse source 191 is
      coupled to shift register 190 to shift the contents down through the
      register in synchronization with the one second sampling of the signal
      [.DELTA.T.sub.1 (R.sub.2) - .DELTA.T.sub.1 (R.sub.1)]/.DELTA.t as it
      appears at the output of unit 106, FIG. 5. During an initial start up
      interval of 40 seconds, the shift register 190 is loaded. The most recent
      count dependent signal is stored in the first register 192a and the signal
      representative of a count 40 seconds old will be found in the last
      register 192n. Every 4 seconds, a tapered or weighted adder 194 is
      actuated to provide a weighted sum of all of the signals stored in shift
      register 190. The most recent sample as stored in register 192a is applied
      to adder 196 with full weight. The oldest of the samples, as stored in
      unit 192n, is given the least weight. In the preferred embodiment of the
      invention, the weighting taper is linear with the most recent being of
      maximum value and the oldest being of minimum value.
PAR  The tapered adder 194 may comprise a bank of multipliers 194a-194n, a bank
      of weighting registers 195a-195n and a summing unit 196. Register 192a is
      connected to the top unit 194a in the multiplier bank. The second input to
      multiplier unit 194a is supplied from weighting register 195a.
PAR  The second multiplier unit 194b is connected at one input to the second
      register 192b and at the second input to a preset register 195b.
      Similarly, the last multiplier unit 195n is connected at one input to
      register 192n and at the other input to a preset register 195n. The
      outputs of all the multipliers 194a-194n are connected as inputs to the
      summing unit 196. The output of summing input 196 could be divided by a
      factor equal to the number n. However, since both inputs to both of units
      162 and 165, FIG. 5, involve sum signals such as appear at the output of
      unit 196, FIG. 6, there is no need to reduce the magnitudes of the latter
      signals by a factor n. Weighting registers 195a, 195b and 195n may have
      values set therein in accordance with the desired taper of the signals to
      be applied to adder 196. For example, the multiplier value in register 195
      may be 1.000. The multiplier value in unit 195n  may be 0.075. The
      intermediate values may be scaled linearly between the value 1.000 and
      0.075 so that the signals applied to the summing unit 196 would be
      linearly tapered. Different configurations of the taper may be adopted as
      might be desired. However, in the embodiment heretofore employed, the
      taper was linear.
PAR  The propriety of use of the system thus far described may be verified by a
      mathematical analysis as follows. Velocities V.sub.A and V.sub.C are
      generated from base station to receiver transit times as inputs. Transit
      times from stations A and B are designated as .DELTA.T.sub.1 and
      .DELTA.T.sub.2, respectively. The signals .DELTA.T.sub.3 from a third
      station C also are contemplated in the following analysis.
PAR  At any instant in time, the range rate of a LORAN base station to a
      receiver R.sub.i can be expressed as
EQU  R.sub.1 = V.sub.N cos .alpha..sub.i + V.sub.E sin .alpha..sub.i (1)
PAL  where
PA1  V.sub.N is the instantaneous velocity component in a northerly direction
PA1  V.sub.E is the instantaneous velocity component in an easterly direction
PA1  .alpha..sub.i is the bearing of the i.sup.th base station from the receiver
PAR  The velocity components V.sub.N and V.sub.E can be expressed in terms of
      components along the vessel's fore/aft line V.sub.A and the starboard/port
      line V.sub.C as
EQU  V.sub.N = V.sub.A cos .theta. - V.sub.C sin .theta.        (2)
EQU  V.sub.E = V.sub.A sin .theta. + V.sub.C cos .theta.        (3)
PAL  where .theta. is the vessel's instantaneous azimuth. Thus, substituting
      Equations 2 and 3 into Equation 1,
EQU  R.sub.i = (V.sub.A cos .theta. - V.sub.C sin .theta.) cos .alpha..sub.i +
      (V.sub.A sin .theta. + V.sub.C cos .theta.) sin .alpha..sub.i (4)
PAR  To compute the least-mean-square function L of range values from three
      stations (i = 1 - 3) of 40 1-sec samples for each station (k = 1 - 40),
      the following function is constructed from Equation 4:
      ##EQU1##
PAR  To give higher weighting to more recent data in the 40-sec station tables,
      one applies a weighting factor to Equation 5:
      ##EQU2##
      Rearranging Equation 6,
      ##EQU3##
PAR  To produce the least-mean-square matrix, let
      ##EQU4##
      Thus,
      ##EQU5##
      Rearranging Equation 8 and setting .gamma. = 0,
      ##EQU6##
      Equation 9 becomes
EQU  V.sub.A A.sub.CC + V.sub.C A.sub.CS = A.sub.RC             (10)
PAL  where
      ##EQU7##
PAR  Similarly, for V.sub.c, letting .gamma. = dL/dV.sub.C = 0,
EQU  v.sub.a a.sub.cs + v.sub.c a.sub.ss = a.sub.rs             (11)
PAL  where
      ##EQU8##
PAR  Determinant .DELTA. of the least-mean-square matrix is given by
EQU  .DELTA. = A.sub.CC .sup.. A.sub.SS - A.sub.SC.sup.2        (12)
PAL  thus,
EQU  V.sub.A = (A.sub.RC .sup.. A.sub.SS - A.sub.RS .sup.. A.sub.CS)/.DELTA.(13)
EQU  v.sub.c = (a.sub.rs .sup.. a.sub.cc - a.sub.rc .sup.. a.sub.cs)/.DELTA.(14)
PAR  equations 13 and 14 are in units of data counts per second. To convert
      these to velocities in centiknots per second, one multiplies by the
      velocity of propagation K.sub.V ; to allow for the calibration factor, one
      multiplies by K.sub.LO. Thus, true unsmoothed velocities are as follows:
EQU  V.sub.A ' = V.sub.A * K.sub.V * K.sub.LO                   (15)
EQU  v.sub.c ' = v.sub.c * k.sub.v * k.sub.lo                   (16)
PAR  the multiplications represented by equations (15) and (16) are performed in
      blocks 168 and 169 in FIG. 5, and the quantity K.sub.v *K.sub.lo is
      generated by scale factor block 170 of FIG. 5. These unsmoothed velocity
      samples V.sub.A ' and V.sub.C ', given by Equations 15 and 16, are applied
      to the dead-reckoning module 30.
PAR  The factors of Equation (10), namely A.sub.CC, A.sub.CS and A.sub.RC are
      labeled in FIG. 5 as the signals at the outputs of filters 145, 147 and
      146, respectively. The factors A.sub.SS and A.sub.RS of Equation (11) are
      also labeled in FIG. 5 as the signal outputs of filters 149 and 148,
      respectively. The determinant of Equation (12) describes the signal output
      of adder 163. The numerator of Equation (13) describes the signal output
      of adder 160. The numerator of Equation (14) describes the signal output
      of adder 167. The velocity functions V.sub.A and V.sub.C are represented
      by the signals on the output lines from dividing units 162 and 165,
      respectively.
PAR  As above noted, the time difference signals represented by the signals on
      lines 114 and 115 of FIG. 5 are taken at one second intervals as
      determined by the output of clock 191, FIG. 6. In contrast, the velocity
      signals are generated and employed at a lower rate such as every four
      seconds.
PAR  FIGS. 5 and 6 illustrate the system in a general form. It is to be
      understood that the determination of velocities in unit 84 of FIG. 4
      preferably will be carried out digitally. In such case, a special purpose
      computer may be employed or a general purpose computer may be employed.
      Further, the system can be carried out in an analog manner if desired.
      Economy of hardware and ease in changes in the modes of operation however,
      dictate preference for the digital form as the best mode for carrying out
      the present invention.
PAR  The Loran system 66 may be of the type identified as Austron Model 5000
      Loran-C Navigation System manufactured by Austron Inc., Austin, Texas and
      leased by Offshore Navigation, Inc., New Orleans, Louisiana.
PAR  The gyro compass 100, FIG. 5, may be of the type described in U.S. Pat. No.
      3,630,079. It provides continuous indications of heading of the vessel as
      utilized in FIG. 4 and FIG. 5 for determination of velocity.
PAR  Azimuth to station A and azimuth to station B as generated in units 102 and
      104, respectively, of FIG. 5 is in U.S. Pat. No. 3,630,079.
PAR  In the embodiment of the invention wherein a general purpose digital
      computer was employed in unit 30, FIG. 4, the computer was of the type
      manufactured by Texas Instruments Incorporated of Dallas, Texas and
      identified as TI-2540 Computer. It is also known by a Navy designation
      CP-967(V)12/UYK. This computer is described in Handbook No. HB31-AT2-4
      published by Texas Instruments Incorporated, Digital Systems Division of
      Dallas, Texas. In such handbook, the assembly language and the machine
      code language are both disclosed.
PAR  Program listings for carrying out the invention are set out in Table III In
      which the headings are as follows:
PA1  Column "LOCN" identifies the locations in core;
PA1  Column "object code" is expressed in machine language;
PA1  The "card" column sets out the card numbers;
PA1  Columns 1-5 set out the references; and
PA1  Columns 10-30 are expressed in assembly language.
      ##SPC1##
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an integrated satellite navigation system where satellite fixes
      periodically establish the position of a ship plying a course within the
      range of a chain of radio ranging stations and wherein ship velocities
      must be accurately determined in the interval between satellite fixes in
      order to chart said course, the combination which comprises:
PA1  means for measuring difference values between successive RF signal transit
      times for each of a plurality of said stations,
PA1  means to store a set of functions, one for each of said stations, dependent
      upon said difference values for transit times related to each said
      station,
PA1  means to update each said set with new difference values for each said
      station while discarding the most aged of said functions in the
      corresponding set, and
PA1  a least mean squares generator utilizing said sets periodically to generate
      velocity signals representative of the motion of said ship.
NUM  2.
PAR  2. The combination set forth in claim 1 wherein weighting means are
      provided to modify said set of functions to weight the most recent
      function greater than the most aged function.
NUM  3.
PAR  3. The combination set forth in claim 2 wherein said weighting means is
      linear.
NUM  4.
PAR  4. The combination set forth in claim 1 wherein control means sample said
      transit times at a high rate and said generator produces said velocity
      signals at a lower rate.
NUM  5.
PAR  5. The combination set forth in claim 4 wherein said control means operates
      at said high rate of the order of four times said lower rate.
NUM  6.
PAR  6. A system for determining ship velocity from radio ranging signals which
      comprises:
PA1  a. means for generating successive radio range signals at a selected rate,
      each representative of the radio range between said ship and one of at
      least two fixed base stations,
PA1  b. signal process means for comparing each range signal from each base
      station with its next preceding signal to determine a difference signal,
PA1  c. means for storing a predetermined number of ship velocity related
      functions each dependent upon one of a like number of the most recent of
      said signals, and
PA1  d. processor means for generating output signals representative of ship
      velocity utilizing sets of said stored functions whose difference signal
      is below a limit indicative of a predetermined change in ship velocity in
      the interval between successive range signals.
NUM  7.
PAR  7. A system for aiding in navigation of a marine vessel in reach of a
      plurality of base radio ranging stations which comprises:
PA1  a. a radio ranging mobile station means on said vessel for generating at
      least two sets of radio range signals, one set for each of two base
      stations with each set comprising a real time series of N successive
      signals,
PA1  b. comparison means connected to receive and compare each signal in each
      series with its next preceding signal to generate difference signals, and
PA1  c. processing means operating on sets of said N range signals while
      excluding any range signal for which said difference signal exceeds a
      preset limit to generate signals representative of velocity of said
      vessel.
NUM  8.
PAR  8. A system for determining ship velocity from radio ranging signals which
      comprises:
PA1  a. means for generating successive radio range signals at a selected rate,
      each representative of the radio range between said ship and one of at
      least two fixed base stations,
PA1  b. means to store and compare the two most recent of said range signals for
      each said base station to produce difference signals,
PA1  c. means for storing a predetermined number of ship velocity related
      functions each dependent upon one of a like number of the most recent of
      said signals, and
PA1  d. means for generating output signals representative of ship velocity
      utilizing said stored functions while excluding any stored function whose
      related difference function exceeds a predetermined limit.
NUM  9.
PAR  9. In an integrated satellite navigation system where satellite fixes
      periodically establish the position of a ship plying a course within the
      range of a chain of radio ranging stations and wherein ship velocities
      must be accurately determined in the interval between satellite fixes in
      order to chart said course, the method which comprises:
PA1  a. establishing difference values between successive RF signal transit
      times for each of a plurality of said stations,
PA1  b. for each of said stations storing a set of functions dependent upon
      successive difference values between transit times related to each said
      station while retaining the most recent function and discarding the most
      aged function in the corresponding set, and
PA1  c. periodically generating velocity signals representative of the motion of
      said ship by a least mean squares utilization of said sets.
NUM  10.
PAR  10. In an integrated satellite navigation system where satellite fixes
      periodically establish the position of a ship plying a course within the
      range of a chain of radio ranging stations and wherein ship velocities
      must be accurately determined in the interval between satellite fixes in
      order to chart said course, the method which comprises:
PA1  a. establishing difference signals representative of the differences
      between transit times of successive Loran transmissions between said ship
      and each of a plurality of said stations,
PA1  b. for each of said stations storing a set of functions dependent upon the
      difference signals related to each said station while retaining the most
      recent function and discarding the most aged function in the corresponding
      set, and
PA1  c. periodically generating velocity signals representative of the motion of
      said ship by a least mean squares utilization of said sets.
NUM  11.
PAR  11. The method of claim 10 wherein the ship-station transit time is sampled
      at a high rate and velocity signals are generated at a low rate.
NUM  12.
PAR  12. The method of claim 10 in which a ship-station transit time is sampled
      each second and velocity signals are generated each four second interval.
NUM  13.
PAR  13. The method of claim 10 in which each said set of elements are of the
      order of 40 in number and whereby said velocity signals each reflects 40
      samples, one per second, on a least mean square utilization of Loran
      transit time differences.
NUM  14.
PAR  14. In determining ship velocity from radio ranging signals the method
      which comprises:
PA1  a. generating successive radio range signals at a selected rate, each
      representative of the radio range between said ship and one of at least
      two fixed base stations,
PA1  b. for each base station comparing each range signal therefrom with its
      next preceding signal to determine difference signal,
PA1  c. for each said station storing a predetermined number of ship velocity
      related functions each dependent upon one of a like number of the most
      recent of said signals, and
PA1  d. generating output signals representative of ship velocity utilizing said
      stored functions while excluding any stored function whose related
      difference signal is of magnitude to indicate a predetermined excessive
      change in ship velocity in the interval between generation of range
      signals.
NUM  15.
PAR  15. In navigating a marine vessel in reach of a plurality of base radio
      ranging stations the method which comprises:
PA1  a. generating at said vessel at least two sets of radio range signals, one
      set for each of two base stations with each set comprising a real time
      series of N successive signals,
PA1  b. comparing each signal in each series with its next preceding signal to
      generate difference signals, and
PA1  c. generating signals representative of vessel velocity utilizing sets of
      said N range signals while excluding any range signal for which said
      difference signal exceeds a predetermined limit.
NUM  16.
PAR  16. The method of claim 15 in which signals representative of bearings from
      said vessel to each said base station are generated and employed in
      generation of said velocity signals.
NUM  17.
PAR  17. The method of claim 15 in which N is of the order of 40.
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ABST
PAL  In an automatic wire bonder, a rotatable work stage for a lead frame on
      which a plurality of leads are arranged and an electronic circuit element
      having a plurality of electrodes is mounted for rotation to align the
      circuit element in a predetermined direction. The angle of rotation is
      detected as an azimuthal error. A bonding tool is subsequently translated
      relative to the work stage to a position predetermined relative to the
      circuit element. The translation is detected as a positional error.
      Calculating means electrically calculates the relative positions of the
      leads using absolute positions of the leads and the azimuthal and
      positional errors. The bonding tool is driven responsive to the absolute
      positions of the electrodes and the relative positions of the leads to
      carry out the bonding process.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  This invention relates to a wire bonder, namely, apparatus for electrically
      connecting by a plurality of fine electrically conductive wires or bonds a
      plurality of electrodes of an electronic circuit element and a plurality
      of leads arranged in a predetermined geometric configuration on a lead
      frame. The circuit element may be a pellet or chip of a semiconductor
      integrated circuit. The fine wires may be of gold, aluminium, or a similar
      material. This invention will therefore be described mainly as applied to
      the bonding of semiconductor pellet electrodes and leads therefor.
PAR  In the manufacture of integrated circuits, bonding requires about a half of
      the man hours and has therefore created a production bottleneck. Automatic
      wire bonders of two major types have recently been proposed.
PAR  A bonder of a first previously proposed type comprises a work stage for
      supporting a lead frame on which a pellet is mounted in a preselected
      position, a bonding tool movable relative to the work stage for carrying
      out the bonding operation itself, feedback means for producing signals
      representative of the present position of the bonding tool relative to the
      work stage, and a control computer system comprising, in turn, a program
      storage for a banding program, a position or coordinate storage for
      positions or coordinates for the electrodes and leads, and a central
      processing unit for driving the bonding tool between the programmed
      positions of the electrodes and leads to sequentially carry out the
      bonding in compliance with the program. The bonder operates on the
      assumption that the pellet is mounted on each lead frame in an ideal or
      prescheduled position with the ideal prescheduled orientation. It is
      therefore necessary that the mounting of a pellet on a lead frame be done
      with great care and that the leads have wide ends to provide a tolerance
      for possible misalignment of a pellet on the lead frame. The latter fact
      makes it impossible to apply the bonder to bonding of electrodes of a
      large-scale integrated circuit with closely spaced leads.
PAR  A bonder of a second previously proposed type comprises, in addition to the
      elements of the bonder described in the preceding paragraph, adjusting
      means for turning the work stage, which is now rotatable, and displacing
      the bonding tool relative to the work stage to cause the feedback means to
      produce electric signals representative of the amount of misalignment in
      the directions of an orthogonal rectilinear coordinate axes and in the
      azimuthal direction on starting the bonding. More particularly, the work
      stage is rotated from a position in which the lead frame is aligned with
      the coordinate axes to a position in which the pellet is so aligned. In
      addition, the bonding tool is displaced to a starting position
      predetermined with respect to the pellet. On carrying out the bonding at
      each lead, the control computer system rotates the work stage in
      compliance with the azimuthal error and drives the bonding tool to a
      position determined by the programmed position and the axial misalignment.
      Although the bonding is thus automatically carried out, it is necessary to
      rock the work stage on carrying out bonding at each of the electrodes and
      leads. Due to the rocking motion of the work stage of a large mass, the
      bonder generates considerable vibrations and must operate at a low speed.
      In addition, the bonder is unreliable particularly in the azimuthal
      direction.
PAR  Furthermore, it has been necessary with conventional automatic bonders to
      carry out troublesome adjustment of zero points of the feedback means upon
      each change of the pellets from one type to another. Such bonders also
      require a change from one to another of the position storages for the
      pellets of the respective types.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a wire bonder
      operable with the least possible motion of mechanical elements thereof.
PAR  It is another object of this invention to provide a wire bonder operable at
      high speed and yet with high reliability.
PAR  It is still another object of this invention to provide a wire bonder for
      bonding electrodes of an electronic circuit element and leads therefor,
      operable without troublesome adjustment, of a zero point of means for
      detecting the present location of a bonding tool, even upon a change in
      the circuit elements from one type to another.
PAR  It is yet another object of this invention to provide a wire bonder
      applicable to bonding of electrodes of large-scale integrated circuits and
      leads therefor.
PAR  As described hereinabove, automatic apparatus for electrically connecting
      by a plurality of electrically conductive wires a plurality of electrodes
      of an electronic circuit element and a plurality of leads arranged in a
      predetermined geometric configuration on a lead frame includes a rotatable
      work stage on which the lead frame is placed with the circuit element
      mounted on the lead frame. The apparatus further includes a bonding tool
      movable with respect to the work stage, driving means for driving the
      bonding tool relative to the work stage with reference to positions of the
      electrodes and leads stored in a position storage means to enable the
      bonding tool to carry out the bonding process, and azimuthal means for
      rotating the work stage to align the circuit element in a predetermined
      direction. During rotation of the work stage, the azimuthal means produces
      an electric signal representative of an azimuthal error.
PAR  In accordance with this invention, the apparatus mentioned in the paragraph
      above comprises translational means for translating the bonding tool
      relative to the work stage after the circuit element is aligned in the
      predetermined direction to place the bonding tool at a predetermined
      position relative to the circuit element. During translation of the
      bonding tool, the translational means produces an electric signal
      representative of a positional error. In addition, the driving means of
      the apparatus comprises calculating means responsive to the positions of
      the leads and the azimuthal and positional errors for electrically
      calculating relative positions of the leads and means responsive to the
      positions of the electrodes stored in the position storage means and the
      relative positions of the leads for driving the bonding tool to carry out
      the bonding process.
PAR  It will be understood that the number of electrodes may not be equal to the
      number of leads and that the position storage program may be removably
      attached to apparatus rather than formed as an integral part thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  For a more detailed understanding of the invention, reference may be had to
      the description below for exemplary embodiments taken in conjunction with
      the accompanying drawings wherein:
PAR  FIG. 1 is a schematic side view of apparatus constructed according to the
      instant invention;
PAR  FIG. 2 schematically shows a top view of a lead frame and an electronic
      circuit element mounted thereon which illustrates the principles of
      operation of an apparatus constructed according to a first embodiment of
      this invention;
PAR  FIG. 3 similarly shows the field of a microscopic view of the apparatus
      illustrated in FIG. 1;
PAR  FIG. 4 is a block diagram of the calculating means of the apparatus
      depicted in FIG. 1;
PAR  FIG. 5 is a flow chart of the operation of the apparatus shown in FIG. 1;
      and
PAR  FIG. 6 schematically shows a top view of a lead frame and electronic
      circuit elements mounted thereon for describing the principles of
      operation of apparatus according to a second embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  Referring to FIG. 1, a wire bonder according to the present invention
      comprises an X-Y stage 10, an X driver 11 including a first pulse motor
      (not shown) for driving the stage 10 parallel to the X axis
      (right-to-left), a Y driver 12 including a second pulse motor (not shown)
      for driving the stage 10 parallel to the Y axis (front-to-back), an X-Y
      manipulator or control knob 13 for manually adjusting the X-Y zero
      position of the stage 10, and a pair of electronic micrometers 14 and 15
      for detecting the X and Y components of displacement of the stage 10,
      respectively, and for producing a pair of electric signals representative
      of the respective components. The electronic micrometer 14 or 15 is formed
      by a differential transformer (not shown) comprising, in turn, a
      rod-shaped transformer core movable in accordance with the pertinent X or
      Y component of displacement, a primary winding along the core, and a
      secondary winding having two portions of opposite polarity extending along
      the core which are serially connected at the center or zero position With
      an a.c. voltage supplied across the primary winding, a voltage
      representative of the pertinent component is developed across the
      secondary winding. Each electronic micrometer 14 or 15 may also include an
      analog-to-digital converter for converting the voltage thus developed into
      a digital electric signal representative of the pertinent component. The
      bonder still further comprises a bonding tool 16 and a Z driver 17 mounted
      on the X and Y drivers 11 and 12 and including a Z motor (not shown) for
      moving the bonding tool 16 approximately parallel to the Z axis
      (up-and-down). The bonding tool 16 is therefore movable relative to the
      stage 10 by the X, Y, and Z drivers 11, 12, and 17. The bonder still
      further comprises a work stage 20 rotatable about a fixed vertical axis
      extending under the bonding tool 16 in approximately the X-Y zero position
      for mounting thereon a lead frame 21, a microscope or television pickup
      tube 22 for viewing a predetermined area of the work stage 20, a rotatable
      knob 23 for manually adjusting the azimuthal position of the work stage
      20, and a rotary encoder 24 comprising, in turn, a rotary transducer (not
      shown) responsive to an angular displacement of the work stage 20 about
      its axis for producing an electric signal representative of the angular
      displacement. By way of example, a rotary transducer of a photoelectric
      type comprises a coded disk mechanically coupled to the axle of the work
      stage 20 and having a plurality of slits in the peripheral portion and a
      single slit for defining the azimuthal zero position of the work stage 20,
      two light sources for the peripheral slits and the single slit,
      respectively, and two photoelectric tubes or like elements responsive to
      the light having passed through the single slit and each of the peripheral
      slits for producing a zero position electric pulse and electric pulses of
      a number representative of the angle of rotation of the work stage 20. The
      work stage 20 may be provided with a feeder (not shown) for automatically
      putting a plurality of successive lead frames in position on the work
      stage 20. It will be understood that the bonding tool 16 is driven
      relative to the work stage 20 through the X, Y, and Z drivers 11, 12, and
      17 by means to be described later for making the tool 16 carry out bonding
      between electrodes of a pellet (not shown in FIG. 1) mounted on a lead
      frame 21 and leads (not shown in FIG. 1) arranged in a predetermined
      geometric configuration on the lead frame 21.
PAR  Referring now to FIG. 2, a pellet 31 should ideally be mounted on a lead
      frame 21 in a position illustrated by dashed lines with its center placed
      at an origin 0 of an X-Y coordinate system and with an n-th electrode 32
      placed accordingly at a particular point. The origin 0 is on the axis of
      rotation of the work stage 20. It may be presumed that a pellet 31.sub.1
      is actually mounted on the lead frame 21 as shown by full lines with its
      center placed at a point 0.sub.1, its orientation having an azimuthal
      error .DELTA..theta., and its n-th electrode 32.sub.1 placed as shown.
      When the work stage 20 is turned by the knob 23 so as to correct the
      azimuthal error or align the actual pellet 31.sub.1 with the coordinate
      axes, the actual pellet assumes a position 31' depicted by dot-and-dash
      lines with its center placed at a point 0' having a translational or
      positional error of X and Y components .DELTA.x and .DELTA.y and with its
      n-th electrode placed at a point 32'  whose coordinates x.sub.n ' and
      y.sub.n ' are:
EQU  x.sub.n ' = x.sub.n + .DELTA.x
EQU  y.sub.n ' = y.sub.n + .DELTA.y,
PAL  where x.sub.n and y.sub.n are the coordinates stored for the n-th electrode
      in a position or coordinate storage means. With this rotation, an n-th
      lead 36 to which the n-th electrode 32 should be bonded assumes a position
      36' shown by dot-and-dash lines. The coordinates x.sub.Ln ' and y.sub.Ln '
      of the n-th lead 36' are:
EQU  x.sub.Ln ' = Rcos(.theta. - .DELTA..theta.) = x.sub.Ln cos.DELTA..theta. +
      y.sub.Ln sin.DELTA..theta.
EQU                                                             (1)
EQU  y.sub.Ln ' = Rsin(.theta. - .DELTA..theta.) = y.sub.Ln cos.DELTA..theta. -
      x.sub.Ln sin.DELTA..theta.,
PAL  where x.sub.Ln and y.sub.Ln are the coordinates stored in the coordinate
      storage for the n-th lead 36 and R.sup.2 = x.sub.Ln.sup.2 +
      y.sub.Ln.sup.2. When the X-Y stage 10 is adjusted by the X-Y manipulator
      13 so as to correct the translational error, the starting point of the
      bonding tool 16 moves accordingly. This is equivalent to a translation or
      displacement of the lead frame 21 together with the pellet to bring the
      center of the actual pellet to the origin 0 of the coordinate system. It
      follows therefore that the coordinates of the electrodes of the actual
      pellet coincide with the data given in the coordinate storage and that the
      relative or corrected coordinates of the leads are now given by
      subtracting the translational error components from the azimuthally
      corrected coordinates. For example, the coordinates of the n-th electrode
      are (x.sub.n, y.sub.n) and the relative coordinates (X.sub.Ln, Y.sub.Ln)
      of the n-th lead are:
EQU  X.sub.Ln = x.sub.Ln ' - .DELTA.x
EQU                                                             (2)
EQU  Y.sub.Ln  = y.sub.Ln ' - .DELTA.y.
PAL  The displacements of the bonding tool 16 from a first electrode to a first
      lead, from the first lead to a second electrode, and so on are (X.sub.L1 -
      x.sub.1, Y.sub.L1 - y.sub.1), (x.sub.2 - X.sub.L1, y.sub.2 - Y.sub.L1), .
      . . . According to a first embodiment of this invention, the means
      mentioned in connection with FIG. 1 drives the bonding tool 16 in
      compliance with these displacements to carry out the bonding procedure.
      From the above, it will be understood that the X-Y manipulator 13 may
      comprise means (not shown) for locking the same until adjustment of the
      work stage 20 is finished.
PAR  It is to be pointed out here that use may be made of approximate equations:
EQU  x.sub.Ln ' = x.sub.Ln + y.sub.Ln .DELTA..theta.
EQU  y.sub.Ln ' = y.sub.Ln - x.sub.Ln .DELTA..theta.
PAL  and
EQU  X.sub.Ln = x.sub.Ln - x + y.sub.Ln .DELTA..theta.
EQU                                                             (3)
EQU  Y.sub.Ln = y.sub.Ln - y - x.sub.Ln .DELTA..theta.
PAL  instead of Formulae (1) and (2), respectively, if the azimuthal error is
      given in radians. It is therefore possible according to a modification of
      the first embodiment to drive the bonding tool 16 with reference to the
      ideal or scheduled coordinates of the electrodes and the relative
      coordinates of the leads calculated by the Formulae (3).
PAR  Referring again to FIG. 1 and further to FIG. 3, an operator looks at a
      pellet 31 through the microscope 22 or a monitor (not shown) for a pickup
      tube and adjusts at first the control knob 23 so as to correct the
      azimuthal error, if any, with reference to one of the cross hairs 39
      therein which define the starting point of the bonding tool 16 and the
      coordinate axes. Thereafter, the operator adjusts the X-Y control knob 13
      to bring a predetermined first electrode into registration with the
      cross-point of the cross hairs 39. Meanwhile, the electronic micrometers
      and rotary encoder 14, 15, and 24 produce electric signals representative
      of the translational error components .DELTA.x and .DELTA.y and the
      azimuthal error .DELTA..theta.. The operator now pushes a start button
      (not shown) of the bonder to start the automatic bonding. During the
      progress of automatic bonding, the operator may carry out adjustment of
      several other bonders for similarly carrying out bonding process.
PAR  Referring to FIG. 4, the means metioned above comprises a control computer
      system, such as described by Emanuel S. Savas at pages 239-261 of
      "Computer Control of Industrial Processes" published 1965 by McGraw-Hill
      Book Company, and an interface 40 for the computer system for sending
      signals from the computer system to the X, Y, and Z motors depicted in
      FIG. 4 at 11, 12, and 17 and for feeding signals representative of the
      present position or location of the bonding tool 16 back to the computer
      system from the electronic micrometers and rotary encoder 14, 15, and 24.
      In the example illustrated here, the computer system comprises a
      coordinate or position memory or storage 41 for the coordinates or
      positions of every pair of leads and the electrodes of a pellet disposed
      in an ideal or scheduled position relative to the leads, a program storage
      42 for a program which will be described below, an additional or working
      storage 43, and an arithmetic or central processing unit 44 responsive to
      the program for storing the errors .DELTA.x, .DELTA.y, and .DELTA..theta.
      in the working storage 43 through an input-output port 45, successively
      calculating Formulae (2) or (3) by the use of the errors and the nominal
      coordinates of the leads stored in the coordinate storage 41 to store the
      resulting relative coordinates of the leads in the working storage 43, and
      successively supplying through the port 45 signals for driving the bonding
      tool 16 between the electrodes defined by the nominal coordinates and the
      corresponding leads specified by the relative coordinates. While the
      bonding tool 16 is placed at each of the electrodes and leads, the central
      processing unit 44 produces a busy signal to bring the tool 16 to a
      standstill relative to the X, Y, and Z coordinates and to cause the tool
      16 to carry out the bonding process. After all programmed bonding is
      finished, the central processing unit 44 may send a signal to the lead
      frame feeder to automatically place the next lead frame in position on the
      work stage 20. Forty lead frames may thus be automatically dealt with
      successively. The central processing unit 44, the working storage 43, the
      program storage 42, the coordinate storage 41, and the input-output port
      45 may, for example, comprise large-scale integrated circuits, which may
      be a single .mu.PD 751 D, a single .mu.PD 412 D, three .mu.PD 463 D, a
      single V 5943, and five .mu.PD 752 D, respectively, all manufactured and
      sold by Nippon Electric Company, Tokyo, Japan. The values of
      cos.DELTA..theta. and sin.DELTA. .theta. or .DELTA..theta. for various
      values of the azimuthal error ranging, for example, from - 5.degree. to +
      5.degree. may be stored in a read-only memory having graduations of
      perhaps 0.5.degree.. The coordinate storage 41 may also be a read-only
      memory for each type of pellet and may be substituted for another when
      pellets of a different type are to be dealt with. Alternatively, a
      plurality of coordinate storages for various types of pellets may be
      included in the bonder and interchanged in accordance with a change in the
      pellet type. The program may be universal to various pellet types. If
      desired, a pause button (not shown) of the bonder may be pushed to
      interrupt the progress of bonding when the bonding tool 16 comes onto a
      next succeeding electrode to allow visual inspection of the result of
      bonding through the microscope 22 or on the monitor. Bonding may be
      continued by pushing the start button again. Alternatively, the bonding
      tool 16 may be returned to the starting position by pushing a reset button
      (not shown) to make the bonder ready of bonding for another lead frame and
      pellet. Incidentally, the speed of bonding may be 0.5 second per wire (two
      points of connection at the electrode and lead).
PAR  Referring to FIG. 5, the process including the automatic operation carried
      out in compliance with a program after completion of manual adjustment of
      the work stage 20 and the X-Y stage 10 to align a pellet with the
      coordinate axes and subsequently bring the first electrode of the pellet
      into position is as follows. As described, the operator manually pushes
      the start button at block 50. The central processing unit 44 stores at
      block 51 the error signals in the working storage 43, checks at block 52
      to determine whether the errors are within certain predetermined limits,
      produces at block 53 an error signal if the errors are outside of the
      ranges and indicate the necessity of re-mounting the pellet on the lead
      frame, and transfers if affirmative the coordinates of the first electrode
      from the coordinate storage 41 to the working storage 43 at block 54. The
      range for the azimuthal error may be from - 5.degree. to + 5.degree. as
      already described. The range for each translational error component may be
      from - 0.5 mm to + 0.5 mm. In this example, the central processing unit 44
      then produces at block 55 a signal for carrying out the bonding at the
      first electrode already placed at a point specified by its coordanates,
      calculates in the meantime at 56 the relative coordinates for the first
      lead and the displacement to be given to the bonding tool 16 to bring the
      tool 16 from the first electrode to the first lead, produces at block 57 a
      signal for imparting the calculated displacement to the bonding tool 16,
      transfers at block 58 the coordinates of the next subsequent electrode
      from the coordinate storage 41 to the working storage 43, produces at
      block 59 a signal for carrying out the bonding at the first lead,
      meanwhile calculates the displacement of the bonding tool 16 necessary to
      move the same from the first lead to the next electrode, and produces at
      block 60 a signal for imparting the latter calculated displacement to the
      bonding tool 16. The central processing unit 44 checks at block 61 to
      determine whether the pause button has been pushed to provide a pause
      signal. If not, the central processing unit 44 checks at block 62 with
      reference to the coordinates of the last-mentioned electrode whether or
      not bonding for the pellet has been finished. If not, the central
      processing unit 44 again produces at block 55 a signal for carrying out
      bonding at the above-mentioned next subsequent electrode and repeats the
      processes until the bonding operation is eventually finished, when the
      central processing unit 44 produces at block 63 a signal for activating
      the automatic lead frame feeder. If the central processing unit 44 detects
      at block 61 a pause signal, the central processing unit 44 suspends the
      drive for the X, Y, and Z drivers 11, 12, and 17 and repeatedly checks at
      block 64 and 65 to determine whether or not a next signal is eventually
      supplied manually to the control computer system by the start or reset
      button. When a start signal is supplied again, the central processing unit
      44 detects the signal at block 64 and carries out the finish check at
      block 62 and thereafter the remaining program. When the central processing
      unit 44 detects a reset signal at block 65, the central processing unit 44
      produces at block 66 a signal for moving the bonding tool 16 back to the
      starting position as described.
PAR  In connection with a wire bonder according to the first embodiment of this
      invention or to the modification thereof, it is to be noted that an
      electronic micrometer or sensor, such as 14 or 15, is capable of producing
      a linear output signal within a narrow range of 2 to 3 mm. On the other
      hand, a pellet of a large-scale integrated circuit is, for example, 4.90
      mm by 4.76 mm wide. In general, the zero points of the electronic
      micrometers 14 and 15 are brought into coincidence with the center of the
      pellet ideally mounted on the lead frame. On operating a bonder according
      to the first embodiment or the modification thereof, the zero points may
      conveniently be brought into coincidence with the starting or first
      electrode of a pellet of of a standard type to which the bonder is most
      frequently applied. The convenience, however, results in inaccurate
      bonding on the side of the leads on applying the bonder to a pellet of a
      different type and a lead frame of the same type as is often the case in
      the manufacture of integrated circuits. It is therefore necessary in such
      a case to carry out troublesome readjustment of the zero points of the
      electronic micrometers 14 and 15.
PAR  Referring to FIG. 6, a first pellet 31 illustrated with reference also to
      FIG. 2 may be a pellet of a standard type to which a wire bonder according
      to this invention is applied most frequently. The first pellet 31 has an
      n-th electrode 32 to be bonded to an n-th lead 36. The errors for an
      actual first pellet 31.sub.1 are now denoted by .DELTA..theta..sub.1,
      .DELTA.x.sub.1, and .DELTA.y.sub.1. A second pellet 71 of a different type
      should ideally be mounted in a position depicted by dashed lines on
      another lead frame 21 illustrated for convenience of description in
      superposition on the lead frame on which the first pellet 31 or 31.sub.1
      is mounted. The second pellet 71 has an n-th electrode 72. It is presumed
      that an actual second pellet 71.sub.1 having an n-th electrode 72.sub.1 is
      mounted on the lead frame 21 in a position shown by full lines and that
      the errors illustrated with reference to FIG. 2 are .DELTA..theta..sub.2,
      .DELTA.x.sub.2, and .DELTA.y.sub.2. It is furthermore assumed that the
      zero points of the electronic micrometers 14 and 15 have been brought into
      coincidence with the starting or first electrode (not shown) of the first
      pellet 31 disposed in the ideal position. According to Formulae (2), the
      relative coordinates of the n-th lead are:
EQU  X.sub.L1.n = x.sub.L1.n cos.DELTA..theta..sub.1 - .DELTA.x.sub.1 +
      y.sub.L1.n sin.DELTA..theta..sub.1
EQU  Y.sub.L1.n = y.sub.L1.n cos.DELTA..theta..sub.1 - .DELTA.y.sub.1 -
      x.sub.L1.n sin.DELTA..theta..sub.1
PAL  for the first pellet, where x.sub.L1.n and y.sub.L1.n represent the ideal
      coordinates of the n-th lead stored in the coordinate storage for the
      first pellets. Likewise, the relative coordinates of the n-th lead are:
EQU  X.sub.L2.n = x.sub.L1.n cos.DELTA..theta..sub.2 - .DELTA.x.sub.2 +
      y.sub.L1.n sin.DELTA..theta..sub.2
EQU                                                             (4)
EQU  Y.sub.L2.n = y.sub.L1.n cos.DELTA..theta..sub.2 - .DELTA.y.sub.2 -
      x.sub.L1.n sin.DELTA..theta..sub.2
PAL  for the second pellet. In connection with Formulae (4), it should be
      pointed out that use is now made of leads of the same geometric
      configuration. If the lead to which the n-th electrode of the second
      pellet is to be bonded is not the n-th lead but an n'-th lead, ideal
      coordinates (x.sub.L1.n ', y.sub.L1.n ') of the n'-th lead for the first
      pellets should be substituted for the ideal coordinates (x.sub.L1.n,
      y.sub.L1.n) used in Formulae (4).
PAR  Further referring to FIG. 6, the output signals produced by the electronic
      micrometers 14 and 15 when the bonding tool 16 is placed on the first
      electrode of a first pellet 31' illustrated with reference to FIG. 2, are
      representative of the positional error components .DELTA.x.sub.1 and
      .DELTA.y.sub.1. It is now assumed that the bonding tool 16 is subjected to
      a displacement from a point where the first electrode of an actual first
      pellet 31' was located to a point where the first electrode of a second
      pellet placed in an azimuthally and translationally corrected position is
      located. If the zero points are not readjusted to the latter point, the
      output signals of the electronic micrometers 14 and 15 are greater than
      the output signals produced with the zero points adjusted to the latter
      point, by a shift or displacement the X and Y components of which are:
EQU  x = x.sub.2.1 - x.sub.1.1
EQU  y = y.sub.2.1 - y.sub.1.1,
PAL  where (x.sub.1.1, y.sub.1.1) and (x.sub.2.1, y.sub.2.1) represent the ideal
      coordinates of the first electrodes of the first and second pellets,
      respectively. The bonding at the leads for the second pellets therefore
      shifts by this amount. A wire bonder according to a second embodiment of
      this invention obviates the necessity for troublesome readjustment of the
      zero points and yet carries out accurate bonding at the leads for various
      types of pellets despite the presence of a shift. For use in combination
      with a bonder according to the second embodiment, the amount of shift may
      be stored in a displacement storage (not shown), which may be a portion of
      the coordinate storage for the pellets of a different type. The bonder
      carries out bonding at the electrodes by the use of the ideal coordinates
      and at the leads by calculating in compliance with Formulae (2) or (3) the
      resulting coordinates, which may now be called calculated coordinates, and
      by subtracting from the calculated coordinates the amount of shift read
      from the displacement storage to derive the relative coordinates. For
      confirmation, the last-mentioned relative coordinates are:
EQU  X.sub.L2.n ' = X.sub.L1.n - x
EQU  Y.sub.L2.n ' = Y.sub.L1.n - y.
PAR  Although two exemplary embodiments of this invention have been described
      above, it will now be clear to those skilled in the art that various
      modifications thereof are possible without departing from the spirit and
      scope of this invention. For example, the central processing unit 44 may
      be a table electronic calculator or an electronic computer of any type.
      Accordingly the above description should not be considered in any sense
      limiting the scope of the invention. Accordingly the above description
      should not be considered in any sense limiting the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for electrically connecting a plurality of electrodes of an
      electronic circuit element and a plurality of leads arranged in a
      predetermined geometric configuration on a lead frame, including a
      rotatable work stage on which the lead frame is placed with the circuit
      element mounted on the lead frame, a bonding tool movable with respect to
      said work state, driving means for driving said bonding tool relative to
      said work stage with reference to positions of the electrodes and leads,
      and azimuthal means for rotating said work stage to align the circuit
      element in a predetermined direction, said azimuthal means thereby
      producing an electric signal representative of an azimuthal error, wherein
      the improvement comprises:
PA1  translational means for translating the bonding tool relative to said work
      stage after the circuit element is aligned in the predetermined direction
      to place said bonding tool at a predetermined position relative to the
      circuit element, the translational means thereby producing an electric
      signal representative of a positional error; and
PA1  the driving means including calculating means responsive to the positions
      of the leads and the azimuthal and positional errors for electrically
      calculating relative positions of the leads, and means responsive to the
      positions of the electrodes and the relative positions of the leads for
      driving the bonding tool to carry out the bonding process, said
      calculating means comprising first means for converting said azimuthal
      error into components in the directions of orthogonal rectilinear
      coordinate axes and second means responsive to the calculating means
      components, the positions of the leads, and the positional error for
      electrially calculating the relative positions.
NUM  2.
PAR  2. The apparatus of claim 1, wherein the first means converts the azimuthal
      error into components in complicance with cos.DELTA..theta., where
      .DELTA..theta. represents the azimuthal error.
NUM  3.
PAR  3. The apparatus of claim 1, wherein the first means converts the azimuthal
      error into components in compliance with the azimuthal error in radians.
NUM  4.
PAR  4. The apparatus of claim 1, further comprising displacement storage means
      for recording the displacement of a predetermined electrode of a first
      electronic circuit element from a first predetermined to a second
      predetermined point for a predetermined electrode of a second electronic
      circuit element of a different type, first position storage means for
      storing the positions of the electrodes of the second circuit element and
      leads, wherein said calculating means further comprises means responsive
      to the positions of the leads and the azimuthal and positional errors
      produced by said azimuthal and translational means for the second circuit
      element for electrically calculating positions of the leads and means
      responsive to said calculated positions and said displacement for
      electrically calculating the relative positions of the leads for use in
      carrying out the bonding for the second circuit element.
NUM  5.
PAR  5. The apparatus of claim 1, further comprising an additional position
      storage means for recording the position of the electrodes of an
      additional electronic circuit element different from the aforementioned
      electronic circuit element, displacement storage means for recording the
      displacement for a predetermined electrode position recorded in the first
      mentioned position storage means to a predetermined electrode position
      recorded in the additional position storage means, the calculating means
      being responsive to the displacement storage means for calculating the
      relative positions of leads to be used in bonding the additional
      electronic circuit element.
NUM  6.
PAR  6. The apparatus of claim 1, further comprising position storage means for
      recording the positions of the leads, said driving means being responsive
      to said position storage means to drive said bonding tool with reference
      to the stored positions.
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ABST
PAL  A device is described which permits automatic, uniform, and precise
      shearing of cloth pieces, including those areas near the seams, and which
      thus minimizes the economic loss due to non-sheared areas of cloth. The
      device employs the logic processing of information continuously delivered
      by a detector which measures the thickness of the cloth at a point before
      it reaches the shearing cylinder. This information is processed in an
      electronic system so as to adjust properly the width of the shearing slit
      in synchronism with the movement of the cloth. By the technique described
      herein, spurious signals of thickness information caused by the presence
      of a seam are discarded and replaced by certain fictitious signals that
      will bring about the desired height of pile in the sheared cloth in the
      areas near the seams, while nevertheless permitting the seam to pass
      through the shearing slit.
BSUM
PAR  The present invention relates to an electronic device suitable for use in
      the logic processing of information detected by a system which measures
      the thickness of cloth pieces to be sheared, so as to obtain automatic,
      uniform and precise shearing of said cloth pieces even near their seams
      and to minimize the non-sheared cloth piece portions which have to be cut
      out with consequent economic loss.
PAR  As presently known, the shearing operation -- i.e., the regularization of
      the height of the pile of a textile article between zero (complete shaving
      for showing the weaving design and the interlacing of threads in cloth)
      and a certain value-is carried out industrially by sewing together several
      cloth pieces having differing thickness, so as to obtain a single cloth
      piece of a length sufficient to allow continuous working; said single
      cloth piece is made to pass between a rotating shearing cylinder and a
      lower guide comb, the distance between which the shearing slit is adjusted
      in light of the desired height of the pile and the thickness of the cloth
      piece.
PAR  Devices for automatically adjusting the height of the shearing slit are
      known in the prior art. These devices make use of a system that measures
      either continuously or non-continuously the thickness of the cloth piece;
      the system is located at a certain distance L along the cloth before it
      reaches the shearing cylinder. The measurement signals are directly sent
      after a suitable time delay to a regulator which compares said signals
      with those delivered by a device detecting the shearing slit height; the
      height of the shearing slit is automatically adjusted according to the
      difference between the values of said signals and the pre-determined value
      of the pile height. However, all of these known devices include various
      drawbacks to their use, said drawbacks arising more or less from the fact
      that the signals from the system measuring the thickness of the cloth
      piece are directly sent to an automatic regulator without processing. In
      fact, a length of cloth is never of perfectly constant thickness, but
      rather always includes small irregularities in the yarn; these
      irregularities are detected by the system measuring the thickness so that
      the consequent hunting of said measuring system alters the regular
      shearing cut and does not allow uniform height of the pile to be obtained.
      On the other hand, referring to FIG. 1 where thick line 1 graphically
      indicates the actual configuration of the thickness of a long cloth piece
      to be sheared, it is to be noted that, because of the spurious huntings
      inevitably produced in the system measuring the thickness by the passage
      of a seam 2, said measuring system delivers spurious thickness information
      (curve 3) which, if utilized, would give rise to faulty shearing of the
      cloth piece in the zone near the seam. The devices known by the prior art
      overcome the latter drawback by delaying in time the closing of the
      shearing slit after the seam passes under the shearing cylinder so that
      the spurious thickness information 3 is not used for adjusting the height
      of the shearing slit. Nevertheless, a wide zone near the seam is not
      sheared with a consequent economic loss.
PAR  It is an object of the present invention to eliminate the above-mentioned
      drawbacks and hence to provide a device that allows a precise and uniform
      regularization of the height of the pile of cloth pieces, even near their
      seams, by the logic processing of information continuously delivered by
      the detector system measuring the thickness before said information is
      sent to the automatic regulator which adjust the height of the shearing
      slit.
PAR  The desired result is obtained due to the fact that the value indicating
      the thickness of the cloth piece is no longer given directly by the
      detector system continuously measuring the thickness, but rather is
      obtained by taking the arithmetic mean of several thickness measurements
      made on a short portion of the moving cloth piece at constant time
      intervals; that the spurious thickness information corresponding to the
      zones adjacent to the seam is cancelled and replaced by other thickness
      information extrapolated through logic processing. In other words,
      distance L between the thickness detector system and the shearing cylinder
      is ideally divided into a certain number of equal parts, for example four
      parts (see FIG. 1), and the arithmetic mean of the thicknesses of every
      piece portion having a length of L/4 is taken as a measure of the
      thickness; said arithmetic mean is obtained by adding in a processor, for
      example the eight thickness measurements delivered by the detector system
      continuously measuring the thickness of the cloth piece at time intervals
      corresponding to an advance of the cloth piece a distance L/32. The mean
      thickness values of each portion L/4 of the cloth piece have been
      indicated by the values A, B, C and D, respectively, in FIG. 1.
PAR  On the other hand, the spurious values of mean thickness B and C are
      cancelled and opportunely replaced by the proper values A and D so as to
      obtain a fictitious thickness signal such as represented by curve 4 in
      FIG. 1. Thus, when the shearing slit is completely opened for allowing the
      seam to pass, a fictitious thickness signal D is registered into the
      regulator so that, after the seam passing the slit, the height of the
      shearing slit is immediately adjusted to a value as actually required by
      the cloth piece for uniform shearing of the piece portion located
      immediately following the seam.
PAR  The electronic device suitable for operation as above includes according to
      the invention, a set of main shift registers equal in number to the parts
      into which distance L, between the detector system measuring the thickness
      and the rotating shearing cylinder, is divided. It also includes a system
      for taking the arithmetic mean of the digital thickness signals
      corresponding to each of said parts into which distance L is divided. It
      further includes a system for detecting the presence of a seam and for
      cancelling and replacing the spurious digital signals of the mean
      thickness values corresponding to the part containing the seam and to the
      part immediately following that part: the value for the part containing
      the seam is replaced by the digital mean thickness value for the part
      immediately preceding that part; the value for the part immediately
      following the part containing the seam is replaced by the digital mean
      thickness value for the next following part. And it further includes a
      system for substituting the digital mean thickness signal corresponding to
      that next following part for the value for the part containing the seam as
      soon as the seam passes; under the rotating shearing cylinder.
PAR  According to another embodiment of the invention, use is made of four main
      shift registers connected in series and controlled by clock pulses of L/4,
      i.e. pulses having a period of recurrence equal to the time interval
      during which the cloth piece advances a length equal to each of the parts
      into which said distance L has been divided, so that the information is
      recorded into the cell of one main shift register, and passes into the
      cell of the following main shift register only when said portion L/40 of
      the cloth piece to be sheared has shifted a distance L/4. In such a way
      the mean information is advanced in synchronism with the advance of the
      cloth piece and is presented to the regulator in phase with said cloth
      piece.
PAR  According to another embodiment of the invention said system for taking the
      arithmetic mean of the digital thickness signals corresponding to each of
      the four parts of length L/4, into which the said distance L is divided,
      consist of an adding and dividing unit. The analogue, continuous thickness
      signal delivered by the detector measuring the thickness is sent into the
      adding and dividing unit after said signal has been converted from an
      analogue signal to a digital signal by a converter; the outlet of the unit
      is connected through a first gate to a buffer storage which at every clock
      pulse of L/4 sends the stored information to charge in parallel the cell
      of the first shift register of the set of main shift registers; the adding
      and dividing unit is controlled by clock pulses of L/32 so that for every
      portion L/4 of the cloth piece it takes the arithmetic mean of the first
      eight thickness measurements delivered by the detector continuously
      measuring the thickness in each correspondence to advance of L/32 of the
      cloth piece.
PAR  According to another embodiment of the invention the said system for
      detecting the presence of a seam and for cancelling and replacing the
      spurious digital signals of the mean thicknesses comprises a trigger which
      is excited by the peak value of the analogue thickness signal
      corresponding to the seam, delivered by the said thickness detector
      system; the trigger and sends its output pulse into a set of three
      auxiliary shift registers connected in series and controlled by clock
      pulses of L/4. The parallel outlet of the first shift register of the set
      is connected to the inlet of said first gate. The outlet of the set of
      shift registers together with the outlet of the buffer storage is
      connected to the inlet of a second gate; the output signal of the second
      gate charges in parallel the cell of the second shift register of the set
      of main shift registers.
PAR  According to a still further embodiment of the invention, a system for
      anticipating the digital signal of the mean thickness corresponding to the
      part following the part containing the seam once said seam passes under
      the rotating shearing cylinder, comprises a microswitch commutating the
      inlet of a second buffer storage, connected to the said regulator through
      a digital analogue converter, from the parallel outlet of the fourth main
      shift register to the parallel outlet of the third main shift register of
      the set of main shift registers; this commutation occurs when the shearing
      comb is fully lowered to allow passage of the seam, said lowering of the
      comb being effected by the output pulse of the trigger through a delay
      unit.
PAR  The invention is illustrated in the accompanying drawings which show merely
      exemplary and non-limiting embodiments, in that the adoption of
      construction techniques or equivalent members different from those
      suggested herein lies within the scope of the present invention.
DRWD
PAR  In said drawings:
PAR  FIG. 1 graphically shows the configuration of the thickness s along a cloth
      piece portion having a length L and containing a seam 2, more specifically
      the configuration of the actual thickness (curve 1), of the measured
      thickness (curve 3) and of the processed thickness (curve 4);
PAR  FIG. 2 synthetically shows the block diagram of the system for
      automatically and continuously adjusting the height of the sheared pile by
      making use of the electronic device for processing the thickness
      measurements according to the invention;
PAR  FIG. 3 is a diagram of the shiftings and processings of the detected mean
      thickness values through the various cells of the main shift registers
      according to the invention.
DETD
PAR  Referring to the Figures, reference numeral 5 indicates the detector system
      which measures continiously and in analogue fashion the thickness of a
      cloth piece 6 to be sheared, said system comprising a centesimal position
      detector, for example, a differential transformer applied on feeling
      rollers 7.
PAR  Said detector system 5 is located upstream from the rotating shearing
      cylinder 8 and acts on the cloth piece at a distance L from said cylinder.
      The adjustable distance s' (cutting or shearing slit) between cylinder 8
      and the movable shearing comb 9 is detected and measured in analogue
      fashion by a centesimal position detector 10. The two analogue values s
      and s' measured by the two detectors are then sent, together with an
      analogue signal corresponding to the desired height of the pile delivered
      by the unit 11, into an adding unit 12 acting in a known way on a
      conventional automatic regulator 13 the d.c. motor 14 of the regulator
      adjust the lowering of comb 9 as a function of the thickness s of the
      cloth piece and of the desired height of the pile by means of suitable
      known couplings.
PAR  According to the present invention, the analogue, continuous thickness
      signal delivered by detector 5 is simultaneously sent to the inlets of a
      trigger 15 and an analogue-digital converter 16. The digital output signal
      of converter 16 is then sent to the inlet of an adding and dividing unit
      17 whose outlet is connected to the inlet of a buffer storage 19 through a
      first gate 18. Unit 17 is controlled by clock pulses of L/32, i.e. pulses
      having a period of recurrence equal to the time required for cloth piece 6
      to advance a length L/32; the buffer storage 19 is controlled by clock
      pulses of L/4, which clock pulses are supplied by a programmer 20 for
      advancing the thickness information in synchronism with the advance of the
      cloth piece.
PAR  In such a way distance L between detector 5 and shearing cylinder 8 is
      theoretically divided in four equal parts of length L/4 and from each of
      said parts adding and dividing unit 17 takes the arithmetic mean of eight
      thickness measurements. In fact, buffer storage 19 delivers output signals
      with a recurrence frequency of L/4, i.e. every time the cloth piece has
      shifted a length L/4, and the stored and delivered information is merely
      the arithmetic mean of the thickness measurements which unit 17 has added
      at every clock pulse of L/32 during this time interval; i.e., the first
      eight thickness measurements correspond to eight advances of a distance
      L/32 of the cloth piece, equalling a shift of L/4 of said cloth piece. In
      summary, adding and dividing unit 17 determines the digital, mean
      thickness values A, B, C and D (see FIG. 1) corresponding to each of the
      four cloth piece portions of a length L/4, into which the said distance L
      is divided.
PAR  The outlet of the buffer storage 19 is then connected to the inlet of a
      second gate 21 and to the parallel inlet 22 of the first main shift
      register 23 of a set of main shift registers equal in number to the parts
      into which said distance L is divided. The four main shift register 23,
      24, 25 and 26 are connected in series and controlled by clock pulses of
      L/4 supplied by the programmer 20. In this way the mean thickness
      information recorded into the first main shift register 23 passes into the
      following main shift register at time intervals of L/4, i.e. in
      synchronism with the advance of the cloth piece. Hence, it is certain that
      said information is presented to the inlet 27 of the adding unit 12 in
      phase with the cloth piece, i.e. precisely when the corresponding cloth
      piece portion is under the rotating shearing cylinder.
PAR  The parallel outlets of the fourth main shift register 26 and of the third
      main shift register 25 are then connected to terminals 28 and 29
      respectively of a microswitch 30 connected to the inlet of a second buffer
      storage 31; the outlet of said buffer storage is connected to the inlet 27
      of unit 12 through a digital-analouge converter 32. Microswitch 30 is
      operated by comb 9, through a mechanical coupling 33 or the like, in such
      a way as to commutate from terminal 28 to terminal 29 only when comb 9 is
      lowered fully to allow the passage of a seam, said lowering being
      effectuated by the pulse of trigger 15 through a delay unit 34. On the
      other hand said output pulse of trigger 15, which pulse is generated only
      when the inlet of the trigger receives a peak value of the analogue
      thickness signal corresponding to a seam, is also sent to the inlet of a
      set of three auxiliary shift registers 35, 36 and 37 respectively; these
      registers are controlled by clock pulses of L/4 supplied by programmer 20,
      so that said output pulse is also shifted along the set of auxiliary shift
      registers in synchronism with the advance of the cloth piece.
PAR  Finally, the parallel outlet 38 of the first shift register 35 of the set
      of auxiliary shift registers is connected to the inlet of the first gate
      18, while the outlet of the third auxiliary shift register 37 is connected
      to the inlet of the second gate 21. The outlet of gate 21 is connected to
      the parallel inlet 39 of the second shift register of the set of four main
      shift registers.
PAR  According to the invention, the operation of the electronic device in the
      presence of a seam is as follows:
PAR  When the first portion L/4 of the cloth piece, which precedes a seam 2 (see
      FIG. 1), passes between the feeling rollers 7 of the detector system 5,
      adding and dividing unit 17 takes the arithmetic mean of the first eight
      digital thickness measurements corresponding to advances of L/32 of the
      cloth piece, and stores the digital value A for the mean thickness of said
      cloth piece portion into buffer storage 19. As soon as said first piece
      portion has passed the detector system clock pulse L/4 transfers
      information A contained in buffer storage 19 to the first main shift
      register 23 (see specifically FIG. 3). Unit 17 then derives the digital
      value B for the mean thickness of the second cloth piece portion L/4
      containing the seam 2, but said value B is not stored into buffer storage
      19 since the analogue thickness signal due to seam 2 trips trigger 15; the
      output pulse of the trigger is recorded into the first auxiliary shift
      register 35 and closes gate 18. Therefore, when a new clock pulse L/4
      arrives, the output pulse of trigger 15 passes from auxiliary shift
      register 35 to the following auxiliary shift register 36; information A
      passes from main shift register 23 to the next main shift register 24 (see
      FIG. 3) and into the first main shift register 23 is transferred the value
      contained in buffer storage 19, namely the mean thickness value A again.
      In such a way the spurious information B is cancelled.
PAR  Successively, unit 17 derives the digital value C for the mean thickness of
      the third cloth piece portion L/4, and stores said value into buffer
      storage 19. When the relevant clock pulse L/4 arrives, the output pulse of
      trigger 15 passes from auxiliary shift register 36 to the following
      auxiliary shift register 37, information A contained in main shift
      registers 23 and 24 passes into the following main shift registers 24 and
      25 respectively (see FIG. 3) and said value C is transferred to main shift
      register 23. Finally, unit 17 derives and stores into buffer storage 19
      the digital value D for the mean thickness of the fourth cloth piece
      portion L/4, which value is transferred into the first main shift register
      23 at the relevant clock pulse L/4, while the items of information already
      contained in the main shift registers take a step forward. Consequently,
      into the fourth main shift register there will be stored the value A, into
      the third main shift register the value A again, into the second main
      shift register the value C and into the first main shift register the
      value D (see FIG. 3).
PAR  On the other hand, at the latter clock pulse L/4 the output of trigger 15
      comes out from auxiliary shift register 37 and opens gate 21. The
      information D stored in buffer storage 19 is therefore also transferred to
      the second main shift register 24 where it automatically cancels and
      replaces the previously contained information C.
PAR  In summary, at this point corresponding to the moment when the said first
      cloth piece portion L/4 is presented to the shearing cylinder 8, in the
      first main shift register 23 there is recorded the value D, in the second
      main shift register 24 the value D again, in the third main shift register
      25 the value A, and in the fourth main shift register 26 the value A again
      (see FIG. 3). The latter digital value A, on the other hand, is stored
      through microswitch 30 into buffer storage 31, converted to an analogue
      signal by converter 32 and sent to regulator 13 which adjusts the distance
      between shearing cylinder 8 and comb 9 so as to obtain proper shearing of
      said cloth piece portion.
PAR  At the next clock pulse L/4 corresponding to the moment when the second
      cloth piece portion L/4 containing seam 2 is presented before the shearing
      cylinder 8, the items of information contained in the main shift registers
      again take a step forward; therefore into fourth shift register 26 there
      is stored the value A, into the third shift register the value D and into
      the second shift register the value D again (see FIG. 3). Consequently, an
      analogue signal corresponding to digital value A is again sent to
      regulator 13. The distance between the shearing cylinder and the comb
      hence is not varied during the passage through the comb 9 of said second
      cloth piece portion until seam 2 arrives at the comb. At this moment delay
      unit 34 delivers a pulse which fully lowers comb 9 and consequently
      commutates microswitch 30. As a result of said commutation the value A
      contained in the fourth shift register 26 is no longer transferred to
      buffer storage 31; rather the value contained in the third shift register
      25, i.e. the value D (see FIG. 3), is transferred to said buffer storage
      so that, as soon as seam 2 passes beyond the comb 9, regulator 31 adjusts
      the height of the shearing slit according to said value D, which remains
      unvaried during the two following phases.
PAR  In summary, the electronic device of the present invention processes the
      information delivered by detector system 5 measuring the thickness in such
      a way as to send to inlet 27 of the adding unit 12 a fictitious thickness
      signal whose configuration is represented by curve 4 in FIG. 1, thus
      assuring, as aforementioned, a precise and uniform shearing of a cloth
      piece even near the seams.
PAR  It is evident that when no seam is present in the cloth piece, trigger 15
      is not excited by a peak value; consequently the logic part of the
      electronic device which is controlled by the output pulse of said trigger
      (i.e. the three auxiliary shift registers 35, 36 and 37, the two gates 18
      and 21, the delay unit 34 and the microswitch 30) remains inactive. The
      set of main shift registers then only the function to delay the mean
      thickness values delivered by adding and dividing unit 17 and stored into
      buffer storage 19, in such a way as to present said values to regulator 13
      in phase with the relevant cloth piece portions.
PAR  It is to be further recognized that all possible variations known by those
      skilled in the art may be utilized in exemplary embodiment above-described
      without departing from the scope of the present invention. Thus, for
      example, in order to obtain more precise thickness measurement, distance L
      may be divided into a greater number of parts; one need only remark that a
      corresponding number of shift registers should be utilized and that the
      logic units be controlled with clock pulses having a period of recurrence
      equal to the time required by the cloth piece to advance a length equal to
      each parts into which said distance L is divided, so that the information
      is always shifted into the shift registers in synchronism with the advance
      of the cloth piece.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for use in conjunction with a shearing apparatus for
      automatically and continuously adjusting the height of the sheared pile of
      cloth pieces, comprising:
PA1  detector means to measure continuously in analogue fashion the thickness of
      the cloth, said detector means being located at a certain distance L along
      the cloth before it reaches the shearing cylinder-comb unit;
PA1  analogue measuring means to measure the width of the adjustable shearing
      slit defined between said shearing cylinder and said comb; and
PA1  regulator means to adjust automatically the width of said shearing slit as
      a function of the analogue values delivered by said detector means and by
      said analogue measuring means, and as a function of the desired value for
      the height of the sheared pile;
PA1  said analogue values being delivered by said detector means to said
      regulator means through an electronic digital device comprising:
PA1  a plurality of main shift registers, said registers being controlled by
      clock pulses having a period of recurrence equal to the time interval
      required for the cloth to advance a length equal to the distance L divided
      by the number of main shift registers;
PA1  means for taking the arithmetic means of the digital thickness signals
      corresponding to each successive part of cloth of said length;
PA1  means for detecting the presence of a seam and for cancelling and replacing
      the spurious digital mean thickness signal corresponding to the part
      containing the seam with the digital mean thickness signal for the part
      immediately preceding the part containing the seam, and for cancelling and
      replacing the spurious mean thickness signal for the part immediately
      following the part containing the seam with the signal for the part next
      following said part;
PA1  and means for cancelling and replacing, as soon as the seam passes the
      shearing cylinder-comb unit, the new digital mean thickness signal for the
      part containing the seam with the digital signal for the part immediately
      following said part following the part containing the seam.
NUM  2.
PAR  2. A device according to claim 1, wherein said means for taking the
      arithmetic mean of the digital thickness signals corresponding to each
      successive part of cloth of said length comprises:
PA1  analogue-digital converter means for converting the analogue, continuous
      thickness signal delivered by said detector means into a digital signal;
PA1  adding and dividing means into which said digital signal is delivered; and
PA1  buffer storage means into which the output of said adding and dividing
      means is delivered through a first gate, the output of said buffer storage
      means being connected to the inlet of the first shift register of said
      plurality of main shift registers, said buffer storage means being
      controlled by clock pulses having a period of recurrence equal to that of
      the clock pulses controlling the main shift registers, and said adding and
      dividing means being controlled by clock pulses with a period of
      recurrence equal to some whole fraction of said period of recurrence for
      the pulses controlling the main shift registers.
NUM  3.
PAR  3. A device according to claim 2, wherein the number of main shift
      registers is four, said shift registers being controlled by clock pulses
      having a period of recurrence equal to the time interval required for the
      cloth to advance a length L/4, and said adding and dividing unit being
      controlled by clock pulses having a period of recurrence equal to
      one-eighth of said period of recurrence of the pulses controlling said
      main shift registers.
NUM  4.
PAR  4. A device according to claim 2, wherein said means for detecting the
      presence of a seam and for cancelling and replacing the associated
      spurious digital mean thickness signals, comprises:
PA1  trigger means excited by the peak value of the analogue thickness signal
      corresponding to a seam and delivered by said detector means, the outlet
      of said trigger means being connected to a set of three auxiliary shift
      registers, said auxiliary shift registers being controlled by clock pulses
      having a period of recurrence equal to the time interval required for the
      cloth to travel a length equal to the distance L divided by the number of
      maian shift registers, a parallel output of the first auxiliary shift
      register being connected to the inlet of said first gate, and the outlet
      of the set of auxiliary shift registers being connected, together with the
      outlet of said buffer storage means, to the inlet of a second gate whose
      outlet is connected to the parallel inlet of the second main shift
      register of said plurality of main shift registers.
NUM  5.
PAR  5. A device according to claim 4 wherein said system for cancelling and
      replacing, as soon as the seam passes the shearing cylinder-comb unit, the
      new digital mean thickness signal corresponding to the part containing the
      seam, comprises switching means commutating the inlet of a second buffer
      storage means from the outlet of the last main shift register to the
      parallel outlet of the penultimate main shift register of said plurality
      of main shift registers;
PA1  said second buffer storage means being connected to said regulator means
      through digital-analogue converter means, and
PA1  said commutation occurring when the shearing comb is fully lowered to allow
      the passage of the seam, said lowering being effected by the output pulse
      of said trigger means through delay means.
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ABST
PAL  Method and apparatus for numerical control to produce contouring by
      simultaneous coordinated motions along two or more axes, characterized by
      the creation of desired velocity signals supplied as the primary inputs to
      velocity servos coupled to drive a member relatively along the respective
      axes. Although capable of practice by and susceptible of embodiment in
      other apparatus, a digital computer is physically organized and
      conditioned by a master program, and associated with an adjustable
      interrupt clock which measures off successive time periods .DELTA.T, so as
      to supply a changeable velocity command number signal to each servo
      proportional to the distance per .DELTA.T through which motion along the
      associated axis is to occur. This velocity command number is algebraically
      added to a theoretical position number to signal dynamically during each
      period .DELTA.T the axis position at which the member should reside; and
      the latter number is used with a dynamically signaled actual position
      number to re-compute and signal during each period the position error. The
      position errors are used as a trimming or adjusting term in the signals
      applied to the respective axis servos.
PAL  When the signaled error exceeds a first threshold on any axis, the periods
      .DELTA.T are lengthened to reduce all axis velocities; when it exceeds a
      second threshold, the system is put into a holding mode. On the other
      hand, as the error is reduced below the second threshold, the system
      returns to the running mode and as the error is reduced below the first
      threshold the periods .DELTA.T are reduced to increase all axis velocities
      back to programmed values. The input signal applied to each axis servo
      includes a further historical adjustment term incrementally changed during
      any period when the error exceeds a predetermined value --all to the
      objective of making the axis servos (a) operate with substantially zero
      following error, (b) correct themselves if the position error becomes at
      all appreciable, or (c) stop if that error becomes intolerable.
PAL  Because of the accuracy of velocity control, the system terminates any path
      segment for one block of command data when the number of elapsed periods
      .DELTA.T equals a precomputed number of time periods .DELTA.T required for
      the controlled member to travel the segment length at the commanded
      velocity expressed in distance per period. No comparison of command end
      point coordinates with actual end point coordinates is required. Automatic
      acceleration and deceleration is performed by starting the execution of a
      block of command data at the commanded velocity, and beginning an
      incrementing of the velocity command number during each period .DELTA.T
      after the number of elapsed periods becomes equal to the total of the
      periods for the entire block less the quantity required for the velocity
      to change from one block velocity to the next at the chosen incrementing
      or acceleration value.
PARN
PAR  This application is a continuation-in-part of my copending U.S. application
      Ser. No. 394,242 filed Sept. 4, 1973 (and which is to be expressly
      abandoned).
BSUM
PAR  The present invention relates in general to methods and apparatus for
      numerical control of machine tools and the like. More particularly, the
      invention relates to improvements in contouring numerical control where
      the simultaneous relative movements of a member along plural axes are
      coordinated to produce successive segments of path motion at desired
      velocities in accordance with successive blocks of numerical command data.
      Although not necessarily limited thereto in all of its aspects, the
      invention in its preferred form is of the iterating type which repeats
      certain functions once during each of successive short iteration periods
      .DELTA.T measured off in actual time.
PAR  It is the general aim of the invention to bring forth improved numerical
      control methods and apparatus characterized by greatly enhanced dynamic
      accuracy and substantially zero following-error in the axis servos.
PAR  More particularly, it is a cardinal object of the invention to obtain
      greater dynamic position accuracy in numerical contouring control by a
      series of steps iteratively repeated during each of successive short
      periods measured off in actual time, with an axis velocity command being
      added to a signaled theoretical position during each period to designate a
      changing theoretical position, and by automatically lengthening the
      periods .DELTA.T when a lagging error greater than a predetermined
      threshold for any reason exists. Because the energizing speed signal
      supplied to the axis servos remains the same or actually increases while
      the rate of change of position decreases, the error is rapidly restored to
      below said threshold.
PAR  A complementing object is to automatically decrease the durataions of the
      periods .DELTA.T when the lagging error is corrected to below the said
      threshold, thereby to increase the axis velocities up to those
      corresponding to the path velocity designated by the command data block
      being executed.
PAR  It is another object to achieve the foregoing by creating a primary
      velocity signal representing the required axis velocity in distance per
      .DELTA.TN, where .DELTA.TN is the normal duration of said time periods, to
      add to that signal a trimming term proportional to the then-existing
      position error, and to energize a velocity servo according to the sum of
      the two-- so that when the periods .DELTA.T are lengthened the rate of
      advance of the dynamically changing theoretical position is reduced, and
      any lagging position error is reduced.
PAR  Still another object is to achieve substantially zero instantaneous
      following error in the servos of a numerical control contouring system by
      applying as an energizing input to a velocity servo for each axis a signal
      proportional to DAC, where DAC is the sum of a velocity number PRC
      corresponding to the required axis velocity, a trim term G.sub.1 E
      proportional to the then-existing following error, and a historical
      adjustment term BIAS-- with the latter being incrementally increased or
      decreased a predetermined small amount during any period .DELTA.T when the
      following error is greater than a predetermined value, -- as a result of
      which the servo ultimately receives the necessary input signal to keep the
      following error zero even though said trim term becomes zero.
PAR  A further object is to provide such a method and apparatus wherein the
      movable member may purposely, or automatically due to an abnormal
      condition, be placed in a holding status, by, in effect, setting the
      velocity term of servo input signals to zero and holding the signaled
      theoretical position unchanged, whereupon the position error term brings
      the movable member to position to make the position error zero.
PAR  Yet another object is to provide numerical control methods and apparatus
      characterized by such accurate dynamic position control resulting from
      precise velocity control that no special comparison of block end point
      coordinates with actual position coordinates is required to determine when
      the execution of one path segment should be terminated and the next begun;
      on the contrary, a block segment is known and determined to be fully
      executed simply by detecting when the number of actually elapsed iteration
      periods equals a required number established from the block command data.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description, take in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a diagrammatic and fragmentary elevation of an exemplary machine
      tool to be controlled according to the method and by the apparatus of the
      present invention;
PAR  FIGS. 2a and 2b when joined constitute a diagrammatic illustration of the
      machine tool and an exemplary apparatus physically embodying the invention
      and operating to carry out the methods of the invention;
PAR  FIG. 3 is a simple vector diagram showing two successive path segments, and
      their X and Y axis components, through which a controlled member is to be
      physically moved according to two successive typical blocks of numerical
      command data;
PAR  FIG. 4 is a diagram showing the corresponding velocity vectors for the two
      segments represented in FIG. 3;
PAR  FIGS. 5a through 5e, when joined bottom-to-top in series, form a flow chart
      to designate fully to one skilled in the art the physical setup of gates
      and sequencers in the program unit of a digital computer shown in FIG. 2b,
      and the method steps carried out in executing a servo control routine
      after the computer has been so physically conditioned;
PAR  FIG. 6 is a graph illustrating position error thresholds which change as
      exemplary monotonic functions of the velocity at which the movable member
      is to travel along one axis, and showing the classification of the
      position error into ranges designated for convenient referance as white,
      grey, black and red;
PAR  FIG. 7 corresponds to FIG. 6 and shows the white, grey, black and red
      position error ranges when the X axis is being called upon to have motion
      at a given velocity;
PAR  FIG. 8 is a graphic illustration of the successive velocities along an axis
      as designated by typical successive blocks of command data, together with
      an illustration as to both (a) the quantities precalculated according to
      FIGS. 9a and 9b and (b) the velocities as they are physically produced for
      the controlled member;
PAR  FIGS. 9a and 9b when joined form a flow chart similar to FIGS. 5a-e but
      designating the physical conditioning and the operational sequences of the
      digital computer in processing block command data to produce certain
      number-representing signals in advance of the actual movement of the
      controlled member according to a given command data block; and
PAR  FIG. 10a, 10b, 10c, 10d when joined along the indicated junction lines form
      a diagrammatic illustration of a second, exemplary embodiment by which the
      apparatus and the methods of the present invention may be put into
      practice, such second embodiment being a system which is the analog
      counterpart of the digital system shown and explained in FIGS. 1 through
      8, and such analog counterpart being routinely arrived at by any person
      skilled in the art from the description of FIGS. 1 through 8.
DETD
PAR  While the invention has been shown and will be described in considerable
      detail with reference to exemplary apparatus and specific procedural
      methods, there is no intention thus to limit it to such detail. On the
      contrary, it is intended here to cover all alternatives, equivalents and
      modifications which fall within the spirit and scope of the invention as
      defined by the appended claims.
PAC  DETAILED DESCRIPTION
PAL  I. an Exemplary Machine Tool
PAR  To illustrate a typical and simplified environment in which the present
      invention may be used, FIGS. 1 and 2a show a machine tool, here a milling
      machine 10, in diagrammatic and fragmentary form. For conciseness and
      simplification, the machine 10 is shown with only two axes of freedom X
      and Y along which a member, here a workpiece 11, is movable relative to a
      milling cutter 12 carried by a rotating spindle 14 extending from a
      headstock 15. A saddle 16 is slidably supported upon ways 18 formed on the
      machine base 19 and may be driven at controlled velocities to various
      positions, along what is here designated as the X axis, by a reversible
      motor XM forming a part of a velocity servo system 21. The motor is
      drivingly coupled to a lead screw 22 engaged with cooperating nuts 24
      fixed in the saddle, and a tachometer 25 is simultaneously driven by the
      motor to provide a speed feedback signal in a closed loop to a summing
      amplifier 26 forming a part of the servo system. The servo system acts to
      drive the saddle in a direction (+X or -X) corresponding to the polarity
      of, and at a speed (V.sub.x) substantially proportional to the magnitude
      of an input signal, e.g., a speed-designating dc. voltage E.sub.x applied
      to the main input terminal 28.
PAR  A similar arrangement associated with a work table 29 makes possible the
      simultaneous movement at controlled velocities to desired positions along
      a Y axis lying orthogonally in relation to the X axis. As here shown in
      FIGS. 1 and 2a, the work table 29 is slidably supported upon ways 30
      formed on the upper surface of the saddle 16 and is drivable in positive
      or negative directions along the Y axis by a reversible motor YM forming a
      part of a velocity servo system 31. That motor is drivingly coupled to a
      lead screw 32 engaged with nuts 34 fixed in the table. A tachometer 35
      driven by the motor by the motor in synchronism with the lead screw
      provides a speed feedback signal in a closed loop to a summing amplifier
      36 which forms a part of the Y axis velocity servo system. When the servo
      system is excited or energized by a speed signal applied to its main input
      terminal 38, for example, a dc. voltage E.sub.y of controllable polarity
      and magnitude, the motor YM drives the table 29 in a direction
      corresponding to the input signal polarity and at a velocity proportional
      to the magnitude of the input signal.
PAR  Since the workpiece 11 is supported upon the table 29, that workpiece is a
      member which can be moved along either of the axes X or Y, or
      simultaneously along both, at controlled velocities and at any desired
      angle or vector direction in the X, Y plane. By so moving the workpiece 11
      relative to the rotating milling cutter 12 through successive path
      segments of designated lengths lying at designated angles, any desired
      shape or contour may be machined (in this instance, in a horizontal plane)
      on the workpiece 11. It will be understood by those skilled in the art,
      however, that relative motion of the workpiece 11 and the cutter 12 is all
      that is required, and in many instances the work-supporting table 29 may
      be arranged for movement along one axis while the headstock and its cutter
      12 are arranged for movement along another axis. Moreover, while only two
      axes of controlled motions are here illustrated for purposes of
      explanation, it will be understood that a greater of number of axes may be
      simultaneously controlled by routine duplication and extension of the
      method and apparatus to be described below.
PAR  In order to create digital electrical signals numerically representing the
      dynamically changeable actual position of the member 11 along the X axis,
      any suitable transducer may be employed. As here shown, a pulse generator
      XPG is driven by the lead screw 22 and supplies its output signals to a
      reversible multi-stage counter 40. The pulse generator is of a type well
      known in the art and produces one pulse for each predetermined unit of
      distance (e.g., 0.0001 inch) through which the saddle 16 is moved. When
      motion is in a positive or negative direction along the X axis, such
      pulses are routed respectively to the U or D input terminals of the
      counter 40 to make the latter count upwardly or downwardly. By
      initializing the counter to zero when the workpiece 11 is at the origin of
      the X, Y axes, the number held by the counter 40 and signaled on its
      plural output lines in a selected notation (e.g., binary or binary coded
      decimal) always "keeps track" of and represents the actual X position of
      the workpiece 11. That changeable, electrically-signaled number which
      dynamically represents the actual X position is here designated XIN.
PAR  In an identical arrangement, a pulse generator YPG driven by the lead screw
      32 supplies its signals to a reversible counter 41 which thus produces on
      its plural output terminals electrical signals digitally and numerically
      representing the dynamically changeable, instantaneous actual position of
      the table 29 and the workpiece 11 relative to the origin of the Y axis.
      The actual-position number represented on the output terminals of the
      counter 41 is here designated YIN.
PAL  Ii. the Exemplary Control Apparatus And Method
PAR  In accordance with the present invention, there is associated with the
      machine tool a contouring controller physically contained in a console 44
      shown roughly by FIG. 1, with the controller being illustrated in greater
      detail and in diagrammatic block fashion by FIG. 2b. The controller
      includes a tape reader 45 for producing successive sets of digital
      electric signals corresponding to the successive sets or blocks of command
      data represented on a record medium, e.g., a punched tape 46 or the like.
      Such tape reader, punched tape and the arrangement of data blocks thereon
      are well known to those skilled in the art and it would be superfluous to
      describe their details here. It will suffice to note simply that there is
      one data block for each segment making up a total path to be traveled by
      the workpiece 11 relative to the cutter 12, those blocks appearing
      successively or in sequence lengthwise of the punched tape, and each block
      numerically designating in one fashion or another the end point
      coordinates at X.sub.c, Y.sub.c of the segment (or the X and Y axis
      departures for the segment) and the desired velocity or path feed rate at
      which motion along that segment is to be produced. The data for the
      successive command blocks may be prepared by a technician known as the
      part programmer, directly or with the aid of a general purpose computer
      which is set up to handle, for example, APT or SPLIT language. The punched
      indicia on the tape may be in the well known EIA format or any other which
      may be chosen. The successive blocks of data on the punched tape will here
      often be referred to as the "program" because they are prepared by a
      programming technician who decides upon the particular path segments and
      feed rates which are to be used in order to machine the workpiece to a
      desired shape.
PAR  For later reference, it will be appropriate to note here that the console
      44 may include various instrumentalities or switches for use by the
      machine operator, such as manual data input keys or switches, jog controls
      and the like (not shown). Only a few such instrumentalities are
      illustrated in FIG. 1. The first is a machine "hold" push-button switch 48
      which, when pressed and held down, couples a positive voltage source to an
      output line in order to create a binary "1" level for a "machine hold"
      signal MH. This switch may be held down to place the machine in a holding
      condition, as hereinafter described; but the switch 48 is merely
      representative of other switches which may be connected in parallel to
      make the MH signal have a binary 1 value when some abnormal condition
      arises. For example, parallel sensing switches may be added to make the MH
      signal a 1 when lube pressure in the headstock, or when cutter coolant
      flow, falls below a predetermined safe level.
PAR  Secondly, a two pole, single throw stop-run toggle switch is shown in FIG.
      1, its normally open contacts 49a and its normally closed contacts 49b
      leading from a positive voltage source to produce binary 1 values for
      single bit signals here designated STOP and RUN on respective output
      conductors when that switch is set in its actuated or deactuated
      positions. This stop-run switch and its contacts 49a, 49b will be thrown
      by the operator to the stop position whenever he perceives any emergency
      condition requiring immediate shutdown of the machine.
PAR  Lastly, FIG. 1 diagrammatically illustrates means for creating digital
      electrical signals numerically representing an adjustable feed rate
      override number FRO. As will be made clear below, the machine operator may
      manually adjust the number FRO to cause the programmed path velocity or
      feed rate called for by command data from the punched tape 46 to be
      increased or decreased by a selected percentage. A hand knob 50 (FIG. 1)
      rotationally adjustable by the machine operator and associated with an
      indicia scale is physically connected to change the position of the wiper
      51a associated with a potentiomter 51 so that a dc. voltage proportional
      to the selected feed rate override percentage appears on that wiper. The
      latter dc. voltage is supplied as the input to an analog-to-digital
      converter 52 having multiple output lines which therefore receive binary
      voltages representing (in binary or BCD format) a number FRO which is
      adjustable and selected by the machine operator. Typically, by turning the
      knob 50 to different positions the operator may set the signaled number
      FRO to have any value between 0.00 and 1.25, thereby designating that the
      feed rate to be produced at the machine tool is to be any selected
      percentage from 0 percent of 125  percent of the value called for by the
      command data program represented on the punched tape.
PAR  In the preferred embodiment of the invention, the control apparatus
      includes a digital computer contained within the console 44 and
      diagrammatically shown in FIG. 2b. That computer may take any one of
      several different specific forms known to those skilled in the art and
      available in the United States market, a suitable example being the Model
      PDP-8 offered for sale by Digital Electronics Corporation. The computer is
      physically changed or conditioned by setting up gates and sequencers,
      through reading-in or insertion of a master program to be described, so
      that it iteratively performs specific operational steps. To avoid
      overburdening and making the present disclosure lack the conciseness
      required by statute, the extremely voluminous specific circuits of the
      computer, and the gates and sequencers therein, are not here illustrated
      or described; but these details will be fully understood by those skilled
      in the art from the master program and the operational steps set out
      below.
PAR  Before describing the digital computer and its physical conditioning by a
      master program, one special portion of the present method and apparatus
      will be treated. In keeping with an important aspect of the invention,
      successive periods .DELTA.T are measured off in actual time, with such
      periods normally having durations .DELTA.TN but being adjustable in
      length. As here illustrated, each time period is marked off by the
      appearance of an interrupt pulse on the output line 55a of a zero decoder
      55 which receives output signals from a down counter 56. The latter
      continuously receives pulses at a predetermined frequency (e.g., 100 Khz.)
      from a continuously running oscillator 58. The counter is preset
      periodically (and very shortly after each interrupt pulse appears) with a
      number CLBFR represented by digital electrical signals routed through
      presetting gates 59. If it is assumed merely for example that the number
      CLBFR normally has a value of 200, then immediately after being preset the
      counter contains and signals that the number reduced by one after each of
      the oscillator pulses is received. Assuming by way of example that the
      oscillator frequency is 100 Khz., the counter will reach and hold zero in
      200/100,000 = 0.002 seconds, whereupon the zero decoder 55 produces one of
      the interrupt pulses on its output line 55a. If the number CLBFR is again
      preset into the counter a very short time (e.g., 200 microseconds) after
      that interrupt pulse appears (as described below), the next interrupt
      pulse will occur 0.002 seconds later. Although the "normal" value of CLBFR
      and the frequency of the oscillator 58 may be given different values by
      design choice to make the normal duration .DELTA.TN between successive
      interrupt pulses have some different design value, it will be assumed by
      way of example in the following description that the periods .DELTA.T have
      a normal duration .DELTA.TN equal to 0.002 or two milliseconds. Moreover,
      it will be appreciated that if the presetting number CLBFR is increased or
      decreased, the period .DELTA.T between the successive interrupt pulses
      will be lengthened or shortened. In the above example, if and after the
      number CLBFR is changed to 400, then the successive periods .DELTA.T will
      be 0.004 seconds.
PAL  Iii. the Nature of Successive Path Segments Defined By Successive Command
      Blocks
PAR  Referring next to FIGS. 3 and 4, two typical segments of a complete program
      path are there represented by vectors, the segments D.sub.n.sub.+1 and
      D.sub.n.sub.+2 corresponding to successive data blocks on the punched tape
      46. In the nomenclature adopted for convenience in the present
      description, three successive blocks of data on the punched tape are
      designated B.sub.n, B.sub.n.sub.+1, B.sub.n.sub.+2. It is assumed that the
      controlled member (workpiece 11) is currently being moved according to
      command data of the block B.sub.n, whereas the block B.sub.n.sub.+1 is
      next to be used and the block B.sub.n.sub.+2 is third in succession. When
      the execution of block B.sub.n is complete, data derived from the block
      B.sub.n.sub.+1 is transferred and then treated as that for the new block
      B.sub.n, the data for block B.sub.n.sub.+2 is transferred and treated as
      being for block B.sub.n.sub.+1, and the succeeding block on the punched
      tape becomes designated as the new block B.sub.n.sub.+2. In FIGS. 3 and 4,
      it is assumed that the controlled member is currently being moved toward
      the end point P.sub.n having coordinates X.sub.n, Y.sub.n along a path
      segment P.sub.n (not shown).
PAR  As shown in FIGS. 3 and 4, the path segment for block B.sub.n.sub.+1 is a
      distance vector D.sub.n.sub.+1 lying at some desired angle .theta. in the
      X, Y plane, and it is to be traveled by the controlled member at a
      velocity V.sub.n.sub.+1 which is the vector sum of the axis component
      velocities V.sub.x and V.sub.y. In essence, the command data for block
      B.sub.n.sub.+1 (like that for other blocks) numerically designates the
      length of the axis components DX.sub.n.sub.+1 and Dy.sub.n.sub.+1 whose
      vector sum is the path segment length D.sub.n.sub.+1 lying at an angle
      .theta. which is tan.sup..sup.+1 DY/DX. Thus, the angle of the path
      segment is specified by DX and DY. The actual data numbers in the block
      B.sub.n.sub.+1 on the punched tape may directly represent the values of
      the component distances DX and DY; or alteratively they may represent the
      ending coordinates X.sub.n.sub.+1, Y.sub.n.sub.+1 for the block segment,
      in which case DX and DY are indirectly designated, since
EQU  DX.sub.n.sub.+1 = X.sub.n.sub.+1 - X.sub.n                 (1)
EQU  DY.sub.n.sub.+1 = Y.sub.n.sub.+1 - Y.sub.n                 (2)
PAL  Each block of data on the tape directly or indirectly designates
      numerically the path velocity or feed rate selected by the programming
      technician, although the arrangement may be such that a block of data not
      containing a designated velocity merely signifies that the last-specified
      velocity is to be employed. Again using block B.sub.n.sub.+1 as an
      example, if the command data velocity number is in dimensions of inches
      per minute, then the path velocity vector magnitude V.sub.n.sub.+1 may
      readily be converted into a "feed rate number" FRN.sub.n.sub.+1, such
      that:
      ##EQU1##
      Given V and D for any block, the time required to move along a block path
      segment, as programmed is:
      ##EQU2##
      This will be apparent from FIGS. 3 and 4 where the path distance
      D.sub.n.sub.+1 is to be traveled at a velocity V.sub.n.sub.+1 in a total
      time interval T.sub.p. From this, one may find the axis velocities V.sub.x
      and V.sub.y which are the vector components of the path velocity V,
      because:
      ##EQU3##
PAR  In summary, each block of numerical command data on the punched tape 46
      directly or indirectly designates both the axis distance components DX and
      DY, the path segment length D, the path velocity V and the axis component
      velocities V.sub.x and V.sub.y. Such designation will here be assumed as
      accomplished by each block of the punched tape 46 containing three
      numbers, that is, the ending coordinates X.sub.n.sub.+1 and Y.sub.n.sub.+1
      for a path segment designed in a block B.sub.n.sub.+1, together with a
      feed rate number FRN.sub.n.sub.+1 for the feed rate or path velocity
      selected by the programming technician.
PAR  It is important that the controlled member have precisely the velocities
      V.sub.x and V.sub.y along the X and Y axes, since otherwise there will be
      errors or departures from the segment vector D, and this will result in
      work inaccuracies or even workpiece spoilage.
PAR  When the end point P.sub.n.sub.+1 for the block B.sub.n.sub.+1 (FIG. 3) is
      reached by the member 11, the axis velocities V.sub.x and V.sub.y must
      change, either because a different path velocity or feed rate number is
      applicable for the next block B.sub.n.sub.+2 or because the path segment
      D.sub.n.sub.+2 lies at a different angle. Thus, as illustrated by way of
      example in FIG. 4, the X axis velocity V.sub.x forming a component of the
      path velocity V.sub.n.sub.+2 is greater than that for the preceding block,
      whereas by contrast the Y axis velocity component V.sub.y for the path
      velocity V.sub.n.sub.+2 is greatly less than that for the preceding block.
      Thus, there can and will be abrupt and large step changes in the axis
      velocities V.sub.x and V.sub.y at the transitions between successive
      segments if attempts are made to execute successive blocks of command data
      exactly as they are set down by the programming technician.
PAL  Iv. the Digital Computer Organization
PAR  Referring again to FIGS. 2a and 2b, the principal components or portions of
      the digital computer will be seen to include a central processing unit 60
      (familiar to those skilled in the art and commonly called CPU) which, in
      general terms, contains a multi-digit algebraic adder-subtractor capable
      also by repeated additions or subtractions or multiplying and dividing.
      Input numbers represented by multi-bits, each of which can have a 1 or a 0
      value, are fed to the CPU via a multi-conductor input trunk I through an
      address selector 61 controlled by a program unit 62 to determine the
      storage locations from which the input numbers are called. Instructions as
      to the nature of the arithmetic or other operation to be performed in the
      CPU are fed to the latter from the program unit 60 to designate that a
      received number is to be added or subtracted to the number existing in the
      accumulator, or the received number is to be multiplied or divided by the
      number existing in the accumulator which forms a part of the CPU. The
      result from any arithmetic operation or manipulation performed by the CPU
      appears in the accumulator and is signaled on a multi-conductor output
      trunk as the "answer" ANS. These operations are timed by a clock 64
      working through the program unit 62 such that, for example, one arithmetic
      operation is carried out in 2 microseconds or less and a given computation
      sequence, such as the multiplication of two numbers, is completed within
      some multiple of that clock rate. When the answer ANS has been formed and
      signaled, the program unit then controls an address router 65 to send the
      signals representing the answer over an output trunk O to some designated
      storage location, or alternatively the answer is used directly to the
      program unit to determine the next control instruction sent to the address
      selector and the CPU.
PAR  A major portion of the computer is formed by addressable storage devices
      which receive and hold in readiness for recall changeable numbers
      represented in binary or BCD digital form, each number being designated by
      an address word which signifies the particular storage register or
      register portion in which that number is held. For convenience, the
      several number storage registers or word locations are here classified
      into groups designated as buffer storage 68, intermediate storage 69, and
      current storage 70. The buffer storage section contains numbers signaled
      by the tape reader and transferred through the CPU via the output trunk O
      to the appropriate registers therein. Generally speaking, the buffer
      storage section receives and holds command data numbers comprising the
      segment end point coordinates and the feed rate numbers for blocks
      designated as B.sub.n.sub.+2 and B.sub.n.sub.+3. The intermediate storage
      section 69, on the other hand, contains registers holding numbers which
      are directly or indirectly related to the command data blocks
      B.sub.n.sub.+2 and B.sub.n.sub.+1, each register being addressable under
      the control of the program unit to receive number-representing digital
      signals from, or to send them to, the CPU via the output trunk O or the
      input trunk I. Finally, the current storage section 70 also contains
      several word-addressable registers which hold changeable numbers
      pertaining to the data block B.sub.n which is being currently employed to
      directly control the instantaneous velocities and positions of the member
      11 along the X and Y axes. These registers also may send signals to or
      receive signals from the CPU via the trunk I and the address selector 61
      or via the address router 65 and the output trunk O, all under the control
      of the program unit 62.
PAR  Each of the number-storing registers (or register portions) shown in FIG.
      2b as a rectangle is designated by its word address, and for purposes of
      discussion the changeable value numbers may here be called by those letter
      addresses so adopted. When one speaks of the number PRXC, for example,
      reference is made to the digital, multi-bit, bi-valued electrical signals
      which appear on the multi-conductor trunk I when the register labeled PRXC
      is interrogated by the address selector 61 controlled by the program unit
      62. For ease of distinguishment, those numbers which represent preselected
      constants, but which do not change during actual contouring operations of
      the system are contained in registers shown in FIG. 2b as rectangles
      having diagonal lines at their corners. Each of these constants is readily
      changeable or adjustable by entry of the new value desired into the
      indicated storage location via the conventional keyboard terminal (not
      shown) associated with the computer. These constants may be changed, for
      example, when the control apparatus is disassociated from one machine tool
      having certain characteristics of inertia and the like and then
      reconnected with a different machine tool having differing
      characteristics.
PAR  Finally, some of the "numbers" held in addressable storage locations are
      merely one bit signals capable of representing a binary 1 or a 0
      symbolizing "on" or "off". In some instances these signals may be
      transmitted over the input or output trunks I or O via the single bit
      conductor which normally represents the sign of a multi-digit number, but
      for ease of discussion in the present instance it shall be considered
      simply that these one bit-numbers, when having binary values of 1 or 0,
      represent a single digit decimal number having a value of one or zero. The
      storage locations for these one bit indicator numbers are shown by smaller
      squares in FIG. 2b and their functions will become apparent as the present
      description proceeds.
PAR  Before describing the sequential steps of operations performed and thus
      detailing more explicitly for those skilled in the art the apparatus here
      shown as an exemplary embodiment, it will be helpful to list and generally
      define in the following Table I the various word addresses and the nature
      of the corresponding numbers stored at each location. The letters employed
      in the work addresses and to designate storage registers or locations are
      very rough acronyms which will quickly find response in the mind of the
      reader, and these letters may of course be differently and arbitrarily
      chosen in actual commercial practice.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     WORD SYMBOLS FOR DIGITALLY REPRESENTED                                    
     NUMBERS AND THEIR STORAGE LOCATIONS                                       
     __________________________________________________________________________
     A.  In the Current Storage Section                                        
     PRXC --  The X velocity number representing distance units                
              (in .0001") per period .DELTA.TN.                                
     PRYC --  Same as PRXC, but for Y axis                                     
     LOOPC -- The number of iterations .DELTA.T (sometimes called "loops")     
              required to execute the motions called for by block B.sub.n.     
     LOOPB -- The number of iterations .DELTA.T to elapse at the programmed    
              velocity for block B.sub.n before acceleration or velocity       
              changing begins toward the programmed velocity for               
              block B.sub.n.sub.+1.                                            
     XINC --  The amount by which the X velocity number PRXC should            
              be changed during each period .DELTA.T to produce desired        
              acceleration near the end of block B.sub.n.                      
     YINC --  Ditto, except for Y axis.                                        
     DC --    A one-bit signal which when "1" designates that acceleration/    
              deceleration action is required at the terminal portion          
              of the segment for block B.sub.n.                                
     CLBFR -- A "clock buffer" number which is periodically preset into        
              down counter 56 to establish the duration of the successive      
              periods .DELTA.T.                                                
     CLMOD -- A modifying number which can increase the number CLBFR           
              above its normal value of 200.                                   
     CLINC -- A predetermined constant used to incrementally increase          
              or decrease CLMOD.                                               
     CLMAX -- A predetermined constant representing the maximum value          
              which CLMOD can reach, to impose an upper limit on               
              CLBFR. Typically, this constant may be 3800.                     
     PER --   A number designating a feed rate override percentage,            
              normally equal to FRO which depends on setting of dial 50.       
     NLOOP -- A number which dynamically represents the quantity of            
              periods .DELTA.T elapsed during the actual execution of block    
              B.sub.n.                                                         
     LERRX -- A number representing a first predetermined or threshold         
              value of the X axis position error.                              
     HERRX -- A number like LERRX but representing a second and higher         
              threshold value.                                                 
     LERRY -- Like LERRX, except for Y axis.                                   
     HERRY -- Like HERRX, except for Y axis.                                   
     XTRIM -- The active gain factor applied as a multiplier to the X          
              error number to create a trim adjustment in the X servo          
              input signal.                                                    
     YTRIM -- Ditto, except for Y axis.                                        
     XKBIAS --                                                                 
              A number by which the historical number XBIAS is                 
              incremented during each period .DELTA.T under certain            
              conditions                                                       
              to modify the X servo input signal.                              
     YKBIAS --                                                                 
              Ditto, except for Y axis.                                        
     XTRMH -- A constant to be used as the value of XTRIM when the X axis      
              is holding or has zero velocity.                                 
     YTRMH -- Ditto, except for Y axis.                                        
     XTRMR -- Like XTRMH except used when the X axis is running at a           
              finite velocity.                                                 
     YTRMR -- Ditto, except for Y axis.                                        
     XT --    The theoretical X axis position determined during one            
              iteration period and applicable during the next.                 
     YT --    Ditto, except for Y axis.                                        
     XTC --   The theoretical X axis position determined during the            
              previous .DELTA.T and applicable during the current .DELTA.T.    
     YTC --   Ditto, except for Y axis.                                        
     XERR --  The instantaneous position error existing on the X axis.         
     YERR --  Ditto, except for Y axis.                                        
     BEKNT -- A number representing a black error count, used to create        
              a delay in the response to any axis exceeding the second         
              error threshold.                                                 
     BEDLAY --                                                                 
              A constant used to preset BEKNT and establish the duration       
              of the delay.                                                    
     REDKNT --                                                                 
              A number representing a red error count, used to create          
              a delay in the response to any axis exceeding a third error      
              threshold.                                                       
     REDLAY --                                                                 
              A constant to preset REDLAY and establish the duration           
              of the delay.                                                    
     EMKNT -- A number representing an emergency count, used to create         
              a delay in the response to an emergency stop condition.          
     XKBH --  A constant used for the value of the bias incrementing number.   
              when the X axis is holding with zero velocity.                   
     YKBH --  Ditto, except for Y axis.                                        
     XKBR --  A constant used for the value of the bias incrementing number.   
              XKBIAS when the X axis is running.                               
     YKBR --  Ditto, except for Y axis.                                        
     XGAIN -- A gain factor used in producing the X axis servo input signal.   
     YGAIN -- Ditto, except for Y axis.                                        
     HOLD --  A one-bit indicator designating that all axis velocities         
              should be brought to zero.                                       
     OHOLD -- A one-bit indicator designating that HOLD was on during the      
              previous iteration period .DELTA.T.                              
     HALT --  A one-bit indicator designating that red error stop is           
              required.                                                        
     LDT --   A one-bit indicator calling for lengthening of .DELTA.T          
              periods.                                                         
     EMHOLD --                                                                 
              A one-bit indicator designating that an emergency stop is        
              required.                                                        
     FRO --   A number from the machine console representing the               
              operator-selected feed rate override.                            
     MH --    A one-bit indicator signal from the console indicating a hold    
              is called for from the machine.                                  
     STOP --  A one-bit indicator from the console signifying that operator    
              or some other source has called for an emergency stop.           
     XIN --   The instantaneous actual position of the member along the        
              X axis, signaled by sensing the member.                          
     YIN --   Ditto, except for Y axis.                                        
     B. In the Intermediate Storage Section                                    
     X.sub.n.sub.+1 --                                                         
              End point X coordinate for block B.sub.n.sub.+1                  
     Y.sub.n.sub.+1 --                                                         
              End point Y coordinate for block B.sub.n.sub.+1                  
     TPRX --  The temporary X axis velocity number for block B.sub.n.sub.+1    
              (to become PRXC when B.sub.n.sub.+1 becomes the new B.sub.n).    
     TPRY --  Ditto, except for Y axis.                                        
     LOOPP -- The number of loops or periods .DELTA.T required to execute      
              block B.sub.n.sub.+1 as programmed.                              
     LOOPF -- Like LOOPC except it is for block B.sub.n.sub.+1.                
     LOOPS -- Like LOOPB except it is for block B.sub.n.sub.+1.                
     PC --    One-half the number of loops or periods .DELTA.T required to     
              change the velocity (for the axis programmed to undergo          
              the largest step change) from the B.sub.n programmed value       
              to the B.sub.n.sub.+1 programmed value.                          
     PRXI --  Corresponds to XINC but is applicable to block B.sub.n.sub.+1.   
     PRYI --  Corresponds to YINC but is applicable to block B.sub.n.sub.+1.   
     DECEL -- A one bit indicator like DC, but applies to block                
              B.sub.n.sub.+1.                                                  
     FRN' --  The feed rate number for block B.sub.n.sub.+2.                   
     X.sub.n.sub.+2 --                                                         
              Like X.sub.n.sub.+1 but for B.sub.n.sub.+2.                      
     Y.sub.n.sub.+2 --                                                         
              Like Y.sub. n.sub.+1 but for B.sub.n.sub.+2.                     
     TPRX' -- Like TPRX but for B.sub.n.sub.+2.                                
     TPRY' -- Like TPRY but for B.sub.n.sub.+2.                                
     LOOPP' --                                                                 
              Like LOOPP but for B.sub.n.sub.+2.                               
     .DELTA.PRX --                                                             
              The change in X axis velocity in going from B.sub.n.sub.+1 to    
              B.sub.n.sub.+2                                                   
              as represented by tape command data.                             
     .DELTA.PRY --                                                             
              Ditto, except for Y axis.                                        
     P --     Like PC, except for the transition between B.sub.n.sub.+1 and    
              B.sub.n.sub.+2.                                                  
     2P --    Twice the value of P.                                            
     DRIND -- A one-bit "data ready" indicator.                                
     A --     A constant selected to represent the maximum                     
              acceleration along an axis.                                      
     K --     A constant equal to the reciprocal of A.                         
     C. In the Buffer Storage Section                                          
       (Taken Directly from Punched Tape)                                      
     BX.sub.n.sub.+2 --                                                        
              The ending X coordinate for B.sub.n.sub.+2.                      
     BY.sub.n.sub.+2 --                                                        
              The ending Y coordinate for B.sub.n.sub.+2.                      
     BX.sub.n.sub.+3 --                                                        
              The ending X coordinate for B.sub.n.sub.+3.                      
     BY.sub.n.sub.+3 --                                                        
              The ending Y coordinate for B.sub.n.sub.+3.                      
     BFRN.sub.n.sub.+2 --                                                      
              The feed rate no. V/D for B.sub.n.sub.+2.                        
     BFRN.sub.n.sub.+3 --                                                      
              The feed rate no. V/D for B.sub.n.sub.+3.                        
     __________________________________________________________________________
PAL  V. the Digitally Signaled Basic Numbers To Produce Movement According To
      Block B.sub.n
PAR  To provide an insight into the operations of the system illustrated in
      FIGS. 2a and 2b, attention is again directed to the block B.sub.n.sub.+1
      shown as space vectors in FIG. 3 and velocity vectors in FIG. 4. The
      punched tape command data for this block include the end point coordinates
      X.sub.n.sub.+1, Y.sub.n.sub.+1 and the feed rate number FRN.sub.n.sub.+1.
      The starting coordinates X.sub.n and Y.sub.n are, of course, available as
      parts of the tape data for the preceding block B.sub.n.
PAR  Because FRN.sub.n.sub.+1 is obtained directly from the punched tape (or can
      be determined from the path velocity V.sub.n.sub.+1 if that velocity
      number is instead carried on the programmed tape), the time T.sub.p to
      travel the segment D.sub.n.sub.+1 may be determined from Equations (3) and
      (4), supra. Recognizing, however, that the number FRN is placed on the
      punched tape with dimensions expressed as the reciprocal of minutes,
      Equation (4) may be rewritten:
      ##EQU4##
      But if it is assumed merely for example that the periods .DELTA.T between
      interrupt pulses are normally made to have a duration .DELTA.TN chosen as
      0.002 seconds, then the number LOOPP of periods .DELTA.T to elapse during
      the time period T.sub.p is expressable:
      ##EQU5##
      As noted by Equations (5) and (6), the requisite axis velocity components,
      if the time T.sub.p is required to execute the departures DX and DY (FIG.
      3), are equal simply to those departures divided by T.sub.p. But the
      departures are expressable in terms of coordinates according to Equations
      (1) and (2) which will involve dimensions expressed in inches as they
      appear on the punched tape. If the axis component distances are, for
      better resolution and ease of handling, expressed with one unit equal to
      one ten-thousandths of an inch, i.e., 0.0001 inch, and each such unit is
      called a "pip", then the axis velocities V.sub.x and Y.sub.y (here
      conveniently designated TPRX and TPRY) called for by any block of command
      data become:
      ##EQU6##
      where TPRX is dimensionally pips per .DELTA.TN and similarly
EQU  TPRY = (0.3333)(FRN)(Y.sub.n.sub.+1 - Y.sub.n)             (11)
PAR  Referring now to FIG. 8, the solid line 80 represents an axis velocity
      (merely assumed to be for the X axis) as it would be produced if
      successive command blocks B.sub.n, B.sub.n.sub.+1 and B.sub.n.sub.+2 were
      physically executed exactly according to the tape program data. From this,
      it will be seen that the jump or velocity transition .DELTA.PRX at the end
      of the programmed block B.sub.n.sub.+1 is numerically representable as:
EQU  .DELTA.PRX = TPRX.sub.n.sub.+2 - TPRX.sub.n.sub.+1         (12)
PAL  and if TPRX.sub.n.sub.+2 is called TPRX', then
EQU  .DELTA.PRX = TPRX' - TPRX                                  (13)
PAL  similarly, for the Y axis, the programmed velocity jump is
EQU  .DELTA.PRY = TPRY' - TPRY                                  (14)
PAR  but the "jumps" in programmed axis velocity may not be the same in
      magnitude, and indeed at least one of the axis velocity jumps will
      probably exceed the acceleration capabilities of the corresponding servo
      system 21 or 31. Thus, it is desirable to determine which one of the
      velocity jumps is the largest, in order that the acceleration therefor can
      be limited to a value which is substantially the maximum acceleration
      which the servo drives are fully capable of producing. Thus, .DELTA.PRX
      and .DELTA.PRY may be compared and the largest one selected and designated
      .DELTA.PRfa. .DELTA.PRfa is so labeled in FIG. 8 with the assumption that
      .DELTA.PRX is greater than .DELTA.PRY.
PAR  For the inertia of the loads represented by the saddle 16 and table 29, and
      the maximum available torque and horsepower from the servomotors XM and
      YM, the maximum obtainable acceleration may be determined as a number A
      having dimensions in pips per .DELTA.TN per .DELTA.TN. Given such
      acceleration number A (which is placed in the intermediate storage as a
      constant, together with its reciprocal K, see FIG. 2b), the number of
      loops or periods .DELTA.T required to change the velocity from TPRX to
      TPRX' can be found from the relation:
      ##EQU7##
PAR  The number TR simply represents the quantity of time periods .DELTA.T
      required for the velocity to change along the dashed line 81 in FIG. 8 if
      the velocity uniformly changes at a rate A which corresponds to the slope
      of the line 81. Thus it will be apparent that the quantity TR depends both
      upon the magnitude of the velocity jump from TPRX to TPRX' and the
      predetermined maximum acceleration value A.
PAR  Because the velocity TPRX will actually be changed in small steps during
      each of several successive periods .DELTA.T (rather than strictly along
      the straight line 81) as hereinafter explained, it is desirable to make
      the effective value of the number TR equal to the nearest higher odd
      integer. This results in the increase a.sub.1 in the area under the curve
      81 being equal to the decrease a.sub.2 in the area under the curve
      (relative to the solid line representing programmed velocity), so that the
      time-position relation is essentially unchanged one .DELTA.T after the
      velocity reaches the TPRX' level. Therefore, the number TR is simply
      "rounded up" to the next higher value TR' which is an odd integer. For
      example, if TR is 23.45, TR' is set to a value of 25; and if TR is 27.15,
      TR' is given a value of 29. This has the innocuous effect of reducing the
      physical acceleration ultimately produced to a value slightly lower than
      A.
PAR  Given TR' as so determined, it is here designated as a number 2P to signify
      the number of loops required for the velocity transition from TPRX to
      TPRX'. One-half of that quantity (namely, P) is required for half of the
      velocity transition. Since TR' and 2P are always odd integers, it follows
      that P will always be a number ending with the digit 5 in its tenths digit
      place. Therefore, the steps for obtaining numerical values of P and 2P
      are:
PA1  a. Compute TR from Equation (15).
PA1  b. If all of its digits to the right of the decimal point are not zero,
      then add one to produce a number TR + 1, and set all digits to the right
      of the decimal point equal to 0, thus obtaining a provisional value of 2P.
PA1  c. Divide the last number by two to obtain a provisional value for the
      number P.
PA1  d. If the tenths digit place for that provisional value of P is not the
      integer 5, add 0.5 to obtain a value for P.
PA1  e. Multiply P by two to obtain 2P (which is tantamount to TR').
PAL  Example:
PA1  a. If TR = (.DELTA.PRfa)(K) = 23.63,
PAR  b. Make the number 23.63 + 1 = 24.63 and drop the last two digits to obtain
      24.0.
PA1  c. Divide by two to obtain 12.0.
PA1  d. Since the tenths digit place of 12.0 is not 5, add 0.5 to obtain 12.5.
PA1  e. Multiply by two to obtain 25.0.
PAL  Thus P = 12.5 and 2P = 25.
PAR  Having so obtained the number of loops 2P which will elapse while the
      velocity is changing along the maximum tolerable acceleration line 81
      (FIG. 8), the increments or "velocity change per .DELTA.T" necessary for
      all axis velocities to correspondingly change from the block
      B.sub.n.sub.+1 to the block B.sub.n.sub.+2 values may be determined. The
      relationships are:
      ##EQU8##
      where PRXI and PRYI are changes per .DELTA.T in axis velocities
      expressable as pips per .DELTA.T. The largest increment number will be
      approximately equal to A, but because the programmed velocity step changes
      for the other axes will be different, the other axes increment numbers may
      be greatly different from the largest one.
PAR  As indicated above, if the velocity TPRX were held during the entire block
      time T.sub.p as programmed, a quantity LOOPP of loops would elapse.
      However, to provide for acceleration/decelleration, the servo control
      system of FIGS. 2a and 2b treats each block as made up of a first portion
      traveled by the controlled member at the program-designated velocity (with
      V.sub.x and V.sub.y equal respectively to TPRX and TPRY) followed by a
      second portion during which all of the axis velocities are periodically
      incremented or decremented. In other words, a "servo block" as labeled in
      the lower portion of FIG. 8 is offset in time from the theoretical
      programmed blocks as labeled in the upper portion of FIG. 8. Two numbers
      or quantities are important in this respect, i.e., those time intervals
      which are labeled LOOPS and LOOPF in FIG. 8. Merely from inspection, it
      will be seen that:
EQU  LOOPS = LOOPP - PC - P                                     (18)
EQU  LOOPF = LOOPS + 2P                                         (19)
PAL  where LOOPS and LOOPF are in dimensions of quantities of periods .DELTA.T,
      and PC is the value for block B.sub.n which corresponds to P for block
      B.sub.n.sub.+1. It is to be observed that if servo block n+1 begins at
      that instant when the X axis velocity reaches the level of TPRX (after
      decreasing along the sloped line 82) and ends at that instant in time when
      the velocity reaches the level TPRX' (after increasing along the sloped
      line 81, then the number LOOPF represents the total number of iteration
      periods .DELTA.T which will be required for the servo block n+1 to be
      physically executed. Similarly, the quantity LOOPS shown in FIG. 8
      designates the number of iteration periods .DELTA.T which will elapse
      while the X axis velocity is remaining steady at the value TPRX. Finally,
      the quantity P as labeled in FIG. 8 represents the number of iteration
      periods which will be required for the velocity to change through one-half
      of the difference between TPRX and TPRX', i.e., the velocities as
      respectively required by the program blocks B.sub.n.sub.+1 and
      B.sub.n.sub.+2.
PAR  IN the foregoing discussion, reference has been made principally to block
      B.sub.n.sub.+1 and its X axis velocity illustrated in FIG. 8. It has been
      shown for the block B.sub.n.sub.+1 the values of TPRX, TPRY, PRXI, PRYI,
      LOOPS and LOOPF are expressed by Equations (10), (11), (16), (17), (18)
      and (19). These numerical values as so designated will, however, become
      the corresponding values for the new block B.sub.n when the old block
      B.sub.n has been completed, and at such time they are transferred into the
      current storage section 70 in FIG. 2b. Thus,
PA1  Trpx becomes PRXC
PA1  Tpry becomes PRYC
PA1  Loops becomes LOOPB
PA1  Loopf becomes LOOPC
PA1  Prxi becomes XINC
PA1  Pryi becomes YINC
PAL  Having received these numbers as applicable to the new current block
      B.sub.n, the current storage section 70 together with the program unit 62
      and the digital computer carries out the necessary operations to energize
      the servo systems 21 and 31 so that the member 11 moves along the path
      segment D.sub.n at the path velocity defined by FRN.sub.n. The manner in
      which the digital signals are originally produced and stored -- to
      represent the current numbers PRXC, PRYC, LOOPB, LOOPC, XINC, and YINC in
      the active storage section 70 -- will be treated more fully below. At that
      time, the one-bit deceleration indicator DECEL (for B.sub.n.sub.+1) and DC
      (for B.sub.n) will be explained, the signal DC being assumed for the time
      being to have a 1 value.
PAL  Vi. physical Setup of the Computer and the Servo Routine Method With
      Variable Time Periods
PAR  With the assumption that the numbers listed in the preceding paragraph have
      just been transferred into the corresponding storage registers of section
      70, and the number NLOOP has been set to zero, the organization and
      operation of the system in FIGS. 2a, 2b may now be understood with
      reference to the flow chart in FIGS. 5a and 5e. The latter figures, taken
      with Table II below, fully disclose to one skilled in the art a "master
      program"  which is entered into the programming unit 62 via the typewriter
      or keyboard terminal (not shown) associated with the computer. This master
      program is here called a "servo routine" which is iteratively performed
      once during each period .DELTA.T in response to each of the interrupt
      pulses appearing on line 55a (FIG. 2b). The gates, logic condition
      sensors, and sequencers within the program unit 62 are physically modified
      by the inserted program, as those skilled in the art understand, and thus
      these circuits need not be shown or described in detail.
PAR  The master program flow chart in FIGS. 5a-5e includes some blocks
      representing multiple computer steps, merely for clarity and brevity. The
      program steps are defined more specifically, however, in the following
      supplemental table:
TBL                                    TABLE II                                
     __________________________________________________________________________
     PROGRAM STEPS FOR CONTINUOUS                                              
     CONTROL OF SERVO SYSTEMS                                                  
     __________________________________________________________________________
     Enter in response to each .DELTA.T interrupt pulse.                       
     001. Transfer CLBFR into DWNCTR                                           
           (Clear accum, read in CLBFR, store ANS in DWNCTR)                   
     002. Transfer HOLD into OHOLD                                             
           (Both HOLD and OHOLD are thereafter 1 or 0)                         
     003. Clear accum, read in BEKNT                                           
           If ANS is zero, skip to step 035a                                   
           If ANS not zero, proceed to step 004                                
     004. Transfer MH into HOLD                                                
     005. Transfer FRO into PER                                                
     006. Clear accum, read in LOOPC and NLOOP to compute LOOPC -              
           NLOOP                                                               
           If ANS .gtoreq.1, skip to 023                                       
           If ANS &lt; 1, proceed                                                 
     007. Clear accum, read in DRIND                                           
           If ANS = 0, skip to 026                                             
           If ANS = 1, proceed                                                 
     008. Transfer LOOPF into LOOPC                                            
     009a.                                                                     
          Transfer TPRX into PRXC                                              
     009b.                                                                     
          Transfer TPRY into PRYC                                              
     010. Clear accum                                                          
           Store zero ANS in NLOOP                                             
           Store zero ANS in DRIND                                             
     011a.                                                                     
          Clear accum, read in PRXC and constants, compute 4 (PRXC + 8)        
           Store ANS in LERRX                                                  
     011b.                                                                     
          Read in constant 2 and multiply to obtain 8 (PRXC + 8)               
     011c.                                                                     
          Clear accum, read in PRYC and constants, compute 4 (PRYC + 8)        
           Store ANS in LERRY                                                  
     011d.                                                                     
          Read in constant 2 and multiply to obtain 8 (PRYC + 8)               
           Store ANS in HERRY                                                  
     012a.                                                                     
          Transfer REDLAY into REDKNT                                          
     012b.                                                                     
          Transfer DECEL into DC                                               
     013. If ANS is zero, skip to 015                                          
           If ANS is 1, proceed                                                
     014a.                                                                     
          Transfer LOOPS into LOOPB                                            
     014b.                                                                     
          Transfer PRXI into XINC                                              
     014c.                                                                     
          Transfer PRYI into YINC                                              
     015. Clear accum, read in HOLD                                            
           If ANS is 1, skip to 017a                                           
           If ANS is 0, proceed                                                
     016. Clear accum, read in PRXC                                            
           If ANS is not zero, skip to 018a                                    
           If ANS is zero, proceed                                             
     017a.                                                                     
          Transfer XTRMH into XTRIM                                            
     017b.                                                                     
          Transfer XKBH into XKBIAS                                            
           Skip to 019                                                         
     018a.                                                                     
          Transfer XTRMR into XTRIM                                            
     018b.                                                                     
          Transfer XKBR into XKBIAS                                            
     019. Clear accum, read in HOLD                                            
           If ANS is 1, skip to 021a                                           
           If ANS is 0, proceed                                                
     020. Clear accum, read in PRYC                                            
           If ANS is not 0, skip to 022a                                       
           If ANS is 0, proceed                                                
     021a.                                                                     
          Transfer YTRMH into YTRIM                                            
     021b.                                                                     
          Transfer YKBH into YKBIAS                                            
           Skip to 24                                                          
     022a.                                                                     
          Transfer YTRMR into YTRIM                                            
     022b.                                                                     
          Transfer YKBR into YKBIAS                                            
           Skip to 024                                                         
     023. Clear accum, read in EMHOLD                                          
           If ANS is 1, skip to 026                                            
           If ANS is 0, proceed                                                
     024. Clear accum, read in PER and constant .05, compute PER - .05         
           If ANS is negative, skip to 026                                     
           If ANS is positive, proceed                                         
     025. Clear accum, read in PER and constant 200, compute 200.div.PER       
           Store ANS in CLBFR                                                  
           Skip to 027                                                         
     026. Set HOLD = 1                                                         
           (Clear accum, read in constant 1, store ANS in HOLD)                
     026a.                                                                     
          Clear PER (Set PER = 0)                                              
     027. Clear accum, read in HOLD and OHOLD to signal (HOLD -- OHOLD)        
           If ANS is zero, skip to 030                                         
           If ANS is not zero, proceed                                         
     028. Transfer HOLD into OHOLD                                             
     029. Clear accum                                                          
           Store zero ANS in XBIAS and YBIAS                                   
           Return to step 015                                                  
     030. Clear accum, read in HOLD                                            
           If ANS is 1, skip to 035a                                           
           If ANS is 0, proceed                                                
     031. Clear accum, read in DC                                              
           If ANS is 0, skip to 034                                            
           If ANS is 1, proceed                                                
     032. Clear accum, read in NLOOP and LOOPB, compute NLOOP--LOOPB           
           If ANS is negative, skip to 034                                     
           if ANS is not negative, proceed                                     
     033a.                                                                     
          Clear accum, read in PRXC and XINC, compute PRXC + XINC              
           Store ANS in PRXC                                                   
     033b.                                                                     
          Clear accum, read in PRYC and YINC, compute PRYC + YINC              
           Store ANS in PRYC                                                   
     034a.                                                                     
          Clear accum, read in XTC and PRXC, compute XTC + PRXC                
           Store ANS in XT                                                     
     034b.                                                                     
          Clear accum, read in YTC and PRYC, compute YTC + PRXC                
           Store ANS in YT                                                     
     035. Clear accum, read in NLOOP and constant 1, compute NLOOP + 1         
           Store ANS in NLOOP                                                  
           Skip to 036                                                         
     035a.                                                                     
          Clear PER (set PER = 0)                                              
     036a.                                                                     
          Clear accum, read in XTC and XIN, compute XTC - XIN                  
           Store ANS in XERR                                                   
     036b.                                                                     
          Clear accum, read in YTC and YIN, compute YTC -  YIN                 
           Store ANS in YERR                                                   
     037. Clear accum, read in LERRX and .vertline.XERR.vertline., compute     
          LERRX -                                                              
           .vertline.XERR.vertline.                                            
           If ANS is not negative, skip to 043                                 
           If ANS is negative, proceed                                         
     038. Clear accum, read in HERRX and .vertline.ERRX.vertline., compute     
          HERRX -.vertline.XERR.vertline.                                      
           If ANS is negative, skip to 059                                     
           If ANS is not negative, proceed                                     
     039. Clear accum, read in XERR                                            
           If ANS is not positive, skip to 041                                 
           If ANS is positive, proceed                                         
     040. Clear accum, read in PRXC                                            
           If ANS is not positive, skip to 043                                 
           If ANS is positive, skip to 042                                     
     041. Clear accum, read in PRXC                                            
           If ANS is positive, skip to 043                                     
           If ANS is not positive, proceed                                     
     042. Set LDT = 1 (clear accum, Read in 1, store ANS in LDT)               
     043. Clear accum, read in ERRY and .vertline.YERR.vertline., compute      
          LERRY - .vertline.YERR.vertline.                                     
           If ANS is not negative, skip to 049                                 
           If ANS is negative, proceed                                         
     044. Clear accum, read in HERRY and .vertline.YERR.vertline. , compute    
          HERRY - .vertline.YERR.vertline.                                     
           If ANS is negative, skip to 059                                     
           If ANS is not negative, proceed                                     
     045. Clear accum, read in YERR                                            
           If ANS is not positive, skip to 047                                 
           If ANS is positive, proceed                                         
     046. Clear accum, read in PRYC                                            
           If ANS is not positive, skip to 049                                 
           If ANS is positive, skip to 048                                     
     047. Clear accum, read in PRYC                                            
           If ANS is positive, skip to 049                                     
           If ANS is not positive, proceed                                     
     048. Set LDT = 1                                                          
     049. Clear accum, read in LDT                                             
           If ANS is zero, skip to 052                                         
           If ANS is 1, proceed                                                
     050. Clear accum, read in CLMOD and CLINC, compute CLMOD+CLINC            
           Store ANS in CLMOD                                                  
     051. Clear accum, read in CLMAX and CLMOD, compute CLMAX-CLMOD            
           If ANS is negative, skip to 056                                     
           If ANS is not negative, skip to 054                                 
     052. Clear accum, read in CLMOD                                           
           If ANS is zero, skip to 057                                         
           If ANS is not zero, proceed                                         
     053. Read in CLINC, compute CLMOD - CLINC                                 
           Store ANS in CLMOD                                                  
     054. Clear accum, read in CLBFR and CLMOD, compute CLBFR + CLMOD          
           Store ANS in CLBFR                                                  
     055. Read in CLMAX and constant 200, compute CLFR - CLMAX - 200           
           If ANS is negative, skip to 057                                     
           If ANS is not negative, proceed                                     
     056. Clear accum, read in CLMAX and constant 200, compute CLMAX + 200     
           Store ANS in CLBFR                                                  
     057. Set LDT = 0                                                          
     058. Transfer BEDLAY into BEKNT                                           
           Skip to 066                                                         
     059. Clear accum, read in constant 2, HERRX and .vertline.XERR.vertline., 
          compute 2                                                            
           (HERRX) - .vertline.XERR.vertline.                                  
           If ANS is negative, skip to 064                                     
           If ANS is not negative, proceed                                     
     060. Clear accum, read in const. 2, HERRY and .vertline.YERR.vertline.,   
          compute 2                                                            
           (HERRY) - .vertline.YERR.vertline.                                  
           If ANS is negative, skip to 064                                     
           If ANS is not negative, proceed                                     
     061. Clear accum, read in HOLD                                            
           If ANS is 1, skip to 066                                            
           If ANS is 0, proceed                                                
     062. Clear accum, read in BEKNT and constant 1, compute BEKNT - 1         
           Store ANS in BEKNT                                                  
     063. If ANS is zero, return to step 026                                   
          If ANS is not zero, skip to 066                                      
     064. Clear accum, read in REDKNT and constant 1, compute REDKNT-1         
           Store ANS in REDKNT                                                 
     065. If ANS is zero, skip to 069                                          
          If ANS is not zero, proceed                                          
     066. Clear accum, read in EMHOLD                                          
           If ANS is 1, skip to 073                                            
           If ANS is 0, proceed                                                
     067. Clear accum, read in STOP                                            
           If ANS is 0, skip to 080                                            
           If ANS is 1, proceed                                                
     068. Clear accum, read in constant 50                                     
           Store ANS in EMKNT                                                  
           SKip to 072                                                         
     069. Set EMKNT = 1                                                        
     070. Set HALT = 1                                                         
           Skip to 072                                                         
     072. Set EMHOLD = 1                                                       
           Return to step 026                                                  
     073. Clear accum, read in EMKNT                                           
           If ANS is 0, skip to 076                                            
           If ANS is not, proceed                                              
     074. Clear accum, read in EMKNT and constant 1, compute EMKNT - 1,        
           Store ANS in EMKNT                                                  
     075. If ANS is zero, skip to 087                                          
          If ANS is not zero, skip to 080                                      
     076. Clear accum, read in HALT                                            
           If ANS is 1, skip to 087                                            
           If ANS is 0, proceed                                                
     077. Clear accum, read in STOP                                            
           If ANS is 1, skip to 087                                            
           If ANS is 0, proceed                                                
     078. Set EMHOLD = 0                                                       
     079. Turn on servo power relay                                            
     080. Clear accum, read in XERR                                            
           If ANS is zero, skip to 082                                         
           If ANS is not zero, proceed                                         
     081. Clear accum, read in XBIAS and XKBIAS using sign of ERRX for         
          sign of XKBIAS, compute XBIAS + XKBIAS                               
           Store ANS in XBIAS                                                  
     082. Clear accum, read in XGAIN, PER, PRXC, XTRIM, XERR, and              
          XBIAS, Compute XGAIN [PER .sup.. PRXC + XTRIM .sup.. XERR + XBIAS]   
           Store ANS in XDAC                                                   
     083. Clear accum, read in YERR                                            
           If ANS is not zero, proceed                                         
           If ANS is zero, skip to 085                                         
     084. Clear accum, read in YBIAS and YKBIAS using sign of ERRY for         
          sign of YBIAS, compute YBIAS + YKBIAS                                
           Store ANS in YBIAS                                                  
     085. Clear accum, read in YGAIN, PER, PRYC, YTRIM, YERR, and              
          YBIAS, Compute YGAIN [PER .sup.. PRYC + YTRIM .sup.. YERR + YBIAS]   
           Store ANS in YDAC                                                   
     086a.                                                                     
          Transfer XT into XTC                                                 
     086b.                                                                     
          Transfer YT into YTC                                                 
           Skip to 088                                                         
     087. Turn off servo power relay                                           
     088. Exit                                                                 
     __________________________________________________________________________
PAL  A. a normal Iteration Cycle
PAR  By referring to FIGS. 5a-5e and Table II, a narrative sequence of the
      successive operational steps will become fully understandable, and such a
      narrative for a normal cycle will first be presented. In response to an
      interrupt pulse (on line 55a, FIG. 2b), the number CLBFR is sent over the
      output trunk O to preset the down counter 56, thereby starting the
      measuring off of a period .DELTA.T which will end when the next interrupt
      pulse appears. The specific substeps which make up step 001 are (a)
      clearing of the accumulator in the CPU to hold zero, (b) calling and
      reading into the accumulator via trunk I the number then in the CLBFR
      storage register, and (c) routing that number (then constituting the
      answer ANS) over the output trunk O to the presetting gates 59, i.e., to
      the address DWNCTR. This is a simple "transfer" sequence, and the
      sub-steps for similar transfers will not be repeated hereinafter. It is to
      be noted that the number called from storage for transfer does not change
      in its original storage register as a consequence, but the previous number
      at the transferree address register is eradicated when the new number is
      "written" therein.
PAR  At step 002, the signal HOLD (as it existed at the end of the previous
      iteration period .DELTA.T) is transferred to OHOLD. Thus, OHOLD represents
      "old hold", i.e., the status of the HOLD signal at the end of the previous
      cycle.
PAR  Step 003 is performed to determine if a "black error hold" condition exists
      (as explained below). For a normal cycle the number BEKNT will not be
      zero, so the transfer operations of steps 004 and 005 will next be
      performed. Thus, if the switch 48 (FIG. 1) is at that instant closed or
      opened to make MH a 1 or 0, HOLD will be correspondingly made 1 or 0. For
      a normal cycle, it is assumed that MH is 0. Whatever value of FRO has been
      selected by the operator's adjustment of dial 50 (FIG. 1) will be taken
      over the input trunk I and transferred into the PER register.
PAR  At step 006, it is determined whether or not the required number of loops
      (i.e., cycles or .DELTA.T's) have elapsed since the execution of the
      current block B.sub.n began. As noted below, the number NLOOP is
      incremented by one during each period .DELTA.T, and when the latter
      becomes equal to LOOPC (see FIG. 8) the servo block B.sub.n is completed.
      In a normal cycle at step 006, NLOOP will be less than LOOPC, so that the
      program unit skips to step 023. Because the EMHOLD signal (whose purpose
      is noted below) is zero during a normal cycle, the system proceeds from
      step 023 to step 024 where it is determined whether or not the presently
      effective feed rate override number is less than five percent. If that
      determination is affirmative, then the system treats the feed rate
      override number as being effectively zero, and the system is put into a
      holding condition so as to avoid extremely slow and almost imperceptible
      axis velocities. In a normal cycle, the interrogation at step 024,
      performed by determining whether (PER - 0.05) is negative, will result in
      a "no" result, so that the program unit proceeds to step 025.
PAR  At step 025 the clock buffer number CLBFR is initially set to a value equal
      to 200/PER and thus to a value which makes the durations of periods
      .DELTA.T have the normal value of 0.002 seconds increased or decreased
      according to the effective feed rate override number (PER having been
      previously set to equal FRO). Thus, at step 025 CLBFR will become 200 if
      PER is 1.0, but CLBFR will become 400 if PER is 0.50. In the latter
      instance, subsequent periods .DELTA.T will be made 0.004 seconds rather
      than the normal durations of 0.002 seconds. If a "slowdown" change of the
      .DELTA.T durations has been or is in effect, this number CLBFR will be
      changed to a different value later in the iteration sequence, as hereafter
      described, and then will be used to preset the down counter 56 at step 001
      of the next cycle. It may be assumed in the present narrative for a normal
      cycle that FRO is equal to 1.00 and step 025 results in CLBFR being set to
      a value of 200.
PAR  The system then skips to step 027 where the HOLD and OHOLD signals are
      compared to determine if they are alike or unlike, i.e., if their
      difference is zero or .+-.1. If alike this indicates that there has been
      no change in the status of the HOLD signal from the previous cycle to the
      present cycle, and if unlike the opposite is indicated. In the present
      normal cycle the operations at step 027 will produce a no answer because
      HOLD and OHOLD are both 0, so the system skips to step 030.
PAR  At step 030, the HOLD signal is sensed. In a normal cycle such signal is
      zero. The system proceeds to step 031 where it is determined whether or
      not the block B.sub.n is one which requires acceleration or deceleration
      at its terminal portion (see FIG. 8). Assuming that the signal DC is 1,
      the system proceeds to step 032 where a determination is made as to
      whether or not that point in time and travel has been reached at which the
      velocity should begin changing along a slope, such as the slope
      represented by line 82 in FIG. 8. The operation at step 032 determines
      whether the quantity NLOOP-LOOPB is negative, a no response indicating
      that deceleration or acceleration should begin, and a "yes" response
      indicating that it should not yet begin because the progress of the block
      is somewhere along the horizontal line labeled PRXC in FIG. 8. Thus, in a
      normal cycle the system skips from step 032 to step 034.
PAR  It will be recalled that the signaled numbers XT and YT represent the
      dynamically changeable values of the instantaneous theoretical axis
      positions. If movement along the X and Y axes is supposed to occur at a
      rate or velocity of PRXC and PRYC per period .DELTA.T, then the
      theoretical positions along the X and Y axes progressively change by the
      incremental distances of PRXC and PRYC per .DELTA.T. In order to
      dynamically change the numerically signaled theoretical positions XT and
      YT, the digital computer increments those number-representing signals
      during each cycle such that:
EQU  XT.sub.i = XTC.sub.i.sub.-1 + PRXC                         (20)
EQU  yt.sub.i = YTC.sub.i.sub.-1 + PRYC                         (21)
PAL  these incrementing additions and the formation of new values for XT and YT
      are carried out during step 034 as shown in FIG. 5c and Table II. The
      numbers XT and YT are the theoretical positions which should be reached at
      an instant in time at the end of the period .DELTA.T currently being
      measured off, whereas the numbers XTC and YTC are the theoretical
      positions computed during the previous iteration cycle and currently
      accurate while the current cycle is being measured off. Thus, at step 034
      there is a dynamic updating of the theoretical position XT and YT, and
      these signaled numbers will be used for the values of XTC and YTC during
      the next-following period .DELTA.T. XT and XTC represent the same variable
      number, but XT is computed during .DELTA.T.sub.i and used during
      .DELTA.T.sub.i.sub.+1 to set XTC, whereas XTC is computed as XT during
      .DELTA.T.sub.i.sub.-1 and used during .DELTA.T.sub.i as the current
      theoretical position. The same is true of YT and YTC except they apply to
      the Y axis.
PAR  The system next proceeds to step 035 where the number NLOOP is updated to
      signify that one more period .DELTA.T has elapsed. This addition step
      involves taking the presently existing value of NLOOP, adding one thereto,
      and storing the result as the new value of NLOOP, viz.
EQU  NLOOP.sub.i = NLOOP.sub.i.sub.-1 + 1                       (21a)
PAL  Thus, at all times the number NLOOP represents the quantity of periods
      .DELTA.T which have elapsed since the execution of servo block B.sub.n
      began (assuming that no holding has occurred).
PAR  At step 036, the instantaneous values of the axis position errors are
      determined and numerically signaled. For this purpose, the current
      theoretical X axis position XTC is fed to the CPU, and the current actual
      position XIN is fed substractively (from counter 40 in FIG. 2a) to the CPU
      so as to compute the instantaneous position error XERR once during each
      cycle .DELTA.T. For the two axes, the operations at step 036 are:
EQU  XERR.sub.i = XTC.sub.i - XIN.sub.i                         (22)
EQU  YERR.sub.i = YTC.sub.i - YIN.sub.i                         (23)
PAR  It will be seen, therefore, that in the practice of the present invention,
      means are provided to represent by digital electric signals within the
      computer a number XTC to designate the desired instantaneous position of a
      member movable along the X axis, and to add a velocity-representing number
      PRXC to form a new value of XTC once during each time period. From the
      dynamically changing instantaneous theoretical position XTC and from the
      dynamically signaled actual position XIN, the instantaneous position error
      is computed and electrically signaled by digital signals once during each
      time period .DELTA.T. These two repeating operations occur at steps 034
      and 036 when the controlled member is being moved according to a command
      data block B.sub.n. Corresponding operations are performed for the Y axis.
PAR  AT steps 037 through 049, operations are performed in order to determine
      whether or not the presently-existing position error on any axis either
      (a) is lagging and exceeds a first threshold value or (b) exceeds a second
      threshold value which is greater than the first. Although it is within the
      purview of the invention to employ preselected constants for these
      threshold values, in the preferred embodiment the two threshold values are
      dependent upon and monotonically related to the existing axis velocities,
      i.e., to the values of the axis velocity numbers PRXC and PRYC as the
      latter are derived from the command data for block B.sub.n. More
      specifically, and in a fashion to be explained below, when a new block of
      data is transferred from intermediate storage to current storage, the
      values of first and second error thresholds are computed from the values
      of the velocity numbers PRXC and PRYC and then stored as "low error" and
      "high error" threshold numbers. Although different monotonic functions of
      the velocity numbers may be used, the present system functions to compute
      and store signals representing the first and second X axis error
      thresholds LERRX and HERRX as follows:
EQU  LERRX = 4(PRXC + 8)                                        (24)
EQU  herrx = 8(prxc + 8) = 2 lerrx                              (25)
PAL  similarly, low and high position error thresholds for the Y axis are
      computed and stored in the registers LERRX and HERRX, as follows:
EQU  LERRY = 4(PRYC + 8)                                        (26)
EQU  herry = 8(pryc + 8) = 2 lerry                              (27)
PAR  referring to FIG. 6 which deals with position errors along the X axis, it
      will be seen that the value of the first error threshold TH1 (i.e., the
      number LFRRX) is represented by the line 90 and is progressively greater
      for increasing values of the velocity number PRXC applicable to the block
      B.sub.n. Likewise, the second and greater error threshold TH2 represented
      by the stored number HERRX is represented by a line 91 which has in the
      present example, a value which is always twice that of the first error
      threshold. The line 91 represents a threshold TH2 which increases as a
      monotonic function of the velocity number PRXC applicable to the current
      command data block B.sub.n. Finally, there is shown in FIG. 6 a line 92
      which represents a third position error threshold TH3 that takes on values
      which are a monotonic function of the velocity number PRXC of the
      currently executed block B.sub.n. Again, merely as an example, the third
      error threshold TH3 is always twice the second error threshold, and thus
      its value is shown in FIG. 6 as representable by a number 2HERRX.
PAR  Merely for convenience of discussion, it may be assumed that so long as the
      position error along the X axis is less than threshold TH1, the error is a
      "white error". This signifies that the following error is negligible or so
      small as to be tolerable and acceptable in the operation of the machine
      tool and the machining of the workpiece. When the position error exceeds
      the first threshold but is not greater than the second threshold, it is
      called a "grey error" and this signifies that some corrective action
      should and will be taken automatically in the operation of the system to
      reduce the following error. Furthermore, when the following error exceeds
      the threshold TH2 but does not exceed the third threshold TH3, this is
      designated to be a "black error" which will result in unacceptable
      inaccuracies or possible spoilage of the workpiece. As noted below, the
      occurrence of a position error along any axis in the "black" range results
      in the system being put into a holding status until the error is reduced
      back to less than the second threshold TH2. Finally, whenever the
      following error exceeds the third threshold TH3, it is designated as a
      "red error", being of such magnitude and seriousness that the machine
      should be shut down until the cause has been found and corrected by the
      machine operator.
PAR  FIG. 7 illustrates the relationships of the white, grey, black and red
      error ranges, and the thresholds which separate them, for a given value of
      the velocity number PRXC. From this, it will be readily understood that
      when the error number ERRX or ERRY exceeds the value LERRX or LERRY, there
      is a grey error condition in the X or Y axis. If the error number ERRX or
      ERRY exceeds the second threshold HERRX or HERRY, there is a black error
      condition in the X or Y axis; and similarly, a red error condition exists
      in the X or Y axis when the number ERRX or ERRY exceeds the value 2HERRX
      or 2HERRY.
PAR  Returning again to FIG. 5c and Table II, the operations performed at steps
      037 through 042 determine whether or not the instantaneous X axis error
      XERR (a) exceeds the grey error threshold, or (b) exceeds both the grey
      and black error thresholds. In addition, if the grey error threshold only
      is exceeded, a determination is made as to whether the position error is
      lagging or leading, and only in the lagging case is the indicator signal
      LDT set to 1. These operations will be discussed more fully below, and it
      is assumed in the present description of a normal cycle that the
      determination made at step 037 indicates that the X axis following error
      is less than the first threshold LERRX, so that the system skips to step
      043.
PAR  Steps 043 through 048 are identical to 037 through 042, except that the
      former relate to the determination of whether the existing X axis position
      error exceeds the first threshold or the second threshold. Assuming for a
      normal cycle that neither such error threshold is exceeded, the system
      skips from step 043 to step 049. Thus, it is here assumed that the LDT
      indicator remains at zero as the system enters step 049.
PAR  Those steps designated in FIG. 5d and Table II as 049 through 057 relate to
      changing of the clock buffer number CLBFR so that when the next iteration
      period begins the durations of the subsequent periods .DELTA.T will be
      increased or decreased from that of the present iteration period. Because
      in a normal cycle the clock number CLBFR is not to be changed, at step 049
      the value of the single bit signal LDT is sensed and found to be zero so
      that the system skips to step 052 where it senses the value of a clock
      modified number CLMOD. Assuming that the modifier number is found to be
      zero at step 052, then the system skips to step 057 where the value of
      zero is transferred into the one-bit indicator LDT (in this instance,
      leaving the latter unchanged). Therefore, in a normal cycle of operation
      no modification of the clock buffer number CLBFR occurs.
PAR  At step 058, a preselected constant BEDLAY (e.g., 75) is transferred from
      its storage register to the black error count register BEKNT. This
      operation is insignificant in a normal cycle, but it confirms that under
      normal circumstances the number BEKNT has some preselected value, such as
      seventy-five and therefore is not zero. It will be recalled that this
      results in the progression from step 003 to 004 as shown in FIG. 5a.
PAR  From step 058, the system skips to step 066 (FIG. 5e) during which the
      determination is made as to whether the EMHOLD signal is on. In a normal
      cycle the EMHOLD signal will be zero, and the system therefore proceeds to
      step 067 where it determines whether or not the STOP signal is on. In a
      normal cycle, STOP will be zero, and thus the system will skip to step
      080.
PAR  In accordance with one feature of the present invention, the energizing
      voltages E.sub.x and E.sub.y applied as inputs to the velocity servo
      systems 21 and 31 (FIG. 2a) are formed as the summation of three terms
      multiplied by a gain constant. Taking the X axis as an example, the
      energizing voltage E.sub.x is produced by a digital-to-analog converter 95
      (the corresponding Y axis converter being 96) which receives digital,
      multi-bit electrical signals numerically representing a changeable speed
      number XDAC signaled on the output lines of a storage register XDAC. The
      number XDAC is recomputed during each iteration cycle and includes a first
      term G.sub.1 .sup.. PRXC proportional to the then-existing value of the
      velocity number, plus a second term which is increased or decreased during
      those periods when the X axis position error exceeds or is less than a
      preselected value. This term is designated as a number XBIAS, and the
      incrementing of that term makes it generally represent the time integral
      of errors which have existed during several or many preceding periods
      .DELTA.T. Therefore, the X axis speed command number XDAC, which is formed
      primarily from the velocity number PRXC, is gradually adjusted with time
      so as to make the actual velocity along the X axis keep the controlled
      member running with substantially zero following error.
PAR  More specifically, in the present exemplary embodiment, at step 080 (FIG.
      5e) a determination is made as to whether the existing X axis error XERR
      exceeds a predetermined value, here selected by way of example to be zero.
      That is, the number XERR is read from its storage register into the
      cleared accumulator of the CPU and if the answer ANS is then zero, the
      system skips to step 082. On the other hand, if the answer is not zero,
      the system proceeds to step 081 at which the existing historical term
      XBIAS is incremented by a predetermined amount XKBIAS. Thus, if the
      existing X axis error is not zero, the new value of XBIAS becomes:
EQU  XBIAS.sub.i = XBIAS.sub.i.sub.-1 .+-. XKBIAS               (28)
PAL  the incrementing constant is stored as a changeable number XKBIAS, and it
      is used at step 081 and in Equation (28) with the same sign as that
      existing for the error number XERR. Therefore, the historical term XBIAS
      is increased or decreased by a predetermined small amount XKBIAS during
      any iteration cycle when the X axis following error is not zero but is
      respectively positive or negative.
PAR  Proceeding next to step 082 (FIG. 5e and Table II) the system next computes
      and updates to a new value the signals which represent the speed command
      number XDAC for the servo system 21. The number XDAC is formed according
      to the relation:
EQU  XDAC = XGAIN [PER .sup.. PRXC + XTRIM .sup.. XERR + XBIAS] (29)
PAL  the actual computer operations to create a new value of XDAC may involve
      several sub-steps within the computer, but they have been shown here in
      the interest of simplicity as involving only the single step 082. Those
      skilled in the art will readily know how to modify the computer to make it
      perform the single step 082 by a plurality of steps involving successive
      multiplications and additions in plural steps, if that is required.
PAR  It will be seen that the number XDAC contains three terms. The first is the
      product of the feed rate override number PER and the velocity number PRXC.
      The number PER may be viewed as an individual gain factor G.sub.1 on the
      velocity command PRXC, thereby bringing into effect the dialed-in feed
      rate override percentage. The term PER .sup.. PRXC is the primary
      component which forms the number XDAC, and if the servo system 21 is
      adjusted and operating entirely correctly, then the analog counterpart
      E.sub.x of XDAC will be a dc. voltage which precisely makes the controlled
      member 11 move with the programmed X axis velocity as PRXC modified by the
      existing feed rate override number PER.
PAR  However, it may happen that for unforeseen reasons (e.g., changeable loads
      exerted by the cutter contacting the workpiece) the X axis velocity
      permits a perceptible position error to arise. To "trim" and adjust the X
      servo system so that the voltage E.sub.x is increased or decreased to
      eliminate a lagging or leading following error, the term XTRIM .sup.. XERR
      is included in Equation (29) and used during step 082. The number XTRIM
      may be viewed as an individual gain factor G.sub.2 for the instantaneously
      signaled position error XERR, and their product will become a positive or
      negative number in the XDAC equation whenever the error is other than
      zero. As the following error XERR increases either positively or
      negatively, the number XDAC is increased or decreased relative to the
      value it would have solely from the term PER .sup.. PRXC, and thus the
      analog counterpart E.sub.x is increased or decreased so that the X
      velocity of the controlled member 11 is increased or decreased to reduce
      the error XERR.
PAR  If the error XERR is fully reduced to zero, however, the term XTRIM .sup..
      XERR ceases to contribute to the value of the number XDAC, and in order to
      provide a permanent adjustment to reach and maintain zero position error,
      the term XBIAS is included within the summation of Equation (29 ) and the
      operations performed at step 082. If a following error does arise and the
      term XTRIM .sup.. XERR results in an increase of XDAC to speed up the X
      velocity higher than the PER .sup.. PRXC value, the number XERR would be
      restored toward zero, but the number XBIAS will incrementally increase in
      magnitude with successive .DELTA.T's so that when the term XTRIM .sup..
      XERR is zero the summation of PER .sup.. PRXC and XBIAS makes the value of
      XDAC and the analog voltage E.sub.x drive the controlled member 11 at an X
      axis velocity which results in substantially zero following error.
PAR  It will be recognized that the number XGAIN is simply a gain factor of
      proportionality applied to the three-term summation of Equation (29) by
      step 082, this overall gain factor being chosen as a constant according to
      the characteristics of the particular servo system 21 which is being
      controlled by the number XDAC as a result of receiving the latter's analog
      counterpart E.sub.x as its input voltage. It will be recalled that during
      each iteration cycle the numbers PER, PRXC, XERR and XBIAS may all
      individually change, and that the speed number XDAC is recomputed and
      updated to a new value during each iteration or cycle .DELTA.T. Therefore,
      the speed number XDAC is dynamically adjusted automatically in order to
      keep or restore the X velocity of the controlled member at or to a value
      which will make the following error essentially zero.
PAR  Steps 083, 084 and 085 as shown in FIG. 5e and Table II are identical to
      steps 080, 081, 082, except that the former apply to the Y axis. Thus, it
      may here simply be noted that the operation performed at step 084 conforms
      to the updating equation:
EQU  YBIAS.sub.i = YBIAS.sub. i.sub.-1 .+-. YKBIS               (30)
PAL  and the computations performed at step 085 are carried out according to:
EQU  YDAC = YGAIN [PER .sup.. PRYC + YTRIM .sup.. YERR + YBIAS] (31)
PAL  therefore, by the time the system has progressed through step 085 in a
      normal cycle, both of the speed numbers XDAC and YDAC ave been recomputed
      and updated, and the analog input voltages E.sub.x and E.sub.y for the
      servos 21 and 31 have been adjusted in value, to make the X and Y axis
      velocities have the coordinated values which are required to move the
      controlled element 11 along the path segment D.sub.n and at the path
      velocity designated by the number FRN.sub.n in the command data block
      B.sub.n.
PAR  Pausing at this point for summary and review, it may be noted that the
      present system includes means for measuring off successive periods
      .DELTA.T in actual time, each period enduring between two successive
      interrupt pulses on line 55a in FIG. 2b as produced by the down counter
      56, the osc. 58, the zero decoder 55 and the computer circuits for
      presetting the number CLBFR into the counter immediately after each new
      period begins. The number CLBFR normally will have a value of 200 (if the
      feed rate override numbers is 100%) and the normal duration .DELTA.TN of
      such periods will be, for example, 2 milliseconds.
PAR  There are also provided means to derive from command data signals digitally
      representing velocity numbers PRXC and PRYC expressing the necessary axis
      velocities V.sub.x and V.sub.y in units of distance per .DELTA.TN. These
      signals form the principal component or term from which the speed numbers
      XDAC and YDAC are created at steps 082 and 084 during each period
      .DELTA.T, and are modified by the override number PER used as a gain
      factor in the term PER .sup.. PRXC or PER .sup.. PRYC.
PAR  In addition, however, there are here employed means for creating and
      progressively changing during each period .DELTA.T numbers XTC and YTC
      which represent the dynamically moving theoretical positions at which the
      controlled member should reside from period to period -- such numbers
      being updated by the PRXC and PRYC amounts during each iteration. Taking
      also the instantaneous actual position number signals XIN and YIN, means
      compute and signal during each period .DELTA.T the then existing but
      changeable position errors XERR and YERR.
PAR  Means are also provided to signal historical adjustment numbers XBIAS and
      YBIAS, together with means responsive to the corresponding axis error XERR
      or YERR for incrementally changing those numbers by predetermined amounts
      XKBIAS or YKBIAS during any period .DELTA.T that the axis error exceeds
      some predetermined value (in the present example, zero). The adjustment
      numbers XBIAS and YBIAS are added to the PER .sup.. PRXC and per .sup..
      PRYC terms to form the numbers XDAC and YDAC and the latters'  analog
      counterparts E.sub.x and E.sub.y. In this way, as long-term errors arise,
      they are removed to restore the existing position errors to zero even
      though a speed number XDAC or YDAC greater than XGAIN .sup.. PER .sup..
      PRXC or YGAIN .sup.. PER .sup.. YDAC is required to produce the actual
      velocities which result in zero following errors.
PAR  Also preferably employed are means to create and signal short-term
      adjustment numbers XTRIM .sup.. XERR and YTRIM .sup.. YERR, together with
      means to include the latter in the operation of the summing means for
      carrying out the steps designated at 082 and 085. As position errors
      arise, these latter terms produce adjustments in XDAC and YDAC, and thus
      E.sub.x and E.sub.y which tend to restore the errors quickly to xero.
PAR  All of these means, and the operations which they produce, act during the
      successive short intervals .DELTA.T, and thus remain dynamically
      up-to-date and accurate.
PAR  Reverting to FIG. 5e, at step 086, the present values of the theoretical
      position numbers XT and YT are simply transferred into the current
      registers where they become the new values of numbers XTC and YTC. These
      new values are thus ready for use during step 036 of the following cycle,
      having been computed by the incrementing operations performed at step 034
      of the present cycle.
PAR  At step 088, the servo routine is completed and the program unit 62 may
      divert the computer to computations involving other operations until the
      next interrupt pulse appears and the next period .DELTA.T begins. The
      entire single normal cycle which has here been described may involve only
      a total of some 200 microseconds, and thus when the system exits from the
      servo routine at step 088 there remains well over 1.5 milliseconds before
      the next interrupt pulse will appear, assuming that the interrupt pulses
      are now spaced apart by the durations of 2 milliseconds because the clock
      buffer number CLBFR has a value of 200. In any event, when the servo
      routine has completed one cycle at step 088, there remains in terms of
      computer time a rather large interval before the next interrupt pulse will
      appear. When that next interrupt pulse arrives, however, the servo routine
      will be reinitiated beginning with step 001 (FIG. 5a) and the operations
      described above will again be repeated if conditions are such that the
      next cycle is normal. The cycles will iterate normally five hundred times
      per second if .DELTA.T is 2 milliseconds.
PAL  B. a cycle Finding a Grey Error and Slowing Down the System
PAR  In accordance with one aspect of the invention, means are provided and
      steps are carried out to incrementally increase the durations of the
      succeeding periods .DELTA.T in response to the position error along any
      axis lagging and exceeding the first predetermined threshold value. This
      will become apparent from the following description of a cycle in which a
      grey position error is found for at least one axis.
PAR  In response to an interrupt pulse, the cycle begins at step 001 and
      progresses as the above-described normal cycle down to step 037 (FIG. 5c
      and Table II). At this point, if the substraction LERRX -
      .vertline.XERR.vertline.
PAL  produces a negative answer, it is known that the X axis position error
      exceeds the threshold value of LERRX, and the program unit causes the
      system to proceed to step 038 (rather than skipping to step 043). At step
      038, a similar comparison of HERRX and XERR will produce a positive
      answer, so the system goes on to step 0039 having found that a grey error
      exists along the X axis because the dynamically signaled error number XERR
      exceeds in magnitude the threshold LERRX.
PAR  Steps 039, 040 and 041 are performed in order to determine whether or not
      this grey X axis error is lagging or leading. In a four quadrant axis
      system, and depending upon the direction in which the controlled member is
      displaced from the theoretical position, the position error may be either
      positive or negative in any quadrant. On the other hand, while residing in
      any of the four quadrants, the controlled member may be driven in either a
      positive or negative direction along either the X or Y axis. It is only
      when the member is lagging behind the theoretical instantaneous position
      that corrective action in response to a grey error is desired. A moment's
      reflection will confirm if the sign of the X position error XERR is the
      same as the sign of the X axis velocity position number, then the error is
      in a lagging rather than a leading sense. On the other hand, if those
      signs are unlike, the error is a leading error. Accordingly, at step 039,
      a determination is made as to whether the sign of XERR is positive or
      negative. If positive, the system proceeds to step 040; and if negative,
      the system skips to step 041. In both such steps a determination is made
      as to whether the velocity number PRXC is positive. In step 040 if the
      sign of PRXC is found positive, then both XERR and PRXC are positive, and
      the system skips to step 042 where the indicator signal LDT is set to a
      value of one. Alternatively, if the system has skipped from step 039 to
      step 041 (indicating that XERR is negative), and if it finds at step 041
      that PRXC is negative, the signs of the two numbers are alike, and the
      system proceeds to step 042 so that the signal LDT is also set to a one.
      Thus, if a lagging grey error is detected, the LDT signal becomes a one.
      On the other hand, if step 040 is performed and finds that PRXC is
      negative (after XERR has been found positive), the signs are unlike and
      the system skips to step 043, leaving LDT at its original value of zero.
      Similarly, if the system goes from step 039 to step 041 and finds PRXC
      positive, the signs of PRXC and XERR are unlike, and the system skips to
      step 043. In the case of unlike signs, LDT remains 0.
PAR  The steps 043 through 048 are identical to the steps 037 through 042,
      except that the former apply to the Y axis and utilize the numbers LERRY
      and YERR. Thus, when steps 043 through 048 are carried out, the system
      will skip to step 049 if no Y axis lagging grey error is found; but the
      system will arrive at step 049 having set LDT to one step 048 if a lagging
      Y axis grey error is found. In summary, therefore, as the system
      progresses from step 037 to step 049, finds no black error for the X or Y
      axis at steps 038 or 044, and finds a lagging grey error on either the X
      or Y axis, then the system will arrive at the beginning of step 049 with
      the signal LDT having a value of one.
PAR  In keeping with one feature of the system, corrective action occurs to
      lengthen the .DELTA.T time periods whenever the signal LDT appears as a
      one during any iteration cycle, unless the periods have already been
      lengthened to a predetermined maximum value. Thus, at step 049 the signal
      LDT is sensed and in the present example it will be found to be 1, so that
      the system proceeds to step 050. Operationally, a clock modifier number
      CLMOD is called from its storage register, a predetermined incrementing
      constant CLINC is called from its storage and added, and the new sum is
      stored in the CLMOD register. This operation is thus representable by the
      following equation which is implemented when a grey lagging error is found
      on either axis:
EQU  CLMOD.sub.i = CLMOD.sub.i.sub.- 1 + CLINC                  (32)
PAL  if it is assumed that the constant CLINC is chosen, for example, to be 1.0,
      then Equation (32) becomes:
EQU  CLMOD.sub.i = CLMOD.sub.i.sub.-1 + 1 -                     (33)
PAL  From this it will be seen that so long as a lagging grey error exists on
      either axis the number CLMOD (which initially starts at zero) is increased
      by one during each of the successive cycles which transpire. Thus over a
      period of two hundred successive .DELTA.T's, the number CLMOD might
      progressively increase from zero to two hundred.
PAR  After incrementing CLMOD at step 050, the system proceeds to step 051 to
      determine whether or not the number CLMOD has been increased up to a
      predetermined maximum limit value. This limit value (for example 3,800) is
      stored as a constant CLMAX, and during step 051 CLMOD is substracted from
      CLMAX. If the resulting answer is negative, it is known that CLMOD has
      reached its upper limit value, so the system skips to step 056. On the
      other hand, if the result is positive, the system skips to step 054. It is
      at this point during the cycle that the presently existing value of the
      clock buffer number CLBFR is changed. More specifically, CLBFR is called
      from its register, the then-existing value of CLMOD is added to it, and
      the sum is restored in the register CLBFR as a new value. Thus, merely as
      an example, if at the beginning of the present cycle being described CLMOD
      had a value of zero and CLBFR had a value of two hundred, CLMOD would be
      increased to one at step 050, and CLBFR would be increased to 201 at step
      054. Such incrementing is representable by the equations:
      ##EQU9##
      Proceeding from step 054 to 055, a determination is made as to whether or
      not CLBFR has reached a predetermined permissible upper limit (here chosen
      for example as 4000). Thus the sum CLBFR - CLMAX - 200 is computed in the
      CPU and if the answer is positive, it is known that CLBFR has just been
      set to a value higher than the arbitrary limit of 4000. In this case the
      system proceeds to step 056; otherwise, its skips to step 057.
PAR  As shown by step 056 in FIG. 5d and Table II the number CLBFR is set to the
      predetermined maximum value which is equal to the sum CLMAX + 200 as a
      consequence of steps 051 or 055 finding that either CLMOD or CLBFR has
      reached the upper permissible limit. Thus, in the present example here
      given, CLBFR will be set to 4000, and the next succeeding period .DELTA.T
      (after the down counter 56 has been preset to the number 4000) will have
      the maximum duration of 40 milliseconds.
PAR  Thus, after incrementally increasing CLBFR or setting it to its maximum
      permissible value, the system executes step 057 to restore LDT to zero,
      thus assuring that each iteration cycle is always entered with LDT at
      zero. From that point on, the subsequent steps (ending at 088) are
      executed in exactly the same fashion previously described for a normal
      cycle. When the next cycle is begun, the down counter 55 is preset during
      step 001 to the value CLBFR.sub.i.sub.-1, i.e., to a lower value than
      during the preceding step.
PAR  As here described (treating for the moment the X axis and ignoring the
      XBIAS term and its effect), there are means for creating a changeable
      speed number XDAC, and converting it to analog form E.sub.x, which changes
      according to the expression XGAIN [PER .sup.. PRXC + XTRIM .sup.. HERR],
      as signals numerically representing those five last-designated numbers
      change. The error number XERR is recomputed and signaled as a new value
      once during each successive period .DELTA.T such that XERR.sub.i is equal
      to XTC.sub.i.sub.-1 + PRXC.sub.i - XIN.sub.i. Means respond to the XERR
      signal and a signaled threshold LERRX such that when the former exceeds
      the latter and is lagging in any period .DELTA.T, the subsequent durations
      of the periods .DELTA.T are increased. This results in PER .sup.. PRXC
      remaining the same but a slowing in the rate of change of the theoretical
      position XTC.sub.i.sub.-1 + PRXC.sub.i, so that the velocity servo means
      responsive to the analog signal E.sub.x can drive the controlled member to
      catch up and reduce the position error.
PAR  The advantages of the incremental increasing of CLBFR during any cycle when
      a lagging grey error is found on either axis are quite significant. It
      will be recalled that during each of the successively measured off time
      periods .DELTA.T the theoretical position XTC is incrementally changed by
      the amount of the then-existing velocity number (PRXC, PRYC, as
      applicable). Thus, the theoretical position progresses from one point to
      the next at a rate of PRXC per .DELTA.T or PRYC per .DELTA.T along the X
      or Y axis, respectively. If the controlled member is lagging the
      theoretical position by more than the first error threshold (LERRX or
      LERRY), the progressive increase in the number CLBFR results in the
      progressive lengthening of the periods .DELTA.TN from their normal
      durations of two milliseconds up to as much as forty milliseconds.
      Therefore, the rate of advance of the theoretical position number XTC or
      YTC is reduced, and when the instantaneous error numbers XERR and YERR are
      computed during step 036 of each cycle, it will be found that the position
      errors have been lessened because the rate of advance of the theoretical
      position XTC or YTC has been slowed. In consequence, the term XTRIM.sup..
      XERR in the equation employed at step 82 (or the corresponding Y axis
      equation employed at step 085) will become smaller but the velocity number
      PRXC (or the counterpart Y axis number PRYC) will remain unchanged.
      Therefore, more time is available for the X and Y axis motions of the
      controlled member to "keep up" with the theoretically desired advancing
      positions, and the X and Y axis servo systems 21 and 31 continue to
      receive analog input signals E.sub.x and E.sub.y which are based
      principally upon the term PER .sup.. PRXC or the term PER .sup.. PRYC. In
      net effect, because a grey error causes a lengthening of the successive
      periods .DELTA.T which are measured off, the commanded velocity (in rate
      of change of theoretical position) is reduced for all axes from that which
      is designated by programmed data to a lower value at which the servos can
      faithfully run; but the velocity numbers PRXC and PRYC are not reduced and
      the servos will thus receive almost the same input voltages E.sub.x and
      E.sub.y so as to catch up to the more slowly advancing theoretical
      positions. A lagging grey error on any axis will ultimately result in a
      slowdown of the actual velocity along that axis as the error is reduced,
      but simultaneously the velocity along the other axis or axes will be
      correspondingly reduced so that the X and Y axis velocities remain
      coordinated and the member continues faithfully along the path segment but
      at a slower path velocity.
PAR  In summary, it may be said that the detection of a lagging grey error on
      either axis will result in increasing the number CLBFR and lengthening of
      the subsequent periods .DELTA.T so as to make the theoretical position
      advance at a lower velocity than that actually programmed, but at which
      the servo drives of the system can keep or reduce the following error to
      substantially zero. Of course, once the corrective action here described
      has so lengthened the periods .DELTA.T being measured off that the
      instantaneous errors XERR and YERR are both less then the grey thresholds
      LERRX and YERRX, then no further lengthening of the subsequent periods
      .DELTA.T occurs. Indeed, the system acts automatically to progressively
      shorten the subsequent time periods .DELTA.T so as to restore the actual
      axis velocities back to their programmed values, in a manner which will
      next be described.
PAL  C. a cycle Following the Elimination of a Grey Error
PAR  Let it be assumed now that one of the interrupt pulses has just occured on
      line 55a in 2b and a new cycle of the servo routine represented by FIGS.
      5a- 5e and Table II is started, --with the number CLBFR having been
      increased above its normal value of 200 as a consequence of earlier cycles
      in which lagging grey errors were found on one of the axes. It may be
      assumed, for example, that the number CLBFR presently has a value of 1000,
      and that the durations of the periods .DELTA.T, successively being
      measured off are therefore ten milliseconds. In the cycle next to be
      described, it is assumed, however, that the position errors on the X and Y
      axes are both less then the grey threshold values, having been reduced
      because the time periods .DELTA.T have been lengthened.
PAR  As a cycle begins at step 001, all of the operations described above with
      reference to a normal cycle transpire down to step 037. The subtraction
      performed during step 037 will, under the assumed conditions, result in a
      positive answer (indicating no X grey error) so that the system skips to
      step 043. At step 043 the designated subtraction will also result, under
      the assumed conditions, in a positive answer (indicating no Y grey error)
      so that the system skips to step 049. When the signal LDT is sensed at
      step 049 it will be found to have a value of zero (because it was set to
      zero at step 057 of the previous cycle). Thus, the system will skip from
      step 049 to step 052 and the number CLMOD will be read into the cleared
      accumulator of the CPU. Because, under the assumed conditions the number
      CLMOD now has a valae of 800, the answer ANS signaled from the CPU will be
      found greater than zero and the system will proceed to step 053. In
      carrying out step 053, the computer decrements and decreases the clock
      modifier number CLMOD. Specifically, it reads in CLMOD, reads in and
      subtracts the increment number CLINC, and restores the result as a new
      value for CLMOD. This is represented by Equations (34) and (35), the
      latter being based upon the assumption that the constant CLINC is assigned
      a value of 1.0:
EQU  CLMOD.sub.i = CLMOD.sub.i.sub.- 1 - CLINC                  (35)
EQU  clmod.sub.i = CLMOD.sub.i.sub.- 1 - 1                      (36)
PAR  Thus, during every iteration cycle through the servo routine program, when
      the number CLMOD is found to be greater than zero (indicating that the
      periods .DELTA.T have been increased above their normal duration), and no
      lagging grey error is found on either axis, then the number CLMOD is
      decreased at step 053 during each iteration.
PAR  After step 053, the system proceeds to step 054 where the number CLBFR is
      newly computed to be the value originally determined at step 025 (e.g.,
      200 if PER is 1.0) plus the recently-decreased value of CLMOD. Therefore,
      if CLBFR had had a value of 1,000 when step 001 was performed during the
      current iteration, it ends up after step 054 with a value of 999.
      Expressed as an equation effective for time period shortening:
      ##EQU10##
PAR  Of course, at step 055 CLBFR will not be found as exceeding the upper
      limit, and the system will proceed to step 057.
PAR  Thereafter the remaining sequences of a normal cycle, as described above,
      will take place, ending at step 088.
PAR  It will be recognized from the foregoing that when, due to the existence of
      a lagging grey error, the clock buffer number CLBFR is incremented above
      its normal value of 200/PER (because CLMOD has been incremented to a value
      higher than zero) and thus the periods .DELTA.T have been lengthened
      beyond their normal durations, --and after the grey lagging error has been
      removed--, then during each subsequent iteration of the servo routine
      within each period .DELTA.T the number CLBFR will be decremented until
      CLMOD is restored to its normal value of zero. As a consequence after a
      series of time periods in which that decrementing occurs, all of the axis
      velocities will have been increased back to their programmed values, as
      modified by PER. This is accomplished by means responsive to the signals
      XERR and CLMOD to decrease the number CLBFR during any period .DELTA.T
      when CLMOD is not zero and XERR is neither a lagging error nor one which
      exceeds in magnitude the threshold LERRX.
PAL  D. a cycle Finding a Machine Hold
PAR  As noted previously, the machine hold signal MH may be changed to a 1 at
      the machine at any time as a consequence of either the machine operator
      depressing the switch 48, or the automatic closure of some other switch in
      parallel with the switch 48. In keeping with one feature of the present
      method and apparatus, when a machine hold is called for, this is detected
      during the next servo routine cycle (which starts no more than forty
      milliseconds later), and procedures are initiated for bringing both the X
      and the Y axis velocities to zero quickly while nevertheless bringing the
      controlled member 11 accurately to the last-signaled theoretical
      positions. As will be seen, the means for accomplishing this may stop the
      movement of the controlled member 11 part way through the path segment
      defined by the current block B.sub.n.
PAR  It will be assumed that at some instant near the very end of the previous
      cycle through the servo routine that the switch 48 is closed and the
      signal MH becomes a one. When the next interrupt pulse appears on line 55a
      in FIG. 2b, and the next cycle of the servo routine thus begins with step
      001, the down counter will be present with the number CLBFR, and the
      then-existing zero value of the HOLD signal will be transferred to OHOLD.
      The system will then go to step 003, and proceed to step 004. In the
      latter step, the 1 value of the MH signal will be transferred to the HOLD
      storage, making the HOLD signal 1. The system will then proceed through
      steps 005 and 006, skip to step 023, go through steps 024 and 025 --all as
      previously described for a normal cycle. However, when step 027 is
      performed, the signal HOLD will be found to be one, and the signal OHOLD
      will be found to be zero. Therefore, as indicated by the rectangle for
      step 027 in FIG. 5b  (and step 027 in Table II), the system will at this
      instant proceed to step 028 (instead of skipping to step 030 as in the
      normal cycle previously described). At step 028, the HOLD signal will be
      transferred into OHOLD, so that both now have 1 values. Then, at step 029
      the historical values of the terms XBIAS and YBIAS will be set to zero and
      the program unit 62 will return back to step 015.
PAR  In performing step 015, the value of HOLD is sensed. If it is a one (and
      this is now assumed for the present cycle being described), the system
      skips to step 017 and transfers the preselected constant values XTRMH and
      XKBH into the registers for the numbers XTRIM and XKBIAS. The number XTRIM
      previously used in the equation for step 082 is therefore changed to a
      higher holding value (in comparison to the constant XTRMR to be described
      below). In other words, the individual gain factor G.sub.2 (here called
      XTRIM) as a multiplier for the error number XERR in step 082 is increased
      automatically to a new value G.sub.2 ' whenever the system is placed in a
      holding status; that is, the value of XTRIM is changed from XTRMR to
      XTRMH. Furthermore, the substitution of the constant XKBH for the
      incrementing value XKBIAS increases the rapidity with which the historical
      bias term XBIAS is increased or decreased in response to the existence of
      an error at step 081. Thus the X axis servo control number XDAC is
      computed with a different gain factor for the error trim term and with a
      historical bias term which changes at a greater rate so long as any X axis
      error exists.
PAR  After step 017, the system skips to step 019 where the HOLD signal is again
      sensed. Finding HOLD to be 1 (because it was so set as step 004 mentioned
      above), the system skips to step 021 where the preselected constant YTRMH
      is transferred into the register YTRIM, and constant YKBH is transferred
      into the register YKBIAS. The resulting increases of these number YTRIM
      and YKBIAS (in relation to their previous values) has the same effect on
      the Y axis servo as described above for the X axis servo.
PAR  From step 021, the system skips to step 024, proceeds through step 25
      again, and skips to step 027. As the latter step is performed a second
      time, it will be found that the HOLD and the OHOLD signals are both 1
      (because HOLD was previously set to 1 at step 004 and OHOLD was previously
      set to 1 at step 028) so that the system skips to step 030. At the latter
      step, the HOLD signal is again sensed and found to be one, whereupon the
      system skips to step 035a, sets PER = 0, and proceeds to step 036.
      Therefore steps 034 and 035 are not performed during a cycle when a
      holding condition exists. Thus, the number NLOOP is not incremented nor
      are the theoretical position numbers XT and YT incremented with the
      velocity numbers PRXC and PRYC. This means that the theoretical position
      numbers remain constant so long as the system is in a holding mode, and
      the loop count number NLOOP remains constant so that it does not indicate
      that execution of the block B.sub.n is progressing--even though successive
      periods .DELTA.T continue to be measured off in actual time and the
      interrupt pulses continue to cause successive cycles through the servo
      routine.
PAR  After step 035a, the system proceeds to step 036 where the instantaneous
      position errors XERR and YERR are computed in the fashion previously
      described. Thus, the error numbers continue to be updated and accurate
      while the system is in a holding mode.
PAR  After step 036, the system proceeds to progress through steps 037 to 043 to
      049 to 052, through 057 and 058 to 066-- all as previously described for a
      normal cycle, assuming that no grey or black error exists for either axis.
      Further, the system progresses through steps 066, 067 to 080 as previously
      described for a normal cycle. If any X axis position error exists, the
      system will proceed to step 081 and the historical terms XBIAS will be
      increased or decreased by the number XKBIAS--it being recalled that the
      latter number now has the value of the holding constant XKBH given to it
      at step 017. Since XKBH is selected to be a relatively large constant
      number, the XKBIAS number will increase in magnitude rather rapidly with
      successive passing .DELTA.T's in the holding mode, thereby to assist in
      bringing the member 11 exactly to the last-signaled and now constant
      theoretical position XTC. On the other hand, if no X axis position error
      exists, the system will proceed directly to step 082.
PAR  When step 082 is performed, it will be found that the number PER is zero
      (from step 035a, above) and thus the XDAC number will be found from the
      following equation:
EQU  XDAC = XGAIN [0 + XTRIM .sup.. XERR + XBIAS]               (38)
PAL  in effect, the SDAC number will become zero if the X axis position error
      XERR is reduced to zero and the XBIAS term is progressively incremented at
      step 081 to a value of zero. Therefore, when the holding mode is first
      established and any error exists, the XDAC number is represented
      principally by the term XTRIM.sup.. XERR with the XTRIM number now having
      a relatively high value (viewable as an increased gain factor G.sub.2 '
      for the XERR number) so that the error is closed to zero rather rapidly.
      It will be recalled from step 029 that XBIAS was set to zero after the MH
      signal was detected at the beginning of the cycle so that the incrementing
      of the XBIAS signal leaves it at a relatively small number unless a
      position error persists for several cycles.
PAR  In summary, therefore, the system here described includes means responsive
      to a hold-designating signal from any source for changing the magnitude of
      the signaled speed number XDAC and its analog counterpart E.sub.x,
      including means for reducing the main velocity term PER.sup.. PRXC to
      zero, and means for changing the error term G.sub.2.sup.. ERRX to have a
      larger gain factor B.sub.2 '. If the historical term XBIAS is employed by
      means to signal XDAC, means are provided to change its incrementing number
      XKBIAS per .DELTA.T from a first value XKBR to a second value XKBH. At the
      same time means are responsive to a hold-designating signal to pervent the
      periodic chaning of the theoretical position number XTC.
PAR  Similar means are employed and the same operations result for the Y axis as
      the system proceeds from step 082 through steps 083, 084 and 085. The
      first term within the brackets of the equation used in step 085 becomes
      zero because PER is zero, and the YDAC number (together with its
      corresponding analog voltage E.sub.y) remains large and finite so long as
      any error YERR continues, thereby moving the member to a zero Y axis
      error, whereupon the number YDAC and the voltage E.sub.y also go to zero.
PAR  From the foregoing it will be seen that when a machine HOLD is signaled,
      the control system here described automatically brings both the X and Y
      axis velocities to zero, holds the advancement of the theoretical
      positions XTC and YTC for those axes, and brings the acutal positions
      along the X and Y axes in agreement with the last-signaled theoretical
      positions so as to make the error zero.
PAR  After the first cycle in which the MH signal has been found to be 1, the
      next cycle of operations will proceed as described immediately above, from
      001 to 023, 024, 025 and thence to the step 027 shown by block form in
      FIG. 5b. At this point, both the HOLD and OHOLD are 1's so the system
      skips 028 and 029 and does not go through step 015 et seq. a second time.
      Rather, the system skips directly from step 027 to step 030 where it finds
      HOLD to be 1, skips to step 035a where PER is set to zero, --and the
      operations subsequent to that proceed iteratively during each successive
      .DELTA.T as set out above.
PAR  The system restores itself to the running mode automatically if the MH
      signal from the switch 48 (and any switches in parallel therewith) reverts
      from 1 to 0 value at any time. After that signal has changed to 0 and the
      next iteration cycle of the servo routine begins, both the HOLD and OHOLD
      signals are 1's at the instant step 004 is reached. At this time the zero
      value for MH is transferred to HOLD, so that after step 004 the HOLD
      signal is 0 and the OHOLD is 1. This iteration proceeds through steps 006,
      023, 024, 025 as previously described, but when step 027 is reached, it is
      found that the HOLD signal is not like the OHOLD signal, so that the
      system proceeds to step 028 where OHOLD is changed to 0, proceeds to step
      029 where the XBIAS and YBIAS numbers are restored to zero, and then goes
      back to step 015.
PAR  At step 015, the HOLD signal is found to be 0, and the system proceeds to
      step 016 where the number PRXC is found to be other than zero, and thus
      skips to step 018. At step 018 the preselected constants XTRMR and XKBR
      are transferred into the registers XTRIM and XKBIAS, respectively. From
      what has been said above, it will be understood that this changes the
      individual gain factor G.sub.2 represented by the number XTRIM in the
      equation for step 082 back to a lower preselected "running" value; and it
      also changes the incrementing number XKBIAS used at step 081 to a lower
      running value XKBR.
PAR  From step 018, the system proceeds to steps 019, 020, and 022 where
      operations for the Y axis are performed similar to those just described
      for the X axis at steps 015, 016 and 018.
PAR  The system then goies through steps 024 and 025 again, and skips to step
      027 where it is found that the HOLD and OHOLD signals are now both 0' s.
      Therefore, the system skips to step 030 where it finds HOLD to be 0 and
      thus proceeds to step 031. The sequential operations which follow during
      steps 031 onwardly to the exit step 088 are those which have been
      described above for a normal cycle. It will be borne in mind that the
      theoretical position numbers XT and YT will thus be incremented by the
      numbers PRXC and PRYC at step 034 and the cycle count number NLOOP will be
      incremented by 1 at step 035. Moreover, at steps 081 and 084 the
      incrementing, if any, of the historical terms XBIAS and YBIAS will be the
      current value of the incrementing number XKBIAS and YKBIAS which are now
      the running constants XKBR and YKBR. Thus, the historical bias terms will
      change at a more gradual rate if the X or Y position errors are not zero.
      Finally, in steps 082 and 085 the number PEr (which may be viewed as a
      gain factor on the quantities PRXC and PYRC) is no longer zero because it
      was set to agree with FRO at step 005, and was not reset to zero because
      steps 026a and 035a have been skipped. Thus, the XDAC and YDAC numbers are
      computed in a normal fashion with the gain factors XTRIM and YTRIM for the
      numbers XERR and YERR now having preselected running values XTRMR and
      YTRMR.
PAR  The system is thus restored to a running mode, after being in a machine
      hold condition, when the MH signal is at any time restored to a zero
      value. After the first such restoration iteration as described above, the
      following iterations are identical in every respect to the normal cycles
      described above.
PAL  E. a cycle Finding a Black Error
PAR  Let it be assumed that a grey error has existed on the X or Y axis during
      several successive .DELTA.T's and that the clock member CLBFR has been
      increased to lengthen the periods .DELTA.T and reduce the rates of change
      of the theoretical position numbers XTC and YTC. Assume further that one
      of the axis position errors then, for any of several possible abnormal
      conditions, increases above the second threshold value TH2 represented by
      HERRX or HERRY so that a black error comes into existence.
PAR  An iteration cycle just after the black error comes into being will proceed
      from step 001 to step 038 in the same way as above described for a grey
      error cycle. At step 038, however, if the X axis error XERR is greater
      than the second threshold number HERRX, the system will skip to step 059.
      If not, the system will reach step 043, find a grey error, and go to step
      044. If the Y axis error YERR is greater in magnitude than the threshold
      number HERRY, then the system will skip to step 059. Thus, if a grey error
      exists on either the X or the Y axis and if a black error also exists on
      either the X or the Y axis, the system bypasses steps 045 through 058 and
      skips to step 059.
PAR  At steps 059 and 060, the instantaneous error numbers XERR and YERR are
      compared with the red error threshold values 2HERRX and 2HERRY. It is
      assumed in the present discussion that neither red error threshold is
      exceeded, so that after the system executes step 059 it proceeds to step
      060 and thence to step 061. At step 061, the HOLD signal is sensed and
      (assuming this is the first cycle in which a black error has been found)
      is found to be 0, so that the system proceeds to step 062.
PAR  It will be recalled from previous discussions of the operation performed at
      step 053 of earlier cycles that the register BEKNT has been set to contain
      a preselected number BEDLAY which may, for example, be 75. Thus, when the
      system reaches step 062 it reads the number BEKNT into the accumulator,
      subtracts one, and stores the result as a new value for BEKNT. The number
      BEKNT is used to create a short delay after the inception of a black error
      prior to the initiation of responsive action, so that only the momentary
      existence of the black error will not produce that rather drastic
      corrective response. For this purpose, the system repeatedly senses the
      value of the number BEKNT and initiates corrective action only after the
      latter has been decremented to a value of zero. This explains the
      decrementing step performed at step 062.
PAR  Then at step 063, the number BEKNT is read into the accumulator and if that
      number is not zero, the system skips to step 066. If the number is zero,
      the system returns to step 026 in the iteration sequence. But with the
      assumption that the cycle here described is the first in which a black
      error has been detected, the number BEKNT at step 063 will be found to
      have a value of seventy-four (the result of the decrementing at step 062),
      and thus the system will skip from 063 to 066.
PAR  From step 066, the sequence proceeds as described above for a grey error or
      normal cycle, exiting at step 088.
PAR  On the next cycle and during the next period .DELTA.T, the operational
      sequences will be exactly as those described above for the first cycle in
      which a black error is detected, except that at step 062 the number BEKNT
      will be decremented to a still lower value. Therefore, if a black error
      does arise and remain, seventy-five succeeding periods .DELTA.T will be
      measured off (assuming that the constant BEDLAY is chosen to be 75)
      before, in the last of such cycles, the number BEKNT is found to be zero
      at step 063. Nominally, this creates a delay of 0.150 seconds from the
      instant that the black error was first detected. When this occurs, the
      system returns from step 063 to step 026 so that the indicator HOLD is set
      to one, and at 026a PER is set to zero. At step 027 signals HOLD and OHOLD
      are found respectively to be 1 and 0, so that the system goes through step
      028, 029 and returns to step 015. From step 015 the system operates
      through sequences previously described for the first cycle after a machine
      hold has been detected. That is, in summary form, the holding values of
      XTRMH and XKBH are set into XTRIM and XKBIAS at step 017; and similarly
      the counterpart Y axis holding values are so transferred to YTRIM and
      YKBIAS at step 021. Then step 024 is performed and because PER - 0.05 is
      now negative, the system skips to re-executes step 027. This time,
      however, both the HOLD and HOLD signals are 1' s so that the system skips
      from 027 to step 030 where it finds HOLD to be 1 and thus skips to step
      035a where the number PER is set to zero (redundantly in this instance).
      This results in steps 034 and 035 being skipped, and the system goes to
      step 036 where it progresses as if in a holding cycle (described above) to
      step 088. It will thus be understood that after a black error has been
      detected and a delay interval created by the number BEKNT has elapsed, the
      entire system is automatically placed in a holding mode.
PAR  After the first cycle during which the number BEKNT at step 063 is found to
      be zero and the signal HOLD is set to one, then when the next succeeding
      cycle begins, step 001 will be performed in the usual way, step 002 will
      transfer the 1 value of HOLD into OHOLD, and at step 003 the number BEKNT
      will be found to be zero. This signifies that the system has been placed
      into a hold condition because a black position error has been detected and
      endured for a predetermined interval while the number BEKNT has been
      incremented down to a value of zero. From step 003, the system skips to
      step 035a where the number PER is set to zero. From step 035a to 088 the
      sequences are the same as for a holding cycle. Many iterations of this
      type can occur successively, with the system holding, if a black error is
      detected during each such cycle.
PAR  After one or more iterations in the holding mode, however, the position
      errors XERR and YERR will progressively decrease, in the fashion explained
      above. Thus, during some subsequent period .DELTA.T, the sequences of
      operations will find that a grey error exists when the operations of steps
      037 and 043 are performed, but will not find that a black error exists
      when the operations at steps 038 or 044 are performed. Inconsequnce, when
      the holding condition results in the elminiation of the black error, the
      system will find a grey error and at step 049 will find that LDT signal is
      one. From that point onward during the remainder of the iteration cycle,
      the operationsal sequences will be the same as those described above for a
      grey error cycle, the signal LDT being set to zero at step 057 and the
      number BEKNT being set equal to BEDLAY at step 058. The clock buffer
      number CLBFR will be further increased to further lengthen the periods
      .DELTA.T and this will have the effect of tending to reduce the axis
      position errors.
PAR  When the next cycle begins, the new value of CLBFR will be preset into down
      counter 55 and number BEKNT will be found equal to BEDLAY so tha steps
      004, 005, 006 will be executed in carrying out a grey error cycle, with
      skipping from step 006 to step 023. From step 023, the system proceeds to
      step 024 to find a non-negative answer (because PER is now equal to FRO
      from step 005), proceeds through step 025, and finds HOLD = 0 and OHOLD =
      1 at step 027. Therefore, steps 028 and 029 are performed and the system
      returns to step 015. Finding that HOLD = 0, the system proceeds to step
      016 to find PRXC not zero, skips to step 018 and changes XTRIM and XKBIAS
      to the running values XTRMR and XKBR. These operations are repeated for
      the Y axis at steps 019, 020, 022 -- and the system then goes through step
      024 and 025 to step 027. In this execution of step 027, however, both HOLD
      and OHOLD are 0' s, so the system skips to step 030, proceeds 031 and goes
      through the rest of the sequences for a grey error cycle.
PAR  During the next several .DELTA.T's if the system ultimately removes the
      grey error, the clock buffer number CLBFR will be incrementally reduced,
      as previously described, until the following error approaches
      substantially zero.
PAR  In review, the normal operation of the present apparatus according to the
      method here disclosed results in the position errros along the X and Y
      axes normally being in the white error range. If a grey error is detected,
      the durations of the periods .DELTA.T are lengthened and this tends to
      reduce the axis velocities called for below those which correspond to
      programmed values so that the grey errors tend automatically to be
      eliminated. If, however, due to unusual and abnormal circumstances the
      grey errors are not eliminated and indeed the position error along either
      axis increases above the second threshold into the black range, then the
      system is automatically put into a holding mode. This results in the
      movement along the X and Y axes "catching up" to reduce the position
      errors back down below the black error threshold. Having returned the
      position errors to the grey range, the system then functions in a manner
      specified for grey error cycles and tends further to eliminate the grey
      position errors so that any position errors drop into the acceptable or
      white range.
PAR  These results are obtained by means for producing electric signals
      digitally representing numerical values (for the X axis, by way of
      example) XGAIN, PER, PRXC, XTRIM, XERR, BIAS, XTC, XIN and HERRX. Means
      are provided to operate during each time period to change XTC by adding
      PRXC and to signal the existing error such that XERR = XTC - XIN.
      Responsive to those changing signals, means are also employed to produce
      digital signals XDAC equal to XGAIN[PER .sup.. PRXC + XTRIM .sup.. XERR +
      BIAS], to convert XDAC into analog counterpart voltage E.sub.x, and to
      apply the latter as the input to the X axis velocity servo 21. And further
      means are provided to signal during any period that the error XERR exceeds
      the predetermined threshold HERRX, whereupon the apparatus sets the signal
      PER to zero, terminates the adding of PRXC to XTC, and changes the value
      of the gain factor XTRIM--so that a holding condition is obtained. But
      when the error XERR falls back below HERRX as holding takes place, then
      the apparatus removes the modifications of signals and return to grey
      error or normal operation. The threshold value HERRX may be a constant but
      is preferably a monotonic function of PRXC.
PAL  F. a cycle Finding a Red Error
PAR  If an extremely serious condition arises such as precipitous failure of one
      of the servo motors or an obstruction physically blocking the movement of
      the saddle 16 or table 29, the controlled member 11 may fall into a grey
      error, then almost immediately into a black range error, and thence into a
      red position error range-- along one or more axes. Although a black error
      holding condition may be created before the red error actually occurs,
      usually the red error will come into being while the black delay is being
      measured off by decrementing of the BEKNT number, because the red error is
      apt to be caused by a precipitous and disastrous condition.
PAR  Assuming that the system is running through normal cycles, a grey error
      condition is then detected during a given cycle, and then on the next
      cycle a black error condition is detected. The number BEKNT may be
      decremented for several cycles while the X or Y axis error is in the black
      range, but that number probably will not reach zero if it is assumed that
      the error on one or both axes increases above the third threshold TH3 and
      a red position error thus is created within a few cycles after the black
      error appears.
PAR  Thus, in one of the black error cycles during which the number BEKNT would
      normally be decremented, the sequences of steps through the program will
      be like that described above for a black error prior to BEKNT = 0 cycle.
      The operations carried out will proceed through steps 001-006, 023, 024,
      025, 027, 030, 031, 034, 035, 036 and 037. Assuming that the red error
      exists in the X axis, the operation will go from step 037 to step 038
      where a black error will be detected, and thus the system skips to step
      059. At either of steps 059 or 060, under the conditions here assumed, it
      will be found that the X or Y error number XERR or YERR is greater than
      2HERRX or 2HERRY--signifying  that there is a red error condition on at
      least one axis. Therefore, the system will skip to step 064 which is
      performed during cycles when a red error exists.
PAR  At step 064 the delay count number REDKNT (previously set to the value of a
      predetermined constant REDLAY. such as twenty-five, as later explained) is
      decremented by one. The number REDKNT is used to create a delay interval
      equal to a selected number of periods .DELTA.T before any response to a
      red error condition is produced, --just to be certain that a very short
      and momentary red error condition does not result in unnecessary and
      strong corrective action to be described.
PAR  After the number REDKNT has been decremented at step 064, the system
      proceeds to step 065 where it is determined that, under the assumed
      conditions, the number REDKNT is not zero. The red delay thus not have
      elapsed, the system proceeds to step 066 and there finds that the signal
      EMHOLD is 0. Thus, the system proceeds to step 067 and it goes on through
      the rest of the routine to step 088 in the same way as for a normal cycle,
      as described above.
PAR  The next iteration cycle during the succeeding period .DELTA.T will result
      in exactly the same responses and sequences described immediately above
      except that the number REDKNT will be decremented to a still lower valve
      during step 064. If it is assumed that the number REDKNT had been preset
      to a value of twenty-five prior to the appearance of a red error, 25 such
      cycles of operation will transpire (producing a delay of approximately 50
      milliseconds if the cycle periods are assumed to be 2 milliseconds in
      duration). On the twenty-fifth such cycle at step 065 in the program, the
      number REDKNT will be found to have a zero value, and instead of
      proceeding to step 066, the system will skip to step 069. At step 069 an
      emergency delay number EMKNT is set to a predetermined low value (here
      one); and then at step 70 a red error shutdown indicator HALT is set to
      one. Thereafter, the system skips to step 072, sets the emergency hold
      indicator EMHOLD to one, and the system then returns back to step 026.
PAR  At step 026 (in a sequence which has previously been described) the HOLD
      signal is set to one, at step 026a PER is set to zero, followed by a
      finding at step 027 that HOLD is one and OHOLD is zero, so that steps 028
      and 029 are performed, after which the system returns to step 015. The
      sequence of operations from step 015 through 021 when HOLD is a one has
      been previously treated above. The holding constants XTRMH, XKBH, YTRMH
      and YKBH are transferred into other registers for active use. At step 024
      the number PER will be found less than 0.05, and thus operations through
      steps 026, 026a and 027 will be repeated. In this execution of step 027 it
      will be found that the HOLD and OHOLD signals are alike. Thus, the system
      skips to step 030, finds HOLD = 1, sets PER equal to zero at step 035a
      (skipping steps 034 and 035), and goes on to perform steps 036 and 037.
PAR  Because under the postulated conditions there is a red error condition on
      the X axis, the system will proceed from step 037 and 038 again to step
      059 where it will be found that XERR is greater than 2HERRX, so that the
      system skips to step 064 and again decrements the number REDKNT. Recalling
      that during the previous iteration REDKNT had a value of zero, this
      decrementing makes that number a negative one. Thus at step 065 it is
      found that the number REDKNT is not equal to zero, making the system skip
      to step 066.
PAR  At step 066, the signal EMHOLD (having been set to 1 at step 072) is found
      to be a one, so operations skip to step 073 where it is found that the
      number EMKNT is equal to one (having been preset to that value earlier by
      step 069). Therefore, the system proceeds to step 074 where the number
      EMKNT is decremented by one so that it takes on a value of zero. At the
      following step 075, it is found that EMKNT is zero, so that the system
      skips immediately to step 087 which results in turning off the electrical
      power for all of the servo systems 21 and 31, totally shutting down the
      machine tool. At step 088 the system exits from the servo routine and
      awaits the next interrupt pulse.
PAR  Thus, the effect of a red cover on either axis which endures for the delay
      interval created by the number REDKNT results in HALT, HOLD and EMHOLD all
      being set to one and immediate shutdown of the servo systems. The servo
      routine continues to cycle through successive iterations but during each
      (and even through the signal MH is a zero) it will skip from step 006 to
      023, find EMHOLD equal to one, skip to step 026 and set HOLD, go to step
      027 and find both HOLD and OHOLD to be 1' s, skip to step 030 and progress
      through steps 035a, 037, 038, 059, 064 and 065 to 073. When the number
      EMKNT is sensed at step 073 it will now be found to be zero, so the system
      skips to step 076 and finds HALT to be 1, skips to step 087 (performed
      redundantly since all servo power was previously turned off) and exits at
      088 to await the next interrupt pulse. Successive cycles during the many
      periods which follow will involve those same sequences so long as HALT
      remains 1, and thus EMHOLD remains 1 and EMKNT remains zero.
PAR  The controlled member 11 will not, of course, move so long as the
      electrical power for the servos 21, 31 is turned off. The red error
      shutdown indicator HALT may be cleared only by an operator-actuated switch
      (not shown) after the stop switch contacts 49a have been closed and the
      operator has found and corrected the condition which originally created
      the red error, and the operator has manually adjusted the controlled
      member to a substantially zero error position. Thereafter, the system may
      be re-started by the operator moving the switch contacts 49a, 49b to the
      "run" position, as described below.
PAL  G. a cycle Finding That an Emergency Stop Signal Exists
PAR  As noted above, the console 44 associated with the machine tool (FIG. 1)
      includes a stop-run switch 49a, 49b. In an emergency conditions the
      operator may actuate that switch to close the contacts 49a, thereby making
      the signal STOP a 1. The signal STOP is sensed during every period
      .DELTA.T when the EMHOLD signal does not exist, and when STOP is found to
      exist, an emergency delay is measured off in time after which the machine
      is totally shut down. These operations will be made clear from the
      following description of a cycle through the program represented by FIGS.
      5a-e with the assumption that the STOP signal is first detected during
      that cycle.
PAR  Assume that a period .DELTA.T has just begun and that the sequence of
      operations represented in FIGS. 5a-d have progressed according to those of
      a normal cycle donw to step 066. At the latter step it will be found that
      EMHOLD is zero, so the system will proceed to step 067 where it will, for
      the first time, find STOP = 1. Thus, instead of skipping to step 080, the
      system proceeds to step 068 where it presets the emergency stop delay
      number EMKNT to some predetermined constant here shown by way of example
      as 50. The system then skips to step 072 where the signal EMHOLD is set to
      one. The system returns to step 026.
PAR  As noted above, when the system returns to step 026 and sets HOLD to 1, it
      thereafter sets PER to zero at step 026a, goes through steps 027, 028, 029
      and returns to step 015 in order to progress through steps 017, 021 and
      024. With PER now equal to zero, the system repeats steps 026, 026a and
      027-- from whence it skips to step 030 where it finds HOLD now one. Both
      HOLD and OHOLD have now been set to one and the holding values of the
      numbers XTRIM, XKBIAS, YTRIM and YKBIAS have been made active, while PER
      is presently zero.
PAR  From step 030, the system then skips to step 035a where PER is set to zero
      (redundantly in this instance), and then proceeds through steps 036, 037,
      043, 049 (assuming that neither a grey nor black erros exists)-- and
      thence from 049 through 052, 057 and 058 to 066.
PAR  At step 066 the signal EMHOLD is found to be a one (having been so set at
      the earlier step 072) so that the system skips to step 073. Because the
      number EMKNT was originally preset to a value of fifty, its value will not
      at this instant be zero, and the system will therefore proceed to step 074
      where EMKNT is decremented by one. Then, at step 075, the number EMKNT
      again will not be zero (having just been decremented from its initially
      set value of 50 to 49), and so the system will skip to step 080 and
      continue through the sequence of operations as if it were in a holding
      mode.
PAR  When the next period .DELTA.T begins, and the next cycle through the servo
      routine starts, the sequences will be the same as for a normal cycle
      through steps 001, 002, 003, 004, 005 and 006 to step 023. Finding the
      signal EMHOLD to be 1 at step 023, the system will proceed through steps
      026 and 026a, then to step 027, and skip to step 030 because HOLD and
      OHOLD are now both 1's. At step 030 since HOLD is one, the system
      continues on as if in a holding status, in the fashion previously
      described-- except at step 066 it finds EMHOLD = 1, skips then to step 073
      and proceeds to step 074 where EMKNT is again decremented. Thus, when the
      systemm reaches step 075 a second time it will find EMKNT equal to 48 and
      skip to step 080. Operations proceed from that point to step 088 as if the
      system were in a holding
PAR  Such cycles continue until fifty .DELTA.T's have been measured off and in
      the fiftieth such cycle it is found at step 075 that EMKNT is equal to
      zero. As a result, the system will skip from 075 to step 087, whereupon
      the electrical power for the two servo systems will be turned off and the
      computer will exit from the servo routine at step 088.
PAR  The machine tool thus having been shut down in response to actuation of the
      console "stop" switch, the periods of time .DELTA.T continue to be
      measured off and the sequences of operations through successive steps of
      the servo routine continue to be executed (as just described above for the
      fiftieth cycle) down to step 073. When step 073 is reached, however, it is
      found that EMKNT is zero, so that step 074 is not executed and EMKNT is
      not decremented below zero. Instead, the system skips from step 073 to 076
      where it senses whether or not the HALT signal is zero. If HALT is 1, the
      system skips immediately to step 087 and exits from the servo routine at
      088, since once the HALT signal has been set to a one it can be cleared
      only by the machine operator after he has corrected the difficulty which
      created the red error. But if, at step 076, it is foun that HALT is 0,
      this signifies that the system was put into an emergency hold and stopped
      because of the STOP signal from switch 49a. Therefore, the system proceeds
      to step 077 where it senses the STOP signal. If the stop signal is still
      1, the computer exits from the servo routine through steps 087 and 088. On
      the other hand, if during one of the many continuing .DELTA.T's which are
      measured off following an emergency stop, it is found at step 077 that the
      operator has restored the switch 49a to an open condition and therefore
      removed the signal STOP, the system will proceed from step 077 to step 078
      where EMHOLD is cleared to zero. Thereafter on step 079 the electrical
      power for the servos 21 and 31 is turned on, after which the system
      proceeds through steps 080 to the exit step 088 as if it were in a holding
      mode.
PAR  When the next cycle .DELTA.T begins to be measured off, the signal HOLD
      will be set to zero at step 004 (assuming MH is a zero) and the system
      will sequence through steps 004, 006, 0023, 0024, 0025, 0027, 0028, 0029
      and thence back to step 015. Progressing from step 015 through 016, 018,
      019, 020 and 022 the system will find HOLD to be zero so that the running
      values of the constants XTRMR, XKBR, YTRMR and YKBR will be transferred
      into active use as the corresponding acitve numbers to be used during
      steps 081, 082, 083 and 084, as previously described. Proceeding through
      steps 024 and 025 to 027 again, the system will now find both HOLD and
      OHOLD to be zero, skip to step 030, proceed to step 031 and continue on as
      if in a normal running cycle.
PAR  The foregoing makes it plain that the machine operator by closing the
      switch 49a may effect an emergency stop in the X and Y axis servos to make
      the controlled member 11 come to rest at any point midway through
      execution of a programmed path segment. The operator may, moreover, cause
      the system to resume its normal operation simply by opening the stop
      switch 49a. This will be detected in the servo routine and normal running
      conditions will be resumed.
PAL  H. a cycle Finding That Acceleration or Deceleration Should Begin
PAR  From what has been said above, it is clear that in every period .DELTA.T
      when the system is not in a holding mode or stopped condition, the
      "elapsed cycles" number NLOOP is incremented at step 035 in the servo
      routine. Likewise, in each such cycle the step 031 is performed in order
      to determine whether the signal DC is a one; and if so, the step 032 is
      performed to determine if the number LOOPB is greater than the number
      NLOOP. If such determination is not affirmative, it means that motion
      along the path (and thus along the X and Y axes) has progressed for the
      current block B.sub.n to that point in distance and time such that the
      change in velocity from PRXC to the velocity TPRX along the sloped
      velocity line 82 (FIG. 8) should begin. For this reason, the block 032 in
      FIG. 5c designates an acceleration/deceleration test performed according
      to the question of whether NLOOP - LOOPB is negative. A yes answer
      indicates that such point has not been reached at which the velocity
      change represented by the line 82 should begin. But a no answer to that
      question designates that the velocity should begin changing.
PAR  Accordingly, when a no answer is obtained for the step 032 as shown in FIG.
      5c, the system proceeds to step 033 during which the previously computed
      incrementing values XINC and YINC are employed to change the existing
      values of the velocity numbers PRXC and PRYC. As made plain from FIG. 5c
      and Table II, each time that the step 033 is performed, it produces the
      operations indicated by the following equations:
EQU  PRXC.sub.i = PRXC.sub.i.sub.-1 + XINC                      (39)
EQU  pryc.sub.i = PRYC.sub.1.sub.-1 + YINC                      (40)
PAL  it will be recalled that the quantities XINC and YINC have been determined
      such that the axis which undergoes the largest velocity step change from
      one block to the next as programmed will have its velocity number changed
      at a rate A per .DELTA.T which corresponds to the maximum acceleration A
      of which the servos are capable.
PAR  Therefore, one the number NLOOP has been found to equal or exceed the
      number LOOPB at step 032 in any cycle of the servo routine, it will be
      found to so exceed in every succeeding cycle for the block represented by
      the data then in current storage. And in each such cycle the velocity
      numbers PRXC and PRYC will be changed (either increased or decreased) by
      incremental amounts. Therefore, once the acceleration or deceleration
      action begins, the terms PER .sup.. PRXC and PER .sup.. PRYC for the
      equations followed during steps 082 and 085 will become progressively
      different with each passing period .DELTA.T, and thus the X and Y axis
      velocities will progressively change along substantially straight lines
      toward the values which they must have by the time the system begins
      execution of the following commanded path segment.
PAR  Except for this incrementing of the velocity numbers PRXC and PRYC, any
      cycle in which the accelerating or decelerating action is produced
      proceeds in exactly the same manner as described above for a normal cycle.
PAL  I. a cycle Finding the Path Segment B.sub.n Fully Executed; Transfer of
      Data to Begin Execution of Block B.sub.n.sub.+1 as the New Block B.sub.n
PAR  As shown in FIG. 8, the servo block B.sub.n began at that instance in time
      when the X axis reached and began running at the constant velocity PRXC
      indirectly defined by the programmed data for block n. It is at this
      instant that the number NLOOP is restored to zero, and its dynamically
      changing value thereafter represents the number of cycles or loops which
      have elapsed since that point in time. From FIG. 8 it will be clear that
      when the number NLOOP becomes equal to the number LOOPC, the servo block
      B.sub.n will have been fully executed, i.e., the X axis motion will have
      continued at the velocity PRXC over the time span designated as LOOPB, and
      then will have uniformly decreased along the sloped line 82 to the next
      block velocity TPRX over a period of time equal to 2PC (in units of
      .DELTA.T's).
PAR  These relationships are employed in order to effect the transfer of block
      B.sub.n.sub.+1 data into the current storage section 70 when the path
      segment being executed has been completed.
PAR  Let it be assumed that during a given cycle of operation the deceleration
      action above described has transpired at step 033 in the servo routine,
      and that the incrementing of the number NLOOP at step 035 makes the latter
      for the first time equal to the stored number LOOPC. The system will
      continue on through that cycle of operation and then await the next
      interrupt pulse. When such next interrupt pulse appears, a new cycle
      through the servo routine will be started, and steps 001 through 005 will
      be carried out in the usual fashion. However, when the system reaches step
      006, the number LOOPC will be read into the CPU, and the number NLOOP will
      be read in subtractively, so that the answer ANS appearing in the
      accumulator will be zero. At step 006 this indication by the answer that
      NLOOP is equal to LOOPC will cause the system to proceed to step 007
      rather than skipping (as heretofore described) to step 023.
PAR  At step 007 the system will determine whether or not data has been
      processed for block B.sub.n.sub.+1 and is ready in the intermediate
      storage section 69 (such processing and readying of data being hereinafter
      described). If such data is not ready, the signal DRIND will be zero, and
      thus the system will skip to step 026, set the signal HOLD to one, and go
      into a holding mode as described above. If, however, the signal DRIND is a
      one, the system will proceed to step 008 and 009, during which the
      precomputed numerical values for the block B.sub.n.sub.+1 will be
      transferred from intermediate storage registers to the appropriate current
      storage registers. More specifically (as indicated symbolically by dashed
      lines in FIG. 21, and set out in both FIG. 5a and Table II), the number
      LOOPF is taken from its intermediate storage register and inserted into
      the register LOOPC to become the new value for LOOPC. Likewise, the
      numbers TPRX and TPRY are transferred to become the new numbers PRXC and
      PRYC.
PAR  Next, at step 010 the number NLOOP is cleared to zero so that the running
      count of time period .DELTA.T which it represents starts over. Also,
      because transfer of data has been completed, the data ready indicator
      DRIND is cleared to zero.
PAR  Next, at step 011 (which actually is carried out as a succession of
      discrete steps within the computer) the new values of the first and second
      error thresholds are computed as monotonic functions of the velocity
      numbers for the block of data B.sub.n.sub.+1 which is now being
      transferred into current storage and designated as block B.sub.n. It will
      be seen from FIG. 5a and from Table II that a value of LERRX is computed
      according to Equation (24) and then newly stored in register LERRX. In the
      present example, it is assumed that HERRX is made twice the value of LERRX
      (see Equation 25), so that the latter may be multiplied by two and then
      stored as a new value in register HERRX. Similarly, new values of LERRY
      and HERRY based upon the new and present values of PRYC are computed and
      stored in their corresponding registers.
PAR  At step 012 a preselected constant REDLAY which determines the length of
      time delay interval between the detection nof a red error and corrective
      action, is transferred into the register REDKNT. In this fashion, REDKNT
      always has a predetermined value (assumed to be twenty-five in the
      foregoing description) unless and until a red error is detected. Also, at
      step 012 the one-bit indicator DECEL is transferred from the intermediate
      storage section to the indicator bit storage DC in the current storage
      section.
PAR  It is conceivable that, in the transition from one programmed path segment
      to the next, the "jumps" in velocity may be so small as to be within the
      capabilities of the servo systems 21 and 31 to execute without any
      progressive change in velocity numbers from one block value to the next
      block value. If this condition exists, it is unnecessary to perform the
      incrementing of velocity numbers described above with reference to step
      033 in the servo routine. Therefore, at step 013 the one-bit indicator
      DECEL is sensed, it being the same as the indicator DC at this instant,
      and if it is a zero, the system skips to step 015. On the other hand, if
      the signal DECEL is a one at step 013, it is necessary to employ the
      numbers LOOPB and XINC and YINC for deceleration or acceleration purposes
      at the end of the segment defined by the block of data being transferred.
      Accordingly, the system proceeds from step 013 to step 014 where the
      precomputed numbers LOOPS, PRXI and PRYI are respectively transferred to
      the registers LOOPB, XINC and YINC in the current storage section. After
      such transfers, the system proceeds to step 015.
PAR  The operations which are effected from steps 015 through steps 025 have
      been described above, and need not be detailed here. In a normal cycle
      when the transfer of data has been performed by following through steps
      008 to reach step 015, the signal HOLD will not be a one, and thus the
      system will proceed to step 016. It is conceivable that if a programmed
      block of data defines a path segment lying solely along the Y axis and
      having no X axis component, then the velocity number PRXC just stored in
      the current storage section will be zero. Thus, in that event, when the
      number PRXC is found to be zero at step 016, the system will proceed to
      step 017 and thereupon transfer the holding constants XTRMH and XKPH into
      their counterpart active registers. But if PRXC is not zero, the system
      skips from step 016 to step 018 and either newly transfers or simply
      retransfers the running constants XTRMR and YKBR into the actively used
      registers XTRIM and XKBIAS. The same general operations occur at steps 019
      through 022, and the system therefore brings into play either the holding
      or the running constants.
PAR  Beginning at step 024 in a cycle of operation which involves transfer of
      new block data to the current storage section by progressing through steps
      008 to 015, the sequences proceed as described above for any normal cycle.
      Since these have been set out above, those normal cycle sequences need not
      be repeated here.
PAL  Vii. deriving and Storing Signals From B.sub.n.sub.+1 Command Data to
      Represent Numbers Which Will Later Be Used in the Current Storage Section
PAR  The numbers transferred to the current storage section at the beginning of
      execution of block B.sub.n.sub.+1 (and after such transfer, called the
      current data for the new block B.sub.n) are TPRX, TPRY, LOOPF, LOOPS,
      PRXI, PRYI and DECEL-- as explained above. It is desirable to have these
      numbers ready and waiting at the instant the changing number NLOOP for the
      almost-completed old block B.sub.n becomes equal to LOOPC and the transfer
      sequences (steps 006, 007 and 008 to 015 in Table II) begin.
PAR  In keeping with the present invention these numbers are computed and stored
      in the form of digitial signals by apparatus which functions to carry out
      a "preparation sub-routine" represented as a flow chart in FIGS. 9a, 9b
      and as a list of program steps in the following table:
TBL                                    TABLE III                               
     __________________________________________________________________________
     PROGRAM STEPS FOR PREPARING                                               
     B.sub.n.sub.+1 DATA                                                       
     __________________________________________________________________________
     1.  Clear accum and read in DRIND                                         
          If ANS = 0 proceed to step 2                                         
          If ANS = 1, skip to step 39                                          
     2.  Transfer X.sub.n.sub.+2 into X.sub.n.sub.+1                           
     3.  Transfer Y.sub.n.sub.+2 into Y.sub.n.sub.+1                           
     4.  Transfer TPRX' into TPRX                                              
     5.  Transfer TPRY' into TPRY                                              
     6.  Transfer LOOPP' into LOOPP                                            
     7.  Transfer P into PC                                                    
     8.  Transfer BX.sub.n.sub.+2 into X.sub.n.sub.+2                          
     9.  Transfer BY.sub.n.sub.+2 into Y.sub.n.sub.+2                          
     10. Transfer BFRN.sub.n.sub.+2 into FRN'                                  
     11. Transfer BX.sub.n.sub.+3 into BX.sub.n.sub.+2                         
     12. Transfer BY.sub.n.sub.+3 into BX.sub.n.sub.+2                         
     13. Transfer BFRN.sub.n.sub.+3 into BFRN.sub.n.sub.+2                     
     14. Start tape reader, fill BX.sub.n.sub.+3, BY.sub.n.sub.+3, and         
         BFRN.sub.n.sub.+3                                                     
     15. Clear accum, read in 30,000 and FRN' to compute 30,000/FRN'           
          Store ANS in LOOPP'                                                  
     16. Clear accum, read in X.sub.n.sub.+2, X.sub.n.sub.+1, FRN'  and .3333  
         to compute                                                            
         (X.sub.n.sub.+2 -X.sub.n.sub.+1)(FRN')(.3333)                         
          Store ANS in TPRX'                                                   
     17. Clear accum, read in Y.sub.n.sub.+2, Y.sub.n.sub.+1, FRN' and .3333   
         to compute                                                            
         (Y.sub.n.sub.+2 -Y.sub.n.sub.+1)(FRN')(.3333)                         
          Store ANS in TPRY'                                                   
     18. Clear accum, read in TPRX' and TPRX to compute (TPRX'-TPRX)           
          Store ANS in .DELTA.PRX                                              
     19. Clear accum, read in TPRY' and TPRY to compute (TPRY' - TPRY)         
          Store ANS in .DELTA.PRY                                              
     20. Clear accum, read in absolute values .DELTA.PRX and .DELTA.PRY to     
         compute                                                               
         .vertline..DELTA.PRX.vertline. - .vertline..DELTA.PRY.vertline.       
          If ANS is negative, skip to step 22                                  
          If ANS is not negative, proceed to step 21                           
     21. Clear accum, read in .DELTA.PRX                                       
          Store ANS in .DELTA.PRfa; skip to step 23                            
     22. Clear accum, read in .DELTA.PRY                                       
          Store ANS in .DELTA.PRfa                                             
     23. Read in K as multiplier to compute ( .DELTA.PRfa)(K) = TR             
          If ANS digits to right of dec. point are all zero, skip to step 26   
          If ANS digits to right of dec. point are not all zero, proceed to    
          step 24                                                              
     24. Read in constant 1.0 and add to compute TR + 1                        
     25. Clear accum digits to right of dec. point                             
                         TR  TR                                                
     26. Read in 2 as a divisor to compute                                     
                           or  + 1/2                                           
                         2   2                                                 
          If ANS tenths digit place is zero, proceed to step 27                
          If ANS tenths digit place is 5, skip to step 28                      
     27. Read in .5 and add                                                    
     28. Store ANS in P                                                        
     29. Read in 2 and multiply to compute 2P                                  
          Store ANS in 2P.                                                     
     30. Clear accum, read in .DELTA.PRX and 2P to compute .DELTA.PRX/2P       
          Store ANS in PRXI                                                    
     31. Clear accum, read in .DELTA.PRY and 2P to compute .DELTA.PRY/2P       
          Store ANS in PRYI                                                    
     32. Clear accum, read in .DELTA.PRfa, read in A to compute .DELTA.PRfa -  
         A                                                                     
          If ANS is negative, proceed to step 33                               
          If ANS is not negative, skip to step 35                              
     33. Clear accum to zero                                                   
          Store ANS in P, 2P and DECEL                                         
          Skip to 036                                                          
     35. Clear accum, read in 1                                                
          Store ANS in DECEL                                                   
     36. Clear accum, read in LOOPP, PC and P to compute (LOOPP - PC - P)      
          Store ANS in LOOPS                                                   
     37. Read in 2P in compute (LOOPS + 2P)                                    
          Store ANS in LOOPF                                                   
     38. Clear accum, read in 1                                                
          Store ANS in DRIND                                                   
     39. Exit to Supervisory Routine                                           
     __________________________________________________________________________
PAR  From FIGS. 9a and 9b taken conjointly with Table III, those skilled in the
      art will fully understand the physical organization of gates and sequences
      to be formed within the program unit 62 of the digital computer (FIG. 2b)
      by transmitting to that program unit a series of instructions entered
      through the associated keyboard terminal. Such preparation program will be
      keyed into the supervisory routine of the computer so as to be called up
      and executed during any of the time intervals which lie between (a) the
      instant that step 008 is completed for a cycle of the servo routine
      program defined in Table II, and (b) the instant that the next interrupt
      pulse appears on line 55a in FIG. 2b. If desired, the preparation
      sub-routine may be simply a continuation from step 088 onward in the servo
      routine, since it will be seen that once data for block B.sub.n.sub.+1 is
      ready, essentially all of the steps of the preparation sub-routine are
      skipped.
PAR  Let it be assumed that at some instant in time a transfer of B.sub.n.sub.+1
      data from intermediate storage 69 to current storage 70 has been completed
      by a "transfer cycle" of the program described above with references to
      FIGS. 5a-5e and Table II. At step 010 within that cycle, the signal DRIND
      is set to zero.
PAR  In consequence, after that cycle of the servo routine is completed, the
      supervisory routine within the computer will cause the program unit 62 to
      enter the preparation sub-routine depicted in FIGS. 9a, 9b and defined
      more explicity by Table III. A narrative sequence of the operations which
      follow such entry will make clear both the apparatus and the method by
      which, in an exemplary embodiment, the precalculations are performed to
      create digital signals numcerically representing the required values of
      numbers pertaining to the now-designated b.sub.n.sub.+1 path segment.
PAR  After entry at step 1 (FIG. 9a and Table III), the signal DRIND is brought
      into the cleared accumulator of the CPU. If the answer ANS is one, it
      indicates that the B.sub.n.sub.+1 data have already been prepared and
      exist in the intermediate storage section 69, so the system skips directly
      to the exiting step 39. On the other hand, if DRIND is zero, this
      indicates that the precalculation routine must be fully performed, and so
      the system proceeds to steps 2-7.
PAR  At steps 2 through 7 a series of transferring operations are performed as
      represented by the dahsed lines within the intermediate storage section 69
      in FIG. 2b. Specifically, the number X.sub.n.sub.+2 is transferred to the
      register X.sub.n.sub.+1 to become a new value for the latter coordinate.
      The number Y.sub.n.sub.+2 is transferred to the register Y.sub.n.sub.+1 to
      become a new value for the latter coordinate. The number TPRX'
      (representing the velocity number for the previously-designated block
      B.sub.n.sub.+2) is transferred into the register TPRX to become the
      velocity number for the newly and presently-designated block
      B.sub.n.sub.+1. Similarly, the velocity number TPRY' is transferred into
      the register TPRY. The number LOOPP' is transferred to the register LOOPP
      where it represents the programmed time span for the newly designated
      block B.sub.n.sub.+1. And finally, the number P is transferred to the
      register PC to represent a time span for the block now newly designated
      B.sub.n.sub.+1. The numbers prepared during the previous execution of the
      preparation sub-routine (applicable to what was then designated
      B.sub.n.sub.+2) are therefore transferred from register shown in the left
      portion of the intermediate storage 69 to counterpart registers shown in
      the right portion-- where they are applicable to what is presently
      designated block B.sub.n.sub.+1.
PAR  It may be assumed that at this instant the storage registers in the buffer
      section 68 are full, i.e., that the tape reader 45 was earlier started to
      read the punched tape data for block B.sub.n.sub.+3, the data numbers
      thereof having been placed in registers BX.sub.n.sub.+3, BY.sub.n.sub.+3
      and BFRN.sub.n.sub.+3 after the corresponding numbers BX.sub.n.sub.+2,
      BY.sub.n.sub.+2 and BFRN.sub.n.sub.+2 for the preceding block had been
      transferred into the registers so designated in FIG. 2b. Thus the
      operations for steps 8-13 involve transfer of numbers (each via the trunk
      I to the cleared accumulator and from the latter via the trunk O to the
      receiving register) as follows:
PA1  A. from Buffer Registers to Intermediate Registers
PA2  The coordinate BX.sub.n.sub.+2 is placed in X.sub.n.sub.+2.
PA2  The coordinate BY.sub.n.sub.+2 is placed in Y.sub.n.sub.+2.
PA2  The feed rate number BFRN.sub.n.sub.+2 is placed in FRN'.
PA1  B. within the Buffer Section
PA2  The coordinate BX.sub.n.sub.+3 is placed into BX.sub.n.sub.+2.
PA2  The coordinate BY.sub.n.sub.+3 is placed into BY.sub.n.sub.+2.
PA2  The feed rate number BFRN.sub.n.sub.+3 is placed in BFRN.sub.n.sub.+2.
PAR  Thereafter at step 14 the tape reader 45 is started to supply successively
      the three numbers constituting command data for the following block, the
      tape reader signals being appropriately decoded and supplied via the trunk
      I and the CPU 62 to a trunk O from which they are routed to the registers
      labeled BX.sub.n.sub.+3, BY.sub.n.sub.+3 and BFRN.sub.n.sub.+3. When this
      next block of data has been read from the punched tape, the reader 45 will
      produce an end-of-block signal EL which will stop the operation of the
      tape reader by apparatus switch is not shown but which is familiar to
      those skilled in the art.
PAR  At this point in time, the stored and signaled numbers FRN', X.sub.n.sub.+2
      and Y.sub.n.sub.+2 have been newly received in the intermediate storage
      section 69, and they may now be used to derive the necessary signals and
      numbers. From the explanation given above in this specification, it will
      be seen from FIG. 8 that the number LOOPP for any block of data may be
      found simply by dividing the feed rate number for that block into the
      constant 30,000, as indicated by Equation (8), supra. Thus, when the
      system comes to step 15 of the preparation sub-routine, the accumulator is
      cleared, the constant 30,000 is read in, the number FRN' is then read in
      and the resulting quotient of 30,000/FRN' is stored in the register
      LOOPP'. This represents the number of .DELTA.T time periods which would
      elapse if the command data block now designated B.sub.n.sub.+2 were
      executed with the axis velocities constant at the component values
      necessary to produce the path velocity designated by the feed rate number
      FRN'. This quantity LOOPP' is so labeled in FIG. 8.
PAR  The system then proceeds to steps 16 and 17 in which the velocity numbers
      for block B.sub.n.sub.+2 are determined, signaled and stored. As shown by
      Equation (10) above, if the velocity number for the X axis of block
      B.sub.n.sub.+2 is designated TPRX', then that value is equal to the
      product of (0.3333)(FRN')(X.sub.n.sub.+2 - X.sub.n.sub.+1). Accordingly,
      at step 16, the coordinate numbers X.sub.n.sub.+2 and X.sub.n.sub.+1 are
      read into the computer from the correspondingly labeled registers in the
      intermediate storage section 69 and their difference is computed and
      signaled in the accumulator. This difference is thereafter multiplied by
      the number FRN' brought from the corresponding register, and the resulting
      product is thereafter multiplied by the constant 0.3333. The resulting
      final product is stored in the register TPRX' as the new value of that
      number.
PAR  The system then proceeds to step 17 as shown in FIG. 9a and Table III where
      similar operations are carried out for the Y axis data in order to compute
      and store the velocity number TPRY' pertaining to block B.sub.n.sub.+2.
PAR  After that, the system proceeds to steps 18 and 19 during which the changes
      in velocity for the eX and Y axes in the transition from block
      B.sub.n.sub.+1 to block B.sub.n.sub.+2 are determined. As explained above
      in the derivation of Equations (13) and (14) these respective changes in
      axis velocities are determined simply by the difference between the first
      axis velocity, as programmed, and the second axis velocity, as programmed.
      Thus, at step 18 the number TPRX' is read into the cleared accumulator,
      the number TPRX is read in subtractively, and the resulting difference is
      stored in that register designated .DELTA.PRX in FIG. 2b. This velocity
      jump .DELTA.PRX is so labeled in FIG. 8. Similarly, the number .DELTA.PRY
      is computed and stored in the corresponding register during the operations
      of step 19.
PAR  At step 20 of the preparation sub-routine, it is determined whether the X
      or the Y axis will undergo the largest velocity change in the transition
      from block B.sub.n.sub.+1 to block B.sub.n.sub.+2. This is done at step 20
      by reading into the cleared accumulator the previously stored number
      .DELTA.PRX as an absolute value, reading in subtractively the absolute
      value of the number .DELTA.PRY, so that the answer in the accumulator will
      be negative if .DELTA.PRY is greater in magnitude than .DELTA.PRX. If the
      resulting answer is negative, the system skips to step 22; and if it is
      not negative, the system proceeds to step 21.
PAR  If the answer after step 20 is not negative, therefore, the then-existing
      number .DELTA.PRX is transferred during step 21 into the register
      .DELTA.PRfa and the system thereafter skips to step 23. On the other hand,
      if the answer after step 20 is negative, then on step 22 the number
      .DELTA.PRY is read into the cleared accumulator and thence stored in the
      register .DELTA.PRfa. Therefore, when the system arrives at step 23 the
      number .DELTA.PRfa represents the change of the axis velocity component
      which will undergo the largest change when the operation is converted from
      data based on block B.sub.n.sub.+1 to data based upon block
      B.sub.n.sub.+2. As labeled in FIG. 8, it is assumed that .DELTA.PRX is
      greater than .DELTA.PRY, so .DELTA.PRfa is set equal to .DELTA.PRX.
PAR  During steps 23 to 28, the numerical value for the time span P (as labeled
      in FIG. 8) is determined and stored in the register P. It will be recalled
      that the number P is equal to one-half of the quantity of time periods
      .DELTA.TN which will be required for the velocity to change from TPRX to
      TPRX' along the line 81 having a slope A (assuming that the X axis is the
      fast axis). As noted by the foregoing Equation (15) and the description
      which follows it, the exact numerical value for the time span TR is
      derived from the relation
      ##EQU11##
      Since .DELTA.PRfa remains in the accumulator at the end of either step 21
      or 22, the next step 23 (see Table III) is performed simply by reading in
      the constant K from its storage register and multiplying, whereupon the
      number TR then appears in the accumulator. To "round up" this number, the
      answer digits in the accumulator to the right of the decimal point are
      sensed; if all have a value of zero, the system will skip to step 26, but
      if all of these digits are not zero, the signaled number TR is not a whole
      integer and thus the system proceeds to step 24.
PAR  At step 24 (Table III) the value of 1.0 is read into the CPU and added to
      the number TR then existing in the accumulator to form the sum TR + 1. And
      at the following step 25 all of the answer digits to the right of the
      decimal point in the accumulator are cleared or set to zero.
PAR  Therefore, the system arrives at step 26 with a hole number signaled on the
      output lines of the accumulator, such integer being the quantity TR or the
      quantity TR rounded up to the next higher integer if it was not originally
      a whole integer. At step 26 the constant 2 is read in as a divisor to
      divide the number then in the accumulator by two. If that number
      previously existing in the accumulator was an odd integer, the answer next
      appearing in the accumulator will contain the integer five in its tenths
      digit place; but if the original number was an even integer, the new
      answer will contain the value of zero in its tenths digit place. In
      executing step 26, the tenths digit place in the accumulator answer is
      sensed and if it is zero the system proceeds to step 27; otherwise, the
      system skips to step 28. If step 27 is performed, the quantity of 0.5 is
      simply read into the CPU and added to the number then existing in the
      accumulator. Thus when the system arrives at step 28, the answer ANS
      signaled by the accumulator is one such as xx. 5, that is, it is an
      adjusted or rounded number representing the value of P as labeled in FIG.
      8, and such that twice its value is an odd whole number. Thus, at step 28
      the answer signaled by the accumulator is simply stored in the P register,
      as indicated by Table III.
PAR  Having computed and stored the value of P (which remains in the accumulator
      at the end of step 28), the system proceeds to step 29 where the value of
      2P is computed and stored. As indicated by Table III and FIG. 9b, it is
      only necessary to read in the constant 2 as a multiplier whereupon the
      product 2P appears as the answer in the accumulator, and this answer is
      stored in the register 2P.
PAR  Since the quantity 2P is now available, it is possible to determine the
      incremental amounts by which the X and Y axis velocities must be
      incrementally changed during each of successive periods .DELTA.TN if they
      are to be uniformly changed by the total amounts .DELTA.PRX and .DELTA.PRY
      over a time span of 2P periods. Thus, at step 30 the number .DELTA.PRX is
      read into the cleared accumulator and the number 2P is read in from its
      register as a divisor to compute the ratio .DELTA.PRX/2P which, according
      to Equation (16) represents the incrementing number PRXI. This latter
      number appears in the answer register at the end of step 30 and is routed
      for storage in the register PRXI.
PAR  At step 31, similar operations are carried out to compute the incremental
      amount PRYI for the changing of the Y axis velocity during those
      individual time periods which will elapse during the time interval 2P.
      Therefore, the number PYRI is derived and stored in its register.
PAR  At step 32 (Table III and FIG. 9b) a determination is made as to whether
      there need be a progressive changing of axis velocities over the time span
      2P as labeled in FIG. 8, or whether the largest jump in axis velocities in
      the transition from block B.sub.n.sub.+1 to block B.sub.n.sub.+2 is so
      small that the servo systems 21 and 31 can effect it without progressive
      incrementing of the velocity numbers. Merely as an example of such a
      determination, it is here considered that if the largest jump in axis
      velocity is less than the velocity change A which can be produced by the
      servos during one period .DELTA.TN, then progressive incrementing of the
      velocity numbers is not necessary and the time span 2P as labeled in FIG.
      8 may be viewed as constituting simply a single period .DELTA.TN in which
      the largest jump in axis velocity is accomplished during a single time
      period. Therefore, at step 32 in Table III the number .DELTA.PRfa is read
      into the cleared accumulator and the number A is read in subtractively to
      compute the difference .DELTA.PRfa -A. If the answer is not negative
      (indicating that .DELTA.PRfa is greater than A) the system skips to step
      35. But if the answer is negative (indicating that .DELTA.PRfa is less
      than A) then the system proceeds to step 33.
PAR  At step 33, the accumulator is cleared so that the answer ANS signaled
      therefrom is zero, and that value is stored in the registers P, 2P and
      DECEL -- thus setting all of the corresponding numbers to have a zero
      value. The system then skips to step 36.
PAR  On the other hand, if incrementing action will be required for the
      velocities during the last portion in the execution of block
      B.sub.n.sub.+1, the system skips from step 32 to step 35 at which the
      number 1 is read into the accumulator and stored in the one-bit indicator
      DECEL. This indicator thus designates that when block B.sub.n.sub.+1
      becomes the block B.sub.n in current storage, velocity incrementing must
      begin when the number of elapsed periods or loops equals the active number
      LOOPB.
PAR  From step 35, the system proceeds to step 36 wherein the accumulator is
      cleared and the numbers LOOPP, PC and P are read in in order to compute
      the quantity LOOPS in accordance with Equation (18) supra. The answer is
      stored in the register LOOPS (and will later become LOOPB after transfer
      to current storage). The system then proceeds to step 37 where the
      quantity 2P is read in and added to the existing answer representing LOOPS
      in the accumulator, the new answer representing the value LOOPF according
      to Equation (19), this new answer being stored in the register LOOPF.
      LOOPS and LOOPF as time spans are labeled in FIG. 8.
PAR  Having completed these data-preparing operations, the system proceeds to
      step 38 where the indicator storage bit DRIND is set to one, thereby
      indicating that the processing of data for block B.sub.n.sub.+1 has been
      fully completed and is ready within the intermediate storage section 69 to
      be transferred into the current storage section 70 when the currently
      executed block B.sub.n is completed. It will be seen, therefore, that
      whenever the indicator DRIND becomes a zero by virtue of step 010 during a
      transfer cycle of the servo routine program, the preparation sub-routine
      is performed and the data ready indicator DRIND is set to 1. Thereafter at
      step 39 the system exits to the supervisory routine of the computer.
PAR  It is appropriate to review the general operational sequences which occur
      in order to produce the uniform or smooth acceleration and deceleration
      which may be required at the transitions between any two successive path
      segments. This has been described previously with reference to FIG. 8, but
      it will now be apparent that when the path segment D.sub.n is being
      traveled by the controlled member 11 with the velocities V.sub.x and
      V.sub.y being equal to the velocity numbers PRXC and PRYC, the number of
      elapsed periods is dynamically signaled and changed by the number NLOOP
      described above. When that latter number becomes large enough to equal the
      previously derived and stored number LOOPB (see FIG. 8), then the servo
      routine performs step 033 during each succeeding period .DELTA.T. As a
      consequence, the velocity numbers PRXC and PRYC are incrementally changed
      during each period .DELTA.T by the amounts XINC and YINC, so that the
      velocity numbers and the actual velocities V.sub.x and V.sub.y are reduced
      in small steps which, for V.sub.x, approximate the sloped line 82 in FIG.
      8. The values of the current incrementing numbers XINC and YINC have been
      computed (as the previous numbers PRXI and PRYI) in a fashion such that
      the axis programmed to have the largest step change in velocity actually
      is given small incremental changes during a succession of periods to
      change its velocity at a rate A, that value being predetermined and
      selected to be substantially the maximum acceleration which the axis servo
      system is capable of faithfully producing. Therefore, neither of the axis
      servos falls into an excessive error.
PAR  It is known that once the incrementing of the velocity numbers begins, the
      two axis velocities V.sub.x and V.sub.y will reach the values TPRX and
      TPRY which are required to produce the path velocity V.sub.n.sub.+1
      represented by the feed rate number FRN.sub.n.sub.+1 for the next path
      segment D.sub.n.sub.+1. Since, as shown in FIG. 8, the number LOOPC is
      equal to LOOPB + 2 PC, it is known that when the dynamically changing
      number NLOOP becomes equal to the number LOOPC, the execution of the servo
      block B.sub.n is finished. Therefore, as described above, when NLOOP
      becomes equal to LOOPC, the servo routine represented by Table II and
      FIGS. 5a-e goes through those steps designated 007 to 015, and the
      previously-prepared data for the block B.sub.n.sub.+1 are transferred from
      the intermediate storage section 69 to the current storage 70. Repeated
      cycles through the servo routine therefore cause the physical execution of
      the block B.sub.n.sub.+1 which is now treated as the new block B.sub.n.
      The preparation routine is initiated when the intermediate-to-current
      storage transfer takes place, thereby to have data for the new block
      B.sub.n.sub.+1 ready.
PAL  An alternative, equivalent analog embodiment
PAR  it will be appreciated that the best mode which I contemplate for carrying
      out the methods and apparatus according to the present invention is
      reflected in the exemplary embodiment described above with reference to
      FIGS. 1-9. That embodiment includes a programmed digital computer, as
      described, in a control system which is digital in nature, i.e., creates
      and utilizes various changeable digital signals. It is, however, not
      necessary in the practice of the invention to utilize a digital system,
      nor it is necessary to utilize a programmed digital computer. One skilled
      in the art may readily and routinely visualize and construct, from the
      teachings contained in the disclosure set out above, an "analog
      equivalent" of the digital system which has been described. To make this
      abundantly clear, FIGS. 10a through 10d illustrate a suitable analog
      control system which may be employed to carry out the methods, and to
      embody the apparatus, of the invention which is defined by the appended
      claims.
PAR  Generally speaking, FIGS. 10a and 10b show analog apparatus for receiving
      successive blocks of part program data and for deriving the signals
      required for each block prior to the time that the controlled member is
      actually moved along the corresponding path segment. FIGS. 10c and 10d, on
      the other hand, show analog apparatus for accepting the prepared signals
      (PRXC, XINC, LOOPC, LOOPP, DC, PRYC and YINC) to actively execute a given
      block of command data. Because the X axis portion (enclosed in a dashed
      line rectangle in FIGS. 10c and 10d) of the apparatus is identical to the
      Y axis portion (represented by a smaller dashed line rectangle), the
      latter has not been duplicated in detail. Of course, that portion of the
      apparatus which relates to the Y axis controls the Y axis servomotor YM
      and drives the machine tool member 11 along the Y axis as illustrated in
      FIG. 2a. The signals which are produced, changed and utilized in the
      analog system of FIGS. 10a through 10d represent numerical variables in
      the form of analog dc. voltages, as will be apparent from the description
      which follows. These signals will be identified by the same symbols
      employed in the earlier discussion of FIGS. 1 through 9, and where it is
      appropriate, the same reference characters from FIGS. 1-9 will be utilized
      in FIGS. 10a through 10d.
PAR  In the description which follows, it will be assumed that a command block
      B.sub.n is being actively executed by the X and Y axis systems shown in
      FIGS. 10c and 10d, these systems responding to previously established and
      existing dc. voltage signals which are designated in FIGS. 10b and 10c as
      PRXC, PRYC, XINC, LOOPC, YINC, LOOPB and DC. The manner in which those
      signals are established for the block B.sub.n will be explained in the
      latter portion of the description which follows.
PAR  As a means for measuring off successive time periods .DELTA.T having a
      normal duration .DELTA.TN which is adjustable, a dc. motor 100 is
      energized via an operational amplifier 101 according to the magnitude of
      an input voltage CLBFR. Feedback from a tachometer 102 to the inverting
      input of the amplifier makes the motor 100 run at a speed which is
      proportional to the variable input voltage CLBFR. The motor 100 drives a
      timing cam 104 which periodically closes timing contacts 105 to pick up a
      timing relay TIM. The time periods .DELTA.T measured off between
      successive, momentary actuations of the relay TIM are thus inversely
      proportional to the voltage CLBFR, and when the latter has its normal
      value, such periods will be .DELTA.TN in duration. The relay TIM has a
      plurality of contacts disclosed at various locations in FIGS. 10c and 10d,
      and such contacts are designated by the symbol TIM to which different
      numerical suffixes are added. The dc. voltage CLBFR in FIG. 10d
      corresponds to the digital signal CLBFR referred to in connection with
      FIGS. 1-9, although it may be noted that for simplicity the signal CLBFR
      in FIG. 10d causes the time periods .DELTA.T to vary inversely in relation
      to changes in the voltage CLBFR, whereas in FIG. 2b above, the down
      counter 56, the oscillator 58 and the zero decoder 55 cause the time
      periods .DELTA.T to vary directly in proportion to the changing magnitude
      of the signal CLBFR.
PAR  During the normal execution of a block path segment, it may be assumed that
      a counter 106 (FIG. 10c) has been reset to zero previously, such counter
      supplying its output through a digital-to-analog converter 108 to produce
      the signal NLOOPS. During each period .DELTA.T, and in response to
      momentary closure of the associated relay contacts TIM1, the contents of
      that counter will be increased by one, so that the voltage NLOOPS
      progressively increases in steps with time and represents the number of
      time periods .DELTA.T which have been measured off since the execution of
      block B.sub.n began. As shown in FIG. 10c, the signals NLOOPS and LOOPC
      are supplied to an operational amplifier 109 operating as a saturating
      comparator and having a diode at its output which thus swings to a
      positive value only when the signal NLOOPS has increased sufficiently to
      equal or exceed LOOPC. When that happens (at the end of execution of the
      active block B.sub.n), a positive pulse is applied through a capacitor to
      a one-shot multivibrator 110 which in turn momentarily energizes a
      transfer relay TR1. The output of that one-shot also triggers a second
      one-shot multivibrator 111 so as to momentarily energize a second transfer
      relay TR2; and this in turn triggers a third one-shot multivibrator 112
      which momentarily energizes a transfer relay TR3. These transfer relays
      are employed to produce a transition from the execution of one block of
      data into the execution of the succeeding block of data as hereinafter
      described.
PAR  The signal PRXC, which is a dc. voltage representing the commanded X axis
      velocity in terms of distance per .DELTA.T, enters at the left of FIG. 10c
      and normally constitutes the only imput signal to an operational amplifier
      114 because the relay contacts RB1 are normally deactuated and in their
      illustrated positions. Thus, each time that timing contacts TIM2 close,
      the signal PRXC is supplied to the input of a sample-and-hold circuit 115
      whose output is thus a voltage representing the velocity PRXC. In this
      mode (with RB1 contacts deactuated), the voltage PRXC at the output of
      circuit 115 is constant and unchanging. The latter signal is supplied as
      one input to an operational amplifier 116 which forms a part of an
      incrementing sub-system. Each time that contacts TIM3 are actuated, the
      output of amplifier 116 is supplied through normally closed holding relay
      contacts HR1 to a sample-and-hold circuit 118 whose output is a voltage
      here labeled XTC (and which corresponds to the previously described signal
      XTC). The output XTC is fed back via normally closed contacts TIM3a to a
      sample-and-hold circuit 119 having its output leading through normally
      open contacts TIM3b to the input of the amplifier 116. Thus, normally the
      output from circuit 119 is the existing value of XTC. When timing contacts
      TIM3, 3a and 3b actuate momentarily, however, the input to activate the
      circuit 119 is disconnected and its output is connected to the input of
      amplifier 116, so that the voltage at the output of the latter becomes
      PRXC + XTC and this is routed through the timing contacts TIM3 to the
      input of circuit 118. Therefore, as the timing relay TIM is momentarily
      actuated during each successive period .DELTA.T, the output voltage is
      incremented according to the relationship
EQU  XTC.sub.i = XTC.sub.i.sub.-1 + PRXC                        (41)
PAL  it will be recognized that the foregoing expression is fully tantamount to
      Equation (20) set forth hereinabove and that the incrementing sub-system
      here shown is a means for producing electric signals XTC representing a
      theoretical position which member 11 should occupy, and changing such
      signals once during each period .DELTA.T by an incremental amount PRXC to
      represent a periodically advancing theoretical position XTC which the
      controlled member 11 should occupy.
PAR  Incidentally, for the sake of brevity and simplicity, the well-known
      operational amplifiers shown in FIGS. 10a through 10e have been purposely
      illustrated with the conventional feedback connections omitted. Single
      input operational amplifiers are assumed to be connected in the
      non-inverting mode.
PAR  The theoretical position signal XTC is algebraically combined with an
      actual position voltage XIN in order to produce a signal XERR represnting
      the instantaneous position error of the member 11 along the X axis. For
      this purpose, the signal XIN is produced as a dc. voltage to represent by
      its magnitude that instantaneous position. As here shown, the pulse
      generator XPG supplies up or down count pulses to the reversible counter
      40 (FIG. 10d) having its output passed through a digital-to-analog
      converter 120 which in turn produces a dc. voltage XIN proportional to the
      actual position of the member 11 as the latter moves back and forth along
      the X axis in response to rotation of the lead screw 22 driven by the
      servomotor XM. As shown in FIG. 10c, the two signals XIN and XTC are
      supplied with opposing polarity inputs to an operational amplifier 121
      whose output is an error-representing voltage here labeled XERR.
PAR  To form the primary input signal for energizing the servomotor XM, the
      signal PRXC is supplied as one input to a multiplier circuit 122 (FIG.
      10c) which receives as its second input the percent override signal PER
      and which produces an output voltage representing PER.sup.. PRXC. The
      signal PER comes from FIG. 10d and is normally equal to the feed rate
      override voltage FRO which is selected to represent an adjustable constant
      by adjustment of a potentiometer 124. So long as the relay contacts
      labeled HR5 are in their illustrated, deactuated state, the dc. voltage
      PER is equal to the voltage FRO. Returning to FIG. 10c, the output from
      the multiplier 122 is passed to one input of a summing operational
      amplifier 125 in FIG. 10d. The error voltage XERR is normally supplied
      through normally closed contacts HR4 via an adjustable input resistor
      XTRMR to the input of this same operational amplifier 125. That input
      resistor makes the value XTRMR constitute the effective gain factor XTRIM
      on the input voltage XERR, i.e., makes XTRIM equal to XTRMR where the
      value of the latter is determined by adjusting the effective value of the
      resistor. Since the voltage PER.sup.. PRXC and the voltage XTRIM.sup..
      XERR are both supplied to non-inverting inputs of the amplifier 125 which
      is set to have a gain here designatable as XGAIN, these two input voltages
      would normally cause the output signal XDAC to be equal to XGAIN
      [PER.sup.. PRXC + XTRIM.sup.. XERR].
PAR  To produce a "historical bias" input voltage XBIAS to the amplifier 125,
      two preselectable incrementing constants are represented by voltages XKBR
      and XKBH which are picked off of adjustable potentiometers 126 and 127
      (FIG. 10c). The voltage XKBR is normally passed through the normally
      closed contacts HR2 to become the input signal XKBIAS to an operational
      amplifier 128 forming a part of an incrementing sub-system comprising
      timing contacts TIM4, a gate 129, and sample-and-hold circuits 130 and
      131. The output of the sample-and-hold circuit 130 is normally a voltage
      representing the variable XBIAS. When the contacts TIM4 are actuated
      momentarily, however, that output is supplied as one input to the
      amplifier 128 whose responsive output voltage is thus the sum of XBIAS and
      XKBIAS. The sum is transmitted through the momentarily closed contacts
      TIM4 and the gate 129 (only if the latter is opened because the
      controlling voltage XERR applied thereto is greater than a predetermined
      magnitude, such as zero) and thence to the input of the circuit 130. From
      what has been said earlier about the incrementing sub-system which
      includes the sample-and-hold circuit 115, it will be understood that the
      XBIAS incrementing sub-system functions (if the error signal XERR is
      greater than zero) to make the XBIAS voltage change in steps such that
EQU  XBIAS.sub.1 = XBIAS.sub.1.sub.-1 .+-. XKBIAS               (28)
PAL  thus, the dc. voltage signal here labeled XBIAS is incrementally changed by
      the amount XKBIAS during each of successive measured time periods
      .DELTA.T, -- in a fashion which is substantially the same as the
      incrementing of the digitally represented signal XBIAS described earlier.
      It is to be noted, however, that the incrementing of the dc. voltage XBIAS
      occurs only when the error voltage XERR is greater than a predetermined
      magnitude, e.g., zero. Moreover, the incrementing amounts XKBIAS has a
      first value XKBR (obtained from potentiometer 126) when hold relay
      contacts HR2 are deactuated; and it has a second value XKBH (obtained from
      potentiometer 127) when the holding relay contacts are actuated during a
      holding mode (as hereinafter described).
PAR  Whenever the system is either put into or removed from a holding mode (as
      explained later), the XBIAS voltage is restored to zero and its historical
      incrementing begins anew. For this purpose, a gate 132 (FIG. 10d)
      establishes a controlling connection between the input to the
      sample-and-hold circuit 130 and a point of zero voltage, i.e., ground. The
      gate 132 is momentarily enabled by a voltage pulse supplied thereto from a
      one-shot multivibrator 134 whose input is disconnected momentarily and
      then reconnected to a positive voltage each time the contacts HR3 of a
      holding relay are either actuated or deactuated. Momentarily placement of
      the input to the circuit 130 at zero potential thus restores the dc.
      voltage XBIAS to a zero value.
PAR  As shown in FIG. 10d, the XBIAS signal is applied as an additive input to
      amplifier 125 and the output of the latter is transmitted to the
      servomotor XM to form a velocity servomechanism, there being a tachometer
      25 driven by the servomotor and supplying its output voltage to an
      inverting input of that amplifier. The amplifier 125 by its feedback
      connection (not shown) is arranged to produce an overall gain factor which
      may be designated XGAIN. Thus, it will be apparent that the dc. output
      voltage from the amplifier 125, represented by the symbol XDAC and serving
      to energize the motor XM, varies according to the relation
EQU  XDAC = XGAIN [PER.sup.. PRXC + XTRIM.sup.. XERR + XBIAS]   (29)
PAL  the gain factor XTRIM within the brackets of the foregoing equation is
      either the gain XTRMR or XTRMH numerically produced by adjustment of the
      input resistors correspondingly labeled in FIG. 10d, depending upon
      whether the relay contacts HR4 are deactuated or actuated when the system
      is in a non-holding or a holding mode. Moreover, as indicated earlier with
      respect to the holding relay contacts HR5, the gain factor PER within the
      brackets of Equation (29) will be equal to the voltage FRO or will be
      zero, depending upon whether the contacts HR5 are deactuated or actuated
      when the system is respectively in a non-holding or a holding mode. That
      is, in the holding mode the signal XDAC will specifically have the value
      of
EQU  XDAC = XGAIN [O + XTRIM.sup.. XERR + XBIAS]                (38)
PAL  where XTRIM is equal to XTRMH. Thus, the analog apparatus as thus far
      described will result in servomotor XM driving the controlled member 11
      along the X axis at a velocity proportional to XDAC, where XDAC is a
      voltage made up according to the Equation (29) set out above, but wherein
      this equation takes on different gain factors shown by Equation (38) when
      the system is in a holding mode.
PAR  In the analog apparatus of FIGS. 10c and 10d, means are provided for
      lengthening the durations of the successively measured-off time periods
      .DELTA.T whenever the position error of the controlled member 11 exceeds a
      predetermined threshold which is represented by a voltage LERRX; and
      conversely, means are provided for shortening the periods .DELTA.T
      whenever the error threshold is not exceeded and the periods are greater
      than a predetermined normal minimum value. The threshold voltage LERRX is
      created so as to vary as a monotonic function of the commanded velocity
      signal PRXC. For this purpose, the voltage PRXC is supplied to an
      operational amplifier 136 (FIG. 10c) having an overall gain factor of 4
      and having a second input voltage representing the number 8 (the latter
      voltage coming from a potentiometer 137). Thus, its output voltage is
      LERRX, where
EQU  LERRX = 4(PRXC + 8)                                        (24)
PAL  the threshold voltage LERRX is supplied to an operational amplifier 138
      which also receives the error voltage XERR. That operational amplifier is
      operated in a saturation mode such that whenever the voltage XERR exceeds
      voltage LERRX, the output of amplifier 138 will become fully positive, and
      only under these circumstances an output diode will become conductive to
      energize a relay RA. Thus, if at any time the error XERR exceeds the
      threshold LERRX, the relay RA will be actuated and its contacts RA1 will
      transfer to switch a voltage CLINC from an inverting to a non-inverting
      input of an operational amplifier 140. The voltage CLINC represents a
      constant, but one which may be adjusted by setting a potentiometer 139
      from which it is produced. The amplifier 140 forms a part of an
      incrementing sub-system which includes timing contacts TIM5 and
      sample-and-hold circuits 141 and 142. From what has been said above, it
      will be understood that the output voltage CLMOD from the sample-and-hold
      circuit 141 will be incremented once during each successive time period
      .DELTA.T, in response to actuation of the timing contacts TIM5. That
      output voltage CLMOD will thus change according to the relationship
EQU  CLMOD.sub. i = CLMOD.sub.i.sub.-1 + CLINC                  (32)
PAL  the foregoing Equation (32) with positive incrementing of the quantity
      CLINC will obtain when relay RA is actuated; but on the other hand, when
      relay RA1 is deactuated and the voltage CLINC is applied to the inverting
      input of amplifier 140, then Equation (32) will be converted into a
      subtractive operation, namely:
EQU  CLMOD.sub.i = CLMOD.sub.i.sub.-1 - CLINC                   (37)
PAL  a zener diode 144 at the outupt of circuit 141 prevents the voltage CLMOD
      from becoming smaller than zero; and likewise that Zener diode will
      reversely break down to keep the voltage CLMOD from exceeding a
      predetermined maximum positive value. Thus, the signal CLMOD is limited
      such that negative incrementing cannot reduce it below zero and positive
      incrementing cannot increase it above a predetermined maximum value.
PAR  The voltage CLMOD is applied as a subtractive input to an operational
      amplifier 145 which receives as its main input on a non-inverting terminal
      a voltage signal representing the value 200.sup.. PER, and whose output
      voltage thus becomes the signal CLBFR which is the command voltage applied
      to amplifier 101 to determine the speed of the dc. motor 100. Under normal
      circumstances if the modifying voltage CLMOD is zero, then CLBFR will be
      proportional and be determined solely by the signal 200.sup.. PER (which
      actually is 200.sup.. FRO, where FRO is usually equal to PER). The latter
      voltage 200.sup.. PER is produced by an operational amplifier 146 having a
      gain of 200 and receving as its input the voltage FRO representing a
      selected, adjustable constant picked off from the potentiometer 124. If
      the voltage CLMOD is zero and the signal FRO is 1.0, CLBFR thus becomes
      200 times the gain of the amplifier 145, and that value of CLBFR will
      cause the motor 100 to run at a speed which makes the .DELTA.T periods
      have normal durations .DELTA.TN.
PAR  In operation, whenever the error voltage XERR exceeds the threshold level
      of LERRX and the relay RA is actuated, the voltage CLMOD is incrementally
      increased by the amount CLINC during each of the successive time periods
      .DELTA.T measured off by the timing cam 104. Thus, so long as a grey error
      exists (LERRX &gt; XERR), the relay RA will be actuated by the output voltage
      from amplifier 138, and the voltage CLMOD will become larger during each
      period .DELTA.T by implementation of Equation (32). Assuming that the
      input 200.sup.. PER to amplifier 145 remains constant, therefore, the
      voltage CLBFR will be incrementally reduced during each period .DELTA.T,
      the motor 100 will run at a slower speed, and the contacts 105 will close
      less frequently, so that the periods .DELTA.T will be progressively
      lengthened. During any period .DELTA.T when a grey error exists, and as
      previously explained, the next and succeeding time periods .DELTA.T will
      be incrementally increased. On the other hand, if during any period
      .DELTA.T a grey error does not exist and the relay RA is deactuated so
      that its contacts RA1 supply the voltage CLINC to a subtractive input of
      amplifier 140, the voltage CLMOD will be made smaller by the amount CLINC
      (until and unless CLMOD reaches zero, and is clamped by Zener diode 104
      conducting forwardly). Thus, the voltage CLBFR will be made larger, the
      motor 100 will run faster, the timing contacts 105 will close more
      frequently, and the subsequent time periods .DELTA.T will be progressively
      reduced in duration. The apparatus of FIG. 10b therefore provides a means
      for modifying the operation of the time period measuring apparatus so as
      to progressively increase the durations of the successively measured time
      periods whenever the position error signal XERR exceeds a predetermined
      threshold value LERRX.
PAR  The analog apparatus illustrated in FIGS. 10c and 10d also may be put into
      a holding mode during which operative conditions change to bring the
      controlled member 11 to rest precisely at the last-signaled theoretical
      position represented by the voltage XTC. If a human operator closes a
      manual hold switch 148 (FIG. 10c) the relay HR will be energized. In
      consequence, relay contacts HR1 (adjacent the sample-and-hold circuit 118)
      open so that incremental increasing of the theoretical position XTC is
      terminated despite continued periodic closing of the contacts TIM3. The
      normally closed holding relay contacts HR6 (adjacent counter 106) will be
      opened during a holding mode to prevent periodic increasing of the voltage
      NLOOPS despite continued periodic closing of the contacts TIM1. The
      contacts HR3 (shown adjacent the one-shot 134) cause the voltage XBIAS to
      be restored to zero as a new starting value; and the contacts HR2 transfer
      so that the incrementing voltage XKBIAS is switched from the running value
      XKBR from potentiometer 126 to a holding value XKBH picked from
      potentiometer 127. Thereafter as the timing contacts TIM4 continue to be
      actuated periodically, and so long as the XERR voltage is greater than
      zero to open the gate 129, the voltage XBIAS is incremented by the amount
      XKBH during each period .DELTA.T. Further, the normally closed contacts
      HR7 (adjacent the amplifier 140 in FIG. 10d) are opened during the holding
      mode so that the voltage CLMOD ceases to be incremented and the durations
      of the periods .DELTA.T are frozen at the previously established length
      during the holding mode. Still further, the contacts HR5 of the holding
      relay HR will be actuated during holding so that the voltage PER is
      converted to a zero value, and so that the multiplier 122 causes the
      signal PER.sup.. PRXC to change to a zero value. Finally, the contacts HR4
      of relay HR (when actuated in a holding mode) switch the resistor XTRMR
      out of the input circuit for amplifier 125, and substitute the resistor
      XTRMH in its place. This results in the gain factor supplied to the
      voltage XERR by the amplifier 125 being changed from a running value to a
      holding value. The voltage XDAC and the speed of the servomotor XM are
      thus changed to function according to the formula
EQU  XDAC = XGAIN [O + XTRIM.sup.. XBIAS]                       (38)
PAL  in the foregoing equation, the individual gain factor XTRIM is now XTRIMH,
      rather than XTRMR, where the former is preferably greater than the latter.
      Thus, the servomotor XM will run until the position of the controlled
      member 11 agrees exactly with that represented by the now-unchanging
      voltage XTC, and it will stop the member 11 in that position. When the
      hold relay HR is again deenergized by the opening of the switch 148, the
      system will revert to its original running mode, but the XBIAS signal will
      be restored (by transfer of contacts HR3) to an initial zero starting
      value.
PAR  During normal running of the system, it is possible to have the position
      error of the controlled member 16 not only exceed the grey error threshold
      LERRX, but also to exceed a second black error threshold HERRX. The value
      of this latter threshold is signaled in FIG. 10c at the output of an
      amplifier 150 which receives the voltage LERRX and doubles it to produce
      the second threshold voltage HERRX. Thus, it will be plain that
EQU  HERRX = 8(PRXC + 8) = 2.sup.. LERRX                        (25)
PAL  the threshold voltage HERRX is compared with the error voltage XERR by an
      operational amplifier 151 operated in a saturating mode and having a diode
      in its output circuit such that it energizes the holding relay HR when,
      and only when, the error XERR exceeds the threshold HERRX. When the relay
      HR is so energized, the system is automatically placed in a holding mode
      as described above. The timing contacts 105 continue to be closed at
      measured time intervals .DELTA.T which remain unchanged during the holding
      mode because the contacts HR7 prevent changing of the modifier voltage
      CLMOD. The signal NLOOPS remains constant during holding because the
      contacts HR6 are opened. And the signal XTC remains at the value it
      acquired prior to energization of the relay HR. Thus, in the fashion
      described above, the servomotor XM will bring the member 11 to a position
      at which the error signal XERR is reduced below the black error threshold
      HERRX, whereupon the relay HR will be deenergized and the system will
      return to its running mode in a grey error condition. The periodic
      incrementing of the signal XTC will occur less and less frequently so long
      as the grey error threshold is exceeded, and in this fashion the error
      XERR will be restored to a value below the grey error threshold LERRX.
      Thus, the system will ultimately restore itself to a normal running mode,
      during which the voltage CLMOD will be decremented, thereby to shorten the
      time periods .DELTA.T until they are restored to the normal, minimum value
      .DELTA.TN.
PAR  If the transition from the currently executed path segment B.sub.n to the
      next succeeding path segment B.sub.n.sub.+1 involves a step change in the
      value of PRXC which the velocity servomechanism cannot instantaneously
      accommodate, then the automatic acceleration/deceleration portions of the
      system will become operative. As shown in FIG. 10c, the voltage LOOPB is
      supplied through a gate 154 which is opened by the enabling voltage signal
      DC if such a transition in velocities is required from one block segment
      to the next. The signal LOOPB passes through the enabled gate 154 to an
      operational amplifier 155 which acts in a saturating mode as a comparator
      for the signals NLOOPS and LOOPB. When the former signal equals and
      exceeds the latter, a diode in the output of amplifier 155 becomes
      conductive whereby a relay RB is picked up. As a result, the contacts RB1
      in FIG. 10c transfer to their actuated positions, whereupon the associated
      incrementing sub-system (comprising the operational amplifier 144, the
      sample-and-hold circuit 115, and a sample-and-hold circuit 115a) becomes
      effective. It will be seen that normally the input and output of circuit
      115a is the PRXC voltage which appears at the output of circuit 115. When
      timing contacts TIM2 actuate, the output PRXC from circuit 115a is
      supplied as one input to the amplifier 114 and the voltage XINC is
      supplied as a second input through the actuated RB1 contacts. The sum of
      the two voltages is thus passed through now-closed contacts TIM2 to the
      input of the sample-and-hold circuit 115 so that the output of the latter
      is changed by an incremental amount equal to the voltage XINC. It will be
      recalled from the description of the preferred embodiment that the signal
      XINC is the amount by which the velocity of the controlled member along
      the X axis is to be increased during each of the successive time periods
      .DELTA.T. Therefore, as successive periods .DELTA.T are measured off by
      the timing cam 104 and the timing contacts 105 actuate the relay TIM, the
      X axis velocity number PRXC is incrementally changed by the amount XINC
      according to the relationship
EQU  PRXC.sub.i = PRXC.sub.i.sub.-1 + XINC                      (39)
PAL  as PRXC incrementally increases or decreases (depending upon whether XINC
      is positive or negative) during each of the successive periods .DELTA.T,
      the effect is to increase or decrease the signal PER.sup.. PRXC supplied
      as an input to amplifier 125. Therefore, the velocity of the motor XM and
      the movable element 11 is progressively increased or decreased. Otherwise,
      the system functions in the same manner as previously described. In this
      way, when the system is in an acceleration or deceleration mode because
      the relay RB is actuated, the velocity of the element 11 will
      progressively increase or decrease as represented at 81 and 82 in FIG. 8.
      As hereinafter explained, the relay RB will be dropped out to terminate
      the acceleration or deceleration mode whenever the total change in
      velocity results in the X axis velocity of member 11 reaching the value
      designated by the currently executed block of command data.
PAR  The path segment B.sub.n currently being executed by movement of the
      controlled member 11 is completed when the periodically incremented
      voltage NLOOPS equals or exceeds the voltage LOOPC, at which time the
      relays TR1, TR2, TR3 are momentarily actuated in rapidly timed succession,
      as set forth above. When relay TR1 momentarily picks up, its contacts TR1b
      close to reset the counter 106 to zero and thus to reset the voltage
      NLOOPS to zero. The counter 106 begins counting anew as seen as the
      transfer relay TR1 drops out.
PAR  The analog apparatus in FIGS. 10a and 10b has (prior to the actuation of
      transfer relay TR1) produced preparatory signal voltages representing
      variables to be used in the execution of the succeeding path segment. That
      is, if block B.sub.n is currently being executed by operation of the
      apparatus in FIGS. 10c and 10d, then preparatory voltages based on the
      command data of block B.sub.n.sub.+1 are ready to be used when the
      execution of block B.sub.n is completed. These preparatory voltages are
      labeled in FIG. 10b as TPRX, TPRY, PRXI, LOOPF, PRYI, LOOPS and DECEL.
      When relay TR1 is momentarily actuated, its series of contacts TR1a shown
      in FIG. 10b momentarily close to transfer such voltages to the inputs of
      respective sample-and-hold circuits 157 (labeled S&H in FIG. 10b). The
      outputs of such sample-and-hold circuits thus change from their previous
      values to new values, and in the terminology which has been employed
      earlier, the preparatory voltages become new values for the control
      voltages PRXC, PRYC, XINC, LOOPC, YINC, LOOPB and DC. Thereupon, the
      apparatus of FIGS. 10c  and 10d will begin and execute the path segment
      previously designatable as B.sub.n.sub.+1 and which has now become the new
      active path segment B.sub.n.
PAR  After the transfer relay TR1 has been momentarily actuated and the
      apparatus of FIGS. 10c and 10d begins the execution of a new block
      segment, the signals on the left sides of contacts. TR1a (FIG. 10b) are no
      longer needed since they represent the data for the path segment now being
      actively executed. Thus, it is desirable that the circuitry establish new
      values for those signals which will become values for the new block
      designatable B.sub.n.sub.+1 and which was previously designatable as
      B.sub.n.sub.+2.
PAR  Therefore, as the next operation in point of time, the transfer relay TR2
      momentarily picks up, as previously explained. Its contacts TR2.sub.a
      (FIG. 10a) momentarily close to transfer into sample-and-hold circuits 158
      and 159 the then-existing voltages TPRX and TPRY. These voltages represent
      values for the block now designated B.sub.n (and designated B.sub.n.sub.+1
      prior to actuation of relay TR1). Thus when they appear at the outputs of
      circuits 158 and 159, they are designated PRXC and PRYC, as labeled. Also,
      the contacts TR2b momentarily close to store a voltage P in a
      sample-and-hold circuit 160. The voltage P is at this instant a value
      corresponding to the now-active block B.sub.n (previously block
      B.sub.n.sub.+ 1 prior to actuation of relay TR1) so that the output of
      circuit 160 is labeled PC.
PAR  Next in point of time, the transfer relay TR3 momentarily picks up. Its
      contacts TR3a (FIG. 10a) close to transfer signals from a decoder and
      buffer storage 161 to intermediate storage registers 162. These signals
      are command block data in digital form previously read into registers 161
      from the tape reader 45 and they correspond to the presently designated
      block B.sub.n.sub.+1 (previously designated B.sub.n.sub.+2 prior to
      actuation of relay TR1). The pickup of relay TR3 also closes contacts TR3b
      (FIG. 10a) to supply a positive voltage pulse through a time delay circuit
      164 to the "start" terminal of the tape reader 45. After contacts TR3a
      reopen, therefore, the tape reader 45 starts and reads in a new block of
      data to the decoder and buffer registers 161. That new block is currently
      designatable B.sub.n.sub.+2 (previously B.sub.n.sub.+3).
PAR  At this point in time (after momentary actuation of the transfer relay
      TR3), the intermediate storage registers 162 hold digital representations
      of command data for the block previously designatable B.sub.n.sub.+2 and
      now designated B.sub.n.sub.+1. These data include digital representations
      of path velocity V, path segment distance D, and the X and Y axis
      components DX and DY of that path segment -- as explained earlier. These
      latter signals are passed through respective digital-to-analog converters
      collectively shown at 165 and which respectively produce dc. voltages
      corresponding in value. The voltages V and D are both supplied to each of
      two divider circuits 168 and 169. The divider circuit 169 produces an
      output signal representing the quotient (D/V) which is equal to (1/FRN),
      as explained earlier with reference to Equations (3) and (4). The signal
      (1/FRN) represents the time which will be required to execute the path
      segment represented by the B.sub.n.sub.+1 block of data according to the
      relationship
      ##EQU12##
PAR  In order to derive the voltage which represents the total number of time
      periods .DELTA.TN which will be required to execute the commanded path
      segment at the commanded velocity V, the voltage (1/FRN) is multiplied by
      the quality of 30,000 and this is performed by an amplifier 170 having a
      gain of 3 .times. 10.sup.4. Thus, the output of amplifier 170 is a voltage
      representing the quantity of LOOPP which is derived according to the
      relationship specified above in Equation (8), namely:
      ##EQU13##
PAR  On the other hand, the divider circuit 168 produces a voltage representing
      the quotient (V/D) and thus representing the value of FRN as indicated by
      Equation (3) set out above. The latter voltage is passed through an
      amplifier 171 having a gain of 0.333 to perform the multiplication (.333)
      (FRM), The output from the amplifier 171 is supplied as one input to each
      of two multiplier circuits 172 and 173 which respectively receive as their
      outer inputs the voltages representing DX and DY produced by the D/A
      converters 165. Therefore, the output of the multiplier circuit 172 is a
      voltage representing the value of TPRX, where
EQU  TPRX = (.333)(FRN).sup.. DX
PAL  the foregoing expression will be seen to be identical to Equation (10) set
      out above, recalling that DX is equal to (X.sub.n.sub.+1 - X.sub.n).
      Merely for the sake of brevity, it has been assumed in FIG. 10a that the
      part program punched tape fed to the tape reader 45 carries block data
      which includes the X and Y axis components DX and DY rather than the end
      point coordinates X.sub.n, Y.sub.n for each path segment. Thus, it will be
      understood that the multiplier 172 in FIG. 10a produces an output voltage
      TPRX representing a velocity command number, expressed in distance per
      .DELTA.T, for the block now designated B.sub.n.sub.+1.
PAR  The multiplier 173 in FIG. 10a similarly produces an output voltage TPRY
      representing the Y axis velocity number according to the relationship
EQU  TPRY = (.333)(FRN).sup.. DY
PAL  This value of TPRY is obtained according to the relationship expressed
      above in Equation (11), and it represents the Y axis velocity for the
      block presently designatable B.sub.n.sub.+1 (and previously designated
      B.sub.n.sub.+2 prior to actuation of transfer relay TR1).
PAR  Due to the previous closure of contacts TR2a, sample-and-hold circuits 158
      and 159 are presently producing output voltages here designated PRXC and
      PRYC for the currently active block B.sub.n. Such signals also represent
      the signals TPRX and TPRY, respectively, for that block of data which was
      previously designated B.sub.n.sub.+1. The outputs from circuits 158 and
      159 are supplied as respective inputs to operational amplifiers 175 and
      176 which function as algebraic adders. The other two respective inputs
      are the voltages TPRX and TPRY which represent axis velocities for the
      blocks presently designatable B.sub.n.sub.+1. Thus, the output voltages
      from amplifiers 175 and 176 are correctly designatable as .DELTA.PRX and
      .DELTA.PRY according to the relationships
EQU  .DELTA.PRX = TPRX' - TPRX                                  (13)
EQU  .DELTA.pry = tpry' - tpry                                  (14)
PAL  it will be recalled from the earlier description that the symbols TPRX and
      TPRY in the foregoing expressions represent the quantities previously
      derived for block B.sub.n.sub.+1 and which is now block B.sub.n ; and that
      the quantities TPRX' and TPRY' correspond to the signals labeled TPRX and
      TPRY in FIG. 10a.
PAR  As shown in FIGS. 10a and 10b, the voltages .DELTA.PRX and .DELTA.PRY are
      applied to a "select larger signal" circuit 178 whose output then
      represents the largest one in magnitude of those two voltages and which is
      here labeled .DELTA.PRfa. The latter voltage is supplied as one input to a
      multiplier circuit 179 whose other input is a preselected constant, i.e.,
      a fixed voltage of magnitude (1/A) representing an acceleration constant K
      -- this voltage being picked from an adjustable potentiometer 177. The
      output of the multiplier 179 is therefore a voltage representing the
      quantity 2P in view of the relationship explained hereinabove to the
      effect that the quantity TR in Equation (15) is essentially equal to the
      quantity 2P. Thus, in FIG. 10b the apparatus functions to produce the
      signal 2P according to the expression
      ##EQU14##
PAR  The voltage 2P at the output of the multiplier 179 is supplied as one input
      to each of two divider circuits 180 and 181; these dividers respectively
      receiving the voltages .DELTA.PRX and .DELTA.PRY as their second inputs.
      The output voltages from the dividers 180 and 181 thus represent the
      quantities PRXI and PRYI for the block now designated B.sub.n.sub.+1 and
      these voltages are routed to contacts TR1a of the transfer relay TR1,
      where they are ready for transfer into the associated ones of the
      sample-and-hold circuits 157. The dividers 180 and 181 thus function
      according to the relationships
      ##EQU15##
PAR  In addition, the voltage 2P is routed as an input to a divider circuit 182
      which simply divides by two to produce an output voltage P. That output
      voltage is supplied as one input to a summing amplifier 184 which receives
      as a second input the voltage signal LOOPP created at the output of the
      amplifier 170. The summing amplifier 184 receives as a third input the
      voltage PC produced by the sample-and-hold circuit 160. It will be
      recalled that the voltage PC represents a number applicable to the
      currently active block B.sub.n and corresponds to the signal P produced
      when that now-active block B.sub.n was designated as B.sub.n.sub.+1. See
      FIG. 8 for this relationship. The operational amplifier 184 therefore
      produces an output voltage representing the quantity LOOPS which in
      magnitude is
EQU  LOOPS = LOOPP - PC - P                                     (18)
PAR  the signal LOOPS is thus ready at the one of the relay contacts TR1a for
      transfer to the associated one of the sample-and-hold circuits 157.
PAR  A voltage variable to represent the quantity LOOPF is to be derived
      according to the relationship
EQU  LOOPF = LOOPS + 2P                                         (19)
PAR  for this purpose, the voltage 2P and the voltage LOOPS are supplied as
      inputs to a summing operational amplifier 185 which produces the output
      voltage LOOPS and holds it ready for transfer through the contacts TR1a to
      the associated one of the sample-and-hold circuits 157.
PAR  In order to create the signal DECEL which is to exist when the change in
      axis velocity from block B.sub.n to block B.sub.nl exceeds the change in
      velocity which the X and Y axis servomechanisms can accommodate in one
      time period .DELTA.T, the voltage .DELTA.PRfa is supplied additively to an
      operational amplifier 186 which receives a voltage A representing a
      selectable constant picked off of a potentiometer 188. The voltage A is
      supplied to the inverting input of the amplifier 186 which operates in a
      comparing or saturating mode. An output diode for the amplifier 186 will
      thus become conductive only if .DELTA.PRfa exceeds A and will thus produce
      a positive voltage on a conductor 189 only in the latter event (and
      through an inverter 190, a negative voltage at 191). Thus, a flip-flop 192
      which receives the voltages on conductors 189 and 191 will be either set
      or reset when .DELTA.PRfa exceeds or falls below the value of A. Only when
      the flip-flop 192 is in its set condition, it produces a positive voltage
      here labeled DECEL. The existence of that positive voltage signifies that
      the transition from the block now designated B.sub.n to the block
      B.sub.n.sub.+1 will require automatic acceleration/deceleration action.
      The signal DECEL will be transferred into an associated sample-and-hold
      circuit when the relay contacts TR1a are next momentarily actuated, and
      thus the signal DC will then become a positive voltage (to open the gate
      154) if the signal DECEL is positive.
PAR  The foregoing makes it clear that after a given block of prepared data
      (i.e., the signals on the left sides of the relay contacts TR1a in FIG.
      10b) have been transferred to the associated sample-and-hold circuits 157
      for active execution, the new values of those same signals for the next
      succeeding block are established on those same terminals, where they are
      ready for subsequent transfer and usage.
PAR  The individual components which are shown throughout FIGS. 10a and 10d
      (e.g., operational amplifiers, sample-and-hold circuits, multipliers,
      counters, etc.) are all per se known to those skilled in the art. It is
      thus unnecessary to describe each of these components in greater detail.
      Of course, variations of the system shown in FIGS. 10a through 10d may be
      readily adopted by those skilled in the art; and as one example, the
      various relays which have been shown and described may be replaced, if
      desired, by solid state switching devices. It will be seen that the system
      of FIGS. 10a through 10d functions wholly with analog circuits and analog
      voltage signals but in a manner which is fully parallel to the operation
      of the digital system described earlier with reference to FIGS. 1 through
      9. Noteworthy is the fact that in both the embodiment of FIGS. 1-9 and the
      embodiment of FIGS. 10a through 10d, there are means for measuring off
      successive time periods .DELTA.T in actual time, with a normal duration of
      .DELTA.TN. Moreover, there are means for creating axis velocity signals
      PRXC and PRYC, together with means for creating changing theoretical
      position signals XTC and YTC by periodically incrementing the latter
      during each period .DELTA.T by the amount PRXC and PRYC. Still further in
      both embodiments, there are means for creating actual position signals XIN
      and YIN, together with means for forming position error signals XERR and
      YERR which are respectively equal to the differences XTC - XIN and YTC -
      YIN. Finally, in both embodiments there are means for automatically and
      successively increasing the durations of the time periods .DELTA.TN
      whenever the position error of either axis exceeds a predetermined
      threshold value LERRX or LERRY; and there are means for placing the system
      in a holding mode whenever an axis position error exceeds a second
      predetermined higher threshold HERRX or HERRY. While the system of FIGS.
      10a-10d is not a preferred embodiment because it may involve more
      manufacturing expense and labor as compared to the embodiment of FIGS.
      1-9, the second embodiment of FIGS. 10a through 10d confirms that those
      skilled in the art may practice both the apparatus and the methods of the
      present invention with analog components and signals and without employing
      a programmed digital computer.
PAC  RESUME
PAR  The method and apparatus for numerically controlled movements of a member
      along two or more axes is characterized by the formation and signaling of
      speed-designating numbers XDAC and YDAC, their conversion into analog
      counterparts E.sub.x and E.sub.y, and the application of the latter as
      inputs to velocity (rather than position servos) which drive the member
      along the respective axes. Because velocity is directly and accurately
      controlled, the completion of a path segment D.sub.n represented by a
      given block of command data B.sub.n is detected by first determining the
      quantity LOOPC of time periods .DELTA.T required for the member to move
      the distance designated at the velocity designated by the command data,
      and then driving the member until such quantity of time periods are
      measured off in actual time.
PAR  The speed representing voltages are formed, however, by the summation of a
      velocity term (PER.sup.. PRXC) and a position error trim term (XTRIM.sup..
      XERR), with the error from the theoretical position (XTC.sub.i =
      XTC.sub.i.sub.-1 + PRXC) being dynamically recomputed and signaled during
      each period .DELTA.T. If the error XERR should exceed a predetermined
      thresold (LERRX), then the time periods .DELTA.T are lengthened, so that
      all axis actual velocities are reduced from the commanded values and the
      servos can catch up. This does not destroy the accuracy of the position
      vs. .DELTA.T relationships but merely results in the system taking
      slightly more total time to complete a given path segment. When, as a
      result of lengthening the periods .DELTA.T, the position error is reduced
      below the grey threshold LERRX, those periods are shortened progressively
      to their normal duration.
PAR  If, on the other hand, a greater predetermined position error threshold
      (HERRX) is exceeded, the system goes into a holding mode, so that the
      theoretical position XTC is not advanced and the primary velocity term
      (PER.sup.. PRXC) is made zero. The trim term (XTRIM.sup.. XERR) therefore
      keeps the speed signal E.sub.x at a value to reduce the error below that
      second threshold and the system restores itself to the running mode.
PAR  The speed-representing voltage (E.sub.x) for an axis (X) is formed from
      said summation which preferably includes a third term (XBIAS)
      incrementally changed during any .DELTA.T period when the position error
      exceeds a predetermined value (which in the foregoing example is zero).
      This provides compensation for long term changes in the physical
      characteristics of the servo system, and causes self-modification of the
      speed voltage E.sub.x if for any reason the main velocity term (PER.sup..
      PRXC) does not actually produce the physical velocity called for.
PAR  Holding of the system is accomplished by setting the velocity term
      (PER.sup.. PRXC) to zero, so that the position term (XTRIM.sup.. XERR)
      brings the member to a stop at the last-signaled theoretical position, and
      at which the error number (XERR) becomes zero. But when holding begins,
      the gain factor (XTRIM) for the position error term is changed from its
      preselected running value (XTRMR) to a higher preselected holding value
      (XTRMH) so that closing up to zero error is reliably and quickly effected.
      Moreover, the historical term (XBIAS) is always started over at zero as
      the system changes from a running to a holding mode, or vice versa, and
      the per .DELTA.T incrementing number (XKBIAS) for that term is given one
      predetermined value (XKBR) during running and a different value (XKBH)
      during holding. The dynamic responses to position errors during the
      running and holding modes are thus different.
PAR  To provide automatic acceleration and deceleration and smooth out the
      velocity jumps at the transitions between path segments as programmed, the
      time span 2P in periods .DELTA.I, required to make the largest velocity
      jump in steps of A per .DELTA.T, is determined -- where A is a
      predetermined maximum acceleration number. The incremental velocity
      changes .DELTA.PRX/2P and .DELTA.PRY/2P are signaled as numbers XINC and
      YINC. The path segment is executed at the programmed velocities V.sub.x
      and V.sub.y (proportional to PRXC and PRYC) until the instant that the
      number of elapsed periods equals a number LOOPB derived from P.sub.n and
      P.sub.n.sub.-1, whereupon the velocity numbers PRXC and PRYC are
      incremented by XINC and YINC during each of the following 2P time periods
      and until the path segment D.sub.n has been fully traveled. The next
      segment is immediately started with the V.sub.x and Y.sub.y velocities at
      the required new values.
PAR  The method and apparatus are intended and capable of simultaneously
      controlling 3, 4 or 5 axis motions, although only two axes X and Y have
      here been treated in the interest of brevity and as an example. Moreover,
      the method and apparatus in their broader aspects may be viewed as
      employed to control the distances and velocities of a member moving along
      a single axis, say X, if one merely considers that the Y axis components
      for several path segments are zero so that D.sub.n = DX.sub.n and V.sub.n
      = V.sub.x. For this reason, some of the appended claims make reference to
      only one axis, called for simplicity the X axis. Moreover, while several
      very advantageous features have here been disclosed in a single
      embodiment, it will be understood that not all must actually be employed
      together. For example, the servo input number XDAC might be formed as the
      sum PER.sup.. PRXC + XTRIM.sup.. XERR (rather than PER.sup.. PRXC + PRXC +
       XTRIM.sup.. XERR + XBIAS), the historical number signals XBIAS and their
      incremental changing being omitted in some installations. Thus, some of
      the appended claims define methods or apparatus with certain features or
      combinations of features without including or being limited to others of
      the several features here disclosed in the preferred embodiments.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of controlling the velocity and changing position and a
      member movable along an axis in accordance with numerical command data
      designating the desired velocity V, said method comprising:
PA1  a. measuring off successive periods .DELTA.T in actual time, the durations
      of such periods normally being .DELTA.TN but being adjustable,
PA1  b. deriving from said command data first signals representing a velocity
      number PRXC designating said velocity V in units of distance per
      .DELTA.TN,
PA1  c. producing second signals representing a theoretical position which said
      member should occupy along the axis, and changing said second signals by
      the represented amount PRXC once during each period .DELTA.T,
PA1  d. utilizing said second signals during each period .DELTA.T to produce
      third signals representing the then-existing error XERR between the
      theoretical position of said member and the actual position of said
      member,
PA1  e. driving said member along the axis at a velocity which is a function of
      both the velocity number PRXC and the error XERR as represented by said
      first and third signals, and
PA1  f. changing the durations of the periods .DELTA.T measured off according to
      step (a) in response to predetermined conditions which are dependent upon
      the magnitude of the error XERR as represented by said third signals.
NUM  2.
PAR  2. The method of controlling the velocity and position of a member movable
      along an axis X in accordance with a block of numerical command data
      designating the desired velocity V, said method comprising:
PA1  a. measuring off successive periods in actual time, each period having a
      duration .DELTA.T which is adjustable but normally having a duration
      .DELTA.TN,
PA1  b. deriving from said command data first electric signals representing a
      velocity number PRXC designating said velocity V in units of distance per
      .DELTA.TN,
PA1  c. deriving from said command data second electrical signals representing a
      theoretical desired position number XTC and changing such second signals
      with said first signals to increment the represented number XTC by the
      amount PRXC during each time period, such that XTC.sub.i =
      XTC.sub.i.sub.-1 + PRXC,
PA1  d. sensing and signaling the actual instantaneous position XIN of said
      member,
PA1  e. driving said member along the axis at a velocity which is proportional
      to the sum of (A) the number PRXC represented by said electric signals and
      (B) a term proportional to the difference between the instantaneous
      desired position XTC represented by said electrical signals and the sensed
      instantaneous actual position XIN, and
PA1  f. increasing the durations .DELTA.T of the succeeding periods measured off
      by said step (a) when during any given period said difference exceeds a
      predetermined threshold value TH1.
NUM  3.
PAR  3. The method set forth in claim 2 further including:
PA1  g. decreasing the durations .DELTA.T of the succeeding periods measured off
      by said step (a) when during any given period said difference does not
      exceed said predetermined threshold value.
NUM  4.
PAR  4. The method set forth in claim 3 further characterized in that said steps
      (f) or (g) are respectively inhibited when the duration of the given
      period is at a pre-established maximum or minimum value.
NUM  5.
PAR  5. The method of controlling the velocity and position of a member movable
      along an axis X in accordance with a block of numerical command data
      designating the desired velocity V.sub.x, said method comprising:
PA1  a. measuring off successive time periods in actual time, each period having
      a duration .DELTA.T with the value of the normal duration being .DELTA.TN,
PA1  b. deriving from said command data first electric signals digitally
      representing a number PRXC which designates said velocity V.sub.x in units
      of distance per .DELTA.TN,
PA1  c. representing by second digital electrical signals a number XTC to
      designate the theoretical instantaneous position of said member and adding
      the number PRXC thereto to form a new value of XTC once during each time
      period, such that XTC.sub.i = XTC.sub.i.sub.-1 + PRXC,
PA1  d. creating third digital electrical signals dynamically representing the
      actual instantaneous position XIN of said member as such actual position
      changes,
PA1  e. utilizing said second and third signals representing XTC and XIN to
      compute and to represent, by fourth digital electricals, the position
      error XERR = XTC - XIN once during each time period,
PA1  f. utilizing said first and fourth signals to drive said member along the X
      axis at a speed proportional to the sum of the then-existing numbers PRXC
      and XTRIM.sup.. XERR, where XTRIM is a predetermined gain factor, and
PA1  g. incrementally increasing the next time period .DELTA.T measured off when
      in any given time period the error XERR is lagging and greater in
      magnitude than a predetermined threshold value, whereby the velocity of
      the member is reduced to reduce the error.
NUM  6.
PAR  6. The method set forth in claim 5 further including:
PA1  h. producing fifth digital electric signals representing a number CLBFR
      which designates the desired duration .DELTA.T of the successive time
      periods,
PA1  i. effecting said step (a) by applying said fifth signals representing the
      number CLBFR to means which measure off successive time periods of
      durations proportional to the then-existing value of that number, and
PA1  j. effecting said step (g) by modifying said fifth signals to increase said
      number CLBFR by a predetermined increment CLINC during any period .DELTA.T
      when said lagging error exceeds a predetermined value and said number
      CLBFR is not greater than a predetermined maximum value, such that when
      those conditions exist CLBFR.sub.i = CLBFR.sub.i.sub.-1 + CLINC.
NUM  7.
PAR  7. The method of controlling the movement of a member along an X axis in
      accordance with a block of numerical command data designating the desired
      velocity V.sub.x, said method comprising:
PA1  a. measuring off successive time periods .DELTA.T in actual time, each such
      period having a normal duration of .DELTA.TN,
PA1  b. deriving from said command data first electric signals digitally
      representing a velocity number PRXC tantamount to the velocity V.sub.x but
      expressed in distance per .DELTA.TN,
PA1  c. creating second digital electrical signals representing a number XTC to
      designate the dynamically changing theoretical position of said member and
      utilizing said first signals to add the number PRXC thereto and form a new
      value of XTC once during each time period .DELTA.T,
PA1  d. sensing said member to create third digital electrical signals
      representing a number XIN dynamically designating the changing actual
      instantaneous position of the member,
PA1  e. employing said second and third signals to subtract the two numbers XTC
      and XIN and create fourth electrical signals digitally representing an
      error number XERR = XTC - XIN once during each period .DELTA.T,
PA1  f. causing the duration of the next period .DELTA.T to be increased by a
      predetermined amount in response to said number XERR exceeding a
      predetermined threshold value during any given period, and
PA1  g. applying a velocity servo coupled to said member an input signal
      proportional to the sum (PRXC + G.sub.2.sup.. XERR), where G.sub.2 is a
      preselected gain factor.
NUM  8.
PAR  8. The method set forth by claim 7 further characterized in that said block
      of command data also designates a distance D to be traveled, and further
      including
PA1  h. creating from said command data fifth signals digitally representing a
      quantity LOOPP of periods .DELTA.TN which elapse during the time T.sub.p
      for the member to travel the distance D at the velocity V.sub.x,
PA1  i. counting the .DELTA.T periods as they pass in actual time to produce
      sixth signals representing the number NLOOP of elapsed periods, and
PA1  j. terminating said step (c) after said sixth signals indicate that the
      number NLOOPS has become equal to the number LOOPP represented by said
      fifth signals.
NUM  9.
PAR  9. The method set forth in claim 7 further including:
PA1  g. deriving from said first signals, fifth digital electrical signals
      representing a threshold number LERRX which is a monotonic function of the
      number PRXC, and
PA1  h. effecting said step (f) by comparing the number XERR represented by said
      fourth signal with the number LERRX represented by said fifth signals,
      once during each period .DELTA.T.
NUM  10.
PAR  10. The method set forth in claim 7 further including:
PA1  g. causing the durations of the succeeding time periods .DELTA.T to be
      decreased by a predetermined amount whenever the time period duration is
      greater than .DELTA.TN and said number XERR is less than a predetermined
      value during any given period.
NUM  11.
PAR  11. The method of controlling the velocity of and position of a member
      movable along an axis X in accordance with a block of command data
      designating the desired velocity V, said method comprising:
PA1  a. producing from said command data first electric signals representing a
      velocity number PRXC designating said velocity V in units of distance per
      .DELTA.TN, where .DELTA.TN is a preselected duration of a time period,
PA1  b. measuring off successive time periods .DELTA.T in actual time with the
      normal duration of each period being .DELTA.TN,
PA1  c. representing by second electrical signals a number XTC to designate the
      desired theoretical position of said member and utilizing said first
      signals to change the second signals to increment the number XTC by the
      amount PRXC during each time period,
PA1  d. sensing the actual instantaneous position XIN of said member, and
      creating, from said second signals, third electrical signals representing
      the error XERR between the desired and actual positions of said member,
PA1  e. utilizing said first signals representing PRXC and said third signals
      representing XERR to drive said member along the axis at a velocity
      proportional to the sum (PRXC + G.sub.2.sup.. XERR) where G.sub.2 is a
      factor of proportionality,
PA1  f. increasing the durations of the time periods .DELTA.T measured off by
      said step (b) when, in any given period, the error signals XERR represent
      a lagging error of greater than a predetermined threshold value TH1, and
PA1  g. decreasing the durations of the time periods .DELTA.T measured off by
      said step (b) when, in any given period, the error signals XERR represent
      a lagging error of less than said threshold value and the time periods are
      greater than said normal duration .DELTA.TN.
NUM  12.
PAR  12. The method of relatively moving a member simultaneously along two or
      more axes X and Y over a path lying between first and second coordinate
      points P.sub.n.sub.-1 and P.sub.n in accordance with numerical command
      data designating the points and the desired velocity V.sub.n of travel,
      said method comprising:
PA1  a. measuring off successive periods .DELTA.T in actual time by means which
      are adjustable to vary the duration of the periods, the normal duration
      being .DELTA.TN,
PA1  b. deriving from said command data first and second sets of electric
      signals digitally representing numbers PRXC and PRYC which are equal to
      the distance which the member must move along the X and Y axes during each
      time period of duration .DELTA.TN to travel at axis velocities V.sub.x and
      V.sub.y producing the resultant path velocity V.sub.n,
PA1  c. converting said first and second sets of signals representing PRXC and
      PRYC into corresponding analog signals E.sub.x and E.sub.y,
PA1  d. applying said analog signals E.sub.x and E.sub.y to respective velocity
      servos respectively including motors to drive said member relatively along
      the X and Y axes at speeds directly related to the magnitudes of such
      signals,
PA1  e. producing third and fourth sets of digital signals numerically
      representing the instantaneous theoretical desired positions XTC and YTC
      of the member along the X and Y axes,
PA1  f. changing said third and fourth sets of signals during each measured-off
      time period by utilizing said first and second sets of signals to perform
      the algebraic additions XTC.sub.i = XTC.sub.i.sub.-1 + PRXC and YTC.sub.i
      = YTC.sub.i.sub.-1 + PYRC,
PA1  g. physically sensing, and numerically representing by fifth and sixth sets
      of signals during each time period, the actual relative positions XIN and
      YIN of said member along the X and Y axes, and
PA1  h. modifying said analog signals E.sub.x and E.sub.y by amounts
      proportional to the error differences XERR = XTC - XIN and YERR = YTC -
      YIN to cause corrective changes in velocities when position errors exist,
      and
PA1  i. adjusting said measuring-off means to increase the durations of said
      time periods .DELTA.T being measured off by a predetermined incremental
      amount whenever during any given period either of said error differences
      represents a lagging error of greater than a predetermined threshold
      value.
NUM  13.
PAR  13. The method defined in claim 12 further including:
PA1  j. adjusting said measuring-off means to decrease the durations of said
      time periods being measured off by a predetermined decremental amount
      whenever during any given period neither of said error differences
      represents a lagging error greater than said predetermined threshold
      value.
NUM  14.
PAR  14. The method defined in claim 13 further including:
PA1  k. preventing the incremental increase of step (i) when the said given
      period has a duration equal to or greater than a pre-established maximum
      value, and
PA1  l. preventing the decremental decrease of step (j) when the said given
      period has a duration no greater than a pre-established minimum value.
NUM  15.
PAR  15. In a system for controlling the velocity and changing position of a
      member movable along an axis in accordance with numerically signaled
      command data designating the desired velocity V, said system comprising in
      combination:
PA1  a. means for measuring off successive periods .DELTA.T in actual time, such
      periods having normal durations .DELTA.TN,
PA1  b. means responsive to said command data signals for producing first
      signals representing a velocity number PRXC designating said velocity V in
      units of distance per .DELTA.TN,
PA1  c. means for producing second signals representing a theoretical position
      which said member should occupy along the axis, and for changing such
      signals by the represented amount PRXC during each period .DELTA.T,
PA1  d. means responsive to said second signals during each period .DELTA.T for
      producing third signals representing the then-existing error XERR between
      the theoretical position of said member and the actual position of said
      member,
PA1  e. means responsive to said first and third signals for driving said member
      along the axis at a velocity which is a function of both the number PRXC
      and the error XERR, and
PA1  f. means responsive to said third signals for modifying the operation of
      said means (a) and changing the durations of said time periods .DELTA.T in
      response to the occurrence of predetermined conditions dependent upon the
      nature of the error XERR.
NUM  16.
PAR  16. In a system for controlling the movement of a member along an axis X in
      accordance with a block of command data numerically signaled to directly
      or indirectly designate the desired velocity V.sub.x, said system
      comprising in combination:
PA1  a. means for measuring off successive periods .DELTA.T in actual time, with
      each period normally having a duration .DELTA.TN,
PA1  b. means responsive to said signaled command data for producing first
      electric signals digitally representing a number PRXC which designates
      said velocity V.sub.x in units of distance per .DELTA.TN,
PA1  c. means for producing second electric signals digitally representing a
      number XTC denoting the theoretical instantaneous position of said member
      and modifying such signals once during each period .DELTA.T to add the
      represented number PRXC, such that XTC.sub.i = XTC.sub.i.sub.-1 + PRXC,
PA1  d. means for producing third electric signals dynamically representing the
      actual instantaneous position XIN of said member as such position changes,
PA1  e. means responsive to said second and third signals for determining and
      creating, during each period .DELTA.T, fourth electric signals
      representing the position error XERR = XTC - XIN,
PA1  f. means responsive to said first and fourth signals for driving said
      member along the X axis at a speed proportional to the sum of the
      then-existing numbers PRXC and XTRIM.sup.. XERR, where XTRIM is a
      predetermined gain factor, and
PA1  g. means responsive to said fourth signals for modifying the operation of
      said means (a) to incrementally lengthen the following periods .DELTA.T
      when in any given time period the error XERR is lagging and exceeds a
      magnitude greater than a predetermined threshold value TH1.
NUM  17.
PAR  17. The combination set forth in claim 16 further including
PA1  h. means for producing fifth electric signals digitally representing a
      number CLBFR which designates the desired duration of the successive time
      periods, and
PA1  i. said means (a) includes means responsive to said fifth signals for
      measuring off periods .DELTA.T which are in duration proportional to the
      then-existing value of the number CLBFR, and
PA1  j. said means (g) includes means responsive to said fourth signals for
      incrementally increasing said fifth signals and the number CLBFR by a
      predetermined amount CLINC during any period .DELTA.T when the error XERR
      is lagging and exceeds a predeterined threshold magnitude TH1, such that
      when those conditions exist CLBFR.sub.i = CLBFR.sub.i.sub.-1 + CLINC.
NUM  18.
PAR  18. The combination set forth in claim 16 further including
PA1  h. means responsive to said first signals for producing fifth electric
      signals digitally representing a threshold number LERRX which is a
      monotonic function of the number PRXC, and
PA1  i. said means (g) includes means for comparing said fourth and fifth
      signals during each period .DELTA.T and for lengthening the following
      periods .DELTA.T when, in any given period .DELTA.T, the error XERR
      exceeds the number LERRX.
NUM  19.
PAR  19. The combination set forth in claim 16, further including
PA1  h. means operative for incrementally shortening the following periods
      .DELTA.T when, in any given period .DELTA.T, said means (g) do not produce
      an incremental lengthening and the then-established durations of the
      periods is not less than a predetermined minimum value.
NUM  20.
PAR  20. In a system for relatively moving a member simultaneously along two or
      more axes X and Y along a path D.sub.n lying between first and second
      coordinate points P.sub.n.sub.-1 and P.sub.n in accordance with numerical
      command data signals designating the points and the desired velocity
      V.sub.n of travel, said system comprising in combination
PA1  a. means for measuring off successive periods .DELTA.T in actual time, the
      normal durations of such periods being .DELTA.TN,
PA1  b. means responsive to said command data signals for producing first and
      second sets of electric signals digitally representing velocity numbers
      PRXC and PRYC respectively equal to the distances which the member must
      move along the X and Y axes during each time period .DELTA.TN to travel at
      axis velocities V.sub.x and V.sub.y producing the resultant vector path
      velocity V.sub.n,
PA1  c. means for converting said first and second sets of signals into analog
      signals E.sub.x and E.sub.y corresponding to the numbers PRXC and PRYC,
PA1  d. two velocity servo systems respectively coupled to drive said member
      along the X and Y axes,
PA1  e. means for applying said analog signals E.sub.x and E.sub.y as inputs to
      respective ones of said velocity servo systems,
PA1  f. means for producing third and fourth sets of electric signals digitally
      representing the instantaneous theoretical positions XTC and YTC which
      said member should occupy along the X and Y axes,
PA1  g. means responsive to said first and second signal sets and to said third
      and fourth signal sets for changing the latter once during each period
      .DELTA.T, such that XTC.sub.i = XTC.sub.i.sub.-1 + PRXC and YTC.sub.i =
      YTC.sub.i.sub.-1 + PRYC,
PA1  h. means physically coupled to said member for producing fifth and sixth
      sets of electric signals digitally representing the actual positions XIN
      and YIN of said member along the X and Y axes,
PA1  i. means responsive to said third, fourth, fifth and sixth signal sets for
      modifying said analog signals E.sub.x and E.sub.y by amounts proportional
      to the error differences XERR = XTC - XIN and YERR = YTC - YIN to effect
      trimming adjustments in the axes velocities when position errors arise,
      and
PA1  j. means for adjusting said means (a) to incrementally lengthen the
      following time periods .DELTA.T when, in any given period .DELTA.T, either
      of said error differences XERR and YERR represents a lagging error of
      greater than a predetermined threshold value.
NUM  21.
PAR  21. The combination set forth in claim 20 further including
PA1  k. means for adjusting said means (a) to incrementally shorten the
      following time periods .DELTA.T when, in any given period .DELTA.T,
      neither of said error differences XERR and YERR represents a lagging error
      greater than a predetermined threshold value.
NUM  22.
PAR  22. The combination set forth in claim 21 further including
PA1  l. means for preventing the operation of said means (j) when said periods
      .DELTA.T have been lengthened to a predetermined maximum value, and
PA1  m. means for preventing the operation of said means (k) when said periods
      .DELTA.T have durations equal to a predetermined minimum value.
NUM  23.
PAR  23. The method of controlling the velocity and the dynamically changing
      position of a member movable along an axis X in accordance with a block of
      numerical command data designating the desired velocity V, said method
      comprising:
PA1  a. measuring off successive periods .DELTA.T in actual time, with each
      period normally having a duration .DELTA.TN,
PA1  b. deriving, from said command data, first electric signals numerically
      representing a velocity number PRXC expressing said velocity V in
      dimensions of distance per time period .DELTA.TN,
PA1  c. creating second electric signals numerically representing the
      theoretical desired position XTC of said member and utilizing said first
      signals to change such second signals once during each period .DELTA.T by
      the amount of the velocity number PRXC,
PA1  d. creating third electric signals dynamically and numerically representing
      the actual position XIN of said member as it moves along the axis,
PA1  e. utilizing said second and third signals to create, by subtraction once
      during each period .DELTA.T, fourth electric signals dynamically and
      numerically representing the then-existing error XERR = XTC - XIN between
      the theoretical and actual positions of said member,
PA1  f. creating fifth electric signals numerically representing an adjustment
      number XBIAS,
PA1  g. utilizing said first, fourth and fifth signals to compute, once during
      each period .DELTA.T, and to produce sixth electric signals numerically
      representing the then-existing value of a speed number XDAC = PRXC +
      G.sub.2.sup.. XERR + XBIAS, where G.sub.2 is a preselected gain constant,
PA1  h. energizing a velocity servo in accordance with said sixth signals to
      drive said member at a velocity theoretically proportional to the XDAC
      number to make the member theoretically travel the distance PRXC during
      each period .DELTA.T,
PA1  i. comparing, during each period .DELTA.T, the number XERR represented by
      said fourth signals with a predetermined threshold value, and when the
      former exceeds the latter in any given period, incrementally increasing
      the durations of those .DELTA.T periods which follow, and
PA1  j. comparing, curing each period .DELTA.T, the number XERR represented by
      said fourth signals with a second predetermined value, and when the former
      exceeds the latter, incrementally changing said fifth signals to represent
      a new value for XBIAS, such that XBIAS.sub.i = XBIAS.sub.i.sub.-1 .+-.
      XKBIAS, where XKBIAS is a predetermined increment number.
NUM  24.
PAR  24. In a system for controlling the movement of a member along an axis X in
      accordance with a block of command data numerically signaled to directly
      or indirectly designate a desired velocity V, said apparatus comprising
      the combination of:
PA1  a. means for measuring off successive periods .DELTA.T in actual time, with
      the normal duration of each period being .DELTA.TN,
PA1  b. means responsive to said signaled command data for creating first
      signals numerically representing a velocity number PRXC expressing said
      velocity V in dimensions of distance per .DELTA.TN,
PA1  c. means for creating second signals representing a number XBIAS,
PA1  d. means for deriving from said first and second signals, during each
      period .DELTA.T, third signals numerically representing a speed number
      XDAC = G[PRXC + XBIAS], where G is a predetermined gain factor,
PA1  e. a velocity servo system coupled to drive said member along the axis, and
      means responsive to said third signals for supplying an input to the servo
      system which corresponds to the number XDAC,
PA1  f. means for producing fourth signals numerically and dynamically
      representing during each period .DELTA.T any error XERR between the
      theoretical position which the member should occupy and the position it
      actually occupies, and
PA1  g. means responsive to said fourth and second signals for incrementally
      changing the second signals to change the number XBIAS by an amount XKBIAS
      during any period .DELTA.T when the represented error XERR exceeds in
      magnitude a predetermined value.
NUM  25.
PAR  25. The combination set forth in claim 24 further characterized in that
      said means (g) include (i) means for changing said second signals to
      incrementally increase said number XBIAS when the represented error XERR
      is positive, and (ii) means for changing said second signals to
      incrementally decrease said number XBIAS when the represented error is
      negative.
NUM  26.
PAR  26. The combination set forth in claim 24 wherein said predetermined value
      is zero.
NUM  27.
PAR  27. In a system for controlling the velocity and dynamically changing
      position of a member movable along an axis X in accordance with a block of
      numerically signaled command data designating the desired velocity V, said
      system comprising the combination of:
PA1  a. means for measuring off successive periods .DELTA.T in actual time, with
      each period normally having a duration .DELTA.TN,
PA1  b. means responsive to said signaled command data for producing first
      electric signals numerically representing a velocity number PRXC
      expressing said velocity V in dimensions of distance per period .DELTA.TN,
PA1  c. means for creating second electric signals representing the theoretical
      desired position XTC of said member, and means responsive to said first
      signals for modifying said second signals to change the number XTC by the
      amount PRXC once during each period .DELTA.T,
PA1  d. means for creating third electric signals representing dynamically the
      changing actual position XIN of said member as it moves along the axis,
PA1  e. means responsive to said second and third signals to produce, by
      subtraction once during each period .DELTA.T fourth electric signals
      dynamically representing the then-existing error XERR = XTC - XIN between
      the theoretical and actual positions of said member,
PA1  f. means for creating fifth electric signals representing an adjustment
      number XBIAS,
PA1  g. means responsive to said first, fourth and fifth signals for producing
      anew during each period .DELTA.T sixth electrical signals numerically
      representing a speed number XDAC, where XDAC is equal to PRXC +
      G.sub.2.sup.. +XBIAS and G.sub.2 is a preselected gain constant,
PA1  h. a velocity servo coupled to drive said member along the axis, and means
      responsive to said sixth signals for energizing said servo in accordance
      with the value of the number XDAC,
PA1  i. means for comparing said fourth signals with a predetermined threshold
      TH1 and for modifying the operation of said means (a) to incrementally
      increase the durations of the following periods .DELTA.T when, during any
      given period .DELTA.T, the magnitude of said error XERR exceeds the
      threshold TH1, and
PA1  j. means responsive to said fourth signals, during any period .DELTA.T when
      said number XERR exceeds a predetermined magnitude, for incrementally
      changing said fifth signals to represent a new value of XBIAS, such that
      XBIAS.sub.i = XBIAS.sub.i.sub.-1 .+-. XKBIAS, where XKBIAS is a
      predetermined constant.
NUM  28.
PAR  28. The method of controlling the velocity and dynamically changing
      position of a member movable along an axis X according to a block of
      command data numerically designating the desired velocity V and distance
      DX to be traveled, said method comprising:
PA1  a. measuring off in actual time successive period .DELTA.T which normally
      have a standard duration .DELTA.TN,
PA1  b. deriving from said command data and producing first digital signals
      numerically representing a velocity number PRXC expressing said velocity V
      in dimensions of distance per .DELTA.TN,
PA1  c. creating second digital signals numerically representing the theoretical
      instantaneous position XTC of said member,
PA1  d. utilizing said first and second signals to algebraically add once during
      each period .DELTA.T to change said second signals and change the position
      number XTC, such that XTC.sub.i = XTC.sub.i.sub.-1 + PRXC,
PA1  e. creating third digital signals numerically and dynamically representing
      the changeable actual position XIN of said member,
PA1  f. utilizing said second and third signals to algebraically subtract once
      during each period .DELTA.T to produce fourth digital signals numerically
      representing changing values of a position error number XERR = XTC - XIN,
PA1  g. creating fifth and sixth digital signals numerically representing a
      changeable adjustment number XBIAS and a predetermined increment number
      XKBIAS,
PA1  h. utilizing said first, fourth and fifth signals to compute, once during
      each period .DELTA.T, and produce seventh signals representing a speed
      number XDAC = G(G.sub.1.sup.. PRXC + XTRIM.sup.. XERR + XBIAS), where G is
      an overall gain factor, and G.sub.1 and XTRIM are individual term gain
      factors,
PA1  i. energizing a velocity servo in accordance with said XDAC signals to
      drive said member along the axis theoretically at a speed equal to the
      XDAC number,
PA1  j. comparing said fourth signals numerically with a predetermined error
      threshold value TH1 during each .DELTA.T, and in response to the number
      XERR representing a lag greater than said threshold, incrementally
      increasing the duration of the succeeding periods .DELTA.T which are
      measured off according to step (a), and
PA1  k. comparing said fourth signals with a predetermined constant during each
      .DELTA.T, and in response to the former exceeding the latter in magnitude,
      changing said fifth signal by said sixth signals to increment or decrement
      the signaled number XBIAS, such that XBIAS.sub.i = XBIAS.sub.i.sub.-1 .+-.
      XKBIAS.
NUM  29.
PAR  29. The method defined in claim 28 wherein said step (j) further includes
PA1  j1. in response to the XERR signals numerically neither exceeding the
      threshold value TH1 nor representing a lag, incrementally decreasing the
      duration of the succeeding periods which are measured off according to
      said step (a).
NUM  30.
PAR  30. In a system for controlling the velocity and dynamically changing
      position of a member movable along an axis X according to a block of
      command data signals numerically designating the desired velocity V and
      the distance DX to be traveled, said apparatus comprising in combination:
PA1  a. means for measuring off successive periods .DELTA.T in actual time, with
      such periods normally having a duration .DELTA.TN,
PA1  b. means responsive to said command data signals for producing first
      digital signals numerically representing a velocity number PRXC expressing
      said velocity V in dimensions of distance per .DELTA.TN,
PA1  c. means for creating second digital signals numerically representing the
      theoretical position XTC of said member XTC, including means responsive to
      said first signals for changing said second signals during each period
      .DELTA.T such that XTC.sub.i = XTC.sub.i.sub.-1 + PRXC,
PA1  d. means for creating third digital signals numerically representing the
      changeable actual position XIN of said member as it moves along the axis,
PA1  e. means responsive to said second and third signals to produce during each
      period .DELTA.T fourth digital signals numerically representing the error
      XERR between the theoretical and actual positions, such that XERR = XTC -
      XIN,
PA1  f. means for creating fifth and sixth digital signals numerically and
      respectively representing a changeable adjustment number XBIAS and a
      predetermined increment number XKBIAS,
PA1  g. means responsive to said first, fourth and fifth signals to produce anew
      during each period .DELTA.T seventh digital signals numerically
      representing a speed number XDAC, where XDAC = G[G.sub.1.sup.. PRXC +
      XTRIM.sup.. XERR + XBIAS] where G is an overall gain factor, and G.sub.1
      and XTRIM are individual term gain factors,
PA1  h. a velocity servo coupled to drive said member along the axis, and means
      responsive to said seventh signals for energizing said servo in accordance
      with the value of the number XDAC,
PA1  i. means responsive to said fourth signals for modifying the operation of
      said means (a) to incrementally lengthen the periods .DELTA.T which follow
      any given .DELTA.T in which the error XERR represents a lag exceeding in
      magnitude a predetermined threshold value TH1, and
PA1  j. means responsive to said fourth and sixth signals to change said fifth
      signals to increment or decrement the number XBIAS during any period
      .DELTA.T in which the error XERR exceeds a predetermined value, such that
      XBIAS.sub.i = XBIAS.sub.i.sub.-1 .+-. XKBIAS.
NUM  31.
PAR  31. The combination set forth in claim 30, further including
PA1  k. means responsive to said fourth signals for modifying the operation of
      said means (a) to decrementally shorten the periods .DELTA.T which follow
      any given .DELTA.T in which the error XERR neither represents a lag nor
      exceeds said predetermined threshold value TH1.
NUM  32.
PAR  32. The combination set forth in claim 30, further characterized by
PA1  k. means for creating eighth digital signals numerically representing an
      adjustable number PER designating a desired feed rate override percentage
      number greater or less than 1.0 when the desired velocity V is to be
      greater or less than the commanded velocity,
PA1  l. said means (g) includes means to employ said signaled eighth number as
      the said gain factor G.sub.1, thereby to make the first term in the
      expression for XDAC consist of PER.sup.. PRXC, and
PA1  m. means included in said means (a) for causing the normal period duration
      .DELTA.TN to be inversely proportional to said eighth number, such that
      .DELTA.TN is proportional to C/PER, where C is a constant of
      proportionality.
NUM  33.
PAR  33. The combination set forth in claim 32 further including
PA1  n. means for selectively placing the system in a holding status, including
      means to set said eighth signals such that the number PER is zero while
      leaving the normal durations .DELTA.TN at the value existing prior to PER
      becoming zero.
NUM  34.
PAR  34. The method of controlling the movement of a member along an axis X in
      accordance with a block of command data numerically designating the
      desired velocity V and extent DX of motion, said method comprising:
PA1  a. measuring off successive time periods .DELTA.T in actual time,
PA1  b. deriving from said command data electric signals digitally representing
      a number PRXC equal to DX/.DELTA.T and representing the desired velocity V
      in distance per .DELTA.T period,
PA1  c. converting said electrical signals into a corresponding analog signal,
PA1  d. applying said analog signal as an input to a velocity servo which
      includes a motor coupled to said member to drive the latter along said
      axis at a speed corresponding to that signal,
PA1  e. deriving from said command data electrical signals digitally
      representing a number LOOPC corresponding to (DX/V.sup.. .DELTA.T) and
      representing the number of time periods .DELTA.T required for said member
      to travel the distance DX at the velocity V,
PA1  f. producing electrical signals digitally representing a number NLOOP which
      begins at zero and changing such signals to increase such number by 1 each
      time a period .DELTA.T elapses while said member is being driven by said
      motor, and
PA1  g. continuing the driving of said motor according to steps (b), (c) and (d)
      until the signaled number NLOOP becomes equal to the signaled number
      LOOPC.
NUM  35.
PAR  35. The method defined in claim 34 wherein said step (c) is performed by
      converting electrical signals representing numerically a sum value XDAC,
      and further including
PA1  h. producing during each of said periods .DELTA.T electrical signals
      numerically representing the then-existing error XERR between the
      theoretical position which the member should then occupy and its actual
      position, and
PA1  i. utilizing the signals from said step (b) and said step (h) to create the
      XDAC signals, such that XDAC = G.sub.1.sup.. PRXC + G.sub.2.sup.. XERR,
      where G.sub.1 and G.sub.2 are predetermined gain factors, thereby to
      impart a trimming adjustment to the actual velocity of said member if the
      term G.sub.1.sup.. PRXC results in position errors.
NUM  36.
PAR  36. The method set forth by claim 35 further characterized in that said
      step (h) includes
PA1  h1. producing signals during each period .DELTA.T which numerically
      represent the theoretical position XTC of said member, where in any period
      n, XTC.sub.n = XTC.sub.n.sub.-1 + PRXC,
PA1  h2. producing signals during each period .DELTA.T which numerically
      represent the actual position XIN of said member,
PA1  h3. utilizing said XTC and XIN signals during each period .DELTA.T to
      produce further signals representing the error XERR, where XERR = XTC -
      XIN,
PAL  and with the additional step
PA1  j. lengthening the periods .DELTA.T which follow any given period in which
      the error represented by said signals XERR exceeds a predetermined
      threshold value.
NUM  37.
PAR  37. The method set forth by claim 36 further characterized in that said
      step (a) is carried out absent any effect of said step (j) to make said
      periods have a normal duration .DELTA.TN, and including
PA1  k. shortening the periods .DELTA.T which follow any given period in which
      the error represented by said signals XERR does not exceed said threshold
      value and the duration of that given period is greater than the normal
      value .DELTA.TN.
NUM  38.
PAR  38. The method of controlling the movement of a member along an axis in
      accordance with successive blocks of command data each numerically
      designating desired velocity and extent of motion, said method comprising:
PA1  a. measuring off successive time periods .DELTA.T in actual time,
PA1  b. deriving from said command data for a given block electrical signals
      digitally representing the distance PRXC which the member must move during
      each of the time periods .DELTA.T to travel at the desired velocity,
PA1  c. converting said electrical signals into an analog servo input signal
      representing desired velocity,
PA1  d. applying said servo input signal to a velocity servo which includes a
      motor coupled to drive said member along said axis at a speed
      corresponding to the input signal,
PA1  e. deriving from said command data for said given block digital electrical
      signals representing a number LOOPC equal to (D/V.sup.. .DELTA.T) where D
      is the desired extent and V is the desired velocity designated by said
      given block,
PA1  f. counting and representing by digital electric signals the number NLOOP
      of periods .DELTA.T actually elapsed while said member is being driven by
      said motor pursuant to said given block, and
PA1  g. utilizing the command data for the next block to perform said steps
      (b)-(f) after said signaled numbers NLOOP and LOOPC become equal.
NUM  39.
PAR  39. The method of controlling the movement of a member along plural axes X
      and Y in accordance with successive blocks of command data each
      numerically designating directly or indirectly desired path velocity V and
      extent of motion D, said method comprising:
PA1  a. measuring of successive time periods .DELTA.T in actual time,
PA1  b. deriving from said command data for a given block B.sub.n first and
      second sets of signals numerically representing axis velocity numbers PRXC
      and PRYC, said numbers expressing distances per .DELTA.T for velocities
      V.sub.x and V.sub.y which are the vector components of said velocity V,
PA1  c. converting said first and second sets of signals into corresponding
      analog signals E.sub.x and E.sub.y proportional to the numbers PRXC and
      PRYC,
PA1  d. applying said analog signals E.sub.x and E.sub.y as inputs to two
      corresponding velocity servos which respectively include motors coupled to
      drive said member along the X and Y axes,
PA1  e. deriving from said command data for the block B.sub.n a third set of
      signals numerically representing a quantity LOOPC of time periods required
      for the member to travel the distance D at the velocity V, such that
      ##EQU16##
      f. producing signals numerically representing a number NLOOP which begins
      at zero and changing such signals to increase such number by 1 each time a
      period .DELTA.T elapses while said member is being driven by said motors,
      and
PA1  g. comparing said signals representing LOOPC and NLOOPS, and when the two
      numbers represented thereby become equal, setting the NLOOPS signals to
      zero and continuing said steps (b)-(f) with data from the next block
      B.sub.n.sub.+1.
NUM  40.
PAR  40. The method set forth in claim 39 further characterized in that said
      numbers PRXC and PRYC are in value proportional to DX.sup.. V/D.sup..
      .DELTA.T and DY.sup.. V/D.sup.. .DELTA.T, where DX and DY are the vector
      components of the distance D for each block.
NUM  41.
PAR  41. The method set forth in claim 40 further including the steps
PA1  h. signaling during each period .DELTA.T the positions XTC and YTC which
      said member should theoretically occupy if it had moved through the
      distances PRXC and PRYC during each of the previously elapsed periods
      along the respective X and Y axes,
PA1  i. signaling the actual position XIN and YIN in which said member resides
      along the respective X and Y axes,
PA1  j. adding to said first and second sets of signals, before the conversion
      thereof according to step (c), a term proportional to the respective axis
      position errors, such that the analog signals E.sub.x and E.sub.y are
      respectively proportional to [PRXC + G.sub.2 (XTC-XIN)] and [PRYC +
      G.sub.2 (YTC-YIN)], where G.sub.2 is a gain factor, and
PA1  k. lengthening the periods .DELTA.T which follow any given period in which
      the difference XTC-XIN or the difference YTC-YIN exceeds a predetermined
      threshold value TH1.
NUM  42.
PAR  42. In a system for controlling the movement of a member along an X axis in
      accordance with a block of command data numerically signaled to directly
      or indirectly designate the desired velocity V.sub.x and extent DX of
      motion, said system comprising in combination:
PA1  1. means for measuring off successive periods .DELTA.T in actual time,
PA1  2. means responsive to said command data signals for creating a first set
      of digital signals numerically representing a number PRXC equal to
      DX/.DELTA.T and expressing the desired velocity V.sub.x in distance per
      .DELTA.T period,
PA1  3. means for converting said first set of signals into an analog signal
      E.sub.x,
PA1  4. a velocity servo system coupled to drive said member, and means for
      applying said analog signal as the input thereto,
PA1  5. means responsive to said command data signals for producing a second set
      of signals digitally representing the quantity LOOPC of periods .DELTA.T
      which are within a time span DX/V.sub.x,
PA1  6. means for producing a third set of signals digitally representing a
      number NLOOP which begins at zero and increases by 1 as each successive
      time period .DELTA.T elapses, and
PA1  7. means responsive to said second and third sets of signals for continuing
      said steps (2)-(6) until said number NLOOP equals or exceeds said number
      LOOPC.
NUM  43.
PAR  43. Apparatus as set forth in claim 42 further characterized by:
PA1  8. means for producing a fourth set of signals digitally representing the
      then-existing error XERR between the theoretical X position which said
      member should occupy and the actual position it occupies during each
      period .DELTA.T,
PA1  9. means responsive to said first and fourth sets of signals for producing
      a fifth set of signals digitally representing a changeable number XDAC
      equal to G.sub.1.sup.. PRXC + G.sub.2.sup.. XERR, where G.sub.1 and
      G.sub.2 are chosen gain factors, and
PA1  10. said means (3) is coupled to receive said fifth set of signals instead
      of said first set.
NUM  44.
PAR  44. Apparatus as set forth in claim 43, further characterized in that:
PA1  11. said means (8) includes means for producing a sixth set of signals
      digitally representing a theoretical position number XTC which is changed
      once each period .DELTA.T, such that XTC.sub.i = XTC.sub.i.sub.-1 + PRXC,
      and
PA1  12. means responsive to said fourth set of signals for modifying the
      operation of said means (1) to lengthen the periods which are measured off
      after any given period in which said error XERR exceeds a predetermined
      threshold value TH1.
NUM  45.
PAR  45. In a system for controlling the movement of a member along plural axes
      X and Y in accordance with successive blocks B.sub.n, B.sub.n.sub.+1,
      B.sub.n.sub.+2 . . . of command data each numerically signaled to directly
      or indirectly designate the desired path velocity V.sub.n, V.sub.n.sub.+1
      . . . and extent D.sub.n, D.sub.n.sub.+1 . . . of motion, said system
      comprising, in combination:
PA1  1. means for measuring off successive periods .DELTA.T in actual time,
PA1  2. means responsive to the command data signals of block B.sub.n for
      creating first and second sets of digital signals numerically representing
      numbers PRXC and PRYC respectively expressing distances per .DELTA.T for
      velocities V.sub.x and V.sub.y which are vector components of said
      velocity V,
PA1  3. means for converting said first and second sets of signals into analog
      signals E.sub.x and E.sub.y,
PA1  4. two velocity servo systems coupled to drive said member respectively
      along the X and Y axes, and means for applying said analog signals E.sub.x
      and E.sub.y as the respective inputs thereto,
PA1  5. means responsive to said command data signals for producing a third set
      of signals digitally representing the quantity LOOPC of periods .DELTA.T
      which will make up a time span T.sub.p equal to D.sub.n /V.sub.n,
PA1  6. means for producing a fourth set of signals representing a number NLOOP
      which begins as zero and responsive to said means (1) for increasing the
      represented number by 1 as each period .DELTA.T elapses, and
PA1  7. means for comparing said third and fourth sets of signals and for (a)
      setting said number NLOOP to zero and (b) transmitting the next block
      B.sub.n.sub.+1 command data signals to said means (2) and (5) after said
      number NLOOP has equaled or exceeded said number LOOPC.
NUM  46.
PAR  46. Apparatus as defined in claim 45 wherein said means (2) comprises means
      for producing first and second sets of signals representing said velocity
      numbers PRXC and PRYC which are respectively proportional to DX.sup..
      V/D.sup.. .DELTA.T and DY.sup.. V/D.sup.. .DELTA.T, where DX and DY are
      vector components of the distance D.sub.n designated by the data signals
      for block B.sub.n.
NUM  47.
PAR  47. Apparatus as defined in claim 46 further including
PA1  8. means responsive to the command data signals of block B.sub.n and said
      first and second sets of signals for producing during each period .DELTA.T
      fifth and sixth sets of signals numerically representing the theoretical X
      and Y positions XTC and YTC of said member, such that XTC.sub.i =
      XTC.sub.i.sub.-1 + PRXC and YTC.sub.i = YTC.sub.i.sub.-1 + PRYC,
PA1  9. means coupled to said member for producing seventh and eighth sets of
      signals dynamically representing the actual X and Y positions XIN and YIN
      of said member,
PA1  10. means for supplying to said converting means (3) two respective sets of
      input signals which make the analog signals E.sub.x and E.sub.y
      respectively proportional to [PRXC + G.sub.2 (XTC-XIN)] and [PRYC +
      G.sub.2 (YTC-YIN)] where G.sub.2 is a gain factor, and
PA1  11. means acting upon said means (1) for lengthening the periods .DELTA.T
      which follow any given period in which the difference XTC-XIN or the
      difference YTC-YIN exceeds a predetermined threshold value TH1.
NUM  48.
PAR  48. The method of controlling the velocity and the dynamically changing
      position of a member movable along an axis X in accordance with a block of
      numerical command data designating the desired velocity V, said method
      comprising:
PA1  a. measuring off successive periods .DELTA.T in actual time with the normal
      duration of each period being .DELTA.TN,
PA1  b. deriving from said command data first digital signals numerically
      representing a velocity number PRXC expressing said velocity V in
      dimensions of distance per time period .DELTA.TN,
PA1  c. creating second digital signals numerically representing a number XBIAS,
PA1  d. computing from said first and second signals, once during each period
      .DELTA.T, and creating third digital signals numerically representing a
      speed command number XDAC = G[PRXC + XBIAS], where G is a predetermined
      gain factor,
PA1  e. energizing a velocity servo in accordance with said XDAC signals to
      drive said member at a velocity theoretically corresponding to the number
      represented by such signals,
PA1  f. sensing and representing by fourth digital signals the numerical value
      of any error XERR between the theoretical position which the member should
      occupy during each period .DELTA.T and the position it actually occupies,
      and
PA1  g. utilizing said fourth signals to cause said second signals to be
      incrementally changed to increment the number XBIAS by a predetermined
      amount XKBIAS during any period .DELTA.T when the represented error
      exceeds a predetermined value, whereby said XBIAS signals progressively
      change the XDAC signals to bring the position error progressively toward
      zero if the PRXC signals fail to keep the position error zero.
NUM  49.
PAR  49. The method defined in claim 48 further characterized in that said
      second signals are incrementally increased to increase the XBIAS number
      during any period .DELTA.T when said fourth signals represent an error
      XERR which is negative, and are incrementally decreased to decrease the
      XBIAS number during any period .DELTA.T when said fourth signals represent
      an error XERR which is positive.
NUM  50.
PAR  50. The method set forth in claim 48 wherein said predetermined value is
      zero.
PATN
WKU  039419886
SRC  5
APN  5733405
APT  1
ART  236
APD  19750430
TTL  Method and apparatus for numerical control
ISD  19760302
NCL  36
ECL  1
EXP  Gruber; Felix D.
NDR  16
NFG  19
INVT
NAM  Hagstrom; John M.
CTY  Elmhurst
STA  IL
ASSG
NAM  Danly Machine Corporation
CTY  Chicago
STA  IL
COD  02
RLAP
COD  72
APN  394241
APD  19730904
PSC  03
CLAS
OCL  23515111
XCL  318571
EDF  2
ICL  G06F 1546
FSC  235
FSS  151.11;92
FSC  318
FSS  570;571;573;592;594
UREF
PNO  3278727
ISD  19661100
NAM  Geis
OCL  235 92TF
UREF
PNO  3417303
ISD  19681200
NAM  Reuteler
OCL  318570
UREF
PNO  3617718
ISD  19711100
NAM  Dummermuth
OCL  235151.11
UREF
PNO  3657525
ISD  19720400
NAM  Evans
OCL  235151.11
UREF
PNO  3663013
ISD  19720100
NAM  Dummermuth
OCL  235151.11
UREF
PNO  3668500
ISD  19720600
NAM  Kosem
OCL  318594
UREF
PNO  3731175
ISD  19730500
NAM  Hartung
OCL  318570
LREP
FRM  Wolfe, Hubbard, Leydig, Voit & Osann, Ltd.
ABST
PAL  Method and apparatus for numerical control to produce contouring by
      simultaneous coordinated motions along two or more axes, characterized by
      the creation of desired velocity signals supplied as the primary inputs to
      velocity servos coupled to drive a member relatively along the respective
      axes. A digital computer associated with an adjustable interrupt clock
      which measures off successive time periods .DELTA.T, supplies a changeable
      velocity command number signal to each servo proportional to the distance
      per .DELTA.T through which motion along the associated axis is to occur.
      This velocity command number is algebraically added to a theoretical
      position number to signal dynamically during each period .DELTA.T the axis
      position at which the member should reside; and the latter number is used
      with a dynamically signaled actual position number to re-compute and
      signal during each period the position error. The position errors are used
      as a trimming or adjusting term in the signals applied to the respective
      axis servos.
PAL  When the signaled error exceeds a first threshold on any axis, the periods
      .DELTA.T are lengthened to reduce all axis velocities; when it exceeds a
      second threshold, the system is put into a holding mode. The input signal
      applied to each axis servo includes a further historical adjustment term
      incrementally changed during any period when the error exceeds a
      predetermined value-- all to the objective of making the axis servos (a)
      operate with substantially zero following error, (b) correct themselves if
      the position error becomes at all appreciable, or (c) stop if that error
      becomes intolerable.
PARN
PAR  This application is a continuation-in-part of my copending United States
      application Ser. No. 394,241 filed Sept. 4, 1973 (and now abandoned).
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PAR  the present invention relates in general to methods and apparatus for
      numerical control of machine tools and the like. More particularly, the
      invention relates to improvements in contouring numerical control where
      the simultaneous relative movements of a member along plural axes are
      coordinates to produce successive segments of path motion at desired
      velocities in accordance with successive blocks of numerical command data.
      Although not necessarily limited thereto in all of its aspects, the
      invention in its preferred form is of the iterating type which repeats
      certain functions once during each of successive short iteration periods
      .DELTA.T measured off in actual time.
PAR  It is the general aim of the invention to provide improved dynamic accuracy
      and performance in a numerical control system of the iteratively computing
      type.
PAR  More specifically, it is an object of the invention to provide for
      automatic acceleration and deceleration to prevent over-taxing the drive
      motors which are parts of velocity servos in that type of system, and by a
      simple and convenient procedure and apparatus for incementing a primary
      velocity command signal during each iteration time period .DELTA.T at a
      rate per .DELTA.T equal to a predetermined maximum acceptable
      acceleration, the extra time required being automatically provided.
PAR  It is another object of the invention to simplify acceleration-deceleration
      by executing each block of command data as if it defined a first portion
      of member travel at the command data velocity followed by a second portion
      of member travel with a ramp increase to the next block commanded data
      velocity, even though the block command data defines a uniform velocity of
      travel between two points with a step or jump in velocity at the beginning
      and the end.
PAR  Another object is to cause acceleration-deceleration in a numerical control
      system of the iteratively computing type by simply incrementally changing
      a primary velocity signal, with the result that a dynamically changed
      theoretical position signal is automatically changed by the proper amounts
      during each iteration, and yet to terminate such incrementing after a
      predetermined number of iterations.
PAR  Still another object is to accomplish automatic acceleration-deceleration
      without any special anticipation of when the controlled and moving member
      will reach the end point of the command data block being executed, but
      rather in a way that execution of the block is complete, and the next
      block is started after a certain number of iteration periods have elapsed.
PAR  It is a further object of the invention to provide for automatically
      stopping and "holding" the controlled member in the event that its
      position error should abnormally exceed a predetermined threshold value,
      thereby to avoid damaging or ruining an expensive workpiece, -- but in a
      fashion such that the error is self-correcting and the "running" status is
      resumed when the error returns to below that threshold.
PAR  Another and related object is to enhance the error elimination and the
      positional accuracy of such a numerical control system when in the
      "holding" condition, by automatically changing the individual gain factor
      of a trimming error term which supplements the primary velocity signal
      applied to a velocity servo.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description, taken in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a diagrammatic and fragmentary elevation of an exemplary machine
      tool to be controlled according to the method and by the apparatus of the
      present invention;
PAR  FIGS. 2a and 2b when joined constitute a diagrammatic illustration of the
      machine tool and an exemplary apparatus physically embodying the invention
      and operating to carry out the methods of the invention;
PAR  FIG. 3 is a simple vector diagram showing two successive path segments, and
      their X and Y axis components, through which a controlled member is to be
      physically moved according to two successive typical blocks of numerical
      command data;
PAR  FIG. 4 is a diagram showing the corresponding velocity vectors for the two
      segments represented in FIG. 3;
PAR  FIGS. 5a through 5e, when joined bottom-to-top in series, form a flow chart
      to designate fully to one skilled in the art the physical setup of gates
      and sequencers in the program unit of a digital computer shown in FIG. 2b,
      and the method steps carried out in executing a servo control routine
      after the computer has been so physically conditioned;
PAR  FIG. 6 is a graph illustrating position error thresholds which change as
      exemplary monotonic functions of the velocity at which the movable member
      is to travel along one axis, and showing the classification of the
      position error into ranges designated for convenient reference as white,
      grey, black and red;
PAR  FIG. 7 corresponds to FIG. 6 and shows the white, grey, black and red
      position error ranges when the X axis is being called upon to have motion
      at a given velocity;
PAR  FIG. 8 is a graphic illustration of the successive velocities along an axis
      as designated by typical successive blocks of command data, together with
      an illustration as to both (a) the quantities precalculated according to
      FIGS. 9a and 9b and (b) the velocities as they are physically produced for
      the controlled member; and
PAR  FIGS. 9a and 9b when joined form a flow chart similar to FIGS. 5a-e but
      designating the physical conditioning and the operational sequences of the
      digital computer in processing block command data to produce certain
      number-representing signals in advance of the actual movement of the
      controlled member according to a given command data block.
PAR  FIGS. 10a, 10b, 10c, 10d when joined along the indicated junction lines
      form a diagrammatic illustration of a second, exemplary embodiment by
      which the apparatus and the methods of the present invention may be put
      into practice, such second embodiment being a system which is the analog
      counterpart of the digital system shown and explained in FIGS. 1 through
      8, and such analog counterpart being routinely arrived at by any person
      skilled in the art from the description of FIGS. 1 through 8.
DETD
PAR  While the invention has been shown and will be described in considerable
      detail with reference to exemplary apparatus and specific procedural
      methods, there is no intention thus to limit it to such detail. On the
      contrary, it is intended here to cover all alternatives, equivalents and
      modifications which fall within the spirit and scope of the invention as
      defined by the appended claims.
PAC  DETAILED DESCRIPTION
PAC  I. An Exemplary Machine Tool
PAR  To illustrate a typical and simplified environment in which the present
      invention may be used, FIGS. 1 and 2a show a machine tool, here a milling
      machine 10, in diagrammatic and fragmentary form. For conciseness and
      simplification, the machine 10 is shown with only two axes of freedon X
      and Y along which a member, here a workpiece 11, is movable relative to a
      milling cutter 12 carried by a rotating spindle 14 extending from a
      headstock 15. A saddle 16 is slidably supported upon ways 18 formed on the
      machine base 19 and may be driven at controlled velocities to various
      positions, along what is here designated as the X axis, by a reversible
      motor XM forming a part of a velocity servo system 21. The motor is
      drivingly coupled to a lead screw 22 engaged with cooperating nuts 24
      fixed in the saddle, and a tachometer 25 is simultaneously driven by the
      motor to provide a speed feedback signal in a closed loop to a summing
      amplifier 26 forming a part of the servo system. The servo system acts to
      drive the saddle in a direction (+X or -X) corresponding to the polarity
      of, and at a speed (V.sub.x) substantially proportional to the magnitude
      of an input signal, e.g., a speed-designating dc. voltage E.sub.x applied
      to the main input terminal 28.
PAR  A similar arrangement associated with a work table 29 makes possible the
      simultaneous movement at controlled velocities to desired positions along
      a Y axis lying orthogonally in relation to the X axis. As here shown in
      FIGS. 1 and 2a, the work table 29 is slidably supported upon ways 30
      formed on the upper surface of the saddle 16 and is drivable in positive
      or negative directions along the Y axis by a reversible motor YM forming a
      part of a velocity servo system 31. That motor is drivingly coupled to a
      lead screw 32 engaged with nuts 34 fixed in the table. A tachometer 35
      driven by the motor in synchronism with the lead screw provides a speed
      feedback signal in a closed loop to a summing amplifier 36 which forms a
      part of the Y axis velocity servo system. When the servo system is excited
      or energized by a speed signal applied to its main input terminal 38, for
      example, a dc. voltage E.sub.y of controllable polarity and magnitude, the
      motor YM drives the table 29 in a direction corresponding to the input
      signal polarity and at a velocity proportional to the magnitude of the
      input signal.
PAR  Since the workpiece 11 is supported upon the table 29, that workpiece is a
      member which can be moved along either of the axes X or Y, or
      simultaneously along both, at controlled velocities and at any desired
      angle or vector direction in the X, Y plane. By so moving the workpiece 11
      relative to the rotating milling cutter 12 through successive path
      segments of designated lengths lying at designated angles, any desired
      shape or contour may be machined (in this instance, in a horizontal plane)
      on the workpiece 11. It will be understood by those skilled in the art,
      however, that relative motion of the workpiece 11 and the cutter 12 is all
      that is required, and in many instances the work-supporting table 29 may
      be arranged for movement along one axis while the headstock and its cutter
      12 are arranged for movement along another axis. Moreover, while only two
      axes of controlled motions are here illustrated for purposes of
      explanation, it will be understood that a greater of number of axes may be
      simultaneously controlled by routine duplication and extension of the
      method and apparatus to be described below.
PAR  In order to create digital electrical signals numerically representing the
      dynamically changeable actual position of the member 11 along the X axis,
      any suitable transducer may be employed. As here shown, a pulse generator
      XPG is driven by the lead screw 22 and supplies its output signals to a
      reversible multi-stage counter 40. The pulse generator is of a type well
      known in the art and produces one pulse for each predetermined unit of
      distance (e.g., 0.0001 inch) through which the saddle 16 is moved. When
      motion is in a positive or negative direction along the X axis, such
      pulses are routed respectively to the U or D input terminals of the
      counter 40 to make the latter count upwardly or downwardly. By
      initializing the counter to zero when the workpiece 11 is at the origin of
      the X, Y axes, the number held by the counter 40 and signaled on its
      plural output lines in a selected notation (e.g., binary or binary coded
      decimal) always "keeps track" of and represents the actual X position of
      the workpiece 11. That changeable, electrically-signaled number which
      dynamically represents the actual X position is here designated XIN.
PAR  In an identical arrangement, a pulse generator YPG driven by the lead screw
      32 supplies its signals to a reversible counter 41 which thus produces on
      its plural output terminals electrical signals digitally and numerically
      representing the dynamically changeable, instantaneous actual position of
      the table 29 and the workpiece 11 relative to the origin of the Y axis.
      The actual-position number represented on the output terminals of the
      counter 41 is here designated YIN.
PAC  II. The Exemplary Control Apparatus And Method
PAR  In accordance with the present invention, there is associated with the
      machine tool a contouring controller physically contained in a console 44
      shown roughly by FIG. 1, with the controller being illustrated in greater
      detail and in diagrammatic block fashion by FIG. 2b. The controller
      includes a tape reader 45 for producing successive sets of digital
      electric signals corresponding to the successive sets or blocks of command
      data represented on a record medium, e.g., a punched tape 46 or the like.
      Such tape reader, punched tape and the arrangement of data blocks thereon
      are well known to those skilled in the art and it would be superfluous to
      describe their details here. It will suffice to note simply that there is
      one data block for each segment making up a total path to be traveled by
      the workpiece 11 relative to the cutter 12, those blocks appearing
      successively or in sequence lengthwise of the punched tape, and each block
      numerically designating in one fashion or another the end point
      coordinates at X.sub.c, Y.sub.c of the segment (or the X and Y axis
      departures for the segment) and the desired velocity or path feed rate at
      which motion along that segment is to be produced. The data for the
      successive command blocks may be prepared by a technician known as the
      part programmer, directly or with the aid of a general purpose computer
      which is set up to handle, for example, APT or SPLIT language. The punched
      indicia on the tape may be in the well known EIA format or any other which
      may be chosen. The successive blocks of data on the punched tape will here
      often be referred to as the "program" because they are prepared by a
      programming technician who decides upon the particular path segments and
      feed rates which are to be used in order to machine the workpiece to a
      desired shape.
PAR  For later reference, it will be appropriate to note here that the console
      44 may include various instrumentalities or switches for use by the
      machine operator, such as manual data input keys or switches, jog controls
      and the like (not shown). Only a few such instrumentalities are
      illustrated in FIG. 1. The first is a machine "hold" push-button switch 48
      which, when pressed and held down, couples a positive voltage source to an
      output line in order to create a binary "1" level for a "machine hold"
      signal MH. This switch may be held down to place the machine in a holding
      condition, as hereinafter described; but the switch 48 is merely
      representative of other switches which may be connected in parallel to
      make the MH signal have a binary "1" value when some abnormal condition
      arises. For example, parallel sensing switches may be added to make the MH
      signal a "1" when lube pressure in the headstock, or when cutter coolant
      flow, falls below a predetermined safe level.
PAR  Secondly, a two pole, single throw stop-run toggle switch is shown in FIG.
      1, its normally open contacts 49a and its normally closed contacts 49b
      leading from a positive voltage source to produce binary "1" values for
      single bit signals here designated STOP and RUN on respective output
      conductors when that switch is set in its actuated or deactuated
      positions. This stop-run switch and its contacts 49a, 49b will be thrown
      by the operator to the stop position whenever he perceives any emergency
      condition requiring immediate shutdown of the machine.
PAR  Lastly, FIG. 1 diagrammatically illustrates means for creating digital
      electrical signals numerically representing an adjustable feed rate
      override number FRO. As will be made clear below, the machine operator may
      manually adjust the number FRO to cause the programmed path velocity or
      feed rate called for by command data from the punched tape 46 to be
      increased or decreased by a selected percentage. A hand knob 50 (FIG. 1)
      rotationally adjustable by the machine operator and associated with an
      indicia scale is physically connected to change the position of the wiper
      51a associated with a potentiometer 51 so that a dc. voltage proportional
      to the selected feed rate override percentage appears on that wiper. The
      latter dc. voltage is supplied as the input to an analog-to-digital
      converter 52 having multiple output lines which therefore receive binary
      voltages representing (in binary or BCD format) a number FRO which is
      adjustable and selected by the machine operator. Typically, by turning the
      knob 50 to different positions the operator may set the signaled number
      FRO to have any value between 0.00 and 1.25, thereby designating that the
      feed rate to be produced at the machine tool is to be any selected
      percentage from 0 percent to 125 percent of the value called for by the
      command data program represented on the punched tape.
PAR  In the preferred embodiment of the invention, the control apparatus
      includes a digital computer contained within the console 44 and
      diagrammatically shown in FIG. 2b. That computer may take any one of
      several different specific forms known to those skilled in the art and
      available in the United States market, a suitable example being the Model
      PDP-8 offered for sale by Digital Electronics Corporation. The computer is
      physically changed or conditioned by setting up gates and sequencers,
      through reading-in or insertion of a master program to be described, so
      that it iteratively performs specific operational steps. To avoid
      overburdening and making the present disclosure lack the conciseness
      required by statute, the extremely voluminous specific circuits of the
      computer, and the gates and sequencers therein, are not here illustrated
      or described; but these details will be fully understood by those skilled
      in the art from the master program and the operational steps set out
      below.
PAR  Before describing the digital computer and its physical conditioning by a
      master program, one special portion of the present method and apparatus
      will be treated. In keeping with an important aspect of the invention,
      successive periods .DELTA.T are measured off in actual time, with such
      periods normally having durations .DELTA.TN but being adjustable in
      length. As here illustrated, each time period is marked off by the
      appearance of an interrupt pulse on the output line 55a of a zero decoder
      55 which receives output signals from a down counter 56. The latter
      continuously receives pulses at a predetermined frequency (e.g., 100 Khz.)
      from a continuously running oscillator 58. The counter is preset
      periodically (and very shortly after each interrupt pulse appears) with a
      number CLBFR represented by digital electrical signals routed through
      presetting gates 59. If it is assumed merely for example that the number
      CLBFR normally has a value of 200, then immediately after being preset the
      counter contains and signals that number reduced by one after each of the
      oscillator pulses is received. Assuming by way of example that the
      oscillator frequency is 100 Khz., the counter will reach and hold zero in
      200/100,000 = 0.002 seconds, whereupon the zero decoder 55 produces one of
      the interrupt pulses on its output line 55a. If the number CLBFR is again
      preset into the counter a very short time (e.g., 200 microseconds) after
      that interrupt pulse appears (as described below), the next interrupt
      pulse will occur 0.002 seconds later. Although the "normal" value of CLBFR
      and the frequency of the oscillator 58 may be given different values by
      design choice to make the normal duration .DELTA.TN between successive
      interrupt pulses have some different design value, it will be assumed by
      way of example in the following description that the periods .DELTA.T have
      a normal duration .DELTA.TN equal to 0.002 or 2 milliseconds. Moreover, it
      will be appreciated that if the presetting number CLBFR is increased or
      decreased, the period .DELTA.T between the successive interrupt pulses
      will be lengthened or shortened. In the above example, if and after the
      number CLBFR is changed to 400, then the successive periods .DELTA.T will
      be 0.004 seconds.
PAC  III. The Nature of Successive Path Segments Defined By Successive Command
      Blocks
PAR  Referring next to FIGS. 3 and 4, two typical segments of a complete program
      path are there represented by vectors, the segments D.sub.n.sub.+1 and
      D.sub.n.sub.+2 corresponding to successive data blocks on the punched tape
      46. In the nomenclature for convenience in the present description, three
      successive blocks of data on the punched tape are designated B.sub.n,
      B.sub.n.sub.+1, B.sub.n.sub.+2. It is assumed that the controlled member
      (workpiece 11) is currently being moved according to command data of the
      block B.sub.n, whereas the block B.sub.n.sub.+1 is next to be used and the
      block B.sub.n.sub.+2 is third in the succession. When the execution of
      block B.sub.n is complete, data derived from the block B.sub.n.sub.+1 is
      transferred and then treated as that for the new block B.sub.n, the data
      for block B.sub.n.sub.+2 is transferred and treated as being for block
      B.sub.n.sub.+1, and the succeeding block on the punched tape becomes
      designated as the new block B.sub.n.sub.+2. In FIGS. 3 and 4, it is
      assumed that the controlled member is currently being moved toward the end
      point P.sub.n having coordinates X.sub.n, Y.sub.n along a path segment
      P.sub.n (not shown).
PAR  As shown in FIGS. 3 and 4, the path segment for block B.sub.n.sub.+1 is a
      distance vector D.sub.n.sub.+1 lying at some desired angle .theta. in the
      X, Y plane, and it is to be traveled by the controlled member at a
      velocity V.sub.n.sub.+1 which is the vector sum of the axis component
      velocities V.sub.x and V.sub.y. In essence, the command data for block
      B.sub.n.sub.+1 (like that for other blocks) numerically designates the
      length of the axis components DX.sub.n.sub.+1 and DY.sub.n.sub.+1 whose
      vector sum is the path segment length D.sub.n.sub.+1 lying at an angle
      .theta. which is tan .sup.-1 DY/DX. Thus, the angle of the path segment is
      specified by DX and DY. The actual data numbers in the block
      B.sub.n.sub.+1 on the punched tape may directly represent the values of
      the component distances DX and DY; or alternatively they may represent the
      ending coordinates X.sub.n.sub.+1, Y.sub.n.sub.+1 for the block segment,
      in which case DX and DY are indirectly designated, since
EQU  DX.sub.n.sub.+1 = X.sub.n.sub.+1 - X.sub.n                 (1)
EQU  DY.sub.n.sub.+1 = Y.sub.n.sub.+1 - Y.sub.n                 (2)
PAR  Each block of data on the tape directly or indirectly designates
      numerically the path velocity or feed rate selected by the programming
      technician, although the arrangement may be such that a block of data not
      containing a designated velocity merely signifies that the last-specified
      velocity is to be employed. Again using block B.sub.n.sub.+1 as an
      example, if the command data velocity number is in dimensions of inches
      per minute, then the path velocity vector magnitude V.sub.n.sub.+ may
      readily be converted into a "feed rate number" FRN.sub.n.sub.+1, such
      that:
      ##EQU1##
      Given V and D for any block, the time required to move along a block path
      segment, as programmed is:
      ##EQU2##
      This will be apparent from FIGS. 3 and 4 where the path distance
      D.sub.n.sub.+1 is to be traveled at a velocity V.sub.n.sub.+1 in a total
      time interval T.sub.p. From this, one may find the axis velocities V.sub.x
      and V.sub.y which are the vector components of the path velocity V,
      because:
      ##EQU3##
      In summary, each block of numerical command data on the punched tape 46
      directly or indirectly designates both the axis distance components DX and
      DY, the path segment length D, the path velocity V and the axis component
      velocities V.sub.x and V.sub.y. Such designation will here be assumed as
      accomplished by each block of the punched tape 46 containing three
      numbers, that is, the ending coordinates X.sub.n.sub.+1 and Y.sub.n.sub.+1
      for a path segment designed in a block B.sub.n.sub.+1, together with a
      feed rate number FRN.sub.n.sub.+1 for the feed rate or path velocity
      selected by the programming technician.
PAR  It is important that the controlled member have precisely the velocities
      V.sub.x and V.sub.y along the X and Y axes, since otherwise there will be
      errors or departures from the segment vector D, and this will result in
      work inaccuracies or even workpiece spoilage.
PAR  When the end point P.sub.n.sub.+1 for the block B.sub.n.sub.+1 (FIG. 3) is
      reached by the member 11, the axis velocities V.sub.x and V.sub.y must
      change, either because a different path velocity or feed rate number is
      applicable for the next block B.sub.n.sub.+2 or because the path segment
      D.sub.n.sub.+2 lies at a different angle. Thus, as illustrated by way of
      example in FIG. 4, the X axis velocity V.sub.x forming a component of the
      path velocity V.sub.n.sub.+2 is greater than that for the preceding block,
      whereas by contrast the Y axis velocity component V.sub.y for the path
      velocity V.sub.n.sub.+2 is greatly less than that for the preceding block.
      Thus, there can and will be abrupt and large step changes in the axis
      velocities V.sub.x and V.sub.y at the transitions between successive
      segments if attempts are made to execute successive blocks of command data
      exactly as they are set down by the programming technician.
PAC  IV. The Digital Computer Organization
PAR  Referring again to FIGS. 2a and 2b, the principal components or portions of
      the digital computer will be seen to include a central processing unit 60
      (familiar to those skilled in the art and commonly called CPU) which, in
      general terms, contains a multi-digit algebraic adder-subtractor capable
      also by repeated additions or substractions of multiplying and dividing.
      Input numbers represented by multi-bits, each of which can have a "1" or a
      "0" value, are fed to the CPU via a multi-conductor input trunk I through
      an address selector 61 controlled by a program unit 62 to determine the
      storage locations from which the input numbers are called. Instructions as
      to the nature of the arithmetic or other operation to be performed in the
      CPU are fed to the latter from the program unit 60 to designate that a
      received number is to be added or subtracted to the number existing in the
      accumulator, or the received number is to be multiplied or divided by the
      number existing in the accumulator which forms a part of the CPU. The
      result from any arithmetic operation or manipulation performed by the CPU
      appears in the accumulator and is signaled on a multi-conductor output
      trunk as the "answer" ANS. These operations are timed by a clock 64
      working through the program unit 62 such that, for example, one arithmetic
      operation is carried out in two microseconds or less and a given
      computation sequence, such as the multiplication of two numbers, is
      completed within some multiple of that clock rate. When the answer ANS has
      been formed and signaled, the program unit then controls an address router
      65 to send the signals representing the answer over an output trunk O to
      some designated storage location, or alternatively the answer is used
      directly by the program unit to determine the next control instruction
      sent to the address selector and the CPU.
PAR  A major portion of the computer is formed by addressable storage devices
      which receive and hold in readiness for recall changeable numbers
      represented in binary or BCD digital form, each number being designated by
      an address word which signifies the particular storage register or
      register portion in which that number is held. For convenience, the
      several number storage registers or word locations are here classified
      into groups designated as buffer storage 68, intermediate storage 69, and
      current storage 70. The buffer storage section contains numbers signaled
      by the tape reader and transferred through the CPU via the output trunk O
      to the appropriate registers therein. Generally speaking, the buffer
      storage section receives and holds command data numbers comprising the
      segment end point coordinates and the feed rate numbers for blocks
      designated as B.sub.n.sub.+2 and B.sub.n.sub.+3. The intermediate storage
      section 69, on the other hand, contains registers holding numbers which
      are directly or indirectly related to the command data blocks
      B.sub.n.sub.+2 and B.sub.n.sub.+1, each register being addressable under
      the control of the program unit to receive number-representing digital
      signals from, or to send them to, the CPU via the output trunk O or the
      input trunk I. Finally, the current storage section 70 also contains
      several word-addressable registers which hold changeable numbers
      pertaining to the data block B.sub.n which is being currently employed to
      directly control the instantaneous velocities and positions of the member
      11 along the X and Y axes. These registers also may send signals to or
      receive signals from the CPU via the trunk I and the address selector 61
      or via the address router 65 and the output trunk O, all under the control
      of the program unit 62.
PAR  Each of the number-storing registers (or register portions) shown in FIG.
      2b as a rectangle is designated by its word address, and for purposes of
      discussion the changeable value numbers may here be called by those letter
      addresses so adopted. When one speaks of the number PRXC, for example,
      reference is made to the digital, multi-bit, bi-valued electrical signals
      which appear on the multi-conductor trunk I when the register labeled PRXC
      is interrogated by the address selector 61 controlled by the program unit
      62. For ease of distinguishment, those numbers which represent preselected
      constants, but which do not change during actual contouring operations of
      the system are contained in registers shown in FIG. 2b as rectangles
      having diagonal lines at their corners. Each of these constants is readily
      changeable or adjustable by entry of the new value desired into the
      indicated storage location via the conventional keyboard terminal (not
      shown) associated with the computer. These constants may be changed, for
      example, when the control apparatus is disassociated from one machine tool
      having certain characteristics of inertia and the like and then
      reconnected with a different machine tool having differing
      characteristics.
PAR  Finally, some of the "numbers" held in addressable storage locations are
      merely one bit signals capable of representing a binary "1" or a "0"
      symbolizing "on" or "off." In some instances these signals may be
      transmitted over the input or output trunks I or O via the single bit
      conductor which normally represents the sign of a multi-digit number, but
      for ease of discussion in the present instance it shall be considered
      simply that these one bit-numbers, when having binary values of "1" or
      "0", represent a single digit decimal number having a value of one or
      zero. The storage locations for these one bit "indicator numbers" are
      shown by smaller squares in FIG. 2b and their functions will become
      apparent as the present description proceeds.
PAR  Before describing the sequential steps of operations performed and thus
      detailing more explicitly for those skilled in the art the apparatus here
      shown as an exemplary embodiment, it will be helpful to list and generally
      define in the following Table I the various word addresses and the nature
      of the corresponding numbers stored at each location. The letters employed
      in the word addresses and to designate storage registers or locations are
      very rough acronyms which will quickly find response in the mind of the
      reader, and these letters may of course be differently and arbitrarily
      chosen in actual commercial practice.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     WORD SYMBOLS FOR DIGITALLY REPRESENTED                                    
     NUMBERS AND THEIR STORAGE LOCATIONS                                       
     __________________________________________________________________________
     A. In the Current Storage Section                                         
     PRXC  --                                                                  
             The X velocity number representing distance units                 
             (in .0001") per period .DELTA.TN.                                 
     PRYC  --                                                                  
             Same as PRXC, but for Y axis                                      
     LOOPC --                                                                  
             The number of iterations .DELTA.T (sometimes called "loops")      
             required to execute the motions called for by block B.sub.n.      
     LOOPB --                                                                  
             The number of iterations .DELTA.T to elapse at the programmed     
             velocity for block B.sub.n before acceleration or velocity        
             changing begins toward the programmed velocity for                
             block B.sub.n.sub.+1.                                             
     XINC  --                                                                  
             The amount by which the X velocity number PRXC should             
             be changed during each period .DELTA.T to produce desired         
             acceleration near the end of block B.sub.n.                       
     YINC  --                                                                  
             Ditto, except for Y axis.                                         
     DC    --                                                                  
             A one-bit signal which when "1" designates that acceleration/     
             deceleration action is required at the terminal portion           
             of the segment for block B.sub.n.                                 
     CLBFR --                                                                  
             A "clock buffer" number which is periodically preset into         
             down counter 56 to establish the duration of the successive       
             periods .DELTA.T.                                                 
     CLMOD --                                                                  
             A modifying number which can increase the number CLBFR            
             above its normal value of 200.                                    
     CLINC --                                                                  
             A predetermined constant used to incrementally increase           
             or decrease CLMOD.                                                
     CLMAX --                                                                  
             A predetermined constant representing the maximum value           
             which CLMOD can reach, to impose an upper limit on                
             CLBFR. Typically, this constant may be 3800.                      
     PER   --                                                                  
             A number designating a feed rate override percentage,             
             normally equal to FRO which depends on setting of dial 50.        
     NLOOP --                                                                  
             A number which dynamically represents the quantity of             
             periods .DELTA.T elapsed during the actual execution of block     
             B.sub.n.                                                          
     LERRX --                                                                  
             A number representing a first predetermined or threshold          
             value of the X axis position error.                               
     HERRX --                                                                  
             A number like LERRX but representing a second and higher          
             threshold value.                                                  
     LERRY --                                                                  
             Like LERRX, except for Y axis.                                    
     HERRY --                                                                  
             Like HERRX, except for Y axis.                                    
     XTRIM --                                                                  
             The active gain factor applied as a multiplier to the X           
             error number to create a trim adjustment in the X servo           
             input signal.                                                     
     YTRIM --                                                                  
             Ditto, except for Y axis.                                         
     XKBIAS                                                                    
           --                                                                  
             A number by which the historical number XBIAS is                  
             incremented during each period .DELTA.T under certain             
             conditions.                                                       
             to modify the X servo input signal.                               
     YKBIAS                                                                    
           --                                                                  
             Ditto, except for Y axis.                                         
     XTRMH --                                                                  
             A constant to be used as the value of XTRIM when the X axis       
             is holding or has zero velocity.                                  
     YTRMH --                                                                  
             Ditto, except for Y axis.                                         
     XTRMR --                                                                  
             Like XTRMH except used when the X axis is running at a            
             finite velocity.                                                  
     YTRMR --                                                                  
             ditto, except for Y axis.                                         
     XT    --                                                                  
             The theoretical X axis position determined during one             
             iteration period and applicable during the next.                  
     YT    --                                                                  
             Ditto, except for Y axis.                                         
     XTC   --                                                                  
             The theoretical X axis position determined during the             
             previous .DELTA.T and applicable during the current .DELTA.T.     
     YTC   --                                                                  
             Ditto, except for Y axis.                                         
     XERR  --                                                                  
             The instantaneous position error existing on the X axis.          
     YERR  --                                                                  
             Ditto, except for Y axis.                                         
     BEKNT --                                                                  
             A number representing a black error count, used to create         
             a delay in the response to any axis exceeding the second          
             error threshold.                                                  
     BEDLAY                                                                    
           --                                                                  
             A constant used to preset BEKNT and establish the duration        
             of the delay.                                                     
     REDKNT                                                                    
           --                                                                  
             A number representing a red error count, used to create           
             a delay in the response to any axis exceeding a third error       
             threshold.                                                        
     REDLAY                                                                    
           --                                                                  
             A constant to preset REDLAY and establish the duration            
             of the delay.                                                     
     EMKNT --                                                                  
             A number representing an emergency count, used to create          
             a delay in the response to an emergency stop condition.           
     XKBH  --                                                                  
             A constant used for the value of the bias incrementing number     
             when the X axis is holding with zero velocity.                    
     YKBH  --                                                                  
             Ditto, except for Y axis.                                         
     XKBR  --                                                                  
             A constant used for the value of the bias incrementing number     
             XKBIAS when the X axis is running.                                
     YKBR  --                                                                  
             Ditto, except for Y axis.                                         
     XGAIN --                                                                  
             A gain factor used in producing the X axis servo input signal.    
     YGAIN --                                                                  
             Ditto, except for Y axis.                                         
     HOLD  --                                                                  
             A one-bit indicator designating that all axis velocities          
             should be brought to zero.                                        
     OHOLD --                                                                  
             A one-bit indicator designating that HOLD was on during the       
             previous iteration period .DELTA.T.                               
     HALT  --                                                                  
             A one-bit indicator designating that red error stop is            
             required.                                                         
     LDT   --                                                                  
             A one-bit indicator calling for lengthening of .DELTA.T periods.  
     EMHOLD                                                                    
           --                                                                  
             A one-bit indicator designating that an emergency stop is         
             required.                                                         
     FRO   --                                                                  
             A number from the machine console representing the                
             operator-selected feed rate override.                             
     MH    --                                                                  
             A one-bit indicator signal from the console indicating a hold     
             is called for from the machine.                                   
     STOP  --                                                                  
             A one-bit indicator from the console signifying that operator     
             or some other source has called for an emergency stop.            
     XIN   --                                                                  
             the instantaneous actual position of the member along the         
             X axis, signaled by sensing the member.                           
     YIN   --                                                                  
             Ditto, except for Y axis.                                         
     B. In the Intermediate Storage Section                                    
     X.sub.n.sub.+1                                                            
           --                                                                  
             End point X coordinate for block B.sub.n.sub.+1                   
     Y.sub.n.sub.+1                                                            
           --                                                                  
             End point Y coordinate for block B.sub.n.sub.+1                   
     TPRX  --                                                                  
             The temporary X axis velocity number for block B.sub.n.sub.+1     
             (to become PRXC when B.sub.n.sub.+1 becomes the new B.sub.n).     
     TPRY  --                                                                  
             Ditto, except for Y axis.                                         
     LOOPP --                                                                  
             The number of loops or periods .DELTA.T required to execute       
             block B.sub.n.sub.+1 as programmed.                               
     LOOPF --                                                                  
             Like LOOPC except it is for block B.sub.n.sub.+1.                 
     LOOPS --                                                                  
             Like LOOPB except it is for block B.sub.n.sub.+1.                 
     PC    --                                                                  
             One-half the number of loops or periods .DELTA.T required to      
             change the velocity (for the axis programmed to undergo           
             the largest step change) from the B.sub.n programmed value        
             to the B.sub.n.sub.+1 programmed value.                           
     PRXI  --                                                                  
             Corresponds to XINC but is applicable to block B.sub.n.sub.+1.    
     PRYI  --                                                                  
             Corresponds to YINC but is applicable to block B.sub.n.sub.+1.    
     DECEL --                                                                  
             A one bit indicator like DC, but applies to block                 
             B.sub.n.sub.+1.                                                   
     FRN'  --                                                                  
             The feed rate number for block B.sub.n.sub.+2.                    
     X.sub.n.sub.+2                                                            
           --                                                                  
             Like X.sub.n.sub.+1 but for B.sub.n.sub.+2.                       
     Y.sub.n.sub.+2                                                            
           --                                                                  
             Like Y.sub.n.sub.+1 but for B.sub.n.sub.+2.                       
     TPRX' --                                                                  
             Like TPRX but for B.sub.n.sub.+2.                                 
     TPRY' --                                                                  
             Like TPRY but for B.sub.n.sub.+2.                                 
     LOOPP'                                                                    
           --                                                                  
             Like LOOPP but for B.sub.n.sub.+2.                                
     .DELTA.PRX                                                                
           --                                                                  
             The change in X axis velocity in going from B.sub.n.sub.+1 to     
             B.sub.n.sub.+2                                                    
             as represented by tape command data.                              
     .DELTA.PRY                                                                
           --                                                                  
             Ditto, except for Y axis.                                         
     P     --                                                                  
             Like PC, except for the transition between B.sub.n.sub.+1 and     
             B.sub.n.sub.+2.                                                   
     2P    --                                                                  
             Twice the value of P.                                             
     DRIND --                                                                  
             A one-bit "data ready" indicator.                                 
     A     --                                                                  
             A costant selected to represent the maximum                       
             acceleration along an axis.                                       
     K     --                                                                  
             A constant equal to the reciprocal of A.                          
     C. In the Buffer Storage Section                                          
     (Taken Directly from Punched Tape)                                        
     BX.sub.n.sub.+2                                                           
           --                                                                  
             The ending X coordinate for B.sub.n.sub.+2.                       
     BY.sub.n.sub.+2                                                           
           --                                                                  
             The ending Y coordinate for B.sub.n.sub.+2.                       
     BX.sub.n.sub.+3                                                           
           --                                                                  
             The ending X coordinate for B.sub.n.sub.+3.                       
     BY.sub.n.sub.+3                                                           
           --                                                                  
             The ending Y coordinate for B.sub.n.sub.+3.                       
     BFRN.sub.n.sub.+2                                                         
           --                                                                  
             The feed rate no. V/D for B.sub.n.sub.+2.                         
     BFRN.sub.n.sub.+3                                                         
           --                                                                  
             The feed rate no. V/D for B.sub.n.sub.+3.                         
     __________________________________________________________________________
PAC  V. The Digitally Signaled Basic Numbers To Produce Movement According to
      Block B.sub.n
PAR  To provide an insight into the operations of the system illustrated in
      FIGS. 2a and 2b, attention is again directed to the block B.sub.n.sub.+1
      shown as space vectors in FIG. 3 and velocity vectors in FIG. 4. The
      punched tape command data for this block include the end point coordinates
      X.sub.n.sub.+1, Y.sub.n.sub.+1 and the feed rate number FRN.sub.n.sub.+1.
      The starting coordinates X.sub.n and Y.sub.n are, of course, available as
      part of the tape data for the preceding block B.sub.n.
PAR  Because FRN.sub.n.sub.+1 is obtained directly from the punched tape (or can
      be determined from the path velocity V.sub.n.sub.+1 if that velocity
      number is instead carried on the programmed tape), the time T.sub.p to
      travel the segment D.sub.n.sub.+1 may be determined from Equations (3) and
      (4), supra. Recognizing, however, that the number FRN is placed on the
      punched tape with dimensions expressed as the reciprocal of minutes,
      Equation (4) may be rewritten:
      ##EQU4##
      But if it is assumed merely for example that the periods .DELTA.T between
      interrupt pulses are normally made to have a duration .DELTA.TN chosen as
      0.002 seconds, then the number LOOPP of periods .DELTA.T to elapse during
      the time period T.sub.p is expressable:
      ##EQU5##
PAR  As noted by Equations (5) and (6), the requisite axis velocity components,
      if the time T.sub.p is required to execute the departures DX and DY (FIG.
      3), are equal simply to those departures divided by T.sub.p. But the
      departures are expressable in terms of coordinates according to Equations
      (1) and (2) which will involve dimensions expressed in inches as they
      appear on the punched tape. If the axis component distances are, for
      better resolution and ease of handling, expressed with one unit equal to
      one ten-thousandths of an inch, i.e., 0.0001 inch, and each such unit is
      called a "pip", then the axis velocities V.sub.x and Y.sub.y (here
      conveniently designated TPRX and TPRY) called for by any block of command
      data become:
      ##EQU6##
      where TPRX is dimensionally pips per .DELTA.TN  and similarly
EQU  TPRY = (0.3333)(FRN)(Y.sub.n.sub.+1 - Y.sub.n)             (11)
PAL  Referring now to FIG. 8, the solid line 80 represents an axis velocity
      (merely assumed to be for the X axis) as it would be produced if
      successive command blocks B.sub.n, B.sub.n.sub.+1 and B.sub.n.sub.+2 were
      physically executed exactly according to the tape program data. From this,
      it will be seen that the jump or velocity transition .DELTA.PRX at the end
      of the programmed block B.sub.n.sub.+1 is numerically representable as:
EQU  .DELTA.PRX = TPRX.sub.n.sub.+2 - TPRX.sub.n.sub.+1         (12)
PAL  and if TPRX.sub.n.sub.+2 is called TPRX', then
EQU  .DELTA.PRX = TPRX' - TPRX                                  (13)
PAL  similarly, for the Y axis, the programmed velocity jump is
EQU  .DELTA.PRY = TPRY' - TPRY                                  (14)
PAR  but the "jumps" in programmed axis velocity may not be the same in
      magnitude, and indeed at least one of the axis velocity jumps will
      probably exceed the acceleration capabilities of the corresponding servo
      system 21 or 31. Thus, it is desirable to determine which one of the
      velocity jumps is the largest, in order that the acceleration therefor can
      be limited to a value which is substantially the maximum acceleration
      which the servo drives are fully capable of producing. Thus, .DELTA.PRX
      and .DELTA.PRY may be compared and the largest one selected and designated
      .DELTA.PRfa. .DELTA.PRfa is so labed in FIG. 8 with the assumption that
      .DELTA.PRX is greater than .DELTA.PRY.
PAR  For the inertia of the loads represented by the saddle 16 and table 29, and
      the maximum available torque and horsepower from the servomotors XM and
      YM, the maximum obtainable acceleration may be determined as a number A
      having dimensions in pips per .DELTA.TN per .DELTA.TN. Given such
      acceleration number A (which is placed in the intermediate storage as a
      constant, together with its reciprocal K, see FIG. 2b), the number of
      loops or periods .DELTA.T required to change the velocity from TPRX to
      TPRX' can be found from the relation:
      ##EQU7##
      The number TR simply represents the quantity of time periods .DELTA.T
      required for the velocity to change along the dashed line 81 in FIG. 8 if
      the velocity uniformly changes at a rate A which corresponds to the slop
      of the line 81. Thus it will be apparent that the quantity TR depends both
      upon the magnitude of the velocity jump from TPRX to TPRX' and the
      predetermined maximum acceleration value A.
PAR  Because the velocity TPRX will actually be changed in small steps during
      each of several successive periods .DELTA.T (rather than strictly along
      the straight line 81) as hereinafter explained, it is desirable to make
      the effective value of the number TR equal to the nearest higher odd
      integer. This results in the increase a.sub.1 in the area under the curve
      81 being equal to the decrease a.sub.2 in the area under the curve
      (relative to the solid line representing programmed velocity), so that the
      time-position relation is essentially unchanged one .DELTA.T after the
      velocity reaches the TPRX' level. Therefore, the number TR is simply
      "rounded up" to the next higher value TR' which is an odd integer. For
      example, if TR is 23.45 TR' is set to a value of 25; and if TR Is 27.15,
      TR' is given a value of 29. This has the innocuous effect of reducing the
      physical acceleration ultimately produced to a value slightly lower than
      A.
PAR  Given TR' as so determined, it is here designated as a number 2P to signify
      the number of loops required for the velocity transition from TPRX to
      TPRX'. One-half of that quantity (namely, P) is required for half of the
      velocity transition. Since TR' and 2P are always odd integers, it follows
      that P will always be a number ending with the digit 5 in its tenths digit
      place. Therefore, the steps for obtaining numerical values of P and 2P
      are:
PA1  a. Compute TR from Equation (15).
PA1  b. If all of its digits to the right of the decimal point are not zero,
      then add one to produce a number TR + 1, and set all digits to the right
      of the decimal point equal to zero, thus obtaining a provisional value of
      2P.
PA1  c. Divide that last number by two to obtain a provisional value for the
      number P.
PA1  d. If the tenths digit place for that provisional value of P is not the
      integer 5, add 0.5 to obtain a value for P.
PA1  e. Multiply P by two to obtain 2P (which is tantamount to TR'). Example:
PA2  a. If TR = (.DELTA.PRfa)(K) = 23.63,
PAL  b. Make the number 23.63 + 1 = 24.63 and drop the last two digits to obtain
      24.0.
PA1  c. Divide by two to obtain 12.0.
PA1  d. Since the tenths digit place of 12.0 is not 5, add 0.5 to obtain 12.5.
PA1  e. Multiply by two to obtain 25.0. Thus P = 12.5 and 2P = 25.
PAR  Having so obtained the number of loops 2P which will elapse while the
      velocity is changing along the maximum tolerable acceleration line 81
      (FIG. 8), the increments or "velocity change per .DELTA.T" necessary for
      all axis velocities to correspondingly change from the block
      B.sub.n.sub.+1 to the block B.sub.n.sub.+2 values may be determined. The
      relationships are:
      ##EQU8##
      where PRXI and PRYI are changes per .DELTA.T in axis velocities
      expressable as pips per .DELTA.T. The largest increment number will be
      approximately equal to A, but because the programmed velocity step changes
      for the other axes will be different, the other axes increment numbers may
      be greatly different from the largest one.
PAR  As indicated above, if the velocity TPRX were held during the entire block
      time T.sub.p as programmed, a quantity LOOPP of loops would elapse.
      However, to provide for acceleration/decelleration, the servo control
      system of FIGS. 2a and 2b treats each each block as made up of a first
      portion traveled by the controlled member at the program-designated
      velocity (with V.sub.x and V.sub.y equal respectively to TPRX and TPRY)
      followed by a second portion during which all of the axis velocities are
      periodically incremented or decremented. In other words, a "servo block"
      as labeled in the lower portion of FIG. 8 is offset in time from the
      theoretical programmed blocks as labeled in the upper portion of FIG. 8.
      Two numbers or quantities are important in this respect, i.e., those time
      intervals which are labeled LOOPS and LOOPF in FIG. 8. Merely from
      inspection, it will be seen that:
EQU  LOOPS = LOOPP - PC - P                                     (18)
EQU  loopf = loops + 2p                                         (19)
PAL  where LOOPS and LOOPF are in dimensions of quantities of periods .DELTA.T,
      and PC is the value for block B.sub.n which corresponds to P for block
      B.sub.n.sub.+1. It is to be observed that if servo block n.sub.+1 begins
      at that instant when the X axis velocity reaches the level of TPRX (after
      decreasing along the sloped line 82) and ends at that instant in time when
      the velocity reaches the level TPRX' (after increasing along the sloped
      line 81, then the number LOOPF represents the total number of iteration
      periods .DELTA.T which will be required for the servo block n.sub.+1 to be
      physically executed. Similarly, the quantity LOOPS shown in FIG. 8
      designates the number of iteration periods .DELTA.T which will elapse
      while the X axis velocity is remaining steady at the value TPRX. Finally,
      the quantity P as labeled in FIG. 8 represents the number of iteration
      periods which will be required for the velocity to change through one-half
      of the difference between TPRX and TPRX', i.e., the velocities as
      respectively required by the program blocks B.sub.n.sub.+1 and
      B.sub.n.sub.+2.
PAR  In the foregoing discussion, reference has been made principally to block
      B.sub.n.sub.+1 and its axis velocity illustrated in FIG. 8. It has been
      shown that for the block B.sub.n.sub.+1 the values of TPRX, TPRY, PRXI,
      PRYL, LOOPS and LOOPF are expressed by Equations (10), (11), (16), (17),
      (18) and (19). These numerical values as so designated will, however,
      become the corresponding values for the new block B.sub.n when the old
      block B.sub.n has been completed, and at such time they are transferred
      into the current storage section 70 in FIG. 2b. Thus,
EQU  TPRX becomes PRXC
EQU  tpry becomes PRYC
EQU  loops becomes LOOPB
EQU  loopf becomes LOOPC
EQU  prxi becomes XINC
EQU  pryi becomes YINC
PAL  having received these numbers as applicable to the new current block
      B.sub.n, the current storage section 70 together with the program unit 62
      and the digital computer carries out the necessary operations to energize
      the servo systems 21 and 31 so that the member 11 moves along the path
      segment D.sub.n at the path velocity defined by FRN.sub.n. The manner in
      which the digital signals are originally produced and stored -- to
      represent the current numbers PRXC, PRYC, LOOPB, LOOPC, XINC and YINC in
      the active storage section 70 -- will be treated more fully below. At that
      time, the one-bit deceleration indicator DECEL (for B.sub.n.sub.+1) and DC
      (for B.sub.n) will be explained, the signal DC being assumed for the time
      being to have a "1" value.
PAC  VI. Physical Setup of the Computer and the Servo Routine Method With
      Variable Time Periods
PAR  With the assumption that the numbers listed in the preceding paragraph have
      just been transferred into the corresponding storage registers of section
      70, and the number NLOOP has been set to zero, the organization and
      operation of the system in FIGS. 2a, 2b may now be understood with
      reference to the flow chart in FIGS. 5a and 5e. The latter figures, taken
      with Table II below, fully disclose to one skilled in the art a "master
      program" which is entered into the programming unit 62 via the typewriter
      or keyboard terminal (not shown) associated with the computer. This master
      program is here called a "servo routine" which is iteratively performed
      once during each period .DELTA.T in response to each of the interrupt
      pulses appearing on line 55a (FIG. 2b). The gates, logic condition
      sensors, and sequencers within the program unit 62 are physically modified
      by the inserted program, as those skilled in the art understand, and thus
      these circuits need not be shown or described in detail.
PAR  The master program flow chart in FIGS. 5a-5e includes some blocks
      representing multiple computer steps, merely for clarity and brevity. The
      program steps are defined more specifically, however, in the following
      supplemental table:
TBL                                    TABLE II                                
     __________________________________________________________________________
     PROGRAM STEPS FOR CONTINUOUS                                              
     CONTROL OF SERVO SYSTEMS                                                  
     __________________________________________________________________________
     Enter in response to each .DELTA.T interrupt pulse.                       
     001. Transfer CLBFR into DWNCTR                                           
           (Clear accum, read in CLBFR, store ANS in DWNCTR)                   
     002. Transfer HOLD into OHOLD                                             
           (Both HOLD and OHOLD are thereafter 1 or 0)                         
     003. Clear accum, read in BEKNT                                           
           In ANS is zero, skip to step 035a                                   
           If ANS not zero, proceed to step 004                                
     004. Transfer MH into HOLD                                                
     005. Transfer FRO into PER                                                
     006. Clear accum, read in LOOPC and NLOOP to compute LOOPC -              
           NLOOP                                                               
           If ANS .gtoreq.1, skip to 023                                       
           If ANS &lt;1, proceed                                                  
     007. Clear accum, read in DRIND                                           
           If ANS = 0, skip to 026                                             
           If ANS = 1, proceed                                                 
     008. Transfer LOOPF in LOOPC                                              
     009a.                                                                     
          Transfer TPRX into PRXC                                              
     009b.                                                                     
          Transfer TPRY into PRYC                                              
     010. Clear accum                                                          
           Store zero ANS in NLOOP                                             
           Store zero ANS in DRIND                                             
     011a.                                                                     
          Clear accum, read in PRXC and constants, compute 4 (PRXC + 8)        
           Store ANS in LERRX                                                  
     011b.                                                                     
          Read in constant 2 and multiply to obtain 8 (PRXC + 8)               
     011c.                                                                     
          Clear accum, read in PRYC and constants, compute 4 (PRYC + 8)        
           Store ANS in LERRY                                                  
     011d.                                                                     
          Read in constant 2 and multiply to obtain 8 (PRYC + 8)               
           Store ANS in HERRY                                                  
     012a.                                                                     
          Transfer REDLAY into REDKNT                                          
     012b.                                                                     
          Transfer DECEL into DC                                               
     013. If ANS is zero, skip to 015                                          
           If ANS is 1, proceed                                                
     014a.                                                                     
          Transfer LOOPS into LOOPB                                            
     014b.                                                                     
          Transfer PRXI into XINC                                              
     014c.                                                                     
          Transfer PRYI into YINC                                              
     015. Clear accum, read in HOLD                                            
           If ANS is 1, skip to 017a                                           
           If ANS is 0, proceed                                                
     016. Clear accum, read in PRXC                                            
           If ANS is not zero, skip to 018a                                    
           If ANS is zero, proceed                                             
     017a.                                                                     
          Transfer XTRMH into XTRIM                                            
     017b.                                                                     
          Transfer XKBH into XKBIAS                                            
           skip to 019                                                         
     018a.                                                                     
          Transfer XTRMR into XTRIM                                            
     018b.                                                                     
          Transfer XKBR into XKBIAS                                            
     019. Clear accum, read in HOLD                                            
           If ANS is 1, skip to 021a                                           
           If ANS is 0, proceed                                                
     020. Clear accum, read in PRYC                                            
           If ANS is not 0, skip to 022a                                       
           If ANS is 0, proceed                                                
     021a.                                                                     
          Transfer YTRMH into YTRIM                                            
     021b.                                                                     
          Transfer YKBH into YKBIAS                                            
           skip to 24                                                          
     022a.                                                                     
          Transfer YTRMR into YTRIM                                            
     022b.                                                                     
          Transfer YKBR into YKBIAS                                            
           Skip to 024                                                         
     023. Clear accum, read in EMHOLD                                          
           If ANS is 1, skip to 026                                            
           If ANS is 0, proceed                                                
     024. Clear accum, read in PER and constant .05, compute PER - .05         
           If ANS is negative, skip to 026                                     
           If ANS is positive, proceed                                         
     025. Clear accum, read in PER and constant 200, compute 200.div.PER       
           Store ANS in CLBFR                                                  
           Skip to 027                                                         
     026. Set HOLD =1                                                          
           (Clear accum, read in constant 1, store ANS in HOLD)                
     026a.                                                                     
          Clear PER (Set PER = 0)                                              
     0.27 Clear accum, read in HOLD and OHOLD to signal (HOLD - OHOLD)         
           If ANS is zero, skip to 030                                         
           If ANS is not zero, proceed                                         
     028. Transfer HOLD into OHOLD                                             
     029. Clear accum                                                          
           Store zero ANS in XBIAS and YBIAS                                   
           Return to step 015                                                  
     030. Clear accum, read in HOLD                                            
           If ANS is 1, skip to 035a                                           
           If ANS is 0, proceed                                                
     031. Clear accum, read in DC                                              
           If ANS is 0, skip to 034                                            
           If ANS is 1, proceed                                                
     032. Clear accum, read in NLOOP and LOOPB, compute NLOOP - LOOPB          
           If ANS is negative, skip to 034                                     
           If ANS is not negative, proceed                                     
     033a.                                                                     
          Clear accum, read in PRXC and XINC, compute PRXC + XINC              
           Store ANS in PRXC                                                   
     033b.                                                                     
          Clear accum, read in PRYC and YINC, compute PRYC + YINC              
           Store ANS in PRYC                                                   
     034a.                                                                     
          Clear accum, read in XTC and PRXC, compute XTC + PRXC                
           Store ANS in XT                                                     
     034b.                                                                     
          Clear accum, read in YTC and PRYC, compute YTC + PRXC                
           Store ANS in YT                                                     
     035. Clear accum, read in NLOOP and constant 1, compute NLOOP + 1         
           Store ANS in NLOOP                                                  
           Skip to 036                                                         
     035a.                                                                     
          Clear PER (set PER = 0)                                              
     036a.                                                                     
          Clear accum, read in XTC and XIN, compute XTC - XIN                  
           Store ANS in XERR                                                   
     036b.                                                                     
          Clear accum, read in YTC and YIN, compute YTC - YIN                  
           Store ANS in YERR                                                   
     037. Clear accum, read in LERRX and  XERR , compute LERRX -               
            XERR                                                               
           If ANS is not negative, skip to 043                                 
           If ANS is negative, proceed                                         
     038. Clear accum, read in HERRX and  ERRX , compute HERRX - XERR          
           If ANS is negative, skip to 059                                     
           If ANS is not negative, proceed                                     
     039. Clear accum, read in XERR                                            
           If ANS is not positive, skip to 041                                 
           If ANS is positive, proceed                                         
     040. Clear accum, read in PRXC                                            
           If ANS is not positive, skip to 043                                 
           If ANS is positive, skip to 042                                     
     041. Clear accum, read in PRXC                                            
           If ANS is positive, skip to 043                                     
           If ANS is not positive, proceed                                     
     042. Set LDT = 1 (clear accum, Read in 1, store ANS in LDT)               
     043. Clear accum, read in ERRY and  YERR , compute LERRY -  YERR          
           If ANS is not negative, skip to 049                                 
           If ANS is negative, proceed                                         
     044. Clear accum, read in HERRY and  YERR , compute HERRY - YERR          
           If ANS is negative, skip to 059                                     
           If ANS is not negative, proceed                                     
     045. Clear accum, read in YERR                                            
           If ANS is not positive, skip to 047                                 
           If ANS is positive, proceed                                         
     046. Clear accum, read in PRYC                                            
           If ANS is not positive, skip to 049                                 
           If ANS is positive, skip to 048                                     
     047. Clear accum, read in PRYC                                            
           If ANS is positive, skip to 049                                     
           If ANS is not positive, proceed                                     
     048. Set LDT = 1                                                          
     049. Clear accum, read in LDT                                             
           If ANS is zero, skip to 052                                         
           If ANS is 1, proceed                                                
     050. Clear accum, read in CLMOD and CLINC, compute CLMOD + CLINC          
           Store ANS in CLMOD                                                  
     051. Clear accum, read in CLMAX and CLMOD, compute CLMAX - CLMOD          
           If ANS is negative, skip to 056                                     
           If ANS is not negative, skip to 054                                 
     052. Clear accum, read in CLMOD                                           
           If ANS is zero, skip to 057                                         
            If ANS is not zero, proceed                                        
     053. Read in CLINC, compute CLMOD - CLINC                                 
           Store ANS in CLMOD                                                  
     054. Clear accum, read in CLBFR and CLMOD, compute CLBFR + CLMOD          
           Store ANS in CLBFR                                                  
     055. Read in CLMAX and constant 200, compute CLFR - CLMAX - 200           
           If ANS is negative, skip to 057                                     
           If ANS is not negative, proceed                                     
     056. Clear accum, read in CLMAX and constant 200, compute CLMAX + 200     
           Store ANS in CLBFR                                                  
     057. Set LDT = 0                                                          
     058. Transfer BEDLAY into BEKNT                                           
           Skip to 066                                                         
     059. Clear accum, read in constant 2, HERRX and  XERR , compute 2         
           (HERRX) -  XERR                                                     
           If ANS is negative, skip to 064                                     
           If ANS is not negative, proceed                                     
     060. Clear accum, read in const. 2, HERRY and  YERR , compute 2           
           (HERRY) -  YERR                                                     
           If ANS is negative, skip to 064                                     
           If ANS is not negative, proceed                                     
     061. Clear accum, read in HOLD                                            
           If ANS is 1, skip to 066                                            
            If ANS is 0, proceed                                               
     062. Clear accum, read in BEKNT and constant 1, compute BEKNT - 1         
           Store ANS in BEKNT                                                  
     063. If ANS is zero, return to step 026                                   
          If ANS is not zero, skip to 066                                      
     064. Clear accum, read in REDKNT and constant 1, compute REDKNT - 1       
           Store ANS in REDKNT                                                 
     065. If ANS is zero, skip to 069                                          
          If ANS is not zero, proceed                                          
     066. Clear accum, read in EMHOLD                                          
           If ANS is 1, skip to 073                                            
           If ANS is 0, proceed                                                
     067. Clear accum, read in STOP                                            
           If ANS is 0, skip to 080                                            
           If ANS is 1, proceed                                                
     068. Clear accum, read in constant 50                                     
           Store ANS in EMKNT                                                  
           Skip to 072                                                         
     069. Set EMKNT = 1                                                        
     070. Set HALT = 1                                                         
           Skip to 072                                                         
     072. Set EMHOLD = 1                                                       
           Return to step 026                                                  
     073. Clear accum, read in EMKNT                                           
           If ANS is 0, skip to 076                                            
           If ANS is not, proceed                                              
     074. Clear accum, read in EMKNT and constant 1, compute EMKNT - 1,        
           Store ANS in EMKNT                                                  
     075. if ANS is zero, skip to 087                                          
          If ANS is not zero, skip to 080                                      
     076. Clear accum, read in HALT                                            
           If ANS is 1, skip to 087                                            
           If ANS is 0, proceed                                                
     077. Clear accum, read in STOP                                            
           If ANS is 1, skip to 087                                            
           If ANS is 0, proceed                                                
     078. Set EMHOLD = 0                                                       
     079. turn on servo power relay                                            
     080. Clear accum, read in XERR                                            
           If ANS is zero, skip to 082                                         
           If ANS is not zero, proceed                                         
     081. Clear accum read in XBIAS and XKNIAS using sign of ERRX for          
          sign of XKBIAS, compute XBIAS + XKBIAS                               
           Store ANS in XBIAS                                                  
     082. Clear accum, read in XGAIN, PER, PRXC, XTRIM, XERR, and              
          XBIAS, Compute XGAIN [PER .sup.. PRXC + XTRIM .sup.. XERR + XBIAS]   
           Store ANS in XDAC                                                   
     083. Clear accum, read in YERR                                            
           If ANS is not zero, proceed                                         
           If ANS is zero, skip to 085                                         
     084. Clear accum, read in YBIAS and YKBIAS using sign of ERRY for         
          sign of YBIAS, compute YBIAS + YKBIAS                                
           Store ANS in YBIAS                                                  
     085. Clear accum, read in YGAIN, PER, PRYC, YTRIM, YERR, and              
          YBIAS, Compute YGAIN [PER .sup.. PRYC + YTRIM .sup.. YERR + YBIAS]   
           Store ANS in YDAC                                                   
     086a.                                                                     
          Transfer XT into XTC                                                 
     086b.                                                                     
          Transfer YT into YTC                                                 
           Skip to 088                                                         
     087. turn off servo power relay                                           
     088. Exit                                                                 
     __________________________________________________________________________
PAC  A. A Normal Iteration Cycle
PAR  By referring to FIGS. 5a-5e and Table II, a narrative sequence of the
      successive operational steps will become fully understandable, and such a
      narrative for a "normal" cycle will first be presented. In response to an
      interrupt pulse (on line 55a, FIG. 2b), the number CLBFR is sent over the
      output trunk O to preset the down counter 56, thereby starting the
      measuring off of a period .DELTA.T which will end when the next interrupt
      pulse appears. The specific substeps which make up step 001 are (a)
      clearing of the accumulator in the CPU to hold zero, (b) calling and
      reading into the accumulator via trunk 1 the number then in the CLBFR
      storage register, and (c) routing that number (then constituting the
      answer ANS) over the output trunk O to the presetting gates 59, i.e., to
      the address DWNCTR. This is a simple "transfer" sequence, and the
      sub-steps for similar transfers will not be repeated hereinafter. It is to
      be noted that the number called from storage for transfer does not change
      in its original storage register as a consequence, but the previous number
      at the transferree address register is eradicated when the new number is
      "written" therein.
PAR  At step 002, the signal HOLD (as it existed at the end of the previous
      iteration period .DELTA.T) is transferred to OHOLD. Thus, OHOLD represents
      "old hold", i.e., the status of the HOLD signal at the end of the previous
      cycle.
PAR  Step 003 is performed to determine if a "black error hold" condition exists
      (as explained below). For a normal cycle the number BEKNT will not be
      zero, so the transfer operations of steps 004 and 005 will next be
      performed. Thus, if the switch 48 (FIG. 1) is at that instant closed or
      opened to make MH a "1" or "O", HOLD will be correspondingly made 1 or 0.
      For a normal cycle, it is assumed that MH is zero. Whatever value of FRO
      has been selected by the opereator's adjustment of dial 50 (FIG. 1) will
      be taken over the input trunk I and transferred into the PER register.
PAR  At step 006, it is determined whether or not the required number of loops
      (i.e., cycles or .DELTA.T's) have elapsed since the execution of the
      current block B.sub.n began. As noted below, the number NLOOP is
      incremented by one during each period .DELTA.T, and when the latter
      becomes equal to LOOPC (see FIG. 8) the servo block B.sub.n is completed.
      In a normal cycle at step 006, NLOOP will be less than LOOPC, so that the
      program unit skips to step 023. Because the EMHOLD signal (whose purpose
      is noted below) is zero during a normal cycle, the system proceeds from
      step 023 to step 024 where it is determined whether or not the presently
      effective feed rate override number is less than five percent. If that
      determination is affirmative, then the system treats the feed rate
      override numbers as being effectively zero, and the system is put into a
      holding condition so as to avoid extremely slow and almost imperceptible
      axis velocities. In a normal cycle, the interrogation at step 024,
      performed by determining whether (PER - 0.05) is negative, will result in
      a "no" result, so that the program unit proceeds to step 025.
PAR  At step 025 the clock buffer number CLBFR is initially set to a value equal
      to 200/PER and thus to a value which makes the durations of periods
      .DELTA.T have the "normal" value of 0.002 seconds increased or decreased
      according to the effective feed rate override number (PER having been
      previously set to equal FRO). Thus, at step 025 CLBFR will become 200 if
      PER is 1.0, but CLBFR will become 400 if PER is 0.50. In the latter
      instance, subsequent periods .DELTA.T will be made 0.004 seconds rather
      than the normal durations of 0.002 seconds. If a "slowdown" change of the
      .DELTA.T durations has been or is in effect, this number CLBFR will be
      changed to a different value later in the iteration sequence, as
      hereinafter described, and then will be used to preset the down-counter 56
      at step 001 of the next cycle. It may be assumed in the present narrative
      for a normal cycle that FRO is equal to 1.00 and step 025 results in CLBFR
      being set to a value of 200.
PAR  The system then skips to step 027 where the HOLD and OHOLD signals are
      compared to determine if they are alike or unlike, i.e., if their
      difference is zero or .+-.1. If alike, this indicates that there has been
      no change in the status of the HOLD signal from the previous cycle to the
      present cycle, and if unlike the opposite is indicated. In the present
      "normal" cycle the operations at step 027 will produce a "no" answer
      because HOLD and OHOLD are both O, so the system skips to step 030.
PAR  At step 030, the HOLD signal is sensed. In a normal cycle such signal is
      zero. The system proceeds to step 031 where it is determined whether or
      not the block B.sub.n is one which requires acceleration or deceleration
      at its terminal portion (see FIG. 8). Assuming that the signal DC is 1,
      the system proceeds to step 032 where a determination is made as to
      whether or not that point in time and travel has been reached at which the
      velocity should begin changing along a slope, such as the slop represented
      by line 82 in FIG. 8. The operation at step 032 determines whether the
      quantity NLOOP-LOOPB is negative, a no response indicating that
      deceleration or acceleration should begin, and a yes response indicating
      that it should not yet begin because the progress of the block is
      somewhere along the horizontal line labeled PRXC in FIG. 8. Thus, in a
      normal cycle the system skips from step 032 to step 034.
PAR  It will be recalled that the signaled numbers XT and YT represent the
      dynamically changeable values of the instantaneous theoretical axis
      positions. If movement along the X and Y axes is supposed to occur at a
      rate or velocity of PRXC and PYRC per period .DELTA.T, then the
      theoretical positions along the X and Y axes progressively change by the
      incremental distances of PRXC and PYRC per .DELTA.T. In order to
      dynamically change the numerically signaled theoretical positions XT and
      YT, the digital computer increments those number-representing signals
      during each cycle such that:
EQU  XT.sub.i = XTC.sub.i.sub.-1 + PRXC                         (20)
EQU  yt.sub.i = YTC.sub.1.sub.-1 + PRYC                         (21)
PAL  these incrementing additions and the formation of new values for XT and YT
      are carried out diring step 034 as shown in FIG. 5c and Table II. The
      numbers XT and YT are the theoretical positions which should be reached at
      an instant in time at the end of the period .DELTA.T currently being
      measured off, whereas the numbers XTC and YTC are the theoretical
      positions computed during the previous iteration cycle and currently
      accurate while the current cycle is being measured off. Thus, at step 034
      there is a dynamic updating of the theoretical positions XT and YT, and
      these signaled numbers will be used for the values of XTC and YTC during
      the next-following period .DELTA.T. XT and XTC represent the same variable
      number, but XT is computed during .DELTA.T.sub.i and used during
      .DELTA.T.sub.i.sub.+1 to set XTC, whereas XTC is computed as XT during
      .DELTA.T.sub.i.sub.-1 and used during .DELTA.T.sub.i as the current
      theoretical position. The same is true of YT and YTC except they apply to
      the Y axis.
PAR  The system next proceeds to step 035 where the number NLOOP is updated to
      signify that one more period .DELTA.T has elapsed. This addition step
      involves taking the presently existing value of NLOOP, adding one thereto,
      and storing the result as the new value of NLOOP, viz.
EQU  NLOOP.sub.i = NLOOP.sub.i.sub.-1 + 1                       (21a)
PAL  Thus, at all times the number NLOOP represents the quantity of periods
      .DELTA.T which have elapsed since the execution of servo block B.sub.n
      began (assuming that no "holding" has occurred).
PAR  At step 036, the instantaneous values of the axis position errors are
      determined and numerically signaled. For this purpose, the current
      theoretical X axis position XTC is fed to the CPU, and the current actual
      position XIN is fed subtractively (from counter 40 in FIG. 2a) to the CPU
      so as to compute the instantaneous position error XERR once during each
      cycle .DELTA.T. For the two axes, the operations at step 036 are:
EQU  XERR.sub.i = XTC.sub.i - XIN.sub.i                         (22)
EQU  YERR.sub.i = YTC.sub.1 - YIN.sub.i                         (23)
PAR  It will be seen, therefore, that in the practice of the present invention,
      means are provided to represent by digital electric signals within the
      computer a number XTC to designate the desired instantaneous position of a
      member movable along the X axis, and to add a velocity-representing number
      PRXC to form a new value of XTC once during each time period. From the
      dynamically changing instantaneous theoretical position XTC and from the
      dynamically signaled actual position XIN, the instantaneous position error
      is computed and electrically signaled by digital signals once during each
      time period .DELTA.T. These two repeating operations occur at steps 034
      and 036 when the controlled member is being moved according to a command
      data block B.sub.n. Corresponding operations are performed for the Y axis.
PAR  At steps 037 through 049, operations are performed in order to determine
      whether or not the presently-existing position error on any axis either
      (a) is lagging and exceeds a first threshold value or (b) exceeds a second
      threshold value which is greater than the first. Although it is within the
      purview of the invention to employ preselected constants for these
      threshold values, in the preferred embodiment the two threshold values are
      dependent upon and monotonically related to the existing axis velocities,
      i.e., to the values of the axis velocity numbers PRXC and PRYC as the
      latter are derived from the command data for block B.sub.n. More
      specifically, and in a fashion to be explained below, when a new block of
      data is transferred from intermediate storage to current storage, the
      values of first and second error thresholds are computed from the values
      of the velocity numbers PRXC and PRYC and then stored as "low error" and
      "high error" threshold numbers. Although different monotonic functions of
      the velocity numbers may be used, the present system functions to compute
      and store signals representing the first and second X axis error
      thresholds LERRX and HERRX as follows:
EQU  LERRX = 4(PRXC + 8)                                        (24)
EQU  herrx = 8(prxc + 8) = 2 lerrx                              (25)
PAL  similarly, low and high position error thresholds for the Y axis are
      computed and stored in the registers LERRX and HERRX, as follows:
EQU  LERRY = 4(PRYC + 8)                                        (26)
EQU  herry = 8(pryc + 8) = 2 lerry                              (27)
PAR  referring to FIG. 6 which deals with position errors along the X axis, it
      will be seen that the value of the first error threshold TH1 (i.e., the
      number LFRRX) is represented by the line 90 and is progressively greater
      for increasing values of the velocity number PRXC applicable to the block
      B.sub.n. Likewise, the second and greater error threshold TH2 represented
      by the stored number HERRX is represented by a line 91 which has, in the
      present example, a value which is alway stwice that of the first error
      threshold. The line 91 represents a threshold TH2 which increases as a
      monotonic function of the velocity number PRXC applicable to the current
      command data block B.sub.n. Finally, there is shown in FIG. 6 a line 92
      which represents a third position error threshold TH3 that takes on values
      which are a monotonic function of the velocity number PRXC of the
      currently executed block B.sub.n. Again, merely as an example, the third
      error threshold TH3 is always twice the second error threshold, and thus
      its value is shown in FIG. 6 as representable by a number 2HERRX.
PAR  Merely for convenience of discussion, it may be assumed that so long as the
      position error along the X axis is less than threshold TH1, the error is a
      "white error." This signifies that the following error is negligible or so
      small as to be tolerable and acceptable in the operation of the machine
      tool and the machining of the workpiece. When the position error exceeds
      the first threshold but is not greater than the second threshold, it is
      called a "grey error" and this signifies that some corrective action
      should and will be taken automatically in the operation of the system to
      reduce the following error. Furthermore, when the following error exceeds
      the threshold TH2 but does not exceed the third threshold TH3, this is
      designated to be a "black error" which will result in unacceptable
      inaccuracies or possible spoilage of the workpiece. As noted below, the
      occurrence of a position error along any axis in the "black" range results
      in the system being put into a holding status until the error is reduced
      back to less than the second threshold TH2. Finally, whenever the
      following error exceeds the third threshold TH3, it is designated as a
      "red error," being of such magnitude and seriousness that the machine
      should be shut down until the cause has been found and corrected by the
      machine operator.
PAR  FIG. 7 illustrates the relationships of the white, grey, black and red
      error ranges, and the thresholds which separate them, for a given value of
      the velocity number PRXC. From this, it will be readily understood that
      when the error number ERRX or ERRY exceeds the value LERRX or LERRY, there
      is a grey error condition in the X or Y axis. If the error number ERRX or
      ERRY exceeds the second threshold HERRX or HERRY, there is a black error
      condition in the X or Y axis; and similarly, a red error condition exists
      in the X or Y axis when the number ERRX or ERRY exceeds the value of
      2HERRX or 2HERRY.
PAR  Returning again to FIG. 5c and Table II, the operations performed at steps
      037 through 042 determine whether or not the instantaneous X axis error
      XERR (a) exceeds the grey error threshold, or (b) exceeds both the grey
      and black error thresholds. In addition, if the grey error threshold only
      is exceeded, a determination is made as to whether the position error is
      lagging or leading, and only in the lagging case is the indicator signal
      LDT set to 1. These operations will be discussed more fully below, and it
      is assumed in the present description of a normal cycle that the
      determination made at step 037 indicates that the X axis following error
      is less than the first threshold LERRY, so that the system skips to step
      043.
PAR  Steps 043 through 048 are identical to 037 through 042, except that the
      former relate to the determination of whether the existing Y axis position
      error exceeds the first threshold or the second threshold. Assuming for a
      normal cycle that neither such error threshold is exceeded, the system
      skips from step 043 to step 049. Thus, it is here assumed that the LDT
      indicator remains at zero as the system enters step 049.
PAR  Those steps designated in FIG. 5d and Table II as 049 through 057 relate to
      changing of the clock buffer number CLBFR so that when the next iteration
      period begins the durations of the subsequent periods .DELTA.T will be
      increased or decreased from that of the present iteration period. Because
      in a "normal" cycle the clock number CLBFR is not to be changed, at step
      049 the value of the single bit signal LDT is sensed and found to be zero
      so that the system skips to step 052 where it senses the value of a clock
      modifier number CLMOD. Assuming that the modifier number is found to be
      zero at step 052, then the system skips to step 057 where the value of
      zero is transferred into the one-bit indicator LDT (in this instance,
      leaving the latter unchanged). Therefore, in a normal cycle of operation
      no modification of the clock buffer number CLBFR occurs.
PAR  At step 058, a preselected constant BEDLAY (e.g., 75) is transferred from
      its storage register to the "black error count" register BEKNT. This
      operation is insignificant in a normal cycle, but it confirms that under
      normal circumstances the number BEKNT has some preselected value, such as
      75, and therefore is not zero. It will be recalled that this results in
      the progression from step 003 to 004 as shown in FIG. 5a.
PAR  From step 058, the system skips to step 066 (FIG. 5e) during which the
      determination is made as to whether the EMHOLD signal is on. In a normal
      cycle the EMHOLD signal will be zero, and the system therefore proceeds to
      step 067 where it determines whether or not the STOP signal is on. In a
      normal cycle, STOP will be zero, and thus the system will skip to step
      080.
PAR  In accordance with one feature of the present invention, the energizing
      voltages E.sub.x and E.sub.y applied as inputs to the velocity servo
      systems 21 and 31 (FIG. 2a) are formed as the summation of three terms
      multiplied by a gain constant. Taking the X axis as an example, the
      energizing voltage E.sub.x is produced by a digital-to-analog converter 95
      (the corresponding Y axis converter being 96) which receives digital,
      multi-bit electrical signals numerically representing a changeable speed
      number XDAC signaled on the output lines of a storage register XDAC. The
      number XDAC is recomputed during each iteration cycle and includes a first
      term G.sub.1 . PRXC proportional to the then-existing value of the
      velocity number, plus a second term which is increased or decreased during
      those periods when the X axis position error exceeds or is less than a
      preselected value. This term is designated as a number XBIAS, and the
      incrementing of that term makes it generally represent the time integral
      of errors which have existed during several or many preceding periods
      .DELTA.T. Therefore, the X axis speed command number XDAC, which is formed
      primarily from the velocity number PRXC, is gradually adjusted with time
      so as to make the actual velocity along the X axis keep the controlled
      member running with substantially zero following error.
PAR  More specifically, in the present exemplary embodiment, at step 080 (FIG.
      5e) a determination is made as to whether the existing X axis error XERR
      exceeds a predetermined value, here selected by way of example to be zero.
      That is, the number XERR is read from its storage register into the
      cleared accumulator of the CPU and if the answer ANS is then zero, the
      system skips to step 082. On the other hand, if the answer is not zero,
      the system proceeds to step 081 at which the existing historical term
      XBIAS is incremented by a predetermined amount XKBIAS. Thus, if the
      existing X axis error is not zero, the new value of XBIAS becomes:
EQU  XBIAS.sub.i = XBIAS.sub.i.sub.-1 .+-. XKBIAS               (28)
PAL  the incrementing constant is stored as a changeable number XKBIAS, and it
      is used at step 081 and in Equation (28) with the same sign as that
      existing for the error number XERR. Therefore, the historical term XBIAS
      is increased or decreased by a predetermined small amount XKBIAS during
      any iteration cycle when the X axis following error is not zero but is
      respectively positive or negative.
PAR  Proceeding next to step 082 (FIG. 5e and Table II) the system next computes
      and updates to a new value the signals which represent the speed command
      number XDAC for the servo system 21. The number XDAC is formed according
      to the relation:
EQU  XDAC = XGAIN [PER. PRXC + XTRIM. XERR + XBIAS]             (29)
PAL  the actual computer operations to create a new value of XDAC may involve
      several sub-steps within the computer, but they have been shown here in
      the interest of simplicity as involving only the single step 082. Those
      skilled in the art will readily know how to modify the computer to make it
      perform the single step 082 by a plurality of steps involving successive
      multiplications and additions in plural steps, if that is required.
PAR  It will be seen that the number XDAC contains three terms. The first is the
      product of the feed rate override number PER and the velocity number PRXC.
      The number PER may be viewed as an individual gain factor G.sub.1 on the
      velocity command PRXC, thereby bringing into effect the dialed-in feed
      rate override percentage. The term PER . PRXC is the primary component
      which forms the number XDAC, and if the servo system 21 is adjusted and
      operating entirely correctly, then the analog counterpart E.sub.x of XDAC
      will be a dc. voltage which precisely makes the controlled member 11 move
      with the programmed X axis velocity as PRXC modified by the existing feed
      rate override number PER.
PAR  However, it may happen that for unforeseen reasons (e.g., changeable loads
      exerted by the cutter contacting the workpiece) the X axis velocity
      permits a perceptible position error to arise. To "trim" and adjust the X
      servo system so that the voltage E.sub.x is increased or decreased to
      eliminate a lagging or leading following error, the term XTRIM . XERR is
      included in Equation (29) and used during step 082. The number XTRIM may
      be viewed as an individual gain factor G.sub.2 for the instantaneously
      signaled position error XERR, and their product will become a positive or
      negative number in the XDAC equation whenever the error is other than
      zero. As the following error XERR increases either positively or
      negatively, the number XDAC is increased or decreased relative to the
      value it would have solely from the term PER . PAXC, and this the analog
      counterpart E.sub.x is increased or decreased so that the X velocity of
      the controlled member 11 is increased or decreased to reduce the error
      XERR.
PAR  If the error XERR is fully reducedd to zero, however, the term XTRIM . XERR
      ceases to contribute to the value of the number XDAC, and in order to
      provide a permanent adjustment to reach and maintain zero position error,
      the term XBIAS is included within the summation of Equation (29) and the
      operations performed at step 082. If a following error does arise and the
      term XTRIM . XERR results in an increase of XDAC to speed up the X
      velocity higher than the PER . PRXC value, the number would be restored
      toward zero, but the number XBIAS will incrementally increase in magnitude
      with successive .DELTA.T's so that when the term XTRIM . XERR is zero the
      summation of PER . PRXC and XBIAS makes the value of XDAC and the analog
      voltage E.sub.x drive the controlled member 11 at an X axis velocity which
      results in substantially zero following error.
PAR  It will be recognized that the number XGAIN is simply a gain factor or
      proportionally applied to the three-term summation of Equation (29) by
      step 082, this overall gain factor being chosen as a constant according to
      the characteristics of the particular servo system 21 which is being
      controlled by the number XDAC as a result of receiving the latter's analog
      countepart E.sub.x as its input voltage. It will be recalled that during
      each iteration cycle the numbers PER, PRXC, XERR and XBIAS may all
      individually change, and that the speed number XDAC is recomputed and
      updated to a new value during each iteration or cycle .DELTA.T. Therefore,
      the speed number XDAC is dynamically adjusted automatically in order to
      keep or restore the X velocity of the controlled member at or to a value
      which will make the following error essentially zero.
PAR  Steps 083, 084 and 085 as shown in FIG. 5e and Table II are identical to
      steps 080, 081, 082, except that the former apply to the Y axis. Thus, it
      may here simply be noted that the operation performed at step 084 conforms
      to the updating equation:
EQU  YBIAS.sub.i = YBIAS.sub.i.sub.-1 .+-. YKBIAS               (30)
PAL  and the computations performed at step 085 are carried out according to:
EQU  YDAC = YGAIN[PER . PYRC + YTRIM . YERR + YBIAS]            (31)
PAL  therefore, by the time the system has progressed through step 085 in a
      normal cycle, both of the speed numbers XDAC and YDAC have been recomputed
      and updated, and the analog input voltages E.sub.x E.sub.y for the servos
      21 and 31 have been adjusted in value, to make the X and Y axis velocities
      have the coordinated values which are required to move the controlled
      element 11 along the path segment D.sub.n and at the path velocity
      designated by the number FRN.sub.n in the command data block B.sub.n.
PAR  Pausing at this point for summary and review, it may be noted that the
      present system includes means for measuring off successive periods
      .DELTA.T in actual time, each period enduring between two successive
      interrupt pulses on line 55a in FIG. 2b as produced by the down counter
      56, the osc. 58, the zero decoder 55 and the computer circuits for
      presetting the number CLBFR into the counter immediately after each new
      period begins. The number CLBFR normally will have a value of 200 (if the
      feed rate override number is 100 percent) and the normal duration
      .DELTA.TN of such periods will be, for example, 2 milliseconds.
PAR  There are also provided means to derive from command data signals digitally
      representing velocity numbers PRXC and PRYC expressing the necessary axis
      velocities V.sub.x and V.sub.y in units of distance per .DELTA.TN. These
      signals form the principal component or term from which the speed numbers
      XDAC and YDAC are created at steps 082 and 084 during each period
      .DELTA.T, and are modified by the override number PER used as a gain
      factor in the term PER . PRXC or PER . PRYC.
PAR  In addition, however, there are here employed means for creating and
      progressively changing during each period .DELTA.T numbers XTC and YTC
      which represent the dynamically moving theoretical positions at which the
      controlled member shoud reside from period to period -- such numbers being
      updated by the PRXC and PRYC amounts during each iteration. Taking also
      the instantaneous actual position number signals XIN and YIN, means
      compute and signal during each period .DELTA.T the then existing but
      changeable position errors XERR and YERR.
PAR  Means are also provided to signal historical adjustment numbers XBIAS and
      YBIAS, together with means responsive to the corresponding axis error XERR
      or YERR for incrementally changing those numbers by predetermined amounts
      XKBIAS or YKBIAS during any period .DELTA.T that the axis error exceeds
      some predetermined value (in the present example, zero). The adjustment
      numbers XBIAS and YBIAS are added to the PER . PRXC and PER . PRYC terms
      to form the numbers XDAC and YDAC and the latters' analog counterparts
      E.sub.x and E.sub.y. In this way, as long-term errors arise, they are
      removed to restore the existing position errors to zero even though a
      speed number XDAC or YDAC greater than XGAIN . PER . PRXC or YGAIN . PER .
      YDAC is required to produce the actual velocities which result in zero
      following errors. Also preferably employed are means to create and signal
      short-term adjustment numbers XTRIM . XERR and YTRIM . YERR, together with
      means to include the latter in the operation of the summing means for
      carrying out the steps designated at 082 and 085. As position errors
      arise, these latter terms produce adjustments in XDAC and YDAC, and thus
      in E.sub.x and E.sub.y which tend to restore the errors quickly to zero.
PAR  All of these means, and the operations which they produce, act during the
      successive short intervals .DELTA.T, and thus remain dynamically
      up-to-date and accurate.
PAR  Reverting to FIG. 5e, at step 086, the present values of the theoretical
      position numbers XT and YT are simply transferred into the "current"
      registers where they become the new values of numbers XTC and YTC. These
      new values are thus ready for use during step 036 of the following cycle,
      having been computed by the incrementing operations performed at step 034
      of the present cycle.
PAR  At step 088, the servo routine is completed and the program unit 62 may
      divert the computer to computations involving other operations until the
      next interrupt pulse appears and the next period .DELTA.T begins. The
      entire single "normal" cycle which has here been described may involve
      only a total of some 200 microseconds, and thus when the system exits from
      the servo routine at step 088 there remains well over 1.5 milliseconds
      before the next interrupt pulse will appear, assuming that the interrupt
      pulses are now spaced apart by the durations of 2 milliseconds because the
      clock buffer number CLBFR has a value of 200. In any event, when the servo
      routine has completed one cycle at step 088, there remains in terms of
      computer time a rather large interval before the next interrupt pulse will
      appear. When that next interrupt pulse arrives, however, the servo routine
      will be reinitiated beginning with step 001 (FIG. 5a) and the operations
      described above will again be repeated if conditions are such that the
      next cycle is "normal". The cycles will iterate normally 500 times per
      second if .DELTA.T is 2 milliseconds.
PAC  B. A CYCLE FINDING A GREY ERROR AND SLOWING DOWN THE SYSTEM
PAR  In accordance with one aspect of the invention, means are provided and
      steps are carried out to incrementally increase the durations of the
      succeeding period .DELTA.T in response to the position error along any
      axis lagging and exceeding the first predetermined threshold value. This
      will become apparent from the following description of a cycle in which a
      grey position error is found for at least one axis.
PAR  In response to an interrupt pulse, the cycle begins at step 001 and
      progresses as the above-described normal cycle down to step 037 (FIG. 5c
      and Table II). At this point, if the subtraction LERRX - XERR produces a
      negative answer, it is known that the X axis position error exceeds the
      threshold value of LERRX, and the program unit causes the system to
      proceed to step 038 (rather than skipping to step 043). At step 038, a
      similar comparison of HERRX and XERR will produce a positive answer, so
      the system goes on to step 0039 having found that a grey error exists
      along the X axis because the dynamically signaled error number XERR
      exceeds in magnitude the threshold LERRX.
PAR  Steps 039, 040 and 041 are performed in order to determine whether or not
      this grey X axis error is lagging or leading. In a four quadrant axis
      system, and depending upon the direction in which the controlled member is
      displaced from the theoretical position, the position error may be either
      positive or negative in any quadrant. On the other hand, while residing in
      any of the four quadrants, the controlled member may be driven in either a
      positive or negative direction along either the X or Y axis. It is only
      when the member is lagging behind the theoretical instantaneous position
      that corrective action in response to a grey error is desired. A moment's
      reflection will confirm if the sign of the X position error XERR is the
      same as the sign of the X axis velocity position number, then the error is
      in a lagging rather than a leading sense. On the other hand, if those
      signs are unlike, the error is a leading error. Accordingly, at step 039,
      a determination is made as to whether the sign of XERR is positive or
      negative. If positive, the system proceeds to step 040; and if negative,
      the system skips to step 041. In both such steps a determination is made
      as to whether the velocity number PRXC is positive. In step 040 if the
      sign of PRXC is found positive, then both XERR and PRXC are positive, and
      the system skips to step 042 where the indicator signal LDT is set to a
      value of one. Alternatively, if the system has skipped from step 039 to
      step 041 (indicating that XERR is negative), and if it finds at step 041
      that PRXC is negative, the signs of the two numbers are alike, and the
      system proceeds to step 042 so that the signal LDT is also set to a one.
      Thus, if a lagging grey error is detected, the LDT signal becomes a one.
      On the other hand, if step 040 is performed and finds that PRXC is
      negative (after XERR has been found positive), the signs are unlike and
      the system skips to step 043, leaving LDT at its original value of zero.
      Similarly, if the system goes from step 039 to step 041 and finds PRXC
      positive, the signs of PRXC and XERR are unlike, and the system skips to
      step 043. In the case of unlike signs, LDT remains 0.
PAR  The steps 043 through 048 are identical to the steps 037 through 042,
      except that the former apply to the Y axis and utilize the numbers LERRY
      and YERR. Thus, when steps 043 through 048 are carried out, the system
      will skip to step 049 if no Y axis lagging grey error is found; but the
      system will arrive at step 049 having set LDT to one step 048 if a lagging
      Y axis grey error is found. In summary, therefore, as the system
      progresses from step 037 to step 049, finds no black error for the X or Y
      axis at steps 038 and 044, and finds a lagging grey error on either the X
      or Y axis, then the system will arrive at the beginning of step 049 with
      the signal LDT having a value of one.
PAR  In keeping with one feature of the system, corrective action occurs to
      lengthen the .DELTA.T time periods whenever the signal LDT appears as a
      one during any iteration cycle, unless the periods have already been
      lengthened to a predetermined maximum value. Thus, at step 049 the signal
      LDT is sensed and in the present example it will be found to be 1, so that
      the system proceeds to step 050. Operationally, a clock modifier number
      CLMOD is called from its storage register, a predetermined incrementing
      constant CLINC is called from its storage and added, and the new sum is
      stored in the CLMOD register. This operation is thus representable by the
      following equation which is implemented when a grey lagging error is found
      on either axis:
EQU  CLMOD.sub.i = CLMOD.sub.i.sub.-1 + CLINC                   (32)
PAL  If it is assumed that the constant CLINC is chosen, for example, to be 1.0,
      then Equation (32) becomes:
EQU  CLMOD.sub.1 = CLMOD.sub.i.sub.-1 +1                        (33)
PAL  From this it will be seen that so long as a lagging grey error exists on
      either axis the number CLMOD (which initially starts at zero) is increased
      by one during each of the successive cycles which transpire. Thus over a
      period of two hundred successive .DELTA.T's, the number CLMOD might
      progressively increase from zero to two hundred.
PAR  After incrementing CLMOD at step 050, the system proceeds to step 051 to
      determine whether or not the number CLMOD has been increased up to a
      predetermined maximum limit value. This limit value (for example 3800) is
      stored as a constant CLMAX, and during step 051 CLMOD is subtracted from
      CLMAX. If the resulting answer is negative, it is known that CLMOD has
      reached its upper limit value, so the system skips to step 056. On the
      other hand, if the result is positive, the system skips to step 054. It is
      at this point during the cycle that the presently existing value of the
      clock buffer number CLBFR is changed. More specifically, CLBFR is called
      from its register, the then-existing value of CLMOD is added to it, and
      the sum is restored in the register CLBFR as a new value. Thus, merely as
      an example, if at the beginning of the present cycle being described CLMOD
      had a value of zero and CLBFR had a value of two hundred, CLMOD would be
      increased to one at step 050, and CLBFR would be increased to 201 at step
      054. Such incrementing is representable by the equations:
      ##EQU9##
PAR  Proceeding from step 054 to 055, a determination is made as to whether or
      not CLBFR has reached a predetermined permissible upper limit (here chosen
      for example as 4000). Thus the sum CLBFR - CLMAX - 200 is computed in the
      CPU and if the answer is positive, it is known that CLBFR has just been
      set to a value higher than the arbitrary limit of 4000. In this case the
      system proceeds to step 056; otherwise, it skips to step 057.
PAR  As shown by step 056 in FIG. 5d and Table II the number CLBFR is set to the
      predetermined maximum value which is equal to the sum CLMAX + 200 as a
      consequence of steps 051 or 055 finding that either CLMOD or CLBFR has
      reached the upper permissible limit. Thus, in the present example here
      given, CLBFR will be set to 4000, and the next succeeding period .DELTA.T
      (after the down counter 56 has been preset to the number 4000) will have
      the maximum duration of 40 milliseconds.
PAR  Thus, after incrementally increasing CLBFR or setting it to its maximum
      permissible value, the system executes step 057 to restore LDT to zero,
      thus assuring that each iteration cycle is always entered with LDT at
      zero. From that point on, the subsequent steps (ending at 088) are
      executed in exactly the same fashion previously described for a normal
      cycle. When the next cycle is begun, the down counter 55 is preset during
      step 001 to the value CLBFR.sub.i.sub.-1, i.e., to a lower value than
      during the preceding step.
PAR  As here described (treating for the moment the X axis and ignoring the
      XBIAS term and its effect), there are means for creating a changeable
      speed number XDAC, and converting it to analog form E.sub.x, which changes
      according to the expression XGAIN [PER . PRXC + XTRIM . XERR], as signals
      numerically representing those five last-designated numbers change. The
      error number XERR is recomputed and signaled as a new value once during
      each successive period .DELTA.T such that XERR.sub.i is equal to
      XTC.sub.i.sub.-1 + PRXC.sub.i - XIN.sub.i. Means respond to the XERR
      signal and a signaled threshold LERRX such that when the former exceeds
      the latter and is lagging in any period .DELTA.T, the subsequent durations
      of the periods .DELTA.T are increased. This results in PER . PRXC
      remaining the same but a slowing in the rate of change of the theoretical
      position XTC.sub.i.sub.-1 + PRXC.sub.i, so that the velocity servo means
      responsive to the analog signal E.sub.x can drive the controlled member to
      catch up and reduce the position error.
PAR  The advantages of the incremental increasing of CLBFR during any cycle when
      a lagging grey error is found on either axis are quite significant. It
      will be recalled that during each of the successively measured off time
      periods .DELTA.T the theoretical position XTC is incrementally changed by
      the amount of the then-existing velocity number (PRXC, PRYC, as
      applicable). Thus, the theoretical position progresses from one point to
      the next at a rate of PRXC per .DELTA.T or PRYC per .DELTA.T along the X
      or Y axis, respectively. If the controlled member is lagging the
      theoretical position by more than the first error threshold (LERRX or
      LERRY), the progressive increase in the number CLBFR results in the
      progressive lengthening of the periods .DELTA.TN from their normal
      durations of two milliseconds up to as much as 40 milliseconds. Therefore,
      the rate of advance of the theoretical position number XTC or YTC is
      reduced, and when the instantaneous error numbers XERR and YERR are
      computed during step 036 of each cycle, it will be found that the position
      errors have been lessened because the rate of advance of the theoretical
      position XTC or YTC has been slowed. In consequence, the term XTRIM.XERR
      in the equation employed at step 82 (or the corresponding Y axis equation
      employed at step 085) will become smaller but the velocity number PRXC (or
      the counterpart Y axis number PRYC) will remain unchanged. Therefore, more
      time is available for the X and Y axis motions of the controlled member to
      "keep up" with the theoretically desired advancing positions, and the X
      and Y axis servo systems 21 and 31 continue to receive analog input
      signals E.sub.x and E.sub.y which are based principally upon the term PER
      . PRXC or the term PER . PRYC. In net effect, because a grey error causes
      a lengthening of the successive periods .DELTA.T which are measured off,
      the commanded velocity (in rate of change of theoretical position) is
      reduced for all axes from that which is designated by programmed data to a
      lower value at which the servos can faithfully run; but the velocity
      numbers PRXC and PRYC are not reduced and the servos will thus receive
      almost the same input voltages E.sub.x and E.sub.y so as to catch up to
      the more slowly advancing theoretical positions. A lagging grey error on
      any axis will ultimately result in a slowdown of the actual velocity along
      that axis as the error is reduced, but simultaneously the velocity along
      the other axis or axes will be correspondingly reduced so that the X and Y
      axis velocities remain coordinated and the member continues faithfully
      along the path segment but at a slower path velocity.
PAR  In summary, it may be said that the detection of a lagging grey error on
      either axis will result in increasing the number CLBFR and lengthening of
      the subsequent periods .DELTA.T so as to make the theoretical position
      advance at a lower velocity than that actually programmed, but at which
      the servo drives of the system can keep or reduce the following error to
      substantially zero. Of course, once the corrective action here described
      has so lengthened the periods .DELTA.T being measured off that the
      instantaneous errors XERR and YERR are both less than the grey thresholds
      LERRX and YERRX, then no further lengthening of the subsequent periods
      .DELTA.T occurs. Indeed, the system acts automatically to progressively
      shorten the subsequent time periods .DELTA.T so as to restore the actual
      axis velocities back to their programmed values, in a manner which will
      next be described.
PAC  C. A CYCLE FOLLOWING THE ELIMINATION OF A GREY ERROR
PAR  Let it be assumed now that one of the interrupt pulses has just occurred on
      line 55a in 2b and a new cycle of the servo routine represented by FIGS.
      5a-5e and Table II is started, --with the number CLBFR having been
      increased above its normal value of 200 as a consequence of earlier cycles
      in which lagging grey errors were found on one of the axes. It may be
      assumed, for example, that the number CLBFR presently has a value of 1000,
      and that the durations of the periods .DELTA.T, successively being
      measured off are therefore 10 milliseconds. In the cycle next to be
      described, it is assumed, however, that the position errors on the X and Y
      axes are both less than the grey threshold values, having been reduced
      because the time periods .DELTA.T have been lengthened.
PAR  As a cycle begins at step 001, all of the operations described above with
      reference to a "normal" cycle transpire down to step 037. The subtraction
      performed during step 037 will, under the assumed conditions, result in a
      positive answer (indicating no X grey error) so that the system skips to
      step 043. At step 043 the designated substraction will also result, under
      the assumed conditions, in a positive answer (indicating no Y grey error)
      so that the system skips to step 049. When the signal LDT is sensed at
      step 049 it will be found to have a value of zero (because it was set to
      zero at step 057 of the previous cycle). Thus, the system will skip from
      step 049 to step 052 and the number CLMOD will be read into the cleared
      accumulator of the CPU. Because, under the assumed conditions the number
      CLMOD now has a value of 800, the answer ANS signaled from the CPU will be
      found greater than zero and the system will proceed to step 053. In
      carrying out step 053, the computer decrements and decreases the clock
      modifier number CLMOD. Specifically, it reads in CLMOD, reads in and
      subtracts the increment number CLINC, and restores the result as a new
      value for CLMOD. This is represented by Equations (34) and (35), the
      latter being based upon the assumption that the constant CLINC is assigned
      a value of 1.0:
EQU  CLMOD.sub.i = CLMOD.sub.i.sub.-1 - CLINC                   (35)
EQU  clmod.sub.i.sub.- 1 = CLMOD - 1                            (36)
PAR  thus, during every iteration cycle through the servo routine program, when
      the number CLMOD is found to be greater than zero (indicating that the
      periods .DELTA.T have been increased above their normal duration), and no
      lagging grey error is found on either axis, then the number CLMOD is
      decreased at step 053 during each iteration.
PAR  After step 053, the system proceeds to step 054 where the number CLBFR is
      newly computed to be the value originally determined at step 025 (e.g.,
      200 if PER is 1.0) plus the recently-decreased value of CLMOD. Therefore,
      if CLBFR had had a value of 1000 when step 001 was performed during the
      current iteration, it ends up after step 054 with a value of 999.
      Expressed as an equation effective for time period shortening:
      ##EQU10##
PAR  Of course, at step 055 CLBFR will not be found as exceeding the upper
      limit, and the system will proceed to step 057.
PAR  Thereafter the remaining sequences of a "normal cycle," as described above,
      will take place, ending at step 088.
PAR  It will be recognized from the foregoing that when, due to the existence of
      a lagging grey error, the clock buffer number CLBFR is incremented above
      its normal value of 200/PER (because CLMOD has been incremented to a value
      higher than zero) and thus the periods .DELTA.T have been lengthened
      beyond their normal durations, --and after the grey lagging error has been
      removed--, then during each subsequent iteration of the servo routine
      within each period .DELTA.T at the number CLBFR will be decremented until
      CLMOD is restored to its normal value of zero. As a consequence after a
      series of time periods in which that decrementing occurs, all of the axis
      velocities will have been increased back to their programmed values, as
      modified by PER. This is accomplished by means responsive to the signals
      XERR and CLMOD to decrease the number CLBFR during any period .DELTA.T
      when CLMOD is not zero and XERR is neither a lagging error nor one which
      exceeds in magnitude the threshold LERRX.
PAC  D. A CYCLE FINDING A MACHINE HOLD
PAR  As noted previously, the machine hold signal MH may be changed to a 1 at
      the machine at any time as a consequence of either the machine operator
      depressing the swtich 48, or the automatic closure of some other switch in
      parallel with the switch 48. In keeping with one feature of the present
      method and apparatus, when a machine hold is called for, this is detected
      during the next servo routine cycle (which starts no more than forty
      milliseconds later), and procedures are initiated for bringing both the X
      and Y axis velocities to zero quickly while nevertheless bringing the
      controlled member 11 accurately to the last-signaled theoretical
      positions. As will be seen, the means for accomplishing this may stop the
      movement of the controlled member 11 part way through the path segment
      defined by the current block B.sub.n.
PAR  It will be assumed that at some instant near the very end of the previous
      cycle through the servo routine that the switch 48 is closed and the
      signal MH becomes a one. When the next interrupt pulse appears on line 55a
      in FIG. 2b, and the next cycle of the servo routine thus begins with step
      001, the down counter will be preset with the number CLBFR, and the
      then-existing zero value of the HOLD signal will be transferred to OHOLD.
      The system will then go to step 003, and proceed to step 004. In the
      latter step, the 1 value of the MH signal will be transferred to the HOLD
      storage, making the HOLD signal 1. The system will then proceed through
      steps 005 and 006, skip to step 023, go through steps 024 and 025 --all as
      previously described for a normal cycle. However, when step 027 is
      performed, the signal HOLD will be found to be one, and the signal OHOLD
      will be found to be zero. Therefore, as indicated by the rectangle for
      step 027 in FIG. 5b (and step 027 in Table II), the system will at this
      instant proceed to step 028 (instead of skipping to step 030 as in the
      normal cycle previously described). At step 028, the HOLD signal will be
      transferred into OHOLD, so that both now have 1 values. Then, at step 029
      the historical values of the terms XBIAS and YBIAS will be set to zero and
      the program unit 62 will return back to step 015.
PAR  In performing step 015, the value of HOLD is sensed. If it is a one (and
      this is now assumed for the present cycle being described), the system
      skips to step 017 and transfers the preselected constant values XTRMH and
      XKBH into the registers for the numbers XTRIM and XKBIAS. The number XTRIM
      previously used in the equations for step 082 is therefore changed to a
      higher "holding" value (in comparision to the constant XTRMR to be
      described below). In other words, the individual gain factor G.sub.2 (here
      called XTRIM) as a multiplier for the error number XERR in step 082 is
      increased automatically to a new value G.sub. 2 ' whenever the system is
      placed in a holding status; that is, the value of XTRIM is changed from
      XTRMR to XTRMH. Furthermore, the substitution of the constant XKBH for the
      incrementing value XKBIAS increases the rapidity with which the historical
      bias term XBIAS is increased or decreased in response to the existence of
      an error at step 081. Thus the X axis servo control number XDAC is
      computed with a different gain factor for the error trim term and with a
      historical bias term which changes at a greater rate so long as any X axis
      error exists.
PAR  After step 017, the system skips to step 019 where the HOLD signal is again
      sensed. Finding HOLD to be 1 (because it was so set as step 004 mentioned
      above), the system skips to step 021 where the preselected constant YTRMH
      is transferred into the register YTRIM, and constant YKBH is transferred
      into the register YKBIAS. The resulting increases of these number YTRIM
      and YKBIAS (in relation to their previous values) has the same effect on
      the Y axis servo as described above for the X axis servo.
PAR  From step 021, the system skips to step 024, proceeds through step 25
      again, and skips to step 027. As the latter step is performed a second
      time, it will be found that the HOLD and the OHOLD signals are both 1
      (because HOLD was previously set to 1 at step 004 and OHOLD was previously
      set to 1 at step 028) so that the system skips to step 030. At the latter
      step, the HOLD signal is again sensed and found to be one, whereupon the
      system skips to step 035a, sets PER = 0, and proceeds to step 036.
      Therefore steps 034 and 035 are not performed during a cycle when a
      holding condition exists. Thus, the number NLOOP is not incremented nor
      are the theoretical position numbers XT and YT incremented with the
      velocity numbers PRXC and PRYC. This means that the theoretical position
      numbers remain constant so long as the system is in a holding mode, and
      the loop count number NLOOP remains constant so that it does not indicate
      that execution of the block B.sub.n is progressing-- even though
      successive periods .DELTA.T continue to be measured off in actual time and
      the interrupt pulses continue to cause successive cycles through the servo
      routine.
PAR  After step 035a, the system proceeds to step 036 where the instantaneous
      position errors XERR and YERR are computed in the fashion previously
      described. Thus, the error numbers continue to be updated and accurate
      while the system is in a holding mode.
PAR  After step 036, the system proceeds to progress through steps 037 to 043 to
      049 to 052, through 057 and 058 to 066-- all as previously described for a
      normal cycle, assuming that no grey or black error exists for neither
      axis. Further, the system progresses through steps 066, 067 to 080 as
      previously described for a normal cycle. If any X axis position error
      exists, the system will proceed to step 081 and the historical terms XBIAS
      will be increased or decreased by the number XKBIAS --it being recalled
      that the latter number now has the value of the "holding" constant XKBH
      given to it at step 017. Since XKBH is selected to be a relatively large
      constant number, the XBIAS number will increase in magnitude rather
      rapidly with successive passing .DELTA.T's in the holding mode, thereby to
      assist in bringing the member 11 exactly to the last-signaled and now
      constant theoretical position XTC. On the other hand, if no X axis
      position error exists, the system will proceed directly to step 082.
PAR  When step 082 is performed, it will be found that the number PER is zero
      (from step 035a, above) and thus the XDAC number will be found from the
      following equation:
EQU  XDAC = XGAIN [0 + XTRIM . XERR + XBIAS]                    (38)
PAL  in effect, the XDAC number will become zero if the X axis position error
      XERR is reduced to zero and the XBIAS term is progressively incremented at
      step 081 to a value of zero. Therefore, when the holding mode is first
      established and any error exists, the XDAC number is represented
      principally by the term XTRIM.XERR with the XTRIM number now having a
      relatively high value (viewable as an increased gain factor G.sub.2 ' for
      the XERR number) so that the error is closed to zero rather rapidly. It
      will be recalled from step 029 that XBIAS was set to zero after the MH
      signal was detected at the beginning of the cycle so that the incrementing
      of the XBIAS signal leaves it at a relatively small number unless a
      position error persists for several cycles.
PAR  In summary, therefore, the system here described includes means responsive
      to a hold-designating signal from any source for changing the magnitude of
      the signaled speed number XDAC and its analog counterpart E.sub.x,
      including means for reducing the main velocity term PER.PRXC to zero, and
      means for changing the error term G.sub.2.ERRX to have a larger gain
      factor G.sub.2 '. If the historical term XBIAS is employed by means to
      signal XDAC, means are provided to change its incrementing number XKBIAS
      per .DELTA.T from a first value XKBR to a second value XKBH. At the same
      time means are responsive to a hold-designating signal to prevent the
      periodic changing of the theoretical position number XTC.
PAR  Similar means are employed and the same operations result for the Y axis as
      the system proceeds from step 082 through steps 083, 084 and 085. The
      first term within the brackets of the equation used in step )085 becomes
      zero because PER is zero, and the YDAC number (together with its
      corresponding analog voltage E.sub.y) remains large and finite so long as
      any error YERR continues, thereby moving the member to a zero Y axis
      error, whereupon the number YDAC and the voltage E.sub.y also go to zero.
PAR  From the foregoing it will be seen that when a machine HOLD is signaled,
      the control system here described automatically brings both the X and Y
      axis velocities to zero, holds the advancement of the theoretical
      positions XTC and YTC for those axes, and brings the actual positions
      along the X and Y axes in agreement with the last-signaled theoretical
      positions so as to make the error zero.
PAR  After the first cycle in which the MH signal has been found to be 1, the
      next cycle of operations will proceed as described immediately above, from
      001 to 023, 024, 025 and thence to the step 027 shown by block form in
      FIG. 5b. At this point, both the HOLD and OHOLD are 1's so the system
      skips 028 and 029 and does not go through step 015 et seq. a second time.
      Rather, the system skips directly from step 027 to step 030 where it finds
      HOLD to be 1, skips to step 035a where PER is set to zero, --and the
      operations subsequent to that proceed iteratively during each successive
      .DELTA.T as set out above.
PAR  The system restores itself to the running mode automatically if the MH
      signal from the switch 48 (and any switches in parallel therewith) reverts
      from 1 to 0 value at any time. After the signal has changed to 0 and the
      next iteration cycle of the servo routine begins, both the HOLD and OHOLD
      signals are 1's at the instant step 004 is reached. At this time the zero
      value for MH is transferred to HOLD, so that after step 004 the HOLD
      signal 0 and the OHOLD is 1. This iteration proceeds through steps 006,
      023, 024, 025 as previously described, but when step 027 is reached, it is
      found that the HOLD signal is not like the OHOLD signal, so that the
      system proceeds to step 028 where OHOLD is changed to 0, proceeds to step
      029 where the XBIAS and YBIAS numbers are restored to zero, and then goes
      back to step 015.
PAR  At step 015, the HOLD signal is found to be 0, and the system proceeds to
      step 016 where the number PRXC is found to be other than zero, and thus
      skips to step 018. At step 018 the preselected constants XTRMR and XKBR
      are transferred into the registers XTRIM and XKBIAS, respectively. From
      what has been said above, it will be understood that this changes the
      individual gain factor G.sub.2 represented by the number XTRIM in the
      equation for step 082 back to a lower preselected "running" value; and it
      also changes the incrementing number XKBIAS used at step 081 to a lower
      "running" value XKBR.
PAR  From step 018, the system proceeds to steps 019, 020, and 022 where
      operations for the Y axis are performed similar to those just described
      for the X axis at steps 015, 016 and 018.
PAR  The system then goes through steps 024 and 025 again, and skips to step 027
      where it is found that the HOLD and OHOLD signals are now both 0's.
      Therefore, the system skips to step 030 where it finds HOLD to be 0 and
      thus proceeds to step 031. The sequential operations which follow during
      steps 031 onwardly to the exit step 088 are those which have been
      described above for a "normal" cycle. It will be borne in mind that the
      theoretical position numbers XT and YT will thus be incremented by the
      numbers PRXC and PRYC at step 034 and the cycle count number NLOOP will be
      incremented by 1 at step 035. Moreover, at steps 081 and 084 the
      incrementing, if any, of the historical terms XBIAS and YBIAS will be by
      the current value of the incrementing number XKBIAS and YKBIAS which are
      now the "running" constants XKBR and YKBR. Thus, the historical bias terms
      will change at a more gradual rate if the X or Y position errors are not
      zero. Finally, in steps 082 and 085 the number PER (which may be viewed as
      a gain factor on the quantities PRXC and PYRC) is no longer zero because
      it was set to agree with FRO at step 005, and was not reset to zero
      because steps 026a and 035a have been skipped. Thus, the XDAC and YDAC
      numbers are computed in a normal fashion with the gain factors XTRIM and
      YTRIM for the numbers XERR and YERR now having preselected "running"
      values XTRMR and YTRMR.
PAR  The system is thus restored to a running mode, after being in a machine
      hold condition, when the MH signal is at any time restored to a zero
      value. After the first such restoration iteration as described above, the
      following iterations are identical in every respect to the "normal" cycles
      described above.
PAC  E. A CYCLE FINDING A BLACK ERROR
PAR  Let is be assumed that a grey error has existed on the X or Y axis during
      several successive .DELTA.T's and that the clock member CLBFR has been
      increased to lengthen the periods .DELTA.T and reduce the rates of change
      of the theoretical position numbers XTC and YTC. Assume further that one
      of the axis position errors then, for any of several possible abnormal
      conditions, increases above the second threshold value TH2 represented by
      HERRX or HERRY so that a black error comes into existence.
PAR  An iteration cycle just after the black error comes into being will proceed
      from step 001 to step 038 in the same way as above described for a grey
      error cycle. At step 038, however, if the X axis error XERR is greater
      than the second threshold number HERRX, the system will skip to step 059.
      If not, the system will reach step 043, find a grey error, and go to step
      044. If the Y axis error YERR is greater in magnitude than the threshold
      number HERRY, then the system will skip to step 059. Thus, if a grey error
      exists on either the X or the Y axis and if a black error also exists on
      either the X or the Y axis, the system bypasses steps 045 through 058 and
      skips to step 059.
PAR  At steps 059 and 060. the instantaneous error numbers XERR and YERR are
      compared with the red error threshold values 2HERRX and 2HERRY. It is
      assumed in the present discussion that neither red error threshold is
      exceeded, so that after the system executes step 059 it proceeds to step
      060 and thence to step 061. At step 061, the HOLD signal is sensed and
      (assuming this is the first cycle in which a black error has been found)
      is found to be 0, so that the system proceeds to step 062.
PAR  It will be recalled from previous discussions of the operation performed at
      step 053 of earlier cycles that the register BEKNT has been set to contain
      a preselected number BEDLAY which may, for example, be 75. Thus, when the
      system reaches step 062 it reads the number BEKNT into the accumulator,
      subtracts one, and stores the result as a new value for BEKNT. The number
      BEKNT is used to create a short delay after the inception of a black error
      prior to the initiation of responsive action, so that only the momentary
      existence of the black error will not produce that rather drastic
      corrective response. For this purpose, the system repeatedly senses the
      value of the number BEKNT and initiates corrective action only after the
      latter has been decremented to a value of zero. This explains the
      decrementing step performed at step 062.
PAR  Then at step 063, the number BEKNT is read into the accumulator and if that
      number is not zero, the system skips to step 066. If the number is zero,
      the system returns to step 026 in the iteration sequence. But with the
      assumption that the cycle here described is the first in which a black
      error has been detected, the number BEKNT at step 063 will be found to
      have a value of seventy-four (the result of the decrementing at step 062),
      and thus the system will skip from 063 to 066.
PAR  From step 066, the sequence proceeds as described above for a grey error or
      normal cycle, exiting at step 088.
PAR  On the next cycle and during the next period .DELTA.T, the operational
      sequences will be exactly as those described above for the first cycle in
      which a black error is detected, except that at step 062 the number BEKNT
      will be decremented to a still lower value. Therefore, if a black error
      does arise and remain, 75 succeeding periods .DELTA.T will be measured off
      (assuming that the constant BEDLAY is chosen to be 75) before, in the last
      of such cycles, the number BEKNT is found to be zero at step 063.
      Nominally, this creates a delay of 0.150 seconds from the instant that the
      black error was first detected. When this occurs, the system returns from
      step 063 to step 026 so that the indicator HOLD is set to one, and at 026a
      PER is set to zero. At step 027 the signals HOLD and OHOLD are found
      respectively to be 1 and 0, so that the system goes through steps 028, 029
      and returns to step 015. From step 015 the system operates through
      sequences previously described for the first cycle after a machine hold
      has been detected. That is, in summary form, the "holding" values of XTRMH
      and XKBH are set into XTRIM and XKBIAS at step 017; and similarly the
      counterpart Y axis holding values are so transferred to YTRIM and YKBIAS
      at step 021. Then step 024 is performed and because PER - .05 is now
      negative, the system skips to and re-executes step 027. This time,
      however, both the HOLD and OHOLD signals are 1's so that the system skips
      from 027 to step 030 where it finds HOLD to be 1 and thus skips to step
      035a where the number PER is set to zero (redundantly in this instance).
      This results in steps 034 and 035 being skipped, and the system goes to
      step 036 where it progresses as if in a holding cycle (described above) to
      step 088. It will thus be understood that after a black error has been
      detected and a delay interval created by the number BEKNT has elapsed, the
      entire system is automatically placed in a holding mode.
PAR  After the first cycle during which the number BEKNT at step 063 is found to
      be zero and the signal HOLD is set to one, then when the next succeeding
      cycle begins, step 001 will be performed in the usual way, step 002 will
      transfer the 1 value of HOLD into OHOLD, and at step 003 the number BEKNT
      will be found to be zero. This signifies that the system has been placed
      into a hold condition because a black position error has been detected and
      endured for a predetermined interval while the number BEKNT has been
      incremented down to a value of zero. From step 003, the system skips to
      step 035a where the number PER is set to zero. From step 035a to 088 the
      sequences are the same as for a holding cycle. Many iterations of this
      type can occur successively, with the system holding, if a black error is
      detected during each such cycle.
PAR  After one or more iterations in the holding mode, however, the position
      errors XERR and YERR will progressively decrease, in the fashion explained
      above. Thus, during some subsequent period .DELTA.T, the sequences of
      operations will find that a grey error exists when the operations of steps
      037 or 043 are performed, but will not find that a black error exists when
      the operations at steps 038 or 044 are performed. In consequence, when the
      holding condition results in the elimination of the black error, the
      system will find a grey error and at step 049 will find that the LDT
      signal is one. From that point onward during the remainder of the
      iteration cycle, the operational sequences will be the same as those
      described above for a grey error cycle, the signal LDT being set to zero
      at step 057 and the number BEKNT being set equal to BEDLAY at step 058.
      The clock buffer number CLBFR will be further increased to further
      lengthen the periods .DELTA.T and this will have the effect of tending to
      reduce the axis position errors.
PAR  When the next cycle begins, the new value of CLBFR will be preset into down
      counter 55 and number BEKNT will be found equal to BEDLAY so the steps
      004, 005, 006 will be executed in carrying out a grey error cycle, with
      skipping from step 006 to step 023. From step 023, the system proceeds to
      step 024 to find a non-negative answer (because PER is now equal to FRO
      from step 005), proceeds through step 025, and finds HOLD = 0 and OHOLD =
      1 at step 027. Therefore, steps 028 and 029 are performed and the system
      returns to step 015. Finding that HOLD = 0, the system proceeds to step
      016 to find PRXC not zero, skips to step 018 and changes XTRIM and XKBIAS
      to the "running" values XTRMR and XKBR. These operations are repeated for
      the Y axis at steps 019, 020, 022 -- and the system then goes through step
      024 and 025 to step 027. In this execution of step 027, however, both HOLD
      and OHOLD are 0's, so the system skips to step 030, proceeds to 031 and
      goes through the rest of the sequences for a grey error cycle.
PAR  During the next several .DELTA.T's, if the system ultimately removes the
      grey error, the clock buffer number CLBFR will be incrementally reduced,
      as previously described, until the following error approaches
      substantially zero.
PAR  In review, the normal operation of the present apparatus according to the
      method here disclosed results in the position errors along the X and Y
      axes normally being in the "white error range". If a grey error is
      detected, the durations of the periods .DELTA.T are lengthened and this
      tends to reduce the axis velocities called for below those which
      correspond to programmed values so that the grey errors tend automatically
      to be eliminated. If, however, due to unusual and abnormal circumstances
      the grey errors are not eliminated and indeed the position error along
      either axis increases above the second threshold into the black range,
      then the system is automatically put into a holding mode. This results in
      the movements along the X and Y axes "catching up" to reduce the position
      errors back down below the black error threshold. Having returned the
      position errors to the grey range, the system then functions in a manner
      specified for grey error cycles and tends further to eliminate the grey
      position errors so that any position errors drop into the acceptable or
      white range.
PAR  These results are obtained by means for producing electric signals
      digitally representing numerical values (for the X axis, by way of
      example) XGAIN, PER, PRXC, XTRIM, XERR, BIAS, XTC, XIN and HERRX. Means
      are provided to operate during each time period to change XTC by adding
      PRXC and to signal the existing error such that XERR = XTC - XIN.
      Responsive to those changing signals, means are also employed to produce
      digital signals XDAC equal to XGAIN[PER . PRXC + XTRIM . XERR + BIAS], to
      convert XDAC into analog counterpart voltage E.sub.x, and to apply the
      latter as the input to the X axis velocity servo 21. And further means are
      provided to signal during any period that the error XERR exceeds the
      predetermined threshold HERRX, whereupon the apparatus sets the signal PER
      to zero, terminates the adding of PRXC to XTC, and changes the value of
      the gain factor XTRIM -- so that a holding condition is obtained. But when
      the error XERR falls back below HERRX as holding takes place, then the
      apparatus removes the modifications of signals and return to grey error or
      normal operation. The threshold value HERRX may be a constant but is
      preferably a monotonic function of PRXC.
PAC  F. A CYCLE FINDING A RED ERROR
PAR  If an extremely serious condition arises such as precipitous failure of one
      of the servo motors or an obstruction physically blocking the movement of
      the saddle 16 or table 29, the controlled member 11 may fall into a grey
      error, then almost immediately into a black range error, and thence into a
      red position error range -- along one or more axes. Although a black error
      holding condition may be created before the red error actually occurs,
      usually the red error will come into being while the black delay is being
      measured off by decrementing of the BEKNT number, because the red error is
      apt to be caused by a precipitous and disastrous condition.
PAR  Assuming that the system is running through normal cycles, a grey error
      condition is then detected during a given cycle, and then on the next
      cycle a black error condition is detected. The number BEKNT may be
      decremented for several cycles while the X or Y axis error is in the black
      range, but that number probably will not reach zero if it is assumed that
      the error on one or both axes increases above the third threshold TH3 and
      a red position error thus is created within a few cycles after the black
      position error appears.
PAR  Thus, in one of the black error cycles during which the number BEKNT would
      normally be decremented, the sequences of steps through the program will
      be like that described above for a "black error prior to BEKNT = 0" cycle.
      The operations carried out will proceed through steps 001-006, 023, 024,
      025, 027, 030, 031, 034, 035, 036 and 037. Assuming that the red error
      exists in the X axis, the operation will go from step 037 to step 038
      where a black error will be detected, and thus the system skips to step
      059. At either of steps 059 or 060, under the conditions here assumed, it
      will be found that the X or Y error number XERR or YERR is greater than
      2HERRX or 2HERRY --  signifying that there is a red error condition on at
      least one axis. Therefore, the system will skip to step 064 which is
      performed during cycles when a red error exists.
PAR  At step 064 the delay count number REDKNT (previously set to the value of a
      predetermined constant REDLAY, such as twenty-five, as later explained) is
      decremented by one. The number REDKNT is used to create a delay interval
      equal to a selected number of periods .DELTA.T before any response to a
      red error condition is produced, -- just to be certain that a very short
      and momentary red error condition does not result in unnecessary and
      strong corrective action to be described.
PAR  After the number REDKNT has been decremented at step 064, the system
      proceeds to step 065 where it is determined that, under the assumed
      conditions, the number REDKNT is not zero. The red delay thus not have
      elapsed, the system proceeds to step 066 and there finds that the signal
      EMHOLD is 0. Thus, the system proceeds to step 067 and it goes on through
      the rest of the routine to step 088 in the same way as for a normal cycle,
      as described above.
PAR  The next iteration cycle during the succeeding period .DELTA.T will result
      in exactly the same responses and sequences described immediately above
      except that the number REDKNT will be decremented to a still lower value
      during step 064. If it is assumed that the number REDKNT had been preset
      to a value of 25 prior to the appearance of a red error, 25 such cycles of
      operation will transpire (producing a delay of approximately 50
      milliseconds if the cycle periods are assumed to be 2 milliseconds in
      duration). On the twenty-fifth such cycle at step 065 in the program, the
      number REDKNT will be found to have a zero value, and instead of
      proceeding to step 066, the system will skip to step 069. At step 069 an
      emergency delay number EMKNT is set to a predetermined low value (here
      one); and then at step 70 a red error shutdown indicator HALT is set to
      one. Thereafter, the system skips to step 072, sets the emergency hold
      indicator EMHOLD to one, and the system then returns back to step 026.
PAR  At step 026 (in a sequence which has previously been described) the HOLD
      signal is set to one, at step 026a PER is set to zero, followed by a
      finding at step 027 that HOLD is one and OHOLD is zero, so that steps 028
      and 029 are performed, after which the system returns to step 015. The
      sequence of operations from step 015 through 021 when HOLD is a one has
      been previously treated above. The "holding" constants XTRMH, XKBH, YTRMH
      and YKBH are transferred into other registers for active use. At step 024
      the number PER will be found less than 0.05, and thus operations through
      steps 026, 026a and 027 will be repeated. In this execution of step 027 it
      will be found that the HOLD and OHOLD signals are alike. Thus, the system
      skips to step 030, finds HOLD = 1, sets PER equal to zero at step 035a
      (skipping steps 034 and 035), and goes on to perform steps 036 and 037.
PAR  Because under the postulated conditions there is a red error condition on
      the X axis, the system will proceed from step 037 and 038 again to step
      059 where it will be found that XERR is greater than 2HERRX, so that the
      system skips to step 064 and again decrements the number REDKNT. Recalling
      that during the previous iteration REDKNT had a value of zero, this
      decrementing makes that number a negative one. Thus at step 065 it is
      found that the number REDKNT is not equal to zero, making the system skip
      to step 066.
PAR  At step 066, the signal EMHOLD (having been set to 1 at step 072) is found
      to be a one, so operations skip to step 073 where it is found that the
      number EMKNT is equal to one (having been preset to that value earlier by
      step 069). Therefore, the system proceeds to step 074 where the number
      EMKNT is decremented by one so that it takes on a value of zero. At the
      following step 075, it is found that EMKNT is zero, so that the system
      skips immediately to step 087 which results in turning off the electrical
      power for all of the servo systems 21 and 31, totally shutting down the
      machine tool. At step 088 the system exits from the servo routine and
      awaits the next interrupt pulse.
PAR  Thus, the effect of a red error on either axis which endures for the delay
      interval created by the number REDKNT results in HALT, HOLD and EMHOLD all
      being set to one and immediate shutdown of the servo systems. The servo
      routine continues to cycle through successive iterations but during each
      (and even though the signal MH is a zero) it will skip from step 006 to
      023, find EMHOLD equal to one, skip to step 026 and set HOLD, go to step
      027 and find both HOLD and OHOLD to be 1's, skip to step 030 and progress
      through steps 035a, 037, 038, 059, 064 and 065 to 073. When the number
      EMKNT is sensed at step 073 it will now be found to be zero, so the system
      skips to step 076 and finds HALT to be 1, skips to step 087 (performed
      redundantly since all servo power was previously turned off) and exits at
      088 to await the next interrupt pulse. Successive cycles during the many
      periods which follow will involve those same sequences so long as HALT
      remains 1, and thus EMHOLD remains 1 and EMKNT remains zero.
PAR  The controlled member 11 will not, of course, move so long as the
      electrical power for the servos 21, 31 is turned off. The red error
      shutdown indicator HALT may be cleared only by an operator-actuated switch
      (not shown) after the stop switch contacts 49a have been closed and the
      operator has found and corrected the condition which originally created
      the red error, and the operator has manually adjusted the controlled
      member to a substantially zero error position. Thereafter, the system may
      be re-started by the operator moving the switch contacts 49a, 49b to the
      "run" position, as described below.
PAC  G. A CYCLE FINDING THAT AN EMERGENCY STOP SIGNAL EXISTS
PAR  As noted above, the console 44 associated with the machine tool (FIG. 1)
      includes a stop-run switch 49a, 49b. In an emergency condition the
      operator may actuate that switch to close the contacts 49a, thereby making
      the signal STOP a 1. The signal STOP is sensed during every period
      .DELTA.T when the EMHOLD signal does not exist, and when STOP is found to
      exist, an emergency delay is measured off in time after which the machine
      is totally shut down. These operations will be made clear from the
      following description of a cycle through the program represented by FIGS.
      5a-e with the assumption that the STOP signal is first detected during
      that cycle.
PAR  Assume that a period .DELTA.T has just begun and that the sequence of
      operations represented in FIGS. 5a-d have progressed according to those of
      a "normal" cycle down to step 066. At the latter step it will be found
      that EMHOLD is zero, so the system will proceed to step 067 where it will,
      for the first time, find STOP = 1. Thus, instead of skipping to step 080,
      the system proceeds to step 068 where it presets the emergency stop delay
      number EMKNT to some predetermined constant here shown by way of example
      as 50. The system then skips to step 072 where the signal EMHOLD is set to
      one. The system returns to step 026.
PAR  As noted above, when the system returns to step 026 and sets HOLD to 1, it
      thereafter sets PER to zero at step 026a, goes through steps 027, 028, 029
      and returns to step 015 in order to progress through steps 017, 021 and
      024. With PER now equal to zero, the system repeats steps 026, 026a and
      027 -- from whence it skips to step 030 where it finds HOLD now one. Both
      HOLD and OHOLD have now been set to one and the "holding" values of the
      numbers XTRIM, XKBIAS, YTRIM and YKBIAS have been made active, while PER
      is presently zero.
PAR  From step 030, the system then skips to step 035a where PER is set to zero
      (redundantly in this instance), and then proceeds through steps 036, 037,
      043, 049 (assuming that neither a grey nor black error exists) -- and
      thence from 049 through 052, 057 and 058 to 066.
PAR  At step 066 the signal EMHOLD is found to be a one (having been so set at
      the earlier step 072) so that the system skips to step 073. Because the
      number EMKNT was originally preset to a value of fifty, its value will not
      at this instant be zero, and the system will therefore proceed to step 074
      where EMKNT is decremented by one. Then, at step 075, the number EMKNT
      again will not be zero (having just been decremented from its initially
      set value of fifty to forty-nine), and so the system will skip to step 080
      and continue through the sequence of operations as if it were in a holding
      mode.
PAR  When the next period .DELTA.T begins, and the next cycle through the servo
      routine starts, the sequences will be the same as for a normal cycle
      through steps 001, 002, 003, 004, 005 and 006 to step 023. Finding the
      signal EMHOLD to be 1 at step 023, the system will proceed through steps
      026 and 026a, then to step 027, and skip to step 030 because HOLD and
      OHOLD are now both 1's. At step 030 since HOLD is one, the system
      continues on as if in a holding status, in the fashion previously
      described -- except at step 066 it finds EMHOLD =1, skips then to step 073
      and proceeds to step 074 where EMKNT is again decremented. Thus, when the
      system reaches step 075 a second time it will find EMKNT equal to 48 and
      skip to step 080. Operations proceed from that point on to step 088 as if
      the system were in a holding cycle.
PAR  Such cycles continue until fifty .DELTA.T's have been measured off and in
      the fiftieth such cycle it is found at step 075 that EMKNT is equal to
      zero. As a result, the system will skip from 075 to step 087, whereupon
      the electrical power for the two servo systems will be turned off and the
      computer will exit from the servo routine at step 088.
PAR  The machine tool thus having been shut down in response to actuation of the
      console "stop" switch, the periods of time .DELTA.T continue to be
      measured off and the sequences of operations through successive steps of
      the servo routine continue to be executed (as just described above for the
      50th cycle) down to step 073. When step 073 is reached, however, it is
      found that EMKNT is zero, so that step 074 is not executed and EMKNT is
      not decremented below zero. Instead, the system skips from step 073 to 076
      where it senses whether or not the HALT signal is zero. If HALT is 1, the
      system skips immediately to step 087 and exits from the servo routine at
      088, since once the HALT signal has been set to a one it can be cleared
      only by the machine operator after he has corrected the difficulty which
      created the red error. But if, at step 076, it is found that HALT is 0,
      this signifies that the system was put into an emergency hold and stopped
      because of the STOP signal from switch 49a. Therefore, the system proceeds
      to step 077 where it senses the STOP signal. If the stop signal is still
      1, the computer exists from the servo routine through steps 087 and 088.
      On the other hand, if during one of the many continuing .DELTA.T's which
      are measured off following an emergency stop, it is found at step 077 that
      the operator has restored the switch 49a to an open condition and
      therefore removed the signal STOP, the system will proceed from step 077
      to step 078 where EMHOLD is cleared to zero. Thereafter on step 079 the
      electrical power for the servos 21 and 31 is turned on, after which the
      system proceeds through steps 080 to the exit step 088 as if it were in a
      holding mode.
PAR  When the next cycle .DELTA.T begins to be measured off, the signal HOLD
      will be set to zero at step 004 (assuming MH is a zero) and the system
      will sequence through steps 004, 006, 0023, 0024, 0025, 0027, 0028, 0029
      and thence back to step 015. Progressing from step 015 through 016, 018,
      019, 020 and 022 the system will find HOLD to be zero so that the
      "running" values of the constants XTRMR, XKBR, YTRMR and YKBR will be
      transferred into active use as the corresponding active numbers to be used
      during steps 081, 082, 083 and 084, as previously described. Proceeding
      through steps 024 and 025 to 027 again, the system will now find both HOLD
      and OHOLD to be zero, skip to step 030, proceed to step 031 and continue
      on as if in a normal running cycle.
PAR  The foregoing makes it plain that the machine operator by closing the
      switch 49a may effect an emergency stop in the X and Y axis servos to make
      the controlled member 11 come to rest at any point midway through
      execution of a programmed path segment. The operator may, moreover, cause
      the system to resume its normal operation simply by opening the stop
      switch 49a. This will be detected in the servo routine and normal running
      conditions will be resumed.
PAC  H. A CYCLE FINDING THAT ACCELERATION OR DECELERATION SHOULD BEGIN
PAR  From what has been said above, it is clear that in every period .DELTA.T
      when the system is not in a holding mode or stopped condition, the
      "elapsed cycles" number NLOOP is incremented at step 035 in the servo
      routine. Likewise, in each such cycle the step 031 is performed in order
      to determine whether the signal DC is a one; and if so, the step 032 is
      performed to determine if the number LOOPB is greater than the number
      NLOOP. If such determination is not affirmative, it means that motion
      along the path (and thus along both the X and Y axes) has progressed for
      the current block B.sub.n to that point in distance and time such that the
      change in velocity from PRXC to the velocity TPRX along the sloped
      velocity line 82 (FIG. 8) should begin. For this reason, the block 032 in
      FIG. 5c designates an acceleration/deceleration test performed according
      to the question of whether NLOOP - LOOPB is negative. A "yes" answer
      indicates that such point has not been reached at which the velocity
      change represented by the line 82 should begin. But a "no" answer to that
      question designates that the velocity should begin changing.
PAR  Accordingly, when a "no" answer is obtained for the step 032 as shown in
      FIG. 5c, the system proceeds to step 033 during which the previously
      computed incrementing values XINC and YINC are employed to change the
      existing values of the velocity numbers PRXC and PRYC. As made plain from
      FIG. 5c and Table II, each time that the step 033 is performed, it
      produces the operations indicated by the following equations:
EQU  PRXC.sub.i = PRXC.sub.i.sub.-1 + XINC                      (39)
EQU  pryc.sub.i = PRYC.sub.i.sub.-1 + YINC                      (40)
PAL  it will be recalled that the quantities XINC and YINC have been determined
      such that the axis which undergoes the largest velocity step change from
      one block to the next as programmed will have its velocity number changed
      at a rate A per .DELTA.T which corresponds to the maximum acceleration A
      of which the servos are capable.
PAR  Therefore, once the number NLOOP has been found to equal or exceed the
      number LOOPB at step 032 in any cycle of the servo routine, it will be
      found to so exceed in every succeeding cycle for the block represented by
      the data then in current storage. And in each such cycle the velocity
      numbers PRXC and PRYC will be changed (either increased or decreased) by
      incremental amounts. Therefore, once the acceleration or deceleration
      action begins, the terms PER . PRXC and PER . PRYC for the equations
      followed during steps 082 and 085 will become progressively different with
      each passing period .DELTA.T, and thus the X and Y axis velocities will
      progressively change along substantially straight lines toward the values
      which they must have by the time the system begins execution of the
      following commanded path segment.
PAR  Except for this incrementing of the velocity numbers PRXC and PRYC, any
      cycle in which the accelerating or decelerating action is produced
      proceeds in exactly the same manner as described above for a "normal"
      cycle.
PAC   I. A CYCLE FINDING THE PATH SEGMENT B.sub.n FULLY EXECUTED; TRANSFER OF
      DATA TO BEGIN EXECUTION OF BLOCK B.sub.n.sub.+1 AS THE NEW BLOCK B.sub.n
PAR  As shown in FIG. 8, the servo block B.sub.n began at that instance in time
      when the X axis reached and began running at the constant velocity PRXC
      indirectly defined by the programmed data for block n. It is at this
      instant that the number NLOOP is restored to zero, and its dynamically
      changing value thereafter represents the number of cycles or loops which
      have elapsed since that point in time. From FIG. 8 it will be clear that
      when the number NLOOP becomes equal to the number LOOPC, the servo block
      B.sub.n will have been fully executed, i.e., the X axis motion will have
      continued at the velocity PRXC over the time span designated as LOOPB, and
      then will have uniformly decreased along the sloped line 82 to the next
      block velocity TPRX over a period of time equal to 2PC (in units of
      .DELTA.T's).
PAR  These relationships are employed in order to effect the transfer of block
      B.sub.n.sub.+1 data into the current storage section 70 when the path
      segment being executed has been completed.
PAR  Let it be assumed that during a given cycle of operation the deceleration
      action above described has transpired at step 033 in the servo routine,
      and that the incrementing of the number NLOOP at step 035 makes the latter
      for the first time equal to the stored number LOOPC. The system will
      continue on through that cycle of operation and then await the next
      interrupt pulse. When such next interrupt pulse appears, a new cycle
      through the servo routine will be started, and steps 001 through 005 will
      be carried out in the usual fashion. However, when the system reaches step
      006, the number LOOPC will be read into the CPU, and the number NLOOP will
      be read in subtractively, so that the answer ANS appearing in the
      accumulator will be zero. At step 006 this indication by the answer that
      NLOOP is equal to LOOPC will cause the system to proceed to step 007
      rather than skipping (as heretofore described) to step 023.
PAR  At step 007 the system will determine whether or not data has been
      processed for block B.sub.n.sub.+1 and is "ready" in the intermediate
      storage section 69 (such processing and readying of data being hereinafter
      described). If such data is not ready, the signal DRIND will be zero, and
      thus the system will skip to step 026, set the signal HOLD to one, and go
      into a holding mode as described above. If, however, the signal DRIND is a
      one, the system will proceed to step 008 and 009, during which the
      precomputed numerical values for the block B.sub.n.sub.+1 will be
      transferred from intermediate storage registers to the appropriate current
      storage registers. More specifically (as indicated symbolically by dashed
      lines in FIG. 2b, and set out in both FIG. 5a and Table II), the number
      LOOPF is taken from its intermediate storage register and inserted into
      the register LOOPC to become the new value for LOOPC. Likewise, the
      numbers TPRX and TPRY are transferred to become the new numbers PRXC and
      PRYC.
PAR  Next, at step 010 the number NLOOP is cleared to zero so that the running
      count of time period .DELTA.T which it represents starts over. Also,
      because transfer of data has been completed, the data ready indicator
      DRIND is cleared to zero.
PAR  Next, at step 011 (which actually is carried out as a succession of
      discrete steps within the computer) the new values of the first and second
      error thresholds are computed as monotonic functions of the velocity
      numbers for the block of data B.sub.n.sub.+1 which is now being
      transferred into current storage and designated as block B.sub.n. It will
      be seen from FIG. 5a and from Table II that a value of LERRX is computed
      according to Equation (24) and then newly stored in register LERRX. In the
      present example, it is assumed that HERRX is made twice the value of LERRX
      (see Equation 25), so that the latter may be multiplied by two and then
      stored as a new value in register HERRX. Similarly, new values of LERRY
      and HERRY based upon the new and present values of PRYC are computed and
      stored in their corresponding registers.
PAR  At step 012 a preselected constant REDLAY which determines the length of
      time delay interval between the detection of a red error and corrective
      action, is transferred into the register REDKNT. In this fashion, REDKNT
      always has a predetermined value (assumed to be 25 in the foregoing
      description) unless and until a red error is detected. Also, at step 012
      the one-bit indicator DECEL is transferred from the intermediate storage
      section to the indicator bit storage DC in the current storage section.
PAR  It is conceivable that, in the transition from one programmed path segment
      to the next, the "jumps" in velocity may be so small as to be within the
      capabilities of the servo systems 21 and 31 to execute without any
      progressive change in velocity numbers from one block value to the next
      block value. If this condition exists, it is unnecessary to perform the
      incrementing of velocity numbers described above with reference to step
      033 in the servo routine. Therefore, at step 013 the one-bit indicator
      DECEL is sensed, it being the same as the indicator DC at this instant,
      and if it is a zero, the system skips to step 015. On the other hand, if
      the signal DECEL is a one at step 013, it is necessary to employ the
      numbers LOOPB and XINC and YINC for deceleration or acceleration purposes
      at the end of the segment defined by the block of data being transferred.
      Accordingly, the system proceeds from step 013 to step 014 where the
      precomputed numbers LOOPS, PRXI and PRYI are respectively transferred to
      the registers LOOPB, XINC and YINC in the current storage section. After
      such transfers, the system proceeds to step 015.
PAR  The operations which are effected from steps 015 through steps 025 have
      been described above, and need not be detailed here. In a normal cycle
      when the transfer of data has been performed by following through steps
      008 to reach step 015, the signal HOLD will not be a one, and thus the
      system will proceed to step 016. It is conceivable that if a programmed
      block of data defines a path segment lying solely along the Y axis and
      having no X axis component, then the velocity number PRXC just stored in
      the current storage section will be zero. Thus, in that event, when the
      number PRXC is found to be zero at step 016, the system will proceed to
      step 017 and thereupon transfer the "holding" constants XTRMH and XKPH
      into their counterpart active registers. But is PRXC is not zero, the
      system skips from step 016 to step 018 and either newly transfers or
      simply retransfers the "running" constants XTRMR and YKBR into the
      actively used registers XTRIM and XKBIAS. The same general operations
      occur at steps 019 through 022, and the system therefore brings into play
      either the "holding"  or the "running" constants.
PAR  Beginning at step 024 in a cycle of operation which involves transfer of
      new block data to the current storage section by progressing through steps
      008 to 015, the sequences proceed as described above for any "normal"
      cycle. Since these have been set out above, those normal cycle sequences
      need not be repeated here.
PAC  VII. DERIVING AND STORING SIGNALS FROM B.sub.n.sub.+1 COMMAND DATA TO
      REPRESENT NUMBERS WHICH WILL LATER BE USED IN THE CURRENT STORAGE SECTION
PAR  The numbers transferred to the current storage section at the beginning of
      execution of block B.sub.n.sub.+1 (and after such transfer, called the
      current data for the new block B.sub.n) are TPRX, TPRY, LOOPF, LOOPS,
      PRXI, PRYI and DECEL -- as explained above. It is desirable to have these
      numbers ready and waiting at the instant the changing number NLOOP for the
      almost-completed old block B.sub.n becomes equal to LOOPC and the transfer
      sequences (steps 006, 007 and 008 to 015 in Table II) begin.
PAR  In keeping with the present invention these numbers are computed and stored
      in the form of digital signals by apparatus which functions to carry out a
      "preparation sub-routine" represented as a flow chart in FIGS. 9a, 9b and
      as a list of program steps in the following table:
TBL                                    TABLE III                               
     __________________________________________________________________________
     PROGRAM STEPS FOR PREPARING                                               
     B.sub.n.sub.+1 DATA                                                       
     __________________________________________________________________________
     1.   Clear accum and read in DRIND                                        
           If ANS = 0 proceed to step 2                                        
           If ANS = 1, skip to step 39                                         
     2.   Transfer X.sub.n.sub.+2 into X.sub.n.sub.+1                          
     3.   Transfer Y.sub.n.sub.+2 into Y.sub.n.sub.+1                          
     4.   Transfer TPRX' into TPRX                                             
     5.   Transfer TPRY' into TPRY                                             
     6.   Transfer LOOPP' into LOOPP                                           
     7.   Transfer P into PC                                                   
     8.   Transfer BX.sub.n.sub.+2 into X.sub.n.sub.+2                         
     9.   Transfer BY.sub.n.sub.+2 into Y.sub.n.sub.+2                         
     10.  Transfer BFRN.sub.n.sub.+2 into FRN'                                 
     11.  Transfer BX.sub.n.sub.+3 into BX.sub.n.sub.+2                        
     12.  Transfer BY.sub.n.sub.+3 into BX.sub.n.sub.+2                        
     13.  Transfer BFRN.sub.n.sub.+3 into BFRN.sub.n.sub.+2                    
     14.  Start tape reader, fill BX.sub.n.sub.+3, BY.sub.n.sub.+3, and        
          BFRN.sub.n.sub.+3                                                    
     15.  Clear accum, read in 30,000 and FRN' to compute 30,000/FRN'          
           Store ANS in LOOPP'                                                 
     16.  Clear accum, read in X.sub.n.sub.+2, X.sub.n.sub.+1, FRN' and .3333  
          to compute                                                           
          (X.sub.n.sub.+2 -X.sub.n.sub.+1)(FRN')(.3333)                        
           Store ANS in TPRX'                                                  
     17.  Clear accum, read in Y.sub.n.sub.+2, Y.sub.n.sub.+1, FRN' and .3333  
          to compute                                                           
          (Y.sub.n.sub.+2 -Y.sub.n.sub.+1)(FRN')(.3333)                        
           Store ANS in TPRY'                                                  
     18.  Clear accum, read in TPRX' and TPRX to compute (TPRX'-TPRX)          
           Store ANS in .DELTA.PRX                                             
     19.  Clear accum, read in TPRY' and TPRY to compute (TPRY' - TPRY)        
          Store ANS in .DELTA.PRY                                              
     20.  Clear accum, read in absolute values .DELTA.PRX and .DELTA.PRY to    
          compute                                                              
           .DELTA.PRX - .DELTA.PRY                                             
           If ANS is negative, skip to step 22                                 
           If ANS is not negative, proceed to step 21                          
     21.  Clear accum, read in .DELTA.PRX                                      
           Store ANS in .DELTA.PRfa; skip to step 23                           
     22.  Clear accum, read in .DELTA.PRY                                      
           Store ANS in .DELTA.PRfa                                            
     23.  Read in K as multiplier to compute (.DELTA.PRfa)(K) = TR             
           If ANS digits to right of dec. point are all zero, skip to step 26  
           If ANS digits to right of dec. point are not all zero, proceed to   
           step 24                                                             
     24.  Read in constant 1.0 and add to compute TR + 1                       
     25.  Clear accum digits to right of dec. point                            
     26.  Read in 2 as a divisor to compute (TR/2) or (TR/2) + 1/2             
           If ANS tenths digit place is zero, proceed to step 27               
           If ANS tenths digit place is 5, skip to step 28                     
     27.  Read in .5 and add                                                   
     28.  Store ANS in P                                                       
     29.  Read in 2 and multiply to compute 2P                                 
           Store ANS in 2P.                                                    
     30.  Clear accum, read in .DELTA.PRX and 2P to compute .DELTA.PRX/2P      
           Store ANS in PRXI                                                   
     31.  Clear accum, read in .DELTA.PRY and 2P to compute .DELTA.PRY/2P      
           Store ANS in PRYI                                                   
     32.  Clear accum, read in .DELTA.PRfa, read in A to compute .DELTA.PRfa - 
          A                                                                    
           If ANS is negative, proceed to step 33                              
           If ANS is not negative, skip to step 35                             
     33.  Clear accum to zero                                                  
          Store ANS in P, 2P and DECEL                                         
          Skip to 036                                                          
     35.  Clear accum, read in 1                                               
          Store ANS in DECEL                                                   
     36.  Clear accum, read in LOOPP, PC and P to compute (LOOPP - PC - P)     
          Store ANS in LOOPS                                                   
     37.  Read in 2P to compute (LOOPS + 2P)                                   
          Store ANS in LOOPF                                                   
     38.  Clear accum, read in 1                                               
          Store ANS in DRIND                                                   
     39.  Exit to Supervisory Routine                                          
     __________________________________________________________________________
PAR  From FIGS. 9a and 9b taken conjointly with TAble III, those skilled in the
      art will fully understand the physical organization of gates and
      sequencers to be formed within the program unit 62 of the digital computer
      (FIG. 2b) by transmitting to that program unit a series of instructions
      entered through the associated keyboard terminal. Such preparation program
      will be keyed into the supervisory routine of the computer so as to be
      called up and executed during any of the time intervals which lie between
      (a) the instant that step 088 is completed for a cycle of the servo
      routine program defined in Table II, and (b) the instant that the next
      interrupt pulse appears on line 55a in FIG. 2b. If desired, the
      preparation sub-routine may be simply a continuation from step 088 onward
      in the servo routine, since it will be seen that once data for block
      B.sub.n.sub.+1 is "ready," essentially all of the steps of the preparation
      sub-routine are skipped.
PAR  Let it be assumed that at some instant in time a transfer of B.sub.n.sub.+1
      data from intermediate storage 69 to current storage 70 has been completed
      by a "transfer cycle" of the program described above with reference to
      FIGS. 5a-5e and Table II. At step 010 within that cycle, the signal DRIND
      is set to zero.
PAR  In consequence, after that cycle of the servo routine is completed, the
      supervisory routine within the computer will cause the program unit 62 to
      enter the preparation sub-routine depicted in FIGS. 9a, 9b and defined
      more explicitly by Table III. A narrative sequence of the operations which
      follow such entry will make clear both the apparatus and the method by
      which, in an exemplary embodiment, the precalculations are performed to
      create digital signals numerically representing the required values of
      numbers pertaining to the now-designated B.sub.n.sub.+1 path segment.
PAR  After entry at step 1 (FIG. 9a and Table III), the signal DRIND is brought
      into the cleared accumulator of the CPU. If the answer ANS is one, it
      indicates that the B.sub.n.sub.+1 data have already been prepared and
      exist in the intermediate storage section 69, so the system skips directly
      to the exiting step 39. On the other hand, if DRIND is zero, this
      indicates that the precalculation routine must be fully performed, and so
      the system proceeds to steps 2-7.
PAR  At steps 2 through 7 a series of transferring operations are performed as
      represented by the dashed lines within the intermediate storage section 69
      in FIG. 2b. Specifically, the number X.sub.n.sub.+2 is transferred to the
      register X.sub.n.sub.+1 to become a new value for the latter coordinate.
      The number Y.sub.n.sub.+2 is transferred to the register Y.sub.n.sub.+1 to
      become a new value for the latter coordinate. The number TPRX'
      (representing the velocity number for the previously-designated block
      B.sub.n.sub.+2) is transferred into the register TPRX to become the
      velocity number for the newly and presently-designated block
      B.sub.n.sub.+1. Similarly, the velocity number TPRY' is transferred into
      the register TPRY. The number LOOPP' is transferred to the register LOOPP
      where it represents the programmed time span for the newly designated
      block B.sub.n.sub.+1. And finally, the number P is transferred to the
      register PC to represent a time span for the block now newly designated
      B.sub.n.sub.+1. The numbers prepared during the previous execution of the
      preparation sub-routine (applicable to what was then designated
      B.sub.n.sub.+2 ) are therefore transferred from register shown in the left
      portion of the intermediate storage 69 to counterpart registers shown in
      the right portion -- where they are applicable to what is presently
      designated block B.sub.n.sub.+1.
PAR  It may be assumed that at this instant the storage registers in the buffer
      section 68 are full, i.e., that the tape reader 45 was earlier started to
      read the punched tape data for block B.sub.n.sub.+3, the data numbers
      thereof having been placed in registers BX.sub.n.sub.+3, BY.sub.n.sub.+3
      and BFRN.sub.n.sub.+3 after the corresponding numbers BX.sub.n.sub.+2,
      BY.sub.n.sub.+2 and BFRN.sub.n.sub.+2 for the preceding block had been
      transferred into the registers so designated in FIG. 2b. Thus the
      operations for steps 8-13 involve transfer of numbers (each via the trunk
      I to the cleared accumulator and from the latter via the trunk O to the
      receiving register) as follows:
PAR  A. From Buffer Registers to Intermediate Registers
PA1  The coordinate BX.sub.n.sub.+2 is placed in X.sub.n.sub.+2.
PA1  The coordinate BY.sub.n.sub.+2 is placed in Y.sub.n.sub.+2.
PA1  The feed rate number BFRN.sub.n.sub.+2 is placed in FRN'.
PAR  B. Within the Buffer Section
PA1  The coordinate BX.sub.n.sub.+3 is placed into BX.sub.n.sub.+2.
PA1  The coordinate BY.sub.n.sub.+3 is placed into BY.sub.n.sub.+2.
PA1  The feed rate number BFRN.sub.n.sub.+3 is placed into BFRN.sub.n.sub.+2.
PAR  Thereafter at step 14 the tape reader 45 is started to supply successively
      the three numbers constituting command data for the following block, the
      tape reader signals being appropriately decoded and supplied via the trunk
      I and the CPU 62 to a trunk O from which they are routed to the registers
      labeled BX.sub.n.sub.+3, BY.sub.n.sub.+3 and BFRN.sub.n.sub.+3. When this
      next block of data has been read from the punched tape, the reader 45 will
      produce an end-of-block signal EL which will stop the operation of the
      tape reader by apparatus which is not shown but which is familiar to those
      skilled in the art.
PAR  At this point in time, the stored and signaled numbers FRN', X.sub.n.sub.+2
      and Y.sub.n.sub.+2 have been newly received in the intermediate storage
      section 69, and they may now be used to derive the necessary signals and
      numbers. From the explanation given above in this specification, it will
      be seen from FIG. 8 that the number LOOPP for any block of data may be
      found simply by dividing the feed rate number for that block into the
      constant 30,000, as indicated by Equation (8), supra. Thus, when the
      system comes to step 15 of the preparation sub-routine, the accumulator is
      cleared, the constant 30,000 is read in, the number FRN' is then read in
      and the resulting quotient of 30,000/FRN' is stored in the register
      LOOPP'. This represents the number of .DELTA.T time periods which would
      elapse if the command data block now designated B.sub.n.sub.+2 were
      executed with the axis velocities constant at the component values
      necessary to produce the path velocity designated by the feed rate number
      FRN'. This quantity LOOPP' is so labeled in FIG. 8.
PAR  The system then proceeds to steps 16 and 17 in which the velocity numbers
      for block B.sub.n.sub.+2 are determined, signaled and stored. As shown by
      Equation (10) above, if the velocity number for the X axis of block
      B.sub.n.sub.+2 is designated TPRX', then that value is equal to the
      product of (.3333)(FRN')(X.sub.n.sub.+2 - X.sub.n.sub.+1). Accordingly, at
      step 16, the coordinate numbers X.sub.n.sub.+2 and X.sub.n.sub.+1 are read
      into the computer from the correspondingly labeled registers in the
      intermediate storage section 69 and their difference is computed and
      signaled in the accumulator. This difference is thereafter multiplied by
      the number FRN' brought from the corresponding register, and the resulting
      product is thereafter multiplied by the constant .3333. The resulting
      final product is stored in the register TPRX' as the new value of that
      number.
PAR  The system then proceeds to step 17 as shown in FIG. 9a and Table III where
      similar operations are carried out for the Y axis data in order to compute
      and store the velocity number TPRY' pertaining to block B.sub.n.sub.+2.
PAR  After that, the system proceeds to steps 18 and 19 during which the changes
      in velocity for the X and Y axes in the transition from block
      B.sub.n.sub.+1 to block B.sub.n.sub.+2 are determined. As explained above
      in the derivation of Equations (13) and (14) these respective changes in
      axis velocities are determined simply by the difference between the first
      axis velocity, as programmed, and the second axis velocity, as programmed.
      Thus, at step 18 the number TPRX' is read into the cleared accumulator,
      the number TPRX is read in subtractively, and the resulting difference is
      stored in that register designated .DELTA.PRX in FIG. 2b. This velocity
      "jump" .DELTA.PRX is so labeled in FIG. 8. Similarly, the number
      .DELTA.PRY is computed and stored in the corresponding register during the
      operations of step 19.
PAR  At step 20 of the preparation sub-routine, it is determined whether the X
      or the Y axis will undergo the largest velocity change in the transition
      from block B.sub.n.sub.+1 to block B.sub.n.sub.+2. This is done at step 20
      by reading into the cleared accumulator the previously stored number
      .DELTA.PRX as an absolute value, reading in subtractively the absolute
      value of the number .DELTA.PRY, so that the answer in the accumulator will
      be negative if .DELTA.PRY is greater in magnitude than .DELTA.PRX. If the
      resulting answer is negative, the system skips to step 22; and if it is
      not negative, the system proceeds to step 21.
PAR  If the answer after step 20 is not negative, therefore, the then-existing
      number .DELTA.PRX is transferred during step 21 into the register
      .DELTA.PRfa and the system thereafter skips to step 23. On the other hand,
      if the answer after step 20 is negative, then on step 22 the number
      .DELTA.PRY is read into the cleared accumulator and thence stored in the
      register .DELTA.PRfa. Therefore, when the system arrives at step 23 the
      number .DELTA.PRfa represents the change of the axis velocity component
      which will undergo the largest change when the operation is converted from
      data based on block B.sub.n.sub.+1 to data based upon block
      B.sub.n.sub.+2. As labeled in FIG. 8, it is assumed that .DELTA.PRX is
      greater than .DELTA.PRY, so .DELTA.PRfa is set equal to .DELTA.PRX.
PAR  During steps 23 to 28, the numerical value for the time span P (as labeled
      in FIG. 8) is determined and stored in the register P. It will be recalled
      that the number P is equal to one-half of the quantity of time periods
      .DELTA.TN which will be required for the velocity to change from TPRX to
      TPRX' along the line 81 having a slope A (assuming that the X axis is the
      fast axis). As noted by the foregoing Equation (15) and the description
      which follows it, the exact numerical value for the time span TR is
      derived from the relation
      ##EQU11##
      Since .DELTA.PRfa remains in the accumulator at the end of either step 21
      or 22, the next step 23 (see Table III) is performed simply by reading in
      the constant K from its storage register and multiplying, whereupon the
      number TR then appears in the accumulator. To "round up" this number, the
      answer digits in the accumulator to the right of the decimal point are
      sensed; if all have a value of zero, the system will skip to step 26, but
      if all of these digits are not zero, the signaled number TR is not a whole
      integer and thus the system proceeds to step 24.
PAR  At step 24 (Table III) the value of 1.0 is read into the CPU and added to
      the number TR then existing in the accumulator to form the sum TR + 1. And
      at the following step 25 all of the answer digits to the right of the
      decimal point in the accumulator are cleared or set to zero.
PAR  Therefore, the system arrives at step 26 with a hole number signaled on the
      output lines of the accumulator, such integer being the quantity TR or the
      quantity TR rounded up to the next higher integer if it was not originally
      a whole integer. At step 26 the constant "2" is read in as a divisor to
      divide the number then in the accumulator by two. If that number
      previously existing in the accumulator was an odd integer, the answer next
      appearing in the accumulator will contain the integer five in its tenths
      digit place; but if the original number was an even integer, the new
      answer will contain the value of zero in its tenths digit place. In
      executing step 26, the tenths digit place in the accumulator answer is
      sensed and if it is zero the system proceeds to step 27; otherwise, the
      system skips to step 28. If step 27 is performed, the quantity of 0.5 is
      simply read into the CPU and added to the number then existing in the
      accumulator. Thus when the system arrives at step 28, the answer ANS
      signaled by the accumulator is one such as xx.5, that is, it is an
      adjusted or rounded number representing the value of P as labeled in FIG.
      8, and such that twice its value is an odd whole number. Thus, at step 28
      the answer signaled by the accumulator is simply stored in the P register,
      as indicated by Table III.
PAR  Having computed and stored the value of P (which remains in the accumulator
      at the end of step 28), the system proceeds to step 29 where the value of
      2P is computed and stored. As indicated by Table III and FIG. 9b, it is
      only necessary to read in the constant "2" as a multiplier whereupon the
      product 2P appears as the answer in the accumulator, and this answer is
      stored in the register 2P.
PAR  Since the quantity 2P is now available it is possible to determine the
      incremental amounts by which the X and Y axis velocities must be
      incrementally changed during each of successive periods .DELTA.TN if they
      are to be uniformly changed by the total amounts .DELTA.PRX and .DELTA.PRY
      over a time span of 2P periods. Thus, at step 30 the number .DELTA.PRX is
      read into the cleared accumulator and the number 2P is read in from its
      register as a divisor to compute the ratio .DELTA.PRX/2P which, according
      to Equation (16) represents the incrementing number PRXI. This latter
      number appears in the answer register at the end of step 30 and is routed
      for storage in the register PRXI.
PAR  At step 31, similar operations are carred out to compute the incremental
      amount PYRI for the changing of the Y axis velocity during those
      individual time periods which will elapse during the time interval 2P.
      Therefore, the number PYRI is derived and stored in its register.
PAR  At step 32 (Table III and FIG. 9b) a determination is made as to whether
      there need be a progressive changing of axis velocities over the time span
      2P as labeled in FIG. 8, or whether the largest jump in axis velocities in
      the transition from block B.sub.n.sub.+1 to block B.sub.n.sub.+2 is so
      small that the servo systems 21 and 31 can effect it without progressive
      incrementing of the velocity numbers. Merely as an example of such a
      determination, it is here considered that if the largest lump in axis
      velocity is less than the velocity change A which can be produced by the
      servos during one period .DELTA.TN, then progressive incrementing of the
      velocity numbers is not necessarily and the time span 2P as labeled in
      FIG. 8 may be viewed as constituting simply a single period .DELTA.TN in
      which the largest jump in axis velocity is accomplished during a single
      time period. Therefore, at step 32 in Table III the number .DELTA.PRfa is
      read into the cleared accumulator and the number A is read in
      subtractively to compute the difference .DELTA.PRfa - A. If the answer is
      not negative (indicating that .DELTA.PRfa is greater than A) the system
      skips to step 35. But if the answer is negative (indicating that
      .DELTA.PRfa is less than A) then the system proceeds to step 33.
PAR  At step 33, the accumulator is cleared so that the answer ANS signaled
      therefrom is zero, and that value is stored in the registers P, 2P and
      DECEL --thus setting all of the corresponding numbers to have a zero
      value. The system then skips to step 36.
PAR  On the other hand, if incrementing action will be required for the
      velocities during the last portion in the execution of block
      B.sub.n.sub.+1, the system skips from step 32 to step 35 at which the
      number 1 is read into the accumulator and stored in the one-bit indicator
      DECEL. This indicator thus designates that when block B.sub.n.sub.+1
      becomes the block B.sub.n in current storage, velocity incrementing must
      begin when the number of elapsed periods or loops equals the active number
      LOOPB.
PAR  From step 35, the system proceeds to step 36 wherein the accumulator is
      cleared and the numbers LOOPP, PC and P are read in in order to compute
      the quantity LOOPS in accordance with Equation (18) supra. The answer is
      stored in the register LOOPS (and will later become LOOPB after transfer
      to current storage). The system then proceeds to step 37 where the
      quantity 2P is read in and added to the existing answer representing LOOPS
      in the accumulator, the new answer representing the value LOOPF according
      to Equation (19), this new answer being stored in the register LOOPF.
      LOOPS and LOOPF as time spans are labeled in FIG. 8.
PAR  Having completed these date-preparing operations, the system proceeds to
      step 38 where the indicator storage bit DRIND is set to one, thereby
      indicating that the processing of data for block B.sub.n.sub.+1 has been
      fully completed and is ready within the intermediate storage section 69 to
      be transferred into the current storage section 70 when the currently
      executed block B.sub.n is completed. It will be seen, therefore, that
      whenever the indicator DRIND becomes a zero by virtue of step 010 during a
      transfer cycle of the servo routine program, the preparation sub-routine
      is performed and the data ready indicator DRIND is set to 1. Thereafter at
      step 39 the system exists to the supervisory routine of the computer.
PAR  It is appropriate to review the general operational sequences which occur
      in order to produce the uniform or smooth acceleration and deceleration
      which may be required at the transitions between any two successive path
      segments. This has been described previously with reference to FIG. 8, but
      it will now be apparent that when the path segment D.sub.n is being
      traveled by the controlled member 11 with the velocities V.sub.x and
      V.sub.y being equal to the velocity numbers PRXC and PRYC, the number of
      elapsed periods is dynamically signaled and changed by the number NLOOP
      described above. When that latter number becomes large enough to equal the
      previously derived and stored number LOOPB (see FIG. 8), then the servo
      routine performs step 033 during each succeeding period .DELTA.T. As a
      consequence, the velocity numbers PRXC and PRYC are incrementally changed
      during each period .DELTA.T by the amounts XINC and YINC, so that the
      velocity numbers and the actual velocities V.sub.x and V.sub.y are reduced
      in small steps which, for V.sub.x, approximate the sloped line 82 in FIG.
      8. The valuues of the current incrementing numbers XINC and YINC have been
      computed (as the previous numbers PRXI and PRYI) in a fashion such that
      the axis programmed to have the largest step change in velocity actually
      is given small incremental changes during a succession of periods to
      change its velocity at a rate A, that value being predetermined and
      selected to be substantially the maximum acceleration which the axis servo
      system is capable of faithfully producing. Therefore, neither of the axis
      servos falls into an excessive error.
PAR  It is known that once the incrementing of the velocity numbers begins, the
      two axis velocities V.sub.x and V.sub.y will reach the values TPRX and
      TPRY which are required to produce the path velocity V.sub.n.sub.+1
      represented by the feed rate number FRN.sub.n.sub.+1 for the next path
      segment D.sub.n.sub.+1. Since, as shown in FIG. 8, the number LOOPC is
      equal to LOOPB + 2 PC, it is known that when the dynamically changing
      number NLOOP becomes equal to the number LOOPC, the execution of the servo
      block B.sub.n is finished. Therefore, as described above, when NLOOP
      becomes equal to LOOPC, the servo routine represented by Table II and
      FIGS. 5a-e goes through those steps designated 007 to 015, and the
      previously-prepared data for the block B.sub.n.sub.+1 are transferred from
      the intermediate storage section 69 to the current storage 70. Repeated
      cycles through the servo routine therefore cause the physical execution of
      the block B.sub.n.sub.+1 which is now treated as the new block B.sub.n.
      The preparation routine is initiated when the intermediate-to-current
      storage transfer takes place, thereby to have data for the new block
      B.sub.n.sub.+1 ready.
PAC  AN ALTERNATIVE, EQUIVALENT ANALOG EMBODIMENT
PAR  It will be appreciated that the best mode which I contemplate for carrying
      out the methods and apparatus according to the present invention is
      reflected in the exemplary embodiment described above with reference to
      FIGS. 1-9. That embodiment includes a programmed digital computer, as
      described, in a control system which is digital in nature, i.e., creates
      and utilizes various changeable digital signals. It is, however, not
      necessary in the practice of the invention to utilize a digital system,
      nor is it necessary to utilize a programmed digital computer. One skilled
      in the art may readily and routinely visualize and construct, from the
      teachings contained in the disclosure set out above, an "analog
      equivalent" of the digital system which has been described. To make this
      abundantly clear, FIGS. 10a through 10d illustrate a suitable analog
      control system which may be employed to carry out the methods, and to
      embody the apparatus, of the invention which is defined by the appended
      claims.
PAR  Generally speaking, FIGS. 10a and 10b show analog apparatus for receiving
      successive blocks of part program data and for deriving the signals
      required for each block prior to the time that the controlled member is
      actually moved along the corresponding path segment. FIGS. 10c and 10d, on
      the other hand, show analog apparatus for accepting the prepared signals
      (PRXC, XINC, LOOPC, LOOPP, DC, PRYC and YINC) to actively execute a given
      block of command data. Because the X axis portion (enclosed in a dashed
      line rectangle in FIGS. 10c and 10d) of the apparatus is identical to the
      Y axis portion (represented by a smaller dashed line rectangle), the
      latter has not been duplicated in detail. Of course, that portion of the
      apparatus which relates to the Y axis controls the Y axis servomotor YM
      and drives the machine tool member 11 along the Y axis as illustrated in
      FIG. 2a. The signals which are produced, changed and utilized in the
      analog system of FIGS. 10a through 10d represent numerical variables in
      the form of analog dc. voltages, as will be apparent from the description
      which follows. These signals will be identified by the same symbols
      employed in the earlier discussion of FIGS. 1 through 9, and where it is
      appropriate, the same reference characters from FIGS. 1-9 will be utilized
      in FIGS. 10a through 10d.
PAR  In the description which follows, it will be assumed that a command block
      B.sub.n is being actively executed by the X and Y axis systems shown in
      FIGS. 10c and 10d, these systems responding to previously established and
      existing dc. voltage signals which are designated in FIGS. 10b and 10c as
      PRXC, PRYC, XINC, LOOPC, YINC, LOOPB and DC. The manner in which those
      signals are established for the block B.sub.n will be explained in the
      latter portion of the description which follows.
PAR  As a means for measuring off successive time periods .DELTA.T having a
      normal duration .DELTA.TN which is adjustable, a dc. motor 100 is
      energized via an operational amplifier 101 according to the magnitude of
      an input voltage CLBFR. Feedback from a tachometer 102 to the inverting
      input of the amplifier makes the motor 100 run at a speed which is
      proportional to the variable input voltage CLBFR. The motor 100 drives a
      timing cam 104 which periodically closes timing contacts 105 to pick up a
      timing relay TIM. The time periods .DELTA.T measured off between
      successive, momentary actuations of the relay TIM are thus inversely
      proportional to the voltage CLBFR, and when the latter has its normal
      value, such periods will be .DELTA.TN in duration. The relay TIM has a
      plurality of contacts disclosed at various locations in FIGS. 10c and 10d,
      and such contacts are designated by the symbol TIM to which different
      numerical suffixes are added. The dc. voltage CLBFR in FIG. 10d
      corresponds to the digital signal CLBFR referred to in connection with
      FIGS. 1-9, although it may be noted that for simplicity the signal CLBFR
      in FIG. 10d causes the time periods .DELTA.T to vary inversely in relation
      to changes in the voltage CLBFR, whereas in FIG. 2b above, the down
      counter 56, the oscillator 58 and the zero decoder 55 cause the time
      periods .DELTA.T to vary directly in proportion to the changing magnitude
      of the signal CLBFR.
PAR  During the normal execution of a blocking path segment, it may be assumed
      that a counter 106 (FIG. 10c) has been reset to zero previously, such
      counter supplying its output through a digital-to-analog converter 108 to
      produce the signal NLOOPS. During each period .DELTA.T, and in response to
      momentary closure of the associated relay contacts TIM1, the contents of
      that counter will be increased by one, so that the voltage NLOOPS
      progressively increases in steps with time and represents the number of
      time periods .DELTA.T which have been measured off since the execution of
      block B.sub.n began. As shown in FIG. 10c, the signals NLOOPS and LOOPC
      are supplied to an operational amplifier 109 operating as a saturating
      comparator and having a diode at its output which thus swings to a
      positive value only when the signal NLOOPS has increased sufficiently to
      equal or exceed LOOPC. When that happens (at the end of execution of the
      active block B.sub.n), a positive pulse is applied through a capacitor to
      a one-shot multivibrator 110 which in turn momentarily energizes a
      transfer relay TR1. The output of that one-shot also triggers a second
      one-shot multivibrator 111 so as to momentarily energize a second transfer
      relay TR2; and this in turn triggers a third one-shot multivibrator 112
      which momentarily energizes a transfer relay TR3. These transfer relays
      are employed to produce a transition from the execution of one block of
      data into the execution of the succeeding block of data as hereinafter
      described.
PAR  The signal PRXC, which is a dc. voltage representing the commanded X axis
      velocity in terms of distance per .DELTA.T, enters at the left of FIG. 10c
      and normally constitutes the only input signal to an operational amplifier
      114 because the relay contacts RB1 are normally deactuated and in their
      illustrated positions. Thus, each time that timing contacts TIM2 close,
      the signal PRXC is supplied to the input of a sample-and-hold circuit 115
      whose output is thus a voltage representing the velocity PRXC. In this
      mode (with RB1 contacts deactuated), the voltage PRXC at the output of
      circuit 115 is constant and unchanging. The latter signal is supplied as
      one input to an operational amplifier 116 which forms a part of an
      incrementing sub-system. Each time that contacts TIM3 are actuated, the
      output of amplifier 116 is supplied through normally closed holding relay
      contacts HR1 to a sample-and-hold circuit 118 whose output is a voltage
      here labeled XTC (and which corresponds to the previously described signal
      XTC). The outpu XTC is fed back via normally closed contacts TIM3a to a
      sample-and-hold circuit 119 having its output leading through normally
      open contacts TIM3b to the input of the amplifier 116. Thus, normally the
      output from circuit 119 is the existing value of XTC. When timing contacts
      TIM3, 3a and 3b actuate momentarily, however, the input to activate the
      circuit 119 is disconnected and its output is connected to the input of
      amplifier 116, so that the voltage at the output of the latter becomes
      PRXC + XTC and this is routed through the timing contacts TIM3 to the
      input of circuit 118. Therefore, as the timing relay TIM is momentarily
      actuated during each successive period .DELTA.T, the output voltage is
      incremented according to the relationship
EQU  XTC.sub.i = XTC.sub.i.sub.+1 + PRXC                        (41)
PAL  it will be recognized that the foregoing expression is fully tantamount to
      Equation (20) set forth hereinabove and that the incrementing sub-system
      here shown is a means for producing electric signals XTC representing a
      theoretical position which member 11 should occupy, and changing such
      signals once during each period .DELTA.T by an incremental amount PRXC to
      represent a periodically advancing theoretical position XTC which the
      controlled member 11 should occupy.
PAR  Incidentally, for the sake of brevity and simplicity, the well-known
      operational amplifiers shown in FIGS. 10a through 10e have been purposely
      illustrated with the conventional feedback connections omitted. Since
      input operational amplifiers are assumed to be connected in the
      non-inverting mode.
PAR  The theoretical position signal XTC is algebraically combined with an
      actual position voltage XIN in order to produce a signal XERR representing
      the instantaneous position error of the member 11 along the X axis. For
      this purpose, the signal XIN is produced as a dc. voltage to represent by
      its magnitude that instantaneous position. As here shown, the pulse
      generator XPG supplies up and down count pulses to the reversible counter
      40 (FIG. 10d) having its output passed through a digital-to-analog
      converter 120 which in turn produces a dc. voltage XIN proportional to the
      actual position of the member 11 as the latter moves back and forth along
      the X axis in response to rotation of the lead screw 22 driven by the
      servomotor XM. As shown in FIG. 10c, the two signals XIN and XTC are
      supplied with opposing polarity inputs to an operational amplifier 121
      whose output is an error-representing voltage here labeled XERR.
PAR  To form the primary input signal for energizing the servomotor XM, the
      signal PRXC is supplied as one input to a multiplier circuit 122 (FIG.
      10c) which receives as its second input the percent override signal PER
      and which produces an output voltage representing PER.PRXC. The signal PER
      comes from FIG 10d and is normally equal to the feed rate override voltage
      FRO which is selected to represent an adjustable constant by adjustment of
      a potentiometer 124. So long as the relay contacts labeled HR5 are in
      their illustrated, deactuated state, the dc. voltage PER is equal to the
      voltage FRO. Returning to FIG. 10c, the output from the multiplier 122 is
      passed to one input of a summing operational amplifier 125 in FIG. 10d.
      The error voltage XERR is normally supplied through normally closed
      contacts HR4 via an adjustable input resistor XTRMR to the input of this
      same operational amplifier 125. That input resistor makes the value XTRMR
      constitute the effective gain factor XTRIM on the input voltage XERR,
      i.e., makes XTRIM equal to XTRMR where the value of the latter is
      determined by adjusting the effective value of the resistor. Since the
      voltage PER.PRXC and the voltage XTRIM.XERR are both supplied to
      non-inverting inputs of the amplifier 125 which is set to have a gain here
      designatable as XGAIN, these two input voltages would normally cause the
      output signal XDAC to be equal to XGAIN [PER.PRXC + XTRIM.XERR].
PAR  To produce a "historical bias" input voltage XBIAS to the amplifier 125,
      two preselectable incrementing constants are represented by voltages XKBR
      and XKBH which are picked off of adjustable potentiometers 126 and 127
      (FIG. 10c). The voltage XKBR is normally passed through the normally
      closed contacts HR2 to become the input signal XKBIAS to an operational
      amplifier 128 forming a part of an incrementing sub-system comprising
      timing contacts TIM4, a gate 129, and sample-and-hold circuits 130 and
      131. The output of the sample-and-hold circuit 130 is normally a voltage
      representing the variable XBIAS. When the contacts TIM4 are actuated
      momentarily, however, that output is supplied as one input to the
      amplifier 128 whose responsive output voltage is thus the sum of XBIAS and
      XKBIAS. The sum is transmitted through the momentarily closed contacts
      TIM4 and the gate 129 (only if the latter is opened because the
      controlling voltage XERR applied thereto is greater than a predetermined
      magnitude, such as zero) and thence to the input of the circuit 130. From
      what has been said earlier about the incrementing sub-system which
      includes the sample-and-hold circuit 115, it will be understood that the
      XBIAS incrementing sub-system functions (if the error signal XERR is
      greater than zero) to make the XBIAS voltage change in steps such that
EQU  XBIAS.sub.i = XBIAS.sub.i.sub.-1 .+-. XKBIAS               (28)
PAL  thus, the dc. voltage signal here labeled XBIAS is incrementally changed by
      the amount XKBIAS during each of successive measured time periods
      .DELTA.T, --in a fashion which is substantially the same as the
      incrementing of the digitally represented signal XBIAS described earlier.
      It is to be noted, however, that the incrementing of the dc. voltage XBIAS
      occurs only when the error voltage XERR is greater than a predetermined
      magnitude, e.g., zero. Moreover, the incrementing amount XKBIAS has a
      first value XKBR (obtained from potentiometer 126) when hold relay
      contacts HR2 are deactuated; and it has a second value XKBH (obtained from
      potentiometer 127) when the holding relay contacts are actuated during a
      holding mode (as hereinafter described).
PAR  Whenever the system is either put into or removed from a holding mode (as
      explained later), the XBIAS voltage is restored to zero and its historical
      incrementing begins anew. For this purpose, a gate 132 (FIG. 10d)
      establishes a controlling connection between the input the sample-and-hold
      circuit 130 and a point of zero voltage, i.e., ground. The gate 132 is
      momentarily enabled by a voltage pulse supplied thereto from a one-shot
      multivibrator 134 whose input is disconnected momentarily and then
      reconnected to a positive voltage each time the contacts HR3 of a holding
      relay are either actuated or deactuated. Momentary placement of the input
      to the circuit 130 at zero potential thus restores the dc. voltage XBIAS
      to a zero value.
PAR  As shown in FIG. 10d, the XBIAS signal is applied as an additive input to
      amplifier 125 and the output of the latter is transmitted to the
      servomotor XM to form a velocity servomechanism, there being a tachometer
      25 driven by the servomotor and supplying its output voltage to an
      inverting input of that amplifier. The amplifier 125 by its feedback
      connection (not shown) is arranged to produce an overall gain factor which
      may be designated XGAIN. Thus, it will be apparent that the dc. output
      voltage from the amplifier 125, represented by the symbol XDAC and serving
      to energize the motor XM, varies according to the relation
EQU  XDAC = XGAIN [PER.PRXC + XTRIM.XERR + XBIAS]               (29)
PAL  the gain factor XTRIM within the brackets of the foregoing equation is
      either the gain XTRMR or XTRMH numerically produced by adjustment of the
      input resistors correspondingly labeled in FIG. 10d, depending upon
      whether the relay contacts HR4 are deactuated or actuated when the system
      is in a non-holding or a holding mode. Moreover, as indicated earlier with
      respect to the holding relay contacts HR5, the gain factor PER within the
      brackets of Equation (29) will be equal to the voltage FRO or will be
      zero, depending upon whether the contacts HR5 are deactuated or actuated
      when the system is respectively in a non-holding or a holding mode. That
      is, in the holding mode the signal XDAC will specifically have the value
      of
EQU  XDAC = XGAIN [0 + XTRIM.XERR + XBIAS]                      (38)
PAL  where XTRIM is equal to XTRMH. Thus, the analog apparatus as thus far
      described will result in servomotor XM driving the controlled member 11
      along the X axis at a velocity proportional to XDAC, where XDAC is a
      voltage made up according to the Equation (29) set out above, but wherein
      this equation takes on different gain factors shown by Equation (38) when
      the system is in a holding mode.
PAR  In the analog apparatus of FIGS. 10c and 10d, means are provided for
      lengthening the durations of the successively measured-off time periods
      .DELTA.T whenever the position error of the controlled member 11 exceeds a
      predetermined threshold which is represented by a voltage LERRX, and
      conversely, means are provided for shortening the periods .DELTA.T
      whenever the error threshold is not exceeded and the periods are greater
      than a predetermined normal minimum value. The threshold voltage LERRX is
      created so as to vary as a monotonic function of the commanded velocity
      signal PRXC. For this purposes, the voltage PRXC is supplied to an
      operational amplifier 136 (FIG. 10c) having an overall gain factor of 4
      and having a second input voltage representing the number 8 (the latter
      voltage coming from a potentiometer 137). Thus, its output voltage is
      LERRX, where
EQU  LERRX = 4(PRXC + 8)                                        (24)
PAL  the threshold voltage LERRX is supplied to an operational amplifier 138
      which also receives the error voltage XERR. That operational amplifier is
      operated in a saturation mode such that whenever the voltage XERR exceeds
      voltage LERRX, the output of amplifier 138 will become fully positive, and
      only under these circumstances an output diode will become conductive to
      energize a relay RA. Thus, if at any time the error XERR exceeds the
      threshold LERRX, the relay RA will be actuated and its contacts RA1 will
      transfer to switch a voltage CLINC from an inverting to a non-inverting
      input of an operational amplifier 140. The voltage CLINC represents a
      constant, but one which may be adjusted by setting a potentiometer 139
      from which it is produced. The amplifier 140 forms a part of an
      incrementing sub-system which includes timing contacts TIM5 and
      sample-and-hold circuits 141 and 142. From what has been said above, it
      will be understood that the output voltage CLMOD from the sample-and-hold
      circuit 141 will be incremented once during each successive time period
      .DELTA.T, in response to actuation of the timing contacts TIM5. That
      output voltage CLMOD will thus change according to the relationship
EQU  CLMOD.sub.i = CLMOD.sub.i.sub.-1 + CLINC                   (32)
PAL  the foregoing Equation (32) with positive incrementing of the quantity
      CLINC will obtain when relay RA is actuated; but on the other hand, when
      relay RA1 is deactuated and the voltage CLINC is applied to the inverting
      input of amplifier 140, then Equation (32) will be converted into a
      subtractive operation, namely:
EQU  CLMOD.sub.i = CLMOD.sub.i.sub.-1 - CLINC                   (37)
PAL  a zener diode 144 at the output of circuit 141 prevents the voltage CLMOD
      from becoming smaller than zero; and likewise that Zener diode will
      reversely break down to keep the voltage CLMOD from exceeding a
      predetermined maximum positive value. Thus, the signal CLMOD is limited
      such that negative incrementing cannot reduce it below zero and positive
      incrementing cannot increase it above a predetermined maximum value.
PAR  The voltage CLMOD is applied as a subtractive input to an operational
      amplifier 145 which receives as its main input on a non-inverting terminal
      a voltage signal representing the value 200.PER, and whose output voltage
      thus becomes the signal CLBFR which is the command voltage applied to
      amplifier 101 to determine the speed of the dc. motor 100. Under normal
      circumstances if the modifying voltage CLMOD is zero, then CLBFR will be
      proportional and be determined solely by the signal 200.PER (which
      actually is 200.FRO, where FRO is usually equal to PER). The latter
      voltage 200.PER is produced by an operational amplifier 146 having a gain
      of 200 and receiving as its input the voltage FRO representing a selected,
      adjustable constant picked off from the potentiometer 124. If the voltage
      CLMOD is zero and the signal FRO is 1.0, CLBFR thus becomes 200 times the
      gain of the amplifier 145, and that value of CLBFR will cause the motor
      100 to run at a speed which makes the .DELTA.T periods have normal
      durations .DELTA.TN.
PAR  In operation, whenever the error voltage XERR exceeds the threshold level
      of LERRX and the relay RA is actuated, the voltage CLMOD is incrementally
      increased by the amount CLINC during each of the successive time periods
      .DELTA.T measured off by the timing cam 104. Thus, so long as a "grey
      error" exists (LERRX &gt; XERR), the relay RA will be actuated by the output
      voltage from amplifier 138, and the voltage CLMOD will become larger
      during each period .DELTA.T by implementation of Equation (32). Assuming
      that the input 200.PER to amplifier 145 remains constant, therefore, the
      voltage CLBFR will be incrementally reduced during each period .DELTA.T,
      the motor 100 will run at a slower speed, and the contacts 105 will close
      less frequently, so that the periods .DELTA.T will be progressively
      lengthened. During any period .DELTA.T when a grey error exists, and as
      previously explained, the next and succeeding time periods .DELTA.T will
      be incrementally increased. On the other hand, if during any period
      .DELTA.T a grey error does not exist and the relay RA is deactuated so
      that its contacts RA1 supply the voltage CLINC to a subtractive input of
      amplifier 140, the voltage CLMOD will be made smaller by the amount CLINC
      (until and unless CLMOD reaches zero, and is clamped by Zener diode 104
      conducting forwardly). Thus, the voltage CLBFR will be made larger, the
      motor 100 will run faster, the timing contacts 105 will close more
      frequently, and the subsequent time periods .DELTA.T will be progressively
      reduced in duration. The apparatus of FIG. 10b therefore provides a means
      for modifying the operation of the time period measuring apparatus so as
      to progressively increase the durations of the successively measured time
      periods whenever the position error signal XERR exceeds a predetermined
      threshold value LERRX.
PAR  The analog apparatus illustrated in FIGS. 10c and 10d also may be put into
      a holding mode during which operative conditions change to bring the
      controlled member 11 to rest precisely at the last-signaled theoretical
      positon represented by the voltage XTC. If a human operator closes a
      manual hold switch 148 (FIG. 10c) the relay HR will be energized. In
      consequence, relay contacts HR1 (adjacent the sample-and-hold circuit 118)
      open so that incremental increasing of the theoretical position voltage
      XTC is terminated despite continued periodic closing of the contacts TIM3.
      The normally closed holding relay contacts HR6 (adjacent counter 106) will
      be opened during a holding mode to prevent periodic increasing of the
      voltage NLOOPS despite continued periodic closing of the contacts TIM1.
      The contacts HR3 (shown adjacent the one-shot 134) cause the voltage XBIAS
      to be restored to zero as a new starting value; and the contacts HR2
      transfer so that the incrementing voltage XKBIAS is switched from the
      running value XKBR from potentiometer 126 to a holding value XKBH picked
      from potentiometer 127. Thereafter as the timing contacts TIM4 continue to
      be actuated periodically, and so long as the XERR voltage is greater than
      zero to open the gate 129, the voltage XBIAS is incremented by the amount
      XKBH during each period .DELTA.T. Further, the normally closed contacts
      HR7 (adjacent the amplifier 140 in FIG. 10d) are opened during the holding
      mode so that the voltage CLMOD ceases to be incremented and the durations
      of the periods .DELTA.T are frozen at the previously established length
      during the holding mode. Still further, the contacts HR5 of the holding
      relay HR will be actuated during holding so that the voltage PER is
      converted to a zero value, and so that the multiplier 122 causes the
      signal PER.PRXC to change to a zero value. Finally, the contacts HR4 of
      momentarily HR (when actuated in a holding mode) switch the resistor XTRMR
      out of the input circuit for amplifier 125, and substitute the resistor
      XTRMH in its place. This results in the gain factor supplied to the
      voltage XERR by the amplifier 125 being changed from a "running value" to
      a "holding value." The voltage XDAC and the speed of the servomotor XM are
      thus changed to function according to the formula
EQU  XDAC = XGAIN [0 + XTRIM.XERR + XBIAS]                      (38)
PAL  in the foregoing equation, the individual gain factor XTRIM is now XTRMH,
      rather than XTRMR, where the former is preferably greater than the latter.
      Thus, the servomotor XM will run until the position of the controlled
      member 11 agrees exactly with that represented by the now-unchanging
      voltage XTC, and it will stop the member 11 in that position. When the
      hold relay HR is again deenergized by the opening of the switch 148, the
      system will revert to its original running mode, but the XBIAS signal will
      be restored (by transfer of contacts HR3) to an initial zero starting
      value.
PAR  During normal running of the system, it is possible to have the position
      error of the controlled member 16 not only exceed the "grey error"
      threshold LERRX, but also to exceed a second "black error" threshold
      HERRX. The value of this latter threshold is signaled in FIG. 10c at the
      output of an amplifier 150 which receives the voltage LERRX and doubles it
      to produce the second threshold voltage HERRX. Thus, it will be plain that
EQU  HERRX = 8(PRXC + 8) = 2.LERRX                              (25)
PAL  the threshold voltage HERRX is compared with the error voltage XERR by an
      operational amplifier 151 operated in a saturating mode and having a diode
      in its output circuit such that it energizes the holding relay HR when,
      and only when, the error XERR exceeds the threshold HERRX. When the relay
      HR is so energized, the system is automatically placed in a "holding mode"
      as described above. The timing contacts 105 continue to be closed at
      measured time intervals .DELTA.T which remain unchanged during the holding
      mode because the contacts HR7 prevent changing of the modifier voltage
      CLMOD. The signal NLOOPS remains constant during holding because the
      contacts HR6 are opened. And the signal XTC remains at the value it
      acquired prior to energization of the relay HR. Thus, in the fashion
      described above, the servomotor XM will bring the member 11 to a position
      at which the error signal XERR is reduced below the "black error"
      threshold HERRX, whereupon the relay HR will be deenergized and the system
      will return to its running mode in a "grey error" condition. The periodic
      incrementing of the signal XTC will occur less and less frequently so long
      as the grey error threshold is exceeded, and in this fashion the error
      XERR will be restored to a value below the grey error threshold LERRX.
      Thus, the system will ultimately restore itself to a normal running mode,
      during which the voltage CLMOD will be decremented, thereby to shorten the
      time periods .DELTA.T until they are restored to the normal, minimum value
      .DELTA.TN.
PAR  If the transition from the currently executed path segment B.sub.n to the
      next succeeding path segment B.sub.n.sub.+1 involves a step change in the
      value of PRXC which the velocity servomechanism cannot instantaneously
      accommodate, then the automatic acceleration/deceleration portions of the
      system will become operative. As shown in FIG. 10c, the voltage LOOPB is
      supplied through a gate 154 which is opened by the enabling voltage signal
      DC if such a transition in velocities is required from one block segment
      to the next. The signal LOOPB passes through the enabled gate 154 to an
      operational amplifier 155 which acts in a saturating mode as a comparator
      for the signals NLOOPS and LOOPB. When the former signal equals and
      exceeds the latter, a diode in the output of amplifier 155 becomes
      conductive whereby a relay RB is picked up. As a result, the contacts RB1
      in FIG. 10c transfer to their actuated positions, whereupon the associated
      incrementing sub-system (comprising the operational amplifier 114, the
      sample-and-hold circuit 115, and a sample-and-hold circuit 115a) becomes
      effective. It will be seen that normally the input and output of circuit
      115a is the PRXC voltage which appears at the output of circuit 115. When
      timing contacts TIM2 actuate, the output PRXC from circuit 115a is
      supplied as one input to the amplifier 114 and the voltage XINC is
      supplied as a second input through the actuated RB1 contacts. The sum of
      the two voltages is thus passed through now-closed contacts TIM2 to the
      input of the sample-and-hold circuit 115 so that the output of the latter
      is changed by an incremental amount equal to the voltage XINC. It will be
      recalled from the description of the preferred embodiment that the signal
      XINC is the amount by which the velocity of the controlled member along
      the X axis is to be increased during each of the successive time periods
      .DELTA.T. Therefore, as successive periods .DELTA.T are measured off by
      the timing cam 104 and the timing contacts 105 actuate the relay TIM, the
      X axis velocity number PRXC is incrementally changed by the amount XINC
      according to the relationship
EQU  PRXC.sub.i = PRXC.sub.i.sub.-1 + XINC                      (39)
PAL  as PRXC incrementally increases or decreases (depending upon whether XINC
      is positive or negative) during each of the successive periods .DELTA.T,
      the effect is to increase or decrease the signal PER.PRXC supplied as an
      input to amplifier 125. Therefore, the velocity of the motor XM and the
      movable element 11 is progressively increased or decreased. Otherwise, the
      system functions in the same manner as previously described. In this way,
      when the system is in an acceleration or deceleration mode because the
      relay RB is actuated, the velocity of the element 11 will progressively
      increase or decrease as represented at 81 and 82 in FIG. 8. As hereinafter
      explained, the relay RB will be dropped out to terminate the acceleration
      or deceleration mode whenever the total change in velocity results in the
      X axis velocity of member 11 reaching the value designated by the
      currently executed block of command data.
PAR  The path segment B.sub.n currently being executed by movement of the
      controlled member 11 is completed when the periodically incremented
      voltage NLOOPS equals or exceeds the voltage LOOPC, at which time the
      relays TR1, TR2, TR3 are momentarily actuated in rapidly timed succession
      as set forth above. When relay TR1 momentarily picks up, its contacts TR1b
      close to reset the counter 106 to zero and thus to reset the voltage
      NLOOPS to zero. The counter 106 begins counting anew as soon as the
      transfer relay TR1 drops out.
PAR  The analog apparatus in FIGS. 10a and 10b has (prior to the actuation of
      transfer relay TR1) produced preparatory signal voltages representing
      variables to be used in the execution of the succeeding path segment. That
      is, if block B.sub.n is currently being executed by operation of the
      apparatus in FIGS. 10c and 10d, then preparatory voltages based on the
      command data of block B.sub.n.sub.+1 are ready to be used when the
      execution of block B.sub.n is completed. These preparatory voltages are
      labeled in FIG. 10b as TPRX, TPRY, PRXI, LOOPF, PRYI, LOOPS and DECEL.
      When relay TR1 is momentarily actuated, its series of contacts TR1a shown
      in FIG. 10b momentarily close to transfer such voltages to the inputs of
      respective sample-and-hold circuits 157 (labeled S&H in FIG. 10b). The
      outputs of such sample-and-hold circuits thus change from their previous
      values to new values, and in the terminology which has been employed
      earlier, the preparatory voltages become new values for the control
      voltages PRXC, PRYC, XINC, LOOPC, YINC, LOOPB and DC. Thereupon, the
      apparatus of FIGS. 10 c and 10d will begin and execute the path segment
      previously designatable as B.sub.n.sub.+1 and which has now become the new
      active path segment B.sub.n.
PAR  After the transfer relay TR1 has been momentarily actuated and the
      apparatus of FIGS. 10c and 10d begins the execution of a new block
      segment, the signals on the left sides of contacts TR1a (FIG. 10b) are no
      longer needed since they represent the data for the path segment now being
      actively executed. Thus, it is desirable that the circuitry establish new
      values for those signals which will become values for the new block
      designatable B.sub.n.sub.+1 and which was previously designatable as
      B.sub.n.sub.+2.
PAR  Therefore, as the next operation in point of time, the transfer relay TR2
      momentarily picks up, as previously explained. Its contacts TR2.sub.a
      (FIG. 10a) momentatily close to transfer into sample-and-hold circuits 158
      and 159 the then-existing voltages TRPX and TPRY. These voltages represent
      values for the block now designated B.sub.n (and designated B.sub.n.sub.+1
      prior to actuation of relay TR1). Thus when they appear at the outputs of
      circuits 158 and 159, they are designated PRXC and PRYC, as labeled. Also,
      the contacts TR2b momentarily close to store a voltage P in a
      sample-and-hold circuit 160. The voltage P is at this instant a value
      corresponding to the now-active block B.sub.n (previously block
      B.sub.n.sub.+1 prior to actuation of relay TR1) so that the output of
      circuit 160 is labeled PC.
PAR  Next in point of time, the transfer relay TR3 momentarily picks up. Its
      contacts TR3a (FIG. 10a) close to transfer signals from a decoder and
      buffer storage 161 to intermediate storage registers 162. These signals
      are command block data in digital form previously read into registers 161
      from the tape reader 45 and they correspond to the presently designated
      block B.sub.n.sub.+1 (previously designated B.sub.n.sub.+2 prior to
      actuation of relay TR1). The pickup of relay TR3 also closes contacts TR3b
      (FIG. 10a) to supply a positive voltage pulse through a time delay circuit
      164 to the "start" terminal of the tape reader 45. After contacts TR3a
      reopen, therefore, the tape reader 45 starts and reads in a new block of
      data to the decoder and buffer storage registers 161. That new block is
      currently designatable B.sub.n.sub.+2 (previously B.sub.n.sub.+3).
PAR  At this point in time (after momentary actuation of the transfer relay
      TR3), the intermediate storage registers 162 hold digital representations
      of command data for the block previously designatable B.sub.n.sub.+2 and
      how designated B.sub.n.sub.+1. These data include digital representations
      of path velocity V, path segment distance D, and the X and Y axis
      components DX and DY of that path segment--as explained earlier. These
      latter signals are passed through respective digital-to-analog converters
      collectively shown at 165 and which respectively produce dc. voltages
      corresponding in value. The voltages V and D are both supplied to each of
      two divider circuits 168 and 169. The divider circuit 169 produces an
      output signal representing the quotient D/V which is equal to 1/FRN, as
      explained earlier with reference tp Equations (3) and (4). The signal
      1/FRN represents the time which will be required to execute the path
      segment represented by the B.sub.n.sub.+1 block of data according to the
      relationship
      ##EQU12##
      In order to derive the voltage which represents the total number of time
      periods .DELTA.TN which will be required to execute the commanded path
      segment at the commanded velocity V, the voltage 1/FRN is multiplied by
      the quantity of 30,000 and this is performed by an amplifier 170 having a
      gain of 3 .times. 10.sup.4. Thus, the output of amplifier 170 is a voltage
      representing the quantity LOOPP which is derived according to the
      relationship specified above in Equation (8), namely:
      ##EQU13##
PAR  On the other hand, the divider circuit 168 produces a voltage representing
      the quotient V/D and thus representing the value of FRN as indicated by
      Equation (3) set out above. The latter voltage is passed through an
      amplifier 171 having a gain of 0.333 to perform the multiplication
      (0.333)(FRN). The output from the amplifier 171 is supplied as one input
      to each of two multiplier circuits 172 and 173 which respectively receive
      as their other inputs the voltages representing DX and DY produced by the
      D/A converters 165. Therefore, the output of the multiplier circuit 172 is
      a voltage representing the value of TPRX, where
EQU  TPRX = (0.333)(FRN).DX
PAL  the foregoing expression will be seen to be identical to Equation (10) set
      out above, recalling that DX is equal to (X.sub.n.sub.+1 - X.sub.n).
      Merely for the sake of brevity, it has been assumed in FIG. 10a that the
      part program punched tape fed to the tape reader 45 carries block data
      which includes the X and Y axis components DX and DY rather than the end
      point coordinates X.sub.n, Y.sub.n for each path segment. Thus, it will be
      understood that the multiplier 172 in FIG. 10a produces an output voltage
      TPRX representing a velocity command number, expressed in distance per
      .DELTA.T, for the block now designated B.sub.n.sub.+1.
PAR  The multiplier 173 in FIG. 10a similarly produces an output voltage TPRY
      representing the Y axis velocity number according to the relationship
EQU  TPRY = (0.333)(FRN).DY
PAL  this value of TPRY is obtained according to the relationship expressed
      above in Equation (11), and it represents the Y axis velocity for the
      block presently designatable B.sub.n.sub.+1 (and previously designated
      B.sub.n.sub.+2 prior to actuation of transfer relay TR1).
PAR  Due to the previous closure of contacts TR2a, sample-and-hold circuits 158
      and 159 are presently producing output voltages here designated PRXC and
      PRYC for the currently active block B.sub.n. Such signals also represent
      the signals TPRX and TPRY, respectively, for that block of data which was
      previously designated B.sub.n.sub.+1. The outputs from circuits 158 and
      159 are supplied as respective inputs to operational amplifiers 175 and
      176 which function as algebraic adders. The other two respective inputs
      are the voltages TPRX and TPRY which represent axis velocities for the
      blocks presently designatable B.sub.n.sub.+1. Thus, the output voltages
      from amplifiers 175 and 176 are correctly designatable as .DELTA.PRX and
      .DELTA.PRY according to the relationships
EQU  .DELTA.PRX = TPRX' - TPRX                                  (13)
EQU  .DELTA.pry = tpry' - tpry                                  (14)
PAL  it will be recalled from the earlier description that the symbols TPRX and
      TPRY in the foregoing expressions represent the quantities previously
      derived for block B.sub.n.sub.+1 and which is now block B.sub.n ; and that
      the quantities TPRX' and TPRY' correspond to the signals labeled TPRX and
      TPRY in FIG. 10a.
PAR  As shown in FIGS. 10a and 10b, the voltages .DELTA.PRX and .DELTA.PRY are
      applied to a "select larger signal" circuit 178 whose output then
      represents the largest one in magnitude of those two voltages and which is
      here labeled .DELTA.PRfa. The latter voltage is supplied as one input to a
      multiplier circuit 179 whose other input is a preselected constant, i.e.,
      a fixed voltage of magnitude 1/A representing an acceleration constant
      K--this voltage being picked from an adjustable potentiometer 177. The
      output of the multiplier 179 is therefore a voltage representing the
      quantity 2P in view of the relationship explained hereinabove to the
      effect that the quantity TR in Equation (15) is essentially equal to the
      quantity 2P. Thus, in FIG. 10b the apparatus functions to produce the
      signal 2P according to the expression
      ##EQU14##
PAR  The voltage 2P at the output of the multiplier 179 is supplied as one input
      to each of two divider circuits 180 and 181; these dividers respectively
      receiving the voltages .DELTA.PRX and .DELTA.PRY as their second inputs.
      The output voltages from the dividers 180 and 181 thus represent the
      quantities PRXI and PRYI for the block now designated B.sub.n.sub.+1 and
      these voltages are routed to contacts TR1a of the transfer relay TR1,
      where they are ready for transfer into the associated ones of the
      sample-and-hold circuits 157. The dividers 180 and 181 thus function
      according to the relationships
      ##EQU15##
PAR  In addition, the voltage 2P is routed as an input to a divider circuit 182
      which simply divides by two to produce an output voltage P. That output
      voltage is supplied as one input to a summing amplifier 184 which receives
      as a second input the voltage signal LOOPP created at the output of the
      amplifier 170. The summing amplifier 184 receives as a third input the
      voltage PC produced by the sample-and-hold circuit 160. It will be
      recalled that the voltage PC represents a number applicable to the
      currently active block B.sub.n and corresponds to the signal P produced
      when that now-active block B.sub.n was designated as B.sub.n.sub.+1. See
      FIG. 8 for this relationship. The operational amplifier 184 therefore
      produces an output voltage representing the quantity LOOPS which in
      magnitude is
EQU  LOOPS = LOOPP - PC - P                                     (18)
PAL  the signal LOOPS is thus ready at the one of the relay contacts TR1a for
      transfer to the associated one of the sample-and-hold circuits 157.
PAR  A voltage variable to represent the quantity LOOPF is to be derived
      according to the relationship
EQU  LOOPF = LOOPS + 2P                                         (19)
PAL  for this purpose, the voltage 2P and the voltage LOOPS are supplied as
      inputs to a summing operational amplifier 185 which produces the output
      voltage LOOPS and holds it ready for transfer through the contacts TR1a to
      the associated one of the sample-and-hold circuits 157.
PAR  In order to create the signal DECEL which is to exist when the change in
      axis velocity from block B.sub.n to block B.sub.n1 exceeds the change in
      velocity which the X and Y axis servomechanisms can accommodate in one
      time period .DELTA.T, the voltage .DELTA.PRfa is supplied additively to an
      operational amplifier 186 which receives a voltage A representing a
      selectable constant picked off of a potentiometer 188. The voltage A is
      supplied to the inverting input of the amplifier 186 which operates in a
      comparing or saturating mode. An output diode for the amplifier 186 will
      thus become conductive only if .DELTA.PRfa exceeds A and will thus produce
      a positive voltage on a conductor 189 only in the latter event (and
      through an inverter 190, a negative voltage at 191). Thus, a flip-flop 192
      which receives the voltages on conductors 189 and 191 will be either set
      or reset when .DELTA.PRfa exceeds or falls below the value of A. Only when
      the flip-flop 192 is in its set condition, it produces a positive voltage
      here labeled DECEL. The existence of that positive voltage signifies that
      the transition from the block now designated B.sub.n to the block
      B.sub.n.sub.+1 will require automatic acceleration/deceleration action.
      The signal DECEL will be transferred into an associated sample-and-hold
      circuit when the relay contacts TR1a are next momentarily actuated, and
      thus the signal DC will then become a positive voltage (to open the gate
      154) if the signal DECEL is positive.
PAR  The foregoing makes it clear that after a given block of prepared data
      (i.e., the signals on the left sides of the relay contacts TR1a in FIG.
      10b) have been transferred to the associated sample-and-hold circuits 157
      for active execution, the new values of those same signals for the next
      succeeding block are established on those same terminals, where they are
      ready for subsequent transfer and usage.
PAR  The individual components which are shown throughout FIGS. 10a through 10d
      (e.g., operational amplifiers, sample-and-hold circuits, multipliers,
      counters, etc.) are all per se known to those skilled in the art. It is
      thus unnecessary to describe each of these components in greater detail.
      Of course, variations of the system shown in FIGS. 10a through 10d may be
      readily adopted by those skilled in the art; and as one example, the
      various relays which have been shown and described may be replaced, if
      desired, by solid state switching devices. It will be seen that the system
      of FIGS. 10a through 10d functions wholly with analog circuits and analog
      voltage signals but in a manner which is fully parallel to the operation
      of the digital system described earlier with reference to FIGS. 1 through
      9. Noteworthy is the fact that in both the embodiment of FIGS. 1-9 and the
      embodiment of FIGS. 10a through 10d, there are means for measuring off
      successive time periods .DELTA.T in actual time, with a normal duration of
      .DELTA.TN. Moreover, there are means for creating axis velocity signals
      PRXC and PRYC, together with means for creating changing theoretical
      position signals XTC and YTC by periodically incrementing the latter
      during each period .DELTA.T by the amount PRXC and PRYC. Still further in
      both embodiments, there are means for creating actual position signals XIN
      and YIN, together with means for forming position error signals XERR and
      YERR which are respectively equal to the differences XTC - XIN and YTC -
      YIN. Finally, in both embodiments there are means for automatically and
      successively increasing the durations of the time periods .DELTA.TN
      whenever the position error of either axis exceeds a predetermined
      threshold value LERRX or LERRY; and there are means for placing the system
      in a holding mode whenever an axis position error exceeds a second
      predetermined higher threshold HERRX or HERRY. While the system of FIGS.
      10a -10d is not a preferred embodiment because it may involve more
      manufacturing expense and labor as compared to the embodiment of FIGS.
      1-9, the second embodiment of FIGS. 10a through 10d confirms that those
      skilled in the art may practice both the apparatus and the methods of the
      present invention with analog components and signals and without employing
      a programmed digital computer.
PAC  RESUME'
PAR  The method and apparatus for numerically controlled movements of a member
      along two or more axes is characterized by the formation and signaling of
      speed-designating numbers XDAC and YDAC, their conversion into analog
      counterparts E.sub.x and E.sub.y, and the application of the latter as
      inputs to velocity servos (rather than position servos) which drive the
      member along the respective axes. Because velocity is directly and
      accurately controlled, the completion of a path segment D.sub.n
      represented by a given block of command data B.sub.n is detected by first
      determining the quantity LOOPC of time periods .DELTA.T required for the
      member to move the distance designated at the velocity designated by the
      command data, and then driving the member until such quantity of time
      periods are measured off in actual time.
PAR  The speed representing voltages are formed, however, by the summation of a
      velocity term (PER.PRXC) and a position error trim term (XTRIM.XERR), with
      the error from the theoretical position (XTC.sub.i = XTC.sub.i.sub.-1 +
      PRXC) being dynamically recomputed and signaled during each period
      .DELTA.T. If the error XERR should exceed a predetermined threshold
      (LERRX), then the time periods .DELTA.T are lengthened, so that all axis
      actual velocities are reduced from the commanded values and the servos can
      catch up. This does not destroy the accuracy of the position vs. .DELTA.T
      relationships but merely results in the system taking slightly more total
      time to complete a given path segment. When, as a result of lengthening
      the periods .DELTA.T, the position error is reduced below the grey
      threshold LERRX, those periods are shortened progressively to their normal
      duration.
PAR  If, on the other hand, a greater predetermined position error threshold
      (HERRX) is exceeded, the system goes into a holding mode, so that the
      theoretical position XTC is not advanced and the primary velocity term
      (PER.PRXC) is made zero. The trim term (XTRIM.XERR) therefore keeps the
      speed signal E.sub.x at a value to reduce the error below that second
      threshold and the system restores itself to the running mode.
PAR  The speed-representing voltage (E.sub.x) for an axis (X) is formed from
      said summation which preferably includes a third term (XBIAS)
      incrementally changed during any .DELTA.T period when the position error
      exceeds a predetermined value (which in the foregoing example is zero).
      This provides compensation for long term changes in the physical
      characteristics of the servo system, and causes self-modification of the
      speed voltage E.sub.x if for any reason the main velocity term (PER.PRXC)
      does not actually produce the physical velocity called for.
PAR  "Holding" of the system is accomplished by setting the velocity term
      (PER.PRXC) to zero, so that the position term (XTRIM.XERR) brings the
      member to a stop at the last-signaled theoretical position, and at which
      the error number (XERR) becomes zero. But when holding begins, the gain
      factor (XTRIM) for the position error term is changed from its preselected
      running value (XTRMR) to a higher preselected holding value (XTRMH) so
      that closing up to zero error is reliably and quickly effected. Moreover,
      the historical term (XBIAS) is always started over at zero as the system
      changes from a running to a holding mode, or vice versa, and the per
      .DELTA.T incrementing number (XKBIAS) for that term is given one
      predetermined value (XKBR) during running and a different value (XKBH)
      during holding. The dynamic responses to position errors during the
      running and holding modes are thus different.
PAR  To provide automatic acceleration and deceleration and smooth out the
      velocity jumps at the transitions between path segments as programmed, the
      time span 2P in periods .DELTA.T, required to make the largest velocity
      jump in steps of A per .DELTA.T, is determined --where A is a
      predetermined maximum acceleration number. The incremental velocity
      changes .DELTA.PRX/2P and .DELTA.PRY/2P are signaled as numbers XINC and
      YINC. The path segment is executed at the programmed velocities V.sub.x
      and V.sub.y (proportional to PRXC and PRYC) until the instant that the
      number of elapsed periods equals a number LOOPB derived from P.sub.n and
      P.sub.n.sub.-1, whereupon the velocity numbers PRXC and PRYC are
      incremented by XINC and YINC during each of the following 2P time periods
      and until the path segment D.sub.n has been fully traveled. The next
      segment is immediately started with the V.sub.x and V.sub.y velocities at
      the required new values.
PAR  The method and apparatus are intended and capable of simultaneously
      controlling 3, 4 or 5 axis motions, although only two axes X and Y have
      here been treated in the interest of brevity and as an example. Moreover,
      the method and apparatus in their broader aspects may be viewed as
      employed to control the distances and velocities of a member moving along
      a single axis, say X, if one merely considers that the Y axis components
      for several path segments are zero so that D.sub.n = DX.sub.n and V.sub.n
      = V.sub.x. For this reason, some of the appended claims make reference to
      only one axis, called for simplicity the X axis. Moreover, while several
      very advantageous features have here been disclosed in a single
      embodiment, it will be understood that not all must actually be employed
      together. For example, the servo input number XDAC might be formed as the
      sum of PER.PRXC + XTRIM.XERR (rather than PER.PRXC + PRXC + XTRIM.XERR +
      XBIAS), the historical number signals XBIAS and their incremental changing
      being omitted in some installations. Thus, some of the appended claims
      define methods or apparatus with certain features or combinations of
      features without including or being limited to others of the several
      features here disclosed in the preferred embodiments.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of controlling the velocity and position of a member movable
      along an axis X in accordance with a block of command data signals
      numerically designating a desired velocity V, said method comprising:
PA1  a measuring off successive periods .DELTA.T in actual time,
PA1  b producing first electric signals representing a velocity number PRXC
      proportional to the desired velocity V,
PA1  c producing second electric signals and changing them once each period
      .DELTA.T to represent a periodically advancing theoretical position XTC
      which said member should occupy.
PA1  d producing third electric signals representing during each period .DELTA.T
      the then-existing numerical error XERR between the theoretical position
      XTC and the actual position at which the member is located,
PA1  e applying to a velocity servo which is coupled to said member, an input
      signal which is proportional to the sum of (a) a first term proportional
      to the number PRXC, and (b) a second term proportional to the number XERR,
      and
PA1  f in response to said signaled error XERR exceeding a predetermined
      threshold value HERRX during any given period .DELTA.T, foregoing said
      changing of said second signals in step (c), omitting said step (e), and
      instead applying to said servo an input signal which is proportional only
      to the error number XERR.
NUM  2.
PAR  2. The method of controlling the velocity and position of a member movable
      along an axis X in accordance with a block of numerical command data
      designating the desired velocity V, said method comprising:
PA1  a measuring off successive time periods in actual time, said periods having
      a normal duration .DELTA.TN,
PA1  b deriving from said command data first electric signals representing a
      velocity number PRXC designating said velocity V in units of distance per
      .DELTA.TN,
PA1  c deriving from said command data electrical second signals representing a
      theoretical position number XTC and changing such signals to increment the
      represented number by the amount PRXC during each time period, such that
      XTC.sub.i = XTC.sub.i.sub.-1 + PRXC,
PA1  d sensing the actual instantaneous position XIN of said member,
PA1  e driving said member along the axis at a velocity which is proportional to
      the sum of (A) a first term proportional to the number PRXC represented by
      said first signals and (B) a second term proportional to the difference
      between the instantaneous theoretical position XTC represented by said
      second signals and the sensed instantaneous actual position XIN, and
PA1  f modifying the performance of said steps (c) and (e) to effectively treat
      the number PXRC as being zero whenever said difference exceeds a
      predetermined threshold value HERRX.
NUM  3.
PAR  3. The method defined in claim 2 further characterized in that said step
      (f) is carried out only whenever said difference exceeds said threshold
      value for pre-established number of said time periods.
NUM  4.
PAR  4. The method of controlling the velocity and position of a member movable
      along an axis in accordance with a block of command data designating the
      desired velocity V, said method comprising:
PA1  a producing from said command data first electric signals representing a
      velocity number PRXC denoting said velocity V in units of distance per
      time period .DELTA.TN, where .DELTA.TN is a preselected normal duration,
PA1  b measuring off successive time periods .DELTA.T in actual time with the
      normal duration of each period being .DELTA.TN,
PA1  c representing by second electric signals a number XTC designating the
      theoretical desired position of said member,
PA1  c1 utilizing said first signals from step (a) to change said second signals
      to increment the number XTC by the amount PRXC during each time period,
PA1  d sensing and representing numerically by third electric signals the actual
      instantaneous position XIN of said member,
PA1  e computing from said second and third signals and producing fourth
      electric signals representing the position error XERR = XTC - XIN once
      during each of the periods .DELTA.T,
PA1  f utilizing said first and fourth signals during each period .DELTA.T to
      produce fifth signals representing a drive speed number XDAC =
      G.sub.1.PRXC + G.sub.2.XERR, where G.sub.1 and G.sub.2 are selected gain
      factors, and representing said number XDAC by an analog electric signal
      E.sub.x,
PA1  g applying said analog signal E.sub.x to a velocity servo having a motor
      mechanically coupled to said member to drive the latter along the axis at
      a speed corresponding to said number XDAC,
PA1  h comparing during each period .DELTA.T said signals representing said
      error XERR with a predetermined first threshold value LERR and increasing
      the durations of the succeeding time periods .DELTA.T when, in any given
      period, the error XERR is a lag greater than LERR and decreasing the
      durations of such succeeding periods when, in any given period, the error
      XERR is less than LERR and the duration of the given period is greater
      than .DELTA.TN,
PA1  i comparing during each period .DELTA.T said signals representing said
      error XERR with a predetermined second threshold value HERR which is
      greater than LERR, and in response to the error XERR exceeding said
      threshold HERR in any given one of said periods (1) setting said gain
      factor G.sub.1 to zero to make said analog signal E.sub.x substantially
      proportional only to G.sub.2.XERR in the execution of said steps (f) and
      (g), and (2) foregoing the execution of said step (c1) to make the
      represented number XTC remain at the last value thereof.
NUM  5.
PAR  5. The method set forth in claim 4 further including:
PA1  d1 in response to the error XERR exceeding said second threshold value in
      any given time period, foregoing the execution of said step (h).
NUM  6.
PAR  6. The method set forth in claim 4 further including:
PA1  d1 in response to the error XERR exceeding said second threshold value in
      any given time period, changing the gain factor G.sub.2 from its existing
      value to a predetermined higher value during that time period, whereby
      said member holds after moving to the then-signaled theoretical position
      XTC.
NUM  7.
PAR  7. In a system for controlling the velocity and position of a member
      movable along an axis X in accordance with a block of command data signals
      numerically designating a desired velocity V, said system comprising, in
      combination
PA1  1 means for measuring off successive periods .DELTA.T in actual time,
PA1  2 means responsive to said command data signals for producing first
      electric signals representing a velocity number PRXC proportional to the
      desired velocity V,
PA1  3 means for producing second electric signals representing a theoretical
      position XTC which the member should occupy,
PA1  4 means coupled to and controlled in part by said means (1) for changing
      said second signals once each period to make the signaled theoretical
      position XTC periodically advance,
PA1  5 means controlled in part by said means (1) for producing third electric
      signals representing during each period .DELTA.T the then-existing error
      XERR between the theoretical position XTC and the actual position at which
      the member is located,
PA1  6 a velocity servo coupled to drive the member along the axis and means
      responsive to said first and third signals for energizing such servo in
      accordance with the sum of (a) a first term proportional to the number
      PRXC and (b) a second term proportional to the number XERR, and
PA1  7 means responsive to said third signals exceeding a predetermined
      threshold HERRX during any given period .DELTA.T for (a) disabling said
      means (4) and (b) modifying the operation of said means (6) to negate said
      first term.
NUM  8.
PAR  8. In a system for controlling the velocity and position of a member
      movable along an axis X according to a block of numerical command data
      signals designating the desired velocity V, said system comprising in
      combination:
PA1  1 means for measuring off successive periods .DELTA.T in actual time, with
      such periods having a normal duration .DELTA.TN,
PA1  2 means responsive to said command data signals for producing first
      electric signals representing a velocity number PRXC designating said
      velocity V in units of distance per .DELTA.TN,
PA1  3 means for producing second electric signals representing a theoretical
      position number XTC, and means controlled in part by said means (1)
      responsive to said first signals for changing the second signals to
      increment the represented number by the amount PRXC once during each time
      period, such that XTC.sub.i = XTC.sub.i.sub.-1 + PRXC, 4 sensing the
      actual instantaneous position XIN of said member along the axis,
PA1  5 a velocity servo responsive to said first and second signals for driving
      said member along the axis at a velocity which is proportional to the sum
      of (a) a first term proportional to the number PRXC represented by said
      first signals, and (b) a second term proportional to the difference
      between the signaled theoretical position XTC represented by said second
      signals and the sensed actual position XIN, and
PA1  6 means for modifying the operation of said means (3) and (5) whenever said
      difference exceeds a predetermined threshold value, to effectively cause
      said number PRXC to be treated as zero.
NUM  9.
PAR  9. The combination set forth in claim 8 further characterized in that said
      means (6) includes:
PA1  6a means controlled in part by said means (1) for inhibiting the modifying
      action until said difference has exceeded said threshold value for a
      pre-established number of the successive time periods.
NUM  10.
PAR  10. In a system for controlling the velocity and position of a member
      movable along an axis X according to a block of numerical command data
      signals designating the desired velocity V, said system comprising in
      combination:
PA1  1 means responsive to said command data signals for producing first
      electric signals representing a velocity number PRXC which designates said
      velocity V in dimensions of distance per time period .DELTA.TN, where
      .DELTA.TN is a preselected duration,
PA1  2 means for measuring off successive periods .DELTA.T in actual time with
      such periods having a normal duration of .DELTA.TN,
PA1  3 means for producing second electric signals representing a number XTC
      which designates the instantaneous theoretical desired position of said
      member,
PA1  4 means controlled in part by said means (2) and responsive to said first
      signals for acting upon said means (3) to increment the signaled number
      XTC by the amount PRXC once during each time period .DELTA.T, such that
      XTC.sub.i = XTC.sub.i.sub.-1 + PRXC,
PA1  5 means coupled to said member for producing third signals numerically
      representing the actual position XIN of the member along the axis,
PA1  6 means controlled in part by said means (2) and responsive to said second
      and third signals for producing fourth signals which, during each period
      .DELTA.T, represent the then-existing position error XERR = XTC - XIN,
PA1  7 means controlled in part by said means (2) and responsive to said first
      and fourth signals for producing fifth signals which, during each period
      .DELTA.T, represent a speed number XDAC = G.sub.1.PRXC + G.sub.2.XERR,
      where G.sub.1 and G.sub.2 are preselected gain factors of proportionality,
PA1  8 a velocity servo coupled to said member and means responsive to said
      fifth signals for energizing such servo in accordance with said number
      XDAC,
PA1  9means responsive to said fourth signals for modifying said means (2) and
      increasing the durations of the following periods .DELTA.T when, in any
      given period .DELTA.T, the error XERR is a lag and exceeds in magnitude a
      predetermined threshold value LERR,
PA1  10 means responsive to said fourth signals for (a) setting said gain factor
      G.sub.1 to zero, and (b) disabling said means (4) when, in any given
      period .DELTA.T, the error XERR exceeds in magnitude a second
      predetermined threshold value HERR.
NUM  11.
PAR  11. The combination set forth in claim 10 further including
PA1  11 means responsive to said first signals for making at least one of said
      threshold values LERRX and HERRX a monotonic function of the velocity
      number PRXC.
NUM  12.
PAR  12. The combination set forth in claim 10 further including
PA1  11 means responsive to said fourth signals for disabling said means (9).
NUM  13.
PAR  13. The combination set forth in claim 10 further including
PA1  11 means responsive to said fourth signals for changing said gain factor
      G.sub.2 to a higher value G.sub.2 ' whenever said error XERRX exceeds said
      secong threshold HERRX, whereby said member holds after moving to the
      last-signaled theoretical position XTC.
NUM  14.
PAR  14. The method of controlling the velocity and position of a member movable
      along an axix X in accordance with a block of numerical command data
      signals designating the desired velocity V, said method comprising
PA1  a. measuring off successive periods .DELTA.T in actual time, with such
      periods normally having a duration .DELTA.TN,
PA1  b. deriving from said command data first electric signals numerically
      representing a velocity number PRXC expressing said velocity V in
      dimensions of distance per time period .DELTA.TN,
PA1  c. utilizing said first signals to create second electric signals
      numerically representing a periodically changing theoretical position XTC
      to which said member should advance during each time period .DELTA.T,
PA1  d. utilizing said second signals to create third electric signals
      numerically representing, during each period .DELTA.T, the error XERR
      between the theoretical position XTC and the actual position in which said
      member resides,
PA1  e. utilizing said first and third signals to create fourth signals
      proportional to the sum of PRXC and G.sub.2.XERR, where G.sub.2 is a
      predetermined gain factor,
PA1  f. driving said member along the axis at a velocity which corresponds to
      the sum represented by said fourth signals,
PA1  g. creating a HOLD signal when said member is to be stopped,
PA1  h. and utilizing said HOLD signal to (1) freeze said second signals and the
      theoretical position number XTC represented thereby, (2) modify said step
      (e) such that said fourth signals become proportional to G.sub.2 '.XERR,
      where G.sub.2 ' is a predetermined gain factor different from the factor
      G.sub.2.
NUM  15.
PAR  15. The method of controlling the velocity and the dynamically changing
      position of a member movable along an axis X in accordance with a block of
      numerical data designating the desired velocity V, said method comprising:
PA1  a. measuring off successive periods .DELTA.T in actual time, with such
      periods normally having a duration .DELTA.TN,
PA1  b. deriving from said command data first electric signals numerically
      representing a velocity number PRXC expressing said velocity V in
      dimensions of distance per time period .DELTA.TN,
PA1  c. creating second electric signals numerically representing the
      theoretical desired position XTC of said member and utilizing said first
      signals to change such position signals once during each period .DELTA.T
      by the amount of the velocity number PRXC,
PA1  d. creating third electric signals dynamically and numerically representing
      the actual position XIN of said member as it moves along the axis,
PA1  e. utilizing said second and third signals to create, by subtraction once
      during each period .DELTA.T, fourth electric signals dynamically and
      numerically representing the then-existing error XERR = XTC - XIN between
      the theoretical and actual positions of said member,
PA1  f. creating fifth and sixth electric signals numerically representing
      predetermined gain factors G.sub.2 and G.sub.2 ', where G.sub.2 ' is
      greater than G.sub.2,
PA1  g. utilizing said first, fourth and fifth signals to compute, once during
      each period .DELTA.T, and to produce seventh electric signals numerically
      representing, the then-existing value of a speed command number XDAC
      proportional to the sum PRXC + G.sub.2 . XERR,
PA1  h. energizing a velocity servo in accordance with said seventh signals to
      drive said member physically along the axis at a theoretical velocity
      corresponding to the value XDAC,
PA1  i. creating a HOLD signal when said member is purposely or for an abnormal
      condition to be held from further travel, and
PA1  j. in response to the presence of said HOLD signal (1) making the effective
      value of the PRXC signals in said step (g) zero, (2) utilizing said sixth
      signals instead of the fifth to change the gain factor G.sub.2 to G.sub.2
      ' in said step (g), and (3) foreclosing the changing of the XTC signals in
      step (c); whereupon said signal XDAC becomes equal to G.sub.2 '. XERR
      during the periods .DELTA.T in which the HOLD signal exists, and said
      member comes to rest at the position represented by the then non-changing
      value XTC of the second signals as the error XERR becomes zero.
NUM  16.
PAR  16. The method of controlling the velocity and position of a member movable
      along an axis X in accordance with a block of numerical command data
      designating a desired velocity V, said method comprising:
PA1  a. measuring off successive periods .DELTA.T in actual time, with the
      duration of the periods normally having a predetermined value .DELTA.TN,
PA1  b. deriving from said command data first digital signals numerically
      representing a velocity number PRXC expressing said velocity V in
      dimensions of distance per time period .DELTA.TN,
PA1  c. creating second digital signals numerically representing the desired and
      theoretical position XTC of said member,
PA1  d. utilizing said first and second signals to change, by algebraic addition
      once during each period .DELTA.T, the XTC signals such that XTC.sub.i =
      XTC.sub.1.sub.-1 + PRXC and thus to make the theoretical position change
      from period to period,
PA1  e. creating third digital signals numerically representing the
      instantaneous actual position XIN of said member as it moves along the
      axis.
PA1  f. utilizing said second and third signals to create, by algebraic
      subtraction once during each period .DELTA.T, fourth digital signals
      numerically representing the then-existing error XERR = XTC - XIN between
      the theoretical and actual positions of said member,
PA1  g. utilizing said first and fourth signals to compute during each period
      .DELTA.T and, to produce fifth digital signals numerically representing
      the then-existing value of a speed command number XDAC = G[G.sub.1 . PRXC
      + G.sub.2 . XERR], where G, G.sub.1 and G.sub.2 are selected gain
      constants of proportionality,
PA1  h. converting said digital signals XDAC into a corresponding analog signal
      and applying the latter as the input to a velocity servo mechanically
      coupled to said member to drive the latter at a velocity nominally
      corresponding to the analog signal,
PA1  i. creating a HOLD signal when it is desired to have said member come to a
      stop at any time it is moving,
PA1  j. in response to the presence of said HOLD signal, (1) setting said gain
      factor G.sub.1 to zero, (2) increasing said gain factor G.sub.2 from its
      original to a greater value G.sub.2 ', and (3) preventing the execution of
      said step (d) during any period .DELTA.T when the hold signal exists,
      whereby said XDAC signals and analog signals become proportional to
      G.sub.2 '.XERR and said member moves until it stops in an actual position
      XIN equal to the then-signaled theoretical position XTC with the error
      XERR reduced to zero, and
PA1  k. in response to the removal of said hold signal restoring said gain
      factors G.sub.1 and G.sub.2 to their original values and executing said
      step (d) during each period .DELTA.T.
NUM  17.
PAR  17. In apparatus for controlling the velocity and position of a member
      movable along an axis X in accordance with a block of numerical command
      data signals designating the desired velocity V, said apparatus comprising
      in combination:
PA1  1 means for measuring off successive periods .DELTA.T in actual time, with
      such periods normally having a duration .DELTA.TN,
PA1  2 means responsive to said command data signals for producing first signals
      representing a velocity number PRXC expressing said velocity V in
      dimensions of distance per time period .DELTA.TN,
PA1  3 means controlled in part by said means (1) and responsive to said first
      signals for producing second signals representing a periodically changing
      theoretical position XTC to which said member should advance during each
      period .DELTA.T,
PA1  4 means controlled in part by said means (1) and responsive to said second
      signals for producing third signals representing, during each period
      .DELTA.T, the error XERR between the theoretical position XTC and the
      actual position in which said member resides,
PA1  5 means responsive to said first and third signals for producing fourth
      signals proportional to the sum of PRXC and G.sub.2.XERR, where G.sub.2 is
      a predetermined gain factor,
PA1  6 a velocity servo physically coupled to said member, and means responsive
      to said fourth signals for supplying an input to such servo which is
      proportional to the value of the fourth signals,
PA1  7 means for creating a HOLD signal, and
PA1  8 means responsive to said HOLD signal to (a) modify the operation of said
      means (3) to maintain said second signals and the theoretical position
      unchanged, (b) modify the operation of said means (5) to make said fourth
      signals proportional to G.sub.2 '.XERR, where G.sub.2 ' is a predetermined
      gain factor different from said factor G.sub.2.
NUM  18.
PAR  18. In apparatus for controlling the velocity and dynamically changing
      position of a member movable along an axis X in accordance with a block of
      numerical command data signals designating the desired velocity V, said
      apparatus comprising in combination:
PA1  1 means for measuring off successive periods .DELTA.T in actual time, with
      such periods normally having a duration .DELTA.TN,
PA1  2 means responsive to said command data signals for producing first
      electric signals numerically representing a velocity number PRXC
      expressing said velocity V in dimensions of distance per time period
      .DELTA.TN,
PA1  3 means for producing second electric signals numerically representing the
      theoretical desired position XTC of said member, such means including
      means controlled in part by said means (1) and responsive to said first
      signals to change the second signals once during each period .DELTA.T by
      the amount PRXC,
PA1  4 means for producing third electric signals dynamically and numerically
      representing the actual position XIN of said member during each period
      .DELTA.T,
PA1  5 means controlled in part by said means (1) and responsive to said second
      and third signals to produce fourth signals which represent, during each
      period .DELTA.T, the then-existing position error XERR = XTC - XIN between
      the theoretical and actual positions,
PA1  6 means for producing fifth and sixth signals numerically representing
      predetermined gain factors G.sub.2 and G.sub.2 ', where G.sub.2 ' is
      greater than G.sub.2,
PA1  7 means controlled in part by said means (1) and responsive to said first,
      fourth and fifth signals for computing, and producing seventh electric
      signals representing during each time period, the value of a speed number
      XDAC proportional to the sum PRXC + G.sub.2.XERR,
PA1  8a velocity servo coupled to drive said member along the axis, and means
      responsive to said seventh signals for energizing such servo in accordance
      with the value of XDAC,
PA1  9 means for creating a HOLD signal when said member is purposely as for an
      abnormal condition to be held from further travel, and
PA1  10 means responsive to said HOLD signal for (a) making the effective value
      of the number PRXC as used by said means (3) and means (7) zero despite
      the value represented by said fourth signals, and (b) modifying the
      operation of said means (7) so that it responds to said sixth signals
      instead of the fifth to make the seventh signals and the XDAC number
      proportional to G.sub.2 '.XERR.
NUM  19.
PAR  19. In apparatus for controlling the velocity, and the dynamically changing
      position, of a member movable along an axis X in accordance with a block
      of numerical command data signals designating a desired velocity V, said
      apparatus comprising in combination:
PA1  1 means for measuring off successive time periods .DELTA.T in actual time,
      with the durations of such periods normally being .DELTA.TN,
PA1  2 means responsive to said command data signals for producing first digital
      signals representing a velocity number PRXC expressing said velocity V in
      dimensions of distance per time period .DELTA.TN,
PA1  3 means for producing second digital signals representing the theoretical
      desired position number XTC of said member,
PA1  4 means controlled in part by said means (1) and responsive to said first
      and second signals to change the second signals once during each period
      .DELTA.T so as to periodically change in position number such that
      XTC.sub.i = XTC.sub.1.sub.-1 + PRXC,
PA1  5 means coupled to said member for producing third digital signals
      representing a number XIN which designates the actual position which said
      member occupies,
PA1  6 means controlled in part by said means (1) and responsive to said second
      and third signals to compute, by subtraction once each period .DELTA.T and
      to produce fourth digital signals representing, a number XERR = XTC - XIN
      designating the then-existing error between the theoretical and actual
      positions,
PA1  7 means controlled in part by said means (1) and responsive to said first
      and fourth signals to compute during each period .DELTA.T and to produce
      fifth digital signals representing, a speed command number XDAC, such that
      XDAC = G[G.sub.1.PRXC + G.sub.2.XERR], where G, G.sub.1 and G.sub.2 are
      predetermined gain factors,
PA1  8means responsive to said fifth signals for energizing a velocity servo
      coupled to said member to drive the latter along the axis at a velocity
      corresponding to the number XDAC,
PA1  9 means for creating a HOLD signal when it is desired to have said member
      come to a stop,
PA1  10 means responsive to said HOLD signal for (a) disabling said means (5),
      and (b) modifying the operation of said means (7) to set said factor
      G.sub.1 to zero and increase said gain factor G.sub.2 to a different and
      higher predetermined value G.sub.2 '.
NUM  20.
PAR  20. The method of controlling the velocity and the dynamically changing
      position of a member movable along an axis X in accordance with a block of
      numerical command data designating the desired velocity V, wherein said
      method includes
PA1  a. measuring off successive periods .DELTA.T in actual time with the normal
      duration of each period being .DELTA.TN,
PA1  b. deriving from said command data first digital signals numerically
      representing a velocity number PRXC expressing said velocity V in
      dimensions of distance per time period .DELTA. TN,
PA1  c. creating second digital signals numerically representing a number XBIAS,
PA1  d. computing from said first and second signals, once during each period
      .DELTA.T, and creating third digital signals numerically representing a
      speed command number XDAC = G[PRXC + XBIAS], where G is a predetermined
      gain factor,
PA1  e. energizing a velocity servo in accordance with said XDAC signals to
      drive said member at a velocity theoretically corresponding to the number
      represented by such signals,
PA1  f. sensing and representing by fourth digital signals the numerical value
      of any error XERR between the theoretical position which the member should
      occupy during each period .DELTA. T and the position it actually occupies,
      and
PA1  g. utilizing said fourth signals to cause said second signals to be
      incrementally changed to increment the number XBIAS by a predetermined
      amount XKBIAS during any period .DELTA. T when the represent error XERR
      exceeds a predetermined value, whereby said XBIAS signals progressively
      change the XDAC signals to bring the position error progressively toward
      zero if the PRXC signals fail to keep the position error zero; and said
      method being characterized by
PA1  h. creating a HOLD signal when said member is to be brought to a stop,
PA1  i. in response to the presence of said HOLD signal, modifying said step (d)
      to treat the number PRXC as having an effective value of zero, and
PA1  j. in response to either the appearance or the disappearance of said HOLD
      signal, initializing said second signals to restart the XBIAS number at
      zero.
NUM  21.
PAR  21. The method of controlling the velocity and the dynamically changing
      position of a member movable along an axis X in accordance with a block of
      numerical command data designating the desired velocity V, wherein said
      method includes
PA1  a. measuring off successive periods .DELTA.T in actual time with the normal
      duration of each period being .DELTA.TN,
PA1  b. deriving from said command data first digital signals numerically
      representing a velocity number PRXC expressing said velocity V in
      dimensions of distance per time period .DELTA.TN,
PA1  c. creating second digital signals numerically representing a number XBIAS,
PA1  d. computing from said first and second signals, once during each period
      .DELTA.T, and creating third digital signals numerically representing a
      speed command number XDAC = G [PRXC + XBIAS], where G is a predetermined
      gain factor,
PA1  e. energizing a velocity servo in accordance with said XDAC signals to
      drive said member at a velocity theoretically corresponding to the number
      represented by such signals,
PA1  f. sensing and representing by fourth digital signals the numerical value
      of any error XERR between the theoretical position which the member should
      occupy during each period .DELTA.T and the position it actually occupies,
PA1  g. utilizing said fourth signals to cause said second signals to be
      incrementally changed to increment the number XBIAS by a predetermined
      amount XKBIAS during any period .DELTA.T when the represented error
      exceeds a predetermined value, whereby said XBIAS signals progressively
      change the XDAC signals to bring the position error progressively toward
      zero if the PRXC signals fail to keep the position error zero; and said
      method is characterized in that said step (g) includes:
PA2  g1. representing by fifth and sixth digital signals the values of
      predetermined incrementing numbers XKBH and XKBR,
PA2  g2. comparing during each period .DELTA.T the error XERR represented by
      said fourth signals with said predetermined value,
PA2  g3. during any period .DELTA.T when said signaled number PRXC has an
      effective value other than zero and said comparison indicates that said
      error XERR is greater than said predetermined value, changing said second
      signals incrementally according to said sixth signals, such that
      XBIAS.sub.i = XBIAS.sub.1.sub.-1 + XKBR, and
PA2  g4. during any period .DELTA.T when said signaled number PRXC has an
      effective value of zero and said comparison indicates that said error XERR
      is greater than said predetermined value, changing said second signals
      incrementally according to said fifth signals, such that XBIAS.sub.i =
      XBIAS.sub.i.sub.-1 + XKBH.
NUM  22.
PAR  22. The method of controlling the velocity and dynamically changing
      position of a member movable along an axis X according to a block of
      command data numerically designating the desired velocity V and distance
      DX to be traveled, wherein said method includes
PA1  a. measuring off in actual time successive periods .DELTA.T which normally
      have a standard duration .DELTA.TN,
PA1  b. deriving from said command data and producing first digital signals
      numerically representing a velocity number PRXC expressing said velocity V
      in dimensions of distance per .DELTA.TN,
PA1  c. creating second digital signals numerically representing the theoretical
      instantaneous position XTC of said member,
PA1  d. utilizing said first and second signals to algebraically add once during
      each period .DELTA.T to change said second signals and change the position
      number XTC, such that XTC.sub.i = XTC.sub.i.sub.-1 + PRXC,
PA1  e. creating third digital signals numerically and dynamically representing
      the changeable actual position XIN of said member,
PA1  f. utilizing said second and third signals to algebraically subtract once
      during each period .DELTA.T to produce fourth digital signals numerically
      representing changing values of a position error number XERR = XTC - XIN,
PA1  g. creating adjustable fifth signals numerically representing an adjustable
      feed rate number PER,
PA1  h. creating sixth and seventh digital signals numerically representing a
      changeable adjustment number XBIAS and a predetermined increment number
      XKBIAS,
PA1  i utilizing said first, fourth, fifth and sixth signals to compute, once
      during each period .DELTA.T, and produce eighth signals representing a
      speed number XDAC = G[PER . PRXC + XTRIM . XERR + XBIAS] where G is an
      overall gain factor and XTRIM is an individual term gain factor,
PA1  j. energizing a velocity servo in accordance with said XDAC signals to
      drive said member along the axis theoretically at a speed equal to the
      XDAC number,
PA1  k. comparing said fourth signals numerically with a predetermined error
      threshold value TH1 during each .DELTA.T, and in response to the number
      XERR representing a lag greater than said threshold, incrementally
      increasing the duration of the succeeding periods .DELTA.T which are
      measured off according to step (a),
PA1  l. comparing said fourth signals with a predetermined constant during each
      .DELTA.T, and in response to the former exceeding the latter in magnitude,
      changing said sixth signal by said seventh signals to increment or
      decrement the signaled number XBIAS, such that XBIAS.sub.i =
      XBIAS.sub.i.sub.-1 .+-. XKBIAS, and
PA1  m. placing the member in holding condition by (1) setting said number PER
      to zero, and (2) setting said seventh signals and said increment number
      XKBIAS to a different predetermined value.
NUM  23.
PAR  23. The method defined by claim 22 further characterized in that said step
      (m) includes
PA1  m. placing the member in a HOLD condition by
PA2  m1. changing said number PER to zero,
PA2  m2. increasing the value of said individual gain factor XTRIM,
PA2  m3. initializing said signaled number XBIAS to be zero, and
PA2  m4. changing the signaled increment number XKBIAS to a different value.
NUM  24.
PAR  24. In apparatus for controlling the velocity and dynamically changing
      position of a member movable along an axis X in accordance with a block of
      numerical command data signals designating a desired velocity V, said
      apparatus including
PA1  1 means for measuring off successive periods .DELTA.T in actual time with
      the normal duration of each period being .DELTA.TN,
PA1  2 means responsive to said command data signals for producing first digital
      signals representing a velocity number PRXC expressing said velocity V in
      dimensions of distance per time period .DELTA.TN,
PA1  3 means for creating second digital signals representing a number XBIAS,
PA1  4 means controlled in part by said means (1) and responsive to said first
      and second signals, once during each period .DELTA.T, for producing and
      changing third digital signals representing a speed number XDAC = G[PRXC +
      XBIAS], where G is a predetermined gain factor,
PA1  5 a velocity servo coupled to drive said member along the axis, and means
      responsive to said third signals for energizing said servo in accordance
      with said speed number XDAC,
PA1  6 means for producing fourth digital signals representing the error XERR
      between the theoretical position which the member should occupy in any
      period and the position in which it actually resides,
PA1  7 means controlled in part by said means (1) and responsive to said fourth
      signals for incrementally changing the second signals to increment said
      second number XBIAS by a predetermined amount XKBIAS during any period
      .DELTA.T in which the error XERR exceeds a predetermined value, and said
      apparatus being characterized by the further inclusion of
PA1  8 means for creating a HOLD signal when said member is to be brought to a
      stop,
PA1  9means responsive to the HOLD signal for causing said means (4) to operate
      as if the number PRXC were zero, and
PA1  10 means responsive to the appearance or disappearance of said HOLD signal
      for causing said means (4) to intialize the number XBIAS to a zero value
      from which the incrementing by said means (7) begins.
NUM  25.
PAR  25. The combination set forth in claim 24 further characterized by and
      including
PA1  11 means responsive to the presence or absence of a HOLD signal for causing
      said means (7) to operate respectively with the predetermined amount
      XKBIAS having first or second preselected values XKBH or XKBR.
NUM  26.
PAR  26. The combination set forth in claim 24 wherein said means (4) is
      responsive not only to said first and second signals but also to said
      fourth signals and said speed number XDAC is equal to G[PRXC + XTRIM .
      XERR + XBIAS], where XTRIM is a preselected term gain factor;
PA1  and further including
PA1  11 means responsive to the presence or absence of said HOLD signal for
      causing said means (4) to operate respectively with said term gain factor
      XTRIM having first or second pre-established values of XTRMH or XTRMR.
NUM  27.
PAR  27. The combination set forth in claim 24 further including
PA1  11 means for producing fifth digital signals representing an adjustable
      feed rate override number PER, and
PA1  4a said means (4) is characterized by being responsive not only to said
      first and second signals but also to said fifth signals to make said speed
      number XDAC equal to G[PER . PRXC + XBIAS], and
PA1  12 means responsive to (a) the presence or (b) the absence of a HOLD signal
      for causing said means (4) to operate respectively as if said number PER
      (a) is zero or (b) is of its previously adjusted value.
NUM  28.
PAR  28. The method of controlling the velocity and changing position of a
      member simultaneously movable along two or more axes X and Y in accordance
      with successive blocks B.sub.n, B.sub.n.sub.+1. . . of numerical command
      data designating successive path segments D.sub.n, D.sub.n.sub.+1. . . to
      be traveled at path velocities V.sub.n, V.sub.n.sub.+1. . . having vector
      components VX.sub.n, VY.sub.n, VX.sub.n.sub.+1, VY.sub.n.sub.+1. ., said
      method comprising:
PA1  a. measuring off successive periods .DELTA.T in actual time with such
      periods normally of duration .DELTA.TN,
PA1  b. producing from said command data first and second sets of signals
      representing velocity numbers PRXC and PRYC, for each block, to express
      the respective component velocities VX and VY in dimensions of distance
      per .DELTA.TN time,
PA1  c. utilizing said first and second sets of signals for the block B.sub.n to
      energize X and Y velocity servos and drive said member at axis velocities
      substantially equal to the signaled numbers PRXC.sub.n and PRYC.sub.n for
      a first aggregate time consisting of a quantity LOOPS.sub.n of successive
      time periods .DELTA.T, where the quantity LOOPS is equal to D.sub.n
      /V.sub.n.1/.DELTA.TN - .DELTA.PRfa.sub.n.sub.-1 /2A - .DELTA.PRfa.sub.n
      /2A and where A is a predetermined acceleration constant and
      .DELTA.PRfa.sub.n is the largest one of the velocity changes between block
      segments (PRXC.sub.n.sub.+1 - PRXC.sub.n) or (PRYC.sub.n.sub.+1 -
      PRYC.sub.n),
PA1  d. after said first aggregate time, changing said first and second sets of
      signals during each period .DELTA.T to increment the signaled numbers
      PRXC.sub.n and PRYC.sub.n respectively by amounts (PRXC.sub.n.sub.+1 -
      PRXC.sub.n)/A and (PRYC.sub.n.sub.+1 - PRYC.sub.n)/A until a second
      aggregate time consisting of a quantity .DELTA.PRfa/A of the periods
      .DELTA.T has elapsed, and
PA1  e. after said second aggregate time has ended, repeating said steps (c) and
      (d) with the corresponding numbers for the next block B.sub.n.sub.+.
NUM  29.
PAR  29. The method of controlling the velocity and changing position of a
      member simultaneously movable along two or more axes X and Y in accordance
      with successive blocks B.sub.n, B.sub.n.sub.+1, B.sub.n.sub.+2. . . of
      command data numerically designating desired path velocities V.sub.n,
      V.sub.n.sub.+1, V.sub.n.sub.+2. . . and successive path segments D.sub.n,
      D.sub.n.sub.+1, D.sub.n.sub.+2. . . of travel, said method comprising:
PA1  a. measuring off in actual time successive periods .DELTA.T normally of
      durations .DELTA.TN,
PA1  b. deriving from said command data and producing a first set of signals
      numerically representing, for each block, the quantity LOOPP.sub.n of time
      periods .DELTA.TN which would elapse if the member traveled the commanded
      segment distance D.sub.n at the commanded velocity Vn,
PA1  c. deriving from said command data and producing second and third sets of
      digital signals representing, for each block, velocity numbers PRXC.sub.n
      and PRYC.sub.n expressing distances per .DELTA.TN to be traveled along the
      X and Y axes to produce axis velocities Vx and Vy which are the components
      of a velocity vector Vn,
PA1  d. deriving from said second and third sets of signals and producing a
      fourth set of signals representing, for each block, a quantity 2PC.sub.n
      of periods .DELTA.TN which would elapse if the largest difference between
      the axis velocity numbers for blocks B.sub.n.sub.+1 and B.sub.n were
      uniformly spanned by changes of A per .DELTA.TN, where A is a
      predetermined acceleration value,
PA1  e. deriving from said command data and said fourth signals and producing
      fifth and sixth sets of signals representing, for each block, increment
      numbers XINC.sub.n and YINC.sub.n to be imparted to the numbers PRXC.sub.n
      and PRYC.sub.n in each of 2PC.sub.n periods .DELTA.T in order to change
      the latter numbers to the corresponding next-block values
      PRXC.sub.n.sub.+1 and PRYC.sub.n.sub.+1,
PA1  f. energizing X and Y axis velocity servos in accordance with said second
      and third sets of signals to drive the member along the X and Y axes at
      velocities substantially proportional to the instantaneous values of the
      numbers PRXC.sub.n and PRYC.sub.n,
PA1  g. after the inception of step (f), maintaining the signaled numbers
      PRXC.sub.n and PRYC.sub.n at the values determined by said step (c) until
      a quantity of time periods equal to the sum (LOOPP.sub.n - PC.sub.n.sub.-1
      - PC.sub.n) have elapsed in actual time, and in each subsequent period
      .DELTA.T changing said second and third signals by use of said fifth and
      sixth signals to increment said numbers PRXC.sub.n and PRYC.sub.n by the
      respective amounts XINC.sub.n and YINC.sub.n, and
PA1  h. when the number of periods .DELTA.T actually elapsed in time after the
      inception of said step (f) reaches the sum (LOOPP.sub.n - PC.sub.n.sub.-1
      + PC.sub.n), (1) replacing as the new values for LOOPP.sub.n, PRXC.sub.n,
      PRYC.sub.n, PC.sub.n, PC.sub.n.sub.-1, XINC.sub.n, YINC.sub.n the signaled
      numbers which respectively correspond but which are relevant to the block
      B.sub.n.sub.+1, and (2) continuing the execution of said steps (f), (g)
      and (h).
NUM  30.
PAR  30. The method of controlling the velocity and changing positions of a
      member simultaneously movable along two or more axes X and Y in accordance
      with successive blocks B.sub.n, B.sub.n.sub.+1, B.sub.n.sub.+2. . . of
      command data numerically designating desired path velocities V.sub.n,
      V.sub.n.sub.+1, V.sub.n.sub.+2. . . and successive path segments D.sub.n,
      D.sub.n.sub.+1, D.sub.n.sub.+2. . . of travel, said method comprising:
PA1  a. measuring off in actual time successive periods .DELTA.T nominally of
      durations .DELTA.TN,
PA1  b. deriving from said command data and producing a first set of digital
      signals representing for each block, a quantity LOOPP.sub.n of time
      periods which would elapse if said member traveled the commanded segment
      at the commanded path velocity, such that LOOPP.sub.n = D.sub.n /V.sub.n .
      1/.DELTA.TN,
PA1  c. deriving from said command data and producing second and third sets of
      digital signals representing, for each block, velocity numbers PRXC and
      PRYC expressing distances per .DELTA.TN to be traveled along the X and Y
      axes to produce axis velocities V.sub.x and V.sub.y which are the
      orthogonal vector components of the command path velocity, such that
      ##EQU16##
      where DX.sub.n and DY.sub.n are the orthogonal components of the segment
      D.sub.n,
PA1  deriving from said second and third sets of signals and producing a fourth
      set of digital signals representing, for each block, a quantity 2PC.sub.n
      of time periods .DELTA.TN which would elapse if the velocity of the member
      were changed by a predetermined amount A during each such period from a
      starting value of PRfa.sub.n to an ending value PRfa.sub.n.sub.+1, such
      that
      ##EQU17##
      where .DELTA.PRfa is the larger one of the axis velocity changes
      (PRXC.sub.n.sub.+1 - PRXC.sub.n) and (PRYC.sub.n.sub.+1 - PRYC.sub.n)
      commanded for the transition between B.sub.n and B.sub.n.sub.+1,
PA1  e. deriving from said command data and producing fifth and sixth sets of
      digital signals representing, for each block, the velocity increments
      XINC.sub.n and YINC.sub.n to be imparted to the velocities PRXC.sub.n and
      PRYC.sub.n during each of 2PC.sub.n successive periods to make them arrive
      at the next block values PRXC.sub.n.sub.+1 and PRYC.sub.n.sub.+1, such
      that
      ##EQU18##
      f. energizing X and Y velocity servos in accordance with said second and
      third sets of signals to drive said member along the X and Y axes
      respectively at velocities which correspond substantially to the
      instantaneous values of the number PRXC.sub.n and PRYC.sub.n, thereby to
      move the member along the path segment D.sub.n,
PA1  g. beginning with the inception of said step (f) counting and representing
      by a seventh set of digital signals the number NLOOP of periods .DELTA.T
      which have actually elapsed,
PA1  h. after the signaled number NLOOP reaches the value of LOOPP.sub.n -
      PC.sub.n.sub.-1 - PC.sub.n, changing said second and third sets of signals
      to increment the numbers PRXC and PRYC by the amounts XINC and YINC during
      each of the following periods .DELTA.T, such that
EQU  PRXC.sub.n(i) = PRXC.sub.n(i.sub.-1) = XINC.sub.n
EQU  PRYC.sub.n(i) = PRYC.sub.n(i.sub.-1) = YINC.sub.n, and
PA1  i. after the signaled number NLOOP reaches the value LOOP.sub.n -
      PC.sub.n.sub.-1 + PC.sub.n, terminating the incrementing of step (h),
      changing said seventh signals to restore the number NLOOP to zero;
      replacing as the new values for LOOPP.sub.n, PRXC.sub.n, PRYC.sub.n,
      PC.sub.n, PC.sub.n.sub.-1, XINC.sub.n, YINC.sub.n the signaled numbers
      LOOPP.sub.n.sub.+1, PRXY.sub.n.sub.+1, PRYC.sub.n.sub.+1, PC.sub.n.sub.+1,
      PC.sub.n, XINC.sub.n.sub.+1, YINC.sub.n.sub.+1 ; and continuing the
      execution of said steps (f), (g), (h) and (i).
NUM  31.
PAR  31. The method of controlling the velocity and changing position of a
      member movable along an axis X in accordance with successive blocks
      B.sub.n, B.sub.n.sub.+1, B.sub.n.sub.+2. . . of command data numerically
      designating desired velocities VX.sub.n, VX.sub.n.sub.+1, VX.sub.n.sub.+2.
      . . and successive desired distances DX.sub.n, DX.sub.n.sub.+1,
      DX.sub.n.sub.+2. . . of travel, said method comprising:
PA1  a. measuring off in actual time successive periods .DELTA.T each having a
      nominal duration .DELTA.TN,
PA1  b. deriving from said command data and producing digital signals for each
      block numerically representing the quantity LOOPP of periods .DELTA.TN
      which would elapse while the member traveled the distance DX at the
      velocity VX, such that LOOPP.sub.n = DX.sub.n /V.sub.n. 1/.DELTA.TN,
PA1  c. deriving from said command data and producing digital signals
      numerically representing velocity numbers PRXC for each block, such that
      PRXC.sub.n = DX.sub.n /LOOPP.sub.n expressed in distance per .DELTA.TN
      time,
PA1  d. deriving from said command data and producing digital electrical signals
      numerically representing for each block substantially the quantity
      2PC.sub.n of periods .DELTA.TN which for each block would elapse if the
      member were changed in velocity from a first value PRXC.sub.n to a second
      value PRXC.sub.n.sub.+1 at a pre-established acceleration expressed in
      dimensions of PRX per .DELTA.TN per .DELTA.TN,
PA1  e. deriving from said command data and producing digital signals
      numerically representing increment numbers XINC.sub.n for each block, such
      that XINC.sub.n = PRXC.sub.n.sub.+1 - PRXC.sub.n /2PC.sub.n,
PA1  f. energizing a velocity servo in accordance with the signals PRXC.sub.n to
      drive said member at a velocity substantially proportional to the
      numerical value instantaneously represented by such signals along the
      distance segment DX.sub.n,
PA1  g. beginning with the application of the signals PRXC.sub.n for block
      B.sub.n in said step (f), counting and representing by digital signals the
      quantity NLOOP of elapsed time periods .DELTA.T,
PA1  h. after the signaled quantity NLOOP reaches the value of LOOPP.sub.n -
      PC.sub.n.sub.-1 - PC.sub.n in a given period .DELTA.T (where PC.sub.n =
      2PC.sub.n /2), incrementing the value of the signaled number PRXC.sub.n
      during each succeeding period .DELTA.T by the amount of the signaled
      number XINC.sub.n such that PRXC.sub.n(i) = PRXC.sub.n(i.sub.-1) +
      XINC.sub.n,
PA1  i. after the signaled quantity NLOOP reaches the value of LOOPP.sub.n -
      PC.sub.n.sub.-1 + PC.sub.n, terminating the periodic incrementing defined
      in step (h), restoring the signaled quantity NLOOP to zero, and replacing
      as new values for LOOPP.sub.n, PRXC.sub.n and P.sub.n the numbers
      LOOPP.sub.n.sub.+1, PRXC.sub.n.sub.+1 and P.sub.n.sub.+1 in the execution
      of said steps (f), (g), (h) and (i).
NUM  32.
PAR  32. The method of controlling the velocity and position of a member movable
      along an axis X in accordance with successive blocks B.sub.n,
      B.sub.n.sub.+1, B.sub.n.sub.+2. . . of command data designating desired
      velocities VX.sub.n, VX.sub.n.sub.+1, VX.sub.n.sub.+2. . . and successive
      desired distances DX.sub.n, DX.sub.n.sub.+1, DX.sub.n.sub.+2. . ., said
      method comprising:
PA1  a. measuring off in actual time successive time periods .DELTA.T which have
      normal durations .DELTA.TN,
PA1  b. for each block, deriving from said command data and producing digital
      signals numerically representing the nominally required number LOOPP of
      periods .DELTA.TN for the member to travel the designated distance DX at
      the designated velocity VX, such that LOOPP.sub.n = D.sub.n /V.sub.n,
      1/.DELTA.TN,
PA1  c. for each block, deriving from said command data and producing digital
      signals numerically representing a velocity number PRXC such that
      PRXC.sub.n = DX.sub.n /LOOPP.sub.n,
PA1  d. for each block, deriving from said command data and digital signals
      numerically representing the change .DELTA.PRX in the PRXC number at the
      end of that block distance DX.sub.n to change from one designated velocity
      to the next, such that .DELTA.PRX.sub.n = PRXC.sub.n.sub.+1 - PRXC.sub.n,
PA1  e. for each block, deriving from said command data and producing digital
      signals numerically representing a quantity PC.sub.n equal approximately
      to one-half the number 2PC.sub.n of time periods .DELTA.TN which must
      elapse if the member is changed in velocity by the amount .DELTA.PRX at a
      predetermined acceleration A expressed in dimensions of PR per .DELTA.TN
      per .DELTA.TN, such that PC.sub.n = .DELTA.PRX.sub.n /2A,
PA1  f. for each block, deriving from said command data and producing digital
      signals numerically representing increments of velocity change XINC.sub.n
      to be effected in causing said member to change from velocity VX.sub.n to
      velocity VX.sub.n.sub.+1 in each of a number 2PC.sub.n of time periods,
      such that XINC.sub.n = .DELTA.PRX.sub.n /2PC.sub.n,
PA1  g. for each block, deriving from said command data and producing digital
      signals numerically representing the number LOOPB.sub.n of periods
      .DELTA.T which must elapse with the member traveling at velocity
      PRXC.sub.n before its velocity must begin to change, such that LOOPB.sub.n
      = LOOPP.sub.n - PC.sub.n.sub.-1 - PC.sub.n,
PA1  h. for each block, deriving from said command data and producing digital
      signals numerically representing the number LOOPC.sub.n of time periods
      .DELTA.TN which must elapse from the member to travel at the velocity
      PRXC.sub.n and then change its velocity to the next value
      PRXC.sub.n.sub.+1 at a rate of XINC.sub.n per period .DELTA.TN, such that
      LOOPC.sub.n = LOOPS.sub.n + 2PC.sub.n.sub.+1,
PA1  i. energizing a velocity servo in accordance with the signaled number
      PRXC.sub.n to drive said member at the corresponding velocity,
PA1  j. counting and producing digital signals numerically representing the
      number NLOOP of periods .DELTA.T as they elapse after said signaled number
      PRXC.sub.n begins to be used in said step (i),
PA1  k. after said signaled number NLOOP becomes equal to said signaled number
      LOOPB in any given period .DELTA.T, incrementing said number PRXC.sub.n
      during each succeeding period such that PRXC.sub.n(i) =
      PRXC.sub.n(i.sub.-1) + XINC.sub.n until the signaled number NLOOP becomes
      equal to the signaled number LOOPC, and
PAR  1.  after said signaled number NLOOP equals the signaled number LOOPC,
      resetting the signaled number NLOOP to zero and substituting the next
      block velocity numbers PRXC.sub.n.sub.+1, LOOPB.sub.n.sub.+1,
      LOOPC.sub.n.sub.+1, and XINC.sub.n.sub.+1 as the active numbers in
      carrying out steps (i), (j) and (k) to effect execution of the command
      block B.sub.n.sub.+1.
NUM  33.
PAR  33. In apparatus for controlling the velocity and changing position of a
      member simultaneously movable along two or more axes X and Y in accordance
      with successive blocks B.sub.n, B.sub.n.sub.+1. . . of numerical command
      data designating successive path segments D.sub.n, D.sub.n.sub.+1. . . to
      be traveled at path velocities V.sub.n, V.sub.n.sub.+1. . . having vector
      components VX.sub.n, VY.sub.n, VX.sub.n.sub.+1, VY.sub.n.sub.+1. . ., said
      apparatus comprising in combination:
PA1  1. means responsive to said command data for each block for producing first
      and second sets of digital signals representing velocity numbers PRXC,
      PRYC expressing the respective component velocities VX and VY in
      dimensions of distance per unit .DELTA.TN of time,
PA1  2. means for measuring off successive periods .DELTA.T in actual time, with
      such periods normally of duration .DELTA.TN,
PA1  3. means responsive to said means (2) and to said first and second sets of
      signals for the block B.sub.n and representing the velocity numbers
      PRXC.sub.n and PRYC.sub.n to drive said member at axis velocities
      corresponding to such numbers for an aggregate quantity LOOPS.sub.n of
      time periods .DELTA.T as measured off by said means (2), where LOOPS.sub.n
      is equal to Dn/Vn.1/.DELTA.TN - .DELTA.PRfa.sub.n.sub.-1 /2A -
      .DELTA.PRfa.sub.n /2A, and where A is a predetermined acceleration
      constant and .DELTA.PRfa.sub.n is the largest one of the velocity changes
      between segments (PRXC.sub.n.sub.+1 - PRXC.sub.n) or (PRYC.sub.n.sub.+1 -
      PRYC.sub.n),
PA1  4. means controlled in part by said means (2) for changing said first and
      second sets of signals for the block B.sub.n, after said aggregate
      quantity LOOPS.sub.n of time periods has elapsed, to increment the
      signaled numbers PRXC.sub.n and PRYC.sub.n once during each successive
      period .DELTA.T respectively by amounts PRXC.sub.n.sub.+1 - PRXC.sub.n /A
      and PRYC.sub.n.sub.+1 - PRYC.sub.n /A until a second aggregate quantity
      .DELTA.PRfa.sub.n /A of the periods .DELTA.T as measured off by said means
      (2) has elapsed.
NUM  34.
PAR  34. In apparatus for controlling the velocity and changing position of a
      member simultaneously movable along two or more axes X and Y in accordance
      with successive blocks B.sub.n, B.sub.n.sub.+1. . . of numerically
      signaled command data designating successive path segments D.sub.n,
      D.sub.n.sub.+1 . . . and desired path velocities V.sub.n, V.sub.n.sub.+1.
      . ., said apparatus comprising in combination:
PA1  1. means responsive to said signaled command data for producing, for each
      block, a first set of digital signals numerically representing the
      quantity LOOPP of time periods of duration .DELTA.TN which would elapse if
      the member traveled the block segment at the block velocity, such that
      LOOPP.sub.n = Dn/Vn.1/.DELTA.TN,
PA1  2. means responsive to said signaled command data for producing second and
      third sets of digital signals numerically representing, for each block,
      velocity numbers PRXC and PRYC expressing distances per .DELTA.TN to be
      traveled along the X and Y axes to produce velocity components V.sub.x and
      V.sub.y whose vector sum is the block velocity V,
PA1  3. means responsive to said second and third sets of signals for producing
      a fourth set of digital signals representing, for each block, a quantity
      2PC of periods .DELTA.TN which would elapse if the largest difference
      between the said axis velocity numbers for that block and the next block
      were uniformly spanned by changes of A per .DELTA.TN, where A is a
      predetermined acceleration value,
PA1  4. means responsive to said command data and said fourth signals for
      producing fifth and sixth sets of digital signals representing, for each
      block, increment numbers XINC and YINC to be imparted to the velocity
      numbers PRXC and PRYC in each of 2PC periods .DELTA.T to change those
      velocity numbers to the values applicable for the next block,
PAR  5. means for measuring off successive periods .DELTA.T in actual time with
      the durations of the periods normally being .DELTA.TN,
PA1  6. x and Y axis velocity servos respectively coupled to drive said number
      along the X and Y axes, and means responsive to said second and third sets
      of signals for energizing said servos respectively in accordance with the
      numbers instantaneous values of the represented numbers PRXC.sub.n and
      PRYC.sub.n,
PA1  7. means responsive to said means (5) and to said fifth and sixth signals,
      and operative after a quantity (LOOPP.sub.n - PC.sub.n.sub.-1 - PC.sub.n)
      of time periods .DELTA.T have actually elapsed following the initial
      energization of said servos according to the numbers PRXC.sub.n and
      PRYC.sub.n, for changing said second and third sets of signals in each
      subsequent period .DELTA.T to increment said numbers PRXC.sub.n and
      PRYC.sub.n respectively be amounts XINC.sub.n and YINC.sub.n, and
PA1  8. means responsive to said means (5) after a quantity (LOOPP.sub.n -
      PC.sub.n.sub.-1 + PC.sub.n) of periods .DELTA.T have actually elapsed
      following the initial energization of said servos according to the numbers
      PRXC.sub.n and PRYC.sub.n, for causing said means (6) and (7) to operate
      with the signaled numbers LOOPP.sub.n.sub.+1, PRXC.sub.n.sub.+1,
      PRYC.sub.n.sub.+1, PC.sub.n, PC.sub.n.sub.+1, XINC.sub.n.sub.+1 and YINC
      n.sub.+1 applicable for the block B.sub.n.sub.+1 in lieu of the
      corresponding ones applicable for the block B.sub.n.
NUM  35.
PAR  35. In a system for controlling the velocity and changing positions of a
      member simultaneously movable along two or more axes X and Y in accordance
      with successive blocks B.sub.n, B.sub.n.sub.+1. . . of numerically
      signaled command data designating successive path segments D.sub.n,
      D.sub.n.sub.+1. . . and desired velocities V.sub.n, V.sub.n.sub.+1. . .,
      said system comprising, in combination:
PA1  1. means responsive to said signaled command data, for each block,
      producing a first set of digital signals representing a quantity LOOPP of
      time periods which would elapse if the member traveled the commanded
      segment D at the commanded velocity V, such that LOOPP.sub.n =
      Dn/Vn.1/.DELTA.TN, where .DELTA.TN is a constant representing a
      predetermined time period duration,
PA1  2. means responsive to said signaled command data and said first signals
      for producing second and third sets of digital signals representing, for
      each block, velocity numbers PRXC and PRYC expressing in dimensions of
      distances per .DELTA.TN the axis velocities V.sub.x and V.sub.y which are
      the vector components of the commanded velocity V, such that
      ##EQU19##
      where DX.sub.n and DY.sub.n are the orthogonal components of the segment
      D.sub.n,
PAR  3. means responsive to said second and third signals for producing a fourth
      set of digital signals representing, for each block, a quantity 2PC of
      time periods .DELTA.TN which would elapse if an axis velocity were changed
      by a predetermined amount A during each of such periods from a starting
      value of PRfa.sub.n to an ending value of PRfa.sub.n.sub.+1, such that
      ##EQU20##
      where .DELTA.PRfa is the larger one of the axis velocity changes
      (PRXC.sub.n.sub.+1 - PRXC.sub.n) or (PRYC.sub.n.sub.+1 - PRYC.sub.n)
      commanded for the transition between blocks B.sub.n and B.sub.n.sub.+1,
PAR  4. means responsive to said second, third and fourth signals for producing
      fifth and sixth sets of digital signals representing, for each block,
      increment XINC and YINC to the velocity numbers PRXC and PRYC to make them
      arrive at the next block values after a quantity of 2PC incrementings,
      such that
      ##EQU21##
PAR   5. means for measuring off successive periods .DELTA.T in actual time,
      with the durations of such periods normally being .DELTA.TN,
PA1  6. means responsive to said second and third signals for respectively
      driving said member along the X and Y axes at velocities which
      instantaneously correspond to the signaled numbers PRXC.sub.n and
      PRYC.sub.n,
PA1  7. means responsive to said means (5) for producing a seventh set of
      digital signals a number NLOOP representing the number of periods .DELTA.T
      actually measured off by said means (5) following the inception of
      operation of said means (6) with signals for a given block B.sub.n,
PA1  8. means responsive to said means (5) and said seventh, second, third,
      fifth and sixth signals for changing the second and third signals
      incrementally during each period .DELTA.T after the signaled number NLOOP
      becomes equal to LOOPP.sub.n - PC.sub.n.sub.-1 - PC.sub.n, such that
EQU  PRXC.sub.n(i) = PRXC.sub.n(i.sub.-1) + XINC.sub.n
EQU  PRYC.sub.n(i) = PRYC.sub.n(i.sub.-1) + YINC.sub.n, and
PA1  9. means responsive to said seventh signals for (a) terminating the
      operation of said means (8) after the signaled number NLOOP becomes equal
      to LOOP.sub.n - PC.sub.n.sub.-1 + PC, (b) changing said seventh signals to
      restart the number NLOOP at zero, and (c) initiating the operation of the
      system with the corresponding signaled values applicable to the next block
      B.sub.n.sub.+1 of command data.
NUM  36.
PAR  36. In a system for controlling the velocity and changing position of a
      member movable along an axis X in accordance with successive blocks
      B.sub.n, B.sub.n.sub.+1. . . of numerically signaled command data
      designating successive distances DX.sub.n, DX.sub.n.sub.+1. . . and
      successive velocities VX.sub.n, VX.sub.n.sub.+1. . ., said system
      comprising in combination:
PA1  1. means for measuring off successive periods .DELTA.T in actual time, with
      such periods normally having a predetermined duration .DELTA.TN,
PA1  2. means responsive to said signaled command data for each block for
      producing a first digital signal representing a number LOOPP which
      expresses the quantity of time periods .DELTA.TN required for the member
      to travel the distance DX at the velocity VX, such that
      ##EQU22##
PAR   3. means responsive to said signaled command data and said first signals
      for producing second digital signals numerically representing, for each
      block, a velocity number PRXC having dimensions of distance per .DELTA.TN,
      such that
      ##EQU23##
PAR   4. means responsive to said signaled command data for producing third
      digital signals representing, for each block, the quantity 2PC of periods
      .DELTA.TN which would elapse if the velocity number PRXC.sub.n were
      changed to the next block value PRXC.sub.n.sub.+1 at a rate of A per
      .DELTA.TN, where A is a predetermined acceleration constant,
PA1  5. means responsive to said second and third signals for producing fourth
      digital signals representing, for each block, an increment number XINC,
      such that
      ##EQU24##
PAR   6. means responsive to said second signals for driving said member along
      the axis at a velocity corresponding to the signaled number PRXC.sub.n,
PA1  7. means for counting the time periods .DELTA.T actually measured off by
      said means (1) following the inception of operation of said means (6)
      according to the block velocity number PRXC.sub.n,
PA1  8. means controlled by said means (7) and responsive to said second and
      fourth signals after the counted periods .DELTA.T become equal to
      LOOP.sub.n - PC.sub.n.sub.-1 - PC.sub.n, for changing said second signals
      to increment the number PRXC.sub.n in each period .DELTA.T, such that
EQU  PRXC.sub.n(i) = PRXC.sub.n(i.sub.-1) + XINC.sub.n, and
PA1  9. means controlled by said means (7) after the counted periods .DELTA.T
      become equal to LOOPP.sub.n - PC.sub.n.sub.+1 + PC.sub.n, for (a)
      terminating the operation of said means (8), (b) restarting the count of
      said means (7) at zero, and (c) replacing in the operation of the means
      (6), (8) and (9) the signals representing the new values
      LOOPP.sub.n.sub.+1, PRXC.sub.n.sub.+1, PC.sub.n, PC.sub.n.sub.+1
      applicable to the block B.sub.n.sub.+1.
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ABST
PAL  Continuous power and a high rate clock are supplied to a calculator while
      it is in an execute mode and is actually decoding and processing input
      information, but lower duty cycle power and lower duty cycle clock pulses
      are supplied during the subsequent display mode, when the only requirement
      is to maintain and display selected information resulting from the execute
      cycle, so as to reduce the power consumption rate as compared to the rate
      during the execute mode. If there is no new execute mode within a selected
      time interval, the display is turned off and the duty cycle of the power
      and the clock supplied to the calculator are lowered still further so as
      to maintain (without displaying) selected stored information but to
      further reduce the rate of power consumption.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is in the field of calculators employing dynamic storage of
      information and dynamic display of stored information, and specifically
      relates to calculators of this type in which the rate of power consumption
      is of concern, such as in hand-held calculators which are battery powered.
PAR  Calculators of this type typically have three alternate operating modes.
      There is an execute mode during which input information is decoded and is
      arithmetically and logically processed in accordance with either input or
      stored commands to provide selected processed information. The execute
      mode operation is typically followed automatically, without operator
      intervention, by a display mode in which selected processed information is
      displayed. When selected new information is entered, there is a new
      execute mode operation followed by a new display mode operation. If there
      is no new execute mode operation within a certain time interval, the
      calculator automatically goes into a display inhibit mode (alternately
      called blanking), in which the relevant information is no longer
      displayed, but is maintained in storage so that it can be again displayed
      if needed.
PAR  A typical calculator of this type (disclosed in White et al. U.S. Pat. No.
      3,781,852) operates at full power during all three modes of operation, the
      only power reducing scheme being that the display is not driven during the
      display inhibit mode of operation. A somewhat different approach is
      disclosed in Bogert et al. U.S. Pat. No. 3,453,601 where a calculator is
      clocked at a high frequency during its arithmetic mode operation to ensure
      high calculating speed but is clocked at a lower frequency and low duty
      cycle during its subsequent display mode operation in order to reduce
      power consumption. However, the Bogert et al. system has no display
      inhibit mode of operation and has no special provisions for applying power
      to the calculator at different duty cycles during different modes of
      operation.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to reduce the power consumption of
      calculators, and particularly of hand-held calculators which are battery
      powered, by supplying to the calculator only as much power as actually
      needed for each different mode of operation and by clocking the calculator
      at a rate which is only as high as actually needed for each different mode
      of operation.
PAR  The invention is applicable to calculators which have three different modes
      of operation: an execute mode in which input information is decoded and is
      processed to derive and dynamically store selected processed information,
      a display enable mode in which selected stored information is maintained
      in dynamic storage and is concurrently dynamically displayed, and a
      display inhibit mode during which selected information is maintained in
      dynamic storage but is not displayed. Each execute mode operation is
      typically initiated by information keyed by an operator through a keyboard
      and includes decoding the keyed information, any calculations such as
      addition, multiplication, etc. and storing of any resulting information in
      dynamic storage. Once the execute mode operation is completed, the
      calculator automatically goes into a display enable mode, without operator
      intervention. In accordance with the invention, the power supplied to the
      calculator during each execute mode operation is at a high duty cycle
      (e.g., continuous power) and the calculator is continuously clocked with a
      high rate clock, so as to minimize the duration of the execute mode
      operation and quicky provide the information sought by the operator.
PAR  During the display enable mode operation which follows each execute mode
      operation, the decoding or calculations results are displayed dynamically.
      If certain new information is keyed in during the display enable mode
      operation, the calculator goes into a new execute mode operation, which is
      followed by a new display enable mode operation. If no such new
      information is keyed in for a certain period of time during the display
      enable mode operation, the calculator automatically goes into a display
      inhibit mode operation, without any operator intervention. In accordance
      with the invention, the duty cycle of the power supplied to the calculator
      during each display enable mode operation is lower than the duty cycle of
      the power supplied during the execute mode operation, e.g., the calculator
      is supplied with a chopped voltage at a one-fourth duty cycle. Further,
      the duty cycle of the clock pulses supplied during the display enable mode
      is lower than the duty cycle of the clock pulses supplied during the
      execute mode, e.g., the same width clock pulses are supplied during the
      display enable mode operation, but only while power is being supplied to
      the calculator.
PAR  When the calculator goes into a display inhibit mode operation, the display
      is blanked out, but it is still necessary to preserve certain dynamically
      stored information. In accordance with the invention, during each display
      inhibit mode operation the calculator is supplied with power at a duty
      cycle which is lower than that supplied during the display enable mode
      operation, e.g., with a chopped voltage at one-eighth of the duty cycle of
      the voltage supplied during the execute mode operation. Further, the duty
      cycle of the clock supplied to the calculator is lower than that supplied
      during the display enable mode, e.g. the same width clock pulses are
      supplied but only while power is being applied to the calculator.
PAR  Typically, a calculator of this type is in an execute mode for only a small
      fraction of its operating time, and most of the operating time is spent in
      the display enable mode. The display inhibit mode occurs rarely (for
      example, when the operator forgets to turn off the calculator) but when it
      occurs, and no provisions are made to reduce power consumption, it is
      likely to continue for a substantial period of time and to drain a
      substantial amount of battery power.
PAR  In accordance with the invention, both the power supply duty cycle and the
      clock duty cycle are controlled to reduce power consumption without
      sacrificing speed or accuracy, since both are optimized for each of the
      three different operating modes of the calculator. Further in accordance
      with the invention, both the calculator logic array and the necessary
      logic and circuit elements for carrying out this invention are parts of
      the same integrated circuit, to thereby improve the reliability of the
      calculator, and to reduce the cost of implementing the invention as
      compared to implementing the invention in a circuit composed of discrete
      components or in a separate integrated circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified block and logic diagram of a calculator embodying
      the invention.
PAR  FIG. 2 is a detailed logic and circuit diagram illustrating an embodiment
      of the invention.
PAR  FIG. 3 is a timing diagram illustrating the duty cycle of the power and of
      the clock pulses supplied in accordance with the invention to a calculator
      during each of three different operating modes thereof.
DETD
PAC  DETAILED DESCRIPTION
PAR  The invention is described as applied to a hand-held, battery powered
      calculator of the type disclosed in White et al. U.S. Pat. No. 3,781,852,
      which uses dynamic storage of the type described in the White et al.
      patent or in Bogert et al. U.S. Pat. No. 3,453,601 and a dynamic display
      of the type described in the White et al. patent. However, it should be
      clear that the invention is applicable to other calculators using dynamic
      storage and display in which the rate of power consumption is of concern
      and in which it is desirable to reduce power consumption.
PAR  Referring to FIG. 1, a calculator logic 10, a keyboard 10a and a display
      10b are generally of the type shown in the White et al. patent, supra, or
      calculator logic 10 may be of the type manufactured by MOS Technology,
      Inc., under the name Calculator Array 2521. However, power and clock are
      not supplied directly to the power supply input 16 and the clock input 18
      of calculator logic 10 as in the prior art, but are supplied under the
      control of a power and control logic 12 which forms a part of this
      invention and which, in accordance with the invention, is formed on the
      same IC chip 15 with calculator logic 10.
PAR  Calculator logic 10 provides at its output 20 a control signal EX while the
      calculator is operating in an execute mode, provides at its output 22 a
      control signal DE while the calculator is operating in a display enable
      mode and provides at its output 24 a control signal DI which is high when
      the calculator is either in the execute mode or in the display enable mode
      and is low otherwise. Since the control signals (or their equivalents)
      provided at the output 20, 22 and 24 of calculator 10 are provided by
      prior art calculators of the type described in the White et al. patent,
      supra and by the MOS Technology, Inc. Calculator Array 2521, and such
      calculators do not form a part of this invention, no detailed description
      is given of the circuits necessary to generate these control signals.
PAR  The operation of a calculator in accordance with the invention is described
      briefly and in a simplified form in connection with FIG. 1, and the
      detailed construction and operation of a calculator embodying the
      invention is described in connection with FIGS. 2 and 3.
PAR  Referring to FIG. 1, when an ON/OFF switch 13 is closed manually by an
      operator, power supply 11 is connected to turn on clock oscillator 14 and
      provide at the oscillator output a clock signal at a frequency F. This
      clock signal is applied to a time divider 26 which outputs clock signals
      at one-fourth and at one-eighth the frequency F of oscillator 14. Assuming
      that the ON/OFF switch 13 has just been closed but no information has yet
      been entered through keyboard 10a, each of the control signals EX, DE and
      DI is low. As a result, AND-gates 28 and 30 remain disabled, but AND-gate
      32 is intermittently enabled at a rate corresponding to one-eighth the
      frequency F of oscillator 14. The intermittent output of AND-gate 32 is
      applied through an OR-gate 34 to enable AND-gate 36 and turn on transistor
      switch 38 intermittently, at the same duty cycle, to thereby
      intermittently apply power to the power supply input 16 and to apply clock
      pulses to the clock input 18 of calculator array 10 at a duty cycle
      corresponding to one-eighth the frequency F of oscillator 14.
PAR  When an execute mode operation starts, e.g. in response to information
      keyed in by an operator through keyboard 10, the control signal DI goes
      high, thereby disabling AND-gate 32, but control signal EX also goes high,
      thereby enabling AND-gate 28 to apply a continuous high output to AND-gate
      36 and switch 38 through OR-gate 34, thereby applying continuous power to
      the power supply input 16 of calculator array 10 and applying clock pulses
      to the calculator array clock input 18 at the frequency F of oscillator
      14. Meanwhile, the control signal DE remains low and gate 30 remains
      disabled.
PAR  When the execute mode operation ends, control signal DE goes high, while
      control signal EX goes low and control signal DI remains high. Therefore,
      AND-gate 28 is disabled and AND-gate 32 remains disabled, but AND-gate 30
      is enabled intermittently at a duty cycle corresponding to one-fourth the
      frequency F of oscillator 14, to thereby enable AND-gate 36 and turn on
      switch 38 intermittently. Therefore, power is applied to the calculator
      power supply input 16 and clock pulses are applied to the clock input 18
      of the calculator 10 intermittently, at a rate corresponding to one-fourth
      the duty cycle of the frequency F of oscillator 14.
PAR  If a new execute mode operation occurs while the control signal DE is high,
      control signal EX goes high, while control signal DE goes low and control
      signal DI remains high, and the power and clock applied to calculator
      array 10 are at a high duty cycle. If no new execute mode operation occurs
      within a certain time interval after control signal DE goes high, control
      signals DI and DE go low, while control signal EX remains low, and the
      lowest duty cycle power and clock are applied to calculator array 10.
PAR  As a result, full power and a high duty cycle clock are applied to
      calculator 10 during an execute mode operation, to thereby minimize the
      time needed to do the necessary processing of input information, but the
      duty cycle of both the power applied to calculator 10 and the clock with
      which the calculator 10 is clocked are lowered during the display enable
      mode of operation, where great processing speed is not of the essence and
      the need is only to clock the calculator at a sufficient speed and with
      sufficient power so as to preserve certain dynamically stored information
      and to clock display 10b with sufficient power and speed to prevent
      visible flicker and maintain sufficient brightness. Furthermore, if the
      calculator enters into a display inhibit mode of operation, the duty cycle
      of the power supplied to it and the duty cycle of the clock with which it
      is clocked are further reduced, since brightness and visible flicker are
      no longer of concern, nor is speed of arithmetic and logic operations, the
      only concern being the preservation of certain dynamically stored
      information.
PAR  For simplicity, the description of FIG. 1 does not take into account the
      fact that immediately upon the closing of switch 13, calculator array 10
      goes into a "power on clear" routine, which is an execute mode operation
      and typically lasts for a small fraction of a second, and then goes into a
      display enable mode operation, displaying at display 10b a selected symbol
      such as a 0 and thereafter goes into a display inhibit mode if no new
      execute mode has been initiated by an operator through keyboard 10a. Also
      for the sake of simplicity, clock oscillator 14 is shown as providing a
      clock signal at a frequency F, while in fact, as discussed in connection
      with FIGS. 2 and 3, there are two complementary clock pulse trains. With
      respect to the terms "high" and "low" as applied to the control signals
      EX, DE and DI, it should be clear that the reference is to logical levels
      and not to voltage levels of signals. Further, it should be clear that the
      duty cycle of the power applied to calculator array 10 can be other than
      as described above, e.g., full power or high duty cycle power during an
      execute mode, one-third duty cycle during a display enable mode, one-sixth
      duty cycle during a display inhibit mode, etc., and it should be clear
      that the term "high duty cycle power" may mean less than 100% duty cycle.
PAR  Referring to FIG. 2, which shows in greater detail an embodiment of the
      invention whose principles were described in simplified form in connection
      with FIG. 1, a clock generator 40 corresponds to oscillator 14 of FIG. 1,
      but provides clock signals .phi..sub.1 ' and .phi..sub.2 ' rather than a
      single signal F. Clock oscillator 40 comprises a conventional
      configuration of a flip-flop whose set and reset inputs are interconnected
      as shown by a series of inverters, and the two clock signals provided at
      the outputs of the flip-flops are at the ame frequency but 180.degree. out
      of phase. The clock signals .phi..sub.1 ' and .phi..sub.2 ' are applied to
      a time divider 42 to clock each of its flip-flops labelled A, B and C,
      which are interconnected in a conventional time-divider configuration
      through suitable gating.
PAR  Referring to FIG. 3, where the top two lines show the clock signals
      .phi..sub.1 ' and .phi..sub.2 ' in idealized form, the next three lines
      from top to bottom show the signals at the Q outputs of the
      correspondingly labelled flip-flops of time divider 42. As shown in FIG.
      3, the output of flip-flop C is at one-half the frequency of the clock
      signals, the output of flip-flop B as at one-quarter the frequency of the
      clock signals and the output of flip-flop A is at one-eighth the frequency
      of the clock signals from clock oscillator 40.
PAR  An execute mode operation starts unconditionally upon the receipt of a key
      validation signal KEY from a circuit 44 (which is described in detail in
      Arnold and McLaughlin U.S. Pat. No. 3,792,466). At this time control
      signals DE and DI are low. A key validation signal KEY from circuit 44
      sets a Full Power flip-flop 46 through a gate 45, and the resulting output
      of flip-flop 46 sets a Power Control flip-flop 48 through a gate 47. The
      resulting output of flip-flop 48 turns on switch 38 through a switch 50,
      to thereby apply controlled power (at this time continuously) to the
      controlled power input 16 of calculator array 10 (FIG. 1).
PAR  At the end of an execute mode operation and the beginning of a display
      enable mode operation, control signal DE goes high, control signal KEY is
      low, and control signal DI remains low. Full Power flip-flop 46 is
      therefore reset, and can no longer set Power Control flip-flop 48.
      However, Power Control flip-flop 48 can now be set through gate 47 from
      the output of gate 52, which receives two inputs -- one is the AND
      function of the signals B and C from time divider 42, and the other is
      either the complement of the signal A from time divider 42 or the
      complementary output of a flip-flop 54, as provided at the output of a
      gate 56. Flip-flop 54 is set by the output of a gate 58 when control
      signal DE is high but control signal DI is low (for the time being, the
      nature and function of a control signal DO are disregarded). When
      flip-flop 54 is set, the logical low signal at its complementary output is
      applied through gate 56 to gate 52, so that the signal applied to Power
      Control flip-flop 48 through gates 52 and 47 is the logical AND function
      of time divided signals B and C. As a result, power control flip-flop 48
      is set and reset in timed relation to that AND function, as illustrated in
      FIG. 3. There is a time delay equal to one-half the cycle of the clocks
      .phi..sub.1 ' and .phi..sub.2 ' because of the way the relevant flip-flops
      are clocked, as explained later.
PAR  At the end of a display enable mode of operation and the beginning of a
      display inhibit mode of operation, control signal DE goes low and control
      signal DI goes high. As a result, flip-flop 54 is reset by the output of
      gate 58, and the logical high at the complementary output of flip-flop 54
      no longer provides a logical high signal at the output of gate 56. Now
      gate 52 is enabled only at the coincidence of time divided signals A, B,
      and C, and Power Control flip-flop 48 is enabled and disabled in time
      relationship to this logical AND function of the time divided signals A,
      B, and C. Again, note that the power provided at the output of circuit 50
      is delayed with respect to the AND function of control signals A, B, and C
      by one-half the cycle of the clock signals .phi..sub.1 ' and .phi..sub.2
      '.
PAR  Referring to FIG. 3, the power applied to the controlled power input 16 of
      calculator array 10 from circuit 38 during an execute mode operation is
      continuous power, the power applied during a display enable mode operation
      is intermittent power, at 25% duty cycle, and the power applied during the
      display inhibit mode of operation is intermittent power, at a 121/2% duty
      cycle. Of course, other suitable duty cycles may be chosen in practicing
      this invention.
PAR  In order to control the duty cycle of the clock applied to clock input 18
      of calculator 10 so as to maintain synchronization between the power on
      and off cycles of calculator array 10 and the clock applied to its input
      18, the output of gate 47 is combined with the clock .phi..sub.2 ' at a
      gate 60, and the output of gate 60 sets and resets a flip-flop 62 whose
      two outputs provide the two complementary clocks .phi..sub.1 and
      .phi..sub.2 for the controlled clock input 18 of calculator array 10. As a
      result, flip-flop 62 is set and reset at the frequency of clock
      .phi..sub.2 ' only while power is being applied to the controlled power
      input 16 of calculator 10 from circuit 38.
PAR  Referring to FIG. 3, the clock signals .phi..sub.1 and .phi..sub.2 from the
      output of flip-flop 62 are applied to the clock input 18 of calculator 10
      at the frequency of clocks .phi..sub.1 ' and .phi..sub.2 ', concurrently
      with the continuous power applied to the power supply input 16 of
      calculator 10 during an execute mode operation. However, during a display
      enable mode operation, only one clock pulse .phi..sub.1 and one clock
      pulse .phi..sub.2 are applied to calculator array 10 each time power is
      applied thereto, i.e. during a display enable mode operation calculator
      array 10 is clocked at one-fourth the frequency at which it is clocked
      during an execute mode operation. During a display inhibit mode operation,
      again a single clock pulse .phi..sub.1 and a single clock pulse
      .phi..sub.2 are applied to the clock input 18 of calculator array 10 each
      time power is applied to the power supply input 16 thereof, i.e. the
      frequency at which calculator array 10 is clocked during a display inhibit
      mode operation is one-eighth the frequency at which it is clocked during
      an execute mode operation.
PAR  For simplicity, the control signal DO was not discussed in the above
      description of FIG. 2. This control signal is high periodically during
      operation of the calculator in either of its three modes to provide for
      periodic accessing of a dynamic readonly memory which forms a part of
      calculator array 10 and is used as a program ROM. Thus, when the control
      signal DO is high, the program ROM and the associated control logic for
      the next instruction are being set up in calculator array 10, but all
      other memories forming a part of array 10 are inhibited. The control
      signal DO, or its equivalent, is generated in prior art calculator arrays,
      e.g., the MOS Technology, Inc. Calculator Array 2521, and the circuits for
      its generation need not be discussed here. In the referenced calculator
      array, the period of the clocks .phi..sub.1 and .phi..sub.2 is about 6
      microseconds, and the DO signal is high for about 36 microseconds once
      every approximately 330 microseconds. It should be clear that different
      time intervals can be chosen, and it should be clear that where a static
      program ROM is used in different calculator arrays, there would be no need
      for a control signal corresponding to DO.
PAR  Referring to FIG. 2, when the control signal DO goes high, Power Control
      flip-flop 48 is set through gate 47, to apply full power to calculator
      array 10, and gate 60 is enabled to continuously apply clocks .phi..sub.1
      and .phi..sub.2 to calculator array 10. Furthermore, the setting and
      resetting of flip-flops 46 and 54 is related to the same control signal
      DO. Thus, the AND function of control signal DO and the complement of
      control signal DE as provided by a gate 43, is applied to the inputs of
      Full Power flip-flop 46 through gate 45 as shown in FIG. 2, and flip-flop
      46 is clocked with the NAND function of the clock .phi..sub.1 ' and either
      the control signal KEY or the control signal DO, as provided by gates 64
      and 66. Furthermore, the set and reset inputs of flip-flop 54 are
      controlled by gate 58 which provides the AND function of control signals
      DO, DE and the negation of control signal DI, and flip-flop 54 is clocked
      with the NAND function of clock signal .phi..sub.1 ' and the control
      signal DO. However, as discussed above, the invention is equally
      applicable to a calculator array which has a static program ROM and does
      not need a control signal of the type of control signal DO.
PAR  In summary, the rate of power consumption of calculators embodying the
      invention is substantially reduced because only as much power is supplied
      to the calculator as needed for each of the several different modes of
      operation. Specifically, high duty cycle power is applied during an
      execute mode, when speed of operation is of the essence, intermediate duty
      cycle power is applied during a display mode, when maintaining dynamically
      stored information and preventing visible flicker of the display are of
      primary concern, and lower yet duty cycle power is applied during a
      display inhibit mode, when the only primary concern is the maintenance of
      certain dynamically stored information. Any suitable duty cycles can be
      chosen for each of the three different operating modes, for example 100%,
      25%, and 121/2% duty cycles, or any other suitable combination of duty
      cycles. The high duty cycle need not be continuous power. Further in
      accordance with the invention, the clocking of the calculator is
      maintained synchronous with the power duty cycles applied thereto. Still
      further in accordance with the invention, both the calculator array and
      the power and clock control array are parts of the same integrated
      circuit, to ensure reliability and to lower the cost of implementing the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of reducing the power consumption rate of a calculator
      alternately operative in an execute mode in which new input information is
      processed in accordance with selected commands and is dynamically stored
      in the calculator, in a display mode in which selected stored information
      is dynamically displayed, and in a display inhibit mode in which selected
      stored information is maintained in dynamic storage but is not displayed,
      a display mode operation following an execute mode operation and
      continuing either until a new execute mode operation or the elapsing of a
      selected time interval from its start, whichever occurs first, and a
      display inhibit mode operation occurring in the absence of an execute or a
      display mode operation, comprising the steps of: supplying the calculator
      with high duty cycle power concurrently with the operation thereof in the
      execute mode; supplying the calculator with an intermediate duty cycle
      power concurrently with the operation thereof in the display mode; and
      supplying the calculator with a low duty cycle power concurrently with the
      operation thereof in the display inhibit mode.
NUM  2.
PAR  2. A method as in claim 1 including the steps of: clocking the calculator
      at a high duty cycle clock rate during the operation thereof in the
      execute mode; clocking the calculator at an intermediate duty cycle clock
      rate during the operation thereof in the display mode; and clocking the
      calculator at a low duty cycle clock rate during the operation thereof in
      the display inhibit mode.
NUM  3.
PAR  3. A method as in claim 2 wherein the calculator is clocked with clock
      pulses which have substantially the same width for each of the operative
      modes of the calculator but which occur only while power is being supplied
      to the calculator during each of its different operative modes.
NUM  4.
PAR  4. A method as in claim 1 wherein the calculator is supplied with power at
      substantially 100% duty cycle during the operation thereof in the execute
      mode, 25% duty cycle during the operation thereof in the display mode and
      121/2% duty cycle during the operation thereof in the display inhibit
      mode.
NUM  5.
PAR  5. A calculator alternately operative in an execute mode in which input
      information is processed in accordance with selected commands and is
      dynamically stored in the calculator, in a display mode in which selected
      stored information is dynamically displayed, and in a display inhibit mode
      in which selected stored information is maintained in dynamic storage but
      is not displayed, a display mode operation following an execute mode
      operation and continuing either until a new execute mode operation or the
      elapsing of a selected time interval from its start, whichever occurs
      first, and a display inhibit mode operation occurring in the absence of an
      execute or a display mode operation, said calculator having a power supply
      input and including: means for applying high duty cycle power to the power
      supply input of the calculator concurrently with the operation thereof in
      the execute mode, means for applying to the power supply input of the
      calculator intermediate duty cycle power concurrently with the operation
      thereof in the display mode, and means for applying to the power supply
      input of the calculator low duty cycle power concurrently with the
      operation thereof in the display inhibit mode.
NUM  6.
PAR  6. A calculator as in claim 5 including means for clocking the calculator
      at a high duty cycle clock rate during the operation thereof in the
      execute mode, means for clocking the calculator at an intermediate cycle
      clock rate during the operation thereof in the display mode and means for
      clocking the calculator at a low duty cycle clock rate during the
      operation thereof in the display inhibit mode.
NUM  7.
PAR  7. A calculator as in claim 6 wherein the clocking means apply to the
      calculator clock pulses whose width is the same for each of the operative
      modes of the calculator but which occur only while power is being applied
      to the power supply input during each of the different operative modes of
      the calculator.
NUM  8.
PAR  8. A calculator as in claim 5 wherein the duty cycles of the power during
      the execute, display and display inhibit modes are substantially 100%,
      25%, and 121/2% respectively.
NUM  9.
PAR  9. A calculator as in claim 5 wherein at least a major portion of the means
      for applying power to the power supply input of the calculator are formed
      as a part of the same integrated circuit as at least a major portion of
      the means for processing and storing.
NUM  10.
PAR  10. A method of reducing the power consumption rate of a calculator
      selectively and alternately operative in one of three different modes,
      comprising the steps of: supplying the calculator with high duty cycle
      power concurrently with the operation thereof in a first operative mode,
      supplying the calculator with intermediate duty cycle power concurrently
      with the operation thereof in a second operative mode and supplying the
      calculator with low duty cycle power concurrently with the operation
      thereof in a third operative mode.
NUM  11.
PAR  11. A calculator having calculating and display means alternately operative
      in one of three different modes, comprising: means for supplying the
      calculator with high duty cycle power concurrently with the operation
      thereof in a first operative mode, means for supplying the calculator with
      intermediate duty cycle power concurrently with the operation thereof in a
      second operative mode, and means for supplying the calculator with low
      duty cycle power concurrently with the operation thereof in a third
      operative mode.
NUM  12.
PAR  12. A method of operating a calculator having an execute mode in which
      input information is processed in accordance with selected commands and is
      dynamically stored in the calculator, a display mode in which selected
      stored information is dynamically displayed and a display inhibit mode in
      which selected stored information is maintained in dynamic storage but is
      not displayed, a display mode operation following an execute mode
      operation and continuing either until a new execute mode operation or the
      elapsing of a selected time interval from its start, whichever occurs
      first, and a display inhibit mode operation occurring in the absence of an
      execute or a display mode operation, comprising the steps of clocking the
      calculator at a high duty cycle clock rate during the operation thereof in
      the execute mode, clocking the calculator at an intermediate duty cycle
      clock rate during the operation thereof in the display mode, and clocking
      the calculator at a low duty cycle clock rate during the operation thereof
      in the display inhibit mode.
NUM  13.
PAR  13. A method as in claim 12 wherein the calculator is clocked with clock
      pulses which have substantially the same width for each of the operative
      modes of the calculator, but which occur at different intervals for the
      different operative modes.
NUM  14.
PAR  14. A method as in claim 12 including the steps of supplying the calculator
      with power whose duty cycle is different for each of the different
      operative modes of the calculator.
NUM  15.
PAR  15. A method as in claim 14 wherein the power supplied to the calculator
      during the execute mode operation has a high duty cycle, the power
      supplied during the display mode operation has an intermediate duty cycle
      and the power supplied during the display inhibit mode has low duty cycle.
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ABST
PAL  Series type adder receiving numbers having different polarities,
      constituted by elementary series type adders combining the positive input
      numbers and the true complements of the negative input numbers to work out
      the sum .SIGMA. thereof, characterized in that it comprises means for
      calculating the sum S of the sign bits of the negative input numbers and
      effecting the storing thereof in a memory, means for extracting the
      exceeding number D appearing at the end of the calculating of .SIGMA.,
      means for comparing S and D in order to determine the sign of .SIGMA.
      existing in a memory register and in order to control the transferring
      thereof in true form, in an output, preceded by its sign.
BSUM
PAR  The present invention comes within the branch of series type binary adders
      effecting the sum of binary elements applied to its inputs.
PAR  It is a known practice to constitute an elementary series type binary
      adder, effecting the adding of two numbers emitted simultaneously in the
      form of two pulse trains having increasing weights, by a logic circuit
      having two inputs receiving respectively the two pulse trains and a third
      input on which the outgoing carry-over is re-injected after having been
      delayed by a pulse period. An elementary series type adder thus has two
      outputs: a "carry-over" output for a carry-over to be re-injected at the
      carry-over input and a "sum" output on which is sent out the result of the
      addition effected.
PAR  It is thus possible to produce a series type adder effecting the adding of
      more than two numbers starting with several elementary series type adders
      having three inputs and two outputs each. These elementary series type
      adders combine in threes, at their inputs, the bits taken from among the
      bits having the same weight of the input binary numbers to be added, the
      carry-over bits suitably delayed by one order in relation to the bits
      which gave rise to them sent out at the carry-over outputs, the part sum
      bits sent out on the sum outputs of the respective adders except for one
      of them which will send out the successive bits of the complete addition.
PAR  FIG. 1 shows an example of such a series type adder effecting the adding of
      four input binary numbers N1, N2, N3 and N4. That adder comprises three
      elementary series type adders 1, 2 and 3 having three inputs each,
      respectively 11 to 13, 21 to 23 and 31 to 33.
PAR  They each have a sum output for the sum effected 14, 24 or 34 and a
      carry-over output for the sum effected 15, 25 or 35, the carry-over bit
      being re-injected suitably delayed on one of the preceding inputs. In that
      example, the output 14 of the elementary series type adder 1 is used for
      sending out the result of the addition effected.
PAR  The inputs 11, 12, 21, 22 of the elementary adders 1 and 2 receive
      successively the bits having the same weight or orders of the numbers to
      be added. The sum output of the elementary adder 2 is directly connected
      to the input 13 of the elementary adder 1. The inputs 31 and 32 of the
      elementary adder 3 receive the carry-over bits sent out at the carry-over
      outputs 15 and 25 of the elementary adders 1 and 2. The carry-over output
      35 of the adder 3 is connected through a flip-flop 36 ensuring the
      carrying over of that bit to the input 33 of that adder; the carry-over
      bit at 35 is thus delayed by one order before being re-injected at the
      input 33. The sum output 34 of the elementary adder 3 is connected up
      through a carry-over flip-flop 37 to the input 23 of the elementary adder
      2; the bit, coming from the sum of the carry-over effected by the
      elementary adder 3 is thus delayed by one order and re-injected at the
      input 23 of the elementary adder 2.
PAR  Such a series adder effects therefore the sum of four binary numbers by a
      suitably shifted carrying over of the balances sums which the elementary
      adders constituting it send out.
PAR  It is also known that the subtracting operation is the equivalent of the
      adding of the true complement of the number to be subtracted, that true
      complement resulting from the addition of a unit having a smaller weight
      than the restricted complement of that number, the restricted complement
      itself being defined, is a system having a base of n, by the difference
      between n - 1 and that number. Thus, in the binary system, the restricted
      complement is obtained by taking the complement of the successive bits;
      the true complement is then formed by adding a unit having a smaller
      weight than that restricted complement. In the result of a subtraction
      thus effected (adding of the true complement of the number to be
      subtracted) there appears an exceeding element of lower order to be
      cancelled out in the result but significant of the sign of the result.
PAR  With a view to distinguishing a positive number from a negative number, it
      is a known practice to assign a sign bit to these numbers which then
      arrive with the sign bit foremost followed by the binary elements which
      characterize them, in an order of increasing power. It is a convention to
      make the bit 0 correspond to the positive sign and the bit 1 correspond to
      the negative sign.
PAR  Thus, when there is an addition of several numbers having different
      polarities, it is possible to effect, by series adders of the same type as
      that in FIG. 1, the total of the positive numbers which are recognizable
      by their 0 sign bit and the total of the negative numbers which are
      recognizable by their 1 sign bit. An elementary series type adder then
      effects the adding of the total of the positive numbers and of the true
      complement of the total of the negative numbers. The exceeding element, to
      be cancelled out in the result of the subtraction effected is significant
      of the sign of the result at the output of that elementary series type
      adder.
PAR  An exceeding element whose value is 1 corresponds to a positive result
      applied in its true form and the absence of an exceeding element,
      corresponding to an exceeding element whose value is 0, means that the
      result is negative and is applied in the form of a true complement; in
      that latter case, it is therefore necessary, in order to have the negative
      result, in its true form, to take the true complement of the result given
      by the elementary series type adder (the sum of a number in its true form
      and of its true complement being nil and being accompanied itself by an
      exceeding number having the value 1 which is to be eliminated).
PAR  Nevertheless, the producing of such a series type adder intended for
      receiving several numbers having different polarities at these inputs
      requires a directing of the input numbers according to their sign, towards
      one or the other of the two series type adders intended for receiving
      respectively the positive numbers and the negative numbers and, in each of
      these latter, a maximum number of elementary series type adders
      corresponding to the case where all the input numbers have the same sign.
PAR  The aim of the present invention is to produce a series adder not having
      such disadvantages inasmuch as concerns the directing operations and the
      number of elementary series type adders which constitute it.
PAR  The present invention has for its object a series type adder intended for
      receiving binary numbers of any polarity, having, foremost, sign bits,
      working out, in successive clock periods, the result .SIGMA. of the adding
      of the positive numbers and of the true complements of the negative
      numbers, then providing an exceeding data D subsequent to the result 93 ,
      comprising detection circuits for the said sign bits of the numbers, means
      for forming the true complements of the negative numbers, an assembly
      consisting of elementary series type adders connected with delay circuits
      for re-injecting, carry-over bits and bits for the sum of the carry-overs
      worked out, on the inputs of the said elementary series type adders and a
      memory for storing the said .SIGMA., characterized in that it comprises,
      moreover:
PAR  A circuit for extracting the sum S from the sign bits of the negative
      numbers and an auxiliary memory for storing the said sum S;
PAR  A circuit for extracting the said exceeding data D;
PAR  A comparator for comparing the sum S and the said exceeding data D for
      sending out a binary sign element of the said result .SIGMA. existing in
      the said memory;
PAR  A transfer circuit for the result .SIGMA. controlled by the said
      comparator, to send out in the true form the sum of the said numbers
      preceded by the said binary element characteristic of its sign.
PAR  The series adder according to the invention takes advantage of the fact
      that the comparing of the said sum S and the said exceeding data D is
      significant of the sign of the result and of the form in which it is in
      the memory: If D .ltoreq. S, the result .SIGMA. is negative and is applied
      in the form of a true complement; if D &gt; S, the result .SIGMA. is positive
      and is in the memory in the true form.
DRWD
PAR  Other characteristics and advantages of the present invention will become
      apparent from the description of an embodiment given with reference to the
      accompanying drawing, in which:
PAR  FIG. 1 shows a known diagram of a series type adder receiving four input
      figures; that series type adder has been described hereinbelow;
PAR  FIG. 2 shows the diagram of a series type adder according to the invention.
DETD
PAR  In FIG. 2, the case in which three numbers having any polarity are to be
      added has been taken into consideration.
PAR  Each of the numbers to be added designated by N1, N2 and N3 is in binary
      form; the first binary element is the sign bit; the following binary
      elements are the bits which characterize it; these latter bits are sent
      out in an order of increasing power. The binary numbers N1, N2 and N3 are
      applied simultaneously to the series type adder.
PAR  The series type adder comprises three elementary series type adders 4, 5
      and 6, each having three inputs respectively 41 to 43, 51 to 53, 61 to 63,
      a sum output 44, 54, 64 and a carry-over output 45, 55, 65. The numbers
      N1, N2 and N3 are applied to a first input of three logic gates of the
      "exclusive OR" type, 71, 73, and 75, which transmit them respectively to
      the inputs 41, 42 and 51 of the elementary series type adders 4 and 5. On
      their respective second inputs, the three exclusive OR gates receive the
      outputs of three flip-flops 72, 74 and 76 respectively controlled,
      throughout the duration of the operation for the adding of N1, N2 and N3,
      by the sign bit assigned to the number applied to the corresponding
      exclusive OR gate.
PAR  The sum output 54 of the elementary series type adder 5 is connected up
      directly to the input 43 of the elementary series type adder 4. The
      carry-over outputs 45 and 55 of the adders 4 and 5 are applied to the
      inputs 61 and 62 of the adder 6.
PAR  The inputs 53 and 63 of the adders 5 and 6 are connected up to the outputs
      of two carry-over flip-flops 56 and 66. The input and the output of each
      of these flip-flops and of the flip-flops mentioned hereinafter are
      designated respectively by D and Q. These flip-flops 56 and 66 are
      controlled by a logic directing circuit 8 transmitting either the sum of
      the sign bits of the numbers N1, N2 and N3 sent out at 44 and 64, with a
      view to applying towards the inputs 56 and 66 respectively, as many 1's,
      sent out by one and/or the other of the flip-flops 66 and 56 as there are
      digits in restricted complements applied respectively at 41, 42 and 51,
      (that possible re-injection of one or two 1's shifted by one order taking
      into account the necessary transformation of the restricted complements
      and true complements), or the sum sent out at 64 and the carry-over sent
      out at 65 with a view to the suitably shifted carrying over of the balance
      figures of the addition effected. An embodiment of that logic circuit 8
      shown in FIG. 2 is described hereinafter.
PAR  The sum output 44 of the elementary series adder 4 sends out the result
      .SIGMA. of the addition effected: it is connected to a memorizing register
      40, for example of the shift register type, through a logic AND gate 46
      one of whose inputs is connected up to the output 44.
PAR  The sum outputs 44 and 64 of the adders 4 and 6 send out also the sum S of
      the sign bits of the numbers N1, N2 and N3. That sum is directed through
      the logic circuit 8 to a memory constituted by two flip-flops 47 and 48.
PAR  The adder is monitored by a clock, not shown in FIG. 2. That clock controls
      the advance of the bits constituting the numbers N1, N2 and N3 applied to
      the exclusive OR gates 71, 73, 75, the advance of the memorizing register
      40 and the control element of the AND gate 46. It also controls the logic
      directing circuit 8.
PAR  That directing circuit 8 comprises two first AND gates 81 and 82 each
      receiving on a first input a control signal at the instant T0, T0
      corresponding to the instant of presence of the sign bits at the inputs of
      the exclusive OR gates 71, 73, 75. The second inputs of these AND gates 81
      and 82 are connected up respectively to the sum outputs 44 and 64 of the
      adders 4 and 6. The logic directing circuit 8 comprises, moreover, two
      second AND gates, 83, 84, receiving each on a first input, a control
      signal at the instant T0, the second inputs of these AND gates 83, 84
      being connected up respectively to the sum output 64 and the carry-over
      output 65 of the adder 6. The output of the AND gate 81 is connected up to
      the input of the flip-flop 47; the output of the AND gate 82 is connected
      up to the input of the flip-flop 48. These two AND gates 81 and 82 ensure
      the memorizing of the sum of the sign bits in the memories 47 and 48 at
      the instant T0.
PAR  In the logic directing circuit 8, a first OR gate 85 connects up the
      outputs of the AND gates 81 and 83 to the input of the carry-over
      flip-flop 56, whereas a second OR gate 86 connects up the outputs of the
      AND gates 82 and 84 to the input of the carry-over flip-flop 66.
PAR  The adder comprises, moreover, a comparator 90 receiving, on two first
      inputs the outputs of the flip-flops 47 and 48 for memorizing the sum of
      the sign bits and on two second inputs, the outputs of the OR gates 85 and
      86. That comparator is controlled at the last instant Tn of the addition
      cycle T worked out by the clock. That comparator determines the sign of
      the result of the addition effected; its output is connected up to a
      flip-flop 91 ensuring the memorizing of that sign.
PAR  The output of that flip-flop 91 is connected up to a first input of an AND
      gate 92 controlled by the signal which is the sign of the result detected
      at Tn, that is, at the end of the addition cycle and during the first
      instant T'1 of a new clock cycle intended for the transferring of the
      contents of the register 40.
PAR  The output of the flip-flop 91 is also connected up to a first input of an
      exclusive OR gate 94 receiving on its second input the signal sent out by
      an AND gate 93 connected up to the memorizing register 40 and controlled
      during the cycle T'.
PAR  The output of the flip-flop 91 having for its value, the exclusive OR gate
      94 transforms the result memorized in the register 40 into its restricted
      complement. The AND gate 92 controlled at the instant T'1 sends out on its
      output a signal whose value is 1. The AND gate 92 and the exclusive OR
      gate 94 are connected up to the two inputs of an auxiliary elementary
      series type adder 95, ensuring the conversion of an auxiliary elementary
      series type adder 95, ensuring the conversion of the restricted
      complement, supplied by 94, into its true complement appearing at its sum
      outputs 96, by adding of a 1 sent out by the AND gate 92, to the bit
      having the smallest weight of that restricted complement.
PAR  The carry-over output 97 of that adder 95 is looped again on its third
      input through a flip-flop 98 ensuring the shifted carry-over of a possible
      balance figure appearing at the time of adding a 1 to the bit having the
      smallest weight of the restricted complement.
PAR  In that adder, all the flip-flops and the memorizing register 40 are reset
      to zero at the beginning of a new adding cycle.
PAR  The operation of the adder according to FIG. 2 is given hereinafter:
PAR  At the first clock instant T0, the sum S of the sign bits of a negative
      number is effected and memorized. The sign bits are applied to the inputs
      of the flip-flops 72, 74, 76. The detecting of these sign bits by the
      flip-flops is intended to ensure, in the following part of the addition,
      the possible conversion of the numbers N1, N2, N3 into their restricted
      complements. These sign bits are transmitted without modification through
      the exclusive OR gates 71, 73, 75. The addition of the sign bits is
      effected in the adders 4, 5 and 6; their sum S is put into reserve in the
      flip-flops 47 and 48, the AND gates 81 and 82 of the logic directing
      circuit 8 being conductive for that sum at the instant T0. The OR gates
      85, 86, connected to the AND gates 81 and 82 of the circuit 8, ensure also
      the directing of the sum of the sign bits on the carry-over flip-flops 56
      and 66. These flip-flops 56 and 66 are then used for ensuring the shifted
      carry-over by a clock instant of as many 1's as there are negative numbers
      entering into the addition of the digits N1, N2 and N3 to be effected:
PAR  At the clock instant T1 following T0, the state of the sign bits applied at
      T0 to the inputs D of the flip-flops 72, 74 and 76 appears at the outputs
      Q of the said flip-flops and will be kept there throughout the whole
      adding cycle, then the working out of the result of the addition and the
      storing thereof in the register 40 are begun. The bits having the smallest
      weight characterizing the numbers N1, N2, N3 are applied, with the outputs
      of the flip-flops 72, 74, 76, to the inputs of the exclusive OR gates 71,
      73 and 75. These bits are possibly transformed into their complement and
      applied to the adders 4 and 5. The flip-flops 56 and 66 ensure
      simultaneously, with the presence of the bits having the smallest weights
      of the numbers the carrying over of any 1's coming from the sum of the
      sign bits. That carry-over corresponds to the necessary conversion of the
      restricted complements, from the numbers detected as negative, into their
      true complement. The adding result is stored, through the AND gate 46
      which is conductive at the instants T0, in the register 40. The sum of the
      carry-over bits, worked out at 64 on the adder 6 and the carry-over bit,
      worked out at 65 on the adder 6, are directed, when there is no T0, by the
      AND gates 83 and 84 and the OR gates 85 and 86, towards the carry-over
      flip-flops 66 and 56, delaying them by a clock instant.
PAR  At the following successive clock instants, the result .SIGMA. of the sum
      effected and sent out at 44 is successively memorized in the shift
      register 40 through the conductive AND gate 46. The carry-over of the sum
      of the carry-over bits worked out at 64 and the carry-over of the balance
      figure worked out at 65 on the adder 6 are effected in the same way as at
      the instant T1.
PAR  At the last instant Tn of the addition cycle T worked out by the clock, the
      exceeding data D is extracted. The memorizing register 40 contains the
      result .SIGMA. of the addition effected. The exceeding bits, that is, D,
      formed on an adding of numbers having different polarities, are then
      applied to the outputs 64 and 65 of the adder 6. The binary word S, which
      is the sum of the sign bits and the binary word D, exceeding elements, are
      compared in the comparator 90. If D .ltoreq. S, the output of the
      comparator assumes the logic state 1; that output signal whose value is 1
      indicates that the result .SIGMA. memorized in the register 40 is applied
      in the form of a true complement. The sign bit, in the case, is
      transmitted on the output 96 by the AND gate 92 whose output is in the
      state 1 and by the adder 95. If D &gt; S, the output of the comparator 90 is
      in the logic state 0. That output signal whose value is 0 indicates that
      the result stored in the register 40 is positive and is in its true form.
      The output 96 remains in the latter case in the state 0.
PAR  During the cycle T', the transfer of the contents of the register 40 to the
      output 96 is ensured, that cycle T' following the addition cycle T
      effected. If the result .SIGMA. stored in the register 40 is detected as
      being negative, it is put in a true form by the exclusive OR circuit 94
      working out its restricted complement by the AND gate 92, whose output
      remains at 1 during the first transfer instant T'1, enabling the adjoining
      of a 1 necessary for the conversion of the restricted complement into a
      true complement and by the adder 95. If the result is detected as being
      positive, the output of the AND gate 92 remains at 0, the OR exclusive
      gate 94 and an adder 95 transmit to the output 96 the result .SIGMA.
      present at 40, without modification.
PAR  The device described sends out, at the output 96, a binary number which is
      the sum of the input binary numbers N1, N2, N3, in the true form, whatever
      the sign of the input digits and the sign of the "provisional" result
      memorized in the register 40 may be. That result sent out at the output 96
      is preceded by its sign binary element and is also directly usable.
PAR  The present invention has been described by means of an embodiment given by
      way of an example in the drawing. It is evident that without going beyond
      the scope of that invention, details may be modified therein and/or
      certain means may be replaced by other which are technically equivalent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A series type adder for adding during successive clock periods a
      plurality of binary numbers of any polarity received in serial form and
      having a sign bit as the first bit thereof by adding positive numbers and
      true complement of negative numbers, comprising a plurality of detection
      circuits for storing the respective sign bits of said binary numbers, gate
      means responsive to said detection circuits for forming the true
      complements of the negative binary numbers, adding means including a
      plurality of elementary series type adders for adding said positive
      numbers and the true complements of negative numbers, delay means for
      re-injecting carry-over bits and bits representing the sum of carry-over
      bits coupled from outputs of said adding means to inputs thereof, memory
      means connected to said adding means for storing the output thereof
      representing the addition of said binary numbers, logic directing means
      responsive to the outputs of one of said elementary series type adders for
      providing during one clock instant of an adding cycle a sum output
      representing the sum of the sign bits of the negative numbers and during
      another clock instant of said adding cycle the carry-over output of said
      adding means, auxiliary memory means connected to said logic directing
      means for storing said sum output thereof, circuit means, included within
      said logic directing means, for providing the carry-over output from said
      logic directing means, comparator means for comparing the output of said
      auxiliary memory means to the output of said circuit means during a final
      clock instant of said adding cycle, and transfer means connected to said
      comparator means for enabling the contents of said memory means to be
      preceded by a sign bit determined by the output of said comparator means.
NUM  2.
PAR  2. An adder as defined in claim 1 wherein said adding means includes three
      elementary series type adders for adding three binary numbers, one of said
      elementary adders receiving one of said binary numbers and bits
      representing the sum of carry-over bits, a second elementary adder
      receiving the other two binary numbers and the sum output of said one
      elementary adder, and the third elementary adder receiving the carry-over
      outputs of said one and said second elementary adders as well as the
      re-injected carry-over bits from the output of said adding means.
NUM  3.
PAR  3. An adder as defined in claim 2 wherein said memory means includes a
      shift register and a first logic gate for connecting the sum output of
      said second elementary adder to said shift register.
NUM  4.
PAR  4. An adder as defined in claim 3 wherein said detection circuits comprise
      respective flip-flop circuits receiving said sign bits and said gate means
      includes respective EXCLUSIVE OR gates receiving a respective binary
      number at one input and the output of a respective flip-flop circuit at
      the other input, the outputs of said EXCLUSIVE OR gates being connected to
      the inputs of said one and said second elementary adders.
NUM  5.
PAR  5. An adder as defined in claim 4 wherein said delay means includes a pair
      of additional flip-flops receiving the outputs of said logic directing
      means and being connected to inputs of said one and said third elementary
      adders.
NUM  6.
PAR  6. An adder as defined in claim 5 wherein said logic directing means
      includes gating means for connecting the sum outputs of said second and
      said third elementary adders to said pair of additional flip-flops during
      said one clock instant.
NUM  7.
PAR  7. An adder as defined in claim 6 wherein said logic directing means
      further includes additional gating means for connecting the sum output and
      the carry output of said third elementary adder to respective ones of said
      pair of additional flip-flops during said other clock instant.
NUM  8.
PAR  8. An adder as defined in claim 1 wherein said auxiliary memory means
      comprises a pair of flip-flops receiving the sum outputs of said second
      and third elementary adders from said logic directing means during said
      one clock instant.
NUM  9.
PAR  9. An adder as defined in claim 8 wherein said transfer means includes
      conversion means responsive to said comparator means for converting the
      data of said shift register to its true complement when the sign thereof
      is negative.
NUM  10.
PAR  10. An adder defined in claim 8 wherein said transfer means comprises a
      first binary circuit connected to the output of said comparator means, a
      first gating circuit connected to the output of said first binary circuit,
      a further EXCLUSIVE OR gate having one input connected to the output of
      said first binary circuit and a second input connected to the output of
      said shift register through a second gating circuit, a further elementary
      adder having inputs connected to the outputs of said EXCLUSIVE OR gate and
      said first gating circuit, and a second binary circuit for coupling the
      carryover output of said further elementary adder to an input thereof, the
      other output of said further elementary adder representing the output of
      said transfer means.
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ABST
PAL  Method and apparatus for recording and/or indicating a function of two
      variables, characterized in that a signal having a value Z which is a
      function of two variables X and Y is quantified and is then represented in
      quantified form. The representation in quantified form is effected by
      projecting a luminous spot on a display area at the point of coordinates
      (X, Y) wherein the luminosity of the spot represents the quantified form
      of the value Z.
BSUM
PAR  The present invention relates to a method and apparatus for measuring
      and/or recording and/or indication, in quantified form, a function of two
      variables.
PAR  In the present state of the art it is known, for example, in television
      systems, to modulate the luminosity or intensity of the spot on a cathode
      tube. However, this is an analog modulation and is not representative of a
      measurement. Also, in the present state of the art it is known, in the
      utilization of oscilloscopes, to vary the luminosity of the spot by
      periodic extinctions or blanking as an estimate of the duration of a brief
      signal. However, this modulation is an all or nothing modulation and has
      no other possibility.
PAR  Accordingly, it is an object of the present invention to solve the problem
      of obtaining on a recording or an indication in two dimensions
      representing two independent variables X and Y, a representation -
      allowing for measurement -- of a value Z which is a function of the two
      variables X and Y. This is in some way the problem of the so-called staff
      map wherein the altitude Z is represented by curves having an equidistant
      level. However, in accordance with the present invention the problem is
      initiated and solved in an electronic manner, that is, automatically and
      instantly by starting from electric signals.
PAR  In accordance with the method of the present invention, the signal
      representing the aforementioned value Z is quantified, then it is
      represented or displayed in quantified form by the luminosity of a
      luminous spot projected at the point of coordinates (X, Y). For example,
      but not necessarily, this spot may be that of a cathode tube, for instance
      also equipped with a photographic or cinematographic apparatus.
PAR  In accordance with an embodiment of an apparatus utilizing or applying the
      method of the present invention, the signal representing the value Z is
      compared, after calibration, to a plurality of levels by a plurality of
      comparators. The output signals of these comparators are then summed with
      a specific weighting of the signals to provide an output signal.
PAR  According to another embodiment of an apparatus for applying the method of
      the present invention, the signal representing the value Z is processed by
      two groups of cascaded comparators-adders, followed by a nonlinear
      amplifier furnishing an output signal.
PAR  In accordance with the two above-mentioned embodiments, the signal
      representing the value Z, which signal may be an analog signal, is
      translated without any delay by an output signal which is quantified and
      which is an analog signal. However, the present invention also provides
      that the quantification can be made by two converters in cascade, and
      specifically, a first analog to digital converter of which only the binary
      numbers of the greatest weight are applied to a second digital to analog
      converter.
PAR  In accordance with the two above-mentioned embodiments, it is possible to
      add to the output signal either one or several additional signals. For
      example, for the purpose of improving the recording and indication, the
      additional signal may be the differential of the output signal; or also a
      brief pulse type signal at each variation of the quantification. Further,
      this additional signal may, for example, be the signal representing Z
      itself.
DRWD
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, several embodiments in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a block diagram of an apparatus according to an embodiment of the
      present invention;
PAR  FIG. 2 illustrates explanatory curves of the signals of the apparatus of
      FIG. 1;
PAR  FIG. 3 is a block diagram of an apparatus according to another embodiment
      of the present invention;
PAR  FIG. 4 illustrates explanatory curves of the signals of the apparatus of
      FIG. 3;
PAR  FIG. 5 illustrates curves in accordance with another embodiment of the
      present invention, and
PAR  FIG. 6 illustrates a curve in accordance with still another embodiment of
      the present invention.
DETD
PAR  Referring now to FIG. 1, there is shown an embodiment of the apparatus of
      the present invention in block diagram form including an input device 1, a
      quantification device 2, an adder-differentiator device 4, a calibration
      device 5, and an output device 6. The input device 1 receives on its input
      11 the signal Z and then calibrates the signal by means of an attenuator
      12, consisting for example of a ten-turn potentiometer, followed by an
      operational amplifier 13 providing a calibrated signal Z.sub.1 at the
      output thereof having a value for example between 0 and 5 volts for
      application to the quantification device 2. In the quantification device
      2, the calibrated signal Z.sub.1 is compared to a plurality of n levels,
      for example 16 levels, by a chain of n resistors 21 supplied or energized
      by a reference voltage applied to the terminal 22 providing the set level
      signals to the n comparators 23, only several of which have been
      illustrated in the drawing for purposes of clarity. The comparators, may
      be for example integrated circuits of the type 710. In the device 4, the n
      outputs of the comparators of the quantification device 2 are summed by an
      amplifier 41, of the type 709, for example, with each of these outputs
      being weighted differently by means of resistors 42 so as to compensate
      for the nonlinearity of the entire response curve of for example the eye
      or oscilloscope-photo. The sum signal obtained is differentiated by a
      circuit having a condenser 43 and resistor 44 with the resistor 45
      furnishing on the output 46 the sum signal and its differential as
      described hereinafter. A calibration device 5 is utilized to permit an
      external signal to be applied to the apparatus via its input 51 which
      external signal is shaped by means of an AND circuit 52 and a monostable
      device 53 providing an output signal at 54 to the output device 6. The
      output device 6 sets or adjusts the zero point of the signal received at
      46 by means of an operational amplifier 61 regulated by means of a
      potentiometer 64 having two opposed reference voltages applied to the
      terminals 62 and 63 thereof. The signal is then calibrated in amplitude by
      a potentiometer 65 and summed with the signal on the lead 54 by an
      operational amplifier 66 which provides an output of the quantified signal
      Q [Z] at 67.
PAR  FIG. 2 illustrates the curves of the signal Z and the quantified signal Q
      [Z] wherein the output signal Q [Z] of the above described apparatus of
      FIG. 1 is applied to an oscilloscope with a television type scan, or a
      frame scanning in X and a line scanning in Y. The graph at the top of FIG.
      2 represents during a line X = Xo the variation of the signal Z (the
      ordinate) as function of the variable Y (the abscissa). As shown, the
      signal Z for example starts from zero, passes over five levels (from among
      the n levels) and falls back to zero. At each passage of a level by Z, the
      quantified signal Q [Z] changes level with an initial overswing D (lower
      graph of FIG. 2) which is assured by the aforementioned differentiation
      (43-44 of the device 4), and which is in the same direction as the change
      of level, in other words, positive when Z increases, and negative when Z
      decreases. These overswings D offer several advantages in that the changes
      in level of the quantified signal Q [Z] are better marked and placed in
      evidence; the polarity of the overswing D indicates without ambiguity the
      direction of the change in level of Q [Z]; because of the eye response or
      the response of a photographic apparatus, the overswings D increase the
      contrast apparent between two neighboring levels and thus increase the
      dynamic ratio of the image. For example, an image may be obtained
      utilizing a Federal Scientific UA-6B type analyzer connected to the input
      of the FIG. 1 apparatus and an oscilloscope connected to the output of
      such apparatus wherein the cathode screen is modulated by the output
      signal Q [Z] of the apparatus.
PAR  Another embodiment of the apparatus in accordance with the present
      invention is illustrated in block diagram form in FIG. 3 which utilizes a
      portion of the circuitry of FIG. 1. In the FIG. 3 embodiment, the output
      14 of the input device 1 of FIG. 1 is applied to the illustrated apparatus
      and the output of such apparatus is applied to the input 46 of the output
      device 6 of FIG. 1, which devices 1 and 6 are not again described. The
      single unit of the quantification device 2 and of the adder-differentiator
      device 4 of FIG. 1 are replaced in this embodiment by two such assemblies
      or units, or a unit or assembly comprising a quantification device 31 and
      a summer-differentiator device 32, and a unit or assembly comprising a
      quantification device 33 and a summer-differentiator device 34 which are
      identical to those already described hereinabove, except that resistors 42
      having equal values are utilized to equivalent outputs. The signal at the
      output 35 of the assembly 31-32 is applied to an input of the assembly
      31-32 via an operational amplifier which serves for restoring the signal
      into the range of the assembly 33-34 since the two assemblies operate in
      different ranges. The output 35 of the assembly 31-32 and the output 36 of
      the assembly 33-34 are summed by an operational amplifier 37, followed by
      a nonlinear amplifier 38 which compensates for the nonlinearity of the
      remainder of the system components.
PAR  FIG. 4 illustrates curves which are analogous to the curves of FIG. 2
      indicating the response of the apparatus according to the FIG. 3
      embodiment (the assembly 33-34 containing four comparators) to a signal Z
      in the form of a rising slope. It is clear that this apparatus provides a
      quantified signal which increases, for the same dynamic ratio of the
      support, the number of levels represented, and without ambiguity wherein
      the signal falls back at each cycle to a different starting level.
PAR  FIG. 5 illustrates curves in accordance with the present invention wherein
      there is added to the quantified signal Q [Z] an additional signal which
      is here the signal Z itself so as to provide an output signal which is the
      algebraic addition Z-Q [Z].
PAR  FIG. 6 illustrates another curve in accordance with another embodiment of
      the present invention wherein instead of adding the differential to the
      signal there is added a pulse type signal, obtained for example in a
      manner known in the art by two monostable devices triggered by the
      respectively rising and descending edges of the quantified signal Q [Z].
PAR  The method and apparatus of the present invention may be utilized in
      different types of known systems, such as signal analyzers including
      spectrum analyzers, correlating means, averaging means, multi-channel
      selectors, statistical analyzers, ambiguimeters, etc.; measuring apparatus
      including all apparatus with scanning, infrared cameras, sonars, radars,
      etc., and transmission systems including telephone lines, telegraph lines,
      radios, satellites, television, etc. Further, the method and the apparatus
      according to the present invention may utilize different types of known
      systems, such as oscilloscopes with modulation of the cathode screen in
      visual observation, in photographic recording, in cinematographic
      recording (with continuous passage of the film; memory oscilloscopes
      allowing for the representation of half-tones; and with outputs on
      recorder, telephotographs on thermosensitive paper or the like.
PAR  While I have shown and described several embodiments in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to a
      person skilled in the art, and I therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are obvious to one of ordinary skill in the
      art.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method for at least indicating a function Z of two variables X and Y
      comprising the steps of quantifying the value of the function Z and
      displaying the quantified form of the value of the function Z by
      projecting a luminous spot on a display area at the point of coordinates
      (X, Y) and providing a luminosity for the spot representative of the
      quantified form of the value of the function Z.
NUM  2.
PAR  2. The method according to claim 1, further comprising the step of
      generating the function Z.
NUM  3.
PAR  3. Apparatus for at least indicating a function Z of two variables X and Y
      comprising quantifying means for receiving a signal representative of the
      function Z and providing a quantified function Z output signal, and means
      for displaying the quantified function output signal including means for
      projecting a luminous spot on a display area at the point of coordinates
      (X, Y) and providing a luminosity representative of the quantified
      function signal.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein said quantifying means includes
      means for calibrating the function Z signal and providing a calibrated Z
      signal, comparator means for comparing the calibrated Z signal with a
      plurality of reference levels and providing output signals indicative of
      the comparisons, means for providing a predetermined weighting for each of
      the output signals of said comparator means, and means for summing the
      weighted output signals to provide the quantified function output signal.
NUM  5.
PAR  5. Apparatus according to claim 4, further comprising means for
      algebraically adding at least one additional signal to the quantified
      function signal to provide a resultant quantified signal which is
      displayed.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein said at least one additional
      signal is a differential of said quantified function signal.
NUM  7.
PAR  7. Apparatus according to claim 3, wherein said quantifying means includes
      means for calibrating the function Z signal and providing a calibrated Z
      signal, two assemblies of comparator-summing means arranged in cascade for
      processing the calibrated Z signal, and nonlinear amplifier means
      receiving the output of said cascaded comparator-summing means and
      providing the quantified function output signal.
NUM  8.
PAR  8. Apparatus according to claim 7, further comprising means for
      algebraically adding at least one additional signal to the quantified
      function signal to provide a resultant quantified signal which is
      displayed.
NUM  9.
PAR  9. Apparatus according to claim 8, wherein said at least one additional
      signal is a differential of said quantified function signal.
NUM  10.
PAR  10. Apparatus according to claim 3, wherein the function Z signal is an
      analog signal and said quantifying means includes analog-digital convertor
      means and digital-analog convertor means, said analog-digital convertor
      means for converting the analog Z signal into a digital signal and
      applying only the binary digits with the highest weighting to said
      digital-analog convertor means, said digital-analog convertor means
      providing the quantified function output signal.
NUM  11.
PAR  11. Apparatus according to claim 10, further comprising means for
      algebraically adding at least one additional signal to the quantified
      function signal to provide a resultant quantified signal which is
      displayed.
NUM  12.
PAR  12. Apparatus according to claim 11, wherein said at least one additional
      signal is a differential of said quantified function signal.
NUM  13.
PAR  13. Apparatus according to claim 4, wherein said quantifying means includes
      input means, quantification means, summer-differentiator means, additional
      signal calibrator means, and output means, said input means including said
      calibrating means and comprising an attenuator having a potentiometer and
      an operational amplifier, connected to said attenuator for providing the
      calibrated Z signal, said quantification means including said comparator
      means and having n plurality of comparators receiving the calibrated Z
      signal, reference level setting means including n plurality of resistors
      providing n reference levels to said n comparators, said
      summer-differentiator means including said weighting means having an
      individual resistor providing each output signal of said n comparators
      with a predetermined weighting, said summing means summing the weighted
      signals to provide the quantified function signal R-C circuit
      differentiating means differentiating the quantified function signal and
      adding the differential to the quantified function signal for application
      to said output means additional signal calibrator means for receiving an
      additional signal and shaping and calibrating the additional signal and
      for applying the calibrated additional signal to said output means, said
      output means for summing the output signals of said summer-differentiator
      means and said additional signal calibrator means and providing an output
      signal for display.
NUM  14.
PAR  14. Apparatus according to claim 13, wherein said output means includes an
      operational amplifier for receiving the output signal of said
      summer-differentiator means and means for setting the output signal to
      zero including a potentiometer connected to said operational amplifier and
      connected between two reference voltages, and a potentiometer connected at
      the output of said operational amplifier for providing a calibrated signal
      to said summing means fo said output means.
NUM  15.
PAR  15. Apparatus according to claim 14, wherein said additional signal
      calibrator means receives one of a signal representative of the value of
      the function Z, and an external signal generated by an external device.
NUM  16.
PAR  16. Apparatus according to claim 7, comprising input means, said two
      cascaded assemblies of comparator-summing means each including
      quantification means and summer-differentiator means, summing means, said
      nonlinear amplifier means, and output means, said input means including
      said calibrating means and comprising a potentiometer-attenuator means
      connected to an operational amplifier providing the calibrated Z signal,
      each of said quantification means comprising p plurality of comparators
      for receiving the calibrated Z signal and reference level setting means
      including p plurality of resistors providing p reference levels for said p
      comparators, each summer-differentiator means including means for summing
      the outputs of said p comparators of its respective group by p resistors
      of equal value to provide a sum signal, R-C circuit differentiating means
      for differentiating the sum signal and adding the sum signal and the
      differential to provide an output signal, the output signal of the first
      of the two cascaded assemblies being supplied to the input of the second
      of the two cascaded assemblies, said summing means summing the outputs of
      the two cascaded groups and supplying the output thereof to said nonlinear
      amplifier means, said nonlinear amplifier means providing the output
      signal thereof to said output means.
NUM  17.
PAR  17. Apparatus according to claim 16, wherein said output means includes
      means for effecting the setting to zero of the output signal of the
      nonlinear amplifier means and for calibration of the output signal.
NUM  18.
PAR  18. Apparatus according to claim 17, further comprising means for
      algebraically adding at least one additional signal to the quantified
      function output signal, said at least one additional signal being one of a
      signal representative of the value of the function Z, and an external
      signal generated by an external device.
NUM  19.
PAR  19. Apparatus according to claim 5, wherein said at least one additional
      signal is a brief pulse type signal at each variation of the
      quantification.
NUM  20.
PAR  20. Apparatus according to claim 5, wherein said at least one additional
      signal is a signal representative of the value of the function Z.
NUM  21.
PAR  21. Apparatus according to claim 5, wherein said at least one additional
      signal is an external signal.
NUM  22.
PAR  22. Apparatus according to claim 8, wherein said at least one additional
      signal is a brief pulse type signal at each variation of the
      quantification.
NUM  23.
PAR  23. Apparatus according to claim 8, wherein said at least one additional
      signal is a signal representative of the value of the function Z.
NUM  24.
PAR  24. Apparatus according to claim 8, wherein said at least one additional
      signal is an external signal.
NUM  25.
PAR  25. Apparatus according to claim 11, wherein said at least one additional
      signal is a brief pulse type signal at each variation of the
      quantification.
NUM  26.
PAR  26. Apparatus according to claim 11, wherein said at least one additional
      signal is a signal representative of the value of the function Z.
NUM  27.
PAR  27. Apparatus according to claim 11, wherein said at least one additional
      signal is an external signal.
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ABST
PAL  A multiple flash lamp array contains a sequentially switching lamp flashing
      circuit in the form of a printed circuit on a surface of a circuit board.
      A metal shield is provided over the other surface of the circuit board to
      reduce the possibility of accidental flashing of lamps by electrostatic
      voltage, which flashing tends to occur particularly when high voltage
      types of lamps are used in the array. Preferably, the shield is connected
      electrically to a lead-in wire of each lamp in the array, and also is
      connected electrically to a conductive reflector member positioned near
      the other side of the circuit board from the shield.
BSUM
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  Ser. No. 448,671, filed Mar. 6, 1974, Kurt H. Weber, "Multiple Flash Lamp
      Unit," assigned the same as this invention.
PAR  Ser. No. 485,459, filed July 3, 1974, Richard Blount, "Multiple Flash Lamp
      Unit," assigned the same as this invention.
PAR  Ser. No. 485,422, filed July 3, 1974, Paul T. Cote, "Multiple Flash Lamp
      Unit," assigned the same as this invention.
PAR  Ser. No. 485,460, filed July 3, 1974, Paul T. Cote, "Protective Terminal
      for Multiple Flash Lamp Unit," assigned the same as this invention.
PAR  Ser. No. 499,316, filed Aug. 21, 1974, Paul T. Cote, "Connector for
      Photoflash Array," assigned the same as this invention.
PAR  Ser. No. 508,334, filed Sept. 23, 1974, Richard Blount, "Photoflash Array
      Construction," assigned the same as this invention.
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is in the field of multiple photoflash lamp units, such as
      planar arrays.
PAR  The above-referenced patent applications disclose multiple flash lamp units
      that can be connected to a camera in different orientations in each of
      which a different group of the flash lamps is relatively farther from the
      camera lens axis than are the other lamps of the unit. The lamps and
      electrical circuitry are arranged so that in any of the orientations of
      the unit with respect to the camera, only the group of lamps relatively
      farther from the lens axis can be flashed. The purpose of such an
      arrangement is to position the "active"group of flash lamps farther above
      the camera lens in order to reduce the possibility of a "red-eye" effect
      that causes the pupils of a person's eyes to appear red or pink in flash
      pictures taken when the flash lamp is close to the camera lens.
PAR  Each of the above-referenced multiple flash lamp arrays has, in a preferred
      embodiment, a circuit board having one or more integral plug-in connector
      tabs each provided with a plurality of electrical connection terminals in
      the form of conductive stripes printed on or otherwise attached to the
      connector tab. The various connector terminals are connected to individual
      lamps or to sequential firing circuitry carried on the circuit board and
      interconnected with lamps in the unit. Such flash units, and particularly
      if they employ high voltage types of flash lamps which are flashed by a
      high voltage pulse (1,000 or 2,000 volts, for example) of low energy, are
      prone to electrostatic firing of one or more lamps if a connection
      terminal is touched by or brought into close proximity to a person or
      object having an electrostatic charge. Such undesirable accidental
      flashing of lamps can also occur if the flash unit housing, which usually
      is made of a plastic material, acquires an electrostatic charge and a
      connector terminal is touched by or brought into close proximity to a
      charged person or object. The problem can also occur, and can be more
      severe, if both the plastic housing and the person or object near to or
      touching a connection terminal are electrostatically charged with
      relatively opposite polarities.
PAR  The first two of the above-referenced Cote patent applications disclose
      terminal circuit arrangements for reducing the likelihood of accidental
      flashing of lamps by electrostatic charge when the terminals are touched
      while handling the unit. This is accomplished by making one of the
      terminals longer or otherwise more readily touchable than the others, and
      by connecting this more touchable terminal electrically in the unit so as
      to have more stray capacitance to ground than the other terminals.
PAC  SUMMARY OF THE INVENTION
PAR  Objects of the invention are to provide an improved flash lamp array; to
      provide improved means for preventing accidental electrostatic flashing of
      lamps in such an array; and to provide such accidental flash prevention in
      a manner that is feasible and economical to manufacture.
PAR  The invention comprises, briefly and in a preferred embodiment, a multiple
      flash lamp array which comprises a lamp flashing circuit in the form of a
      printed circuit on a surface of a circuit board. A conductive shield is
      positioned face to face with the other surface of the circuit board to
      reduce the possibility of accidental flashing of lamps by electrostatic
      voltage, which flashing tends to occur particularly when high voltage low
      energy types of lamps are used in the array. Preferably, the shield is
      connected electrically to a lead-in wire of each lamp in the array, and
      also is connected electrically to a conductive reflector member positioned
      near the other side of the circuit board from the shield. A plurality of
      electrical terminals are provided on the array for connecting it to a
      socket of a camera or flash adapter, one of which terminals is shaped and
      arranged to be relatively more touchable than the others and is
      electrically connected to said shield, said lead-in wire of each lamp, and
      said reflector member. Preferably, the shield is plated or otherwise
      attached to the opposite surface of the circuit board from that having the
      circuitry thereon. By thus making one terminal more readily touchable and
      providing it with a relatively large stray capacitance to ground, an
      electrostatic charge applied to this terminal will be principally diverted
      through the larger capacitance to ground instead of passing through flash
      lamps in the array. Also, the shield on the one side and the conductive
      reflector on the other side of the circuit board shield the circuitry from
      electrostatic charges.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a multiple flash lamp array in accordance
      with a preferred embodiment of the invention.
PAR  FIG. 2 is a cross-sectional view of a portion of FIG. 1 taken on the line
      2--2 thereof.
PAR  FIG. 3 is a front view of a circuit board to which flash lamps are
      connected in the multiple lamp array, shown plugged into a socket.
PAR  FIG. 4 is a rear view of the circuit board of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A multiple flash lamp array 17, shown as being of the planar array type and
      containing a plurality of electrically fired flash lamps, is provided with
      a plug-in connector tab 18 at the lower side or end thereof, adapted to
      fit into a socket 19 (FIG. 3) of a camera or flash adapter. The lamp array
      17 is provided with a second plug-in connector tab 18'  at the top side or
      end thereof, whereby the array 17 is adapted to be attached to the socket
      19 in either of two orientations, i.e., with either the tab 18 or the tab
      18' plugged into the socket 19. The array 17 is provided with an upper
      group 21 of flash lamps 22, 23, 24, and 25, and a lower group 26 of flash
      lamps 27, 28, 29, and 30. Reflectors 22', etc., are disposed behind the
      respective flash lamps so that as each lamp is flashed its light is
      projected forwardly of the array 17. The relationship of each reflector to
      its associated lamp, and a suitable plastic housing and transparent front
      cover, may be as disclosed in the first above-referenced Blount patent
      application.
PAR  With the array 17 oriented and plugged into the socket 19 as shown in FIG.
      3, only the upper four lamps of the array, which constitute the upper
      group 21, can be flashed, and the four lamps of the lower group 26 are
      inactive and will not flash. Thus, the above-described undesirable red-eye
      effect is reduced or eliminated, since the only lamps of the array that
      cah flash are grouped relatively far from the socket 19 and hence from the
      axis of the camera's lens. The array 17 can be removed from the socket 19,
      either before or after all lamps of the upper group 21 have been flashed,
      and turned around, with the upper tab 18' now the lower tab which is
      inserted into the socket 19, whereupon the group 26 of lamps becomes the
      upper group, and its lamps are flashed, again reducing or eliminating the
      red-eye effect because the active lamps are relatively farthest from the
      socket 19 and hence from the axis of the camera's lens.
PAR  Electrical connector terminals are provided at the tabs 18 and 18', and if
      flash sequencing circuitry is included in the multiple flash unit, for
      instance as illustrated in FIG. 3, only two electrical terminals, which
      may be in the form of printed circuit stripes, need be provided on each
      tab for connecting the upper or active group of lamps to the socket 19.
      Thus, tab 18 is provided with a pair of electrical terminals 31 and 32,
      and the tab 18' is provided with a pair of terminals 31' and 32'. Each tab
      is provided with a third terminal 33 and 33', respectively, which
      functions in the camera to electrically short the circuitry of the
      inactive lower group of lamps, as will be described.
PAR  FIG. 3 shows a circuit board 36 for the embodiment of FIG. 1 which can be
      contained within the housing of the unit 17 behind the reflectors 22',
      etc., and which supports the flash lamps by their lead-in wires and
      provides for sequential firing of each group of lamps. The plug-in
      connector tabs 18 and 18' may be formed integrally with the circuit board
      36 at opposite ends thereof, as shown. The top and bottom halves of the
      printed circuitry are reverse mirror images of each other.
PAR  The camera socket 19 for the flash unit 17 is provided with a pair of
      contacts 37 and 38 which respectively electrically engage the terminals 31
      and 32 (or 31' and 32') of the flash unit when it is plugged into the
      socket 19. A third contact 37' is electrically connected to contact 37 and
      engages the third terminal 33 (or 33') of the circuit board.
PAR  A firing pulse source 39, which may be contained within a camera or flash
      adapter, is connected to the contacts 37 and 38 of the socket 19. The type
      of firing pulse produced by the source 39 and applied across the contacts
      37 and 38 will or course depend on the type of lamps used in the flash
      unit 17. If low voltage filament types of flash lamps are employed in the
      unit 17, the firing pulse source 39 may be a battery or battery-capacitor
      discharge type, producing, in synchronization with opening of the camera
      shutter, a pulse of approximately 3 volts to 15 volts or more and of
      sufficient energy to fire a single flash lamp having a primer between its
      lead-in wires. An example of a low voltage flash lamp is disclosed in U.S.
      Pat. No. 3,506,385 to Kurt Weber and George Cressman, and an example of a
      low voltage flash sequencing circuit is disclosed in U.s. Pat. No.
      3,532,931 to Paul Cote and John Harnden. If the flash lamps in the
      multiple flash unit 17 are of the so-called high voltage type, requiring a
      pulse of approximately 1,000 or 2,000 volts or more for example, the
      firing pulse source 39 may comprise a suitable battery-capacitor discharge
      and voltage step-up transformer type of circuit, or preferably may employ
      a compact piezoelectric element 40 arranged to be impacted or stressed in
      synchronization with opening of the camera shutter, so as to produce a
      firing pulse having a voltage of approximately 1,000 or 2,000 volts or
      more and of sufficient energy to fire a single flash lamp. An example of a
      high voltage flash lamp and a firing pulse source comprising a
      piezoelectric element synchronized with a camera shutter is described in
      U.S. Pat. Nos. 2,972,937 and 3,106,080 to C. G. Suits.
PAR  The center terminal 31 includes a portion 31a extending laterally across
      the tab between its end and the terminals 32 and 33, as is more fully
      disclosed in the above-referenced Cote patent application Ser. No.
      485,460. The portion 31a functions to reduce the possibility of lamps
      being flashed by electrostatic charge when the tab 18 is grasped by a
      person or comes into contact with another object and also functions, when
      the tab 18 is being plugged into the socket 19, to temporarily short out
      and discharge any residual voltage of the firing pulse source 39.
      Similarly, the terminal 31' includes a lateral portion 31a'.
PAR  The circuit board 36 in FIG. 3 is shown in the orientation in which the
      connector tab 18 faces downwardly and is plugged into the socket 19,
      whereby the circuit board terminals 31, 32, and 33 respectively make
      electrical contact with the socket contacts 37, 38, and 37'. The circuit
      board terminal 31 is part of a continuous conductor run on the board,
      which is connected in common to one electrical lead wire (22a, 23a, 24a,
      etc.) of each of the eight flash lamps 22, 23, 24, etc., in the unit at
      points 41, 42, 43, 44, etc., by suitable means such as soldering, welding,
      or crimping. For the sake of clarity, only two flash lamps 24 and 25 are
      shown in FIG. 3, and in dashed lines. Suitable openings are provided
      through the reflectors at the bases of the lamps to permit the connections
      of the lead-in wires to the circuit board.
PAR  The circuit board terminal 32 is part of a conductor run that is connected
      to lead-in wire 24b of lamp 24 at point 45, and terminates at radiation
      switch terminals 46, 47, and 48 respectively positioned near lamps 24, 25,
      and 23. A circuit board conductor run 51 is connected to the remaining
      lead wire of flash lamp 25 at 52, and terminates at a radiation switch
      terminal 53 which is near to but spaced from radiation switch terminal 46.
      A circuit board conductor run 56 is connected to the remaining lead-in
      wire of flash lamp 23 at point 57, and terminates at a radiation switch
      terminal 58 which is near to but spaced from radiation switch terminal 47.
      Similarly, a circuit board conductor run 61 is connected to the remaining
      lead-in wire of flash lamp 22 at point 62, and terminates at a radiation
      switch terminal 63 which is near to but spaced from the radiation switch
      terminal 48.
PAR  Radiation switches 66, 67, and 68 are respectively positioned to be in
      contact with and bridge across the respective pairs of switch terminals
      46-53, 47-58, and 48-63. The material for the radiation switches 66, 67,
      and 68 may be suitable material initially having an open circuit or high
      resistance, the resistance thereof becoming zero or a low value when the
      material receives radiation in the form of heat and/or light from a
      respective adjacent lamp, upon the lamp being flashed. For this purpose,
      each of the radiation switches 66, 67, and 68 is respectively positioned
      behind and near to a flash lamp 24, 25, 23. Windows in the form of
      transparent sections or openings 69 may be provided in the reflectors in
      front of the switches as shown in FIG. 2 to facilitate radiation transfer.
      A suitable material for the radiation switches 66-68 is silver oxide
      dispersed in a binder such as polyvinyl resin. Each of these radiation
      switches, upon receiving heat and/or light radiation from the adjacent
      lamp when it is flashed, changes from an open circuit or high resistance
      to a closed circuit or low resistance between its switch terminals on the
      circuit board.
PAR  The terminal 33 on the plug-in tab 18 is connected, via a printed circuit
      run 71, to the connection point 45' for lamp 28, which is the first lamp
      to be flashed when the array is turned around so that terminals 31' and
      32' are connected to the firing pulse source 39 via the socket 19. Since
      the socket contacts 37 and 37' are electrically shorted together, they
      electrically short together the tab terminals 31 and 33, also at the same
      time shorting terminals 31' and 32' of the inactive lower group of lamps,
      thus electrically shorting the input of the circuitry for the inactive
      group of lamps. Similarly, when the unit is turned around, the socket
      contacts 37 and 37' will electrically short the terminals 31' and 33' and
      also terminals 31 and 32, thus shorting the input of the then inactive
      lamp circuit. This shorting of the inactive lamp circuit prevents
      accidental flashing of an inactive lamp by stray capacitive coupling of a
      firing pulse, as is described in detail in the first above-referenced
      Blount patent application. Of course, this precaution is useful only when
      the inactive lamps have not yet been flashed, and is not necessary if they
      have already been flashed.
PAR  As has been explained, the lower portion of the circuit board contains a
      substantially reverse mirror image of the same circuit shown in the upper
      part of the circuit board, and therefore will not be described in detail.
      It will be noted that the circuit runs from the plugged-in terminals 31
      and 32 at the lower part of the circuit board extend upwardly so as to
      activate the circuitry in the upper half of the circuit board. Similarly,
      when the unit is turned around and tab 18' is plugged into the socket 16,
      the circuit board terminals 31' and 32' will be connected to and activate
      the lamps which then will be in the upper half of the circuit board, and
      hence in the upper half of the flash unit 17. This accomplishes, as has
      been stated, the desirable characteristic whereby only the group of lamps
      relatively farthest away from the lens axis will be flashed, thereby
      reducing or eliminating the undesirable red-eye effect.
PAR  The circuit of FIG. 3 functions as follows. Assuming that none of the four
      lamps in the upper half of the unit 17 have been flashed, upon occurrence
      of a first firing pulse from the source 39, this pulse will be directly
      applied to the lead-in wires of the first-connected flash lamp 24,
      whereupon the lamp 24 flashes and becomes an open circuit between its
      lead-in wires. Heat and/or light radiation from the flashing first lamp 24
      causes the adjacent radiation switch 66 to become a closed circuit between
      terminals 46 and 53 (or a low value of resistance), thereby connecting the
      circuit board terminal 32 electrically to the lead-in wire of the second
      lamp 25 at point 52. By the time this occurs, the firing pulse has
      diminished to a value insufficient to cause the second lamp 25 to flash.
      When the next firing pulse occurs, it is applied to the lead-in wires of
      the second lamp 25, via the now closed radiation switch 66, whereupon the
      second lamp 25 flashes, thereby causing radiation switch 67 to assume zero
      or low resistance, and the second lamp 25 now has an open circuit or high
      resistance between its lead-in wires. When the next firing pulse occurs,
      it is applied via now closed radiation switch 67 to the third lamp 23 via
      its lead-in wires which are connected to the printed circuit at points 43
      and 57, thereby firing the lamp which becomes an open circuit, and the
      radiation from it causes the radiation switch 68 to become essentially a
      closed circuit across its terminals. Thus, the next firing pulse will be
      applied, via now closed radiation switch 68, to the lead-in wires of the
      fourth flash lamp 22 which are connected to the circuit at points 44 and
      62, thereupon causing the lamp to flash. Since this lamp is the last lamp
      in the active circuit, it does not matter whether its lead-in wires are an
      open or closed circuit after flashing. Additional flash lamps, radiation
      switches, and electrical conductors can be employed, if desired, using the
      just described principles. When the flash unit is turned around and the
      other connector tab 18' attached to the socket 19, the group of lamps that
      then become uppermost and relatively farthest away from the lens axis will
      be in an active circuit and will be flashed in the same manner as has been
      described.
PAR  Openings 72 may be provided through the circuit board 36 to permit
      radiation from a flashing lamp to change the color of a heat-sensitive
      plastic sheet material (not shown) positioned behind the circuit board and
      visible through a transparent back 73 of the housing 74, thus indicating
      at a glance which lamps have, and have not, been flashed, as is described
      in further detail in the second above-referenced Blount patent
      application.
PAR  The "T-bar" terminals 31 and 31', both being connected to a lead-in wire of
      each of the flash lamps in the unit, will have a relatively greater value
      of stray capacitance to ground than the other terminals, and when these
      more readily touchable terminals are touched by an electrostatically
      charged person or object, substantially all of the charge energy will be
      dissipated to ground through the relatively larger capacitance of the
      common connection circuit rather than passing through the primers of lamps
      and hence through the relatively smaller capacitance of the remaining
      circuitry to ground. If the charged person or object touched only the
      terminal 32 (or 33') or only the terminal 33 (or 32'), the dissipative
      flow would tend to pass through one or more of the lamp primers, creating
      a spurious electrostatic firing of the lamp or lamps. But since the common
      connector terminal (i.e., the terminal 31 or 31') is substantially always
      touched alone or simultaneously with one of the terminals 32, 33, 32' or
      33', the electrostatic charge will pass to ground through the relatively
      larger capacitance of the common connection circuit without tending to
      flow through a lamp primer.
PAR  Simultaneous touching of the terminal 31 or 31' and one or both of the
      remaining terminals cannot cause electrostatic flashing because the same
      voltage is applied to both lead-in wires of the lamps. Usually, if the
      electrostatic charge is great enough to be likely to flash a lamp, contact
      will be in the form of a spark between the common terminal 31 or 31' and
      the electrostatically charged finger or object.
PAR  To increase the stray capacitance to ground of the common connection
      circuit, and therefore further reduce the likelihood of accidental
      electrostatic firing of lamps, a large-area shield member 75 is connected
      to the common connection circuit. An advantageous way of achieving this is
      to provide a one-piece multiple reflector unit, of substantially the same
      size as the flash unit 17, shaped to provide the individual reflectors
      22', 23', etc., and made of metal or metallized plastic and connected
      electrically to the common connection circuit 76 by means such as a wire
      77 (FIG. 2), as described in the first and second above-referenced Cote
      patent applications.
PAR  In accordance with the present invention, a metal shield 78 in the form of
      a film or foil is positioned over and in adjacent face-to-face relation
      with the back surface of the circuit board 36, as shown in FIG. 4, and is
      electrically connected to the common electrical circuit run 76 on the
      front of the board by means of metal eyelets 79 extending through openings
      in the board. The shield 78, the reflector 75 and the common connection
      circuit 76 thus are connected electrically in common and may be referred
      to collectively as the "common unit."
PAR  The shield 78 can be plated or printed or otherwise provided on the surface
      of the board 36. The shield 78 should be shaped and arranged to cover the
      back of the circuit board 36 at least over a substantial portion of the
      areas corresponding to where the non-common or "hot" circuit runs 81, 82
      are located on the front of the board, the term "hot" being used in the
      electrical sense to denote circuit runs other than the common electrical
      circuit run 76. The shield 78 may cover substantially the entire back
      surface of the board, including the points 41, 42, 43, 44, etc., where a
      lead-in wire of each lamp is connected to the electrical common circuit
      run by means of eyelets through holes in the board, to further assure
      reliable electrical interconnections of the lead-in wires with the "common
      unit" described above.
PAR  The shield 78 achieves beneficial results of reducing the possibility of
      accidental lamp flashing in at least two ways. First, it shields the
      relatively "hot" circuit runs 81, 82, which are close to the back 73 of
      the array and separated therefrom only by the thickness of the circuit
      board 36 plus perhaps a small air space, and reduces the likelihood of
      these "hot" circuit runs from picking up a capacitively induced
      electrostatic voltage charge from the back 73 of the array housing, which
      voltage charge can be caused when the array is handled or contacts a
      charged object, especially if the housing is made of plastic. Secondly,
      the shield helps to reduce the possibility of accidental electrostatic
      flashing of the lamps when the terminal 31 or 31' is touched when handling
      the array, because it is connected to the common circuit run 76 and
      increases the stray capacitance to ground of the common electrical circuit
      in the same manner as described above in connection with the reflector
      shield member 75 which also is connected to the common circuit run. With
      the shield 78 the conductive reflector 75 and the common circuit run 76
      forming a "common unit" and all being electrically common to the terminals
      31 and 31', the improvement is enhanced since the possibility of spurious
      electrostatic flashing is reduced.
PAR  Preferably, the shield 78 is shaped to provide "T-bars" 86 and 86'
      extending laterally across the tabs 18 and 18', respectively, near the
      ends thereof, to increase the likelihood of an electrostatic charge on the
      electrically "common unit" (and particularly on the shield 78) discharging
      and being dissipated to ground due to spark discharge between the shield
      extensions 86, 86' and another adjacent object. This purpose could be
      achieved by covering the entire back surfaces of the tabs 18, 18' with
      shield material, but it might cause a tendency for electrical leakage or
      discharge to occur around the side edges of the tabs 18, 18' between the
      shield material and the "hot" connector terminals 32, 33, 32', and 33'.
      The "T-bar" shield configurations 86 and 86', which may coincide with and
      be directly behind the "T-bar" connector terminals 31a and 31a' at the
      front of the tabs, achieves the desired result and avoids the
      just-described possibility of undesired leakage discharge.
PAR  It has been found that the invention achieves its objective of reducing the
      likelihood of accidental electrostatic flashing of lamps in a multiple
      lamp flash unit, and achieves it in a manner that is feasible and
      economical to manufacture.
PAR  While preferred embodiments of the invention have been shown and described,
      various other embodiments and modifications thereof will become apparent
      to persons skilled in the art, and will fall within the scope of the
      invention as defined in the following claims.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A multiple flash lamp array comprising a plurality of flash lamps of the
      electrically fired type, a circuit board having circuitry on one side
      thereof for sequentially firing said lamps, and means for electrically
      connecting said lamps to said circuitry, wherein the improvement in said
      array comprises an electrically conductive and substantially planar shield
      forming part of said array and located in substantially adjacent
      face-to-face relation with at least part of the opposite side of said
      circuit board to reduce the likelihood of said lamps being fired by
      electrostatic charges applied to said array.
NUM  2.
PAR  2. An array as claimed in claim 1, in which said circuitry is provided with
      at least two connector terminals which are arranged on said circuit board
      so as to render it difficult for a person to touch one terminal without
      also touching the other terminal, and means electrically connecting said
      other terminal to said shield.
NUM  3.
PAR  3. An array as claimed in claim 1, in which said circuitry includes a
      common circuit run connected in common to a lead-in wire of each of at
      least some of said plurality of said lamps, and means electrically
      connecting said common circuit run to said shield.
NUM  4.
PAR  4. An array as claimed in claim 3, in which said circuitry includes "hot"
      circuit runs, and in which said shield is shaped and positioned to
      coincide with at least a substantial portion of said "hot" runs.
NUM  5.
PAR  5. An array as claimed in claim 4, in which said shield is shaped and
      arranged to cover substantially the entire area of said other side of the
      circuit board.
NUM  6.
PAR  6. An array as claimed in claim 3, in which said means electrically
      connecting the common circuit run to the shield comprises at least one
      electrically conductive member passing through the circuit board and
      contacting said common circuit run and said shield.
NUM  7.
PAR  7. An array as claimed in claim 6, in which said lead-in wires are
      connected to said common circuit run at various points thereon, and
      electrically conductive members passing through the circuit board at said
      points, respectively, and contacting said common circuit run and said
      shield.
NUM  8.
PAR  8. An array as claimed in claim 3, in which said circuitry is provided with
      at least two connector terminals which are arranged on said circuit board
      so as to render it difficult for a person to touch one terminal without
      also touching the other terminal, said other terminal forming a terminal
      for said common circuit run and being connected to said shield by way of
      said common circuit run.
NUM  9.
PAR  9. An array as claimed in claim 8, including an electrically conductive
      reflector member for said lamps, and means electrically connecting said
      reflector member to said other terminal.
NUM  10.
PAR  10. An array as claimed in claim 9, including at least one connector tab
      integral with said circuit board, said connector terminals being carried
      on the side of said tab that coincides with said one side of the board,
      said shield being shaped and arranged to extend onto the other side of
      said tab.
NUM  11.
PAR  11. An array as claimed in claim 10, in which said shield is shaped and
      arranged to form a "T-bar" extending laterally across said tab at the end
      thereof.
NUM  12.
PAR  12. An array as claimed in claim 8, including at least one connector tab
      integral with said circuit board, said connector terminals being carried
      on the side of said tab that coincides with said one side of the board,
      said shield being shaped and arranged to extend onto the other side of
      said tab.
NUM  13.
PAR  13. An array as claimed in claim 12, in which said shield is shaped and
      arranged to form a "T-bar" extending laterally across said tab at the end
      thereof.
NUM  14.
PAR  14. A multiple flash lamp array comprising a circuit board, a plurality of
      flash lamps of the electrically fired type and each having first and
      second lead-in conductors, first and second circuit runs on one side of
      said circuit board, means for electrically connecting said first circuit
      run in common to the first lead-in conductors of all of said lamps and for
      electrically connecting said second circuit run to the second lead-in
      conductor of each of a lesser number of such lamps whereby said first
      circuit run has larger stray capacitance to ground than said second
      circuit run, and an electrically conductive and substantially planar
      shield located in substantially adjacent face-to-face relation with at
      least part of the opposite side of said circuit board, and means for
      electrically connecting said shield to said first circuit run thereby to
      increase further the stray capacitance to ground of said first circuit run
      and to reduce the likelihood of said lamps being fired by electrostatic
      charges applied to said array.
NUM  15.
PAR  15. A multiple flash array as claimed in claim 14, including an
      electrically conductive reflector member positioned adjacent said one side
      of said circuit board and defining reflector means for said lamps, and
      means for electrically connecting said reflector member to said first
      circuit run thereby to increase even further the stray capacitance to
      ground of said first circuit run.
NUM  16.
PAR  16. A multiple flash array as claimed in claim 14, in which said shield
      coincides with at least a substantial portion of said second circuit run.
NUM  17.
PAR  17. A multiple flash array as claimed in claim 14, in which said first and
      second circuit runs respectively include first and second connector
      terminals, said terminals being arranged on said circuit board so as to
      render it difficult for a person to touch said second terminal without
      also touching said first terminal, said first terminal being connected to
      said shield by way of said first circuit run.
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ABST
PAL  An illuminating device which employs prisms to concentrate light onto an
      operating area or field.
PAL  The prisms are formed by an assembly of straight prism-segments which are
      combined into radial sectors the angular extent of which is such that the
      beams issuing from the source are reflected onto the field to form an area
      of approximately the same width as the field. Each sector thus illuminates
      the whole of the field, resulting in a great uniformity of illumination.
PAL  Applicable to the illumination of operating tables and in general to the
      illumination of cavities and their walls.
BSUM
PAR  The invention relates to an illuminating device, particularly for an
      operating table, and more particularly to such a device which uses prisms
      rather than mirrors to concentrate the light rays onto the operating area
      or field.
PAR  Such a device is usually in the form of a body of revolution about an axis,
      and the light emitted by the source or sources is redirected by a toroidal
      optical system onto the plane of the prisms in substantially parallel
      layers, the prisms being arranged concentrically with the axis in a plane
      normal thereto.
PAR  A cross-section of a prior art illuminating device which employs prisms is
      shown in FIG. 1. At 1 is situated a source, which is as nearly a
      point-source as possible, the light from which is refracted by the
      toroidal optical system 2 (only the rays and the part of this optical
      system situated on the left-hand side are shown) and is directed in
      substantially parallel layers onto a plate 3, which carries a large number
      of circular annular prisms 4 forming a ring arrangement of centre 0. These
      prisms are so orientated as to receive the rays emitted by the optical
      system 2 normally to one face. The angle at their apex is so calculated
      that, as a result of total reflection and then refraction on emerging from
      their third face, the incident rays are redirected in the desired
      direction. The angle at the apex of the prisms may thus vary from one
      prism to another but, in practice, the prisms are split up into groups all
      of which have the same angle. The light beams reflected by the rings of
      prisms is thus redirected onto an operating field 5 of centre O', the
      width of which may be adjusted by means of the angles of the prisms. Only
      one source 1 is shown but it is understood that there may be a number of
      sources each of which is assigned to one annular band consisting of a
      number of concentric prisms.
PAR  This arrangment is unsatisfactory since the illumination on the operating
      field is insufficiently uniform.
PAR  In FIG. 2 is shown a diagram of the illumination of the field as a function
      of distance from its centre O'. Assuming that the operating field requires
      an illumination of 50,000 lux, it can be seen that the illumination at the
      centre will easily reach twice this value, i.e., 100,000 lux. It is even
      possible that at one very small point, one smaller than a light meter is
      capable of sensing, the illumination will be even more intense. The reason
      for this phenomenon can be understood; the circular prisms reflect all the
      rays towards the centre and in particular the centre receives all the
      luminous flux reflected by a certain prism, as indicated by reference
      numeral 6 in FIG. 1. In general terms, if R is the radius of circular
      prism 7 whose centre is O and r is the distance between the centre O' and
      the point 8 of the field onto which is reflected the beam which strikes
      the said prism, the illumination at point 8 would be a function of the
      ratio R/r. It can thus be seen that the illumination at centre O'  should
      theoretically be infinite. This non-uniformity also results in an abrupt
      drop in illumination outside the field. In this case the field-width EF
      was 70 millimeters and at twice the distance away from the centre O', at
      point G and H, the illumination was practically zero.
PAR  The objet of the invention is to provide an illuminating device which
      employs concentrating prisms and in which the illumination of the field is
      substantially uniform.
PAR  According to a feature of the invention, in an illuminating device which
      employs prisms for concentrating light, the prism assembly is formed by
      juxtaposing a plurality of straight prism-segments in such a way that the
      light emitted by a source is not concentrated onto the axis of the system
      but is simply reflected towards the field, without being concentrated in
      any other way than by the superimposition of the light beams reflected by
      the various prism segments.
PAR  In accordance with another feature, the prism segments are combined into
      radial sectors the angular extent of which is such that the beams from the
      source are reflected onto the field to form a trace of which the width is
      approximately the same as the width of the field.
DRWD
PAR  The invention will be better understood and other features will become
      apparent from the following description of a preferred embodiment, which
      is given with reference to FIGURES which show:
PAR  FIG. 1, a diagrammatic cross-section through a prior art illuminating
      device which employs circular annular prisms,
PAR  FIG. 2, a diagram of the field of illumination obtained with this device,
      shown in FIG. 1.
PAR  FIG. 3, a diagrammatic cross-section through a device according to the
      invention,
PAR  FIG. 4, a plan view of the prism segments,
PAR  FIG. 5, a perspective view of a prism sector showing the paths of the rays,
PAR  FIG. 6, a diagram of the field of illumination with a device according to
      the invention,
PAR  FIGS. 7a , 7b and 7c, diagrams of the paths of the light rays in the case
      of three characteristic configurations.
DETD
PAR  FIG. 1, and 2, which were discussed above, relate to a prior art
      illuminating device.
PAR  FIG. 3 is a diagrammatic view, in axial cross-section, of a device
      according to the invention. The device forms a body of revolution about
      axis O, O'. A bell-shaped cover 11 supports a transparent, flat circular
      plate 12, of plastic material for example, the centre of which is O and
      which supports a prism assembly made up from a plurality of juxtaposed
      rectilinear prisms 13. Above this plate 12 are secured one or more light
      sources 14, 15 and 16, which are generally formed by miniature iodine
      filament-lamps. The luminous flux emitted by the source or sources is
      concentrated by an equal number of toroidal optical systems 17, 18, 19
      onto prisms 13.
PAR  FIG. 4 shows the assembly of prisms 13 in plan. It can be seen that the
      individual prisms are straight and are grouped into a certain number of
      sectors. Twelve sectors are shown but, in fact, their number can be
      greater. The prisms are so orientated as to receive the luminous flux
      originating from the toroidal optical systems perpendicularly to their
      faces. The light rays enter the prisms, are totally reflected by the
      opposite face, and are refracted by the exit face. The orientation of the
      prism and their apex angle varies from one prism to another to allow them
      to reflect the rays in the desired direction. In practice, the angles of a
      number of adjoining prisms are sufficiently similar in size to enable the
      whole of one prism group to have the same apex angle, which simplifies
      machining. In the left-hand part of FIG. 3 is shown a set of beam paths.
      The angles of the prisms are so calculated in this case that the beam
      emanating from each source is reflected onto practically the whole of the
      field 21 of centre O', but it is understood that the angles may be so
      calculated as to enable the beam to be reflected onto different areas of
      the field, such as smaller areas which partially overlap.
PAR  FIG. 5 illustrates the beam paths in greater detail. It is assumed that the
      light originates from a single point-source situated at O. In actual fact
      the angular extent of the beams from the toroidal optical systems is
      small, being of the order of 5.degree., due to the fact that the sources
      are not point-sources, but the characteristics of the beam paths are
      similar. A prism sector AA', DD' as shown in FIG. 4 is shown in
      perspective. The angles of the prisms are so calculated as to allow the
      light to be reflected over substantially the whole area of the field 21.
      It can be seen that the projection of sector AA' DD' onto plane 21 is
      substantially a trapezoid aa', dd'. If a particular prism is considered,
      whose reflecting face BB' CC' directs light towards the centre of field
      21, it can be seen that the projection of this face onto the field is a
      quadrilateral bb', cc' and that a point M for example, which is situated
      at the centre of the crest BB' of the prism, redirects the light onto a
      point m situated at the centre of bb'. If it is assumed that point m is
      situated at the centre O' of field 21, it can be seen that illumination in
      the vicinity of point m is equal to the illumination over the whole of the
      quadrilateral bb' cc'.
PAR  If, while still that point m is situated at centre O', the prisms were arcs
      of a circle of centre O, instead of being straight, the points B and B'
      situated on the same crest as M would both focus onto point O', whereas
      the sector AA', DD', assuming it to be of the same size as in the case of
      the straight prisms, would be projected onto field 21 in the form of
      substantially two sectors a"  O' a'", and d" o' d'" which are opposed at
      the apex and whose angular extent corresponds to that of sector AA', DD'.
      It can be seen that in the latter case, all the luminous flux reflected by
      prism BB', CC' is concentrated on a sector 22 which is marked in black on
      the figure, the sector being of the same angular extent and having a
      radius corresponding to the width of the prism, and it can also be seen
      that all the flux which strikes the prism in the vicinity of the crest BB'
      is concentrated onto point O', thus giving a theoretically infinite
      illumination at this point.
PAR  In the device according to the invention, each sector of straight prisms
      produces on field 21 a quadrilateral area of illumination similar to
      quadrilateral aa', dd' but which is shifted by an angle equal to the
      angular extent of the sector. It can be seen that this superimposition of
      the various angularly shifted quadrilaterals improves even further the
      uniformity of illumination.
PAR  Another advantage of this superimposition of the quadrilateral areas of
      illumination becomes apparent when an opaque obstruction masks the field.
      If it is assumed that the obstruction masks one sector of prisms, in the
      case of the circular prisms the illumination in the corresponding sector
      of the field is reduced by half, where as in the case of straight prisms
      the illumination over the whole area of the field is reduced by a fraction
      equal to the reciprocal of the number of prism sectors since each of the
      sectors illuminates the whole of the field.
PAR  Like FIG. 2, FIG. 6 shows a diagram of the illumination of a field, but in
      this case it is one illuminated by a device according to the invention
      rather than by a prior art device fitted with circular prisms. It can be
      seen that illumination is practically constant over the whole extent of
      the field, i.e., is 45,000 lux at the centre and 40,000 at the edges.
      Another advantage of this system is that it extends illumination beyond
      the edges of the field. The slope of the curve representing illumination
      is smaller at points K and L in FIG. 6 than at points E and F in FIG. 2,
      which is to say that illumination at the outer fringes of the field falls
      less swiftly with straight prisms than with circular prisms.
PAR  The purpose of this device is principally to illuminate operating fields.
      In this case the problem is not simply to illuminate an area, in such a
      way as to avoid shadows, but also to illuminate a cavity and in particular
      its walls. It is therefore important that the light beams should strike
      the field at the most oblique angle possible.
PAR  Furthermore, the oblique angles at which the light beams are concentrated
      onto the surface of the field makes it necessary for the device to be
      positioned at a given distance from the field in order to obtain the
      desired illumination. If this optimum position is departed from, the light
      spot increases in area, to the detriment of illumination. For ease of
      operation, it is desirable that the beams should be as little oblique as
      possible so that the distance at which the device is used can be varied
      whilst still providing sufficient illumination.
PAR  These two contradictory requirements make a compromise necessary. An
      advantage of the invention, which makes it possible to orientate the
      reflection of each prism in any direction whatsoever without causing
      irregularities in the distribution of the light over the field in a
      non-uniform manner, is that it allows a large number of reflective
      configurations.
PAR  FIG. 7 shows three typical configurations diagrammatically.
PAR  FIG. 7a relates to the configuration in FIG. 3. In it are seen three groups
      of prisms AB, BC, CD together with their symmetrical counterparts A'B',
      B'C', C'D'. These receive three beams 17, 18 and 19 from three sources
      which are not shown. Each beam is reflected onto the whole of field XY.
      When field XY is moved towards or away from the plane of prisms 13,
      illumination decreases as the illuminated area increases. It has been
      found by experiment that illumination remains adequate over the whole of
      the field down to a level X.sub.a Y.sub.a for instance. There is also
      another limit between field XY and the device at which illumination is
      adequate but a position for the field above line XY would not appear
      suitable for use, because of the fact that walls normal to the plane of
      the field at points X and Y would then, in theory, receive no luminous
      flux, as can be seen from the path of the beams. The permitted variation
      in the distance between the operating field and the device is thus
      delimited by points O' and O". The frusto-conical area in which
      illumination is adequate is shown by a hatched cross-section XY X.sub.a
      Y.sub.a and the upper and lower bases of this area have as their centres
      O' and O". Points situated within walls X X.sub.a and Y Y.sub.a thus
      receive luminous flux from at least one of the beams 17, 18 or 19. The
      lines XX.sub.a and YY.sub.a are situated on the straight lines B'X and BY
      which correspond to the outer edge of the most divergent beam.
PAR  Attempts have however been made to increase the distance O'O" in order to
      make the device easier to use by reducing the accuracy with which it needs
      to be set up. In FIG. 7b is shown a beam path in which beams 18 and 19 are
      still reflected onto the whole of field XY but in which the outside beam
      17 is reflected onto a central portion X.sub.1 Y.sub.1 of field XY. It can
      be seen that, due to this fact, the useful volume XY X.sub.b Y.sub.b is
      delimited by segments XX.sub.b and YY.sub.b of straight lines C'XX.sub.b
      and CYY.sub.b which are less divergent in relation to the axis of the
      device than the straight lines B'XX.sub.a and BYY.sub.a in the previous
      configuration. The luminous flux is thus less divergent and it can be seen
      that the distance O'O" at which illumination on area X.sub.b Y.sub.b is
      still adequate is greater than the distance which separated planes X.sub.a
      Y.sub.a and XY in FIG. 7a. Configuration 7b is better suited to rapid
      deployment than configuration 7a but it provides weaker illumination of
      the vertical walls of a cavity.
PAR  FIG. 7c is a diagram of a configuration in which the inside beams 18 and 19
      are still reflected onto the whole of field XY as in the previous
      configuration but in which the outer beam 17 is reversed for the purpose
      of directing it toward field XY. The prism situated at A reflects the
      light onto the edge Y of the field, the prism situated immediately inwards
      of prism A reflects light onto a point situated next to Y in the direction
      of extremity X, and so on in the case of all the prisms until B is reached
      where the light is reflected onto X.
PAR  In this case it can be seen that the useful volume XYX.sub.c Y.sub.c is
      much more divergent than in previous cases and that the distance O'O"
      between planes XY and X.sub.c Y.sub.c is much smaller. Unlike
      configuration 7b, configuration 7c  calls for the device to be accurately
      set up but provides far stronger illumination of the vertical walls.
PAR  There is a large number of configurations and the three above are only
      given as examples. This shows the advantages of using straight prisms in
      the device, thereby allowing the light to be distributed in the desired
      way over the field area, without the necessity for making allowance for
      the focussing of the light at the centre of the field.
PAR  In all the foregoing it was assumed that the device was fitted with three
      light sources but it is understood that there may be any number of sources
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An illuminating device intended to illuminate the operating field of an
      operating table with substantially uniform intensity comprising:
PA1  at least one light source emitting light beams,
PA1  a toroidal optical system, adapted to receive said light beams, and said
      light source being located substantially on the axis of and above said
      toroidal system,
PA1  a plate member having a center and so located beneath said toroidal system
      that said light beams, passing through said toroidal system, impinge
      thereon,
PA1  a prism assembly on said plate, said assembly being made of a plurality of
      juxtaposed straight prisms, each said prism having an axis and at least
      one reflective face, each said axis of each said prism being parallel to a
      plane, said prisms combining in a plurality of sectors, the vertices of
      which are substantially located in the center of said plate,
PA1  the light source, the center of said plate and the center of said operating
      field being substantially aligned and said light beams from said light
      source impinging on said operating field through said toroidal system and
      said prism assembly.
NUM  2.
PAR  2. An illuminating device as claimed in claim 1, in which said sector has
      an angular extent of such a value that the reflected light beams form on
      said operating field a trace having a width which is substantially the
      same as that of the field.
NUM  3.
PAR  3. An illuminating device as claimed in claim 1, in which said reflective
      face of each prism is so orientated as to reflect the light onto a
      predetermined part of the field.
NUM  4.
PAR  4. An illuminating device as claimed in claim 3, in which the said straight
      prisms situated on the outer periphery of the prism assembly reflect the
      light onto the opposite outer section. of the operating field.
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ABST
PAL  A vehicle fender is provided with an integral light mounting member
      extending outwardly from the fender in which a light bulb is secured and
      integral lens mounting members extending outwardly from the fender which
      secure a lens onto the fender over the light bulb thereby providing a tail
      light.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Vehicle fenders are known which include a formed or molded area which
      provides a rear or tail light mounting area. The tail light is most
      generally a complete light structure including a housing of metal having a
      light socket and a lens. This assembly is generally bolted into position
      onto the tail light mounting area of the vehicle fender.
PAR  The tail light assembly can include a license plate mounting section which
      is illuminated by a colorless section of the lens or through an opening in
      the housing. Alternatively, the fender can be provided with a license
      plate mounting area below the tail light mounting area.
PAR  The above described tail light assembly provides a protruding area of the
      vehicle fender that is unattractive, makes it difficult to get on and get
      off the vehicle if it is a motorcycle and presents a hazard to the rider
      in case the rider of necessity has to quickly get off the motorcycle.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a tail light and fender assembly and more
      particularly to a tail light and fender assembly.
PAR  An object of the present invention is to provide a vehicle fender and tail
      light wherein the lens is mounted onto mounting means of the fender on an
      area of the fender.
PAR  Another object of the present invention is the provision of a vehicle
      fender and tail light with the fender having mounting means for securing a
      light socket onto the fender.
PAR  A further object of the present invention is to provide a vehicle fender
      and tail light wherein the tail light lens projects only slightly
      outwardly from the surface of the fender.
PAR  An additional object of the present invention is the provision of a vehicle
      fender and tail light wherein the fender has a license plate area which is
      part of the mounting means for the lens of the tail light.
PAR  These and other objects will become apparent upon a reading of the
      specification in conjunction with the drawing illustrating a preferred
      embodiment of the invention. However, it is to be understood that changes
      may be made from the exact details shown and described without departing
      from the principles of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of the vehicle fender and tail
      light;
PAR  FIG. 2 is a part perspective view of the vehicle fender and tail light in
      an assembled condition;
PAR  FIG. 3 is a side elevational view of the vehicle fender and tail light; and
PAR  FIG. 4 is a cross-sectional view of the rear section of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Turning now to the drawing, a vehicle fender and tail light 10 is
      illustrated. This fender and tail light will be described in conjunction
      with a motorcycle but it can be used on other types of vehicles. Vehicle
      fender and tail light 10 includes a fender 12 which is preferably molded
      from a suitable plastic but it can of course be made from metal or other
      material as desired and it can take other forms other than that
      illustrated relative to its overall configuration.
PAR  Fender 12 has a rectangular area 14 in the form of a projection at its rear
      section onto which a license plate (not shown) is secured. The top of
      rectangular area 14 is a bended surface 16.
PAR  Spaced projections 18 extend outwardly from fender 12 as integral parts
      thereof and serve as spacing and securing means for lens 20 which is
      secured onto projections 18 via screws 22 that extend through holes 24 in
      lens 20. Projections 18 are solid and have holes therein to receive the
      screws to securely maintain the lens in position on the fender as well as
      providing support for the lens.
PAR  Lens 20 is molded from a high impact plastic that has excellent light
      transmitting characteristics. Lens 20 has a bottom beveled surface 26
      which mates with beveled surface 16 to assist in the mounting of the lens
      on the fender. Lens 20 also includes a transparent section 28 at its
      bottom which secured in position by glue or other conventional securing
      means and this transparent section illuminates the license plate secured
      on rectangular area 14.
PAR  Projection 30 extends outwardly from fender 12 and has a concave area in
      which a light socket 32 having a light bulb therein is disposed. A clamp
      34 is secured via screws 36 that screw into projection 30 to secure the
      light socket in position. The electric wires 33 for the light socket 32
      extend through a hole 35 adjacent projection 30 and along the inside
      surface of the fender 12. In the event the fender is made of metal or
      material having conductive material, the light socket can be electrically
      connected in a conventional manner for similar vehicle fenders of
      conventional construction.
PAR  As can be discerned the integral vehicle fender and tail light provides a
      tail light assembly that projects only slightly above the fender surface
      which does not hinder getting on and off a motorcycle and a projection
      that can harm a rider if thereon. The lens 20 has a configuration along
      its periphery which enables it to engage the fender surface while covering
      the projections 18 and 30 and light socket and when lens 20 is secured in
      position on the fender via screws 22 and projections 18 a tight engagement
      is achieved between lens 20 and fender 12 such that moisture is prevented
      from getting into the lens. A sealing grommet is provided for the
      electrical wires 33 as they pass through hole 35.
PAR  Although the invention has been described and illustrated with reference to
      a particular embodiment, it is to be appreciated and understood that
      various adaptations and modifications may be made without departing from
      the scope of the invention as set forth by the appended claims.
CLMS
STM  The invention is claimed in accordance with the following:
NUM  1.
PAR  1. A vehicle fender and tail light comprising:
PA1  a fender having integral spaced mounting means extending outwardly from an
      outer surface of said fender;
PA1  another integral mounting means provided by said fender and extending
      outwardly from said outer surface of said fender;
PA1  light socket means disposed in said other mounting means including means to
      secure said light socket means in position therein;
PA1  lens means having a configuration conforming to said outer surface and
      covering said mounting means and said light socket means secured in said
      other socket means; and
PA1  securing means engaging said lens means and said spaced mounting means
      securing said lens means in position on said fender.
NUM  2.
PAR  2. A vehicle fender and tail light according to claim 1 wherein said fender
      includes a substantially flat area below said lens means onto which a
      license plate can be secured.
NUM  3.
PAR  3. A vehicle fender and tail light according to claim 2 wherein said lens
      means includes a transparent section to illuminate said flat area.
NUM  4.
PAR  4. A vehicle fender and tail light according to claim 3 wherein said spaced
      mounting means are solid and are spaced from each other in a triangular
      configuration.
NUM  5.
PAR  5. A vehicle fender and tail light according to claim 2 wherein said lens
      means and flat area have mating beveled surfaces.
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ABST
PAL  The fluorescent light fixture herein has been designed especially for
      installation in the roof cavity of a mobile home. The reflector and
      support bracket are of a proper dimension to fit between roof rafters
      spaced 16 inches on center. Adequate height is maintained for the
      reflector and bracket to allow installation in the limited attic space of
      a mobile home. A lens structure is provided to cover the lighting fixture
      assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention herein is a lighting fixture and, more specifically, a
      lighting fixture for mobile homes.
PAR  2. Description of the Prior Art
PAR  To date, in most cases, mobile homes have not been provided with ceiling
      type lighting fixtures. If ceiling type fixtures were ever provided, they
      would be the conventional incandescent bulb type lighting fixture which is
      normally covered by a glass circular lens. In certain areas of a mobile
      home, and in particular the kitchen area, a fluorescent light would be a
      very desirable addition to the mobile home. However, generally due to the
      low height of mobile home ceilings, a fluorescent light fixture which
      extends from the ceiling of the mobile home would project downwardly into
      the room area to such an extent that tall people would be in danger of
      striking the lighting fixture. Also, fluorescent lights always give a
      better appearance when they are built into a ceiling structure.
PAR  Many different fluorescent light fixtures are available on the open market.
      Many are specifically designed for use in suspended ceiling systems.
      Others are designed to be mounted upon walls or in other areas. However,
      no fluorescent lighting fixture on the market today is particularly
      adaptable for use between the rafter structures of a mobile home ceiling.
PAR  It is the primary object herein to provide a fluorescent lighting fixture
      which is specifically designed for use in a mobile home ceiling to provide
      a built-in fluorescent light fixture in the ceiling of the mobile home.
PAC  SUMMARY OF THE INVENTION
PAR  The lighting fixture is provided with a conventional reflector structure
      which has on the edges thereof a support bracket for mounting the
      reflector structure in position. Staples pass through the support bracket
      and hold the reflector in position between two adjacent roof rafters of a
      mobile home roof cavity. Built into the reflector structure is the
      mounting for the fluorescent tubes and the electrical control network for
      operating the tubes. Lens clips are provided for the fastening of a lens
      over the downward open area of the reflector structure. Proper gasketing
      around the lens frame and the choice of a lens material with a low
      permeance to water vapor will effectively prevent the migration of water
      vapor into the mobile roof cavity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. I is a side view of a mobile home roof structure with the light
      fixture mounted therein;
PAR  FIG. II is a perspective view of the structure of FIG. I;
PAR  FIG. III is another perspective view of the structure of FIG. I showing the
      lens clip mounting; and
PAR  FIG. IV is an enlarged side view of the lens mounting structure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A conventional mobile home ceiling structure is shown in FIG. I. The
      outside roof sheathing 2 is supported on roof trusses 4 which are composed
      of the lower chord member 6 and an upper chord member 8. The trusses are
      placed 16 inches on center in the mobile home structure, and the trusses
      provide an area which is about 6 inches deep between the roof sheathing
      and the ceiling board structure 10 which is placed on the inside of the
      mobile home ceiling. Into this area it is desired to place a fluorescent
      light fixture assembly 12 which can provide adequate illumination to the
      area below the ceiling 10.
PAR  The light fixture assembly 12 is composed of a reflector structure 14 which
      is generally in the shape of an inverted truncated cone. The base of the
      cone is an open area through which light will pass to illuminate the area
      below the ceiling board 10. The truncated portion 16 of the cone is
      generally in a plane parallel with the plane of the roof sheathing and
      ceiling board. On the surface 16, there are mounted the fluorescent tubes
      18 and a housing 20 into which is placed the appropriate wiring for
      operating the fluorescent tubes 18. The sloping sides 22 of the reflector
      14 actually function as the reflectors which direct light downwardly into
      the area below the plane of the ceiling board structure 10. On the ends of
      the inclined reflector sides 22, there are positioned support brackets 24
      which are used to mount the reflector and in effect the total fluorescent
      lighting fixture assembly 12 in position within the cavity between two
      adjacent trusses of a mobile home ceiling.
PAR  The support bracket structure 24 is basically an L-shaped structure with
      the long leg of the L resting up against the side of the lower chord 6 of
      the roof truss 4 while the short leg of the L structure rests up against
      the ceiling board structure 10 to properly position the lighting fixture
      within the roof cavity relative to the plane of the ceiling board. In
      normal practice, the support bracket structure would be nothing more than
      an extension of the reflector side structure 22 which has simply been bent
      into the particular shape necessary to fit it between the two lower chords
      of adjacent roof trusses. The support bracket structure is provided with
      spaced hole means 26. The holes are spaced about one inch apart so that a
      conventional 1 inch staple can be driven through two adjacent holes into
      the lower chord of a roof truss positioned behind the support bracket.
      Consequently, staples are used to mount the reflector and support bracket
      assembly into place in the mobile home roof cavity.
PAR  FIG. II provides a perspective showing of the reflector and support bracket
      assembly in position within the roof cavity with the staple 28 passing
      through two adjacent hole means 26 to fasten the support bracket assembly
      to the lower chord of the roof truss of the mobile home ceiling. A lens
      assembly 30 will then be mounted over the downwardly opening cavity of the
      reflector assembly to provide a more pleasing external appearance to the
      lighting fixture. The lens assembly will not only cover up the inner
      portions of the light fixture, which are not particularly pleasing to
      view, but also the lens will tend to diffuse the light coming from the
      fluorescent tubes of the lighting fixture. The lens will be made slightly
      larger than the overall size of the cavity within the mobile home roof
      which receives the lighting fixture so that the lens will cover over the
      edges of the bracket assembly and the raw edges of the ceiling board that
      may exist.
PAR  In FIG. III, there is shown a perspective view of the lighting fixture in
      position with a lens clip structure 32 which is utilized to hold the lens
      in position. The lens clip structure is basically a Z-shaped element with
      one leg of the Z being mounted adjacent the long side of the support
      bracket structure 24 and the other leg of the Z having means for fastening
      the lens to the light fixture. Normally, the lens clip is made from a
      resilient piece of metal which is slightly less than 1 inch in width. The
      clip is positioned with its leg 34 adjacent the support bracket and
      between two adjacent hole means 26 in the support bracket. A staple is
      then passed through the two adjacent hole means. This staple now not only
      holds the support bracket in position relative to the lower chord of the
      roof truss, but the body part of the staple now presses against the leg 34
      of the lens clip 32 and holds it in position relative to the support
      bracket and, in turn, relative to the roof truss. Thus, there is provided
      a very simple way of fastening the lens clip in position. On the opposite
      end of the lens clip there is provided a projection 36.
PAR  The lens structure 30 is normally made with a bottom 38 which is normally
      placed parallel to the plane of the ceiling boards 10. Then short sides 40
      are provided on the lens 30, and these generally extend perpendicular from
      the plane of the flat bottom 38. The edges of the sides are placed against
      the ceiling board and will transmit some light through the side of the
      lens structure. On the sides 40 there is placed a hole means 42 which has
      inserted into it the projection 36 of the lens clip. This will hold the
      lighting fixture lens 30 in position relative to the plane of the ceiling
      board. It is obvious other ways could be used to mount the lens.
PAR  Because mobile homes are particularly susceptible to the problem of the
      passage of moisture vapor into the roof cavity where it will condense upon
      the cold outer sheathing of the roof and then drip down upon the ceiling
      boards to damage them, it is necessary that the lighting fixture have a
      very low permeance to moisture vapor. Normally, the ceiling boards are
      provided with coatings or backings which help to prevent the passage of
      water vapor therethrough. The choice of lens material, such as a
      conventional plastic lens material, will provide a lens which has a very
      low permeance to the water vapor and thus will effectively prevent the
      migration of water vapor into the mobile home cavity. By the provision of
      a gasketing means 44 adjacent the point where the side 40 of the lens
      engages the overlying ceiling boards, it will be possible to prevent the
      migration of moisture at this juncture. Actually, since the sides of the
      lens structure extend around all four sides of the bottom area 38 of the
      lens, a gasket structure would also be provided all the way around the
      lens structure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lighting fixture assembly which is particularly adapted to be mounted
      between the trusses of a roof structure and particularly adapted for use
      in a mobile home structure, the combination of a mobile home roof truss
      structure which is provided with an upper plane containing external roof
      sheathing and a lower plane containing internal ceiling boards, a
      fluorescent lighting fixture mounted within a roof cavity defined by two
      adjacent roof trusses and the overlying roof sheathing, said fluorescent
      light fixture assembly constituting a reflector structure which extends
      between two adjacent roof trusses and carries the fluorescent lights and
      their operating components, support bracket means connected to the
      reflector means and connecting the reflector means to the roof trusses, a
      lens structure mounted to overlie the fluorescent lighting fixture
      assembly, said support bracket means being provided with hole means into
      which staples are placed to mount the support bracket means in position
      relative to the roof trusses, and a lens clip structure is positioned
      adjacent to the hole means and held in position by staple means passing
      through the hole means and against the lens clip, said lens clip in turn
      holding the lens assembly in position relative to the lighting fixture
      assembly.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the staple means is composed of two leg
      members and an interconnecting body member, said leg members passing
      through the hole means and the body member of the staple means engages the
      lens clip to hold it in position against the support bracket means of the
      lighting fixture assembly.
NUM  3.
PAR  3. A lighting fixture assembly which is particularly adapted to be mounted
      between the trusses of a roof structure and particularly adapted for use
      in a mobile home structure, the combination of a mobile home structure
      with a roof truss structure which is provided with an upper plane
      containing external roof sheathing and a lower plane containing internal
      ceiling boards, a fluorescent lighting fixture mounted within a roof
      cavity defined by two adjacent roof trusses and the overlying roof
      sheathing, said fluorescent light fixture assembly constituting a
      reflector structure which extends between two adjacent roof trusses and
      carries the fluorescent lights and their operating components, support
      bracket means connected to the reflector means and connecting the
      reflector means to the roof trusses, a lens structure mounted to overlie
      the fluorescent lighting fixture assembly, a gasketing means is provided
      adjacent the point where the lighting fixture structure is mounted
      relative to the ceiling boards and the lens is made of a material which
      has low permeance to water vapor so that the lens and gasketing will
      prevent the migration of water vapor into the roof cavity structure
      between two adjacent trusses.
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ABST
PAL  An optical focus detecting apparatus for an optical system includes a focus
      scanning and spatial frequency filter comprising a rotating chopper disc.
      The disc is arranged at an angle with respect to the axis thereof whereby
      the disc focus position is oscillated back and forth through a
      predetermined plane, which plane may comprise the film plane of a camera.
      The disc includes a plurality of transparent and opaque radial sector
      pairs, the widths of the sectors of any pair being the same and randomly
      different from the widths of the sectors of adjacent pairs. The sector
      pairs are so relatively arranged that sector pairs of substantially
      identical widths are repeated at positions displaced 180.degree. on the
      disc whereby the modulation of the image optical spectrum is random in
      nature. The distribution of transparent and opaque sectors is such that
      the average transmission of light by the disc is 50 percent of the
      incident light.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to optical apparatus for optimally focusing an
      image, and more particularly to apparatus for controlling the focus of an
      image in a camera.
PAR  2. Description of the Prior Art
PAR  Many concepts and techniques have been proposed in the prior art for
      detecting the focus of an optical system and for controlling the focus.
      Notwithstanding this, the determination of optimum focus for an optical
      system has continued to be difficult of achievement. In one form of
      apparatus that has been proposed in the prior art, the focus detecting
      system includes a spatial frequency filter which derives from the light
      output of a lens system a spatial frequency spectrum. Superimposed upon
      this spectrum is an amplitude modulation corresponding to scanning of the
      focus. There is thereby produced a fluctuating light flux pattern
      containing information concerning the focus. Focus information extracted
      from this pattern is employed to bring the image into a position of
      desired focus.
PAR  The spatial frequency filters of the known prior art apparatus have
      comprised rotating discs or drums having regularly spaced alternate
      transparent and opaque portions. Such discs or drums uniformally chop or
      interrupt, in the vicinity of the desired image plane, the components of
      the light beam that make up the image. When such a uniformly operating
      chopper or interrupter is used for the spatial frequency filter, it has
      been found that undesired changes in detected signal amplitude can occur,
      which changes give rise to spurious modulation and resulting error in the
      focus determination. This is believed to be due to signals that are
      produced by two, or several, subjects of nearly equal contrast but so
      positioned on the chopper that they produce out of phase signals for
      chopper positions where otherwise large amplitude signals would be
      expected.
PAC  SUMMARY OF THE INVENTION
PAR  Among the objects of the present invention is the provision of an optical
      focus detecting arrangement which is not subject to the foregoing
      disadvantage of the prior art apparatus.
PAR  Another object of the present invention is to provide an optical focus
      detecting apparatus including a spatial frequency filter comprising a
      light beam chopper or interrupter having alternate transparent and opaque
      sectors arranged in somewhat random manner whereby the interruptions of
      the light beam components in the vicinity of the desired image plane are
      effected in a non-uniform and random manner.
PAR  A further object of the present invention is to provide a spatial filtering
      apparatus comprising an oscillating chopper having a plurality of
      transparent and opaque sector pairs, the widths of both sectors of a pair
      being the same and randomly different from the widths of the sectors of
      adjacent pairs, sector pairs of the same width recurring at equally spaced
      intervals in each cycle of chopper operation.
PAR  In accomplishing these and other objects, there has been provided, in
      accordance with the present invention, an improved automatic focusing
      detecting apparatus having a novel focus scanning and spatial frequency
      filter. This novel focus detecting means includes a rotating chopper-type
      disc placed near a predetermined plane of an optical system, the film
      plane of a camera, for example, at which it is desired automatically to
      maintain an image in focus. The plane of the disc is arranged at an angle
      with respect to the rotational axis of the disc whereby the focus position
      of the spatial filter is oscillated or reciprocated through said
      predetermined desired image plane. This allows spatial scanning of the
      light ray components that make up the image, within and on both sides of
      chopper oscillation.
PAR  The chopper disc in a preferred form comprises a plurality of transparent
      and opaque radial sector pairs. The widths of both sectors of a pair are
      the same and are selected to be randomly different from the widths of the
      sectors of adjacent pairs. The sector pairs are so arranged on the disc
      that sector pairs of identical widths are repeated at positions displaced
      180.degree. on said disc. As a result, the average transmission of light
      flux by the chopper disc is 50 percent of the incident light flux and
      remains at that average during each complete rotation of the disc.
PAR  This focus detecting apparatus provides a recurring fluctuating light flux
      pattern containing information concerning the image focus with respect to
      said predetermined plane. Thus, with the image at the said predetermined
      plane, two such substantially equal fluctuating light flux patterns are
      produced for each rotation of the chopper disc. These fluctuating light
      patterns are spaced 180.degree. in the cycle of chopper operation.
PAR  At the position of optimum focus, the image is produced in the
      predetermined plane, which plane is centrally located in the field through
      which the chopper disc oscillates as it is rotated. As noted, the
      fluctuating light pattern produced is then repeated twice for each
      revolution of the disc. Upon a shift of the image from the said
      predetermined plane, there is a shift in phase and of the shape of the
      fluctuating light pattern that is produced. The direction of the phase
      shift depends upon the direction of shift of the image from said
      predetermined plane.
PAR  A photo electric detector is provided to respond to the fluctuating light
      flux patterns that are so produced to provide a correspondingly varying
      electrical signal. This electrical signal is compared with a synchronous
      reference signal to provide an output signal. This output signal is
      indicative of the focus condition of the optical system, of the need for
      corrective adjustment of the optical system for optimum focusing. This
      signal, if desired, may be fed to a suitable indicator to indicate the
      direction for corrective action. In the preferred embodiment of the
      invention that is illustrated, the signal is employed as an error signal
      for servo control of the element of the optical system which controls the
      plane of focus of the image.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention may be had from the
      following detailed description when read in connection with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a block diagram of an optical focus control system according to
      the present invention, as applied to focus the lens of a camera;
PAR  FIG. 2 is a diagrammatical representation of the optical focus detector
      shown in FIG. 1, utilizing a rotatable spatial filter disc inclined from a
      perpendicular with respect to an axis orthogonal to a predetermined image
      plane coinciding with the emulsion plane of the film within the camera;
PAR  FIG. 3 is a plan view of the chopper disc employed in the optical apparatus
      portion illustrated in FIG. 2;
PAR  FIG. 4 is a plan view of a reference chopper disc of the optical apparatus
      portion illustrated in FIG. 2;
PAR  FIG. 5 is a series of wave diagrams illustrating the electrical signals
      produced by the recurring fluctuating light flux patterns, for various
      focus conditions of the optical apparatus portion illustrated in FIG. 2;
      and
PAR  FIG. 6 is a schematic diagram of a preferred embodiment of the electrical
      signal responsive means illustrated in block diagram form in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENT
PAR  The block diagram of FIG. 1 of the drawings shows the interrelations of the
      various components of the present invention, when used in conjunction with
      a camera. Thus, a camera lens 1 projects an image 2 near a predetermined
      plane 3 which is positioned to coincide with the emulsion plane of the
      film within the camera.
PAR  The spectrum of the image in the vicinity of the plane 3 is scanned and
      modulated by an optical focus detector indicated at 4 to provide a
      fluctuating light flux pattern. This light flux pattern contains
      information concerning the position of the image 2 relative to the plane
      3. Focus detector 4 includes photo electric means, as illustrated in FIGS.
      2 and 6, for deriving an electrical signal from said fluctuating light
      flux pattern. The fluctuating light flux pattern produced and sensed in
      detector 4 shifts in phase and changes in waveshape dependent upon the
      position of image 2 with respect to plane 3. Such changes in phase and
      waveshape produce corresponding changes in the electrical signal produced
      at the output of detector 4.
PAR  The electrical signal produced at the output of detector 4 is processed by
      suitable signal amplification and conditioning means illustrated by the
      numeral 5. The output signal from the means 5 is compared to a reference
      signal that is derived from the detector 4 and suitably multiplied and
      filtered by means illustrated at 6 to provide a direct current signal
      which is representative of the deviation in the position of the image 2
      from its optimal focus position coincident with the plane 3.
PAR  The output signal from means 6 may be applied to an indicating meter
      illustrated at 7 to indicate the direction of corrective adjustment of the
      position of the lens 1 required for optimal focus of the image 2 in the
      plane 3. Additionally, and as illustrated in FIG. 1, the output signal
      from means 6 may be applied to a servo-control illustrated by the numeral
      8. The servo control 8 is suitably connected by mechanical linkage
      indicated by numeral 9 to the lens 1 whereby the lens 1 can automatically
      be repositioned upon shift in the position of image 2 from the plane 3 to
      effect the restoration of the image to the plane 3.
PAR  FIG. 2 is a diagrammatic illustration of a preferred embodiment of the
      optical focus detector 4 illustrated in FIG. 1. In FIG. 2, plane 3 is
      shown as the plane of optimal or proper focus of the image, and as in FIG.
      1, coincides with the proper placement of the emulsion plane of a
      photographic film in a camera.
PAR  In FIG. 2, a rotatable spatial filter disc 10, somewhat inclined from the
      perpendicular with respect to an axis orthogonal to the image plane, is
      positioned in the vicinity of the plane 3. Disc 10, a plan view of which
      is illustrated in FIG. 3, is arranged to be rotated by a unidirectional
      electrical motor indicated by numeral 11. As shown in FIG. 2, the motor 11
      also is arranged to rotate a disc shown at 12 to provide a synchronous
      reference signal, as further explained hereinafter. A plan view of the
      disc 12 is illustrated in FIG. 4.
PAR  The optical paths associated with the image position near the plane 3 are
      indicated by the broken line 13. This optical path is determined by the
      characteristics of the lens 1 and its position with respect to the plane 3
      and the subject or object it is desired to image at the plane 3. The light
      ray components contained within the optical path are directed through the
      spatial filter comprising the rotating disc 10, and impinge upon a photo
      electrical sensor or cell shown at 14 after passing through a transfer
      lens 15. As the disc 10 rotates, the opaque radial sectors successively
      interrupt the light beam and simultaneously the edge of the disc
      oscillates through the plane 3 from one side to the other thereof. As
      described further hereinafter, rotation and oscillation of the disc
      produce fluctuating light flux patterns containing high frequency
      components. These patterns correspond to the said interruption modulated
      in accordance with the variation of the angular position of the disc 10
      with respect to the focus of the image.
PAR  As illustrated in FIG. 3, the radial transparent and opaque sectors of disc
      10 are arranged in pairs of equal width. On the semi-circle on either side
      of any diameter of the disc, the widths of adjacent sector pairs differ in
      a randomly selected manner. The arrangement is such, however, that
      diametrically opposite sector pairs have the same widths. As a result,
      upon rotation of the disc, the average transmission of light through the
      disc remains at 50 percent. Additionally, with the image in the plane 3,
      the light flux pattern produced by any sector pair is repeated by the
      sector pair at the diametrically opposite position on the disc. Thus, at
      focus, light flux patterns or wave forms are produced by the diametrically
      opposite sector pairs and after detection similar waveshape patterns or
      wave forms are produced. Due to the random nature of the chopper, errors
      that have otherwise tended to occur with prior art spatial filters are
      cancelled out.
PAR  In FIG. 5, there is shown the general form of the light flux patterns that
      are produced by the illustrated preferred embodiment of the invention. As
      the rotating disc 10 oscillates, the plane examined is advanced from an
      extreme position at one side of the plane 3, for example, until in the
      middle of the focus scanning operation, the plane examined coincides with
      the plane 3. The focus scanning operation continues in its cycle until a
      position equidistant on the other side of the plane 3 is reached whereupon
      the direction of scanning is reversed. With the image at an optimal
      position, that is, in the plane 3, a light flux pattern such as that
      illustrated at FIG. 5a is produced as the cycles of operation are
      repeated. It will be seen that two similar waveshape patterns are produced
      in each cycle of rotation of the disc 10.
PAR  Typical forms of the light flux pattern that are produced upon shifting of
      the image to one side of the plane 3 are illustrated by FIGS. 5b and 5c.
      FIG. 5b shows the waveform produced upon a shift of the image half way,
      for example, from the plane 3 to the extreme position within the range of
      angular deflection of the disc 10. FIG. 5c shows the wave form produced at
      an extreme deflected position of the image. Similarly, FIGS. 5d and 5e
      show the wave forms produced for corresponding shifts of the image to the
      other side of the plane 3.
PAR  It will be noted by reference to FIG. 5 that upon shift in the position of
      the image to one side or the other, there will be a corresponding shift in
      phase of the light flux wave form or pattern that is produced.
      Additionally, in intermediate positions of shift of the image, the wave
      form obtained comprises closely spaced twin peaks, one such wave form
      being obtained once in each revolution of the disc 3. At extreme positions
      of shift of the image, the wave form produced has but a single peak.
      Again, one such wave form is produced once only in each revolution of the
      disc 10.
PAR  The reference frequency signal derived from the rotating disc 12, as seen
      in FIG. 2, is a square wave pulse, as illustrated in FIG. 5f. The time
      coincidence of the square wave pulse of FIG. 5f with the peaks of the wave
      pattern illustrated in FIG. 5a indicates that optimum image focus has been
      achieved. That is to say, the rotating disc 12 is so arranged as to
      provide a square wave in synchronism with the peaks of the wave forms
      illustrated in FIG. 5a which occur when the image is at the position of
      optimum focus. To this end the disc 12 is provided with transparent and
      opaque portions, and is arranged, in its rotation by motor 11, to
      interrupt light from a source 18 to a photoelectric sensor or cell 16. The
      output from sensor 16 is amplified by an amplifier 17. The position of
      disc 12 on the shaft of motor 11 is that required for the reference signal
      to be synchronized with the peaks of the wave forms illustrated in FIG.
      5a, that is, the characteristic wave form that is obtained at the optimal
      condition of focus of the image. It will be noted that with the optimal
      focus condition of the image the fluctuating wave form pattern includes
      only second harmonic and higher frequency signals with respect to the
      square wave signal 5f.
PAR  Various known techniques may be employed for extracting from the
      fluctuating light patterns illustrated in FIG. 5 the specific information
      concerning the condition of focus. A preferred arrangement for extracting
      this focus information is illustrated in FIG. 6. As seen in FIG. 6, the
      photoelectric sensor 14 is connected to the input circuit of a voltage
      follower pre-amplifier illustrated at 20, to provide high input impedance.
      This allows the focus detector to operate in a region where logarithmic
      response is exhibited. This makes the output signal from pre-amplifier 20
      less sensitive to brightness level.
PAR  The signal output from pre-amplifier 20 is amplified by an amplifier 21 and
      then is filtered by a high pass filter 22. The high pass filter removes
      alternating current components which may be caused by motion, alternating
      current lighting, or by low frequency components from the chopper 10.
      Typically, the filter 22 is arranged to pass from 3 Kilo Hertz (KH) up.
PAR  The signal output of the high pass filter is then amplified by an
      amplifier/buffer illustrated at 23. The output of the latter is applied to
      an automatic gain control unit comprised of devices indicated by reference
      numerals 24 and 25. The automatic gain control unit provides a standard
      peak to peak level regardless of subject contrast.
PAR  The output signal of device 25 is then detected and filtered by a
      detector-filter comprised of devices indicated at 26 and 27. This removes
      high frequency ripple.
PAR  The detected and filtered signal is then applied to a first pair of input
      terminals of a phase detector indicated at 28. The phase detector includes
      a second pair of input terminals to which a signal from the reference
      amplifier 17 is applied. The phase detector 28 reacts to any signal at the
      chopper frequency to provide a direct current output that depends upon the
      phase of such signal. An amplifier/filter 29 is provided to filter the
      output of detector 28. With the desired optimal or infocus condition of
      the image with the predetermined plane 3, only second harmonic and higher
      components are present. For this condition the filtered output of the
      phase detector 28 is a zero direct current. When the image is out of focus
      in one direction with respect to the plane 3, a direct current output of
      one polarity is provided by the phase detector 28. A direct current of the
      opposite polarity is provided by the filtered output of phase detector 28
      when the image is out of focus in the other direction with respect to the
      plane 3.
PAR  The filtered direct current output from the phase detector 28 may be
      applied to the direct current meter 7 illustrated in FIG. 1 to provide a
      direct indication of the focus condition of the image with respect to the
      plane 3. Alternatively, or in addition, the output of phase detector 28
      may be used to control the operation of a direct current focus motor
      illustrated at 30. To that end, the filtered output of the phase detector
      is applied to the input of an amplifier and motor control circuit shown at
      31. The motor 30 is connected in the output of circuit 31, and is
      energized for rotation in one direction or the other depending upon the
      polarity of the direct current signal that is applied to the input of the
      circuit by the phase detector 28 and filter 29. The shaft of the motor 30
      is connected by mechanical linkage 9 to the lens 1 and to an objective
      lens, not shown, of a camera for adjusting the positions of the lenses as
      required to establish an optimal focus relationship.
PAR  By way of illustration and example, and not by way of limitation, it is
      noted that the several elements or devices shown in symbolic form in FIG.
      6 may, if desired, be of the commercially available types listed below:
TBL  DEVICE              TYPE                                                  
     ______________________________________                                    
     Photo cell 14       PIN 10D                                               
     Photo cell 16       TIL 77                                                
     Amplifiers 20, 21, 26 and 27                                              
                         LM 308N                                               
     Filter 22           uA 741 C                                              
     Amplifiers 17, 23 and 25                                                  
                         LM 3900                                               
     Automatic gain control 24                                                 
                         LM 370                                                
     Phase detector 28   AD 532 JD                                             
     Amplifier/Filter 29 741                                                   
     ______________________________________                                    
PAR  Values for the several resistors, capacitors and diodes, illustrated and
      shown in FIG. 6 as interconnecting the enumerated devices but which have
      not been designated by reference numerals, may be selected, as
      appropriate, in a manner well known to those skilled in the art.
PAR  Thus, there has been provided in accordance with the present invention an
      improved optical means for detecting the focus of an image and for
      providing an output signal indicative of the condition of focus, said
      signal comprising fluctuating light flux patterns of phase and wave shape
      corresponding to the difference between the existing condition of focus
      and a desired focus condition, in which light flux pattern undesired
      errors tending to be obtained with prior art types of apparatus are
      cancelled out due to the random nature of the spatial filter used in
      deriving the light flux patterns.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A combination comprising optical means for focusing an image and further
      means for providing an output signal representative of the direction said
      optical means is displaced from a predetermined position of optimum focus,
      said further means comprising spatial filtering means arranged to transmit
      spatial frequency components of said image to provide recurring
      fluctuating light flux patterns that are characteristic of the
      displacement of said optical means from said predetermined position of
      focus, said spatial filtering means including an interposed rotatable disc
      and means for rotating the latter, said disc having alternate relatively
      transparent and opaque radial sectors, the widths of said relatively
      transparent sectors being randomly different to keep said patterns
      characteristic of said displacement in the presence of images which tend
      to produce misleading out of phase effects in said patterns, said randomly
      different widths lying in a range which permits adequate transmission of
      said spatial frequency components for the spatial frequencies present in
      the images typically encountered in general photography, and means
      responsive to said patterns for producing said signal.
NUM  2.
PAR  2. A combination as specified in claim 1, wherein said sectors are arranged
      in pairs, each of which consists of one of said relatively transparent
      sectors and one of the contiguous ones of said relatively opaque sectors,
      and wherein the two sectors of each of said pairs have equal width,
      whereby said disc has an average light transmission of 50 percent.
NUM  3.
PAR  3. A combination as specified in claim 2, wherein each of said sectors has
      diametrically opposite to it another of said sectors, and wherein
      diametrically opposite sectors are of equal width.
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PAL  A light impact on the photocathode of a photomultiplier is localized by
      defocusing the beam of emitted photoelectrons, sweeping the surface of the
      photocathode by means of a localized electric field which is located in
      the vicinity of the photocathode and by measuring the time which elapses
      between the instant of commencement of sweeping of the photocathode
      surface and at least one change of sign of the anode signal.
BSUM
PAR  This invention relates to a method and a device for localization of a light
      impact on the photocathode of a photomultiplier.
PAR  In more exact terms, it is desired to determine the ordinate and the
      abscissa of a light impact produced, for example, by a scintillator on the
      input window of a photomultiplier.
PAR  A photomultiplier comprises within a single enclosure a transparent
      photocathode which constitutes the input window of the apparatus, a
      plurality of secondary-emission electrodes or dynodes having the intended
      function of multiplying the number of incident electrons and an
      electron-collecting anode.
PAR  The present invention makes use of a phenomenon which has been observed by
      Charpak and which will now be briefly explained in order that the present
      invention may be more readily understood.
PAR  An electric field which is localized in the immediate vicinity of a light
      impact on the photocathode of a photomultiplier modifies the emission of
      the photoelectrons produced by the incident photons, thereby affecting the
      anode signal of the photomultiplier. If the time of application of the
      electric field is considerably shorter than that of the light, there is
      observed in the anode signal of the photomultiplier a deformation which is
      synchronized with the instant of application of the electric field,
      subject to the time constant of the photomultiplier.
PAR  More precisely, the predominant effect of the electric field appears to be
      that of local defocusing of the input optical-electronic system of the
      photomultiplier rather than a direct action on the emission of
      photoelectrons; in other words, the field appears to produce a
      modification in the distribution of the equipotential surfaces which are
      close to the photocathode and therefore to act on the trajectory of the
      photoelectrons emitted in the zone of incidence of the photons. When the
      action is sufficient to cause an appreciable modification in the
      proportion of electrons which arrive in the active portion of the first
      dynode, that is to say on the first "amplification" plate of the
      photomultiplier, this is represented by a "hole" in the anode signal which
      is delivered by the photomultiplier and has a width equal to the time of
      application of the electric field.
PAR  By sweeping the entire surface of the photocathode with a point electric
      field and by detecting the instant of appearance of said "hole" in the
      anode signal, it is therefore possible to localize the position of the
      light impact provided that the sweeping time is shorter than the
      persistence of the light on the input window of the photomultiplier.
PAR  Unfortunately, the electric field produced at one point is not really a
      single-point field and this is evidenced by the fact that, when sweeping
      the surface of the photocathode, there are a number of points of
      application of the electric field which will cause deformation of the
      anode signal. In consequence, a deformation of the anode signal appears
      not only at the moment when the electric signal is applied at the point of
      impact of the light beam but also when the electric signal is applied at
      adjacent points. Localization cannot therefore be achieved in an accurate
      manner.
PAR  The precise aim of the present invention is to provide a method and a
      device for localization of a light impact which overcomes the
      disadvantages mentioned in the foregoing.
PAR  The method is characterized in that the beam of emitted photoelectrons is
      defocused, that the surface of the photocathode is swept by means of a
      localized electric field, said electric field being located in the
      vicinity of the photocathode, and that a measurement is taken of the time
      which elapses between on the one hand the instant of commencement of
      sweeping of the photocathode surface and on the other hand at least one
      change of sign of the anode signal.
PAR  In a preferred embodiment, sweeping of the photocathode is obtained in two
      orthogonal directions of a substantially linearly localized variation of
      electric field and a measurement is taken of a first time interval T.sub.1
      between the commencement of the sweeping in a first direction and a first
      change of sign and of a second time interval T.sub.2 between the
      commencement of the sweeping in the second direction and a second change
      of sign.
PAR  In a preferred alternative embodiment, the beam of photoelectrons is
      defocused by applying a transverse magnetic field.
PAR  In accordance with another advantageous feature of the method, each change
      of sign is detected by splitting the anode signal, by delaying one of the
      two signals thus obtained and shifting said signal in amplitude, and there
      is detected the time which elapses between the leading edge of the anode
      signal and the intersection of said split signals which have previously
      been processed.
PAR  The device for the practical application of the method is characterized in
      that it comprises:
PAR  -- a photomultiplier,
PAR  -- two networks of parallel conductors which are crossed and insulated with
      respect to each other, said networks being placed in the vicinity of the
      photocathode of the photomultiplier,
PAR  -- means for applying an electrical pulse successively to said conductors,
PAR  -- means for defocusing the beam of photoelectrons emitted by said
      photocathode,
PAR  -- means for splitting the signal collected at the anode of said
      photomultiplier into two identical signals S.sub.1 and S.sub.2,
PAR  -- means for delaying the signal S.sub.2 and adding a constant shift
      voltage thereto,
PAR  -- means for detecting the instants of equality of the processed signals
      S.sub.1 and S.sub.2.
DRWD
PAR  A clearer understanding of the invention will in any case be obtained from
      a study of the following specification in which a number of embodiments of
      the method according to the invention are described, reference being made
      to the accompanying drawings, in which:
PAR  FIG. 1 shows the curves which represent the effect of application of an
      electric-field pulse in the vicinity of the light impact;
PAR  FIG. 2 shows the result of application of an electric-field pulse when the
      photomultiplier is defocused and when the photomultiplier is not
      defocused;
PAR  FIG. 3 shows curves which serve to illustrate the detection of the point of
      impact of the light beam;
PAR  FIG. 4 is a block diagram of the device;
PAR  FIG. 5 is a schematic diagram of utilization of the light-impact detection
      device for the construction of a .gamma.-radiation camera.
PAR  If an electric-field pulse I.sub.1 is applied in the vicinity of the light
      impact in the photocathode region of a photomultiplier, it is observed on
      the anode signal of said photomultiplier that the collected signal A has a
      "hole" 2 which is equal in width to the time of application of the
      electric-field pulse I.sub.1. The hole 2 clearly appears after a time
      interval T which corresponds to the time constant of the photomultiplier,
      i.e., the delay T between the incidence of light and the appearance of a
      corresponding electric signal at the output of the photomultiplier. If no
      consideration is given to said time interval T which is very short and in
      any case constant, it may be stated that these two phenomena are
      synchronized.
PAR  There is shown in FIG. 2 the signal S at the output of the photomultiplier
      when this latter is correctly focused (2a) and when the photomultiplier is
      slightly defocused (2b).
PAR  It is observed in FIG. 2a that there is a deformation 4 of the signal S
      which corresponds to the hole and therefore to the application of the
      electric field in the vicinity of the light impact. If the photomultiplier
      is slightly defocused, the signal S' exhibits a double deformation. For
      example, it is possible to have first a deformation corresponding to a
      hole 4, then a reverse deformation corresponding to a "bulge" 6. The
      position of the light impact corresponds to the transition from the hole 4
      of the bulge 6.
PAR  This phenomenon can be explained as follows: in the case of an electric
      field which is located slightly "to the right" of the light impact, there
      is for example an increase in defocusing, which results in the hole 4. On
      the contrary, in the case of an electric field which is located slightly
      to the left of the light impact, maximum focusing takes place and this
      results in the bulge 6. It is found that, in order to determine the
      position of the light impact, it is no longer necessary to detect a
      maximum value as in FIG. 2a but a change of sign (transition from the hole
      to the bulge) of the cruve S' if one takes as a reference level the curve
      (shown in dashed lines) representing the output signal without applying
      any electric-field pulse. This is the meaning which must be given to the
      expression "change of sign" in the following description and in the
      appended claims.
PAR  There is shown in FIG. 3 a method of detection of the position of the light
      impact. The signal S is split into a signal S.sub.1 and S.sub.2, the
      signal S.sub.2 being delayed in time by an interval .tau. and shifted in
      amplitude by a potential difference e. The points of intersection of these
      two cruves correspond to the localization of the light impact as abscissae
      and as ordinates. The change of sign C.sub.1 corresponds for example to
      the abscissa X of the light impact and the change of sign C.sub.2
      corresponds for example to the ordinate Y of the impact. It is therefore
      only necessary to determine from the origin instant the time intervals
      T.sub.1 and T.sub.2 which correspond respectively to the change of sign
      C.sub.1 and C.sub.2.
PAR  One advantage of this method lies in the fact that the instants of change
      of signs are not dependent on the amplitude of the photomultiplier and
      this is of major importance since the response of this latter varies to an
      appreciable extent as a function of the position of the point of light
      impact on the input window. Furthermore, in the case in which the light
      impact is not in the form of a point, the logical signals have a width
      which is a function of the luminous spot (since the change of signs of the
      deformation of the anode signal takes place during the passage of the
      electric-field wave on the spot). This accordingly makes it possible to
      determine the center of mass which is in the majority of instances the
      most representative of the physical phenomenon which has given rise to the
      emission of light.
PAR  The complete device as shown diagrammatically in FIG. 4 comprises a
      photomultiplier 8 of known type, the input window of which is fitted with
      two parallel networks of conductors stretched over the photocathode and
      oriented along two orthogonal axes, this assembly being represented by the
      reference 10. By means of this double network, two "excitation"
      electric-field waves can be applied to the photocathode in order that the
      pulses employed for the purpose of localization may be caused to appear on
      the output signal of the photomultiplier. In order to produce defocusing
      of the photomultiplier, external magnetic coils can be placed within the
      space between the photocathode and the first dynode, thus creating a
      transverse magnetic field. The schematic representation of these coils in
      FIG. 4 is designated by the reference number 11.
PAR  The output signal S is split in the lines 12 and 14. The line 14 comprises
      a delay device 15 which produces a time-delay .tau.. A shift voltage e is
      injected into the line 14 by means of the voltage divider constituted by
      the potentiometer P, one end of which is brought to the voltage + V and
      the other end of which is connected to ground.
PAR  The signals S.sub.1 and S.sub.2 are fed into the two inputs of the
      differentially mounted comparator 16. This latter delivers a logical
      signal R having a logical level of zero if S.sub.2 is higher than S.sub.1
      and a logical level of one in the contrary case. As has been mentioned
      earlier, this signal comprises three pulses J.sub.0, J.sub.1 and j.sub.2
      corresponding respectively to the leading edge of the anode signal, to the
      abscissa X of the light impact and to the ordinate Y of the light impact.
      The signal R is fed into a three-output switching device 17 which
      transmits the first pulse to the line 18, the second pulse to the line 20
      and the third pulse to the line 22. The lines 18 and 20 are connected to
      the two inputs of a time-amplitude converter 24. This latter delivers a
      constant analog signal whose amplitude is proportional to the time
      interval which elapses between the pulses J.sub.0 and J.sub.1. The lines
      18 and 22 are connected to the two inputs of a time-amplitude converter 26
      which performs the same operation in the case of the pulses J.sub.0 and
      J.sub.2.
PAR  The outputs of the converters 24 and 26 are connected for example to the
      control plates 28 and 30 of an oscilloscope 32. The line 18 is also
      connected to a pulse distributing circuit 33 for driving the localization
      wires 10, said circuit being intended to deliver an electrical pulse
      successively to each horizontal conductor and then to each vertical
      conductor.
PAR  The excitation-voltage pulses must necessarily have a duration at least
      equal to the time interval which elapses between the drive applied to two
      consecutive wires in order to obtain a continuous electric-field sweep at
      the surface of the photocathode. Each network of parallel wires is thus
      equivalent to a wave-propagation line having a width equal to the diameter
      of the photocathode. It must also be ensured that the total time of
      sweeping by the electric field is shorter than the time of persistence of
      the light impact on the photocathode of the photomultiplier.
PAR  The circuit 33 is constituted by a generator which delivers square-topped
      voltage pulses having a timeduration t'. Each square-topped pulse is
      directed towards one of the horizontal wires or towards one of the
      vertical wires by means of delay devices which produce a time interval t
      between the instant of application of drive to one wire and the instant of
      application of drive to the following wire, with t' &gt; t. The generator is
      triggered by the pulse J.sub.0 and could clearly be triggered with a
      certain delay, in which case the time intervals T.sub.1 and T.sub.2 are
      measured from the instants of initiation of the X and Y sweeps of said
      generator.
PAR  It is readily apparent that the foregoing description of this mode of
      sweeping of the photocathode is given without any limitation being implied
      and that other types of sweeping could be employed.
PAR  The magnetic coils which serve to apply a defocusing magnetic field between
      the photocathode and the first dynode have not been shown in the figure
      since they are of a well-known type.
PAR  The operation of the device can readily be deduced from the method. It
      should be noted, however, that the voltage delivered by the converter 24
      is proportional to the time interval T.sub.1 -T.sub.0 which elapses
      between the pulses J.sub.0 and J.sub.1. This time interval is in turn
      proportional to the abscissa X of the point of impact of the light beam.
      Similarly, there is a linear relation between the time interval T.sub.2
      -T.sub.0 and the ordinate of the light impact.
PAR  There is shown in FIG. 5 one example of application of the light-impact
      localization device to the construction of a .gamma.-radiation camera.
PAR  The camera comprises a collimator 34, a scintillator 36, an image amplifier
      38 in which the entrance face is constituted by a photocathode 40 and the
      exit face is a fluorescent screen 42. The amplified image is transmitted
      to the localization device 44 by an optical-fiber bundle 46. The .gamma.
      radiation produces an image in the scintillator and this latter emits
      photons, the intensity of which is amplified in the image amplifier 38.
PAR  The device in accordance with the invention can also be employed for
      constructing a neutron camera. It is only necessary to place a
      neutron-photon converter in front of the input window of the
      photomultiplier. By way of example, it is possible to employ a lithium
      fluoride scintillator, in which case the image amplifier 38 is not
      indispensable.
PAR  The light-impact localization device offers many advantages over other
      known devices which perform the same operation:
PAR  -- the time of analysis of each event is very short;
PAR  -- the device makes use of only one photomultiplier to which it is only
      necessary to add the network of conductive wires and the defocusing coils;
PAR  -- the device makes it possible to determine the energy of the light signal
      since it is only necessary to integrate the output signal of the
      photomultiplier, the areas corresponding to the "bulge" and to the "hole"
      being substantially compensated.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of localization of a light impact on the photocathode of a
      photomultiplier, comprising defocusing the beam of emitted photoelectrons
      of said photomultiplier, sweeping the surface of the photocathode by means
      of a localized electric field, said electric field being located in the
      vicinity of the photocathode, and measuring the time which elapses between
      on the one hand the instant of commencement of sweeping of the
      photocathode surface and on the other hand at least one change of sign of
      the anode signal of said photomultiplier.
NUM  2.
PAR  2. A method according to claim 1, wherein sweeping of the photocathode is
      obtained by sweeping in two orthogonal directions a localized electric
      field and wherein a measurement is taken which is indicative of a first
      time interval T.sub.1 between the commencement of the sweep in one
      direction and a first change of sign of the anode signal and of a second
      time interval T.sub.2 between the commencement of the sweep in the other
      direction and a second change of sign of the anode signal.
NUM  3.
PAR  3. A method according to claim 1, wherein the beam of photoelectrons is
      defocused by applying a magnetic field transverse to the beam of
      photoelectrons.
NUM  4.
PAR  4. A method according to either claim 2, wherein each change of sign is
      detected by splitting the anode signal, by delaying one of the two signals
      thus obtained and of setting the amplitude thereof, and wherein there is
      detected the time which elapses between the leading edge of the anode
      signal and the intersection of said split signals which have previously
      been processed.
NUM  5.
PAR  5. A method according to claim 1 wherein, in order to produce the localized
      electric field, a voltage pulse is applied successively to each line and
      to each column of two concurrent networks of parallel conductors, the
      time-duration of said pulse being at least equal to the transit time of
      said pulse between two successive elements.
NUM  6.
PAR  6. A device for carrying out the method according to claim 1, wherein said
      device comprises:
PA1  a photomultiplier of known type,
PA1  two networks of parallel conductors which are crossed and insulated with
      respect to each other, said networks being placed in the vicinity of the
      photocathode of the photomultiplier,
PA1  means for applying an electrical pulse successively to each of said
      conductors,
PA1  means for defocusing the beam of photoelectrons emitted by said
      photocathode,
PA1  means for splitting the signal collected at the anode of said
      photomultiplier into two identical signals S.sub.1 and S.sub.2,
PA1  means for delaying the signal S.sub.2 and adding a constant shift voltage
      thereto,
PA1  means for detecting the instants of equality of the processed signals
      S.sub.1 and S.sub.2.
NUM  7.
PAR  7. A device according to claim 6, wherein the means for defocusing the beam
      of photoelectrons consists of magnetic coils which are external to the
      photomultiplier, said coils being placed between the photocathode and the
      first dynode of said photomultiplier.
NUM  8.
PAR  8. A device according to claim 6, wherein the means for applying an
      electrical pulse are constituted by a generator which delivers
      square-topped voltage pulses and is triggered by the leading edge of the
      anode signal of the photomultiplier, the time-duration of each
      square-topped pulse being at least equal to the time which elapses between
      application of a square-topped pulse to two consecutive conductors.
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ABST
PAL  An electronic sampling head comprising a housing having a path for
      impinging radiation, a photoemissive element positioned across said path,
      photoelectron ejection means positioned in proximity to said photoemissive
      element, means for applying ultrashort sampling potential differences
      between said photoemissive element and said photoelectron ejection means
      for accelerating photoelectrons emitted by said photoemissive element in
      response to said incident radiation, and means for detecting said
      photoelectrons all resulting in the capability of detecting high-speed
      radiation phenomena with waveform fidelity.
GOVT
PAR  The invention herein described was made under a contract with the
      Department of the Navy.
BSUM
PAR  This invention relates to optical detection devices and specifically to
      optical sampling heads usable in conjunction with photoelectron amplifying
      devices suitable for low power radiation detection.
PAR  A need exists for a high resolution sampling detector for detecting
      radiation levels, particularly optical, at relatively high sampling
      speeds. Since in many applications the photon flux level at high sampling
      speed will be low, a sensitive device for detection is required.
PAR  A conventional form of detection device is the photomultiplier. In its
      usual form, the single stage device employs a photocathode, emitting
      electrons in response to impinging radiation, a secondary emissive
      electrode or dynode, and a collector electrode or anode. In a multistage
      electron multiplier, a cascade of dynodes are employed, with successively
      higher biasing potentials, such that impinging primary electrons cause
      emission of secondary electrons in a multiplying progression from
      successive dynodes, and are ultimately collected by the anode which in
      turn provides an output signal.
PAR  It is desirable to utilize an electron multiplier for providing high
      resolution, high speed sampling of optical radiation; however,
      conventional photocathodic detecting structures do not possess adequate
      resolution nor speed to enable rapid sampling of optical signals,
      particularly in the measuring or detecting of a rapidly varying light
      level. Such light levels, which may be laser generated, may require
      sampling rates approaching the picosecond range. Additionally, the use of
      high sampling rates is best controlled electronically, at the actual
      sampling point. This latter feature is difficult to achieve in
      conventionally gridded photomultiplier structures.
PAR  It is therefore the primary object of the present invention to provide a
      sampling device which is operable with high resolution over a short
      sampling time.
PAR  It is another object of the present invention to provide a sampling device
      adapted to be employed with a conventional electron multiplier for
      improving the resolution thereof.
PAR  It is a further object of the present invention to provide a sampling
      device which may be electronically controlled to produce sampling
      intervals of shorter duration than heretofore possible while maintaining
      high resolving characteristics.
PAR  The foregoing objects are realized in a device constructed of a housing
      having a path for impinging radiation and a photoemissive element
      positioned across said path. A photoelectron ejection electrode is
      positioned adjacent the photoemissive element and a sampling potential
      difference can be applied across the element and electrode. Any electrons
      emitted by the element due to the incident radiation thereon during the
      sampling pulse duration is accelerated through the ejection electrode to a
      suitable detection device such as a conventional electron multiplier. The
      device structure includes an elongated photoemissive strip located in
      close proximity to the ejection electrode, the latter taking the form of a
      circular wire mesh. The width of the strip and its distance from the mesh
      are set with predetermined relationship for optimum, high-speed results.
DRWD
PAR  The foregoing objects and brief description of the present invention will
      become more apparent from the following detailed description and appended
      drawings wherein
PAR  FIG. 1 shows the head of the present invention utilized with an electron
      multiplier;
PAR  FIG. 2 is a cross section along the optical path of the head showing the
      housing and photoemissive strip;
PAR  FIG. 3 illustrates the insert and ground plane element;
PAR  FIG. 4 shows the insert in position in the housing;
PAR  FIG. 5 is a top view showing the relationship of the strip to the
      underlying ground plane forming a microstrip configuration.
PAR  FIG. 6 is an illustration of the circuit utilizing the head of the present
      invention; and,
PAR  FIGS. 7, 8 and 9 illustrate as examples the graphical relationships of the
      effect various dimensional parameters and biasing have on resolution and
      efficiency.
DETD
PAR  Referring to FIG. 1, sampling head 10 constructed in accordance with the
      present invention is shown in mounted position on a conventional electron
      multiplier 12. For purposes of illustration, the electron multiplier may
      be that of an RCA Model 7102 photo-tube including a dynode/anode structure
      14 including a plurality of voltage leads 16 for applying a potential to
      the dynode/anode electrode structure 14. Other conventional electron
      multipliers may also be employed with the sampling head. The photo-tube 12
      has been modified to the extent that an external source of electrons,
      supplied by the sampling head 10, may be provided. To this end, a flange
      18 including mounting bolts 20 provides a support frame for mounting the
      head 10 to the tube 12. An O-ring seal 22 may be provided to vacuum and
      optically seal the head outlet to the tube inlet.
PAR  On the left side of the head 10, referring to FIG. 1, a lens or window unit
      24 is bolted to the optical inlet side of the head 10. A further O-ring
      seal 26 may be used to vacuum seal the optical element through the head.
      The head is bolted by means of bolts 28 to the lens structure 24.
PAR  Incident radiation 30 impinges, through the lens 24, upon the
      photosensitive surface creating photoelectrons which are sampled by the
      head 10 in a manner to be set forth in further detail below, and the
      resulting electron flow multiplied in the electrode structure 14 of the
      electron multiplier 12.
PAR  The structure of the sampling head 10 is shown in greater detail in FIGS.
      2-5. The cross section FIG. 2 shows that the sampling head includes a
      central optical path 32 passing through a housing indicated generally as
      34. The upper flange 36 of the head structure 34 includes bolt holes 38
      for accommodating the bolts 28, and a groove 40 for accommodating the
      O-ring 26, shown in FIG. 1. The lower flange 42 of the head structure 34
      includes bolt holes 44 for accommodating the bolts 20, and a groove 46 for
      accommodating the O-ring 22.
PAR  The housing 34 further includes a side wall 48 which may be square or
      circular in shape. The internal passage way 32, axially defining the
      optical path, is preferably round in shape and includes a plurality of
      threads 50 formed in the interior wall for accommodating an insert, shown
      in FIG. 3. The housing 34, including flanges and side walls, as preferably
      constructed of a cold rolled steel or like sturdy conductive material.
PAR  Incorporated into the side walls 48 are a pair of feedthrough leads 52
      which include a conductive cap 54 having provision for attaching or
      incorporating a conductive wire 56. The cap 54 is supported on the housing
      by a support flange 58. The feedthrough is formed as a plug fitting into
      the wall 48, and includes an outer conductive shell 60 and an inner glass
      feedthrough member 62. Through the feedthrough is connected a conductive
      photoemissive strip 64, composed of a suitable photoemissive material such
      as cesium antimony or the like. The strip may be finely perforated or
      semitransparent, or formed as a mesh, and has tapered ends. The component
      material structure of the feedthrough is designed to permit the coupling
      of the broadbound high frequency sampling signals to the strip 64.
PAR  The strip 64 is positioned across the optical path 32.
PAR  The insert 66, FIG. 3, is a conductive, externally threaded, round
      plug-like component including a central electron path 68 and a groove 70
      for accommodating a spacer 72. The upper part of the insert 66 includes a
      fine wire mesh 74 which can be circular and which is affixed to the insert
      66 as by spot welding or the like. The wire mesh 74 performs the function
      of a photoelectron ejection electrode in cooperation with the
      photoemissive strip 64, and requires a certain spacing with respect to the
      strip 64 for electronic matching in a microstrip configuration. The insert
      66 is positioned into the body of the structure 34 by rotating the mating
      threaded portions of the insert 66 and the interior 50 of the housing 34
      until the spacer 72 contacts the lower projecting portion of the shell 60,
      shown in FIG. 4. Accurate control of the spacer dimension will control the
      spacing distance d.sub.1 between the strip 64 and the microstrip ground
      plane which acts as an ejection electrode 74. The electrode 74 is termed
      an ejection electrode in that it performs the function of causing
      electrons from the strip 64 to be ejected into the path 32.
PAR  The top of the assembly, viewed in the direction of the optical path 32, is
      shown in FIG. 5. The strip 64 is designed to have a predetermined width,
      d.sub.2, across the optical path, which also provides maximum operational
      characteristics.
PAR  By way of example, the wire mesh may be constructed of a woven or etched
      nickel screen. Other conductive metallic materials compatible with
      phototube processing may also be employed.
PAR  Due to the high frequency of operation, the components forming the housing,
      insert, strip and feedthrough are, as shown in FIGS. 2-5, designed to be
      assembled employing techniques which will result in a broadband,
      nondispersive electrical system suitable for high vacuum construction. The
      relationship of the dimensions d.sub.1 and d.sub.2 are critical with
      respect to the device operation. These parameters are mutually
      interdependent in determining the mode propagation in accordance with
      broadband design criteria, and should be scaled to produce a
      reflectionless and dispersionless fundamental mode propagation. An example
      of such dimension selection will be found in the IRE Transactions of the
      Professional Group on Microwave Theory and Technique entitled, "Symposium
      on Microwave Strip Circuits", March, 1955.
PAR  According to the embodiment disclosed herein, where, as illustrated in
      FIGS. 7-9, resolution of optical pulse durations in the picosecond
      (10.sup.-.sup.12 seconds) range can be achieved. The spacing d.sub.1 was
      chosen at 300 microns to which corresponds a strip width, d.sub.2, of 1.5
      millimeters, all designed in accordance with microstrip design criteria
      and matched for a 50 ohm termination. The optical path 68, by way of
      reference, is about 1.5 inches in diameter.
PAR  The electron multiplier, which serves as the integrating-amplifier section,
      along with the output circuitry, is mounted in a large glass to metal
      seal. This is then brazed to an O-ring flange to allow the sampler portion
      to be bolted to the multiplier section. Before the two sections are joined
      together, antimony is deposited on the silver coated stainless steel strip
      by a vacuum-evaporation process. The strip is soldered to the center pins
      of the feedthrough connectors, and the sampling portion is bolted to the
      integrating amplifier section. Next, cesium gas is introduced into the
      previously evacuated system while the tube is baked in an oven at
      150.degree. C to form a cesium antimonide photocathode (Cs.sub.3 Sb).
PAR  Operation of the sampling head is set forth in FIG. 6. The head, 10, in
      position on the electron multiplier 12, is biased by applying a retarding
      potential V.sub.O to the strip 64. This potential V.sub.O is applied
      through a conventional bias tee 76, available from the General Radio
      Corp., for keeping the d.c. level free of sampling pulses. The potential
      V.sub.O is supplied to the electrode 64 by contacting lead 78 to
      feedthrough lead 56B, thereby rendering the potential of the electrode 74
      negative with respect to the strip 64. An optical signal 30 is directed to
      the sampling head, as described above. A sampling pulse is supplied by the
      sampling pulse generator 80 along the line 82 through the feedthrough lead
      56A to the strip 64. The sampling pulse -Vs, applied to strip 64, is
      negative with respect to the ground electrode 74 and serves to both cancel
      and exceed in magnitude the retarding potential V.sub.O. Should radiation
      be incident upon the strip during the sampling pulse interval, electrons
      emitted from the strip 64 in response to incident photons will be
      accelerated by the potential difference toward the photoelectron ejecting
      element (the ground plane wire mesh 74) and pass through the electron path
      68 into the electron multiplier 12. Since the electron multiplier, under
      the bias +V.sub.B, serves to amplify the electron flow, an output signal
      Vs will be provided along line 84.
PAR  By way of example, and with the spatial dimensioning set forth above, the
      sampling head was employed with an optical pulse of about 300 psec rise
      time derived from a mode-locked HeNe laser. Using a -7 volt, 250 psec wide
      sampling pulse, with Vo set at -2.2 volts, full time resolution of the
      mode locked laser pulses were achieved.
PAR  Referring to FIGS. 7, 8 and 9 graphical relationships showing the
      criticality of the dimensional relationships, as well as the effect of
      varying potential levels, and sampling pulse widthes are demonstrated.
PAR  The parameters found useful in characterizing the optoelectronic sampler
      are the sampling efficiencies .eta..sub..tau., .eta..sub.A and the pulse
      width .tau.. Thus, .eta..sub..tau. represents the ratio of the relative
      number of photoelectrons of the derived sampling function to the maximum
      possible number, A.sub.o .tau., of photoelectrons that could be sampled in
      the same interval for the same set of conditions, and .eta..sub.A
      represents the ratio of the sampled photoelectrons of the sampling
      function to the total number of sampled photoelectrons in the entire
      sampling function. Clearly, .eta..sub..tau. and .eta..sub.A are maximally
      unity and are specified to designate amplitude sampling efficiency and
      sampling quality respectively.
PAR  As a result of this analysis, changes in .eta..sub..tau., .eta..sub.A and
      .tau. due to variations in the input conditions can be used to optimize
      the output signal with respect to resolution and signal magnitude.
PAR  The retarding potential represents the constant voltage applied to the
      sampler structure which prevents photoelectrons from reaching the sampler
      anode at all times that the sampling voltage pulse is not present. When
      the sampling voltage pulse does occur with sufficient amplitude, the net
      voltage difference between the photocathode and anode can result in
      photoelectrons traversing the sampler drift space. As the retarding
      potential is increased, the effective time during which the photocathode
      is forward biased decreases, resulting in improved resolution, as shown in
      FIG. 7.
PAR  Although improved resolution is desirable, one must consider the effect of
      increased retarding potential on sampling efficiencies. .eta..sub..tau.
      and .eta..sub.A tend to fall when the retarding potential is increased to
      a potential for which the effective duration of the sampling pulse is too
      short to allow those photoelectrons with comparatively small initial
      velocities to reach the anode.
PAR  FIG. 8 illustrates the effects of different spacings, d.sub.1, between the
      photocathode and the sampler anode for a fixed set of parameters. From
      these numerical results, it can be shown that if the duration of the
      accelerating field is approximately equal to or smaller than the time
      necessary for all the emitted photoelectrons to traverse the drift space,
      then only those photoelectrons, if any, with large initial energies will
      be sampled. This results in a decrease in time dispersion due to the
      initial velocity spread of the photoelectrons as is illustrated in FIG. 8
      for d.sub.1 greater than 70 microns. Also note that the sampling
      efficiency .eta..sub..tau. rapidly deteriorates as fewer photoelectrons
      are collected.
PAR  FIG. 9 illustrates the dependence of the sampling function width and the
      sampling efficiency on the incident wavelength for a cesium antimonide
      photocathode. It should be noted that, in all cases considered, wherever
      the sampling efficiencies dropped, the order .eta..sub.A &gt; .eta..sub..tau.
      was preserved, indicating that though signal magnitudes could become
      small, signal fidelity would be retained. For the exemplary cesium
      antimony photocathode considered, it appears that the highest resolution
      and greatest sampling efficiencies occur in the red part of the visible
      spectrum. Those incident wavelengths which result in the narrowest range
      of energies for the emitted photoelectrons will be capable of the highest
      resolution since the transit time dispersion effect which degrades the
      time response to a sampling photomultiplier tube is due to the spread of
      initial velocities of the emitted photoelectrons.
PAR  Although the invention has been described in conjunction with certain
      preferred embodiments, it will be understood that other variations,
      modifications, substitutions, additions and deletions may be made within
      the framework and spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high speed sampling head for photoelectrons comprising a housing
      having a path for impinging radiation, a strip-shaped photoemissive
      element positioned across said path, planar photoelectron ejection means
      positioned in proximity to said photo-emissive element in said path, means
      for propagating a high speed sampling potential difference between said
      photoemissive element and said photoelectron ejection means, means for
      accelerating photoelectrons emitted by said photoemissive element in
      response to said incident radiation, and means for detecting said
      photoelectrons, whereby said ejection means constitute a microstrip ground
      plane for said photoemissive element.
NUM  2.
PAR  2. The head of claim 1 wherein said photoelectron ejection means is a
      circular wire mesh.
NUM  3.
PAR  3. The head of claim 1 wherein said photoemissive element is an elongated
      shaped strip across said optical path having a predetermined narrow
      dimension width relative to the spacing from said photoelectron ejection
      means.
NUM  4.
PAR  4. The head of claim 3 wherein said photoemissive element is perforated.
NUM  5.
PAR  5. The head of claim 1 wherein said means for detecting is an electron
      multiplier.
NUM  6.
PAR  6. The head of claim 1 wherein a first bias potential is applied to said
      photoelectron ejection means whereby said photoelectron ejection means
      becomes negative with respect to said photoemissive element and wherein
      said sampling potential has a magnitude greater than said first bias
      potential, thereby rendering said photoelectron ejection means momentarily
      positive with respect to said photoemissive element.
NUM  7.
PAR  7. An optoelectronic sampling head comprising a housing having an optical
      path for impinging light, a photoemissive elongated strip positioned
      across said optical path and supported in said housing by broadband
      insulated electrical feedthrough elements, an insert positionable in said
      housing, said insert including a photoelectron ejection ground plane and
      an electron path, and spacer means mounted to said insert and positioned
      with said insert against said housing for positioning said photoelectron
      ejection ground plane with predetermined spatial distance from said
      photoemissive strip.
NUM  8.
PAR  8. The head of claim 7 wherein said photoelectron ejection ground plane is
      a circular wire mesh.
NUM  9.
PAR  9. The head of claim 8 wherein said photoemissive element is perforated or
      semitransparent.
NUM  10.
PAR  10. The optoelectronic sampling head of claim 7 further including means for
      applying a high frequency content sampling potential difference along said
      broadband feedthrough elements relative to said ground plane for
      accelerating photoelectrons emitted by said photoemissive strip toward
      said ground plane and along said electron path, and means coupled to said
      housing for receiving and detecting electrons passing along said electron
      path.
NUM  11.
PAR  11. The head of claim 10 wherein said photoelectron ejection ground plane
      is a metallic mesh.
NUM  12.
PAR  12. The head of claim 10 wherein said photoemissive element is perforated
      or semitransparent.
NUM  13.
PAR  13. The head of claim 10 wherein said means coupled to said housing is an
      electron multiplier.
NUM  14.
PAR  14. The head of claim 10 wherein a first electron retarding potential is
      applied to said photoelectron ejection ground plane and wherein said
      sampling potential exceeds said first retarding bias potential and is
      negative with respect to the potential of said photoelectron ejection
      ground plane.
NUM  15.
PAR  15. The sampling head of claim 7, wherein said photoelectron ejection
      ground plane is spaced from said strip a distance up to 300 microns.
NUM  16.
PAR  16. An optoelectronic sampling head comprising a conductive housing
      defining an optical path in the axial direction of said housing for
      impinging light, a pair of diametrically opposite apertures in said
      housing, insulation means sealed in said apertures, electrical leads
      extending through said insulating means, an elongated photoemissive strip
      supported on said leads inside said housing, a conductive insert
      positioned within said housing and having affixed thereto a perforated
      photoelectron ejection ground plane normal to the axis of said housing,
      said ground plane being spaced from said elongated strip a distance up to
      300 microns in the axial direction of said housing, and electron
      multiplier means affixed to said housing in the optical path on the end
      thereof toward said ground plane, whereby said ground plane constitutes a
      microstrip ground plane for said strip.
NUM  17.
PAR  17. The sampling head of claim 16 wherein said housing is provided with
      internal threads, said insert having external threads engaging said
      internal threads whereby the axial position of said ground plane is
      adjustable, whereby said ground plane is electrically connected to said
      housing, and further comprising a source of a sampling potential connected
      to said leads, and a source of a bias potential connected to said leads.
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ABST
PAL  An improved active type of infrared viewing system is provided using pulse
     ated techniques which displays the complete Z (range) axis simultaneously
      and provides uniform image intensity at all ranges.
GOVT
     The invention described herein may be manufactured, used, and licensed by
      of for the Government for governmental purposes without the payment to me
      of any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A number of surveillance and target acquisition systems have been developed
      which employ a gated image intensifier tube. By using a very narrow widely
      spaced gating pulse the blooming effects of strong illumination sources in
      the field of view can be minimized. To compensate for the loss of
      illumination in other areas of the field of view a very intense source of
      gated illumination is operated in synchronism with the intensifier tube.
      If the illuminator emits essentially monochromatic or invisible light
      selective filters can be used to improve the contrast in the image and
      reduce the chances of saturation.
PAR  A characteristic of the device which can be used to great advantage is the
      narrow and uniform depth of field at all ranges. This permits the observer
      to examine the solid angle of view slice by slice for objects and parts of
      objects without the background clutter often encountered with ordinary
      viewers. It does, however, have the disadvantage that the observer loses
      the overall picture of what is occurring in the complete solid angle at
      any one time. A less obvious disadvantage which can be compensated
      manually in the above system is that the overall brightness level must be
      adjusted for each range due to the square law reduction in illumination.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  It is, therefore, an object of the invention to provide an active pulse
      gated viewing system which permits viewing of the entire scene in depth,
      when desired.
PAR  It is a further object to provide a system as described above in which the
      decrease in image brightness with range inherent in the illuminator is
      compensated by the circuitry of the image intensifier tube.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects of the invention will be best understood with
      reference to the accompanying drawings wherein the FIGURE shows the
      essential working parts of the system with the viewer body and individual
      support elements removed for clarity and the electronic parts indicated in
      block form only.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The heart of the viewer is an image intensifier tube 11, various sizes of
      which are standard items of procurement in the military services and are
      likewise available for civilian applications. As shown, the upper end of
      the tube is constituted by its photocathode and the lower end by its
      phosphor screen. An objective lens 12 which may contain a number of
      elements focusses a distant image onto the photocathode end of the tube,
      the light from each point on the image diverging in a conical beam 13.
PAR  For purposes of the present invention a toroidal member of dielectric
      material transparent to light such as glass, quartz, lucite or other
      plastic material is interposed into the beam. The thickness of the
      material is constant in the radial and axial directions and varies
      linearly in the circumferential direction except for a single step which
      separates the end and the origin of the linear function. Additional steps
      may be provided, if more than one cycle of the function is desired, by
      those with ordinary skill in the art.
PAR  The function of the above described number is to effectively vary the focal
      length of the objective lens. Since the effective focal length depends on
      the velocity of light in the media in which it is measured, the portion of
      the conical beam in dielectric member 14 appears longer than a portion of
      the same actual length in free space (or atmosphere). The circumferential
      variation in thickness within the beam can be made very small by using a
      toroidal dielectric member of very large diameter. Since this is not
      always practical it is preferred that a compensating segment 15 be also
      interposed in the path of the beam. Ideally the thickness of the segment
      where any light ray from the scene passes when added to the same thickness
      of the toroidal member will be a constant and the thicknss of the former
      for one ray will be zero. Actually any wedge which is taken from a second
      toroidal member having a linear circumferential variation inverse to that
      of member 14 will serve.
PAR  The toroidal member is mounted for rotation in the housing (not shown) of
      the viewer using any type of bearing structure, numerous examples of which
      are available in the prior art. A drive means 16; such as a friction
      wheel, belt drive or pinion gear or the like; couples the toroidal member
      to a motor 17. The drive means can also be operated manually, although
      rotational speeds of 10 cycles per second or more (which produce
      flickerless images) are not easily achieved or maintained manually. A
      driven member 18 which preferably contacts the toroidal member 19 (or the
      drive member 16 if it makes no-slip contact with the toroidal member)
      operates a linear potentiometer, pulse generator, or similar device to
      provide an indication of the torroidal -ember's angular position relative
      to the beam 13.
PAR  The enclosed angular information signal, which may be either analog or
      digital in form, controls two functions. Applied to the illuminator power
      supply 20 is reduces the output power in beam 22 inversely with range.
      This provides a better image for the observer to analyze and make the most
      efficient use of available power. Applied to the auto-scan electronics and
      gating-circuits 23, the encoded signal determines the delay between a
      trigger pulse (the firing pulse of the laser) and an enabling pulse fed to
      image intensifier 11. In this manner the objective focus and image
      intensifier are synchronized to the reflected light pulses from the scene.
      The system is completed by adding a suitable eyepiece to magnify the image
      on the phosphor screen end of tube 11. This can be equipped with shades
      and filters to minimize the effect of ambient light. A biocular lens
      provides the best eye relief for the observer.
PAR  Many variations of the above described elements will occur to those skilled
      in the art, but the invention is to be limited only as defined in the
      claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an image viewing system having a pulse gated image intensifier tube,
      an integral source of synchronized illumination, a variable delay means
      for said gating pulse, means to generate said gating pulse and a manually
      focussed objective lens, the improvement comprising:
PA1  automatic means for continuously varying the effective focal length of said
      objective lens and the delay of said delay means in concert.
NUM  2.
PAR  2. An image intensifier according to claim 1 wherein said automatic means
      continuously varies the dielectric constant of a preselected path length
      which is equal for all light rays from said illuminator passing through
      said objective lens.
NUM  3.
PAR  3. An image intensifier according to claim 1 wherein said automatic means
      includes a first solid dielectric member having portions of various
      thicknesses parallel to the light rays from said illuminator passing
      through said objective lens; and
PA1  drive means for moving said first member so that said portions appear
      alternately in the path of said rays.
NUM  4.
PAR  4. An image intensifier according to claim 3 wherein:
PA1  the thickness of said member varies linearly in the direction of motion of
      said member; and
PA1  a second member having a thickness varying in inverse relationship to said
      first member is placed in fixed relationship to and in the path of said
      light rays.
NUM  5.
PAR  5. An image intensifier according to claim 1 wherein said automatic means
      simultaneously varies the overall intensity level of said intensifier
      tube.
NUM  6.
PAR  6. An image intensifier according to claim 2 wherein said automatic means
      simultaneously varies the overall intensity level of said intensifier
      tube.
NUM  7.
PAR  7. An image intensifier according to claim 3 wherein said automatic means
      simultaneously varies the overall intensity level of said intensifier
      tube.
NUM  8.
PAR  8. An image intensifier according to claim 4 wherein said automatic means
      simultaneously varies the overall intensity level of said intensifier
      tube.
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ABST
PAL  This is concerned with a method and apparatus for sensing and/or finding
      objects along railway track, for example a tie, so that work may be done
      in relation thereto. More specifically, the subject matter is concerned
      with a method and apparatus for finding ties on a step-by-step basis and
      performing work in relation thereto, for example tamping between the ties
      or driving spikes through the holes in tie plates into the ties, or the
      like.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention is concerned with a railroad track method and apparatus for
      performing work along railroad track and is specifically concerned with an
      accurate tie-sensing method and apparatus which may be used to sense the
      location of ties so that work may be done by maintenance equipment between
      or in relation to the ties, for example tamping the ballast, for driving
      spikes, etc.
PAR  A primary object of the invention is a method and apparatus of locating or
      finding railroad ties in railroad track.
PAR  Another object is a method and apparatus of the above type which may be
      done without any physical contact with the ties.
PAR  Another object is a method and apparatus of the above type which does not
      require subsequent recalibration to compensate for wear.
PAR  Another object is a method and apparatus of the above type which does not
      require or depend upon any physical contact with the ties.
PAR  Other objects will appear from time to time during the ensuing
      specification and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a schematic form of the invention;
PAR  FIG. 2 is an enlargement of a portion of FIG. 1;
PAR  FIG. 3 is similar to FIG. 2 but of a different position; and
PAR  FIG. 4 is an end view of either FIG. 2 or FIG. 3 or both.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 a railroad track is shown which includes rails 10 positioned on
      ties 12 at suitably spaced intervals with a tie plate 14 on top of the
      ties and under the rails. Any suitable track-working machine is
      diagrammatically indicated at 16 and includes wheels 18 supporting a frame
      20 for movement along the track. The details of the machine, be it a
      spike-driver, a tamper or what-have-you, self-propelled or otherwise, are
      not important.
PAR  Positioned on the machine is a tie finding device which includes a laser
      beam projector 22 and an optical receiver 24 which are disposed at a
      suitable angle to the vertical so that their projected lines or axes 26
      and 28 intersect at a certain point 30. It will be noted that the laser
      beam 26 is at a certain angle to the vertical in FIG. 1, as is the optical
      receiving line 28 with the bisect of their angle to each other being a
      vertical.
PAR  In any event, their projections or lines 26 and 28 intersect to a certain
      point and whenever a reflective surface is in the plane of the
      intersection point 30, the receiver 24 will see a laser beam spot,
      otherwise not.
PAR  For example, the laser beam 26 in FIG. 2 is shown diagrammatically, as is
      the receiving line 28, with the assumption that the machine is moving from
      right to left, as indicated by the arrow. When the lines are in the crib
      space between ties, the spot of the laser beam will strike the stones or
      ballast at some point 32 well below the intersection plane or point 30 and
      the receiver 24 will not "see" the laser beam spot or reflection. But as
      soon as the machine moves to the left somewhat so that the intersection
      point 30 coincides with the upper surface 34 of the tie plate, the
      receiver 24 will receive a signal since it will "see" the laser beam spot.
      The thus received signal may be used to stop machine travel and initiate
      some sort of a work cycle, such as driving a spike or lowering tamping
      heads.
PAR  The device in a sense "feels" the edge of the tie plate with no signal
      being received as long as the laser beam is directed at the ballast. In a
      sense the device is a height gauge since it is programmed to the distance
      from the top of the rails to the top of the tie plates. And whenever the
      laser beam projector and its receiver senses this distance as caused by
      the beam striking the top of the tie plate at the edge thereof so that the
      receiver receives a signal, a certain action or program can be initiated
      therefrom. But if the sensing device is directed to an area where any
      reflective surface is too low, such as the ballast in the crib, or
      possibly too high, the receiver will not receive a signal. In a particular
      type of railroad track the distance from the top of the rail to the top of
      the tie plates is quite accurate and does not vary. In a sense this
      distance is defined by the steel of the rail and tie plate which will be
      within manufacturing tolerances and is completely independent of the
      condition of the wooden ties themselves, be they new or old and plate-cut
      or otherwise. Nor will it depend upon the condition of the right-of-way,
      i.e. whether the track has been recently tamped and surfaced or is old and
      needs maintenance. But the point is that the distance is accurate and can
      be relied upon.
PAR  Whereas in FIG. 2 the device is shown as used as a tie finder, it can also
      be used as a hole finder to find the hole in the tie plate where the spike
      is to be driven. For example, in FIG. 3, the device and machine may be
      assumed to have moved to the left somewhat from the FIG. 2 position so
      that the laser beam reflection spot has moved along the surface of the top
      of the tie plate with the receiver 24 receiving a signal. But as soon as
      the point of intersection 30 moves into a tie plate hole, as at 36 in FIG.
      3, a signal will no longer be received and a different sequence of
      operation may be initiated therefrom. For example, the machine may stop
      and a spike-driving procedure automatically initiated.
PAR  The plane defined by the two intersecting lines 26 and 28 may be vertical
      as in FIG. 4, or it may be inclined in a longitudinal direction if the
      reflective surface is inclined without affecting the accuracy or
      operability of the device.
PAR  The use, operation and function of the invention are as follows:
PAR  In a broad sense, the invention is concerned with a height gauge to detect
      the upper surface of tie plates on railroad track so that track
      maintenance equipment may be accurately positioned relative thereto for
      doing work along the track. The device and method have the advantage that
      there is no physical contact between the tie plates and the equipment and
      therefore nothing to wear. The signal generated by the invention may be
      used to propel the machine, stop it, initiate or terminate a work cycle,
      or what-have-you.
PAR  Finding ties and accurately positioning railway maintenance equipment
      relative thereto has been a nagging problem for years and is frequently
      done by a finger-type element, in the nature of a metal depending rod,
      which drags along the track and physically feels for the ties. But the
      present arrangement merely relies upon the presence or absence of the
      laser beam reflected spot which will only occur or will disappear at a
      certain level which, in the case of either finding the edge of a tie plate
      or the hole therein, is quite accurate since the distance, in effect, is
      from the top of the rail down to the upper surface of the tie plate and is
      therefore not subject to much variation, if any.
PAR  While a preferred form of the invention has been shown and described, with
      several variations thereof, it should be understood that suitable
      additional modifications, changes, substitutions and alterations may be
      made without departing from the invention's fundamental theme.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of positioning a track-working machine on a railroad track,
      including the steps of measuring the distance from the top of a rail to
      the top of a tie plate, electro-optically sensing the distance downwardly
      from the top of the rails, moving the machine along the track, and
      stopping the machine when the sensed distance equals the measured
      distance.
NUM  2.
PAR  2. A method of positioning a track working instrument on a railroad track
      relative to a tie, including the steps of mounting a laser beam source and
      a sensor on the instrument, disposing the axes of the source and sensor
      downwardly and at an angle to each other, intersecting their axes in the
      plane of the top of the tie plates on the ties, generating a signal from
      the sensor indicative of when the sensor detects a spot from the laser
      beam on the top of the tie plates, moving the instrument as well as the
      laser beam source and sensor in a scanning motion along the track,
      changing the thus generated signal from the sensor when the intersection
      point of their axes arrives at a spike hole so that the laser beam does
      not reflect at the point of intersection, and immediately driving a spike
      in response to the change in the thus generated signal.
NUM  3.
PAR  3. A method of positioning a track working machine on a railroad track
      relative to a tie, including the steps of directing a laser beam
      downwardly at an angle to the vertical from a position on the machine so
      that as the machine moves along the track, the laser beam will impinge
      upon the tops of the ties, directing a sensor downwardly from a position
      on the machine along an axis that intersects the laser beam in the plane
      at the top of the ties, moving the machine along the track, and stopping
      the machine when the sensor detects the laser beam reflected from the top
      of a tie.
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ABST
PAL  Apparatus for detecting the presence of extraneous matter and/or cracks in
      translucent containers and in particular translucent containers when the
      colour density and/or wall thickness of the translucent containers vary
      significantly from container to container which includes a vertical spot
      beam of light which is projected through the container to generate an
      electrical inspection signal corresponding to the amount of light passing
      through the container. This electrical inspection signal is compared with
      a predetermined electrical acceptance signal, which is a function of the
      vertical position of the spot beam of light relative to the container.
      There is an ambient light correction and for colored containers either the
      inspection signal or the acceptance signal is altered during the
      inspection process to take account of the colored density and/or wall
      thickness.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and apparatus designed for inspecting
      translucent containers for the presence of extraneous matter and/or
      cracks. The invention is particularly suitable for use with translucent
      containers when the colored density and/or wall thickness of the
      translucent containers vary significantly from container to container.
PAR  2. Description of the Prior Art
PAR  It is known for example in U.S. Pat. No. 3,245,532 (Quinn) to provide an
      inspection apparatus for detecting an uneveness in the surface of an
      article in which beams of light are directed on separate portions of the
      surface of the article and the amount of light transmitted from the
      container is detected. U.S. Pat. No. 2,750,519 (Summerhayes et. al.)
      describes a method for inspecting the interior surfaces of open ended
      containers by means of radiant energy.
PAR  U.S. Pat. No. 2,593,127 (Fedorchak) also describes apparatus for inspecting
      the inner surface of a glass container by means of a light source and
      reflectors. Unfortunately thse and other apparatus known already suffer
      from major disadvantages.
PAR  Firstly, no attempt has been made in any of these known constructions of
      inspection apparatus to correct for variations in ambient light which
      would inevitably distort the response of the apparatus. Further, the
      quantity of light transmitted through for example, a bottle will vary
      between the bottom of the bottle, the neck of the bottle and the shoulder
      of the bottle. Thus if one measures the amount of light transmitted
      through the container and rejects the container when the amount of light
      transmitted is below a fixed amount it is possible not to detect cracks or
      occlusions. Further, it will be appreciated that in the case of an
      inspection apparatus designed to handle containers made from colored glass
      some provision must be made to compensate for the variations in overall
      light transmission which will occur from one container to the next due
      firstly, to variations in the color density from container to container
      and secondly due to variations in wall thickness from one container to
      another.
PAC  OBJECTS
PAR  The present invention is directed towards providing an apparatus and method
      for detecting the presence of extraneous matter and/or cracks in
      translucent containers which will correct for the normal variations in
      light transmission that will occur when light is transmitted through a
      container of non-uniform shape.
PAR  Another object of the invention is directed towards providing an apparatus
      and method for detecting the presence of extraneous matter and/or cracks
      in translucent containers when the color density and/or wall thickness of
      the translucent containers vary significantly from container to container.
PAR  A further object of the invention is directed towards providing an
      apparatus and method for detecting the presence of extraneous matter
      and/or cracks in translucent containers the response of the apparatus
      being unaffected by ambient light.
PAR  A still further object of the present invention is to provide an efficient
      light collection apparatus for use with an inspection apparatus such as
      that of the present invention.
PAC  SUMMARY
PAR  According to the invention there is provided:
PAR  apparatus for detecting the presence of extraneous matter and/or cracks in
      translucent containers, said apparatus comprising;
PAR  an inspection zone;
PAR  means for rotating a translucent container within the inspection zone;
PAR  means for providing a spot beam of light adapted for scanning vertically in
      the inspection zone;
PAR  a light collection apparatus in the inspection zone;
PAR  means for generating an electrical inspection signal corresponding to the
      amount of light passing through the translucent container and impinging on
      the light collection apparatus;
PAR  means for comparing said inspection signal with a predetermined electrical
      acceptance signal, the value of said acceptance signal being a function of
      the vertical position of the spot beam of light relative to the container;
      and
PAR  means for generating a rejection signal when the intensity of light passing
      through the translucent container is below a predetermined value measured
      by the said acceptance signal.
PAR  Further, the invention provides:
PAR  apparatus for detecting the presence of extraneous matter and/or cracks in
      translucent containers when the color density and/or wall thickness of the
      translucent containers vary significantly from container to container,
      said apparatus comprising;
PAR  an inspection zone;
PAR  means for rotating a translucent container within the inspection zone;
PAR  means for providing a spot beam of light adapted for scanning vertically in
      the inspection zone;
PAR  a light collection apparatus in the inspection zone;
PAR  means for generating an electrical inspection signal corresponding to the
      amount of light passing through the translucent container impinging on the
      light collection apparatus;
PAR  means for comparing said inspection signal with a predetermined electrical
      acceptance signal;
PAR  means for obtaining prior to inspection of a container, a sample inspection
      signal at a predetermined vertical position of the spot beam of light;
PAR  means to adjust the said sample inspection signal or the corresponding
      acceptance signal to an appropriate signal value while still maintaining a
      desired ratio between the inspection signal and the acceptance signal at
      that vertical position of the spot beam of light, the ratio of the
      original signal to the adjusted signal providing an adjustment factor; and
PAR  means to adjust the inspection signal or acceptance signal by the
      adjustment factor during the inspection of the container.
PAR  Further, the main advantage of the present invention is that it provides an
      extremely efficient bottle inspection apparatus. Further, the present
      invention provides a bottle inspection apparatus that can be used with
      colored glass containers which has not heretofore been possible.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a side, partially cross-sectional, elevation of the apparatus
      according to the invention,
PAR  FIG. 2 is a cross-sectional view along the lines II--II of FIG. 1,
PAR  FIG. 3 is a side elevation of portion of the apparatus,
PAR  FIG. 4 is a plan cross-sectional view along the lines IV--IV of FIG. 1,
PAR  FIG. 5 is a perspective partially diagrammatic view of portion of the light
      collection apparatus incorporated in the invention,
PAR  FIG. 6 is a circuit diagram of portion of the control equipment,
PAR  FIG. 7 is a circuit diagram of an auxiliary control circuit necessary when
      the colour density correction is required.
PAR  FIG. 8 is a diagram of some typical scan signals and some control signals,
PAR  FIG. 9 is a diagram of some scan and other signals generated in the control
      circuits, and
PAR  FIG. 10 is a diagram of the scan signals and some appropriate control
      signals generated during inspection of a translucent container.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, and initially to FIGS. 1 to 4 thereof, the
      apparatus comprises a light projector 1 and an associated condenser 2 for
      producing a concentrated narrow slit or ribbon of light 3.
PAR  The ribbon of light 3 is projected onto a rotating drum 4 which
      tangentially supports twenty outwardly reflecting plane silvered mirrors
      5, each of which is 1 inch in axial length and 3/4 of an inch in width.
      The drum 4 is fixedly mounted upon a shaft 6 carrying a pulley 7 driven by
      a belt 8 (see FIG. 3), coupled to the pulley 9 of an electric motor 10,
      the drum 4, electric motor 10, and associated mechanism being mounted
      within a casing 15 having an aperture 16 permitting entry of the ribbon of
      light 3 through the casing 15 to the mirror carrying drum 4.
PAR  As the ribbon of light 3 impinges upon each of the rotating mirrors 5, it
      is reflected downwardly through an aperture 17 in the floor of the casing
      15 to three plane silvered mirrors 18, 19 and 20, thereby providing a
      repetitive scanning ribbon of light 3a.
PAR  The reflected ribbon of light 3a is further reflected from the mirrors 18,
      19 and 20 which are angularly mounted within a vertically disposed column
      21 located below the casing. A rotating table 22 (only shown in part and
      by interrupted lines in FIGS. 1 and 3) encircles the column 21. The column
      21 has a vertical slot 23 permitting exit of the further reflected ribbon
      of light 3b from the column 21.
PAR  It will be appreciated that for example due to the relative disposition of
      the mirrors 18, 19 and 20 that a ribbon of light 3b when projected from
      the top of the mirror 19 will in fact be deflected at a flatter angle to
      the horizontal than the beam 3b as it left the bottom of the mirror 18.
      There is thus a slight overlap of the ribbon of light 3b being reflected
      from the column 21.
PAR  The inclination of each of the mirrors 18, 19 and 20 to the vertical axis
      of the column 21 is so arranged as to ensure that the spot beam of light
      which is subsequently produced, impinges on a translucent container at the
      most effective angle of incidence. It will be appreciated that internal
      reflection of light within the container may cause errors in response.
      Further, it is important to ensure that critical areas of the container
      are sufficiently scanned and hence an overlap, as described above, during
      the vertical scan may be desirable.
PAR  Referring to FIG. 3, photosensors 45, conventionally mounted on lead screws
      46 and 47, project into the column 21 through a slit 48. The photosensors
      45 are operatively connected to the control apparatus as will be described
      hereinafter. The photosensors 45 are so positioned that they intercept the
      outer edges of the scanning ribbon of light 3b reflected from the plane
      mirrors 18, 19 and 20. It will be appreciated that the vertical positions
      of the photosensors 45 on the column 21 are adjusted by the lead screws 46
      and 47.
PAR  Supported by the rotating table 22 is a vertical masking member 25 having a
      vertical slit 26 (shown in three positions in FIG. 4), which serves to
      occlude all but a portion of the repetitive ribbon of light 3b thereby
      concentrating the latter into a narrow spot beam of light 3c which passes
      through an angle of 20.degree. (see FIG. 3) as the table 22 and slit 26
      are rotated. Thus the concentrated spot beam of light, hereinafter
      referred to as the scanning beam 3c, scans through an angle in a vertical
      plane and moves through an angle in a horizontal plane. It will, of
      course, be understood that the position of the slit 26 relative to a
      bottle 27 remains constant, i.e. in the centre position shown in FIG. 4.
PAR  The bottle 27 to be inspected is carried around the periphery of the
      rotating table 22 by fingers (not shown) serving to press the bottle 27
      against rotating rollers 28 which revolve the bottle 27 as it passes
      through the scanning zone penetrated by the concentrated scanning beam 3c
      the latter being focussed substantially on the axis of the bottle 27.
      Light passing through the bottle 27 is collected by a light collection
      apparatus indicated generally by the reference numeral 30 associated with
      a photo-multiplier 34 which feeds a signal to a control circuit (see FIG.
      6). The light collection apparatus 30, and the control apparatus will be
      described in more detail below.
PAR  Referring to FIG. 5 there is illustrated the light collection apparatus 30
      which includes a number of fiber optic elements 31 mounted in a matrix
      arrangement on the front surface of a platform 32. The fiber optic
      elements 31 are mounted in the form of a regular square matrix of side
      length D, part of such a matrix is shown in FIG. 5. The other ends of the
      fibers are taken together to form a bundle 33, the end face of which is
      suitably shaped, optically polished and optically coupled to a photosensor
      element 34, namely, a photo-multiplier tube. A light diffusing screen 35
      in this embodiment, a sheet of flashed opal glass is placed at a distance
      (H) in front of the platform 32.
PAR  As will be appreciated, the scanning beam 3c suffers refraction and
      reflection on passing through the bottle 27 but for each of illustration
      FIG. 5 shows the scanning beam 3c as a relatively narrow beam of light
      falling upon the diffusing screen 35 after passing through the bottle 27.
PAR  The scanning beam 3c moves up and down and across the surface of the
      diffusing screen 35 and to correct a decrease in response as it approaches
      the edge of the screen, mirrors (not shown) are placed at the perimeter of
      the platform 32 with their reflecting surfaces normal to the front surface
      of the platform and facing inward across the matrix of fiber optic
      elements.
PAR  The light collecting apparatus 30 described herein, consists of 247 plastic
      fiber optic elements, each 60 Cm. long and 0.06 inches in diameter,
      arranged in a regular 13 .times. 19 matrix with 2 Cm. spacing between
      elements. The front portions of the elements are fixed by suitable
      fasteners in a sheet of black nylon measuring 28 Cm .times. 40 Cm .times.
      0.25 inches thick.
PAR  The nylon matrix platform is mounted in a shallow sided rectangular box
      frame, parallel with and separated 4 Cm from a screen of flashed opal
      glass measuring 28 Cm .times. 40 Cm. The four inner surfaces of the
      mounting frame between the matrix platform and the diffusing screen have
      front-silvered mirrors fitted to them to provide correction of edge
      effects as described above. The rear portions of the plastic fiber optic
      elements are tightly bundled, the end face of the bundle is shaped,
      optically polished, and placed approximately 5 mm from the photocathode
      surface of a 50 mm photo-multiplier tube 34.
PAR  The performance of the light collection apparatus may be adjusted by
      appropriate variation of the parameters such as the number,
      cross-sectional area and spacing of the individual fiber optic elements in
      the matrix, the distance between the front portions of the elements and
      the diffusing screen and the diffusing characteristics of the screen
      itself.
PAR  In certain applications it may be desirable for the apparatus to have a
      graded or locally non-uniform response to incident light. This may be
      achieved by suitable modification of the spacing of the fiber optic
      elements of uniform cross-section in the matrix, that is to say, by making
      (D) a variable depending on the location in the matrix of the elements
      being considered or, alternatively, by appropriately grading the
      cross-sectional areas of the fiber optic elements in the matrix.
PAR  In operation, the inspection apparatus according to the invention is
      located adjacent or in the path of a conveyor line (not shown) carrying
      bottles to be inspected. Bottles to be inspected are fed to the rotating
      rollers 28 against which the bottles are held and rotated while the table
      22 is revolving.
PAR  It will be understood that during the scanning period, the scanning beam 3c
      passing through the masking slit 26 continuously scans in a vertical
      plane, and simultaneously it is caused to move in a horizontal plane by
      rotary movement of the masking member 25. Further, the bottle 27 is
      continuously rotated during transmit thereof transit the scanning zone,
      and the scanning rate is so arranged that the entire area of the bottle is
      overscanned by 25 percent. The scanning rate and the rotation of the
      bottle are synchronized so that there is a 10 percent overlap between
      successive scans.
PAR  Should the amount of light falling upon the light collection apparatus 30
      be reduced, below a predetermined level by virtue of the spot or beam of
      light being partially or wholly obstructed or absorbed by extraneous
      matter in the bottle 27, the output from the photo-multiplier 34 will be
      reduced, thus generating an electrical rejection signal indicative of the
      presence of the extraneous matter in the bottle 27. The rejection signal
      thereby generated is fed to actuate a rejection mechanism such as
      described in our British Pat. Specification No. 1,206,136, which diverts
      the bottles 27 from the return path to the conveyor line (not shown).
PAR  It will be appreciated that the successful operation of the inspection
      apparatus according to the present invention requires that the various
      operations be synchronized and controlled. Some inspection apparatus
      functions must be synchronized with the rotation of the rotating table 22,
      that is to say, with the translation of the bottle 27 from the input feed
      through the inspection zone to the output feed. Other functions must be
      synchronized with or controlled by the position of the scanning beam
      relative to the bottle 27 being inspected. How these synchronizations and
      control signals are obtained and processed is described below.
PAR  Control signals relating to the rotation of the table 22 are it will be
      appreciated, readily obtained in conventional manner from any form of
      timing unit 69 (see FIG. 6), for example, electronic sensors which are
      placed around the circumference of an appropriate rotating disc having as
      many teeth or apertures in the periphery as there are bottle positions on
      the rotating table 22, for example, in the present embodiment the disc,
      not shown, has eight teeth and is driven through a one to one gear train
      from the rotating table 22. Consequently, as each bottle 27 is traversed
      around the table, the necessary number of output pulses are generated.
      These timing pulses are identified by the reference letters TP and an
      appropriate reference numeral in the description below. Precise operation
      of these timing pulses can be set by appropriate adjustment of the
      peripheral position of the sensor relative to the disc.
PAR  The timing unit is used to provide signals to control the following
      functions:
PA1  1. Angular extent of the inpsection zone during which a bottle is examined.
PA1  2. Clocking of stored reject signal through a shift register memory prior
      to actuating the reject mechanism.
PA1  3. Actuation of the reject mechanism at exactly the appropriate time to
      ensure correct mechanical synchronisation.
PAR  It is always necessary to identify the start and end of the desired scan of
      a bottle so that the inspection operation may be activated during and only
      during this period. In addition, since it will be appreciated that it may
      be required to have different acceptance levels for different vertical
      positions of the scanning beam, it is necessary to provide control signals
      which are required to activate switches to make the necessary difference
      in acceptance voltages as will be described below. Appropriate signals for
      all these purposes are derived from the photosensors 45 as hereinafter
      referred to as scan related signals and identified by the reference
      letters SP and appropriate numerals.
PAR  Prior to considering the question of the operation of the apparatus
      according to the present invention, it is advantageous to consider briefly
      the problems involved in the inspection of a translucent container to
      detect the presence of extraneous matter and cracks. It will be
      appreciated that the signal output from the photo-multiplier 34 will vary
      in magnitude depending on the amount of light transmitted through the
      bottle 27.
PAR  Referring to FIG. 8a, the output signal from the photo-multiplier 34 can be
      resolved into two components, one consisting of the voltage generated by
      the scanning beam 3c which has passed through the bottle 27 and the other
      due to stray ambient light which will have leaked through the light
      shielding arrangement and which will cause the amount of light transmitted
      to the photo-multiplier 34 to be increased as shown. It will be
      appreciated that this offset signal due to the ambient light will vary
      depending on the intensity of such ambient light. FIG. 8 (f) illustrates
      the photo-multiplier output signal with the ambient light component
      eliminated. How the ambient light component is eliminated will be
      described hereinafter.
PAR  Referring to FIG. 9 (a) there is illustrated the output signal of the
      photo-multiplier 34 corrected for ambient light. This signal shows the
      effects of two occlusions or cracks causing peaks X1 and X2; strictly
      these peaks X1 and X2 are in fact valleys as the signal is negative. To
      identify these peaks X1 and X2 in the scanning or inspection signal, it is
      necessary to compare the inspection signal with some predetermined
      acceptance signal. How this acceptance signal is obtained in practice will
      be described hereinafter.
PAR  Referring to FIG. 9 (b), there is illustrated the inspection signal of FIG.
      9 (a) with a constant acceptance voltage superimposed on it. It will be
      noted that this constant acceptance voltage will allow one of the
      occlusions or cracks namely, that causing the peak X1 to be detected while
      the other causing the peak X2 will escape undetected.
PAR  Referring to FIGS. 9 (c) and 9 (d), it will be appreciated that a variable
      acceptance signal such as illustrated in FIG. 9 (d) would be more
      preferable than the constant acceptance signal illustrated in FIG. 9 (b).
      FIG. 9 (c) illustrates this variable acceptance signal superimposed on the
      inspection signal. Both of the peaks X1 and X2 and accordingly the
      occlusions or cracks causing such peaks in the inspection signal are
      identified. It will be appreciated that the main reason for having a
      variable acceptance signal is that the quantity of light transmitted
      through, for example, a bottle will vary between the bottom of the bottle,
      the neck of the bottle and the shoulder of the bottle. Thus a variable
      acceptance signal is not necessary where the variation in light
      transmission over a translucent container between one portion of it and
      another does not vary significantly.
PAR  It will also be appreciated that in the case of an inspection apparatus
      designed to handle containers made from colored glass, additional
      processing of the inspection signal may be necessary. With such containers
      provision must be made to compensate for the variations in overall light
      transmission which will occur from one container to the next, due firstly,
      to variations in color density from container to container and secondly,
      due to variations in wall thickness from one container to the next.
PAR  FIG. 8 (g) illustrates the inspection signal that would be obtained from
      two similar bottles having slightly different color densities.
PAR  Referring to FIG. 6, the inspection signal generated across the load
      resistance R1 of the photo-multiplier 34 is illustrated in FIG. 8 (a),
      this signal 8a and is fed to a differential amplifier A1. For simplicity
      in the description, the various signals generated in the apparatus are
      identified by the Figure in which they are illustrated. A control pulse
      SP4 derived in conventional manner from the scan end signal SP2, which in
      turn is derived from one of the photosensors 45 (FIGS. 8 (b) and 8 (c)) is
      fed through an analogue switch S1 to discharge a capacitor C1 of a sample
      hold 60, (FIG. 8 (e)). The control pulse SP4 is also fed through a delay
      DL1 which causes an analogue switch S2 to close thus connecting the
      capacitor C1 to the photo-multiplier 34. It will be appreciated that the
      load across the resistor R1, at the point in time that the switch S2 is
      closed, i.e. after the inspection or scan period will be due only to
      leakage of ambient light. The capacitor C1 is now charged to a voltage
      corresponding to the ambient light transmission. This voltage is in turn
      fed to a differential amplifier A1 until it is discharged at the end of
      the next scanning or inspection period. Accordingly, the output of the
      differential amplifier A1 is the signal 8 (f). It should be noted that the
      signal 8 (f) is an inspection signal from an "acceptable" bottle.
PAR  A variable electrical signal output network 61 comprising a number of
      variable resistors VR3, VR4, VR5, VR6, VR7 and VR8 operatively connected
      to switches S3, S4, S5, S6, S7 and S8 respectively, is provided. This
      circuit is used to provide a variable acceptance signal 9 (d), for a
      specific type of container being inspected. Each of the switches S3 to S8
      inclusive is a CMOS analogue switch which is controlled through a simple
      RS flip-flop and an adjustable delay circuit by pulses derived from the
      photosensors 45. The signal 9 (d) is fed through a capacitor C3 and a
      resistor R3, used to eliminate switching transients. The signal 9 (d) is
      fed to one side 63 of a diode D1 and to a differential amplifier A3. The
      inspection signal 8 (f) is fed through a resistor R2 to the other side 62
      of the diode D1.
PAR  When the voltage signal transmitted to 62 is more negative than the voltage
      signal being transmitted to 63 the voltage at 62 is clamped to the
      potential of the voltage at 63. Accordingly, the voltage of the signal
      from the unity-gain buffer amplifier A2 is shown by the waveform 9 (d).
PAR  When, however, an unacceptable container is scanned, the signal produced
      through the resistor R2 and hence at 62 will be the waveform 9 (a). This
      waveform 9 (a) will ensure that at two instances during the inspection or
      scanning signal, the point 62 will not be clamped to the potential of the
      point 63 and accordingly the waveform 9 (a) will be transmitted to the
      unity-gain amplifier A2 and from thence to the one input of a differential
      amplifier A3. The other input of the differential amplifier A3 is fed with
      the waveform 9 (d). Accordingly, the signal output of the differential
      amplifier A3 will be of the waveform 9 (e) which will be fed to the
      resistor R4. Thus during the actual scanning period, the output from this
      amplifier A3 consists only of a pair of fault signal pulses on a zero volt
      base line. This signal 9 (e) is in turn fed to one side 70 of a further
      diode D2 and is clipped in conventional manner to a peak waveform 9 (f).
      This waveform 9 (f) is in turn fed to a non-inverting amplifier A5 the
      gain of which is set by means of resistors R6 and R5, to provide an output
      signal of waveform 9 (g) which is fed to a gate G1. In this embodiment of
      the invention the output signal is 15 volts and the minimum usable value
      of a fault signal input pulse is approximately 0.25. Referring to FIGS. 6
      and 10, the scan start signal SP1 and the scan end signal SP2 are fed to a
      flip-flop FF1 to form an output pulse, namely, a scan gate pulse SP3 which
      is fed to the gate 1.
PAR  Still referring to FIGS. 6 and 10, a traverse start pulse TP1 is fed from
      the timing unit 69 as is a traverse end pulse TP2 to a flip-flop FF2. The
      output of the flip-flop FF2, namely, a traverse gate pulse TP6 is fed to
      the gate G1. It will be noted that the traverse start pulse TP1 does not
      occur immediately but one or more preliminary scanning operations may be
      performed on the bottle 27. This is necessary where a correction for color
      is required as will be described hereinafter. The gate G1 then feeds a
      conventional five stage shift register 71 which in turn feeds a
      conventional reject control circuit 72, the output of which is connected
      to the reject mechanism. The timing unit 69 also feeds a control signal to
      the five stage shift register 71 to cause it to operate. Similarly, the
      timing unit feeds a signal TP4 to activate the reject control circuit 72
      at the correct point in time and later sends the signal TP5 to reset the
      reject control circuit 72. It will be appreciated that the gate G1 will
      not operate unless there are three signals on it, namely, 9 (g), SP3 and
      TP6. A signal will then be fed from the gate G1 to the five stage shift
      register 71 which in turn will deliver a signal to the reject control
      circuit 72 which will not operate until the timing pulse TP4 is received,
      thus correct synchronization is maintained.
PAR  When the color density and/or wall thickness of the translucent containers
      vary significantly from container to container, for example, as
      illustrated by waveforms 8 (g), it is necessary that certain corrections
      must be be made. Basically, it will be appreciated that either the
      inspection signal or the corresponding acceptance signal must be altered
      to an appropriate signal value such as to maintain a desired ratio between
      the inspection signal and the acceptance signal. In other words, if the
      absolute value of the scanning or inspection signal doubles, it is
      necessary to either halve the said absolute value of the inspection signal
      or alternatively double the absolute value of the acceptance signal.
PAR  Referring to FIG. 7, there is illustrated an auxiliary control circuit
      inserted between the points 64 and 65 of the circuit of FIG. 6. A control
      pulse SP6 is developed coincident with the scan start pulse SP1. See FIG.
      8 (h). The pulse SP6 is fed to a peak detector 73 comprising a pair of
      analogue switches S9 and S10 and capacitor C9. SP6 closes the analogue
      switch S9 causing the capacitor C9 to discharge, see FIG. 8 (k). The pulse
      SP6 is also fed to a delay DL4. The output pulse SP7 from the delay DL4
      closes the switch S10, see FIG. 8 (j). The signal from the differential
      amplifier A1 is now fed from the point 64 to charge the capacitor C9 as
      illustrated in FIG. 8 (k). In FIG. 8 (g) the full line indicates the
      absolute value of the signal voltage 8 (g) delivered from the differential
      amplifier A1. To ensure correct comparison with the acceptance signal it
      is necessary to amplify the inspection signal to that shown by the
      interrupted lines. Accordingly, at the particular point in time the
      voltage applied to the capacitor C9 is the voltage V2, it is necessary to
      amplify this voltage to the voltage V3. It will be appreciated that the
      delay DL4 is so chosen that the detect action of the capacitor C9 occurs
      after a suitable time to place the sampling point at a selected vertical
      position on the container being scanned. The control pulse SP6 is also fed
      through a flip-flop FF3 to cause switches S11 and S12 to change from
      positions a to positions b, thus removing this auxiliary circuit from the
      main control circuit. The peak detector circuit 73 feeds the signal on the
      capacitor C9 to a variable gain amplifier A6 which in turn feeds a
      conventional comparator CP1 set at a suitable reference voltage, for
      example, 10 volts. The control pulse SP7 is also fed through a further
      delay DL5 to a flip-flop FF4. The flip-flop FF4 feeds a conventional clock
      generator CG1 which in turn feeds a divider counter chain, indicated
      generally by the reference numeral 74 which is of conventional
      construction, including flip-flops FF5, FF6 and FF7 and a decade counter
      CT1 which operates in a predetermined sequence. The divider counter chain
      74 feeds a series of analogue switches S14, S15 and S16 which form part of
      the gain circuit of the variable gain amplifier A6.
PAR  In operation, the signal from the capacitor C9 is fed to the variable gain
      amplifier A6 and after a suitable delay the divider counter chain operates
      causing the gain of the variable gain amplifier A6 to be varied in value.
      This causes the voltage V2, that is to say, the output voltage of the
      capacitor C9 to be varied until it is amplified in value in excess of the
      base voltage of the comparator CP1 when the comparator CP1 trips. When the
      voltage V2 is amplified to the voltage V3, that is to say, slightly above
      the reference voltage of the comparator CP1 the comparator CP1 trips
      stopping the clock generator.
PAR  This trip action holds the switches S11, S12 and S13 in the configuration
      required to maintain the gain of the variable gain amplifier A6 at this
      gain which caused the voltage V2 to be amplified sufficiently to trip the
      comparator CP1. Finally, the signal from the comparator CP1 is fed to the
      flip-flop FF3 causing the switches S11 and S12 to be changed to their
      original position a. Basically, there is now an amplifier circuit between
      the points 64 and 65.
PAR  It will be noted that the traverse start TP1 (see FIG. 10), is not operated
      until some time after the first scan start signal SP1. Accordingly, the
      traverse gate pulse TP6 is not delivered to the gate G1 for some time
      after the start of the pulse SP6. Thus the rejection action of the
      apparatus is disabled during this initial period.
PAR  It will be appreciated that the gain of the variable gain amplifier A6 has
      now been so arranged to ensure that the output signal, namely, the
      inspection signal of the differential amplifier A1 has been amplified to
      ensure that the voltage is greater than a preset value. This action is
      repeated as each of the containers enters the inspection zone thus
      ensuring that the selected inspection or scan signal voltage of each
      container is adjusted to a predetermined value. This permits the same
      acceptance signal to be used despite variations in the light transmission
      through different containers due to color density differences and wall
      thickness differences.
PAR  If by any chance this sampling signal should in fact coincide with an
      occlusion or crack in the container, the counter CT1 is so arranged that
      after completing one cycle it automatically resets the flip-flops FF3,
      FF4, FF5, FF6 and FF7 thus returning the variable gain amplifier A6 to
      unity-gain and simultaneously closing the switches S11 and S12.
      Accordingly, when this unamplified signal is delivered from the variable
      gain amplifier A1, the control circuit of FIG. 6 will operate to reject
      the container.
PAR  In the embodiment of FIG. 7 the variable gain amplifier A6 is arranged to
      have a maximum gain of 4 in discrete steps of 50. The comparator CP1 trips
      at 10 volts. Accordingly, a signal between 2.5 volts and 10 volts
      delivered from the variable gain amplifier A1 can be handled by the
      control circuit. Thus the present circuit can handle variations of between
      2.5 and 10 volts in steps of 50 that is to say, it can adjust for
      variations of 0.15 volts in inspection signal.
PAR  A significant variation in wall thickness or color density may be defined
      as that variation which would be likely to have an acceptable container
      rejected for no other reason than that the light transmission through the
      container was too low due to this variation, or that a crack or occlusion
      in an unacceptable container could be undetected because the mean light
      transmission through the container was too high.
PAR  It is envisaged that while the apparatus described in the embodiment above
      provides a spot beam of light adapted for scanning vertically and
      horizontally in the inspection zone that the invention may be applied to
      an apparatus in which the spot beam of light is adapted to scan vertically
      only.
PAR  In the embodiment described above for use when the color density and/or
      wall thickness to the translucent containers vary significantly from
      container to container the sample inspection signal was altered by an
      adjustment factor. It will be appreciated that in similar manner the
      corresponding acceptance signal could be altered by an adjustment factor
      so as to maintain a desired ratio between the inspection signal and the
      acceptance signal. It will also be appreciated that while the ambient
      light correction was carried out on the inspection signal that it could
      just as conveniently be carried out on the acceptance signal, this could
      be achieved by electrically adding the ambient light signal to the
      acceptance signal thus eliminating during inspection the effect of ambient
      light.
PAR  Further, it will be appreciated that the embodiment described above is
      merely one embodiment which the present invention could be carried out. It
      will be immediately apparaent to those skilled in the art, the many other
      ways in which the invention of the present invention could be carried out
      without departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for detecting the presence of extraneous matter and/or cracks
      in translucent containers, said apparatus comprising:
PA1  an inspection zone;
PA1  means for rotating a translucent container within the inspection zone;
PA1  means for generating and vertically scanning a spot beam of light in the
      inspection zone;
PA1  a light collection apparatus in the inspection zone;
PA1  means for generating an electrical inspection signal corresponding to the
      amount of light passing through the translucent container and impinging on
      the light collection apparatus;
PA1  means for synchronously generating a predetermined electrical acceptance
      signal the value of said acceptance signal being a function of the
      vertical position of the spot beam of light relative to the container, and
      means for comparing said inspection signal with said predetermined
      electrical acceptance signal; and
PA1  means for generating a rejection signal when the intensity of light passing
      through the translucent container is below a predetermined value measured
      by the said acceptance signal.
NUM  2.
PAR  2. Apparatus as recited in claim 1, in which the means for generating the
      acceptance signal includes a plurality of photosensors for sensing the
      vertical position of the spot beam of light, and a variable electrical
      signal output network connected to be controlled by said plurality of
      photosensors.
NUM  3.
PAR  3. Apparatus as recited in claim 2, in which means is provided for scanning
      the spot beam of light vertically and horizontally in the inspection zone
      which means comprises;
PA1  means for generating a vertically scanning slit of light, and projecting
      the latter towards the inspection zone; and
PA1  a masking member containing a vertical slit being movable horizontally in
      the path of the scanning slit of light so as to occlude a portion of the
      latter and thereby resolve the vertical scanning slit of light into a spot
      beam scanning vertically and horizontally in the inspection zone.
NUM  4.
PAR  4. Apparatus as recited in claim 3, in which there is provided;
PA1  a drum adapted for rotation;
PA1  a plurality of plane mirrors tangentially mounted on the drum;
PA1  a light source adapted to project a slit of light on to the drum whereby
      each rotating mirror resolves the straight slit of light into a scanning
      slit of light;
PA1  a cylindrical column below the drum having a vertical slot the axis of
      which column is perpendicular to the axis of the drum;
PA1  a plurality of plane mirrors adjustably mounted within the column at an
      angle to the axis of the column whereby in use the scanning slit of light
      is reflected from each in turn of the plane mirrors so as to pass through
      the vertical slot in the column towards the inspection zone, the
      inclination of the reflective surface of each mirror to the vertical axis
      of the column is adjustable so that the angle of incidence of the spot
      beam of light on the container is the optimum angle for the detection of
      extraneous matter and cracks.
NUM  5.
PAR  5. Apparatus as recited in claim 2, in which ambient light correction means
      is provided for determining prior to inspection the electrical signal
      corresponding to the effect of ambient light impinging on the light
      collection apparatus, and in which said ambient light signal is
      electrically subtracted from the inspection signal during inspection of
      the translucent container.
NUM  6.
PAR  6. Apparatus as recited in claim 5, in which means is provided for scanning
      the spot beam of light vertically and horizontally in the inspection zone
      which comprises;
PA1  means for generating a vertically scanning slit of light, and projecting
      the latter towards the inspection zone; and
PA1  a masking member containing a vertical slit being movable horizontally in
      the path of the scanning slit of light so as to occlude a portion of the
      latter and thereby resolve the vertical scanning slit of light into a spot
      beam scanning vertically and horizontally in the inspection zone.
NUM  7.
PAR  7. An apparatus as recited in claim 6, in which there is provided;
PA1  a drum adapted for rotation;
PA1  a plurality of plane mirrors tangentially mounted on the drum;
PA1  a light source adapted to project a slit of light on to the drum whereby
      each rotating mirror resolves the straight slit of light into a scanning
      slit of light;
PA1  a cylindrical column below the drum having a vertical slot the axis of
      which column is perpendicular to the axis of the drum;
PA1  a plurality of plane mirrors adjustably mounted within the column at an
      angle to the axis of the column whereby in use the scanning slit of light
      is reflected from each in turn of the plane mirrors so as to pass through
      the vertical slot in the column towards the inspection zone, the
      inclination of the reflective surface of each mirror to the vertical axis
      of the column is adjustable so that the angle of incidence of the spot
      beam of light on the container is the optimum angle for the detection of
      extraneous matter and cracks.
NUM  8.
PAR  8. Apparatus as recited in claim 5, in which the ambient light correction
      means comprises:
PA1  a differential amplifier;
PA1  means for feeding the inspection signal to the differential amplifier;
PA1  a sample and hold circuit operatively connected to the light collection
      apparatus for holding an electrical signal corresponding to the ambient
      light impinging on the light collection apparatus prior to inspection; and
PA1  means for feeding the said ambient light signal to the differential
      amplifier whereby the signal output of the amplifier is the electrical
      difference between the inspection signal and the ambient light signal.
NUM  9.
PAR  9. Apparatus as recited in claim 8, in which means is provided for scanning
      the spot beam of light vertically and horizontally in the inspection zone
      which means comprises;
PA1  means for generating a vertically scanning slit of light, and projecting
      the latter towards the inspection zone; and
PA1  a masking member containing a vertical slit being movable horizontally in
      the path of the scanning slit of light so as to occlude a portion of the
      latter and thereby resolve the vertical scanning slit of light into a spot
      beam scanning vertically and horizontally in the inspection zone.
NUM  10.
PAR  10. Apparatus as recited in claim 9, in which there is provided;
PA1  a drum adapted for rotation;
PA1  a plurality of plane mirrors tangentially mounted on the drum;
PA1  a light source adapted to project a slit of light on to the drum whereby
      each rotating mirror resolves the straight slit of light into a scanning
      slit of light;
PA1  a cylindrical column below the drum having a vertical slot the axis of
      which column is perpendicular to the axis of the drum;
PA1  a plurality of plane mirrors adjustably mounted within the column at an
      angle to the axis of the column whereby in use the scanning slit of light
      is reflected from each in turn of the plane mirrors so as to pass through
      the vertical slot in the column towards the inspection zone, the
      inclination of the reflective surface of each mirror to the vertical axis
      of the column is adjustable so that the angle of incidence of the spot
      beam of light on the container is the optimum angle for the detection of
      extraneous matter and cracks.
NUM  11.
PAR  11. Apparatus as recited in claim 1, in which ambient light correction
      means is provided for determining prior to inspection the electrical
      signal corresponding to the effect of ambient light impinging on the light
      collection apparatus, and in which said ambient light signal is
      electrically subtracted from the inspection signal during inspection of
      the translucent container.
NUM  12.
PAR  12. Apparatus as recited in claim 11, in which the ambient light correction
      means comprises:
PA1  a differential amplifier;
PA1  means for feeding the inspection signal to the differential amplifier;
PA1  a sample and hold circuit operatively connected to the light collection
      apparatus for holding an electrical signal corresponding to the ambient
      light impinging on the light collection apparatus prior to inspection; and
PA1  means for feeding the said ambient light signal to the differential
      amplifier whereby the signal output of the amplifier is the electrical
      difference between the inspection signal and the ambient light signal.
NUM  13.
PAR  13. Apparatus as recited in claim 12, in which means is provided for
      scanning the spot beam of light vertically and horizontally in the
      inspection zone which means comprises;
PA1  means for generating a vertically scanning slit of light, and projecting
      the latter towards the inspection zone; and
PA1  a masking member containing a vertical slit being movable horizontally in
      the path of the scanning slit of light so as to occlude a portion of the
      latter and thereby resolve the vertical scanning slit of light into a spot
      beam scanning vertically and horizontally in the inspection zone.
NUM  14.
PAR  14. Apparatus as recited in claim 13, in which there is provided;
PA1  a drum adapted for rotation;
PA1  a plurality of plane mirrors tangentially mounted on the drum;
PA1  a light source adapted to project a slit of light on to the drum whereby
      each rotating mirror resolves the straight slit of light into a scanning
      slit of light;
PA1  a cylindrical column below the drum having a vertical slot the axis of
      which column is perpendicular to the axis of the drum;
PA1  a plurality of plane mirrors adjustably mounted within the column at an
      angle to the axis of the column whereby in use the scanning slit of light
      is reflected from each in turn of the plane mirrors so as to pass through
      the vertical slot in the column towards the inspection zone, the
      inclination of the reflective surface of each mirror to the vertical axis
      of the column is adjustable so that the angle of incidence of the spot
      beam of light on the container is the optimum angle for the detection of
      extraneous matter and cracks.
NUM  15.
PAR  15. Apparatus as recited in claim 11, in which means is provided for
      scanning the spot beam of light vertically and horizontally in the
      inspection zone which means comprises;
PA1  means for generating a vertically scanning slit of of light, and projecting
      the latter towards the inspection zone; and
PA1  a masking member containing a vertical slit being movable horizontally in
      the path of the scanning slit of light so as to occlude a portion of the
      latter and thereby resolve the vertical scanning slit of light into a spot
      beam scanning vertically and horizontally in the inspection zone.
NUM  16.
PAR  16. Apparatus as recited in claim 15, in which there is provided;
PA1  a drum adapted for rotation;
PA1  a plurality of plane mirrors tangentially mounted on the drum;
PA1  a light source adapted to project a slit of light on to the drum whereby
      each rotating mirror resoves the straight slit of light in a scanning slit
      of light;
PA1  a cylindrical column below the drum having a vertical slot the axis of
      which column is perpendicular to the axis of the drum;
PA1  a plurality of plane mirrors adjustably mounted within the column at an
      angle to the axis of the column whereby in use the scanning slit of light
      is reflected from each in turn of the plane mirrors so as to pass through
      the vertical slot in the column towards the inspection zone, the
      inclination of the reflective surface of each mirror to the vertical axis
      of the column is adjustable so that the angle of incidence of the spot
      beam of light on the container is the optimum angle for the detection of
      extraneous matter and cracks.
NUM  17.
PAR  17. Apparatus as recited in claim 1, in which means is provided for
      scanning the spot beam of light vertically and horizontally in the
      inspection zone which means comprises;
PA1  means for generating a vertically scanning slit of light, and projecting
      the latter towards the inspection zone; and
PA1  a masking member containing a vertical slit being movable horizontally in
      the path of the scanning slit of light so as to occlude a portion of the
      latter and thereby resolve the vertical scanning slit of light into a spot
      beam scanning vertically and horizontally in the inspection zone.
NUM  18.
PAR  18. Apparatus as recited in claim 17, in which there is provided;
PA1  a drum adapted for rotation;
PA1  a plurality of plane mirrors tangentially mounted on the drum;
PA1  a light source adapted to project a slit of light on to the drum whereby
      each rotating mirror resolves the straight slit of light into a scanning
      slit of light;
PA1  a cylindrical column below the drum having a vertical slot the axis of
      which column is perpendicular to the axis of the drum;
PA1  a plurality of plane mirrors adjustably mounted within the column at an
      angle to the axis of the column whereby in use the scanning slit of light
      is reflected from each in turn of the plane mirrors so as to pass through
      the vertical slot in the column towars the inspection zone, the
      inclination of the reflective surface of each mirror to the vertical axis
      of the column is adjustable so that the angle of incidence of the spot
      beam of light on the container is the optimum angle for the detection of
      extraneous matter and cracks.
NUM  19.
PAR  19. Apparatus for detecting the presence of extraneous matter and/or cracks
      in translucent containers when the color density and/or wall thickness of
      the translucent containers vary significantly from container to container,
      said apparatus comprising;
PA1  an inspection zone;
PA1  means for rotating a translucent container within the inspection zone;
PA1  means for generating and vertically scanning a spot beam of light in the
      inspection zone;
PA1  a light collection apparatus in the inspection zone;
PA1  means for generating an electrical inspection signal corresponding to the
      amount of the light passing through the translucent container impinging on
      the light collection apparatus;
PA1  means for synchronously generating a predetermined electrical signal;
PA1  means for comparing said inspection signal with a predetermined electrical
      acceptance signal;
PA1  means for obtaining prior to inspection of a container, a sample inspection
      signal at a predetermined vertical position of the spot beam of light;
PA1  means to adjust the same sample inspection signal to an appropriate signal
      value while still maintaining a desired ratio between the inspection
      signal and the acceptance signal at that vertical position of the spot
      beam of light, the ratio of the original signal to the adjusted signal
      providing an adjustment factor; and
PA1  means to adjust the inspection signal or acceptance signal by the
      adjustment factor during the inspection of the container.
NUM  20.
PAR  20. Apparatus as recited in claim 19, in which the means for generating an
      electrical acceptance signal includes means to vary the value of the
      electrical acceptance signal as a function of the vertical position of the
      spot beam of light relative to the container, said means including a
      plurality of sensors for determining the vertical position of the spot
      beam of light, and a variable electrical signal output network connected
      to be controlled by said plurality of sensors.
NUM  21.
PAR  21. Apparatus as recited in claim 20, in which there is provided means to
      amplify the said sample inspection signal to a predetermined electrical
      signal value and to amplify the inspection signal during inspection by the
      same gain used to amplify the sample inspection signal said means
      comprising:
PA1  a variable gain amplifier;
PA1  a sample and hold circuit to store the sample inspection signal operatively
      connected to the variable amplifier;
PA1  a counter operatively connected to the gain circuit of the variable gain
      amplifier to vary the gain of the amplifier in discrete steps;
PA1  a signal comparator operatively connected to the variable gain amplifier
      and to the counter, said signal comparator being set to a predetermined
      base signal, whereby when the signal from the variable gain amplifier
      exceeds the predetermined base signal, the comparator stops the counter
      thus holding the gain of the amplifier; and
PA1  means for producing an electrical rejection signal when with the variable
      gain amplifier set to maximum gain the comparator does not operate.
NUM  22.
PAR  22. Apparatus as recited in claim 21, in which ambient light correction
      means is provided for determining prior to inspection the electrical
      signal corresponding to the effect of ambient light impinging on the light
      collection apparatus, and in which said ambient light signal is
      electrically subtracted from the inspection signal during inspection of
      the translucent container.
NUM  23.
PAR  23. Apparatus as recited in claim 22, in which means is provided for
      scanning the spot beam of light vertically and horizontally in the
      inspection zone which means comprises;
PA1  means for generating a vertically scanning slit of light, and projecting
      the latter towards the inspection zone; and
PA1  a masking member containing a vertical slit being movable horizontally in
      the path of the scanning slit of light so as to occlude a portion of the
      latter and thereby resolve the vertical scanning slit of light into a spot
      beam scanning vertically and horizontally in the inspection zone.
NUM  24.
PAR  24. Apparatus as recited in claim 23, in which there is provided;
PA1  a drum adapted for rotation;
PA1  a plurality of plane mirrors tangentially mounted on the drum;
PA1  a light source adapted to project a slit of light on to the drum whereby
      each rotating mirror resolves the straight slit of light into a scanning
      slit of light;
PA1  a cylindrical column below the drum having a vertical slot the axis of
      which column is perpendicular to the axis of the drum;
PA1  a plurality of plane mirrors adjustably mounted within the column at an
      angle to the axis of the column whereby in use the scanning slit of light
      is reflected from each in turn of the plane mirrors so as to pass through
      the vertical slot in the column towards the inspection zone, the
      inclination of the reflective surface of each mirror to the vertical axis
      of the column is adjustable so that the angle of incidence of the spot
      beam of light on the container is the optimum angle for the detection of
      extraneous matter and cracks.
NUM  25.
PAR  25. Apparatus as recited in claim 22, in which the ambient light correction
      means comprises:
PA1  a differential amplifier;
PA1  means for feeding the inspection signal to the differential amplifier;
PA1  a sample and hold circuit operatively connected to the light collection
      apparatus for holding an electrical signal corresponding to the ambient
      light impinging on the light collection apparatus prior to inspection; and
PA1  means for feeding the said ambient light signal to the differential
      amplifier whereby the signal output of the amplifier is the electrical
      difference between the inspection signal and the ambient light signal.
NUM  26.
PAR  26. Apparatus as recited in claim 21, in which means is provided for
      scanning the spot beam of light vertically and horizontally in the
      inspection zone which means comprises;
PA1  means for generating a vertically scanning slit of of light, and projecting
      the latter towards the inspection zone; and
PA1  a masking member containing a vertical slit being movable horizontally in
      the path of the scanning slit of light so as to occlude a portion of the
      latter and thereby resolve the vertical scanning slit of light into a spot
      beam scanning vertically and horizontally in the inspection zone.
NUM  27.
PAR  27. Apparatus as recited in claim 26, in which there is provided;
PA1  a drum adapted for rotation;
PA1  a plurality of plane mirrors tangentially mounted on the drum;
PA1  a light source adapted to project a slit of light on to the drum whereby
      each rotating mirror resolves the straight slit of light into a scanning
      slit of light;
PA1  a cylindrical column below the drum having a vertical slot the axis of
      which column is perpendicular to the axis of the drum;
PA1  a plurality of plane mirrors adjustably mounted within the column at an
      angle to the axis of the column whereby in use the scanning slit of light
      is reflected from each in turn of the plane mirrors so as to pass through
      the vertical slot in the column towards the inspection zone, the
      inclination of the reflective surface of each mirror to the vertical axis
      of the column is adjustable so that the angle of incidence of the spot
      beam of light on the container is the optimum angle for the detection of
      extraneous matter and cracks.
NUM  28.
PAR  28. Apparatus as recited in claim 20, in which means is provided for
      scanning the spot beam of light vertically and horizontally in the
      inspection zone which means comprises;
PA1  means for generating a vertically scanning slit of light, and projecting
      the latter towards the inspection zone; and
PA1  a masking member containing a vertical slit being movable horizontally in
      the path of the scanning slit of light so as to occlude a portion of the
      latter and thereby resolve the vertical scanning slit of light into a spot
      beam scanning vertically and horizontally in the inspection zone.
NUM  29.
PAR  29. Apparatus as recited in claim 28, in which there is provided;
PA1  a drum adapted for rotation;
PA1  a plurality of plane mirrors tangentially mounted on the drum;
PA1  a light source adapted to project a slit of light on to the drum whereby
      each rotating mirror resolves the straight slit of light into a scanning
      slit of light;
PA1  a cylindrical column below the drum having a vertical slot the axis of
      which column is perpendicular to the axis of the drum;
PA1  a plurality of plane mirrors adjustably mounted within the column at an
      angle to the axis of the column whereby in use the scanning slit of light
      is reflected from each in turn of the plane mirros so as to pass through
      the vertical slot in the column towards the inspection zone, the
      inclination of the reflective surface of each mirror to the vertical axis
      of the column is adjustable so that the angle of incidence of the spot
      beam of light on the container is the optimum angle for the detection of
      extraneous matter and cracks.
NUM  30.
PAR  30. Apparatus as recited in claim 20, in which ambient light correction
      means is provided for determining prior to inspection the electrical
      signal corresponding to the effect of ambient light impinging on the light
      collection apparatus, and in which said ambient light signal is
      electrically subtracted from the inspection signal during inspection of
      the translucent container.
NUM  31.
PAR  31. Apparatus as recited in claim 30, in which the ambient light correction
      means comprises:
PA1  a differential amplifier;
PA1  means for feeding the inspection signal to the differential amplifier;
PA1  a sample and hold circuit operatively connected to the light collection
      apparatus for holding an electrical signal corresponding to the ambient
      light impinging on the light collection apparatus prior to inspection; and
PA1  means for feeding the said ambient light signal to the differential
      amplifier whereby the signal output of the amplifier is the electrical
      difference between the inspection signal and the ambient light signal.
NUM  32.
PAR  32. Apparatus as recited in claim 30, in which means is provided for
      scanning the spot beam of light vertically and horizontally in the
      inspection zone which means comprises;
PA1  means for generating a vertically scanning slit of light, and projecting
      the latter towards the inspection zone; and
PA1  a masking member containing a vertical slit being movable horizontally in
      the path of the scanning slit of light so as to occlude a portion of the
      latter and thereby resolve the vertical scanning slit of light into a spot
      beam scanning vertically and horizontally in the inspection zone.
NUM  33.
PAR  33. Apparatus as recited in claim 32, in which there is provided;
PA1  a drum adapted for rotation;
PA1  a plurality of plane mirrors tangentially mounted on the drum;
PA1  a light source adapted to project a slit of light on to the drum whereby
      each rotating mirror resolves the straight slit of light into a scanning
      slit of light;
PA1  a cylindrical column below the drum having a vertical slot the axis of
      which column is perpendicular to the axis of the drum;
PA1  a plurality of plane mirrors adjustably mounted within the column at an
      angle to the axis of the column whereby in sue the scanning slit of light
      is reflected from each in turn of the plan mirrors so as to pass through
      the vertical slot in the column towards the inspection zone, the
      inclination of the reflective surface of each mirror to the vertical axis
      of the column is adjustable so that the angle of incidence of the spot
      beam of light on the container is the optimum angle for the detection of
      extraneous matter and cracks.
NUM  34.
PAR  34. Apparatus as recited in claim 19, in which there is provided, means to
      amplify the said sample inspection signal to a predetermined electrical
      signal value and to amplify the inspection signal during inspection by the
      same gain used to amplify the sample inspection signal said means
      comprising:
PA1  a variable gain amplifier;
PA1  a sample and hold circuit to store the sample inspection signal operatively
      connected to the variable gain amplifier;
PA1  a counter operatively connected to the gain circuit of the variable gain
      amplifier to vary the gain of the amplifier in discrete steps;
PA1  a signal comparator operatively connected to the variable gain amplifier
      and to the counter, said signal comparator being set to a predetermined
      base signal, whereby when the signal from the variable gain amplifier
      exceeds the predetermined base signal, the comparator stops the counter
      thus holding the gain of the amplifier; and
PA1  means for producing an electrical rejection signal when with the variable
      amplifier set to maximum gain the comparator does not operate.
NUM  35.
PAR  35. Apparatus as recited in claim 34, in which means is provided for
      scanning the spot beam of light vertically and horizontally in the
      inspection zone which means comprises;
PA1  means for generating a vertically scanning slit of light, and projecting
      the latter towards the inspection zone; and
PA1  a masking member containing a vertical slit being movable horizontally in
      the path of the scanning slit of light so as to occlude a portion of the
      latter and thereby resolve the vertical scanning slit of light into a spot
      beam scanning vertically and horizontally in the inspection zone.
NUM  36.
PAR  36. Apparatus as recited in claim 35, in which there is provided;
PA1  a drum adapted for rotation;
PA1  a plurality of plane mirrors tangentially mounted on the drum;
PA1  a light source adapted to project a slit of light on to the drum whereby
      each rotating mirror resolves the straight slit of light into a scanning
      slit of light;
PA1  a cylindrical column below the drum having a vertical slot the axis of
      which column is perpendicular to the axis of the drum;
PA1  a plurality of plane mirrors adjustably mounted within the column at an
      angle to the axis of the column whereby in use the scanning slit of light
      is reflected from each in turn of the plane mirrors so as to pass through
      the vertical slot in the column towards the inspection zone, the
      inclination of the reflective surface of each mirror to the vertical axis
      of the column is adustable so that the angle of incidence of the spot beam
      of light on the container is the optimum angle for the detection of
      extraneous matter and cracks.
NUM  37.
PAR  37. Apparatus as recited in claim 34, in which ambient light correction
      means is provided for determining prior to inspection the electrical
      signal corresponding to the effect of ambient light impinging on the light
      collection apparatus, and in which said ambient light signal is
      electrically added to the acceptance signal or subtracted from the
      inspection signal during inspection of the translucent container.
NUM  38.
PAR  38. Apparatus as recited in claim 37, in which the ambient light correction
      means comprises:
PA1  a differential amplifier;
PA1  means for feeding the inspection signal to the differential amplifer;
PA1  a sample and hold circuit operatively connected to to the light collection
      apparatus for holding an electrical signal corresponding to the ambient
      light impinging on the light collection apparatus prior to inspection; and
PA1  means for feeding the said ambient light signal to the differential
      amplifier whereby the signal output of the amplifier is the electrical
      difference between the inspection signal and the ambient light signal.
NUM  39.
PAR  39. Apparatus as recited in claim 37, in which means is provided for
      scanning the spot beam of light vertically and horizontally in the
      inspection zone which means comprises;
PA1  means for generating a vertically scanning slit of light, and projecting
      the latter towards the inspection zone; and
PA1  a masking member containing a vertical slit being movable horizontally in
      the path of the scanning slit of light so as to occlude a portion of the
      latter and thereby resolve the vertical scanning slit of light into a spot
      beam scanning vertically and horizontally in the inspection zone.
NUM  40.
PAR  40. Apparatus as recited in claim 39, in which there is provided;
PA1  a drum adapted for rotation;
PA1  a plurality of plane mirrors tantentially mounted on the drum;
PA1  a light source adapted to project a slit of light on to the drum whereby
      each rotating mirror resolves the straight slit of light into a scanning
      slit of light;
PA1  a cylindrical column below the drum having a vertical slot the axis of
      which column is perpendicular to the to the axis of the drum;
PA1  a plurality of plane mirrors adjustably mounted within the column at an
      angle to the axis of the column whereby in use the scanning slit of light
      is reflected from each in turn of the plane mirrors so as to pass through
      the vertical slot in the column towards the inspection zone, the
      inclination of the reflective surface of each mirror to the vertical axis
      of the column is adjustable so that the angle of incidence of the spot
      beam of light on the container is the optimum angle for the detection of
      extraneous matter and cracks.
NUM  41.
PAR  41. Apparatus as recited in claim 19, in which ambient light correction
      means is provided for determining prior to inspection the electrical
      signal corresponding to the effect of ambient light impinging on the light
      collection apparatus, and in which said ambient light signal is
      electrically subtracted from the inspection signal during inspection of
      the translucent container.
NUM  42.
PAR  42. Apparatus as recited in claim 41, in which the ambient light correction
      means comprises:
PA1  a differential amplifier;
PA1  means for feeding the inspection signal to the differential amplifier;
PA1  a sample and hold circuit operatively connected to the light collection
      apparatus for holding an electrical signal corresponding to the ambient
      light impinging on the light collection apparatus prior to inspection; and
PA1  means for feeding the said ambient light signal to the differential
      amplifier whereby the signal output of the amplifier is the electrical
      difference between the inspection signal and the ambient light signal.
NUM  43.
PAR  43. Apparatus as recited in claim 41, in which means is provided for
      scanning the spot beam of light vertically and horizontally in the
      inspection zone which means comprises;
PA1  means for generating a vertically scanning slit of light, and projecting
      the latter towards the inspection zone; and
PA1  a masking member containing a vertical slit being movable horizontally in
      the path of the scanning slit of light so as to occlude a portion of the
      latter and thereby resolve the vertical scanning slit of light into a spot
      beam scanning vertically and horizontally in the inspection zone.
NUM  44.
PAR  44. Apparatus as recited in claim 43, in which there is provided;
PA1  a drum adapted for rotation;
PA1  a plurality of plane mirrors tangentially mounted on the drum;
PA1  a light source adapted to project a slit of light on to the drum whereby
      each rotating mirror resolves the straight slit of light into a scanning
      slit of light;
PA1  a cylindrical column below the drum having a vertical slot the axis of
      which column is perpendicular to the axis of the drum;
PA1  a plurality of plane mirrors adjustably mounted within the column at an
      angle to the axis of the column whereby in use the scanning slit of light
      is reflected from each in turn of the plane mirrors so as to pass through
      the vertical slot in the column towards the inspection zone, the
      inclination of the reflective surface of each mirror to the vertical axis
      of the column is adjustable so that the angle of incidence of the spot
      beam of light on the container is the optimum angle for the detection of
      extraneous matter and cracks.
NUM  45.
PAR  45. Apparatus as recited in claim 19, in which means is provided for
      scanning the spot beam of light vertically and horizontally in the
      inspection zone which comprises;
PA1  means for generating a vertically scanning slit of light, and projecting
      the latter towards the inspection zone; and
PA1  a masking member containing a vertical slit being movable horizontally in
      the path of the scanning slit of light so as to occlude a portion of the
      latter and thereby resolve the vertical scanning slit of light into a spot
      beam scanning vertically and horizontally in the inspection zone.
NUM  46.
PAR  46. Apparatus as recited in claim 45, in which there is provided;
PA1  a drum adapted for rotation;
PA1  a plurality of plane mirrors tangentially mounted on the drum;
PA1  a light source adapted to project a slit of light on to the drum whereby
      each rotating mirror resolves the straight slit of light into a scanning
      slit of lights;
PA1  a cylindrical column below the drum having a vertical slot the axis of
      which column is perpendicular to the axis of the drum;
PA1  a plurality of plane mirrors adjustably mounted within the column at an
      angle to the axis of the column whereby in use the scanning slit of light
      is reflected from each in turn of the plane mirrors so as to pass through
      the vertical slot in the column towards the inspection zone, the
      inclination of the reflective surface of each mirror to the vertical axis
      of the column is adjustable so that the angle of incidence of the spot
      beam of light on the container is the optimum angle for the detection of
      extraneous matter and cracks.
NUM  47.
PAR  47. A method for detecting the presence of extraneous matter and/or cracks
      in translucent containers said method including the steps of:
PA1  moving the translucent container into an inspection zone;
PA1  rotating the container about its vertical axis within the inspection zone;
PA1  vertically scanning the container within the inspection zone with a spot
      beam of light;
PA1  collecting the light transmitted through the container in the inspection
      zone;
PA1  generating an electrical inspection signal corresponding the intensity of
      light passing through the container;
PA1  providing an acceptance signal which is a function of the vertical position
      of the spot beam of light relative to the container;
PA1  comparing said inspection with signal with said acceptance signal; and
PA1  generating a rejection signal when the intensity of light passing through
      the translucent container is below a predetermined value measured by said
      acceptance signal.
NUM  48.
PAR  48. A method as recited in claim 47, in which the following additional
      steps are carried out;
PA1  obtaining an electrical signal corresponding to the ambient light prior to
      inspection; and
PA1  subtracting said ambient light signal from the inspection signal during
      inspection of the translucent container.
NUM  49.
PAR  49. A method as recited in claim 47, in which the following steps prior to
      inspection are carried out;
PA1  a sample inspection signal on a predetermined vertical position of the spot
      beam of light relative to the container is obtained;
PA1  the said sample inspection signal is adjusted to an appropriate signal
      value, said adjustment determining an adjustment factor which is the ratio
      of the original to the adjusted signal, such as to maintain a desired
      ratio between the inspection signal and the acceptance signal;
PA1  adjusting the inspection signal or acceptance signal by the adjustment
      factor during the inspection of the container.
NUM  50.
PAR  50. A method as recited in claim 49, in which the following additional
      steps are carried out;
PA1  obtaining an electrical signal corresponding to the ambient light prior to
      inspection; and
PA1  subtracting said ambient light signal from the insepction signal during
      inspection of the translucent container.
NUM  51.
PAR  51. A method as recited in claim 47, in which the acceptance signal is
      generated by detecting the vertical position of the spot beam of light
      relative to the container, and by generating an electrical signal
      corresponding to the vertical position of the spot beam of light which
      latter electrical signal activates a variable electrical signal output
      network.
NUM  52.
PAR  52. A method as recited in claim 51, in which the following additional
      steps are carried out;
PA1  obtaining an electrical signal corresponding to the ambient light prior to
      inspection; and
PA1  subtracting said ambient light signal from the inspection signal during
      inspection of the translucent container.
NUM  53.
PAR  53. A method as recited in claim 51, in which the following steps prior to
      inspection are carried out;
PA1  a sample inspection signal on a predetermined vertical position of the spot
      beam of light relative to the container is obtained;
PA1  the said sample inspection signal is adjusted to an appropriate signal
      value, said adjustment determining an adjustment factor which is the ratio
      of the original to the adjusted signal, such as to maintain a desired
      ratio between the inspection signal and the acceptance signal;
PA1  adjusting the inspection signal or acceptance signal by the adjustment
      factor during the inspection of the container.
NUM  54.
PAR  54. A method as recited in claim 53, in which the following additional
      steps are carried out;
PA1  obtaining an electrical signal corresponding to the ambient light prior to
      inspection; and
PA1  subtracting said ambient light signal from the inspection signal during
      inspection of the translucent container.
PATN
WKU  039420027
SRC  5
APN  4876350
APT  1
ART  256
APD  19740711
TTL  Signal combining circuits
ISD  19760302
NCL  11
ECL  1
EXA  Nelms; D. C.
EXP  Smith; Alfred E.
NDR  3
NFG  12
INVT
NAM  Fowler; Albert Lewis
CTY  Kirkcaldy
CNT  SC
ASSG
NAM  Hughes Microelectronics Limited
CTY  Culver City
STA  CA
COD  02
PRIR
CNT  UK
APD  19730712
APN  33169/73
CLAS
OCL  250231R
XCL  250204
XCL  250209
XCL  250237R
XCL  307311
EDF  2
ICL  G01D  534
FSC   73
FSS  398 R
FSC  250
FSS  204;205;209;210;214;231 R;231 SE;237 R;237 G;199
FSC  307
FSS  311
UREF
PNO  3309525
ISD  19670300
NAM  Johnson
OCL  250231SE
UREF
PNO  3381212
ISD  19680400
NAM  Peltola
OCL  307311
UREF
PNO  3492488
ISD  19700100
NAM  Goettelman
OCL  250214R
UREF
PNO  3524986
ISD  19700800
NAM  Harnden
OCL  250214R
UREF
PNO  3622801
ISD  19711100
NAM  Stone
OCL  307311
UREF
PNO  3783277
ISD  19740100
NAM  Younkin et al.
OCL  250209
LREP
FR2  MacAllister; W. H.
FR2  Link, Jr.; Lawrence V.
ABST
PAL  A signal combining circuit includes means for receiving a pair of digital
      waveforms of similar frequency and for producing a further waveform which
      is indicative by its phase of the relative amplitudes of the waveforms. A
      circuit arrangement is provided for reducing undesirable distortions of
      the shape of the further waveform, however this arrangement introduces
      undesirable phase modifications and means are provided for reducing the
      effect of these modifications. The relative phases of the two digital
      waveforms are, at a predetermined frequency, switched to one or other of
      two predetermined relationships and the phase of the further waveform
      obtained when one of the relationships occurs is compared with that
      obtained when the other relationship occurs in order to compensate for
      said modifications.
BSUM
PAR  The present invention relates to signal combining circuits and it relates
      in particular to the compensation of phase errors introduced by such
      circuits.
PAR  The invention is especially, though not exclusively, applicable to circuits
      for combining two waveforms of sinusoidal nature, so as to provide an
      indication of the motion of a member which is capable of varying the
      relative amplitudes of said waveforms. Such circuits are used in
      transducers for converting a mechanical motion into an electrical signal
      the phase of which is indicative of said motion.
PAR  According to the invention there is provided a signal combining circuit
      including first and second devices excitable by periodically varying
      waveforms of substantially the same frequency to radiate energy of the
      said frequency, sensing means responsive to said energy for receiving said
      energy in respectively variable proportions from said devices in
      accordance with the disposition of a member which is movable relative to
      said devices and for producing an electrical output signal indicative by
      its phase of the relative proportions of said energy as sensed by the
      sensing means, processing means for processing said output signal to
      reduce distortion thereof, and means for compensating for phase lags
      impaired to said signal by said processing means, comprising control means
      for causing the waveforms applied to the first and second devices to
      assume first and second phase relationships with respect to each other
      during successive periods of a control waveform of frequency lower than
      that of said periodically varying waveforms, a counter responsive to said
      output signal to provide a count indicative of the phase thereof, and
      means for causing said counter to increment and decrement the count held
      therein respectively in successive periods of said control waveform.
DRWD
PAR  In order that the invention may be clearly understood and readily carried
      into effect, one embodiment thereof will now be described with reference
      to the accompanying drawings of which:
PAR  FIG. 1 shows, in block diagrammatic form, a signal combining circuit in
      accordance with one example of the invention,
PA1  Figs. 2a and 2b are vector diagrams which will be used in explaining the
      principle of operation of the circuit shown in FIG. 1,
PAR  FIGS. 3a, 3b and 3c are waveform diagrams which will be used in explaining
      the actual operation of the circuit shown in FIG. 1; the horizontal scale
      in FIGS. 3b and 3c being substantially different from that used in FIG.
      3a,
PAR  FIG. 4a shows a typical arrangement for an integrated lamp assembly,
PAR  FIG. 4b shows the working range of a slitted member with respect to the
      lamp member,
PAR  FIG. 5 shows a detached circuit arrangement which can be used as part of
      the arrangement shown in FIG. 1,
PAR  FIGS. 6a to 6f are waveforms explanatory of an alternative mode of
      operation of the invention, and
PAR  FIGS. 7 and 8 show how the slit can be angled to increase the working
      thereof.
DETD
PAR  The circuit to be described with reference to FIG. 1 comprises the
      electrical combining circuit of a digital displacement transducer used in
      providing an electrical indication of the mechanical motion of a member
      which is arranged to move in accordance with the level of vacuum obtaining
      in the inlet manifold of an internal combustion engine fitted to an
      automobile. The invention can therefore be used in conjunction with the
      automobile ignition system The scope of the invention, however, is not
      limited to this embodiment, and the following description is provided by
      way of example only.
PAR  Referring now to FIG. 1, a moveable member 1 is secured to a diaphragm or
      the like (not shown) which can move in accordance with the levels of
      vacuum obtaining in the inlet manifold of an internal combustion engine
      fitted to an automobile. The member 1 is opaque and is provided with a
      slit 2 via which light from two sources 3 and 4 can be incident upon a
      photo detector 5. The source 3 is fed with a digital waveform of
      sinusoidal nature as will be described in more detail hereinafter, whilst
      the source 4 is supplied via en electronic switch 6 with either said
      digital waveform of sinusoidal nature or a digital waveform of the same
      frequency and of co-sinusoidal nature. It will be evident that the
      position of the slit 2 -- as determined by the position of member 1 --
      will determine the relative amounts of light from the two sources which
      can be incident upon the detector 5.
PAR  Output electrical signals from the detector 5 thus represent a combination
      of the two light inputs, the phase of the output signals representing the
      relative amplitudes of the two light inputs. The output signals are
      amplified linearly and shaped to provide a square waveform and the square
      waveform is passed through a harmonic filter 7 to tend to reduce
      contamination thereof by harmonics of the frequency of said digital
      waveforms. The filtering, however, introduces substantial phase lags into
      said waveform and also degrades the squareness thereof. The output
      waveform from the filter 7 is passed to a threshold detector and squaring
      circuit 8 so that a clean square waveform is applied to a bi-directional
      counting circuit 9 only when the waveform is in excess of a threshold
      level set in circuit 8, thus reducing the effects of noise in the circuit.
PAR  The counting circuit 9 is arranged to count electrical pulses generated by
      a clock circuit (not shown), and a control signal applied thereto from a
      circuit 10 via a second electronic switch 11 determines whether the count
      is incrementing or decrementing in nature. The switch 11 and the switch 6
      are both operated under the control of a logic circuit 12.
PAR  Having thus explained the physical interconnections of the circuit and
      before embarking upon a detailed description of the operation thereof, a
      brief outline of the principle of operation will now be provided, with
      reference to FIGS. 2a and 2b.
PAR  FIG. 2a shows, with reference to a set of rectangular axes Ox and Oy,
      vector indications of various signals present in the circuit of FIG. 1.
      The length of vector A3 represents the amplitude of the light from source
      3 which falls on the detector 5 in a given postion of the slit 2. The
      angle .phi.3 represents the phase of the vector A3 relative to the axis
      Ox. Similarly, the length of the vector A4 and the angle .phi.4 represent
      respectively the amplitude of the light from source 4 which is incident
      upon the detector 5 in said given position of the slit 2, and the phase of
      the vector A4 relative to the axis Ox. The vector summation of A3 and A4
      is effectively achieved by the detector 5 and the resultant vector A5 has
      a phase angle .phi.5 relative to the axis Ox. Provided that the amplitude
      of the vector A5 is sufficient, after amplification and filtering, to
      exceed the threshold set in circuit 8 this parameter is of no more
      significance. The phase angle .phi.5, however, embodies the required
      output information since it is indicative of the relative amounts of light
      from source 3 and source 4 respectively incident upon the detector 5, and
      thus, of course, it is indicative of the position of slit 2 and therefore
      the displacement of member 1. The following circuits, however,
      particularly the harmonic filter 7, tend to introduce substantial phase
      lags and thus the phase of the vector A5 could be retarded by angle
      .epsilon. which can be as much as 50.degree. in some circumstances.
PAR  FIG. 2b shows a second vector diagram, in which the vectors A3 and A4 share
      the same phase .phi.3 with respect to the axis Ox. The combined vector A5'
      should, therefore, also have the phase angle .phi.3 but because of the
      aforementioned phase errors, it will have a phase angle of
      .phi.3-.epsilon. relative to Ox. In this case, however, because A3 and A4
      are in phase, it is known that A5' should share the same phase, thus any
      deviation of A5' from this phase can be measured and used to correct the
      value of A5 derived in the conditions of FIG. 2a -- i.e. when A3 and A4
      are not in phase. In practice it is usual, in the conditions of FIG. 2a,
      for .phi.3 and .phi.4 to differ by 90.degree..
PAR  Returning now to the actual operation of the circuit of FIG. 1, reference
      will also be made to FIGS. 3a, 3b and 3c.
PAR  In order that as many as possible of the components of the circuit shown in
      FIG. 1 may be provided in integrated circuit form, the operation of the
      circuit is digital. Thus the waveforms of sinusoidal and co-sinusoidal
      nature applied to the light sources 3 and 4 are digital, square waveforms
      of the kind shown in part in FIG. 3a. The mark-to-space ratio of adjacent
      positive and negative going portions of the square waveform shown in FIG.
      3a is varied throughout the cycle in a sinusoidal manner. Waveforms for
      the kind shown in FIG. 3a are known to suffer little from odd harmonic
      distortion. A similar waveform of identical frequency but of co-sinusoidal
      nature is also generated. The frequency of these waveforms could be
      typically 800 Hz.
PAR  The controlling logic circuit 12 is arranged to produce a control waveform
      of the kind shown in FIG. 3b to control the changing of switch 6. Thus in
      every odd period (say) of the control waveform, the switch 6 is effective
      to couple the waveform of sinusoidal nature to the light source 4 so that,
      during these periods, both sources 3 and 4 are producing light in
      accordance with the waveform of sinusoidal nature. In every even period of
      the control waveform, the switch 6 is effective to couple the waveform of
      co-sinusoidal nature to the source 4. It will therefore be appreciated
      that, in alternative periods of the control waveform, the conditions
      indicated in FIGS. 2a and 2b respectively obtain. As previously mentioned,
      the horizontal scale used in FIG. 3b is substantially different from that
      used in FIG. 3a. In practice, each half cycle of the control waveform
      shown in FIG. 3b contains several complete cycles of the waveform shown in
      FIG. 3a.
PAR  The switching action of switch 6 tends to introduce transient oscillations
      into the light output from source 4 and so the control circuit 12 is
      arranged to render the counting circuit 9 insensitive for a period
      corresponding to a few cycles of the digital sine wave after each change
      of switch 6. After this period, the counting circuit 9 is rendered
      effective to increment or decrement by means of the switch 11 which is
      operated by a waveform, generated in circuit 12, of the kind shown in FIG.
      3c. It will be appreciated that the counting circuit 9 increments and
      decrements during alternate sampling periods. The counting operation of
      circuit 9 is stopped each time a positive going pulse is passed by the
      threshold circuit 8.
PAR  The effect is thus, for example, that during odd periods of the control
      waveform, the counter increments and during the even periods the counter
      decrements. The difference remaining in the counter after two adjacent
      periods is thus an indication of the true phase of the vector A5, the
      error having been removed by the operation of the circuit.
PAR  The circuit, in addition to compensating for phase errors such as
      .epsilon., is stable with temperature since the temperature drifts in,
      say, the threshold circuit 8 are negligible because in this design the
      threshold error component in the increment count is equally
      counterbalanced by the corresponding error in the decrement. This will
      remain true for all rates of variation or shifts in the threshold which
      are small compared with the timing of waveform 3b, say 10 milliseconds
      total.
PAR  The invention is not limited to the use of a member such as 1 in
      combination with lamps such as 3 and 4 and a detector 5. For example the
      member 1 could be replaced by a ferrite coupling member adapted to provide
      variable coupling between a pair of input coils which replace the sources
      3 and 4 and an output coil which replaces the detector 5.
PAR  In a modification of the arrangement shown in FIG. 1, the two lamps 3 and 4
      are produced as an integrated lamp assembly, in which two adjacent light
      emitting junctions are diffused in a single substrate or die made from a
      semiconductor such as gallium arsenide. The geometries of the junctions
      are arranged as shown in FIGS. 4a and 4b such that when the slit 2 of the
      member 1 is in the normal working range, a defined proportion of reference
      and quadrature light depending upon the exact position of the slit 2 is
      viewed by the photo detector 5. Further the predetermined junction
      geometries produce a rotating vector in the photo detector 5 when the slit
      traverses the two light emitting junctions. The adjacent junction
      geometries, and hence linearity, of the system can readily be altered to
      accommodate either straight line or simple monotonic angular rotation of
      the resultant vector with respect to slit displacement. This feature can
      help reduce further digital function generation in the subsequent logic.
PAR  The overall arrangement can tolerate fairly wide variations in amplitude of
      the resulting vector, and thus no particular attention is required to
      ensure that the light levels from the reference and quadrature lamps are
      properly adjusted with respect to the photo receiver. All that is required
      is that the adjacent geometries are in the correct proportion.
PAR  Further advantages of an integrated lamp pair are that both junctions are
      relatively similar and greater displacements can be achieved compared with
      the use of two individual lamps.
PAR  A practical form of circuit for components 5 to 8 of the FIG. 1 arrangement
      is shown in FIG. 5. The photo detector 5 (FIG. 1) comprises a
      photo-transistor VT.sub.1, which can also take the form of a Darlington
      assembly. The transistor VT.sub.1 receives the vector component of the
      digital sine and cosine waveforms via the slit 2 (FIG. 1). The main object
      of the photodetector and filter stage is to provide at its output a
      reasonably linear, sinusoidal waveform having an acceptably low harmonic
      content and reasonably free from the effects of drift due to temperature.
PAR  A potentiometer comprises resistors R.sub.3 and R.sub.4 is arranged to
      provide the D.C. reference input for both the photo transistor VT.sub.1
      and the subsequent squaring stage and in the particular application being
      described, resistors R.sub.3 and R.sub.4 where chosen to be equal --
      giving a reference equal to half the supply voltage.
PAR  A resistor R.sub.2, and a pair of capacitors C.sub.1 and C.sub.2, together
      with R.sub.3 and R.sub.4, form a particular type of low pass active filter
      giving a bandpass response and deriving its input from the photo current
      in the photo transistor VT.sub.1. In common with the more conventional
      forms of active filters, the values of the passive elements can be
      calculated to give an optimum compromise between overshoot, settling time
      and attenuation.
PAR  Returning to the potentiometer R.sub.3 and R.sub.4 it can be seen that its
      common point is also the output of the first stage -- this is because the
      emitter output, for all practical purposes, effectively couples the mid
      point of this chain at the vector frequency by means of the capacitor
      C.sub.2, and this eliminates thermal drift errors which occur at the
      emitter. A further low pass filter stage in the form of a resistor R.sub.5
      and a capacitor C.sub.3 completes the filter and the output is then the
      required vector (phase shifted by the characteristics of the filters)
      having very little harmonic distortion. For example in a practical design
      having an 800 Hz centre frequency, a settling error at the measurement
      point of 0.5% maximum was obtained with -20db attenuation at the third
      harmonic, and having thereafter an attenuation slope of 12db per octave.
PAR  The remaining circuit including transistors VT.sub.2, VT.sub.3 and VT.sub.4
      etc., is a squaring stage which squares the sine wave superimposed on the
      centre supply reference voltage. It can be seen that the feedback DC gain
      of the stage is unity, due to the connection of resistor R.sub.8 from the
      output to the base of VT.sub.3, it follows then that the average value of
      the output, because of the low frequency filter consisting of R.sub.8 and
      a capacitor C.sub.4 is equal to the DC input to the base of VT.sub.2, i.e.
      half the supply voltage. The gain of the squarer is such that VT.sub.4
      alternately saturates and cuts off, resulting in a voltage excursion
      nearly equal to the supply voltage and a square wave of this amplitude
      having an average value equal to half itself, i.e. the supply voltage has
      a mark to space ratio of 1:1. The subsequent digital counter vector
      recovery logic can tolerate much greater errors than are produced by the
      photodetector, filter and squarer just described as regards amplitude,
      transient, phase and temperature changes.
PAR  An alternative method of converting the measurement vector, which
      represents the movement being measured, into a digital number stored in
      the counter 9 (FIG. 1) will now be described, references being made to the
      waveform shown in FIG. 6 in which,
PAR  FIG. 6a represents the phase of the reference sine wave fed to the light
      emitting diode 3 (FIG. 1).
PAR  FIG. 6b represents the phase of the filtered signal during the periods when
      the cosinusoidal waveform is applied to lamp 4 and represents the phase of
      the error vector plus the required measurement vector.
PAR  The frequency of the clock pulses fed to the counter 9 is sufficient to
      "fill" it in the period marked x in FIG. 6a. The counter then reads zero
      again. Thus if pulses were counted for the period 2x, the counter would be
      "filled" twice and would read zero once more.
PAR  FIG. 6d represents the phase difference between the waveforms of FIGS. 6a
      and 6b. If this signal was used to gate pulses to the counter, the count
      stored would represent the error vector.
PAR  FIG. 6e represents the phase difference between the waveforms of FIGS. 6a
      and 6c. If this signal was used to gate pulses to the counter, the count
      stored would represent the error vector plus the required measurement
      vector. If from this, the count obtained from waveform 6d were subtracted,
      the remaining count would represent the required measurement vector.
PAR  Alternatively, however, the waveform shown in FIG. 6f, which represents the
      complement of waveform 6d can be used. If this signal is used to gate
      pulses to the counter, the count stored is short of full by a count
      equivalent to the error vector count of waveform 6d. If the count
      equivalent to waveform 6e is now added the remaining count will again
      represent the measurement vector required.
PAR  Similarly if a count proportional to the complement of the waveform 6c is
      added to a count proportional to the waveform 6d, the remaining count will
      again represent the measurement vector required.
PAR  The member 1 can be modified as follows to give an increased range of
      operation.
PAR  FIG. 7 shows the existing displacement member and slot midway between the
      centres of the reference and quadrature lamps (3 and 4 -- FIG. 1), the
      centres being shown in FIG. 7 as shown at A and B respectively. The range
      of travel of the aperture is indicated by d which corresponds to the
      centre to centre spacing of the two lamps, and in one particular design d
      is approximately 60 thousandths of an inch.
PAR  If it is desired to keep the same design for the lamp assembly, but it is
      required to accommodate a travel greater than d, the mechanical alteration
      as shown in FIG. 8 can be used. FIG. 8 shows the displacement member 1
      with the slot 2 of the same width as before, but inclined at an angle
      .theta. with respect to the direction of travel.
PAR  The centre to centre distance d remains the same as in the original design
      shown in FIG. 7 but we now require a travel
EQU  t =d/sin .theta.
PAL  to traverse the distance d.
PAR  Effective linear magnification of four times has proved feasible and this
      method has also proved useful in scaling d to any peak displacement in the
      design range.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An apparatus for providing an electrical signal which is indicative of
      the disposition of a member, said system comprising:
PA1  first and second means for radiating electromagnetic energy in accordance
      with respective input signals applied thereto;
PA1  third means for receiving the energy from said first and second means in
      variable proportions in accordance with the disposition of the member and
      for producing an electrical output signal indicative of the phase of said
      received energy;
PA1  control means for applying said input signals to said first and second
      means so as to cause said first and second means to concurrently radiate
      energy of substantially the same frequency characteristics, but with first
      and second phase relationships with respect to each other during
      respective first and second time periods, with said first phase
      relationship being such that the phase of said received energy varies in
      accordance with the relative proportions of energy received from said
      first and second means, and with said second phase relationship being such
      that the phase of said received energy is substantially independent of the
      relative proportions of energy received from said first and second means;
      and
PA1  means for responding to the phase of the output signals from said third
      means so as to produce a phase measurement signal which is indicative of
      the difference between the phase of the output signals during said first
      and second time periods;
PA1  whereby said phase measurement signal is indicative of the disposition of
      said member.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means for producing a phase
      measurement signal comprises a counter responsive to the output signals
      from said third means and operative to provide a count indicative of the
      phase of said output signal, and means for causing said counter to
      increment and decrement the count held therein during said first and
      second time periods, respectively.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said control means includes means for
      applying the input signals to said first and second means such that said
      second phase relationship is an in-phase relationship.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said control means includes means for
      applying the input signals to said first and second means such that said
      first phase relationship is a quadrature phase relationship.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said first and second means comprise
      first and second light emitting diodes, respectively.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said control means includes means for
      applying said respective input signals in the form of periodic pulse
      trains width-modulated in accordance with a sine waveform.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said member is movable relative to said
      first and second means and is arranged to move in response to variations
      of a parameter to be measured; said member includes a slit through which
      the electromagnetic energy radiated by said first and second means can be
      transmitted to said third means; and wherein said slit is disposed at an
      acute angle to the direction of motion of said member.
NUM  8.
PAR  8. A system for providing an electrical signal indicative of the value of a
      select parameter, said system comprising:
PA1  first and second light emitting diodes;
PA1  a member adapted for being positioned along a first axis in response to the
      value of said selected parameter, said member including a slit through
      which light emitted by said diodes is transmitted;
PA1  sensing means for receiving the light transmitted through said slit and for
      producing an electrical output signal indicative of the phase of said
      received light signals;
PA1  control means for applying first and second activation signals to first and
      second light emitting diodes, respectively, said activation signals being
      of substantially the same frequency and with a quadrature phase
      relationship with respect to one another during a first time period and
      with an in-phase phase relationship during a second time period; and
PA1  means for responding to the phase of the output signals from said sensing
      means so as to produce a phase measurement signal which is a function of
      the difference between the phase of the output signals during the first
      and second time periods;
PA1  whereby said phase measurement signal is indicative of the value of said
      selected parameter.
NUM  9.
PAR  9. The system of claim 8 wherein said means for producing said phase
      measurement signal comprises a counter responsive to the output signals
      from said sensing means and operative to provide a count indicative of the
      phase of the output signal and means for causing said counter to increment
      and decrement the count held therein during said first and second time
      periods, respectively.
NUM  10.
PAR  10. The system of claim 8 wherein said sensing means includes means for
      processing the signal indicative of the phase of said received light so as
      to reduce distortions thereof.
NUM  11.
PAR  11. The system of claim 8 wherein said control means includes means for
      applying the input signals to said first and second diodes in the form of
      periodic pulse trains width-modulated in accordance with a sine wave.
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ABST
PAL  For the in situ analysis of marine ore concretions, ore samples are
      aspirated from the sea floor and introduced in a sample container aboard a
      carrier body travelling underwater along and in the vicinity of the sea
      floor. While in the sample container, the ore concretions are exposed to
      radioactive rays for inducing a secondary radiation emanating from the ore
      concretions. The secondary radiation is measured for determining the
      quantity of the individual elements contained in the ore concretions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method and apparatus for an in situ
      analysis of ore concretions which lie on the sea floor and which are
      raised therefrom for performing the analysis.
PAR  The great demand for nickel and copper makes necessary the mining of even
      those deposits that are accessible only with difficulty, such as manganese
      lumps embedded in the sea floor at a depth of from 3,000 to 6,000 m. A
      decision whether these lumps are worth mining depends upon the precise
      knowledge of their content of usable metals. Large investments required
      for the necessary conveying equipment make mining appear profitable only
      where the fields have a size of several 10,000 km.sup.2. No method of
      analysis is known, however, which would permit verification of a
      sufficiently dense measuring grid on such sea floor surfaces with a
      justifiable expenditure of time.
PAR  In order to be able to make manganese lump analyses, for example, it is the
      practice to bring these manganese lumps from great depths (such as 6,000
      m) and lift them on board ships by means of dredges. The time required to
      obtain a sample amounts to several hours, and further, the sample cannot
      be accurately associated with the sea floor coordinates. The lumps are
      then analyzed on board (and also in land-based laboratories) with wet
      chemical processes and by X-ray fluorescence methods, for which the
      samples must undergo extensive preparations.
PAR  Practically the only in situ analysis methods applicable are
      .gamma.-spectroscopic processes. Because of the special requirements for
      an analysis in water at pressures of several hundred bars with
      corresponding heavy reinforcements of the instruments, high transparence
      must be assured for the inducing (primary) and the induced (secondary)
      radiation. A comparison of the transmission of gamma radiation in 10 cm
      water for 20 keV, 1MeV, 10 MeV with the values 10.sup.-.sup.4 %, 50% and
      80% in the same sequence shows that an X-ray fluorescence analysis must be
      excluded.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of the present invention to provide a method of analysis
      which can also be used at high pressures on or closely above the sea floor
      and apparatus usable under these conditions to perform the above-outlined
      analyses to assure that the needed information density can be realized
      with an acceptable expenditure of time for a measuring point distance of a
      few hundred meters.
PAR  This object and others to become apparent as the specification progresses,
      are accomplished by the invention, according to which, briefly stated, the
      ore concretions are irradiated with radioactive radiation and are excited
      to emit a secondary radiation which is characteristic of the elements of
      the ore concretions under examination and that this characteristic
      radiation is measured and the quantity of the individual elements is
      determined. The ore concretions may be hydraulically aspirated to the
      location where the analysis is performed. According to the present
      invention, the ore concretions may also be irradiated with neutrons and
      the gamma radiation induced by the neutrons may be measured. It is further
      possible, according to the present invention, to determine the bulk
      density of the ore concretions by means of determining the absorption of
      gamma radiation. Separation of the ore concretions from the undesirable
      substances can preferably be effected by utilizing the differing sinking
      or settling speeds in sea water of the components to be separated.
PAR  An apparatus according to the present invention for practicing the method
      includes a conveyor which travels on or closely above the sea floor and
      has a suction device and a suction line with suction opening. The
      apparatus further includes a system for separating the ore concretions
      from the undesirable substances, a sample container which receives the ore
      concretions and which serves as a measuring chamber, a radiation source
      which emits the radioactive radiation to excite the ore concretions in the
      sample container, and a radiation detector to receive the characteristic
      secondary radiation emanating from the ore concretions. The conveyor
      includes a suction generating device which may be a hydraulic pump for
      drawing the ore concretions through the suction conduit. The suction
      conduit has a suction opening which is guided over the sea floor at a
      fixed distance and operates as a suction nozzle. Preferably, the radiation
      source may be disposed in or laterally of the sample container and the
      shielded radiation detector with the collimator may be situated externally
      of the sample container. The shield of the radiation detector or an
      additional shield protects the radiation detector from radiation emitted
      directly from the radiation source.
PAR  A further embodiment of the apparatus of the present invention is
      characterized in that the bulk density is determined with the aid of the
      gamma radiation emitted by the radiation source and the radiation
      detector. Or, in the alternative, a further gamma radiation emitting
      source and a further radiation detector may be fastened outside the sample
      container. In this case, a neutron shield is provided at least around
      parts of the sample container and of the radiation source.
PAR  In one embodiment of the apparatus according to the present invention the
      pump is disposed upstream of the separating system which is formed as a
      horizontal diffusor disposed in the flow path of ore concretions. The
      sample container is disposed downstream of the diffusor. In a preferred
      manner, an additional line for sea water may be provided which opens into
      the bottom of the diffusor in the direction of the material flow. The
      sample container itself may be cylindrical, and may be provided with a
      slot-shaped opening along one generatrix. The sample container is
      rotatable about its longitudinal axis by means of a drive. According to
      the invention, a cryostat, a refrigeration machine, an electronic
      component, the sample container, the radiation sources and the shields may
      be accommodated in a floating hull structure which can be moved by means
      of a tow line. The suction line then protrudes from the floating body and
      is moved by means of a drag line, while the suction nozzle is guided
      between skids.
PAR  In a further embodiment of the apparatus according to the present
      invention, the pump is disposed downstream of the separating system and
      the separating system is constituted by the sample container and a suction
      line extending from the pump and opening into the sample container. In
      this embodiment, the sample container is preferably bow-shaped and has a
      bottom which can be swung open outwardly about an axis by means of a
      motor. The radiation source may be disposed on the bottom itself or inside
      the bowl or on the bowl wall. A preferred embodiment provides that the
      cryostat, the refrigeration machine, the electronic component, the sample
      container, the radiation sources and the shields are suspended in a sled
      frame which can be moved by means of a tow line and which slides on skids.
      At both sides of the suction opening of the suction or drag hose there are
      disposed guide wheels for guiding the drag hose itself between the skids
      of the sled.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic, fragmentary side elevational view, partially in
      section, of a first embodiment of the invention.
PAR  FIG. 2 is a schematic top plan view, partially in section, of the first
      embodiment.
PAR  FIG. 3 is a section along line A-B of FIG. 1.
PAR  FIG. 4 is a schematic side elevational view, partially in section, of a
      second embodiment of the invention.
PAR  FIG. 5 is a schematic top plan view, partially in section, of the second
      embodiment.
PAR  FIG. 6 is a schematic front elevational view of the second embodiment.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  Turning now to FIG. 1, there is illustrated a carrier body constituted by a
      torpedo-shaped floating hull structure 1. It is moved at a distance over
      the sea floor by a ship through a tow line 2 which may simultaneously
      serve as the supply cable for parts inside the floating body 1. One end of
      a drag line 4 is secured to the lower portion of the floating hull body 1
      to move a sled 5 including two parallel skids 6 (only one shown). The
      manganese lumps 9 disposed on the sea floor 3 are hydraulically aspirated
      into the suction opening 7 between the two skids 6 through a suction hose
      8 fastened to the sled 5 or the lump pickup.
PAR  The suction hose 8 is connected with a pump 10 which is fastened inside the
      floating body 1 and hydraulically sucks in the manganese lumps 9. The pump
      10 forwards the managanese lumps through a line 11 to a horizontal
      diffusor 12.
PAR  The diffusor 12 is funnel-shaped; its lower portion 13 ends at the opening
      14 of a sample container 15 designed as a measuring vessel. The diffusor
      12 serves to separate the manganese lumps 9 from undesirable substances
      such as mud, silt and the like. This separation is effected substantially
      by virtue of the different speeds at which the manganese lumps 9 and the
      undesirable substances sink. It is readily observable in FIG. 1 that the
      relatively heavier (faster sinking) ore concretions will settle in the
      sample container 15, while the relatively lighter, undesired particles
      will be carried in a greater arc and thus will avoid the container 15. In
      order to increase the efficiency of the diffusor 12, an additional line 16
      opens into the diffusor bottom 13 and is oriented in the direction of the
      material flow in the diffusor 12. The line 16 leads to the front end of
      the floating body 1 and is provided there with an entrance opening 17
      through which environmental sea water is introduced. At the height of the
      sample container 15, the diffusor 12 widens and at the lower portion of
      the floating body 1 it is again in communication with the sea through an
      exit opening 18. The undesirable substances as well as the manganese lumps
      9, upon completion of the measurement, are ejected through the opening 18.
PAR  The diffusor 12, the sample container 15 as well as a detector assembly 19
      with a shield 20 are embedded in a shield 21 of polyethylene, for example,
      which protects the environment against the neutrons emanating from a
      radiation source 22 or from the manganese lumps 9 inside the sample
      container 15.
PAR  The sample container 15 has a cylindrical shape and is provided with a
      slot-shaped opening 14 along its generatrix. A portion of the interior of
      the cylinder is filled with a shield 23 which screens the opening 18 from
      the interior of the sample container 15. The sample or measuring container
      15 can be rotated about its axis 25 by means of an only symbolically shown
      drive 24. Thus, as the container opening is oriented downward in the
      direction of the discharge opening 18 as a result of the rotation of the
      container 15 about the axis 25, the manganese lumps 9 disposed therein can
      be ejected upon completion of the measurement.
PAR  The detector assembly 19 is disposed in a pressure-tight vessel 26 and
      comprises a cryostat 27 and a detector unit 28 which may be a
      germanium-lithium detector equipped with a preamplifier. The detector unit
      28 is cooled in a closed-circuit cooling system which includes a
      compressor unit 29 accommodated in a pressure-tight vessel 30, a heat
      exchanger, an oil pump and others. The detector unit 28 is mounted to the
      cold terminus of a refrigerator forming part of the cooling unit. The
      cryostat 27 is connected with the compressor unit 29 through a line 70.
      The pressure-tight vessels 26 and 30 are connected together by a flange
      31. The cooling of the detector 28 may be effected by the Gifford-McMahon
      process.
PAR  The vessel 26 itself is disposed inside the shield 20 which may be made of
      polyethylene or boron paraffin and which almost completely encloses the
      vessel 26. Only at the height of the detector 28 is the shield 20 provided
      with a collimator aperture 32 which is filled with moderating material 21
      to protect the detector from fast neutrons. The opening of collimator 32
      is oriented in the direction of the sample container 15 so that the
      radiation emanating from the manganese lumps 9 in the sample container 15
      can be selected and picked up by the detector 28. The radiation source 22
      which is preferably a californium-252 source, is disposed laterally of
      sample container 15 so that the radiation emanating therefrom, preferably
      the gamma radiation, cannot impinge directly on the detector 28 as it
      passes through the collimator 32. Direct radiation from source 22 would
      destroy the detector 28 within a very short time.
PAR  A further pressure-tight vessel 33 is disposed laterally of the pressure
      vessel 30 and contains devices for the electric power supply and for
      electronic data processing for the measured values obtained from the
      detector 28. In order to compensate for the resulting weight of the
      floating hull structure 1, large portions thereof must be filled with
      pressure-tight buoyant bodies (not shown). The container 33 for the
      electronic devices is connected with the pressure vessels 26 and 30 by
      means of respective supply cables 35 and 34, while the pressure vessels 26
      and 30 are connected with each other by a supply cable 36.
PAR  In order to analyze the manganese lumps 9 within the measuring container 15
      with respect to their content of usable metals, the contents of the
      container 15 are irradiated by the californium neutron source 22 and the
      spectrum of the resulting captured gamma radiation is recorded by means of
      detector 28 and evaluated by the electronic components (not shown) in the
      vessel 33.
PAR  The method of analysis is thus the prompt (n,.gamma.) analysis with
      high-energy primary transition lines above 4 MeV and possibly also the
      neutron activation analysis with a characteristic energy about 1 MeV. The
      thermal neutron activation analysis of some components of the lumps (e.g.,
      copper, nickel, cobalt) will prove difficult in the presence of larger
      amounts of manganese since the Compton background produced by the Mn lines
      overlaps the rather weak lines made by copper, nickel or cobalt. The only
      Ni isotope, Ni-64, which can be used for the capture activation, is
      present in the element only at 1% and the product nucleus has a half-life
      of 2.5 hours, i.e., approximately the same as Mn-56. For copper the
      conditions are more favorable with 31% presence of the Cu-65 isotope and
      5.1 min. half-life for the daughter nucleus Cu-66. A short-term activation
      of cobalt makes good sense only via the formation of the 10.5 min. isomer
      Co-60m, which, however, will decay with a detectable cascade into Ni-60
      only with 0.25% probability.
PAR  When the manganese lumps are activated with the 1 mg californium source 22,
      sprectra are produced which, in addition to strong manganese and aluminum
      peaks exhibit only non-utilizable indications of cobalt and copper, but do
      not indicate even a trace of nickel. With a prompt (n,.gamma.) analysis of
      the manganese lumps 9, however, a measurement with a thermal neutron flux
      of 2 .times. 10.sup.7 n/cm.sup.2 and only 8g Mn lumps produces, in 22.5
      hours, a spectrum having very good statistical qualities and energy
      resolution. The evaluation of the line intensities leads to the
      expectation of high accuracy in the determination of the concentrations.
      Thus the neutron source of californium-252 can be used in practice for
      performing the (n,.gamma.) method in an in situ process on the sea floor.
      1 mg of Cf-252 emits 2.2 .times. 10.sup.9 neutrons per second with an
      energy distribution which has a broad maximum at 2 MeV and 1.3 .times.
      10.sup.10 gamma quanta, of which 9% have energy values above 1.5 MeV. It
      is therefore necessary to thermalize the neutrons for capture in the
      sample material. For this purpose, the detector 28 or its capsule 26 is
      surrounded by the shield 21 or by the water itself which acts as a
      moderator material.
PAR  The analysis of the spectrum of the prompt gamma radiation emanating from
      the manganese lumps 9 in the measuring container 15 provides the relative
      concentrations of the usable metals and the manganese. With this
      measurement, it is possible, upon completion of the required calibration,
      to determine the quantities of manganese and usable metals with respect to
      the volume of the measuring container. The result, however, must be
      related to the mass of the lumps 9. This conversion may be effected by
      determining the bulk density in the measuring container 15.
PAR  By definition, the density is determined by a measurement of mass and
      volume. Neither measurements can be effected, however, by conventional
      means under the given conditions. Thus, a nuclear method is proposed for
      the determination of the density of the bulk of the manganese lumps within
      the measuring container 15. This method is based on the weakening of the
      gamma rays by the matter placed between the radiation source and a
      detector. As seen in FIG. 2, a further radiation source 37 is provided
      which is a gamma preparation with a source intensity in the order of
      magnitude of 5 .times. 10.sup.7 s.sup.-.sup.1. The source 37 must be
      planar or linear, with a diameter or length that is about 1.4 times the
      maximum lump diameter. A further detector 38 which is also accommodated in
      a shield 39 has a collimator slit 40 in the direction of the measuring
      container 15 and may be a sodium iodide crystal of the same size. The
      pulse rate measured with the detector 38 (and with the aid of the
      electronic instruments contained in electronic component container 33)
      furnishes an indication of the bulk density of the manganese lumps 9. The
      density of water at 1000 atmospheres and about 0.degree.C is greater by
      about 4% than it is at 1 atmosphere.
PAR  Referring once more to FIG. 2, there are illustrated the floating body 1 in
      a sectional view and the side-by-side arrangement of the electronic
      component container 33, the pressure vessel 30 for the refrigerator
      compressor 29, the flange connection 31, the pressure vessel 26 for the
      detector assembly 19 and the lead shield 20 with the collimator slit 32.
      In front of the collimator slit 32, which is filled with the shield 21,
      lies the measuring container 15 with its opening slot 14. The drive 24 is
      disposed perpendicular to the plane of the drawing. The neutron source 22
      which is contained in a pressure-tight sheath 41 within a bore 42 in the
      shield 21, or its axis 43, respectively, lies parallel to the axis 25 of
      the container. Axis 44 in which the further radiation source 37 and the
      detector 38 for the bulk density measurements are disposed is also
      parallel to the axis 25. The gamma source 37 is disposed in a sheath 45
      which is inserted into a bore 46 in the shield 21. Under certain
      circumstances it is possible to dispense with the separate measurement of
      the bulk density of the manganese lumps 9 inside measuring container 15 by
      means of the radiation source 37 and the radiation detector 38 if the
      measurement is made with the gamma rays emitted by the radiation source
      22. In this case, however, the radiation source 22 has to be arranged in
      such a manner that the measuring container 15 with its charge of manganese
      lumps lies between the radiation source 22 and the collimator 32 or the
      detector 28 (see FIG. 1).
PAR  Turning now to the cross-sectional FIG. 3, there is illustrated in
      particular the position of the pressure vessel 30 for the refrigerator
      compressor 29 next to the electronic component container 33 with the
      connecting transverse line 34. The drive 24 for the measuring container is
      disposed above the electronic component container 33, and the diffusor 12
      with its conveyor tube 11 and the additional tube 16 are disposed above
      the pressure vessel 30.
PAR  FIGS. 4 to 6 show another embodiment in which the density of the manganese
      lumps 9 or the spectra of the prompt (n,.gamma.) events can be measured in
      the same manner and with the same instruments as in the first embodiment.
      Thus, the reference numerals for corresponding parts are the same as in
      FIGS. 1 through 3. This applies for the electronic component container 33,
      the pressure vessel 30 for the coolant compressor unit 29, the pressure
      vessel 26 for the detector 28, its cryostat 19, the lead shield 20 with
      the collimator slit 32 and the neutron shielding 21 which, in this
      embodiment, has cylindrical shape. The entire measuring apparatus and the
      suction device for the manganese lumps 9 on the sea floor 3 are mounted on
      a carrier body which, in this embodiment, is constituted by a sled frame
      47. The latter is formed of individual rods and has skids 48 (see also
      FIG. 5) or chains as well as a supporting and stabilizing rack 49, 51. The
      supporting rack 49 is suspended from the stabilizing rack 51 as well as
      from the skids 48 by means of spring devices 52 and is thus substantially
      insensitive to shocks. The individual components, such as the electronic
      component container 33, the pressure vessel 30, the shield 21 and the pump
      53 are fastened to the supporting rack 49. The fastening may also be
      effected by the interposition of springs 54 or spacers 55. The sled is
      moved, similarly to the previously described embodiment, by a tow line 2
      which is attached to a surface ship and which simultaneously serves as a
      supply line (not shown in detail) for the individual electrical or
      electronic devices of the apparatus.
PAR  The suction pipe 56, designed as a drag hose, is fastened to the shield 21
      which may be made of polyethylene or boron paraffin disposed in a metal
      cylinder. The suction line 56 extends downward to a small distance from
      the sea floor 3 between the two skids 48 of the sled 47. The intake
      opening 7 is guided at a small distance over the floor 3. This is effected
      by means of two wheels 57 which are fastened to an axle 71 at the drag
      hose 56. The drag hose 56 itself is connected with a bore 58 extending
      inside the shield 21 and widening toward the sample container 59. The
      sample container 59 or the sample chamber, as the case may be, is situated
      at the height of the collimator 32.
PAR  The manganese lumps 9 to be collected in the sample chamber 59 are
      aspirated from the sea floor 3 by means of the pump 53 which is in
      communication with the sample container 59 through a suction tube 60. The
      inlet opening 61 of the conduit 60 is disposed inside the sample container
      59 in such a manner that the manganese lumps 9 which are sucked in from
      the surface of the sea floor 3, are filled into the sample container 59
      only to a certain level. Once the predetermined charging level is
      exceeded, the vacuum in the conduit 60 draws away excess manganese lumps 9
      and ejects them through the ejection line 62. Undesirable mud and the
      like, sucked in through the suction line 56 are also ejected through the
      ejection line 62. It is thus seen that the suction tube 60, the opening of
      which is situated in the upper part of the sample container 59, functions
      as a separator, since it carries away the lighter, undesired material
      directly as it is admitted to the sample container 59 from the passage 58.
PAR  The charge height of the manganese lumps 9 within the sample chamber 59 is
      determined, for example, by a measurement of the gamma radiation
      absorption with a gamma source 37 and a diametrally opposed detector 40.
      These two components correspond to the gamma source and the detector of
      embodiment 1. When the charge level within the sample chamber 59 reaches
      the height of the gamma source 37, the signal received by the oppositely
      disposed detector 40 (see FIG. 5) is weakened. Upon this occurrence, the
      pump 53 is switched off. It is noted that such a level control may also be
      effected with regard to the pump 10 and the measuring container 15 of the
      previously described embodiment.
PAR  Pump 53 is fastened to the shield 21 by a flange 72 and can additionally be
      supported by springs 63 to provide a shock-free suspension.
PAR  The measurement of the proportions of usable metals and manganese in the
      manganese lumps 9 in the sample container 59 corresponds to that described
      in the preceding embodiment and is thus effected by means of the
      (n,.gamma.) analysis. For this purpose, again, the californium-252 source
      22 is disposed in the vicinity of the manganese lumps 9 or the sample
      container 59, and may be held within the shield 21. In this embodiment,
      however, the californium-252 source 22 is disposed in a horizontally
      oriented tube 64 which is fastened at the bottom 65 of the sample
      container 59 and which is accessible from the outside. A bar 66 which
      protrudes into the interior of chamber 59 is disposed at the bottom 65 and
      carries, on its upper edge 67, an additional shield 68 made, for example,
      of lead. The additional shield 68 prevents neutrons or gamma radiation
      from the source 22 from impinging directly on the collimator 32 and thus
      on the detector 28. The shield 68 is therefore disposed between the source
      22 and the collimator slit 32 on the connecting line between the detector
      28 and the source 22.
PAR  The bottom 65 of the sample chamber 59 can be pivoted downwardly about an
      axis 69 by means of the motor 24 (see FIG. 5). The bottom 65 is opened
      after each measurement and permits removal of the manganese lumps 9 or the
      charge from the sample chamber 59. After emptying and locking the sample
      chamber 59, a new batch of ore concretions may be subsequently measured.
      For this purpose, the pump 53 is again energized.
PAR  FIG. 5 is a top plan view of the sled 47 illustrating the position of the
      components of the measuring device. In particular, FIG. 5 shows the
      suspension of the individual components, for example, the shield 21, the
      pump 53, the electronic component container 33, the pressure vessel 30 for
      the compressor (corresponding to the compressor 29 of FIG. 1), the
      pressure vessel 26 for the cryostat and the detector 28 as well as the
      suction hose 56.
PAR  FIG. 6 illustrates the position of the individual components secured to the
      sled 47 in a front view illustration. The two skids 48 slide on the sea
      floor 3 and guide the drag hose 56 with its suction opening 7 at a
      constant distance above the floor 3. In order to ensure that the suction
      opening 7 also maintains a constant distance from the floor 3, the wheels
      57 are arranged at opposite sides of the drag hose 56 on an axle 71. The
      arrangement of the individual heavy elements, as for example, the shield
      21, the pressure vessels 26, 30 and 33 as well as the pump 53 are
      balanced, i.e., the pressure on the two skids 48 is approximately the
      same. The individual spring suspensions 52 and 63 act as shock absorbers.
      By way of example, the following models may be used for the detector and
      signal evaluating devices incorporated in the apparatus according to the
      invention: The detector device 19 with the radiation detector unit 28 is a
      Ge(Li)-detector with a volume of 14 cm.sup.3 (Lasco), and the detector 38,
      40 is a NaJ(Tl)-detector (Quartz and Silice) with a photomultiplier Model
      276 (Ortec). The electronic components accommodated in the pressure-tight
      vessel 33 are a preamplifier Model PSC 44 (Schlumberger SAIP), a main
      amplifier Model 450 (Ortec) and a power amplifier Model 1467 (Canberra
      Industries), a ADC 13 bit Model 8215 (Montedel div. Laben), and a memory 4
      k .times. 16 bit Model FI 75 (Valvo) for the detector device 19, 28, and a
      main amplifier Model 814 (Canberra Industries), a ADC 16 bit (Analog
      devices), and a memory 256 .times. 12 bit Model RAM 332 D (Electronic
      Memories) for the detector 38, 40.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the in situ analysis of ore concretions on the sea floor,
      comprising the following steps:
PA1  a. guiding a means defining a suction opening along and immediately above
      the sea floor at a predetermined, constant height thereabove;
PA1  b. hydraulically aspirating the ore concretions off the sea floor through
      said suction opening by entraining the concretions in a water stream;
PA1  c. separating undesirable substances from the ore concretions by entraining
      the aspirated material along a substantially horizontal path by said water
      stream for causing material having a relatively high sinking speed to be
      introduced by gravity into an upwardly open sample container positioned
      laterally below the horizontal path and for causing material having a
      relatively low sinking speed to travel past the sample container;
PA1  d. irradiating the ore concretions in the sample container with neutron
      radiation for inducing therein a secondary radiation characterizing the
      elements contained in the ore concretions;
PA1  e. measuring said secondary radiation;
PA1  f. determining the quantity of the individual elements contained in the ore
      concretions; and
PA1  g. determining the bulk density of ore concretions in the sample container
      by gamma ray absorption.
NUM  2.
PAR  2. An apparatus for the in situ analysis of ore concretions on the sea
      floor, comprising in combination:
PA1  a. a carrier body;
PA1  b. means for guiding said carrier body closely above the sea floor;
PA1  c. aspirating means for picking up said ore concretions off the sea floor,
      said aspirating means including a suction-generating device aboard said
      carrier body, a suction hose attached to said carrier body and
      communicating with said suction-generating device, and means defining a
      suction opening in said suction hose;
PA1  d. supporting means connected to said suction hose in the zone of said
      suction opening for guiding and maintaining said suction opening
      immediately above the sea floor at a predetermined, constant distance
      therefrom;
PA1  e. separating means aboard said carrier body for separating undesirable
      substances from the ore concretions, said separating means communicating
      with said suction hose;
PA1  f. a sample container, constituting a measuring chamber, aboard said
      carrier body and communicating with said separating means, said sample
      container receiving the ore concretions from said separating means;
PA1  g. a radiation source aboard said carrier body for emitting a radioactive
      radiation directed on the ore concretions in said sample container; and
PA1  h. a radiation detector aboard said carrier body for receiving secondary
      radiation emitted by the ore concretions.
NUM  3.
PAR  3. An apparatus as defined in claim 2, wherein said suction hose is
      designed as a drag hose; further comprising a hydraulic pump constituting
      said suction-generating device; and a suction nozzle constituting said
      means defining said suction opening.
NUM  4.
PAR  4. An apparatus as defined in claim 2, wherein said suction-generating
      device is disposed upstream of said separating means with respect to the
      direction of flow of the ore concretions through said suction hose toward
      said sample container.
NUM  5.
PAR  5. An apparatus as defined in claim 2, wherein said suction-generating
      device is disposed downstream of said separating means with respect to the
      direction of flow of the ore concretions through said suction hose toward
      said sample container.
NUM  6.
PAR  6. An apparatus as defined in claim 2, comprising an additional radioactive
      radiation source and an additional radiation detector both situated at
      diametrically opposite location externally of said sample container at a
      predetermined height thereof for emitting a signal when the concretions in
      said sample container attain said predetermined height.
NUM  7.
PAR  7. An apparatus as defined in claim 2, wherein said sample container
      includes means defining an opening therein; the combination further
      comprising means for moving said sample container into a first position in
      which said opening is oriented upwardly for receiving the ore concretions
      from said separating means and for moving said sample container into a
      second position in which said opening is oriented downwardly for removing
      the ore concretions from said sample container by gravity.
NUM  8.
PAR  8. An apparatus as defined in claim 7, further comprising means for
      supporting said sample container to be pivotal about a substantially
      horizontal axis of rotation; said means for moving said sample container
      includes drive means for rotating said sample container about said axis of
      rotation; said sample container having a cylindrical shape and a
      substantially horizontally oriented cylinder axis; said opening having a
      slot shape and extending along a generatrix of said cylinder.
NUM  9.
PAR  9. An apparatus as defined in claim 2, wherein said separating means is
      constituted by a horizontal diffusor connected in the flow path of the ore
      concretions advanced toward said sample container, said sample container
      adjoining said diffusor downstream of, and laterally below said diffusor
      with respect to the direction of flow of the ore concretions.
NUM  10.
PAR  10. An apparatus as defined in claim 9, wherein said suction-generating
      device is in communication with said diffusor for driving the aspirated
      material and a water stream from said suction hose through said diffusor.
NUM  11.
PAR  11. An apparatus as defined in claim 9, including a bottom forming part of
      said diffusor and an additional line merging into said diffusor through
      said bottom and oriented in the direction of the flow of the ore
      concretions, said additional line including inlet means for receiving
      environmental sea water for introduction into said diffusor.
NUM  12.
PAR  12. An apparatus as defined in claim 5, including a suction tube having one
      end connected to said suction-generating device and another end situated
      in an upper portion of said sample container, said suction-generating
      device and said suction tube constituting said separating means.
NUM  13.
PAR  13. An apparatus as defined in claim 2, wherein said radiation detector is
      disposed externally of said sample container; further comprising a
      radiation shield aboard said carrier body, said shield containing said
      radiation detector; and a collimator connected to said radiation detector.
NUM  14.
PAR  14. An apparatus as defined in claim 13, wherein part of said shield is
      disposed between said radiation source and said radiation detector to
      prevent radiation from entering said radiation detector directly from said
      radiation source.
NUM  15.
PAR  15. An apparatus as defined in claim 2, wherein said sample container has a
      bottom; said radiation source being secured to said bottom; further
      comprising an additional shield secured to said bottom.
NUM  16.
PAR  16. An apparatus as defined in claim 15, further comprising a horizontally
      oriented tube situated in said sample container and secured to said
      bottom, said horizontally oriented tube being accessible from the outside
      of said sample container through said bottom; said radiation source and
      said additional shield being disposed in said horizontally oriented tube.
NUM  17.
PAR  17. An apparatus as defined in claim 2, further including means for
      determining the bulk density of the ore concretions in said sample
      container by said radiation detector and the gamma radiation emitted by
      said radiation source.
NUM  18.
PAR  18. An apparatus as defined in claim 2, further comprising, for determining
      the bulk density of the ore concretions in said sample container, an
      additional radiation source emitting gamma radiation and accommodated in
      said carrier body externally of said sample container; and an additional
      radiation detector accommodated in said carrier body externally of said
      sample container.
NUM  19.
PAR  19. An apparatus as defined in claim 2, including a shield disposed between
      said radiation source and said radiation detector to prevent radiation
      from entering said radiation detector directly from said radiation source.
NUM  20.
PAR  20. An apparatus as defined in claim 2, including a neutron shield
      positioned about at least parts of said sample container and said
      radiation source.
NUM  21.
PAR  21. An apparatus as defined in claim 2, further comprising first, second
      and third pressure-tight vessels accommodated in said carrier body; a
      cryostat containing said radiation detector and disposed in said first
      pressure-tight vessel; a compressor unit disposed in said second
      pressure-tight vessel and connected to said cryostat; an electronic
      component connected to said radiation detector and disposed in said third
      pressure-tight vessel.
NUM  22.
PAR  22. An apparatus as defined in claim 2, further comprising a tow line
      attached to said carrier body; said carrier body being constituted by a
      floating hull structure.
NUM  23.
PAR  23. An apparatus as defined in claim 2, wherein said carrier body is
      constituted by a sled structure including skids for running on the sea
      floor and a tow line attached to said sled structure.
NUM  24.
PAR  24. An apparatus as defined in claim 22, wherein said suction hose extends
      from said floating hull structure toward the sea floor; said supporting
      means comprising a sled to which said means defining said suction opening
      is secured; skids affixed to said sled on opposite sides of said suction
      opening for guiding the latter closely above the sea floor; and an
      additional tow line attached to said sled and said floating hull
      structure.
NUM  25.
PAR  25. An apparatus as defined in claim 23, said supporting means including
      wheels secured to said suction hose on opposite sides of said suction
      opening, said wheels being arranged for running on the sea floor to guide
      said suction opening closely above the sea floor and between said skids of
      said sled structure.
NUM  26.
PAR  26. An apparatus as defined in claim 21, further including means connecting
      said compressor unit with said cryostat for providing a closed-circuit
      cooling of said radiation detector.
NUM  27.
PAR  27. An apparatus as defined in claim 23, wherein at least some of the
      components defined in (c) and (e) to (h) are resiliently suspended from
      said sled structure by spring means.
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ABST
PAL  A dual spaced neutron well logging instrument and method utilizing a pair
      of alternately operated neutron sources and a pair of detectors, said dual
      spaced neutron well logging instrument being able to measure the porosity
      of earth formations penetrated by a borehole substantially independent of
      the thickness and the chemical composition of the mudcake, the cement
      liner, the well casing, the drilling mud and the diameter of the borehole.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention deals with well logging techniques, in particular with an
      improved dual spaced neutron well logging tool that is insensitive to
      borehole effects and insensitive to changes in the operational
      characteristics of the two neutron detectors.
PAR  2. Description of the Prior Art
PAR  For an evaluation of the commerical potential of an oil bearing formation,
      the porosity of the formation, as well as the oil saturation of the liquid
      filling these pores, must be known. Neutron well logging tools are
      suitable for the evaluation of the porosity as well as of the oil
      saturation, since they are strongly effected by the hydrogen content of
      the formation (which can be interpreted in terms of porosity) as well as
      to the salinity of the formation (which can be interpreted in terms of oil
      saturation).
PAR  The first commerical neutron logging tools simply comprised a single
      neutron source and a single neutron detector. The information derived by
      these tools was of rather limited value, since it did not separate the
      effects of formation porosity and formation salinity.
PAR  A second generation of neutron well logging tools utilized one source, two
      detectors and ratio building techniques to derive salinity independent
      porosity information. Such tools are very useful and widely applied at
      present. Although these tools substantially eliminate the salinity effects
      on the porosity reading, they still are responsive to borehole effects.
      Therefore, a third generation of neutron well logging tools was developed
      that contained means for the compensation of the borehole effect.
PAR  Several approaches were taken to eliminate or at least to reduce the
      borehole effect on the porosity reading of a neutron well logging tool.
      One simple way to achieve this is to design a decentralized tool with the
      source and detectors pressed against one wall of the borehole, as
      described in U.S. Pat. No. 3,521,062. On the other hand, more than two
      detectors can be used and the signal can be corrected for the borehole
      effect, as described in the U.S. Pat. No. 3,532,884 and 3,567,935.
PAR  U.S. Pat. No. 3,532,884 describes a pair of detectors used for the
      derivation of the ratio, and a third detector used for the correction of
      the ratio. U.S. Pat. No. 3,567,935 uses three or four detectors for the
      derivation of two ratios. The first ratio is the basic porosity indicator,
      whereas the second ratio is used to correct the first ratio.
PAR  Instrumentation other than neutron detectors can also be used for the
      correction of the neutron log. In U.S. Pat. No. 3,789,219, for example, a
      dual spaced gamma ray tool is used for the correction of the neutron log
      for the effects of the mudcake, and a borehole caliper is used for the
      correction of the neutron log for the effects of the borehole diameter.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention deals with a dual spaced neutron well logging tool
      comprising two pulsed neutron sources and two detectors. With this tool,
      the porosity of the investigated formation is determined by the product of
      a ratio and an inverse ratio. The ratio is determined by dividing the
      counting rate of the first detector by the counting rate of the second
      detector during a first time interval, and the inverse ratio is determined
      by dividing the counting rate of the second detector by the counting rate
      of the first detector during a second time interval. No correction of
      these ratios is necessary. The product of these ratios is indicative of
      the formation porosity, independent of the formation salinity and
      independent of borehole effects.
PAR  The advantages of the present invention over the old state of the art are
      as follows:
PAR  First of all, a simple ratio measurement technique is needed for the
      porosity determination, without any compensation measurements or
      compensating electronic networks.
PAR  Secondly, since the determined porosity is substantially independent of
      borehole effects, shorter (than conventionally used) spacings between
      sources and detectors can be employed, thereby increasing the counting
      rates of the detectors. This increase in counting rate is beneficial for
      better statistical accuracies of the reading, higher logging speeds, or
      both. In conventional tools, the spacings between the source and the
      detectors must be kept relatively long to reduce the borehole effect to
      tolerable levels.
PAR  The relatively short source - dectector spacings made possible by the
      present invention also allow for better spatial resolution of the
      investigated formations.
PAR  Finally, since the invented tool is insensitive to borehole effects, there
      is no need to decentralize it and to perform the porosity measurement in
      only one angular direction. Instead, the tool can be run in the center of
      the well, and signals can be received from all angular directions. This
      not only increases the counting rate significantly, but also allows the
      accurate logging of extremely narrow wells that do not accomodate
      centralizing means.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, the FIG. 1 illustrates how the borehole influences the
      porosity measurement of conventional neutron logging tools, and how these
      borehole effects are eliminated by the present invention. The FIGS. 2 and
      3 give more detailed presentations of two specific embodiments of the
      present invention.
DETD
PAR  The advantages and operating principles of the invention are best
      understood by the principles illustrated in FIG. 1:
PAR  Let us first consider a very basic neutron logging tool comprising only one
      source and one detector, S.sub.1 and D.sub.1 in FIG. 1. In this example,
      source S.sub.1 emits neutrons into an adjacent earth formation, and
      detector D.sub.1 detects backscattered thermal neutrons. It is obvious
      that the neutrons leaving the source S.sub.1 and entering the formation
      are slowed down by interfering materials such as the drilling mud or the
      mud cake. This reaction in the borehole effects significantly the spacial
      distribution of thermal neutrons in the formation and, thus, the radiation
      received by the detector D.sub.1. Furthermore, the thermal neutrons
      diffusing towards the detectors are absorbed in the (normally highly
      saline) drilling mud surrounding the logging tool. Therefore, the porosity
      indication is effected by effects at both the source S.sub.1 and the
      detector D.sub.1.
PAR  In the preceding discussion, thermal neutrons were considered. Similar
      considerations can be made for epithermal neutrons or for thermal neutron
      capture gamma rays.
PAR  The situation is somewhat improved in more modern logging tools comprising
      one source and two detectors, for example S.sub.1, D.sub.1 and D.sub.2 in
      FIG. 1. With such tools, the porosity is indicated by the ratio of the
      counting rates of the two detectors. Obviously, in building the ratio, the
      borehole effects opposite the source are eliminated. However, the borehole
      effects on the two detectors are still influencing the ratio and the
      porosity reading. A one source - two detector tool is insensitive to
      borehole effects in one well only in the special case where the borehole
      effects on the two detectors are identical. In this special case, the
      building of the ratio also eliminates the borehole effects on the two
      detectors. Even in this case, however, a correction for different
      diameters of different wells becomes necessary.
PAR  A similar (for symmetry reasons) situation exists in neutron logging tools
      comprising two sources and one detector, for example, S.sub.1, D.sub.1 and
      S.sub.2 in FIG. 1. The porosity of the formation is determined with such
      tools by building the ratio of the counting rate during the time interval
      when the first source is turned on, to the counting rate in the time
      interval when the second source is turned on. This ratio building
      technique eliminates the borehole effect on the detector and -- if
      identical conditions exist opposite the two sources -- on the two sources.
      However, as in the preceding example, correction for the borehole diameter
      still is necessary.
PAR  Logging tools comprising two sources and one detector have not found
      practical application because of the necessity to pulse the two neutron
      sources. Because of their high penetration, so-called capsule neutron
      sources can not easily be pulsed by shielding (as is done, for example, in
      the gamma ray tool described in the copending application with Ser. No.
      207,040). The use of two accelerator - type neutron sources, producing 14
      MeV neutrons, is also unpractical because of the difficulties involved in
      producing two stable sources. However, by using two detectors and one
      source, and storing the information received by the first detector until
      such time when the second detector is at the same location where the first
      detector was located when receiving the stored pulses, the detectors
      receive radiation from one common zone of observation, irradiated by the
      neutron source from two different spacings. Such a tool is described in
      U.S. Pat. No. 3,784,822 and is basically equivalent to the two source -
      one detector tool discussed above. The need for a borehole caliper, to be
      used for the estimation of the borehole effects on the neutron source, is
      specifically pointed out in U.S. Pat. No. 3,784,822.
PAR  The invented neutron logging tool is not effected by borehole conditions
      and is best understood when used for the measurement of the spatial
      distribution of neutrons in a formation opposite the two detectors D.sub.1
      and D.sub.2 shown in FIG. 1. A steady state - spatial distribution of
      neutrons in the formation is found after one of the sources S.sub.1 or
      S.sub.2 has been turned on for a sufficient length of time to establish an
      equilibrium between absorbed and generated neutrons. An indication of the
      spatial distribution of neutrons is then derived by the building of the
      ratio of the counting rates of the two detectors D.sub.1 and D.sub.2. This
      measurement of the spatial distribution of neutrons can be made
      independent of any borehole effects, as shown by the following
      considerations:
EQU  Be
PA1  C.sub.xy = the real counting rate of detector D.sub.y when source S.sub.x
      is turned on,
PA1  F.sub.xy = the theoretical, ideal counting rate of detector D.sub.y when
      source S.sub.x is turned on, for an infinite and homogeneous formation F,
      with no borehole effects present, and for unity source strength and unity
      detector efficient area,
PA1  I.sub.x = the intensity (strength) of the source S.sub.x,
PA1  B.sub.x = the borehole effect on the source S.sub.x,
PA1  E.sub.y = the efficient area of the detector D.sub.y, and
PA1  b.sub.y = the borehole effect on the detector D.sub.y.
PAL  Then, the counting rate of the detector D.sub.1 during the time interval
      when the source S.sub.1 is turned on, is
EQU  C.sub.11 = F.sub.11 I.sub.1 B.sub.1 E.sub.1 b.sub.1 ,
PAL  the counting rate of the detector D.sub.2 during the same time interval is
EQU  C.sub.12 = F.sub.12 I.sub.1 B.sub.1 E.sub.2 b.sub.2 ,
PAL  and the ratio of the two counting rates is
      ##EQU1##
      The term F.sub.11 /F.sub.12 is indicative of the neutron spatial
      distribution, whereas E.sub.1 b.sub.1 /E.sub.2 b.sub.2 represents the
      different efficiencies and borehole effects of the two detectors. The
      source strength and the borehole effect on the source are eliminated by
      the ratio building process.
PAR  Similarly, the counting rates can be defined for the time interval during
      which the source S.sub.2 is turned on:
EQU  C.sub.21 = F.sub.21 I.sub.2 B.sub.2 E.sub.1 b.sub.1
PAL  and
EQU  C.sub.22 = F.sub.22 I.sub.2 B.sub.2 E.sub.2 b.sub.2.
PAL  Defining as the Inverse Ratio IR the ratio of the counting rate of the
      second detector to the counting rate of the first detector, one finds
      ##EQU2##
      Again, the effect of the borehole on the source S.sub.2, as well as the
      source intensity of the source S.sub.2, are eliminated by the ratio
      building process. Multiplication of the ratio R and the inverse ratio IR
      yields
      ##EQU3##
      and the borehole effect on the two detectors, as well as the efficiencies
      of the two detectors, cancel out.
PAR  When the tool is designed symmetrically, i.e., when the short spacings
      between the sources and detectors in FIG. 1 are equal (the spacing between
      S.sub.1, D.sub.1 equals the spacing between S.sub.2, D.sub.2), then the
      ideal counting rates of these two combinations of source - detector pairs
      are equal and can be designated by F.sub.s (s standing for short spacing):
EQU  F.sub.11 = F.sub.22 = F.sub.s.
PAL  Under symmetric conditions, the ideal counting rates of the long spaced
      source - detector pairs are also identical and can be designated by
      F.sub.1 (1 standing for long spacing):
EQU  F.sub.12 = F.sub.21 = F.sub.1.
PAL  substitution of F.sub.s and F.sub.1 for F.sub.11, F.sub.22, F.sub.12 and
      F.sub.21 in the equation for R x IR yields
      ##EQU4##
      which is simply the square of the ratio of the counting rates of the short
      spacings of the tool to the counting rates of the long spacings of the
      tool. This ratio is very useful for the determination of the neutron
      spatial distribution in the formation, and can be interpreted in terms of
      hydrogen content, which in turn can be interpreted in terms of formation
      porosity. The determination of F.sub.s /F.sub.1 is the objective of many
      state - of - the - art neutron logging tools. Unfortunately, not the ideal
      counting rates are measured by common tools, but the true counting rates
      which are heavily influenced by various borehole effects and by changes of
      the detector efficiencies.
PAR  The short mathematical derivations shown above demonstrate that, in
      principle, the new logging tool eliminates the borehole effects on the two
      detectors and two sources by a ratio and product building technique.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The two basic geometries possible for the new tool are shown in the FIGS. 2
      and 3. In FIG. 2, two neutron detectors are straddled by two neutron
      sources, and in FIG. 3 two neutron source positions are straddled by two
      detectors.
PAR  In FIG. 2, a timer turns on alternately the sources S.sub.1 and S.sub.2.
      This is very easily done with so-called accelerator - type neutron sources
      producing 14 MeV neutrons by the known DT reaction. The timer also
      controls gate 1 and gate 2.
PAR  Both the spatial distribution of neutrons as well as the lifetime of
      thermal neutrons can be utilized for porosity measurements with the new
      tool.
PAR  When the spatial distribution of neutrons is to be utilized, the timer
      first turns on the source S.sub.1 for a first time interval that is very
      long when compared to the sum of the slowing down time of the source
      neutrons and the decay time of the thermal neutrons in the formation.
      During this first time interval, the neutron distribution within the
      formation will come to an equilibrium, i.e., the number of neutrons lost
      in the formation is equal to the number of neutrons emitted into the
      formation by the source S.sub.1. The timer also opens gate 1 during the
      first time interval, and this gate connects the outputs of the detector
      D.sub.1 and the detector D.sub.2 to an electronic circuit that forms the
      ratio of these two counting rates. This ratio is indicative of the spatial
      distribution of neutrons in the formation, although sensitive to borehole
      effects on the two detectors and to differences in performance changes in
      the two detectors.
PAR  As soon as source S.sub.1 and gate 1 are turned off by the timer, source
      S.sub.2 and gate 2 are turned on by the timer for a second time interval,
      which is substantially of the same duration as the first time interval.
      Gate 2 connects the outputs of the two detectors to an electronic circuit
      that computes the inverse ratio of the counting rates of the detectors
      D.sub.1 and D.sub.2. This inverse ratio is also indicative of the spatial
      distribution of the neutrons in the formation. The borehole effect and the
      instrumental effects on the inverse ratio are the inverse of the borehole
      effects and the instrumental effects of the ratio that was derived during
      the first time interval. Therefore, a multiplication of the ratio and the
      inverse ratio by the product building electronic circuit shown in FIG. 2
      will eliminate the borehole effects as well as the instrumental
      differences of the two detectors, and indicate the true spatial
      distribution of the neutrons in the formation, which can be interpreted in
      terms of true formation porosity.
PAR  When the thermal neutron lifetime in the formation is to be utilized for
      the determination of the formation porosity, the timer turns on the source
      S.sub.1 for an interval of time that is short when compared to the
      lifetime of thermal neutrons in the formation, or comparable to it. After
      source S.sub.1 is turned off, and after a short delay time, the timer
      opens gate 1 for a first time interval that is equal to several lifetimes
      of thermal neutrons in the formation. Gate 1 connects the detectors
      D.sub.1 and D.sub.2 to the ratio building circuit. This ratio is
      indicative of the thermal neutron lifetime in the formation, although
      sensitive to borehole effects on the two detectors and to varying detector
      sensitivities.
PAR  After the neutrons in the formation have decayed, the timer turns on the
      source S.sub.2 for an interval of time that is substantially equal in
      length to the interval of time during which the source S.sub.1 was turned
      on. After source S.sub.2 is turned off and after the same delay time as
      for source S.sub.1, the timer opens gate 2 for a second time interval
      which is substantially equal to the first time interval during which gate
      1 was open. Gate 2 connects the detectors D.sub.1 and D.sub.2 to the
      inverse-ratio building electronic circuit. This ratio is also indicative
      of the thermal neutron lifetime in the formation, and is also sensitive to
      borehole effects and instrumental differences of the two detectors.
      However, the borehole effect and the instrumental effects on the inverse
      ratio are the inverse of the borehole effects and the instrumental effects
      of the ratio that was derived during the first time interval. Therefore, a
      multiplication of the ratio and the inverse ratio by the product building
      electronic circuit in FIG. 2 will eliminate these effects, thereby
      indicating the true thermal neutron lifetime in the formation, which can
      be interpreted in terms of formation porosity.
PAR  For the measurement of the thermal neutron lifetime in the formation,
      thermal neutron detectors or gamma ray detectors sensitive to thermal
      neutron capture radiation can be used for the detectors D.sub.1 and
      D.sub.2.
PAR  For the measurement of the spatial neutron distribution in the formation,
      epithermal neutron detectors can also be used as detectors D.sub.1 and
      D.sub.2, in addition to thermal neutron detectors and to gamma ray
      detectors sensitive to thermal neutron capture radiation.
PAR  So-called capsule neutron sources can not be used in the embodiment shown
      in FIG. 2, since they can not be turned off electronically nor can they be
      shielded easily. However, capsule sources can be used in a logging tool in
      which the two sources (or rather, two source locations) are straddled by
      the two detectors, as shown in FIG. 3.
PAR  In this FIG. a hydraulic pump alternately positions a single capsule
      neutron source to the positions S.sub.1 and S.sub.2. The position of the
      source is sensed and gate 1 is opened when the source is at S.sub.1, and
      gate 2 is opened when the source is at S.sub.2. Because of the inability
      to shut off the source, only the neutron spatial distribution can be
      measured with the embodiment shown in FIG. 3, but not the thermal neutron
      lifetime. However, when the mechanically moved capsule source of FIG. 3 is
      replaced with two electronically controlled accelerator sources and a
      timer, the operating mode and the results of the embodiment shown in FIG.
      3 are identical to those of the embodiment shown in FIG. 2, due to the
      symmetry of the two designs.
CLMS
STM  The embodiments of an invention in which an exclusive property or privilege
      is claimed are defined as follows:
NUM  1.
PAR  1. A method for the determination of the porosity of an earth formation
      surrounding a borehole, utilizing a well logging tool that comprises two
      neutron sources and two detectors, said porosity being derived from the
      product of the ratio and the inverse ratio of the counting rates of the
      first detector and of the second detector,
PA1  said ratio being derived by dividing the counting rate of said first
      detector by the counting rate of said second detector during a first time
      interval,
PA1  said inverse ratio being derived by dividing the counting rate of said
      second detector by the counting rate of said first detector during a
      second time interval,
PA1  and said first and second time intervals having a fixed relation to the
      time intervals during which the first neutron source and the second
      neutron source are turned on and are irradiating said earth formation.
NUM  2.
PAR  2. A method for the determination of the porosity of earth formations
      according to claim 1, wherein
PA1  said first neutron source is turned on and said second neutron source is
      turned off during said first time interval, and said second neutron source
      is turned on and said first neutron source is turned off during said
      second time interval.
NUM  3.
PAR  3. A method for the determination of the porosity of earth formations
      according to claim 1, wherein
PA1  said first neutron source is turned on and is irradiating said earth
      formation with a short burst of neutrons prior to said first time
      interval, and said second neutron source is turned on and is irradiating
      said earth formation with a short burst of neutrons prior to said second
      time interval.
NUM  4.
PAR  4. A method for the determination of the porosity of earch formations
      according to claim 2, wherein
PA1  said first and said second intervals are very long when compared to the
      thermal neutron life time in said formation.
NUM  5.
PAR  5. A method for the determination of the porosity of earth formations
      according to claim 3, wherein
PA1  said first and second time intervals are comparable in length to several
      thermal neutron life times in the formation.
NUM  6.
PAR  6. A well logging tool for the determination of the porosity of earth
      formations surrounding a borehole,
PA1  said well logging tool comprising two detectors with associated electronic
      circuits and two neutron sources that alternately irradiate said earth
      formations at different time intervals and from two different source
      locations relative to said two detectors.
NUM  7.
PAR  7. A well logging tool for the determination of the porosity of earth
      formations according to claim 6, wherein
PA1  said two neutrons sources that alternately irradiate said earth formations
      straddle said two detectors.
NUM  8.
PAR  8. A well logging tool for the determination of the porosity of earth
      formations according to claim 6, wherein said two neutron sources that
      alternately irradiate said earth formations are straddled by said two
      detectors.
NUM  9.
PAR  9. A well logging tool for the determination of the porosity of earth
      formations according to claim 6, wherein
PA1  said two neutron sources that alternately irradiate said earth formations
      are represented by a single capsule neutron source that is moved from a
      first position to a second position relative to said two detecctors, and
      wherein both the first and the second position are straddled by said two
      detectors.
NUM  10.
PAR  10. A well logging tool for the determination of the porosity of earth
      formations according to claim 6, wherein
PA1  said two detectors are thermal neutron detectors.
NUM  11.
PAR  11. A well logging tool for the determination of the porosity of earth
      formation according to claim 6, wherein
PA1  said two detectors are epithermal neutron detectors.
NUM  12.
PAR  12. A well logging tool for the determination of the porosity of earth
      formations according to claim 6, wherein
PA1  said two detectors are gamma ray detectors sensitive to the gamma radiation
      caused by thermal neutron capture in said earth formations.
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ABST
PAL  An electron scanning apparatus is capable of two-dimensional scanning of a
      specimen with a primary electron beam and also capable of radiating the
      primary electron beam in spot on the specimen. While moving the specimen
      in a straight line, the two-dimensional scanning with the primary electron
      beam is selectively alternated with the spot radiation with the primary
      electron beam, thus making it possible to identify the point of analysis
      on the specimen in the course of linear analysis of the specimen.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an electron scanning apparatus suitable for line
      analysis of specimens.
PAR  2. Description of the Prior Art
PAR  Recently, with the progress of the techniques for electronic applications,
      methods of analyzing a great variety of specimens are being established, a
      typical one of which is the line analysis technique described below.
PAR  Generally, the purpose of line analysis of a specimen is to analyze the
      component elements of the specimen in a given straight line on the
      specimen by the use of an electron scanning apparatus, for example, a
      scanning electron microscope equipped with an X-ray detector or an X-ray
      analytical instrument. There are three modes of analysis of the surface of
      a specimen including the plane analysis, spot analysis and line analysis.
      The plane analysis is for analyzing the two-dimension distribution of the
      elements in the surface of the specimen and has the disadvantage of a low
      S/N ratio. The spot analysis is concerned with the analysis of the
      component elements at a given point of the specimen surface and suitable
      for qualitative as well as quantitative analysis due to its high S/N
      ratio, even though it has the disadvantage that the analysis of the
      specimen surface is limited to a point. The line analysis, as mentioned
      already, is the process for analyzing the elements contained in a given
      straight line in the surface of the specimen and constitutes a
      sufficiently effective method of analysis to compensate for the
      disadvantages of the preceding two methods.
PAR  In X-ray analysis of a specimen, a finely focused primary electron beam is
      radiated on the surface of the specimen and an X-ray emitted from the
      radiated part of the surface of the specimen is detected by an X-ray
      detector. There are two methods of line analysis, mechanical and
      electrical. The mechanical method is one in which the radiating position
      of the primary electron beam is fixed while moving the specimen
      mechanically. In actual practice, a specimem-inching device driven by a
      motor or the like is used to feed the specimen in the direction of X or Y
      axis. The electrical method of line analysis, by contrast, consists in
      fixing the specimen while changing the position of the primary electron
      beam radiation on the surface of the specimen by linear deflection of the
      primary electron beam.
PAR  These methods have both advantages and disadvantages and which method is to
      be used is depending on the kind of specimen to be observed and the object
      of analysis. In the former method, that is, the mechanical method, a long
      linear section on the surface of the specimen is capable of being
      subjected to line analysis (for example, about 5 mm in an embodiment), but
      the movable parts of its specimen-inching device require a very high
      mechanical precision. On the other hand, the latter method is suitable for
      the case in which the line to be analyzed is not so long as in the former
      method, for example, the case where the length of about 0.5 mm is
      involved, due to the fact that changes in the radiating position of the
      primary electron beam causes variations in spectral conditions of the X
      ray. This method has the disadvantage that the result of analysis is often
      adversely affected by the drift of the primary electron beam, mechanical
      displacement of the specimen and charged condition of the specimen.
PAR  Prior to describing the present invention relating to an improvement of the
      former method, some problems which are encountered in the conventional
      method of line analysis will be described. There are two types of
      instruments capable of X-ray analysis of a specimen. One is the X-ray
      analytical instrument exclusively used for X-ray analysis of the specimen,
      and the other is a scanning electron microscope for observing an enlarged
      image of the specimen and which is equipped with an X-ray detector. Both
      of the above-mentioned instruments are equipped with an optical microscope
      either fixedly or removably. The optical microscope is provided for the
      purpose of determination of the point to be subjected to line analysis or
      observing, during the process of line analysis, the point being analyzed.
PAR  On the other hand, these apparatus are provided with such a display unit as
      a cathode ray tube, in addition to the optical microscope, for displaying
      a secondary electron image, that is, an enlarged image of the surface of
      the specimen. The line analysis, therefore, inevitably depends on such an
      optical microscope for the determination of the position of the specimen
      surface to be analyzed and for identification of such a position during
      the analytical operation. However, in the case of a scanning electron
      microscope equipped with an optical microscope replaceably, for example,
      it is necessary to reequip the electron microscope with the optical
      microscope if the position of analysis of the specimen is to be identified
      during the analytical operation. There are even some apparatuses incapable
      of identifying the position of analysis as it is impossible to equip it
      with the optical microscope in the course of analysis. Especially, a
      scanning electron microscope, which is capable of observation and X-ray
      line analysis of the surface structure of a specimen at the same time,
      requires no separate X-ray analytical instrument exclusively used for
      X-ray analysis, resulting in a great saving of analysis time. Partly due
      to this fact, a demand has always existed for development of a novel
      apparatus capable of observation and identification of the position of
      analysis during the X-ray analysis without any optical microscope having
      an only purpose of determining the position of analysis on the specimen.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      electron scanning apparatus capable of reduction in analysis time.
PAR  Another object of the invention is to provide a low-cost electron scanning
      apparatus applicable in wide fields of analysis.
PAR  Still another object of the invention is to provide an electron scanning
      apparatus which eliminates the need for the optical microscope.
PAR  In the electron scanning apparatus according to a preferred embodiment of
      the invention, the parimary electron beam is capable of two-dimensionally
      scanning the specimen on one hand and of radiating in a fixed spot thereon
      on the other hand. In addition, the invention is characterized in that the
      electron scanning apparatus is adapted to alternate between the
      two-dimensional scanning of the primary electron beam and the spot
      radiation on the specimen.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram showing a conventional scanning electron
      microscope.
PAR  FIG. 2 is a block diagram showing an embodiment of the present invention
      applied to a scanning electron microscope.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Prior to entering the description of the embodiment of the invention,
      explanation will be made of the operating principle and construction of a
      conventional scanning electron microscope capable of line analysis with
      reference to a scanning electron microscope in wide use.
PAR  Referring to FIG. 1 showing the construction of the conventional scanning
      electron microscope, a finely focused primary electron beam 1 is radiated
      on the specimen 3 through an objective lens 2. The primary electron beam 1
      produced from an electron gun not shown scans two-dimensionally the
      specimen 3 by being deflected in two directions by the X deflection coil
      15 and the Y deflection coil 16. The specimen 3 thus bombarded with the
      primary electron beam 1 emits secondary electrons 5, which in turn are
      detected and converted into electrical signals by a secondary electron
      detector 4. The electrical signal produced from the detector 4 is
      amplified by the preamplifier 7 and main amplifier 8 and applied to the
      grid of the cathod ray tube 9.
PAR  On the other hand, the output of the X saw-tooth wave generator 10 is
      applied to the two X deflection amplifiers 11 and 11'. The output from the
      amplifier 11 is applied through the magnetication varying device 14 to the
      X deflection coil 15 of the scanning electron microscope, whereas the
      output of the amplifier 11' is applied directly to the X deflection coil
      15' of the cathode ray tube 9. The output of the Y saw-tooth wave
      generator 12, like that of the X saw-tooth wave generator 10, is applied
      through the two Y deflection amplifiers 13 and 13' respectively to the Y
      deflection coil 16 of the scanning electron microscope and to the Y
      deflection coil 16' of the cathode ray tube 9.
PAR  In the above-described construction of the scanning electron microscope,
      the signals produced from the X and Y saw-tooth wave generators 10 and 11
      are used to two-dimensionally scan the surface of the specimen 3 in a
      range corresponding to the value set by the magnification varying device
      14. At the same time, the scanning signal in synchronism with the scanning
      rate is applied to the cathode ray tube 9, thus enabling a magnified image
      of the specimen 3 to be displayed on the fluorescent viewing screen of the
      cathode ray tube 9.
PAR  In the case where line analysis is effected by the use of the
      above-mentioned apparatus, an X-ray detector 17 is provided in addition to
      the primary electron detector, as shown in FIG. 1. The X-ray detected by
      the X-ray detector 17 is applied through the preamplifier 18 to the X-ray
      measuring system 19, where it is converted into an electrical signal and
      applied to the recorder 20. The output of the X-ray measuring system 19
      may be applied to the grid of the cathode ray tube 9 for display of an
      X-ray image instead of the recorder 20 as shown. The specimen 3 is
      disposed on the specimen support 21 connected to the automatic specimen
      feed device 22 for linear movement of the specimen. The automatic specimen
      feed device 22 may alternatively be coupled to the X- or Y-axis inching
      shaft of the inching device.
PAR  When the primary electron beam in spot form is radiated on the specimen 3
      while rectilinearly moving the specimen by driving the automatic specimen
      feed device 22, the primary electron beam is radiated rectilinearly on the
      surface of the specimen 3. Under this analytical condition, however, it is
      impossible to identify the position where the analysis is being conducted
      on the surface of the specimen 3. In order to overcome this problem, the
      objects of the invention are easily achieved by adding the component
      elements denoted by reference numerals 23 to 29 in FIG. 2.
PAR  In other words, the apparatus shown in FIG. 2 is an embodiment of the
      invention as applied to the conventional apparatus of FIG. 1. Like
      reference numerals in FIG. 2 show like component elements having like
      reference numerals in FIG. 1, and the processes for image display and line
      analysis will not be described as they have similar functions.
PAR  In FIG. 2, reference numeral 26 shows a manual mode setting device, numeral
      27 a switching pulse generator, and numeral 29 a relay. The relay 29 has a
      couple of contacts 23 and 23', of which the contact 23 is provided to
      switch a power supply between the X saw-tooth wave generator 10 and the X
      bias source 24 for supplying a signal to the X deflection coils of the
      scanning electron microscope and the cathode ray tube 9. The other contact
      23', by contrast, is provided for the purpose of switching a power source
      between the Y saw-tooth wave generator 12 and the Y bias source 25 for
      supplying a signal to the Y deflection coils of the scanning electron
      microscope and the cathode ray tube 9. The relay 29 is adapted to be
      energized in response to the output signal from the manual mode setting
      device 26 or the switching pulse generator 27 through the automanual
      change-over switch 28.
PAR  The actual operation of line analysis performed by the apparatus with the
      above-described construction will be explained. Assume that the
      change-over switch 28 is closed to manual side, that is, to the manual
      mode setting device 26. First, the primary electron beam 1 focused to the
      order to several thousands angstroms by the objective lens 2 is radiated
      on the surface of the specimen 3. Since the contacts 23 and 23' of the
      relay 29 are previously switched to the side of the X bias source 24 and Y
      bias source 25 respectively, the position of the spot of the primary
      electron beam radiated on the specimen 3 is determined by the X bias
      source 24 and Y bias source 25. Under this condition, the automatic
      specimen feed device 22 is driven, whereupon the analysis point on the
      surface of the specimen steadily changes so as to rectilinearly analyze
      the surface of the specimen. In this connection, the position of the spot
      image displayed on the cathode ray tube 9 by the radiation of the primary
      electron beam on the specimen 3 is required to be adjusted in advance to
      be located at the center of the viewing screen. In other words, the center
      of an enlarged image displayed on the cathode ray tube must be in
      agreement with the position of the spot of the primary electron beam
      radiated on the specimen surface for line analysis.
PAR  In the event that the identification of the point of analysis on the
      surface of the specimen is desired in the course of line analysis, the
      manual mode setting device 26 may be effectively used. The pulse signal
      generated by the operation of the manual mode setting device 26 causes the
      relay 29 to be energized. The contacts 23 and 23' of the relay 29 are
      switched to the X saw-tooth wave generator 10 and the Y saw-tooth wave
      generator 12 respectively. In the energized state of the relay 29, the
      primary electron beam 1 which has thus far been spot-radiated on the
      surface of the specimen 3 scans two-dimensionally the surface of the
      specimen 3. As a result, the center of the image displayed on the viewing
      screen of the cathode ray tube always indicates the point being subjected
      to line analysis, thus facilitating the identification of the point of
      analysis.
PAR  Of course, an image enlarged in any desired magnification may be displayed
      on the screen of the cathode ray tube by operating the magnification
      varying device 14 in the course of line analysis. Further, in the
      energized state of the relay 29, that is, as long as an enlarged image of
      the specimen 3 is displayed on the cathode ray tube 9, the line analysis
      may be suspended by raising the pen of the recorder 20 by the use of the
      signal produced from the relay 29.
PAR  Also, the present invention is such that the point of analysis on the
      surface of the specimen 3 can be identified by scanning the primary
      electron beam 1 on the specimen 3 at regular intervals of time and by
      displaying an image of the specimen 3 on the cathode ray tube 9 during the
      line analytical operation. For this purpose, the change-over switch 28 is
      closed to auto side thereby to energize the switching pulse generator 27
      connected to the switch 28. The output pulses from the switching pulse
      generator 27, which are produced at regular periods of time, energize the
      relay 29, whereupon the contacts 23 and 23' of the relay are switched, so
      that the point of analysis is displayed at the center of the image on the
      screen of the cathode ray tube at regular intervals of time through the
      same processes as those mentioned already. In this case, too, as long as
      the point of analysis is displayed on the screen of the cathode ray tube,
      that is, during the temporary suspension of the line analysis, the pen of
      the recorder may be raised by applying the output of the switching pulse
      generator 27 to the recorder through the change-over switch 28 as shown in
      FIG. 2.
PAR  The above-mentioned suspension time of about 0.5 to 1 second will suffice
      as the cathode ray tube employed exhibits the property of afterglow. This
      length of suspension time poses no significant problem in view of the fact
      that the feed rate of the specimen 3 for line analysis is generally of the
      order of 20 to 100 .mu./min or 2 to 5 .mu./min at the slowest, resulting
      in only a minute portion of the surface of the specimen being
      substantially affected by the suspension of line analysis.
PAR  According to the above-mentioned configuration of the invention, it is
      possible to identify the ever-changing analytical position of the specimen
      on the viewing screen of the cathode ray tube while observing the data on
      line analysis on the recording paper, thus facilitating a collating of the
      analytical data with the analytical position. This collating operation may
      be conducted either by hand or automatically, as mentioned earlier. Unlike
      the conventional method of identifying the analytical point by the use of
      the optical microscope in which the mechanical adjustment for coincidence
      between the optical axis and the electron beam axis requires a very high
      skill, the adjustment according to the present invention is easily
      achieved by merely adjusting the bias power source in such a manner that
      the spot displayed on the cathode ray tube comes in agreement with the
      center of the viewing screen of the cathode ray tube, thereby eliminating
      the need of the optical microscope and hence the need for mechanical
      registration of the axes.
PAR  Further, in the conventional method, it is impossible to vary the
      magnification of the optical microscope for observing the point of
      analysis in the surface of the specimen during the analytical operation,
      since, if varied, the optical axis changes greatly. According to the
      present invention employing no optical microscope, by contrast, the
      magnification can be changed even in the course of analysis. In addition,
      the great advantage of the invention is that an image of the point of
      analysis can be observed at the great depth of focus as in the case of
      image observation on an ordinary scanning electron microscope.
PAR  It will thus be seen that the objects set forth above, among those apparent
      from the preceding description, are efficiently attained, and since
      certain changes may be made in the above construction without departing
      from the spirit and scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electron scanning apparatus comprising scanning means for
      two-dimensionally scanning a specimen with a primary electron beam, means
      for radiating the surface of said specimen with said primary electron beam
      in the form of spot, a couple of detector means for detecting information
      generated from said specimen by said scanning means and said radiating
      means, display and recording means for displaying and recording said
      information in response to the output signal from said detector means, and
      first switching means for selectively alternating between said scanning
      means and said radiating means.
NUM  2.
PAR  2. An electron scanning apparatus according to claim 1, further comprising
      a manual mode setting device for manually issuing a switching command to
      said first switching means.
NUM  3.
PAR  3. An electron scanning apparatus according to claim 1, further comprising
      a switching pulse generator for issuing a switching command to said first
      switching means repeatedly at regular intervals of time.
NUM  4.
PAR  4. An electron scanning apparatus according to claim 2, further comprising
      a switching pulse generator for issuing a switching command to said first
      switching means repeatedly at regular intervals of time, and second
      switching means for selecting at will the signals from said manual mode
      setting device or those from said switching pulse generator.
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PAL  A corona generating apparatus in which the coronode wires and grid wires
      thereof are cleaned to remove particles therefrom. A wiper is positioned
      within the shield contacting the coronode wires and grid wires. The wiper
      moves along the coronode wires and grid wires to remove contaminating
      particles therefrom.
BSUM
PAR  The foregoing abstract is neither intended to define the invention
      disclosed in the specification, nor is it intended to be limiting as to
      the scope of the invention in any way.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an electrophotographic printing
      machine, and more particularly concerns a corona generating apparatus for
      charging a photoconductive surface to a substantially uniform potential.
PAR  In a typical electrophotographic printing machine, a photoconductive
      surface is electrostatically charged substantially uniformly thereover and
      then exposed to a light pattern of the image being reproduced. The light
      pattern discharges the electrostatic charge in the areas where the light
      strikes the photoconductive surface. As a consequence the remaining charge
      on the photoconductive surface forms an electrostatic charge pattern in
      image configuration, i.e., an electrostatic latent image. The
      electrostatic latent image may then be developed by contacting it with
      finely divided electrostatically attractable material, such as toner
      particles. The toner particles adhere electrostatically to the
      photoconductive surface in a pattern corresponding to the latent image
      recorded thereon. Thereafter, the developed image is transferred to a
      suitable sheet of support material, such as paper, amongst others, which
      is secured releasably to a transfer member. The powder image transferred
      to a sheet of support material is subsequently suitably affixed thereto to
      form a permanent print thereof.
PAR  With the advent of multi-color electrophotographic printing involving the
      utilization of various components adapted to produce a series of
      electrostatic latent images in which each image represents a particular
      color in the original, there is a need to transfer successive single color
      toner powder images onto the sheet of support material. Incidentally, it
      will be appreciated that a black and white or single color reproduction,
      such as a red, cyan, magenta or yellow print, requires only a single toner
      powder image, whereas a multi-color reproduction may necessitate a
      plurality of differently colored toner powder images. It, therefore,
      follows that the amount of toner particles required in the formation of a
      multi-color copy may be appreciably greater than that required for the
      production of a single color copy. For example, in a three color
      subtractive system, cyan, magenta, and yellow toner particles are
      successively transferred to the support material. Thus, the formation of a
      multi-color copy from a colored original requires more toner particles
      than that utilized in the formation of black and white copy. It is
      evident, therefore, that this substantially increases the potential amount
      of contamination from dust and toner particles.
PAR  In electrophotographic printing, it is necessary to deposit a substantially
      uniform potential on the photoreceptor surface to insure that
      electrostatic charges may be selectively dissipated in accordance with the
      light pattern of the image being reproduced. This may be achieved by such
      prior art devices as the corona generating device described in U.S. Pat.
      No. 2,836,725 issued to Vyverberg in 1958. A corona generating device
      generally includes a corona discharge electrode, such as a coronode wire,
      surrounded by a conductive shield. The corona discharge electrode is
      adapted to be supplied with a DC voltage of sufficient magnitude to create
      a corona current flow from the electrode to the surface of a photoreceptor
      spaced therefrom. Another type of corona generating apparatus particularly
      suitable for use in multi-color electrophotographic printing is a corona
      generating device such as is described in U.S. Pat. No. 2,778,946 issued
      to Mayo in 1957. A typical corona generating device includes a corona
      discharge electrode such as coronode wire, surrounded by a conductive
      shield with a grid interposed between the coronode wire and the
      photoconductive surface. In a corona generating device, the shield is
      normally at ground potential and the grid is operated at some
      predetermined potential between the discharge electrode voltage and ground
      voltage. The grid controls the charge applied to the photoconductive
      surface.
PAR  Although the corona generating device or scorotron is advantageously
      utilized to substantially uniformly charge a photoconductive surface, it
      is suitably adapted for various other applications. For example, corona
      generating device electrostatically transfer a powder image from a
      photoconductive surface to a sheet of support material as well as remove
      background toner particles therefrom, and preclean corona generating
      device neutralize the charge on toner particles adhering to the
      photoconductive surface after the transfer of the powder image to the
      support material. However, a disadvantage of corona generating devices is
      their sensitivity to the accumulation of dust and toner particles. Dust or
      toner particles adhering to the coronode wires will decrease the corona
      current generated therefrom as the density of particle accumulation
      increases. Contrawise, dust or toner particles adhering to the grid wires
      will increase the corona current generated therefrom as the density of
      particle accumulation increases. However, the increase in current produced
      by particle accumulation on the grid wires is not inversely proportional
      to the decrease in current produced by particle accumulation in the
      coronode wires. Thus, the performance of a corona generating device
      remains sensitive to dust and toner particles.
PAR  Heretofore, various prior art devices have been developed for cleaning
      corona generating devices. By way of example, IBM Technical Disclosure
      Bulletin, Volume 11, Number 8 of January 1969 describes cleaning pads
      surrounding the coronode wires of a corona generating device. The cleaning
      pads are reciprocated along the length of the coronode wires to remove
      dust and toner particles accumulated thereon. Similarly, copending
      application Ser. No. 245,306, filed in 1972, now abandoned describes
      cleaning pads surrounding the coronode wires and contacting the interior
      surface of the shield surrounding the coronode wires. Once again, the
      cleaning pads are reciprocated along the length of the coronode wires and
      shield to remove dust and toner particles, accumulated thereon. However,
      neither of the foregoing approaches describe cleaning of the grid wires
      used in a corona generating device.
PAR  Accordingly, it is a primary object of the present invention to improve the
      cleaning of a corona generating apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, and in accordance with the present invention, there is
      provided a corona generating apparatus arranged to have particles cleaned
      therefrom.
PAR  In the present instance, the preferred embodiment of the corona generating
      apparatus includes an elongated shield defining an open ended chamber.
      Grid means, disposed in the open end of the shield chamber, extend in
      substantially a longitudinal direction along the length of the shield.
PAR  A corona discharge electrode is interposed between the shield and grid
      means. Particles are removed from the discharge electrode and the interior
      surface of the grid means opposed from the discharge electrode by cleaning
      means in communication therewith.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following detailed description and upon reference to the
      drawings, in which:
PAR  FIG. 1 is a schematic perspective view illustrating an electrophotographic
      printing machine having the corona generating apparatus of the present
      invention incorporated therein; and
PAR  FIG. 2 is a perspective view of the corona generating apparatus used in the
      FIG. 1 printing machine.
DETD
PAR  While the present invention will be described in connection with a
      preferred embodiment thereof, it will be understood that it is not
      intended to limit the invention to that embodiment. On the contrary, it is
      intended to cover all alternatives, modifications, and equivalents that
      may be included within the spirit and scope of the invention as defined by
      the appended claims.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For a general understanding of the disclosed electrophotographic printing
      machine which the present invention may be incorporated, continued
      reference is had to the drawings wherein like numerals have been used
      throughout to designate like elements. FIG. 1 schematically illustrates
      the various components of a printing machine for producing multi-color
      copies from a colored original. Although the corona generating apparatus
      of the present invention is particularly well adapted for use in an
      electrophotographic printing machine, it should become evident from the
      following discussion that it is equally well suited for use in a wide
      variety of electrostatographic printing machines and is not necessarily
      limited in its application to the particular embodiment shown herein.
PAR  Turning now to FIG. 1, there is shown a printing machine employing a
      photoconductive member having a drum 10 mounted rotatably on a shaft (not
      shown) of the printing machine. Drum 10 has a photoconductive surface 12
      thereon, and is rotated in the direction of arrow 14 to pass sequentially
      through a series of processing stations. The various machine components
      and drum 10 are driven at a predetermined speed relative to each other
      from a common drive motor (not shown). This coordinates the machine
      operations and produces the proper sequence of events at the processing
      stations hereinafter described.
PAR  Initially, drum 10 rotates photoconductive surface 12 through charging
      station A. Charging station A has positioned thereat an ion source or the
      corona generating apparatus of the present invention, indicated generally
      at 16. Corona generating apparatus 16 extends in a generally transverse
      direction across photoconductive surface 12. In this way, photoconductive
      surface 12 is charged to a relatively high substantially uniform potential
      by corona generator apparatus 16. Corona generating apparatus 16 will be
      described in detail hereinafter with reference to FIG. 2. Continuing now
      with the description of the various processing stations in the
      electrophotographic printing machine of FIG. 1, drum 10 is next rotated to
      exposure station B.
PAR  At exposure station B, a color filtered light image of the original
      document is projected onto photoconductive surface 12. Exposure station B,
      preferably, includes thereat a moving lens system, generally designated by
      the reference numeral 18, and a color filter mechanism, shown generally at
      20. A suitable moving lens system is described in U.S. Pat. No. 3,062,108
      issued to Mayo in 1962. As shown in FIG. 1, an original document 22 such
      as a sheet of paper, book or the like is placed face down upon transparent
      viewing platen 24. Lamp assembly 26 and lens system 18 are moved in a
      timed relation with drum 10 to scan successive incremental areas of
      original document 22 disposed upon platen 24. In this manner, a flowing
      light image of original document 22 is produced which is projected on
      photoconductive surface 12. During exposure, filter mechanism 20
      interposes selected color filters into the optical light path of lens 18.
      The color filter operates on the light rays passing through lens 18 to
      record an electrostatic latent image on photoconductive surface 12
      corresponding to a preselected spectral region of the electromagnetic wave
      spectrum, hereinafter referred to as a single color electrostatic latent
      image.
PAR  The single color electrostatic latent image recorded on photoconductive
      surface 12 is next rotated to development station C. Development station C
      includes thereat three individual developer units, generally indicated by
      the reference numerals 28, 30 and 32, respectively. A suitable development
      station employing a plurality of developer units is disclosed in copending
      application Ser. No. 255,259 filed in 1972 and now U.S. Pat. No.
      3,854,449. Preferably, the developer units are all of the magnetic brush
      type. A typical magnetic brush system utilizes a magnetizable developer
      mix which includes carrier granules and toner particles. The developer mix
      is continually brought through a directional flux field to form a brush
      thereof. As drum 10 rotates, photoconductive surface 12 passes through the
      brush of developer mix, and the electrostatic latent image recorded
      thereon contacts the developer mix. Each of the respective developer units
      28, 30 and 32 contain discretely colored toner particles corresponding to
      the complement of the spectral region of the wavelength of light
      transmitted through filter 20, e.g. a green filtered electrostatic latent
      image is rendered visible by depositing green absorbing magenta toner
      particles thereon, blue and red latent images are developed with yellow
      and cyan toner particles, respectively.
PAR  After the electrostatic latent image recorded on photoconductive surface 12
      is developed, drum 10 rotates to transfer station D. At transfer station
      D, the toner powder image adhering electrostatically to photoconductive
      surface 12 is transferred to a sheet of final support material 34. Final
      support material 34 may be, amongst others, plain paper or a thermoplastic
      sheet. Sheet 34 is secured releasably to a bias transfer roll, shown
      generally at 36. As indicated in FIG. 1, bias transfer roll 36 rotates in
      the direction of arrow 38 to move support material 34 therewith in a
      recirculating path. Bias transfer roll 36 is biased electrically to a
      potential of sufficient magnitude and polarity to attract
      electrostatically toner particles from the latent image rotated on
      photoconductive surface 12 to support material 34. A suitably electrically
      biased transfer roll is described in U.S. Pat. No. 3,612,677 issued to
      Langdon et al in 1971. Transfer roll 36 rotates in synchronism with drum
      10, i.e. transfer roll 36 and drum 10 have substantially the same angular
      velocity. Inasmuch as support material 34 is secured releasably thereon
      for movement in a recirculating path therewith, successive toner powder
      images may be transferred from photoconductive surface 12 to support
      material 34 in superimposed registration with one another. Support
      material 34 is advanced from stack 40 thereof. Feed roll 42 in operative
      communication with retard roll 44 advances and separates the uppermost
      sheet from stack 40. The advancing sheet moves into chute 46 which directs
      the sheet between the nip of register rolls 48. Thereafter, gripper
      fingers 50 mounted on transfer roll 36 secure releasably thereon support
      material 34 for movement therewith in a recirculating path. With continued
      reference to FIG. 1, gripper fingers 50 release sheet 34 and stripper bar
      52 separates sheet 34 from transfer roll 36. Sheet 34 is, thereafter,
      advanced on endless belt conveyor 54 to fixing station E where a fuser,
      indicated generally at 56, coalesces the transferred powder image to sheet
      34. A suitable fuser is described in U.S. Pat. No. 3,498,592 issued to
      Moser et al in 1970. After the fixing process, sheet 34 is advanced by
      endless belt conveyors 58 and 60 to catch tray 62 for subsequent removal
      therefrom by the machine operator.
PAR  Although a preponderance of the toner particles are transferred to support
      material 34, invariably some residual toner particles remain on
      photoconductive surface 12 after the transfer of the powder image to
      support material 34. The residual toner particles are removed from
      photoconductive surface 12 of drum 10 as it moves through cleaning station
      F. Here the residual toner particles are first brought under the influence
      of a cleaning corona generating device (not shown) adapted to neutralize
      the electrostatic charge remaining on the toner particles. The neutralized
      toner particles are then mechanically removed from photoconductive surface
      12 by a rotatably mounted fiber brush 64. A suitable brush cleaning device
      is described in U.S. Pat. No. 3,590,412 issued to Gerbasi in 1971.
      Rotatably mounted brush 64 is positioned at cleaning station F and
      maintained in contact with photoconductive surface 12. In this way,
      residual toner particles remaining on photoconductive surface 12 after
      each transfer operation are cleaned therefrom.
PAR  It is believed that the foregoing description is sufficient for purposes of
      the present application to show the general operation of an
      electrophotographic printing machine embodying the teachings of the
      present invention.
PAR  Referring now to the specific subject matter of the present invention, FIG.
      2 depicts corona generating apparatus 16 thereat. Corona generating
      apparatus 16 includes an elongated conductive shield 66 defining an open
      ended chamber opposed from and closely spaced to photoconductive surface
      12. Shield 66 is a U-shaped conductive housing and, preferably, is made
      from an aluminum extrusion. Grid means or a plurality of substantially
      parallel, spaced, fine conductive wires 68 (in this case 10) extend in a
      longitudinal direction from one end of shield 66 to the other end thereof
      and across about three-quarters of the open end of the chamber therein. An
      insulating plate 70 is affixed permanently to either end of shield 66 by
      suitable means (not shown), e.g. fasteners or adhesive. Grid wires 68 are
      preferably formed from a single wire attached to fasteners 69 and
      entrained about uprights 71 on insulating plate 70. Interposed between
      grid wires 68 and back wall 72 of shield 66 is a corona discharge
      electrode or a pair of coronode wires 74 and 76, respectively. Coronode
      wires 74 and 76 are suitably secured to insulating plate 70, preferably by
      fasteners (not shown). Both grid wires 68 and coronode wires 74 and 76
      respectively are, preferably, made from a conductive material for example
      tungsten with a tungsten oxide coating thereon. Insulating plate 70 is,
      preferably, made from a dielectric material such as a glass alkyd, Lucite,
      Plexiglas, Lexan or the like. As depicted in FIG. 2, coronode wire 76 is
      positioned in the chamber of shield 66 that is not covered by grid wires
      68, i.e. grid wires 68 do not extend over this portion of the open end of
      shield 66. As hereinbefore mentioned, grid wires 68 extend only across
      about three-quarters of the open end of shield 66. This permits rapid and
      roughly controlled charging of photoconductive surface in the lead section
      or the portion of shield 66 not covered by grid wires 68. Slow and
      well-controlled charging is obtained over the trailing section or the
      portion of shield 66 covered by grid wires 68. A corona generator means or
      suitable high voltage source (not shown) excites coronode wires 74 and 76
      to a voltage preferably ranging from about 6,000 volts to about 8,000
      volts, the coronode wire current ranging from about 200 to about 500 micro
      amperes. Field applying means or a low voltage source (not shown) excites
      grid wires 68 to, preferably, about 800 volts. In operation, drum 10
      rotates in the direction of arrow 14 permitting coronode wire 76, i.e. the
      coronode wire positioned in the one-quarter of shield 66 not covered by
      grid wires 68, to roughly charge photoconductive surface 12 to a
      substantially uniform potential. Thereafter, slow and well-controlled
      charging of photoconductive surface 12 is obtained from coronode wire 74
      operatively associated with grid wires 68. Grid wires 68 have the bias
      voltage thereof at about the desired final voltage of photoconductive
      surface 12. In this way, the final charging is field sensitive. For
      example, as photoconductive surface 12 moves under grid wires 68, it
      acquires a charge to increase its voltage up to about that of grid wires
      68, however, further charging thereof is suppressed by grid wires 68. That
      is, when photoconductive surface 12 is charged to a voltage substantially
      the same as that of grid wires 68, most of the corona current under grid
      wires 68 is conducted thereto rather than to photoconductive surface 12.
PAR  In order to reduce the sensitivity of corona generating apparatus 16 to
      dirt, cleaning means or cleaning assembly 78 is provided therein. Deposits
      of toner particles and dust collected on coronode wire 74 and 76,
      respectively, and grid wires 68 are removed by cleaning assembly 78.
      Cleaning assembly 78 comprises a wiper member depicted generally by the
      reference numeral 80, preferably formed of a slightly abrasive material
      such as felt, foam, or expanded polyester, and moving means or a support
      carriage, generally indicted at 82. Wiper member 80 is adapted to be
      reciprocated by a support carriage depicted generally at 82 to remove
      contaminates from coronode wires 74 and 76 and the interior surface
      opposed therefrom of grid wires 68. Preferably, support carriage 82
      comprises an elongated rod 84 attached to support 86. Rod 84 extends
      through insulating plate 70 affixed to the end portions of shield 66.
      Preferably, rod 84 extends longitudinally through the center of shield 66.
      Handle 88 is attached to rod 84 and is external to one end of shield 66 in
      the region of insulating plate 70 permitting an operator to grasp handle
      88 to reciprocate rod 84 and, in turn, support 86 having wiper member 80
      supported thereby. Support 86 and elongated rod 84 are, preferably, formed
      of a non-conductive material such as nylon. Wiper member 80 includes a
      grid wiper 90 suitably affixed, e.g. by adhesive, in notch 83 of support
      86, and a coronode wiper indicated generally at 85, suitably affixed, e.g.
      by adhesive, in aperture or rectangular opening 87 of support 86. Coronode
      wiper 85 comprises an upper wiper 85a and a lower wiper 85b in substantial
      contact with one another and adapted to have coronode wires 74 and 76
      sandwiched therebetween. Grid wiper 90 is adapted to engage the interior
      surface, opposed from coronode wires 74 and 76, of grid wires 68. Guide
      means or block 92 is preferably integral with insulating plate 70 affixed
      to the end portions of shield 66 and has a channel 94 therein adapted to
      receive elongated rod 84. Channel 94 is arranged to guide rod 84 in the
      movement thereof along the length of coronode wires 74 and 76.
PAR  Corona generating apparatus 16 is received by a supprting arm (not shown)
      of the electrophotographic printing machine of FIG. 1. Shield 66 is
      affixed to the frame of the printing machine such that it extends in a
      longitudinal direction transversely across photoconductive surface 12. To
      clean coronode wires 74 and 76 and grid wires 68, the operator grasps
      handle 88 and moves it coaxially in the direction of arrow 96 advancing
      support carriage 86 and wiper member 80 along the length of coronode wire
      74 and 76, and grid wires 68. Support carriage 86 is then pushed back to
      its normal position adjacent the other end of shield 66 where it remains
      until the next subsequent cleaning operation. Such relative movement of
      the cleaning apparatus within shield 66 causes wiper member 80 to traverse
      coronode wires 74 and 76, and the inner surface opposed therefrom of grid
      wires 68, thereby removing solid materials, e.g. dust and toner particles,
      from the contacted surfaces.
PAR  In recapitulation, it is evident that there has been provided a corona
      generating apparatus adapted to have toner particles and dust cleaned
      therefrom in order to maintain the charging voltage produced on the
      photoconductive surface substantially constant. This is achieved in the
      present invention by advancing a wiper member along a pair of coronode
      wires and the interior surface of the grid wires. As the wiper member
      advances, it contacts the foregoing wires and removes toner particles and
      dust therefrom.
PAR  Thus, it is apparent that there has been provided in accordance with the
      present invention, a corona generating apparatus that fully satisfies the
      objects, aims and advantages set forth above. While this invention has
      been described in connection with specific embodiments thereof, it is
      evident that many alternatives, modifications, and variations will be
      apparent to those skilled in the art in light of the foregoing
      description. Accordingly, it is intended to embrace all such alternatives,
      modifications and variations as fall within the spirit and scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A corona generating apparatus, including:
PA1  an elongated shield defining an open ended chamber;
PA1  a pair of spaced substantially parallel conductive coronode wires mounted
      in said shield extending substantially in a longitudinal direction along
      the length of said shield;
PA1  a plurality of spaced, substantially parallel grid wires mounted in said
      shield extending substantially in a longitudinal direction along the
      length thereof, said plurality of grid wires partially enclosing the open
      end of said shield with one said coronode wires being disposed in the
      chamber therebeneath and the other of said coronode wires being disposed
      in the unenclosed portion of the chamber of said shield;
PA1  a wiper member positioned within said shield contacting said pair of
      coronode wires and the interior surface of said grid wires opposed from
      said pair of coronode wires; and
PA1  means for moving said wiper member in substantially a longitudinal
      direction along the length of said pair of coronode wires and said grid
      wires.
NUM  2.
PAR  2. An apparatus as recited in claim 1, further including:
PA1  means for generating a corona discharge from said coronode wires; and
PA1  means for applying a field regulating potential to said grid wires.
NUM  3.
PAR  3. An apparatus as recited in claim 2, wherein said moving means includes:
PA1  a guide means affixed to at least one end portion of said shield, and
PA1  a rod member secured to said wiper member, said rod member being disposed
      in said guide means for advancing said wiper member along the length of
      said pair of coronode wires and the interior surface of said grid wires
      opposed from said pair of coronode wires.
NUM  4.
PAR  4. An apparatus as recited in claim 3, wherein said shield includes a
      substantially U-shaped conductive housing.
NUM  5.
PAR  5. An electrophotographic printing machine of the type having a
      photoconductive surface adapted to be sensitized by the application of a
      substantially uniform electrostatic charge from an ion source closely
      spaced to the photoconductive surface, wherein the improvement in said ion
      source includes:
PA1  an elongated shield defining an open ended chamber, said shield being
      positioned to extend substantially transversely across the photoconductive
      surface;
PA1  a pair of spaced substantially parallel conductive coronode wires mounted
      in said shield, said pair of coronode wires extending substantially in a
      longitudinal direction along the length of said shield;
PA1  a plurality of spaced, substantially parallel conductive grid wires mounted
      in said shield and extending substantially in a longitudinal direction
      along the length thereof, said plurality of grid wires partially enclosing
      the open end of said shield with one of said coronode wires being disposed
      in the chamber therebeneath and the other of said coronode wires being
      disposed in the unenclosed portion of the chamber of said shield, said
      grid wires being interposed between the photoconductive surface and said
      shield;
PA1  a wiper member positioned within said shield contacting said pair of
      coronode wires and the interior surface of said grid wires opposed from
      said pair of coronode wires; and
PA1  means for moving said wiper member in substantially a longitudinal
      direction along the length of said pair of coronode wires and said grid
      wires.
NUM  6.
PAR  6. An apparatus as recited in claim 5, further including:
PA1  means for generating an electrostatic charge from said coronode wires; and
PA1  means for applying a field regulating potential to said grid wires.
NUM  7.
PAR  7. An apparatus as recited in claim 6, wherein said moving means includes:
PA1  guide means affixed to at least one end portion of said shield; and
PA1  a rod member secured to said wiper member, said rod member being disposed
      in said guide means for advancing said wiper member along the length of
      said pair of coronode wires and the interior surface of said grid wires
      opposed from said pair of coronode wires.
NUM  8.
PAR  8. An apparatus as recited in claim 7, wherein said shield includes a
      substantially U-shaped conductive housing.
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PAL  The optical transitions of extrinsicially optically active insoluble
      materials become optically active and circularly dichroic when in contact
      with optically negative liquid crystalline materials thereby producing
      unusual and highly advantageous properties. The circularly dichroic
      optical properties induced in the extrinsically optically active insoluble
      materials can be utilized for converting infrared images to visible
      images.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This information relates to liquid crystalline materials and, more
      specifically, to uses of compositions comprising optically negative liquid
      crystalline materials and insoluble extrinsically optically active
      materials which become optically active when in contact with optically
      negative liquid crystalline materials.
PAR  Liquid crystalline substances exhibit physical characteristics, some of
      which are typically associated with liquids and others which are typically
      unique to solid crystals. The name "liquid crystals" has become generic to
      substances exhibiting these dual properties. Liquid crystals are known to
      appear in three different forms: the smectic, nematic, and cholesteric
      forms. These structural forms are sometimes referred to as mesophases
      thereby indicating that they are states of matter intermediate between the
      liquid and crystalline states. The three mesophase forms of liquid
      crystals mentioned above are characterized by different physical
      structures wherein the molecules of the compound are arranged in a manner
      which is unique to each of the three mesomorphic structures. Each of these
      three structures is well known in the liquid crystal art.
PAR  Some liquid crystalline substances possess optically negative
      characteristics. Birefringence, also referred to as double refraction, is
      an optical phenomenon characteristic of some solid crystals and most
      liquid crystal substances. When a beam of unpolarized light strikes a
      bi-refringent substance, it is split into two polarized components whose
      transverse vibrations are at right angles to each other. The two
      components are transmitted at different velocities through the substance
      and emerge as beams of polarized light. By the term "liquid crystalline
      substances which have optically negative characteristics", as used herein,
      is meant those for which the extraordinary index of refraction .eta..sub.E
      is smaller than the ordinary index of refraction .eta..sub.o. Cholesteric
      liquid crystal substances exhibit this property. For a detailed
      description of this phenomenon, see Optical Crystallography, Wahlstrom,
      Fourth Edition, Wiley and Sons, Inc., New York.
PAR  The molecules in cholesteric liquid crystals are arranged in very thin
      layers with the long axes of the molecules parallel to each other and to
      the plane of the layers within each layer. Because of the asymmetry and
      steric nature of the molecules, the direction of the long axes of the
      molecules in each layer is displaced slightly from the corresponding
      direction in adjacent layers. This displacement is cumulative over
      successive layers so that overall displacement traces out a helical path.
      A comprehensive description of the structure of cholesteric liquid
      crystals is given in Molecular Structure and the Properties of Liquid
      Crystals, G. W. Gray, Academic Press, 1962.
PAR  Cholesteric liquid crystals have the property that when the propagation
      direction of plane polarized or unpolarized light is along the helical
      axis thereof, i.e., when the light enters in a direction perpendicular to
      the long axes of the molecules, (neglecting absorption considerations),
      this light is essentially unaffected in transmission through thin films of
      such liquid crystals except for a wavelength band centered about some
      wavelength .lambda..sub.o where .lambda..sub.o = 2np with n representing
      the index of refraction of the liquid crystal substance and p the pitch or
      repetition distance of the helical structure. The bandwidth
      .DELTA..lambda..sub.o of this wavelength band centered about
      .lambda..sub.o will typically be of the order of about .lambda..sub.o /14.
      For light of a wavelength .lambda..sub.o, the cholesteric liquid crystal,
      under these conditions, exhibits selective reflection of the light such
      that approximately 50% of the light is reflected and approximately 50% is
      transmitted, assuming negligible absorption which is usually the case,
      with both the reflected and transmitted beams being approximately
      circularly polarized in opposite directions.
PAR  For light having wavelengths around .lambda..sub.o but not at
      .lambda..sub.o, the same effect is present but not as pronounced. The
      transmitted light is not circularly polarized but is instead elliptically
      polarized. The cholesteric liquid crystals which exhibit this property of
      selective reflection of light in a region centered around some wavelength
      .lambda..sub.o are said to be in the Grandjean or "disturbed" texture. If
      .lambda..sub.o is in the visible region of the spectrum, the liquid
      crystalline film appears to have the color corresponding to .lambda..sub.o
      and if .lambda..sub.o is outside the visible spectral region, the film
      appears colorless.
PAR  Depending upon the intrinsic rotary sense of the helix, i.e., whether it is
      right-handed or left-handed, the light that is transmitted in the region
      about .lambda..sub.o is either right-hand circularly polarized light
      (RHCPL) or left-hand circularly polarized light (LHCPL). The transmitted
      light is circularly polarized with the same sense of polarization as that
      intrinsic to the helix. Thus, a cholesteric liquid crystal having an
      intrinsic helical structure which is left-handed in sense will transmit
      LHCPL and one having a helical structure which is right-handed in sense
      will transmit RHCPL.
PAR  Hereinafter, these cholesteric liquid crystal substances will be identified
      in order to conform with popular convention, by the kind of light which is
      reflected at .lambda..sub.o. When a film is said to be right-handed, it is
      meant that it reflects RHCPL, and when a film is said to be left-handed,
      it is meant that it reflects LHCPL.
PAR  A right-handed cholesteric liquid crystal substance transmits LHCPL
      essentially completely at .lambda..sub.o whereas the same substance
      reflects almost completely RHCPL. Conversely, a left-handed film is almost
      transparent to RHCPL at .lambda..sub.o and reflects LHCPL. Since plane
      polarized or unpolarized light contain equal amounts of RHCPL and LHCPL, a
      cholesteric liquid crystal film is approximately 50% transmitting at
      .lambda..sub.o for these sources when the liquid crystal is in its
      Grandjean texture.
PAR  A further unique optical property of optically negative liquid crystal film
      is that contrary to the normal situation when light is reflected, such as
      by mirror, where the sense of the circular polarization of the reflected
      light is reversed, this same phenomenon does not occur with light
      reflected by these liquid crystal films. The sense of the circular
      polarization of light reflected from these liquid crystal substances is
      not reversed but rather remains the same as it was before it came into
      contact with the liquid crystal substance. For example, if RHCPL having a
      wavelength .lambda..sub.o = 2np is directed at a right-hand film, it is
      substantially completely reflected and, after reflection, remains RHCPL.
      If the same light were to be directed on a metallized mirror, in reflected
      light would be LHCPL.
PAR  Because of these optical properties, optically negative liquid crystalline
      substances have been found to be highly advantageous for use in a number
      of applications. U.S. Pat. Nos. 3,669,525 and 3,679,290 disclose the use
      of such liquid crystalline materials in optical filter systems. U.S. Pat.
      No. 3,744,920 discloses the use of these materials in a detection system
      which can identify physical surface and/or electrical conductivity
      irregularities in a surface of interest.
PAR  Extremely large extrinsic circular dichroism has been observed within the
      electronic transitions of achiral (optically inactive) solutes dissolved
      in cholesteric mesophases as reported in recently issued U.S. Pat. No.
      3,780,304 to F. D. Saeva et al. and in the following articles by F. D.
      Saeva et al. appearing in the Journal of the American Chemical Society
      (JACS): "Cholesteric Liquid-Crystal-Induced Circular Dichroism" (LCICD) of
      Achiral Solutes. "A Novel Spectroscopic Technique", Vol. 94, JACS, page
      5135 (1972); "Cholesteric Liquid-Crystal-Induced Circular Dichroism
      (LCICD). V. Some Mechanistic Aspects", Vol. 95, JACS, page 7656 (1973);
      "Cholesteric Liquid-Crystal-Induced Circular Dichroism (LCICD). VI. LCICD
      Behavior of Benzene and Some of its Mono- and Disubstituted Derivatives",
      Vol. 95, JACS, page 7660 (1973); and "Cholesteric Liquid-Crystal-Induced
      Circular Dichroism (LCICD). VII. LCID of Achiral Solutes in Lyotropic
      Cholesteric Mesophases", Vol. 95, JACS, page 7882 (1973).
PAR  Circular dichroism has not been previously reported as induced in
      extrinsically optically active insoluble materials and it has heretobefore
      been thought by those working in the art as evidenced by the above
      articles that two mechanisms were important to the existence of Liquid
      Crystal Induced Circular Dichroism in dissolved materials: (1) helical
      organization of solute, and (2) the exposure of solute to a helical
      organization of liquid crystal molecules. Shortly after the invention of
      this Application, data was reported which indicated that mechanism (1) was
      not required for the observation of extrinsic LCICD within solutes in the
      cholesteric mesophase. That is, the solute molecules need not be ordered
      into helical organization by the mesophase in order to exhibit liquid
      crystal induced circular dichroism. The data is reported in "The Optical
      Activity of Achiral Molecules in a Cholesteric Solvent", J.C.S. Chem.
      Comm., page 712, 1973.
PAR  It is known that the pitch of cholesteric liquid crystalline substances is
      responsive to various foreign stimuli such as heat, pressure, electric
      fields, magnetic fields, etc. In some cases this characteristic is a
      highly desirable advantage, such as where the substance is used in a
      detection system to indicate the presence, or a change in the amount
      present, of any particular stimulus. However, according to some uses of
      these substances, the fact that their performance is affected by foreign
      stimuli is not an advantage and it would be desirable to have materials
      whose performance in a particular mode would be essentially independent of
      the presence of the above mentioned stimuli.
PAR  In rapidly growing areas of technology such as liquid crystals new methods,
      apparatus, compositions and articles of manufacture are often discovered
      for the application of the new technology in a new mode. The present
      invention relates to novel and advantageous uses of extrinsically
      optically active insoluble materials in contact with optically negative
      liquid crystalline materials.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide an optical system
      having the above mentioned desirable features.
PAR  It is another object of the invention to provide an optical system
      employing optically negative liquid crystalline compositions which system
      is operative essentially independently of the presence of foreign stimuli.
PAR  It is a still further object of the invention to provide an optical system
      which converts infrared images to visible images by virtue of a limited
      response to the foreign stimulus of heat generated by said infrared image.
PAR  The above mentioned objects and advantages and others are realized in
      accordance with the invention by employing optically negative liquid
      crystalline substances in contact with extrinsically optically active
      insoluble materials whose electronic transitions, i.e., effect obtained
      from the interaction of light energy with the electrons of the molecules,
      become circularly dichroic (i.e., show a large preferential absorption of
      either LHCPL or RHCPL) when in contact with an optically negative liquid
      crystalline material. It should be understood that by the term
      "extrinsically optically active insoluble materials" we mean both
      intrinsically optically active and intrinsically optically inactive
      insoluble materials which are optically active or inactive, respectively,
      out of contact (or when not in contact) with optically negative liquid
      crystalline substances. Both intrinsically optically active insoluble
      materials and optically inactive insoluble materials become extrinsically
      optically active when contacted with an optically negative liquid
      crystalline material. This extrinsic induced behavior may overwhelm and
      dominate over any intrinsic activity since the specific rotations and
      molecular ellipticities in the former case are normally substantially
      larger than that observed for intrinsically optically active insoluble
      materials.
PAR  "Insoluble" is used herein to mean that dissolution of the material added
      to or contacted by the optically negative liquid crystalline material can
      not be detected by conventional photometric techniques, such as circular
      dichroism and optical absorption.
PAR  It has been found that when such normally extrinsically optically inactive
      insoluble materials are placed in or otherwise contacted by cholesteric
      mesophases, optical activity is induced in the optically inactive
      materials and they exhibit circularly dichroic behavior within their
      absorption bands. The optical behavior induced in the normally optically
      inactive insoluble materials is due to absorption whereas the circularly
      dichroic behavior of optically negative liquid crystalline substances in
      the region of .lambda..sub.o is due to selective reflection of one type of
      circularly polarized light. The insoluble materials which acquire the
      induced optical activity, as opposed to the optically negative liquid
      crystalline substances, absorb both RHCPL and LHCPL: however, they show a
      large preference for one type more than for the other type.
PAR  Thus, such insoluble materials may be utilized in devices which can be
      tuned to the absorption band of the insoluble materials rather than the
      reflection band of the optically negative liquid crystalline substance; or
      use may be made of both absorption bands of such insoluble materials and
      reflection bands of optically negative liquid crystalline materials.
DRWD
PAR  The invention will be more fully understood from the following detailed
      description of various preferred embodiments thereof particularly when
      read in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 shows the circular dichroism and absorption spectra of Calcium
      Bonadur Red particles suspended in the cholesteric mesophases of
      cholesteryl oleyl carbonate and cholesteryl chloride.
PAR  FIG. 2 shows the circular dichroism and absorption spectra of soluble and
      insolubilized anthracene-9-carboxylic acid in the cholesteric mesophase of
      cholesteryl chloride (60 wt. %)-cholesteryl nonanoate (40 wt. %).
PAR  FIG. 3 is an exploded schematic illustration of one infrared to visible
      image converter embodiment according to the present invention.
PAR  FIG. 4 is an exploded schematic illustration of another infrared to visible
      image converter embodiment according to the present invention.
DETD
PAR  Referring now to FIG. 1, there is seen the circular dichroism and
      absorption spectrum of a thin film (about 5 microns thick) of insoluble
      Calcium Bonadur Red pigment particles suspended in the cholesteric
      mesophases of cholesteryl oleyl carbonate and cholesteryl chloride. The
      pigment particles are insoluble in the cholesteric mesophase and are much
      larger in size than the liquid crystal molecules. Surprisingly, it was
      found that the insoluble particles exhibited liquid crystal induced
      circular dichroism not withstanding the fact that their large size
      relative to the molecules of the cholesteric mesophase prevented their
      being ordered into helical organization by the helical array of molecules
      of the cholesteric mesophase.
PAR  In the right-handed cholesteric helix CD bands of negative sign (E.sub.R &gt;
      E.sub.L) appear at about 450, 520, and 580 nm while positive CD bands
      appear at about 340 and 620 nm. In the left-handed cholesteric helix the
      above mentioned CD bands are of opposite sign to that found in the
      right-handed cholesteric helix. A major peak of absorption appears at
      about 580 nm of light and a shoulder at about 520 nm of light in the
      absorption spectrum. These wavelengths are within the visible region. The
      absorption and circular dichroism exhibited within the visible region is
      attributable solely to circular dichroism induced in the particles. It was
      further found, as seen from comparing particles sizes in Examples 1 and 2,
      below, that the phenomenon of circular dichroism induced in the particles
      may be a surface phenomenon. The ratio of circular dichroism to optical
      density increases in intensity with increase in surface area provided by
      the particles. That is, for the same weight amount of insoluble particles
      suspended in the cholesteric mesophase, a greater ratio is exhibited by
      smaller sized particles than by larger sized particles. The sign of
      extrinsic circular dichroism in the particles is independent of the
      position of the cholesteric pitch band .lambda..sub.o.
PAR  FIG. 2 presents for comparison the absorption and circular dichroism
      spectra of soluble and insolubilized anthracene-9-carboxylic acid. It is
      noted that while the soluble anthracene-9-carboxylic acid in the
      cholesteric mesophase (60 wt. %) cholesteryl chloride - (40 wt. %)
      cholesteryl nonanoate) exhibits a change in sign in circular dichroism
      which is dependent upon the position of the cholesteric pitch band
      .lambda..sub.o, the insolubilized anthracene-9-carboxylic acid remains
      positive in sign in circular dichroism (E.sub.L &gt; E.sub.R) notwithstanding
      change in position of the cholesteric pitch band .lambda..sub.o.
      Previously, it was observed with solutes in cholesterics that the sign of
      circular dichroism induced in the solute was dependent upon the position
      of .lambda..sub.o relative to solute absorption as well as the handedness
      of the cholesteric mesophase.
PAR  Of course, it will be recognized that the particular insoluble materials of
      FIGS. 1 and 2 are typical of the insoluble optically inactive materials of
      the invention and are used to illustrate what effect is obtained; similar
      results can be obtained with any of the insoluble optically inactive
      materials encompassed by the invention.
PAR  Experimental results with insoluble materials indicate that the intensity
      of the induced circularly dichroic absorption band varies with variation
      in pitch of the cholesteric mesophase, as well as with the chirality of
      the cholesteric helix. The sign of the extrinsic circular dichroism
      changes with chirality of the cholesteric helix. However, the sign of the
      extrinsic dichroism is independent of the wavelength location of the
      optically negative liquid crystalline pitch band .lambda..sub.o relative
      to the wavelength location of the absorption band of the insoluble
      material.
PAR  An important advantage derived from exploiting the induced circular
      dichroic optical activity of the absorption band of the insoluble
      materials contacted with the optically negative liquid crystalline
      material is that the absorption band will always remain substantially in
      the same position and will not be shifted to any significant extent by the
      presence of foreign stimuli. The magnitude of the optically active effect
      will typically change when a foreign stimulus acts upon the composition
      but the position of the band will not. This behavior is opposite to that
      of the pitch band of the optically negative liquid crystalline composition
      when acted upon by a foreign stimulus since, as is appreciated by those
      skilled in the art, the location of the pitch band changes but the
      amplitude thereof is always substantially the same. For example, when a
      stimulus acts upon the optically negative liquid crystalline environment,
      the pitch may become larger causing .lambda..sub.o to become larger (since
      .lambda..sub.o = 2np).
PAR  Thus, it can be seen that the addition of extrinsically optically active
      insoluble materials whose absorption bands become highly optically active
      when in contact with an optically negative liquid crystalline environment
      permits a novel and highly advantageous means for tailoring the properties
      of optically negative liquid crystal systems to achieve novel and
      extremely useful results. The above mentioned additives can be used to
      provide a circularly dichroic absorption band for the composition.
PAR  The additives which can be placed in contact with optically negative liquid
      crystalline substances according to the invention should be insoluble (as
      previously defined) in such a liquid crystalline environment and should
      have optical transitions which become circularly dichroic in some region
      of the electromagnetic spectrum. Any suitable extrinsically optically
      active insoluble material can be used according to the invention. Typical
      suitable extrinsically optically active insoluble materials include, among
      others, organic and inorganic pigments aromatic insoluble compounds such
      as insolubilized benzene, napthalene, anthracene and the like; insoluble
      azo compounds such as insolubilized arylazonaphthols, azobenzenes, etc.;
      insoluble nitro compounds such as insolubilized nitrobenzene,
      nitroarylazonaphthols and the like; insoluble nitroso compounds such as
      insolubilized nitrosonaphthalene and the like; insoluble compounds such as
      insolubilized benzylidene aniline, etc.; insoluble carbonyl compounds such
      as insolubilized acetone, acetophenone, benzophenone and the like;
      insoluble thiocarbonyls such as insolubilized thioacetophenones,
      thioacetone, thiobenzophenone, and the like; insoluble alkenes such as
      insolubilized butadiene, cyclohexane, etc.; insoluble heterocyclics such
      as insolubilized furans, aziridines, pyridines and the like, insoluble
      alkanes such as insolubilized hexane, dodecane and the like; metallic
      complexes; dyes such as polymethin, sulfur, indigo and anthraquinone dyes;
      and mixtures thereof.
PAR  Typical methods of insolubilizing include adsorbing on suitable surfaces
      and converting to ionic derivatives.
PAR  Generally speaking, it is preferred to use extrinsically optically active
      additive materials that absorb in the visible region of the spectrum such
      as, for example, inorganic and organic pigments in the novel compositions
      of the invention since the colored additives will provide preferred
      results when the compositions are utilized in various modes of application
      as will be discussed in detail hereinafter. For example, in a preferred
      embodiment of the invention where the compositions of the invention are
      employed in an imaging mode the use of colored additive materials will
      permit readout in the visible region of the spectrum of an image where the
      optical input is not in the visible spectral region of the electromagnetic
      spectrum.
PAR  Of course, it should be recognized that the above classes of materials are
      intended to be illustrative only of the insoluble additives which will
      provide the previously described induced behavior.
PAR  The amount of insoluble material which can be incorporated into an
      optically negative liquid crystalline can vary over an extremely wide
      range. The amount added in any particular instance is dependent primarily
      upon the intended use of the particular composition. For example, where it
      is intended to exploit the induced optical activity of the absorption band
      of the additive as little as up to about 10% by weight of optically
      inactive material can provide the induced optical activity. Of course, the
      upper limit of the amount of additive which can be incorporated into any
      particular optically negative liquid crystal composition, and which can go
      as high as about 90% by weight, is controlled by the requirement that the
      total environment must retain its optically negative liquid crystal line
      character after the addition of the optically inactive material.
PAR  Any suitable cholesteric liquid crystal substance, mixtures thereof or
      compositions having liquid crystalline characteristics may be employed in
      the invention. Typical suitable cholesteric liquid crystals include
      derivatives from reactions of cholesterol and inorganic acids, for
      example; cholesteryl chloride, cholesteryl bromide, cholesteryl iodide,
      cholesteryl fluoride, cholesteryl nitrate; esters derived from reactions
      of cholesterol and carboxylic acids, for example, cholesteryl crotonate;
      cholesteryl nonanoate, cholesteryl hexanoate; cholesteryl formate;
      cholesteryl docosonoate; cholesteryl proprionate; cholesteryl acetate;
      cholesteryl valerate; cholesteryl vacconate; cholesteryl linolate;
      cholesteryl linolenate; cholesteryl oleate; cholesteryl erucate;
      cholesteryl butyrate; cholesteryl caproate; cholesteryl laurate;
      cholesteryl myristate; cholesteryl clupanodonate; ethers of cholesterol
      such as cholesteryl decyl ether; cholesteryl lauryl ether; cholesteryl
      oleyl ether; cholesteryl dodecyl ether; carbamates and carbonates of
      cholesterol such as cholesteryl decyl carbonate; cholesteryl oleyl
      carbonate; cholesteryl methyl carbonate; cholesteryl ethyl carbonate;
      cholesteryl butyl carbonate; cholesteryl docosonyl carbonate; cholesteryl
      cetyl carbonate; cholesteryl-p-nonylphenyl carbonate;
      cholesteryl-2-(2-ethoxyethoxy) ethyl carbonate;
      cholesteryl-2-(2-butoxyethoxy) ethyl carbonate;
      cholesteryl-1-2-(2-methoxyethoxy) ethyl carbonate; cholesteryl geranyl
      carbonate; cholesteryl heptyl carbamates; and aklyl amides and aliphatic
      secondary amines derived from 3.beta.amino.DELTA.5-cholestene and mixtures
      thereof; peptides such as poly-.gamma.-benzyl-L-glutamate; derivatives of
      beta sitosterol such as sitosteryl chloride; and amyl ester of cyano
      benzilidene amino cinnamate. The alkyl groups in said compounds are
      typically saturated or unsaturated fatty acids, or alcohols, having less
      than about 25 carbon atoms, and unsaturated chains of less than about 5
      double-bonded olefinic groups. Aryl groups in the above compounds
      typically comprise substituted benzene ring compounds. Any of the above
      compounds and mixtures thereof may be suitable for cholesteric liquid
      crystalline materials in the advantageous system of the present invention.
PAR  Mixtures of liquid crystals can be prepared in organic solvents such as
      chloroform, petroleum ether and others, which are typically evaporated
      from the mixture leaving the liquid crystal composition. Alternatively,
      the individual components of the liquid crystalline mixture can be
      combined directly by heating the mixed components above the isotropic
      transition temperature.
PAR  The above lists of typical suitable optically negative liquid crystalline
      substances are intended to encompass mixtures of the above. These lists
      are intended to be representative only and are not to be construed as
      being exhaustive or limiting the invention to the specific materials
      mentioned. Although any liquid crystalline composition having cholesteric
      liquid crystalline characteristics is suitable for use in the present
      invention, it should be recognized that various different cholesteric
      liquid crystal substances or mixtures thereof or combinations of
      cholesteric liquid crystal substances with other substances such as those
      mentioned above will only possess the necessary properties which make them
      suitable for use according to the invention at some specific temperature
      range which may be at room temperature or substantially below or above
      room temperature. However, all of the various substances, mixtures or
      combinations thereof will function according to the method at some
      temperature. Typically, the materials of the invention will be used at or
      near room temperature. Thus, it is preferred to employ liquid crystal
      substances which have a liquid crystal state at or near room temperature.
      Generally speaking, the liquid crystal substance will preferably be in the
      liquid crystal state at the desired operational temperature.
PAR  Typical suitable thicknesses of films or layers of optically negative
      liquid crystalline material are from about 0.5 to about 50 microns,
      although any thickness which will provide the desired effect can be used.
PAR  The invention will now be described further in detail by way of examples,
      it being understood that these are intended to be illustrative only and
      the invention is not limited to the coditions, materials, procedures,
      etc., recited therein. All parts and percentages listed are by weight
      unless otherwise specified.
PAC  EXAMPLE I
PAR  The calcium salt of
      3'-ethyl-4'-chloro-6'-sulfonylphenylazo-2-hydroxy-3-naphthoic acid
      (Calcium Bonadur Red) is finely ground between two pieces of ground glass
      to an average particle size of about 10 microns. About 0.1 gm. of the
      particles are uniformly dispersed in about 11 gm. of the cholesteric
      mesophase of cholesteryl oleyl carbonate and cholesteryl chloride (50/50
      wt. %). The dispersion is placed between circular quartz plates about 1
      .times. 1/8 inch in dimension. The absorption spectrum of the prepared
      sample is analyzed with a Carey 15 Spectrophotometer. The prepared sample
      is analyzed with a Carey 61 Spectropolarimeter for circular dichroism.
      FIG. 1 graphically illustrates the resulting circular dichroism spectrum.
PAR  The absorption spectrum shows a major peak at about 580 nm and a shoulder
      at about 520 nm. The circular dichroism spectrum shows bands of negative
      sign (E.sub.R &gt; E.sub.L) at about 520 nm.
PAR  The dispersion was then centrifuged and the dispersed particles thereby
      separated from the cholesteric mesophase. The cholesteric mesophase was
      then re-examined spectrophotometrically and shows no absorption or
      circular dichroism in the visible region of the spectrum. This eliminates
      the possibility of particles having dissolved in the mesophase and
      indicates that circular dichroism may arise from a surface effect.
PAR  Example I demonstrates that circular dichroism can be induced in insoluble
      materials by dispersing same in an optically negative liquid crystalline
      material.
PAC  EXAMPLE II
PAR  Example I is repeated except that the particles are ground to an average
      particle size of about 2 microns. The ratio of circular dichroism to
      optical density is determined to be larger with these about 2 micron
      particles than with the about 10 micron particles of Example I. This
      buttresses the indication of Example I that the induced circular dichroism
      in insoluble materials may be a surface phenomenon because the smaller
      particles present a larger surface area in contact with the optically
      negative crystalline substance.
PAR  Except for the difference in the ratio, the same results are obtained in
      Example II as are obtained in Example I.
PAC  EXAMPLE III
PAR  Two samples are prepared as follows: each sample contains the cholesteric
      mesophase of 60% cholesteryl chloride-40% cholesteryl nonanoate. In sample
      I, anthracene-9-carboxylic acid dissolved in the mesophase. In sample II,
      particles of insoluble calcium anthracene-9-carboxylic acid are dispersed
      in the mesophase. The absorption and circular dichroism spectrums of
      samples I and II are determined in the manner of Example I. FIG. 2
      graphically illustrates the resulting spectra.
PAR  The circular dichroism induced in the dissolved acid in sample I changes
      sign at about 355 nm indicating a change in polarization of the electronic
      transitions. The dispersed insoluble particles of calcium
      anthracene-9-carboxylic acid in sample II exhibit induced circular
      dichroism which does not change sign with polarization of the electronic
      transition.
PAR  The circular dichroism of insoluble particles in sample II exhibits bands
      which are slightly blue shifted from the absorption bands for the
      particles. The relative intensities of the circular dichroism bands of the
      particles in sample II are more similar to the relative intensities of the
      absorption bands of the dissolved acid in sample I than to those of the
      absorption bands of the insoluble particles in sample II. The sign of the
      circular dichroism induced in the insoluble particles of sample II is
      positive (E.sub.L &gt; E.sub.R) and independent of whether .lambda..sub.o for
      the cholesteric mesophase is at larger or smaller wavelengths than the
      absorption band of the particles.
PAR  The difference in depending upon position of .lambda..sub.o between the
      dissolved acid in sample I and undissolved particles in sample II
      indicates a difference in mechanism between induced circular dichroism in
      solutes and induced circular dichroism in insoluble materials in intimate
      contact with optically negative liquid crystalline materials.
PAC  EXAMPLE IV
PAR  Vanadyl phthalocyanine (VOPC) is heated in a vacuum to sublime a film of
      VOPC upon a quartz disc about 1 .times. 1 .times. 1/8 inch. The VOPC film
      is overcoated with a layer of the cholesteric mesophase of cholesteryl
      oleyl carbonate (COC) which, in turn, is contacted with a glass plate to
      produce a glass-VOPC-COC-quartz disc sandwich.
PAR  The absorption and circular dichroism spectrum of the COC-VOPC combination
      was examined and circular dichroism was observed in the region of the
      visible electronic transitions of VOPC. This observation demonstrates that
      circular dichroism induced in insoluble materials in intimate contact with
      optically negative liquid crystalline materials is due to specific
      interaction between the two materials.
PAC  EXAMPLE V
PAR  Example IV is repeated except that the VOPC is replaced with copper
      phthalocyanine (CuPC). Circular dichroism is observed in the visible
      electronic transition of CuPC.
PAC  EXAMPLE VI
PAR  Example I is followed except that Bonadur Red is replaced by copper
      phthalocyanine (CuPC).
PAR  The absorption spectrum shows major peaks at about 600 nm and about 690 nm.
      The circular dichroism spectrum shows bands of positive sign (E.sub.R &gt;
      E.sub.L) at about 595 nm and about 680 nm.
PAR  The CuPC particles are centrifuged out and the liquid crystalline material
      re-examined spectrophotometrically; no absorption or circular dichroism in
      the visible region is exhibited. This eliminates the possibility that
      circular dichroism was exhibited by dissolved molecules rather than by
      insoluble particles.
PAC  EXAMPLE VII
PAR  Particles of calcium anthracene-9-carboxylic acid are dispersed in a
      supercooled cholesteric mesophase of 60% cholesteryl chloride-40%
      cholesteryl nonanoate. The dispersion is sandwiched at a thickness of
      about 7 microns between two tin-oxide coated quartz discs 1 .times. 1
      .times. 1/8 inch. A D.C. voltage is applied to the oxide coatings to apply
      an electric field across the dispersion while the dispersion is being
      examined for circular dichroism induced in the particles. Upon application
      of the field, a change in both sign and magnitude of the induced circular
      dichroism is observed within the absorption bands of the dispersed
      particles.
PAR  The circular dichroism intensity is substantially completely eliminated
      when the applied voltage is about 400 volts D.C.
PAR  Example VII demonstrates that the application of electric fields across
      cholesteric mesophases in contact with an insoluble material, alters both
      the sign and magnitude of the induced (extrinsic) circular dichroism.
PAC  EXAMPLE VIII
PAR  An infrared to visible image converter is prepared as follows. The calcium
      salt of 3'-ethyl-4'-chloro-6'-sulfonylphenylazo-2-hydroxy-3-naphthoic acid
      (Calcium Bonadur Red) is ground to an average particle size of about 10
      microns between two pieces of ground glass. About 0.5 gm. of particles are
      uniformly dispersed in about 11 gm. of the cholesteric mesophase 60 wt. %
      cholesteryl chloride (CC)-40 wt. % cholesteryl nonanoate (CN). The 60/40
      CC-CN mixture exhibits a reflection pitch band centered about a
      .lambda..sub.o value of about 30,000 Angstroms which is in the infrared
      region of the spectrum. The Calcium Bonadur Red exhibits an absorption
      band at about 580 nm which is in the visible region of the spectrum. The
      60/40 CC-CN has a left-handed intrinsic rotary sense and induces circular
      dichroism of the negative sign at within the absorption band of the
      dispersed particles of Calcium Bonadur Red at 450, 520, and 580 nm.
PAR  The dispersion is placed as a thin film of about seven microns between two
      quartz discs (1/8 .times. 1 inch).
PAR  Infrared light is passed through a stencil to impinge on the liquid crystal
      layer in a configuration corresponding to the stencil. A visible image
      corresponding to the stencil is observed in the dispersion by measuring
      the magnitude of the transmission of circularly polarized light, by the
      use of a quarter wave and linear polarizer combination placed after the
      liquid crystal layer, in both image and non-image areas.
PAR  For a greater appreciation of the significance of comparative Example III
      above, reference is made to the aforementioned article by F. Saeva
      appearing in 95 Journal of American Chemical Society, page 7656 (1973);
      especially, Table I and accompanying test on page 7657 wherein the
      dependency of liquid crystal induced circular dichroism in solutes upon
      helix sense of the cholesteric mesophase, upon direction of electronic
      transition moments of solute and upon cholesteric mesophase pitch band
      .lambda..sub.o position relative to wavelength of absorption of solute, is
      discussed in detail. That article is hereby incorporated by reference.
PAR  It will be appreciated, of course, that all embodiments of the invention
      herein described can be used with or without application of an electrical
      or magnetic field, and that such usage may include selective application
      of an electrical or magnetic field with regard to time of application,
      duration of application, and area of application. It is noted that the
      application of electrical field strength at or above that causing
      transition of the liquid crystalline material from optically negative
      characteristics to optically positive characteristics destroys the
      circular dichroism induced in extrinsically optically active materials in
      contact with the liquid crystalline materials.
PAR  According to the present invention, an optically negative liquid
      crystalline material in intimate contact with an extrinsically optically
      active insoluble material can be arranged in front of a quarter
      waveplate-linear polarizer combination to be utilized as an image
      converter to convert infrared images into visible images. The pitch band
      centered about the .lambda..sub.o value of the liquid crystalline material
      is modified in imagewise configuration upon the infrared light striking
      the liquid crystalline material. The insoluble material is selected to
      exhibit a circular dichroic absorption band in the visible when in contact
      with the liquid crystalline material. The circular dichroism induced in
      the insoluble material by the liquid crystalline material varies in
      amplitude, but not in wavelength position, with variation of
      .lambda..sub.o of the liquid crystalline material.
PAR  Referring now to FIG. 3, infrared radiation 9 is directed upon stencil 10
      and allowed to pass therethrough in configuration corresponding to voids
      14 therein forming the letter "X". In succession, the configured infrared
      light passes through the liquid crystal film 12 having particles 30 of
      extrinsically optically active insoluble material dispersed therein and
      quarter waveplate 15 and linear polarizer 13. The insoluble material of
      particles 30 is chosen to exhibit at least one absorption band within the
      visible region of the spectrum when dispersed in film 12. When the
      imagewise configured infrared light strikes the film 12 the heat thereof
      causes a variation in .lambda..sub.o of the liquid crystalline material in
      imagewise configuration which, in turn, causes an imagewise variation in
      the amplitude of circular dichroism induced within the visible absorption
      band of particles 30. Looking through polarizer 13, a viewer discerns a
      visible image 8 corresponding to stencil image 14.
PAR  Linear polarizer 13 may be selected from any of many various materials.
      Typical suitable materials are commercially available from Polaroid
      Corporation under the trade name Polaroid Sheet. The quarter waveplates
      may be selected from any of various materials. Typical suitable materials
      are commercially available from the Polaroid Corporation.
PAR  Optically negative liquid crystalline materials for film 12 may be selected
      from any of the aforementioned materials; the material selected may, but
      need not, also have a .lambda..sub.o in the infrared region. Any
      extrinsically optically active insoluble material can be used which has an
      absorption band in the visible region while in contact with the selected
      liquid crystalline material. For example, mixtures of cholesteryl chloride
      and cholesteryl nonanoate in the range of about 20 wt. % CC-80 wt. % CN to
      about 90 wt. % CC-10 wt. % CN typically have .lambda..sub.o 's in the
      infrared region of the spectrum.
PAR  FIG. 4 illustrates another embodiment of the invention wherein like
      numerals refer to like components of FIG. 3. However, in FIG. 4 the
      extrinsically optically inactive soluble material is used as a film or
      coating 31 on a suitable substrate 32. In FIG. 4, coating 31 is shown
      residing on a separate substrate 32 which may be any material which is
      substantially transparent to infrared radiation and which is optically
      isotropic. Typical suitable materials for substrate 32 include glass,
      fused silica, and any other material having the required characteristics,
      such as quartz. Optionally, coating 31 may be made directly on the quarter
      waveplate, so long as intimate contact between coating 31 and film 12 is
      made. Of course, in FIG. 4, film 12 need not have particles 30 dispersed
      therein.
PAR  While the invention has been described in detail with respect to various
      preferred embodiments thereof, it is not intended to be limited thereto
      but rather it will be appreciated by those skilled in the art that
      modifications and variations are possible which are within the spirit of
      the invention and the scope of the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for converting an infrared image to a visible image,
      comprising:
PA1  a. providing a film of an optically negative liquid crystalline material in
      contact with an insoluble material; said optically negative liquid
      crystalline material having a reflection band with center wavelength
      .lambda..sub.o ; said insoluble material, when in contact with said
      optically negative liquid crystalline material, becoming extrinsically
      optically active and having an absorption band in the visible within which
      circular dichroism is induced;
PA1  b. impinging one side of said film of optically negative liquid crystalline
      material with imagewise configured infrared radiation to change the
      position of said reflection band with center wavelength .lambda..sub.o ;
PA1  c. providing on the other side of said film of optically negative liquid
      crystalline material, in turn, a quarter waveplate and a linear polarizer;
      the slow axis of said quarter waveplate and the axis of polarization of
      said linear polarizer having an angular relationship of about 45.degree.;
      whereby an image corresponding to said infrared image is observed within
      the wavelength range of said light absorption band.
NUM  2.
PAR  2. The method as defined in claim 1 wherein said extrinsically optically
      active insoluble material comprises a member selected from the
      insolubilized group consisting of aromatic compounds, azo compounds, nitro
      compounds, nitroso compounds, anil compounds, carbonyl compounds,
      thiocarbonyl compounds, alkenes, heterocyclic compounds, alkanes and
      mixtures thereof.
NUM  3.
PAR  3. The method as defined in claim 1 wherein said insoluble material is
      dispersed in said liquid crystalline material.
NUM  4.
PAR  4. The method as defined in claim 3 wherein the insoluble material content
      of said liquid crystalline film comprises up to about 90% by weight.
NUM  5.
PAR  5. The method as defined in claim 1 wherein said insoluble material is in
      layer configuration.
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PAL  A unique imaging device operating in the far infrared is provided by
       utilng fiber optic techniques. The system is used to improve the
      performance of photoconductive and thermoresistive type retinas.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The use of far infrared viewers for surveillance and diagnostic work has
      become popular because of their ability to detect targets by their
      temperature difference in comparison with local backgrounds. This
      difference in many cases is impossible to conceal, and in diagnostic
      studies is often more pertenant than any visual changes that occur.
      Originally photographic techniques were preferred because of their high
      resolution, but current needs are running to realtime devices employing
      electronic circuitry. Excellent devices have been fabricated using
      individual diodes to generate the point or line elements that make up the
      final image. The resolution achievable depends on the size of the diodes
      and efforts to meet even modest requirements have resulted in very
      expensive devices. A more economical approach is to provide an imaging
      device with a continuous layered film or retina having a response property
      that can be measured by projecting a narrow beam of electrons onto its
      surface. These latter devices can be divided into two groups depending on
      whether the retina has a photoconductive or a thermoresistive (bolometer)
      type of response property.
PAR  In both types the retina is cooled to provide the necessary sensitivity,
      usually to the temperature of liquid nitrogen, and a shield at the same
      temperature blocks out essentially all radiation except that from the
      object space of interest. This results in a retina that is deeply recessed
      and requires a lens system with a narrow field of view. Even with such
      precautions there is still the vignetting effect of the cosine law
      refraction, which produces a radial shading of the temperature image at
      the retina. Superposed on this same image is the everpresent nonuniformity
      of the retina itself, which can obscure the small variations that take
      place between adjacent points on the retina. Similar restrictions apply to
      devices with both types of retinas, so that the resolution of the two are
      approximately equal.
PAC  BRIEF DESCRIPTION OF INVENTION
PAR  An object of the present invention is to improve the quality of the
      continuous retina type far infrared viewing device by using a special
      bundle of optical fibers to process the image as it travels from the image
      plane to the plane of the retina.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  This and other objects of the invention will be best understood with
      reference to the accompanying drawings wherein:
PAR  FIG. 1 shows a side view in cross-section of a cold-head arrangement for a
      continuous retina tube according to the prior art;
PAR  FIG. 2 shows a side view in cross-section of a continuous retina tube
      structure according to the present invention;
PAR  FIG. 3 is a more detailed side view in cross-section of the fiber optic
      bundle 23 used in the FIG. 2 structure;
PAR  FIG. 4 shows a series of typical response curves keyed to the structure in
      FIG. 3; and
PAR  FIGS. 5 - 8 show several edge views of possible compositions of the retina
      26 from FIG. 2.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring specifically to FIG. 1 there is shown a typical thermal imaging
      tube from the prior art. The lens 11 focusses an image through window 12
      in the tube shell 17 and iris 13 in a cold head 14. The final image
      appears on a retina 16. The coldhead communicates through one or more
      tubulations 15 with a supply of liquid nitrogen. For best resolution the
      smallest possible iris is used and the greatest possible spacing between
      the iris and the retina. This leads to the use of expensive telescopic
      type lens systems.
PAR  FIG. 2 shows a thermal imaging tube according to the present invention. It
      also has a lens system 21 and a tube window 22, but instead of an iris a
      short bundle of optical fibers 23 is used. The cold head 24 contacts and
      supports the fibers and has the usual one or more tubulations 25
      communicating with an exterior supply of liquid nitrogen. The retina 26 is
      mounted in a spaced parallel relationship or attached to the inner ends of
      the optical fibers. This arrangement allows the image to be formed very
      close to the window 22, which in turn relieves the requirements of the
      lens system. The cold head is joined to window 22 by metal tube shell 27,
      which in turn is sealed to the glass body 28 of the tube. A conventional
      electron gun 29 is mounted through the glass body in the usual fashion.
      The electron beam 30 is directed onto the retina and the resulting signal
      is carried by lead 31 sealed through the glass body to an external
      terminal 32.
PAR  Returning to the bundle of optical fibers, FIG. 3 shows the general
      relationship of the transparent fibers 31 which are typically 50 microns
      in diameter surrounded by air or a cladding layer 32 a few microns thick.
      Each fiber is separated from the next by opaque fibers 33 the function of
      which will be discussed in due course.
PAR  An image projected on the front end of this bundle is dissected and "piped"
      through individual fibers 31 and then projected on the retina 26 which is
      in close proximity to the back end of the bundle. If the fibers 31 of
      index of refraction n.sub.1 are surrounded by a cladding 32 of the smaller
      index n.sub.2, far infrared rays incident on the walls at an angle of
      incidence larger than the critical angle for total reflection will be
      transmitted through the light pipes with an absorption which is small.
      Providing of course the fiber itself is made from a low loss material,
      such as arsenic trisulfide. The critical angle .theta..sub.cr  will be
      matched to the desired aperture D/2f so that for a beam in vacuo incident
      under the limiting angle .theta..sub.m.
      ##EQU1##
      For example, the aperture D/2f = 1 is matched for n.sub.1 = 1.8 and
      n.sub.2 = 1.5. For light wavelengths much smaller than the fiber diameter,
      we can assume that simple geometrical optics is valid. Under these
      conditions, light incident at angles within the field of view will pass,
      whereas that coming from outside the aperture or from the housing walls
      outside the tube window will be absorbed (with the exception of certain
      skew rays which will be discussed presently). Stated differently, since
      the fiber bundle at its low temperature emits only a negligible amount of
      thermal radiation, the front end of the retina obtains light to a large
      extent only from the observed scene. Thus a nearly ideal iris effect is
      created: each image element is individually and completely shielded and
      differences or shading of temperature on the retina due to vignetting are
      avoided. Of course, a source of shading is still present, if the heat
      conductivity of the fiber material is too low. However, for a heat
      conductivity of 0.01 cal/sec deg cm, in arsenic trisulfide, the
      temperature difference on the retina may be only 10.sup.-.sup.3 C.
PAR  As noted above certain "skew" rays are able to pass through the filaments
      at angles larger than .theta..sub.m. However, they affect all elements
      equally, and their total effect is small or can be made small by choosing
      the fiber and its cladding material so as to discriminate against such
      rays. Finally, if desired, use can be made of the mode restriction
      according to electromagnetic waveguide theory; i.e. the diameter of the
      fiber is between .lambda. and .lambda./2, where .lambda. is the wavelength
      of the radiation.
PAR  As the radiation flux leaves an individual fiber, its original diameter
      will increase at the distance d of the retina, first, because of
      diffraction by an amount 1.22d and second, due to the reflection limit by
      an amount
      ##EQU2##
      Thus if the retina is placed 0.1 mm from the bundle, the resolvable
      element size will be on the order of 10.1 mm for f1. It is possible,
      however, to place the retina considerably closer to the fibers, e.g. by
      placing an aluminum oxide film on a thermally insulating film of smoke or
      by other means to be discussed later, and then the spreading of the rays
      may be ignored.
PAR  The original image formed by the external optical system on the front end
      of the fiber bundle may be located quite closely to the tube window. Thus
      it is possible to employ relatively conventional and inexpensive optical
      equipment, in contrast to the recessed retina arrangement which has been
      used so far in thermal imaging tubes.
PAR  A further feature, also shown in FIG. 3 is made possible by the splitting
      up of the image into individual beams. Many types of nonuniformity in area
      detectors involve a gradual change of sensitivity over the surface. That
      is, the sensitivity difference between two points separated by many
      elements may be quite large, but those between two adjacent elements will
      be quite small. If opaque fibers 33 are used to separate the transparent
      ones, a reference level is provided between each pair image elements. The
      output signal can then be processed to provide only the difference between
      the retinal response as the electron beam moves from an illuminated area
      to a dark area. Assume that the response in a given region of the retina
      is especially high. Ordinarily the signal from this area would yield large
      signals, larger than from some other region which may in fact correspond
      to less incident energy. The mixed fiber system avoids this anomaly by
      comparing the signals under nearly equal conditions of sensitivity. Thus,
      if in an uncompensated retina the signal current fluctuates 5% because of
      nonuniformity, in the present case the fluctuation amounts only to 5% of
      the difference between adjacent elements signals. It may be preferable to
      arrange the opaque fibers with smaller diameters (by a factor of 2 or 3 )
      than their transparent neighbors. First, the active area is increased
      thereby; second the "effective" temperature under the opaque areas is then
      more nearly equal to that of those which are illuminated. It should be
      stressed that the desired effects may be obtained even if the opaque fiber
      diameter is smaller (up to a limit) than the element resolvable either by
      the thermal distribution or the scanning beam.
PAR  FIGS. 5-7 show three types of bolometric retinas that may be used to sense
      the thermal distribution or image. In FIG. 5 the retina is mounted in
      parallel spaced relationship (less than 0.1 mm spacing) with the image
      resolving plane presented by the ends of the fibers furthest from the lens
      system. It may consist for example, of a layer 51 of nitrocellulose
      covered with an electrically conductive layer 52 of gold black on which is
      superposed a layer 53 of semiconducting smoke. Smoke is a fluffy material
      produced by evaporating a selected material in an atmosphere of inert gas
      at reduced pressure, e.g. 10 microns of mercury. A typical semiconductor
      for this purpose arsenic triselenide. Gold black is a similar material
      where gold is the selected material.
PAR  The retina of FIG. 6 is deposited directly on the fiber optic bundle. A
      layer 61 of insulating smoke, e.g. antimony trisulfide is coated on the
      end of the fibers followed by a layer of gold black and the bolometric
      layer 63 of semiconducting smoke. The insulating smoke layer, like the
      nitrollulose layer in FIG. 5, serves as an electrical and heat insulator
      to prevent lateral image degradation. The gold black provides an
      electrical conductor, as in FIG. 5, to receive the electron scanning
      current.
PAR  The insulating smoke is deleted from the FIG. 7 retina. The gold black
      layer 71 in this case has a twofold purpose. First, it provides for the
      absorption of the incident infrared radiation converting it into a
      temperature pattern and second, it serves as a partial thermal insulator.
      But it is also an electrical and thermal conductor, although as such more
      than a thousand times less effective than the solid material. Unavoidably
      there results a reduction in the temperature profile, but this fact is at
      least partially compensated by a number of advantages: (1) lateral heat
      degradation is reduced, (2) the time constant is decreased; and (3) the
      lower mean temperature attainable makes possible the use of a more
      effective bolometer film 72, such as arsenic triselenide. Thus the
      resulting higher resolution, reduction of nonuniformities, and
      applicability of new materials more than make up for the loss in
      temperature signal.
PAR  As shown in FIG. 8 the fiber-optic system is also applicable to direct
      photoconductive processes. In this case, no thermal insulation is
      necessary. A thin metal film 81 on the back of the fiber bundle,
      transparent to far infrared is followed by a film 82 which exhibits a
      change of electrical conductivity in response to incident infrared
      radiation. This arrangement, then, operates as a vidicon in the far
      infrared, with the difference from existing tubes that the necessary low
      temperature can be obtained without the drawbacks in the optical
      arrangement mentioned above, and with the incorporation of a
      discrimination system for nonuniformities.
PAR  Many variations of the above described structures will be immediately
      apparent to those skilled in the art, but the present invention is limited
      only as defined in the claims which follow.
CLMS
NUM  1.
PAR  1.  In a far infrared image converter with a lens system defining an image
      plane a photosensitive element comprising:
PA1  a bundle of optical fibers each having a first end face in said image plane
      and a second end face in a resolving plane; and
PA1  a single continuous planar electrical heat detecting retina mounted in
      parallel relationship to said resolving plane and spaced less than 0.1 mm
      from all of said second end faces.
NUM  2.
PAR  2. A converter according to claim 1 wherein:
PA1  at least a portion of said fibers are transparent to far infrared and
      coated with a material having a coating with index of refraction n.sub.2
      related to the index of refraction n.sub.1 of the fiber by the relation
      sin .theta..sub.m = .sqroot.n.sub.1.sup.2 - n.sub.2.sup.2, where
      .theta..sub.m is the half angle of view of said lens system.
NUM  3.
PAR  3. A converter according to claim 1 wherein said bundle contains:
PA1  a first plurality of fibers transparent to far infrared; and
PA1  a second plurality of fibers opaque to far infrared, said opaque fibers
      separating each of said transparent fibers.
NUM  4.
PAR  4. A converter according to claim 1 wherein said retina comprises:
PA1  a layer of insulating material, transparent to IR, facing said end faces of
      said fibers; and
PA1  a layer of smoke attached to said insulating layer.
NUM  5.
PAR  5. A converter according to claim 1 wherein said retina comprises:
PA1  a layer of insulating smoke attached to the second end faces of said
      fibers;
PA1  a layer of gold black attached to said layer of smoke; and
PA1  a layer of semi-conducting smoke attached to said layer of gold black.
NUM  6.
PAR  6. A converter according to claim 1 wherein said retina comprises:
PA1  a layer of gold black attached to the second end faces of said fibers; and
PA1  a layer of semiconducting smoke attached to said layer of gold black.
NUM  7.
PAR  7. A converter according to claim 3 wherein:
PA1  said opaque fibers are smaller than said transparent fibers.
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PAL  A directional radiation detector having a pyroelectric sensing medium for
      responding to radiation and a directional screen formed of a panel with a
      plurality of axial passages that restrict the radiation viewing angle of
      the detector.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates in general to radiation detectors and more
      specifically to such detectors that have a directional screen.
PAR  2. Description of the Prior Art
PAR  There are a number of radiation detectors presently known in the art but
      the operation of such known detectors is hinged upon the use of a small
      area sensing medium such as a crystal. Because of the small size of the
      sensing medium of such known detectors, sufficient radiation exposure of
      the sensing medium is difficult to achieve without resorting to special
      equipment. For example, to increase the amount of radiation exposure of
      the sensing medium often small area detectors include a lens or spherical
      mirror to focus a large amount of radiation on the sensing medium.
      Although such focusing means has proved operationally satisfactory, the
      use of a focusing lens or spherical mirror is relatively expensive and
      adds considerably to the price of a detector. To avoid the need of a
      focusing means, the present invention employs a large area sensing medium
      in the form of a layer of pyroelectric material. However, one problem with
      the use of a detector with a large area sensing medium is that the
      directionality of the detector is significantly reduced and, consequently,
      the field of view of the detector is too large for many purposes.
PAR  Various types of shields or screens for providing a directional capability
      are known in the art as evidenced by U.S. Pat. Nos, 3,821,463; 3,546,359;
      3,584,134; and 3,231,663. However, such patents do not disclose the use of
      such shields or screens for providing a detector with directional
      capabilities and in spite of such art the need still exists for a
      directional radiation detector that is of a convenient size for portable
      use and yet is relatively inexpensive and simplistic in construction.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a radiation detector having a pyroelectric
      sensing medium layer that produces electrostatic charges on its surfaces
      when temperature varied, a conductive electrode on each surface of the
      sensing medium, sensing circuitry connected between the conductive
      electrodes for detecting and indicating electrostatic charges thereon and
      a directional screen that restricts the field of view that the detector
      has for sensing radiation.
PAR  In a preferred embodiment the components of the detector are located in a
      housing having an open front end in which the screen means is disposed.
      The walls of the housing are radiation absorbent or reflective to insure
      that radiation may enter the housing only through the directional screen.
      A panel forms the directional screen and includes a plurality of axial
      passages therethrough, which passages serve to restrict the viewing angle
      of the detector. The sensing medium and conductive electrodes are
      positioned directly behind the directional screen so that only radiation
      passing through the directional screen will affect the sensing medium.
      Accordingly, by increasing or decreasing the dimensions of the passages in
      the panel of the directional screen, the detector may be designed for
      particular fields of view that are required for specific applications.
PAR  The foregoing and other advantages of the present invention will appear
      from the following description. In the description reference is made to
      the accompanying drawings, which form a part hereof, and in which there is
      shown by way of illustration, and not of limitation, a specific form in
      which the invention may be embodied. Such embodiment does not represent
      the full scope of the invention, but rather the invention may be employed
      in a variety of embodiments, and reference is made to the claims herein
      for interpreting the breadth of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view in elevation of a preferred embodiment of a
      detector of the present invention; and
PAR  FIG. 2 is a fragmentary cross section side view in elevation of a front
      panel of the detector of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and with specific reference first to FIG. 1,
      a detector 1 represents a presently preferred embodiment of the present
      invention. The detector 1 is particularly suited for use as a heat
      detector by sensing infrared radiation, but it may be equally useful for
      detecting other types of radiation.
PAR  The detector 1 includes a rectangular shaped housing 2 having a back wall
      3, a pair of opposite sidewalls 4 and 5, a top wall 6, a bottom wall 7,
      and an open front end 8. The dimensions and shape of the housing 2 are a
      matter of choice and the housing 2 can be of another shape such as a
      cylinder. The walls of the housing 2 are formed or coated with a material
      that may be radiation absorbent or reflective to serve as a shield for
      preventing radiation from passing therethrough. A strap handle 10 is shown
      attached to the housing top wall 6 to serve for hand carrying the detector
      1; however the handle 10 is not essential to the present invention and
      instead a pistol handle or other such handling means may be attached to
      the housing 2 to facilitate its portability.
PAR  Contained in the housing 2 is a nonconductive, poled, pyroelectric sensing
      medium 11 that is sandwiched between front and back layers of conductive
      material 12 and 13 respectively, which layers are affixed in
      surface-to-surface contact with the front and back surfaces of the medium
      11. Forming the medium 11 is preferably a material such as polyvinylidene
      fluoride or other such polymeric material having pyroelectric properties.
      Poled, pyroelectric materials exhibit the unique characteristic of
      developing electrostatic charges on their planar surfaces when subjected
      to a variation in temperature, with the charges developed on one surface
      opposite in polarity to those developed on the other surface. The
      conductive layers 12 and 13 serve as electrodes for collecting any
      electrostatic charges developed on the surfaces of the pyroelectric medium
      11 for the reason that the medium 11 is nonconductive. Preferably the
      front surface of the conductive layer 12 is coated with a flat black paint
      (such as produced by Minnesota Mining and Manufacturing Company under the
      trademark "Nextal") to increase its radiation absorbency.
PAR  Disposed in the open front end 8 of the housing 2 is a panel 14 that serves
      as a directional screen and is juxtaposed with the conductive layer 12.
      The panel 14 is formed in homeycomb fashion, as shown most clearly in the
      fragmentary view of FIG. 2, with a plurality of axial passages 16 aligned
      perpendicular to the layer 12 and defined by thin divider walls 17. The
      panel 14 may be formed from paper, metal, wood or various other materials
      that are radiation absorbent, or are coated with such a substance. The
      panel 14 serves to restrict the viewing angle of the detector 1 and
      thereby limits the amount of radiation that enters the housing open end 8.
      In general, the dimensions and shape of the panel 14 are not critical and
      depend primarily on the degree of directionality that is required for a
      particular application. For example, decreasing the diameter of the
      passages 16 while increasing their length will serve to make the panel 14
      more directional. In fact, the panel 14 may be designed so that the
      radiation from the area of temperature variation will only strike the
      conductive member 12 when the open end of the detector housing is pointed
      directly at such area.
PAR  By the use of panel 14, the detector 1 may be used to scan a large
      structure such as a wall or ceiling, in search of areas of temperature
      variation and to pinpoint such areas. If, for example, an area of
      temperature variation is a hot spot, the rays from such spot will heat up
      the conductive layer 12, which in turn causes a heat rise of the sensing
      medium 11. Thus, electrostatic charges develop on opposite surfaces of the
      medium 11 and the conductive layers 12 and 13 serve to collect such
      charges.
PAR  A sensing circuit 18 is mounted on a printed circuit board 19 next to the
      conductive layer 13 and is electrically connected across the layers 12 and
      13 for responding to the development of electrostatic charges on the
      surfaces of the medium 11. The response of the sensing circuit may be
      visually monitored either by a meter (not shown), or by the lighting of a
      bulb 20 mounted on the housing top wall 6 for indicating that the detector
      1 has sensed a temperature variation.
PAR  Thus, the present invention provides a relatively simplistic means for
      detecting temperature variations of a structure and for pointing out their
      location. Moreover, the present invention is readily transportable and
      highly convenient to use.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A directional thermal detector for sensing temperature variations of a
      structure and comprising:
PA1  a layer of poled, polymeric pyroelectric, infrared radiation sensitive
      material that produces electrostatic charges on its surfaces when its
      ambient temperature is varied, the charges produced on one surface of said
      layer being opposite in polarity to the charges on the opposite surface of
      said layer;
PA1  a first layer of electrically conductive material carried on said one side
      of said pyroelectric layer to serve as an electrode for collecting the
      electrostatic charges produced on said one side;
PA1  a second layer of electrically conductive material carried on said opposite
      side of said pyroelectric layer to serve as an electrode for collecting
      the electrostatic charges on said opposite side;
PA1  sensing circuitry connected across said first and second conductive layers
      for detecting and indicating electrostatic charges thereon;
PA1  shield means for insulating said opposite side of said pyroelectric layer
      from exposure to infrared radiation; and
PA1  directional screen means that includes a panel juxtaposed with said first
      conductive layer and having a plurality of axial passages aligned
      perpendicular to said conductive layer for limiting the exposure of said
      conductive layer to infrared radiation from the structure being detected,
      and thereby restrict the viewing angle of the detector.
NUM  2.
PAR  2. A detector as recited in claim 1 wherein said pyroelectric layer is
      formed from polyvinylidene fluoride.
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PAL  A cryogenically cooled infra-red detection cell assembly comprises a
       Dewalask type of thermal insulation casing. The closed end of the Dewar
      casing is the front end of the assembly and is adapted to have a lead
      sulfide infra-red transducer mounted on the inside face of the casing
      inner end wall, and to have the casing outer end wall form a part of a
      lens system for focusing on the transducer. A Joule-Thomson cryostat
      projects into the casing so as to maintain liquid nitrogen adjacent the
      outside face of the inner end wall. A mass of absorbent packing is placed
      in the Dewar casing adjacent its closed end, just ahead of the cold end of
      the cryostat to retain the liquid nitrogen there. The cold end of the
      cryostat is mounted to a metal mandrel, with the rear end of the mandrel
      serving as a mount for a small piece of gold-doped germanium. This piece
      of doped germanium acts as a variable resistance at the critical range of
      temperature control for the front end of the cryostat, and is operatively
      connected to a thermostat circuit which actuates the valve controlling the
      flow of gas into the cryostat. The electrical connections to the lead
      sulfide transducer consist of conductive strips which extend rearwardly
      along the inside surface of the inner lateral wall of the Dewar casing.
      Shieldings to prevent microphonics due to casing vibration, and
      microphonics due to gas motion in the cryostat, are deposited on the
      surfaces of the lateral walls of the Dewar casing.
BSUM
PAR  This invention relates to improvements in infrared energy sensing units of
      the type having a transducer cell that operates at cryogenic temperatures,
      under the cooling action of a Joule-Thomson cryostat. More particularly it
      refers to such a unit having a built-in temperature senser to provide
      thermostatic control of the cryostat.
PAR  An object of the invention is to provide an infrared energy sensing unit
      having a built-in temperature senser which is effective in providing
      thermostatic control over a cryogenic temperature range including that of
      liquid nitrogen.
PAR  Another object is to provide a unit in accordance with the previous
      objective, and which further provides effective shielding of the infrared
      signal channel from microphonic noise due to vibration and movement of
      refrigerant.
DRWD
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a central section through an infrared sensing unit in accordance
      with this invention, with certain portions being shown in side elevation,
      and also showing a block diagram of associated refrigerant gas control
      system components;
PAR  FIG. 2 is a diagrammatic representation of a central section of the glass
      casing, showing coatings and layers applied to the glass surface with
      exaggerated thickness, also showing a wiring diagram of elements
      associated with the coatings;
PAR  FIG. 3 is an enlargement of a portion of FIG. 1; and
PAR  FIG. 4 is an enlargement of a detail of FIG. 1.
DETD
PAR  Referring now to the drawing, and in particular to FIG. 1, the subject of
      the invention is a unit 10 consisting of a combined infrared energy sensor
      and a cryogenic cooling mechanism adapted for thermostatic control. Unit
      10 has a Dewar flask type glass casing 12 comprising an inner wall 12a and
      outer wall 12b with evacuated space therebetween. Casing 12 forms an
      elongated cryostat chamber or well 14, and serves as unit 10's frontal and
      lateral outer thermal insulation wall. Casing 12 is of a generally
      cylindrical shape about axis A. The majority of its length, starting from
      the rear end is of uniform diameter. Near the front end, the diameter of
      casing 12 is necked down to a reduced uniform diameter which extends
      forwardly to the front end. A corresponding necking down of the internal
      diameter of the cryostat well 14 also takes place. An annular packing
      element 16 of excelsior-like thermal insulation material is disposed
      between the inner and outer walls of casing 12 in its reduced diameter
      portion to prevent undesired vibrational motion between these walls. A
      conductive layer 18, best shown in FIG. 2, of lead sulphide (PbS) having a
      thickness in the range 0.0006 - 0.0010 inches is applied to the exterior
      (radially innermost) surface of inner wall 12a. This layer may be built up
      by conventional techniques of forming PbS films by means of chemical
      reaction. Layer 18 is coupled to ground through a suitable electrical lead
      connection to a circuit ground point 19, shown symbolically. The Dewar
      casing is mounted within a metallic shell 20, and is bondingly held in
      integral relation therewith by a potting material 21.
PAR  Referring now to FIGS. 1 and 2, the front end of the Dewar casing 12 has
      its outer wall formed by a conventional synthetic sapphire window and
      outer lens element 22 hermetically bonded to the edges of glass lateral
      walls of the casing. The frontal surface of the inner Dewar casing wall
      12a is shaped as a flat transverse surface, and a conventional inner lens
      and lead sulphide sensor cell 24 is cemented thereto. Unit 24 comprises a
      forwardly convex lens element 26 made of strontium titanate, and an
      interfingered lead sulfide strip type infrared energy-electrical signal
      transducer or sensor cell 28, shown edgewise in the drawing and with
      exaggerated thickness, is bonded to the rear face of lens element 26,
      between the latter and the flat frontal surface of the inner Dewar casing
      wall. Window and outer lens element 22, and inner lens element 26, form a
      lens system for providing a desired directive response to infrared energy
      within an optical cone having a predetermined included angle and aligned
      about axis A. A typical value for the included angle of the optical cone
      is 35.degree.. The electrical output of the sensor cell appears across a
      pair of electrodes 30 and 32. Forming the electrical coupling from
      electrode 30 is a connection 34, of conventional construction, consisting
      of a narrow rearwardly extending strip of deposited metal, or of
      conductive paint applied to the interior (radially outermost) surface of
      inner Dewar casing wall 12a. Electrical connection 34 is illustrated
      diagrammatically as an arrow in FIG. 1, and is diagrammatically shown as a
      layer in the cross section of FIG. 2. The rear end of connection 34 is
      coupled to a conventional hermetically sealed pin 35 which passes through
      the glass wall. The outer end of pin 35 is connected to the wire 36
      forming the infrared output channel of unit 10. Another similar electrical
      connection 38 communicates electrode 32 to a pin 37, and thence to a
      circuit ground point 19, and in turn to a shielding 40 about the infrared
      output signal channel wire 36.
PAR  Electrical lead connections 34 and 38 are conductive strips which
      physically extend the entire length of the casing, and they are therefore
      susceptible to the picking-up of microphonic noise due to the change of
      capacitance between strips 34 and 38 under vibration of the casing. The
      lateral expanse of the interior surface of outer wall 12b is coated with a
      gold film 42, FIG. 2. A hermetically sealed pin 44 extends through the
      wall at the rear end of casing 12 and communicates film 42 to one end of
      an isolation resistor 46. The other end of the resistor is connected to
      the infrared output signal channel wire 36. A typical value for isolator
      resistor 46 is 18K ohms. The connection of the gold film 42 to the output
      signal wire through the isolation resistor effectively maintains a zero
      charge across the capacitance between strips 34 and 38, and thus prevents
      generation of the aforesaid microphonic noises. A layer 48 of silver paint
      is applied to the lateral expanse of the exterior surface of outer wall
      12b, and is coupled to the electrical lead connection to ground 20. Silver
      layer 48 provides a large capacitative coupling between gold film 42 and
      ground, which effectively shields gold film 42 from stray electromagnetic
      radiation which would otherwise tend to be fed into the infrared signal
      channel through resistor 46.
PAR  A packing 50 of a liquid absorptive material such as rolled blotter paper
      is disposed in the extreme forward end of cryostat well 14, in abutting
      relation against the rear surface of frontal portion of inner wall 12a of
      the Dewar casing. An elongated Joule-Thomson cryostat assembly 52, best
      shown in FIG. 3, is disposed in cryostat well 14 with its forward tip in
      spaced relation to the absorptive packing 50. Cryostat assembly 52
      comprises a two-piece mandrel consisting of a forward end heat exchange
      tip 54 made of brass or a hard copper, and a rear tubular member 56 made
      of stainless steel which telescopically engages a portion of heat exchange
      tip 54. Tubular member 56 also has an inner wall 58 made of Teflon and a
      closure 60, FIG. 1, at its rear end, including a centrally supported
      electrical wire conduit tube 62. A refrigerant gas line 63, comprising a
      portion of finned tubing 64 and a front portion made of plain tubing 65,
      is wrapped in a tight helix around the periphery of tubular member 56 and
      heat exchange tip 54. The finned tubing, best shown in the enlarged view
      of FIG. 4, has a metal helical fin 66 extending along its length to
      increase its heat transfer area. The finned tubing 64 extends from the
      rear to front end of tubular member 56 where it joins the plain tubing 65,
      which extends about the tip of member 54. The outer diameter of tubular
      member 56, the overall diameter of tubing including its helical fin, and
      the inside diameter of the coating on the walls of the cryostat wall, are
      such that cryostat assembly 52 is retained in the cryostat well with the
      outer periphery of the tubing fins in a "soft" force fit relationship to
      the PbS coating which it engages. If desired, cord material 67 may be
      wrapped in the spaces between the coiled supply tubing to increase the
      snugness of the fit. The PbS coating serves to shield the conductive
      infrared signal connections strips 34 and 38 from microphonic and
      electrostatic noises caused by the motion of nitrogen through the cryostat
      tubing. As will be hereinafter explained in greater detail, the nitrogen
      is in a liquified state during its passage through the tubing, shortly
      after the start of cryostat operation.
PAR  As best shown in FIG. 3, the front end of the heat exchange tip 54
      terminates in a collar portion 68 having an outer diameter slightly
      undersized relative inner diameter of the coated cryostat well 14. An
      axial, blind bore 70 extends into the body of heat exchange tip 54 from
      its front end face, increasing the heat exchange surface on the front side
      of this element. The forward terminal end of the gas supply tubing extends
      through an aperture in collar portion 68, and is bent radially inwardly
      with the open end 72 of the tube adjacent to the opening of blind bore 70.
      This end of the tube serves as the nozzle to produce the Joule-Thomson
      cooling effect, and locating it adjacent the heat exchange tip bore 70
      insures that the interior of the bore will be a very cold zone. The heat
      exchange tip 54 forms a closure at the front end of the tubular mandrel
      member 56. Thus, the only path for exhausting the gases which are
      introduced into the forward end of cryostat well 14 is back through the
      annular space between the mandrel and the wall of the cryostat well in
      which the coiled tubing 64 is disposed. This counter flow of exhaust gases
      across the finned tubing regeneratively cools the gas supply in its
      forward flow through the tubing, causing it to liquify within the tubing
      and to emerge from the open end 72 of tubing 64 as liquid nitrogen after a
      short interval of cryostat operation.
PAR  A small boss 74 is formed on the rear end face of heat exchange tip 54.
      Affixed to boss 74 is a varistor element 76 made of gold impurity doped
      germanium having the following characteristics:
TBL  Gold Concentration                                                        
                       1.5 .+-. 0.3 .times. 10.sup.15 Atoms/CC                 
     Dopant            99.999% Gold Min                                        
     Conductivity      "P" Type                                                
     Crystal Orientation                                                       
                       (111)                                                   
     Resistivity       2.3 .+-. 0.5 Ohms/CM at 20.degree. C.                   
     Growth Process    Zone Belt                                               
PAL  Element 76 is cut to provide predetermined resistance between its front and
      rear faces at a given temperature, and is mounted to boss 74 with its
      front face in electrical contact therewith. An electrical lead wire 78 is
      electrically coupled to the rear face of the varister element 76, and
      extends through conduit tube 62 at the rear end of tubular member. The
      front side of the varistor element is coupled to circuit ground through a
      ground return path consisting of heat exchange tip 54, tubular member 56,
      and a ground return connection 79. The varistor element and the point
      where lead wire 78 joins it are encapsulated in silicone rubber potting
      80.
PAR  It has been found that the above formulation of varistor material exhibits
      a negative temperature coefficient of resistance in the cryogenic
      temperature region near the temperatures of liquid nitrogen. The varistor
      element forms the temperature sensor for a thermostatic control system
      comprising a normally opened solenoid valve 82, and an impedance
      responsive electronic switch circuit 84. When the magnitude of impedance
      between lead wire 78 and ground exceeds a predetermined "turn on"
      threshold value, circuit 84 is actuated to its "on" condition, thereby
      causing winding 86 to be energized. Circuit 84 has a "turn off" threshold
      value which is somewhat below the turn on value, and when the magnitude of
      impedance between lead 78 and ground drops below this turn off value,
      circuit 84 is actuated back to its "off" condition, de-energizing winding
      86. One example of circuit 82, found to provide highly satisfactory
      results, is that disclosed in the copending application of Walter E.
      Frietag entitled, "Improved Switching Circuit of a type Employing a
      Four-Layer Solid State Switching Device," filed concurrently herewith. In
      operation, the refrigerant gas from a pressurized source 88 flows through
      the normally open solenoid valve into the coiled refrigerant gas line 63
      of cryostat assembly 52. Expansion of the gas as it emerges from the
      opened front end 72 of the tubing cools the foreward end of the cryostat,
      which in turn cools the infrared energy sensing cell on the front face of
      wall 12a to its desirable cryogenic temperature of operation. A preferred
      mode of operation is to employ a supply of nitrogen gas pressurized to
      3000 psi and to otherwise choose the components to cool the front end of
      the cryostat well 14 to the point that nitrogen emerging from open end 72
      of the tubing condenses and forms a liquid pool of nitrogen, which is
      retained by the absorbent packing 50. The turn on threshold of switch
      circuit 84 is chosen to cause energization of the winding 86, of solenoid
      valve 82, when the varistor temperature is lowered to the temperature of
      liquid nitrogen, indicating a pool has been formed. Energizing the winding
      of the normally open solenoid valve interrupts the flow of refrigerant gas
      to the cryostat. The turn off threshold of circuit 84 is so chosen to
      cause the winding of the solenoid valve to be de-energized when the front
      end of the cryostat has warmed to the point at which the nitrogen pool
      outside the blotter has evaporated, and gas again flows through the
      cryostat. Since gas is turned on only to maintain the desired temperature,
      unit 10 yields economy of gas consumption.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cryogenic infrared energy sensing unit having a built-in Joule-Thomson
      cryogenic cooler of the type utilizing exhaust refrigerant gas to
      regeneratively cool the refrigerant supply line and having a built-in
      thermostat sensing element for providing an electrical signal to control
      operation of the cooler, in combination, comprising,
PA1  a. a double walled, Dewar type thermal insulation casing having a closed
      and an open end, the interior of the casing forming an elongated central
      cryostat chamber, the closed end of the thermal insulation casing forming
      the front end of the unit and containing an infrared sensor element
      affixed to the interior surface of the inner wall of the double walled
      casing, the outer wall of the casing at the front end being formed of an
      infrared energy window material,
PA1  b. a cryostat assembly shaped for insertion in the cryostat chamber and
      adapted to cool the exterior surface of the inner wall of the double
      walled casing at the front end, said cryostat assembly comprising a
      two-piece mandrel consisting of a rear thin walled tubular member and
      metallic heat exchange front end tip member plugging the front end of the
      tabular member, and a refrigerant supply tube helically wrapped around the
      two-piece mandrel terminating at its forward direction with an open end to
      form the gas expansion nozzle to provide the Joule-Thomson cooling effect,
      the construction being such that the helically coiled refrigerant is
      supported between the tubular member of the two-piece mandrel and the wall
      of the cryostat chamber in a manner permitting counterflow of the exhaust
      gases from the front to rear end of the cryostat chamber about the helical
      tubing in the annular space between the mandrel and the lateral wall of
      the cryostat chamber,
PA1  c. a temperature responsive variable impedance element made of an impurity
      doped semi-conductor material which intrinsically exhibits temperature
      sensitive characteristics at the cryogenic temperature region desired for
      operation of the infrared sensor element, said variable impedance element
      being disposed in the interior of the tubular mandrel element and affixed
      by one of its sides to rear face of the heat exchange front end tip
      member, and
PA1  d. means forming a pair of output connections across the variable impedance
      element and accessible from the exterior of the unit.
NUM  2.
PAR  2. Apparatus in accordance with claim 1, wherein
PA1  e. said heat exchange front end tip member being shaped as a cylindrical of
      revolution about the cryostat chamber axis and having a blind axial bore
      formed therein and opening from the front end of the tip member,
PA1  f. the forward terminous of said refrigerant supply tube being disposed
      adjacent the opening of said blind axial bore.
NUM  3.
PAR  3. Apparatus in accordance with claim 1, wherein;
PA1  g. said refrigerant supply tube having a spirally extending radial fin
      thereabout for the portion thereof wrapped around the tubular member of
      the two-piece mandrel.
NUM  4.
PAR  4. Apparatus in accordance with claim 1, wherein
PA1  h. said variable impedance element is made of gold doped germanium
      material.
NUM  5.
PAR  5. Apparatus in accordance with claim 4,
PA1  i. the gold doped germanium material further having approximately the
      following characteristics of composition:
TBL  Gold Concentration     1.5 .+-. 0.3 .times. 10.sup.15                     
                            Atoms/CC                                           
     Dopant                 99.999% Gold Min                                   
     Conductivity           "P" Type                                           
     Crystal Orientation    (111).                                             
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ABST
PAL  In a gamma camera having an array of photomultipliers coupled via pulse
      shaping circuitry and a resistor summing and weighting circuit to a
      display for forming an image of a radioactive target, the improvement
      being a modulation circuit for reducing the intensity of points on the
      display located at positions corresponding to positions of the
      photomultipliers for removing an apparent image of the array.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation in part of application Ser. No. 418,157 filed Nov.
      21, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Cameras utilized in providing an image of a radioactive source are
      frequently composed of a scintillator crystal and a collimator for guiding
      radiant energy from the source to the scintillator crystal. An array of
      photomultipliers is positioned on the opposite side of the scintillator
      crystal for receiving flashes of light emitted by the crystal in response
      to the incident radiant energy. Typically, the measure of light energy
      received by each photomultiplier is obtained by integrating circuits
      coupled to each of the photomultipliers, the relative magnitudes of these
      energies serving to indicate the location of each of the light flashes on
      the crystal. The stored energy of each of the photomultipliers is
      converted to a signal suitable for combining with the signals obtained
      from the energies of the other photomultipliers. Weighting circuitry is
      utilized in the combining of these signals to provide points on a display,
      such as a cathode-ray tube display, which correspond to the points of
      illumination upon the scintillation crystal. A circuit having an
      electronic window frequently referred to as a pulse height analyzer, is
      utilized in the coupling of these signals from the photomultipliers to the
      display to ensure that only signals having an energy within a prescribed
      range of energies are coupled to the display.
PAR  A problem arises in that the photomultipliers are often placed close to the
      scintillator to maximize the resolution of the camera; however, the close
      spacing causes an increased density of signals on the display emanating
      from light flashes directly in front of a photomultiplier than from light
      flashes occurring to the side of the photomultiplier. As a result, a
      radiographic image appearing on the display has an appearance which is
      modified somewhat from the appearance of the subject due to the fact that
      there is a greater density of points on the display at positions
      corresponding to the positions of the photomultipliers in the array of the
      photomultipliers. There is an apparent visual effect perceived by an
      observer of the image which shows an outline of the array of
      photomultipliers superposed upon the image of the subject.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing problems are overcome and other aspects of the invention are
      provided by a gamma camera incorporating an electronic system in
      accordance with the invention wherien each photomultiplier is provided
      with its own integrator and pulse shaping circuit for providing signals
      having waveforms suitable for high resolution imaging. These pulse signals
      are combined in a pair of summing circuits through scaling resistors of
      suitable values in accordance with the positions of the photomultipliers
      in the array to provide X and Y coordinate values of the positions of
      successive incidences of gamma ray photons. The signals of the pulse
      shaping circuits are further combined to provide a measure of the total
      energy of the incident gamma ray photons, each of these measures being
      applied to a pulse height analyzer circuit which is utilized for operating
      a sampling circuit to sample only such ones of the X and Y coordinate
      signals as result from gamma photons of suitable energy. The Z axis of the
      display is modulated in a novel fashion by means of a circuit which varies
      the intensity of points appearing on the display. The modulation is
      accomplished by generating a fixed amplitude gate signal triggered by the
      pulse height analyzer, and subtracting from the gate signal a signal
      proportional to the sum of the pulse shaping signals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The aforementioned features and other advantages of the invention are
      explained in the following description taken in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is a block diagram of the camera system in accordance with the
      invention;
PAR  FIG. 2 is an exploded view of an assembly of the photomultipliers referred
      to in FIG. 1 showing the position of the photomultipliers in relation to a
      scintillator crystal and a collimator;
PAR  FIG. 3 is a schematic diagram of the electrical circuitry utilized in an
      integrator and a pulse shaper referred to in FIG. 1;
PAR  FIGS. 4 and 5 show, respectively, a circuit for combining the pulse signals
      and a table of resistor values for scaling these signals for the combiner
      circuits of FIG. 1;
PAR  FIG. 6 is a block diagram of the display of FIG. 1 including the modulator
      thereof; and
PAR  FIG. 7 is a view of the face of the display showing the increased density
      of points at locations corresponding to the centers of the
      photomultipliers.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a block diagram of the electrical
      portion of a camera system 20 which comprises a plurality of channels 22,
      each channel 22 comprising a photomultiplier 24, an integrator 26, and a
      pulse shaper 28. Each of the channels 22 is coupled to four combiners
      31-34, the combiners 31-33 being coupled respectively to samplers 37-39.
      Output signals of the samplers 37 and 38 are scaled by scalers 42 and 44
      and are applied respectively to the X and Y terminals of a display 46. The
      output of the combiner 34 is coupled to an analyzer 48 which analyzes the
      pulse height of signals from the combiner 34, the output of the analyzer
      48 being applied along line 50 to trigger the samplers 37-39 as well as
      being coupled via a delay unit 52 for triggering a monostable flip-flop
      54. The flip-flop 54 provides a gate signal along line 55 to the display
      46 for illuminating the display 46 after the signals in the samplers 37-38
      have been scaled by the scalers 42 and 44. The output of the sampler 39 is
      coupled via line 56 to the scalers 40 and 42 as well as to a modulator 58
      of the display 46 which, as will be described with reference to FIG. 6,
      modulates the intensity of points on the display 46 in accordance with the
      invention to remove the superposed image of the array of photomultipliers
      24.
PAR  In operation, the electrical portion of the camera system 20 provides for
      an image on the display 46 related to the signals provided by the
      photomultipliers 24 in each of the channels 22 in the following manner. In
      each channel 22, the photomultiplier 24 provides a series of pulse signals
      corresponding to individual flashes of light incident upon the
      photomultiplier 24, a series of these flashes of light being produced in
      response to a single gamma ray photon or x-ray photon impinging upon a
      scintillator crystal, to be described with reference to FIG. 2, which is
      placed in front of the photomultipliers 24. The series of the light
      flashes represent the energy transferred from the gamma ray photon to the
      scintillator crystal and, accordingly, the signals provided by the
      photomultiplier 24 in response to each of the light flashes are summed
      together by means of the integrator 26 to provide a measure of the energy
      of a gamma ray photon or x-ray photon impinging upon the scintillator
      crystal.
PAR  The pulse shaper 28 receives a signal voltage from the integrator 26 and
      converts it into a pulse having a duration very much shorter than the
      integration time of the integrator 26, and having an amplitude
      proportional to the peak voltage of the signal voltage of the integrator
      26. The waveforms of the pulses of the pulse shapers 28 in each of the
      channels 22 are suitable for being arithmetically combined for providing
      information with respect to the position of an impact of a gamma ray
      photon upon the scintillator crystal.
PAR  Each of the pulse shapers 28 is coupled to each of the combiners 31-34 via
      lines 59 as shown in FIG. 1, with more precise details of the coupling to
      be seen in FIGS. 3 and 4 which show that each pulse shaper 28 has three
      outputs which are coupled in a prescribed manner to the respective
      combiners 31-34. The combiners 31-34 as will be seen in FIG. 4, are
      provided with scaling resistors for scaling the contributions of the pulse
      shapers 28 in accordance with the geometry of the photomultipliers 24, as
      will be seen in FIG. 2, to provide signals representing the X component
      and the Y component of the location of an impact of a gamma ray photon
      upon the scintillator crystal, the combiner 31 providing the X component
      and the combiner 32 providing the Y component. The combiner 33 provides a
      measure of the total energy received by all of the photomultipliers 24
      which is used for scaling the X component and the Y component signals by a
      factor which compensates for irregularities in the scintillator crystal.
      The combiner 33 may be provided with variable scaling resistors which are
      useful for aligning the system 20 to minimize any distortion appearing in
      the image on the display 46.
PAR  The image on the display 46 is further enhanced by means of the combiner 34
      and the analyzer 48, the combiner 34 functioning in a manner similar to
      that of the combiner 33 to provide a measure of the total energy received
      by the photomultipliers 24. The analyzer 48 is a well-known pulse height
      analyzer which provides the aforementioned signal on line 50 in response
      to signals from the combiner 34 only when the signals indicate that the
      energy of an impinging gamma ray photon is in excess of a preset minimum
      energy level and less than a preset maximum energy level, these energy
      levels being set by the knobs 56 and 58. The samplers 37-39 are triggered
      in response to the signal on line 50 and provide a sample of the voltages
      appearing at the outputs of the combiners 31-33, these samples having a
      duration sufficient to permit the multiplication operation of the scalers
      42 and 44. Each of the scalers 42 and 44 are commercially available
      multiplying units such as that of "Intronics," Model No. 505; the scaler
      42 multiplies the output of sampler 37 by the reciprocal of the output of
      the sampler 39, and the scaler 44 multiplies the output of the sampler 38
      by the reciprocal of the output of the sampler 39. The values of the
      signals from the samplers 37-39 are equal to the values of the signals
      from the combiners 31-33 which are provided in accordance with the values
      of the scaling resistors as will be described with reference to FIG. 4.
PAR  Referring now to FIG. 2, there is shown an array of the photomultipliers 24
      with individual ones of the photomultipliers 24 being numbered to identify
      their location in the array. The central photomultiplier 24 is numbered 1,
      the photomultipliers of the inner hexagon are numbered 2 through 7, and
      the photomultipliers of the outer hexagon are numbered 8 through 19. Also
      shown in FIG. 2 is a scintillator 60 in the form of a crystal of a
      material which emits light in response to excitation by high energy
      radiation, such a material being, for example, sodium iodide with thallium
      doping. The scintillator 60 is supported in relation to the
      photomultipliers 24 by means of a housing 62 and spaced from the front
      faces of the photomultipliers 24 by means of a light pipe 64 which is
      preferably of a material such as Lucite having a refractive index of
      approximately 1.5 to match the optical impedance of the scintillator 60 to
      the front faces of the photomultipliers 24. A collimator 66 having
      parallel passages 68 for conducting high energy photons to the
      scintillator 60 is positioned in front of the scintillator 60 by means of
      the housing 62 and oriented in the direction of a source (not shown) of
      high energy radiation. High energy photons emitted from the source in the
      direction of the axis of the collimator 66 pass through the passages 68 to
      illuminate the scintillator 60 in a pattern corresponding to the form of
      the source. Photons incident upon the collimator 66 in a non-axial
      direction are substantially absorbed in the material, preferably lead,
      from which the collimator 66 is fabricated.
PAR  A reference frame 70 having an X coordinate axis and a Y coordinate axis
      may be positioned anywhere upon the array of photomultipliers 24 but is
      conveniently centered upon the array of photomultipliers 24 such that the
      Y axis passes through the photomultipliers numbered 19, 1 and 13 while the
      X axis passes through the photomultipliers numbered 10, 3, 1, 6 and 16.
      With respect to the X axis combiner 31 of FIG. 1, the signals derived from
      the photomultipliers are suitably scaled or weighted in accordance with
      their respective distances from the Y axis. Similarly, with respect to the
      Y coordinate combiner 32 of FIG. 1, the signals derived from the
      photomultipliers 24 are suitably scaled or weighted in accordance with
      their respective distances from the X axis. These weightings will be
      described subsequently with reference to the table in FIG. 5. While
      various spacings between the scintillator 60 and the array of
      photomultipliers 24 may be utilized, it has been found that a spacing in
      the range of approximately one-half diameter to one diameter of a
      photomultiplier 24 is most advantageous for providing a sharp image on the
      display 46 of FIG. 1.
PAR  Referring now to FIG. 3, there is shown a schematic diagram of the
      circuitry in one of the channels 22 of FIG. 1, it being understood that
      the circuitry is the same in each of the channels 22. There are 19 of the
      channels corresponding to each of the 19 photomultipliers 24 of FIG. 2.
      Each channel 22 is seen to have three outputs labeled with the letters A,
      E and Z, these terminals being further designated by the numerals 1-19
      when it is desired to designate the terminals of a specific one of the
      channels 22. The terminals A are coupled to the combiners 31 and 32 while
      the terminals Z are coupled to the combiner 33 and the terminals E are
      coupled to the combiner 34 in accordance with the interconnections to be
      seen in FIGS. 4 and 5.
PAR  Each photomultiplier 24 is energized by a source of electrical power shown
      as a battery 72 and has its photoelectric electrode 74 being connected to
      the negative terminal of the battery 72 while the anode 76 of the
      photomultiplier 24 is connected via a resistor 78 and ground 80 to the
      positive terminal of the battery 72. A capacitor 82 is connected in
      parallel with the resistor 78.
PAR  The capacitor 82 serves as the integrating element in the integrator 26
      with the resistor 78 providing a discharge path for charge stored within
      the capacitor 82. It is noted that by grounding the positive terminal of
      the battery 72 and coupling the integrating capacitor 82 and the resistor
      78 between the anode 76 and ground 80, there is provided a substantial
      reduction in any noise voltage which might appear across the terminals of
      the capacitor 82. Due to the fact that the output impedance of the
      photomultiplier 24 is relatively high while the input impedance of the
      pulse shaper 28 is relatively low, an amplifier 84 with resistor 86 and 88
      coupled thereto is connected between the capacitor 82 and the pulse shaper
      28 for impedance matching purposes. A terminal of the capacitor 82 is
      connected to the plus input terminal of the amplifier 84 while the
      resistor 88 is coupled between the minus input terminal of the amplifier
      84 and ground 80. Resistor 86 serves as a feedback path between the output
      of the amplifier 84 and its minus input terminal.
PAR  Typical voltage waveforms appearing across the terminals of the capacitor
      82 as well as at the output of the amplifier 84 are shown in graph 90. The
      vertical axis labeled V represents the voltage while the horizontal axis
      labeled T represent time. It is seen that the voltage builds up
      repetitively at a rate depending on the rate of light flashes produced by
      the scintillator 60 of FIG. 2 and, between successive rises of the voltage
      is seen to discharge exponentially with a time constant given by the
      product of the capacitance of the capacitor 82 and the resistance of the
      resistor 78. In particular, it is noted that the shape of the waveform
      varies with a dependence on the interval between successive impacts of
      gamma ray photons upon the scintillator 60 of FIG. 2.
PAR  The pulse shaper 28 is seen to comprise an amplifier 92, a delay line 94
      and resistors 96, 98, 100, 102 and 104, the latter resistor being
      variable. A potentiometer 106 is also provided for varying the magnitude
      of the voltage provided by the pulse shaper 28. Two branches are provided,
      the upper branch comprising resistors 98 and 104 and the lower branch
      comprising resistors 96, delay line 94 and resistor 102. In the upper
      branch, the signal is coupled via resistor 98 to the minus terminal of the
      amplifier 92, this signal being seen in graph 108. A signal coupled in the
      lower branch via the resistor 96 and the delay line 94 to the positive
      terminal of the amplifier 92 is seen in the graph 110. It is noted that
      the signal on graph 110 is delayed relative to the signal shown in graph
      108, the delay being equal to the delay of the delay line 94. The
      difference between these two signals appears at the output of the
      amplifier 92 and is shown in graph 112. It is thus seen that the signal in
      the graph 112 is a pulse having a width much narrower than the discharge
      time of the capacitor 82 of the integrator 26. The resistor 100 serves as
      a feedback path between the output of the amplifier 92 and the minus
      terminal thereof, the variable resistor 104 in conjunction with the
      resistor 100 serving as a means for varying the gain of the pulse shaper
      as well as for balancing the magnitudes of the signals applied to the plus
      and minus terminals of the amplifier 92 to maintain the baseline. The
      pulse shaper 28 further comprises resistors 114 and 118, and diodes 122
      and 124 to attenuate low amplitude noise fluctuations.
PAR  While a battery 72 of fixed voltage is shown, it is advantageous to use a
      variable voltage source in which the voltage is adjusted to provide a
      predetermined value of signal in the output of the E combiner 34 when the
      photomultipliers 24 are activated in response to a specific isotope. This
      provides a normalization of the system 20 for specific isotopes so that
      the threshold of the discriminator 30 is always at optimal value. In
      addition, the multiplying factors in the scalers 42 and 44 of FIG. 1 vary
      within a predetermined range of magnitudes thereby permitting optimum
      operation of the scalers 42 and 44.
PAR  Referring now to FIGS. 4 and 5, there are shown respectively a block
      diagram of the combiner 31 of FIG. 1 and a table showing the values of the
      summing resistors which serve to scale or weight the signals from the
      channels 22, the table having four rows corresponding respectively to the
      resistor values of the combiners 31, 32, 33 and 34. The circuitry
      configurations for each of the four combiners 31-34 are identical;
      accordingly, only the circuit of the combiner 31 is shown in the figures.
      As has been mentioned hereinbefore, the X coordinate combiner 31 and the Y
      coordinate combiner 32 are each coupled to the terminals A1-A19 of the
      channels 22 while the Z combiner 33 and the E combiner 34 are coupled
      respectively to the terminals Z1-Z19 and E1-E19 of the channels 22.
PAR  The combiner 31 is seen to comprise an amplifier 128, summing resistors
      130, a resistor 132 coupling the plus terminal of the amplifier 128 to
      ground 80, a resistor 134 coupling the minus terminal of the amplifier 128
      to ground, a feedback resistor 136 coupling the output terminal of the
      amplifier 128 to its minus input terminal for setting the gain of the
      amplifier 128, and a potentiometer 138 coupled between a positive and a
      negative source of voltage and coupled to the minus terminal of the
      amplifier 128 by a resistor 140 for providing an adjustable voltage
      offset. While there are 19 terminals, A1-A19, only 16 summing resistors
      130 are provided for the combiner 31, there being no connection to the
      terminals A1, A13 and A19, this being indicated by the letters NC in the
      first row of FIG. 5. The reason for the lack of connection to the
      terminals A1, A13 and A19 is apparent from the arrangement of the
      photomultipliers 24 in FIG. 2 wherein it is seen that the correspondingly
      numbered photomultipliers 24 are located on the Y axis and, accordingly,
      get a zero weighting with respect to determining position in the direction
      of the X axis.
PAR  Referring to the second row of the table in FIG. 5, it is noted that in the
      Y combiner 32, there is no connection provided by the signals of five of
      the photomultipliers 24 and their correspondingly numbered terminals,
      these being the terminals 1, 3, 6, 10 and 16, the lack of connection being
      shown in the second row of the table of FIG. 5, the lack of connection
      being due to the fact that, as is shown in FIG. 2, these five
      photomultipliers are located on the X axis and, therefore, make no
      contribution to displacements in the direction of the Y axis.
PAR  The values of the summing resistors 130 are in inverse relationship to the
      distances of the corresponding photomultipliers 24 from a coordinate axis
      of the reference frame 70 of FIG. 2. Thus, for example, the
      photomultipliers 24 numbered 2, 4, 5 and 7 are given a value of 12 kilohms
      in the X combiner 31 since their centers are spaced a half diameter from
      the Y axis. The photomultipliers 24 numbered 8, 3, 12, 14, 6 and 18 have
      corresponding resistance values of 6 kilohms in the X combiner 31 since
      these photomultipliers have their centers spaced one diameter from the Y
      axis. The photomultipliers 24 numbered 9, 11, 15 and 17 are provided with
      resistors having values of 4 kilohms in the X combiner 31 since these
      photomultipliers have their centers spaced one and one-half diameters from
      the Y axis. And, finally, the photomultipliers 10 and 16 have their
      corresponding resistors being valued at three kilohms in the X combiner 31
      since these photomultipliers 24 have their centers spaced at a distance of
      two diameters from the Y axis. Similar comments apply to the resistors of
      the Y combiner 32 as shown in the second row of the table in FIG. 5 since
      the photomultipliers 24 numbered 17, 7, 2, 9, 11, 4, 5 and 15 are spaced
      at one-half the distance from the X axis of the photomultipliers 18, 19,
      8, 12, 13 and 14.
PAR  With respect to the combiner 31 of FIG. 4, all of the summing resistors 130
      corresponding to photomultipliers 24 of FIG. 2 which are located to the
      right of the Y axis are coupled to the plus input terminal of the
      amplifier 128 while the summing resistors corresponding to
      photomultipliers 24 located to the left of the Y axis are coupled to the
      minus input terminal of the amplifier 128. This is indicated in the first
      row of the table of FIG. 5 wherein plus signals are positioned beneath the
      resistance value for the resistors coupled to the terminals 2-4 and 8-12
      while minus signs are positioned beneath the resistance values for the
      resistors coupled to the terminals 5-7 and 14-18. Similarly, in the second
      row of the table of FIG. 5, plus and minus signs are positioned beneath
      the resistance values to indicate that the corresponding resistors are
      coupled to either the plus or minus input terminals of the amplifier 128.
      With respect to the Z combiner 33 and the E combiner 34, all of these
      summing resistors 130 are coupled to the minus input terminal of the
      amplifier 128, the plus input terminal being grounded via resistor 132.
      Variable summing resistors may be utilized for the Z and E combiners 33
      and 34, if desired, for more precise adjustment of the weightings accorded
      the signals from the various photomultipliers 24 to minimize the effects
      of barrel distortion and nonlinearities in the scintillator 60 to provide
      a more uniform image on the display 46 of FIG. 1. Also, the potentiometer
      106 of FIG. 3 may be utilized in each channel 22 for adjusting its gain to
      eliminate the effects of barrel distortion from the image on the display
      46.
PAR  Referring now to FIG. 6, there is shown a diagram of the modulator 58 which
      comprises an amplifier 142, resistors 144 and 146 and a potentiometer 148.
      The resistor 144 couples signals along line 55 from the flip-flop 54 of
      FIG. 1 to the minus input terminal of the amplifier 142. The potentiometer
      148 is utilized for coupling signals along line 56 from the sampler 39 of
      FIG. 1 to the plus input terminal of the amplifier 142. The resistor 146
      is a feedback resistor coupling the output terminal of the amplifier 142
      to the minus input terminal thereof. The potentiometer 148 is coupled
      between line 56 and ground 80 with its output being adjustable to permit
      the summation of a preselected fraction of the voltage on line 56 with the
      voltage on line 55.
PAR  The signal on line 55 is a negative pulse having a waveform 150 as shown in
      the figure. Similarly, the signal on line 56 has a negative pulse waveform
      152 as shown in the figure. The waveform 152 is of varying amplitude
      depending on the position of scintillation on the scintillator 60 of FIG.
      2 relative to the position of a photomultiplier 24. Thus, the output pulse
      signal of the amplifier 142, shown by the waveform 154, is of varying
      amplitude, the amplitude varying inversely with the amplitude of the
      waveform 152. Thus, when a scintillation on the scintillator 60 of FIG. 2
      occurs near the center of a photomultiplier 24, the amplitude of the
      waveform 152 is increased while the amplitude of the waveform 154 is
      decreased. The display 46 may comprise a cathode-ray tube (CRT) in which
      case the positive pulse waveform 154 at the output of the amplifier 142 is
      coupled to an intensity control grid of the CRT.
PAR  Referring also to FIG. 7, the reference frame 70 of FIG. 2 is shown
      positioned upon the face of the display 46. The circles 24' are shown for
      indicating the positions of the corresponding photomultipliers 24 of FIG.
      2. Individual points 162 corresponding to the positions of scintillations
      on the scintillator 60 of FIG. 2 are shown with increased density of these
      points 162 at the centers of the circles 24'. The output of the amplifier
      142 modulates the Z axis and intensity of the display 46 to reduce the
      intensity of the points 162 in the central portions of the circles 24'
      thereby presenting a luminosity of the display 46 which appears uniform to
      an observer.
PAR  It is understood that the above-described embodiment of the invention is
      illustrative only and that modifications thereof may occur to those
      skilled in the art. Accordingly, it is desired that this invention is not
      to be limited to the embodiment disclosed herein but is to be limited only
      as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A camera system comprising:
PA1  an array of detectors of radiant energy positioned in a predetermined
      pattern for receiving such energy, each of said detectors providing a
      signal upon being illuminated with such energy;
PA1  means coupled to said detectors for combining signals of said detectors,
      said combining means including means for weighting signals of said
      detectors in accordance with the positions of individual ones of said
      detectors in said array to provide the coordinate positions of points in
      an image;
PA1  means coupled to said detectors for summing together signals of said
      detectors to provide a sum signal; and
PA1  display means coupled to said combining means for displaying said points of
      said image, said displaying means including a control electrode for
      varying the intensity of said displayed points, said sum signal of said
      summing means being coupled to said control electrode for modulating the
      intensity of said displayed points in accordance with their positions
      relative to an array of said detectors.
NUM  2.
PAR  2. A system according to claim 1 wherein said modulation provides for a
      decreasing of intensity of such ones of said displayed points as are
      positioned at locations wherein there is an increased density of said
      points.
NUM  3.
PAR  3. A system according to claim 2 wherein said weighting provides a scaling
      of individual ones of said detector signals inversely to the spacings
      between each of said detectors and a coordinate axis of said array.
NUM  4.
PAR  4. A system according to claim 2 further comprising means responsive to
      signals of said detectors for providing a gate signal, and means coupled
      to said control electrode for subtracting said sum signal from said gate
      signal, said subtracting means applying the difference between said gate
      signal and said sum signal to said control electrode.
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ABST
PAL  A monitoring device transparent to ionizing radiation, designed to measure
      the orientation, intensity and uniformity of an incident beam, comprises a
      cylindrical housing forming at least one ionization chamber with one or
      more ion-collecting electrodes transverse to the housing axis, each
      electrode being subdivided into a plurality of mutually insulated
      conductive elements connected to respective amplifiers. The elements of at
      least one electrode include one or more outer elements surrounding or
      bracketing one or more inner elements to measure the radiation in a
      central zone and a peripheral zone. The outputs of the respective
      amplifiers are additively and subtractively combined in an evaluation
      circuit.
BSUM
PAR  This application contains subject matter disclosed in my copending
      application Ser. No. 243,208 filed Apr. 12, 1972, now U.S. Pat. No.
      3,808,441.
PAR  The present invention relates to devices for monitoring beams of ionizing
      radiation and more particulary to a safety system including means for
      precisely determining the position of such a beam in relation to a target,
      as well as its intensity, 5 its uniformity and its directivity.
PAR  This device can be utilized equally for a beam of charged particles (beta
      rays, formed by electrons) and for a beam of uncharged particles ( X-rays
      constituted by photons ).
PAR  In certain devices which utilize beams of ionizing radiation, particularly
      in radiotherapy, it is necessary to know the beam characteristics (
      position, intensity, uniformity, directivity ) with extreme accuracy, as
      otherwise their utilization can lead to severe injury.
PAR  Conventional measurement devices make it possible to determine the
      intensity of the beam and its position in relation to the center of the
      irradiated target, but they provide no indication of the uniformity of the
      beam.
PAR  In my above-identified prior U.S. Pat. No. 3,808,441 I have disclosed and
      claimed a device of this nature comprising a housing transparent to the
      radiation of an incident beam to be monitored, one or more ionization
      chambers in that housing containing an electrode or electrodes each formed
      from a pair of mutually insulated radiation-transparent, conductive
      elements with major surfaces transverse to the housing axis. The elements
      of each electrode are of substantially semicircular configuration and
      complement each other to a circular disk. Each disk segment thus
      intercepts a portion of the beam on a respective side of an axial plane.
      With the use of two axially spaced electrodes of this description, having
      segmental boundaries disposed at right angles to each other, the rate of
      ion collection in four quadrantal sectors can be measured and compared.
PAR  The object of my present invention is to provide a device of this general
      type furnishing a more positive indication of the centering of an incident
      beam on the chamber axis while also supplying data on overall beam
      intensity and uniformity.
PAR  I realize this object, in accordance with my present invention, by
      disposing certain of the electrode elements in a central zone containing
      the housing axis and other of these elements exclusively in a surrounding
      peripheral zone, and evaluation circuit connected to the electrode
      elements enabling comparison of the rates of ion collection in the two
      zones.
PAR  In the simplest case, a central portion and a surrounding annular portion
      of a disk-shaped array of electrode elements consist each of a single
      element. To facilitate measurements of uniformity, either or each of these
      electrode portions may be subdivided into a plurality of mutually
      insulated sectors. It is also possible, on the other hand, to use two
      axially spaced arrays having each an inner segmental portion bracketed by
      a pair of outer segmental portions, the segmental portions of one array
      extending at right angles to those of the other. In that instance the two
      mutually orthogonal inner portions overlap in the central zone to monitor
      the radiation thereof whereas the outer portions are confined to the
      peripheral zone.
DRWD
     For a better understanding of the invention and to show how the same may be
      carried into effect, reference will be made to the accompanying drawing
      wherein:
PAR  FIG. 1 illustrates an embodiment of a monitoring device in accordance with
      the invention;
PAR  FIG. 2 illustrates in detail an electrode of the monitoring device shown in
      FIG. 1;
PAR  FIGS. 3, 4, 5, 6 illustrate other embodiments of a monitoring device in
      accordance with the invention; and
PAR  FIG. 7 schematically illustrates the measurement system associated with the
      two elements of an electrode of a monitoring device in accordance with the
      invention.
DETD
PAR  In the embodiment shown in FIG. 1, the monitoring device in accordance with
      the invention comprises an ionization chamber 1 constituted by a metal
      cylinder closed at its ends by a thin wall, transparent to an incident
      beam of ionizing radiation, chamber 1 being provided with an electrode 2
      constituted by eight elements electrically insulated from one another.
PAR  FIG. 2, in a more detailed fashion, shows this electrode 2 which can be
      realized with a sheet of polyethylene-terephthalate, commercially known as
      "MYLAR," upon which, by vaporization under vacuum for example, a metal
      film has been deposited. Insulating strips B (e.g. non-metallized portions
      of the sheet) separate the various elements e.sub.1, e.sub.2, e.sub.3, . .
      . , e.sub.8 constituting the electrode 2, these elements being provided
      with respective output leads s.sub.1, s.sub.2, s.sub.3, . . . , s.sub.8
      each connected to an amplifier (not shown in this Figure ) converting the
      relatively weak ion currents picked up by each of the elements e.sub.1,
      e.sub.2, e.sub.3 . . . , e.sub.8 signals wich can readily be processed.
PAR  This embodiment requires eight amplifiers. However, it does not introduce
      any redundancy into the measurements, and a redundancy is sometimes
      required.
PAR  The embodiment of my invention shown in FIG. 3 makes it possible to achieve
      redundancy in the beam-intensity measurement. This device comprises a
      cylindrical housing 10 divided by radiation-transparent end walls and
      internal partitions into three ionization chambers 11, 12, 13 respectively
      equipped with electrodes E.sub.11, E.sub.12 and E.sub.13 wich are
      electrically insulated from one another. The electrodes E.sub.11 and
      E.sub.12 are identical and are each constituted by two semicircular
      elements e.sub.111, e.sub.112 and e.sub.121, e.sub.122 respectively
      separated by insulating diametral strips B.sub.11 and B.sub.12 which are
      disposed at right angles to one another.
PAR  The electrodes E.sub.11 and E.sub.12 make it possible to monitor the
      centering and intensity of the beam of ionizing radiation, whereas the
      electrode E.sub.13 enables monitoring of the uniformity and directivity of
      the beam. This electrode E.sub.13 is constituted by a central circular
      element e.sub.131, and a peripheral annular element e.sub.132
      concentrically surrounding same. The currents I.sub.131 and I.sub.132
      respectively picked up by the elements e.sub.131 and e.sub.132,
      proportional to their areas S.sub.131 and S.sub.132, make it possible to
      monitor the uniformity of the beam successively passing through the
      ionization chambers E.sub.11, E.sub.12 and E.sub.13, the condition of
      uniformity of the beam being given in this case by the expression:
      ##EQU1##
PAR  FIG. 7 illustrates an evaluation circuit associated with the elements
      e.sub.131 and e.sub.132 of the electrode E.sub.13, analogous circuits
      being also associated with the electrodes E.sub.11 and E.sub.12. The
      circuit includes an additive branch S.sub.1 and a subtractive branch
      D.sub.1 whose outputs constitute the sum and the difference of e.sub.131
      and e.sub.132, as intensified by respective amplifiers A.sub.1 and
      A.sub.2. These outputs are measured by respective indicators M.sub.1 and
      M.sub.2 providing the e.sub.131 and e.sub.132 and amplified by the
      amplifiers A.sub.1 and A.sub.2, the desired information pertaining to
      intensity and centering, uniformity and directivity of the beam of
      ionizing radiation designed to irradiate a target C shown in FIG. 3.
PAR  Of course, the electrodes E.sub.11 and E.sub.12 can be replaced by a single
      electrode E.sub.21 such as that shown in FIG. 4, constituted by four
      sectoral elements e.sub.211, e.sub.212, e.sub.213 and e.sub.214. In this
      case, the monitoring device comprises only two ionization chambers 21 and
      22 and two electrodes E.sub.21 and E.sub.22, the electrode E.sub.22 being
      identical with the electrode E.sub.13 of the preceding example.
PAR  Other shapes of electrodes can also be used in a system according to my
      invention. Thus, in the case of two ionization chambers, it is possible
      for example to utilize electrodes E.sub.31 and E.sub.32 such as shown in
      FIG. 5, each comprising two outer and two inner sectoral elements
      e.sub.311, e.sub.312, e.sub.313, e.sub.314 and e.sub.321, e.sub.322,
      e.sub.323, e.sub.324, or again electrodes E.sub.41, E.sub.42, such as
      shown in FIG. 6, each comprising three elements e.sub.411, e.sub.412,
      e.sub.413 and e.sub.421, e.sub.422, e.sub.423  i.e. a central strip
      flanked by two outer segments. The examples given here are not intended in
      any way as limitative of the scope of the invention.
PAR  The device in accordance with the invention thus monitors the
      characteristics of a beam of ionizing radiation, and especially the
      distribution of the flow or stream in the radiation lobe obtained from a
      plate or target wich, under electron impact, emits X-rays.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a safety system for monitoring the intensity, uniformity and
      orientation of an incident beam of ionizing radiation, in combination:
PA1  a housing transparent to said radiation centered on an axis and forming at
      least one ionization chamber provided with ion-collecting electrode means;
      and
PA1  evaluation means connected to said electrode means;
PA1  said electrode means comprising a plurality of mutually insulated
      conductive elements transparent to said radiation with major surfaces
      transverse to said axis positioned to intercept different portions of the
      incident beam, certain of said elements being at least partly disposed in
      a central zone containing said axis, other of said elements being
      exclusively disposed in a peripheral zone surrounding said central zone,
      said evaluation means including circuitry for comparing the rates of ion
      collection by said elements in said central and peripheral zones.
NUM  2.
PAR  2. The combination defined in claim 1 wherein said circuitry comprises an
      additive branch and a subtractive branch each with two inputs connected to
      receive ionization currents from said central and peripheral zones,
      respectively.
NUM  3.
PAR  3. The combination defined in claim 1 wherein said housing is cylindrical,
      said elements forming at least one disk-shaped array.
NUM  4.
PAR  4. The combination defined in claim 3 wherein said elements form a circular
      central electrode portion and a surrounding annular electrode portion.
NUM  5.
PAR  5. The combination defined in claim 4 wherein at least one of said
      electrode portions is subdivided into a plurality of mutually insulated
      parts.
NUM  6.
PAR  6. The combination defined in claim 3 wherein said elements form two
      axially spaced arrays each with an inner segmental portion and a pair of
      outer segmental portions bracketing said inner portion, the segmental
      portions of one array extending at right angles to those of the other
      array.
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ABST
PAL  The present invention concerns a neutron dosemeter particularly applicable
      to the dosimetry of fast neutrons. According to the invention there is
      provided a composite detector material consisting of at least two fissile
      elements, the fission cross-section versus neutron energy response curves
      of which combine to match the kerma versus neutron energy response of a
      known biological material.
BSUM
PAR  The present invention concerns a neutron dosemeter based on fission
      reactions and is particularly, but not especially, concerned with
      dosimetry of fast neutrons.
PAR  Previous neutron dose measurements using fission devices have been based on
      threshold detector techniques and implicit in analysis of this kind is a
      knowledge of the neutron spectrum, and it is accordingly a complex task to
      apply this known neutron dose measurement technique in unknown neutron
      fields.
PAR  According to the present invention there is provided a method of measuring
      neutron doses comprising providing a composite detector material for the
      neutrons consisting of at least two fissile elements, the fission
      cross-section versus neutron energy response curves of which combine to
      match the kerma versus neutron energy response of a known biological
      material.
PAR  The biological material to be matched may, for example, be tissue, bone, or
      in some cases water.
PAR  In accordance with another aspect of the present invention there is
      provided a neutron dosemeter having a composite detector material for the
      neutrons consisting of at least two fissile elements, the fission
      cross-section versus neutron energy response curves of which combine to
      match the kerma versus neutron energy response of a known biological
      material.
PAR  Preferably two of the fissile elements are 237.sub. Np and 238.sub. U and
      these may be present in the range 30% to 11% 237.sub. Np and 70% to 89%
      238.sub. U , respectively, by weight.
DETD
PAR  An explanation of the present invention by way of example will now be given
      and reference made to the graph accompanying this specification.
PAR  The accompanying graph shows the tissue kerma as a function of neutron
      energy and a calculated composite fission response curve. The calculated
      composite fission response curve is in broken line. For comparison, both
      response functions are normalised at 15 MeV neutron energy. The
      proportions by weight of the fissile element of the composite fission
      device have been chosen to match the composite fission cross-section
      versus neutron energy response curve to the kerma response of tissue in
      the 11-15 MeV neutron energy region and was 29% 237.sub. Np and 71%
      238.sub. U by weight.
PAR  The degree to which matching has been achieved is shown in the following
      table which compares the relative doses calculated from the kerma versus
      neutron energy response function for tissue with those deduced from the
      composite fission cross-section versus neutron energy response function
      using histograms with 30 equal division intervals in the energy region 0.1
      to 15 MeV neutron energy representing various forms of neutron spectra. It
      is apparent from the table that this composite fission device will predict
      the neutron dose to within 5% of that calculated from kerma in almost any
      fast neutron field.
PAR  Furthermore the absolute neutron dose or dose rate can be measured since
      the detector sensitivity to 15 MeV neutrons can be directly related to the
      kerma value at the same energy.
PAR  Devices of various design can be constructed using the principle of
      composite fissile materials to measure neutron doses.
PAR  For example, it may be used in a known type of pulse fission chamber which
      can provide a digital or analogue output via simple associated
      electronics. Alternatively a fission track imagining method may be
      employed. In such a case the fissile materials would be mounted on a
      polycarbonate converter foil and this would provide a permanent record of
      the neutron dose.
PAR  A layer of fissile material on a foil can be produced from a solution
      containing the correct relative weights of the elements required for the
      particular application by deposition in a thin oxide layer.
PAR  Furthemore, separate fission foils each bearing a fissile material could be
      used with masks designed to expose the correct relative areas of foil.
      This has the advantage that the calibration of the separate components
      which combine to match the required tissue kerma response can be checked
      independently. Furthermore, foils can be interchanged and different areas
      exposed thus rendering the dose meter more flexible.
PAR  Although the previous description has been concerned with combining two
      fissile elements to obtain a composite fission response function which
      matches the kerma response of tissue, naturally by using different
      compositions different kermas may be matched. Thus if it is required to
      match the kerma of water, then the composition of the composite fission
      device would be 30% 237.sub. Np and 70% 238.sub. U by weight, and 11%
      237.sub. Np and 89% 238.sub. U by weight for bone kerma.
PAR  A dosemeter constructed in accordance with the above description has
      several features which combine to give it advantages over previously
      available devices which measure neutron dose.
PAR  These features are as follows:
PA1  1. lack of sensitivity to electron or gamma radiation,
PA1  2. the devices can be used actively to record neutron doses during
      irradiation or passively to provide a permanent record of the dose,
PA1  3. the size and sensitivity of the device can be chosen to suit a
      particular application,
PA1  4. the operation of the devices is very stable.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Comparison of Composite Fission and Kerma Doses.                          
                          AGREEMENT OF RELATIVE                                
     SPECTRUM TYPE        DOSE CALCULATED                                      
                          FROM COMPOSITE FISSION                               
                          DETECTOR WITH KERMA                                  
     ______________________________________                                    
     RECTANGLE WITH N(E) = 1                                                   
     FROM E = 0.1 MeV TO 15 MeV.                                               
                          + 1.5%                                               
     TRIANGLE WITH N(E) = O AT                                                 
     E = 0.1 MeV TO N(E) = 1                                                   
     AT 15 MeV.           + 3.5%                                               
     TRIANGLE WITH N(E) = 1 AT                                                 
     E = 0.1 MeV TO N(E) = 0                                                   
     AT 15 MeV            - 0.5%                                               
     .sup.252 Cf SPONTANEOUS FISSION                                           
     NEUTRON SOURCE.      - 6.5%                                               
     Pu-Be (.alpha.,.eta.).                                                    
                          + 1.5%                                               
     TYPICAL CYCLOTRON SPECTRUM OF                                             
     15 MeV DEUTERONS ON THICK Be                                              
     TARGET.              + 0.5%                                               
     SPECTRUM FROM D-T GENERATOR AFTER                                         
     PASSING THROUGH 25 cm OF TISSUE                                           
     EQUIVALENT MATERIAL. - 3.0%                                               
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of measuring neutron doses comprising providing a composite
      detector material for the neutrons consisting of at least two fissile
      elements, the fission cross-section versus neutron energy response curves
      of which combine to match the kerma versus neutron energy response of a
      known biological material and exposing said detector material to neutrons
      and said elements including 237.sub. Np in the range of 30% to 11% and
      238.sub. U in the range of 70 to 89% , respectively by weight.
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ABST
PAL  Logic elements are provided for a reactor period meter trip circuit. For
      one element, first and second inputs are applied to first and second
      chopper comparators, respectively. The output of each comparator is O if
      the input applied to it is greater than or equal to a trip level
      associated with each input and each output is a square wave of frequency f
      if the input applied to it is less than the associated trip level. The
      outputs of the comparators are algebraically summed and applied to a
      bandpass filter tuned to f. For another element, the output of each
      comparator is applied to a bandpass filter which is tuned to f to give a
      sine wave of frequency f. The outputs of the filters are multiplied by an
      analog multiplier whose output is 0 if either input is 0 and a sine wave
      of frequency 2f if both inputs are a frequency f.
GOVT
PAC  CONTRACTUAL ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the UNITED STATES ENERGY RESEARCH AND DEVELOPMENT
      ADMINISTRATION.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A reactor period meter is a device for monitoring a reactor's period T.
      With the reactor period below a critical value, that is, it is too short,
      the power level is increasing too quickly. A reactor scram signal should
      be initiated by the reactor period meter, indicating the reactor power
      should be reduced. Such a meter includes means for developing a signal
      proportional to reactor period and logical elements for determining
      whether the reactor period indicated by the signal is at a critical scram
      level. For use in a reactor period meter, such logic elements should be
      fail safe, and should indicate scram condition with the reactor period at
      the scram level and it should indicate scram condition with failure of any
      of the components of the period meter. With D.C. digital, logical
      elements, failure of the logic elements themselves might not necessarily
      cause a scram signal to be generated by the meter. Thus, constant checking
      of the meter in a nonoperational condition is required.
PAR  It is therefore an object of this invention to provide fail safe logic
      elements.
PAR  Another object of this invention is to provide fail safe logic elements for
      a reactor period meter.
PAC  SUMMARY OF THE INVENTION
PAR  For a reactor period meter trip circuit, there is provided an analog
      logical gate for indicating the value of a first input signal being
      greater than a first trip level and simultaneously the value of the second
      input signal being in excess of the second trip level, much like a logical
      AND gate. The first and second input signals are applied to first and
      second chopper comparators respectively. The output of each comparator
      will be 0 if the input applied to it is greater than or equal to a trip
      level associated with the respective input. If the input is less than the
      associated trip level, then the corresponding comparator develops a square
      wave output of frequency f. The outputs of the comparators are summed and
      applied to a bandpass filter tuned to the frequency f. If the output of
      the bandpass filter is 0, that indicates that both of the inputs have
      exceeded their associated trip levels simultaneously. If the output of the
      bandpass filter is a sine wave of frequency f, then the inputs have not
      simultaneously exceeded their respective trip levels.
PAR  A further logic element indicates a condition of the value of either of two
      input signals being in excess of respective trip levels regardless of
      their occurring simultaneously, much like a logical OR gate. Each input
      signal is applied to a chopper comparator which obeys the relationships
      previously described for the other logic element. The output of each of
      these comparators is applied to a bandpass filter tuned to the frequency y
      of the output signal of the comparators. The outputs of these filters are
      multiplied together by an analog multiplier. The output of the multiplier
      will be 0 if either of the filters has a 0 output and will be a sine wave
      of frequency 2y if both are at a y frequency.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a block diagram showing logic elements of an improved
      reactor period meter.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, there is shown a reactor period meter with fail
      safe logic elements. The reactor period meter shown in the drawing is a
      log N-type meter having an ionization chamber 10 which develops a signal
      proportional to the neutron flux density for power level of the reactor
      (not shown). The neutron flux density is proportional to reactor power
      level. The output of the chamber 10 is applied to log N amplifier 12. The
      output of log N amplifier 12 is proportional to the log of the reactor
      power level. The type of meter shown in the drawing has two circuits for
      determining reactor period. One circuit is limited to high power levels,
      while the other functions at all reactor power levels. This is more
      particularly described in U.S. Pat. application Ser. No. 509,971(70) filed
      Sept. 27, 1974. The present application relates to particular fail safe
      logic elements incorporated into such a reactor period meter.
PAR  The output V of log N amplifier 12 is applied to differentiator 14 whose
      output is proportional to dV/dt. The output of differentiator 14 is
      applied to a fail safe logical element 16 which determines whether dV/dt
      is greater than a particular critical value and simultaneously whether V
      is greater than a predetermined number. The dV/dt comparison tests the
      critical reactor period while the V comparison tests the reactor power
      level. Logic element 16 is designed so that at high power levels dV/dt is
      used to monitor reactor period.
PAR  The dV/dt signal is applied to chopper comparator 18. A chopper comparator
      is a device which chops a resulting D.C. signal determined by subtracting
      from a reference D.C. an applied signal. Only if the subtraction is
      positive will the resulting D.C. signal be chopped. However, if the
      subtraction is negative or 0, the output of chopper comparator 18 will be
      0. Chopping means that the comparator generates a square wave in response
      and proportional to the amplitude of the positive resulting D.C. signal.
      The frequency of the square wave will be equal to that of a reference A.C.
      signal applied to the chopper comparator. In the drawing, the chopper
      comparator 18 compares the value of the applied input signal dV/dt signal
      with a particular D.C. scram level established by scram setting 20. If
      dV/dt is greater than the D.C. scram level, comparator 18 will chop the
      positive resulting D.C. signal. The chopped square wave will have a
      frequency equal to the frequency of an A.C. reference signal, which in
      this embodiment is a 1 KHz signal developed by A.C. source 22. The actual
      reference A.C. signal is chosen for convenience. If the D.C. scram level
      is not exceeded by the dV/dt signal, the output of comparator 18 is 0.
      Simultaneously, the output of log N amplifier 12 is applied to chopper
      comparator 24 which compares the value of V with a D.C. power level
      established by power setting 26. If V is equal to or exceeds the D.C.
      power level, comparator 24 develops a 0 output. If the V signal is greater
      than the D.C. power level, then the output of chopper comparator 24 is a
      square wave of frequency equal to the reference A.C. signal applied to
      comparator 24 by A.C. source 22. In logic element 16 this frequency is the
      same as that applied to comparator 18, which in this embodiment is 1 KHz.
PAR  The outputs of comparators 18 and 24 are superposed or added by summer 28.
      The summation of chopper comparators 18 and 24 is then applied to a
      bandpass filter 30. The frequency to which the filter is tuned is equal to
      that of the reference A.C. signal applied to chopper comparators 18 and
      24, which in this embodiment is 1 KHz. As is well known, a bandpass filter
      will pass any sine wave or frequency approximately equal to the frequency
      to which it is tuned. Therefore, since the summation of the output
      comparators 18 and 24 is either a square wave of frequency 1 KHz to which
      the bandpass filter is tuned or 0, the output of bandpass filter 30 will
      be a sine wave of the reference frequency or will be 0. Note that a square
      wave is merely a superposition of a multitude of sine waves so that
      applying a square wave to a bandbass filter yields an output sine wave at
      the relative frequency of a square wave. Note that if the comparators have
      malfunctioned and are developing signals other than at the reference A.C.
      signal, the output of bandpass filter 30 will be due to the nonreference
      A.C. frequency signals and of 0 magnitude.
PAR  The action of the combination of the comparators 18 and 24 in filter 30 is
      better understood with reference to the following truth table:
TBL                                    TABLE I                                 
     __________________________________________________________________________
     dV/dt  .ltoreq. D.C. scram                                                
                    .ltoreq. D.C. scram                                        
                            &gt; D.C. scram                                       
                                    &gt; D.C. scram                               
            level   level   level   level                                      
     V      .ltoreq. D.C. power                                                
                    &gt; D.C. power                                               
                            .ltoreq. D.C. power                                
                                    &gt; D.C. power                               
            level   level   level   level                                      
     __________________________________________________________________________
     Output of                                                                 
            1 KHz sine                                                         
                    1 KHz sine                                                 
                            1 KHz sine                                         
                                    0                                          
     filter 30                                                                 
            wave    wave    wave                                               
     __________________________________________________________________________
PAL  Thus, when dV/dt is less than the D.C. scram level, the subtraction of
      dV/dt from the D.C. scram level will be positive and the output of
      comparator 18 will be a 1 KHz square wave. This results in filter 30
      having a 1 KHz sine wave output regardless of the condition of comparator
      24. Similarly, when V is less than the D.C. power level, comparator 24
      will have a 1 KHz square wave output which results in filter 30 having a 1
      KHz sine wave output regardless of the position of comparator 18. However,
      if dV/dt is greater than the D.C. scram level, and simultaneously V is
      greater than the D.C. power level, both comparators 18 and 24 will have 0
      outputs, resulting in the output of filter 30 being 0. Since 0 output of
      filter 30 indicates scram, this logical element 16 functions much like an
      AND gate.
PAR  Logical element 40 determines whether the reactor period is too fast by
      comparing the change in V over a predetermined time interval with a
      predetermined number and develops a scram signal if the predetermined
      number is exceeded by the change in V. Two separate comparisons,
      noncoincident in time but lasting for identical time intervals, are taken
      and, if either indicates scram condition, a scram signal is to be
      generated. .DELTA.V sampler 42 develops a new output signal each
      particular time period. The output signal of sampler 42 represents the
      change in V over the particular time interval. Similarly, .DELTA.V sampler
      44 develops a new output signal each particular time interval equal to the
      change in V over the particular time interval. The time intervals for each
      sampler 42 and 44 are equal in duration but are not coterminous. The
      output of sampler 42 is applied to chopper comparator 46 where it is
      compared with the D.C. .DELTA.V level established by .DELTA.V setting 48.
      With the output of sampler 42 less than the D.C. .DELTA.V level, a square
      wave is developed by comparator 46. The reference A.C. signal which
      determines the frequency of the square wave is developed in this
      embodiment by A.C. source 22. Here, the 1 KHz signal is divided by two by
      frequency divider 50 to give a reference A.C. signal having a frequency of
      500 HZ. When the signal from sampler 46 is equal to or exceeds the D.C.
      .DELTA.V level, then the output of comparator 46 is 0. In the same manner,
      the output of sampler 44 is applied to chopper comparator 52 whose D.C.
      reference signal is equal to that of comparator 46 and is also established
      by .DELTA.V setting 48 and whose A.C. reference signal is also the 500 HZ
      from divider 50. The same output conditions which governed comparator 46
      also govern comparator 52. The output of each comparator 46 and 52 is
      applied to a bandpass filter, 54 or 56, respectively. Filters 54 and 56
      are tuned to the A.C. reference frequency of comparators 46 and 52 which,
      in this case, is 500 HZ. The purpose of filters 54 and 56 is to convert
      any square wave developed by comparators 46 and 52 to a sine wave at the
      same frequency as the reference frequency. The outputs of the filters 54
      and 56 are applied to an analog multiplier 58. An analog multiplier is a
      device which, in response to two sine wave inputs of frequency
      .omega..sub.1 and .omega..sub.2, develops an output of the form
EQU  COS(.omega..sub.1 + .omega..sub.2) - COS(.omega..sub.1 - .omega..sub.2)
PAL  if the outputs of both filters 54 and 56 are both at 500 HZ, then the
      output of multiplier 58 will be sine sin wave of frequency 1 KHz. However,
      if the output of either filter 54 or filter 56 is 0, then the output of
      multiplier 58 will be 0. The action of the combination of comparators 46
      and 52, filters 54 and 56, and multiplier 58 is better understood with
      reference to the following truth table:
TBL                                    TABLE II                                
     __________________________________________________________________________
     V        .ltoreq. D.C. .DELTA. V                                          
                     &gt; D.C. .DELTA. V                                          
                            .ltoreq. D.C. .DELTA. V                            
                                   &gt; D.C. .DELTA. V                            
     Sampler 42                                                                
              level  level  level  level                                       
     output                                                                    
     V        .ltoreq. D.C. .DELTA. V                                          
                     .ltoreq. D.C. .DELTA. V                                   
                            &gt; D.C. .DELTA. V                                   
                                   &gt; D.C. .DELTA. V                            
     Sampler 44                                                                
              level  level  level  level                                       
     output                                                                    
     __________________________________________________________________________
     Multiplier 58                                                             
              1 KHz sine                                                       
                     0      0      0                                           
     output                                                                    
     __________________________________________________________________________
PAL  Thus, when the output of sampler 42 is less than the D.C. .DELTA.V level,
      comparator 46 develops a 500 HZ signal, and when the output of sampler 42
      is greater than or equal to the D.C. V level, comparator 46 develops a 0
      output. The same rule governs the operation of comparator 52 with respect
      to the output of sampler 44. The output of multiplier 58 will be 0 if the
      output of either chopper is 0 and will by a 1 KHz signal if both are at
      500 HZ. Since 0 indicates scram condition, logic element 40 can be said to
      function like an OR gate.
PAR  The outputs of filter 30 and multiplier 58 are applied to analog multiplier
      60. The reference frequencies have been established so that the outputs of
      filter 30 and multiplier 58 are both either 0 or a 1 KHz sine wave
      depending upon whether a scram condition or a nonscram condition exists
      according to logic elements 16 and 40. The output of multiplier 60 will be
      governed by the same multiplication rule as for multiplier 58 and will be
      0 if either input or both inputs are 0 and will be a 2 KHz sine wave if
      both inputs are 1 KH signals. The output of multiplier 60 is applied to
      bandpass filter 61 which is tuned to a frequency of 2 KHz in this
      embodiment. Thus the output of filter 61 will either be 0 or 2 KHz
      depending upon the output of multiplier 60. If a component of the meter
      has failed, the output of multiplier 60 may be a sine wave of frequency of
      2 KHz. Filter 61 responds to such a signal with a 0 output. A scram should
      be generated if the output of filter 61 is 0. This is done by scram
      reactor circuit 70.
PAR  Because the logic elements are A.C. they are fail safe. If at any time one
      of the components of the element fails, the filter 61 will have an output
      of 0 since the frequencies of its two inputs will not match up. Further
      redundancy can be provided by examining the output of each chopper
      individually with a missing pulse detector which for each chopper is 62,
      63, 64 and 66. A missing pulse detector might be a retriggerable
      monostable multivibrator. When it receives a pulse from the comparator, a
      capacitor is charged and when the pulse ends the capacitor is discharged.
      If a pulse is missing, the capacitor continues to charge and the excess
      charge can be detected, showing a missing pulse.
PAR  To those skilled in the art, the particular selection of A.C. reference
      frequencies and of filters would be apparent. Also various combinations of
      the basic logic elements disclosed to perform a variety of logical
      operations would also be apparent.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A logical device for indicating the condition of the value of a first
      input signal being equal to or greater than a first trip level and
      simultaneously the value of a second input signal being equal to or
      greater than a second trip level, comprising:
PA1  first DC means for developing a first DC signal corresponding to the first
      trip level, a first chopper comparator having the first input signal
      applied thereto and being coupled to said first DC means, said first
      comparator being responsive to the first input signal and said first DC
      signal to develop a first comparator signal, with the first input signal
      less than said first DC signal said first comparator signal being a square
      wave of frequency f and with the first input signal equal to or greater
      than said first DC signal said first comparator signal having 0 value,
PA1  second DC means for developing a second DC signal corresponding to the
      second trip level, a second chopper comparator having the second input
      signal applied thereto and being coupled to said second DC means, said
      second comparator being responsive to the second input signal and said
      second DC signal to develop a second comparator signal, with the second
      input signal less than said second DC signal said second comparator signal
      being a square wave of frequency f and with the second input signal equal
      to or greater than said second DC signal said second comparator signal
      having 0 value, and
PA1  a first bandpass filter tuned to frequency f and being coupled to said
      first and second comparators and being responsive to said first and second
      comparator signals to develop a first AC alarm signal of frequency f with
      either of said comparator signals of frequency f and having zero value
      with both said comparator signals not of frequency f.
NUM  2.
PAR  2. The device of claim 1 further including a first missing pulse detector
      coupled to said first comparator and being responsive to said first
      comparator signal having a nonregular square wave form to develop a first
      missing pulse alarm and a second missing pulse detector coupled to said
      second comparator and being responsive to said second comparator signal
      having a nonregular square wave form to develop a second missing pulse
      alarm.
NUM  3.
PAR  3. The device of claim 2 further including means for developing a second AC
      alarm signal of frequency f with either of third and fourth input signals
      being equal to or greater than third and fourth trip levels respectively
      and a first analog frequency multiplier coupled to said means for
      developing a second AC alarm signal and said first bandpass filter and
      being responsive to said first and second AC alarm signals to develop an
      output signal, with either of said AC alarm signals having zero value said
      output signal having 0 value and with both of said AC alarm signals of
      frequency f said output signal having a frequency of 2f.
NUM  4.
PAR  4. The device of claim 3 further including a second bandpass filter tuned
      to frequency 2f coupled to said first analog multiplier and being
      responsive to said output signal to develop a scram signal of frequency 2f
      with the output signal of said first analog multiplier having frequency 2f
      and of zero value with said output signal of said first analog multiplier
      not of frequency 2f.
NUM  5.
PAR  5. The device of claim 4 wherein said means for developing a second AC
      alarm signal includes third DC means for developing a third DC signal
      corresponding to said third trip level, a third chopper comparator having
      applied thereto said third DC signal and being coupled to said third DC
      means, said third comparator being responsive to said third input signal
      and said third DC signal to develop a third comparator signal, with said
      third input signal less than said third DC signal said third comparator
      signal being a square wave of frequency 1/2 f and with said third input
      signal equal to or greater than said third DC signal said third comparator
      signal having 0 value, fourth DC means for developing a fourth DC signal
      corresponding to said fourth trip level, a fourth chopper comparator
      having applied thereto said fourth DC signal and being coupled to said
      fourth DC means, said fourth comparator being responsive to said fourth
      input signal and said fourth DC signal to develop a fourth comparator
      signal, with said fourth input signal less than said fourth DC signal said
      fourth comparator signal being a square wave of frequency 1/2  f and with
      said fourth input signal equal to or greater than said fourth DC signal
      said fourth comparator signal having zero value, a third bandpass filter
      tuned to frequency 1/2 f coupled to said third comparator and being
      responsive to the comparator signal thereof to develop a third AC alarm
      signal of frequency 1/2 f with the comparator signal applied thereto of
      frequency 1/2 f and of zero value with the comparator signal applied
      thereto not of frequency 1/2 f, a fourth bandpass filter tuned to
      frequency 1/2 f coupled to said fourth comparator and being responsive to
      the comparator signal thereof to develop a fourth AC alarm signal of
      frequency 1/2 f with the comparator signal applied thereto of frequency
      1/2 f and of zero value with the comparator signal applied thereto not of
      frequency 1/2 f, and a second analog frequency multiplier coupled to said
      third and fourth bandpass filters and being responsive to said third and
      fourth AC alarm signals to develop said second AC alarm signal, with
      either of said third and fourth AC alarm signals having zero value said
      second AC alarm signal having zero value and with both said third and
      fourth AC alarm signals of frequency 1/2 f said second AC alarm signal
      having a frequency of f.
NUM  6.
PAR  6. The device of claim 5 further including a third missing pulse detector
      coupled to said third comparator and being responsive to said third
      comparator signal having a nonregular square wave form to develop a third
      missing pulse alarm and a fourth missing pulse detector coupled to said
      fourth comparator and being responsive to said fourth comparator signal
      having a nonregular square wave form to develop a fourth missing pulse
      alarm.
NUM  7.
PAR  7. The device of claim 6 further including a nuclear reactor ionization
      chamber for developing a power signal proportional to the neutron density
      incident thereon, a log N amplifier coupled to said chamber and said
      second comparator and being responsive to said power signal to develop the
      second input signal proportional to the log of said power signal, a
      differentiator coupled to said amplifier and said first comparator and
      being responsive to the first input signal to develop the second input
      signal proportional to the differentiation of the second input signal, a
      first sampler coupled to said amplifier and being responsive to the second
      input signal to develop said third input signal equal in value to the
      value of the first input signal at a particular instant, and a second
      sampler coupled to said amplifier and being responsive to the second input
      signal to develop said fourth input signal equal in value to the value of
      the first input signal at a particular instant.
NUM  8.
PAR  8. A logical device for indicating the condition of the value of either of
      two input signals being in excess of respective trip levels, comprising:
      first DC means for developing a first DC signal corresponding to said
      first trip level, a first chopper comparator having applied thereto said
      first DC signal and being coupled to said first DC means, said first
      comparator being responsive to said first input signal and said first DC
      signal to develop a first comparator signal, with said first input signal
      less than said first DC signal said first comparator signal being a square
      wave of frequency 1/2 f and with said first input signal equal to or
      greater than said first DC signal said first comparator signal having zero
      value, second DC means for developing a second DC signal corresponding to
      said second trip level, a second chopper comparator having applied thereto
      said second DC signal and being coupled to said second DC means, said
      second comparator being responsive to said second input signal and said
      second DC signal to develop a second comparator signal, with said second
      input signal less than said second DC signal said second comparator signal
      being a square wave of frequency 1/2 f and with said second input signal
      equal to or greater than said second DC signal said second comparator
      signal having zero value, a first bandpass filter tuned to frequency 1/2 f
      coupled to said first comparator and being responsive to the comparator
      signal thereof to develop a first AC alarm signal of frequency 1/2 f with
      the comparator signal applied thereto of frequency 1/2 f and of zero value
      with the comparator signal applied thereto not of frequency 1/2 f, a
      second bandpass filter tuned to frequency 1/2  f coupled to said second
      comparator and being responsive to the comparator signal thereof to
      develop a second AC alarm signal of frequency 1/2 f with the comparator
      signal applied thereto of frequency 1/2 f and of zero value with the
      comparator signal applied thereto not of frequency 1/2 f, and an analog
      frequency multiplier coupled to said first and second bandpass filters and
      being responsive to said first and second AC alarm signals to develop an
      AC scram signal, with either of said first and second AC alarm signals
      having zero value said AC scram signal having zero value and with both
      said first and second AC alarm signals of frequency 1/2 f said AC scram
      signal having a frequency of f.
NUM  9.
PAR  9. The device of claim 8 further including a first missing pulse detector
      coupled to said first comparator and being responsive to said first
      comparator signal having a nonregular square wave form to develop a first
      missing pulse alarm and a second missing pulse detector coupled to said
      second comparator and being responsive to said second comparator signal
      having a nonregular square wave form to develop a second missing pulse
      alarm.
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PAL  A rotating anode for an X-ray tube is constructed with a broad rim on to
      which the radiation - exciting electron beam is focused from a direction
      perpendicular to the axis of rotation. In order to distribute the thermal
      loading over the surface of the rim a transverse scanning motion is
      applied to the electron beam. Viewing the source conventionally from a
      direction nearly parallel to the axis of rotation the scanning spot is
      required to appear stationary and this is achieved by forming the surface
      of the anode rim in a uniform pattern of transverse channels. The scanning
      waveform must conform generally to the cross-section of the channels and
      the frequency and phase of the scanning motion must bear a defined
      relationship to the rate of rotation of the channel pattern.
BSUM
PAR  This invention relates to rotating-anode X-ray tubes of the type in which
      in use an electron beam is focused to an intense spot on the cylindrical
      surface of the anode and the tube is constructed so that the X-rays
      thereby excited may be extracted in a direction nearly parallel to the
      axis of rotation.
PAR  It is usually required that the X-ray source constituted by the spot should
      appear as small as possible when viewed in the direction in which the
      X-rays are extracted, so that the apparent intensity of the source will be
      as high as possible for a given power of electron beam. When working at
      very high powers, however, a limitation is imposed on the minimum actual
      area of the spot by considerations of thermal loading at the anode
      surface. The usual compromise is to focus the beam to a spot of narrow
      rectangular shape and to view the spot along its length obliquely to the
      surface, at an angle of 4.degree. or 5.degree., so that it appears
      approximately square. Precautions are taken to hold the focused spot
      stationary so that its apparent intensity shall not be reduced.
PAR  Rotation of the anode serves to limit the rise in surface temperature by
      distributing the electron beam energy over a track extending around the
      anode rim and hence permits the use of the higher electron beam power for
      a given spot size than would be the case if a static anode were used. The
      maximum advantage in this respect is obtained by using a large anode
      diameter and a high rate of rotation but a limit on these factors is
      imposed by the possibility of dangerous mechanical stresses arising in the
      material of the anode.
PAR  It is an object of the present invention to provide an arrangement whereby,
      for an anode of given diameter and rate of rotation, the maximum power
      rating of an X-ray tube of the type specified may be increased as compared
      with conventional arrangements.
PAR  According to the present invention there is provided a rotating-anode X-ray
      tube of the type specified, in which the anode is in the form of a wheel
      having a rim of uniformly serrated profile, the width of the rim being
      large relative to the depth of the serrations and to the dimensions of the
      focused spot and the arrangement being such that the electron beam may be
      deflected so as to cause the spot to scan across the anode rim.
PAR  The invention further provides an X-ray generator comprising a
      rotating-anode X-ray tube as specified in the preceding paragraph, and
      means for cyclically deflecting the electron beam so that the focused spot
      is caused to scan to and fro across the anode rim, the frequency, phase
      and waveform of the scan being such that the spot will appear
      substantially stationary when viewed in a direction lying in a plane
      passing through the axis of rotation of the anode and making with said
      axis an angle whose tangent is equal to the ratio of the depth of each
      serration to the length of the scan across the rim.
PAR  The effect of superimposing a lateral motion of the electron beam on the
      rotary motion of the anode is to provide a comparatively uniform
      distribution of electron-beam energy over the surface of the anode rim and
      thereby to increase the permissible power level. It will be seen that the
      synchronism between the rotation of the anode and the scanning movement of
      the focused spot which is necessary for the spot to appear stationary will
      be achieved if the following conditions are satisfied:
PA1  a. The frequency of scanning must be such that the anode rotates through
      one pitch of the rim serration profile during one scanning period; thus,
      scanning frequency = number of serrations X rotational frequency.
PA1  b. The phase of the scanning pattern must be such that at that end of a
      sweep more remote from the viewing position the spot lies in the trough of
      a particular serration and at the other end of the sweep it lies on the
      crest of the same serration.
PA1  c. The scanning waveform must generally comply with the profile of the
      serrations so that the spot moves to and fro over the inclined faces of
      the serrations without any discontinuity.
DRWD
PAR  An embodiment of the invention will be described by way of example with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic representation of an X-ray tube showing the
      external features which pertain to the invention;
PAR  FIG. 2 is a diagrammatic representation of a portion of a rotatable anode
      used in a tube according to the invention; and
PAR  FIG. 3 is a schematic diagram of an X-ray generator incorporating the
      invention.
DETD
PAR  Referring to FIG. 1 a vacuum-tight metal envelope 1 of generally
      cylindrical form houses a rotatable anode wheel 2 the shaft 3 upon which
      the anode rotates being located in a bearing 4 in the side wall 5 and
      passing through a bearing 6 in the side wall 7 to a rotary drive 8. Power
      is transmitted in a conventional manner to the drive 8 from an electric
      motor (not shown). The shaft 3 contains channels for the circulation of
      cooling water through cavities 9 in the anode. The side wall 7 has a
      demountable vacuum seal 10 to the envelope 1 so that the anode can be
      removed and replaced.
PAR  An electron gun 11A is mounted in a tubular neck 11 whose axis extends
      radially from the envelope 1 and in the median radial plane of the anode
      2; the electron gun 11a is of conventional form and its details are
      therefore not shown in the drawings. In operation the electron gun
      produces a beam having the preferred rectangular section which is focused
      at the cylindrical surface of the anode 2 and a deflection coil 12 is
      mounted on the neck 11 to enable the beam to be deflected across the
      cylindrical surface of the anode 2 parallel to the axis of rotation. The
      electron gun preferably includes an ion trap with an adjusting magnet 13
      mounted on the neck 11.
PAR  On the side wall 5 of the envelope 1 a port 14 is provided for an X-ray
      collimator (not shown) to be mounted so that its axis may be directed
      towards the position of the focal point on the anode surface and inclined,
      in the radial plane containing the axis of scan of the focal point at the
      surface of the stationary anode, at about 4.degree. to that axis.
PAR  FIG. 2 represents diagrammatically a peripheral portion of the anode 2. The
      anode 2 is a cylindrical copper block the superficial cylindrical profile
      of which is uniformly serrated by a continuous formation of transverse
      channels 15 of V-section. The angle of the V-section is suitably but not
      essentially about 90.degree., the pitch of the channel pattern being then
      twice the radial depth of each channel 15 which is conveniently 1 mm. The
      transverse dimension of each channel 15 (which is the peripheral thickness
      of the anode 2) is made not less than fifteen times the radial depth of
      each channel 15.
PAR  The manner of use of an X-ray source employing such a profiled anode may
      now be made clear. As has been explained it is established practice in
      X-ray analysis and has been provided in the X-ray tube of FIG. 1, that the
      collimating axis should be inclined at about 4.degree. to the target
      surface. Thus for the structure as described this axis will at any instant
      lie along the particular channel 15, in which the focal spot of the
      electron beam appears and will be inclined at about 4.degree. in a radial
      plane to a transverse element of the surface. Considering an angle
      slightly less than 4.degree. which may be taken as tan.sup. .sup.-1 1/15,
      if a focal spot initially on the collimation axis is scanned towards the
      collimator along the trough 16 of a channel 15 of the stationary anode 2
      over a distance of 15 mm it will appear in the collimator to have moved 1
      mm from the collimation axis. If, alternatively, as the spot is scanned
      from the same starting point the anode 2 is rotated at such a rate that at
      the end of the 15 mm scan the spot lies exactly at the crest 17 of the
      same channel 15, it will appear in the collimator not to have moved from
      the axis; and provided the channel surface, the scanning waveform and the
      rate of rotation are uniform the spot will appear stationary at all parts
      of the scanning period. The apparent size of the spot will in each case be
      reduced from, for example, a rectangle 0.1 .times. 1.5 mm to a square 0.1
      .times. 0.1 mm.
PAR  The conditions for synchronism to be maintained between the scan and the
      rate of rotation may be expressed generally in the form 1/f = p/u where f
      is the frequency of a symmetrical triangular scanning waveform, p is the
      pitch of the channel pattern and u is the peripheral velocity of the
      anode, the radial depth of the channel, the scan amplitude and the
      inclination of the collimator axis remaining constant. For a channel
      pattern in which p = 0.2 cm. and for a rotational rate for the anode of
      6000 rpm the required scan frequency is 1.57KHz times the number of
      centimeters in the diameter of the anode. The frequency range is therefore
      convenient for an electromagnetic generator for anodes of practical
      interest in the range of a few tens of centimeters in diameter.
PAR  The schematic circuit arrangement of FIG. 3 indicates the essential control
      features of the system. A sensor 18 monitors rotation of the anode shaft
      3, its output being converted to represent the scanning frequency
      appropriate to the particular anode design and speed for comparison with
      the output of a scanning waveform generator 19. A difference signal may be
      derived from the comparator 20 to correct either the generator frequency
      or the speed of the rotary drive. A second output from the sensor 18 is
      applied to cut off the high-voltage power supply 21 to the electron gun in
      the event of a serious reduction in anode speed.
PAR  The rotational position of the anode serration pattern is monitored by
      optical means, which may be incorporated in the X-ray camera 22 or may be
      mounted at a separately provided port, and an indexing signal is derived
      to be applied to the scan generator 19 for control of the phase of the
      scan waveform. The width of scan and the electron gun low-voltage supply
      23 are manually adjusted and do not require continuous control.
PAR  The desired geometrical result of the apparently stationary source has been
      described in terms of a symmetrical triangular scanning waveform and a
      V-shaped channel section but it may be achieved with other appropriate
      combinations of conditions. For example it may be advantageous to employ a
      more nearly sinusoidal waveform and a correspondingly radiused channel
      section to avoid the possibility of excessive local heating at the point
      of scan reversal on the crest of a channel.
PAR  The design of anode structure is adaptable to the conditions of use in
      respect particularly of the serration profile, within the design criteria
      described, and of the cooling arrangement. For example, at low speeds of
      rotation water circulation can be maintained internally between the centre
      and the periphery of a largely hollow anode; at higher speeds
      water-cooling is restricted to the axial area and a largely solid anode is
      suitable. In this case the mechanical stresses may be reduced by tapering
      the thickness towards the periphery and by the use of lightweight
      materials such as aluminium alloys. An outer rim of copper or other
      material chosen for its thermal, X-ray emission or other properties would
      then be applied.
PAR  Difficulty has been experienced in maintaining good thermal contact between
      a main cylinder and a rim of different material when centrifugal stress is
      exerted on the mechanical joint and it is contemplated that in this
      respect it would be advantageous to use fusion-sprayed metal to form the
      rim. The channel pattern required according to the invention could in this
      case be applied by subsequent machining or by suitable programming of the
      spray process.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotating-anode X-ray tube comprising:
PA1  an anode in the form of a generally circular wheel having a rim of
      uniformly serrated profile, the width of said rim being large relative to
      the depth of the serrations;
PA1  means mounting said anode for rotation about the axis of said wheel;
PA1  means for bombarding said rim with an electron beam directed transversely
      to said axis so as to impinge on a spot which has dimensions small
      relative to the width of said rim and is movable across the width of said
      rim by deflection of said beam; and
PA1  an envelope surrounding said anode and said bombarding means and provided
      with a port which will permit the emergence from said envelope, in a
      direction nearly parallel to said axis, of X-rays generated by the
      impingement of said electron beam on said spot.
NUM  2.
PAR  2. A rotating-anode X-ray tube according to claim 1 wherein the serration
      profile of the anode rim is of symmetrical V-form.
NUM  3.
PAR  3. A rotating-anode X-ray tube according to claim 1 wherein the serration
      profile of the anode rim is substantially sinusoidal.
NUM  4.
PAR  4. An X-ray generator comprising:
PA1  a rotating-anode X-ray tube having an anode in the form of a generally
      circular wheel having a rim of uniformly serrated profile, the width of
      said rim being large relative to the depth of the serrations, means
      mounting said anode for rotation about the axis of said wheel, means for
      bombarding said rim with an electron beam directed transversely to said
      axis so as to impinge on a spot which has dimensions small relative to the
      width of said rim and is movable across the width of said rim by
      deflection of said beam, and an envelope surrounding said anode and said
      bombarding means and provided with a port which will permit the emergence
      from said envelope, in a direction nearly parallel to said axis, of x-rays
      generated by the impingement of said electron beam on said spot;
PA1  drive means for rotating the anode of said tube; means for operating the
      bombarding means of said tube; means for cyclically deflecting the
      electron beam generated by the
PA2  operation of said bombarding means to cause the spot on which said beam
      impinges to scan to and fro across the rim of said anode with a scanning
      waveform conforming generally to the serration profile of said rim; and
PA2  means for synchronising the operation of said drive means and said
PA2  deflecting means so that the frequency of the scanning of said spot is
      equal to the rotational frequency of said anode multiplied by the number
      of serrations on said rim and so that said spot will lie respectively on
      the crests and in the troughs of said serration profile when it is
      respectively nearest to and furthest from the port of said tube;
PA1  whereby said spot will appear substantially stationary when viewed through
      said port in a direction lying in a plane passing through the axis of
      rotation of said anode and making with said axis an angle whose tangent is
      equal to the ratio of the depth of said serrations to the length of the
      scan of said spot across said rim.
NUM  5.
PAR  5. An X-ray generator according to claim 4 wherein the serration profile of
      the anode rim is of symmetrical V-form.
NUM  6.
PAR  6. An X-ray generator according to claim 4 wherein the serration profile of
      the anode rim is substantially sinusoidal.
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PAL  A cassette for holding radiographic film in which the edges of the cassette
      are provided with identifying indicia in accordance with a preselected
      code. The cassette includes a rectangular front panel facing one side of
      the film and a removable back panel facing the opposite side. This latter
      panel is provided with a lead coating and a layer of felt on the surface
      adjacent the film. The back panel serves as a cover for the cassette and
      is held in place by a pair of leaf springs which are supported for pivotal
      movement intermediate their ends. A hollow rectangular frame is disposed
      about the periphery of the panels, and each edge of the frame includes an
      indentation in close proximity with but spaced from one of the adjacent
      corners of the frame. Each of the indentations carries coded identifying
      indicia mounted entirely within the indentation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to film holding apparatus and more particularly to
      cassettes for holding radiographic film.
PAR  There has been developed a film cassette for x-ray or other radiographic
      film which is of unique, light-tight construction and is extremely simple
      to use. Representative cassettes of this type are disclosed in Harry S.
      Wolf U.S. Pat. No. 2,213,437 granted Sept. 3, 1940. Such cassettes
      customarily include a front panel and a back panel having a felt cushion.
      The film is positioned between intensifying screens located intermediate
      the two panels. The cassettes commonly are stored within the screens and
      film in place on shelves in radiographic rooms or other locations with
      only the edges of the cassettes visible. When a picture is to be taken, an
      orderly or technician selects the cassette with the appropriate screen and
      film combination, and the picture is made.
PAR  Heretofore, difficulties have been encountered in the construction and
      handling of film cassettes and similar film holding apparatus. Of
      particular importance is the need for rapidly and accurately identifying a
      given cassette and distinguishing it from the comparatively large number
      of adjacent cassettes at the storage location. In the making of an x-ray
      picture, for example, one of the more significant parameters is the speed
      of the screens within the cassette, and it is important to determine the
      screen speed quickly and without excessive handling. Also, information
      often is needed concerning the particular department or radiographic room
      in which the cassette has been stored, the type of cassette, e.g.
      photo-timing, grid cassette, etc., or other factors necessary or desirable
      to determine selected parameters consistent with the purpose for which the
      cassette is employed. Prior cassettes have proved deficient in these
      respects, with the result that in several instances the cassettes have
      been incorrectly identified and a substantial amount of time was wasted
      before the proper cassette could be located.
PAC  SUMMARY
PAR  One general object of this invention, therefore, is to provide a new and
      improved cassette or similar apparatus for holding radiographic film.
PAR  Another object of this invention is to provide such apparatus which may be
      readily identified merely by observing any one of the edges of the
      cassette.
PAR  A further object of the invention is to provide apparatus of the character
      indicated which is economical to manufacture and thoroughly reliable in
      operation.
PAR  In one illustrated embodiment of the invention, the apparatus includes a
      rectangular front panel for supporting radiographic film and a removable
      back panel overlying the film and having a planar surface in facing
      relationship therewith. The planar surface of the back panel is faced with
      lead and includes a layer of felted fibrous material between the lead and
      the film. The back panel is held in place by a pair of leaf springs which
      are supported for pivotal movement about axes intermediate the ends of the
      springs. The assembly of panels is surrounded by a rectangular frame
      member having four edge portions which meet at the four corners of the
      frame.
PAR  In accordance with one feature of the invention, the cassette includes an
      indentation which is arranged for the receipt of identifying indicia and
      is uniquely located on the cassette so that the indicia is readily
      accessible to the observer.
PAR  In accordance with another feature of the invention, in certain important
      embodiments, a plurality of indicia carrying indentations are provided at
      selected locations along the edge portions of the cassette. The
      arrangement is such that a hospital orderly or technician may readily
      select a particular cassette from the large number of cassettes commonly
      located in the cassette storage area.
PAR  In accordance with a further feature of several advantageous embodiments of
      the invention, each identifying indicia is mounted entirely within its
      identation. With this arrangement, the indicia cannot become caught on
      clothing, etc., during handling.
PAR  In accordance with a still further feature of the invention, in some
      arrangements, the indicia is arranged in accordance with Braille or other
      preselected code. As a result, a large number of screen speeds, cassette
      types, etc. may be readily identified in a rapid and straightforward
      manner.
PAR  The present invention, as well as further objects and features thereof,
      will be understood more clearly and fully from the following description
      of certain preferred embodiments, when read with reference to the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a cassette for holding x-ray film in
      accordance with one illustrative embodiment of the invention.
PAR  FIG. 2 is a plan view of the back of the cassette.
PAR  FIG. 3 is a sectional view taken along the line 3--3 in FIG. 2.
PAR  FIG. 4 is an enlarged elevational view of a corner of the cassette, with
      certain portions shown broken away and in section.
PAR  FIG. 5 is an enlarged fragmentary sectional view similar to a portion of
      FIG. 3 but with certain parts omitted for purposes of clarity.
PAR  FIG. 6 is a perspective view of an identifying disk for the cassette.
PAR  FIG. 7 is a fragmentary perspective view of one corner of a cassette in
      accordance with another illustrative embodiment of the invention.
PAR  FIG. 8 is an enlarged fragmentary sectional view taken along the line 8--8
      in FIG. 7.
DETD
PAC  DESCRIPTION OF CERTAIN PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 and 2 of the drawings, there is shown a cassette for
      x-ray film which includes a rectangular cover panel 10. The panel 10 is
      provided with the usual D-shaped ring 11 for opening and closing the
      cassette and with two hinges 12 and 13 along the edge of the panel
      opposite that adjacent the ring 11. Two leaf springs 15 and 16 are
      pivotally supported on the panel 10 intermediate their ends for movement
      between the full line position shown in FIG. 2 and the dotted line
      position. These springs serve to hold the panel in place when the cassette
      is closed.
PAR  The hinges 12 and 13 are connected to one side of a hollow rectangular
      frame 20. As best shown in FIGS. 4 and 5, the frame 20 is of rectangular
      cross section, and each of the four sides of the frame is formed from a
      single sheet of stainless steel, for example. Each of the frame sides has
      an inner leg 21, a rear face portion 22 defining part of a back opening
      23, an outer edge portion 22 defining part of a back opening 23, an outer
      edge portion 24 and a front face portion 26. The outer edge portions 24
      extend in flat planes perpendicular to the plane of the cover panel 10 and
      meet at the four corners 25 of the frame. The front face portions 26
      define a front opening 27 for the cassette which is smaller than the back
      opening 23.
PAR  A generally circular indentation 30 is provided in each of the edge
      portions 24 of the frame 20. The indentations 30 are arranged in pairs
      adjacent oppositely disposed corners 25a and 25b (FIGS. 1 and 2) of the
      frame. Each indentation is disposed in close proximity with but is spaced
      from the adjacent corner.
PAR  Identifying indicia in the form of a coded circular disk 35 is adhesively
      secured within each of the indentations 30. Each of the disks 35 is
      mounted entirely within its indentation such that the outer face of the
      disk is located either flush or inwardly with respect to the corresponding
      edge portion 24. In an illustrative example, the thickness of each edge
      portion 24 is .035 inches, the thickness of the disk is 0.010 inches and
      the depth of the indentation 30 is 0.012 inches. The disks may be
      fabricated from a suitable vinyl material and may include an adhesive
      coating on their inner faces.
PAR  The disks 35 are color coded in accordance with the desired identification
      of the cassette. Thus, each of the disks on a given cassette may be
      yellow, for example, to designate a particular screen speed, the
      cassette's storage location, the type of cassette, etc. Cassettes with
      different screen speeds, storage locations or characteristics may include
      disks of black, red, blue, green, gold, silver or other colors in
      accordance with a preselected code. The arrangement is such that, merely
      by observing the color of the disk on any one of the four edges of the
      cassette, a hospital orderly or technician can readily distinguish a
      particular cassette from adjacent cassettes.
PAR  As best shown in FIGS. 2 and 3, the inner legs 21 of the frame member 20
      include slots 37 which accommodate the ends of the leaf springs 15 and 16.
      Each of the springs 15 and 16 is arranged for pivotal movement about the
      axis of a rivet 38 which extends through the midpoint of the spring and is
      affixed to the cover panel 10. A low friction bearing in the form of a
      nylon washer 39 is disposed between each spring and the cover panel and
      serves to provide extremely smooth and even movement of the spring between
      its open and closed positions.
PAR  The inner surface of the cover panel 10 is provided with a lead casing 42,
      and adhesively secured to the coating 42 is a layer of felted fibrous
      material 43. The edges of the felt 43 extend upwardly and engage a molding
      45. This molding extends around the inner periphery of the frame 20 and is
      rigidly but releasably secured to the inner legs 21 of the frame by screws
      46 (FIG. 4). The cover 10 may be quickly and easily lifted from its
      position adjacent the molding upon the release of the springs 15 and 16.
PAR  A rectangular front panel 50 rests on the inner surfaces of the frame face
      portions 26. The panel 50 illustratively is fabricated of magnesium or
      other x-rays translucent material but includes a front facing of Bakelite
      which is of the same color as the identifying disks 35. The dimensions of
      the panel 50 are larger than the dimensions of the front opening 27 but
      are smaller than the rectangle formed by the inner legs 21. With this
      arrangement the panel is positively held in place between the face
      portions 26 and the molding 45 but is free to expand and contract without
      affecting the dimensional stability of the frame.
PAR  To prepare the cassette for the taking of a radiograph, the appropriate
      radiographic film 52 is interposed between the usual intensifying screens
      53 and 54, and the film and screens in position are supported by the inner
      surface of the front panel 50. The back or cover panel 10 is then located
      in overlying relationship with the film, with the felt 43 facing the
      uppermost screen 53. Upon the closing of the cover 10, the leaf springs 15
      and 16 are pivoted from their dotted line position (FIG. 2) to their full
      line position, and the ends of the springs are located within the slots 37
      in the frame member 20. The springs resiliently hold the cover in fixed
      relationship with the film 52.
PAR  Referring to FIGS. 7 and 8, there is shown an alternative coding
      arrangement for the identifying indicia on the cassette. The cassette of
      these figures include a frame 60 which is generally similar to the frame
      20 described heretofore but is provided with somewhat larger, rectangular
      indentations 61 in the edge portions 62 of the frame. Like the
      indentations 30 of the previous embodiment, the indentations 61 are
      arranged in pairs adjacent oppositely disposed corners 63 of the frame.
PAR  Supported within each of the indentations 61 is a rectangular indicia
      bearing sheet 65. Each of the sheets 65 include a series of protuberances
      66 arranged in Braille or other alpha-numeric code. The sheets 65 are
      adhesively mounted entirely within the corresponding indentations so that
      the protuberances 66 do not extend beyond the planes of the edge portions
      62. The arrangement of the protuberances 66 on all of the sheets 65 for a
      given cassette is the same, and at least one of the sheets is located on
      each of the four edges of the cassette. As a result, the cassette may be
      quickly and easily identified and distinguished from adjacent cassettes
      merely by observing the pattern of the protuberances or by touching any
      one of the sheets. If desired, the sheets on respective cassettes may be
      of different colors to further facilitate their visual identification.
PAR  Although the invention has been described and illustrated as having
      particular utility in the identification of x-ray film cassettes, it also
      may be advantageously employed to identify other types of film holding
      equipment. As an illustration, the invention may be used by photographers,
      etc., for the identification of film packs and similar devices. Various
      other uses will suggest themselves to those skilled in the art upon a
      perusal of the foregoing disclosure.
PAR  The terms and expressions which have been employed are used as terms of
      description and not of limitation, and there is no intention in the use of
      such terms and expressions of excluding any equivalents of the features
      shown and described, or portions thereof, it being recognized that various
      modifications are possible within the scope of the invention claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A light-opaque cassette for X-ray film comprising, in combination:
PA1  a rectangular front panel of X-ray transparent material for supporting
      X-ray film;
PA1  a removable back panel overlying the film and having a planar surface in
      facing relationship therewith;
PA1  means for holding the back panel in fixed relationship with the film;
PA1  a rectangular frame member disposed about the periphery of the panels, said
      frame member having face portions forming a back opening for receiving the
      back panel and a front opening for receiving the front panel and having
      inner and outer edge portions extending in planes perpendicular to said
      planar surface, the dimensions of said rectangular front panel being
      larger than the corresponding dimensions of said front opening but being
      smaller than the corresponding dimensions of the rectangle formed by said
      inner edge portions, the outer edge portions meeting at the corners of
      said frame member, each of said outer edge portions including an
      indentation in close proximity to but spaced from one of said corners; and
PA1  identifying indicia means mounted within the indentation in each of the
      outer edge portions of said frame member such that one of the indicia
      means is visible upon viewing any one of said outer edge portions, the
      indicia means being rigidly affixed to said outer edge portion and serving
      to distinguish said cassette from similarly situated cassettes, the film
      within said cassettes being visually indistinguishable.
NUM  2.
PAR  2. A cassette as defined in claim 1, in which said indentations are
      arranged in pairs adjacent oppositely disposed corners of said frame
      member.
NUM  3.
PAR  3. A cassette as defined in claim 2, in which each of the identifying
      indicia means includes a series of raised protuberances.
NUM  4.
PAR  4. A light-opaque cassette for radiographic film comprising, in
      combination:
PA1  a rectangular front panel for supporting radiographic film;
PA1  a removable back panel overlying the film and having a planar surface in
      facing relationship therewith, one of said panels being of radiation
      transparent material;
PA1  means defining a lead coating on said planar surface; a layer of felted
      fibrous material interposed between the coating and the film;
PA1  means for resiliently holding the back panel in fixed relationship with the
      film;
PA1  a hollow rectangular frame member disposed about the periphery of the
      panels, said frame member having face portions forming a back opening for
      receiving the back panel and a front opening for receiving the front panel
      and having inner and outer edge portions extending in planes perpendicular
      to said planar surface, the dimensions of said rectangular front panel
      being larger than the corresponding dimensions of said front opening but
      being smaller than the corresponding dimensions of the rectangle formed by
      said inner edge portions, each of the outer edge portions including an
      indentation therein, said indentations being arranged in pairs adjacent
      selected corners of said frame member; and
PA1  identifying indicia means separate from said frame member and adhesively
      mounted within the indentation in each said outer edge portion such that
      one of the indicia means is visible upon viewing any one of said outer
      edge portions, the indicia means being rigidly affixed to said outer edge
      portion and serving to distinguish said cassette from similarly situated
      cassettes, the film within said cassettes being visually
      indistinguishable.
NUM  5.
PAR  5. A light-opaque cassette for radiographic film comprising, in
      combination:
PA1  a rectangular front panel of X-ray transparent material for supporting
      radiographic film;
PA1  a removable back panel overlying the film and having a planar surface in
      facing relationship therewith;
PA1  means defining a lead coating on said planar surface;
PA1  a layer of felted fibrous material interposed between the coating and the
      film;
PA1  means for resiliently holding the back panel in fixed relationship with the
      film, the holding means including at least one leaf spring supported for
      pivotal movement about an axis intermediate the ends of the spring and low
      friction bearing means interposed between the leaf spring and the back
      panel;
PA1  a hollow rectangular frame member disposed about the periphery of the
      panels, said frame member having face portions forming a back opening for
      receiving the back panel and a front opening smaller than the back opening
      for receiving the front panel, the frame member having inner and outer
      edge portions extending in planes perpendicular to said planar surface,
      the dimensions of said rectangular front panel being larger than the
      corresponding dimensions of said front opening but being smaller than the
      corresponding dimensions of the rectangle formed by said inner edge
      portions, the outer edge portions meeting at the corners of said frame
      member, each of said outer edge portions including an indentation in close
      proximity to but spaced from one of said corners;
PA1  molding means rigidly but releasably attached to the inside periphery of
      said frame member for engaging the back panel when it is in said fixed
      relationship; and
PA1  identifying indicia means mounted within the indentation in each of the
      outer edge portions of said frame member such that one of the indicia
      means is visible upon viewing any one of said outer edge portions and any
      one of said corners, the indicia means being rigidly affixed to said outer
      edge portion and serving to distinguish the particular type of cassette
      from similarly situated but different type cassettes, the film within said
      cassettes being visually indistinguishable.
NUM  6.
PAR  6. A cassette as defined by claim 5, in which the low friction bearing
      means comprising a nylon washer.
NUM  7.
PAR  7. A cassette as defined in claim 5, in which the identifying indicia means
      comprises a series of protuberances arranged in accordance with a
      predetermined code and located entirely within said indentations.
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PAL  An irradiation apparatus with high energy electrons is disclosed in which a
      wire shaped or linear object to be irradiated is moved back and forth many
      times under an electron window so as to irradiate it with an electron
      beam. According to one feature of the invention, an electron beam, which
      leaks through gaps between the objects to be irradiated or which
      penetrates the objects to be irradiated, is reversed by a magnetic field
      approximately perpendicular to the scanning face of the electron beam by
      means of a magnet which is disposed under the objects to be irradiated,
      and the reversed electron beam is thereby again applied to the objects to
      be irradiated. A high utilization rate of the electron beam is
      accomplished, and the objects can be thereby uniformly irradiated with the
      electron beam.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  This invention relates to an irradiation apparatus with an electron beam,
      and more particularly to an apparatus to uniformly irradiate wire shaped,
      string shaped or tape shaped objects with an electron beam so as to
      increase the utilization rate of the electron beam.
PAR  B. Description of the Prior Art
PAR  Recently, an irradiation technique utilizing an electron accelerator has
      vastly been used in various fields such as the preservation of foods, the
      sterilization of pharmaceuticals, the hardening of coatings, the
      polymerization of composite materials such as plastics and woods,
      cross-linking for the purpose of improving the properties of plastics, and
      the like.
PAR  However, it is difficult to irradiate an object having a circular
      cross-section at the center of which is disposed a copper or aluminium
      conductor, such as an insulated cable with uniform density of an electron
      beam and with a high utilization rate of the beam. That is, an electron
      beam has a low penetration rate compared with gamma rays, X rays or the
      like. For example, the maximum penetration distance of electrons having
      the energy of 2 million electron volts (2 MeV) is about 1 cm in water, and
      their ionization ability becomes maximum at a position which is only
      slightly spaced from the irradiation surface of the water. The ionization
      rate of the electrons may be decreased as the depth from the water surface
      is increased. If the penetration depth indicating the ionization rate of
      the water surface is used to define an effective electron penetration
      distance, the effective penetration distance of an electron at 2 MeV is
      about 0.65 cm in water. The effective penetration distance is 0.073 cm in
      the case of copper with a specific gravity of 8.9. Therefore, when the
      insulated cable is irradiated with the electron beam, the greater part of
      the electron beam may be dissipated at the conductor of the cable, so that
      the insulating coating layer at the opposite surface of the conductor can
      not be irradiated with the electron beam. Techniques for eliminating the
      described disadvantages of the electron beam irradiation are known in U.S.
      Pat. No. 2,858,442, U.S. Pat. No. 2,887,583, U.S. Pat. No. 2,897,365,
      French Pat. No. 1,149,703 or the like. In the irradiation technique
      disclosed in U.S. Pat. No. 2,858,442, a wire shaped object to be
      irradiated is engaged between two rollers, and a plurality of pairs of
      rollers are used to try to increase the uniformity of the electron beam
      irradiation and the utilization rate of the electron beam. Nevertheless,
      the uniformity of electron beam irradiation has not been actually
      increased as much as expected. It is supposed that this occurs from the
      fact that the electron beam runs downward only and the side of the wire
      opposite to the irradiated side is shadowed by the conductor of the
      insulated wire to be irradiated. Further, in the irradiation techniques
      disclosed in U.S. Pat. No. 2,887,583 and U.S. Pat. No. 2,897,365, the path
      of the electron beam is deflected, using a magnet so as to uniformly
      irradiate an object therewith. In this case, however, such techniques may
      have disadvantages in that a complicated configuration of the magnetic
      poles is required and in that the path of the electron beam in air becomes
      long. Another technique for irradiating a cable having a comparatively
      large diameter with the electron beam is disclosed in French Pat. No.
      1,149,703.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an irradiation apparatus utilizing high
      energy electrons wherein a wire shaped, string shaped or tape shaped
      object to be irradiated is moved back and forth many times under an
      electron window so as to irradiate it with an electron beam. According to
      one feature of the invention, an electron beam, which penetrates the
      object or which leaks through gaps between the objects, is deflected by an
      angle of approximately 180.degree. by means of a magnetic field nearly
      perpendicular to a scanning face of the electron beam, and the deflected
      high energy electron beam is again applied to the object to be irradiated.
      Accordingly, uniform irradiation can be given to a wire shaped, string
      shaped or tape shaped object to be irradiated, and a high utilization rate
      of the electron beam can be accomplished.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in front elevation of an electron beam irradiation
      apparatus according to one embodiment of the invention.
PAR  FIG. 2 is a side view of the apparatus shown in FIG. 1.
PAR  FIG. 3 is a cross-sectional view of a tubular shaped object to be
      irradiated which is used in the apparatus of FIG. 1.
PAR  FIG. 4 is a graph showing measured data which indicates a uniform
      irradiation when the tubular object is irradiated with the electron beam
      by means of the apparatus of FIG. 1.
PAR  FIG. 5 is a partial front elevational view of an electron beam irradiation
      apparatus according to another embodiment of the invention.
PAR  FIG. 6 is a partial front elevational view of an electron beam irradiation
      apparatus according to still another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention will now be explained by embodiments.
PAR  FIG. 1 is an electron beam elevational view of an irradiation apparatus
      according to one embodiment of the invention, which comprises an electron
      beam source 1 of an electron accelerator, a tube extension 2 for drifting
      an electron beam 6, a flared portion 3, an electron window 4 attached to
      one end of the flared portion 3, an electron beam scanning device 5,
      objects 7 to be irradiated, a magnet 8 for deflecting electrons, an
      exciting coil 9 for the magnet 8, and an AC power source 10. An
      electrostatic accelerator or microwave linear accelerator may be used as
      the electron accelerator.
PAR  Electrons are emitted from a gun of the electron accelerator, and
      accelerated at the acceleration portion to make high energy electrons. The
      accelerated electrons are entered to the drift zone of the tube extension
      2 in the form of a beam. The electron beam is then scanned by the electron
      beam scanning device 5, passed through the flared portion 3 and passed out
      from the electron window 4 to the atmosphere to irradiate the objects 7
      therewith. When the object is a string shaped member, a plurality of
      objects may be generally arranged in parallel and moved under the electron
      window 4 at a desired rate. When these objects are irradiated with the
      high energy electron beam, some electrons may pass through the gaps
      between the wire shaped objects to be irradiated, or some electrons may
      penetrate the wire shaped objects to be irradiated so that they may be
      eliminated under the objects. In known irradiation apparatus, an available
      electron beam may be lost because electrons having passed through the
      objects are eliminated. On the contrary, according to the present
      invention, since the magnet 8 for deflecting the electron beam is placed
      under the objects 7, electrons having passed through the objects 7 will be
      deflected by an angle of approximately 180.degree. by means of the magnet
      to produce back-streaming electrons. Therefore, since the objects are
      irradiated with the back-streaming electrons from the downward direction
      thereof, uniform irradiation can be accomplished for the objects, and the
      utilization rate of the electron beam can be increased because electrons
      which would otherwise be lost are used again.
PAR  Although the arrangement of the magnet for deflecting electrons is shown in
      FIG. 1, a very clear view of the arrangement of the magnet can be obtained
      from the partial side view of the irradiation apparatus shown in FIG. 2.
      In the drawing, a drive roller 12 and an inversion roller 13 are provided.
      In this case, the wire shaped object 7 to be irradiated is engaged with
      the drive roller 12 and driven therewith. As shown in FIG. 2, the wire
      shaped object 7 is engaged between the rollers 12 and 13 many times and is
      passed under the electron window 4 so that the object surface may be
      reversed. The magnet 8 placed under the electron window is designed in
      such a manner that two magnetic poles are disposed in parallel with the
      elongated electron window with a predetermined gap and a desired intensity
      of magnetic field is applied to the object so as to inverse the
      accelerated electrons having passed through the object by an angle of
      approximately 180.degree.. In order to decrease the scattering loss of the
      electron beam, the intensity of the magnetic field must be considered so
      that the path of electrons in air may be lowered to be as short as
      possible. At the same time, consideration must be given with regard to an
      increase in the gap between the magnetic poles of the magnet 8. The
      intensity of a magnetic field of about 1000 Gauss may be required when the
      average radius of curvature of an electron beam of 2 MeV is of the order
      of 8 cm. In this case, the distance between the magnetic poles is about 10
      cm. Further, it is preferable that the upper faces of the magnetic poles
      be adapted to be inclined, keeping them aligned with the crossing angle of
      the wire shaped objects which is crossed in order to approach the objects
      to be irradiated. According to such a technique, the wire shaped objects
      can be uniformly irradiated with the electron beam from upward, downward
      and inclined downward directions, and a high utilization rate of the
      electron beam can be accomplished.
PAR  Table 1 shows measured values of the partial rate of gel fraction in
      percent measured at points 21, 22, 23 and 24 of a tubular material which
      are spaced at every 90.degree. angle, when the tubular material as
      illustrated in FIG. 3 is irradiated with the electron beam by means of the
      irradiation apparatus having the deflection magnet in accordance with the
      teachings of this invention and by means of an irradiation apparatus
      having no deflection magnet.
TBL                Table 1                                                     
     ______________________________________                                    
     Comparison With Uniformity Of Irradiation                                 
                  Partial Rate Of Gel Fraction (%)                             
     NO                                                                        
                without magnet                                                 
                              with magnet                                      
     ______________________________________                                    
     21           36.6            39.3                                         
     22           33.7            38.8                                         
     23           23.3            35.5                                         
     24           34.2            41.7                                         
     x            31.9            38.6                                         
     R            13.3            6.2                                          
     ______________________________________                                    
PAL  In Table 1, x represents the average value of the partial rate of gel
      fraction, and R represents the difference between the maximum value and
      minimum value thereof, respectively. The measured values given in the
      table were made with the following applied conditions: E = 1.8 MeV,
      I.sub.B = 4 mA, V = 30 m/min, n = 36, and B = 1200 Gauss, where E is the
      energy of electron current, I.sub.B the electron current, V the travelling
      rate of the wire shaped object to be irradiated, n the number of
      reciprocations of the object moving back and forth for several times under
      the electron window, and B the magnetic flux density of the magnet,
      respectively.
PAR  If the results of Table 1 are illustrated by a diagram, FIG. 4 will be
      obtained. It will be apparent from FIG. 4 that the intensity of
      irradiation is made more uniform over the object by means of the
      deflection magnet.
PAR  In the technique for irradiating both surfaces of the object with the
      electron beam as disclosed in known U.S. Pat. No. 2,858,442, the electron
      beam energy is required to be great enough to penetrate half of the
      maximum thickness X of the insulating coating. In this case half of the
      maximum thickness X is expressed by X = .sqroot.W(D - W),
PAL  where D is the outer diameter of the object to be irradiated, and W is the
      thickness of the insulating coating of the cable. According to the
      invention, on the contrary, sufficient irradiation can be performed if the
      electron beam energy required to penetrate only the thickness of the
      insulating coating of the insulated cable is provided.
PAR  Although a static magnet is used as the magnet for deflecting the electron
      beam shown in the embodiment of FIG. 1, an electromagnet generating an
      alternative magnetic field may also be employed. For obtaining the
      alternative magnetic field, the period and the phase of the AC current
      flowing through the exciting coil must be determined in relation to a
      scanning frequency of the electron beam. For example, if the scanning
      frequency of the electron beam is 100 Hz, the frequency of the alternative
      magnetic field may be sufficient at 60 Hz or 50 Hz. In addition, when the
      alternative magnetic field is used, the electron beam may be deflected to
      various directions according to the cyclical change with time, so that the
      uniform irradiation can be accomplished.
PAR  Another embodiment of the invention is shown in FIG. 5. In the drawing, one
      part of an electron accelerator of an irradiation apparatus is represented
      which comprises a tube extension 3, an object 7 to be irradiated with an
      electron beam 6, and static magnets 14 and 15 for deflecting the electron
      beam. In this embodiment, the magnet is divided into two magnets each of
      which has a reversed magnetic field. In the magnetic field shown in FIG.
      1, the irradiation efficiency may be decreased in the object disposed at
      the end portion, because the deflected electron beam is deflected to a
      direction at which the object is not positioned when the electron beam is
      passing through the objects. In FIG. 5, on the contrary, since the static
      magnetic field is applied to the objects in such a manner that the
      electron beam is deflected to the inside thereof after having passed
      through the periphery of the objects, the irradiation efficiency at the
      end object will be improved to thereby increase the preparation rate of
      the objects to be irradiated.
PAR  Still another embodiment of the invention is shown in FIG. 6. In the
      drawing, the static magnet for deflecting the electron beam is divided
      into a plurality of magnets 16, 17, 18 and 19. The paths of the electron
      beam are illustrated by dashed lines to realize the uniform irradiation
      pattern.
PAR  In the deflection magnets of the irradiation apparatus shown in FIGS. 5 and
      6, static magnets are used. However, an alternative magnetic field may
      also be generated by the respective divided magnets. In this case, the
      conditions required to give good irradiation must be found, considering
      the scanning frequency for the electron beam, the alternative period and
      phase of the magnetic field and the like.
PAR  According to the irradiation apparatus of the present invention, uniform
      irradiation with high efficiency can be given to wire shaped objects such
      as cables, tubes, etc., or string shaped objects.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An apparatus for irradiating a linear article with high energy electrons
      which comprises an electron accelerator having means to oscillate an
      electron beam transversely to the direction of movement thereunder of a
      linear article to be irradiated, means for simultaneously passing
      different portions of the linear article under said oscillating beam a
      plurality of times for irradiation, and means underlying said oscillating
      beam and the linear object to be irradiated for generating a magnetic
      field perpendicular to the scanning plane of said oscillating beam, said
      magnetic field having a strength sufficient to deflect said beam
      approximately opposite to its direction of incidence.
NUM  2.
PAR  2. An apparatus for irradiation as claimed in claim 1 wherein said means
      for generating a magnetic field is a static magnet.
NUM  3.
PAR  3. An apparatus for irradiation as claimed in claim 1 wherein said means
      for generating a magnetic field is a magnet excited by alternating
      current.
NUM  4.
PAR  4. An apparatus for irradiation as claimed in claim 1 wherein said means
      for generating a magnetic field comprises at least a pair of static
      magnets having the same magnetic field strengths with their directions of
      field reversed with respect to each other.
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PAL  A method of producing U.V. radiation by effecting an electrical discharge
      such that at least a part of the discharge path is submerged in water. An
      apparatus for performing the above method comprises two electrodes spaced
      apart to form a discharge region, a discharge chamber containing the
      discharge region, means arranged to apply a high voltage across the
      electrodes, and means arranged to supply water to the discharge region
      such that at least a part of the electrical discharge is submerged in the
      water, at least a portion of the discharge chamber being transparent to
      U.V. radiation. Also, a method of treating a material comprising producing
      U.V. radiation as described above in a discharge chamber at least a
      portion of which is U.V. transparent, passing the material through a
      treatment chamber adjacent the transparent portion of the discharge
      chamber; and an apparatus for performing the method of treating a
      material. In some described embodiments the position of an electrode is
      adjusted in dependence upon the electrical characteristics of the
      discharge such as to maintain predetermined conditions. In one embodiment
      an electrode is mounted in the bottom of the discharge chamber which forms
      the other electrode; water covers the electrode and has a controlled
      circulatory motion such as to control the height of water over the
      electrode and thus the submerged discharge path. In another embodiment one
      of the electrodes is formed by a layer of mercury; an initiating discharge
      between a third electrode and the mercury or the other electrode to
      establish a degree of ionisation of the mercury in the vicinity of the
      discharge region. The main discharge excites the mercury vapour resulting
      in radiation at 254 nm.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the production of ultra-violet (U.V.) radiation,
      and relates particularly, but not exclusively, to a method of, and an
      apparatus for, treatment of a material by irradiation with U.V. radiation.
PAR  It is known to produce U.V. radiation by the discharge of electrical energy
      through a gas, and a device operating on such a principle is called a gas
      discharge lamp.
PAC  SUMMARY
PAR  According to one aspect of this invention there is provided a method of
      producing U.V. radiation comprising the steps of effecting, in a discharge
      chamber, an electrical discharge between two electrodes, and arranging for
      at least a part of the electrical discharge between the two electrodes to
      be surrounded by a preselected liquid.
PAR  The presence of the surrounding liquid prevents the hot plasma of the
      discharge region between the electrodes from expanding freely, in contrast
      to the operation of the conventional gas discharge lamp, and as a
      consequence the plasma can attain a high temperature and pressure with the
      resultant emission of U.V. radiation.
PAR  It will be appreciated that the preselected liquid must have appropriate
      electrical characteristics to permit the electrical discharge
      therethrough, and also that the liquid molecules when ionised by the
      energy of the electrical discharge must emit radiation of a desired
      wavelength at which the preselected liquid must be substantially
      transparent. For convenience this discharge will be referred to as a main
      discharge.
PAR  Where one of the electrodes is formed by a preselected conductive liquid
      immiscible with said preselected liquid, the method may include the step
      of generating an initiating electrical discharge in the vicinity of the
      discharge region between said two electrodes just prior to effecting said
      electrical discharge. This initiating discharge may be generated between a
      third electrode and either of said two electrodes, and is for the purpose
      of providing in the discharge region of the main discharge a mixture of
      the molecules, or even ions, of said preselected liquid and of the liquid
      electrode.
PAR  According to another aspect of this invention there is provided a method of
      treating a material by irradiation with U.V. radiation, comprising the
      steps of producing U.V. radiation by a method as described above,
      transmitting U.V. radiation thus produced through a U.V.
      radiation-transparent portion of the chamber and disposing the material in
      a treatment region where it is irradiated by the U.V. radiation
      transmitted from the chamber.
PAR  The material may be treated in batches, and thus may be stationary in the
      treatment region, or may be treated in a continuous process by
      transporting the material continuously through the treatment region and
      continuously effecting electrical discharges at a rate appropriate to the
      speed of the material to obtain a required treatment. A required treatment
      may be each element portion of material receiving U.V. radiation from two
      discharges, or three discharges, and a minimum treatment may be each
      elemental portion being irradiated once and once only.
PAR  The material may be solid, e.g. bandage to be sterilized, or liquid. In the
      latter case the treatment region will be constituted by a chamber through
      which the liquid flows. The discharge chamber may conveniently be a sealed
      chamber, and this avoids splashing-out of drops of the preselected liquid
      ejected from the discharge region. Where it is not required for the
      chamber to be sealed, it may have an open top portion which constitutes
      the or a part of the U.V. transparent portion of the chamber.
PAR  Where the material to be treated is a liquid, the transporting step
      preferably comprises feeding the liquid to be treated through a treatment
      chamber which constitutes the treatment region. The treatment chamber may
      be outside or inside the discharge chamber and have inlet and outlet
      passages for the flow therethrough of the liquid to be treated. By the
      term `inside` is meant that the discharge chamber encircles the treatment
      chamber, and by the term `outside` is meant that the discharge chamber
      does not encircle the treatment chamber. In the latter case it will be
      understood that the treatment chamber may encircle the discharge chamber.
PAR  It will be appreciated that the thickness or depth of the treatment chamber
      will depend on the degree of absorption of U.V. radiation by the liquid to
      be treated and will be such that the extreme regions of this liquid will
      still receive an adequate amount of U.V. radiation appropriate to the
      particular treatment.
PAR  There may be included the step of automatically adjusting the length of the
      part of the electrical discharge which is surrounded by the preselected
      liquid such as to maintain predetermined electrical characteristics of the
      electrical discharge. Where the whole of the electrical discharge is so
      surrounded, the spacing between the electrodes will be altered, either or
      both of the electrodes being moved. In one form of this invention the main
      discharge occurs from the tip of an electrode submerged in said
      predetermined liquid, through the liquid direct to the surface thereof,
      and then along the surface to the wall of the chamber which is conductive
      and forms the other electrode for the discharge. In the operation of such
      a form, the length of the submerged part of the discharge path can be
      altered by causing the preselected liquid to have a circulating motion
      which results in a raising of the level of the peripheral surface regions
      and a depression of the central surface region. The submerged electrode is
      preferably arranged directly under the region where greatest depression
      occurs to obtain maximum sensitivity i.e. the maximum change in submerged
      length of the discharge path for a given circulatory speed of the
      preselected liquid.
PAR  According to a further aspect of this invention there is provided an
      apparatus for producing U.V. radiation comprising two electrodes spaced
      apart to form a discharge region therebetween, a discharge chamber
      containing the discharge region, first means arranged to apply high
      voltage between the electrodes, and means arranged to supply a preselected
      liquid to the discharge region such that, on application of the high
      voltage an electrical discharge occurs between the electrodes, at least a
      part of this discharge being along a submerged path in the preselected
      liquid, and at least a portion of the discharge chamber being transparent
      to the U.V. radiation whereby U.V. radiation produced may be transmitted
      from the discharge chamber.
PAR  One of the electrodes may be in the form of a rod mounted in the wall of
      the chamber, and the other electrode may be in one of several alternative
      forms. Firstly the other electrode may be in the form of a rod similar to
      the said one electrode and similarly mounted in the wall of the chamber;
      secondly the other electrode may be formed by the chamber itself provided
      that it is formed of a conductive material, or if not, then formed with a
      conductive coating on its inner surface; thirdly the other electrode may
      be in the form of a layer of a preselected conductive liquid, preferably
      mercury, which is immiscible with said preselected liquid and which is
      disposed at the bottom of the discharge chamber, it will be appreciated
      that in this last case said one electrode would be disposed in the chamber
      above the surface of the conductive liquid. In this specification the term
      rod includes an electrode having a channel for liquid flow. The channel
      may be in the form of an axial bore or a hollow cylindrical annulus.
PAR  One preferred form of discharge chamber is formed as a hollow cylinder
      having two end portions having flat inner surfaces and a hollow
      cylindrical intermediate portion having a cylindrical inner surface. In
      this case the two electrodes may be in the form of rod electrodes, each
      axially mounted in a respective end portion such that the discharge region
      between the electrodes is approximately at the centre of the chamber.
      Either an end plate forming an end portion of the chamber, or a tube
      forming the intermediate portion of the chamber, or both of these, may be
      formed of a material, preferably quartz, transparent to U.V. radiation
PAR  An apparatus for producing U.V. radiation may be used in the treatment of
      materials by irradiation with U.V. radiation. Where such a material is a
      liquid, a treatment chamber having inlet and outlet passages for the flow
      therethrough of a liquid to be treated may be provided either externally
      or internally of the discharge chamber.
PAR  A treatment chamber internally of the discharge chamber may be formed by a
      hollow tube of U.V. transparent material, preferably quartz, passing
      through the discharge chamber. In this case it will be appreciated that
      the U.V. transparent wall is common to the treatment chamber and the
      discharge chamber and constitutes the aforementioned portion transparent
      to U.V. radiation. Also, the end walls and the intermediate portion of the
      chamber need not be U.V. transparent unless specifically required. The
      treatment chamber may be constituted by a plurality of the hollow tubes
      which may be symmetrically arranged around the axis of discharge chamber.
      The electrodes may be mounted in the end portions or in the intermediate
      portion.
PAR  The inner surfaces of the chamber may be made highly reflective by
      mechanical treatment, e.g. polishing, to make maximum use of the generated
      U.V. radiation. If required, the intermediate portion may have an
      elliptical cross-sectional shape as alternative to the cylindrical shape.
      The electrodes may be arranged such that the electrical discharge is at
      one of the foci, and the treatment chamber, e.g. one or more hollow tubes,
      would then be arranged at the other focus.
PAR  A form of treatment chamber which can be utilised with a U.V. transparent
      cylindrical intermediate portion is one which is a cylindrical annulus
      formed between the outer cylindrical surface of the intermediate portion,
      and the inner cylindrical surface of a sleeve mounted between the end
      portions. The mounting of the end portions to the intermediate portion and
      to the sleeve will be such as to seal the discharge chamber from the
      treatment chamber.
PAR  One end portion of the discharge chamber may be made U.V. transparent and
      means may be provided for producing a thin film flow of liquid to be
      treated across the outer surface of this end portion. One form of such
      means for producing a thin film flow may be a plate spaced from the end
      portion such as to form a thin disc-like chamber. The inlet and outlet
      passages are arranged such that the thin film flow is substantially radial
      within the treatment chamber. Preferably the inlet passage is aligned with
      the axis of the chamber, and the outlet passage communicates with the
      peripheral regions of the treatment chamber via an annular collecting
      chamber therearound.
PAR  In one form of an apparatus the axis of the intermediate portion is
      arranged vertically and an electrode is mounted axially in the bottom end
      portion, being insulated therefrom. Liquid inlet and outlet passages are
      arranged to provide a constant head of liquid in the chamber such that the
      tip of the electrode is submerged in the liquid. The inlet passage is
      arranged such that a rotational movement is imparted to the liquid thereby
      to cause the level of liquid above the electrode tip to decrease. The
      electrical discharge is from the electrode tip to the surface of the
      liquid, and then along the surface to the inner surface of the
      intermediate portion which is conductive or has a conductive coating
      thereon and acts as an electrode. Means may be provided for controlling
      the rate of flow of liquid into the discharge chamber in dependence upon
      the electrical parameters of the discharge in order to maintain
      automatically constant discharge conditions. The inner surface of the
      discharge chamber may in such an apparatus be shaped to enhance the
      irradiation of a treatment chamber at the top of the chamber, and may be
      for example a hollow hemisphere or parabolloid, polished or treated if
      required to increase the reflectivity of the material.
PAR  A cheap and convenient form of the preselected liquid through which the
      electrical energy is discharged is water, either commercial or distilled.
PAR  The electrodes should be formed of a rigid material resistant to corrosion
      and electrically conductive. A convenient material is stainless steel, and
      if required the discharge chamber may also be formed of stainless steel.
PAR  It is possible to use, say, water, as the liquid to surround the hot plasma
      of the discharge region and yet to introduce selected molecules of another
      material into the discharge region for excitation by the electrical
      discharge in order to obtain anemitted radiation characteristic of this
      other material. A preferred form of this material is mercury which when
      excited emits U.V. radiation at 254 nm wavelength. A preferred form of an
      apparatus for achieving such excitation of the molecules of the material
      is arranged with the axis of its cylindrical intermediate portion
      vertical. There is an inlet at the bottom of the discharge chamber for
      connection to a supply of mercury for establishing a predetermined static
      height of mercury in the chamber. Further inlet and outlet means permit a
      swirling flow of water on top of the mercury. A first electrode is mounted
      in the wall of the discharge chamber and extends through the water to a
      point just above the surface of the mercury, which forms a second
      electrode, and on or near the axis of the chamber. Another electrode is
      similarly mounted and also extends through the water to another point
      adjacent the first point. Means are provided for applying a high voltage
      between the other electrode and either the first electrode or the mercury
      to cause an initiating discharge which results in mercury molecules being
      interspersed with water molecules in the region between the first
      electrode and the mercury. A main electrical discharge between the first
      electrode and the mercury may be synchronised with the initiating
      discharge.
PAR  In order to maintain the electrical parameters of the discharge the rate of
      inflow of the water may be controlled; the swirling water induces a
      corresponding swirling movement of the mercury by friction. Alternatively,
      the water need not be swirling and the height of the mercury in the
      discharge chamber may be adjusted by control of the head of the mercury
      supply.
PAR  It will be appreciated that electrodes must be electrically insulated from
      each other if there is to be a high voltage applied between them.
      Preferably the electrodes, other than liquid-type electrodes or those
      formed by the discharge chamber walls, are mounted in an insulating sleeve
      which is sealingly secured in a wall of the chamber.
PAR  Instead of introducing water into the chamber via an inlet in the wall, the
      water may be introduced (and removed if required) via a passage or
      passages through the electrode, or between the electrode and the inner
      surface of its sleeve.
PAR  In order to absorb selectively an unwanted wavelength or range of
      wavelengths, or reflect selectively a wanted wavelength or range of
      wavelengths, an appropriate coating may be applied to a surface of the
      discharge chamber or of the treatment chamber. Selective absorption may
      also be achieved by the use of an appropriate material as the U.V.
      transparent portion of the discharge chamber. Conveniently this material
      may be quartz doped with a metallic ion for example, tungsten.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an axial section through an apparatus for generating U.V.
      radiation;
PAR  FIG. 2 is a schematic diagram of the electrical circuit of the apparatus of
      FIG. 1;
PAR  FIG. 3 is a longitudinal section of an alternative form of the electrode
      assembly of the apparatus of FIG. 1;
PAR  FIG. 4 is a longitudinal section of another aalternative electrode
      assembly;
PAR  FIG. 5 is a longitudinal section of yet another alternative electrode
      assembly;
PAR  FIG. 6 is a longitudinal section of a further alternative electrode
      assembly;
PAR  FIG. 7 is a longitudinal section of a still further alternative electrode
      assembly;
PAR  FIG. 8 is an axial section of an alternative embodiment to the apparatus of
      FIG. 1;
PAR  FIG. 9 is an axial section of another alternative embodiment to the
      apparatus of FIG. 1;
PAR  FIG. 10 is an axial section of a further alternative embodiment to the
      apparatus of FIG. 1;
PAR  FIG. 11 is a schematic representation of an arrangement for adjusting the
      position of an electrode.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1 a U.V. radiation generating apparatus comprises a chamber 10
      formed by metal end plates 11 sealed to the respective open ends of a
      tubular metal portion 12 shaped such that the chamber has a uniform
      elliptical transverse cross-section. The inner surfaces of the chamber are
      polished such that they are highly reflective in the U.V. region of
      electromagnetic radiation.
PAR  An electrode assembly 13 is sealingly mounted in each end plate 11 with the
      longitudinal axes of the assemblies 13 substantially coincident with the
      straight line locus of one of the foci of the elliptical section of the
      chamber. A hollow tube 14 formed of quartz passes through the chamber
      substantially coaxial with the locus of the other focus, and is sealingly
      secured to the end plates by means of nuts 15 and associated 0-rings 16.
      The hollow tube 14 defines a passage through the chamber for liquid to be
      treated by U.V. radiation. The liquid to be treated is supplied via pump
      107 and flow rate control means 108.
PAR  Inlet and outlet tubes 17 are mounted in the wall of the tubular portion 12
      for enabling a flow of liquid through the chamber. The discharge region 18
      between the two electrode assemblies 13 is initially completely occupied
      by the liquid and upon application of a high voltage between the electrode
      assemblies 13 and electrical discharge occurs therebetween. Liquid in an
      adjacent the discharge region vaporizes and tries to expand but this
      expansion is resisted by the inertia of the liquid. If there are pumping
      means associated with the inlet and outlet tubes for pumping the liquid
      through the chamber, the liquid may have no free outlet and be effectively
      confined to the chamber and the expansion is further resisted by the
      incompressible nature of the liquid.
PAR  The liquid vapour in the discharge region attains an extremely high
      temperature and pressure resulting, by the choice of an appropriate
      liquid, in the emission of U.V. light. Because of the constrained
      discharge region this method of generating U.V. light is more efficient
      than a conventional method employing a gas discharge lamp.
PAR  The two electrode assemblies 13 are identical and each comprises a solid
      cylindrical stainless steel electrode 19 having an integral enlarged head
      portion 20 of substantially conical form with a radiussed tip portion. The
      electrode 19 is threaded along its length and is screwed into an
      insulating sleeve 21 which has its end adjacent the enlarged head 20
      shaped to the same conical section as the head 20 so that there is no
      discontinuity of the surface of the assembly at the junction betwen the
      sleeve 21 and the enlarged head 20. The sleeve is formed from a phenolic
      laminate.
PAR  The sleeve 21 is sealingly mounted in its respective end plate by means of
      an enlarged diameter flange portion 22 at the outer end of the sleeve, an
      externally threaded portion on the sleeve mating with an internally
      threaded mounting hole in the end plate, and an 0-ring seated within a
      channel in the mating surface of the flange portion 22.
PAR  A lock nut 23 and washer 24 are provided on the electrode 19 in order to
      prevent relative movement between the electrode and its sleeve.
PAR  Alternative forms of the above described apparatus of FIG. 1 may differ in
      one or more of the following respects:
PAR  the shape of the enlarged head portion 20 may be hemispherical instead of
      conical; the electrode 19 may be threaded only in the region where locknut
      23 is to be mounted, and the sleeve 21 may not be internally threaded, or
      may only be threaded over a portion of its bore; the enlarged head portion
      20 may be non-integral and secured to the electrode by, for example, a
      screw thread or soldering; the metal of the electrode may be tungsten;
      thorium oxide may be added to the stainless steel or tungsten to increase
      the electron emission; the tip region of the head portion may be formed as
      an insert of a material different from that of the electrode and head
      portion; one or both of the electrode assemblies may have means, for
      example a separate locknut on the externally threaded portion of the
      sleeve, for enabling the position of the electrode assembly to be
      adjusted; the transverse cross-section of the tubular portion 12 may be
      circular instead of elliptical; either or both of the electrode assemblies
      may be mounted in the wall of the tubular portion; there may be a
      plurality of hollow tubes 14 mounted parallel to, and closely spaced from,
      each other; the insulating sleeves may be formed from another resilient
      material for example polyethylene or polytetrafluoroethylene; the tubular
      portion and the end plates may be formed from a plastics material, or a
      glass or ceramic material; if required, the material of the end plates may
      be different to that of the tubular portion; the inner surfaces of the
      chamber may be made reflective by means of metallising or electroplating
      with a suitable metal, for example, chromium.
PAR  The positions of the electrode assemblies may be adjusted to alter the
      dimensions of the discharge region 18 upon initially setting-up the
      discharge conditions and subsequently in order to compensate for erosion
      of one or both of the head portions of the electrode assemblies. An
      arrangement for enabling adjustment of the position of an electrode is
      shown schematically in FIG. 11 where a sealing device 102 around sleeve 21
      seals to end plate 11 and to sleeve 21. A driving means 103 is responsive
      to the electrical conditions of the discharge and is arranged to turn
      sleeve 21 in dependence thereupon.
PAR  The diameter of the bore of the hollow tube(s) 14 is chosen to obtain a
      desired rate of flow of liquid to be treated by U.V. radiation. The
      maximum linear velocity of liquid in the tube (s) is determined by the
      repetition rate of the electrical discharge, in other words, the maximum
      velocity is that beyond which there is less than 100% irradiation of the
      liquid flowing through the hollow tube(s).
PAR  The wall thickness of the hollow tube(s) is chosen such that the tube has
      sufficient mechanical strength to withstand pressure fluctuations
      generated by the electrical discharges. Quartz is a suitable material
      since it provides the necessary mechanical strength and also is
      substantially transparent in the U.V. region of the radiation emitted from
      the discharge region.
PAR  Where the transverse cross-section of the tubular portion is circular, the
      electrode assemblies may be disposed longitudinally aalong the axis of the
      tubular portion; and where there is a plurality of hollow tubes 14, these
      may be parallel to this axis and arranged symmetrically therearound at a
      convenient radius.
PAR  The electrical circuit shown in FIG. 2 comprises a high voltage D.C. power
      supply 27 connected to a capacitor 28 via limiting resistor 29. In
      practice, resistor 29 may be mostly formed by the secondary resistance of
      the high voltage transformer utilised in the power supply 27.
PAR  At a suitable point in the charging cycle, normally at or near the maximum
      voltage attainable on the capacitor, a high-speed high voltage switch 30
      is actuated by means (not shown) to connect the capacitor to the electrode
      assemblies 13 in the chamber 10, thus causing an electrical discharge in
      the liquid in the chamber.
PAR  The high voltage D.C. supply 27 provides an unsmoothed unidirectional
      output, using either full or half-wave rectification. The means for
      actuating the switch 30 is synchronised with the frequency of the mains
      source for the supply 27 to provide a repetitive electrical discharge.
      Thus provided that capacitor 28 can be sufficiently charged in half a
      period of the mains frequency, the electrical discharges can be maintained
      at a frequency of twice the mains frequency.
PAR  The discharge circuit parameters (i.e. the resistance and inductance of the
      discharge current path from capacitor 28 via switch 30 to electrode
      assemblies 13; and also the value of the capacitor 28, and the voltage
      applied across it) are all chosen in such a way as to result in the
      discharge occurring in chamber 10 having the required characteristics, as
      regards pressure, temperature and duration. Typical values might be:
TBL  capacitance       0.2.mu.F                                                
     voltage           20 kV                                                   
     inductance        2 .mu.H                                                 
     resistance        0.5 .OMEGA.                                             
PAR  resulting in typical discharge parameters as:-
TBL  temperature       15,000.degree.K                                         
     pressure          10 Kbar                                                 
     duration          20 .mu.sec                                              
PAL  But any other values may be incorporated in the circuit, as may seem
      appropriate to adapt the discharge of different types of U.V. treatment.
PAR  The liquid within which the electrical discharge is to be effected should
      be at least partially, and preferably substantially, transparent to U.V.
      radiation. The electrical characteristics of the liquid should be such as
      to give an appropriate form of discharge, between the electrodes. A
      convenient liquid is water, either distilled or industrial.
PAR  As an alternative to introducing and removing the water via inlet and
      outlet tubes 17, either or both of the electrode assemblies may be adapted
      to provide a liquid flow channel for delivery or extraction of water. Thus
      the chamber may have a single tube 17, either or both of the electrode
      assemblies having a flow channel; the direction of flow may be in either
      direction i.e. into or out of the tube 17. In another arrangement the
      chamber may have no tube 17 and in this case both of the electrode
      assemblies will have flow channels, the water being introduced via one of
      the electrode assemblies and removed via the other assembly.
PAR  FIG. 3 shows one form electrode assembly having a channel for the
      introduction or removal of the water. The electrode 19 has a cylindrical
      bore 31. At the inner end of the electrode the bore communicates with the
      conical surface of the head portion via a plurality of symmetrically
      arranged short passages 32. The axes of the passages 32 are arranged
      approximately normal to the conical surface of the head portion.
PAR  In FIG. 4, which shows a modification of FIG. 3, the electrode 19 is
      provided with a cylindrical bore which passes centrally through the head
      portion and issues at tip of the head portion.
PAR  FIG. 5 shows a different form of electrode assembly having such a channel.
      In this assembly, a solid threaded cylindrical electrode portion 33 is
      supported within a large bore in an electrode 19. An internally threaded
      plug 34 supports the electrode portion 33 centrally and seals thereto and
      to the outer end of electrode 19. An apertured spacer 35 disposed near the
      inner end of the assembly maintains the correct spacing of the electrode
      portion 33 within the electrode 19. A passage 36 communicates through the
      wall of electrode 19 with the annular flow channel between electrode
      portion 33 and electrode 19. The position of the electrode portion 33 can
      be adjusted by means of the plug 34 in order to alter inter-electrode gap.
      If required the sleeve may also have an adjusting arrangement as mentioned
      in connection with the apparatus of FIG. 1.
PAR  FIG. 6 shows a modification of the assembly of FIG. 5 in which the
      electrode 19 is omitted, and the flange 22 of the sleeve 21 is adapted to
      support directly an electrode portion 33' similar to portion 33. An inlet
      passage 37 is provided in the flange 22 and communicates with the annular
      flow channel 109 around electrode portion 33'.
PAR  In the electrode assembly shown in FIG. 7, the electrode is in the form of
      a hollow cylindrical tube 38, a portion of the outer surface of which is
      threaded to engage internal threads at the flange of the sleeve 21. The
      tube 38 is maintained in position by means of locknut 23 and washer 24.
      The outer end of tube 38 is adapted to be connected to a hose or pipe for
      the introduction or removal of water, and the inner end protrudes a short
      way beond the frusto-conical surface of the inner end of sleeve 21. The
      annular inner end surface of tube 38 is substantially flat and normal to
      the axis of the tube.
PAR  FIG. 8 shows another embodiment of an apparatus for generating U.V.
      radiation. The chamber of the apparatus comprises a cup-shaped lower
      portion 40 formed of stainless steel and having an external flange 41
      around its rim. Sealed to the rim of portion 40 by means of O-ring 42 is a
      disc of quartz 43, and an end plate 44 formed of stainless steel is sealed
      to the upper surface of disc 43 by means of O-ring 45. End plate 44 is
      held secure by means of a plurality of securing-bolts passing through the
      peripheral regions of the end plate 44 and the flange 41. The underside of
      end plate 44 has a circular recess 46 surrounded by an annular channel 47
      which leads to an outlet passage 48 in the peripheral region of end plate
      44. The depth of the recess 46 is made approximately equal to the maximum
      depth of penetration of U.V. radiation of appropriate wavelength in the
      liquid medium to be treated. A central inlet passage 49 introduces liquid
      to be treated through the end plate 44 into the narrow circular chamber
      provided by recess 46 in conjunction with the upper surface of disc 43.
      This liquid flows radially outwardly, substantially in the form of a thin
      film, into the channel 47 and then flows out via passage 48. The inner
      surfaces of portion 40 and end plate 44 are rendered optically reflective
      by polishing, although other methods of achieving this may be used as
      previously mentioned.
PAR  An electrode assembly 13, substantially identical to those in the apparatus
      of FIG. 1, is axially mounted in the bottom of the portion 40. An inlet
      pipe 50 introduced water into the interior of portion 40 close to its
      bottom and is positioned such that the incoming flow is substantially
      tangential to the transverse cross-section shape of the portion 40 at the
      level of inlet pipe 50. An outlet pipe 51 is set into the side wall of
      portion 40 a short distance (typically 5 mm) above the level of the tip of
      the electrode assembly and defines the static surface level of water in
      the chamber. The portion 40 acts as an electrode, electrical connection
      being made thereto by means of a threaded hole 52.
PAR  The effect of introducing water into the chamber as a tangential flow
      results in a circulating motion of the water in the chamber. This motion
      causes a depression of the water surface 53 above the electrode assembly
      and a corresponding rise of the surface near the walls of portion 40. The
      amount of this depression is dependent upon the rotational speed of the
      water and can thus be altered by controlling the inlet flow by a pump 104
      and fluid control valve 105 linked to the high voltage generating circuit,
      in known manner, automatically to maintain the electrical parameters of
      successive discharges at predetermined values. In this way the effects of
      wear, erosion or other loss of material from the tip of the electrode may
      be compensated for.
PAR  The electrical discharge is from the tip of the electrode to approximately
      the nearest point of the water surface 53 and is completed by "tracking"
      or further electrical breakdown across the water surface. Since the
      tracking will occur along random radial paths to the side walls of portion
      40, there will be a spreading of the effects of wear and erosion. Also,
      since as a result of wear of the electrode assembly the rotational speed
      of the water is increased, the level of the discharge termination points
      will vary and further spread the effects of wear.
PAR  The height of portion 40 is selected such that disc 43 will not be damaged
      by droplets or jets of water thrown up from the discharge region.
PAR  The portion 40 has its inner surface shaped such as to direct radiation
      from the discharge region in the direction of the disc 43. Such a shape
      may be, for example, a paraboloid of revolution arranged such that the
      discharge region is approximately at the focus of the paraboloid.
      Alternatively, the lower part of the inner surface may be hemispherically
      arranged such that the discharge region is approximately at the centre of
      the hemisphere.
PAR  The flow rate of liquid to be treated is fed via pump 107 (FIG. 1) and flow
      control means 108 (FIG. 1) which is controlled in dependence upon the
      discharge rate such that there is at least 100% irradiation. If required,
      the time taken for liquid to flow from inlet passage 49 into channel 47
      may be made several times the period of the electrical discharges.
PAR  FIG. 9 shows another embodiment of U.V. radiation generating apparatus
      comprising substantially identical upper and lower stainless steel chamber
      portions 60 and 61, respectively, which are clamped together by securing
      bolts (not shown) passing through respective flanges 62 63, and sealed
      together via O-ring 64. The chamber has a cylindrical side wall 65 and
      flat upper and lower end walls 66, 67.
PAR  Mounted in the lower chamber portion 61 axially with respect to the chamber
      is an electrode assembly substantially as utilised in the apparatus of
      FIG. 1. An electrode assembly as shown in FIG. 6 is correspondingly
      mounted in the upper chamber portion 60. Water introduced into the chamber
      via inlet passge 37 of the upper electrode assembly flows downwardly
      through the annular passage of this assembly and exits at the open tip of
      the sleeve of the assembly. The falling column of water crosses the
      discharge region between the electrode assemblies and then flows
      downwardly over and around the lower electrode assembly, continuously
      enveloping the tip of head portion of the lower electrode assembly. A
      drain passage 68 is provided in the lower chamber portion 61 for the
      removal of water accumulating in the bottom of the chamber. The two
      electrode assemblies are arranged such that the discharge region between
      them is substantially at the middle of the chamber cavity, the electrical
      discharge being substantially along the axis of the column of water.
PAR  The diameter of the bore in the sleeve of the upper electrode assembly
      determines the radius of the column of water at the discharge region, and
      is chosen to provide the required temperature and pressure of the plasma
      generated in the discharge region.
PAR  A thin-walled cylinder of quartz 69 is secured between annular grooves 70,
      71 in the inner surfaces of end walls 66, 67, respectively. The wall
      thickness is about 1 mm. O-rings 72 space the cylinder 69 from the inner
      cylindrical surface of side walls 65 to form a treatment cavity 73 in the
      shape of a cylindrical annulus; the O-rings also seal the treatment cavity
      73 from the cavity of the chamber. The thickness of the cavity 73 will be
      determined by the maximum penetration of U.V. radiation in the liquid to
      be treated. The radius of the quartz cylinder 69 is approximately 20 mm
      and is chosen such that there should be no damage caused by water droplets
      driven out of the discharge region by the explosive force of the
      electrical discharge, and also such as to obtain a desired intensity of
      U.V. radiation at the treatment cavity.
PAR  An inlet passage 74 is provided in the bottom of the cylindrical wall 65
      for introducing liquid to be treated into the cavity 73, and an outlet
      passage 75 is provided in the top of the wall 65 diametrically opposite
      passage 74 for the outflow of the liquid from cavity 73.
PAR  The rate of flow of liquid to be treated and the electrical discharge
      repetition rate and interdependent as mentioned previously. If a discharge
      rate at the frequency of the mains supply, or some multiple therefof, is
      not suitable, than an alternative electrical circuit may comprise an
      electronic pulse generator of known form adapted to operate at any
      required frequency and coupled to a known form of high-voltage triggered
      spark gap.
PAR  If it is required to prevent a particular wavelength or small range of
      wavelengths of the generated radiation from entering the treatment cavity
      73, the outer surface of the quartz cylinder 69 may have a thin film of
      absorbing material deposited thereon. Alternatively, a thin film may be
      deposited thereon of such thickness as to prevent transmission by means of
      optical interference. Alternatively, or additionally, the quartz may be
      "doped" with a suitable metallic ion, for example, tungsten. A protective
      layer of magnesium fluoride would be deposited on top of any thin film on
      the outer surface of the quartz cylinder 69 in order to avoid any chemical
      interaction between such thin film and the liquid to be treated.
PAR  The inner metal surfaces are polished so as to be highly reflective at U.V.
      wavelengths. Alternatively, other methods may be used, as mentioned
      previously.
PAR  The inner cylindrical surface of side wall 65 may have thin films for
      selective absorption deposited thereon in the same manner as the outer
      surface of quartz cylinder 69. Alternatively, or additionally, a thin film
      may be deposited thereon for the selective reflection of specific
      wavelengths or a range of wavelengths.
PAR  In an alternative form of the apparatus of FIG. 9, the upper electrode
      assembly may be of the form shown in FIG. 7, in which case the radius of
      the bore of tube 38 will determine the radius of the column of water at
      the discharge region. The electrical discharge will occur from a point on
      or near to the inner edge of the annular end face of tube 38, downwardly
      along the surface of the water column to a point near the head portion of
      the lower electrode assembly, and thence through the body of the water
      column to a point on the surface of the head portion of the electrode
      assembly. The radius of the bore of tube 38 will be chosen to provide a
      required submerged-discharge path length which results in a discharge of
      required characteristics.
PAR  FIG. 10 shows another embodiment of an apparatus for generating U.V.
      radiation which comprises a lower chamber portion 80 formed of stainless
      steel and having a flat bottom wall 81 and a cylindrical inner side wall
      82. An annular ring portion 83 formed of insulating material is mounted on
      top of lower chamber portion 80 by means of securing bolts 84 (not shown)
      in conjunction with flange 85 on chamber portion 80, and O-ring 86.
      Mounted on top of ring portion 83 by means of bolts 84 and O-rings 87 and
      88 is a quartz disc 43 and an end plate 44' which differs from the end
      plate 44 used in the apparatus FIG. 8 only in that the outlet passage 48
      is parallel to the inlet passage 49 instead of being at right angles
      thereto.
PAR  Electrode carriers 89 and 90 are mounted diametrically opposite each other
      in ring portion 83. Electrode carrier 89 comprises a threaded rod having
      an enlarged diameter unthreaded head portion 91. Electrode 92 formed from
      5 mm diameter stainless steel bar has one end secured in an angled bore
      passing through head portion 91. A set screw 93 engaging in a threaded
      axial bore communicating with the angled bore serves to hold the electrode
      92 secure. The depth of penetration of the electrode carrier 89 into the
      chamber cavity, and the effective length of electrode are chosen such that
      the working end face of 94 of electrode 92 is substantially on the axis of
      the chamber.
PAR  Electrode carrier 90 is similar to electrode carrier 89 but is arranged to
      carry a 1 mm diameter stainless steel electrode 95 having a working end
      face 96, and is arranged such that the end face 96 is adjacent end face 94
      at substantially the same distance from bottom wall 81.
PAR  Near the bottom of chamber portion 80 there is an inlet passage 97
      connected to a supply (not shown) of mercury having an adjustable head
      such that the height, nominally about 1 cm, of mercury in the bottom of
      the chamber cavity can be altered. The surface 98 of the mercury is
      nominally about 5 mm below the end face 94 of electrode 92.
PAR  An inlet passage 99 communicates with the chamber cavity for the
      introduction of water at approximately the same level as the level of end
      face 94. Inlet passage 99 is arranged such that the incoming water flow is
      approximately tangential to the inner cylindrical surface of the chamber.
      This is so that a circulating motion can be transferred to the mercury for
      the purpose of maintaining the characteristics of electrical discharges
      between end face 94 and surface 98 of the mercury which acts as an
      electrode, the chamber portion 80 being electrically connected to a pole
      of an electrical discharge circuit 106 (a modified form of the circuit of
      FIG. 2) by means of screw 100 engaged in a threaded bore in the chamber
      portion 80. The inlet flow of water from pump 104 is controlled by fluid
      control valve 105 as mentioned previously.
PAR  The water is removed from the chamber cavity via an outlet passage 101 in
      flange 85.
PAR  Electrode carriers 89 and 90 are electrically connected to the electrical
      discharge circuit 106 which comprises a portion arranged to apply a
      voltage of about 1kV between electrode 95 and the chamber portion 80 to
      establish a degree of ionisation of the mercury in the vicinity of the
      discharge region between electrode 92 and the mercury surface 98. This
      discharge is called an initiating discharge. This technique is well-known
      and is used for example in a device called an ignitron. The energy of such
      initiating electrical discharge is of the order of 1 Joule. Discharge
      circuit 106 comprises another portion arranged to apply a voltage of about
      20kV between electrode 92 and the chamber portion 80 in synchronism (by
      the use of a known discharge circuit) with the initiating discharge to
      cause an electrical discharge of the required characteristics. The energy
      of this latter discharge is in the range 10 to 100 Joules. The radiation
      emitted from the plasma of mercury vapour in the discharge region is at a
      wavelength of 254 nm and is particularly appropriate to the killing or
      deactivation of several strains of bacteria, yeast spores and fungi.
PAR  The initiating discharge can, if required, be effected between the
      electrode 95 and electrode 92.
PAR  Whereas in the apparatus of FIG. 10 the chamber portion 80 is formed of
      stainless steel, any other convenient material may be used, and, if
      necessary, a protective coating may be applied to the inner surfaces by
      for example chromium plating or vacuum deposition. The inner surfaces may
      have additional coatings for selective reflection or absorption of
      radiation at selected wavelengths, the coatings be covered by a protective
      layer of for example magnesium fluoride as mentioned previously. If the
      protective or other coatings are electrically insulating, electrical
      connection to the mercury may be effected by omitting these coatings over,
      say, the bottom wall 81 (if chamber portion 80 is conductive).
PAR  Where the material of chamber portion 80 is non-conductive, electrical
      connection may be made to the mercury by using, a conductive screw 100 and
      arranging for the threaded bore to communicate with the chamber cavity.
PAR  It will be appreciated that other conductive liquids or solutions may be
      used instead of the mercury, (the lower liquid), and other liquids instead
      of the water (the upper liquid). The choice of such liquids will depend on
      the desired wavelengths of the emitted radiation and on the electrical
      characteristics of the liquids, also, the upper liquid must be less dense
      than, and immiscible with, the lower liquid. The material of the chamber
      portion 80, or as the case may be, the protective layer or coating, is
      selected to have substantial immunity to chemical or electrochemical
      attack by either of the liquids in the chamber cavity, or their vapours,
      either separately, or in any combination.
PAR  If the ring portion 83 is electrically conductive at the high voltages it
      is subjected to, or if it made from a normally conductive material, the
      electrode carriers 89 and 90 may be mounted by means of insulating
      bushings (not shown).
PAR  The electrode 92 and 95 may be formed of tungsten or some other suitable
      conductive material. If necessary, the surface of the electrodes, apart
      from their working ends, may be covered with a protective coating as
      mentioned previously.
PAR  If it is not required to cause rotation of the mercury for depressing the
      surface immediately below the electrode 92, 95 then it will not be
      necessary to have a flow of water through passages 99 and 101, in other
      words the water in the chamber cavity can be substantially static.
PAR  In the aforedescribed embodiments the electrical connection to the
      electrodes is conveniently made by providing a tag or similar electrical
      connecting terminal (not shown) under the screw 23 at the outer end of the
      electrode assembly. It will be appreciated that either of a pair of
      electrodes may be connected to the more positive pole of the electrical
      discharge circuit.
PAR  It will be appreciated that the various alternative forms of electrode
      assemblies may be interchanged in the apparatus shown as required and as
      appropriate.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of producing U.V. radiation comprising the steps of providing a
      discharge chamber, at least a portion of which is transparent to U.V.
      radiation, and a pair of spaced apart electrodes therein, supplying water
      to the region between the electrodes, and applying a high voltage between
      the electrodes whereupon the water undergoes electrical breakdown and an
      electrical discharge occurs between the electrodes, the electrodes and the
      supply of water being so arranged that at least a part of the electrical
      discharge path is submerged in the water to produce thereby a hot
      submerged plasma of ionized water which is unable to expand freely and
      which emits U.V. radiation.
NUM  2.
PAR  2. The method of claim 1 wherein the electrodes are mounted in and
      insulated from the discharge chamber and wherein the high voltage is
      repetitively applied between the electrodes, and including the step of
      continuously sensing the electrical characteristics of the electrical
      discharges and continuously and automatically adjusting the spacing of the
      electrodes in response to the sensed characteristics so as to maintain
      predetermined electrical characteristics during the repetitive production
      of U.V. radiation.
NUM  3.
PAR  3. The method of claim 1 wherein one of the electrodes is constituted by
      the discharge chamber, the other electrode is immersed in water within the
      discharge chamber, the water is arranged to have a circulatory motion
      within the discharge chamber, and the high voltage is repetively applied
      between the electrodes, and including the step of continuously sensing the
      electrical characteristics of the electrical discharges and continuously
      and automatically controlling the amount of this circulatory motion
      whereby the spacing of said other electrode and the overlying water
      surface is adjusted in response to the sensed characteristics so as to
      maintain predetermined electrical characteristics during the repetitive
      production of U.V. radiation.
NUM  4.
PAR  4. An apparatus for producing U.V. radiation comprising a pair of spaced
      apart electrodes, a discharge chamber containing the region between the
      electrodes, at least a portion of the chamber being transparent to U.V.
      radiation, means arranged to supply water to the region between the
      electrodes such that in use upon application of a high voltage between the
      electrodes the water will undergo electrical breakdown and the resulting
      electrical discharge between the electrodes has at least a part of its
      path submerged in the water whereby the hot submerged plasma of ionized
      water thus produced is unable to expand freely and emits U.V. radiation,
      and means arranged to apply between the electrodes a high voltage of such
      magnitude as to cause electrical breakdown of the water and thereby
      producing U.V. radiation from the hot submerged plasma.
NUM  5.
PAR  5. An apparatus for producing U.V. radiation comprising a discharge
      chamber, two electrodes mounted in and insulated from the discharge
      chamber such as to form a discharge region between the electrodes, at
      least one of the electrodes being mounted for adjustment of the electrode
      spacing, means arranged to apply repetitively a high voltage between the
      electrodes, means arranged to supply water to the discharge region such
      that upon application of the high voltage the water undergoes an
      electrical breakdown and the electrical discharge between the electrodes
      is along a submerged path in the water whereby the hot plasma of ionized
      water produced by the discharge is not able to expand freely and emits
      U.V. radiation, means arranged to continuously sense the electrical
      characteristics of the electrical discharges and to continuously and
      automatically adjust the spacing of the electrodes in response to the
      sensed characteristics so as to maintain predetermined electrical
      characteristics during the repetitive production of U.V. radiation, at
      least a portion of the discharge chamber being transparent to permit the
      U.V. radiation to be transmitted from the discharge chamber.
NUM  6.
PAR  6. An apparatus for producing U.V. radiation comprising a discharge chamber
      which constitutes an electrode, another electrode disposed in the bottom
      of the discharge chamber, means arranged to supply water into the
      discharge chamber such as to cover said another electrode, means arranged
      to apply repetitively a high voltage between the discharge chamber and
      said another electrode, whereby the water repetitively undergoes
      electrical breakdown, the electrical discharge path being from said
      another electrode through the water to the surface and thence along the
      surface to the discharge chamber and whereby the hot submerged plasma of
      ionized water produced by the discharge is not able to expand freely and
      emits U.V. radiation, means arranged to sense continuously the electrical
      characteristics of the electrical discharges and to continuously and
      automatically control the water supplying means such as to alter the
      height of the water surface above said other electrode in response to the
      sensed characteristics so as to maintain predetermined electrical
      characteristics during the repetitive production of U.V. radiation, at
      least a portion of the discharge chamber being transparent to permit the
      U.V. radiation to be transmitted from the discharge chamber.
NUM  7.
PAR  7. The apparatus of claim 6 wherein the water supplying means comprise
      liquid inlet and outlet passages in the discharge chamber arranged such as
      to effect a circulatory motion in the water in the discharge chamber, and
      wherein the sensing and controlling means is arranged to control the rate
      at which the water supplying means supplies the water, thereby to control
      the amount of said circulatory motion and thus the height of the water
      above said other electrode.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said other electrode is in the form of
      a rod positioned such that in use it is under the region where the surface
      of the circulating water has maximum depression.
NUM  9.
PAR  9. The apparatus of claim 5 wherein said transparent portion is formed of
      quartz doped with a selected metallic ion such as to obtain selective
      absorption of an unwanted portion of the generated radiation.
NUM  10.
PAR  10. The apparatus of claim 9 wherein the metallic ion is tungsten.
NUM  11.
PAR  11. The apparatus of claim 6 wherein said transparent portion is formed of
      quartz doped with a selected metallic ion such as to obtain selective
      absorption of an unwanted portion of the generated radiation.
NUM  12.
PAR  12. The apparatus of claim 11 wherein the metallic ion is tungsten.
NUM  13.
PAR  13. A method of producing repetitive pulses of U.V. radiation comprising
      the step of establishing a continuous body of water between two spaced
      apart electrodes, the body of water being so arranged that upon applying a
      high voltage between the electrodes the water undergoes electrical
      breakdown and the electrical discharge path between the electrodes is at
      least partly submerged in the water to produce thereby a hot submerged
      plasma of ionized water which is unable to expand freely and which emits
      U.V. radiation, and the step of repetitively applying a high voltage
      between the electrodes thereby producing said repetitive pulses of U.V.
      radiation.
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PAL  An electron collimator is formed by two pairs of multi-leaved corner plates
      which are capable of simultaneous movement to alter the dimension of the
      collimator in two dimensions.
PAL  In a preferred embodiment each corner shaped plate has two leaves which
      interleave with the leaves of an adjoining corner plate.
BSUM
PAR  The present invention relates to electron collimators and more particularly
      to electron collimators for use in radiotherapy apparatus.
PAR  In known radiation apparatus the electron-beam cross sectional dimensions
      are defined by a number of fixed collimators or collimating systems.
PAR  The present invention provides a collimating system which can vary the
      electron beam cross section in two directions, while retaining the
      advantage of completely enclosing the beam as with conventional fixed
      dimension collimators.
DRWD
PAR  The present invention will now be described, by way of example with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 shows a perspective view showing the principle of a collimator
      according to the present invention,
PAR  FIG. 2 shows one side elevation of the apparatus of FIG. 1,
PAR  FIG. 3 shows a cross section along line A--A of FIG. 2,
PAR  FIG. 4 shows a plan view from above of the apparatus of FIG. 2.
DETD
PAR  Referring now to FIG. 1 of the drawings, a pair of complex plates or wall
      portions A and C which are substantially identical to each other are
      interleaved with a pair of plates or wall portions B and D which are
      substantially identical with each other. The four plates A, B, C, D form a
      square or rectangular opening or open box as shown more clearly in FIG. 3.
PAR  Each plate A, B, C or D is constructed so as to form two wall structures,
      i.e., half sides of the open box. Each side or half of each plate
      comprises two sheets of metal which may be considered to be fingers which
      co-operate or interlace with the fingers of a further plate to form a
      barrier which the electrons cannot easily penetrate. The complex plates
      may be constructed as shown in FIGS. 1 and 3 with spacing pieces C1 and
      rivetted together with rivets C2. They can also be made by any other
      suitable mechanical construction, e.g. by welding.
PAR  In FIG. 3 the plates A, B, C and D are shown in their positions in which
      the open box is a maximum size it being noted that a certain amount of
      interlace is still present to prevent penetration by the electrons.
PAR  The dotted lines indicate the minimum size of the open box construction
      which is obtained when the interlacing between the plates is at a maximum.
      Intermediate positions are obtained by moving the plates in the directions
      X and Y as indicated in FIG. 3.
PAR  Referring now to FIG. 2 the end elevation shows half of plates C and D. A
      mechanism for moving the plates C and D is shown which may consist for
      example of a threaded rod E with left and right hand threads either side
      of its longitudinal mid point and attached to plates C and D by journals
      within gear boxes C3 and D3. Thus on rotation of rod E the plates C and D
      will move either towards or away from each other depending on the
      direction of rotation. By suitable gearing within the gearboxes A3, B3, C3
      and D3 the plates A, B, C and D can be moved in unison.
PAR  The direction of the electron beam is indicated by an arrow in FIG. 2.
PAR  From FIG. 2 it is seen that the plates D and C need not be of the same
      height, plate D being taller than plate C. Similarly plate B will in this
      arrangement be taller than plate A. The reason for this is evident from
      FIG. 4 in which beam distribution correctors A4, B4, C4 and D4 are shown.
      Thus the wall portion B.sub.4, which act as a beam deflector can slide in
      a plane above that of the wall portion A.sub.4 which acts as a beam
      deflector and which can slide internally within the box structure.
PAR  In FIG. 2 openings D5, C5 are shown in the plates D and C. These may be
      provided to permit a view of the internal field.
PAR  When the box like structure is a minimum size a gap is left on its outside
      which can allow the passage of the electron beam. This gap can be closed
      by mounting plates similar to the beam distribution correctors A4, B4, C4,
      D4 on the outside walls of the plates A, B, C and D to block the flow of
      electrons as the size of the box is contracted.
PAR  The plates A, B, C and D in a practical embodiment require bearings or
      bearing surfaces on which to move. These may be provided by any means
      suitable for supporting the mechanical stresses in accordance with the
      size and weight of the completed structure.
PAR  In a specific embodiment according to the invention the plates A - D are
      all subdivided in mutually isolated sheets dividing the box as shown in
      FIG. 1, going from top to bottom there, into piled-up flattened boxes. By
      this a constrictable collimator having a focussing action can be realised.
      In a practical embodiment each plate may be divided into 4 sheets.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electron beam collimating device, comprising an open ended structure
      having a substantially rectangular shape, said structure comprising four
      wall portions of which at least parts are substantially electron
      impermeable, said wall portions being interlaced with and movable relative
      to each other and defining a passageway for said beam, each of said wall
      portions comprising first and second wall structures angularly disposed
      with respect to each other.
NUM  2.
PAR  2. An electron beam collimating device as in claim 1, wherein each of said
      wall structures comprises joined plural sheets that are interlaced with
      the respective sheets of another one of said wall structures, said wall
      structures comprising respective unitary bodies.
NUM  3.
PAR  3. An electron beam collimating device as in claim 2, where said wall
      structures individually comprise a double sheet structure.
NUM  4.
PAR  4. An electron beam collimating device as in claim 1, wherein said wall
      structures comprise openings via which the interior of said device is
      accessible.
NUM  5.
PAR  5. An electron beam collimating device as claimed in claim 1, comprising
      plural walls and each of said walls comprises two corresponding adjacent
      said wall structures.
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PAL  The generator incorporates plural tubular outer electrodes retained within
      a cylindrical pipe housing. The inner electrode is a metal strip with a
      helical twist. It is spaced from the outer electrode by a cylindrical
      dielectric. Circular plates are utilized for supporting and spacing the
      electrode tubes, and for manifolding gases to the electrode and making
      electrical contact with the inner electrodes. The circular plates also act
      as terminals for electrically connecting the electrodes across the source
      of high voltage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ozone generators have been utilized for many years in scientific and
      purification operations. Ozone is typically generated by an electrical
      spark discharge or by high intensity ultra-violet lighting. Spark
      discharge apparatus is not adaptable to continuous operations and
      therefore they have not found wide spread usage outside of the scientific
      application.
PAR  Ultra-violet ozone generators have been found to be suitable for some
      purposes. However, the lamps must be regularly replaced and the apparatus
      housing the ultra-violet lamps must provide access to the lamps for such
      replacement. The lamps are relatively fragile and bulky requiring a large
      housing and mounting to protect them and to provide for the flow of air
      there around. In consequence, ultra-violet ozone generators are
      excessively expensive for some applications.
PAR  It has also been proposed that ozone be generated by corona discharge.
      However, no practical device has been developed whereby the corona
      discharge process can be utilized in an economically practical system.
PAR  Therefore, it is desirable to have a corona discharge ozone generator that
      is simple in construction and produces a moderate concentration of ozone
      in a continuous operation. Such a device is particularly desirable where
      it may be efficiently assembled and where it is sturdy and maintenance
      free in use.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is described in its use as an ozone generator using air as
      the working gas. However, the invention is equally applicable to exposing
      any gas to a corona discharge.
PAR  An exemplary embodiment of the invention utilizes a plurality of tubes on
      parallel axes mounted within an elongated pipe housing. The tubes are of a
      conductive metal and form the outer electrode for an axial flow electrode
      system. The center or inner electrode is formed by a metal strip twisted
      into the form of a helix to increase its rigidity and to produce a flow
      distribution that maximizes ozone generation. The inner electrode is
      spaced from the outer electrode by a dielectric in the form of a cylinder.
      The inner electrode is terminated short of the terminus of the dielectric
      at one end but extends beyond the dielectric and is connected to an
      electrical terminal at the opposite end. The outer electrodes are spaced
      and supported within the pipe housing by two or more support plates. The
      plates have holes with inner diameters that correspond to the outer
      diameter of the outer electrode. The outer electrodes are received in the
      holes so that the plates space and support the outer electrodes within the
      interior of the pipe housing. A similar plate with an identical pattern of
      holes is utilized as an end plate and electrode terminal. By a relative
      rotation of the plate the holes are brought into a partial registry with
      the openings of the ends of the dielectric cylinders thereby permitting
      air flowing in the pipes housing to enter the dielectric cylinders and
      flow therealong. An end screen positions the dielectric cylinders at the
      opposite or second end of the dielectric cylinders. The inner electrode
      terminates on the terminal plate and is secured thereto. A pair of snap
      rings are utilized to position the electrode assembly within the pipe
      housing by frictional engagement with the walls of the pipe housing and an
      abutting relationship with the terminal plate at a first end of the device
      and with the end screen at the opposite or second end of the electrode
      assembly.
PAR  It is therefore an object of the invention to provide a new and improved
      corona discharge ozone generator.
PAR  It is another object of the invention to provide a new and improved corona
      discharge ozone generator which is low in manufacturing cost.
PAR  It is another object of the invention to provide a new and improved corona
      discharge ozone generator which minimizes the assembly labor requirement.
PAR  It is another object of the invention to provide a new and improved corona
      discharge ozone generator that efficiently produces a medium concentration
      of ozone.
PAR  It is another object of the invention to provide a new and improved corona
      discharge ozone generator that is rugged in construction.
PAR  It is another object of the invention to provide a new and improved corona
      discharge ozone generator which is susceptible to continuous operation.
PAR  It is another object of the invention to provide a new and improved corona
      discharge ozone generator with uniform ozone generation along the length
      of the device.
PAR  It is another object of the invention to provide a new and improved corona
      discharge ozone generator that requires little maintenance in service.
DRWD
PAR  Other objects and many attendant advantages of the invention will become
      more apparent upon a reading of the following detailed description
      together with the drawings, in which like reference numerals refer to like
      parts throughout and in which:
PAR  FIG. 1 is a side elevational view partially cut away, of the ozone
      generator.
PAR  FIG. 2 is an enlarged sectional view taken on line 2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged sectional view taken on line 3--3 of FIG. 1.
PAR  FIG. 4 is a sectional view taken on line 4--4 of FIG. 2.
PAR  FIG. 5 is a wiring diagram of the ozone generator high voltage supply.
DETD
PAR  Referring now to the drawings, there is illustrated an ozone generator unit
      10 including a generator assembly 12 and a high voltage power supply 14.
      The generator assembly 12 is comprised of a pipe housing 16 which acts as
      a frame for the generator components and as a conduit for the process air.
PAR  In the exemplary embodiment the ground electrode is arranged as the outer
      electrode 18 in the form of an elongated tube. A plurality of the
      electrodes 18 are carried in circular support plates 20 and 22 which have
      a plurality of circular openings sized to receive the outer electrode
      tube.
PAR  The pipe housing 16 may be advantageously of PVC material which is
      essentially nonconducting. The circular support plates 20 and 22 may
      advantageously be of conductive material such as aluminum, and accordingly
      may be utilized as terminals for the connection between the source of high
      voltage 14 and the outer electrode 18. A third circular plate, end plate
      28, has the same configuration as the circular support plates 20 and 22
      including the same pattern of holes 38 (see FIG. 3). However, the end
      plate 28 includes a plurality of perforations into which are received the
      terminal portions 60 of inner electrodes 50. The full functions of end
      plate 28 will be described more fully hereinafter.
PAR  A quartz or boron silicate glass dielectric cylinder 24 is received within
      each of the outer electrodes 18 acting in conjunction with the ambient air
      for the purpose of forming a dielectric. The structural rigidity of the
      electrodes 50 is enhanced by a longitudinal twist forming a helix from a
      flat strip. The increased rigidity of inner electrode 50 permits the inner
      electrode to be spaced from the dielectric cylinders 24 and outer
      electrode 28 and also regularizes and distributes the charge and the
      resulting generation of ozone.
PAR  At the second or discharge end of the device an end plate 26 in the form of
      a circular screen butts against the terminal portions of the dielectric
      cylinders 24 to hold the cylinders 24 in position. The inner electrode 50
      terminates short of the end of the cylinders 24 and is held out of contact
      with the end plate 26. The assembly is completed by snap rings 30 and 32
      which frictionally engage the interior walls of the pipe and butt against
      the end plates 26 and 28. Additional structural security may be obtained
      by adhesively securing the snap rings 30 and 32 in place.
PAR  The end plate 28, in addition to maintaining the structural integrity of
      the apparatus by holding the dielectric cylinders 24 in position, serves
      as a manifold to direct the air flow through the dielectric cylinders 24
      and outer electrodes 18. The manifolding effect is accomplished utilizing
      the same blank utilized for the circular support plate 20 and 22 by a
      rotational displacement of the plate to orientate the holes 38 in a manner
      that exposes the interior of the dielectric cylinders 24. Air flowing from
      the left in FIG. 4 enters the dielectric cylinders 24 and flows along
      their length, exiting through the screen 26. Auxiliary penetrations
      through the end plate 28 receive the terminal portions of the inner
      electrodes 50 so that the end plate may serve as a terminal for the
      connection from the source of high voltage. Thus, the source of high
      voltage is connected across the inner and outer electrodes by wires 34 and
      36 being connected to the end plate 28 and support plate 20 respectively.
PAR  Referring now to FIG. 5, the schematic diagram of the high voltage power
      supply 14 is illustrated. The switch 44 regulates the power to a powerstat
      42 whereby the voltage delivered to the high voltage transformer 40 may be
      varied. Accordingly, the powerstat regulates the output voltage of the
      high voltage transformer 40. Thus the proper voltage for a blue corona
      discharge may be selected. The output of the high voltage transformer 40
      is connected via the wires 34 and 36 across the electrodes of the
      generator assembly 12. The generator assembly 12 and high voltage power
      supply 14 may be contained within a generally rectangular case 61 with
      fittings 56 and 58 adapting the pipe housing 16 to the appropriate supply
      and delivery conduits.
PAR  It will be understood that the device may be easily assembled by first
      inserting the outer electrodes 18 into support plates 20 and 22 and then
      inserting the cylindrical dielectrics 24 and inner electrodes 50. The
      device may then be inserted into the pipe housing 16. The end plates 26
      and 28 are positioned and held in place by the snap rings 30 and 32. Where
      additional structural integrity is required it may be desirable to weld
      the terminal portions 60 of the inner electrodes 50 to the end plate 28,
      to tack weld the support plates 20 and 22 to the outer electrodes, and to
      adhesively band the snap rings 30 and 32 in position. Electrical
      connections are then made to the support plate 20 and end plate 28 and the
      device is ready for connection to the high voltage power supply 14 and
      subsequent operation.
CLMS
STM  Having described my invention, I now claim:
NUM  1.
PAR  1. A corona discharge ozone generator comprising:
PA1  a frame comprising an elongated cylindrical pipe housing,
PA1  a plurality of outer electrodes comprising elongated tubes and supported on
      said frame,
PA1  a plurality of inner electrodes comprising elongated elements received
      within said elongated tubes coaxial with said elongated tubes and spaced
      said elongated tubes,
PA1  flow means for conveying gas between and along said inner and outer
      electrodes,
PA1  said outer electrodes and said inner electrodes including electrical
      terminal means for electrical connection across a source of high voltage,
PA1  at least one circular support plate having an outer diameter substantially
      equal to the inner diameter of said pipe housing,
PA1  a plurality of spaced holes in said support plate,
PA1  said outer electrodes being received through said holes and being supported
      from said support plate,
PA1  said support plate forming said electrical terminal means for electrically
      connecting said outer electrode to the source of high voltage,
PA1  said flow means for conveying gas between and along said inner and outer
      electrodes comprising an elongated cylindrical dielectric element
      interposed between said inner and outer electrodes,
PA1  said dielectric element extending axially beyond the ends of said outer
      electrodes,
PA1  said inner electrodes terminating at a first end thereof beyond the end of
      said dielectric elements and at a second end thereof terminating short of
      said dielectric elements,
PA1  a first circular end plate abutting said first ends of said dielectric
      element and being electrically connected to said inner electrodes,
PA1  said first circular plate including a pattern of holes corresponding to the
      relative spacing of said outer electrodes but being rotationally displaced
      therefrom to comprise openings for admitting gas to said electrodes, and
PA1  said electrodes are received within said first circular end plate.
NUM  2.
PAR  2. A corona discharge ozone generator according to claim 1, wherein:
PA1  said outer electrodes are supported in said pipe by at least two axially
      spaced support plates.
NUM  3.
PAR  3. A corona discharge ozone generator according to claim 1, wherein:
PA1  a second circular end plate abutts said second ends of said dielectric
      elements and is perforated to permit pneumatic communication between said
      pipe and said electrodes.
NUM  4.
PAR  4. A corona discharge ozone generator according to claim 1, wherein:
PA1  said inner electrode comprises a strip of conductive material twisted in a
      helical configuration having a plurality of turns along the length of said
      inner electrode.
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ABST
PAL  An apparatus for optimizing the yield of predetermined usable pieces from a
      workpiece such as a board of lumber or the like having randomly disposed
      defects designated on a plane surface thereof including means for scanning
      the workpiece to detect unusable defect containing areas on the plane
      surface, means for forming and storing a primary bit matrix corresponding
      to a pattern of scanned unusable defect containing areas, means for
      identifying predetermined combinable unusable defect containing areas and
      predetermined combinable unusable non-defect containing areas on the
      primary bit matrix, means for merging identified combinable unusable
      defect and non-defect containing areas to produce a list defining a
      pattern consisting of one or a combination of a group consisting of
      combined and uncombined unusable areas, defining usable areas, means for
      establishing and storing predetermined billing requirements, means for
      successively determining on the basis of the usable area information and
      the predetermined billing requirements, various cutting patterns for the
      workpiece, means for selecting the cutting pattern which is determined to
      produce the optimum yield for the workpiece in accordance with the billing
      requirements, and means for dividing the workpiece in accordance with the
      selected cutting pattern.
PARN
PAR  This is a division of application, Ser. No. 392,885 filed Aug. 30, 1973.
BSUM
PAR  This invention relates to an apparatus and method for optimizing the yield
      of predetermined usable pieces from a workpiece such as a board of lumber
      or the like having randomly disposed defects. This invention further
      contemplates a novel unit for scanning the defects on a workpiece and
      marking a cutting pattern thereon.
PAR  In the prior art, there have been developed various types of systems for
      optimizing the yield of usable pieces from various types of workpieces
      such as boards of lumber, sheets of glass and the like having randomly
      disposed defects. Each of such systems basically has included a scanner
      for detecting the coordinates of the defects relative to a reference axis,
      a computer which receives input data from the scanner and selects a
      cutting pattern for optimizing to certain degrees the yield of usable
      pieces from the workpiece, and various devices controlled by the computer
      for marking, cutting or otherwise treating the workpiece in accordance
      with the particular cutting pattern selected by the computer. Usually,
      such systems either are elaborate in design requiring a comparatively high
      capital investment which are operable to provide optimum cutting patterns
      or are substantially less elaborate in design requiring a comparatively
      lesser amount of capital investment which are operable to compute and
      designate cutting patterns which result in substantially less than an
      optimum yield of usable pieces from the workpieces being processed. It
      thus has been found to be desirable to provide a system or an apparatus
      for determining and designating a cutting pattern for workpieces having
      randomly disposed defects which is simple in design requiring a
      comparatively small capital investment and yet capable of determining and
      designating marking, cutting or other patterns for workpieces being
      processed, providing optimum yields.
PAR  Accordingly, it is the principal object of this invention to provide a
      novel apparatus and method for optimizing the yield of usable pieces from
      a workpiece such as a board of lumber, sheet of glass and the like having
      randomly disposed defects.
PAR  Another object of the present invention is to provide a novel apparatus and
      method for determining and designating a marking, cutting or other form of
      pattern for a workpiece having randomly disposed defects which provides an
      optimum yield of usable pieces.
PAR  A further object of the present invention is to provide a novel system or
      apparatus which is comparatively simple in design and requires a
      relatively small capital investment, and yet which is operable to
      determine and designate a cutting pattern for a workpiece having randomly
      disposed defects to provide an optimum yield of usable pieces from
      workpieces being processed.
PAR  A still further object of the present invention is to provide a novel
      system or apparatus for determining and designating a marking, cutting or
      other form of pattern for a workpiece having randomly disposed defects to
      provide an optimum yield of usable pieces from such workpiece, which
      utilizes a computer having limited storage and processing capabilities.
PAR  Another object of the present invention is to provide a novel scanning
      unit.
PAR  A further object of the present invention is to provide a novel scanning
      unit capable of sensing the coordinates of defects randomly disposed on a
      workpiece.
PAR  A still further object of the present invention is to provide a novel
      scanning unit which is capable of sensing defect designating indicia
      applied to a workpiece being processed.
PAR  Another object of the present invention is to provide a novel unit for
      scanning and marking a workpiece being processed.
PAR  A further object of the present invention is to provide a novel unit for
      sensing defect designating indicia applied to a workpiece being processed,
      and marking a selected cutting pattern of said workpiece.
PAR  A still further object of the present invention is to provide a novel
      scanning unit for sensing defect designating indicia on a workpiece being
      processed which has a high degree of reading sensitivity.
DRWD
PAR  Other objects and advantages of the invention will become more apparent to
      those persons having ordinary skill in the art to which the invention
      pertains, from the following description taken in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of a system embodying the invention;
PAR  FIG. 2 is a flow diagram of the method practiced on the embodiment
      illustrated in FIG. 1;
PAR  FIG. 3 is a side elevational view of the support frame assembly and
      scanner-marker unit of the embodiment illustrated in FIG. 1, having a
      portion thereof broken away;
PAR  FIG. 4 is a cross-sectional view taken along line 4--4 in FIG. 3;
PAR  FIG. 5 is an enlarged cross-sectional view taken along line 5--5 in FIG. 3;
PAR  FIG. 6 is an enlarged cross-sectional view taken along line 6--6 in FIG. 5;
PAR  FIG. 7 is an enlarged cross-sectional view taken along line 7--7 in FIG. 5;
PAR  FIG. 8 is an enlarged perspective view of a pair of reading heads of the
      scanner-marker unit of the embodiment illustrated in FIG. 1;
PAR  FIG. 9 is a perspective view of one of the reading heads illustrated in
      FIG. 8, taken from a different angle;
PAR  FIG. 10 is a cross-sectional view taken along line 10--10 in FIG. 8; and
PAR  FIG. 11 is a top plan view of a board of lumber having randomly disposed
      defects, having been processed through the embodiment of the invention
      illustrated in FIGS. 1 through 10 and marked with a cutting pattern to
      produce an optimum yield of usable pieces.
DETD
PAR  Referring to the drawings, there is illustrated a system or apparatus 20,
      embodying the invention, which includes a support frame assembly 21, a
      workpiece positioning assembly 22 mounted on the frame assembly, a
      scanner-marker unit 23 also mounted on the frame assembly, a computer 24
      operatively connected to the positioning assembly and scanner-marker unit,
      a terminal keyboard unit 25 operatively connected to the computer, and a
      separate assembly 20a for visibly detecting and marking randomly disposed
      defects on a workpiece to be processed by the apparatus 20, such as a
      board of lumber designated by the referenced numeral 26. The assembly 20a
      includes a roller conveyor 27 supported substantially horizontally on a
      plurality of legs 28. The conveyor 27 consists of a pair of side rails 29
      and 30 interconnected by two spaced sets of rollers 31 and 32 providing a
      center opening 33 in the roller conveyor. The side rail 29 adjacent the
      work station of the operator is provided with a plurality of
      longitudinally spaced rollers 34 which are engaged by a side edge of the
      workpiece 26 to guide the workpiece along the length of the conveyor.
      Disposed below conveyor 27 in vertical alignment with opening 33 is a
      mirror unit 35 which provides the operator with a view of the bottom side
      of the workpiece disposed at the work station.
PAR  Support frame assembly 21 generally includes a first set of longitudinally
      spaced post members 36, a second set of longitudinally spaced post members
      37, a pair of longitudinally disposed support members 38 and 39 rigidly
      secured to the transversely spaced sets of post members 36 and 37 and a
      second pair of longitudinally disposed members 40 and 41 also rigidly
      secured to the sets of post members 36 and 37 and being disposed above
      longitudinal members 38 and 39. Rigidly connecting the sets of post
      members and resting on longitudinal members 38 and 39 is a set of
      longitudinally spaced, transversely disposed cross-piece members 42.
      Similarly, a set of cross-piece members 43 rigidly interconnect the sets
      of post members and are seated on longitudinal members 40 and 41.
PAR  Seated on the upper ends of the sets of post members is a pair of
      longitudinally disposed, inwardly opening channel shaped guide members 44
      and 45. As best illustrated in FIG. 5, the channel shaped guide members
      include bottom flanges rigidly secured to the upper ends of post members
      36 and 37, vertically disposed web sections and inwardly projecting upper
      flange portions which define a pair of longitudinally disposed, inwardly
      opening guide channels 44a and 45a. Disposed within guide channels 44a and
      45a, is a pair of longitudinally disposed guide rails 46 and 47 which are
      supported on a plurality of support legs 46a and 47a secured to the lower
      flanges of guide members 44 and 45. As will be described later, the
      scanner-marker unit 23 is supported on and guided along guide rails 46 and
      47. Guide members 44 and 45 further are rigidly interconnected by a set of
      longitudinally spaced, cross-piece members 48. In addition, the end sets
      of post members are rigidly interconnected by sets of cross-piece members
      49 and 50 which are disposed below the plane of the lower flanges of guide
      members 44 and 45 and which support portions of the drive assembly for the
      scanner-marker unit, as later will be described.
PAR  A roller conveyor 51 is supported on the upper set of cross-piece members
      43 between the sets of post members 36 and 37. The conveyor generally
      consists of a pair of longitudinally disposed, transversely spaced
      channel-shaped members 52 and 53 rigidly secured to cross-piece members
      43, a plurality of transversely disposed rollers 54 mounted on the side
      rail members 52 and 53 on which a workpiece 26 is supported for
      processing, and a plurality of longitudinally spaced guide rollers 55
      mounted on the upper flange of side rail member 52, which are engagable by
      a longitudinal edge of a workpiece 26 supported on rollers 54.
PAR  The workpiece positioning assembly 22 is best illustrated in FIGS. 3 and 4
      and consists primarily of an end stop mechanism 56 mounted on a
      cross-piece member 57 supported on longitudinally disposed members 38 and
      39, and a clamping mechanism 58 mounted on a bracket 59 which is rigidly
      secured to frame member 40. The end stop mechanism 56 consists of a
      vertically disposed fluid actuated piston and cylinder assembly including
      a cylinder 60 rigidly mounted at its lower end on cross-piece member 57
      and a piston 61, and a transversely disposed abutment plate 62 mounted on
      the end of the piston 61. It will be appreciated that the mechanism 56 can
      be operated to extend piston 61 as illustrated in FIG. 3 so that the
      leading end of a workpiece 26 will engage plate 62 to position the
      workpiece longitudinally on roller conveyor 51, and piston 61 may be
      retracted to move plate 62 below the lower surface of the workpiece to
      permit the workpiece to be advanced along conveyor 51.
PAR  Clamping mechanism 58 consists of a transversely disposed fluid actuated
      cylinder and piston assembly including a cylinder 63 connected at its
      outer end to mounting bracket 59 and a piston 64 disposed below the
      support plane of the workpiece, and a longitudinally disposed member 65
      rigidly connected intermediate its ends to the end of piston 64, having
      upwardly projecting clamp portions 66 and 67 which extend above the
      support plane of a workpiece supported on conveyor 51. It will be seen
      that when piston 64 is retracted, clamping portions 66 and 67 will engage
      a longitudinal edge of a workpiece and move it into clamping relation with
      the plurality of guide rollers 55 on conveyor 51 to position the workpiece
      transversely. The workpiece may be released merely by extending piston 64.
PAR  The operation of end stop mechanism 56 and clamping mechanism 58 is
      controlled by computer 24 which is responsive to various microswitches
      mounted on the support frame assembly for sensing the position of the
      workpiece on conveyor 51. It will be appreciated that when the workpiece
      is positioned on conveyor 51 with the leading end thereof engaging stop
      plate 62 and the longitudinal side edges thereof clamped between clamp
      portions 66 and 67 and guide rollers 55, the workpiece will be positioned
      for scanning by the scanner-marker unit with the leading edge thereof
      lying along a y-axis and the longitudinal edge thereof engaging guide
      rollers 55 lying along an x-axis of a pair of coordinate reference axes.
PAR  The scanner-marker unit 23 generally includes a carrier assembly 68 mounted
      on the support frame assembly, a drive assembly 69 mounted on the support
      frame assembly operatively connected to the carrier assembly, a scanning
      assembly 70 mounted on the carrier assembly and a marking assembly 71 also
      mounted on the carrier assembly. As best illustrated in FIGS. 5 through 7,
      the carrier assembly includes a housing provided with a transverse end
      panel 72, a transverse end panel 73 spaced longitudinally from panel 72, a
      pair of longitudinal side walls 74 and 75 interconnecting the end panels
      and a top panel 76. The housing further is provided with a transverse
      partition panel 77 spaced from end panel 72 to provide a compartment 78
      for housing the scanning assembly 70 and a compartment 79 for housing
      marking assembly 71 in the lower end thereof. A longitudinal reinforcing
      panel 80 is provided in the upper end of compartment 79 having the flanged
      edges thereof rigidly secured to partition panel 77, end panel 73 and side
      panels 74 and 75.
PAR  As best illustrated in FIGS. 5 and 7, the lower edge of the carrier
      assembly terminates well above the height of a workpiece supported on
      conveyor 51 so that at no time during the operation of the apparatus while
      the scanner-marker unit is moved along the length of the workpiece, does
      the carrier assembly engage the workpiece. It further will be noted that,
      as illustrated in more detail in FIGS. 5 and 7, the side edges of top wall
      76 project laterally into channels 44a and 45b and are provided with split
      bearing members 81 and 82 which engage guide rails 46 and 47 for
      supporting the scanner-marker unit on the support frame assembly and
      guiding it longitudinally along the length of a workpiece supported on
      conveyor 51.
PAR  The scanner-marker unit is adapted to be displaced along the length of a
      workpiece positioned on conveyor 51 by means of drive assembly 69 which
      includes a drive motor 83 provided with a drive sprocket 84, an idler
      sprocket 85 and a drive chain 86. Drive motor 83 is rigidly mounted on
      cross-piece members 49 so that drive sprocket 84 lies in a vertical plane
      passing through the longitudinal center line of the support apparatus. A
      bracket 87 supporting idler sprocket 85 is mounted on cross-piece members
      50 so that idler sprocket 85 is aligned transversely with drive sprocket
      84. Drive chain 86 is trained around sprockets 84 and 85 so that the upper
      flight thereof is guided along rollers 88 mounted on cross-piece members
      48 and the lower flight thereof is disposed below cross-piece members 48,
      having the free ends thereof connected to a longitudinally disposed rigid
      strap 89 secured to top wall 76 of the carrier assembly. It thus will be
      appreciated that upon operation of drive motor 83, the scanner-marker unit
      23 may be displaced along the length of a workpiece positioned on conveyor
      51. The operation and speed of drive motor 83 is controlled by the
      computer. Generally, drive motor 83 is adapted to be driven at a
      relatively low speed for moving the marker-scanner unit along the length
      of a workpiece during the scanning phase of the operation and at a
      relatively high speed for positioning the scanner-marker unit during the
      marking phase of the operation and also in returning the unit to its
      starting position.
PAR  Referring to FIGS. 6 and 7, scanner assembly 70 is provided with a housing
      91 which is movable vertically in compartment 78 of the carrier assembly.
      Housing 91 includes a pair of transverse walls 92 and 93 disposed adjacent
      carrier assembly panels 72 and 77, respectively, and a pair of
      longitudinal walls 94 and 95 which are disposed adjacent carrier assembly
      panels 74 and 75. Disposed at the lower end of housing 91 and rigidly
      secured to walls 92 and 93, inwardly from side walls 94 and 95, is a pair
      of longitudinally disposed brackets 96 and 97. Housing 91 and
      correspondingly scanning assembly 70 is displaced vertically by means of a
      pair of air actuated cylinder and piston assemblies 98 and 99 disposed
      within compartment 78, having the upper ends of the cylinder portions 98a
      and 99a rigidly secured to top panel 76 of the carrier assembly and the
      lower free ends of piston portions 98b and 99b secured to brackets 96 and
      97, respectively.
PAR  A curved reflector 100 is mounted on the lower outer side of carrier
      assembly panel 72 which partially houses and supports a lamp 101 for
      illuminating workpiece 26 positioned on conveyor 51. The lamp may be of
      any conventional type such as an ultraviolet lamp and the like which is
      adapted to emit a light which will be reflected from defect designating
      indicia applied to the upper surface of workpiece 26 to activate the
      photosensitive cells of the scanning assembly. Disposed along the lower
      open end of housing 91, between brackets 96 and 97 is a bank of reading
      heads 102. As best illustrated in FIGS. 8 through 10, each of the reading
      heads is provided with a front face 103 which is relieved as at 104, a
      rear face 105, a pair of side surfaces 106 and 107, and upper and lower
      surfaces 108 and 109. The relieved portion 104 of each reading head is
      provided with a plurality of transversely spaced openings 110 in which
      photosensitive cells are mounted. Leads 111 from the photosensitive cells
      extend through the upper surface 108 and are electrically connected to an
      electrical lead carrier 112, shown in FIG. 3, which in turn is connected
      to an interface of the computer. Each of the reading heads is supported by
      a plurality of vertically disposed rods 113 which extend upwardly through
      openings in a platform panel 114 secured to panels 92 and 93 of scanning
      assembly housing 91. The upper ends of rods 113 are provided with nuts 115
      which permit reading heads 102 to be displaced upwardly relative to
      housing 91 when the scanning assembly is moved to a lower operating
      position and reading heads 102 engage the upper surface of a workpiece 26,
      thus permitting the reading heads to be displaced vertically relative to
      housing 91 as the scanner-marker unit is moved along the workpiece during
      a scanning operation and correspondingly conform to any variations in
      height of the upper surface of the workpiece due to variations in
      thickness, raised projections or warpage of the workpiece. As best
      illustrated in FIG. 7, the length of rods 113 is adjusted so that the
      reading heads normally will be caused to project below the lower end of
      housing 91 and be permitted to be displaced upwardly into the housing
      while traversing the length of the workpiece during a scanning operation.
PAR  Each of the side surfaces 106 and 107 of the reading heads is provided with
      a vertically disposed recess 116 which registers with a similar recess in
      a successive reading head. Successive reading heads are provided with ball
      bearings 117 received within adjacent recesses 116 which function to limit
      the vertical displacement of successive reading heads.
PAR  The upper and lower ends of air cylinders 98a and 99a are connected through
      appropriate valving to a supply of compressed air. Such valves are
      operated by solenoids controlled by computer output signals. In operation,
      by appropriate computer command signals to the valve solenoids, air under
      pressure will be supplied selectively to the upper or lower ends of air
      cylinders 98a and 99a to correspondingly move the scanning assembly into
      and out of engagement with workpiece 26. Under such conditions, reading
      heads 102 will engage the workpiece, lamp 101 will be disposed immediately
      forwardly of the reading heads to illuminate defect designating indicia
      applied to the upper surface of the workpiece which will be sensed by the
      photosensitive cells mounted in the reading heads and the reflector 100
      will function to focus light emitted by lamp 101 on the workpiece surface
      immediately forwardly of the reading heads and shield the workpiece
      surface being read by the reading heads from extraneous light. As the
      scanner-marker unit traverses the length of the workpiece and variations
      in height of the upper surface of the workpiece are encountered, the
      reading heads will be permitted to be displaced upwardly to continuously
      conform to the workpiece surface being scanned.
PAR  Seated on the center of cross-piece members 42 is a pair of longitudinally
      disposed lamps L, as best seen in FIGS. 1, 3 and 5. The lamps may be of
      any conventional type such as fluorescent adapted to emit light sufficient
      to activate the photosensitive cells of the scanning assembly when there
      is no intervening board.
PAR  The position of the scanner-marker unit along the length of a workpiece
      being processed, is determined from a coded reference scale disposed
      longitudinally along guide channel 45a, as best seen in FIG. 5. Reference
      scale 118 is read by a reading head 119 mounted on top wall 76 of the
      carrier assembly. Reading head 119 functions similarly to reading heads
      102 and generates an output signal to an appropriate interface of the
      computer via the electrical lead carrier 112. As best illustrated in FIG.
      3, the electrical lead carrier is adapted to be played out or taken up by
      a spring loaded reel 120 mounted at an end of the support frame assembly.
PAR  Marker assembly 71 is mounted in the lower end of compartment 79 of the
      carrier assembly and includes a pair of transversely spaced brackets 121
      and 122 which are secured to panels 73 and 77. Mounted on bracket 122 is a
      pair of positioning motors 123 and 124 provided with transversely
      disposed, threaded drive members 125 and 126 having the free ends thereof
      journaled in bracket 121. Identically mounted on threaded members 125 and
      126 are carrier blocks 127 and 128 on which there are mounted vertically
      disposed marking pens 129 and 130. The upper ends of carrier blocks 127
      and 128 are mounted on guide rods 131 and 132 for maintaining marking pens
      129 and 130 vertical.
PAR  Marking pens 129 and 130 are of the air brush type, being provided with an
      ink supply line and an air pressure line both of which are provided with
      appropriate valving controlled by the computer. In addition to the supply
      of air and ink to marking pens 129 and 130, the operation of positioning
      motors 123 and 124 is controlled by the computer.
PAR  It will be appreciated that by generating appropriate command signals from
      the computer to the controls for the main drive motor 83, positioning
      motors 123 and 124 and the valves for the compressed air and ink supply
      lines of marking pens 129 and 130, the scanner-marker unit will be
      displaced longitudinally relative to the workpiece to correspondingly
      longitudinally displace marking pens 129 and 130, carrier blocks 127 and
      128 will be displaced transversely to correspondingly transversely
      displace marking pens 129 and 130, and ink and compressed air will be
      supplied to the marking pens to correspondingly cause the marking pens to
      mark a desired pattern on the upper surface of workpiece 26.
PAR  Terminal keyboard unit 25 may be of any conventional, commercially
      available type which is capable of being operated to input desired billing
      requirements or cutting orders into computer 24. Primarily, the billing
      requirements inputted into the computer through the terminal keyboard unit
      consist of the desired sizes, quantities of sizes and priority of pieces
      required, usually for a production run.
PAR  Computer 24 consists of what commonly has been referred to as a
      "mini-computer" which has limited data storing and processing
      capabilities. An example of such a computer is the NOVA 800 computer
      manufactured by the Data General Corporation of Southboro, Massachusetts.
      The computer is provided with appropriate data storing components and
      circuitry for; storing billing requirements inputted through the terminal
      keyboard unit, forming and storing a primary bit matrix containing the
      coordinates of designated defects provided on a workpiece being processed
      as a result of input signals from the scanner-marker unit, identifying
      combinable unusable defect containing areas and combinable unusable
      non-defect containing areas on the primary bit matrix in accordance with a
      predetermined program, merging combinable unusable defect and non-defect
      containing areas in accordance with the program to produce a list
      containing the coordinates of one or a combination of a group consisting
      of unusable areas, defining usable areas, and selecting responsive to the
      stored billing requirements and the list defining unusable areas, a
      cutting pattern for the workpiece providing an optimum yield of usable
      pieces complying to at least a portion of the predetermined billing
      requirements. The computer further includes appropriate circuitry for
      transmitting command signals to main drive motor 83 for displacing the
      scanner-marker unit longitudinally and correspondingly positioning marking
      pens 129 and 130 longitudinally, to pen positioning motors 123 and 124 for
      positioning the pens transversely and to the solenoids operating the
      valves controlling the supply of compressed air and ink to the marking
      pens. In addition, the computer includes appropriate circuitry for
      reestablishing the billing requirements as the previously established
      billing requirements are at least partially satisfied.
PAR  In the operation of the system as described, assuming it is desired to mark
      boards of lumber of the type illustrated in FIG. 11, having randomly
      disposed defects D to produce an optimum yield in accordance with
      predetermined billing requirements, initially computer 24 is programmed to
      perform the aforementioned functions and the billing requirements are
      inputted into the computer by means of terminal keyboard unit 25. The
      board is then placed on roller conveyor 27 of assembly 20a so that a
      longitudinal edge of the board engages guide rollers 34 and the board
      spans opening 33. With the board thus positioned so that an operator may
      view any defects on the bottom side of the board on mirror unit 35, a
      worker encircles on the upper side of the board each defect containing
      area with a light reflecting material as denoted by the reference letter R
      in FIG. 11. When all of the defects on the upper and lower surfaces of the
      board are designated on the upper surface thereof, the board either is
      stacked for further processing through system 20 or is carried directly to
      apparatus 20 for further processing.
PAR  Boards containing defect designating markings are processed through
      apparatus 20 by initially inserting each board through one end of the
      apparatus onto roller conveyor 51 as illustrated in FIG. 1. The operator
      then positions the board against guide rollers 55 and moves the board
      toward the opposite end thereof until the leading edge of the board
      engages stop plate 62. As the board is moved toward stop plate 62, certain
      microswitches are tripped which energize appropriate circuitry in computer
      24 to actuate end stop mechanism 56 and clamping mechanism 58 in a
      predetermined sequence. Initially, the leading edge of the board engages
      stop plate 62 to position the leading edge of the board along a y-axis and
      then clamping mechanism 58 is actuated to cause clamping plates 66 and 67
      to engage a longitudinal edge of the board and move the opposite
      longitudinal edge of the board against guide rollers 55 so that the roller
      engaging edge will be disposed along an x-axis of the predetermined
      coordinate reference axes. In such position, with the leading edge
      disposed along the y-axis and one of the longitudinal edges disposed along
      the x-axis of the coordinate reference axes, the board is properly
      positioned for scanning. The proper positioning of the board is signaled
      to the computer which responds by transmitting a command signal to main
      drive motor 83 to begin the scanning phase of the operation.
PAR  Normally, scanner-marker unit 23 will be in the position as illustrated in
      FIGS. 1 and 3 with the carrier assembly 68 disposed adjacent the leading
      edge of the board to be processed and the scanner assembly of its elevated
      or retracted position. Preceeding energization of main drive motor 83 for
      displacing carrier assembly 68 along the length of the positioned
      workpiece, the computer transmits a command signal to the solenoids
      operating the valves supplying fluid under pressure to air cylinders 98a
      and 99a to cause pistons 98b and 99b to extend and correspondingly move
      the bank of reading heads 102 into engagement with the upper surface of
      the workpiece. Simultaneously, lamp 101 will be energized to illuminate
      the upper surface of the board.
PAR  As carrier unit 68 is moved along the length of the workpiece, light
      emitted from lamp 101 and reflected by defect designating indicia R and
      light emitted from lamps L in the areas not covered by the board will be
      sensed by the photosensitive cells in the reading heads. As the
      photosensitive cells are thus activated by the reflected light, they
      operate to generate signals which are amplified and transmitted to the
      computer. Simultaneously, reading head 119 reads coded reference scale 118
      and similarly transmits a signal to the computer. It will be appreciated
      that the signals transmitted by the reading heads 102 and 119 indicate to
      the computer the x and y coordinates of the defect containing areas of the
      board being processed and of the scanned areas not covered by the board
      which appear as defects because of the light emitted from lamps L. As
      previously mentioned, the computer produces and stores a primary bit
      matrix responsive to the input signals from reading heads 102 and 119,
      corresponding to the pattern of defect containing areas sensed on the
      board being processed. In the event any of reading heads 102 encounters
      any variation in height of the upper surface of the board which may be the
      result of variations in thickness of the board or warpage, the reading
      head will be permitted to be displaced vertically relative to successive
      reading heads to conform to any such variation in height. It further will
      be noted that due to the proximity of lamp 101 to reading heads 102, the
      focusing of light onto the area being scanned immediately forwardly of the
      reading heads, and the shielding of the area being scanned from extraneous
      light, an accurate reading of the defects on the workpiece is achieved. As
      soon as the carrier assembly has traversed the full length of the
      workpiece and the reading heads drop off the end of the board, the
      computer causes appropriate command signals to be transmitted to stop the
      main drive motor, deenergize lamp 101 and lifting or retracting the
      scanner assembly. The main drive motor is then operated to return the
      carriage assembly to a position adjacent the leading edge of the
      workpiece, in position to begin the marking phase of the operation.
PAR  As soon as the primary bit matrix has been formed and stored by the
      computer, the computer next operates to scan the primary bit matrix for
      predetermined combinable unusable defect containing areas and combinable
      unusable non-defect containing areas. Such combinable unusable defect and
      non-defect containing areas then are merged to produce a list of unusable
      areas around which usable pieces may be cut. The computer then functions,
      responsive to the stored billing requirements and the usable areas defined
      by the list, to select, in accordance with the selected program, a cutting
      pattern for the board providing an optimum yield of usable pieces
      complying with at least a portion of the billing requirements. In this
      regard, it will be appreciated that by merging unusable defect and
      non-defect containing areas, the number of unusable areas on the list is
      reduced thus correspondingly decreasing the number of combinations
      required to be analyzed by the computer.
PAR  Once the cutting pattern for the board being processed has been selected by
      the computer, command signals are transmitted by the computer to main
      drive motor 83 and pen positioning motors 123 and 124 to position the
      marking pens. Simultaneously, command signals are transmitted to the
      marking pen controls so that the pens will operate to mark the selected
      cutting pattern on the workpiece, consisting of a combination of cross-cut
      and ripping lines designated by the reference letter S in FIG. 11. When
      the carrier assembly reaches the full length of its travel, such condition
      is sensed by the computer which then operates to return the carrier
      assembly to its start position and actuate mechanisms 56 and 58 to release
      the workpiece and permit it to be removed.
PAR  The apparatus as described can be modified so that once the cutting pattern
      has been selected, in lieu of transmitting command signals to the main
      drive motor and pen positioning motors to position and operate the marking
      pens, such signals could function to operate an apparatus for cutting the
      boards.
PAR  From the foregoing detailed description, it will be evident that there are
      a number of changes, adaptations and modifications of the present
      invention which come within the province of those skilled in the art.
      However, it is intended that all such variations not departing from the
      spirit of the invention be considered as within the scope thereof and as
      limited solely by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an apparatus for optimizing the yield of predetermined usable pieces
      from a workpiece such as a board of lumber or the like having randomly
      disposed defects in at least one plane surface thereof, a scanning unit
      including a carrier assembly, means for illuminating defect designating
      indicia applied to the plane surface of said workpiece, a plurality of
      transversely disposed reading heads mounted on said carrier assembly and
      means mounted on said carrier assembly for moving said plurality of
      reading heads selectively into and out of engagement with said plane
      surface, each of said reading heads having a plurality of transversely
      disposed photosensitive cells for detecting said indicia and for providing
      signals which form a primary bit matrix corresponding to the scanned
      defect designating indicia, said reading heads being displaceable
      vertically relative to successive reading heads to permit the position of
      each reading head to adjust vertically and conform to any variations in
      thickness of said workpiece as said scanning unit traverses the length
      thereof.
NUM  2.
PAR  2. A scanning unit according to claim 1 wherein lower leading edges of said
      reading heads are relieved and said photosensitive cells are disposed
      within said relieved surfaces.
NUM  3.
PAR  3. A scanning unit according to claim 1 including means interengaging
      successive reading heads for limiting vertical displacement therebetween.
NUM  4.
PAR  4. A scanning apparatus according to claim 1 including means for reading a
      coded reference scale disposed on said apparatus.
NUM  5.
PAR  5. In an apparatus for optimizing the yield of predetermined usable pieces
      from a workpiece such as a board of lumber or the like having randomly
      disposed defects in at least one plane surface thereof, a scanner-marker
      unit comprising a carrier assembly movable relative to said workpiece
      along the length thereof, means mounted on said carrier assembly for
      detecting defects on said workpiece and means mounted on said carrier
      assembly for marking cutting lines on said workpiece, said defect
      detecting means including means for illuminating defect designating
      indicia applied to a plane surface of said workpiece, a plurality of
      transversely disposed reading heads and means for moving said plurality of
      reading heads selectively into and out of engagement with said workpiece,
      each of said reading heads having a plurality of transversely disposed
      photosensitive cells for sensing light from said indicia and for providing
      signals which form a primary bit matrix corresponding to the scanned
      defect designating indicia, said reading heads being displaceable
      vertically relative to successive reading heads to permit the position of
      each reading head to adjust vertically and conform to any variations in
      thickness of said workpiece as said unit traverses the length thereof.
NUM  6.
PAR  6. A scanner-marker unit according to claim 5 wherein lower leading edges
      of said reading heads are relieved and said photosensitive cells are
      disposed within said relieved surfaces.
NUM  7.
PAR  7. A scanner-marker unit according to claim 5 including means interengaging
      successive reading heads for limiting vertical displacement therebetween.
NUM  8.
PAR  8. A scanner-marker unit according to claim 5 wherein said detecting means
      includes means for reading a coded reference scale disposed on said
      apparatus.
NUM  9.
PAR  9. An apparatus according to claim 5 wherein said marking means comprises
      at least one vertically disposed pen moveable transversely.
NUM  10.
PAR  10. A scanner-marker unit according to claim 9 wherein said pen comprises
      an ink emitting air brush.
NUM  11.
PAR  11. A scanner-marker unit according to claim 9 wherein said pen is mounted
      on a transversely disposed threaded drive member.
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ABST
PAL  An improved system for detecting movement of an image formed by a
      reconnaissance optical system. A photodiode array is placed in the focal
      plane of the optical system to detect the image. The photodiode array is
      first read out at a time T into a shift register where the signal is
      stored. After passage of a time .DELTA.T the photodiode array is read out
      a second time. The first and second read out signals are then correlated
      to determine the amount of movement of the image between times T and T +
      .DELTA.T.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the field of detection of
      movement of a light pattern, and more particularly pertains to a new and
      improved system which enables the rapid detection of movement of a light
      pattern or image.
PAR  Systems for detecting movements of light patterns have been widely used in
      many fields, and particularly have been used in photographic and
      electronic cameras for detecting movement of the image within the camera.
      For the case of a photographic system the image movement is detected and
      then either the film or the camera is moved to compensate for the image
      movement such that a clear and sharp photographic image is formed.
PAR  Several types of systems have been utilized in the prior art to determine
      image motion. Some of these prior art systems are types in which radiation
      from a moving scene is imaged on a black and white reticle such that the
      image moves across the reticle. Light transmitted through the reticle is
      focused on a detector. In those systems the electrical output signal of
      the detector has a major frequency component dependent upon the speed of
      movement of the image across the reticle. A problem with this type of
      system is that the frequency is modulated also by image detail entering or
      leaving the grid area, and accordingly the system suffers a loss of
      accuracy. A second type of prior art system involves placing two spaced
      photodetectors in the moving image and measuring the time difference
      between the signals of the photodetectors. A problem with this system is
      that image details must actually move over the two detectors before the
      time difference can be measured, and accordingly the response time is
      rather slow. Another known system in the prior art involves utilizing a
      rotating mechanical scanner which first scans the image and simultaneously
      magnetically records the output signal. The image is then mechanically
      scanned a second time, and the second signal is correlated with the stored
      signal to determine image movement. A problem with this type of system is
      that the use of a mechanical scanner and a single photo cell makes the
      system slow, cumbersome, and unattractive from a reliability standpoint.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a preferred embodiment, a system is disclosed for
      determining movement of a light pattern across an array of photodetectors.
      The array of photodetectors is first read out at a time T, and is read out
      a second time at a time T + .DELTA.T. The electrical signals resulting
      from the first and second read outs are then correlated to determine the
      shift between the signals, which is indicative of movement of the light
      pattern between times T and T + .DELTA.T.
PAR  One advantage the present invention enjoys over the prior art is that no
      form of mechanical scanning is required to determine image motion. Further
      the times T and T + .DELTA.T may be chosen to be as close together as the
      response time of the photodetector array will allow, which enables a very
      rapid determination of image movement. This is a distinct advantage over
      prior art systems wherein the image must actually move over several
      photodetectors before image movement may be detected. The present
      invention was conceived particularly for use with an imaging system having
      a relatively long exposure time. With such a system, movement of the image
      must be rapidly detected and compensated so the image is not degraded by
      blur. Also, the present invention is an inherently simple system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates broadly the type of problem which resulted in the
      present invention.
PAR  FIG. 2. shows a partial block diagram of one embodiment of the present
      invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates broadly the problem which prompted the present
      invention. Referring to that figure there is illustrated an optical system
      10 which images a scene it is viewing on a photographic film 12 located in
      the focal plane of the optical system. Assume now that the optical system
      10 is mounted in an aircraft moving in the direction of arrow 14. An
      object on the ground which is ahead of the plane will first be imaged, as
      shown by arrow 16, on the film on the left side of the focal plane.
      However, as the plane travels over and passes that object its image moves
      to the right until it is finally imaged as shown by arrow 18. This
      simplified explanation shows that as the airplane is moving image details
      of particular objects on the ground are moving to the right as shown by
      arrow 20. In the prior art this image movement is detected and compensated
      for by moving either the film or the camera such that the image of each
      object remains in one particular position on the film, which results in a
      clear and sharp photograph. There are many other situations other than
      that depicted in FIG. 1 where it is desired to detect movement of an image
      or movement of a light pattern. According to the teachings of the present
      invention, a photodetector array 22 is placed in the focal plane as shown
      to enable detection of image motion.
PAR  Referring to FIG. 2, there is illustrated a block diagram of one embodiment
      of the invention. The photodetector array is illustrated as a photodiode
      array, which is one embodiment that can be purchased from Fairchild
      Semiconductor. The photodiode array may be read into either analog shift
      register A or analog shift register B. In a photodiode array, the amount
      of charge read out of each particular photodiode depends upon the
      intensity of the radiation impinging on that diode. The photodiode array
      and shift registers A and B are stepped by photogate clock pulses supplied
      to the array. A TRANSFER CLOCK command to either shift register A or B
      will cause that particular shift register to read out the charges
      currently in the photodiode array. A TRANSPORT CLOCK command to shift
      registers A and B will cause those registers to read out respectively on
      lines 26 and 28 the charges stored within them. The output of each of
      shift registers A and B is a series of current pulses with the position of
      each pulse defining the photodiode which caused the pulse and the
      amplitude of each pulse defining the amount of radiation incident upon
      that particular photodiode.
PAR  The illustrated embodiment operates broadly as follows. At time T a
      TRANSFER CLOCK command to register A causes it to read out the charges on
      the photodiode array. The charges are then left in storage in register A.
      At time T + .DELTA.T the photodiode array 22 is read out again by a
      TRANSFER CLOCK command to register B. At this time register A has in it
      charges corresponding to the light image on photodiode array 22 at time T,
      and register B has in it charges corresponding to the light image on the
      array at time T + .DELTA.T. TRANSPORT CLOCK commands are then directed to
      both registers A and B to cause them to read out the charges in sequence
      respectively into circuit channels A and B. These two channels are
      virtually identical, and accordingly the functions of the various circuits
      in each channel will only be explained once. The reference numerals used
      for channel A will also be used for channel B but with a prime notation.
      The output of each register is first directed into a bandpass filtering
      circuit 30 which allows only a smoothed AC portion of the original signal
      to pass. That smoothed AC signal is then directed to a circuit 32 which
      first amplifies the signal with an infinite gain amplifier, then clips the
      resulting amplified signal, and finally detects the zero crossovers of the
      clipped signal and produces an output on line 33. When the signal is
      amplified and clipped the resulting signal is a square wave having zero
      crossovers where the original smoothed AC signal from filter 30 had zero
      crossovers. If there were no movements of the image across photodiode
      array 22 or changes within the image from time T to time T + .DELTA.T, the
      output signal on line 33 should be identical to and in synchronism with
      the signal on line 33'.
PAR  In essence, the remaining circuitry of FIG. 2 then correlates the signal on
      line 33 in channel A with the signal on line 33' in channel B. This is
      accomplished by feeding each signal into a shift register 34, the purpose
      of which is to introduce a slight time delay into each signal. The
      undelayed signal from channel B is then correlated with the delayed signal
      from channel A in a correlator circuit 36. Likewise, the undelayed signal
      from channel A is correlated with the delayed signal from channel B in a
      correlator circuit 36'.
PAR  If there were no movements of the image across photodiode array 22 or
      changes in the image, the signals from circuits 32 and 32' should be
      exactly equal and in synchronism. Accordingly, the outputs of correlators
      36 and 36' should be exactly equal in amplitude but opposite in sign, and
      when summed in a circuit 38 the output on line 40 should be zero. However,
      if the image has moved slightly across photodiode array 22, then depending
      upon the direction of movement of the image, the signal on line 33 will be
      either slightly ahead or slightly behind the signal on line 33', and the
      outputs of correlators 36 and 36' will not be equal. The sign of the
      output from summing circuit 38 will then indicate the direction of
      movement of the image across photodiode array 22, and the magnitude of the
      output of circuit 44 will indicate the extent of movement of the image
      across the photodiode array.
PAR  One advantage of the present system for detecting movement of a light
      pattern is that it is an extremely fast system in that movement of the
      image across several adjacent photodetectors is not required. The time
      .DELTA.T between the first and second read outs of the photodiode array is
      limited only by the detector integration time and the time required to
      clock the signal through the system, which in the present state of the art
      is approximately 1 millisecond. Accordingly, image motion may be detected
      approximately every millisecond and compensated for accordingly. This is
      much faster than any of the known prior art arrangements for detecting
      image motion.
PAR  The timing functions within the present circuit are controlled by a timing
      circuit 42 the details of which will not be explained as the circuit
      involves well known, art recognized technology.
PAR  While several embodiments have been described, the teachings of this
      invention will suggest many other embodiments to those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for determining movement of a light pattern and comprising:
PA1  a. an array of photodetectors;
PA1  b. means for forming said light pattern on said array of photodetectors;
PA1  c. means for reading out said array of photodetectors at a time T to obtain
      a first electrical signal indicative of the light pattern on the
      photodetector array at time T;
PA1  d. means for reading out said photodetector array at a time T + .DELTA.T to
      obtain a second electrical signal indicative of the light pattern on the
      photodetector array at time T + .DELTA.T; and
PA1  e. means for correlating said first electrical signal at time T with said
      second electrical signal at time T + .DELTA.T to determine relative time
      shift between the first and second signals, whereby the relative time
      shift between the signals is indicative of movement of the light pattern
      between time T and time T + .DELTA.T.
NUM  2.
PAR  2. A system as set forth in claim 1 wherein said array of photodetectors
      includes an array of photodiodes.
NUM  3.
PAR  3. A system as set forth in claim 1 wherein:
PA1  a. said means for reading out said photodetector array at time T includes a
      filtering circuit for obtaining a first smoothed AC output signal, a zero
      crossover circuit for determining zero crossovers within said first
      smoothed AC output signal and for obtaining a first zero crossover signal,
      and a storage means for storing said first zero crossover signal;
PA1  b. said means for reading out said photodetector array at time T + .DELTA.T
      includes a filter circuit for obtaining a second smoothed AC output
      signal, and a zero crossover circuit for determining zero crossovers
      within said second smoothed AC output signal and for obtaining a second
      zero crossover signal; and
PA1  c. said correlating means includes means, coupled to said storage means,
      for delaying said first zero crossover signal to obtain a first delayed
      zero crossover signal, means coupled to said zero crossover circuit for
      producing said second zero crossover signal, for delaying said second zero
      crossover signal to obtain a second delayed zero crossover signal, means
      for correlating said first crossover signal with said second delayed zero
      crossover signal, and means for correlating said second crossover signal
      with said first delayed crossover signal.
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ABST
PAL  A radiological screen for placing on a patient's skin comprising a flat
      jacket containing a fine particulate filler and a settable resin binder,
      the fine particulate filler being of a material which absorbs medical
      radiation, and the jacket including a window to transmit such radiation
      through the flat jacket.
BSUM
PAR  The present invention relates to a protective screen based on mortar, used
      in the field of radiology and intended to be placed directly or indirectly
      on a patient's skin.
PAR  Hitherto, mortars based on plaster, mixed with a constituent which absorbs
      medical radiation, were used in order to protect the zone of the patient
      adjacent to the zone of the patient to be irradiated. By medical
      irradiation or medical radiation, there is to be understood any
      irradiation of the type comprising X, .alpha., .beta.  or .gamma. rays.
PAR  It is known to use barium sulphate as the absorbing constituent.
PAR  The positioning of a mortar based on plaster and barium sulphate requires
      working by hand and with a trowel, since the mortar in the viscous state
      must be applied by hand and used on the skin of the patient, so that it
      has an even thickness calculated as a function of the position and of the
      nature of the irradiation zone. Very frequently, the thickness of the
      mortar applied cannot be kept constant and the layer applied always shows
      some unevenness which, after the mortar has set, cannot be corrected.
PAR  It is obvious that the application of the mass of plaster-based mortar is a
      dirty and unpleasant operation for the medical staff and the patient.
PAR  It is an object of the present invention to overcome the abovementioned
      disadvantages and to produce a protective screen which can be applied
      directly or indirectly to a patient's skin, that is to say ready for use
      without requiring any unpleasant and long preparation, and which has a
      perfectly continuous surface.
PAR  According to the invention there is provided a mortar based protective
      screen, for radiological purposes and intended to be placed directly or
      indirectly on a patient's skin, comprising: a flexible and leakproof
      jacket, two parallel walls to said jacket; a side wall joining the said
      two parallel walls and having a surface area small relative to that of
      each parallel wall; at least one settable resin within said jacket; a fine
      particulate filler of at least one substance which absorbs medical
      radiation and is evenly mixed with the said resin; and a window permeable
      to medical radiation and positioned to permit radiation to pass between
      the parallel walls of the jacket.
PAR  A curing agent may be brought into contact with the settable resin, inside
      the jacket, and mixed with the contents of the jacket in order that the
      curing agent reacts with all the thermosetting resin.
PAR  This jacket, still in the malleable state, is then applied to the zone of
      the patient to be treated, taking good care that the zone to be irradiated
      coincides accurately with the window in the jacket.
PAR  A flat metal plate may be applied to the free face of the jacket parallel
      to the patient's body in order to shape the synthetic mass present inside
      the jacket by flattening. The plate is removed after the mass has hardened
      to form a synthetic mortar.
PAR  It can thus be seen that, with the screen of this invention, there is no
      longer any contact between the product and its handler or the patient, and
      that moreover, after irradiation, this jacket can be removed easily from
      the patient.
PAR  If the temperature is too high during the hardening of the synthetic mortar
      it is advantageous to place a flexible heat insulating mass, for example a
      sheet of foam rubber, on that side of the jacket which faces the patient.
DRWD
PAR  In order that the present invention may more readily be understood, the
      following description is given merely by way of example, with reference to
      the accompanying drawing in which:
PAR  FIGS. 1 and 2 represent a side view and a plan view, respectively, of the
      protective screen according to the invention; and
PAR  FIGS. 3 and 4 show partial side views of two further embodiments of the
      protective screen according to the invention.
DETD
PAR  The mortar-based protective screen for radiological purposes is shown in
      FIG. 1 as comprising a jacket 1 made of plastics material of the polyamide
      or elastomer type, or of any other suitable material which is leakproof
      and inert towards the human body, and is intended to be placed, directly
      or indirectly, on the patient's skin.
PAR  Thus it is also possible to use a plasticised fabric to produce the jacket.
      This jacket 1 comprises two walls 1a and 1b which extend parallel to one
      another and have a surface area which is very large relative to that of
      the side wall 1c joining those two parallel walls 1a and 1b. As shown in
      FIG. 1, the cross-section of the jacket comprising walls 1a and 1b and the
      side wall 1c is, for example, of rectangular shape.
PAR  This jacket 1 is filled with (a) a thermosetting resin, for example of the
      epoxy, polyester or phenolic type, and with (b) a fine particulate filler
      of at least one substance which absorbs medical radiation. This fine
      particulate filler is evenly mixed with the said resin and consists of
      barium sulphate, antimony oxide, silica or lead oxide, or preferably a
      mixture of at least two of these components.
PAR  The diameter of the fine particles forming the filler is of the order of a
      few microns to a few hundred microns.
PAR  The mixture of thermosetting resin and filler is referenced 2 in FIGS. 1 to
      4.
PAR  A window 3, permeable to medical radiation, is provided preferably in the
      centre of the jacket and extends between the two parallel walls 1a and 1b
      of the jacket 1.
PAR  It is advantageous to produce this window 3 by means of an elongate solid
      portion which is made of a material such as polyethylene which is
      permeable to medical radiation, and the window comprises two parallel end
      faces one of which is preferably firmly fixed, for example by welding or
      gluing, to one of the parallel walls 1a and 1b of the jacket 1. The height
      of this elongate portion 3 is substantially the same as the width of the
      side wall 1c.
PAR  Furthermore, it is possible to use the height of this elongate portion 3 as
      a guide in order to determine the appropriate width of the side wall 1c.
PAR  At its side, the jacket 1 carries a tubular portion 1d, which, on one side,
      communicates with the inside of the jacket, and which, at its free end, is
      generally sealed. When the sealed end of the portion has been cut, it is
      possible to use this portion to introduce the necessary amount of curing
      agent inside the jacket. Of course, while the contents of the jacket are
      being mixed, the resulting aperture must be closed, for example by means
      of a surgical clamp which presses against the two folded-over branches of
      the tubular portion.
PAR  It is also possible to place the curing agent too, beforehand, inside the
      jacket 1. In this case, in order to avoid premature reaction, the curing
      agent can be contained within a pouch or sachet which can be opened by
      rupturing and is located inside the jacket. This rupturable pouch or
      sachet has been indicated diagrammatically at 5 in FIGS. 1 to 4.
PAR  In a first embodiment, the curing agent 6 is contained in an elongate
      sachet 5, placed either directly inside the jacket or inside the tubular
      extension 1d of this jacket 1. The rupturable sachet 5 is partially fixed
      to the inside face of the jacket 1 or of the tubular extension.
PAR  When the sachet 5 is placed in the tubular extension 1d, the join between
      the sachet and the tubular extension is made in the sealing zone of this
      tubular extension and this sealing can, for example, be effected by
      welding or gluing.
PAR  In the embodiment represented in FIGS. 1 and 2, the rupturable sachet
      consists partially of a rupturable sheet 5a covering the curing agent 6,
      and partially of a part of the jacket 1 to which the edge of the
      rupturable sheet 5a is welded.
PAR  The jacket of the protective screen may, for example, measure 30 cm. by 30
      cm. in plan view, and may have a height of the order of a few centimetres,
      for example 3 cm.
PAR  A constituent of the composition 2 may be polyepoxides which are organic
      compounds containing more than one
      ##EQU1##
      group. Such polyepoxides can be saturated or unsaturated; aliphatic,
      cycloaliphatic, aromatic or heterocyclic; can be substituted, if so
      desired, by substituents such as chlorine atoms, hydroxyl groups, ether
      radicals and the like; and can also be monomeric or polymeric.
PAR  In addition to the polyepoxides described above, diluents or elasticising
      agents, containing at least 10 and preferably at least 12 carbon atoms,
      may be added to the compositions. Examples of these agents include,
      amongst others, pine oil, pine oil distillates, tar, bitumens,
      polythiopolymercaptans, polyamides, aromatic chlorinated compounds,
      polyesters, monomeric phthalate esters, long chain acids and long chain
      compounds containing epoxy groups, and their mixtures.
PAR  The composition 2 hardens under the action of a curing agent. In some
      cases, the elasticising agent may contain active hydrogen and can also
      serve as a curing agent. In other cases, it may be necessary to add an
      elasticising agent to the curing agent. Suitable curing agents containing
      epoxy groups may be acidic, neutral or alkaline. Examples of these agents
      are, amongst others, alkalis, carboxylic acids or anhydrides,
      Friedel-Crafts halogenated compounds, amino compounds, for example
      ethylene-diamine, addition products of amines and epoxides, and amide
      derivatives.
PAR  The proportions, relative to the binder, vary greatly as a function of the
      curing agent used; for example, quantities from a few % to 300 or 400% by
      weight can be employed.
PAR  The unsaturated polyesters to be added to the composition 2 are organic
      compounds prepared in a manner which is in itself known from unsaturated
      .alpha.,.beta.-dicarboxylic acids or their anhydrides, or optionally from
      saturated dicarboxylic acids, and from polyols, or mixed with a solution
      of an unsaturated polyester in vinyl and/or allyl monomers. It is also
      known that it is possible to prepare polyesters from polyols and from
      acids or their esterifiable derivatives by using, as the acid components,
      benzene-1-amino or 1-alkylamino-3,5-dicarboxylic acids or their lower
      alkyl esters. Either of the two reactions takes place equally well, for
      example, in the presence of 10 to 25% by weight of styrene.
PAR  The copolymerisation of unsaturated esters with vinyl compounds and mainly
      styrene is carried out in the presence of catalysts which form free
      radicals. Peroxides, for example benzoyl peroxide, lauryl peroxide, cumene
      hydroperoxide and the like, and certain aldehyde, ketone, diketone or
      amine compounds are generally used as catalysts which form free radicals.
      It is also possible to use polymerisation initiators based on metal salts
      or amines.
PAR  These catalysts are used in amounts of the order of 0.01 to 5% by weight.
PAR  The proportion of radiologically inert particles present in the composition
      2 must be at least 25% by weight of the total mixture of the binder and
      elasticising agents, and preferably between 50 and 1,000% by weight or,
      even better, between 100 and 400% by weight of the said total mixture.
PAR  In a first embodiment the jacket contains, as constituents for the
      synthetic mortar, the following components:
TBL  polyester resin of type No. 8,000                                         
                              100     g.                                       
     polyester resin of type No. 8,130                                         
                               20     g.                                       
     precipitated barium sulphate                                              
                              100     g.                                       
     antimony oxide as a fine powder                                           
                               20     g.                                       
     silica as a fine powder   10     g.                                       
     curing agent, methyl ethyl ketone peroxide                                
                               2      g.                                       
PAR  In a second embodiment the jacket contains, as constituents for the
      synthetic mortar, the following components:
TBL  epoxy resin            100     g.                                         
     diglycidyl-ethyl        10     g.                                         
     pine oil                10     g.                                         
     curing agent, diethylene-triamine                                         
                             9      g.                                         
     precipitated barium sulphate                                              
                            100     g.                                         
     lead oxide              20     g.                                         
     silica as a fine powder                                                   
                             10     g.                                         
PAR  It is advantageous not to use jackets which are thicker than 6 cm. and, in
      the case where the protective screen must have a greater thickness, it is
      preferable to superpose several jackets each having a height of less than
      6 cm.
PAR  Where the synthetic mortar composition hardens exothermically, and thus
      produces a temperature gradient which is too high for the skin of the
      patient to tolerate, a flexible and heat insulating mass, for example a
      sheet 7 of foam rubber may advantageously be provided on the wall 1b of
      the jacket facing the patient. This sheet 7 can be positioned outside or
      inside the wall of the jacket 1. If it is positioned inside the jacket 1,
      at least its edge must then adhere, in a leak-proof manner, to the wall
      1b. On the other hand, if the sheet 7 is provided on the outer face of the
      jacket 1, it can then be fixed to the wall 1b by only a few welding or
      gluing points, and this further improves the heat insulation.
PAR  It should be understood that the above description is given by way of
      example only and the scope of the invention should not be considered as
      being restricted to the specific details given. Modifications can readily
      be incorporated without departing from the scope of the invention as
      defined in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mortar based protective screen, for radiotherapeutic purposes and
      placed on a patient's skin, comprising: a flexible and leakproof jacket
      having two parallel walls; a side wall joining the said two parallel walls
      and having a surface area small relative to that of each parallel wall; at
      least one settable resin within said jacket; a fine particulate filler of
      at least one substance which absorbs radiotherapeutic radiation and is
      evenly mixed with the said resin; and a window permeable to
      radiotherapeutic radiation and positioned to permit radiation to pass
      between the parallel walls of the jacket.
NUM  2.
PAR  2. A protective screen as set forth in claim 1, wherein the window consists
      of an elongate solid portion made from a material which is permeable to
      radiotherapeutic radiation and comprises two parallel end faces, one of
      which end faces is firmly fixed to the said jacket.
NUM  3.
PAR  3. A protective screen as set forth in claim 2, wherein said elongate
      portion is cylindrical and has its base bonded to the jacket.
NUM  4.
PAR  4. A protective screen as set forth in claim 2, wherein said elongate
      portion is made of polyethylene.
NUM  5.
PAR  5. A protective screen as set forth in claim 1, and including at the side
      of the jacket a tubular portion sealed at its free end and adapted to
      allow a curing agent to be introduced inside the jacket once the sealed
      end has been opened.
NUM  6.
PAR  6. A protective screen as set forth in claim 1, and including a rupturable
      pouch within the jacket, and a curing agent within said pouch for mixing
      with the thermosetting resin immediately before use of the jacket as a
      protective screen.
NUM  7.
PAR  7. A protective screen as set foth in claim 6, wherein said rupturable
      pouch is partially fixed to the inside face of the jacket.
NUM  8.
PAR  8. A protective screen according to claim 7, wherein the pouch is fixed to
      the interior of said tubular portion.
NUM  9.
PAR  9. A protective screen as set forth in claim 6, wherein said rupturable
      pouch consists partially of a rupturable sheet and partially of a part of
      the jacket, the rupturable sheet being welded at its edge to the said
      jacket and serving to cover the curing agent.
NUM  10.
PAR  10. A protective screen as set forth in claim 1, wherein the settable resin
      is a resin selected from the group consisting of epoxy, polyester and
      phenolic resins.
NUM  11.
PAR  11. A protective screen as set forth in claim 1, wherein said substance
      which absorbs radiotherapeutic radiation consists of at least one compound
      selected from the group consisting of barium sulphate, antimony oxide,
      silica and lead oxide, and is in the form of a fine powder.
NUM  12.
PAR  12. A protective screen as set forth in claim 11, wherein said substance
      consists of a mixture of at least two compounds selected from the group
      consisting of barium sulphate, antimony oxide, silica and lead oxide.
NUM  13.
PAR  13. A protective screen as set forth in claim 1, wherein said jacket is
      formed of a material selected from the group consisting of a polyamide and
      an elastomer.
NUM  14.
PAR  14. A protective screen as set forth in claim 1, wherein the jacket
      consists of a plasticised fabric.
NUM  15.
PAR  15. A protective screen as set forth in claim 1, and including a flexible
      heat insulating mass provided on that side of the jacket which in use,
      will face the patient.
NUM  16.
PAR  16. A protective screen according to claim 15, wherein said heat insulating
      mass is a sheet of foam rubber.
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ABST
PAL  A mechanism and circuit is disclosed for starting an automobile engine
      automatically at a predetermined time. The mechanism includes a timer
      which can be set to operate starting at a certain time, for example, to
      operate from 7:45 A.M., thus the automobile will be warm and ready for a
      trip at, say 8:00 A.M. An operation timer is provided to shut off the
      engine after a predetermined time, for example, ten minutes and a
      thermostat is provided which will shut off the engine when the automobile
      has reached the desired temperature.
BSUM
PAC  REFERENCE TO PRIOR ART
PAR  The invention disclosed herein is an improvement over U.S. Pat. No.
      3,053,989, which shows an automobile starting circuit which will start an
      automobile engine at fixed time intervals.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide an improved automobile starting
      device.
PAR  Another object of the invention is to provide an automobile starting device
      that is simple in construction, economical to manufacture, and simple and
      efficient to use.
PAR  Another object of the invention is to provide an improved automobile
      starting device.
PAR  With the above and other objects in view, the present invention consists of
      the combination and arrangement of parts hereinafter more fully described,
      illustrated in the accompanying drawing and more particularly pointed out
      in the appended claims, it being understood that changes may be made in
      the form, size, proportions, and minor details of construction without
      departing from the spirit or sacrificing any of the advantages of the
      invention.
DRWD
PAC  GENERAL DESCRIPTION OF THE DRAWING
PAR  The drawing shows an example of a circuit which will carry out the objects
      of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  The drawing discloses an automobile starting circuit. The automobile has
      the conventional battery 10 having one terminal wire 11 connected to a
      ground 12. The automobile has the conventional ignition circuit 13 and
      starter motor 14 and a conventional starter switch 15 and conventional
      ignition switch 16. The starter switch 15 will normally operate in
      conjunction with the ignition switch 16 to start the engine in a
      conventional manner. The automobile likewise has a generator or alternator
      17 for charging the battery 10 with a suitable cutout 32. As used herein
      the word generator is intended to cover both a generator and/or
      alternator.
PAR  The timer 18 is connected from the battery 10 by way of wire 19 to the
      integral timer 20 by way of wire 21. The integral timer 20 has suitable
      internal contacts of the type familiar to those skilled in the art to
      connect to wire 21 to the ignition circuit 13 through wire 22.
PAR  To protect the battery if the engine fails to start, the timer 25 is
      provided. The timer 25 is connected by wire 26 back to the timer 20 and to
      starter motor 14. Timer 25 opens after cranking the motor say 60 seconds.
      The timer 25 is likewise controlled by the generator or alternator 17 so
      that the timer 25 will disconnect from the wire 27 when the voltage from
      the generator or alternator 17 indicates that the engine has started.
      Generator voltage stops timer 25 and disconnects wire 27 from the starter
      motor 14 when the engine starts.
PAR  It will be noted that in order to operate the device shown, the operator
      sets the timer 18 at a time, say 15 minutes before the time he intends to
      start his next trip. The timer 18 is of a type familiar to those skilled
      in the art and may be of the type frequently used for watering lawns or
      turning lights on or off at predetermined times. The operator sets the
      timer 20 for the time he wishes the engine to start to warm up the
      automobile. The timer 25 will be set for, say 60 seconds, so that the
      starter motor will not operate more than 60 seconds if the engine fails to
      start, thereby protecting the battery 10. The ignition switch 16 of the
      automobile will be normally turned off. The automobile heater and
      defroster motor 30 will be connected to the line 22. Thus, when 60.degree.
      F. set on the timer 18 reaches the predetermined time setting, it will
      energize line 21 which will in turn through the timer 20 and timer 25
      energize starter motor 14. When the automobile engine starts, the
      generator or alternator 17 will produce a voltage in line 31 and cause the
      element 25 to deenergize wire 27 disconnecting the battery 10 from the
      starter motor 14. The circuit is connected at 33 to automobile ignition
      switch 16 and the starter switch 15 will be manually turned off.
PAR  The device is one which will operate without a key. This permits the owner
      of the car to remove the key from the ignition and lock his car as a
      safety measure.
PAR  When the car owner leaves the vehicle, he sets the timer and also sets the
      other devices which, for instance, he turns on the heater, if he wants the
      car to be heated, or he turns on the cooling system if he wishes the car
      to be air conditioned. If he does not take these steps the only thing that
      would effect the engine would be in operation.
PAR  The foregoing specification sets forth the invention in its preferred
      practical forms but the structure shown is capable of modification within
      a range of equivalents without departing from the invention which is to be
      understood is broadly novel as is commensurate with the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A starting device in combination with an automobile having an ignition
      system, a starter motor, a generator or alternator, a battery, and a
      heater motor, a first timer and a second timer and a third timer,
PA1  said first timer, said second timer, and said third timer being connected
      in series with each other, said third timer having first means connected
      to said generator and second means connected to said starter motor,
PA1  said first timer and said second timer being connected in series with said
      autombile ignition system,
PA1  said first timer having means thereon to complete said series circuit from
      said battery to said second timer at a predetermined time,
PA1  said second timer being connected to means on said first timer to actuate
      said second timer connecting said ignition system to said battery through
      said first timer and connecting said second timer to said battery through
      said first timer for a predetermined time,
PA1  said third timer being adapted to connect said starter motor to said
      battery for a predetermined time determined by said first timer and said
      second timer when said second timer is actuated and,
PA1  means on said third timer connected to said generator for disconnecting
      said starter motor from said battery when said generator produces a
      voltage of a predetermined value.
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ABST
PAL  A device for storing electricity for a fast advancing conveyance wherein a
      windmill is provided on the conveyance, said windmill being caused to
      rotate by the wind created by the fast advancing conveyance; a generator
      is connected directly or indirectly to the rotating shaft of said
      windmill; and charging and storage device collect and store the
      electricity generated by the generator.
BSUM
PAR  An object of this invention is to make use of a strong wind hitting against
      a fast advancing conveyance so as to generate and charge electricity, and
      thereby to store a reserve electricity which may be used for lighting
      purpose and others. The term conveyance as used herein shall means to
      include an airplane, an automobile, a ship or the like.
PAR  Another object is to provide a device for efficiently generating a large
      amount of electricity by connecting the device, directly or indirectly, to
      the rotating shaft of a conveyance.
PAR  A still another object is to provide a series of devices to generate,
      charge and store electricity at all times to supply a large amount of
      power required temporarily when a conveyance goes up a slope or speeds up
      or is lighted.
PAR  This invention aims to cause a windmill to rotate by utilizing air
      resistance offered by the advance of a conveyance and thereby to generate
      and charge electricity by the rotation of the windmill so as to utilize
      the desired electricity.
PAR  For lighting lamps in a conveyance and for supplying power thereto,
      electricity has hitherto been generated in the case of an automobile by
      appropriating the rotational power of a rotating shaft which should
      advance the automobile and in the case of a bicycle by utilizing a
      friction resistance to wheels which should advance the bicycle. Either of
      the above methods operates to detract power from the advancing force of
      the conveyance, and so does not contribute to power economy at all.
PAR  On the other hand, this invention utilizes the force of the wind which is
      naturally created with the power used in the advance of a conveyance so as
      to rotate a windmill and thereby to utilize the rotation of the windmill
      so as to generate electricity. In short, a large amount of electricity is
      generated with a little consumption of force. Thus, by charging the
      electricity so generated, it is possible to utilize it for lighting lamps
      and others. Irrespective of the speed of, for example, a bicycle, it is
      always possible for its lamp to shine with a sufficient brightness.
      Besides, when a person is going up a slope by bicycle, this invention can
      furnish him with a motive power to assist him in rotating the wheels of
      the bicycle as a supplement to his driving force. Thus, this invention has
      many advantages over the conventional device.
DRWD
PAR  This invention will now be described by way of example with reference to
      the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the essential parts of apparatus of this
      invention; and
PAR  FIG. 2 is a sectional view of a bowl-like wing taken along the AA line.
DETD
PAR  A conveyance 1 supports a windmill rotating shaft 3 by means of a ball
      bearing 2. Windmill wings 4 consists of any number of bowl-like wings. The
      bottom portion 6 of the bowl-like wing will not open when pushed from the
      inside because of the presence of a bottom plate 7, the wing being
      pivotally connected by a hinge 8 which contains a spring 5. But when
      pushed from the outside, the greater part of the bottom portion is allowed
      to open to form a releasing hole constituting the inner peripheral edge of
      the bottom plate 7. Thus, when the bowl-like bottom portion 6 faces the
      wind, it receives the wind to turn around a windmill. But when the wind
      blows against the back side of the bowl-like wing, the bottom portion 6 is
      separated by the hinge 8 against the elasticity of the spring 5 to allow
      the wind blowing in the opposite direction to escape through the releasing
      hole. In other words, with the apparatus of this invention, such wind does
      not make any opposite resistance. A generator 9 is connected directly or
      indirectly to the rotating shaft of said windmill so as to cause
      electricity to be generated, and a charging device 10 and a storage device
      11 are respectively connected to said generator.
PAR  As has been described hereinabove, this invention makes use of the wind
      created by the movement of a conveyance and thereby causes the rotating
      shaft to rotate in order that a large amount of electrical energy may be
      generated and stored with a small amount of energy consumption. Thus, the
      apparatus of this invention has advantages in that it can be used for
      lighting purposes and as a subsidiary electric power.
PAR  While only a single embodiment of the present invention has been shown and
      described, it will be obvious to those skilled in the art that many
      changes and modifications may be made thereunto without departing from the
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for storing electricity for a fast moving conveyance
      comprising:
PA1  a wind mill having a rotating shaft with radially and linearly extending
      arms, the latter having ends defining substantially circular openings,
      said shaft being disposed on a fast moving conveyance;
PA1  generator means connected to said rotating shafts of said wind mill for
      causing electricity to be generated;
PA1  means for charging and storing the generated electricity, and being
      connected to said generator means;
PA1  said wind mill includes a plurality of substantially bowl-like wings
      disposed in said circular openings, respectively, and including a bottom
      plate provided at a bottom edge portion of each of said wings;
PA1  a hinge disposed on each of said ends of said arms adjacent a radially
      innermost portion of said circular openings and pivotally connecting said
      wings to said arms at a radially innermost portion of said wings,
      respectively, said wings having a radially outermost free end adjacent a
      radially outermost portion of said circular openings, said wings being
      pivotable in an opening direction constituting a direction outwardly
      relative to the interior of the bowl-like wings and uncovering said
      circular openings, and said wings closing said circular openings when
      pushed in a direction towards the inside of said bowl-like wings and
      abutting said bottom plate, whereby further pivoting in the latter
      direction is prevented; and
PA1  a spring disposed on each of said hinges and abutting the corresponding
      said arm on a linear portion thereof on a side thereof opposite said
      opening pivoting direction.
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ABST
PAL  A wind driven turbine having a plurality of wind wheels mounted on a single
      drive shaft supported rotatably on a turntable at the upper end of a
      supporting framework with a plurality of wind wheels being mounted on
      opposite ends of the single horizontal shaft. The horizontal shaft is
      drivingly connected to a vertical shaft which drives a generator assembly
      at the lower end of the supporting framework. A wind vane assembly is
      connected to the turntable and a governor assembly is drivingly connected
      to the horizontal shaft for controlling the rotational speed of the wind
      wheels and horizontal shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to a wind driven turbine assembly
      for driving a generator or generators in a manner to produce electrical
      energy in response to rotation of the wind turbine and more particularly
      to such an arrangement incorporating a novel turntable assembly for
      supporting the wind turbine assembly from a supporting framework or
      derrick and a governor for controlling rotational speed of the multiple
      wind wheels.
PAR  2. Description of the Prior Art
PAR  The following U.S. patents relate generally to this field of endeavor.
TBL  ______________________________________                                    
     554,138        Feb. 4, 1896                                               
     1,816,632      July 28, 1931                                              
     2,179,885      Nov. 14, 1939                                              
     2,273,084      Feb. 17, 1942                                              
     2,539,862      Jan. 30, 1951                                              
     2,655,604      Oct. 13, 1953                                              
     ______________________________________                                    
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a wind driven turbine
      assembly including a plurality of axial flow wind wheels mounted at
      opposite ends of a horizontally disposed shaft supported in elevated
      relationship to the ground surface by a suitable framework or derrick by a
      turntable assembly which enables the axis of rotation of the wind wheels
      to be maintained in substantially parallel relation to the direction of
      movement of air for more efficiently driving the wind wheels.
PAR  Another object of the invention is to provide a wind turbine assembly
      including a single vertical drive shaft drivingly connected to a generator
      assembly and a governor assembly for controlling the rotational speed of
      the drive shaft by connecting additional generators to the drive shaft for
      increasing the load thereon.
PAR  A further object of the invention is to provide a wind turbine assembly in
      accordance with the preceding objects in which the wind turbine assembly
      is supported on a turntable rotatably connected to a supporting platform
      at the upper end of a derrick for rotation about a vertical axis
      coinciding with the vertical drive shaft together with a wind vane
      associated with the turntable for maintaining proper orientation of the
      wind wheels in relation to the wind.
PAR  Another important object of the invention is to provide a wind turbine
      assembly which is relatively simple in construction, capable of variation
      in size and output, effective in controlling the output speed of the drive
      shaft and thus the rotational speed of the wind wheels and relatively long
      lasting and maintenance free.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the wind turbine of the present
      invention with a portion of the supporting structure broken away
      indicating an indeterminate height for the device.
PAR  FIG. 2 is a top plan view of the construction of FIG. 1.
PAR  FIG. 3 is a vertical, sectional view, on an enlarged scale, taken
      substantially upon a plane passing along section line 3--3 of FIG. 2
      illustrating the structural details of the invention.
PAR  FIG. 4 is a vertical sectional view taken substantially upon a plane
      passing along section line 4--4 of FIG. 3 illustrating the construction of
      one of the wind wheels.
PAR  FIG. 5 is a fragmental, sectional view, on an enlarged scale, taken
      substantially upon a plane passing along section line 5--5 of FIG. 2
      illustrating further structural details of the turntable structure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now specifically to the drawings, the wind turbine assembly 10 of
      the present invention is mounted in elevated relation to the ground
      surface of the like by a supporting framework or derrick generally
      designated by numeral 12 and includes a governor assembly 14, a wind vane
      assembly 16 with the turbine assembly driving a generator assembly 18
      located at ground level or on a supporting platform 20 or the like.
PAR  The wind turbine assembly 10 includes a single, rigid, horizontally
      disposed shaft 22 rotatably supported by a pair of pillow block bearing
      structures 24 that are rigid with and extend upwardly from diametrically
      opposed portions of a generally circular turntable 26. The pillow block
      bearings 24 include bearing assemblies 28 which may be in the form of ball
      bearings, roller bearings, bushings or the like and also are in the form
      of thrust bearings with one of the bearing assemblies 28 being locked to
      the shaft 22 by a collar 30 rigid with the inner race thereof and secured
      to the shaft by a setscrew 32 or the like thereby preventing longitudinal
      movement of the shaft 22 but enabling disassembly of the shaft 22 in
      relation to the pillow block bearings 20 when desired.
PAR  The ends of the shaft 22 support a plurality of wind wheels each generally
      designated by the numeral 34 with each wind wheel 34 including a central
      hub 36, a plurality of radially extending blades 38 and a peripheral wheel
      or rim 40 which interconnects the outer ends of the blades 38 for
      maintaining them in rigid relation. The blades 38 extend axially of the
      hub 36 and rim 40 in an inclined manner as illustrated in FIGS. 3 and 4 so
      that when wind passes through the blades 38 as indicated by the arrows in
      FIG. 3, the wind wheels 34 will cause rotation of the shaft 22. The wind
      wheels 34 are rigidly affixed to the shaft 22 in a detachable manner such
      as by providing polygonal end portions 42 on the shaft 22 with the
      interior of the hub being correspondingly shaped as illustrated in FIG. 4
      thereby preventing relative rotation of the wind wheels 34 on the shaft
      22. A removable collar 44 is provided on the outer ends of the shaft 22
      for maintaining a plurality of wind wheels 34 on each end of the shaft 22
      with the number of wind wheels being varied but the number of wind wheels
      on each end portion of the shaft 22 should be equal in number. Thus, wind
      passing from right to left as indicated in FIG. 3 will cause rotation of
      the shaft 22 with the pillow block bearings 24 supporting the shaft 22 in
      spaced relation above the turntable 26.
PAR  The turntable 26 is supported from a horizontally disposed support plate 46
      rigidly affixed to the upper end of the derrick 12 by virtue of a
      depending flange 48 secured to the upper ends of corner angle iron legs 50
      by suitable fastening bolts 52 or the like. The corner legs 50 are braced
      and rigidly interconnected by diagonal braces 54 and also peripheral
      braces 56 thus providing a rigid support structure. The lower ends of the
      corner legs 50 are provided with horizontal flanges or feet 58 secured to
      the supporting surface 20 by hold-down bolts 60 or the like.
PAR  For connecting the rotatable turntable 26 with the stationary plate 46, the
      stationary plate 46 is provided with a plurality of circumferentially
      extending upstanding flanges 62 which are concentrically spaced from each
      other and rigidly affixed to the upper surface of the supporting plate 46
      as by welding or the like as illustrated in FIG. 5. The uppper end of each
      flange 62 is provided with a rigid horizontal flange 64 so that the
      flanges 62 and 64, in effect, form a T-shaped annular member rigid with
      the plate 46 with there being three annular members oriented in
      concentrically spaced relation as illustrated in FIG. 3.
PAR  For each of the flanges 64, the turntable 26 is provided with a pair of
      Z-shaped annular members 66 having an upper flange 68 secured to the
      undersurface of the turntable 26 by fasteners 70. The lower flange 72 of
      each member 66 extends into underlying relation to the horizontal flange
      64 as illustrated in FIG. 6 with bearing elements such as ball bearings 74
      interposed between the flanges 72 and the undersurface of the flange 64.
      The vertical flange of the Z-shaped member 66 includes a plurality of axle
      bolts or pins 76 therethrough which rotatably support a roller 78 which
      engages the upper surface of the flange 64 thus rotatably supporting and
      captively retaining the turntable 26 on the support plate 46 so that
      rotation of the turntable 26 will be about the center of the turntable 26
      and the plate 46 with the rollers 78 and bearing elements 74 enabling free
      swivelling movement of the turntable with these components being suitably
      lubricated as deemed necessary.
PAR  Extending vertically of the supporting framework or derrick is a vertical
      drive shaft 80 which extends up through an aperture 82 in the support
      plate 46 and an aperture 84 in the turntable 26 with the upper end of the
      drive shaft 80 having a horizontally disposed bevel gear 86 rigidly
      secured thereto. The shaft 80 is journaled from the turntable 26 by a
      thrust bearing assembly 88 at its upper end and the lower end of the shaft
      80 is journalled from a bearing assembly 90 supported by brace members 92
      extending to the framework 12. Also, the lower end of the shaft 80 is
      provided with a bevel gear 94 that is in driving engagement with a
      correspondingly beveled gear 96 for driving the generator assembly 18. The
      upper bevel gear 86 on the vertical drive shaft 80 is in meshing
      engagement with a beveled drive gear 98 that is rigidly secured to the
      horizontal drive shaft 22 as illustrated in FIG. 3. Thus, as the wind
      wheels rotate the shaft 22, the bevel gear 98 will drive the bevel gear 88
      and thus drive the shaft 80 and the generator assembly 18.
PAR  The generator assembly 18 includes a first generator 100 which has a shaft
      connected to the gear 96 and a second generator 102 having a common shaft
      104 connected to the same shaft as the first generator 100 through a
      suitable electric type clutch assembly 106 which normally is disengaged so
      that only the first generator 100 is driven from the wind turbine assembly
      10. The electric clutch 106 is activated in response to the governor
      assembly 14 so that when the rotational speed of the wind turbine assembly
      reaches a predetermined rpm, the governor assembly will activate the
      clutch 106 thus cutting in the second generator 102 to increase the load
      on the wind turbine assembly thereby slowing it down so that it will not
      exceed a critical rotational speed. If desired, multiple generators may be
      employed with progressive electric clutch devices or mechanical
      centrifugal type clutch devices may be provided for progressively adding
      on generators to the load or removing generators from the load in response
      to the rotational speed of the wind turbine shaft 22.
PAR  FIG. 3 illustrates the details of the governor assembly which includes a
      vertical shaft 108 journalled from a bearing assembly 110 rigid with an
      upstanding post or supporting member 112 that is fixed rigidly to the
      turntable 26. The lower end of the shaft 108 is provided with a bevel gear
      114 in meshing engagement with a bevel gear 116 fixed to the shaft 22 for
      rotation therewith. The upper end of the shaft 108 is provided with a
      swing arm 118 that is pivotally connected to the upper end of the shaft
      108 for pivotal movement about a transverse pin 120. The free end of the
      arm 118 is provided with a ball or weight 122 thereon which normally
      causes the arm 118 to be oriented in a downwardly inclined direction as
      illustrated in FIG. 3. When the rotational speed of the shaft 108
      increases, the arm 118 will swing upwardly toward a horizontal position as
      illustrated in broken line in FIG. 3 and when it reaches a predetermined
      rotational speed, the movement of the arm 118 and the weight 122 on the
      end thereof will be such that the weight 122 will come into contact with a
      switch button 124 carried by a support arm 126 which is also rigid with
      the supporting member 112. The contact switch 124 may be any suitable type
      which will actuate the electric clutch 106 when contacted by the arm or
      weight 122 with the switch 124 being held in closed position as long as
      the weight 122 contacts it during each revolution but when the weight 122
      fails to contact the switch 124 due to the speed of rotation of the shaft
      108 slowing down, then the contact 124 will disengage the clutch 106 thus
      taking the second generator 102 off the line. Also connected with the
      support member 112 is a wind vane or rudder 130 which parallels the shaft
      22 and serves to maintain the shaft 22 in parallel relation to the wind
      direction. The shape and size of the rudder 130 may be varied to maintain
      the turntable 26 and the turbine assembly 10 in stationary position
      insofar as any reaction force exerted thereon due to rotation of the shaft
      80 and also maintain the shaft 22 parallel to the path of movement of the
      air or wind passing through the wind wheels 34.
PAR  With this construction, the orientation of the wind wheels outwardly of the
      turntable enables the size and shape of the wind wheels to be varied as
      well as the number of wind wheels to be varied to produce the desired
      power depending upon the normal wind encountered in various locations. The
      wind rudder serves to maintain the wind wheels properly oriented for axial
      flow of wind through the wind wheels and the governor prevents
      over-speeding of the wind wheels by cutting in additional generators or
      additional loads on the output shaft. The turntable and supporting plate
      structure provides a rigid support for the turntable but yet enables
      rotation of the turntable with a minimum of friction thereby providing a
      stable and long lasting structure.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A wind turbine assembly comprising a supporting framework including a
      rigid elevated platform, a turntable rotatably supported from said
      platform for swivelling movement about a substantially vertical axis, a
      horizontal shaft rotatably journalled from the turntable with the end
      portions of the shaft projecting diametrically therefrom, a plurality of
      wind wheels mounted on each end of the horizontal shaft outwardly of the
      turntable for rotating the shaft in response to axial flow of wind through
      the wind wheels, the area peripherally of said wind wheels being
      unconfined to provide unrestricted and untrapped wind flow in relation to
      the wind wheels, a vertical shaft supported from the framework and
      drivingly connected to the horizontal shaft, a generator assembly
      supported at the lower end of the framework and being drivingly connected
      to the vertical shaft, a wind rudder connected with the turntable for
      maintaining the rotational axis of the horizontal shaft generally parallel
      to the wind direction, and governor means driven from the horizontal shaft
      for increasing the load on the vertical drive shaft by the generator
      assembly in response to the rotational speed of the horizontal shaft above
      a predetermined rpm for preventing over-speeding of the wind wheels.
NUM  2.
PAR  2. The structure as defined in claim 1 wherein said governor means includes
      a vertically disposed shaft driven from the horizontal wind wheel shaft, a
      weighted arm pivotally attached to said shaft and extending radially
      therefrom and normally being disposed in a downwardly inclined position
      but capable of pivotal movement to a horizontal position in response to
      rotational movement of the vertical governor shaft, contact means
      engageable by the swinging arm when in horizontal position effective to
      increase the load on the vertical drive shaft when the rotational speed of
      the vertical governor shaft exceeds a predetermined rpm.
NUM  3.
PAR  3. The structure as defined in claim 1 wherein said platform includes at
      least one annular track on the upper surface thereof with the track having
      an annular flange thereon, said turntable including a depending annular
      bracket having an annular flange thereon underlying the annular flange on
      the platform track, bearing means journaled on said bracket on the
      platform and engaging the upper surface of the annular flange on the
      platform track, bearing means on the annular flange on the bracket
      depending from the turntable engaging the undersurface of the annular
      flange on the platform track thereby captively and rotatably retaining the
      turntable on the platform, said generator assembly including a plurality
      of generators, said governor means including means for selectively
      connecting the generators to the vertical shaft for increasing the load on
      the vertical shaft when the horizontal shaft reaches a predetermined
      rotational speed, said wind rudder being disposed above the wind wheels
      whereby wind passing over the wind wheels will not interfere with wind
      passing the wind rudder.
NUM  4.
PAR  4. A wind turbine assembly comprising a supporting framework including a
      rigid elevated platform, a turntable rotatably supported from said
      platform for swivelling movement about a substantially vertical axis, a
      horizontal shaft rotatably journalled from the turntable with the end
      portions of the shaft projecting diametrically therefrom, a plurality of
      wind wheels mounted on each end of the horizontal shaft for rotating the
      shaft in response to axial flow of wind through the wind wheels, a
      vertical shaft supported from the framework and drivingly connected to the
      horizontal shaft, a generator assembly supported at the lower end of the
      framework and being drivingly connected to the vertical shaft, a wind
      rudder connected with the turntable for maintaining the rotational axis of
      the horizontal shaft generally parallel to the wind direction, and
      governor means driven from the horizontal shaft for varying the load
      imparted on the vertical drive shaft by the generator assembly in response
      to the rotational speed of the horizontal shaft above a predetermined rpm
      for preventing overspeeding of the wind wheels, said governor means
      including a vertically disposed shaft driven from the horizontal wind
      wheel shaft, a weighted arm pivotally attached to said shaft and extending
      radially therefrom and normally being disposed in a downwardly inclined
      position but capable of pivotal movement to a horizontal position in
      response to rotational movement of the vertical governor shaft, contact
      means engageable by the swinging arm when in horizontal position effective
      to increase the load on the vertical drive shaft when the rotational speed
      of the vertical governor shaft exceeds a predetermined rpm, said generator
      assembly including a first and second generator interconnected by a drive
      shaft having a clutch means incorporated therein, said contact means
      engageable by said swinging arm controlling said clutch means for
      selectively connecting a second generator to the first generator when the
      rotational speed of the wind wheel shaft exceeds a predetermined rpm.
NUM  5.
PAR  5. The structure as defined in claim 4 wherein said wind wheels are
      disposed radially outwardly of the turntable to enable variation in
      diameter of the wind wheels and variation in the number of wind wheels on
      the horizontal shaft, said wind rudder being supported rigidly from the
      turntable in elevated relation above the wind wheels whereby wind engaging
      the wind wheels is below the wind engaging the wind rudder, said wind
      rudder being a flat panel rigid with the turntable and of sufficient size
      to maintain the turntable in stable position with the axis of rotation of
      the horizontal shaft parallel to the path of the wind.
NUM  6.
PAR  6. The structure as defined in claim 5 wherein said platform includes a
      plurality of annular, T-shaped tracks rigidly secured to the upper surface
      thereof, said turntable including means on the undersurface thereof
      engaging the tracks for rotatably securing the turntable to the platform,
      said means on the undersurface of the turntable including a plurality of
      angular brackets each of which includes opposed horizontal flanges
      extending in underlying relation to the T-shaped track for captively
      retaining the turntable in parallel relation to the platform, and bearing
      means engaging the top and bottom surfaces of the transverse flange on
      each T-shaped track for providing reduced frictional engagement to enable
      swivelling movement of the turntable.
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ABST
PAL  A set of electric terminals are mounted in a vehicle near the end thereof
      opposite to the end where the battery is located and are connected
      internally of the vehicle to the battery terminals thereby to permit
      jumping of the battery from either the front or rear end of the vehicle.
BSUM
PAR  The present invention generally relates to a method and a means for jumping
      the battery of an automobile, and it relates more particularly to the
      provision of a set of terminals connected internally of the vehicle to the
      battery terminals and mounted near the end of the automobile opposite to
      the end where the battery is located.
PAC  BACKGROUND OF THE INVENTION
PAR  Automobiles of the present vintage generally include an engine compartment
      in which the battery is mounted. In most cars, the engine compartment is
      at the front of the vehicle although in some cases the engine compartment
      is at the rear. When the battery becomes discharged it is common practice
      to start the engine by connecting jumper cables from the terminals of the
      discharged battery to the terminals of a charged battery in another
      automobile. Since most automobiles have the battery located at the front
      of the vehicle the usual practice is to drive the front end of the
      operative vehicle up to the front end of the inoperative vehicle.
      Otherwise, extremely long jumper cables are required and, for the most
      part, the emergency jumper cables now in use would not be sufficiently
      long to make the necessary connections. Many serious accidents have
      occurred on highways where an operative vehicle has attempted to make a
      U-turn on the highway or has parked along the side of the inoperative
      vehicle during an emergency battery jumping operation.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the teachings of the present invention an additional set
      of electric terminals are provided in the compartment at the end of the
      vehicle opposite to the engine compartment and these auxiliary terminals
      are connected to the battery terminals by high current capacity conductors
      so that when a battery jumping operation is to be performed it is simply
      necessary for the operative vehicle to drive up in the normal manner to
      the rear of the inoperative vehicle. The short distance between the
      battery terminals of the operative vehicle and the auxiliary battery
      terminals of the inoperative vehicle makes it possible to use jumber
      cables of conventional length to make the necessary connections between
      the auxiliary terminals of one vehicle and the battery terminals of the
      other.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and advantages and a better understanding of the present
      invention can be had by reference to the following description, wherein;
PAR  FIG. 1 is a perspective view of an automobile, shown in phantom, in which
      the system of the present invention is installed.
PAR  FIG. 2 is a perspective view of an auxiliary terminal box used in the
      system of FIG. 1; and
PAR  FIG. 3 is a schematic diagram of the electric circuit of the system of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now to the drawings and particularly to FIG. 1 thereof, an
      automobile 10 has a forward engine compartment located beneath the hood
      and in which is mounted a battery 12 having positive and negative
      terminals 14 and 16 respectively. The negative terminal 16 is suitably
      connected by means of a cable 17 to the engine or frame of the vehicle.
      The positive terminal 14 is connected via a cable 18 to a relay 20 which
      upon actuation of the combination ignition and starter switch 22 on the
      steering post in the driver compartment connects the terminal 14 to the
      starter motor 23 thereby to crank over the engine.
PAR  In accordance with the present invention a high current capacity insulated
      conductor 24 is connected to the cable 18 at the location of the relay 20
      and extends along the underside of the body of the vehicle 10 to the trunk
      compartment 26 at the rear. The conductor 24 is attached by a plurality of
      mounting clips 28 to the body of the vehicle in any suitable manner.
      Fixedly mounted within the trunk compartment at one side thereof is an
      auxiliary battery terminal box 30 best shown in FIG. 2, suitably formed of
      sheet metal and having a pair of mounting flanges 31 and 32 at the ends
      thereof. The flanges 31 and 32 are suitably apertured for receiving
      mounting bolts or sheet metal screws for attaching the box 30 to the floor
      of the trunk compartment to provide a good electric connection between the
      box 30 and the body and frame of the vehicle. A pair of apertures 34 an 35
      are struck out from the top and side of the box and the intermediate
      corner edges are bent inwardly to provide a ground terminal connection 33
      to which a jumper cable alligator clip may be connected. A positive
      terminal post 36 is mounted to and insulated from the top wall of the box
      in a suitable manner and is connected within the box to the cable 28 which
      extends through an opening 38 in the side of the box. The top of the box
      30 is embossed with the terms "+ POSITIVE" and "- NEGATIVE" adjacent the
      terminals 36 and 37 respectively. An insulating ring 40, formed of
      plastic, is mounted to the top of the cover 30 over the terminal 46 and an
      insulating plastic cap 42 is adapted to be snap-fitted thereon to insulate
      the terminal 36 from the ambient when the system is not in use. For
      convenience, a flexible chain 44 is connected between the cap 42 and the
      box 30 to prevent loss of the cap 42. If desired, a threaded connection
      may be provided between the cap 42 and the ring 40 to insure against
      spureous removal of the cap 42.
PAR  In FIG. 3, there is shown the schematic circuit diagram of the electric
      system illustrated in FIG. 1. In addition, however, an auxiliary switch 50
      is connected in the line 24. When the switch is open the auxiliary
      terminal 36 is disconnected from the battery 12. Preferably the switch 50
      is spring biased into an open position for safety reasons. The switch 50
      may be located in either the engine or trunk compartments of the vehicle
      10 or it may be located on the floor of the driver compartment or in
      proximity to the steering wheel for actuation by the driver as he starts
      the vehicle during a jump operation.
PAC  OPERATION
PAR  When the battery 12 is discharged to the extent that it cannot provide the
      necessary power to start the engine of the vehicle 10, another vehicle 44
      having a sufficiently charged battery 46 is driven up to the rear end of
      the vehicle 10 and a jumper cable 48 is connected between the negative
      terminal of the battery 46 and the terminal 37 on the box 30 in the trunk
      of the vehicle 10. A second jumper cable 49 is then connected between the
      auxiliary positive terminal 36 and the positive terminal of the battery
      46. The battery 46 is thus connected in parallel with the battery 12 and
      the vehicle 10 can then be started in the normal manner by actuation of
      the combination ignition and starter switch 22. If the safety switch 50 is
      incorporated in the system it must be closed during the starting
      operation.
PAR  When the system of the present invention is to be used in a vehicle having
      the engine and battery compartment at the rear it will be understood by
      those skilled in the art that the auxiliary terminal box 30 is mounted in
      the forward trunk compartment of the vehicle and connected in the same
      manner to the battery at the rear. Moreover, if desired the insulated
      conductor 24 may be connected directly to the positive terminal of the
      battery 12 although, in most cases, it is more convenient to connect it to
      the positive terminal of the relay switch.
PAR  While the present invention has been described in connection with a
      particular embodiment thereof, it will be understood by those skilled in
      the art that many changes and modifications may be made without departing
      from the true spirit and scope of the present invention. Therefore, it is
      intended by the appended claims to cover all such changes and
      modifications which come within the true spirit and scope of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an automobile having a first compartment and a second compartment
      spaced from said first compartment, an engine and a battery for turning
      over and starting said engine, said battery having a pair of terminals and
      being mounted in said first compartment with one terminal thereof
      connected to the frame of said automobile, the combination comprising
PA1  a terminal box mounted in said second compartment,
PA1  a first electric terminal carried by said box and electrically connected to
      the frame of said automobile,
PA1  a second electric terminal carried by said box and insulated from said
      first electric terminal,
PA1  said first and second electric terminals being adapted to be gripped by the
      terminals of a pair of jumper cables for respective electrical connection
      to said cables,
PA1  an insulated conductor connected between the other of said battery
      terminals and said second electric terminal,
PA1  said insulated conductor providing a permanent connection between said
      second electric terminal and said other battery terminal and having
      sufficient current carrying capacity to turn over said engine.
NUM  2.
PAR  2. The combination according to claim 1 wherein
PA1  said terminal box is formed of metal and is electrically connected to the
      frame of said automobile.
NUM  3.
PAR  3. The combination according to claim 2 comprising
PA1  a cover removably positioned over said second electric terminal.
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ABST
PAL  A multi-node network having two sets of SCRS, each set comprising a pair of
      parallel-connected, oppositely-polarized SCRs, the sets being electrically
      joined to form a common connection whereby electric current can flow
      through one pair to the common connection, thence to a load and/or to and
      through the other pair, or electric current can flow through said other
      pair to the load. Each SCR of the SCR pairs is triggered by transient
      signals such that the common connection can receive continuous power
      through either set of SCRs of the power and the connection can be switched
      between sources.
BSUM
PAR  The present invention relates to multi-node electrical networks and, in
      particular, to networks adapted to permit electric current to flow to a
      load from a plurality of sources of electric energy and/or from one source
      to another .
PAR  Filed herewith is an application for Letters Patent entitled "Electrical
      Apparatus" (Baker and Bannister) Ser. No. 515,290 filed Oct. 16, 1974 now
      U.S. Pat. No. 3,909,685 issued Sept. 30, 1975 is called to U.S. Pat. No.
      3,748,492 (Baker) and U.S. Pat. No. 3,899,689 issued Aug. 12, 1975
      (Baker).
PAR  In the above-mentioned Baker and Bannister application (Ser. No. 515,290)
      there is described, among other things, apparatus wherein a plurality of
      batteries is interconnected to form a power unit which accepts electric
      energy in a charging mode and feeds a load in a discharging mode. One type
      use for such apparatus is as an alternate electric power source to provide
      an uninterrupted power supply (UPS). In UPS, a primary source of electric
      energy, usually single- or three-phase service from a utility, is
      connected to a load which can be, by way of illustration, a computer. Loss
      of power to the computer for even a small part of a cycle can cause loss
      of memory, the computer to malfunction, etc. In the apparatus of the Baker
      and Bannister application, one or more of the power units can be connected
      together as a secondary source to supply electric energy to the load
      during failure of the primary source. One problem is that of switching
      from the primary source to the secondary source of electric energy. While
      the present invention has other uses than in UPS systems, it is a
      principal object of the invention to provide a multi-node network which
      acts to transfer an electrical load from, say, a primary source of
      electric energy to an alternate source or to a choice of alternate
      sources.
PAR  A further object is to provide a network of the foregoing type which acts
      to effect said transfer of energy in a fraction of a cycle (in perhaps 30
      to 100 microseconds).
PAR  A still further object is to provide a network which, once the transfer has
      occurred, will retain interconnection between the alternate source and the
      load for some substantial part of a cycle and/or in the case of a
      long-term failure of the primary source, effect a permanent transfer to
      the secondary source.
PAR  Another object is to provide a network which can act to effect cycle
      skipping to the load from any of the sources of electric energy to allow
      the faulty source to be removed from the load for a predetermined number
      of power cycles as, for example, after a given number of faults (power
      notches) per unit time.
PAR  These and still further objects are apparent hereinafter.
PAR  The objects of the invention are achieved in a multi-node network composed
      of two or more SCR sets interconnected at a common connection in ways that
      electric energy can flow from a primary source through one set to the
      common connection and thence to a load and/or through another set to a
      secondary source to, for example, charge batteries in the second source.
      If for any reasons it is necessary or desired to switch load-bearing from
      the primary to the secondary source, that transfer is done. Each set
      includes a pair of parallel-connected, oppositely-polarized SCRs. (Workers
      in the art will recognize such pair is equivalent to a Triac and, as used
      herein the two are deemed identical.) The SCRs in the sets and the set
      interconnection result in a network in the form of a positive OR-gate in
      parallel with a negative OR-gate with corresponding parts of the OR-gate
      being connected together.
PAR  A few terms used herein are defined in this paragraph. The term "thyristor"
      denotes solid state devices which act like thyratron tubes and the term
      includes SCRs, a Triac, as abovenoted representing in effect a pair of
      oppositely polarized SCRs connected in parallel. As used herein, the term
      "active" is used to denote a thyristor that is gated ON by applying a
      proper gating voltage thereto; such thyristor is called "inactive" when
      the gate voltage is removed. When an SCR is forward biased and is switched
      from active to inactive, it will continue to conduct until the current is
      caused to go to zero by reducing the forward bias to zero or by reversing
      the voltage polarity. When an SCR is forward biased and is switched from
      inactive to active, the SCR will start to conduct immediately. When an SCR
      is reverse biased, it can be switched between active and inactive or from
      inactive to active without conducting. When an SCR is active, it will
      start to conduct whenever the unit becomes forward biased. When an SCR is
      inactive and reverse biased, it will not conduct when it is forward biased
     .
DRWD
PAR  The invention is hereinafter described with reference to the accompanying
      drawing in which:
PAR  FIG. 1 is a schematic circuit diagram, partly in block diagram form,
      showing an electric system that includes a plurality of sets of thyristors
      interconnected in accordance with the present invention concepts;
PAR  FIG. 2 is a schematic of a modification of part of the system of FIG. 1;
      and
PAR  FIG. 3 shows a time voltage waveform.
DETD
PAR  Turning now to FIG. 1, an electric system is shown at 101 comprising a
      primary source of electric energy 1, a secondary source of electric energy
      2 and a load 3. The transfer of electric energy between the sources
      thereof and between the sources and the load is channeled by a multi-node
      network or power-T labeled 102 in the FIGURE, as later explained. For ease
      of explanation, the system 101 is considered to be single-phase, a-c, and
      60 Hz. The primary source is the power company service and the secondary
      source is a power unit as discussed in said application Ser. No. 515,290
      (Baker and Bannister). It is sufficient for purposes of this application
      to note that the particular power unit for present purposes is composed of
      a number of storage batteries interconnected to receive electric energy
      from the primary source 1 and, in the event, say, of a failure of the
      source 1 to deliver 60 Hz, single-phase, a-c power to the load 3. Energy
      flow is controlled by the power-T under the direction of a master
      controller 4 through trigger means 5, which acts to activate and
      de-activate the thyristors in the power-T, as now discussed.
PAR  The multi-node network 102 comprises at least two sets 103 and 104 of SCRs,
      each set comprising a pair of parallel-connected and oppositely-polarized
      SCRs, the set 103 being made up of SCRs 10A and 10B and the set 104 being
      made up of SCRs 11A and 11B. In each thyristor pair 10A-10B and 11A-11B,
      the SCRs are parallel-connected and oppositely polarized. Thus, with an
      appropriate gate signal from the trigger means 5 to activate the SCRs 10A
      and 10B, the SCR 10A will conduct to the right in FIG. 1 and the SCR 10B
      will conduct to the left. THe sets 103 and 104 are connected together in a
      Y-connection to provide a common connection 105 between the pairs to
      permit electric current to pass from the primary source, through the SCR
      pair 10A-10B to the common connection 105 and to the load, through the SCR
      pair 10A-10B to the common connection 105 and thence through the other SCR
      pair 11A-11B to the source 2, and from the source 2 through the SCR pair
      11A-11B to the common connection 105 and to the load 3, as alternate,
      successive or simultaneous conditions of network 102 operation -- all
      under the direction of the master controller 4.
PAR  In FIG. 3, the voltage waveform numbered 6 is taken to be the time-varying
      voltage output of the primary source 1. If prior to t.sub.o (preferably
      just a little prior to time t.sub.o) the SCR 10A is activated, it will, as
      the waveform 6 goes positive, be forward biased and will conduct current
      to the common connection 105 and to the load. If the SCR 11A is activated,
      it will similarly conduct, or at least be able to conduct, from the common
      connection 105 to the source 2. The SCR 10A is de-activated just after
      t.sub.o. It is now assumed that at time t.sub.1 there is a power glitch
      and the voltage from the primary source fails momentarily; then the SCR
      10A will stop conducting and will continue non-conducting, since it has
      been de-activated immediately following time t.sub.o, as above noted. The
      secondary source 2 which contains batteries and which, under supervision
      of the master controller 4 (see the Baker and Bannister application, Ser.
      No. (515,290), is in phase with the primary source 1, at this juncture
      feeds current through the set 104 to the load. In fact, what happens here
      is that as soon as the instantaneous voltage of the waveform 6 goes below
      the output voltage of the secondary source 2, there is a transfer of
      load-bearing duties from the primary source 1 to the secondary source 2.
      Toward this end the SCRs 11A and 11B are usually d-c activated and,
      indeed, are replaced by diodes D.sub.1 and D.sub.2 in the power-T labeled
      102A in FIG. 2, for some uses.
PAR  It will now be appreciated on the basis of the above explanation, that the
      timing of activation, particularly of SCRs 10A and 10B, is important.
      Usually the SCR 10A is activated slightly before time t.sub.o and
      deactivated shortly thereafter; the SCR 10B is activated just slightly
      before the time t.sub.2 and deactivated shortly thereafter. In the event
      of a power glitch in the primary source after time t.sub.1, power can be
      shifted back at t.sub.2, or can be held off until time t.sub.3 or some
      later time. Also, it should be noted that activation of SCRs 10A-10B and
      11A-11B can be used to effect cycle skipping as to the load 3 for
      modulating input power to the load.
PAR  A further matter will now be appreciated on the basis of the foregoing
      explanation; the SCRs 10A and 11B together constitute a positive OR-gate
      and the SCRs 10B and 11A together constitute a negative OR-gate; and the
      two OR-gates thus formed are connected in parallel with corresponding
      ports A and A', B and B', C-D and C'-D' connected directly together as
      shown.
PAR  A further set of SCRs 106 (or further such sets) can be used to connect
      additional secondary sources of a-c electric energy, like the source 2, to
      the common connection 105. The set 106 comprises SCRs 12A and 12B.
PAR  The trigger means 5 can contain flip-flop circuits and other well-known
      pulse circuitry. The master controller can be microprocessor that includes
      photo coupling (as is known to workers in this art) a clock, flip-flops,
      gates, and other assorted circuitry interconnected to perform standard
      data processing functions, such as, for example, signal mixing,
      time-sequence generation, code selections, etc.; see for example, basic
      logic circuits in the text, "Analog-to-Digital/Digital-to-Analog
      Conversion Techniques" (David F. Hoeschele, Jr., John Wiley & Sons, Inc.,
      1968); "Digital Computer Fundamentals" (Thomas C. Bartee, McGraw-Hill Book
      Co., Inc., 1960); and many articles in trade journals, e.g., electronics,
      Nov. 8, 1973 and other issues. The master controller functions can be
      obtained by using standard microprocessor units readily available in chip
      form from many manufacturers.
PAR  Modifications of the invention herein disclosed will occur to persons
      skilled in the art and all such modifications are deemed to be within the
      spirit and scope of the present invention as defined by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electric system that comprises, in combination, a first source of a-c
      electric energy, a second source of a-c electric energy, means maintaining
      the first source and the second source in time phase, a load and a
      multinode network interconnection the first source, the second source and
      the load, said multi-node network comprising at least two sets of SCRs,
      each set comprising a pair of parallel-connected and oppositely polarized
      SCRs, said two sets being connected together to provide a common
      connection between the pairs to permit current to pass from the first
      source through one pair to the common connection and thence to the load,
      through said one pair to the common connection and thence through the
      other pair to the second source, and from said second source through said
      other pair to the common connection and thence to the load, as alternate,
      successive or simultaneous conditions of network operation.
NUM  2.
PAR  2. A multi-node network as claimed in claim 1 that further include
      trigger-means connected to activate each SCR by a transient gate signal
      either concurrently with or slightly ahead of the onset of a time-varying
      forward bias voltage across the SCR.
NUM  3.
PAR  3. A multi-node network as claimed in claim 1 that further includes
      trigger-means connected to activate each SCR of each set in a programmed
      fashion.
NUM  4.
PAR  4. Apparatus as claimed in claim 3 in which said second source includes
      electric storage batteries and in which the trigger means in combination
      with the two sets, acts to permit electric energy to flow from the first
      source to the load as well as to the second source and, in the event of
      interruption of electric energy flow from the first source, to permit
      electric energy to flow from the second source of electric energy to the
      load.
NUM  5.
PAR  5. Apparatus as claimed in claim 4 in which the trigger means acts in
      combination with connected sets to cause the second source of electric
      energy to power the load through the remaining part of the current cycle
      of the first source and to trigger the one set just prior to the beginning
      of the next cycle of current of the first source to permit said first
      source to feed electric energy to the load at the onset of said next
      cycle.
NUM  6.
PAR  6. A multi-node network as claimed in claim 1 that further includes
      trigger-signal means connected to activate each SCR of each set in a
      predetermined manner such that each SCR of each set is activated by a
      transient gate signal concurrently with the onset of a time-varying
      forward bias voltage across the SCR or just slightly before set onset,
      thereby to cause an SCR, once it has ceased conducting, to conduct again
      only at the beginning of a new voltage cycle.
NUM  7.
PAR  7. In an electrical system to energize a load, apparatus that comprises, in
      combination, a primary source of a-c electric energy, a secondary source
      of a-c electric energy, means maintaining the two sources substantially in
      time phase, and semiconductor means connected between the primary source
      and the secondary source and the load, said semiconductor means being
      connected in a series-parallel network combination such that the network
      forms a positive OR-gate in parallel with a negative OR-gate,
      corresponding parts of the two OR-gates being connected directly together,
      the semiconductor means being thyristors.
NUM  8.
PAR  8. Electrical apparatus that comprises a load, a primary source of a-c
      power, a secondary source of a-c power, means maintaining the two sources
      substantially in time phase and semiconductor means interconnecting the
      two sources, said semiconductor means being connected in a series-parallel
      network combination such that the network forms a positive OR-gate in
      parallel with a negative OR-gate, corresponding parts of the two OR-gates
      being connected directly together and being network parts through which
      electric current can flow in either direction of flow and in a
      controllable fashion from the primary source to the secondary source and
      between the two sources and the load.
NUM  9.
PAR  9. An electric system having in combination, a load, a primary source of
      electric energy to energize the load, a secondary source of electric
      energy to energize the load,
PA1  means maintaining the secondary source in time phase with the primary
      source, and a multi-node network connected between the sources and the
      load, that comprises a set of thyristors oppositely polarized and a set of
      rectifier means oppositely polarized, the two sets being connected
      together to provide a common connection therebetween to permit electric
      current to pass from the primary source of electric energy through one set
      to the common connection and thence to the load and from the secondary
      source of electric energy through said other set to the common connection
      and thence to the load, as alternate, successive or simultaneous
      conditions of network operations.
NUM  10.
PAR  10. Apparatus as claimed in claim 9 in which the set of rectifier means
      comprises oppositely-polarized diodes.
NUM  11.
PAR  11. Apparatus as claimed in claim 10 wherein the secondary source comprises
      a plurality of batteries interconnected to form a power unit which accepts
      electric energy in a charging mode and feeds the load in a discharging
      mode and wherein said means maintaining the secondary source in time phase
      comprises master control means that supervises interconnection of said
      batteries.
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PAL  An electrostatic transducer comprising a vibrating plate or electret
      diaphragm which has a monocharge on its surface and including a pair of
      back electrodes clamping the electret therebetween and including an
      electrically conductive electrostatic shield covering the back electrodes
      so as to increase the fidelity and life of the transducer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to electrostatic transducers and in
      particular to an electrostatic transducer which has improved electrical
      and acoustical properties.
PAR  2. Description of the Prior Art
PAR  Electrostatic transducers according to the prior art require a driving
      power source and a high voltage DC source for applying a DC bias. These
      devices utilize a high voltage DC power source which is complicated in
      construction. For example, generally a thin high polymer film is used as
      the vibrating plate; and in order to obtain electrical conductivity on the
      vibrating plate, a metal film, as for example of aluminum, gold, titanium,
      or other suitable metal, is formed on the high polymer film by vacuum
      evaporation, or alternatively, a surface active agent is coated on to the
      high polymer film. This makes the vibrating plate very expensive and also
      adds weight to it so that it becomes very heavy. The high voltage DC
      source is usually obtained by rectifying commercially available AC power.
      An oscillator driven by a battery can be used to obtain a high voltage DC
      output; or alternatively, a vocal signal can be rectified to obtain a DC
      signal. However, high voltage DC sources require a number of circuit
      elements and require a separate voltage source thus resulting in safety,
      maintenance, cost and other problems.
PAR  In order to avoid these defects at the present time, transducers utilizing
      electrets as the diaphragm are widely used. The electret diaphragm
      requires no DC voltage source circuit; and thus, the entire circuit can be
      simplified. A conductive layer is formed on one surface of the electret
      (high polymer) film and a capacitor is formed by the conductive layer and
      a back electrode between which the electret film is clamped and the
      diaphragm or electret film becomes heavy due to the conductive layer
      formed thereon. This results that the electro-acoustic high frequency
      response does not have high fidelity.
PAR  Recently, a uni-electret diaphragm formed by charging a high polymer film
      with a monocharge has been proposed. This type of diaphragm is very light
      because it requires no conductive layer; and thus, the electro-acoustic
      conversion can be performed with high fidelity over a wide frequency range
      from low to high frequencies with such device. However, since the
      uni-electret diaphragm carries a monocharge, it is strongly affected by
      external charges and its stored charge will also be rapidly reduced as
      compared with a diaphragm having a conductive layer. Thus, transducers of
      the prior art utilizing uni-electret diaphragms have very low
      electric-acoustic conversion efficiency after being used for long periods
      of time.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved electrostatic transducer
      utilizing an electret diaphragm which is covered with an electrostatic
      shielding means.
PAR  It is an object of the invention to provide a novel electrostatic
      transducer of an improved type.
PAR  Another object of the invention is to provide an electrostatic transducer
      which does not require an external DC bias source and which is driven by a
      simple circuit.
PAR  Yet another object of the invention is to provide an electrostatic
      transducer which utilizes an electret diaphragm having no conductive layer
      and which has superior electric-acoustic characteristics.
PAR  A further object of the invention is to provide an electrostatic transducer
      utilizing an electret diaphragm and which has electrical shielding means
      so as to prevent the decrease of electrical charges carried on the
      electret diaphragm and such that the diaphragm can be used for long
      periods of time.
PAR  Yet a further object of the invention is to provide an electrostatic
      transducer having a uni-electret diaphragm and including a static
      shielding means, wherein the shielding means is maintained at the same
      potential as that of a back plate electrode so as to provide positive
      shielding for the uni-electret diaphragm.
PAR  Still a further object of the invention is to provide an electrostatic
      transducer in which the secondary winding of a transformer provides the
      shield for the electrostatic transducer with a simple electrical
      connection.
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure, and in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view illustrating an embodiment of an electret
      diaphragm used in the electrostatic transducer according to the invention;
PAR  FIG. 2 is a sectional view illustrating the method of manufacturing the
      electret diaphragm;
PAR  FIG. 3 is a cross-sectional view through an electrostatic transducer
      according to the invention;
PAR  FIG. 4 is a perspective exploded view illustrating a practical embodiment
      of the electrostatic transducer of the invention;
PAR  FIG. 5 is a cross-sectional view illustrating the electrostatic transducer
      of FIG. 4 and in the assembled relationship;
PAR  FIG. 6 is a graph illustrating the sensitivity-time characteristics of the
      electrostatic transducer of the invention as well as the characteristics
      of the prior art devices; and
PAR  FIG. 7 is a cross-sectional view through a modification of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates an electret diaphragm which comprises one of the main
      elements of the invention and which is provided with a monocharge of
      positive or negative potential with the particular electret illustrated in
      FIG. 1 having a positive potential. The electret diaphragm 1 is made of a
      thin high polymer film having a thickness of about 3 to 12 microns and its
      surface charge density is about, for example, 1 to 3 .times.
      10.sup..sup.-9 C/cm.sup.2. The electret diaphragm 1 is bonded about its
      outer periphery to a support ring 2 with a suitable epoxy thermo-setting
      bonding agent and the diaphragm 1 is attached so that uniform tension
      exists in the diaphragm. The supporting ring 2 serves as a spacer for the
      diaphragm.
PAR  FIG. 2 illustrates a method of manufacturing an electret diaphragm having a
      monocharge of uniform surface density. A pair of plate-shaped metal
      electrodes 3 and 4 made of gold, nickel, or other suitable material are
      brought in contact with opposite sides of the thin high polymer film 1
      made of polyethylene, polyester, polypropylene, or other suitable
      material, and a DC voltage source 5 has its opposite terminals connected
      respectively to the electrodes 3 and 4 as shown. The temperature of the
      film is gradually increased to 120.degree.C for 10 minutes; and when the
      temperature of the film 1 has reached 120.degree.C, an electrical field of
      about 30KV/cm is connected to the electrodes 3 and across the film 1 and
      is applied to the film 1 for about 25 minutes. Then the film 1 and
      electrodes are gradually cooled for 15 minutes with the electric field
      being maintained on the electrodes. When the electric field is then
      removed, the film 1 will be permanently charged with a monocharge of a
      positive or negative sign depending upon the intensity of the applied
      electric field, the material of the electrodes 3 and 4 as well as the
      heating temperature.
PAR  FIG. 3 illustrates an embodiment of the electrostatic transducer of the
      invention mounted in an operative environment. An electret diaphragm 10
      having a negative surface charge and which might have a thickness of 3
      microns has its outer edges bonded to annular spacer and support rings 11A
      and 11B which are mounted on opposite sides thereof with epoxy
      thermo-setting bonding agent. Push-pull back electrodes 15A and 15B,
      respectively, are attached to the spacer rings 11A and 11B on sides
      opposite the electret 10. Back electrode 15A comprises a plate 12A made of
      high polymer resin and an electrically conducting layer 13A attached to
      the surface of the plate 12A adjacent the support ring A. The push-pull
      back electrode 15B comprises a plate of high polymer resin 12B to which an
      electrical conductive layer 13B and the opposite side of the layer 13B is
      attached to the support ring 11B.
PAR  A plurality of openings 14A are formed through the plate 12A and the layer
      13A and a plurality of aligned openings 14B are formed through the plate
      12B and the layer 13B. These openings 14A and 14B provide air holes to
      allow air to be driven by the diaphragm 10.
PAR  The conductor layers 13A and 13B are respectively attached to the plates
      12A and 12B by coating a conductive material such as silver paint or
      carbon graphite, for example, by the silk-screen method, or a metal such
      as aluminum, gold, or nickel coated by a vacuum evaporation method onto
      the plates 12A and 12B, respectively. An alternative method of making the
      layers 13A and 13B is by making them of metal sheets such as aluminum,
      stainless steel, or brass, and then punching the openings 14A and 14B
      through them. The electrostatic transducer U thus formed is connected to a
      signal source 16 through a transformer 17 which has its secondary
      connected to the conductive layers 13A and 13B of the back electrodes 15A
      and 15B, respectively. The electret diaphragm 10 will be vibrated in
      response to the signal from the signal source 16.
PAR  According to the present invention, electrostatic shielding means 18 are
      formed on the sides of the back electrodes 15A and 15B away from the
      diaphragm 10 and the electrostatic shielding means 18 provides
      electrostatic shielding for the electret diaphragm 10. The electrostatic
      shielding means may be formed of, for example, a conductive metal mesh
      made of fibers of stainless steel, brass, or carbon, or may be formed of
      an electrical conductive woven material. In the example illustrated in
      FIG. 3, metal mesh members 19A and 19B are respectively connected to the
      plates 12A and 12B as shown. The secondary of the transformer 17 is
      connected to the electrical conducting shielding means 19A and 19B as
      shown. The secondary winding of the transformer 17 is connected to the
      back electrodes 15A and 15B as shown and the metal meshes 19A and 19B are
      electrically connected to the corresponding back electrodes 15A and 15B.
PAR  FIG. 4 is an exploded view of a practical embodiment of the electrostatic
      transducer of the invention. A first support or spacer ring 11A has the
      electret 10 attached to its lower side relative to FIG. 4, and a second
      support or spacer ring 11B is attached to the second side of the electret
      10 to form the diaphragm. The back electrodes 15A and 15B which include
      the disk-shaped insulating plates 12A and 12B through which the air holes
      14A and 14B are formed are attached to opposite sides of the spacer rings
      11A and 11B. The metal mesh 19A is attached to the upper surface relative
      to FIG. 4 of the insulating plate 12A and a corresponding electrically
      shielding conductive layer 19B is attached to the surface of the
      insulating plate 12B as shown in FIG. 5. A pair of mating cylindrical
      frame members 21A and 21B are integrally formed with the plates 12A and
      12B as shown in FIG. 5.
PAR  As shown in FIG. 4, a pair of aperatures 22A are drilled through the frame
      21A on its opposite sides in the peripheral portion. A pair of projecting
      pins 23A are inserted or formed on the lower surface of the frame 21A as
      shown in FIG. 4 and extend downwardly therefrom as shown. In the frame
      member 21B, mating openings 22B are formed so as to receive the pins 23A
      therein and a pair of pins 23B are mounted in the member 22B and extend
      upwardly and are receivable in the openings 22A of the frame member 21A.
PAR  In assembling the transducer according to the invention, the ring 11A with
      the electret diaphragm 10 attached thereto is inserted into the frame
      member 21A as illustrated in FIG. 5, and then the spacer ring 11B is
      inserted into the frame member 21B and the frame members 21A and 21B are
      brought together such that the pins 23A extend into the openings 22B of
      the frame member 21B and the pins 23B of the frame member 21B extend into
      the openings 21A of the frame member 21A so that the assembled structure
      is as shown in FIG. 5.
PAR  The electrostatic transducer according to the invention may be made with an
      electret diaphragm 10 having either positive or negative surface charge
      and the vibrating plate thus formed can be very thin and the mass of the
      vibrating system will be very small. The electrostatic transducer
      according to the invention has superior response characteristics, great
      physical strength, and outstanding tone quality. The electrostatic
      transducer is very simple in construction but has superior response
      characteristics and does not require DC bias from an external high voltage
      DC source which substantially simplifies the structure.
PAR  The electrostatic shielding means 18 comprising the metallic mesh-like
      layers 19A and 19B are mounted on the back electrodes 15A and 15B on sides
      opposite to those facing the electret diaphragm 10 and the surface charge
      density of the electret diaphragm 10 will be maintained for a very long
      period of time and can be prevented from being attenuated which will
      substantially prolong its lifetime.
PAR  Experiments have demonstrated that superior electrostatic shielding is
      accomplished in the present invention without decreasing the acoustic
      characteristics. This may be understood by considering that due to
      electrostatic induction produced by the electret diaphragm 10 having a
      negative charge, for example, a charge of opposite sign, or a positive
      charge will be induced in the back plate electrodes 15A and 15B and in the
      metal mesh 19A and 19B, respectively. The back electrodes 15A and 15B may
      be considered to be grounded through a support member (insulator) for
      attaching the transducer U to a suitable support. Although the support
      member is not shown, it would be made of an insulating material, but the
      resistance value of the insulating material would not be infinitive and
      the mesh members 19A and 19B would be connected to ground through the
      support member. This results in the conductive meshes 19A and 19B serving
      as electrostatic shields with the results that the charge in the electret
      10 will not be effected by external charges outside of the transducer unit
      U.
PAR  FIG. 6 illustrates the improved sensitivity lifetime of the present
      invention. Experiments conducted have shown that the relative sensitivity
      S in dB remains high for long periods of time. The ordinate represents the
      relative sensitivity and the abscissa represents the interval T in months.
      In FIG. 6, curve I is a plot for an electrostatic transducer according to
      the invention such as illustrated in FIG. 5 and having the conductive mesh
      19A and 19B providing electrostatic shielding. The curve II illustrates a
      transducer having an electrostatic transducer with an electret diaphragm
      but in which the shielding meshes 19A and 19B have been left out.
PAR  As is apparent from FIG. 6, the electrostatic transducer according to the
      invention, changes in sensitivity very slowly over a long time period as
      compared to those of the prior art illustrated by curve II. Thus, the
      electret having the shielding mesh members 19A and 19B illustrated in FIG.
      5 have much greater sensitivity for longer periods of time than the prior
      art devices.
PAR  The connections of the conductive meshes 19A and 19B to the back electrodes
      15A and 15B, respectively, are through the secondary winding of the
      transformer 17 and the connection is very simple. Although in the
      embodiment illustrated in FIG. 3, the electret 10 is provided with a
      negative charge, it is to be realized that the same results can be
      obtained with an electret diaphragm having a positive charge.
PAR  FIG. 7 is a modification of the invention illustrated in FIG. 3, wherein
      the electret 10 is formed of a composite sandwich layer having four
      different layers and in which the electret diaphragm 10 comprises two
      electret diaphragms 40A and 40B superimposed such that a monocharge exists
      at least on its surface. The electret diaphragms 40A and 40B consist of
      high polymer films 41A and 42A and metal layers 41B and 42B consisting of
      aluminum and bonded to surfaces of the high polymer films 41A and 42A. The
      metal layers 41B and 42B are mounted adjacent each other and are bonded
      together. The remaining construction of the back plates and spacing rings
      11A and 11B of the embodiment illustrated in FIG. 7 is the same as that
      illustrated in FIG. 3 and the electrostatic shielding 18 comprising the
      conductive meshes 19A and 19B are respectively connected to the back
      electrodes 15A and 15B as shown.
PAR  In the embodiment illustrated in FIG. 7, attenuation of the surface charge
      of the electret diaphragm is prevented by the shielding means 19A and 19B
      and the transducer is usable for long periods of time. In the embodiment
      illustrated in FIG. 7, even though the mass of the electret diaphragm is
      relatively large, the surface charge of the electret diaphragm lasts for a
      long period of time. It is to be realized that the present invention can
      be utilized either in a speaker or microphone.
PAR  Although the invention has been described with respect to preferred
      embodiments, it is not to be so limited as changes and modifications may
      be made which are within the full intended scope as defined by the
      appended claims.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. An electrostatic transducer comprising:
PA1  a. an electret diaphragm having a monocharge at its surface;
PA1  b. an electrode mounted adjacent said electret diaphram and spaced a
      predetermined distance therefrom;
PA1  c. electrically conductive shielding means for electrostatically shielding
      said electret diaphragm; and
PA1  d. means for connecting said electrically conductive shielding means with
      said electrode to maintain said electrically conductive shielding means
      and electrode at the same potential.
NUM  2.
PAR  2. An electrostatic transducer comprising:
PA1  a. an electret diaphragm made of a film having a monocharge;
PA1  b. a first back electrode having a number of air holes and mounted adjacent
      one surface of said electret diaphragm and spaced a predetermined distance
      therefrom, said first back electrode consisting of a conductive body on
      one side adjacent said electret diaphragm and an insulating body on the
      side opposite said electret diaphragm and supporting said conductive body;
PA1  c. a second back electrode having a number of air holes and adjacent the
      other surface of said electret diaphragm, said second back electrode
      consisting of a second conductive body on one side adjacent said electret
      diaphragm and a second insulating body on the side opposite said electret
      diaphragm and supporting said second conductive body;
PA1  d. a pair of frames supporting said first and second back electrodes,
      respectively;
PA1  e. means for attaching said frames together;
PA1  f. electrically conductive mesh-like shielding means covering the surfaces
      of said insulating bodies, and
PA1  g. means for electrically connecting said shielding means to said first and
      second back electrodes to maintain them at the same potential.
NUM  3.
PAR  3. An electrostatic transducer as claimed in claim 2, in which said means
      for attaching consists of a recess formed in one of said frames and a
      mating projection extending from the other frame and received in the
      recess of said one frame.
NUM  4.
PAR  4. An electrostatic transducer comprising:
PA1  a. an electret diaphragm formed of a film having a monocharge thereon;
PA1  b. a pair of back electrodes mounted adjacent said electret diaphragm and
      spaced a predetermined distance therefrom;
PA1  c. electrically conductive shielding means covering the surface of said
      pair of back electrodes, air holes formed in said shielding means and said
      pair of back electrodes, and further comprising means for connecting said
      shielding means with said back electrodes to maintain said shielding means
      and back electrodes at the same potential.
NUM  5.
PAR  5. An electrostatic transducer as claimed in claim 4, in which each of said
      back electrodes consists of an insulating plate with a plurality of air
      holes and a conductive body disposed on one surface of said insulating
      plate, and said shielding means disposed on the other surface of said
      insulating plate.
NUM  6.
PAR  6. An electrostatic transducer as claimed in claim 4, in which said
      shielding means is an electrically conductive mesh.
NUM  7.
PAR  7. An electrostatic transducer as claimed in claim 4 further comprising a
      transformer for transferring an acoustic signal, with the secondary
      winding of said transformer connected to said shielding means and said
      back electrodes, respectively.
NUM  8.
PAR  8. An electrostatic transducer according to claim 4, wherein said electret
      diaphragm consists of four layers attached together with the middle two
      layers having the same charge of a first polarity and the outer two layers
      having the same charge of the opposite polarity.
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ABST
PAL  An arrangement for detecting dielectric breakdowns in a metal-clad,
      high-voltage installation made up of a plurality of component sections
      includes a thermal sensor for each of the sections wherein a dielectric
      breakdown may occur for sensing the temperature. The output of the thermal
      sensors feed a comparator which forms an output signal from at least two
      discrete signals from the thermal sensor. A circuit arrangement
      corresponding to the comparator identifies the thermal sensor associated
      with the component section wherein a dielectric breakdown has occurred.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an arrangement for detecting dielectric breakdowns
      in metal-clad, high-voltage switching and transmission systems equipped
      with several gastight compartmentalized sections. The detecting
      arrangement determines the faulty section with at least one stationary
      measuring device.
PAR  A compressed-gas-insulated high-voltage switching installation with an
      arrangement for monitoring the gas pressure is described in the journal
      Revue Generale De L'Electricite, April 1966, at pages 493 to 500; this
      arrangement causes the system to shut down at pressures higher than the
      operating pressure. Here, however, the danger to the system caused by the
      occurrence of a fault cannot be determined with more accuracy, than to
      distinguish, for instance, between an increase in pressure because of a
      temperature change caused by heating as a consequence of normal load or,
      as a consequence of a fault arc.
PAR  In the Deutsche Offenlegungsschrift 1,665,637 a compressed gas-insulated
      high-voltage switching installation is described which includes an
      arrangement for monitoring the gas pressure and causes the system to shut
      down at pressures higher than the operating pressure. As the criterion for
      switching the system off, the rate of change of the gas pressure is taken
      into consideration here. In this manner, normal operation can be
      distinguished from fault situations after the monitoring device has
      responded.
PAR  In both known arrangements, direct access to the interior of the
      installation must be provided so that the pressure prevailing there can be
      fed to the measuring device, for example, a pressure transducer. Equipping
      an already existing high-voltage switching and transmission installation
      is very expensive because of the work required to empty and fill the
      encapsulation and because of the installation of the measuring device in a
      gastight manner.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is an object of the invention to provide an
      arrangement for detecting dielectric breakdowns which can be installed
      with only little effort in already existing systems. It is another object
      of the invention to provide such an arrangement wherein access to the
      interior of the encapsulation is avoided.
PAR  These objects are realized in the arrangement according to the invention by
      providing detection means in the form of a measuring device such as a
      thermal sensor that is coupled on the outside to the component section and
      measures the temperature of the encapsulation. The outputs of the thermal
      sensors feed a comparator which forms an output signal from at least two
      discrete thermal sensor signals and with which a circuit arrangement
      identifying the thermal sensor is associated.
PAR  With the arrangement according to the invention, metal-clad,  high-voltage
      switching and transmission installations can be retrofitted with an
      arrangement for detecting dielectric breakdowns without the necessity of
      having to take the high-voltage switching installation out of operation
      for this purpose. The criterion for the occurrence of a dielectric
      breakdown is the rise in temperature resulting from the breakdown during
      the burning time of the arc; this action manifests a characteristic
      different from that of a temperature rise caused by an increase in the
      ambient temperature or an increase in electrical load such as is expected
      in normal operation.
PAR  In a first advantageous embodiment of the arrangement according to the
      invention, the thermal sensor is connected with a circuit arrangement
      which measures temperature gradients and passes the thermal sensor signal
      only above a given value of the temperature gradient. In this manner, a
      single, stationary measuring device per component section is sufficient in
      high-voltage switching and transmission installations, particularly with
      several identically constructed, gastight compartmentalized sections. It
      is particularly advantageous if the circuit arrangement contains a timing
      device which interrupts the measuring signal periodically and a memory
      storing the measurement signal up to one clock period, the arrangement
      being constructed so that the timer feeds one input each of a NAND gate
      provided as a comparator directly and the memory through an element
      switching synchronously with the timer.
PAR  If the sections of a metal-clad, high-voltage switching and transmission
      installation are of dissimilar configuration, two measuring devices are
      preferably provided for each component section, the two measuring devices
      being arranged at points physically separated from each other of the
      encapsulation, and together feed an Exclusive-OR gate as a comparator. In
      this embodiment of the arrangement according to the invention, cognizance
      is taken of the fact that, in the event of a dielectric breakdown, the arc
      begins to travel because of the formation of loops, the velocity of travel
      increasing with increasing current. A detection arrangement equipped with
      two measuring devices per section is therefore capable of determining the
      location of all important breakdowns in practical operation.
PAR  To reliably detect all arcs occurring in high-voltage switching and
      transmission installations with components sections of different shapes,
      it is preferable to provide three measuring devices for each section and
      to arrange these measuring devices at locations of the enclosure
      physically separated on a circle, whose center lies outside of the
      developed area of the section to be covered. In this way, it is assured
      that an arc occurring at any point of the encapsulation leads to an
      unequivocal signal of the comparator, as at least one of the measuring
      devices delivers a signal differing from the other two measuring devices.
PAR  Although the invention is illustrated and described herein as arrangement
      for detecting dielectric breakdowns in metal-clad high-voltage switching
      and transmission installations, it is nevertheless not intended to be
      limited to the details shown, since various modifications may be made
      therein within the scope and the range of the claims. The invention,
      however, together with additional objects and advantages will be best
      understood from the following description and in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram showing a high-voltage installation equipped
      with the detection arrangement according to the invention.
PAR  FIG. 2 is an electric schematic diagram of the arrangement according to the
      invention showing the interconnections of the components which make up the
      detection arrangement according to one embodiment of the invention.
PAR  FIG. 3 illustrates an alternate embodiment of the detection arrangement
      according to the invention wherein at least two detectors are provided for
      each section of the switching installation being monitored.
PAR  FIG. 4 shows a developed surface of one section of the high-voltage
      installation equipped with three detectors according to still another
      embodiment of the invention.
PAR  FIG. 5 is a schematic diagram of the comparator of the embodiment of FIG. 2
      configured as a NAND-Gate and equipped with a threshold switch.
PAR  FIG. 6 is a block schematic diagram of the switching device of the
      embodiment of FIG. 2 for identifying the thermal sensor corresponding to a
      faulted component section of the high-voltage installation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The metal-clad high-voltage switching installation of FIG. 1 includes an
      outgoing cable 1, a line disconnect switch 2 connected therewith which
      leads to a power circuit breaker 3, and a tubular conductor configured as
      a coupled section 4. The coupling section 4 is connected with the power
      circuit breaker 3 and leads to a load disconnect switch 5. The load
      disconnect switch 5 is connected on one side with a transformer branch
      circuit 6 and on the other side with a further load disconnect switch 7
      which acts as a series disconnect switch and in turn is connected through
      a grounding device 8 with a disconnect switch 9 and through the latter,
      with a load disconnect switch 10.
PAR  The load disconnect switch 10 is connected on the one hand with a
      transformer branch 11 and on the other hand with a disconnect switch 12,
      which is connected in turn via a grounding device 13, a load disconnect
      switch 14 acting as a series disconnect switch and a load disconnect
      switch 15 with a further outgoing transformer circuit 16 on the one hand,
      and with a tubular conductor 17 constructed as a coupling section, on the
      other hand. The tubular conductor 17 is connected with a power circuit
      breaker 18, whose other connection is connected with an outgoing cable 20
      through a line disconnect switch 19.
PAR  At the locations 21 are located bulkheads which subdivide the high-voltage
      switching installation into several sections which are separated from each
      other in a gastight and arc-resistant manner. In order to be able to
      identify the faulty section in the metal-clad high-voltage switching
      installation after a dielectric breakdown has occurred, each fault-prone
      section is provided with at least one thermal sensor as a measuring
      device. The measuring device is always designated with reference numeral
      22. An arc forming as a result of dielectric breakdown causes an increase
      of the temperature in the region of the foot point of the arc at the
      encapsulation, which differs substantially from temperature increases due
      to operational conditions. The temperature rise detected by the measuring
      device furnishes the criterion for the presence of a dielectric breakdown
      in the high-voltage switching installation.
PAR  In FIG. 2, a temperature sensor 22 is mounted on the outside at a section
      of the encapsulation and delivers at its output a thermal sensor signal
      corresponding to the respective encapsulation temperature. The output 30
      of the thermal sensor 22 is connected with the timing device (clock) 31,
      which periodically interrupts the measuring signal delivered at the output
      30. In this manner, pulses of predetermined duration with predetermined
      intervals are fed to the input 32 of a NAND gate 33. The line 34 connected
      with the input 32 of the NAND gate 33 feeds the periodically clocked
      measuring signal to a memory 35, which holds the measuring signal for up
      to one clock period and thus permits a comparison of two successive
      measuring signals. The memory 35 is connected with the other input 37 of
      the NAND gate 33 through an element 36 which switches synchronously with
      the clock 31. At the output 38 of the NAND gate a signal is delivered only
      if the amplitude of the clocked measuring signal changes by a given
      amount.
PAR  FIG. 5 shows how the comparator 33 of FIG. 2 can be equipped with a
      threshold switch 39 for responding to a temperature gradient which exceeds
      a predetermined value indicative of a dielectric breakdown in the
      corresponding component section.
PAR  The arrangement shown in FIG. 2 thus detects the temperature gradient and,
      with aid of a threshold switch, can be configured in such a manner that
      the thermal sensor signal is passed on to circuit means in the form of a
      switching device 40 identifying the termal sensor only above a given value
      of the temperature gradient.
PAR  In the simplest case, the switching device 40, which identifies the thermal
      sensor, consists of a logic circuit interlinking all outputs 38 which,
      after the occurrence of a signal on one of its lines 38, blocks the
      transmission of all signals occurring on the other lines 38. In this
      manner, an unequivocal statement is obtained regarding the location of the
      dielectric breakdown in the metal-clad high-voltage switching and
      transmission installation. The logic circuit of the switching device 40
      can be configured, for example, as shown in the block diagram of FIG. 6.
PAR  Variations of the ambient temperature as well as temperature fluctuations
      because of load changes are not utilized for the formation of a measuring
      signal because they do not exceed a predetermined value of the temperature
      gradient but are suppressed by the NAND gate. In this connection,
      cognizance is taken of the fact that in practical rated operation, the
      temperatures at the encapsulation varies between -10.degree. and
      +70.degree.C while, in the presence of dielectric breakdowns, the
      encapsulation temperature may be up to 600.degree.C in extreme cases.
PAR  The block diagram of FIG. 3 shows two thermal sensors 22 provided for each
      encapsulation section. Each pair of these sensors can, for example, be
      arranged in a bridge circuit. The outputs 51 of the thermal sensors 22 are
      connected in this case to an interlinking logic circuit 52 which presents
      an Exclusive-OR condition, more specifically, a signal is delivered at the
      output of the logic circuit 52 only if the signals present at the outputs
      51 of the thermal sensors 52 is fed to an amplifier 53, whose output 54 is
      connected to a switching device 40 identifying the two thermal sensors.
      This identifying device 40 operates in a manner similar to that explained
      in connection with FIG. 2.
PAR  FIG. 4 shows the development of an area 60 of a section whereat detection
      is to be made and to which three measuring devices are to be coupled on
      the outside thereof. The three measuring devices 22 are arranged at the
      encapsulation physically separated from each other. They lie on a circular
      arc K, whose center lies outside the developed area of the section to be
      covered. In an extreme case, the center, relative to the area to be
      covered, is at infinity, that is, the curve connecting the three measuring
      devices is a straight line. The measuring devices arranged in the manner
      indicated according to FIG. 4 can be connected either to a circuit
      arrangement detecting temperature gradients as explained in connection
      with FIG. 2, or with a logic circuit which is constructed so that it
      furnishes an output signal only if the three measuring signals are not
      equal.
PAR  The arrangement for the detection of dielectric breakdowns shown in
      connection with a high-voltage switching installation of the kind shown in
      FIG. 1 can, of course, find application also in high-voltage transmission
      installations which are to be monitored by remote control. The essential
      advantage of the arrangement for the detection of dielectric breakdowns
      according to the invention is that metal-clad high-voltage switching and
      transmission installations can be built as unmanned stations and can be
      remotely monitored and controlled from a physically distant central point.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An arrangement for detecting dielectric breakdowns in a metal-clad,
      high-voltage installation such as an equipment suitable for switching and
      transmitting high-voltages made up of a plurality of component sections
      sealed gastight one with respect to the other, the arrangement comprising:
      detection means at each of at least a portion of the component sections
      for detecting the temperature thereat and for providing a first quantity
      indicative of said temperature, ancillary means for providing a second
      quantity indicative of the temperature at the component section
      corresponding to said detection means; and comparator means for receiving
      and comparing said first and second quantities to form an output signal
      therefrom for indicating the occurrence of a dielectric breakdown in the
      corresponding component section.
NUM  2.
PAR  2. The arrangement of claim 1 wherein said detection means, said ancillary
      means and said comparator means conjointly constitute a breakdown
      detection device, and wherein a plurality of said breakdown detection
      devices are provided for corresponding ones of the component sections,
      said arrangement further comprising: circuit means for receiving the
      output signal of the comparators corresponding to respective ones of said
      breakdown detection devices and for identifying the breakdown detection
      device issuing an output signal indicative of a dielectric breakdown in
      the component section corresponding thereto.
NUM  3.
PAR  3. The arrangement of claim 2, said circuit means including means for
      detecting the output signal of a detection device corresponding to a
      component section wherein a dielectric breakdown has occurred and for
      blocking the outputs of the remaining ones of said detection devices
      whereby a definitive statement is obtained for identifying the faulted
      component section.
NUM  4.
PAR  4. The arrangement of claim 2, said detection means being a thermal sensor
      mounted on the outer surface of the metal enclosure of the corresponding
      component section, said comparator having first and second inputs, said
      ancillary means including: storage means for receiving and storing said
      second quantity; first switching means for alternately switching the
      output of said thermal sensor to said first input and to said storage
      means whereby said second quantity is obtained and fed into said storage
      means; and second switching means for switching said second quantity into
      said second input from said storage means when said first switching means
      switches the output of said thermal sensor to said first input thereby
      obtaining said first quantity from said thermal sensor and feeding the
      same into said first input, said first and second quantities defining a
      voltage gradient indicative of a temperature change occurring between the
      times at which said first and second quantities were sensed; and said
      comparator means comprising threshold means for responding to said
      temperature gradient when the same exceeds a predetermined value
      indicative of a dielectric breakdown in the corresponding component
      section.
NUM  5.
PAR  5. The arrangement of claim 4, said comparator means comprising a NAND-Gate
      having said first and second inputs, said ancillary means comprising a
      clock for periodically actuating said first switching means and said
      second switching means whereby said first and second quantities are fed to
      said first and second inputs, respectively, of said NAND-Gate, said
      storage means being a memory for storing said second quantity for up to
      one clock period.
NUM  6.
PAR  6. The arrangement of claim 4, said detection means comprising at least
      three thermal sensors mounted at the corresponding component section, said
      thermal sensors being arranged on a curve at respective locations on the
      metal enclosure spatially separated one from the other, the curve having a
      center located outside the developed area of the component section to be
      covered.
NUM  7.
PAR  7. The arrangement of claim 2, said detection means being a first thermal
      sensor, said ancillary means comprising an ancillary sensor, said thermal
      sensors being coupled to the corresponding component section at respective
      mutually spaced locations thereof, said comparator means being a
      comparator configured to provide an Exclusive-OR condition, and said first
      thermal sensor and said ancillary sensor being connected to said
      comparator for conjointly supplying said comparator with said first and
      second quantities.
NUM  8.
PAR  8. The arrangement of claim 2, said detection means comprising at least
      three thermal sensors mounted at the corresponding component section, said
      thermal sensors being arranged on a curve at respective locations on the
      metal enclosure spatially separated one from the other, the curve having a
      center located outside the developed area of the component section to be
      covered.
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ABST
PAL  This invention carries a power cable from a floating power plant to a fixed
      connection from which the power cable can transmit to a distributing
      system on shore. The cable support distributes the bending of the cable
      over a length of cable so that no deterioration of the cable occurs as the
      result of successive bending and unbending with the tidal motion of the
      floating power plant. A jointed cover protects the cable support from
      exposure to the weather and from icing.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention is a structure for transmitting power from a power
      generating plant, particularly a nuclear plant, mounted on a floating
      platform in tidal water. The cable for connecting the power plant with a
      fixed location from which the power distribution travels to an on shore
      distributing system bends when the floating power station raises and falls
      with changes in the level of the water. Over a long period of time such
      bending of the cable back and forth will deteriorate the cable unless the
      bending is distributed over such a long length of cable that the local
      bending at any region is extremely small.
PAR  This invention supports the power cable on a frame which extends from the
      generating station to the fixed station; and the frame is constructed so
      that it bends along an arc which is of a length at least as great as the
      major part of the distance from the generating station to the fixed
      station.
PAR  In the preferred construction, the frame is shaped to an arc of
      approximately 180.degree., and the center line of the frame lies in a
      substantially vertical plane. By connecting the ends of the frame with the
      respective stations by connections which do not permit any angular
      movement of the frame with respect to the stations, any vertical movement
      of the generating station up and down with changes in the water level will
      be accommodated by localized changes in the radius of curvature of the
      frame along substantially the entire length of the arc.
PAR  The amount of flexing of the cable with changes in the relative level of
      the two stations can be made as small as desired by increasing the length
      of the frame. In order to protect the frame from wind and from weather
      conditions, particularly ice loading from freezing rain, there is a cover
      which extends over the frame, and preferably along the entire length
      thereof.
PAR  The cover is preferably made in two rigid sections which are connected
      together by a joint. The opposite ends of the cover are secured to the
      respective stations by other joints. The cover does not bend, but moves at
      the joints to accommodate changes in the respective levels of the
      different stations. Since the frame bends and the cover has rigid sections
      with hinge connections, the shapes of the frame and cover do not remain
      the same as the floating station moves up and down with respect to the
      fixed station. The inside cross-section of the cover is made large enough
      to accommodate the changes in curvature of the frame and the movements of
      the cover with respect to the frame as the result of differences in the
      shape of the frame and cover with different levels of the floating power
      plant.
PAR  Other objects, features and advantages of the invention will appear or be
      pointed out as the description proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  In the drawing, forming a part hereof, in which like reference characters
      indicate corresponding parts in all the views:
PAR  FIG. 1 is a diagrammatic top plan view of the floating power plant and
      fixed caisson with which this invention is used;
PAR  FIG. 2 is an elevation of the cable supporting structure of this invention
      and showing its connection to the floating power plant and the fixed
      station;
PAR  FIG. 3 is a greatly enlarged sectional view taken on the line 3--3 of FIG.
      2; and
PAR  FIG. 4 is an enlarged top plan view, partly broken away, of the structure
      shown in FIG. 3.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  FIG. 1 shows a breakwater 10 which is built up from the sea bottom; a rigid
      structure to provide calm water behind it for two floating power plants 12
      and 14. The space behind the breakwater 10 is further protected by a
      second breakwater 16 which consists of two rigid structures 18 and 20
      which are built up from the sea bottom like the breakwater 10; but there
      are removable caissons 22 spanning the space between the structures 18 and
      20. These caissons 22 are made removable so that the floating power plants
      12 and 14 can be floated into position behind the breakwater 16 and
      subsequently floated out again in the event that they have to be taken
      away for repairs on the hulls of floating platforms of the power plants 12
      and 14.
PAR  Each of the floating power plants 12 and 14 is held in place behind the
      breakwater 10 by being connected with caissons 26 which extend up from the
      sea bottom. These caissons 26 are in fixed positions and the floating
      power plants 12 and 14 are connected with the caissons 26 by means which
      permit the floating power plants 12 and 14 to move up and down along the
      caissons 26 as necessary to accommodate the rise and fall of the tide.
PAR  Each of the floating power plants 12 and 14 has a support 30 for holding
      power cables which lead from the power plant to a fixed caisson 31 which
      extends upward from the sea bottom. This invention is concerned
      principally with the support 30.
PAR  The power cables are enclosed in a cover 32 which is made up of a number of
      rigid sections including a first section 34 which is rigidly connected to
      the power plant 14 by brackets 36. The brackets 36 prevent any angular
      movement of the first section 34 with respect to the floating power plant
      14. At the upper end of the first rigid section 34, there is a second
      rigid section 38 which is connected with the first section 34 by a hinge
      40.
PAR  The hinge 40 may be continuous across the width of the cover 32 or may
      include horizontally spaced portions at both sides of the cover 32 which
      is of rectangular cross-section as will be explained in connection with
      FIG. 3. The second section 38 of the cover has a boot 42 rigidly connected
      with its lower end in position to overlie the upper end of the first
      section 34 so as to prevent rain and snow from entering the cover 32 at
      the hinge joint 40.
PAR  The upper end of the second rigid section 38 is connected to a third rigid
      section 44 by a hinge joint 46. This hinge joint 46 permits angular
      movement of the sections 38 and 44 with respect to one another and there
      is a boot 48 covering the open ends of the sections 38 and 44 to prevent
      entrance of rain and snow into the cover 32 without interfering with a
      limited angular movement of the sections 38 and 44, as will be explained
      later.
PAR  The third rigid section 44 connects with another fixed section 50 which is
      secured to the fixed caisson 31 by brackets 36 which prevent any angular
      movement of the section 50 with respect to the caisson 31. The fixed
      section 50 is connected with the section 44 by another hinge joint 40
      which is the same as that between the sections 34 and 38. There is also a
      boot 42, corresponding to the boot 42 on the other side of the frame 32.
PAR  The floating power plant 14 is shown in FIG. 2 at its highest position.
      This would correspond with high tide during a most severe storm when an
      excessively low barometer would cause the tide to be much higher than
      usual. With the floating power plant 14 in this high position, the cover
      32 occupies the full line position shown in FIG. 2.
PAR  FIG. 2 also shows a broken line position for the power plant 14 when the
      water is low. This change in the relative level of the floating power
      plant 14 with respect to the fixed caisson 31 lowers the left hand end of
      the cover 32, as viewed in FIG. 2, and changes the position of the parts
      to the locations indicated by broken lines. Comparing the two positions,
      it will be evident that the third section 44 has swung counter clockwise
      about its hinge joint 40 at the upper end of the rigid and fixed section
      50. During downward movement of the power plant 14 from the full line to
      the broken line position, the hinge joint 40 will permit counter clockwise
      movement of the second section 38 with respect to the first section 34
      during the change in elevation of the brackets 36 on the power plant 14 to
      the level of the brackets 36 on the caisson 31, this being the condition
      that brings the hinges 40 closest to one another.
PAR  During further downward movement of the brackets 36 at the lower end of the
      first section 34, the hinge joint 40 permits the second section 38 to
      swing clockwise with respect to the first section 34. During this shift in
      the level of the power plant 14 through its maximum range of movement, the
      hinge joint 46 moves one way or the other, as necessary, to accommodate
      the change of distance between the hinge joints 40.
PAR  FIG. 3 is a sectional view through the cover 32. The cover is made with two
      upper beams 52 and two lower beams 54. These beams are connected, to form
      side frames, by vertical structural sections 56, connected at their upper
      and lower ends with the beams 52 and 54 by welding or other means. In
      order to provide a rigid truss construction for the side frames, there are
      diagonal structural sections 60 extending between the vertical sections 56
      as shown on a smaller scale in FIG. 2. These diagonal sections 60 also
      welded into the corners where the upright sections 56 meet the upper and
      lower beams 52 and 54, respectively.
PAR  The upper beams 52 are connected to one another by cross frame sections 62
      and the lower beam sections 54 are similarly connected to one another by
      cross frame sections 62. These cross frame sections 62 are welded to the
      beams 52 and 54 in the same manner as the vertical sections 56.
PAR  The cover 32 is given horizontal rigidity by welding diagonal cross frame
      structures 64 to the beams 54 at the junction of the webs of the beams 54
      as shown in FIG. 4.
PAR  Referring again to FIG. 3, the cover 32 has corrugated sheathing 66 secured
      to its sides and has corrugated panels 68 forming top and bottom walls of
      the cover 32. FIG. 3 shows angle irons 70 covering the corners where the
      side walls 66 meet the top and bottom walls 68 so as to make the cover 32
      more weather proof. FIG. 3 also shows one of the hinge joints 40 in broken
      lines.
PAR  Enclosed within the cover 32 there is a frame 74 which supports cables 76
      that carry the generated power from the power station to the caisson 31.
      This frame 74 is made up of four H-beams 78 bent to arcuate shape, as
      indicated in FIG. 2, and parallel to one another. These beams 78 are held
      in parallel relation by welding spacer sections 80 between the webs of the
      adjacent beams 78 as shown in FIG. 3. On top of the beams 78 there are
      supports 82 at spaced locations along the length of the beams. On top of
      these supports 82 there are cable retainers 84 which are preferably split
      blocks with semi circular recesses in their confronting faces and with the
      recesses of a diameter to hold the cables 36 in spaced relation across the
      frame 74. The upper blocks are secured to the lower blocks by bolts 86 in
      the construction shown in FIG. 3.
PAR  The frame 74 has truss work across its width only and none in the direction
      in which it bends. The truss structure includes diagonal braces 85 welded
      at opposite ends to the innermost beams 78 adjacent to the successive
      cross frame sections 62. The beams 78 are thus free to bend and change the
      radius of curvature of their bends in accordance with the raising and
      lowering of the end of the frame 74 which is attached to the floating
      power plant.
PAR  Referring again to FIG. 2, the frame 74 is shown in dotted lines in the
      full line showing of the cover 32; and is shown in broken lines in the
      broken line showing of the cover 32.
PAR  The left hand end of the frame 74 is shown connected to the power plant 14
      by a connection 90 which prevents any angular movement of the frame 74
      with respect to the power plant 14. The right hand end of the frame 74 is
      similarly connected to the fixed caisson 31 and the cables in the caisson
      31 have connections 92 with fixed cables for transmitting the power down
      the caisson 31 and across the sea bottom to distribution facilities on
      shore.
PAR  When both ends of the frame 74 are at the same level, the frame 74 is
      centrally located between the top and bottom of the cover 32. Since the
      frame 74 bends, and the cover 34 has rigid sections that hinge at joints
      40 and 46, it will be evident that the movement of the frame 74 and cover
      32 will not coincide as the level of the power plant 14 moves up and down.
PAR  FIG. 2 shows the way in which the frame 74 moves closer to the bottom of
      the cover 32 at the right; and closer to the top of the cover 32 toward
      the left and near the upper portion of the arc, when the power plant 14 is
      at a high level as shown in full lines in FIG. 2. FIG. 2 also shows the
      way in which the frame 74 shifts within the cover 32 when the power plant
      14 moves to a low level. For example, the frame 74 is near the bottom of
      the cover 32 on the left side of the broken line position in FIG. 2, and
      is up near the top of the cover 32 just to the right of the top of the
      arc.
PAR  Means are provided for holding the frame 74 centered between the sides of
      the cover 32 so that the cover prevents the frame 34 from tipping either
      way within the cover. FIG. 3 shows such means as springs 96 and these
      springs not only serve as means for holding the frame 74 transversely
      centered in the cover 32 but they also serve as damping means. The frame
      74 and the cover 32 have different periods of vibration, because of their
      great difference in construction, and the connections 96 joining the frame
      74 with the cover 32 prevents vibration of the frame and cover since their
      different periods damp out incipient vibration which starts in the other.
PAR  It is, of course, necessary that the damping connections 96 be extensible
      because these springs 96 must stretch in order to permit the frame 74 to
      shift up and down toward the top and bottom, respectively, of the cover 32
      in accordance with the changes in curvature of the frame 74 as already
      explained in connection with FIG. 2.
PAR  The line on FIG. 2 marked "MLW" represents the level of the brackets 36 for
      a mean low water level. The dimension H is the distance that the brackets
      36 can be expected to move when there is extremely high storm tide. This
      may be 36 feet by way of example.
PAR  The dimension L represents the level of the bracket 36 when there is an
      extremely low tide. This level may be 6 feet below mean low water, by way
      of example.
PAR  For a change of level of 42 feet in the left hand end of the frame 74, and
      with a radius of curvature of approximately 60 feet, it will be apparent
      that the degree of bending of the cables, which is pretty evenly
      distributed over the full length of the frame 74, is extremely small as
      the arc of the frame 74 changes to accommodate this rise and fall of the
      power station with which the left hand end of the frame 74 is connected.
PAR  The amount of tidal level change depends greatly on geography. Depending
      upon the change in level which must be allowed for, it will be evident
      that the length of the frame 74 which must be provided in order to obtain
      a given maximum of flexing of the cables can be determined mathematically
      and the cross-section of the cover 32 necessary to accommodate the change
      in curvature of the frame 74 can also be computed mathematically.
PAR  The preferred embodiment of the invention has been illustrated and
      described, but changes and modifications can be made and some features can
      be used in different combinations without departing from the invention as
      defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A structure for supporting an electric power cable between a floating
      power station, that rises and falls with variations in the level of tidal
      water, and a second station at a fixed level, said structure comprising a
      stiffly flexible frame that extends upward at one end from the floating
      power station and that curves through an arc in a substantially vertical
      plane to its other end which extends downward to the fixed station, and
      rigid connections at both ends of the frame holding the frame on both
      stations and against angular movement with respect to both stations
      whereby change in the level of the first station with respect to the
      second station bends the frame throughout the full length thereof, and
      means on the frame for holding a power cable along the arc of said frame.
NUM  2.
PAR  2. The structure described in claim 1 characterized by the frame being an
      unjointed frame made of metal structural members that bend to provide a
      working range of variations in the height of the first station with
      respect to the second station without stressing the metal beyond its
      elastic limit.
NUM  3.
PAR  3. The structure described in claim 1 characterized by the frame being a
      metal structure extending around an arc of substantially 180.degree. for
      most of the length of the frame and having straight portions beyond both
      ends of the arc and in substantially parallel relation to one another at
      both ends where the frame is connected with the stations.
NUM  4.
PAR  4. The structure described in claim 3 characterized by the stations being
      at a substantially fixed horizontal distance from one another whereby
      changes in relative vertical positions of the stations changes the
      position of the arc along the length of the frame.
NUM  5.
PAR  5. The structure described in claim 1 characterized by means connected to
      the frame for bracing the frame with its arcuate curvature in a
      substantially vertical plane.
NUM  6.
PAR  6. The structure described in claim 1 characterized by a cover that
      encloses the frame, the cover having walls that protect the frame from
      wind and from ice formation.
NUM  7.
PAR  7. The structure described in claim 6 characterized by the cover being made
      of two sections, each of which is of rigid construction, a joint
      connecting the sections together at an intermediate location along the
      length of the cover, one end of the cover being connected with the
      floating station and the other end being connected with the fixed station,
      and hinges connecting the cover to said stations.
NUM  8.
PAR  8. The structure described in claim 7 characterized by the cover being
      wider than the frame in a horizontal direction, and each end of the cover
      being connected with its station by a hinge connection with the axis of
      the hinge extending for most of the horizontal width of the frame for
      restraining the cover from tipping out of a vertical position.
NUM  9.
PAR  9. The structure described in claim 6 characterized by means connected with
      the stations for holding the cover in a vertical position, and connections
      between the cover and the frame at locations along the length of the frame
      for holding the frame against tipping out of a substantially vertical
      position.
NUM  10.
PAR  10. The structure described in claim 9 characterized by the connections
      between the cover and the frame including connections that serve as
      damping devices for preventing vibrations of the cover from being
      transmitted to the frame.
NUM  11.
PAR  11. The structure described in claim 6 characterized by the frame and cover
      having different periods of vibration, and damping connections between the
      frame and the cover whereby the different vibration period of one opposes
      the setting up of vibrations in the other.
NUM  12.
PAR  12. The structure described in claim 6 characterized by the frame being
      movable toward and from the top and bottom of the cover to compensate for
      differences in the movements of the sections of the cover and the arcuate
      frame, and extensible connections between the frame and the cover.
NUM  13.
PAR  13. The structure described in claim 12 characterized by the cover being of
      substantially larger cross-section than the frame so that there is
      clearance in the cover around the frame, the cover being of generally
      rectangular cross-section and having walls on all sides thereof to protect
      the frame, and any cable on the frame, on all sides of the frame along the
      upwardly extending portions of the frame, at the ends thereof, and along
      intermediate portions of the frame as it extends through a substantially
      180.degree. arc.
NUM  14.
PAR  14. The structure described in claim 1 characterized by a power cable
      supported by the frame along the arc of curvature of the frame, and
      restraining structure holding the cable against displacement with respect
      to the frame in all directions, the restraining structure holding the
      cable being close enough to the neutral axis of the frame so that no
      relative movement between the cable and the restraining structure is
      necessary to accommodate the changes in the radius of portions of the
      frame as it flexes in response to tidal movements of the floating power
      station.
NUM  15.
PAR  15. The structure described in claim 1 characterized by the frame being of
      substantially greater width than thickness, and retaining means at closely
      spaced locations along the arc of the frame, each of the retaining means
      having a plurality of recesses for receiving a plurality of parallel
      cables to be extended lengthwise along the frame.
NUM  16.
PAR  16. A structure for supporting an electric power cable between a floating
      generating station, that rises and falls with variations in the level of
      tidal water, and a second station at a fixed level, said structure
      comprising a frame that extends upward at one end from the floating
      station and curves through an arc in a substantially vertical plane to its
      other end which extends downward to the second station, means on the frame
      for supporting a power cable in position to bend as a result of relative
      vertical movement of the opposite ends of the frame, the supporting means
      being constructed and arranged to distribute the bending of a cable over a
      length thereof constituting most of the distance between the floating
      generating station and the second station which is at a fixed level.
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ABST
PAL  Means for better balancing and controlling of circuit loadings in electric
      power transmission networks to significantly reduce the number and/or cost
      of the transmission lines and facilities required to make a specific power
      transfer by significantly increasing the transmission capability of a
      given network by superimposing controlled circulating alternating currents
      for redistribution of power and current flows in the network.
BSUM
PAC  BACKGROUND
PAR  Present AC transmission lines, transformers, circuit breakers, and other
      devices, are connected in networks or grids. Such integrated networks, and
      their components, interconnect generating stations which supply electric
      power and substations which deliver electric power for distribution to
      consumers.
PAR  Presently these transmission facilities are used very ineffectively. Power
      transfers to or from one area or region to another are limited by loading
      conditions on a specific circuit(s) even though many other circuits having
      the capacity to deliver power are loaded below their ratings or
      capability. The resultant average loadings of transmission lines and
      equipment are significantly below their carrying capacities or ratings. In
      fact, studies show average loadings of about 30 percent of ratings on an
      annual basis and under 40 percent of ratings even during heavy loading
      periods. The improvement of the utilization of transmission facilities can
      produce benefits in two ways:
PA1  A. Make possible increased power transfers over facilities that have
      previously been installed.
PA1  B. Reduce the need for transmission system additions required to meet
      future needs.
PAR  The present poor utilization of transmission results from a number of
      factors:
PAR  A. The major reason under steady state conditions is that the division of
      loadings on transmission lines and facilities in AC networks is in
      accordance with Kirchoff's Laws holding that the impedances of various
      network branches determine the loadings of the various branches. This
      results in a division of loadings which is not in proportion to the
      capacities or ratings. Also, electric power flow patterns are continually
      changing in transmission networks because of consumption changes and
      because the transmission and generation facilities in operation change
      from time to time.
PAR  In a simple example, if two electric power transmission lines of differing
      capacity and/or impedance connect two areas in a system, the steady state
      power transfer limit between the two areas with all facilities available
      is reached when the first line becomes loaded to its carrying capacity or
      rating. Since the second line is not loaded to capacity under this
      condition, additional power can be transferred over the two lines through
      the injection of of controlled circulating current using the means
      described herein to reduce the loading of the first line and increase the
      loading of the second line so that both lines can be loaded to their
      ratings.
PAR  B. When a transmission line or generator becomes unavailable for service
      due to a sudden failure and automatic disconnection by action of relays
      and circuit breakers, power flows are automatically redistributed in the
      networks in accordance with Kirchoff's Laws resulting in a new division of
      power flows which, in most cases, does not result in the loading of
      transmission lines and facilities in accordance with ratings. The rapid
      injection of a controlled circulating current(s) in one or more circuits
      of the network by the means described herein will redistribute the power
      flows as described in (a) above so that larger total power transfers can
      be safely made.
PAR  c. The schedules for electric power production among the generating
      stations in the network so as to meet total electric power requirements
      are varied as total power usage varies so as to optimize total incremental
      costs for generation considering the availability and cost of fuel. Such
      changes in schedules cause changes in loadings on the transmission systems
      resulting in transmission facilities not being loaded in proportion to
      ratings thus reducing transmission capability from one area to another.
      The rapid injection of a controlled circulating current(s) by the means
      described herein located in an appropriate circuit(s) will redistribute
      the power flows so that larger total power transfers can be made.
PAR  d. Sudden transient disturbances resulting from short-circuits or other
      failures in the transmission system produce oscillations in the
      instantaneous speed of generators with respect to the rest of the network
      which can cause them to lose synchronism requiring that they be
      automatically disconnected from service. Extra transmission facilities are
      sometimes provided to reduce such oscillations. Such oscillations result
      from an imbalance between mechanical power input to the generators and
      their electrical power output. The very high-speed injection of properly
      controlled circulating currents using the means described herein will
      change the pattern of transmission circuit loadings in the vicinity of
      such a generator so as to dampen such oscillations thus increasing safe
      generator loading limits for a given transmission system or reducing
      transmission requirements for future generator installations.
PAR  Dynamic oscillations can occur between areas or regions when interconnected
      with AC transmission which considerably reduce that amount of electric
      power that can be transferred. When the two areas that are to be
      interconnected are previously isolated from each other the oscillations
      may be of sufficient magnitude as to prevent an AC transmission tie and
      require the installation of a higher cost DC transmission tie. By properly
      controlled use of the means described herein in the transmission circuits
      interconnecting the two areas these oscillations can be dampened so that
      transmission capability is increased and the need for highcost DC
      transmission avoided.
PAR  e. AC transmission networks have circuit breakers installed at various
      points so that facilities on which short circuits occur are automatically
      disconnected. The circuit breakers, and associated bus equipment, must be
      able to withstand and interrupt the maximum short circuit current that may
      occur. As AC transmission networks grow and generating stations and
      substations are added, the magnitude of the short circuit currents can
      exceed the capability of the associated buses and circuit breakers to
      withstand and interrupt them, required a replacement of these circuit
      breakers and/or a physical replacement of the buses involved. By use of
      the means described herein, current may be injected at a sufficiently fast
      speed to reduce the resulting short circuit currents within the capability
      of the circuit breakers and buses, thus eliminating the need for expensive
      reinforcements and replacements.
PAR  By judiciously locating the device described herein in a circuit or number
      of circuits in the transmission network, a combination of the benefits
      described above can be obtained resulting in multiple benefits from each
      device.
PAR  In fact, to date a number of such methods exist for achieving some of the
      above improvements in the transmission of electrical power in AC networks.
      These have included:
PAR  1. Use of phase angle regulators or quadrature boosters. These are large,
      massive devices that are expensive. They have experienced frequent
      failures and cannot be changed in settings rapidly. However, such devices
      are being increasingly used in the U.S.A. and in other nations. They do
      not however have the ability to achieve the fast changes of the device
      described herein.
PAR  2. Use of DC transmission lines operating in parallel with the AC network.
      This, too, presents an expensive and complex solution. The DC lines
      require full capacity rectification and inversion equipment as well as a
      large amount of reactive correction capacity. The need to design the DC
      circuit and equipment for full circuit capacity, voltage, and insulation
      level results in higher costs compared to achieving the same results with
      an AC circuit equipped with the device described herein. Also, the
      reliability of such DC circuits to date has been lower than the
      reliability which has been achieved with AC circuits of similar capacity.
PAR  3. Use of operating personnel directly or through supervisory controls to
      adjust generation schedules at the generating stations or the electrical
      arrangement of a transmission network by closing or opening circuit
      breakers when this can improve the utilization of facilities under
      specific loading conditions. Such changes are usually achieved at a
      penalty in fuel costs and fuel consumption required to meet overall system
      energy requirements. Use of the device described herein will not require
      such fuel penalties.
PAC  SUMMARY OF THE INVENTION
PAR  It is, with the recognition of the foregoing background, the object of this
      invention to provide a control means for AC transmission networks that
      will improve not only the effective use of transmission lines and
      facilities in integrated networks but do it for a lesser cost than any
      method presently available using a means that is readily adaptable to
      existing networks and future additions thereto. In fact, this invention
      demonstrably provides a unique and low cost method for controlling the
      steady state and transient loadings of AC transmission circuits and
      equipment which is applicable in integrated AC networks and for AC lines
      connecting isolated AC networks.
PAR  The objective is to increase the usefulness of transmission facilities and
      reduce the need for future facility additions in integrated AC networks or
      grids.
PAR  A further object of this invention is to provide a unique means for control
      of an energy system having a fast response provided by electrical means
      operable automatically. The fast response is achieved since the moving of
      large physical masses, as with phase angle regulators, will not be
      required.
PAR  Still another object of this invention is to provide such a means which if
      inoperative will not remove from the AC transmission system an important
      transmission line for an extended period of time.
PAR  In summary, the unique means provided by the power injector system of this
      invention can significantly reduce the additions and investments needed in
      AC transmission networks or grids. It can and does provide the AC
      transmission systems existing throughout the U.S.A. and the world with the
      controllability of DC transmission at a fraction of the cost. Furthermore,
      the fast response characteristic of this invention can be utilized to help
      improve stability conditions and provide the needed control when
      connecting isolated AC systems. The power injection system of this
      invention also can function to limit short-circuit duties; and, because it
      can be installed on an insulated platform or base, the power injection
      system can have a significantly reduced insulation level compared to
      insulation levels needed by conventional DC applications aforedescribed
      providing substantial cost savings.
DRWD
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is a schematic simplified illustration of an AC transmission network
      or grid to which this invention is applicable; and
PAR  FIG. 2 is a one-line diagram (one phase of a three-phase system) of the
      transmission grid or network of FIG. 1 with a power injection system
      according to this invention connected thereto.
DETD
PAC  DETAILED DESCRIPTION
PAR  With particular reference to FIG. 1 there is shown in one-line diagram form
      electrical generating station 10 generating three-phase alternating
      current connected by a step-up transformer station 12 to a transmission
      network 14 comprising lines 16, 18, 20, and 22. The transmission network
      or grid 14 is connected to substations 24 and 26 to supply the electrical
      requirements of areas 28 and 30, respectively, being, for example,
      industrial complex X and town Y. This network 14 might be connected to
      other networks by transmission lines 58 and 60. These load stations 24 and
      26 could require, for example, 500 MW and 1000 MW, respectively, that in
      turn is provided by the generation of 1500 MW at generating station 10. By
      reason of Kirchoff's Laws, this power could be normally divided in this
      sample network such that line 16 carries 700 MW to deliver 500 MW to
      station 28 and 200 MW for line 18 with lines 20 and 22 having normally 400
      MW transmitted equally thereby that combines with the 200 MW of line 18 to
      provide 1000 MW to substation 26 and with lines 58 and 60 normally not
      delivering or receiving any power. If, for example, these transmission
      lines are rated normally for 600 MVA and in emergencies for 800 MVA a
      loading in excess of normal capacity would exist on line 16 and a loading
      below normal capacity would exist on lines 20 and 22. Also, if line 22,
      for example, trips out of service then line 16 could be carrying 900 MW
      and line 20 600 MW because of Kirchoff's Laws, resulting in a loading in
      excess of emergency capacity on line 16 while line 20 would be loaded less
      than emergency capacity.
PAR  Now with reference to FIG. 2 a power injection system 32 is connected to
      line 16. This system will inject a small amount of power by means of
      introducing in each phase controlled voltages having quadrature components
      in relation to the line phase to ground voltages of the same frequency
      which will cause circulating currents to flow to balance the loadings on
      the circuits. In the simple example referred to above, and in FIG. 1, the
      voltage and power injected in line 16 would be controlled in the normal
      transmission network arrangement to circulate 200 MW to reduce the loading
      on line 16 by 200 MW to 500 MW and increase the loading on lines 20 and 22
      by 100 MW each to 500 MW so that all circuits are within their normal
      ratings. Also, in the simple example described above and in FIG. 2, the
      voltage and power injected in line 16 would be rapidly changed if line 22
      trips out of service to circulate 150 MW to reduce the loading on line 16
      to 750 MW and increase the loading on line 20 to 750 MW so that the two
      remaining circuits would be loaded within their emergency ratings.
PAR  The voltage injected into line 16 could be varied rapidly and continuously
      as required by changing system conditions and by the availability of
      transmission facilities. The amount of power required to be injected would
      be equal to the net change in losses created in the network, and in some
      cases this could even be negative. While the injection of predominantly
      quadrature voltages are required for control of real power flows (MW),
      in-phase voltage components can also be injected when required to control
      voltages and reactive power flows (Mvar) or short circuit duties.
PAR  The power injection device 32 consists of the following major components:
PA1  A suppply transformer(s) 40.
PA1  Ac to DC rectification equipment, including suitable reactive compensation
      and filtering and smoothing equipment as necessary 44.
PA1  Dc to AC inversion equipment including suitable reactive and harmonic
      compensation as necessary 46.
PA1  A power injector transformer 36.
PA1  Suitable controls based on present practice.
PA1  A high-speed by-pass switch 38 may be provided on the injection
      transformer.
PA1  Connections between the above components having adequate insulation for the
      voltages used and adequate capacity for the currents involved, 34, 42, 48.
PAR  The supply transformer 40 is shown connected 34 to line 16 but may
      alternatively be supplied by any other convenient and adequate AC source
      available. A three-phase to three-phase transformation, or a three-phase
      to six-phase transformation, or a three-phase to 12-phase transformation
      may be used; and the supply transformation may be provided in a single
      piece of equipment or in physically separate transformers; and transformer
      voltage ratios may be changed by use of no-load taps or taps which may be
      changed under load. All of the above characteristics are details of design
      that will depend on the specific application and involve only the use of
      conventionally available equipment readily understood by those skilled in
      the art and do not, therefore, require detailed description.
PAR  The output from the supply transformer flows via lead 42 to a power
      rectification system 44 to provide controlled DC source that is filtered
      and smoothed. The output of the rectifier flows directly to the invertor
      46 which provides a controlled AC output with acceptable harmonic content
      by connector 48 to the primary winding 50 of power injector transformer
      36. The rectification and inversion equipment, including associated
      controls, aforedescribed are conventional devices readily understood by
      those skilled in the art and do not, therefore, require detailed
      description.
PAR  As can be seen in FIG. 2 the secondary windings 52 of the power injector
      transformer are connected in series in the line 16 whose power flow is to
      be controlled. The secondary winding 52 current rating required is the
      maximum current expected to be carried by the line 16, whereas the
      secondary winding 52 voltage rating required will be a small fraction of
      the phase-to-ground voltage of the line 16 being regulated.
PAR  Depending on the specific application, the power injector transformer 36
      may provide a three-phase to three-phase transformation, or a six-phase to
      three-phase transformation, or a 12-phase to three-phase transformation,
      using one or several separate pieces of equipment, having no-load or load
      tap changing equipment, and involves only the use of conventionally
      available equipment readily understood by those skilled in the art and
      does not, therefore, require a detailed description.
PAR  The key element in this invention is the use of a rectification to DC and
      an inversion back to AC in order to obtain an AC voltage source rapidly
      controllable in magnitude and phase angle for the creation of circulating
      currents in AC networks to obtain the benefits described heretofore. The
      DC voltage used is optimized to minimize overall power injection system
      costs for each type of application, as may be realized from solid-state
      and other technology for the equipment. Low overall system costs are
      possible to a large extent because the overall MVA rating of the power
      injection system of this invention will be a small fraction of the power
      carrying capability of the transmission line or equipment whose loading is
      being regulated. This attribute also enables the accomplishment of the
      installation of the system on an insulated platform or base as mentioned
      above in the objects of the invention.
PAR  The control of the power injection voltage and current will be accomplished
      through control of the timing of the firing angles in the rectifier system
      44 and invertor 46. Variation of quadrature voltage injected will control
      real power flows, and variation of in-phase voltage will control reactive
      flow and short-circuit currents.
PAR  The high-speed by-pass 38, will be provided when required by the specific
      application and will be operable automatically or manually, as will be
      understood by those skilled in the art, to leave the line 16 available to
      continue limited operation during outages of the power injection system
      32.
PAR  Having set forth the objects, advantages, and embodiments which this
      invention has thus far been visualized to have and comprise, the
      protection sought by these Letters Patent is seen by reference to the
      appended claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an AC transmission network for supplying power, a power injection
      system for controlling current and power flow in separate portions of the
      network, said power injection system comprising:
PA1  a source of AC power;
PA1  a means to provide a DC source from said source of AC power;
PA1  a means to provide a rapidly controlled AC source from said DC source; and
PA1  a means to employ said controlled AC source at the most advantageous
      locations in the network to control the magnitude and distribution of AC
      current and power.
NUM  2.
PAR  2. The structure of claim 1 and further characterized by comprising supply
      transformer tapping AC from the portion of the network, to provide the AC
      supply.
NUM  3.
PAR  3. The structure of claim 2 and further characterized by said means to
      provide a DC source being a rectifier system including reactive
      compensation and a filtering and smoothing means.
NUM  4.
PAR  4. The structure of claim 3 wherein said means to provide a rapidly
      controlled AC source is an invertor including reactive and harmonic
      compensation.
NUM  5.
PAR  5. The structure of claim 4 wherein said means to employ said controlled AC
      source is a power injector transformer having its primary winding
      connected to said invertor and its secondary winding in series connection
      with a portion of the network.
NUM  6.
PAR  6. The structure of claim 1 having means in the portion of the network to
      by-pass the power injection system whereby it may be removed from
      affecting the transmission network.
NUM  7.
PAR  7. An AC electrical grid comprising:
PA1  a power generating system;
PA1  means connected to said power generating system to distribute AC power to a
      transmission network;
PA1  at least one load station for using the power from said transmission
      network; and
PA1  injection means in series connection with said transmission network, said
      means comprising a power injector transformer in at least one line
      controlling the current and power flow in that line and thereby
      controlling power flows in other lines of said transmission network.
NUM  8.
PAR  8. An AC electrical grid according to claim 7 wherein said injection means
      is operative by AC in one or more lines to provide a DC signal inverted to
      an AC signal to, by said power injector transformer, provide a quadrature
      voltage for controlling real power flow in the line, and also provide an
      in-phase voltage that is variable to control reactive flow and
      shortcircuit currents.
NUM  9.
PAR  9. An AC electrical grid according to claim 7 wherein said injection means
      is operative by any source of electrical power to vary quadrature voltage
      for control of real power flow and in-phase voltage to control reactive
      flow and short-circuit currents in said network.
NUM  10.
PAR  10. The structure of claim 7 and further including means to by-pass the
      injector means control of the network.
NUM  11.
PAR  11. A means to control AC transmission lines of a network comprising:
PA1  a power injector transformer in series connection in a line; and
PA1  a means to provide a controlled AC source controllable in magnitude and
      phase angle to said power injector transformer to control real power flow,
      reactive flow, and short-circuit currents in lines of said network, said
      means operable by a power rating of a small fraction of that flowing in
      the line.
NUM  12.
PAR  12. The structure of claim 11 and further characterized in that said power
      injection transformer includes a secondary winding in series connection
      with said line having a current rating equivalent to said line and a
      voltage rating that is a fraction of the voltage of the line being
      regulated.
NUM  13.
PAR  13. The structure of claim 12 wherein said means includes a supply
      transformer providing an AC source with rectifying, filtering, and
      smoothing means providing a DC source from the AC supply transformer and
      an invertor means receiving said DC source to provide a rapidly controlled
      AC source to the primary winding of said power injector transformer.
NUM  14.
PAR  14. The structure of claim 13 and further comprising a high-speed by-pass
      in said line about the series connection of said secondary winding with
      the line.
NUM  15.
PAR  15. The structure of claim 13 wherein the rectifying means and the invertor
      are controllable valves for control of the voltage and power to the
      primary winding.
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ABST
PAL  A current mode logic circuit providing AND/OR type functions wherein "0"
      voltage level changes and spikes are substantially eliminated without
      sacrificing switching speeds by omitting conventional emitter and
      collector-dotting between the logic input gates and an emitter-follower
      output stage. The input gates employ diode loads for generating reduced
      signal swings for driving the output gate. The output gate contains more
      devices than a single emitter-follower output stage, but the reduced
      signal swing and a push-pull drive mode for the output gate offsets any
      increased switching times due to the greater number of devices and thus
      achieves the overall objectives without any overall sacrifice in switching
      speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to logic circuits and more particularly a current
      mode logic circuit.
PAR  2. Description of the Prior Art
PAR  In the past, input current mode logic gates normally drive emitter-follower
      output transistors. By way of example, the basic logic circuits are
      illustrated in U.S. Pat. No. 3,259,761, Narud et al., assigned to the same
      assignee as the present invention. In this logic implementation, the
      collector terminal of the reference switching transistor of one input gate
      is normally collector-dotted or directly connected to a like collector
      terminal of other  reference transistors associated with additional input
      gates forming the overall logic block. This node is then connected to a
      single emitter-follower output transistor. For optimum results, the
      emitter terminal of a clamping transistor also is connected to this node,
      as is well known in the prior art. The clamping transistor attempts to
      maintain the collector-dot node at constant voltage level regardless of
      the number of input gates being switched to a conductive state.
PAR  In this collector-dot application even with the use of a clamping
      transistor, the generated down level of the emitter-follower output
      transistor experiences voltage level shifts for each additional input gate
      that is rendered to a conductive state. Transient spikes are generated
      during level shifts. Accordingly, the noise tolerance level of the overall
      logic circuit is deleteriously affected.
PAR  Similarly, in other logic applications, the collector terminals of the
      reference switching transistors associated with a logic input gate are
      each individually connected to an associated emitter-follower output
      transistor, and then the emitter terminals of each of the output
      emitter-follower output transistors are emitter-dotted or directly
      connected.
PAR  In the emitter-dotted environment, the total output current from an
      emitter-dotted logic block is a relatively fixed value. Thus with only one
      emitter-follower of the logic block in the conductive mode, the total
      output current is essentially supplied through one emitter-follower. When
      a second or additional emitter-follower is rendered conductive while the
      first emitter-follower is also conductive, then less current is supplied
      or required to be supplied by the initially conducting emitter-follower,
      as the other conducting emitter-followers contribute their proportional
      amount. These current transients generate a negative spike associated with
      the up level signal. Again, this reduces the noise tolerance levels of the
      overall logic block.
PAR  Moreover, the use of a clamping transistor in the collector-dot case causes
      additional temperature compensation problems as the emitter terminal of
      the emitter-follower output transistor resides at two base-to-emitter
      voltage drops, i.e., the base-to-emitter drop of a clamp transistor and
      that of the emitter-follower output transistor. Since temperature
      compensation tolerances are related to the number of individual
      base-to-emitter voltage drops, it can be seen that the additional
      base-to-emitter voltage drop of the clamping transistor renders the
      overall generated output voltage more susceptible to temperature changes.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a current
      mode logic circuit capable of furnishing AND/OR - AND/OR/INVERT functions
      which substantially eliminates level shifts and spikes in the generated
      output voltages without sacrificing switching speed.
PAR  A further object of the present invention is to provide a current mode
      logic circuit which increases the switching speed of the output gate by
      switching with signals residing in opposite states.
PAR  Another object of the present invention is to provide a current mode logic
      circuit which requires reduced signal swings to drive the output gate.
PAR  A further object of the present invention is to provide a current mode
      logic circuit wherein emitter-follower circuits normally employed to
      connect the input stage or input gate to the output stage are eliminated.
PAR  Another object of the present invention is to provide a current mode logic
      which eliminates a clamping transistor in the collector-dotted mode thus
      improving its insensitivity to temperature variations.
PAR  Another object of the present invention is to provide a current mode logic
      circuit wherein output gate provides improved discharge paths due to the
      elimination of the emitter-follower stage interconnecting input and output
      logic gates.
PAR  In accordance with the aforementioned objects, the present invention
      provides a current mode logic circuit wherein the resistor load devices of
      the input logic gates are replaced by diode loads for reducing signal
      swings generated from the input gate switching and reference transistors,
      and the output gate includes a single reference transistor
      collector-dotted to respective reference transistors associated with the
      input gates, and M switching transistors corresponding to M input gates
      and which output gate is selectively responsive to generated signals of
      opposite states for switching output states. Also, the diodes provide an
      additional advantage, in that they track upwardly with increasing
      temperature variations and thus improve performance by helping to limit or
      prevent saturation of the input transistors.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram illustrating the functional and logic
      characteristics of the present invention.
PAR  FIG. 2 is a specific schematic diagram illustrating the detailed elements
      associated with the block diagram of FIG. 1.
PAR  FIG. 3 illustrates waveforms generated at various points in the circuit of
      FIG. 2 for purposes of operational explanation.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Now referring to FIGS. 1 and 2, they illustrate a two input gate logic
      circuit of the present invention. An upper input gate 10 is responsive to
      logic signals A and B for generating an in-phase logic signal at output
      line 12 and an out-of-phase logic signal at output line 14. Similarly,
      input gate 16 is responsive to logic input signals C and D for generating
      an out-of-phase output signal on output line 18 and an in-phase output
      signal on output line 20. An output gate 22 is connected at its inputs
      terminals to lines 14 and 18. An additional control signal or logic signal
      is supplied to output gate 22 by means of line 24 which is connected to
      node 26, and constitutes a collector-dot connection between lines 12 and
      20.
PAR  Logically, the input gates 10 and 16 constitute NOR/OR gates while the
      output gate 22 can be viewed as a NAND gate with input line 24 supplying
      an enable or control signal thereto for generating the logic function as
      designated at output terminal 28.
PAR  FIG. 2 illustrates a specific circuit schematic for the functional diagram
      shown in FIG. 1, and wherein like reference numerals are employed to
      designate like elements. The pair of input gates 10 and 16 are connected
      to the indicated supply voltages, and in the preferred embodiment the
      values of these voltages are as follows:
PA1  V.sub.cc = ground potential
PA1  V.sub.ee = -5.2 volts
PA1  V.sub.bb = -1.3 volts
PA1  V.sub.cs = -3.5 volts
PAR  The voltage supply V.sub.CC in combination with resistor 30 functions as a
      relatively constant current source for delivering approximately 6
      milliamps of current, when the inputs are low, to a diode load 32
      connected at its anode to the bottom of resistor 30 and at its cathode to
      each of the input gates at node 34. The other portion of the load
      connected to resistor 30 is constituted by a plurality of individual
      diodes 36 and 38 associated with each of the input gates. The input logic
      signals A and B are supplied to the base terminals of a pair of input
      switching transistors 40 and 42 having their collectors commonly connected
      at node 44 and their emitters commonly connected at node 45. Also
      associated with each of the input gates is a reference transistor 46
      having its base terminal connected to a constant reference voltage supply
      V.sub.BB, its collector terminal connected to node 34, and its emitter
      terminal connected to node 45. A current source constituted by transistor
      47 having its base terminal connected to negative supply V.sub.CS, its
      collector terminal connected to node 45, and its emitter terminal
      connected to the voltage source V.sub.EE by means of resistor 48.
PAR  Input gate 16 is substantially identical to gate 12 and is adaptive to
      receive logic input signals C and D at its respective logic input
      switching transistors. Respectively, elements 49, 50, 51, 52, and 53
      correspond to elements 40, 42, 46, 47, and 48. The collector of reference
      switching transistor 51 is connected to the cathode terminal of diode 32
      by means of line 54 at node 34. Naturally if additional input gates are
      employed in the overall logic block the collector terminal of the
      reference switching transistors associated with each input gate are
      similarly connected to node 34.
PAR  The output gate 22 comprises a pair of load resistors 60 and 62 connected
      to the supply V.sub.CC. The input line to the output gate 16 is
      constituted by line 64 connected to node 34. Again, node 34 constitutes a
      collector-dot or direct connection between the respective collector
      terminals of the constant reference switching transistors associated with
      the input gates. This collector-dot signal is applied to an input
      reference switching transistor 70 having its collector terminal connected
      to the bottom terminal of resistor 60. Out-of-phase signals generated from
      the respective input gates at node 44 associated with the upper input gate
      10 and at a node 71 associated with the bottom input gate 16 are applied
      by way of lines 72 and 74, respectively, to the base terminals of output
      gate switching transistors 76 and 78. The collector terminals of
      transistors 76 and 78 are connected at a common node 80 at the bottom of
      resistor 62. The emitters of transistors 70, 76, and 78 are connected at a
      common node 82 to a current source constituted by transistor 84, resistor
      86, and supply voltage V.sub.CS and V.sub.EE. The output signal for the
      circuit is supplied to an emitter-follower output transistor 90 whose
      base-to-collector terminals are connected across resistor 62 and whose
      emitter terminal is connected to the output terminal 92.
PAR  Now referring to FIGS. 2 and 3, they illustrate the operation of the
      present invention. For purposes of simplicity it is assumed that logic
      signals B and D remain at a low state during the operational description.
      In the preferred embodiment, the high state is represented by
      approximately -0.875 volts and the low state by approximately -1.75 volts.
      At time t1 both the A and the C input signals are at a relatively down
      level and thus all the logic input switching transistors connected to
      logic signals A, B, C, and D are off and thus the reference switching
      transistors 46 and 51 associated with the input gates are on. With both
      transistors 46 and 51 in an on condition then the 6 milliamps of current
      flows through resistor 30 and is shared equally by the two input gates,
      i.e., three milliamps per gate, and accordingly, node 34 is at a low
      condition as both collector terminals of transistors 46 and 51 are at a
      relatively low state. Similarly, with the input switching transistors in a
      non-conductive state nodes 44 and 71 are at a relatively high state and
      thus transistors 76 and 78 are conductive due to the application of these
      up levels on lines 72 and 74, respectively. Thus, node 80 is at a
      relatively down level and this down level is applied to output terminal 92
      by means of emitter-follower transistor 90.
PAR  At time t2 logic signal A goes to an up level and logic signals B, C, and D
      remain at a down or low level and thus transistor 40 is rendered
      conductive and transistors 49 and 50 remain non-conductive. Node 44 goes
      to a low level and node 71 remains at a high level. With transistor 40 in
      a conductive state, transistor 46 is rendered non-conductive thus
      switching a 3 milliamp flow of current through diode 36. Since transistor
      51 is still in a conductive state or on, 3 milliamps continues to flow
      through load or diode 32, and node 34 remains low. As the current flow
      through diode 32 is decreased from 6 milliamps to 3 milliamps, a slight
      voltage rise of approximately 30 millivolts is experienced at node 34, as
      represented by the slight voltage step at time t2 but yet the node is
      still at a relatively low level from a logic standpoint. Thus, transistors
      70 and 76 are non-conductive while transistor 78 is conductive by virtue
      of the high signal applied via line 74. Accordingly, current flow through
      transistor 78 causes a voltage drop across resistor 62 and maintains
      output terminal 92 at a low or down level.
PAR  At time t3, logic signal A remains high and logic C also is switched up
      state. Signals B and D can either be high or low and the same results are
      obtained, node 44 remains low as transistor 40 is still on or in a
      conductive state.
PAR  Similarly, node 71 goes to a low state at time t3 as transistor 49 is
      rendered conductive and transistor 51 non-conductive. With both
      transistors 46 and 51 in a non-conductive or off state only base current
      flows through diode load 32 and therefore, node 34 is switched to a high
      state rendering transistor 70 conductive. The low levels at nodes 44 and
      71 maintain transistors 76 and 78 non-conductive and thus current flow is
      switched through resistor 60 instead of 62. Without current flow through
      resistor 62 no voltage drop exists, only a negligible base induced voltage
      drop, and thus the emitter terminal of transistor 90 essentially goes to
      ground potential so as to switch output terminal to a high state.
PAR  It is noted that in the operation of this circuit a constant current flow,
      6 milliamps in the preferred embodiment, is always flowing through
      resistor 30 which maintains node 34 at relatively low levels in order to
      avoid saturating transistor 70 thus insuring fast switching speeds.
PAR  The circuit described herein is only illustrated as consisting of two input
      gates; however, it is to be realized that additional input gates can be
      readily added to satisfy logic requirements.
PAR  While the invention has been particularly shown and described in reference
      to the preferred embodiments thereof, it will be understood by those
      skilled in the art that changes in form and details may be made therein
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A non-saturating logic circuit comprising:
PA1  a. an M number of current mode input gates, each current mode input gate
      including a group of common collector node input logic switching
      transistors, and an interconnected reference voltage switching transistor;
PA1  b. a first node logic connection, the reference voltage switching
      transistor associated with each of the M input gates being collector
      dotted to the first node logic connection;
PA1  c. a current mode output gate, the output gate including an input switching
      transistor coupled to the first node logic connection and M interconnected
      selectively enabled reference transistors;
PA1  d. a first load diode coupled to a reference voltage source means and to
      the first node logic connection for establishing a logic level signal
      swing at the input switching transistor of the output gate in response to
      the application of input logic signals to the input gates;
PA1  e. each of the M reference transistors of the output gate being coupled,
      respectively, to one of the group of common collector node input logic
      switching transistors so as to be selectively enabled; and
PA1  f. the output gate being responsive to a logic level signal swing at the
      first node logic connection and to the selective enabling of the M
      reference transistors for generating an output logic level signal.
NUM  2.
PAR  2. A non-saturating logic circuit as in claim 1 further including:
PA1  a. M conductive means for respectively connecting the base terminal of each
      of the M reference transistors of the output gate to a common collector
      node associated with the respective input gates for driving the output
      gate in a push-pull mode.
NUM  3.
PAR  3. A non-saturating logic circuit as in claim 1 further comprising:
PA1  a. M second nodes being constituted by the total number of common collector
      nodes for the M input gates;
PA1  b. each of the M reference transistors of the output gate being
      respectively connected to one of the second nodes; and
PA1  c. M second load diodes, each respectively coupled between one of the
      second nodes and the reference voltage source means.
NUM  4.
PAR  4. A non-saturating logic circuit as in claim 3 further including:
PA1  a. current source means coupled to the M input gates and the output gate
      for providing a plurality of current sources, each current source
      supplying a predetermined valued current flow to the M input gates and the
      output gate, respectively.
NUM  5.
PAR  5. A non-saturating logic circuit as in claim 4 wherein:
PA1  a. each of the input gates comprise an OR type logic gate; and
PA1  b. the first node logic connection and the output gate comprise an AND type
      logic gate.
NUM  6.
PAR  6. A non-saturating logic circuit as in claim 5 wherein:
PA1  a. the output gate further includes an emitter follower transistor coupled
      to the collector terminal of the selectively enabled reference transistor
      of the output gate for supplying the output logic level signal at its
      emitter terminal.
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ABST
PAL  A charge transfer device comprising a time demultiplexer for separating in
      time, segments of a signal, such as a return radar video, and filtering
      the output from each time segment in order to a) reject zero doppler
      clutter or b) determine the frequency of the principal signal present
      indicative of the doppler shift of a related target within that time
      segment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to charge transfer devices and more specifically to
      a range gate filter incorporating charge transfer devices, such as may be
      used in a moving target radar system. Operating principles of such systems
      are described in "Introduction to Radar Systems", M. I. Skolnik, published
      by McGraw-Hill Book Company, in particular Chapter 4.
PAR  2. Description of the Prior Art
PAR  Moving target radar uses the effect of doppler shift to isolate moving
      targets in the presence of zero doppler clutter as well as to determine
      the movement characteristics of such target, i.e., the speed and relative
      direction of movement. Long range radar may receive many returns from many
      targets. It is desirable that complete information be made substantially
      simultaneously for each of the targets.
PAR  A source sending a radar signal receives returns at different time
      intervals from a plurality of targets depending on the relative distance
      each target is from the source. That is, a close target return will return
      to the source relatively sooner than a far target return. It is apparent
      that the returns from a plurality of targets all resulting from one
      transmission are time sequential. By identifying each target with a time
      range, one target return may be discriminated from all other target
      returns.
PAR  In order to perform the association of each target with a particular time
      slot, the time of receipt of the target range of interest may be divided
      into time bins. Then each time bin may be separately interrogated to
      determine the characteristics of any targets that may be present.
PAR  The frequency of the signals within each time bin is indicative of relative
      movement of source and target, the time bin itself being indicative of
      location. The frequency carries this information since it is directly
      related by a well-known relationship to doppler shift and hence to
      relative movement.
PAR  Charge transfer devices have been employed in time demultiplexers to
      isolate one time bin or segment from the total target range. Essentially,
      such a demultiplexer receives all signal data in sequential order and
      progresses the data through a register. The register, loaded serially, is
      then outputted in parallel to a plurality of frequency filters to produce
      the separate information related to each time bin.
PAR  Separate conventional bandpass filters for each time bin site have been
      employed. It is not uncommon to have on the order of 60 time bins. To
      perform adequate filtering of each time bin in a conventional manner
      requires either a plurality of filters or an active filter that sweeps
      through the entire frequency range of interest. Such a filtering system is
      bulky and expensive. Time sharing filtering action to reduce the number of
      filters is not satisfactory since this inherently introduces delays in
      operation of the overall system and negatives the advantages of being able
      to detect multiple targets in a time shared return.
PAR  Therefore, it is a feature of this invention to provide a range gate filter
      comprising a time demultiplexer and a filtering system both employing
      charge transfer devices.
PAR  It is another feature of this invention to provide filtering of the
      frequencies in a moving target radar return using a transversal filter
      made from a charge transfer device.
PAC  SUMMARY OF THE INVENTION
PAR  A preferred embodiment of the invention is a charge transfer device (CTD)
      for performing transversal filtering in each of a plurality of time
      segments of an applied input. The device comprises a demultiplexing
      charge-transfer shift register that progresses the input through its sites
      and clocking means for clocking out in parallel information from the sites
      of the demultiplexing shift register, each site being related to signals
      of a particular time occurrence. A CTD transversal filter is connected to
      receive the data from each site. Means is connected to each transversal
      filter for obtaining the filtered output in the time segment signal
      assigned to the filter. Either a charge-coupled device (CCD) or a bucket
      brigade device (BBD) may be employed as the charge transfer device. The
      filter may have a broad bandpass characteristic for rejecting zero doppler
      clutter and passing all non-zero doppler signals; alternatively it may
      have a narrow band characteristic for determining the precise doppler
      frequency with high sensitivity in conjunction with a variable frequency
      local oscillator.
PAR  By using CTD's for both demultiplexing and filtering, production is greatly
      simplified, bulk is reduced, all at a great savings. It may be convenient
      even to put CTD's functionally operating together on the same
      semiconductor chip.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  So that the manner in which the above-recited features, advantages and
      objects of the invention, as well as others which will become apparent,
      are attained and can be understood in detail, more particular description
      of the invention briefly summarized above may be had by reference to the
      embodiments thereof which are illustrated in the appended drawings, which
      drawings form a part of this specification. It is to be noted, however,
      that the appended drawings illustrate only typical embodiments of the
      invention and are therefore not to be considered limiting of its scope,
      for the invention may admit to other equally effective embodiments.
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a charge coupled device.
PAR  FIG. 2 is a cross-sectional view of a bucket brigade device.
PAR  FIG. 3 is a block diagram of a preferred embodiment of the present
      invention showing how chips having a small number of range bins can be
      combined to realize a large number of range bins.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  As set forth above, the present invention employs charge transfer devices,
      which includes both charge coupled devices and bucket brigade devices.
      Such devices are included as shift registers in both the demultiplexer and
      the transversal filters. As is understood by those skilled in the art,
      these structures are operable to store and transfer analogue signals.
      Further, charge transfer devices are particularly advantageous in that
      they are less complex than conventional shift registers and are
      accordingly less expensive.
PAR  Conventional semiconductor fabrication techniques may be utilized to
      construct the charge transfer devices; such techniques are well documented
      and need not be repeated herein. In general, a CCD stores charge in
      potential wells beneath electrodes, and moves charges stored in these
      wells along from electrode to electrode. By manipulating the charge along
      a series of electrodes, the CCD functions as a shift register. The basic
      structure of a three-phase CCD is illustrated in FIG. 1.
PAR  With reference to FIG. 1, a semiconductor substrate is shown at 24. The
      substrate is typically P-type silicon, but of course other semiconductor
      materials and conductivity types may be used. A relatively thin insulating
      layer 26 is formed over one surface of the substrate 24. A particularly
      suitable insulating material is silicon oxide, generally deposited to a
      thickness of less than 2000 A. A series of closely spaced electrodes shown
      generally at 28 are formed over the insulating layer 26. These electrodes
      typically may be spaced on the order of 3 microns or less. Three clock
      voltages V.sub.1,V.sub.2 and V.sub.3 are required for the three phase CCD.
      When P-type silicon is used for the substrate, the clock voltages are
      positive.
PAR  In operation of the CCD, charge is stored in and transferred between
      potential wells. In the storage mode of a three phase CCD, a voltage
      V.sub.2 is greater than the bias voltage V.sub.1, and forms a potential
      well that "captures" the charge. In the transfer mode, charge moves along
      to the adjacent electrode when a still larger voltage V.sub.3 is applied
      to that electrode, thus creating a larger potential well into which the
      charge is "dumped".
PAR  The bucket-brigade charge-transfer device is in essence a row of insulated
      gate field effect transistors (IGFET) with sources and drains connected
      and with the gates capacitively coupled to the drains. The basic structure
      of a BBD is shown in FIG. 2.
PAR  With reference to FIG. 2, a semiconductor substrate, typically N-type
      silicon, is shown at 30. A series of opposite conductivity type "islands"
      is formed in the surface of the substrate 30 by well known selective
      doping techniques. For the example illustrated in FIG. 2 these p+ regions
      are illustrated at 32, and respectively form source and drain electrodes
      of IGFETs of the BBD. A relatively thin (generally less than 2000A)
      insulating layer 34 of, e.g., silicon oxide is formed over the substrate
      and opposite conductivity type regions 32. Other insulating materials
      could be used of course.
PAR  Spaced apart conductive gate electrodes 36 are formed over the substrate.
      Each gate electrode extends over the region of the substrate 32 which lies
      between two of the P+ islands 32, i.e., the gate extends over the channel
      region. In the BBD structure, it will be noted, however, that the gate
      electrode extends over a significant portion of the drain region of the
      respective IGFETs. For example, consider the IGFET defined by source 32b,
      drain 32a (which define storage nodes), and gate 36a. A portion 36b of the
      gate 36a extends over a significant portion of the drain 32a. This
      produces an enlarged gate to drain capacitance which is used for charge
      storage in operation of the BBD.
PAR  The BBD device is operated utilizing two clock voltages .phi..sub.1 and
      .phi..sub.2. When it is desired to transfer charge from storage node 32b
      to 32a, the .phi..sub.2 clock line is pulsed positive turning on the
      channel under the gate 36. Charge then flows from node 32b to node 32a
      until the magnitude of the potential of node 32b increases to the point
      where the channel stops conducting. Clock line .phi..sub.2 is then pulsed
      off and clock line .phi..sub.1 is pulsed on, initiating charge transfer
      from the node 32a to the next P+ region.
PAR  Now referring to FIG. 3, a gate range filter employing charge transfer
      devices is illustrated. There are two ways in which charge transfer
      devices are employed in range gate filtering in a moving target radar.
      First, such devices are used in demultiplexing or gating the input into
      the different time range bins. Second, such devices may be used in
      filtering.
PAR  In principle, a single CTD may be used to accomplish the required
      demultiplexing. For example, 60 time bins may be required and therefore a
      CTD accepting the input video signal and having 60 sites may be used.
      However, a more practical construction of a demultiplexer may be such as
      shown in FIG. 3. In this embodiment, the received (return) video signal is
      supplied together with a local reference frequency signal to a mixer M
      which generates difference signals applied as inputs to input terminal 40
      and from there to each of three countdown switches 42, 44 and 46. These
      switches are, in turn, connected respectively to 20-bit CTD registers 48,
      50 and 52. A clock driver 54 provides timing pulses to countdown switches
      42, 44 and 46. These timing pulses have a repetition rate subtantially
      greater than the pulse repetition frequency (p.r.f.) of the radar
      transmitter and dependent upon the Nyquist rate corresponding to the
      degree of resolution in target identification that is required. In each
      cycle of 60 timing pulses, pulses 1-20 may be applied to gate 42, pulses
      21-40 to gate 44 and pulses 41-60 to gate 46 to accomplish the necessary
      conversion to apparent 60-bit operation. However, other clocking schemes,
      as known in the art, may be employed to accomplish this result.
PAR  When charge target device shift registers 48, 50 and 52 are full, a clock
      signal is applied from the clock driver 54 to the parallel transfer
      electrode 56 to transfer out in parallel fashion the charge (data) stored
      in each of the 60 storage sites. The transferred charges are inputted to
      the transversal filters 60, 62, 64, 66, 68, 70, 72, 74 and 76. Actually,
      register 48 is connected to filters 60, 62 and 64 and to 17 other
      intervening filters not specifically shown; register 50 is connected to
      filters 66, 68 and 70 and 17 other intervening filters not shown; and
      register 52 is connected to filters 72, 74 and 76 and 17 other intervening
      filters not shown. Individual sites are connected to respective separate
      filters. The center frequency of the pass bands of the transversal filters
      is determined by the repetition rate of the pulses applied to gates 42, 44
      and 46. The charges inputted into the transversal filters are clocked
      through the filters by pulses from the clock driver 54. The transfer
      pulses applied to transfer electrode 56 and the clock pulses applied to
      the transversal filters are at the p.r.f. of the radar. As mentioned
      above, the pulses applied to the gates 42, 44 and 46 have a repetition
      rate substantially greater than the p.r.f. and the charge transfer device
      shift registers 48, 50 and 52 are loaded in the intervals between the
      transfer pulses applied to the transfer electrode 56. During the interval
      between completion of loading of the shift registers 48, 50 and 52 and the
      end of the next transfer pulse applied to the transfer electrode 56, the
      gates 42, 44 and 46 are disabled.
PAR  Advantageously, the transversal filters connected to register 48 may be
      combined on the same semiconductor chip 78; the transversal filters
      connected to register 50 may be combined on the same chip 80; and the
      transversal filters connected to register 52 may be combined on the same
      chip 82.
PAR  The outputs from the transversal filters are connected to respective audio
      amplifiers 84, 86, 88, 90, 92, 94, 96, 98 and 100, as shown.
PAR  Each transversal filter comprises a semiconductor charge transfer device
      shift register having a plurality of charge storage sites, the charge
      level stored at each site being detected and the detected signals weighted
      with desired amplitude weighted factors. The weighting signals are then
      summed by a suitable amplifier to produce a correlated output signal from
      the filter.
PAR  Transversal frequency filters employing charge transfer devices are known
      in the art. One such device is disclosed in patent application Ser. No.
      257,252, filed May 25, 1972 and now abandoned, "Transversal Frequency
      Filter", Dennis D. Buss, commonly assigned, and which is specifically
      incorporated herein by reference.
PAR  A transversal filter operates to achieve a desired spectral characteristic
      and such a filter can be made to produce a response having linear phase
      across the bandpass, operates with respect to extremely low signal levels
      and is characterized by extremely low levels of noise.
PAR  In application of the invention to a moving target radar, the frequency
      filtering can be performed in two different ways depending upon the mode
      of operation of the radar.
PAR  1. The frequency filter can be a broad band filter which rejects
      frequencies near zero and near the pulse repetition frequency but passes
      all frequencies inbetween. Such a filter rejects zero doppler (stationary
      targets) and low frequency doppler (e.g. wind blown leaves) but passes the
      return from moving targets. In such a mode of operation, a fixed frequency
      reference signal is applied to the mixer M.
PAR  2. The frequency filter can be narrow band with a center frequency
      corresponding to a particular doppler frequency thereby enhancing the
      signal to noise ratio (SNR) of the return at that particular doppler
      frequency. In this mode the reference frequency applied to the mixer M can
      be varied and is adjusted in order to match the doppler frequency of a
      target having arbitrary velocity to the center frequency of the bandpass
      filter. This mode is advantageous since the precise velocity of the target
      can be determined and the sensitivity of the radar is improved through
      higher SNR.
PAR  In a typical application, RF bursts from a radar transmitter last about 0.5
      microseconds (i.e. a p.r.f. of 2000 r.p.s.) and are spaced apart by about
      500 microseconds. Round trip time to a target in a range 100 meters away
      is approximately two-thirds of a microsecond. A typical relative movemment
      rate of 30 mph produces a 500 Hz doppler shift frequency. Charge transfer
      devices and related information processing devices for operating at these
      frequencies are wellknown in the art.
PAR  While particular embodiments of the invention have been shown, it will be
      understood that the invention is not limited thereto, since many
      modifications may be made and will become apparent to those skilled in the
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A charge transfer device for frequency filtering each of a plurality of
      time segments of an applied input, comprising
PA1  a demultiplexing charge transfer shift register having a plurality of sites
      for receiving and storing signals corresponding to respective time
      segments of an applied input signal,
PA1  clocking means connected to said shift register for transferring data
      therethrough at a preselected rate so that each of said sites sequentially
      includes a signal for a separate time segment, and
PA1  a plurality of charge transfer device filters connected to said respective
      sites of said demultiplexing shift register and to said clocking means,
PA1  said clocking means transferring stored signals from said sites of said
      demultiplexing register into said filters so that only related time
      segment signals are applied to each of said filters,
PA1  each of said filters having a passband for isolating a desired frequency or
      range of frequencies present in the time segment signal assigned thereto.
NUM  2.
PAR  2. A charge transfer device as set forth in claim 1, wherein said
      demultiplexing charge transfer shift register and said plurality of charge
      transfer device filters are included on the same semiconductor chip.
NUM  3.
PAR  3. A charge transfer device as set forth in claim 2, wherein said filters
      are transversal filters.
NUM  4.
PAR  4. A charge transfer device as set forth in claim 3, wherein said filters
      have a broad bandpass characteristic.
NUM  5.
PAR  5. A charge transfer device as set forth in claim 3, wherein said filters
      have a narrow bandpass characteristic.
NUM  6.
PAR  6. A charge transfer device as set forth in claim 3, wherein said shift
      register and said filters are constructed as charge coupled devices.
NUM  7.
PAR  7. A charge transfer device as set forth in claim 3, wherein said shift
      register and said filters are constructed as bucket brigade devices.
NUM  8.
PAR  8. A charge transfer device as set forth in claim 1, wherein each of said
      filters has a broad bandpass characteristic.
NUM  9.
PAR  9. A charge transfer device for frequency filtering each of a plurality of
      time segments of an applied input, comprising
PA1  a demultiplexing charge transfer shift register having a plurality of sites
      for receiving and storing signals corresponding to respective time
      segments of an applied input signal,
PA1  clocking means connected to apply clocking pulses to said shift register
      for transferring data therethrough at a preselected rate so that each of
      said sites sequentially includes a signal for a separate time segment,
PA1  a plurality of transversal frequency filters connected to said respective
      sites of said demultiplexing shift register and to said clocking means,
PA1  said clocking means transferring stored signals from said sites of said
      demultiplexing register into said transversal filters so that only related
      time segment signals are applied to each of said transversal filters, and
PA1  means connected to each said transversal filter to obtain from said filter
      signals within the filter passband in the signal time segment assigned to
      that said transversal filter.
NUM  10.
PAR  10. A charge transfer device as set forth in claim 9, wherein said
      demultiplexing charge transfer shift register includes a plurality of
      charge transfer devices each acting as a separate shift register and a
      plurality of countdown switches connected to respective ones of separate
      shift registers.
NUM  11.
PAR  11. A charge transfer device as set forth in claim 9, wherein said
      demultiplexing charge transfer shift register and said plurality of
      transversal frequency filters are included on the same semiconductor chip.
NUM  12.
PAR  12. A charge transfer device as set forth in claim 9, wherein said shift
      register comprises a charge coupled device shift register.
NUM  13.
PAR  13. A charge transfer device as set forth in claim 9, wherein said shift
      register comprises a bucket brigade device shift register.
NUM  14.
PAR  14. A charge transfer device as set forth in claim 9, wherein said
      transversal frequency filters include charge coupled devices.
NUM  15.
PAR  15. A charge transfer device as set forth in claim 9, wherein said
      transversal frequency filters include bucket brigade devices.
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PAL  Signal processing wherein signals are processed using chirp-Z-transform
      (CZT) techniques and charge transfer device (CTD) transversal filters. The
      chirp weighting signal may be amplitude modulated to achieve signal
      apodization and may be generated by impulsing a CTD complex filter having
      an appropriate impulse response. Signal premultiplication using a one-bit
      quantized chirp signal is described.
PAL  Application of these techniques to doppler range processing apparatus
      wherein radar returns are premultiplied to provide up-chirp multiplied
      time samples prior to being inputted into a CTD range buffer. Each bit of
      the CTD has an associated CTD chirp-Z-transform complex filter the outputs
      from each of which are summed and squared. The range bins and the
      associated complex filters are provided on a common semiconductor chip
      together with peripheral circuitry.
BSUM
PAR  This invention relates to signal processing involving chirp-Z-transform
      (CZT) techniques. In one particular application of such techniques, the
      invention relates to apparatus particularly suitable for use in a radar
      range-doppler processor incorporating charge transfer devices, such as may
      be used in a moving target radar system. Operating principles of such
      systems are described in "Introduction To Radar Systems", N. I. Skolnik,
      published by McGraw-Hill Book Co., in particular Chapter 4.
PAR  Moving target radar uses the effect of doppler shift to isolate moving
      targets in the presence of zero doppler clutter as well as to determine
      the movement characteristics of such target, i.e., the speed and relative
      direction of movement. Long range radar may receive many returns from many
      targets. It is desirable that complete information be generated
      substantially simultaneously for each of the targets.
PAR  A source sending a radar signal receives returns at different time
      intervals from a plurality of targets depending on the relative distance
      of each target from the source. That is, a close target return will reach
      the source relatively sooner than a far target return. It is apparent that
      the returns from a plurality of targets all resulting from one
      transmission are time sequential and by identifying each target with a
      time range, one target return may be discriminated from all other target
      returns.
PAR  In order to perform the association of each target with a particular time
      slot, the time of receipt of the target range of interest may be divided
      into time bins. Then each time bin may be separately interrogated to
      determine the characteristics of any targets that may be present. The
      frequency of the signals within each time bin is indicative of relative
      movement of source and target, the time bin itself being indicative of
      location. The frequency carries this information, since it is directly
      related by a well known relationship to doppler shift and hence to
      relative movement.
PAR  As described in copending application Ser. No. 429,229 filed Dec. 28, 1973
      by Dennis D. Buss, entitled "Charge Transfer Device Range Gate Filter" and
      commonly assigned, a shift register may be used as a range buffer, the
      storage bits of the shift register defining the range bins. Radar return
      signals during a particular pulse repetition interval (PRI) are sampled
      and clocked into the shift register until the first pulse return has
      reached the end of the shift register when the shift register clock is
      stopped, and the data stored in the shift register are transferred out in
      parallel. Near targets appear in the high numbered range bins while far
      away targets appear in the low numbered range bins. The parallel outputs
      from the shift register range bins are processed by respective Discrete
      Fourier Transform (DFT) filters which take the DFT over N hits of returns
      to determine the doppler shift. If the voltages in a given range bin over
      the N hits are x.sub.1, x.sub.2, . . . x.sub.n. . . x.sub.N then the DFT
      determines the Fourier coefficients X.sub.k through the following linear
      operation:
      ##EQU1##
      wherein k=1 . . . N, represents the index on the Fourier coefficients.
      Often only the power density spectrum .vertline.X.sub.k .vertline..sup.2
      is required.
PAR  The DFT may be computed using a Chirp-Z-Transform (CZT). The signal data
      extracted form each range bin of the shift register are subjected to CZT
      filtering involving (1) premultiplication by a chirp waveform, (2)
      convolution with a chirp waveform and (3) post-multiplication by a chirp
      waveform. When only the power density spectrum is required, the
      postmultiplication can be eliminated and the filtering operation is
      followed by envelope detection. Further description of such processing may
      be found in "Real Time Discrete Fourier Transforms Using Charge Transfer
      Devices", R. W. Means, D. D. Buss, and H. J. Whitehouse, "Proceedings of
      the CCD Applications Conference," 18-20 Sept. 1973 and in "High Speed
      Serial Access Linear Transform Implementations" , H. J. Whitehouse, J. M.
      Speiser and R. W. Means, All Applications Digital Computer (AADC)
      Symposium, Orlando, Fla.
PAR  Taking into the account that the received radar returns are complex signals
      which are processed to provide in-phase and quadrature components, each
      requiring separate range buffer storage and CZT filtering as described
      above, it will be appreciated that realization of the necessary processing
      apparatus can become complex, particularly for any appreciable number of
      range bins.
PAR  It is an object of the invention to provide improved signal processing
      using CZT filtering techniques.
PAR  It is an object of the present invention to provide simplified signal
      processing apparatus suitable for use in a range-doppler processor.
PAR  It is a further object of the present invention to provide such signal
      processing apparatus utilizing charge transfer devices to provide
      range-bin and transverse filtering functions.
PAR  In accordance with one aspect of the present invention, signal processing
      apparatus, suitable for use in a range doppler processing apparatus
      includes a common semiconductor substrate including charge transfer device
      shift register means defining a plurality of storage bits (each
      corresponding to a time range bin) and for each bit there is provided
      charge transfer device chirp-Z-transform means providing in-phase and
      quadrature-phase convolution of signals outputted in parallel from
      respective bits of the shift register means.
PAR  According to another aspect of the invention, time samples of radar return
      signals are pre-weighted by an up-chirp weighting function prior to being
      inputted into the time range buffer shift register means.
DRWD
PAR  For more detail description of embodiments of the invention, together with
      further advantages thereof, reference is now made to the following
      description taken in conjunction with the drawings, wherein:
PAR  FIG. 1 is a diagrammatic cross-section of a portion of a charge coupled
      device;
PAR  FIG. 2 is a diagrammatic cross-section of a part of a bucket brigade
      device;
PAR  FIG. 3 illustrates range-doppler processing apparatus embodying the
      invention;
PAR  FIG. 4 represents electrical waveforms explanatory of operation of parts of
      FIG. 3;
PAR  FIG. 5 represents one manner of realization of a CCD transverse filter
      suitable for use in FIG. 3;
PAR  FIG. 6 represents one realization of a bucket brigade transverse filter
      suitable for incorporation in FIG. 3;
PAR  FIG. 7 depicts signal processing apparatus according to another more
      general aspect of the invention; and
PAR  FIGS. 8, 9, 10 depict signal waveforms relating to FIG. 7.
DETD
PAR  As set forth above, the present invention employs charge transfer devices,
      which term includes both charge coupled devices and bucket brigade
      devices. Such devices are utilized as shift registers and as transversal
      filters in realization of the present invention. As is understood by those
      skilled in the art, these structures are operable to store and transfer
      analog signals. Further, charge transfer devices are particularly
      advantageous in that they are less complex than conventional shift
      registers and are accordingly less expensive.
PAR  Conventional semiconductor fabrication techniques are well documented and
      need not be repeated herein. In general, a CCD stores charge in potential
      wells beneath electrodes, and moves charges stored in these wells along
      from electrode to electrode. By manipulating the charge along a series of
      electrodes, the CCD functions as a shift register. The basic structure of
      a three-phase CCD is illustrated in FIG. 1.
PAR  With reference to FIG. 1, a semiconductor substrate is shown at 1. The
      substrate is typically P-type silicon, but of course other semiconductor
      materials and conductivity types may be used. A relatively thin insulating
      layer 2 is formed over one surface of the substrate 1. A particularly
      suitable insulating material is silicon oxide, generally formed to a
      thickness of less than 2000A. A series of closely spaced electrodes shown
      generally at 3 are formed over the insulating layer 2. In the example
      shown, three electrodes are associated with each element of the CCD but
      other CCD designs have a different number of electrodes per element, e.g.,
      commonly 2 or 4 electrodes per element. Three-phase clock pulses
      .phi..sub.1, .phi..sub.2 and .phi..sub.3 are required for operation of the
      three-phase CCD. When P-type silicon is used for the substrate, the clock
      voltages are positive. A surface channel CCD is shown in FIG. 1 but buried
      channel CCD's can also be used.
PAR  In operation of the CCD, charge is stored in and transferred between
      potential wells. In the storage mode of a three-phase CCD, the voltage
      .phi..sub.2 is greater than the bias voltage .phi..sub.1, and forms a
      potential well that "captures" charge from an input diode or from a
      preceding bit. In the transfer mode, charge moves along to the adjacent
      electrode when a still larger voltage .phi..sub.3 is applied to that
      electrode, thus creating a larger potential well into which the charge is
      "dumped".
PAR  The bucket brigade charge-transfer device is in essence a row of insulated
      gate field effect transistors (IGFET) with sources and drains connected
      and with the gates capacitively coupled to the drains. The basic structure
      of a BBD is shown in FIG. 2.
PAR  With reference to FIG. 2, a semiconductor substrate, typically N-type
      silicon, is shown at 5. A series of opposite conductivity type "islands"
      is formed in the surface of the substrate 5 by well known selective doping
      techniques. For the example illustrated in FIG. 2 these p+ regions are
      illustrated at 6, and respectively form source and drain electrodes of
      IGFETS of the BBD. A relatively thin (generally less than 2000A)
      insulating layer 7, of e.g., silicon oxide, is formed over the substrate
      and opposite conductivity type regions 6. Other insulating materials could
      be used of course.
PAR  Spaced apart conductive gate electrodes 8 are formed over the substrate.
      Each gate electrode extends over the region of the substrate 5 which lies
      between two of the P+ islands 6, i.e., the gate extends over the channel
      region. In the BBD structure, it will be noted, however, that the gate
      electrode extends over a significant portion of the drain region of the
      respective IGFETs. For example, consider the IGFET defined by source 6b,
      drain 6 a (which define storage nodes), and gate 8a. A portion 8b of the
      gate 8a extends over a significant portion of the drain 6a This produces
      an enlarged gate to drain capacitance which is used for charge storage in
      operation of the BBD.
PAR  The BBD device is operated utilizing two clock voltages .phi..sub.1 and
      .phi..sub.2. When it is desired to transfer charge from storage node 6b to
      6a, the .phi..sub.2 clock line is pulsed negative turning on the channel
      under the gate 8a. Charge then flows from node 6b to node 6a until the
      magnitude of the potential of node 6b increases to the point where the
      channel stops conducting. Clock line .phi..sub.2 is then pulsed off and
      clock line .phi..sub.1 is pulsed on, initiating charge transfer from the
      node 6a to the next P+ island.
PAR  FIG. 3 illustrates radar pulse-doppler apparatus embodying the present
      invention and incorporating charge transfer devices.
PAR  A receiver antenna RA supplies received (return) radar video signals to
      mixers 10 and 100. A local oscillator LO supplies a suitable reference
      frequency signal directly to the mixer 10 and via a -90.degree. phase PS
      to mixer 100. The mixers 10 and 100 generate difference signals which are
      sampled at a Nyquist rate corresponding with the pulse repetition
      frequency (prf) of the radar return signals by conventional sampling
      devices 12 and 102. The video return signals fed to the mixers 10 and 100
      are complex signals and the outputs of the sampling devices 12 and 102
      represent the real components [X(n)] and the imaginary components [Y(n)]
      of the nth sample of the complex signal (Z(n)].
PAR  The sampled signals X(n) and Y(n) are fed over lines 14 and 104 to
      weighting or multiplication devices 16 and 106 for weighting by an
      appropriately weighted sample of the up-chirp signal. The weighted samples
      are fed over lines 18 and 108 as inputs to respective charge transfer
      device (CTD) shift registers SR1 and SR2 each having M bits or range bins
      for accepting the M range bin samples for one radar pulse repetition
      interval (PRI). When the M samples of one PRI have been sampled and
      clocked into the shift registers SR1 and SR2, the stored samples from
      shift register SR1 are shifted in parallel into M respective CTD chirp
      Z-transform filters 20 while the stored samples from shift register SR2
      are shifted in parallel into M respective CTD chirp Z-transform filters
      120. This process is repeated for each PRI. The chirped time samples thus
      propagate through the chirp filters 20 and 120 at a rate of one position
      per PRI, so that one spectral sample is produced every PRI from the output
      of each chirp filter. That is, for a given range bin, the spectral samples
      emerge in sequence wiith N PRI's required to obtain an N-point spectrum of
      the radar return input series Z(n).
PAR  The up-chirp weighting devices 16 and 106 function to weight the Nyquist
      samples representing the complex input signal time series Z(n) over the N
      sequential samples to be processed from the range bins of the shift
      registers, by a factor proportional to the up-chirp weighting factor e
      .sup.i.sup..pi.n.spsp.2/N and produce correspondingly weighted real and
      imaginary components of the signal Z(n). This up-chirp weighting function
      is more readily appreciated from the following mathematical derivation:
EQU  Z(n) = X(n) + jY(n)
      ##EQU2##
PAR  Thus, referring to FIG. 3, in the weighting device 16, the sampled signals
      X(n) are fed over line 14A to mixer 22 which also receives a signal
      proportional to Cos .pi. n.sup.2 /N and the sampled signals Y(n) are fed
      over line 104A to mixer 24 which also receives a signal proportional to
      Sin .pi. n.sup.2 /N. The outputs from the mixers 22 and 24 are fed as
      inputs to a difference amplifier 26, the output of which is connected to
      the line 18. In the weighting device 106, Y(n) and X(n) signals are fed
      over lines 104B and 14B to mixers 122 and 124 which also receive signals
      proportional to Cos .pi. n.sup.2 /N and Sin .pi. n.sup.2 /N, respectively.
      The output of the mixers 122 and 124 are fed as inputs to a summation
      ammplifier 126, the output of which is connected to line 108.
PAR  The signals on line 18 are inputted into the shift register SR1 via an
      appropriate input device, e.g., a junction diode, under control of a clock
      pulse source CPS as known in the art, and then clocked along the shift
      register by the clock pulse source CPS until the M samples occurring
      during a PRI have been stored in the respective M bits of the shift
      register. As previously noted, the shift register may be a CCD or a BBD.
      Then, the clock pulse source CPS applies a transfer signal to the parallel
      transfer electrode 28 to transfer out in parallel the charge samples
      (signal date) stored in each of the M bits of the shift register as inputs
      to the respective chirp transversal filters 20. (Suitable parallel
      transfer methods are well known and will not be described herein.)
PAR  Each transversal filter in fact comprises two parallel chirp-transversal
      filters, one of which 20A weights the signals clocked through it by the
      clock pulse source CPS, by an in-phase weighting factor proportional to
      Cos .pi. n.sup.2 /N while the other transversal filter 20B weights the
      signals clocked through it, also by the clock pulse source CPS, by a
      quadrature-phase weighting factor proportional to Sin .pi. n.sup.2 /N. The
      outputs from the filters 20A and 20B are proportional to R.sub.m   Cos
      .pi.n.sup.2 /N and R.sub.m   Sin .pi.n.sup.2 /N
PAL  where
PA1  R.sub.m is the magnitude of the real signal component sample stored at the
      mth bit of the shift register SR1
PA1    represents the convolution operation.
PAL  Output currents from the filters 20A and 20B are supplied to differential
      current integrators 30A and 30B, a representative output waveform from one
      of which is depicted in FIG. 4.sub.a. The current integrator outputs are
      amplified by respective current amplifiers 32A and 32B and fed to
      respective sample and hold circuits 34A and 34B respectively. The circuits
      34A and 34B sample the outputs from amplifiers 34A and 34B under control
      of pulses from the clock pulse source CPS. Typical control pulses for a
      sample and hold circuit as well as a typical related output waveform are
      shown in FIG. 4b and 4c respectively. The outputs from circuits 34A and
      34B are fed to lines 36 and 38 respectively.
PAR  The signals on line 108 are inputted into shift register SR2, then
      processed by transversal filters 120 the outputs of which are passed over
      differential current integrators 130, current amplifiers 132 and sample
      and hold circuits 134 to lines 136 and 138. The circuit components
      associated with shift register SR2 are identical with those associated
      with shift register SR1 and are identified by corresponding references
      with a 100 prefix. The manner of processing the imaginary component
      signals (Im) transferred in parallel from the shift register SR2 also is
      identical with that of the real component signals described above and will
      not be repeated.
PAR  The signals from the sample and hold circuits 34A and 134B are fed over the
      lines 36 and 138 as inputs to a difference amplifier 40 while the signals
      from the sample and hold circuits 34B and 134A are fed over lines 38 and
      136 as inputs to the summation amplifier 140. The outputs from amplifiers
      40 and 140 are squared by respective squaring circuits 42 and 142 the
      outputs of which are summed by a common amplifier 44, the output of which
      is the desired power density spectrum.
PAR  Thus, it will be appreciated that in accordance with the above described
      embodiment of the invention, a range gated pulse doppler processor
      utilizing Chirp-Z-Transform processing techniques has been realized
      utilizing CTD shift registers and CTD transversal filters.
PAR  A suitable realization of a CCD transversal filter is illustrated in FIG.
      5. The structural features of the filter are the same as described with
      reference to FIG. 1 and will not be repeated, except for the electrode
      structure. It will be noted from FIG. 5 that the .phi..sub.2 electrodes
      are each divided into two spaced portions with the envelope of the gaps
      defining a sine wave function contour for provision of the above described
      sinefunction weighting factor. The .phi..sub.2 clock pulses are applied to
      the differential current integrator 30 which delivers .phi..sub.2.sup.+
      and .phi..sub.2.sup.- pulses to the upper and lower portions (as
      represented in FIG. 5) of the .phi..sub.2 electrodes and produces an
      output signal corresponding to convolution of the input signal to the
      filter with the sine function weighting factor required for filters 20B
      and 120B.
PAR  By appropriate disposition of the gaps in the .phi..sub.2 electrodes the
      cosine weighting function required for filters 20A and 120A could readily
      be realized.
PAR  A suitable realization of a BB transversal filter is illustrated in FIG. 6.
      The structural features of the bucket brigade device BB are the same as
      described with reference to FIG. 2 and will not be repeated. FIG. 6 shows
      four storage bits of the bucket brigade filter BB, having associated data
      storage nodes N1, N2, N3, N4, respectively, connected to supply gate
      voltages to transistors T1, T2, T3 and T4 which form the drive stages for
      respective source follower IGFET amplifiers having IGFET load transistors
      T11, T12, T13 and T14 which respectively receive gate potentials VG1, VG2,
      VG3 and VG4 corresponding to time samples of the sine or cosine weighting
      function associated with the filter. As depicted in FIG. 6, the gate
      voltages VG3 and VG4 correspond with weighting functions associated with a
      negative half cycle of the weighting function. Alternatively, the gate
      voltages on the load transistors could be connected to the same supply,
      and weighting could be included by varying the length of the load
      transistors. The sources of transistors T11, T12 are connected to a
      positive weighting coefficient summation line +.SIGMA. while the sources
      of transistors T13 and T14 are connected to a negative weighting
      coefficient summation line - .SIGMA. . Transistor pairs T21, T23 and T22,
      T24 serve as common gate transistor amplifiers for the +.SIGMA. and
      -.SIGMA. summation lines respectively. The gates of transistors T21 and
      T22 are clamped to a d.c. potential established by a voltage divider
      comprising transistors T29 and T30, and bipassed to ground by an MIS
      capacitor C.sub.1. This voltage divider can also be implemented with
      diffused resistors or an additional external supply can be used.
      Transistors T25, T26, T27 and T28 form a linear IGFET differential
      amplifier with relative gain determined by the choices of width-length
      ratios for the IGFETS. This differential amplifier corresponds with the
      differential amplifier 30 illustrated in FIG. 3 and the output is taken
      from terminals O/T.
PAR  One particularly advantageous feature of this present invention is that the
      CTD shift registers SR1 and SR2 as well as the CTD transversal filters 20
      and 120 may be provided on a common semiconductor chip SC as represented
      in FIG. 3, whether realized in CCD or BB format. Additionally, the current
      integrators 30, 130, amplifiers 32 and 132 and sample and hold circuits
      34, 134 may readily be realized by insulated gate field effect transistor
      (IGFET) circuits also provided on the same semiconductor chip SC.
PAR  Since the number of range bins typically required for a radar system may
      vary between 50 and several thousand, a doppler processor chirp approach
      that can be expanded to accommodate any desired number of range bins is
      desirable. This approach can be effected, utilizing the present invention,
      by commutating the video returns to a desired number of chips SC as
      depicted in FIG. 3 for sorting into appropriate range bins and processing
      as described hereinn. By utilization of a processor according to the
      invention as described herein, significant reductions in size, weight and
      cost over conventional digital doppler processors may be achieved.
PAR  A further advantageous feature of the embodiment of the invention described
      with reference to FIG. 3 is that up-chirp weighting of the radar return
      signal samples is effected prior to clocking of the samples into the range
      buffer shift registers SR1 and SR2, instead of effecting such weighting on
      respective stored signal samples when transferred out in parallel from the
      range buffers, thereby providing considerable advantages in reduction of
      circuitry, leading to reduction in cost and complexity and increase in
      reliability of a processor embodying this aspect of the present invention.
PAR  Instead of using an up-chirp premultiplication signal of the form e
      .sup.i.sup..pi.n.spsp.2/N, as described with reference to the weighting
      devices 16 and 106 in FIG. 3, other preweighting signals may be used. The
      techniques to be described in this respect have general applicability to
      signal processing using CZT techniques and are not restricted to
      range-doppler processors such as described with reference to FIG. 3.
PAR  For example, with reference to FIG. 7, there is depicted a CZT processor
      including a premultiplier PM for effecting premultiplication or weighting
      of input signal samples x.sub.n prior to application to a complex CTD
      transversal filter designed to provide the desired transform response
      characteristic. Such a filter may be realized using CCD or BBD filters (or
      combination thereof) with appropriate weighting factors provided, for
      example, in the manner described with reference to FIGS. 5 and 6 herein,
      the weighted signals being summed to generate an output signal, as known
      in the art.
PAR  In one example, the premultiplication signal may have the form W.sub.n
      e.sup.i.sup..pi.n.spsp.2/N where W.sub.n is a weighting factor having an
      amplitude dependent on n. This technique results in apodization or
      weighting to suppress side lobes in the spectrum. Other preweighting
      techniques that may be used for side lobe suppression include, for
      example, DolphChebyshev, Gaussian and Hamming weighting. Such techniques
      do not result in a true DFT but a close approximation is obtained. With
      respect to Gaussian weighting, the time signal samples x.sub.n are
      amplitude weighted by a factor W.sub.n which follows a Gaussian
      distribution curve given by the expression
      ##EQU3##
      where .sigma. is the standard deviation of the curve. The resulting time
      series is
EQU  U.sub.n = W.sub.n x.sub.n
PAL  and
      ##EQU4##
PAR  In relation to CZT processing, preweighting can be accomplished by
      amplitude modulating the chirp signal so that, for example, in the case of
      Gaussian weighting the premultiplication signal applied to the multiplier
      PM would have an envelope following a Gaussian curve, as depicted in FIG.
      8.
PAR  The premultiplication signal, shown in FIG. 7 whether unweighted (i.e.,
      constant amplitude) or weighted (i.e., amplitude modulated) may, in
      accordance with another aspect of the invention, be generated using a
      complex CTD transversal filter. By a complex filter is meant, two filters
      which generate the real and imaginary parts of a complex impulse response.
      The filter weighting coefficients would be selected so that the filter has
      an impulse corresponding to the required preweighting signal, i.e., in
      order to generate preweighting signals impulses would be applied as inputs
      to the filter at appropriate intervals and the desired preweighting signal
      would then appear at the filter output.
PAR  A further aspect of the invention, also applicable in general to signal
      processing involving CZT techniques, involves modification of an
      unweighted chirp preweighting signal (such as shown in FIG. 9) for
      application to the premultiplier PM shown in FIG. 7. The modified
      premultiplication signal is shown in FIG. 10 and comprises a 1-bit
      quantized version of the chirp signal shown in FIG. 9. This is
      advantageous since the premultiplication signal applied to the device PM
      then has a value of either +1 or -1 (wherein 1 represents some desired
      signal amplitude), thereby simplifying realization of the
      premultiplication process. The complex premultiplication signal may then
      be represented as
      ##EQU5##
      This multiplication signal may be generated either by truncation of an
      analog chirp wave form as shown in FIG. 9 or by impulsing a charge
      transfer device having impulse response as shown in FIG. 10.
PAR  Using this approach, a close approximation to a true DFT is obtained with
      considerable simplification of the processing system.
PAR  Additional description pertinent to filters such as described with
      reference to FIGS. 5 and 6 is contained in "Transversal Filtering Using
      Charge Transfer Devices", D. D. Buss, D. R. Collins, W. H. Bailey, and C.
      R. Reeves, IEEE Journal of Solid State Circuits, April 1973, pages 138-146
      and also in co-pending U.S. application Ser. No. 320,382 (now U.S. Pat.
      No. 3,877,056 issued Apr. 28, 1975) filed Jan. 2, 1973 by Walter H. Bailey
      for "Charge Transfer Device Signal Processing System" and assigned to the
      Assignee of the present application, the disclosure of said application
      being incorporated herein by reference.
PAR  Specific embodiments of the present invention having been described in
      detail by way of example, it will be recognized that modifications thereof
      will be apparent to a person skilled in the art within the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Signal processing apparatus including a semiconductor substrate
      incorporating:
PA1  charge transfer device shift register means having a plurality of bits each
      defining at least one charge storage site for storing signals inputted
      into said shift register;
PA1  said semiconductor substrate further incorporating for each bit of said
      shift register, in-phase charge transfer device chirp Z-transform filter
      means and quadrature-phase charge transfer device chirp Z-transform filter
      means;
PA1  transfer means for transferring signals stored in the bits of said shift
      register means as inputs to the in-phase and quadrature-phase chirp
      filters for each respective bit;
PA1  said filters having outputs connected with means for summing and squaring
      output signals from said filters.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said semiconductor substrate
      also incorporates said means for summing and squaring said filter outputs.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein said shift register means and
      said chirp filters all comprise charge coupled devices.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein said shift register means and
      said chirp filters all comprise bucket brigade devices.
NUM  5.
PAR  5. Signal processing apparatus including chirp-Z transform charge transfer
      device correlation filter means including in-phase and quadrature-phase
      signal transmission paths; and means for weighting time sampled analog
      input signals by an amplitude modulated chirp signal and for applying said
      weighted signals as inputs to said filter means.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein said amplitude modulated chirp
      signal has the form W.sub.n e.sup.i n.spsp.2/N where
PA1  W.sub.n is a weighting factor dependent on n;
PA1  n = 1 . . . N; and
PA1  N = the total number of signal samples.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein said chirp signal is amplitude
      modulated according to a Gaussian function.
NUM  8.
PAR  8. Apparatus according to claim 5, wherein said weighting signals are
      generated by application of impulse signals as inputs to a complex charge
      transfer device transversal filter having an impulse response
      corresponding to the required weighting signal function.
NUM  9.
PAR  9. Signal processing apparatus including chirp-Z transform charge transfer
      device correlation filter means including in-phase and quadrature-phase
      signal transmission paths; and means for weighting time sampled analog
      input signals by a quantized chirp signal and for applying said weighted
      signals as inputs to said filter means.
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ABST
PAL  A brake force control system for vehicles, especially for motor vehicles in
      which one or several electrical signals dependent on the wheel
      acceleration are compared with predetermined threshold values and in which
      the resultant electrical signals are utilized for the control of actuating
      elements such as solenoid valves in the brake circuit, whereby the
      electrical acceleration signals are weighted in a manner known as such and
      this weighting is adapted to be influenced or even discontinued when
      exceeding the threshold value and/or in dependence on the polarity of the
      acceleration signal.
PARN
PAR  This is a division of application Ser. No. 177,744 filed Sept. 3, 1971 now
      U.S. Pat. No. 3,802,747.
BSUM
PAR  The present invention relates to a brake force control system for vehicles,
      especially for motor vehicles, whereby one or several
      acceleration-dependent electrical signals are compared with predetermined
      threshold values and the resultant electrical signals serve for the
      control of actuating members, for example, solenoid valves in the brake
      circuit.
PAR  Fully electronic brake force control systems of the aforementioned type
      derive their acceleration signals generally by differentiation of the
      voltage proportional to the wheel rotational speed. A conventional
      threshold switch is controlled by this differentiated voltage, whose
      signal is utilized for the decision as regards control of the actuating
      members in the brake circuit, for example, of electric solenoid valves. In
      these installations spurious error signals occur, which can be traced
      back, for example, to the movement of the wheel when passing over road
      unevennesses. These spurious signals, of course, should not enter the
      brake force control. In order now to filter out such spurious signals, a
      so-called integral time behavior is necessary before the threshold
      formation, i.e., an acceleration pulse which is to be effective for the
      brake force control system must last for a certain time in order to be
      able to distinguish the same from shorter spurious signals. However, it is
      desirable in connection therewith to permit this time behavior to become
      effective only prior to the threshold value formation and not, for
      example, generally because otherwise the course and characteristic of the
      control cycles can be unfavorably influenced during the brake force
      control.
PAR  The present invention is concerned with the task to provide a solution for
      the aforementioned problems. This task is solved according to the present
      invention with the brake force control systems described hereinabove in
      that the electric acceleration signals are weighted or evaluated as a
      function of time in a manner known as such and that this weighting or
      evaluation is adapted to be influenced or even discontinued when exceeding
      the threshold value and/or in dependence on the polarity of the
      acceleration signal.
PAR  The effectiveness of the integral time behavior or transient phenomenon is
      limited by the construction according to the present invention, to the
      phase prior to the threshold value formation so that the aforementioned
      disadvantages cannot occur whereas spurious error signals can be
      effectively filtered out as before. Additionally, it is also possible with
      the present invention to weight or evaluate differently acceleration and
      deceleration signals.
PAR  The weighting or evaluation of the acceleration signal in dependence on
      time, i.e., therefore the integral time behavior can be achieved by a
      parallel connection of a capacitor with a resistor, which determines
      proportionately the magnitude of the acceleration signal and which may be
      arranged, for example, in a voltage divider circuit. However, the present
      invention prefers a solution according to which an operational amplifier
      of conventional construction with a capacitor and resistance in the
      feedback circuit serves for the time-dependent weighting or evaluation of
      the acceleration signal.
PAR  In one solution according to the present invention a diode is connected in
      parallel to the condenser in the feedback branch, which limits the voltage
      rise to a value directly above the threshold value. It is achieved in this
      manner that the threshold value signal is subjected at the beginning to
      the integral time behavior whereas at the end the threshold value signal
      proceeds practically without integral time behavior.
PAR  Another solution of the present invention resides in that an electronic
      switching element is series-connected with the condenser in the feedback
      branch, which eliminates the effectiveness of the condenser when exceeding
      the switching threshold. A thyristor or the like may be used for that
      purpose. However, the present invention prefers as switching element a
      transistor controlled by a conventional threshold switch in such a manner
      that the transistor is blocked, i.e., becomes non-conductive when the
      threshold switch flips over. The integral time behavior is automatically
      turned off in this manner when exceeding the threshold value, i.e., no
      delay occurs any longer at the end of the threshold switch signal.
PAR  Another proposal of the present invention resides in that an additional
      time element is arranged in parallel to the time element provided in the
      feedback circuit and operable for a positive voltage, which additional
      time element is constituted by a resistance end capacity and is
      effectively exclusively for negative voltages by means of a diode
      connected in series with the same. It can be achieved in this manner that
      acceleration and deceleration signals are weighted or evaluated
      differently.
PAR  It should be expressly mentioned in that connection that the features of
      the present invention described in detail hereinabove are not mutually
      exclusive. Instead, these features can be combined for the application in
      a fully electronic brake force control system in which the signal voltage
      proportional to the wheel acceleration is realized by electrical
      differentiation of an electrical voltage proportional to the rotational
      speed of the wheel. The amplifier provided thereby for the electronic
      differentiation may be utilized at the same time also for the influenced
      integral time behavior. It is particularly advantageous if, according to
      the present invention, the turning off or discontinuance of the integral
      time behavior is combined by means of a conventional electronic switching
      element with the differing weighting or evaluation of acceleration and
      deceleration by means of an additional time element. It is thereby
      additionally proposed in accordance with the present invention that for a
      limitation of the output voltages in both directions two oppositely
      connected diodes, preferably Zener diodes, are arranged in parallel to the
      feedback circuit.
PAR  Accordingly, it is an object of the present invention to provide a brake
      force control system for vehicles, especially for motor vehicles, which
      avoids by simple means the aforementioned shortcomings and drawbacks
      encountered in the prior art.
PAR  Another object of the present invention resides in a brake force control
      system for vehicles which permits a filtering out of error signals, yet
      does not unfavorably influence the control cycles during the brake force
      control.
PAR  A further object of the present invention resides in a brake force control
      system for vehicles, especially for motor vehicles in which acceleration
      and deceleration signals can be weighted differently.
DRWD
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, several embodiments in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a schematic circuit diagram of an arrangement with a limit-effect
      in accordance with the present invention;
PAR  FIG. 2 is a schematic diagram explaining the operation of the arrangement
      according to FIG. 1;
PAR  FIG. 3 is a schematic circuit diagram of a modified embodiment with a
      turn-off effect in accordance with the present invention;
PAR  FIG. 4 is a schematic diagram explaining the operation of the arrangement
      according to FIG. 3;
PAR  FIG. 5 is a schematic circuit diagram of a still further modified
      arrangement in accordance with the present invention for the differing
      evaluation of acceleration and deceleration, and,
PAR  FIG. 6 is a schematic wiring diagram of a combined installation in
      accordance with the present invention.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      through the various views to designate like parts, and more particularly
      to FIG. 1, the part of interest herein of an electronic brake force
      control installation for motor vehicles which as to the rest is of
      conventional construction and therefore not illustrated herein, is
      constructed as operational amplifier generally designated by reference
      numeral 10. The pulses of the wheel sensor prepared by the electronic
      apparatus of conventional construction are fed to the operational
      amplifier 10 by way of a line 11 constituting the input thereof. The line
      12, constituting the output thereof, is applied to a conventional
      threshold switch 28 providing an output which serves for the control of
      the actuating members (not shown), for example, of the solenoid valves in
      the brake circuit. A resistance element 13 is connected in the feedback
      circuit of the operational amplifier, which together with the input
      resistance element 14 determines the proportional amplification of the
      operational amplifier. A condenser element 15 is connected in parallel
      with the resistance element 13, which together with the latter effects the
      integral time behavior of the operational amplifier. A Zener diode 16 is
      again connected in parallel with the condenser element 15, which limits
      the output voltage in the line 12 to a value directly above the threshold
      value of the switch 28.
PAR  According to FIG. 2 the operational amplifier normally has operating
      characteristics represented by the full line curve 17. An integral time
      behavior, i.e., an integral transient phenomenon results due to the
      additional interconnection of the condenser 15, which modifies the
      characteristics represented by curve 17 so that the integral time behavior
      now proceeds at the beginning and at the end according to the dash and dot
      line curve 18. It follows therefrom that the threshold switch signal
      represented in the lower part of FIG. 2 proceeds according to curve 19.
      Even though during the beginning of the now occuring delay for the
      filtering of the spurious signals is necessary, the analogously resulting
      delay at the end -- represented by the distance 20 -- is highly
      undesirable. The parallel connection of the diode 16 now limits the rise
      of the voltage of the operational amplifier to a value 21 which lies
      directly above the switching threshold 22 of the switch 28. As a result
      thereof the characteristics of the integral time behavior now proceeds at
      the end according to the full line curve 23 and the threshold switch
      signal (see thereby the lower part of the figure) collapses already
      according to the full line 24. Consequently, the threshold switch signal
      is therefore shortened in a desired manner at the end and deviates
      compared to the ideal condition only by the slight value now represented
      by the distance 25.
PAR  According to FIG. 3 the operational amplifier 10 is connected together with
      the resistance elements 13 and 14 and the condenser 15 in a manner already
      described. A field effect transistor 26 is now connected in series with
      the resistance 13 and a condenser 15; the transistor 26 is thereby
      controlled by way of the line 27 from the threshold switch 28. This
      control takes place in such a manner that the transistor 26 is blocked
      when the threshold switch 28 flips over, i.e., the effect of the condenser
      15 and therewith the integral time behavior is effectively turned off when
      reaching the threshold value. A resistance 29 thereby enables the
      discharge of the condenser 15.
PAR  The operation of the arrangement of FIG. 3 can be seen from FIG. 4.
      According to this figure, at the beginning the voltage again follows the
      full line curve 18 conditioned by the integral time behavior, but only up
      to the point when the switching threshold 22 is reached. From there on the
      voltage follows the original characteristics 17 of the operational
      amplifier due to the effective disconnection of the condenser 15, i.e., it
      can be clearly recognized that now at the end of the signal, also the
      slight time delay according to the arrangement of FIG. 1 -- represented by
      the distance 25 in FIG. 2 -- is eliminated.
PAR  According to FIG. 5 the operational amplifier 10 is again connected with
      the resistance elements 13 and 14 as well as with the condenser element 15
      in the manner described above and provides an output to the threshold
      switch 28. An additional time element generally designated by reference
      numeral 30 is now connected in the feedback branch in parallel with the
      resistance element 13 and the condenser 15. The additional time element 30
      again consists of a resistance element 31 and of a condenser element 32.
      In series therewith is connected a diode 33 which lets this time element
      30 become effective exclusively in the presence of negative voltages. A
      differing integral time behavior for positive and negative voltages, i.e.,
      therefore for accelerations or decelerations can be achieved thereby.
PAR  FIG. 6 illustrates a combination of the arrangements described so far. The
      operational amplifier 10 is at first again connected with the resistance
      elements 13 and 14 and the condenser 15 corresponding to FIG. 1. In the
      input a further condenser 34 is connected in series with the resistance
      14, which together with the resistance 13 represents the time constant of
      the differentiator. Similar to FIG. 5 an additional time element generally
      designated by reference numeral 30 is now connected in parallel in the
      feedback circuit so that positive and negative voltages are weighted or
      evaluated differently. A further condenser 35 effects that upon the
      described switching the time constant of the integral behavior is changed.
      The condenser 35 can be connected or disconnected as time determining
      element by means of the field effect transistor 26 arranged in a manner
      similar to FIG. 3, for example, in dependence on reaching the threshold
      value of the threshold switch 28 similar to FIG. 3. Additionally, two
      mutually oppositely series connected diodes 36 and 37 are arranged in the
      feedback circuit in parallel to the condensers 15 and 35. The diodes 36
      and 37 may be constructed as Zener diodes. They limit the output voltage
      to a predetermined value in both directions, i.e., for positive and
      negative voltages. The arrangement described in this figure may be
      utilized, in addition to its use for the electronic differentiation,
      simultaneously also for the influenced integral time behavior.
PAR  While we have shown and described several embodiments in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to those skilled in the art; for example, the amplifiers, switching
      elements, diodes and/or circuit elements, may be formed by semiconductor
      devices and may be combined in an integrated circuit in a known manner.
      Consequently, we do not wish to be limited to the details shown and
      described herein but intend to cover all such changes and modifications as
      are encompassed by the scope off the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A threshold switching arrangement for use in brake force control systems
      and the like, characterized by an operational amplifier means having an
      input, an output and a feedback circuit means between said input and
      output including a parallel resistance-capacitance network means and
      further means connected with said network means for changing its
      operability in relation to a predetermined threshold value of the
      operational amplifier means, said further means including a further
      network connected in parallel with said network means and including a
      parallel connected resistance-condenser circuit series connected with a
      diode.
NUM  2.
PAR  2. An arrangement according to claim 1, wherein the parallel
      resistance-capacitance network means includes a resistance connected in
      parallel with a capacitance with the parallel connected resistance and
      capacitance being connected between the input and output of the
      operational amplifier means, the further network being connected in
      parallel with the parallel resistance and capacitance.
NUM  3.
PAR  3. A threshold switching arrangement for use in brake force control systems
      and the like, characterized by an operational amplifier means having an
      input, an output and a feedback circuit means between said input and
      output including a parallel resistance-capacitance network means and
      further means connected with said network means for changing its
      operability in relation to a predetermined threshold value of the
      operational amplifier means, said further means including a control
      element operable to effectively disconnect said network means and a
      further network connected in parallel with said network means and
      including a parallel connected resistance-condenser circuit series
      connected with a diode.
NUM  4.
PAR  4. An arrangement according to claim 3, wherein said further means includes
      means for limiting the output voltages in both positive and negative
      directions.
NUM  5.
PAR  5. An arrangement according to claim 4, wherein said further means includes
      a condenser element in parallel with said network means, said network
      means being series connected with a series circuit including a resistor
      and a condenser, the series circuit being connected at the input of the
      operational amplifier means.
NUM  6.
PAR  6. An arrangement according to claim 5, wherein said control element
      includes a field effect transistor and said means for limiting includes
      first and second oppositely connected zener diodes connected in parallel
      with said network means.
NUM  7.
PAR  7. A threshold switching arrangement for use in brake force control systems
      and the like, characterized by a noninverting operational amplifier means
      having an input, an output and a feedback circuit means between said input
      and output including a parallel resistance-capacitance network means
      formed of a resistor connected in parallel with a condenser and further
      means connected with said network means, said further means being
      responsive to the output of the operational amplifier means in relation to
      a predetermined threshold value for changing the operability thereof to
      maintain the output of the operational amplifier means at a prescribed
      level.
NUM  8.
PAR  8. An arrangement according to claim 7, wherein said further means includes
      at least one diode always connected in parallel with said network means,
      said diode maintaining the output of the operational amplifier means at
      the prescribed level.
NUM  9.
PAR  9. An arrangement according to claim 7, wherein said further means includes
      a control element operable to effectively disconnect said network means in
      response to the output of the operational amplifier means.
NUM  10.
PAR  10. An arrangement according to claim 9, further including threshold switch
      means at the output of the operational amplifier means for controlling the
      control element.
NUM  11.
PAR  11. An arrangement according to claim 7, wherein said further means
      includes means for limiting the output voltages of the operational
      amplifier means in both positive and negative directions.
NUM  12.
PAR  12. An arrangement according to claim 11, wherein said means for limiting
      includes first and second oppositely connected Zener diodes connected in
      parallel with said network means.
NUM  13.
PAR  13. An arrangement according to claim 7, wherein said further means
      includes a condenser element in parallel with said network means, said
      network means being series connected with a series circuit including a
      resistor and a condenser, the series circuit being connected at the input
      of the operational amplifier means.
NUM  14.
PAR  14. A threshold switching arrangement according to claim 7, wherein the
      resistor has first and second terminals connected respectively to first
      and second terminals of the condenser, the parallel network being
      connected between the input and output of the operational amplifier means.
NUM  15.
PAR  15. An arrangement according to claim 7, wherein said further means
      includes at least one Zener diode connected in parallel with said network
      means, said Zener diode maintaining the output of the operational
      amplifier means at the prescribed level.
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ABST
PAL  An edge sensing circuit is implemented using MOS logic gates. The edge
      sense circuit detects either a positive transition or a negative
      transition of a first input signal, depending on the logic level of a
      second input signal, if an enable signal logical "1" is applied to the
      edge sense circuit. If the enable signal is at a logical "0," however, a
      level, rather than a transition, of the input signal is detected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In certain electronic applications circuits have been utilized which sense
      a transition of a logic signal. A wide variety of bipolar and MOS circuits
      which accomplish sensing of a particular positive or negative transition,
      are know in the art. Some known edge sensing circuits detect positive
      transitions of an input signal, while others detect negative transitions
      thereof. Further, a wide variety of known logic circuits are utilized in
      the art which utilize capacitance circuitry to accomplish an edge sensing.
      Further, a wide variety of known logic circuits are capable of sensing
      either a positive or a negative logic level.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved edge sensing
      circuit.
PAR  It is another object of this invention to provide an edge sensing circuit
      which detects a transition of predetermined polarity of an input signal
      conditioned upon the voltage level of the second input signal.
PAR  It is another object of this invention to provide a circuit which senses
      either an edge or a corresponding logic level of a first input signal
      depending upon the logic level of a second input signal.
PAR  Briefly described, the invention is a bit sensing circuit including
      flip-flop circuit means coupled to gating circuitry and output circuitry
      for storing a level indicating that a transition of predetermined polarity
      of an input signal has occurred. The gating circuitry includes gating
      circuitry coupled to input signal which controls whether a positive or
      negative transition of the first input signal is to be detected.
      Additional gating circuitry is included which determines whether the
      transition of the first input signal sent or whether the voltage level at
      the end of the transition is sent. The bit sensing surface is implemented
      using MOS circuitry.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a logic diagram of a preferred embodiment of the invention.
PAR  FIG. 2a is a circuit schematic diagram showing an MOS implementation of
      inverters which may be used in the embodiment of FIG. 1.
PAR  FIG. 2b is a MOS implementation of a NOR gate which may be used in the
      circuit of FIG. 1.
PAR  FIG. 2c is a MOS implementation of an AND/NOR gate which may be used in the
      circuit of FIG. 1.
PAR  FIG. 2d is a MOS implementation of another AND/NOR gate which may be
      utilized in the embodiment of FIG. 1.
PAR  FIG. 3a is a partial timing diagram which is useful in describing the
      operation of the invention.
PAR  FIG. 3b is another partial timing diagram which is useful in describing the
      operation of the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, edge sensing circuit 10 includes output node 40 and
      input nodes 12, 20, 16, and 27. Inverter 13 has its input connected to
      node 12 and its output connected to node 14. Two-input NOR gate 15 has one
      input connected to node 16 and another input connected to the node 17 and
      has its output connected to node 18. Two-input NOR gate 19 has one input
      connected to node 20 and its other input connected to node 16 and has its
      output connected to node 21. NOR gate 22 has one input connected to node
      14 and another input connected to node 18 and has its output connected to
      node 23. Two-input NOR gate 24 has one input connected to node 21 and
      another input connected to node 12 and has its output connected to node
      25. Two-input AND gate 26 has one input connected to node 27 and another
      input connected to node 23. It should be noted that in an MOS
      implementation, for example, AND gate 26 and NOR gate 29 could be a
      combinational AND/NOR gate wherein the AND gate is not separable from the
      NOR sections. In such a circuit the AND function is implemented utilizing
      two series connected MOSFETs. Two-input AND gate 28 has one input
      connected to node 27 and one input connected to node 25. Two-input NOR
      gate 29 has one input connected to the output of AND gate 26 and the other
      input connected to node 30 and has its output connected to node 31.
      Two-input NOR gate 32 has one input connected to node 31 and another input
      connected to the output of AND gate 28 and has its output connected to
      node 30. Inverter 35 has its input connected to node 20 and its output
      connected to node 17. Three-input AND gate 35 has its inputs connected,
      respectively, to nodes 20, 31, and 12. Three-input AND gate 36 has its
      inputs connected respectively, to nodes 14, 30 and 17. Two-input NOR gate
      37 has its inputs connected to the outputs, respectively, of AND gate 35
      and AND gate 36, and has its output connected to node 38. Inverter 39 has
      its input connected to node 38 and its output connected to node 40.
PAR  FIGS. 2a-2d illustrate the MOS circuit inplementation of the logic elements
      in FIG. 1.
PAR  FIG. 2a is a schematic diagram of a typical MOS inverter and may be used to
      implement inverters 13, 35, and 39 in FIG. 1, and includes switching
      MOSFET 53 coupled between ground conductor 51 and output 54 and also
      includes load MOSFET 55 connected between V.sub.DD supply conductor 56 and
      output 54. The gate of MOSFET 53 is connected to inverter input 52.
PAR  FIG. 2b is an MOS implementation of a two-input NOR gate and may be used to
      implement NOR gates 15, 19, 22, and 24 in FIG. 1. NOR gate 60 includes
      MOSFET 61 connected between V.sub.DD supply conductor 56 and output node
      62 and further includes input MOSFET 65 and 63 coupled in parallel between
      ground conductor 51 and output node 62. The two inputs 66 and 64 are
      connected to the gates, respectively, of MOSFETs 65 and 63.
PAR  FIG. 2c is a MOS implementation of the AND/NOR function and may be used to
      implement the combinational gates 28, 32 and 26, 29 in FIG. 1.
      Combinational AND/NOR gate 70 in FIG. 2c includes load MOSFET 78 connected
      between V.sub.DD conductor 56 and output node 77 and further includes
      MOSFET 73 connected between output node 77 and ground conductor 51 and
      having its gate electrode connected to an input of combinational AND/NOR
      gate 70. Combinational gate 70 also includes MOSFETs 75 and 71 connected
      in a series between output node 77 and ground conductor 51, MOSFETs 75 and
      71 having their gate electrodes connected, respectively, to the other two
      inputs of combinational gate 70. The AND function of the combinational
      gate is accomplished by means of MOSFETs 75 and 71.
PAR  FIG. 2d is a MOSFET implementation of the AND/NOR gate represented by AND
      gate 35 and 36 and NOR gate 37 in FIG. 1. Combinational AND/NOR gate 80
      includes load MOSFET 81 connected between V.sub.DD supply conductor 56 and
      output node 82 and further includes MOSFETs 86, 87, and 88 connected in
      series between output node 82 and ground conductor 51, each of the latter
      MOSFETs having the gate electrodes connected to a separate input. MOSFETs
      86, 87 and 88 operate to provide one of the AND functions of combinational
      gate 80. MOSFETs 83, 84 and 85 are connected in series between output node
      82 and ground conductor 51 to provide the other three input AND functions,
      the latter MOSFETs having their gate electrodes connected respectively, to
      the other three inputs of combinational gate 80.
PAR  The operation of the edge sensing circuit of FIG. 1 is best described with
      relation to the timing diagram of FIGS. 3a and 3b. Input conductor 27 has
      a signal designated E(Enable) applied thereto. Conductor 20 has signal ACl
      applied thereto. If AC1 is equal to a logical 1, circuit 10 senses a
      positive edge of input CA1 applied to conductor 12. If AC1 is a logical 0,
      sensing circuit 10 senses a negative edge of CA1. AC7 is, in one
      embodiment of the invention, the output of the register bit labeled 40
      having a Q output connected to conductor 16 and a Set input connected to
      output Node 40. The signal on output node 40 sets a logical 1 in register
      bit 40, and the resulting signal on AC7 "acknowledges" that the edge
      (positive or negative, depending on the level of AC1 has been sensed.
PAR  Briefly, the operation of the circuit of FIG. 1 is that if E is at a
      logical 1 at the time that an edge of CA1 occurs that edge will be sensed.
      However, if E is equal to a logical 0 at the time that the edge of CA1
      occurs, then the level rather than the edge CA1 is sensed. Referring to
      FIG. 3, it is seen that input CA1 undergoes negative transition A after E
      has already risen to a logical 1 level. In response to this node 14, which
      is CA1, goes to a logical 1. AC1, during this time, is at a logical ,. and
      therefore AC1, node 17, is at a logical 1. Therefore, the AC1, and the CA1
      inputs of NAND gate 36 are at a logical 1. It is assumed that Q is at a
      logical 1 initially. Therefore, the result of transition A of CA1 is that
      NAND gate 36 is enabled, causing waveform F, node 38, to undergo
      transition B from a logical 1 to a logical 0. This causes signal "Set AC7"
      node 40 to undergo transition D from a logical 0 to a logical 1. This in
      turn sets register bit 40' to a logical 1, so that its output, AC7,
      undergoes transition E from a logical 0 to a logical 1. Since AC7 is
      connected to input NOR gates 15 and 19, waveform A undergoes transition F
      from a logical 1 to a logical 0, waveform B is already to logical 0 and
      remains there. In response to the above events, waveform D at node 23
      undergoes transition C from a logical 1 to a logical 0 and waveform C goes
      from a logical 0 to a logical 1 during transition G, since both inputs of
      NOR gate 24, that is, waveforms A and CA1, are at a logical 0. Since AND
      gates 26 and 28 are enabled by the logical 1 of waveform E, the latch
      including NOR gates 29 and 32 is reset causing Q, node 30 to undergo
      transition H from a logical 1 to a logical 0 and waveform Q, node 31,
      undergoes a corresponding logical transition I from a logical 0 to a
      logical 1.
PAR  This causes NAND gate 36 to be disabled (i.e., causes a logical 1 at its
      output), since Q is now at a logical 0, and therefore waveform F, node 38
      undergoes positive transition J from a logical 0 to a logical 1, providing
      the desired signal which indicates that edge A of CA1 has been sensed.
PAR  It is assumed, for purposes of explanation, that register bit 40' is reset
      to a logical 0 during transition L, which causes node A to undergo
      transition M from a logical 0 to a logical 1. Node D then undergoes
      transition P in response to positive transition O of CA1, and the latch
      including NOR gate 29 and 32 is reset as indicated by transitions R and Q'
      of waveforms Q and Q, respectively. Transition O' of CA1 is seen in FIG. 3
      to occur when E is at a logical 0 as contrasted to the earlier negative
      transition A which occurred when E was a logical 1. Waveform Set AC7
      undergoes a transition to level S in response to transition 0 as described
      above. Waveform AC7 goes from a logical 0 to a logical 1 in response to
      waveform Set AC7 as before. Since AC1 is still at a logical 0, nodes A, B,
      C, and D respond as previously described. However, since E is at a logical
      0, NAND gates 26 and 28 are not enabled, and the signals of waveforms C
      and D cannot affect the latch including NOR gates 29 and 32 until
      transition T of waveform E, at which time waveform Q undergoes transition
      U from a logical 1 to a logical 0 and waveform Q undergoes transition V
      from a logical 0 to a logical 1. The transition W of waveform F can then
      be said to have sensed the "level" of CA1 rather than the "edge" thereof.
      In other words, for edge sensing, the edge to be sensed must occur while E
      is positive, otherwise "level sensing" is said to occur. The operation of
      circuit 10 for detecting the positive edge or level of CA1 is entirely
      similar to that described above, except that AC1 is at a logical 1 and
      NAND gate 35 is activated instead of NAND gate 36, the waveforms for this
      case are shown in FIG. 3B.
PAR  Note that in the description of the operation, the latch is initially in a
      "sensing mode"; transition L of waveform AC7 indicates when the latch is
      reset to its sensing mode.
PAR  The purpose of register bit 40' is to provide on line AC7 a signal which
      acknowledges whether or not an edge or level of CA1 has been sensed. For
      example, if a "dwarf" pulse occurs on node 12 (CA1), which does not
      propagate through the gating circuitry and succeeds in setting the latch
      including NOR gates 29 and 32, then AC7 remains low and permits another
      edge or pulse of CA1 to propagate through the gating circuitry and switch
      flip-flop 29, 32. This in effect is an added margin of noise immunity to
      the edge sensing circuit 10.
PAR  An edge sensing circuit could have been implemented without the use of
      enable signal E and the associated NAND gates 26 and 28. However,
      including these NAND gates provide additional noise immunity and also
      provide a option of sensing either and edge or level or CA1.
PAR  The following table indicates exemplary values in mils of the drawn channel
      length and channel widths of the MOSFET's in FIG. 2a-2d.
TBL  ______________________________________                                    
     MOSFET       CHANNEL WIDTH   CHANNEL LENGTH                               
                  (Mils)          (Mils)                                       
     ______________________________________                                    
     65           1.0             .25                                          
     63           1.0             0.25                                         
     61           0.4             1.0                                          
     53           1.0             0.25                                         
     55           0.4             1.0                                          
     77           2.0             0.25                                         
     73           1.4             0.25                                         
     78           0.4             0.9                                          
     88           3.0             0.25                                         
     87           3.0             0.25                                         
     86           3.0             0.25                                         
     85           3.0             0.25                                         
     84           3.0             0.25                                         
     83           3.0             0.25                                         
     81           0.4             0.6                                          
     ______________________________________                                    
PAR  While the invention has been described with reference to the preferred
      embodiment thereof, those skilled in the art will recognize that
      variations in form and placement of parts may be made to suit varying
      requirements within the scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transition sensing circuit coupled to an input conductor, an enable
      signal conductor, and a first control conductor and including first and
      second nodes, said transition sensing circuit comprising:
PA1  gating circuit means coupled to said input conductor, said control
      conductor and said first and second nodes for providing a high logic level
      at one of said first or second nodes indicative of a positive signal
      transition at said input conductor conditional upon said first control
      conductor being at a first logic level, or providing a high level at the
      other of said first or second nodes indicative of a negative transition at
      said input conductor conditional upon said first control conductor being
      at a second logical level;
PA1  flip-flop circuit means coupled to said enable conductor and to said first
      and second nodes of said gating circuit means responsive to signals at
      said first and second nodes for switching to a stored state indicative of
      sensing of a positive or a negative transition, said flip-flop circuit
      means having first and second outputs thereof; and
PA1  output circuit means having an output and being coupled to said first and
      second outputs of said flip-flop circuit means for generating a signal at
      said output indicative of sensing of a transition of a signal at said
      input conductor.
NUM  2.
PAR  2. The transition sensing circuit as recited in claim 1 further including a
      second control conductor coupled to said gating circuit means for enabling
      said gating circuit means to produce said high logic level.
NUM  3.
PAR  3. The transition sensing circuit as recited in claim 2 wherein said gating
      circuit means includes:
PA1  an inverter having an input coupled to said input conductor and an output
      coupled to a third node;
PA1  a first NOR gate having one input coupled to said second control conductor
      and another input coupled to a fourth node and having an output coupled to
      a fifth node;
PA1  a second NOR gate having an input coupled to said second control conductor
      and another input coupled to said first control conductor and an output
      coupled to a sixth node;
PA1  a third NOR gate having one input coupled to said third node and another
      input coupled to said fifth node and an output coupled to said first node;
      and
PA1  a fourth NOR gate having an input coupled to said sixth node, and another
      input coupled to said input conductor and an output coupled to said second
      node.
NUM  4.
PAR  4. The transition sensing circuit as recited in claim 2 further including
      register circuit means having an input coupled to said output and having
      an output coupled to said second control conductor for generating a signal
      at said second control conductor verifying sensing of said transition.
NUM  5.
PAR  5. The transition sensing circuit as recited in claim 4 wherein said
      flip-flop circuit means includes first and second AND/NOR gates having
      outputs coupled, respectively, to third and fourth nodes, said first
      AND/NOR gate having a NOR input coupled to said fourth node and having one
      AND input coupled to said enable signal conductor and another AND input
      coupled to said first node, said second AND/NOR gate having one NOR input
      coupled to said third node having one AND input coupled to said second
      node and another AND input coupled to said enable signal conductor.
NUM  6.
PAR  6. The transition sensing circuit as recited in claim 5 wherein said output
      circuit includes an inverter having an output coupled to said second
      control conductor and further includes an AND/NOR gate having a NOR output
      coupled to an input of said inverter, a first NOR input coupled to a first
      AND output and a second NOR input coupled to a second AND output, a first
      AND input being coupled to said third node, a second AND input being
      coupled to said first control conductor, and a third AND input being
      coupled to said input conductor, said first, second, and third AND inputs
      being associated with the same AND gate as said first AND output, and
      further including a fourth AND input coupled to a fifth node, a fifth AND
      input coupled to said fourth node and a sixth AND input coupled to a
      conductor coupled to an output of a second inverter having its input
      coupled to said input conductor, said fourth, fifth, and sixth AND inputs
      being associated with the same AND gate as said second AND output.
NUM  7.
PAR  7. The transition sensing circuit as recited in claim 6 further including a
      third inverter having its input connected to a sixth node and having an
      output coupled to said fifth node.
NUM  8.
PAR  8. A transition sensing circuit connected to an input conductor, an enable
      conductor, a first control conductor, and a second control conductor
      comprising:
PA1  a first inverter having an input connected to said input conductor and an
      output connected to a first node;
PA1  a second inverter having an input connected to said first control conductor
      and an output connected to a second node;
PA1  a first NOR gate having an input connected to said second control
      conductor, another input connected to said second node, and an output
      connected to a third node;
PA1  a second NOR gate having an input connected to said second control
      conductor, and another input connected to said first control conductor and
      an output connected to a fourth node;
PA1  a third NOR gate having an input connected to said first node, another
      input connected to said third node, and an output connected to a fifth
      node;
PA1  a fourth NOR gate having an input connected to said fourth node, and
      another input connected to said input conductor and an output connected to
      a sixth node;
PA1  and AND gate having an input connected to said enable conductor and another
      input connected to said fifth node;
PA1  a second AND gate having an input connected to said enable conductor and
      another input connected to said sixth node;
PA1  a fifth NOR gate having an input connected to an output of said first AND
      gate and another input connected to a seventh node and an output connected
      to an eighth node;
PA1  a sixth NOR gate having an input connected to said eighth node and another
      input connected to an output of said second AND gate and an output
      connected to said seventh node;
PA1  a third AND gate having an input connected to said first control conductor,
      another input connected to said eighth node, an another input connected to
      said input conductor;
PA1  a fourth AND gate having an input connected to said seventh node, another
      input connected to said first node, and another input connected to said
      second node; and
PA1  a seventh NOR gate having one input connected to an output of said third
      AND gate another input connected to an output of said fourth AND gate and
      an output connected to a ninth node.
NUM  9.
PAR  9. A transition sensing circuit as recited in claim 8 further including a
      third inverter having an input connected to said ninth node and an output
      connected to a 10 node.
NUM  10.
PAR  10. The transition sensing circuit as recited in claim 9 further including
      a register circuit having an input connected to said 10 node and an output
      connected to said second control conductor.
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ABST
PAL  A threshold gate has a pair of signal comparators with each comparator
      being supplied with a first input signal derived from a subdivided portion
      of a respective polarity of a rectified form of an alternating current
      input signal. The comparators are also supplied directly with the
      alternating current input signal whereby the output signal of each
      comparator is the portion of the input signal above the variable threshold
      set by the rectified portion of the alternating current input signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to threshold gates. More specifically,
      the present invention is directed to a threshold gate having a variable
      threshold level related to the amplitude of an input signal applied to the
      threshold gate.
PAR  2. Description of the Prior Art
PAR  In the field of data handling and process control, communication is often
      required between two remotely located transceiver devices connected to a
      common communication cable. In such a system, communication between nearby
      transceiver devices results in a high received signal level while between
      widely separated transceiver devices a low received signal level is
      common. Whatever the received signal level, communication between
      transceiver devices is most reliable when the receiver's input signal
      transmission gate threshold level is set at approximately one-half, i.e.,
      50 percent, of the signal level on the cable regardless of the actual
      signal level. The problem of a varying input signal is ordinarily handled
      by utilizing an automatic gain control circuit in front of the
      transmission gate which arrangement prevents the transmission gate from
      being affected by the signal variations on the cable. However such a prior
      art solution involves the use of a nonlinear device in the gain control
      circuit in order to provide automatic gain control adjustments which
      non-linear devices can give rise to inaccuracies in the ultimate output
      signal from the transmission gate.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an improved transmission
      gate for transmitting a predetermined portion of an input signal
      independently of the maximum amplitude of the input signal.
PAR  In accomplishing this and other objects, there has been provided, in
      accordance with the present invention, a threshold gate circuit having a
      first and a second signal comparator with respective polarities of a
      rectified alternating current input signal being supplied in a subdivided
      form to the first and second comparators as a first input signal thereto.
      A second input signal for the signal comparators is obtained directly from
      the alternating current input signal and after being subdivided is applied
      as a second input signal to both of the operational amplifiers to provide
      a signal to be amplified by the amplifiers above the threshold level set
      by the rectified input signals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A better understanding of the present invention may be had when the
      following detailed description is read in connection with the accompanying
      drawing in which the single FIGURE is a schematic illustration of a
      threshold gate circuit embodying the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  Detailed Description
PAR  Referring to the single FIGURE drawing in more detail, there is shown a
      threshold gate circuit embodying the present invention and having an input
      terminal 2 for connection to a source of an alternating current signal,
      e.g., a data transmission signal on an interconnecting data communication
      cable. The input terminal 2 is coupled by a coupling capacitor 4 to a
      first signal junction 6. A first output line 8 from the junction 6 is
      connected through a first resistor 10 to an inverting input terminal of a
      first signal comparator 12 and to a noninverting input terminal of a
      second comparator 14. A second output line 16 from the junction 6 is
      connected through a second resistor 18 to a second signal junction 20. A
      first diode element 22, which may be any suitable multipellet diode such
      as that manufactured by the General Electric Company and identified as
      MPD-400, is connected between the second junction 20 and one end of a
      third resistor 24. The other end of the third resistor 24 is connected to
      the non-inverting input of the first comparator 12. A second diode element
      26 similar to the first diode element 22 is connected between the second
      junction 20 and one end of a fourth resistor 28 and is poled oppositely to
      the first diode element 22. The poling of the diode elements 22 and 26 is
      related to the connections thereof to the signal comparators 12 and 14
      whereby the positive and negative polarities of the input signal are
      passed by the diode elements 22 and 26 to the appropriate ones of the
      amplifiers 12 and 14.
PAR  A plurality of resistors 30, 32, 34, 36 and 38 are used to provide voltage
      dividing operations for a source +V to supply a bias level signal to each
      of the amplifiers 12 and 14 and to divide the input signal before
      application to the comparators 12 and 14, as described hereinafter. The
      connection between the first diode element 22 and the third resistor 24 is
      connected by a first signal storage capacitor 40 to a third junction 44.
      Similarly, the connection between the second diode element 26 and the
      fourth resistor 28 is connected by a second storage capacitor 46 to the
      third junction 44. The third junction 44 is, in turn, connected by a first
      bypass capacitor 48 to a common, or ground, terminal and by a fifth
      resistor 50 to the noninverting input of the second comparator 14 and the
      inverting input of the first comparator 12. The fifth resistor 50 and the
      first resistor 10 form a voltage divider for the input signal applied
      thereto from the first junction 6 to produce a subdivided input signal for
      application to the comparators 12 and 14. Concurrently, a sixth and a
      seventh resistor 52 and 54 are connected in series with their junction
      being connected to the third junction 44 and one end of the sixth resistor
      52 being connected to the voltage source +V by an eighth resistor 30. The
      other end of the seventh resistor 54 is connected to a ground material.
      Thus, the sixth resistor 54 functions as a ground return for the voltage
      dividing network formed by the resistors 10 and 50 and the voltage
      dividing network formed by the resistors 30 and 52.
PAR  The junction of the resistors 30 and 52 is connected to the base electrode
      of a transistor 56. The collector of the transistor 56 is connected to the
      source of voltage +V while the emitter is connected as an emitter follower
      to a source input of the first and second comparators 12 and 14. The
      transistor 56 acts as a voltage divider to step down the voltage from the
      source +V to the level required by the comparators 12 and 14. A bypass
      capacitor 58 is also connected to the emitter of transistor 56 to function
      as a conventional high frequency bypass to prevent oscillation of the
      comparators 12 and 14. Similarly, a bypass capacitor 51 is connected from
      the junction of resistors 10 and 50 to the bypass capacitor 48 to bypass
      any transit noise being supplied from the input 2 along with the data
      signals since this noise would be applied to the comparators 12 and 14
      through the resistor 10.
PAR  A ninth resistor 34 is connected to the noninverting input of the first
      comparator 12 to form a voltage divider with the second resistor 24 for
      the input signal passed by the first diode element 22. Similarly, a tenth
      resistor 36 is connected from the inverting input of the second comparator
      14 to form a voltage divider with the fourth resistor 28 for the signal
      passed by the second diode element 26. The output of the first comparator
      12 is connected to a first output terminal A while the output of the
      second comparator 14 is connected to a second output terminal B.
PAR  Finally, in order to prevent the comparators 12 and 14 from being sensitive
      to transient noise which may be present at the input terminal 2 during the
      absence of data signals, a bias signal is applied to the threshold level
      inputs of the comparators 12 and 14 to maintain their output signals in a
      quiescent state. This bias signal is obtained from another voltage divider
      using the resistors 30, 32, 34, 36 and 38. The junction between the
      resistors 32 and 34 is connected to the noninverting input of the first
      comparator 12 while the junction of the resistors 36 and 38 is connected
      to the inverting input of the second comparator 14. In other words, the
      bias level is superimposed on any data signal derived threshold level
      which may be applied to the comparators 12 and 14 and is applied between
      data signals to maintain a steady state output from the comparators 12 and
      14. The level of the bias signal is selected to be below the lowest
      acceptable threshold level signal based on known signal levels applied to
      the input terminal 2 while maintaining a noninput signal threshold which
      will prevent spurious noise signal operation of the comparators 12 and 14.
PAC  MODE OF OPERATION
PAR  In operation, the threshold gate of the present invention is arranged to
      produce an output signal on either the first output terminal A or the
      second output terminal B depending on the polarity of the input signal
      applied to the input terminal 2. Further, the threshold gate is effective
      to produce an output signal only during the time when the input signal is
      above a predetermined threshold level. While a preferred threshold level
      would be at a 50 percent point of the maximum input signal amplitude, the
      circuit can be arranged to provide other threshold levels by an
      appropriate selection of the values of the resistors 24 and 34 for the
      first comparator 12 and resistors 28 and 36 for the second comparator 14
      which resistor pairs divide the input signal from the input terminal 2. In
      the case of non-square-wave input signals applied to the input terminal 2,
      it may be necessary to select other than a 50 percent threshold level to
      provide an adequate pulse width of the output signal on the output
      terminals A and B. As previously stated, the capacitors 48, 51 and 58
      perform a signal bypass function to bypass radio frequency, RF, noise from
      the input signal applied to the input terminal 2 which noise signal might
      cause an unwanted triggering of the comparators 12 and 14 to produce an
      output signal on the output terminals A and B.
PAR  The diodes 22 and 26 are each arranged to pass a respective polarity of the
      alternating current input signal applied to the input terminal 2.
      Specifically, diode 22 is poled to pass the positive polarity input
      signals while diode 26 passes the negative polarity input signals. In
      either case, the signal passed by the corresponding diode is applied to a
      respective one of the capacitors 40 and 46 to charge it to the peak
      amplitude of the input signal. Concurrently, the input signal is applied
      in subdivided form to a respective one of the comparators 12 and 14. Thus,
      the positive polarity input signal is subdivided by the resistors 24 and
      34 to the 50 percent level and is applied to the noninverting input of the
      first comparator 12. Similarly, the negative polarity input signal is
      subdivided to the 50 percent level by the resistors 28 and 36 and is
      applied to the second comparator 14.
PAR  This subdivided form of the input signal is applied to the respective
      comparator as a threshold level against which the input signal will be
      monitored to produce an output signal from the threshold gate circuit. For
      example, the threshold signal from the dividing resistors 24 and 34 is
      applied to the first comparator 12 to maintain a positive output on the
      output of the comparator 12 until the input signal level is above this
      threshold level. The input signal, in turn, is subdivided by the resistors
      10 and 50 to keep the input signal to the comparator 12 within its signal
      handling capability. During the interval between each positive input
      signal, e.g., an input signal having alternate positive and negative
      pulses is applied to the input terminal 2, the storage capacitor 40 starts
      to discharge through resistors 24 and 34. By selecting these resistors to
      have a total desired resistance, the discharge can be controlled to a
      desired level before the next positive pulse is applied thereto.
PAR  When the input signal applied to inverting input of the comparator 12
      exceeds the threshold level applied to comparator 12, the output signal
      from the comparator changes polarity and remains at the new polarity for
      the duration of the time that the input signal remains above the threshold
      level. In other words, the positive threshold level applied to the
      noninverting input of the comparator 12 maintains a positive comparator
      output signal until the positive input signal applied to the inverting
      input of the comparator 12 exceeds the threshold level. Similarly, the
      negative input signal and negative threshold level at the input of the
      second comparator 14 maintain a positive output signal from the second
      comparator 14 until the negative input signal exceeds the negative
      threshold level. The discharging of storage capacitor 46 is controlled
      between negative input signals by the overall resistance of resistors 28
      and 36.
PAR  Accordingly, it may be seen that there has been provided, in accordance
      with the present invention, a threshold gate circuit for passing a
      predetermined portion of an input signal independently of the actual
      amplitude of the input signal.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A threshold gate circuit comprising
PA1  a signal comparator means for comparing the amplitude of an input signal
      applied thereto with a threshold level and to produce an output signal
      having a duration determined by the time that the input signal exceeds the
      threshold level, said signal comparator means including a first comparator
      for comparing positive polarity input signals with a first threshold level
      and a second comparator for comparing negative polarity input signals with
      a second threshold level,
PA1  input signal means connected to said signal comparator means to apply an
      input signal thereto, and
PA1  threshold level generating means connected between said input signal means
      and said comparator means to generate a threshold level for said signal
      comparator means which threshold level is a predetermined portion of the
      amplitude of said input signal, said threshold generating means including
      first means for generating said first threshold level and second means for
      generating said second threshold level.
NUM  2.
PAR  2. A threshold gate as set forth in claim 1 wherein said first means
      includes a signal dividing means having an input and having an output
      connected to said first comparator and a first diode means poled to pass
      one polarity input signal and connected between said input of said first
      means and said input signal means and wherein said second means includes a
      signal dividing means having an input and having an output connected to
      said second comparator and a second diode means poled to pass another
      polarity of said input signals and connected between said input of said
      second means and said input signal means.
NUM  3.
PAR  3. A threshold gate circuit as set forth in claim 1 wherein said threshold
      level generating means is a signal dividing means having an input
      connected to said input signal means and an output connected to said
      comparator means.
NUM  4.
PAR  4. A threshold gate circuit as set forth in claim 3 wherein said threshold
      level generating means includes a bias signal means arranged to produce a
      continuous bias level for application to said comparator means as a
      threshold level.
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PAL  A switching circuit is disclosed in which a first field effect transistor
      (which will be hereinafter referred to as an FET simply) is provided in
      such a manner that its source-drain are connected between an input
      terminal and output terminal and its source and drain electrodes are
      connected to a bias source through resistors, and a second FET of a source
      follower type is provided such that its gate electrode is connected to the
      source electrode of the first FET and its source electrode is connected to
      the gate electrode of the first FET. In this case, by changing the source
      electrode voltage level of the second FET, the first FET is made on and
      off to perform a switching operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a switching circuit, and more
      particularly is directed to a switching circuit with a wide dynamic range
      using a junction type FET.
PAR  2. Description of the Prior Art
PAR  A switching circuit is proposed in the prior art as shown in FIG. 1. In the
      prior art switching circuit shown in FIG. 1, if FETs 1 and 2 are of a
      P-channel junction type, the FETs 1 and 2 are made conductive (on) when
      their gate electrodes are in the ground voltage, while they are made
      nonconductive (off) when their gate electrodes are in a plus voltage to
      achieve the switching operation.
PAR  With the prior art switching circuit shown in FIG. 1, in the case where the
      FETs 1 and 2 are made conductive, when an input voltage exceeds 0.7V
      (volts), the FETs 1 and 2 are biased forwardly between their gate-source
      by the input voltage to flow the gate current, so that at this time the
      part of the input voltage higher than 0.7V is clipped. That is, with the
      prior art switching circuit shown in FIG. 1, there is a defect that a clip
      may occur for a large input to narrow a so-called dynamic range.
PAR  Further, the impedance of the FETs 1 and 2 between their source-drain is
      fluctuated or changed by the level of an input signal, so that there may
      be produced much distortions.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a switching circuit
      in which the source-drain of a first FET are connected between an input
      terminal and an output terminal, the source and drain electrodes of the
      first FET are connected to a bias source through resistors, a second FET
      of a source follower type is provided, the gate electrode of the second
      FET is connected to the source electrode of the first FET, and the source
      electrode of the second FET is connected to the gate electrode of the
      first FET. In this case, by changing the source electrode voltage level of
      the second FET, the first FET is made on and off to achieve a switching
      operation.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a switching circuit
      free from the drawbacks encountered in the prior art switching circuit
      mentioned above.
PAR  It is another object of the invention to provide a switching circuit with a
      wide dynamic range.
PAR  It is a further object of the invention to provide a switching circuit for
      avoiding the distortion which may be caused by the variation of an input
      signal in level.
PAR  It is a yet further object of the invention to provide a switching circuit
      of an FET which can be easily formed as an integrated circuit.
PAR  The additional and other objects, features and advantages of the invention
      may be apparent from the following description taken in conjunction with
      the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a connection diagram of a prior art switching circuit; and
PAR  FIG. 2 is a connection diagram of an embodiment of the switching circuit
      according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A description will be hereinafter given on an embodiment of the switching
      circuit according to this invention with reference to FIG. 2. In FIG. 2,
      reference numerals 1-4 indicate FETs of a P-channel junction type. Between
      an input signal source terminal 11 and an output terminal 21, the
      source-drain of the FETs 1 and 2 are connected in series to provide a
      continuous DC coupling. The source electrode of the FET 1, the drain
      electrode of the FET 1 and the source electrode of the FET 2, and the
      drain electrode of the FET 2 are connected to a common bias source 12
      through resistors 31, 32 and 33 with the same resistance value,
      respectively.
PAR  The gate electrode of the FET 3 is connected to the signal source 11, and
      also to the source electrode of the FET 1, its drain electrode is
      grounded, and its source electrode is connected through a resistor 34 to
      the drain electrode of the FET 4. The source electrode of the FET 4 is
      connected through a resistor 35 to a voltage source terminal 22 of
      +V.sub.dd and its gate electrode is connected also to the terminal 22.
      Thus, the FET 4 is made as a constant current source and the FET 3 is made
      as a source follower type with the FET 4 as a load. In this case, the FETs
      3 and 4 are made equal in characteristics and the resistors 34 and 35 are
      made to have the same resistance value. The bias source 12 also serves as
      a gate bias source for the FET 3. The drain electrode of the FET 4 is
      connected to the gate electrodes of the FETs 1 and 2, respectively, and
      connected to the terminal 22 through a resistor 36 and a switch 41.
PAR  With such a circuit construction of the invention described as above, since
      the drain current of the FET 3 and the drain current of the FET 4 are
      equal with each other in the case of the switch 41 being made off, the
      FETs 3 and 4 are same in characteristics and the resistors 34 and 35 are
      equal in resistance value, voltages E.sub.3 and E.sub.4 (refer to FIG. 2)
      become as E.sub.3 = E.sub.4 = 0 at this time. Further, since the voltage
      E.sub.3 is also the voltage across the gate-source of the FETs 1 and 2, in
      this case the voltage across the gate-source of the FETs 1 and 2 is 0. As
      a result, the FETs 1 and 2 become on to deliver the signal from the signal
      source 11 to the output terminal 21 through the FETs 1 and 2.
PAR  On the other hand, when the switch 41 is made on, the condition E.sub.3
      .sub..noteq. 0 is established by the voltage +V.sub.dd at the terminal 22
      and hence the FETs 1 and 2 are made off. As a result, no output signal is
      delivered to the output terminal 21.
PAR  As described above, the switching operation is carried out by making the
      switch 41 on and off. In this case, however, the bias voltage from the
      bias source 12 is chosen higher than the level of the input signal applied
      to the FETs 1 and 2, so that the signal clipping encountered in the prior
      art shown in FIG. 1 does not occur until the level of the input signal
      approaches the magnitude of the bias voltage. Thus, it may be understood
      that the dynamic range of the switching circuit of the invention is wide.
PAR  Further, in the case where the switch 41 is in off-state and the FETs 1 and
      2 are in on-state, the voltage E.sub.3 across the gate-source of the FETs
      1 and 2 is zero (E.sub.3 = 0) irrespective of the level of the input
      signal, so that the impedance between the sourcedrain of the FETs 1 and 2
      is not changed by the level of the input signal with the result that any
      distortion is not caused by the variation of the input signal in level.
      That is, the FET 3 operates as the type of source follower with the FET 4
      as a load and, due to the fact that the source and gate electrodes of the
      FETs 1 and 2 are supplied with the signals same in phase and level from
      the signal source 11, the impedance between the source-drain of the FETs 1
      and 2 is not changed in accordance with the level of the input signal. As
      a result, any distortion, which may be caused by the variation or
      fluctuation of the input signal in level, is prevented from being
      generated.
PAR  Further, since the resistors 31-33 are selected equal in resistance value,
      no current flows through the source-drain of the respective FETs 1 and 2
      when the switch 41 is in on-state. Accordingly, even if the switch 41 is
      made on and off, the DC voltage at the output terminal 21 is not changed,
      or no pulsating noise is produced upon switching.
PAR  In addition, the circuit of the invention can be easily made as an
      integrated circuit due to the circuit construction mentioned as above.
PAR  Instead of employing the switch 41 and the resistor 36 in the illustrated
      embodiment, it may be possible that the gate electrode voltage level of
      the FET 4 is changed to vary the drain electrode voltage level thereof and
      hence to make the FETs 1 and 2 on and off.
PAR  Further, the number of the FETs corresponding to the FETs may be changed
      with the same result.
PAR  The above description is given on the preferred embodiment of the
      invention, but it may be apparent that many modifications and variations
      could be effected by those skilled in the art without departing from the
      spirits and scope of the novel concepts of the invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A switching circuit adapted for switching of an input signal having a
      large dynamic range without clipping and distortion, comprising:
PA1  a. FET means having a source-drain current path DC coupled between signal
      input and output terminals and also having a gate connection;
PA1  b. a bias source means connected to said source drain path for determining
      a DC voltage level at said input and output terminals;
PA1  c. a source follower FET means connected between said signal input terminal
      and the gate connection of said FET means;
PA1  d. a voltage source;
PA1  e. a switching means directly connected, without any intervening elements,
      between said voltage source and said FET means gate connection; and
PA1  f. loading means connected between said voltage source and the source of
      said source follower FET means.
NUM  2.
PAR  2. A switching circuit according to claim 1 in which said FET means
      comprises a series connection of two FET's in which the FET means gate
      connection comprises a common connection of a gate from each of the two
      FETs.
NUM  3.
PAR  3. A switching circuit according to claim 1 in which said bias source means
      comprises a bias voltage source connected to said source-drain current
      path by a plurality of resistors.
NUM  4.
PAR  4. A switching circuit according to claim 1 in which said source follower
      FET means comprises an FET having a grounded drain and a resistor
      connected to a source electrode of the FET.
NUM  5.
PAR  5. A switching circuit according to claim 1 in which said loading means
      comprises an FET constant current source.
NUM  6.
PAR  6. An FET switching circuit comprising:
PA1  a. input and output terminals;
PA1  b. a first FET having a source directly connected to said input;
PA1  c. a second FET having a source directly connected to the first FET drawn
      and a drawn directly connected to the output terminal;
PA1  d. a bias source;
PA1  e. first, second, and third resistors connecting the bias source to each of
      the drain and source terminals of said first and second FETs;
PA1  f. a source follower FET having a gate connected to the input terminal, a
      grounded drain, and a source connected to both gates of the first and
      second FETs through a fourth resistor;
PA1  g. a voltage source;
PA1  h. a constant current FET having a source connected to said voltage source
      through a fifth resistor, a gate connected to said voltage source, and a
      drain connected to the gates of said first and second FETS; and
PA1  i. a switch having one end connected to said voltage source and the other
      end connected through a sixth resistor to said first and second FET gates.
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PAL  A semiconductor speech path switch circuitry is disclosed in which a
      terminal is provided to one region of a semiconductor device located
      between two points to be channeled to each other and having a four-region
      structure of PNPN with three PN junctions, the one region having the
      lowest impurity concentration in the semiconductor device and also
      determining the breakdown voltage thereof, a bias voltage being applied to
      the terminal through a variable impedance circuit exhibiting a high
      impedance in the turned-on state of the semiconductor device while
      exhibiting a low impedance in the turned-off state of the semiconductor
      device. In the semiconductor channel switch circuitry, the crosstalk
      through the junction capacitances is greatly reduced and the available
      frequency band is wide.
BSUM
PAR  The present invention relates to a semiconductor speech path switch
      circuitry for an exchanger or the like and more particularly to a
      semiconductor speech path switch circuitry whose transmission frequency
      band is widened.
PAR  There have been attempts to construct a speech path switch for an exchanger
      with semiconductor. Typically, PNPN diode or switch has been used. The
      PNPN diode or switch, once it is turned on, has an ability to keep itself
      turned on until an external power supply associated therewith is cut off.
      Therefore, it can be used as an element capable of keeping a closed
      condition during the conversation, in a channel switch for an automatic
      electrical exchanger etc. The PNPN diode or switch is well known by the
      term "thyristor" or "SCR". It structurely comprises four regions of PNPN
      having three PN junctions and electrically is regarded as a complimentary
      circuit comprising an NPN transistor and a PNP transistor in which the
      collector of the NPN transistor and the base of the PNP transistor are
      connected together and the base of the NPN transistor and the collector of
      the PNP transistor are connected together.
PAR  Such a useful element, however, has a disadvantage that, when it is used at
      a high frequency, the capacitive crosstalk occurs through the junction
      capacitance, thus resulting in a restriction in the widening of the
      frequency band.
PAR  Accordingly, an object of the present invention is to provide a speech path
      switch circuitry which uses a semiconductor device comprising a
      four-region structure of PNPN with three PN junctions and which is
      applicable over a wide frequency range.
PAR  Another object of the present invention is to provide a semiconductor
      speech path switch circuitry using a gate controlled PNPN switch with a
      high gate sensitivity.
PAR  According to one aspect of the present invention, there is provided a
      semiconductor speech path switch circuitry comprising a semiconductor
      device having a four-region structure of PNPN with three PN junctions, a
      terminal provided to one region of the four regions of said semiconductor
      device having the lowest impurity concentration among said four regions
      and determining the breakdown voltage of said semiconductor device, and a
      variable impedance circuit connected to said terminal and exhibiting a
      high impedance in the turned-on state of said semiconductor device and a
      low impedance in the turned-off state of said semiconductor device.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will be apparent when reading the following description in
      conjuntion with the accompanying drawings, in which:
PAR  FIG. 1 is a circuit diagram of an example of the known speech path circuit
      construction;
PAR  FIGS. 2a, 2b and 2c are sectional views of the major structure portion of
      the PNPN switch of the speech path circuit construction shown in FIG. 1
      and a crosstalk equivalent circuit diagram;
PAR  FIGS. 3a and 3b are a circuit diagram of a first embodiment of the
      semiconductor speech path switch circuitry according to the present
      invention and its crosstalk equivalent circuit diagram;
PAR  FIGS. 4a, 4b and 4c are circuit diagrams of various embodiments of a
      variable impedance circuit used in the present invention;
PAR  FIG. 5 is a circuit diagram of a second embodiment of the present
      invention;
PAR  FIG. 6 is a circuit diagram of a third embodiment of the present invention;
      and
PAR  FIG. 7 is a circuit diagram of still another embodiment of the variable
      impedance circuit used in the present invention.
DETD
PAR  The speech path using a conventional PNPN switch and the structure of the
      PNPN switch are first explained with reference to FIGS. 1 and 2, before
      explaining the embodiments of the present invention.
PAR  FIG. 1 illustrates an example of the speech path circuit construction using
      the conventional PNPN switch, in which a speech path switch 1 is a matrix
      array consisting of a great number of the PNPN switches. Only four PNPN
      switches 101, 102, 103 and 104 are here employed only for illustration
      purpose. The PNPN switch 101 is provided with a resistor 4 connected
      between a gate 2 and a cathode 3 for preventing an erroneous operation due
      to the rate effect, and a control gate terminal 6 connected to the gate 2
      through a diode 5 for preventing the reverse flow of current. An anode 7
      is connected to a positive power source 9, while the cathode 3 is grounded
      through a transformer 10, a current setting resistor 11 and a switch 12.
      The transformer 10, the resistor 11, and the switch 12 may be fabricated
      into a set of electronic circuit assembly. When a pulse-shaped control
      signal is applied to the gate control terminal 6 in the thus constructed
      circuit, the PNPN switch 101 is fired to allow a d.c. current to flow
      therethrough until the switch 12 is turned off. A signal 13 applied to the
      transformer 8 is supperposed on the d.c. current flowing through the PNPN
      switch 101 and flows in the direction of arrow I.sub.1 as drawn with a
      solid line, reaching a load 14. Here, the signal 13 corresponds to a
      talking telephone while the load 14 corresponds to a listening telephone.
      Although the above description has been made referring to the PNPN switch
      101, the same description is also true for the PNPN switches 102, 103 and
      104.
PAR  Assume now that when the PNPN switch 101 is in its turned-on state to
      permit a signal to be transmitted therethrough, another PNPN switch 104 is
      turned-on to form another speech path. In this case, information included
      in the signal 13 leaks to an unexpected speech path through the junction
      capacitors of the PNPN switch 102 and 103 in a turned-off state, as shown
      in an arrow I.sub.2 of a dotted line. This phenomenum is called a
      crosstalk and provides a little problem in a low frequency region, but
      provides a serious problem in a high frequency region.
PAR  Reference is now made to FIGS. 2a-2c, showing sectional views of the
      structure of the main portion of a conventional PNPN switch, and an
      equivalent circuit diagram for the crosstalk when the switch is turned
      off. FIG. 2a shows a sectional view of the major portion of the PNPN
      switch and its associated circuit, when the switch is fabricated in the
      form of integrated circuits. The switch is comprised of a semiconductor
      body (wafer) 21, an N-type single crystal region 22 insulated and isolated
      in the semiconductor body, two P-type regions 23 and 24 diffused in the
      N-type single crystal region, and a N-type region 25 diffused in the
      P-type region 24. The regions 22, 23 and 24 constitute a lateral PNP
      transistor while the regions 22, 24 and 25 constitute a NPN transistor.
      These transistors are complimentarily connected to form a PNPN switch. The
      region 23 serves as an anode A, the region 25 as a cathode K and the
      region 24 as a gate whose terminal G is connected through a diode 5 with
      the region 24. The regions 24 and 25 is shorted by a resistor 4 for
      preventing an erroneous operation due to the rate effect. The resistor 4
      and the diode 5 may also be integrally formed in the remaining part of the
      body 21. The transformer 8, 10 and other components described in FIG. 1
      are connected as shown in the figure. FIG. 2b is a cross sectional view of
      an example of the PNPN switch of a vertical structure type which is
      generally manufactured as a discrete component and in which PNPN regions
      are piled in the vertical direction. In the figure, like reference
      numerals and symbols are used therein to denote like functioning regions
      and like portions appearing in FIG. 2a.
PAR  In FIGS. 2a and 2b diagrammatically illustrating the PNPN switch, the first
      region 23 as counted from the anode A and the second region 22 form a
      first PN junction J.sub.1, the second and third regions 22 and 24 a second
      PN junction J.sub.2, and the third and fourth regions 24 and 25 a third PN
      junction J.sub.3. The turned-off state of the PNPN switch indicates that
      no d.c. current flows therethrough. An equivalent circuit between the
      anode and the cathode in such a state is shown in FIG. 2c. As is seen from
      the figure, the three junctions connected in series serve as electrostatic
      capacitors to permit the leakage of the signal 13 to the load 14. The
      third junction capacitance C.sub.J3, however, is shorted by the resistor 4
      and has a low impedance. As a result, it is the first and second junction
      capacitances C.sub.J1 and C.sub.J2 which determine the amount of the
      crosstalk. The junction capacitances C.sub.J1 and C.sub.J2 are
      substantially determined if the current capacity of the PNPN switch is
      determined, and therefore offer an obstacle in the application of the
      switch at a high frequency. For this reason, there has been an attempt in
      which the control gate terminal of the PNPN switch is grounded through a
      low impedance when it is turned off. When a gate circuit is provided with
      the diode 5, however, such an attempt is not useful for to the prevention
      of crosstalk because the diode 5 is in a cut-off state. Even if no diode
      is provided and when the resistor 4 is provided between the gate and the
      cathode for preventing an erroneous operation due to the rate effect, it
      may be considered that the resistor 4 gives a shunt to the load 14.
      Accordingly, in FIG. 1, the signal branches to the cathode-gate circuit,
      resulting in a signal loss.
PAR  The present invention is directed to eliminate such disadvantages and to
      obtain a speech path switch circuitry which uses a semiconductor device of
      four-region structure of PNPN with three PN junctions and is usable over a
      wide frequency range. The present invention also provides an improvement
      of the gate sensitivity in the case of the PNPN switch having a control
      gate. The semiconductor device of four-region structure of PNPN provided
      with the control gate will be hereinafter referred to as a PNPN switch,
      while that of no provision thereof is referred as a PNPN diode.
      Embodiments of the semiconductor speech path switch circuitry of the
      present invention will be given with reference to the accompanying
      drawings.
PAR  FIGS. 3a-3b illustrate an embodiment of the semiconductor speech path
      switch circuitry according to the present invention, and is illustrated in
      the manner similar to FIGS. 2a-2c. As will be seen from FIG. 3a, the
      semiconductor speech path switch circuitry according to the present
      invention is constructed such that a terminal is provided to the second
      region 22 and a bias voltage 27 is applied to the terminal through a
      variable impedance circuit 26 exhibiting a high impedance when the PNPN
      switch is turned on while exhibiting a low impedance when the switch is
      turned off. The variable impedance circuit 26 must have a low impedance
      enough to prevent the crosstalk when the PNPN switch is turned off. On the
      other hand, when the PNPN switch is turned on, the impedance circuit must
      have a high impedance enough to allow a little current to flow, in order
      that the signal does not branch to the circuit 26 and the selfholding
      ability of the PNPN switch is not deteriorated by the d.c. current flowing
      out of the bias voltage source 27. Some circuits as examples capable of
      fulfilling such a requirement are shown in FIGS. 4a-4c. FIG. 4a is an
      example employing a constant current diode 28 utilizing the junction
      field-effect. FIG. 4b is an example in which a constant current circuit is
      comprised of a PNP transistor 29, a Zener diode 30, and resistors 31 and
      32, and further, if necessary, a bypass condenser 33 to obtain a low
      impedance. As will be seen from FIG. 3a, during the turned-off state of
      the PNPN switch, no d.c. current flows through the variable impedance
      circuit 26 because the second region 22 is of N-type. Under this state,
      the constant current circuit is still in a low impedance state so that
      when the PNPN switch turns on the constant current flows through the
      circuit 26 with the result that the circuit 26 automatically exhibits a
      high impedance. Accordingly, the desired function is attainable by merely
      controlling the PNPN switch. In FIG. 4c, a switching circuit is designed
      so as to be more positively operable. That is, the switching circuit
      operates to switch over a high impedance to a low impedance, and vice
      versa. The switching circuit in FIG. 4c comprising a transistor 34 is
      controlled at its base terminal 35. The switching circuit is opened when
      the PNPN switch is turned on and closed when the PNPN switch is turned
      off. It is possible to construct other forms of the variable impedance
      circuit 26 being operable along the object of the present invention, by
      using a field-effect transistor or the like.
PAR  In the first embodiment of the present invention, the second region 22 is
      grounded through the variable impedance circuit 26 so that the junction
      point of the two jundtion capacitances C.sub.J1 and C.sub.J2 mentioned
      above is grounded. For this, when the PNPN switch is in its turned-off
      state, the variable impedance circuit exhibits a low impedance so that
      most of the signal 13 leaking out of the first conjunction capacitance
      C.sub.J1 branches to the variable impedance circuit 26. As a result, the
      signal 13 going to the load 14 is greatly reduced. This is a first
      advantage of the present invention.
PAR  The reason why the positive bias voltage 27 is applied to the second region
      22 through the circuit 26 is now explained. If the region 22 is grounded
      through only the circuit 26, the voltage of the source 9 applied to the
      anode A biases forwardly the first junction with the result that the
      current flows in a reverse direction into the circuit 26. If the circuit
      26 also exhibits a constant current characteristic for the reverse flow
      direction of current, the circuit 26 is changed by the current into a high
      impedance circuit, failing to attain the aimed effect. Furthermore, even
      in a PNPN switch desired to be turned off, since the current flows through
      the first junction, there is a great possibility that the current triggers
      the PNPN switch to be erroneously turned on. If the diode is used to
      prevent the reverse flow of the current, the use of the circuit 26 becomes
      meaningless, failing to prevent the crosstalk. As a consequence, the
      reverse current is blocked by using the bias voltage 27. The value of the
      bias voltage 27 is selected to be greater than or equal to that of the
      source 9. It should be appreciated that there is produced a second
      advantage when the bias voltage 27 is set to be greater than that of the
      source 9. That is, in this case, the first junction of the PNPN switch is
      subjected to a reverse bias voltage, and at the same time the second
      junction also is subjected to a larger reverse bias voltage. When a
      reverse bias voltage V is applied to a junction, the junction capacitance
      thereof decreases in inverse proportion to V1/2 or V1/3. Thus, the
      application of the bias voltage 27 results in the reduction of the
      crosstalk and further reduces the crosstalk in cooperation with the
      circuit 26.
PAR  The third advantage of the present invention resides in an improvement of
      the stability to an erroneous operation due to the rate effect. The rate
      effect is known as a phenomenum that when a step voltage, i.e. a voltage
      having a short rising time, is applied to the anode of the PNPN switch
      being in its turned-off state the switch often operates erroneously to be
      turned on. In the PNPN switch according to the present invention, however,
      the erroneous operation thereof occurs hardly because the voltage of the
      second region is kept higher than that of the anode. As a result, the
      resistance of the resistor 4 may be set to be large, thereby to improve
      the control sensitivity of the PNPN switch. Since this phenomenon is not
      directly related to the object of widening the frequency band, a
      description thereof has been omitted. However, it is to be noted that this
      phenomenon contributes to improve the control sensitivity. This is the
      third advantage of the present invention.
PAR  In the embodiment shown in FIGS. 3a-3b, the second region 22 serving as a
      substrate region for fabricating the PNPN switch has the lowest impurity
      concentration among the regions of the switch structure, and substantially
      determines the breakdown voltage of the switch. The first and second
      junctions are allowed to have satisfactorily high breakdown voltages with
      almost same level, thereby enabling the realization of the present
      invention. Assume that in the embodiment of FIGS. 3a-3b the resistor 4 is
      not employed. In this case, a similar effect may be obtained in the a.c.
      operation if the variable impedance circuit 26 is connected to the third
      region 24 with a bias voltage 27 whose polarity is reversed, but d.c.
      circuitry design will encounter a difficulty because in this embodiment of
      FIGS. 3a-3b the breakdown voltage of the third region is low, i.e. only a
      few volts. Although the application of the present invention to the PNPN
      switch of vertical structure as shown in FIG. 2a has not been described,
      it will be easily realized from the foregoing description that the present
      invention may be applicable to such a structure switch in a similar way.
PAR  A second embodiment of the present invention is shown in FIG. 5. In the
      case of the first embodiment shown in FIGS. 3a-3b, the PNPN switch is
      fabricated in the N-type semiconductor region as a substrate region. In
      this second embodiment, however, the PNPN switch is fabricated using the
      P-type semiconductor region 41 as a substrate, providing two N-type
      diffusion regions 42 and 43, and further providing a P-type diffusion
      region 44. That is, in FIG. 5, the conductivity types of the
      semiconductors in the respective regions are exchanged in comparison with
      FIGS. 3a-3b. The difference of FIG. 5 from FIGS. 3a-3b is that the
      polarity of the voltage and the direction of the current flow are reversed
      and the connection of the variable impedance circuit 26 is made to the
      third region in place of the second region. The function of the switch
      shown in FIG. 5 will be easily realized from the description about the
      FIGS. 3a-3b.
PAR  FIG. 6 illustrates a third embodiment of the present invention. The
      embodiments in FIGS. 3a-3b and 5 are the cases of the PNPN switches
      connected in the unbalanced transmission circuit. However, FIG. 6 shows a
      exemplary circuit diagram when the present invention is applied to the
      switch circuit incorporated into a balanced transmission circuit. In the
      preceding two embodiments the crosstalk circuit is grounded by the
      variable impedance circuit, while in this third embodiment two lines are
      short-circuited. In FIG. 6, a pair of the PNPN switches 51 and 52 are
      provided with a variable impedance circuit 53 so as to connect these
      switches to each other at their substrate regions, while a bias voltage 55
      is applied through an inductance 54 to these switches. Transformers 56 and
      57 are provided for the balanced transmission circuit. The power source 9
      and others are the same as those employed in the previous embodiments and
      are denoted by the like reference representations used in the same
      embodiments. The function and effects of this embodiment will be easily
      understood from the description of the embodiment in FIGS. 3a-3b. Another
      variable impedance circuit shown in FIG. 7 may be employed in place of the
      combinations of the variable impedance circuit 26 or 53 and the bias
      voltage 27 or 55. The variable impedance circuit in FIG. 7 consists of a
      capacitor 61 whose capacitance is larger than that of the junction
      capacitor, and a switching circuit 62 connected to the capacitor in
      series, which is opened in the turned-on state of the PNPN switch while
      closed at the turn-off state thereof.
PAR  From the foregoing description, it will be understood that the present
      invention provides a useful technique for obtaining the switch operable
      over a wide frequency range, with a view to considerably improving the
      crosstalk problem in the turned-off switch circuit by incorporating the
      variable impedance circuit into the speech path switch using the PNPN
      switches, each of the switches being of four-region structure of PNPN.
      While the descriptions have been made for the case of the PNPN switch, it
      will be apparent that the present invention may be applicable to the PNPN
      diode having no control gate terminal and, in such a case, similar effects
      may be obtainable. Accordingly, it should be noted that the present
      invention may be applied to any semiconductor device, if it is of a
      four-region structure of PNPN with three PN junctions, irrespective of the
      existance of the control gate terminal.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor speech path switch circuit comprising a semiconductor
      device having a four-region structure of PNPN with three PN junctions,
      terminals provided respectively to the four regions of said semiconductor
      device, an impedance element connected between the terminals provided to
      two of said four regions forming therebetween one of said three PN
      junctions which is not adjacent to a substrate of said four regions having
      the lowest impurity concentration among said four regions and determining
      the breakdown voltage of said semiconductor device, and a variable
      impedance circuit connected to the terminal provided to said substrate
      region and exhibiting a high impedance in the turned-on state of said
      semiconductor device and a low impedance in the turned-off state of said
      semiconductor device.
NUM  2.
PAR  2. A semiconductor speech path switch circuit comprising a semiconductor
      device located between two points to be conductively coupled to each other
      and having a four-region structure of PNPN with three PN junctions,
      terminals provided respectively to the four regions of said semiconductor
      device, an impedance element connected between the terminals provided to
      two of said four regions forming therebetween one of said three PN
      junctions which is not adjacent to a substrate of said four regions having
      the lowest impurity concentration among said four regions and determining
      the breakdown voltage of the semiconductor device, and a variable
      impedance circuit exhibiting a high impedance in the turned-on state of
      said semiconductor device and a low impedance in the turned-off state of
      said semiconductor device, a bias voltage being applied through said
      variable impedance circuit to the terminal provided to said substrate
      region.
NUM  3.
PAR  3. A semiconductor speech path switch circuit according to claim 2, in
      which said variable impedance circuit comprises a constant current diode.
NUM  4.
PAR  4. A semiconductor speech path switch circuit according to claim 2, in
      which said variable impedance circuit comprises a constant current
      circuit.
NUM  5.
PAR  5. A semiconductor speech path switch circuit according to claim 2, in
      which said variable impedance circuit comprises a switching circuit opened
      when said semiconductor device is turned on and closed when said
      semiconductor device is turned off.
NUM  6.
PAR  6. A semiconductor speech path circuit circuit comprising a semiconductor
      device located between two points to be channeled and having a four-region
      structure of PNPN with three PN junctions, terminals provided respectively
      to the four regions of said semiconductor device, an impedance element
      connected between the terminals provided to two of said four regions
      forming therebetween one of said three PN junctions which is not adjacent
      to a substrate of said four regions having the lowest impurity
      concentration among said four regions and determining the breakdown
      voltage of said semiconductor device, a capacitive element having a larger
      capacitance than the junction capacitance of said semiconductor device,
      and a switching circuit opened when said semiconductor device is turned on
      and closed when said semiconductor device is turned off, the terminal
      provided to said substrate region being a.c. wise-grounded through said
      capacitive element by said switching circuit.
NUM  7.
PAR  7. A semiconductor speech path switch circuit comprising a semiconductor
      device provided between speech path lines at each intersection of a
      plurality of speech path lines arranged in a matrix form and having a
      four-region structure of PNPN with three PN junctions, terminals provided
      respectively to the four regions of said semiconductor device, an
      impedance element connected between the terminals provided to two of said
      four regions forming therebetween one of said three PN junctions which is
      not adjacent to a substrate of said four regions having the lowest
      impurity concentration among said four regions and determining the
      breakdown voltage of said semiconductor device, and a variable impedance
      circuit connected to the terminal provided to said substrate region and
      exhibiting a high impedance in the turned-on state of said semiconductor
      device and a low impedance in the turned-off state of said semiconductor
      device, a bias voltage being applied through said variable impedance
      circuit to the terminal provided to said substrate region.
NUM  8.
PAR  8. A semiconductor speech path switch circuit comprising a semiconductor
      device provided between speech path lines at each intersection of a
      plurality of speech path lines arranged in a matrix form and having a
      four-region structure of PNPN with three PN junctions, terminals provided
      respectively to the four regions of said semiconductor device, an
      impedance element connected between the terminals provided to two of said
      four regions forming therebetween one of said three PN junctions which is
      not adjacent to a substrate of said four regions having the lowest
      impurity concentration among said four regions and determining a breakdown
      voltage of said semiconductor device, a capacitive element having a larger
      capacitance than said junction capacitance of said semiconductor device, a
      switching circuit opened when said semiconductor device is turned on and
      closed when said semiconductor device is turned off, the terminal provided
      to said substrate region being connected through said capacitive element
      to said switching circuit so that the terminal provided to said substrate
      region is a.c. wise-grounded.
NUM  9.
PAR  9. In a semiconductor communication path switch circuit comprising:
PA1  a semiconductor switching device having
PA2  a first semiconductor region of a first conductivity type,
PA2  a second semiconductor region of a second conductivity type, opposite said
      first conductivity type, contiguous with said first semiconductor region
      and defining a first PN junction therewith,
PA2  a third semiconductor region of said first conductivity type, contiguous
      with said second semiconductor region and defining a second PN junction
      therewith,
PA2  a fourth semiconductor region of said second conductivity type, contiguous
      with said third semiconductor region and defining a third PN junction
      therewith,
PA2  first, second, third and fourth terminals respectively connected to said
      first, second, third and fourth semiconductor regions, said first and
      fourth terminals being connected to respective communication path lines,
PA2  means, connected to said first and fourth terminals, for applying a forward
      bias voltage to said device, and
PA2  means, connected to said second terminal, for applying a gate voltage to
      said second region, so as to turn-on said device to provide a conductive
      path therethrough between said first and fourth terminals and,
      accordingly, between said respective communication path lines,
PA1  the improvement comprising:
PA1  a variable impedance circuit, connected between said third terminal and a
      source of reference potential, and providing a relatively high impedance
      between said third region and said source of reference potential during
      the turned-on state of said semiconductor device and for providing a
      relatively low impedance between said third region and said source of
      reference potential during the turned-off state of said semiconductor
      device.
NUM  10.
PAR  10. The improvement according to claim 9, wherein said semiconductor
      switching device further includes an impedance element connected between
      said first and second terminals.
NUM  11.
PAR  11. The improvement according to claim 10, in which said variable impedance
      circuit comprises a constant current diode.
NUM  12.
PAR  12. The improvement according to claim 10, in which said variable impedance
      circuit comprises a constant current circuit.
NUM  13.
PAR  13. The improvement according to claim 10, in which said variable impedance
      circuit comprises a switching circuit opened when said semiconductor
      device is turned on and closed when said semiconductor device is turned
      off.
NUM  14.
PAR  14. The improvement according to claim 10, wherein the impurity
      concentration of said third semiconductor region is lower than the
      impurity concentration of said first, second and fourth semiconductor
      regions.
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ABST
PAL  A circuit for linearizing the power output of a thyristor uses a threshold
      switch to pulse the thyristor into the conducting mode. An accumulating
      capacitor provides a current to operate the threshold switch. The current
      that charges the accumulating capacitor arises in a DC amplifier and
      absolute value of sine current source. The accumulating capacitor may
      discharge either through the threshold switch or through a shunt switch if
      the threshold has not been attained within a predetermined time period.
      The timing device for the shunt switch is a sync pulse supply that keys
      off the absolute value of sine current source.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to control of thyristors and more particularly to
      linearizing the output of such thyristors.
PAR  Thyristors, which include both silicon-controlled-rectifiers (SCR's) and
      triacs, are solid state switching devices that display a low resistance,
      or conducting mode and a high resistance, or non-conducting mode. The mode
      is controlled by a gate input, and thyristors will not conduct an
      electrical current until a firing voltage, either a sufficiently high
      voltage called break over voltage or a pulse voltage, is applied to the
      gate. The former may be called the break over mode and the latter a pulse
      mode. SCR's and triacs both display this same resistance characteristic.
      The only difference between the two is that a triac is a bi-directional
      device, while an SCR is uni-directional.
PAR  Thyristors are often used in AC power circuits to control the amount of
      power supplied to a device. By controlling the supply of power, an
      operating aspect of the device, such as the speed of electrical motor or
      the intensity of a light for example, can be regulated. However, when a
      thyristor is used to control a sine wave signal the thyristor provides
      non-linear control over the output power to the device. Thus, a linear
      change in control input to a thyristor will provide a non-linearly
      changing power output to the controlled device. This is due to the fact
      that the amount of power that a wave can produce is proportional to the
      total area encompassed under the wave and that the area under a sine wave
      changes non-linearly with time. The non-linearity makes power adjustments
      both difficult and inaccurate, making it much more desirable to have
      linear control over a device.
PAR  The current means of linearizing a thyristor output signal is a ramp and
      pedestal circuit, such as that illustrated in the General Electric SCR
      Manual (5th Ed.), paras. 9.5.1 and 9.5.2. This circuit is connected
      between the thyristor and a potentiometer, or other similar device, that
      controls the input voltage to the thyristor. It provides a non-linear gate
      control signal that substantially compensates for or cancels out the
      non-linearity of an output signal. The circuit operates by first null-wave
      rectifing a sine wave power signal (which is customarily 120 volts
      R.M.S.), and thereafter the rectifier current is divided into two
      portions. One is reduced in magnitude and fed into an accumulating
      capacitor. The other is reduced in magnitude by a power resistor and
      clipped by a shorting zener diode, resulting in a pedestal wave. The
      pedestal wave is then fed through a controlling transistor into the
      accumulating capacitor, and it is added to the rectified sine wave. The
      resulting wave is a modified pedestal wave having a sinusoidally-rising
      plateau. The magnitude or voltage level of the modified pedestal wave
      depends upon the magnitude of the pedestal wave that is fed into the
      summing capacitor. This is regulated by the controlling transistor, which
      connects to the potentiometer. The accumulated voltage in the capacitor
      discharges through a unijunction transistor when the capacitor voltage
      reaches a threshold level. The time at which the threshold voltage is
      reached depends upon the magnitude of the modified pedestal wave which in
      turn is controlled by the potentiometer. The output of the unijunction
      transistor is coupled through a transformer to the gate of a thyristor.
      The discharging voltage from the capacitor causes the thyristor gate to
      place the thyristor in a conducting mode and it can thus deliver power to
      a load.
PAR  Although the ramp and pedestal circuit substantially linearizes thyristor
      output, it has several severe shortcomings. First, it has a high voltage
      reference that poses the hazard of a severe shock to a user. This is due
      to the use of a full wave rectifier whose output is not referenced to
      ground, which in a conventional 120 volt AC circuit would place the
      controlling potentiometer that is manipulated by a user about 60 volts
      above ground. One solution that is used by the industry is an isolation
      transformer following the full wave rectifier. However, it consumes a
      large amount of power and introduces distortion into the circuit. Second,
      the power resistor in the pedestal wave portion of the circuit dissipates
      a large amount of heat and thus wastes considerable power. Third, the
      rectified sine wave portion of the circuit does not produce a perfect
      full-wave rectified current due to distortion introduced by the charging
      of the accumulating capacitor.
PAR  It is therefore an object of the invention to provide a thyristor control
      circuit that overcomes the problems of the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises a threshold switch that is activated by a voltage
      supplied by an accumulating capacitor. The capacitor is charged by a
      controlled, ground-referenced absolute value of sine wave current
      (hereinafter sine) source and a DC amplifier. A shunt switch periodically
      discharges the capacitor if the threshold switch is not activated during
      one period of the sine. The shunt switch is activated by a sync pulse
      supply that produces a pulse when the sine reaches a predetermined level.
      The threshold switch produces a pulse that causes a thyristor to enter its
      conducting mode. The time at which the accumulating capacitor discharges
      through the threshold switch is determined by the voltage level supplied
      by the DC amplifier.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention can be more completely understood and further objects and
      advantages may be had by referring to the following description taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1A is a graph of a sine wave illustrating its power content;
PAR  FIG. 1B is a graph of the sine wave of FIG. 1A after having been operated
      upon by a triac, showing the effect of different triac firing times upon
      the power content of the wave;
PAR  FIG. 1C is a graph of the power output in terms of percentage of full power
      that a triac will produce as a function of firing time in operating upon
      the sine wave as shown in FIG. 1B;
PAR  FIG. 1D is a graph of the desired power output of a triac as a function of
      firing time;
PAR  FIG. 1E is a graph of a typical linear triac gate input signal that
      produces the non-linear power output characteristic shown in FIG. 1C;
PAR  FIG. 1F is a graph of a compensating triac input control signal that will
      produce the power output characteristic shown in FIG. 1D.
PAR  FIG. 2 is a block diagram of a generalized thyristor control system.
PAR  FIG. 3 is a more detailed block diagram of the thyristor control circuit of
      FIG. 2 embodying the present invention; and
PAR  FIG. 4 is a schematic diagram of a circuit embodying the invention.
DETD
PAC  THEORY OF THE INVENTION
PAR  Thyristors control the flow of AC current to a device by conducting only a
      portion of the AC wave. FIG. 1A shows one cycle of a sine wave with the
      shaded area under the curve being proportional to the amount of power
      supplied by the wave. FIG. 1B shows the same sine wave after having been
      operated upon by a thyristor, which in this case is a triac. The time at
      which the firing voltage is applied to the gate is designated T.sub.f.
PAR  The non-linearity of the output occurs when the firing time is changed. As
      may be seen in FIG. 1B, the amount of power that a thyristor will supply
      to a device changes in different amounts in different parts of the wave
      for a constant change in firing time. A change in firing time from
      T.sub.f1 to T.sub.f2 removes a different amount of area, and thus power,
      from under the curve than an equal change from T.sub.f2 to T.sub.f3. FIG.
      1C illustrates the non-linearity in a plot of power in terms of percentage
      of maximum output versus firing time for one half of a sine wave cycle. In
      FIG. 1D is the desired power-time response.
PAR  The non-linearity is worst when the period of the firing pulses and thus
      firing time varies linearly. In other words a linear gate input results in
      the worst non-linear power output. The non-linearity can be compensated by
      providing a non-linearly varying firing pulse period that cancels the
      effects of the output non-linearity. Thus, a linear output can be obtained
      by providing a compensating non-linear gate input. FIG. 1E shows a plot of
      a pulse period that changes linearly with a controlled factor, such as
      voltage. It will produce the non-linear output curve shown in FIG. 1C.
      FIG. 1F illustrates a compenating non-linear input that will produce the
      desired curve shown in FIG. 1D.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 2 shows a generalized block diagram that may be used to provide a
      compensating non-linear firing voltage to a thyristor. A thyristor, shown
      here as a triac, connects to a thyristor control circuit 12, and
      electromagnetic interference (EMI) filter 14, and an AC voltage source 16
      typically 120 volts. The thyristor control circuit 12 also connects to the
      AC voltage source 16, a linearly variable control signal source 18, and a
      load 22. The EMI filter 14 also connects to the AC voltage source 16 and
      the load 22. In operation the AC voltage source operates a device
      represented by load 22, and triac 10 controls the amount of power that
      reaches load 22. The EMI filter 14 removes any noise that might be
      introduced into the circuit by the switching of triac 10. The thyristor
      control circuit 12 supplies triac 10 with a firing voltage that
      compensates for the non-linearity in triac 10. The variable signal source
      18, which may be a potentiometer connected to a DC voltage source for
      example, provides a means of timing a thyristor control circuit 12. FIG. 3
      shows a more detailed block diagram of the thyristor control circuit 12
      and associated apparatus. The thyristor 10 communicates with a threshold
      switch 24 that controls the thyristor operation. An isolater 26 may be
      placed between the thyristor 10 and threshold switch 24. The threshold
      switch 24 activates the thyristor 10 with a current derived from
      accumulator 28. The charge in accumulator 28 derives from a DC amplifier
      30 and sine source 32. The DC amplifier 30 connects to the variable signal
      source 18, and the current source 32 connects to the AC generator 16. The
      accumulator 28 also connects to a shunt switch 34, which is controlled by
      a sync pulse supply 36 which generates its pulse output in response to
      current source 32.
PAR  In operation the DC amplifier 30 generates a DC current in response to
      variable signal source 18, and it is stored in the accumulator 28. Current
      source 32 generates sine in response to AC generator 16 and also stores it
      in accumulator 28, the result being a sum of the DC current and the
      absolute value of sine current in the accumulator 28. When the voltage of
      the accumulator 28 reaches the threshold voltage of threshold switch 24,
      the charge in accumulator 28 discharges through threshold switch 24,
      through isolator 26 to thyristor 10, thereby causing the thyristor to
      enter the conducting mode. Sync pulse supply 36 generates a pulse waveform
      for response to current source 32. The shunt switch 34 periodically
      discharges any charge that is in accumulator 28 in response to sync pulse
      supply 36. Thus, shunt switch 34 discharges the accumulator 28 if the sync
      pulse supply 36 supplies a pulse before the accumulator voltage reaches
      the threshold voltage of threshold switch 24. The shunt switch 34 thus
      performs a clearing function to prepare the accumulator 28 for receiving
      the next cycle from the current source 32. The threshold voltage of
      threshold switch 24 is controlled by varying the DC current supplied by DC
      amplifier 30 with variable signal source 18.
PAR  FIG. 4 shows a detailed schematic diagram of the circuit embodying the
      invention. The DC amplifier portion of the circuit includes field effect
      transistor 42 and PNP transistor 60. When variable signal source 18
      provides a DC signal larger than zero, a DC current flows through limiting
      resistor 38 and opens the gate of field effect transistor 42. Resistor 50
      and and capacitor 52 form a filter to remove any signal that might
      spuriously open the field effect transistor gate in the absence of a
      signal from the variable signal source 18. When the field effect
      transistor 42 opens it conducts a DC current from a DC current source,
      which in this case operates at 15 volts DC. The current from field effect
      transistor 42 opens the gate of PNP transistor 60 and allows it to conduct
      a current. Transistor 60 also conducts a DC current from the same 15 volt
      source through limiting resistor 62. The current from transistor 60 then
      enters the accumulator circuit.
PAR  The accumulator circuit consists of a resistor 64 and a capacitor 66.
      Resistor 64 is chosen to be a very high value in order to provide a large
      time constant for the accumulator circuit. Current emanating from
      transistor 60 enters the accumulator circuit and charges capacitor 66.
      Simultaneously, the accumulator circuit also receives a sine from the sine
      portion of the circuit.
PAR  The sine source includes transistors 110 and 112. The current source
      portion operates on a current provided by AC generator 16. When the AC
      signal is in its positive half, the current flows through resistor 94 to
      the gate of transistor 110. The gate of transistor 110 is biased by
      resistors 100 and 102. Diodes 104 and 106 prevent a reverse flow of
      current from the grounded terminal to the gate of transistor 110. Diode 96
      prevents a current from flowing to the gate of transistor 112 when the AC
      generator is in the positive half of its cycle. In the emitter collector
      portion of transistor 110's circuit are blocking diodes 118 and 120 and
      limiting resistors 116 and 108. As the current in the gate of transistor
      110 rises above its biased level in following the AC signal provided by
      generator 16, the current in transistor 110's emitter collector circuit
      begins to flow through diodes 120 and 118, resistor 116, transistor 110
      and resistor 108. The current form in transistor 110's emitter collector
      circuit is an inverted duplicate of the positive half of the sine wave
      signal provided by generator 16. Transistor 110 conducts only during the
      positive half of the signal provided by generators 16 and thus its output
      signal will be a periodically repeated negative half of a sine wave
      signal.
PAR  During the positive half of the signal provided by generator 16, transistor
      112 does not conduct. However, when the signal nears the negative half of
      its cycle, a current will flow from the base transistor 110 through
      resistor 98 and diode 96 to the source, thereby opening the gate
      transistor 112. During this half of the cycle transistor 110 will not
      conduct. As the current in the base of NPN transistor 112 rises above its
      biased value, the emitter collector circuit of transistor 112 will begin
      to conduct a current from the 15 volt source through diodes 120 and 118,
      resistor 116 and transistor 112.
PAR  The current in the circuit at that time is the same as that in transistor
      112, except that it is displaced by 180.degree.. Thus, when transistor 110
      is conducting, transistor 112 is not and vice versa. The result is that at
      the node between resistor 116 and transistor 110 and 112 an inverted full
      wave rectified sine wave will appear which is the sum of the current
      waveforms produced by transistors 110 and 112. This composite current
      waveform appears at the gate of NPN transistor 76. Transistor 76 inverts
      the waveform to produce a positively oriented, regulated full wave
      rectified, or sine waveform. This current then enters capacitor 66 and is
      summed with the signal produced by the DC amplifier.
PAR  After the capacitor 66 has been charged by the DC amplifier portion of
      circuit and the sine source portion, one of two things can happen. First
      the charge in capacitor 66 will be sufficient to activate the threshold
      switch portion of the circuit. Second the charge in capacitor 66 will not
      reach a level sufficient to activate the threshold switch within one
      charging cycle measured by the period of the signal produced by generator
      16, and the capacitor will be discharged by the shunt switch portion of
      the circuit in order that the capacitor will be prepared to be recharged
      during the next cycle.
PAR  The shunt switch portion of a circuit consists primarily of a transistor
      80. When the gate of transistor 80 receives a current higher than its
      biased value, transistor 80 will open and the charge in capacitor 66 will
      discharge through resistor 78 and transistor 80 to ground. The signal that
      causes transistor 80 to open is provided by the sync pulse supply portion
      of the circuit. The sync pulse supply keys off the sine signal produced by
      transistors 110 and 112. This signal appears at the gate of transistor 88,
      which comprises the major element of the sync pulse power supply.
      Transistor 88 is biased such that it will conduct only when the inverted
      sine reaches a peak which occurs only for a very brief instant at the
      beginning of each cycle. Since the transistor conducts only for a brief
      instant, the current flowing from the 15 volt source through resistor 86
      and transistor 88 is an impulse current whose period is the same as that
      of the absolute value of sine current produced by transistors 110 and 112
      and this identical to the charging period of capacitor 66. The pulse
      current produced by transistor 88 enters the shunt switch portion of the
      circuit through a blocking diode 84.
PAR  The threshold switch portion of the circuit includes a unijunction
      transistor 56, whose firing voltage is determined by variable resistor 46
      connected to the unijunction transistor's gate. If the charge in capacitor
      66 reaches the firing level of unijunction transistor 56 before the end of
      the cycle of the sine, the charge will discharge through unijunction
      transistor 56 as a pulse and enter the isolator portion of the circuit,
      which consists of an isolation transformer 68. Isolation transformer 68 is
      connected to the thyristor gate, and the pulse supplied by the discharging
      of capacitor 66 will pulse the thyristor gate open. The thyristor will
      then supply a current from AC generator 16 to the load.
PAR  Although the circuit embodying the invention may be used to control AC
      power to any type of load, it is particularly useful in lighting control
      circuits. In such an application the following is a preferred list of
      component values for the circuit of FIG. 4:
PA1  Resistor 38, 3.9M, 1/2W
PA1  Resistor 46, 5K Trimmer
PA1  Resistor 50, 10M, 1/2W
PA1  Resistor 62, 2.7K, 1/2W
PA1  Resistor 64, 1M, 1/2W
PA1  Resistor 78, 10K, 1/2W
PA1  Resistor 86, 10K, 1/2W
PA1  Resistor 100, 10K, 1/2W
PA1  Resistor 102, 50K,Trimmer
PA1  Resistor 116, 10K, 1/2W
PA1  Resistor 108, 6.8K, 1/2W
PA1  Capacitor 52, 0.01 microfarads, 250V
PA1  Capacitor 66, 0.068 microfarads, 250V
PA1  Diode 84, IN4003
PA1  Diode 96, IN4003
PA1  Diode 104, IN4003
PA1  Diode 106, IN4003
PA1  Diode 118, IN4003
PA1  Diode 120, IN4003
PA1  Transistor 60, TIS 97/98/2N930
PA1  Transistor 80, TIS 97/98/2N930
PA1  Transistor 88, TIS 97/98/2N930
PA1  Transistor 110, TIS 97/98/2N930
PA1  Transistor 76, 2N 4061/2N3702
PA1  Transistor 112, 2N 4061/2N3702
PA1  Transistor 42, 2N 5718
PA1  Transistor 56, NPU 131
PAR  The invention thus provides a thyristor control circuit that overcomes
      possible shock hazard to users, uses considerably less power and
      dissipates considerably less heat and provides a more nearly perfectly
      linear thyristor power response.
PAR  While particular embodiments of the present invention have been shown and
      described, it is apparent that changes and modifications may be made
      without departing from the invention in its broader aspects, and therefore
      the aim in the appended claims is to cover all such changes and
      modifications that fall within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a thyristor circuit for controlling high-power AC signals, a circuit
      for linearizing the thyristors control response, comprising: means for
      generating a variable level DC signal; means for generating an absolute
      value of sine signal; means for accumulating said two signals to provide a
      signal level that may reach a threshold level; means in communication with
      the accumulating means for activating the thyristor in response to the
      threshold level by discharging the accumulating means; and means for
      periodically discharging the accumulating means if the threshold level is
      not reached within the period of the sine signal.
NUM  2.
PAR  2. The circuit of claim 1 wherein the DC current generating means
      comprises: a DC transistor signal amplifier; a field-effect-transistor
      current regulator in circuit with transistor current amplifier; and a
      variable signal source in communication with the field-effect-transistor
      current regulator.
NUM  3.
PAR  3. The circuit of claim 2 wherein the variable signal source comprises a
      manually controllable potentiometer.
NUM  4.
PAR  4. The circuit of claim 1 wherein the absolute value of sine current
      generating means comprises: a first transistor amplifier responsive to the
      positive-going half of the AC power signal; a second transistor amplifier
      in complementary circuit with the first transistor amplifier, responsive
      to the negative-going half of the AC power signal; and a transistor
      inverter in circuit with the first and second transistor amplifiers.
NUM  5.
PAR  5. The circuit of claim 1 wherein the accumulating means comprises: a
      capacitor; and a resistor in circuit with the capacitor.
NUM  6.
PAR  6. The circuit of claim 1 wherein the thyristor activating means comprises
      a unijunction transistor.
NUM  7.
PAR  7. The circuit of claim 6 wherein the unijunction transistor is coupled to
      the thyristor by an isolating transformer.
NUM  8.
PAR  8. The circuit of claim 1 wherein the periodic discharging means comprises:
      means for shunting the accumulator signal to ground potential; and means
      for generating periodic signals to control the shunting means.
NUM  9.
PAR  9. The circuit of claim 8 wherein the shunting means comprises a transistor
      switch.
NUM  10.
PAR  10. The circuit of claim 8 wherein the periodic signal generating means
      comprises: a transistor impulse generator responsive to the absolute value
      of sine current generator.
NUM  11.
PAR  11. A circuit for linearizing the response of a thyristor AC signal
      controller, comprising: a DC transistor current amplifier; a
      field-effect-transistor current regulator in circuit with the transistor
      current amplifier; a variable signal source in communication with the
      field-effect-transistor current regulator; an AC signal source; a
      transistor amplifier responsive to the positive-going half of the AC power
      signal; a transistor amplifier in complementary circuit with the
      positive-going transistor amplifier and responsive to the negative-going
      half of the AC power signal; a transistor inverter in circuit with the
      positive-going and negative-going transistor amplifiers; an accumulator
      capacitor in circuit with the DC transistor current amplifier and the
      transistor inverter; an accumulator resistor in circuit with the
      accumulator capacitor; a unijunction transistor in circuit with the
      accumulator capacitor; a transistor shunting switch in circuit with the
      accumulator capacitor; a transistor impulse generator in circuit with the
      transistor shunting switch, the positive going transistor amplifier, and
      the negative-going transistor amplifier.
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PAL  A pulse waveform generator circuit which is suitable for integrated circuit
      construction is disclosed. The invention functions as a square-wave
      generator for switching the outputs of tape scanning heads in a video tape
      recorder. The circuit includes: a first pulse generator for producing a
      first pulse signal with a predetermined pulse width and a second pulse
      generator which produces a second pulse signal with predetermined pulse
      width between two of the adjacent first pulse signals; a flip-flop circuit
      set by the first pulse signal at its leading edge and reset by the second
      pulse signal at its leading edge; a first logic circuit which is supplied
      with an output signal from the flip-flop circuit and the second pulse
      signal to produce a third pulse signal which is held in one state from the
      trailing edge of the second pulse signal to the leading edge of the first
      pulse signal; and a second logic circuit which is supplied with the third
      and first pulse signals to produce a desired pulse signal. In this case,
      the desired pulse signal is reversed at each of the trailing edges of the
      first and second pulse signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a pulse waveform generator
      circuit, and more particularly to a pulse wave-form generator circuit for
      use as a tape head switching device in a video tape recorder and which can
      be easily made as an integrated circuit.
PAR  2. Description of the Prior Art
PAR  In an apparatus which can record a video signal on a magnetic tape and then
      reproduce a recorded video signal from the magnetic tape, as shown in FIG.
      1A, there is employed a rotary magnetic head assembly in which two rotary
      magnetic heads 2 and 3 are attached to a rotary body 1 with an angular
      distance of 180.degree.. A magnetic tape 4 travels around the rotary body
      1 with an angular range of about 180.degree. in an oblique direction with
      respect to the rotary surface of the rotary magnetic heads 2 and 3.
PAR  With this kind of apparatus, it is required that output signals from the
      two rotary magnetic heads 2 and 3 must be switched over one to the other
      in order to create a continuous output signal which has no overlapping
      portion. To achieve this purpose, two pulse producers 5 and 6 are provided
      for detecting the pass by of the rotary magnetic heads 2 and 3, as shown
      in FIG. 1B. The pulse signals obtained from the pulse producers 5 and 6
      are used to trigger switching pulse signals for controlling the output
      signals from the two rotary magnetic heads 2 and 3 and also for
      coordinating the head positions with respect to the frames or fields of
      the video signal.
PAR  The present state of the art method for generating a video tape head
      switching signal will be described with reference to FIGs. 2A to 2G.
PAR  A pulse signal S.sub.A derived from one of the pulse producers 5 or 6 shown
      in FIG. 2A is applied to a mono-stable multivibrator (not shown) which may
      produce a pulse signal S.sub.C with a predetermined pulse width as shown
      in FIG. 2C. A pulse signal S.sub.B shown in FIG. 2B is obtained from the
      other pulse producer and is applied to another mono-stable multivibrator
      (not shown) which may produce a pulse signal S.sub.D with a predetermined
      pulse width as shown in FIG. 2D. The reason for the predetermined pulse
      widths of signals S.sub.C and S.sub.D is that the positioning of the pulse
      producers 5 and 6 is carried out electrically. The pulse producers 5 and 6
      are located in such manner a manner the pulse signals S.sub.A and S.sub.B
      are derived shortly before the time when the video output signals from the
      magnetic heads 2 and 3 are to be switched, and the time constants of the
      above two mono-stable multivibrators, that is the pulse widths of the
      pulse signals S.sub.C and S.sub.D, are suitably selected such that the
      trailing edges of the pulse signals S.sub.C and S.sub.D coincide with
      times when the video output signals from the heads 2 and 3 are to be
      switched. As a result, there is no need to locate the pulse producers 5
      and 6 at precise, predetermined positions, and hence, rough positioning of
      the units is permissible.
PAR  A desired waveform for switching the video output signals from the heads 2
      and 3 is shown in FIG. 2G by S.sub.H. This pulse signal S.sub.H is
      reversed sequentially at the trailing edges of the pulse signals S.sub.C
      and S.sub.D. In order to obtain a desired pulse signal S.sub.H, the pulse
      signal S.sub.C is usually applied in the prior art to a differentiation
      circuit (not shown) to produce differentiated pulses P.sub.1 and P.sub.2,
      shown in FIG. 2E, while the other pulse signal S.sub.D is applied to
      another differentiation circuit (not shown) to produce differentiated
      pulses P.sub.3 and P.sub.4 shown in FIG. 2F. The pulse signals P.sub.2 and
      P.sub.4 obtained at the trailing edges of the pulse signals S.sub.C and
      S.sub.D are applied to a flip-flop circuit (not shown) to reverse the same
      sequentially and to produce the switching pulse signal or waveform
      S.sub.H.
PAR  However, the disadvantage associated with the above prior art device is the
      difficulty in converting to an integrated circuit. The differentiation
      circuits above made use of capacitors, and as the number of parts to be
      connected externally to an integrated circuit increases the number of
      external terminals undesirably increases.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a novel pulse waveform
      generator circuit which is suitable for construction as an integrated
      circuit.
PAR  More specifically, it is an object of this invention to eliminate the need
      for external components which cannot be included within an integrated
      circuit and use additional terminals, thereby increasing cost.
PAR  It is further an object of the present invention to provide a pulse
      waveform generator which uses circuitry elements commonly used in
      integrated circuits.
PAR  In accordance with the present invention, there is provided a pulse
      waveform generator circuit which has a first pulse generator including a
      pulse producer and mono-stable multivibrator producing a first pulse
      signal with a predetermined pulse width. A similar second pulse generator
      also produces a second pulse signal with a predetermined width which is
      timed for generation between two adjacent first pulse signals. A four
      transistor flip-flop circuit is set by the first pulse signal at its
      leading edge and reset by the second pulse signal. A first logic circuit
      including two transistors in a NOR logic arrangement is supplied with the
      output signal from the flip-flop circuit and with the second pulse signal
      and produces a third pulse signal, which is held in one state from the
      trailing edge of the second pulse signal to the leading edge of the first
      pulse signal. A second two transistor NOR logic circuit is supplied with
      the third and first pulse signals to produce the desired pulse signal for
      switching the tape head outputs. This desired waveform is shaped such that
      a transition of levels occurs upon the arrival of the trailing edges of
      the first or second pulse signals.
PAR  The above arrangement achieves the objectives strived for by eliminating
      the use of capacitors.
DRWD
PAR  Other objects, features, and advantages of the invention will become
      apparent from the following description taken in conjunction with the
      accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1A is a plan view of the main part of a magnetic video tape recording
      and reproducing apparatus to which the present invention is applicable;
PAR  FIG. 1B is a side view of the main part of the magnetic recording and
      reproducing apparatus shown in FIG. 1A;
PAR  FIGS. 2A to 2G, inclusive, are waveform diagrams used for explaining a
      prior art circuit which produces a pulse signal for switching the output
      signals from two rotary magnetic heads shown in FIGS. 1A and 1B;
PAR  FIG. 3A is a systematic block diagram showing an embodiment of the pulse
      waveform generator circuit according to the invention;
PAR  FIGS. 3B and 3C illustrate alternate embodiments of the pulse waveform
      generator circuit according to the invention;
PAR  FIGS. 4A to 4H, inclusive, are wave-form diagrams used for explaining the
      embodiment of the invention shown in FIG. 3; and
PAR  FIG. 5 is a circuit diagram showing a practical embodiment of the main part
      of the embodiment shown in FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A preferred embodiment of the pulse waveform generator circuit according to
      the present invention will be now described with reference to FIG. 3A and
      FIGS. 4A to 4H.
PAR  In the embodiment of the invention shown in FIG. 3A, the pulse signal
      S.sub.A (refer to FIG. 4A) obtained from the pulse producer 5 is applied
      through an amplifier 7 to a mono-stable multivibrator 9 which produces at
      its output terminal 11 the pulse signal S.sub.C with a predetermined pulse
      width (refer to FIG. 4C), while the pulse signal S.sub.B (refer to FIG.
      4B) obtained from the pulse producer 6 is applied through an amplifier 8
      to a second mono-stable multivibrator 10 which produces at its output
      terminal 12 the pulse signal S.sub.D with a predetermined pulse width
      (refer to FIG. 4D).
PAR  The pulse signal S.sub.C is directly applied to a flip-flop circuit 13 of a
      set-reset type (RS-type) flip-flop circuit 13 at its SET input terminal,
      and the pulse signal S.sub.D is directly applied to the RESET input
      terminal of the RS-type flip-flop circuit 13. With the type of pulse
      signals S.sub.C and S.sub.D shown in FIGS. 4C and 4D, they can't directly
      trigger the RS-type flip-flop circuit 13 at their trailing edges, but can
      do so at their leading edges. Hence, the RS-type flip-flop circuit 13 is
      set by the pulse signal S.sub.C at its leading edge and is reset by the
      pulse signal S.sub.D at its leading edge. As a result, the RS-type
      flip-flop circuit 13 produces pulse signals or waveforms S.sub.E and
      S.sub.F, shown in FIGS. 4E and 4F, respectively. The pulse signals S.sub.E
      and S.sub.F, which are of opposite polarity with respect to each other,
      change levels at every leading edge of the pulse signals S.sub.C and
      S.sub.D. Since triggering on the trailing edge is desired, the pulse
      signal S.sub.E or S.sub.F and the pulse signal S.sub.C or S.sub.D are
      applied to logic circuits to produce a desired waveform S.sub.H which
      changes level on the trailing edges of the pulse signals S.sub.C and
      S.sub.D (refer to FIG. 4H).
PAR  In the invention, NOR-circuits are used as first and second logic circuits
      14 and 15. The pulse signal S.sub.F delivered from the RS-type flip-flop
      circuit 13 and the pulse signal S.sub.D are applied to the first logic
      circuit or NOR-circuit 14. The NOR-circuit 14 produces a pulse signal or
      waveform S.sub.G which remains in the same state from the trailing edge of
      the pulse signal S.sub.D to the leading edge of the pulse signal S.sub.C
      as shown in FIG. 4G. The pulse signal S.sub.G and the pulse signal S.sub.C
      are applied to the second logic circuit or NOR-circuit 15 to produce at
      its output terminal 16 the desired pulse signal or waveform S.sub.H which
      changes level at each of the trailing edges of the pulse signals SC and
      S.sub.D as described above.
PAR  A practical embodiment of the circuit elements between the terminals 11, 12
      and 16 is shown in FIG. 5, now to be described. The emitters of four
      transistors 17, 18, 19 and 20 are grounded, the collectors of the
      transistors 17 and 18 are jointly connected through a resistor 21 to a
      voltage source of +B, the connection point of the collectors of the
      transistors 17 and 18 is connected to the base of the transistor 19, the
      collectors of the transistors 19 and 20 are jointly connected through a
      resistor 22 to the voltage source of +B, and the junction of the
      collectors of the transistors 19 and 20 is connected to the base of the
      transistor 18 to form the RS-type flip-flop circuit 13. If the pulse
      signal S.sub.C is directly applied to the base of the transistor 17 and
      the pulse signal S.sub.D is directly applied to the base of the transistor
      20, the pulse signal S.sub.E is obtained at the junction of the collectors
      of the transistors 17 and 18 and the pulse signal S.sub.F is obtained at
      the junction of the collectors of the transistors 19 and 20. The
      NOR-circuit 14 is formed by two transistors 23 and 24 whose emitters are
      grounded and whose collectors are connected jointly to the voltage source
      +B through a resistor 25. If the pulse signal S.sub.F is applied to the
      base of the transistor 23 and the pulse signal S.sub.D is applied to the
      base of the transistor 24, the pulse signal S.sub.G is obtained at the
      connection point of the collectors of the transistors 23 and 24. Similar
      to the NOR-circuit 14, the NOR-circuit 15 is formed by two transistors 26
      and 27 whose emitters are grounded and whose collectors are connected
      together to the voltage source +B through a resistor 28. If the pulse
      signal S.sub.G is applied to the base of the transistor 26 and the pulse
      signal S.sub.C is applied to the base of the transistor 27, the pulse
      signal S.sub.H is obtained at the junction of the collectors of the
      transistors 26 and 27 and the output terminal 16.
PAR  With the pulse waveform generator circuit as described above, the desired
      pulse signal S.sub.H is obtained without differentiating pulse signals
      S.sub.C and S.sub.D. The trailing edges of pulse signals S.sub.C and
      S.sub.D trigger a level change in the waveform S.sub.H through the use of
      the RS-type flip-flop circuit 13 and the two logic circuits 14 and 15. It
      is apparent from FIG. 5 to one skilled in the art that an integrated
      circuit can be easily made with the above structural elements.
PAR  Circuits other than the NOR-circuits can be used as the first and second
      logic circuits 14 and 15. For example, as shown in FIG. 3B, an EXCLUSIVE
      OR-circuit may be used as the first logic circuit 14 by supplying it with
      the pulse signal S.sub.E opposite to the pulse signal S.sub.F from the
      RS-type flip-flop circuit 13 and with the pulse signal S.sub.D to produce
      the pulse signal S.sub.G. Further, as shown in FIG. 3C, an OR-circuit may
      be used as the second logic circuit 15 to produce a pulse signal or
      waveform opposite to the above mentioned pulse signal S.sub.H. Such a
      waveform would be equally useful in switching the video tape head outputs.
PAR  There is no need to limit the present invention to an input waveform
      S.sub.C and S.sub.D created by pulse producers and monostable
      multivibrators. Wherever the creation of a waveform S.sub.H triggered by
      the trailing edges of pulses with waveforms shaped as in S.sub.C and
      S.sub. D is desired, the invention can be applied.
PAR  It will be apparent to those skilled in the art that many modifications and
      variations may be effected without departing from the spirit and scope of
      the novel concepts of the present invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A pulse waveform generator circuit comprising:
PA1  a. a first pulse generator means for producing a first pulse signal with a
      predetermined pulse width;
PA1  b. a second pulse generator means for producing a second pulse signal with
      a predetermined pulse width, said second pulse being produced between two
      successive first pulse signals;
PA1  c. a flip-flop circuit set by said first pulse signal at its leading edge
      and reset by said second pulse signal at its leading edge;
PA1  d. a first logic circuit supplied with an output signal of said flip-flop
      circuit and with said second pulse signal and producing a third pulse
      signal which is held in one state from the trailing edge of said second
      pulse signal to the leading edge of said first pulse signal; and
PA1  e. a second logic circuit supplied with said third and first pulse signals
      and producing a fourth pulse signal which changes level at every arrival
      of the trailing edges of said first and second pulse signals.
NUM  2.
PAR  2. A pulse waveform generator circuit as claimed in claim 1, in which said
      first logic circuit is a NOR-circuit.
NUM  3.
PAR  3. A pulse waveform generator circuit as claimed in claim 1, in which said
      second logic circuit is a NOR-circuit.
NUM  4.
PAR  4. A pulse waveform generator circuit as claimed in claim 2, in which said
      NOR-circuit comprises two transistors.
NUM  5.
PAR  5. A pulse waveform generator circuit as claimed in claim 3, in which said
      NOR-circuit comprises two transistors.
NUM  6.
PAR  6. A pulse waveform generator circuit as claimed in claim 1, in which said
      flip-flop circuit is an RS-type flip-flop circuit.
NUM  7.
PAR  7. A pulse waveform generator circuit as claimed in claim 6, in which said
      RS-Type flip-flop circuit comprises four transistors.
NUM  8.
PAR  8. A pulse waveform generator circuit as claimed in claim 1, in which said
      first logic circuit is an EXCLUSIVE OR-circuit which is supplied with a
      pulse signal from said flip-flop circuit reversed in phase from that in
      claim 1 and said second pulse signal.
NUM  9.
PAR  9. A pulse waveform generator circuit as claimed in claim 1, in which said
      second logic circuit is an OR-circuit to produce a pulse signal reversed
      in phase from that obtained in claim 1.
NUM  10.
PAR  10. A pulse waveform generator circuit as claimed in claim 1, in which said
      first pulse generator means includes a first pulse producer and a first
      monostable multivibrator, and said second pulse generator means includes a
      second pulse producer and a second monostable multivibrator.
NUM  11.
PAR  11. A pulse waveform generator circuit as claimed in claim 9, in which said
      first and second pulse producers are secured adjacent to a rotary body on
      which a pair of rotary magnetic heads are secured.
NUM  12.
PAR  12. In a video tape recording device having two rotary magnetic heads,
      first and second pulse producers located adjacent to said rotary magnetic
      heads, and means for creating first and second pulse signals with
      predetermined pulse widths triggered on outputs from said first and second
      pulse producers, the improvement which comprises:
PA1  a. a flip-flop circuit set by said first pulse signal at its leading edge
      and reset by said second pulse signal at its leading edge;
PA1  b. a first logic circuit supplied with an output signal of said flip-flop
      circuit and with said second pulse signal and producing a third pulse
      signal which is held in one state from the trailing edge of said second
      pulse signal to the leading edge of said first pulse signal; and
PA1  c. a second logic circuit supplied with said third and first pulse signals
      and producing a fourth pulse signal which changes level at every arrival
      of the trailing edges of said first and second pulse signals.
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PAL  A C MOS level converter for converting low voltage control signals to
      equivalent control signals of a relatively high voltage which operates
      with extremely low power consumption. The level converter has first and
      second pairs of P-type MOS transistors coupled source to source and drain
      to drain, the commonly connected sources of each pair being coupled to
      ground potential and the gate of each outer transistor of each pair being
      coupled to low voltage control signals of opposite phase. The gate of each
      inner transistor of each pair is coupled to the common drain terminal of
      the other pair, and the common drain terminal of each pair is coupled to
      the drain terminal of a different one of a pair of N-type MOS transistors.
      The gate of each N-type transistor is coupled to the gate of the
      associated inner transistor of the first and second pairs. A separate
      constant current source is coupled to each N-type MOS transistor and to a
      source of relatively high voltage and a biasing voltage for permanently
      biasing each constant current source in the conducting state.
PARN
PAC  CROSS REFERENCE TO RELATED CASES
PAR  This application is a divisional of commonly assigned patent application,
      Ser. No. 320,223, filed Jan. 2, 1973 for "ELECTRONIC WATCH", now Pat. No.
      3,815,354, the disclosure of which is hereby incorporated by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to a level converter for use in the electronic
      watch disclosed in the above referenced patent application. The referenced
      electronic watch is designed to consume extremely small amounts of
      electrical power during operation so that the useful lifetime of a battery
      power source is considerably prolonged over conventional electronic
      watches. The watch is composed of electronic circuits which are operated
      at a relatively low voltage, e.g. 1.5 volts DC, and other electronic
      circuits which are operated at a relatively high voltage, e.g.
      approximately 15 volts DC. The low voltage portion circuitry generates low
      voltage control signals which must be converted to relatively high voltage
      control signals in order to drive a liquid crystal time display.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises a level converter for converting relatively low
      level control signals to relatively high level control signals for driving
      a liquid crystal digital display. In ths preferred embodiment, the level
      converter comprises C MOS electronic circuitry including a control input
      for receiving low level control signals, an output terminal for
      manifesting relatively high level control signals, an input terminal
      adapted to be coupled to a source of relatively high voltage, and means
      switchable between opposite states in response to the appearance of the
      relatively low level control signal at the control input for coupling the
      input terminal to the output terminal, the coupling means being configured
      to require significant amounts of current only during switching.
DRWD
PAR  For a fuller understanding of the nature and advantages of the invention,
      reference should be had to the ensuing detailed description taken in
      conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a system diagram illustrating the electronic watch;
PAR  FIG. 2 is a circuit diagram showing the preferred embodiment of the
      invention; and
PAR  FIG. 3 is a waveform diagram illustrating the operation of the preferred
      embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to the drawings, FIG. 1 illustrates an electronic watch
      embodying the invention. An oscillator 10 having a control crystal 12
      provides a train of high frequency reference pulses preferably at a
      frequency of 32,768 HZ to the input of a frequency divider circuit 14.
      Frequency divider circuit 14 divides the high frequency reference signal
      down to 64 HZ, 32 HZ and 1 HZ reference signals. The 64 HZ and 1 HZ
      reference signals are coupled to the input of a time keeping unit 16,
      which provides output signals representative of minutes and hours to a
      decoder unit 18.
PAR  Decoder unit 18 is provided with a plurality of output leads 19.sub.1
      -19.sub.i each coupled to a low voltage control input terminal of a
      different level converter 20.sub.1 -20.sub.i. It is noted that the 1 HZ
      output signal from divider 14 is also coupled directly to a level
      converter 20.sub.o.
PAR  The output of each level converter 20.sub.1 -20.sub.i is coupled to the
      control input of a different transfer gate 22.sub.1 -22.sub.i. The output
      of each transfer gate 22.sub.1 -22.sub.i is a high level signal for
      enabling a different one of a plurality of display segment control
      electrodes 24.sub.1 -24.sub.i of a liquid crystal display 25.
PAR  In the preferred embodiment, liquid crystal display 25 is arranged as a
      plurality of conventional 7 segment digital display characters. By
      selectively actuating different combinations of the individual segments,
      the decimal digits 0-9 may be displayed. In the preferred embodiment two
      such characters are used for indicating minutes and two characters are
      used for indicating hours. A special segment 24.sub.O is pulsed at a 1
      second rate by the 1 HZ signal on lead 19.sub.O to provide a visual
      indication to the wearer that the electronic watch is functioning
      properly. The structure and operation of liquid crystal displays are well
      known and further structural details of display 25 are accordingly omitted
      to avoid prolixity. Such displays are characterized by relatively low
      current comsumption compared to light emitting diode displays or other
      known types of displays suitable for use as time indicators. However, for
      proper operation a liquid crystal display requires the application of a
      relatively high enabling potential between a given segment 24.sub.i and
      the common electrode 30. Moreover, this relatively high enabling potential
      is preferably applied in an A.C. mode as described below in order to
      prolong the life of the display.
PAR  As will be apparent, the number of level converters 20.sub.0 -20.sub.i,
      transfer gates 22.sub.O -22.sub.i and display segment control electrodes
      24.sub.O -24.sub.i is determined by the number of desired reference
      characters and the number of segments per character. To avoid needless
      repetition, the majority of such elements have been indicated in the FIG.
      1 diagram by broken lines.
PAR  A low voltage source 26 providing a source voltage V.sub.D of approximately
      1.5 volts DC in the preferred embodiment is coupled to the supply voltage
      input of oscillator 10, divider unit 14, time keeping unit 16 and decoder
      unit 18. Low voltage source 26 is also coupled to a regulated voltage
      converter 27 which converts the relatively low voltage from source 26 to a
      relatively high voltage of the order of approximately 15 volts DC in the
      preferred embodiment. The output from regulated voltage converter 27 is
      coupled to the supply voltage input of level converters 20.sub.O
      -20.sub.i, a level converter 20.sub.j and a shaper 29. the high level
      output of the shaper 29 is coupled to the transfer inputs of transfer
      gates 22.sub.O -22.sub.i and to common electrode 30 of liquid crystal
      display 25.
PAR  As will now be apparent, oscillator 10, divider 14, time keeping unit 16
      and decoder 18 are all powered by the relatively low voltage V.sub.D from
      source 26. Since these units are all well known to those skilled in the
      art their details have been omitted to avoid prolixity. These units are
      preferably implemented by CMOS circuitry. As will be evident to those
      skilled in the art, circuits designed in accordance with the principles of
      CMOS (complementary metal oxide semiconductor) technology utilize opposite
      conductivity type transistors arranged in such a manner that current is
      only drawn during extremely small switching periods. Thus, such circuits
      require extremely small amounts of current for proper operation. In
      addition, such circuits can readily be designed to function properly from
      extremely low supply voltage. Thus, low voltage source 26 may comprise any
      one of a number of commercially available 1.5 volt DC batteries.
PAR  In operation, the train of high frequency reference pulses from oscillator
      10 is divided down by divider 14 to the 64 Hz, 32 Hz and 1 Hz time
      reference signals. The 1 Hz reference signals are applied to timekeeping
      unit 16 which provides a minutes and hours count in response thereto. The
      minutes and hours signals from time keeping unit 16 are decoded by decoder
      unit 18 into low level signals on leads 19.sub.1 -19.sub.i for specifying
      the individual segments 24.sub.1 -24.sub.i of liquid crystal display 25
      which are to be actuated in order to provide a visual time indication. The
      low level 1 Hz reference signals on lead 19.sub.O are also utilized to
      specify the actuation of seconds segment 24.sub.O of liquid crystal
      display 25.
PAR  Level converters 20.sub.O -20.sub.i and 20.sub.j, transfer gates 22.sub.O
      -22.sub.i and shaper 29 are all operated at a relatively high potential
      V.sub.D, provided by regulated voltage converter 27. Level converters
      20.sub.O -20.sub.i convert the low level control signals at their
      respective inputs 19.sub.O -19.sub.i to high level control signals for
      operating transfer gates 22.sub.O -22.sub.i. Level converter 20.sub.j
      converts the low level 32 Hz control signal present on input lead 19.sub.j
      to high level 32 Hz signals. These high level signals from level converter
      20.sub.j are shaped by shaper 29 to provide high level 32 Hz segment
      actuation signals with sharply defined leading and trailing edges. The
      segment actuation signals are coupled through transfer gates 22.sub.O
      -22.sub.i to segments 24.sub.O -24.sub.i and directly to common electrode
      30 of liquid crystal display 25. As more fully described below in
      connection with FIGS. 7 and 8, transfer gates 22.sub.O -22.sub.i control
      the phase of the segment actuation signals coupled therethrough with
      reference to the phase of the segment actuation signal coupled directly to
      common electrode 30. When the segment actuation signals on a given segment
      24.sub.i and common electrode 30 are in phase, that segment is not
      displayed; when segment actuation signals are out of phase that segment is
      actuated. Thus, various segments of the minutes and hours digit characters
      are displayed or not depending on the low level output signals on leads
      19.sub.1 -19.sub.i from decoder unit 18. In this manner, the various
      digits indicating minutes and hours are displayed.
PAR  An important feature of the watch shown in FIG. 1 resides in the operation
      of the time keeping system comprising oscillator 10, divider unit 14, time
      keeping unit 16 and decoder unit 18 at the low voltage level V.sub.D
      provided by source 26 and the operation of the level converters 20.sub.O
      -20.sub.i, 20.sub.j, transfer gates 22.sub.O -22.sub.i and shaper 29 at
      the high voltage level V.sub.D ' provided by regulated voltage converter
      27. Because of the low voltage operation of the time keeping system and
      the use of complementary semiconductor circuitry, the power consumption of
      the continuously operating time keeping system is held to a minimum.
      Because of the complementary semiconductor circuit configuration of the
      high level operated level converters 20.sub.O -20.sub.i, 20.sub.j, gates
      22.sub.O -22.sub.i and shaper 29, power consumption of this relatively
      high voltage portion of the preferred embodiment is also held to a
      minimum.
PAR  FIG. 2 illustrates the actual circuitry employed in the preferred
      embodiment for implementing level converter 20.sub.j, shaper 29 and level
      converter 20.sub.i and transfer gate 22.sub.i, the latter circuitry being
      typical of level converters 20.sub.1 -20.sub.i and transfer gates 22.sub.1
      -22.sub.i. In this Fig. the elements comprising the various blocks shown
      in FIG. 1 are enclosed in broken rectangles bearing the same reference
      numbral.
PAR  Level converter 20.sub.j includes a first and second pair of P-type MOS
      transistors 100, 101 and 102, 103, respectively, each pair being connected
      source-to-source and drain-to-drain as shown. The commonly-connected
      sources of each pair are coupled to ground potential. The gate of each
      inner transistor of each pair is coupled to the common drain terminal of
      the other pair. The gate inputs to outer transistors 100,103 are the 32 Hz
      reference signals on lead 19.sub.j from divider 14 of FIG. 1 and the
      output of an inverter 105, respectively. The common drain terminal of each
      pair is coupled to the drain terminal of a different N-type MOS transistor
      106,107 respectively. The gate of each transistor 106,107 is coupled to
      the gate of the associated inner transistor 101,102 respectively. A
      constant current source comprising an N-type MOS transistor 108 having
      relatively high voltage V.sub.D ' coupled to the source terminal thereof
      and biasing voltage V.sub.B coupled to the gate thereof in order to
      permanently bias transistor 108 on is provided in the left main branch of
      level converter 20.sub.j. An identically configured constant current
      source comprising N-type MOS transistor 109 is provided in the right
      branch of level converter 20.sub.j.
PAR  In operation, with enabling voltages V.sub.D ' and V.sub.B applied to
      transistors 108,109 and the low level input signal on terminal 19.sub.j at
      the true level, transistor 100 is biased off. The inverted input signal
      from inverter 105 is false and transistor 103 is thus biased on. Q.sub.j
      is thus at ground potential and biases transistor 101 off and transistor
      106 on. Since transistor 106 is biased on by Q.sub.j and transistor 108 is
      biased on by voltage V.sub.B, Q.sub.j is at voltage V.sub.D '. Q.sub.j at
      voltage V.sub.D ' biases transistor 102 on and transistor 107 off.
PAR  When the low level input signal on terminal 19.sub.j transitions false,
      transistor 100 is biased on and transistor 103 is biased off. Since
      transistor 100 is now on, the voltage at Q.sub.j rises to ground
      potential, turning transistor 102 off and transistor 107 on. As transistor
      102 is biased off, the voltage at Q.sub.j falls to V.sub.D ', biasing
      transistor 101 on and transistor 106 off. The circuit remains latched in
      this state until the input signal on lead 19.sub.j transitions true.
PAR  When the low level input signal on lead 19.sub.j transitions true,
      transistor 100 is biased off and transistor 103 is biased on. As
      transistor 103 is biased on, the voltage at Q.sub.j rises to ground
      potential, biasing transistor 101 off and transistor 106 on. As transistor
      106 is biased on, the voltage at Q.sub.j falls to V.sub.D ', biasing
      transistor 102 on and transistor 107 off. The circuit remains latched in
      this state until the input signal on lead 19.sub.j again transitions
      false. Further operation of level converter 20.sub.j proceeds as already
      described.
PAR  As will now be apparent, level converter 20.sub.j provides a pair of
      oppositely phased output signals on terminals Q.sub.j, Q.sub.j which range
      in magnitude between a negative voltage V.sub.D ' having a relatively high
      magnitude and ground potential in response to an input signal on lead
      19.sub.j which ranges in magnitude between a negative voltage V.sub.D
      having a relatively low magnitude and ground potential. As noted above, in
      the preferred embodiment the range on the magnitude of the input signal is
      approximately 0-1.5 volts DC while the range on the magnitude of the
      output signal is approximately 0-15.0 volts DC. Thus, level converter
      20.sub.j, as well as level converters 20.sub.1 -20.sub.i, permit the low
      voltage portion of the electronic time keeping system to control the
      relatively high voltage display. It is important to note that level
      converter 20.sub.j draws current only during the extremely short
      transitional periods when the circuit is being switched between opposite
      latched states, due to the complementary configuration of the circuit.
      Thus, the current consumption of level converter 20.sub.j is extremely
      small and discontinuous, being of the order of 1 microamp when switching.
PAR  The output signals from level converter 20.sub.j on leads Q.sub.j and
      Q.sub.j are coupled to the control gate of complementary MOS transistors
      110, 111, 112, 113, respectively, of shaper 29. Shaper 29 comprises a CMOS
      set-reset flip-flop which is used to steepen the leading and trailing
      edges of the output signal pulses from level converter 20.sub.j. As
      illustrated by wave forms B and C of FIG. 8, the output signals on
      terminals Q.sub.29, Q.sub.29 of shaper 29 comprise a pair of oppositely
      phased 32 Hz square wave pulse trains ranging in magnitude between voltage
      V.sub.D ' and ground potential. The output signal on Q.sub.29 is coupled
      directly to common electrode 30 of liquid crystal display 25. The ouptut
      signals on Q.sub.29 and Q.sub.29 are coupled to transmission gates
      22.sub.O -22.sub.i, only one of which is shown in FIG. 7.
PAR  Transmission gate 22.sub.i comprises two pair of parallel connected CMOS
      transistors 120, 121 and 122, 123 respectively. The gates of CMOS
      transistors 121,122 are commonly connected to the Q.sub.i output terminal
      of level converter 20.sub.i. Similarly, the gates of CMOS transistors 120,
      123 are commonly connected to the Q.sub.i output terminal of level
      converter 20.sub.i. Whenever the output signal on Q.sub.i is high (ground
      potential) and the output signal on Q.sub.i is low (V.sub.D ') transistors
      120 and 121 are biased on and the signal on Q.sub.29 is transmitted to
      display segment 24.sub.i. Conversely, whenever the output signal on
      Q.sub.i is high and the output signal of Q.sub.i is low, transistors 122
      and 123 are biased on and the signal of Q.sub.29 is transmitted to display
      segment 24.sub.i.
PAR  Level converter 20.sub.i is substantially identical in configuration to
      above-described level converter 20.sub.j. The input signal to level
      converter 20.sub.i, however, is a relatively low frequency time control
      signal from decoder unit 18, it being remembered that the control signals
      change at the maximum rate of 1 per minute for segments representing the
      units minutes characters and the minimum rate of 1 per 12 hours for
      segments representing the tens hours character. Due to the relatively low
      frequency of the control signals applied to level converter 20.sub.i, it
      is not necessary to shape the output signals from this element present on
      terminals Q.sub.i, Q.sub.i.
PAR  The output signals from level converter 20.sub.i control the phase of the
      commutated square wave signal applied to display segment 24.sub.i relative
      to the phase of the commutated square wave signal applied to common
      electrode 30. This is best illustrated with reference to FIG. 3. Wave form
      A represents the relatively low level 32 Hz square wave input signal to
      level converter 20.sub.j present on lead 19.sub.j. Wave forms B and C
      illustrate the 32 Hz relatively high level output signals from shaper 29
      present on output terminals Q.sub.29, Q.sub.29 respectively. Wave form D
      illustrates the relatively low level control signal to level converter
      20.sub.i present on lead 19.sub.i. Wave forms E and F represent the
      relatively high level output signal from level converter 20.sub.i present
      on the output terminals Q.sub.i and Q.sub.i respectively. Wave form G
      illustrates the output signal from transfer gate 22.sub.i coupled to
      display segment 24.sub.i. Wave form H illustrates the signal from terminal
      Q.sub.29 coupled to common electrode 30 of liquid crystal display 25. For
      economy of space all of the above wave forms are represented in
      abbreviated form indicated by the broken central portion.
PAR  When wave forms G and H are in phase, the potential difference between
      display segment 24.sub.i and common electrode 30 is zero and the segment
      24.sub.i is off. Conversely, when wave forms G and H are out of phase a
      striking potential is established between segment 24.sub.i and common
      electrode 30 and segment 24.sub.i is on. The relative phase of wave forms
      G and H is determined by control wave form D. When this control signal is
      true, wave forms E and F are false and true respectively, and wave form G
      follows wave form H. When wave form D is false wave forms E and F are true
      and false, respectively, and wave form G is oppositely phased from wave
      form H. Thus, with segment 24.sub.i initially off, indicated by the
      hatched area, when wave form D transitions false segment 24.sub.i is
      turned on as indicated by the unhatched area. When wave form D again
      transitions true, segment 24.sub.i is again turned off.
PAR  In the preferred embodiment, each segment 24.sub.i is operated in an A.C.
      mode by reversing the direction of the potential between the segment and
      common electrode 30 at the arbitrary rate of 32 Hz. This mode of operation
      of all character segments is utilized in order to prolong the life of
      liquid crystal display 25. When the preferred embodiment is used to drive
      other types of relatively high voltage display devices, A.C. operation may
      not be required for efficient operation. In such applications, the display
      segments 24 and common electrode 30 may be driven directly by level
      converters 20.sub.O -20.sub.i and level converter 20.sub.j, transmission
      gates 22.sub.O -22.sub.i, and shaper 29 may be omitted.
PAR  The entire electronic time keeping and display system disclosed herein can
      be virtually fabricated from a single intergrated circuit chip, the
      outline of which is outlined in FIG. 1 by the phantom-lined border
      indicated by reference character C. As indicated by this Fig., the only
      components which are not included in the single integrated circuit chip
      are oscillator crystal 12, low voltage source 26, which must be removable
      when exhausted, and a portion of regulated voltage converter 27.k With
      reference to FIG. 6, those elements of regulated voltage converter 26
      which are not housed on the single integrated circuit chip, also outlined
      in phantom in this Fig., are resistor 42 and the discreet elements of
      voltage converter 44: viz, transistor 52, inductor 53, diode 54 and
      capacitor 55. Thus, only seven circuit elements -- one of which must be
      readily replacable -- are carried externally of the single integrated
      circuit chip. As will be evident to those skilled in the art, this enables
      the electronic time keeping system of the invention to be fabricated and
      assembled at an extremely low cost.
PAR  Referring again to FIG. 1, liquid crystal display 25 comprises a separate
      physical package, indicated by the phantom-lined border D, from the
      integrated circuit chip, and may be arranged relative thereto in any
      convenient manner.
PAR  As will now be evident to those skilled in the art, the level converters
      utilized in the electronic time keeping system enable the low voltage time
      control signals to control the operation of the high voltage display
      without consuming great quantities of current, thereby contributing to the
      efficient low power operation of the entire system.
PAR  While the above provides a full and complete disclosure of the preferred
      embodiment of the invention, various modifications, alternate
      constructions and equivalents may be employed without departing from the
      true spirit and scope of the invention. Therefore, the above description
      and illustrations should not be construed as limiting the scope of the
      invention which is solely defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A complimentarily configured bi-stable circuit for converting a
      relatively low level control signal to a relatively high level control
      signal comprising:
PA1  a control input for receiving said low level control signal;
PA1  an output terminal for manifesting said relatively high level control
      signal;
PA1  an input terminal adapted to be coupled to a source of relatively high
      voltage; and
PA1  means switchable between opposite states in response to the appearance of
      said relatively low level control signal at said control input for
      coupling said input terminal to said output terminal, said coupling means
      comprising first and second pairs of parallel connected transistors of a
      first conductivity type, the commonly coupled sources of said transistors
      coupled to a reference potential, the gate of a first transistor of said
      first pair coupled to said control input; an inverter having an input
      coupled to said control input and an output, the gate of the first
      transistor of said second pair coupled to said inverter output, the
      commonly coupled drain of said second pair of transistors coupled to said
      output terminal; first and second transistors of opposite conductivity
      type to said first type coupled to the commonly connected drains of a
      different one of said first and second pairs, the gate of said first
      opposite conductivity type transistor coupled to the gate of a second
      transistor of said first pair, the gate of said second opposite
      conductivity type transistor coupled to the gate of a second transistor of
      said second pair, the commonly coupled gates coupled to the commonly
      coupled drains of the opposite pair of said first conductivity type
      transistors; and first and second constant current sources each comprising
      a conductively biased transistor of said opposite conductivity type, the
      drain terminal of said first and second constant current sources coupled
      to the source of said first and second opposite conductivity type
      transistors, respectively, the source terminal of said first and second
      constant current sources commonly coupled to said input terminal.
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ABST
PAL  A switching circuit is disclosed that is operative from a single supply
      voltage and is capable of switching in response to both positive and
      negative voltage input signals and exhibits hysteresis within defined
      positive and negative threshold voltage limits with respect to a datum
      voltage level. The circuit includes an input transistor having an input
      electrode connected to the signal input terminal and a transistor - diode
      current mirror connected to said input electrode whereby the current
      mirror defines one of the threshold voltage limits.
BSUM
PAR  The present invention relates to a switching circuit capable of switching
      in reponse to both positive and negative voltage input signals.
PAR  Many integrated logic circuits use transistor-transistor logic (TTL)
      circuits which are typically powered by a single five volt supply applied
      between a supply voltage rail and a datum voltage rail (e.g. ground) of
      the circuit. Some signal transmission systems use bipolar signals and it
      is necessary to convert these to unipolar signals (e.g. +5V and 0V) in a
      switching circuit before they can be applied to a TTL circuit. Such a
      switching circuit is required to exhibit hysteresis within defined
      positive and negative threshold limits with respect to a datum voltage
      level, that is to say that the circuit switches to a first of its two
      states when the input signal goes more positive than a positive threshold
      limit and then stays in that state until the input signal goes more
      negative than the negative threshold limit, whereupon the circuit switches
      to its other state. The circuit then remains latched until the input
      signal again exceeds the positive threshold limit, whereupon it switches
      to said first state again.
PAR  Such circuits are known but require at least two different voltage supply
      levels. An object of the present invention is to provide a switching
      circuit which can operate from a single voltage supply level such as is
      used to supply TTL circuits.
PAR  According to the present invention there is provided a switching circuit
      capable of switching in response to input signals which are both positive
      and negative with respect to a datum level and which exhibits hysteresis
      within defined positive and negative threshold voltage limits with respect
      to the datum voltage level. The circuit is arranged to operate from a
      single voltage supply applied between a datum voltage rail and a supply
      voltage rail. The circuit includes an input transistor having an input
      electrode connected to a signal input terminal of the circuit to which a
      transistor-diode current mirror is connected, which current mirror defines
      one of the threshold voltage limits. The collector of the current mirror
      transistor is connected directly to the input electrode of the input
      transistor and the emitter of the current mirror transistor is connected
      directly to the datum voltage level rail.
PAR  As is known, a current mirror comprises a transistor having a diode
      connected directly in parallel with its base-emitter path in the same
      current-conducting direction. Provided that the base-emitter junction and
      the diode junction are of identical types and are subject to the same
      temperature variations, then the emitter current is the same as the diode
      current, i.e. one is the mirror of the other. If the transistor has a very
      high gain (in theory, infinite gain) then the base current is negligible
      and the collector current is always equal to the diode current. Thus the
      diode current may be controlled to define the maximum collector current of
      the transistor.
DRWD
PAR  An embodiment of the present invention will now be described, by way of
      example, with reference to the accompanying drawing which shows a
      switching circuit in accordance with the present invention.
DETD
PAR  Referring now to the drawing, input signals are received at an input
      terminal I/p and are fed through a resistor R1 to the base of a transistor
      TR1, the emitter of which is connected to the datum rail which for the
      purposes of the present invention is at ground. The base of TR1 is
      connected to the collector of a current mirror transistor TR2. The mirror
      diode D1 is connected to the base electrode of TR2 and, via a diode D2 and
      a resistor R2 to a threshold control terminal TC. The emitter of TR2 is
      connected to the ground rail and the collector of TR2 is further connected
      to a diode D3 the anode of which is connected to the cathodes of diodes D4
      and D5. The anode of D4 is connected to the ground (datum) rail and the
      anode of D5 is connected to the base electrode of a transistor TR3 and to
      the collector of a transistor TR4. The collector of TR1 is connected both
      to the collector of TR3 and to the base of TR4 via a resistor R4. The
      collector of TR4 is connected via a diode D6 and a resistor R3 to the
      threshold control terminal TC. The transistors TR3 and TR4 form a
      cross-coupled bistable circuit. The output of the bistable circuit is
      taken from the collector resistor R5 of TR3 and is fed through a resistor
      R6 to a transistor TR6, the emitter of which is connected to ground
      (datum). The collector of TR6 is connected to the base electrode of
      transistor TR7, to the positive rail +Vcc via a collector resistor R7 and
      via a feed back path consisting of resistor R8 to a transistor TR5.
      Transistor TR7, TR8, TR9, resistors R9, R10 and R11, and diode D7 form a
      normal TTL totem pole type of output stage, the output being taken from
      the collector of transistor TR9.
PAR  A zero detect facility may be connected to the above described circuit for
      the purpose of detecting when the input voltage remains at or near ground
      level for a given period of time. This would indicate under normal
      conditions a fault condition on the input line. The dotted lines are the
      connections when the fault indication circuit is included within the
      integrated circuit. The input signal on the input terminal I/p is
      connected to a resistor R12 and then to a transistor TR10. The reverse
      V.sub.BE of the base of TR10 is protected by a diode D8. The emitter of
      TR10 is connected to the ground (datum) level and the collector is
      connected via resistors R13 and R14 to positive supply rail +Vcc, to the
      base of transistor TR11 and to the collector of transistor TR12. The
      common point of resistors R13 and R14 is connecting connected via diodes
      D9 and D10 to the ground (datum) rail. The emitters of transistors TR11,
      TR12 are connected to the ground (datum) rail and the base of TR11 is
      connected via an external capacitor to the ground (datum) rail. The
      collector of TR11 is connected to the base of transistor TR3 and the base
      of transistor TR12 is connected via a resistor R15 to the base resistor R4
      of transistor TR4.
PAR  In order to understand the operation of the circuit the steady state
      condition with a positive input voltage at terminal I/p will now be
      defined. The diode D3 will be reverse biased and transistor TR1 will be on
      because the input voltage of +6 volts provides more current through
      resistor R1 than can be taken by current mirror transistor TR2. The base
      of TR4 is at a low potential because TR1 is on, therefore TR4 is off and
      TR3 is on. Since the base of TR4 is at a low potential, so also is the
      base of TR6 and therefore TR6 is also off. Therefore, via the feedback
      path, transistor TR5 is on and the collector emitter current of TR5
      removes the current available to supply the base of TR2, therefore
      transistor TR2 is off. In the totem pole output stage transistor TR7 is on
      and therefore transistor TR9 is on and the output from the collector of
      TR9 is low (approximately 0 volts). Therefore the receiver overall inverts
      the input signal.
PAR  Let us assume that the input goes negative toward minus 6 volts. The
      threshold control terminal TC is for the moment assumed to be connected
      directly to the positive supply rail +Vcc of +5 volts in this particular
      instance. The ability to vary the threshold of the circuit will be more
      fully described hereinafter.
PAR  As the input goes negative there is no change in the circuit output until
      the input voltage falls to -2 volts. At an input voltage of -2 volts the
      voltages at the bases of TR3 and TR4 will exactly balance and the bistable
      will switch over until TR4 is on and TR3 is off. Transistor TR6 is turned
      on and transistor TR5 is turned off. Transistor TR7 and TR9 in the totem
      pole output stage will be off and the output from the collector of TR9
      will be positive at approximately +5 volts. Base current for transistor
      TR2 is now available through diode D2 and this flows through the forward
      biased base/collector junction of TR2 to the input terminal I/p.
PAR  The input threshold voltage at which the circuit changes state is given by
      the following equation:
      ##EQU1##
      or
EQU   (Vin - V.sub.BE) R.sub.3 - (Vcc - 2V.sub.BE) R.sub.1 = 0
PAL  now if
EQU  R.sub.1 = 5K .OMEGA. and R.sub.3 = 12.5K .OMEGA.
PAL  we have:
EQU  12.5 Vin - 2.5 V.sub.BE -5 Vcc = 0.
PAL  If: Vcc = 5 volts
      ##EQU2##
      Thus the input voltage threshold is -2 volts since Vin is negative.
PAR  Let us now consider the input rising from -6 volts towards +6 volts. There
      is no change in the output of the circuit until the input voltage rises to
      a given positive value, e.g. +2 volts. This is because transistor TR2
      prevents transistor TR1 from conducting until a defined input current is
      reached. When the input reaches 0 volts, diode D3 is non-conductive
      transistors TR2, TR1 and TR5 are off and diode D2 is conducting. When the
      collector of TR2 rises towards +V.sub.BE a mirror current is defined TR2
      by means of the normal mirror technique in which a diode D1 is connected
      across the base-emitter junction of transistor TR2. Transistor TR2 will
      therefore take all the available input current until its limit, as defined
      by the mirror current through diode D1 and determined by R2 is reached.
      This limit is arranged to be at an input voltage of +2 volts by making
      R2=R3=12.5K .OMEGA., since the above equation applies with R2 substituted
      for R3. If the input voltage rises above +2 volts there will be a "spare"
      current available to drive the base of transistor TR1 and, when transistor
      TR1 begins to conduct, the bistable circuit TR3, TR4 will change state so
      that TR3 is on and TR4 is off. This will now return us to the original
      state of the circuit when the input stood at +6 volts.
PAR  Therefore both a positive and negative threshold are defined using only one
      positive supply rail. It is to be understood that a complementary circuit
      could be constructed using a negative supply rail voltage.
PAR  The positive and negative threshold voltages may be decreased by
      interposing a resistor between the threshold control terminal TC and the
      positive supply rail +Vcc or increased by connecting the threshold control
      terminal TC to a higher voltage than Vcc. Since the positive and negative
      threshold voltages are proportional to R1/R2 and R1/R3 respectively, these
      voltages may be changed by varying the resistance ratios accordingly.
PAR  The zero detect facility has two inputs A and B respectively to the bases
      of transistors TR10 and TR12 from the input terminal I/p and from the base
      resistor R4 of TR4. When the input signal at the input terminal is
      positive TR10 conducts and TR12 is off. The collector voltage of TR10 is
      therefore low and the base of TR11 is low keeping TR11 off. When the input
      signal is at -6 volts transistor TR10 is off but transistor TR12 is
      conducting since TR3 is off and the base of TR4 is at a positive
      potential. Therefore, once again transistor TR11 is held off. In the
      absence of a positive input on terminal A or B neither transistor TR10 nor
      transistor TR12 will conduct and therefore the base of TR11 will become
      positive and TR11 will be turned on when its base potential has risen to
      +V.sub.BE above the ground (datum) level. The time taken for the base
      potential of TR11 to rise to +V.sub.BE is determined by the external
      capacitor Cext. and by resistors R13 and R14. When TR11 turns on the base
      of TR3 is pulled down so that TR3 is turned off, as in the case of a
      negative input signal, the output of the switching circuit being defined
      to be the state in which a negative input signal is received. An input at
      B is therefore established to the zero detect circuit which turns
      transistor TR12 on. Transistor TR12 turns TR11 off and discharges the
      capacitor Cext. The diodes D9 and D10 are included so that a low positive
      voltage is established at the common point of resistors R13 and R14, so
      that a comparatively low value of resistance can be used to provide a
      suitable delay.
PAR  This zero detect facility circuit will normally be incorporated on the same
      integrated circuit chip as the switching circuit and therefore in some
      applications in which it is not required it may be rendered inoperative by
      shorting together the external capacitor terminals.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A switching circuit adapted to switch states in response to both
      positive and negative voltage input signals and which exhibits a
      hysteresis characteristic within defined positive and negative threshold
      voltage limits with respect to ground voltage comprising, means for
      energizing said switching circuit from a single voltage supply applied
      between a ground voltage rail and a supply voltage rail, a signal input
      terminal for applying said positive and negative voltage input signals to
      the circuit, an input transistor having an input electrode connected to
      said signal input terminal, a transistor-diode current mirror having the
      collector of the current mirror transistor connected directly to the input
      electrode of the input transistor and the emitter of the current mirror
      transistor connected directly to the ground voltage rail, and means
      including said current mirror for defining one of the threshold voltage
      limits.
NUM  2.
PAR  2. A switching circuit according to claim 1 further comprising first and
      second resistances, means connecting the input electrode of the input
      transistor to the input terminal via said first resistance, and means for
      feeding a current to the current mirror diode via said second resistance
      so that one of the two voltage thresholds is proportional to the ratio of
      the first and second resistances.
NUM  3.
PAR  3. A switching circuit according to claim 2 further comprising a second
      transistor connected in the circuit so that an input signal more positive
      than the positive threshold voltage causes conduction in the input
      transistor and the second transistor and an input signal more negative
      than the negative threshold value causes the second transistor to be
      non-conducting.
NUM  4.
PAR  4. A switching circuit according to claim 3 including a third transistor
      cross-coupled with the second transistor to form a bistable circuit so
      that rapid switching between states is obtained irrespective of the rate
      of change of the input signal voltage.
NUM  5.
PAR  5. A switching circuit according to claim 3 further comprising a series
      chain including a third resistance and at least one further diode
      connected in that order from a threshold voltage control terminal to the
      input electrode of the input transistor, and means connecting the input
      electrode of the second transistor to a point on the chain intermediate
      the third resistance and the further diode, whereby the other of the two
      voltage thresholds is proportional to the ratio of the first and third
      resistances.
NUM  6.
PAR  6. A switching circuit as claimed in claim 5 wherein the current feeding
      means includes means connecting the end of the second resistance remote
      from the current mirror diode to said threshold voltage control terminal.
NUM  7.
PAR  7. A switching circuit according to claim 5 wherein the threshold voltage
      control terminal is connected to the supply voltage rail.
NUM  8.
PAR  8. A switching circuit according to claim 1 further comprising an auxiliary
      circuit coupled to the signal input terminal and which determines the
      state of the switching circuit if the input signal voltage remains near to
      the datum voltage level for a given time period.
NUM  9.
PAR  9. A switching circuit according to claim further comprising an auxiliary
      circuit coupled to the signal input terminal and the bistable circuit and
      including means for controlling the state of the bistable element if the
      input signal voltage remains near to the datum voltage level for a given
      time period.
NUM  10.
PAR  10. A switching circuit that exhibits a hysteresis characteristic within
      defined positive and negative voltage threshold switching levels with
      respect to a reference voltage and adapted to switch states in response to
      positive and negative voltage input signals comprising, a source of supply
      voltage connected between a reference voltage terminal and supply voltage
      terminal, means coupling the switching circuit to said reference and
      supply voltage terminals, a signal input terminal, an input transistor
      having an input electrode connected to said signal input terminal and
      first and second electrodes coupled to the reference and supply voltage
      terminals, respectively, a current mirror device having first, second and
      third terminals, means connecting said first, second and third current
      mirror terminals to the input electrode of the input transistor, the
      reference voltage terminal and to a voltage control terminal which
      supplies a voltage that is independent of the voltage at said signal input
      terminal, respectively, so that the current mirror device defines one of
      said voltage threshold levels.
NUM  11.
PAR  11. A switching circuit as claimed in claim 10 wherein the input and first
      electrodes of the input transistor comprise its base and emitter
      electrodes, respectively, and the terminals of said current mirror device
      are connected so that the current mirror will shunt the base current of
      the input transistor.
NUM  12.
PAR  12. A switching circuit as claimed in claim 10 wherein the input and first
      electrodes of the input transistor comprise its base and emitter
      electrodes, respectively, and said current mirror device comprises, a
      transistor with its collector connected to said first terminal, its
      emitter connected to said second terminal and its base connected to said
      third terminal, and a diode connected between said second and third
      terminals.
NUM  13.
PAR  13. A switching circuit as claimed in claim 10 further comprising a second
      transistor controlled in part by the voltage at the second electrode of
      the input transistor so that an input signal more positive than the
      positive threshold voltage causes the input transistor and the second
      transistor to conduct and an input signal more negative than the negative
      threshold voltage causes the second transistor to cut-off conduction.
NUM  14.
PAR  14. A switching circuit as claimed in claim 10 further comprising a
      switching transistor connected between the second and third terminals of
      the current mirror device and having a control electrode controlled at
      least in part by the voltage at the second electrode of the input
      transistor.
NUM  15.
PAR  15. A switching circuit as claimed in claim 10 further comprising first and
      second impedance elements, the first impedance element being connected
      between the signal input terminal and the input electrode of the input
      transistor and the second impedance element being connected between the
      voltage control terminal and the third terminal of the current mirror
      device whereby one of the voltage threshold levels is determined by the
      values of said first and second impedance elements.
NUM  16.
PAR  16. A switching circuit as claimed in claim 15 further comprising a second
      transistor controlled in part by the voltage at the second electrode of
      the input transistor and a third impedance element and a diode connected
      in series between the voltage control terminal and the input electrode of
      the input transistor, and means connecting a control electrode of the
      second transistor to a junction point between the third impedance element
      and the diode whereby the other one of the voltage threshold levels is
      determined by the values of said first and third impedance elements.
NUM  17.
PAR  17. A switching circuit as claimed in claim 10 further comprising, second
      and third transistors cross-coupled to form a bistable circuit having an
      input terminal coupled to the second electrode of the input transistor,
      and an auxiliary circuit including a switching transistor having an output
      electrode coupled to an input terminal of the bistable circuit and an
      input electrode, said auxiliary circuit further comprising first and
      second input terminals coupled to the signal input terminal and the second
      electrode of the input transistor, respectively, and means coupled to the
      switching transistor input electrode and responsive to the signal voltages
      at said auxiliary circuit first and second input terminals for controlling
      the state of said switching transistor whenever the input signal voltage
      remains at a level approximating the reference voltage level for a given
      period of time.
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PAL  An electromagnetic angular speed or angular position transducer comprises a
      permanent magnet with closely spaced pole faces and a ferromagnetic core
      magnetically connected to the magnet and carrying a coil. The transducer
      cooperates with a toothed wheel the teeth of which are moved past the pole
      faces and the core in such a way that two magnetic circuits are completed
      by the teeth, one passing through the teeth and the two pole faces, and
      the other passing through the teeth and the core. The two magnetic
      circuits are in parallel with one another and the reluctance of each
      changes as the teeth move therepast. The circuit through the two pole
      faces ensures that the magnet is operated with a high leakage flux so that
      small changes in the reluctance cause relatively large flux changes and
      thus a relatively high electromotive force in the coil wound about the
      core.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the present state of the art known electromagnetic transducers comprise
      a permanent magnet connected to a fixed structure and magnetically
      interacting with a rotating toothed wheel fixed to the member the speed of
      rotation of which, with respect to the fixed structure, is to be measured.
      As is well known, variation in the magnetic flux (d.phi.) caused as the
      teeth pass in proximity to the permanent magnet, induces in a coil wound
      about a part of the magnet an electromotive force proportional to
      d.phi./dt, where t is the time. In known transducers a coil is wound on
      the permanent magnet or on an iron core forming part of a magnetic circuit
      including the magnet. Normally the current induced in the coil is
      sinusoidal and, by means of a simple frequency-voltage converter circuit a
      signal the amplitude of which is proportional to the speed of rotation of
      the toothed wheel is obtained.
PAR  In general the permanent magnets used in known devices described above are,
      effectively, magnetic flux generators in that their poles are well spaced
      and do not form part of a closed magnetic circuit, thus creating very
      little leakage flux. Therefore small pole faces are adequate as the
      magnetic flux across the faces is small. In fact the permanent magnets are
      operated in the region of their hysteresis cycle close to the remanence
      point; bearing in mind the shape of the magnetisation curve in the fourth
      quadrant of the well known hysteresis diagram which results when H is
      plotted against B (H magnetic field, B magnetic induction) it follows from
      this that in order to obtain adequate variation of B to create sufficient
      flux change to excite the coil in order to generate a detectable voltage
      signal, it is necessary to cause a considerable variation of H. In
      practical terms this means that it is necessary to maintain a very small
      and constant distance during rotation between the teeth of the wheel and
      the magnet. This requires an almost impossibly perfect adjustment and
      frequent inspection of the parts subject to play and/or misalignment due
      to wear of mountings and bearings. In fact even the smallest variation of
      the relative positions of the movable toothed wheel and the fixed magnetic
      circuit can induce a variation of magnetic flux sufficient to cause an
      induced electromotive force which would noticeably affect the output
      signal, hence introducing a considerable error into the operation of the
      transducer.
PAC  OBJECTS OF THE INVENTION
PAR  It is the main object of this invention to provide a transducer in which
      the above mentioned disadvantages of prior art angular velocity or angular
      position transducers are eliminated.
PAR  Another object of the invention is to achieve an electromagnetic angular
      speed transducer in which a very small variation in the magnetic field is
      sufficient to produce a high variation of flux and hence a large
      electromotive force so that the transducer operation is not dependent on a
      very closely maintained separation from the toothed wheel.
PAC  SUMMARY OF THE INVENTION
PAR  The electromagnetic transducer according to the invention comprises means
      defining a permanent magnetic circuit, including permanent magnet means
      having two pole faces positioned so that a toothed wheel which is
      relatively rotatable with respect to said permanent magnet means completes
      said magnetic circuit when positioned adjacent said pole faces whereby
      relative movement between the teeth of said toothed wheel and said pole
      faces causes regular changes to the reluctance of said magnetic circuit, a
      coil wound on to said permanent magnet means in which an electric current
      is induced by flux changes resulting from said changes in reluctance upon
      relative movement of said pole faces and said teeth of said toothed wheel,
      and the improvement wherein, said coil is wound on a core forming part of
      said magnetic circuit of said permanent magnet, and said pole faces are
      positioned with respect to one another whereby said magnetic circuit means
      and said pole faces form part of a first closed magnetic circuit which can
      be completed by said toothed wheel, and said core on which said coil is
      wound forms part of a second closed magnetic circuit which can be
      completed by said toothed wheel whereby both said circuits experience
      reluctance changes upon relative movement of said toothed wheel and said
      magnetic circuit means, said first and second closed magnetic circuits
      being in parallel with one another.
PAR  Further features of the invention will become apparent from the following
      description with reference to the accompanying drawings, which are
      provided purely by way of non-restrictive example.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration of an electromagnetic angular speed
      transducer of known type;
PAR  FIG. 2 is a part of a hysteresis diagram illustrating the variation of the
      magnetic induction B with changes to the magnetic field H for a permanent
      magnet;
PAR  FIG. 3 is a part of an idealised hysteresis diagram of a permanent magnet;
PAR  FIG. 4 illustrates an equivalent circuit for the transducer of FIG. 1;
PAR  FIG. 5 illustrates diagrammatically one embodiment of an electromagnetic
      angular speed transducer according to the invention;
PAR  FIGS. 6 and 7 illustrate diagrammatically two different embodiments of
      transducer according to the invention;
PAR  FIG. 8 is a longitudinal section through a preferred embodiment of
      transducer according to the invention, taken on the line VIII--VIII of
      FIG. 9; FIG. 9 is a plan view of the transducer illustrated in FIG. 8, and
PAR  FIG. 10 is a section taken along the line X-X of FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the angular speed transducer of known type illustrated in FIG. 1, 10 is
      a permanent magnet, 12 a winding around a part of the magnet 10, in which
      an electromotive force is induced, and 14 is a toothed wheel fixed to a
      rotating member, (not shown) the angular speed of which it is desired to
      measure.
PAR  Referring now to the diagram relating magnetic field H to the magnetic
      induction B of an actual magnet (FIG. 2) and comparing this with the
      corresponding diagram for an ideal magnet, shown in FIG. 3, it is known
      that during operation of a device of the type described the changes to
      magnetic field and magnetic induction take place along the line R1 in the
      case of a practical magnet and would take place along the line R3 if the
      magnet were an ideal one. That is in both cases the operating point will
      be in the neighbourhood of the remanence point Br. The equivalent circuit
      of the transducer is substantially as illustrated in FIG. 4. The
      equivalences adopted are:
PAR  flux generator .phi. -- permanent magnet;
PAR  resistance R.sub.D -- leakage reluctance of the magnetic circuit;
PAR  resistance Rv -- variable reluctance of the magnetic circuit.
PAR  In electromagnetic angular speed transducers of known type, therefore, the
      resistance R.sub.D has a very high value and at the terminals A, B of the
      magnetic circuit there is, effectively, a flux generator. Now, the output
      signal from the coil 12 is representative of the variation in magnetic
      flux and the quantity which varies during rotation of the wheel 14 is the
      magnetic reluctance; but to a given variation of H there corresponds only
      a small variation of B, and thus only a small variation of the flux. It
      will be noted that the relationship linking the induced current i, the
      reluctance R and the flux .phi. is:
EQU  Ni = R.phi.
PAL  where
PAR  N = number of turns.
PAR  Thus Ni is proportional to the magnetic field H.
PAR  Of course if the permanent magnet had ideal hysteresis as shown in FIG. 3
      than at this value of B and H a variation of the field would not cause any
      flux variation and therefore there would be no electromotive force in the
      coil. Thus it will be appreciated that it would be expedient to work in
      the region of the hysteresis diagrams along the lines indicated R2 and R4
      so that to a given variation of the field H there corresponds a relatively
      large variation of induction B and hence there will be a high flux change
      and a large electromotive force at the coil terminals.
PAR  Referring now to FIG. 5 the transducer according to the invention shown
      diagrammatically, comprises a horseshoe permanent magnet with its pole
      ends N, S facing one another and to this magnet is attached a core 36 of
      ferromagnetic material on which is wound a coil 32; a rotatable toothed
      wheel 34 interacts magnetically with the magnet and core to complete two
      magnetic circuits.
PAR  As the toothed wheel 34 rotates close to the magnet 30 it is put almost
      into short circuit, that is a magnetic circuit across the poles NS is
      completed by the teeth of the wheel 34 so that there is a high leakage
      flux: the equivalent circuit of the transducer can be represented by the
      same circuit as that illustrated in FIG. 4 but the value of the leakage
      resistance (reluctance) R.sub.D is much lower (there being a high leakage
      flux) and the magnet 30 therefore acts as a magnetic field generator at
      the terminals A, B of the equivalent circuit; the variations in the
      reluctance R.sub.v caused by the passage of the wheel teeth thus induces a
      variation in the flux .phi.. The line C indicates the closed magnetic
      circuit of the core 36 which is in parallel to the main magnetic circuit
      of the magnet, which crosses between the poles N, S. By operating the
      magnet in the regions of the hysteresis curve indicated by the lines
      R.sub.2 and R.sub.4 a large flux variation is obtained from a given change
      in reluctance. The conditions for operation of this type are that the
      permanent magnets used should have a high remanence B.sub. r and a large
      face, so as to have a large flux. Both of these conditions involve high
      quality magnets of high cost and a large bulk. Preferred embodiments of
      the invention are constructed, however, in slightly more complicated form
      but can be made less costly and less bulky. The characteristics of
      magnetic circuits suitable for transducers according to the invention are:
      a high leakage flux which is not linked with the coil, a high magnetic
      flux (obtained by using large surface permanent magnets) so that operation
      of the transducer does not require all available flux. At the same time
      there are two advantages: the circuit of the permanent magnet is well
      closed and hence the magnet is not liable to demagnetisation; the signal
      is roughly proportional to the variation of the reluctance due to passage
      of the teeth of the toothed wheel past the magnet. This substantially
      eliminates the disadvantages described above of known systems. It should
      be noted that the best form for a magnet which does not have high
      intrinsic qualities and which is therefore economical to manufacture is
      that which allows the use of the largest area of the magnetic surface of
      the magnet.
PAR  In the embodiments of FIGS. 6 and 7, which are described below, a further
      saving in bulk is achieved by the use of plastoferrite material for the
      magnet; this material also has advantageous mechanical characteristics of
      flexibility and light weight. Referring now to FIG. 6 there is shown a
      hollow cylindrical permanent magnet 50 which is magnetised radially so
      that the inner curved surface is wholly "North" and the outer wholly
      "South" or vice versa; a base 52 of ferromagnetic material closes the
      magnetic circuit at one end of the cylinder and adjacent the other end of
      the magnet 50 there is located a toothed wheel 58 of the type previously
      described. A ferromagnetic core 54 is housed within the magnet 50 and is
      connected at one end to the base 52; the other end faces the toothed wheel
      58. The core 54 supports a coil 56. With this construction a large leakage
      flux is obtained since there is a large surface, the leakage flux is
      indicated in the drawing by the lines c' and c". Shown as c is a field
      line which passes through the core 54 when the teeth of the wheel are
      appropriately positioned, thus inducing an electromotive force in the coil
      56. It is to be noted that the distance h is of no importance in that the
      induction depends upon the number of turns and the dimensions of the coil.
      The width of the core and the size of the teeth of the wheel should
      preferably be equal so that the whole magnetic flux which flows in the
      tooth shall also flow in the core when they are juxtaposed. The total flux
      should, however, be less than saturation (e.g. less than 1.5 Wb/m.sup.2)
      for if saturation point is reached there will be no further flux variation
      and hence no electromotive force either.
PAR  The embodiment shown in FIG. 7 comprises a hollow spherical permanent
      magnet 80 magnetised radially with its inner surface 82 North and its
      outer surface 84 South; the magnet 80 has a hole 89 so as to permit the
      completion of a large number of lines of leakage flux.
PAR  A core 86 is housed within the magnet 80 with its axis coincident with a
      diameter of the magnet 80. One end of the core is connected to the inner
      surface 82. The other end of the core 86 passes through the hole 89 and
      projects slightly from the outer surface 84; a coil 88 is wound on the
      core 86.
PAR  A toothed wheel 90 magnetically interacting with the end of the core 86 and
      with the magnets 80, is positioned adjacent the hole 89.
PAR  The path of a line of flux through the core 86 to generate the induced
      electromotive force in the coil 88 is indicated by the broken line C and
      the path of a line of leakage flux is indicated by the broken line C'.
PAR  Referring now to FIGS. 8, 9 and 10 the embodiment illustrated is a
      practical form of the embodiment illustrated in diagrammatic form in FIG.
      6. The transducer is mounted in a housing 100 of ferromagnetic material
      which is moulded in a single piece incorporating a flanged base plate 102
      having two mounting holes 104 and 106 for fixing the housing to a suitable
      support. In the body of the housing 100 there are two cavities 109 and 111
      separated by a transverse web 110 having two holes 114 and 116 through
      which pass two electric leads 124, 126.
PAR  In the cavity 109 are housed the magnetic elements which interact with a
      toothed wheel (not shown) in the usual way. A cylindrical permanent magnet
      118 of plastoferrite is housed within the cavity 109. Within the magnet
      118 is located a winding 122 surrounded by a sleeve 120. The terminals of
      the coil 122 are the above mentioned leads 124, 126 which pass through the
      holes 114 and 116 in the transverse web 110.
PAR  Concentric with the magnet 118 and the coil 122 is a core of ferromagnetic
      material which has a base 130 with an offset axial projection 132 which
      fits in to an aperture 112 in the web 110. The base 130 also has two holes
      134, 136 through which pass the leads 124, 126. The base 130 rests upon
      the transverse web 110 and the core 138 extends to project past the coil
      122 and the magnet 118. The end of the core 138 has a double bevelled part
      140 in the form of a chisel point. The component parts are held together
      by impregnation in a known way, with a resin, indicated 142, of acrylic or
      other type.
PAR  In the cavity 111 on the remote side of the web 110 from the cavity 109 is
      a terminal connector board 144 affixed with resin and serving for fixing
      the ends of the leads 124 and 126 and for transporting the signal from the
      coil to subsequent processing circuits.
PAR  Within the spirit and scope of the invention many changes and variants of
      form, dimensions and material from what has been specifically described,
      by way of example only, may be made.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an electromagnetic angular speed or position transducer of the type
      having means defining a permanent magnetic circuit, including a
      cylindrical permanent magnet means having radial magnetization with two
      pole faces, a toothed wheel, which is relatively rotatable with respect to
      said cylindrical permanent magnet means to complete a magnetic circuit
      when positioned adjacent said pole faces whereby relative movement between
      the teeth of said toothed wheel and said pole faces causes regular changes
      to the reluctance of said magnetic circuit;
PA1  a coil wound onto said permanent magnet means in which an electric current
      is induced by flux changes resulting from said changes in reluctance;
PA1  the improvements comprising:
PA1  said coil is wound on a ferromagnetic core located axially within said
      cylindrical permanent magnet means forming part of said magnetic circuit
      of said permanent magnet, and
PA1  said pole faces are positioned with respect to one another whereby, said
      magnetic circuit means and said pole faces form part of a first closed
      magnetic circuit which can be completed by said toothed wheel being
      adjacent thereto, and said core on which said coil is wound forms part of
      a second closed magnetic circuit which can be completed by said toothed
      wheel being adjacent thereto whereby both said circuits experience
      reluctance changes upon movement of said toothed wheel with respect to
      said magnetic circuit means, said first and second closed magnetic
      circuits being in parallel with one another.
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ABST
PAL  A low output impedance precision dynamic voltage divider network having low
      power dissipation and particularly suited for fabrication on a monolithic
      integrated circuit chip.
PARN
PAR  This is a continuation of application Ser. No. 57,996, filed July 24, 1970,
      now abandoned.
BSUM
PAR  This invention relates to voltage divider networks in general and, more
      particularly, to a dynamic voltage divider network having low output
      impedance, low power dissipation and particularly suited for fabrication
      with integrated circuit techniques.
PAR  As used herein, the term integrated circuit refers to a unitary or
      monolithic semiconductor device or chip incorporating the equivalent of a
      network of interconnected active and passive electrical circuit elements
      such as transistors, diodes, resistors, capacitors and the like.
PAR  In the design of semiconductor amplifiers to be fabricated on an integrated
      circuit substrate, it is frequently desirable to eliminate the
      conventional coupling capacitor; consequently, the direct current coupled
      amplifier is commonly utilized on integrated circuit chips. It is also
      customary to direct current couple successive stages and to provide such
      stages with fractional B+ supplies for biasing, as described in U.S. Pat.
      No. 3,383,612 granted to L. A. Harwood and assigned to the same assignee
      as the present invention. The output impedance of a voltage divider bias
      network must be significantly low at the signal frequency so that a
      negligible amount of signal voltage is developed across the bias network.
      This low output impedance bias network makes it possible to eliminate
      decoupling capacitors which would otherwise be required.
PAR  Developing a low impedance voltage divider network by means which utilize
      relatively low value resistors or other circuit networks that dissipate
      relatively large amounts of power is impractical since the small size of
      the integrated circuit chip severely limits the amount of power that can
      be safely dissipated.
PAR  The present invention provides an improved dynamic voltage divider network
      suitable for establishing and maintaining a voltage which is a preselected
      proportion of the input supply voltage and is independent of temperature.
      In addition, the present invention provides a dynamic voltage divider
      biasing network with low output impedance for signal frequency components
      and relatively low power dissipation.
PAR  A dynamic potential divider network in accordance with the present
      invention includes, first and second terminals for application of
      potentials and a third terminal to provide an intermediate potential
      output. First and second resistors are selected to maintain a prescribed
      resistance ratio. A first transistor has an emitter electrode coupled by
      said first resistor to said first terminal, a collector electrode direct
      current conductively coupled to said second terminal by a first current
      path including said second resistor, a base electrode, and a base-emitter
      junction between said base and emitter electrodes which is maintained in
      forward bias to permit common-emitter amplifier operation. Third and
      fourth resistors are connected in series, with their interconnection being
      direct current conductively coupled to the base electrode of said first
      transistor by a third current path, the end of said fourth resistor,
      remote from said interconnection, is returned to said first terminal. A
      second transistor has an emitter electrode direct current conductively
      coupled to said interconnection by means including said third resistor, a
      collector electrode direct current conductively coupled to said second
      terminal, a base electrode direct current conductively coupled to the
      collector electrode of said first transistor, whereby a second current
      path is established between the collector of said first transistor and the
      end of the third resistor remote from said interconnection. The second
      transistor base-emitter junction occurring between its base and emitter
      electrodes is maintained in forward bias to permit operation as a
      common-collector amplifier stage. The third terminal is connected at a
      point in the recited circuitry coupling the collector and base electrodes
      of said first transistor.
PAR  The ratio of the resistance of said second resistor to that of said first
      resistor is a positive number selected equal to the sum of: (1) the number
      of forward biased semiconductor junctions in said first current path, (2)
      the number of forward biased semiconductor junctions in said second
      current path, (3) the number of forward biased semiconductor junctions in
      said third current path, and (4) the number of forward biased
      semiconductor junctions in said third current path multiplied by the ratio
      of the resistances of said third resistor to said fourth resistor, whereby
      the potential at the base electrode of said first transistor is rendered
      substantially independent of variations in the offset potentials of said
      forward biased semiconductor junctions.
DRWD
PAR  A complete understanding of the invention may be obtained from the
      following detailed description, when taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a schematic circuit diagram of a dynamic voltage divider
      constructed in accordance with the present invention;
PAR  FIG. 2 is a schematic circuit diagram of an alternate embodiment of the
      present invention;
PAR  FIG. 3 is a schematic circuit diagram of a further alternate embodiment of
      the present invention; and
PAR  FIG. 4 is a schematic circuit diagram of another alternate embodiment of
      the present invention.
DETD
PAR  In FIG. 1, a first transistor 32 is arranged in a degenerated
      common-emitter configuration, with its collector electrode connected to an
      energizing potential terminal 14 through a first series current path
      including a resistor 34. The emitter electrode of transistor 32 is
      connected to a reference terminal 18 through a series path including a
      resistor 36. A second transistor 38 arranged in a common-collector
      configuration has its collector electrode connected to terminal 14, its
      base electrode connected to the junction 33 of resistor 34 and the
      collector of transistor 38. The emitter of transistor 32 is connected
      through a series path, including resistor 40, to reference terminal 18. A
      third transistor 42, arranged in a common-collector configuration, has its
      collector connected to the energizing potential terminal 14 and its base
      is connected to the junction 44 of one side of resistor 40 and the emitter
      electrode of transistor 38. Resistor 40 is selected so that equal currents
      flow in transistors 38 and 42. The emitter of transistor 42 is connected
      in a series path including a voltage divider network, comprising resistors
      46 and 48, to the reference ground 18. A second current path from the
      collector of transistor 32 to the remote end of resistor 46 includes the
      forward biased emitter-base junctions of transistors 38 and 42. The
      emitter electrode of transistor 42 is also connected to output terminal
      26. The common connection 47 of resistors 46 and 48 is connected to the
      base of the first transistor 32 and comprises a third current path.
PAR  The embodiment in FIG. 1 provides output voltages greater than one-third
      the source voltage (V.sub.s /3 ) which are temperature independent.
      [Output voltage range V.sub.s /3 to (V.sub.s -2V.sub.be).] Although the
      configuration of FIG. 1 provides output voltages greater than V.sub.s /2,
      the configuration of FIG. 3 is capable of providing these voltages with
      fewer components.
PAR  The independence of the output voltage (V.sub.o) with respect to
      temperature changes, for the first embodiment of the invention (FIG. 1),
      is obtained with the proper selection of resistance ratios and is
      demonstrated with the following mathematical analysis:
PAR  The voltage appearing at junction 47, which is the base electrode of the
      degenerated common-emitter transistor 32, may be expressed as:
      ##EQU1##
      Letting
      ##EQU2##
      and substituting in Equation (1) yields:
      ##EQU3##
PAR  The voltage appearing at the emitter electrode of transistor 32, which is
      also the voltage across resistor 36, (V.sub.R.sbsb.3.sbsb.6), may be shown
      to be:
      ##EQU4##
      where V.sub.be is the voltage offset across the emitter-base junction of
      transistor 32.
PAR  Let the ratio of R.sub.34 /R.sub.36
PAL  be equal to g, then, if it is assumed that the emitter and collector
      current of transistor 32 are approximately equal, the voltage across
      R.sub.34 is equal to:
EQU  V.sub.R .sbsb.3.sbsb.4 = gV.sub.R.sbsb.3.sbsb.6            Eq. (4)
PAL  Substituting Equation (3) in Equation (4) yields:
      ##EQU5##
PAR  The voltage appearing at the base electrode of common collector transistor
      38 is:
EQU  V.sub.b.sbsb.3.sbsb.8 = V.sub.s - V.sub.R.sbsb.3.sbsb.4    Eq. (6)
PAL  Substituting Equation (5) into Equation (6) yields:
      ##EQU6##
PAR  The voltage appearing at the base electrode of common collector transistor
      42 is one base-emitter offset (-V.sub.be) lower yielding:
      ##EQU7##
PAR  The voltage at the emitter electrode of transistor 42 is another
      base-emitter offset (-V.sub.be) lower and is also equal to the output
      voltage V.sub.o. Thus:
      ##EQU8##
      and
EQU  V.sub.o = V.sub.s - (g/k) V.sub.o + gV.sub.be - 2V.sub.be  Eq. (10).
PAL  Combining like terms, yields:
EQU  V.sub.o (1 + g/k) = V.sub.s + (g - 2) V.sub.be             Eq. (11).
PAL  Rearranging yields:
      ##EQU9##
PAR  The ratios of resistors g and k are not functions of temperature.
      Therefore, the output voltage (V.sub.o) is made independent of temperature
      if the second part of Equation (12), which is temperature sensitive
      (function of V.sub.be), is set equal to zero.
      ##EQU10##
      yields:
EQU  g = 2                                                      Eq. (14).
PAR  Then, since g = R.sub.34 /R.sub.36, making R.sub.34 twice as large as
      R.sub.36 or,
EQU  R.sub.34 = 2R.sub.36                                       Eq. (15)
PAL  will yield an output voltage independent of temperature. The output voltage
      will be, from Equation (12):
      ##EQU11##
PAR  When k is greater than unity, R.sub.46 is greater than zero, and the output
      voltage may be selected to be any value between V.sub.s /3 and (V.sub.s -
      V.sub.be).
PAR  FIG. 4 is an alternate embodiment of the present invention for output
      voltages greater than one-third the source voltage (V.sub.s /3). [Output
      voltage range V.sub.s /3 to (V.sub.s - 2V.sub.be).] The embodiment of FIG.
      4 is more stable than the embodiment of FIG. 1 at high frequencies, since
      fewer common-collector transistor amplifier stages are used in the
      embodiment of FIG. 4, reducing the phase shift around the loop.
PAR  In FIG. 4, a first transistor 90 is arranged in a degenerated
      common-emitter configuration with its collector electrode connected to an
      energizing potential terminal 14 through a first series current path
      including a resistor 92, and terminals 96 and 98, between which, a diode
      94 is shown connected. The emitter electrode of transistor 90 is coupled
      to a reference terminal 18 by resistor 100. A second transistor 102
      arranged in a common-collector configuration has its collector electrode
      connected to terminal 14, its base electrode connected to the junction of
      resistor 92 and the collector of transistor 90. The emitter electrode of
      transistor 102 is connected to output terminal 27 and through a series
      path, including a voltage divider network, comprising resistors 104, 106;
      and points 108 and 110 to a reference terminal 18. A second current path
      from the collector of transistor 90 to the remote end of resistor 104
      includes the forward biased emitter-base junction of transistor 102 and
      also includes any forward biased semiconductor appearing between points
      108 and 110. The common connection 112 of resistors 104 and 106 is
      connected to the base electrode of transistor 90 and is a third current
      path.
PAR  The manner in which component values are chosen to provide an output
      voltage (V.sub.o) independent of temperature, for the embodiment of FIG. 4
      is the same as that shown for FIG. 1 above, noting that voltage across
      diode 94 replaces the base-emitter voltage offset (-V.sub.b.sub.-e) for
      transistor 38 of FIG. 1. Diode 94 is constructed with the same geometry as
      the base-emitter electrodes of transistors 90 and 102 and will therefore
      have approximately the same voltage across it as the base-emitter
      electrodes (V.sub.b.sub.-e).
PAR  When a direct connection 114 is connected between points 108 and 110, which
      are connected to terminals 27 and 26 respectively, the voltage appearing
      between terminals 26, 27 and reference terminal 18 will be the same,
      greater than V.sub.s /3, and independent of temperature.
PAR  However, it is also to be noted that if the diode appearing between points
      96 and 98 is replaced with a direct connection, and, at the same time, the
      direct connection 114 is replaced with a diode 94, the mathematical
      expressions above show that the voltage between terminal 26 and the
      reference terminal 18 is still independent of temperature and greater than
      V.sub.s /3, while the voltage between terminals 27 and 18 is one
      V.sub.b.sub.-e higher and varies with temperature. The voltage between
      terminals 27 and 18 is used when a bias voltage is required that is a
      portion of the source of potential and is capable of tracking transistor
      V.sub.b.sub.-e changes with temperature, e.g., in biasing a common-emitter
      amplifier stage with a collector load resistor and an emitter degeneration
      resistor to obtain a temperature-independent voltage across the collector
      load resistor.
PAR  When an output voltage of less than one-third of the supply voltage is
      required, the alternate embodiment shown in FIG. 2 is used. A first
      transistor 50 is arranged in a degenerated common-emitter configuration
      with its collector electrode connected to a source of DC voltage (V.sub.s)
      at terminal 14 through a first series current path including a first
      resistor 52. The emitter electrode of transistor 50 is connected to a
      reference terminal 18 through a second resistor 54. A second transistor 56
      arranged in a common-collector configuration, with its collector electrode
      connected to the source of DC potential (V.sub.s) at terminal 14, has its
      emitter electrode connected in a series path including a voltage divider
      network, comprising resistors 58 and 60, to the reference ground terminal
      18. The base electrode of transistor 56 is connected to the junction 62 of
      resistor 52 and the collector electrode of transistor 50. A third
      transistor 64, arranged in a common-collector configuration, has its
      collector electrode connected to the voltage source (V.sub.s) at terminal
      14, while its emitter electrode is connected through a series path,
      including resistor 66, to the reference terminal 18, to the output
      terminal 26, and to the base electrode of the first transistor 50.
      Resistor 66 is selected so that equal currents flow in transistors 56 and
      64. A second current path from the collector of transistor 50 to the
      remote end of resistor 58 includes the forward biased emitter-base
      junction of transistor 56. The base electrode of the third transistor 64
      is connected to the common connection 68 of resistors 58 and 60. A third
      current path from the common connection 68 of resistors 58 and 60 to the
      base of the first transistor 50 includes the forward biased emitter-base
      junction of transistor 64.
PAR  The independence of the output voltage (V.sub.o) with respect to
      temperature changes, for the alternate embodiment of the invention (FIG.
      2), is obtained with the proper selection of resistance ratios and is
      demonstrated with the following equations.
PAR  The output voltage (V.sub.o) is related to the voltage across R.sub.54 by
      the expression:
EQU  V.sub.R.sbsb.5.sbsb.4 = V.sub.o - V.sub.be                 Eq. (17).
PAR  Assuming the emitter and collector currents of transistor 50 to be
      approximately equal and letting R.sub.52 /R.sub.54 = g, then the voltage
      across resistor 52 is:
EQU  V.sub.R.sbsb.5.sbsb.2 = (V.sub.o - V.sub.be)g,             Eq. (18);
PAL  and the voltage at the base electrode of the common-collector transistor 56
      is therefore,
EQU  V.sub.b.sbsb.5.sbsb.6 = V.sub.s - (V.sub.o - V.sub.be)g    Eq. (19).
PAR  The voltage appearing at the emitter electrode of transistor 56 is the same
      voltage appearing across the series connected resistors 58 and 60 and is
      one base-emitter offset (-V.sub.be) less than the voltage appearing at the
      base electrode of transistor 56 and may be shown to be:
EQU  V.sub.e.sbsb.5.sbsb.6 = V.sub.s - (V.sub.o - V.sub.be)g - V.sub.be Eq. (
     20).
PAR  Setting the ratio
      ##EQU12##
      equal to 1/k, the voltage appearing across resistor 60 is expressed as:
EQU  V.sub.R.sbsb.6.sbsb.0 = 1/k [V.sub.s - (V.sub.o - V.sub.be)g - V.sub.be]
      Eq. (21),
PAL  which is the same as the voltage at the base electrode of common-collector
      transistor 64. The output voltage (V.sub.o) is one emitter-base voltage
      offset (-V.sub.be) lower and is the same voltage that appears at the
      emitter of transistor 64 which is shown to equal:
EQU  V.sub.o = 1/k [V.sub.s - (V.sub.o - V.sub.be)g - V.sub.be ] -  V.sub.be Eq.
      (22);
PAL  then
EQU  (V.sub.o + V.sub.be)k = V.sub.s - (V.sub.o - V.sub.be)g - V.sub.be Eq. (
     23);
PAL  and,
EQU  kV.sub.o + kV.sub.be = V.sub.s - gV.sub.o + gV.sub.be - V.sub.be Eq. (24);
PAL  and,
EQU  (k + g)V.sub.o = V.sub.s + (g - k - 1)V.sub.be             Eq. (25);
PAL  Therefore,
      ##EQU13##
PAR  Separating the temperature dependent terms from the temperature independent
      terms, and setting the temperature dependent terms equal to zero,
      recalling that the resistance ratios g and k are not a function of
      temperature, yields:
      ##EQU14##
      and,
EQU  g = k +  1                                                 Eq. (28 ).
PAL  Since, g =  R.sub.52 /R.sub.54 and
      ##EQU15##
      then;
      ##EQU16##
      which shows that with a proper selection of resistor values the output
      voltage (V.sub.o) is independent of temperature variations and is equal
      to:
      ##EQU17##
      Rearranging terms,
      ##EQU18##
PAR  If resistor 58 is made greater than zero (k &gt; 1), then the output voltage
      is:
EQU  V.sub.o &lt; V.sub.s /3                                       Eq. (33),
PAL  and may be selected to be any value between V.sub.s /3 and V.sub.be.
PAR  When a temperature independent output voltage (V.sub.o) greater than
      V.sub.s /2 is required, a further embodiment of the present invention
      shown in FIG. 3 is utilized. [Output voltage range of V.sub.s /2 to
      (V.sub.s - V.sub.be).]
PAR  The dynamic voltage divider network of FIG. 3 includes a pair of
      transistors 70 and 72. One transistor 70 is arranged in a degenerated
      common-emitter configuration, with its collector electrode connected to an
      energizing potential terminal 14 through a first series current path
      including a first resistor 74. A source of DC voltage (V.sub.s) is applied
      to terminal 14. Transistor 70 has its emitter electrode connected to a
      reference terminal 18 through a series path including a second resistor
      76. A second transistor 72 is arranged in a common-collector configuration
      with its collector electrode connected to the energizing potential
      terminal 14 and its base electrode connected to the collector electrode of
      the first transistor 70. The emitter electrode of transistor 72 is
      connected in a series path, including a voltage divider network,
      comprising resistors 78 and 80 to reference terminal 18. A second current
      path from the collector of transistor 70 to the remote end of resistor 78
      includes the forward biased emitter-base junction of transistor 72. The
      emitter electrode of transistor 72 is also connected to output terminal
      26. The common connection 82 of resistors 78 and 80 is connected to the
      base electrode of transistor 70 and comprises a third current path.
PAR  The manner in which component values are chosen to provide an output
      voltage (V.sub.o) independent of temperature, for the embodiment of FIG.
      3, is described as follows:
PAR  Assuming the currents flowing in the collector and emitter of transistor 70
      are approximately equal, selecting the resistor ratio
      ##EQU19##
      equal to a value k, and selecting R.sub.74 /R.sub.76 equal to a value g,
      then the voltage at the base electrode of the degenerated common-emitter
      transistor 70 may be shown to be equal to V.sub.o /k. The voltage across
      resistor 76 is the same as the voltage at the emitter electrode of
      transistor 70 and is one base-emitter offset (-V.sub.be) lower and is
      equal to:
      ##EQU20##
PAR  The voltage drop across resistor 74 is g times the drop across resistor 76
      and is:
      ##EQU21##
      The voltage at the base electrode of common-collector transistor 72 is
      equal to the power supply voltage (V.sub.s) less the voltage drop across
      resistor 74 and is:
      ##EQU22##
PAR  The output voltage V.sub.o being one emitter-base voltage offset
      (-V.sub.be) lower is then equal to:
      ##EQU23##
      Combining and separating temperature dependent terms from temperature
      independent terms yields:
      ##EQU24##
PAR  Setting the temperature dependent terms of Equation (39) equal to zero
      again provides the circuit parameters necessary to make the circuit
      temperature independent.
      ##EQU25##
PAR  Therefore, for g = 1 (that is resistor 74 the same resistance value as
      resistor 76), the output voltage V.sub.o will be independent of
      temperature.
PAR  The output voltage from Equation (39) under this condition becomes:
      ##EQU26##
PAR  Since g is equal to unity;
      ##EQU27##
      with k &gt; 1, V.sub.o is &gt; V.sub.s /2.
PAR  Circuit means have been described for obtaining desired proportions of a
      voltage source which are independent of temperature variations. The
      voltage division is dependent only upon the proper selection of resistor
      ratios, a relationship which is readily controllable by standard
      techniques in the manufacture of monolithic integrated circuit chips.
PAR  It is also to be noted that the assumptions made to mathematically
      demonstrate the temperature independence of the present invention are
      properly justified when the voltage divider circuit is fabricated on a
      monolithic integrated circuit chip, since the semiconductors all operate
      at substantially the same temperature, with substantially the same current
      levels in each, are constructed with the same geometry, and therefore have
      substantially equal emitter-base voltage drops. Although the application
      of the present invention is not limited to integrated circuit techniques,
      the use of discrete components would require matched semiconductors.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dynamic potential divider having first and second terminals for
      application of potentials and a third terminal to provide intermediate
      potential output comprising:
PA1  first and second resistors;
PA1  a first transistor having an emitter electrode coupled by said first
      resistor to said first terminal, a collector electrode direct current
      conductively coupled to said second terminal by a first current path
      including said second resistor, a base electrode, and a base-emitter
      junction between said base and emitter electrodes to be maintained in
      forward bias to permit common-emitter amplifier operation thereof;
PA1  third and fourth resistors in series connection, their interconnection with
      each other being direct current conductively coupled to said base
      electrode of said first transistor by a third current path, the end of
      said fourth resistor remote from said interconnection returned to said
      first terminal; and
PA1  a second transistor having an emitter electrode direct current conductively
      coupled to said interconnection by means including said third resistor, a
      collector electrode direct current conductively coupled to said second
      terminal, a base electrode direct current conductively coupled to the
      collector electrode of said first transistor, whereby a second current
      path is established between the collector of said first transistor and the
      end of the third resistor remote from said interconnection, and a
      base-emitter junction between its said base and emitter electrodes to be
      maintained in forward bias to permit operation as a common-collector
      amplifier stage, said third terminal being connected at a point in the
      recited circuitry coupling the collector and base electrodes of said first
      transistor;
PA1  the ratio of the resistance of said second resistor to that of said first
      resistor being a positive number equal to the sum of (1) the number of
      forward biased semiconductor junctions in said first current path; (2) the
      number of forward biased semiconductor junctions in said second current
      path; (3) the number of forward biased semiconductor junctions in said
      third current path; and (4) the number of forward biased semiconductor
      junctions in said third current path multiplied by the ratio of the
      resistances of said third resistor to said fourth resistor, whereby the
      potential at the base electrode of said first transistor is rendered
      substantially independent of variations in the offset potentials of said
      forward biased semiconductor junctions caused by temperature changes.
NUM  2.
PAR  2. A dynamic potential divider according to claim 1 wherein the number of
      said forward biased semiconductor junctions in said second current path is
      two.
NUM  3.
PAR  3. A dynamic potential divider according to claim 1 wherein the number of
      said forward biased semiconductor junctions in said second current path is
      one and the number of forward biased semiconductor junctions in said third
      current path is one.
NUM  4.
PAR  4. A dynamic potential divider according to claim 1 wherein the number of
      said forward biased semiconductor junctions in said second current path is
      one.
NUM  5.
PAR  5. A dynamic potential divider according to claim 1 wherein the number of
      said forward biased semiconductor junctions in said first current path is
      one and the number of forward biased semiconductor junctions in said
      second current path is one.
NUM  6.
PAR  6. A dynamic potential divider according to claim 2 wherein said first,
      second, third, and fourth resistors are selected according to the
      following expressions:
      ##EQU28##
      for providing an output voltage greater than one-third said source of
      potential.
NUM  7.
PAR  7. A dynamic potential divider according to claim 3 wherein said first,
      second, third, and fourth resistors are selected according to the
      following expressions:
      ##EQU29##
      for providing an output voltage less than one-third said source of
      potential.
NUM  8.
PAR  8. A dynamic potential divider according to claim 4 wherein said first,
      second, third, and fourth resistors are selected according to the
      following expressions:
      ##EQU30##
      for providing an output voltage greater than one-half of said source of
      potential.
NUM  9.
PAR  9. A dynamic potential divider according to claim 5 wherein said first,
      second, third, and fourth resistors are selected according to the
      following expressions:
      ##EQU31##
      for providing an output voltage greater than one-third said source of
      potential.
NUM  10.
PAR  10. A dynamic potential divider network having first and second terminals
      for application of a source of potential and a third terminal to provide
      intermediate potential output comprising:
PA1  a first transistor having emitter, base and collector electrodes;
PA1  first and second resistors, said first resistor coupling the emitter
      electrode of said first transistor to said first terminal, said second
      resistor coupling the collector electrode of said first transistor to said
      second terminal;
PA1  a second transistor having emitter, base and collector electrodes, the
      collector electrode of said second transistor being coupled to said second
      terminal, the base of said second transistor being coupled to the
      collector of said first transistor;
PA1  third and fourth resistors coupled in series, their common connection being
      coupled to the base electrode of said first transistor, the end of said
      fourth resistor remote from said common connection being coupled to said
      first terminal, the end of said third resistor remote from said common
      connection being connected to the emitter of said second transistor; and
PA1  said first, second, third, and fourth resistors being selected according to
      the expressions,
      ##EQU32##
      for providing an output voltage greater than one-half of said source of
      potential between said third and first terminals, said third terminal
      being coupled to a point in the circuit path between the collector and
      base electrodes of said first transistor, said output voltage being
      independent of temperature and being a predetermined portion of said
      source of potential according to said resistor ratios.
NUM  11.
PAR  11. A dynamic potential divider network having first and second terminals
      for application of a source of potential and a third terminal to provide
      intermediate potential output and comprising:
PA1  a first transistor having emitter, base and collector electrodes;
PA1  first and second resistors, said first resistor coupling the emitter
      electrode of said first transistor to said first terminal, said second
      resistor coupling the collector electrode of said first transistor to said
      second terminal;
PA1  a second transistor having emitter, base and collector electrodes, the
      collector electrode of said second transistor being coupled to said second
      terminal;
PA1  third and fourth resistors coupled in series, their common connection being
      coupled to the base electrode of said first transistor, the end of said
      fourth resistor remote from said common connection being coupled to said
      first terminal, the end of said third resistor remote from said common
      connection being connected to the emitter of said second transistor;
PA1  a third transistor having emitter, base and collector electrodes, the
      collector electrode of said third transistor being coupled to said second
      terminal, the emitter electrode being coupled to the base of said second
      transistor and means coupling said emitter electrode of said third
      transistor to said first terminal, the base electrode of said third
      transistor being coupled to the collector electrode of said first
      transistor; and
PA1  said first, second, third, and fourth resistors being selected according to
      the expressions,
      ##EQU33##
      for providing an output voltage greater than one-half of said source of
      potential between said third and first terminals, said third terminal
      being coupled to a point in the circuit path between the collector and
      base electrodes of said first transistor.
NUM  12.
PAR  12. A dynamic potential divider network having first and second terminals
      for application of potentials and a third terminal to provide intermediate
      potential output and comprising:
PA1  a first transistor having emitter, base and collector electrodes;
PA1  first and second resistors, said first resistor coupling the emitter
      electrode of said first transistor to said first terminal, said second
      resistor coupling the collector electrode of said first transistor to said
      second terminal;
PA1  a second transistor having emitter, base and collector electrodes, the
      collector electrode of said second transistor being coupled to said second
      terminal, the base of said second transistor being coupled to the
      collector of said first transistor;
PA1  third and fourth resistors coupled in series to provide a common
      connection, the end of said fourth resistor remote from said common
      connection being coupled to said first terminal, the end of said third
      resistor remote from said common connection being connected to the emitter
      of said second transistor;
PA1  a third transistor having emitter, base and collector electrodes, the
      collector electrode of said third transistor being coupled to said second
      terminal, the emitter of said third transistor being coupled to the base
      of said first transistor and means coupling the emitter of said third
      transistor to said first terminal, the base electrode of said third
      transistor being coupled to the common connection of said third and fourth
      resistor; and
PA1  said first, second, third, and fourth resistors being selected according to
      the expressions,
      ##EQU34##
      for providing an output voltage greater than one-half of said source of
      potential between said third and first terminal, said third terminal being
      coupled to a point in the circuit path between the collector and base
      electrodes of said first transistor.
NUM  13.
PAR  13. A dynamic potential divider network having first and second terminals
      for application of a source of potential and a third terminal to provide
      intermediate potential output comprising:
PA1  a first transistor having emitter, base and collector electrodes;
PA1  a first resistor coupling the emitter electrode of said first transistor to
      said first terminal;
PA1  means including a second resistor coupling the collector electrode of said
      first transistor to said second terminal;
PA1  a second transistor having emitter, base and collector electrodes, the
      collector electrode of said second transistor being coupled to said second
      terminal, the base of said second transistor being coupled to the
      collector of said first transistor;
PA1  voltage divider means, including third and fourth resistors having a common
      connection and two remote ends, said common connection being coupled to
      the base electrode of said first transistor, the first remote end of said
      voltage divider means being coupled to said first terminal, the second
      remote end of said voltage divider means being connected to the emitter of
      said second transistor for providing a portion of the voltage appearing
      between the emitter of said second transistor and said first terminal; and
PA1  said first, second, third, and fourth resistors being selected according to
      the expressions,
      ##EQU35##
      for providing an output voltage greater than one-third of said source of
      potential between said third and first terminals, said third terminal
      being coupled to a point in the circuit path between the collector and
      base electrodes of said first transistor, said output voltage being
      independent of temperature and being a predetermined portion of said
      source of potential according to said resistor ratios.
NUM  14.
PAR  14. A dynamic potential divider network having first and second terminals
      for application of a source of potential and a third terminal to provide
      intermediate potential output comprising:
PA1  a first transistor having emitter, base and collector electrodes;
PA1  a first resistor coupling the emitter electrode of said first transistor to
      said first terminal;
PA1  means including a second resistor and a diode serially coupled thereto
      coupling the collector electrode of said first transistor to said second
      terminal;
PA1  a second transistor having emitter, base and collector electrodes, the
      collector electrode of said second transistor being coupled to said second
      terminal, the base of said second transistor being coupled to the
      collector of said first transistor;
PA1  voltage divider means, including third and fourth resistors having a common
      connection and two remote ends, said common connection being coupled to
      the base electrode of said first transistor, the first remote end of said
      voltage divider means being coupled to said first terminal, the second
      remote end of said voltage divider means being connected to the emitter of
      said second transistor for providing a portion of the voltage appearing
      between the emitter of said second transistor and said first terminal; and
PA1  said first, second, third, and fourth resistors being selected according to
      the expressions,
      ##EQU36##
      for providing an output voltage greater than one-third of said source of
      potential between said third and first terminals, said third terminal
      being coupled to a point in the circuit path between the collector and
      base electrodes of said first transistor, said output voltage being
      independent of temperature and being a predetermined portion of said
      source of potential according to said resistor ratios.
NUM  15.
PAR  15. A dynamic potential divider network having first and second terminals
      for application of a source of potential and a third terminal to provide
      intermediate potential output comprising:
PA1  a first transistor having emitter, base and collector electrodes;
PA1  a first resistor coupling the emitter electrode of said first transistor to
      said first terminal;
PA1  means including a second resistor coupling the collector electrode of said
      first transistor to said second terminal;
PA1  a second transistor having emitter, base and collector electrodes, the
      collector electrode of said second transistor being coupled to said second
      terminal, the base of said second transistor being coupled to the
      collector of said first transistor;
PA1  voltage divider means, including third and fourth resistors having a common
      connection and two remote ends, and a diode serially coupled with said
      third resistor, coupled between the emitter of said second transistor and
      said common connection, said fourth resistor being coupled between said
      common connection and said first terminal, said common connection being
      coupled to the base electrode of said first transistor, the first remote
      end of said voltage divider means being coupled to said first terminal,
      the second remote end of said voltage divider means being connected to the
      emitter of said second transistor for providing a portion of the voltage
      appearing between the emitter of said second transistor and said first
      terminal; and
PA1  said first, second, third, and fourth resistors being selected according to
      the expressions,
      ##EQU37##
      for providing an output voltage greater than one-third of said source of
      potential between said third and first terminals, said third terminal
      being coupled to a point in the circuit path between the collector and
      base electrodes of said first transistor, said output voltage being
      independent of temperature and being a predetermined portion of said
      source of potential according to said resistor ratios.
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PAL  A MOSFET voltage booster circuit generates a stepped up DC voltage from a
      lower magnitude supply voltage and a periodic input signal. A plurality of
      such MOSFET voltage booster circuits, which are formed only from
      components integrated in the MOSFET integrated circuit chip, may be formed
      on the chip near corresponding sections of circuitry requiring a high DC
      bias signal. A free-running oscillator circuit may provide the required
      periodic input signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  MOS large scale integrated circuits have become increasingly popular in the
      electronics market because of their ability to provide high component
      densities at low cost per function at moderate speeds and relatively low
      power dissipation. However, for optimum performance, a plurality of
      relatively high power supply lines, commonly designated VDD and VGG as
      well as the ground conductor have been required. Improvements in the
      state-of-the-art MOSFET processing techniques have been developed to
      provide MOS chips which operate from the same relatively low voltage, for
      example, 5 volts, as popular bipolar integrated circuit logic families,
      for example, TLL, etc. However, it has been difficult to obtain the
      required circuit speeds for MOS LSI circuits at such low power supplies.
      Further, with the very high component density on MOS LSI integrated
      circuit chips, a large number of circuit functions per chip are
      obtainable, and a serious problem exists in providing enough leads and
      bonding pads for the semiconductor package and chip to provide the
      necessary signals for operation of the complex logic functions. Further,
      at such low power supply voltages, variations in the MOS processing
      parameters, especially the MOS threshold voltage V to become more
      significant, making far more difficult the design of certain logic
      circuits on the chip under worst case conditions. Further, at such low
      power supply voltages, the voltage drops across the long metallization
      lines on the chip which distribute the supply voltage become significant
      and make more difficult design of logic elements located distant from the
      power supply bonding pad. In some cases, bootstrap inverter circuits and
      drivers have been used to produce high voltage pulses which provide the
      additional required drive to particular MOSFETs, usually MOSFET load
      devices, which need to generate a large magnitude signal with a fast rise
      time. But the variation and the magnitude of such pulses with processing
      variations has usually been in the opposite sense required for optimum
      circuit design. Further, race conditions normally associated with digital
      pulse generating circuitry further compound the problem of getting
      adequate high voltage signals to particular MOSFETs for the required
      period of time.
PAR  It is an object of the invention to provide an improved voltage booster
      circuit.
PAR  It is a further object of the invention to provide a voltage booster
      circuit fabricated with metal oxide semiconductor field effect transistors
      (MOSFETs).
PAR  It is a further object of the invention to provide an integrated circuit
      chip with at least one internal circuit which generates a DC voltage
      greater in magnitude than any voltage externally applied to the integrated
      circuit chip.
PAR  It is a further object of the invention to provide an integrated circuit
      chip with a plurality of internal voltage booster circuits which are
      located so as to distribute the stepped up DC voltage to nearby portions
      of the circuit requiring such stepped up voltage.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly described, the invention provides a voltage booster circuit for
      producing a stepped up voltage at an output node thereof and includes, in
      one embodiment, a field effect transistor load device coupled between the
      supply voltage conductor and a capacitor, the opposite node of which is
      coupled to a periodic signal or clock signal. From the junction between
      the load field effect transistor and the capacitor is a diodeconnected
      field effect transistor, the source of which is connected to the output
      node. In one embodiment of the invention, a voltage regulator circuit is
      connected to the output node, and includes at least one diode-connected
      field effect transistor coupled between a power supply and the output
      node, the source being connected to the output node, and in parallel
      contains at least one diode-connected field effect transistor coupled in
      the opposite sense between the output node and the power supply conductor.
      In another embodiment, a second load field effect transistor and capacitor
      are coupled in series between the power supply conductor and a second
      clock signal conductor, and a second diode-connected field effect
      transistor is coupled between the output node and the junction between the
      second load field effect transistor and the second capacitor. In another
      embodiment, a first feedback transistor is coupled in parallel with the
      first load field effect transistor and has its gate connected to the
      second junction, and a second feedback field effect transistor is coupled
      in parallel with the second load field effect transistor and has its gate
      connected to the first junction. In another embodiment of the invention,
      the above-described voltage boosters are provided on an integrated circuit
      chip to provide a stepped up bias voltage to a portion of the circuitry on
      the chip. In another embodiment, a free-running oscillator on the chip
      provides the required periodic clock input signal. In another embodiment,
      back-to-back bootstrap inverters have a capacitor terminal of the feedback
      capacitance thereof connected to a diodeconnected field effect transistor
      which charges the output capacitance associated with the output node. This
      reduces the capacitive loading on the clock signals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1A is a schematic diagram of a preferred embodiment of the invention.
PAR  FIG. 1B is a clock diagram representing a free-running oscillator which
      generates the periodic signals required by the embodiment of FIG. 1A.
PAR  FIG. 1C is a diagram illustrating a typical application of the voltage
      booster circuit of FIG. 1A.
PAR  FIG. 1D is a diagram representative of an integrated circuit chip
      incorporating the oscillator of FIG. 1B and the voltage booster circuit of
      FIG. 1A to provide a stepped up voltage on the integrated circuit chip.
PAR  FIG. 2 is a timing diagram useful in describing the operation of the
      embodiment of FIG. 1A.
PAR  FIG. 3 is a schematic diagram of another embodiment of the invention which
      produces a stepped up voltage higher in magnitude than the embodiment of
      FIG. 1A.
PAR  FIG. 4 is a schematic diagram of an alternative embodiment of the invention
      which produces less capacitive loading on the clock signal lines than the
      embodiments of FIG. 1A and FIG. 3.
PAR  FIG. 5 is a diagram representative of an integrated circuit chip having a
      plurality of voltage booster circuits as in FIGS. 1A, 3, or 4 which
      generate separate stepped up voltages which are distributed to separate
      appropriate portions of circuitry on the integrated circuit chip.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  FIG. 1A is a schematic diagram of a preferred embodiment of the invention.
      In FIG. 1A, voltage booster circuit 10 includes a first section including
      capacitor 26 coupled between input signal conductor 14 and node A and
      MOSFETs (metal oxide semi-conductor field effect transistors) 22 and 24
      coupled between supply voltage conductor 12 and node A, and
      diode-connected MOSFET 34 coupled between node A and output node C. (A
      diode-connected MOSFET is one in which the gate and drain electrodes are
      connected together). Output node C is connected to output conductor 18. An
      output capacitor 20 represents a capacitance associated with conductor 18
      and is coupled between conductor 18 and ground supply conductor 13.
PAR  The MOSFETs described herein may be, in a preferred embodiment, N-channel
      MOSFETs. A supply voltage commonly designated VDD, may be applied to
      conductor 12, and may be approximately 5 volts. It is frequently required
      that a bias voltage greater in magnitude than VDD be available to certain
      portions of an MOS LSI (large scale integrated) circuit and a separate
      bonding pad is commonly provided on an integrated circuit chip to allow
      such a voltage, commonly designated VGG, to be distributed on the
      semiconductor chip where it is needed. However, this requires an extra pin
      on the package and an extra bonding pad which could advantageously be used
      to provide a functional input or output signal to the circuit if the VGG
      bias voltage could be generated internally.
PAR  If a periodic signal 01  is applied to clock signal conductor 14, a
      boosted, rectified signal will appear at output conductor 18, as will be
      described hereinafter with reference to the timing diagram of FIG. 2.
      However, it is important to note that a boosted, rectified signal can be
      achieved only with the elements thus far described, exclusive of MOSFET
      22. However, parasitic leakage currents may result in undesired "ripple"
      on the output voltage on node C, and variations in processing parameters
      may result in an output voltage which varies in the wrong direction as a
      function of such processing parameters. The amount of ripple can be
      decreased, a desirable amount of regulation achieved, and a higher
      magnitude of output voltage may be accomplished by addition of the
      components next to be described.
PAR  A regulating circuit 39 is coupled between output node C and conductor 12
      in FIG. 1A, and includes diode-connected MOSFET 40 having its gate and
      drain connected to conductor 12 and its source connected to output node C.
      Regulating circuit 39 also includes diode-connected MOSFETs 36 and 38
      connected in series between conductor 12 and output node C, the source of
      MOSFET 36 being connected to conductor 12 and the gate and drain thereof
      connected to the source of MOSFET 38, the gate and drain of the latter
      being connected to output node C. As is explained hereinafter, additional
      diode-connected MOSFETs may be connected in series with MOSFETs 36 and 38
      to achieve the type of regulation desired.
PAR  A second section of voltage booster circuit 10, symmetrical to the first
      section, includes MOSFETs 42 and 44 coupled between supply voltage
      conductor 12 and node B, and also includes diode-connected MOSFET 48
      coupled between node B and output node C and further includes capacitor 46
      coupled between node B and clock signal conductor 16. Capacitors 26 and 46
      may be MOS enhancement capacitors, as schematically illustrated in FIG.
      1A. An enhancement capacitor consists of a gate conductor, such as
      conductor 28, overlying a thin gate oxide layer, which in turn overlies a
      channel region. The gate conductor overlaps a source region 32 and a drain
      region 30 which are separated by the channel region. The source and drain
      regions can be shorted together as shown to form one terminal of the
      capacitor while the gate electrode forms the other terminal. The main
      advantage to using enhancement capacitors is their compatibility with
      conventional MOS manufacturing processes.
PAR  Utilization of the symmetrical circuit configuration as shown in FIG. 1A
      and use of a phase-separated input signals 01 and 02 allows advantageous
      use of the illustrated cross-coupling technique between MOSFETs 22 and 42,
      which are referred to herein as feedback devices. The gate of MOSFET 22 is
      connected to node B and the gate of MOSFET 42 is connected to node A.
      Those skilled in the art will recognize that in the absense of MOSFETs 22
      and 42, load MOSFETs 24 and 44, respectively, are capable of charging
      nodes A and B, respectively, only to the voltage which is a threshold
      voltage drop less in magnitude than VDD. However, as explained
      subsequently herein, feedback MOSFETs 22 and 42 permit nodes A and B,
      respectively, to be charged all the way to VDD volts.
PAR  The operation of the embodiment of FIG. 1A is explained with reference to
      FIG. 2; the operation of additional embodiments subsequently described
      herein is in essential respects entirely similar. The input signals 01 and
      02 of FIG. 2 may be applied to clock signal conductors 14 and 16,
      respectively, and as shown, are non-overlapping signals. Waveform A
      appears at node A of FIG. 1A. Initially, if node A is at zero volts, node
      A is charged up through MOSFET 24 to VDD -Vth volts, where Vth is the
      threshold voltage of MOSFET 24; this transition is indicated by point M on
      waveform A. When the first .phi.1 pulse occurs, the charge on capacitor 26
      tends to cause the voltage across capacitor 26 to be constant during the
      leading edge of the first .phi.1 pulse. This causes the voltage at node A
      to be boosted. The charge on capacitor 26 is redistributed between the
      parasitic capacitance of node A (not shown) and capacitor 20 through
      unidirectional diode-connected MOSFET 34, thereby causing node C to be
      further charged up. The waveform at node C is shown by waveform C of FIG.
      2. When the initial pulse of signal 01 disappears, node A falls back to
      VDD -Vth volts, and is maintained at that level by MOSFET 24, which
      charges enhancement capacitor 26 up again. However, node C remains
      essentially at the voltage it was charged up to, since diode-connected
      MOSFET 34 prevents any loss of charge on capacitor 20 to node A. When the
      first 02 pulse occurs, the waveform B, which appears at node B, responds
      in an entirely similar fashion, further charging up output capacitor 20.
      The resulting waveform on output node C, which is at the same potential as
      output conductor 18 is shown in FIG. 2 as waveform C. The slight ripple
      effect on waveform C would occur if any parasitic leakage currents existed
      which would tend to discharge the potential at output node C between clock
      pulses. Of course, there is no requirement that the relationship between
      clock signals 01 and 02 be as illustrated in FIG. 2. In fact, they may be
      in phase or at different frequencies, and overlap. But if overlapping
      clock pulses are used, MOSFETs 22 and 42 must be eliminated. The
      intermediate levels of waveform A (and B), as previously mentioned, are
      VDD -Vth volts in the absense of MOSFETs 22 and 42. However, if node A is
      at VDD -Vth volts, and  02 pulse occurs and boosts the voltage at node B
      to approximately VDD -Vth plus 02 volts, MOSFET 22 will be sufficiently
      overdriven to further charge node A up to VDD volts. Similarly, the
      intermediate level of node waveform B is boosted to VDD volts by the
      action of MOSFET 42 when a 01 pulse occurs. Therefore, the boosted output
      voltage V.sub.OUT at output node C, in absence of clamping regulator
      circuit 39, is then equal to the peak voltages at nodes A and B. That is,
      the voltage at output node C is equal to V.sub.DD plus the magnitude of
      the 01 and 02 (assuming they are of the same magnitude) minus V.sub.th,
      the threshold voltage of MOSFETs 34 and 48. In other words, the boosted
      output voltage V.sub.OUT is given by the equation V.sub.OUT = V.sub.DD
      +.vertline..phi..vertline.-V.sub. th, where .vertline..phi..vertline. is
      the magnitude of 01 and  02.
PAR  The operation of the regulator circuit 39 acts to limit the voltage at
      output node C in two ways. First, MOSFET 40 prevents V.sub.OUT from
      falling below VDD -Vth volts. Secondly, MOSFETs 36 and 38 prevent
      V.sub.OUT from being boosted to more than VDD plus 2 Vth volts. Of course,
      additional MOSFETs may be placed in series with either MOSFETs 36 or 38 or
      MOSFET 40 to provide the desired limits. This regulating scheme provides a
      great advantage in worst case design of MOS circuits in that the VGG bias
      voltage required for biasing load devices of MOS logic gates and inverters
      and the like is preferably regulated in such a way that for large MOS
      threshold voltages VGG is large in magnitude, while for small MOS
      thresholds VGG is relatively less in magnitude. For a more complete
      discussion of the considerations of worst case design conditions for
      MOSFET load devices, see copending application, Ser. No. 475,376, by the
      same inventor and filed on even date herewith. FIG. 1c schematically
      depicts the arrangement thus suggested, in which voltage booster circuit
      10 has its output terminal 18 connected to the gate of MOSFET 61, which is
      the load device of an MOS logic gate including MOSFET 61 and additional
      MOSFET circuitry 59 coupled between the source of MOSFET 61 and ground
      conductor 13. Improved power dissipation, circuit speed, and noise margin
      performance results from the suggested combination, wherein regulator 10
      is the device shown in FIG. 1A including the regulator 39.
PAR  As previously suggested, the clocking input signals 01 and 02 do not have
      to be square wave signals as in FIG. 2, but rather may be signals
      generated by an oscillator coupled between voltage supply conductor 12 and
      ground conductor 13. As shown in FIG. 1D, free-running oscillator 52 may
      be provided on integrated circuit chip 60, which may in turn drive voltage
      booster circuit 10, as in FIG. 1A, which in turn provides a bias voltage
      which is distributed to various load devices and the like in MOSFET
      circuitry on a portion 62 of integrated circuit chip 60.
PAR  The following table lists typical values for the devices in FIG. 1A which
      have been used in a successful implementation of the circuit.
TBL  MOSFET  CHANNEL WIDTH (Mils)                                              
                             CHANNEL LENGTH (Mils)                             
     ______________________________________                                    
     22      1.0             .3                                                
     24      1.0             .3                                                
     34      1.0             .3                                                
     36, 38, 40                                                                
             1.0             .3                                                
     48      1.0             .3                                                
     42, 44  1.0             .3                                                
     ______________________________________                                    
PAR  Enhanced capacitors 26 and 46 may have an area of approximately 12 square
      mils.
PAR  FIG. 3 schematically depicts another embodiment of the invention which is
      entirely similar in operation to that of FIG. 1A, and where applicable the
      same reference numerals have been used. It differs from the embodiment of
      FIG. 1A mainly in the addition of diode-connected MOSFETs 72 and 74
      coupled, respectively, between the source of MOSFET 34 and node C and the
      source of MOSFET 48 and node C. Further, enhanced capacitor 76 has been
      coupled between the source of MOSFET 34 and clock signal conductor 16, and
      enhancement capacitor 78 has been coupled between the source of MOSFET 48
      and clock signal conductor 14. In this embodiment, the intermediate level
      at waveform A is boosted by the action of a 01 pulse and enhanced
      capacitor 26 so that the charge on capacitor 26 is redistributed through
      MOSFET 34 and is trapped on node D. If the magnitude of 01 is
      approximately equal to VDD, the magnitude of the DC voltage on node D is
      approximately twice that of the intermediate level at node A. The currents
      of a 02 pulse further boosts the DC voltage at node D by the action of
      capacitor 76, as charges distributed through MOSFET 72 to node C thus, the
      voltage of node C is approximately equal to VDD plus the magnitude of 01
      plus magnitude of 02 plus the magnitude of  02 minus 2 Vth.
PAR  The embodiment of FIG. 4 illustrates a voltage booster circuit in which the
      capacitive loading on clock signal conductors 14 and 16 may be reduced
      somewhat. The circuit includes a first MOS bootstrap inverter circuit
      including MOSFETs 74, 76, 72, and feedback capacitor 78. The voltage at A'
      has an intermediate level of approximately VDD -Vvolts, and is boosted to
      approximately twice this value when MOSFET 72 is off at a combined action
      of feedback capacitor 78 and the pullup action of MOSFET 74. This voltage
      diminished by the threshold voltage of MOSFET 34 appears as a DC voltage
      trapped on node C'. The symmetrically connected bootstrap inverter
      including the MOSFETs 82, 84, and 81 and feedback capacitor 86 and
      diode-connected MOSFET 36 provide increased efficiency by reducing the
      ripple voltage magnitude if substantial leakage currents at node C exists.
      The gate capacitance of MOSFETSs 72 and 81 can be substantially less than
      the capacitance of enhanced capacitors 26 and 46 of FIG. 1A, so that the
      capacitive loading to be charged up by the signals 01 and 02 is
      substantially reduced. In some cases this may offer advantages.
PAR  FIG. 5 illustrates an integrated circuit chip 90 which includes several
      voltage booster circuits 10 and 10', which may be any of the voltage
      booster circuits described herein. In FIG. 5, voltage booster circuit 10
      and 10' are coupled between supply voltage conductor 12 and the ground
      conductor 13 (not shown in FIG. 5). The output voltages VGG and VGG'
      appear, respectively, at output nodes 18 and 18' and independently supply
      a bias voltage to MOS circuits 92 and 94, respectively, on different
      portions of the surface of integrated chip 90. As mentioned previously,
      this scheme of providing a plurality of voltage boosters where required on
      an integrated circuit chip makes an additional bonding pad and package
      lead available for signal processing purposes, and allows provision of
      boosted input voltages of different magnitudes to suit different
      requirements on the chip, and provides an independent degree of voltage
      regulation for each which, as described earlier, may offer substantial
      design advantages in accomplishing optimum worst case circuit design with
      respect to manufacturing processing parameters such as MOS device
      threshold voltage.
CLMS
STM  I claim:
NUM  1.
PAR  1. A voltage booster circuit coupled to a supply voltage conductor
      including a first MOSFET coupled between said supply voltage conductor and
      a first node for charging capacitance associated with the first node, a
      capacitor coupled between the first node and a first clock signal
      conductor, and a first diode-connected MOSFET coupled between the first
      node and a second node, the voltage booster circuit comprising:
PA1  a second diode-connected MOSFET having its gate and drain coupled to said
      supply voltage conductor and its source coupled to said second node, and
      third and fourth diode-connected MOSFETS coupled in series between said
      second node and said supply voltage conductor, the source of said fourth
      diode-connected MOSFET being coupled to said supply voltage conductor, the
      gate and the drain of said third diode-connected MOSFET being coupled to
      said second node.
NUM  2.
PAR  2. A voltage booster circuit, coupled to a supply voltage conductor, for
      producing a stepped up voltage comprising:
PA1  first field effect transistor load means coupled between said supply
      voltage conductor and a first node for charging capacitance associated
      with said first node;
PA1  capacitive voltage boosting means coupled to said first node and a first
      clock signal conductor for boosting a voltage on said first node;
PA1  diode-connected field effect transistor circuit means coupled between said
      first node and a second node for transferring charge from said first node
      to said second node to charge up the capacitance associated with said
      second node;
PA1  second field effect transistor load means for charging a third node coupled
      between said supply voltage conductor and said third node;
PA1  second capacitive voltage boosting means for boosting a voltage on said
      third node coupled between a second clock signal conductor and said third
      node; and
PA1  second diode-connected field effect transistor circuit means for
      transferring charge from said third node to said second node coupled
      between said third node and said second node.
NUM  3.
PAR  3. The voltage booster circuit as recited in claim 2 further including
      first field effect transistor feedback load means for charging the voltage
      on said first node to the voltage on said supply voltage conductor means
      coupled between said supply voltage conductor means and said first node
      and also coupled to said third node and being responsive to the voltage on
      said third node, and second field effect transistor feedback load means
      for charging the voltage on said third node to the voltage on said supply
      voltage conductor means coupled between said supply voltage conductor
      means and said third node and also coupled to said first node and being
      responsive to the voltage on said first node.
NUM  4.
PAR  4. A voltage booster circuit for producing a stepped up voltage at an
      output voltage node comprising:
PA1  first MOSFET load means for charging a first node coupled between supply
      voltage conductor means and said first node;
PA1  second MOSFET load means for charging a second node coupled between said
      supply voltage conductor means and said second node;
PA1  a first diode-connected MOSFET transistor coupled between said first node
      and said output voltage node;
PA1  a second diode-connected MOSFET transistor coupled between said second node
      and said output voltage node; and
PA1  first and second capacitors coupled, respectively, between said first node
      and a first clock signal conductor and said second node and a second clock
      signal conductor.
NUM  5.
PAR  5. The voltage booster circuit as recited in claim 4 further including
      MOSFET regulator clamping circuit means coupled to said output voltage
      node for regulating the voltage at said output voltage node.
NUM  6.
PAR  6. An integrated chip including at least one voltage booster circuit as
      recited in claim 1 coupled to supply voltage conductor means and
      distributing a stepped up voltage to a first portion of said integrated
      circuit chip.
NUM  7.
PAR  7. The integrated circuit chip as recited in claim 6 further including
      another said voltage booster circuit coupled to said supply voltage
      conductor means for producing a second stepped up voltage to a second
      portion of said integrated circuit chip.
NUM  8.
PAR  8. A voltage booster circuit as recited in claim 1 wherein said capacitor
      is an enhancement capacitor having its gate electrode coupled to said
      first node.
NUM  9.
PAR  9. A voltage booster circuit for producing a stepped up voltage at an
      output voltage node comprising:
PA1  a load MOSFET coupled between supply voltage conductor means and a first
      node;
PA1  a second diode-connected MOSFET coupled between said supply voltage
      conductor means and the gate of said load MOSFET;
PA1  a bootstrap capacitor coupled between said first node and the gate of said
      load MOSFET:
PA1  a switching MOSFET coupled between said supply voltage conductor means and
      said first node having its gate coupled to clock signal conductor means;
PA1  a second diode-connected MOSFET coupled between the gate of said load
      MOSFET and said output voltage node.
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ABST
PAL  An optical grating assembly comprises a piezo-electric substrate which
      supports on two opposite faces thereof respective metallic layers. One of
      these faces of the substrate also carries a grating either formed in that
      face, in the metal layer supported by that face, or in a resin layer
      carried by that face. Application of a variable voltage between the metal
      layers sets up an electric field of variable strength in the substrate and
      this results in the pitch of the grating being variable due to the
      piezo-electric nature of the substrate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an optical grating assembly wherein the grating
      pitch is variable.
PAR  2. Summary of the Prior Art
PAR  It has been previously proposed to provide an optical grating and a
      piezo-electric element in a device forming a modulator and comprising a
      piezo-electric crystal on one mirror face of which is engraved a grating.
      The crystal is excited by means of two electrodes applied to two other
      faces of the grating, these two other faces facing each other and being
      perpendicular to the engraced face. This device is arranged to vary the
      pitch of the grating about a mean value, the modulation of the spacing
      between the lines of the grating causing a corresponding modulation of a
      light beam diffracted by the grating. In order to excite the crystal, it
      is necessary to apply a very high voltage of the order of 10,000 volts.
PAR  This previously proposed modulator is disadvantageous owing to the very
      high voltages required to operate it and its limited range of grating
      pitch variations.
PAR  It is an object of the present invention to provide an improved variable
      pitch optical grating. It is a further object to provide an optical
      grating assembly for use in industry at readily available voltages.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided an optical grating assembly
      comprising a substrate possessing piezo-electric properties and having two
      opposite faces, electrically-conductive layers each carried by a
      respective one of said faces of the substrate such that application of a
      variable voltage between these layers sets up in the substrate an electric
      field of variable strength, and a grating carried by one of the said two
      opposite faces of the substrate, the said electric field of variable
      strength causing, as a result of the piezo-electric properties of the
      substrate, corresponding variations in the pitch of the grating.
PAR  Further according to the invention there is provided an optical grating
      assembly comprising a substrate possessing piezo-electric properties and
      having a pair of opposed substantially parallel faces, a pair of opposed
      electrically-conductive layers, said substrate lying between the layers
      such that each of said layers is supported on a respective one of said
      faces, and means defining a grating extending generally parallel to said
      faces, said grating being deformed upon deformation of the substrate when
      a variable intensity electrical field is applied to the substrate by the
      conductive layers.
PAR  The grating can be obtained by engraving directly one face of the
      substrate.
PAR  Alternatively, as is preferred, the grating can be formed in a layer
      carried on one of the faces of the substrate. This layer may be in the
      form of an aluminum or other metallic coating which constitutes one of the
      conductive layers; in this case, the grating can also be formed by
      engraving.
PAR  In a further alternative arrangement, the grating can be formed by a
      holographic process in a layer of photopolymerisable resin or other
      photo-sensitive material. The grating can be in the form of an image.
PAR  In yet a further alternative arrangement, the grating itself constitutes
      one of the conductive or other layers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An optical grating assembly embodying the invention will now be
      particularly described, by way of example, with reference to the
      accompanying diagrammatic drawings, in which:
PAR  FIG. 1 is a cross-section of the grating assembly;
PAR  FIG. 2 is a cross-section of a modified form of the grating assembly;
PAR  FIG. 3 is a diagram illustrating use of the grating assembly as a
      light-beam deflector; and
PAR  FIGS. 4 to 6 are graphs showing, for the arrangement of FIG. 3, the
      variation of the angle of deflection of the light beam as a function of
      the variation of the pitch of a grating of the grating assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 1, the grating assembly comprises a substrate 1 in the
      form of a plate and possessing piezo-electric properties. The substrate 1
      caries on one of its faces 1a an electrically-conductive layer 2, and on
      its opposite face 1b, which is substantially parallel to the face 1a, a
      reflective and electrically-conductive metal layer 3. The exposed surface
      of the layer 3 has been mechanically formed to provide a grating 4, which
      extends generally parallel to the faces 1a, 1b of the substrate.
PAR  In the modified form of the grating assembly (FIG. 2), the surface 1b of
      the substrate 1 is coated with a layer 5 of photo-polymerisable resin
      which has undergone a holographic process in such manner as to form a
      grating 6 on its surface remote from the surface 1b, the grating 6
      extending substantially parallel to the faces 1a, 1b of the substrate 1. A
      reflective and electrically-conductive metal layer 7 is coated onto this
      grating surface.
PAR  The pitch of the grating 4 or 6, can be varied by applying a variable
      voltage of sufficient amplitude between the two electrically-conductive
      layers 2 and 3, or 2 and 7. This can be effected by any appropriate
      voltage-generating means 8, for example, by means of an ultrasonic
      oscillator using piezo-electric crystals. The voltage generating means 8
      is connected to the grating assembly by conductors 9 and 10. Application
      of a voltage between the conductive layers of the grating assembly sets up
      an electric field in the substrate 1 which consequently distorts and
      alters the pitch of the grating; the voltage required can, for example, be
      as low as 300 volts.
PAR  FIG. 3 illustrates an application of a grating assembly 11 of the form
      shown in FIG. 1 for the deflection of a high-frequency light beam, for
      example, a laserbeam, either in a continuous manner or intermittently. Use
      of the grating assembly in such an application makes it possible for
      example, to vary the wavelength of a laser beam using only very little
      power.
PAR  The grating assembly 11 is so positioned that an incident laser beam 12
      impinges on the grating of the grating assembly at a shallow angle of
      incidence .alpha. between 70.degree. and 90.degree., preferably the angle
      .alpha. is close to 90.degree.. The resultant diffracted beam subtends an
      angle .alpha.' with a line N (shown dashed in FIG. 3) at right angles to
      the plane of the grating, such that:
EQU  a (sin .alpha. + sin .alpha.') = k .lambda.
PAL  wherein
PA1  a = the pitch of the grating, and
PA1  .lambda. = wavelength of incident laser beam.
PAR  The incident beam has thus undergone deflection.
PAR  A relative grating pitch variation da/a, produced by utilising the
      piezo-electric properties of the substrate 1, gives a corresponding
      variation in the diffracted beam angle such that
      ##EQU1##
PAR  The relative pitch variation of the grating assembly is a characteristic of
      the assembly and is dependent on the piezo-electric properties of the
      assembly. The variation in the angle of deflection experienced by the beam
      12 increases in correspondence with the magnitude of the term:
      ##EQU2##
      and thus is greater the closer .alpha.' is to 90.degree..
PAR  Therefore, in practice, to obtain the maximum deflection variation, beams
      directed at an angle close to 90.degree. will preferably be used.
PAR  FIGS. 4 to 6 show the variation of the angle .alpha.' (and therefore the
      variation in the deflection angle) as a function of the variations of the
      pitch a of the grating for an incident beam of wavelength 6328 A as a
      first order. The angles of beam incidence corresponding to FIGS. 4, 5 and
      6, are respectively 75.degree., 82.5.degree. and 90.degree.;  the angles
      .alpha.' are of the same order of magnitude. The variation in the pitch of
      the grating is caused by a variation in the intensity of the electrical
      field in which the piezo-electric substrate is positioned. Grating pitch
      variation is restricted in practice to the portions A - A' of the graphs
      in order to prevent cracking of the substrate (for example formed of a
      ceramic material). The substrate 1 can alternatively be a piezo-electric
      crystal.
PAR  The dimensions of the grating can be of any suitable magnitude, for example
      the substrate 1 giving the results shown in FIGS. 4 to 6 has a thickness
      of 1mm and a diameter of 25 mm, and is formed of PTZ 5H ceramic material;
      the pitch of the grating is 600 lines/mm, with operation in the fifth
      order.
PAR  The electrically-conductive layers of the grating assembly can for example
      be in the form of an aluminum coating.
PAR  The grating assembly described can be advantageously used in all
      applications of gratings in which it is desired to vary the pitch of the
      grating, for example as in deflectors, couplers, modulators and analysers.
CLMS
STM  We claim:
NUM  1.
PAR  1. An optical modulator assembly comprising:
PA1  a substrate possessing piezo-electric properties and having two opposite
      faces,
PA1  electrically-conductive layers each carried by a respective one of said
      faces of the substrate, one of said layers having a reflective surface,
PA1  a grating carried by the one of said two opposite faces of the substrate
      which bears said reflective layer,
PA1  a light source for directing a beam of light at said grating, and
PA1  means for applying a variable voltage between said electrically-conductive
      layers to set up in the substrate an electric field of variable strength
      and thereby cause variations in pitch of the grating so as to vary the
      direction in which the light beam is reflected from the grating.
NUM  2.
PAR  2. An optical modulator assembly according to claim 1 wherein said two
      opposite faces of said substrate are parallel, and said grating is
      generally parallel to said faces.
NUM  3.
PAR  3. An optical modulator assembly according to claim 1, wherein the grating
      is formed in a layer carried by one of the said two faces.
NUM  4.
PAR  4. An optical modulator assembly according to claim 3, wherein the said
      layer is metallic and constitutes one of the said conductive layers, the
      grating being engraved therein.
NUM  5.
PAR  5. An optical modulator assembly according to claim 3, wherein the said
      layer is composed of photo-polymerisable resin.
NUM  6.
PAR  6. An optical modulator assembly according to claim 1, wherein the grating
      is covered by one of the said conductive layers.
NUM  7.
PAR  7. An optical modulator assembly according to claim 1, wherein one of said
      layers is metallic and is applied directly to the said face of the
      substrate which is opposite the face which carries the grating.
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PAL  Piezoelectric pick-up device for measuring internal overpressure of hollow
      bodies such as cylindrical pipes. The device has similar parts which
      present a cavity therebetween with a circular cross section with a
      circular groove. Within the groove there is disposed an insert composed of
      four parts, said insert encompassing the hollow body and transmits the
      deformations of the hollow body due to overpressure therewithin to
      piezoelectric plates. The four parts of the insert are advantageously made
      of steel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a piezoelectric pick-up device for measuring
      pressures within cylindrical hollow bodies on the basis of their elastic
      deformation, said pick-up device having a body composed of two parts with
      a cavity with a circular cross section, in the wall of which there are
      provided at least two motion transmitting elements and piezoelectric
      plates.
PAR  Hollow bodies, the internal overpressure of which is variable in the course
      of operation, are generally also stressed, in addition to internal
      overpressure, by bending stresses and additionally by vibrations. For
      instance, an injector tube of a diesel engine, on the surface of which
      tube the course of pressure of the injected fuel is picked-up for
      diagnostic measurements, forms with the injection pump, the injector, and
      the engine proper a system oscillating as a unit. Furthermore, the
      injection tube oscillates, as an elastic element of this system, at its
      own damped resonant oscillations, which are generated due to quick
      pressure variations in the tube, the frequency of such oscillations being
      generally within the limits of 5 to 20 kilocycles.
PAR  A number of measuring methos are known for measuring internal
      overpressures. For diagnostic measurements indirect methods are generally
      used, such methods consisting in pickingup deformations of an elastic body
      which depend upon variations of the internal overpressure. Due to their
      simplicity of design and manufacture, piezoelectric pick-up devices have a
      high sensibility and a good reproducibility of results. The main drawback
      of known pick-up devices is the impossibility of eliminating influences
      due to vibrations and elastic deformations of the measured body, which
      generate error signals, thereby distorting the results of measuring the
      internal overpressure of the body.
PAR  With known pick-up devices, the variations of the diameter of the tube due
      to overpressure variations inside the tube are measured at two opposite
      points. Oscillations due to bending stress of the tube in the course of
      operation cause variations of the geometric shape of the cross section of
      the tube; thus the initial circular cross section of the tube changes to
      an oval one. The pick-up device registers variations of the diameter of
      the tube which are independent of the overpressure in the tube, that is,
      parasitic oscillations, and thus yields erroneous signals. Different
      electric filters, mostly low pass filters are therefore used with said
      known pick-up devices in order to suppress these parasitic oscillations.
      The real course of the overpressure in the tube is, however, thus
      distortes, since the signal then lacks the high frequency components,
      which are rather important for the analysis of the fuel injection process,
      for example.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to eliminate to a high degree the
      above-described drawbacks of the prior art, and to provide a pick-up
      device for this purpose which is not substantially affected by similar
      parasitic oscillations. The design of this pick-up device is based on the
      fact that the length of the external circumference of a tube in a plane
      perpendicular to the axis of the tube does not change, as a practical
      matter, due to elastic bending. The same also holds true for other hollow
      bodies. Contrary to such effect of elastic bending, the length of its
      circumference within the range of elastic deformations of the tube does
      change due to variations of internal overpressure.
PAR  The object of this invention is to provide a pick-up device, the body of
      which together with strong metal inserts as transmission elements and
      piezoelectric plats, presents a homogeneous unit of high stiffness. Such a
      pick-up device does not react to variations of the shape of the tube when
      its circumference remains of constant length, but reacts to changes of
      length of the circumference of the tube due to variations of its internal
      overpressure. The body of the pick-up device is elastic to such an extent
      as to maintain a linearity between variations of the internal overpressure
      and variations of the electric output signal. All these conditions are met
      with the pick-up device according to this invention.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  An examplary embodiment of this pick-up device is shown in the attached
      drawing, wherein:
PAR  FIG. 1 is a sectional view of the pick-up device, the section taken along a
      plane perpendicular to the axis of the tube, and
PAR  FIG. 2 is a top view of the lower part of the pick-up device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The pick-up device has a body consisting of two similar parts 1 and 2 each
      having the shape of a yoke, upper part 1 and lower part 2 enclosing a
      cavity 3 in the shape of a double cone which is circular in cross section
      (FIG. 2). A transverse groove 4 housing a four-part steel insert 5, the
      internal diameter of which insert corresponds to the external diameter of
      the measured tube 6. As shown in FIG. 2, the radially inner surfaces of
      inserts 4 have oppositely disposed frusto-conical configurations at their
      axially opposite ends and a narrow-axially central circular cylindrical
      zone or band 14 which engages tube 6. Smaller oppositely disposed circular
      cavities 7 housing disc-like piezoelectric devices 8 are provided
      perpendicularly to the axis of the cavity 3 in the respective parts 1, 2
      of the body of the pick-up device. Passages 9 terminating into the
      cavities 7 are bored in both parts 1, 2 of the body of the pick-up device,
      such passages 9 serving to receive cables (not shown), the ends of such
      cables being connected to contact plates 10 of the devices 8. The external
      electrode of each of the piezoelectric devices 8 rests against the
      respective contact plate 10, which in turn rests against an insulating
      washer 11 situated at the bottom of the cavity 7.
PAR  The internal electrode of each of the piezoelectric plates 8 rests against
      one part of a respective motion transmission element 12, the radially
      inner face of each element 12 contacting the surface of the measured tube
      6. Such radially inner face of each element 12 is in the form of a blade
      with a part circular cylindrical inner surface 15 disposed in alignment
      with the inner faces of the axially central circular cylindrical zone of
      inserts 5, whereby, as clearly shown in FIG. 1, the aligned inner faces of
      the elements 12 and the inserts 5 cooperate to surround and accurately
      engage substantially the entire outer surface of the tube 6. Radially
      outwardly of the blade having surface 15 the elements 12 are of circular
      cylindrical configuration with their axes disposed normal to the axis of
      tube 6. Transmission elements 12 are also preferably made of steel. Both
      parts 1, 2 of the body of the pick-up device are affixed to the measured
      tube 6 with a predetermined prestress by means of screws 13, situated on
      both sides of the body 1, 2 of the pick-up device, which can be tightened
      by a torque wrench to a predetermined torque. This body is advantageously
      made of a light alloy in order to provide a smaller mass inertia and a
      smaller modulus of elasticity of the body of the pick-up device. All
      possible slots of the pick-up device are filled, for example, with epoxy
      resin. The clamping and measuring surfaces of parts 5 and 12 of the
      assembled pick-up device are machined to an exact geometric shape,
      relative to the tube 6 so that the aligned inner faces of the parts 5 and
      12 collectively form an arc slightly less than 360.degree. as shown in
      FIG. 1, thereby to form a gap or clearance betwwen both parts 1, 2 of the
      body of the pick-up device adapted to permit its application on the
      measured tube 6 with a predetermined desired prestress.
PAR  The pick-up device according to this invention can be used for measuring
      the internal overpressure of hollow bodies, particularly of high pressure
      conduits.
PAR  Although the invention is illustrated and described with reference to one
      preferred embodiment thereof, it is to be expressly understood that it is
      in no way limited to the disclosure of such a preferred embodiment, but is
      capable of numerous modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A piezoelectric pick-up device for measuring the internal overpressure
      of a hollow cylindrical body on the basis of its elastic deformation,
      comprising a pick-up device having two opposed parts, a cavity provided in
      the pick-up device to enclose the measured cylindrical body therebetween,
      at least two opposed recesses in said pick-up device, a motion
      transmitting element and a piezoelectric plate arranged in each recess
      opposite to each other, each said motion transmitting element being
      arranged to provide mechanical communication between the associated
      piezoelectric plate and the outer surface of the measured body and being
      disposed symmetrically with respect to the axis of the measured body, a
      circular transverse groove machined in the cavity of the pick-up device, a
      multipart insert of a strong rigid metal fitting tightly in this circular
      groove, the radially inner surfaces of the motion transmitting elements
      and of the inserts forming circumferentially aligned segments cooperating
      to surround and accurately engage substantially the entire outer surface
      of the measured body, and means for clamping together the two parts of the
      pick-up device.
NUM  2.
PAR  2. A piezoelectric pick-up device as in claim 1, wherein the aligned
      segments collectively form an arc slightly less than 360.degree. so that a
      slot is provided between the two parts of the pick-up device when it is
      assembled on the measured body, the slot extending in a transverse plane
      disposed normal to the axis of the measured body, thereby permitting a
      clamping of the two parts of the pick-up device to the body with a
      predetermined prestress.
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PAL  An inductor component of a multi-phase linear electric motor wherein the
      multi-phase winding thereon is arranged in coils located in slots
      established between teeth, and wherein certain coil groups are omitted and
      attached onto the winding end in the same order.
PARN
PAR  This is a continuation, of application Ser. No. 414,622 filed Nov. 12,
      1973, now abandoned.
BSUM
PAR  The present invention relates to multi-phase linear electric motors and has
      for its general objective an improved construction for the winding of the
      inductor component of the motor which results in a substantial reduction
      in weight as compared with motors of presently known constructions as well
      as other advantages such as gains in thrust, power factor and efficiency
      and a reduction in internal electrical losses.
PAR  Linear motors have recently increased in importance. Though one can imagine
      the linear motor as a rotating motor cut open and rolled off, the
      possibilities for the winding arrangement are much greater in the former
      than in the rotating machine.
DRWD
PAR  The improved construction for the induction component of the motor will be
      presented hereinafter by way of comparison with known constructions, as
      illustrated in the accompanying drawings wherein:
PAR  FIGS. 1a and 1b illustrate a known type of multi-phase winding construction
      for the induction component of the linear motor;
PA1  Fig. 1c is a plot of the field excitation curve for the time indicated;
PAR  FIG. 1d illustrates the field distribution in the yoke of the known
      inductor component illustrated in FIGS. 1a and 1b; and
PA1  Figs. 2, 2a, 2b, 2c and 2d are views similar to FIGS. 1a to 1d but
      illustrating the improved winding arrangement in accordance with the
      present invention.
DETD
PAR  With reference now to FIGS. 1a and 1b -- which will enable one to better
      appreciate the advantages of the improved winding construction to be later
      described, the winding is seen to be of the two-layer type. This
      conventional embodiment shows particularly a winding with 2p = 4 coil
      groups per phase, where m = 3 phases and q = 2 slots per pole and phase
      and the relative coil width is y/.tau. = 5/6. Here p denotes the number of
      pole pairs per phase, with 2 p the number of poles per phase, m the number
      of phases, q the number of slots per pole and phase, y the coil width,
      .tau. the pole pitch and y/.tau. the relative coil width.
PAR  Phase 1 starts at U in the bottom layer of slot 1 of the inductor component
      and returns through slot 6 in the upper layer. (In the case of N-turns per
      coil, the winding traverses these two slots n-times. In FIG. 1a N = 1 was
      selected for the sake of simplicity.) Then it continues to the next coil,
      thence to the bottom layer of slot 2 and back through the upper layer of
      slot 7. The first group of coils is thus finished. Then follows a circuit
      connection from the upper layer of slot 7 to the upper layer of slot 13,
      where the second coil group starts. From here it goes to the bottom layer
      of slot 8, then the upper layer of slot 12 etc. In this manner, successive
      coil groups receive different polarity, and north-and south poles are
      formed. The start of phase 1 is designed with U, the end with x.
PAR  Phase 2 consists of the same coil arrangement, but it is displaced to the
      right by four slots (120.degree. electrically). The start of phase 2 is in
      slot 5 and is designated with V, the end with y.
PAR  Phase 3 consists likewise of the same coil arrangement and its displacement
      in relation to phase 2; the start is designated with W, the end with z.
      The start W is at slot 21, z at slot 3. At the start (slots 1 to 5) and
      end (slots 25 to 29) of the motor are thus formed half-filled slots.
PAR  The superpositions of these 3 phases yields then the slot pattern
      represented in FIG. 1b.
PAR  FIG. 1c shows the field excitation curve for the indicated time.
PAR  FIG. 1d shows the field distribution in the yoke of the known arrangement
      according to FIG. 1a. In FIG. 1d the yoke of the inductor component is
      designated with 1, the air gap with 2 and the secondary part movable
      relative to the yoke, with 3, only one half being represented for reasons
      of symmetry. In addition, the spaced teeth which establish the winding
      slots are omitted in the last mentioned figure and the slot currents were
      replaced by corresponding current sheets 4.
PAR  The above described known winding arrangement has a relatively high yoke
      flux, however, which leads to a high motor weight and which requires a
      large amount of material at the magnetic return path, particularly in the
      single sided linear motor.
PAR  As already mentoined, the invention is based on the problem of providing a
      linear motor winding and thus a linear motor which is characterized by a
      substantial reduction of the weight of the machine, compared to the known
      linear motors, with comparable or even better data regarding the thrust,
      additional losses, power factor, efficiency etc.
PAR  This problem is solved according to the invention in this way that the 2nd,
      4th, 6th (m-1)-th coil group out of a total of 2pm-coil groups i.e. even
      numbered coil groups up to the (m- 1)-th coil group are located at the end
      of the winding in a distance of q-slots and in the same order. The
      juxtaposed coil groups are numbered consecutively.
PAR  FIGS. 2, 2a, 2b, 2b', 2c and 2d of the drawing show an example of the
      subject of the invention in the embodiment of a two-layer winding with a
      total of 2pm-coil groups.
PAR  Phases 1 and 2 of FIG. 2 do not differ from those in FIG. 1a. Phase 3
      starts now with its head W in slot 9 and ends at slot 27 with z. The
      superposition of the three phases results from FIGS. 2a and 2b. As it can
      be seen from FIG. 2b empty slots (3, 4, 30, 31) are thus formed, in
      addition to half-filled slots (1,2,5,8,9,26,32,33), and the motor is by 2q
      slots (hence 4 slots) longer.
PAR  Corresponding to FIG. 1d, yoke 1, of the inductor component, air gap 2 and
      the secondary part 3 are represented again in FIG. 2d. For reasons of
      symmetry only one half is shown again, as in FIG. 1d. The teeth were
      omitted again and the slot currents were replaced in the same manner as in
      FIG. 1d by corresponding current sheets 4.
PAR  The field patterns shown in FIGS. 1d and 2n were determined by means of
      differential-and relaxation methods (numerical iteration method) from the
      respective partial differential equation for the time indicated in FIGS.
      1c and 2c.
PAR  FIG. 2d shows the field distribution in yoke 1 with the arrangement
      according to the invention shown in FIG. 2. The flux between two lines of
      flux is constant and equal in both field patterns. The interval between
      the lines of flux is thus a direct measure for the density of the field.
      One can see that in FIG. 1d the field density is much higher with the same
      winding current. The maximum field density depends to some extent on the
      selected time and on the iron saturation. In the example according to
      FIGS. 1d and 2d, the ratio of the yoke fluxes is up to 1.8.
PAR  Though the number of coils in the two windings, hence in the above
      described known winding and in the winding according to the invention, is
      the same, a much smaller yoke height can be selected in the winding
      according to the invention with the same yoke induction. This reduction of
      the yoke height is of particular advantage in the single sided linear
      motor, because the yoke extending there on the bottom is very long for the
      magnetic return path. In yokes of unlaminated iron, a small yoke flux is
      likewise of great advantage because of the limited depth of penetration.
PAR  Thorough investigations have revealed an additional advantage, namely, that
      a low longitudinal end effect can be achieved with the winding according
      to the invention, i.e. a high efficiency, small additional losses and a
      great thrust.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a linear type electrical motor comprising a toothed inductor
      component provided with an m-phase winding arranged in coils located in
      succession in slots established between the teeth and developing a
      p-number of pole pairs per phase and wherein q represents the number of
      slots per pole and phase, the improvement wherein even numbered coil
      groups up to the (m-1)th coil group out of a total of 2pm-coil groups is
      located at the end of the winding in a distance of q slots and in the same
      order.
NUM  2.
PAR  2. A linear type electrical motor as defined in claim 1 wherein m = 3 and
      wherein the second coil group out of a total of 6p coil groups is located
      at the end of the winding in a distance of q slots.
NUM  3.
PAR  3. A linear type electrical motor as defined in claim 1 wherein those slots
      which are half or completely empty due to the absence of coil groups are
      filled with a ferromagnetic material.
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PAL  An electrical pulse generator comprising a closed magnetic circuit made up
      of permeable iron and permanent magnet material having a cup-shaped
      portion, a central rod shaped portion extending upwardly from the inside
      bottom of the cup portion and a generally flat disc-shaped removable
      keeper making contact with the cup-shaped portion and the upper end of the
      rod-shaped portion, an electric coil wound on a portion of said magnetic
      circuit such that on movement of the keeper away from the rest of the
      structure an electrical voltage pulse is generated in the coil, mechanical
      means such that on activation by a predetermined level of shock severity
      it forces the keeper away from the rest of the structure. In the preferred
      embodiment the keeper is at least two portions, the first of which is
      forced from the assembly by a first level of shock severity and the second
      portion by a second level of shock severity, the magnetic structure acts
      as its own inertial mass and is mounted in bearings in a cylindrical
      housing, with the bearings being in the form of continuous coil springs
      positioned in the annular space between the magnetic structure and the
      housing.
BSUM
PAR  This invention relates to an electrical pulse generator and more
      particularly to an energy storing and transducing device for use as a
      vehicle crash detector that will produce a strong electrical energy pulse
      whose energy increases with applied shock severity but which will
      discriminate against non-severe shocks.
PAR  At the present time there is a requirement for devices to prevent or
      minimize bodily injury to passengers in automobiles and other vehicles
      upon crashing. The device that is being proposed most strongly for this
      purpose is the inflatable air-bag which upon crash or rapid deceleration
      of the vehicle, inflates to partially envelope the passenger and cushion
      him against undue injury. These airbags are contained in storage
      compartments in the vehicle and must be inflated rapidly by means of a
      compressed gas bottle or propellant or both. The latter may be triggered
      or initiated by some form of accelerometer, signal processor and
      electrical switch associated with a seismic mass. These switch devices
      provide an electrical initiating signal to trigger the inflator but
      require access and connection to an electrical power supply circuit. Such
      switches and circuitry introduce many needless difficulties into such a
      system. Because of the short time involved (about 100 milliseconds from
      the start of the crash until the passenger's head or body makes contact
      with the windshield, dashboard, or steering wheel), the triggering device
      must be almost instantaneous. This and other reasons would seem to rule
      out the using of complete mechanical or hydraulic (i.e. non-electrical)
      systems.
PAR  The trigger device required must be such as to give a quick, powerful
      electrical pulse. In addition it would be preferable if the pulse
      generator required no power supply involving a battery and amplifying
      devices. Because the battery cable may be cut by the crash process before
      the sensor has decided that the crash will be severe these sensor systems
      must use an auxiliary power supply such as an electrical capacitor. During
      normal conditions short circuits may cause an inadvertent airbag inflation
      because the battery energy is available at least during all times of
      engine operation. The additional wires that run from the battery to a
      crash detector or sensor which may be placed well up front or even on the
      front bumper detracts seriously from the expected reliability over a long
      period and worse provides an additional fire hazard during or even some
      time after the crash.
PAR  Electrical pulse generators involving a closed magnetic circuit including a
      low reluctance structure, a permanent magnet, a removable keeper or
      armature, and with an electrical coil wound on the structure are known.
      These devices engender a voltage pulse in the coil when the keeper or
      armature is moved away from the other parts of the magnetic circuit. U.S.
      Pat. No. 2,813,998 entitled Mechanically Activated Source of Electrical
      Energy and issued to P. W. Griffin et al. on Nov. 19, 1957 describes a
      device of this nature. Other patents that describe devices of this general
      kind are U.S. Pat. Nos. 3,130,332; 3,537,050; 3,500,086; and 3,065,366.
PAR  It is an object of the present invention to provide a large current low
      voltage generator.
PAR  It is another object of the invention to provide a device that will convert
      vehicle crash energy into electrical energy.
PAR  It is another object of the invention to provide a crash detector that will
      ignore non-severe crashes and yet provide high energy electrical pulses
      during severe crashes. Shock severity is taken here to include both
      magnitude and duration.
PAR  It is another object of the invention to provide a device that will produce
      electrical pulses whose energy increases with shock severity beyond a
      predetermined shock severity.
PAR  It is another object of the invention to provide a device capable of
      rapidly resetting and providing more electrical pulses in the presence of
      repeated severe shocks or near severe shocks.
PAR  It is another object of the invnetion to provide a shock detector of the
      type having a keeper on a magnetic structure that will maintain a near
      zero magnetic gap unless severe shock is present to make high energy
      pulses possible and to avoid change of calibration by external magnetic
      fields.
PAR  It is another object of the invention to provide a device that has no
      moving parts in the presence of normal vehicle vibration and shock
      severities.
PAR  It is another object of the invention to provide a crash detector that will
      respond to axial components of shock and not change calibration in the
      presence of perpendicular components of shock.
PAR  It is another object of the invention to provide a device that is capable
      of pre-adjustment such as to respond to different shock severities on
      demand.
PAR  It is another object of the invention to provide a pulse generator that is
      very small, light and inexpensive.
PAR  It is another object of the invention to provide a device that is capable
      of providing electrical pulses suitable for use with staged inflation
      systems requiring two or more inflators to be initiated at different crash
      severity levels.
PAR  It is another object of the invention to provide a vehicle crash detector
      that is capable of operating while hermetically sealed against entry of
      salt spray and long term corroding agents.
PAR  These and other objects of the invention are achieved by an electrical
      pulse generator comprising a closed magnetic circuit made up of permeable
      iron and permanent magnet material having a cup-shaped portion, a central
      rod shaped portion extending upwardly from the inside bottom of the cup
      portion and a generally flat disc-shaped removable keeper making contact
      with the cup-shaped portion and the upper end of the rod shaped portion,
      an electric coil wound on a portion of said magnetic circuit such that on
      movement of the keeper away from the rest of the structure an electrical
      voltage pulse is generated in the coil, said keeper being in at least two
      portions, mechanical means such that on activation by a first level of
      shock severity forces a first portion of the keeper away from the rest of
      the structure and on a second level of applied shock severity forces a
      second portion of the keeper away from the rest of the structure. In the
      preferred embodiment the magnetic structure acts as its own inertial mass
      and is mounted in bearings in a cylindrical housing, with the bearings
      being in the form of continuous coil springs positioned in the annular
      space between the magnetic structure and the housing.
DRWD
PAR  In drawings which illustrate an embodiment of the invention,
PAR  FIG. 1 is a longitudinal cross-section of the pulse generator assembly,
PAR  FIG. 2 is a transverse cross-section of the device of FIG. 1,
PAR  FIG. 3 shows the split keeper assembly,
PAR  FIG. 4 is an exploded view of the split keeper assembly,
PAR  FIG. 5 is a veiw of the end housing to which segments of the keeper are
      fixed,
PAR  FIG. 6 is a three quarter view of the magnetic structure mounted in the
      housing,
PAR  FIG. 7 is a view of the magnetic structure with a portion of the keeper in
      place,
PAR  FIG. 8 is a view of the magnetic structure and the bearing springs and the
      current carrying pressure springs,
PAR  FIG. 9 is a representative oscilloscope trace of the electrical and
      mechanical characteristics of the device, and
PAR  FIG. 10 shows the hysteresis loop for the magnetic assembly.
DETD
PAR  Referring to FIGS. 1 and 2, an annular magnetic structure is formed of a
      generally cup-shaped pole piece 10. Mounted centrally on this structure is
      a permanent magnet 11 and an electrical coil 12 encircles the permanent
      magnet. A keeper assembly 13 makes good contact with the tip of the
      structure 10 and the outer surface of magnet 11 and in effect closes the
      magnetic path formed by these elements. It is preferred that the surfaces
      are such as to provide a gap that in effect approaches a "zero gap." A
      movement of the keeper away from the magnetic structure would induce a
      voltage in coil 12. Magnetic structure 10 is mounted in a cylindrical
      housing 14 by means of roller bearings 15 and 16. These take the form of
      two endless coil springs which are designated as garter springs
      hereinafter. These springs are positioned in annular slots 17 and 18 which
      allow easy relative motion in the axial direction between structure 10 and
      housing 14 over a certain distance as defined by the ends of the annular
      slots 17 and 18.
PAR  A first end housing 19 is attached to structure 10 in a suitable manner and
      shown here as a threaded connection 28. A return spring 21 in the form of
      two leaf springs is attached to structure 10 by a bolt 22 and to end
      housing 19 by bolt 23. This spring serves to provide a back force on
      structure 10 for motion towards housing 19. In addition, the electrical
      leads 24a, 24b from coil 12 are connected to the two halves of the spring
      21 which are electrically connected to external electrical terminals 23a
      and 23b. For some applications it may be necessary to have more than one
      coil in which case it will be necessary to bring the electrical outputs of
      these to the exterior. This arrangement allows rugged, shock-proof, and
      convenient transfer of the electrical output of the coil to the exterior.
      The garter springs can also be used to carry current to the exterior.
      Electrical lead 24c passes through the assembly and insulator 25a to ring
      25. The leaf springs are chosen of a material that has good current
      carrying characteristics as well as suitable spring characteristics. A
      bumper spring 26 serves to limit travel of structure 10 towards end
      housing 19. This spring is tailored to reduce the shock of the magnetic
      structure as it bottoms at the end of its stroke, after its separates from
      the keeper assembly. This spring may be a garter spring, a Belleville
      washer, a spring made of a resilient material such as stiff plastic, or a
      short coil spring. It also serves to help to reset the device after a
      severe shock.
PAR  A second end housing 29 is connected to housing 14 by screw-thread
      attachment 30. These screw thread arrangements allow ready and convenient
      adjustment of the housing components. The keeper 13 is a split keeper and
      is made up of three sectoral portions 13a, 13b and 13c. (see particularly
      FIG. 2). Sectors 13a and 13b are rigidly connected to end housing 29 by
      bolts 31 (31a and 31b in FIG. 2) but 13c is not and is free to move away
      from end housing 29. Sectors 13a and 13b are edged with a non-magnetic
      layer 32 of a suitable material e.g. bakelite. This layer provides a
      smooth bearing surface, a spacer, and ensures a magnetic gap between
      sectors.
PAR  In operation, if a shock is applied to the device longitudinally i.e.
      within a wide angle of the appropriate axial direction, the magnetic
      structure (structure 10, magnet 11, coil 13 and keeper sector 13c) acting
      as an inertial mass tends to travel in the housing on the garter spring
      bearings against some magnetic force and the back pressure of leaf spring
      21 towards end housing 19. The keeper sectors 13a and 13b because they are
      fixed to the end housing, will be separated from the magnetic structure.
      At this point a small electrical pulse is generated in the coil. The
      magnetic structure, if the shock is severe enough continues to move and
      can freely do so until a lip 34 cut or formed in the outer edge of keeper
      sector 13c makes contact with the end housing 14, acting as a limit stop.
      At this point the keeper 13c is stopped and the magnet assembly separates
      from it. A strong electrical pulse is generated in the coil. The magnet
      assembly may then move on the springs until it bottoms against bumper
      spring 26. The bumper spring stores momentarily the remaining kinetic
      energy in the magnetic assembly and then returns it as the assembly
      rebounds helped by the leaf springs and its magnetic attraction making
      contact again with keeper sector 13c and then keeper sectors 13a and 13b.
      At this point the unit has completed a cycle and is ready to operate again
      if required.
PAR  If a shock of sufficient magnitude of short duration is applied, the magnet
      assembly including keeper sector 13c would separate from the keeper
      sectors 13a, 13b but due to the length of the prestroke (distance d) the
      magnetic force and the opposing force of the leaf springs, the duration of
      the shock may not be sufficiently long to bring the keeper sector 13c
      against the limit stop. If a shock force of sufficient magnitude to move
      the magnet but of longer duration is applied, the magnetic assembly would
      separate from keeper sectors 13a and 13b and move until the main keeper
      13c was against the limit stop but there could be insufficient energy to
      cause separation of the main keeper.
PAR  FIGS. 3, 4 and 5 show the design of the split keeper assembly more clearly.
      The design of the keeper is such as to provide the following
      characteristics and advantages:
PA0  1. Different areas of the keeper to be separated from the magnet at a
      specified time.
PA0  2. Different areas of the keeper to be separated from the magnet at a
      specified distance.
PA0  3. The shaping of the parts of the keeper to prevent movement of the
      magnet, due to vibration, on the keeper.
PA0  4. The fastening of one part or parts of the keeper to the case that houses
      the magnet.
PA0  5. The remaining parts of the keeper to be left on the magnet and be free
      to move with the magnet.
PA0  6. The keeper to be divided into areas that will require a predetermined
      force to separate them from the magnet.
PA0  7. The keeper to be of suitable thickness to achieve predetermined
      separation behaviour.
PAR  These features provide a design of keeper that has the ability of
      separating elected parts of the keeper from the magnet at a predetermined
      time and distance when the unit is subjected to a shock load. It provides
      a design of keeper that will prevent movement or vibration between the
      keeper and the magnet under normal driving conditions. It provides a means
      of holding the magnet in position during normal operating conditions of
      the vehicle in which it is mounted. This is accomplished by fastening part
      of the keeper to the case. It provides a means of tailoring the size
      thickness, or area of the part of the keeper that is fastened to the case
      so that it will hold the magnet in place until a certain shock load is
      exceeded. It provides a means of creating a predetermined length of
      prestroke and magnetic restraint on the magnet, after the first part or
      parts of the keeper are separated from the magnet, and before the
      remaining part or parts of the keeper (the main keeper) are separated from
      the magnet. This length of prestroke coupled with the magnetic attraction
      and return spring force function determines the severity of shock required
      to cause the moving magnet to separate from the main keeper when its
      overhang contacts the stop provided on the cylindrical housing. It also
      provides the ability to select a predetermined shock severity required to
      separate the magnet from the main keeper by changing the relative keeper
      areas or thicknesses and thereby increasing or decreasing the shock
      severity required to separate the magnet from the main keeper with enough
      velocity to produce a powerful electrical pulse.
PAR  FIGS. 6, 7 and 8 show the magnet assembly in more detail and especially the
      configuration of the magnet 11, the coil 12, the housing 14, the return
      leaf springs 21, and garter springs 15 and 16 and the slots or grooves 17
      and 18 they fit into. The coil spring roller bearings have the following
      characteristics and advantages:
PA0  1. Linear movement between the magnet core and the case with little or no
      friction.
PA0  2. Will only allow minimal tilting of the magnet core in the case.
PA0  3. Differential expansion is allowed between magnet core and case.
PA0  4. Side shock loads tolerated.
PA0  5. Ease of installation.
PA0  6. Ease of fabrication and low cost.
PA0  7. Much wider dimensional tolerances than standard ball bearings.
PA0  8. A much larger bearing area than the standard ball bearings.
PAR  This type of bearing can be easily and cheaply manufactured using much
      wider dimensional tolerances than the standard ball or roller bearings. It
      conforms to round shafts and to irregular surfaces very easily. The
      overall length is not critical as long as it provides smooth operation in
      service on the magnet core or shaft. It can be made of a small diameter
      wire. This would make a soft type of bearing than can distort and absorb
      radial shocks. On installation the coils could be slightly distorted
      (compressed) between the inner and outer face of the bearing. This type of
      installation would allow for differential expansion as well as also having
      the ability to tolerate shock loads. It can also be made of a larger dia.
      wire with a small coil diameter. This would provide a very rigid bearing
      in the radial direction and yet be flexible in the circumferential length.
      This type of bearing provides means of creating a flexible roller bearing
      that will allow the unit to operate in response to a shock even at a large
      off-axis direction without increasing the friction between the side of the
      case and the magnetic core to any appreciable extent. Bearing slot depth
      should preferably be such that flexing of the coils beyond the yield point
      does not occur.
PAR  The prestroke provides a means of sensing whether the shock load is of
      sufficient magnitude and of long enough duration to warrant the final
      separation of the main part of the keeper from the magnet. It provides a
      means of tailoring the energy that is stored by the moving magnet mass to
      the size that is required, to separate the main keeper from the magnet.
      The length of gap created in the main stroke and bumper stroke mainly
      determines the strength of magnetism in the magnet that will remain in the
      magnet after repeated separations, of the keeper and the magnet, that is,
      the strength of the magnet or voltage output can be tailored by increasing
      or decreasing the length of the main and bumper strokes.
PAR  FIG. 9 is an oscilloscope trace of typical experimental results showing the
      magnitudes and durations of voltage, energy, velocity, and acceleration.
      Trace A is the voltage output (across a specified resistance) obtained
      from the generator. At the beginning of the forward prestroke region there
      is a small voltage pulse generated as shown by the increase in level and
      when the main forward stroke region is reached a high voltage pulse is
      produced. After the forward bumper and return bumper stroke, there is a
      strong reversed voltage pulse produced when the magnetic assembly returns
      to the main keeper (main reverse stroke) and a smaller pulse when it
      returns to the second portion of the keeper attached to the end wall.
      Trace B is a curve showing the energy going into the load. Trace C is the
      drop in test vehicle velocity and trace D is the deceleration of the
      vehicle.
PAR  FIG. 10 is a typical hysteresis loop of the magnetic assembly. On
      preliminary magnetization, the magnetization curve goes from point 0 to
      point 1 if driven into saturation and would normally return to point 2. If
      there is a small gap in the magnetic path then it would return to point 3
      and if a large gap, to point 4. Energy available if demagnetization occurs
      is a function of the area shown cross-hatched. If repeated action occurs,
      i.e. the keeper is moved off or on then the maagnetization curve follows
      the dotted lines M and it will be seen that after recycling of the
      generator, i.e. when the keepers are on the assembly, the magnetization
      level is at point 5. It will be seen that the energy available is a
      function of the area shown double cross-hatched. If the device is then
      pulsed into saturation, the curve will return via point 1 to point 3 which
      gives to the device the capability of providing a greater output energy
      pulse.
PAR  The advantages of the complete unit as a shock detector and pulse generator
      are as follows:
PA0  1. It combines into one unit a sensing, signal processing element, and a
      voltage generating element that does not require any electrical power
      source to activate it.
PA0  2. It can generate its own electrical energy if a very sudden drop in
      velocity occurs such as that caused by a crash.
PA0  3. It cannot generate any appreciable electrical enery under normal driving
      conditions.
PA0  4. It is completely independent of the electrical circuit of the vehicle
      and is not required to be connected to it.
PA0  5. It cannot generate any electrical energy if the vehicle is stationary
      with the exception of the condition as stated in (6).
PA0  6. It can generate electrical energy after the stationary vehicle is hit by
      another vehicle even when the ignition switch is off.
PA0  7. It is capable of rejecting sub crash shocks such as those initiated by
      the vehicle striking pot holes, railroad tracks, etc.
PA0  8. It operates within the time limit requirement of a low or high speed
      crash.
PA0  9. It operates within the shock limit requirements of a crash.
PA0  10. There are not moving parts under normal driving conditions.
PA0  11. It is relatively free from vandalism and tampering due to its type of
      construction and intended location in the vehicle.
PA0  12. It can reset and operate as a repeatable unit.
PA0  13. It can be mounted in various locations such as on the bunpers, by the
      radiator or near the firewall or can be placed where needed close to each
      airbag inflator unit.
PA0  14. It eliminates the need to use doubtful components such as switches and
      storage capacitors.
PA0  15. It can be used in a steering wheel without the need for slip rings.
PA0  16. It remains isolated from the myriad of unpredictable hazards
      experienced by the automobile electrical system such as sporadic 200 volt
      pulses, short circuits, polarity reversals and other fault conditions.
PA0  17. Unlike systems using switches and vehicle battery power sources, this
      invention can generate energy that increases with crash severity. One of
      these units can therefore fire one set of inflators in the early stages of
      a crash and fire additional inflators when the crash becomes more severe
      thus accomplishing "staged inlfation" in two or more steps.
CLMS
STM  We claim:
NUM  1.
PAR  1. A shock-actuated electrical pulse generator which provides a double
      threshold discrimination of applied shock level and duration before full
      electrical pulse generation and which is operative in response to axial
      components of shock comprising:
PA1  a. a magnetic assembly formed of a cup-shaped portion having a generally
      cylindrical outer surface and a central rod-shaped portion extending
      upwardly from the inside bottom of the cup-shaped portion, said assembly
      including low reluctance material and permanent magnet material portions,
PA1  b. an electric coil positioned in the annular space between the inner
      surface of the cup-shaped portion and the rod-shaped portion of the
      magnetic assembly,
PA1  c. a generally flat disc-shaped removable keeper of low reluctance material
      making magnetic contact with the upper end of the rod-shaped portion of
      the magnetic assembly such as to form a closed magnetic circuit linking
      the coil, said keeper being in the form of a first portion and a second
      portion both of which are capable of acting as a partial keeper closing
      the said magnetic circuit and inducing a current pulse in the coil when
      pulled away frm the magnetic assembly, said second portion of the keeper
      having a projecting edge,
PA1  d. an outer housing structure enclosing the magnetic assembly and keeper
      having a first inner end wall and a second inner end wall and of such
      inner dimensions as to define an annular space between the cylindrical
      outer surface of the magnetic assembly and the cylindrical side walls and
      provide space for movement of the magnetic assembly axially in the housing
      over a predetermined travel distance, the said first portion of the keeper
      being attached to the first end wall,
PA1  e. bearings mounted in the annular space between the cylindrical outer
      surface of the magnetic assembly and the cylindrical side walls of the
      housing such that the magnetic assembly can travel smoothly in the axial
      direction but is constrained in the radial direction.
PA1  f. a spring member mounted between the second end wall of the housing and
      the end of the magnetic assembly away from the keeper and having a
      configuration such as to urge the said assembly away from the said end
      wall,
PA1  g. a limit stop on the inner surface of the housing and positioned in
      relation to the second portion of the keeper such that when a shock force
      of sufficient strength and duration is applied to the generator in the
      appropriate direction, the magnetic assembly, the coil and the second
      portion of the keeper acting as an inertial mass moves away from the end
      wall against the spring member separating the first keeper portion from
      the magnetic assembly and inducing a first electrical current pulse in the
      coil and travels on the bearings towards the second end wall until the
      projecting edge of the second keeper portion makes contact with the limit
      stop forcing it off the moving magnetic assembly and inducing a second
      much stronger electrical current pulse in the coil, and
PA1  h. electrical leads from said coil to the exterior of the housing.
NUM  2.
PAR  2. A shock actuated pulse generator as in claim 1 wherein the bearings are
      at least two continuous garter springs.
NUM  3.
PAR  3. A shock actuated pulse generator as in claim 1 wherein the spring member
      is formed as two electrically separate leaf springs of conducting material
      and connected to act as the said electrical leads carrying current from
      the coil to the exterior of the housing.
NUM  4.
PAR  4. A shock actuated pulse generator as in claim 1 further comprising a
      bumper spring mounted on the second end wall such as to be contacted by
      the magnetic assembly as it moves towards the limit of its motion in the
      housing and provide an energy storing function and a rebounding action to
      the assembly.
NUM  5.
PAR  5. A shock actuated pulse generator as in claim 4 wherein the bumper spring
      is made of stiff plastic or rubber material.
NUM  6.
PAR  6. A shock actuated pulse generator as in claim 4 wherein the bumper spring
      is a metal spring.
NUM  7.
PAR  7. A shock actuated pulse generator as in claim 1 wherein the first portion
      of the keeper is at least one sector shaped component of a size chosen
      such that only a low energy electrical pulse is generated in the coil when
      it is separated from the mganetic assembly and the second portion is a
      sector shaped component of a size chosen such that a very high energy
      electrical pulse is generated when it is separated at high velocity.
NUM  8.
PAR  8. A shock actuated pulse generator as in claim 1, wherein the position of
      the limit stop on the inner surface of the housing is variable such that
      the prestroke travel distance of the magnetic assembly in the housing is
      adjustable to meet varying applied shock severity conditions.
NUM  9.
PAR  9. A shock actuated pulse generator as in claim 2 wherein at least one of
      the garter springs forms part of the conducting path of a said electrical
      lead from the coil to the exterior of the housing.
NUM  10.
PAR  10. A shock actuated electrical pulse generator which provides a threshold
      discrimination of applied shock level and duration before full electrical
      pulse generation and which is operative in response to axial components of
      shock comprising:
PA1  a. a magnetic assembly formed of a cup-shaped portion having a generally
      cyclindrical outer surface and a central rod-shaped portion extending
      upwardly from the inside bottom of the cup-shaped portion, said assembly
      including low reluctance material and permanent magnet material portions,
PA1  b. an electric coil positioned in the annular space between the inner
      surface of the cup-shaped portion and the rod-shaped portion of the
      magnetic assembly,
PA1  c. a generally flat removable keeper of low reluctance material making
      magnetic contact with the upper end of the rod-shaped portion of the
      magnetic assembly such as to form a closed magnetic circuit linking the
      coil, said keeper closing the said magnetic circuit and inducing a current
      pulse in the coil when pulled away from the magnetic assembly and having a
      projecting edge,
PA1  d. an outer housing structure enclosing the magnetic assembly and keeper
      having a first inner end wall and a second inner end wall and of such
      inner dimensions as to define an annular space between the cylindrical
      outer surface of the magnetic assembly and the cylindrical side walls and
      provide space for movement of the magnetic assembly axially in the housing
      over a predetermined travel distance,
PA1  e. bearings mounted in the annular space between the cylindrical outer
      surface of the magnetic assembly and the cylindrical side walls of the
      housing such that the magnetic assembly can travel smoothly in the axial
      direction but is constrained in the radial direction,
PA1  f. a spring member mounted between the second end wall of the housing and
      the end of the magnetic assembly away from the keeper and having a
      configuration such as to urge the said assembly away from said second end
      wall towards the first end wall,
PA1  g. a limit stop on the inner surface of the housing and positioned in
      relation to the keeper such that when a shock force of sufficient strength
      and duration is applied to the generator in the appropriate direction, the
      magnetic assembly, the coil and the keeper acting as an inertial mass
      moves away from the first end wall against the spring member and travels
      on the bearings towards the second end wall until the projecting edge of
      the keeper makes contact with the limit stop forcing it off the moving
      magnetic assembly and inducing a strong electrical current pulse in the
      coil, and
PA1  h. electrical leads from said coil to the exterior of the housing.
NUM  11.
PAR  11. A shock actuated pulse generator as in claim 10 wherein the bearings
      are at least two continuous garter springs.
NUM  12.
PAR  12. A shock actuated pulse generator as in claim 10 wherein the spring
      member is formed as two electrically separate leaf springs of conducting
      material and connected to act as the said electrical leads carrying
      current from the coil to the exterior of the housing.
NUM  13.
PAR  13. A shock actuated pulse generator as in claim 10 further comprising a
      bumper spring mounted on the second end wall such as to be contacted by
      the magnetic assembly as it moves towards the limit of its motion in the
      housing and provide an energy storing function and a rebounding action to
      the assembly.
NUM  14.
PAR  14. A shock actuated pulse generator as in claim 13 wherein the bumper
      spring is made of stiff plastic or rubber material.
NUM  15.
PAR  15. A shock actuated pulse generator as in claim 13 wherein the bumper
      spring is a metal spring.
NUM  16.
PAR  16. A shock actuated pulse generator as in claim 10, wherein the position
      of the limit stop on the inner surface of the housing is variable such
      that the prestroke travel distance of the magnetic assembly in the housing
      is adjustable to meet varying applied shock severity conditions.
NUM  17.
PAR  17. A shock actuated pulse generator as in claim 11 wherein at least one of
      the garter springs forms part of the conducting path of a said electrical
      lead from the coil to the exterior of the housing.
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ABST
PAL  A torsion vibrator for a supersonic viscosimeter having a magnetostrictive
      bar fixed at both ends to the case of the vibrator and passing through a
      toroidal transformer. A lower resonator is mechanically connected to the
      lower end of the magnetostrictive bar and an upper resonator, passing
      through a pick-up coil, is connected to the upper end of the
      magnetostrictive bar.
PARN
PAC  RELATED IN APPLICATION
PAR  The present application is a continuation in part of applicant's co-pending
      application, Ser. No. 340,331, filed Mar. 12, 1973, now abandoned, the
      disclosure of which is incorporated herein as if more fully set forth.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a vibrator for a viscosimeter having a
      resonator fixed at two spaced points within a casing. One end of the
      resonator is adapted to extend from the casing to make contact with the
      liquid while the other end is surrounded by a pick-up coil adapted to set
      the oscillation of the resonator. The central part of the resonator
      comprises an exciting magnetostrictive bar.
PAR  Known supersonic torsion resonators or vibrators of this type, are used for
      continuous measurement of the viscosity of the liquid and consist of a
      half-wave resonator, fixed at its center so that one free end is in
      contact with the liquid to be measured. The other end serves for
      excitation and for picking up the oscillation of the resonator. Another
      known device, uses a torsion resonator, the length of which is equal to a
      half-wave or a multiple of a half-wave of the torsion oscillations in the
      respective material being measured. The resonator of this latter device is
      fixed at one nodal point and excited by a tangentially fixed supersonic
      logitudinally oscillating transducer in the oscillation node. A pick-up
      transducer is also tangentially fixed and stacked about 180.degree. with
      respect to the exicting transducer. These devices have the drawback that
      the tuning of both halves of the resonator, the Q of which is very high,
      is rather troublesome.
PAR  Other methods, which have attempted to eliminate these drawbacks present a
      great deal of difficulty in their construction and in their connection,
      particularly when applied in explosive or chemically aggressive and
      dangerous media. Such attempts to eliminate the drawback have used, for
      instance, the excitation simultaneously of both halves of the resonator.
PAR  Another drawback of the known devices is the limited mechanical resistivity
      of the construction, particularly for the measurements of flowing liquids
      the stream of which is not exactly laminar or linear. The influence of the
      electric or magnetic field of the exciting pulse, created by the flowing
      liquid, on the picked up electrical signal acts disturbingly in the
      measurement circuit.
PAR  Still further, in torsionally oscillating resignators, wherein
      magnetostriction phenomena is used for exciting torsional oscillations and
      wherein scanning is carried out on the basis of Weidemann's phenomenon in
      case of fixation at one nodal point of resonator oscillations, the
      amplitude/frequency is represented by two expressive maxima corresponding
      to the first harmonic of resonant frequencies of both the torsional and
      longitudinal wave, excited by the resonator. Therefore, it is impossible
      to achieve an electrical evaluation, by means of a pulsing excitation of
      the resonator, since on the scanning coil there are obtained voltages
      corresponding to both the longitudinal and torsional free oscillations of
      the resonator.
PAR  It is, therefore, the object of the present invention to reduce the
      drawbacks, enumerated above, in the use of the known torsion resonators
      and vibrators, and to produce a torsion vibrator for a supersonic
      viscosimeter which is simple in construction and use and which is highly
      effective.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a torsion vibrator for a supersonic
      viscosimeter is provided having a casing in which is located a toroidal
      transformer and an electrically conductive magnetostrictive bar extending
      through the transformer. The magnetostrictive bar is connected at its
      upper and lower ends, respectively, by a coupling to the casing. A
      magnetostrictive resonator is mechanically connected to the lower end of
      the magnetostrictive bar and extends freely from the case. An upper
      magnetostrictive resonator is connected to the upper end of the
      magnetostrictive bar and extending through the case as well. A pick-up
      coil is located within the case and surrounds the upper magnetostrictive
      resonator. The magnetostrictive bar, the upper and lower couplings, and
      the case, combine to form the secondary winding of the toroidal
      transformer, which is otherwise without a normal coil.
PAR  Preferably the length of the magnetostrictive bar is equal to one-half of
      the wavelength of the material while the length of the lower resonator is
      preferably an uneven multiple of one-quarter of the wavelength of the
      material used. The material of the lower resonator is different from the
      material of the magnetostrictive bar and as well is different from the
      material used in the upper magnetostrictive resonator.
PAR  By arrangement of the supersonic torsion resonators according to the
      present invention a number of advantages are achieved in the vibrator as a
      whole. Namely: a mutual separation of the exciting and pick-up part is
      effected and their perfect screening is obtained; the fixing at two nodal
      points thus improves mechanical resistivity and provides a reduction of
      the difficulties in tuning of the vibrator. An advantage is also obtained
      in that the electrically conductive magnetostrictive bar together with the
      electrically conductive couplings constitute a secondary winding of the
      exciting transformer. This results in a simpler and less expensive
      vibrator construction, together with substantially higher mechanical
      strength and sturdiness of the resonator probe extending from the casing,
      as compared with the known strip-shaped and tubular resonators. One of the
      merits of the present invention lies in a damped longitudinal component of
      the resonator oscillations so that the vibrator can be excited by discrete
      separate impulses and the damping of the free torsional resonator
      oscillations can be evaluated.
PAR  Full details of the present invention follow herein and are shown in the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  An exemplary embodiment of the torsion vibrator for a supersonic
      viscosimeter, embodying the present invention, is shown in the
      longitudinal cross-sectional elevation of the FIGURE.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The torsion vibrator comprises a magnetostrictive bar 1, around which the
      primary winding of a toroidal exciting transformer 2 is located. Connected
      mechanically to the lower end of the magnetostrictive bar 1 is a
      quarter-wave resonator 3 while connected to the upper end of the
      magnetostrictive bar 1 is a quarter-wave resonator 4. A pick-up coil 5
      surrounds the upper quarter-wave resonator 4 and a casing surrounds the
      entire assembly, allowing the lower resonator 3 to extend outwardly from
      it. Electrically conductive couplings 7 and 8 located respectively at the
      lower and upper ends of the magnetostrictive bar 1, connect the bar to the
      outer casing. The magnetostrictive bar 1 is of course electrically
      conductive, the lower quarter-wave resonator 3 is made of material
      different from the bar. The upper quarter-wave resonator 4 is made of
      material different from that of the lower resonator 3 and may also be made
      magnetostrictive.
PAR  The material from which an electrically conductive magnetostrictive bar can
      be formed is well known to those skilled in the present art. Reference can
      be made to Kikuchi, Y. "Ultrasonic Transducers", published by the Corona
      Publishing Co. Ltd. of Tokyo, 1969, particularly p. 96, Table 4.2, or
      Hueter, T. P. and Bolt, R. H., "Sonics," published by John Wiley & Sons,
      Inc., 1955, particularly on p. 175 Table 5.1.
PAR  The torsion resonator is arranged in such a manner that the electrically
      conductive magnetostrictive bar 1 has a length equal to the upper half of
      the wavelength of the torsional oscillations thereof. The length of the
      lower resonator 3 is an uneven multiple of the length of the torsion wave
      of the material used and preferably is one-fourth of the wavelength. The
      connections between the magnetostrictive bar and the resonators 3 and 4
      are conventional, care being taken that they are connected axially and
      fixedly so as not to be separable.
PAR  It will be seen from the foregoing that the toroidal transformer is
      provided with only its primary coil. The electrically conductive
      magnetostrictive bar 1 and the electrically conductive couplings 7 and 8
      together with the casing 6, which is also conductive, combine to form the
      secondary winding for the toroidal transformer. As a result the advantages
      in simplicity of construction and function as well as its accuracy in both
      supersonic and ultrasonic measurements is obtained.
PAR  The torsion vibrator operates as follows.
PAR  A unidirectional or high frequency current impulse passing through the
      primary coil or winding of the exciting transformer 2 generates an
      electric current in the secondary coil formed by the magnetostrictive bar
      1, the electrically conductive couplings 7 and 8 and the casing 6. This
      generated current creates a concentrated magnet field in the
      magnetostrictive bar 1 itself. Due to the magnetostrictive effect, the bar
      1, responsive to a unidirectional impulse, is shifted at a predefined
      angle, or, responsive to a high frequency impulse, starts oscillating in
      the rhythm of an alternating excitation. When the exciting impulse ends or
      is finished, the resonator will continue to oscillate with an amplitude
      determined by the damping decrement .alpha. of the mechanical resonance
      system. This decrement will depend upon the properties of the measured
      Newton liquid according to the known formula:
EQU  .alpha. = K .sqroot..eta..phi.
PAL  where
PA1  K is a constant
PA1  .eta. is the viscosity of the liquid
PA1  .phi. is the mass of the liquid, surrounding the lower quarter-wave
      resonator 3.
PAR  Due to the Wiedmann effect, a voltage proportional to the amplitude of the
      oscillations of the resonator 4 is generated in the pick-up coil 5 which
      is then sent and employed as is well known in this art.
PAR  It will be seen from the foregoing that the various objects and advantages
      of the present invention, enumerated earlier, have been carried out into
      practice. It is intended that the present disclosure be taken as
      illustrative only and not as limiting of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A torsion vibrator for a supersonic viscosimeter comprising in
      combination a case, an electrically conductive magnetostrictive bar having
      an upper and a lower end, a toroidal transformer for exciting said
      magnetostrictive bar, said magnetostrictive bar being connected with the
      case at its upper and by an upper coupling and at its lower end by a lower
      coupling, and passing through said toroidal transformer, a lower
      magnetostrictive resonator mechanically connected to the lower end of the
      magnetostrictive bar and extending freely from said case, an upper
      magnetostrictive resonator connected to the upper end of the
      magnetostrictive bar extending through said case, said magnetostrictive
      bar, said upper and lower couplings and said case combining to form the
      secondary winding of said toroidal transformer, and a pick-up coil located
      within said case and surrounding the upper magnetostrictive resonator.
NUM  2.
PAR  2. The torsion vibrator according to claim 1 wherein said toroidal
      transformer comprises a primary winding only.
NUM  3.
PAR  3. A torsion vibrator according to claim 1 wherein the length of the
      electrically conductive magnetostrictive bar equals half of the wavelength
      of the torsional oscillations of said bar.
NUM  4.
PAR  4. The torsion vibrator according to claim 1 wherein the length of the
      lower resonator is an uneven multiple of the length of the wavelength of
      the material used.
NUM  5.
PAR  5. The torsion vibrator according to claim 1 wherein the material of the
      lower resonator is different from the material of the magnetostrictive bar
      and of the upper magnetostrictive resonator.
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ABST
PAL  Device for securing a superconductive exciter winding in a thermally
      insulating, thermally elastic and short-circuit proof manner within the
      rotor of a turbogenerator wherein the rotor has a body part thereof formed
      as a hollow cylinder, including a plurality of telescoping intermediate
      cylinders disposable within the hollow cylinder spaced from and coaxial to
      one another and to the hollow cylinder, the intermediate cylinders forming
      cold shields and damping means, the hollow cylinder being closed at both
      ends thereof, a support cylinder located within and spaced from the
      innermost of the telescoping intermediate cylinders and adapted to support
      a superconductive exciter winding on the inner side thereof, means for
      connecting the cylindrical rotor body part through the intermediate
      cylinders to the support cylinder force-lockingly yet resiliently in
      radial direction and free to expand in axial direction, the spaces between
      the cylinders being evacuated so as to insulate the cylinders thermally
      one from the other, and a plurality of cooling circuit means for
      maintaining the cylinders individually at varying temperature levels.
BSUM
PAR  The invention relates to a device for securing a superconductive exciter
      winding in a thermally insulating, thermally elastic and short-circuit
      proof manner within the rotor of a turbogenerator and, more particularly,
      the rotor has an active body part thereof that is formed as a hollow
      cylinder and contains in the interior thereof vibration damping means,
      such as a damping cylinder and a support cylinder adapted to support a
      superconductive exciter winding on the inner side thereof.
PAR  A turbogenerator of the foregoing general type with a superconductive
      exciter winding or coil is described, for example, in U.S. Pat. No.
      3,679,920 issued July 25, 1972, the exciter winding of which is disposed
      on the inner side of a hollow shaft constructed as a support cylinder,
      which absorbs the centrifugal forces of the winding. In this heretofore
      known construction, the damper winding is constructed as a cylinder which
      coaxially surrounds and is radially spaced from the support cylinder, and
      is connected at both ends thereof by wedges or keys to the hollow shaft of
      the rotor. With this heretofore known construction, it is very difficult,
      however, to control reliably the high forces and moments occurring at the
      damping cylinder during an impulse short circuit. Moreover, the
      vacuum-tightness at the connecting points between the damping means and
      the rotor cylinder is very unreliable because of the large relative
      thermal expansions occurring between the damping means and the rotor body;
      accordingly, difficulties arise with respect to effecting adequate thermal
      insulation of the superconductive exciter winding and the short-circuit
      proof mounting thereof.
PAR  For the suspension of such a superconductive exciter winding, the following
      conditions must be especially met:
PAR  Heat introduction from the outside into the superconductive exciter winding
      that is low-cooled or cryogenically cooled with liquid helium must be
      prevented; the axial and radial differential displacements produced by
      temperature and centrifugal force effects between the outer rotor body and
      the inner winding carrier must be elastically bridged over or adjusted;
      the superconductive exciter winding must be highly effectively
      magnetically shielded against high frequency alternating fields during
      asymmetric loading of the generator and during short circuiting and,
      finally, a high mechanical resistance to short circuiting of the winding
      suspension must be assured while yet having adequate elasticity.
PAR  It is accordingly an object of the invetion to provide a device for
      securing a superconductive exciter winding within the rotor of a
      turbogenerator which fulfills all of the foregoing requirements and which
      nevertheless is of relatively simple construction.
PAR  With the foregoing and other objects in view, there is provided, in
      accordance with the invention, a device for securing a superconductive
      exciter winding in a thermally insulating, thermally elastic and
      short-circuit proof manner within the rotor of a turbogenerator wherein
      the rotor has a body part thereof formed as a hollow cylinder, comprising
      a plurality of telescoping intermediate cylinders disposable within the
      hollow cylinder spaced from and coaxial to one another and to the hollow
      cylinder, the intermediate cylinders forming cold shields and damping
      means, the hollow cylinder being closed at both ends thereof, a support
      cylinder located within and spaced from the innermost of the telescoping
      intermediate cylinders and adapted to support a superconductive exciter
      winding on the inner side thereof, means for connecting the cylindrical
      rotor body part through the intermediate cylinders to the support cylinder
      force-lockingly yet resiliently in radial direction and free to expand in
      axial direction, the spaces between cylinders being evacuated so as to
      insulate the cylinders thermally one from the other, and a plurality of
      cooling circuit means for maintaining the cylinders individually at
      varying temperature levels.
PAR  In accordance with another feature of the invention, the cylindrical rotor
      body part, the intermediate cylinders and the winding support cylinder are
      connected one to another with minimal contact areas through pairwise
      axially transposed articulating points, so that direct thermal bridges are
      thereby reliably avoided.
PAR  Further advantageous features of the invention are included in the claims
      appended hereto and form a part of the disclosure in this application.
PAR  Although the invention is illustrated and described herein as embodied in
      device for securing a superconductive exciter winding in the rotor of a
      turbogenerator, it is nevertheless not intended to be limited to the
      details shown, since various modifications and structural changes may be
      made therein without departing from the spirit of the invention and within
      the scope and range of equivalents of the claims.
DRWD
PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description of specific embodiments when
      read in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a longitudinal sectional view of an active body part of the rotor
      of a turbogenerator having a superconductive exciter winding and showing
      one embodiment of a device for securing the exciter winding within the
      rotor, in accordance with the invention;
PAR  FIG. 2 is an enlarged fragmentary view of FIG. 1 showing a modified second
      embodiment thereof;
PAR  FIG. 3a is a further enlarged fragmentary view of FIG. 2 showing one
      embodiment of an axially displaceable articulating point between two
      individual cylinders;
PAR  FIG. 3b is a cross-sectional view of FIG. 3a taken along the line IIIb --
      IIIb therein and showing a toothing section diagrammatically;
PAR  FIG. 3c is a view similar to FIG. 3a of an embodiment of an axially fixed
      articulating point between two individual cylinders;
PAR  FIGS. 4a and 4b are fragmentary diagrammatic longitudinal sectional views
      of the device of the invention showing the manner of operation of the
      radial spring-elastic or resilient suspension system for the exciter
      winding, respectively at standstill and under operating conditions of the
      turbogenerator; and
PAR  FIGS. 5a, 5b and 5c are partial cross-sectional views of three different
      modifications of the system for securing the superconductive exciter coils
      in the winding support cylinder of the device of the invention.
DETD
PAR  Referring now to the drawings and first particularly to FIG. 1 thereof,
      there is shown therein part of the rotor of a turbogenerator formed of an
      outer, hollow cylindrical rotor body 1 closed at an end 2 thereof which
      faces the non-illustrated turbine proper, and vacuum-tightly flanged at
      the other end 3 thereof to a non-illustrated shaft of an exciter by means
      of a non-illustrated conventional coupling. The inner space 4 of the rotor
      body 1 is evacuated. In accordance with the invention, three coaxial,
      mutually spaced-apart and telescoping intermediate cylinders 5, 6 and 7
      are disposed in the inner space 4, a supporting cylinder 8 accommodating a
      superconductive exciter coil 9 being spring-elastically connected thereby
      with the outer rotor body 1, as described more fully hereinafter. As shown
      in FIG. 1, the middle intermediate cylinder 6 is combined with a damper
      winding which is formed as a cylinder. Cooling channels 11 are provided
      between the damper cylinder 10 and the middle intermediate cylinder 6 and
      are traversed by coolant that is transported through concentric or coaxial
      channels 12 and 13 and through connecting hoses 14. Thus, both cylinders 6
      and 10 form a directly-cooled cold shield 15 with which, on the one hand,
      a predetermined intermediate temperature is maintained and, on the other
      hand, waste heat generated in the damping cylinder 10 is removed by the
      coolant.
PAR  The superconductive exciter winding or coil 9 is disposed on the inner
      surface of the supporting cylinder 8, yet another cylinder 16 disposed
      radially inwardly of and spaced from the supporting cylinder 8 forming an
      inner limiting surface of a winding or coil chamber 18 defined
      therebetween. In order that the inner cylinder 16 may be employed
      simultaneously for absorbing winding or coil forces and as a holder for
      the winding or coil, both cylinders 8 and 16 are force-lockingly connected
      one to another at the respective ends thereof by covers 17. The winding or
      coil chamber 18 thus formed is closed in itself and separated from the
      vacuum chamber 4. The winding or coil 9 per se, which is formed of exciter
      coils having a multiplicity of superconductive individual windings, is
      isolated or insulated in the winding chamber 18 and embedded so as to be
      resistant to initial short circuits. The mechanical connections of the
      coils 9 with the supporting cylinder 8 require special measures or
      features as will be described hereinafter in greater detail.
PAR  A flooding or overflow cooling system is selected as the cooling system for
      the winding or coil 9 of the invention of the instant application.
      Coolant, namely liquid helium for example, at about 4.5.degree.K supplied
      through an axial channel 19 from the hollow shaft 3 at the exciter side of
      the rotor, and is conducted through openings 20 formed in the inner tube
      or cylinder 16 into the winding head 21 of the winding 9 located at the
      turbine side of the rotor. The coolant thus floods the winding head 21 and
      flows through a multiplicity of parallel and axially extending cooling
      channels of the superconductive exciter winding 9 that are connected to
      the winding head 21. The coolant is collected at the winding head 22
      located at the exciter side of the rotor, and is conducted away through a
      coaxial annular channel 23 provided in the hollow shaft 3 at the exciter
      side of the rotor.
PAR  In the modified embodiment of FIG. 2, details of the thermally insulating
      and spring-elastic or fully floating suspension of the super conductive
      exciter winding of the invention are visible. In the interest of clarity,
      only two of the intermediate cylinders 5 and 6 are shown between the rotor
      body 1 and the winding support cylinder 8 in FIG. 2. The outer
      intermediate cylinder 5 is combined with the damper cylinder 10 in FIG. 2.
      As mentioned hereinbefore, the damper cylinder 10 and the outer
      intermediate cylinder 5 form a cold shield 15, which is supplied with
      coolant through inner cooling channels 11 and the coolant connectors or
      hoses 14, and is cooled to about 70.degree. K.
PAR  The individual cylinders 1, 5, 6 and 8 are connected one to the other, in
      accordance with the invention, so that a radially elastic spring system of
      great softness is produced, and the thermal path leading from the rotor
      body 1 to the supporting cylinder 8 is as large as possible, all incident
      forces being nevertheless reliably controlled. The cylinders are
      respectively connected one to another through narrow articulating points
      24 permitting an axial thermal displacement, and axially fixed
      articulating points 25. The position of the articulating points 24 and 25
      is offset axially one from the other from cylinder surface to cylinder
      surface, these points in the illustrated embodiment of FIG. 2 being
      located between the rotor body 1 and the outer intermediate cylinder 5 in
      the middle region of their axial extension, between the intermediate
      cylinders 5 and 6, respectively, at the outer end of their axial length,
      and between the middle cylinder 6 and the supporting cylinder 8 again in
      the middle region. Since the intermediate spaces 26 located between the
      individual cylinders are evacuated, heat incident from the outside can
      penetrate into the superconductive winding 9 only through heat conduction
      in the winding suspension system per se.
PAR  The respective connecting points between the individual cylinders are
      constructed in the manner shown in FIGS. 3a, b and c. The articulating
      points 24 are formed, according to FIG. 3a, of a very narrow shrink fit
      27, a relatively small heat conductive area thereby resulting, and of a
      narrow revolving toothing or tooth system 28 which transmits torque. In
      the normal case, such a shrink and toothing connection can permit
      equalization or balancing of axial expansion as a result of temperature
      differences, the sliding shrink-fit surfaces 27 being especially treated
      against freezing, for example by plating, when necessary. For axial
      stabilization of the system, the other articulation points 25 are formed,
      in contrast, as fixed points. This can, for example, be effected, as shown
      in FIG. 3c, by a shaft projection 30 of the one cylinder engaging in a
      groove 29 formed in the other cylinder.
PAR  Heat thus penetrates from the rotor body 1, heated during operation to
      about 330.degree.K, through the relatively narrow articulating points 24
      and 25 into the first intermediate cylinder 5 which is constructed as a
      cold shield 15. This cold shield 15 guarantees that a temperature of about
      70.degree.K prevails at the next inner disposed radial articulating points
      to the next intermediate cylinder 6. Through the contact surfaces thereof
      and a relatively long heat conduction path at the inner intermediate
      cylinder 6, only a slight amount of heat penetrates into the support
      cylinder 8 per se which is constructed as a winding carrier or support.
      This described heat or thermal flux refers to a suspension with two
      intermediate cylinders 5 and 6 as shown in FIG. 2. Through a construction
      having three or even more intermediate cylinders (FIG. 1), even longer
      heat conduction paths and an even more efficient thermal shielding of the
      exciter winding 9 can be attained with the suspension system of the
      invention.
PAR  In FIG. 4a and 4b, the operation of the suspension of the invention is
      diagrammatically illustrated in different modes or stages thereof. As a
      result of the relative expansions between the winding carriers 8 and 16
      per se, on the one hand, and the rotor body 1, on the other hand, at
      various conditions of the rotor, such as standstill, normal operation,
      centrifuging or spinning, and so forth, very different stressing is
      produced in the intermediate cylinders 5 and 6 (FIG. 2) as well as in the
      intermediate cylinder 7 (FIG. 1) which act vertually as spring cylinders.
      Prestressing of the resulting spring system must be effected in such
      manner that the force lock between the inner winding carrier 16 and the
      rotor body 1 will not be lost either when the rotor is at a standstill
      with a low-cooled winding or when the rotor is in operation. Consequently,
      a specific optimal layout of the spring system is necessary, through
      suitable dimensioning of the shrink fits 27 which are adjusted to the
      operating conditions so that the lowest stressing is produced in the
      intermediate cylinders during operation.
PAR  Since the support cylinder 8 expands at its greatest for an uncooled
      winding as compared to the low-cooled operating condition thereof,
      deformation of the intermediate cylinders as shown in FIG. 4a results
      therefrom. This thermal expansion of the support cylinder 8, is thus
      absorbed by the intermediate cylinders 5 and 6, which accordingly deform
      as shown in FIG. 4a. If the support cylinder 8 during operating condition,
      as shown in FIG. 4b, is then cooled again to 4.5.degree.K. and thereby
      contracts, the intermediate cylinders 5 and 6 resume their normal position
      so that, during operation, thereby these intermediate cylinders are
      exposed to the lowest stressing.
PAR  The superconductive exciter windings per se require an especially careful
      and painstaking mounting in the support cylinder 8 because, due to the
      high use of electricity, large radial and tangential forces occur during
      operation and in short circuit, which have a disadvantageous effect on
      superconductors, which are more sensitive as compared to normal
      conductors. In addition, there is the difficult assembly within the
      cylinder 8 in comparison to conventional turborotors, and the fact that
      superconductive coils should have only a minimum of conductor soldering
      points. Under these complicating conditions, a mechanical yet electrically
      insulating connection of the coils with the support cylinders is required
      which is able to maintain the coils in the position thereof without fault,
      and to transmit the high tangential forces to the support cylinder, which
      is formed of high tensile, low-temperature resistant steel.
PAR  In FIG. 5a, there is shown one manner of securing the superconductive
      winding 9. Longitudinal grooves 31 are machined in the inner surface of
      the support cylinder 8, bars 32 of plastic material, that are highly
      durable and that are yet adequately elastic at low temperatures, being
      inserted therein and having a radially inwardly disposed longitudinal edge
      engaging in corresponding longitudinal grooves 33 formed in the inner
      cylinder 16. Between the bars 32 of plastic material, the individual coils
      9 of the superconductive winding are then inserted, the tangential forces
      corresponding to the resulting torques being reliably overcome. The bars
      32 of plastic material are expediently provided with a fiber
      reinforcement.
PAR  In FIG. 5b, the manner of securing the superconductive winding or coil 9 is
      illustrated as being effected by metallic connecting elements 34.
      Moreover, as can also be seen from FIGS. 1 and 2, the ends of the support
      cylinder 8 are connected with the ends of the inner cylinder 16, which may
      be formed of steel by means of thickly dimensioned covers 17 so that the
      inner cylinder 16 also can absorb torques and can transmit them through
      the covers 17 to the cover cylinder 8. Such a functioning force-locking
      connection is attained with the aid of an end-face toothing system 35
      similar to that of a spur gear. Through the disposition of wedge-shaped
      bars 34 according to FIG. 5b, which are uniformly distributed about the
      periphery of the support cylinder 8 and the inner cylinder 16 and engage
      in longitudinal grooves 36 formed in the support cylinder 8 and in
      longitudinal grooves 37 formed in the inner cylinder 16, parallel flanking
      winding grooves 38 are produced, in which the superconductive coils 9 are
      received. With this construction according to the invention, very high
      tangential forces can be transmitted through the force-locking connection
      of the inner cylinder 16 and the support cylinder 8. The inner cylinder 16
      serves moreover as base for the coil assembly or construction. The entire
      winding carrier 40 formed of the support cylinder 8, the bars 34, the
      inner cylinder 16 and the covers 17 consequently permits the installation
      of complete, undivided coils 9. The insulated coils 9 are thereby
      initially fitted or accommodated to the inner cylinder 16 and retained by
      conventional auxiliary devices not shown in the drawing. Then, the bars 34
      are inserted in radial direction and, finally the winding or coil 9
      completely assembled at the inner cylinder 16 is driven into the support
      cylinder 8.
PAR  According to FIG. 5c, steel rods 39 of circular cross section can also be
      disposed in longitudinal grooves 36 for transmitting the torque to the
      support cylinder 8. In this case, the winding 9 completely assembled at
      the inner cylinder 16 and cast in resin and hardened or aged in common
      with the rods 41 permits stripping thereof to an accurate degree of fit.
      In connection therewith, the milling of the semicircular longitudinal
      grooves 42 in the bars 41 can be effected on a milling machine with very
      great accuracy in graduations. After this completely assembled winding has
      been inserted with the intermediate bars into the support cylinder 8, the
      steel rods 39 of circular cross section are then able to be slid in.
      Through this construction, the over-all high demands on manufacturing
      technology are markedly reduced.
PAR  Through the aforedescribed construction or assembly of the rotor and the
      corresponding securing system for the superconductive exciter winding at
      the support cylinder proper and, as well, the radial, spring-elastic
      connection of the support cylinder with the outer rotor body, there is
      accordingly produced a securing system which largely stops thermal
      irradiation and thermal introduction from the outside, but which, however,
      is adequately elastic to equalize or balance reliably all expansions and
      stresses that are produced due to the different levels of temperature, and
      with which, furthermore, all stresses, even in the event of short-circuit,
      can be transmitted reliably.
CLMS
STM  We claim:
NUM  1.
PAR  1. Device for securing a superconductive exciter winding in a thermally
      insulating, thermally elastic and short-circuit proof manner within the
      rotor of a turbogenerator wherein the rotor has a body part thereof formed
      as a hollow cylinder, comprising a plurality of telescoping intermediate
      cylinders disposable within the hollow cylinder spaced from and coaxial to
      one another and to the hollow cylinder, said intermediate cylinders
      forming cold shields and vibration damping means, the hollow cylinder
      being closed at both ends thereof, a support cylinder located within and
      spaced from the innermost of said telescoping intermediate cylinders and
      adapted to support a superconductive exciter winding on the inner side
      thereof, said intermediate cylinders as well as said support cylinder are
      force-lockingly connected one to another with minimal contact areas
      through pairwise axially transposed articulating points to permit
      resiliency in radial direction and freedom to expand in axial direction,
      the spaces between said cylinders being evacuated so as to insulate said
      cylinders thermally one from the other, and a plurality of cooling circuit
      means for maintaining said cylinders individually at varying temperature
      levels.
NUM  2.
PAR  2. Device according to claim 1 wherein each of said articulating points is
      formed of a narrow encircling shrink fit and an adjacent peripherally
      extending toothing.
NUM  3.
PAR  3. Device according to claim 1 wherein opposing articulating points of the
      respective pairs thereof transposed in axial direction are formed of an
      axially displaceable and an axially fixed securing device.
NUM  4.
PAR  4. Device according to claim 3 wherein, in vicinity of said shrink fit, a
      peripheral projection is formed in the surface of one cylinder and engages
      in a peripheral groove formed in the surface of a respective adjacent
      cylinder.
NUM  5.
PAR  5. Device according to claim 3 wherein said shrink fits of said
      articulating points are of predetermined dimension so that stressing of
      said intermediate cylinders is minimal during operation of the generator
      of the turbogenerator.
NUM  6.
PAR  6. Device according to claim 1 including an inner cylinder disposed
      coaxially within and spaced from said support cylinder, a winding chamber
      located radially outwardly of said inner cylinder and radially inwardly of
      said support cylinder, and a pair of covers connecting said inner cylinder
      and said support cylinder at the respective ends thereof and closing said
      winding chamber and including toothing means for force-lockingly
      connecting said support cylinder to said inner cylinder through said
      covers.
NUM  7.
PAR  7. Device according to claim 6 including a plurality of radially extending
      bars received in corresponding longitudinal grooves formed in said support
      cylinder and said inner cylinder within said winding chamber, said bars
      being fixed by the exciter winding.
NUM  8.
PAR  8. Device according to claim 7 wherein said bars are formed of a low
      temperature-proof, fiber-reinforced plastic material.
NUM  9.
PAR  9. Device according to claim 7 wherein said bars are formed of metal
      selected from the group consisting of high-tensile steel and light metal.
NUM  10.
PAR  10. Device according to claim 9 comprising axially extending steel keys
      engaging in said longitudinal grooves formed in said support cylinder and
      in grooves formed in the radially outer ends of said bars, for
      transmitting torque to said support cylinder.
NUM  11.
PAR  11. Device according to claim 1 including an inner cylinder disposed
      coaxially within and spaced from said support cylinder, a winding chamber
      located radially outwardly of said inner cylinder and radially inwardly of
      said support cylinder, a pair of first covers connecting said inner
      cylinder and said support cylinder at the respective ends thereof and
      closing said winding chamber, and a pair of elastically expansible second
      covers helium-tightly closing said winding chamber, defined by said
      support cylinder, said inner cylinder and said first covers, at both ends
      of said winding chamber.
NUM  12.
PAR  12. Device according to claim 11 including a supply tube axially disposed
      in said inner cylinder, and said inner cylinder being formed with
      openings, low-cooled coolant being introducible through said supply tube
      and said openings into the head of the exciter winding facing toward the
      turbine of the turbogenerator.
NUM  13.
PAR  13. Device according to claim 1 wherein one of said intermediate cylinders
      is structurally combined with a damping cylinder located coaxially
      adjacent thereto and spaced therefrom, and including coolant channels
      axially extending in the space therebetween and forming the combined
      structure into a cold shield, contact surfaces between said one
      intermediate cylinder and said damping cylinder being force-lockingly
      connected one to another by foil solder.
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ABST
PAL  In a stator winding for a miniature brushless dc motor comprising a
      plurality of component windings designed as frame windings injection
      molded in plastic and nested together in such a manner that they form a
      cylinder surrounding the permanent magnet rotor of the motor and which can
      be inserted into a ring-shaped magnetic yoke without slots, the cylinder
      is formed, on at least one end, with a tubular extension having radial
      projections which are adapted to engage corresponding recesses at the
      housing or end bell of the motor for transmitting the reaction moment
      acting on the cylinder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to stator windings for miniature brushless dc motors
      in general and more particularly to an improved stator winding of the type
      in which several component windings are designed as injection molded frame
      windings.
PAR  Stator windings for a miniature brushless dc motor comprising a plurality
      of component windings designed as frame windings injection molded in
      plastic and nested together to form a cylinder surrounding the permanent
      magnet rotor of the motor and which can be inserted into a ring-shaped
      magnetic return yoke without slots are disclosed in German
      Offenlegungsschrift No. 1,613,379. In the stator winding disclosed therein
      the reaction moment acting on the winding is transmitted through a
      frictional connection between the cylinder and the magnetic return yoke
      which is connected to the housing. In order to achieve the necessary
      positive transmission between the return yoke and the cylinder formed by
      the frame windings, the cylinder must rest firmly against the return yoke.
      This requires a high dimensional accuracy in the cylinder which is to be
      inserted into the return yoke. However, when using parts which are
      injection molded in plastic such dimensional accuracy can be achieved only
      with great difficulty. A further problem arises because the plastic
      materials typically used in such applications change their dimensions as a
      function of climatic influences. The plastics can shrink or swell
      depending on the ambient temperature and air humidity. Because of these
      properties it is difficult to insert the cylinder formed by the frame
      windings into the return yoke in such a manner that perfect transmission
      of the reaction moment acting on the winding is assured at all times.
PAR  Thus, the need for an improved design for stator windings of this nature
      which will ensure reliable transmission of the reaction momemnt acting on
      the windings to the motor housing without placing any special requirements
      as to dimensional accuracy of the frame windings becomes evident.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a solution to this problem by providing the
      cylinder formed by the frame windings with means on at least one end face
      which permit connection in a form fitting manner to a housing part or an
      end bell of the motor.
PAR  In the illustrated embodiment the frame windings lying on the outside of
      the end faces of the cylinder have a tubular extension which contains
      radial projections which engage corresponding recesses at the housing or
      end bell of the motor. In accordance with a further feature the nested
      frame windings are enabled to be held together well and to be centered by
      the inclusion of snapping connections at the mutual contact points. An
      unchangeable mutual positioning of the frame windings is achieved by
      placing the inner frame windings in the outer frame windings in a form
      fitted manner.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The single FIGURE is an exploded perspective view of an embodiment of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION FO THE PREFERRED EMBODIMENT
PAR  The stator winding of the present invention is made up of four frame
      windings, 1, 2, 3 and 4, each of which is injection molded in plastic. On
      the FIGURE, three of the frame windings, 2, 3 and 4 are shown nested
      together with the fourth frame winding 1 not yet in place. The inner frame
      windings 3 and 4 have a shorter axial length than the outer frame windings
      1 and 2, so that the frame windings 1 and 2 can engage over the frame
      windings 3 and 4 at their end faces.
PAR  At the surfaces where mutual contact takes place between two frame windings
      of equal size, projections 5 and holes 6 are provided as illustrated on
      the frame winding 1. When the frame windings 1 and 2 or 3 and 4 are put
      together the projections 5 engage in the holes 6 thereby forming snap
      connections holding the respective frame windings firmly together and
      centering them with respect to each other.
PAR  The frame windings 1 and 2 which are of larger axial length than the frame
      windings 3 and 4 engage over the end faces of the frame windings 3 and 4.
      The frame windings 1 and 2 have a tubular extension 7 on at least one end.
      Half of the tubular extension is formed on each of the frame windings 1
      and 2. Each half of the tubular extension 7 has a radial projection 8
      which is molded into the extension. The projection 8 engages a
      corresponding recess in the end bell or the housing (hereinafter housing
      refers to either the end bell or the housing) of the motor which is not
      shown in the drawing. Through use of the radial projections 8, the
      reaction moment acting on the winding is transmitted to the housing of the
      motor. As a result the cylinder formed by the windings 1 through 4 no
      longer needs to be fitted firmly into the magnetic return yoke of the
      motor. Because of the form fitting connection between the cylinder formed
      by the frame windings 1 through 4 and the housing of the motor the
      cylinder cannot turn in the magnetic return yoke. This prevents the
      plastic, which protects the windings, from wearing down. Furthermore an
      exact physical relationship between the stator winding and position
      transducers in the motor which pick up the rotor position is preserved.
PAR  Designing the stator winding in the illustrated manner using several frame
      windings has a further advantage in that should there be a defective
      stator winding, i.e., a shorted turn, the entire stator winding need not
      be replaced, but only the frame winding having the defect need be
      exchanged.
PAR  Thus, an improved manner of constructing the stator winding for a miniature
      brushless dc motor has been shown. Although specific embodiments have been
      illustrated and described, it will be obvious to those skilled in the art
      that various modifications may be made without departing from the spirit
      of the invention which is intended to be limited solely by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a stator winding for a miniature brushless dc motor, comprising a
      plurality of component windings designed as frame windings injection
      molded in plastic and nested together to form a cylinder for enclosing the
      permanent magnet rotor of the motor which cylinder is inserted into a
      ring-shaped magnetic return yoke without slots, wherein the improvement
      comprises means on at least one end face of the cylinder formed by the
      frame windings for connecting the cylinder in a form fitted manner with
      the housing of the motor, said means comprising a cylindrical tubular
      extension extending from at least one end face of the frame winding on the
      outside, said tubular extension having formed thereon radial projections
      for engaging corresponding recesses in said housing.
NUM  2.
PAR  2. A stator winding according to claim 1, wherein said stator is made up of
      inner frame windings and outer frame windings and wherein the inner frame
      windings are contained within the outer frame windings with a tight fit.
NUM  3.
PAR  3. A stator winding according to claim 1, wherein frame windings of the
      same length which are in contact with each other are provided with snap
      connections at mutual contact points.
NUM  4.
PAR  4. A stator winding according to claim 1, wherein frame windings of the
      same length which are in contact with each other are provided with snap
      connections at mutual contact points.
NUM  5.
PAR  5. A stator winding according to claim 1, wherein said stator is made up of
      inner frame windings and outer frame windings and wherein the inner frame
      windings are contained within the outer frame windings with a tight fit.
NUM  6.
PAR  6. A stator winding according to claim 5, wherein frame windings of the
      same length which are in contact with each other are provided with snap
      connections at mutual contact points.
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ABST
PAL  A stator for a dynamoelectric machine having a primary phase winding
      arranged in a plurality of winding receiving slots and including at least
      two coil groups defining at least two predetermined primary magnetic
      poles. An auxiliary phase winding defining at least two auxiliary magnetic
      poles angularly displaced from the primary magnetic poles. The at least
      two predetermined magnetic poles having a polar axis. Each primary phase
      winding coil group is symmetrical about the polar axis. The first slot
      each side the axis established by the first phase winding is of a first
      predetermined size, three slots next adjacent each first slot are of a
      second predetermined size, and two slots of a third predetermined area are
      next adjacent to the slots of the second predetermined area. The slots of
      the third predetermined size are larger than the slots of the second
      predetermined size and the slots of the second predetermined size are
      larger than the slots of the first predetermined size.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to dynamoelectric machines and more
      particularly to an improved stator for use in such machines.
PAR  One of the problems in the art of dynamoelectric machine design has been to
      minimize material and to reduce the amount of labor required in the
      manufacturing of such machines and yet not sacrifice performance. There
      are certain design restrictions which must be considered when attempting
      to reduce the amount of material used in the stator for an electric motor.
      For instance, in the stator assembly, sufficient iron must be used to
      minimize saturation by magnetic flux during operation. Also a sufficient
      amount of wire must be used to provide the desired operating
      characteristics. If the size of wire is reduced in a given motor, and all
      other things held constant, current density increases and too much heat
      may be generated. These problems are particularly hard to solve in small
      size electric motors because of, among other things, their inherent
      physical limitations and especially as such limitations relate to
      manufacturing tolerances.
PAR  In the past, stators having particular utility as permanent-split
      capacitor, or resistance-split phase motors -- some with alloy wire
      auxiliary windings, some with backlash auxiliary winding sections, and
      some with especially high auxiliary winding current density have been
      designed. These and other approaches are described in more detail in U.S.
      Pat. No. 3,774,062 to John H. Johnson and U.S. Pat. No. 3,663,057 to
      Chester A. Smith and William M. Stoddard, both of which are assigned to
      the same assignee as the present application.
PAR  Extra tooling is often required to make laminations for cores of the same
      nominal size but that are to be wound to permit their use as motors with
      different auxiliary winding approaches as mentioned above. Therefore, it
      would be desirable to provide a fixed design stator lamination or core
      that could be used with many different i.e., congenerous, auxiliary
      winding approaches.
PAR  In numerous applications, particularly in hermetic motors, a mode of
      mounting the stator must be considered, such as for example, bolt holes in
      the stator core. However, such bolt holes represent restrictions to
      magnetic flux and may result in decreased performance. In small motors
      bolt holes can cause particularly detrimental flux restrictions. It would
      be desirable to provide a stator of one design for not only congenerous
      types of auxiliary winding configurations but also such that different
      bolt hole patterns may be used, and especially where different patterns
      would require a different total number of bolt holes.
PAR  It is desirable to be able to use less expensive winding material than
      copper wire, such as aluminum wire, and also to punch laminations for a
      stator in a manner to minimize the amount of scrap. For instance, in a
      strip of material wide enough to accommodate one lamination, a lamination
      having at least two flat sides may be designed to use less material than a
      round lamination since advantage could be taken of the parallel sides of
      the strip of material. However, laminations having flatted sides can make
      solution of other problems mentioned above even more difficult since
      scarcity of yoke material along the flatted sides may result in less flux
      carrying capacity.
PAR  In view of the foregoing, it should now be understood that it would be
      desirable to provide a stator that would solve most of the above problems.
PAR  Accordingly, one object of the present invention is to provide a motor
      lamination and/or core structure capable of permanent-split capacitor or
      capacitor start or capable of resistance-split phase motors using alloy
      wire auxiliary windings, backlash auxiliary winding sections, or high
      current density auxiliary windings.
PAR  Another object is to provide a stator lamination and/or core for a small
      size electric motor wherein different mounting hole patterns may be
      readily provided without necessitating rearrangement and/or sizing of
      winding accommodating slots.
PAR  Yet another object is to provide a stator for a small size electric motor
      wherein minimum amounts of core material are used and yet wherein at least
      one of the windings may be of aluminum wire.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out the above and other objects of the invention in one form, I
      provide a stator for a dynamoelectric machine comprising a plurality of
      laminations each having a plurality of angularly spaced apart, coil
      accommodating slots. In an illustrated embodiment, a primary phase winding
      is arranged in distributed fashion in a plurality of the slots. The
      winding includes at least two coil groups each defining a primary magnetic
      pole. A distributed auxiliary phase winding defines at least two auxiliary
      magnetic poles which are angularly displaced from the primary magnetic
      poles. The primary magnetic poles have a primary polar axis. Each primary
      phase winding coil group is symmetrical about the primary polar axis. The
      first slot on each side of the primary polar axis is of a first
      predetermined area. Three slots which are next adjacent each of the first
      slots are of a second predetermined area. Two slots of a third
      predetermined area are next adjacent to the slots of the second
      predetermined area. The slots of the third predetermined area are larger
      than the slots of the second predetermined area and the slots of the
      second predetermined area are larger than the slots of the first
      predetermined area.
PAR  The subject matter which I regard as my invention is set forth in the
      appended claims. The invention itself, however, together with further
      objects and advantages thereof may be better understood by referring to
      the following more detailed description taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a stator core embodying my invention in one form;
PAR  FIG. 2 is a plan view of a stator embodying my invention in one form and
      showing schematically the windings thereon;
PAR  FIG. 3 illustrates, in perspective, a stator comprising a stator core and
      windings and embodying the invention in one form;
PAR  FIG. 4 is a plan view of laminations laid out on a strip of magnetic
      material in a nested arrangement;
PAR  FIG. 5 is a plan view of laminations being punched from a strip of magnetic
      material;
PAR  FIG. 6 shows torque-speed curves for a motor embodying the invention and
      for a comparable motor;
PAR  FIG. 7 is a plan view of laminations being punched from a single width
      strip of magnetic material and which do not embody the present invention;
      and
PAR  FIG. 8 is a layout for laminations on a multiple width strip of magnetic
      material and shown in a nested arrangement and which do not embody the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, FIG. 1 shows a stator core 10 which is
      suitable for use in a compressor of a refrigerator or air conditioning
      unit or in any other application where space is limited and yet where
      relatively high performance is needed. A plurality of stacked laminations
      11 make up the stator core 10. Stator core 10 has two diametrically
      opposed flat segments or portions 12 and 13. The structure of stator core
      10 provides a small compact package without a substantial sacrifice in
      performance.
PAR  For convenience and simplicity of disclosure the same designations will be
      used hereinafter to identify components of the individual laminations and
      the corresponding stator core structure formed when the laminations are
      placed together in stacked relation. Each lamination includes winding
      turns receiving slots separated by teeth 14 which, when stacked in aligned
      relation, form the core now to be described.
PAR  The stator core 10 has three different slot sizes. The two smallest size
      slots 16 are located adjacent the central region of the flat segments 12
      and 13. Three intermediate size slots 17 are located adjacent each slot
      16. Four large size slots 18 are located adjacent to intermediate size
      slots 17. Each slot is separated by a tooth 14. This arrangement of slot
      sizes permits the location of mounting passageways 21 in the vicinity of
      the three intermediate size slots 17 without unduly restricting the flux
      carrying capacity of the stator core.
PAR  The size of slots 18 are controlled by the area needed to accommodate the
      primary winding turns for a given winding configuration or requirement.
      Aluminum is less expensive than copper and therefore from an economical
      viewpoint it is preferable to use aluminum. However one of the
      disadvantages of using aluminum wire is that it is necessary to use
      aluminum wire having larger cross-sectional area than copper wire in order
      to provide the same resistance per unit length of wire. Therefore, in
      order to use the less expensive wire, preferably slots 18 are made large
      enough to accommodate aluminum primary windings. Slots 16 are
      substantially smaller than slots 18 and preferably each have an area that
      is from thirty to fifty percent of the area of slot 18. The actual area of
      slot 16 relative to slot 18 is determined by the particular auxiliary
      winding configuration that is chosen for a given embodiment and by the
      amount of yoke area available for magnetic flux. For example, slots 16 for
      resistance-split phase motors with backlash auxiliary winding sections,
      each having an area on the order of fifty percent of the area of a slot 18
      would accommodate most such windings; but for a resistance-split phase
      motor with an auxiliary winding with especially high current density each
      slot 16 would have an area on the order of thirty percent of the area of
      slot 18. Slots 17 preferably have an area that is from seventy-five to
      ninety percent of the area of a slot 18 and the exact size of a slot 17 is
      determined by a paraticular winding arrangement which is selected to
      provide predetermined desired performance characteristics for an electric
      motor utilizing such winding arrangement.
PAR  As shown, stator core 10 has four mounting passageways illustrated as
      mounting holes 21. However, with the inherent flexibility of this
      particular structure, three mounting or fastener passageways could be
      used. If it were desirable to use three mounting holes, then mounting hole
      30 (shown in phantom) would be used and the two holes 21 nearest mounting
      hole 30 would be deleted. This particular flexibility of stator core 10
      makes it more versatile in that it may be used in applications requiring
      four mounting holes or those which are restricted to three mounting holes.
PAR  In one reduction to practice, stator core 10 had a dimension A from flat
      segment 12 to flat segment 13 of 4.25 inches and a dimension B of 4.883
      inches. In this embodiment, slots 16 had an area of 0.08276 square inches,
      slot 17 had an area of 0.14319 square inches, and slot 18 had an area of
      0.16186 square inches. Flat segments 12 and 13 had a dimension C of 2.311
      inches while dimension D was 4.901 inches. The stator core had a bore
      diameter E of 2.401 inches. The dimension F from the center of the bore to
      the center of the mounting passageways 21 was 2.297 inches.
PAR  As can be seen in FIG. 2, stator core assembly 27 includes primary winding
      22 and auxiliary winding 23 positioned on stator core 10. Primary winding
      22 consists of two coil groups of five concentric coils each. Each group
      of coils forms a magnetic pole. These magnetic poles define a magnetic
      polar axis 28 about which each of the primary winding coil groups is
      symmetrical. The sides of each of the three innermost coils of winding 22
      each occupy one of the intermediate size slots 17 while the sides of each
      of the two outermost coils of winding 22 occupy one of the slots 18. It
      will be noted that the innermost coils 24 each span three core teeth that
      define the two small slots 16.
PAR  Auxiliary winding 23 has two coil groups each having four concentric coils.
      The outermost coil 25 of each coil group has one side in a slot 16 near
      flat section 13 and the other side in a slot 16 near flat section 12. The
      three inner coils 32, 33, 34 each share one of the slots 17 with winding
      turns of primary winding 22. Each coil group of auxiliary winding 23 forms
      an auxiliary magnetic pole.
PAR  Different auxiliary winding types have been used in the past to provide a
      desired starting characteristic for single phase induction motors.
      Depending on the particular requirements of a given application, a given
      motor may be particularly designed to operate in a resistance split-phase,
      permanent-split capacitor, or capacitor start mode. Moreover, different
      auxiliary winding schemes have been used for each auxiliary winding type.
      For example, resistance-split phase motors -- some with high current
      density auxiliary windings, some with alloy wire auxiliary windings, and
      some with backlash auxiliary winding sections have been used in the past.
      Some of these approaches are described in more detail in U.S. Pat. No.
      3,774,062 to John H. Johnson and in U.S. Pat. No. 3,663,057 to Chester A.
      Smith and William M. Stoddard both of which are hereby incorporated by
      reference. Different ones of these congenerous types of auxiliary windings
      and/or auxiliary winding schemes require different amounts of wire which
      means that some may require more slot space than others. In the past many
      stator cores were made to use one type of auxiliary winding configuration
      and could not be used for another. However, stator core 10 permits the
      utilization of any of the above congenerous types of auxiliary windings to
      be used with a single lamination design.
PAR  In one reduction to practice of a resistance-split phase motor, 0.0403 inch
      diameter aluminum wire was used for primary winding 22 wherein the
      innermost coil had 35 turns of wire and the next adjacent coil had 43
      turns while the middle coil had 49 turns and both outer coils each had 64
      turns of wire. The auxiliary winding 23 was wound from 0.0150 inch
      diameter copper wiring with both innermost coils each having nineteen
      turns and the next adjacent coil having 20 turns with the outermost coil
      25 having 27 turns of wire. This configuration of auxiliary winding 23
      provided a high current density auxiliary winding operation.
PAR  Slots 18 only accommodate aluminum wire and are larger than the other slots
      since the maximum number of turns of aluminum wire are in these slots. The
      aluminum wire for slots 17 is inserted first and may be compacted to allow
      space for the auxiliary winding turns. Slots 17 are sized to accommodate
      an aluminum wire primary winding plus winding turns for the auxiliary
      winding. Since slots 16 only accommodate winding turns of the auxiliary
      winding they can be smaller in size. By having slots 16 located adjacent
      flatted segments 12 and 13 the flux saturation in that portion of the yoke
      can be minimized since slots 16 are the smallest in size and therefore
      contain the least number of turns of wire.
PAR  In other auxiliary winding configurations requiring a greater amount of
      slot space, aluminum windings placed in intermediate slots 17 may also
      need to be compacted prior to insertion of the auxiliary winding. U.S.
      Pat. No. 3,515,919 to J. A. Houtman and assigned to the same assignee as
      the present application describes, inter alia, advantages of aluminum wire
      compaction and is hereby incorporated by reference.
PAR  FIG. 4 shows outlines in phantom of laminations 11 in a nested arrangement
      on a wide strip of magnetic material. The overall size of a lamination 11
      is shown by the dimension B and A which are 4.883 inches and 4.25 inches,
      respectively when the laminations 11 are to be used to manufacture stator
      cores 10 that are to be of the particular size mentioned hereinabove. Note
      the relatively small amount of scrap 19 left over from between the
      outlines of lamination 11.
PAR  FIG. 5 shows a strip of magnetic material in phantom from which laminations
      36 can be punched and then used to make a core having substantially the
      same dimensions and performance characteristics as the core 10 of FIG. 1.
      When that particular core is dimensioned as spelled out previously herein,
      the width of strip material 31 as shown by dimension B will be 4.883
      inches while dimension A (showing the width of laminations 36 from flatted
      segment to flatted segment) will be 4.25 inches. Of course it will be
      understood that a 4.25 inch wide strip of material could be used, but that
      then the laminations as shown in FIG. 5 would be reoriented ninety degrees
      relative to the strip of material.
PAR  It would be preferable to punch laminations 11 or 36 from a strip of
      material such that the flux lines near the flatted segments 12 and 13 are
      across the grain because lesser amounts of flux is carried in the vicinity
      of these flatted segments, and it is preferable to have the flux flow with
      the grain in regions of the yoke having larger flux densities. The major
      difference between laminations 11 and laminations 36 is in the outer
      peripheral configuration near mounting bolt holes 21. In FIG. 5 this
      configuration is in the form of an arc, while in a nested arrangement as
      illustrated in FIG. 4 the configuration is a straight line resulting from
      the abutting relationship of adjacent laminations.
PAR  When laminations, useful for making improved stator cores embodying my
      invention in one form, are punched from a single width strip of material
      as illustrated in FIG. 5 there is approximately 8.7 percent less gross
      steel used than when making a comparable performance stator core not
      embodying my invention and punched from a single width strip of material.
      Gross steel is the amount of strip material used from which the
      laminations are punched. An improved stator core embodying my invention
      has two percent less steel therein, by weight, than such comparable
      performance stator core, and there is less scrap left over from punching
      laminations for the improved stator core.
PAR  FIG. 3 shows stator assembly 27 having stator core 10 and with the ends of
      windings 22 and 23 extending therefrom. Stator core 10 includes a
      plurality of stacked laminations 11. An improved stator assembly embodying
      the invention and wound as described above was made and built into an
      improved motor and compared with a motor that used a comparable
      performance stator core, referred to hereinabove. Although both motors had
      cores of the same stack height (1.5 inches), the improved stator assembly
      had approximately two percent less steel in the core than the "comparable"
      core. Performance results are tabulated in Table I. It will be noted that
      performance of the improved motor is very competitive and yet uses less
      core material than the motor with a comparable performance core. The
      difference between the two motors is no more than that found among motors
      of the same production run.
TBL                TABLE I                                                     
     ______________________________________                                    
                             Motor with Com-                                   
                   Improved  parable Perform-                                  
                   Motor     ance Core                                         
     ______________________________________                                    
     Max. Running Torque                                                       
                     19.9 oz. ft.                                              
                                 19.9 oz. ft.                                  
     Locked Rotor Torque                                                       
                      9.0 oz. ft.                                              
                                  8.9 oz. ft.                                  
     Full Load Amps  3.618       3.602                                         
     Full Load Watts 267.5       265.9                                         
     Full Load Efficiency                                                      
                     71.0        71.4                                          
     Full Load p.f.  64.3        64.2                                          
     Pounds of Auxiliary Wire                                                  
                     0.124       0.124                                         
     Pounds of Aluminum Wire                                                   
                     0.671       0.671                                         
     Full Load RPM   3513        3514                                          
     ______________________________________                                    
PAR  A second improved stator assembly embodying the invention was made and
      built into a second improved motor and its performance was compared with
      another comparable motor that did not embody the invention. Both the
      second improved motor and comparable motor had the same stator core height
      (1.75 inches), but the improved stator had approximately two percent less
      steel in its stator core.
PAR  Table II is a tabulation of performance results obtained when the just
      described second improved motor and comparable motor were tested.
TBL                                    TABLE II                                
     __________________________________________________________________________
                             Motor With Com-                                   
                   Second Improved                                             
                             parable Performance                               
                   Motor     Core                                              
     __________________________________________________________________________
     Max. Running Torque                                                       
                   29.2 oz. ft.                                                
                             29.1 oz. ft.                                      
     Locked Rotor Torque                                                       
                   11.0 oz. ft.                                                
                             11.0 oz. ft.                                      
     Full Load Amps                                                            
                   4.018     4.149                                             
     Full Load Watts                                                           
                   267.5     268.3                                             
     Full Load Efficiency                                                      
                   71.4      71.2                                              
     Full Load p.f.                                                            
                   57.9      56.2                                              
     Pounds of Auxiliary Wire                                                  
                   0.112     0.112                                             
     Pounds of Aluminum Wire                                                   
                   0.813     0.813                                             
     Full Load RPM 3538      3540                                              
     __________________________________________________________________________
PAR  After reviewing the above tabulation of performance results, it will be
      appreciated that even though the second improved stator uses less steel,
      and results in less lamination punching scrap even better performance is
      obtained vis-a-vis the comparable motor.
PAR  A plot of speed in revolutions-per-minute (RPM) versus torque in ounce-feet
      is shown in FIG. 6 for the two motors compared in Table II above. Curve 37
      represents data for the second improved stator assembly embodying the
      present invention while curve 38 represents data for the comparable motor.
      It is evident from a comparison of the curves and data that electric
      motors embodying my invention are comparable in performance to the other
      tested motors and yet require less raw material to manufacture.
PAR  FIGS. 7 and 8 illustrate laminations arrangements on a single width strip
      of material and on a multiple width strip of material respectively. The
      laminations illustrated are ones used in making the stator cores for the
      comparable motor of Table II; and these laminations have been commercially
      used more than a year prior to this application and thus are "prior art".
      Somewhat similar prior art laminations, (but having 24 uniformly sized
      slots) were used to make the comparable motor of Table I.
PAR  A stator core made from laminations punched as illustrated in FIG. 5 will
      use approximately 8.7 percent less gross steel than one punched from
      laminations as illustrated in FIG. 7; while a stator core made from
      laminations as illustrated in FIG. 4 will use approximately 5.1 percent
      less gross steel than one punched from laminations as illustrated in FIG.
      8. It is therefore evident that not only are stator cores embodying my
      invention more versatile but they also require less raw material and yet
      provide comparable performance.
PAR  While in accordance with the Patent Statutes, I have described what at
      present is considered to be the preferred embodiments of my invention, it
      will be obvious to those skilled in the art that numerous changes and
      modifications may be made therein without departing from the invention and
      it is therefore aimed in the appended claims to cover all such equivalent
      variations which fall within the true spirit and scope of the invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A stator for a dynamoelectric machine comprising: a plurality of
      laminations each having a plurality of angularly spaced apart, coil
      accommodating slots; a first distributed phase winding arranged in a
      plurality of said slots and including at least two coil groups defining at
      least two predetermined primary magnetic poles; and a second distributed
      phase winding defining at least two auxiliary magnetic poles angularly
      displaced from the primary magnetic poles; the at least two predetermined
      magnetic poles having a polar axis; each first distributed phase winding
      coil group being symmetrical about the polar axis; the first slot each
      side of the axis established by the first phase winding being of a first
      predetermined area; three slots next adjacent each first slot being of a
      second predetermined area, and two slots of a third predetermined area
      next adjacent to the slots of the second predetermined area; the slots of
      a third predetermined area being larger than the slots of a second
      predetermined area, and the slots of a second predetermined area being
      larger than the slots of a first predetermined area thereby to permit the
      effective utilization of congenerous types of auxiliary windings in a
      given stator core structure.
NUM  2.
PAR  2. A stator lamination for a dynamoelectric machine comprising: a piece of
      magnetic material having an outer peripheral portion and an inner
      peripheral portion defining a cylindrical bore; said lamination having an
      outer peripheral yoke portion and having a plurality of teeth extending
      from the yoke portion toward the bore; the teeth defining spaced apart
      winding turn receiving slots therebetween and the slots being of
      predetermined areas; the lamination having at least two diametrically
      opposed flat segments along the outer peripheral portion thereof; said
      plurality of teeth defining a plurality of slots disposed symmetrically
      about a line passing through the flat segments and the center of the bore;
      said teeth being arranged to define a pattern of slots having areas of
      different sizes; a first slot on either side of the line being of a first
      predetermined size, a group of three slots each of a second predetermined
      size adjacent each such first slot, and a group of two slots each of a
      third predetermined size next adjacent each group of three slots; the
      third predetermined size being larger than the second predetermined size,
      and the second predetermined size being larger than the first
      predetermined size; said yoke portion having at least two fastener
      accommodating passageways formed therein with each of the at least two
      passageways located in a region of the yoke adjacent to slots of a second
      predetermined size so that the fastener accommodating passageways can be
      provided in the yoke portion without unduly restricting the flux carrying
      capacity of the lamination.
NUM  3.
PAR  3. A stator assembly for a dynamoelectric machine, a magnetic stator core
      having a plurality of winding slots formed therein each having a closed
      end; at least two diametrically opposed flat segments located on an outer
      periphery of the stator core; a primary winding comprising at least two
      primary poles having a primary polar axis, each primary winding pole
      comprising a plurality of coils each having sides occupying a different
      pair of the slots; and an auxiliary winding comprising at least two
      auxiliary poles having an auxiliary polar axis angularly displaced from
      the primary polar axis, the auxiliary winding comprising winding turns
      disposed in slots of the core; the primary polar axis bisecting the
      diametrically opposed flat segments; a first slot on either side of and
      adjacent to the primary polar axis being of a first size, three slots next
      adjacent each first slot being of a second size and two slots adjacent the
      three slots being of a third size; the third size being larger than the
      second size and the second size being larger than the first size; the
      first slots being of a size to permit accommodation of backlash auxiliary
      winding turns without unduly restricting a region of the stator core
      adjacent the first slots whereby turns of congenerous types of auxiliary
      windings may be effectively utilized with a single stator slot structure.
NUM  4.
PAR  4. The stator assembly of claim 3 wherein the primary winding includes five
      concentric coils and the auxiliary winding includes four concentric coils;
      an innermost coil of the primary winding spanning the two slots of a first
      size; and the outermost coil of the auxiliary winding occupying one of the
      slots of the first size adjacent each flat segment.
NUM  5.
PAR  5. The stator assembly of claim 4 wherein the primary winding comprises
      aluminum wire and the auxiliary winding comprises copper wire.
NUM  6.
PAR  6. The stator assembly of claim 5 wherein each of said five concentric
      coils are identified by the number n where n is equal to one for the
      innermost coil, and two through five respectively for the other of said
      five coils preceeding from innermost to outermost respectively, and
      wherein each of said five coils span a number of slots equal to 2n; and
      wherein each of said four concentric coils are identified by the number
      one for the innermost coil, and two through four respectively for the
      other of said four coils preceeding from innermost to outermost
      respectively, and wherein coil one spans four slots, coil two spans six
      slots, coil three spans eight slots, and coil four spans ten slots.
NUM  7.
PAR  7. A dynamoelectric machine stator having a core formed of magnetic
      material, said core comprising a yoke section, a bore disposed radially
      inwardly of such yoke section and a plurality of angularly spaced apart
      elongated winding receiving slots extending toward the bore; the core
      having at least two longitudinally extending passageways disposed radially
      outwardly of the slots at a predetermined distance from the center of the
      bore; the core having at least two diametrically opposed flat portions on
      an outer portion of the core; a primary winding comprising at least two
      primary poles having at least one primary polar axis, each primary winding
      pole comprising a plurality of coils each having sides occupying a
      different pair of the slots; an auxiliary winding comprising at least two
      auxiliary poles having at least one auxiliary polar axis angularly
      displaced from the at least one primary polar axis; the at least one
      primary polar axis passing through the diametrically opposed flat
      portions; and the slots forming a preselected pattern of slot sizes
      symmetrical about the at least one primary polar axis with a first slot
      nearest the at least one primary polar axis being of a first size, three
      slots next adjacent each first slot being of a second size; two slots next
      adjacent the three slots being of a third size, and wherein the third size
      is larger than the second size, and the second size is larger than the
      first size; so that flux carrying capacity of the stator core in the
      vicinity of the at least two passageways is greater than it would be were
      the slots of a second size to be equal in size to the slots of a third
      size and whereby two different passageway patterns may be used.
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ABST
PAL  A dynamoelectric machine having a rotatable commutator and a plurality of
      brushes mounted in brush holders is provided with a rigging assembly that
      operates to prevent the commutator from being forced into contact with the
      brush holders when the machine is subjected mechanical shocks. The brush
      holders are mounted on a yoke member that is resiliently biased to a
      predetermined spacing relative to the commutator. A limit stop on the yoke
      member is positioned to contact a spacer ring on the commutator when a
      mechanical shock forces the commutator toward the brush assemblies,
      thereby to prevent the commutator from contacting the brush assemblies.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to dynamoelectric machines and more particularly to
      a brush holder and rigging assembly that prevents the brush holder from
      coming in contact with the commutator when the dynamoelectric machine is
      subjected to high shock forces.
PAR  Dynamoelectric machines that are used on board a ship can be subjected to
      very high shock forces which cause the rotor to move radially with respect
      to the stator. If the shock force is great enough the commutator bars can
      strike the brush holder with considerable force thereby causing damage to
      the commutator segments.
PAR  One possible solution to this problem is to mount the brush holders far
      enough away from the commutator so that the commutator cannot come in
      contact with the brush holders even when the dynamoelectric machine is
      subjected to a maximum anticipated shock force. This solution has been
      found to be unsatisfactory because a brush so held tends to be unstable
      during normal operation due to the increased extension of the brush from
      the brush holder to the commutator.
PAR  U.S. Pat. No. 2,679,606, Baudry et al, discloses a brush rigging assembly
      that minimizes the effect of certain disturbing vibrational forces that
      occur at particular frequencies. In Baudry et al, the brush rigging
      assembly includes an outer yoke member and a concentric inner yoke member.
      The inner yoke member is fastened rigidly to the base of the machine and
      the outer yoke member is resiliently mounted to the inner yoke by spring
      means. The brush holders are mounted on the movable outer yoke. The
      characteristic of the spring mounting means is such that the brush rigging
      assembly is resilient to the disturbing vibrational frequencies yet
      provides a substantial rigidity to any low frequency forces that tend to
      cause the brush rigging assembly to go out of alignment with respect to
      the axis of the commutator assembly. Baudry et al does not provide any
      means in addition to the spring suspension for absolutely limiting the
      relative motion of the commutator with respect to the brush holder.
PAR  It is, therefore, an object of this invention to provide an improved brush
      holder and rigging assembly for a dynamoelectric machine.
PAR  It is another object of this invention to provide a dynamoelectric machine
      in which the distance that the commutator can travel with respect to the
      brush holder is limited to a distance less than the normal clearance
      between the commutator segments and the end of the brush holder.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one embodiment of the invention a dynamoelectric machine
      includes a support ring concentric with the rotor shaft and attached in
      fixed relation with respect to the stator frame. The brush holders are
      mounted on a yoke member having an outer cylindrical surface that is
      concentric with the support ring and an inner cylindrical surface that is
      concentric with the rotor. A plurality of spring loaded studs mounted in
      the support ring apply forces radially inward about the outer cylindrical
      surface of the yoke member so that there is normally a distance, a,
      between the edge of the brush holder and the commutator surface. The rotor
      surface opposite the inner cylindrical surface of the yoke is built up so
      that the clearance between the built up rotor surface and the inner
      cylindrical surface of the yoke is less than the distance between the
      commutator bars and the edge of the brush holder. Thus, the distance that
      the commutator surface can move in a radial direction with respect to the
      edge of the brush holders is limited to the clearance between the built up
      surface of the rotor and the inner cylindrical surface of the yoke.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming that which is regarded as the present invention, the
      objects and advantages of this invention can be more readily ascertained
      from the following description of a preferred embodiment when read in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a simplified end view of a brush rigging assembly for holding
      carbon brushes in engagement with the commutator of a dynamoelectric
      machine; and
PAR  FIG. 2 is a cross-sectional view of a portion of the brush rigging assembly
      depicted in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings wherein for the sake of convenience the same
      part will retain the same element number throughout each figure, there is
      shown a brush rigging assembly for a dynamoelectric machine having a
      stator frame assembly 10 and a rotor member 11. The rotor 11 has a
      plurality of commutator segments 12 about its periphery. Mounted on the
      stator frame member 10c is a stationary supporting yoke member 13, which
      as shown in FIG. 1 can consist of two semicircular rings 13a and 13b held
      together by means of plates 14 and bolts 15. A movable yoke member 18 is
      held against the stationary yoke member by means of washers 19, spring
      members 20 and bolts 21. The movable yoke member 18 has clearance holes 22
      for bolts 21 that are considerably larger than the bolt diameter thereby
      allowing the movable yoke 18 to undergo radial motion with respect to the
      stationary yoke 13. Spring members 20 facilitate the adjustment of the
      compressive forces set up by bolts 21 so that the movable yoke 18 does not
      undergo any appreciable axial motion, yet will be allowed to undergo
      radial motion upon the application of a high shock load. As shown in FIG.
      1, the movable yoke 18 can also consist of two semicircular rings 18a and
      18b held together by means of plates 23 and bolts 24.
PAR  Brush holder assemblies 30 each housing a plurality of brushes 31 are
      mounted on a brush holder bracket 32. The brush holder bracket 32 is
      secured to the movable yoke 18 by bolts 33. The brush leads, not shown,
      are fastened to the brush holder bracket 32. The brush current is
      conducted to the machine bus rings 34 through flexible conducting straps
      35 and contact members 36.
PAR  The stationary yoke 13 includes an annular support ring 40 secured by means
      of a plurality of bolts 41. The support ring 40 contains a plurality of
      holes, each containing a stud 42 extending therethrough. A spring 43
      mounted on the stud shaft between the stud head 44 and the annular support
      ring 40 forces the stud head 44 radially inward until it contacts the
      outer cylindrical surface of the movable yoke 18. A self-locking nut 45
      limits the inward travel of the stud head 44. A plurality of such studs 42
      are used to position the movable yoke 18 with respect to the rotor
      assembly 11. For the sake of simplifying the drawing, FIG. 1 shows two
      such studs 42 in detail, it being understood that other studs 42 exist at
      positions, as indicated by center lines 46, to provide support for the
      movable yoke 18 about its entire circumference. Thus, the spring loaded
      studs provide a means for resiliently mounting the movable yoke member 18.
PAR  When the self-locking nuts 45 are properly positioned, the stud heads 44
      will position the movable yoke 18 so that it is concentric with the rotor
      11 in the absence of any shock force and so that there is a distance, a,
      between the commutator surface 51 and the edge 50 of the brush holder 30.
      As shown in FIG. 2 the rotor diameter is increased by the addition of some
      material 51 about the rotor circumference opposite the inner cylindrical
      surface 57 of the movable yoke 18. The thickness of material 52 is such
      that the distance, b, between the inner cylindrical surface 51 of the yoke
      18 and the surface 53 of the material 52 is less than the distance, a,
      between the commutator surface 51 and the brush holder edge 50.
PAR  Under normal operating conditions, and in the absence of any large shock
      forces, the spring loaded studs 42 will position the movable yoke 18 with
      the attached brush holders 30 so that the brushes contact the commutator
      surface 51 and so that there is a clearance, a, between the edge 50 of the
      brush holder and the commutator surface 51. When the dynamoelectric
      machine is subjected to a shock force which causes the rotor 11 to move
      with respect to the stator, the amount of relative motion between the
      commutator surface 51 and the edge 50 of the brush holders is limited to
      the distance, b. Once the rotor 11 moves the distance, b, in an outward
      radial direction surface 53 will come in contact with the inner
      cylindrical surface 57 of the movable yoke. Any further outward radial
      motion of the rotor 11 will result in corresponding motion of the movable
      yoke 18 including the attached brush holder assemblies. Since the amount
      of relative motion between the edge 50 of the brush holder 30 and the
      commutator surface is limited to the distance, a, minus the distance, b,
      the edge of the brush holder is effectively prevented from coming in
      contact with the commutator surface 51. As the yoke 18 moves the spring
      assemblies 43 are compressed in the direction of yoke movement. Since the
      spring assemblies 43 are limited to their inward travel, the spring
      assemblies 43 opposite the direction of movement will no longer exert any
      force on yoke 18. Thus, all spring forces are restorative when shock force
      stops. Upon removal of the shock force the compressed spring assemblies 43
      will act to restore the movable yoke 18 to concentric alignment with rotor
      11.
PAR  In the embodiment disclosed in FIG. 1, the stationary yoke 13 can include a
      dowel 54 that protrudes into a slot 55 in movable yoke 18. As shown, the
      slot is oriented so that the long dimension is in the vertical direction
      which facilitates vertical motion of the movable yoke assembly in response
      to shock forces directed in the vertical direction but facilitates a
      slight rotation of the yoke assembly about dowel 54 when the shock force
      is applied in other than a vertical direction.
PAR  While the present invention has been described with reference to a specific
      embodiment thereof, it will be obvious to those skilled in the art that
      various changes and modifications may be made without departing from the
      invention in its broader aspects.
PAR  It is contemplated in the appended claims to cover all variations and
      modification of the invention which come within the true spirit and scope
      of the invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. An improved brush rigging assembly for use with a dynamoelectric machine
      having a stator member and a rotor member, said rotor member including a
      plurality of commutator segments forming a cylindrical commutator member,
      comprising:
PA1  a. a yoke member having a surface concentric with a surface of the rotor;
PA1  b. a plurality of brush holders mounted on the yoke member; and
PA1  c. means for resiliently mounting the yoke member to the stator so that the
      brush holders are normally spaced a distance, a, from the commutator
      segments and so that the yoke member surface is normally spaced a
      distance, b, less than the distance, a, from said rotor surface whereby
      when the dynamoelectric machine is subjected to a high shock force the
      rotor surface contacts the yoke surface which prevents the brush holders
      from coming in contact with the commutator segments.
NUM  2.
PAR  2. An improved brush rigging assembly as recited in claim 1 wherein the
      stator includes a support ring concentric with the yoke member and wherein
      the resilient mounting means includes a plurality of compressed spring
      means mounted between the support ring and the periphery of the yoke for
      maintaining the yoke in axial alignment with the rotor.
NUM  3.
PAR  3. An improved brush rigging assembly as recited in claim 2 additionally
      comprising means for clamping the yoke to the stator so that radial
      movement of the yoke is permitted while substantially no axial motion of
      the yoke is permitted.
NUM  4.
PAR  4. An improved brush rigging assembly as recited in claim 3 wherein the
      yoke has a plurality of clearance holes and wherein the clamp means
      comprises a plurality of spring loaded bolts, said clearance holes being
      substantially larger than the bolt shafts thereby allowing the yoke to
      move in the radial direction.
NUM  5.
PAR  5. An improved brush rigging assembly as recited in claim 2 wherein the
      spring means comprise spring loaded stud assemblies mounted in the support
      ring for applying the alignment force to the periphery of the yoke.
NUM  6.
PAR  6. An improved brush rigging assembly as recited in claim 4 wherein the
      spring means comprise spring loaded stud assemblies mounted in the support
      ring for applying the alignment force to the periphery of the yoke.
NUM  7.
PAR  7. An improved brush rigging assembly as recited in claim 2 wherein the
      yoke includes a slot and the stator includes a dowel extending through the
      slot to assist in aligning the yoke member.
NUM  8.
PAR  8. An improved brush rigging assembly as recited in claim 7 wherein the
      slot is aligned in a radial direction.
NUM  9.
PAR  9. An improved brush rigging assembly as recited in claim 6 wherein the
      yoke includes a slot and the stator includes a dowel extending through the
      slot to assist in aligning the yoke member.
NUM  10.
PAR  10. An improved brush rigging assembly as recited in claim 9 wherein the
      slot is aligned in a radial direction.
NUM  11.
PAR  11. An improved brush rigging assembly for use with a dynamoelectric
      machine having a stator member and a rotor member, said rotor member
      including a plurality of commutator segments forming a cylindrical
      commutator member, comprising:
PA1  a. a fixed yoke member rigidly attached to the stator of the dynamoelectric
      machine,
PA1  b. a movable yoke member having a surface concentric with a surface of the
      rotor,
PA1  c. a plurality of brush holders mounted on the movable yoke member, and
PA1  d. means for resiliently mounting the movable yoke member to the fixed yoke
      member so that the brush holders are normally spaced a distance, a, from
      the commutator segments and so that the movable yoke member surface is a
      distance, b, less than the distance, a, from said rotor surface whereby
      when the dynamoelectric machine is subjected to a high shock load the
      rotor surface contacts the movable yoke surface which prevents the brush
      holders form coming in contact with the commutator segments.
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PAL  A winding conductor is surrounded by a continuous, flexible belt which is
      doubled over to provide loops at each end thereof. A non-metallic rod is
      disposed through the loops and through an opening in an adjacent
      supporting member. A wedge is inserted in the opening to move the rod and
      produce tension in the belt for forcing the conductor tightly in a radial
      direction against the supporting member. The belt consists of a plurality
      of glass fiber cords which are surrounded by a cured elastomeric material.
      The cords are formed from glass fiber strands which are twisted
      sufficiently to provide the desired amount of belt strength and
      flexibility.
BSUM
PAR  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates, in general, to electrical apparatus and, more
      specifically, to arrangements for securing the end winding conductors of
      turbine generators.
PAR  2. Description of the Prior Art
PAR  Electrical conductors which form the coils of electromechanical apparatus
      windings must be sufficiently secured to prevent movement of the
      conductors and damage to the insulation therearound. In large rotating
      electromechanical apparatus, the large mechanical forces to which the
      conductors are subjected makes it a difficult task to properly secure the
      conductors. The conductors of the stator end windings in large turbine
      generators are typical of conductors where difficulty has been experienced
      in the prior art in satisfactorily and economically securing the
      conductors. Ideally, the conductor securing arrangement should firmly
      secure the conductor throughout the life of the machine and should offer
      convenient and effective repair techniques if alteration or replacement of
      a conductor is necessary.
PAR  The end winding conductors of turbine generators have been secured by
      several different arrangements according to the prior art. One arrangement
      involves tying the radially outermost, or "bottom" conductors, to a
      non-metallic supporting structure which is fixed to the stator iron core.
      The tying is accomplished manually by a workman who wraps glass roping
      around the bottom conductor and through openings in the supporting
      structure. These ties are repeated at many locations throughout the end
      winding structure, thus necessitating a very tedious and laborious
      operation. In addition, the tightness of such ties is dependent upon the
      ability and consistency of the workman to keep the glass roping tight as
      it is wrapped around the bottom conductors.
PAR  The radially innermost, or "top" conductors, are separated from the bottom
      conductors by insulating supporting rings or wedges which are positioned
      between the conductors. These upper conductors are tied to a ring or wedge
      in much the same manner as the bottom conductors are tied to the
      supporting structure. Such tying arrangements inherently lack the
      necessary characteristics which permit a relatively large amount of
      tension to be placed in the tying arrangement to force the conductor
      tightly against its associated supporting member. Therefore, it is
      desirable, and it is an object of this invention, to provide an
      arrangement for radially supporting the end winding conductors of
      electromechanical apparatus which provides a relatively large and constant
      force between the conductor and the supporting member.
PAR  End winding conductors are frequently separated from their supporting
      members by conformable spacers which are placed in compression by the
      tying arrangement around the conductors. Due to the constant compressive
      forces, the minute mechanical movements of the conductors, the operating
      temperature of the apparatus, and other factors, some of the spacers have
      been known to become loose after a period of operation. Although some
      initial compressive force is developed by the tying arrangement of the
      prior art, the compressive force on the spacers is quickly reduced if the
      spacers become slightly smaller, since the elongation of the glass roping
      is small. Thus, with a tying arrangement constructed according to the
      prior art, small decreases in spacer size produce relatively large
      decreases in the compressive force holding the conductors and spacers
      together.
PAR  It is also desirable, as other objects of this invention, to provide an
      arrangement for radially supporting the end windings of electromechanical
      apparatus which may be easily constructed and which provides a sufficient
      force for maintaining the position of the conductors during the life of
      the apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  There is disclosed herein a new and useful arrangement for securing winding
      conductors of a turbine generator to a supporting member which is
      positioned radially outside of the conductors. The arrangement includes a
      continuous belt which is doubled around a conductor and is attached to a
      rod which extends through an opening in the supporting member. A wedge is
      also inserted into the opening to move the rod and establish tension in
      the belt to force the conductor toward the supporting member.
PAR  The belt is constructed from a continuous array of glass fiber cords which
      are sandwiched between a fully cured elastomeric material. Each cord
      consists of a plurality of glass fiber strands which are individually
      twisted around their own longitudinal axis and which are also collectively
      twisted around the axis of the cord. The twisting permits better stretch
      and strength properties of the belt. The elastomeric material provides the
      desired flexible properties.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further advantages and uses of this invention will become more apparent
      when considered in view of the following detailed description and drawing,
      in which:
PAR  FIG. 1 is a partial view of a turbine generator constructed according to
      this invention;
PAR  FIG. 2 is a partial view of conductors secured by the tying arrangement
      taught by this invention;
PAR  FIG. 3 is a cross-sectional view of a conductor secured by the tying
      arrangement taught by this invention;
PAR  FIGS. 4 and 5 are views illustrating different belt surrounding
      arrangements which may be used according to this invention;
PAR  FIG. 6 is a view illustrating the construction of the belt used according
      to this invention; and
PAR  FIG. 7 is a view illustrating the construction of a cord for use in the
      belt shown in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Throughout the following description, similar reference characters refer to
      similar elements or members in all of the figures of the drawing.
      Referring now to the drawing, and to FIG. 1 in particular, there is shown
      a portion of a turbine generator constructed according to this invention.
      The generator includes the rotor assembly 10, the stator iron core 12, and
      the stator iron core extension 14. The top end winding conductor 16 and
      the bottom end winding conductor 18 extend from the stator iron core 12
      and are secured to the supporting member 20. In a complete turbine
      generator, conductors similar to the conductors 16 and 18 extend from the
      stator iron core 12 substantially around the entire circumference of the
      rotor assembly 10. However, for simplicity, only one top and one bottom
      end winding conductor is illustrated. In addition, the conductors 16 and
      18 are not usually aligned in the same radial plane but cross each other
      at a location which is substantially between the positions where the
      conductors are tied to the supporting member 20. The connector 22
      appropriately connects together the conductors 16 and 18 to provide the
      electrical path necessary for the proper operation of the generator.
      Generally, the conductors 16 and 18 include a plurality of metallic
      strands which conduct the current through the conductors and cooling ducts
      through which cooling fluid flows to cool the conductors.
PAR  The bottom conductor 18 is separated from the stator iron core extension 14
      by the spacer 24 and from the supporting member 20 by the spacers 26, 28
      and 30. These spacers may be constructed of a suitable material, such as
      resin impregnated Dacron cloth which conforms uniformly to the surfaces
      pressing against them. The conductors 16 and 18 are separated by the
      spacer 32, and the spacer blocks 34 and 36. The spacer blocks 34 and 36
      are constructed of a solid member 38, such as Micarta, which is covered
      with a resin impregnated material 40 to allow the spacer blocks to conform
      to the surfaces against which they are positioned. In some
      electromechanical apparatus, the conductors 16 and 18 would be separated
      by spacing rings which are positioned between the conductors and extend
      around the axis of the rotor assembly 10.
PAR  The conductors 16 and 18 are secured to the supporting member 20 by the
      belts 42 and 44, respectively. These belts are constructed of a reinforced
      elastomeric material which will be described in more detail hereinafter.
      The arrangement for attaching the belts 42 and 44 to the supporting member
      20 are similar. The belt 42 is positioned around the rod 46 which extends
      through the opening 48 in the supporting member 20. The rod 46 may be
      constructed of a suitable non-metallic material, such as glass fiber
      reinforced epoxy. The opening 48 is larger than the rod 46 to permit
      downward movement of the rod 46 for increasing the tension in the belt 42.
      A wedge 50 is positioned between the rod 46 and the upper surface of the
      opening 48 to provide the desired amount of tension in the belt 42. The
      rod 52, the opening 54, and the wedge 56 associated with the belt 44 are
      similar to the corresponding members associated with the belt 42.
PAR  FIG. 2 is another view of the arrangement used to secure the conductors 16
      and 18 to the supporting member 20. The spacers and spacer blocks are not
      illustrated in FIG. 2, and additional conductors which would run
      substantially parallel to the conductors 16 and 18 are not shown in the
      interest of clarity. The belts 42 and 44 are doubled around the conductors
      and the loops at the ends of the belts extend around the rods 48 and 52 as
      shown in FIG. 2. In general, a belt extends around a conductor at the
      location where the conductor passes over a supporting member. Thus, since
      most turbine generators have several supporting members extending from the
      stator iron core, several belts may extend around the same conductor for
      radially securing the conductor.
PAR  FIG. 3 is a cross-sectional view of the conductor 16 secured to the
      supporting member 20. The continuous, flexible belt 42 is doubled around
      the conductor 16 and looped around the rod 46. The wedges 50 and 50' are
      inserted between the rod 46 and the upper surface of the opening 48. The
      relative position of the wedges 50 and 50' determine the distance by which
      the rod 46 is separated from the upper surface of the opening 48.
      Therefore, the wedges 50 and 50' can be used to adjust the tension in the
      belt 42 and increase the force between the conductor 16 and the supporting
      member 20 which are separated by the spacer block 36. Any convenient resin
      or adhesive combination may be used to maintain the position of the wedges
      50 and 50'.
PAR  FIGS. 4 and 5 illustrate various arrangements of the belt 42 which may be
      used for securing the conductor 16 to the supporting member 20. Similar
      arrangements may be used for the belt 44. In FIG. 4, the belt 42 is
      twisted on each side of the conductor 16, such as at position 60. In FIG.
      5, the belt 42 is twisted at the top of the conductor 16, as shown at
      position 62. These twisting arrangements may be used to adjust the lengths
      of the belts for differences in the size of the conductors and the spacers
      therebetween.
PAR  FIG. 6 illustrates, in detail, the construction of the belt 42. Although
      the belt 42 is a continuous loop which is doubled over to provide a
      flexible member having generally two ends, only a single portion of the
      belt is illustrated in detail in FIG. 6. As shown in FIG. 6, the belt 42
      includes a plurality of glass fiber cords 66 which are surrounded by an
      elastomeric material 68. A suitable backing material 70, such as cotton
      duck, is positioned on both sides of the belt to increase the ability of
      the belt to withstand surface tearing.
PAR  The belt 42 may be constructed by placing a semicured elastomeric material
      around a mandrel and overwinding the elastomeric material with the glass
      fiber cords. The number of cords in a cross-section of the belt is
      determined by the number of revolutions made by the mandrel in winding the
      glass fiber cords on the elastomeric material. The number of cords in a
      cross-sectional area of the belt is selected to provide the desired
      tensile strength for the belt 42. The assembly is covered with a suitable
      overlay or jacket and then pressure cured by heat or hydraulic pressure in
      a suitable mold.
PAR  A suitable belt may be constructed by using neoprene rubber stock which is
      approximately 62 mils thick, G75 5/4, 2.5S rubber impregnated fiber glass
      cords, and a cotton duck overlay or jacket. Another example of suitable
      materials includes ethylene propylene rubber stock, approximately 125 mils
      thick, G75 515/3, 1.0S rubber impregnated fiber glass cords, and a nylon
      duck overlay or jacket. A third example of suitable materials consists of
      butyl rubber stock, approximately 100 mils thick, G75 7/0, 1.5S rubber
      impregnated fiber glass cords and a Dacron duck overlay or jacket. While
      the above examples of material combinations are illustrative of material
      which may be used to construct suitable belts, it is emphasized that other
      material combinations may be used for the belt 42, and for the other
      securing belts, without departing from the spirit of the invention.
PAR  FIG. 7 is an enlarged view of one of the cords 66 shown in FIG. 6. The cord
      66 includes a plurality of strands 72. The strands 72 are each
      individually twisted about its own longitudinal axis. In addition, the
      entire cord comprising all of the strands 72 is twisted about the
      longitudinal axis of the cord. The double twisting technique illustrated
      herein provides a glass fiber cord which suitably provides the strength
      and flexibility requirements needed to permit the belt 42 to
      satisfactorily perform as a conductor securing member in a turbine
      generator. Glass fiber strands arranged without any twisting do not
      provide the flexibility and durability desired for the belt 42.
PAR  The elasticity and flexibility of the belt 42 permits the radial securing
      of turbine conductors in a manner which offers several advantages over
      prior art arrangements. A predetermined and long lasting stress can be
      placed in the belt to force the conductor against the supporting member
      throughout the life of the machine, even if the associated spacing
      elements change size. Removal of the belt is relatively simple due to its
      flexibility, thus making winding repair easier.
PAR  Since numerous changes may be made in the above described apparatus, and
      since different embodiments of the invention may be made without departing
      from the spirit thereof, it is intended that all of the matter contained
      in the foregoing description, or shown in the accompanying drawing, shall
      be interpreted as illustrative rather than limiting.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. Electromechanical apparatus having a stator iron core, comprising:
PA1  stator end winding conductors extending from the stator iron core;
PA1  a non-metallic supporting structure coupled to the stator iron core;
PA1  a resilient and flexible member reinforced with non-metallic cores of
      twisted strands, said flexible member having two ends and being disposed
      around a portion of an end winding conductor; and
PA1  means for connecting the ends of said flexible member to the supporting
      structure to develop a tensile stress in the flexible member which tends
      to pull said conductor toward the supporting structure.
NUM  2.
PAR  2. The electromechanical apparatus of claim 1 wherein the cords of the
      flexible member are surrounded by an elastomeric material.
NUM  3.
PAR  3. The electromechanical apparatus of claim 2 wherein the elastomeric
      material comprises a rubber material.
NUM  4.
PAR  4. The electromechanical apparatus of claim 1 wherein the cords comprise a
      plurality of glass fiber strands.
NUM  5.
PAR  5. The electromechanical apparatus of claim 4 wherein each strand is
      individually twisted around its longitudinal axis.
NUM  6.
PAR  6. The electromechanical apparatus of claim 1 wherein the flexible member
      comprises a continuous belt folded over to provide loops at each end.
NUM  7.
PAR  7. The electromechanical apparatus of claim 1 wherein the cords in the
      flexible member are oriented substantially parallel to the longest
      dimension of the flexible member.
NUM  8.
PAR  8. The electromechanical apparatus of claim 1 wherein the means for
      connecting the ends of the flexible member to the supporting structure
      comprises a non-metallic rod positioned through an opening in the
      supporting structure and through loops at the ends of the flexible member,
      and at least one wedge-shaped member positioned in said opening for
      forcing said rod in a direction which produces tension in the flexible
      member.
NUM  9.
PAR  9. Electromechanical apparatus having a stator iron core, comprising:
PA1  stator end winding conductors extending from the stator iron core;
PA1  a non-metallic supporting structure coupled to the stator iron core;
PA1  a continuous, flexible, and resilient belt folded over to provide loops at
      each end thereof, said belt being disposed around a portion of an end
      winding conductor, and said belt including an elastomeric material
      reinforced with a continuous array of parallel cords constructed of
      twisted, nonmetallic strands; and
PA1  means for connecting the ends of said belt to the supporting structure to
      develop a tensile stress in the belt which tends to pull said conductor
      toward the supporting structure.
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ABST
PAL  An electrodeless lamp is positioned at the end of an inner and outer
      conductor forming a termination fixture, the inner conductor being shaped
      such that the arc within the lamp during excitation is isolated from the
      wall of the lamp envelope. The inner conductor may be formed as a hollow
      helical element thereby providing both an axial and azimuthal electric
      field component. Alternatively, the inner conductor may be cup-shaped
      which has a shielding effect to control the electric field strength at the
      end of the conductor. The helical or cup element and other features of the
      inner conductor provide both arc shaping and impedance matching between
      the complex impedance of the lamp during operation and the output
      impedance of a high frequency power source which is coupled to the
      termination fixture.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electrodeless light sources and, more
      particularly, to such sources which are excited by high frequency power,
      such as in the range of 100 MHz to 300 GHz.
PAR  There have been, historically, three basic methods of exciting discharges
      without electrodes. The first method uses the discharge as a lossy part of
      either the capacitance or inductance of a "tank" circuit. This method is
      used to advantage only at frequencies where the dimensions of the lamp are
      much smaller than the wavelength of excitation. Also, in this method,
      there are power losses due to radiation and shifts in frequency upon
      start-up. A second method of exciting electrodeless lamps with microwave
      power is to place the lamp in the path of radiation from a directional
      antenna. However, since free propagation of microwave power occurs, there
      is an inherent inefficiency and some of the power is scattered, thereby
      endangering persons in the area.
PAR  A third method uses a resonant cavity which contains the lamp, a frequency
      tuning stub and a device for matching the lamp-cavity impedance to that of
      the source and transmission line. Examples of devices according to this
      method may be found in "Microwave Discharge Cavities Operation at 2450
      MHz" by F. C. Fehsenfield et al., Review of Scientific Instruments, Volume
      36, Number 3 (March, 1965). This publication describes several types of
      tunable cavities. In one type, cavity No. 5, the discharge cavity
      transfers power from the source to the lamp, and the resonant structure of
      the cavity increases the electric field in the gas of the lamp. The
      presence of a discharge in the resonator changes the resonant frequency
      and also changes the loaded Q factor. Therefore, it is necessary to
      provide both the tuning (frequency) and matching (inapedance) adjustments
      to obtain efficient operation over a wide range of discharge conditions.
      The tuning stub is first adjusted for a minimum reflected power with the
      minimum probe penetration. Next, the probe (impedance) is adjusted. Since
      these two operations are not independent, successive readjustments are
      required to achieve optimum efficiency.
PAR  All of these tunable cavities have features which make them less than
      ideally suited for use in an electrodeless light source. To make cavity
      type systems useful economically, the cavity must be small enough so that
      it would be feasible to use such systems in place of the conventional
      electrode containing lamp. Resonant cavities are too large and must be
      larger if lower microwave frequencies are used. One resonant cavity for
      2450 MHz operation has four inches as its greatest dimension; the size
      would be even larger for operation at 915 MHz which is a standard
      microwave frequency for consumer use, such as with microwave ovens.
      Operation at this lower frequency is also advantageous from the view that
      the greater the frequency the more expensive the microwave power source
      becomes. The known tunable cavity has a less than optimum shape because
      the lamp is substantially enclosed by the resonant cavity housing, thereby
      impeding the transmission of light.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved light
      source utilizing an electrodeless lamp.
PAR  It is another object of the present invention to provide a termination
      fixture for an electrodeless lamp in which the shape of the arc in the
      electrodeless lamp may be controlled such that the arc remains isolated
      from the wall of the electrodeless lamp envelope.
PAR  It is still another object of the present invention to provide a method of
      exciting an electrodeless lamp by which the arc is detached from the
      envelope thereby enhancing the life of the lamp.
PAR  According to the present invention, an improved light source includes a
      source of power at a high frequency, an electrodeless lamp having an
      envelope made of a light transmitting substance and a volatile fill
      material enclosed within the envelope, the fill material emitting light
      upon breakdown and excitation, a termination fixture having an inner
      conductor and an outer conductor, the conductors having a first end which
      couples power to the lamp and a second end which is coupled to the source
      and means operatively associated with the fixture for shaping the arc
      within the lamp during excitation so that the arc does not attach to the
      interior wall of the envelope, thereby enhancing the life of the
      electrodeless lamp. It has been found that the arc may be isolated from a
      particular area by adjusting the detailed power balance for that area; the
      power equation is P.sub.e - P.sub.h = P.sub.r, where P.sub.e is the power
      gained electrically, P.sub.r is the power radiated and P.sub.h is the
      power lost as heat. More specifically, it has been found that an arc
      exists where P.sub.e is greater than P.sub.h ; thus, the arc shaping means
      includes means for controlling the power balance such that the power
      gained electrically P.sub.e is less than the power lost as heat P.sub.h.
      The magnitude of P.sub.e is determined by the equation P.sub.e = n.sub.e
      .mu.E.sup.2, where n.sub.e is the electron density, .mu. is the electron
      mobility and E is the electric field strength. Preferably, the power
      controlling means includes means for limiting the magnitude of the
      electric field strength thereby limiting the power gained electrically so
      that this power P.sub.e is less than P.sub.h in the region adjacent to the
      envelope.
PAR  According to the invention, an improved method of producing light includes
      placing the electrodeless lamp at the ends of the conductors of the
      termination fixture, applying power at a high frequency to the other ends
      of the conductor to excite the lamp fill material and thereby to produce
      an arc and shaping the arc so that it does not attach to the lamp to
      enhance the life of the lamp. Preferably, the arc shaping is obtained by
      controlling the power balance such that P.sub.h is equal or greater than
      P.sub.e. In the preferred method, the power is controlled by limiting the
      magnitude of the electric field strength in the region near the envelope.
      The presently preferred method of field limiting is obtained by shaping
      the geometry of the end of the inner conductor which is in the contact
      with the lamp.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the Drawing:
PAR  FIG. 1 is a diagram illustrating the principle of field shaping according
      to the present invention;
PAR  FIG. 2 is a diagram illustrating a preferred field shaping technique in
      which a toroidal arc may be obtained;
PAR  FIG. 3 is a partial sectional view of a fixture having a helical center
      conductor;
PAR  FIG. 4 is a partial sectional view of a fixture having a coil between the
      lamp and inner conductor;
PAR  FIG. 5 is another embodiment of a fixture having a field shaping and
      impedance matching capability, and
PAR  FIG. 6 is another alternative embodiment of a fixture with field shaping
      and impedance matching capability.
PAR  FIG. 7 is a diagram illustrating the field pattern for a straight-ended,
      fixture inner conductor;
PAR  FIG. 8 is a diagram illustrating quasi static field lines for a fixture
      utilizing a cup member according to the present invention;
PAR  FIG. 9 is a diagram showing the creation of an arc which attached to the
      envelope wall for a straight ended fixture inner conductor;
PAR  FIG. 10 is an elevational view of a flared inner conductor according to the
      present invention;
PAR  FIG. 11 is an elevational view of a cup shaped inner conductor according to
      the present invention; and
PAR  FIG. 12 is an elevational view of a helical inner conductor according to
      the present invention.
DETD
PAC  GENERAL OPERATIONAL DESCRIPTION
PAR  Electrodeless lamps have the potential for extremely long life, because
      there is no need for the arc discharge to be in contact with any material,
      either electrodes (i.e, since there are none) or the lamp envelope.
      However, there is a tendency in the operation of high pressure
      electrodeless lamps in termination fixtures for the arc to be in close
      contact with the envelope walls, thereby causing damage to the wall and
      foreshortening the lamp's lifetime. Typically, this attachment of the arc
      to the wall of the lamp occurs at the point where the lamp is in contact
      with the center conductor of the fixture, where the electric field
      intensity is high. The arc exhibits many footed, root-like extensions of
      the main arc to the wall. The attaching members terminate at hot spots on
      the envelope surface. This problem is illustrated in FIG. 9 of the
      drawings. It is believed that the existence of the attachment members is
      due to the high rate of microwave energy absorption by them and the
      inability of the plasma in the vicinity of the wall to dissipate this
      energy and lower its temperature by either radiative or convective
      processes. Hence, it conducts the excess energy to the wall and does
      damage.
PAR  The purpose of this invention is to provide an electrode-less arc discharge
      in which the arc is sufficiently isolated from the wall of the lamp
      envelope so that no damage to the wall occurs over a long period of time.
      An arc may be isolated from a particular area by adjusting the detailed
      power balance for that area. This involves the equation P.sub.e - P.sub.h
      = P.sub.r, where P.sub.e is the power gained electrically, P.sub.r is the
      power radiated and P.sub.h is the power lost as heat.
PAR  Generally, an arc exists in a region where P.sub.e &gt;P.sub.h. This invention
      relates to a way in which P.sub.e can be made small enough in a region so
      as not to allow an arc to exist there. P.sub.e = n.sub.e .mu.E.sup.2,
      where n.sub.e is the electron density, .mu. the electron mobility and E
      the electric field strength. In a fixture such as the termination fixture
      described herein, it is possible to adjust the field strength E by one of
      several techniques. These techniques include adjusting the position of
      fixture conductors, shaping the center conductor or field coupling probe,
      adjusting the position and shape of lossless magnetic or dielectric
      material within the fixture, adjusting the shape of the exterior walls of
      the fixture, adjusting the configuration, position and material of lamp
      envelope, and controlling the current paths on the exterior fixture walls
      by use of a pattern of conductors. Therefore, using one or several of
      these techniques, one may reduce the field strength near the lamp wall,
      and thus the arc can be isolated from the walls. With arc isolation from
      the envelope wall, the lifetime is increased several orders of magnitude.
      This concept is shown schematically in FIG. 1 of the drawings which shows
      an improved light source 10. In FIG. 1, high frequency power from a source
      11 is applied to a termination fixture 30 which includes herein an arc
      shaping means 14 and an electrodeless lamp 16. By a suitable arc shaping
      means 14, the electrid field electric the electrodeless lamp envelope 17
      can be maintained sufficiently low such that an arc 18 is located in a
      manner isolated from the lamp envelope.
PAR  The presently preferred way of arc shaping is by appropriately shaping the
      geometry of the end of the inner conductor. In one preferred embodiment,
      the inner conductor of the termination fixture is shaped in the form of a
      helix. A helical center conductor allows use of a shorter termination
      fixture than a quarter wavelength; it allows for control over the field
      shape so that, the arc can be isolated from the envelope and, finally, it
      provides a means for impedance matching the lamp to the input.
PAR  A helical line inside a conducting cylinder constitutes a slow wave
      structure; if .PSI. is the pitch angle, such that cot .PSI. = 2.pi.a/p,
      where a is the helix radius and p is the pitch, then the wave propagation
      velocity is v = c sin .PSI.. Thus, the phase velocity is always less than
      the velocity of light. The wavelength along the helix is reduced,
      .lambda..sub.H = .lambda..sub.O sin .PSI.. Hence, a quarter-wave
      termination fixture can be reduced in length by the factor sin .PSI..
PAR  Wave propagation on a helix is, in general, complex. However, much of the
      observed behavior of arcs in helices can be understood in terms of the
      dominant mode. This mode has a field pattern with an electric field
      component E.sub.Z in axial direction, and also a field E.sub..psi. in the
      azimuthal direction. Thus, in FIG. 2 a lamp placed in the region I
      (R.sub.I) inside the helix might have either an axial arc or a toroidal
      (donut shaped) arc lying the horizontal plane. The ratio of the fields in
      controlled by the helix parameters; E.sub.Z /E.sub..psi.=(a/r) cot .PSI..
      A lamp placed just above the helix in region II (R.sub.II) would be
      excited in the axial direction.
PAR  In another embodiment the inner conductor is shaped in the form of a cup.
      This design of the inner conductor is based on a quasi-static
      approximation, i.e., the field configuration is that one would calculate
      based on a static analysis, e.g., Laplaces equation with boundary
      conditions, even though the field is in fact oscillating at high
      frequency. The basic idea for reducing fields and arc attachment with the
      cup arrangement is illustrated in FIGS. 7 and 8. A straight termination as
      in FIG. 7 of the inner conductor at the lamp leads to a high field
      concentration at the base of the lamp. The dotted lines represent
      approximate electric field line contours as would be obtained for a static
      field with a potential difference between the center conductor and the
      outer conductor. FIG. 8 illustrates the shielding effect of a cup into
      which the lamp is placed, thereby reducing the electric field intensity at
      the base of the lamp.
PAR  It has been found that the impedance of the lamp during operation is
      complex and that the reactive component, usually capacitive, is usually
      greater than the real component. The termination fixture of the present
      invention, in addition to providing arc shaping capability also matches
      the reactive impedance of the lamp to the output impedance of the high
      frequency power source. Combined arc shaping and impedance matching is
      obtained by a helical center conductor and/or a cup member and a multi
      section center conductor in which the sections have a different
      characteristic impedance.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In an exemplary embodiment of the present invention, as shown in FIGS. 1
      and 2, a light source, indicated by the reference numeral 10, includes a
      source 11 of power at a high frequency, an electrodeless lamp 16 and a
      termination fixture 30 coupled to the source, such as by a transmission
      cable 18. As used herein, the phrase "high frequency" is intended to
      include frequencies in the range generally from 100 MHz to 300 GHz.
      Preferably, the frequency is in the ISM band (i.e., industrial,
      scientific, and medical band) which ranges from 902 MHz to 928 MHz. A
      particularly preferred frequency is 915 MHz. One of many commercially
      available power sources which may be used is an Airborne Instruments
      Laboratory Power Signal Source, type 125. The lamp 16 has an envelope 17
      made of a light transmitting substance, such as quartz. The envelope
      encloses a volatile fill material which produces a light emitting
      discharge upon excitation. Several known fill materials may be used, which
      produce a high pressure discharge.
PAR  In FIG. 2 a termination fixture 30 includes an inner conductor 32 and an
      outer conductor 34. As shown herein, the outer conductor 34 is disposed
      around the inner conductor 32. The conductors have a first end 36 which is
      adapted to couple power to the lamp to produce excitation and a second end
      38 adapted to be coupled to the source. The fixture 30 includes, as the
      arc shaping means 14 of FIG. 1, a coil 40. The coil 40 produces an
      electric field in the region of the lamp having a component along and a
      component around the longitudinal axis of the inner conductor 32.
      Referring now to FIG. 3, the coil comprises an inner conductor 32 whose
      first end 36 is hollow and circular in cross section and formed with a
      uniform slot 42 along the periphery thereof to produce a helical
      conductor. Preferably, the pitch of the slot 42 is variable to create a
      strong axial field in a region within the inner conductor and to
      compensate for at least a part of the reactive impedance of the lamp
      during excitation. Several lamps were run using this center conductor in a
      termination fixture. Axial arcs, toroidal arcs, and discharges apparently
      excited by both axial and azimuthal fields are obtainable. In particular,
      a lamp filled with mercury, sodium iodide, scandium iodide and argon and
      having a cylindrical envelope was run axially; the arc was observed to
      isolate from both ends of the envelope when the lamp was appropriately
      placed just inside the helix in region R.sub.I. Small mercury lamps in
      both cylindrical and spherical envelopes, have been run with isolated
      torodial discharges, excited by the azimuthal field inside the helix.
      Finally, a metal halide lamp in a spherical envelope run inside the helix
      was apparently coupled to both components of the dominant helical mode.
      The discharge is quite diffuse and detached from the lamp wall.
PAR  Referring now to FIG. 4, the means for producing a two component field
      includes a coil 50 connected to the first end 26 of the inner conductor
      32. Preferably, the inner conductor 32 is tapered as illustrated at 52.
      Also, the coil 50 preferably has about 3 turns. Since this method of
      matching the inner conductor to the coil does not establish as strong a
      dominant helical mode in the coil as in the embodiment of FIG. 2, the
      behavior is different. In particular the axial field is less but the
      azimuthal field is strong because of the low number of turns in the coil.
      With this coil, small mercury lamps with spherical and cylindrical wall
      envelopes ran with torodial discharges. However, the axial field is so
      weak inside the coil that when a cylindrical metal halide lamp was run
      with an axial arc, the arc would not penetrate into the coil even if the
      envelope were lowered well into the coil. In fact, arc isolation was
      achieved simply by placing the lamp partly into the coil. The arc was
      observed to be completely detached from the top and bottom.
PAR  Referring now to FIGS. 10 and 11 there is shown two embodiments for an arc
      shaping device in which the end of the inner conductor is shaped to
      provide a shielding effect. In FIG. 10 the inner conductor 32 is flared to
      form a cup-shaped arrangement 41 with the lamp being located within the
      cup. The lamp shown is a small cylindrical lamp of 16 mm length and 8 mm
      O.D., having metal halide additives in a high pressure mercury lamp. This
      arrangement was to isolate the arc in a flared center conductor, but
      isolation was quite sensitive to the position of the lamp. FIG. 11
      illustrates a cup-shaped member 60 in which the sides of the cup are
      parallel to the inner conductor longitudinal axis.
PAR  In another feature of the present invention, the termination fixture
      includes a device for matching the impedance of the lamp during excitation
      to the output impedance of the source 11. The coil 50, or the cylindrical
      helix in FIGS. 3 and 2 respectively provides some impedance matching
      because the lamp impedance is complex with the reactive part being
      capacitive and the coil adds a series inductive reactive impedance.
      However, for complete impedance matching, separate and distinct impedance
      matching means is preferred as shown in FIGS. 5 and 6. In FIG. 5, the
      field shaping device is the lamp receiving or cup shaped member 60, also
      shown in FIG. 11, at the first end of the inner conductor 32, this member
      being cupped shaped and effective to isolate the arc from the envelope.
      The inner conductor 32 has a first section L1 extending from the lamp
      receiving member 60 to a junction 62. The inner conductor 32 in the first
      section L1 has dimensions in length and cross section selected to
      transform the complex impedance of the lamp during excitation to an imput
      impedance to the junction 62 whose major component is the real impedance
      part. The inner conductor 32 has a second section L2 extending from the
      second end of the inner conductor to the junction 62. The inner conductor
      in the second section L2 has dimensions in length and in cross section
      effective to match the junction input impedance to the output impedance to
      the source 11. As shown in FIG. 5, preferably the cross section of the
      inner conductor in the first section L1 is smaller than the cross section
      in the second section L2.
PAR  The three diameter inner conductor is designed as follows. The field
      shaping member provides a good field pattern in the cup region (i.e., one
      that forms a good arc, as well as being part of the impedance matching
      scheme). The first section (L.sub.1) transforms the impedance over a high
      characteristic impedance section. The second section (L2) completes the
      matching and can be used as a support means for a tunable capacitor
      sometimes needed to complete the impedance matching such as shown in FIG.
      6. In the design, a suitable diameter for the field shaping section is one
      that gives a good field pattern for the lamp. Preferably, this diameter is
      about two thirds for lamp diameter for a spherical lamp, and about three
      halves the lamp diameter for a cylindrical lamp. The length of the field
      shaping section can be chosen arbitrarily, but about one twenty-fifth of a
      wavelength will prove to be effective. The input impedance at the junction
      of the field shaping and first section junction 70 can be determined if
      the lamp impedance for the given cup shaped member is known, by the
      following input impedance formula:
      ##EQU1##
      Where R = the arc resistance of the lamp during excitation
PA1  X = the reactive impedance of the lamp during operation held at the end of
      the inner conductor
PA1  .beta. = (2.pi.)/.lambda.
PA1  l.sub.1 = the length of the section L.sub.1
PA1  .lambda. = the wavelength for the high frequency power which is applied
PA1  Z.sub.c.sbsb.1 = the characteristic impedance for the first section
PAL  For given R and X a length and characteristic impedance is chosen which
      reduces the reactive impedance (X.sub.1) as given by (1) to a value
      substantially lower than X. Determination of R and X is obtained by
      several known measuring techniques, such as by noting position and
      magnitude of voltage standing waves along a power coupling line of known
      characteristic impedance or by using a network analyzer. Then for this
      value of Z.sub.1, a length (L.sub.2) and a characteristic impedance
      Z.sub.c.sbsb.2 for the second section L2 is determined by the following
      equation:
      ##EQU2##
      Where Z.sub.s = the impedance of the source
PA1  Z.sub.c.sbsb.2 = the characteristic impedance of the second section
PA1  l.sub.2 = the length of the section L.sub.2
PAR  The characteristic impedance is defined in terms of the dimensions of the
      section in terms of its cross section. In the preferred embodiments, the
      conductors are circular in cross section and disposed concentrically with
      respect to each other. For such a case, Z.sub.c.sbsb.1 or Z.sub.c.sbsb.2
      is determined by the following expression.
      ##EQU3##
      Where .epsilon..sub.r = dielectric constant of the medium between the
      conductors
PA1  .mu..sub.r = permeability of the medium between the conductors
PA1  b = inner diameter of the outer conductor
PA1  a = diameter of the inner conductor
PAL  For the embodiment of FIG. 5, the first section was chosen to have a length
      of about one twelfth wavelength. The second section, which has an
      impedance usually greater than that of the first section, is used to
      transform the impedance to a value of the source output impedance or an
      impedance such that a parallel capacitor can be used to attain an input
      impedance which is matched to that of the source. If after working the
      design out, the input impedance is found to be too high, it can be reduced
      by reducing the characteristic impedance of the first section, and if the
      input impedance is too low, it can be increased by increasing the
      impedance of the first section, keeping all other variables fixed. The
      sections are preferably connected by short tapers in order to reduce
      discontinuity capacitance.
PAR  Referring now to FIG. 6 there is illustrated a particularly preferred
      embodiment combining all of the features above-described. The field
      shaping member comprises a helical hollow center conductor previously
      described in reference to FIG. 3 and a cup-shaped member within the
      conductor. In addition, the second end of the inner conductor includes a
      capacitor connected across the inner and outer conductors. This capacitor
      comprises plates 70 which may be adjusted in position along the inner
      conductor by means of a threaded arrangement and a dielectric material 72
      disposed between plate 70 and an end member 74 of the outer conductor 34.
PAR  The following relates to the specification of the embodiment of FIG. 6.
TBL  ______________________________________                                    
     Lamp                                                                      
     envelope                                                                  
            cylindrical quartz 8 mm OD, 17 mm long                             
            inner wall thickness 1 mm                                          
     fill material                                                             
     H.sub.g    0.2 .mu.l                                                      
     ScI.sub.3  0.36 mg                                                        
     NaI        0.39 mg                                                        
     A.sub.r    20 torr                                                        
     The base of the lamp is coated with zirconium                             
     oxide to reduce heat loss. This is important                              
     in obtaining high efficiencies.                                           
     Termination Fixture                                                       
     helix    2 turns                                                          
              1.8 cm long                                                      
              1.3 cm OD                                                        
     L.sub.1 section                                                           
              75 cm long                                                       
              .5 cm OD                                                         
     L.sub.2 section                                                           
              2.15 cm long                                                     
              .7 cm OD                                                         
     cup      boron nitride as a thermal insulator                             
     conductors made of brass                                                  
     Capacitor                                                                 
              about 5 pf capacitance                                           
              2.2 cm diameter brass                                            
              washer, 0.001" Kapton                                            
              dielectric disc.                                                 
     Glass dome with conducting metal screen                                   
     Performance                                                               
            at 915 MHz, this lamp had an                                       
            estimated efficacy of 70 lpw                                       
            at 40 watts (microwave power)                                      
            and 111 lpw at 60 watts. This                                      
            latter light output is the same                                    
            as would be obtained from a 350                                    
            watt incandescent lamp.                                            
     ______________________________________                                    
PAR  The embodiments of the present invention are intended to be merely
      exemplary and those skilled in the art shall be able to make numerous
      variations and modifications to them without departing from the spirit of
      the present invention. All such variations and modifications are intended
      to be within the scope of the present invention as defined in the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A light source including,
PA1  a. a source of power at a high frequency,
PA1  b. an electrodeless lamp having an envelope made of a light transmitting
      substance and a volatile fill material enclosed within the envelope, the
      fill material emitting light upon breakdown and excitation;
PA1  c. a termination fixture having an inner conductor and an outer conductor
      disposed around the inner conductor, the conductors having a first end
      which couples power to the lamp and a second end which is coupled to the
      source; and
PA1  d. means operatively associated with the fixture for shaping the arc within
      the lamp during excitation so that the arc does not attach to the interior
      wall of the envelope thereby enhancing the life of the electrodeless lamp.
NUM  2.
PAR  2. The light source according to claim 1, wherein the arc shaping means
      includes means in the region of the first end for controlling the
      magnitude of the power gained electrically in the region adjacent to the
      interior wall of the lamp envelope such that the power gained electrically
      in that region is not greater than the power in that region lost as heat.
NUM  3.
PAR  3. The light source according to claim 2, wherein the power has a frequency
      ranging from 902 MHz to 928 MHz and wherein the conductors are circular in
      cross section and disposed concentrically with respect to each other.
NUM  4.
PAR  4. A method of producing light including the steps of:
PA1  a. placing an electrodeless lamp at the ends of a pair of conductors
      comprising an inner conductor and an outer conductor disposed around the
      inner conductor, the lamp having an envelope made of a light transmitting
      substance and a volatile fill material enclosed within the envelope, the
      fill material emitting light upon breakdown and excitation;
PA1  b. applying power at a high frequency to the other ends of the conductors
      to excite the fill material thereby producing an arc within the envelope
      and
PA1  c. shaping the arc within the envelope so that the arc does not attach to
      the envelope, thereby enhancing the life of the electrodeless lamp.
NUM  5.
PAR  5. The method according to claim 4, wherein the step of shaping the arc
      includes controlling the magnitude of the difference between the power
      gained electrically P.sub.e and the power lost as heat P.sub.h in a region
      near the envelope such that P.sub.h is equal to or greater than P.sub.e.
NUM  6.
PAR  6. The method according to claim 5, wherein the step of controlling the
      power difference includes the step of limiting the magnitude of the
      electric field strength in said region thereby reducing the power gained
      electrically in the region.
NUM  7.
PAR  7. The method according to claim 6, wherein the step of limiting the field
      strength includes the step of shaping the geometry of the end of the inner
      conductor which is in contact with the lamp.
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ABST
PAL  An X-ray tube with a rotating, motor-driven anode made up from a disc of
      graphite covered on a major portion of its convex surface which is turned
      away from its axis of rotation by a layer of an X-ray emissive refractory
      metal or alloy which has a much lower coefficient of thermal emissivity
      than the other face of graphite. To reduce thermal radiation in the
      direction of the rotor to which the anode is secured, the X-ray emissive,
      convex, covered surface of the anode, which is subjected to electron
      bombardment, is turned toward the rotor and the cathode lies on the same
      side of the anode as the rotor of the driving motor, resulting in reduced
      operational temperatures of these parts. Additional thermal protection for
      the rotor and bearing is afforded by providing a reflective surface on the
      rotor or by installing a protective disc-shaped shield between the rotor
      and the anode. The reduced temperatures of rotor and bearing permit
      increased output power and lengthened operating periods of the X-ray tube.
      In addition, a coolant may be circulated through the hollow anode shaft to
      further reduce the bearing temperatures.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a high power X-ray tube and especially to an X-ray
      tube of the type having a rotating anode which is capable of a high power
      emission during prolonged periods.
PAR  The radiated power and the length of operation (endurance) of an X-ray tube
      are limited by the temperature of the anode which receives the energy of
      the electron beam. In order to limit that temperature, it is known to
      improve the heat dissipation either by conduction or by radiation; if by
      conduction, it is done by increasing the mass of the anode with respect to
      the target area struck by the cathode rays, and if by radiation, it is
      done by increasing the radiating surface and by choosing a material for
      that surface which is endowed with a good coefficient of thermal
      emissivity (black body). In general, the principal problem to be solved in
      X-ray tubes is that of heat removal. This fact has led to the solution of
      employing tubes with rotating anodes, where the mass of the anode is very
      large with respect to the dimensions of the target and where the thermally
      radiating surface area, made up by the two faces of the anode plate, is
      quite large.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is a first object of the present invention to provide an X-ray tube with
      rotating anode, capable of greater output power and endurance than knonw
      X-ray tubes of comparable dimensions.
PAR  It is a second object of the present invention to provide an X-ray tube
      which is more robust and stronger than known X-ray tubes with rotating
      anodes.
PAR  To achieve these and other objects, an extended study was made of different
      operating conditions and of their mutual influences and this study has led
      to operational parameters of construction which are different from those
      presently used and has resulted in creating a new X-ray tube with a
      rotating anode which possesses properties of power and robustness which
      are a clear improvement over the known tubes.
PAR  The characteristics of this new X-ray tube and the results of tests
      performed with an exemplary, but nonlimiting embodiment thereof will
      become apparent from the following description and the several figures of
      the drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic view of a portion of an X-ray tube of known
      construction having a rotating anode;
PAR  FIG. 2 is a family of curves giving the temperatures of the rotor bearings
      of the anode as a function of time of operation, for various tube
      configurations;
PAR  FIG. 3 is a schematic view of a portion of an X-ray section tube with a
      rotating anode according to one of the embodiments of the invention;
PAR  FIG. 4 is a partial section through an X-ray tube according to the
      invention with an anode located outside of the rotor bearings;
PAR  FIG. 5 shows a variant of a portion of the X-ray tube according to FIG. 4;
      and
PAR  FIG. 6 shows a partial section through an X-ray tube according to the
      invention having a bearing on each side of the anode with a refrigerant
      circulating in the interior of the bearing axis.
DETD
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  A generalized, schematic picture of an X-ray tube with rotating anode is
      shown in FIG. 1 including an anode plate 1 and a hollow motor armature
      rotor 2 which supports the anode on a shaft 3. The rotor is supported in
      two interior bearings X and Y integral with a fixed axis, not shown. A
      cathode 4 emits an electron beam which strikes an inclined portion of the
      anode along a focal track or circular path 5. Thus, in this known
      solution, the cathode and hence the track exposed to the electron beam
      both lie on the side of the anode opposite to the rotor.
PAR  Increasing the surface and the mass of the anode brings a double advantage.
      Firstly, the heat of the target is removed by conduction, which heats up
      the entire mass of the anode; thus, the greater the mass of the anode, the
      lower will be the temperature of the target. Secondly, the entire surface
      of the anode (on both sides) thus heated up dissipates the heat by
      radiation and, the larger the surface, the greater the amount of heat
      energy radiated away.
PAR  This dissipation of heat by radiation occurs according to the following
      formula:
EQU  W = .epsilon. .sigma. s (T - T.sub.o) .sup.4               (1)
PAL  where:
PA1  W is the radiated power
PA1  .epsilon. is the coefficient of thermal emissivity of the body
PA1  s is the radiating surface area, and
PA1  .sigma. is the Stefan - Boltzman constant
PA1  T and T.sub.o are, respectively, the absolute temperatures of the radiating
      body and its environment.
PAR  Thus, it would be advantageous, firstly to increase the coefficient of
      thermal emissivity, that is, to use as the anode plate a body whose
      properties, as nearly as possible, approach those of a black body;
      graphite is well suited from this point of view. Next, it would be
      suitable to increase the emitting surface area, i.e., as already explained
      above, to increase the dimensions of the anode plate. Finally, experience
      has shown that, in order to increase the temperature of the radiating
      body, i.e., the anode plate, with respect to that of the target, and,
      hence, in order to increase the radiated energy, it is useful to increase
      the linear speed of the target.
PAR  Thus, one finds that, for a particular anode, the power which can be
      obtained, is given by the following formula:
EQU  W = K.sup.. R .sqroot.n                                    (2)
PAL  where:
PA1  W is the power obtained from the anode
PA1  K is a constant coefficient for a given tube
PA1  R is the radius of the anode plate
PA1  n is the number of anode revolutions per unit time
PAR  Thus, it is important to increase simultaneously the dimension and the
      speed of the anode, which tends to overload the bearings. The sensitive
      problem encountered with rotating anodes is that of the temperature of the
      bearing nearest the anode (labeled Y in FIG. 1). At that location, heat
      arrives both by radiation and also by conduction along the anode shaft 3.
      In order to reduce, as much as possible, this heat transfer toward the
      bearing, the bearing may be placed at some distance from the anode plate.
      This separation is limited, however, by the overhanging shaft which may
      oscillate during its rotation. At the same time, the shaft 3 is given a
      minimum diameter in order to increase its thermal resistance, reducing its
      strength.
PAR  The reduction of the heat transfer by radiation from the anode to the
      bearing closest to the anode also poses problems. Modern anodes are
      generally constructed as graphite plates on which is affixed a metallic or
      alloy target surface acting as a source of X-rays; the metals making up
      the target surface are chosen from a class of high atomic number, X-ray
      emissive, refractory metals such as tungsten, rhenium or molybdenum as
      taught by U.S. Pat. Specifications Nos. 2,863,083 of SCHRAMM and 3,539,839
      of BOUGLE assigned to the present Assignee. For technical reasons, the
      application of the track can only be done by deposition in the vapor phase
      over the entire surface of the anode plate; a deposit over a limited width
      (corresponding approximately to the width of the track) would cause the
      formation of irregularities in the surface, at the fringes of the
      deposition, and this would tend to favor the formation of electric arcs.
      This overall deposition greatly diminishes the thermal power radiated by
      the anode plate, because, even though graphite has a very high coefficient
      of thermal emissivity and thus is almost a black body, this is not the
      case for the X-ray emissive refractory metals deposited thereon which
      radiate very poorly.
PAR  This reduction of the thermal radiative capabilities of the anode, which is
      caused by the metallization of an entire face, has even more serious
      results when that face of the anode which has maintained its high
      emissivity faces in the direction of the rotor and of bearing Y whose
      temperature is critical. This situation is a result of the fact that it is
      very difficult to place the cathode, and hence also the metallic anode
      coating, on the same side of the anode plate as the driving motor.
      Actually, there would be serious risks of electrical breakdown between the
      rotor and the cathode as these parts would be too close to one another in
      view of the high potential differences between them. It has been attempted
      to separate the cathode from the rotor as far as possible in order to
      diminish these risks, but this calls for an increase in the diameter of
      the anode plate, which, in turn, causes an increase of the dimension of
      the shaft 3 supporting it, and hence tends to increase the temperature of
      bearing Y, whose stress is already made greater by increasing the
      dimensions of the anode plate.
PAR  Thus, the achievement of an X-ray tube with rotating anode is a compromise
      among several opposing conditions. The invention rests on the results of
      extensive quantitative tests, the results of which are now described.
PAR  In a first, systematic, evaluative test, the test subject was an X-ray tube
      with rotating anode, of the type shown in FIG. 1, with an anode made of
      graphite, of 120 mm diameter, and coated with a refractory material X-ray
      emissive metal or alloy on the face exposed to the electron beam emitted
      by the cathode. The tube was energized so as to obtain an equilibrium
      temperature at the anode of 1,400.degree. C and the temperatures of the
      bearings were measured as a function of time.
PAR  The measured temperatures were actually those of bearing X and not those of
      bearing Y for the convenience of the experiment, but the temperature
      differences between bearings X and Y had previously been measured and it
      had been found that there was a difference of 50.degree. C when bearing X
      had a temperature of 600.degree. C and a difference of 30.degree. C when
      bearing X had a temperature of 300.degree. C; bearing Y being at the
      higher temperature.
PAR  The curve a shown in FIG. 2 shows the temperature rise of this bearing
      which stabilizes at 610.degree. C after approximately 30 minutes. Next,
      curve b was drawn, given the same temperatures, but after subtraction of
      the heat transferred from the anode to the rotor by conduction in the
      shaft 3. The temperature of the bearing stabilized at approximately
      550.degree. C at the end of the same time. Thus, it may be seen that the
      temperature increase due to the conduction along the shaft is relatively
      small but is not negligible.
PAR  In a second, comparative test, the configuration of the tube was changed to
      that shown in FIG. 3, by reversing the anode and placing the cathode on
      the same side of the anode plate as the rotor. FIG. 3 shows the rotor 2
      with its shaft 3, both identical to those of FIG. 1, the anode plate 8
      with its convex face turned toward the rotor and cathode 6 emitting its
      beam onto track 7. Special precautions were taken in order to prevent
      electrical breakdown between cathode 6 and rotor 2 during the experiment.
PAR  These precautions consisted in limiting the potential difference between
      cathode 6 and rotor 2 beneath the voltage which would cause this breakdown
      owing to the distance between cathode and rotor. Thus, the cathode
      emitting power was obtained by acting upon the filament temperature, that
      is to say, upon the intensity through this filament.
PAR  Curve c of FIG. 2 shows the temperature of bearing Y as a function of time
      with this tube disposition. The measured temperatures are clearly lower
      than those obtained with the preceding configuration, because, in this
      case, the side of the anode plate facing the rotor is covered with a
      reflecting layer of the above-mentioned X-ray emissive refractory metal
      whose thermal emissivity is much lower than that of graphite. Furthermore,
      the edges of the face of anode plate opposite the one covered by the X-ray
      emissive layer are slightly inclined toward the axis of rotation and thus
      this face of, the anode plate constitutes a kind of concave mirror which
      tends to concentrate the heat rays emitted by its surface toward the axis.
      In present tubes, the concave face of the anode is generally turned towad
      the rotor, whereas with the new arrangement shown in FIG. 3, the concavity
      is in the inverse sense. Thus, it may be seen that the thermal radiation
      impinging on the rotor is diminished, firstly, by changing the nature of
      the emitting surface, in this case to the aforementioned X-ray emissive
      metal coating with a low coefficient of thermal emissivity with respect to
      that of graphite, and secondly, by the reverse orientation of the anode
      plate which now concentrates its thermal radiation in the direction
      opposite to the rotor.
PAR  In subsequent experiments, the energy transmitted to the rotor by radiation
      was further reduced by providing the side of the rotor facing the anode
      with a polished surface 9 and 10 (FIG. 3). For example, the polished
      surface may extend over approximately one-fifth of the rotor surface
      facing the anode. This produced curve d (FIG. 2).
PAR  In order to further improve the apparatus, the polished surface of the
      rotor at 9 was replaced by a reflector. These results are shown in curve e
      (FIG. 2), and they show another noticeable decrease of the bearing
      temperature. The study of curves a, b, c, d and e shows that the reversal
      of the anode produces a considerable lowering of the bearing temperature
      once the tube operation has stabilized: from approximately 610.degree. C
      to 330.degree. C. But it may especially be noticed that the temperature
      rise is always much slower with this new embodiment than previously. When
      the tube operation is limited to 20 minutes, the bearing temperatures are
      570.degree. C and 230.degree. C, respectively; the difference is therefore
      still greater.
PAR  This fact has been exploited to increase the diameter of shaft 3. Thus, it
      was possible to use an anode of greater diameter since it was carried by a
      stronger shaft and by a bearing which was better protected. The increase
      of the anode diameter made it possible to locate the cathode on the same
      side as the rotor but sufficiently far away from it, so as to prevent any
      risk of electrical breakdown between cathode and rotor.
PAR  Thus, according to one characteristic of the invention in an X-ray tube
      with a rotating anode, the cathode is located on the same side of the
      anode as the rotor, and the anode is covered over most of its surface
      facing both the cathode and the rotor by a layer of at least one
      refractory metal.
PAR  One result of this arrangement is to completely vacate the space on the
      other side of the anode, whereas, in the known arrangement, the cathode
      assembly was located essentially in the prolongation of the axis of
      rotation of the anode. This fact was exploited in order to extend the axis
      of the anode on the side opposite to the side on which the rotor is
      located and to provide there a bearing fixed in the housing. In this
      manner, the anode is supported by a bearing on both sides thereof instead
      of being cantilevered. This new arrangement, which greatly improves the
      support of the anode, makes it possible to increase still further, by a
      sizable amount, its weight, dimensions and speed.
PAR  Nevertheless, the bearing located on the side of the anode opposite to the
      cathode is exposed to intense thermal radiation, caused, on the one hand,
      by the nature of the coating on that side of the anode, which is not
      covered by a refractory metal coating that radiates only a little as is
      the case on the side facing the cathode, but, on the contrary, is a
      surface having characteristics approaching those of a black body, usually
      graphite, and, on the other hand, caused by the form of the anode, which,
      in the manner of a concave mirror, concentrates its thermal radiation on
      the shaft. In order to accommodate, at the same time, prolonging the axis
      of rotation of the anode with the fact that it is exposed to intense
      radiation, a hollow bearing axis has been used in which a liquid
      refrigerant is circulated.
PAR  According to a variant embodiment of the invention, the bearing shaft is
      hollow, traverses the anode, is fixed at two ends, and a liquid
      refrigerant circulates in the interior of the shaft.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 4 shows the housing 20 and in its top portion, the high voltage
      connections 21 and 22 for the cathode and the anode and the connection 23
      for the field current of the anode driving motor.
PAR  The inlets and outlets for the refrigerant fluid channels are shown at 25
      and 26. The protective housing 20 has been opened to show, partially in
      section, the different constituent elements of the tube. The glass
      envelope 28 is fixed within the housing at one end by a member 29 clamped
      by a set of screws pressing against the interior of the housing, and, at
      the other end, by a weldment 30 on the fixed shaft 31 which supports the
      bearings of the rotor 32. The support shaft 31 is itself fixed by screws
      on a plane portion 33 of a member 34 made of insulating material in the
      form of a flared cylinder. The insulating member 34 is fixed in the
      interior of the motor field assembly which is itself fixed to the housing
      20.
PAR  The cathode assembly 36, analogous to that of known X-ray tubes, is located
      on the same side of the anode as rotor 32. The rotor 32 supports the anode
      37 by means of a shaft 38. The anode 37 consists of a graphite plate whose
      surface 40, facing cathode 36, has been coated with a reflecting layer of
      the aforementioned X-ray emissive refractory metal or alloy. X-rays
      generated by the impact of the cathode beam exit through window 39.
PAR  A tube is thus created in which the rotor and its bearings are better
      protected against thermal radiation emitted by the anode, because the
      anode is concave in the direction opposite to that of the rotor, and that
      side which faces the rotor is the one which is convex, i.e. turned away
      from the shaft, and coated with a reflecting layer of X-ray emissive
      refractory metal with low thermal emissivity. This fact has been exploited
      in order to increase the diameter of the anode plate and hence the
      distance separating the power supply of cathode 36 from the field assembly
      35, and thus reducing the risk of arcing between cathode and anode.
PAR  The thermal protection of the rotor is increased by equipping that part of
      it lying opposite the anode with a reflective polish 41. This polished
      surface is obtained by polishing the rotor material and extends onto the
      cylindrical portion by about 20 mm.
PAR  In a variant embodiment, another increase to the thermal protection of the
      rotor is achieved by shielding it, as shown in FIG. 5, by means of a
      protective disc 42, inserted between the anode and the rotor without
      touching the former made of reflective polished metal and of a size
      somewhat larger than that of the rotor.
PAR  In another variant, shown in FIG. 6, the support shaft for the anode is
      fixed at two ends of the tube and carries two bearings 43 located on
      either side of the anode plate.
PAR  FIG. 6 has the same reference numerals for elements common with those of
      FIG. 4. The anode plate 37 is directly connected to the rotor 32 and is
      supported by two bearings 43 located on opposite sides of the center of
      gravity of the assembly. These bearings are mounted on a hollow shaft 44,
      integral with the glass envelope 28 by means of a cup 45 to which it is
      welded in a hermetic manner. At its other end, the hollow shaft 44 is
      affixed to a sleeve 46, also integral with the glass envelope 28 by means
      of a plate 47. The entire assembly is made integral with the housing 20 by
      screw engagement at 48 between the threaded end of hollow shaft 44 and the
      threaded interior of the support shaft 49 attached to a plane portion 33
      of the insulating cylinder 34. The support shaft 49 is perforated near its
      threaded end by openings 50 which permit communication between the
      interior of the shaft 44 and the interior of the sleeve 46. The
      refrigerant fluid, arriving through channel 25, is distributed through the
      housing 20 outside of the envelope 28 and flows into the hollow shaft 44
      where it cools the bearings 43. It further flows through openings 50 into
      the sleeve 46 and hence to the interior of the insulating cylinder 34,
      along the arrows, and enters the evacuation channel 26.
PAR  The polished surface 41 of the rotor 2 is obtained by treating the
      concerned portion of the copper rotor by a chemical polishing process, for
      instance, by means of a bath in a well-known scouring solution which is
      used to etch the metal away at its surface. The reflective polished metal
      of the protective disc 42 is made, for instance, in stainless steel
      polished according to the above-mentioned process.
PAR  X-ray tubes, such as described above, can have anodes with diameters in
      excess of 250 mm, rotating at speeds up to 15,000 rpm, with tube
      potentials of 160 to 200 kilovolts, which results, for example, in an
      instantaneous power of 300 kilowatts (instead of the present 100
      kilowatts) on an optical focal track of 2 mm width with an anode
      inclination of 12.degree.. This permits intensive operation both in terms
      of power and cycle time without ever exceeding the thermal capacity of the
      anode which is of the order of 3,000,000 joules instead of the 2 - 300,000
      joules in present X-ray tubes.
PAR  Furthermore, because the cathode lies on the same side as the rotor, the
      tube housing can be cylindrical at the side of the high voltage lines and
      thus permits placing it at the ends of the arms of a column of a
      radiological stand, and thus diminishing its space requirements.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high-power X-ray tube including in combination an evacuated envelope;
      and within said envelope: a motor assembly including a fixed shaft
      attached to said envelope, a rotor with a rotatable shaft extending
      therefrom and bearing means for mounting said rotor and said rotatable
      shaft on said fixed shaft; a disc-shaped anode carried by said rotatable
      shaft, said anode being made of graphite and having a convex face facing
      away from its axis of rotation and coated on at least a major portion
      thereof by a layer of an X-ray emissive refractory metallic material
      having a much lower coefficient of thermal emissivity than its other,
      graphite face; and a cathode assembly for generating an electron beam
      directed toward said convex, coated face of said anode;
PA1  wherein the improvement, in view of reducing the transfer of heat from the
      anode toward the rotor and of providing an increased power output, further
      comprises in combination: means for mounting said anode on said rotatable
      shaft with its convex, coated face turned in the direction of said rotor
      and means for mounting said cathode assembly on said envelope on the same
      side of said anode as said rotor for facing said X-ray emissive
      layer-coated face, and wherein said fixed shaft is hollow and connected by
      its extremities to two opposite ends of said envelope for carrying a flow
      of a coolant within said fixed shaft, and said bearing means includes two
      bearings mounted on said fixed shaft with one bearing on each side of said
      anode, whereby the heat from said anode is evacuated mainly by radiation
      in directions opposite said rotor and said bearings are cooled by the
      coolant flow.
NUM  2.
PAR  2. A high-power X-ray tube including in combination an evacuated envelope;
      and within said envelope: a motor assembly including a fixed shaft
      attached to said envelope, a rotor with a rotatable shaft extending
      therefrom and bearing means for mounting said rotor on said fixed shaft; a
      disc-shaped anode carried by said rotatable shaft, said anode being made
      of graphite, having a convex face and facing away from its axis of
      rotation and coated on at least a major portion thereof by a layer of an
      X-ray emissive refractory metallic material having a much lower
      coefficient of thermal emissivity than its other, graphite face; and a
      cathode assembly for generating an electron beam directed toward said
      convex, coated face of said anode; wherein the improvement, in view of
      reducing the transfer of heat from the anode toward the rotor and the
      bearings carrying said rotor and of providing an increased power output,
      further comprises in combination: means for mounting said anode on said
      rotatable shaft with its convex, coated face turned in the direction of
      said rotor and means for mounting said cathode assembly on said envelope
      on the same side of said anode as said rotor for facing said X-ray
      emissive layer coated face, whereby the heat from the anode is evacuated
      mainly by radiation in directions opposite said rotor.
NUM  3.
PAR  3. X-ray tube as defined in claim 2, wherein the surface of said rotor
      facing the anode includes a polished reflecting portion over approximately
      one-fifth of its extent.
NUM  4.
PAR  4. X-ray tube as defined in claim 2, further comprising a metallic disc,
      interposed between the anode and the rotor on said rotatable shaft, said
      disc being of large enough diameter to shield the rotor from thermal
      radiation emitted by the anode, and wherein at least the surface thereof
      facing the anode is a polished reflecting surface.
NUM  5.
PAR  5. X-ray tube as defined in claim 2, wherein said fixed shaft is hollow and
      is connected to two opposite ends of said envelope, and said bearing means
      includes two bearings mounted to said fixed shaft with one bearing on each
      side of said anode plate, thereby concentrically mounting said rotor and
      said rotatable shaft to said fixed shaft.
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ABST
PAL  The panel comprises a gas-filled envelope including an elongated base plate
      having a transverse slot at about its center which divides the plate into
      two portions. Both portions of the base plate are provided with parallel
      slots in their top surfaces, and two sets of scan anodes are provided, one
      set seated in the slots in each portion of the base plate. The inner ends
      of the scan anodes are bent into and secured in the transverse slot. Two
      sets of scan-display cathodes are seated on the base plate, one associated
      with each set of scan anodes, and oriented transverse to the scan anodes
      and forming rows and columns of scanning or priming cells therewith. An
      apertured insulating cell sheet having two sets of apertures or cells is
      seated on the cathodes, with each set of apertures arrayed in rows and
      columns and overlaying a set of scanning cells, with each display cell
      aligned with a scanning cell beneath it. Two sets of display anodes are
      provided, one associated with each set of display cells. The panel
      envelope is completed by a face plate which covers the display anodes and
      is sealed to the cell sheet and base plate. The panel is filled with a
      suitable ionizable gas.
PAL  Because of its length, in order to achieve favorable brightness in all of
      the cells of the panel, the two portions of the panel are operated
      simultaneously. The panel is operated by energizing the two sets of
      scanning cells sequentially, column-by-column, and, as the columns of
      scanning cells are energized, selected display anodes are energized by
      information signals to transfer glow from a scanning cell to the display
      cell above it.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One type of display panel which is available commercially at the present
      time is known as a SELF-SCAN panel. The panel comprises a dot matrix which
      can be operated to provide a display of alphanumeric characters.
      Initially, these devices were provided in a size for displaying up to
      about 30 to 40 characters. However, there is a need for devices which can
      display a larger number of characters, for example, about 80 or more.
      Panels of this size cannot be made merely by lengthening all of the parts
      of smaller panels, and, in addition, in operation, optimum brightness
      cannot be achieved by operating such panels in known fashion.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, a panel embodying the invention comprises two substantially
      identical operating portions which are combined and operated to present a
      single message or display. In order to achieve optimum brightness, the two
      portions of the panel are operated simultaneously.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded view of a display panel embodying the invention;
PAR  FIG. 2 is a plan view of a portion of the panel of FIG. 1;
PAR  FIG. 3 is a sectional view of the panel of FIG. 1 assembled showing
      selected portions thereof; and
PAR  FIG. 4 is a schematic representation of the display panel of FIG. 1 and a
      circuit in which it may be operated.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The panel described herein is a dot matrix display panel of the type known
      as a SELF-SCAN panel. These panels are made and sold by Burroughs
      Corporation, and they are shown and described in copending application
      Ser. No. 487,955, filed July 12, 1974. Reference is made to that
      application for features not described in detail herein.
PAR  A display panel 10 embodying the invention includes a base plate 20 having
      a top surface 22, a bottom surface 24, a left edge 26, and a right edge
      27, an upper edge 28, and a lower edge 29. A plurality of slots 30 are
      formed in the top surface of the base plate extending along its length
      parallel to its long axis. The slots 30 include seven slots 30S used for
      display purposes, and two other auxiliary slots 30A for a purpose to be
      described. The slots 30A are disposed, one above and one below, the array
      of seven slots 30S. A transverse slot 40, oriented perpendicular to the
      slots 30, is provided in the top surface of the base plate at about its
      center, thus dividing the base plate into two identical left and right
      portions 20L and 20R.
PAR  A scan anode electrode 50 in the form of a metal strip is seated in the
      seven slots 30S of both portions of the base plate, and the inner end 60
      of each of the anode strips 50 extends into the transverse slot 40 and is
      bent against the wall of the base plate adjacent to its slot 30. Thus, the
      inner ends 60 of the scan anodes do not touch each other. For purposes of
      this description, where convenient, the scan anodes will be referred to as
      left scan anodes and right scan anodes, in accordance with the portion of
      the base plate on which they are seated.
PAR  An insulating rod-like spacer member 70 is seated in the slot 40 between
      the adjacent bent ends 60 of the anode strips 50 and extending along the
      slots 30S. The member 70 does not extend across the slots 30A which are
      thus unobstructed along their lengths and communicate with each other
      through slot 40. Similar insulating members 74 are seated in slot 40 above
      and below member 70 adjacent to the upper and lower edges of the base
      plate 20, for a purpose to be described. The three members 70 and 74 and
      the ends 60 of the anode strips 50 are secured in place by means of a
      suitable glass frit cement 80 (FIG. 3). The left and right ends of the
      anode strips remote from slot 40 may also be cemented in place in their
      slots, if desired.
PAR  The panel 10 is provided with cathode electrodes which are also provided in
      two sets, a left set and a right set, except for a single set of
      keep-alive cathode electrodes. The keep-alive cathodes comprise two
      keep-alive cathode strips 90A and 90B seated on base plate 20 at the
      left-hand end of portion 20L and oriented transverse to the slots 30. Each
      keep-alive cathode 90A and 90B has its inner end overlaying one of the
      slots 30A in operative relation with the end of a keep-alive anode wire 96
      seated therein. Each keep-alive cathode 90 and its keep-alive anode 96
      form a keep-alive cell 98, the operation of which will be described below.
      Two cathode strips 100 operable as reset cathodes are seated, one on base
      plate portion 20L adjacent to the keep-alive cathodes 90 and overlaying
      the scan anodes with which they form a first column of reset cells 102L,
      and the other seated on base plate portion 20R at the left-hand end
      thereof adjacent to slot 40 and overlaying the scan anodes in the slots
      therein with which they form a second column of reset cells 102R. The
      reset cathodes 100 may include tabs (not shown) which extend downwardly in
      slots 30S toward the scan anodes as shown in U.S. Pat. No. 3,767,968.
PAR  The panel 10 also includes a plurality of parallel scan-display cathodes
      110 seated on the base plate 20 and extending along the entire length
      thereof. Each cathode 110 is provided with at least two small apertures
      120, with each such pair of apertures overlaying one of the slots 30S. The
      lower surface of each cathode 110 and the portion of the scan anode 50
      beneath it form a scanning or priming cell 122. Thus, each pair of cathode
      holes is aligned with a scanning cell. The holes 120 provide gas
      communication between the scanning or priming cells 122 and display cells
      (to be described) above them, and the use of two holes (or more) above
      each scanning cell renders alignment therewith less critical than if one
      hole were used as in prior art panels. The vertical cathodes 110 and
      horizontal anodes 50 thus form an array of rows and columns of scanning
      cells.
PAR  As shown in FIG. 3, spacer member 70 is of such a height that it extends
      vertically to about the level of the cathodes so that the left-hand
      cathodes do not "see" the right-hand cathodes.
PAR  Panel 10 also includes two apertured cell sheets 130L and 130R of
      insulating material seated on the base plate spaced from each other, with
      the cathodes disposed between the cell sheets and base plate 20. The cell
      sheets include a matrix of apertures or display cells 140 arrayed in rows
      and columns, with each column of such cells aligned with a cathode
      electrode and the aperture pairs therein, and each row of cells being
      aligned with a slot 30S and a row of scanning cells 122. Thus, there are
      two sets of display cells for the two sets of scanning cells, and each
      display cell 140 is aligned with a scanning or priming cell 122.
PAR  The top surface of each cell sheet is provided with a plurality of parallel
      slots 144, and a display anode wire 150 is seated in each slot, thus
      providing left and right sets of display anodes which are insulated from
      each other at the inner adjacent ends of the cell sheets. One or both ends
      of the display anode wires 150 are secured in place in any suitable
      fashion. Each display anode wire overlays and is aligned with a row of
      display cells 140. The portion of the top surface of each cathode 110 and
      the portion of each display anode 150 located at a cell 130 comprise the
      electrodes for the display cell.
PAR  A glass face plate 160 is seated on the display anodes 150, and the entire
      assembly is hermetically sealed by means of a glass frit 164 or the like
      disposed about the adjacent perimeters of the base plate, center sheet,
      and face plate. The various electrodes pass through and are secured in
      place by the seal.
PAR  The presence of the insulating rods 74 in the upper and lower portions of
      the transverse slot 40 insures the formation of a good seal in this area
      by holding the frit seal material in place during the sealing process.
PAR  The panel is filled with the desired ionizable gas and mercury vapor
      through a tubulation secured to the base plate, and it is processed in any
      suitable manner well known to those skilled in the art.
PAR  In the manufacture of panel 10, the panel can be made generally in
      sub-assemblies, with one assembly comprising the scan anodes 50,
      keep-alive electrodes and cathodes 100 and 110 being secured to the base
      plate along with the spacer members 70 and 74, and with the second
      assembly comprising the face plate 160, the display anodes 150 and the
      cell sheets 120. The parts of the subassemblies are secured together by a
      glass frit seal of Pyroceram or the like disposed about adjacent
      perimeters of all of the parts and in slots 30 and 40 and elsewhere as
      required. Seal material 80 shown in FIG. 3 holds the members 70 and 74 and
      anodes 50 in place; seal material 84 between the cell sheets at the center
      of the panel holds the inner ends of the cell sheets and the ends of the
      anodes 150 in place. Those skilled in the art can readily determine what
      parts need be secured in place in this way.
PAR  In operation of the panel 10 referring to FIG. 4, the scan cathodes 50 are
      connected to a suitable, generally positive D.C. power source 220, and the
      display anodes 150 are coupled to the output of a data source 230. The
      data source 230 is considered to include, for example, a computer,
      suitable memories, encoders, decoders, and the like, the output of which
      is data signals which are coupled by way of leads 240 to each of the
      display anodes. The keep-alive cells are connected to a power source such
      that the cells are ionized continually at a relatively low level at which
      they generate excited particles. The reset cathodes 100 are connected to a
      reset cathode driver 250 for applying operating potential thereto. As
      described in the above-identified application, the scan-display cathodes
      110 are connected in groups, with, for example, every third cathode being
      connected in the same group, and each group is connected to a cathode
      driver 260. The corresponding groups of cathodes in the two portions of
      the panel are connected to the same driver, as shown. A synchronizing
      control circuit 270 is provided to synchronize the operation of the
      various circuit elements, as described below.
PAR  In operation, with the keep-alive cells energized and generating excited
      particles, operating potential is applied to the reset cathodes 100 and to
      all of the scan anodes 50, and both columns of reset cells are energized
      with the assistance of particles from the keep-alive cells and generate
      excited particles which are available to the adjacent first scan-display
      cathode 110 adjacent thereto. As each of the cathode drivers 260 is
      energized in turn, the columns of priming or scanning cells associated
      therewith in the two halves of the panel are energized and turn on. Thus,
      first, the columns of scanning cells adjacent to the two columns of reset
      cells are turned on, then the next two adjacent columns of scanning cells
      are turned on, and this operation is continued until the last cathode in
      each section of the panel is turned on, whereupon the reset driver is
      again operated to fire the two columns of reset cells and to initiate
      another scanning cycle. It is noted that the scanning operation is
      facilitated by the diffusion of excited particles through the slots 30
      from a fired column of cells to the next adjacent column which is to be
      fired. It is also to be noted that excited particles from the last column
      of scanning cells in the left-hand section of the panel diffuses through
      the upper and lower slots 30A to act as a keep-alive cell and provide
      excited particles for the adjacent reset cathode 100 of the second section
      of the panel.
PAR  Simultaneously with the firing of the columns of scanning cells,
      information signals are applied from the data source 230 to the display
      cathodes 110, and, where dictated by these signals, glow is transferred
      from selected scanning cells in each column to the associated display
      cells in each column. This scanning and display operation is carried out
      sequentially throughout the two portions of the panel simultaneously at
      such a rate that a changeable but apparently stationary message is
      displayed in the panel as a whole. Reference is again made to the
      above-identified application for a more detailed description of the
      operation of a SELF-SCAN panel.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A display panel comprising
PA1  a gas-filled envelope made up of a base plate and a face plate having a
      viewing window,
PA1  a plurality of first slots formed in the top inner surface of said base
      plate and extending along the length thereof,
PA1  a transverse slot formed in the top inner surface of said base plate at
      about its center to divide said base plate into left and right portions,
PA1  an insulating rod seated in said transverse slot,
PA1  an array of first electrodes seated in said first slots in said left
      portion of said base plate and a similar array of first electrodes seated
      in said first slots in said right portion of said base plate, the inner
      ends of said first electrodes extending out of said slots and being bent
      transversely in said transverse slot where they terminate, with the first
      electrodes in said left portion of said base plate being insulated from
      said first electrodes in said right portion of said base plate,
PA1  a plurality of second strip-like electrodes disposed in left and right
      groups on said base plate and overlying the left and right portions of
      said base plate, respectively, said second electrodes being oriented
      transverse to said first electrodes, each such second electrode having at
      least one hole aligned with one of said slots, each crossing of a first
      electrode and a second electrode defining a scanning cell, said scanning
      cells being arrayed in rows and columns,
PA1  a pair of apertured insulating plates comprising left and right plates
      seated on said second electrodes, with said left plate overlying the left
      portion of said base plate and said right plate overlying said right
      portion of said base plate, there being a space between said apertured
      plates, said space being generally aligned with said transverse slot in
      said base plate, the apertures in said plates being arrayed in rows and
      columns and comprising display cells, each display cell being vertically
      aligned with a scanning cell, and
PA1  a plurality of wire electrodes disposed on the top surface of said left
      apertured plate, each aligned with a row of said apertures therein, and a
      similar plurality of wire electrodes disposed on the top surface of said
      right apertured plate and each aligned with a row of said apertures
      therein.
NUM  2.
PAR  2. The panel defined in claim 1 wherein said first electrodes are flat
      strip electrodes oriented so that a thin edge of each electrode faces up
      toward said face plate.
NUM  3.
PAR  3. The panel defined in claim 1 wherein said first electrodes are scanning
      anodes, said second electrodes are scan-display cathodes, and said third
      electrodes are display anodes.
NUM  4.
PAR  4. The panel defined in claim 1 wherein said second electrodes are cathode
      electrodes and each group thereof includes a first, a last, and
      intermediate electrodes, and including a reset cathode electrode disposed
      adjacent to the first of the second cathode electrodes in each group
      thereof.
NUM  5.
PAR  5. The panel defined in claim 1 wherein said insulating rod in said
      transverse slot is disposed between the first electrodes associated with
      the left portion of the base plate and the first electrodes associated
      with the right portion of the base plate.
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ABST
PAL  A gas discharge panel in which the cathodes are placed in grooves and are
      connected to the bottom of the groove throughout their length by means of
      low softening-point glass enamel. The glass is preferrably devitrified
      (crystalline).
BSUM
PAR  The invention relates to a gas discharge panel consisting at least of an
      insulating base plate and a transparent insulating top plate, which plates
      each have a set of parallel conductors which are insulated from each other
      and which cross each other at an angle and between which at the crossings
      cavities are present in which the gas discharge can occur.
PAR  The invention relates in particular to a panel in which at least the
      electrodes destined to be cathodes are secured to the insulating plate at
      approximately 440.degree.C by means of a low melting type of glass such as
      the glaze commercially available as "Pyroceram".
PAR  A gas discharge panel is described in U.S. Pat. No. 3,837,958 in which the
      cathodes are secured to an insulating plate throughout their length by
      means of non-crystallizing glass enamel. The occurrence of discharges
      between the facing sides of the cathodes is avoided by using a readily
      meltable type of glass which forms a meniscus against the sides of the
      conductors. Therefore, it must be possible for this type of glass to
      become liquid.
PAR  A drawback is that the temperature at which such types of glass are
      sufficiently liquid to form a meniscus against the sides of the conductors
      is comparatively high, namely approximately 570.degree.C, so that the
      possibility exists that the conductors oxidize too considerably. This
      could be avoided by placing the panel during melting the glaze in a
      nitrogen atmosphere, as described in the U.S. Pat. 3,634,720, but such a
      method is complicated. Low-melting-point glazes, such as "Pyroceram",
      remain too thickly liquid to be able to form a meniscus. At least the
      electrodes which are destined to be cathodes are arranged in grooves and
      are secured to the insulating plate with glaze throughout their length,
      according to the invention, in a panel. As a result of this the occurrence
      of mutual discharges between the cathodes is avoided, while nevertheless
      the low melting "Pyroceram" may be used as a glaze since it is not
      necessary now to form a meniscus.
PAR  It is necessary to secure the cathodes in grooves throughout their length.
      If, as is stated for the anodes in the said U.S. Pat. Specification
      3,634,720, the cathodes would be secured in the grooves with glaze only at
      their ends, the discharge tends to creep between the conductor and the
      bottom of the groove so that the cleaning of the cathode surface during
      the testing period occurs irregularly and a large spreading in the
      operating and ignition voltage of the gas discharges occurs.
DRWD
PAR  The invention will be described in greater detail with reference to the
      accompanying drawing, of which:
PAR  FIG. 1 is a sectional view through a panel according to the invention,
      while
PAR  FIG. 2 is a sectional view through an insulating plate with cathodes
      according to the invention, and
PAR  FIG. 3 shows another embodiment thereof.
DETD
PAR  Reference numeral 1 in the drawing denotes an insulating base plate which
      consists of glass or a ceramic material or of an electrically oxidized
      aluminum plate. Like the plate 1, the top plate 2 which consists of a
      transparent material has grooves 8 in which conductors 4 and 5,
      respectively, are secured by means of a readily melting type of glass 6,
      such as the glass available commercially as "Pyroceram". This type of
      glass softens sufficiently already at 440.degree.C to adhere to the
      conductors 4 and 5 and to the bottom of the groove. Since said type of
      glass does not become thinly liquid, gaps remain on the sides of the
      conductors 4 (FIG. 2), as a result of which the cavities 7 of the
      intermediate plate 3 which is placed between the base plate 1 and the top
      plate 2, communicate with each other so that the cavities can be evacuated
      and filled with the desired gas.
PAR  In order to enable exchange of the anodes and cathodes, both the conductors
      4 and the conductors 5 are preferably secured to the bottom of the groove
      throughout their length by means of a layer of glaze 6. However, this is
      necessary only for the conductors 4 destined to be cathodes. The
      conductors 5 destined to be anodes might be connected in the grooves only
      at their ends, if desired, as is shown in FIG. 2 of the above-mentioned
      U.S. Pat. Specification No. 3,634,720.
PAR  If the grooves are deeper than is shown in the drawing, so that the surface
      of the conductors 4 and/or 5 lies below the surface of the insulating
      plate 1 and/or 2, the perforated intermediate plate 3 may be omitted which
      means a great simplification in the manufacture. This embodiment is
      particularly suitable for systems having two sets of electrodes. The
      cavities are then formed by the grooves 8 themselves.
PAR  Since according to the invention the low melting glass "Pyroceram" can be
      used without the drawback of discharge between the sides of the cathodes 4
      occurring, or the discharge occurs on the lower side of the cathodes, it
      is not necessary to perform the heating for melting the "Pyroceram" in a
      neutral gas atmosphere since, due to the comparatively low temperature,
      only a slight oxidation of the electrodes occurs which consist, for
      example, of chromium-nickel-iron having 5% by weight of chromium and equal
      quantities by weight of nickel and iron, which oxide layer is removed in a
      short time from the upper surface of the electrodes during the testing
      period. This is also due to the fact that the discharge can no longer take
      place between the electrodes and the bottom of the groove.
PAR  Although only a few embodiments are shown, panels may also have other
      constructions without departing from the scope of this invention. For
      example, it is possible to provide more than two sets of electrodes in the
      tubes or to divide the cathode into groups and to interconnect the
      cathodes of each group.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gas discharge panel comprising an insulating base plate and a
      transparent insulating top plate, a set of parallel conductors which are
      insulated from each other in each plate and which cross each other at an
      angle, said conductors being spaced at the crossings to define cavities
      which are filled with an ionizable gas in which a gas discharge can occur,
      the electrodes of one of said sets constituting cathodes being positioned
      in grooves and are secured to the insulating plate throughout their length
      by means of a low softening-point glass enamel.
NUM  2.
PAR  2. A gas discharge panel as claimed in claim 1, the sides of the conductors
      and the sidewalls of the grooves are separated by a gap.
NUM  3.
PAR  3. A gas discharge panel as claimed in claim 1 in which the glass enamel is
      devitrified.
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ABST
PAL  A laser device employs two concentric enclosures with rapid pre-heat
      elements located between the two enclosures. The device contains a vented
      bore tube, two electrodes, and a metal vapor source within the innermost
      of the two enclosures.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to metal-vapor laser discharge devices and
      more specifically to a discharge device having a rapid starting time and a
      low cost gas envelope.
PAR  Presently such laser devices are constructed with either a single or a
      double glass envelope as shown in my U.S. Pat. Nos. 3,683,295 and
      3,798,486 respectively. Since the metal vapor lasers operate at high
      temperatures, such as 250.degree. C. to 300.degree. C. for a He-Cd laser,
      the glass envelope must have high temperature resistivity and low gas
      permeativity. In addition to the high temperature limiting the type of
      envelope used, it also causes a substantial delay period while the device
      is warming up. Normally the heat given off by the vapor discharge is used
      to heat the device to operating temperature. However, warm up time with
      this means often requires in excess 30 minutes for the device to reach
      full power. In an attempt to solve the warm up problems, external heating
      means have been employed. However, drafts from the external environment
      would often cause the laser envelope to crack.
PAR  These envelopes have had the added disadvantage of being relatively
      uneconomical to manufacture since the intricate configuration necessitated
      the use of custom formed enclosures. To facilitate mass production, it is
      desireable to mount reflectors directly onto the ends of the outermost
      envelope. However, since this envelope remains at a high temperature
      during the laser operation, the envelope expands and the reflectors often
      become misaligned or detuned.
PAC  SUMMARY OF THE INVENTION
PAR  A metal vapor laser discharge device has an open ended bore tube mounted
      coaxially within a larger tube. The larger tube contains a source of
      metalic vapor and has one of two electrodes mounted near its opposite
      ends. A gas filled envelope encloses at least the portion of the larger
      tube which surrounds the bore tube.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the appended Drawings:
PAR  FIG. 1 shows an axial sectional view of one embodiment of the laser
      discharge device of the present invention.
PAR  FIG. 2 shows an axial sectional view of an alternate embodiment of the
      laser discharge device.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a laser discharge device, generally designated as 11,
      comprising a bore tube 10, of a high temperature resistive material such
      as quartz or high temperature resistive glass, having two open ends and a
      wall with a plurality of apertures 12 longitudinally spaced along the
      wall. The bore tube 10 is coaxially mounted within an open ended second
      tube 18, by means of a plug 16 and a plurality of grid elements 14, which
      are described in my U.S. Pat. No. 3,683,295. The second tube 18,
      preferably of high temperature resistive glass, includes a left end
      portion 33 and a right end portion 31 extending beyond the respective ends
      of the bore tube 10. The right end portion 31 contains a coaxial
      cylindrical cathode 32. A short tube 28 has a flange 29 at one end thereof
      which extends across and is bonded to the right end of the second tube 18.
      The short tube 28 is in alignment with the bore tube 10 and has a Brewster
      window 30 positioned over its other end. The left end portion 33 contains
      a source 37 of a metalic vapor such as cadmium. An internal neck 34 is
      within the left end portion 33 between the vapor source 37 and the left
      end of the second tube 18. One end of the neck 34 has a radially outwardly
      extending flange 36 engaging the interior surface of the second tube 18.
PAR  A first heating element 38, such as an electrical heating wire or tape, is
      wrapped around the second tube 18 in the proximity of the vapor source 37.
      A second heating element 40, similar to the first element 38, is wrapped
      around the second tube 18 along the portion of the second tube which
      surrounds the bore tube 10. An exterior envelope 26, filled with a gas
      such as helium, encloses the second tube 18 and both heating elements 38
      and 40. Both of the electrical heater elements 38 and 40 are connected to
      an external power supply by means of several leads (not shown) which
      extend through the envelope 26. The envelope 26 comprises an open ended
      glass exterior tube 20, coaxially surrounding the second tube 18. A first
      metal end cap 22 extends across and is bonded to one end of the exterior
      tube 20. A second metal end cap 24 extends across and is bonded to the
      other end of the exterior tube 20. The first metal end cap 22 also engages
      the left end of the second tube 18 and has an aperture 44 therethrough
      which is aligned with the bore tube 10. A spherical mirror 42 is mounted
      on the first metal end cap 22 over the aperture 44. The second metal end
      cap 24 has an aperture 46, aligned with the bore tube 10, over which a
      mirror 48 is mounted. An insulator 52, such as glass wool, is between the
      heating elements 38 and 40 and the envelope 26 to provide thermal
      insulation.
PAR  When starting the operation of the laser, a given voltage is applied across
      the cathode 32 and the first metal end cap 22, which serves as an anode.
      This voltage establishes an electric field between the anode and the
      cathode causing a vapor discharge in the bore tube 10 due to the
      excitation of the gas and the metal vapor. The grid elements 14 and the
      plug 16 prevent vapor discharge between the bore tube 10 and the second
      tube 18, as described in my U.S. Pat. No. 3,683,295. The first and second
      heater elements, 38 and 40 respectively, are also activated. The second
      heater element 40 is employed to quickly heat interior of the second tube
      18 to the required operating temperature. Once this temperature is
      reached, the second heater element 40 is deactivated and the first heater
      element 38 remains activated to heat the vapor source 37. The heat from
      the vapor discharge maintains the operating temperature within the device.
PAR  The double enclosure of the bore tube 10 by the second tube 18 and the
      envelope 26 eliminates the need to use expensive low permeative glass
      since the envelope 26 remains at a relatively low temperature where gas
      permeation is minimal. The envelope 26 also protects the second tube 18
      from cracking due to air drafts during the rapid heating with the second
      heater element 40. The embodiment in FIG. 1 also is econimcal since it
      uses commercially available glass tubing rather than expensive custom
      glass envelopes.
PAR  An alternate embodiment is shown in FIG. 2 wherein a laser device 61
      comprises a bore tube 60, a plurality of grid elements 62 and a plug 64
      mounted within a second tube 66 in the same relationship as in the laser
      device 11 shown in FIG. 1. The second tube 66 has an end wall 69 from
      which a smaller tubular neck 68 outwardly extends in alignment with the
      bore tube 60. A mirror 72 is positioned over the free end of the neck 68.
      Protruding through the wall of the neck 68 is a pin shaped anode 70. A
      first heater element 78 is wrapped about the second tube 66 in the
      proximity of a source 82 of a metallic vapor such as cadmium. The vapor
      source 82 is located within the second tube 66 near the end wall 69. A
      second heater element 80 is wrapped around the portion of the second tube
      66 which surrounds the bore tube 60. Attached to the exterior of the
      second tube 66, close to but spaced from the end wall 69, is a metal ring
      74 encircling the second tube 66.
PAR  A metalic container 76, in the shape of a hollow cylinder, forms an
      envelope enclosing a substantial portion of the second tube 66. The
      metalic container 76 has one open end which is welded to the ring 74. The
      other end of the metalic container is closed and extends across the free
      end of the second tube 66, thereby enclosing both the heater elements 78
      and 80. Both of the heater elements 78 and 80 are connected to a power
      supply by means of several leads (not shown) extending through the ring
      74. The closed end of the metalic container 76 has an aperture 84
      therethrough, which is aligned with bore tube 60. A spherical mirror 86 is
      attached over the aperture 84. The metalic container 76 also serves as a
      cathode during laser operation. An insulator 88 is between the heating
      elements 78 and 80, and the container 76, thermally insulating the
      container. The operation of the laser device 61 in FIG. 2 is the same as
      that of the laser device 11 in FIG. 1 except that the operating voltage in
      the laser device 61 of FIG. 2 is applied across the anode 70 and the
      metalic container 76.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A metal vapor laser discharge device which is responsive to a given
      operating voltage applied thereto for producing a discharge therein, said
      device comprising:
PA1  a longitudinal bore tube having open ends;
PA1  a second tube coaxially surrounding said bore tube and extending over at
      least the full length of said bore tube, said second tube comprising a
      hollow cylindrical portion coaxially surrounding said bore tube, a
      transverse end wall at one end of said cylindrical portion, and a tubular
      neck extending outwardly from said end wall;
PA1  means for preventing vapor discharge in a region between said bore tube and
      said second tube;
PA1  a metalic vapor source within said second tube;
PA1  two electrodes positioned near opposite ends of said bore tube; and
PA1  a gas filled envelope enclosing at least the portion of said second tube
      surrounding said bore tube, the one end of the cylindrical portion
      extending outside said envelope.
NUM  2.
PAR  2. The device as in claim 1 wherein said envelope comprises a hollow metal
      cylinder, said cylinder has one open end attached to the cylindrical
      portion of the second tube near the transverse wall, the other end of the
      cylinder is closed and extends across the other end of said cylindrical
      portion of the second tube.
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ABST
PAL  The invention relates to a normal incandescent lamp having a coiled
      filament throughout its length, whose secondary winding in a turn near the
      ends of the filament secured to the current supply wires exhibits a larger
      pitch than the winding of the central part of the filament.
BSUM
PAR  The invention relates to a normal incandescent lamp which comprises a
      coiled coil filament which is arranged in a lamp envelope and whose end
      portions are each secured to a current supply wire. Such a normal
      incandescent lamp is known.
PAR  It is known in incandescent lamp technology that the life of an
      incandescent lamp is also determined by the number of filament turns which
      effectively contribute to the luminous efficiency of the incandescent
      lamp. It is therefore necessary that the number of effective turns after
      assembly of the filament to the current supply wires be equal to the
      prescribed number. For that purpose the distance between the ends of the
      current supply wires to which the filament is secured should be adjusted
      with great accuracy. Distance is to be understood to mean herein the
      distance measured along the filament.
PAR  When, however, a filament which is helically wound with a continuous pitch
      throughout its length is used, said requirement of accuracy is very high
      because in the type of filament conventionally used in normal incandescent
      lamps, the quantity of filament wire per unit of length of the filament is
      large, also near the places where the filament is secured to the current
      supply wires. For example, such a filament for a normal incandescent lamp
      of 60 Watt and 220/230 Volt comprises approximately 28 mm of filament wire
      per mm of length of filament, and such a filament for a normal
      incandescent lamp of 60 Watt and 110 Volt comprises approximately 36 mm of
      filament wire per mm of length of filament. In a mechanized manufacture of
      normal incandescent lamps having a filament which is wound helically
      throughout its length with a continuous pitch it therefore appears that
      the filament of many lamps does not comprise the required number of
      effective turns.
PAR  In order to obtain the desired reproducibility of the number of effective
      turns in the manufacture, a coiled coil filament is therefore frequently
      used nowadays, which filament comprises two singular coiled stretched end
      portions which are secured to the current supply wires. The quantity of
      filament wire per unit of length in the stretched end portions is
      approximately one-fifth of the quantity of filament wire per unit of
      length in the coiled coil part. As a result of this the influence of a
      deviation in the prescribed distance between the current supply wires is
      smaller than in the above-mentioned type of filament.
PAR  The connection of the filament to the current supply wire is a clamping
      connection, the end of the current supply wire opening into the lamp
      vessel being bent while clamping one of these stretched end portions.
      Because, however, the end portions are formed from only a single-coiled
      wire, said end portions are very thin so that such an end portion can
      easily work loose from the clamping, which results inter alia in a reject
      in the production. In order to avoid said working loose, the bent end of
      the current supply wire is usually flattened.
PAR  Although a filament which comprises stretched end portions and has the
      correct number of secondary windings can be manufactured by using a
      suitable winding machine, a drawback is, however, that during the
      manufacture of the stretched end portions the winding head of such a
      machine should each time stop in a prescribed position while the winding
      mandril is moved. As a result of said regular stopping of the winding head
      the production speed is rather low.
PAR  It is the object of the invention to provide a normal incandescent lamp in
      the manufacture of which this drawback does not occur.
PAR  Therefore, according to the invention, the normal incandescent lamp which
      comprises a coiled coil filament which is arranged in a lamp envelope and
      whose end portions are each secured to a current supply wire is
      characterized in that in each of the zones of the filament adjoining said
      end portions at least one turn occurs in the secondary winding thereof
      whose pitch is larger than the pitch of the secondary winding in the
      central part of the filament present between said zones.
PAR  In the operating condition of said incandescent lamp, the filament at the
      area of the turn having the larger pitch exhibits a large temperature
      gradient so that only the turns of the central part of the filament
      contribute effectively to the luminous efficiency of the lamp. The end
      portions secured to the current supply wire are formed from a coiled coil
      wire and have a diameter which is equal to the diameter of the central
      part of the filament. As a result of this, the possibility of an end
      portion working loose from the bent end of the current supply wire is very
      small. Therefore, the bent end of the current supply wire in the normal
      incandescent lamp according to the invention need not be flat.
PAR  Because a turn in the said zones comprises less filament wire than a turn
      in the central part of the filament, a deviation of the prescribed
      distance between the current supply wires in the normal incandescent lamp
      according to the invention has a smaller influence on the life of the lamp
      than is the case with a filament having a pitch which is the same
      throughout its length.
PAR  Upon winding the filament used in the normal incandescent lamp according to
      the invention, the winding having the larger pitch can suitably be carried
      out in three manners:
PAR  1. By temporarily braking the winding head of the winding machine to a
      lower speed, the transit rate of the winding mandril being maintained
      constant.
PAR  2. By temporarily increasing the transit rate of the winding mandril with
      the speed of the winding head remaining the same.
PAR  3. By using an auxiliary finger which is temporarily held between the
      turns. Combinations of these methods are also possible.
PAR  So the winding head need not be braked to the stationary position.
PAR  A favourable embodiment of the normal incandescent lamp according to the
      invention is characterized in that the pitch of the secondary winding of
      each of the end portions of the filament is smaller than or equal to the
      pitch of the secondary winding in the adjacent zone and is larger than or
      equal to the pitch of the secondary winding of the central part of the
      filament. According as the pitch of the secondary winding of the end
      portions is larger, a higher production rate can be achieved but on the
      other hand, according as said pitch is smaller, the quantity of wire
      material clamped in the bent end of the current supply wire will be larger
      so that the quality of the connection of the filament to the current
      supply wires is better.
PAR  A further favourable embodiment of the normal incandescent lamp according
      to the invention is characterized in that the pitch of the secondary
      winding in the zones adjoining the end portions is at least 2 times but at
      most 4 times as large as the pitch of the secondary winding in the central
      part of the filament. It has been found that, when the value of the pitch
      of the secondary winding in said zones is chosen to be between said
      values, a good marking is formed between the winding of the central part
      contributing effectively to the luminous efficiency and the end portions.
DRWD
PAR  The invention will be described in greater detail with reference to the
      drawing, in which
PAR  FIG. 1 shows an embodiment of the normal incandescent lamp according to the
      invention,
PAR  FIG. 2 shows a detail of FIG. 1 on an enlarged scale, and
PAR  FIG. 3 shows a detail of a filament which occurs in another embodiment of
      the normal incandescent lamp according to the invention.
DETD
PAR  As shown in FIG. 1, the normal incandescent lamp comprises a lamp envelope
      1 and a lamp cap 2 which comprises a screw cap 3. A stem 4 having a bead 5
      is present in the lamp envelope. In said bead 5 are secured current supply
      wires 6 and 7 and three supporting wires 8, 9 and 10. The free ends of the
      supporting wires have eyelets in which the coiled coil filament 11 is
      supported. The end portions 12 and 13 of the filament 11 are clamped in
      the bent ends 14 and 15 of the current supply wires 6 and 7, respectively.
PAR  The encircled part in FIG. 1 is shown on an enlarged scale in FIG. 2. The
      filament 11 of which only the secondary winding is shown consists in this
      embodiment of a central part 16 having a pitch of 224 .mu., two end
      portions 12 and 13 also having a pitch of 224 .mu. and two turns 20 having
      a pitch of 600 .mu.. Each turn 20 lies in a zone of the filament which
      adjoins an end portion. It will be understood that the term "turn" as used
      herein relates to a 180.degree. turn of a helix. The pitch of the
      secondary winding in the end portions 12 and 13 in this embodiment is thus
      equal to the pitch of the secondary winding in the central part 16.
PAR  The filament of the detail shown in FIG. 3 comprises a central portion 21
      having a pitch of 224 .mu. bounded by a turn 22 and an end portion 23 each
      having a pitch of 450 .mu.. The end portion 23 is clamped in the flattened
      bent end 24 of the current supply wire 25. So the pitch of the end portion
      23 is equal to the pitch of the turn 22.
PAR  During operation of the normal incandescent lamp according to the
      invention, the temperature gradient over the turns 20 and 22,
      respectively, is large. Only the central portions 16 and 21, respectively,
      of the filament emit light, the end portions 12 and 13 and 23,
      respectively, have a lower temperature and emit no light. The number of
      turns contributing effectively to the luminous efficiency can be realized
      with great accuracy during winding the filament, while the connection of
      the filament to the current supply wires is rigid in this normal
      incandescent lamp.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An incandescent lamp which comprises a coiled coil filament disposed in
      a lamp envelope, said coiled coil having end portions, a central portion
      intermediate said end portions and first axial portions intermediate said
      central portion and each end portion, a first current supply wire,
      engaging one end portion of said filament and a second current supply wire
      engaging the other end portion of said filament, said first axial portions
      having at least one turn with a pitch larger than the pitch of said
      central portion, said central portion having substantially higher
      temperature during operation than said first axial portions and emitting
      substantially all of the light from said filament.
NUM  2.
PAR  2. An incandescent lamp as claimed in claim 1, wherein the pitch of said
      end portions is no larger than said first axial portions and no smaller
      than the pitch of the central portion.
NUM  3.
PAR  3. A normal incandescent lamp as claimed in claim 2, wherein the pitch of
      the winding in the first axial portions is at least 2 times and at most 4
      times as large as the pitch of the winding in said central portion of the
      filament.
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ABST
PAL  A multipiece reinforcing ring for a color television picture tube shadow
      mask. A plurality of elongated pieces are rigidly connected at their end
      portions to form a rectangular back ring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is directed towards a shadow mask back ring structure for use
      in color television picture tubes.
PAR  2. Description of the Prior Art
PAR  A shadow mask is an apertured, curved conductive member, which operates as
      the electron beam limiting electrode in a color television picture tube.
      An example of the typical shadow mask structure is seen in U.S. Pat. No.
      3,639,799. The shadow mask typically has a curved aperture face portion
      surrounded by a solid skirt portion which is bent in a direction normal to
      the face portion of the shadow mask. This type of mask is typically formed
      of relatively thin metal to minimize the weight of the structure, and also
      to minimize thermal effects. It has been the practice to utilize a
      relatively thicker unitary metal reinforcing ring which is rigidly affixed
      to the back end of the mask shirt portion to strengthen and stabilize the
      shadow mask. It has been found necessary to use a unitary reinforcing ring
      to achieve the desired strength, and to avoid distortion due to
      nonsymmetrical thermal heating.
PAR  In preparing such a unitary reinforcing ring, it has been the practice to
      stamp such rings from large metallic sheets. This structure and
      fabricating process results in significant scrap losses, and thus is an
      expensive, high waste production process.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found possible to fabricate a generally rectangular reinforced
      shadow mask which has a generally rectangular planar back ring formed of a
      plurality of elongated pieces. The pieces are rigidly connected at their
      end portions to form the rectangular back ring. The number of pieces and
      the locus of connection between the pieces is symmetrical relative to the
      four corners of the rectangular back ring formed thereby.
PAR  The rectangular back ring is preferably formed of four pieces which are
      overlapped at the corners of the rectangle which is formed thereby. The
      overlapped portions are spot welded together.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a rear elevational view of the reinforced shadow mask of the
      present invention;
PAR  FIG. 2 is a top view of an embodiment of the reinforced shadow mask of the
      present invention;
PAR  FIG. 3 is a sectional view taken through a corner of the reinforcing ring
      along line III--III of FIG. 1, to show the overlapped structure;
PAR  FIG. 4 is a rear elevational view of an alternative embodiment for a
      reinforcing ring for the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the exemplary embodiments seen in the drawings, the shadow mask 10 is
      seen in FIG. 1, in the direction of electron beam movement, or from the
      back side of the mask. The shadow mask 10 comprises an apertured face
      portion 12, surrounded by a solid skirt portion 14 as seen in FIG. 2 which
      is continued and deformed at an angle normal to the face portion 12. The
      terminal end of the solid skirt is formed into a planar attachment flange
      16 which is in turn at an angle normal to the skirt 14. A multipiece
      reinforcing back ring 18 is attached to the attachment flange 16,
      preferably by spot welding. A plurality of reinforcing ribs 15 may be
      formed in the skirt 14.
PAR  The reinforcing back ring 18 is formed of a plurality of individual pieces
      cut to length. The back ring 18 is rectangular as is the standard showdow
      mask, and preferably is formed of four pieces, two short side pieces 20,
      22, and two long side pieces 24, 26. These pieces are formed into the
      desired rectangular arrangement with an area of overlap at each of the
      corner portions of the rectangle. It is important that the overlap
      portions of the side pieces 20, 22, 24, 26, which are connected together
      by symmetrical relative to the four corners of the rectangular back ring.
      This is to prevent thermal distortion of the mask and the back ring during
      operation of the color picture tube in which the mask is disposed. The
      mask is thermally heated during tube operation due to electron
      bombardment, and any mask distortion will produce beam misregister with
      the phosphor display areas.
PAR  The elongated pieces 20, 22, 24, 26 from which the back ring 18 is formed
      are cut to length from strip metal of the proper width, thus essentially
      eliminating scrap costs.
PAR  The shadow mask 10 is formed of a unitary sheet of metal about six
      thousandths of an inch thick. The elongated pieces which form the back
      ring 18 are preferably about forty thousandths of an inch thick. The
      thickness of these metal members may be varied, but it is preferred that
      the back ring be formed of heavier gauge material which is about seven
      times as thick as the shadow mask itself.
PAR  The extending ends of the short sides, 20, 22 and long sides 24, 26 overlap
      at the corners of the rectangle formed thereby, with a small portion of
      the short and long sides extending beyond the diagonal of the rectangle.
      As seen in FIG. 3, the short side end 28 is deformed to permit the overlap
      connection of the pieces, and to maintain the planar configuration on the
      back ring side which is mated with the planar attachment flange 16 of the
      shadow mask.
PAR  The short side end 28 comprises, a bend portion 30 which is angled away
      from the planar mating side of the back ring, and a planar end portion 32
      which is in a plane parallel to the main back ring plane. The bend portion
      30 is dimensioned to permit the long side 24 to be disposed in coplanar
      relationship with the short side 20, and more particularly with the back
      ring side facing the attachment flange 16 being planar.
PAR  The back ring pieces are spot welded at the overlap, and then the inner
      edge 34 of back ring 18 is flared upward as seen in FIGS. 1 and 2 as a
      shielding flange, as is conventional.
PAR  In the embodiment seen in FIG. 4, the back ring 36 is formed of two
      identical U-shaped pieces 38, 40, which are joined together to form the
      rectangular back ring 36. The extending ends of the pieces 38, 40 overlap
      here at the mid-point of the short side of the rectangular back ring in
      the same manner as shown in FIG. 3 to present a planar side of back ring
      36 for welding to the attachment flange of the shadow mask 10.
PAR  The overlap connection of pieces 38, 40 is at points which are symmetrical
      with respect to the four corners of the rectangular back ring to again
      minimize any thermal distortion.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A generally rectangular reinforced shadow mask for a color television
      picture tube comprising a thin metal sheet having a front section with a
      curved apertured transmission area, an imperforate margin area around the
      apertured transmission area, a further imperforate skirt portion bent back
      orthogonal to the margin area, the terminal portion of the skirt portion
      bent inwardly forming an attachment flange, and a generally planar
      rectangular back ring attached in surface supporting relationship to the
      flange, the improvement wherein the generally planar rectangular back ring
      is formed of a plurality of elongated pieces which are rigidly connected
      at their end portions to form the rectangular back ring, the overlap
      connection between pieces is made by providing an elbow like end portion
      on one end of each piece extending first from the plane of the piece and
      then generally parallel to the plane of the piece, with the dimension
      between the parallel planes being approximately equal to the piece
      thickness, the other end of each piece is planar and is disposed against
      the generally parallel portion of the elbow like end portion, with the
      number of pieces and the locus of connections symmetrical relative to the
      four corners of the rectangular back ring formed thereby, and wherein the
      overlapped pieces are spot welded together at the overlap where the planar
      end of one piece is disposed against the generally parallel portion of the
      elbow like end portion.
NUM  2.
PAR  2. The shadow mask specified in claim 1, wherein the generally planar
      rectangular back ring is formed of four overlapped pieces, which are
      overlapped at the corners of the rectangle.
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ABST
PAL  There is disclosed a multicolor monolithic light display comprising a pair
      of matrices of light emitting diodes in an integral structure which pair
      of matrices are alternately or simultaneously scannable to produce a red,
      green or orange display. One matrix includes a plurality of gallium
      arsenide phosphide (GaAs.sub.X P.sub.1.sub.-X) red light emitting diodes
      while the other matrix includes gallium phosphide green light emitting
      diodes. The light emitting diodes are arranged in a geometric pattern of
      columns and rows with the first matrix interposed with the second matrix
      so that an alphanumeric character produced by one matrix will appear at
      almost the same physical location as a character of the alternate color.
      Row and column address lines are provided for each matrix so that a
      strobing format logic address system can affect lighting of the individual
      diodes for producing an alphanumeric character or graphic display in
      either one color or the other or if both matrices are addressed
      simultaneously in a combined color. There are also disclosed alternate
      methods of manufacturing the foregoing multicolor display.
PARN
PAR  This is a continuation, of application Ser. No. 230,923, filed Feb. 29,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to alphanumeric displays and more particularly to a
      multicolor alphanumeric display. Still more particularly the invention is
      related to a multicolor monolithic light emitting diode display which is
      scannably addressable to produce characters in alternative or simultaneous
      colors.
PAR  As pointed out in the co-pending application of Michael G. Coleman and John
      A. Keil, Ser. No. 198,221 filed Nov. 12, 1971, and assigned to the present
      assignee, visual readout devices such as alphanumeric displays, are
      utilized for many purposes such as computer readouts, process control
      instrumentation, aircraft and automotive instrument panels and various
      other indicators such as clocks and gauges. In many of these uses it would
      be desirable if the display could operate in a differential color mode so
      as to provide an additional indicator of the meaning of the information.
      For example, a direct reading altimeter for an aircraft might be
      programmed so that altitudes below a certain height might appear in a
      distinctive color to further warn the pilot of the position of the
      aircraft. Also, since the multicolor basically can occupy the same panel
      space as a single color display two distinct types of information may be
      displayed in the same panel space by the use of one color to indicate one
      type of information and another color to indicate still another type of
      information. Thus, a multicolor display can occupy less space and provide
      additional functions not presently available from standard display
      devices.
PAR  The practical realization of the matrix display of this type requires
      precision photolithography as developed for semiconductor integrated
      circuits and silicon material by planar processing. While the
      aforementioned patent application results in a useful multicolor display,
      it does require the use of liquid epitaxy process to grow efficient red
      light emitting gallium phosphide (Zn-O) diodes. Liquid epitaxial processes
      do not readily produce a precision, flat epitaxial growth. Thus, it is
      preferred to utilize with the accordance of the invention an alternative
      material, gallium arsenide phosphide, for the red emitting diodes which
      material can be grown by a vapor epitaxial process. Further, in any matrix
      display which is directly addressable from logic and which has no
      intrinsic memory in the display itself the total display must be scanned
      faster than the eye responds.
PAR  Obviously if there are several thousand elements in the display then the
      time in which current flows through a given segment is short to obtain
      reasonable brightness and extremely high current level must be passed
      through the segment during this short address time. If this type of time
      sharing is to be successful in large displays it is essential that the
      light output be proportional to the current so that the pulse brightness
      during the short address time is usefully high. Red light emitting gallium
      phosphide (Zn-O) suffers from the defect that it saturates at modest
      current level. Thus, it is desirable again to use the gallium arsenide
      phosphide as the red emitting material because this material has a
      characteristic wherein the brightness is proportional to current up to
      very high current levels.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide an improved multicolor
      display device wherein gallium arsenide phosphide is utilized for the red
      emitting diodes.
PAR  A further object of the invention is to provide a method of manufacturing
      the aforementioned monolithic light emitting diode display device.
PAR  In accordance with the aforementioned objects there is provided a
      multicolor light display comprising a first matrix of gallium phosphide
      light emitting diodes and a second matrix of gallium arsenide phosphide
      light emitting diodes each of said matrices being arranged in columns and
      rows in an epitaxially graded monolithic structure.
DRWD
PAC  THE DRAWINGS
PAR  Further objects and advantages of the invention will be obvious to one
      skilled in the art from the following complete description thereof and
      from the drawings wherein:
PAR  FIG. 1 is a plan view of a multicolor monolithic light emitting diode
      display device in accordance with the preferred embodiment of the
      invention depicted herein somewhat schematically;
PAR  FIG. 2 is an isometric view of a portion of the device of FIG. 1 in partial
      cross section.
PAR  FIG. 3 is a partial cross section depicting a monolithic structure in
      accordance with the embodiment of the invention and
PAR  FIG. 4 is another partial cross section of another embodiment of the
      monolithic structure.
DETD
PAC  DETAILED DESCRIPTION
PAR  In accordance with the preferred embodiment of the invention there is shown
      in FIG. 1 the multicolor light emitting diode array comprising a
      monolithic semiconductor support structure 20 containing a plurality of
      green light emitting diodes 21 and a second plurality of red light
      emitting diodes 22 in a pair of geometric matrices of rows and columns.
      The green light emitting diodes 21 are addressed by row address lines 23
      and column address lines 24. A red light emitting diode 22 is addressed by
      row address lines 25 and column address lines 26. As shown, each matrix
      has a row of six diodes and a column containing eleven diodes making a
      total of 66 light emitting diodes in each matrix. Through the address
      lines 23, 24, 25 and 26, a suitable strobing or scanning type logic can
      individually address any of the light emitting diodes to cause each to
      emit light in a suitable alphanumeric pattern in either or both colors. In
      the preferred embodiment of the invention the column lines 24 and 26 are
      connected to a single diffused conductive tunnel which simplifies the
      interconnection pattern. However, if desired the metalization may take a
      more conventional two-layer metalization pattern.
PAR  The display is shown in greater detail in FIG. 2 wherein the substrate 20
      has thereon a plurality of mesas 27 of N type gallium phosphide.
      Diffusions 28 of zinc or cadmium doping material form PN junctions 29 in
      each of the mesas 27. A highly conductive channel or tunnel 30 underlies
      the mesa and connects with the column address line 24 to define the
      cathode contact. The conductive channel 30 is highly doped with either
      tellurium, sulphur or selenium. Anode contact for each of the green light
      emitting diodes 21 is obtained through metalization stripes 31 overlying
      the dielectric layer 32 which covers the substrate 20 in mesas 27. The
      stripes 31 connect to the row address lines 23. The metalization stripes
      31 make contact to the anodes through suitable windows as is well known.
PAR  The matrix of red light emitting diodes 22 is interspersed between the
      mesas 27 by the formation of diffusions 33 of zinc or cadmium doping to
      form PN junctions 34 in the surface region of the body of the substrate
      20. The anodes of the light emitting diodes 22 are contacted by suitable
      metalization stripes 35 which form the row contact connections to the row
      address line 25 and the column address lines 26 can contact the cathodes
      of the diodes 22 through the conductive channel 30. Obviously if the
      resistivity of the channel 30 is too high for proper addressing, a second
      layer of metalization can be formed on top of the substrate and mesas to
      form column connection stripes.
PAR  The graded material structure of the monolithic array in accordance with
      the preferred embodiment of the invention is depicted in FIG. 3 and is
      schematically represented showing a starting substrate 201 of gallium
      arsenide which may be doped to give it an N conductivity. By suitable
      vapor deposition techniques an epitaxial layer graded in composition from
      100% gallium arsenide to a final composition of about 60% gallium arsenide
      (GaAs.sub..6 P.sub..4) is grown thereon from a source of gallium arsenic
      and phosphorus. During the vapor epitaxial process an increasing amount of
      phosphine bas is introduced in the process to grade the layer 202 until
      GaAs.sub..6 P.sub..4 is attained. Epitaxial deposition is then continued
      to form a coherent uniform layer 203 of GaAs.sub..6 P.sub..4, preferably,
      N doped with tellurium, sulphur or selenium to form the N regions for the
      red light emitting diodes. The wafer is the removed from the epitaxial
      chamber and the diffusion forming the channels 30 may then be formed by
      suitable photolithographic techniques. A mask defining what will be the
      mesa regions 27 is then placed over the wafer and following which
      epitaxial grading from GaAs.sub..6 P.sub..4 continues to form the layer
      204 which grades to gallium phosphide by eliminating arsenic from the
      vapor deposition sourcing material. A uniform layer of gallium phosphide
      suitably doped with tellurium, selenium, or sulphur is then deposited to
      form the N conductivity region of the green light emitting diodes. It will
      be apparent that the graded gallium arsenide phosphide layer 204 and
      gallium phosphide layer 205 may be made uniform across the entire wafer
      and the mesas formed by etching techniques thereafter.
PAR  An alternative process for graded growth of gallium phosphide and
      GaAs.sub..6 P.sub..4 structure necessary for producing the multicolor
      display is schematically depicted in FIG. 4 wherein the starting substrate
      211 is gallium phosphide upon which a layer 212 of N doped gallium
      phosphide is epitaxially produced. Following suitable masking a graded
      layer 213 of GaAs.sub..6 P.sub..4 is grown to form mesas and a coherent
      uniform layer 214 of GaAs.sub..6 P.sub..4 doped to provide suitable N
      conductivity is grown thereon to form suitable mesas. In accordance with
      the alternative embodiment it will be apparent that the red light emitting
      diodes 22 will then be produced in the mesa regions while the green light
      emitting diodes 21 will be produced in the gallium phosphide layer 212 by
      suitable P diffusions.
PAR  While it has been assumed in the foregoing, that either gallium arsenide or
      gallium phosphide wafers have been utilized as the starting material it
      will be apparent to one skilled in the art that silicon or germanium
      wafers may be utilized and epitaxial layers of gallium arsenide or gallium
      phosphide deposited thereon followed by the aforementioned graded
      deposition and mesa growing steps to produce the necessary structure. It
      will also be not that the GaAs.sub.X P.sub.1-X may be GaAs.sub.0.2
      P.sub.0.8 to emit yellow light. Within the above mentioned disclosure it
      will be appreciated that suitable further modifications may be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multicolor monolithic light display comprising at least a first matrix
      of gallium phosphide light emitting diodes and a second matrix of
      GaAs.sub.X P.sub.1-X light emitting diodes in an integral structure which
      matrices are scannable to produce a display in a first or a second color,
      the light emitting diodes being arranged in a geometric pattern of columns
      and rows with the first matrix interspersed with the second matrix and
      each of said diodes having a junction exposed at the top surface of said
      structure, and column and line address means arranged about the periphery
      of the display, said means including pairs of spaced parallel
      metallization stripes extending between said diodes, each of said pairs of
      metallization stripes having contact means extending in opposite
      directions to contact one of said matrices.
NUM  2.
PAR  2. A display as recited in claim 1 wherein one of said matrices is formed
      in a matrix of mesas and the other of said matrices is formed in the
      spaces below and between said mesas.
NUM  3.
PAR  3. A display as recited in claim 2 wherein said mesas are contacted by a
      conductive tunnel underlying said mesas.
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ABST
PAL  In a velocity modulation tube comprising a floating prebuncher and at least
      one final prebuncher, frequencies of respective fundamental modes of
      resonance of the input cavity, the floating prebuncher, and the final
      buncher are adjusted to the lowest frequency of the passband of the tube,
      adjacent to the highest frequency of the passband, and higher than the
      highest frequency, respectively. Furthermore, the Q-value of the floating
      prebuncher is made equal to or lower than that of the input cavity.
      Naturally, the output cavity has its fundamental mode of resonance
      approximately at the center of the passband.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part application of our copending patent
      application Ser. No. 408,186 filed Oct. 19, 1973, now abandoned claiming
      the Convention Priority based on a patent application No. 106,800/72 filed
      Oct. 25, 1972, in Japan.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a velocity modulation tube comprising a plurality
      of intermediate or floating resonators and short drift spaces. The
      floating resonator of a velocity modulation tube is defined as a resonator
      which is placed intermediate the input and the output resonators and which
      has neither a source of energy external to the tube nor a load external to
      the tube for utilizing the output power of the resonator. This, however,
      does not preclude a circuit element coupled to the resonator solely for
      effecting certain characteristics of the resonator.
PAR  In connection with a velocity modulation tube, it should be noted here that
      the interaction gap associated with a resonator contributes to the
      interaction between the electron beam produced in the tube and the
      electromagnetic field induced in the resonator and that the drift space
      interposed between two adjacent interaction gaps contributes to bunching
      of the velocity modulated electron beam. The length of a drift space is
      generally expressed by the normalized length in terms of the reduced
      plasma angle given by .omega..sub.q 1/u.sub.o, where .omega..sub.q
      represents the reduced plasma angular velocity, u.sub.o represents the
      D.C. beam speed, and 1 represents the physical distance between the middle
      points of the interaction gaps placed at both ends of the drift space. For
      brevity, the phrase "in terms of the reduced plasma angle" will be omitted
      in the following where possible. In addition, a drift space located
      immediately downstream of the interaction gap associated with a resonator
      will merely be referred to as a drift space located or placed immediately
      downstream of the resonator where intelligible. The words "upstream" and
      "downstream" refer to the macroscopic flow of the electron bean.
PAR  In a multi-cavity velocity modulation tube, it is usual to select various
      frequencies for the fundamental modes of resonance of the resonators in
      order to improve the gain-to-frequency characteristics of the tube. Thus,
      it has been conventional to tune the input resonator to the center
      frequency of the operating passband of the tube or to a somewhat higher
      frequency and to tune a floating prebuncher placed immediately downstream
      of the input resonator to a frequency lower than the center frequency.
      Consequently, the voltage induced across the gap of the floating
      prebuncher in the adjacency of the center frequency is nearly in phase
      opposition to the voltage produced across the gap of the input resonator
      to debunch the once bunched electron beam. If the drift space placed
      immediately downstream of the floating prebuncher is shorter than
      60.degree., there is no room for the debunched electron beam to again
      become bunched. This prevents the electrons from being desirably bunched
      at the gap of the output resonator to result in a defect of limited
      conversion efficiency of the tube.
PAR  In order to raise the conversion efficiency of velocity modulation tubes,
      it has been proposed by Erling L. Lien in his U.S. Pat. No. 3,622,834 to
      use between a floating prebuncher and a final prebuncher placed next
      downstream of the floating prebuncher a lengthy drift space whose
      normalized length is between 90.degree. and 150.degree. , preferably
      120.degree.. The tube, however, is difficult to handle due to its abnormal
      length and renders a UHF television transmitter bulky. In addition, the
      operable or tunable frequency range of the tube is narrow and restricted
      because use is made of the second harmonic space charge force and because
      the long drift sapce must be about 120.degree. long at the operating
      frequency.
PAR  On the other hand, a velocity modulation tube comprising drift spaces whose
      normalized lengths are only 90.degree. or less is revealed in U.S. Pat.
      No. 3,819,977 issued to Takao Kageyama, one of the present joint
      applicants, wherein the drift space disposed immediately downstream of the
      floating prebuncher is made longer than other drift spaces but not longer
      than 90.degree.. This tube is advantageous in that the operable frequency
      range or band is relatively wide because no use is made of the second
      harmonic space charge force. It is, however, to be noted that the reduced
      plasma angle becomes long to make the normalized drift length of the drift
      space in question shorter than 60.degree. in case a tube designed for
      higher frequency channels of, for example, a UHF television transmitter,
      is used for lower frequency channels with the resonance frequencies of the
      resonators merely reduced. This makes it impossible for the debunched
      electron beam to be bunched anew in the drift space and reduces the
      conversion efficiency.
PAR  In U.S. Pat. No. 3,725,721 issued to Martin E. Levin, a velocity modulation
      tube of a wide operable or tunable frequency band is disclosed, wherein a
      floating prebuncher and a final prebuncher placed next downstream of the
      floating prebuncher are tuned to the low and high frequency ends of the
      operating passband of the tube, respectively, as in a prior art velocity
      modulation tube. According to this patent, at least each of these
      prebunchers is provided with a series resonant circuit whose series
      resonant frequency is set at a frequency lower than the tunable band so as
      to automatically increase the Q-value of the relevant prebuncher to an
      optimum value with an increase in the frequency within the tunable band.
      This precludes the necessity of separate adjustment of the Q-values of
      these prebunchers but necessitates a somewhat complicated structure of
      such a prebuncher.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a
      multi-cavity velocity modulation tube having excellent conversion
      efficiency.
PAR  It is another object of this invention to provide a velocity modulation
      tube of the type described, which is operable over a wide range of
      operable or tunable frequencies.
PAR  It is still another object of this invention to provide a velocity
      modulation tube of the type described, wherein none of its resonator
      circuits are loaded by specific series resonant loading circuits.
PAR  In the manner known in the art, a multi-cavity velocity modulation tube
      operable in a predetermined operating passband of frequencies according to
      this invention comprises, in a vacuum envelope and successively in
      mutually spaced relation, electron gun means for emitting an electron
      beam, an input resonator circuit having means for coupling thereto a
      source of energy external to the vacuum envelope, a first and a second
      floating resonator circuit, an output resonator circuit having means for
      coupling thereto a load external to the vacuum envelope, and a collector
      electrode for the electron beam. Each of the input, first and second
      floating, and output resonator circuits has interaction gap means
      operatively associated with the electron beam for providing interaction
      between the electron beam and electromagnetic field induced in the
      associated resonator circuit. The tube further comprises a plurality of
      drift spaces for the electron beam, extending from the interaction gap
      means of the input resonator circuit backwardly of the electron beam
      towards the electon gun means, extending between the interaction gap means
      of the input, first and second floating, and output resonator circuits,
      and extending from the interaction gap means of the output resonator
      circuit forwardly of the electron beam towards the collector electrode.
      The second floating and the output resonator circuits have fundamental
      modes of resonance at a frequency higher than the highest frequency of the
      passband and at an approximate center of the passband, respectively. The
      second floating resonator circuit has a Q-value greater than the input
      resonator circuit. In accordance with this invention, the input and the
      first floating resonator circuits are possessed of fundamental modes of
      resonance at frequencies adjacent to the lowest and the highest
      frequencies of the passband, respectively. Furthermore, the first floating
      resonator circuit is provided with a Q-value which is equal to or smaller
      than the Q-value of the input resonator circuit.
PAR  In accordance with the gist of this invention set forth hereinabove in the
      last paragraph, it should be understood that a velocity modulation tube
      according to this invention may have an additional second floating
      resonator circuit placed next downstream of the first-mentioned second
      floating resonator circuit. The additional resonator circuit is referred
      to as one of the second floating resonator circuit means because it also
      has interaction gap means operatively associated with the electron beam
      and electromagnetic field induced in the additional resonator circuit,
      with another drift space for the electron beam being disposed between the
      first-mentioned and the additional second floating resonator circuits, and
      because it has its fundamental mode of resonance at a frequency higher
      than the operating passband and a Q-value greater than the input resonator
      circuit.
PAR  In marked contrast to conventional tuning schemes for multicavity velocity
      modulation tubes wherein the input resonator circuit is provided with a
      fundamental mode of resonance within the operating passband of the tube,
      the fundamental mode of resonance of the input resonator circuit is
      preferably placed according to this invention a little below the lowest
      frequency end of the operating passband while the fundamental mode of
      resonance of the first floating resonator circuit is placed a little above
      the highest frequency end of the passband.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING:
PAR  FIG. 1 is a schematic longitudinal sectional view of a multi-cavity
      velocity modulation tube according to a first embodiment of the present
      invention;
PAR  FIG. 2 shows the gain of the tube illustrated in FIG. 1 versus operating
      frequencies and the frequencies at which the cavities of the tube have the
      fundamental modes of resonance;
PAR  FIG. 3 shows the impedance of each cavity seen from their respective
      interaction gaps as a function of frequency;
PAR  FIG. 4 shows the phases of the respective cavity impedances;
PAR  FIG. 5 shows the normalized density modulated fundamental mode beam current
      components of the tube illustrated in FIG. 1 and of a conventional tube
      versus the distance along the beam axis;
PAR  FIG. 6 shows curves representing the conversion efficiencies of the tube
      depicted in FIG. 1 and a conventional tube; and
PAR  FIG. 7 is a schematic longitudinal sectional view of a velocity modulation
      tube according to a second embodiment of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a velocity modulation tube according to a first
      embodiment of the instant invention comprises an electron gun assembly 11
      adjacent to one end of a bulb or vacuum envelope (not shown for purposes
      of simplicity) known in the art for producing an electron beam 12 and a
      collector electrode 13 for the electron beam 12 adjacent to the other end
      of the bulb. An input resonator circuit 16 of the reentrant type is
      situated adjacent to the upstream end of the electron beam 12, which
      resonator circuit may be excited by high-frequency electromagnetic energy
      through an input coupling loop 17. The high-frequency energy is derived
      from an energy source (not shown for purposes of simplicity) known in the
      art and placed external to the bulb. The input cavity 16 has a fundamental
      mode of resonance adjacent to the lowest frequency end of the operating
      passband of the tube. The input cavity 16 is preferably tuned to a
      frequency a little lower than the lowest frequency end and may be
      adjustably tuned by the adjustment of resonance frequency adjusting means,
      such as a tuning short 18. The input cavity 16 comprises an interaction
      gap 19 defined between the adjacent free ends of the reentrant cavity. The
      high-frequency voltage induced across the gap 19 interacts with the
      electron beam 12 to velocity modulate the beam 12. A first drift tube 20
      is disposed around the electron beam 12 in the downstream region of the
      input cavity 16 to provide a first drift space free of the high-frequency
      electromagnetic field, in which the electron beam 12 is drifted with a
      velocity determined by the velocity modulation imposed thereon at the
      input cavity gap 19 to be bunched. A prebuncher resonance circuit 21
      having an interaction gap 22 at the downstream end of the first drift
      space has its fundamental mode of resonance adjacent to the highest
      frequency end of the passband. The prebuncher 21 is preferably tuned to a
      frequency somewhat higher than the highest frequency end and may be
      equipped with a tuning short 23 and with coupling means, such as a loop
      24, for connection to a simple resistor or the like (not shown) disposed
      external to the bulb for adjusting the Q-value of the prebuncher 21. In
      the manner known in the art, the electron beam 12 passing by the
      prebuncher gap 22 is given a fundamental mode density modulated current
      component whose phase lags about 90.degree. behind the voltage induced
      across the input resonator gap 19. As a result, the density modulated
      electron beam excites the prebuncher 21 at its gap 22 to induct an
      electric current along the inside wall thereof approximately in phase with
      the fundamental mode density modulated current component. On the other
      hand, the impedance of the prebuncher 21 as seen from its gap 22 in the
      vicinity of the center frequency of the passband is inductive as will be
      discussed later. Consequently, the induced current in turn induces a
      voltage across the prebuncher gap 22 whose phase advances the induced
      current. It is now understood that the velocity modulation imposed on the
      electron beam 12 at the prebuncher gap 22 tends to strengthen that
      bunching of electrons which occurred in the first drift tube 20. The
      electron beam 12 is therefore further bunched in a second drift tube 25
      disposed immediately downstream of the prebuncher 21.
PAR  Referring further to FIG. 1, a first final buncher 26 comprises an
      interaction gap 27 and has a fundamental mode of resonance at a frequency
      appreciably higher than the highest frequency of the passband. Tuning of
      the final buncher 26 may be adjusted by a tuning short 28. The impedance
      of the final buncher 26 as seen from its gap 27 in the neighborhood of the
      center frequency of the passband is therefore sufficiently inductive to
      render the voltage induced across the gap 27 by the electron beam 12
      substantially in phase with the voltages induced across the input cavity
      gap 19 and the prebuncher gap 22. The velocity modulation effected by the
      first final buncher gap 27 on the electron beam 12 is thus in the
      direction of further strengthening the bunching already given thereto. The
      electron beam 12 is now further bunched in a third drift tube 29 located
      next downstream of the first final buncher 26. A second final buncher 31
      having an interaction gap 32 has its fundamental mode of resonance at a
      frequency approximately equal to that at which the first final buncher 26
      has its fundamental mode of resonance. The second final puncher 31 may
      also have a tuning short 33. Like the first final buncher 26, the second
      final buncher 31 still further strengthens the bunching in a fourth drift
      tube 34 connected to this buncher 31. An output resonance circuit 36
      having an interaction gap 37 and an output coupling loop 38 may be
      adjustably tuned by a tuning short 39 to a frequency near the center of
      the passband. The output coupling loop 38 may be connected to a load (not
      shown for the purpose of simplicity) located external to the bulb for
      utilizing the amplified high-frequency energy in the manner known in the
      art.
PAR  It has now been confirmed that the cavity impedance of the respective
      cavity resonators used in a multi-cavity velocity modulation tube have
      effects on the conversion efficiency and gain-to-frequency characteristics
      of the tube. The relation between the Q-value of each of the cavity
      resonators and the absolute value .vertline.Z.vertline. of the cavity
      impedance as seen from its interaction gap is given by:
EQU  .vertline.Z.vertline. = R/ 1 + Q.sup.2 (f.sub.1 /f.sub.0 - f.sub.0
      /f.sub.1).sup.2,                                          (1)
PAL  where f.sub.0 and f.sub.1 represent the resonance frequencies of the
      resonator and the operating frequency of the tube and R represents the
      total parallel loss resistance of the resonator. On the other hand, the
      relation between the Q-value and the phase .theta. of the cavity impedance
      is given by:
EQU  .theta. = arctan Q(f.sub.0 /f.sub.1 - f.sub.1 /f.sub.0).   (2)
PAR  Referring to FIG. 2, curve 41 represents the gain-to-frequency
      characteristics of a velocity modulation tube according to the first
      embodiment. The center frequency of its operating passband is 500 MHz. The
      passband width W between points 1 dB below the maximum gain is about 7
      MHz. The fundamental modes of resonance of the cavity resonators 16, 21,
      26, 31, and 36 are placed at frequencies indicated by like reference
      numerals encircled. The input resonator 16 has a Q-value of 195 due to the
      input coupling loop 17. The Q-value of the floating prebuncher 21 is
      reduced to 140 by connecting a resistor (not shown) of 50 ohms to the loop
      24. Each of the final floating bunchers 26 and 31 has a Q-value of 650. It
      will be seen that these bunchers 26 and 31 are unloaded. The output
      resonator circuit 36 has a Q-value of 55 due to the output coupling loop
      38 and the load (not shown) connected thereto.
PAR  Referring to FIG. 3, the absolute values of the respective cavity
      impedances as calculated with the use of Equation (1) are plotted versus
      the frequency. From this figure, it is seen that the final floating
      bunchers 26 and 31 have large impedance at the highest frequency range of
      the passband W and that the Q-values of the floating prebuncher 21 should
      be equal to or smaller than that of the input resonator circuit in order
      to render the gain-to-frequency characteristic curve 41 shown in FIG. 2
      flat.
PAR  Referring to FIG. 4, the phases of the respective cavity impedances of the
      cavity resonators 16, 21, 26, 31, and 36 calculated by the use of Equation
      (2) vary with the frequency as depicted by curves 16', 21', 26', 31', and
      36', respectively. From this figure, it is seen that selection of the
      resonance frequencies of the cavity resonators in the manner taught by
      this invention makes the impedances of the floating prebuncher 21 and the
      final floating bunchers 26 and 31 seen from their respective interaction
      gaps 22, 27, and 37 have advanced phases within the passband to prevent
      debunching from occuring while the electron beam 12 travels throughout the
      length of the beam path.
PAR  Referring to FIG. 5, curve 42 shows the amplitude of the fundamental mode
      density modulated current component in the electron beam 12 of a velocity
      modulation tube according to the first embodiment versus the distance
      measured along the beam path from the center of the input resonator gap
      19. The positions of the gap centers of the other resonator circuits 21,
      26, 31, and 36 are shown along the abscissa by reference numerals
      designating the interaction gaps. The ordinate is normalized by the d.c.
      beam current. Another curve 43 shows the like amplitude for a conventional
      velocity modulation tube having a similar structure and the same total
      length wherein the second harmonic space charge force is not resorted to.
      From this figure, it is clear that the debunching seen in the curve 43
      between the gap centers designated by reference numerals 22 and 27 even at
      the center frequency of the passband is precluded from the curve 42 and
      that a stronger density modulated current is obtained at the output
      resonator gap 37.
PAR  Referring to FIG. 6, a curve 44 shows the conversion efficiency of a
      velocity modulation tube designed according to the first embodiment for an
      operable or tunable frequency range between 470 and 660 MHz, namely, of
      the UHF television band. Another curve 45 shows the conversion efficiency
      of a similar velocity modulation tube of a conventional design. From this
      figure, it is appreciated that the present invention increases the
      conversion efficiency at 473 MHz by 5.5 percent and insures a conversion
      efficiency of about 60 percent throughout the operable band.
PAR  Referring finally to FIG. 7, a velocity modulation tube according to a
      second embodiment of this invention is substantially the same as a
      velocity modulation tube according to the first embodiment except that use
      is made of only one final floating buncher 26.
PAR  It is to be pointed out here that use may be made of three or more final
      floating bunchers, such as 26 and 31, insofar as the requirements are for
      a wide operating passband, wide operable frequency range, and high
      conversion efficiency. This, however, is objectionable when a velocity
      modulation tube having the shortest possible length is desired. The second
      drift tube 25 extending between the floating prebuncher gap 22 and the
      first final buncher gap 27 may become shorter than 60.degree., for
      example, to 45.degree. , in a velocity modulation tube according to this
      invention. The fundamental modes of resonance of the input resonator
      circuit 16 and the floating prebuncher 21 should not be spaced outwardly
      from the passband edges defined above in connection with the passband
      width W with reference to FIG. 2 more than 15 percent of the passband
      width W. The fundamental mode of resonance of the final floating buncher
      26 or, if any, 31 or the like should be spaced between 50 and 200 percent
      of the passband width W from the highest frequency end of the passband.
      Citing another example, a velocity modulation tube designed in accordance
      with this invention for over-the-horizon microwave transmission has an
      operating passband width W of about 12 MHz and produces an output power of
      10 kW with a conversion efficiency of from 55 to 60 percent throughout an
      operable frequency range between 2.0 and 2.4 GHz.
PAR  It is to be noted here that this invention is not restricted to the
      embodiments thus far described. For example, distributed interaction gap
      means composed of a plurality of intercoupled cavity resonators may be
      used instead of concentrated interaction gap means, such as a reentrant
      cavity having a single interaction gap.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a velocity modulation tube operable in a predetermined operating
      passband of frequencies, comprising in a vacuum envelope and successively
      in mutually spaced relation electron gun means for emitting an electron
      beam, an input resonator circuit having means for coupling thereto a
      source of energy external to said vacuum envelope, a first and a second
      floating resonator circuit, an output resonator circuit having means for
      coupling thereto a load external to said vacuum envelope, and a collector
      electrode for said electron beam, each of said input, first and second
      floating, and output resonator circuits having interaction gap means
      operatively associated with said electron beam for providing interaction
      between said electron beam and an electromagnetic field induced in the
      associated resonator circuit, said tube further comprising a plurality of
      drift spaces for said electron beam extending from the interaction gap
      means of said input resonator circuit backwardly of said electron beam
      towards said electron gun means, extending between said interaction gap
      means of said input, first and second floating, and output resonator
      circuits, and extending from the interaction gap means of said output
      resonator circuit forwardly of said electron beam towards said collector
      electrode, said second floating and output resonator circuits having
      fundamental modes of resonance at a frequency higher than the highest
      frequency of said passband and at an approximate center of said passband,
      said second floating resonator circuit having a Q-value greater than said
      input resonator circuit, the improvement wherein said input and said first
      floating resonator circuits have fundamental modes of resonance at
      frequencies adjacent to the lowest and the highest frequencies of said
      passband, respectively, and said first floating resonator circuit has a
      Q-value which is at most equal to the Q-value of said input resonator
      circuit.
NUM  2.
PAR  2. A velocity modulation tube as claimed in claim 1, wherein said input and
      said first floating resonator circuits have fundamental modes of resonance
      at frequencies outside of said passband.
NUM  3.
PAR  3. A velocity modulation tube as claimed in claim 1, said passband being
      between highest and lowest frequency ends at which the gain of the tube is
      1 dB below the maximum gain of the tube, wherein said input resonator
      circuit has its fundamental mode of resonance between said lowest
      frequency end and a frequency spaced therefrom 15 percent of the band
      width of said passband and said first floating resonator circuit has its
      fundamental mode of resonance between said highest frequency end and a
      frequency spaced therefrom 15 percent of said passband width.
NUM  4.
PAR  4. A velocity modulation tube as claimed in claim 3, wherein said second
      floating resonator circuit has its fundamental mode of resonance in a
      frequency range spaced between 50 and 200 percent of said passband width
      from said highest frequency end.
NUM  5.
PAR  5. A velocity modulation tube as claimed in claim 3, wherein the Q-value of
      said first floating resonator circuit is smaller than the Q-value of said
      input resonator circuit.
NUM  6.
PAR  6. A velocity modulation tube as claimed in claim 5, wherein said first
      floating resonator circuit comprises means for adjusting its Q-value.
NUM  7.
PAR  7. A velocity modulation tube as claimed in claim 6, wherein said second
      floating resonator circuit is unloaded.
NUM  8.
PAR  8. A velocity modulation tube as claimed in claim 7, wherein said input,
      first and second floating, and output resonator circuits comprise means
      for adjusting the respective frequencies of the fundamental modes of
      resonance.
NUM  9.
PAR  9. A velocity modulation tube as claimed in claim 3, further comprising an
      additional second floating resonator circuit between the first-mentioned
      second floating resonator circuit and said output resonator circuit, said
      additional second floating resonator circuit having interaction gap means
      operatively associated with said electron beam for providing interaction
      between said electron beam and an electromagnetic field induced in said
      additional floating resonator circuit, said tube further comprising a
      drift space for said electron beam between said additional second floating
      resonator circuit and said output resonator circuit, wherein said
      additional second floating resonator circuit has a fundamental mode of
      resonance in a frequency range spaced between 50 and 200 percent of said
      passband width from said highest frequency end.
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ABST
PAL  The beams from a plurality of off-axis guns aimed through a common
      deflection volume, as used in shadow-mask color cathode-ray tubes, even if
      made by constant convergence fields to converge at a given distance in the
      absence of deflection, will diverge when a common deflection field is
      applied; and the distance from the deflection zone to different parts of
      the screen is generally not constant.
PAL  Therefore the convergence field applied to each must vary as the beams are
      deflected to different screen areas. Prior art schemes to do this have
      employed functions of the form AY + BY.sup.2 + CX + DX.sup.2, where Y is
      the vertical deflection and X is the horizontal deflection. The present
      invention produces a function AY + BY.sup.2 + CX + DX.sup.2 + EXY, or
      alternatively this function plus FY.sub.+.sup.3 where Y.sub.+ is only the
      positive value of Y. The square and cube functions are produced by the use
      of multiplier circuits.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to cathode-ray tube deflection systems, and more
      particularly to precise deflection convergene systems for shadow-mask
      multi-gun mixed-color cathode ray tubes.
PAR  2. Summary of the Prior Art
PAR  Color television being the commercial reason for making color kinescopes,
      the conventional tube and its associated circuits economically perform
      adequately for use in the 525-line raster, 60-hertz field, 30-hertz frame,
      interlaced system standard in the jurisdiction of the U.S. Federal
      Communications Commission. Dots of screen materials cathodo luminescent in
      three different colors are applied to the tube face in a regular pattern;
      three differently glowing dots always have the same relative position and
      each such dot is protected from the edge of an incident beam directed to
      another spot by a perforated shadow mask which permits a beam to bombard
      with its high-density core the luminescent spot at which it is aimed,
      while its low density edge is caught by the mask. With such a structure it
      is preferred for simplicity to use three separate electron guns, one for
      each color, in order that variously proportioned mixtures of two or all
      three of the different colors available from the three kinds of dots may
      be provided by appropriate modulation of the beam from each separate gun,
      rather than by the complex feat of time distribution, over the different
      kinds of dots, of the beam from a single gun. The three separate guns are
      located symmetrically around the central axis of the tube, each with the
      gun axis coplanar with the central axis of the tube. Conventionally, each
      gun is provided with a focussing permanent magnet, known as a "color
      purity" magnet, to collimate its electron beam as nearly perfectly as may
      be, and each of the three beams is then caused to pass through the field
      of a deflecting magnet, known as a static convergence (or, for brevity,
      convergence) magnet, which is so adjusted that its associated electron
      beam will pass through a deflection volume common to all three beams, and
      then, in the absence of any deflecting field in the deflection volume,
      will converge to a "point" on the screen to which the other two beams also
      converge. This "point" is in fact an area unit containing three spots,
      each luminescent in a different color; and the convergence magnet for each
      gun is adjusted to cause its beam to impinge through the proper shadow
      mask aperture upon a spot whose luminescence color is associated with that
      gun. From the observer's viewpoint the "point" area unit appears, at
      normal viewing distance, to be truly a point, since the spacing of the
      three spots is necessarily less than the resolution capability of the
      normal human eye in order that mixtures of light from two or three
      differently colored spots will appear as a single visible spot of a single
      color produced by the blending. When a deflection yoke, conventionally
      external to the tube envelope around the deflection volume, produces in
      the volume a magnetic deflecting field substantially uniform over the
      volume, the three electron beams will all be deflected, to a first
      approximation, through the same angle, and will move appropriately to the
      same three-dot "point" or area unit, each beam arriving at its appropriate
      phosphor dot.
PAR  Practical considerations impair this first approximation. First, because
      the beams from the different guns enter the deflection volume at an angle
      with the tube axis, each will be deflected slightly differently, and they
      will not converge all over a screen even if it is spherical with its
      center in the deflection volume, so that all parts of the screen are at
      the same distance from the place where deflection occurs. Secondly, the
      radius of the spherical segment which is the tube face is conventionally
      greater than the distance from the virtual center in the deflection volume
      where the axes of the three beams, extended backward from their
      convergence point would intersect. Consequently, if the beams are
      deflected off the tube central axis, around which the three electron guns
      are disposed, they will actually converge before reaching the screen, and
      will diverge beyond that convergence point, where they reach the screen.
      To compensate for this it is necessary to add to the constant field from
      each convergence magnet a field which is a function of the deflection
      caused by the field of the deflection yoke. This may be done by a winding
      on the structure of the convergence magnet, whose constant field may be
      provided by a continuous current either as a component of the total
      current in the same winding, or in a separate winding. The prior art
      discloses the use of separate windings to receive separately currents
      corrective of the effects of vertical and of horizontal deflection. Since
      windings on magnetic structures are necessarily inductive, producing lags
      between an applied voltage and the current it produces, ingenious
      circuitry is, in general, applied to produce adequately close
      approximation to ideal current wave forms with economically feasible
      applied voltages. The problem is simpler for fixed horizontal and vertical
      deflection frequencies, such as occur in television receivers, then for
      instruments in which these frequencies may be required to be varied.
PAR  Television Engineering Handbook, ed. D. G. Fink, McGraw-Hill Book Company,
      New York, 1957, pp 6-75 through 6-80, and chapter 6 in general, discloses
      that in a simplified case the required dynamic convergence fluxes (and
      hence currents) are proportional to squares plus linear functions of the
      vertical and horizontal deflection amplitudes. Welsh and McCormick, U.S.
      Pat. No. 3,557,031, column 9, line 45 through colume 10, line 44,
      similarly describe the required functions for convergence as composed of a
      sum of a square and a linear function of the vertical deflection and a sum
      of a square and a linear function of the horizontal deflection. The square
      functions required are produced by full-wave rectification of the
      respective deflection voltages, following by a non-linear circuit to give
      the required square characteristic. Spannhake, U.S. Pat. No. 3,613,108,
      teaches the addition, to convergence currents of the square plus linear
      nature, certain inputs from a pincushion distortion correction circuit
      provided for improving the deflection circuitry to make a more nearly
      rectangular raster for television. Rhee, U.S. Pat. No. 3,708,715, teaches
      particular means to combine parabolic and linear wave forms.
PAR  None of the published prior art known to me discloses the provision of a
      product of the vertical and horizontal deflection amplitudes as a
      component of the convergence correction function, nor the use of cubic
      functions.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention provides a convergence function of five terms: square
      and linear terms of both the vertical and the horizontal deflection
      amplitudes, and a term proportional to the product of the vertical and
      horizontal deflection amplitudes. To avoid dependence upon the accuracy of
      a reactive circuit in producing outputs accurately proportional to the
      square of an amplitude, the square functions are produced by connecting
      the voltage (or current) whose amplitude is to be squared to both of the
      factor input terminals of a multiplier. This is basically advantageous in
      that reliance is placed simply in staying within the workable range of a
      device--the multiplier--rather than in combining reactive devices in a
      critical relation. Variable transconductance semiconductor multipliers are
      commercially available; an example is the AD530 manufactured by Analog
      Devices, Inc., 221 Fifth St., Cambridge, Mass. 02142. The essential
      characteristic of a multiplier is that if one of its two inputs is
      maintained constant, its output will be a linear function of the signal
      applied to the other input; and its output will thus be proportional to
      the product of the signals applied to its two inputs. Unlike reactive
      devices, it will not be frequently sensitive.
PAR  The amplitudes of the two square terms, the two linear terms, and of the
      product terms, are adjusted appropriately (conveniently by
      potentiometers), mixed resistively, and fed as inputs to a driver
      amplifier which feeds the convergence coil. To make the current through
      the convergence coil better follow the applied input, a sensor resistor is
      connected between the return terminal of the convergence coil and ground;
      and the drop across the sensor resistor is fed back, through a mixing
      resistor, to the input of the driver amplifier.
PAR  With a cathode-ray tube having a 25-inch diagonal screen, maximum
      convergence errors at the extreme corners of a conventional raster of
      three-fourths aspect ratio were found to be of the order of 0.05 inches,
      using a system as here described. This was achieved not only with a
      horizontal sweep frequency of the conventional 15,750 hertz, but also in a
      special setup with a horizontal sweep frequency of 28,350 hertz.
PAR  It has been found empirically that some improvement in performance may be
      achieved by adding to the five-term convergence correction current already
      described a sixth term proportional to the cube of the positive vertical
      deflection signal. This is produced by the use of a half-wave rectifier to
      obtain the positive vertical deflection voltage. This is used as one input
      to a multiplier whose other input is the Y.sup.2 function already
      generated, producing the desired Y.sup.3. This additional correction
      reduces convergence errors in the central part of the raster to 0.01
      inches, although the errors at the corners remain 0.05 inches.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 represents schematically circuitry for producing various functions
      of the horizontal and vertical deflection signals, of which only one is
      required.
PAR  FIG. 2 represents a driver circuit, of which one is required for each
      electron gun of the multi-gun cathode ray tube for which the invention is
      intended.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, terminal 10 is connected to a source of horizontal
      deflection signals, not shown, and conducts these to a phase angle control
      12, whose output is fed to a sawtooth wave generator 14. These are not an
      essential part of the invention, but have the virtue of permitting the
      device to function with an incoming wave form that is imperfectly linear
      (such, for example, as the applied voltage may be in a reactive circuit
      whose current is linear). The output of sawtooth wave generator 14 is fed
      as an input to the additive terminal of an operational differential
      amplifier 16. The output of differential amplifier 16 is connected via
      resistor 18 to the subtractive input of operational differential amplifier
      20, whose additive input terminal is at ground. The output terminal of
      differential amplifier 20 is connected via resistor 22 to its subtractive
      input terminal. The effect of the feedback network formed of resistors 18
      and 22 is that operational differential amplifier 20 functions as an
      inverter; if the output of amplifier 16 be called +X, the output of
      amplifier 20 is -X. Producing a bipolar output in this fashion permits
      feeding it to a potentiometer which can then adjust not only amplitude but
      sign.
PAR  The output of amplifier 16 is also connected to both factor input terminals
      (i.e., multiplier and multiplicand) of multiplier 24, whose output is thus
      made to be X.sup.2. The output of amplifier 16 is also connected to one
      factor input terminal of a similar multiplier 26, whose output is
      connected via resistor 28 to the subtractive input of operational
      differential amplifier 30, whose output is fed back via resistor 32 to its
      subtractive input terminal; the positive input terminal of 30 being
      grounded, it operates as an inverter of the output of multiplier 26. A +Y
      input, whose derivation will be described hereinafter, is connected to the
      other factor input terminal of multiplier 26, so that the output of 26 is
      XY, and the output of amplifier 30 is -XY, the two outputs being
      effectively a single bipolar output.
PAR  Terminal 34 is connected to an external source, not shown, of A sawtooth
      vertical deflection signal. As represented in FIG. 1, this constitutes a
      waiver of the option of providing a phase control and a sawtooth wave
      generator, analogous to 12 and 14, respectively, for the vertical or Y
      signal. Since the frequency of vertical deflection signals in standard
      television rasters is only a very small fraction of the horizontal
      deflection frequency, phase errors and current distortion relative to
      applied voltage tend to be negligible, so that the precautions embodied in
      12 and 14 are usually not required for vertical deflection. Obviously,
      they may be provided if needed.
PAR  The vertical deflection signal, assumed truly sawtooth, is fed from
      terminal 34 to the additive input terminal of operational differential
      amplifier 36, whose output terminal is connected to its own subtractive
      input terminal and, via resistor 38 to the subtractive input terminal of
      operational differential amplifier 40, whose additive input terminal is
      grounded, and whose output is connected, inter alia, via resistor 42 to
      its subtractive input terminal. The output of amplifier 36 is thus
      identifiable as +Y, and of amplifier 40 (recognizable as an inverter) as
      -Y, the combination being a bipolar output. The output of amplfiier 36 is
      connected to both the multiplier and multiplicand factor inputs of
      multiplier 44, which thus multiplies the +Y output of amplifier 36 by
      itself to produce Y.sup.2. This output Y.sup.2 is fed via resistor 46 to
      the subtractive input terminal of operational differential amplifier 48,
      whose additive input terminal is grounded. The output terminal of
      amplifier 48 is connected via resistor 50 to its subtractive input
      terminal, so that 48 constitutes an inverter whose -Y.sup.2 output, taken
      together with the Y.sup.2 output of multiplier 44, is a bipolar Y.sup.2
      signal.
PAR  The output, +Y, of amplifier 36 is also connected to a factor input
      terminal of multiplier 26, as was noted previously together with the
      promise, now fulfilled, that the origin of the +Y signal would be
      disclosed.
PAR  For clarity in prefernce to elegance, the output terminals at which + and -
      X and Y, and + and - X.sup.2 and Y.sup.2, and + and - XY, appear to have
      been marked with the designations indicated. In FIG. 2, potentiometer (or,
      more correctly, adjustable voltage dividers) 52, 54, 56, 58, and 60 have
      their input terminals similarly marked to indicate connection to the like
      marked output terminals in FIG. 1. The output of each of the indicated
      potentiometers is connected via a resistor to the subtractive input of
      amplifier-driver 62, whose additive input is at ground. (The individual
      resistors are numbered 64, 66, 68, 70, and 72.) The output terminal of
      amplifier-driver 62 is connected to one terminal 73 of convergence coil
      74, whose other terminal is connected to terminal 75 of sense resistor 76,
      which is grounded at its opposite terminal. Terminal 75 of sense resistor
      76 is connected via resistor 78 to the subtractive input terminal of
      amplifier 62.
PAR  The embodiment thus far described is operative, and is one form of my
      invention. For any further discussion, it will be called the first
      embodiment. Each of the electron guns will require a separate embodiment
      according to FIG. 2, including amplifier driver 62, with voltage dividers
      52, 54, 56, 58, and 60, mixing resistors 64, 66, 68, 70, 72, and 78, and
      sense resistor 76; but the inputs to the voltage dividers for each gun may
      come from common X, X.sup.2, XY, Y, and Y.sup.2 sources according to the
      representation of FIG. 1. The necessity for separate voltage dividers for
      each electron gun appears from the following table of typical voltages,
      peak-to-peak, at the output terminals of the voltage dividers providing
      analogues of the functions indicated. The column heatings indicate the
      color produced by the gun whose convergence coil driver is fed the
      potentials listed.
TBL  ______________________________________                                    
            Red       Green       Blue                                         
     ______________________________________                                    
     X.sup.2  +1.5        +1.5        +6.0                                     
     X        +5.5        +1.0        -1.8                                     
     Y        -4.0        -1.8        +3.5                                     
     Y.sup.2  -0.8        -0.5        +0.4                                     
     XY       .+-.1       .+-.1       --                                       
     ______________________________________                                    
PAR  The following additions turn the first embodiment into the second
      embodiment. In FIG. 1, the output of amplifier 36 is connected to
      half-wave rectifier 80, which passes only the positive part of the Y
      signal to a factor input terminal of multiplier 82, whose other factor
      input terminal receives an input Y.sup.2 from the output of multiplier 44.
      The output of multiplier 82 is obviously Y.times.Y.sup.2 = Y.sup.3. This
      signal is applied in FIG. 2 to one terminal of potentiometer 84, whose
      other terminal is grounded. Its output arm is connected via resistor 86 to
      the input of amplifier-driver 62. The first embodiment, with the addition
      of the components described in the present paragraph, becomes the second
      embodiment of my invention. When the second embodiment is employed, each
      "RED" and "GREEN" amplifier-driver 62 will have associated with it a
      voltage divider 84 and mixing resistor 86. Typical suitable potentials (in
      volts, peak-to-peak) produced at the outputs from dividers 90 are
TBL  RED        GREEN            BLUE                                          
     ______________________________________                                    
     +1.8       +1.8             0                                             
     ______________________________________                                    
PAR  It will be observed that the convergence coil for the "blue" gun has zero
      amplitude for certain terms in the correction current. This presumably
      results from the fact that the axis of that gun lies in the plane of the
      vertical deflection, in conventional color tube design and application.
PAR  While the description of my invention has been directed to a conventional
      rectangular raster, as used in television, the absence of any reactive
      components in my device will permit its use with some other kind of
      deflection. For example, a plan position indicator sweep may be produced
      by suitably slow sine and cosine modulation of a sawtooth. By selecting
      the target return signals according to desired classes, and applying
      signals for a given class to the control grid of a gun exciting a given
      color, targets in different classes may be presented in different colors.
      Since my invention employs no reactive components, and hence is not
      frequency sensitive it can provide proper convergence correction to a
      device employing even a scan so radically different from conventional
      televison scanning patterns.
PAR  Since the availability of integrated circuits leads to the use of a number
      of components of like generic description which must be distinguished by
      the somewhat artificial means of original numbering, the appended claims
      have, in many instances, the reference number employed in the drawings
      included in parenthesis to facilitate their understanding. However, the
      various resistors 64, 66, 68, 70, 72, and 78 have been described simply as
      "resistive input mixing means" in claim 1, (f). In claims 2 and 3,
      resistor 86 is also included in the generic term "resistive input mixing
      means." This use of reference character is purely to facilitate
      comprehension, and is not intended to have any effect upon the scope of
      the claims. (Manual of Patent Examining Procedure 608.01 (m))
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STM  I claim:
NUM  1.
PAR  1. A convergence circuit for a three-gun color cathode-ray tube comprising:
PA1  a. a horizontal deflection signal terminal adapted to be connected to a
      source of horizontal deflection signal;
PA1  b. a vertical deflection signal terminal adapted to be connected to a
      source of vertical deflection signal;
PA1  c. amplifier driver means (62)
PA1  d. first convergence coil terminal (73) connected to the output of
      amplifier driver means and adapted to be connected to a first terminal of
      a convergence coil for a gun of a three-gun color cathode-ray tube;
PA1  e. second convergence coil terminal (75) adapted to be connected to a
      second terminal of the said convergence coil;
PA1  f. resistive input mixing means having a plurality of separate signal
      inputs and a common terminal which is connected to the input of amplifier
      driver means;
PA1  g. sensing resistor means having one terminal connected to the second
      convergence coil terminal and to a separate input of resistive input
      mixing means, and another terminal connected to ground;
PA1  h. first inverter means (20) connected to the horizontal deflection signal
      terminal to produce at its output the negative of a horizontal deflection
      signal;
PA1  i. first voltage divider means (52) having two input terminals, of which
      one is connected to the horizontal deflection signal terminal and the
      other is connected to receive the output of first inverter means, and
      having an output terminal connected to a separate input of resistive input
      mixing means;
PA1  j. first multiplier means (24) having two factor input terminals both
      connected to horizontal deflection signal terminal to produce as an output
      a signal proportional to the square of a horizontal deflection signal;
PA1  k. second voltage divider means (54) having two input terminals, of which
      one is connected to the output of first multiplier means and the other is
      connected to ground, and having an output terminal connected to a separate
      input of resistive input mixing means;
PA1  l. second inverter means (40) connected to the vertical deflection signal
      terminal to produce as its output the negative of a vertical deflection
      signal;
PA1  m. third voltage divider means (60) having two input terminals, of which
      one is connected to the vertical deflection signal terminal and the other
      is connected to the output of second inverter means, and having an output
      terminal connected to a separate input of resistive input mixing means;
PA1  n. second multiplier means (44) having two factor input terminals both
      connected to the vertical deflection signal terminal to produce as an
      output a signal porportional to the square of a vertical deflection
      signal;
PA1  o. third inverter means (48) connected to the output of second multiplier
      means to produce as an output the negative of its output;
PA1  p. fourth voltage divider means (58) having two input terminals, of which
      one is connected to the output of second multiplier means and the other is
      connected to the output of third inverter means, and having an output
      terminal connected to a separate unit of resistive input mixing means;
PA1  q. third multiplier means (26) having two factor input terminals, of which
      one is connected to the horizontal deflection signal terminal and the
      other is connected to the vertical deflection signal terminal to produce
      as an output a signal proportional to the product of a horizontal
      deflection signal by a vertical deflection signal;
PA1  r. fourth inverter means (30) connected to the output of third multiplier
      means to produce as an output the negative of the output of third
      multiplier means;
PA1  s. fifth voltage divider means (56) having two input terminals, of which
      one is connected to the output of third multiplier means an the other is
      connected to the output of fourth inverter means, and having an output
      terminal connected to a separate input of resistive mixing means.
NUM  2.
PAR  2. The convergence circuit claimed in claim 1, further comprising:
PA1  t. rectifier means (80) connected to vertical deflection signal terminal to
      produce as an output only the positive portion of a vertical deflection
      signal;
PA1  u. fourth multiplier means (82) having two factor input terminals, of which
      one is connected to the output of rectifier means and the other is
      connected to the output of second multiplier means, and having an output
      connected to a separate input (86) of resistive input mixing means.
NUM  3.
PAR  3. The convergence circuit claimed in claim 1, further comprising:
PA1  t. rectifier means (80) connected to vertical deflection signal an an
      input, and producing as an output only positive portion of vertical
      deflection signal;
PA1  u. fourth multiplier means (82) having two factor input terminals of which
      one is connected to the output of rectifier means and the other is
      connected to the output of second multiplier means to produce as an output
      a signal proportional to the cube of the positive portion of vertical
      deflection signal;
PA1  v. sixth voltage divider means (84) having two input terminals of which one
      is connected to the output of fourth multiplier means and the other is
      connected to ground, and having an output terminal connected to a separate
      input (86) of resistive mixing means.
NUM  4.
PAR  4. In a convergence circuit for a multi-gun cathode-ray tube comprising
      means for providing a correction circuit of the form AY + BY.sup.2 + CX +
      DX.sup.2 + EXY, where X and Y are proportional to the horizontal and
      vertical deflection magnitudes, respectively, and A, B, C, D, and E are
      constants, the improvement comprising means for providing in the
      correction current a further component FY(positive).sup.3 where F is a
      constant and Y(positive).sup.3 is the cube of only the positive values of
      Y.
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ABST
PAL  An electrodeless lamp is excited in a termination fixture by high frequency
      power, the lamp being located within the fixture at the end of an inner
      conductor whose end is shaped such as to inhibit the arc of the lamp from
      attaching to the lamp envelope. In one embodiment, the inner conductor end
      is shaped as a hollow helical coil which generates an axial and azimuthal
      electric field component to create a torodial arc within the lamp. In
      another embodiment the inner conductor end is cup-shaped to provide a
      field shielding effect which distributes the field strength more uniformly
      across the end of the inner conductor.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is related to U.S. patent application, Ser. No. 570,070
      filed concurrently in the names of P. Haugsjaa, R. Regan, W. McNeill and
      W. Nelson and assigned to the same assignee of the present patent
      application.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to electrodeless light sources and, more
      particularly, to such sources which are excited by high frequency power,
      such as in the range of 100 MHz to 300 GHz.
PAR  There have been, historically, three basic methods of exciting discharges
      without electrodes. The first method uses the discharge as a lossy part of
      either the capacitance or inductance of a "tank" circuit. This method is
      used to advantage only at frequencies where the dimensions of the lamp are
      much smaller than the wavelength of excitation. Also, in this method,
      there are power losses due to radiation and shifts in frequency upon
      start-up. A second method of exciting electrodeless lamps with microwave
      power is to place the lamp in the path of radiation from a directional
      antenna. However, since free propagation of microwave power occurs, there
      is an inherent inefficiency and some of the power is scattered, thereby
      endangering persons in the area.
PAR  A third method uses a resonant cavity which contains the lamp, a frequency
      tuning stub and a device for matching the lamp-cavity impedance to that of
      the source and transmission line. Examples of devices according to this
      method may be found in "Microwave Discharge Cavities Operating at 2450
      MHz" by F. C. Fehsenfield et al., Review of Scientific Instruments, Volume
      36, Number 3 (March, 1965). This publication describes several types of
      tunable cavities. In one type, cavity No. 5, the discharge cavity
      transfers power from the source to the lamp, and the resonant structure of
      the cavity increases the electric field in the gas of the lamp. The
      presence of a discharge in the resonator changes the resonant frequency
      and also changes the loaded Q factor. Therefore, it is necessary to
      provide both the tuning (frequency) and matching (impedance) adjustments
      to obtain efficient operation over a wide range of discharge conditions.
      The tuning stub is first adjusted for a minimum reflected power with the
      minimum probe penetration. Next, the probe (impedance) is adjusted. Since
      these two operations are not independent, successive readjustments are
      required to achieve optimum efficiency.
PAR  All of these tunable cavities have features which make them less than
      ideally suited for use in an electrodeless light source. To make cavity
      type systems useful economically, the cavity must be small enough so that
      it would be feasible to use such systems in place of the conventional
      electrode containing lamp. Resonant cavities are too large and must be
      larger if lower microwave frequencies are used. One resonant cavity for
      2450 MHz operation has four inches as its greatest dimension; the size
      would be even larger for operation at 915 MHz which is a standard
      microwave frequency for consumer use, such as with microwave ovens.
      Operation at this lower frequency is also advantageous from the view that
      the greater the frequency the more expensive the microwave power source
      becomes. The known tunable cavity has a less than optimum shape because
      the lamp is substantially enclosed by the resonant cavity housing, thereby
      impeding the transmission of light.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide an electrodeless light source in
      which the arc in an electrodeless lamp is not attached to the wall of the
      lamp envelope.
PAR  Another object of the invention is to provide a termination fixture for the
      lamp in which the inner conductor is shaped such as to control the
      electric field strength at the lamp envelope wall.
PAR  An additional object is the provision of a termination fixture in which the
      inner conductor is designed for arc shaping and impedance matching
      capability.
PAR  According to the present invention, a light source includes, a source of
      power at a high frequency, an electrodeless lamp having an envelope made
      of a light transmitting substance and a volatile fill material enclosed
      within the envelope, the fill material emitting light upon breakdown and
      excitation, a termination fixture having an inner conductor and an outer
      conductor disposed around the inner conductor, the conductors having one
      end which couples power to the lamp and another end which is coupled to
      the source and the inner conductor having means at the lamp coupling end
      for controlling the electric field strength in a region adjacent to the
      interior wall of the envelope to inhibit the formation of an arc within
      the region.
PAR  In one preferred embodiment, the field controlling means is an inner
      conductor shaped as a hollow member having a slot formed therein to form a
      helical arrangement, the electric field having both an axial and an
      azimuthal component. In another embodiment, a cup-shaped member at the end
      of the inner conductor provides a quasi static shielding effect which
      reduces the field strength at the central end of the inner conductor.
PAR  Preferably, impedance matching capability is provided by an inner conductor
      having multiple sections of different cross sections and having a helical
      end and/or a cup-shaped member, thereby providing a termination fixture
      which matches the complex impedance of the lamp during excitation to the
      output impedance of the source and which shapes the electric field so as
      to isolate the arc during operation from the wall of the envelope.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the Drawing:
PAR  FIG. 1 is a diagram illustrating the principle of field shaping according
      to the present invention;
PAR  FIG. 2 is a diagram illustrating a preferred field shaping technique in
      which a toroidal arc may be obtained;
PAR  FIG. 3 is a partial sectional view of a fixture having a helical center
      conductor;
PAR  FIG. 4 is a partial sectional view of a fixture having a coil between the
      lamp and inner conductor;
PAR  FIG. 5 is another embodiment of a fixture having a field shaping and
      impedance matching capability and
PAR  FIG. 6 is another alternative embodiment of a fixture with field shaping
      and impedance matching capability.
PAR  FIG. 7 is a diagram illustrating the field pattern for a straight-ended,
      fixture inner conductor;
PAR  FIG. 8 is a diagram illustrating quasi static field lines for a fixture
      utilizing a cup member according to the present invention;
PAR  FIG. 9 is a diagram showing the creation of an arc which attached to the
      envelope wall for a straight ended fixture inner conductor;
PAR  FIG. 10 is a elevational view of a flared inner conductor according to the
      present invention;
PAR  FIG. 11 is an elevational view of a cup shaped inner conductor according to
      the present invention; and
PAR  FIG. 12 is an elevational view of a helical inner conductor according to
      the present invention.
DETD
PAC  GENERAL OPERATIONAL DESCRIPTION
PAR  Electrodeless lamps have the potential for extermely long life, because
      there is no need for the arc discharge to be in contact with any material,
      either electrodes (i.e, since there are none) or the lamp envelope.
      However, there is a tendency in the operation of high pressure
      electrodeless lamps in termination fixtures for the arc to be in close
      contact with the envelope walls, thereby causing damage to the wall and
      foreshortening the lamp's lifetime. Typically, this attachment of the arc
      to the wall of the lamp occurs at the point where the lamp is in contact
      with the center conductor of the fixture, where the electric field
      intensity is high. The arc exhibits many footed, root-like extensions of
      the main arc to the wall. The attaching members terminate at hot spots on
      the envelope surface. This problem is illustrated in FIG. 9 of the
      drawings. It is believed that the existence of the attaching members is
      due to the high rate of microwave energy absorption by them and the
      inability of the plasma in the vicinity of the wall to dissipate this
      energy and lower its temperature by either radiative or convective
      processes. Hence, it conducts the excess energy to the wall and does
      damage.
PAR  The purpose of this invention is to provide an electrodeless arc discharge
      in which the arc is sufficiently isolated from the wall of the lamp
      envelope so that no damage to the wall occurs over a long period of time.
      An arc may be isolated from a particular area by adjusting the detailed
      power balance for that area. This involves the equation P.sub.e - P.sub.h
      = P.sub.r, where P.sub.e is the power gained electrically, P.sub.r is the
      power radiated and P.sub.h is the power lost as heat.
PAR  Generally, an arc exists in a region where P.sub.e &gt;P.sub.h. This invention
      relates to a way in which P.sub.e can be made small enough in a region so
      as not to allow an arc to exist there. P.sub.e = n.sub.e .mu.E.sup.2,
      where n.sub.e is the electron density, .mu. the electron mobility and E
      the electric field strength. In a fixture such as the termination fixture
      described herein, it is possible to adjust the field strength E by one of
      several techniques. These techniques included adjusting the position of
      fixture conductors, shaping the center conductor or field coupling probe,
      adjusting the position and shape of lossless magnetic or dielectric
      material within the fixture, adjusting the shape of the exterior walls of
      the fixture, adjusting the configuration, position and material of lamp
      envelope, and controlling the current paths on the exterior fixture walls
      by use of a pattern of conductors. Therefore, using one or several of
      these techniques, one may reduce the field strength near the lamp wall,
      and thus the arc can be isolated from the walls. With arc isolation from
      the envelope wall, the lifetime is increased several orders of magnitude.
      This concept is shown schematically in FIG. 1 of the drawings which shows
      an improved light source 10. In FIG. 1, high frequency power from a source
      11 is applied to a termination fixture 30 which includes herein an arc
      shaping means 14 and an electrodeless lamp 16. By a suitable arc shaping
      means 14, the electric field near the electrodeless lamp envelope 17 can
      be maintained sufficiently low such that an arc 18 is located in a manner
      isolated from the lamp envelope.
PAR  The presently preferred way of arc shaping is by appropriately shaping the
      geometry of the end of the inner conductor. In one preferred embodiment,
      the inner conductor of the termination fixture is shaped in the form of a
      helix. A helical center conductor allows use of a shorter termination
      fixture than a quarter wavelength; it allows for control over the field
      shape so that, the arc can be isolated from the envelope and, finally, it
      provides a means for impedance matching the lamp to the input.
PAR  A helical line inside a conducting cylinder constitutes a slow wave
      structure; if .PSI. is the pitch angle, such that cot .PSI. = 2.mu.a/p,
      where a is the helix radius and p is the pitch, then the wave propagation
      velocity is v = c sin .PSI.. Thus, the phase velocity is always less than
      the velocity of light. The wavelength along the helix is reduced,
      .lambda..sub.H = .lambda..sub.O sin .PSI.. Hence, a quarter-wave
      termination fixture can be reduced in length by the factor sin .PSI..
PAR  Wave propagation on a helix is, in general, complex. However, much of the
      observed behavior of arcs in helices can be understood in terms of the
      dominant mode. This mode has a field pattern with an electric field
      component E.sub.Z in axial direction, and also a field E.PHI. in the
      azimuthal direction. Thus, in FIG. 2 a lamp placed in the region I
      (R.sub.I) inside the helix might have either an axial arc or a torodial
      (donut shaped) arc lying the horizontal plane. The ratio of the fields in
      controlled by the helix parameters; E.sub.Z /E.PHI.=(a/r) cot .PSI.. A
      lamp placed just above the helix in region II (R.sub.II) would be excited
      in the axial direction.
PAR  In another embodiment the inner conductor is shaped in the form of a cup.
      This design of the inner conductor is based on a quasi-static
      approximation, i.e., the field configuration is that one would calculate
      based on a static analysis, e.g., Laplaces equation with boundary
      conditions, even though the field is in fact oscillating at high
      frequency. The basic idea for reducing fields and arc attachment with the
      cup arrangement is illustrated in FIGS. 7 and 8. A straight termination as
      in FIG. 7 of the inner conductor at the lamp leads to a high field
      concentration at the base of the lamp. The dotted lines represent
      approximate electric field line contours as would be obtained for a static
      field with a potential difference between the center conductor and the
      outer conductor. FIG. 8 illustrates the shielding effect of a cup into
      which the lamp is placed, thereby reducing the electric field intensity at
      the base of the lamp.
PAR  It has been found that the impedance of the lamp during operation is
      complex and that the reactive component, usually capacitive, is usually
      greater than the real component. The termination fixture of the present
      invention, in addition to providing arc shaping capability also matches
      the reactive impedance of the lamp to the output impedance of the high
      frequency power source. Combined arc shaping and impedance matching is
      obtained by a helical center conductor and/or a cup member and a multi
      section center conductor in which the sections have a different
      characteristic impedance.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In an exemplary embodiment of the present invention, as shown in FIGS. 1
      and 2, a light source, indicated by the reference numeral 10, includes a
      source 11 of power at a high frequency, an electrodeless lamp 16 and a
      termination fixture 30 coupled to the source, such as by a transmission
      cable 18. As used herein, the phrase "high frequency" is intended to
      include frequencies in the range generally from 100 MHz to 300 GHz.
      Preferably, the frequency is in the ISM band (i.e., industrial,
      scientific, and medical band) which ranges from 902 MHz to 928 MHz. A
      particularly preferred frequency is 915 MHz. One of many commercially
      available power sources which may be used is an Airborne Instruments
      Laboratory Power Signal Source, type 125. The lamp 16 has an envelope 17
      made of a light transmitting substance, such as quartz. The envelope
      encloses a volatile fill material which produces a light emitting
      discharge upon excitation. Several known fill materials may be used, which
      produce a high pressure discharge.
PAR  In FIG. 2 a termination fixture 30 includes an inner conductor 32 and an
      outer conductor 34. As shown herein, the outer conductor 34 is disposed
      around the inner conductor 32. The conductors have a first end 36 which is
      adapted to couple power to the lamp to produce excitation and a second end
      38 adapted to be coupled to the source. The fixture 30 includes, as the
      arc shaping means 14 of FIG. 1, a coil 40. The coil 40 produces an
      electric field in the region of the lamp having a component along and a
      component around the longitudinal axis of the inner conductor 32.
      Referring now to FIG. 3, the coil comprises an inner conductor 32 whose
      first end 36 is hollow and circular in cross section and formed with a
      uniform slot 42 along the periphery thereof to produce a helical
      conductor. Preferably, the pitch of the slot 42 is variable to create a
      strong axial field in a region within the inner conductor and to
      compensate for at least a part of the reactive impedance of the lamp
      during excitation. Several lamps were run using this center conductor in a
      termination fixture. Axial arcs, torodial arcs, and discharges apparently
      excited by both axial and azimuthal fields are obtainable. In particular,
      a lamp filled with mercury, sodium iodide, scandium iodide and argon and
      having a cylindrical envelope was run axially; the arc was observed to
      isolate from both ends of the envelope when the lamp was appropriately
      placed just inside the helix in region R.sub.I. Small mercury lamps in
      both cylindrical and spherical envelopes, have been run with isolated
      torodial discharges, excited by the azimuthal field inside the helix.
      Finally, a metal halide lamp in a spherical envelope run inside the helix
      was apparently coupled to both components of the dominant helical mode.
      The discharge is quite diffuse and detached from the lamp wall.
PAR  Referring now to FIG. 4, the means for producing a two component field
      includes a coil 50 connected to the first end 26 of the inner conductor
      32. Preferably, the inner conductor 32 is tapered as illustrated at 52.
      Also, the coil 50 preferably has about 3 turns. Since this method of
      matching the inner conductor to the coil does not establish as strong a
      dominant helical mode in the coil as in the embodiment of FIG. 2, the
      behavior is different. In particular the axial field is less but the
      azimuthal field is strong because of the low number of turns in the coil.
      With this coil, small mercury lamps with spherical and cylindrical wall
      envelopes ran with torodial discharges. However, the axial field is so
      weak inside the coil that when a cylindrical metal halide lamp was run
      with an axial arc, the arc would not penetrate into the coil even if the
      envelope were lowered well into the coil. In fact, arc isolation was
      achieved simply by placing the lamp partly into the coil. The arc was
      observed to be completely detatched from the top and bottom.
PAR  Referring now to FIGS. 10 and 11 there is shown two embodiments for an arc
      shaping device in which the end of the inner conductor is shaped to
      provide a shielding effect. In FIG. 10 the inner conductor 32 is flared to
      form a cup-shaped arrangement 41 with the lamp being located within the
      cup. The lamp shown is a small cylindrical lamp of 16 mm length and 8 mm
      O.D., having metal halide additives in a high pressure mercury lamp. This
      arrangement was to isolate the arc in a flared center conductor, but
      isolation was quite sensitive to the position of the lamp. FIG. 11
      illustrates a cup-shaped member 60 in which the sides of the cup are
      parallel to the inner conductor longitudinal axis.
PAR  In another feature of the present invention, the termination fixture
      includes a device for matching the impedance of the lamp during excitation
      to the output impedance of the source 11. The coil 50, or the cylindrical
      helix in FIGS. 3 and 2 respectively provides some impedance matching
      because the lamp impedance is complex with the reactive part being
      capacitive and the coil adds a series inductive reactive impedance.
      However, for complete impedance matching, separate and distinct impedance
      matching means is preferred as shown in FIGS. 5 and 6. In FIG. 5, the
      field shaping device is the lamp receiving or cup shaped member 60, also
      shown in FIG. 11, at the first end of the inner conductor 32, this member
      being cupped shaped and effective to isolate the arc from the envelope.
      The inner conductor 32 has a first section L1 extending from the lamp
      receiving member 60 to a junction 62. In FIG. 5, the cup shaped member 60
      has a tapered section 90 extending outwardly from the inner conductor to a
      base member 92 which has a diameter greater than the inner conductor. The
      inner conductor 32 in the first section L1 has dimensions in length and
      cross section selected to transform the complex impedance of the lamp
      during excitation to an input impedance to the junction 62 whose major
      component is the real impedance part. The inner conductor 32 has a second
      section L2 extending from the second end of the inner conductor to the
      junction 62. The inner conductor in the section section L2 has dimensions
      in length in cross sections effective to match the junction input
      impedance to the output impedance to the source 11. As shown in FIG. 5,
      preferably the cross section of the inner conductor in the first section
      L1 is smaller than the cross section in the second section L2.
PAR  The three diameter inner conductor is designed as follows. The field
      shaping member provides a good field pattern in the cup region, (i.e., one
      that forms a good arc, as well as being part of the impedance matching
      scheme. The first section L.sub.1 transforms the impedance over a high
      characteristic impedance section. The second section L2 completes the
      matching and can be used as a support means for a tunable capacitor
      sometimes needed to complete the impedance matching such as shown in FIG.
      6. In the design, a suitable diameter for the field shaping section is one
      that gives a good field pattern for the lamp. Preferably, this diameter is
      about two thirds the lamp diameter for a spherical lamp such as shown in
      FIG. 5, and about three halves the lamp diameter for a cylindrical lamp
      such as shown in FIG. 6. The length of the field shaping section can be
      chosen arbitrarily, but about one twenty-fifth of a wavelength will prove
      to be effective. The input impedance at the junction of the field shaping
      and first section junction 70 can be determined if the lamp impedance for
      the given cup shaped member is known, by the following input impedance
      formula:
      ##EQU1##
      Where R = the arc resistance of the lamp during excitation
PA1  X = the reactive impedance of the lamp during operation held at the end of
      the inner conductor
PA1  .beta. = 2.pi./.lambda.
PA1  l.sub.1 = the length of the section L.sub.1
PA1  .lambda. = the wavelength for the high frequency power which is applied
PA1  Z.sub.c .sbsb.1 = the characteristic impedance for the first section
PAL  For given R and X a length and characteristic impedance is chosen which
      reduces the reactive impedance (X.sub.1) as given by (1) to a value
      substantially lower than X. Determination of R and X is obtained by
      several known measuring techniques, such as by noting position and
      magnitude of voltage standing waves along a power coupling line of known
      characteristic impedance or by using a network analyzer. Then for this
      value of Z.sub.1, a length (L.sub.2) and a characteristic impedance
      Z.sub.c.sbsb.2 for the second section L2 is determined by the following
      equation:
      ##EQU2##
      Where Z.sub.s = the impedance of the source
PA1  Z.sub.c.sbsb.2 = the characteristic impedance of the second section
PA1  l.sub.2 = the length of the section L.sub.2
PAR  The characteristic impedance is defined in terms of the dimensions of the
      section in terms of its cross section. In the preferred embodiments, the
      conductors are circular in cross section and disposed concentrically with
      respect to each other. For such a case, Z.sub.c.sbsb.1 or Z.sub.c.sbsb.2
      is determined by the following expression.
      ##EQU3##
      Where .epsilon..sub.r = dielectric constant of the medium between the
      conductors
PA1  .mu..sub.r = permeability of the medium between the conductors
PA1  b = inner diameter of the outer conductor
PA1  a = diameter of the inner conductor
PAL  For the embodiment of FIG. 5, the first section was chosen to have a length
      of about one twelfth wavelength. The second section, which has an
      impedance usually greater than that of the first section, is used to
      transform the impedance to a value of the source output impedance or an
      impedance such that a parallel capacitor can be used to attain an input
      impedance which is matched to that of the source. If after working the
      design out, the input impedance is found to be too high, it can be reduced
      by reducing the characteristic impedance of the first section, and if the
      input impedance is too low, it can be increased by increasing the
      impedance of the first section, keeping all other variables fixed. The
      sections are preferably connected by short tapers in order to reduce
      discontinuity capacitance.
PAR  Referring now to FIG. 6 there is illustrated a particularly preferred
      embodiment combining all of the features above-described. The field
      shaping member comprises a helical hollow center conductor previously
      described in reference to FIG. 3 and a cup-shaped member within the
      conductor. In addition, the second end of the inner conductor includes a
      capacitor connected across the inner and outer conductors. This capacitor
      comprises plates 70 which may be adjusted in position along the inner
      conductor by means of a threaded arrangement and a dielectric material 72
      disposed between plate 70 and an end member 74 of the outer conductor 34.
PAR  The following relates to the specifications of the embodiment of FIG. 6.
TBL  ______________________________________                                    
     Lamp                                                                      
     envelope                                                                  
            cylindrical quartz 8 mm OD, 17 mm long                             
            inner wall thickness 1 mm                                          
     fill material                                                             
     H.sub.g    0.2 .mu.l                                                      
     ScI.sub.3  0.36 mg                                                        
     NaI        0.39 mg                                                        
     A.sub.r    20 torr                                                        
     The base of the lamp is coated with zirconium                             
     oxide to reduce heat loss. This is important                              
     in obtaining high efficiencies.                                           
     Termination Fixture                                                       
     helix    2 turns                                                          
              1.8 cm long                                                      
              1.3 cm OD                                                        
     L.sub.1 section                                                           
              75 cm long                                                       
              .5 cm OD                                                         
     L.sub.2 section                                                           
              2.15 cm long                                                     
              .7 cm OD                                                         
     cup      boron nitride as a thermal insulator                             
     conductors made of brass                                                  
     Capacitor                                                                 
              about 5 pf capacitance                                           
              2.2 cm diameter brass                                            
              washer, 0.001" Kapton                                            
              dielectric disc.                                                 
     Glass dome with conducting metal screen                                   
     Performance                                                               
            at 915 MHz, this lamp had an                                       
            estimated efficacy of 70 1pw                                       
            at 40 watts (microwave power)                                      
            and 111 1pw at 60 watts. This                                      
            latter light output is the same                                    
            as would be obtained from a 350                                    
            watt incandescent lamp.                                            
     ______________________________________                                    
PAR  The embodiments of the present invention are intended to be merely
      exemplary and those skilled in the art shall be able to make numerous
      variations and modifications to them without departing from the spirit of
      the present invention. All such variations and modifications are intended
      to be within the scope of the present invention as defined in the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A light source including:
PA1  a. a source of power at a high frequency,
PA1  b. an electrodeless lamp having an envelope made of a light transmitting
      substance and a volatile fill material enclosed within the envelope, the
      fill material emitting light upon breakdown and excitation;
PA1  c. a termination fixture having an inner conductor and an outer conductor
      disposed around the inner conductor, the conductors having a first end
      which couples power to the lamp and a second end which is coupled to the
      source; and
PA1  d. the inner conductor having means at the first end thereof for
      controlling the electric field strength in a region adjacent to the
      interior wall of the envelope to inhibit the formation of an arc within
      the region.
NUM  2.
PAR  2. The light source according to claim 1, wherein the field controlling
      means includes means for producing an electric field at the end of the
      inner conductor having a component along and a component around the
      longitudinal axis of the inner conductor thereby producing an arc which is
      detached from the envelope of the lamp.
NUM  3.
PAR  3. The light source according to claim 2, wherein the means for producing a
      two component field includes an inner conductor whose first end is hollow
      and formed with a uniform slot along the periphery thereof to produce a
      helical conductor.
NUM  4.
PAR  4. The light source according to claim 3, wherein the pitch of the slot is
      variable to create a region of reduced electrical field strength near the
      lamp envelope within the inner conductor and to compensate for at least a
      part of the reactive impedance of the lamp during operation.
NUM  5.
PAR  5. The light source according to claim 2, wherein the means for producing a
      two component field includes a coil connected to the first end of the
      inner conductor.
NUM  6.
PAR  6. The light source according to claim 5, wherein the first end of the
      inner conductor is tapered.
NUM  7.
PAR  7. The light source according to claim 6, wherein the coil has about three
      turns.
NUM  8.
PAR  8. The light according to claim 2, wherein the envelope is cylindrical in
      shape.
NUM  9.
PAR  9. The light source according to claim 2, wherein the envelope is spherical
      in shape.
NUM  10.
PAR  10. The light source according to claim 1, further including means disposed
      within the fixture for matching the impedance of the lamp during
      excitation to the output impedance of the source.
NUM  11.
PAR  11. The light source according to claim 10, wherein the field shaping means
      includes a lamp receiving member at the first end of the inner conductor,
      the member having a shape effective to isolate the arc from the envelope.
NUM  12.
PAR  12. The light source according to claim 11, wherein the impedance matching
      means includes the inner conductor having a first section extending from
      the lamp receiving member to a junction, the inner conductor in the first
      section having dimensions in length and cross section selected to
      transform the complex impedance of the lamp during operation to an input
      impedance at the junction whose major component is the real impedance
      part, and a second section extending from the second end to the junction,
      the inner conductor in the second section having dimensions in length and
      cross section effective to match the junction input impedance to the
      output impedance of the source.
NUM  13.
PAR  13. The light source according to claim 12, wherein the dimension in cross
      section of the inner conductor in the first section is smaller than that
      of the inner conductor in the second section.
NUM  14.
PAR  14. The light source according to claim 13 further including a capacitor
      connected across the conductors near the second end.
NUM  15.
PAR  15. The light source according to claim 13, wherein the conductors are
      circular in cross section and concentric with respect to each other.
NUM  16.
PAR  16. The light source according to claim 15, wherein the length of the first
      section is about one twelfth wavelength long and the length of the lamp
      receiving member is about one twenty-fifth wavelength long.
NUM  17.
PAR  17. The light source according to claim 15, wherein the lamp receiving
      member is a hollow cylindrically shaped member.
NUM  18.
PAR  18. The light source according to claim 17, wherein the lamp envelope is
      spherically shaped and wherein the diameter of the lamp receiving member
      is about two thirds the diameter of the envelope.
NUM  19.
PAR  19. The light source according to claim 17, wherein the lamp envelope is
      cylindrical in shape and wherein the diameter of the member is about three
      halves the diameter of the envelope.
NUM  20.
PAR  20. The light source according to claim 15, wherein the lamp receiving
      member is a hollow cylindrical element having a variable pitch slot formed
      in the periphery thereof.
NUM  21.
PAR  21. The light source according to claim 20, wherein the inner conductor is
      tapered at both ends of the first section.
NUM  22.
PAR  22. The light source according to claim 1, wherein the field controlling
      member includes shielding means at the first end of the inner conductor
      for reducing the electric field intensity at the central face of the inner
      conductor end.
NUM  23.
PAR  23. The light source according to claim 22, wherein the shielding means
      includes forming the first end of the inner conductor into a cup-shaped
      arrangement so that the side of the arrangement reduces the field in the
      central region of the end of the inner conductor.
NUM  24.
PAR  24. The light source according to claim 23, wherein the side of the
      cup-shaped arrangement is flared outwardly from the inner conductor.
NUM  25.
PAR  25. The light source according to claim 23, wherein the cup-shaped
      arrangement has a side which extends around a portion of the lamp and
      which is generally parallel with respect to the longitudinal axes of the
      inner conductor.
NUM  26.
PAR  26. The light source according to claim 25, wherein the cup-shaped
      arrangement has a tapered section extending outwardly from the inner
      conductor to a base member which has a diameter greater than the inner
      conductor.
NUM  27.
PAR  27. The light source according to claim 23, wherein the lamp envelope is
      cylindrical in shape.
NUM  28.
PAR  28. The light source according to claim 23, wherein the lamp envelope is
      spherical in shape.
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ABST
PAL  A discharge lamp lighting apparatus includes three oscillation circuits.
      The first comprises a linear inductor and a capacitor connected in series
      to a power source. The second oscillation circuit is connected across the
      capacitor and includes a bounce or backswing booster inductor and a
      voltage responsive switching element connected in series. The third
      oscillation circuit comprises the bounce inductor and its distributed
      capacity. The bounce booster inductor has a magnetic core with a shape and
      of a material providing an abrupt saturation characteristic. The core
      factor K of the core is small and may have a ratio of the cross sections
      of the wound to the unwound parts thereof of less than one half.
      Alternatively, the ratio of the wound part of the core to the unwound part
      thereof is less than one fourth and a conventional core material may be
      employed for the core. Further, the peak temperature characteristic such
      as the first peak of the initial permeability of the core material may be
      selected in the range of -40.degree.C to +5.degree.C. The core is provided
      with a small gap to improve lamp starting operation at high temperatures,
      the gap having conventional as opposed to mirror polished faces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a discharge lamp lighting apparatus and,
      more particularly, to an improvement in such an apparatus as accomplished
      by the use of semiconductor devices.
PAR  Various discharge lamp lighting circuits have been developed in recent
      years employing solid state circuits. One such apparatus is described and
      claimed in U.S. Pat. No. 3,753,037, entitled "DISCHARGE-LAMP OPERATING
      DEVICE USING THYRISTOR OSCILLATING CIRCUIT," issued Aug. 14, 1973, and
      assigned to New Nippon Electric Company Ltd.
PAR  The apparatus described in the aforementioned patent has some distinct
      advantages obtained by the use of a thyristor type voltage-responsive
      switching element such as a (SSS) Silicon Symmetrical Swtich, a (SCR)
      Silicon Controlled Rectifier, TRIAC or a bi-directional two-terminal diode
      thyristor, and comprises an oscillator which is implemented by a first
      oscillation circuit having a power source, a linear inductor and a
      capacitor connected in series, a second oscillation circuit connected
      across the capacitor and having a bounce or back swing booster inductor
      and a voltage-responsive switching element connected to series, and a
      third oscillation circuit comprising the bounce booster inductor and its
      distributed capacity, as well as a discharge lamp connected across the
      capacitor. An oscillation voltage generated across the capacitor is
      sufficiently high to start or ignite the discharge lamp. As a power source
      a d.c. or an a.c. source may be employed. Where the discharge lamp is a
      hot-cathode discharge lamp which has a pair of filaments serving as
      discharge electrodes, the filaments are generally connected in series with
      the first oscillation circuit and/or with the second oscillation circuit
      for the purpose of heating the filaments in a quick manner. As will be
      described in more detail hereinafter, the maximum instantaneous value of
      the output voltage of the power source is larger than the braekdown
      voltage of the switching element apart from a spike pulse or voltage. As a
      result, the high oscillation voltage generated across the capacitor causes
      the discharge lamp to be started or ignited, and then the oscillation is
      stopped and a stabilized discharge operation is maintained thereafter.
PAR  In the prior art certain problems have been encountered, for example, in
      connection with the starting of discharge lamps under different
      temperature conditions, especially under high and low temperatures.
      Further, so called half-wave lighting frequently occuring in worn out
      lamps may also occur prior to the end of the useful life of a lamp and
      this is to be avoided. These problems will be described in more detail
      below.
PAC  OBJECTS OF THE INVENTION
PAR  In view of the above, it is the aim of the invention to achieve the
      following objects, singly or in combination:
PAR  to provide an improved discharge lamp lighting apparatus, especially an
      improved discharge lamp starting circuit;
PAR  to assure a positive starting operation of a discharge lamp and to maintain
      a stabilized lighting operation irrespective of ambient temperatures;
PAR  to provide an improved bounce booster inductor for a discharge lamp
      lighting circuit; and
PAR  to provide a less expensive magnetic core for a bounce booster inductor for
      avoiding an on-off lighting operation due to a spike voltage generated
      during a lighting operation.
PAC  SUMMARY OF THE INVENTION
PAR  A discharge lamp lighting apparatus of the present invention comprises a
      first oscillation circuit having a power source, a linear inductor and a
      capacitor connected in series, a second oscillation circuit connected
      across the capacitor and having a bounce or back swing booster inductor
      and a voltage responsive switching element connected in series, a third
      oscillation circuit comprising the bounce booster inductor and its
      distributed capacity, and a discharge lamp connected across the capacitor.
      The switching element has a breakdown voltage within the range of from
      above a virtual voltage across the discharge lamp when the lamp remains
      lighted to below the maximum instantaneous voltage of the power source.
      The first, second and third oscillation circuits generate a high
      oscillation voltage across the capacitor for starting or igniting the
      discharge lamp. The bounce booster inductor comprises a magnetic core and
      a coil wound thereon.
PAR  According to one aspect of the present invention, a preferred geometry of
      the core for the bounce booster inductor is specifically determined; that
      is, the magnetic core is so designed that the cross-sectional area of the
      coiled part is less than one-half of the overall or total cross-sectional
      area of the non-coiled part, that the magnetic path length of the coiled
      part is less than one-fourth of the overall magnetic path length, and that
      the ratio of length to width of a rectangular window part of the core
      through which the coil is wound is 1 to 2.2 to shorten the magnetic path
      length. As a result, it is possible, without increasing the
      cross-sectional area of the coiled part of the core and with a lower
      number of turns, to increase the inductance of the bounce booster
      inductor, and thus to improve the starting function in that half wave
      lighting is prevented at a normal temperature, the spike voltage is
      blocked at a low temperature, and the starting operation is improved at
      high-temperatures whereby a core made of a low-permeability grade of
      ferrite may be used and the size of the bounce booster inductor may be
      reduced.
PAR  According to another aspect of the present invention, the ferrite core of
      the bounce booster inductor is so made as to improve its effective
      permeability-temperature characteristics, as compared with that of
      conventional high-permeability ferrite cores. More particularly, the
      ferrite core in the form of the inductor L2 has a peak of permeability in
      the low temperature range from -40.degree.C to + 10.degree.C by increasing
      iron oxide ingredients, employing additional ingredients and/or by
      modifying the sintering process as will be described in more detail below.
      As a result, such specially made ferrite core has a higher permeability at
      low temperatures than that of conventional cores. Hence, it is possible to
      use a cheaper grade of ferrite instead of the grade of an extremely high
      permeability which has been deemed to be essential for the core material
      of the bounce booster inductor used in prior art discharge lamp lighting
      circuits of this type, and to assure a positive starting of the discharge
      lamp and to maintain a stabilized lighting operation in spite of an
      undesired ambient temperature, especially at a low temperature.
PAR  According to still another aspect of the present invention, the core of the
      bounce booster inductor has a gap or an equivalent of 0.5 to 20 micron
      (.mu.), and is so designed that the cross-sectional area of the coiled
      portion is smaller than the sum of the cross-sectional area of the
      non-coiled portion included in the magnetic path. As a result, starting
      operation characteristics are also improved in a higher temperature
      atmosphere.
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PAC  BRIEF FIGURE DESCRIPTION
PAR  In order that the invention may be clearly understood, it will now be
      described with reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic circuit diagram of an oscillator which may be
      employed in a discharge lamp lighting apparatus in accordance with the
      present invention;
PAR  FIGS. 2A+2B are typical voltage response characteristics of the switching
      element S comprised in the oscillator of FIG. 1;
PAR  FIGS. 3A+3B illustrate the operation of the oscillator of FIG. 1;
PAR  FIG. 4 is a timing diagram illustrating the operation of the oscillator of
      FIG. 1 on an enlarged time basis;
PAR  FIG. 5 is a schematic diagram of a discharge lamp lighting apparatus of the
      present invention;
PAR  FIG. 6 is a perspective cross-sectional view illustrating an embodiment of
      the bounce booster inductor L2 according to the invention which may be
      utilized in the apparatus of the present invention;
PAR  FIG. 7 is a perspective cross-sectional view illustrating another
      embodiment of the bounce booster inductor L2 of the present invention;
PAR  FIG. 8 is a perspective cross-sectional view illustrating a further
      embodiment of the bounce booster inductor L2 of the present invention;
PAR  FIG. 9 is a temperature characteristic diagram of a conventional core and
      the inventive cores of the bounce booster inductor L2;
PAR  FIG. 10 illustrates the magnetic flux density B as a function of the
      magnetic intensity of a core of a bounce booster inductor L2;
PAR  FIGS. 11A to 11E are diagrammatic views partially illustrating the basic
      features of cores of the bounce booster inductor L2 of the present
      invention;
PAR  FIG. 12 is a perspective view of still a further embodiment of the bounce
      booster inductor L2 of the present invention;
PAR  FIG. 13 is a cross-sectional view of a core of a further embodiment of the
      bounce booster inductor L2 of the present invention;
PAR  FIG. 14 is a cross-sectional view of an alternative core of the bounce
      booster inductor L2 of the present invention;
PAR  FIG. 15 is a perspective view illustrating another alternative core of the
      bounce booster inductor L2 of the present invention;
PAR  FIG. 16 is a cross-sectional view illustrating the embodiment of FIG. 15;
PAR  FIGS. 17 to 20 are perspective views each illustrating a further
      alternative core configuration of the bounce booster inductor L2 which may
      be utilized in the present starting circuit;
PAR  FIG. 21 is a schematic diagram illustrating a circuit for evaluating the
      leakage current performance of the bounce booster inductor L2;
PAR  FIG. 22 is an illustration of the leakage current display presented by an
      oscilloscope cooperating with the circuit of FIG. 21; and
PAR  FIG. 23 is a schematic diagram of a modification of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EXAMPLE EMBODIMENTS
PAR  FIG. 1 shows essentially a circuit diagram of the oscillator circuit of
      U.S. Pat. No. 3,753,037 which is also employed in the present invention.
      Before going into the detail of the present invention, the construction
      and operation of said oscillator will first be described to facilitate the
      understanding of the present invention. A first oscillation circuit R1
      comprises a power source E, a linear inductor L1 such as a choke coil or a
      leakage transformer, a capacitor C and a power switch SW connected in
      series with a power source E. A second oscillation circuit R2 is formed of
      a series circuit which comprises a bounce or back swing booster inductor
      L2 and a bi-directional two-terminal switching element is operative in
      response to a voltage, and is connected in parallel to the capacitor C. A
      third oscillation circuit R3 comprises the inductor L2 and its distributed
      capacity C1. The inductor L2 has such characteristics its inductance
      decreases with an increase of the current flowing therethrough, and that
      it is magnetically saturated when the magnetic flux through the core
      exceeds a certain value. Such characteristics are attainable by the use of
      a magnetic material such as Mn-Zn type ferrite which is also dielectric.
PAR  FIG. 2(A) shows a voltage-current characteristic of a typical
      bi-directional two-terminal switching element S advantageously used in the
      oscillator of FIG. 1. FIG. 2(B) shows a voltage-current characteristic of
      an alternative element S. The characteristics shown in FIGS. 2(A) and 2(B)
      and elements S having such characteristics are well known to those skilled
      in the art. The oscillation period of the second oscillation circuit R2 is
      chosen to be smaller than that of the first oscillation circuit R1 at the
      moment of saturation of the inductor L2. The distributed capacity C1 of
      the inductor L2 is shown in FIG. 1 as an equivalent connected in parallel
      with the inductor L2, while the equivalent loss resistance r1 of the
      inductor L2 is also shown therein connected in parallel with the inductor
      L2.
PAR  FIG. 3(A) shows the voltage V.sub.C generated by the oscillation circuit R2
      between both ends of the capacitor C in case a direct current (DC) power
      source is employed as the power source E.
PAR  FIG. 4 shows the relationship of the voltage V.sub.C across the capacitor
      C, the current I.sub.C through the capacitor C, the output voltage V.sub.E
      from the DC voltage source E and the bounce or back swing voltage V.sub.L2
      across the inductor L2 on an enlarged scale along the time axis when the
      oscillation is stabilized.
PAR  Referring now to these figures, an initial sequence in the operation of the
      apparatus involves a charging operation mode in which the switch SW is
      closed to charge the capacitor C and thus the voltage V.sub.C across the
      capacitor C, as applied to the switching element S through the inductor
      L2, increases.
PAR  When the voltage V.sub.C has exceeded the breakdown voltage V.sub.BO of the
      switching element S e.g. at the time t.sub.1 in FIG. 3 (A), the switching
      element S is turned on and the capacitor C is discharged since the
      inductor L2 practically does not have any impedance at such a low
      frequency voltage variation. In this way, a discharge operation mode
      begins. The discharge current I.sub.C through the capacitor C increases in
      a cosine wave pattern with respect to the decrease of the voltage V.sub.C,
      i.e. in a sine wave pattern advanced by about .pi./2, and then starts
      decreasing thereafter (see FIG. 4). The value of the current I.sub.C
      reaches a very high level due to the saturation of the inductor L2 when
      the quality factor O of the second oscillation circuit R2 is high. The
      inductance 1a of the saturated inductor L2 is extremely small as compared
      to its inductance 1u at a moment of non-saturation. The current I.sub.C
      decreases with the progress of discharge of the capacitor C and thus the
      current I2 through the switching element S decreases. Thus, the current I2
      represents the sum of the discharge current IC from the capacitor C and
      the current I1 through the switching element S when the switching element
      S is turned on. The current I1 is supplied from the power source E through
      the circuit of E-L1-L2-S-E. The current I1 in an early stage increases
      very slowly because of the large inductance of the linear inductor L1 and
      is small enough to be neglected. Hence the switching element S is turned
      off when the current I2 has decreased to be smaller than the holding
      current Ih of the switching element S e.g. at the time t2 in FIG. 3(A).
      While the switching element S is kept on, the electric charge of the
      capacitor C is transferred and thus the voltage V.sub.C is inverted in
      polarity to become slightly higher than -V.sub.B0 because of the voltage
      drop caused by the resistance r1. This, however, does not mean that the
      switching element S is immediately turned on in an opposite direction.
      Since, when the switching element S is on, the capacitor C and the
      distributed capacity C1 of the inductor L2 are connected in parallel, the
      distributed capacity C1 is at the same time charged to the same voltage in
      the same polarity as the capacitor C, its voltage thus being about
      -V.sub.B0. Thus, the inductor L2 is restored to be in the unsaturated
      condition when the switching element S is turned off or blocked.
PAR  With the switching element S in the off state, a further charging operation
      mode begins in the first oscillation circuit R1. The initial value of a
      primary current I.sub.3 flowing through the inductor L1 cannot be zero in
      the further operation mode, which is different from the initial charging
      operation mode, since the initial value of the primary current I.sub.3 is
      still present immediately before the electromagnetic energy stored in the
      inductor L1 causes the switching element S to be turned off in the
      previous discharging operation mode. In addition, the normal current
      I.sub.4 having the same value as in the initial charging operation mode
      flows to charge the capacitor C. As a result, the current I1 for charging
      the capacitor C is the sum of both the primary current I.sub.3 and the
      normal current I.sub.4. The oscillating operation of the inductor L1 and
      the capacitor C causes the capacitor C to be charged again, and thus the
      voltage V.sub.C continues to increase from -V.sub.B0 through a zero value
      to and above +V.sub.B0. Meanwhile, the switching element S is kept
      non-conductive even if V.sub.C has increased above +V.sub.B0 in view of
      the fact that during the previous discharging operation mode electrostatic
      energy is stored in the distributed capacity C1 of the inductor L2. More
      specifically, even after the switching element S is turned off and thus
      the current I.sub.2  through the switching element S is cut off and the
      inductor L2 is restored to be in the non-saturated condition, the
      electrostatic energy stored in the distributed capacity C1 is transferred,
      so that the bounce or back swing voltage V.sub.L2 as shown in FIG. 4 is
      generated across the inductor L2 in a direction opposite to that of the
      voltage V.sub.C across the capacitor C and a damped oscillation is started
      which is caused by the inductance 1u in the non-saturated condition of the
      inductor L2 and the distributed capacity C.sub.1, and consequently the
      terminal voltage of the inductor L2 remains as it is for a relatively long
      time period which is longer than the time period of t2 to t3 as shown in
      FIG. 3 (A).
PAR  The direction of the discharge current I.sub.C, from the distributed
      capacity C1 is opposite to that of the discharge current IC of the
      capacitor C with respect to the inductor L2, and hence the inductor L2 is
      quickly restored to be in the unsaturated condition. By proper choice of
      the construction of the inductor L2, it is possible through adjustment of
      the oscillating operation caused by the inductor L1 and the capacitor C in
      the first oscillation circuit R1 to assimilate the variation rate of the
      bounce voltage V.sub.L2 to that of the terminal voltage V.sub.C caused by
      recharging of the capacitor C. In such a case the terminal voltage across
      the switching element S determined by the difference between the voltage
      V.sub.C and the voltage V.sub.L2 is kept low for a considerably long time
      despite the rise of the terminal voltage V.sub.C of the capacitor C. While
      the bounce voltage V.sub.L2 attenuates in a damped oscillation, as
      mentioned above, and as a result thereof a difference voltage between the
      terminal voltage V.sub.C of the capacitor C and the bounce voltage
      V.sub.L2 continues to increase gradually until the difference voltage is
      equal to V.sub.B0 and at this moment the switching element S is turned on
      again. Thus, the charging and discharging operation modes are alternately
      repeated.
PAR  As a result, each time the capacitor C is charged the normal capacitor
      charging current I.sub.4 is added to the primary current I.sub.3 through
      the first oscillation circuit R1, and each time the capacitor C is
      discharged the primary current I.sub.3 passing through the circuit
      comprising E-L1-L2-S-E continues to increase gradually, whereby the
      capacitor charging current I.sub.1 also continues to increase gradually,
      so that the time period of the charging operation mode is shortened as the
      charging is repeated.
PAR  Meanwhile, as mentioned above, the value of the primary current I.sub.3
      flowing through the circuit of E-L1-L2-S-E continues to increase in each
      discharging operation mode, and the terminal voltage V.sub.C of the
      capacitor C increases immediately before the switching element S is turned
      on. Consequently the Current I.sub.2 through the inductor L2 increases
      gradually. As a result, the amount of electrostatic energy stored in the
      distributed capacity C.sub.1 increases and thus the bounce voltage
      V.sub.L2 across the inductor L2 which is generated by the oscillation
      circuit R.sub.3 when the switching element S is turned off, also increses.
PAR  Thus, the voltage V.sub.C is amplified in the charging operation mode,
      while the voltage V.sub.C is inverted and the bounce voltage V.sub.L2 is
      amplified in the discharging operation mode, with a resultant gradual
      increase of the voltage V.sub.C (=V.sub.B0 + V.sub.L2) until eventually
      the voltage V.sub.L2 can follow the voltage V.sub.C at its extreme. In
      this stabilized condition, the primary current I.sub.3 remains constant,
      and is only slightly lower than that of the current I.sub.1 stabilized in
      the circuit shown in FIG. 1 with the capacitor C eliminated and the
      switching element S short-circuited. The oscillation period is determined
      by the voltage V.sub.C under this stabilized condition.
PAR  In this way, the operation modes described above are repeated and the
      circuit shown in FIG. 1 oscillates to provide an alternating current AC
      output, as illustrated in FIG. 3 (A). Eventually, the oscillation output
      voltage V.sub.C follows such a pattern that the envelope saturates at a
      value determined by the circuit constants.
PAR  Thus an AC voltage V.sub.C of high frequency is generated across the
      capacitor C, which is higher than that of the DC voltage source E. In the
      operative embodiment of the present invention, the oscillation frequency
      attainable is up to several 10 KHz and the oscillation voltage is up to
      nearly 10 times the source voltage.
PAR  It is to be understood that an AC power source may be used as the power
      source E in view of the high oscillation frequency. In such a case, as
      seen from FIG. 3 (B), the envelope of the oscillating output voltage
      V.sub.C follows a sine curve which is in phase with the AC input current
      I.sub.1, and is out of phase by about 90.degree. with an AC voltage
      V.sub.E of the AC power source E. Said envelope is symmetrical with
      respect to the time axis.
PAR  It is further to be understood that the abovementioned function is achieved
      also in case where a capacitor is interposed in series with the linear
      inductor L1 and thus the interposed capacitor and the linear inductor L1
      cooperate as a so-called advanced-phase current-limiting circuit.
PAR  The discharge lamp lighting apparatus of the present invention utilizes the
      high voltage oscillation output V.sub.C generated across the capacitor C
      in the oscillating circuit shown in FIG. 1.
PAR  FIG. 5 shows such an apparatus according to the invention for lighting a
      single discharge lamp FL. The discharge lamp FL is connected across the
      capacitor C with its filaments f1 and f2 connected in series with the
      second oscillation circuit R2. The essential features of the oscillator
      are the same as that of the circuit shown in FIG. 1, and therefore the
      same parts are designated by the same reference characters. For the
      purpose of simplicity, however, the third oscillation circuit R3 is not
      shown in FIG. 5.
PAR  In FIG. 2 load curves 1 are shown additionally for better understanding of
      the operation of the circuit shown in FIG. 5. Therefore, the operation of
      the circuit shown in FIG. 5 will be described in the following with
      reference to FIG. 2.
PAR  The maximum voltage V.sub.MAX of the output from the power source E, the
      peak value V.sub.FL of the voltage applied across the discharge lamp FL,
      hereinafter referred to as "spike voltage V.sub.FL," the breakdown voltage
      V.sub.BO of the switching element S and the effective breakdown voltage
      V.sub.BO, of the switching element S during the lighting operation of the
      discharge lamp FL are chosen so as to meet the following relationships.
EQU  V.sub.MAX &gt;V.sub.BO and V.sub.BO '&gt;V.sub.FL
PAL  in the embodiment of FIG. 5, the AC power source E is employed having the
      normal line voltage frequency. Thus, the impedance of the inductor L2 is
      almost negligibly small at the time of starting of the discharge lamp FL.
      Because of the relationship V.sub.MAX &gt;V.sub.BO, oscillation is started
      with turning on of the power switch SW and accordingly a high voltage
      V.sub.C is generated across the capacitor C. Meanwhile, the filaments f1
      and f2 of the discharge lamp FL are preheated by a large amount of high
      frequency oscillation current through the second oscillation circuit R2.
      After sufficient preheating of the filaments f1 and f2 the discharge lamp
      FL is started or turned on by applying the high oscillation voltage, and
      then the oscillation is terminated because of the relationship V.sub.BO
      '&gt;V.sub.FL, and the discharge lamp FL continues discharging. When the
      discharge lamp FL remains lighted, the inductor L1 performs the function
      of a conventional choke coil, while the capacitor C serves as a noise
      eliminator.
PAR  In commercializing the apparatus shown in FIG. 5, however, there are quite
      a number of problems that have to be overcome. In the following,
      therefore, such problems will be discussed together with techniques
      proposed for their solution by the present invention.
PAR  One problem relates to the spike voltage V.sub.FL under low temperature
      condition: When the discharge lamp FL is left on, the peak value of a
      voltage across the discharge lamp FL, which is referred to as a spike
      voltage V.sub.FL hereinafter, tends to increase at a low temperature, so
      that the second oscillation circuit R2 is enabled to oscillate and thus
      the discharge lamp FL would repeat an on-off lighting operation. Such
      erroneous operation due to the spike voltage V.sub.FL must be eliminated.
      More specifically, the spike voltage V.sub.FL tends to increase when the
      lamp FL is lighted in a cold atmosphere, which is aggravated with the
      increase of the capacitance of the capacitor C connected in parallel with
      the discharge lamp FL. As the discharge lamp FL is lighted, the spike
      voltage V.sub.FL is applied to the switching element S through the
      inductor L2 and, when it exceeds the breakdown voltage V.sub.BO ' of the
      switching element S, the switching element S is turned on and the
      discharge lamp FL goes out with its opposite discharge electrodes or
      filaments f1 and f2 short-circuited, and then it is lighted again,
      resulting in an on-off lighting operation of the lamp FL. In a low
      temperature atmosphere, therefore, it is essential to raise the effective
      breakdown voltage V.sub.BO '.
PAR  Such an undesired operation, however, can be avoided with the apparatus
      illustrated in FIG. 5, which is so designed that the increase of the spike
      voltage V.sub.FL is automatically accompanied by a matching increase of
      V.sub.BO '. More specifically, the spike voltage V.sub.FL at a low
      temperature is of a high frequency f.sub.h, say approximately 1.5 kHz, and
      the impedance (2.pi.f.sub.h 1.sub.u) of the inductor L2 is accordingly
      high. 1u is the inductance of the inductor L2 in a non-saturated
      condition. As described earlier, the load line l 1 shown in FIG. 2(A)
      indicates the impedance 2.pi.f.sub.h 1.sub.u at a given spike voltage
      V.sub.FL. When the impedance (2.pi.f.sub.h 1.sub.u) rises, the load line l
      1 shifts toward the right direction on the coordinate shown in FIG. 2(A),
      and thus the point of intersection between the load line l 1 and the
      voltage axis V also shifts toward the right. The point of intersection
      designates the effective breakdown voltage V.sub.BO ' which is accordingly
      so high that the relationship V.sub.BO '&gt;V.sub.FL is satisfied even when
      the spike voltage V.sub.FL is very high. When the effective breakdown
      voltage V.sub.BO ' is sufficiently high, it is possible to use a trigger
      diode as the switching element S whose typical characteristic is shown in
      FIG. 2 (B).
PAR  Depending on the type of the discharge lamp FL, however, the spike voltage
      V.sub.FL can be extremely high, and thus in order to enable lighting in a
      low-temperature range, it is advisable further to raise the effective
      breakdown voltage V.sub.BO '. Since the inductance 1u is proportional to
      the effective permeability .mu.e, it is desirable to choose a core the
      effective permeability .mu.e of which is higher at a lower temperature.
      However, existing or commercially available high permeability ferrite such
      as Mn-Zn type ferrite has characteristics, as shown by curves a and b in
      FIG. 9 in which the permeability is higher at a normal temperature than at
      a lower temperature. As a result, the inductance of the inductor L2
      employing such existing ferrite is much higher at a normal temperature.
      However, such a high permeability material is usually expensive.
PAR  Another problem exists in connection with half-wave lighting by which is
      meant a condition in which the discharge current is rectified which flows
      through the discharge lamp FL while it is lighted. With a fluorescent lamp
      approaching the end of its life time, for example, the condition of
      half-wave lighting is eventually inevitable as generally one of the
      discharge electrode filaments is liable to have its emission reduced
      earlier than the other. However, it gives rise to a real problem if this
      condition of half-wave lighting occurs in a relatively new discharge lamp,
      or at an earlier time of the performance curve of the discharge lamp FL as
      would normally be expected.
PAR  The reason for the half-wave lighting will now be described. When the
      oscillation voltage V.sub.C has been generated to be higher than the
      starting voltage in normal operation of the discharge lamp FL and before a
      sufficient rise of the temperature of the filaments f1 and f2, the
      discharge lamp FL is started or ignited during one half period of the
      output from the AC power source E, with the higher temperature filament
      serving as a cathode while the lower temperature filament serves as an
      anode. Only during the other half period of the AC power source output,
      oscillation occurs and reduces the filament preheating current by one half
      whereby an insufficient filament temperature is caused. Half-wave lighting
      is, therefore, caused more frequently when the atmospheric temperature is
      normal and thus the starting voltage is low, than when the temperature is
      low or high and thus the starting voltage is high.
PAR  To prevent this condition of half-wave lighting it is required to increase
      the filament preheating current. For this purpose it is necessary to
      increase the capacitance of the oscillation capacitor C and to decrease
      the unsaturated inductance 1u of the inductor L2 when oscillation is
      maintained. Such an arrangement, however, inevitably results in an
      increase of the spike voltage V.sub.FL when the temperature is low, and
      this is contrary to the above-mentioned requirement for the reduction of
      the spike voltage V.sub.FL. When the capacitance of the capacitor C as
      well as the inductance 1u of the inductor L2 is kept constant, the risk of
      half-wave lighting can be reduced by decreasing the voltage V.sub.s across
      the inductor L2 in a saturation condition thereof because of the resultant
      increase of the oscillation duration in each half period or cycle of the
      AC power source output having the normal line frequency for example 50 or
      60 Hz. If the material of the core of the inductor L2 is the same one that
      is used for avoiding the on-off operation due to the spike voltage
      V.sub.FL, the saturation voltage V.sub.S is dependent, in turn, upon the
      number of turns of the coil and the crosssectional area of the coiled
      part: the smaller the latter, the lower the former. The approach of
      lowering the permeability of ferrite at a normal temperature is perfectly
      harmless as a countermeasure for half-wave lighting, since it is
      accompanied by a decrease of the inductance 1u of the inductor L2.
PAR  Yet another problem exists in starting a discharge lamp in a
      high-temperature atmosphere. The starting voltage of the discharge lamp FL
      such as a fluorescent lamp is known to increase rapidly as the ambient
      temperature exceeds 50.degree.C. When lighting is maintained in such a
      high-temperature atmosphere, the temperature of the body of the discharge
      lamp FL is liable to be still higher. Further, the maximum magnetic flux
      density B.sub.m of the ferrite core of the inductor L2 decreases with the
      increase of the ambient temperature, whereby the magnetic flux density
      change .DELTA. B also decreases thereby causing a drop of the oscillation
      output voltage across the capacitor C. Such being the case, it is
      essential for an improved safety in high temperature starting to carefully
      study the extent of the magnetic flux density change .DELTA. B of the
      ferrite material. A well-known approach is to provide a large difference
      between the maximum magnetic flux density B.sub.m and the residual
      magnetic flux density B.sub.r, or to provide a very small gap in the
      ferrite core of the inductor L2 for decreasing the apparent residual
      magnetic flux density B.sub.r since the high permeability material has
      such characteristics that the Curie point is comparatively low and the
      maximum magnetic flux density B.sub.m at a high temperature is also low.
      When the maximum magnetic density B.sub.m is constant, an increased
      saturation voltage V.sub.s of the inductor L2 results in an easier
      lighting. Hence, lighting is easier when the number of turns N and thus
      the inductance of the inductor L2 is greater. When, on the other hand, the
      saturation voltage V.sub.s is constant, decreased leakage magnetic flux of
      the inductor L2 results in easier lighting. Moreover, from the standpoint
      of the material for the core of the inductor L2, it is preferably of lower
      residual magnetic flux B.sub.r and lower hysteresis loss at a high
      temperature.
PAR  The underlying principle for the design of the core form in this connection
      is to raise the starting capability to the highest possible level for a
      given saturation voltage V.sub.s, i.e. without increasing the saturation
      voltage V.sub.s, which is liable to cause an increased risk of half-wave
      lighting. For high temperature starting it is rather advantageous to
      reduce the ferrite's permeability. The reason is that, while a material of
      high permeability has a low Curie temperature and, its maximum magnetic
      flux density B.sub.m being small at a high temperature, has little margin
      with regard to the high-temperature starting characteristic. A reduced
      permeability means an increased Curie temperature and a resultant increase
      of the maximum magnetic flux density B.sub.m and hence by the use of a
      material of lower permeability an increase in oscillation output voltage
      V.sub.c in a high temperature atmosphere may be achieved.
PAR  In accordance with the teachings of the present invention, the core
      material and geometry for the bounce booster inductor L2 as shown in FIG.
      5 are determined as follows. For preventing an on-off lighting operation
      of the discharge lamp FL, it is essential to block the spike voltage
      V.sub.FL with an inductor L2, and for successful blocking of the spike
      voltage V.sub.FL the impedance 2.pi.fh.sup.. u of the inductor L2 in its
      unsaturated condition should be sufficiently high. The equivalent
      inductance 1u of the inductor L2 when the lamp FL is "on" (lighted), is
      shown by the following equation:
      ##EQU1##
      wherein .mu.e is the effective permeability of the core, N is the number
      of turns of the coil, and K is the core factor which is determined as
      follows:
      ##EQU2##
      K.sub.1 is the core factor of the coiled part of the core for the inductor
      L2, and K.sub.2 is the core factor of the non-coiled part of the core for
      the inductor L2. The core facotr K is obtained by dividing the effective
      magnetic path length le by the effective cross-sectional area Ae of the
      core of the inductor L2. It can also be determined by first obtaining a
      ratio with the cross-sectional area Ai at a given point in a closed
      magnetic path of the core of the inductor L2 as denominator and the length
      li of the magnetic path having the cross-sectional area Ai as numerator,
      and then integrating over the entire periphery of the closed magnetic
      path.
PAR  From the equations (1) and (2) it is understood that even if the effective
      permeability .mu.e and the number of turns N of the coil are constant, it
      is possible to increase the equivalent inductance 1u by decreasing the
      core factor K. In other words, it is possible to decrease the effective
      permeability .mu.e and the number of turns N to such an extent that the
      desired equivalent inductance 1u can be attained. In fact, this is highly
      effective for precluding the risk of half-wave lighting.
PAR  Avoiding half-wave lighting can be ensured according to the invention by
      increasing the amount of the filament preheating current, which in turn
      can be accomplished by decreasing the saturation voltage V.sub.S of the
      inductor L2. This saturation voltage V.sub.S is roughly represented by the
      following equation (3).
      ##EQU3##
      where: Ae is the effective cross-sectional area of the core, .omega. is
      the angular velocity corresponding to the oscillation frequency and
      .DELTA.B is the change of the magnetic flux density of the core.
PAR  From this equation (3) it is apparent that the saturation voltage V.sub.S
      can be decreased by decreasing N and Ae. The effective cross-sectional
      area Ae of the core is set at as small a value as possible according to
      the principle of this type of oscillation circuit. However, the value may
      not be smaller than that which might result in shorting of the oscillating
      energy. A better solution of the problem of half-wave lighting, therefore,
      is to decrease the number of turns N of the coil, reducing the core factor
      K, which is very useful and advantageous.
PAR  Reduction of the core factor K is also advantageous for starting of the
      discharge lamp FL in high temperature surroundings. If, for a given fixed
      cross-sectional area, the core factor K is reduced, it has the effect of a
      markedly larger cross-sectional area of the non-coiled portion as compared
      to that of the coiled part of the core. Such a form of the core
      facilitates the operation of the inductor L2 as a saturable choke coil,
      due to the fact that it decreases the opportunity for the leakage flux of
      the inductor L2 to interlink the coil, whereby an increased momentary
      oscillating energy is achieved thus improving the high temperature
      starting capability.
PAR  FIG. 6 is a diagrammatic perspective view of an embodiment of the inductor
      L2 according to the invention, wherein a coil 120 is arranged in windows
      110 formed of E-section cores 100 and 101. The coil arrangement is, e.g.,
      of the shell-type.
PAR  According to the invention, the core factor K is reduced as follows. First,
      for decreasing the effective magnetic path length le in the equation (2),
      the rectangular window or hole 110, in which the coil is arranged, is made
      as small as possible. The height a and the width b of the window 110 are
      selected so that the length 2(a+b) is roughly proportional to the
      effective magnetic path length le and so that it is smallest when a=b,
      since the product of a .times. b is roughly determined by the size of the
      coil 120.
PAR  With commercial, standardized cores 100 and 101, the height/width ratio a/b
      of the window 110 in which the coil 120 is arranged is more than about
      2.4, but according to the present invention, said ratio a/b is to be as
      close to unity as possible, and is preferably in the range of 1 to 2.2.
      The core so formed as described above avoids an on-off operation due to
      the spike voltage V.sub.FL and half-wave lighting. In addition the present
      core is miniaturized.
PAR  Secondly, another approach for decreasing the average magnetic path length
      le is to increase the thickness q of the window 110 through which the coil
      120 is arranged. By doing so it is possible to reduce the length 2(a+b)
      corresponding to the effective magnetic path length le for the coiled part
      of any cross-sectional area or the effective magnetic path length itself.
PAR  Thirdly, still another approach for decreasing the core factor K is to
      increase the denominator Ae in the equation (2). The effective
      cross-sectional area Ae in a closed magnetic path of the core of the
      inductor L2 is represented by the following relationship:
EQU  Ae = f (A.sub.1.sup.. A.sub.2)                             (4)
PAL  where A.sub.1 is the cross-sectional area of the coiled part, and A.sub.2
      is the cross-sectional area of the non-coiled part of the inductor L2. The
      value a.sub.1 cannot be increased, for otherwise the risk of half-wave
      lighting is increased. However, the value A.sub.2 can be increased without
      increasing said risk and hence it is possible safely to increase Ae by
      increasing A.sub.2, while keeping A.sub.1 constant. The advisability of
      this third approach with regard to the discharge lamp starting operation
      in a high temperature atmosphere may be apparent from the foregoing
      description.
PAR  Thus, with the core of the present invention the core factor K has been
      reduced to 20-70 percent as compared to that of a conventional inductor of
      the same cross-sectional area of the coiled part A1. This result means
      that it is possible to use a ferrite material of a grade that is much
      lower in permeability and hence less expensive.
PAR  In the above example A1 was kept constant. However, this does not mean that
      the cross-sectional area A1 of the coiled part must necessarily be fixed,
      since the core dimensions rather than the core factor K alone may be
      considered.
PAR  The form of the core according to the present invention is characterized
      primarily in that the cross-sectional area A1 of the coiled part is made
      smaller than the cross-sectional area A2 of the noncoiled parts for
      overcoming the risk of half-wave lighting. The ratio (A1/A2) is determined
      to be as small as possible, but at least it should be 1/2 or less in view
      of such practical considerations as that the core's volume increases with
      a decrease of said ratio. This results in a progressive increase of cost
      and when the ratio is more than 1/2, virtually the advantage of using a
      cheaper grade of core material is lost.
PAR  Secondly, the present core is characterized in that for shortening of the
      effective magnetic path length le the proportion of the length of the
      coiled part of the magnetic path length is set to be 1/4 or less, since if
      this ratio 1/4 is exceeded, the form of the window departs from the ideal
      square which is contrary to the desired diminishing of the core factor.
      Where necessary, the coiled part is so formed that its cross-section is
      rectangular whereby the dimension q in the direction of core thickness is
      larger than that in other directions.
PAR  FIG. 7 is a diagrammatic perspective view of the inductor L2 of another
      embodiment of the present invention, wherein a coil 121 is wound around
      the narrowed parts of the U-shaped cores 102 and 103 and through a window
      111. The technical requirements of the core shown in FIG. 7 are
      substantially the same as those for the embodiment of FIG. 6. As seen from
      FIG. 7, a portion of the cores 102 and 103 surrounding the coil 121 is
      less than that of the embodiment of FIG. 6, that is, more than one-half of
      the coil 121 is outside the window 111 and thus outside of the cores 102
      and 103. As a result, the size of the cores 102 and 103 has to be
      increased so that the same characteristics can be obtained as in the
      embodiment of FIG. 6 according to the present invention. For that reason,
      a pot-type core form as described hereinafter with reference to FIG. 12,
      for example, is preferred since the pot-type core surrounds entirely the
      coil.
PAR  FIG. 8 (A) is a diagrammatic perspective view of still another embodiment
      of the present invention characterized particularly in that the windows
      112 through which the coil is arranged are not rectangular but roughly
      round and hence the average magnetic path length le surrounding the round
      windows 112 is smaller than in the aforementioned embodiments where the
      cross-sectional area of the window 110 shown in FIG. 6 is the same as that
      of 112. FIG. 8 (B) shows a contact face of the core 104 or 105. As seen
      from the figures, the cross-section of the coiled part 106 is practically
      oval with a loop coil 122 formed around it. An elliptical or circular
      cross-section of the coiled part 106 allows a reduction of the length of a
      coiled wire per turn.
PAR  Referring again to FIG. 5, from the equation (1) or (2) it appears that the
      fastest possible increase of the effective permeability .mu.e of the core
      of the inductor L2 is desirable. The lower the temperature is, the larger
      becomes the spike voltage V.sub.FL. Hence, the core the effective
      permeability .mu.e of which becomes larger at low temperatures is suited
      for the inductor L2.
PAR  The curves c1, c2 and d in FIG. 9 indicate the temperature characteristic
      of the core of inductor L2 which can be employed according to the present
      invention. The initial permeability .mu.i corresponds to the effective
      permeability .mu.e. In the figure the curves c1, c2 and d show the typical
      initial permeability .mu.i and the characteristic of the maximum magnetic
      flux density Bm of ferrite suitable for inductor L2. The ferrite of this
      kind can be obtained by means well-known in the ferrite industry, for
      example in case of the Mn-Zn type ferrite by using a molar ratio of
      Fe.sub.2 O.sub.3 in the range of 50-55 percent.
PAR  The following will describe the effects produced by such ferrite for the
      present use. First, in order to block the spike voltage V.sub.FL, the
      initial permeability .mu.i at a low temperature is high. Accordingly, the
      effective permeability .mu.e is also high, so that the inductance 1u of
      inductor L2 in its non-saturated state is increased. For that reason and
      because of the high frequency of said spike voltage V.sub.FL, the
      impedance 2.pi.fhlu of inductor L2 becomes very high, and thus the
      effective breakdown voltage V.sub.BO '  of switching element S becomes
      very high. Hence, the spike voltage V.sub.FL can be surely blocked or
      obstructed, and the erroneous performance of the switching element S can
      be prevented whereby an undesired on-off operation of discharge lamp FL is
      also prevented.
PAR  Secondly, in order to avoid the half-wave lighting, the ferrite core is so
      made that compared with the ferrite in general the curves c1 and c2 show a
      lower initial permeability .mu.i at a normal temperature than at a low
      temperature. The relation between the oscillation frequency f of the
      oscillation circuit R.sub.2 and the non-saturation inductance lu of the
      inductor L2 when the circuit oscillates is indicated by the following
      equation (5):
      ##EQU4##
      Accordingly, the decrease of initial permeability .mu.i or effective
      permeability .mu.e at a normal temperature means a decrease of the
      inductance lu and a rise of the oscillation frequency f at a normal
      temperature. When the oscillation frequency f rises, the filament
      preheating current is increased causing the temperatures of the filaments
      f1 and f2 to become sufficiently high and half-wave lighting is made more
      difficult.
PAR  The half-wave lighting tends to occur readily with the increased saturation
      voltage V.sub.S of inductor L2. As mentioned before, the saturation
      voltage V.sub.S is given by the equation (3). By improving the spike
      voltage blocking capability the number of turns of windings N can be
      decreased and in such cases the saturation voltage V.sub.S of inductor L2
      is decreased, the inductance lu at a normal temperature is decreased
      therewith and therefore the filament preheating current is further
      increased, causing the half-wave lighting to take place with even more
      difficulty.
PAR  Thirdly, in order to raise the Bm at a high temperature in relation to the
      starting operation of the discharge lamp FL at a high temperature, the
      ferrite for such use is so made that its Curie temperature is higher than
      that of the conventional ferrite used herein. As a result, the
      characteristic of the maximum magnetic flux density is raised, as seen
      from the curve d compared with the curve b of conventional type ferrites,
      and thus .DELTA.B is raised. Hence, the output voltage at a high
      temperature is increased and the starting operation at a high temperature
      is facilitated. Regarding the initial permeability .mu.i, some diversity
      of the characteristic falling in the region defined by the curves c1 and
      c2 is permissible. In case the Curie temperature is high, a curve such as
      c2 is obtained and in case the Curie temperature is relatively lower, a
      curve such as cl is obtained. Regarding the initial permeability .mu.i, so
      long as the required B is obtained, it is good to obtain values over .mu.i
      at normal temperatures.
PAR  In case of the ferrite for such use the level of the initial permeability
      .mu.i on the whole is decreased except at a low temperature compared with
      highly permeable materials. However, this is not a difficulty particularly
      since the effect of inductor L2 is to work as inductance and a decrease of
      .mu.i, i.e. .mu.e can be compensated, by designing the shape of the core
      as mentioned above. Regarding the abovementioned decrease of the core
      factor, the provision of a gap for improving the high temperature starting
      operation, which will be described below, serves to compensate for a
      decrease in the inductance lu. That is, regarding the high temperature
      starting operation, it is necessary to increase the amplitude of the
      oscillating output voltage V.sub.c, since the starting voltage of
      discharge lamp FL is raised at a high temperature as mentioned above.
      However, ferrite decreases its maximum magnetic flux density Bm at a high
      temperature, change .DELTA.B of magnetic flux density given by the
      difference between the maximum magnetic flux density Bm and the residual
      magnetic flux density Br is made small and the amplitude of oscillation
      voltage V.sub.c is rather decreased. Accordingly, the present invention
      provides the magnetic core having the characteristic curve B-H such as the
      curve l 1 in FIG. 10, with a small air gap or equivalent to obtain the
      characteristic curve B-H sloped as the curve l 2 in FIG. 10 and thereby
      increases the change .DELTA.B of the magnetic flux density from the
      existing .DELTA.B1 to .DELTA.B2.
PAR  As a result, the h steresis loss arising on the occasion of tracing of the
      curve B-H is decreased. Hence, the value of the equivalent resistance r1
      of inductor L2 shown in FIG. 1 is increased and the amplitude of the
      oscillation voltage V.sub.c is raised. This effect is prominent when the
      inductance of inductor L2 becomes lower than 90% of that of the
      conventional inductor.
PAR  For that purpose the following approach is taken according to the
      invention:
PAR  FIG. 11 (A) shows how the opposing faces of cores 130 and 131, which are
      ground in a mirror face manner, are provided with a gap between them. The
      conventional type has its opposing faces directly touched without forming
      any gap, while the invention provides the gap on purpose. The proper size
      of the gap g is in the range of 0.5 to 20.mu. . The size of approximately
      1 to 6.mu. is the most desirable size, since too small a gap brings about
      only a little improving effect compared with the conventional type and too
      large a gap makes the inductance too small to attain the necessary
      oscillation voltage V.sub.c.
PAR  FIG. 11 (B) shows how the cores 132 and 133 having their faces roughened
      with abrasives, are contacted with proper roughness whereby the gap g is
      formed in an equivalent manner.
PAR  FIG. 11 (C) shows how the core 134 which is ground or polished in a mirror
      face manner, is contacted with the core 135 having a non-ground face to
      form gap g in an equivalent manner.
PAR  FIG. 11 (D) shows a layer 140 of a weakly magnetic substance, e.g. a
      paramagnetic or diamagnetic substance, inserted between the cores 136 and
      137, the mirror faces of which are ground or polished.
PAR  FIG. 11 (E) shows a core 138 provided with a hole 150. The cores of FIGS.
      11 (D) and (E) are equivalent to the ones provided with the gap g.
PAR  FIG. 12 shows an exploded view of an inductor 12 in another embodiment of
      the present invention. The combined cores 160 and 161 are formed in a
      cylindrical shape and surround the cylindrical inner coil 162. The core
      160 is shaped in a disc form, the core 161 is closed at its one end and
      has the column core 163 extending axially at the center of the coil 162.
      The coil 162 surrounds the column core 163 and is contained in the core
      161. The magnetic flux caused by the coil 162 passes through the column
      core 163 and along the circumferential parts of cores 160 and 161. That
      is, the window 164 in this embodiment is formed around the center. The gap
      or equivalent spacing g is formed in the opposed parts of the cores 160
      and 161 and the column core 163. According to this embodiment the average
      length of magnetic path le of cores 160, 161 and 163 is made still smaller
      and the core factor is made smaller accordingly, whereby the present
      invention can be carried out in a more advantageous manner. In addition,
      the circumferential part of the core is provided, as required, with
      terminal means for the lead-in wire not shown.
PAR  FIG. 13 shows the sectional view of another embodiment of the present
      invention in which outer and inner cores 176 and 177, respectively, are
      disassembled. The outer core 176 is cylindrical and its inner face may be
      ground in a mirror face manner, although it is not necessarily required to
      do so. The inner core 177 has a section form of a letter H. The non-coiled
      part of this core 177 may be ground in a mirror face manner, but this is
      not absolutely necessary. A coil 179 is wound around the annular groove
      178 of the inner core 177. The inner core 177 thus formed is fitted along
      the direction of arrow d into the outer core 176. The inner diameter of
      the outer core member 176 and the outer diameter of the uncoiled end
      portions of the inner core member 177 are selected to provide a press-fit
      between the inner and outer core members.
PAR  It is to be noted that the embodiment of FIG. 13 is so structured that the
      outer core 176 and the inner core 177 contact each other only at the
      contact faces of the non-coiled end portions of the inner core 177 without
      a contact at the coiled portion and the area of the contact face is more
      than 3 times as large as the cross-sectional area of the core of said
      coiled part. This feature makes the magnetic reluctance smaller. That is,
      the magnetic reluctance Ro of the magnetic path formed by the cores 176
      and 177 is the sum, as shown by the following equation (6), of the
      magnetic reluctance Ra of the contacting portions of cores 176 and 177 and
      the magnetic reluctance Rb of the clearance portions.
      ##EQU5##
      where: .mu.O is the magnetic permeability in the vacuum;
PA1  .mu.ra is the specific magnetic permeability of the cores 176 and 177;
PA1  la and lb are the length of cores 176 and 177 and clearance;
PA1  Aa and Ab are the sectional areas of cores 176 and 177 and clearance; and
PA1  .mu.rb is specific magnetic permeability in the air.
PAR  That is, if the length of clearance b is constant, the magnetic reluctance
      of clearance Rb can be decreased by increasing the sectional area of
      clearance Ab. Accordingly, it is possible to increase the sectional area
      of clearance quite regardless of the sectional area of the coiled part of
      core 177, and therefore, the magnetic reluctance can be considerably
      decreased.
PAR  FIG. 14 shows a sectional view of still another embodiment of the present
      invention in which the outer and inner cores 184 and 185, respectively,
      are disassembled. The outer core 184 is cylindrical and its inner bore is
      tapered. The inner core 185 has the form of a truncated cone, in which the
      inside is given the same taper as that of said outer core 184. A coil 181
      is wound around the annular groove 186 of the inner core 185. The inner
      core 185 thus formed is fitted along the direction of arrow d into the
      core 184. The dimensions are again selected to provide for a proper
      press-fit when inserting the inner core in the direction of the arrow d.
      In both embodiments of FIGS. 13 and 14 the parts may be rotated relative
      to each other to provide for proper contact even where the core parts have
      been impregnated for example with varnish.
PAR  FIG. 15 is an exploded view of an inductor L2 of still another embodiment
      of the present invention and FIG. 16 is a sectional view of the inductor
      L2, as assembled. The inductor L2 is composed of a pair of pot-type cores
      200 and 210 and a bobbin 300 on which a coil is wound. The pot-type cores
      200 and 210 have a nearly cylindrical form. The bottom 201, 211 supports a
      pole 202 in the middle of the cylinder. The circumferential wall of each
      cylinder 200, 201 is provided with a respective slit 203, 213 extending
      substantially at right angles to the bottom 201, 211.
PAR  The bobbin 300 comprises a cylindrical winding core 310 provided with a
      cylindrical flange 320 and 321 at each end. The terminals 330 and 331
      extend in the normal direction away from the flanges 320 and 321. The
      openings 340, 341 of the coil core 310 in the center of said flanges 320
      and 321 are larger in diameter than the pole 202, 212 of the cores 200,
      210. The diameter of the flanges 320 and 321 is smaller than the inner
      diameter of the cores 200, 212. Further, the two terminals 330 and 331 are
      so designed that they extend in the same direction and are inserted in the
      slits 203 and 213 of cores 200 and 210. The coil 400 is wound around the
      coil core 310 and the end of the coil is connected to the terminals 330
      and 331. The length of this coiled core 310 in the longitudinal direction
      is somewhat smaller than the sum of the length of the cores 200 and 210.
PAR  Referring to FIGS. 15 and 16 the assembly of the inductor L2 will be
      described. First, the bobbin 300 is wound with the coil 400 and the coil
      ends are connected to the terminals 330 and 331, respectively as
      mentioned. Then the pot-type cores 200 and 210 are inserted from both ends
      of the bobbin 300 by inserting the poles 202 and 212 of the individual
      cores 200 and 210 into the openings 340 and 341 of the bobbin 300, whereby
      the terminals 330 and 331 are aligned with the slits 203 and 213. FIG. 16
      shows the assembled inductor in section. In this case the advantages are
      obtained that the coil ends can be fitted on a printed circuit board with
      ease and there are no exposed parts to which the high voltage V.sub.c is
      applied.
PAR  Alternatively, the terminals 330 and 331 may be positioned on flanges 320
      and 321 extending in a direction parallel to an axial direction of the
      coiled part 310, and holes may be made in the bottoms 201 and 211 so that
      the terminals 330 and 331 extend through such holes respectively.
PAR  FIG. 17 is a perspective view of the inductor L2 in an embodiment of the
      core type. One leg of a pair of U-shaped cores 421 composed of a first
      type of magnetic material having the characteristic C2 shown in FIG. 9,
      e.g. a ferrite designated as HR3 and made by TDK Electronic Co., Ltd. in
      Japan, is assembled with one leg of a pair of U-shaped cores 431 composed
      of a second type of magnetic material having the characteristic d shown in
      FIG. 9, e.g. a ferrite designated as H5B and also made by the
      abovementioned company, to form a shell-type core. The coil 440 surrounds
      the central leg. In this way parallel magnetic paths are formed. The
      effective permeability .mu.e and the maximum magnetic flux density Bm of
      the finished core depend on the larger characteristic value of either core
      421 or 431, and therefore, the effective magnetic permeability .mu.e as
      shown in FIG. 9 by curve C2 is predominant in the range of a low
      temperature, and the maximum flux density Bm is effective as shown in FIG.
      9 by curve d in the range of high temperature.
PAR  FIG. 18 shows the inductor L2 in another embodiment of the present
      invention. A pair of E-shaped cores 422 composed of a magnetic material
      having the characteristic C2 in FIG. 9 with an effective magnetic
      permeability .mu.e, e.g. a ferrite designated as H5C2 made by the
      abovementioned company and a pair of E-shaped cores 432 composed of a
      magnetic material having the characteristic curve d of the maximum
      magnetic flux B.sub.m, e.g. a ferrite designated as H7B made by the
      abovementioned company, are assembled with each other, to form a
      shell-type core. In the embodiments in FIGS. 17 and 18 the volumetric
      ratio of the combined cores may be changed, as required, in order to
      obtain the desired overall temperature characteristic.
PAR  FIG. 19 shows a sectional view of the inductor L2 of a further embodiment
      of the present invention. The construction of cores of this embodiment is
      similar to that of FIG. 8, but the core 433 occupying the large volume
      with one type of ferrite material is composed of a ferrite core with less
      loss that that of the core portion 423 which is a lamination forming a
      closed magnetic path in order to diminish the loss of magnetic metal
      mterial. Such a combination of the core elements has a very large
      saturation magnetic flux density, i.e. several times as large as that of
      existing ferrite cores and its Curie temperature is very high.
PAR  FIG. 20 shows a sectional view of the inductor L2 of a further embodiment
      of the present invention. A film 424 of magnetic material is provided on
      the inner circumference of one of the windows formed by a pair of E-shaped
      cores 434. The cores 434 may be composed of a ferrite designated as H5C2
      made by the abovementioned company, and the film 424 may be a magnetic
      material havng .mu.e and B.sub.m a few times as high as those of the
      ferrite H5C2. The magnetic film 424 may be evaporated to form a closed
      magnetic path.
PAR  The method of evaluating or estimating whether the bounce booster inductor
      L2 is efficient enough to block the spike voltage V.sub.FL at a low
      temperature will now be described in detail. When the discharge lamp FL is
      left on, the lamp voltage V.sub.F across the discharge lamp FL is applied
      to the switching element S except for a period during which the spike
      voltage V.sub.FL is generated, while during that period a voltage of
      (V.sub.FL - V.sub.D), where V .sub.D represents a voltage across the diode
      S, is applied across the bounce booster inductor L2 whereby a leakage
      current I.sub.L flows with a phase lag through the inductor L2. If the
      value of the leakage current I.sub.L exceeds the breakdown current of the
      switching element S the switching element S is allowed to be on and thus
      fails to block the spike voltage V.sub.FL. Therefore, in order to block
      the spike voltage V.sub.FL it is efficient to use a switching element S
      with a large breakdown current I.sub.L and an inductor L2 whose leakage
      current I.sub.L is small when the spike voltage V.sub.FL occurs. Such an
      improved inductor L2 has been disclosed hereinabove.
PAR  FIG. 21 shows an evaluating circuit for evaluating the leakage current
      characteristics of the inductor L2 in order to know whether the spike
      voltage V.sub.FL at a low temperature can be blocked or not. The inductor
      L2 is connected in series with a power source E3 and a current limiting
      resistor R.sub.S. The power source E3 generates a rapid rising voltage
      exceeding the voltage value (V.sub.F - V.sub.D) e.g. 40 volts to obtain a
      rapid saturation of the inductor L2. Resistance of the resistor R.sub.S is
      selected such that current above the breakdown current level of the
      thyristor L (e.g. 9 mA) flows through the inductor L2.
PAR  FIG. 22 shows the leakage current characteristics of the inductor L2, which
      is obtained by using the evaluating circuit shown in FIG. 21 on an
      oscilloscope (not shown). Features of a conventional core 522 and of the
      improved cores 521 and 722 of the present invention are shown in the
      following table.
TBL  __________________________________________________________________________
                                 Time up to                                    
                                 breakdown level                               
                                 of switching                                  
               Material                                                        
                    Shape                                                      
                        Core factor K                                          
                                 element S                                     
     __________________________________________________________________________
     (1)                                                                       
        Conventional                                                           
        Core 522                                                               
               H5B  EE22                                                       
                        10 cm.sup.-.sup.1                                      
                                 58 .mu.sec                                    
     (2)                                                                       
        Inventive                                                              
        Core 521                                                               
               H5B  EE21                                                       
                         6 cm.sup.-.sup.1                                      
                                 70 .mu.sec                                    
     (3)                                                                       
        Inventive                                                              
        Core 722                                                               
               H7B  EE22                                                       
                        10 cm.sup.-.sup.1                                      
                                 72 .mu.sec                                    
     __________________________________________________________________________
PAR  The materials H5B and H7B are made by the abovementioned company and the
      effective permeability .mu.e of the material H5B is larger than that of
      the material H7B. The number of turns N of the coils around cores 522, 521
      and 722 is the same, i.e. 200 turns, and the temperature at which such
      experiments were made is constant, i.e. -10.degree.C, and a time period up
      to the breakdown level (9mA) after application of the rapid rising voltage
      from the power source E3 is observed on the oscilloscope. As can be seen,
      the improved cores 521 and 722 according to the present invention have
      such characteristics that the current rising below the breakdown level of
      the switching element S is smaller than that of the conventional core 522,
      and therefore the time period up to the breakdown level is prolonged.
PAR  The effective permeability .mu.e of the core material is a function of the
      leakage current I.sub.L and temperature, and the shape of cores depends
      largely upon the core factor K (=.SIGMA. li/Ai = K.sub.1 + K.sub.2).
PAR  In particular it is effective to make the core factor K of the core of the
      coiled part K.sub.1 larger than that of the non-coiled part K.sub.2 (i.e.
      K.sub.1 &gt;K.sub.2). In other words, an extremely useful inductor is
      obtained by making the cross-sectional area of the coiled part smaller
      than that of other parts so that the coiled part is saturated. Therefore,
      even in the case where the core material has a relatively small
      permeability, the spike voltage V.sub.FL at a low temperature can be
      blocked by properly selecting the shape of the core as taught herein. In
      addition, if the material and the shape of the core are improved in
      combination. the spike voltage V.sub.FL at low temperature can be blocked
      effectively enough even though the core is provided with a gap to start
      the discharge lamp FL readily at a high temperature.
PAR  The blocking operation of the spike voltage V.sub.FL is described as
      follows. When the spike voltage V.sub.FL is generated, leakage current
      I.sub.L through the inductor L2 exceeds a threshold voltage i.e. the
      breakdown current level of the switching element S, and thus the switching
      element S is turned on, then the inductor L2 is saturated, and a large
      current flows through the inductor L2 and the switching element S. It is,
      therefore, understood that the longer the time period during which the
      leakage current I.sub.L does not exceed the breakdown current level of the
      switching element S immediately after the spike voltage V.sub.FL is
      applied to the inductor L2, the greater is the capability of blocking the
      spike voltage V.sub.FL by means of the inductor L2.
PAR  FIG. 23 illustrates another discharge lamp lighting circuit in accordance
      with the present invention, which is similar to the embodiment of FIG. 5
      except that a bias coil B is provided in series with the capacitor C and
      coupled magnetically with the inductor L2. The bias coil B gives a
      magnetic bias to the inductor L2 positively or negatively, so that the
      bounce voltage across the inductor L2 and thus the oscillation voltage Vc
      across the capacitor C are adjusted appropriately.
PAR  Although specific embodiments of the present invention have been
      illustrated, it is to be understood that it is intended to cover all
      modifications and equivalents within the scope of the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. In a discharge lamp lighting apparatus including a first oscillation
      circuit adapted to be connected to a power source and including a linear
      inductor and a capacitor connected in series, a second oscillation circuit
      connected across said capacitor and having a bounce booster saturable
      inductor and a voltage responsive switching element connected in series,
      and a third oscillation circuit including said bounce booster saturable
      inductor and its distributed capacity, whereby a discharge lamp may be
      connected across said capacitor, said switching element having a breakdown
      voltage within a range of from above a virtual voltage across said
      discharge lamp, as lighted, to below the maximum instantaneous voltage of
      said power source, whereby said first, second and third oscillation
      circuits generate a high oscillation voltage across said capacitor for
      starting said discharge lamp; the improvement wherein said bounce booster
      saturable inductor comprises a magnetic core and a coil, said core having
      a coiled portion around which said coil is wound, and a non-coiled portion
      free of said coil, said core having a core factor K defined by the
      relationship:
EQU  K = K.sub.1 +  K.sub.2
PAL  where K.sub.1 is the core factor of said coiled portion and K.sub.2 is the
      core factor of said non-coiled portion of said core, said core factors
      K.sub.1, K.sub.2 having the relationship:
EQU  K.sub.1 .sub." K.sub.2
PAL  the cross sectional area of said coiled core portion being less than one
      half of the cross sectional area of said non-coiled portion, the magnetic
      path length of said coiled portion being less than one quarter of the
      overall magnetic path length of said core, whereby when said discharge
      lamp remains lighted the equivalent inductance of said bounce booster
      saturable inductor increases to block a peak value of a voltage across
      said discharge lamp to avoid actuation of said second oscillation circuit
      and to avoid repetitive unoscillating operation of said discharge lamp.
NUM  2.
PAR  2. The apparatus according to claim 1, wherein said coiled portion is so
      formed that its cross section is rectangular, and wherein the thickness of
      said coiled core portion is larger than the core height or larger than the
      core width of the coiled core portion.
NUM  3.
PAR  3. The apparatus according to claim 1, wherein the effective cross
      sectional area of the magnetic path of said non-coiled core portion is
      wider than that of the coiled core portion.
NUM  4.
PAR  4. The apparatus according to claim 1, wherein said magnetic core comprises
      a ferrite core having a permeability temperature characteristic such that
      there is at least one permeability peak in the range of -40.degree.C to
      +10.degree.C.
NUM  5.
PAR  5. The apparatus according to claim 4, wherein said magnetic core has a
      higher permeability at a low temperature than at a normal or ordinary
      temperature.
NUM  6.
PAR  6. The apparatus according to claim 1, wherein said magnetic core has a
      window through which said coil is arranged, said window having a
      height/width ratio in the range of 2.2 to 1 whereby the overall magnetic
      path length is shortened.
NUM  7.
PAR  7. The apparatus according to claim 1, wherein the magnetic path of said
      magnetic core has a gap or equivalent having a gap width in the range of
      0.5 to 20 microns, whereby said discharge lamp is started readily at high
      temperatures.
NUM  8.
PAR  8. The apparatus according to claim 7, wherein the width of said gap or
      equivalent is in the range of 1 to 6 microns, whereby said discharge lamp
      is started readily at high temperatures.
NUM  9.
PAR  9. The apparatus according to claim 1, wherein said bounce booster inductor
      is of the core type.
NUM  10.
PAR  10. The apparatus according to claim 1, wherein said core comprises a
      bobbin having a cylindrical coiled portion and a pair of wire guiding rods
      which are positioned on said coiled portion and which extend substantially
      at a right angle to an axial direction of said coiled portion, said coil
      being wound around said coiled portion, said coil having free ends which
      extend individually along said wire guiding rods, said core further
      including cylindrical outer core means having a bottom, a pole on said
      bottom, and a slit extending in parallel to the longitudinal core axis,
      said wire guiding rods being inserted in said slot, and said pole being
      inserted into said coiled portion of said bobbin, so that said bobbin is
      integrally secured in said outer core means.
NUM  11.
PAR  11. The apparatus according to claim 1, wherein said core comprises a
      bobbin comprising a cylindrical coiled portion and a pair of wire guiding
      rods which are positioned on said coiled portion and which extend
      substantially in a direction parallel to an axial direction of said coiled
      portion, said coil being wound around said coiled portion and having free
      ends which extend longitudinally along said wire guiding rods said core
      further including cylindrical outer core means having a bottom, a pole on
      said bottom, and a pair of holes made in said bottom; said wire guiding
      rods extending through said holes and said pole being inserted into said
      coiled portion of said bobbin, so that said bobbin is integrally secured
      in said outer core means.
NUM  12.
PAR  12. The apparatus according to claim 1, wherein said core comprises a first
      core member having a pillar, and including said coiled portion and said
      noncoiled portion extending in a direction substantially perpendicularly
      to an axial direction of said coiled portion; said coil being would around
      said coiled portion, and a second cylindrical core member adapted for
      insertion of said first core member so that said non-coiled portion is in
      a close contact with an inner surface area of said second core member,
      whereby a magnetic circuit is formed therebetween, said contact surface
      area of said non-coiled portion in contact with said second core member
      being at least 3 times larger than any cross sectional area of said coiled
      portion.
NUM  13.
PAR  13. The apparatus according to claim 1, wherein said core comprises a first
      core member having a circular truncated conical configuration and having a
      grooved channel around it, said coil being wound in said grooved channel,
      and a second cylindrical core member having an inner wall tapered to mate
      with a non-coiled portion of said first core member.
NUM  14.
PAR  14. The apparatus according to claim 1, wherein said magnetic core includes
      a combination of a first magnetic material which has a higher effective
      permeability at a low temperature than that at a normal temperature and a
      second magnetic material which has a relatively small reduction of the
      maximum magnetic flux density at a high temperature than that at a normal
      temperature, so that said magnetic core has a higher effective
      permeability at a low temperature than that at a normal temperature, said
      core further having a relatively larger maximum magnetic flux density at a
      high temperature as compared to the flux density at low temperature.
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ABST
PAL  An electric discharge lamp lighting circuit in which a discharge lamp is
      lighted by a circuit comprising a semiconductor switching circuit in which
      the cathode of a first thyristor is connected to the gate of a second
      thyristor and the first and second thyristors are commonly connected at
      the respective anodes, an integration circuit consisting of a capacitor
      and a resistor and connected between the gate of the first thyristor and
      the cathode of the second thyristor, a resistor connected between the
      integration circuit and the anode of the first thyristor, and a resistor
      connected between the gate and cathode of the second thyristor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an electric discharge lamp lighting device
      and more particularly a solid state electric discharge lamp lighting
      device using a semiconductor switching element.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic circuit diagram of a conventional pulse voltage
      generator to illustrate the process of pulse generation.
PAR  FIG. 2 depicts graphs illustrating current and voltage characteristics for
      explaining the operation of the pulse voltage generator circuit shown in
      FIG. 1.
PAR  FIG. 3 is a schematic circuit diagram in which the pulse voltage generator
      circuit shown in FIG. 1 is applied to an electric discharge lamp lighting
      circuit.
PAR  FIG. 4 is a graph showing characteristic curves for explaining the
      operation of the electric discharge lamp lighting circuit in FIG. 3.
PAR  FIG. 5 is a circuit diagram of the major part of an electric discharge lamp
      lighting device which is an embodiment of the present invention.
PAR  FIGS. 6 through 17 are circuit diagrams of other embodiments of the
      electric discharge lamp lighting device according to the present invention
     .
DETD
PAC  DESCRIPTION OF THE PRIOR ART
PAR  As is well known, pulses are generated by the on-off operation of a switch
      in the circuit shown in FIG. 1. In the figure, reference numberal 1
      designates an a.c. power source, 2 a coil, 3 a capacitor, 5 the switch,
      and 4 a resistor connected across the switch 5. The capacitor 3 is not
      essential, but it can be substituted by a stray capacity of the winding of
      the coil. Energy loss factors such as the resistance of the coil winding,
      the circuit resistance, etc., are omitted in description, since these may
      be equivalently included in the resistor 4 to be treated. FIG. 2
      illustrates the operation of the circuit in FIG. 1, in which the graph of
      FIG. 2a is depicted with its ordinate representing voltage V and its
      abscissa representing time t, and the graph of FIG. 2b with its ordinate
      current I and its abscissa time t. In operation, when the switch 5 is
      closed at time `t.sub.1 `, the terminal voltage V is reduced to zero, as
      shown in FIG. 2a, while the current I flowing in the switch gradually
      increases due to the function of the coil 2 after a pulse current flow by
      the short-circuiting of the capacitor 3. Then, when the switch 5 is opened
      quickly at time `t.sub.2 `, the current I is abruptly reduced to zero,
      while at the same time the voltage V oscillates with peaks shown at 6 and
      7, as shown in FIG. 2a.
PAR  The peak 6 is caused by the current flowing in the coil 2 while the peak 7
      by an abrupt application of the voltage, and their polarities are opposite
      to each other, Thus, if the current at the time when the switch 5 is
      opened is small, the peak 7 plays a major role, while if the current is
      large, the peak 6 plays a major role. In the mean of the current value,
      these peaks cancel each other and thus so high peak is not caused.
PAR  Assuming that the values of the coil 2, capacitor 3, and resistor 4 are L,
      C, and R, respectively, each of the above two peak wave forms has a
      resonant frequency of about 1/(2.pi. .sqroot.LC), and damps with exp (-t/2
      RC). And, their amplitudes are determined by .sqroot.L/C I.sub.H where
      I.sub.H is the value of the current flowing when the switch is opened, and
      the source voltage V.sub.o which is applied after the switch is opened,
      respectively, and the times when the peaks 6 and 7 occur are one-fourth
      oscillation period and one-half oscillation period after the switch is
      opened, respectively. Thus with respect to the peak 6, the peak voltage
      V.sub.p is given by
      ##EQU1##
      and the time duration of the peak occurence is t.sub.p .congruent. .pi.
      .sqroot.LC. With respect to the peak 7, the peak voltage V is given by
      ##EQU2##
      As seen from the equations, the former peak voltage can be made large
      optionally by selecting the cut-off current I.sub.H large while the latter
      cannot be made larger than 2V.sub.o.
PAR  Three terminal semiconductor switches such as thristors are known for the
      switch 5. As is well known, the thyristor is conductive when a trigger
      current I.sub.GT flows into the gate thereof and the flow of current
      through the anode thereof is permitted. Afterward, when the current
      decreases to a predetermined value, the thyristor fails to continue its
      conduction, and returns to the blocking condition. The current at this
      time is called holding current I.sub.H. The holding current I.sub.H is a
      value proper to a thyristor but it can be made large by connecting a
      resistor between the gate and the cathode thereof or by applying a reverse
      bias voltage to the cathode.
PAR  A circuit construction of FIG. 3 shows an example of the electric discharge
      lamp lighting device to which the pulse generator circuit shown in FIG. 1
      using a thyristor as the switch 5 is applied. In FIG. 3, like reference
      numerals are used to indicate like or equivalent portions in FIG. 1. In
      the figure, reference numeral 8 designates an electric discharge lamp
      having filaments 9 and 9'. One terminal of each filament is connected to
      the power source 1 while the other terminals of the filaments are
      connected to the anode and the cathode of the thyristor 5, respectively. A
      control circuit 10 to control the thyristor 5 is connected through the
      resistor 4 to the power source 1. The control circuit 10 serves to break
      over the thyristor 7 whose break over voltage is V.sub.BO as shown in FIG.
      2a when the voltage V becomes slightly larger than the steady-state
      lighting voltage of the discharge lamp 8. On breaking over of the
      thyristor 7, the thyristor is made conductive and the current I is
      permitted to flow from the power source 1 to the anode of the thyristor 7.
      The current I flows through the filaments 9 and 9' thereby heating the
      filaments. When the current I reaches the holding current I.sub.H of the
      thyristor 7 due to the change of the voltage of the power source 1, the
      thyristor 7 becomes in the blocking condition and thus the lamp 8 is
      lighted by a kick voltage (the pulse voltage 6 shown in FIG. 2a, caused
      due to the inductance of the coil 2.
PAR  When the lamp 8 is lighted by the kick voltage, the kick voltage also
      supplies the trigger current through the control circuit 10 to the gate of
      the thyristor 5; this makes the thyristor 5 conductive again. It is
      required thus that the control circuit 10 is provided with a function to
      prevent this reconduction of the thyristor. More particularly, since the
      time duration of the kick voltage continued is .pi. .sqroot.LC, it is
      required that the control circuit not operate the thyristor 5 for the
      period of time corresponding to such time duration.
PAR  As seen from the equation mentioned previously, in order to light the lamp,
      it is required to increase the holding current I.sub.H, taking absorption
      of the pulse voltage by the resistor 4 into account. For example, when the
      inductance of the coil L is 0.375 H, the capacitance of the capacitor C is
      6000 pf, and the amplitude of the pulse voltage V.sub.p is 700 V, 100 V of
      V.sub.BO may be attained with the values of I.sub.H and I.sub.GT as shown
      in FIG. 4. In FIG. 4, the reciprocal of the resistance R of the resistor 4
      is depicted along the abscissa, and the holding current I.sub.H and the
      trigger current I.sub.GT and the ratio I.sub.H /I.sub.GT are depicted
      logarithmically along the ordinate. In the figure, a solid line a
      indicated I.sub.H, a solid line b I.sub.GT and a dotted line the ratio
      I.sub.H /I.sub.GT. When the resistance R is selected 50 to 100 k .OMEGA.
      to restrict heat generated in the resistor 4 during the operation or
      lighting of the discharge lamp, the ratio I.sub.H /I.sub.GT must be within
      the range of from 50 to 100. Thus, it is required for the control circuit
      to feed the current I.sub.H and I.sub.GT to satisfy such ratio value to
      the thyristor.
PAR  Consequently, if such requirement is not satisfied, the discharge lamp
      fails to light.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of the present invention is to provide an electric
      discharge lamp lighting circuit in which the holding current of a three
      terminal semi-conductor switch is increased while its turn-off time is
      reduced, and no absorption of the pulse is caused.
PAR  Another object of the present invention is to provide an electric discharge
      lamp lighting circuit capable of reliably lighting the electric discharge
      lamp.
PAR  These objects of the present invention may be achieved by using a control
      circuit for the semi-conductor switch possessing an integration
      characteristic to be inoperative to a slow change as of the power source
      voltage but operative to a quick change as of the pulse voltage.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 5, there is shown a circuit diagram of a switch
      element and its associated control circuit of an electric discharge lamp
      lighting circuit according to the present invention. The remainder of the
      lighting circuit is the same as that shown in FIG. 3, and thus is not
      depicted. The control circuit shown in FIG. 5 comprises a thyristor 12, a
      capacitor 14, and a resistor 13, which constitute an integration circuit.
      The resistor 4 also contributes to the integration characteristic of the
      integration circuit. A resistor 11 is connected to the gates of the
      thyristor 5 and serves to increase the holding current of the thyristor 5.
      The thyristor 12 is used to feed the trigger current I.sub.GT to the gate
      of the thyristor 5. More particularly, when the resistance of the resistor
      11 is 22 ohms, the holding current of the thyristor 5 is 270 mA, and the
      thyristor 12 operates as an auxiliary thyristor for providing such holding
      current. The trigger current of the auxiliary thyristor 12 is about 1 mA
      when the resistance of the resistor 4 is 100 k.OMEGA. . It is necessitated
      that the thyristor 12 is automatically turned off when the thyristor 5
      becomes conductive, and thus it is preferable to have an internal
      resistance presenting a large forward voltage drop when conducting. The
      capacitor 14 is selected to be 0.68 .mu.F, for example, with which the
      capacitor has a large integration effect on the pulse voltage and a little
      effect on the source voltage. Terminals A and B are connected to both the
      terminals of the capacitor 3 of the electric discharge lamp lighting
      circuit shown in FIG. 3.
PAR  In the thus constructed circuit, the power source 1 feeds its voltage to
      the gate terminal of the thyristor 12 through the resistor 4, giving a
      trigger current to the thyristor 12. This trigger current enables the
      thyristor 12 to be conductive, permitting the flow of the anode current of
      the thyristor 12. This anode current is fed to the gate of the thyristor 5
      as the trigger current I.sub.GT. The conduction of the thyristor 5 causes
      the flow of the anode current thereof. At this time, the large forward
      voltage drop of the thyristor 12 reduces the current flowing therethrough
      to a value lower than the holding current thereof, which results in the
      non-conductive condition of the thyristor 12. Under this condition of the
      auxiliary thyristor 12, on the other hand, the current still continues to
      flow through the main thyristor 5, heating the filaments of the electrical
      discharge lamp, as previously stated. When the current flowing in the
      thyristor 5 reaches the holding current of the thyristor 5, the thyristor
      5 becomes in the non-conductive condition, generating a pulse voltage as
      previously mentioned. This pulse voltage makes the discharge lamp light.
      At this time, the integration circuit operates to prevent the reconduction
      of the auxiliary thyristor 12. Otherwise, the pulse voltage would feed the
      trigger current to the gate of the thyristor 12, making the thyristor
      reconductive. Thus, the thyristor 12 does not reconduct and thus the
      thyristor 5 also is not made conductive by the pulse voltage. As a
      consequence, the operation of lighting the discharge lamp can be performed
      with high reliability by the pulse voltage generated when the thyristor 5
      is turned off. FIG. 6 shows a circuit diagram of another embodiment of the
      present invention, in which like reference numerals are used to indicate
      like or equivalent parts in FIG. 5. In the figure, a thyristor 15 is a
      thyristor with amplifying gate of small size. The use of such a type of
      thyristor is based on the fact that the operation of the two thyristors of
      FIG. 5 is similar to that of a thyristor with amplifying gate.
PAR  FIG. 7 shows still another embodiment of the present invention, in which
      two stages of the integration circuit are used. The previous embodiments
      shown in FIGS. 5 and 6 use one stage of an integration circuit so that a
      margin in operation is somewhat small and there may be a case where the
      pulse having a satisfactory amplitude fails to generate when the
      inductance of the coil 2 or the capacitance of the capacitor 3 in the
      discharge lamp lighting circuit shown in FIG. 3 are large. In other words,
      the operable range of the previous embodiments is narrow. The embodiment
      in FIG. 7 can overcome such defects by such a circuit construction that
      two resistore 4' and 4" are employed in place of the resistor 4 of the
      previous embodiments, and the capacitor 16 is connected to a junction
      point of these resistors 4' and 4" to form another integration circuit. By
      the way, in the circuit of FIG. 7, the thyristor is omitted to be shown.
PAR  FIG. 8 shows another embodiment of the present invention which is directed
      to improve such above-mentioned defect that there happens a case where the
      pulse with a high amplitude is not obtained. The feature of the circuit is
      the use of the coil 17 connected in series to the integration circuits of
      the embodiments of FIGS. 5 and 6. The thyristor is omitted to be shown in
      this example also.
PAR  Another embodiment of the present invention shown in FIG. 9 also has the
      same object as that of the FIG. 8 embodiment, i.e. to obtain a pulse with
      a high amplitude. In the circuit of this example, a Zener diode 18 is
      connected to a junction point of resistors 4' and 4" employed in place of
      the resistor 4 shown in FIGS. 5 and 6. The Zener diode 18 serves to ensure
      the pulse generating operation by clipping the amplitude of the pulse
      voltage at a level higher than the break-down voltage V.sub.BO of the
      thyristor.
PAR  FIGS. 10a and 10b are circuit diagrams of other embodiments of the present
      invention which are used to increase the holding current of the thyristors
      5 and 15 of the FIGS. 5 and 6. Particularly, in the example of FIG. 5, the
      resistor 11 connected between the gate and the cathode of the thyristor 5
      sometimes fails to obtain a predetermined holding current. The circuits in
      FIGS. 10a and 10b are useful in such a case, in which a Zener diode 19 and
      a diode 19', i.e. constant voltage elements, are connected to the cathode
      of the thyristor 5 to apply a reverse bias to the thyristor 5. Note that
      if the thyristor 15 is used in place of the thyristor 5, this measure may
      be applicable to the example of FIG. 6.
PAR  FIG. 11 shows another embodiment of the present invention. In the circuit
      of this embodiment, the Zener diode 18 as shown in FIG. 9 is applied to
      the circuit of FIG. 5, and the diode 19' shown in FIG. 10b is employed and
      further voltage generating elements such as the Zener diode 20 and the
      resistor 21 are connected in series to the thyristor 12. The Zener diode
      20 increases the forward voltage drop of the thyristor 12 with the result
      that when the thyristor 5 becomes conductive, an abrupt cut-off operation
      of the thyristor 12 is enabled. In this embodiment, a resistor 22 is
      connected to the thyristor 12, and serves to shunt in part the anode
      current of the thyristor 12 and thus to reduce the trigger current flowing
      into the gate of the thyristor 5. As a result, when the thyristor 5 is
      conductive, the entire circuit current is satisfactorily increased so that
      the switching operation of the thyristor does not disturb its conductive
      condition. In this embodiment, the resistor 21 and 22 may of course be
      omitted and further the Zener diode 20 and the resistor 21 may be
      exchanged in connection That is, the diode 20 may be connected to the
      connecting portion of the resistor 21, i.e. to the anode of the thyristor
      12. The actual values of the components used in FIG. 11 are as follows:
      the resistor 4' is 91 k.OMEGA., the resistor 4" 6.8 k.OMEGA., the resistor
      11 33.OMEGA., the resistor 13 680.OMEGA., the capacitor 14 0.68 .mu.F, the
      constant voltage produced by the Zener diode 18 is 8 V, and the constant
      voltage of the Zener diode is 6 V.
PAR  FIG. 12 is a circuit diagram of another embodiment at of the present
      invention in which a circuit comprising a transistor 23 and a diode 24 is
      employed instead of the thyristor 12 in the embodiment of FIG. 5. In the
      figure, the collector of the transistor is connected to the terminal A
      through the diode 24, while the base of the transistor is connected to the
      capacitor 14, and the emitter of the transistor is connected to the gate
      of the thyristor 5 through the resistor 25. Such construction enables an
      increase of the ratio I.sub.H /I.sub.GT of the thyristor 5, as in the case
      of the thyristor 12 shown in FIG. 4.
PAR  FIG. 13 is another embodiment of the present invention. This circuit of
      this example is also a modification of the circuit of FIG. 5 in which as
      described in the case of FIG. 11, the Zener diode 20 is connected to the
      thyristor 5 and a switching element 26 such as Zener diode or a silicon
      unidirectional switch is connected with the gate of the thyristor 12. Such
      switching element 26 enables a stable and reliable feeding of the trigger
      current to the thyristor 12. Moreover, a resistor 27 may be connected to
      the switching element 26, as shown in this figure.
PAR  FIGS. 14 and 15 show circuit diagrams of still other embodiments of the
      present invention, which are also modifications of the circuits shown
      FIGS. 5 and 6. In these embodiments, a capacitor 29 is connected in
      parallel with the integration circuit and the charge charged on the
      capacitor 29 triggers the thyristor 5 or 15 to be conductive. That is,
      this embodiment is for preventing the re-conduction of the thyristors 5
      and 15. The capacitor 29 is charged through the circuit consisting of the
      resistor 4, the diode 28, the resistor 30, and diode 31 in case the source
      voltage exhibits a polarity opposite to that of the source voltage itself
      such that the pulse voltage shown in FIG. 2 is generated. For this, the
      triggering operation is not affected by the pulse just mentioned.
PAR  FIG. 16 is also an embodiment of the present invention whose circuit is
      constructed in a way that the resistor 21 and the constant voltage element
      20 shown in FIG. 11 are incorporated into the embodiment shown in FIG. 14,
      thereby enabling an abrupt cut-off operation of the thyristor 12 while at
      the same time preventing the re-conduction of the thyristor 5.
PAR  While the embodiments described above are ones using the three terminal
      semiconductor switch, the present invention is not limited to such a
      switch, but may use any other switch if it can do an operation equivalent
      to that of the three terminal semiconductor switch.
PAR  FIG. 17 shows the circuit diagram of another embodiment of the present
      invention in which an equivalent circuit of a thyristor is used. In the
      figure, transistors 32 and 33 are combined in a positive feedback
      connection so as to operate in the same manner as a thyristor. Resistors
      37 and 38 are used for the positive feedback, and serve to enable the
      switching operation of the transistors 32 and 33. A resistor 13 and a
      capacitor 14 constitute an integration circuit. A resistor 34 is used for
      avoiding the interference of the integration circuit to the feedback
      circuit. In this embodiment, the discharging time constant of the
      capacitor 14 is not shortened so that there happens that the discharging
      operation during when the transistor holds its conductive condition does
      not satisfactorily take place. If a discharge circuit consisting of a
      diode 35 and a resistor 36 which is active when the switching element is
      conductive is additionally employed, such problem may be eliminated. This
      discharge circuit may be applicable to the circuits previously described.
      By the use of the discharge circuit, the impedance of the integration
      circuit is heightened, permitting the use of the capacitor with a small
      capacitance.
PAR  In this embodiment, the ratio of I.sub.GT and I.sub.H is substantially
      equal to the ratio of resistors 37 and 38, which results in a preamplifier
      being unnecessary.
CLMS
STM  What is claimes is:
NUM  1.
PAR  1. An electric discharge lamp lighting device comprising a discharge lamp
      having filaments with terminals, said discharge lamp being connected
      through an inductive ballast to an A.C. power source between first
      terminals of said filaments thereof, and to a semiconductor switching
      circuit between second terminals of said filaments of the discharge lamp,
      said semiconductor switching circuit including:
PA1  a first thyristor;
PA1  a second thyristor whose anode and cathode are connected to the anode and
      gate of said first thryistor, respectively; and
PA1  an integration circuit including at least a capacitor and connected between
      the anode and the cathode of said first thyristor, said capacitor, being
      connected between the gate of said second thyristor and the cathode of
      said first thyristor.
NUM  2.
PAR  2. A device claimed in claim 1, in which an additional integration circuit
      comprising a resistor and a capacitor is connected with said integration
      circuit.
NUM  3.
PAR  3. A device claimed in claim 1, in which an inductance is connected in
      series with said integration circuit.
NUM  4.
PAR  4. A device claimed in claim 1, in which a constant voltage element is
      connected in parallel with said integration circuit.
NUM  5.
PAR  5. A device claimed in claim 1, in which a constant voltage element is
      connected in series with the cathode of said first thyristor.
NUM  6.
PAR  6. A device claimed in claim 5, in which a resistor is connected between
      said constant voltage element and the gate of said first thyristor.
NUM  7.
PAR  7. A device claimed in claim 1, in which a capacitor is connected in
      parallel with said integration circuit, and further including means for
      charging the last-mentioned capacitor during the period of time that the
      polarity of the source voltage is opposite to that of the polarity of the
      source voltage by which said first thyristor is turned off.
NUM  8.
PAR  8. A device claimed in claim 7, in which a constant voltage element is
      provided in a conduction path including said second thyristor between the
      anode and the gate of said first thyristor.
NUM  9.
PAR  9. A device claimed in claim 7, in which a resistor is provided in a
      conduction path including said second thyristor between the anode and the
      gate of said first thyristor.
NUM  10.
PAR  10. A device claimed in claim 1, in which a constant voltage element is
      provided in a conduction path including said second thyristor between the
      anode and the gate of said first thyristor.
NUM  11.
PAR  11. A device claimed in claim 10, in which a resistor is connected between
      the cathodes of said first thyristor and said second thyristor.
NUM  12.
PAR  12. A device claimed in claim 10, in which a semi-conductor switching
      element is connected in series with the gate of said second thyristor.
NUM  13.
PAR  13. A device claimed in claim 10, in which a constant voltage element is
      connected in series with the gate of said second thyristor.
NUM  14.
PAR  14. A device claimed in claim 1, in which a resistor is provided in a
      conduction path including said second thyristor between the anode and the
      gate of said first thyristor.
NUM  15.
PAR  15. A device claimed in claim 14, in which a resistor is connected between
      the cathodes of said first thyristor and said second thyristor.
NUM  16.
PAR  16. A device claimed in claim 14, in which a semiconductor switching
      element is connected in series with the gate of said second thyristor.
NUM  17.
PAR  17. A device claimed in claim 14, in which a constant voltage element is
      connected in series with the gate of said second thyristor.
NUM  18.
PAR  18. An electric discharge lamp lighting device comprising a discharge lamp
      having filaments with terminals, said discharge lamp being connected
      through an inductive ballast to an A.C. power source between first
      terminals of said filaments thereof, and to a semiconductor switching
      circuit between second terminals of said filaments of the discharge lamp,
      said semiconductor switching circuit including:
PA1  a thyristor with an amplifying gate whose anode and cathode are connected
      between the second terminals of said filaments of said discharge lamp; and
PA1  an integration circuit including at least a capacitor and connected between
      the anode and the cathode of said thyristor, said capacitor being
      connected between the gate of said thristor and the cathode of said
      thristor.
NUM  19.
PAR  19. A device claimed in claim 18, in which a further integration circuit is
      connected with said integration circuit, said further integration circuit
      including at least a capacitor.
NUM  20.
PAR  20. A device claimed in claim 18, in which an inductance element is
      connected in series with said integration circuit.
NUM  21.
PAR  21. A device claimed in claim 18, in which a constant voltage element is
      connected in parallel with said integration circuit.
NUM  22.
PAR  22. A device claimed in claim 18, in which a capacitor is connected in
      parallel with said integration circuit, and further including means for
      charging the last-mentioned capacitor during the period of time that the
      polarity of the source voltage is opposite to that of the polarity of the
      source voltage by which said thyristor with amplifying gate is turned off.
NUM  23.
PAR  23. A device claimed in claim 18, in which a constant voltage element is
      connected in series with the cathode of said thyristor with amplifying
      gate.
NUM  24.
PAR  24. A device claimed in claim 23, in which a resistor is connected between
      said constant voltage element and the gate of said thyristor with
      amplifying gate.
NUM  25.
PAR  25. An electric discharge lamp lighting device comprising a discharge lamp
      having filaments with terminals, said discharge lamp being connected
      through an inductive ballast to an A.C. power source between first
      terminals of said filaments thereof, and to a semiconductor switching
      circuit connected between second treminals of said filaments of the
      discharge lamp, said semiconductor switching circuit including:
PA1  a thyristor;
PA1  a transistor whose collector and emitter are connected respectively to the
      anode and the gate of said thyristor;
PA1  an integration circuit connected between the collector of said transistor
      and the cathode of said thyristor and having at least a capacitor, said
      capacitor being connected between the base of said transistor and the
      cathode of said thyristor; and
PA1  a diode connected in series with the collector of said transistor.
NUM  26.
PAR  26. An electric discharge lamp lighting device comprising a discharge lamp
      having filaments with terminals, said discharge lamp being connected
      through an inductive ballast to an A.C. power source between first
      terminals of said filaments thereof, and to a semiconductor switching
      circuit between second terminals of said filaments of the discharge lamp,
      said semiconductor switching circuit including:
PA1  a thyristor with amplifying gate; and
PA1  an integration circuit including at least a parallel connection of a
      capacitor and resistor connected between the amplifying gate and cathode
      of said thyristor, and another resistor connected between the amplifying
      gate and anode of said thyristor.
NUM  27.
PAR  27. A device claimed in claim 26, in which another capacitor is connected
      between the cathode of said thyristor and a portion of said another
      resistor.
NUM  28.
PAR  28. A device claimed in claim 26, in which a inductance element is
      connected in series with said integration circuit.
NUM  29.
PAR  29. A device claimed in claim 26, in which a constant voltage element is
      connected between the cathode of said thyristor and a portion of said
      another resistor.
NUM  30.
PAR  30. A device claimed in claim 26, in which a constant voltage element and
      an additional resistor are connected in series between the cathode and
      amplifying gate of said thyristor.
NUM  31.
PAR  31. A device claimed in claim 26, in which another capacitor is connected
      in parallel with said integration circuit, and further including means for
      charging said another capacitor during the period of time that the
      polarity of the source voltage is opposite to that of the polarity of the
      source voltage by which said thyristor with amplifying gate is turned off.
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PAL  A driving circuit arrangement for a gas-discharge display device consisting
      of an array of discharge lamps applies to the array a discharge retaining
      voltage composed of a voltage less than is required to maintain a
      discharge and a voltage equal to the magnitude of a `half-pulse,` the use
      of two coincident half-pulses being sufficient in addition to the
      retaining voltage to strike a discharge. To extinguish a discharge in one
      or more of the lamps the voltage equal to a half-pulse is removed
      temporarily from one of the conductors associated with the lamp, thereby
      reducing the voltage across all the lamps connected to that conductor
      below the level required to retain a discharge, and a compensating voltage
      of magnitude equal to a half-pulse is temporarily applied to the other
      conductor of those lamps in which it is desired that the discharge not be
      extinguished.
BSUM
PAR  This invention relates to driving circuit arrangements for gas-discharge
      display devices.
PAR  Gas-discharge display devices are well known in which discharges are struck
      in selected ones of a two co-ordinate array of direct current
      gas-discharge lamps to form a display. Individual conductors of a set of
      anode conductors interconnect the anodes of the discharge lamps extending
      along different values of one co-ordinate of the array and individual
      conductors of a set of cathode conductors interconnect the cathodes of the
      lamps extending along different values of the other co-ordinate of the
      array.
PAR  Such display devices have memories in that by the application of a
      discharge retaining voltage across all of the anode and cathode
      conductors, selected lamps, lit by the application of voltage pulses of
      the correct magnitude and sense to selected anode and cathode conductors
      to raise the voltage applied to them above the level required to strike a
      discharge can have a discharge retained therein by the retaining voltage
      at a lower level than that required to strike the discharge. The
      discharges are retained without any need to `refresh` them until it is
      desired to extinguish some or all of them by reducing the voltage across
      relevant lamps below the discharge maintaining level by means of
      appropriate pulses. Such a gas-discharge display device will hereinafter
      be called "of the kind referred to." In discharge display devices of the
      kind referred to the voltage pulses applied to the anode and cathode
      conductors to strike or extinguish a discharge are each required to be of
      a magnitude insufficient by itself to cause a discharge to strike or
      extinguish but in combination are sufficient to provide the magnitude.
      These pulses are hereinafter referred to as half-pulses.
PAR  It is an object of the present invention to provide a driving circuit
      arrangement for a gas-discharge display device of the kind referred to, of
      simple and novel construction.
PAR  According to the present invention a driving circuit arrangement for a
      gas-discharge display device of the type referred to comprises means for
      applying across all of the discharge lamps a retaining voltage of
      insufficient magnitude to initiate a discharge in any lamp but of
      sufficient magnitude to maintain a discharge, primary switching means
      operable to apply to a conductor associated with one co-ordinate of the
      device an extinguishing pulse of magnitude and sense to reduce the
      retaining potential difference across the lamps associated with that
      conductor below the level required to retain a discharge therein and
      compensatory switching means operable simultaneously with the primary
      switching means to apply a compensatory pulse, equal in magnitude to the
      extinguishing pulse but of opposite sense, to selected ones of the
      conductors associated with the other co-ordinate of the array to cause
      discharges in the lamps associated therewith and common to both conductors
      to be retained.
PAR  Also according to the present invention a driving circuit arrangement as
      defined in the preceding paragraph may comprise a source of a first
      potential, first switching means operable to connect selected individual
      anode conductors to the source of the first potential, a source of second
      potential lower than the first, the potential difference between them
      being equal to the magnitude of a half-pulse (as herein defined), first
      coupling means arranged to connect all of the anode conductors
      individually to the source of second potential, a source of third
      potential, lower than the second, the potential difference between the
      second and third potentials being equal to the difference between the
      discharge retaining and half-pulse voltages, a source of fourth potential
      lower than the third by the magnitude of a half-pulse, second switching
      means, second coupling means arranged to connect all of the cathode
      conductors individually to the second switching means, said second
      switching means being operable to connect all of the cathode conductors
      either to the source of third potential or to the source of the fourth
      potential, a source of fifth potential lower than the fourth by the
      magnitude of the half-pulse, third switching means operable when the
      cathode conductors are connected (by way of the second switching means) to
      the source of the fourth potential, to connect selected individual cathode
      conductors to the source of the fifth potential and operable, when the
      cathode conductors are connected (by way of the second switching means) to
      the source of third potential, to connect selected individual cathode
      conductors to the source of the fourth potential.
DRWD
PAR  The invention will now be described by way of example with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a schematic circuit arrangement of part of a d.c. gas-discharge
      display panel and the driving means for that part, and
PAR  FIG. 2 is one form of power supply for the circuit arrangement of FIG. 1.
DETD
PAR  Referring to FIG. 1 a direct current gas-discharge panel 10 comprises a
      cross-bar arrangement of cathode conductors 11 and anode conductors 12
      forming the rows and columns respectively of a rectangular matrix. At each
      cross-over point between conductors of the two sets a discharge lamp 13
      and current limiting resistor 14 extend between the two conductors. Any
      one of the discharge lamps is illuminated by applying potentials of
      appropriate magnitude to the relevant anode and cathode conductors
      associated with it such that the lamp at the uniquely defined intersection
      has a potential difference, equal at least to its striking voltage,
      applied across it, whereas other lamps common to either one of the
      conductors have only part of the necessary striking potential difference
      and are not caused to strike. Once a discharge is struck it may be
      maintained by a retaining potential difference less than that required to
      strike a discharge initially.
PAR  In large cross-bar arrays it is usual for potentials to be applied to all
      of the anode and cathode conductors such that a retaining voltage
      (V.sub.M) is present across all of the lamps of the array. In order to
      strike a discharge in any one lamp, that is, to raise the potential
      difference across it to the striking voltage (V.sub.s), the appropriate
      anode conductor is raised in potential by a positive going pulse of
      magnitude 1/2 (V.sub.s - V.sub.M) and the appropriate cathode conductor is
      reduced in potential by a negative going pulse of the same magnitude both
      superimposed on the retaining voltage such that the necessary striking
      voltage V.sub.s appears across the selected lamp. The maximum voltage
      appearing across other lamps connected to the same conductors is V.sub.M +
      1/2 (V.sub.s - V.sub.M) which is equal to 1/2 (V.sub.s + V.sub.M) and, as
      V.sub.M &lt; V.sub.s, this is less than V.sub.s and a discharge does not
      strike in these lamps.
PAR  In order to produce a complete display, the anode conductors are raised in
      potential one at a time by a pulse and as each one is raised selected
      cathode conductors are reduced in potential for the pulse period and lamps
      at the intersections are lit, the procedure being repeated for each anode
      conductor until the display is completed.
PAR  In selectively erasing such a display the potential difference across a
      lamp to be extinguished has to be reduced to below the level at which a
      discharge can be maintained, again by co-ordinate application of pulses,
      opposite in polarity to those for striking a discharge, to the appropriate
      anode and cathode conductors; the magnitudes of the retaining voltage and
      of the extinguishing pulses are chosen such that a single pulse is
      insufficient to extinguish a discharge in a lamp common to either
      conductor.
PAR  In large arrays of discharge lamps a large number of driving transistors
      are required to effect the switching of potentials described above and
      depending on the number of levels to which a particular conductor has to
      be switched several transistors may be required. In a compact form of
      display device such as that described in U.S. Pat. Nos. 3,603,837 and
      3,735,183 driving circuitry of discrete components may be unacceptably
      bulky in relation to the array and will almost certainly be expensive to
      produce both in terms of component cost and assembly time. The use of
      transistor switches produced in the form of monolithic integrated circuits
      is not always possible because of the relatively high voltages employed in
      display devices of this form. Typically the striking voltage V.sub.s = 300
      volts and the retaining voltage V.sub.M = 200 volts, the voltage pulses
      being applied to cause striking and extinguishing being about 50 volts in
      amplitude. Thus transistors used as switches may have to withstand 100
      volts, when switched OFF, between, say, the striking level of (V.sub.M +
      50) volts to which it switches the conductor during writing and (V.sub.M -
      50) volts to which the conductor may fall during erasure. Such voltage
      swings are not desirable in transistors of monolithic integrated circuit
      form and the complete display device suffers for this drawback.
PAR  The driving circuit arrangement according to the present invention
      overcomes this drawback and is shown in FIG. 1 comprising four series
      connected voltage sources 15, 16, 17 and 18. Each of the sources 15, 16
      and 18 produce a half-pulse voltage V.sub.p and the source 17 produces a
      voltage (V.sub.M - V.sub.p), where V.sub.M is the discharge retaining
      voltage for all of the discharges and V.sub.M - V.sub.p is the voltage
      sufficiently below the minimum maintaining voltage to cause a discharge to
      be extinguished. V.sub.s is the striking voltage such that V.sub.s =
      (V.sub.M + 2V.sub.p).
PAR  A series combination of a diode 19 and a transistor switch 20 shunt the
      source 15 and are connected such that a current path exists between a
      point 21, at the junction of the diode and transistor switch, either to
      the positive side of the source 15, by way of the diode 19, or to the
      negative side of the source 15, by way of the transistor switch 20,
      depending on whether the transistor is turned OFF or ON.
PAR  A similar switch system (comprising second switching means) shunts the
      source 16 and comprises a diode 22, transistor switch 23 and a junction
      point 24.
PAR  All of the anode conductors 12 of the display are connected individually to
      the positive side of the source 17, to a second potential, by way of first
      coupling means, diodes 25. Each anode conductor is also connected by way
      of a transistor switch 26 forming first switching means to the positive
      side of source 18 (a first potential). The diodes 25 prevent the source 18
      from being short-circuited for all conductors on operation of any single
      transistor switch 26 and isolate the conductors from each other. The
      cathode conductors 11 are connected individually to the point 24 by way of
      diodes 27. Each of the cathode conductors is also connected by way of a
      transistor switch 28 to the point 21. The switches 28 combined with the
      switch 20 comprise third switching means.
PAR  Under display, or storage, conditions when information is not being written
      or erased the anode conductors are connected to the source of second
      potential, the positive side of source 17, and the transistor switch 23 is
      ON so that the point 24, and therefore the cathode conductors, are
      effectively connected to the negative side of the source 16 (a third
      potential). Thus a retaining voltage (V.sub.M - V.sub.p) + V.sub.p =
      V.sub.M exists across all of the lamps of the array.
PAR  In order to write information on to the display, the display is put into a
      WRITE condition in which the transistor switch 20 is turned ON as well as
      the transistor switch 23. The retaining voltage V.sub.M still appears
      across the array of lamps. Each of the anode conductors is raised in turn
      to the potential of the positive side of the source 18 by sequential
      pulsing of the switches 26. As each transistor switch 26 is turned ON
      selected ones of the transistor switches 28 are turned ON for the pulse
      duration such that the cathode conductors are connected by way of the
      transistor switches 28 to the negative side of the source 15, (a fifth
      potential) that is, the selected lamps have a voltage [(V.sub.M - V.sub.p)
      + V.sub.p ]+V.sub.p + V.sub.p = V.sub.M + 2 V.sub.p, the striking voltage,
      across them. All the other lamps connected to one only of the anode or
      selected cathode conductors have a maximum voltage across them of
      [(V.sub.M - V.sub.p) + V.sub.p ]+ V.sub.p = V.sub.M + V.sub.p,
      insufficient to strike a discharge. After the pulses have been removed,
      the voltage (V.sub.M - V.sub.p) + V.sub.p = V.sub.M retains all discharges
      struck. The procedure is repeated for each anode conductor in turn until
      the display is completed. After the WRITE sequence has been commpleted the
      transistor switch 23 is retained in the ON state and the transistor switch
      20 may be turned OFF or left ON; conveniently it may be left in the
      condition in which it was last placed.
PAR  To erase a complete display the transistor switch 23 is merely turned OFF
      connecting the point 24 to the positive side of the source 16 (a second
      potential) and the retaining voltage is reduced to V.sub.M - V.sub.p,
      insufficient to maintain any discharges. To selectively extinguish
      discharges of a display this may be done row-by-row or column-by-column.
      In row-by-row erasure the transistor switches 20 and 23 are both turned
      OFF, simultaneously with all of the transistor switches 26 being turned
      ON. The retaining voltage across all of the lamps is still (V.sub.M -
      V.sub.p) + V.sub.p but this is now derived from the sources 17 and 18
      instead of sources 17 and 16.
PAR  The transistor switches 26 are pulsed OFF one at a time in sequence and
      comprise the primary switching means. As each transistor switch 26 is
      turned OFF and the anode conductor 12 is reduced to the second potential,
      providing an extinguishing pulse to the device, transistor switches 28 are
      turned ON such that the cathode conductors concerned are connected by way
      of diode 19 to the source of fourth potential (negative side of the source
      16), to provide a compensating pulse. The transistor switches 28 thus
      comprise the compensatory switching means. The transistor switches 28 for
      the cathode conductors of the lamps which are to be extinguished remain,
      or are turned, OFF and these cathode conductors are connected by way of
      the diode 22 to the source of third potential (negative side of the source
      17) resulting in a voltage (V.sub.M - V.sub.p) appearing across the
      selected lamps; this is insufficient to maintain a discharge and they are
      extinguished. At the end of the pulse, the transistor switch 26 is turned
      ON and the switches 28 are turned OFF. This procedure is repeated as each
      transistor switch 26 is pulsed OFF in turn. At the end of the ERASE
      sequence the transistor switches 26 are all turned OFF simultaneously with
      the transistor switch 23 being turned ON, the retaining voltage remaining
      at a constant value but again being derived from the source 16 and 17. The
      transistor switch 20 can be left OFF until required for a subsequent WRITE
      sequence.
PAR  In column-by-column erasure the transistor switch 23 is turned OFF and all
      of the transistor switches 28 are turned ON. The transistor switch 20 is
      turned OFF so that the cathode conductors 11 are still connected to the
      source of fourth potential but by way of the transistor switches 28 and
      the diode 19 instead of the transistor switch 23.
PAR  The first transistor switch 28 is turned OFF by the application of an
      extinguishing pulse, thereby increasing the potential on the cathode
      conductor 11 which is connected to the source of third potential by way of
      diodes 27 and 22; the potential difference appearing across the lamps
      associated with the conductor is reduced to V.sub.M - V.sub.p (from the
      source 17) and compensating pulses are applied to selected ones of the
      anode conductors 12 by turning ON the associated transistor switches 26
      and temporarily connecting the selected anode conductors to the source of
      first potential to maintain the potential difference of (V.sub.M -
      V.sub.p) + V.sub.p = V.sub.M across them. The transistor switches 26 are
      turned OFF as the first transistor switch 28 is turned ON. The second of
      the switches 28 is then pulsed OFF as selected transistor switches 26
      associated with the discharges it is desired to retain are turned ON. This
      is repeated for each column (cathode) conductor in turn.
PAR  In writing alphanumeric characters which require a 7 .times. 5 block of
      lamps for each character an alternative form of writing comprises striking
      discharges in all 35 lamps of the block and erasing those which are not
      required for the particular character, thereby forming the display one
      character or column of characters at a time.
PAR  In forming one such character the switches 20 and 23 are turned ON, and the
      first five transistor switches 26 are all pulsed ON simultaneously with
      the first seven transistor switches 28 forming a block of discharges which
      are retained after the pulses are removed. The switches 20 and 23 are then
      turned OFF as all the transistor switches 26 are turned ON thus receiving
      the retaining voltage from the sources 17 and 18. Then each of the five
      transistor switches 26 is pulsed OFF in turn; as each one is turned off
      the transistor switches 28 relating to the discharges which are to be
      retained are pulsed ON such that the retaining voltage is contained across
      these lamps and the remainder associated with that anode are extinguished.
      When the five transistor switches 26 have been pulsed OFF and returned to
      the ON position, the switches 20 and 23 are turned ON as all of the
      transistor switches 26 are turned OFF so that the required discharges
      forming the character are retained.
PAR  The next block of 35 discharges are struck between the seventh to 11th
      anodes and the first seven cathodes by the pulsing of the appropriate
      transistor switches 26 and 28 and the switch 20. The column of lamps on
      the sixth anode are not used so as to provide a separation between the
      alphanumeric characters. After the striking pulses, all of the transistor
      switches 26 are turned ON and the switches 20 and 23 turned OFF. The
      switches 26 of the anodes conductors seven to 11 are then pulsed OFF one
      at a time as appropriate cathode switches 28 are pulsed ON to retain
      selected discharges. After the second character has been completed, the
      transistor switches 26 are all turned OFF and the switches 20 and 23 are
      turned ON in readiness for the next character. A correspondingly similar
      method of producing a display may be achieved using column-by-column
      erasure.
PAR  In a display involving several lines of characters all the lines can be
      written simultaneously from left to right as the groups of anode
      conductors are used to define character blocks. It may be desirable to
      pulse a subsequent block of lamps on and off while a character is being
      written on a previous block so as to provide priming for the lamps of the
      block when it has a character written on it.
PAR  From the foregoing it will be appreciated that the maximum voltage that can
      appear across the transistor switches 26 when they are turned OFF is
      V.sub.p from the source 18 and similarly, as the transistor switch 20 is
      never turned ON when the transistor switch 23 is turned OFF, the maximum
      voltage appearing across the transistor switches 28 is also V.sub.p,
      whether from the source 15 or the source 16.
PAR  In a particular device, V.sub.M may be 200 volts and V.sub.p may be 45
      volts with V.sub.s = (V.sub.M + 2V.sub.p) = 290 volts and (V.sub.M -
      V.sub.p) = 155 volts. Because the transistor switches having only to
      withstand reverse voltages of 45 volts they may be formed as a monolithic
      semiconductor integrated circuit with resultant savings in cost and space
      and ease of construction of the complete display device.
PAR  The currents taken from sources 15, 16, 17, 18 are the device current and
      the transistor switches currents. Since the transistor switch loads are
      reversed bias diodes and the resistance of the lamps, the additional
      switching current is very low and may be obtained by a potential divider
      and a single source as shown in FIG. 2. This divider comprises three
      reference zener diodes 31, 32 and 33 in series with a resistor 35 between
      supply rails of a 290 to 300 volt source (not shown). The diodes all have
      a 45 volt breakdown and the resistor may have a value of 20 KOhm to give a
      current flow of 8 mAmp. The current taken by each discharge lamp is low,
      say 20 microAmp, under discharge retaining conditions so that hundreds of
      lamps can be supplied from this simple source without too great a
      regulating effect. The power dissipation of such a supply is also low, in
      the region of 7 watts.
PAR  The transistor switches 26 may be connected to a strobe circuit for
      scanning the anode conductors during WRITE and ERASE sequences in
      combination with control means for determining the state of transistor
      switches 20 and 23. A read-only-memory may be provided to control the
      transistor switches 28 in synchronism with the strobe circuit for the
      production of alphanumeric characters or other such displays.
PAR  The circuit arrangements as shown and described employs NPN transistors as
      switches and has the two sources of potential V.sub.p, 15 and 16, adjacent
      each other at the low potential side of the supply. The arrangement may be
      operated in a corresponding manner with transistors of opposite
      conductivity type and the diodes reversed in their conducting direction,
      the source 16 then being placed between the sources 17 and 18. Furthermore
      the transistor switches 23 and 20, as they are required to be operated
      only when changing between write and erase modes, and can be turned ON or
      OFF together, may comprise mechanical switches or a single double pole
      double throw switch.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A driving circuit arrangement for a gas-discharge display device of the
      type having a two co-ordinate array of direct current gas-discharge lamps,
      a set of anode conductors interconnecting the anodes of discharge lamps
      extending along different values of one co-ordinate of the array and a set
      of cathode conductors interconnecting the cathodes of the lamps extending
      along different values of the other co-ordinate of the array, comprising
      means for applying across all of the discharge lamps a retaining voltage
      of insufficient magnitude to initiate a discharge in any lamp but of
      sufficient magnitude to maintain a discharge, primary switching means
      operable to apply to a conductor extending along one co-ordinate of the
      array an extinguishing pulse of magnitude and sense to reduce the
      retaining potential difference across the lamps connected to that
      conductor below the level required to retain a discharge therein, and
      compensatory switching means operable simultaneously with the primary
      switching means to apply a compensatory pulse, equal in magnitude to the
      extinguishing pulse but of opposite sense, to selected ones of the
      conductors extending along the other co-ordinate of the array to cause
      discharges in the lamps connected thereto and common to both conductors to
      be retained.
NUM  2.
PAR  2. A driving circuit arrangement as claimed in claim 1 wherein said primary
      switching means and compensatory switching means comprise a source of a
      first potential, first switching means operable to connect selected
      individual anode conductors to the source of the first potential, a source
      of second potential lower than the first, the potential difference between
      them being equal to the magnitude of a half-pulse, first coupling means
      arranged to connect all of the anode conductors individually to the source
      of second potential, a source of third potential lower than the second,
      the potential difference between the second and third potentials being
      equal to the difference between the discharge retaining and half-pulse
      voltages, a source of fourth potential lower than the third by the
      magnitude of a half-pulse, second switching means, second coupling means
      arranged to connect all of the cathode conductors individually to the
      second switching means, said second switching means being operable to
      connect all of the cathode conductors either to the source of third
      potential or to the source of the fourth potential, a source of fifth
      potential lower than the fourth by the magnitude of the half-pulse, third
      switching means operable when the cathode conductors are connected (by way
      of the second switching means) to the source of the fourth potential, to
      connect selected individual cathode conductors to the source of the fifth
      potential and operable, when the cathode conductors are connected (by way
      of the second switching means) to the source of third potential, to
      connect selected individual cathode conductors to the source of the fourth
      potential.
NUM  3.
PAR  3. A driving circuit arrangement as claimed in claim 2 in which the first
      switching means comprises a plurality of transistor switches, individual
      switches being operable when caused to conduct to connect individual anode
      conductors to the source of the first potential.
NUM  4.
PAR  4. A driving circuit arrangement as claimed in claim 2 in which the second
      switching means comprises a diode connected between the second coupling
      means and the source of third potential so as to prevent the potential of
      the cathode conductors from exceeding the third potential and a switch
      connected between the source of fourth potential and the diode, the
      arrangement being such that when the switch is closed the cathode
      conductors are connected to said source of fourth potential and when the
      switch is open the cathode conductors are connected to the source of third
      potential.
NUM  5.
PAR  5. A driving circuit arrangement as claimed in claim 4 in which the switch
      is a transistor.
NUM  6.
PAR  6. A driving circuit arrangement as claimed in claim 2 in which the third
      switching means comprises a diode connected to the source of fourth
      potential, a switch connected between the diode and the source of fifth
      potential and a plurality of transistor switches, individual switches
      being operable when caused to conduct to connect individual cathode
      conductors to the junction of the diode and the switch.
NUM  7.
PAR  7. A driving circuit arrangement as claimed in claim 2 in which the first
      and second coupling means comprises a plurality of diodes, each individual
      diode being connected in series with each of the anode and cathode
      conductors respectively.
NUM  8.
PAR  8. A driving circuit arrangement as claimed in claim 2 in which the sources
      of potential comprise serially connected voltage sources.
NUM  9.
PAR  9. A driving circuit arrangement as claimed in claim 8 in which each
      voltage source comprises a portion of a potential divider chain arranged
      to be connected to a voltage source at least as great as the striking
      voltage.
NUM  10.
PAR  10. A driving circuit arrangement as claimed in claim 9 in which the
      potential divider chain comprises three reverse biased voltage regulator
      diodes, each being operable to conduct when a voltage of magnitude not
      less than that of a half-pulse is applied, and a resistor, the voltage
      appearing across each regulator diode being equal to the magnitude of a
      half-pulse and the voltage appearing across the resistor being equal to
      the difference between the second and third potentials.
NUM  11.
PAR  11. A driving circuit arrangement as claimed in claim 2 in which the first
      switching means comprises the primary switching means and the third
      switching means comprises the compensatory switching means.
NUM  12.
PAR  12. A driving circuit arrangement as claimed in claim 2 in which the third
      switching means comprises the primary switching means and the first
      switching means comprises the compensatory switching means.
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ABST
PAL  A method and system for maintaining precise electrically neutral, positive
      or negative atmosphere in an area, such as a textile mill, by adding
      charged ions to air being pumped into that area, for example through an
      air conditioning duct whereby at least two spaced apart grids are mounted
      in the duct with one connected to a positive high voltage source and the
      other connected to a negative high voltage source so that both grids
      produce ions and the voltages applied thereto are controlled to maintain
      the area atmosphere neutral, positively charged or negatively charged as
      required to dissipate an undesired charge generated in a manufacturing
      process.
BSUM
PAC  BRIEF DESCRIPTION OF THE PRIOR ART AND SUMMARY OF THE INVENTION
PAR  The invention relates to a method and system for maintaining an
      electrically neutral or positively or negatively charged atmosphere in a
      given area such as a textile mill.
PAR  Almost any area, particularly a confined area where large machines are in
      operation, such as a textile mill, has either a positive or negative
      electrical field. In most instances, this field is undetectable and causes
      no problem with respect to the desired activities that are being
      undertaken in the area. However, in certain situations, particularly in
      conjunction with operation of textile machines, such as looms or the like,
      even a rather small electrical field causes problems with regard to proper
      operation of the machines. One such problem is the undesirable buildup or
      accumulation of lint on machine parts. Accordingly, it is usually
      desirable to attempt to maintain an atmosphere in the area which is as
      close to electrically neutral as possible, or biased with a polarity
      opposite to the charge generated by the manufacturing process.
PAR  In the past, there has been a number of attempts to automatically adjust
      the electrical field within an area by supplying ions of a polarity
      opposite to that of a detected field until an essentially neutral field
      condition has been produced. For example, the patent to Michener et al.,
      U.S. Pat. No. 3,387,181, describes a system in which ions passing through
      a tube are collected on metallic wire pads and counted. A direct current
      charged grid disposed in the main air stream of an air circulating system
      is then controlled in polarity and intensity of grid current as a function
      of the detected ion count so as to maintain a neutral atmosphere in the
      room. This type of device has several drawbacks which make it impractical
      for most applications.
PAR  First, the grid current is not regulated directly as a function of the
      electrical field within the work area but rather as a function of the ions
      which are counted in a tube. This count is, therefore, only generally
      related to the field potential within the room. It is possible that a
      considerable electrical field may exist without the existence of even a
      small number of ions. Further, the Michener reference is slow in
      responding to changes in electrical field potential within the area and
      tends to overshoot when correcting a positive or negative potential.
PAR  The U.S. Pat. to Huber, No. 3,870,933, Ser. No. 384,229 filed July 31,
      1973, describes another system of this type which, however, employs a
      unique detector element which produces an ion cloud in the vicinity of a
      metallic probe. The ion cloud interacts with the electrical field in the
      area that is desired to be kept electrically neutral to produce a signal
      indicating the polarity and magnitude of the electrical field. This
      control signal can then be used to control arrangements for adding
      positive and negative ions to the air conditioning system, for example, by
      the use of chemicals or the like. The patent further mentions that a grid
      can be placed in the air conditioning duct to emit ions to neutralize the
      electrical field in response to the signal provided by the unique
      detector.
PAR  Most textile areas are electrically negative so that positive ions must be
      added to the room to bring it back to an electrically neutral condition or
      a predetermined positive level. However, occasionally positive electrical
      fields are produced and it is desirable also in any system to have the
      ability to produce negative ions and thus bring a positive electrical
      field back to a less positive, neutral condition, or perhaps a negative
      condition. When using an electrical grid to which a high voltage is
      applied to generate ions, one of two techniques can be employed to give
      the system flexibility to produce either negative or positive ions.
PAR  First, a single grid can be mounted in the duct and a switch provided for
      coupling the grid either to a negative or a positive power supply.
      However, in view of the high voltages which are normally applied to the
      grids, switching of the grid from one power source to the other is
      difficult and undesirable. The alternative technique is to provide two
      grids which are spaced apart, one of the grids connected to a positive
      power source and the other grid connected to a negative power source with
      care taken in the prior art not to allow the two power supplies to operate
      at the same time.
PAR  According to the invention of this application, it has been discovered that
      providing two spaced apart grids in an air conditioning duct or the like,
      which supplies air to a room to be kept electrically neutral or at a
      precise positive or negative level and operating both at the same time to
      produce both positive and negative ions surprisingly requires less
      potential on the grid contacted last by the air flowing within the duct
      for maintaining a given desired atmospheric charge level than a single
      positive grid in a situation where positive ions must be added to
      neutralize a negative electrical field. Further, overshoot problems are
      dramatically reduced and in many instances are substantially eliminated
      when correcting such a field by the invention of this application. It has
      been found that a grid comprised of a number of individual fine wires
      extending roughly in parallel with a spacing of, for example three inches,
      provides satisfactory operation and it has further been found that a
      separation between the positive and negative grids of between 6 and 18
      inches, and preferably 12 inches, produces desirable results.
PAR  While the reasons for these surprising results are not entirely understood,
      it is believed that the interaction of each grid with the ions of the
      opposite polarity and the resultant acceleration or deceleration of these
      ions as a result of that interaction plays some part in the results. It is
      further believed that by adjustment of the grid connected to the polarity
      which is the same as the polarity of the electrical field to be
      neutralized, overshoot in the neutralizing process is reduced.
PAR  Many other objects and purposes of the invention will be clear from the
      following detailed description of the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a schematic side view of the unique grids of this invention,
      mounted in an air conditioning duct which supplies air to a room or the
      like which is to be kept in electrically neutral or any desired positive
      or negative condition;
PAR  FIG. 2 shows a perspective view of one of the grids of this invention
      mounted in an air conditioning duct;
PAR  FIG. 3 shows a view of the upper grid connection;
PAR  FIG. 4 shows an electrical schematic of the unique circuitry of this
      invention for applying appropriate voltages to the two grids to cause the
      air in the room where the sensor is located to be kept in an electrically
      neutral or any desired positive or negative condition.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Reference is now made particularly to FIGS. 1-3 which illustrate the unique
      construction of the grid of this invention. Grids 20 and 22 are preferably
      mounted as shown in an air conditioning duct which leads directly into the
      room that is to be maintained in an electrically neutral condition. It has
      been found that results are optimized for a plant which is generally
      negative, and to which accordingly must be supplied positive ions, by
      mounting the grid to which is coupled the negative power supply so that
      air flows first through the negative grid before encountering the grid to
      which the positive power supply is connected. In the arrangement of FIG.
      1, the grid 20 accordingly would preferably be connected to a negative
      power supply while the grid 22 would preferably be connected to a positive
      power supply.
PAR  Further, it has been found that results are optimized for a plant which is
      generally positive, and to which accordingly must be supplied negative
      ions, by mounting the grid to which the positive power supply is coupled
      so that air flows first through the positive grid before encountering the
      grid to which the negative power supply is connected. In this arrangement,
      the grid 20 in FIG. 1 would become the positive grid and would, therefore,
      be connected to the positive power supply while the grid 22 would become
      the negative grid and, therefore, connected to the negative power supply.
PAR  Further, in each of the above instances the potential required to power the
      second grid or the grid through which the air stream last flows prior to
      passing into the area is surprisingly reduced from what would be expected
      to maintain the desired atmospheric condition.
PAR  As best seen in FIG. 2, each of the grids 20 and 22 preferably includes a
      pair of L-shaped aluminum bars 24 and 26. Each of these bars is mounted to
      respective opposing surfaces of the duct, which typically is metal, by
      three conventional insulator posts. Duct 30 is typically square in cross
      section and 3 by 3 feet in dimension, but may be of any size or shape. Bar
      26 is mounted on duct 30 by insulator posts 32, 34 and 36, while L-shaped
      bar 24 is mounted by two insulator posts 38 and 40. An insulating bar 42
      which is preferably of plastic material is fixedly connected to L-shaped
      bar 26 with a plurality of electrical fasteners attached to plastic bar 42
      along its length. Similarly, aluminum bar 24 has a plurality of electrical
      fasteners disposed along its length. As can be seen best in FIG. 3, each
      of these electrical fasteners can simply comprise a screw 44 with a pair
      of washers 46 and 48, mounted thereon, so that a wire can be looped about
      screw 44, between washers 46 and 48.
PAR  Wire 50 is preferably wound in place between bars 24 and 42 as a single
      unbroken wire and the portions extending between the fasteners of bar 42
      then removed in order to prevent a short circuit should the wire 50 be
      broken at any portion thereof and fall directly onto the bottom of duct
      30.
PAR  Upper bar 24 is preferably connected as can be seen best in FIG. 3 to a
      high voltage source by terminals 54 and 56. As indicated, grid 20 is
      connected preferably to a negative voltage source while grid 22 is
      connected to a positive high voltage source.
PAR  Reference is now made to FIG. 4, which illustrates a detailed circuit
      schematic for applying the correct positive and negative voltages to grids
      20 and 22. Sensor 100 provides an electrical output signal which varies as
      a function of the magnitude and polarity of the electrical field in the
      area that is to be kept neutral or any desired charge level either
      positive or negative. This sensor is preferably the type described in the
      above-mentioned patent to Huber, Ser. No. 384,229, filed July 31, 1973.
      This particular sensor provides an output signal which varies between 0
      and 1 volt D.C., with a 0.5 volt representing a neutral environmental
      condition while the range 0 to 0.5 represents a positive electrical field
      and the range 0.5 to 1 represents a negative electrical field. If desired,
      the meter scale can be changed, for example, to be between -5 volts and +5
      volts with the neutral condition being at ground. In any instance, with
      respect to that particular sensor and its output between 0 and 1 volts,
      the signal is supplied to a conventional operational amplifier 102 which
      amplifies the output of sensor 100, for example by 10. Similarly, the
      output of sensor 100 is applied to a second operational amplifier 104
      which provides a similarly amplified but invented output.
PAR  The output of amplifier 102 is applied to the base of transistor 106 via
      conventional potentiometer 108 which can be varied to adjust the
      sensitivity and operation of the control circuitry. The collector of
      transistor 106 is connected to a conventional full-wave rectifier circuit
      112 which is comprised of diodes 114, 116, 118 and 120. In particular, the
      collector of transistor 106 is connected to the intersection of diodes 118
      and 120 which diodes each comprise a branch of the full-wave rectifier
      circuit 112. The connection between diodes 114 and 116 similarly is
      connected to ground as is the emitter of transistor 106. A conventional
      positive high voltage supply 130 is provided with two input terminals 132
      and 134. One of these terminals is connected directly between the
      connection of diodes 114 and 120, while the other input terminal is
      connected via winding 136 to the connection between diodes 116 and 118.
      Winding 136, together with winding 138 comprises a transformer with a
      conventional A.C. signal applied to winding 138, for example at 115 volts,
      60 Hertz.
PAR  When transistor 106 is in its non-conductive condition, no current can flow
      through the full-wave bridge circuit 112, and accordingly, the output of
      the high voltage supply 130, which is connected to the negative grid via a
      conventional adjustment potentiometer 150 produces no voltage so that the
      grid in turn does not produce any ions. However, when the signal from
      sensor 100 is in a range indicating the need for production of positive
      ions according to the adjustment of potentiometer 108, transistor 106 is
      driven positive so that current flows through that transistor to ground,
      the amount of current being related to the level of conduction of
      transistor 106, and the positive high voltage supply 130 produces an
      output voltage having a magnitude related to the input signal, so that
      positive ions are produced by positive grid 22 mounted in air conditioning
      duct 30.
PAR  Similarly, the invented output of amplifier 104, inverted by transistor 160
      is supplied to the base of a further transistor 162 with the magnitude
      thereof being adjusted by conventional potentiometer 164. Transistor 162,
      like transistor 106, is connected between two branches of a conventional
      full-wave rectifier 168 comprising diodes 170, 172, 174 and 176. In
      particular, the collector of transistor 162 is connected between diodes
      172 and 174 with the connection between diodes 168 and 176 being connected
      to ground. A negative high voltage supply 180 which is identical to the
      positive high voltage supply 130, except as to the polarity of its output
      is similarly connected to full-wave rectifier 168 via coil 182 of
      transformer 184. Transformer 184 similarly has a second coil 186 to which
      an alternating current voltage, for example 115 volts, 60 Hertz, is
      applied. The output of the negative high voltage signal is similarly
      applied to grid 20 via potentiometer 200.
PAR  Whenever sensor 100 detects a deviation from a neutral condition, a signal
      is produced which, amplified by amplifiers 102 and 104, causes transistors
      106 and 162 to be shifted into their conductive states and positive and
      negative voltages both to be simultaneously applied to grids 20 and 22.
PAR  The following chart sets forth detected voltages and amperages for positive
      and negative grids as described above in an air conditioning system for
      keeping an area neutral which was generally negative.
TBL  ______________________________________                                    
     Negative Grid Positive Grid                                               
     Inches                                                                    
           .mu.A   KV      Inches                                              
                                 .mu.A KV    Efficiency                        
     ______________________________________                                    
      6    165     13.5     6    125   11.5  76%                               
     12     90     15.0    12    75    13    94%                               
     18    110     15.0    18    40    8-12  36%                               
     24    125     14.0    24    25    8-12  20%                               
     ______________________________________                                    
PAR  Many changes and modifications can, of course, be carried out without
      departing from the scope of the invention. Accordingly, that scope is
      intended to be limited only by the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for maintaining a predetermined electrical atmosphere in an
      area into which air is at least periodically pumped comprising:
PA1  a first electrical grid,
PA1  a second electrical grid,
PA1  means for mounting said first and second grids in spaced apart relation at
      a location wherein the air pumped into said area passes through each of
      said grids sequentially and is charged electrically as a function of the
      amplitude and polarity of the voltage on said first and second grids
      respectively,
PA1  sensor means for detecting the magnitude and polarity of the electric field
      within said area and producing a control signal varying as a function of
      the detected magnitude and polarity, and
PA1  circuit means connected to said sensor means for receiving said control
      signal and applying voltages to said first and second grids respectively,
      the voltage applied to one of said grids being negative and the voltage
      applied to the other grid being positive, said circuit means varying the
      applied voltages so as to alter the detected field to a predetermined
      condition by producing in the air passing through said grids a net number
      of ions of a polarity required to produce said predetermined condition in
      said area, said circuit means further applying voltages of opposite
      polarity respectively to said first and second grids simultaneously for at
      least a certain range of detected electric field magnitude.
NUM  2.
PAR  2. A system as in claim 1 wherein the separation between said first and
      second grids is between 6 and 18 inches.
NUM  3.
PAR  3. A system as in claim 2 wherein said separation is roughly 12 inches.
NUM  4.
PAR  4. A system as in claim 1 wherein each said grid is comprised of a
      plurality of fine wires and a frame means for fixing said wires to extend
      across said location.
NUM  5.
PAR  5. A system as in claim 4 wherein the separation between said wires is
      roughly 3 inches.
NUM  6.
PAR  6. A system as in claim 4 wherein said wires extend in parallel relation.
NUM  7.
PAR  7. A system as in claim 4 wherein said frame means includes a metal bar,
      means coupling a source of D.C. voltage to said bar, an insulator bar
      extending in parallel relation to said metal bar, a plurality of spaced
      fastener means extending along the length of said bars for fixing wire
      between the fasteners on said metal bar and the fasteners on said
      insulator bar, and insulator means for mounting said bars in the upper and
      lower portions of an air conditioner duct.
NUM  8.
PAR  8. A system as in claim 7 wherein said metal bar is an L-shaped aluminum
      bar and including a further L-shaped aluminum bar connected between said
      insulator bar and said insulator means.
NUM  9.
PAR  9. A system as in claim 8 wherein said insulator bar is plastic.
NUM  10.
PAR  10. A system as in claim 1 further including an air conditioning duct with
      said grids mounted within said duct so that air passes through the
      negative grid before it passes through the positive grid, and said sensor
      means mounted outside said duct.
NUM  11.
PAR  11. A system as in claim 1 wherein said circuit means includes:
PA1  a full wave bridge rectifier having four branches,
PA1  a power supply for receiving a rectified signal at input terminals and
      providing a D.C. high voltage output,
PA1  a transformer having a first winding connected to a source of alternating
      voltage and a second winding connected between one of said input terminals
      and the connection between first and second of said branches, the other
      input terminal of said power supply being connected to the connection
      between third and fourth of said branches, and
PA1  electronic switch means having a conductive and a non-conductive condition
      and connected to said detecting means for shifting between said conditions
      as a function of an input signal, said switch means being connected to the
      connection between said first and third branches for coupling that
      connection to ground when said switch means is in said conductive
      condition, the connection between said second and fourth branches being
      connected to ground so that when said switch means is in its
      non-conductive condition no current flows through said rectifier and
      accordingly through said power supply, and when said switch means in its
      conductive condition current flows through said switch means and
      accordingly through said power supply.
NUM  12.
PAR  12. A circuit as in claim 11 wherein said switch means has a resistance
      which varies as a function of said input signal so that the output voltage
      provided by said power supply varies in amplitude as a function of said
      input signal.
NUM  13.
PAR  13. A circuit as in claim 12 wherein said switch means is a transistor.
NUM  14.
PAR  14. A circuit as in claim 13 wherein said rectifier includes a diode in
      each of said branches.
NUM  15.
PAR  15. A circuit as in claim 14 further including means for producing said
      input signal comprising:
PA1  means for amplifying said control signal,
PA1  variable resistor means connected to said amplifying means, and
PA1  means connecting said variable resistor means to the base of said
      transistor.
NUM  16.
PAR  16. A method of maintaining an electrically neutral atmosphere in an area
      into which air is at least periodically pumped comprising the steps of:
PA1  detecting the magnitude and polarity of the electrical field within said
      area and producing an electrical control signal varying as a function of
      the detected magnitude and polarity and,
PA1  applying a positive high voltage signal to a first electrical grid and a
      negative high voltage signal to a second electrical grid mounted in spaced
      apart relation with respect to said first grid so that the air pumped into
      said area passes through each of the grids sequentially and is charged
      electrically as a function of the polarity and magnitude of the voltage on
      the first and second grids, the applied voltages being of such polarity
      and magnitude so as to reduce the magnitude of the detected electrical
      field and thus produce said neutral atmosphere.
NUM  17.
PAR  17. A method as in claim 16 including the further step of spacing said
      grids between 6 and 18 inches apart.
NUM  18.
PAR  18. A method as in claim 17 wherein the grids are spaced roughly 12 inches.
NUM  19.
PAR  19. A method as in claim 16 including the further step of disposing a
      sensor for detecting the magnitude and polarity of the electric field
      within said area to produce said control signal and disposing said grids
      in an air conditioning duct supplying air to said area.
NUM  20.
PAR  20. A method as in claim 16 including disposing said first and second grids
      so that air passes through said second grid before passing through said
      first grid.
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ABST
PAL  On a rotatable shaft, having no lateral movement in a housing, a slanted
      collar fixedly received thereon has a given rotational speed being driven
      by an electric motor. The collar drives two adjacent cylinders slidably
      received on the shaft, having interlocking slants and kept in working
      engagement with the collar by two compression springs. When the rotational
      speed of one of the cylinders differs from the given rotational speed of
      the collar this cylinder is pushed by the collar on a switch that shuts
      the motor off or reverses its polarity.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a motor operated garage door mechanism
      used to arrest the opening movement of a garage door should the door
      encounter an obstacle on its way up or to reverse its closing movement
      should the door encounter an obstacle on its way down.
PAC  BACKGROUND OF THE INVENTION
PAR  A very important requirement of the garage door operating mechanism is that
      it be absolutely safe in its operation, that is incapable of injuring any
      person using it or in vicinity thereof as it is being opened or closed, or
      of damaging any property that might be in the way of the door as it is
      automatically opened or closed.
PAC  STATEMENT OF THE INVENTION
PAR  It is therefore an object of this invention to provide a mechanism that
      will ensure the arrest of the opening movement of the garage door and the
      reversing of the closing movement of the garage door should the door
      encounter an obstacle on its way up or down.
PAR  The mechanism consists of a rotatable shaft, having no lateral movement in
      a housing, on which a slanted collar is fixedly received. This collar can
      be indirectly driven by an electric reversible motor through a worm gear
      reduction system or through a belt reduction system. The cylindric surface
      of the collar could be converted into a gear in working engagement with a
      worm locked on the shaft of the motor, or the worm gear could be fixedly
      received on the rotatable shaft but outside the housing; or a pulley could
      be fixedly received on the rotatable shaft outside the housing if a belt
      reduction system is to be used.
PAR  In residential operator, in order to lower the manufacturing cost, a
      plastic gear can be used with great success and a plastic gear does not
      have to run in oil. The use of a belt reduction drive in a residential
      operator offers some inconveniences: it takes more space and does not lock
      a one-piece door. In commercial operators space not being a problem a belt
      reduction drive is preferable, cost wise, to a worm gear running in oil.
PAR  The slanted collar being driven by the motor has a given rotational speed
      and drives two adjacent cylinders having interlocking slants, slidably
      received on the rotatable shaft and kept in working engagement with the
      collar by two compression springs.
PAR  When the rotational speed of one of the cylinders differs from the
      rotational speed of the collar this cylinder is pushed on a switch that
      shuts the motor off or reverses its polarity to stop or to reverse the
      movement of the door.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Other objects, purposes and characteristic features of the present
      invention will be in part obvious from the accompanying drawings, and in
      part pointed out as the description of the invention progresses. In
      describing the invention in detail reference will be made to the
      accompanying drawings in which like reference characters designate
      corresponding parts throughout the several views, and in which:
PAR  FIG. 1 is a front view of the mechanism made in accordance with the present
      invention,
PAR  FIG. 2 is a schematic representation of a garage door opener, the enclosure
      16 containing the mechanism of the present invention,
PAR  FIG. 3 represents the perimeter of the collar and the two adjacent
      cylinders, their surfaces being shown on a flat plan,
PAR  FIG. 4 represents a pan view of one end of the collar.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In a housing 7 a slanted collar 1 is fixedly received on a rotatable shaft
      4 kept from having lateral movement by key means 17. Two cylinders 2 and 3
      having interlocking slanted ends 20 are kept in working engagement with
      the collar 1 by two compression springs 5 and 6. The collar 1 is driven by
      an electric motor through a worm gear or belt reduction drive contained in
      enclosure 16. The cylinders 2 and 3 have an external thread type spiral
      groove 21 and two cables 8 and 9 operate in these grooves, the other end
      of the cables are attached to the carriage 10 sliding on track 11 and
      connected to the door 12 by an arm 13.
PAC  OPERATION OF PREFERRED EMBODIMENT
PAR  Assume that the door 12 is closed. When the motor is actuated the collar 1
      starts turning with the shaft 4 and carries along the cylinder 2. The
      cable 8 winds around cylinder 2 while the cable 9 unwinds at the same time
      from cylinder 3. The cable pulls on carriage 10 and the door opens.
PAR  If in its way up the door encounters an obstacle the rotational speed of
      the cylinder 2 differs from the rotational speed of the collar 1. Due to
      their protuding slants the collar 1 pushes the cylinder 2 on the switch 14
      which is connected to shut the motor off. It is preferable that the door
      stops when encountering an obstacle on its way up; if the door reverses,
      it might be dangerous if a car enters the garage before the door is fully
      opened. It is understood that other switches are used to stop the motor
      when the door is fully opened or fully closed.
PAR  Assume that the door is fully opened. When the motor is actuated the collar
      1 starts turning in the other direction with the shaft 4 and carries along
      the cylinder 3. The cable 9 winds around cylinder 3 while the cable 8
      unwinds from cylinder 2. The cable 9 going around the sheave 18 and being
      attached to the other end of the carriage 10 pulls on it and the door
      starts closing.
PAR  If the door encounters an obstacle in its way down the rotational speed of
      the cylinder 3 varies from the given rotational speed of the collar 1 and
      due to their protuding slanted sides collar 1 pushes cylinder 3 on the
      adjustable switch 15 which is connected to change the polarity of the
      motor and the door goes back up preventing injuries to person or damages
      to property. This switch 15 being adjustable, adjustment 19, the
      sensitivity to reverse the movement of the door coming down can be
      increased or decreased pending upon conditions of weather or of the door.
PAR  The foregoing description and accompanying drawings clearly disclose a
      preferred embodiment of this invention but it will be understood that the
      disclosure is merely illustrative and that changes may be made thereto
      without departing from the invention, the scope of which is only to be
      construed from the appended claim.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A motor operated garage door mechanism used to arrest the opening
      movement of a garage door should the door encounter an obstacle on its way
      up or to reverse its closing movement should the door encounter an
      obstacle on its way down, comprising, in combination:
PA1  a housing; a shaft rotatively mounted in said housing; key means provided
      to prevent lateral movement of said shaft in said housing; a collar
      fixedly received on said shaft, said collar having a given rotational
      speed being driven by an electric reversing motor, said collar having
      protuding slants at opposite ends; two cylinders adjacent to said collar,
      said cylinders slidably received on said shaft and having protuding slants
      interlocking with the slants of said collar, said cylinders having a
      rotational speed proportioned to the given rotational speed of said
      collar, said cylinders having an external thread type spiral grooves;
      cable door closer actuating means operating in said grooves; a pair of
      adjustable limit switch means electrically connected to said motor and
      each oppositely disposed in a region adjacent to the extremities of said
      cylinders, said pair of limit switch means including a first limit switch
      for stopping said motor from rotating said collar and a second limit
      switch for causing said motor to reverse the rotation of said collar; a
      pair of compression springs means axially mounted on said shaft and
      disposed thereon on each side of said cylinders maintening said cylinders
      in working engagement with said collar, said cylinders being independently
      and longitudinally slidable on said shaft when the rotational speed of
      said cylinders varies from the given rotational speed of said collar
      whereby said pair of spring means allow one of the said cylinders when the
      rotational speed of said one cylinder differs from the given rotational
      speed of said collar to contact said first limit switch to stop the
      rotation of said collar when said one cylinder slides longitudinally away
      from said collar in one direction on said shaft and allow the other of the
      said cylinders when the rotational speed of said other cylinder differs
      from the given rotational speed of said collar to contact said second
      limit switch to reverse the rotation of said collar when said other
      cylinder slides longitudinally away from said collar in the other
      direction on said shaft.
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ABST
PAL  A solid state protective device is disclosed which protects electrical
      apparatus from heat damage due to overcurrents, particularly one which
      protects electrical generators from damage caused by heat due to excessive
      negative phase sequence currents. The device includes a novel reset
      feature such that the time required for the device to take protective
      action after an overcurrent is detected is reduced by a period of time
      which is a linear function of the heat remaining in the protected
      apparatus due to any prior overcurrents.
BSUM
PAR  This invention relates to the protection of electrical apparatus from
      dangerous overcurrents and thermal damage caused thereby, and, more
      particularly, it relates to relays which provide this protection using
      solid state components.
PAR  Generally, inverse-time overcurrent protective relays respond to the
      magnitude of a circuit quantity such as alternating current or its
      negative phase sequence component, for example, becoming excessive. It is
      generally desirable that such a relay be designed to have an operating
      characteristic such that the time required for the relay to operate varies
      inversely with the magnitude of the current being monitored or with some
      power thereof. In many applications it is also desirable that the relay
      quickly reset after the overcurrent subsides in order that it be in a
      position to freshly respond to any subsequent overcurrents. However, if
      the relay is used to protect electrical apparatus having thermal inertia,
      it may be desirable that there be a delay in the reset action while any
      heat stored in the apparatus is dissipating. In other words, once the
      relay has responded and the overcurrent causing this response subsides,
      the amount of time required for the relay to take protective action for
      any subsequent overcurrents must be decreased by an amount proportional to
      the heat remaining in the apparatus.
PAR  One particular application in which delayed reset is desired is in the
      protection of three-phase AC electric power generators from unbalanced
      phase currents. In this case, the negative phase sequence component
      (I.sub.2) of current in the stator of the machine sets up a
      counter-rotating flux field which causes double-frequency currents to flow
      in the rotor iron and slot wedges, thereby overheating the rotor. The
      capability of machines to withstand the heating caused by unbalanced
      stator currents in exces of predetermined permissible values has been
      expresed by the following relationship: I.sub.2.sup.2 t = K where t is the
      duration of the unbalanced condition and K is a constant. An improved
      static relay using solid-state components and having an I.sub.2.sup.2 t =
      K operational characteristic has been developed to furnish the desired
      protection. In this relay, a symmetrical component segregating network
      derives a voltage signal proportional to the negative phase sequence
      current in the stator windings of the protected generator, and this signal
      is rectified and applied to the input of a non-linear function generator
      which produces an output signal, the magnitude of which varies
      approximately with the square of the input signal. If the negative phase
      sequence current increases above a predetermined pick-up level, the output
      voltage of the function generator is integrated, and after a delay
      determined by the time required for the integrated voltage to reach a
      preset reference level, a trigger circuit is energized causing the
      required protective action to be effected (e.g., a circuit breaker is
      opened or an alarm is sounded). This relay is described and claimed in my
      copending application Ser. No. 504,785, filed Sept. 10, 1974, which is
      assigned to the assignee of the present invention.
PAR  Others have heretofore suggested that the reset action of overcurrent
      relays be delayed for various reasons. In some prior art disclosures of
      static overcurrent relays, a reset delay is inherently obtained because of
      the connection of a leakage resistor in parallel relationship with the
      timing capacitor of the relay. When an overcurrent subsides, the capacitor
      proceeds to discharge through the parallel resistor (see U.S. Pat. No.
      3,413,496-Baude and British Pat. No. 617,417). In these prior art devices
      the rate of capacitor discharge is non-linear or exponential which is
      undesirable for certain applications.
PAR  Accordingly, it is an object of my invention to provide an improved static
      overcurrent relay having a linear reset characteristic which matches an
      approximately linear cooling curve of the electrical apparatus to be
      protected.
PAR  In carrying out my invention in one form I modify the relay previously
      described by providing a control means for activating its integrator as
      soon as a miniumum overcurrent condition is reached and for later delaying
      the resetting action of the integrator whenever the current subsides below
      the minimum overcurrent level. The reset control means includes a source
      of constant current for discharging, at a linear rate, the energy storage
      element (usually a capacitor) which comprises the integrator of the relay.
      If a second overcurrent condition were to occur while the delayed
      resetting action is still in progress, the integrating action will resume
      with a residual charge on the energy storage element, whereby a relatively
      shorter time is required for the integrated voltage to reach the same
      reference level at which the trigger circuit is energized. Thus in the
      protection of generators from negative phase sequence overcurrents, if one
      unbalanced current condition occurs and then subsides, my relay will
      operate more quickly in response to any subsequent unbalanced condition
      occuring before the machine rotor has recovered to its normal temperature.
      The resetting action of my relay is designed to approximate the cooling
      curve of the generator rotor which in this case has been estimated to be a
      linear function of time, and consequently the decrease in the operating
      time for a subsequent overcurrent will be proportional to heat remaining
      in the rotor.
DRWD
PAR  This invention will be more fully understood and its various objects and
      advantages will be more fully appreciated from the following description
      taken in conjunction with the accompanying drawing, the single FIGURE of
      which is a schematic circuit diagram of a relay embodying a preferred form
      of the present invention.
DETD
PAR  Referring now to the drawing, a relay embodying my invention is seen to
      comprise a combination of three basic "building blocks": condition
      responsive means 1, an electric energy accumulator 2, and control means 3.
      The condition responsive means 1 is coupled to a single line 10, which
      represents a three-phase a-c electric power circuit emanating from a
      protected generator 12, in order to derive from this circuit an input
      signal representative of the heating effect which a current in the circuit
      has on the generator 12. It will be apparent to those skilled in the art
      that other types of electrical apparatus (e.g., motors, transformers or
      the like) requiring protection from heat damage could also be protected by
      use of my relay.
PAR  The means 1 of my relay includes more specifically a signal sensor 14 which
      is coupled to the line 10 and which typically comprises a symmetrical
      component segregating network capable of producing a voltage proportional
      to the negative phase sequence current in the stator windings of the
      protected generator. Such networks are well known in the art (see for
      example, U.S. Pat. Nos. 2,897,407--Morris and 3,154,737--Hodges). The
      alternating voltage output signal 15 of signal sensor 14, after first
      being passed through a bandpass filter (not shown) to reject unwanted
      harmonics, is rectified by suitable rectification means 16 to provide a
      unipolar voltage input signal 17 of variable amplitude and of negative
      polarity with respect to a common potential bus (shown as ground). Thus
      signal 17 is a train of undulating half cycles the amplitude of which is
      proportional to the negative phase sequence current. It is applied to the
      inverting input of a suitable non-linear function generator 18. In the
      illustrated embodiment of my invention, the function generator 18
      approximates a squaring function and produces at a terminal 19 a
      relatively negative modified input signal which is proportional in
      magnitude to approximately the square of the signal 17. The preferred
      embodiment of such a function generator is more fully described in my
      copending application mentioned above.
PAR  The modified input signal derived by the condition responsive means 1 is
      supplied to the input terminal 19 of the accumulator 2 which is operative
      to change from a normal quiescent state to a trip state at a rate
      determined by its input signal, whereby the operating time of the
      accumulator will vary inversely with the square of the signal 17 and thus
      with the heating effect of the negative phase sequence current in the
      circuit 10. As it is shown in the drawing, the accumulator preferably
      includes integrating means 22, a level detector 60, and a trigger circuit
      64. The illustrated integrating means 22 is comprised of an operational
      amplifier 24 whose non-inverting input is connected to the common
      potential bus by resistor 26 and whose inverting input is connected to the
      input terminal 19 by a resistor 20. Operational amplifier 24 has a
      feedback path between output terminal 21 and its inverting input
      consisting of two parallel branches, the first containing diode 28 and the
      second containing capacitor 30. Integrating means 22 is normally reset, in
      which state the charge on capacitor 30 has a quiescent magnitude near zero
      volts which is determined by the forward drop of diode 28. This quiescent
      state is maintained by the action of the associated control means 3 which
      will next be described.
PAR  The control means 3 comprises a pick-up control circuit 32 in combination
      with a reset control circuit 48. As is indicated in the drawing, the
      aforesaid input signal 17 in addition to being supplied to the function
      generator 18 is also supplied to an input resistor 33 of the pick-up
      control circuit 32. Pick-up control circuit 32 will keep the integrator 22
      inoperative until the negative phase sequence current exceeds a
      predetermined critical pick-up level. The illustrated pick-up control
      circuit 32 is comprised of an operational amplifier 34 whose inverting
      input is connected to resistor 33 and whose non-inverting input is
      connected to a suitable negative voltage source 35 by resistors 36, 38 and
      40. This operational amplifier has a feed-back path containing capacitor
      42. The output of pick-up control circuit 32 is supplied through a
      resistor 44 and a diode 46 to the reset control circuit 48.
PAR  Preferably the reset control circuit 48 consists of an operational
      amplifier 50 whose non-inverting input is connected to common by resistor
      52 and whose inverting input is connected to pick-up control circuit 32
      via the resistor 44 and the diode 46 and to a suitable negative voltage
      source 54 by a resistor 53. Operational amplifier 50 has a feed-back path
      between its output terminal and its inverting input terminal consisting of
      a first branch containing resistor 55 in series with diode 56 and a second
      parallel branch containing diode 57. Diodes 56 and 57 are poled as shown.
      The output of reset control circuit 48 is supplied via resistor 58 to the
      inverting input of operational amplifier 24 of the integrating means 22.
PAR  The operation of pick-up and reset control circuits 32 and 48 of the
      control means 3 will now be summarized. Negative voltage source 35
      produces at the non-inverting input of operational amplifier 34 a small
      reference signal whose magnitude depends on the values of resistances 36,
      38, and 40. So long as the average magnitude of the input signal 17
      applied to the same amplifier is less than a pick-up level established by
      this reference signal, the output of pick-up control circuit 32 will be
      negative with respect to ground and the diode 46 will block since its
      cathode potential is fixed at virtual ground. Under these conditions, the
      total current at the inverting input of operational amplifier 50 will flow
      through resistor 53 to the negative terminal 54, the output of reset
      control circuit 48 will be positive, the diode 57 will block, and the
      diode 56 will conduct. Since the output of reset control circuit 48 is now
      a fixed position value and since the inverting input of operational 24 is
      always at virtual ground, a constant current will flow through resistor
      58. This current may be expressed by the relationship I = V/R.sub.58 ,
      where V is the output voltage of the reset control circuit 48 (e.g., + 0.2
      volts) and R.sub.58 is the ohmic value of resistor 58 (e.g., 1 megohm).
      Under steady state reset conditions, this positive current forward biases
      diode 28, thus preventing charge from accumulating on the capacitor 30 and
      keeping integrating means 22 inoperative. Thus, the output voltage
      developed at terminal 21 is normally a slightly negative quiescent
      magnitude equal to the forward drop of diode 28, as mentioned above.
PAR  If negative phase sequence current increases to a value at which the input
      signal 17 exceeds the pick-up level, the output of pick-up control circuit
      32 will become positive, diode 46 will be forward biased, and there will
      be a net flow of current into the inverting input of the operational
      amplifier 50. When this occurs the output of amplifier 50 will be slightly
      negative with respect to ground, diode 56 will block, and no current will
      flow through either resistor 55 or resistor 58. Under these conditions the
      magnitude of the output voltage of the operational amplifier 24 can
      increase with time in a positive sense with respect to ground, the
      capacitor 30 begins to charge, and the integrator 22 is enabled to
      integrate the modified input signal which is produced at terminal 19.
PAR  Whenever the input signal 17 subsequently subsides below a predetermined
      level which ordinarily is the same as the pick-up level, the output of the
      reset control circuit 48 becomes positive again and the capacitor 30
      begins to discharge. The only discharge current path is through resistor
      58, and since the inverting input of operational amplifier 24 remains at
      virtual ground the magnitude of this discharge current is the same as was
      flowing through resistor 58 prior to pick-up. Since the discharge current
      is of a constant magnitude, the value of which is determined by the output
      voltage of reset control circuit 48 and the ohmic value of resistor 58,
      proper selection of these parameters will provide a desired linear rate of
      discharge of capacitor 30. In this manner the accumulator 2 is returned to
      its quiescent state at a substantially linear rate. This linear reset rate
      is selected to correspond to the cooling rate of the protected generator
      12. If the input signal again increases above its pick-up level prior to
      the voltage output of integrator 22 reaching its quiescent magnitude, the
      resetting action will terminate, and the residual charge then remaining on
      capacitor 30 will be proportional to the heat remaining in the protected
      generator.
PAR  In the accumulator 2, the output voltage of integrator 22 is monitored by
      the level detector 60, and when this voltage has increased to a
      predetermined magnitude a trip signal 62 will be emitted which causes the
      trigger circuit 64 to produce an appropriate response signal 65 which may
      be used to open a circuit breaker or activate an alarm or warning device
      (not shown). This is the aforesaid "trip state" of the accumulator 2, and
      the rate at which it is attained varies with the average magnitude of the
      signal at the input terminal 19.
PAR  It will be apparent that the delayed reset feature of my invention is
      useful in static overcurrent relays having condition responsive means and
      accumulators whose circuit details are different than those used in the
      presently preferred embodiment of the invention. By way of example, the
      means 1 could derive an input signal comprising a train of intermittent
      pulses whose frequency and amplitude both vary with current, as is taught
      in U.S. Pat. No. 3,317,794--Kotheimer, or a train of constant-frequency
      triangular pulses whose base and amplitude vary with current, as is taught
      in reissue U.S. Pat. No. Re. 25,762--Kotheimer. If the input signal were a
      pulse train whose frequency varies with the square of current (see U.S.
      Pat. No. 3,262,017), the accumulator 2 could be either an analog RC
      integrator as shown or a digital counter as is suggested in U.S. Pat. No.
      3,018,416.
PAR  While I have shown and described one form of my invention, modifications
      will surely occur to those skilled in the art. For example, the quiescent
      magnitude of the voltage across the integrating capacitor can be selected
      to be that voltage at which the capacitor is fully charged, and the level
      detector could be designed to be activated at a predetermined low
      magnitude of the integrator ouput voltage (e.g., near zero volts). In this
      case the relay would be reset by a constant charging current, rather than
      by a constant discharging current. It is contemplated therefore, by the
      claims which conclude this specification to cover this and other such
      modifications as fall within the true spirit and scope of the invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A protective relay adapted to be coupled to an electric current circuit
      including electrical apparatus in order to protect said apparatus from
      overheating comprising:
PA1  a. means for deriving from said circuit an input signal representative of
      the heating effect which a current in said circuit has on said apparatus;
PA1  b. normally reset integrating means having an input terminal to which said
      input signal is suplied and an output terminal at which is developed an
      output signal having a magnitude that increases with time when the
      integrating means is operative;
PA1  c. control means for enabling said integrating means to operate whenever
      the magnitude of said current exceeds a predetermined pick-up level, and
      for resetting said integrating means in delayed response to said current
      subsiding below said pick-up level, the time delay resetting action
      reducing said output signal at a predetermined substantially linear rate
      toward a quiescent magnitude near zero; and, thereby approximating the
      cooling characteristic of said electrical apparatus
PA1  d. means connected to said integrating means capable of producing a trip
      signal when said output signal exceeds a preselected magnitude.
NUM  2.
PAR  2. A protective relay as defined in claim 1 in which said integrating means
      comprises a capacitor, the charge on which determines the magnitude of
      said output signal, and in which said control means comprises a discharge
      path including a constant current source effective whenever said resetting
      action occurs to remove said charge from said capacitor at said
      substantially linear rate.
NUM  3.
PAR  3. A protective relay as defined in claim 1 in which said linear rate
      corresponds to the cooling rate of the apparatus being protected.
NUM  4.
PAR  4. A protective relay as defined in claim 3 in which said electrical
      apparatus comprises a generator and said current is a negative phase
      sequence current.
NUM  5.
PAR  5. A protective relay as defined in claim 1 in which the resetting action
      of said control means is terminated in the event said current again
      exceeds said pick-up level prior to said output signal being reduced to
      its quiescent magnitude.
NUM  6.
PAR  6. A protective relay as defined in claim 1 in which said integrating means
      comprises a first operational amplifier across which is connected a
      feed-back loop capacitor.
NUM  7.
PAR  7. A protective relay as defined in claim 6 in which said control means
      comprises second and third operational amplifiers connected in series with
      one another, said third operational amplifier being connected to said
      feed-back loop capacitor.
NUM  8.
PAR  8. A protective relay as defined in claim 1 in which the magnitude of said
      input signal varies as a non-linear function of said current.
NUM  9.
PAR  9. A protective relay adapted to be coupled to a polyphase a-c circuit
      including electrical apparatus in order to protect said apparatus from
      overheating comprising:
PA1  a. means for deriving from said circuit an electric input signal
      representative of the heating effect which a current in said circuit has
      on said apparatus;
PA1  b. an accumulator having a quiescent state and a trip state, said
      accumulator being supplied with said input signal and being operative to
      change from said quiescent state to said trip state at a rate determined
      by said input signal, whereby the operating time of said accumlator varies
      inversely with the heating effect of said current; and
PA1  c. control means responsive to said current exceeding a predetermined
      pick-up level for enabling said accumulator to operate and responsive to
      said current subsiding below said pick-up level for returning said
      accumulator to said quiescent state at a substantially time delayed linear
      rate thereby approximating the cooling characteristic of said electrical
      apparatus.
NUM  10.
PAR  10. A protective relay as defined in claim 9 in which said accumulator
      comprises a capacitor the charge on which increases with time whenever the
      accumulator is operative, said accumulator being in its quiescent state
      whenever the charge on said capacitor is near zero and attaining its trip
      state when said charge increases to a preselected level.
NUM  11.
PAR  11. A protective relay as defined in claim 10 in which said control means
      is effective in response to said current subsiding below said pick-up
      level for discharging said capacitor at said substantially linear rate.
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ABST
PAL  A semi-conductor thermal protection arrangement is disclosed for use with
      class AB, B, or C power amplifiers or in any other circuit configuration
      wherein a reduction in drive signal at a stage prior to that of the
      protected semi-conductor results in a lessening of the protected
      semi-conductor dissipation. The arrangement comprises a temperature sensor
      thermally coupled with the protected semi-conductor for detecting the
      absolute temperature of the semi-conductor and electrically connected so
      as to reduce the drive signal of the semi-conductor when the temperature
      of such semi-conductor exceeds a predetermined temperature above the
      normal operating temperature of the semi-conductor.
BSUM
PAR  This invention relates to semi-conductor thermal protection and more
      particularly to the protection of semi-conductors used in class AB, B or C
      amplifiers or in any other circuit configuration wherein a reduction in
      drive signal at a stage prior to that of the protected semi-conductor
      results in a lessening of the protected semi-conductor dissipation.
PAR  Semi-conductors are very sensitive and can be damaged or destroyed by
      overheating as a result of abnormal loads, excessive drive, too high
      ambients, etc.
PAR  A large number of known circuit configurations incorporate, for example, a
      push pull transistor arrangement for driving the load operating in class
      AB, B, or C. Common to all such circuits is the question of thermally
      protecting the semi-conductors used in the push pull configuration.
      Because of the large number of situations susceptible of causing thermal
      overload, it is often difficult to anticipate all such situations in the
      design of such amplifiers and to provide adequate protection circuits
      which will restore the amplifier to normal operation upon occurrence of
      any one of such situations. The most commonly known protection
      arrangements include electromechanical or electrical devices, such as
      bimetallic switches, eutectics, Curie switches which disconnect the
      amplifier from the power source in the event of an overload. Such devices
      often cause undue disconnection of an amplifier which would normally work
      if the drive signal was reduced. Thermistors, posistors, and
      diode-junction devices have been used as thermal protection devices.
      However, the circuitry used to control such devices is usually complicated
      and expensive because the output of such devices is small or they require
      an external reference voltage source. In addition, these devices are prone
      to thermal oscillation in high gain configurations. More recently,
      voltage/current overload circuits have been disclosed for reducing the
      drive signal of class AB, B, or C, amplifiers when the voltage/current of
      the output transistors of such amplifiers exceeds a predetermined limit.
      One example of such circuit is disclosed in U.S. Pat. No. 3,671,879 issued
      June 20, 1972 and includes a shunt transistor connected in parallel with
      the input of the amplifier and which is rendered conductive to provide a
      shunt path for excess drive signal causing the output transistors of the
      amplifier to overheat. Such a protection circuit permits to the amplifier
      to operate at a safe level but requires the use of an additional
      transistor circuit which renders the amplifier more expensive.
PAR  It is therefore the object of the present invention to provide a simple and
      inexpensive arrangement for protecting semi-conductors which permits
      sensing of the absolute temperature of the semi-conductors and to control
      the power dissipation of the semi-conductors by reducing the drive signal
      to a safe level.
PAR  Applicant has developed a temperature sensor which exhibits a sharp change
      in resistance at a predetermined temperature. Such a device is made of
      vanadium dioxide material and is disclosed in U.S. patent application Ser.
      No. 335,651, filed Feb. 26, 1973.
PAR  It has now been realized that this device has all the required
      characteristics of a good temperature sensor for use as a thermal
      protection arrangement of the type described above, namely:
PA1  a. It has a very high resistance at normal operating temperature of the
      semi-conductor and therefore does not affect the operation of the
      semi-conductor at normal operating temperatures;
PAR  b. It has a sharp decrease in its resistance-temperature characteristic
      above the normal operating temperature of the semi-conductor but such
      transition region is low enough to permit sensing of the absolute
      temperature of the semi-conductor and to operate before the semi-conductor
      has overheated, such abrupt resistance change being still proportional to
      temperature increase in the transition region;
PAR  c. It has a purely resistive impedance and consequently has no effect on
      the frequency response of audio amplifiers wherein it may be used.
PAR  In addition to the above characteristics, applicants have found that their
      thermal sensor possesses a predetermined amount of temperature hysteresis
      in the transition region which automatically reduces its sensitivity in
      that region. If hysteresis were not present, the signal level would change
      much faster than the equivalent temperature of the semi-conductor in the
      transition region and a strong possibility would exist of the two getting
      180.degree. out of phase, causing thermal oscillation and a subsequent
      continuous increase and decrease of the output signal of the
      semi-conductor in that region.
PAR  It is to be understood that materials other than vanadium dioxide could be
      used. Generally, the material of the temperature sensor must satisfy the
      following criteria: (a) contain elements whose atoms when in chemical
      combination with other elements have an incompletely filled d-shell or an
      incompletely filled f-shell; (b) contain a substance effective to remove
      s- and p-electrons from the conduction bands of such atoms; (c) exhibit a
      sharp drop in its resistance-temperature characteristic at the above
      predetermined temperature; and (d) possess a predetermined amount of
      temperature hysteresis. Possible materials are mentioned in Canadian
      Patent No. 938,735 issued Dec. 18, 1973.
PAR  The semi-conductor protection arrangement, in accordance with the
      invention, thus comprises a temperature sensor thermally coupled with the
      protected semi-conductor for detecting the absolute temperature of the
      semi-conductor and such temperature sensor is electrically connected so as
      to reduce the drive signal of the semi-conductor when the temperature of
      such semi-conductor exceeds a predetermined temperature. The temperature
      sensor is made of a material of the type disclosed above having a sharp
      drop in its resistance-temperature characteristic at such predetermined
      temperature, and a predetermined amount of temperature hysteresis. Such
      drop is above the normal operating temperature of the semi-conductor but
      low enough to quickly reduce the drive signal before the semi-conductor is
      damaged or destroyed by overheating. The temperature hysteresis of the
      temperature sensor permits an automatic reduction in the sensitivity of
      its response for minor temperature excursions in the transition region due
      to variations in drive signals. The temperature sensor is also a purely
      resistive device which is not polarity sensitive and has virtually no
      reactive components. Consequently, it may be used in high quality audio
      amplifiers because it will not affect the frequency response.
PAR  In a transistor amplifier, the drive signal of the transistor may be
      reduced by controlling the gain of the amplifier, in which case the
      temperature sensor is electrically connected in the feedback loop of the
      transistor amplifier. The drive signal of the transistor may also be
      reduced by attenuating the input signal in which case the temperature
      sensor is electrically connected in shunt with the input of the amplifier.
PAR  In order to sense the absolute temperature of the semi-conductor, the
      temperature sensor may be mechanically connected to the semi-conductor
      casing so as to permit installation of the protection arrangement to an
      existing amplifier.
PAR  The temperature sensor used is preferably made of vanadium dioxide which
      has a transition temperature in the region of 56.degree. to 70.degree.C.
      However, such region may be slightly modified by proper doping of the
      vanadium dioxide material.
DRWD
PAR  The invention will now be disclosed with reference to preferred embodiments
      thereof illustrated, by way of example, in the accompanying drawings in
      which:
PAR  FIG. 1 illustrates the resistance-temperature characteristic of the
      temperature sensor used in the semiconductor protection arrangement in
      accordance with the invention;
PAR  FIG. 2 illustrates a schematic diagram of a first circuit for controlling
      the drive signal of an amplifier;
PAR  FIG. 3 illustrates a schematic diagram of a second circuit for controlling
      the drive signal of an amplifier;
PAR  FIG. 4 illustrates the detailed circuit diagram of FIG. 2;
PAR  FIG. 5 illustrates the detailed circuit diagram of FIG. 3; and
PAR  FIG. 6 illustrates a method of mounting the temperature sensor to the
      semi-conductor to be protected.
DETD
PAR  Referring to FIG. 1, there is shown the resistance-temperature
      characteristic of a temperature sensor suitable for use in the protection
      of semi-conductors. The temperature sensor has a high resistance at
      temperature T.sub.1 and an abrupt decrease in resistance in the region
      T.sub.2 - T.sub.3 wherein its resistance drops from a relatively high
      value to a relatively low value. Such transition region must be higher
      than the normal operating temperature of the semi-conductor to be
      protected but lower than the temperature at which the semi-conductor may
      be damaged or destroyed. One suitable material is vanadium dioxide having
      a transition temperature in the region of 56.degree.C (T.sub.2) to
      70.degree.C (T.sub.3). One example of such a temperature sensor may be a
      thin film device as disclosed in U.S. patent application Ser. No. 335,651
      filed Feb. 26, 1973. The transition region may be modified slightly by
      doping vanadium dioxide with materials selected for the group consisting
      of tungsten, molybdenum, titanium, niobium, germanium, silicon and carbon.
      One such method has been disclosed in U.S. application Ser. No. 384,505
      filed Aug. 1, 1973. For example, by doping vanadium dioxide with a small
      amount of tungsten, the transition region has been lowered to 40.degree.
      (T.sub.2) to 75.degree. (T.sub.3). Doping with a small amount of germanium
      has moved the transition region to 50.degree. (T.sub.2) to 90.degree.C
      (T.sub.3). Doping with a different small amount of germanium has moved the
      transition region to 62.degree. (T.sub.2) to 105.degree.C (T.sub.3). It
      will be understood that the choice of the temperature sensor will depend
      on the normal operating temperature of the semi-conductor and on the
      acceptable overheat temperature value.
PAR  The transition region must be relatively narrow but still extend to a
      reasonable temperature range so as to permit control of the semi-conductor
      dissipation within that range. A % resistance change /.degree.C (TCR)
      varying between 20%/.degree.C to 600%/.degree.C has been found acceptable.
PAR  The following table illustrates the characteristics of four temperature
      sensors developed by the applicants which have been applied successfully
      to the protection of semi-conductors:
TBL                TABLE 1                                                     
     ______________________________________                                    
     Sensors                                                                   
            T.sub.1                                                            
                   .OMEGA..sub.1                                               
                           T.sub.2                                             
                                .OMEGA..sub.2                                  
                                      T.sub.3                                  
                                            .OMEGA..sub.3                      
                                                 TCR                           
     ______________________________________                                    
     TS-1   0.degree.C                                                         
                   1400K   56.degree.C                                         
                                200K  70.degree.C                              
                                            50   545%/.degree.C                
     TS-2   0.degree.C                                                         
                   500K    50.degree.C                                         
                                100K  90.degree.C                              
                                            100  35%/.degree.C                 
     TS-3   0.degree.C                                                         
                   170K    62.degree.C                                         
                                25K   105.degree.C                             
                                            120  24%/.degree.C                 
     TS-4   0.degree.C                                                         
                   160K    40.degree.C                                         
                                70K   75.degree.C                              
                                            65   57%/.degree.C                 
     ______________________________________                                    
PAR  The above temperature sensors developed by the applicants also have a
      certain amount of temperature hysteresis in the transition region as
      illustrated in FIG. 1. Such hysteresis has a width of about 5.degree.C and
      this has been found to be greatly desirable to insure the stability of the
      thermal protection arrangement to be disclosed later. The percent
      resistance change /.degree.C in the transition region is much reduced as
      indicated by a.
PAR  The above temperature sensors are also purely resistive and have virtually
      no reactive components. Therefore their impedance does not vary with
      frequency and this renders them very desirable for use with audio
      amplifiers.
PAR  Referring to FIG. 2, there is shown a schematic diagram of a first circuit
      for reducing the drive signal of an amplifier in response to overheating
      of its output transistors. The amplifier is an operational amplifier OA
      having a resistor R.sub.F determining the loop gain thereof in a known
      manner. A signal source E.sub.S having an internal impedance R.sub.S is
      fed to the negative terminal of the operational amplifier whereas the
      positive terminal is grounded. The loop gain of the operational amplifier
      is controlled by the temperature sensor R.sub.T which is thermally coupled
      with the output transistors of the amplifier as indicated by the dash
      line, and electrically connected across the resistor R.sub.F. As it will
      be easily understood, the resistance of the temperature sensor R.sub.T, at
      the normal operating temperature of the transistors of the amplifier, is
      very high compared with the resistance of resistor R.sub.F and has little
      or no effect on the loop gain of the operational amplifier. However, when
      the temperature of the output transistor increases beyond the value
      T.sub.2 the resistance of the temperature sensor R.sub.T  is lowered thus
      effecting the gain of the amplifier and there will be a sharp decrease in
      drive signal of the output transistors of the operational amplifier due to
      the variation in the loop gain and, consequently, a reduction in the rate
      at which the output transistors overheat (power dissipation). Eventually,
      the input drive of the output transistors will be reduced to a point where
      no additional heating takes place and the entire system will stabilize
      somewhere in the transition region. The temperature at which the drive
      signal stabilizes will always be the optimum operating point with a given
      thermal overload condition. As the thermal overload condition changes, the
      operating point will automatically change accordingly. Operation in the
      transition region therefore differs from normal operation only in regard
      to signal amplitude.
PAR  Thermal oscillation is precluded up to a certain degree because of the
      temperature hysteresis of the temperature sensor. If this hysteresis were
      not present, power level would change much faster than the equivalent
      transistor temperature, and a strong possibility would exist of the two
      getting 180.degree. out of phase. Since hysteresis is present, the rate of
      variation in the resistance of the temperature sensor is automatically
      reduced within the transition region, as indicated by minor hysteresis
      portion a in FIG. 1. Accordingly, oscillation will only occur if the
      180.degree. phase can be obtained despite the much lower percent
      resistance change /.degree.C in that region and this is not likely to
      happen under most overload conditions. It can therefore be said that a
      temperature sensor having a temperature hysteresis limits agressively but
      controls smoothly. Thus the hysteresis ensures high sensitivity to
      abnormal temperature conditions and a somewhat lower sensitivity when
      operating in the control mode within the transition region. These
      advantages are significant and contribute to the realization of a
      transistor protection arrangement which is simple and inexpensive.
PAR  FIG. 3 illustrates a second schematic embodiment of the invention wherein
      corresponding elements are designated by the same reference character as
      the embodiment of FIG. 2. However, the temperature sensor R.sub.T is
      electrically connected in an input shunt circuit instead of being placed
      in the negative feedback loop. The operation is the same as that of FIG. 2
      except that instead of controlling the loop gain, a portion of the drive
      signal is shunted across the input of the amplifier. As it will be easily
      understood, any increase of the temperature of the transistor past
      temperature T.sub.2 will lower the impedance of resistor R.sub.T and an
      increasing portion of the drive signal will be shunted across the input of
      the amplifier. This will automatically reduce the drive of the output
      transistor and the temperature of the output transistor will stabilize
      between T.sub.2 and T.sub.3.
PAR  FIG. 4 illustrates the circuitry of a known power amplifier which is
      provided with a protection arrangement in accordance with the invention.
      The power amplifier comprises a differential amplifier including PNP
      transistors TR.sub.1 and TR.sub.2 driven from a constant current source
      provided by PNP transistor TR.sub.3 which has its collector connected to
      the emitters of transistors TR.sub.1 and TR.sub.2. The differential
      amplifier also includes resistors R.sub.1 to R.sub.5, diodes D.sub.1 and
      D.sub.2 and Zener diode Z.sub.1. Resistor R.sub.1 is the input resistor
      and is connected between ground and the base of transistor TR.sub.1.
      Resistor R.sub.2 is the load resistor of transistor TR.sub.1 and is
      connected between the collector of transistor TR.sub.1 and D.C. source
      V.sub.-. Resistor R.sub.3 is the emitter biasing resistor of transistor
      TR.sub.3 and is connected between the emitter of transistor TR.sub.3 and
      the D.C. source V.sub.+. Diodes D.sub.1 and D.sub.2 and resistors R.sub.4
      and R.sub.5 are connected in series across D.C. sources V.sub.+ and
      V.sub.- and together with Zener diode Z.sub.1 connected across diodes
      D.sub.1 and D.sub.2 and resistor R.sub.4, establish the proper biasing
      potential for transistor TR.sub.3, the base of which is connected between
      diode D.sub.2 and resistor R.sub.4.
PAR  NPN transistors TR.sub.4 and TR.sub.5 are used to provide the proper base
      potential for NPN driver transistor TR.sub.7 and PNP driver transistor
      TR.sub.8 which drive NPN output transistors TR.sub.9 and TR.sub.10
      respectively. Transistors TR.sub.4 and TR.sub.5 are biased by resistors
      R.sub.6, R.sub.7, and R.sub.8. The base of transistor TR.sub.5 is
      connected to the emitter of transistor TR.sub.4. Resistors R.sub.6 and
      R.sub.7 are connected in series across the collector and emitter
      electrodes of transistor TR.sub.5 and the base of transistor TR.sub.4 is
      connected to the junction of resistors R.sub.6 and R.sub.7. Resistor
      R.sub.8 has one terminal connected to the collector of transistor TR.sub.4
      and its other terminal connected to the junction of resistor R.sub.6 and
      the collector of transistor TR.sub.5. A pre-driver NPN transistor TR.sub.6
      is provided for driving output transistors TR.sub.9 and TR.sub.10 and the
      collector-emitter electrodes of such transistor are connected in series
      with the collector-emitter electrodes of transistor TR.sub.5. The
      collector-emitter electrodes of transistors TR.sub.5 and TR.sub.6 are
      connected across D.C. sources V.sub.+ and V.sub.- through resistor
      R.sub.9. The base emitter potential of transistor TR.sub.6 is derived from
      load resistor R.sub.2 of transistor TR.sub.1. A capacitor C.sub.1 is
      connected across the base-collector electrodes of transistor TR.sub.6 to
      reduce the high frequency response of the amplifier.
PAR  As commonly known, transistors TR.sub.9 and TR.sub.10 form a push-pull
      amplifier and are driven by complementary drive signals produced by driver
      transistors TR.sub.7 and TR.sub.8 respectively. The drive signals for
      driver transistors TR.sub.7 and TR.sub.8 are fed by pre-driver transistor
      TR.sub.6 under the control of the differential amplifier formed by
      transistors TR.sub.1 and TR.sub.2. The two stages formed by transistors
      TR.sub.7 and TR.sub.9 and transistors TR.sub.8 and TR.sub.10 have a common
      output terminal Eo to which a load may be connected. The collectors of
      transistors TR.sub.7 and TR.sub.9 are connected to D.C. source V.sub.+.
      The emitter electrode transistor TR.sub.7 is connected to the base
      electrode of transistor TR.sub.9 and a biasing resistor R.sub.10 is
      connected between the junction of such electrodes and the output terminal
      E.sub.o. A load resistor R.sub.12 is connected between the emitter of
      transistor TR.sub.9 to stabilize the performance of the transistor. The
      collector of transistor TR.sub.10 is connected directly to output E.sub.o
      while the emitter of transistor TR.sub.8 is connected to output E.sub.o
      through diode D.sub.3. The collector electrode of transistor TR.sub.8 is
      connected to the base electrode of transistor TR.sub.10 and a resistor
      R.sub.11 is connected between the junction of such electrodes and the D.C.
      source V.sub.-. A load resistor R.sub.13 is connected between the emitter
      of transistor TR.sub.10 and the source V.sub.- to stabilize the output of
      the transistor.
PAR  A portion of the output E.sub.o is fed back to the base of the transistor
      TR.sub.2 of the differential amplifier to control the gain of the
      amplifier and thereby the drive of the output transistors TR.sub.9 and
      TR.sub.10 through pre-driver transistor TR.sub.6 and driver transistors
      TR.sub.7 and TR.sub.8. The amount of feedback is controlled by the
      resistance value of resistor R.sub.F which is the same as illustrated
      schematically in FIG. 2 of the drawings. It will be clearly understood
      that by connecting the temperature sensor R.sub.T in parallel with
      resistor R.sub.F, the signal fed back to the transistor TR.sub.2 may be
      increased so as to reduce the drive of the output transistors TR.sub.9 and
      TR.sub.10. In this way, the output transistors will be less overheated and
      the operation of the output transistors may thus be stabilized between
      temperatures T.sub.2 and T.sub.3.
PAR  FIG. 5 illustrates the same amplifier as in FIG. 4 with the exception that
      the temperature sensor R.sub.T is replacing input resistor R.sub.1. As
      illustrated schematically in FIG. 3, any increase in resistance R.sub.T
      above T.sub.2 will shunt a portion of the input signal fed to the
      transistor TR.sub.1 and so reduce the drive signal fed to output
      transistors TR.sub.9 and TR.sub.10. Such a reduction of the drive signal
      fed to transistors TR.sub.9 and TR.sub.10 will stabilize the temperature
      of the output transistor between T.sub.2 and T.sub.3.
PAR  Although the above protection arrangement has been disclosed with reference
      to a particular amplifier configuration, it is to be understood that it
      may be used with a number of amplifiers or in any circuit configuration
      wherein a reduction in drive signals at a stage prior to that of the
      protected semi-conductor results in a lessening of the protected
      semi-conductor dissipation. Possible applications include audio
      amplifiers, bench power supplies, mobile transmitters, etc. The above
      protection arrangement is also not limited to the protection of
      transistors but may also be applied to the protection of various types of
      semi-conductors usable in the above mentioned circuit configurations.
PAR  In the above description, it was mentioned that the temperature sensor
      R.sub.T must be thermally coupled with the semi-conductor to be protected.
      This may be done in a number of ways including deposition of thin film
      layers of the sensor material on the same substrate as the semi-conductor.
      An alternate approach is to mount a temperature sensor chip on the same
      substrate or base to which the semi-conductor is attached. The same effect
      may be achieved by forming a thick film version of the temperature sensor
      on the same substrate as the semi-conductor is mounted on or in a position
      where it is very closely coupled thermally to the semi-conductor. However,
      FIG. 6 illustrates a method of mechanically mounting a temperature sensor
      right on an existing power transistor casing 10. The header 12 of the
      temperature sensor is provided with a tab 14 welded or otherwise secured
      thereto and such tab 14 is secured to the transistor casing using the
      screws 16 which are normally used for securing the transistor casing to a
      suitable base. These are just some of the ways that this concept can be
      employed by anyone skilled in the art can conceive of may other ways of
      thermally coupling one of these temperature sensors to a semi-conductor to
      protect the semi-conductor from overheating.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semi-conductor protection arrangement for use with class AB, B or C
      power amplifiers or in any other circuit configuration wherein a reduction
      in drive signal at a stage prior to that of the protected semi-conductor
      results in a lessening of the protected semi-conductor dissipation, said
      arrangement comprising a temperature sensor thermally coupled with the
      protected semi-conductor for detecting the absolute temperature of the
      semi-conductor and electrically connected so as to reduce the drive signal
      of the semi-conductor when the temperature of said semi-conductor exceeds
      a predetermined temperature above the normal operating temperature of the
      semi-conductor, said temperature sensor being made of a material which
      satisfies the following criteria: (a) contains elements whose atoms when
      in chemical combination with other elements have an incompletely filled
      d-shell or an incompletely filled f-shell; (b) contains a substance
      effective to remove s- and p- electrons from the conduction bands of such
      atoms; (c) exhibits a sharp drop in its resistance-temperature
      characteristic at the above predetermined temperature; and (d) possesses a
      sufficient predetermined amount of temperature hysteresis, so that the
      temperature sensor reacts quickly to an increase in temperature above said
      predetermined temperature but reacts at a slower rate for minor
      temperature excursions in the transition region thus preventing thermal
      oscillation of the semi-conductor protection arrangement within the
      transition region.
NUM  2.
PAR  2. A semi-conductor protection arrangement as defined in claim 1, wherein
      the temperature sensor is used to control the dissipation of the output
      transistor of an amplifier and is located in a gain determining feedback
      loop of the amplifier.
NUM  3.
PAR  3. A semi-conductor protection arrangement as defined in claim 1, wherein
      the temperature sensor is used to control the dissipation of the output
      transistor of an amplifier and is located in a shunt path across the input
      of the amplifier.
NUM  4.
PAR  4. A semi-conductor protection arrangement as defined in claim 1, wherein
      said predetermined amount of hysteresis is about 5.degree.C.
NUM  5.
PAR  5. A semi-conductor protection arrangement as defined in claim 1, wherein
      said temperature sensor is mechanically connected to the semi-conductor
      mounting so as to permit easy installation of the protection arrangement
      to an existing circuit configuration.
NUM  6.
PAR  6. A semi-conductor protection arrangement as defined in claim 1, wherein
      said material is vanadium dioxide having a sharp transition region
      extending from 55.degree. to 70.degree.C.
NUM  7.
PAR  7. A semi-conductor protection arrangement as defined in claim 6, wherein
      the transition region may be varied to extend from 40.degree. to
      75.degree.C by doping the vanadium dioxide material with a suitable doping
      material.
NUM  8.
PAR  8. A semi-conductor protection arrangement as defined in claim 6, wherein
      the transition region may be varied to extend from 50.degree. to
      90.degree. by doping the vanadium dioxide material with a suitable doping
      material.
NUM  9.
PAR  9. A semi-conductor protection arrangement as defined in claim 6, wherein
      the transition region may be varied to extend from 62.degree. to
      105.degree.C by doping the vanadium dioxide material with a suitable
      doping material.
NUM  10.
PAR  10. A semi-conductor protection arrangement as defined in claim 1, wherein
      the transition region of the temperature sensor is selected so as to
      maintain the semi-conductor at maximum safe operating power.
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ABST
PAL  A remote flash slave apparatus for use in conjunction with a packaged
      linear array of flashlamps. The slave unit incorporates a solid state
      flashlamp selector circuit which is enabled or energized for only a
      limited period of time corresponding with the output interval of a typical
      flashlamp to preserve the integrity of the firing circuit. Additionally,
      the slave unit incorporates a feature providing for the avoidance of
      inadvertent cascading or firing of a series of flashlamps under a high
      steady-state light level environment.
BSUM
PAC  BACKGROUND
PAR  A recent innovation in the field of flash photography has been the packaged
      linear flashlamp array. Developed for use with a highly automated camera,
      this flashlamp packaging arrangement is formed of two operational faces,
      each exhibiting an array of five flashlamps. When utilized in conjunction
      with a camera, a rapid succession of photographic cycles may be carried
      out without resort to mechanically indexing or aligning flashlamps
      following each exposure. As a consequence, cameras utilizing the array may
      be designed having a more convenient and compact size. Described in detail
      in U.S. Pat. Nos. 3,598,984 and 3,598,985, the dual arrays of flashlamps
      are compactly packaged by internesting the oppositely disposed flashlamps
      of each face thereof. The igniting terminals of individual lamps within
      the packaged arrays are connected by printed circuit technique to a
      downwardly extending blade mount, each side of which is configured to
      expose five input contacts and a common bus or lead. By inserting the
      downwardly extending blade mount within an appropriate mount or
      receptacle, electrical connection is made with the five input contacts of
      an outwardly or operationally facing array of the flashlamp and the noted
      common lead.
PAR  To ignite successive ones of those flashlamps within an appropriately
      oriented operational face of an array, flash firing circuits are
      incorporated. Typical designs for such circuits are those described in
      U.S. Pat. No. 3,676,045 and in application for U.S. Pat. by S. Ellin, Ser.
      No. 353,007, entitled "Flashlamp Signaling Circuit Employing Logic Signal
      Activation", filed Apr. 20, 1973, which, in turn, is a
      continuation-in-part of application Ser. No. 321,993, filed Jan. 8, 1973.
      For practical applications, these circuits are integrated structures
      capable of being triggered by low level logic or by pulse triggering.
      Inasmuch as the circuits are structured as "chip" modules, the period of
      their enablement or energization necessarily must be limited to prevent
      burn-out failures and the like.
PAR  In many photographic applications, for instance, portraiture, it is
      desirable to illuminate a subject from two directional aspects. For
      instance, a lighting source slaved to a camera mounted transient
      illumination source may be used to ameliorate background shadows or to
      provide highlighting effects and the like. Generally, such a slave unit
      requires cable connection to the flash synchronization firing system of
      the camera or incorporates a light responsive logic circuit to fire an
      auxiliary flashlamp in response to a witnessing of the light output of a
      camera mounted flash unit. In view of the convenience of the
      above-described linear array flash units, it is desirable that a slave
      unit be capable of accommodating such arrays by incorporating the
      above-described flash firing circuits. However, because of the unique
      structure of the units and the specialized demands imposed by their firing
      structures, such adaptation of remote slave units is not readily
      available. For instance, enablement of the firing circuits must be limited
      to a very short interval, for example, about 40 ms, to avoid chip
      burn-out. Further, should the device inadvertently be exposed to
      relatively high level steady-state illumination, as may be encountered at
      a sunny window, a firing circuit may react to rapidly and sequentially
      fire all lamps within a noted operational face. This effect is known as
      "cascading".
PAC  SUMMARY
PAR  The present invention is addressed to apparatus for igniting a flashlamp
      within a linear array thereof remotely from and in synchronism with the
      generation of illumination in the vicinity of a photographic camera or the
      like. The apparatus incorporates features providing for limited enablement
      of a flashlamp selector and firing circuit as well as a feature providing
      for the elimination or substantial minimization of chances of a cascading
      effect wherein a series of such flashlamps are illuminated in response to
      a higher level of steady-state illumination.
PAR  Another feature and object of the invention is to provide an apparatus
      including means mounting the linear array in an orientation for
      illuminating a scene and for witnessing transient illumination from a
      select remote scene illuminating source. The apparatus incorporates a
      flashlamp selector and firing circuit as well as a light detecting network
      having an output condition which responds to the noted remote transient
      scene light generation. A timing circuit is provided which responds to the
      output of this light detecting network output condition and converts a
      second output to a predetermined condition following a select interval of
      time. Preferably, this interval of time corresponds with the time output
      envelope of a typical flashlamp. A flash firing circuit is activated for
      firing a select flashlamp in response to the initial synchronized response
      of the timing circuit to light detection from the transient parent source.
      Through the timing network, however, enablement of the flash firing
      circuit only continues for the time interval normally associated with the
      period of illumination output of the transient source. For instance, this
      may be about 40 ms.
PAR  Another feature and object of the invention is to provide apparatus for
      igniting a select flashlamp within a linear array thereof in synchronism
      with the illumination of a scene from another transient source of
      illumination which may be rendered immune from cascading effects and the
      like which may occur when the device is inadvertently exposed to high
      level steady-state illumination as may be derived from sunlight or the
      like. With the arrangement of the invention, the timing circuit of the
      apparatus, operating in conjunction with a latch arrangement, maintains a
      post firing condition until such time as the entire apparatus is reset.
      Resetting may take place through the simple activation of an energy
      supplying switch.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the system and apparatus possessing the
      construction, combination of elements and arrangement of parts which are
      exemplified in the following detailed disclosure.
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pictorial view of a remote slave apparatus having a packaged
      linear flash array mounted thereon in operative position; and
PAR  FIG. 2 is a schematic diagram of a control circuit used in conjunction with
      the apparatus of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, one embodiment of the instant invention is revealed
      generally at 10. Apparatus 10 is formed as a generally rectangular housing
      12 suited to be placed upon a supporting surface such as a table, stand or
      the like. On the top surface 14 of housing 12 there is formed a mount 16
      adapted to receive the mounting blade or similar support structure of a
      packaged linear array 18. Array 18 may be structured as set forth in the
      above referenced U.S. Pat. Nos. 3,598,984 and 3,598,985. These arrays are
      formed having a downwardly extending blade mount (not shown) which has
      formed thereon by printed circuitry technique or the like a series of
      terminals each of which is connected with a photoflashlamp 20a - 20e along
      with a "common" terminal. The entire array of lamps 20a - 20e is packaged
      within a transparent outer covering 22. Following the expenditure of all
      lamps 20a - 20e, the array 18 is reversed and reinserted within socket or
      mount 16 to present a fresh supply of lamps internestably formed within
      the rear side thereof. The structure of mounting bracket or socket 16
      provides for individual contact with each of the downwardly extending
      terminal surfaces emanating from lamps 20a - 20e as well as contacts
      adapted for connection with the common terminal and other logic devices as
      may be required for camera design. Such brackets are now well known in the
      art and are described in detail, for instance, in U.S. Patent Nos.
      3,757,643; 3,745,895; 3,747,489; 3,748,980; and 3,748,985.
PAR  Formed in the forward face 24 of housing 12 are entrance optics 26 behind
      which are mounted a light sensing element utilized within the circuitry of
      the apparatus of the instant invention. Note that optics 26 are formed
      within face 24 in an oblique fashion. This arrangement is provided
      inasmuch as the device 10 is, for the most part, utilized in a "fill-in
      flash" capacity providing for the elimination of shadows behind a
      photographic subject as well as the provision of some highlights, for
      instance in portraiture. Because of the fixed geometrical mounting
      orientation of the array 18, in most photographic applications, it will be
      necessary for the array to substantially face away from the parent source
      or transient illumination. The oblique geometry of optics 26 accommodates
      for this orientation and simplifies light detection for the most
      frequently encountered photographic situations. With the arrangement thus
      described, remote slave apparatus 10 is positioned appropriately with
      respect to a subject being photographed, is turned on or enabled by a
      typical manually operated switch (not shown) and a flash illuminated
      photograph is made of the subject. Upon a light detecting element behind
      optics 26 detecting the initial brightness level rise from the parent
      transient source, a select one of flashlamps 20a - 20e will be energized
      to provide fill-in lighting and the like.
PAR  Referring to FIG. 2, a circuit arrangement for incorporation within housing
      12 is revealed generally at 30. Circuit 30 incorporates a battery 32
      connecting between power leads 34 and 36. Lead 34, in turn, is coupled
      through a manually operable switch S.sub.1 serving the function as
      described above, the opposite side of the switch being coupled with power
      lead 38. Lead 36 is coupled to ground through line 40.
PAR  The light detecting network of circuit 30 is shown generally at 42 and
      includes a light responsive element 44 connected between lines 38 and 36.
      Element 44 preferably is one whose resistance varies inversely with the
      level of brightness witnessed thereby and may, for instance, be present as
      a cadmium sulfide cell. Element 44 is positioned, as noted above, behind
      entrance optics 26 in an orientation for responding to parent source
      derived transient illumination and in relative isolation from the output
      of lamps 20a - 20e. It will be appreciated, of course, that element 44 may
      be present as a light sensitive device having an electrical parameter
      which varies in some predetermined manner with levels of scene brightness
      impinging thereupon. Network 42 also incorporates a level adjusting
      resistor 46 and a PNP transistor Q.sub.1. The base of transistor Q.sub.1
      is connected through line 48 to line 38 intermediate element 44 and
      resistor 46, its emitter is connected through line 50 to line 38 and its
      collector is coupled through line 52 and resistors 54 and 55 to line 36 at
      the opposite side of element 44. Accordingly, with the initial closure of
      switch S.sub.1, transistor Q.sub.1 will be forward biased in dependence
      upon the conductive state of photoconducting element 44. As a high level
      brightness of transient illumination is witnessed at cell or element 44,
      the resistance thereof drops to, in turn, permit the forward biasing of
      the base-emitter junction of transistor Q.sub.1. In consequence,
      sufficient current is permitted to pass through line 39 to the gate input
      of an SCR 56 forming a component of a timing circuit represented generally
      at 58. SCR 56 is a gateable thyristor device having a latching
      characteristic. It is connected within timing network 58 such that its
      cathode side is coupled through line 60 to lead 36 and its anode is
      coupled through line 62 to one side of a timer network shown at 64.
      Network 64 is formed having an R-C network 66 formed of a timing resistor
      68 and capacitor 70 within line 72. Line 72, in turn, couples through line
      62, SCR 56 and line 60 to lead 36 and through line 74 to lead 38. The
      midpoint between resistor 68 and capacitor 70 is connected through line 76
      to the base of NPN transistor Q.sub.2, transistor Q.sub.2 representing the
      input stage of a Schmitt-type trigger. The collector of transistor Q.sub.2
      is connected through line 78, resistor 80, lines 72 and 74 to lead 38 as
      well as through line 82 to the base of NPN transistor Q.sub.3. The emitter
      of transistor Q.sub.2 is coupled through lines 84 and 86 to provide a
      common emitter coupling with transistor Q.sub.3. Transistor Q.sub.3 forms
      the second or output stage of the trigger, its collector being connected
      through resistor 88, lines 72 and 74 to lead 38 as well as through
      limiting resistor 90 to the base of PNP transistor Q.sub.4. The emitter of
      transistor Q.sub.3 also is coupled through line 86, resistor 92 and line
      62 to the anode side of SCR 56.
PAR  With the circuit arrangement shown, as SCR 56 is gated into conduction upon
      receipt of a light responsive gating signal at line 39, network 64 is
      powered, transistor Q.sub.3 being forward biased to provide a continuing
      current supply sustanining the forward conduction of SCR 56. Transistor
      Q.sub.2 is off at this time as R-C network 66 commences to time-out a
      predetermined interval, preferably selected in accordance with the
      energization period of a typical flashlamp. During this interval,
      transistor Q.sub.2 is normally "off".
PAR  Transistor Q.sub.4 forms the entrance stage of an enabling network
      represented generally at 100. The emitter of transistor Q.sub.4 is coupled
      through line 102 to lead 38, while its collector is connected through line
      104 and resistor 106 to the base of NPN transistor Q.sub.5. The emitter of
      transistor Q.sub.5 is connected through line 108 to lead 36, while its
      collector is coupled through line 110 to an enabling or energizing input
      of a flash firing circuit represented generally at block 112. The opposite
      energizing input to circuit 112 is provided at line 114, while its logic
      level firing signal input is provided at line 116 which, in turn, is
      coupled to power lead 38.
PAR  Firing circuit 112 may be of a variety as described in the above-noted U.S.
      Pat. Nos. 3,676,045 or 3,618,492. However, the circuit preferably assumes
      the configuration in the above-referenced application Ser. No. 353,007.
      While such circuits may assume a variety of configurations, in one
      configuration each flashlamp 20a - 20e is coupled with an SCR as a solid
      state switching device. The thus arrayed switching devices are implemented
      with a constant voltage drop sensing device and logic transistors which
      combine to require as conditions for gating a switching a device that the
      previous device be conducting and that the voltage across the preceding
      lamp terminals exceed a threshold voltage. The circuits may be actuated or
      fired by a logic level, for instance as would be derived at line 116 in
      FIG. 2. As an additional condition for firing a lamp, circuit 112 must be
      enabled or energized as through lines 114 and 110. It will be apparent
      that firing of a flashlamp may take place upon the completion of both
      prerequisite conditions. In the instant embodiment, this last condition
      will be seen to be that of enabling circuit 112 from line 110. Returning
      to enabling network 100, with the initial actuation of the circuit through
      the detection of a high brightness level at element 44, conduction at SCR
      56 and, consequently, the forward biasing and conduction of transistor
      Q.sub.3, transistor Q.sub.4 is drawn into conduction or is forward biased.
      As a consequence, a forward bias is imposed at transistor Q.sub.5 to
      complete an energization path including lines 108 and 110 into firing
      circuit 112. Accordingly, circuit 112 fires a selected flashlamp 20a -
      20e, firing logic input being continuously applied from line 116 upon
      closure of switch S.sub.1.
PAR  Following an interval of time preferably corresponding with the output
      envelope of a typical flashlamp, R-C network 66 achieves the threshold or
      forward biasing level of transistor Q.sub.2. In consequence, transistor
      Q.sub.2 conducts to rapidly remove the forward bias at transistor Q.sub.3.
      As transistor Q.sub.3 turns off, transistor Q.sub.4 turns off to, in turn,
      effect the removal of forward bias at transistor Q.sub.5. Circuit 112 then
      is de-energized so as to protect it from burn-out occasioned from lengthy
      periods of energization. With the removal of forward bias at transistor
      Q.sub.3, the sustaining level of current admitted to SCR 56 diminishes,
      and the SCR latching function is terminated. In consequence, the circuit
      is shut down pending a next actuation.
PAR  Should a condition wherein slave unit 10 be subjected to steady state high
      brightness levels occur, it may be desirable to assure that no "cascading"
      or rapid sequential firing of all flashlamps 20a - 20e inadvertently take
      place. To accommodate for such situations, resistor 80 may be provided
      having a relatively low value of resistance or, as shown in phantom in the
      drawing, be provided as a variable resistor. Resistor 80 serves the
      function of adjusting the bias at transistor Q.sub.3. Accordingly, should
      its value be lowered a predetermined amount, with the removal of forward
      bias at transistor Q.sub.3 at the termination of a normal "time-out"
      interval of network 66, sustaining current maintaining the conduction at
      SCR 56 will be provided through line 78, now conducting forwardly biased
      transistor Q.sub.2, resistor 92 and line 62. This forward conducting
      condition at SCR 56 assures that transistor Q.sub.4 will remain "off" and
      the condition continues until such time as switch S.sub.1 is opened.
      Accordingly, switch S.sub.1 would serve a resetting function for the
      circuit.
PAR  Since certain changes may be made in the above-described system and
      apparatus without departing from the scope of the invention hereinvolved,
      it is intended that all matter contained in the description thereof as
      shown in the accompanying drawings shall be interpreted as illustrative
      and not in a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus adapted for use with a source of electrical energy for
      igniting a select flashlamp within a linear array thereof in substantial
      synchronism with the illumination of a scene from another transient source
      of illumination, comprising:
PA1  means for mounting said array in an orientation for illuminating said scene
      from said select flashlamp and including terminal means electrically
      connectable in igniting relationship with said flashlamps;
PA1  firing circuit means for electrically activating the said terminal means
      associated with said select flashlamp in response to energization by a
      select input condition;
PA1  light detecting network means for providing a select output condition
      responsive to illumination from said transient source;
PA1  timing circuit means responsive to said light detecting network means
      select output condition and converting from a first output condition to a
      second output condition at a predetermined interval of time from its
      response to said light detecting network means output condition; and
PA1  means responsive to said timing means first output condition for deriving
      said firing means select input condition so as to effect said electrical
      activation of said terminal means and responsive to said timing means
      second output condition for removing said firing means select input
      condition after said predetermined interval of time thereby facilitating
      the protection of said firing circuit means from damage occassioned from
      too long a period of energization by said select input condition.
NUM  2.
PAR  2. The apparatus of claim 1 in which said timing circuit means includes:
PA1  timer means for deriving said first and second output conditions when
      energized; and
PA1  latch means responsive to said light detecting network means output
      condition for energizing said timer means from said source.
NUM  3.
PAR  3. The apparatus of claim 2 in which said latch means is responsive to said
      second output condition to de-energize said timer means.
NUM  4.
PAR  4. The apparatus of claim 2 in which said timer means includes:
PA1  trigger circuit means having an output stage which assumes a conducting
      state to derive said first output condition and an input stage responsive
      to a predetermined triggering signal to convert said output stage to a
      non-conducting state representing said second output condition; and
PA1  an R-C timing network responsive to said energization for developing said
      predetermined triggering signal at the termination of said predetermined
      interval.
NUM  5.
PAR  5. The apparatus of claim 2 in which:
PA1  said apparatus includes switch means actuable to assume a first condition
      enabling said apparatus to be energized from said source and having a
      second condition effecting the de-energization of said apparatus; and
PA1  said latch means and said timing circuit means are configured to maintain
      said energization of said timer means in the presence of said second
      output condition and when said switch means is in said first condition.
NUM  6.
PAR  6. The apparatus of claim 2 in which said latch means comprises a gateable
      thyristor device having a latching characteristic and coupled to energize
      said timer means from said source in response to gating by said light
      detecting network means output condition.
NUM  7.
PAR  7. The apparatus of claim 1 in which said predetermined interval of time is
      selected in correspondence with the period of illumination output of said
      transient source.
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PAL  By providing an input/output panel housing which is readily connectible to
      adjacent housings and which cooperates with up to four removable
      input/output modules, a completely expandable, modularized input/output
      panel construction is achieved. Each housing accommodates up to four
      "plug-in" input/output modules, and is constructed so that the wiring from
      the equipment being controlled is connected directly to fixed terminals
      and need not be removed when the input/output modules are removed or
      replaced. Since each housing is readily connectible to adjacent housings,
      the input/output panel board construction of this invention is completely
      flexible and readily expandable to meet any desired operational needs.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to programmable controllers, and more specifically
      to an input/output panel construction therefor.
PAR  In prior art programmable controllers, the input and output panels are
      generally constructed in a manner which requires the equipment connected
      thereto to be disconnected whenever the panels are removed, replaced, or
      in any way rearranged. As a result, a great effort must be expended in
      disconnecting the input and output terminals from the various equipment
      and then reconnecting them in the desired fashion. Furthermore, the
      replacement and removal of any input and output integrated circuit
      requires a great deal of effort along with the removal of the terminal
      wires from the various equipment relays.
PAR  Another problem with prior art programmable controllers is that whenever an
      input/output circuit needs to be replaced or repaired, the entire
      controller must be shut down in order to disconnect the necessary wiring.
      Clearly, this can result in a large amount of down time and adds to the
      burden of replacing and removing the input/output circuits. Furthermore,
      the input and output circuits channels were fixed and the particular
      address for the input or output circuit could not be easily changed.
PAR  Therefore, it is a principal object of this invention to provide an
      input/output panel construction which allows any input/output circuit to
      be quickly and easily removed and replaced without necessitating the
      removal of equipment wired thereto.
PAR  Another object of this invention is to provide the input/output panel
      construction of the above character which is both flexible and readily
      expandable to meet all operational conditions.
PAR  Another object of this invention is to provide the input/output panel
      construction of the above character wherein substantially all of the
      component parts are modularized and quickly and easily assembled and
      interconnected without shutting down the controller.
PAR  Another object of this invention is to provide the input/output panel
      construction of the above character which is completely expandable to meet
      all operational needs.
PAR  A further object of this invention is to provide an input and output panel
      construction of the above character wherein the address for the input and
      output circuit can be individually set for each input and output circuit
      board.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter.
PAR  The input/output panel construction of this invention eliminates all of the
      drawbacks found in the prior art by providing an input/output housing
      which accommodates up to four plug-in input/output modules. The
      input/output modules accept standard machine AC or DC inputs from limit
      switches, pushbuttons, pressure switches, etc., and drive outputs such as
      solenoids, indicator lights, motor starters, etc.
PAR  The input and output lines from the user's equipment are connected to
      terminal strips on the housing itself, thus eliminating costly
      intermediate wiring. The input/output modules plug directly into the
      housing, interconnecting with the terminal strips without disturbing the
      equipment wiring. In this way, any input/output module can be plugged into
      the slot in the housing without the need for costly wiring changes. Also,
      any input/output module can be quickly and easily removed without
      necessitating removal of equipment wires connected to the terminals. This
      assures faster maintenance.
PAR  The versatility and expandability of the input/output panel construction of
      this invention is further enhanced by the input/output housing itself. As
      well as being able to accommodate up to four plug-in input/output modules,
      each input/output housing is constructed to be interconnectible with an
      adjacent input/output housing on either side of the housing. In this way,
      the input/output construction of this invention can be expanded to any
      desired size up to the capacity of the central processor.
PAR  The input/output housing also incorporates a selectable address for each
      module connected thereto, so that any particular address for the module
      can be preset. Furthermore, the addressing panel into which the module
      connects is easily removable from the housing frame in order to assure
      that maintenance can be quickly and easily achieved without disassembling
      the entire input/output housing.
PAR  The invention accordingly comprises the features of construction,
      combination of elements, and arrangement of parts which will be
      exemplified in the construction hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of the basic programmable controller
      incorporating the input/output panel construction of this invention;
PAR  FIG. 2 is a perspective view of the input/output housing of this invention
      with three input/output modules mounted in place and one module removed
      from the housing;
PAR  FIG. 3 is a cross-sectional top view of the input/output panel construction
      of this invention with the input output module mounted in place for
      operation;
PAR  FIG. 4 is a cross-sectional top view of the input/output panel construction
      of this invention with the input/output module withdrawn from its mounted
      operational position;
PAR  FIG. 5 is an enlarged cross-sectional top view of the terminal strip
      connector of the input/output housing of this invention;
PAR  FIG. 6 is a side elevation view partially broken away of the input/output
      panel construction of this invention with the input/output module shown
      withdrawn from its normal operational position;
PAR  FIG. 7 is a side elevation view partially broken away of the input/output
      panel construction of this invention showing one plug-in module mounted in
      place;
PAR  FIG. 8 is a rear elevation view of the input/output housing of this
      invention with the back cover partially removed showing the adjacent
      housing interconnecting pins partially extending out from the housing;
PAR  FIG. 9 is a rear elevation view partially broken away of the input/output
      housing of this invention with the adjacent housing interconnecting pins
      withdrawn; and
PAR  FIG. 10 is a front elevation view partially broken away showing the control
      button for advancing and withdrawing the adjacent housing interconnection
      pins.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1, a basic programmable controller 20 is shown which incorporates
      an input/output panel construction 22 of this invention. Programmable
      controller 20 also incorporates a power supply 24 and a central processor
      25. As is well known in the art, controller 20 is constructed to receive
      information from various standard equipment, process this information and,
      in accordance with a particular program, provide output information which
      controls the various equipment connected thereto. Central processor 25
      incorporates the desired program, receives the input information from the
      input modules of panel 22, processes this information, and delivers the
      output information to the output modules of panel 22.
PAR  Power supply 24 is connected to central processor 25, and drives central
      processor 25 as well as input/output panel construction 22.
PAR  As shown in FIG. 1, input/output panel assembly or construction 22
      incorporates four interconnected input/output housings 26. Each housing 26
      incorporates four input/output modules 28. Although input/output modules
      are discussed herein, this is for exemplary purposes only and any
      electronic module may be employed in the panel assembly of this invention.
      In the preferred embodiment, each module 28 incorporates either 16 inputs
      or 16 outputs. The particular nature of module 28, whether it is an input
      module or an output module, depends upon the particular electronic circuit
      mounted therein. Since each module incorporates 16 inputs or 16 outputs,
      each input/output housing 26 accommodates a total of 64 inputs and
      outputs. In order to increase this input/output capacity, input/output
      panel construction 22 can be expanded up to a maximum of four input/output
      housings 26. When the entire capacity of input/output panel construction
      22 has been reached, there will be a total of 256 lines of inputs or
      outputs in any desired combination. This comprises one channel of the
      system. Since central processor 25 comprises an expandable memory
      capacity, additional channels can be incorporated into central processor
      25 and additional input/output panel constructions are connectible
      thereto.
PAR  In FIG. 2, input/output housing 26 is shown with three input/output modules
      28 mounted in place, and the fourth input/output module 28 removed.
      Input/output housing 26 comprises a supporting frame structure 30, a
      removable panel board 31 secured to frame 30, four terminal strips 32 for
      interconnection between input/output modules 28 and the user's equipment,
      and equipment wiring housing 33.
PAR  Panel board 31 incorporates an address selector system. The address
      selector system incorporates a rotatable knob 34, which is slidably
      engaged in slot 36. Knob 34 is interconnected with and controls a contact
      35, which is slidably engaged in slot 37. By rotating knob 34 into a first
      position, knob 34 and contact 35 freely slide throughout their respective
      slots. When the desired address position is obtained, knob 34 is rotated
      to a second position, securing knob 34 and contact 35 in the desired
      address position.
PAR  Slot 36 incorporates eight distinct address positions, each of which is
      arcuately shaped in order to securely capture knob 34 when knob 34 has
      been set in a particular position. In this way, the desired address
      location selected is firmly retained and unwanted variation from this
      position is prevented. Panel board 31 also incorporates slot 38, which
      receives the contact pin from module 28, connecting that inserted module
      into the system.
PAR  For purposes of illustration, only one module 28 has been removed, showing
      the construction of panel 31 for interconnecting that module to the
      system. However, panel board 31 incorporates the same address-select
      system and receiving slot for each of the other three plug-in modules.
PAR  Input/output module 28 comprises a housing member 41, a cover 42, and a
      front panel 43. Secured within module 28 is an electronic assembly
      specifically designed for the particular information and equipment to
      which it will be connected. Generally, the electronic assembly will be
      either an input circuit or an output circuit, and will be designed for
      either DC or AC current. Furthermore, the particular electronic assembly
      is constructed to accommodate a particular current level.
PAR  Housing member 41 of module 28 incorporates a cam track 46 along its top
      and bottom sides. The particular operation of cam track 46 is fully
      described below. For added convenience, front panel 43 incorporates
      readily visible fuses 84 and an identification strip 85, on which the
      significance of each circuit line can be written. In this way, the fuse
      for each line of the circuit can be quickly and easily checked, as well as
      replaced, and any particular line can be quickly identified.
PAR  Cover 42 comprises a plurality of heat dissipating fins in order to assure
      trouble-free operation of the electronic assembly and complete dissipation
      of any heat that may be generated by the circuit.
PAR  Each input/output module 28 is constructed to be a plug-in module, which
      quickly and easily is insertable into input/output housing 26 and
      connectible thereto. Once inserted in position, module 28 is secured to
      housing 26 by threadedly engaging screw means 55 into holes 56.
PAR  The electronic assembly incorporated within module 28 comprises a plurality
      of contact forks 44. Contact forks 44 extend from the integrated circuit,
      and interconnect with cooperating contact pins 45 of terminal strip 32,
      best seen in FIGS. 3, 4, and 5.
PAR  In FIG. 4, plug-in module 28 is shown ready for installation in housing 26.
      Prior to installing module 28, knob 34 is adjusted and set into the
      desired address location preferred for the particular module. By referring
      to both FIGS. 4 and 6, the actual insertion of module 28 into housing 26
      can best be understood.
PAR  Two portions of the integrated circuit which is contained within module 28
      extend from module 28 along the rear thereof. As shown in FIG. 6, these
      extending portions of the integrated circuit comprise connecting pin
      sections 51 and 52. Pin section 51 comprises eight pins, which are
      inserted into slot 37, connecting with address-select contact 35. Pin
      section 52 is inserted into slot 38 and interconnects the 16 inputs or
      outputs provided by the particular integrated circuit with panel board 31.
PAR  In order to properly insert module 28, module 28 is positioned between
      dividers 49, which provide the desired alignment and position camming. As
      discussed above, input/output module 28 incorporates cam tracks 46 on both
      the top and bottom sides thereof. Cam tracks 46 cooperate with screws 53
      of dividers 49. As module 28 is inserted into housing 26, the heads of
      screws 53 cooperate with cam tracks 46 of module 28, assuring that the
      module is positioned properly for interconnection with panel board 31 of
      housing 26.
PAR  As shown in FIG. 3, when module 28 is secured in its plugged-in position,
      the heads of screw 53 are in abutting contact with cam track 46. Also, pin
      section 51 contacts contact point 35, selecting the particular address for
      module 28. Additional proper alignment is assured by fin 86, which is part
      of housing member 41 of module 28 and is held in slot 87 of panel board
      31.
PAR  When module 28 is mounted in its proper operational position, address
      selector knob 34 is in close proximity to cover 42 of module 28. This
      prevents alteration of the selected address without complete removal of
      module 28.
PAR  As discussed above, one of the major problems of prior art input/output
      panel constructions was that the input and output wiring from various
      equipment was wired directly to the input and output integrated circuits.
      As a result, when a particular integrated circuit was removed or replaced,
      all of the machine wiring had to be disconnected.
PAR  In the input/output panel construction of this invention, plug-in module 28
      is constructed for fast and easy installation without requiring removal of
      input/output wiring of the user's equipment connected thereto. This
      quickly removable and replaceable feature of module 28 without
      necessitating the removal of equipment wiring from the module is provided
      by the construction of terminal strip 32 of housing 26 in cooperation with
      connecting forks 44 of module 28. The contstruction and operation of
      terminal strips 32 and connecting forks 44 can best be understood by
      referring to FIGS. 3 and 5.
PAR  Each terminal strip 32 comprises a plurality of contact pins 45, each of
      which is individually conductively connected to a single terminal clamp
      57. Each set of pins 45 and clamp 57 are spaced apart by a plastic plate
      60. Fork 44 of module 28 incorporates two prong members 59, which are
      spaced apart a distance slightly less than the thickness of contact pin 45
      of terminal strip 32. Consequently, when module 28 is plugged into housing
      26, prongs 59 of fork 44 are forced apart slightly by the thickness of pin
      45. In this way, a conductive connection is assured between pin 45 and
      fork 44.
PAR  Wire 58 from the user's equipment is connected to terminal clamp 57. Once
      wire 58 has been so connected, wire 58 need not be disconnected. If module
      28 must be removed or replaced for any reason, the module can be quickly
      and easily removed with fork 44 disconnecting itself from pin 45 without
      ever disturbing the connection between wire 58 and terminal clamp 57. A
      new module can be quickly and easily inserted in position, reconnecting
      itself to pin 45.
PAR  In the preferred embodiment, module 28 comprises 21 individual forks 44,
      and each terminal strip 32 comprises 21 individual pins 45 and terminal
      clamps 57. Although each module accommodates 16 inputs or 16 outputs, the
      additional five connection points are provided in order to allow for
      necessary line interconnections and power supply connections.
PAR  As discusssed above, input/output housing 26 incorporates a removable panel
      board 31, which is interconnectable with adjacent panel boards in order to
      provide an input/output panel construction which comprises up to four
      interconnected housings. The removable feature of panel board 31 can best
      be understood by referring to FIG. 7. In FIG. 7, one input/output module
      28 is shown mounted to housing 26. Panel board 31 is mounted to frame
      member 30 at the top and bottom of panel board 31 by screw means 62. In
      order to remove panel board 31, screw means 62 must merely be removed and
      panel board 31 will quickly and easily slide out from between frame
      members 30, as shown by the dashed lines in FIG. 4. Frame member 30
      incorporates a mounting flange 63, which can be secured to any supporting
      structure in any desired location.
PAR  Panel board 31 incorporates along its rear side a removable cover 64. Also,
      panel board 31 incorporates a pin-receiving connector 65 near the base of
      one of its sides. The opposite side of panel board 31 comprises a
      cooperating strip of connecting pins 66, which can be removably extended
      or withdrawn as desired. Pins 66 are shown in FIG. 2 and FIG. 8. The
      interconnection of adjacent panel boards 31 can best be understood by
      referring to FIGS. 8, 9, and 10.
PAR  In FIG. 8, the rear of panel board 31 is shown with removable rear cover 64
      partially withdrawn, in order to see the internal construction of panel
      board 31. Panel board 31 comprises an integrated circuit 70, which extends
      the entire length of panel board 31, and incorporates the necessary
      circuitry for interconnecting the input and output lines of each of the
      four modules connected thereto, while also providing the necessary
      addressing connection lines for transfer of information between each of
      the modules in their particular address and the central processing unit.
      At the base of integrated circuit 70, a flexible connection strip 71 is
      conductively secured thereto. The other end of flexible connection strip
      71 is conductively connected to pins 66.
PAR  The movement of connection strip 71 along with the movement of pins 66 is
      controlled by lever 72, rotatable disc 73, and eccentrically mounted pin
      74. Pin 74 is eccentrically mounted on drum 73, and is cooperatively
      associated with and captured by slot 75 of lever arm 72.
PAR  In operation, the rotation of drum 73 causes eccentrically mounted pin 74
      to arcuately move in the direction of rotation of drum 73. The arcuate
      movement of pin 74 within slot 75 forces arm 72 to also move in the same
      lateral direction.
PAR  As a result, referring to FIGS. 8 and 9, clockwise rotation of drum 73
      causes pin 74 and arm 72 to move to the left. Since arm 72 is rigidly
      secured to flexible connecting strip 71 by means of clamp means 76,
      flexible connecting strip 71 as well as connecting pins 66 similarly move
      to the left. When pin 74 has moved to the end of the possible arc provided
      by slot 75, pins 66 are completely withdrawn from exposure along the side
      of panel board 31. In the preferred embodiment, pin 74 has an arcuate
      rotational movement of 180.degree.. FIG. 9 shows the completely withdrawn
      position for pins 66 with pin 74 at one end of its motion, and FIG. 8
      shows pins 66 partly exposed with pin 74 halfway through its arcuate
      movement. In order to securely lock pins 66 in their completely extended
      position, pin 74 is rotated counterclockwise 90.degree. from the position
      shown in FIG. 9.
PAR  As shown in FIG. 10, drum 73 is exposed on the front of panel board 31 and
      is slotted, in order to allow easy rotational movement of drum 73.
PAR  In operation, adjacent panel boards 31 would be mounted adjacent to each
      other with connection pins 66 in the withdrawn position. Once the mounting
      has been completed, drum 73 would be rotated 180.degree., allowing pins 66
      to extend outwardly from panel board 31 and into the pin connector
      receiver 65 of the adjacent panel board.
PAR  Furthermore, at the end of each input/output panel construction, a
      connection to the central processing unit must be achieved. In order to
      accomplish this, a connection box 77 is provided, which incorporates a
      pin-receiving connector 65 therein. Connection box 77 is slid over,
      accommodating flanges 78 provided along the side of panel board 31, while
      pins 66 are withdrawn and, once connection box 77 is mounted in the
      desired position, drum 73 is rotated, allowing pins 66 to extend into
      connection receiver 65, making the desired contact.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above construction without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  Having described my invention, what I claim as new and desire to secure by
      Letters Patent is:
NUM  1.
PAR  1. An input/output panel assembly interconnected with a central processor
      to form a machine controller interconnected with and operating external
      devices, comprising:
PA1  A. a support frame;
PA1  B. a terminal strip secured to said support frame at a first location and
      incorporating a set of contact pins communicating with said external
      devices;
PA1  C. a panel board
PA2  a. removably mounted to said support frame at a second location,
PA2  b. electrically interconnectable with adjacent panel boards,
PA2  c. incorporating a first set of pin-receiving means, and
PA2  d. communicating with the central processor; and
PA1  D. an electronic module removably mounted to said support frame and
      incorporating
PA2  a. a plurality of contacts electrically interconnected with said plurality
      of contact pins of said terminal strip, and
PA2  b. a second set of contact pins electrically connected to said first set of
      pin-receiving means of said panel board,
PAL  whereby upon insertion of said electronic module in said support frame,
      said module is electrically connected between said external devices and
      said central processor.
NUM  2.
PAR  2. The input/output panel assembly defined in claim 1, wherein each of said
      contact pins of said terminal strip comprises:
PA1  a. a first contact frictionally interconnected with said removable
      electronic module, and
PA1  b. a second contact and electrically connected with external equipment
      wiring,
PAL  whereby removal or replacement of said electronic module can be made
      without disturbing the external equipment wiring.
NUM  3.
PAR  3. The input/output panel assembly defined in claim 1, wherein said panel
      assembly is further defined as comprising a plurality of electronic
      modules incorporating at least one input module and at least one output
      module, with each of said modules removably mounted to said support frame
      and incorporating
PA1  a. a plurality of contacts electrically interconnected with said plurality
      of contact pins of said terminal strip, and
PA1  b. a second set of contact pins electrically connected to said first set of
      pin-receiving means of said panel board,
PAL  whereby upon insertion of said electronic module in said support frame,
      said module is electrically connected between said external devices and
      said central processor.
NUM  4.
PAR  4. The input/output panel assembly defined in claim 3 wherein said panel
      board comprises a plurality of address select means for pre-setting a
      particular electronic location for each of said modules.
NUM  5.
PAR  5. The input/output panel assembly defined in claim 3, wherein each of said
      address select means incorporates an address contact pin electrically
      interconnected with address pins of said input and output modules, said
      address contact pin being
PA1  a. slidably engaged with said panel board, and
PA1  b. lockable in each of a plurality of address locations.
NUM  6.
PAR  6. The input/output panel assembly defined in claim 1, wherein said panel
      board is further defined as comprising:
PA1  a. a second set of pin-receiving means located along one side of said panel
      board, and
PA1  b. a plurality of movable connecting pins disposed along the opposite side
      of said panel board and adapted for extendable electronic interconnection
      with the second set of pin-receiving means of an adjacent panel board and
      retractable disconnection from said second set of pin-receiving means of
      said adjacent panel board.
NUM  7.
PAR  7. The input/output panel assembly defined in claim 1, wherein said panel
      board comprises:
PA1  a. an integrated circuit adapted for interconnection with said electronic
      module,
PA1  b. a flexible strip of conductive material connected at one end to said
      integrated circuit,
PA1  c. a plurality of pins connected to the other end of said strip of
      conductive material,
PA1  d. a movable arm, a portion of which is controllably secured to said
      flexible conductive material for controlled movement thereof, and
PA1  e. a drum rotatably engaged in said panel board, and a pin eccentrically
      mounted to said drum and cooperatively connected to said arm for
      controlled movement of said arm upon rotation of said drum,
PAL  whereby rotation of said drum and said pin causes said arm to move said
      flexible conductive strip and said pins connected thereto from a first
      completely withdrawn position to a second completely extended position.
NUM  8.
PAR  8. The input/output panel assembly defined in claim 1, wherein said
      electronic module comprises:
PA1  a. a housing member,
PA1  b. a cover removably secured to said housing member,
PA1  c. a front panel mounted to one end of said housing member,
PA1  d. an integrated circuit securably mounted within said housing member and
      said cover, and
PA1  e. a plurality of contact forks electronically connected at one end to said
      integrated circuit and removably electrically connected at their other end
      to said contact points of said terminal strip.
NUM  9.
PAR  9. The input/output panel assembly defined in claim 7, wherein each of said
      plurality of contact forks of said module comprises two prongs, said
      prongs being
PA1  a. in juxtaposed facing relationship to each other,
PA1  b. spaced apart a distance less than the thickness of the contact points of
      the contact strip, and
PA1  c. electrically interconnected with said contact point by insertion of said
      contact point between said prongs,
PAL  whereby, upon interconnection of said contact forks with said contact
      points of the terminal strip, said prongs of said contact forks are
      slightly spread apart, thereby assuring an intimate electrically
      conductive contact between said contact forks and said contact points.
NUM  10.
PAR  10. The input/output panel assembly defined in claim 7, wherein said
      housing member incorporates cam tracks along the top and bottom sides
      thereof, and said support frame incorporates spacer fins for proper
      orientation of said modules.
NUM  11.
PAR  11. The input/output panel assembly defined in claim 9, wherein said spacer
      fins comprise screw means positioned for guiding alignment of said cam
      tracks of said module, assuring proper alignment of said module with said
      support frame and proper connection of said module with the panel board.
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PAL  The invention relates to systems comprising a triggering element such as a
      thyristor triggered from a relaxation oscillator and relates more
      particularly to an electrical igniter.
PAL  In this system means are provided for ensuring the automatic decrease of
      the intensity of the triggering pulses supplied by the oscillator so that
      triggering automatically stops after a predetermined time. These means
      comprise a timing mechanism formed by a resistance inserted in series in
      the discharge circuit of the oscillator with a capacitor and diode in
      parallel on the said resistance, the diode being oriented so as to charge
      the capacitor under the action of pulses supplied by the oscillator.
PAL  The invention can be applied to an igniter for gas burners.
BSUM
PAC  BACKGROUND TO THE INVENTION
PAR  The invention relates to systems of the type comprising a triggering
      element such as a thyristor which is triggered by a relaxation oscillator
      or the like. It relates more particularly to electrical igniters for
      domestic household appliances or the like.
PAR  It is known, particularly in this special application to igniters (taken
      solely as an example), that systems of the type in question comprise for
      the generation of ignition sparks a voltage raising pulse transformer
      wherein the sudden discharge of an energy store capacitor from a thyristor
      or the like, itself controlled by a relaxation oscillator causes the
      emission of a high pulsating voltage at the ignition electro terminals
      close to the igniters in question resulting in sparks being formed.
PAR  The operation of such igniters is controlled by a switch operated either
      manually by a push button or indirectly by a mechanism linked with the
      operation of gas taps or the like.
PAR  This switch must be kept closed throughout the pulse formation period until
      ignition occurs. It represents a constraint for the operator because he
      cannot use his hand during the period of operation.
PAC  BRIEF SUMMARY OF INVENTION
PAR  The invention proposes that by adding appropriate means the operation can
      be instantaneous, i.e. in the form of a single pulse, whereby thyristor
      triggering stops automatically after a predetermined time. To achieve this
      object with the relaxation oscillator is combined a timing mechanism which
      is able to progressively reduce the amplitude of the triggering pulses
      which it supplies to the thyristor until a value is reached which is
      insufficient to bring about triggering. Thus, starting with an
      instantaneous initial excitation, the thyristor is triggered during a
      certain time which is a function of the characteristics of the timing
      mechanism and without intervention on the part of the operator being
      necessary.
PAR  This timing mechanism substantially comprises the assembly of a series
      resistance in the oscillator circuit and in parallel with a capacitor and
      a series diode, so that this assembly is combined with the relaxation
      oscillator and more particularly with the capacitor thereof. Its effect is
      such that the capacitor of the timing mechanism progressively charges with
      each relaxation pulse, hence there is a decrease in the amplitude of the
      said pulses until they are below the threshold intensity for releasing the
      thyristor.
PAR  In such an assembly where the relaxation oscillator for example comprises
      in per se known manner the assembly of a capacitor and a neon tube or
      other identical ignitable device having a switching threshold, it should
      be noted that the said assembly remains energized, i.e. it continues, even
      when the pulses have dropped below the above indicated threshold
      intensity, to supply pulses which are however inadequate for triggering
      the thyristor. Thus the appliance is always ready to operate again
      (through reconnecting it by instantaneous discharge of the timing
      mechanism capacitor) so that there is no danger of ignition delays as is
      the case with known appliances.
PAR  Other than these arrangements, the invention is directed towards other
      arrangements which can be preferably used at the same time and which will
      be explained in greater detail herinafter.
PAR  It particularly aims at a certain applicationmode (where applied to
      igniters or burners on domestic appliances or the like) as well as to
      certain embodiments of the said arrangements. It aims more particularly
      and as new industrial products to assemblies of the type in question
      wherein these arrangements are used as well as to the special components
      used in producing them and the installations, more particularly domestic
      appliances in which they are incorporated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other and further objects of the present invention will be apparent from
      the following description and claims and are illustrated in the
      accompanying drawings which by way of illustration show preferred
      embodiments of the present invention and the principles thereof and what
      are now considered to be the best modes contemplated for applying these
      principles. Other embodiments of the invention embodying the same or
      equivalent principles may be used and structural changes may be made as
      desired by those skilled in the art without departing from the present
      invention and the scope of the appended claims.
PAR  In the drawings show:
PAR  FIG. 1 an electrical circuit diagram for an igniter according to the
      invention.
PAR  FIG. 2 comprises four diagrams, a, b, c, d showing the reciprocal pulses of
      the various circuits of the appliance.
PAR  FIGS. 3 and 4, in schematic perspective representation, a gas tap provided
      with switching means combined with an igniter of the present type in two
      operating positions.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the invention and more particularly according to its preferred
      application modes and embodiments wherein it is proposed for example,
      among other possible applications, to produce an electrical igniter for
      gas appliances with a thyristor triggered by a relaxation circuit one
      proceeds in the following or in a similar manner.
PAR  In FIG. 1 is shown the essential components and elements of an igniter of
      the known type which are as follows:
PAR  a supply circuit M comprising the rectifier devices of the input voltage
      (220V or 110V), thus capacitor C.sub.1, resistance R.sub.1, R.sub.2 and
      diodes D.sub.1, D.sub.2.
PAR  an energy distribution circuit N from a thyristor Q.sub.1 which controls a
      voltage raising transformer T.sub.1 and an energy store capacitor C.sub.2
      with a parallel diode D.sub.3.
PAR  and a control circuit P comprising a relaxation oscillator with a neon tube
      L.sub.1 combined with an integrating circuit supplied by a capacitor
      C.sub.3 and a resistance R.sub.3 so that to the triggering electrode of
      thyristor Q.sub.1 are supplied triggering pulses combined with resistances
      R.sub.4, R.sub.5 (and another resistance such as R.sub.6 which will be
      described hereinafter) which meter the amplitude.
PAR  The intensity of these current pulses is made relatively high so that in
      all circumstances it is above the triggering current Igt of the thyristor
      but still being sufficiently low so as not to impair the characteristics
      of neon tube L.sub.1.
PAR  Without the timing mechanism, to be discussed hereinafter, the pulses would
      always have an intensity greater than Igt so that at the top of the
      appliance it would always be necessary to provide a switch which would
      have to be closed throughout ignition and opened again after ignition had
      taken place.
PAR  According to the invention, to the oscillator is added a timing mechanism
      TP whose function is to progressively reduce the amplitude of the pulses
      supplied by the thyristor oscillator until they are below Igt. Therefore
      ignition is stopped automatically in such a way that it is no longer
      necessary to operate a control switch after an initial connecting pulse
      has been given.
PAR  Thus, this device essentially comprises a capacitor which charges during
      each pulse which thereby modifies the characteristics of the system
      without however changing the pulse recurrence (frequency which is about 2
      Hz).
PAR  Thus, the present device substantially comprises for example:
PAR  a capacitor C.sub.4 combined with the diode D.sub.4 and a parallel
      resistance R.sub.6 arranged in series on one of the terminals of capacitor
      C.sub.3 of the relaxation oscillator, whereby the said resistance R.sub.6
      is also in series in the discharge circuit of the relaxation oscillator.
PAR  a resistance R.sub.7 combined with a switch K.sub.1 at the terminals of
      capacitor C.sub.4 in order to permit the discharge of the latter whenever
      desired.
PAR  Capacitor C.sub.4 has a capacitance which is greater than that of capacitor
      C.sub.3, e.g. 10 to 20 times greater.
PAR  The system which is connected to supply device M, operates in the following
      manner.
PAR  With diode D.sub.4 appropriately orientated, the successive pulses from
      relaxation device P served to charge in successive levels capacitor
      C.sub.4 which therefore assumes an increasing voltage.
PAR  When the charging of C.sub.4 is complete only a negligible current passes
      through diode D.sub.4. Thus, the discharge current of capacitor C.sub.3 of
      relaxation circuit P is limited by the total resistance of the discharge
      circuit comprising in addition to resistance R.sub.4 and the trigger
      cathode gap of thyristor Q.sub.1 shunted on resistance R.sub.5, the above
      mentioned resistance R.sub.6.
PAR  Thus, through an appropriate choice of the value of resistance R.sub.6 it
      is possible to give any predetermined value to discharge current C.sub.3
      which will be reached asymptotically on completing the charging of
      capacitor C.sub.4. This value will be chosen so that the thyristor
      triggering current, Igt, is no longer reached.
PAR  Thus, finally the thyristor only supplies to distribution circuit N a
      limited number of pulses.
PAR  After such a cycle, a new cycle can be obtained at any time by means of a
      connecting pulse, i.e. momentarily closing switch K.sub.1 so as to almost
      instantaneously discharge capacitor C.sub.4 resulting in pulses whose
      intensity is greater than Igt and which gradually decrease as described
      hereinbefore.
PAR  Thus, the operation of the appliance comprises momentarily operating switch
      K.sub.1.
PAR  FIG. 2 shows the speed and appearance of these phenomena. In FIG. 2 can be
      seen:
PAR  at a, schematically, the control pulses A corresponding to the closing of
      K.sub.1, i.e. the discharge of capacitor C.sub.4,
PAR  at b, the stepped curve 3 of capacitor C.sub.4,
PAR  at c, the curve C of the pulses supplied by P to the trigger of thyristor
      Q.sub.1, these pulses being of constant frequency but of variable
      intensity,
PAR  and at d, the high voltage pulses D supplied by the transformer
      synchronously with pulses C, in the zones where they are greater than Igt.
PAR  The frequency of the pulses will be determined according to the
      characteristics of the relaxation circuit and as indicated hereinbefore
      will be of the order of 2 Hz. For resistance R.sub.6 a value which is
      considerably lower than the value of resistance R.sub.3 of the integrating
      circuit of the relaxation oscillator is chosen so that the recurrence
      frequency f is not greatly influenced by the presence of timing circuit
      TP. In this way, the operating frequency of the igniter is stable during
      timing period t (FIG. 2).
PAR  It should be noted that the relaxation oscillator continues to function
      permanently during the period T separating two ignition phases due to the
      presence of resistance R.sub.6 which recloses the discharge circuit of
      capacitor C.sub.3.
PAR  When applied to domestic igniters, this leads to the advantage of
      eliminating delays on igniting neon tubes. It is in fact known that when
      these components are placed in the inoperative state in the dark, as can
      happen inside a domestic appliance, due to recombination the free ions of
      their atmosphere can disappear, these normally being regenerated by
      photoelectric emissions of the electrodes and are necessary to obtain
      ignition.
PAR  Thus, ignition delays which are sometimes of the order of minutes are
      avoided whereby the periodic lighting up of the neon tube due to the
      permanent operation of the relaxation oscillator maintains the constant
      presence of free ions.
PAR  A timing adjustment or a compensation of the dispersions of the
      characteristics of the components can be obtained, if necessary, by
      modifying the value of resistance R.sub.5 shunted in the trigger-cathode
      gap of thyristor Q.sub.1.
PAR  Thus, the triggering pulses applied to the thyristor can be made to vary
      within very wide limits provided that they reliably trigger the thyristor
      in the timing phase. Therefore, they can be made much lower than the
      triggering current Igt as shown in FIG. 2 at C. This represents a safety
      factor protecting the thyristor from undesired erratic releases, more
      particularly in the case of momentary variations in the mains voltage.
PAR  Switch K.sub.1 which starts up the igniter by discharging capacitor C.sub.4
      can be operated, as stated hereinbefore, through controlling a tap, e.g.
      in the following manner with reference to FIGS. 3 and 4.
PAR  FIG. 3 shows a gas control tap 1 which is closed in its inoperative
      position. The main rotation movement of spindle 2 of the said tap is
      limited by means of a pin 3 fixed to the said spindle and which moves in a
      slot 4 of bearing 5 integral with the tap.
PAR  In the inoperative position shown in FIG. 3, pin 3 engages in a recess 6 of
      slot 4 under the action of a not shown inner restoring spring which blocks
      any possible rotation movement of the tap spindle.
PAR  As known in such a tap the opening operation is performed, as shown in FIG.
      4, by initially pressing on spindle 2 by means of control button 7 to
      bring about unlocking whereby pin 3 leaves its recess 6 and then actuates
      spindle 2 in the direction of arrow f. At the end of the opening movement,
      the operator releases the button in such a way that the assembly is
      returned by the restoring spring and the pin abuts against an edge 8 of
      notch 4, for example at 3.sub.1.
PAR  A to and fro movement is used for controlling switch K.sub.1.
PAR  To this end, for example, another pin 9 carried by spindle 2 acts on a
      blade 10 which in turn acts at 11 on contact 12 of switch K.sub.1.
PAR  It can be seen that in the closed position of the tap (FIG. 3), contact 12
      is closed whereas on operating the tap in the opening direction thereof
      the said contact instantaneously closes, as shown in FIG. 4, and then
      opens again when the operator releases control button 7. At 3.sub.1, pin 3
      abuts against edge 8 where blade 10 returns to its initial position. Thus,
      ignition is started by operating gas tap button 7.
PAR  It should be noted that the closing of the tap does not require any
      unlocking action because the return to the inoperative position is
      performed by simple reverse rotation without actuating switch K.sub.1.
PAR  It is easily possible to conceive other arrangements giving the same
      effect, more particularly by means of a blade 10 of appropriate
      configuration operating the same switch K.sub.1 from several taps.
PAR  Thus, no matter what embodiment is adopted, assemblies and particularly
      igniters are obtained whose fundamental operation has been adequately
      described hereinbefore without it being necessary to give further details
      and having numerous advantages relative to the hitherto known assemblies
      of this type. The particular advantages are that it is possible to operate
      the appliance by a single control pulse, the neon tube or the like is
      always ready to operate and the assembly system is extremely simple.
PAR  While there has been described and illustrated the preferred embodiments of
      the invention, it is to be understood that these are capable of variation
      and modification and it is therefore not desired to be limited to the
      precise details set forth but to include such modifications and
      alterations as fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system of the type comprising a thyristor having a threshold
      triggering level triggered from a relaxation oscillator, in particular an
      electrical igniter for gas burners, the improvement wherein said
      relaxation oscillator comprises a capacitor and a neon tube connected
      thereto, means for charging the capacitor to the ionization potential of
      the neon tube, whereby the neon tube conducts and forms a discharge
      current path for said capacitor, means for providing said discharge
      current to said thyristor as a triggering pulse, and electronic means for
      gradually decreasing the intensity of the triggering pulses supplied by
      the oscillator to an intensity below the threshold triggering level of the
      thyristor while maintaining the capacitor charging current, whereby
      triggering automatically stops after a predetermined time while the
      relaxation oscillator continues to oscillate.
NUM  2.
PAR  2. A system according to claim 1 wherein said electronic means comprises a
      timing mechanism formed by a resistance placed in series in the capacitor
      discharge current path with a second capacitor and a diode connected in
      parallel with said resistance, the diode being oriented in such a way as
      to charge the second capacitor under the action of triggering pulses
      supplied by the oscillator.
NUM  3.
PAR  3. A system according to claim 2 wherein in said timing mechanism is
      provided with a switch connected across said second capacitor, thereby
      permitting at any time the discharge of the second capacitor of this
      circuit and initiating a new cycle of triggering pulses.
NUM  4.
PAR  4. A system according to claim 3 wherein the switch permitting the second
      capacitor discharge is responsive to at least one gas tap in such a way
      that the opening of this tap causes the instantaneous closing of the
      switch.
NUM  5.
PAR  5. A system according to claim 3, with a tap of the type whose control
      spindle undergoes a to and fro movement under the action of a restoring
      spring for locking and unlocking purposes wherein this to and fro movement
      is used for controlling the switch.
NUM  6.
PAR  6. A system according to claim 2 wherein the second capacitor of the timing
      mechanism has a value at least 10 times greater than that of the capacitor
      of the relaxation osciallator circuit.
NUM  7.
PAR  7. A system according to claim 2, further comprising a resistor R.sub.3 in
      series with the capacitor of the relaxation oscillator, wherein the value
      of resistance R.sub.6 of the timing mechanism in parallel at the terminals
      of the capacitor of this circuit is much lower than the resistance R.sub.3
      of the integrating circuit of the relaxation oscillator.
NUM  8.
PAR  8. A system according to claim 1 wherein in the relaxation oscillator
      circuit are provided means for modifying the amplitude of the relaxation
      oscillator oscillations so as to adjust the delay period.
NUM  9.
PAR  9. A system according to claim 8 wherein the said means comprise a variable
      resistance R.sub.5, connected between the two electrodes of the thyristor
      in the discharge path of the relaxation oscillator capacitor which
      therefore influences the amplitude of the oscillations and permits the
      adjustment of the delay.
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ABST
PAL  The invention relates to a method of and means for conditioning
      photoconductive surfaces by producing a corona between a corona-producing
      member and a base electrode and deflecting the corona to charge the
      surface. The surface is charged to a low level of 10 volts or less, and
      the corona is deflected by a gaseous medium, or a shield of insulating
      material, or by a bath of oil.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to a method of and means for conditioning
      photoconductive surfaces and while it has general application to the
      conditioning of surfaces it is particularly useful in continuous reversal
      printing and similar methods where high resolution is desirable and where
      effects due to surface abnormalities are likely to render the image or
      data less acceptable.
PAR  It is well known that with photoconductive surfaces a considerable problem
      exists in that when the surface is charged by means of a corona and the
      charge is then modified by light or similar bleeding, any defects in the
      charging or in the surface itself will affect the reproduction of the
      image in that there will be a change in the latent electrostatic image at
      the areas where the artefact occurred.
PAR  Thus it has in the past been thought desirable in some cases to dark rest
      the photoconductive surface prior to use to try and obtain a uniform
      condition of operation and when such a surface was then charged by means
      of a corona device there have also been various attempts to produce a form
      of charging which will give a completely uniform result as otherwise the
      final developed image will be subject to unequal development where the
      image itself has been modified by any charging irregularities or the like.
PAC  SUMMARY OF INVENTION
PAR  I have now found that to achieve best results in high resolution work and
      particularly where continuous reversal printing or the like is required or
      where signals are to be recorded or where exceptionally high resolution is
      necessary, that an improved result is obtained where the surface is first
      charged at a level such that the surface is cleaned by the charging rather
      than that the surface has a relatively high charge impressed on it.
PAR  In explanation of this it should be mentioned that where a photoconductive
      surface is dark rested or otherwise held in storage for some time, there
      appears to be a build-up of an oxide on the surface which itself produces
      artefacts and if this surface is then subjected to an image there will be
      a degree of un-uniformity in the resultant picture or signal recording and
      similarly where such a surface is given a heavy charge from a corona, any
      defects in the corona pattern itself will again appear on the surface so
      that the recorded picture or signal will be modulated by these differences
      in the charge on the photoconductor surface.
PAR  I have found however that if the charging from a corona device is just
      sufficient to remove the effects of variation of the surface due to
      storage such as by oxidisation of the surface but not sufficient to build
      up a charge on the surface itself, then this neutralised surface has a
      high degree of uniformity which can then be light or electrically modified
      to produce a latent image or to produce a developed image from an applied
      signal which will have a very much greater uniformity.
PAR  Thus the invention can be summed up as a cancellation of charges which
      otherwise exist on the sheet either due to such factors as gas ion
      absorption on the photoconductor sheet such as in the case where zinc
      oxide is used or the avoidance of un-uniform charging of the surface which
      inevitably appears to be the case with the normal type of corona charging,
      the invention residing in the carrying out of charging to a degree only
      sufficient to act to clean electrical charges from the surface without
      impressing added charges of any substantial magnitude on the sheet itself.
PAR  Thus I have found that if for instance a photoconductive surface such as an
      insulator layer having zinc oxide embedded therein, is subjected to a
      negative charge by passing it beneath a negatively held electrode, and the
      charge is sufficiently low that generally it leaves no more than 10 volts
      on the photoconductor surface, then it will be found that a very much
      greater uniformity of a latent electrostatic image results.
PAR  To produce a voltage on a photoconductor of not greater than 10 volts of
      course would take a charging intensity of perhaps one-tenth of the
      charging intensity at present used where a photoconductor surface is
      subjected to a corona charging, with direct access of the corona to the
      surface being charged.
PAR  This low intensity charging has the effect of a relatively uniform charging
      of the surface without corona defects which inevitably appear to exist in
      normal methods.
PAR  In order to obtain a low intensity charge for this purpose it may be
      desirable to use a corona produced in a manner similar to present day
      charging but to deflect the corona by a gas stream or by a shield which
      blankets completely the area being charged so that no direct path exists
      between the corona producing medium and the surface being charged.
PAR  Thus for instance as an example of how the invention can be applied it
      would be possible to use a coated photoconductive film and to pass this
      through a cleaning device which has a charging intensity sufficient to
      produce a negative voltage of from 1 to 10 volts on the photoconductor
      surface and this photoconductor surface can then be modified either by
      projecting a light image on to it or by subjecting it to X-rays or other
      modifying rays or to subject it to recording pins or the like to which a
      voltage is applied so that an image will be produced on the surface which
      can either be a latent image or which can immediately be developed while
      the image is being produced or subsequently developed in the case of a
      latent image, and if a negative developer is used it will be realised that
      a reversed image will result because of the negative latent image after
      charging and the use of a negative developer which is then repelled from
      those areas where a negative charge remains but by differential action
      will develop the relatively positive surfaces of the photoconductor.
PAR  As stated the charging can be aided by utilizing a gas stream which
      impinges on the corona wire or corona source or passes through the corona
      zone to then carry the soft charge to the photoconductor surface with an
      intensity sufficient only to result in what I term an ion cleaning process
      which leaves the photoconductor surface with its oxide surface reduced and
      results in a charge on the surface of very low voltage which should not
      exceed 10 volts.
PAR  In the case of a shield interposed between the corona and the workpiece
      being charged, this should be an insulator or a semi conductor, and the
      corona wire or member is supported by or adjacent to the insulator or
      semiconductor to allow an accurate selection of position and at the same
      time the insulator or semi conductor can be so arranged that the charge
      itself is modified through the corona having to pass through or over the
      surface of the insulator or semi conductor.
PAR  A conductor could be used so long as it is insulated from the base
      electrode.
PAR  Thus for instance as an example a charging wire of substantial length if
      such is required, can be mounted on an insulator in such a way that the
      insulator provides a strong mechanical support for the charging wire and
      at the same time if required the insulator can also modify the charge by
      being disposed between the wire and the surface, although it can be used
      simply as a mechanical support, but by using the correct type of insulator
      material this can influence the actual corona discharge from the wire or
      similar medium to attain required results.
PAR  I have found for instance that by using materials such as cellulose
      acetate, polyvinyl alcohol, polyvinyl buteral, polyvinyl vinylidene, or
      polyvinyl polychloride that the insulator itself has a modifying effect on
      the charge emitted from the wire or similar medium, or it could be
      modified by use of a medium such as a bath of oil such as linseed oil or
      safflower oil or other vegetable oils, in or above which or in which the
      charging wire could be suspended. The wire could be mounted on a rod or
      the like of insulating material treated with the oil.
PAR  The materials mentioned above namely the cellulose acetate and the like are
      characterised by a dielectric constant between 3 and 6, this having been
      found useful for the control of the charging medium.
PAR  Thus for instance according to one form a rod of the stated materials could
      be used and this could be notched or a wire could otherwise be supported
      on it at a point remote from the surface being charged, so that there is
      no direct flow between the wire and the surface being charged, and the
      wire could be fixed to this rod or could be embedded in a semiconductor or
      the wire itself could be corrugated or otherwise shaped, so that it has a
      multipoint contact with the insulator or semiconductor medium or the wire
      could be in a position where charging from it can take place directly to
      the surface without the insulator medium being interposed, but preferably
      is still attached to the insulator medium, so as to maintain the required
      rigidity and location.
PAR  In such a case also the semiconductor can be used to at least partly or
      wholly embed the wire in it and this could form the attachment means to an
      insulating rod which could serve as the support, and it will be obvious
      that a rod of this nature could be of varying cross-sections to ensure
      that either it serves as a shield between the surface being charged and
      the wire or the like or it can have edge effects by being say of
      triangular shape which will cause modifications of the corona discharge by
      the shape of the insulator or the semiconductor, the objects of the
      invention being ahcieved by controlling the corona discharge by providing
      first a support or shield for the electrode from which the corona is
      produced and secondly by embedding or partly embedding it in a
      semiconductor or the like which can in effect control what might be termed
      secondary corona emission due to the existence of conducting particles or
      medium in for instance a body of insulator medium so that the corona
      discharge instead of issuing directly from the electrode will give rise to
      discharge from what may be termed transfer means adjacent to or
      surrounding the electrode.
PAR  A further advantage can be obtained if the insulating medium is of such a
      nature that a certain amount of leakage of the corona charge can take
      place through the insulating member, and here again the materials with a
      dielectric constant between 3 and 6 are suitable, so that in effect there
      is some charge transmitted through the insulating medium as well as
      allowing the charge to spill over the edge of the medium, the insulating
      material however being capable of filtering the charge to prevent unwanted
      components, such as gas ions generated at the corona source, from reaching
      the surface being charged. The corona can be frequency modulated so that
      by use of a higher frequency the corona can be caused to move on the
      insulator shield by surface effects, and in this way penetration through
      the shield can be regulated.
PAR  In the latter case the resistivity of the roller or rod should be so
      selected that a high frequency, but low voltage charge which is then
      desirable will appear on the surface of the rod or shield, and for this
      purpose, the rod or shield can be built up of an insulating medium which
      has embedded in it conductive particulate materials or the like to make
      the roller a semiconductor.
PAR  From the foregoing it will be realised that the charge from the wire or
      other electrode instead of being simply allowed to take place into air
      adjacent to the surface to be charged, whether directed by a shield or
      not, is modified by an insulator or a semiconductor positioned in such a
      way in relation to the surface being charged that the corona is influenced
      by the presence of this medium and thus by either shaping the corona
      producing means or the insulator or semiconductor means, the emission of
      the corona can be closely controlled to achieve any desired charging
      effects.
PAR  Thus secondary effects can be produced through the association with the
      corona of insulator or semiconductor mediums which can then control the
      charging of the surface of the photoconductive medium while by
      superimposing a modulating frequency surface effects can be further
      controlled.
PAR  When the insulating member is interposed directly between the corona
      producing member and the surface to be charged and is an electrically
      insulating member, a charge does not build up on it in the same way as
      would be the case if the member were of conductive material, and research
      has shown that the spill over which takes place at the edges of the
      insulating or semiconductive sheet is in the nature of a soft charge from
      which ions have been removed and which thus results in a charge which does
      not produce artifacts on the surface.
PAR  As a matter of interest it can be mentioned that when a concave insulating
      disc of glass or the like was interposed between a corona point and a
      surface, an annular charged area resulted around the edge of the disc with
      an uncharged area immediately within it but at the centre of the disc at
      the point of the corona discharge there were various patterns produced on
      the photoconductor which showed artifacts of very regular patterns,
      increasing in dimension outwardly from the immediate centre which was
      axially aligned with the point but terminating long before the area is
      reached where the soft charge spilt over the edge of the insulating
      member.
PAR  From an examination of the effects where this central charge took place it
      is obvious that charged particles either penetrated the insulating medium
      and marked the photoconductor surface with what could be termed nuclei
      having branches extending from them in the nature of Lichtenberg figures
      but this effect was only apparent when the point was fairly close to the
      centre of the dish of insulating material and the dish in turn was quite
      close to the surface of the photoconductive medium.
PAR  It was shown that where the point and the dish were removed to some
      distance from the surface, say about 3 inches at a charging voltage of
      15,000 volts, complete shielding of the central area resulted as there
      appeared to be no penetration due to the charged particles.
PAR  From this it follows that if for instance a wire is placed across an area
      which is to be charged and where relative motion exists between the wire
      and the surface to be charged, if an insulating member is placed between
      the wire and the photoconductive surface, then this can remove the direct
      charging pattern which would otherwise produce artifacts on the surface
      but a charge will nevertheless spill over the edges of the insulation and
      some will pass through the insulator or semiconductor but in a filtered
      condition, to reach the surface being charged and the charge which spills
      over the edges and which may also pass through will be found to be of a
      very soft characteristic which will give extremely uniform charging or
      neutralisation or cleaning of the surface at this locality.
PAR  As the distance and physical properties of the shield can be widely varied,
      and as the voltage used can be increased or decreased, tests should be
      applied to achieve optimum conditions. This can readily be done by moving
      the corona-producing member and shield to a distance where the corona
      leaves a uniform soft charge without any mottling in the area beneath the
      shield when the charge left is developed by photoelectric methods.
      Naturally when the correct distance has been found, the medium to be
      charged can be passed through the area and the spill-over or filtered
      penetration of the corona of the shield will give the required low-level
      uniform charging.
PAR  This can be readily carried out using a corona-producing wire and shield
      extending transversely across the area through which the medium to be
      charged is traversing.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  Reference will now be made to the invention in relation to the drawings
      which are by way of illustration only and not to be taken as in any way
      limiting the invention.
PAR  In the drawings;
PAR  FIG. 1 is a schematic side elevation showing how if a corona is developed
      between an electrode wire or point and a base electrode and a stream of
      gas is blown through this corona it can carry charges from a corona to a
      surface to be charged.
PAR  FIG. 2 is a side elevation of one form of the invention in which a corona
      wire is protected by an insulating shield which causes the corona to flow
      over the edges and directly charge a surface beneath.
PAR  FIG. 3 shows a knife type of support for a corona wire which again shields
      a corona against direct inition to base electrode but guides the corona
      along its surface, and
PAR  FIG. 4 shows how a corona wire can be held in a shield similar to FIG. 2
      but the corona wire is corrugated to be supported by the shield itself.
PAR  FIG. 5 shows a variation wherein the shield is in the form of a roller with
      the corona wire inside the roller.
DETD
PAC  PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, which merely teaches that a corona can be
      physically disrupted into wanted and unwanted components, it will be noted
      that a high voltage generator 1 is connected to a corona wire 2 and a base
      electrode 3 to produce a corona 4 between the wire and the base electrode.
PAR  A blower 5 directs a stream of air or gas 6 to the surface 7 being charged,
      the stream of air or gas carrying charging electrons with it or being
      modified by the electrons so that the surface of the member 7 is charged,
      but because there is no direct impingement of the corona as such on this
      surface, charging is in the nature of a low voltage charge within the
      spirit of this invention, the ions from the discharge passing to the base
      electrode and not being transmitted to the surface of the member 7 which
      may be a photoconductor or insulator.
PAR  In the case of FIG. 2, a high voltage generator 10 is connected between
      earth and a corona wire 11 while a base electrode 12 is again earthed and
      is adapted to take a photoconductive paper feed or an insulator membrane
      13 from a roll 14 which is charged while it is at rest or passes over the
      base electrode 12.
PAR  Interposed between the corona wire 11 and the base electrode 12 is a shield
      15 of insulating material or of a semiconductor which intercepts the
      direct components of a corona 16 but allows flow over the edges 17 of the
      shield in the direction of the base electrode 12, because of the potential
      gradient, so that the areas 18 are again in the nature of a soft charge.
PAR  In the embodiment shown in FIG. 3 the corona wire 20 is shielded from the
      base 21 by a knife-shaped shield 22 which has upwardly projecting points
      23 and a downwardly projecting knife edge 24, this being constructed of
      insulating material or a semiconductor and having the effect of causing
      the corona to spill over to the base electrode as indicated by 25, this
      again resulting in a soft charging of the surface but with some amount of
      directional effect imparted by the member 22.
PAR  The insulator or semiconductor in this case can have a secondary corona
      produced at the point 24 but because the primary corona wire 20 is
      substantially shielded by the insulator or semiconductor member 22, the
      resultant charge which reaches the base electrode again has the effect of
      a soft charge.
PAR  In FIG. 4 a corona wire 30 is supported in an insulating or semiconductive
      shield 31, which again can have a form similar to that shown in FIG. 2,
      the purpose of the corrugations of the corona wire being to provide a
      series of nodes 32 which enhance distribution of the corona within the
      shield.
PAR  In FIG. 4 the base electrode is designated 33, and the medium to be charged
      will of course pass between the underside of the shield 31 and the upper
      side of the base 33.
PAR  As stated earlier in the specification, the corona can be frequency
      modulated so that by use of a higher frequency the corona can be caused to
      move on the insulator shield by surface effects but it will be realised
      that in any event a corona, even if generated from a direct current
      source, has a frequency component which is made use of in this invention
      to achieve the surface effects referred to.
PAR  In FIG. 5 is shown a variation in which a roller 40 of insulating or
      semiconductive material has within it a corona wire 41 or a series of
      discharge points if this is preferred, the roller passing over the surface
      42 which is to be charged which rests on a base electrode 43, the high
      voltage generator 44 being connected to the corona member 41 and the base
      electrode 43 respectively.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of charging surfaces which comprises producing a corona
      between a corona-producing member and a base electrode, causing corona
      components to be deflected by an isolated interposed insulator or
      semi-conductive member to the area where the charge is to be applied, and
      positioning a member which is to be charged directly in the area of the
      deflected corona whereby the corona passes at least over the insulator or
      semi-conductor surface, the shield being formed of an insulator or
      semi-conductor taken from the group cellulose acetate, polyvinyl alcohol,
      polyvinyl buteral, polyvinyl vinylidene, or polyvinyl polychloride.
NUM  2.
PAR  2. The method of charging surfaces which comprises producing a corona
      between a corona-producing member and a base electrode, causing corona
      components to be deflected by an interposed insulator or semi-conductive
      member to the area where the charge is to be applied, and positioning a
      member which is to be charged directly in the area of the deflected
      corona, whereby the corona passes at least over the insulator or
      semi-conductor surface, an insulating or semi-conducting shield
      surrounding said corona-producing member, and extending the corona through
      the material of said member.
NUM  3.
PAR  3. The method of claim 2 wherein the insulating or semiconducting shield is
      a hollow roller with the corona-producing member within it, and passing
      the roller over the surface to be charged while electrically energising
      said corona-producing member.
NUM  4.
PAR  4. The method of charging surfaces which comprises producing a corona
      between a corona-producing member and a base electrode, causing corona
      components to be deflected by an isolated interposed insulator or
      semi-conductive member to the area where the charge is to be applied, and
      positioning a member which is to be charged directly in the area of the
      deflected corona, whereby the corona passes at least over the insulator or
      semi-conductor surface, the corona-producing member being a wire extending
      transversely over the area where a member to be charged is traversed,
      maintaining a shield formed of an insulator or semi-conductor member
      beneath the said corona-producing wire, and moving the member which is to
      be charged through the said area.
NUM  5.
PAR  5. The method of charging surfaces which comprises producing a corona
      between a corona-producing member and a base electrode, causing corona
      components to be deflected by an interposed insulator or semi-conductive
      member to the area where the charge is to be applied, and positioning a
      member which is to be charged directly in the area of the deflected corona
      whereby the corona passes at least over the insulator or semi-conductor
      surface, the corona-producing member being a wire extending longitudinally
      in a hollow in a co-extensive blade of insulating or semi-conductive
      material, shielding the wire from the area to be charged by means of the
      said blade, and applying a high frequency component of the charging
      current being applied to the wire whereby surface effects on the blade are
      introduced.
NUM  6.
PAR  6. The method of charging surfaces which comprises producing a corona
      between a corona-producing member and a base electrode, causing corona
      components to be deflected by an interposed insulator or semi-conductive
      member to the area where the charge is to be applied, and positioning a
      member which is to be charged directly in the area of the deflected
      corona, whereby the corona passes at least over the insulator or
      semi-conductor surface, an extending insulating or semi-conducting shield
      being interposed between the corona-producing member and the said base
      electrode, said shield having a recess facing away from the said base
      electrode, positioning the said corona-producing member in said recess to
      extend along the same, said corona-producing member having nodes along its
      extension to form corona generating points along the said member.
NUM  7.
PAR  7. The method of claim 6 wherein the corona-producing member has a corona
      producing voltage applied to it which has a high frequency component.
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ABST
PAL  Disclosed are apparatus and method for applying a uniform electrostatic
      charge to an electrophotographic film through use of a corona discharge
      electrode positioned close to the film, a high voltage AC potential source
      connected to the electrode and having a potential greater than the corona
      threshold potential of the electrode, and a high voltage DC potential
      source connected to the electrode in series with the AC potential source
      for biasing the AC potential source, the DC potential source voltage being
      less than the difference between the voltages of the AC potential source
      and the corona threshold potential of the electrode. The film is subject
      to a series of first corona discharges of the desired polarity, of which
      each discharge is alternated with one of a series of second corona
      discharges having the opposite polarity and of lesser intensity than the
      first corona discharges.
BSUM
PAC  RELATED APPLICATIONS
PAR  The present invention is described, but not claimed in commonly assigned
      co-pending application U.S. Ser. No. 349,452 for ELECTROPHOTOGRAPHIC
      METHOD AND APPARATUS filed Apr. 9, 1973. The disclosure of any portion of
      the present invention in that application was derived from the present
      applicant.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a method and apparatus for uniformly
      electrostatically charging an electrophotographic film.
PAR  2. Description of the Prior Art
PAR  In electrophotography, it is common to apply a uniform electrostatic charge
      to the surface of a photoconductive layer. The charge in selected areas is
      then dissipated in a pattern by exposing the surface to a light image to
      form an electrostatic latent image. The latent image is then rendered
      visible by applying thereto finely divided electrostatically charged
      developer particles which adhere to the surface by electrostatic
      attraction. Permanent visible images can be obtained, for example, by
      using thermoplastic developer particles which are heat fused to the
      photoconductive layer.
PAR  Charging is conventionally accomplished by exposing the surface of the
      photoconductive layer to a corona source, the polarity of which is chosen
      to produce the desired results upon the particular photoconductive layer
      being charged. The corona source commonly consists of one or more fine
      wires postioned close to the photoconductive layer. When a potential on
      the order of 3,000 volts to 10,000 volts is applied to the wire or wires,
      a corona is generated and ions are attracted to and deposited on the
      surface of the photoconductive layer to produce the charge thereon.
PAR  Production of negative corona, which is desired for most applications, with
      a fine wire or wires presents problems not encountered in the production
      of positive corona. The generation of positive corona appears as a
      continuous uniform visible sheath surrounding the wire, whereas the
      negative corona has a tendency to concentrate at discrete points along the
      wire, appearing and disappearing at different sites.
PAR  In electrophotography, superior recordings are obtainable only when very
      uniform electrostatic charges are established over the entire area of the
      electrophotographic recording medium before imaging. When there is
      relative movement between the corona generating elements and the
      electrophotographic recording medium, any non-uniformity in electrostatic
      charge which might have been established on the recording medium is
      substantially reduced, providing such relative motion is parallel to the
      recording medium and perpendicular to the axis of the corona generating
      elements. However, when the corona generating elements and the recording
      medium are substantially stationary, there is a tendency under some
      operating conditions to provide such non-uniformity of charge as to result
      in a variable intensity recording. This effect has been somewhat decreased
      by applying alternating or pulsating potential superimposed on a fixed DC
      voltage to the corona generating elements. However, even with such
      excitation there is a tendency to provide recordings having streaks
      parallel to the corona generating wires.
PAR  Electrophotographic recording is becoming popular for storing the
      ever-increasing volume of documentary material which is presently being
      generated. It has become particularly desirable to reduce the size of such
      documents by recording them on microfilm or microfiche. Apparatus for this
      purpose are conventionally capable of selectively imaging a predetermined
      portion of the film for each document. One particular apparatus for
      recording documents on microfiche is described in the previously referred
      to and commonly assigned U.S. Patent application Ser. No. 349,452, filed
      Apr. 9, 1973, in the name of Frank C. Gross. In operation of that
      apparatus, microfiche is positioned to place the predetermined frame on
      the optical axis of the lens system through which the image is directed
      and focused onto the fiche. Just prior to directing the image onto the
      fiche, the photoconductive layer of the fiche is charged by means of a
      corona discharge produced at an electrode positioned close to the
      microfiche on the lens axis. Because the film will also be imaged in this
      same position, it is not convenient to move the film with respect to the
      electrode during charging, or vice versa.
PAR  The apparatus described in U.S. Patent application Ser. No. 349,452
      includes a lens module in which is positioned the lens and the corona
      discharge electrode. Because of confinement of components problems within
      the apparatus, the lens module size is limited. For example, the opening
      in the lens module against which the microfiche is placed is limited to
      the size of the frame to be charged. Also, it is desirable for the corona
      generating element to be subjected to little confinement to permit more
      uniform charging of the film. However, the restrictions on lens module
      size limits the space available for the element. Thus, the ratio of
      electrode confinement dimensions to corresponding module opening
      dimensions is limited. Furthermore, because of lens module size
      limitations, the spacing of the electrode from the film to be charged is
      limited to a closer spacing than is desired for uniform charging. All of
      these size limitations make charge uniformity difficult to obtain in this
      apparatus.
PAR  In the past, attempts to produce uniform electrostatic charging included
      such methods as moving the electrophotographic film with respect to the
      corona discharge electrode and subjecting the electrophotographic film to
      a high voltage corona for a sustained period of time. In practicing the
      latter method, excessive charging could occur, which would break down the
      photosensitivity of the film. Controls to prevent excessive charging of
      the film have included the use of shields usually grounded or biased, to
      attract the major portion of the ionized gases. While many of these
      attempts may have been suitable for the particular circumstances for which
      they were designed, they have not been satisfactory for all situations,
      particularly where no relative movement between the corona discharge
      electrode and electrophotographic film is possible and where the corona
      electrode is placed on the optical axis of the imaging system.
PAR  Particular disclosures of prior art corona charging are as follows. U.S.
      Pat. No. 2,879,395 to Walkup discloses a corona charging device in which
      high voltage AC potential is applied between a plurality of wire, corona
      discharge electrodes and control electrodes to create a corona discharge.
      The control electrodes, forming a grill, are positioned between the corona
      discharge electrodes and the photoelectric surface to be charged and are
      biased with a DC low voltage source to limit the charge applied to the
      photoelectric surface. U.S. Pat. No. 2,885,556 to Gundlach discloses a
      corona charging device which has a pair of wire, corona discharge
      electrodes, each positioned on opposite sides of the surface to be
      charged. High voltage AC potential is applied to each electrode to produce
      coronas of opposite polarity and a low voltage DC potential is connected
      to a shield in the vicinity of each corona electrode. The low voltage DC
      potential applied to each shield is of the opposite polarity to that
      applied to the other shield. The corona charging device disclosed in both
      the Walkup patent and the Gundlach patent requires relative movement
      during charging between the corona generating electrodes and the surface
      to be charged.
PAR  U.S. Pat. No. 3,307,034 to Bean discloses a corona charging device which
      employs a pair of wire, corona discharge electrodes placed on the sides of
      an imaging optical axis to avoid interfering with the imaging. A high
      voltage AC potential is applied to both of the corona electrodes with the
      end of the potential applied to one of the electrodes being opposite to
      the end applied to the other. High voltage DC biasing potential is applied
      to both electrodes to control the corona emission by producing corona of
      only a single polarity. The corona charging device disclosed in the Bean
      patent also employs shields which are DC biased. U.S. Pat. No. 3,237,068
      to Sowiak discloses a corona charging device which employs multiple wire,
      corona electrodes which are connected to a high voltage DC potential
      source to produce a corona. The DC potential source is pulsed to reduce
      non-uniformity of the corona, particularly when negative corona is
      generated. The Sowiak patent describes the prior art as including AC
      potential superimposed upon a fixed DC potential to reduce the
      non-uniformity of negative corona production.
PAR  U.S. Pat. No. 3,708,661 to Hansen et al discloses a corona charging device
      which employs a needle, corona discharge electrode along with
      counterelectrodes to avoid overcharging the photoelectric surface. A high
      voltage DC potential is applied to the discharge electrode in the desired
      polarity to produce the corona. A high voltage DC potential is applied to
      the counterelectrodes in an opposite polarity to control with improved
      uniformity the amount of charge imposed on the photoconductive surface.
      U.S. Pat. No. 3,076,092 to Mott discloses a corona charging device which
      employs a plurality of wire, corona discharge electrodes connected to a
      high voltage AC potential source for production of the corona. A DC
      voltage is superimposed upon the AC voltage to bias the AC voltage so that
      it produces corona of only one polarity. The Mott apparatus requires
      relative movement during charging between the surface being charged and
      the corona generating electrode.
PAR  U.S. Pat. No. 3,390,266 to Epping discloses a corona charging device which
      employs a corona discharge electrode connected to a high voltage AC power
      source. A grounded metal bar shield is maintained in the vicinity of the
      corona electrode for production of the corona at the electrode, and a low
      voltage DC bias is applied between the corona discharge electrode and the
      surface to be charged to selectively draw charges of the desired polarity.
      One disclosed embodiment describes a screen grid positioned between the
      corona discharge electrode and the surface to be charged with the screen
      grid biased by a DC potential to a potential somewhere between the corona
      discharge electrode and the surface to be charged. The Epping device
      requires relative movement between the corona discharge electrode and the
      surface to be charged.
PAR  U.S. Pat. No. 3,332,396 to Gundlach discloses a corona charging device for
      purposes of development rather than imaging. The corona discharge
      electrode is connected to a high voltage AC power source which is DC
      biased to equalize the negative corona output with the positive corona
      output to create a neutral or zero voltage on the back side of a donor
      member. U.S. Pat. No. 3,492,476 to Germanos discloses a corona charging
      apparatus which employs a single wire, corona electrode connected to a
      high voltage DC power source. A shield in the vicinity of the corona
      electrode has an AC power source imposed upon it for purposes of improving
      uniformity of a negative corona generation in the electrode. Relative
      movement is required between the corona generating electrode and the
      surface to be charged. Examples of other patents disclosing corona
      generating devices are U.S. Pat. No. 3,335,273 to Walkup and U.S. Pat. No.
      3,714,531 to Takahashi.
PAR  It a primary object of the present invention to provide a method and
      apparatus for uniformly electrostatically charging a photoelectric
      surface, particularly where that photoelectric surface is provided by a
      microfiche and the charging apparatus is undesirably limited in size. It
      is apparent that a number of disadvantages exist in the corona charging
      apparatus of the prior art. For example, some do not produce uniform
      charging over the entire surface to be charged. Also, some require
      complicated arrangements such as biased shields and screens and other
      electrical arrangements to improve charge uniformity. Additionally, many
      of them require relative movement between the surface to be charged and
      the corona discharge electrode, a step which is undesirable when the
      surface is to be charged and image-exposed in the same position.
      Furthermore, of those that are suitable for charging the photoelectric
      surface without relative movement between the surface and charging
      electrode, most are not capable of imaging immediately after charging
      while maintaining the charged electrode in a stationary position, because
      the charged electrode or electrodes interfere with the imaging.
PAR  The apparatus and method of the present invention is capable of overcoming
      all of these disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  The corona charging apparatus of the invention consists of a corona
      discharge electrode which is positioned close to the electrophotographic
      film to be charged. A high voltage AC potential source is connected to the
      electrode and has a potential greater than the corona threshold potential
      of the electrode to produce a corona discharge. A high voltage DC
      potential source is connected to the electrode in series with the AC
      potential source for biasing the AC potential source to create a
      preponderance of corona charge in the desired polarity. The DC potential
      source is of a lesser voltage than the difference between the AC voltage
      and the corona threshold potential of the electrode so that while the DC
      bias creates a preponderance of corona charge in the desired polarity, it
      also creates some corona charge in the polarity opposite to the desired
      polarity.
PAR  The apparatus of the invention uniformly charges a predetermined portion of
      an electrophotographic film by subjecting the film alternately to a corona
      discharge of the desired polarity and a corona discharge of the opposite
      polarity but of lesser intensity. When the surface of the
      electrophotographic film is exposed to the first corona discharge of the
      desired polarity, it is non-uniformly charged in the desired polarity
      across its surface. When subjected to the alternate corona discharge of
      the opposite polarity, the predetermined portion of the
      electrophotographic film is partially discharged. The amount of discharge
      is proportional to the difference between the charge residing on the
      surface and the magnitude of the corona charge of the opposite polarity.
      Therefore, those portions of the electrophotographic film which held the
      highest charge of the desired polarity are discharged to a greater degree
      than those portions which held a lesser charge. The result is a general
      leveling of the residual charge on the electrophotographic film and
      substantial uniform charge across the entire charged portion of the
      electrophotographic film. Because the corona discharge of the desired
      polarity is greater in magnitude or intensity than the corona discharge of
      the opposite polarity, the net charge on the electrophotographic film is
      in the desired polarity. Adjusting the ratio of the DC bias voltage to the
      AC voltage controls the magnitude of the resulting charge on the
      electrophotographic film.
PAR  The apparatus and method of the invention are particularly desirable for
      use in a system for charging small areas on a larger microfiche or
      microfilm where the charging apparatus is undesirably limited in size and
      where imaging of the film is accomplished immediately after charging the
      film without moving the film to another location. In this use, the corona
      discharge electrode can be permanently positioned on the imaging optical
      axis between the imaging lens and the electrophotographic film. The
      electrophotographic film is grounded to create the corona generating
      potential between the film and the corona generating electrode.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cut-away view of the preferred form of corona generating
      electrode operably positioned on an imaging optical axis within a lens
      module of a microfiche duplicating apparatus.
PAR  FIG. 2 illustrates schematically the corona generating apparatus of the
      invention.
PAR  FIG. 3 illustrates the operating wave form of a corona generating apparatus
      without the DC biasing of the invention.
PAR  FIG. 4 illustrates the operating wave form of a corona generating apparatus
      with the DC biasing of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  While the present invention has beneficial application for corona charging
      of electrophotographic surfaces in many situations, it will be described
      herein in its preferred use of charging a predetermined portion of a
      microfiche which will be imaged in the same location in which it is
      charged. The microfiche can be one upon which a number of documents are
      recorded in separate, distinct frames of a small size, such as 11 3/4
      .times. 16 1/2 mm.
PAR  Referring to FIGS. 1 and 2, a conventional electrophotographic film is
      illustrated as a support 17 coated with a very thin conductive layer 16,
      which is in turn coated with a photoconductive layer 15. The support 17 is
      preferably electrically insulating and may comprise any of the well known
      materials used for such purposes. Any conventional conductive materials
      may be employed to render conductive layer 16 electrically conductive,
      such as a plated metallic or other conductive layer coated onto support
      17. Similarly, any conventional photoconductive material may be used to
      form a photoconductive layer 15.
PAR  The photoconductive film 10 is preferably grounded through a connection at
      the conductive layer 16. Grounding may be accomplished by any of a number
      of well known techniques, such as removing a portion of the
      photoconductive layer or the insulating support 17 to permit the grounding
      connection to contact the conductive layer 16. Before imaging, the
      microfiche is positioned against a lens module 11 to place a frame in the
      optical axis of the imaging system. Within the lens module 11 are lens 12
      and needle, corona discharge electrode 13. Opposite the lens 12 the lens
      module 11 has a rectangular opening against which the photoconductive
      layer 15 is placed for charging. The opening is formed by a mask which
      prevents charging beyond the frame placed against the opening.
PAR  The interior of the lens module 11 has a confining effect on the corona
      generation and transfer to the film 10. For uniform charging of the frame
      being charged, it would be desired for the dimensions of the interior of
      the lens module (represented by X) to be much larger than the
      corresponding dimension of the opening (represented by Y). However,
      because of size limitations, the interior is restricted to no more than
      about three times as large as the opening in corresponding dimensions.
      Furthermore, the corona electrode 13 is restricted to a distance of from
      about .2 to 2.0 inches from the film, because of similar size limitations.
PAR  Just before imaging, the frame to be imaged is charged through production
      of a corona in the corona electrode 13. The corona is produced from an AC
      potential source 18, which can be of any conventional form such as a
      conventional step-up transformer supplied by a conventional low voltage AC
      power source through leads 19. Connected in series with the AC potential
      source 18 is a DC potential source 20, which can be of any conventional
      form, such as a step-up transformer and rectifier circuit supplied by a
      conventional low voltage AC potential source through leads 21.
PAR  FIG. 2 illustrates the DC potential source 20 arranged with the positive
      polarity grounded and the negative polarity being applied to the corona
      electrode 13. With this arrangement, a preponderance of negative coronas
      will be generated, resulting in a negatively charged photoconductive layer
      15. If desired, the polarity of the DC potential source 20 could be
      reversed to positively bias the corona electrode 13, resulting in a
      positively charged photoconductive surface 15.
PAR  FIG. 3 illustrates the wave form which would be applied to the corona
      electrode 13 by the AC potential source 18 without the biasing effect of
      the DC potential source 20. That wave form is a sinusoidal wave
      alternating in equal magnitude from the positive and negative sides of
      ground. Peak voltage applied by the unbiased AC potential source 18 is
      represented by -E.sub.p for the peak negative voltage and +E.sub.p for the
      positive potential voltage. The peak voltage is chosen to be greater than
      the necessary voltage to produce a corona on the particular corona
      electrode 13 chosen. That necessary voltage is represented by -E.sub.cth
      for a negative corona threshold voltage and +E.sub.cth for the positive
      corona threshold voltage. The corona threshold potential will vary
      somewhat depending upon the size and shape of the corona electrode 13, but
      it will typically be between 3,000 volts and 7,000 volts. With some wire
      configurations, the positive corona threshold potential will be slightly
      higher than the negative corona threshold potential. For simplicity, FIG.
      3 illustrates the positive corona threshold voltage as approximately the
      same as the negative corona threshold voltage. Thus, the unbiased AC
      potential source will produce alternating positive and negative corona
      discharges of approximately equal magnitude. With this arrangement, the
      resulting charge on the photoconductive layer 15 will be approximately
      zero.
PAR  FIG. 4 illustrates the wave form which would be applied to the corona
      electrode 13 employing the DC biasing of the invention. That wave form is
      a sinusoidal wave like that illustrated in FIG. 3, but biased to shift the
      entire wave in the negative direction. With this DC bias, the negative
      corona generating voltage (illustrated by the crosshatched area 22) is of
      greater magnitude than the positive corona generating voltage (illustrated
      by checkered area 23), resulting in a net negative charge on a
      photoconductive layer 15. The magnitude of the DC biasing voltage is
      chosen to significantly increase the magnitude of the negative coronas
      with respect to the positive coronas, but not so large as to entirely
      eliminate the positive coronas. Thus, upon receiving an initial negative
      charge by the first negative corona pulse, the photoconductive layer 15
      will be negatively charged overall, but not as uniformly as desired.
      Immediately following the first negative corona pulse will be a positive
      corona pulse of lesser magnitude which will partially discharge the
      negative charge already applied to the plate. The discharging effect will
      be greater in the more negatively charged areas than in the less
      negatively charged area, resulting in a leveling of the charge. Upon being
      subjected to subsequent negative corona pulses, the more negatively
      charged areas will increase in negative charge to a lesser extent than the
      less negatively charged areas, as a result of their potential difference
      from the corona magnitude being less than the more negatively charged
      areas. The photoconductive layer after being subjected to a series of
      alternating negative and positive coronas, will be uniformly charged.
PAR  Another advantage to the invention is that it substantially reduces the
      possibility of overcharging portions of the electrophotographic film by
      constantly discharging the more extensively charged areas to a greater
      extent than the other areas. Although many variations of the invention are
      quite useful, a particularly desirable apparatus consists of a needle
      corona formed by a six mil stainless steel wire located 0.6 inches from
      the film plane and a power source consisting of a -1.5 kv. DC power supply
      in series with an 8 kv. AC power supply. The AC power supply is energized
      from a conventional 110 volt 60 cycle supply and produces a high voltage
      potential of the same frequency. The corona electrode is positioned within
      the lens module to permit imaging without moving and to keep the point of
      the needle electrode centered with respect to the image and preferential
      charging direction.
PAR  As previously described, the voltage of the DC potential source 20 must be
      such as to reduce the magnitude of the corona generating voltage of the
      undesired polarity, but not so great as to eliminate it entirely. Thus,
      the DC potential source voltage must be less than the difference between
      the voltage of the AC potential source and the corona threshold potential
      of the electrode. It is particularly desirable for the dimensions of the
      lens module 11 illustrated in FIG. 1 and described above that the AC power
      potential source 18 have a voltage of from about 4.0 to about 10.0 KV, and
      the DC potential source 20 have a voltage of from about 200 to 2,000 volts
      in either polarity.
PAR  While the subject invention is particularly advantageous in producing
      electrostatic charging on electrophotographic film where there is no
      relative movement permissable between the film and the electrode, and
      where the electrode is positioned on the imaging optical axis in the
      arrangement illustrated in FIG. 1, it should be understood that the
      invention can be beneficial in many other types of corona charging
      apparatus.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for applying a uniform electrostatic charge to a predetermined
      portion of an electrophotographic film, comprising:
PA1  means for grounding the electrophotographic film;
PA1  a lens module having an opening for charging and imaging the film, the
      opening being formed by a mask which confines charging of the film to the
      opening area, each area dimension of the opening being larger than one
      third of the corresponding dimension within the lens module;
PA1  a corona discharge electrode positioned within the lens module at a
      distance from about .2 to about 2.0 inches from the film when the film is
      placed against the module opening;
PA1  a high voltage AC potential source connected to the electrode and having a
      potential greater than the corona threshold potential of the electrode;
      and
PA1  a high voltage DC potential source connected to the electrode in series
      with the AC potential source for biasing the AC potential source, the DC
      potential source being less than the difference between the voltage of the
      AC potential source and the corona threshold potential of the electrode.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein the corona producing potential
      is applied between the corona discharge electrode and the grounded
      electrophotographic film.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein the electrode is held stationary
      with respect to the film during charging.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein the electrode is provided by
      needle, the point of which is positioned during charging in a line
      perpendicular to the center of the predetermined portion.
NUM  5.
PAR  5. Apparatus according to claim 4, further including a lens for focusing an
      image on the predetermined portion of the film to reproduce the image on
      the film, and the electrode is positioned on the optical axis of the lens
      between the lens and the film.
NUM  6.
PAR  6. Apparatus for applying a uniform electrostatic charge to a predetermined
      portion of an electrophotographic film, comprising:
PA1  means for grounding the electrophotographic film;
PA1  a lens module including a lens for focusing an image on the predetermined
      portion of the film to reproduce the image on the film, the lens module
      having an opening for charging and imaging the film, the opening being
      formed by a mask which confines charging of the film to the opening area,
      each area dimension of the opening being larger than one third of the
      corresponding dimension within the lens module;
PA1  a corona discharge electrode provided by a needle, the point of which is
      positioned during charging in a line perpendicular to the center of the
      predetermined portion and on the optical axis of the lens between the lens
      and the film at a distance from about .2 to about 2.0 inches from the film
      when the film is placed against the module opening;
PA1  a high voltage AC potential source of from about 4.0 to about 10.0 KV
      connected to the electrode; and
PA1  a high voltage DC potential source of from about 200 to about 2,000 volts
      connected to the electrode in series with the AC potential source for
      biasing the AC potential source, the DC potential source being less than
      the difference between the voltage of the AC potential source and the
      corona threshold potential of the electrode.
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ABST
PAL  This invention pertains to a D.C. motor with an electronic commutation
      device provided as the reversible D.C. motor used in winding and
      re-winding apparatus. The electronic commutation device polarity is
      determined in accordance with the polarity of a position control output
      signal. Furthermore, the absolute value of the position control output
      signal is formed and applied to regulate the speed of the D.C. motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a winding and re-winding apparatus
      driven by a D.C. motor with an electronic commutation device. Specifically
      the invention pertains to control of a D.C. motor based on the polarity
      and absolute magnitude of a signal proportional to the deflection of a
      position sensing member.
PAR  2. Description of the Prior Art
PAR  Winding and re-winding devices are generally known. In such winding and
      re-winding apparatus a D.C. motor driving a winding or unwinding spool is
      controlled for the purpose of keeping constant the tension of the material
      being wound or unwound. Such a control must not only accelerate but also
      decelerate the spool if required. Therefore, the D.C. motor must be
      appropriately controlled by a position control. In the prior art, D.C.
      commutation machines have been used to drive the spool in the winding or
      re-winding apparatus. Control of the acceleration as well as the
      deceleration of the motors is possible only through the use of a
      closed-loop control system. This control system is switched appropriately
      as a function of the polarity of the position control output signal.
PAR  Due to the fact that commutation motors need constant servicing, it is
      advantageous to employ in their place maintenance-free brushless D.C.
      motors. However, a brushless D.C. motor cannot be reversed by simply
      reversing the polarity of the input voltage which makes impossible the
      simple replacement of a commutation motor by a brushless D.C. motor.
PAR  It is an object of this invention to create a winding and re-winding
      apparatus which is equipped with a brushless D.C. motor the speed of which
      can be accelerated as well as decelerated by a control loop driven by a
      position sensor.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, the solution of the problem posed is found in a
      winding and re-winding apparatus of the above-described type by providing
      a D.C. motor with an electronic commutation device switched in accordance
      with the polarity of the position control output signal. This position
      control output signal is generated by a first amplifier signal which is
      proportional to the polarity of the position sensing output signal and by
      means of a second amplifier unit forming the absolute value of the
      position sensing output signal. These signals are then applied to the
      electronic commutation device which controls the speed of the brushless
      D.C. motor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a winding and re-winding apparatus.
PAR  FIG. 2 is an electronic schematic diagram of a position control circuit and
      of the first and second amplifier units succeeding it.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a brushless D.C. motor 1 driving a spool 2 from which material
      3 is wound or unwound. The material 3 being wound or unwound is led past a
      pendulum roller 5 by guide rollers 4. The pendulum roller 5 is pivoted
      about a shaft 6. A permanent magnet 7 with two-pole magnetization is
      mounted on the shaft 6. This permanent magnet is deflected in accordance
      with the deflection of the pendulum roller 5. The position of the
      permanent magnet 7 is sensed by a Hall-effect generator 8. The output
      signal supplied by the Hall-effect generator 8 is proportional to the
      position or deflection of the pendulum roller 5. The output signal of the
      Hall-effect generator 8 is fed to a position control circuit 10 by means
      of an amplifier 9. Connected to the output of the position control circuit
      10 is a first amplifier unit 11 which determines the polarity of the
      position control output signal. The absolute value of the position control
      output signal is generated in a second amplifier unit 12. The output
      signal of the second amplifier unit is compared with the actual value of a
      signal proportional to the speed of the motor and the different signal is
      applied to a control amplifier stage 13. The output signal of the control
      amplifier stage 13 is applied to an electronic commutation device 14 well
      known in the prior art. The polarity of the commutation device 14 is
      controlled as a function of the first amplifier unit 11.
PAR  Shown in FIG. 2 is a schematic diagram of the position control circuit 10,
      the first amplifier unit 11, and the second amplifier unit 12. Signals
      generated by amplifier 9 are applied to the inverting input terminal(-) of
      operational amplifier 20 by means of a first RC circuit consisting of a
      capacitor 21, a series resistor 22 and a shunt resistor 19. Negative
      feedback from the output of operational amplifier 20 to the inverting
      input is provided by means of a second RC circuit consisting of a
      capacitor 23 and a series resistor 24. The non-inverting input of
      operational amplifier 20 is connected to the reference potential 0.
PAR  The output of the operational amplifier 20 which forms the output of the
      position control circuit 10 is connected to the inverting input of a first
      operational amplifier 26 by means of a first input resistor 25 and to the
      inverting input of a second operational amplifier 28 of the second
      amplifier unit 12 by means of a second input resistor 27. The output of
      the first operational amplifier 26 is fed back to the inverting input of
      operational amplifier 26 by means of a two-way rectifier circuit
      consisting of two diodes 29 and 30 and two resistors 31 and 32. The
      reference potential 0 is applied to the non-inverting input of the
      operational amplifiers 26 and 28. The inverting input of the second
      operational amplifier 28 is additionally connected at a point between the
      diode 29 and the resistor 31 of the two-way rectifier circuit by means of
      an input resistor 33. The output of the second operational amplifier 28 is
      fed back negatively to the inverting input by means of a feedback resistor
      34. The two operational amplifiers 26 and 28 together with their circuit
      components form the second amplifier unit 12.  With a positive input at
      resistors 25 and 27, amplifier 26 inverts and has a negative output. The
      negative output is fed back through the diode 30 and resistor 32. The
      diode 29 blocks. Amplifier 28, at its inverting input has an input through
      the resistor 27. This positive voltage at that input will be inverted by
      the amplifier 28 to provide a negative output. If the input voltage is
      negative this negative voltage is inverted through the amplifier 26 and a
      positive voltage appears at its output and through the diode 29. Now,
      amplifier 28 will have a negative input through resistor 27 and a positive
      input through resistor 33. If the gain of amplifier 26 is made equal to
      two its output will be twice its input. When this is added to the negative
      voltage throught the resistor 27, the net result is a positive voltage
      which, again, results in a negative output. Circuits of this nature are
      well known by those skilled in the art and are discussed, for example, in
      "Applications Manual for Operational Amplifiers for Modeling, Measuring,
      Manipulating and Much Else," published by Philbrick Nexus Research 1968.
      In particular, see paragraph II.42.
PAR  The circuit shown labelled as 11 generates a signal proportional to the
      polarity of the signal from amplifier 9. This function can be performed by
      a limit switch i.e. a comparator or by a bistable flip-flop, but the
      preferred embodiment of unit 11 consists of an operational amplifier 35 to
      the inverting input of which the reference potential 0 is applied. The
      non-inverting input is connected with the output of the position control
      circuit 10 or operational amplifier 20 by means of a fourth input resistor
      36. The output of this operational amplifier 35 is connected to the
      non-inverting input by means of a feedback resistor 37. This results in a
      positive feedback as is well known by those skilled in the art. By so
      coupling an operational amplifier it acts as a comparator. The inverting
      input is referenced to zero volts. If a positive input is applied to the
      non-inverting input a positive output results. As this is fed back it
      causes the amplifier to go more positive until saturation is reached.
      Thus, the amplifier will go to its maximum output voltage. Similarly for a
      negative input voltage, a negative output will result. Once again the
      positive feedback will cause the amplifier to go into saturation. Thus,
      any deviation from zero will result in an output from amplifier 35 of one
      or the other polarity depending on its input.
PAR  The device functions as follows. If through whatever influence the winding
      or unwinding speed of the material 3 being wound or unwound is altered,
      the pendulum roller 5 is deflected about the shaft 6. In accordance with
      this deflection the Hall-effect generator 8 transmits to the amlifier 9 a
      signal which is applied to the position control circuit 10. The signal
      received is amplified by the position control signal having a transfer
      function defined by the ratio of the feedback and feedforward impedances.
      The output of the positive control circuit 10 is applied to the first and
      the second amplifier units 11 and 12. The first amplifier unit 11
      determines the polarity of the position control output signal and switches
      the commutation device 14 accordingly. In consequence of the switching of
      the commutation device 14, the individual phases of the stator windings of
      the brushless D.C. motor 1 will be energized in different sequence,
      thereby accomplishing a reversal of the stator field direction.
PAR  In the second amplifier unit 12 the absolute value of the position control
      output signal is formed. This absolute value is compared with a signal
      proportional to the motor's speed and fed to the control amplifier 13.
      Control amplifier 13 provides a magnitude signal to the commutation device
      14 which applies the signal to the stator winding of the brushless D.C.
      motor 1.
PAR  Due to the switching of the commutation device 14 as a function of the
      polarity of the putput signal of the position control unit 10, the
      brushless D.C. motor is accelerated or decelerated. In addition the
      control amplifier 13 can function independently of the polarity of the
      output signal loop of the formation of the absolute value of the output
      signal of the position control circuit 10. Thus there has been shown novel
      apparatus for the control of a brushless D.C. motor in either a
      decelerating or accelerating mode.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In apparatus for winding and unwinding material to and from a spool and
      in which the winding or unwinding tension of the material is measured by a
      position sensing device, the improvement comprising:
PA1  a. a brushless D.C. motor mechanically driving the spool;
PA1  b. an electronic commutation device for energizing the stator windings of
      the brushless D.C. motor;
PA1  c. means for converting the tension sensed by the position sensing device
      into a first electrical signal;
PA1  d. a comparator comprising an operational amplifier having an input
      resistor coupled to its non-inverting input and a positive feedback
      resistor coupling its output to its non-inverting input for generating a
      polarity signal having the same polarity as said first electric signal;
PA1  e. an absolute value circuit having said first electrical signal as an
      input said absolute value circuit comprising:
PAR  1. a first operational amplifier having said first electrical signal
      coupled through an input resistor to its inverting terminal;
PA2  2. a first diode and first feedback resistor in series coupling the output
      of said amplifier to said inverting input, said diode having a polarity
      such as to feedback negative signals;
PA2  3. a second circuit feedback circuit comprising a second diode and second
      resistor coupling said output to said converting input said diode arranged
      to feedback positive signals;
PA2  4. a second operational amplifier having its inverting input coupled
      through an input resistor to said first electrical signal;
PAR  5. a second input resistor coupling a junction of one of said diodes and
      feedback resistors to said second amplifier inverting input; and
PA2  6. a third feedback resistor coupling the output of said second amplifier
      to its inverting input;
PA1  f. means for generating a speed signal proportional to the speed of the
      motor;
PA1  g. means for generating an error signal, said means having as inputs said
      speed signal and the output of said absolute value circuit; and
PA1  h. means for applying said polarity signal and the output of said means for
      generating an error signal to said electronic commutation device for
      energizing the stator windings of said D.C. motor in a sequence depending
      on said polarity signal and with an amplitude proportional to said error
      signal.
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ABST
PAL  A multi-line chemical injection system for injecting chemicals into two or
      more independent systems including a pressure tank, a pump to supply
      chemicals to the pressure tank, a pressure control switch to regulate the
      pressure within the pressure tank and a plurality of cam operated solenoid
      valves to regulate chemical injection from the pressure tank.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a chemical injection system. More specifically,
      this invention provides an alternating current electro-mechanical chemical
      injection system that regulates the injection of chemicals from a pressure
      tank into two or more independent chemical systems.
PAR  2. Description of the Prior Art
PAR  This invention is related to my previously filed application for a Chemical
      Injection System, Ser. No. 293,944 filed on Oct. 2, 1972. In the
      aforementioned application, a chemical injection system was described for
      injectinig chemicals from a reservoir into a single line, such as an oil
      line. The object of injecting chemicals into a line was accomplished by a
      combination of a pressurized fluid reservoir; means means for supplying
      fluids to the reservoir; means for regulating pressure of the reservoir;
      and means for controlling fluid injection from the reservoir. The means
      for supplying fluids to the reservoir was described as being preferably a
      motor driven pump. The means for regulating pressure of the pressurized
      fluid reservoir was described as being preferably a pressure switch
      including contacts, or the like, to control the flow of alternating
      current permitted to pass, and thereby stopping the pump motor at a
      particular desired pressure. In a preferred embodiment of the
      aforementioned invention, between the pump motor and pressure switch,
      there are contacts in the pressure switch controlling the flow of
      alternating current to operate the motor at a pressure range of 20 psi to
      40 psi within the pressurized fluid reservoir, or pressure tank.
PAR  The chemical injection system described in the aforementioned application
      is limited to the injection of chemicals into a single line.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention accomplishes its desired object, the injection of
      chemicals into two or more lines, by a combination of a pressurized fluid
      reservoir; means for supplying fluids to the reservoir; means for
      regulating pressure in the reservoir; and means for controlling fluid
      injection from the reservoir. The means for controlling fluid injection
      from the reservoir includes a plurality of cams driven by a cam motor and
      a plurality of control relays controlling a plurality of solenoid operated
      valves. The means for supplying fluids to the reservoir is preferably a
      motor driven pump. The means for regulating pressure of the pressurized
      fluid reservoir is preferably a pressure switch including contacts, or the
      like, to control the flow of alternating current permitted to pass, and
      thereby stopping the pump motor at a particular desired pressure. In a
      preferred embodiment, between the pump motor and pressure switch, there
      are contacts in the pressure switch controlling the flow of alternating
      current to operate the motor at a pressure range of 20 psi to 40 psi
      within the pressurized fluid reservoir, or pressure tank.
PAR  It is another object of the present invention to provide for automatic
      venting of pressure from the fluid reservoir and automatic return of
      chemicals from the fluid reservoir to a chemical supply reservoir.
PAR  It is another object of the invention to provide for an automatic cut-off
      for the pump motor and cam motor when the source for chemicals that
      supplies the fluid reservoir is dry.
PAR  These, together with various ancillary objects and features which will
      become apparent to those skilled in the art as the following description
      proceeds, are attained by this chemical injection system and circuitry, a
      preferred embodiment being shown in the accompanying drawings, by way of
      example only, wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram illustrating a flow scheme for the preferred
      embodiment of the multi-line chemical injection system; and
PAR  FIG. 2 is a schematic wiring diagram illustrating the circuitry for the
      flow scheme of the invention.
DETD
PAR  Referring in detail now to the drawings, wherein like reference numerals
      designate identical parts throughout the views, and in particular to FIG.
      1, there is seen a motor 6 driving Tee a pump 4 taking suction on a
      chemical supply reservoir 2 via conduit 3. Pump 4 discharges chemicals
      through a check valve 8 via conduit 20 to tee joint 22 where chemicals
      enter a pressure tank 10 through a conduit 21. Tee joint 22 is also
      connected to conduit 30 on which is provided a solenoid valve 32 and which
      leads back to the chemical supply reservoir 2. A pressure switch 14
      controls the pressure within the pressure tank 10 by chemical fluid
      pressure through conduit 23, tee joint 24 and conduit 26. Also provided on
      conduit 26 is a solenoid valve 34. Chemicals exit the pressure tank 10
      through conduit 28 which leads to tee joint 35 and conduits 36 and 38.
      Injection of chemicals is regulated by solenoid 45 and 47 which are
      located on conduits 36 and 38, respectively.
PAR  As shown in the circuit diagram of FIG. 2, there are provided a pair of
      lines 39 and 37, to which are applied a continuous alternating current
      from a power source. A cam motor 76 is connected to the power source lines
      37 and 39 via line 42. Also connected in series with the source are toggle
      switch 40, normally closed contact 82 of the control relay 64 and normally
      closed contact 80 of the timer 88. A solenoid valve circuit includes
      normally open contacts 68, time relay normally closed contact 104 operated
      by timer 74. Timer 74 is connected via conductor 77 from inbetween
      normally open contacts 68 and normally closed contacts 104 to line 37.
      Normally closed contact 100 and solenoid valve coil 102 are connected, in
      order stated, in series via conductor 105 which is connected between
      normally closed contact 104 and line 37. Normally open contact 106 and
      solenoid valve coil 108 are connected, in order stated, in series via
      conductor 107 which is connected between normally closed contact 104 and
      line 37. A first control circuit across the source includes normally open
      contacts 58 and 60 and control relay 74 and are connected in series in the
      order stated by conductors 57 and 59 from between normally closed contacts
      80 and normally closed contacts 82 to the solenoid valve circuit side of
      source. Normally open contacts 95 and light 66 are connected in order
      stated in series via line 33 across normally open contacts 58, 60 and
      control relay 64 to solenoid valve circuit side of source. Conductor 61
      connects from between light 66 and normally open contacts 95 to between
      control relay 64 and normally open contacts 60 of control relay 54.
PAR  A second control circuit is shown through line 44 which includes push
      button double contact 41, contacts 52, and control relay 54 connected in
      order stated in series from between normally closed contacts 80, and
      normally closed contacts 82, to the first control circuit side and across
      the source. Contacts 56 are connected across the contacts 52 via line 31.
PAR  A pressure control circuit is shown via line 29 and includes pressure
      switch contacts 84, pump motor 50, and contacts 48 connected in series in
      the order stated from between normally closed contacts 82 of control relay
      64 which are normally closed and the solenoid valve circuit across the
      power source and additionally includes two contact push button switch 43
      connected across contacts 48.
PAR  A third control circuit includes timer 88 connected via conductors 86 and
      87 from inbetween toggle switch 40 and normally closed contacts 80 across
      the source. Normally open contacts 90 of the timer 88 and solenoid coil 92
      are connected in series, in order stated, via conductor 112 across timer
      88. Solenoid valve coil 94 is connected across solenoid valve coil 92 via
      conductor 114 from inbetween normally open contact 90 and solenoid valve
      coil 92 to line 37.
PAR  A fourth control circuit includes normally open contacts 96 and relay 98
      connected via connector 97 across lines 37 and 42. Normally open contacts
      99 of the relay 98 are connected vai conductor 101 from inbetween normally
      open contacts 96 and relay 98 to inbetween normally open contacts 68 and
      normally closed contacts 104.
PAR  The invention operates by initially closing toggle switch 40, and
      subsequently pressing push button switches 41 and 43 which immediately
      starts cam motor 76 and pump motor 50. Switches 41 and 43 are depressed
      until contacts 84 and 48 close, which occurs at approximately 20 psi
      within pressure tank 10 and switches 41 and 43 may subsequently be
      released. When the pressure within the pressure tank 10 has reached
      approximately 40 psi, the pressure switch 14 breaks contacts 84 and 48 and
      stops the pump motor 50. However, pressure switch 14 has no control for
      stopping cam motor 76 which continuously runs after pump motor 50 stops.
PAR  Cam motor 76 operates cams 52, 58 and 96 which also include contatcs 52,
      58, 68 and 96, respectively.
PAR  Adjustable timing relay 74 and cams 68 and 96 control the injection of
      chemicals. This injection can be regulated by manual adjustment of the
      adjustable timing relay 74. When cam 68 disconnects adjustable timing
      relay 74, the injection of chemicals to the Number 1 oil line ceases. When
      the adjustable timing relay 74 is closed, chemicals are being injected by
      valve solenoid 47 which includes normally closed contacts 100 and coil
      102.
PAR  When contacts 96 are closed, control relay 98 is energized, normally open
      contacts 99 and 106 are closed and normally closed contacts 100 are
      opened. Coil 102 is thus disconnected ceasing injection of chemicals into
      the Number 1 oil line and starting injection of chemicals into the Number
      2 oil line by way of coil 108. Contacts 96 are shifted with respect to
      contacts 68 so that they are not both activated simultaneously.
PAR  Cam 52 provides for an automatic cut-off when the chemical supply container
      is dry. Control relay 54 is normally interlocked. However, when chemical
      supply container is dry, and cam motor is running, cam 52 which is in
      parallel with contacts 56, picks up interlocked control relay 54 which is
      in series with the parallel circuit of cam 52 and contacts 56. Cam 58
      which is in series with contacts 60 and in combination with contacts 62,
      angularly shifts to cam 52 and picks up control relay 64 which becomes
      interlocked and with contacts 82 disconnects pump motor 50 and cam motor
      76. Light 66 goes on and the supply chemical container has to be replaced.
      Interlocked control relay 64 is disconnected even though toggle switch 40
      is still connected. The cycle may subsequently be started over by opening
      and then closing toggle switch 40 and subsequently pressing start button
      41.
PAR  Timing relay 88 controls solenoid valve 32, which regulates the flow of
      chemicals from pressure tank 10 to the chemical supply reservoir 2, and
      solenoid valve 34 which vents the pressure tank 10.
PAR  A latitude of modification, change and substitution is intended in the
      foregoing disclosure and in some instances some features of the invention
      will be employed without a corresponding use of other features.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control mechanism for regulating the injection of chemicals comprising
      a cam motor connected to a power source, first normally closed contacts
      connected in series with said cam motor, a toggle switch connected in
      series with said first normally closed contacts and said cam motor, a
      first control circuit including second and third contacts, and a control
      relay connected in series from between said toggle switch and said first
      normally closed contacts across said source and having fourth contacts and
      a light connected in series across said first normally closed contacts,
      said third contacts, and said control relay, and additionally having a
      conductor connected from between said light and said fourth contacts to
      between said control relay and said third contacts, a second control
      circuit including a first push button switch, fifth contacts, and second
      control relay connected in series from between said toggle switch and said
      first normally closed contacts to first control circuit side and across
      said source, and having sixth contacts connected across said fifth
      contacts, a pressure control circuit including seventh contacts, a pump
      motor, eight contacts connected in series from said first normally closed
      contacts and across said power source, and having a second push button
      switch connected across said eight contacts, and a solenoid valve circuit
      including ninth normally open contacts and a control relay connected in
      series across said cam motor, a parallel circuit combination including
      tenth normally closed contacts, a first solenoid coil connected in series
      with said tenth normally closed contacts, a second solenoid coil, eleventh
      normally open contacts connected in series with said second solenoid coil,
      with said series combination of said first solenoid coil and said tenth
      normally closed contacts connected in parallel with said series
      combination of said second solenoid coil and said eleventh normally open
      contacts and with said parallel circuit combination connected in series
      with twelfth normally closed contacts, a time relay connected across said
      parallel circuit combination and with said twelfth normally closed
      contacts and thirteenth normally open contacts connected in series to said
      twelfth normally closed contacts and with said combination of said
      thirteenth normally open contacts, said twelfth normally closed contacts
      and said parallel circuit combination connected across said cam motor, and
      a fourteenth normally open contact connected from between said ninth
      normally open contacts and said control relay to between said twelfth
      normally closed contacts and said thirteenth normally open contacts.
NUM  2.
PAR  2. A control mechanism for regulating the injection of chemicals according
      to claim 1, including a pressure tank circuit including a second time
      relay connected across said power source and a solenoid valve circuit
      including a third solenoid valve coil connected in parallel with a fourth
      solenoid valve coil, fifteenth normally open contacts connected in series
      with said third and fourth solenoid valve coils with said solenoid valve
      circuit connected across said second time relay and, sixteenth normally
      closed contacts connected in series with said toggle switch.
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ABST
PAL  A brushless motor with a permanent magnet as a rotor is disclosed in which
      the rotational position of the rotor is detected by Hall elements thereby
      to control a transistor, which in turn is used to control the current
      flowing in the stator winding.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a brushless motor, or more in particular to a
      brushless motor using a semiconductor switching element, especially a
      transistor switching element.
PAR  2. Description of the Prior Art
PAR  A brushless motor is well known which comprises a rotor made of a
      magnetized permanent magnet and a stator provided around the rotor in
      spaced relationship therewith, so that the current in the stator windings
      is controlled by magnetically detecting the rotor position. In many of
      this type of small-sized brushless motor, a transistor is used as a
      switching means to control the current in the stator windings. As is well
      known, the transistor has an emitter, a collector and a base and controls
      the current between the emitter and collector by means of the current
      flowing in the base, except for the field effect transistor in which the
      current is controlled by a gate voltage. The control range of these
      transistors including the thyristor, however, depends on the magnitude of
      voltage and it is difficult to accomplish the switching operation
      successfully in an electrical circuit involving a high voltage. It is
      possible to widen the control range by the use of a transistor with a high
      breakdown voltage, but it has the disadvantage of high cost. Further, it
      is technically difficult to provide a high breakdown voltage in an
      integrated circuit construction of the control circuit network.
PAR  On the other hand, a voltage is often induced by the inductance in the
      winding when the motor winding current is controlled, especially when the
      winding current is cyclically cut off. The magnitude of the induced
      voltage, the generation of which is only for a short duration, is
      proportional to the speed with which the current is cut off, the magnitude
      of the current cut off and the magnitude of the inductance. Therefore, if
      a transistor with a comparatively low breakdown voltage is to be used,
      some measure must be taken to prevent the generation of the induced
      voltage.
PAR  Also, it is necessary to review such a preventive measure when the voltage
      induced in the stator windings by the rotation of the rotor is utilized in
      automatically regulating the motor at a constant speed.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the invention to provide a brushless motor
      constructed of a semiconductor switch low in breakdown voltage.
PAR  Another object of the invention is to provide a brushless motor the speed
      of which is controllable.
PAR  A further object of the invention is to provide a brushless motor the
      circuits of which are easily integrated.
PAR  According to one aspect of the invention, in a brushless motor having a
      permanent magnet rotor the rotational position of which is detected to
      control a semiconductor switch for controlling the current in the stator
      windings, a bypass circuit is connected in parallel to the stator windings
      so as to absorb an induced voltage in excess of the voltage induced in the
      stator windings by rotor rotation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a circuit diagram showing an electrical connection of the
      brushless motor according to the invention.
PAR  FIG. 2 is a diagram schematically showing the construction of the brushless
      motor according to the invention.
PAR  FIG. 3 shows a waveform of the emitter-collector voltage of the switching
      transistor.
PAR  FIG. 4 is a circuit diagram showing the electrical connection of a
      modification of the bypass circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The electrical connections of the brushless motor according to the
      invention will be described with reference to FIG. 1. Reference symbols
      M.sub.1, M.sub.2 and M.sub.3 show stator windings each of which is
      connected commonly to the positive power line B.sub.1 at one end thereof
      and the other end thereof to the collectors of NPN transistors T.sub.1,
      T.sub.2 and T.sub.3. The emitters of the transistors T.sub.1 to T.sub.3
      are connected to the negative power line B.sub.2. Reference symbols
      H.sub.1, H.sub.2 and H.sub.3 show Hall elements which may be alternatively
      composite circuits including amplifier circuits and the like and produce
      an output under the influence of the N pole magnetic field of the rotor
      R.sub.0 thereby to supply base current to corresponding transistors
      T.sub.1 to T.sub.3 respectively. One of the bias terminals of each of the
      Hall elements H.sub.1 to H.sub.3 is connected commonly to the negative
      power line B.sub.2, while the other terminal thereof is connected in
      common to the collector of transistor T.sub.0. Symbols D.sub.1, D.sub.2
      and D.sub.3 show diodes the anodes of which are connected to the ends of
      the stator windings M.sub.1 to M.sub.3 respectively on the side of the
      collectors of the transistors T.sub.1 T.sub.2 and T.sub.3, the cathodes
      thereof being connected in common to the reference terminal of the voltage
      comparator VC. ZD shows a zener diode inserted between the junction point
      of the cathodes of the diodes D.sub.1 to D.sub.3 and the power line
      B.sub.2 in such a manner that the zener diode is energized to form a
      bypass for the stator windings M.sub.1 to M.sub.3 when the cathode output
      voltage exceeds the threshold level over the speed voltage induced in the
      stator windings M.sub.1 to M.sub.3 by the rotation of the rotor R.sub.0.
      Therefore, the zener voltage of the zener diode ZD may be equal to the
      level, which is not desired to be delivered as an output, over the speed
      voltage induced in the stator windings M.sub.1 to M.sub.3 in response to
      the maximum rotational speed expected to the rotor R.sub.0 so that it need
      not be energized by a voltage lower than such a speed voltage level. The
      transistor T.sub.0 is of PNP type and has an emitter connected to the
      power line B.sub.1 , the base thereof being connected to the output
      terminal of the voltage comparator VC. The voltage comparator VC which
      comprises a differential amplifier circuit or the like is provided for the
      purpose of comparing the speed voltage V.sub.0 with the reference voltage
      V.sub.S so that the base current of the transistor T.sub.0 is increased
      when V.sub.S is higher than V.sub.0.
PAR  Next, the relation of the physical positions of the rotor R.sub.0, stator
      windings M.sub.1 to M.sub.3 and the Hall elements H.sub.1 to H.sub.3 will
      be explained with reference to FIG. 2.
PAR  Reference symbols St.sub.1, St.sub.2 and St.sub.3 show stator cores with
      their magnetic axes arranged at 120.degree. and with the stator windings
      M.sub.1 to M.sub.3 wounded thereon in such a direction that the currents
      i.sub.1, i.sub.2 and i.sub.3 flow in the directions of the arrows and each
      of the stator cores forms an N pole. The Hall elements H.sub.1 to H.sub.3
      are also arranged at angular intervals of 120.degree..
PAR  The magnetization of the magnetic poles of rotor R.sub.0 around the
      magnetic axes is effected as follows: The stator cores St.sub.1 to
      St.sub.3, Hall elements H.sub.1 to H.sub.3 and rotor R.sub.0 are arranged
      in such a way that the Hall element H.sub.1 enters a working stage under
      the magnetic fluxes of the N pole of the rotor R.sub.0 immediately after
      the passage of the N pole magnetic axis of the rotor R.sub.0 through the
      magnetic axis of the stator core St.sub.1 , while the Hall element H.sub.3
      is released from the N pole and enters a cut-off phase immediately before
      the magnetic axis of the S pole reaches the magnetic axis of the stator
      core St.sub.3. Instead of the foregoing arrangement in which the Hall
      elements are energized by the magnetic fluxes of N pole, the currents
      i.sub.1 to i.sub.3 may be made to flow in the opposite direction in the
      stator windings if the Hall elements are to be energized by the magnetic
      fluxes of S pole.
PAR  The operation of the brushless motor according to the invention will be
      explained below. In the state shown in the drawings, the Hall element
      H.sub.3 is under the N pole of rotor R.sub.0 and therefore the transistor
      T.sub.3 is in the conductive state, so that current .sub.3 flows in the
      stator winding M.sub.3 and therefore the stator core St.sub.3 is
      magnetized to the N polarity. As a result, the stator core St.sub.3
      attracts the S pole of the rotor R.sub.0 thereby to generate torque in the
      direction as shown by the arrow. At this time, the emitter-collector
      voltage V.sub.T3 of transistor T.sub.3 is in the ON phase as shown in FIG.
      3. When rotor R.sub.0 begins to rotate and the periphery of the N pole of
      the rotor R.sub.0 reaches a position opposite to the Hall element H.sub.1
      , the transistor T.sub.1 is energized in like manner, and the transistor
      T.sub.3 is eventually cut off as the Hall element H.sub.3 is released from
      the N pole. Under this condition, the voltage liable to be induced in the
      stator winding M.sub.3 is
      ##EQU1##
      where L.sub.3 is the inductance of the stator winding M.sub.3, di.sub.3
      the cut-off current and dt the cut-off speed or cut-off time. As shown in
      FIG. 3, however, when the induced voltage V.sub.L3 reaches the zener
      voltage V.sub.Z of the zener diode ZD, a current flows in the closed
      circuit including the stator winding M.sub.3 , diode D.sub.3 , zener diode
      ZD and stator winding M.sub.3 , with the result that the induced voltage
      V.sub.L3 is dampened by the zener voltage V.sub.Z. Therefore, the voltage
      applied to the transistor T.sub.3 is dampened by the sum of the source
      voltage V.sub.B and zener voltage V.sub.Z. In this way, when the
      transistor T.sub.3 enters a conductive state, the source voltage V.sub.B
      as well as the induced voltage V.sub.0m in the stator winding M.sub.3 due
      to the S pole are applied between the emitter and collector of the
      transistor T.sub.3. The induced voltage V.sub.0m, which is directly
      proportional to the rotational speed of the rotor R.sub.0, is applied to
      the comparator V.sub.C as a speed voltage V.sub.0 through the diode
      D.sub.3 and compared with the reference voltage V.sub.S. If V.sub.S is
      lower than V.sub.0, the transistor T.sub.0 is cut off or its collector
      current reduced thereby to reduce the bias current in the Hall elements
      H.sub.1 to H.sub.3 and hence the output current thereof, so that the
      current made to flow in the stator windings M.sub.1 and M.sub.2 by the
      transistors T.sub.1 and T.sub.2 is reduced. If V.sub.0 is lower than
      V.sub.S, on the other hand, the reverse is the case, resulting in an
      increased current flowing in the stator windings M.sub.1 and M.sub.2. In
      view of the fact that the rotational torque generated in the rotor R.sub.0
      is proportional to the current in the stator windings M.sub.1 to M.sub.3 ,
      a constant speed control is made possible by regulating the magnitude of
      the current according to the magnitude of the speed voltage V.sub.0 as
      explained above. By the way, if the set speed is to be changed, it is
      easily achieved by changing the reference voltage V.sub.S applied to the
      voltage comparator VC.
PAR  Next, a modification of the bypass circuit will be explained with reference
      to FIG. 4. The anode of the zener diode ZD is connected to the base of the
      NPN transistor Ta, the collector of which is connected to the cathodes of
      the diodes D.sub.1 to D.sub.3, the emitter thereof being connected to the
      power line B.sub.1 . In this circuit, the current flowing in the zener
      diode ZD is amplified into the emitter-collector current of the transistor
      Ta, thus making it possible to reduce the current capacity of the zener
      diode ZD.
PAR  The present invention may be modified as mentioned below without departing
      from the spirit of the inventionn.
PAL  [Relationship of physical positions of the rotor, stator and Hall elements]
PAR  The rotational torque of the rotor is generated by the electromagnetic
      attractive force or repulsive force between the rotor and stator, whereas
      the Hall elements regulate the electromagnetic opposite polarities of the
      rotor and stator in such a manner as to fix the direction of the
      attractive force or repulsive force therebetween. Therefore, the range of
      rotor magnetization, shape of the stator cores and the physical positions
      of the Hall elements may be modified so far as the above-mentioned
      principle is maintained.
PAL  [Hall elements]
PAR  Even though the brushless motor according to the present invention employs
      Hall elements as rotor position detector means for convenience of
      illustration, they may be replaced by other appropriate magnetically
      sensitive elements capable of detecting the relative positions of the
      rotor and stator in response of the magnetic polarity of the rotor. Also,
      a photo-electric conversion system may be used to detect the position of
      the rotor.
PAL  [Zener diode]
PAR  In view of the fact that a bypass circuit in parallel to the stator
      windings is formed to prevent the increase in the induced voltage in the
      stator winding when it exceeds the voltage induced due to the rotor
      rotation, the zener diode may be replaced by another type of semiconductor
      element or circuit having similar characteristics.
CLMS
STM  We claim:
NUM  1.
PAR  1. A brushless motor comprising a rotor with a permanent magnet, a stator
      with stator windings disposed around the rotor at spaced intervals, a
      plurality of first control means each associated with respective ones of
      said stator windings for producing an output in accordance with the
      rotational position of the rotor, and an electric control circuit for
      controlling a current flowing through each of the stator windings in
      accordance with the output of said first control means, wherein said
      electric control circuit comprises a plurality of transistors connected in
      series with respective stator windings, the control terminals of said
      transistors being connected with the output of respective ones of said
      first control means, voltage comparator means for comparing a reference
      voltage and the voltage induced in each of said stator windings in
      accordance with the rotation of said rotor, second control means for
      controlling said first control means in response to the output of said
      voltage comparator means, and bypass circuit means connected in parallel
      with each of said stator windings for allowing a current due to a voltage
      induced in each of the stator windings to flow back to the stator
      windings, said bypass circuit comprising a constant voltage element to
      eliminate a voltage level higher than the level of said voltage induced in
      accordance with the rotation of the rotor.
NUM  2.
PAR  2. A brushless motor according to claim 1, in which said constant voltage
      element consists of a zener diode.
NUM  3.
PAR  3. A brushless motor according to claim 1, in which said bypass circuit
      comprises a transistor in parallel to said stator windings, and said
      constant voltage element consists of a zener diode for controlling the
      base current of said transistor.
NUM  4.
PAR  4. A brushless motor according to claim 1, in which said first control
      means comprises a plurality of Hall elements arranged around said rotor,
      the output terminals of said Hall elements being connected to said control
      terminals of said transistors respectively.
NUM  5.
PAR  5. A brushless motor according to claim 4, in which the bias terminals of
      said Hall elements are connected to the output of said second control
      means.
NUM  6.
PAR  6. A brushless motor comprising a totor having a permanent magnet, a stator
      including a plurality of cores disposed about said rotor at spaced
      intervals and a stator winding disposed on each core, a plurality of
      transistors each connected in series with one of said stator windings and
      each having a control terminal, a plurality of control means each
      associated with a respective one of said stator windings for applying to
      the control terminal of the transistor connected to the associated stator
      winding an output in accordance with the rotational position of said
      rotor, and bypass circuit means connected in parallel with each stator
      winding for short-circuiting said stator winding in response to induction
      in said stator winding of a voltage above a predetermined level.
NUM  7.
PAR  7. A brushless motor as defined in claim 6 wherein said bypass circuit
      means comprises a zener diode.
NUM  8.
PAR  8. A brushless motor as defined in claim 7, further comprising a plurality
      of diodes each connected between one side of a respective stator coil and
      a common point to which one side of said zener diode is connected, the
      other side of said zener diode being connected to the other side of each
      of said stator coils, and speed control means connected to each of said
      diodes and to each of said control means for controlling the speed of the
      motor.
NUM  9.
PAR  9. A brushless motor as defined in claim 8 wherein said control means each
      comprise a Hall effect element disposed at a preselected position with
      respect to said rotor.
NUM  10.
PAR  10. A brushless motor as defined in claim 9 wherein said speed control
      means includes a voltage comparator having one input connected to the
      point of connection of said diodes and said zener diode and a second input
      for receiving a reference voltage, and a control transistor connected
      between the end of each stator winding connected to said zener diode and
      each Hall effect element, the output of said voltage comparator being
      connected to the control terminal of said control transistor.
NUM  11.
PAR  11. A brushless motor as defined in claim 6 wherein said bypass circuit
      means comprises a bypass transistor connected across said stator windings
      and a zener diode connected between the control terminal of said bypass
      transistor and one side of each stator winding.
NUM  12.
PAR  12. A brushless motor as defined in claim 11, further comprising a
      plurality of diodes each connected between said one side of a respective
      stator coil and a common point to which one side of said zener diode is
      connected, and speed control means connected to each of said diodes and to
      each of said control means for controlling the speed of the motor.
NUM  13.
PAR  13. A brushless motor as defined in claim 12 wherein said control means
      each comprise a Hall effect element disposed at a preselected position
      with respect to said rotor.
NUM  14.
PAR  14. A brushless motor as defined in claim 13 wherein said speed control
      means includes a voltage comparator having one input connected to the
      point of connection of said diodes and said zener diode and a second input
      for receiving a reference voltage, and a control transistor connected
      between the end of each stator winding connected to said zener diode and
      each Hall effect element, the output of said voltage comparator being
      connected to the control terminal of said control transistor.
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ABST
PAL  Motor drive and servo systems particularly useful in high quality broadcast
      video tape recorders. A sine/cosine drive for a brushless DC motor permits
      high motor efficiency in a system adapted for use in a servo loop. A
      technique for phase locking a pair of frequency related phase locked
      control variable signals to a pair of frequency related reference signals,
      horizontal and vertical sync signals, for example, provides the advantages
      and precision of closed loop correction at widely variable correction
      rates. More accurate tape shuttling in a VTR is provided by running a DC
      motor in a phase locked loop as a synchronous motor and more accurate
      stopping of the tape is provided by comparing the capstan speed to ground
      in a closed loop. Improved tape tension control in the head area is
      provided by a pair of vacuum columns controlled by an error signal derived
      from the peak-to-peak tension error.
PARN
PAR  This is a continuation-in-part of application Ser. No. 285,917, filed Sept.
      1, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to servo systems and motor drive systems and
      particularly to such systems when used in a video tape recorder (VTR).
PAR  Typically, in a videotape recorder the video heads are carried on a
      rotating member driven by a motor. In order to carry out various
      operations of the VTR it is necessary to precisely control the rotation of
      the motor. While Dc motors are particularly suited to such uses, the means
      for commutating the motor is a problem particularly if high motor
      efficiency is desired so that heat generation is minimized near the motor
      and associated critically dimensioned mechanical elements. Prior art DC
      motor commutation has included the use of Hall devices which reduce the
      motor efficiency and various optically commutated approaches which
      sequentially energize the motor stator windings. However, these prior art
      approaches do not optimize motor efficiency nor are they easily adapted to
      applications where control voltages are applied for causing small changes
      in the motor rotation as is required in synchronizing a VTR.
PAR  There are many applications, including synchronizing-generator locking in
      television studios and the synchronizing of VTR's to external reference
      timing signals wherein two control variable signals, such as a horizontal
      line rate synchronizing signal and a vertical (frame or field) rate
      synchronizing signal (each in frequency and phase lock with each other)
      are both to be phase locked to two external reference horizontal rate and
      vertical rate signals. A prior art approach in the generator locking art
      is to lock the local horizontal to the reference horizontal in a phase
      locked loop, then to compare the reference vertical and local vertical
      phase and "slip" the local vertical by increments of horizontal lines
      until vertical phase lock is achieved. For example, see U.S. Pat. No.
      2,720,555 to I. A. Krause. While this approach is acceptable in generator
      locking because the local vertical is related to the local horizontal in a
      count down divider chain, it is not applicable to the VTR situation where
      the local vertical and local horizontal are inherently tied to each other.
      That is, in order to rephase the local vertical, the local horizontal must
      also shfit unlike the generator locking case where the local vertical can
      be moved independently of the local horizontal.
PAR  Prior art VTR approaches to this phase locking problem have typically
      sought to achieve vertical phase lock by developing an analog error signal
      representing the vertical phase error and using this error signal to
      provide an open loop steering of the capstan servo loop, hence moving the
      horizontal and consequently, rephasing the vertical. Such approaches tend
      to be rather abrupt, imprecise and uncontrolled because they do not retain
      a closed loop situation during the correction step or steps.
PAR  An ancillary problem in VTR's is the precise control of the videotape in
      shuttle and stop modes. In manual operation and particularly in automatic
      or semi-automatic search modes where it is desired to rapidly find and
      park at a particular address on the tape the prior art VTR's have provided
      imprecise open loop shuttling and stopping.
PAR  A further problem in high quality VTR's is the introduction of tape tension
      correction in the video head area. Due to contraction or expansion of the
      videotape between recording and playback, which often may be months or
      years under widely variant temperature and humidity, it it necessary to
      provide a mechanical stretching across the head area so that the original
      tape dimensions with respect to the recorded signals are duplicated as
      closely as possible. The prior art has made this correction by driving a
      flywheel type oscillator with the off-tape horizontal sync signals and
      generating an error signal by comparing the instantaneous off-tape
      horizontal signals with the oscillator output once at the head switch
      time. This single sample approach has the disadvantage of permitting
      common mode DC errors to decrease the accuracy of the correction signal.
      Moreover, the prior art error signals have typically been used to control
      electromagnetic means on one side of the tape head area acting against the
      capstan on the other side of the tape head area, thus requiring a
      relatively high friction tape path.
PAC  SUMMARY OF THE INVENTION
PAR  These and other problems arising in prior art techniques are solved
      according to the teachings of the present invention.
PAR  A motor drive for brushless DC motors is provided having sine wave drive
      including an optical disc with light sources and sensors generating sine
      and cosine signals which modulate the drive current to the motor phases. A
      complete sine wave cycle is provided on the disc for each pair of motor
      poles.
PAR  The sine and cosine track outputs are amplified to drive the stator
      windings so producing a rotating stator vector which is always in advance
      of the rotor vector by a fixed angle whatever the acceleration or
      velocity. The speed is controlled by varying the gain of the drive
      amplifiers.
PAR  A further embodiment of the motor drive for brushless DC motors employs any
      means such as a simple disc for providing a signal related to the motor
      rotor angular position. From that signal the sine/cosine drive information
      is electronically derived. Also, the position information can be used to
      control the motor in a closed loop position servo arrangement. Digital
      information can also be derived from the rotor angular position signal. A
      high motor efficiency is achieved permitting the substantial heat loss to
      be dissipated in the motor drive amplifiers which may be located away from
      heat sensitive mechanisms driven by the motor. The arrangement also
      facilitates the inclusion of the motor and drive circuitry in a servo loop
      in which the motor may be advantageously controlled for resolving phase
      errors, for example.
PAR  A "missed pulse" approach for bringing a pair of phase locked control
      variables both into phase lock with a pair of reference signals is
      provided. Phasing of the lower frequency control variable is provided by
      causing the main phase locked loop, which locks the higher frequency
      control variable to the higher frequency reference signal to rephase
      itself by incrementally slowing down or speeding up in one or more steps
      of 2.pi. radians of the loop carrier frequency. The rate of correction is
      variable from an extremely slow rate up to a maximum determined by the
      loop bandwidth. The correction time is thus completely predictable and
      repeatable for a given phase error and the correction is accomplished
      using the loop itself with its inherent stability. While applicable to
      generator locking, the approach is particularly useful in videotape
      recorders in controlling the phasing of video head scanners or tape
      capstans. Thus, for example, the phase locked loop may be used to bring
      the tape horizontal into phase lock with an external reference horizontal
      signal, such as the television studio sync. However, there are many phases
      of the horizontal sync that the tape vertical sync may be related to and
      it would be pure chance for the tape vertical sync to be in phase lock
      with the reference vertical sync. Hence, single horizontal pulses are
      either added or subtracted from the loop one at a time, causing it each
      time momentarily to speed up or slow down (a 2.pi. radian change of the
      carrier frequency) and relock at a different horizontal phase until the
      vertical phase error is resolved.
PAR  In order to provide a more precise control of tape shuttling and stopping,
      a unique approach is provided in the tape capstan drive system. While a DC
      motor is used, it is effectively converted to a synchronous motor by a
      phase locked loop which receives variable DC control voltages as
      references in order to provide precise speed control of the motor and
      capstan over a wide speed range. As zero speed is approached, a ground
      reference is provided in the motor loop to cause active stopping of the
      capstan. The stopping point is predictable and once reached the closed
      loop provides a high mechanical resistance to capstan movement.
PAR  An improved tape tension technique is provided by deriving the tension
      error signal from the peak-to-peak error occurring at the head switches.
      That is, the difference between the off-tape and flywheel oscillator
      horizontal is looked at both before and after the head switch to generate
      a difference signal, thus eliminating common mode errors. Further, in
      order to facilitate a low friction tape path, the tension correction is
      mechanically introduced by varying the vacuum in vacuum columns located on
      each side of the video head area.
PAR  These and other advantages and features of the present invention will be
      recognized more fully as the detailed description of the embodiments,
      claims and accompanying drawings are read and understood. It will be
      understood that although the invention is described with respect to a
      helical scan VTR that it is in most respects applicable to other type
      VTR's and moreover is applicable to environments other than in VTR's.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a videotape recorder console in which the
      servo and motor drive systems according to the present invention may be
      used.
PAR  FIG. 2 is a perspective view of a portion of the videotape recorder deck or
      transport assembly shown in FIG. 1.
PAR  FIG. 3 is a partially cut-away schematic perspective view of a scanner
      assembly used in the transport assembly of FIG. 2.
PAR  FIG. 4 is an exploded perspective view of FIG. 3.
PAR  FIG. 5 is a further schematic perspective view of the scanner assembly of
      FIG. 3, showing its major subassemblies and the location of the control
      track head.
PAR  FIG. 6A is a plan view of the rotating tachometer disc used in the scanner
      assembly of FIG. 3.
PAR  FIG. 6B is an enlarged section of the tachometer disc of FIG. 6A.
PAR  FIG. 6C is a sinusoidal waveform generated by the tachometer disc of FIG.
      6A.
PAR  FIG. 7 is a plan view of the stationary tachometer disc used in the scanner
      assembly of FIG. 3.
PAR  FIG. 8 is a plan view of a light source holder used in the scanner assembly
      of FIG. 3.
PAR  FIG. 9 is a plan view of a light sensor holder used in the scanner assembly
      of FIG. 3.
PAR  FIG. 10 is a schematic block diagram of a motor drive circuit for a
      brushless DC motor.
PAR  FIGS. 11-14 are waveforms useful in understanding FIG. 10.
PAR  FIG. 15 is a general block diagram of the "miscount" phasing system
      according to the present inventinn.
PAR  FIGS. 16A-N are a series of waveforms useful in understanding FIG. 15.
PAR  FIG. 17 is a timing diagram useful in understanding FIG. 15.
PAR  FIGS. 18A and 18B are a block diagram of a scanner and capstan servo
      systems of a video tape recorder according to the present invention.
PAR  FIG. 19 is a partially cut-away perspective view of the capstan assembly.
PAR  FIG. 20 is an exploded view of FIG. 19.
PAR  FIG. 21 is a graph useful in understanding the operation of the capstan
      motor.
PAR  FIG. 22A is a plan view of the rotating capstan tachometer disc.
PAR  FIG. 22B is an enlarged detail of a portion of FIG. 22A.
PAR  FIG. 23A is a plan view of the stationary tachometer disc.
PAR  FIG. 23B is an enlarged detail of a portion of FIG. 23A.
PAR  FIG. 23C is an enlarged detail of a further portion of FIG. 23A.
PAR  FIG. 24A is a graph of the active stop loop bandwith.
PAR  FIG. 24B is a graph of the active stop loop error voltage as it approaches
      a stopped condition.
PAR  FIG. 24C is a block diagram of a circuit used in conjunction with the
      active stop loop.
PAR  FIG. 25A is a block diagram of the tape tension servo according to the
      present invention.
PAR  FIG. 25B is a set of waveforms useful in understanding FIG. 25A.
PAR  FIG. 26 is a schematic, partially block diagram of a modified embodiment of
      a portion of FIG. 25A.
PAR  FIG. 27 is a block diagram of an alternative embodiment of the brushless DC
      motor drive according to the present invention.
PAR  FIG. 28A-H is a series of waveforms useful in understanding FIG. 27.
PAR  FIG. 29 is a partially block schematic diagram showing a modification of
      FIG. 27 for deriving digital information.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, perspective views of a video tape recorder
      deck or transport assembly 8 which desirably includes the servo systems
      according to the present invention are shown. The assembly includes an
      upper deck plate portion 10 and a lower deck plate portion 12: due to the
      nature of the helical scan wrap around scanner assembly 42, the supply and
      take up portions of the deck assembly 8 are displaced in height. A supply
      reel 14 is held by a hub 15 fixed to the upper deck plate 10. Video tape
      28 from supply reel 14 passes around an air bearing guide post 34 and
      loops into a first vacuum column 30. Tape 28 comes out of vacuum column 30
      around a further air bearing guide post 36 to a scanner assembly air
      bearing guide post 40. A full tape width bulk erase head 38 is located
      between posts 36 and 40 so as to contact the tape 28. The scanner assembly
      42, described in further detail below, along with the input and output air
      bearing guide posts 40 and 44 form an angle of about 19.55.degree. with
      the plane of deck plates 10 and 12 in order to provide the desired video
      track angle of about 19.55.degree..
PAR  Tape 28, guided by posts 40 and 44 forms a wrap of about 188.57.degree.
      around the scanner assembly 42. An air bearing is also provided around the
      scanner assembly 42. A vacuum collar (not shown) separates the tape 28
      from the scanner assembly 42 when the tape is shuttled at high speeds.
      After passing around post 44, the tape 28 contacts three record/playback
      head stacks 46, 48 and 50 as described further in connection with FIGS.
      9A, 9B and 9C. Head stacks 46, 48 and 50 carry various audio, audio cue,
      address code, video confidence and erase heads.
PAR  Tape 28 then passes around capstan 52, loops into a second vacuum column
      32, and passes around a further air bearing guide post 54 to take up reel
      16 held by hub 17 on the lower deck plate 12. Vacuum columns 30 and 32
      cooperate in tandem to provide a variable vacuum pull on each side of the
      scanner assembly 42, thus permitting a variable tape tension as explained
      further below. The entire tape path has very low friction due to the use
      of air bearing members and the use of vacuum columns for tension control.
      Further, details of the deck assembly including the vacuum columns 30 and
      32 and the scanner assembly 42 are disclosed in a copending application of
      Frank S. C. Mo and Vernon R. Natwick, entitled Magnetic Tape Transport
      System, Ser. No. 285,923, filed Sept. 1, 1972 and assigned to the same
      assignee as this application and in a continuation-in-part application of
      said Ser. No. 285,923 application filed on or about Apr. 25, 1973 and
      assigned to the same assignee as this application. Further details of an
      improved high quality broadcast helical scan VTR format usable in the VTR
      described in connection with the present invention are disclosed in a
      copending application of Barrett E. Guisinger, entitled Helical Scan Wide
      Band Tape Recorder Apparatus and Method, Ser. No. 285,922, filed Sept. 1,
      1972 and assigned to the same assignee as this invention.
PAR  Referring now to FIGS. 3, 4 and 5, the scanner assembly 42 is shown in
      greater detail, although schematically, omitting mechanical details not
      necessary to the understanding of the present invention.
PAR  Scanner assembly 42 comprises a stationary drum portion 58 that is fixed to
      the deck plates 10 and 12. A housing 63 holds a motor 64, described in
      greater detail hereinafter, driving a central shaft 62 that carries a
      rotating drum portion 56 which is spaced apart from the stationary drum 58
      by a small gap 60. Drums 56 and 58 are both cylindrical and their outer
      surface dimensions are machined for close tolerance with each other,
      although due to the configuration of the scanner assembly 42, the
      tolerance is not as exacting as would typically be required because about
      80% of the tape wrap is around the upper rotating drum 56.
PAR  Three heads, a first video head 66, a second video head 68 and a scanning
      erase head 70, are carried in the upper drum in a single plane
      perpendicular to the shaft 62. The tape contacting tips of the heads
      extend slightly beyond the drum periphery in order to contact the tape 28
      when it is wrapped around the scanner assembly 42. The scanning erase head
      is dimensioned to erase two video tracks per revolution. Video heads 66
      and 68 are hot pressed ferrite type having frequency responses well beyond
      12 MHz.
PAR  A rotating optical disc 74 is fixed to shaft 62 and therefore rotates in
      synchronism with the rotating drum 56. Disc 74 carries an outer set of
      indicia 76 for use in driving the motor, and an inner set of indicia 78 to
      provide tachometer pulses and an indicator of the video head 66 (head "1")
      position, as will be explained further below in connection with FIGS. 6A,
      6B and 6C.
PAR  A static (stationary) disc having slots 82 is positioned in juxtaposition
      below the rotating disc 74. The slots operate in conjunction with the
      rotating disc 74 and sets of light sources and light sensors to provide
      desired signals. Further details of the static disc 80 are set forth in
      the discussion of FIG. 7.
PAR  A horseshoe shaped stationary member 72 is located adjacent and above the
      rotating disc 74. Member 72 holds a plurality of light sources as will be
      shown in further detail in FIG. 8.
PAR  A second horseshoe shaped stationary member 84 is located adjacent and
      below static disc 80. Member 84 holds a plurality of light sensors as will
      be shown in further detail in FIG. 9.
PAR  Referring now to FIGS. 6A and 6B, the details of the rotating optical disc
      74 are shown in greater detail. Disc 74 is circular with a central
      circular cutout 85 for drive shaft 62. Except for the slots to be
      described, the disc 74 is opaque to light. A series of forty trapezoidal
      slots or optically clear areas comprising indicia 78 are equally spaced
      around the disc. Each area 78 is of the same size and is located the same
      radial distance along the disc 74. One area 78 has a further slot or clear
      area 86 abutting it. Slot 86 is used to provide an indication of the video
      head 66 (head "1") position. Disc 74 is precisely aligned with the
      rotating drum 56. Line 88 indicates the centerline and gap of the video
      head 66 (head "1"). One hundred and eighty degrees away, line 90 indicates
      the centerline and gap of the video head 68 (head "2"). The precise
      180.degree. separation of the two video heads is critical in order to
      avoid "dihedral" errors in record and playback.
PAR  The further set of indicia 76, located outside indicia 78 are intended to
      provide a sinusoidal light transmission. The sinusoidal waveform results
      from providing narrow slots 94 between a pair of radial distances on the
      disc 74 with the adjacent spacing between slots 94 varied so that the
      light transmission varies in the desired sinusoidal pattern. Although not
      shown for clarity in FIG. 6B, the slots 94 are continuously located around
      the disc with their spacing varied according to the desired sinusoidal
      waveform shown in FIG. 6C. Thus, the mark-space ratio defined by slots 94
      produces a sine wave output as the disc 74 rotates.
PAR  In FIG. 6, the static disc 80 is shown in greater detail. The disc is
      circular and substantially identical in diameter to disc 74. A central
      circular aperture 95 is provided for mounting. The details of mounting
      discs 80 and 74 are omitted as nonessential to the invention's
      understanding. Disc 80 is opaque to light and a pair of viewing apertures
      96 and 98 located radially to line up with the slots 94 in disc 74 provide
      a look at sine and cosine variations in the slots 94 because the viewing
      apertures 96 and 98 are spaced apart by 112.5.degree., the physical
      distance necessary to provide a 90.degree. electrical spacing for
      simultaneous sine and cosine readings from a single sine wave track. A
      viewing aperture 100 is located to read the area 86 indicating the video
      head 66 (head 1). A pair of viewing apertures 102 and 104, located
      180.degree. apart are positioned to read the slots 78.
PAR  FIGS. 8 and 9 show members 72 and 84, respectively, in greater detail.
      Member 72 holds a plurality of light sources in the correct position in
      relation to the fixed disc 80, the rotating disc 74, and the locations of
      the light sensors in member 84 so that signals are provided corresponding
      to:
PA1  1. each pass of the slot 86 over viewing area 100 to give a video head 66
      (head 1) pulse,
PA1  2. a pair of tachometer signals at 40 times the rotating disc 74 rate as
      slots 78 pass over viewing areas 102 and 104, and
PA1  3. simultaneous sine and cosine signals as the sine wave slots 94 pass over
      viewing areas 96 and 98. It will be apparent that many types of light
      sources and sensors can be used, for example, light emitting diodes
      (LED's) and phototransistors. LED 106 cooperates with phototransistor 116
      to provide a head 1 pulse once every rotation of disc 74; LED's 108 and
      110 cooperate with phototransistors 118 and 120, respectively, to provide
      two pairs of tachometer pulses at 40 times the disc 74 rotation rate;
      LED's 112 and 114 cooperate with phototransistors 122 and 124 to provide
      the sine and cosine signals.
PAR  A control track record and playback head 71 is located on the fixed drum 58
      in order to contact the tape 28 while wrapped around scanner assembly 42,
      thus reducing errors due to tape stretch and mechanical tolerances when
      the control track head is separated a distance from the video head
      assembly.
PAR  Referring now to FIG. 10, a schematic block diagram of the motor drive
      circuit for motor 64 is shown. Motor 64 is a two-phase, 8 pole brushless
      DC motor. The details of such a motor per se are well known in the art and
      form no portion of the invention. A further brushless DC motor drive
      circuit which can be also used with motor 64 is disclosed hereinafter with
      FIG. 27 and the accompanying description.
PAR  The sine and cosine signals from phototransistors 122 and 124 on lines 128
      and 138 are respectively applied to preamplifiers 130 and 140 whose
      outputs are connected to respective inputs of variable gain motor drive
      amplifiers (MDA's) 132 and 142. Each amplifier also receives an error
      signal on line 134 from further circuitry described hereinafter. A run
      buss 136 is also connected to each amplifier input. The output of sine MDA
      is applied to one of each pair of windings 126 and the output of the
      cosine MDA is applied to the other of each pair of windings 126. The other
      end of each winding 126 is grounded.
PAR  The motor rotor (not shown) has its magnetic poles (not shown) aligned so
      as to generate the sine and cosine output in correspondence with the pole
      position of the rotor. Thus no switching commutation scheme is required
      nor are Hall devices, which reduce motor efficiency, required. The motor
      torque is defined by a function of sin.sup.2 Wt + cos.sup.2 Wt which is
      equal to 1 (i.e. D.C.).
PAR  Since the optical disc 74 has resolution down to zero speed, the motor is
      self-starting.
PAR  By providing a brushless DC motor with a sine/cosine drive the motor
      efficiency is greatly increased over typical prior art approaches (to
      about 80% efficiency). Thus the motor dissipates substantially less heat
      which is a critical factor in many applications such as in a video tape
      recorder where heat producing elements are undesirable due to their effect
      on tight mechanical tolerances. Instead of dissipating large amounts of
      power in the motor, power is dissipated in the MDA's 132 and 142 which can
      be located away from critical components and which can be cooled more
      easily.
PAR  The present arrangement also provides excellent peak torque characteristics
      and linear motor transfer function.
PAR  FIG. 11 shows the sine and cosine waveforms at the preamplifiers (130 and
      140) or MDA's (132 and 142) indicating the north and south magnetic pole
      rotor action, and the ripple torque waveform which is 16HZ per revolution
      (2 phase .times. 8 poles).
PAR  FIG. 12 shows a plot of speed versus MDA (132 and 142) output voltage.
      Speed increases linearly until the limit of the MDA power supply is
      reached.
PAR  FIG. 13 shows one of a parallel family of curves of speed versus torque of
      the motor for a particular voltage. The torque is proportional to current;
      speed is proportional to voltage. When used in a video tape recorder, the
      motor provides substantial torque at the operating speed which may be, for
      example, 150Hz.
PAR  FIG. 14 shows a plot of the linear transfer function of motor in terms of
      gain versus frequency. The corner frequencies are shown at J and L/R
      represent the mechanical and electrical time constants, respectively. The
      curve slope is -1 from J to L/R and -2 beyond L/R.
PAR  The FIGS. 12-14 show the linearity of the motor system and confirm that the
      motor acts as a DC motor.
PAR  FIG. 15 shows in block diagram form a circuit and method useful for
      bringing a control variable signal "B" into frequency and phase lock with
      a reference signal B where the control variable signal B bears a fixed
      frequency and phase relationship to a further control variable signal "A"
      that is in frequency and phase lock with a further reference signal A,
      reference signal A bearing a fixed frequency and phase relationship to
      reference signal B. An understanding of this general circuit approach will
      be helpful in subsequent descriptions of the scanner and capstan servo
      loops herein. Moreover, it will be apparent that this circuit is
      applicable not only in video tape recorders but also in many other
      applications including "gen. locking" procedures in television studios.
PAR  Throughout this application, reference is made to television vertical and
      horizontal sync signals. In the United States and certain foreign
      countries, the field frequency for monochrome (black and white) is 30 Hz
      and for NTSC color is 29.94 Hz; the monochrome horizontal frequency is
      15,750 Hz and the color horizontal frequency is 15,734.26 Hz. In the
      remainder of the world a 625 line, 25 Hz system is prevalent. There are
      two major color encoding systems used in such systems: PAL and SECAM. In
      such systems the vertical frequency is 25 Hz and the horizontal frequency
      is 15,625 Hz. It is to be understood that the present invention is equally
      applicable to all major frequency and color standards.
PAR  FIG. 15 will be understood better in conjunction with the waveforms shown
      in FIGS. 16 and 17.
PAR  Initially, ignore miscount blocks 150, 152 and logic block 154. Assume that
      the input and output lines of miscount blocks 150 and 152 are connected
      together. Thus a portion of the circuit becomes a conventional phase
      locked loop that locks the control variable A (block 156) in frequency and
      phase lock with references A (block 158). Thus reference A and control
      variable A are both at frequency f.sub.1, phase .phi..
PAR  The reference A signal (FIG. 16A) from the reference A block 158, a square
      wave at frequency f.sub.1, phase .phi., is applied to one input of a
      velocity phase detector 160 and to a sample pulse generator 162. The
      control variable A signal from control variable A block 156, which is also
      at frequency f.sub.1, phase .phi., when the loop is locked is applied to a
      second input of the velocity phase detector 160.
PAR  The velocity phase detector 160 is also known in the art as a
      forward/backward or up/down counter. It provides one of three outputs:
      high if the reference pulse rate (frequency) is higher than the control
      variable pulse rate; low if the reference pulse rate is lower; and a
      toggle (FIG. 16E) (alternate high and low) output if the rates are the
      same. The toggling duty cycle depends on the phase of the reference and
      control variable: one causes the velocity phase detector to rise and the
      other causes it to fall.
PAR  The velocity phase detector 160 output drives a ramp generator contained in
      the sample pulse generator 162. A ramp (FIG. 16C) is initiated by the
      rising part of each detector output pulse, this being coincident with the
      control variable edge (FIG. 16E). The ramp is sampled by a pulse (FIG.
      16B) generated by the trailing edge of the reference A pulse (FIG. 16A).
      The ramp (FIG. 16C) is stopped during the sample so that a DC level is
      produced having no carrier frequency component. The nominal frequency of
      the control variable A and the reference signal A is the carrier frequency
      of the loop. Conventional loop compensation in block 164 is provided to
      achieve the desired loop bandwidth, damping, etc.
PAR  Now suppose there is a third signal, reference B, provided by block 166,
      directly related to the reference A signal (as by a divider, for example:
      reference B at a lower frequency) and there is also a fourth signal,
      control variable B, provided by block 168, that is directly related to
      control variable A (as by a divider, for example, control variable B at a
      lower frequency). It follows that the reference B signal (from block 166)
      and the control variable B signal (from block 168) are in frequency lock
      if the phase locked loop is in lock, but they are not necessarily in phase
      lock since there are numerous positions at which the higher frequency
      signals (reference A and control variable A) can be in phase lock without
      the lower frequency signals (reference B, control variable B) being in
      phase lock. This effect is shown in FIG. 17 where the reference A pulses
      170 are in frequency and phase lock with the control variable A pulses
      172. Likewise, the reference B pulses 174 are in frequency lock (although
      at a lower frequency) and phase lock with the reference A pulses 170.
      Pulses 170 and 174 are directly related to each other and move together.
      On the other hand, the control variable B pulses 176 are also in frequency
      lock (although at a lower frequency) and phase lock with the control
      variable A pulses 172.
PAR  However, it will be noted that while the reference B pulses 174 and control
      variable B pulses 176 are in frequency lock they are not in phase lock in
      this example. There are five phases of pulses 170 and 172 that the pulses
      174 and 176 can lock onto, hence, only by pure chance will pulses 174 and
      176 be in phase lock with each other. The ultimate purpose of the circuit,
      therefore, is to phase lock control variable B (pulses 176) to reference B
      (pulses 174). As will be explained, this is accomplished by "ratcheting"
      pulses 172 relative to pulses 170 in the main phase locked loop until the
      pulses 176 (which follow pulses 172) have "stepped" over into phase lock
      with pulses 174. Thus in the example of FIG. 16, the pulses 176 step
      incrementally to position 176' and to 176" where phase lock is achieved.
PAR  In order to achieve the required correction, the control variable A must
      either be speeded up or slowed down for a short period of time. In
      accordance with the invention, the frequency of the control variable A is
      changed in incremental steps which results in a movement of 2.pi. radians
      phase (of the loop carrier frequency). This is done by sequentially
      removing one or more pulses (i.e., "miscounting") from the control
      variable A or from the reference A signals that are applied to the
      velocity phase detector 160 until the reference B and control variable B
      signals are in phase lock. As a pulse is removed, the phase locked loop
      goes out of lock and a predictable amount of time is required for the loop
      to relock in frequency and then in phase. This time is less than the time
      between reference B pulses and the frequency of reference B must be
      smaller than about one-fifth to one-tenth of the reference A frequency.
      Pulses may be removed at any desired rate (the control rate) up to a rate
      equal to the frequency of reference B. If desired, a pulse could be
      removed only once a day (or month, etc.), however, this would make the
      time for resolving the error rather long. After the phase locked loop
      relocks following a pulse removal, the logic circuit 154 looks at
      reference B and control variable B to see if they are in phase lock. If
      not, it again removes a pulse. If the shortest direction for correction
      requires increasing the control variable A frequency, instead of slowing
      it down, then a pulse is removed inside the loop by miscount block 152. It
      will be noted that the reference signals are used as a time reference to
      gate out the control variable pulses and vice-versa.
PAR  Referring now particularly to FIGS. 15 and 16, the phase locked position of
      control variable B is shown at FIG. 16N. FIGS. 16J and 16L show reference
      B. If control variable B is phased as shown in FIG. 16K, then it should
      move to the left to resolve the error: it must speed up. In order to speed
      up the control variable A, a pulse is removed from the loop by the
      miscount block 152 gating out one of the control variable A pulses 172.
      The logic block 154 provides a gate signal (FIG. 16F) to block 152. The
      velocity phase detector 160 then goes high because the reference A signal
      rate is higher than the control variable A signal. The DC level (FIG. 16G)
      out of the ramp generator in sample pulse generator 162 rises causing the
      control variable to speed up. The loop then relocks, first in frequency,
      then in phase and the control variable A signals have shifted 2.pi.
      radians of the carrier frequency. In the same manner the error can be
      resolved in the other direction by the logic 154 providing a gate signal
      (FIG. 16H) to miscount block 150 in order to remove a pulse from reference
      signal A. Logic block 154 may take many forms and its design is well
      within the skill of an ordinary artisan in the art given the teachings
      herein of desired function.
PAR  As explained further hereinafter, one application of the circuit of FIG. 15
      is in a video tape recorder. Reference A can be the horizontal sync
      reference signals and reference B can be the vertical sync reference
      signals. The control variable A, which can be a videotape scanner carrying
      the video playback heads can be in phase lock with the reference
      horizontal signals and yet the scanner might not be in phase lock with the
      reference vertical. In other words, the problem is to orient the video
      heads so that they are in a desired position when the reference vertical
      occurs. In effect, phase locking to the horizontal reference can get the
      scanner to the correct speed, but its relative position with respect to
      reference vertical can take many positions. By using the "miscount" or
      pulse dropping technique of the circuit of FIG. 15, the scanner takes
      discrete steps until it is locked with the reference vertical.
PAR  Referring now to FIG. 18 wherein a block diagram of the scanner and servo
      systems of a video tape recorder are shown. It will be seen that the
      "miscount" phasing system of FIG. 15 forms a portion of the system of FIG.
      18.
PAR  Before describing FIG. 18 in detail, it will aid the understanding of the
      circuit to briefly explain the intended function of the circuit. Generally
      speaking, in broadcast studio use it is desirable to maintain the video
      tape recorder in frequency and phase lock with the studio reference
      vertical and horizontal signals during both record and playback so that
      switching between the recorder and other sources may be made without loss
      of synchronism. Thus, the scanner carrying the video heads is usually kept
      in frequency and phase lock with the studio reference signals. In
      recording, the capstan is in turn frequency and phase locked to the
      scanner. The scanner provides a control track signal recorded on the tape
      for use in duplicating the record conditions during playback by
      compensating for slightly varying dimensional tolerances in the capstan
      and scanner when the tape is played on a different machine from that on
      which the recording is made. Also in record, the video head 2 is oriented
      so that the reference frame pulse is recorded in a predetermined recording
      track area.
PAR  In playback, the scanner is also locked to the studio reference signals.
      The capstan is brought to a speed so that the longitudinal tape speed is
      substantially identical to the speed at which the tape was recorded by
      comparing the control track signal to the scanner speed. The scanner is
      incrementally rotated until the video head 2 is oriented correctly with
      the reference frame pulse and the capstan moves the tape incrementally so
      that the tape vertical and reference vertical are nearly in phase lock.
      The scanner is then rotated incrementally to resolve any remaining phase
      error between reference and tape vertical. Then, in the fully synchronous
      mode, the tape horizontal and reference horizontal are resolved.
PAR  As shown in FIG. 18, an input sync processor 190, the details of which are
      the subject of a copending application of Bert H. Dann and Nikola Vidovic,
      entitled Synchronizing Pulse Processor for a Video Tape Recorder, Ser. No.
      285,919, filed Sept. 1, 1972 and assigned to the same assignee as this
      application, provides a set of reference signals at the horizontal sync
      rate, at 42 KHz, at the vertical sync rate, and at 150 Hz. These signals
      may be derived from the studio horizontal and vertical sync signals, but
      may be advanced in the sync processor in order to account for delays in
      the recorder circuitry.
PAR  First, referring to the circuitry for frequency and phase locking the
      scanner to the sync processor 190, the 42 KHz signal is applied to a
      divide by 7 counter 192 to provide a 6 KHz signal. The 6 KHz signal is
      applied to a vernier phase adjusting circuit 194 that has its output
      connected to one input of a single pole double throw switch 196 that
      places the circuit in the horizontal mode (fully synchronous) or tach mode
      (VTR only locked to vertical). The 6 KHz signal is also applied to the
      other half of switch 196 and to the input of miscount gate 198.
PAR  Switch 196 has its output connected to one input of sample pulse generator
      200. Miscount gate 198 has its output connected to one input of velocity
      phase detector 202. The output of detector 202 is applied to a
      conventional phase detector 204. A phase locked loop 201 is formed
      including the velocity phase detector 202, phase detector 204, a
      conventional loop compensating network 206, the scanner motor drive
      amplifiers 132, 142 and motor 64, the scanner tachometer 6 KHz signal and
      a further miscount gate 208. Detector 202, compensation network 206, and
      miscount gate 208 function as in FIG. 14.
PAR  Assume initially that switch 196 is in the tach mode position and miscount
      gates 198 and 208 provide direct connections between their inputs and
      outputs, then the phase lock loop will lock the 6 KHz scanner tach signal
      to the divided down 6 KHz reference signal thereby frequency and phase
      locking the scanner rotation to the reference signal.
PAR  In order to orient head 2 on the scanner relative to the reference frame
      the 150 Hz head 1 pulse is compared in miscount logic block 210 to a 150
      Hz related to the reference frame from the processor 190. This operation
      is comparable to the phasing of the control variable B in FIG. 15.
      Depending on the direction of error a gating signal is applied either to
      miscount gate 198 to remove a pulse from the signals applied to the phase
      lock loop, thereby decreasing the loop frequency momentarily, or to
      miscount gate 208 to remove a pulse from the signals within the phase lock
      loop, thereby increasing the loop frequency momentarily.
PAR  In the record mode the 6KHz scanner tachometer signal is applied to a phase
      locked loop 212 that provides a 60 KHz output signal. Loop 212 includes a
      velocity phase detector 214, a loop compensating network 216, a 60 KHz VCO
      218, and a divide by ten counter 220. The VCO 218 provides a 60 KHz signal
      phase locked to the 6 KHz scanner tachometer signal to one terminal of a
      single pole double throw switch 222 which, in the record mode, is
      connected to a divide by 15 of divide by 30 divider 224. Divider 224 is
      controlled by VHO buss line 226 so as to provide either a 4 KHz or 2 KHz
      output signal to one terminal of a further single pole throw switch 228
      which, in record or play, connects the signal to a further phase locked
      loop 230 that includes the capstan motor drive. Loop 230 receives the
      signal from switch 228 at a velocity phase detector 232 and a sampling
      pulse gate 234. The detector 232 output and the gate 234 output are
      applied to inputs of phase comparator 236. A switch 238 selects the
      comparator 236 output except in the active stop mode where a positive stop
      condition of the capstan is desired. Switch 238 is connected to the
      capstan motor drive amplifier and motor 240, described in greater detail
      in connection with FIGS. 19, 20 and 21, hereinafter. A tachometer disc 242
      mounted on the capstan drive shaft provides 1500 Hz pulses at normal
      running speed. The tach signal is applied to the other input of the
      detector 232. In the active stop mode switch 238 connects the output of
      phase comparator 244 to the MDA and motor 240. Comparator 244 compares the
      tach signal to ground and thus tends to hold the capstan motionless except
      when enough force is applied to overcome the loop. The active stop loop is
      described further below in conjunction with FIGS. 24A, B and C.
PAR  Thus, in the record mode, the capstan is phase locked to the scanner via
      loops 212 and 230.
PAR  In the playback mode, switch 222 is disconnected from loop 212 so that the
      capstan is not directly locked to the scanner. This is significant in
      obtaining proper playback since any mechanical differences between the
      recorder on which the tape is made and on which it is played back must be
      taken into account.
PAR  The 6 KHz scanner tack signal and the 300 Hz tape control track signal are
      compared in a phase locked loop portion 250. The 6 KHz signal is applied
      to a divide by 20 counter 252 to provide a 300 KHz signal which is
      connected to an input of velocity phase detector 254 and sample pulse gate
      256 through miscount gate 258. The 300 Hz control track signal is applied
      to the other input of detector 254 through miscount gate 260. The gate 256
      and detector 254 outputs are applied to phase comparator 262, the output
      of which is applied to loop compensation network 264. A 60 KHz VCO 266
      either receives the network 264 output or an auto phasing signal on line
      268. The loop of which portion 250 forms a part is completed by the
      connections to loop 230, the capstan 52 and the tape 28.
PAR  In order to "frame" the capstan, the miscount logic block 270 compares the
      30 Hz reference frame signal from processor 190 with the 30 Hz tape frame
      signal from the playback electronics 272. Electronics 272 receive the
      signals from the two video heads and provide tape vertical, tape frame and
      tape horizontal signals. In a similar manner as described above in
      connection with other loops, logic 270 controls miscount gates 258 and 260
      to cause the tape to move incrementally until the tape frame and reference
      frame signals are in phase lock. However, due to slight mechanical
      variations this phase locking does not typically result in a perfect phase
      lock, but rather gets head 2 on the correct tape video track.
PAR  To achieve complete vertical lock up, the tape vertical signals from the
      playback electronics 272 are compared to the reference vertical signals in
      a miscount logic block 200. The logic 280 adds or removes pulses in
      divider 192 from the divided 42 KHz signals to cause loop 201 to
      incrementally move the scanner to achieve complete vertical phase lock.
PAR  Typically such lock results in a horizontal error of less than one-half
      line. To resolve the remaining horizontal error, switch 196 is connected
      to the horizontal mode position so that the 6 KHz signals from divider 192
      may be shifted slightly under the control of a comparator 282 which
      receives the tape horizontal and reference horizontal signals.
PAR  Referring again to the capstan portion of the circuit, when the switch 228
      is connected to the "shuttle" position, a DC signal from VCO 284 and
      summer 286 controls the speed and direction of capstan 52. It will be
      noted that the capstan servo comprises a basic inner loop 230 including
      velocity phase detector 232 and the MDA and permanent magnet DC motor 240.
      This loop is closed as a phase locked loop of Type 1, i.e., it has a
      transfer characteristic
      ##EQU1##
      and will provide phase correspondence between the tach 242 frequency and
      the reference frequency from VCO 284 as determined by the open loop gain.
      The loop configuration effectively converts the capstan motor from a DC
      motor to a synchronous type motor of which the speed is determined by the
      applied reference frequency. The phase locked inner loop is used even in
      the shuttle mode of operation unlike typical prior art systems which use
      velocity type servos in such cases where a wide range in operating speed
      is required. Such prior art velocity type servos, however, cannot resolve
      speeds tending to zero and hence minimum prior art shuttle speeds have
      been close to play speed. By optimizing the loop 230 at play speed it is
      possible to run at 10% of play speed with good resolution thus permitting
      more accurate parking of the tape when cueing to a particular tape
      address. Also, since the loop operates as a phase locked loop all finite
      errors are in terms of phase only; there is zero frequency error within
      the designed operating range.
PAR  FIGS. 19 and 20 show details of the capstan assembly. A motor 302 drives a
      lower drive shaft 304 that is coupled to a bearing assembly 306.
      Mechanical details not necessary to a full disclosure and understanding of
      the invention are omitted. An upper drive shaft 308 couples to the bearing
      assembly 306 to the capstan 52. The capstan 52, a cylindrical member, has
      vertical grooves 315 to eliminate any air bearing effect and to enhance
      the capstan to tape contact friction. A rotating optical disc 310 is fixed
      to shaft 308 in juxtaposition to a lower fixed (non-rotating) optical disc
      312. A light source holder 314, similar to the capstan light source holder
      84, is fixed in position below disc 312 and a light sensor holder 316,
      similar to capstan light sensor 72, is fixed in position above disc 310.
PAR  Although it may be of many types, in one working embodiment, the motor 302
      is a permanent magnet DC printed circuit motor. FIG. 21 shows a plot of
      speed in RPM versus torque in oz-in for a typical motor of such type. The
      relationship of speed to voltage of such a motor is particularly
      advantageous when used in the circuit of FIG. 18.
PAR  FIGS. 22A and 22B show the rotating optical disc 310 in greater detail. The
      disc is circular having a central cut-out portion 320 for attachment to
      the shaft 308. The disc is opaque except for a series of 1,500 clear or
      cut-out areas 322 equally spaced circumferentially between two radial
      distances. Areas 322 are shown in FIG. 22B.
PAR  FIGS. 23A, 23B and 23C depict the fixed, nonrotating disc 312 in detail. A
      central aperture 324 is provided for mounting the disc. Three clear or
      cut-out pattern areas are located to be congruent radially with the slots
      322 of rotating disc 310. The 0.degree. pattern area 323 has slots 325
      congruent with slots 322; the 90.degree. pattern area 326 has slots 327
      shifted a half slot width with respect to the 0.degree. pattern slots 325;
      and the 180.degree. pattern area 328 has slots 330 shifted a full slot
      width (i.e., completely overlapping) with the 0.degree. pattern slots 325.
      Thus, the photosensors and detectors located adjacent areas 324, 326 and
      328 can provide a 1,500 line tach output from the 0.degree. pattern area
      324, a 3,000 line (double frequency) tach output from the sum of the
      0.degree. pattern area 324 and the 180.degree. pattern area 328. Also, by
      processing the 0.degree. pattern area 324 signals and the 90.degree.
      pattern area 326 signals, the direction of rotation is indicated.
      Circuitry for processing such tachometer signals is conventional in the
      art.
PAR  Referring now to further details of the capstan active stop loop mentioned
      above in connection with FIG. 18. The loop bandwidth is shown in FIG. 24A.
      The nominal running speed W.sub.2 is so far down the skirt of the loop
      bandwidth curve that there is inadequate gain to stop the capstan when the
      loop 230 is placed in the active stop position, hence an additional
      voltage must be provided to move the capstan speed toward zero where the
      loop gain is adequate to bring the capstan to a rapid stop.
PAR  The photo transistors in member 316 (FIG. 20) provide a linear output
      between minimum and maximum light transmission from the tach discs 310,
      312. If the disc contains N lines then the capstan could come to an active
      stop in any of N positions spaced by (2.pi./N) radians of the capstan. As
      can be seen from the error trace of FIG. 24B the error voltage is equal to
      RPS (the disc speed in revolutions per second) times N Hz.
PAR  In order to provide the required pull in, the circuit of FIG. 24C is
      provided. The capstan tach frequency is compared to a frequency
      2.pi.W.sub.1, at which the loop gain is adequate for pull in, in a
      frequency detector 420 which provides a voltage proportional to the
      relationship of the two frequencies. A low voltage, V.sub.min, indicates
      that the capstan frequency is above the reference frequency. A V.sub.min
      detector 422 looks at the voltage from detector 420 and if it is below
      V.sub.min it closes switch 424 thus connecting the output of JK flip-flop
      426 to the MDA and motor 240 which thereby adds a voltage to the MDA input
      adequate to drive the capstan toward zero speed. The JK flip-flop 426 J
      and K inputs are taken from the tach disc 312 0.degree. signal directly
      and through an inverter 428 respectively. The 90.degree. tach disc 312
      signals are applied to the clock input. The resulting Q output provides a
      voltage of one polarity for one direction of capstan rotation and the
      other polarity for the reverse.
PAR  FIG. 25A shows in block diagram form a tension servo system usable with the
      VTR disclosed in this application. The off-tape horizontal sync signals
      are applied to an automatic frequency control (AFC) circuit 340 which
      provides a horizontal error output signal on line 341 (FIG. 25 [2]). The
      AFC 340 comprises a conventional phase locked loop 342 having a bandwidth
      of about one-tenth the head switching rate. Thus, due to the fly-wheel
      effect of the loop, any departures in the horizontal off-tape input
      frequency generate a tension error signal at the output of the loop phase
      comparator 344 (FIG. 25B [2]). The loop 342 includes conventional elements
      including a loop compensation circuit 346, a voltage controlled oscillator
      348 (VCO) at the nominal horizontal frequency and a ramp generagor 350.
PAR  The VCO 348 output is also applied to the head switching logic 352. Details
      of the head switching logic are disclosed in the aforementioned copending
      application of Barrett E. Guisinger, entitled Helical Scan Wide Band Tape
      Recorder Apparatus and Method. For the purposes of this application, it is
      sufficient to state that the two video heads must be alternately activated
      during playback in accordance with a waveform of the type shown in FIG.
      25C. Logic 352 also receives the Head No. 1 pulse signal, the 300 Hz
      signal from the scanner disc and the tape frame signal.
PAR  The 300 Hz scanner disc signal provides a series of pulses (FIG. 25B [1])
      occurring just prior to each head switch transition. These are applied to
      a first sampler 354 and the logic 352 provides a series of pulses (FIG.
      25B [2]) occurring just after each head switch transition. The latter
      pulses are applied to a second sampler 356. The samplers 354 and 356
      receive the tension error signal, which is a sawtooth type wave reaching
      its maximum peak to peak value at the head switch (FIG. 25B [2]), via an
      amplifier 358, and thus provide outputs to a pair of memory capacitors 360
      and 362 which store, respectively, the error values just before and just
      after the head switches. The DC errors stored in capacitors 360 and 362
      are amplified by operational amplifiers 364 and 366 respectively and
      subtracted by amplifier 368 to provide a voltage at junction 370
      representing a DC value proportional to the peak to peak tension error
      across the scanner. By looking twice and obtaining a difference value,
      common mode errors are eliminated.
PAR  The voltage at junction 370, which is updated at every head switch, is
      applied to a preamplifier 372 (an operational amplifier with feedback
      resistor 373) and to a motor drive amplifier (MDA) 374 which drives a
      valve 376 that varies the vacuum to vacuum columns 30 and 32 in response
      to the voltage charge. The valve 376 may be activated, for example, by a
      DC motor or the equivalent (not shown). Details of the valve 376 are
      disclosed in the aforementioned continuation-in-part of said Ser. No.
      285,923 application.
PAR  During threading, shuttle or stop modes certain fixed tensions are provided
      by applying predetermined voltages to amplifier 372. For example, a
      threading voltage is applied by an FET switch 408 through resistor 402, a
      shuttle voltage by FET switch 410 through resistor 404 and a stop voltage
      through FET switch 412 and resistor 406. A logic control 414 activates the
      correct switch 408, 410 or 412 in accordance with the machine mode.
PAR  During recording, the FET switch 378 is closed thus grounding the amplifier
      372 input (FET switch 379 is normally closed), thus providing a fixed
      record tension. During electronic editing modes where it is undesirable to
      rapidly change the tension at transitions from playback to record, FET
      switch 379 is opened during the record sequence, thus retaining the last
      stored playback tension voltage value in memory capacitor 414.
PAR  A modification to the circuit of FIG. 25A is shown in FIG. 26. During edit
      record modes of operation the voltage on capacitor 414, which is intended
      to accurately retain the voltage representing the playback tension, my
      drift from its initial value during long record segments. Thus the
      modification of FIG. 26 provides an alternative means for holding the
      playback tension voltage error during edit record modes of VTR operation.
      The FET 379 and capacitor 414 (FIG. 25A) have been removed and a
      comparator, an up-down counter and a ladder network arrangement have been
      inserted. This new arrangement passes the input DC tension error voltage
      at junction 370 to operational amplifier 372 after an A/D and D/A
      conversion. In the edit record mode, the clock strobe signal is stopped by
      record/play edit logic in order that the analog output applied to
      amplifier 372 remains at the last playback tension error value. Because
      the analog output is derived from the value stored in the up-down counter
      it remains highly stable for any desired time period.
PAR  Referring to the details of FIG. 26, the DC tension error voltage at
      junction 370 is applied to the negative input of a comparator 562 through
      input resistor 560. As will be explained below, the positive input of
      comparator 562 receives the analog output of the A/D and D/A conversions.
      The output of comparator 562 is applied directly to the J input of J-K
      flip flop 564 and through an inverter 566 to the flip flop K input. The
      flip flop 564 Q output is connected to one input of NAND gate 574 and its
      Q output is applied to one input of NAND gate 572.
PAR  A clock signal at 42KHz, for example, is applied to one input NAND gate
      568. The clock signal rate is not critical and can assume a wide range of
      values. The other input of gate 568 is controlled by record/play edit
      logic 380 so that gate 568 provides no clock output during the edit record
      mode so that the last playback tension error is maintained. The output of
      gate 568 is applied to the clock pulse (C.sub.p) input of flip flop 564
      and the gate 568 output is applied to inverter 570 so that the other phase
      of the clock signal is applied to the other inputs of gates 572 and 574.
PAR  In operation the output of gate 572 provides an upcount at each clock pulse
      when the fed back analog signal (at the comparator positive input) from
      the A/D and D/A output is higher than the DC tension error input signal
      (at the comparator negative input). Thus, up/down counter 576 counts up on
      consecutive clock pulses so long as the feed back voltage level exceeds in
      input level; counter 576 counts down when the fed back drops below the
      input level. The result is that the digital value in counter 576 and
      consequently the decoded analog value from D/A converter 578 follow the DC
      error input signal and when the clock pulses are stopped the digital value
      and resulting analog output is retained at the last clocked input value.
PAR  Counter 576 may have an 8-bit capacity, for example, which would require
      eight parallel lines 577 from counter 576 to D/A converter 578. Converter
      578 may be a conventional ladder network, for example. In this
      environment, the D/A converter 578 need not be highly accurate but instead
      its resolution and stability are of greatest importance. That is, it is
      not significant that the analog ouput of converter 578 provide an accurate
      decoding of the digital value on lines 577 but rather that it resolve the
      digital values and retain the resulting analog value so long as the same
      digital input is present.
PAR  The analog output of converter 578 is inverted by operational amplifier 582
      and is applied to the positive input of comparator 562. Amplifier 582
      receives the converter 578 output through an input resistor 580 to its
      negative input. The positive input is referenced to ground through
      resistor 586. A conventional feedback resistor 584 is connected between
      the amplifier 582 output and its negative input.
PAR  The analog signal representative of the input DC analog signal is applied
      to amplifier 372 (see FIG. 25A).
PAR  In operation during a playback mode ("play" or "edit play") the analog
      output from network 578 is proportional to the DC error voltage at
      junction 370. The clock strobe rate is sufficiently high enough that a
      change in the DC voltage at junction 370 is substantially instantaneous.
      When the "edit record" mode is entered it is desired to retain the last DC
      error voltage so that the same tension is maintained. Hence, logic 380
      controls gate 568 so that the clock is stopped and the count in up/down
      counter 576 is held unchanged thus causing the decoded analog ouput from
      converter 578 to remain unchanged at the last playback tension error
      value. Other arrangements for accurately holding the playback DC error
      voltage will occur to those of ordinary skill in this art in view of these
      teachings.
PAR  An alternative to the brushless DC motor drive of FIG. 10 is shown in FIG.
      27. The motor drive circuit of FIG. 27 derives the sine/cosine drive
      signals electronically and, in addition, provides position information so
      that the motor can be used in a closed loop position servo arrangement
      which is not possible in the FIG. 10 arrangement. As explained further
      herein and in conjunction with FIG. 29, position, sine, cosine and digital
      information can all be derived from a single device providing an
      indication of the motor shaft rotational position. Thus, this alternative
      drive circuit can be used with the scanner motor 64.
PAR  Referring now to the details of FIG. 27 along with the accompanying
      waveforms of FIG. 28A-I, the circuit is shown in a zero speed closed loop
      position servo for controlling the valve 376 of FIG. 25A in response to
      the DC voltage appearing at the output of amplifier 372 of that figure.
PAR  The DC voltage from amplifier 372 provides the reference voltage to the
      circuit for controlling the DC motor 474 position and thereby controlling
      the valve 376 position. The DC reference voltage is summed at summing
      amplifier 450 through summing resistor 452 with a voltage indicative of
      the motor 474 shaft angular position applied through summing resistor 454.
      Amplifier 450 is a conventional operational amplifier with its inverting
      input referenced to ground through resistor 456 and having a feedback
      resistor 455. As will become apparent, amplifier 450 is inside a position
      servo loop closed around motor 474 and the amplifier 450 output is applied
      to a conventional loop compensation circuit 460 through resistor 458. The
      block 460 output thus provides a loop error signal to the summing four
      quadrant multipliers 464 and 468 through input resistors 462 and 466,
      respectively. The error signal modulates the amplitude and phase of the
      sine and cosine drive signals which are also applied to multipliers 464
      and 468, respectively, as is explained below.
PAR  A reference square wave signal at frequency f.sub.1 (FIG. 28A), which is
      approximately 40 times the maximum rotational rate of motor 474, 42KHz,
      for example, is used as a source from which the sine and cosine drive
      signals are derived after proper conditioning. The f.sub.1 reference
      signal is divided by two, for example, in divider 497 and the resulting
      21KHz square wave is applied through a coupling resistor 494 to a circuit
      488 which is resonant at f.sub.1 /2 to provide a sine wave at the same
      frequency (FIG. 28B). Circuit 488 includes a parallel inductor 490 and
      capacitor 492. The sine wave signal is applied to an amplifier 508 through
      resistor 506 where it is split into two paths: through resistor 510 to
      switch 512 and through resistor 520 to switch 522.
PAR  The f.sub.1 square wave reference signal is also applied to a divider 596
      which divides f.sub.1 by at least a factor of 8 and preferably by a factor
      of 10 to 16, for example so that the ratio of f.sub.2 to f.sub.1 /2 is
      adequate to provide a sufficiently high sampling rate. The divided
      f.sub.1, referred to as f.sub.2 (FIG. 28C), is applied to a reference ramp
      generator 498. Generator 498 generates a ramp (FIG. 28D) at each negative
      going cycle of f.sub.2 ; the ramp has a period substantially equal to the
      complete period of f.sub.2. The ramp is applied to a conventional phase
      modulator 499 which receives the motor angular position signal at one
      input and the same signal shifted by a fixed voltage .DELTA.V through
      level shifter 501 at a second input. Modulator 499 can include a pair of
      comparators, for example, which compare the ramp to each of the voltage
      inputs to provide output pulses 503 (FIG. 28E) and 505 (FIG. 28F) that are
      90.degree. apart at the frequency of f.sub.1 /2. Thus the motor angular
      position signal samples the ramp at two places to provide pulse outputs
      503 and 505 that are fixed in phase relative to each other but which vary
      in absolute phase depending on the motor angular position. The output
      pulse 503 is applied to a switch driver 504 that controls switch 512 and
      the output pulse 505 is applied to a switch driver 502 that controls
      switch 522. Switches 512 and 522 are preferably fast acting electronic
      switches such as FET switches.
PAR  The f.sub.1 /2 sine wave applied to switches 512 and 522 is therefore
      sampled by the pulses 505 and 503 to provide discrete values
      representative of a sine wave and a cosine wave, respectively, at the
      frequency f.sub.2. Capacitors 514 and 524 smooth out the discrete samples
      to provide the f.sub.2 sine and cosine waves of FIGS. 28G and 28H (which
      are not drawn to the same time scale as the sine wave of FIG. 28B which is
      at f.sub.1 /2). The sine and cosine signals are applied to multipliers 464
      and 468, respectively, through amplifiers 516, 526 and resistors 518, 528.
      Thus, a voltage from motor 474 representing its rotational position is
      used to electronically generate sine/cosine drive signals as in the
      circuit of FIG. 10 but without the requirement for the precise sinusoidal
      light transmission disc 74 associated with that motor drive. The
      sine/cosine drive signals can reverse their lead/lag relationship to move
      the motor in either direction.
PAR  The outputs of multipliers 464, 468 are applied to conventional motor drive
      amplifiers 470 and 472 which drive the two phases 476, 478 of the
      brushless DC 8 pole 2.phi. motor 474. The motor 474 drive shaft 480 has a
      disc 482 with a curved triangle-like light transparent area 484 which can
      be used with a light source and sensor (not shown) to provide a DC signal
      which depends on the shaft 480 rotational position. The DC signal drives a
      preamplifier 486, which has conventional zeroing adjustments for providing
      a normalized output. Alternatively, any other means for providing a signal
      which varies with respect to the motor shaft 480 rotational position may
      be used, for example, a variable resistor connected to a voltage source.
PAR  The DC signal representing the position of motor 474 is shown in FIG. 28I.
      Desirably the signal is linear over a substantial part of the 360.degree.
      rotation. A short retrace time is, of course, required and results in a
      few cycles of sine and cosine signal at a multiple of f.sub.2 during the
      retrace (FIGS. 28G, H). In a zero speed position loop arrangement as
      described, the system is arranged so that the retrace is not encountered.
      In a velocity loop arrangement, such as if the drive arrangement of FIG.
      26 were substituted for the scanner drive of FIG. 10, it has been found
      that the accuracy of the motor velocity is unaffacted by the brief
      aberration during retrace due to the inertia of the motor.
PAR  The single signal from disc 482 thus is adequate to provide both position
      information to amplifier 450 for use in the position servo loop and
      sine/cosine drive information in proper relation to the pole position of
      the rotor of motor 474.
PAR  It is also possible to derive digital information from the single signal of
      disc 482 by the approach shown in FIG. 29. The signal from motor 474 (FIG.
      28I) is applied to an operational amplifier through input resistor 542
      with a gain control by variable resistor 546 in the feedback loop in
      series with resistor 544. The inverting input of the amplifier 540 is
      referenced to ground through resistor 548. The amplifier 540 output is
      applied to a bank of N comparators 550. Each comparator 552 is referenced
      to an appropriate voltage reference N. Thus there is provided at a
      plurality of outputs 554 a digital signal representing the angular
      position of the motor shaft 480. The sample rate is N times the motor
      rotational rate.
CLMS
STM  I claim:
NUM  1.
PAR  1. A drive system for an N-pole brushless DC motor comprising
PA1  means for providing N sine wave and N cosine wave cycles in response to
      every motor revolution, said waves representing the mechanical pole
      positions of the motor, said means including means for generating a signal
      representing the angular position of the drive shaft of said motor and
      means for generating said sine wave and cosine wave cycles in response to
      said signal, and
PA1  drive current means modulated by said sine and cosine waves for driving the
      respective motor phases of said motor with a continuous driving signal
      following said sine and cosine waves.
NUM  2.
PAR  2. The combination of claim 1 further comprising means for generating a
      digital signal in response to said signal.
NUM  3.
PAR  3. The combination of claim 1 further comprising means for comparing said
      angular position signal to a reference control signal to generate an error
      signal and means for multiplying said error signal times each of said sine
      and cosine wave cycles for controlling the angular rotational position of
      the drive shaft of said motor in response to said reference control
      signal.
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ABST
PAL  In apparatus for controlling the speed of a DC motor by the ON-OFF control
      of a switching transistor, a pair of switching transistors are connected
      in series with the motor and the switching transistors controlled such
      that while one of them is rendered ON the other is rendered from ON to OFF
      and sequentially from OFF to ON.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to control apparatus of direct current motors, and
      more particularly to control apparatus utilizing semiconductor switches
      such as power transistors or thyristors.
PAR  According to one prior art DC motor control apparatus, a DC motor is
      connected to a source of direct current through a semiconductor switch, as
      shown in FIG. 1 and the speed of the motor is controlled by means of a
      control device which relatively controls the ON period and OFF period of
      the semiconductor switch thereby to control the motor armature voltage.
      However, with such connection large power is consumed by the semiconductor
      switch so that it is necessary to use transistors of relatively large
      size.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved control apparatus
      of a DC motor which can decrease the loss of the switch means, such as
      power transistors or thyristors and hence decrease the temperature rise of
      the switch means.
PAR  Another object of this invention is to provide an improved control
      apparatus which enables ON-OFF control of the switch means at a higher
      frequency than the prior art system thus reducing the size of the DC
      reactor ususally connected in series with the motor.
PAR  Still another object of this invention is to provide an improved control
      signal generator for controlling the ON-OFF operation of the switch means
      connected between a source of DC and a DC motor.
PAR  Yet another object of this invention is to provide an improved control
      apparatus of a DC motor capable of providing a powering operation as well
      as a regenerative operation of the motor at high efficiencies.
PAR  According to this invention, there is provided a control apparatus of a DC
      motor of the type wherein the power supplied to the motor from a source of
      supply is controlled by the ON-OFF control of switch means, there are
      provided a pair of switch means which are connected in series through the
      source therebetween and control means for alternately rendering ON and OFF
      the switch means such that while one switch means is rendered ON, the
      other switch means is rendered from ON to OFF and sequentially from OFF to
      ON.
PAR  According to one form the control means generates a pair of pulsating
      rectangular waves which are dephased 180.degree.. According to a modified
      embodiment the control means generates a pair of control signals each
      comprising spaced apart rectangular waves recurring at a predetermined
      frequency and a plurality of pulses having a higher frequency than said
      rectangular waves and interposed between the rectangular waves, the pair
      of control signals being dephased by 180.degree..
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and advantages of the invention will be more fully
      understood from the following detailed description taken in conjunction
      with the accompanying drawings in which:
PAR  FIG. 1 is a block diagram showing a prior art DC motor control apparatus;
PAR  FIG. 2 is a connection diagram of one embodiment of this invention;
PAR  FIG. 3 is a graph useful to explain the operation of this invention;
PAR  FIG. 4 shows a connection diagram of a logic circuit utilized to generate
      control signals and
PAR  FIGS. 5 and 6 show waveforms of modified control signals for the powering
      operation and the regenerative operation respectively.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A preferred embodiment of the DC motor control apparatus embodying the
      invention shown in FIG. 2 comprises a DC source, shown as a battery 1,
      first and second switch means 2 and 3 which are connected in series with
      the source 1 therebetween, a first rectifier 4 connected in parallel with
      a first series connection including the source 1 and the first switch
      means 2, and a second rectifier 5 connected in parallel with a second
      series connection including the source 1 and the second switch means 3.
      Across the output terminals 6 and 7 of the switch means 2 and 3 is
      connected a load circuit 8. The polarities of the switch means and
      rectifiers are selected such that direct current flows through the load
      circuit 8 always in a definite direction as shown by arrow 9.
PAR  Suppose now that power transistors are used as the switch means and that
      diodes as the rectifiers, the anode electrode of diode 13 comprising the
      first rectifier 4 is connected to the emitter electrode of transistor 11
      comprising the second switch means 3 and to the negative pole of the
      source 1. The cathode electrode of diode 10 comprising the second
      rectifier 5 and the collector electrode of transistor 15 comprising the
      first switch means 2 are connected to the positive pole of the source 1.
      The load circuit 8 comprises a smoothing reactor 17, a DC motor 18 (not
      shown: a field winding and a control device thereof) and a polarity
      changer 19. The polarity changer 19 may be a well known electronic switch
      comprising four thyristors, but in the example illustrated it comprises
      four interlocked mechanical switches 20, 21, 22 and 23. Thus, when
      switches 20 and 23 are closed and switches 21 and 22 are open the motor 18
      rotates in the forward direction whereas when switches 21 and 22 are
      closed and switches 20 and 23 are open the motor rotates in the reverse
      direction.
PAR  The transistors 15 and 11 comprising the first and second switch means 2
      and 3 are ON-OFF controlled by control devices 27 and 28 connected to the
      respective base electrodes. The control devices 27, 28 may comprise a
      combination of logic circuits such as flip-flop circuits, and generate
      control signals as shown in FIG. 3. One example of the logic circuit will
      be described later in connection with FIG. 4. As shown in FIG. 3, for the
      powering operation of the motor, control devices 27 and 28 generate
      control signals 29 and 30 wherein the switches 20 and 23 are closed and
      for the regenerating operation control devices 27 and 28 generate control
      signals 31 and 32 wherein the switches 21 and 22 are closed. Although in
      the illustrated example, the frequency of the control signals is 500 Hz,
      it will be clear that other frequencies can also be used.
PAR  The operation of the control apparatus of this invention is as follows.
PAR  1. Powering
PAR  Assume now that switches 20 and 23 are closed and switches 21 and 22 are
      open. Under these conditions transistors 11 and 15 are ON-OFF controlled
      at a frequency of 500 Hz. However, as shown in FIG. 3, transistor 11 is
      controlled such that it is rendered from ON to OFF and sequentially from
      OFF to ON while transistor 15 is ON and vice versa. In other words, while
      one transistor is ON, the other transistor is firstly rendered ON, then
      OFF and again ON.
PAR  When both transistors 11 and 15 are ON, the source 1 supplies current to a
      circuit including transistor 15, reactor 17, switch 20, motor 18, switch
      23 and transistor 11. As the transistor 15 turns OFF, the electromagnetic
      energy stored in the reactor 17 causes a current to flow through a closed
      circuit including switch 20, motor 18, switch 23, transistor 11, diode 13
      and reactor 17. Under these conditions, diode 13 acts as a flywheeling
      diode. Then, both transistors 11 and 15 are again rendered ON to repeat
      the same operation. At this time, however, the transistor 11 is
      sequentially rendered ON, OFF and ON while transistor 15 is maintained ON
      so that diode 10 acts as a flywheeling diode.
PAR  2. Regeneration
PAR  When switches 20 and 23 are open and switches 21 and 22 are closed and when
      the motor 18 generates a back electromotive force of a polarity shown in
      FIG. 2, control devices 27 and 28 apply control signals 31 and 32 as shown
      in FIG. 3 upon the base electrodes of transistors 15 and 11, respectively.
      More particularly, when transistor 15 is ON and transistor 11 is OFF, the
      back electromotive force of the motor causes a short circuit current to
      flow through a closed circuit including motor 18, switch 22, diode 10,
      transistor 15, reactor 17 and switch 21, thereby storing an
      electromagnetic energy in reactor 17. Then, when both transistors 11 and
      15 are rendered OFF, the electromagnetic energy stored in the reactor acts
      cumulatively with the back electromotive force thus passing a regenerative
      current through a closed circuit including reactor 17, switch 21, motor
      18, switch 22, diode 10, source 1 and diode 13 whereby the source is
      charged by the regenerated current. When transistor 11 alone is ON, the
      back electromotive force of the motor 18 is short circuited by a closed
      circuit including motor 18, switch 22, transistor 11, diode 13, reactor 17
      and switch 21 whereby the energy is stored in the reactor 17. Then both
      transistors 15 and 11 are rendered OFF and the operation described above
      is repeated.
PAR  Control signals 29, 30, 31 and 32 for transistors 11 and 15 are generally
      formed by a circuit as shown in FIG. 4 where a pulse signal a having a
      frequency of 1000 Hz, for example, is applied to the input terminal of a
      flipflop circuit 33 so that two signals b and b having 500 Hz and
      180.degree. dephased from each other are produced on the output terminals
      of the flip-flop circuit 33. Signals a, b and b are applied to the inputs
      of OR gate circuits 34 and 35 and AND gate circuits 36 and 37 for
      producing control signals 29, 30, 31 and 32. Thus, for example, control
      signal 29 is produced by applying signals a and b to the inputs of the OR
      gate circuit 34.
PAR  As described above, according to this invention since a plurality of switch
      means are alternately operated the losses of the switching means are
      averaged so that the burden or temperature rise of each switch means is
      decreased as compared with a case wherein only a single switch means is
      used. Accordingly, it is possible to increase the overload capacity of
      respective switch means. For this reason, it is possible to increase the
      operating frequency of the switch means two times thereby miniaturizing
      the smoothing reactor, and other component elements.
PAR  FIGS. 5 and 6 show waveforms of control signals having a frequency of 1000
      Hz generated by control devices 27 and 28 for alternately ON-OFF
      controlling the switch means 2 and 3 at a frequency of 100 Hz. FIG. 5
      shows control signals 29 and 30 for the powering operation whereas FIG. 6
      shows control signals 31 and 32 for the regenerative operation. When these
      control signals are used while transistor 11 is continuously maintained ON
      for an interval of 10 m.sec. the other transistor 15 is ON-OFF controlled
      at a period of 1 m.sec., thus controlling the speed of the motor by the
      pulse signal a. During the next interval of 10 m.sec., transistor 15 is
      continuously maintained ON and transistor 11 is ON-OFF controlled at a
      period of 1 m.sec. In other respects, the operation is identical to that
      described above.
PAR  It will be clear that the frequency of the control signal and that of the
      ON-OFF operation of the switch means can be selected to any desired value
      by taking into consideration the application of the motor and other
      factors.
PAR  Further transistors may be substituted by thyristors or grid controlled
      electron devices.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In control apparatus for a DC motor of the type wherein the power
      supplied to said motor from a direct current source of supply is
      controlled by the ON-OFF control of switch means, the improvement which
      comprises first and second switch means which are connected in series
      between said source and said motor, a first rectifier connected in
      parallel with a first series connection including said source and said
      first switch means, a second rectifier connected in parallel with a second
      series connection including said source and said second switch means, a
      smoothing reactor connected between said first switch means and said
      motor, and control means supplying said first and second switch means with
      control signals such that while one of said switch means is rendered ON
      the other switch means is rendered from ON to OFF and sequentially from
      OFF to ON.
NUM  2.
PAR  2. The control apparatus according to claim 1 wherein said switch means
      comprise first and second controllable semiconductor elements
      respectively, and said first and second rectifiers comprise diodes.
NUM  3.
PAR  3. The control apparatus according to claim 2 wherein said first and second
      controllable semiconductor elements comprise NPN transistors, the emitter
      electrode of said first NPN transistor connected to said smoothing reactor
      and the collector to the positive pole of said source, the emitter
      electrode of the second NPN transistor connected to the negative pole of
      said source and the collector to one pole of said motor, the cathode
      electrode of said first diode connected to said smoothing reactor and the
      anode to the emitter electrode of said second NPN transistor, and the
      cathode electrode of said second diode connected to the positive pole of
      said source and the anode to the collector electrode of said second NPN
      transistor.
NUM  4.
PAR  4. The control apparatus according to claim 1 which further comprises a
      polarity changing switch for reversing the polarity of the voltage for
      connecting said motor to said source.
NUM  5.
PAR  5. The control apparatus according to claim 1 wherein said control means
      apply control signals to said switch means such that while one switch
      means is rendered continuously conductive, the other switch means is
      ON-OFF controlled at a frequency higher than that at which said one switch
      means is rendered continuously conductive.
NUM  6.
PAR  6. The control apparatus according to claim 5 wherein each control signal
      comprises spaced apart rectangular waves and a plurality of pulses having
      a larger frequency than that of said rectangular waves and interposed
      between said rectangular waves, and wherein the rectangular waves of one
      control signal for controlling one switch means is 180.degree. out of
      phase with respect to the rectangular waves of the other control signal
      for controlling the other switch means.
NUM  7.
PAR  7. The control apparatus according to claim 4 wherein said polarity
      changing switch comprises first, second, third and fourth switches,
      wherein said first and second switches are connected in series to form a
      third series connection and said third and fourth switches connected in
      series to form a fourth series connection, one end of each said third and
      fourth series connection connected in common to the first switch means
      through said smoothing reactor and the other end connected in common to
      the second switch means, and wherein said motor is connected between a
      juncture of said first and second switches and a juncture of said third
      and fourth switches, whereby during the powering operation, said first and
      fourth switches are open whereas during the regeneration operation the
      operational relationship of said switches is reversed.
NUM  8.
PAR  8. In a control apparatus for a DC motor of the type wherein the power
      supplied to said motor from a direct current source is controlled by an
      ON-OFF switch control, the improvement which comprises first and second
      switch means which are connected in series between said source and said
      motor, and control means supplying said first and second switch means with
      control signals such that while one of said switch means is rendered ON
      the other switch means is rendered from ON to OFF and subsequently from
      OFF to ON, said control means comprising a source of a pulse of a
      predetermined frequency, a flip-flop circuit responsive to said pulse for
      producing output pulses of opposite phase, said output pulses having a
      frequency one half of said first mentioned pulse, and a plurality of OR
      gate circuits and AND gate circuits responsive to said first mentioned
      pulse and said output pulses for producing control signals for performing
      ON-OFF control of said switch means.
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PAL  In a friction-fusion apparatus a solid state control circuit including a
      triac connected in series with an electric motor, and a control circuit
      connected across said triac including a resistor and a capacitor and a
      diac connected between the junctions thereof and the gate electrode of the
      triac. A voltage control circuit across the capacitor normally limits the
      voltage across the capacitor to an amplitude insufficient to trigger the
      diac and is operative in response to a manually actuated switch to
      increase that voltage, thereby triggering the diac and rendering the triac
      conductive to operate the motor for a selected time interval.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There exist apparatus, such as the novel portable and light weight tool
      disclosed and claimed in commonly assigned Ericsson, U.S. Pat. No.
      3,586,572, and Vilcins et al., U.S. Pat. No. 3,669,799, for
      friction-fusion bonding overlapping portions of a thermoplastic strapping
      ligature in extremely short period of time. In operation, such apparatus
      tensions the strap and then frictionally fuses the tensioned overlapping
      portions of the strap.
PAR  Since satisfactory friction-fusion joints are produced quickly, accurate
      time control of the operation of such apparatus is important. If the
      fusion operation is terminated too quickly, insufficient frictional heat
      is generated at the interface of the overlapping portions of the strapping
      ligature and a joint of inadequate strength is produced. If the fusion
      operation is prolonged for too long a period of time, excessive heat is
      generated which again results in the creation of a joint having inadequate
      strength.
PAR  In order to reduce the requirement for a high degree of operator skill, an
      automatic control circuit is desirable in order that the tool is operated
      for the appropriate length of time. The necessity for controlling the
      friction-fusion time is applicable to various types of apparatus for that
      purpose.
PAR  In Frey, U.S. Pat. No. 3,679,519, there is disclosed an electro-mechanical
      control system for controlling the duration of the operating cycle of a
      tool for friction-fusing overlapping portions of a thermoplastic strapping
      ligature. While the control system disclosed in the Frey patent is
      satisfactory, it can be appreciated that the use of a electro-mechanical
      control circuits does create problems of reliability and maintenance.
PAR  It is therefore highly desirable to utilize a control circuit capable of
      controlling the overall duration of the operating cycle of a
      friction-fusion apparatus, capable of adjusting the duration of the
      operating cycle as desired and which at the same time exhibits a high
      degree of reliability and minimal maintenance while at the same time
      utilizing a minimum of space in the tool.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a control
      circuit which has a particular adaptability for adjustably controlling the
      overall duration of the operating cycle of the tool for friction-fusion
      overlapping portions of a thermoplastic strapping ligature, which is
      reliable, which requires minimum maintenance, and which utilizes minimal
      space in the tool. This is particularly important in the portable tools of
      the type disclosed in the above identified Ericsson and Vilcins et al.
      patents, the disclosures of which are hereby incorporated herein in their
      entirety by reference to the extent not inconsistent herewith, although it
      should be realized that such a reliable and low maintenance type control
      circuit has application to any suitable apparatus.
PAR  The control circuit of the present invention controls the duration of the
      operating cycle which includes the withdrawing of the supply of the
      strapping material to tension a loop about a package and the oscillation
      of a strap gripping member to generate frictional heat for production of a
      satisfactory friction-fusion joint.
PAR  The control circuit of the present invention incorporates a solid state
      switching element in series with the tool operating motor. The switching
      element is controlled by a low voltage switch control circuit adapted to
      trigger the switching element for a selected period of time to complete a
      circuit through the motor and to operate the motor, and thereby the tool,
      for that time period.
PAR  More specifically, the control circuit of the present invention includes in
      addition to the motor switching element connected in series with the
      motor, a low voltage bias or switch control circuit connected across the
      switching element and in series with the motor. The low voltage switch
      control circuit in its quiscent or standby state precludes operation of
      the motor. When a start switch in the low voltage switch control circuit
      is operated--depressed and released, a trigger signal is applied to the
      motor switching element to energize the motor and maintain energization of
      the motor so long as the trigger signal is applied to the switching
      element. The duration of the trigger signal is a function of the
      components of the low voltage switch control circuit and upon completion
      of the desired time interval, the trigger signal is terminated and the
      motor de-energized.
PAR  The duration of the trigger signal can be adjusted to operate the motor a
      sufficient time to produce the desired tension in the strapping loop and
      to provide sufficient oscillation to generate the desired frictional heat
      at the interface region to produce the friction-fusion joint.
PAR  Thus, in accordance with the present invention there is provided a solid
      state low cost simplified control circuit, which, when energized operates
      a motor in a friction-fusion tool for a desired adjustable time period, in
      order to produce a friction-fusion joint of overlapping portions of a
      thermoplastic strapping ligature.
PAR  Numerous other advantages and features of the present invention will become
      readily apparent from the following detailed description of the invention
      and of one embodiment thereof, from the claims and from the accompanying
      drawings in which each and every detail shown is fully and completely
      disclosed as a part of this specification in which like numerals refer to
      like parts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a friction-fusion tool in a sealing
      position on a package with a strapping ligature having been formed into a
      loop about the package; and
PAR  FIG. 2 is a schematic diagram of the control circuit of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawings and will herein be described in detail one
      specific embodiment, with the understanding that the present disclosure is
      to be considered as an exemplification of the principles of the invention
      and is not intended to limit the invention to the embodiment illustrated.
PAR  There is shown in FIG. 1 a friction-fusion tool 10, in the form of a
      housing defined by mating housing members 12, 14 suitably secured
      together. A handle 16 is provided at the upper end of the tool 10 which is
      formed of inverted U-shaped portions 18, 20, formed integrally with the
      housing members 12, 14. The housing members 12, 14 are generally thin
      walled shell-like structures which collectively define a hollow interior
      or chamber therebetween in which are disposed various components of the
      tool as disclosed in the above cited Ericsson, Vilcins et al., and Frey
      patents. The friction-fusion tool is shown in position on a package P in
      FIG. 1 with the trailing end portion 22 of a loop L of a thermoplastic
      strap overlapping a leading end portion 24 of the strap. The trailing
      strap end portion 22 may extend to a suitable supply of strap (not shown).
PAR  The overlapping strap portions 22, 24 are positioned between a strap
      gripping wheel 26 and a strap supporting anvil 28. Drive means is provided
      within the chamber of the tool 10 for shifting the anvil 28 upwardly into
      strap compressing relationship with respect to the wheel 26, for
      intermittently rotating the wheel 26 to withdraw the upper strap portion
      22 to the right, as viewed in FIG. 1, thereby constricting the loop L
      about the package P and placing the loop L in tension, and for oscillating
      the wheel 26 relative to the anvil 28 to produce bodily sliding frictional
      movement between the opposing surface regions of the overlapping strap
      portions 22, 24 to effect interface melting therebetween. The drive means
      for accomplishing this includes a motor 30 and other mechanisms such as
      disclosed in the above identified Ericsson, Vilcins et al. and Frey
      patents.
PAR  Since this all occurs quite rapidly, in a period of between about 3/4 of a
      second to about 11/2 seconds, and typically in about 1 second, manual
      energization and deenergization of the motor to effect the desired
      friction-fusion of the joint is most difficult and would require
      exceptional operator skill. Therefore, a control circuit for automatically
      controlling operation of the motor to effect the desired production of
      satisfactory friction-fusion joints greatly improves the efficiency in the
      use of the tool and reliability and quality of the friction-fusion joints
      produced thereby.
PAR  The control circuit of the present invention for effecting such desired
      control of the operation of the tool and the motor is disclosed in FIG. 2.
      The circuit includes the motor 30, connected in a series with a switching
      element, shown as a triac 32, across a suitable 115 volt or 230 volt AC
      source 34. The high voltage side of the control circuit also includes a
      series connected resistor 36 and capacitor 38. A trigger signal control
      element, shown as a diac 40 is connected to the junction between the
      resistor 36 and the capacitor 38 and to the gate of the triac 32.
PAR  The input terminals of a bridge rectifier 42 are connected across the
      capacitor 38. The output terminals of the bridge rectifier 42 are
      connected across the emitter and collector of a control transistor 44. A
      transistor bias circuit 45 is connected between the base and the collector
      of the control transistor 44. The transistor bias circuit includes a
      parallel RC circuit consisting of a pair of series connected resistors, an
      adjustable resistor 46 and a fixed resistor 48, and a capacitor 50
      connected in parallel with the resistors 46, 48.
PAR  One side of the capacitor 50 is connected to one side of adjustable
      resistor 46 and to the collector of the transistor 44, while the other
      side of the capacitor 50 is connected to one side of the fixed resistor 48
      and to the cathode of a Zener diode 52 through the normally closed contact
      of a starter switch 54. The anode of the Zener diode is connected to the
      base of the control transistor 44. The normally open contact of the start
      switch 54 is connected to the emitter of the control transistor 44.
PAR  In operation, when power is applied to the circuit, capacitor 38 begins to
      charge through resistor 36. The voltage across the capacitor 38 is
      rectified by the bridge rectifier 42 and applied across the collector and
      emitter of the control transistor 44. This voltage is also applied to the
      Zener diode 52 through the biasing resistance capacitance circuit 45
      connected thereto. When the Zener breakdown voltage is reached, the base
      of the control transistor is biased on to clamp the voltage across the
      capacitor 38 at a value less than the triggering voltage of the diac 40.
PAR  When the start switch 54 is operated by depressing an appropriate operating
      member (not shown), the normally closed contacts of start switch 54 are
      opened and the normally open contacts are closed, thereby charging the
      bias circuit capacitor 50 to the value of the clamping voltage. When the
      start switch 54 is released, the switch returns to its normal position,
      shown in FIG. 2, thereby reducing the voltage applied to the Zener diode
      and removing the bias signal from the base of the control transistor 44.
PAR  The control transistor 44, with the bias signal removed from the base, cuts
      off to unclamp the voltage across capacitor 38, thereby allowing capacitor
      38 to be charged to a higher voltage, required to trigger the diac 40. The
      triggered diac applies a trigger signal to the gate of the triac 32,
      renders it conductive to complete the circuit through the motor 30. The
      motor 30 operates until the diac 40 is deenergized removing the trigger
      signal from the gate of the triac 32.
PAR  The diac 40 is de-energized when the bias capacitor 50 has discharged
      through the bias resistors 46, 48 to a point where the Zener breakdown
      voltage is again reached biasing the control transistor 44 on, clamping
      the voltage across capacitor 38 to a value lower than the diac triggering
      voltage, and thereby removing the trigger signal from the gate of the
      triac 40 and the motor 30 is de-energized.
PAR  Since the duration of the operation of the motor 30 is a function of the
      discharge time of the bias capacitor 50 which is a function of the RC time
      constant, the duration of operation of the motor can be controlled by
      adjusting either the capacitance of capacitor 50 or the resistance of the
      resistor 46, to increase or decrease the time required for the capacitor
      to discharge to the Zener breakdown voltage.
PAR  In one illustrated embodiment, the components in the control circuit are as
      follows:
TBL  Triac 32        RCA 40430                                                 
     Resistor 36     22K (115 VAC) or 100K (230VAC)                            
     Capacitor 38    0.1 .mu.f                                                 
     Diac 40         G. E. st2                                                 
     Bridge Rectifier 42                                                       
                     MOA 920-44                                                
     Transistor 44   2N 3568                                                   
     Resistor 46     200K                                                      
     Resistor 48     15K                                                       
     Capacitor 50    6.8 pf                                                    
     Zener diode 52  1N 5246                                                   
PAR  Thus, there has been disclosed a control circuit for controlling the
      duration of time for energization of a motor and of a friction-fusion tool
      which is reliable and simple, in which all external controls, which
      includes time adjustment and start switches on low voltage, and in which
      bulky mechanical components are eliminated, except for the start switch.
      The reliability of such a solid state switching control circuit as
      compared to an electro-mechanical circuit is improved, the amount of sapce
      required for such a circuit is reduced, the maintenance requirements for
      such circuit are minimized, and the desired control effected.
PAR  From the foregoing, it will be observed that numerous variations and
      modifications may be effected without departing from the true spirit and
      scope of the novel concept of the invention. It is, of course, intended to
      cover by the appended claims all such modifications as fall within the
      scope of the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A solid state timing control system for regulating the operating cycle
      of an electric motor which comprises:
PA1  first normally non-conductive solid state switching means connected in
      series with said motor, said first solid state switching means precluding
      operation of said motor when in non-conductive state and effecting
      operation of said motor substantially at line voltage during entire
      operating cycle when in conductive state;
PA1  a resistor and a first capacitor connected in series with said motor and in
      parallel with said first solid state switching means, the value of said
      resistor being selected to limit the current passing through said
      resistor-capacitor circuit to preclude operation of said motor;
PA1  a second, voltage responsive solid state switching means connected between
      said first solid state switching means and the junction between said
      resistor and said first capacitor and rendering said first solid state
      switching means conductive in response to a predetermined voltage;
PA1  bridge rectifier means having input terminals thereof connected across said
      first capacitor;
PA1  a transistor having emitter and collector thereof connected across output
      terminals of said rectifier means;
PA1  a bias circuit including an adjustable bias resistor connected in series
      with a Zener diode and a second capacitor connected in parallel with said
      adjustable bias resistor, either said transistor collector or emitter
      being connected to one side of said second resistor and said second
      capacitor, the base of said transistor being connected to the anode of
      said Zener diode, the other side of said second capacitor being connected
      to the junction of said resistor and said Zener diode through the normally
      closed contacts of a manually operated switch and to said emitter or
      collector not connected to said bias resistor through the normally open
      contacts of said manually operated switch;
PA1  said bias circuit being operative to render said transistor conductive in
      response to the voltage across said first capacitor reaching a selected
      value less than a pre-selected value required to render said second
      voltage responsive solid state switching means conductive; said second
      capacitor charging in response to actuation of said manually operated
      switching means connecting said capacitor across said transistor collector
      and emitter and discharging through said adjustable bias resistor in
      response to de-actuation of said manually operated switching means for
      rendering said transistor non-conductive and connecting said capacitor
      across said adjustable bias resistor, thereby allowing the voltage across
      said first capacitor to increase to said pre-selected value to render said
      second voltage responsive solid state switching means conductive; said
      first solid state switching means being rendered conductive in response to
      said second solid state switching means being rendered conductive to
      effect operation of said motor for a selected time interval determined by
      the discharge time of said second capacitor.
NUM  2.
PAR  2. A control system as claimed in claim 1, wherein said first solid state
      switching means is a triac and said second solid state switching means is
      connected to the gate electrode of said triac.
NUM  3.
PAR  3. A control system as claimed in claim 2, wherein said second solid state
      switching means is a diac.
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ABST
PAL  To prevent sudden and violent control swings in the guidance system of
      vehicles which are guided in a guide path by sensing an electrical or
      magnetic field derived from a guide track conductor, which sensed field is
      evaluated in a servo steering system to maintain a transducer at a given
      distance from the conductor, a limiter stage is provided to which the
      steering command signal is applied to limit the command signal to
      predetermine swings; preferably, a low pass filter is also connected to
      the transducer output to have the command signal applied thereto, the
      output of the low pass filter being connected to the limiter stage to
      permit wide, gradual control swings of the servo system while inhibiting
      wide, rapid swings.
BSUM
PAR  The present invention relates to a system to guide an untracked, steered
      vehicle along a guide path, by using an electromagnetic field which is
      generated by means of a guide conductor, the field being sensed by a
      transducer mounted on the vehicle which steers the vehicle along the path
      by sensing deviation of the transducer from the conductor, due to field
      changes as the transducer separates from the conductor.
PAR  The system of guiding vehicles by means of a current-carrying conductor
      which, for example, is buried or arranged in a predetermined path is
      known. The sensing transducer is mounted on a vehicle to sense the field
      from the current carrying conductor and to provide an output signal which
      is used as a reference or command signal for the position of the vehicle
      with respect to the conductor. As far as the position of the vehicle with
      respect to the conductor is concerned, the output from the transducer
      reflects the actual position of the vehicle, and this output is used in a
      closed servo loop to control the steering mechanism in such a manner that
      the error signal, reflecting deviation of the transducer signal, from a
      position signal of the steering mechanism, becomes 0 or null. Such
      automatic tracking of track-less vehicles by means of a guide conductor,
      strung along a guide path is known. Such arrangements, however, have
      disadvantages. If the vehicle speed is relatively high, the steering
      control signals, commanding steering changes may occur rapidly, or
      suddenly, and to such an extent that the vehicle deviates from the path of
      the guide conductor. Interference, of electrical or magnetic type,
      spurious or stray or noise signals may, additionally, lead to undesired,
      uncontrolled steering deflections, so that the vehicle may also lose its
      sensing relationship to the guide conductor.
PAR  It is an object of the present invention to improve a track-less steered
      vehicle guidance system in such a manner that rapid, extensive steering
      deflections are avoided.
PAC  Subject Matter of the Present Invention
PAR  Briefly, command signals are limited to a limiting value by means of a
      limiter stage incorporated in the control system. In accordance with a
      feature of the invention, the band width of the limiter stage is matched
      to the instantaneous speed of the vehicle; as the speed increases, the
      band width of the limiter stage is made narrower; the limiter stage is,
      according to a feature of the invention, provided with an input terminal
      to which a signal representative of speed of the vehicle may be applied,
      the terminal being internally connected to the limiter stage in such a
      manner that the band width of the limiter stage is controlled in
      accordance with the signal applied thereto.
PAR  Rapid, extensive steering deflection of the automatic steering system is
      suppressed. Excessively large steering deflections, or steering
      deflections angles are avoided even if the control system should fail, so
      that the vehicle might deviate too far from the guide conductor, in spite
      of intervention by other safety devices. The permissible steering
      deflection angle is so influenced that short-time electrical or magnetic
      interference does not result in undesired steering outputs; such
      short-time, pulse-type electric or magnetic interference may arise, for
      example, due to changes in the reinforcement support structure forming the
      path along which the vehicle is to be guided. As the vehicle speed
      increases, the danger of sudden extensive steering movement increases,
      and, in order to avoid such danger, the band widths of the permissible
      control swings of the control or command signal is limited.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a highly schematic block circuit diagram of a steering and
      control system for a track-less guided vehicle; and
PAR  FIG. 2 is a schematic circuit diagram of a limiter stage with a low pass
      filter.
DETD
PAR  The electromagnetic field generated by a current carrying conductor C,
      placed along a predetermined guide path, is sensed by a track sensing
      transducer 10 (FIG. 1). Track sensing transducer 10, shown only
      schematically, provides an output signal which forms a command signal, the
      value of which varies in dependence on the deviation of the transducer,
      and hence of the vehicle from the guide conductor C. Such a transducer
      may, for example, include two perpendicularly arranged inductive coils.
PAR  The steering system of the vehicle itself includes a steering position
      transducer 11 which provides an actual steering value, coupled to the
      steering mechanism of the vehicle. In its simplest form, it may be a
      potentiometer, the output of which varies in amplitude and sign depending
      upon the deflection of the wheels, and hence of the steering mechanism,
      from dead center position. The command signals from transducer 10, and the
      actual signal from transducer 11 are compared in a comparator 12, the
      output of which is connected to a servo amplifier 13 which, in turn,
      controls a steering controller 14 typically a servo motor. Servo amplifier
      13 amplifies the error signal derived from comparator 12 and transforms
      the signal into a wave shape-time distribution suitable to control a
      steering servo motor 14.
PAR  In accordance with the invention, the output signal from track sensing
      transducer 10, available at a terminal 15 is applied to the comparator 12
      over a limiter stage 16, the output from limiter stage 16 being available
      at terminal 114. Terminal 15, that is the output of the track sensing
      transducer (which may include an amplifier) is further connected to the
      input of a low pass filter 17, the output of which is also connected to
      limiter 16. A terminal 18, on which a signal representative of speed of
      the vehicle is applied is also connected to limiter 16. A speed signal can
      readily be provided by a suitable speed or tachometer transducer, not
      shown.
PAR  The command signal is modified in stages 16, 17 which are shown in great
      detail in FIG. 2. Terminal 18 (FIG. 2) is connected to the base of a pnp
      transistor 100. A resistor 101 is connected between the emitter-collector
      path of the transistor 100. The resistor 101, and the emitter-collector
      path of transistor 100 in parallel therewith, forms the center resistor of
      a voltage divider further including resistors 102, 103, connected between
      a positive terminal 104 and chassis or ground. A further voltage divider
      is provided, connected between terminal 104 and chassis, formed of a
      resistor 105, the emitter-collector path of a pnp transistor 106, a
      further voltage divider portion formed of resistors 107, 108, 109, 110,
      the emitter-collector path of a transistor 111 and a further resistor 112.
      The control electrodes of the two transistors 106, 111 are connected
      across the respective terminals of the resistor 101.
PAR  The low pass filter 17 includes a resistor 170 and a capacitor 171.
      Resistor 170 is connected to terminal 15, forming the output of track
      sensing transducer 10. The other terminal of resistor 170 is connected to
      the junction between the voltage divider portion resistors 108, 109 and to
      capacitor 171. The junction between the voltage divider portion formed of
      resistors 107, 108 is connected to the base of a pnp transistor 113, the
      collector of which is connected to chassis in the emitter to terminal 114,
      and hence to the servo comparator. The junction between the resistors 109,
      110 of the voltage divider portion is connected to the base of a npn
      transistor 115, the collector of which is connected to the source or
      positive potential 104, and the emitter of which is likewise connected to
      terminal 114, and hence to the servo comparator 12. The emitters of the
      transistors 113, 115 are connected together and to terminal 15, that is
      the output from transducer 10, through a resistor 116.
PAC  OPERATION
PAR  The band width of the limiter stage 16 is determined by a signal provided
      to terminal 18 connected to the base of transistor 100, and representative
      of speed of the vehicle. As the vehicle speed rises, the signal also
      increases. This descreases the conductivity of the main switching path of
      the transistor 100 and the voltage across resistor 101 will rise. Current
      flowing through the switching paths of transistors 106, 111 will decrease,
      since the resistance of the transistors increases as they are controlled
      to increasing blocking direction. The voltage drop across the voltage
      divider portion 107 to 110 thus decreases. As the result, the response
      thresholds of the transistors 113, 115 will shift. If the control voltage
      at terminal 15, being applied directly over resistor 116 to the terminal
      114 and hence to the comparator 12 is within a voltage range which is
      within the band widths of the limiter, then the voltage is directly
      applied to the comparator 12. As the voltage at terminal 114 increases,
      however, that is, upon increasing output from the transducer 10 indicative
      of increasing deviation of the vehicle from the path of conductor C, a
      point will be reached at which the transistor 113, becoming increasingly
      conductive, will short circuit the voltage, thus preventing further rise
      thereof. The control swing of the signal at terminal 15 has thus been
      limited in one direction. At the lower limit of the band width, similar
      relationships will pertain. If the voltage at terminal 114 drops below the
      base voltage of transistor 115, the transistor 115 becomes increasingly
      conductive upon further drop of the voltage at terminal 114, and
      transistor 115 will provide additional power from terminal 104, thus
      preventing further drop of the signal at terminal 114. The voltage at
      terminal 114 thus may not drop below a predetermined limit. The upper and
      the lower limits of the band are determined by the voltage division ratio
      at the voltage divider resistors 107, 108, 109, 110; this voltage across
      the resistors 107-110 is, in turn, controlled by the conductivity of the
      transistors 106, 111 which, in turn, is controlled from the transistor
      100, to which the vehicle speed signal is applied.
PAR  If a sudden change in the command signal is applied to terminal 15, the
      voltage at the junction between resistors 108, 109 will rise at a rate
      determined by the low pass filter 17 but at a slow, gradual rate to shift
      the entire band upwardly, or downwardly.
PAR  The automatic steering control is not interfered with by the device in
      accordance with the present invention, since it is dangerous to rapidly
      change the steering deflection at high speeds anyway. Sharp corners can
      continue to be commanded by the system in accordance with the present
      invention, provided that the speed at which the sharp corner is taken is
      low enough, since the deflection angle, or excursion of the deflection
      system may extend to the mechanical limits thereof.
PAR  Various changes and modifications may be made within the scope of the
      inventive concept.
PAR  The conduction of either transistor 113, or 115 (or both) can be sensed,
      for example by sampling the voltage across a resistor placed in the
      emitter-collector path of the respective transistor. This conduction is
      indicative of shifting of the band path range of limiter 16 with respect
      to signals derived from the vehicle speed signal 18, and independently of
      signals from low pass filter 17. The rate of change of the band path
      widths can thus be determined. The signal representative of this rate of
      change can be used as a control signal to reduce vehicle speed and thus
      prevent excessive speed in curves. A comparison of this signal with
      respect to a fixed voltage, for example chassis, provides a measure of the
      combined effect of vehicle speed and deviation from the conductor C and
      hence may be used as a measure of the ability of the vehicle to follow a
      curve path at the then given speed and hence may be used as a command
      signal to affect a suitable control if the speed should be excessive.
CLMS
STM  We claim:
NUM  1.
PAR  1. Guiding system for steered, untracked vehicles having a sensing
      transducer (10) sensing the field of a guidance conductor (C) located in a
      guide path, and providing a steering command signal;
PA1  a speed signal terminal (18) providing a signal representative of vehicle
      speed;
PA1  and servo steering means (11, 12, 13, 14) responsive to said steering
      command signal and providing an output steering said vehicle under command
      of said steering command signal,
PA1  wherein the servo steering means includes
PA1  a limiter stage (16) having the steering command signal applied thereto and
      connected to limit said command signal, said speed signal being connected
      to said limiter stage (16) to control the limiting band width or range of
      said limiter stage in accordance with the level of said speed signal
      representing different vehicle speeds; the different vehicle speeds to
      narrow the range of control and hence the response range of the servo
      steering means at high vehicle speeds while providing for a wide range of
      control and hence high level, extensive response at low vehicle speeds;
PA1  and means (17) connected to and controlled by the command signal, and
      further connected to and controlling said limiter stage (16) to set the
      half, or center position of the response range, as controlled by the speed
      signal, of the servo steering means as a function of the command signal.
NUM  2.
PAR  2. System according to claim 1 wherein the limiter stage (16) comprises two
      transistors (113, 115), the relative conduction of which defines the upper
      and lower band width of the limiter;
PA1  and control circuit means (107-110) controlled by the vehicle speed signal
      connected to the control electrodes of said transistors (113, 115) and
      controlling the conduction thereof and hence the band width of the
      limiter.
NUM  3.
PAR  3. System according to claim 2 wherein the control circuit means comprises
      a voltage divider (107-110).
NUM  4.
PAR  4. System according to claim 2 wherein the output circuit (114) of said
      transistors (113, 115) is connected to apply the limited command signal to
      the servo steering means, one of said transistors (113), upon being
      controlled to full conduction, effectively connecting said command signal
      upon increasing amplitude thereof to a source (-104) of predetermined,
      limited voltage.
NUM  5.
PAR  5. System according to claim 2 wherein the output circuit (114) of said
      transistors (113, 115) is connected to apply the limited command signal to
      the servo steering means, one of said transistors (115), upon being
      controlled to full conduction, effectively connecting said command signal
      upon decrease of amplitude, to a source (+104) of predetermined limited
      voltage.
NUM  6.
PAR  6. System according to claim 2 wherein the servo steering means comprises a
      steering position transducer means (11) providing an actual steering
      signal and comparator means (12) comparing the command signal and the
      actual signal and providing an error signal;
PA1  wherein the output circuits (114) of said transistors (113, 115) are
      connected to apply a limited command signal to the comparator means (12),
      one of said transistors (113) upon being controlled to full conduction,
      effectively connecting said command signal, upon increase in amplitude, to
      a source (-104) of predetermined limited voltage and the other of said
      transistors (115) upon being controlled to full conduction, effectively
      connecting said command signal upon decrease in amplitude to the other
      terminal of said source (+104) of limited voltage.
NUM  7.
PAR  7. System according to claim 6 wherein the control circuit means comprises
      a voltage divider (107-110);
PA1  the means to set the half, or center position of the response range
      comprises a low pass filter (17) connected to have the command signal
      applied thereto, the output of the low pass filter (17) being connected to
      half, or center voltage position of the voltage divider so that the
      command signal from the transducer (10) is applied, directly, to the
      transistors (113, 115) and through the low pass filter to the voltage
      divider controlling conduction of said transistors (113, 115);
PA1  said system further comprising
PA1  controlled switch means (100, 106, 111) controlled by said speed signal and
      connected to said voltage divider (107-110) to change the voltage division
      ratio thereof and thereby additionally control conduction of said
      transistors (113, 115) in accordance with said speed signal to prevent
      change of application of high levels of command signals indicative of
      rapid changes in the stage, at high speed of the vehicle as indicated by
      high speed signal levels acting on said controlled switch means.
NUM  8.
PAR  8. System according to claim 3 wherein the means to set the half, or center
      position of the response range comprises a low pass filter (17) connected
      to have the command signal applied thereto, the output of the low pass
      filter being connected to the half or center voltage position of the
      voltage divider.
NUM  9.
PAR  9. System according to claim 1 wherein the limiter stage (16) comprises a
      control circuit (107-110; 113, 115) having current flowing therein
      representative of the command signal;
PA1  and control switch means (100, 106, 111) controlled by said speed signal
      and connected to said control circuit and affecting the circuit parameters
      thereof in accordance with said speed signal to control the band width, or
      range of said limiter stage in accordance with said speed signal.
NUM  10.
PAR  10. System according to claim 1, wherein the means to set the half, or
      center position of the response range comprises a low pass filter (17)
      connected to have the command signal applied thereto and further connected
      to the limiter stage to permit gradual, but persistent response of the
      limiter stage within a narrow range at high vehicle speeds, and rapid
      response within a wide, extensive range at low vehicle speeds.
NUM  11.
PAR  11. System according to claim 10 wherein the limiter stage (16) has the
      command signal applied thereto from the transducer (10) directly, as well
      as through said low pass filter (17).
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ABST
PAL  A proportional-integral circuit comprising a proportional element, an
      integrator and an adder. In an automatic mode, the proportional element
      delivers an output signal V.sub.P which is proportional to an input signal
      V.sub.i, the integrator delivers an output signal V.sub.I by integrating
      the input signal V.sub.i, and the adder delivers an output signal V.sub.PI
      which is the sum of the output V.sub.P of the proportional element and the
      output V.sub.I of the integrator. In a handling mode, the input signal
      V.sub.i is not applied to the integrator, and the output V.sub.P of the
      proportional element and an output V.sub.H of a manual handling source are
      applied to the integrator. A resistor is connected in parallel with a
      feedback capacitor in the integrator so that the integrator possesses an
      adding function. The adder adds up the output V.sub.P of the proportional
      element and the output V.sub.I of the integrator. Further, in this
      circuit, the gain of the integrator output V.sub.I relative to V.sub.P and
      V.sub.H is selected to be l/n, and the gain of the adder output V.sub.PI
      relative to V.sub.I is selected to be n.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a proportional-integral circuit widely used as a
      controller incorporated in various control devices. More particularly,
      this invention relates to a proportional-integral circuit which is
      composed of a proportional element for obtaining a signal V.sub.P
      proportional to an input signal V.sub.i, an integrator for obtaining an
      integrated signal V.sub.I by integrating the input signal V.sub.i, and an
      adder for obtaining the sum of the output V.sub.P of the proportional
      element and the output V.sub.I of the integrator. More specifically, this
      invention relates to a proportional-integral circuit of the kind above
      described which is used for automatically controlling a controlled system
      according to the output of the proportional-integral circuit (hereinafter
      referred to as an automatic mode) and for manually controlling the
      controlled system according to the output of a manual handling source
      provided at the output end of the adder (hereinafter referred to as a
      handling mode), and in which means for changing over between the automatic
      mode and the handling mode is provided so that the handling mode can be
      bumplessly changed over to the automatic mode without imparting any shock
      to the controlled system.
PAR  As described above, a proportional-integral circuit is composed of a
      proportional element for obtaining a signal V.sub.P proportional to an
      input signal V.sub.i, an integrator for obtaining an integrated signal
      V.sub.I by integrating the input signal V.sub.i, and an adder for
      obtaining the sum V.sub.PI of V.sub.P and V.sub.I. A manual handling
      source producing an output V.sub.H is provided at the output end of the
      adder. In the automatic mode, a controlled system is controlled according
      to the output V.sub.PI of the adder, and the output V.sub.H of the manual
      handling source follows up the output V.sub.PI of the adder.
PAR  When the automatic mode is changed over to the handling mode, the output
      V.sub.H of the manual handling source is applied to the controlled system
      in lieu of the adder output V.sub.PI. Since V.sub.PI = V.sub.H in the
      automatic mode, changeover from the automatic mode to the handling mode
      can be attained in bumpless fashion. Considering subsequent change-over
      from the handling mode to the automatic mode again, it is necessary that
      the adder output V.sub.PI should follow up the output V.sub.H of the
      manual handling source in the handling mode.
PAR  In order to ensure bumpless change-over from the handling mode to the
      automatic mode in a state as above described, the proportional-integral
      circuit is arranged to operate in a manner as described below in the
      handling mode. In the handling mode, an input signal V.sub.i is applied to
      the proportional element to obtain a signal V.sub.P proportional to the
      input signal V.sub.i. A resistor is connected in parallel with an
      integrating capacitor in the integrator so that the integrator possesses
      an adding function. The input signal V.sub.i is not applied to the
      integrator, and the ouput V.sub.p of the proportional element and the
      output V.sub.H of the manual handling source are applied to the integrator
      to obtain the sum of V.sub.P and V.sub.H. The adder computes the sum
      V.sub.PI of the output V.sub.P of the proportional element and the output
      V.sub.I of the integrator. Since, in this case, the integrator output
      V.sub.I consists of the proportional component V.sub.P and the output
      V.sub.H of the manual handling source, the output V.sub. PI of the adder
      can follow up the output V.sub.H of the manual handling source when
      V.sub.P included in the integrator output V.sub.I and V.sub.P obtained by
      the proportional element cancel each other.
PAR  This is carried out, for example, in a manner as described below. The
      proportional element is composed of an input resistor of resistance value
      R.sub.1 through which V.sub.i is applied, a first operational amplifier
      A1, and a feedback resistor of resistance value R.sub.2 connected in
      parallel with the operational amplifier A1. The integrator is composed of
      an input resistor of resistance value R.sub.3 through which V.sub.i is
      applied, a second operational amplifier A2, and an integrating capacitor
      of capacitance value C connected in parallel with the operational
      amplifier A2. The adder is composed of an input resistor of resistance
      value R.sub.7 through which proportional element output V.sub.P is
      applied, another input resistor of resistance value R.sub.8 through which
      integrator output V.sub.I is applied, a third operational amplifier A3,
      and a feedback resistor of resistance value R.sub.9 connected in parallel
      with the operational amplifier A3. In the handling mode, a feedback
      resistor of resistance value R.sub.5 is connected in parallel with the
      second operational amplifier A2 to provide the adding function to the
      integrator. It is supposed that an input resistor for applying V.sub.P to
      the integrator in the handling mode has a resistance value R.sub.4, and an
      input resistor for applying V.sub.H to the integrator in the handling mode
      has a resistance value R.sub.6.
PAR  The relations among the resistance values of the resistors above described
      are as follows:
EQU  R.sub.4 = R.sub.5 = R.sub.6                                ( 1)
EQU  R.sub.7 = R.sub.8 = R.sub.9                                ( 2)
      ##EQU1##
      K.sub.P in the equation (3) is the proportional gain of the output V.sub.P
      of the proportional element relative to the input signal V.sub.i. Due to
      the fact that the resistance values of the individual resistors are
      selected to provide the relations above described, the output V.sub.P of
      the proportional element is given by the equation (4), but the sign is
      inverted since the output appears from the operational amplifier. The
      output V.sub.I of the integrator and the ouput V.sub.PI of the adder in
      the handling mode are respectively given by the equations (5) and (6).
      ##EQU2##
PAR  The equation (5) represents the output of the integrator, and the resistor
      R.sub.5 is connected in parallel with the capacitor C in order that the
      integrator can possess the adding function in the handling mode. This
      circuit structure of the integrator in the handling mode is commonly
      called a first order lag circuit. Therefore, this circuit has a time
      constant T (T = CR.sub.5) determined by C and R.sub.5. The equation (5)
      indicates the output of the integrator in the state in which the circuit
      is stabilized with lapse of time greater than the time constant T.
PAR  It is seen from the above description that change-over from the handling
      mode to the automatic mode can be performed in bumpless fashion when the
      resistance values of the resistors associated with the operational
      amplifiers are selected to satisfy the equations (1) and (2).
PAR  In the above description, however, saturation of the operational amplifiers
      is not taken into account, and the relation given by the equation (6) does
      not hold when the operational amplifiers are saturated. This point will be
      discussed while taking actual numerical values. The values of V.sub.i and
      V.sub.H are generally .+-.10 volts, and the saturation voltage of the
      operational amplifiers in this case is generally .+-.12 volts. Therefore,
      in the case of the integrator which is most easily saturated, the relation
      between V.sub.H and V.sub.i must satisfy the inequality (7).
EQU  -12 (v) &lt; K.sub.P V.sub.i - V.sub.H &lt; + 12 (v)             (7)
PAR  In the inequality (7), V.sub.i and V.sub.H take any suitable value within
      the range of +12 volts and -12 volts. Suppose that V.sub.H is -8 volts,
      then the integrator saturates when K.sub.P V.sub.i is greater than 4
      volts. In such a case, V.sub.i which provides the output of the
      proportional element is not equal to V.sub.i included in the output
      V.sub.I of the integrator, and the output V.sub.PI of the adder is not
      equal to the output V.sub.H of the manual handling source. When the
      handling mode is changed over to the automatic mode under such a
      condition, a shock may be imparted to the controlled system due to the
      difference between V.sub.H and V.sub.PI, and bumpless change-over from the
      handling mode to the automatic mode may not be attained.
PAR  It will thus be seen that obstruction against bumpless change-over from the
      handling mode to the automatic mode due to saturation of the operational
      amplifiers in the proportional-integral circuit is extremely inconvient
      and undesirable from the standpoint of handling. Further, this provides
      considerable restrictions on the application of the proportional-integral
      circuit to actual plants. Therefore, such restrictions must be eliminated
      by employing suitable means which satisfies both the condition required
      for fulfilling the function of the proportional-integral circuit and the
      condition required for the bumpless change-over.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a proportional-integral
      circuit which is composed of a proportional element, an integrator and an
      adder, which is provided with means for changing over between the
      automatic mode and the handling mode, and which satisfies the condition
      required for fulfilling the proportional-integral control function.
PAR  Another object of the present invention is to provide a
      proportional-integral circuit of the above character which satisfies
      further condition required for the bumpless change-over between the
      automatic mode and the handling mode.
PAR  Still another object of the present invention is to provide a
      proportional-integral circuit of the above character which is provided
      with a limiter for preventing saturation of operational amplifiers in the
      proportional-integral circuit.
PAR  According to the present invention, the gain of the output V.sub.I of the
      integrator relative to the inputs V.sub.P and V.sub.H in the handling mode
      is selected to be 1/n, and the gain of the output V.sub.PI of the adder
      relative to the output V.sub.I of the operational amplifier A2 is selected
      to be n. Thus, the region of the signal voltage that can be used in
      bumpless change-over can be enlarged to the maximum allowable value in the
      normal operation. Further, in order that the adder may not be undesirably
      saturated in the automatic mode due to the gain n of the output V.sub.PI
      of the adder relative to the input V.sub.I, a limiter is connected across
      the input terminal of the integrator and the output terminal of the adder
      so as to prevent saturation of the proportional-integral circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram showing the general structure of a
      proportional-integral circuit according to the present invention.
PAR  FIG. 2 is a view similar to FIG. 1 but showing the circuit state when
      contacts for changing over between the handling mode and the automatic
      mode are closed to establish the handling mode.
PAR  FIG. 3 is a circuit diagram showing the structure of an embodiment of the
      present invention provided with a limiter.
PAR  FIG. 4 is a graph showing the operating characteristic of the limiter shown
      in FIG. 3.
PAR  FIG. 5 shows the operating characteristic of the proportional-integral
      circuit of FIG. 1 which is not provided with the limiter.
PAR  FIG. 6 shows the operating characteristic of the proportional-integral
      circuit of FIG. 3 which is provided with the limiter.
PAR  FIG. 7 is a circuit diagram showing the practical structure of one form of
      the manual handling source.
PAR  FIG. 8 is a circuit diagram showing the practical structure of another form
      of the manual handling source.
DETD
PAR  FIG. 1 is a circuit diagram showing the general structure of a
      proportional-integral circuit according to the present invention.
      Referring to FIG. 1, this proportional-integral circuit comprises a
      proportional element for obtaining a signal V.sub.P proportional to an
      input signal V.sub.i, an integrator for obtaining a signal V.sub.I by
      integrating the input signal V.sub.i, and an adder for obtaining the sum
      V.sub.PI of V.sub.P and V.sub.I. A potentiometer 4 is provided for setting
      the proportional gain KP of the output V.sub.P of the proportional element
      relative to the input signal V.sub.i. Another potentiometer 5 is provided
      for setting the integrating time constant of the output V.sub.I of the
      integrator relative to the input signal V.sub.i. The symbols A1 to A3
      designate operational amplifiers such as those described hereinbefore. The
      symbols R.sub.1 to R.sub.9 designate operational resistors such as those
      described hereinbefore, and the resistor R.sub.1, for example, has a
      resistance value R.sub.1. A plurality of switches 17, 18, 19, 20 and 21
      are provided for effecting change-over between the handling mode and the
      automatic mode. These switches 17, 18, 19, 20 and 21 are closed at
      contacts H in the handling mode and at contacts A in the automatic mode. A
      manual handling source 22 delivers an output V.sub.H which follows up the
      output V.sub.PI of the adder in the automatic mode.
PAR  FIG. 2 shows the state of the proportional-integral circuit of FIG. 1 when
      the handling mode is selected by actuating the switches 17 to 21. In FIGS.
      1 and 2, the proportional element is composed of the potentiometer 4,
      operational resistors R.sub.1 and R.sub.2, and operational amplifier A1.
      This operational amplifier A1 is used principally for inverting the
      polarity of the signal. The integrator is composed of the operational
      resistor R.sub.3, feedback capacitor C, operational amplifier A2 and
      potentiometer 5. The adder is composed of the operational resistors
      R.sub.7, R.sub.8 and R.sub.9 and operational amplifier A3. The resistor
      R.sub.5 serves as a feedback resistor so that the integrator possesses an
      adding function in the handling mode. The resistors R.sub.4 and R.sub.6
      serve as input resistors through which the output V.sub.P of the
      proportional element and the output V.sub.H of the manual handling source
      are applied to the integrator in the handling mode. Thus, in the handling
      mode, the integrator has a circuit structure which is commonly called a
      first order lag circuit. Therefore, the integrator has a time constant T
      (T = CR.sub.5) determined by the resistance of the resistor R.sub.5 and
      the capacitance of the feedback capacitor C.
PAR  In the proportional-integral circuit of the present invention having such a
      structure, the gain of the output voltage V.sub.I of the integrator
      relative to the input voltage V.sub.P applied from the proportional
      element and the input voltage V.sub.H applied from the manual handling
      source 22 in the handling mode is selected to be 1/n in order to satisfy
      the condition required for bumpless change-over. It is to be noted however
      that what is called the gain of the integrator herein means the relation
      between the input and the output after the lapse of time greater than the
      time constant (T = CR.sub.5) of the first order lag circuit above
      described. Further, the gain of the output V.sub.PI of the adder relative
      to the input V.sub.I applied from the integrator is selected to be n. This
      n may be any suitable number which is greater than unity (n &gt; 1). In the
      following description, n is selected to be 2 (n = 2) for convenience of
      explanation.
PAR  The relations among the resistance values of the operational resistors are
      as follows when n = 2 in FIGS. 1 and 2:
EQU  R.sub.4 = R.sub.6 = 2R.sub.5                               (8)
EQU  R.sub.7 = R.sub.9 = 2R.sub.8                               (9)
      ##EQU3##
      In the equations (10) and (11), V.sub.Pi is the input voltage of the
      proportional element, that is, the output voltage of the potentiometer 4,
      and K.sub.p ' is the gain of the output V.sub.Pi of the potentiometer 4
      relative to the input signal V.sub.i.
PAR  The outputs V.sub.P, V.sub.I and V.sub.PI of the proportional element,
      integrator and adder in the handling mode are as follows:
EQU  V.sub.P = - K.sub.P V.sub.i                                (12)
      ##EQU4##
      Thus, when the resistance values of the operational resistors are
      determined to give relations as shown in the equations (8) to (11), it is
      theoretically possible to attain bumpless change-over from the handling
      mode to the automatic mode as will be seen in the equations (12) to (14).
      It is to be noted however that the equation (13) represents the relation
      between the input and the output in the state in which the first order lag
      circuit is stabilized after lapse of time greater than the time constant T
      (T = CR.sub.5) of the first order lag circuit.
PAR  In FIGS. 1 and 2, the symbol "-" is affixed to the operational amplifiers
      A1, A2 and A3 to indicate that they are inverting operational amplifiers.
      Namely, the output signal varies in a polarity which is opposite to that
      of the varying input signal.
PAR  Now turning back to the proportional-integral circuit, let us consider what
      is meant by the proportional-integral function of the circuit. Briefly
      speaking, this function means that a deviation in proportional component
      has the same polarity with a deviation in integral component. In other
      words, the integral component must increase with an increase in the
      proportional component. On the other hand, the case, where the deviation
      in proportional component and that in integral component have the opposite
      polarity, is not called proportional-integral function, and seldom used
      for controllers in actual plants. Accordingly, for example, a pair of
      inverting operational amplifiers may be employed as operational amplifiers
      A1 and A2. In this case, in order that the polarity of output V.sub.H of
      the manual handling source 22 is made the same with that of output
      V.sub.PI of the adder, the operational amplifier A3 is also required to be
      an inverting operational amplifier.
PAR  However, since the proportional-integral function is defined as mentioned
      above, a similar circuit may be made employing non-inverting operational
      amplifiers. The non-inverting operational amplifier means herein an
      operational amplifier whose input and output have the same polarity. In
      the case of employing such a non-inverting operational amplifier to
      construct a proportional-integral circuit, the non-inverting operational
      amplifiers may be employed as the amplifiers A1 and A3, but an inverting
      operational amplifier must be employed as the amplifier A2 since an
      integral circuit cannot be constructed by a non-inverting operational
      amplifier. In such a circuit, the output of the integrator is inverted and
      then applied to the amplifier A3 to perform the proportional-integral
      function and to effect satisfactorily the bumpless changeover between
      automatic mode and handling mode. Further, in such a circuit, a handling
      mode can be carried out by inverting the polarity of the output of the
      proportional element and by applying the thus inverted output to the
      amplifier A2.
PAR  As is apparent from the above-mentioned description, a
      proportional-integral circuit may readily and unrestrictedly be
      constructed by inverting and non-inverting operational amplifiers. In such
      a circuit, however, it is important to satisfy the conditions that, in a
      handling mode, the output V.sub.P of the proportional element and the
      proportional component contained in the output of the integrator have the
      opposite polarity, and the output of the proportional-integral circuit
      agrees with the output of the manual handling source.
PAR  The present invention is applicable to any proportional-integral circuit
      capable of satisfying the above-mentioned conditions.
PAR  Saturation of the operational amplifiers will next be considered. Suppose
      that the input signal V.sub.i and the output V.sub.H of the manual
      handling source are set to lie within the range of from +10 volts to -10
      volts. Suppose further that the saturation voltage of the operational
      amplifiers is .+-.12 volts. The range in which the equation (12) holds
      will now be discussed to obtain a relation similar to that given by the
      inequality (7).
      ##EQU5##
      The inequality (14) represents the severest condition in which the
      saturation of the operational amplifier A2 in the integrator is taken into
      account, that is, the condition in which the operational amplifier A1 is
      saturated to deliver +12 volts. Even in this severest condition, the
      maximum (minimum) value of the output V.sub.I is .+-.11 volts and the
      operational amplifier A2 is not saturated. Therefore, the equations (12)
      and (13) hold within the range of all the values of V.sub.H and V.sub.i.
      It will thus be understood that, according to the circuit of the present
      invention, the operational amplifier A2 does not saturate, and bumpless
      change-over from the handling mode to the automatic mode can be reliably
      attained. Thus, the condition required for the bumpless change-over is
      satisfied.
PAR  On the other hand, in the automatic mode, the circuit of FIG. 1 is changed
      over in such a manner that the output V.sub.P of the proportional element
      and the output V.sub.I of the integrator are applied to the adder which
      seeks the sum V.sub.PI of V.sub.P and V.sub.I. The output voltages of the
      respective operational amplifiers in this mode are as follows:
EQU  V.sub.P = - K.sub.P V.sub.i                                (15)
      ##EQU6##
      In the equations (15) to (17), S is the Laplace's operator, K.sub.I is the
      voltage division ratio of the potentiometer 5, and T.sub.I is the
      integrating time constant. This time constant T.sub.I is given by
      ##EQU7##
PAR  The operation of the proportional-integral circuit in the automatic mode
      will now be described. According to the present invention, the resistance
      values of the operational resistors are selected to provide the relations
      shown in the equation (8) or (9) so as to always satisfy the relation of
      the equation (13) in the handling mode. Consequently, the output V.sub.I
      of the integrator is doubled and 2V.sub.I is applied to the adder as shown
      in the equation (17). Suppose that the saturation voltage of the
      operational amplifiers A1, A2 and A3 is .+-.12 volts as described
      hereinbefore and consider the effect of V.sub.I alone in the automatic
      mode without considering the effect of the output V.sub.P of the
      proportional element. In the automatic mode, the operational amplifier A3
      starts to saturate at the value of V.sub.I of .+-.6 volts. Thus, in spite
      of the fact that the output voltage V.sub.PI of the operational amplifier
      A3 is variable up to the saturation voltage .+-.12 volts, the operational
      amplifier A3 may be saturated within the range of V.sub.I of from +6 volts
      to +12 volts and from -6 volts to +12 volts and a region may be produced
      in which no change occurs in the output voltage V.sub.PI of the
      operational amplifier A3. This provides a great disadvantage in automatic
      process control and a limiter is required for preventing this undesirable
      saturation.
PAR  However, due to the fact that V.sub.I is variable up to the maximum
      (minimum) of .+-.11 volts in the handling mode as described with reference
      to the equation (14), mere limitation of the output voltage V.sub.I of the
      operational amplifier A2 to .+-.6 volts is not sufficient.
PAR  The operational amplifier A3 tends to saturate since V.sub.I is doubled and
      2V.sub.I is applied to the adder as above described. To eliminate the
      tendency of the operational amplifier A3 toward saturation, a limiter is
      provided in the present invention and is connected across the input
      terminal of the operational amplifier A2 which is the essential part of
      the integrator and the output terminal of the operational amplifier A3
      which is the essential part of the adder.
PAR  FIG. 3 shows an embodiment of the present invention which is provided with
      such a limiter. In FIG. 3, like reference numerals are used to denote like
      parts appearing in FIGS. 1 and 2.
PAR  The operation of this limiter 30 will be described with reference to FIG.
      3. An output voltage V.sub.PI of an operational amplifier A3 is compared
      with a positive reference voltage V.sub.1 and a negative reference voltage
      V.sub.2. Referring to FIG. 3, the potential difference between the output
      voltage V.sub.PI of the operational amplifier A3 and the positive
      reference voltage V.sub.1 is divided by a pair of resistors 32 and 34.
      Similarly, the potential difference between V.sub.PI and the negative
      reference voltage V.sub.2 is divided by another pair of resistors 33 and
      35. A diode 37 conducts when the potential at the connection point b
      between the resistors 32 and 34 becomes negative. Another diode 38
      conducts when the potential at the connection point a between the
      resistors 33 and 35 becomes positive. The limiter 30 includes an
      operational amplifier A4 and a feedback resistor 36 for the operational
      amplifier A4 and so that the polarity of the limiter signal obtained
      through the diode 37 and 38 is inverted by the operational amplifier A4.
      The output of the operational amplifier A4 is applied through diodes 39
      and 40 and a resistor 15 to the input terminal of an operational amplifier
      A2 which is the essential part of an integrator. The diodes 39 and 40 are
      provided so as to block reverse leakage current of the diode 37 or 38 as
      described later. Suppose that the limiter is actuated when V.sub.PI
      attains the level of .+-.11 volts, then V.sub.1 and V.sub.2 may be
      selected to be +22 volts and -22 volts respectively, and the resistance
      values of the resistors 34 and 35 may be selected to be two times those of
      the resistors 32 and 33 respectively.
PAR  The operation of the limiter having such a structure will be considered in
      regard to the case in which the input voltage applied to the integrator
      increases in the positive direction resulting in an increase of the output
      V.sub.PI of the adder in the positive direction too. Suppose that the
      output V.sub.PI of the adder increases in the positive direction until it
      reaches the upper voltage limit +11 volts of the integrator. In this case,
      the potential at the connection point a between the operational resistors
      33 and 35 is positive and current flows through the diode 38. This current
      acts to vary the output voltage of the operational amplifier A4 in the
      negative direction so that the operational amplifier A2 is biased through
      the diode 40 and operational resistor 15 in a direction in which the
      operational amplifier A2 ceases the integrating operation. On the other
      hand, when the output voltage V.sub.PI of the operational amplifier A3
      becomes negative, similar operation is caused by the operational resistors
      32 and 34 and diode 37.
PAR  Referring to FIG. 4 showing the operating characteristic of the limiter 30,
      the output voltage V.sub.LT of the operational amplifier A4 is zero as
      shown by the curve d when V.sub.PI is lower than a predetermined positive
      voltage or higher than a predetermined negative voltage. When V.sub.PI
      exceeds these predetermined voltage limits, V.sub.LT increases abruptly to
      limit the output voltage of the operational amplifier A3 through the
      operational amplifier A2. Actually, however, V.sub.LT of several ten
      millivolts appears within the range of the predetermined voltage limits as
      shown by the curve c in FIG. 4 due to reverse leakage current of the
      diodes 37 and 38. This affects adversely the precision of the integrating
      operation of the operational amplifier A2. In the embodiment shown in FIG.
      3, the diodes 39 and 40 are provided for the purpose of preventing the
      adverse effect due to this reverse leakage current and obtaining an ideal
      characteristic as shown by the curve d in FIG. 4.
PAR  The operation starting voltage of the limiter 30 is set at such a level
      that the maximum value thereof does not exceed the saturation voltage of
      the operational amplifier A3. This operation starting voltage may be
      selected at, for example .+-.11 volts so that the operational amplifier A2
      can cease the integrating operation before V.sub.PI attains the saturation
      voltage level (which is .+-.12 volts according to the example described
      hereinbefore) and the trouble due to saturation can be prevented. Further,
      due to the fact that resistors R.sub.8 and R.sub.9 have respective
      resistance values which satisfy the relation R.sub.9 =  2R.sub.8 as
      described with reference to FIG. 1, the output voltage V.sub.I of the
      operational amplifier A2 in the automatic mode does not exceed one-half of
      the limiter voltage of the operational amplifier A3. Further, in the
      handling mode, the relation between V.sub.PI and V.sub.H is V.sub.PI =
      V.sub.H. Therefore, the operation starting voltage of the limiter 30 may
      be set at such a level that the minimum value thereof exceeds V.sub.H
      which is the output of the manual handling source, so that the operational
      amplifier A2 can reliably operate free from any adverse effect in both the
      automatic mode and the handling mode.
PAR  The operation of the proportional-integral circuit of the present invention
      in the automatic mode will be described in more detail. At first, the
      operation of the proportional-integral circuit when applied to automatic
      process control will be described with reference to FIGS. 5 and 6. FIG. 5
      is a waveform diagram for illustrating the operation of the
      proportional-integral circuit which is not provided with the limiter 30,
      and FIG. 6 is a waveform diagram for illustrating the operation of the
      proportional-integral circuit which is provided with the limiter 30. In
      FIGS. 5 and 6, the horizontal axis represents time t, and when an input
      V.sub.i representative of gradually decreasing controlled deviation is
      applied to the proportional-integral circuit, the output V.sub.I of the
      operational amplifier A2 increases due to the integration of the deviation
      input V.sub.i. It is supposed herein that the operational amplifier A3 has
      an ideal characteristic and is free from saturation. The output voltage
      V.sub.PI of the ideal operational amplifier A3 is -2V.sub.I plus the
      negative value of the output voltage V.sub.P of the operational amplifier
      A1, and this value is shown by the curve f. In this curve f, saturation of
      the operational amplifier A3 is not taken into account.
PAR  Actually, however, no change occurs in the actual output voltage V.sub.PI
      of the adder in the proportional-integral circuit within the range in
      which the saturation voltage .+-.12 volts of the operational amplifier A3
      is exceeded, that is, between time t.sub.1 to time t.sub.3 due to the
      saturation of the operational amplifier A3. This means that, even when the
      deviation input V.sub.i is reduced to zero at time t.sub.2 and is then
      inverted in polarity, no change occurs in the output voltage V.sub.PI
      until the output voltage of the ideal proportional-integral circuit shown
      by the curve f becomes lower than the saturation voltage, and a dead time
      t.sub.d results. This produces or accelerates an undesirable overshoot in
      automatic process control and good results of control cannot be obtained.
PAR  Referring to FIG. 6 showing operating waveforms of the
      proportional-integral circuit of the present invention provided with the
      limiter 30, the limiter 30 operates at time t.sub.1 to deliver a limiter
      voltage V.sub.LT which varies abruptly as shown in FIG. 4. This limiter
      voltage V.sub.LT is applied through the operational amplifier A4 to the
      input terminal of the operational amplifier A2 in a polarity opposite to
      that of the input voltage V.sub.i. Therefore, the charge stored in the
      capacitor C in the integrator discharges with the time constant which is
      determined by the capacitance of the capacitor C and the resistance of the
      resistor 15. As a result, the output voltage V.sub.PI of the operational
      amplifier A3 does not exceed .+-.11 volts and the limiter 30 ceases its
      operation. When, at this time, the input voltage V.sub.i is still applied
      in the same polarity as that appeared before the opeation of the limiter
      30, the capacitor in the integrator is charged and V.sub.PI attains the
      level of .+-.11 volts again. Consequently, the limiter 30 is actuated
      again to restore V.sub.PI to within the range of .+-.11 volts. By virtue
      of such on-off control, V.sub.PI is maintained at the limiter operating
      voltage level of .+-.11 volts. When polarity inversion occurs in the input
      voltage V.sub.i at the time t.sub.2, the proportional-integral action can
      be immediately started without producing any dead time. Thus, good results
      of control can be obtained without giving rise to an undesirable overshoot
      in automatic process control. Further, bumpless change-over from the
      handling mode to the automatic mode can be reliably carried out by any
      deviation input V.sub.i in spite of the fact that the circuit is simple in
      structure. Further, the provision of a limiter as shown in FIG. 3 is
      advantageous in that no leakage current flows below the limiter voltage
      and an ideal limiter characteristic can be obtained.
PAR  The limiter 30 shown in FIG. 3 is in no way limited to the illustrated
      structure, and any other suitable limiter, for example, the combination of
      a Zener diode and a polarity inverter may be employed to attain the same
      effect. Any suitable limiter means may be employed without departing from
      the scope of the present invention provided that it has the function of
      discriminating the exceeding of the output V.sub.PI of the adder beyond a
      predetermined voltage limit and the function of delivering a sufficiently
      large output of polarity opposite to the polarity of the adder output
      V.sub.PI.
PAR  In FIGS. 1, 2 and 3, the manual handling source 22 is illustrated simply by
      a black box. This device is commonly known in the art and may have a
      structure as shown in FIG. 7. Referring to FIG. 7, the output V.sub.o of
      the proportional-integral circuit and the output V.sub.H of the manual
      handling source 22 are applied to a comparator D which compares these
      inputs to deliver a logical output 1 when V.sub.o &gt;  V.sub.H and a logical
      output 0 when H.sub.H &gt; V.sub.o. A change-over switch 24 is provided for
      change-over between the automatic mode A and the handling mode H, and when
      closed, a logical output 1 is applied to a logic circuit 102. NAND gates
      N.sub.1 to N.sub.6 in the logic circuit 102 deliver 0 only when the two
      inputs thereto are 1. NOR gates O.sub.1 and O.sub.2 deliver 0 when one of
      the two inputs thereto is 1. The reference numerals 103, 104 and 105
      designate a pulse oscillator, a reversible counter having an up count
      terminal INC and a down count terminal DEC, and a digital to analog
      converter respectively. The symbols HINC and HDEC designate an up count
      switch and a down count switch respectively which are used in the handling
      mode and apply a logical output 1 to the suceeding circuit when closed.
PAR  The manual handling source 22 has a structure as above described. In the
      automatic mode, the changeover switch 24 is closed at the contact A.
      Suppose that V.sub.o &gt;  V.sub.H, then the output of the comparator D is 1
      and the two inputs to the NAND gate N.sub.1 are 1. Therefore, the output
      of the NAND gate N.sub.1 is 0. Since one of the inputs to the NAND gate
      N.sub.2 is applied from the NAND gate N.sub.1, the logical output of the
      NAND gate N.sub.2 is opposite to that of the NAND gate N.sub.1 and is 1 in
      this case. The NOR gates O.sub.1 and O.sub.2 are connected at one of the
      input terminals thereof to the contact A of the switch 24 through the
      respective NAND gates N.sub.1 and N.sub.2 and at the other input terminal
      thereof to the contact H of the switch 24 through the respective NAND
      gates N.sub.3 and N.sub.4. Therefore, no logical inputs are applied
      simultaneously to both the input terminals of the NOR gates O.sub.1 and
      O.sub.2, and these NOR gates O.sub.1 and O.sub.2 act as a sign changer.
      Since the output of the NAND gate N.sub.1 is 0 and the output of the NAND
      gate N.sub.2 is 1, the output of the NOR gate O.sub.1 is 1 and the output
      of the NOR gate O.sub.2 is 0. The pulse output of the pulse oscillator 103
      is applied to one input terminal of the NAND gates N.sub.5 and N.sub.6,
      and thus, a pulse output appears from these NAND gates N.sub.5 and N.sub.6
      when 1 is applied to the other input terminal thereof. Since the output of
      the NOR gate O.sub.1 is 1, the pulse signal is applied to the up count
      terminal INC of the reversible counter 104. The digital-analog converter
      105 carries out digital-analog conversion of the input applied from the
      reversible counter 104 and delivers a digital-analog converted output.
      Such operation is carried out until V.sub.H becomes equal to V.sub.o. The
      comparator output is O when V.sub.o &gt;  V.sub.H in the automatic mode. In
      this case, the NAND gates N.sub.1 and N.sub.2 deliver logical outputs 1
      and 0 respectively. The outputs of the NOR gates O.sub.1 and O.sub.2 in
      this case are 0 and 1 respectively, and the output of the pulse oscillator
      103 is applied through the NAND gate N.sub.6 to the down count terminal
      DEC of the reversible counter 104. Thus, V.sub.H is decreased until it
      becomes equal to V.sub.o. According to this arrangement, however, the
      manual handling source 22 does not cease operation in the state in which
      V.sub.H coincides completely with V.sub.o, and the increase and decrease
      of V.sub.H relative to V.sub.o is repeated although such increase and
      decrease is very slight. As a result, V.sub.H coincides substantially with
      V.sub.o. In the automatic mode, V.sub.H follows up V.sub.o in the manner
      above described.
PAR  In the handling mode, the change-over switch 24 is closed at the contact H.
      The operator monitors the value of V.sub.H on a meter 26 and closes the up
      count switch HINC or down count switch HDEC until V.sub.H attains the
      desired value. Since the circuit including these switches HINC and HDEC
      has not any direct concern with the present invention and the operation in
      the handling mode is generally similar to that described with reference to
      the automatic mode, any detailed description is unnecessary.
PAR  The pulse oscillator 103 is composed of a pulse source 106, a frequency
      divider 107 and a mode change-over switch 25. Thus, when the mode
      change-over switch 25 is closed at the contact H in the handling mode,
      pulses having a frequency lower than that in the automatic mode are
      applied to the NAND gates N.sub.5 and N.sub.6. Therefore, the meter 26
      gives a slower indication and the manipulation for increasing or
      decreasing V.sub.H by the operator or monitoring of V.sub.H on the meter
      26 is facilitated.
PAR  In lieu of the output voltage of the manual handling source 22 shown in
      FIG. 3, a feedback signal of a motor valve control device 50 controlled by
      the output voltage V.sub.o of the proportional-integral circuit may be
      utilized as shown in FIG. 8.
PAR  Referring to FIG. 8, a comparing relay 51 compares a feedback signal
      V.sub.H corresponding to the valve opening of a control valve 53 with the
      output voltage V.sub.o of the proportional-integral circuit to apply to an
      electric motor 52 an instruction signal instructing the foward or reverse
      rotation of the motor 52. A contactor may be combined with the relay 51 as
      required. A valve position sourcer 54 is, for example, a slide resistor. A
      resistance-voltage transducer 55 delivers a voltage V.sub.H proportional
      to the valve opening of the the control valve 53 in response to the
      application of the signal from the valve position sourcer 54. Therefore,
      this valve opening control device 50 controls V.sub.H so as to give the
      relation V.sub.o =  V.sub.H, and the value of the output voltage V.sub.o
      of the proportional-integral circuit during the change-over from the
      automatic mode to the handling mode is memorized as the value of V.sub.H.
      The effect is entirely the same as that described hereinbefore when the
      memorizing ability of the controlled element controlled by the output
      value of the proportional-integral circuit is utilized and the signal fed
      back from the controlled element is used in lieu of the output voltage of
      the manual handling source.
CLMS
STM  We claim:
NUM  1.
PAR  1. A proportional-integral circuit provided with means for change-over
      between an automatic mode and a handling mode comprising an input signal
      V.sub.i, an output signal V.sub.o , a proportional means composed
      essentially of an operational amplifier for delivering an output
      proportional to said input signal V.sub.i , an integrator composed
      essentially of an operational amplifier for integrating said input signal
      V.sub.i , an adder means composed essentially of an operational amplifier
      for obtaining the sum of the output of said proportional means and the
      output of said integrator means, a manual handling source means delivering
      an output substantially equal to the output of said adder in the automatic
      mode and a manual handling signal in the handling mode, and means for
      alternately switching the source of said output signal V.sub.o between the
      output of said manual handling source means and said adder means, said
      proportional-integral circuit further comprising means for blocking
      application of said input signal V.sub.i to said integrator means when the
      handling mode is selected, means for applying the output of said
      proportional means and the output signal of said manual handling source
      means to the input terminal of said operational amplifier constituting the
      essential part of said integrator means when the handling mode is
      selected, and means for connecting a resistor across the input and output
      terminals of said operational amplifier constituting the essential part of
      said integrator means when the handling mode is selected, the gain of the
      output of said integrator means relative to the output of said
      proportional means and the output signal of said manual handling source
      means being selected to be 1/n, and the gain of the output of said adder
      means relative to the output of said integrator means being selected to be
      n where n is greater than unity.
NUM  2.
PAR  2. A proportional-integral circuit provided with means for change-over
      between an automatic mode and a handling mode as claimed in claim 1,
      wherein a limiter circuit means is connected across the output terminal of
      said adder means and the input terminal of said operational amplifier
      constituting the essential part of said integrator means and generates a
      sufficiently large output of polarity opposite to that of the output of
      said adder when the input applied from said adder exceeds a predetermined
      upper or lower limit.
NUM  3.
PAR  3. A proportional-integral circuit provided with means for change-over
      between an automatic mode and a handling mode as claimed in claim 2,
      wherein said limiter circuit means comprises a first and a second series
      circuit each consisting of a diode and a resistor and connected at one end
      thereof to the output terminal of said adder means and at the other end
      thereof to the input terminal of a saturation type inverting operational
      amplifier, a voltage source means for applying a predetermined positive or
      negative voltage to the connection between the diode and the resistor in
      each of said first and second series circuits so as to normally maintain
      said diode non-conducting, a resistor connected across the input terminal
      and the output terminal of said saturation type operational amplifier, and
      a parallel circuit of diodes arranged in directions opposite to each other
      and connected at one end thereof to the input terminal of said operational
      amplifier constituting the esssential part of said integrator through a
      resistor and at the other end thereof to the output terminal of said
      saturation type operational amplifier.
NUM  4.
PAR  4. A proportional-integral circuit provided with means for change-over
      between an automatic mode and a handling mode as claimed in claim 1,
      wherein said manual handling source means comprises a comparator means for
      comparing the output of said manual handling source means with the output
      of said adder means which is applied only in the automatic mode, a pulse
      oscillator means generating a pulse output, a reversible counter means
      having an up count terminal and a down count terminal for carrying out
      addition of pulses when the output of said pulse oscillator means is
      applied to said up count terminal and subtraction of pulses when the
      output of said pulse oscillator means is applied to said down count
      terminal, a digital-analog converter means for converting the digital
      output of said reversible counter means into an analog quantity, means for
      deciding the application of the output of said pulse oscillator means to
      said up count terminal or said down count terminal of said reversible
      counter means depending on the output of said comparator means when the
      automatic mode is selected, and means for applying the output of said
      pulse oscillator means to said up count terminal or said down count
      terminal of said reversible counter means in response to an up count or
      down count instruction signal issued by the operator when the handling
      mode is selected, the output of said digital-analog converter means being
      delivered as the output of said manual handling source means and the
      oscillation frequency of said pulse oscillator means in the handling mode
      being selected to be lower than that in the automatic mode.
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ABST
PAL  A transmission substation for transforming a high D.C. voltage over an
      intermediate three phase A.C. network into a lower D.C. voltage. The
      substation includes an arrangement of inverters and rectifiers for
      effecting the transformation with reduced losses. Also encompassed is a
      similar reversed arrangement for stepping up from a lower D.C. voltage to
      a higher D.C. voltage.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to converter substations in HGU or high-tension D.C.
      transmission (derived from the German
      Hochspannungs-Gleichstrom-Ubertrangungs) system. More particularly, it
      relates to systems for transforming high tension D.C. voltages from one
      D.C. level to another.
PAC  BACKGROUND OF THE INVENTION
PAR  In the transmission of high tension energy, it is common for a first HGU
      D.C. network to supply a part of its energy to a second HGU D.C. network
      and to transmit the remaining power elsewhere. This may occur, for
      example, in the supply of power to a local community where a first
      high-voltage HGU network supplies a second HGU network of lower "high
      voltage". This second D.C. network is then connected to local converter
      substations which supply energy from the second HGU network to the A.C.
      voltage network of the community.
PAR  One such conventional conversion arrangement for converting high level D.C.
      from a first HGU network to a lower voltage HGU network is shown in FIG.
      1. There, high tension lines 1, 2 supply the input +600 kv, -600 kv to a
      local inverter station. The input voltages are supplied to this first
      inverter station which includes current-director or inverter bridges 3, 4,
      5 and inverter bridges 6, 7, and 8, symmetrical with respect to a common
      ground. Each of the inverters is coupled to a corresponding transformer,
      9, 10, 11, 12, 13, and 14, which in turn is connected to a three-phase bus
      bar 15.
PAR  A second HGU network 24 is of similar but reversed design. That is, a
      three-phase bus bar 15b is connected to a reduced number of transformers
      16, 17, 18 and 19 which in turn is connected to rectifier bridges 20, 21,
      22 and 23. The two networks are connected by coupling switches 15a.
      Smoothing coils 27 may also be included as shown. The output voltages of
      the second network appear on lines 25 and 26 as reduced voltages +400 kv,
      -400 kv.
PAR  The efficiency of such a converter substation can be calculated as follows.
      If a current flows, for example, between terminals 1 and 2 over the
      bridges 3 to 8 which amounts to two-thirds of the nominal load Ia of the
      HGU D.C. network 24 (whose voltage is two-thirds of the voltage of the
      input D.C. network) and if the rated voltage of all converter bridges in
      V.sub.B, then the installed converter power is:
TBL  Input Network =                                                           
                   2.sup.. 3.sup.. V.sub.B.sup.. 2/3 I.sub.A =                 
                                 4.sup.. V.sub.B.sup.. I.sub.A                 
     Network 24   =                                                            
                   2.sup.. 2.sup.. V.sub.B.sup.. I.sub.A =                     
                                 4.sup.. V.sub.B.sup.. I.sub.A - Total         
                                 = 8.sup.. V.sub.B.sup.. I.sub.A               
PAR  It is desirable from a practical and economic standpoint to reduce this
      internal consumption of each converter as much as possible and to simplify
      the converter design.
PAR  It is accordingly an object of the present invention to provide a converter
      substation in HGU transmission which consumes comparatively little power
      and is of a simplified and economic design.
PAR  It is another object of the present invention to provide an HGU converter
      substation of simplified design for transforming a higher D.C. voltage to
      a lower D.C. voltage.
PAR  It is still another object of the present invention to provide an
      arrangement for converting a higher D.C. voltage to a lower D.C. voltage
      in an HGU system which utilizes a minimum number of converter bridges.
PAR  It is a still further object of the present invention to provide an
      arrangement for converting a higher D.C. voltage to a lower D.C. voltage
      which utilized a minimum number of smoothing elements.
PAR  It is also an object of the present invention to provide an HGU converter
      substation of simplified design which uses a minimum number of components
      and which consumes minimum power for transforming a lower D.C. voltage
      into a higher D.C. voltage.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an arrangement is provided for
      delivering energy from a first high tension D.C. network having first and
      second terminals having a high voltage to a second high tension D.C.
      network having first and second terminal with a lower voltage, such as in
      a converter substation. The arrangement comprises a plurality of converter
      bridges serially connected between the terminals of the first network, at
      least one of the bridges being disposed between the first terminal of the
      first network and the first terminal of the second network and being an
      inverter-type bridge and at least one of the bridges being disposed
      between the second terminal of the first network and the second terminal
      of the second network and also being an inverter-type bridge. The
      remaining bridges are disposed between the first and second terminals of
      the second network symmetrically to ground and are rectifier-type bridges.
      Also included is a three-phase current network which is coupled to the
      converter bridges.
PAR  Other and further objects of the present invention will be made clear by
      the following detailed description and drawings while the scope of the
      invention will be pointed out in the appended claims.
DRWD
PAC  BRIEF SUMMARY OF THE DRAWINGS
PAR  In the drawings,
PAR  FIG. 1 presents a schematic representation of a conventional converter
      substation for transforming higher to lower HGU D.C. voltages.
PAR  FIG. 2a represents in schematic form an arrangement for transforming higher
      D.C. voltages to lower D.C. voltages in HGU networks in accordance with
      the principles of the present invention.
PAR  FIG. 2b represents in schematic form, an arrangement similar to FIG. 2a
      where energy direction is reversed.
PAR  FIG. 3 is a schematic illustration of an alternate embodiment of the
      invention shown in FIGS. 2a and 2b with a reduced number of component
      parts.
PAR  FIG. 4 is a more detailed circuit diagram of the FIGS. 2a and 2b
      arrangement.
PAR  FIG. 5 is a schematic illustration of a known pole reversal arrangement for
      use with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As shown in FIG. 2, the terminals 1, 2 of a first HGU D.C. network have,
      for example, a potential V.sub.1 of +600 kv and -600 kv respectively with
      relation to ground. A series of converter bridges, 28, 29, 30 and 31, is
      connected in series between the terminals 1 and 2. The converter bridges
      28 and 31 are inverter bridges and the bridges 29 and 30 are rectifier
      bridges. The inverter bridge 28 is connected to the terminal bridges 1
      exhibiting the voltage V.sub.B. The bridge 28 energizes a bus bar 38 over
      a transformer 32. The bus bar 38 is also energized by the inverter bridge
      31 through a transformer 33. The transformers 33 and 34 connected to the
      bus bar 38 energize the second HGU D.C. network at the terminals 25 and
      26, through rectifier bridges 29 and 30 each rated at 2V.sub.B. The
      voltage at the terminals 25 and 26 is here 400 kv relative to ground.
      Elements 29 and 30 are connected to ground as shown in the figure. As
      stated, inverter bridges 28 and 31 are connected to transformers 32 and 35
      which supply energy to the bus bar 38. The bus bar 38 is also connected by
      transformers 33 and 34 to rectifier bridges 29 and 30. The inverter
      elements 28 and 31 have a rated voltage of V.sub.B while the rectifier
      elements each have rated voltages of 2 V.sub.B.
PAR  The second HGU network having terminals 25 are at a potential of +V.sub.2,
      -V.sub.2, which, for example, is +400 kv, -400 kv. The voltage is seen to
      be lower than the voltage V.sub.1 of the first network. The terminals of
      the second network are coupled to the junction of the rectifier and
      inverter bridges 28 and 29 and to the junction of rectifier and inverter
      bridges 30 and 31. As shown, smoothing coils 36 and 37 are included in
      coupling the series converter bridge network to the first network
      terminals 1 and 2. Smoothing coils 36a and 37a are also included in series
      with the second network terminals 25 and 26.
PAR  The circuitry of the inverter and rectifier bridges are not shown as they
      are well known to those of ordinary skills in the art.
PAR  In contrast to the FIG. 1 conventional approach, it is seen that a
      converter substation in accordance with the present invention employs a
      substantially reduced number of parts. Furthermore, the power consumption
      of the arrangement of FIG. 2 may be calculated with the current through
      the second network designated as I.sub.A, the current through the
      rectifier and inverter elements divide two-thirds to one-third as shown in
      FIG. 2.
TBL  ______________________________________                                    
     1st Network Power = 2.sup.. V.sub.B.sup.. 2/3 I.sub.A = 4/3V.sub. B       
     I.sub.A                                                                   
     2nd Network Power = 2.sup.. V.sub.B.sup.. 1/3 I.sub.A = 4/3V.sub.B        
     I.sub.A                                                                   
     Total  8/3V.sub.B I.sub.A                                                 
     ______________________________________                                    
PAL  Thus, the arrangement of the invention as shown in FIG. 2 requires only
      one-third of the power expenditure of the conventional arrangement of FIG.
      1.
PAR  Bus bar 38 can be connected to an existing three-phase current network (not
      shown). Provided this network is powerful enough, the wattless (or
      reactive) power required by the converter bridges 28-31 can be supplied by
      this network. A part of the wattless power required can be made available
      by the filter circuits which are normally provided for receiving the
      harmonic currents. The arrangement is also operable if a three-phase
      current network is not available. In such case, the three-phase current
      network is represented by the bus bar 38. The required wattless power of
      the converter bridges can be made available by rotating phase shifters or
      condensers. In the former case, synchronous phase shifters can be used in
      known manner to regulate the bus bar voltage.
PAR  Although the invention has been described with respect to direction of
      electrical energy from a higher voltage D.C. network for a lower voltage
      network, the invention is not so limited.  The arrangement and mode of
      operation for the reverse direction of the energy for representation
      according to FIG. 2a is shown in FIG. 2b. In FIG. 2b the converters are
      arranged with reverse polarity, compared to FIG. 2a, and are controlled
      with the opposite mode of operation, that is, the converters 28 and 31 are
      operated as recitifiers, and the converters 29 and 30 as inverters.
      Furthermore the description of FIG. 2a applies in analogy to FIG. 2b.
PAR  In order to permit in a simple manner the mutual transmission of energy in
      an arrangement according to FIG. 2a and FIG. 2b the individual converter
      bridges, as shown in FIG. 5 as exemplified by converter 30, and described
      in German DOS No. 1,513,827 in another connection, can be equipped with
      pole reversers 40 and a disconnecting switch 51 in the line 42 connecting
      the D.C. lines 1 and 2.
PAR  Referring now to FIG. 3, shown there is an even simpler arrangement of the
      converter substation of FIG. 2. In this figure, like members are used to
      correspond to like elements of FIG. 3. The four smoothing chokes of FIG. 2
      have been replaced with only two center-tapped chokes 36 and 37 which are
      placed at the junctions of the rectifier and converter. The center tap of
      each of the smoothing chokes is connected to the first and second
      terminals of the second D.C. network.
PAR  FIG. 4 corresponds to the circuit of FIG. 2 and illustrates further details
      thereof.
PAR  While the invention has been described and illustrated with respect to
      preferred embodiments which provide satisfactory results, it should be
      understood by those skilled in the art that various changes and
      modifications may be made therein without departing from the true spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiphase converter station comprising: a plurality of converter
      bridges, constituting at least two groups being disposed differently to
      ground, the A.C. sides of said bridges being connected in parallel to a
      three-phase current network, each bridge having a converter transformer,
      said converter bridges being connected in series between a first and a
      second terminal of a first high voltage D.C. network, each of said groups
      being provided with a D.C. tap between the outer and next to the outer
      converter bridges, to which taps a first and a second terminal of a second
      high voltage D.C. network with lower potential than the first network are
      connected, at least one of the bridges being disposed between said first
      terminal of said second network being an inverter-type bridge and at least
      one of said bridges being disposed between said second terminal of said
      first network and said second terminal of said second network also being
      an inverter-type bridge, the remaining bridges being disposed between said
      first and second terminals of said second network symmetrically to ground
      being rectifier-type bridges, wherein the inverter-type bridges direct
      current in the same direction as the voltage drop between the first and
      second terminals of the first network and the rectifier-type bridges
      direct current in the opposite direction.
NUM  2.
PAR  2. The arrangement of claim 1 also including means for transmitting energy
      in a preselected direction, said means including pole reversing isolating
      switches being disposed in each of said converter bridges.
NUM  3.
PAR  3. The arrangement of claim 1 wherein means for smoothing A.C. ripple are
      symmetrically disposed between inverter and rectifier bridge groups, said
      means including taps, said taps being connected to said first and second
      terminals of said second D.C. network.
NUM  4.
PAR  4. A multiphase converter station comprising: a plurality of converter
      bridges, constituting at least two groups being disposed differently to
      ground, the A.C. sides of said bridges being connected in parallel to a
      three-phase current network, each bridge having a converter transformer,
      said converter bridges being connected in series between a first and a
      second terminal of a first high voltage D.C. network, each of said groups
      being provided with a D.C. tap between the outer and next to the outer
      converter bridges, to which taps a first and a second terminal of a second
      high voltage D.C. network with lower potential than the first network are
      connected, at least one of those bridges being disposed between said first
      terminal of said first network and said first terminal of said second
      network being a rectifier-type bridge and at least one of those bridges
      being disposed between said second terminal of said first network and said
      second terminal of said second network also being a rectifier-type bridge,
      the remaining bridges being disposed between said first and second
      terminals of said second network to ground being inverter-type bridges,
      wherein the rectifier-type bridges direct current in the same direction as
      the voltage drop from the first to second terminals of the second network
      and the inverter-type bridges direct current in the opposite direction.
NUM  5.
PAR  5. The arrangement of claim 4 wherein means for smoothing A.C. ripple are
      symmetrically disposed between inverter and rectifier bridge groups, said
      means including taps, said taps being connected to said first and second
      terminals of said second D.C. network.
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ABST
PAL  An improved parallel-resonant circuit inverter of the type having a
      rectifier, a thyristor DC/AC converter connected thereto and operating at
      a controllable frequency, a parallel resonant circuit with an inductive
      load and a method of operation of such circuit whereby the converter
      voltage U is maintained at a constant operating value U.sub.B for a
      constant DC current I.sub.g = I.sub.go, in a first control range
      characterized by a low resonant-circuit damping, and control of the direct
      current I.sub.g for the purpose of maintaining the DC/AC voltage constant
      at its operating value U.sub.B, in the case of a constant thyristor
      extinction time t.sub.L = t.sub.LO, in a second control range
      characterized by a high damping, as well as by transition from the first
      to the second control range, if t.sub.L becomes equal to t.sub.LO in the
      case of increasing resonant-circuit damping, and transition from the
      second to the first control range, if I.sub.g become equal to I.sub.go in
      the case of decreasing damping.
BSUM
PAR  The invention relates to control of a parallel-resonant circuit inverter
      that feeds a DC/AC converter from an alternating-current source through a
      rectifier and a smoothing choke in the direct current intermediate
      circuit.
PAR  This DC/AC converter in turn serves to feed an inductive load. In recent
      years, parallel-resonant circuit inverters have been adopted to an
      increasing degree as middle frequency generators for feeding inductors in
      induction heating systems, especially for forge heating, inductive
      quenching and inductive melting.
PAR  The DC/AC converter in an inverter of this sort consists, as is known, of a
      thyristor bridge connection, through which part of the direct current that
      is to be commutated in the bridge connection is conducted, while the
      parallel-resonant circuit is applied to the other part, the inductance of
      the parallel-resonant circuit being essentially determined by the inductor
      that is to be supplied. To prevent commutation through the thyristors, the
      parallel-resonant circuit must, as is known, always be operated with a
      frequency that is higher than the resonant frequency of the
      parallel-resonant circuit. Only in this way can the characteristic minimum
      thyristor extinction time t.sub.Lmin be preserved. The extinction time
      t.sub.L is, at least in the vicinity of the resonant frequency, all the
      greater, the more the DC/AC converter frequency .omega., which is
      determined by the modulable pulse repetition frequency of the thyristor
      ignition-impulse generator, exceeds the resonant frequency .omega..sub.R.
      On the other hand, the DC/AC converter voltage U of course decreases all
      the more, the more the DC/AC converter frequency .omega. moves away from
      the resonant frequency .omega..sub.R. Thus the ideal is to operate the
      DC/AC converter as much as possible in a condition in which the extinction
      time t.sub.L deviates only slightly from t.sub.Lmin.
PAR  For practical requirements in operation, it is advantageous to keep the
      DC/AC converter voltage U constant. Control of the DC/AC converter voltage
      can be accomplished, in the case of varying charge, by adjusting the DC/AC
      converter frequency .omega. or that of the direct current I.sub.g that is
      to be commutated. As illustration of this, FIG. 1 shows resonance curves
      for a certain direct current value I.sub.go, said curves corresponding to
      the parallel-resonant circuit voltages that can be equal to the DC/AC
      converter voltage U, for three different dampings, namely curve A for a
      small damping, B for a medium and C for a large damping as a function of
      the frequency .omega..
PAR  In the case of the direct current value that characterizes this set of
      curves, a desired voltage U can be adjusted for a certain damping within
      relatively wide limits, by appropriate selection of the DC/AC converter
      frequency .omega. to be greater than the resonant frequency .omega..sub.R.
      If a change in the resonant frequency occurs, as would be expressed by a
      shift in the resonance curves system shown in FIG. 1 into higher or lower
      frequency ranges, then -- assuming a constant damping and constant DC/AC
      converter frequency -- the DC/AC converter voltage U would rise or fall
      along the shifting resonance curves. In the case of constant resonant or
      DC/AC converter frequency, a changed damping of the parallel-resonant
      circuit also calls forth a voltage change. (The working point on the
      characteristic curve changes the curve of the curve system that has been
      determined by the damping as a parameter.) In any case, as can easily be
      seen, the DC/AC converter voltage U can therefore, despite changes in the
      resonant frequency and the damping, be kept constant only by changing the
      operating frequency, and, at times, a decrease in the voltage U can be
      equalized by a decrease in the DC/AC converter frequency and its increase
      by raising the DC/AC converter frequency. However, care should be taken
      that the smallest permissible thyristor extinction time t.sub.Lmin not be
      fallen below. In order to make the relationships that then occur clear,
      FIG. 2 shows the extinction time t.sub.L, also as a function of the DC/AC
      converter frequency, in three curves a,b,c for three different resonant
      circuit dampings -- corresponding to the resonance curves A, B and C of
      FIG. 1.
PAR  During operation, the minimum thyristor extinction time t.sub.Lmin must not
      be fallen below, i.e., a series of operating conditions of the DC/AC
      converter at constant voltage U, which correspond to Line I of FIG. 1 from
      point 0 to P and Line II from point O' to P' in FIG. 2, should not pass
      beyond point P or P', as t.sub.Lmin has already been reached at conditions
      P, P'.
PAR  On the other hand, it is also customary to control the DC/AC converter
      voltage U at constant operating frequency by changing the direct voltage
      I.sub.g. A change in the direct voltage corresponds to a change in the
      scale of the DC/AC converter voltage U in FIG. 1, in the case of the same
      set of curves. If U drops from its nominal value, then this can be
      equalized by increasing the direct current and inversely.
PAR  The object of this invention is to combine the advantages of both control
      principles with respect to the thyristor properties and application in the
      field of induction heating, in which, in the case of many heating jobs,
      especially at low dampings, sudden irregular changes in charge occur. In
      the combined control of the invention, the DC/AC converter voltage U is
      also to be kept constant.
PAR  This task is first accomplished by the invented control process, which is
      characterized by measurement of the DC/AC converter voltage U as well as
      the thyristor extinction time t.sub.L during the operation, by controlling
      the DC/AC converter frequency for the purpose of keeping the DC/AC
      converter voltage U constant at its operating value U.sub.B while also
      keeping the direct current I.sub.g =  I.sub.go constant within a control
      range characterized by a low resonant circuit damping, and by controlling
      the direct current I.sub.g for the purpose of keeping the DC/AC converter
      voltage constant at its operating value U.sub.B while also keeping
      constant the thyristor extinction time t.sub.L  =  t.sub.LO within a
      control range characterized by a high damping, as well as by transition
      from the first to the second control range, when upon rising resonant
      circuit damping t.sub.L  =  t.sub.LO, and by transition from the second to
      the first control range, when upon decreasing damping I.sub.g  =
      I.sub.go.
PAR  The basic object of the invention is further accomplished by the
      parallel-resonant circuit inverter of the invention, which, designed for
      operation by means of the process of the invention, has a thyristor
      extinction time control circuit with an extinction time measuring device,
      and a DC/AC converter frequency control switch for purposes of controlling
      the extinction time by means of frequency change, as well as a direct
      current control circuit with a phase channel control switch for the
      rectifier, whereby the invented parallel-resonant circuit inverter is
      characterized by two reference switches that form comparison signals from
      the extinction time measurement signal and the direct current measurement
      signal with appropriate reference signals. Said comparison signals are
      emitted at the control inlets of a discriminator circuit, by a DC/AC
      converter voltage measuring device, the outlet of which leads through a
      nominal value-actual value comparison circuit to the inlet of the
      discriminator circuit, and which has two stable switch positions that can
      be reversed by the signals at their control inlets, whereby the inlet
      signal of the discriminator circuit is conducted, depending upon the
      existing switch position, to the first or to the second outlet of the
      discriminator circuit, and these outlets, for the purpose of transferring
      the DC/AC converter voltage control deviation, are connected with the
      comparison circuits of the extinction time control circuit or the direct
      current control circuit.
DRWD
PAR  The invention will now be explained in greater detail, with reference to
      the circuit diagram of FIG. 3, as well as the sets of figures illustrated
      in FIGS. 1 and 2.
DETD
PAR  FIG. 3 shows the principal circuit diagram of a parallel-resonant circuit
      inverter. From three-phase main line 1, through a conventional current
      measuring device 2, and a three-phase current bridge connection 3,
      containing thyristors and controlled by means of a conventional phase
      channel circuit 14, a direct current intermediate circuit is fed, which
      intermediate circuit contains one of the two coils of a smoothing choke 4
      symmetrically in both phases. Connected at the outlet side of choke 4 is a
      DC/AC converter bridge 5, controlled in phase with the DC/AC converter
      frequency 10, from which connection the parallel-resonant circuit 6 is
      fed.
PAR  For controlling the direct current I.sub.g, a signal designating this
      direct current I.sub.g is emitted on the alternating-current side of the
      rectifier bridge connection 3 from the current measuring device 2 through
      line 8. From this signal and a nominal value signal applied on line 10, a
      comparison signal is formed in the conventional comparison circuit 9 and
      emitted over line 11. This comparison signal controls the phase channel
      circuit 14 which controls the conduction of the thyristors through
      variable-gain amplifier 12 and the lead line 13. By means of this
      circuitry, the direct current I.sub.g can always be kept at the
      above-indicated nominal value.
PAR  For controlling the DC/AC converter frequency .omega., the voltage across a
      thyristor in the DC/AC converter is coupled via leads 15 to transducer 16
      which produces a signal indicating the extinction time t.sub.L. The latter
      signal, on line 17, is compared in a comparison circuit 18 with an
      extinction time nominal value signal applied at line 19. The comparison
      signal emitted by the comparison circuit 18 on lead 20 controls thyristor
      ignition impulse generator 21 either to increase or reduce the DC/AC
      converter frequency. By means of this circuitry, the DC/AC converter
      frequency .omega. can always be controlled in such a way that the
      thyristor extinction time t.sub.L corresponding to the nominal value
      remains constant.
PAR  The DC/AC converter voltage, which is to be kept constant over a wide range
      of the inverter operation, is applied to transducer 23 via leads 22. The
      output 24 of transducer 23 represents the actual value signal of the DC/AC
      converter voltage. This actual value signal is then compared in a
      comparison circuit 25 with the voltage nominal value signal applied
      through 26 and conducted to a discriminator circuit 27 as the comparison
      signal indicating the DC/AC converter voltage-deviation.
PAR  The signal emitted at the outlet of the extinction time transducer 16 is
      further compared in another comparison circuit 28 with a reference signal
      applied at 29, so that, when the outlet signal of the transducer 16 falls
      below this reference signal, the comparison signal conducted through the
      first control inlet 30 of the discriminator circuit 27 activates a first
      commutation. A second commutation takes place when a comparison signal is
      conducted to the discriminator circuit 27 through a second control inlet
      31, this comparison signal being formed from the direct current value
      signal collected from lead 8 and a reference signal conducted past 32,
      when the direct current value signal drops below this reference signal.
PAR  Discriminator circuit 27 has two outlets 34 and 35. The outlet 34 passes
      through line 36 to the comparison circuit 24 of the extinction time
      control and the outlet 35 through line 37 to comparison circuit 9 of the
      direct current control. The inlet 38 of the discriminator circuit 27 fed
      by the inverter voltage actual value signal is connected, depending upon
      the commutation signals, alternately with the first or the second
      discriminator outlet 34 or 35, which means that the voltage control
      circuit is cross-linked alternately with the direct current control
      circuit or the thyristor extinction time control circuit.
PAR  A commutation takes place when the extinction time t.sub.L or the direct
      voltage I.sub.g drop below certain associated reference values.
PAR  Operation in the two control ranges will now be explained with reference to
      FIGS. 1 and 2.
PAR  In the first control range, phases will pass along Lines I or II in FIGS. 1
      and 2. If, upon approaching the phase point P', the extinction time
      t.sub.L drops below a value t.sub.LO, which is somewhat higher than
      t.sub.Lmin, a commutation signal passes through the comparison circuit 28
      and the control inlet 30 to the discriminator circuit 27 in such a way
      that the signal of the voltage deviation, which was formerly conducted
      through 38 and 34 to the extinction time control circuit, where, in order
      to maintain the voltage U =  U.sub.g constant, it controlled the
      frequency, is now conducted through 38 and 35 to the direct current
      control circuit, in which, also for the purpose of maintaining U =
      U.sub.g constant, the direct current I.sub.g is varied.
PAR  The phase point thereby adapts to a change in the scale of U in the case of
      a constant family of curves, e.g., the continuity between point P and Q in
      FIG. 1.
PAR  If the current I.sub.g falls and drops below the value I.sub.go, then
      another commutation signal passes through the comparison circuit 33 and
      the control inlet 31 to the discriminator circuit 27; said commutation
      restores the original phase, that is the phase in the first control
      region.
PAR  If we take into consideration the variations in the resonant circuit
      damping, then we see that, with relation to a constant family of curves as
      in FIG. 1, the operation phases at constant DC/AC converter voltage can
      lie in an area that is indicated approximately by the dashed lines.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for operating a parallel-resonant circuit inverter with a
      rectifier, a thyristor DC/AC converter connected to this rectifier and
      operated with controllable frequency, which converter feeds the
      parallel-resonant circuit containing the inductive load, comprising the
      steps of
PA1  measuring of DC/AC converter voltage U, and the thyristor extinction time
      t.sub.L during the operation,
PA1  controlling the DC/AC converter frequency .omega. to maintain the DC/AC
      converter voltage U constant at an operating value U.sub.B, for a constant
      direct current I.sub.g  =  I.sub.go, in a first control range
      characterized by a low resonant-circuit damping, and
PA1  controlling the direct current I.sub.g for the purpose of maintaining the
      DC/AC voltage constant at its operating value U.sub.B, in the case of a
      constant thyristor extinction time t.sub.L  =  t.sub.L0, in a second
      control range characterized by a high damping, as well as by transition
      from the first to the second control range, if t.sub.L becomes equal to
      t.sub.L0 in the case of increasing resonant-circuit damping, and
      transition from the second to the first control range, if I.sub.g become
      equal to I.sub.go in the case of decreasing damping.
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ABST
PAL  An improved method and apparatus for operating a converter fed rotating
      field machine to obtain better utilization of the converter rectifiers in
      which the stator windings of the machine are fed with non-sinusoidal phase
      currents with one phase current always limited to a maximum value and the
      other phase currents increased by the difference between that maximum
      value and a typical sinusoidal wave current. This is accomplished in such
      a manner that the power and torque of the rotating field machine are not
      affected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to rotating field machines in general and more
      particularly to an improved method and apparatus for operating a converter
      fed three phase rotating field machine having a neutral return.
PAR  The control characteristics of three phase drives can be substantially
      improved if they are designed as converter fed rotating field machines as
      taught in Siemens-Zeitschrift 1971, pp. 174 to 176. As disclosed therein
      and as is common in the art the windings are fed with symmetrical
      sinusoidal phase currents much in the manner that rotating field machines
      fed directly from a three phase system are fed. In order to carry out such
      a feeding of phase currents the converter rectifiers used in a converter
      feeding such a machine must be selected to withstand the peak values of
      current and voltage. In this type of operation where sinusoidal phase
      currents are fed to the machine one rectifier must carry half wave peak of
      a phase current at points in time where the two other rectifiers have
      currents therethrough only half the maximum current. However, all of the
      rectifiers must be capable of carrying the peak value of the phase
      currents, even though this value is present only for short times. As a
      result the overall degree of utilization of the rectifiers is poor.
PAR  In view of this, it is the object of the present invention to achieve
      better utilization of the converter rectifiers in such a converter fed
      rotating machine without degrading the power and torque of the machine.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention accomplishes this by superimposing on the sinusoidal
      fundamentals of the phase currents a harmonic such that one of the phase
      currents is always reduced to a predetermined maximum value in the central
      region of a half wave. At the same time the other two phase currents are
      increased by the difference amount i.e., by the amount the one phase
      current is reduced. The manner in which this is accomplished results in no
      adverse effect on the power and torque of the rotating field machine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of the stator of a rotating field
      machine.
PAR  FIGS. 2 and 3 are vector diagrams helpful in understanding the present
      invention.
PAR  FIGS. 4 and 5 are waveform diagrams illustrating the method of the present
      invention.
PAR  FIG. 6 is a block diagram illustrating apparatus for carrying out the
      method of the present invention.
PAR  FIG. 7 is a block diagram illustrating the apparatus of FIG. 6 in more
      detail.
PAR  FIG. 8 is a circuit diagram of the manner in which the transmitters of FIG.
      7 can be implemented.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates schematically the stator of a rotating field machine
      having stator windings W.sub.R, W.sub.S, W.sub.T carrying the stator
      currents i.sub.R, i.sub.S, and i.sub.T. When such a stator is fed from a
      three phase symmetrical system having sinusoidal phase currents phase
      currents with amplitude A, the wave forms of the currents fed to the
      various phases is given by the following system of equations:
EQU  i.sub.R =  Asin .omega.t
EQU  i.sub.S =  Asin (.omega.t - 2 .pi. /3)
EQU  i.sub.T = Asin (.omega.t - 4 .pi. /3)                      (1)
PAR  At the time .omega. = .pi. /2 for the phase current i.sub.R the vector
      diagram of phase currents illustrated in FIG. 2 results. Its magnitude in
      accordance with equations (1) above is as follows:
EQU  i.sub.R = A; i.sub.S = 1/2  A; i.sub.T = 1/2 A             (2)
PAR  the magnitude of the resultant ampere-turns vector I is obtained by vector
      addition of the individual phase currents and is as follows:
EQU  I = 3/2 A                                                  (3)
PAR  in accordance with the present invention however the windings of the
      rotating field machine of FIG. 1 are not fed with sinusoidal phase
      currents as given above with equation 1 but with phase currents which have
      a supplementary current or harmonic superimposed on the sinusoidal
      fundamental. The equations of the current fed under the method of the
      present invention are expressed as follows:
EQU  j.sub.R = i.sub.R .+-. .DELTA.  i; j.sub.S = i.sub.S .+-. .DELTA.  i;
      j.sub.T = i.sub.T .+-. .DELTA. i.                         (4)
PAR  In accordance with these equations, a supplemental current .DELTA. i is
      vectorially subtracted or added to each phase current. For the case where
      the supplemental current has a magnitude Z at the time .pi. /2 for the
      phase current i.sub.R a vector diagram such as that of FIG. 3 results.
      That is to say, the supplemental current quantity Z is subtracted from the
      current vector j.sub.R and added to the current J.sub.S and J.sub.T. This
      can be expressed in equation form as follows:
EQU  j.sub.R = A - Z; j.sub.S = A/2 + Z; j.sub.T = A/2 = Z      (5)
PAR  the resultant ampere-turns vector J for FIG. 3 is found to be as follows:
EQU  J = 3/2 .sup.. A                                           (6)
PAR  it is noted that the result in equation (6) is exactly the same as the
      result in equation (3) where sinusoidal phase currents were used. It can
      be shown that the results of the equations (5) and (6) are valid for any
      point in time. Thus, feeding a rotating field machine in accordance with
      the present invention using phase currents deviating from a sinusoidal
      shape results in two uniformly rotating ampere-turns vector of constant
      length. As a result the magnetic component and the torque forming
      component of the phase currents can always be maintained constant. Due to
      the symmetrical geometry of the machine, the components of the
      ampere-turns stemming from the supplemental currents cancels so that the
      supplemental currents have no influence on the resultant ampere-turns
      vector and do not contribute to the magentization and torque. As a result
      the torque and power of the machine are not affected. However the
      controlled rectifiers used in generating the phase currents no longer need
      be designed for the peak value A of the phase currents but only for a
      smaller value A-Z.
PAR  FIG. 4 illustrates the wave forms of the phase currents and the currents in
      the neutral return line. The phase currents, in accordance with the
      present invention, have the wave shapes shown in solid lines with the
      sinusoidal fundamentals from which they are derived shown in dashed lines.
      Each phase current is reduced in the central region of the half-wave to a
      maximum value j.sub.max. At this point the other two phase currents are
      increased by this respective difference amount. Thus, if one phase current
      deviates from the sinusoidal shape, the other two phase currents are then
      displaced by the same difference amount. This can be considered as feeding
      a neutral conductor current i.sub.o into the neutral return line.
PAR  Fourier analysis of the phase currents shows that their waveshape is formed
      by a sinusoidal fundamental and a harmonic of 3n times the frequency,
      which is superimposed in common to all the fundamental where n can assume
      the values 1, 2 and 3. The advantages of the present invention can be
      achieved in an optimal manner if each phase current is reduced to the
      .sqroot.3/2 times the peak value of the fundamental in the range of .pi./3
      to 2 .pi./3 of the wave and the other two phase currents are at the same
      time increased by the same respective difference amount. For this type of
      operation the waveforms of each of the phase currents and the supplemental
      current in the neutral return conductor is illustrated on FIG. 5. The
      phase currents according to the present invention are again shown as solid
      lines designated j.sub.R ', j.sub.S ', and j.sub.T '. The sinusoidal
      fundamentals are shown in dashed lines. As illustrated by the dotted line
      drawn at time t.sub.1, which can be any given time, it can be seen how the
      waveform of the phase currents is obtained. The difference amount D
      between the maximum value j'.sub.max and the corresponding sinusoidal
      fundamental of the phase S is added to the fundamental of the phase R as
      well as to the fundamental of the phase T.
PAR  Confining the limitation of phase current to the maximum value j.sub. max '
       in the center region of the half-wave from .pi./3 to 2 .pi./3 follows
      from the circumstance that at these points in time the other two phase
      currents have their zero crossings. If the limitation takes place at an
      earlier or later time the difference amount could not be added to the
      other phase currents with the correct sign. The magnitude of the maximum
      value j'.sub.max follows from the instantaneous value of the sinusoidal
      fundamental at the time when the limitation sets in.
PAR  This is expressed by the following equation:
      ##EQU1##
PAR  The current curve of a phase current j.sub.R ' is thus described as
      follows:
EQU  in the range .omega.t = 0 to .pi./3: j.sub.R ' = .sqroot.3/2 A [2 cos
      (.omega.t - .pi./3) - 1]
EQU  in the range .omega.t = .pi./3 to 2 .pi./3: j.sub.R ' = (.sqroot.3/2) A (8)
PAR  in other ranges the current curve is correspondingly symmetrical.
PAR  A Fourier analysis of this current curve shows that the supplemental
      current i.sub. o '  in the neutral return conductor consists essentially
      of the third harmonic of the fundamental. The percentages of the 6th and
      9th and higher harmonics are negligibly small.
PAR  The better utilization of the converter rectifiers follows from the ratio
      of the amplitude of the sinusoidal fundamental to the maximum value of the
      phase currents according to equation 7. This can be expressed as follows:
      ##EQU2##
PAR  The maximum improvement of utilization attainable with this embodiment of
      the invention for constant machine power is therefore approximately 15
      percent.
PAR  The method of the present invention can be applied to any converter in
      which the instantaneous values of phase currents are being controlled.
      Such control is particularly simple where direct converters of the type
      discloded in "Line Commutated Thyristor Converters" by G. Molten (Pitman
      Publishing, London 1972) pages 344 -346.
PAR  FIG. 6 shows an installation of this nature. Shown is a three phase
      rotating field machine 1 in which the phases R, S and T are fed by
      controlled converter groups 2, 3 and 4. The respective converters groups
      2, 3 and 4 i.e. cycloconverters are controlled by control means 6, 7 and
      8. These control means 6, 7 and 8 form a three phase reference value
      system where the reference values do not have a sinusoidal waveform but in
      accordance with the present invention have a waveform of a shape
      corresponding to the superposition of a sinusoidal fundamental and a
      harmonic.
PAR  FIG. 7 shows in more detail the manner of accomplishing of such operation.
      In the embodiment illustrated thereon the respective converter groups 2, 3
      and 4 are fed by current controls 12, 13 and 14. The current controls 12,
      13 and 14 obtain reference inputs from reference value transmitters 15, 16
      and 17 respectively. These develop reference values are summed at a
      summing junction at the input of the current controllers with actual
      values of currents obtained from current transformers 18, 19 and 20
      located in the lines to the rotating field machine 1. The current controls
      12, 13 and 14 can simply be operational amplifier integrator type controls
      whose output will change in accordance with the error signal developed at
      their input summing junction in well known fashion. That is to say at the
      summing junctions the value commanded by the reference value transmitters
      is compared with the actual current and the output of the controllers 12,
      13 and 14 changed accordingly to maintain a current input corresponding to
      that commanded by the reference value transmitters. The reference value
      transmitters will of course command a waveshape of the type illustrated by
      FIG. 5.
PAR  Reference value transmitters presently used in systems of this nature are
      designed to result in a sinusoidal output from the controlled converters.
      These reference value transmitters, disclosed in the above quoted
      reference, can be adapted to form reference values suitable for carrying
      out the present invention, i.e., to have a waveform such as that
      illustrated on FIG. 5 if followed by transformation stages such as those
      illustrated on FIG. 8. Thus, on that figure, conventional reference value
      transmitters 23R, 23S and 23T followed by respective transformation stages
      2OR, 20S and 20T are illustrated. The conventional reference value
      transmitter 23R and stage 20R are the reference value transmitter 15 of
      FIG. 7. Similarly the reference value transmitter 23S and the stage 20S
      would be the reference value transmitter 16 and the reference value
      transmitter 23T and stage 20T the reference value transmitter 17 of FIG.
      7. As illustrated on FIG. 8, the transformation stages 20R, 20S and 20T
      each contain a summing amplifier 21 and a difference amplifier 22. At the
      summing junction input of each of the amplifiers 21 which are also
      designated with a letter indicating their associated phase, the first
      value provided is the sinusoidal reference output of a respective
      conventional reference value transmitter. Thus, summing amplifier 21R has
      as a first input the sinusoidal control valiable i*.sub.R from the
      reference value transmitter 23R. Difference signal values .delta.S and
      .delta.T from the other two stages are summed with the i*.sub.R. The
      output signal of the summing amplifier 21R is limited to a value
      j*.sub.max . This is the maximum value of phase current corresponding to
      the value of FIG. 5. The difference amplifier 22R forms the difference
      between the signal o.sub.R corresponding to the input signal to the
      amplifier 21R and the output of the summing amplifier 21R to develop a
      signal .delta..sub.R. Summing amplifier 21 and difference amplifier 22
      both have a gain of 1 through proper selection of input and feedback
      resistors in well known fashion. Operation of this circuit can be
      expressed by the following equation as long as the output of the amplifier
      is below j.sub.max *:
EQU  j.sub.R * = i.sub.R * + .delta..sub.S + .delta..sub.T
EQU  j.sub.S * = i.sub.S * + .delta. R + .delta..sub.T
EQU  j.sub.T * = i.sub.T * + .delta..sub.R + .delta..sub.S      (10)
PAR  as illustrated on FIG. 8 each of the amplifiers 21R, 21S and 21T have as
      reference voltage inputs minus j*.sub.max and + j*.sub.max. This is the
      manner in which their outputs are limited to this value. Thus, with their
      gain equal to 1 if the input signal o.sub.R does not exceed j*.sub.max the
      output will be equal to the input and the difference amplifier 22R will
      have an output of zero. However once the input exceeds the maximum output,
      i.e., when the amplifier reaches saturation, the input signal o.sub.R will
      exceed the output signal of j*.sub.max and the difference amplifier will
      have the difference between the input and the limited output as its
      output. This type of operation can be expressed by the following
      equations:
EQU  .delta..sub.R = j.sub.R * - (i.sub.R * + .delta..sub.S + .delta..sub.T)
EQU  .delta..sub.s = j.sub.S * - (i.sub.S * + .delta..sub.R + .delta..sub.T)
EQU  .delta..sub.r = j.sub.T * - (i.sub.T + .delta..sub.R + .delta..sub.S) (11)
PAR  at the time shown on FIG. 5 the summing amplifier 21S of FIG. 8 will have
      gone into saturation with its output at j*.sub.max. The input signal
      i*.sub.S at this point will have the value of the sinusoidal fundamental.
      The amplifiers 21R and 21T will not be saturated and thus the outputs of
      amplifiers 22R and 22T will be approximately zero causing the values
      .delta..sub.R and .delta..sub.T to be zero. As a result the only effective
      input at amplifier 21S is the output signal i*.sub.S corresponding to the
      peak value of the fundamental shown on FIG. 5 and as a second value the
      limiting value j.sub.max *. It will thus develop an output signal
      .delta..sub.S corresponding to the value D on FIG. 5. This value will then
      be added to the reference value in each of the other two amplifiers 21R
      and 21T. Thus, the current reference values for the phases R and T at the
      output can be expressed as follows:
EQU  j*.sub.R =  i*.sub.R + .delta..sub.S
EQU  j*.sub.T =  i*.sub.T + .delta..sub.S
PAR  operation in this manner will of course occur for each of the phase
      currents and the equations hold and the circuit operates for any value of
      t. In addition, the application of the present invention is not limited to
      the rotating field machines fed by direct converters. In general they can
      be applied to any kind of converter which has the capability of current
      control.
PAR  Thus an improved method of operating a converter feeding a rotating field
      machine in order to optimize the controlled rectifiers to use therein has
      been shown. Although specific embodiments have been illustrated and
      described, it will be obvious to those skilled in the art that various
      modifications may be made without departing from the spirit of the
      invention which is intended to be limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of operating a converter feeding a three phase rotating field
      machine having a neutral return line, which machine is normally fed with
      symmetrical sinusoidal phase currents, the converter being controlled by
      means of current controls having associated reference value transmitters
      which form a three phase reference value system, such as to reduce the
      peak current to which the rectifiers in the converter are subjected
      comprising generating current reference values which consist of the
      sinusoidal fundamental of each current with a harmonic superimposed
      thereon such that one phase current is always reduced to a predetermined
      maximum value in the central region of a half wave and that at the same
      time the other two phase currents are increased by a predetermined amount
      in the outer portion of their half waves.
NUM  2.
PAR  2. The method according to claim 1 wherein the other two phase currents are
      increased by the difference of the current in said one phase current and
      the sinusoidal fundamental thereof.
NUM  3.
PAR  3. The method as in claim 1 wherein the waveform of the phase currents is
      formed from the sinusoidal fundamental and a harmonic of 3n times the
      frequency superimposed on all fundamentals in common with n capable of
      assuming the values 1,2,3.
NUM  4.
PAR  4. The method according to claim 2 wherein said phase current is reduced in
      the region from .pi./3 to 2 .pi./3 of each halfwave to a value equal to
      .sqroot.3/2 times the peak value of the fundamental and the two other
      phase currents at the same time increased by the difference between this
      value and the value of the fundamental.
NUM  5.
PAR  5. Apparatus for operating a converter fed three phase rotating field
      machine having a neutral return line, said rotating field machine being
      supplied with phase currents generated by converters which are controlled
      by means of current controls having associated reference value
      transmitters which form a three phase reference value system, which
      machine is normally fed with symmetrical sinusoidal phase currents,
      comprising means for generating current reference values having a waveform
      with a shape corresponding to the superposition of a sinusoidal
      fundamental and a harmonic for each phase current such that one phase
      current is reduced in the central region of the half wave to a
      predetermined maximum amount and the other two phase currents are
      increased by a certain amount in the outer parts of their half waves.
NUM  6.
PAR  6. Apparatus as in claim 5 wherein said converter is a cycloconverter.
NUM  7.
PAR  7. Apparatus as in claim 6 wherein said means for generating current
      reference values comprise:
PA1  a. conventional reference value transmitters adapted to generate sinusoidal
      references; and
PA1  b. means to transform said sinusoidal reference values to waveforms having
      a shape corresponding to the superposition of a sinusoidal fundamental and
      a harmonic.
NUM  8.
PAR  8. Apparatus as in claim 7 wherein said means to transform comprise for
      each phase:
PA1  a. a summing amplifier having a first input from a respective conventional
      reference value transmitter
PA1  b. a difference amplifier having as inputs the input of said summing
      amplifier and the output of said summing amplifier
PA1  c. the values of the supply voltage provided to said summing amplifiers
      being equal to plus and minus said predetermined value; and
PA1  d. the output of each of said difference amplifiers being provided as
      additional inputs to the summing amplifiers of the other phases;
PA1  e. the outputs of said respective summing amplifiers being the respective
      reference value outputs providing a waveform whose shape corresponds to
      the superposition of a sinusoidal fundamental and harmonic.
NUM  9.
PAR  9. Apparatus as in claim 8 wherein the supply voltages to said summing
      amplifiers is a value corresponding to the .sqroot.3/2 times the peak
      value of the fundamental generated by said conventional reference value
      transmitters.
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ABST
PAL  In a cycloconverter system, a circuit for maintaining the gate drive signal
      on the gate of each controlled rectifier when the gate drive command for
      the controlled rectifier terminates prior to the time when the controlled
      rectifier would normally become conductive. Voltages across the controlled
      rectifier are monitored by voltage sensors. Logic circuits are provided
      which are responsive to the outputs of the voltage sensors and the
      presence of gate drive commands for maintaining a gate drive signal on the
      gate of a controlled rectifier when the gate drive command for the
      controlled rectifier terminates after the controlled rectifier reverse
      blocks and until it becomes conductive.
BSUM
PAR  This invention relates to a protection circuit for cycloconverter
      controlled rectifiers, and more specifically, this invention relates to a
      system for preventing the removal of the gate drive signal for a
      controlled rectifier in a cycloconverter circuit shortly before the
      controlled rectifier would normally become conductive.
PAR  In cycloconverters in which the output frequency is not synchronous with
      the input frequency, the controlled rectifiers are gated on at random
      points in the high frequency input cycle thereto. This can give rise to
      conditions which cause spurious firing of the controlled rectifiers. One
      such condition is excessive dv/dt stress on the controlled rectifiers when
      gate current is applied to a controlled rectifier while it is blocking a
      large positive voltage. A solution to this problem is described in U.S.
      Pat. No. 3,681,676 which issued Aug. 1, 1972, and is assigned to the
      assignee of the present invention.
PAR  Another condition has been noted which may cause deterioration or
      destruction of controlled rectifiers in asynchronous cycloconverters. This
      condition is the removal of controlled rectifier gate current shortly
      before the controlled rectifier would normally become conductive. Because
      of the finite fall time of the gate current and because of stored charge
      in the controlled rectifier gate junction, a controlled rectifier may be
      rendered conductive on only a small portion of the periphery of the gate
      structure. The controlled rectifier anode current (determined by the
      external circuit) then crowds into a small conducting area, causing an
      elevated junction temperature and possible device failure. It is the
      general object of this invention to prevent this condition from occurring
      and thereby prevent possible controlled rectifier failure resulting
      therefrom.
PAR  It is another object of this invention to provide a protection circuit for
      controlled rectifiers in an asynchronous cycloconverter which prevents
      removal of a gate drive signal to a controlled rectifier while said
      controlled rectifier is reverse biased and until the controlled rectifier
      becomes normally conductive.
PAR  It is another object of this invention to provide a protection circuit for
      controlled rectifiers in an asynchronous cycloconverter wherein the
      voltage across each of the controlled rectifiers is monitored and the gate
      drive signal applied thereto is maintained when the gate drive command
      terminates at a time such that the remaining controlled rectifier reverse
      blocking time is inadequate to prevent possible controlled rectifier
      turn-on after the controlled rectifier becomes forward biased.
DRWD
PAR  These and other objects of this invention may be best understood by
      reference to the following description of a preferred embodiment and the
      drawings in which:
PAR  FIG. 1 is a drawing partially in schematic and partially in block form of a
      cycloconverter and controlled rectifier gate control circuit incorporating
      the protection circuit of this invention;
PAR  FIG. 2 is a timing diagram illustrating the gate drive commands for the
      groups of controlled rectifiers in the cycloconverter illustrated in FIG.
      1;
PAR  FIG. 3 is a schematic diagram illustrating the voltage sensors shown in
      block form in FIG. 1;
PAR  FIG. 4 is a logic circuit illustrating the gate drive logic shown in block
      form in FIG. 1;
PAR  FIG. 5 is a drawing of a blanking circuit which may be included in the
      logic circuit of FIG. 4; and
PAR  FIG. 6 illustrates the voltage and logic wave forms developed in the system
      illustrated in FIG. 1.
DETD
PAR  Referring to FIG. 1, there is shown a cycloconverter 10 for supplying a
      three-phase signal having phases A, B and C to a three-phase load 12 from
      a three-phase AC source 14 having phase outputs X, Y and Z.
PAR  The cycloconverter 10 includes groups of controlled rectifiers A+, A-, B+,
      B-, C+ and C- which are controlled so as to generate the respective phases
      A, B and C of the three-phase signal supplied to the three-phase load 12.
      The group A+ is comprised of controlled rectifiers 16, 18 and 20 having
      their cathodes coupled to the phase A input of the three-phase load 12 and
      their anodes coupled to the output phases X, Y and Z, respectively, of the
      three-phase AC source 14. The group A- is comprised of controlled
      rectifiers 22, 24 and 26 having their anodes coupled to the phase A input
      of the threephase load 12 and their cathodes coupled to the output phases
      X, Y and Z, respectively, of the three-phase AC source 14. The group B+ is
      comprised of controlled rectifiers 28, 30 and 32 having their cathodes
      coupled to the phase B input of the three-phase load 12 and their anodes
      coupled to the output phases X, Y and Z, respectively, of the three-phase
      AC source 14. The group B- is comprised of controlled rectifiers 34, 36
      and 38 having their anodes coupled to the phase B input of the three-phase
      load 12 and their cathodes coupled to the output phases X, Y and Z,
      respectively of the three-phase AC source 14. The group C+ is comprised of
      controlled rectifiers 40, 42 and 44 having their cathodes coupled to the
      phase C input of the three-phase load 12 and their anodes coupled to the
      output phases X, Y and Z, respectively of the three-phase AC source 14.
      The group C- is comprised of controlled rectifiers 46, 48 and 50 having
      their anodes coupled to the phase C input of the three-phase load 12 and
      their cathodes coupled to the output phases X, Y and Z, respectively, of
      the threephase AC source 14.
PAR  The three controlled rectifiers in each group are gated concurrently and
      the groups A+ through C- are selectively gated conductive so as to
      generate the three-phase signal for the three-phase load 12 by gate drive
      signals generated in response to the gate drive commands T.sub.A.sub.+,
      T.sub.A.sub.-, T.sub.B.sub.+, T.sub.B.sub.-, T.sub.C.sub.+ and
      T.sub.C.sub.-, respectively, illustrated in the timing diagram of FIG. 2.
      The gate drive commands of FIG. 2 are generated in any conventional manner
      and are illustrated as having widths of 120 electrical degrees. It is
      understood that the widths may vary according to the requirements of the
      load 12.
PAR  If the gate drive signals were to terminate concurrently with the
      respective gate drive command, a condition may occur whereby a gate drive
      signal is terminated shortly before the controlled rectifier controlled
      thereby would normally be conductive. Because of the finite fall time of
      the gate current and because of stored charge in the controlled rectifier
      gate junction, the controlled rectifier may be rendered conductive on only
      a small portion of the periphery of its gate structure. Anode current then
      may crowd into a small conducting area causing an elevated junction
      temperature and possible device failure.
PAR  To prevent this condition from occurring, the gate drive signals generated
      in response to the gate drive commands T.sub.A.sub.+  through
      T.sub.C.sub.-  are not permitted to terminate concurrently with their
      respective gate drive commands if one of the controlled rectifiers being
      controlled thereby has inadequate reverse blocking time remaining to
      insure that the controlled rectifier cannot turn on when forward blocking
      resumes. The protection circuit for preventing the aforementioned
      condition from occurring is illustrated in FIG. 1 as applied to controlled
      rectifier groups A.sub.+ and A.sub.-, it being understood that an
      identical system is provided for the remaining groups B.sub.+, B.sub.-,
      C.sub.+ and C.sub.-.
PAR  As seen in FIG. 1, the voltages across the controlled rectifiers 16 and 22
      are sensed by an absolute magnitude voltage sensor 52 which generates a
      digital logic signal S.sub.ax which is a logic 1 when the magnitude of the
      voltage sensed exceeds a threshold level below which it can be inferred
      that one of the controlled rectifiers 16 or 22 is conducting. A single
      voltage sensor 52 can be used to sense the conduction state of the
      parallel coupled-oppositely poled controlled rectifiers 16 and 22 since
      only one of the controlled rectifiers 16 or 22 is commanded to conduct at
      a time and the gate drive command signals A+ and A- indicate which is to
      conduct.
PAR  In like manner, a voltage sensor 54 generates a logic signal S.sub.ay which
      is a logic 1 when the voltage across the controlled rectifiers 18 and 24
      exceeds the threshold level and a voltage sensor 56 generates a logic
      signal S.sub.az which is a logic 1 when the voltage across the controlled
      rectifiers 20 and 26 exceeds the threshold level.
PAR  The logic signals S.sub.ax, S.sub.ay and S.sub.az are coupled to a gate
      drive logic 58 which also has coupled thereto the gate drive commands
      T.sub.A.sub.+  and T.sub.A.sub.-  which are generated by a gate drive
      command generator 59. The gate drive logic 58 is responsive to the signals
      applied thereto for generating modified gate drive commands T'.sub.A.sub.+
       and T'.sub.A.sub.-.
PAR  The modified gate drive commands T'.sub.A.sub.+  and T'.sub.A.sub.-  are
      each initiated concurrently with the respective gate drive command
      T.sub.A.sub.+  and T.sub.A.sub.-  but are terminated only when the
      controlled rectifiers in the respective groups A+ and A- are all either
      conducting or have sufficient reverse blocking time remaining to insure
      that it cannot turn on when forward blocking resumes. The modified gate
      drive command T'.sub.A.sub.+  is coupled to gate drivers 60, 62 and 64
      which supply gate drive signals concurrent with the modified gate drive
      command T'.sub.A.sub.+  to the controlled rectifiers 16, 18 and 20,
      respectively. The modified gate drive command T'.sub.A.sub.-  is coupled
      to gate drivers 66, 68 and 70 which supply gate drive signals concurrent
      with the modified gate drive command T'.sub.A.sub.-  to the controlled
      rectifiers 22, 24 and 26, respectively.
PAR  Referring to FIG. 3, there is illustrated the absolute magnitude voltage
      sensor 52 for generating the logic signal S.sub.ax. It is understood that
      each of the voltage sensors 54 and 56 and the voltage sensors associated
      with the group B+, B-, C+ and C- are identical thereto.
PAR  The voltage across the parallel combination of the controlled rectifiers 16
      and 22 are coupled across a voltage limiter comprised of back-to-back
      series coupled Zener diodes 72 and 74 through a resistor 76. The voltage
      across the Zener diodes 72 and 74 are coupled across the inputs of a full
      wave bridge rectifier 77 comprised of diodes 78, 80, 82 and 84. A resistor
      86 and a light emitting diode 88 are series coupled across the output of
      the bridge rectifier 77.
PAR  The magnitude of the current through the light emitting diode 88 is a
      direct function of the magnitude of the voltage across the controlled
      rectifier 16 and 22 up to the limit imposed by the Zener diodes 72 and 74.
      The light emitting diode 88 is energized by the current therethrough and
      emits light which is sensed by a phototransistor 90 having its collector
      electrode coupled to a voltage source B+  and its emitter electrode
      coupled to the base electrode of an NPN transistor 92. The collector
      electrode of the transistor 92 is coupled to the source B+ through a
      resistor 94 and to an inverter 96. The emitter electrode of the transistor
      92 is grounded. The output of the phototransistor 90 is directly
      proportional to the light output of the light emitting diode 88. When the
      magnitude of the absolute voltage across the controlled rectifiers 16 and
      22 exceeds a threshold level below which it can be inferred that one of
      the controlled rectifiers 16 or 22 is conducting, the transistor 92 is
      biased into conduction to ground the input of the inverter 96 which is
      responsive thereto for generating the logic signal S.sub.ax which is a
      logic 1 when the voltage across the controlled rectifiers 16 and 22 is
      above the aforementioned threshold level. This logic signal S.sub.ax is
      coupled to the gate drive logic 58 of FIG. 1. In like manner, the logic
      signals S.sub.ay and S.sub.az, which are responsive to the voltages sensed
      across the controlled rectifier pairs 18, 24 and 20, 26 are generated and
      coupled to the gate drive logic 58.
PAR  Referring to FIG. 4, there is illustrated the gate drive logic 58 of the
      FIG. 1 which maintains a gate drive signal on the controlled rectifiers in
      a group when one of the controlled rectifiers in the group is reverse
      blocking at the termination of the gate drive command until such time that
      the controlled rectifier is rendered conductive.
PAR  The logic signal S.sub.ax representing the conductive state of the
      controlled rectifier pair 16, 22 is coupled to the reset input of a
      latching circuit 102 which is comprised of one input of a NAND gate 104.
      The output of the NAND gate 104 is coupled to one input of a NAND gate 106
      whose output constitutes the output of the latching circuit 102. This
      output is coupled to the second input of the NAND gate 104. The logic
      signal S.sub.ay is coupled to the reset input of a latching circuit 108
      which is identical to the latching circuit 102. The logic signal S.sub.az
      is coupled to the reset of a latching circuit 110 also identical to the
      latching circuit 102. The gate drive command T.sub.A.sub.+  is coupled to
      the input of an inverter 112 whose output is coupled to the set inputs of
      the latching circuits 102, 108 and 110.
PAR  The output of the latching circuit 102 is coupled to one input of a NAND
      gate 114 through an inverter 116, the output of the latching circuit 108
      is coupled to a second input of the NAND gate 114 through an inverter 118
      and the output of the latching circuit 110 is coupled to a third input of
      the NAND gate 114 through an inverter 120. The output of the NAND gate 114
      comprises the modified gate drive command T'.sub.A.sub.+.
PAR  The logic signal S.sub.ax is further coupled to the reset input of a
      latching circuit 122, the logic signal S.sub.ay is coupled to the reset
      input of a latching circuit 124 and the logic signal S.sub.az is coupled
      to the reset input of a latching circuit 126.
PAR  The gate drive command T.sub.A.sub.- is coupled to the input of an inverter
      128 whose output is coupled to the set inputs of the latching circuits
      122, 124 and 126. The output of the latching circuit 122 is coupled to one
      input of a NAND gate 130 through an inverter 132, the output of the
      latching circuit 124 is coupled to a second input of the NAND gate 130
      through an inverter 134 and the output of the latching circuit 126 is
      coupled to a third input of the NAND gate 130 through an inverter 136.
PAR  Each of the latching circuits 102, 108, 110, 122, 124 and 126 shifts its
      output from a logic 0 to a logic 1 when its set input shifts to a logic 0
      (T.sub.A.sub.+  or T.sub.A.sub.- shifting to logic 1) and shifts its
      output from a logic 1 to a logic 0 when its reset input is a logic 0 while
      its set input is a logic 1. The outputs of the latching circuits 102, 108,
      110, 122, 124 and 126 represents the time period the gate drive signals
      must be applied to the controlled rectifiers 16 through 26 respectively to
      prevent possible failure thereof as previously described.
PAR  The inverters 116, 118 and 120 and the NAND gate 114 function to generate
      the modified gate drive command T'.sub.A.sub.+  which terminates
      concurrently with the output of the latching circuit 102, 108 or 110
      having the longest duration. In like manner, the inverters 132, 134 and
      136 and the NAND gate 130 function to generate the modified gate drive
      command T'.sub.A.sub.-  which terminates concurrently with the output of
      the latching circuit 122, 124 or 126 having the longest duration.
PAR  It can be seen that the outputs of the latching circuits 102, 108, 110,
      122, 124 and 126 may be used if desired to generate respective modified
      gate drive commands for each of the controlled rectifiers 16 through 26.
PAR  The circuit of FIG. 4 functions to extend a drive signal applied to the
      gate electrodes of the controlled rectifiers in group A+ or to the gate
      electrodes of the controlled rectifiers in group A- when the respective
      gate drive command T.sub.A.sub.+  or T.sub.A.sub.-  terminates while one
      of the controlled rectifiers in the respective group A+ or A- is reverse
      biased until such time that the controlled rectifier conducts. For
      example, assume T.sub.A.sub.+  shifts to a logic 1 to effect gating of the
      controlled rectifiers 16, 18 and 20 in group A+. The output of the
      inverter 112 then shifts to a logic 0 to set the outputs of the latching
      circuits 102, 108 and 110 to each to logic 1. The resulting logic 0 inputs
      to the NAND gate 114 results in the output thereof shifting to a logic 1.
      This logic 1 signal comprises the modified gate drive command
      T'.sub.A.sub.+  which is applied to the gate driver circuits 60, 62 and 64
      which gate the controlled rectifiers 16, 18 and 20. Upon termination of
      the gate drive command T.sub.A.sub.+, the set inputs of the latching
      circuits 102, 108 and 110 each shift to a logic 1. Those latching circuits
      having reset inputs representing controlled rectifiers which are
      conducting are immediately reset and the latching circuits having reset
      inputs remaining at a logic 1 representing a reverse blacking controlled
      rectifier remain set. Assuming the controlled rectifier 16 reverse
      blocking upon termination of the drive command T.sub.A.sub.+, the output
      of the latching circuit 102 remains a logic 1 and the resulting input to
      the NAND gate 114 at the output of the inverter 116 remains a logic 0.
      Consequently, the modified gate drive command T'.sub.A.sub.+  continues to
      be a logic 1 until such time that the controlled rectifier 16 becomes
      naturally forward conducting as indicated by the logic signal S.sub.ax
      shifting to a logic 0. At that time, the latching circuit 102 is reset and
      its output shifts to a logic 1. When the controlled rectifiers 16, 18 and
      20 which are reverse blocking at time of termination of the gate drive
      command T.sub.A.sub.+  become conducting, the output of the NAND gate 114
      shifts to a logic 0 to terminate the modified gate drive command
      T'.sub.A.sub.+  and the gate drive signals for the controlled rectifiers
      16, 18 and 20 at the output of the gate drivers 60, 62 and 64. In like
      manner, the gate drive for the controlled rectifiers 22, 24 and 26 are
      extended by operation of the latching circuits 122, 124 and 126 in the
      same manner as described with reference to the controlled rectifiers 16,
      18 and 20.
PAR  The logic circuit illustrated in FIG. 4 extends at random the gate drive
      signals from the gate drivers for a period from zero up to the reverse
      blocking period of the controlled rectifiers. This maximum extension is
      approximately two-thirds of the period of the output waveform of the
      three-phase AC source 14. For a ratio, R, of the output frequency of the
      three-phase source 14 and the three-phase input to the load 12, the
      maximum extension is two-thirds R of the period of the input to the load
      12. It is apparent that the maximum extension may be excessive for ratios
      of, say, R less than eight. In order to decrease the maximum extension of
      the gate drive signal, the leading edge of the logic signal S.sub.ax may
      be blanked for a specified time period so as to prevent extension of the
      gate drive signal when the gate drive command terminates early in the
      controlled rectifier reverse blocking period where adequate reverse
      blocking time remains to insure that the controlled rectifier turn on
      cannot occur when forward blocking resumes. This is accomplished by the
      circuit of FIG. 5 with respect to the controlled rectifiers 16 and 22, it
      being understood that identical circuits are provided for the remaining
      controlled rectifiers. As seen in FIG. 5, the logic signal S.sub.ax is
      coupled to the input of a monostable multivibrator 138 instead of to the
      latching circuits 102 and 122 and to one input of a NAND gate 140. The
      leading edge of the logic signal S.sub.ax triggers the multivibrator 138
      whose Q output is a blanking signal B coupled to a second input of the
      NAND gate 140. The multivibrator 138 and the NAND gate 140 function to
      delay the leading edge of the logic signal S.sub.ax for the time period of
      the blanking signal B. The output of the NAND gate 140 is a logic signal
      S'.sub.ax  representing the blanked logic signal S.sub.ax. The logic
      signal S'.sub.ax  is coupled to the reset input of the latching circuits
      102 and 122. The duration of the blanking of the logic signal S.sub.ax is
      selected so that at the highest cycloconverter output frequency the
      blanked logic signal S'.sub.ax  has sufficient duration to insure against
      a weak gate turn on of the controlled rectifiers 16 and 22.
PAR  The resulting waveforms are illustrated in FIG. 6, wherein at time t.sub.1,
      the gate drive command T.sub.A.sub.+  shifts to a logic 1 resulting in the
      shifting of the outputs of the latching circuits 102, 108 and 110 to a
      logic 1. The output of the NAND gate 114 of FIG. 4 then shifts to a logic
      1 to thereby generate the logic signal T'.sub.A.sub.+. The gate drivers
      60, 62 and 64 of FIG. 1 each generate a gate drive signal in response to
      the logic signal T'.sub.A.sub.+  which is coupled to the gate electrodes
      of the controlled rectifiers 16, 18 and 20, respectively. Each time the
      voltage e.sub.ax across the controlled rectifier 16 represents reverse
      blocking, the logic signal S.sub.ax shifts to a logic 1 for the duration
      thereof. Upon generation of the logic S.sub.ax, the blanking signal B at
      the output of the monostable multivibrator 138 shifts to a logic 0. The
      output of the NAND gate 140 remains a logic 0 until the termination of the
      blanking signal B after which the output shifts to a logic 1. This signal
      S'.sub.ax is coupled to the reset input of the NAND gate 102. At time
      t.sub.2, the gate drive command T.sub.A.sub.+  terminates while the
      controlled rectifier 16 is reversed blocking and after the controlled
      rectifier 16 had been reversed blocking for a period greater than the
      duration of the blanking pulse B at the output of the monostable
      multivibrator 138. Consequently, the latching circuit 102 remains set to
      maintain the modified gate drive command T'.sub.A.sub.+  until time
      t.sub.3, at which time the controlled rectifier 16 becomes conducting and
      the logic signal S.sub.ax shifts to a logic 0. The latching circuit 102 is
      reset thereby and the modified gate drive command T'.sub.A.sub.+  shifts
      to a logic 0 to terminate the gate drive signals to the controlled
      rectifiers 16, 18 and 20.
PAR  In the circuit described, the drive signals for the controlled rectifiers
      in each group has a duration equal to that of the longest required drive
      signal of the controlled rectifiers in that group. If desired, the outputs
      of the respective latching circuits such as the latching circuits in FIG.
      4, may be used to generate respective gate drive signals for each
      individual controlled rectifier. Further, the invention has been described
      with reference to an eighteen controlled rectifier cycloconverter but has
      application to cycloconverters having lesser or greater number of
      controlled rectifiers.
PAR  The detailed description of the preferred embodiment of this invention for
      the purpose of explaining the principles thereof, is not to be considered
      as limiting or restricting the invention since many modifications may be
      made by the exercise of skill in the art without departing from the scope
      of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A gate drive circuit for a respective controlled rectifier in a
      cycloconverter system comprising: means for generating a gate drive
      command for the controlled rectifier; a voltage sensor coupled across the
      controlled rectifier for generating a signal representing the conduction
      state of the controlled rectifier; logic means having first and second
      inputs and first and second output states; means coupling the gate drive
      command to the first input; means coupling the signal representing the
      conduction state of the controlled rectifier to the second input, the
      logic means shifting its output from the first state to the second state
      in response to the gate drive command coupled to its first input and
      shifting its output from the second state to the first state in response
      to the signal coupled to its second input when said signal represents
      nonconduction of the controlled rectifier after termination of the gate
      drive command at its first input; means coupled to the logic means for
      generating a gate drive signal when the output of the logic means is in
      the second state; and means coupling the gate drive signal to the gate of
      the controlled rectifier, whereby gate drive signal is extended after
      termination of the gate drive command until the controlled rectifier
      becomes conductive to prevent turn-on of the controlled rectifier when it
      becomes forward blocking following termination of the gate drive signal.
NUM  2.
PAR  2. A gate drive circuit for a respective controlled rectifier in a
      cycloconverter system comprising: means for generating a gate drive
      command for the controlled rectifier; a voltage sensor coupled across the
      controlled rectifier for generating a first digital signal when the
      controlled rectifier is reversed blocking; means for blanking the leading
      edge of the digital signal for a specified time duration and generating a
      second digital signal having a duration equal to the remaining portion of
      the first digital signal; logic means having first and second inputs and
      first and second outut states; means coupling the gate drive command to
      the first input; means coupling the second digital signal to the second
      input, the logic means shifting its output from the first state to the
      second state in response to the gate drive command coupled to its first
      input and shifting its output from the second state to the first state in
      response to the absence of the second digital signal following termination
      of the gate drive command to the first input; means coupled to the logic
      means for generating a gate drive signal when the output of the logic
      means is in the second state; and means coupling the gate drive signal to
      the gate of the controlled rectifier, whereby the gate drive signal to the
      gate electrode of the controlled rectifier is extended after termination
      of the gate drive command until the controlled rectifier becomes
      conductive when the time remaining until the controlled rectifier normally
      becomes conductive following termination of the gate drive command is
      equal to or less than the duration of the second digital signal.
NUM  3.
PAR  3. A cycloconverter system comprising: a polyphase alternating current
      source; a load; first and second groups of controlled rectifiers, each
      controlled rectifier of the first group being coupled between a respective
      one of the phase outputs of the polyphase source and the load and being
      poled for supplying positive current to said load and each controlled
      rectifier of the second group being coupled between the respective one of
      the phase outputs of the polyphase source and the load and being poled for
      supplying negative current to said load; a respective absolute value
      voltage sensor for each pair of controlled rectifiers in the first and
      second groups which are coupled to one of the phase outputs of the
      polyphase source, each of said absolute value sensors being coupled across
      the respective pair of controlled rectifiers and generating a digital
      signal representing the reverse blocking period of said respective pair of
      controlled rectifiers; means for generating alternating first and second
      gate drive commands for the first and second groups of controlled
      rectifiers respectively; a respective logic means for each controlled
      rectifier in the first and second groups, each of said logic means having
      first and second inputs and first and second output states; means coupling
      the first gate drive command to the first input of each of the logic means
      for the controlled rectifiers in the first group; means coupling the
      second gate drive command to the first input of each of the logic means
      for the controlled rectifiers in the second group; means coupling each of
      the digital signals to the second input of the logic means for said
      controlled rectifier whose reverse blocking period is represented thereby,
      each logic means shifting its output from the first state to the second
      state in response to the gate drive command coupled to the first input and
      shifting its output from the second state to the first state in response
      to the absence of the digital signal coupled to its second input following
      termination of the gate drive command coupled to its first input; means
      responsive to the output of the logic means for the controlled rectifiers
      in the first group for generating a first gate drive signal for the
      controlled rectifiers in the first group, said first gate drive signal
      having a duration coexistent with the second state output of the logic
      means for the controlled rectifiers in the first group having the longest
      time duration; means responsive to the output of the logic means for the
      controlled rectifiers in the second group for generating a second gate
      drive signal for the controlled rectifiers in the second group, said
      second gate drive signal having a duration coexistent with the second
      state output of the logic means for the controlled rectifiers in the
      second group having the longest time duration; and means coupling the
      first and second gate drive signals to the controlled rectifiers in the
      first and second groups, respectively, whereby the gate drive signals to
      the controlled rectifiers in each group is extended after termination of
      the respective gate drive command therefor when one of the controlled
      rectifiers in said group is reverse blocking when the gate drive command
      terminates until said controlled rectifier becomes conductive.
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ABST
PAL  A solid state power supply system for multiple corona generators wherein a
      series of bridge connected corona generators share silicon controlled
      rectifiers (SCR's). This system provides means by which symmetrical high
      frequency power may be supplied to a plurality of corona generators while
      using a minimum number of SCR devices.
PARN
PAR  This application is a continuation-in-part of my U.S. applications Ser. No.
      456,396, filed Mar. 29, 1974, and Ser. No. 509,016, filed Sept. 25, 1974.
BSUM
PAR  The present invention relates to high frequency power supply apparatus, and
      more specifically to solid state frequency converters which are
      particularly suitable for supplying high voltage symmetrical power to
      corona generators.
PAR  It has been shown that the output of a given corona generator may be
      increased by increasing the applied power through application of higher
      frequency. Previous methods for increasing the frequency of standard 60 Hz
      line voltage have included the use of motor generators and a variety of
      electronic frequency multipliers. In my U.S. Pat. No. 3,784,838, issued
      Jan. 8, 1974, I have disclosed a load commutated solid state frequency
      converter circuit which is capable of producing high frequency unipolar
      electrical pulses at high voltages. This device is reliable, efficient,
      and much cheaper to produce than motor generator or conventional
      commutated solid state electronic high frequency power supplies. It has
      been found, however, that when corona generators are operated under
      maximum output conditions, the use of unipolar power apparently tends to
      cause separation and migration of electrons and positively charged
      molecules to the respective positive and negative electrodes of the
      generator. This separation and migration causes nonuniform corona
      discharge and limits the efficiency of the device. Furthermore, the
      operational noise level of unipolar devices tends to be high due to
      unbalanced vibrations which are induced in the high frequency power
      transformer.
PAR  It is therefore an object of the present invention to provide an improved
      high frequency power supply for corona discharge type apparatus.
PAR  It is a further object to provide a solid state load commutated power
      supply circuit which is capable of producing high frequency symmetrical
      (bi-polar) power to a multiple corona generator type load, and which
      employs a reasonable number of solid state devices.
PAR  It is yet another object to provide an ozone generator which includes a low
      cost and efficient source of symmetrical high frequency power and which is
      capable of operation at an extremely low noise level.
DRWD
PAR  These objects will become readily apparent to one skilled in the art from
      the following detailed description and drawing wherein:
PAR  FIG. 1 is a circuit diagram of a frequency converter of the present
      invention;
PAR  FIG. 2 is a diagram of the flip-flop trigger circuit which may be used in
      the converter circuit of FIG. 1;
PAR  FIG. 3 is a diagram of a rectifier circuit which may be used as a source of
      DC power in the converter circuit set forth in FIG. 1; and
PAR  FIGS. 4, 5 and 6 are plan view diagrams with parts broken away of corona
      generators, which may be used as the power load in the circuit of FIG. 1.
DETD
PAR  Broadly, my invention contemplates a load commutated, silicon controlled
      rectifier (SCR) high frequency converter circuit, which is capable of
      supplying symmetrical power to a plurality of corona generators.
PAR  More specifically, I have invented a corona generator power supply system
      which includes a plurality of corona generators and power transformers
      therefor, all the primary windings of the transformers being connected to
      bridge two parallel branches of a circuit which includes series connected,
      load commutated SCR means. The SCR means are alternately fired in
      conductive pairs to create opposite conductive paths through the primary
      winding. To reduce the number of SCR's required, at least one of the
      parallel branches of series SCR's is shared by two primary windings.
PAR  A more clear understanding of my invention may be obtained by reference to
      FIG. 1 of the drawing which discloses a circuit that includes SCR means 1,
      2, 3, 4, 5, 6, 7, 8, 9 and 10. The circuit of FIG. 1 also includes a DC
      power supply means 11, the details of which are set forth in the rectifier
      circuit of FIG. 3. The circuit also includes a capacitor 12 which is
      connected across the output of the rectifier 11 by means of electrical
      conduits 13 and 14. The output of the rectifier 11 as conducted by the
      conduits 13 and 14 is also applied to the SCR's 1 through 10.
PAR  The SCR's 1 through 10 are connected to a trigger pulse circuit which is
      depicted as being enclosed within the broken line 15. The details of the
      construction of the pulse circuit 15 are set forth in FIG. 2. Pulse
      circuit 15 is functionally connected with SCR's 1 through 10 by means of
      conductors 16 17, 18, 19, 20, 21, 22 and 23. As shown in the drawing
      conductor 16 is connected to the gate lead of SCR 1, 5 and 9, while
      conductor 17 is interconnected to the gate lead of SCR 3 and 7. The
      conductor 18 is connected to the gates of SCR's 2, 6 and 10, while
      conductor 19 interconnects the gates of SCR's 4 and 8 with the trigger
      circuit 15. The pulse circuit connections between circuit 15 and the SCR's
      1, 5 and 9 is completed by the conductor 20, while conductor 21 is shown
      as being applied to SCR's 3 and 7. Conductor 22 interconnects with the
      output side of SCR's 2, 6 and 10, while the conductor 23 connects with the
      output sides of SCR's 4 and 8.
PAR  As shown in FIG. 1, SCR's 1 and 2, 4 and 3, 5 and 6, 8 and 7, and 9 and 10
      are series connected in pairs to form parallel branches between the output
      leads 13 and 14 of the rectifier 11. The parallel branches which are
      formed by series connector SCR's 1 and 2, and 4 and 3, are bridged by the
      primary winding of power transformer 25, as interconnected to the branches
      by leads 26 and 27. Likewise, the parallel branch which is formed by SCR's
      5 and 6 is bridged to the parallel branch formed by SCR's 4 and 3 by means
      of an additional power transformer 25, interconnected thereto by means of
      leads 26 and 27. Likewise, the additional parallel branches formed by
      SCR's 5 and 6, 8 and 7, and 9 and 10 are bridged by similar power
      transformers 25. It is to be understood that while FIG. 1 shows the use of
      four power transformers which are interconnected with ten SCR's, as few as
      two power transformers interconnected with six SCR's may be utilized.
      Also, it is to be understood that the circuit of FIG. 1 may be extended to
      include as many SCR's as is practical to combine in a single circuit, for
      example, as many as twenty SCR's connected to form ten parallel branches
      which are bridged by nine power transformers, may be utilized.
PAR  As shown in FIG. 1, the secondary winding of each power transformer 25, is
      connected to a corona generator 30 by means of leads 31 and 32. The detail
      of the corona generators which are enclosed within the broken line 30 is
      set forth in FIGS. 4, 5 and 6.
PAR  Reference to FIG. 2 reveals a typical programmable unijunction transistor
      (PUT) flip-flop trigger circuit which may be used to trigger the SCR's
      shown in FIG. 1. In FIG. 1 a circuit such as shown in FIG. 2 is enclosed
      within the broken line 15.
PAR  In FIG. 2 the flip-flop circuit comprises two unijunction transistors, 40
      and 41, which are connected in series with the primary side of pulse
      isolation transformers 42 and 43 respectively. The circuit of FIG. 2 also
      includes a capacitor 45 connected in series between the transistors 40 and
      41. The capacitor 45 is bridged by means of parallel connected resistances
      46, 47 and 48. The resistances 46 and 48 are fixed, while the resistance
      47 is a variable resistance which is used to trim the symmetry of the
      trigger pulse output of the flip-flop circuit.
PAR  Also included in FIG. 2 are fixed resistances 50 and 51 which are connected
      to the gates of transistors 40 and 41 respectively. A variable resistance
      52 connects the gates of the transistors 40 and 41 to the circuit, which
      also includes fixed resistors 53 and 54 connected in series therewith. A
      pair of fixed resistances, 55 and 56, are connected between the outputs of
      the transistors 41 and 40 respectively, and also in series with the
      primary windings of isolation pulse transformers 42 and 43. A lead 57
      connects the circuit of FIG. 2 with a suitable source of DC power which is
      typically maintained at 20 volts.
PAR  The trigger circuit of FIG. 2 is interconnected to the gates of the SCR's
      shown in FIG. 1 through conductor pairs 16 and 20, 17 and 21, 19 and 23,
      and 18 and 22, each pair being connected to individual secondary windings
      of pulse transformers 42 and 43. It is noted that the pulse transformers
      42 and 43 each power a separate pair of SCR's; specifically transformer 42
      delivers pulses to SCR's 1, 3, 5, 7 & 9, while the isolation transformer
      43 delivers pulses to SCR's 2, 4, 6, 8 & 10.
PAR  FIG. 3 of the drawings represents a typical three-phase rectifier circuit,
      which may be used to supply DC power to the circuit shown in FIG. 1. A
      rectifier circuit which may be enclosed within broken line 11 of FIG. 1 is
      set forth in some detail in FIG. 3, and includes diodes 60, 61, 62, 63, 64
      and 65. As shown in FIG. 3, the diodes are connected to a source of
      three-phase power, which is introduced to the circuit by means of
      conductors 67, 68 and 69. The output of the rectifier circuit in FIG. 3
      appears across leads 13 and 14, which are connected in series with the
      SCR's shown in FIG. 1.
PAR  The circuit of FIG. 1 is used to supply high frequency, symmetrical AC
      power to a plurality of corona generators, which are indicated in FIG. 1
      as being enclosed within broken lines 30. The corona generators
      represented by broken lines 30 may typically comprise the corona generator
      devices which are set forth in FIGS. 4, 5 and 6 of the drawing. In FIG. 4,
      80 represents a gas tight container which is provided with gas inlet and
      outlet means 81 and 82 respectively. Within the container 80 are located
      electrode surfaces 83 and 84. The electrode surfaces are covered with a
      suitable dieletric layer 85 and 86 respectively. Connected to the
      electrodes 83 and 84 are conductors 87 and 88, which may be interconnected
      with leads 31 and 32 shown in FIG. 1. The space which exists between the
      dielectric coated electrodes 84 and 85 is discharge gap 89.
PAR  The device shown in FIG. 5 is similar to that shown in FIG. 4. However,
      electrodes 90 and 91 are separated by a dielectric plate 92, which defines
      two discharge gaps, 93 and 94. The device in FIG. 6 shows a slightly
      different configuration of a suitable corona discharge device, wherein
      electrode plates 100 and 101 are separated by means of a single dielectric
      layer 102, which is applied to the surface of electrode 100. A discharge
      gap 103 is defined by the space between electrodes 100 and 101.
PAR  In operation, the circuit of FIG. 1 is supplied with rectified electrical
      power by means of rectifier circuit 11 at a voltage on the order of about
      150-600 volts DC. This DC power is applied across condensor 12 which
      serves to maintain the output of the rectifier at an acceptable constant
      level. The DC power as conducted through conductors 13 and 14, is applied
      to the SCR's 1 through 10. To commence operation of the device, the SCR's
      1, 3, 5, 7 and 9 are initially fired in functional pairs 1 and 3, 3 and 5,
      5 and 7, and 7 and 9, which are connected to the trigger circuit 15 by
      means of leads 16 and 20, and 17 and 21. To fire the SCR's the trigger
      circuit delivers electrical trigger pulse on the order of 20 volts at the
      desired operational frequency. Subsequent to delivery of the trigger pulse
      by the circuit 15, the SCR pairs 1 and 3, 3 and 5, 5 and 7, and 7 and 9
      conduct to deliver power across the primary of the power transformers 25.
      When the power pulse appears across the primary of transformers 25, a
      transformed pulse appears across the secondary of the power transformers
      25 at a voltage which is multiplied in accordance with the winding ratios
      of the transformers. Preferably, this winding ratio will be on the order
      of 8 to 1, to about 30 to 1. The transformed power pulse is then applied
      to the plates of the corona generators shown as 30, and which may comprise
      devices shown in FIGS. 4, 5 and 6. The electrical pulse delivered to the
      corona generator serves to ionize the gas appearing between the plates of
      the corona generator, whereupon the pulse is conducted. As the pulse is
      conducted across the gap of the corona generator, the voltage drop across
      the gap is clamped at a fixed value due to the conductivity of the ionized
      gas existing between the plates. The conduction across the plates abruptly
      ceases since the electrons cannot go through the dielectric. The abrupt
      stoppage of current creates an opposite voltage pulse to appear through
      the secondary winding of transformers 25, which is then transformed
      through the primary winding and thence to the conducting SCR's. This
      reverse pulse serves to shut off, that is, commutate, the then conducting
      SCR's to a non-conductive or blocking mode.
PAR  Subsequent to firing SCR pairs 1 and 3, 3 and 5, 5 and 7, and 7 and 9, the
      trigger circuit 15 then delivers an alternate trigger pulse through
      conductors 18, 19, 22 and 23 to the SCR's 2, 4, 6, 8 and 10 which form SCR
      conducting pairs 2 and 4, 4 and 6, 6 and 8 and 8 and 10. SCR pairs 2 and
      4, 4 and 6, 6 and 8 and 8 and 10 then conduct a power pulse through the
      secondary of power transformers 25 in a direction opposite to the pulse
      previously transmitted by SCR pairs 1 and 3, 3 and 5, 5 and 7 and 7 and 9.
      This power pulse appears across the plates of corona generator 30 with a
      polarity opposite to that of the previously delivered pulse. Thus, it is
      seen that by alternately firing SCR pairs 1 and 3, 3 and 5, 5 and 7 and 7
      and 9, and then SCR pairs 2 and 4, 4 and 6, 6 and 8, and 8 and 10, the
      power pulses appearing across the corona generator plates are symmetrical,
      and each plate is therefore alternately charged to opposite polarity.
PAR  In operation of the apparatus it is of significant importance that the
      output of the trigger circuit 15 and power transformer 25 be maintained as
      symmetrical as possible to minimize electro-mechanical vibrations in the
      power transformer 25. When the current is tuned to produce a string of
      positive pulses within about 0.1 microsecond of being with the center of
      the negative string, the vibrations cancel and noise level is at a
      minimum.
PAR  The flip-flop trigger circuit which is shown in FIG. 2, as well as the
      rectifier circuit shown in FIG. 3, is conventional, and operate in the
      conventional manner. Furthermore, the corona generator devices shown in
      FIGS. 4, 5 and 6 represent conventional corona generator type apparatus,
      wherein the electrodes and dielectric plates thereof may be assembled in
      various configurations. Preferably, the corona generators include a thin
      dielectric separator which has a thickness on the order of 0.1 to 0.5 mm.
      The discharge gap between the dielectric surfaces is preferably on the
      order of 0.5 to 3.0 mm. The corona generator devices may be used to
      convert oxygen to ozone, or alternatively the generators may be used to
      induce a variety of chemical reactions which take place within a high
      voltage discharge corona.
PAR  The trigger circuit shown in FIG. 3 is preferably operated at a frequency
      of from about 100 to 10,000 Hz. The output of the SCR circuit is
      preferably transformed by power transformer 25 so as to produce an output
      voltage to the corona generator load on the order of from about 4,000 to
      15,000 volts peak. While in the present drawing the electrical load in
      FIG. 1 comprises a corona generator, it should also be understood that the
      frequency converter circuit of FIG. 1 may be used to supply high
      frequency, high voltage power to electrical loads which comprise
      resistance capacitance characteristics similar to that of a corona
      genrator device.
PAR  To further indicate the construction of the present circuits, the following
      table is given to indicate the values of the various circuit elements set
      forth therein.
TBL                TABLE                                                       
     ______________________________________                                    
     Figure                                                                    
           Component & Ref. No.                                                
                            Volume and/or Mfg.                                 
                            Description                                        
     ______________________________________                                    
     1     SCR 1, 2, 3, 4, 5, 6,                                               
                            GE types C392, C393,                               
           7, 8, 9 and 10   C394, C395 or C609                                 
           Capacitor 12     Oil Filled 10 to 100 mf                            
           Transformers 25  Secondary/Primary                                  
                            Ratio 10/1; 125 KVA                                
     ______________________________________                                    
     2     Transistor 40 & 41                                                  
                            2N6027 or 2N6028                                   
           Transformer 42 & 43                                                 
                            Pulse Engineering, Inc.                            
                            Type 5258                                          
           Capacitor 45     0.01 mf                                            
           Resistor 46      10 K ohms                                          
           Variable Resistor 47                                                
                            50 K ohms                                          
           Resistor 48      10 K ohms                                          
           Resistor 50 & 51 100 K ohms                                         
           Variable Resistor 52                                                
                            1 K ohm                                            
           Resistor 53 & 54 100 ohms                                           
           Resistor 55 & 56 470 ohms                                           
     ______________________________________                                    
     3     Diode 60, 61, 62,                                                   
                            A90-11-S-F1A1                                      
           63, 64 & 65      1000 v 4500 surge amps.                            
     ______________________________________                                    
PAR  The above description clearly describes and sets forth an improved
      solid-state corona generation system which may be used for a variety of
      purposes, including the production of ozone from oxygen.
CLMS
STM  I claim:
NUM  1.
PAR  1. A corona reaction system which comprises:
PA1  a. A plurality of corona reactors, each connected to the primary winding of
      power transformers therefor,
PA1  b. A source of DC power,
PA1  c. A plurality of series connected SCR means comprising at least a first
      SCR means in series with a second SCR means, a third SCR means in series
      with a fourth SCR means, and a fifth SCR means in series with a sixth SCR
      means, said series connected SCR means connected as parallel branches in
      series with said source of DC power, the primary windings of each of said
      power transformers being connected to individually bridge a pair of said
      parallel branches; and
PA1  d. Trigger pulse means adapted to fire said SCR means at a desired
      frequency, said first, third and fifth SCR means being fired in unison to
      form a conductive path through said power transformers in one direction,
      and said second, fourth and sixth SCR means being fired in unison to form
      a conductive path in the opposite direction.
NUM  2.
PAR  2. The system of claim 1 which includes up to 10 of said parallel branches
      and nine of said power transformers.
NUM  3.
PAR  3. The system of claim 1 wherein said corona reactors are ozone generators.
NUM  4.
PAR  4. The system of claim 1 wherein the winding ratios of said power
      transformers range from about 8 to 1 to about 30 to 1.
NUM  5.
PAR  5. The system of claim 1 wherein said trigger pulse means comprises a
      programmable unijunction transistor flip-flop trigger circuit.
NUM  6.
PAR  6. The system of claim 5 wherein said trigger circuit is adapted to operate
      at a frequency of from about 100 to 10,000 Hz.
NUM  7.
PAR  7. The system of claim 1 wherein said corona generators include discharge
      electrodes coated with a dielectric having a thickness of 0.1 to about 0.5
      mm and a discharge gap on the order of about 0.5 to 3.0 mm.
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ABST
PAL  The disclosed circuit comprises a thyristor, a diode connected across the
      thyristor with the opposite polarity, and a commutation capacitor
      connected across the thyristor through a primary winding of a saturable
      transformer. The transformer responds to a load current flowing from the
      thyristor through its secondary winding to produce a reverse current for
      the thyristor to turn it off. Also there is disclosed the application of
      the circuit to uni- and bi-directional power control systems.
PARN
PAR  This is a continuation of application Ser. No. 387,700, filed Aug. 13,
      1973, now abandoned, which in turn is a continuation of application Ser.
      No. 199,190, filed Nov. 16, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a commutation circuit for electrically connecting
      and disconnecting a load to and from a source of direct current and more
      particularly to a forced commutation circuit for a semiconductor
      controlled rectifier such as a uni-directional triode thyristor.
PAR  In order to turn off unidirectional triode thyristors (which are
      abbreviated hereinafter to "thyristors") in its conducting state, it is
      widely practiced to use a commutation capacitor, the discharging current
      from which reversely biases the thyristor. For example, well known
      McMurray and Bedford inverters and direct current (DC) choppers called
      Johnes or Morgan circuits have included a commutation capacitor. At
      present, it is prevailingly accepted that the commutation capacitor used
      in such inverters and DC choppers can be most suitably operated with its
      coefficient of utilization being about 43 percent.
PAR  Also there have been already known commutation circuits including a diode
      (which may be called the "commutation, bypass or flywheel diode")
      connected in opposite parallel circuit relationship with the thyristor,
      and a reactor (which may be called the "commutation reactor") connected
      serially to the commutation capacitor and in parallel to the thyristor.
      The last-mentioned commutation circuits have only increased in the
      coefficient of utilization by several percent as compared with the
      first-mentioned circuits.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly it is an object of the invention to provide a new and improved
      commutation circuit for a thyristor including a commutation capacitor
      having a coefficient of utilization the theoretical value of which can be
      100 percent.
PAR  It is another object of the invention to provide a new and improved
      commutation circuit for a thyristor having a relatively long time interval
      for which the thyristor is reversely biased and performing the stable
      commutation operation under low voltage-high current loading.
PAR  It is still another object of the invention to provide a new and improved
      commutation circuit for a thyristor including a commutation capacitor
      decreased in capacitance.
PAR  It is a further object of the invention to provide a new and improved
      commutation circuit for a thyristor decreased in loss of commutation
      thereby to increase in efficiency.
PAR  It is another object of the invention to provide a new and improved
      commutation circuit for a thyristor having an operating frequency higher
      than that previously possible with the loss of commutation remaining
      unchanged.
PAR  The invention accomplishes the above cited objects by the provision of a
      commutation circuit comprising a semiconductor controlled rectifier
      connected in a current path formed between a source of direct current and
      a load, first circuit means for bypassing a forward current for the
      semiconductor controlled rectifier, and second circuit means for causing a
      reverse current for the rectifier to flow therethrough, characterized by
      control transformer means including at least a portion connected in the
      current path to control the bypassed current flowing through the first
      circuit means.
PAR  The transformer means may preferably include a primary winding connected in
      the first circuit means and a second winding magnetically coupled to the
      primary winding and connected in another current path along which the
      forward current from the semiconductor controlled rectifier or its
      equivalent flows.
PAR  The transformer means may advantageously be an auto-transformer for
      magnetically coupling the first circuit means to a current path along
      which the forward current passed through the semiconductor controlled
      rectifier flows.
PAR  Conveniently the first circuit means may include at least a commutation
      capacitor and the second circuit means may include a semiconductor diode.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention will become
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings in which:
PAR  FIG. 1a is a schematic circuit diagram illustrating the principles of a
      conventional commutation process for a semiconductor controlled rectifier
      such as a thyristor;
PAR  FIG. 1b is a graphic representation of waveforms developed in the circuit
      shown in FIG. 1a;
PAR  FIGS. 2a and b are views similar respectively to FIGS. 1a and b but
      illustrating another conventional commutation process;
PAR  FIG. 3a is a schematic circuit diagram useful in explaining the ideal
      commutation mechanism for a semiconductor controlled rectifier according
      to the invention;
PAR  FIG. 3b is a graphic representation of a waveform developed in the circuit
      shown in FIG. 3a;
PAR  FIG. 4a is a schematic circuit diagram illustrating the principles of the
      invention;
PAR  FIG. 4b is a graph illustrating waveforms developed in the circuit shown in
      FIG. 4a;
PAR  FIG. 4c is a graph useful in explaining the operation of the transformer
      shown in FIG. 4a;
PAR  FIG. 5a is a schematic wiring diagram of a commutating circuit for a
      semiconductor controlled rectifier embodying the principles of the
      invention and which is more practicable than the circuit shown in FIG. 4a;
PAR  FIG. 5b is a graph illustrating waveforms developed in the circuit shown in
      FIG. 5a;
PAR  FIGS. 6a and b are views similar respectively to FIGS. 5a and b but
      illustrating one embodiment of the invention;
PAR  FIG. 6c is a circuit diagram of a modification of the invention;
PAR  FIG. 7 is a schematic circuit diagram of a power control system embodying
      the principles of the invention to control a DC power;
PAR  FIG. 8 is a fragmental circuit diagram of a modification of the arrangement
      shown in FIG. 7;
PAR  FIG. 9 is a circuit diagram similar to FIG. 8 but illustrating a
      modification of the arrangement shown in FIG. 8;
PAR  FIGS. 10a and b are fragmental circuit diagrams of different forms of one
      portion of the arrangement shown in FIG. 9;
PAR  FIG. 11a is a view similar to FIG. 7 illustrating another modification of
      the arrangement shown in FIG. 7;
PAR  FIG. 11b is a graph illustrating a waveform of the voltage developed in the
      circuit shown in FIG. 11a;
PAR  FIGS. 12 through 18 are schematic circuit diagrams of power control systems
      embodying the principles of the invention to control bi-directional power;
      and
PAR  FIGS. 19a and b are diagramatic views of different modifications of the
      transformer which may be used in the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 of the drawings, there is illustrated the
      principles of a conventional commutation process for a semiconductor
      controlled rectifier. In the following description, the semiconductor
      controlled rectifiers are assumed to be unidirectional triode rectifiers
      only for the purpose of illustration. FIG. 1a shows a simplified
      commutation circuit in the commutation mode. The arrangement illustrated
      comprises a unidirectional triode thyristor 10 and a commutation capacitor
      12 connected across the thyristor 10.
PAR  In order to commutate the thyristor 10 having a direct current flowing
      therethrough, the commutation capacitor 12 preliminarily charged to a
      predetermined voltage E by any suitable means (not shown) has been
      connected in opposite parallel relationship with the conducting thyristor
      10 by any suitable means also not shown. This results in a circuit
      configuration as shown in FIG. 1. Then the thyristor 10 is reversely
      biased with a discharging current i.sub.c from the capacitor 12 to be
      turned off. Simultaneously the current I turns to the capacitor 12.
PAR  As the current I is applied to the capacitor 12, the latter continues to
      discharge. The capacitor fully discharges at the end of a time interval
      contributing to the turning off of the thyristor. This time interval is
      called a "reverse bias time t.sub.c ".
PAR  After its discharge, the capacitor 12 continues to be again charged with
      the current I but with the polarity reversed from that illustrated. Then
      the voltage charged on the capacitor 12 reaches a predetermined magnitude.
      That predetermined magnitude is, in many cases, substantially equal to
      that of the preliminarily charged voltage across the capacitor 12 although
      it depends upon the particular circuit configuration. After the capacitor
      12 has been charged with the predetermined re-charged voltage with the
      opposite polarity, the capacitor current further turns to another diode or
      thyristor (not shown) whereupon the commutation is completed.
PAR  Therefore, assuming that the capacitor 12 has an instantaneous voltage
      v.sub.c, the current i.sub.c and voltage v.sub.c for the capacitor will
      have waveforms i) and ii) illustrated in FIG. 1b. Under these
      circumstances, it will be apparent that the reverse bias time t.sub.c is
      expressed by the equation
      ##EQU1##
      where C represents the capacitance of the capacitor 12. This means that
      only the batched portion as shown in FIG. 1b - i) of the current from the
      capacitor or a change in electrical charge thereon effectively contributes
      to the turning off of the thyristor 10.
PAR  That is, the commutation capacitor 12 has a coefficient of utilization Kc
      defined by the product of the current I to be commutated and the reverse
      bias time t.sub.c divided by the product of a change in voltage
      .DELTA.v.sub.c across the capacitor and the capacitance C of the
      capacitor. That is, the coefficient of utilization Kc is expressed by the
      equation
      ##EQU2##
      where .DELTA.v.sub.c is equal to 2E as shown in FIG. 1b - ii). That is,
      the capacitor has a coefficient of utilization of 50 percent.
PAR  Those commutation circuits operative in the commutation mode as above
      described involve McMurray and Bedford type inverters and DC choppers
      known as a Johnes or Morgan circuit. The McMurray and Bedford type
      inverters frequently used at present have been said to be put in the
      optimum operation with the coefficient of utilization of 42.5 percent
      because the current is also delivered to other elements not shown in FIG.
      1a.
PAR  FIG. 2 wherein like reference numerals and characters designate the
      components identical to those shown in FIG. 1, illustrates the principles
      of another conventional commutation process for a unidirectional triode
      thyristor. A simplified commutation circuit shown in FIG. 2a is operated
      in the commutation mode and comprises the thyristor 10, a commutation
      diode 14 connected in opposite parallel circuit relationship with the
      thyristor 10, and a series combination of commutation capacitor and
      reactor 12 and 16 respectively connected across the thyristor 10. In the
      arrangement illustrated, the commutation capacitor 12 repeatedly and
      alternately discharges and charges in a oscillatory manner through the
      commutation reactor 16.
PAR  FIG. 2b shows only one positive half cycle of a sinusoidal current thus
      formed. In a time interval corresponding to that half cycle of the
      oscillatory current, the oscillatory current i.sub.c for the capacitor 12
      exceeds the current I to be commutated. That portion of the time interval
      where the current i.sub.c exceeds the current I provides a reverse bias
      time t.sub.c contributing the turn-off of the thyristor 10. The reverse
      bias time t.sub.c is expressed by the equation
      ##EQU3##
      where L is the inductance of the reactor 16.
PAR  Considering a waveform i) shown in FIG. 2b, only the current I flowing
      through the reactor 16 for the time interval of t.sub.c as shown by a
      hatched portion thereof effectively contributes to the thyristor 10 being
      turned off. As in the arrangement of FIG. 1a, the capacitor can have a
      coefficient of utilization Kc expressed by the equation
      ##EQU4##
      Thus the coefficient of utilization will have its maximum value Kc max
      equal to 0.56, assuming that I/E C/L equals 2/3.
PAR  From the foregoing it will be appreciated that in the conventional
      commutation processes the commutation capacitor has its coefficient of
      utilization inherently having the highest possible value amounting only to
      50 percent for the arrangement of FIG. 1a or 56 percent for that shown in
      FIG. 2a. For the most part, conventional commutation circuits have been
      designed such that the commutation capacitor has a theoretical value of
      about 43 or 50 percent as its coefficient of utilization because separate
      reactors and the associated components are disposed therein.
PAR  The invention contemplates to impart to the commutation capacitor a
      coefficient of utilization considerably higher than compared with the
      prior art practice.
PAR  FIG. 3 illustrates an ideal commutation process for a thyristor according
      to the invention. In FIG. 3a, a thyristor 10 has a commutation diode 14
      connected in opposite parallel circuit relationship therewith and an ideal
      source of commutation 18 also connected thereacross.
PAR  The source 18 is adapted to provide a current i.sub.c which is higher by an
      amount .DELTA.i.sub.r than a current I to be commutated, as shown in FIG.
      3b, for a reverse bias time t.sub.c required for the now conducting
      thyristor 10 to be turned off. This causes a current .DELTA.i.sub.r to be
      reversely applied to the thyristor 10 while the current I passed at that
      time through the thyristor is permitted to turn to source 18. Thereafter
      the current .DELTA.i.sub.r continues to be reversely supplied to the
      thyristor 10. Current .DELTA.i.sub.r flows, as a reverse current, through
      the thyristor 10 for a short time at the beginning of the reverse bias
      time t.sub.c or for an accumulation time up to a point in time where the
      thyristor recovers the reverse blocking ability thereby to accelerate in
      releasing the carriers accumulated in the thyristor which, in turn,
      accelerate the turning off of the thyristor. After the thyristor 10 has
      recovered its reverse blocking ability, the reverse current .DELTA.i.sub.r
      also flows through the commutation diode 14 for a predetermined turn-off
      time ensuring that the thyristor 10 is held at the required minimum
      reverse voltage.
PAR  The ideal commutation process must function to commutate the current and
      turn off the thyristor as above described in conjunction with FIG. 3 so
      far as both the energy dissipation and transfer is concerned.
PAR  Referring now to FIG. 4a, there is illustrated the principles of the
      invention. FIG. 4a shows an arrangement similar to that illustrated in
      FIG. 3a except that the ideal-source of commutation shown in FIG. 3a is
      replaced by a series combination of a commutation capacitor 12 and a
      saturable transformer generally designated by the reference numeral 16.
      The transformer 16 includes a primary winding 16P serially connected to
      the capacitor 12 and a secondary winding 16S connected across a bias
      source 20. The dot convention has been employed to indicate the polarity
      of the instantaneous current or voltage for each transformer winding. The
      source 20 is operative to apply a biasing current I.sub.s in the direction
      of the arrow shown in FIG. 4a to the secondary transformer winding 16S to
      magnetically bias the transformer 16.
PAR  When the transformer 16 has applied to its primary winding 16P a voltage E
      (see FIG. 4b - i) to which the commutation capacitor 12 has been initially
      charged with the polarity illustrated in FIG. 4a,  a primary current
      flowing through the primary transformer winding 16P is restricted to such
      a magnitude that both windings are equal in ampere turns to each other.
      That is, the primary current i.sub.c is expressed by the equation
      ##EQU5##
      where N.sub.p is the number of turns of the primary winding 16P and
      N.sub.s is the number of turns of the secondary winding 16S. This primary
      current i.sub.c is equal to a discharge current from the capacitor 12.
      Also it is to be noted that the discharge current i.sub.c is preselected
      to be greater than a current I to be commutated.
PAR  Under these circumstances, a current difference i.sub.r expressed by
EQU  i.sub.r = i.sub.c - I                                      (6)
PAL  is applied, as a reverse current, to the thyristor 10 to aid in turning it
      off. After the thyristor 10 has recovered its reverse blocking ability,
      the same current i.sub.r bypasses the thyristor 10 to flow through the
      diode 14.
PAR  In this way, the capacitor 12 continues to discharge with the constant
      current expressed by the equation (5) while the transformer 16 has applied
      thereacross a voltage v.sub.c across the capacitor 12 (see FIG. 4b - i)).
PAR  The transformer 16 and particularly the magnetic flux produced in the
      magnetic core thereof (not shown) will now be described with reference to
      FIG. 4c wherein the magnetic flux (ordinate) is plotted against an ampere
      turn AT (abscissa) applied to the transformer. The magnetic flux in the
      transformer 16 initially put in its negative saturated state N.sub.s
      responds to the application of the voltage v.sub.c across the capacitor 12
      to change in magnitude along a path ascending in the unsaturated region of
      the transformer as shown at the solid arrow in FIG. 4c. Then the voltage
      v.sub.c across the capacitor 12 becomes null. Even at that time the
      magnetic flux level of the transformer 16 is situated in its unsaturated
      region so that a voltage is reversely induced across the primary winding
      16P due to the ampere turns thereof resulting from the energized secondary
      winding 16S. Also the above equations (1) and (2) are held. Therefore the
      capacitor 12 continues to charge with the polarity reversed from that
      illustrated. At the same time, the flux level of the transformer 16
      changes along a path descending in the unsaturated region of the
      transformer as shown at the dotted arrow in FIG. 4c. Eventually the
      transformer 16 enters the negative saturated region thereof whereby the
      transformer action is disabled. At that time, the thyristor 10 has applied
      thereto a forward voltage with no effect and the current I to be
      commutated is taken over by a separate diode or a different thyristor (not
      shown) to terminate the charging of the capacitor 12 resulting in the
      completion of one commutation cycle.
PAR  As will readily be understood from FIG. 4c, a magnitude of voltage
      integrated with time for the transformer 16 remains unchanged between the
      discharging and charging of the capacitor 12. This means that the
      transformer 16 is returned back to its negative saturated state just at
      the point in time where the capacitor 12 has again charged to a voltage
      equal and opposite to the voltage E to which the capacitor 12 was
      initially charged with the polarity illustrated. Therefore the voltage
      v.sub.c across the capacitor 12 and the voltage v.sub.p across the primary
      transformer winding 16P change in the commutation cycle as shown at
      waveforms i) and ii) in FIG. 4b while the capacitor current i.sub.c
      remains unchanged as shown at waveform iii) in FIG. 4b.
PAR  Thus the reverse bias time t.sub.c effective for turning off the thyristor
      can be expressed by the equation
      ##EQU6##
      where N.sub.s /N.sub.p I.sub.s &gt;1. Also the capacitor 12 has its
      coefficient of utilization Kc expressed by
      ##EQU7##
      for the commutation limit satisfying the relationship
      ##EQU8##
      The "+0" means that the magnitude
      ##EQU9##
      converges into zero from its positive side.
PAR  Thus it will be apparent that the coefficient of utilization Kc provided by
      the invention amounts to the final value of 100 percent whereas the
      coefficient obtainable by the prior art practice has a value of 50 percent
      or 56 percent as previously described. In other words, the invention can
      effect the ideal commutation function as already described in conjunction
      with FIG. 3.
PAR  While the invention has been described in terms of its ideal circuit
      configuration and with reference to FIG. 4, it will readily be understood
      that, in practicing the invention, the capacitor and transformer 12 and 16
      respectively inevitably include some inductance, though very low,
      associated to the connections thereto. That inductance may be necessary in
      order to control a rate of rise of current (di/dt) upon turning on another
      semiconductor switch or switches required to form the circuit
      configuration as shown in FIG. 4a.  That switch may be an auxiliary
      thyristor or another main thyristor although such thyristors are not
      illustrated. The current I may be alternately commutated to such a main
      thyristor and the thyristor 10 shown in FIG. 4a.
PAR  FIG. 5 illustrates an arrangement identical to that shown in FIG. 4a except
      for a series inductance 16A being connected between the capacitor 12 and
      primary transformer winding 16P. Like reference numerals and characters
      have been employed to identify the components identical to those shown in
      FIG. 4. The inductance 16A may be a series inductance such as the wiring
      inductance above described, a leakage inductance inherent to the
      transformer 16 and/or a reactor for controlling the rate of rise of off
      state voltage.
PAR  In the arrangement as shown in FIG. 5a, some time necessarily passes away
      until the current for the capacitor 12 reaches the magnitude defined by
      the equation (5). During that time, the voltage across the capacitor is
      applied, as a voltage v.sub.A, to the inductance 16A. This is true in the
      case when the capacitor current decays after the capacitor has re-charged
      with the opposite polarity. Therefore the capacitor current i.sub.c has a
      rise time t.sub.u and a decay time substantially equal to the rise time to
      provide oscillatory current in the form of a frustum as shown at waveform
      iii) in FIG. 5b. The reverse bias time t.sub.c for the thyristor 10 is
      defined by a time interval for which the waveform iii) exceeds in
      magnitude the current I to be commutated. The voltage v.sub.c across the
      capacitor 12 changes as shown at waveform i) in FIG. 4b, and the voltage
      v.sub.p across the primary transformer winding 16P has a waveform ii) as
      shown in FIG. 5b with the voltage v.sub.A across the inductance 16A merged
      into each end of the waveform of the voltage v.sub.p.
PAR  FIG. 6 wherein like reference numerals and characters designate the
      components corresponding to those shown in FIG. 5 illustrates a
      commutation circuit constructed in accordance with the principles of the
      invention as above described in conjunction with FIGS. 4 and 5. The
      arrangement illustrated comprises a semiconductor controlled rectifier
      shown as the thyristor 10 connected between a source of direct current and
      a load (not shown) to permit a current I to flow therethrough upon turning
      it on. The arrangement further comprises first circuit means including the
      commutation capacitor 12 to bypass or forward current I for the thyristor
      and second circuit means including the semiconductor diode 14 to permit a
      reverse current for the thyristor 10 to flow therethrough. A control
      transformer 16 is provided including a primary winding 16P connected
      between the capacitor 12 and the thyristor 10 and a secondary winding 16S
      serially connected to the thyristor 10. The current I leaving the
      thyristor 10 is adapted to flow through the secondary transformer winding
      16S to magnetically bias the transformer 16. Thus the form of the
      invention as shown in FIG. 6a may be called the "self-bias type." In many
      cases, the current I may be a load current.
PAR  SInce the secondary current I.sub.s shown in FIG. 5a corresponds to the
      current I shown in FIG. 6a, the capacitor current i.sub.c (see waveform
      iii), FIG. 6b) can be expressed by
      ##EQU10##
      and the reverse current i.sub.r for the thyristor 10 flowing through the
      diode 14 can be expressed by
      ##EQU11##
PAR  If the current I can be regarded to be constant during the commutation
      period as for inductive loads, then the capacitor is permitted to charge
      up to a voltage equal and opposite to the voltage E initially charged
      thereon (see waveform i), FIG. 6b). When the capacitor has charged to that
      voltage, the reverse bias time t.sub.c will terminate. Thus it is
      expressed by
      ##EQU12##
      where
      ##EQU13##
PAR  On the other hand, the coefficient of utilization Kc of the capacitor is
      expressed by the equation
      ##EQU14##
PAR  Putting n = 0 in the equation (12) yields Kc=1.0. That is, the coefficient
      of utilization Kc has its ideal value of 100 percent. Even by taking
      account of an exciting current for the transformer 16 and the inductance
      16A, the n may be of from 0.1 to 0.33 with the result that the coefficient
      of utilization may readily range from 90 to 75 percent.
PAR  The transformer 16 shown in FIG. 6a may be an auto-transformer 16', as
      illustrated in FIG. 6c. In this case, the capacitor 12 is connected to the
      junction of the primary and secondary windings 16P and 16'S respectively.
PAR  The principles of the invention as above described are effectively
      applicable to DC power control systems as shown in FIGS. 7 through 11
      wherein like reference numerals designate the identical or similar
      components.
PAR  The arrangement shown in FIG. 7 comprises a DC chopper including a main
      thyristor 10 and a saturable transformer 16, in this case, an
      auto-transformer serially connected across a pair of main positive and
      negative terminals A and K respectively. The DC chopper further includes a
      semiconductor commutation diode 14 connected in opposite parallel
      relationship with the thyristor 10, and a series combination of an
      auxiliary thyristor 22 and auxiliary semiconductor diode 24 connected
      between the cathode electrode of the main thyristor 10 and an intermediate
      tap on the series transformer 16. The thyristor and diode 22 and 24
      respectively are identical in polarity to the thyristor 10. The auxiliary
      thyristor 22 has a series combination of commutation capacitor and reactor
      12 and 26 respectively connected thereacross. The components 10, 12, 14
      and 16 are identical to those shown in FIG. 6.
PAR  The arrangement further comprises a source of direct current 28, including
      a pair of positive and negative terminals P and N respectively, a load 30
      connected across the terminals P and A, and a main semiconductor diode 32
      connected between the positive terminal P and the junction of the
      transformer and thyristor 16 and 10 respectively. The negative terminals N
      and K are connected together. If desired, the main diode 32 may be
      connected between the positive source terminal P and the positive chopper
      terminal A or the intermediate tap on the transformer 16 as shown in
      dotted lines as 32' and 32 in FIG. 7.
PAR  In operation, the source 28 has initially charged the commutation capacitor
      12 with the illustrated polarity through the load 30, one portion of the
      auto-transformer 16 winding, the auxiliary diode 24 and the commutation
      reactor 26. Then the main thyristor 10 is fired by a suitable means (not
      shown) to cause the source 28 to supply a current I to the load 30 through
      the transformer 16 and the now conducting thyristor 10. Since the
      transformer 16 is preselected to be saturated within a very short time
      interval required for the commutation, the transformer 16 has a magnetic
      flux immediately reaching its negative saturated magnitude.
PAR  Following this, the auxiliary thyristor 22 is fired by suitable means (not
      shown) to cause the initially charged capacitor 12 to discharge in the
      oscillatory manner through a closed loop including the capacitor 12, the
      reactor 26 and the auxiliary thyristor 22 by the action of the capacitor
      and reactor. Then the capacitor 12 again charges but with the polarity
      reversed from that illustrated. The capacitor 12 thus charged tends to
      discharge through the auxiliary diode 24. At that time, assuming that the
      reactor 26 has a negligible inductance, the resulting circuit
      configuration is quite identical to that shown in FIG. 6c. Thus it will be
      appreciated that the arrangement of FIG. 7 is operated in the commutation
      mode according to the principles of the invention.
PAR  More specifically, the oppositely charged capacitor 12 supplies a capacitor
      current i.sub.c to the auxiliary diode 24 and also a reverse current
      i.sub.r to the thyristor 10 or the diode 14 as above described in
      conjunction with FIG. 6a. On the other hand, the terminal A has flowing
      thereinto a load current I considered to be constant in magnitude by the
      action of an inductance included in the load 30. When the voltage across
      the capacitor 12 has the polarity reversed from that illustrated, a
      voltage is induced across the transformer 16 in the positive direction
      shown at the arrow for the current i.sub.r in FIG. 7. Then as the
      capacitor 12 again charges with the polarity illustrated, a voltage is
      induced across the transormer 16 and in a direction opposite to that
      illustrated, so that the flux level of the transformer 16 is again moved
      in the direction of negative saturation. At the time where the capacitor
      12 has charged to the original voltage having the illustrated polarity,
      the transformer 16 reaches the negative saturation whereupon the
      commutation cycle is completed. Thereafter the load current I circulates
      through the main diode 32 because the transformer 16 is in its negative
      saturated state. This is also true when the main diode 32 is disposed at
      its position 32' or 32"  as shown in dotted lines in FIG. 7. Then the main
      thyristor 10 can be fired to repeat the process as above described.
PAR  In the arrangement of FIG. 7 it may also be considered that in the
      commutation mode the main thyristor 10 continues to be reversely biased by
      the following mechanism: After the capacitor 12 has been inverted in
      polarity, the load current I flows into that portion of the transformer 16
      winding disposed between the terminal A and the auxiliary diode 24 to act
      as a current for re-charging the capacitor. The current I provides a
      primary current for the transformer 16 to induce across that winding
      portion therof disposed on the side of the main thyristor 10 an
      electromotive force providing the reverse bias current for the latter as
      will readily be understood by the dot convention denoted beside the
      transformer.
PAR  In the arrangement shown in FIG. 8 the saturable transformer 16 is
      connected between the main thyristor 10 and the terminal K rather than the
      terminal A. The capacitor 12 is connected on one side to the main
      thyristor 10 through an auxiliary thyristor 22a opposite in polarity to
      the main thyristor 10 and on the other side to an intermediate tap on the
      transformer 16. The capacitor 12 also has a series combination of
      auxiliary thyristor 22b and commutation reactor 26 connected thereacross
      with both auxiliary thyristors being similar in polarity to each other.
PAR  In operation, the firing of the auxiliary thyristor 22b causes the
      capacitor 12 initially charged with the polarity illustrated to re-charge
      with the opposite polarity in the same manner as above described in FIG.
      7. Then the auxiliary thyristor 22a is fired to put the arrangement in a
      circuit configuration identical to that shown in FIG. 6c. Thus the
      commutation cycle proceeds.
PAR  The arrangement of FIG. 9 is different from that shown in FIG. 7 chiefly in
      that in FIG. 9, the capacitor 12 interconnects the anode electrodes of the
      thyristors 10 and 22, the reactor 26 is serially connected to the diode 24
      rather than to the capacitor 12, and the load is connected across the
      terminals K and N. Further the auxiliary thyristor 22 is directly
      connected at the cathode electrode to the intermediate tap on the
      transformer 16 and the main diode 32 is connected at the anode electrode
      to the negative terminal N and at the cathode electrode to the junction of
      the main thyristor 10 and transformer 16. As in the arrangement of FIG. 7,
      the diode 32 may be disposed at positions 32' or 32" shown in dotted lines
      in FIG. 9.
PAR  In operation, the auxiliary thyristor 22 has been first fired to charge the
      capacitor 12 with the polarity illustrated. Then the main thyristor 10 is
      fired to permit the source 28 to supply a current to the load 30 through
      the now conducting thyristor 10 and the transformer 16. Immediately after
      the main thyristor 10 has been fired, the auxiliary thyristor 22 is
      automatically turned off and the capacitor 12 charges with the polarity
      reversed from that illustrated through the main thyristor 10, the
      auxiliary diode 24 and the reactor 26. This causes the thyristor 10 to be
      reversely biased by the capacitor 12 and to be turned off. At that time
      the auxiliary thyristor 22 is fired to put the arrangement in a circuit
      configuration quite identical to that shown in FIG. 6. Thus the
      arrangement is operated in the commutation mode.
PAR  After the completion of the commutation cycle, the commutation capacitor 12
      is in its charged state with the polarity illustrated, and repeats the
      process as above described.
PAR  FIGS. 10a and b show different modifications of the arrangement illustrated
      in FIG. 9. In FIG. 10a, the reactor 26 shown in FIG. 9 is omitted and
      instead, the saturated inductance provided by the transformer 16 plays the
      role of such a reactor.
PAR  In FIG. 10b, the transformer 16 is connected to the positive terminal A
      rather than to the negative terminal K and has the intermediate tap
      thereon connected to the capacitor 12 subsequently connected to both
      auxiliary thyristor and diode 22 and 24 respectively through the reactor
      26. This measure is effective for controlling the rate of rise of current
      (di/dt) upon turning on the auxiliary thyristor 22. In the commutation
      mode, the arrangement is put in a circuit configuration corresponding to a
      combination of the circuit configurations shown in FIGS. 5 and 6 as
      already described.
PAR  Referring now to FIG. 11a, it is seen that the first auxiliary thyristor
      22a, the commutation reactor 26 and the second auxiliary thyristor 22b are
      serially connected in the named order across the positive and negative
      terminals P and N of the source 28 through the terminal A. The main
      thyristor 10 connected in opposite parallel circuit relationship with the
      diode 14 is connected through the saturable transformer 16 and the load 30
      to the negative terminal N of the source 28. The transformer 16 has an
      intermediate tap thereon connected to the negative terminal N through the
      main diode 32 and another intermediate tap thereon connected through the
      capacitor 12 to the junction of the first auxiliary thyristor and reactor
      22a and 26 respectively.
PAR  The arrangement is particularly suitable for controlling a load supplied
      with a high current from a source of low voltage, for example, for
      controlling fraction motors for vehicles supplied from their batteries. It
      is advantageous in that the capacitor 12 can charged with a high voltage
      as desired without the charged voltage restricted by the source voltage E.
PAR  The operation of the arrangement will now be described in conjunction with
      FIG. 11b. At a point in time T.sub.1, the first auxiliary thyristor 22a
      has been fired to charge the capacitor 12 through the transformer 16 and
      the load 30 until the capacitor 12 has a charged voltage thereacross equal
      to the source voltage E and having the polarity reversed from that
      illustrated. At that time the auxiliary thyristor 22a is reversely biased
      by the charged capacitor 12 to be turned off and the transformer 16
      reaches its negative saturated state. If the capacitor voltage v.sub.c
      with the polarity illustrated is assumed to be positive, the voltage
      v.sub.c has a magnitude of -E at a time T.sub.2 as shown in FIG. 11b.
PAR  Then at a time T.sub.3 the thyristor 10 and 22b are fired. The firing of
      the main thyristor 10 immediately causes the source 28 to supply a load
      current I to the load 30 through the now conducting thyristor 10 and the
      transformer 16 because the latter is in its negative saturated state. On
      the other hand, during the conduction of the auxiliary thyristor 22b, the
      capacitor 12 is charging with the illustrated polarity in an oscillatory
      manner through a loop including the capacitor 12, the reactor 26, the now
      conducting thyristor 22b, the diode 32 and that winding portion of the
      transformer 16 disposed between the two intermediate taps. Since the
      voltage v.sub.c on the capacitor 12 oscillates about the value of +E and
      has been initially of the value of -E, the voltage v.sub.c reaches its
      value of +3E at a time T.sub.4 after one half period of the natural
      oscillation in the abovementioned loop. Thus the thyristor 22b is
      reversely biased to be turned off.
PAR  When the auxiliary thyristor 22a is fired at a time T.sub.5, the
      arrangement is put in a circuit configuration as shown in FIG. 6 with the
      capacitor 12 having its initial charge voltage of +3E. Thus the
      transformer 16 is not saturated unless the capacitor voltage v.sub.c
      decreases to a value of -3E. Under these circumstances, the capacitor 12
      tends to charge up to its voltage v.sub.c of -3E with the polarity
      reversed from that illustrated while the diode 14 is in its conducting
      state.
PAR  It is assumed that the transformer 16 has a turn ratio of m between that
      portion of the winding disposed between the thyristor 10 and the diode 32
      and the remaining portion thereof. Under the assumed condition, the main
      diode 32 does not conduct before the winding portion labelled m has a
      voltage of E. The operation of the arrangement will now be described in
      conjunction with different values of m
      ##EQU15##
PAR  The capacitor 12 negatively charges to its voltage v.sub.c = -E/m. This
      occurs at a time T.sub.6 temporally spaced from the time T.sub.5 by a time
      interval of t'.sub.1. After the voltage v.sub.c has reached its value of
      -E/m, the capacitor current drops to a zero value, but the transformer 16
      does not yet reach its negative saturated state. Accordingly, a time
      interval of t'.sub.2 elapses for which both thyristor and diode 10 and 14
      respectively have currents flowing therethrough. That time interval of
      t'.sub.2 terminates at a time T.sub.7 where the transformer 16 reaches its
      nagative saturated state. After the transformer 16 has been negatively
      saturated, the diode 14 is turned off and only the main thyristor 10 has
      the current flowing therethrough. In other words, the sum of the time
      interval t'.sub.1 for which the capacitor voltage v.sub.c is decreasing
      and the time interval t'.sub.2 just described provides a first reverse
      bias time t'.sub.c .sub.'  for the thyristor 10.
PAR  Then at a time T.sub.8 the main and auxiliary thyristors 10 and 22b
      respectively are again fired to cause the source 28 to supply the load
      current to the load 30 while charging the capacitor 12 in the oscillatory
      manner from the source 28 through the reactor 26 as above described. In
      this case, the capacitor voltage v.sub.c had its initial value of -E/m so
      that at a time T.sub.9 after one half period of the natural oscillation,
      the capacitor 12 positively charges to its voltage v.sub.c having a value
      expressed by
      ##EQU16##
PAR  At a time T.sub.10 the auxiliary thyristor 22a is fired to put the
      arrangement in its circuit configuration as shown in FIG. 6. Under these
      circumstances, the capacitor voltage v.sub.c changes toward the negative
      direction until the main thyristor 10 is turned on at a time T.sub.11
      where the voltage v.sub.c has a value of -E/m. At that time the
      transformer 16 is still unsaturated so that a time interval t.sub.1 during
      which the voltage v.sub.c decreases is followed by another time interval
      t.sub.2 for which the diode 14 also conducts the current. The time
      interval t.sub.2 is called hereinafter a continued commutation period or
      time and terminates at a time T.sub.12. The sum of the time intervals
      t.sub.1 and t.sub.2 provides the succeeding reverse bias time t'.sub.c for
      the main thyristor 10.
PAR  Thereafter the process as above described is repeated.
      ##EQU17##
PAR  The process as above described is repeated until the time T.sub.5 is
      reached. Thereafter the capacitor 12 charges to its voltage v.sub.c having
      a value of -3E.
PAR  Then the main and auxiliary thyristors 10 and 22b respectively are fired to
      permit the voltage v.sub.c to reach a value of +5E. Thereafter the
      auxiliary thyristor 22a is fired to cause the capacitor voltage v.sub.c to
      reach a value of -E/m. A further firing of both thyristors 10 and 22b
      leads to
      ##EQU18##
      Then the capacitor voltage v.sub.c repeatedly changes between the positive
      value
      ##EQU19##
      and the negative value of
      ##EQU20##
      as the process proceeds.
PAR  C. Any value of m
PAR  The capacitor 12 has the steady-state charged voltages expressed by the
      equations (12) and (13) respectively. As 1/m increases, that time interval
      at the end of which the voltage v.sub.c reaches either of the steady state
      values is prolonged in terms of one system cycle, assuming that the
      transformer 16 is satisfactory in the interlinkage of the magnetic flux
      with its winding and negligibly low in loss.
PAR  Considering the reverse bias time t.sub.c, the time interval t.sub.1 during
      which the capacitor voltage decreases is calculated at
      ##EQU21##
      from the equations (10), (12) and (13). Also, on the basis of the
      condition that an absolute value of time integrated voltage for the
      transformer remains unchanged for the positive and negative voltages, the
      continued reverse bias time or period t.sub.2 can be calculated at
      ##EQU22##
      assuming that the current I is of a fixed value. Summing the equations
      (14) and (15) yields the total reverse bias time t.sub.c expressed by
      ##EQU23##
      for 0&lt;n and 0&lt;m&lt;1 + n.                                    (17)
PAR  From the above inequalities (17) it will be apparent that the smaller both
      m and n the longer the reverse bias time t.sub.c will be and the
      commutation capacitor will charge a to higher voltage.
PAR  Since the capacitor voltage v.sub.c can change by
      ##EQU24##
      the capacitor has its coefficient of utilization Kc expressed by
      ##EQU25##
      It is noted that the Kc may be greater than unity. This is because the
      calculation of the Kc is effected by containing in the reverse bias time
      t.sub.c the time interval t.sub.2 for which the thyristor is reversely
      biased by the action of the associated transformer alone. By using the
      equation (14) for the time interval t.sub.1, the coefficient of
      utilization K'c is calculated at
      ##EQU26##
PAR  The equation (19) is identical to the equation (12) obtained with the basic
      circuit as shown in FIG. 6a.
PAR  As above described, the main thyristor is actually biased in the reverse
      direction for the time interval including that time interval t.sub.2
      resulting from the action of the transformer alone. Thus it will be
      appreciated that the larger the m the smaller the volt-ampere capability
      required for the capacitor will be. However, the m and the volt-ampere
      capability of the capacitor must be determined by collectively considering
      the rating of the capacitor commercially available and others.
PAR  It is a very important feature of the invention that there is provided the
      continued commutation period t.sub.c during which the thyristor is
      reversely biased by the action of the transformer alone. It is to be noted
      that such a feature is not inherent only to the arrangement of FIG. 11.
      That feature can be generally realized by additionally providing means for
      clamping the reverse voltage induced across the transformer 16 by means of
      the cooperation of the main thyristor 10 with the opposite parallel diode
      14 within the time interval for which the transformer is in its
      unsaturated state.
PAR  While the invention has been illustrated and described in conjunction with
      a DC power control system for controlling a unidirectional output current
      the same is equally applicable to power control systems for controlling a
      bidirectional output current as shown in FIGS. 12 through 18 wherein like
      reference numerals designate the components identical or similar to those
      illustrated in FIGS. 7 through 11. The invention applied to the latter
      control systems has a variety of its applications by utilizing direct
      current-to-alternating current conversion, reversible DC power control or
      pulse-width modulation.
PAR  The arrangement shown in FIG. 12 comprises a pair of main thyristors 10a
      and b serially interconnected across a pair of positive and negative
      terminals P and N respectively of a source of direct current not shown.
      Each of the main thyristors 10a and b has one diode 14a or b connected in
      opposite parallel circuit relationship therewith to serve also as the main
      diode 32a or b. The arrangement further comprises a pair of auxiliary
      thyristors 22a and b serially interconnected across the terminals P and N,
      and the saturable transformer 16 connected at one end to the junction of
      the main thyristors 10a and b and therefore that of the diodes 14a and 14b
      and at the other end to the output terminal 0. As in the arrangement of
      FIG. 6a or c, the transformer 16 is of a self-bias type. The commutation
      capacitor 12 is connected on one side to an intermediate tap on the
      transformer 16 and on the other side to the junction of the auxiliary
      thyristors 22a and b.  All of the thyristors are identical in polarity to
      one another.
PAR  Assuming that, as in the arrangement of FIG. 11, a load current is being
      suplied from the positive terminal P through the fired thyristor 10a and
      the transformer 16 to the output terminal 0 with the capacitor 12 charged
      with the polarity illustrated, the transformer 16 is in its positive
      saturated state. Then the firing of the auxiliary thyristor 22a causes the
      voltage with the illustrated polarity across the capacitor 12 to be
      applied to the thyristor 10a through the transformer 16 to turn it off
      resulting in the initiation of the commutation process as previously
      described in conjunction with FIGS. 6a and b.
PAR  On the other hand, when the load current is supplied from the negative
      terminal N through the conducting thyristor 10b and the transformer 16 to
      the output terminal 0, the transformer 16 is in its negative saturated
      state, while the capacitor 12 has already been charged with the polarity
      reversed from that illustrated. The firing of the auxiliary thyristor 22b
      repeats the process as above described in conjunction with the firing of
      the auxiliary thyristor 22a.
PAR  In the arrangement shown in FIG. 13, a serial combination of thyristor 10a
      and saturable reactor 40a is serially connected to a similar serial
      combination of saturable reactor 40b and thyristor 10b across the positive
      and negative terminals P and N respectively with the junction of both
      reactors 40a and b connected through the secondary winding 16S of the
      saturable transformer 16 to the output terminal 0. Each of these series
      combinations has the main diode 32a or b connected thereacross and
      opposite in polarity to the associated thyristor.
PAR  The diode 14a connected across the thyristor 10a with the opposite polarity
      is connected by a commutation transformer 42 to the diode 14b similarly
      connected across the thyristor 10b. The transformer 42 includes a center
      tap connected through the primary transformer winding 16P to the junction
      of two commutation capacitors 12a and b serially connected across the
      terminals P and N.
PAR  Assuming that the thyristor 10a is conducting to cause the current I from
      the positive terminal P to be supplied to the output terminal 0 through
      the conducting thyristor 10a, the reactor 40a and the secondary
      transformer winding 16S, the capacitor 12b is charged with the polarity
      illustrated while the capacitor 12a is in its discharged state. In
      addition, the saturable reactor 40a is in its saturated state but the
      reactor 40b and commutation transformer 42 are in their unsaturated state.
      Also the transformer 16 has reached its negative saturated state.
PAR  Then the firing of the thyristor 10b renders a potential at the center tap
      on the commutation transformer 42 equal to a potential intermediate the
      potentials at the source terminals P and N. Therefore the capacitor 12b
      tends to discharge toward the center tap on the commutation transformer
      42. Similarly the capacitor 12a tends to charge from the source terminal P
      through the center tap on the commutation transformer 42. At that time,
      the charging and discharging respectively of the capacitors 12a and b is
      accomplished through the primary transformer winding 16P and the resulting
      charging and discharging currents each are restricted to such a value that
      the primary winding has its ampere turns equal to that provided by the
      load current flowing through the secondary winding.
PAR  On the one hand, the commutation transformer 42 functions to divide the
      charging or discharging current into two equal parts flowing toward the
      sides of the thyristors 10a and b respectively. In other words, the
      commutation transformer 42 serves as an auto-transformer for doubling a
      voltage.
PAR  On the other hand, the transformer 16 has a turn ratio predetermined so
      that the charging or discharging current for the capacitor 12a or 12b
      flowing through the side of the thyristor 10a has a value of (1 + n)I
      somewhat greater than the load current I to be commutated flowing through
      the saturable reactor 40a and the secondary transformer winding 16S. That
      is, the transformer 16 is designed and constructed such that a current
      having a value of 2(n + 1)I flows through the primary winding 16P thereof
      in consideration of the commutation transformer 42 halving the current.
PAR  After the potential at the junction of the capacitors 12a and b has been
      equal to the potential at the center tap on the commutation transformer
      42, the current having the value of 2(1 + n)I continues to flow through
      the primary transformer winding 16P by virtue of a flow of load current I
      through the secondary transformer winding 16S. Thus the capacitors 12a and
      b continue to charge and discharge respectively.
PAR  Under these circumstances, the magnetic flux level of the transformer 16
      ascends from its negative saturated region through its unsaturated region.
      After the capacitors 12a and b have reached the equally charged state, the
      flux level is again moved toward the negative saturated region until it
      reaches that region. At that time the capacitor 12a has charged to the
      source voltage while the capacitor 12b has fully discharged resulting in
      the completion of one commutation cycle. In that commutation cycle the
      thyristor 10a is reversely biased to be maintain in its OFF state and the
      saturable reactor and commutation transformer 40b and 42 respectively are
      adapted to be unsaturated.
PAR  From the foregoing it will be appreciated that the arrangement of FIG. 13
      performs the commutation operation on the basis of the principles of the
      invention as already described in conjunction with FIGS. 6a and b.
PAR  When the load current is inverted in polarity, the saturable reactor 40b is
      saturated with negative polarity and the transformer 16 is in its positive
      saturated state. Meanwhile, the commutation transformer 42 and the
      saturable reactor 40a result in the resetting of the magnet flux to be
      ready for the succeeding commutation. Then the thyristor 10a is fired to
      repeat the process as above described.
PAR  The arrangement of FIG. 14 is different from that shown in FIG. 13
      principally in the construction of the inductive elements involved but it
      is equivalent in operation to the latter arrangement. Specifically, the
      control transformer 16 includes a pair of primary windings 16Pa and 16Pb
      connected to the respective thyristors 10a and 10b, and each of the
      saturable reactors 40a or b shown in FIG. 13 is magnetically coupled to
      the associated portion of the commutation transformer 42 to be
      incorparated into a single transformer 40'a or b.
PAR  Where the thyristor 10 is in its conducting state, the output terminal 0
      has load current I supplied thereto while the capacitor 12b is in its
      charged state with the polarity illustrated. Upon firing the thyristor
      10b, the capacitors 12a and b charge and discharge respectively through a
      current path including
PA1  capacitor 12b - primary transformer winding 16Pa - thyristor 10a or diode
      14a - capacitor 12a - primary transformer winding 16Pb - thyristor 10b.
PAL  resulting charging and discharging currents are controlled with the load
      current I to be commutated whereby the commutation is effected in the
      manner as already described in conjunction with FIGS. 6a and b.
PAR  In the arrangement shown in FIG. 15a, the thyristors 10a and b along with
      the associated diodes 14a and b are at a common potential on the negative
      terminal N. A center tapped output transformer 44 is operatively coupled
      to the thyristors 10a and b through respective control transformer 16a and
      b with the commutation capacitor 12 connected between the thyristor and
      transformer 10a and 16a respectively. As shown by the dot convention, the
      transformers 16a and b are electrically interconnected so that both
      primary windings 16Pa and b are serially connected to each other with
      similar polarity and both secondary windings 16Sa and b are serially
      connected to each other with the opposite polarity.
PAR  In the arrangement, a current flowing through the DC input path corresponds
      to a load current to be commutated which is, in turn, utilized to
      self-bias the transformers 16a and b by having the secondary winding 16Sa
      and b in the DC input path.
PAR  When the capacitor 12 is charging with the illustrated polarity during the
      conduction of the thyristor 10a, the transformer 16a is negatively
      unsaturated while the transformer 16b is in its saturated state. Thus the
      transformer 16b is operative to control the charging current as previously
      described.
PAR  When the thyristor 10b is turned on, the transistor 16a is brought into its
      negative saturated state while the transformer 16b becomes unsaturated.
      Thus what is enabled is the transformer 16a rather than the transformer
      16b.
PAR  FIG. 15b shows a modification of the arrangement of FIG. 15a. The two
      control transformers 16a and b as shown in FIG. 15a are replaced by a
      single control transformer including a common primary winding 16P and
      halved secondary windings 16Sa and b. In other respects the arrangement is
      identical to that shown in FIG. 15a.
PAR  FIG. 16 shows an arrangement of a bridge configuration formed by utilizing
      the arrangement of FIG. 15b.
PAR  The arrangement shown in FIG. 17 is somewhat different from the previously
      described arrangements in the provision of an auxiliary source of direct
      current for the commutation capacitor. As shown in FIG. 17, an auxiliary
      source of direct current 46 includes a positive side connected through the
      commutation capacitor 12 to the positive terminal P and a negative side
      through the commutation capacitor 12b to the negative terminal N of the
      main source 28. The main source 28 is of a variable voltage type and the
      auxiliary source 46 is of a fixed voltage type. The transformer 16 is
      connected through the intermediate tap thereon to the junction of the
      auxiliarily thyristors 22a and b rather than to the capacitor. In other
      respects, the arrangement is identical to that shown in FIG. 12.
PAR  Where the main thyristor 10a is in its conducting state, the auxiliary
      thyristor 22b was preliminarily turned on to charge the capacitor 12b with
      the polarity illustrated. The charged capacitor 12b turns off the
      thyristor 22b while putting the capacitor 12a in its charged state with
      the polarity illustrated.
PAR  Under these circumstances, the auxiliary thyristor 22a is fired in order to
      turn off the main thyristor 10a. This completes a closed loop including
      the main source 28 - capacitor 12a - auxiliary thyristor 22a - transformer
      16 - output terminal 0 - load (not shown) - negative terminal N, and also
      a closed loop including
PA1  capacitor 12b - auxiliary source 46 - auxiliary  thyristor 22a -
      transformer 16 - output  terminal 0 - load (not shown) - negative
      terminal N.
PAL  Therefore the arrangement is put in its circuit configuration identical to
      that shown in FIG. 6 for commutation.
PAR  When the commutation has been completed, the control transformer 16 is
      saturated. Therefore the diode 14a also serving as the main diode 32a is
      enabled to circulate the load current through the load (not shown), the
      diode 14b and the saturated transformer 16.
PAR  Then, when the load current I is inverted in polarity, the main thyristor
      10b is fired to saturate the control transformer 16 in the opposite
      direction whereby the load current with the opposite polarity is applied
      to the output terminal 0 and thence to the negative terminal N through the
      saturated transformer 16 and the thyristor 10b.
PAR  At the time when the commutation has been completed, the capacitor 12a
      charges with the polarity reversed from that illustrated as previously
      described in conjunction with FIG. 6. Similarly, the capacitor 12b charges
      with the polarity reversed from that illustrated but to a voltage having
      an absolute value greater the value of the voltage across the auxiliary
      source than the capacitor 12a. Thus the auxiliary thyristor 22b can be
      fired to turn off the main thyristor 10b in the similar manner as above
      described.
PAR  In the arrangement of FIG. 17, it will be therefore appreciated that either
      one of the capacitors can charge to a voltage higher the voltage across
      the auxiliary source than the main source voltage. Alternatively, it can
      discharge from the sum of the main and source voltages. This results in a
      sufficient commutation capability even if the main source is low in
      voltage. Accordingly, the arrangement is particularly suitable for use as
      inverter means by which a great change in voltage across a main DC source
      involved causes a great variation in AC output voltage.
PAR  FIG. 18 shows a three-phase arrangement formed in accordance with the
      principles as above described in conjunction with FIG. 17 with the
      capacitors 12a and b common to three phases. Any component in each phase
      is designated by the reference numerals for the corresponding component in
      FIG. 17 suffixed with the digit 1, 2 or 3, representing that phase. For
      example, the main thyristor in phase 2 is designated by the reference
      numeral 10a - 2 or 10b - 2.
PAR  In the arrangement illustrated the auxiliary source 46 is adapted to
      decrease in voltage with an increase in voltage across the main source 28
      and includes a source of direct current 461, a voltage decreasing element
      462 serially connected to the source 462, a capacitor 463 and a
      semiconductor diode 464. The serially connected source and voltage
      decreasing element 461 and 462 respectively are connected across the
      capacitor 463 and also across the diode 464.
PAR  As apparent from the description for FIG. 17, the capacitor 12a and b are
      adapted to charge to and discharge from the sum of the main and auxiliary
      voltages. Therefore it the main source is high in voltage, then the
      charging and discharging voltages may exceed the required commutation
      capability. Such a high voltage is also applied to the auxiliary thyristor
      leading to the necessity of increasing the reverse voltage withstood
      thereby. In order to eliminate this objection, the auxiliary source 46 has
      been adapted to decrease in voltage in response to an increase in each of
      charging and discharging current for the capacitor resulting from an
      increase in voltage across the main source and from an increase in
      operating frequency due to the increase in main source voltage. This
      measure ensures that the capacitor voltage and the voltage applied to the
      auxiliary thyristor are prevented from increasing beyond the values
      required therefor.
PAR  FIGS. 19a and b diagramatically show the control transformers which may be
      used in the invention.
PAR  In FIG. 19a, the control transformer 16 is shown as being an
      auto-transformer including several turns labelled 1 forming a primary
      winding and a single turn labelled n extending through the turns 1
      corresponding to a difference between the primary and secondary winding of
      the control transformer. As shown in FIG. 19a, the single turn n has one
      end adapted to be connected to the output and the other end connected to
      one end of turns 1 and adapted to be connected to the capacitor. The other
      end of the turns 1 is adapted to be connected to the thyristor.
PAR  FIG. 19b shows another form of the control transformer 16 including a pair
      of auto-transformers such as shown in FIG. 19a interconnected so that the
      secondary windings thereof are connected in parallel to each other and
      each of the primary windings is formed of a single turn extending through
      the associated secondary winding and serially connected to the other
      primary winding. The series combination of the primary windings has one
      end adapted to be connected to the output and the other end adapted to be
      connected to the capacitor with the junction adapted to be connected to
      the thyristor. The secondary windings have a turn ratio of (1 + n) : 1
      giving a transformation ratio of 1 : (1 + n) on the side of the extending
      turns, that is, of the resulting transformer.
PAR  The arrangements of FIGS. 19a and b are advantageous in that they can
      easily be manufactured for low voltage-high current applications. Also for
      low voltage-high current applications transformers are extremely small in
      turns and difficult to the turn ratio as desired. However, the arrangement
      of FIG. 19 is advantageous in that any desired turn ratio can be provided.
PAR  Therefore the arrangements of FIGS. 19a and b are particularly suitable for
      use in the invention applied to low voltage-high current power controls.
PAR  The invention has several advantages. For example, the commutation
      capacitor is greatly increased in its coefficient of utilization by means
      a simple construction because the control transformer is self-biased with
      a current flowing through the main thyristor itself leading to the
      self-control of the charging and discharging currents for the capacitor.
      The capacitor is also permitted to decrease in capacitance. Further the
      present circuit is low in commutation loss and has a high efficiency at
      higher operating frequencies. As above described, by providing clamping
      means cooperating with the diode connected in opposite parallel circuit
      relationship with the thyristor during the unsaturation of the control
      transformer to clamp the reverse voltage induced across the primary
      winding of the transformer, the control transformer can reversely bias the
      thyristor by itself, resulting in an increase in the commutation
      capability.
PAR  While the invention has been illustrated and described in conjunction with
      several preferred embodiments thereof it is to be understood that numerous
      changes and modification may be resorted to without departing from the
      spirit and scope of the invention. For example, the commutation capacitor
      may be replaced by an active element for passing the forward current from
      the main thyristor. Also in order to omit the diode through which the
      reverse current for the main thyristor flows, the thyristor may be of
      bi-directional type well known. Alternatively the thyristor may have those
      portion through which such a reverse current flows, in the form of an
      integrated circuit disposed therein.
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STM  What is claimed is:
NUM  1.
PAR  1. A commutation circuit comprising:
PA1  semiconductor controlled rectifier means connected between a source of
      direct current and a load, said semiconductor controlled rectifier means
      comprising a parallel combination of a first semiconductor controlled
      rectifier and a rectifier element in a reverse direction to said
      semiconductor controlled rectifier;
PA1  a capacitor member operatively coupled to said semiconductor controlled
      rectifier means to provide means for imparting a reverse bias to said
      semiconductor controlled rectifier means; and
PA1  a transformer member having a primary transformer winding and a secondary
      transformer winding, said primary winding being serially connected to said
      capacitor member and the sense of said windings being such that said
      secondary winding comprises means for biasing magnetomotive force of a
      reverse polarity from a magnetomotive force produced in response to
      reverse bias current flowing through said primary winding and for limiting
      said reverse bias current by means of said bias magnetomotive force during
      the deenergization of said semiconductor rectifier means and at least in
      an unsaturated state of said transformer member.
NUM  2.
PAR  2. A commutation circuit as claimed in claim 1, wherein a load current
      flows through said secondary winding of said transformer member for
      biasing said transformer member.
NUM  3.
PAR  3. A commutation circuit as claimed in claim 2, wherein said transformer
      member comprises an autotransformer including an intermediate tap
      connected to said capacitor member and a secondary winding serially
      connected in a load current path.
NUM  4.
PAR  4. A commutation circuit as claimed in claim 1, further comprising biasing
      current source means for imparting a biasing current to said secondary
      winding of said transformer member, said biasing current being independent
      of a load current.
NUM  5.
PAR  5. A commutation circuit comprising:
PA1  semiconductor controlled rectifier means connected between a source of
      direct current and a load, said semiconductor controlled rectifier means
      comprising a parallel combination of a semiconductor controlled rectifier
      and a rectifier element in a reverse direction to said semiconductor
      controlled rectifier;
PA1  a capacitor member operatively coupled to said semiconductor controlled
      rectifier means to provide means for bypassing a forward current for said
      semiconductor controlled rectifier means; and
PA1  a transformer member having a primary transformer winding and a secondary
      transformer winding, said primary winding being serially connected to said
      capacitor member, the sense of said windings being such that said
      secondary winding comprises means for biasing magnetomotive force of a
      reverse polarity from a magnetomotive force produced in response to
      bypassed current flowing through said primary winding and for limiting
      said bypassed current by means of said bias magnetomotive force during
      denergization of said semiconductor rectifier means and at least in an
      unsaturated state of said transformer member.
NUM  6.
PAR  6. A commutation circuit as claimed in claim 5, wherein a load current
      flows through said secondary winding of said transformer member for
      biasing said transformer member.
NUM  7.
PAR  7. A commutation circuit as claimed in claim 6, wherein said transformer
      member comprises an autotransformer including an intermediate tap
      connected to said capacitor member and a secondary winding serially
      connected in a load current path.
NUM  8.
PAR  8. A commutation circuit comprising:
PA1  semiconductor controlled rectifier means connected between a source of
      direct current and a load, said semiconductor controlled rectifier means
      comprising a reverse conducting controlled rectifier;
PA1  a capacitor means operatively coupled to said semiconductor controlled
      rectifier means to provide means for imparting a reverse bias to said
      semiconductor controlled rectifier means; and
PA1  a transformer member having a primary transformer winding and a secondary
      transformer winding, said primary winding being serially connected to said
      capacitor means, the sense of said windings being such that said secondary
      winding comprises means for biasing magnetomotive force of a reverse
      polarity from a magnetomotive force produced in response to reverse bias
      current flowing through said primary winding and for limiting said reverse
      bias current by means of said bias magnetomotive force during
      deenergization of said semiconductor rectifier means, the required value
      of said capacitor means being thereby decreased.
NUM  9.
PAR  9. A commutation circuit as claimed in claim 8, wherein a load current
      flows through said secondary winding of said transformer member for
      biasing said transformer member.
NUM  10.
PAR  10. A commutation circuit as claimed in claim 8, further comprising biasing
      current source means for imparting a biasing current to said secondary
      winding of said transformer means, said biasing current being independent
      of a load current.
NUM  11.
PAR  11. A commutation circuit comprising:
PA1  semiconductor controlled rectifier means connected between a source of
      direct current and a load, said semiconductor controlled rectifier means
      comprising a reverse conducting controlled rectifier;
PA1  a capacitor means operatively coupled to said semiconductor controlled
      rectifier means to provide means for bypassing a forward current for said
      semiconductor controlled rectifier means; and
PA1  a transformer member having a primary transformer winding and a secondary
      transformer winding, said primary winding being serially connected to said
      capacitor means, the sense of said windings being such that said secondary
      winding comprises means for biasing magnetomotive force of a reverse
      polarity from a magnetomotive force produced in response to bypassed
      current flowing through said primary winding and for limiting said
      bypassed current by means of said bias magnetomotive force during
      denergization of said semiconductor rectifier means, the required value of
      said capacitor means being thereby decreased.
NUM  12.
PAR  12. A commutation circuit as claimed in claim 11, wherein a load current
      flows through said secondary winding of said transformer member for
      biasing said transformer member.
NUM  13.
PAR  13. A commutation circuit as claimed in claim 11, further comprising
      biasing current source means for imparting a biasing current to said
      secondary winding of said transformer member, said biasing current being
      independent of a load current.
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ABST
PAL  A signal conversion system wherein variable amplitude alternating current
      signals from instrument sensors, which represent the magnitude of measured
      physical variables or control signals by amplitude modulated alternating
      current voltage signals, are converted to variable amplitude direct
      current or voltage signals (FIG. 1). The input signal is filtered for
      normal mode noise and capacitor isolated for common mode noise. The
      conversion process also includes magnitude scaling of the variable
      amplitude input signal, including but not limited to, square root
      extraction and linear amplitude adjustment.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  U.S. Pat. application Ser. No. 379,331, filed Apr. 26, 1973 by Mauro G.
      Togneri and Harry S. Elliott and entitled "DC-TO-AC AND AC-TO-DC CONVERTER
      SYSTEMS," now U.S. Pat. 3,825,816, issued July 23, 1974.
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to an electronic signal conversion system
      which includes an electrical signal to be converted and provides a unique
      and particularly useful way of converting the value of the signal, which
      is represented by the magnitude of the signal to be converted, said signal
      being alternating current (hereinafter AC), to a corresponding value of
      that signal, which is represented by the magnitude of the converted
      signal, said signal being direct current (hereinafter DC).
PAR  Heretofore, several systems for handling this type of electrical conversion
      have been taught by the prior art. Probably the best known systems of this
      type take a fixed amplitude AC signal and convert it to a fixed amplitude
      DC signal. This type of prior art system has the substantial drawback that
      it produces a fixed amplitude DC signal as a result of the conversion and
      requires a fixed amplitude input signal.
PAR  Typical examples of other AC-TO-DC Converter devices and methods are shown
      in U.S. Pat. No. 3,535,556, issued Oct. 20, 1970 to S. R. Hall, U.S. Pat.
      No. 3,491,252, issued Jan. 20, 1970 to H. Petrohilos, U.S. Pat. No.
      3,721,891, issued Mar. 20, 1973 to A. J. Moses, U.S. Pat. No. 3,652,945,
      issued Mar. 28, 1972 to H. Nakane et al., U.S. Pat. No. 3,564,389, issued
      Feb. 16, 1971 to P. L. Richmond U.S. Pat. No. 3,488,598, issued Jan. 6,
      1970 to E. Hoo, and U.S. Pat. No. 3,373,334, issued Mar. 12, 1968 to E. W,
      Geisz, et al.
PAR  The Hall, Petrohilos, and Moses AC-TO-DC Conversion devices convert
      variable frequency periodic inputs to their RMS or absolute value through
      the use of reference signals and other circuit means. The Hall AC-TO-DC
      Converter produces a pulse train rather than a DC output. The Petrohilos
      device produces a DC output proportional to the average value of the
      input. The Moses device produces a DC output proportional to the amplitude
      of an AC Input for a frequency of AC Input introduced into the device
      without the use of feedback. The drawback with any of these devices is
      that they have no isolation, are inaccurate, have no offset adjustment,
      and are not specifically directed at a single frequency input.
      Additionally, they do not produce a current output and require a reference
      signal.
PAR  The Nakane and Richmond devices convert broad frequency AC inputs to a DC
      RMS value without the use of a reference signal. However, neither of these
      devices is capable or discloses a method of producing current output; they
      both lack DC isolation; they both lack offset adjustment; and they are
      useful only in broad frequency inputs and do not deal with a single AC
      frequency input.
PAR  The Hoo and Geisz devices convert fixed frequency AC signals to DC signals.
      These systems take a fixed amplitude AC signal and convert it to a fixed
      amplitude DC signal for either power regulation or frequency control. This
      type of prior art system has a substantial drawback in that it produces a
      fixed amplitude DC signal as a result of the conversion and requires a
      fixed amplitude input signal, as well as a lack of accuracy and offset
      adjustment.
PAR  In the present invention, the input signal for any pre-determined range and
      frequency is introduced into the AC-TO-DC Converter wherein the signal is
      isolated, and normal and common mode noise eliminated. The AC-TO-DC
      Converter then rectifies, scales, filters, shapes, and amplifies the input
      signal to the form necessary or desirable for the output signal. There is
      no mechanical coupling and all input and output signals are allowed to be
      variable within predefined ranges. The present invention is completely
      electronic through the use of novel circuit techniques.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a further understanding of the nature and objects of the present
      invention, reference should be had to the following detailed description,
      taken in conjunctions with the accompanying drawing, wherein:
PAR  FIG. 1 is a block and circuit diagram of the preferred embodiment of the
      AC-TO-DC Converter System of the present invention in generalized form for
      conversion of an AC variable amplitude signal to a DC variable amplitude
      signal.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  Introduction
PAR  The AC-TO-DC Converter System of the present invention can be utilized as
      an AC-TO-DC Converter device for any sort of conversion operation wherein
      a variable amplitude alternating signal of a predetermined range of signal
      amplitude is to be converted to a variable amplitude direct current or
      voltage signal (FIG. 1). A particularly important area of application is
      the conversion of 60 hertz, variable amplitude, alternating signals, which
      represent the magnitude of measured physical variables or control signals
      by amplitude modulated alternating voltage signals, to variable amplitude
      direct current or voltage signals, and therefore the preferred embodiment
      of the present invention will be described with respect to such an
      application. However, it should be realized that the present invention
      could be applied to, for example, any application where it is desired to
      translate variable amplitude alternating signals to variable amplitude
      direct current or voltage signals.
PAC  Structure and Method of Use
PAR  FIG. 1 illustrates the AC-TO-DC Converter System (hereinafter AC system) of
      the present invention in a generalized block diagram form. In order to
      best understand the principles of the present invention, a brief
      description of the components of FIG. 1 is given below in tabular form.
PAR  The components of FIG. 1 are:
PA1  11: AC Input Signal. The input which is an AC signal that can be of any
      predetermined range, such as, for example, zero to forty volts, within the
      limits of the amplifiers, capacitors, and resiistors accordingly selected.
PA1  12: Input Isolation Means. Input isolation means isolates the AC signal
      input from the other parts of the system 13, 14, 15, 16, 17, 18, 19, 20,
      21, 22, 23, 24, and 25. The isolation is usually accomplished through
      capacitor and resistor coupling.
PA1  13: Span Adjustment Means. Span adjustment means scales the DC voltage
      output 21 and the DC current output 22 to the appropriate preset range
      corresponding to the range of the AC input signal 11 by altering the range
      of the output from the input isolation means 12.
PA1  14: Full Wave Rectification Means. Full wave rectification means converts
      the signal from the span adjustment means 13 to a rectified form thereby
      generating a DC component to the signal. Rectification is usually
      accomplished through the use of a high gain amplifier with resistor and
      diode feedback.
PA1  15: Zero Adjustment Means. Zero adjustment means adjusts the input of the
      summer means 16 in such a manner that the lowest expected value of the AC
      input signal 11, such as, for example, zero volts, produces a
      predetermined value of output, such as, for example, 4 milliamps for DC
      current output 22 and DC voltage output.
PA1  16: Summer Means: Summer means filters normal mode noise with a single pole
      from the full wave rectifier means 14, as well as, aid in function shaping
      of the signal in conjunction with function generator means 20. Summer
      means is usually made up of a high gain amplifier with capacitor and
      resistor feedback.
PA1  17: Inverter Means. Inverter means changes the sign of the signal from the
      summer means 16 to keep the signal stable by having the proper sign for
      use as DC signal voltage feedback 25.
PA1  18: Filter Means. Filter means is a two pole filter used as the filter to
      reduce the amount of non DC component of the inverter 17 output to the
      input side of the output amplifier 19. Filtering is usually accomplished
      through the use of a high-gain amplifier with resistor and capacitor input
      and resistor and capacitor feedback.
PA1  19: Output Amplifier Means. The Output Amplifier means scales the
      functionally shaped, rectified, and filtered signal to the appropriate
      level for output as a DC voltage output 21 and a DC current output 22 and
      provides feedback signal 25 to function means 20.
PA1  20: Function Means. Function means shapes the rectified, filtered, and
      amplified signal to whatever form is desirable such as, for example,
      square root extraction. Function shaping is performed by a set of high
      gain amplifiers, the number of amplifiers and feedback components being
      chosen for the function selected.
PA1  21 & 22: DC Voltage Output and DC Current Output. The final output of the
      AC-TO-DC Converter System is a DC signal that can be of any predetermined
      range, such as, for example, 1 to 5 volts, 4 to 20 milliamps, 10 to 50
      milliamps, or 1 to 5 milliamps. The scaling is performed by resistor R7 in
      output amplifier means 19.
PA1  23 & 24: External Load and Voltage Source. The DC signal current output 22
      would be used to regulate the current from any voltage source through an
      external load to ground 26 through output amplifier means 19. The DC
      voltage signal output 21 is a voltage relative to ground 26 dependent on
      the AC input signal 11.
PA1  25: DC Signal Voltage Feedback. DC voltage feedback is used in conjunction
      with function means 20 and summer means 16 to filter the rectified AC
      input signal 11 and shape it for the function defined in the function
      means 20.
PAR  Using the component nomenclature of FIG. 1, the variable magnitude AC
      signal input 11 is introduced to the input isolation means, 12, such as a
      capacitor, which subtracts any DC common mode noise in the input. The
      signal is then introduced to the span adjustment means 13 to adjust the
      isolated signal to the proper output scaling. The signal is then
      introduced to the AC rectification means 14 to rectify the AC signal while
      still preserving the amplitude relationship to the original AC input
      signal. The signal is then offset by the zero adjust means 15 to obtain
      the proper signal level necessary at the DC voltage output 21 or DC
      current output 22 when the AC input signal 11 is at its lowest
      predetermined point in the range. The signal is then introduced into the
      summer means 16 to eliminate the remaining noise components and perform
      some of the scaling of the signal to the appropriate output range while
      still preserving the amplitude relationship to the original AC signal 11.
      The signal is then introduced in the inverter means 17 where the sign of
      the signal is changed. The signal is then introduced into the filter means
      18 where the majority of the rest of the non DC components of the signal
      is filtered from the signal before the signal is permitted to be
      introduced to the output amplification means 19 where the signal is scaled
      to the DC voltage output 21 and DC current output 22. If DC current output
      22 is used, then an external voltage reference 24 and an external load 23
      will also be used to permit the current to flow. DC voltage output signal
      21 is also fed back as a signal 25 to the function means 20, if any
      additional scaling, such as, for example, square root, is needed, in order
      to perform the functional scaling. The output from function means 20 is
      introduced as one of the signals to the summer means 16 so that the
      properly scaled signal will be sent from there to the inverter means 17,
      filter means 18, and output amplifier means 19.
PAR  Because many varying and different embodiments may be made within the scope
      of the inventive concepts herein taught, such as types of function scaling
      and range of the AC input signal, and because many modifications may be
      made in the embodiments herein detailed in accordance with the descriptive
      requirements of the law, it is to be understood that the details herein
      are to be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed as invention is:
NUM  1.
PAR  1. An AC-TO-DC Converter system for converting a variable magnitude
      alternating current signal input of a single predominant frequency to a
      variable magnitude direct current signal output, comprising:
PA1  input isolation, rectification, and filter means for isolating and
      rectifying and filtering such variable magnitude alternating current input
      signal;
PA1  amplification means for amplifying the signal from said input isolation,
      rectification and filter means to the appropriate output range, said input
      isolation, rectification, and filter means being electrically connected
      between such alternating current input and said amplification means, and
      said amplifier means being electrically connected between said input
      isolation, rectification, and filter means and such directcurrent signal
      output; and
PA1  function and feedback means for signal shape and magnitude adjustment
      determined by a predefined function in the system to shape such direct
      current output signal and introduce it back to the input isolation,
      rectification, and filter means, said function and feedback means being
      electrically connected between the direct current signal output and said
      input isolation, rectification, and filter means.
NUM  2.
PAR  2. The AC-TO-DC Converter system of claim 1 wherein said function and
      feedback means is equality.
NUM  3.
PAR  3. The AC-TO-DC Converter system of claim 1 wherein said input isolation,
      rectification, and filter means also includes an adjustment means for
      adjustment of the span of the variable magnitude direct current signal
      output.
NUM  4.
PAR  4. The AC-TO-DC Converter system of claim 1 wherein said input isolation,
      rectification, and filter means also includes zero adjustment means for
      adjusting the minimum magnitude of the direct current output signal.
NUM  5.
PAR  5. An AC-TO-DC Converter system for converting a variable magnitude
      alternating current signal input of a single frequency that is to be
      converted to a variable magnitude direct current signal output comprising
      the following interconnected electrical components:
PA1  input isolation means for electrically isolating the variable magnitude
      input signal from the rest of the system;
PA1  Ac rectification means for establishing a direct current component to the
      variable magnitude alternating current signal input, said input isolation
      means being electrically connected between the variable magnitude
      alternating current signal input and said AC rectification means;
PA1  summer means for filtering non direct current components from the signal
      and for introducing functionally shaped signals into the isolated and
      rectified variable magnitude alternating current signal input, said AC
      rectification means being electrically connected between said input
      isolation means and said summer means;
PA1  inverter means for changing the sign of the output from said summer means,
      said summer means being electrically connected between said AC
      rectification means and said inverter means;
PA1  filter means for filtering the remaining unacceptable non direct current
      components of the signal from the said inverter means, said inverter means
      being electrically connected between said summer means and said filter
      means;
PA1  output amplifier means for amplifying the signal from said filter means to
      the appropriate output range for the variable magnitude direct current
      signal output, said output amplifier means being connected between said
      filter means, and the variable magnitude direct current signal output;
PA1  function means for signal and magnitude adjustment determined by a
      predefined function in the system, said function means being connected
      between the variable magnitude direct current signal output and the input
      of said summer means.
NUM  6.
PAR  6. The AC-TO-DC Converter system of claim 5 wherein said function means
      produces an equality relationship.
NUM  7.
PAR  7. The AC-TO-DC Converter system of claim 5 wherein said function means
      produces a square root function relationship.
NUM  8.
PAR  8. The AC-TO-DC Converter system of claim 5 wherein there is also included
      an adjustment means for adjustment of the span of the variable magnitude
      direct current signal output.
NUM  9.
PAR  9. The AC-TO-DC Converter system of claim 5 wherein there is also included
      zero adjustment means for offsetting the output of said AC rectification
      means by a fixed direct current component to correspond to the required
      magnitude of the variable magnitude direct current signal output for the
      lowest value of the variable magnitude alternating current signal input,
      said zero adjustment being electrically connected to the input of said
      summer means.
NUM  10.
PAR  10. The method of converting variable magnitude alternating current inputs
      to corresponding variable magnitude direct current outputs comprising the
      steps of:
PA1  a. Feeding the variable magnitude alternating current signal input to an
      input isolation, rectification, and filter circuit;
PA1  b. Producing an isolated, rectified, and filtered direct current signal
      whose magnitude has a fixed relationship to the magnitude of the input
      alternating current signal including function shaping;
PA1  c. Feeding said produced signal of step b to an output amplifier circuit
      for amplifying said produced signal of step b to the proper range for the
      variable magnitude direct current signal output, the output of the circuit
      comprising the variable magnitude direct current signal output; and
PA1  d. Feeding the signal produced in step c to a function shaping circuit to
      produce a second signal for feeding into the circuit of step a where said
      output signal of the function shaping circuit is used to produce a
      magnitude adjustment to the produced signal of step b determined by a
      predetermined function.
NUM  11.
PAR  11. The method of claim 10 wherein the function shaping circuit is an
      equality circuit.
NUM  12.
PAR  12. The method of claim 10 wherein the function shaping circuit is a square
      root circuit.
NUM  13.
PAR  13. The method of claim 10 wherein the input isolation, rectification, and
      filter circuit also includes a span adjustment circuit to obtain the
      proper span for the variable magnitude direct current signal output.
NUM  14.
PAR  14. The method of claim 10 wherein the input isolation, rectification, and
      filter circuit also includes a zero adjustment circuit to raise the direct
      current component of the produced signal of step b by an amount
      corresponding to the lowest magnitude of the variable magnitude direct
      current signal output that would be produced for the lowest magnitude
      anticipated for the variable magnitude alternating current signal input.
NUM  15.
PAR  15. The method of converting variable magnitude alternating direct current
      signal inputs to corresponding variable magnitude direct current signal
      outputs comprising the steps of:
PA1  a. feeding the variable magnitude alternating current signal input to an
      input isolation circuit;
PA1  b. producing an isolated input signal;
PA1  c. feeding said isolated input signal to an alternating current
      rectification circuit to produce a signal with a direct current component;
PA1  d. feeding the produced signal of step c to a summer circuit to filter the
      non direct current component of the signal produced in step c and to
      adjust said signal produced in step c by the output of a function shaping
      circuit to produce a magnitude adjustment in the produced signal of step c
      determined by a predetermined function in the system;
PA1  e. feeding the produced signal of step d to an inverter circuit for
      changing the sign of the produced signal of step d;
PA1  f. feeding the produced signal of step e to a filter circuit for filtering
      the remaining unacceptable alternating current components of the signal
      produced in step e;
PA1  g. feeding the produced signal of step f to an output amplifier circuit for
      amplifying the produced signal of step f to the proper range for the
      variable magnitude direct current signal output, the output of the circuit
      comprising the variable magnitude direct current signal output; and
PA1  h. Feeding said output of step g to a function shaping circuit to produce a
      signal for step d where said signal is used to produce a magnitude
      adjustment to the produced signal of step c determined by the
      predetermined function.
NUM  16.
PAR  16. The method of claim 15 wherein the function shaping circuit is an
      equality circuit.
NUM  17.
PAR  17. The method of claim 15 wherein the function shaping circuit is a square
      root circuit.
NUM  18.
PAR  18. The method of claim 15 wherein there is added the additional step of
      adjusting the signal of step b by a span adjustment circuit to obtain the
      proper span for the variable magnitude direct current signal output before
      the signal of step b is fed to step c.
NUM  19.
PAR  19. The method of claim 15 wherein the additional step of adjusting the
      produced signal of step c is added through a zero adjustment circuit
      before the signal is fed to step d in order to raise the direct current
      component of the produced signal of step c by an amount corresponding to
      the lowest magnitude of the variable magnitude direct current signal
      output that would be produced for the lowest magnitude anticipated for the
      variable magnitude alternating current signal input.
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PAL  In a voltage regulating system, a protective transistor has its collector
      connected to a base of a power transistor which controls field current of
      a battery charging generator and its base connected via voltage dropping
      element to a collector of a control transistor which controls the power
      transistor in response to a battery voltage whereby an uncontrolled high
      voltage which takes place during disconnection of a voltage regulator to a
      battery is prevented in such a manner that the protective transistor
      controls the power transistor to cut off the field current.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a voltage regulating system for automotive
      vehicles, which is preferably of the transistor type and especially
      relates to a system which is capable of regulating the output voltage of a
      battery charging generator even when the battery becomes disconnected from
      the generator and when the normal voltage sensing circuit of the voltage
      regulator becomes disconnected from the battery.
PAR  2. Description of the Prior Art
PAR  A conventional well-known voltage regulator of this kind is provided with
      an output transistor for controlling field current flowing through a field
      winding of a battery charging generator, a voltage sensing circuit for
      sensing the output voltage of the generator and a transistor circuit
      including a control transistor effected by the voltage sensing circuit and
      controlling the output transistor. The field winding is supplied with
      current by three auxiliary diodes connected to the battery charging
      generator, the voltage sensing circuit is connected across the battery so
      as to detect the battery charging voltage, and the battery and a bridge
      rectifier are connected by means of a power supply cable. However in this
      conventional voltage regulator, if a positive terminal of the bridge
      rectifier becomes disconnected or if the voltage sensing circuit becomes
      disconnected the output transistor of the voltage regulator is
      continuously biased conductive, which would result in such an uncontrolled
      high voltage as destroy electrical components of the system.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      voltage regulating system which will reduce the output voltage of the
      generator substantially to zero whenever the voltage sensing circuit
      becomes disconnected from the battery. For this purpose, protective
      transistor is connected between the output transistor and the control
      transistor in order to make the output transistor nonconductive whenever
      the voltage sensing circuit becomes disconnected from the battery.
PAR  It is another object of the present invention to provide a voltage
      regulating system which controls the output voltage of the generator at
      another preset level when the rectifier of the generator becomes
      disconnected from the battery, whereby the uncontrolled high voltage is
      prevented.
PAR  Still another object of the present invention is to provide a voltage
      regulating system of simple and low in costs.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram of a voltage regulating system in
      accordance with the present invention, and
PAR  FIG. 2 is another schematic circuit diagram of a voltage regulating system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, an electrical power supply system for an
      automotive vehicle is illustrated, in which an alternating current
      generator generally used as a battery charging generator is designated by
      reference numeral 1 which has a three phase Y-connected generating winding
      101 and a field winding 102. A full-wave bridge rectifier 2 consisting of
      two groups of diodes 201 and 202 is connected to the generator 1 for
      rectifying its alternating current.
PAR  Numeral 3 designates a voltage regulator to control the output voltage of
      the generator 1 at a predetermined level, wherein a voltage sensing
      circuit 301 consisting of voltage dividing resistors 302 and 303 is
      connected to a positive terminal of a battery 5, a zener diode 304 is
      connected to the junction point of the resistors 302 and 303, a control
      transistor 305 is connected to the zener diode 304 at its base and to a
      Darlington amplifier 306 at its collector through a resistor 311, a
      resistor 307 is connected to the collector of the control transistor 305,
      a diode 308 is connected to the collector of the Darlington amplifier 306
      in parallel with the field winding 102 being a collector load of an output
      transistor of the Darlington amplifier 306, a protective transistor 315 is
      connected to a junction point of the amplifier 306 and the resistor 311 at
      its collector and at its base to a collector of a PNP transistor 316 whose
      emitter is connected to the collector of the control transistor 305 and
      whose base is connected to the voltage sensing circuit 301. Numeral 4
      designates auxiliary diodes connected to the field winding, 6 an
      electrical component installed in the automotive vehicle, 7 a key switch,
      and 8 an indicating lamp.
PAR  The operation of the first embodiment shown in FIG. 1 will now be
      described.
PAR  When the key switch 7 is closed, since the voltage sensing circuit 301
      detects a divided voltage of the battery insufficient to make the control
      transistor 305 conductive, an electric current of the battery 5 flows
      through the indicating lamp 8 to the Darlington amplifier 306, whereby the
      output transistor of the Darlington amplifier 306 is made conductive.
      Therefore the field winding 102 of the generator 1 will be energized from
      the battery 5 to provide initial excitation for the field winding.
PAR  When the engine of the automotive vehicle starts to rotate and drives the
      generator 1, the output voltage of the generator rises and is maintained
      at a desired level by the voltage regulator 3. The indicating lamp 8 is
      extinguished when the voltage from the bridge rectifier 2 becomes
      approximately the same as that from the auxiliary diodes 4. As the output
      voltage of the generator 1 rises above a predetermined level the zener
      diode 304 is broken down to make the control transistor 305 conductive.
      Thus, the output transistor of the Darlington amplifier 306 is made
      non-conductive, and the field current flows through the diode 308, the
      control transistor 305 and to the ground, with a gradual decrease of the
      output voltage of the generator 1. At this stage, since the generator 1 is
      still generating the voltage the indicating lamp 8 is kept extinguished.
PAR  When the output voltage of the generator 1 drops below the predetermined
      level the zener diode 304 and consequently, the control transistor 305 are
      made nonconductive, thereby to make the output transistor of the
      Darlington amplifier 306 conductive to flow the field current through the
      field winding 102, whereby the output voltage of the generator 1 rises
      again. Thus, the above described operation is repeated to control and
      maintain the battery voltage at a desired level.
PAR  In case that the voltage sensing circuit 301 becomes disconnected from the
      battery 5, the PNP transistor 316 becomes conductive since the base
      potential thereof drops to the ground level, and the protective transistor
      315 is made conductive due to electric current supplied from the generator
      1 through the PNP transistor 316. Accordingly the output transistor of the
      Darlington amplifier 306 is made nonconductive to thereby reduce the
      output voltage of the generator, whereby the bridge rectifier 2, the
      voltage regulator and the electrical components 6 are protected from high
      voltage at the generator 1.
PAR  When the diodes 202 of the bridge rectifier 2 becomes disconnected from the
      battery 5, the voltage sensing circuit 301 detects the battery voltage
      which is not enough to break down the zener diode 304, and therefore, the
      control transistor 305 is kept at nonconductive condition. The output
      voltage of the generator 1 rises gradually, since the output transistor of
      the Darlington amplifier 306 is kept conductive, so that the electrical
      potential at a junction point of the resistors 307 and 311 increases. When
      the potential becomes higher than that at a junction point of the voltage
      dividing resistors 302 and 303 by a break down voltage of the PNP
      transistor 316, the transistor 316 is made conductive, the protective
      transistor 315 is also made conductive, whereby the output transistor of
      the Darlington amplifier 306 is made nonconductive, thus preventing the
      uncontrolled high voltage even when the battery 5 is disconnected from the
      bridge rectifier.
PAR  Next referring to FIG. 2 showing the second embodiment of the present
      invention, since difference between first and second embodiment resides in
      the voltage regulator, only the difference will be described. Numeral 321
      designates a zener diode connected to the junction point of the resistor
      307 and 311 at its cathode and connected to the base of the protective
      transistor 315 at its anode. The values of the resistors 307 and 311 are
      so selected that electrical potential appearing at the junction point
      thereof during normal operation of this system may not break down the
      zener diode 321 but break down when the output voltage of the generator 1
      rises above a predetermined level. The normal operation of the above
      described embodiment is almost the same as that of the first embodiment,
      and therefore, only what is different will be explained.
PAR  When the voltage sensing circuit 301 becomes disconnected from the battery
      5 or the battery 5 is disconnected from the bridge rectifier 2, the zener
      diode 304 and the control transistor 305 are made non-conductive, and
      therefore, the output transistor of Darlington amplifier 306 is maintained
      conductive, whereby the output voltage of the generator 1 is gradually
      increased. When the electrical potential at the junction point of the
      resistors 307 and 311 reaches the value where the zener diode 321 is
      broken down, the protective transistor 315 is made conductive in
      accordance with the break down of the zener diode 321 and the output
      transistor of the Darlington amplifier 306 is switched off to reduce the
      output voltage of the generator 1. As the result, the zener diode 321
      returns to the nonconductive state and the output voltage of the generator
      1 is increased again. The above operation is repeated to control the
      output voltage of the generator 1 at a certain level which is higher than
      the level controlled by the voltage sensing circuit 301.
PAR  In the above embodiments, the resistor 311 may be replaced by a zener
      diode, a diode or a combination thereof.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A voltage regulating system for an automotive vehicle comprising;
PA1  an alternating current generator having an output winding and a field
      winding;
PA1  a first rectifier circuit connected to said output winding;
PA1  a second rectifier circuit connected to said output winding and for
      providing field energizing terminals;
PA1  a storage battery connected to said first rectifier circuit;
PA1  a field energizing transistor for connecting said field winding across said
      field energizing terminals;
PA1  a voltage sensing circuit connected across said storage battery for
      providing a present level and for detecting a battery voltage in
      accordance with said preset level;
PA1  a control transistor connected to said voltage sensing circuit at its base
      and being driven into thereby a conductive state when said battery voltage
      exceeds said preset level, the collector-emitter path of said control
      transistor being connected across said field energizing terminals;
PA1  the base of said field energizing transistor being connected to the
      collector of said control transistor, whereby said field energizing
      transistor is driven into the nonconductive state when said battery
      voltage exceeds said preset level, by bypassing the base current thereof
      through said control transistor;
PA1  a protective transistor, whose collector-emitter path is connected between
      the base and emitter of said field energizing transistor, for bypassing
      the base current of said field energizing transistor; and
PA1  an over-voltage detecting means connected between the collector of said
      control transistor and the base of said protective transistor and for
      driving said protective transistor into the conductive state when the
      voltage across said field energizing terminals exceeds a predetermined
      value which is higher than said preset level.
NUM  2.
PAR  2. A voltage regulating system as set forth in claim 1 further comprising;
PA1  a first resistor connected between the collector of said control transistor
      and the positive terminal of said field energizing terminals; and
PA1  a second resistor connected between the collector of said control
      transistor and the base of said field energizing transistor.
NUM  3.
PAR  3. A voltage regulating system as set forth in claim 2, wherein said
      over-voltage detecting means comprises a PNP transistor whose
      emitter-collector path is connected between the collector of said control
      transistor and the base of said protective transistor and whose base is
      connected to said voltage sensing circuit.
NUM  4.
PAR  4. A voltage regulating system as set forth in claim 2, wherein said
      over-voltage detecting means comprises a zener diode.
NUM  5.
PAR  5. A voltage regulating system as set forth in claim 1 further including a
      second field energizing transistor connected in Darlington configuration
      to the first field energizing transistor and connecting the collector of
      said control transistor to said base of said protective transistor.
NUM  6.
PAR  6. A voltage regulating system for an automotive vehicle comprising;
PA1  a voltage sensing circuit to be connected across a battery mounted in an
      automotive vehicle;
PA1  a control transistor connected to said voltage sensing circuit at its base
      and being driven into the conductive state when a voltage supplied to said
      voltage sensing circuit exceeds a predetermined value, a collector-emitter
      path of said control transistor being to be connected across direct
      current terminals of a generator mounted in said automotive vehicle;
PA1  a field energizing transistor for connecting a field winding of said
      generator across said direct current terminals, the base of said field
      energizing transistor being connected to the collector of said control
      transistor, whereby said field energizing transistor is driven into the
      nonconductive state when said control transistor is driven into the
      conductive state;
PA1  a protective transistor, whose collector-emitter path is connected between
      the base and emitter of said field energizing transistor, for bypassing
      the base current of said field energizing transistor;
PA1  an over-voltage detecting means connected between the collector of said
      control transistor and the base of said protective transistor and for
      driving said protective transistor into the conductive state when the
      voltage appearing across said direct current terminals exceeds another
      predetermined value.
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ABST
PAL  In a voltage regulating system, a transistor switching circuit is connected
      to a voltage sensing circuit which detects a battery voltage and to a
      lamp. And at least when the voltage sensing circuit becomes disconnected
      from the battery, the transistor switching circuit is switched on to
      energize the lamp to inform a driver of the disconnection.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  The present invention relates to a voltage regulating system for voltage
      regulators installed in automotive vehicles, and more particularly relates
      to a system which is capable of regulating output voltage of a battery
      charging generator even when the generator and a battery becomes
      disconnected and when the normal voltage sensing circuit of the voltage
      regulator becomes disconnected from the generator and the battery, and
      further capable of indicating the disconnection in the system.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  A conventional well-known voltage regulator of this kind is provided with
      an output transistor for controlling field current flowing through a field
      winding of a battery charging generator, a voltage sensing circuit for
      sensing the voltage of the battery and a transistor circuit including a
      control transistor effected by the voltage sensing circuit and controlling
      the output transistor. The field winding is supplied with current by three
      auxiliary diodes connected to the battery charging generator. The voltage
      sensing circuit is connected across the battery, which is connected to a
      power bridge rectifier of the generator by means of a power supply cable.
PAR  However in this conventional voltage regulator, if the positive terminal of
      the power bridge rectifier or the voltage sensing circuit becomes
      disconnected, the output transistor of the voltage regulator is
      continuously biased conductive to thereby result in uncontrolled high
      voltage which would destroy electrical components of the system. And
      another disadvantage resides in that this conventional system has no means
      to inform a driver of the disconnection causing uncontrolled high voltage.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a primary object of the present invention to provide a
      voltage regulating system which can control output voltage of a battery
      charging generator even when the voltage regulator becomes disconnected
      from a battery.
PAR  Another object of the present invention is to provide a voltage regulating
      system which can inform a driver of abnormal condition such as
      disconnection in the system.
DRWD
PAR  The novel features which are considered characteristic of the present
      invention are set forth with particularity in the appended claims. The
      invention itself, however, and additional objects and advantages thereof
      will best be understood from the following description of embodiments
      thereof when read in connection with the accompanying drawings, in which:
PAR  FIG. 1 is an electric circuit diagram showing a first embodiment of the
      present invention,
PAR  FIG. 2 is an electric circuit diagram of a second embodiment,
PAR  FIG. 3 is an electric circuit diagram of a third embodiment,
PAR  FIG. 4 is an electric circuit diagram of a fourth embodiment,
PAR  FIG. 5 is an electric circuit diagram showing modified connection of an
      indicating lamp in FIG. 3 or FIG. 4, and
PAR  FIG. 6 is an electric circuit diagram showing further modified connection
      of the indicating lamp in FIG. 3 or FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 showing a first embodiment of the present
      invention, an alternating current generator generally used as a battery
      charging generator is designated by reference numeral 1, which has a three
      phase Y-connected generating winding 101 and a field winding 102, a
      full-wave bridge rectifier 103 connected to the generating winding 101 for
      rectifying its alternating current, and an auxiliary rectifier 104.
      Numerlas 105 and 106 respectively designate a positive terminal of the
      bridge rectifier 103 and the auxiliary rectifier 104. A voltage regulator
      2 is connected to the positive terminal 106 for controlling output voltage
      of the generator 1, in which a voltage sensing circuit 201 consisting of
      voltage dividing resistors 220 and 222 and a zener diode 221 is connected
      to a positive terminal 5 of a battery 4 through a diode 202, a control
      transistor 203 is connected to the voltage sensing circuit 201 for being
      affected by voltage sensed therein, an output transistor 204 is connected
      to the control transistor 203 for controlling field current flowing
      through the field winding 102, a diode 205 is connected in parallel with
      the field winding for absorbing counter electromotive force appearing
      thereat, a resistor 206 is connected to a collector of the control
      transistor 203, and a compensating circuit 200 consisting of two diodes is
      connected between the voltage sensing circuit 201 and the positive
      terminal 106. The voltage drop of the compensating circuit 200 is larger
      than that of the diode 202. An abnormality discriminating circuit 3 is
      connected between the battery 4 and the voltage regulator 3, in which an
      input transistor 301 is connected to the positive terminal 5 of the
      battery through a resistor 302, an output transistor 303 is connected to
      the input transistor 301, and a resistor 304 is connected to a collector
      of the input transistor 301 at one end and to the voltage sensing circuit
      201 at the other end. Numeral 6 designates a main key switch, 7 an
      indicating lamp, and 8 a diode. An anode of the diode 8 is connected to a
      collector of the output transistor 303 and a cathode thereof is connected
      to the voltage regulator 2. The positive terminal 105 of the bridge
      rectifier 103 is connected to the positive terminal 5 of the battery 4
      through a power supply cable.
PAR  Now the operation of the first embodiment described above will now be
      explained. When the key switch 6 is closed, electric current from the
      battery 4 flows through the indicating lamp 7, the diode 8, the field
      winding 102 and the transistor 204 since a voltage sensed at the voltage
      sensing circuit 201 is not enough to make the control transistor 203
      conductive, resulting in conduction of the output transistor 204.
      Therefore the field winding 102 will be energized from the battery 4 to
      provide initial excitation for the generator 1, and the lamp lights to
      indicate the sufficient excitation.
PAR  When the engine of the automotive vehicle starts to rotate and drives the
      generator 1, the output voltage thereof is generated and maintained at a
      desired level by the voltage regulator 2. Consequently, the lamp 7 is
      extinguished since the output voltage of the generator 1 becomes
      approximately equivalent to that of the battery 4. The voltage sensing
      circuit 201 senses the voltage supplied from the battery even though the
      voltage is supplied thereto from the positive terminal 106 of the
      auxiliary rectifier 104 through the compensating circuit 200. Because the
      voltage drop across the compensating circuit 200 is larger than that
      across the diode 202, the voltage from the battery 4 is higher than that
      from the terminal 106. As the output voltage of the generator 1 rises
      above a predetermined value which is defined by the resistors 220 and 222
      and the zener diode 221 in the voltage sensing circuit 201, the control
      transistor 203 is made conductive and then the output transistor 204 is
      biased nonconductive, whereby the field current is switched off to reduce
      the output voltage of the generator 1. At this stage, the lamp 7 is kept
      extinguished since the generator 1 is still generating output voltage,
      though it makes a slow descent. And when the output voltage becomes less
      than the predetermined value, the control transistor 203 is made
      nonconductive to thereby bias the output transistor 204 conductive,
      whereby the field current begins again to flow through the field winding
      to increase the output voltage of the generator 1. Repeating the above
      operation controls the output voltage of the generator 1 at the
      predetermined value. Still more in the above operation, the abnormality
      discriminating circuit 3 gives no influence thereon, since the input
      transistor 301 is biased conductive by current from the battery, whereby
      the output transistor 303 in continuously made nonconductive.
PAR  However when the voltage regulator 2 becomes disconnected from the battery
      4 at a point indicated by numeral A in FIG. 1, the base current of the
      input transistor 301 is cut off from the battery thereby to make the
      output transistor 303 conductive due to a base current thereof through the
      compensating circuit 200, the resistor 220 and the resistor 304 from the
      positive terminal 106 of the auxiliary rectifier 104. Accordingly the lamp
      7 lights to indicate the disconnection to thereby inform the driver in the
      automotive vehicle of the disconnection. And further the voltage regulator
      2 controls the output voltage of the generator 1, because the voltage
      sensing circuit 201 senses the voltage supplied from the positive terminal
      106.
PAR  And when a disconnection occurs at a point B shown in FIG. 1, the output
      voltage of the generator 1 is controlled at the preset level defined by
      the compensation circuit 200 in combination with the voltage sensing
      circuit 201 as in the same manner described above. And further in this
      disconnection the electric current no longer flows through the lamp 7 from
      the battery 4, but flows from the positive terminal 105 therethrough,
      whereby the lamp 7 lights to indicate the disconnection.
PAR  When a disconnection occurs at a point D shown in FIG. 1, the field current
      to the field winding 102 does not flow from the positive terminal 106 but
      from the positive terminal 105 through the key switch 6, the indicating
      lamp 7, the diode 8, the field winding 102, and the output transistor 204,
      whereby the lamp 7 lights to indicate the disconnection.
PAR  Referring next to FIG. 2 showing a second embodiment of the present
      invention, in which difference in comparison with the first embodiment in
      FIG. 1 resides in the voltage regulator. The voltage dropping circuit 200
      includes a resistor 210 connected to the positive terminal 106 at one end
      thereof and to the voltage sensing circuit 201 through a zener diode 211
      as well as to the collector of the input transistor 301 through the
      resistor 304 at the other end thereof.
PAR  The resistor 210, the zener diode 211 and the resistor 222 constitute
      another voltage sensing circuit sensing a voltage supplied from the
      positive terminal 106.
PAR  The operation of the second embodiment is almost the same as that of the
      first embodiment.
PAR  Referring to FIG. 3 showing a third embodiment of the present invention,
      numeral 200 designates a compensating circuit connected between the
      voltage sensing circuit 201 and the positive terminal 106 of the auxiliary
      rectifier 104, in which numeral 212 designates a PNP transistor whose base
      is connected to the zener diode 211, numeral 213 a NPN transistor, and 214
      a resistor connected to the control transistor 303. This compensation
      circuit 200 provides another preset level in combination with the voltage
      sensing circuit 201 for controlling the output voltage of the generator 1,
      however since this another preset level is higher than that defined by the
      voltage sensing circuit 201, the voltage sensing circuit 201 serves to
      operate the voltage regulator 2 in normal operation and the compensation
      circuit 200 serves to operate the voltage regulator 2 in combination with
      the voltage sensing circuit 201 in abnormal condition such as a
      disconnection between the voltage sensing circuit and the battery 4. The
      operation in the abnormal condition will be described hereinafter in
      detail. Numeral 3 designates an abnormality discriminating circuit
      consisting of the output transistor 303 and the resistor 304 connected to
      the emitter of the NPN transistor 213. The collector of the output
      transistor 303 is connected to the indicating lamp 7. Numeral 207 is a
      transistor constituting a Darlington amplifier with the output transistor
      204. Numerals 208 and 209 respectively designate a feedback capacitor and
      resistor connected between the collector of the transistor 207 and the
      base of the control transistor 203. Numerals 9 and 10 designate diodes,
      and 11 a resistor. And other components are the same as that in FIG. 1 or
      FIG. 2. Now the operation of the third embodiment will be described. When
      the key switch 6 is closed, electric current flows from the battery 4
      through the diode 8, the parallel circuit of the indicating lamp 7 and the
      resistor 11, the diode 9, the field winding 102, and the output transistor
      204 in the same manner explained in FIG. 1, and the lamp 7 lights to
      indicate the sufficient initial excitation in the field winding 102. In
      the normal operation, the compensation circuit 200 has no influence on the
      operation of the voltage regulator, then the zener diode 211 is not
      conductive, the transistor 212 and 213 are not conductive, and thereby,
      the output transistor 303 is not made conductive.
PAR  When a disconnection occurs between the voltage sensing circuit 201 and the
      battery 4, for example at a point A shown in FIG. 3, the voltage sensing
      circuit 201 can not sense the voltage because of no supply of voltage from
      the battery 4. On the contrary, the compensation circuit 200 and the
      resistors 222 and 223 of the voltage sensing circuit 201 sense the voltage
      supplied from the positive terminal 106 of the generator 1 in order to
      control the output voltage thereof. When the output voltage becomes higher
      than the preset level defined by the resistor 210, the PNP transistor 212,
      the zener diode 211, and the resistors 222 and 223, then zener diode 211
      breaks to make the transistors 212 and 213 conductive. Upon conduction of
      the transistor 213 electric current from the generator 1 flows through the
      resistor 210, the transistor 213, the resistor 214 and to the base of the
      control transistor 203 to make it conductive, whereby the output
      transistor is driven into nonconduction. Accordingly, the field current is
      switched off to reduce the output voltage of the generator. And further by
      conduction of the transistor 213, the output transistor 303 of the
      abnormality discriminating circuit 3 is made conductive due to the base
      current thereof. Then the electric current flows through the key switch 6,
      the diode 8, the parallel circuit of the lamp 7 and the resistor 11, and
      the transistor 303, whereby the lamp 7 lights to indicate the
      disconnection. And when the output voltage of the generator 1 decreases to
      be less than the preset level defined by the compensation circuit 200 in
      combination with the voltage sensing circuit 201 as described before, the
      transistor 213 is made nonconductive to finally make the output transistor
      204 conductive, whereby the output voltage of the generator 1 begins to
      rise again. Repeating these operation controls the output voltage at the
      preset level.
PAR  And when a disconnection occurs at a point B shown in FIG. 3, the output
      voltage of the generator 1 is controlled at the preset level defined by
      the compensation circuit 200 in combination with the voltage sensing
      circuit 201 in the same manner described above. The electric current no
      longer flows through the lamp 7, however, the electric current from the
      positive terminal 106 flows through the diode 10, the parallel circuit of
      the lamp 7 and the resistor 11, and the transistor 303, whereby the lamp 7
      lights to indicate the disconnection.
PAR  When a disconnection occurs at a point C shown in FIG. 3, the voltage
      sensing circuit 201 senses that the battery voltage has not reached the
      predetermined value, even though the output voltage of the generator
      exceeds the predetermined value, due to no charge on the battery 4.
      However, the compensation circuit 200 senses the exceeded voltage and
      operates the voltage regulator in combination with the voltage sensing
      circuit 201, whereby the output voltage of the generator is controlled at
      the preset level defined by those circuits 201 and 200.
PAR  Furthermore the lamp 7 lights by the current from the battery 4 to indicate
      the disconnection as in the same manner described above.
PAR  And further, when a disconnection occurs at a point D shown in FIG. 3, the
      field current to the field winding 102 does not flow from the positive
      terminal 106 but from the positive terminal 105 through the key switch 6,
      the diode 8, the parallel circuit of the lamp 7 and the resistor 11, the
      diode 9, the field winding 102, and the output transistor 204, whereby the
      lamp 7 lights to indicate the disconnection.
PAR  Referring next to FIG. 4 showing a fourth embodiment of the present
      invention, in which difference with regard to the third embodiment of FIG.
      3 resides in the compensation circuit 200. The compensation circuit 200
      comprises the resistor 210, the PNP transistor 212, the NPN transistor
      213, the zener diode 211, the resistor 214 and a resistor 215.
PAR  The other components and the operation of the fourth embodiment are almost
      the same as that of the third embodiment, therefore, they are omitted.
PAR  FIG. 5 shows a modified circuit around the indicating lamp which may be
      employed in FIGS. 3 and 4. Accordng to this modification, the output
      transistor 303 of the abnormality discriminating circuit 3 can be designed
      smaller in its capacitance, since current flowing through the transistor
      303 is smaller in comparison with that in FIG. 3 or FIG. 4, in other words
      the current is defined by current flowing through only the lamp 7 in FIG.
      5 contrary to current flowing through the parallel curcuit of the lamp 7
      and the resistor 11 in FIG. 3 or FIG. 4.
PAR  Referring to FIG. 6, the diodes 8, 9 and 10 of the preceding embodiments
      are replaced by switching means 303a and 303b and the output transistor
      303 is also replaced by a switching means 303 such as a reed switch or a
      relay.
PAR  The switching means 303 and 303a are normally opened and the switching
      means 303b is normally closed. In addition, the switching means 57a and
      57b and operable in response to the switching means 303', whereby the same
      operation described in FIG. 3 and 4 is obtained.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A voltage regulating system for an automotive vehicle comprising:
PA1  an alternating current generator having a generating winding and field
      winding;
PA1  a first rectifier circuit connected to said generating winding;
PA1  a second rectifier circuit connected to said generating winding for
      providing a positive field energizing terminal at its output, said field
      winding being connected at one of its ends to said terminal;
PA1  a storage battery connected to the output of said first rectifier circuit
      through a supply cable;
PA1  a field affecting transistor operatively related to said field winding for
      selectively completing a circuit from the terminal through said field
      winding;
PA1  a voltage sensing circuit connected across said battery for detecting
      battery voltage;
PA1  a base of said field affecting transistor being operatively related to said
      voltage sensing circuit, whereby said field affecting transistor is driven
      into nonconduction when the battery voltage exceeds a first predetermined
      level;
PA1  a compensating circuit connected between said positive terminal and said
      voltage sensing circuit, said compensating circuit being operative to
      drive said field affecting transistor into nonconduction when (1) the
      battery voltage supplied to said voltage sensing circuit is insufficient
      for driving said field affecting transistor into nonconduction and (2) the
      voltage at said positive terminal exceeds a second predetermined level;
PA1  an indicating lamp connected between said supply cable and said positive
      field energizing terminal; and
PA1  a lamp energizing circuit including switching means for connecting said
      indicating lamp between said supply cable and ground when said switching
      means is conductive, said switching means being connected to said positive
      terminal through said compensating circuit, whereby when said compensating
      circuit is operative, said switching means is made conductive, thus
      energizing said indicating lamp.
NUM  2.
PAR  2. A voltage regulating system for an automotive vehicle comprising;
PA1  an alternating current generator having a generating winding and a field
      winding;
PA1  a first rectifier circuit connected to said generating winding;
PA1  a second rectifier circuit connected to said generating winding for
      providing a positive field energizing terminal at its output, said field
      winding being connected at one of its ends to said terminal;
PA1  a storage battery connected to the output of said first rectifier circuit
      through a supply cable;
PA1  a field affecting transistor operatively related to said field winding for
      selectively completing a circuit from the terminal through said field
      winding;
PA1  a voltage sensing circuit connected across said battery for detecting
      battery voltage;
PA1  a base of said field affecting transistor being operatively related to said
      voltage sensing circuit, whereby said field affecting transistor is driven
      into nonconduction when the battery voltage exceeds a first predetermined
      level;
PA1  a compensating circuit including a PNP transistor electrically connected to
      said positive terminal at its emitter, and a zener diode connected between
      the base of said PNP transistor and said voltage sensing circuit, said
      compensating circuit being operative to drive said field affecting
      transistor into nonconduction when (1) the battery voltage supplied to
      said voltage sensing circuit is insufficient for driving said field
      affecting transistor into nonconduction and (2) the voltage at said
      positive terminal exceeds a second predetermined level;
PA1  an indicating lamp connected between said supply cable and said positive
      field energizing terminal; and
PA1  a lamp energizing circuit including switching means for connecting said
      indicating lamp between said supply cable and ground when said switching
      means is conductive, said switching means being electrically connected to
      the collector of said PNP transistor whereby when said compensating
      circuit is operative, said indicating lamp is energized.
NUM  3.
PAR  3. A voltage regulating system as set forth in claim 2 further comprising:
PA1  means for connecting said indicating lamp between said positive terminal
      and ground through said switching means.
NUM  4.
PAR  4. A voltage regulating system for an automotive vehicle comprising;
PA1  an alternating current generator having a generating winding and a field
      winding;
PA1  a first rectifier circuit connected to said generating winding;
PA1  a second rectifier circuit connected to said generating winding for
      providing a positive field energizing terminal at its output, said field
      winding being connected at one of its ends to said terminal;
PA1  a storage battery connected to the output of said first rectifier circuit
      through a supply cable;
PA1  a field affecting transistor operatively related to said field winding for
      selectively completng a circuit from the terminal through said field
      winding;
PA1  a voltage sensing circuit connected across said battery for detecting
      battery voltage;
PA1  a base of said field affecting transistor being operatively related to said
      voltage sensing circuit, whereby said field affecting transistor is driven
      into nonconduction when the battery voltage exceeds a first predetermined
      level;
PA1  a compensating circuit connected between said positive terminal and said
      voltage sensing circuit, said compensating circuit being operative to
      drive said field affecting transistor into nonconduction when (1) the
      battery voltage supplied to said voltage sensing circuit is insufficient
      for driving said field affecting transistor into nonconduction and (2) the
      voltage at said positive terminal exceeds a second predetermined level;
PA1  an indicating lamp connected between said supply cable and said positive
      field energizing terminal; and
PA1  a clamp energizing circuit including an output transistor and an input
      transistor wherein said output transistor has a collector-emitter path
      between said indicating lamp and ground and a base connected to said
      positive terminal through the compensating circuit, said base additionally
      being connected to a collector of the input transistor, and wherein said
      input transistor has a base electrically connected to the battery, whereby
      when said battery is disconnected from at least one of said supply cable
      and base of the input transistor, the output transistor is made conductive
      to energize said indicating lamp.
NUM  5.
PAR  5. A voltage regulating system as set forth in claim 4, wherein said
      compensating circuit comprises a plurality of diodes.
NUM  6.
PAR  6. A voltage regulating system as set forth in claim 4 wherein said
      compensating circuit comprises a zener diode.
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ABST
PAL  A circuit arrangement for facilitating the determination of a wire break in
      a line interconnecting a plurality of subscriber stations in a direct
      current, keyed data transmission system. Each subscriber station is
      equipped with a bridge circuit containing a balancing resistance, bridge
      resistances and a fourth arm formed by the transmission line. A
      transmitter is connected in one diagonal of the bridge, and the receiver
      in another. An operational amplifier forms a first voltage source
      connected in the line circuit and a second voltage source connected in the
      balancing arm generates a monitoring current flow. The two operational
      amplifiers forming these voltage sources function as differential
      amplifiers, and the voltages are adjusted to the same value by a single
      balancing operation.
PARN
PAR  This is a COntinuation of application Ser. No. 288,286, filed Sept. 12,
      1973 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for generating ungrounded voltages for
      superposition on a signal-bearing transmission line. In a commonly
      assigned, copending U.S. application, Ser. No. 275,411, filed July 26,
      1972, now U.S. Pat. No. 3,803,355, there is described a circuit
      arrangement for line monitoring for wire breaks in direct current, keyed
      data transmission systems. The transmitting and receiving units of a
      subscriber station are provided with a low impedance internal resistance
      for the transmitter and a high impedance internal resistance for the
      receiver. Each internal impedance is connected into the shunt arm of a
      bridge circuit, having bridge arms composed in each case of the balancing
      network circuit, two complementary bridge resistances and the line. In
      each terminal station a first voltage source connected into the line
      circuit and a second voltage source connected into the balancing network
      circuit are provided. These voltage sources generate a monitoring current
      flow on the subscriber line in the presence of inversely-poled sending
      voltages across the terminal stations.
PAR  The arrangement set forth in the aforementioned application permits line
      monitoring through measurement of the conduction current. Thus, not only
      can a line break be detected, but also a breakdown in the power supply.
      The switching in of the two supplementary direct voltages has as a
      consequence that the transmission line always carries current in the
      operating state. When a breakdown occurs in the power supply, the station
      impedance becomes so high that a line break is simulated.
PAR  In providing the two supplementary voltage sources, one has to start from
      the assumption that the construction of prior art DC data transmission
      systems have low transmitting voltages and do not admit grounding of the
      two voltages. Therefore, to generate a voltage which is free of earth
      potential, a principle is employed which is applied in the known telegraph
      keying circuits. This principle contemplates an AC voltage being
      inductively balanced-out by a continually operating blocking oscillator;
      this AC voltage is rectified and supplied to the circuit as a DC voltage,
      which is independent of earth potential.
PAR  An object of this invention is the provision of a simple circuit
      arrangement for producing the aforementioned two supplementary voltages.
PAC  SUMMARY OF THE INVENTION
PAR  In order to achieve the aforementioned and other objects the sending unit
      is connected to a non-inverting input of a first operational amplifier.
      This amplifier has an output connected on the one side, to a transmission
      line, and on the other, a non-inverting input of a second operational
      amplifier is switched into the balancing-network circuit on the
      balancing-network resistance. Two resistances having the same value are
      arranged in series with a constant-current source between the output of
      the second operational amplifier and the reference point of the bridge
      circuit. An inverting input of the second operational amplifier is
      connected to a tap after the first resistance, and an inverting input of
      the first operational amplifier is connected to a tap after the second
      resistance. The two supplementary voltages are generated by means of two
      operational amplifiers.
PAR  In so doing, a DC voltage is supplied to the output and inverting input of
      the operational amplifiers functioning as differential amplifiers. This DC
      voltage is generated as a voltage drop across two resistances by means of
      a constant-current source. By regulating the constant current, both
      voltages are simply adjusted to the same value through a single balancing.
      The voltages are independent of earth potential.
PAR  The circuit of this invention can be constructed using integrated circuit
      techniques and requires little space. Blocking oscillator circuits and an
      inductive balancing-out are not required. Since the operational amplifiers
      have a very low output impedance, the supplementary voltage sources
      possess a very small internal impedance.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Many other advantages, features and additional objects of the present
      invention will become manifest to those skilled in the art upon making
      reference to the detailed description and to the accompanying sheets of
      drawings in which a preferred embodiment incorporating the principles of
      the present invention is shown by way of illustrative example.
PAR  FIG. 1 is a schematic diagram of the construction of one of the two
      terminal stations constructed in accordance with the above referenced U.S.
      application.
PAR  FIG. 2 is a schematic diagram of a preferred embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows one of two terminal stations which are interconnected via the
      transmission line U. In the terminal station, a balancing network
      resistance represented simply as an adjustable resistance RN and the two
      resistances R form a bridge circuit together with the loop circuit of the
      transmission line U. A transmitter S is inserted into one shunt arm, and a
      receiver E into the other arm. The transmitter S may, for example, be an
      electronic telegraph signal transformer, which is keyed by data to be
      transmitted SD. A receiver E is shown herein as an amplifier, which for
      example transmits the received data ED to a subscriber's station (not
      shown herein), likewise via a telegraph signal transformer. In this type
      of arrangement, the internal impedance of the sender, independent of the
      input impedance of the receiver, is of extremely low resistance relative
      to the bridge resistances, so that a low transmitting voltage can be
      employed.
PAR  A commonly used technique is a transmission process utilizing two similarly
      constructed terminal stations known as a DC data transmission system. One
      voltage source UW1 is series-connected in a shunt arm with the sender,
      while the other voltage source UW2 is series-connected in a bridge arm
      with the balancing-network resistance RN. In order to balance the bridge
      circuit accurately, it is necessary that the two voltages UW1 and UW2 have
      the same value. A monitoring receiver UW measures the voltage across the
      resistance R. In trouble-free state, the voltage across the resistance R
      is always greater than 0. In the presence of a line break, no voltage drop
      arises across the resistance R, so that the monitoring receiver UW is
      actuated, and it transmits a monitoring signal LU.
PAR  In accordance with the invention means are provided for producing
      ungrounded voltages. In the context of the above described terminal
      station preferred embodiments of the ungrounded voltage source may be used
      for the sources UW1 and UW2. Preferred embodiments of voltage sources
      constructed according to the invention are shown in FIG. 2. In applying
      the FIG. 2 circuit arrangement to the FIG. 1 terminal station it is
      inserted into the terminals A, B, C and M shown in FIG. 1, instead of the
      two voltage sources UW1 and UW2.
PAR  A basic concept in the generation of ungrounded voltages is the use of an
      operational amplifier, which functions as a differential amplifier, and to
      which a constant DC voltage is supplied between the output and the
      negating input. Since an operational amplifier amplifies the differential
      voltage applied between the two input terminals, the constant direct
      voltage is superposed on the applied sending signal.
PAR  Terminal C produces the output of the sender S (FIG. 1) transmitting the
      sending voltage USa toward the reference point M of the bridge; the
      sending voltage is applied across the non-inverting input of the operation
      amplifier V1. The output of the operational amplifier is connected to the
      non-inverted input of a second operational amplifier V2.
PAR  The direct voltages are generated by means of two resistances R1 and R2
      having the same value and traversed by a constant current I.sub.0 from a
      constant-current source ST. The voltage dropping across the resistance R2
      represents the voltage UW2, which is applied across the negating input of
      the operational amplifier V2. The voltage UW1 appears across the
      resistance R1 and is applied across the negating input of the operational
      amplifier V1. At the output of the operational amplifier V1 there appears
      across terminal A and reference point or terminal M a voltage consisting
      of the sum of the sending voltage USa and the voltage UW1.
PAR  The voltage applied across the input terminals of the operational amplifier
      V2 consists of the sending voltage USa augmented by the voltage value UW1.
      To this is added the voltage UW2 which is applied between the output and
      the negating input, so that a voltage appears across output B of the
      operational amplifier V2 and reference point M, which consists of the
      sending voltage and the two voltages UW1 and UW2. Again, only the voltage
      UW2 is generated between the terminals B and A. There is no voltage
      difference between the terminal A and the common junction point of the
      resistances R1 and R2.
PAR  In the presence of a transmission line voltage breakdown, the bridge
      diagonal, referring to the FIG. 1 circuit, between the points A and M and
      the bridge arm between the terminals A and B are high impedance. As
      discussed above, this indicates a line break or the like. The
      constant-current source St is generated by a transistor circuit of known
      construction. By varying the constant current I.sub.0, the two voltages
      UW1 and UW2 can be balanced in a simple manner.
PAR  The voltage source UW1 may be disposed in the line circuit, for example, in
      the line a (FIG. 1). To maintain the balancing condition of the bridge
      circuit, it is necessary that the voltage source UW1 have half the voltage
      value of the source UW2. The generation of the voltage sources by
      operational amplifiers V1 and V2 requires constant currents for the
      operational amplifiers. In that case, the resistance R1 and R2 traversed
      by the constant current is disposed between the outputs and the negating
      inputs of the operational amplifiers V1 and V2. The voltage sources UW1
      and UW2 are balanced by adjusting the constant currents through resistors
      R1 and R2 by adjusting I.sub.0.
PAR  This invention has been described hereinabove in terms of a preferred
      embodiment and in connection with an application of the invention to a
      particular circuit arrangement. The description is only exemplary, and it
      is to be noted that modifications to or changes in the described
      embodiment may be made within the scope of the invention, as defined by
      the appended claims. Further, the principles of the invention can be
      applied in environments other than that described herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for determining the existence of a wire break in a
      transmission line connecting subscriber stations in a direct current,
      keyed data transmission system comprising:
PA1  bridge circuit means in each said subscriber station, said bridge circuit
      comprising four arms constituted by said transmission line, balancing
      resistance means and first and second bridge resistances,
PA1  transmitter means connected into one diagonal of said bridge circuit means,
      said transmitter means having at least first and second terminals,
PA1  receiver means connected into another diagonal of said bridge circuit,
PA1  first and second operational amplifier means, each having an inverting
      input and a non-inverting input and an output,
PA1  a first terminal of said transmitter means being connected to said
      noninverting input of said first operataonal amplifier means,
PA1  said output of said first operational amplifier means being connected to
      said transmission line and to said non-inverting input of said second
      operational amplifier means,
PA1  a constant current source,
PA1  first and second resistances,
PA1  said output of said second operational amplifier means being connected to
      an end of said balancing resistance means, said end being connected to
      said output terminal of said second operational amplifier means and then
      to said transmission line, said output of said operational amplifier means
      being further connected to a series connection of said first resistance, a
      first junction point, said second resistance, a second junction point and
      said constant current source, said series combination being series
      connected to said second terminal of said transmitter means,
PA1  said first junction point being connected to said inverting input of said
      second operational amplifier means and said second junction point being
      connected to said inverting input of said first operational amplifier
      means,
PA1  said first bridge resistance being connected to said second terminal of
      said transmitter means and to said transmission line, and
PA1  monitoring means connected across said first bridge resistance and for
      emitting a signal when there is no voltage drop thereacross,
PA1  said second terminal of said transmitting means being further connected to
      the connecting point between said first and second bridge resistances.
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PAL  A measuring transformer arrangement with a capacitor bushing and devices
      for measuring voltage and current associated with the capacitor bushing is
      suitable for use in a high-voltage installation with metal encapsulation
      carrying several high-voltage conductors. The capacitor bushing provided
      for each high-voltage conductor is arranged in a bulkhead partition of the
      metal encapsulation and carries a current measuring device which includes
      at the periphery of the bushing at least one current transformer core with
      a secondary winding system mounted thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a measuring transformer with a capacitor bushing
      and with devices for measuring voltage and current associated with the
      capacitor bushing.
PAR  A measuring transformer of this kind is disclosed in Czechoslovakian Pat.
      No. 437,521 and includes semiconductor arrangements which respond to the
      magnetic or the electrostatic field of the capacitor bushing and are
      attached in or at the capacitor bushing. At amplifiers following these
      arrangements, measurement quantities can then be taken off which are
      proportional to the current as well as to the voltage in or on the
      high-voltage conductor extending through the capacitor bushing.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a measuring transformer
      arrangement for making voltage and current measurements in a high-voltage,
      metal-encapsulation carrying several high-voltage conductors which is both
      effective and of simple configuration.
PAR  The measuring transformer arrangement according to the invention is
      suitable for use in a gas-insulated or liquid-insulated, high-voltage
      installation with a metal encapsulation carrying several conductors.
      Capacitor bushings are provided for each of the high-voltage conductors
      and are arranged in a bulkhead partition of the metal encapsulation. At
      their periphery, the capacitor bushings carry as devices for the current
      measurement at least one current transformer core each, with a secondary
      winding system mounted thereon.
PAR  The primary advantage of the measuring transformer arrangement according to
      the invention is that its installation in the metal encapsulation of a
      high-voltage switching installation is relatively simple because capacitor
      bushings for the feedthrough of the high-voltage conductors already exist
      in the bulkhead partition which is required in the installation. The means
      required for constructing the measuring transformer arrangement according
      to the invention are therefore relatively modest.
PAR  The devices for measuring the voltages may be configured in different ways,
      for example, they may consist of a semiconductor arrangement for the
      measurement of voltage such as is known from the above-mentioned
      Czechoslovakian Pat. No. 437,521. However, it is considered as
      particularly advantageous if, for each bushing, the device for measuring
      the voltage consists of a capacitor connected to a control electrode in
      the capacitor bushing, the capacitor, being a low-potential capacitor and
      followed by an amplifier. The control electrode surrounds the high-voltage
      conductor and conjointly defines therewith a high-potential capacitor. The
      high-potential capacitor and the low-potential capacitor conjointly define
      a capacitive voltage divider. With such a configuration of the device for
      the voltage measurement, no semiconductor arrangement is required; rather,
      a control electrode necessary for the control of the voltage in the
      capacitor bushing is utilized also to form a high-potential capacitor. The
      production of a measuring transformer provided with such a device for
      measuring the voltage in accordance with the invention is therefore
      especially cost-effective.
PAR  Especially if the high-voltage installation, which is to be equipped with
      the measuring transformer according to the invention, is a gas-insulated
      installation, the capacitor bushings are advantageously made as cast resin
      bushings, each with an embedded control electrode and two grounded guard
      ring-electrodes on either side of the control electode. In gas-insulated
      switching installations, the use of cast resin bushings has the advantage
      that a gastight seal is established in the area of the capacitor bushings
      in the bulkhead partition and the performance of the bulkhead partition is
      not affected.
PAR  Although the invention is illustrated and described herein as a measuring
      transformer with a capacitor bushing, it is nevertheless not intended to
      be limited to the details shown, since various modifications may be made
      therein within the scope and the range of the claims. The invention,
      however, together with additional objects and advantages will be best
      understood from the following description and in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram showing a transverse view of the measuring
      transformer arrangement according to the invention arranged in a metal
      encapsulated, high-voltage installation.
PAR  FIG. 2 is a schematic diagram, partially in section, showing the voltage
      transformer and the current transformer of the measuring transformer
      arrangement according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring to the drawing, three capacitor bushings 4, 5 and 6 are arranged
      in a bulkhead partition 1 of a metal encapsulation 2 of a high-voltage
      installation 3 which can be, for example, a high-voltage switching
      installation. The capacitor bushings 4 to 6 are made as cast resin
      bushings and each contains a control electrode 7 and guard ring-electrodes
      8 and 9 on either side of the control electrode 7; the control electrode 7
      as well as the guard ring-electrodes 8 and 9 represent cylindrical
      electrodes and are embedded in the cast resin bushings 4 to 6.
PAR  Together with the high-voltage conductors 10, 11 and 12 contained in the
      capacitor bushings 4, 5 and 6, the control electrodes form respective
      high-potential capacitors. For the capacitor bushing 4, this capacitor is
      shown in equivalent circuit form by a broken-line. The control electrode 7
      is connected by means of a lead 13 with a low-voltage capacitor 14
      arranged outside the metal encapsulation. The high-potential capacitor and
      a low-potential capacitor conjointly define a capacitive voltage divider.
      The guard ring-electrodes 8 and 9 are grounded by being connected to a
      mounting ring 15 supported by each of the capacitor bushings 4 to 6; this
      mounting ring 15 is attached at the bulkhead partition 1 which, due to its
      connection with the grounded metal encapsulation 2, is also grounded. An
      amplifier 16, which is followed by a load 17, is connected to the
      low-potential capacitor 14. The load 17 may represent a measuring device
      or a protective device.
PAR  The other two capacitor bushings 5 and 6 are equipped with corresponding
      devices for the measurement of voltage.
PAR  The embodiment illustrated in FIGS. 1 and 2 includes a device for measuring
      current which includes a current transformer core 18 with a secondary
      winding system 19 mounted thereon, and a further current transformer core
      20 with a secondary winding system 21 mounted thereon. The current
      transformer cores of the kind designated by 18 and 20 are supported on
      each of the capacitor bushings 4 and 6, respectively. The ends of the
      secondary winding systems 19 and 21 are brought out of the metal
      encapsulation 2; these winding ends are not shown in the drawing to
      provide clarity.
PAR  The measuring transformer arrangement according to the invention is
      suitable for a high-voltage installation such as a switching installation
      equipped with a metal encapsulation carrying several high-voltage
      conductors. The measuring transformer arrangement according to the
      invention affords the capability, with relatively modest means, of
      measuring currents and voltages in or on the high-voltage conductors of
      the high-voltage installation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a high-voltage, fluid-insulated switching installation having a metal
      enclosure and containing a plurality of high-voltage conductors, the metal
      enclosure including at least one metal bulkhead for dividing the metal
      enclosure into separate compartments and extending transverse to the
      conductors, a measuring transformer arrangement comprising: a plurality of
      feedthrough bushings mounted in the bulkhead and corresponding to
      respective ones of the high-voltage conductors for accommodating the same
      at the bulkhead; a plurality of voltage detection devices for detecting
      the voltage on corresponding ones of the high-voltage conductors, each of
      said voltage detection devices including capacitor means disposed in the
      bushing associated with the corresponding high-voltage conductor; and a
      plurality of current detection devices for detecting the current in
      corresponding ones of the high-voltage conductors, each of the current
      detection devices including a transformer unit arranged on the outer
      surface of the bushing associated with the corresponding high-voltage
      conductor, each of said current transformer units including a current
      transformer core, and a secondary winding system mounted on said core.
NUM  2.
PAR  2. The measuring transformer arrangement of claim 1, said capacitor means
      for each of said voltage detection devices comprising a control electrode
      arranged in the corresponding feedthrough bushing so as to be in
      surrounding relation to the high-voltage conductor accommodated therein,
      said control electrode and the high-voltage conductor conjointly defining
      a high-voltage capacitor; and, said voltage detection device further
      including a low-voltage capacitor connected to said control electrode;
      said high-voltage capacitor and said low-voltage capacitor conjointly
      defining a voltage divider.
NUM  3.
PAR  3. The measuring transformer arrangement of claim 2, said voltage detection
      device including an amplifier connected across said low-voltage capacitor.
NUM  4.
PAR  4. The measuring transformer arrangement of claim 2, the feedthrough
      bushing corresponding to said voltage detection device being made of cast
      resin, said control electrode being embedded in said feedthrough bushing;
      and grounded guard ring-electrodes embedded in said bushing and disposed
      on respective ends of said control electrode.
NUM  5.
PAR  5. A measuring transformer arrangement suitable for installation in a
      fluid-insulated, high-voltage equipment such as in a high-voltage
      switching installation or the like having a metal enclosure and containing
      a plurality of high-voltage conductors, the metal enclosure including at
      least one bulkhead extending transverse to the high-voltage conductors,
      the measuring transformer arrangement comprising: a plurality of cast
      resin feedthrough bushings corresponding to respective ones of the
      high-voltage conductors for accommodating the same at the bulkhead; a
      plurality of voltage detection devices for detecting the voltage on
      corresponding ones of the high-voltage conductors, each of said voltage
      detection devices including capacitor means disposed in the bushing
      associated with the corresponding high-voltage conductor; a plurality of
      current detection devices for detecting the current in corresponding ones
      of the high-voltage conductors, each of the current detection devices
      including a transformer unit arranged on the outer surface of the bushing
      associated with the corresponding high-voltage conductor, each of said
      current transformer units including a current transformer core, and a
      secondary winding system mounted on said core; said capacitor means for
      each of said voltage detection devices comprising a control electrode
      arranged in the corresponding feedthrough bushing so as to be in
      surrounding relation to the high-voltage conductor accommodated therein,
      said control electrode and the high-voltage conductor conjointly defining
      a high-voltage capacitor; and, said voltage detection device further
      including a low-voltage capacitor connected to said control electrode;
      said high-voltage capacitor and said low-voltage capacitor conjointly
      defining a voltage divider, said control electrode being embedded in said
      cast resin feedthrough bushing; and grounded guard ring-electrodes
      embedded in said bushing and disposed on respective ends of said control
      electrode, said voltage detection device including an amplifier connected
      across said low-voltage capacitor.
NUM  6.
PAR  6. The measuring transformer arrangement of claim 4, said guard-ring
      electrodes being connected directly to the metal bulkhead.
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ABST
PAL  An improved reactive power compensator for a transmission line is effective
      to correct voltage transients and overloads of diverse kinds. The reactive
      power developed by a conventional main reactive element such as a DC-bias
      controlled choke in the compensator is varied in accordance with an error
      signal representative of the difference between the instantaneous voltage
      across a particular junction of the line and a reference value. Excitation
      for the main element is supplied by a variable shunt reactance which
      exhibits a no-load inductive power loss that is large compared to the
      magnetization power loss of a conventional distribution transformer. The
      shunt reactance has an exciting winding coupled across the line at the
      junction and a power winding inductively coupled to the exciting winding
      for feeding the main reactive element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is well known, long power transmission lines are susceptible to
      instabilities in line frequency and voltage and also to transient
      overvoltages due to abrupt changes in operating conditions such as load
      drop-off.
PAR  Reactive power compensators are commonly used in such transmission lines to
      minimize transmission losses and to maintain the line voltage levels
      within prescribed limits. A common scheme of this type includes a shunt
      reactor located at a specified junction along the line as described, e.g.,
      in A. Edlinger et al, "Use of High Voltage Chokes for Compensation of Very
      High Voltage Transmission Lines", CIGRE Report Number 402 (1964).
PAR  In order to provide stabilization in such types of systems, a capacitor may
      be serially connected in the line as described in the above-mentioned
      report. Alternatively, stabilization can be provided by means of a choke
      having DC-controlled bias magnetization and connectable directly to the
      line in the manner described, e.g., in H. Becker et al, "Three-Phase Shunt
      Reactors with Continuously Controlled Reactive Current, " CIGRE Report
      Number 31 - 13 (1972). Another type of stabilizer employs a nonlinear
      choke having compensation windings and associated filter circuitry, such
      choke being connected to the line via a conventional distributional
      transformer in the manner described, e.g., in E. Friedlander, "Static
      Network Stabilization," GEC Journal, pages 58 - 64 (1966).
PAR  Presently known compensators of these types have several disadvantages. The
      arrangements connectable directly to the line are unable to fully limit
      over-voltages during start-up conditions. The use of a conventional
      distribution transformer coupled between the line and the remainder of the
      compensator results in the excitation of harmonic and subharmonic
      oscillations because of the reactance of the transformer. Even the DC
      magnetization scheme, which avoids these immediate problems, is limited in
      its effectiveness because of the time constant of the DC circuit.
PAC  SUMMARY OF THE INVENTION
PAR  The arrangement of the invention provides an improved reactive power
      compensator which avoids the above-mentioned disadvantages; further, it
      results in the effective limitation of over-voltages during various
      situations such as start-up, fault occurrence and load switching, as well
      as in the improved stability of the system.
PAR  In an illustrative embodiment, the compensator includes a main reactive
      element such as a choke which is controlled by DC bias magnetization and
      whose reactive power is varied in response to an error signal generated by
      a control circuit. The error signal is proportional to the difference
      between the instantaneous voltage at a particular junction of the line and
      a reference value.
PAR  A variable shunt reactance which has an exciting winding connected across
      the line at the junction has an additional power winding inductively
      coupled to the exciting winding for supplying excitation current to the
      main reactive element. The shunt reactance is designed to have a no-load
      inductive power loss that is large compared to the normal magnetization
      power loss of a standard distribution transformer. For added
      stabilization, a discretely adjustable capacitor regulated by the control
      circuit may be connected in parallel with exciting winding of the shunt
      reactance.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention is further set forth in the following detailed description
      taken in conjunction with the appended drawing, in which:
PAR  FIG. 1 is a combined block and schematic diagram of an adjustable reactive
      power compensator in accordance with the invention; and
PAR  FIG. 2 is a graph illustrating the voltage-current characteristics of a
      variable shunt reactance in the compensator of FIG. 1 under no-load and
      loaded conditions, respectively.
PAR  FIGS. 3 to 6 illustrate variations of a portion of the circuit in FIG. 1
      and show various forms of the element b,portions which correspond
      identically to those in FIG. 1 being omitted.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing, a transmission line f, suitably returned to
      ground by suitable facilities not shown, is provided with an improved
      reactive power compensator 50. The compensator 50 is designed to provide
      improved voltage protection and stabilization of the line under a large
      variety of operating conditions. For purposes of illustration, the
      protective effect of the compensator 50 is assumed to be designed in part
      for voltage, stabilization at a particular junction d of the line.
PAR  The compensator 50 includes a main reactive element b which may be a
      conventional choke controlled by DC bias magnetization; however, many
      other forms of such element are suitable, such as a synchronous phase
      shifter, a thyristor-controlled capacitor or choke bank, and so forth. It
      is understood that such elements may be employed singly or in combination
      as circumstances warrant.
PAR  The reactive power of the element b is adjustable in accordance with an
      error signal from a control circuit e to maintain the voltage at the
      junction d at a predetermined value and to compensate for excess reactive
      power swings in the transmission line; such swings may be caused, e.g., by
      transients or shifting load conditions.
PAR  The control circuit e develops the required error signal as a quantity
      proportional to the difference between the instantaneous voltage at the
      junction d (as sensed by a suitable detector g) and a reference value. In
      addition to being voltage-responsive in this manner, the control circuit e
      may also be designed to be effective on a selective basis to vary the
      reactive power of the element b in accordance with changes in the current
      amplitude through, or the frequency of excitation of, the line f.
PAR  Excitation for the element b is not obtained directly from the line f or
      from a conventional distribution transformer connected to such line as in
      prior designs; instead, such excitation is provided by a high-voltage
      variable shunt reactance A having an exciting winding a connected in shunt
      with the line f at the junction d. A power winding a' of the shunt
      reactance is magnetically coupled to the exciting winding a and serves as
      the power feed for the element b; in this way, the shunt reactance
      cooperates with the control circuit e to provide the required voltage
      stabilization of the line.
PAR  The inductive power loss of the reactance A when its power winding is
      unloaded is large compared to the magnetization power loss of a standard
      distribution transformer. The reactance A performs, in fact, like a
      transformer with a very large magnetizing current; a magnetization power
      in the range of 10 - 300 percent of the main power handled by the device
      is common. The reactance A may also be provided with suitable compensating
      and control windings (not shown).
PAR  The voltage-current characteristics of the exciting winding of the
      reactance A when the power winding thereof is respectively open-circuited
      and loaded by the main element b are shown in curves 1 and 2,
      respectively, of FIG. 2. The no-load, curve 1 exhibits a linear portion 1a
      when the voltage on the line is below a prescribed value and a saturated
      portion 1b when the voltage exceeds such value. Corresponding linear and
      saturated regions 2a and 2b are shown for the loaded curve. The saturation
      current in the portion 1b of the curve 1 is much smaller than that of a
      typical distribution transformer. A transition from linear operation to
      saturation operation in the shunt reactance is accompanied by an increase
      in the reactive power handled by the compensator.
PAR  For improved stability, a variable capacitor c is coupled in shunt with the
      exciting winding a of the reactance A. Stepwise control of the value of
      the capacitor is provided by means of the control circuit e.
PAR  FIG. 3 shows a portion of FIG. 1 wherein the element b takes the form of a
      DC bias control choke. FIG. 4 shows a portion of FIG. 1 wherein the
      element b takes the form of a synchronous phase shifter. FIG. 5 shows a
      portion of FIG. 1 wherein the element b takes the form of a thyristor
      controlled capacitor. FIG. 6 shows a portion of FIG. 1 wherein the element
      b takes the form of a choke bank.
PAR  In the foregoing, the invention has been described in connection with a
      preferred arrangement thereof. Many variations and modifications will now
      occur to those skilled in the art. For example, when the power line is
      associated with a multiphase distribution system, each phase may be
      separately controlled by a compensator of the type described above. It is
      accordingly desired that the scope of the appended claims not be limited
      to the specific disclosure herein contained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reactive power compensator for a transmission line comprising a
      reactive power drawing element, control means responsive to variations in
      the voltage at a prescribed junction of the line for varying the reactive
      power draw of the element, an adjustable shunt reactance having an
      exciting winding connected across the line and a secondary winding
      magnetically coupled to the exciting winding and connected to the element
      for energizing such element, said element drawing power from the
      reactance, said control means varying the power drawn from the reactance
      on the basis of variations in the line voltage so as to vary the reactive
      effect of the reactance.
NUM  2.
PAR  2. An adjustable reactive power compensator for a transmission line
      comprising, a power-drawing reactive element; a variable shunt reactance
      having magnetically coupled exciting and power windings, the exciting
      winding having a relatively large inductive power loss when the power
      winding is unloaded; means for connecting the exciting winding of the
      shunt reactance across the transmission line at a prescribed junction
      thereof; means for coupling the power winding of the shunt reactance to
      the reactive element for energizing such element so that the element draws
      power from the shunt reactance and changes the impedance of said reactance
      in response to the power drawn; detection means for sensing the
      instantaneous voltage across the junction; and control means coupled to
      the detection means for generating a control signal indicative of the
      difference between the sensed voltage from the detection means and a
      reference value; the control means being coupled with the reactive element
      and with the shunt reactance for adjusting the power drawn by the reactive
      element to vary the impedance of the reactance and maintain the voltage at
      the junction at the reference value.
NUM  3.
PAR  3. A compensator as defined in claim 2, in which discretely variable
      capacitor means are connected in parallel with the exciting winding of the
      shunt reactance.
NUM  4.
PAR  4. A compensator as defined in claim 3, further comprising means for
      coupling the control means to the capacitor means for selectively varying
      the capacitance of the capacitance means.
NUM  5.
PAR  5. A reactive power compensator for a transmission line, comprising a shunt
      reactor having a first winding connected across the line for varying the
      electrical conditions across the line, control means responsive to the
      conditions across the line for varying the reactance of said shunt
      reactor, characterized in that said control means includes a second
      winding inductively coupled to said first winding a power drawing element
      coupled to the second winding, and a control circuit responsive to the
      electrical conditions of the line and coupled to the power drawing element
      for varying the impedance of the element so as to draw power from the
      second winding through the element and thereby change the reactance of the
      shunt reactor.
NUM  6.
PAR  6. An apparatus as in claim 5, wherein said element has a variable
      impedance response to the control circuit.
NUM  7.
PAR  7. An apparatus as in claim 5, wherein said element is a reactive element.
NUM  8.
PAR  8. An apparatus as in claim 7, wherein said reactive element is a choke
      controlled by a DC bias.
NUM  9.
PAR  9. An apparatus as in claim 7, wherein said element is a synchronous phase
      shifter.
NUM  10.
PAR  10. An apparatus as in claim 7, wherein said element is a thyristor
      controlled capacitor.
NUM  11.
PAR  11. An apparatus as in claim 7, wherein said element is a choke bank.
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PAL  A method and apparatus for locating and evaluating geothermal sources of
      energy wherein it is known that the earth has electrical currents and that
      these currents are reflected in electrostatic voltage gradients above the
      earth with magnitudes in proportion to the magnitudes of adjacent
      subterranean geothermal sources, characterized by detecting the voltage
      gradients; individually recording the voltage gradients; and evaluating
      the recorded gradients for determination of the location and potential of
      adjacent sources of geothermal energy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method and apparatus for locating and
      evaluating geothermal sources of energy and more particularly to such a
      method and apparatus which are operable at a small fraction of the expense
      of conventional methods and apparatus in locating geothermal sources of
      commercial potential with the capability of evaluating vast territories
      rapidly, efficiently, and with a precision not heretofore achievable at a
      commercially acceptable expense.
PAR  The few prior art patents, such as the Blau U.S. Pat. No. 2,403,704 and
      Birman U.S. Pat. No. 3,217,550, relate primarily to methods and/or
      apparatus requiring the drilling of exploratory boreholes to permit the
      recording of subsurface temperatures. Such prior art practices are subject
      to deficiencies which the method and apparatus of the present invention
      have overcome.
PAR  As pointed out in joint applicant Sayer's copending patent application,
      Ser. No. 325,657, filed Jan. 22, 1973, geothermal anomalies, that is
      subterranean sources of heat energy, have long been recognized as a
      potentially almost unlimited source of energy. Geothermal anomalies are
      often manifest in the form of subterranean bodies of naturally super
      heated water or steam. Whether or not ambient fluid is present at the
      source is not of primary importance, however, since it is known to pump
      surface water to such sources for heating to permit the subsequent
      extraction of energy from the water. Thus, it is the location of the
      geothermal source itself which is of paramount importance.
PAR  The approximate location of such sources is sometimes apparent in the
      presence on the surface of the earth of such phenomena as geysers and
      fumaroles. However, it is extremely difficult to locate the sources of
      such surface features because they are frequently connected to the surface
      through intricate underground passages or vents leading from the surface
      to the source at great depth and sometimes laterally disposed with respect
      to the surface phenomena. Furthermore, it has been discovered that
      abundant geothermal sources lie at depths in the earth in areas where
      there is an absence of surface features which would make their presence
      readily apparent.
PAR  Conventional practice requires the performance of laborious and extremely
      expensive surveys in order adequately to evaulate even quite limited
      areas. Such surveys commonly require the drilling of a plethora of trial
      boreholes and the recording of temperatures at the bottoms of such
      boreholes. This is normally inordinately expensive and frequently proves
      to be fruitless. Thus, the harnessing of geothermal energy has been of
      only limited success due to the difficulty in accurately and efficiently
      locating the sources of such energy at a commercially acceptable cost
      rather than in bringing such sources into production once located.
PAR  Therefore, it has long been recognized that it would be desirable to have a
      method and apparatus capable of accurately, inexpensively and dependably
      locating sources of geothermal energy of commercial significance.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      method and apparatus for locating geothermal sources of energy.
PAR  Another object is to provide such a method and apparatus which have the
      capability of making available vast natural reserves of energy for the
      generation of electrical energy therefrom.
PAR  Another object is to provide such a method and apparatus which make
      commercially feasible the harnessing of abundant sources of geothermal
      energy not heretofore available because of the conventionally inordinate
      expense of locating them.
PAR  Another object is to provide such a method and apparatus which permit a
      thorough and dependable evaluation of the geothermal potential of
      expansive areas of terrain.
PAR  Another object is to provide such a method and apparatus which vastly
      increase the speed with which geothermal sources can be located and
      evaluated.
PAR  Another object is to provide such a method and apparatus which do not
      require the repeated drilling of exploratory bore-holes in an attempt to
      locate sources of geothermal energy.
PAR  Another object is to provide such a method and apparatus which do not
      require an elaborate array of test equipment.
PAR  Another object is to provide such a method and apparatus which utilize a
      geological phenomenon to gather the test data for evaluation.
PAR  Another object is to provide such a method and apparatus which are adapted
      to be utilized in even quite rugged terrain.
PAR  A further object is to provide such a method and apparatus which can be
      selectively and discriminately employed to locate geothermal sources with
      a precision not heretofore achievable.
PAR  Further objects and advantages are to provide improved elements and
      arrangements thereof in an apparatus for the purposes described which is
      dependable, economical, durable and fully effective in accomplishing its
      intended purposes.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic side elevation of the apparatus of the present
      invention shown mounted in its operative environment on a vehicle on the
      earth's surface relative to a representative subterranean geothermal
      source.
PAR  FIG. 2 is a perspective view of the apparatus of the present invention.
PAR  FIG. 3 is a schematic diagram of the apparatus showing the electrical
      circuit thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  It is not known with certainty what natural phenomenon is responsible for
      the operative success of the method and apparatus of the present
      invention. However, it is believed, as a result of experimentation, that a
      phenomenon known as the Nernst Effect occurring spontaneously in nature
      makes possible the operation of the method and apparatus of the present
      invention. In essence, the Nernst Effect acknowledges that a heat flux,
      incident on a slab of material which is subjected to a magnetic field,
      applied perpendicular to the heat flux produces a voltage gradient which
      is transverse to both the heat flux and the magnetic field. It is believed
      by the applicants that the Nernst Effect occurs spontaneously in nature in
      a heretofore unknown manner having a relationship to geothermal sources of
      energy of monumental importance. It is believed that a given geothermal
      heat flux eminating vertically through the earth to the surface subjected
      to the earth's natural magnetic field produces a voltage gradient of a
      given magnitude in the earth and that this gradient is reflected in an
      electrostatic voltage gradient of equal magnitude above the earth's
      surface.
PAR  Although it is not known with certainty that the Nernst Effect accounts for
      this phenomenon of voltage gradients, it is known that such voltage
      gradients exist. More importantly, it has been discovered by the
      applicants that there exists a relationship between such voltage gradients
      above the earth's surface and the heat flux of adjacent geothermal
      sources. Certain reliable and consistent characteristics of these voltage
      gradients have given rise to the method and apparatus of the present
      invention. The applicants have discovered that the magnitudes of the
      individual voltage gradients correspond directly or are in proportion to
      the magnitudes of the heat flux from geothermal sources lying
      substantially vertically below the points of location of the voltage
      gradients on the earth's surface. The method and apparatus of the present
      invention are intended to operate on this relationship to permit the
      location and evaluation of geothermal sources of commercial potential.
PAR  Referring more particularly to the drawing, the phenomenon discovered by
      the applicants is schematically represented in FIG. 1. The earth's crust
      is represented at 10 below the earth's surface 11. The earth's crust, for
      illustrative convenience, is shown in the drawing as a homogeneous
      composition. Although, of course, such subsurface features as rock strata,
      ground water, sand, oil deposits, and the like may be present, such
      features are not believed significantly to affect the operation of the
      method and apparatus of the present invention.
PAR  A source of geothermal energy is schematically represented at 12 in the
      earth's crust 10 lying at depth below the earth's surface 11. For
      illustrative convenience, radiant heat energy or heat flux from the source
      is shown by lines 13. As previously noted, this heat flux, when subjected
      to the earth's natural magnetic field, is believed to produce a voltage
      gradient, not shown, in the earth which is reflected in an electrostatic
      voltage gradient, also not shown, above the earth's surface of equal
      magnitude. However, regardless of the cause for this phenomenon, the
      electrostatic voltage gradients above the earth's surface have been found
      to vary directly with or in proportion to the magnitude of the geothermal
      source. These voltage gradients are quite small varying through a range
      normally of from very small fractions of volts to 3.0 volts or greater.
PAR  In essence, the practice of the method of the present invention calls for
      the sensing or detecting of such electrostatic voltage gradients above the
      earth's surface 11 during earth traversing movement through an area
      selected to be studied, the recording of the voltage gradients noting the
      relative location on the earth's surface in the test area of such
      detection and the subsequent evaluating of the recorded gradients
      preferably by geographically plotting the readings on a map at the points
      recorded to locate the geothermal source of the greatest commercial
      potential. It is believed that movement over the earth's surface is
      required in the practice of the method although the reason for this is not
      known with certainty. It is suspected that an "in place" reading is
      interfered with by air static voltages.
PAR  The apparatus of the present invention is generally represented at 20 in
      FIG. 1 shown mounted on a suitable vehicle 21 adapted for earth traversing
      movement. As will become more clearly apparent, the apparatus can be
      mounted on a variety of types of vehicles.
PAR  The apparatus 20 has a box-like housing 30, having integral opposite end
      walls 31 and opposite side walls 32. The housing has a back plate 33 and a
      face plate 34 mounted on the end and side walls in spaced, substantially
      parallel relation so as to form an interior 35 for the housing. The face
      plate has a display window therein. The lower end wall, as viewed in FIG.
      2, has an elongated longitudinal slot 37 therein for purposes subsequently
      to be described.
PAR  A galvanometer 40 is mounted on the face plate 34 in the interior 35 of the
      housing 30. The galvanometer has a dial 41 which displays a scale of
      indicia 42. The galvanometer preferably has a range of sensitivity,
      represented by the scale of indicia on the dial, of from 0 volts to more
      than 3.0 volts. The galvanometer is mounted on the face plate with the
      dial in alignment with the display window of the plate. An indicator
      needle 43 is operably borne by the galvanometer in the conventional
      fashion to indicate a voltage reading against the indicia within the
      display window.
PAR  A strip chart recorder 50, capable of recording the amplitude variations of
      the electrostatic voltage gradients is mounted in the interior 35 of the
      housing 30 adjacent to the slot 37. The recorder has a recording sweep
      hand 51 extending through the slot, as shown in FIG. 2. The sweep hand is
      of any suitable type capable of recording the data received by the
      recorder on a strip chart. A continuous strip chart 52 is mounted in the
      interior of the housing in a rolled configuration. The strip chart is
      mounted so as to be capable of being gradually unrolled. The strip chart
      has a lead portion 53 which is extended through the slot 37 so as to be
      engaged by the sweep hand, as shown in FIG. 2. The strip chart can be
      constructed of any suitable material including paper or transparent
      plastic. In any case, the strip chart preferably displays indicia or
      calibrations 54 adjacent to one edge thereof throughout the length of the
      chart to indicate geographic location, as will subsequently be described.
      A power source or battery 55 is removably mounted in the interior of the
      housing for convenient replacement. A potentiometer 56 is provided on the
      face plate 34 of the housing within the interior 35. The potentiometer
      mounts a control dial assembly 57 extending through the face plate to the
      exterior of the housing for manual adjustment.
PAR  A field-effect transistor 60 is affixed in the interior 35 of the housing
      30 on a side wall 32. The transistor has a case 61 having a standard
      field-effect transistor wafer or plate 62 mounted therein. As best shown
      schematically in FIG. 3, the transistor plate has a gate contact 63, a
      drain contact 64, and a source contact 65.
PAR  The vehicle 21 has an odometer 70, shown in FIG. 2. The odometer is of
      conventional design mounted in driven engagement with an odometer drive
      cable assembly 71 of the vehicle. A strip chart drive cable assembly 72 is
      mounted in driven engagement with the odometer drive cable assembly. The
      assembly 72 has a remote drive take-off connection 73. A transmission
      mechanism 74 is borne by a side wall 32 of the housing 30. The mechanism
      has a connection socket 75 adapted to receive the take-off connection in
      driving engagement with the transmission mechanism. The transmission
      mechanism mounts a drive shaft 76 in driven relation thereto extending
      into the interior 35 of the housing. A friction drive wheel 77 is fastened
      on the drive shaft in the interior of the housing. The wheel is retained
      by the shaft in driving engagement with the lead portion 53 of the strip
      chart 52. As will subsequently be made more clearly apparent, when the
      connection is inserted in the socket, the transmission mechanism is
      adapted to rotate the drive wheel 77 at a predetermined speed so that data
      recorded on the chart is directly opposite to indicia 54 displayed by the
      chart indicating the precise geographic location in the test area at which
      the data was recorded.
PAR  A voltage sensitive probe 80 is mounted on the vehicle preferably on the
      forwardmost portion thereof with respect to the intended direction of
      travel, as shown in FIG. 1. The optimum length and attitude of the probe
      depends on the environment in which the test is to be conducted, the
      magnitude of the voltage gradients to be detected, and the specific
      sensitivity characteristics of transistor 60. The probe is connected with
      the housing 30 of the apparatus 20 by an insulated probe cable 81
      extending therebetween. An adjustable or variable resistor 82 is affixed
      on a side wall 32 of the housing within the interior 35 thereof. The
      resistor mounts a control dial assembly 83 extending through the side wall
      of the housing 30, as shown in FIG. 2. The resistor is of the variable
      high-ohmage, grid-leak type. The resistor has at least a 100 megaohms
      range and is preferred to have a 200 megaohm range.
PAR  Keeping in mind that the signals which are to be detected by the apparatus
      20 are of an extremely low voltage thereby requiring an apparatus of
      extreme sensitivity, the wiring of the apparatus to ensure such
      sensitivity while precluding the possibility of signal overload is of
      paramount importance. An electrical circuit 90 for the apparatus is
      schematically shown in FIG. 3. The circuit has a first electrical
      conductor 91 operably extended from the probe 80 through the insulated
      probe cable 81 into the case 61 and connected, as by welding, to the gate
      contact 63 of the field-effect transistor 60. A second electrical
      conductor 92 is secured, as by welding, to the source contact 65 of the
      transistor. A third electrical conductor 93 is connected, intermediate its
      opposite ends, to the remote end of the second electrical conductor with
      its opposite ends individually operably connected to the galvanometer 40
      and the strip chart recorder 50. A fourth electrical conductor 94 operably
      interconnects the galvanometer and the battery 55. A fifth electrical
      conductor 95 interconnects the strip chart recorder and the fourth
      electrical conductor 94 so that the galvanometer and the strip chart
      recorder are electrically connected in parallel to the electrical circuit.
      A sixth electrical conductor 96 is connected to conductor 94 and attached
      at its remote end to ground contact 97 on an end wall 31 of the housing
      30. The apparatus 20 is adapted to be grounded to the vehicle 21 by the
      connection to the ground contact of a ground wire, not shown, connected to
      the frame of the vehicle.
PAR  A seventh electrical conductor 107 electrically interconnects the battery
      55 and the potentiometer 56. An eighth electrical conductor 108 operably
      extends from the potentiometer through the case 61 and is connected at its
      remote end, as by welding, to the drain contact 64 of the field-effect
      transistor 60. A ninth electrical conductor 109 operably interconnects the
      first electrical conductor 91 and the resistor 82. A tenth electrical
      conductor 110 interconnects the resistor and the eighth electrical
      conductor 108.
PAR  The electrical circuit 90 thus connects in series the probe 80, the
      transistor 60 which is in parallel with the resistor 82, the galvanometer
      40 which is in parallel with the strip chart recorder 50, the battery 55,
      and the potentiometer 56. The resistor 82, it will be noted, is connected
      as a parallel bypass to the transistor. Wired in this configuration, the
      transistor operates as a voltage detector for extremely low voltage
      gradients, that is, within the range of from 0 volts to approximately 3.0
      volts. Experimentation has shown that the apparatus 20 is capable of
      detecting even such extremely low voltage gradients as those of the static
      electricity produced by a body moving through ambient air. Because of this
      extreme sensitivity, it has been found beneficial to utilize a variable
      resistor of the type described to prevent momentary signal overloading of
      the transistor when voltages in its upper range are detected.
PAR  Use of the apparatus 20 in the practice of the method described is
      accomplished expeditiously and, through the detecting and recording
      stages, virtually automatically. Initially an area to be surveyed is
      selected. The indicia on the lead portion 53 of the strip chart is noted
      and correlated with a preselected path to be traveled through the area to
      be surveyed. In this way, the precise location in the survey area of
      subsequent recordings can be determined. The apparatus 20 is activated by
      switching on the potentiometer 56, using the dial assembly 57, to allow
      electrical energy to flow from the battery 55 through the electrical
      circuit 90 to the potentiometer, transistor 60, galvanometer 40, and strip
      chart recorder 50. Drive for the strip chart 52 is provided by insertion
      of the take-off connection 73 of the drive cable assembly 72 into the
      connection socket 75 of the transmission mechanism 74.
PAR  Experimentation and the strength of the electrostatic voltage gradients in
      the area to be surveyed govern the appropriate setting for the
      potentiometer 56 using the dial assembly 57. Similarly, the appropriate
      setting for the variable resistor 82, using the control dial 83 thereof,
      is determined by the strength of the electrostatic voltage gradients in
      the area. The setting should be sufficient to preclude even momentary
      signal overload of the transistor 60.
PAR  The vehicle 21 on which the apparatus 20 is mounted, as described, is
      subsequently driven through the area to be surveyed following the selected
      path of travel. Although the ground speed of the vehicle is not of
      critical importance, it has been found that the optimum ground speed for
      the vehicle is approximately 40 miles per hour for one embodiment of the
      invention. The probe 80, as previously discussed, is mounted on the
      forwardmost portion of the vehicle 21 with respect to the direction of
      travel. This prevents signal interference by any static electricity
      produced by movement of the vehicle through the air.
PAR  As the vehicle travels through the area to be surveyed, the electrostatic
      voltage gradients above the earth's surface 11 are picked up by the probe
      80 and the signal is transmitted along the first electrical conductor 91
      of the electrical circuit 90 to the field-effect transistor 60. Of course,
      depending upon the particular setting of the resistor 82, a portion of the
      signal is diverted through the resistor to avoid overloading of the
      transistor, as described. The signal is detected by the transistor and
      transmitted from the source contact 65 through the electrical conductors
      92 and 93 to the galvanometer 40 and strip chart recorder 50.
PAR  Completion of the electrical circuit 90 through the battery 55 drives the
      galvanometer 40 and strip chart recorder 50 to register the specific
      voltage of the gradient detected by the transistor 60. In the conventional
      fashion, the voltage is registered by the galvanometer by movement of the
      indicator needle 43 against the scale of indicia 42 as viewed through the
      display window 36 of the galvanometer. This gives the operator immediate
      voltage readings facilitating selected adjustment of the potentiometer 56
      and resistor 82 for readings of optimum value. Similarly, the recorder
      operates in the conventional fashion to motivate the sweep hand 51 thereof
      to record the voltage of the detected signal on the strip chart 52. As
      previously noted, the friction drive wheel 77 draws the strip chart from
      its rolled configuration, shown in FIG. 2, at a rate of speed correlated
      with the speed of the vehicle 21. The transmission mechanism 74 converts
      the drive supplied thereto from the odometer 70 by way of the drive cable
      assemblies 71 and 72 to drive the strip chart at the predetermined rate of
      speed so that recording of voltage of the signal on the strip chart is
      directly opposite the indicia 54 thereon indicating the precise location
      in the area surveyed of the recorded signal.
PAR  Practice of the method of the present invention utilizing the apparatus 20
      calls for traversing the area to be surveyed along the selected path.
      Preferably, the earth's surface 11 is traversed in reciprocal
      substantially parallel paths along the earth's magnetic lines of force. Of
      course, the more thoroughly the area is traversed, the more precision will
      be afforded the survey. However, continued practice of the method with the
      apparatus will indicate what amount of recorded data will be sufficient to
      permit a reliable evaluation of a given area surveyed.
PAR  Subsequent to the gathering of the data as above described, the strip
      charts 52 bearing the recorded information thereon are employed
      geographically to plot the recorded readings on a field map of the test
      area along routes representing the paths traveled. Once this information
      is plotted on the map, the map is evaluated, preferably by a geologist
      skilled in the location of geothermal sources. In essence, the evaluation
      requires only a recognition of those portions of the area surveyed wherein
      the highest voltage gradients detected were recorded. Since, as previously
      noted, the magnitudes of such voltage gradients are in proportion to the
      magnitudes of the geothermal sources 20 in the area, this process is
      easily accomplished. Other factors to be considered, however, in deciding
      on the commercial potential of the site are geology, accessibility, and
      the like. If after such analysis it appears that the test data indicates
      the site of a geothermal source of commercial potential, the conventional
      procedures for reaching and harnessing the source are subsequently
      initiated. These may include the conducting of more extensive tests at the
      site and the drilling of initial boreholes.
PAR  Therefore, it can be seen that the method and apparatus of the present
      invention permit the accurate and reliable evaluation of virtually any
      given area to be surveyed for the location of geothermal sources of
      commercial potential at a commercially acceptable and comparatively
      minimal expense.
PAR  Although the invention has been herein shown and described in what is
      conceived to be the most practical and preferred embodiment, it is
      recognized that departures may be made therefrom within the scope of the
      invention, which is not to be limited to the illustrative details
      disclosed.
CLMS
STM  Having described our invention, what we claim as new and desire to secure
      by letters patent is:
NUM  1.
PAR  1. A method of locating subterranean sources of geothermal energy wherein
      electrostatic voltage gradients are present at the earth's surface which
      correspond to the heat emanating from said geothermal sources, comprising
      traversing an area on the surface of the earth to be examined for
      geothermal sources, during such traversal sensing the magnitudes of the
      electrostatic voltage gradients traversed, comparing the magnitudes of the
      electrostatic voltage gradients sensed to determine those of the greatest
      magnitude, and locating a source of geothermal energy by determining the
      positions of the voltage gradients of the greatest magnitude in the area
      traversed.
NUM  2.
PAR  2. The method of claim 1 wherein the step of sensing is conducted at a
      substantially uniform elevation adjacent to the earth traversed.
NUM  3.
PAR  3. The method of claim 1 wherein the sensing is performed at a single
      mobile point transported in said earth traversing movement.
NUM  4.
PAR  4. The method of claim 1 including recording the magnitudes of the voltage
      gradients sensed on a chart representative of the area traversed.
NUM  5.
PAR  5. The method of claim 4 including comparing the voltage gradients recorded
      on the chart with the geographical locations in the area traversed to
      determine the contours of said geothermal sources.
NUM  6.
PAR  6. The method of claim 1 wherein the step of traversing the surface of the
      earth is performed along reciprocal substantially parallel paths.
NUM  7.
PAR  7. The method of claim 6 wherein said paths are substantially along the
      earth's natural magnetic lines of force so that voltage gradients sensed
      during earth traversing movement are those produced transversely of said
      lines of force.
NUM  8.
PAR  8. A method, of locating and evaluating sources of geothermal energy which
      have electrical self potentials which produce electrostatic voltage
      gradients above the earth's surface corresponding in magnitude to the
      energy levels of the geothermal sources, comprising traversing the earth's
      surface in an area to be prospected for subterranean geothermal sources;
      detecting the electrostatic voltage gradients encountered during such
      traversing of the earth's surface; recording the magnitudes of the voltage
      gradients detected; recording the relative geographical locations of the
      voltage gradients detected; plotting the geographical locations for the
      voltage gradients detected; and evaluating the magnitudes of the
      geothermal sources from said plotting.
NUM  9.
PAR  9. A method of locating subterranean sources of geothermal energy
      comprising:
PA1  A. selecting a geographical area to be examined;
PA1  B. preparing a chart representative of the area selected;
PA1  C. traversing the selected area while recording the magnitudes of
      electrostatic voltage gradients of the subterranean sources in the area
      traversed;
PA1  D. collating the magnitudes of the electrostatic voltage gradients recorded
      with the corresponding positions in the geographical area represented on
      the chart; and
PA1  E. determining the location of said sources of geothermal energy by
      designating the positions in the geographical area corresponding to the
      electrostatic gradients of greatest magnitude.
NUM  10.
PAR  10. A method of locating subterranean sources of geothermal energy wherein
      the earth's magnetic field incident to geothermal energy released from
      said sources produces electrostatic voltage gradients above the earth's
      surface having magnitudes in proportion to the magnitudes of the
      geothermal energy released, comprising sensing such electrostatic voltage
      gradients above the earth's surface during earth traversing movement;
      recording the magnitudes of said gradients; comparing the magnitudes of
      the gradients recorded; and determining the location of a geothermal
      energy source by designating the positions on the portions of the earth
      traversed having electrostatic voltage gradients of the greatest
      magnitude.
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ABST
PAL  An engine analyzer for examining the firing voltage curves of spark plugs
      in internal combustion engines in which two leads are taken from a tap on
      the high voltage side of the ignition coil with one lead provided to an
      amplitude discriminator for checking the trailing edge of the portion of
      the voltage curve referred to as the starting voltage line and the second
      to an amplitude discriminator for examining what is referred to as the
      combustion voltage line, with the discriminator outputs provided to a
      logic circuit which by properly combining the two discriminator outputs
      gives an indication of proper or improper firing and the type of
      malfunction present when improper firing occurs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to engine analyzers in general and more particularly
      to an improved analyzer for analyzing the firing voltage curve of a spark
      plug in an internal combustion engine.
PAR  It is well recognized that internal combustion engines operated by spark
      plugs which are externally fired can suffer from various types of
      misfiring caused by spark plug defects. It is known that the type of
      defect can be recognized by an examaination of the firing voltage curves.
      Typically, the voltage curves are examined at the high voltage side of the
      ignition coil. Common causes of misfiring are those caused by lead coated
      or fouled spark plugs, by cracks in the plug insulator or by flash overs
      in the spark plug connection. In general then, two basic types of defects
      can be detected, one caused by fouling and the other caused by flash over
      either because of a crack in the insulation or some other reason. A
      determination of these misfiring and their type can be accomplished by
      wave-shape analysis using an oscilloscope. Typical of such instruments is
      that described in German Auslegschrift 1,288,853. However, the use of this
      type apparatus presupposes heavy practical experience in order that a
      correct diagnosis be made from the path of the curve. Furthermore,
      interpretation of the oscilloscope pattern is made more difficult if
      misfirings occur only intermittently. This is particularly true if for
      multi-cylinder engines where the intermittent error curve must be selected
      from among a plurality of proper firing curves, each of which differs from
      one another.
PAR  A type of automatic detection equipment is disclosed in German
      Augslegsschrift 2,040,913. This device provides for automatic detection of
      the wave-shape of the firing voltages in a multi-cylinder external
      combustion engine without the need for an oscilloscope. In the device
      described therein, a plurality of measuring channels are provided which
      scan the firing voltage curves in consecutive time periods under control
      of a control unit with time slots assigned to the individual channel for
      storing the scanned values. A corrolator is then used to insure that the
      firing voltage curves are assigned to corresponding cylinders of the
      engine.
PAR  Clearly, it can be seen that these devices of the prior art suffer from
      serious disadvantages; the oscilloscope requires well trained operators
      and has the difficulty of detecting intermittent faults and the above
      described automatic type device is quite complex. Thus, there is a need
      for an improved device of this nature which is simple to operate and not
      prohibitively expensive to build.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides such a device. In simple terms, the analyzer
      of the present invention detects voltage values of the firing voltage
      curve using individual discriminators and makes a logical decision
      depending on the magnitude of the measured values as to whether
      trouble-free ignition has occured or one of the more common firing defects
      has caused misfiring to have taken place. Briefly, two discriminators are
      used, both having their inputs coupled on the high voltage side of the
      ignition coil. One is used to detect the falling edge of the portion of
      the voltage curve referred to as the starting voltage line and the other
      to detect the portion of the voltage curve referred to as the burning
      voltage line. The trailing edge of the starting voltage line will be a
      fairly sharply decreasing slope under normal operating conditions or in
      the case of a flash over. The combustion voltage line during normal
      operation will be of a somewhat constant magnitude. In the case of
      flash-over, however, this constant magnitude will not be present. In the
      case of fouled plugs, the sharp drop-off of the starting voltage line does
      not occur. Thus, by detecting these two conditions, and logically
      combining them, it is possible to determine whether or not perfect
      ignition has taken place and if not, whether the defect is the result of a
      fouled plug or a flash-over condition.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a voltage wave-form illustrating the voltage at the high voltage
      side of the ignition for normal ignition.
PAR  FIG. 2 is a similar diagram illustrating the type of voltage curve obtained
      when a fouled spark plug is present.
PAR  FIG. 3 is a similar diagram illustrating operation with flash-over.
PAR  FIG. 4 is the wave-form of FIG. 1 on an expanded time scale.
PAR  FIG. 5 is the wave-form of FIG. 2 on a similarly expanded time scale.
PAR  FIG. 6 is the waveform of FIG. 3 also on an expanded time scale.
PAR  FIG. 7 is a schematic-logic diagram of the analyzer apparatus of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates the voltage curve which occurs during normal ignition.
      As illustrated, there are four identifiable portions of the curve. The
      reference numeral 1 indicates the portion of the curve which is referred
      to as the starting voltage or starting voltage line. The essentially
      horizontal portion 2 is referred to as the combustion voltage line. The
      third portion represents a decaying process upon completion of burning and
      the portion 4 a change caused by the closing operation of the breaker
      points. The wave-form of FIG. 1 is shown on an expanded time scale on FIG.
      4. From FIG. 4 it is seen that the starting voltage is not a spike as
      shown on FIG. 1 but comprises a number of segments. Starting from zero, it
      contains an almost linear segment 5 followed by a short dip 6 caused by
      the spark gap breakdown in the distributor. The dip 6 is then followed by
      a further almost linear rise 7 until the beginning of the breakdown
      between the electrodes of the spark plug. This breakdown results in a
      sharply falling voltage as shown as the segment 8 on FIG. 4. The voltage
      falls to the level of the burning voltage designated by 9 on the figure.
      FIGS. 2 and 5 are similar illustrations of the voltage curve for a lead
      coated or fouled spark plug. The rising portions 5, 6 and 7 of the
      starting voltage line are the same as that described above in connection
      with FIGS. 1 and 4. However, after rising to its peak, a sharp breakdown
      does not occur. Because of the fouling, the voltage breaks down more
      slowly with the fouling material acting as a shunt resistance. This type
      of breakdown is illustrated by the portion of the curve 10 of FIG. 5. As
      can be seen in FIG. 2, the remainder of the curve i.e., the oscillation 3
      and the negative spike 4 is the same as that of FIG. 1.
PAR  FIG. 6 illustrates the firing voltage curve which results from a flash-over
      outside the combustion chamber, i.e., a flash-over from the ignition wire
      or through the insulation of the spark plug. Again, the initial build-up
      as designated by the portions 5, 6 and 7 of the curve is the same.
      However, at a certain point, flash-over occurs with the voltage dropping
      rapidly as designated by the portion of the curve 11. This takes place
      outside the internal combustion engine and no burning line is established.
      Rather, the voltage again rises and flashes over again. This occurs
      several times until the oscillations of the decaying process indicated as
      3 occur.
PAR  Analysis of these figures shows that for normal firing, a sharp voltage
      decline followed by a horizontal combustion line 9 will be present. With
      lead coated or fouled spark plugs, the voltage decline is absent. Instead,
      the voltage falls slowly as shown by the segment 10 of FIG. 5. If an
      external flashover or breakdown occurs, a sharp decline similar to the
      decline 8 is present indicated by the falling portion 11 of the wave-form
      of FIG. 6 but no essentially constant value burning line is established.
PAR  The present invention makes use of these characteristics to provide a
      relatively simple analyzer which will indicate the occurance of either
      normal ignition or misfiring due to fouled or lead coated spark plugs or
      due to an external flash-over. It does this by detecting the two above
      mentioned conditions, i.e., the sharp decline and the constant or
      horizontal combustion voltage. If both these conditions are present then
      normal ignition has occured. If the sharp decline is present, but not the
      constant combustion voltage, then a flash-over has occured. If a somewhat
      constant voltage is determined without the sharp decline, then fouled or
      lead coated spark plugs are present. Thus, as illustrated by FIG. 7, two
      amplitude discriminators are provided, one for detecting the sharp decline
      8 and the other for detecting the horizontal portion 9. These comprise
      respectively the differential amplifiers V1 and V2 and their associated
      circuits. The outputs of these are then combined in three gates to provide
      indications of the three possible conditions corresponding to FIGS. 4, 5
      and 6. The outputs of these gates are presented in a yes-no type
      indication and require no interpretation by the operator.
PAR  Two input terminals designated K1 and K2 are provided which are connected
      to a tap at the high voltage side of the ignition coil. The voltage is
      provided through a low pass filter comprising resistor R2 and capacitor C2
      and then through a differentiator comprising capacitor C1 and resistor R1.
      The differentiator output is provided to the non-inverting input of
      differential amplifier V1. In this configuration, amplifier V1 without any
      feedback acts as a comparator with the voltage being provided to the
      non-inverting input compared with a reference voltage at the inverting
      input. This reference voltage is provided by a voltage divider made up of
      two fixed resistors R3 and R4 in series with a variable resistor P1, the
      fixed resistors R3 and R4 being on each side of the variable resistor or
      potentiometer P1. Negative voltage is applied to resistor R4 and resistor
      R3 is grounded. This permits presetting a voltage at the inverting input
      of the amplifier V1 which if exceeded by the voltage at the non-inverting
      input will cause a change in an output at the terminal S1. Note that what
      is being detected is the slope 8 or 11 of FIG. 4 or 6 respectively. By
      differentiating the input voltage, the change of voltage dv/dt is being
      provided as the input to the amplifier V1. In the case of a properly
      declining waveform, a value of dv/dt which is negative and of a proper
      magnitude will result. When the negative voltage so obtained exceeds the
      negative voltage at the inverting input the output of amplifier V1 will
      switch over from being positive to being negative. A capacitor C3 is also
      provided as an AC ground for the inverting input of amplifier V1. The
      output of amplifier V1 is an input to a one shot OS1 adapted to fire in
      response to a negative going pulse. Thus, upon detection of a slope such
      as slope 8 or 11, one shot OS1 will fire and have an output pulse which is
      at a positive voltage level.
PAR  The input on the terminal K2 is provided through an integrator comprising
      resistor R5 and capacitor C5 to ground to the non-inverting input of
      differential amplifier V2. Its inverting input is similarly biased by a
      resistor divider combination made up of fixed resistors R7 and R6 in
      series with a potentiometer P2 with a positive voltage applied to resistor
      R7 and R6 grounded. Again, an AC ground through capacitor C6 is provided.
      With a zero voltage at the non-inverting input, the positive voltage at
      the inverting input will result in a negative output from the amplifier
      V2. Only if a positive voltage is provided at the non-inverting input
      which exceeds the positive reference value provided to the inverting input
      will the output of amplifier V2 become positive. The output of amplifier
      V2 is provided as one input to an AND gate designated AND 2. The second
      input to AND gate 2 is the input voltage from terminal K2 delayed through
      a delay circuit designated T. The gates herein are of the type wherein a
      positive voltage represents a logical "1" and a negative voltage a logical
      "0". Thus, AND gate AND 2 will have an output at terminal S2 which is
      positive or a logic "1" when both inputs are positive. The terminal S1 is
      provided as an non-inverted input to an AND gate designated AND NOT, as a
      non-inverted input to an AND gate designated AND and as an inverted input
      (as indicated in conventional fashion by the dot) to an AND gate
      designated NOT AND. The output at terminal S2 is provided as an inverted
      input to the gate AND NOT and as a non-inverted input to the gate AND and
      AND NOT.
PAR  Operation of the circuit will now be explained. Proper design of the low
      pass filter made up of resistor R2 and capacitor C2 along with the
      differentiator made up of capacitor C1 and resistor R1 will result in an
      input to the non-inverting input of amplifier V1 which depends on the rate
      of decline of the trailing edge 8 of the starting voltage line. That is,
      it will provide an input proportional to dv/dt. For a sharp decline such
      as that occuring under the conditions of FIGS. 4 or 6, a large value will
      be provided as an input but for a condition such as that shown on FIG. 5,
      dv/dt will be small. As a result, under conditions of normal ignition or
      of an external flash-over the negative voltage at the non-inverting input
      to V1 will exceed the negative voltage at the reference input at the
      inverting input and the output at S1 will go negative firing one shot OS1
      and causing it to have a positive or logical "1" output. For the condition
      shown by FIG. 5, the value at the non-inverting input of V1 will not
      exceed the value at the inverting input and the amplifier output will
      remain positive and one shot OS1 will not fire remaining at a logical "0".
      Proper setting of the potentiometer P1 will ensure that as sharp a voltage
      decline as must be detected is set in to the first discriminator, i.e.,
      the differential amplifier V1 and its associated circuitry. Proper setting
      of the potentiometer also permits distinguishing between the normal
      decline after formation at the spark plug designated by 8 and short
      reignition such as that indicated along the combustion line 9 of FIG. 4
      which occurs when ignition has already commenced but is then interrupted
      by the gas stream and reignited. The length of the output pulse from OS1
      is set to exceed the delay caused by delay element T.
PAR  In the second discriminator made up of the differential amplifier V2 and
      its associated circuitry, in the integrator made up of resistor 5 and
      capacitor C5, during a perfect ignition a slow linear rise of the voltage
      across capacitor C5 occurs and appears at the non-inverting input of
      amplifier V2, after a sharp rise due to the starting voltage. If misfiring
      due to lead coated plugs or fouling occurs a higher input is present and a
      sharper voltage increase occurs. Similarly, in the case of spark plug
      breakdown, in which case the high peaks result in a greater average
      voltage, a similar sharp rise occurs. As a result, during normal ignition,
      a rise in voltage of one magnitude will occur and during a misfiring due
      to either fouled spark plugs or external breakdowns a voltage rise of
      greater magnitude will occur. Thus, at the end of a fixed time, a greater
      voltage will be present if misfiring has occured than if normal firing has
      occured. Potentiometer P2 is set so that it provides, as a reference, a
      value greater than that which will occur during normal firing but less
      than that which will occur for misfiring at the end of the delay time
      built into the time delay element T. Delay element T will provide an
      enabling signal to AND gate AND 2 a predetermined time after detecting
      ignition. Thus, if normal firing has occured at the time when the delay
      element T enables AND gate 2 the voltage at the inverting input will still
      be greater than the voltage at the non-inverting input and a negative
      output or logical "0" will be provided to the second input of AND gate 2
      causing it to similarly have an output which is a logical "0". On the
      other hand, if either type of misfiring has occured, the voltage at the
      non-inverting input will exceed that at the inverting input and a positive
      or logical "1" output will result causing gate AND 2 to also have a
      logical "1" output. The outputs present at the terminals S1 and S2 are
      summarized as follows:
TBL  S1 = 1  S2 = 0    normal ignition                                         
     S1 = 1  S2 = 1    no ignition, due to external voltage                    
                       breakdown                                               
     S1 = 0  S2 = 2    spark plugs lead-coated or fouled                       
PAL  The length of the pulse from OS1 insures that the noted condition
      corresponding to S1 which occurs at portion 8 or 11 of the waveform is
      still present when the second condition corresponding to S2 is detected
      later on. As a result, during the first condition for normal ignition gate
      AND NOT will have a "1" input from S1 and a "0" input from S2. This latter
      input is inverted and thus, gate AND NOT will provide an output at a
      logical "1" indicating normal ignition. With both S1 and S2 logical "1"s
      gate AND will provide a logical "1" output to indicate an external
      breakdown. And in the third case with S1 a logical "0" and S2 a logical
      "1", gate NOT AND will provide an output indicating fouled plugs. These
      outputs may then be provided to appropriate storage and indicating devices
      to provide a visual yes-no indication of sprk plug operation. This will
      indicate both whether operation is normal and if not normal, whether the
      malfunction is due to an external breakdown, i.e., due to a breakdown in
      the plug socket or the like or, is due to fouled or lead coated spark
      plugs.
PAR  Thus, an improved engine analyzer for analyzing spark plug firing curves
      has been shown. Although a specific embodiment has been illustrated and
      described, it will be obvious to those skilled in the art that various
      modifications may be made without departing from the spirit of the
      invention which is intended to be limited solely by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An analyzer for the firing voltage curve in an internal combustion
      engine having a spark plug ignition system including an ignition coil with
      a tap on its high voltage side comprising:
PA1  a. a first means having a first input terminal for coupling to the tap on
      the high voltage side of the ignition coil for detecting the trailing edge
      of the starting voltage line having a slope greater than a first
      predetermined value and providing an output indicative thereof;
PA1  b. second means having a second input terminal for coupling to said high
      voltage tap for detecting a burning voltage whose average value is less
      then a second predetermined value and providing an output indicative
      thereof; and
PA1  c. logic means having as inputs the output of said first and second means
      for decoding said output to provide a final output indicating the type of
      ignition occurring.
NUM  2.
PAR  2. An analyzer according to clain 1 wherein said first means comprise:
PA1  a. means for generating an output proportional to said first predetermined
      value;
PA1  b. a first differential amplifier having the output of said means for
      generating coupled to one input terminal; and
PA1  c. a differentiator coupling the output of said first input terminal to the
      other input of said differential amplifier.
NUM  3.
PAR  3. An analyzer according to claim 2 and further including a low-pass filter
      between said coil and said differentiator.
NUM  4.
PAR  4. An analyzer according to claim 1 wherein said second means for detecting
      comprises:
PA1  a. a second differential amplifier having a reference voltage proportional
      to said second predetermined value coupled to one terminal; and
PA1  b. an integrator having its input coupled to the output of said ignition
      coil and providing its output to the other input of said differential
      amplifier;
PA1  c. delay means having the output of said ignition coil as an input; and
PA1  d. a first AND gate having as inputs the outputs of said differential
      amplifier and the output of said delay circuit.
NUM  5.
PAR  5. An analyzer according to claim 3 wherein said second means for detecting
      comprises:
PA1  a. a second differential amplifier having a reference voltage proportional
      to said second predetermined value coupled to one terminal; and
PA1  b. an integrator having its input coupled to the output of said ignition
      coil and providing its output to the other input of said differential
      amplifier;
PA1  c. delay means having the output of said ignition coil as an input; and
PA1  d. a first AND gate having as inputs the outputs of said differential
      amplifier and the output of said delay circuit.
NUM  6.
PAR  6. An analyzer according to claim 5 wherein said logic means comprise:
PA1  a. a second AND gate having a non-inverted input coupled to said first
      amplifier and an inverted input coupled to said first AND gate;
PA1  b. a third AND gate having two non-inverted inputs coupled to said first
      amplifier and said first AND gate, and;
PA1  c. a fourth AND gate having an inverted input coupled to said first
      amplifier and a non-inverted input coupled to said first AND gate.
NUM  7.
PAR  7. An analyzer according to claim 6 wherein said second, third and fourth
      AND gates are coupled to said first amplifier through a one shot.
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PAL  In a circuit for the simulated testing of a high voltage direct current
      switch, which arrangement includes a first direct voltage source producing
      a high current and low voltage output, a first auxiliary switch and a
      first inductance both connected in series with the source and arranged to
      be connected to the switch to be tested, an auxiliary voltage source
      having a low current and high voltage output and arranged to be connected
      to the switch for stressing it to its voltage breakdown level, the
      simulation produced by such circuit is improved by the provision of a
      second inductance connected to the auxiliary voltage source and arranged
      to be connected in series between the auxiliary source and the switch to
      be tested, and a second auxiliary switch connected in series with the
      auxiliary voltage source and arranged for operatively connecting the
      auxiliary source across the switch to be tested at a time after the
      opening of such switch and before the current through the switch, produced
      by the first voltage source, drops to zero.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an arrangement for the synthetic testing
      of high voltage switches, the arrangement being of the type including a
      high current, low voltage direct voltage source, an auxiliary switch, an
      inductance and the switch to be tested, and an auxiliary voltage source
      having a low current and high voltage output which stresses the switch to
      be tested to its voltage breakdown level.
PAR  When a high voltage direct current in a high voltage direct current
      transmission network is interrupted by the opening of a switch, the switch
      must absorb the energy stored in the lines and in the smoothing chokes of
      the network and must work against the driving voltage of the network.
PAR  To simulate the stresses occurring in the test field under such conditions
      various synthetic test circuits are known.
PAR  Thus, the direct current required for testing can be obtained from an a.c.
      generator which operates at a reduced frequency, as disclosed in German
      Pat. No. 1,046,185. The current whose peak value is approximately constant
      is then considered to be a direct current. The recurring voltage at the
      switch to be tested is generated by an additional direct voltage source
      which is applied across the switch to be tested at the moment when the
      first-mentioned current becomes zero. A discharge of the direct voltage
      source into the high current circuit is prevented by an auxiliary switch
      in the high current circuit.
PAR  It is also known to simulate the switch stresses occurring during the
      switching-off process in test circuits with inductive storage, as
      disclosed in the German periodical (ETZ-A, Volume 93 (1972), Issue No. 3,
      page 164, FIG. 7a). In this circuit an inductance is charged by a direct
      voltage source of low voltage and the energy stored by the inductance is
      then converted in the switch to be tested. The high voltage occurring
      during the switching-off at the switch to be tested is produced
      predominantly by the inductance. The deviation in the stress placed on the
      switch to be tested with respect to the current waveform and the energy
      absorption during the switching-off process as a result of the reduced
      driving voltage when compared to real conditions can be compensated in
      part by a value of the inductance, which is greater than that present
      under real conditions.
PAR  The recurring voltage in the known process is simulated by an additional
      high-resistance auxiliary voltage source which is permanently connected to
      the switch and stresses the switch, after the switching-off process, to
      its voltage resistance, or breakdown value. An auxiliary switch can be
      used to isolate the high current circuit after the current has reached
      zero.
PAR  Due to the absence of the driving voltage, the simulation of the current
      waveform when it becomes zero and the waveform of the transient voltage at
      the switch only incompletely correspond in this method to the real
      conditions.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to cause the stresses on the
      switch to be tested to better correspond to the real conditions existing
      in a high voltage direct current transmission network.
PAR  For this purpose the present invention provides a second inductance which
      is connected ahead of the switch to be tested and to enable the auxiliary
      voltage source to be switched in, at a certain time before the test
      current becomes zero, between the two inductances by means of a second
      auxiliary switch.
PAR  The auxiliary voltage source and the second inductance in this way form a
      simple equivalent circuit of a high voltage direct current network. This
      permits a much more precise simulation of the stresses on the switch than
      was possible with the known synthetic testing circuits.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a circuit diagram of a preferred embodiment of a test arrangement
      according to the invention.
PAR  FIGS. 1a and 1b are detail views of modified portions of the embodiment
      shown in FIG. 1.
PAR  FIGS. 2a and 2b are graphs showing current and voltage waveforms during the
      operation of the arrangement of FIG. 1.
PAR  FIG. 3 is an embodiment of a simulated line inserted in the circuit diagram
      of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a preferred embodiment of a test circuit according to
      the invention, into which is connected a switch S which is to be tested.
PAR  The test circuit is composed of a source of direct voltage u.sub.1 of a
      type producing a high current, low voltage output and an auxiliary source
      of direct voltage u.sub.2 having a low current, high voltage output.
      Voltage u.sub.2 is much greater than u.sub.1 and u.sub.2 constitutes a
      simulation of the recurring voltage to which switch S is subjected.
PAR  Connected between sources of voltage u.sub.1 and u.sub.2 are an auxiliary
      switch HS.sub.1 and an inductance L.sub.1, while a second inductance
      L.sub.2 is connected between the source of voltage u.sub.2 and the switch
      S to be tested. A second auxiliary switch HS.sub.2 is connected in series
      with the source of voltage u.sub.2.
PAR  Inductance L.sub.1 is provided to enlarge the driving voltage u.sub.1 of
      the test arrangement, which is low compared to the voltage on the high
      voltage direct current transmission network to be simulated, before the
      auxiliary source of direct voltage u.sub.2 has been connected. Inductance
      L.sub.1 can arrange to be switchable in dependence on the demanded
      test-current. This means, that only a part L.sub.1 of a larger inductance
      is switched into the circuit in order to adjust the testing current to a
      desired value. The switchable inductance is also disclosed in the above
      cited German publication, FIG. 6a.  Inductance L.sub.2 is an element
      representing the lumped; inductance of the high voltage direct current
      transmission network being simulated.
PAR  Switches HS.sub.1 and HS.sub.2 can be mechanical switches or electronic
      switching elements. Switch HS.sub.1 can, for example, be constituted
      simply by a diode, as shown in FIG. 1a.
PAR  Before the test, a current flow is established through inductances L.sub.1
      and L.sub.2 by the application of voltage u.sub.1 at time t.sub.o via
      closed switches S and HS.sub.1. Referring to FIGS. 2a and 2b, when the
      current, i.sub.s, has reached a given value, i.sub.sm, the test begins at
      time t.sub.1 by opening of the contacts of switch S and reducing voltage
      u.sub.1 to zero. A voltage u.sub.s caused by the loaded inductances
      L.sub.1 and L.sub.2, then builds up across switch S and current i.sub.s
      drops. At time t.sub.2, shortly before the current i.sub.s becomes zero
      (t.sub.3) the auxiliary source of voltage u.sub.2 is switched in by
      closing switch HS.sub.2. Switch S must now switch off against the voltage
      across the inductance L.sub.2 and against the driving voltage u.sub.2.
PAR  This corresponds very precisely to the conditions in the high voltage
      direct current transmission network.
PAR  The connection of the auxiliary source of voltage u.sub.2 is advisably
      effected at that time t.sub.2 when its voltage has become exactly equal to
      the raising voltage u.sub.3 across the branch containing the auxiliary
      source. Otherwise a bend or discontinuity will occur in the waveform of
      current i.sub.s.
PAR  Discharging of the auxiliary source of voltage u.sub.2 through the source
      of voltage u.sub.1 is prevented by auxiliary switch HS.sub.1. HS.sub.1 may
      consist of a mechanical switching contact with low energy absorption for
      example a vacuum interruptor which is opened during time interval t.sub.1
      . . . t.sub.2. Switch HS.sub.1 may advisably also be designed as an
      electrical component, for example as a diode.
PAR  The auxiliary source of voltage u.sub.2 may consist, for example, of a
      previously charged capacitor. The capacitance for an auxiliary voltage
      source including a capacitor must be of such value that the switch current
      i.sub.s occurring after time t.sub.2 can flow until it becomes zero
      without the charging voltage for the test dropping to an undue level. It
      is further advisable for an additional resistor R or R(i), respectively,
      to be included in the branch of the auxiliary source of voltage u.sub.2,
      as shown in FIG. 1b, in order to simulate the resistances in the stations
      and lines of the high voltage direct current transmission network. This
      resistor can also be used to represent a commutation resistance, or energy
      absorber, connected in the circuit in the form of a commutation switch.
      The resistor R or, if current-depending, R(i) however cannot be compared
      with the known resistance in the test circuit described in the publication
      cited in the BACKGROUND OF THE INVENTION, because its value is much lower.
PAR  In order to even more precisely simulate the transient voltage at switch S
      it is advisable to constitute the second inductance L.sub.2 by a known
      simulated line of the type used in the testing of a.c. switches.
PAR  An example of an embodiment of a simulated line which can be used for the
      invention is shown in FIG. 3. The simulated line is inserted in the test
      circuit between the branch with voltage source u.sub.2 and the switch S.
      The line, which replaces the inductance L.sub.2, is built by three
      series-connected inductances L and four capacitors C, connecting the
      inductances with the ground line.
PAR  In order to coordinate the operation of the switches used in the described
      circuit, a control device CD is necessary. As shown in FIG. 1, the device
      is connected with the source of voltage u.sub.1, the auxiliary switches
      HS.sub.1 and HS.sub.2, the switch S, and an instrument measuring the
      voltage u.sub.3. When the test sequence is started, first the source of
      voltage u.sub.1 will be switched on at time t.sub.o. After a short time,
      at t.sub.1 the control device causes u.sub.1 and S be switched off. During
      the time interval t.sub.1 . . . t.sub.2 the switch HS.sub.1 is tripped and
      by opening it will maintain a low arc voltage until current zero. Tripping
      is not necessary if a diode is used for HS.sub.1. At time t.sub.2, when
      the measured voltage u.sub.3 has risen up to the known value of voltage
      u.sub.2, the auxiliary switch HS.sub.2 is tripped to switch on. After the
      test the voltage u.sub.s remains on the value u.sub.2 (FIG. 2a).
PAR  In order to further complete the disclosure of the invention, an exemplary
      set of numerical value for the voltages, currents, inductances, resistance
      and time periods of a test circuit according to FIG. 1 is given:
TBL  voltage u.sub.1 :  10        kV                                           
     voltage u.sub.2 :  80        kV                                           
     current i.sub.sm : 2         kA                                           
     inductance L.sub.1 :                                                      
                        500       mH                                           
     inductance L.sub.2 :                                                      
                        1000      mH                                           
     resistance R :     20        .OMEGA.                                      
     time period t.sub.o -t.sub.1 :                                            
                        300       ms                                           
     time period t.sub.1 -t.sub.2 :                                            
                        10        ms                                           
     time period t.sub.2 -t.sub.3 :                                            
                        2         ms                                           
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a circuit for the synthetic testing of a high voltage direct current
      switch, which arrangement includes a first direct voltage source having a
      high current and low voltage output, a first auxiliary switch and a first
      inductance both connected in series with the source, with the series
      arrangement of the source, first auxiliary switch and inductance being
      arranged for connection in series with the switch to be tested, an
      auxiliary voltage source having a low current and high voltage output
      arranged to be connected to the switch for stressing the switch to be
      tested to its voltage breakdown level, the improvement comprising: a
      second inductance connected to said auxiliary voltage source and arranged
      to be connected in series between said auxiliary source and the switch to
      be tested; a second auxiliary switch connected in series with said
      auxiliary voltage source and arranged for operatively connecting said
      auxiliary voltage source across the switch to be tested; and control means
      connected to said second auxiliary switch and arranged for connection to
      the switch to be tested for closing said second auxiliary switch in order
      to connect said auxiliary voltage source across the switch to be tested at
      a time after the opening of such switch and before the current through
      such switch, supplied by the first voltage source, drops to zero.
NUM  2.
PAR  2. Arrangement as defined in claim 1 wherein said control means is arranged
      to close said second auxiliary switch for connecting said auxiliary
      voltage source at the moment when the voltage of said auxiliary source is
      equal to the variable voltage across the series arrangement of said
      auxiliary source and said second inductance.
NUM  3.
PAR  3. Arrangement as defined in claim 1 wherein said first auxiliary switch is
      an electrical component.
NUM  4.
PAR  4. Arrangement as defined in claim 3 wherein said first auxiliary switch is
      a diode.
NUM  5.
PAR  5. Arrangement as defined in claim 1 further comprising an additional
      resistance connected in series with said auxiliary voltage source.
NUM  6.
PAR  6. Arrangement as defined in claim 1 wherein said second inductance
      comprises a simulated line.
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ABST
PAL  A system is provided for detecting an imbalance in operating voltage
      between two sodium hypochlorite cell assemblies electrically connected in
      series. Each cell has associated with it, in parallel, a resistor and each
      of the resistors are equal in value. A detector is connected between the
      junction between the resistors and the junction between the cells which
      detects an increase or a decrease in the operating voltage of either of
      the cells.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Algae, slime and bacteria concentrations often plague water storage or
      supply systems such as sewage systems, cooling tower complexes, potable
      water supplies, systems for fire prevention, irrigation, etc. Ocean water
      storage or supply systems will foul with algae, slime and numerous
      additional organisms such as barnacles, tunicates, hydroids, bryozoa and
      others. The proliferation of these organisms is prevented by the
      application of chlorine. Chlorine gas, although economical, is risky to
      store and use. Anhydrous liquid chlorine is also risky to store and to use
      and has a high thermal coefficient of expansion so that even moderate
      elevation in temperature could cause hydrostatic rupture of a container
      tank.
PAR  Sodium hypochlorite is the alternative form of chlorine that comes closest
      to being economically feasible as a chlorinating agent. Although the
      relative safety of sodium hypochlorite is well known, it still presents
      storage problems because of the large quantities that must be used. A
      solution to the storage and safety problem is to provide a system that can
      produce sodium hypochlorite as needed with no storage required.
PAR  In copending U.S. patent application Ser. No. 357,555 filed May 7, 1973,
      assigned to the assignee of this application, there is disclosed a
      generator for the production of sodium hypochlorite on demand in whatever
      quantities are required. In that application a sodium hypochlorite
      generator is disclosed in which there are inner and outer cylindrical
      members defining an annular space through which electrolyte flows. One of
      the cylindrical members is formed of two parts, one being an anode and the
      other a cathode insulated from each other, and the other cylindrical
      member forms a bipolar element operating in conjunction with the anode and
      cathode of the first cylindrical member. In one embodiment shown in that
      application, the bipolar cylindrical element is the outer cylindrical
      member, and in the second and preferred embodiment the bipolar element is
      the inner cylindrical member.
PAR  The improvement of this invention may be used with either of those
      embodiments. Reference herein in the specification or claims to a "cell"
      or "cell assembly" means a hypochlorite generating cell assembly of the
      type disclosed in that copending application.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The improvement of this invention may be used in conjunction with at least
      two hypochlorite cell assemblies which are electrically connected in
      series. Those cells are preferably also connected in series hydraulically.
PAR  When two or more cell assemblies are used to produce sodium hypochlorite,
      after a period of time, one or more of the cells may break down. Such a
      breakdown may come from a number of sources, including loss of cell anode
      coating may occur after extended use due to normal wear of the coating and
      may be aggravated by operation of the cell with abrasive electrolyte, low
      flow, foreign chemicals, excessive DC voltage or with an AC voltage. In
      addition, cell breakdown may occur because of mechanical damage, and the
      cell may be shorted by debris or from deposits from the electrolyte
      because of low flow operation. When a cell is partially shorted by
      deposits from the electrolyte, its voltage will drop. When the anode
      coating in the cell is partially lost, the cell voltage will increase.
      Therefore, in order fully to detect cell breakdown a detector must sense
      both an increase or a decrease in the standard operating voltage of the
      cell.
PAR  The improvement of this invention provides a simple and inexpensive means
      for detecting both an increase or a decrease in the operating voltage of
      any cell in a sodium hypochlorite cell assembly (involving at least two
      such cells electrically connected in series).
PAR  The cell voltage balance detector of this invention is briefly described by
      reference to two hypochlorite cells electrically connected in series, but
      it may be used with any number of such cells in excess of one. When two
      hypochlorite cells are electrically connected in series and are used to
      electrolyze brine, a source of DC current is applied across the two cells.
      When operating properly, each cell has a normal voltage drop equal to
      about half the applied voltage. The cathode of the first cell is
      electrically connected with the anode of the second cell, providing a
      junction between the two cells. In the detector system of this invention,
      two resistors equal in value are connected in series with each other and
      in parallel with the cells across the leads to and from the power source.
      The junction between the resistors is connected to the cell junction
      between the two cells. As the resistors are equal in value, the voltage
      drop across each is the same as the voltage drop across the cell with
      which it is connected in parallel. A detector is connected between the
      junction between the two resistors and the junction between cells. When
      there is an increase or decrease in the operating voltage in either of the
      two cells, the detector senses this and produces an imbalance signal which
      is registered on a meter and may be used to disconnect the power source to
      the cells.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing which shows eight sodium hypochlorite cell
      assemblies hydraulically and electrically connected in series, in which
      the improvement of this invention is used to detect an increase or
      decrease of voltage in any of those cells.
PAR  FIG. 2 is a schematic circuit wiring diagram of the detectors, such as DET
      1, shown in FIG. 1.
PAR  FIG. 3 is a circuit connected in series with M1 (shown in FIG. 1). When
      there is an imbalance in the cell voltage, this is detected by DET 1 and
      is registered on M1. When there is an imbalance above a set level, the
      circuit shown in FIG. 3 cuts out the DC power supply to the cells.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  FIG 1 shows eight hypochlorite generating cells connected hydraulically and
      electrically in series. These cells are of the type shown in copending
      U.S. patent application Ser. No. 357,555 filed May 7, 1973. Each of the
      eight cells shown in FIG. 1 includes an inner cylindrical member and an
      outer cylindrical member. Referring to cell 1 in FIG. 1 that outer
      cylindrical member is designed as 10. The inner and outer cylindrical
      members of each of cells 1 through 8 in FIG. 1 define an annular space
      through which electrolyte is passed and electrolyzed when the cells are
      operated. The DC power source typically supplies 200 amps at 112 volts. As
      shown in FIG. 1 a salt solution is introduced into cell 8, passes through
      each of the cells and is electrolyzed to produce sodium hypochlorite
      solution which passes from the exit of cell 1. Each of those cells 1
      through 8 are identical and all of them are described by reference to cell
      1. The outer cylindrical member 10 of cell 1 is divided into two portions,
      portion 22 which is an anode and portion 24 are insulated from each other
      by insulation which is schematically designated as 12 in FIG. 1. The inner
      cylindrical member of cell 1 is of the type shown in copending U.S. patent
      application Ser. No. 357,555 filed May 7, 1973 and is not shown in FIG. 1.
      That inner cylindrical member functions as a bipolar element operating in
      conjunction with the outer member 10 to form an electrolytic cell. The
      power source shown in FIG. 1 furnishes direct current to the cell
      assemblies 1 through 8 and typically would furnish a current of 200
      amperes at 112 volts. The positive side of the power source is connected
      electrically to the anode portion of cell 8 and the negative side of the
      power source is connected to the cathode portion of cell 1. The cathode
      portion of cell 8 is connected to the anode portion of cell 7 and each of
      the remaining cells are similarly connected from their cathode portion to
      the anode portion of the next cell. Referring to FIG. 1, lead 14 connects
      the cathode portion of cell 2 to the anode portion of cell 1 which is
      designated as 22 in FIG. 1. As the brine is passed through the eight cell
      assemblies, direct current from the power source passes through the
      electrolyte of each cell, electrolyzing the salt solution to sodium
      hypochlorite solution. The leads from one cell to its adjacent cell, such
      as 14 which links cell 2 with cell 1, carry the current from one cell to
      the next one. As each of the eight cell assemblies are identical, when
      they are operating properly the voltage applied across cells 1 through 8
      is divided equally among each of the eight cells. For example, if the
      voltage from the power source is 112 volts the operating voltage across
      each cell is 14 volts approximately.
PAR  Referring to FIG. 1 the resistors shown as R.sub.o through R.sub.7 are
      equal in value, and preferably comprise precision resistors having a value
      of 240 ohms .+-. 1%. With a power source having a voltage of 112 volts the
      drop across each resistor is also approximately 14 volts. Referring to
      cells 1 and 2, lead 14 which connects cell 2 with cell 1 is electrically
      connected with lead 16 which is connected to a detector, DET 1, FIG. 1.
      DET 1 includes two transistors (FIG. 2), one of which transmits current
      (an imbalance signal) to Ml when cell voltage drops and the other of which
      passes a current to M1 when the cell voltage increases. DET 1, in turn, is
      electrically connected by lead 18 to a junction between resistors R.sub.0
      and R.sub.1 . The detector has another lead connected to it designated as
      20 in FIG. 1 and this, in turn, is connected with a meter shown as M1 in
      FIG. 1 and in FIGS. 2 and 3. When cell 1 is operating properly at 14
      volts, the voltage on either side of DET 1 is the same and there is not
      any current flow. However, if the voltage in cell 1 drops because of a
      malfunction in it (or an increase in voltage in cell 2) then current
      passes from lead 18 to lead 16 through DET 1 and through lead 20 to M1.
      For example, if there is a deposit from the electrolyte in cell 1 and it
      is partially shorted, its voltage will drop passing a current through one
      transistor from DET 1 to M1. However, should the anode coating in portion
      22 of cell 1 be partially lost, the cell voltage wil increase and current
      (an imbalance signal) will pass through DET 1 and through the other
      transistor in that detector.
PAR  It is important that DET 1 and each of the other detectors used in the
      system be capable of detecting current flow in either direction between
      leads 16 and 18. In the improvement of this invention, DET 1, and each of
      the other detectors used in carrying out the improvement, detects current
      flow in either direction through it. When the voltage in cell 1 departs
      from its standard, either upwardly or downwardly, a current flows into DET
      1. When this occurs, this current flow registers in the meter shown in M1
      in FIG. 1. If the increase or decrease in voltage in cell 1 is of a
      sufficient magnitude then the current flow through lead 20 operates to
      shut down the whole cell assembly system through the circuit of FIG. 3.
      That circuit and the operation of the detectors is hereafter described in
      detail.
PAR  The detectors (DET 1 through 7) are identical in construction and a
      schematic circuit wiring diagram of a detector (such as DET 1 in FIG. 1)
      is shown in FIG. 2. The detector circuit is designated generally by the
      reference numeral 40 and includes NPN transistors 42 and 44. Lead 16 is
      connected directly to the emitter electrode of the transistor 44 and is
      also connected to the base electrode of transistor 42 through a resistor
      46. Similarly, the lead 18 is connected to the emitter electrode of the
      transistor 42 and is connected to the base electrode of the transistor 44
      through a resistor 48. The collector electrodes of the transistors 42 and
      44 are connected together and to the lead 20 which, in turn, is connected
      to the meter M1.
PAR  Under normal conditions, the potentials on the leads 16 and 18 are equal so
      that the transistors are in their nonconducting state. However, if the
      associated cell becomes unbalanced, a difference in potential will exist
      between the leads 16 and 18 thereby causing one of the transistors to
      conduct. For example, if one of the cells connected to the lead 16 is
      partially shorted by debris or the like, the voltage across the cell will
      drop. Accordingly, when the cell is cell 1 of FIG. 1, the potential on the
      lead 18 will exceed the potential on the lead 16 and the transistor 44
      will begin conducting thereby supplying current to the meter M1 through
      the lead 20. On the other hand, if the anode coating in the cell is
      partially lost, for example, the cell voltage will increase thereby
      causing the potential on the lead 16 to exceed the potential on the lead
      18. When this potential exceeds the drop across the base-emitter junction
      of the transistor 42, the transistor 42 will begin conducting. Thus,
      current will again flow to the meter M1 through the lead 20 whereby a cell
      imbalance will again be indicated.
PAR  Also connected to the detectors via the lead 20 is a cell safety circuit
      designated generally by the reference numeral 50 in FIG. 1 and FIG. 3. The
      cell safety circuit, which is in series with M1, see FIG. 3, includes a
      circuit breaker trip coil 52 which controls the operation of a circuit
      breaker in the cell power supply (designated "Power Source" in FIG. 1). As
      noted in detail below, when a cell imbalance is detected, the trip coil 52
      is energized to operate the circuit breaker thereby to disconnect the
      power supply from the cells.
PAR  More specifically, the cell safety circuit 50 comprises a control circuit
      designated generally by the reference numeral 54 having a pair of input
      terminals 56 and 58 adapted to be connected to the positive and negative
      electrodes, respectively, of the same DC source of potential powering the
      hypochlorite generating cells. The terminal 56 is connected through a fuse
      60 to one side of a series circuit comprising potentiometer 62, resistor
      64, meter M1, and a potentiometer 66. The outer side of the potentiometer
      66 is connected to the lead 20 and thereby to the detectors. The sliding
      arm of the potentiometer 66 is connected to the junction of the
      potentiometer 66 and the resistor 64. The sliding arm of the potentiometer
      62 is connected to the base electrode of a PNP transistor 68, the emitter
      electrode of which is connected to a lead 70 that is connected between the
      junction of the potentiometer 62 and fuse 60 and resistor 127. Lead 125
      connects resistor 127 and the cathode electrode of a zener diode 72. The
      anode electrode of the zener diode is connected to the terminal 58 by a
      lead 74. A capacitor 76 is also connected between the lead 70 and the base
      electrode of the transistor 68.
PAR  The collector electrode of the transistor 68 is connected to the base
      electrode of a NPN transistor 78 through a resistor 80. Connected between
      the lead 70 and the collector electrode of the transistor 78 is a relay
      coil 82. The relay coil 82 controls the operation of normally closed
      contacts 82 and normally open contacts 82B and 82C of the relay.
PAR  Also connected to the lead 70 is the cathode electrode of a diode 84, the
      anode electrode of which is connected to one side of the contacts 82C. The
      other side of the contacts 82C is connected to a current regulating
      circuit 86 through a normally closed pushbutton reset switch 88. The
      emitter electrode of the transistor 78 is connected to the junction of the
      switch 88 and the contacts 82C by a lead 90 and the collector electrode is
      connected to the junction of the diode 84 and contacts 82C. Hence, the
      contacts 82C are connected in parallel with the collector-emitter path of
      the transistor 78.
PAR  The current regulating circuit 86 comprises an NPN transistor 92, the base
      electrode of which is connected to the lead 125. The collector electrode
      of the transistor 92 is connected to the lead 70 through a zener diode 94
      which is polarized so that the anode electrode thereof is connected to the
      collector electrode of the transistor. The collector electrode of the
      transistor 92 is also connected to the switch 88 by a lead 96. The emitter
      electrode of the transistor is connect to the lead 74 through a resistor
      98. The regulating circuit 86 further includes an NPN transistor 100, the
      base electrode of which is also connected to the lead 125 and the
      collector electrode of which is connected to the lead 96. The emitter
      electrode is connected to the lead 74 through a resistor 102. It is noted
      that the zener diode 72 also forms a part of the current regulating
      circuit. The current regulating circuit 86 is conventional in construction
      and maintains a desired potential across the fixed resistors 98 and 102,
      thereby maintaining a constant current through transistors 92 and 100. The
      zener regulating diode 94 forms a conventional voltage regulator,
      maintaining a desired potential of approximately 13 volts across the
      transistors 68 and 78.
PAR  The cell safety circuit 50 further includes a pair of input terminals 104
      and 106 that are adapted to be connected to a source of AC potential 108.
      A lead 110 is connected to the terminal 104 through a fuse 112 and a lead
      114 is connected to the input terminal 106. Connected between the leads
      110 and 114 is a series circuit comprising the relay contacts 82 and a
      lamp 116. Additionally, a series circuit comprising relay contacts 82B and
      a lamp 118 connected between the leads 110 and 114. Also connected between
      the leads is a series circuit comprising a relay 120 and a lamp 122.
      Connected in parallel with the lamp 122 is a normally open flow switch 124
      that is actuated by the flow of electrolyte through the cells. To be more
      specific, when the flow of electrolyte decreases to a pre-set value, the
      switch 124 will close thereby placing a short circuit across the lamp 122.
      The relay coil 120 controls the operation of normally open relay contacts
      120A.
PAR  The contacts 120A of the relay 120 are connected in series with a relay
      coil 126 between the leads 110 and 114. A lead 128 connects the junction
      of relay contacts 82B and the lamp 118 with the junction of the relay
      contacts 120A and the relay coil 126. The relay coil 126 controls the
      operation of normally open contacts 126A which are connected in series
      with the trip coil 52 between the leads 114 and 110.
PAR  In operation, assuming that there is no imbalance in the cells, the
      transistor 68 is nonconducting so that the relay contacts 82A will remain
      closed thereby providing a current path through the lamp 116 from the
      source 108. The illumination of the lamp 116 indicates proper operation of
      the circuit to the operator. However, when a cell imbalance occurs current
      will flow in the lead 20 thereby biasing the transistor 68 into
      conduction. The point at which conduction of the transistor 68 will begin
      may be selected by properly adjusting the sliding arms of the
      potentiometers 62 and 66. The transistor 68 amplifies the imbalance signal
      and applies the same to the transistor 78 which is thereby rendered
      conductive. When the current through the relay coil 82 reaches the
      operating value, the contacts 82B and 82C close and the contacts 82A open.
      A holding circuit is established about the relay coil 82 from the lead 70
      through the coil 82, lead 83 now closed contacts 82C, the switch 88 and
      the current regulating circuit 86 to lead 74. Moreover, relay coil 126
      will now be energized through the energized lead 110, now closed contacts
      82B, lead 128 and the relay coil to the return lead 114. Hence, contacts
      126A will close thereby placing the trip coil 52 across the energized
      leads 110 and 114 to cause the circuit breaker within the power supply to
      trip or open. Additionally, a current path will be established through the
      lamp 118 through the closed contacts 82B to signify to the operator that
      the power supply has been disconnected from the cells. The opening of the
      contacts 82A disconnects the lamp 116 from the leads 110 and 114.
PAR  As noted hereinabove, the cell safety circuit 50 also includes means for
      deenergizing the power supply when the electrolyte flow falls below a
      preselected value. Thus, under normal flow conditions, the switch 124 is
      open and the voltage drop across the series circuit comprising the relay
      coil 120 and the lamp 122 is substantially across the lamp 122 in view of
      its high resistance relative to the relay coil 120. The relay coil 120 is,
      therefore, effectively deenergized. However, when the switch 124 closes in
      response to decrease electrolyte flow, the full potential between the
      leads 110 and 114 is applied to the relay coil 120 thereby energizing the
      relay coil which, in turn, causes the contacts 120A to close. Closure of
      the contacts 120A again energizes the relay coil 126 which, in turn,
      energizes the rip coil 52 through the now closed contacts 126A. As a
      result, the circuit breaker trips to again disconnect the power supply
      from the cells.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sodium hypochlorite cell voltage balance detector assembly comprising
      a pair of input terminals adapted to be connected to a DC source of
      potential, first and second arms connected in parallel with each other
      between said pair of input terminals, said first arm comprising a
      plurality of serially connected cells whereby adjacent cells are connected
      together at cell junctions and each cell has a normal voltage drop
      thereacross when the cell is operating properly, said second arm
      comprising a plurality of serially connected impedances in one-to-one
      correspondence with said plurality of cells and wherein adjacent
      impedances are connected together at impedance junctions, each one of said
      plurality of impedances being associated with a respective one of said
      plurality of cells and having a value such that the voltage drop across
      the impedance is equal to the normal voltage drop across said associated
      cell, detecting means connected between an impedance junction and the
      corresponding cell junction and responsive to voltage variations between
      the junctions to which said detecting means is connected for producing an
      imbalance signal, said detecting means comprising first amplifying means
      connected between said impedance junction and said corresponding cell
      junction for producing said imbalance signal when said cell voltage drop
      increases above said cell normal voltage drop, second amplifying means
      connected between said impedance junction and said corresponding cell
      junction for producing said imbalance signal when said cell voltage drop
      decreased below said cell normal voltage drop, meter means for monitoring
      said imbalance signal, and control means responsive to a predetermined
      value of said imbalance signal for disconnecting the source of potential
      from said plurality of cells.
NUM  2.
PAR  2. A cell voltage balance detector assembly as in claim 1, and a plurality
      of detecting means, each one of said plurality of detecting means
      connected between a respective impedance junction and the corresponding
      cell junction and being responsive to voltage variations between the
      junctions to which said detecting means is connected for producing an
      imbalance signal.
NUM  3.
PAR  3. A cell voltage balance detector assembly as in claim 1, and indicating
      means connected to said detecting means responsive to said imbalance
      signal for indicating a voltage imbalance.
NUM  4.
PAR  4. A cell voltage balance detector assembly as in claim 1, in which said
      control means comprises a circuit breaker operable from a closed state in
      which said pair of input terminals are adapted to be connected with the
      source of potential to an open state whereby said pair of input terminals
      are adapted to be disconnected from the DC source of potential, and a trip
      coil responsive to said imbalance signal for operating said circuit
      breaker to the open state.
NUM  5.
PAR  5. A cell voltage balance detector assembly as in claim 1, in which said
      plurality of cells are hydraulically connected together to provide a path
      for the flow of an electrolyte therethrough, said control means further
      comprising flow means responsive to the rate of flow of the electrolyte
      below a preselected value for disconnecting said pair of input terminals
      from the source of potential.
NUM  6.
PAR  6. A cell voltage balance detector as in claim 1, in which the normal
      voltage drop across said cells are equal in value, and said plurality of
      impedance are equal in value.
NUM  7.
PAR  7. A cell voltage balance detector as in claim 1, in which the normal
      voltage drop across each one of the plurality of cells are equal, and said
      plurality of impedances comprise precision resistors of equal value.
NUM  8.
PAR  8. A cell voltage balance detector as in claim 1, in which said first and
      second amplifying means respectively comprise first and second transistors
      each having an emitter, a collector and a base electrode; a first lead
      connecting together said emitter electrode of said first transistor and
      said base electrode of said second transistor and said cell junction; a
      second lead connecting together said emitter electrode of said second
      transistor and said base electrode of said first transistor and said
      impedance junction; and a third lead connecting together the collector
      electrodes of said first and second transistors and adapted to be
      connected to said source of potential, whereby said imbalance signal
      appears on said third lead.
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ABST
PAL  A non-contact inductive pickup for determining the interface between two
      media. The media have different specific density, different specific
      resistance and at least one of the media is electrically conductive and
      non-magnetic. The pickup comprises two open U-shaped magnetic circuits
      disposed parallel to each other and embraced by excitation and measuring
      windings.
PARN
PAR  This is a continuation of application Ser. No. 418,037 filed Nov. 21, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to measuring instruments, and more particularly to a
      non-contact inductive pickup for determining the interface between two
      media.
PAR  Existing non-contact inductive pickups for determining the interface
      between two media having different specific density and different specific
      resistance depend for their operation on the distortion of their
      electromagnetic fields by the fields produced by eddy currents which
      appear at least in one of the media, which is electrically conductive and
      non-magnetic.
PAR  A known existing non-contact inductive pickup for determining the interface
      between two media comprises a non-contact inductive proximity pickup
      wherein two excitation windings are disposed on the end legs of an
      E-shaped magnetic circuit and are so connected that the magnetic flux
      produced in the central leg on which the measuring winding is disposed is
      equal to the difference between the magnetic fluxes produced by the
      excitation windings. When the excitation windings produce equal fluxes,
      the magnetic flux in the central leg is zero. The magnetic circuit of the
      pickup is disposed so as to be parallel to the interface between two
      media. The container holding the two media, the interface between which is
      to be determined, is disposed between one of the end legs and the central
      leg of the magnetic circuit. When the interface between the two media is
      located between this end leg and the central leg, the stable equilibrium
      of the magnetic fluxes in the central leg is disturbed and an emf is
      induced in the measuring winding.
PAR  Such pickups determine the interface between air and liquid metal when set
      up near the walls of a vessel or ladle. However these pickups cennot be
      used for determining the interface between two media in
      electrometallurgical processes such as electroslag refining, plasma-arc
      refining, electron-beam refining, electroslag welding, since they operate
      only if the container holding the two media is made from a non-magnetic
      material, however ingot molds wherein the interface between liquid metal
      and slag or between liquid metal and gaseous medium has to be determined,
      are made from copper. Hence such pickups have to be made excessively large
      and additional calculations and experiments are necessary for each
      specific case.
PAR  A non-contact inductive pickup is also known for determining the interface
      between two media using a single open E-shaped magnetic circuit. It
      comprises two operating windings disposed on the end legs of the magnetic
      circuit and connected so that the magnetic fluxes set up by the current
      through these windings in the central leg carrying the measuring winding
      are mutually subtracted. As long as the magnetic fluxes are equal, the emf
      in the measuring winding is zero. If an electrically conductive medium is
      placed between one of the end legs and the central leg the eddy currents
      which are induced in the medium correspondingly reduce one of the magnetic
      fluxes. As a result the magnetic fluxes affecting the central leg will no
      longer be equal and an emf will be induced in the measuring winding. The
      non-contact inductive pickup for determining the interface between two
      media which uses an E-shaped magnetic circuit has a number of serious
      drawbacks, one of them being the small depth to which the electromagnetic
      field penetrates into the media, the interface between which is to be
      determined.
PAR  The penetration depth and the pattern of the magnetic lines of force depend
      on the spacing between the end legs and the central leg of the E-shaped
      magnetic circuit: the greater the spacing, the deeper the penetration of
      the electromagnetic field.
PAR  Hence a pickup of this type is difficult to use if the distance from the
      pickup to the interface between two media which is to be determined is
      10-15 mm as, in this case, the spacing between the central and end legs of
      the magnetic circuit has to be increased, which results the pickup as a
      whole having much larger dimensions.
PAR  The disadvantages mentioned above restrict the application of such a
      pickup.
PAC  SUMMERY OF THE INVENTION
PAR  The object of the invention is to provide a non-contact inductive pickup
      for determining the interface between two media which has small dimensions
      and high sensitivity.
PAR  With this and other objects in view in a non-contact inductive pickup for
      determining the interface between two media which have different specific
      density and specific resistance, at least one of the media being
      electrically conductive and non-magnetic, comprising excitation and
      measuring windings disposed on an open magnetic system the legs of which
      are pointed in the direction of the interface when the non-contact
      inductive pickup is mounted for determining the interface between two
      media, according to the invention, the magnetic system comprises two open
      U-shaped magnetic circuits disposed parallel to each other.
PAR  The butt faces of the legs of the open U-shaped magnetic circuits which,
      when the pickup is mounted for determining the interface between two
      media, are pointed in the direction of the boundary, preferably lie in one
      plane.
PAR  Each of the open U-shaped magnetic circuits is preferably embraced by its
      own measuring winding, the two measuring windings being connected in
      opposition and the two open U-shaped magnetic circuits are preferably
      embraced by one excitation winding.
PAR  The circuit of the measuring windings preferably contains a capacitor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The excitation winding is preferably supplied with alternating current at a
      frequency of 5-8 kHz.
PAR  The invention will be better understood from the following description of
      its specific embodiments when read in conjunction with the accompanying
      drawings in which:
PAR  FIG. 1 is a general view of a non-contact inductive pickup for determining
      the interface between two media, according to the invention;
PAR  FIG. 2 is a sectional view of an non-contact inductive pickup for
      determining the interface between two media taken on line II--II,
      according to the invention;
PAR  FIG. 3 is a sectional view of an non-contact inductive pickup for
      determining the interface between two media taken on line III--III,
      according to the invention;
PAR  FIG. 4 is a view showing the mounting of a non-contact inductive pickup for
      determining the interface between two media, according to the invention;
PAR  FIG. 5 is a circuit diagram of a non-contact inductive pickup for
      determining the interface between two media, according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 shows the general view of a non-contact inductive pickup according
      to the invention for determining the interface between two media which
      have a different specific density and different specific resistance, at
      least one of the media being electrically conductive and non-magnetic. The
      pickup comprises a excitation winding 1 which embraces two identical open
      U-shaped magnetic circuits 2 and 3 (FIG. 2), each of which is embraced by
      its own measuring winding 4 and 5. The magnetic circuits 2 and 3 are
      disposed parallel to each other and are built up of the same number of
      electrical steel sheets. The excitation winding 1 and the two measuring
      windings 4 and 5 are arranged on a former 6 which consists of two parts
      and is fabricated from an insulating material such as textolite,
      carbolite, or capron. The butt ends 7 (FIG. 3) and 8 of the legs of the
      open U-shaped magnetic circuits 2 and 3 which, when the non-contact
      inductive pickup is mounted for determining the interface between two
      media 9 (FIG. 4) and 10, are pointed in the direction of an interface 11
      between the two media 9 and 10, lie in one place.
PAR  The pickup is enclosed in a casing 12 made from a non-magnetic material
      such as stainless steel, capron, carbolite, or organic glass. The pickup
      is attached to a portion 13 of a wall 14 on the container holding the two
      media 9 and 10 having different specific density and different specific
      resistance, at least one of the media being electrically conductive and
      non-magnetic, the interface 11 between which is to be determined. The
      portion 13 of the wall 14 is permeable to the magnetic field. The pickup
      is attached in such a way that its open U-shaped magnetic circuits 2 and 3
      disposed parallel to each other are parallel to the boundary 11.
PAR  The accuracy with which the interface between two media is determined
      depends on the spacing between the two open U-shaped magnetic circuits 2
      and 3. The smaller the spacing between the magnetic circuits 2 and 3 the
      higher the accuracy of the determination of the interface between the two
      media.
PAR  The circuit of a non-contact inductive pickup for determining the interface
      between two media comprises two measuring windings 4 (FIG. 5) and 5
      connected in opposition and the excitation winding 1. The excitation
      winding 1 is supplied from a generator 15 with an alternating current at a
      frequency of 5-8 kHz. This frequency range, ensures the maximum
      penetration of the magnetic field of the pick-up into the zone of the
      electrically conductive media. A capacitor 16 is connected in the circuit
      of the measuring winding 4 and 5 to increase the sensitivity and noise
      immunity of the pickup, thus forming a resonant circuit together with
      these windings.
PAR  The operation of the non-contact inductive pickup in connection with
      determination of the interface between molten slag and liquid metal will
      now be described.
PAR  In this example the medium 9 (FIG. 4) is molten slag and the medium 10 is
      liquid metal.
PAR  When AC voltage is applied to the excitation winding 1 the magnetizing
      current flowing through the winding sets up magnetic fluxes of the same
      direction in the magnetic circuit 2 and 3 so that the magnetic fluxes are
      not mutually shunted.
PAR  These magnetic fluxes produce opposite emf's in the measuring windings 4
      and 5 which cancel each other. If molten slag is present in the magnetic
      field of the pickup the eddy currents induced in the slag equally distort
      the two magnetic fluxes produced by the working winding 1 in the magnetic
      circuits 2 and 3, and the output signal of the pickup remains zero. When
      the interface 11 reaches one of these magnetic fluxes or, as shown in FIG.
      4, the magnetic flux produced by the excitation winding 1 in the magnetic
      circuit 3, the pickup produces a signal. This results from the fact that
      the distortion of the magnetic flux induced by the excitation winding 1 in
      the magnetic circuit 3 which is caused by the eddy currents induced in the
      liquid metal, is stronger than similar distortion of the magnetic flux
      induced by the excitation winding 1 in the magnetic circuit 2, hence the
      emfs induced in the measuring windings 2 and 3 are no longer equal, the
      amount of difference between the emfs being dependent on the position of
      interface 11 relative to the pickup. The difference will be a maximum when
      the interface 11 is midway between the magnetic circuits 2 and 3.
PAR  The non-contact inductive pickup interface for determining the interface
      between two media according to the invention permits this interface to be
      determined and maintained at the required level. The use of the instant
      pickup in electroslag, electron-beam, plasma-arc metallurgical processes,
      in electroslag welding and continuous casting makes it possible to
      determine the level of liquid metal relative to the mold and thus enables
      automation of these processes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A non-contact inductive pickup for determining the interface between two
      media which have different specific density and different specific
      resistance, at least one of the media being electrically conductive and
      non-magnetic, said pickup comprising: two open U-shaped magnetic circuits,
      said open U-shaped magnetic circuits being disposed in separate planes
      parallel to each other, the legs of said open U-shaped magnetic circuits
      being pointed in the direction of the interface between the two media when
      said pickup is mounted for determining said interface, an excitation
      winding means embracing said open U-shaped magnetic circuits for providing
      a magnetic flux in said two magnetic circuits in the same direction upon
      application of an AC voltage to the input terminals thereof, and measuring
      windings embracing said U-shaped magnetic circuits and connected to each
      other for producing opposing emf's, which emf's vary during operation of
      the pickup to provide a determination of the interface between the two
      media.
NUM  2.
PAR  2. A pickup as claimed in claim 1, wherein the end faces of the legs of
      said open U-shaped magnetic circuits, which are pointed in the direction
      of said interface between two media when the pickup is mounted for
      determining said interface, lie in one plane.
NUM  3.
PAR  3. A pickup as claimed in claim 1, wherein one measuring winding is
      disposed to embrace each of said open U-shaped magnetic circuits the two
      windings being connected to one another in opposition, whereas said
      excitation winding embraces said two open U-shaped magnetic circuits.
NUM  4.
PAR  4. A pickup as claimed in claim 2, wherein each of said open U-shaped
      magnetic circuits is embraced by its own measuring winding, both said
      measuring windings being connected in opposition, and where said
      excitation winding embraces both said open U-shaped magnetic circuits.
NUM  5.
PAR  5. A pickup as claimed in claim 3, wherein a capacitor is connected in the
      circuit of the measuring windings connected in opposition.
NUM  6.
PAR  6. A pickup as claimed in claim 4, wherein a capacitor is connected in the
      circuit of the measuring windings connected in opposition.
NUM  7.
PAR  7. A pickup as claimed in claim 1, wherein the input terminals of said
      excitation winding are supplied with alternating current at a frequency of
      5-8 kHz.
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ABST
PAL  An improved voltage transformer for use in a gas insulated or liquid
      insulated high voltage switching installation enclosed within a metal
      encapsulation and carrying several conductors, in which each conductor is
      surrounded by a tube which is conductive at least on its surface which
      faces the conductor with the tubes connected to each other through
      attachment means which attach them in an insulated manner to the metal
      encapsulation. The resulting arrangement causes each tube together with
      the conductor within it to form a high potential capacitor which can be
      coupled in series with a low potential capacitor to form a voltage divider
      with the voltage taken off the low potential capacitor and used to provide
      an indication of the voltage present on the conductor. Tubes which are
      plastic with conductive coatings and metal tubes are disclosed with the
      tubes fastened to at least one support disk of insulating material which
      is then attached to the metal encapsulation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to high voltage switching installations of the type
      in which several conductors are enclosed within a metal encapsulation in
      general, and more particularly to an improved voltage transformer for use
      in such installations.
PAR  A type of voltage transformer has been disclosed in German
      Offenlegungsschrift No. 2,125,297 which permits voltage measurements in a
      single phase high-voltage switching installation. This prior art voltage
      transformer includes an insulator body within the metal encapsulation of
      the high voltage switching installation, which insulating body has a
      conductive coating on its inner surface facing the high voltage conductor.
      The conductive coating forms an extended [surface type] electrode which in
      cooperation with the high voltage conductor surrounded by it forms a high
      potential capacitor. It is coupled with a low potential capacitor to form
      a capacitive voltage divider with the output of the low potential
      capacitor coupled to an amplifier. The low potential capacitor and
      amplifier are located outside the metal encapsulation. This disclosure
      however, does not show in detail how such a voltage transformer can be
      mounted within the metal encapsulation.
PAR  With the knowledge that such an arrangement can be used as a voltage
      transformer, it is the object of this invention to provide such a voltage
      transformer for mounting in a metal encapsulation in a simple manner and
      at a low cost.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention solves this problem by surrounding each of the
      conductors at which the voltage is to be measured by a tube which is
      conductive at least on the surface facing the conductor. The tubes are
      connected to each other in a common support and are attached in an
      insulated manner to the metal encapsulation. Each tube forms, along with
      the conductor disposed within it, a high potential capacitor which can be
      used in a capacitive voltage divider with a low potential capacitor. The
      primary advantage of the voltage transformer of the present invention is
      that it is of a simple design and easy to install. Furthermore, it is of
      such a construction that it can be accomodated within the metal
      encapsulation without the necessity of specially designing or preparing
      the latter for the installation. Various designs of the tubes of the
      present invention are disclosed. In one advantageous embodiment, the tubes
      are plastic having, on their surface facing the respective conductor,
      conductive coatings used as control electrodes. The use of plastic tubes
      facilitates the manufacture of a combined current and voltage transformer,
      i.e., a current transformer can simply be wound around the plastic tube.
      Also disclosed is an embodiment in which the tubes are metal tubes.
PAR  In the voltage transformer of the present invention, the tubes can be held
      in the metal encapsulation in a number of different ways. If relatively
      short tubes are used, a single support disk approximately in the middle of
      the tubes will be sufficient. The tubes are provided with fastening
      shoulders for mounting them to the support disk which support disk is then
      mounted to the encapsulation.
PAR  In the illustrated embodiments, in which relatively long tubes are used,
      each tube has fastening shoulders at each end. A support disk is provided
      at both ends of the tubes. In order to permit unimpeded expansion and
      contraction of the tubes in the direction of the longitudinal axis of the
      metal encapsulation during temperature changes, the disclosed embodiment
      connects only one of the support disks rigidly to the encapsulation. The
      other support disk simply rests against the metal encapsulation and is
      therefor movable in the longitudinal direction as the tubes expand and
      contract. As a result, buckling of the tubes due to temperature changes is
      impossible. The disclosed voltage transformer also includes two parts at
      the ends which form guard ring electrodes. These are preferably attached
      in a manner such that they are insulated from the tubes at both ends. A
      number of manners of attaching the guard electrodes are disclosed. In one
      particularly advantageous embodiment, both the central section of the
      tubes and the end sections containing the guard electrodes are fitted with
      fastening lugs, or fastening shoulders. Between the fastening lugs or
      shoulders on the main tube part and those on the end parts containing the
      guard electrodes, a disk of insulating material is placed. This is done at
      both ends of the tubes. Screws are then used to hold the combination
      together, i.e., the combination of the main tube portion, an insulating
      disk and the end portion, with the screws insulated from at least one of
      the portions, i.e., either insulated from the end or from the main tube
      parts. In the preferred embodiment, the fastening lugs or shoulders are
      formed by bent over edges on the tube sections.
PAR  Another advantageous embodiment for fastening the guard electrodes is
      accomplished by cementing the guard ring electrodes to the tubes. In this
      embodiment, the main portion of the tubes and the portions carrying the
      guard electrodes each have layers of insulating material at the point
      where they are to be cemented together. Layers of this nature can be
      applied, for example, by coating with powder or by turbulence sintering.
PAR  The dielectric medium to be used in the capacitor formed by the tube and
      the high voltage conductor which it encloses can advantageously be the
      insulating medium of the high voltage switching insulation, i.e., the gas
      or liquid insulating material used therein. In this manner, the
      manufacturing cost of the voltage transformer are reduced. However, it is
      also possible to fill the space inside the tubes with casting resin which
      then becomes the dielectric material.
PAR  It is also advantageous if an insulating disk is placed as a centering and
      spacing member between the conductors in their respective associated tube.
      Preferably, this spacer member is designed in a rib-like shape to provide
      a lengthened leakage path and high dielectric strength.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view partly in cross section of a first embodiment
      of the present invention.
PAR  FIG. 2 is a plan view, with the metal enclosure shown in cross section of
      the embodiment of FIG. 1.
PAR  FIG. 3 is a detail shown in cross section of one manner of attaching the
      guard electrode ring of FIG. 1.
PAR  FIG. 4 is an elevation view partly in cross section of a second embodiment
      of the present invention.
PAR  FIG. 5 is a cross sectional view illustrating a further manner of attaching
      the tube part containing the guard ring electrode.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the embodiment illustrated by FIGS. 1 and 2, three high voltage
      conductors designated 3, 4 and 5 are enclosed within a metal encapsulation
      1 which is part of a high voltage switching installation designated
      generally as 2. According to the present invention, each of the conductors
      3, 4 and 5 is surrounded by a tube 6, which in this embodiment is a metal
      tube. Each tube 6 is provided with fastening shoulders 7 at the bottom and
      fastening shoulders 8 at the top. In addition, each tube has cemented to
      one of its ends a tube part 9 and, at the other end, a tube part 10, the
      tube parts 9 and 10 being flared out and forming guard ring electrodes. As
      can be seen in more detail on FIG. 3, the end parts 9 and 10 contain a
      layer of insulation 11 at the point where they are cemented to the tubes 6
      thereby causing them to be insulated from the tubes. The fastening
      shoulders 7 and 8 of the tube 6 are connected respectively to support
      disks 14 and 15 using screws 12 and 13 respectively. One of the support
      disks 14 or 15 is firmly connected to the metal encapsulation 1 in a
      conventional fashion with the other one simply resting against the metal
      encapsulation as a support element. Both are made of insulating material
      in order to avoid a metallic connection between the tube 6 and the
      grounded metal encapsulation. In order to permit centering of the
      individual tube 6 with respect to the respective conductors 3, 4 and 5
      disposed within them, the support disks 14 and 15 are provided with
      enlarged holes permitting displacement of the individual tubes 6 in a
      radial direction for purposes of centering before tightening of the screws
      12 and 13. Also shown on FIG. 2 is the possibility, for centering
      purposes, of inserting within the tubes surrounding the conductors and
      separating them in a spaced manner from the tubes, an insulating disk 19.
      The disk has a rib-like shape so that the lengthened leakage path and high
      dielectric strength are obtained.
PAR  FIG. 2 also illustrates that each tube 6 has three fastening shoulders 7
      and 8 which are uniformerly spaced around the circumference of the tube.
      Each tube 6 forms together with the conductor disposed within it, a high
      potential capacitor which can be used with a low potential capacitor to
      form a capacitive voltage divider. The low potential capacitor can be
      located outside of the metal encapsulation 1 with an amplifier connected
      thereto. It should be noted however, that it is also possible to design
      the low potential capacitor as a circularly wound capacitor and to arrange
      it in a region which is formed by the respective tube and tube end parts.
      The advantage of this solution is that no additional space outside the
      metal encapsulation is required for accomodating the low potential
      capacitor. Furthermore with such an arrangement, the low potential
      capacitor is subjected to the same temperature changes as the high
      potential capacitor which has an advantageous effect on the constancy of
      the division ratio of the capacitive voltage divider.
PAR  An embodiment similar to that of FIG. 1 but in which the tubes are plastic
      is shown in FIG. 4. Here, plastic tubes are provided having flared out
      regions 23 and 24 on their ends. Each tube has on its inside a conductive
      coating, the conductive coating of the main portion of the tube being
      designated 25 and that of the end regions forming the guard ring
      electrodes as 26 and 27 respectively. As illustrated, the areas of
      conductivity at the end which form the guard ring electrodes are separated
      in an insulated manner from the conductive coating 25 on the main portion
      of the tube. The conductive coating 25 along with the high voltage
      conductor 20 [or 21] forms a high potential capacitor in the manner
      described above.
PAR  In the illustrated embodiment the plastic tubes 22 contain lower shoulders
      28 and upper shoulders 29 which are molded or cast into the tube. These
      are connected to support disks 32 and 35 using screws 30 and 31 in the
      same manner as described above. In addition, in similar fashion to that
      described in connection with FIGS. 1 and 2, one of the support disks is
      rigidly connected to the metal encapsulation 34 while the other one simply
      rests against it as a support element and is free to slide therewith.
      Support disks 32 and 33 can be made of either plastic or metal.
PAR  FIG. 5 illustrates another manner of mounting the tubes of the present
      invention and attachment of the end parts containing the guard ring
      electrodes. In this example, tubes 40 made of metal are provided with
      shoulders 41. In the illustrated embodiment, the shoulders 41 comprise
      bent-off fastening tabs. The end portion for the guard electrodes
      designated 42 are similarly provided with bent-off fastening tabs 43. The
      tabs are, of course, aligned and contain holes to permit bolting the two
      ends together. To provide the necessary insulation between the tube 40 and
      the end part 42, a support disk 45 of insulating material containing holes
      matching those in the bent-off fastening tabs is interposed. In addition,
      an insulating bushing 48 is provided to insulate the bolt 44 from the tube
      40. The three pieces, i.e., the tube 40, insulating disk 45 and end part
      42 are bolted together using the bolt 44 and its nut 49 with an
      appropriate washer such as a lock washer 50 behind the bolt. The
      insulating disk 45 may take the place of the disk 14 or 15 of FIG. 1 or
      disk 32 or 33 of FIG. 4 and will rest against the metal encapsulation 46.
      As in those embodiments described above, one disk will be securely
      fastened to the metal encapsulation while the other disk will be free to
      slide therein. The dielectric for the high voltage capacitor formed by one
      of the conductors and its associated tube may simply be the insulating
      material within the switching installation, i.e., the gas or liquid with
      which the switching insulation is filled and which provides insulation
      therefor. However, as illustrated on FIG. 5, it is also possible to fill
      in the space within the tubes with a casting resin 51.
PAR  Thus, an improved voltage transformer arrangement for an encapsulated
      switching installation has been shown. Although specific embodiments have
      been illustrated and described, it will be obvious to those skilled in the
      art that various modifications may be made without departing from the
      spirit of the invention which is intended to be limited solely by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A voltage transformer for use in a gas insulated or liquid insulated
      high voltage switching installation having a metal encapsulation enclosing
      a plurality of conductors comprising:
PA1  a. a plurality of tubes with at least one tube surrounding each conductor,
      each of said tubes being conductive at least on the surface facing its
      respective conductors;
PA1  b. means connecting the tubes together and attaching them to the metal
      encapsulation so as to be insulated with respect to each other and the
      metal encapsulation; whereby each tube together with its respective
      conductor disposed within it will form a high potential capacitor which
      can be coupled to a low potential capacitor to form a voltage divider
      permitting measurement of the voltage on the associated conductor.
NUM  2.
PAR  2. A voltage transformer according to claim 1 wherein said tubes are
      plastic tubes having a conductive coating at least on the surface facing
      the respective conductors.
NUM  3.
PAR  3. A voltage transformer according to claim 1 wherein said tubes are metal
      tubes.
NUM  4.
PAR  4. A voltage transformer according to claim 1 wherein said tubes are
      fastened together by fastening to at least one support disk, with said
      support disk attached to the metal encapsulation.
NUM  5.
PAR  5. A voltage transformer according to claim 4 wherein said tubes are metal
      tubes and said support disk is made of an insulating material.
NUM  6.
PAR  6. A voltage transformer according to claim 4 wherein each of said tubes
      contains fastening shoulders at both ends and where two support disks are
      provided and fastened to the respective shoulders at the ends of each
      tube.
NUM  7.
PAR  7. A voltage transformer according to claim 6 wherein said tubes are metal
      tubes and said support disks are of insulating material.
NUM  8.
PAR  8. A voltage transformer according to claim 1 and further including end
      parts attached in an insulated manner to both ends of each of said tubes
      to form guard ring electrodes.
NUM  9.
PAR  9. A voltage transformer according to claim 6 and further including end
      parts attached in an insulated manner to both ends of each of said tubes
      to form guard ring electrodes.
NUM  10.
PAR  10. A voltage transformer according to claim 8 wherein said tubes are
      provided with fastening lugs on their ends and wherein said end parts
      forming guard ring electrodes are provided with matching lugs and wherein
      a support disk of insulating materials is interposed between said tube
      lugs and said end part lugs, said tube, said end part and said insulating
      disk being bolted together, with means provided for insulating said bolt
      from at least said tube or said end part.
NUM  11.
PAR  11. A voltage transformer according to claim 10 wherein said fastening lugs
      comprise bent-off edges of said tubes and tube parts.
NUM  12.
PAR  12. A voltage transformer according to claim 8 wherein said end parts
      forming guard ring electrodes are cemented to said tubes.
NUM  13.
PAR  13. A voltage transformer according to claim 1 wherein the dielectric
      medium of the capacitor formed by said tube and its associated conductor
      is the insulating medium of said high voltage switching installation.
NUM  14.
PAR  14. A voltage transformer according to claim 1 wherein the space within
      said tubes is filled with casting material acting as a dielectric.
NUM  15.
PAR  15. A voltage transformer according to claim 1 and further including an
      insulator disk between each of said conductors and their associated tube
      acting as a centering and spacer element.
NUM  16.
PAR  16. A voltage transformer according to claim 15 wherein said insulator disk
      is of a ribbed design to provide a lengthened leakage path and high
      dielectric strength.
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ABST
PAL  In a non-destructive, production-oriented technique for measuring an
      electrical characteristic of a material, a first nonconductive flexible
      sheet having a first conductive pattern thereon is pressed against a
      portion of the surface of the material, and a second nonconductive
      flexible sheet having a second conductive pattern thereon is pressed
      against another portion of the surface of the material. An electrical
      signal is applied between the two patterns and the effect of the material
      on the signal is measured to obtain a desired electrical characteristic of
      the material. The method and apparatus are particularly useful for
      measuring, at microwave frequencies, the propogation velocity factor and
      dielectric constant of substrates for use in thin film microwave circuits.
      For such measurements, the first and second conductive patterns
      advantageously comprise a resonant circuit and a ground plane. The
      measurement is made by applying a swept frequency signal to the resonant
      circuit while simultaneously monitoring reflected power from the resonant
      circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and apparatus for precisely and
      non-destructively measuring an electrical characteristic of a material;
      and more particularly to measuring, at production-oriented speeds,
      properties such as propogation velocity factor and dielectric constant of
      thin film substrates at microwave frequencies.
PAR  Methods and apparatus for "production-oriented" testing advantageously have
      certain attributes which are different from the attributes of laboratory
      testing. For example, a production-oriented test technique should be
      capable of performance in a sufficiently short test time to be
      economically feasible. Of equal importance, or course, is that the
      production-oriented test be nondestructive. Another significant factor is
      that the test be sufficiently accurate, either in absolute accuracy or in
      calibratable repeatability. Also significant for a production-oriented
      test is that it provide measured values which indicate as directly as
      possible, without further computation, the desired characteristic which is
      being measured.
PAR  A particular testing problem arose from the following circumstances. It was
      known that electrical characteristics of microstrip circuits formed on
      thin film substrates, e.g., of alumina, are significantly dependent on two
      parameters, namely characteristic impedance and propogation velocity
      factor. These two parameters in turn are a function of the dimensions of
      the circuit applied to the substrate, the thickness of the substrate, and
      the dielectric constant of the substrate. One can readily calculate that
      for a substrate having a dielectric constant of about 10.0, a thickness of
      about 25 mils, and circuit line widths of about 25 mils, a 1 percent
      variation in either the line-width of the circuit applied to the
      substrate, the substrate thickness, or the dielectric constant will
      produce a 0.5% variation in characteristic impedance of the circuit
      applied to the substrate. Also, a one percent variation in either the
      line-width, the substrate thickness, or the dielectric constant will
      produce 0.36%, 0.05%, and 0.48% variation, respectively, in propogation
      velocity factor for a circuit formed on the substrate.
PAR  In view of the foregoing and in view of the tolerances which are often
      placed on microstrip circuits, a substrate is often required to meet a
      particular value of dielectric constant to within one percent. No
      production-oriented technique for measuring the dielectric constant or
      propogation velocity factor of substrates intended for use at microwave
      frequencies to the degree of accuracy is known.
PAR  2. Description of the Prior Art
PAR  One known technique for measuring dielectric constant with acceptable
      accuracy was reported by W. P. Harris and A. H. Scott in a report entitled
      "Precise Measurement of Dielectric Constant By The Two-Fluid Technique" in
      the Proceedings of The National Bureau of Standards Conference on
      Electrical Insulation, 1962, pages 51-53. This two-fluid technique
      involves doing four successive capacitance measurements at audio
      frequencies in two different fluids and then calculating the dielectric
      constant of the material from the capacitance measurements. This is not an
      acceptable production technique due to the considerable time required for
      the measurements and calculations and due to the complexity involved.
      Another problem with the two-fluid technique is that the dielectric
      constant of many materials of interest, e.g., aluminum oxide, varies with
      frequency. Thus, the effective dielectric constant at microwave
      frequencies is not the same as a measured value at an audio frequency.
PAR  Another known technique for measuring propogation velocity factor with
      acceptable accuracy was reported by H. F. Lenzing in a report entitled
      "Measurement of Dielectric Constant of Ceramic Substrates at Microwave
      Frequencies" presented at the Electronics Division, American Ceramic
      Society Meeting, Washington, D.C., May 10, 1972, Paper 41.  The Lenzing
      technique consists of completely metallizing a substrate except for two
      very samll coupling slots and measuring the resonant frequencies of the
      rectangular cavity thus formed. The dielectric constant can then be
      calculated from the resonant frequencies measured and the length and width
      of the substrate. Unfortunately, this technique is both very time
      consuming and destructive, and so is not suitable for production-oriented
      testing.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the aforementioned and other problems inherent in prior art
      methods and apparatus for measuring electrical characteristics of
      materials, it is an object of this invention of provide a new and improved
      method and apparatus for production-oriented testing.
PAR  It is a further object of this invention to provide a new and improved
      method and apparatus for measuring properties of materials at microwave
      frequencies.
PAR  It is a further object of this invention to provide a new and improved
      method and apparatus for nondestructively measuring an electrical
      characteristic of a material.
PAR  To these and other ends, a method for measuring an electrical
      characteristic of a material in accordance with this invention includes
      pressing a first nonconductive flexible sheet having a first conductive
      pattern thereon against a portion of the surface of the material and
      pressing a second nonconductive flexible sheet having a second conductive
      pattern thereon against another portion of the surface of the material. An
      electrical signal is applied between the two patterns and the effect of
      the material on the signal is measured to derive a number representative
      of the electrical characteristic being measured.
PAR  After the measurement has been completed, the sheets and patterns are
      removed from the material without damaging any significant attribute or
      characteristic of the material.
PAR  In practice, the conductive patterns may be between the sheets and the
      material when the sheets are pressed against the material or, optionally,
      for improved lifetime of the conductive patterns, the patterns may be on
      the side of the sheets away from the material.
PAR  Although it will be appreciated that the principles of this invention may
      be used for measurement of virtually any electrical characteristic of any
      material, for simplicity and clarity of explanation the invention will be
      described principally with reference to the measurement of electrical
      properties, such as propogation velocity factor and dielectric constant of
      thin film substrates at microwave frequencies. These electrical properties
      advantageously in accordance with this invention are measured by embodying
      the first conductive pattern in the form of a single port resonant circuit
      and the second conductive pattern in the form of a ground plane. The first
      and second nonconductive flexible sheets are pressed against the thin film
      substrate, for example with air pressure. The ground plane and resonant
      circuit may be either on the side of the sheet next to the substrate or on
      the side of the sheet away from the substrate.
PAR  A microwave signal of varying frequency is applied between the conductive
      pattern and ground plane, and the power reflected from the resonant
      circuit is monitored during the application of the microwave signal. The
      frequency at which maximum power absorption occurs in the resonant circuit
      is measured to provide an indication of the dielectric constant and
      propogation velocity factor for the substrate.
PAR  Also in accordance with this invention is apparatus for measuring an
      electrical characteristic of a material. The apparatus includes a first
      nonconductive flexible sheet having a first conductive pattern thereon and
      a second nonconductive flexible sheet having a second conductive pattern
      thereon. Expedients are included for pressing the sheets into contact with
      different portions of the surface of the material and for applying an
      electrical signal between the two patterns while monitoring the effect of
      the material on the signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The aforementioned and other features, characteristics, and advantages, and
      the invention in general, will be better understood from the following
      more detailed description taken in conjunction with the accompanying
      drawing in which:
PAR  FIG. 1 is a somewhat schematic exploded mechanical diagram of apparatus for
      production-oriented electrical testing in accordance with this invention;
PAR  FIG. 2 is a cross-section of the apparatus of FIG. 1 as it appears in
      operation with the sheets pressed into engagement with the substrate;
PAR  FIG. 3 is an electrical schematic block diagram of circuitry suitable for
      applying and measuring the electrical signals employed in the performance
      of this invention; and
PAR  FIG. 4 is a plan view of an advantageous single port resonant circuit for
      use in measuring properties such as propogation velocity factor and
      dielectric constant at microwave frequencies in accordance with this
      invention.
PAR  It will be appreciated that for simplicity and clarity of explanation, the
      figures of the drawing have not necessarily been drawn to scale.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference now to the drawing, FIG. 1 is a somewhat schematic
      mechanical diagram showing an exploded view of apparatus suitable for use
      in accordance with this invention. In FIG. 1 a thin film ceramic substrate
      11, whose dielectric constant is to be measured, is shown. Such a ceramic
      typically will be of the order of 25 mils (0.025 inches) thickness and
      about 3.75 inches by 4.50 inches in lateral dimension and will typically
      be of alumina, the dielectric constant (.epsilon.) of which is about 10.0.
      Features 12 and 13 in FIG. 1 are thin, nonconductive flexible sheets,
      e.g., a polyimide such as KAPTON about 1.0 mil thick.
PAR  Selectively formed on sheet 12, for example by electroless plating and/or
      electroplating, is a single port resonant circuit, designated generally as
      14, including a half-wave stub portion 14A and a connection portion 14B,
      separated by a small air gap 14C. Sheet 13 has formed thereon, by a
      nonselective deposition process such as electroless plating and/or
      electroplating, a continuous ground plane 15 of a suitable conductive
      material such as gold or copper.
PAR  In operation sheets 12 and 13 with conductive patterns 14 and 15 thereon
      are pressed into intimate but detachable physical contact with substrate
      11, and electrical signals are applied between patterns 14 and 15 to
      effect the measurement. The electrical signals are typically applied via a
      coaxial conductor 16 having its outer ground conductor 17 coupled to
      ground plane 15 and its inner, central, signal-carrying conductor 18
      coupled to connector portion 14B of pattern 14. Circuitry suitable for
      applying microwave signals through the coaxial conductor 16 and for
      measuring power reflected from the resonant circuit is shown in FIG. 3 and
      will be described below in reference thereto.
PAR  For pressing the sheets with the conductive patterns thereon into the
      described physical contact with the substrate 11 to be tested, the
      apparatus of FIG. 1 includes a pair of opposed members 19 and 20 for
      pressing sheets 12 and 13 into contact with substrate 11. Members 19 and
      20 include input ports 21 and 22 for receiving pressurized air which is
      applied through openings 23 and 24 to press sheets 12 and 13 against
      substrate 11. As can be seen in FIG. 1, member 19 also includes a pair of
      guide pins 25 and 26 adapted to mate with a pair of receiving holes 27 and
      28, respectively, in member 20 for locating member 20 with respect to
      member 19.
PAR  To effect a test, member 20 is moved on pins 25 and 26 away from member 19
      by an amount sufficient to permit insertion of substrate 11 and sheets 12
      and 13. Member 20 is then moved on guide pins 25 and 26 toward member 19
      and is clamped thereto by any suitable clamping mechanism (not shown). Air
      pressure is then applied through ports 21 and 22 and openings 23 and 24 to
      further press the sheets into intimate contact with substrate 11. Air
      pressures in the range of 10 to 30 pounds per square inch have been used.
      Thirty pounds per square inch is preferred.
PAR  After the test is complete, the air pressure is released and member 20 is
      physically declamped from and removed from member 19 by an amount
      sufficient to permit removal of substrate 11 therefrom.
PAR  FIG. 2 shows in cross section the apparatus of FIG. 1 as it appears in
      operation with the sheets pressed against the substrate 11. Shown in FIGS.
      1 and 2 are O-rings 29 and 30 mounted in members 19 and 20 for pressing
      the sheets and patterns against substrate 11 to further insure a reliably
      intimate contact therewith. O-rings 29 and 30 may be any suitable
      resilient material such as neoprene or silicon rubber. Feature 29, of
      course, need not be an O-ring, and in the case of a simple straight line
      half-wave stub 14A, such as shown in FIG. 1, may advantageously be a
      rectangular annulus. It is illustrated as an O-ring in view of expected
      use with the more advantageous circular single port resonant pattern
      illustrated in FIG. 4, which will be described in detail below with
      reference thereto.
PAR  With reference now to FIG. 3 there is shown an electrical schematic diagram
      of circuitry suitable for applying test signals to and monitoring power
      reflected from the circuit of the apparatus of FIGS. 1 and 2 in accordance
      with this invention. As shown, a signal of varying microwave frequencies,
      typically termed a swept frequency, is applied by an RF sweep oscillator
      31 through a suitable conventional isolator 32 and a directional coupler
      33 to the substrate 11 under test. A portion of the power reflected from
      the resonant circuit 14A applied to the circuit under test is diverted by
      directional coupler 33 to the Y input of an oscilloscope 34. A voltage
      ramp proportional to the swept frequency from oscillator 31 is applied to
      the X input of oscilloscope 34 via a line 35. The RF signal from
      oscillator 31 is also diverted by directional coupler 33 back to a level
      control input of oscillator 31 to enable the oscillator to supply a
      constant level of signal to the substrate under test. This is important in
      practice because the reflected power to be measured should not be allowed
      to vary due to the level of the input signal.
PAR  During the test, the power reflected by the resonant circuit will undergo a
      minimum, designated 36 in FIG. 3, at the frequency where the single port
      resonant circuit experiences peak power absorption. Knowing this
      frequency, one can directly determine the propogation velocity factor of
      the substrate under test. Alternately, and more significantly, by
      inserting into the apparatus of FIGS. 1 and 2 a substrate whose
      propogation velocity factor or dielectric constant is known, one can
      calibrate the oscilloscope 34 so that the point 36 of peak power
      absorption is read out directly by an operator in terms of percentage
      frequency variation from a known value corresponding to the desired value
      of propogation velocity factor or dielectric constant.
PAR  Knowing percentage frequency variation, one can calculate a corresponding
      percentage variation for dielectric constant, according to the formula:
      ##EQU1##
      where: .epsilon.r = relative dielectric constant of a known substrate at a
      known resonant frequency (f.sub.res) where peak power is absorbed;
PA1  .DELTA..epsilon.r = variation from .epsilon.r; and
PA1  .DELTA.f.sub.res = variation from f.sub.res.
PAR  Also, knowing frequency variation (.DELTA.f.sub.res) and the resonant
      frequency (f.sub.res) of a substrate having a known propogation velocity,
      the propogation velocity of another substrate can be determined according
      to the following relation:
      ##EQU2##
      where: V.sub.m  = propogation velocity on a known substrate; and
PA1  .DELTA.V.sub.m = variation from V.sub.m
PAR  Of course, the foregoing formulas need not be used for each measurement.
      Rather, prior to production-oriented testing for "screening"  acceptable
      substrates, one or both formulas are used to calculate a maximum allowable
      percentage variation in resonant frequency from known maximum allowable
      tolerances in dielectric constant and/or propogation velocity factor. Then
      with the oscilloscope calibrated with a known standard substrate, an
      operator merely needs to observe percentage frequency variation and
      whether it is within the previously calculated limits.
PAR  A variety of suitable single port resonant circuits are possible and useful
      in apparatus such as that shown in FIGS. 1 and 2. A presently preferred
      one, shown in FIG. 4, includes a circular resonant pattern 41 capacitively
      coupled to an input connection portion 43. As seen, the resonant portion
      includes a nearly complete circle 41 having a small air gap 42 therein.
      The configuration of FIG. 4 is preferred principally because it permits
      measurement of a smaller area than does a straight line pattern such as
      illustrated in FIGS. 1 and 2. In practice, apparatus of the type depicted
      in FIG. 4 has been used with the line width of circular portion 41 being
      about 100 mils, the gap portion 42 being about 10 degrees or arc or a mean
      distance of about 50 mils, and the gap between input portion 43 and
      circular portion 41 being about 5 mils. From these given numbers it will
      be appreciated that FIG. 4 is not to scale insofar as the gap between
      input portion 43 and circular portion 41 is concerned.
PAR  Using apparatus of the type depicted in FIGS. 1-4, with a resonant circuit
      of the type depicted in FIG. 4, an accuracy of about .+-. 0.05% with
      respect to repeatability in resonant frequency has been obtained. Such as
      accuracy enables corresponding determination of dielectric constant with a
      repeatability of about .+-.0.1%, which is more than adequate for any
      foreseeable production-oriented need at the present time.
PAR  As was alluded to hereinabove, a significant advantage of the inventive
      apparatus is that the propogation velocity factor or dielectric constant
      of a relatively small area can be measured. With apparatus of the type
      described herein, measurements at 28 different locations on a substrate of
      about 3.75 .times. 4.50 inches have been made, enabling a determination of
      the variation in dielectric constant across such substrates. Such
      measurements have proved very useful in demonstrating that the variation
      across a substrate can be significantly greater than expected and could
      thus cause deleterious inaccuracies in circuits manufactured on such
      substrates wherein it had been assumed that the average dielectric
      constant was within the specified 1% range.
PAR  Although the invention has been described in part by making detailed
      reference to certain specific embodiments, such detail is intended to be,
      and will be understood to be, instructive rather than restrictive. It will
      be appreciated by those in the art that many variations may be made in the
      structure and modes of operation without departing from the spirit and
      scope of the invention as disclosed in the teaching contained herein.
PAR  For example, it will be appreciated that the resonant circuit may be
      adapted to operate as a band pass filter, in which case transmitted power
      rather than reflected power could be measured.
PAR  Further, it will be appreciated that a great variety of different conductor
      pattern structures may be used on the flexible sheets, depending upon the
      particular type of electrical characteristic to be measured.
PAR  Further, or course, a great variety of different materials may be used for
      the flexible sheets themselves, depending upon the particular attributes
      which the worker in the art may desire.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for measuring an electrical characteristic of a material
      comprising the steps of:
PA1  pressing with fluid pressure applied and distributed against a first
      nonconductive flexible sheet having a first conductive pattern adhered
      thereto into intimate but releasable contact with a portion of the surface
      of the material;
PA1  pressing with fluid pressure applied and distributed against a second
      nonconductive flexible sheet having a second conductive pattern adhered
      thereto into intimate but releasable contact with another portion of the
      surface of the material;
PA1  applying an electrical signal between the two patterns; and
PA1  sensing the effect of the material on the signal.
NUM  2.
PAR  2. A method as recited in claim 1 wherein the sheets are pressed into
      contact with the material such that the first sheet is between the first
      pattern and the material and the second sheet is between the second
      pattern and the material.
NUM  3.
PAR  3. A method as recited in claim 1 wherein the sheets are pressed into
      contact with the material such that the first pattern is between the first
      sheet and the material and the second pattern is between the second sheet
      and the material.
NUM  4.
PAR  4. A method as recited in claim 1 wherein the material is a plane
      dielectric and the electrical characteristic is propogation velocity
      factor.
NUM  5.
PAR  5. A method as recited in claim 1 wherein the fluid pressure is air
      pressure.
NUM  6.
PAR  6. Apparatus for measuring an electrical characteristic of material
      comprising:
PA1  a first nonconductive flexible sheet having a first conductive pattern
      thereon;
PA1  a second nonconductive flexible sheet having a second conductive pattern
      thereon;
PA1  means for receiving a pressurized fluid and for distributing said fluid
      against the sheets for pressing the sheets into contact with different
      portions of the surrface of the material;
PA1  means for applying an electrical signal between the two patterns while the
      sheets are pressed against the material; and
PA1  means for sensing the effect of the material on the signal.
NUM  7.
PAR  7. Apparatus as recited in claim 6 wherein the pressing means includes
      means for pressing the sheets into contact with the material such that the
      first pattern is between the first sheet and the material and the second
      pattern is between the second sheet and the material.
NUM  8.
PAR  8. Apparatus as recited in claim 6 wherein the pressing means includes
      means for pressing the sheets into contact with the material such that the
      first sheet is between the first pattern and the material and the second
      sheet is between the second pattern and the material.
NUM  9.
PAR  9. Apparatus as recited in claim 6 wherein the pressurized fluid is
      pressurized air.
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ABST
PAL  A high resolution digital test instrument is provided which has particular,
      although not exclusive, utility in testing the inductance and inductance
      changes of wire loops which are embedded in roadways and which are
      incorporated into vehicle presence sensing systems. The test instrument
      provides a simple means for determining the sensitivity of the loop to
      vehicles of different sizes; as well as for determining whether the loop
      inductance is susceptible to drift, whether open circuit or short circuit
      conditions exist, whether there are intermittent circuit breaks, and a
      variety of other conditions. The instrument includes frequency counting
      circuitry which counts, on a selected time basis, the output frequency of
      a Class C oscillator. The frequency of the oscillator is determined by the
      combined loop and lead-in inductance together with the lead capacitance of
      the loop circuit being tested. The pulses generated by the oscillator are
      cyclically counted over a selected time period, and the results are
      displayed as a frequency measurement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The instrument to be described is both a special and a general test
      instrument. When used as a special test instrument in conjunction with a
      vehicle sensing system, as mentioned above, the instrument provides
      accurate measurements as to the overall inductive characteristics of the
      loops associated therewith, and of the response of the loops to vehicles
      passing within their confines, while the loops are operating under their
      actual working conditions.
PAR  The instrument of the invention has particular utility for use in
      conjunction with digital vehicle detection systems as described in
      copending applications Ser. Nos. 364,492, now U.S. Pat. No. 3,875,555, and
      443,299, now U.S. Pat. No. 3,873,964, both of which were filed in the name
      of the present inventor.
PAR  Copending application Ser. No. 443,299, for example, discloses a vehicle
      detection system which responds to changes in the inductance of a wire
      loop embedded in a roadway to sense the presence of a vehicle. The loop
      and associated lead-in connections are used in the system as a
      frequency-determining network for a Class C oscillator, and a digital
      circuitry is used to measure the frequency of the oscillator.
PAR  The test instrument to be described, likewise, has a Class C oscillator in
      its circuit, and it is equipped with a receptacle which may receive the
      plug of a suitable connector which may be easily connected into the loop
      lead-in network of such a vehicle detection system, without the need to
      make or break any connections in the system. The test instrument of the
      invention is basically a frequency counter with a range, for example, of 1
      megahertz. The embodiment to be described has a fixed, one second time
      base. The indicator of the instrument consists of six numeric
      seven-segment/light emitting diode displays which together provide a one
      hertz resolution for the instrument.
PAR  When the test instrument of the invention is connected in circuit with the
      loop/lead-in network of a vehicle detection system, its Class C oscillator
      generates an approximate sine wave near the resonant frequency of the
      loop/lead-in network, and changes in the resonant frequency of the network
      due to vehicle influence or environmental changes can be monitored. The
      one-second time base of the test instrument is obtained in the embodiment
      to be described, by counting down the output of a 100 kilohertz
      oscillator, as will be described in more detail subsequently herein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective representation of a digital loop test instrument
      incorporating the concepts of the invention and representing one
      embodiment of the invention;
PAR  FIG. 2 is a block diagram of the electric components which make up the test
      instrument; and
PAR  FIGS. 3A and 3B jointly represent a further and more detailed diagram of
      the electric components and circuitry of the system of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  As shown in FIG. 1, for example, the digital test instrument of the
      illustrated embodiment of the invention may be housed in a rectangular
      casing 10 having an indicator 12 on its front face. The indicator 12, as
      mentioned above, may consist of six seven-segment light emitting diode
      numeric displays which, in themselves, are well known in the art.
PAR  The instrument includes a replaceable fuse 14 and a mode selector switch
      16. As will be described, the mode selector switch 16 provides a selection
      by the instrument of either an auxiliary input receptacle 18, so that
      tests may be carried out on any appropriate equipment; or a loop
      receptacle 20, which permits tests to be carried out on a loop lead-in
      network of a vehicle detection system; or a further connection which
      permits a 60 hertz reference test to be carried out. This mode selector
      switch 16 enables the user to control the signal mormally generated in the
      instrument, thus eliminating the need for making any internal changes
      while testing a loop circuit.
PAR  The instrument also includes a display test switch 22 which, when actuated,
      causes the indicator 12 to illuminate a series of eights, so that a check
      of all segments of each digit of the display, and the associated
      circuitry, may be carried out. In addition, the test instrument includes a
      usual power input receptacle 24 (FIG. 3) which serves to connect the
      instrument to the usual 60 hertz alternating current power source.
PAR  As shown in a block diagram of FIG. 2, the loop input receptacle 20 is
      connected to a loop Class C oscillator 50, which, in turn, is connected to
      one terminal of the mode selector switch 16. The auxiliary input
      receptacle 18 is connected to another terminal of the mode selector
      switch. The power input receptacle 14 is connected to a power transformer
      52 which provides a 60 hertz signal for another terminal of the mode
      selector switch 16. The power transformer 52 is connected to a rectifying
      the regulator circuit 54 which provides, for example, +5 volts regulated
      direct current output for the system.
PAR  The common terminal of the mode selector switch 16 is connected to an input
      trigger circuit 56 which, in turn, is connected to a six decade counter
      58. The counter 58 is connected to a holding register 60 which, in turn,
      is connected through a decoder driver 62 to the display 12.
PAR  The one-second reference time base for the system is derived from a 100
      kilohertz oscillator 64 whose output is counted down through a five decade
      frequency divider counter 66. The output of the counter 66 is introduced
      to a one-shot multivibrator 68 whose output, in turn, is applied to a
      further one-shot multivibrator 70. The output of the one-shot
      multivibrator 68 is applied to the holding register 60 to cause the
      contents of the counter 58 to be transferred to the holding register at
      the end of each second. The output of the one-shot multivibrator 70 is
      used to reset the counter 58 at the end of each 1-second time base.
PAR  As mentioned above, when the mode selector switch 16 is connected to the
      Class C loop oscillator 50, the input trigger circuit 56 is caused to
      generate pulses near the resonant point of the loop/lead-in network. In
      this way, and as pointed out above, the actual operation of the loop
      circuit, including changes in its resonant frequency due to vehicle
      influence or environmental changes can be quickly monitored.
PAR  The counter 58 operates, in the illustrated embodiment on a one-second time
      base which is generated by counting down the output of the oscillator 64,
      as described. Output cycles from the Class C loop oscillator 50 are,
      therefore, accumulated in the six decade counter 50 for each 1-second
      interval. At the end of each 1-second interval the contents of the decade
      counter are transferred to the holding register 60 which drives the
      decoder driver stage 52 which, in turn, controls the display 12. The
      decade counter 58 is set to zero at the end of each 1-second time base
      interval, and the next 1-second time base accummulation period is
      immediately started.
PAR  When the instrument of the invention is used as a general purpose counter,
      the input trigger circuit 56 is disconnected from the loop oscillator 50
      by setting the mode selector switch 16 to the auxiliary position, and the
      input trigger circuit is then connected to the auxiliary input receptacle
      18 located on the top panel of the unit. When the mode selector switch 16
      is placed in the "60Hz" position, the input trigger circuit 56 is
      connected to the secondary winding of the power transformer 52, thus
      providing a 60 Hz signal for reference purposes to check the time base,
      input circuitry and driver circuitry.
PAR  In the operation of the test instrument, the test switch 22 of FIG. 2
      should first be operated to verify that the display 12 reads 888888. The
      mode selector switch 16 is then placed in the "60Hz" position to verify
      that the display should properly read 000060. The mode selector switch is
      then placed in the "loop" position so that the loop frequency may be read.
      An indication of 000000 would indicate an open or short circuited loop.
      Normal loop frequency in most present day vehicle detection systems are in
      the range of 80 KHz to 240 KHz depending on the loop configuration and
      lead-in lengths. Loop sensitivity can be determined by first measuring the
      loop frequency with no vehicle in the loop area, and by then measuring the
      loop frequency again with a vehicle in the loop area. Changes in loop
      inductance can then be determined by appropriate formulas, conversion
      tables, and curves relating frequency to inductance.
PAR  As shown in FIGS. 3A and 3B, the loop oscillator 50 is a Class C oscillator
      formed by the circuitry of a pair of NPN transistors Q1 and Q2 which may
      be of the type designated 2N2926. The loop input is connected to a +5 volt
      direct current excitation lead and to the collector of the transistor Q1.
      The base of the transistor Q1 is connected to the +5 volt lead through a
      24 kilo-ohm resistor R1, and the collector of the transistor is connected
      to a 5,600 picofarad capacitor C1 which, likewise, is connected to the +5
      volt lead.
PAR  The emitter of transistor Q1 is connected through a 150 ohm resistor R2 to
      a grounded lead, and the emitter of the transistor Q2 is connected through
      a 100 ohm resistor R2 to the grounded lead, whereas the base of the
      transistor Q3 is connected to the grounded lead through a 4.7 kilo-ohm
      resistor R3. The collector of the transistor Q2 is connected to the +5
      volt lead through an 820 ohm resistor R4. The collector of the transistor
      Q1 is connected to the base of the transistor Q2 through a 22 kilo-ohm
      resistor R5. The collector of the transistor Q2 is connected to a 0.01
      microfarad capacitor C2, which, in turn, is connected back to the base of
      transistor Q1.
PAR  The output of the loop oscillator 50 is connected to the mode selector
      switch 16, the common terminal of which is connected to the input of the
      input trigger circuit 56. The input trigger circuit 56 is formed of an
      integrated circuit IC1 of the type designated .mu.A709.
PAR  The mode selector switch 16 is connected through a 47 kilo-ohm resistor R5
      to pin 2 of the integrated circuit IC1. The output pin 6 of the integrated
      circuit is connected to a 4.7 kilo-ohm resistor R6 which, in turn, is
      connected to the base of an NPN transistor Q3 of the type designated
      2N5224. The emitter of the transistor Q3 is grounded, and the base is
      connected to a grounded 2.2 kilo-ohm resistor R7. The pin 6 of the
      integrated circuit IC1 is connected back to pin 3 through a 150 kilo-ohm
      resistor R8, and pin 3 is connected to pin 2 through a pair of
      back-to-back diodes D1, D2 and through a 270 kilo-ohm resistor R9. Pin 4
      of the integrated circuit IC1 is grounded, and pin 7 is connected to pin 3
      through a 4.7 kilo-ohm resistor R10, pin 3 being connected to a 4.7
      grounded kilo-ohm resistor R11. The resistors R10 and R11 are shunted by a
      100 microfarad capacitor C4.
PAR  The auxiliary input connector 18 is connected to ground, and to a 0.02
      microfarad capacitor C4 which, in turn, is connected to the mode selector
      switch 16. The power input receptacle 24 is connected to the primary
      windings of a pair of power transformers T1 and T2, the secondary windings
      of which are connected through appropriate rectifier and regulator
      circuits, as shown, to provide the +5 volt regulated direct current
      voltages for the system. The secondary of the transformer T1 is connected
      through a 4.7 kilo-ohm resistor R14 to the mode selector switch, the
      resistor being connected to a grounded 0.22 microfarad capacitor C6. This
      connection provides the 60Hz reference signal to the mode selector switch.
      The rectifier and regulator circuit associated with the secondary of the
      transformer T1 also supplies a direct current voltage through a 100 ohm
      resistor R18 to the circuit of the integrated circuit IC1.
PAR  The crystal oscillator 64 includes a 100 KHz crystal 100 which is connected
      to the base of an NPN transistor Q6 which may be of the type designated
      2N2926. The base of the transistor Q6 is connected to a grounded 1,000
      picofarad capacitor C8, and to a 22 kilo-ohm resistor R20. The resistor
      R20 and the collector of the transistor Q6 is connected to the base of an
      NPN transistor Q7 which may be of the type designated 2N5224, and to a
      grounded 2,200 picofarad capacitor C9. The crystal 100 is connected to a
      variable capacitor C10 which, in turn, is also connected to the base of
      the transistor Q7. The capacitor C10 may have a capacity of 4-40 pf.
PAR  The emitter of the transistor Q7 is connected to a grounded 68 ohm resistor
      R22, and the emitter of the transistor Q7 is connected to a 1 kilo-ohm
      resistor R23 which, in turn, is connected to a grounded 4.7 kilo-ohm
      resistor R24. The junction of the resistors R23 and R24 is connected to
      the base of an NPN transistor Q8 which may be of the type designated
      2N5224. The emitter of the transistor Q8 is grounded, and the collector is
      connected to the +5 volt lead through a 1 kilo-ohm resistor R24. The
      collector of the transistor Q7 is also connected to the 5 volt lead, and
      the base of the transistor Q7 is also connected to the 5 volt lead, and
      the base of the transistor Q7 is connected to that lead through a 3.3
      kilo-ohm resistor R25.
PAR  The output of the crystal oscillator 64 is connected to the frequency
      divider 66 which, as shown, is made up of five integrated circuits of the
      type designated 7490, connected as shown. The output of the frequency
      divider 66 is connected to the one-shot multivibrator 68 which is formed
      of an integrated circuit of the type 74121, as is the one-shot
      multivibrator 70.
PAR  The output of the one-shot multivibrator 70 is applied to the counter 58 to
      reset the counter at the end of each time base period. The counter 58 is
      made up of six decade counters of the type designated 7490. The holding
      register 60, as shown, is made up of six integrated circuits of the type
      designated 7475, whereas the decoder driver 62 is made up of six
      integrated circuits of the type designated 7447. One integrated circuit of
      each of the holding registers 60 and decoder driver 62 is used to drive a
      corresponding unit of the display 12.
PAR  The display test switch 22 is connected to the integrated circuits forming
      the decoder driver 62 through a 4.7 kilo-ohm resistor R40 and, when this
      switch is closed, all of the segments of each of the units of the display
      12 is activated, so that an immediate indication may be had as to the
      effectiveness of all the segments of all the units of the display 12, and
      of the effectiveness of the corresponding units forming the decoder driver
      62.
PAR  The various integrated circuits forming the system of FIG. 3 are available
      to the art, and the functions of the various logic components are known,
      so that no further description is required.
PAR  It will be appreciated that the present invention provides a simple and
      convenient test instrument for use in conjunction with vehicle detection
      systems, or for other frequency measuring, frequency counting, or
      inductance measuring of a variety of circuits and systems.
PAR  While a particular embodiment of the invention has been shown and
      described, modifications may be made. It is intended in the claims to
      cover the modifications which come within the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A test instrument for measuring the inductance of a resonant
      loop/lead-in network, or the like, including: a first input terminal to be
      connected in circuit with the loop/lead-in network; an oscillator circuit
      connected to the first input terminal to generate pulses of a repetition
      frequency near the resonant frequency of the network; a second input
      terminal to be connected to an alternating current source; a verification
      circuit connected to said second input terminal for producing verification
      oscillations of a known frequency; a mode selector switch having first and
      second terminals respectively connected to the oscillator circuit and to
      the verification circuit and having a common terminal to be selectively
      connected to its first and second terminals; a counter connected to the
      common terminal of said mode selector switch; a holding register connected
      to the counter; display means connected to the holding register for
      displaying the contents of the holding register; and a reference circuit
      connected to the counter and to the holding register for applying a
      reference pulse thereto at the end of each of a succession of
      predetermined time intervals to cause the contents of the counter to be
      transferred to the holding register and to cause the counter to be reset
      at the end of each such predetermined time interval.
NUM  2.
PAR  2. The test instrument defined in claim 1, in which said oscillator is a
      Class C oscillator.
NUM  3.
PAR  3. The test instrument defined in claim 1, in which said mode selector
      switch includes a third terminal, and in which the test instrument
      includes an auxiliary input terminal connected to the third terminal of
      the mode selector switch.
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ABST
PAL  A sweeping spectrum analyzer for analyzing the frequency and amplitude of
      an input signal is comprised of a Bragg cell with a laser beam input and
      an accoustic signal input. An input signal is mixed with a sweep signal to
      produce a heterodyned signal within the acoustic bandwidth of the Bragg
      cell. The heterodyned signal is applied to the Bragg cell and results in
      deflection of a laser beam passing therethrough. The Bragg cell output is
      imaged onto a charge coupled photodetector array and fed to a shift
      register as clock pulses. The clock pulses are synchronized with the sweep
      signal frequency for transfer as one charge packet down a charge coupled
      array.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a system for analyzing the
      frequency components of an input signal, and more particularly relates to
      a new and improved sweeping spectrum analyzer which utilizes optical
      techniques for processing electrical signals. Recent advances in optical
      technology have made optical processing of electrical signals far simpler
      and less expensive for certain frequency analyzer applications than
      conventional electronic processing.
PAR  More particularly, the spectrum analyzer of the present invention utilizes
      a Bragg cell in combination with a charge coupled photodetector array to
      achieve both high resolution and high sensitivity. A Bragg cell is usually
      a block of glass or crystalline material approximately 1 cm. .times. 1 cm.
      in cross section and up to 10 to 20 centimeters long. A piezoelectric
      transducer is bonded to the end of the cell and turned to the frequency
      band of interest. When the transducer is excited with an electrical
      signal, a travelling acoustic wave is set up in the cell. This causes
      slight changes in the refractive index of the cell between the peaks and
      valleys of the acoustic pressure wave. When light is introduced at the
      correct angle, termed the Bragg angle, the refractions from the index
      changes add in phase, and Bragg diffraction takes place. A portion of the
      input light beam is deflected, and can be imaged onto a screen or
      photodetector. The amplitude of the deflected beam is proportional to the
      amplitude of the acoustic input and the deflection angle is proportional
      to the frequency of the acoustic input. If a radio electric signal is fed
      into the Bragg cell, a spot of light is imaged the position of which is
      proportional to the signal frequency and the amplitude of which is
      proportional to the instantaneous signal strength. Thus, all of the
      modulation on the signal is preserved. If there are simultaneous multiple
      input signals at different frequencies within the Bragg cell bandwidth,
      they will be simultaneously imaged at different positions in the Bragg
      cell output. This is one of the key advantages of Bragg cell signal
      processing. Multiple signals can be processed simultaneously without the
      necessity for time sharing or sweeping. Another advantage is that the
      output is in a form suitable for further signal processing with recently
      developed complex detector arrays.
PAR  With Bragg cells a wide variety of operating parameters can be achieved.
      The efficiency of deflection is very high, and most applications require
      less than a watt of drive power. When there is no input there is no
      deflection and hence there is no output. Thus, the extinction ratio is
      essentially infinite.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a preferred embodiment, a sweeping spectrum analyzer is
      disclosed which has high resolution, high sensitivity, and an improved
      time-bandwidth product. The preferred embodiment utilizes a Bragg cell for
      deflecting a light beam travelling through the cell in accordance with an
      acoustical signal applied to the cell. In a Bragg cell the amplitude of
      the deflected light beam is proportional to the amplitude of the
      acoustical signal, and the angle of deflection of the deflected light beam
      is proportional to the frequency of the acoustical signal. A variable
      frequency sweep signal is mixed with the input signal to be analyzed to
      produce a heterodyned signal which contains the frequency and amplitude
      information of the input signal and which also is swept in frequency by
      the sweep signal. The heterodyned signal is introduced to the Bragg cell
      as the acoustical signal to produce an output light beam from the Bragg
      cell which contains the frequency and amplitude information of the input
      signal and which also is swept in direction by the sweep signal. The
      output of the Bragg cell is detected by a charge coupled photodetector
      array. The charges within the charge coupled photodetector array are
      transferred in synchronism within the frequency of the sweep signal so
      that energy associated with a constant frequency component of the input
      signal will be transferred and collected as one charge packet as it is
      transferred down the charge coupled photodetector array.
PAR  Since all frequencies in the Bragg cell array are processed simultaneously,
      and since the photodetector array integrates the light falling upon it,
      there is little danger of missing a short duration signal. This can be of
      great advantage in jammer frequency control in which it is desired to
      measure signal frequencies accurately, especially when there is the
      possibility of a great number of simultaneous signals in the band. The
      system processes continuous-wave and pulsed signals esqually well, and can
      measure frequency accurately even when there are simultaneous multiple
      continuous wave signals and multiple pulses.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the principle of operation of the present invention.
PAR  FIG. 2 is a graph of signals within the system which is useful in
      explaining the operation of the system.
PAR  FIG. 3 shows a simplified schematic of a charge coupled photodetector
      array.
PAR  FIG. 4 (A, B, C) illustrates the output of the system for several different
      types of input signals.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is illustrated the basic principle of operation
      of this invention. The invention analyzes an input signal received on
      input 10 for its frequency components and also for the strength or
      amplitude of each component. A voltage controlled oscillator 12 (In an
      alternative embodiment, a discrete stepping frequency source, such as a
      frequency synthesizer, may be substituted for the continuously swept
      voltage controlled oscillator) produces a signal the frequency of which is
      periodically swept upward, and directs it to a mixer 15 where it is mixed
      with the input signal 10 to obtain a heterodyned signal. The heterodyned
      signal contains the frequency and amplitude information of the input
      signal received on input 10, and also is swept in frequency by the
      oscillator 12.
PAR  The heterodyned signal has an intermediate frequency (IF) which is the
      difference between the frequency of the input signal and the frequency of
      the signal produced by local oscillator (LO) 12:
EQU  f.sub.IF = f.sub.signal - f.sub.LO
PAL  or
EQU  f.sub.IF = f.sub.LO - f.sub.signal.
PAR  Since the local oscillator is being swept in frequency, the IF frequency
      for a fixed frequency input signal will also be swept as shown in FIG. 2.
      If the local oscillator is swept in an upward direction, the frequency of
      the intermediate frequency signal will proceed first downward as the
      frequency of the local oscillator approaches the frequency of the input
      signal, and then will proceed upward when the local oscillator frequency
      surpasses the frequency of the input signal.
PAR  Referring back to FIG. 1, the heterodyned signal is amplified by an
      amplifier 16 and applied as the acoustical input signal to a Bragg cell 18
      to deflect a laser beam 17 travelling therethrough. The deflected beam
      will contain the frequency and amplitude information of the input signal,
      and also will be swept across the output of the Bragg cell at a speed
      related to the sweep frequency of the sweep signal. Because the IF signal
      first decreases and then increases in frequency, the optical output of the
      Bragg cell for a fixed frequency input signal will be a spot of light
      moving across the Bragg cell output first in one direction and then in the
      other direction.
PAR  The output of the Bragg cell is imaged by an optical system 20 onto a
      charge coupled photodetector array 22. The charge coupled photodetector
      array includes a photodiode linear array 24, a semiconductor transfer gate
      26 and an analog shift register 28 which functions to transfer charges
      down the array in accordance with clock pulses applied to the shift
      register. The frequency of the clock pulses is synchronized with the rate
      of sweep of the frequency of the sweep signal so that the energy
      associated with a constant frequency input signal is transferred and
      collected as one charge packet as it moves down the charge coupled array.
      In further explanation of this synchronization, if the VCO sweep is
      linear, the clock rate is set at a fixed rate which matches the frequency
      sweep of the VCO. If the VCO sweep is not linear or if the rate of
      frequency sweep is changed then the clock rate has to be changed
      accordingly.
PAR  The spot of light moving down the photodetector array in the direction in
      which charges are transferred by the shift register is utilized to analyze
      frequency components of the input signal. The spot of light moving in the
      opposite direction will not be collected as a single charge packet, but
      will be spread over a number of resolution elements in the array.
      Accordingly, there will be an inherent rejection of the spot of light
      moving in the opposite direction, and image band signals are strongly
      attenuated, such that conventional image filters may not be required.
PAR  The circuit operates as follows to transfer charges down the charge coupled
      photodetector array 22 at the same rate at which a spot of light caused by
      a fixed frequency signal moves across the array. A control circuit 30
      supplies a sawtooth voltage 31 to oscillator 12 to sweep the frequency of
      that oscillator. Control circuit 30 also directs a fixed voltage to a
      voltage controlled clock 32 to control the frequency of the generated
      clock pulses. The clock pulses from clock 32 are applied to a charge
      coupled analog shift register 28 to increment it in synchronism with the
      frequency of the local oscillator 12 such that a spot of light associated
      with a fixed frequency input signal will be collected as one charge packet
      as it is transferred down the shift register 28. The overall output of the
      charge coupled array is a series of pulses with the amplitude and position
      of each pulse being proportional respectively to the integrated energy and
      frequency of the detected signal causing that pulse.
PAR  A simplified schematic of a charge coupled photodetector array 22 is
      illustrated in FIG. 3. The array of diode photodetectors 30 are connected
      to the charge coupled analog shift register 28 by the semiconductor
      transfer gate 26 which is illustrated for purposes of explanation as an
      array of switches. All of the gates are closed simultaneously when a
      proper voltage is applied thereto by clock 32. If light is incident on the
      photodetector diodes 24, a charge proportional to the intensity of the
      incident light is accumulated within the diodes, and this charge is
      transferred to the shift register 28 when the gates 26 are closed. By
      applying clock pulses at a frequency synchronized with the velocity of a
      spot of light moving down the array, a charge packet associated with that
      spot of light is moved down the array to the output 38 to produce an
      electrical output signal.
PAR  The shift register is incremented so that the charge on a photodiode caused
      by a light spot is transferred by semiconductor gate 26 to an element
      within the shift register just after the light spot has moved past that
      photodiode. The charge is then transferred to the element adjacent to it
      in the shift register associated with the adjacent photodiode. As the
      light spot travels across and is moving past that adjacent photodiode, the
      gates are closed again and the charge is the adjacent photodiode is added
      to that already stored in the shift register, and etc. Thus, all of the
      energy from one signal will be collected as one charge packet as it is
      transferred down the shift register.
PAR  In practice, the photodetector array, the semiconductor gates, the analog
      shift register and the associated circuitry to access the photodetectors
      are all produced on a single semiconductor chip. Such a semiconductor chip
      is currently available from Fairchild Semiconductor. A currently available
      charge coupled photodetector array (Fairchild CCD101) with 500 detector
      elements is reported to have a maximum gate closing rate of 100,000 Hz. If
      this is coupled to a Bragg cell of 500 MHz bandwidth with 1 MHz
      resolution, a sweeping spectrum analyzer may be constructed with the
      following characteristics. The optical system 20 would be designed so that
      the 500 MHz bandwidth is spread across the photodetector array, and each
      detector would resolve 1 MHz. Since the gate may be closed at a 100 kHz
      rate, the local oscillator may be swept through 1 MHz which allows 10
      .mu.sec for each of the 500 detectors or 5 msec for the total sweep.
PAR  The resulting system is equivalent to 500 single-channel receivers of the
      same resolution scanning at the same rate, yielding a corresponding
      improvement in the probability of intercepting low-duty-cycle pulse
      signals. Thus, the processing gain can be as high as 500 times.
PAR  The overall output of the charge coupled array is a series of pulses with
      the amplitude and position of each pulse being proportional respectively
      to the integrated energy and frequency of the detected signal causing that
      pulse. FIG. 4 illustrates the output of the system for several different
      types of input signals. As shown, a sync pulse 40 is produced each time
      the oscillator 12 initiates a different sweep. The position of each output
      pulse relative to the sync pulse determines the frequency of the input
      signal causing that output pulse. If a single frequency signal is present
      on the input 10, the output from the charge coupled detector array 22 is a
      single pulse as shown in FIG. 4(A). Jf several different fixed frequency
      signals are present at the input 10, the output would be shown as in FIG.
      4(B). The position of each of separate pulses relative to the sync pulse
      40 determines the frequency of the input signals causing each of those
      pulses, and the amplitude of each output pulse determines the strength of
      each input signal. If a chirped signal or wide band signal is present at
      the input 10, the output would be as shown in FIG. 4(C). In each case, the
      amplitude would be proportional to the integrated RF power of each input
      signal, and the pulse position relative to the sync pulse determines the
      frequency of each input signal.
PAR  Although the preferred embodiment has been illustrated as a system for
      analyzing the frequency and amplitude of components of an input signal, it
      might be utilized to analyze just the frequency or just the amplitude
      components of an input signal. Also, the arrangement of the present
      invention might find utility in processing applications other than the
      specific processing application disclosed herein. For example, by
      modifying the clock rate relative to the sweep rate, it is possible to
      optimize the system to receive chirped signals, in effect bringing them
      "into focus," so that their energy is compressed into a large single
      pulse, while signals chirping at different rates are spread out and
      thereby de-emphasized. Further, the concept of moving charge packets in
      synchronism with a moving image could be applied to systems in which a
      moving image is present such as an aerial camera.
PAR  While several embodiments have been described, the teachings of this
      invention will suggest many other embodiments to those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A sweeping spectrum analyzer for analyzing the frequency components of
      an input signal, and having both high resolution and high sensitivity and
      comprising:
PA1  a. a Bragg cell means for deflecting a light beam travelling through the
      cell in accordance with an acoustical signal applied to the cell with the
      amplitude of the deflected beam being proportional to the amplitude of the
      acoustical signal and the angle of deflection of the deflected beam being
      proportional to the frequency of the acoustical signal;
PA1  b. means for producing a variable frequency sweep signal;
PA1  c. means for mixing said variable frequency sweep signal with the input
      signal to be analyzed to produce a heterodyned signal which contains
      frequency and amplitude information of the input signal and which is also
      swept in frequency in accordance with the sweep frequency of said sweep
      signal;
PA1  d. means for coupling said heterodyned signal to said Bragg cell as said
      acoustical signal, whereby the output signals of said Bragg cell will
      contain frequency and amplitude information of said input signal and will
      also be swept in frequency in accordance with the sweep frequency of said
      sweep signal;
PA1  e. a charge coupled photodetector array means for detecting the output of
      said Bragg cell; and
PA1  f. means for causing the charges within said charge coupled photodetector
      array means to be transferred in synchronism with the frequency of said
      sweep signal so that the energy associated with a constant frequency
      component of said input signal will be transferred and collected as one
      charge packet as it is transferred through said charge coupled
      photodetector array means.
NUM  2.
PAR  2. A system as set forth in claim 1 and including optical means for imaging
      the output of said Bragg cell means onto said charge coupled photodetector
      array means.
NUM  3.
PAR  3. A system as set forth in claim 1 wherein said means for producing a
      variable frequency sweep signal includes a voltage controlled swept
      frequency oscillator means for producing a variable frequency sweep
      signal.
NUM  4.
PAR  4. A system as set forth in claim 1 wherein said means for causing the
      charges within said charge coupled array to be transferred in synchronism
      with the frequency of said sweep signal includes a voltage controlled
      clock means for supplying clock pulses to said charge coupled detector
      array means; and a control circuit means for controlling said swept
      frequency oscillator and said voltage controlled clock means.
NUM  5.
PAR  5. A system as set forth in claim 1 wherein said charge coupled
      photodetector array means includes a single semiconductor chip means which
      comprises:
PA1  a. a photodetector array;
PA1  b. an analog shift register means for collecting and transferring charges
      received from said photodetector array; and
PA1  c. a transfer gate means coupled between said photodetector array means and
      said analog shift register means for transferring charges from said
      photodetector array means to said analog shift register means.
NUM  6.
PAR  6. A system as set forth in claim 5 and including optical means for imaging
      the output of said Bragg cell means onto said charge coupled photodetector
      array means.
NUM  7.
PAR  7. A system as set forth in claim 6 wherein said means for producing a
      variable frequency sweep signal includes a voltage controlled swept
      frequency oscillator means for producing a variable frequency sweep
      signal.
NUM  8.
PAR  8. A system as set forth in claim 7 wherein said means for causing the
      charges within said charge coupled array to be transferred in synchronism
      with the frequency of said sweep signal includes a voltage controlled
      clock means for supplying clock pulses to said charge coupled detector
      array means; and a control circuit means for controlling said swept
      frequency oscillator and said voltage controlled clock means.
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ABST
PAL  A bipolar C-MOS analog to pulse rate converter is disclosed which provides
      a pulse train at its output having a frequency which is proportional to
      the magnitude of an analog input signal over a wide dynamic range. An
      analog input signal is integrated until the output of the integrator
      reaches a threshold level. A threshold detector generates a signal when
      the threshold level is reached which signal is coupled to a JK flip-flop.
      The JK flip-flop changes its state to thereby provide an output pulse and
      at the same time provide a switching pulse for coupling a DC reference
      source to the input of the integrator for resetting the integrator to a
      reference level. The flip-flop is then reset and the integrator again
      integrates the analog input signal to initiate a second cycle. Since the
      output frequency of the converter is dependent upon the time required for
      the output of the integrator to reach the threshold level, the output
      frequency is directly proportional to the magnitude of the input signal to
      the converter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an analog to pulse rate converter.
PAR  In the past, circuits have been provided for converting an analog input
      signal to an output signal wherein the output signal is a pulse train
      having a frequency which is related to the amplitude of the input analog
      signal. These prior art converters have typically been limited to a rather
      narrow dynamic range. Further, while such converters have been capable of
      monopolar operation, they have not been easily adapted for converting dual
      polarity analog input signals to a pulse train having a frequency which is
      proportional to the magnitude of the input signal.
PAR  It therefore is an object of this invention to provide an efficient and
      accurate analog to pulse rate converter having a wide dynamic range.
PAR  It is another object of this invention to provide an efficient, economical
      and accurate dual polarity analog to pulse rate converter.
PAR  Accordingly, this invention relates to an analog to pulse rate converter
      for converting an input analog signal to an output pulse train having a
      frequency which is proportional to the magnitude of the input signal. The
      converter utilizes C-MOS circuitry in order to conserve power and improve
      the accuracy of the circuit. The circuit includes an integrator for
      integrating the analog input signal wherein the integrator is operated
      substantially in its linear region. A threshold detector formed of C-MOS
      components detects when the output of the integrator reaches a
      predetermined threshold level. The output of the threshold detector is
      coupled to a JK flip-flop which provides an output pulse having a
      predetermined pulse width. The output of the JK flip-flop is coupled back
      to a reset switch which when closed resets the integrator to a reference
      level. The JK flip-flop is then reset and the reset switch is opened so
      that the integrator can then again integrate the analog input signal until
      the threshold level is again reached.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      more fully apparent in the following detailed description of the preferred
      embodiment, appended claims and accompanying drawings in which:
PAR  FIG. 1 is a schematic illustration of the analog to digital converter of
      the present invention;
PAR  FIG. 2 is a schematic block diagram of an alternate embodiment of the
      analog to digital converter of the present invention for converting dual
      polarity analog input signals to an output pulse train;
PAR  FIG. 3 is a graphical display illustrating the output pulse rate versus
      input amplitude of the analog to pulse rate converter of FIG. 2;
PAR  FIG. 4 is a more detailed schematic illustration of the analog to pulse
      rate converter of FIG. 2; and
PAR  FIG. 5 is a series of graphical displays illustrating the waveforms
      associated with the analog to pulse rate converter of FIGS. 1 and 2.
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Refer now to FIG. 1 where there is disclosed a schematic illustration of
      the analog to pulse rate converter of the present invention. At the input
      an integrator circuit, generally designated by the numeral 12, is provided
      which includes an operational amplifier 11 and a feedback capacitor
      C.sub.f. The operational amplifier 11 is illustrated having an input
      resistor 13 connected to its inverting terminal and a reference resistor
      16 connected to its non-inverting terminal. The other end of resistor 13
      serves as an input terminal 15 to which an input analog signal is coupled.
      The operational amplifier 11 may be of any conventional design, such as a
      conventional bipolar integrated circuit operational amplifier or may
      preferably be designed with C-MOS circuitry so that it can be combined
      with the C-MOS circuitry to be described on a monolithic semiconductor
      chip.
PAR  The output of the operational amplifier 11 is connected to a threshold
      detection circuit generally designated by the numeral 17. The threshold
      circuit 17 includes a pair of complementary metal oxide semiconductor
      transistors, hereinafter designated C-MOS transistors. The threshold
      detector 17 includes transistors 19 and 21 wherein the two transistors are
      complementary voltage level sensitive types arranged so that the
      transistors serve as mutual load circuits for each other. Thus, transistor
      19 is a P channel MOS transistor having its source terminal connected to a
      positive DC supply V.sub.cc and its drain terminal connected in common
      with the drain terminal of N channel MOS transistor 21. The source of the
      N channel transistor 21 is connected to a reference potential, such as
      ground. The gate terminals of both transistors are connected to the output
      of the operational amplifier 11.
PAR  As will be seen in connection with the description of the operation of the
      circuit hereinbelow, the threshold detector 17 functions as a comparator
      since it changes its state whenever the output of the operational
      amplifier reaches a threshold level. The output of the threshold detector
      17 is connected to an inverter circuit 23 which includes a P channel MOS
      transistor 25 and an N channel MOS transistor 27 wherein the source
      terminal of the P channel transistor 25 is connected to the DC supply
      V.sub.cc and the drain terminal thereof is connected in common with the
      drain terminal of N channel transistor 27. The source terminal of the
      transistor 27 is connected to the reference potential and the gate
      terminals of both transistors are connected to the output of the threshold
      detector 17. The output of the inverter 23 is connected to a second
      inverter 29 and to the K input of JK flip-flop 31. Inverter 29 is
      identical to inverter 23 and includes a pair of MOS transistors including
      P channel transistor 33 and N channel transistor 35. P channel transistor
      33 and N channel transistor 35 are connected in the same manner as
      transistors 25 and 27, respectively. The output of the inverter 29 is
      connected directly to the J input terminal of the JK flip-flop 31.
PAR  As is known, MOS transistors are ordinarily provided with substrate
      terminals. These have been omitted here in the interest of clarity, it
      being understood that the P channel transistors 19, 25 and 33 have
      substrate connections which are connected to the positive DC supply
      V.sub.cc while the N channel transistors 21, 27 and 35 have substrate
      connections which are made to ground.
PAR  In order to provide a clock signal for the JK flip-flop, a 400 kHz quartz
      crystal oscillator 37 is provided. Quartz crystal oscillators are well
      known in the art and can be made using C-MOS transistor circuitry or can
      use other conventional circuit concepts for providing a stable frequency
      standard. The output of the quartz crystal oscillator 37 is divided down
      to 6250 Hz by means of a frequency divider 39. Frequency divider 39 may be
      of conventional design and in the preferred embodiment, utilizes C-MOS
      divider stages in order to minimize the size of the circuitry and the
      power utilized therein. The 6250 Hz clocking signal at the output of the
      divider circuit 39 is in the form of a square wave, as illustrated in FIG.
      5c and is utilized to clock the JK flip-flop 31.
PAR  The Q output of the flip-flop 31 is connected to an output terminal 41 of
      the analog to pulse rate converter and in addition is connected to the
      gate terminals of transistors 45 and 47 which form a level detector
      circuit 43. The source terminal of the P channel transistor 45 is
      connected to a positive DC supply V.sub.cc and the drain terminal thereof
      is connected in common with the drain terminal of transistor 47 and to the
      gate terminal of the N channel transistor 51 of the C-MOS transmission
      pair 53. The source terminal of transistor 47 is connected to the
      reference potential. The output of the JK flip-flop 31 is also connected
      to the gate terminal of the P channel transistor 55 of the transmission
      pair 53.
PAR  The Q output of the JK flip-flop 31 is connected to a second level detector
      57 which includes a P channel MOS transistor 59 and a N channel MOS
      transistor 61. The P channel transistor 59 and the N channel transistor 61
      are connected in the same manner as the transistors of the level detector
      43. The output of the detector 57 is connected to the gate terminal of an
      N channel transistor 63 which forms a part of a second C-MOS transmission
      pair 65. The Q output of the JK flip-flop 31 is also connected to the gate
      terminal of the P channel transistor 67 of the transmission pair 65.
      Transmission pairs such as 53 and 65 are known in the art and act as a
      gating means when appropriate input signals are coupled to the respective
      transistors which form the transmission pair. The drain output of each of
      the transistors which form the transmission pairs is coupled to the
      inverting input of the operational amplifier 11 via a discharge resistor
      69.
PAR  The operation of the circuit will now be described. At the outset in order
      to understand the operation of the circuit, it should be recalled that P
      channel enhancement mode MOS transistors are turned on when a low gate
      voltage appears at the gate terminal thereof. By increasing the gate
      voltage, the conductivity of the transistor is reduced until ultimately
      the transistor is turned off when a high enough gate voltage is applied
      thereto. Conversely, for N channel enhancement mode MOS transistors, the
      transistor is turned on for high gate voltages and is turned off for low
      gate voltages.
PAR  Assume that the input signal at terminal 15 is a negative voltage. This
      voltage is integrated by the integrating circuit 12 until the voltage
      across the capacitor C.sub.f reaches a predetermined threshold level. When
      the threshold level is reached, transistor 19 is turned off and transistor
      21 is turned on, thereby driving the voltage at the gate terminals of
      transistors 25 and 27 to a low voltage. Thus, P channel transistor 25 is
      turned on and N channel transistor 27 is turned off. Accordingly, the
      input to the K terminal of the JK flip-flop and to the gate terminals of
      transistors 33 and 35 approaches the positive source voltage V.sub.cc.
      Thus, transistor 33 is turned off and transistor 35 is turned on,
      therefore driving the voltage at the J input of the flip-flop 31 to a low
      voltage.
PAR  With the input at the J terminal of the flip-flop low and input at the K
      terminal high, when the clock pulse input to the flip-flop goes high, the
      output at the Q terminal of the flip-flop goes high and the Q output
      thereof goes low. Thus, transistor 47 is turned on and transistor 45 is
      turned off, thereby driving the output terminal of the level detector 43
      to a low potential. Hence, MOS transistor 51, since it is of the N channel
      type, is turned off. At the same time, since the Q output of the JK
      flip-flop 31 is high, the other transistor 55 of the transmission pair 53
      is turned off. Hence, the conductive paths through the transmission pair
      53 are opened.
PAR  The Q output of the JK flip-flop which is low is coupled to the gate
      terminals of the transistors 59 and 61, thereby turning on transistor 59
      and turning off N channel transistor 61, thereby driving the output of the
      level detector 57 high. This output is coupled to the gate terminal of N
      channel transistor 63 to turn this transistor on. At the same time the low
      output level at the Q of the flip-flop 31 is connected to the P channel
      transistor 67 to thereby turn this transistor on. With both transistors 63
      and 67 conducting, the reference voltage V.sub.R is connected to the
      integrator via discharge resistor 69. Thus, the charge on the capacitor
      C.sub.f discharges at a predetermined rate which is determined by the
      value of the capacitor C.sub.f, the value of the resistor 69 and the
      voltage V.sub.R. The resistor 69 and voltage V.sub.R are chosen such that
      the capacitor C.sub.f will discharge to a reference voltage, such as 0
      volts, by the time that one clock pulse cycle at the output of divider 39
      has been completed.
PAR  When capacitor C.sub.f has been discharged to the reference level, the
      voltage at the input of the threshold detector 17 has again gone to its
      low state, thereby reversing the conductive state of the transistors 19
      and 21. This in turn causes the outputs of inverters 23 and 29 to be
      inverted, thereby generating a positive input at the J input of the
      flip-flop 31 and a negative voltage at the K input thereof. Thus, when the
      clock pulse input to the flip-flop 31 begins a new cycle, the output
      voltages at the Q and Q terminals of the JK flip-flop are reversed so that
      the Q output is low and the Q output is high. Thus, N channel transistor
      47 is turned off and P channel transistor 45 is turned on, thereby
      generating a positive or high output which is coupled to the N channel
      transistor 51 of the MOS transmission pair 53. At the same time, the low
      output of the Q terminal of the JK flip-flop is coupled to the P channel
      transistor 55 to thereby turn on this transistor so that the transmission
      pair 53 connects the discharge resistor 69 directly to ground. At the same
      time, the transmission pair 65 is turned off since the input to the P
      channel transistor is high and the input to the N channel transistor is
      low because of the inverting action of the threshold detector 57. Thus, a
      new integration cycle being immediately after the capacitor C.sub.f has
      been discharged.
PAR  It can be seen that the capacitor C.sub.f of the integrator 12 is charged
      by an input current, hereinafter designated I.sub.F, when an analog
      voltage is coupled to the input terminal 15. The charge on the capacitor
      C.sub.f with respect to time is given by the following relationship.
      ##EQU1##
      where Q.sub.F is the charge on the capacitor C.sub.f. T.sub.F is the time
      required for the capacitor to charge to the threshold level as illustrated
      in FIG. 5b.
PAR  Similarly, the discharge of the capacitor C.sub.f is in accordance with the
      following relationship:
      ##EQU2##
      where I.sub.R is the discharge current through resistor 69 and T.sub.R is
      the time required for the capacitor to discharge. Since Q.sub.F (t) =
      Q.sub.R (t) and
      ##EQU3##
      the pulse rate or frequency f at the output terminal 41 is,
      ##EQU4##
      Also,
      ##EQU5##
      where T.sub.o is the clock oscillator period (1/fo), and K.sub.o is the
      frequency divider factor (K.sub.o =64).
PAR  The pulse rate from equations 5 can therefore be given as follows:
      ##EQU6##
      where K is the analog conversion factor in voltage seconds.
PAR  It therefore can be seen from equation 6 that the output pulse rate is
      directly proportional to the input voltage V.sub.in or the input current
      I.sub.R since I.sub.R and T.sub.R as well as resistors 13 and 69 are
      constant. Accordingly, an accurate analog to digital conversion is
      achieved. As aforementioned, the time reference T.sub.R is produced by
      using a crystal oscillator 37 which oscillates at, for example, 400 kHz. A
      six-bit binary divider 39 converts the 400 kHz oscillator frequency down
      to 6250 Hz. The time T.sub.R is the time reference and determines the
      discharge time of the integrator, while the current I.sub.R is determined
      by a constant reference source V.sub.R and resistor 69. Thus, an analog to
      pulse rate conversion is provided which is exceedingly linear over a wide
      dynamic range.
PAR  Refer now to FIG. 2 where there is disclosed a schematic block diagram of a
      dual polarity analog to pulse rate converter. In this circuit both
      positive and negative input signals are converted to an output pulse train
      wherein the frequency of the output pulse train is proportional to the
      magnitude of the input signal regardless of the polarity of the input
      signal. A resistor 71 is connected at one end to an input terminal 73 of
      the converter and at the other end to an operational amplifier 75. The
      operational amplifier may be of any suitable design known in the art. A
      feedback capacitor C.sub.f is connected across the input and output
      terminals of the operational amplifier 75 so that an integrator circuit,
      generally designated by the numeral 76, is provided. The output of the
      operational amplifier 75 is connected to a pair of comparators 77 and 79.
      Comparator 77 provides an output for switching flip-flop 81 when the
      output of the operational amplifier 75 reaches a positive threshold level
      and the comparator 79 provides an output for switching flip-flop 83 when
      the output of the operational amplifier 17 reaches a predetermined
      negative threshold level. Both flip-flops 81 and 83 are clocked from a
      suitable frequency source 85 which generates a clock pulse train having a
      frequency f.sub.c. As in the circuit of FIG. 1, the oscillator circuit 85
      includes a standard quartz crystal oscillator and an appropriate divider
      circuit for reducing the clock pulse frequency rate to a desired level.
PAR  The Q output of flip-flop 81 is connected to one input of a NOR gate 87 and
      to a reset switch 89 illustrated schematically in the figure. The reset
      switch 89 is ordinarily connected to a reference potential such as ground;
      however, when the Q output of the flip-flop 81 goes high, the switch arm
      91 is coupled to a positive reference source V.sub.R to thereby connect
      the source to the input of the integrator via a discharge resistor 93.
PAR  The output of the other flip-flop 83 is connected to the second input of
      the NOR gate 87 and in addition is connected to a second reset circuit 95
      which is schematically illustrated in the figure. The switch arm 97 of the
      reset circuit 95 is normally connected to a reference potential such as
      ground but when the Q output of flip-flop 83 goes positive, the switch arm
      97 is connected to a negative reference voltage V.sub.R. The negative
      reference voltage V.sub.R is connected to the input of the integrator via
      a discharge resistor 99.
PAR  In operation, when for example, a positive analog signal is coupled to the
      input terminal 73, the capacitor C.sub.f charges until the output of the
      operational amplifier 75 reaches a predetermined negative threshold
      voltage. When this occurs, comparator 79 generates an output pulse which
      switches flip-flop 83. Thus, the Q output of the flip-flop 83 goes
      positive or high, thereby driving the output of the NOR gate 87 low. At
      the same time, the positive or high output of the flip-flop 83 is coupled
      to reset switch 95 to thereby cause the negative reference voltage V.sub.R
      to be coupled to the input terminal of the integrator circuit formed by
      the operational amplifier 75 and the resistor C.sub.f. Thus, the capacitor
      C.sub.f discharges for a period of time which is determined by the value
      of the voltage V.sub.R and the resistor 99. The voltage V.sub.R and the
      resistor 99 are selected such that the capacitor C.sub.f discharges to a
      reference potential during one cycle of the clock pulse output of
      oscillator 85, as can be seen with reference to FIGS. 5b and 5c. With
      capacitor C.sub.f discharged to the reference potential, switch 95 is
      reset and the integrator again integrates the signal input at terminal 73.
      This cycle repeats itself with the frequency at the output being
      determined by the amplitude of the input voltage at terminal 73.
PAR  If the input at terminal 73 is negative, the capacitor C.sub.f charges
      until the output of the operational amplifier 75 reaches a predetermined
      positive threshold level. When this occurs, comparator 77 provides an
      output pulse for switching flip-flop 81. Flip-flop 81 then provides a high
      or positive output at its Q terminal, thereby driving the output of NOR
      gate 87 to a low voltage. At the same time, the high output of flip-flop
      81 is coupled to reset switch 89 which connects the reference voltage
      V.sub.R to the input of the operational amplifier 75 via discharge
      resistor 93. Capacitor C.sub.f then discharges through resistor 93 until
      the output of the operational amplifier 75 reaches a predetermined
      reference level. Resistor 93 and reference voltage V.sub.R are selected so
      that the capacitor C.sub.f discharges to the reference level during one
      clock pulse cycle, as illustrated graphically by FIGS. 5b and 5c. When
      capacitor C.sub.f has been completely discharged, switch 89 is reset and
      the capacitor is again charged through input resistor 71 until the output
      of the integrator again reaches its threshold level.
PAR  Referring to FIG. 3, it can be seen that the transfer function of the dual
      polarity analog to digital converter of FIG. 2 provides a pulse train
      output having a frequency which is linearly related to the magnitude at
      the input of the circuit regardless of polarity of the input. Thus, for a
      positive analog signal having a voltage V.sub.1, the converter provides an
      output pulse train having a frequency F.sub.1 and if a negative voltage
      having the same magnitude V.sub.1 as the positive input signal is coupled
      to the converter, the converter will generate a pulse train at the output
      thereof having the same frequency F.sub.1.
PAR  Refer now to FIG. 4 where there is disclosed a more detailed circuit
      diagram of the dual polarity analog to digital converter of FIG. 2. An
      input resistor 71 is connected to the input terminal 73 of the converter
      and to the inverting input terminal of an operational amplifier 75. The
      non-inverting input terminal to the operational amplifier 75 is connected
      to a reference potential such as ground. A feed-back capacitor C.sub.f is
      connected across the input and output terminals of the operational
      amplifier 75 to thereby provide an integrating circuit generally
      designated by the numeral 76. The output of the integrating circuit 76 is
      connected to a pair of threshold detectors 77 and 79. Threshold detectors
      77 and 79 may be of conventional design and if desired, they may be of
      similar design to the threshold detector 17 illustrated in FIG. 1 which
      includes a pair C-MOS transistors, one being of the P channel type and the
      other being of the N channel type. Threshold detector 77 provides an
      output pulse when the output of the integrator 76 reaches a positive
      threshold level. The output of threshold detector 77 is connected to a
      first inverter 78 which may also be of any conventional design known in
      the art or may include a pair of C-MOS transistors such as the inverter 23
      illustrated in FIG. 1. The output of inverter 78 is connected to the K
      input terminal of the JK flip-flop 81 and in addition is connected to a
      second inverter circuit 80. The inverter circuit 80 is preferably of the
      same design as the inverter circuit 78.
PAR  The JK flip-flop 81 is clocked by means of a suitable clock pulse train
      which, as aforementioned, can be generated by a quartz crystal oscillator
      which has its frequency divided to a desired level by means of a chain of
      binary divider stages. The output of the JK flip-flop 81 is connected to
      one input of a NOR gate 87.
PAR  The output of the flip-flop 81 is also connected to a level sensor 101
      which determines when the Q output of the flip-flop goes positive. The
      level sensor 101 may be of any suitable circuit design known in the art
      but in the preferred embodiment is a C-MOS transistor threshold detector
      similar to the threshold detector 43 illustrated in FIG. 1. If the input
      to the level sensor 101 is high, the output thereof will be low. This low
      voltage signal is coupled to the gate terminals of P channel transistor
      103 and N channel transistor 105, each of which forms one leg of
      transmission pairs 107 and 109, respectively. The output of the level
      sensor 101 is also inverted by C-MOS inverter 111, the output of which is
      connected to the gate terminals of N channel transistor 113 and P channel
      transistor 115 which form the other legs of the transmission pairs 107 and
      109, respectively. The drain terminals of each of the transistors 103,
      105, 113 and 115 are connected in common to a discharge resistor 93 which
      is connected to the input of the integrator 76. The source terminals of
      transistors 103 and 113 are connected to a positive reference source V
      while the source terminals of transistors 105 and 115 are connected in
      common to a reference potential such as ground.
PAR  If the input signal of terminal 73 is positive, the level detector 79 will
      generate an output signal when the output of the integrator 76 reaches a
      predetermined negative level. The output of level sensor 79 is inverted by
      inverter 82, the output of which is coupled to a second inverter 84 and to
      the K input of JK flip-flop 83. The output of the inverter 84 is connected
      to the J input terminal of flip-flop 83. Both the inverters 82 and 84 are
      of similar design to inverters 78 and 80, with the exception that a
      negative bias supply is utilized and the positions of the N channel and P
      channel transistors with respect to the reference potential, i.e., ground,
      are reversed. The flip-flop 83 is clocked by the same clock source as
      flip-flop 81 and the output of the flip-flop is connected to the second
      input terminal of NOR gate 87.
PAR  The output of flip-flop 83 is also connected to a level sensor 102 which
      determines when the Q output of flip-flop 83 goes positive. The level
      sensor 102 inverts the input signal thereto with the inverted signal being
      coupled to the gate terminals of P channel transistor 100 and N channel
      transistor 104, each of which forms one leg of transmission pairs 106 and
      108, respectively. The inverted output of the level sensor 102 is also
      connected to an inverter 110, the output of which is connected to the gate
      terminals of N channel transistor 112 and P channel transistor 114, each
      of which forms the second leg, respectively, of transmission pairs 106 and
      108. The drain terminals of each of the transistors 100, 104, 112 and 114
      are connected in common to a discharge resistor 99 which in turn is
      connected to the input of the integrator 76. The source terminals of
      transistors 100 and 112 are connected in common to a source of negative
      reference voltage V.sub.R while the source terminals of transistors 104
      and 114 are connected in common to a reference potential such as ground.
PAR  With reference to FIG. 5, the operation of the analog to pulse rate
      converter of FIG. 4 will now be described. As illustrated in FIG. 5a, an
      analog input signal of variable amplitude is coupled to the input terminal
      73 of the analog to pulse rate converter. The input signal is illustrated
      as having three amplitude levels; however, it should be understood that
      the input signal could have a continuously varying input level. The input
      signal is integrated by the integrator circuit 76. As illustrated, when
      the input signal has a low amplitude, a relatively long time T.sub.R is
      required before the voltage at the output of the integrator reaches the
      predetermined threshold level V.sub.TH. When, however, the input signal
      has a relatively high amplitude, the integrator integrates to the
      threshold voltage V.sub.TH in a rather short interval of time. It should
      be pointed out that while the integrated signal waveforms illustrated in
      FIG. 5b are illustrated as going positive for the sake of clarity and to
      facilitate the description of the invention, for input signals which are
      positive, the output of the integrator will go in a negative direction and
      for input signals which are negative, the output of the integrator 76 will
      go in the positive direction.
PAR  When the output of the integrator 76 reaches a threshold level, level
      sensor 79 provides an output signal which is inverted by inverter 82. The
      output of inverter 82 is coupled to the K input of JK flip-flop 83 and to
      the input of a second inverter 84. The output of inverter 84 is coupled to
      the J input of the flip-flop 83. Thus, the JK flip-flop 83 generates a
      high output at the Q terminal thereof to thereby provide an output pulse
      to the output terminal 116 via the NOR gate 87, as illustrated in FIG. 5b.
      The output of the flip-flop 83 is also coupled to level sensor 102 which
      inverts the output. This inverted signal is coupled to the gate terminals
      of transistors 100 and 104, thereby turning on transistor 100 and turning
      off transistor 104. At the same time the output of level sensor 102 is
      inverted and coupled to the gate terminals of transistors 112 and 114,
      thereby turning on transistor 112 and turning off transistor 114. Hence,
      the source of negative reference voltage V.sub.R is connected to the input
      of the integrator 76 via discharge resistor 99. Thus, capacitor C.sub.f
      discharges through resistor 99 during the time period T.sub.R, as
      illustrated in FIG. 5b, which is the time required to complete one cycle
      of the clock pulse signal coupled to the flip-flops 81 and 83 as
      illustrated in FIG. 5c. The voltage V and the resistor 99 are selected so
      that capacitor C.sub.f discharges to reference potential during the fixed
      period T.sub.R. After capacitor C.sub.f has been completely discharged, JK
      flip-flop 83 is reset and hence transmission pair 108 is turned on while
      transmission pair 106 is turned off. Thus capacitor C.sub.f again charges
      with the current I.sub.F provided by the input voltage at input terminal
      73. If the input signal is negative, the level sensor 77 detects the
      output of the integrator and the flip-flop 83 provides the output pulse to
      output terminal 116 via NOR gate 87. In addition, transmission pair 107
      provides the gating means for discharging the capacitor C.sub.f when the
      threshold voltage is reached.
PAR  Refer now to FIG. 5d which illustrates the output pulses at output terminal
      116. The output pulses are of substantially uniform pulse duration. The
      duration being substantially equal to the time T.sub.R. However, the time
      period between pulses or the frequency thereof changes in accordance with
      the input amplitude. Thus, when the input signal has a low amplitude, the
      frequency of the output pulses is low while when the input amplitude is
      high, the pulse frequency is high. This is in accordance with equation
      (6).
PAR  A C-MOS analog to pulse rate or analog to frequency converter has been
      disclosed which provides a pulse train at its output wherein the pulse
      rate of the pulse train is proportional to the analog input signal over a
      relatively wide dynamic range of more than 200:1. Long term stability and
      low conversion error are provided since such stability and low error
      levels are dependent only upon the stability of the reference voltages,
      the resistors and the stability of the output of the quartz crystal
      oscillator. Since each of these parameters can be maintained quite
      constant and accurate, the present invention provides exceedingly high
      accuracy and low conversion error.
PAR  While it should be understood that the present invention can be used in
      various applications such as in telemetry systems, digital volt meters and
      analog/digital systems, one preferred application of the invention is in
      connection with a watt to watt-hour converter such as disclosed and
      described in U.S. Pat. Application Ser. No. 361,030, filed May 17, 1973,
      now U.S. Pat. No. 3,875,509, which is hereby incorporated by reference and
      which is assigned to the common assignee herewith. Such a watt-hour meter
      is illustrated schematically in FIG. 6. In the simplified diagram of FIG.
      6, the three power lines 301, 302 and 303 of a three-phase, 60 Hz
      electrical system conduct instantaneous line currents i.sub.1, i.sub.2 and
      i.sub.3 to a deltaconnected polyphase electrical load. Across the three
      branches of the electrical load three instantaneous line-to-line voltages
      v.sub.12, v.sub.32 and v.sub.31 are impressed. Two instrument
      current-transformers CT.sub.1 and CT.sub.3 as well as two instrument
      potentialtransformers PT.sub.12 and PT.sub.32 are electrically coupled
      with the transmission lines 301, 302 and 303, as shown in FIG. 6. The
      aforesaid instrument transformers are coupled with the transmission lines
      according to the teachings of the wellknown Blondel theorem. Thus, line
      302 has been arbitrarily selected as the common point, or line, for
      carrying out power and energy metering in accordance with the aforesaid
      theorem. The current transformer CT.sub.1 provides an output analog signal
      representative of the instantaneous line current i.sub.1. The current
      transformer CT.sub.3 provides an output analog signal representative of
      the instantaneous line current i.sub.3. The potential transformer
      PT.sub.12 provides an output analog signal representative of the
      instantaneous line voltage v.sub.12. The potential transformer PT.sub.32
      provides an output analog signal representative of the instantaneous line
      voltage v.sub.32. The analog signals representing i.sub.1 and v.sub.12 are
      delivered to the input of a multiplier M.sub.12. Similarly, the analog
      signals representing i.sub.3 and v.sub.32 are delivered to the input of
      another multiplier M.sub.32. The multiplier M.sub.12, in effect,
      multiplies the signals representing i.sub.1 and v.sub.12 and produces at
      the output of said multiplier a signal v.sub.z12 which is proportional to
      the product P.sub.12 = i.sub.1 v.sub. 12. The multiplier M.sub.32, in
      effect, multiplies the signals representing i.sub.3 and v.sub.32 and
      produces at the output of said multiplier another signal v.sub.z32 which
      is proportional to the product p.sub.32 = i.sub.3 v.sub.32. As indicated
      at FIG. 6, the output signals v.sub.z12 and v.sub.z32, which represent
      instantaneous partial powers p.sub.12 and p.sub.32, respectively, are
      summed at a summing point 304 to provide another signal representing the
      total instantaneous system power p, where
EQU  p = i.sub.1 v.sub.12 + i.sub.3 v.sub.32                    (7)
PAR  The metering principle employed in the illustrative example is based on the
      use of the Blondel theorem which enables power measurement in, for
      example, a three-phase electrical system, but uses only two multiplying
      channels. According to the theorem the power in a system of N lines may be
      measured by (N-1) wattmeter elements so arranged that each of the (N-1)
      lines contains one current measuring element with a corresponding
      potential measuring element being connected between each of the lines and
      a common point. In the event that the common point happens to be one of
      the lines (e.g., line 302 in FIG. 6) power can be measured by (N-1)
      elements. Thus, in the three-wire system of FIG. 6, the total
      instantaneous power p delivered to the load is:
EQU  p = i.sub.1 v.sub.12 + i.sub.3 v.sub.32 = p.sub.12 + p.sub.32 (8)
PAL  where v.sub.12 and v.sub.32 are instantaneous line voltages and i.sub.1 and
      i.sub.2 are instantaneous line currents. Also p.sub.12 and p.sub.32 are
      instantaneous partial powers.
PAR  In FIG. 6 the signals v.sub.z12 and v.sub.z32, representing the aforesaid
      partial powers p.sub.12 and p.sub.32, are combined at the summing point
      304 and delivered to an input of a summing low-pass filter 305. The filter
      305 sums, or integrates, and averages the aforesaid signals representing
      the partial powers p.sub.12 and p.sub.32 to produce at the output of said
      filter a signal V.sub.F proportional to the active average total system
      power P. In effect, the filter 305 performs integrating and averaging
      operations in accordance with the following relationship:
      ##EQU7##
      or
      ##EQU8##
      wherein
      ##EQU9##
      Therefore,
EQU  P = P.sub.12 + P.sub.32                                    (10)
PAL  where P.sub.12 and P.sub.32 are average partial powers and P is average
      total power.
PAR  It can also be shown that the active, average polyphase power P is:
EQU  P = .sqroot.3 V I cos .theta.                              (11)
PAL  where V represents rms line voltage and I represents rms line current; P
      represents the true active average power in a polyphase load; and .theta.
      is the phase angle.
PAR  The output signal V.sub.F at the output of the filter 305 is delivered, as
      indicated at FIG. 6, to the input of the analog to pulse-rate converter
      306 of the present invention which functions to convert the signal V.sub.F
      (which is proportional to P) to system energy W according to the
      relationship:
      ##EQU10##
PAR  However, if the time duration T = T.sub.F (i.e., the indicated integration
      occurring in the A/PR converter 306 for a finite time duration T.sub.F)
      then each time the energy W accumulates to a quantity W in the converter
      according to the relationship
      ##EQU11##
      an output signal pulse V.sub.o, representing a predetermined quantity of
      electrical energy W, is delivered at the output of the A/PR converter 306.
      For example, in the specific embodiment illustrated each output signal
      pulse V.sub.o is representative of the quantized electrical energy W = 1.2
      Watt-hours (Wh). Thus, the A/PR converter 306 delivers a series, or train,
      of pulses V.sub.o at its output; the accumulated number of output pulses
      V.sub.o representing the total electrical energy W of the system. As
      aforementioned, the series of pulses V.sub.o has a variable pulse
      repetition rate f which is proportional to the total average system power
      P.
PAR  As indicated at FIG. 6, the output pulses V.sub.o are delivered to the
      input of a pulse amplifier 307, the amplified output of which drives a
      stepping motor SM. The stepping motor SM, in turn, operates an
      electromechanical kW-hour display register 308 which displays, in decimal
      digits, the accumulated energy in kilowatt-hours (kW-hours). While a
      conventional stepping motor SM and electromechanical register 308 are
      illustrated at FIG. 6, it is to be understood that the stepping motor SM
      and register 308 are indicated by way of example only. The electrical
      energy meter according to the present invention may employ, instead of the
      aforesaid stepping motor and electromechanical register, a liquid crystal
      or LED display suitably coupled with a nonvolatile electronic memory
      element and driven by logic circuitry. The Watt-hour meter of FIG. 6
      requires an analog to pulse rate converter which has a wide dynamic range
      and in addition has long term stability and an exceedingly low conversion
      error. Such an analog to pulse rate converter, as disclosed in the present
      application, not only provides the aforementioned features but also is
      compact because of the monolithic circuitry utilized and requires very
      little power drain because of the utilization of C-MOS circuitry.
PAR  While the present invention has been disclosed in connection with a
      preferred embodiment, it should be understood that there may be other
      obvious modifications of the invention which fall within the spirit and
      scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for metering active electrical energy in a polyphase
      system including means for generating an analog voltage having a magnitude
      which is proportional to the average power of said system, the improvement
      comprising:
PA1  an analog to pulse rate converter for converting said average power
      proportional analog voltage to an output pulse train having a frequency
      which is proportional to the magnitude of said analog voltage, said
      converter including means for integrating said analog voltage, means for
      detecting when the magnitude of said integrated signal reaches a
      predetermined threshold level, the integrating interval until said
      threshold level is reached being directly proportional to the magnitude of
      said input voltage, pulse generating means responsive to said detecting
      means for generating a pulse each time said integrated signal reaches said
      threshold level, and means responsive to said pulse generating means for
      resetting said integrator to a reference level, said integrator being
      reset within a predetermined time interval wherein the frequency of the
      pulses generated by said pulse generating means is proportional to the
      magnitude of said power proportional analog voltage; and
PA1  means for counting said pulses.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said pulse generator means includes
      clock means for defining the pulse width of said generated pulses, said
      pulses having a pulse width equal to said predetermined integrator reset
      interval.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said integrator is a capacitance
      integrator and wherein said means for resetting said integrator includes a
      reference voltage source, a first level sensor means for detecting the
      output of said pulse generator, and gating means responsive to said level
      sensor means for connecting said reference voltage source to the input of
      said integrator for discharging said integrator to a reference level.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said pulse generating means is a
      flip-flop circuit and wherein said clock means includes a clock pulse
      generator for generating clock pulses, said clock pulses being coupled to
      the clock input of said flip-flop.
NUM  5.
PAR  5. An apparatus for metering active electrical energy in a polyphase N line
      system comprising means for measuring current in at least (n-1) of said
      lines, means for measuring at least (n-1) different line voltages, means
      coupled with said current measuring means for producing a first plurality
      of at least (n-1) analog signals representing currents measured in the
      (n-1) lines, means coupled with the voltage measuring means for producing
      a second plurality of at least (n-1) analog signals representing the
      different (n-1) line voltages, means for pairing different ones of the
      current analog signals of the first plurality with different ones of the
      voltage analog signals of the second plurality such that the different
      (n-1) pairs are representative of the instantaneous power in different
      parts of said polyphase system, means coupled with said pairing means for
      converting each of the (n-1) pairs of analog signals to a different one of
      an (n-1) series of consecutive signals, each signal in each of the (n-1)
      series representing instantaneous power in a different part of said
      system, means coupled with said last-mentioned conversion means for
      converting said signals in said series of consecutive signals to a signal
      representing average power in the whole system, and an analog to pulse
      rate converter for converting said average power signal to an output pulse
      train having a frequency which is proportional to the magnitude of said
      average power signal, said converter including means for integrating said
      average power signal, means for detecting when the magnitude of said
      integrated signal reaches a predetermined threshold level, the integrating
      interval until said threshold level is reached being directly proportional
      to the magnitude of said average power signal, pulse generating means
      responsive to said detecting means for generating a pulse when said
      integrated signal reaches said threshold level, and means response to said
      pulse generating means for resetting said integrator to a reference level,
      said integrator being reset within a predetermined time interval wherein
      the frequency of the pulses generated by said pulse generating means is
      proportional to the magnitude of said average power signal.
NUM  6.
PAR  6. The apparatus of claim 5 further comprising means for recording said
      pulse train.
NUM  7.
PAR  7. The apparatus of claim 5 further comprising means for counting the
      pulses of said pulse train.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said pulse generating means includes
      clock means for defining the pulse width of said generated pulses, said
      pulses having a pulse width equal to said predetermined integrator reset
      interval.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said integrator is a capacitance
      integrator and wherein said means for resetting said integrator includes a
      reference voltage source, a first level sensor means for detecting the
      output of said pulse generator, gating means responsive to said level
      sensor means for connecting said reference voltage source to the input of
      said integrator for discharging said integrator to a reference level.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said pulse generating means is a
      flip-flop circuit and wherein said clock means includes a clock pulse
      generator for generating clock pulses, said clock pulses being coupled to
      the clock input of said flip-flop.
NUM  11.
PAR  11. In an apparatus for metering active electrical energy in a polyphase
      system including means for generating an analog voltage having a magnitude
      which is proportional to the average power of said system, the improvement
      comprising an analog to pulse rate converter for converting a bipolar
      analog input signal to an output pulse train having a frequency which is
      proportional to the magnitude of the input signal, said converter
      including means for integrating said analog input signal, means for
      detecting when said integrated signal reaches a first amplitude in
      response to a positive input signal, means for detecting when said
      integrated signal reaches a second amplitude in response to a negative
      input signal, said first and second amplitudes being of the same magnitude
      but of opposite polarity, pulse generating means responsive to said
      detecting means for generating a pulse when said integrated signal reaches
      either of said first and second amplitudes, and means responsive to said
      pulse generating means for resetting said integrator to a reference level,
      said integrator being reset within a predetermined time interval wherein
      the frequency of the pulses generated by said pulse generating means is
      proportional to the magnitude of said analog input signal.
NUM  12.
PAR  12. The apparatus of claim 22 wherein said pulse generator means includes
      clock means for defining the pulse width of said generated pulses, said
      pulses having a pulse width equal to said predetermined integrator reset
      interval.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said means for resetting said
      integrator includes first and second reference voltage sources, a first
      gating means for connecting said first reference voltage source to the
      input of said integrator for resetting said integrator to a reference
      level, second gating means for connecting said second reference voltage
      source to the input of said integrator for resetting said integrator to a
      reference level, and means responsive to the output of said pulse
      generator for selectively closing said first or second gating means in
      response to the output of said integrator reaching said first or said
      second amplitude, respectively.
NUM  14.
PAR  14. The apparatus of claim 12 wherein said detecting means includes first
      and second threshold detectors, said first threshold detector detecting
      when said integrated signal reaches said first amplitude and said second
      threshold detector detecting when said integrated signal reaches said
      second amplitude and wherein said pulse generating means includes first
      and second flip-flop circuits, said first flip-flop being responsive to
      said first threshold detector for generating an output pulse when said
      first amplitude is reached, said second flip-flop being responsive to said
      second threshold detector for generating an output pulse when said second
      amplitude is reached, and means for combining the outputs of said first
      and second flip-flops into a single pulse train.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said means for resetting said
      integrator includes first and second reference voltage sources, a first
      gating means responsive to the output of said first flip-flop for
      connecting said first reference voltage source to said integrator for
      resetting said integrator when said first flip-flop generates a pulse, and
      second gating means responsive to said second flip-flop for connecting
      said second voltage source to said integrator for resetting said
      integrator when said second flip-flop generates a pulse.
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ABST
PAL  To determine whether a motor is operative, where visual inspection of
      rotation is impossible or difficult, the motor is energized by connection
      to an AC source for a short interval to bring the motor to running speed.
      After lapse of the short interval, the AC source is disconnected and the
      motor coasts to a stop. An AC detector determines that AC power has been
      terminated and closes a switch to connect a voltage detector to a memory.
      The voltage detector amplifies an EMF generated while the motor is acting
      as a generator as the motor coasts to a stop. The detected voltage sets
      the memory which energizes a motor rotation indicator. For improved
      accuracy in the determination of the operativeness of the motor, the motor
      is caused to be tested a plurality of times as the result of a single
      operation of a control member by the test operator. To further facilitate
      the testing operation, the control is arranged to provide a signal to the
      testing operator effectively positively indicating the operativeness of
      the motor while yet permitting the operator to have his visual attention
      elsewhere. A time delay is provided in the provision of the indication
      signals effectively preventing spurious indications.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the testing of electric motors and more
      specifically to a method and apparatus for testing electric motors for
      facilitated determination of the operativeness thereof.
PAR  2. Description of the Prior Art
PAR  During final production testing of an electric motor, visual inspection of
      rotation of the motor may be impossible or difficult for a variety of
      reasons. For example, rotation of an output shaft of a timing motor which
      drives a step-down gear train may be imperceptible over a short time
      period during which testing should be accomplished. It would be desirable
      to provide a testing method and apparatus which can determine, in an
      extremely short time interval, whether an electric motor is operative or
      inoperative. To maintain a high rate of production, the method must be
      simple and desirably should require no connection to the output shaft.
PAR  It has been known to utilize the residual magnetic field of an electric
      motor to operate an indicator to indicate that an appliance has completed
      a cycle. An example of such a device is disclosed in U.S. Pat. No.
      3,004,205, issued Oct. 10, 1961, to Barritt and Fuqua, and assigned to the
      assignee of the present application. In the Barritt et al patent, the end
      of the cycle of an automatic clothes dryer is signaled by an audible
      indication which is generated in response to the momentary transient
      voltage induced in the winding of an electric motor by residual decaying
      circulating rotor currents existing in the rotating rotor immediately
      following de-energization of the motor.
PAR  The present invention comprises a further improvement in this art over that
      of the copending application of Donald E. Knoop and Rodney F. Seeland,
      Ser. No. 524,494, filed Nov. 18, 1974, and owned by the assignee hereof.
      In said copending application, test apparatus is disclosed and a visual
      indicator is provided in the test apparatus for indicating the
      operativeness of the motor being tested. Further, a manually operable
      control member is provided permitting the operator to effect a test of the
      motor by automatically bringing the motor to a running condition and
      de-energizing the motor to determine the existence of the running
      condition by a suitable indication thereof produced by an EMF generated by
      the motor as it comes to a stop from the running condition.
PAC  SUMMARY OF THE INVENTION
PAR  As discussed above, in the copending Knopp et al application, a new method
      of testing electric motors is disclosed which uses the known property that
      an EMF is generated by a de-energized motor as it is coasting to a stop.
      The method of said application includes initially energizing the motor for
      a short testing interval, which is sufficient to allow the motor rotor to
      come to operating speed. Upon termination of this testing interval, the
      motor is de-energized and a voltage detector is responsive to the
      generated EMF, if present, to set a memory so as to record the operative,
      or inoperative, condition of the motor.
PAR  The present invention comprehends an improved method and apparatus for
      testing a motor utilizing the generated EMF signal wherein the testing
      operator may effect a plurality of sequential tests of the motor by a
      single manipulation of the control member thereby substantially improving
      the accuracy in the determination of the operativeness of such motors with
      substantially improved facility. Further, to improve the facility of the
      testing operation, the indicating means herein includes means permitting
      the testing operator to have his visual attention directed elsewhere
      during the testing operation while yet providing an effectively positive
      indication of the operativeness of the motor being tested. Improved means
      for effecting a time delay in the indication of the operativeness of the
      motor being tested are further provided for providing improved accuracy in
      the testing operations.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIGS. 1A and 1B comprise a two-sheet schematic wiring diagram of a testing
      apparatus embodying the invention utilized in performing a method
      embodying the invention of testing electrical motors.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing,
      an electric motor 10 to be tested includes at least one stator winding 12
      and a rotor 14 which rotates a motor shaft 15 upon connection of the
      winding 12 to a 115 volt AC source. In the illustrative embodiment, motor
      10 comprises a small fractional-horsepower, single phase AC timer motor
      such as utilized in timing devices for appliances or for clocks. Connected
      to the motor shaft 15 is a step-down gear train 18 comprised of a
      plurality of speed reducing gears 19 which rotate an output shaft 20. The
      speed of rotation of output shaft 20 may be extremely slow, and this
      rotation may be imperceptible over a short time interval of several
      seconds. Visual determination of the rotation of the output shaft 20 may
      be very difficult, if not impossible as where the motor is located in a
      utilization device.
PAR  Electric motor 10 may take a variety of forms, and may include additional
      windings and a start capacitor or the like for initiating rotation when
      connected across a single phase AC source. In fact, the testing method is
      applicable with three-phase AC motors of substantial size, and in general,
      has utility wherever rotation of an electric motor cannot be determined
      readily or quickly by visual inspection upon energization of the electric
      motor. The testing method is also applicable to electric motors which do
      not have a connected gear train, but do have a low shaft rpm, or are
      located in a device, such as an appliance, so as to make impossible or
      difficult visual determination of the output rotation.
PAR  The present invention comprehends an improved apparatus for testing such
      motors which provides facilitated determination of the operativeness of
      the motor. The invention further comprehends the provision of such a
      testing apparatus and method wherein the efficiency of the operator is
      substantially increased by permitting the operator to carry on a number of
      operations at the same time so as to adapt the apparatus and method for
      mass production techniques in the facilitated determination of the
      operativeness of a large number of motors seriatim.
PAR  As shown in the drawing, the test appartus is energized from a conventional
      source 25 of 115 volts AC. The power source is coupled through a master
      on-off switch 27 to two step-down transformers 30 labeled 30-1, 30-2, and
      an isolation transformer labeled 30-3, to energize the circuit which
      includes a +15 volt DC power supply 32 and a -15 volt power supply 34,
      both of which supply regulated DC voltage with respect to a source of
      reference potential or ground 36. Transformer 30-3 couples the 115 volt AC
      through a resistor 38 and through a pair of normally open relay contacts
      CR-1 and CR-2 to test clips T which are connected across the winding 12 of
      the motor.
PAR  A control member or test switch 40, herein illustratively comprising a
      spring biased momentary contact pushbutton switch, is provided for
      manually effecting the desired motor test. When test switch 40 is
      maintained in a depressed condition, the regulated +15 volts is coupled to
      a continuous cycle timer circuit 42 which provides a two-second on,
      two-second off cycle for energizing a DC control relay CR. When timer
      circuit 42 turns on, as will be explained, +15 volts DC is coupled through
      an output line 0 to relay CR, thereby energizing the relay and closing
      contact CR-1 and CR-2 to connect AC voltage to the motor 10 being tested.
      The AC voltage impressed across the motor winding 12 is also detected by
      an AC detector 44 and energizes a buffer and inverter 46 in order to
      energize a test-in-progress visual indicator 48, labeled A. The output of
      AC detector 44 also disables a switch 50 which, in effect, disables a
      voltage detector 51. After a short test interval t, which is sufficient
      for the motor rotor speed to approach operating speed, the timer circuit
      42 de-energizes relay CR and opens the contacts CR-1 and CR-2 to
      disconnect power from the electric motor 10.
PAR  The AC detector 44 now enables the switch 50 so as to connect the voltage
      detector 51 to a memory flip-flop 52. If the rotor was rotated, a residual
      EMF is now produced as the residual magnetism of the rotor generates a
      voltage in the stator windings while the rotating rotor 14 is coasting to
      a halt. During this time period, motor 10 acts as a generator. The
      generated output voltage of the motor 10 is now detected and amplified by
      the voltage detector 51 to set the flip-flop 52, thereby enabling a "run"
      visual indicator 54, labeled G. This provides a visual indication that the
      motor was operative when the AC power was connected thereto. As memory 52
      remains enabled for a time period substantially in excess of the time
      duration of the residual voltage from the motor, an improved indication
      output is obtained.
PAR  Should the motor 10 happen to be inoperative, or should the gear train 18
      have caused the rotor shaft 15 to stall, no voltage is generated and
      therefore voltage detector 51 does not set the flip-flop 52. As a result,
      both inputs to the NAND gate 56 would be zero bits, resulting in a one-bit
      output which is coupled to the trigger TR input of a single cycle timer
      circuit 60. The timer circuit 60, as will be explained, has a time delay
      of approximately one-half second, and then enables a driving circuit 62 to
      energize an SCR 64 in order to couple AC across a visual "stall" or
      "reject" indicator 66, labeled R, and an aural indicator comprising an
      audible buzzer 68, labeled BUZ.
PAR  As the reject circuit is energized for a short time, each time a test is
      completed, if it were not for the time delay circuit 60, the indicator 66
      would indicate a bad motor and the buzzer alarm would sound each time. To
      prevent this, the electronic timer 60 disables the reject indicator light
      66 and alarm 68 for approximately one-half second. At the end of this time
      delay, if the timer motor under test is defective, the reject indicator
      light 66 and audible alarm 68 are allowed to be energized. The use of two
      indicators including the audible alarm 68 facilitates the testing of such
      motors as the operator does not have to watch the indicator lights, but
      instead can listen for a reject alarm while his visual attention is
      elsewhere.
PAR  Considering the circuit in detail, AC detector 44 comprises a full-wave
      diode rectifier bridge 72 which passes both half-cycles of AC through a
      light emitting diode (LED) 74 to enable an optically coupled transistor
      75. The collector of transistor 75 is coupled through a resistor 77 to the
      +15 volt regulated supply 32, and the collector-emitter are shunted by a
      resistor 79 and a capacitor 80, with the emitter being also coupled to
      ground 36. When transistor 75 is driven full on due to current flow
      through the LED 74, it, in effect, connects a junction 82 to ground and
      therefore reduces the voltage across capapitor 80. This low voltage is not
      sufficient to forward bias a diode string consisting of diodes 84 and 85
      in series with a resistor 86 which is a part of the switch 50. Thus, the
      switch 50 remains in its cutoff condition.
PAR  While voltage at junction 82 is low, it provides a low input to a NAND gate
      90 which forms a part of the buffer and inverter 46. The output of NAND
      gate 90 is coupled to the input of another NAND gate 92, and both NAND
      gates 90 and 92 have their other inputs coupled to a 1 bit source, such as
      +15 volts DC. The output of NAND gate 92 is coupled through a light
      emitting diode (LED) 94 and a resistor 96 to the +15 volt DC source. As
      the junction 82 is held low, the NAND gate 90 produces a 1 bit output
      which causes NAND gate 92 to have a low output which allows current flow
      through the LED 94. This causes an optically coupled transistor 99 to
      conduct and therefore to connect the lamp 38 across the AC source,
      enabling the lamp and producing a visual indication of a test-in-progress.
PAR  Voltage detector 51 includes an operational amplifier 100 having its minus
      (-) and plus (+) inputs coupled across a pair of oppositely poled diodes
      102 and 104 which provide voltage limiting so that AC voltages in excess
      of the breakover potential of the diodes 102 and 104 will not be impressed
      across the inputs of operational amplifier 100. The (+) input of the
      operational amplifier input 100 is connected to ground 36. The (-) input
      is coupled through a resistor 106 to one side of winding 12. The same side
      of winding 12 is coupled through a resistor 108 to ground 36.
PAR  Switch 50 includes a switching transistor 114 having its base coupled to
      the resistor 86 of the diode string 84, 85, and its collector coupled
      through a diode 116 to the output of the operational amplifier 100. The
      emitter of transistor 114 is coupled through a resistor 118 to ground 36.
      The emitter is also coupled through a resistor 120 to the base of a
      switching transistor 122 having its collector coupled through a resistor
      124 to +15 volts DC. The emitter of transistor 122 is coupled through a
      resistor 126 to ground 36. A noise filtering capacitor 128 also couples
      the emitter of transistor 128 to ground 36.
PAR  During the test-in-progress time interval t, the AC line voltage coupled to
      AC detector 44 is also being coupled to operational amplifier 100. The
      diodes 102 and 104 are voltage breakover devices which limit the voltage
      input to the operational amplifier to on the order of 0.6 volt. The
      resulting pulsating AC voltage is amplified and fed to the transistor 114,
      which receives no base drive while AC is coupled to the motor, because of
      the low voltage maintained at junction 82.
PAR  As the timer 42 times out, the AC voltage will disappear and the LED 74 no
      longer forward biases the transistor 75. This allows the voltage at
      junction 82 to rise positively to a sufficient extent to forward bias the
      diode string 84, 85 and forward bias the transistor 114. At the same time,
      the residual AC voltage being generated (if the motor rotor 14 has been
      rotating) is amplified by the amplifier 100 and passed through diode 116
      to transistor 114. These conditions bias the transistors 114 and 122 to
      their fully saturated states, changing the output, after a short time
      delay produced by capacitor 128, on line 130 to low. This will enable the
      indicator 54, as will appear. Alternatively, should no residual EMF exist
      because of a faulty motor, or because of a stalled condition due to an
      inoperative gear train or the like, no input will be provided to the
      operational amplifier 100. Therefore, neither of the transistors 114 of
      122 will conduct, and memory flip-flop 52 will not switch states to enable
      the indicator 54.
PAR  When the AC power is turned off, an AC spike may appear across the winding
      12, and since this spike will appear whether the motor is good or bad, it
      could provide a false indication by falsely triggering the flip-flop 52.
      To prevent this from occurring, the capacitor 128 is provided to provide a
      delay which will filter out any noise spikes or the like which occur when
      AC power is disconnected from across the winding of the AC motor.
PAR  As the switch 50 is driven on due to junction 82 rising to a high voltage,
      the NAND gate 90 switches to a 0 bit output which switches NAND gate 92 to
      a 1 bit output. This blocks current flow through the LED 94 and thus
      disables energization of the lamp indicator 48 in order to indicate that
      the test is no longer in progress.
PAR  Flip-flop 52 consists of a pair of cross-coupled NAND gates 140 and 142, in
      which NAND gate 140 has a set input coupled to the output line 130 of the
      switch 50. A reset input of NAND gate 142 is coupled to the output of NAND
      gate 92. When the line 130 has a low input due to switch 50 being on while
      a residual AC voltage is detected, the output of NAND gate 142 therefore
      changes to a 0 bit. This allows current flow through a light emitting
      diode (LED) 144 so as to trigger an optically coupled transistor 146 into
      conduction and thereby couple AC power across the lamp 54. This provides a
      run indication which remains enabled for a substantially long time period,
      until the flip-flop 52 is reset due to the output of NAND gate 92 going
      low which occurs when the timer 42 again connects AC power across the
      motor.
PAR  Should no residual EMF be detected as AC power is removed, then transistor
      122 will not be saturated and the output of NAND gate 142 will remain a 1
      bit which prevents current flow through the LED 144. This 1 bit is coupled
      to NAND gate 56 which also has an input from the NAND gate 92. Because AC
      power is no longer being applied, the output of NAND gate 92 will go to a
      1 bit, creating a 0 bit output from NAND gate 56 which allows current flow
      through a light emitting diode (LED) 150. The LED 150 is optically coupled
      to trigger a transistor 152 in order to energize timer 60 and then lamp 66
      and buzzer 68.
PAR  Timer circuits 42 and 60 will now be considered in detail. Both timers use
      a standard timer integrated circuit 200 such as a Signetics NE555V timer
      which has a ground input G, a trigger input TR which utilizes negative
      going pulses, an output 0 which generates positive going pulses at +15
      volts, a reset input R which is effectively not utilized in the present
      circuit, a + DC voltage input V, a threshold input TH, and a discharge
      input D.
PAR  When test switch 40 is held closed, +15 volts is switched through input V
      of the timer 200 in timing circuit 42 in order to generate 2 second on, 2
      second off, cycles for enabling control relay CR. A pair of capacitors
      210, 211 filter the +15 volts. A pair of resistors 214 and 215 are
      connected between +15 and the trigger input TR. The threshold input TH is
      coupled through a capacitor 217 and a resistor 219 to the control relay
      CR. The control relay may be a twelve volt relay and thus the resistor 219
      which may have a very low value is utilized to drop the remaining voltage
      since the timer output 0 will couple +15 volts through a diode 220 to the
      control relay CR. A diode 222 is connected across the serial combination
      of control relay CR and resistor 219 to absorb any voltage spike generated
      by the current decay in relay coil CR.
PAR  As test switch 40 is closed, current travels through resistors 214 and 215
      to enable the timer 200. This allows capacitor 217 to charge until
      reaching a predetermined voltage internally within the timer 200. At such
      time, the capacitor 217 discharges current out terminal D and through
      resistor 215. The time constants are selected to have a 2-second on,
      2-second off cycle. During each on cycle, relay CR is energized, and
      during each off cycle, relay CR is de-energized, When the operator
      releases switch 40, the timer becomes de-energized and disconnects power
      across the motor 10. In previous such timer motor testers, it was
      necessary for the operator to press the test switch button to apply power
      to the timer motor and to release the button to sense if it had actually
      run. In order to test the motor a number of times, it was necessary for
      the operator to press and release the test switch sequentially.
PAR  Herein, the timer 42, controlled by the test switch 40, is utilized to
      apply and remove power to the timer motor under test. The operator holds
      the switch test closed and power is automatically seriatim applied and
      removed. The sequential power application continues for as long as the
      test switch is held closed by the operator. When the test switch is
      released, power is removed from the motor being tested instantly, whereby
      the operator may safely disconnect the test clips.
PAR  The single cycle timer 60 will now be considered in detail. The +15 volts
      is coupled directly to inputs R and V, and through a resistor 250 and a
      capacitor 252 to ground 36. The +15 volts is also coupled through a
      resistor 254, such as 1.2 megohms, and a resistor 256 of the same value,
      such as 1.2 megohms, to ground 36. The junction 257 between the resistors
      254 and 256 is coupled to the trigger input TR. A resistor 260 connected
      to a capacitor 262 shunts the resistor 254. When a stall condition occurs,
      transistor 152 is enabled and this effectively grounds an output line 270,
      creating a negative going signal through capacitor 262 which is coupled to
      the trigger in-put TR to enable the timer 200. When not enabled, the timer
      holds the capacitor 252 to O potential thereacross. Upon triggering, the
      capacitor 252 is unclamped and allowed to charge. When the capacitor
      reaches a reference voltage as determined internally within the timer 200,
      the capacitor 252 is allowed to discharge and the timer now remains
      disabled and holds the capacitor 252 clamped to O potential. The time
      constants are selected to produce approximately one-half second time
      delay.
PAR  Approximately one-half second after triggering to a stall indication, +15
      volts is switched to output O and is coupled to reverse bias a transistor
      280. This turns on a transistor 282 and thus allows current to flow
      through a light emitting diode (LED) 284. This forward biases an optically
      coupled transistor 286 to connect one-half cycle AC to the gate of SCR 64,
      gating the SCR into conduction in order to energize the stall indicator 66
      and the buzzer 68.
PAR  Thus, the motor testing method described above is readily adaptable to
      automated testing of motors. As no visual inspection is needed, the motor
      can be tested by automatic means. As will be obvious to those skilled in
      the art, the sensed signal which indicates whether the motor is operable
      or not, can be used to actuate suitable conventional equipment for
      separating defective motors from the group being tested.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  Having described the invention, the embodiments of the invention in which
      an exclusive property or privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of testing an electric motor having a residual magnetic field
      such that upon de-energization of the running motor an EMF is produced in
      the windings of the motor, said method comprising the steps of: effecting
      a single manipulation of a control member to a test position; causing a
      series of preselected short time duration energizations and
      de-energizations of the motor as a result of said single manipulation of
      the control member, said de-energization having a time duration of
      preselected length; selectively causing an indication of the presence of
      said EMF during each de-energization of the motor; and causing the control
      member to go to a nontest position subsequent to a preselected number of
      said series of energizations and deenergizations having taken place.
NUM  2.
PAR  2. The method of testing an electric motor of claim 1 wherein the
      energizations of the motor are caused to have a time duration
      substantially equal to those of said de-energizations.
NUM  3.
PAR  3. The method of testing an electric motor of claim 1 wherein each of the
      de-energization time durations is the same.
NUM  4.
PAR  4. The method of testing an electric motor of claim 1 wherein said
      preselected length is approximately two seconds.
NUM  5.
PAR  5. The method of testing an electric motor of claim 1 wherein the control
      member is positionable to cause the connections to the motor to be
      instantly de-energized for immediate disconnection thereof from the motor
      by an operation.
NUM  6.
PAR  6. The method of testing an electric motor of claim 1 wherein the
      manipulation of the control member to the nontest position causes the
      motor to be instantly de-energized.
NUM  7.
PAR  7. The method of testing an electric motor of claim 1 wherein a different
      indication is provided in the event the motor failed to operate during the
      energizations thereof.
NUM  8.
PAR  8. The method of testing an electric motor of claim 1 wherein said
      indication is delayed a preselected period of time upon de-energization of
      the motor less than said preselected length of the de-energization time
      duration.
NUM  9.
PAR  9. The method of testing an electric motor of claim 1 wherein said control
      member is caused to go to the nontest position by a release thereof.
NUM  10.
PAR  10. The method of testing an electric motor of claim 7 wherein said
      different indication comprises a signal preselected to permit the test
      operator to be looking in any direction while yet effectively positively
      indicating to the test operator the non-operation of the motor during said
      energizations.
NUM  11.
PAR  11. A method of testing an electric motor having a residual magnetic field
      such that upon de-energization of the running motor an EMF is produced in
      the windings of the motor, said method comprising the steps of: effecting
      a single manipulation of a control member to a test position; causing a
      series of preselected short time duration energizations and
      de-energizations of the motor as a result of said single manipulation of
      the control member; selectively causing at least two different indications
      of the running of the motor as a result of the energization thereof; and
      causing the control member to go to a nontest position subsequent to a
      preselected number of said series of energizations and de-energizations
      having taken place.
NUM  12.
PAR  12. The method of testing an electric motor of claim 11 wherein the
      energizations of the motor are caused to have a time duration
      substantially equal to those of said de-energizations.
NUM  13.
PAR  13. The method of testing an electric motor of claim 11 wherein the control
      member is positionable to cause the connections to the motor to be
      instantly de-energized for immediate disconnection thereof from the motor
      by an operation.
NUM  14.
PAR  14. The method of testing an electric motor of claim 11 wherein said
      indication is delayed a preselected period of time upon de-energization of
      the motor less than said preselected length of the de-energization time
      duration.
NUM  15.
PAR  15. An apparatus for testing an electric motor having a residual magnetic
      field such that upon de-energization of the running motor an EMF is
      produced in the windings of the motor, said apparatus comprising:
PA1  a control member selectively positionable in a test position and a nontest
      position;
PA1  control means operable as a result of a single manipulation of the control
      member to said test position for causing a series of energizations and
      de-energizations of the motor, said de-energizations having a time
      duration of short preselected length;
PA1  indicator means for causing an indication of the presence of said EMF
      during each de-energization of the motor;
PA1  indicator means for causing an indication of the absence of said EMF during
      each de-energization of the motor; and
PA1  means for de-energizing the motor as an incident of the control member
      being positioned in the nontest position subsequent to said series of
      energizations and deenergizations.
NUM  16.
PAR  16. The motor testing apparatus of claim 15 wherein said control means
      comprises means for causing the time duration of said energizations to be
      the same as that of said de-energizations.
NUM  17.
PAR  17. The motor testing apparatus of claim 15 wherein said control means
      includes means for delaying the indication of said EMF during the
      de-energization time duration.
NUM  18.
PAR  18. The motor testing apparatus of claim 15 wherein said indicator means
      for indicating the absence of said EMF during each energization of the
      motor comprises means for providing a nonvisual indication.
NUM  19.
PAR  19. The motor testing apparatus of claim 15 wherein said indicator means
      for indicating the absence of said EMF during each energization of the
      motor comprises means for providing an aural indication.
NUM  20.
PAR  20. The motor testing apparatus of claim 15 wherein said indicator means
      for indicating the absence of said EMF during each energization of the
      motor comprises means for providing an aural indication and a visual
      indication.
NUM  21.
PAR  21. The motor testing apparatus of claim 15 wherein said indicator means
      for indicating the absence of said EMF during each energization of the
      motor comprises means for concurrently providing an aural indication and a
      visual indication.
NUM  22.
PAR  22. The motor testing apparatus of claim 15 wherein said preselected time
      duration length is approximately 2 seconds.
NUM  23.
PAR  23. The motor testing apparatus of claim 15 wherein said preselected time
      duration length is approximately 2 seconds and said control means includes
      means for delaying the indication of said EMF approximately one-half
      second during the de-energization time duration.
NUM  24.
PAR  24. An apparatus for testing an electric motor having a residual magnetic
      field such that upon de-energization of the running motor an EMF is
      produced in the windings of the motor, said apparatus comprising:
PA1  a control member selectively positionable in a test position and a nontest
      position;
PA1  control means operable as a result of a single manipulation of the control
      member for causing a series of energizations and de-energizations of the
      motor;
PA1  first indicating means for causing a visual indication of the absence of
      said EMF during de-energization of the motor; and
PA1  second indicating means for concurrently causing an aural indication of the
      absence of said EMF during deenergization of the motor.
NUM  25.
PAR  25. The motor testing apparatus of claim 24 wherein said control means
      includes means for delaying the indication of said indicating means.
NUM  26.
PAR  26. The motor testing apparatus of claim 24 further including a third
      indicating means for indicating the energization of the motor.
NUM  27.
PAR  27. The motor testing apparatus of claim 24 further including a third
      indicating means for indicating a running operation of the motor.
NUM  28.
PAR  28. The motor testing apparatus of claim 24 further including a third
      indicating means for visually indicating a running operation of the motor.
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ABST
PAL  The invention relates to a device for signalling the rotational
      displacement or speed of a shaft provided with a rotary seal through which
      a gas or liquid is induced into a bore within the shaft. More
      particularly, the invention relates to a novel device in which the
      operative elements of a rotary seal and a rotational transducer are
      combined as a compact unitary assembly that is simple, reliable and easily
      serviced.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many industrial applications require the use of a transducer device to
      monitor the rotational speed or angular displacement of a rotational shaft
      that is also provided at one end with a rotary gland or seal through which
      a liquid or gas is introduced into a passageway within the shaft. With
      previously known seal and rotational transducer components, this dual
      requirement of motion sensing and gas or liquid induction dictates the use
      of separate transducer and seal units, each of which included its own
      bearings, housing and rotation resisting means. Furthermore, the necessity
      of mounting the seal at the center of an accessible end of the shaft often
      requires the use of a more expensive type of transducer unit than would be
      needed if the latter unit could occupy that position. Additionally,
      presently available transducer units otherwise suitable for such
      applications are often relatively complex and delicate and hence are not
      well-suited for convenient servicing in the field.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of the present invention is to provide a simple,
      reliable and relatively inexpensive device for producing a signal
      indicative of angular displacement or rotational speed, of a shaft that
      requires a rotary gas or liquid seal at one end thereof. Another object of
      the invention is to provide such a device which is readily adaptable to
      shafts adapted to use conventional rotary seals and which is compatible
      with conventional rotational displacement or speed readout
      instrumentation. Yet another object of the invention is to provide such a
      device capable of being assembled from one set of basic components in
      combination with different types of transducer units.
PAR  Briefly, these and other objectives are accomplished in accordance with the
      present invention by means of a novel dual function device combining the
      operative elements of a rotation transducer and a rotary seal in a unitary
      assembly adapted to be substituted for a conventional rotary seal. The
      housing of the device contains and supports the stationary elements of
      both the seal and the transducer unit and is carried by bearings mounted
      on a rotative tubular spindle through which gas or liquid is introduced
      into a shaft passageway. This spindle, which is affixed to the shaft in
      coaxial relation thereto, supports the rotative elements of the seal and a
      rotative armature member. The stationary sensing element of the transducer
      unit is supported by the housing in cooperative proximity to the rotatable
      armature member and produces an electrical output signal functionally
      related to the rotational position or speed of the shaft. Preferably, the
      sensing element is an integral sub-assembly that can be removed from the
      device without further disassembly of the latter.
PAR  Different types of armature members and corresponding sensing elements can
      be installed in the dual function device without modification of other
      elements thereof; thus allowing the device to be manufactured conveniently
      and economically with various types of transducers, etc..
PAR  Various means for practicing the invention and other advantages and novel
      features thereof will be apparent from the following detailed description
      of an illustrative preferred embodiment of the invention, reference being
      made to the accompanying drawings in which like reference numerals denote
      like elements.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a perspective view of a preferred embodiment of the present
      invention comprising a dual function rotary seal and rotation transducer
      device shown attached to one end of a partially depicted rotative shaft
      and connected to a rotational speed readout instrument;
PAR  FIG. 2 is an enlarged cross sectional elevational view of the device shown
      in FIG. 1, embodying a sensing unit comprising a light source and a
      photocell at opposite sides of a perforated opaque armature member;
PAR  FIG. 3 is a perspective view of the sensing unit and armature member shown
      in FIG. 2, depicting those components in operative relation to each other;
PAR  FIG. 4 is a schematic drawing of the electrical circuitry incorporated in
      the sensing unit shown in FIGS. 2 and 3;
PAR  FIG. 5 illustrates an alternative form of armature member and sensing unit
      which employs reflective optical sensing of alternate reflective and
      absorbent areas spaced about the periphery of the armature member; and
PAR  FIG. 6 corresponds generally to FIGS. 3 and 5 but depicts a transducer
      comprising an electromagnetic sensing unit that cooperates with a
      peripherally toothed magnetically permeable armature member.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATIVE PREFERRED EMBODIMENT
PAR  Referring to the accompanying drawings, FIG. 1 illustrates a preferred
      embodiment of the invention comprising a dual function rotary seal and
      rotation transducer device 11 attached to one end of a partially depicted
      rotative shaft 12. A flexible tube 13 connects the device to a fluid
      system, not shown, to conduct a liquid or gas into or out of a passageway
      in shaft 12. As shown at numeral 14 a clamp anchors the tube 13 to a
      stationary support structure 15 so that the tube also serves to prevent
      the device from rotating. A tachometer readout instrument 16 is also
      connected to the device of a flexible electrical cable 17 to provide a
      continuous indication of rotational shaft speed by means of meter 18.
      Alternatively, a similar readout instrument could be used in conjunction
      with the same device to indicate angular changes in rotative shaft
      position or to sense initiation or termination of shaft rotation.
PAR  By reference to FIGS. 1 through 4, and particularly FIG. 2, the subject
      dual function device will be seen to comprise a tubular spindle 19
      provided with a central passageway 21 and with a flat hardened end face
      22. At its opposite end, the spindle includes a threaded section 23
      adapted to be screwed into the mating threads 24 at the end of axial
      passageway 25 in shaft 12. A hexagonal section 26 of spindle 19 allows a
      wrench to be used to screw the spindle into tight engagement with the
      shaft and also provides a shoulder for an "0" ring 27 or a similar gasket
      that insures leak tight communication between shaft passageway 25 and
      spindle passageway 21.
PAR  A pair of ball bearings 28 and 29 are carried by a mating cylindrical
      surface 31 of spindle 19 between spindle shoulder 32 and a bowed retainer
      clip 33 that resiliently biases the inner race of bearing 28 toward
      bearing 29. An armature disk 34, described in greater detail below, is
      also supported by spindle surface 31 with its thickened hub 35 tightly
      sandwiched between the two inner bearing races by clip 33. Because of this
      thickened hub, the remainder of the disk is spaced from the outer bearing
      races so that the disks can rotate freely with the spindle.
PAR  The housing 36 of the device comprises a first body member 37 and a second
      body member 38, which are separably held together by screws 39 and
      maintained in accurate coaxial alignment with each other by mating
      circumferential shoulders 40 and 41. Mutually aligned cylindrical bearing
      surfaces 42 and 43 in respective body members 37 and 38 receive the outer
      races of the corresponding bearings 28 and 29, which are sandwiched
      between end faces 44 and 45 of the body members. Beyond bearing surfaces
      42 and 43, the body members are provided with confronting annular slots 46
      and 47 which define an annular chamber 48 that accommodates the periphery
      of armature disk 34. Accordingly, it will be apparent that the housing 36
      is supported from the spindle by the ball bearings so that the housing can
      remain stationary while the shaft, the spindle and the armature disk
      rotate.
PAR  An axial bore 49 in body member 37 slidably receives the cylindrical shank
      51 of a carbon seal member 52, which includes a central passageway 53, a
      peripheral flange 54, and an absolutely flat end face 55. An "0" ring 56
      is received in an annular groove 57 encircling seal member shank 51 and
      fits tightly within body member bore 49 to establish a leak tight fit. A
      pair of pins 58 are received loosely in corresponding slots 59 in the seal
      member flange 54 to prevent relative rotation between the seal member and
      the body member. Spring 61 biases seal member 52 against spindle 19 to
      maintain their respective flat end faces 55 and 22 in leak tight
      engagement; thereby establishing fluid communication through the device
      between the shaft passageway 25 and tube 13, which is connected to the
      device by an appropriate fitting 62 threaded into lateral body member
      passageway 63 in communication with passageway 53 in seal member 52.
PAR  As shown at numeral 64 in FIGS. 2 and 3, armature disk 34 is provided near
      its periphery with a circular row of holes or apertures. The sensing
      element 65 that cooperates with the armature is in the form of an integral
      sub-assembly comprising a plastic body member 66 partially received in a
      radial bore 67 along the intersection of the two body members 37 and 38
      and removably held in place by screws 68; the smaller cylindrical portion
      69 of body member 66 extending into bore 67 is provided with a slot 71
      that accommodates the apertured edge of the armature disk 34 between a
      light emitting diode 72 or the equivalent and a phototransistor 73
      supported by member 66 at opposite sides of the disk. Accordingly, light
      emitted by diode 72 and detected by phototransistor 78 is intermittently
      interrupted by disk 34 at a frequency proportional to the rotational speed
      of shaft 12.
PAR  The relatively conventional electrical circuit of the sensing element,
      shown in FIG. 4, includes light emitting diode 72 and phototransistor 73
      in cooperation with various resistors and an integrated Schmidt Trigger
      circuit 74 that converts the analog form output signal of the transistor
      into a square wave form compatible with the readout instrument.
      Preferably, this Schmidt Trigger circuit is incorporated directly in body
      member 66, which is hermetically sealed by a conventional "potting"
      technique to insure durability and longevity. The power supply for the
      sensing element is incorporated in the readout instrument 16, which is
      connected to leads 75, 76 and 77 comprising flexible electrical cable 17.
      Details of the readout instrument have been omitted in the interest of
      brevity and clarity inasmuch as such instruments for converting a
      frequency modulated signal into a functionally related meter or digital
      readout are well known in the prior art and are readily available in the
      commercial market. The readout instrument can be adapted to display the
      shaft rotation speed in various units such as revolutions per minute,
      radians per second, etc., or similar instrument can be employed in
      conjunction with the same sensing element to indicate angular positions or
      displacements of the shaft or to signal initiation or termination of shaft
      rotation.
PAR  The embodiment of the invention shown in FIG. 5 is basically similar to the
      embodiment disclosed above except that in this case the armature disk 81
      is provided with a peripheral rim 82 provided with uniformly spaced light
      reflective and light absorbent areas 83 and 84 which are illuminated by
      light emitting diode 85 and reflectively sensed by phototransistor 86.
PAR  FIG. 6 shows another embodiment of transducer means in which the armature
      disk 91 is made of a magnetically permeable material and is provided with
      uniformly spaced peripheral teeth 92 adjacent a magnet rod 93 supported by
      a sensing element body member 94. A coil of fine wire 95 is wrapped around
      rod 93, whereby a small current is induced in the coil by the passage of
      each successive tooth past the end of the rod. If desired, amplifier means
      and/or the same type of square wave generating circuit described above can
      also be incorporated within the body member of this sensing element, which
      is likewise compatible with conventional readout equipment.
PAR  The invention has been described with particular reference to illustrative
      embodiments thereof, but it will be understood that variations and
      modifications can be effected within the spirit and scope of the invention
      as described hereinabove and as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary seal shaft rotation transducer device comprising
PA1  a. a spindle member adapted to be affixed coaxially to an end of a
      rotatable shaft for rotation therewith, said spindle member including a
      first internal passageway in leak tight communication with a second
      internal passageway in said shaft when said spindle member is affixed
      thereto;
PA1  b. a housing;
PA1  c. bearing means carried by said spindle member and supporting said housing
      to allow said housing to remain stationary while said shaft and said
      spindle member rotate together;
PA1  d. a seal member carried by said housing in nonrotatable relation thereto
      and including a third internal passageway, said seal member being adapted
      to cooperate with said spindle member to establish substantially leak
      tight communication between said first and third internal passageways;
PA1  e. rotatable armature means supported by said spindle member for rotation
      therewith; and
PA1  f. transducer means supported by said housing in non-rotatable relation
      thereto and adapted to cooperate with said armature means to provide an
      output signal functionally related to rotational movement of said spindle
      member.
NUM  2.
PAR  2. A device according to claim 1 in which said body member defines an
      internal chamber substantially enclosing said armature means.
NUM  3.
PAR  3. A device according to claim 1 in which said transducer means comprises
      an integral sub-assembly removable from said device without disturbing
      other operative components thereof.
NUM  4.
PAR  4. A device according to claim 1 in which said transducer means comprises a
      light source and a photoresponsive element adapted to produce an
      electrical signal in response to being illuminated by said light source,
      said armature means being adapted to modulate the illumination of said
      photoresponsive element by said light source as a function of rotational
      movement of said armature means.
NUM  5.
PAR  5. A device according to claim 4 in which said armature means comprises a
      circular member provided with a uniform circular array of alternate light
      transmissive and light blocking areas positioned between said light source
      and said photoresponsive element to cause said photoresponsive element to
      produce an electrical signal that is pulsed at a frequency representative
      of the rotational speed of said spindle.
NUM  6.
PAR  6. A device according to claim 4 in which said armature means comprises a
      circular member provided with a uniform circular array of alternate light
      reflective and light absorbent areas positioned at a reflective position
      along a reflected optical ray path between said light source and said
      photoresponsive element to cause said photoresponsive element to produce
      an electrical signal that is pulsed at a frequency representative of the
      rotational speed of said spindle.
NUM  7.
PAR  7. A device according to claim 4 in which said transducer means includes
      pulse shaping circuitry for producing substantially square wave signal
      pulses in response to pulsated illumination of said photoresponsive
      element by said light source produced by rotational movement of said
      armature means.
NUM  8.
PAR  8. A device according to claim 7 in which said pulse shaping circuitry,
      said light source and said photoresponsive element are incorporated in a
      unitary sub-assembly adapted to be removed from said device as an integral
      unit.
NUM  9.
PAR  9. A device according to claim 1 including means for producing a magnetic
      field, said armature means comprising a circular member provided about its
      periphery with uniformally arrayed structures capable of modulating said
      magnetic field adjacent said transducer means, said transducer means being
      adapted to detect such modulations of said magnetic field by said armature
      member adjacent said transducer means and to produce a corresponding
      electrical output signal.
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PAL  A system for indicating engine speed without physically contacting the
      engine, including a tachometer comprising an inductive loop which may be
      buried in the ground and connected to an electrical amplifying system
      which picks up very low frequency radio frequency (RF) pulses from the
      ignition system of an automobile or other vehicle whose engine is located
      above the loop. The tachometer includes controls for selecting the number
      of engine cylinders corresponding to the vehicle being tested and a meter
      readout providing a visible or other suitable indication of the vehicle's
      engine speed. Undesirable background noises are substantially eliminated
      by the pickup loop design and its orientation, input signal filtering,
      power line filtering, base line signal rejection and automatic gain
      control.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  With the advent of various state and federal regulations pertaining to the
      inspection of automobiles and other vehicles for excessive exhaust
      pollution and the like, it is desirable if not necessary to have devices
      which can properly evaluate a vehicle's performance during operation and
      provide an indication as to whether or not the vehicle is operating
      properly from an air pollution standpoint. In some cases, this requires
      that the vehicle's engine run at a predetermined speed (RPM) during tests
      such as exhaust gas evaluation. Thus, in the case of state inspection
      agencies responsible for testing these vehicles, when carbon monoxide (CO)
      and hydrocarbons (HC) are measured during idle conditions (typically
      500-800 RPM) or at higher engine speeds of approximately 2500 RPM, it is
      necessary to know within a permissible deviation the RPM of the engine of
      the vehicle undergoing testing. Obviously, there are other occasions
      (e.g., regular performance or pre-inspection checkups) when the vehicle
      owner will desire to have an automotive exhaust evaluation made.
      Preferably, and particularly in high volume inspection situations, it is
      desirable to have a device that can provide a measure of the engine speed
      without the need for a physical connection between the device and the
      engine of the vehicle being tested, as a companion inspection tool for the
      easily inserted tail pipe probe used for HC and CO concentration measuring
      instruments.
PAR  It is also necessary to provide an RPM measurement of engine speed which is
      relatively accurate and preferably in the range of about 5% of the actual
      engine speed. Typically, conventional methods for detecting signals
      generated by the spark ignition system of a vehicle's engine have been
      able to provide good results only by very close coupling of the pickup
      device to the high tension leads from the spark coil or by direct
      connection to the spark coil primary circuit on the spark-ignited engine.
      In these systems, the electrical signal for each firing is detected by the
      pickup device and processed through suitable electronic equipment,
      whereupon engine RPM is indicated on a suitable readout means. A typical
      prior art disclosure of such a system is disclosed in U.S. Pat. No.
      3,601,773.
PAR  Another requirement for a preferred system is that it be selective to
      receive only ignition signals, and substantially free of interference from
      nearby operating vehicle engines which may be undergoing test or just in
      the vicinity for some other reason. Other unsuccessful prior art attempts
      at overcoming these and other related problems also include U.S. Pat. Nos.
      3,573,609 and 3,656,059; and further prior art considered in connection
      with this invention include U.S. Pat. Nos. 3,611,138, 3,005,155 and
      3,404,339.
PAR  The prior art, while generally disclosing the broad concept of providing a
      remote tachometer for sensing engine speed, without the need for a
      physical connection between the engine and the tachometer, the various
      problems associated with the prior art (e.g., interference by surrounding
      operating engines) have made such prior art devices and systems
      impractical. In connection with the production by spark-ignition engines
      of radio signals with each ignition pulse, and the processing of such
      signals to provide an indication of engine speed, a significant problem
      associated therewith is that these signals (radio frequency) emitted by
      the ignition system vary in intensity from cylinder to cylinder for each
      particular engine and car, and also from car to car. The RF signals from
      cylinder to cylinder vary due to mixture conditions at the gap when the
      plug fires and due to variations in plug and wiring conditions. As for the
      RF signals between cars, they vary because of ignition system design and
      associated conditions. Further, various other devices in the car will
      generate RF signals which cause false pulses to appear at the pickup
      device. Finally, a highly sensitive pickup device will pick up RF signals
      not associated with the car and which will cause further false signals to
      appear. By the use of the term "RF signal", it is meant to include such
      signals that fall within a frequency range from approximately 10 KC and
      below to 100 MC.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention overcomes these and other deficiencies of the prior
      art, by providing a novel remote RPM indicator system, particularly for
      use with spark ignition engines wherein preferably an inductive loop is
      located at a predetermined distance below the engine for picking up
      electrical impulses produced by the spark ignition system of the internal
      combustion engine of the vehicle, which then are processed through
      suitable electronic circuit to provide a readout of engine RPM. According
      to the present invention, the inductive pickup loop can be spaced or
      remote relative to the engine and is selective to only ignition signals,
      being substantially free from interference by nearby engines and other RF
      producing means.
PAR  According to this invention, the inductive pickup loop detects the
      electrical field around the engine which is generated by the spark
      ignition system. The field may be electromagnetic or electrostatic. The
      inductive pickup loop detects the field and preferably is located beneath
      the engine area, buried in the ground completely or partially.
      Alternatively, the loop may be portable and located at ground level or
      placed under a raised vehicle if necessary. The output from the pickup
      loop is connected to electronic processing circuitry and readout means,
      which eliminates spurious RF signals that could interfere with obtaining
      an accurate RPM readout. The size and shape of the loop and its relative
      position to the engine play an important part in the present invention. To
      avoid obtaining undesirably low signals from the ignition system and
      excessively high signals from electrical noise sources on the vehicle, it
      is necessary to properly position the loop, as will be apparent from this
      disclosure.
PAR  Accordingly, it is a primary object of the present invention to provide a
      remote RPM for indicating engine speed without the need for physical or
      close connections with the engine undergoing evaluation, which is
      substantially accurate in its RPM readout and is substantially free from
      surrounding spurious or other interfering RF signals which affect the
      accuracy of the RPM readout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of the relative location of the RF
      signal pickup loop used in the present invention and the vehicle being
      tested;
PAR  FIG. 2 is a front elevational view of the relative location between the RF
      signal pickup loop and the vehicle, illustrating permissible vertical
      deviation of the loop;
PAR  FIG. 3 is a cross-section taken substantially along the line 3--3 of FIG.
      1, illustrating construction details of the pickup loop;
PAR  FIG. 4 is a block diagram of the present invention comprising the RPM
      pickup loop connected to electronic processing circuitry for providing RPM
      readout of engine speed, according to the present invention; and
PAR  FIG. 5 is the electronic circuit diagram according to the present invention
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, the vehicle comprises an automobile 10, which is driven
      into the inspection area and located so that its engine generally
      designated 12 is located generally directly above a pickup loop 14 shown
      in solid lines located below grade. This arrangement provides a convenient
      self-diagnostic tool that facilitates a motorist's observation of the
      engine speed of his car without requiring that the driver get out of the
      automobile or an attendant in service. Thus, by providing a comparison of
      the engine RPM of the vehicle and manufacturer's RPM specification for the
      engine, the driver can obtain a ready indication as to whether or not
      engine service may be required. As shown in FIG. 2, the engine is
      generally centered above the loop. Properly located white lines or grooves
      17 (see FIG. 2) and the like on the pavement can be provided for assisting
      the motorist in properly locating the car. Then a conveniently accessible
      dial on or connected with the readout meter is set to the number of engine
      cylinders for the particular vehicle and the system power is turned on,
      whereupon the meter readout will provide an indication, either by a
      conventional analogue (needle) readout or digital readout, of the engine
      speed. This readout will be accurate to within approximately 5% of the
      true engine speed and the motorist can then compare this number with the
      specifications for his car which can be posted on a nearby chart.
      Alternatively appropriate electronic circuit may be provided for comparing
      actual engine RPM with the engine's designed RPM, and providing a
      side-by-side visible comparison or readout of RPM delta between actual and
      designed RPM.
PAR  According to the preferred embodiment, the rectangular shaped inductive
      pickup loop 14 typically may comprise about 60 turns of suitable insulated
      copper wire wound on an appropriate form of 41/2 feet by 1/2 foot. The
      number of turns and the loop size will determine the amount of inductance
      and consequently its frequency response. As shown schematically in FIGS. 4
      and 5, the ends of the loop are connected to a coaxial cable 15 which in
      turn is connected to the RPM indication instrument system. While it is not
      critical as to what material (so long as metal is not used) covers the
      loop since it may be buried either in concrete or blacktop or above the
      ground either partly or entirely, the important thing is that the car be
      able to drive or be located over it. It is also important that the loop be
      mounted with its short plane vertically disposed under the engine area,
      with its length running in the same direction as the length of the engine.
      This provides for the best signal (ignition pulses) to noise (other RF
      sources) ratio. The loop should be designed to have sufficient inductance
      for picking up low frequency electrical fields generated by the vehicle's
      ignition system. Loop inductance is determined by well-known conventional
      techniques. The loop should have a good response to signals in the very
      low radio frequency range, e.g., 5-20 KC, since most spurious signals are
      very low level in this frequency range. The loop casing 18 comprises a
      nonconductive material, such as wood or plastic, which, as shown in FIG.
      3, houses the internal coils or turns 16 in a rectangular-shaped casing.
      While the preferred embodiment of the invention shows the loop buried
      below grade, an alternate location is possible, such as shown by the
      broken line in FIG. 1 wherein all or a portion of the loop extends above
      ground level. Another variation is the configuration of the loop which
      while shown as being rectangular, be circular, elliptical, or square,
      etc., if desired. Whether the loop is buried completely will depend
      largely on the desired size of the loop and the amount of excavation
      necessary to bury it completely, as in the case of a circular loop.
PAR  As shown in FIG. 2, in the preferred embodiment the loop is disposed in a
      vertical plane substantially perpendicular to the vehicle's longitudinal
      axis on the ground, in order to provide the best signal to noise ratio,
      which is preferably a minimum of 3:1, with noise comprising any false
      signals. The angular deviation of the loop's short axis from the vertical
      may be approximately forty-five degrees, the effect of which is to provide
      maximum response to ignition field and reduce response to
      generator/alternator electrical noise and other vehicle accessory
      electrical noise.
PAR  Turning now to FIGS. 4 and 5, a detailed description of the operation,
      construction and arrangement of the present invention will be discussed.
      FIG. 4 shows schematically the engine 12 located above the rectangular
      pickup loop 14. The filter 20 functions to reduce the level of false or
      spurious signals such as electrical noise generated by motor brushes
      (known as "hash") of the engine, blowers, and other parts of the car when
      the engine is operating. The filter output is capacitively connected to an
      amplifier stage 22 for amplification to a higher signal level for
      processing by the following stages. The amplifier output is coupled to a
      base clipper stage 24 which passes only positive peaks of the amplifier
      output signal which are greater than one-half of the average input level
      and effectively rejects any noise, hash, or ripple which may appear in the
      bottom half of the signal. The base clipping function 24 produces a DC
      output voltage, in addition to the positive pulse output, which is fed
      back through a DC amplifier 26 to the amplifier stage 22 and functions as
      an automatic gain control (AGC) loop 25 so that as higher signal levels
      appear at the output of clipper stage 24, proportionately increased
      voltage signals are fed back to amplifier stage 22 for regulating the
      amplification accordingly. This allows the complete system to accommodate
      a wide range of input signal levels without overloading or responding to
      false signals. The pulse output signal of the base clipper, which
      comprises a positive going top portion of the signal, is transmitted to a
      shaper stage 28 which produces very clean positive output pulses. These
      drive a conventional Schmitt trigger circuit 30, which provides relatively
      sharp square output pulses for driving the conventional one-shot
      multivibrator 32. The pulses generated by the multivibrator 32 actuate a
      switching circuit 34. This circuit is set for operation in accordance with
      the number of cylinders in the engine undergoing testing, so that the
      particular selected capacitor in the circuit be a value related to the
      number of engine cylinders. The selected capacitor is charged and then
      discharged to provide a discharge current which flows through the standard
      RPM meter 36, which indicates RPM of the engine. An appropriate selector
      38 is provided for selecting an appropriate capacitor in circuit 34
      corresponding to the number of engine cylinders.
PAR  The power supply for the present invention, while not shown in detail, is
      of the conventional full-wave variety and typically provides properly
      filtered 20 volts DC output, by means of conventional filtering and
      regulation.
PAR  Referring now to the details of the electronic signal processing equipment
      for the present invention, reference is made to FIGS. 5A and 5B, shown on
      separate sheets for convenience of illustration. The input filter 20
      comprises a series resistor R.sub.1 and a capacitor C.sub.1 shown as
      comprising two capacitors connected in parallel between the resistor and
      ground. With undesirable background noise eliminated, the output from
      filter 20 is coupled through coupling capacitors C.sub.2 ' and C.sub.2 "
      to amplifier 22. In the preferred embodiment amplifier 22 comprises two
      parallel amplifying paths including a grounded emitter transistor Q.sub.1
      and conventional differential amplifier which comprises transistors
      Q.sub.1a and Q.sub.1b. The output of the two paths are 180.degree.
      out-of-phase and appear in parallel through diode D.sub.3 and Diode
      D.sub.4, which pass only positive going signals to the signal gate G.sub.2
      of the field effect transistor, FET, through potentiometer P.sub.1. Gain
      control loop signals may have major positive or negative pulse
      characteristics due to loop connections or ignition system design. By
      employing a dual input signal path to the FET, the amplified signal will
      have stronger peaks in one direction, namely the positive direction for
      the preferred embodiment. The amplifier circuit can be designed so that
      negative going signals are applied to the gate G.sub.2 ; however positive
      signals are preferred because the function of the base line clipper stage
      is most effective with positive signals at its input, the sign of the
      signal at the clipper input is the same as the sign at the FET input. This
      is due to two 180.degree. inversions, one in the FET amplifier and the
      other in amplifier Q.sub.4. The loop 14 can be connected to the processing
      circuit so that the signals will have a preferred sign (positive) from a
      particular car being tested. This will hold true for most cars, but not
      all because of ignition system design and physical layout. The gain
      control gate G.sub.1 of the FET is connected so that a variable bias
      voltage is applied thereto through its connection with DC transistor
      amplifier Q.sub.7, which is in the automatic gain control circuit to be
      discussed in detail hereinafter. The fraction of the amplified input
      signal from P.sub.1 to the signal gate G.sub.2 is manually adjusted during
      initial adjustment of the instrument to set the desired amplification or
      gain range of the FET. Some furthere minor adjustment may be required
      during operation. The dynamic or operational range of the automatic gain
      control loop 25 is typically about 20:1. Thus, an input signal to the FET
      can be increased up to 20 times its original value without increasing the
      output of the FET. The output is taken from the drain D of the FET.
PAR  While the preferred embodiment of the present invention is shown as
      employing a field effect transistor in the amplifier as discussed
      heretofore, it is also within the scope of this invention to employ a
      conventional bipolar AGC automatic gain control arrangement; however, the
      FET has better dynamic gain control characteristics and the present dual
      signal input improves input sensitivity and has been shown to make
      positioning of the loop less critical. The alternative arrangement may
      comprise using a conventional grounded emitter voltage amplifier with
      conventional variable gain provisions, such that the gain transistor of
      the gain control circuit is connected across the standard emitter resistor
      for varying the gain of transistor amplifier.
PAR  The FET drain output is conventionally coupled to a grounded emitter
      voltage amplifier transistor Q.sub.4 connected to an emitter-follower
      transistor amplifier Q.sub.5, which acts as a low impedance source to
      drive the base line clipper circuit. The output signal from the emitter of
      Q.sub.5 is ac-coupled to the diode D.sub.1, which rectifies it and passes
      only positive signal peaks. The emitter resistors of Q.sub.5, R.sub.2 and
      R.sub.3 are selected so that half the output signal appears at the
      junction of emitter resistors R.sub.2 and R.sub.3 and is applied to
      emitter follower transistor Q.sub.6. The output of Q.sub.6 is rectified by
      the diode D.sub.2 and appears as a positive DC voltage with respect to
      ground across the storage capacitor C.sub.4. A load resistor R.sub.4 for
      the diode D.sub.1 is connected to the positive end of C.sub.4 to provide a
      back bias on diode D.sub.1, so that only the top half of the signal from
      Q.sub.5 continues on through the following stages of the system. This
      action also serves to reject any noise, hash or ripple appearing in the
      bottom half of the signal which is blocked or cut off. This back bias,
      applied automatically through resistor R.sub.4 to the diode D.sub.1,
      varies as the input signal level varies and thus obtains a wide range of
      dynamic performance.
PAR  The DC voltage which develops across capacitor C.sub.4 is also used to
      provide automatic gain control action. As the DC voltage across C.sub.4
      increases as a result of higher signal levels being received at the input
      to Q.sub.6, the increased voltage is applied as base bias to the DC
      transistor amplifier Q.sub.7, which produces an output between its
      collector and ground. The output circuit of Q.sub.7 comprises Zener diode
      Z.sub.1 connected to ground in series with resistor R.sub.13. As the base
      bias to Q.sub.7 varies, the output DC voltage likewise varies as does the
      amount of voltage picked off between Z.sub.1 and R.sub.13, which is
      applied to the gain control gate G.sub.1 of the FET, thus altering its
      amplification characteristics. In the alternate arrangement where a
      bipolar transistor is utilized instead of the FET, the gain control
      transistor Q.sub.7 is connected across the emitter resistor so that its
      effective collector-to-emitter resistance varies as a function of base
      current, to thereby reduce the shunt effect of the normal capacitor across
      the emitter, which in turn varies the voltage gain of that amplifier
      stage. An appropriate long-time constant can be provided in the automatic
      gain control loop in order to prevent system oscillation.
PAR  The output signal across the load resistor R.sub.4 is connected to emitter
      follower transistor Q.sub.8 which drives class C common collector
      transistor amplifier Q.sub.9, which includes a filter and shaping network
      in its collector circuit comprising capacitor C.sub.6 and high load
      resistor R.sub.8. This network operates to produce well-shaped clean
      pulses with no high frequency spikes, commonly referred to as hash. The
      collector output of Q.sub.9 is also DC coupled to the base of a class C
      amplifier Q.sub.10 which provides positive going pulses at its output
      which is connected to the input of transistor Q.sub.11.
PAR  The transistors Q.sub.11 and Q.sub.12 and their associated resistors and
      capacitors are connected to form a conventional Schmitt trigger circuit,
      which provides sharp square pulses at the collector output of Q.sub.12 for
      driving a conventional one shot multivibrator comprising transistors
      Q.sub.13 and Q.sub.14, together with their associated resistors,
      capacitors and the diode D.sub.7 and Zener diode Z.sub.2. The
      multivibrator output pulses, which are well-defined (that is, they have a
      fixed height and a fixed width), are connected to a switching transistor
      Q.sub.15 which is actuated in response to these pulses. Transistor
      q.sub.15 operates so that upon application of a pulse at its base input a
      relatively large output collector current is obtained. The collector
      output of Q.sub.15 is applied to a switch S.sub.1, which is set for the
      number of cylinders in the engine, corresponding to the numerical
      designations 4, 6, and 8. As shown, depending on the selected number of
      engine cylinders, either of the capacitors C.sub.7, C.sub.8, or C.sub.9
      (corresponding to 4, 6, and 8 cylinders, respectively) will be charged
      through the diode D.sub.5. After transistor Q.sub.14 returns to its
      non-conducting stage (no input pulse is applied) the selected charged
      capacitor, C.sub.7, C.sub.8, or C.sub.9 discharges through the series
      circuit comprising diode D.sub.6, resistor R.sub.9 and one of the
      resistors R.sub.10, R.sub.11 or R.sub.12, which depends on the number of
      cylinders in the engine. The discharge current also flows through the
      meter 36 which provides an indication of the RPM of the engine.
PAR  Although a specific embodiment of the invention has been shown and
      described, and some modifications have been suggested, it will be
      understood that other embodiments and modifications which will occur to
      those of ordinary skill in the art fall within the true spirit and scope
      of the invention as set forth in the appended claims.
CLMS
STM  Having thus set forth the nature of the invention, what is claimed herein
      is as follows:
NUM  1.
PAR  1. A system for remotely indicating the speed of a spark ignited engine in
      a vehicle, comprising in combination:
PA1  a. inductive means of predetermined length constructed and arranged to have
      high response to ignition signals comprising low frequency radio frequency
      signals produced by the ignition system of the vehicle engine and having a
      signal to noise ratio of at least 3:1, and located substantially centrally
      below said engine with the length of said inductive means extending in the
      same direction as said engine;
PA1  b. electronic circuit means connected with said inductive means for
      electronically processing signals received from said inductive means to
      provide at its output an indication of the engine's RPM, comprising input
      signal filter means for substantially reducing spurious signals contained
      in the input signal received from said inductive means, amplifier means
      connected to said filter means for receiving the filtered output signal
      and increasing the level thereof, clipper means for receiving the output
      signal of said amplifier means and passing therethrough only a
      predetermined portion of said output signal received from said amplifier
      means which is in excess of the average input level thereof whereby said
      clipper means substantially rejects undesirable portions of said output
      signal from said amplifier means which are contained in the portion
      thereof which does not pass therethrough, said clipper means producing
      output DC voltage and pulse signals, automatic gain control means
      connected with the output of said clipper means for feeding back DC
      voltage signals to said amplifier for controlling the amplification of
      said amplifier means in accordance with the signal level of said DC output
      voltage signals from said clipper means, and trigger circuit means
      operably connected for receiving at least part of the output signal of
      said clipper means and to switching circuit means having first conducting
      and second non-conducting modes of operation, said trigger circuit means
      being actuated upon receipt of predetermined pulse signals for causing
      said switching circuit means to assume said first conducting mode, and
      meter means connected with said switching circuit means so that when said
      switching circuit means assumes said second non-conducting mode said meter
      means provides an indication of the RPM of said engine.
NUM  2.
PAR  2. The system of claim 1 wherein said inductive means comprises a
      continuous loop.
NUM  3.
PAR  3. The system of claim 2, wherein said inductive loop means is located
      below ground level.
NUM  4.
PAR  4. The system of claim 2, wherein said inductive loop means is located at
      least partially above ground level.
NUM  5.
PAR  5. The system of claim 2, wherein said inductive loop means comprises a
      substantially rectangular configuration and is disposed in a vertical
      plane.
NUM  6.
PAR  6. The system of claim 5, wherein said rectangular loop means includes a
      short side which is located in said vertical plane.
NUM  7.
PAR  7. The system of claim 2, wherein the said inductive loop means is located
      at a predetermined angle relative to a vertical plane passing through the
      engine of said vehicle.
NUM  8.
PAR  8. The system of claim 1, wherein said electronic circuit means includes
      shaping circuit means connected to the output of said clipper means for
      receiving said pulse signals therefrom and for producing substantially
      well-defined output pulses, said trigger circuit means connected to said
      shaping circuit means for being driven by said well-defined output pulses,
      whereby said trigger circuit means provides substantially sharp output
      pulses, said switching circuit means connected to the output of said
      trigger circuit means for being actuated by the output pulses thereof,
      said switching circuit means including a plurality of capacitors, each of
      which corresponds to a different number of cylinders for the engine in
      said vehicle, a selected one of said capacitors being charged during said
      first conducting mode of said switching circuit means, and meter means
      operably connected with said plurality of capacitors so that during said
      second non-conducting mode of said switching means the discharge current
      from said selected one of said capacitors flows therethrough to provide an
      indication of the RPM of said engine.
NUM  9.
PAR  9. The system of claim 1, wherein said input filter means comprises a
      resistor-capacitor network.
NUM  10.
PAR  10. The system of claim 1, wherein said amplifier means comprises parallel
      amplifying circuits for the filtered input signal.
NUM  11.
PAR  11. The system of claim 10, wherein the outputs from said amplifying
      circuits are 180.degree. out of phase.
NUM  12.
PAR  12. The system of claim 1, wherein said amplifier means includes a
      field-effect transistor.
NUM  13.
PAR  13. The system of claim 1, wherein the output signal from said amplifier
      means comprises positive and negative signals, and said clipper means
      includes diode circuit means for permitting only the positive portions of
      the amplifier output signal which are greater than one-half of the average
      input signal level to said amplifier means pass therethrough, thereby
      effectively rejecting undesirable signals contained in the remaining
      portion of the amplifier output signal.
NUM  14.
PAR  14. The system of claim 13, wherein said clipper means provides a DC output
      voltage signal and a positive pulse output signal, said DC output voltage
      signal being fed back to said automatic gain control means which comprises
      amplifier DC circuit means.
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ABST
PAL  A speed detector for a direct current motor is coupled substantially in
      parallel with the motor such that only the motor input voltage and a
      function of the input current are inputs to the speed detector/indicator
      system. Analog speed detection is provided by using either operational
      amplifiers or single stage transistor circuits to sample the current and
      voltage to generate a voltage proportional to speed of the motor.
GOVT
PAC  DEDICATORY CLAUSE
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the Government for Govermental purposes without the payment to me
      of any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One common speed indicator for model railroad application operates with a
      frequency meter for sensing the pole pulses generated when a direct
      current motor rotates. This pulse sensing type device interferes with
      operation of other desired equipment. For example, pulse power is used to
      jog small motors into an effectively slow rotation speed at an effectively
      high available torque at low average terminal voltage to achieve smooth,
      slow starts. Pulse power starting or operating equipment can interfere
      with the speed indication signal. High frequency lighting and signaling
      features can interfere with speed indication. Motor pulses used for speed
      indication may also interfere with high frequency signals. All of these
      signals include frequency components that interfere with operation of
      speed indicating equipment. The pulses generated by DC motors used by
      presently available speed indicators, stress transistorized throttles and
      high frequency generators. It is desirable to eliminate these pulses and
      the attendant noise, preferably by filtering at the source. However,
      filtering out these pulses and noise virtually incapacitates presently
      available commercial speed indicators. Further, when, in model railroad
      application for example, two or more units may be multi-headed, and though
      the motors are loosely mechanically coupled, the motors run at different
      speeds due to different wheel diameters and gear ratios. When such units
      are matched so that multi-heading is possible, the net per unit speed is
      thus also matched. With the speed detector/indicator, accurate speed
      indication is possible whereas with the prior art frequency detecting type
      instrument, this is not practical. Also, on some larger industrial DC
      motors a separate tachometer composed of a permanent magnet or separately
      excited DC generator is employed to indicate speed. This method of sensing
      speed results in separate equipment mounted on the outer motor housing or
      incorporated in the motor and utilize separate wiring leads from the motor
      to related indicator or control circuits.
PAC  SUMMARY OF THE INVENTION
PAR  A speed detecting system for DC motors is disclosed wherein only motor
      input terminal voltage and a function of input terminal current are inputs
      to the system. A speed indicator coupled substantially in parallel with
      the motor, responds to the throttle voltage coupled to the motor and to a
      function of current to provide an analog signal which is indicative of the
      motor speed. The speedometer allows analog speed indication to be provided
      for DC permanent magnet motors using fixed excitation. Either operational
      amplifiers or single stage transistor circuits are coupled to the motor
      input terminals or motor throttle to provide the sampling function. The
      principle is also applicable to AC/DC motors provided that provision is
      made for field reversal and field current phase shift. If the field is
      excited from the line voltage the phase shift is approximately constant.
      In this case, with fixed phase shift compensation, the output from the
      speed detector need only to be rectified to develop a voltage whose
      average value is proportional to motor speed. Since DC meter movements
      respond to average current values, the meter will accurately indicate
      speed with this embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 discloses a preferred embodiment of a simplified diagram of the
      electrical circuit for providing speed detection and indication of a
      throttle controlled motor.
PAR  FIG. 2 is a partially schematic and partially block diagram of another
      embodiment of the speed detector system.
PAR  FIG. 3 is a simplified embodiment of the inventive concept showing a speed
      detector/indicator circuit of operational amplifiers coupled directly
      across the line voltage feeding the motor.
PAR  FIG. 4 is an embodiment of the invention set forth in FIG. 3, with the
      input to the speed detector reversed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The existence of integrated circuit DC operational amplifiers allows the
      sensing of motor speed from motor terminals without requiring separate
      equipment such as a tachometer and without the attendant separate wiring.
      Utilizing the input terminal voltage and terminal current to indicate
      motor speed allows speed indication to be obtained in a simple, reliable
      manner affording considerably longer life expectancy of operating
      equipment over prior art systems and without attendant problems associated
      with these other systems. The speed indicating system DC motors is
      disclosed to comprise one or more amplifiers arranged to solve the
      equation for speed,
EQU  S = K.sub.A (V - K.sub.B I)
PAL  where
PAR  S is speed in whatever units are desired (RPM, MPH, etc.),
PAR  K.sub.A is a constant in units of speed per volt,
PAR  K.sub.B is a constant in units of ohms,
PAR  V is input terminal voltage,
PAR  and I is input terminal current.
PAR  A mathematical development of the equation and important constants includes
      the following general relationships.
PAR  Developed power (motor armature output) = torque x speed; and
PAR  Developed power (motor armature output) also = input power - electrical
      losses, and
PAR  Developed torque (motor armature) = K.sub.T x current, where K.sub.T is a
      constant relating armature current to torque in a given motor with fixed
      field strength.
PAR  Equations are:
PAC  (1)
EQU  P.sub.o = T .times. S (746/550) watts,
PAL  where
PAR  P.sub.o = power output in watts (shaft),
PAR  T = torque in ft-lbs (shaft),
PAR  S = speed in rev/sec,
PAR  746 watts = 1 hp, and
PAR  550 ft-lbs/sec = 1 hp;
PAC  (2)
EQU  P.sub.o = VI - I .sup.2 R
PAL  (the VI term is valid for instantaneous values as well as DC), where
PAR  V = terminal emf in volts,
PAR  I = current in amperes, and
PAR  R = armature and brush resistance in ohms;
PAC  (3)
EQU  I =  K.sub.T I, and
PAC  (4)
EQU  S = P.sub.o /T revolutions per second.
PAR  Substituting equation (2) and (3) into (4) results in:
      ##EQU1##
      where
PAR  S' = speed in rpm or other appropriate terms, and
PAR  K.sub.o = constant relating motor rps to S'.
PAR  For a particular motor, K.sub.o, K.sub.T and R are constant. Therefore:
EQU  S' = K.sub.1 V - K.sub.2 I
PAL  where
PAR  K1 = K.sub.o /K.sub.T and
PAR  K2 = K.sub.o R/K.sub.T.
PAL  Examining the above formulas for K.sub.1 and K.sub.2, it is obvious that
      K.sub.o /K.sub.T is common to both. Thus, a better generalized expression
      is
PAC  (5)
EQU  S' = K.sub.A (V - K.sub.B I)
PAL  where:
PAR  K.sub.A = K.sub.o /K.sub.T and
PAR  K.sub.B = R
PAL  Equation (5), which is the speed equation, is a more practical form for
      implementing a speedometer.
PAR  The development of the equation for speed shows that the character of the
      two constants K.sub.A and K.sub.B can be reduced such that K.sub.A is
      defined as the ratio of speed to back emf (motor operating as a generator
      under no load conditions); and K.sub.B is defined to be the total input
      resistance from the point where the speed indicator is connected across
      the line to the motor back to the return terminal of the line to the
      motor.
PAR  As shown in FIG. 1, a typical prior art throttle 10 contains a series
      regulator power output transistor 12 and may also include one or more
      driver transistors 14, depending on the throttle design. A current
      compensation network 16 is operated by a current sensing resistor 18. Such
      throttles also use a momentum simulation device such as a capacitor 20
      whose size depends on circuit design, usually 25-2,000 microfarads, a back
      voltage diode 22 and a current limiting resistor 24. Capacitor 20 is
      coupled on one side to transistor 14 and on the other side is coupled
      through a resistor 19 to ground. Resistor 19 may or may not be present
      depending on whether load compensation or preset starting voltage (offset
      voltage) is utilized. Resistor 19 may be impressed with a fixed start
      voltage or a variable voltage resulting from the current compensation
      network or both. The voltage command or throttle setting is accomplished
      with a potentiometer 26 coupled across the input lines which feed the
      motor. Because of line voltage irregularity and circuit design, including
      offset voltage and current compensation, it is usually desirable to
      regulate the voltage across the throttle potentiometer as shown with a
      zener diode 28 and current limiting resistor 30. The current compensation
      network 16 often has a built-in offset voltage since direct current motors
      will not start at very low voltages and a time delay is required to build
      starting voltage from the throttle potentiometer 26 coupled with the
      momentum simulation circuits 20, 22, and 24. Another feature often
      incorporated in the advanced throttle having momentum simulation is a
      brake connected from the junction of capacitor 20 and diode 22 to ground.
      Diode 22 may not be present if the throttle potentiometer is used also as
      a brake or another diode and resistor may be paralleled with diode 22 and
      resistor, with the diode reversed to provide different acceleration and
      deceleration characteristics.
PAR  Throttle 10 may be connected to a reversing circuit 32 which may be either
      a reversing switch or reversing relay to reverse the polarity of voltage
      coupled to the motor and change the direction of rotation. If a relay is
      used, a reverse interlock may be incorporated to prevent reversal while
      the motor is already rotating. The output from reversing circuit 32 is
      then connected through a switching network 34 to the motor 36 by way of
      conductive means such as wire leads and pickup shoes.
PAR  The speed indicating system 40 includes an operational amplifier 42 having
      a feedback resistor 43 and an input resistor 44. A second operational
      amplifier 46 has a feedback potentiometer 47 and an input potentiometer 48
      and input resistor 50 coupled thereto. Amplifiers 42 and 46 may be
      single-ended operational amplifiers. The output of operational amplifier
      42 is coupled through the input resistor 50 into operational amplifier 46.
      Also a voltage, f(I), from the current sensing resistor 18 is coupled
      through input potentiometer 48 to amplifier 46. The output of amplifier 46
      is coupled to a load circuit 52, which may for example be a speed
      indicating voltmeter. The other side of load circuit 52 is connected to a
      system ground in common with the prior art throttle. An input voltage
      V.sub.T is coupled from the motor line voltage, typically at point 60 in
      throttle 10, through input resistor 44 to operational amplifier 42.
      Similarly, the voltage developed across the current sensing resistor 18,
      which is proportional to motor current, is directed to input potentiometer
      48 of amplifier 46.
PAR  FIG. 2 discloses a more simplified implementation of the invention wherein
      the use of simple transistor circuits eliminates need for the additional
      power supplies required to operate the operational amplifiers (not shown
      in FIG. 1). In FIG. 2, existing throttle 10, switch 32 and motor 36 are
      shown in simplified form. A speed indicating system 100 has first and
      second transistor amplifiers 110 and 112 replacing the operational
      amplifier circuit of FIG. 1. In this circuit, to operate linearly, an
      offset voltage must be provided across the output to meter 120 due to
      partial conduction of both amplifier transistors 110 and 112, with no
      signal inputs to the speed indicator. The emitters of transistors 110 and
      112 are coupled directly together and to the system ground. The input
      signal V.sub.T  is coupled through input resistor 113 to the base of
      transistor 110, and the input signal f(I) is coupled through input
      resistance 115 to the base of transistor 112. Resistor 117 is connected
      between the collector of transistor 110 and the base of transistor 112.
      The collector of transistor 112 is connected to a load circuit 120 which
      may be a voltmeter, with the other side of load 120 connected through a
      resistance 122 to ground. A third transistor 124 has the emitter coupled
      to the junction between meter 120 and resistor 122 and the base coupled
      through the variable arm 126 of potentiometer 128. The fixed arms of
      potentiometer 128 are connected between a power source D+ and ground. The
      power source is further coupled to the respective transistor collectors
      for supplying operating potential thereto.
PAR  For linear operation of transistor amplifiers 110 and 112 the circuit must
      possess an offset voltage on the output to load 120 due to partial
      conduction of both amplifier transistors, with no inputs at the input
      terminals. To cancel this offset voltage the circuit of potentiometer 128,
      transistor 124 and load resistor 122 is provided. This circuit compensates
      for offset voltage in the transistors. This embodiment of the invention
      has the disadvantage of lower gain at both stages introducing more error
      in the detector.
PAR  FIG. 3 discloses a more general block diagram of the invention and is
      applicable to general DC motor speed indication. Motor 36 is coupled to
      either a variable or fixed direct current voltage source with a series
      resistor 140 connected between one terminal of the motor and the grounded
      or common terminal of the applied voltage signal. Resistor 140 is of low
      value and serves as the current sensing resistor. An inverting operational
      amplifier 142 has the input terminal thereof coupled through a resistance
      144 to the variable voltage input of the motor. An operational amplifier
      146 has an input thereof coupled through an input resistor 150 to the
      output of inverting amplifier 142. The input of amplifier 146 is also
      coupled through an input resistancee 148 to junction 154 between the
      sensing resistor 140 and motor 36. Operational amplifier 146 functions as
      an adder, adding the signals coming in from amplifier 142 (V.sub.T) and
      from sensing resistor 140 f(I). The output of adder amplifier 146, which
      is representative of speed, is then coupled to a motor speed indicator
      circuit 156.
PAR  FIG. 4 discloses the same detector circuit as FIG. 3, showing the
      versatility of the system, with the V.sub.T input and f(I) input being
      reversed to provide the negative output representative of speed. This is
      done merely by reversing the leads across the motor. Thus, input resistor
      144 is coupled to terminal 154 and resistor 148 is coupled to receive
      V.sub.T.
PAR  In operation of the speed indicating system of FIG. 1, the prior art
      throttle controls the speed and direction of rotation of motor 36 with
      reversing switch 32 allowing the direction of rotation to be reversed and
      potentiometer 26 controlling the motor speed. The variable voltage level
      (V.sub.T) present at terminal 60 within throttle 10 is inverted by
      amplifier 42 of speed detector 40 and coupled to the input of adder
      operational amplifier 46. The signal level f(I), developed across resistor
      18 which is proportional to motor current is simultaneously coupled to
      adder amplifier 46 where it is combined with the output of amplifier 42.
      The constant term K.sub.B determined by the resistance between terminals
      60 and ground of the prior art throttle (which is the resistance of the
      motor 36, the current sensing resistor 18, the switching network 34 and
      attendant system wiring) is dialed into potentiometer 48 so that the
      resistance of the potentiometer is proportional to 1/K.sub.B, which has
      units of conductance. A refinement of this detector/indicator circuit is
      obtained by placing another potentiometer in parallel with potentiometer
      48, into which is dialed the conductance of the current sensing resistor
      18, switching network 34, and attendant wiring. In this manner, only the
      conductance of the motor need be dialed directly into potentiometer 48,
      which is a convenience when either additional motors or different motors
      are used for motor 36. In this manner also, potentiometer 48 can have a
      direct dial reading in terms of motor conductance. The input terminal
      signals to operational amplifier 46 are acted upon by feedback through
      resistance 47 and is defined as the term K.sub.A. Thus the output of
      operational amplifier 46 is representative of the speed which is equal to
      K.sub.A (V.sub.T - K.sub.B I). The signal is coupled through the load
      meter 52 for indicating the speed of the system.
PAR  Operating in a similar manner the speed indicating system of FIG. 2
      discloses the offset voltage compensation circuit of transistor 124 to be
      coupled to produce a voltage in opposition to meet at the collector of
      transistor 112. Potentiometer 128 adjusts to output voltage at the emitter
      of transistor 124 for nulling out the DC offset signal present in the
      conventional transistor amplifiers. During operation of the motor the
      voltage V.sub.T, indicative of the changing voltage signal developed
      across motor 36 is coupled through resistance 113 into amplifier 110 where
      it is amplified and coupled through resistor 117 to the base of amplifier
      112, with the output thereof being collector coupled to meter 120. The
      signal representing the function of current f(I) is coupled from the
      existing throttle 10 through resistor 115 to the base of amplifier 112 for
      coupling to meter 120. The feedback function K.sub.A is provided by
      resistor 116 coupled between the collector and base of amplifier 112.
      Similarly, the constant term K.sub.B is provided by resistor 115.
PAR  Obviously the term V.sub.T may vary depending on the particular throttle
      used, the potentiometer control used, and the resistance in series with
      the load. Similarly, the varying of current to the motor causes the f(I)
      factor to change.
PAR  The speed detector may be utilized to drive control circuits or other items
      instead of or in addition to the indicator. For instance, the output of
      amplifier 46 in FIG. 1 or the collector of amplifier transistor 112 in
      FIG. 2 or the output of amplifier 146 in FIG. 3 may be connected to an
      integrator amplifier to produce a limited capacity odometer. In order to
      accomplish this with operational amplifier integrators and produce a
      positive output, the inverter amplifier would be placed in the current
      sense input as shown in FIG. 4 rather than the terminal voltage sense
      input. Another type odometer can be generated by driving a cumulative
      odometer wheels similar to those commonly found in automobiles with
      another motor whose speed is monitored by a second speed detector. The
      difference in speed indication between the two detectors is used to drive
      the odometer wheel motor such that the odometer motor speed is
      proportional to that of the motor whose total revolutions (or distance
      traveled, etc.) is being monitored. Thus, the odometer can accumulate
      indefinitely the total revolutions or distance traveled. Another possible
      application is to maintain a preset speed or just a constant speed as
      might be desired on a gyro or an industrial device requiring constant
      speed regardless of load. Therefore, this embodiment utilizes the speed
      detection device, whether speed is to be indicated or not.
PAR  Obviously, many modifications and variations of the speed indicator system
      are possible in view of the above disclosure. It is therefore, to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a motor control system having a motor for variable speed operation
      and a voltage throttle circuit for driving the motor, the improvement
      comprising: first and second amplifiers each having an input and an
      output, the output of said first amplifier being coupled to the input of
      said second amplifier, a first resistive means coupled between the output
      and the input of said second amplifier for providing adjustable feedback,
      an indicator circuit coupled to the output of said second amplifier for
      responding to any output signal therefrom, the inputs of said first and
      second amplifiers being coupled to said motor throttle circuit for
      receiving the input signals therefrom for providing an output signal
      indicative of motor speed, and a second resistive means coupled between
      the input of said second amplifier and said motor throttle circuit for
      providing an adjustable signal thereto.
NUM  2.
PAR  2. A speed detector system as set forth in claim 1 wherein the input of
      said first amplifier is coupled to said motor throttle circuit for
      receiving an input voltage signal therefrom, and the input of said second
      amplifier being coupled to receive a portion of said motor drive signal
      which is a function of motor current wherein said second resistive means
      is a first potentiometer connected between the input of said second
      amplifier and said motor throttle circuit.
NUM  3.
PAR  3. A speed detector system as set forth in claim 2 wherein said amplifiers
      are operational amplifiers, said first amplifier being an operational
      amplifier with feedback, serving as an inverter and said second amplifier
      being an operational amplifier serving as an adder, said first resistive
      means is a second potentiometer, and said output signal from said
      amplifiers being indicative of motor speed as defined by the equation S =
      K.sub.A (V.sub.T - K.sub.B I) where
PAR  S is speed,
PA1  K.sub.A is a constant in speed per volt provided by said second
      potentiometer,
PA1  K.sub.B is a constant in ohms provided by said first potentiometer,
PA1  V.sub.T is input terminal voltage, and
PA1  I is input terminal current.
NUM  4.
PAR  4. A speed detector system as set forth in claim 3 and further comprising a
      current sensing resistor connected between one side of said motor and said
      voltage throttle circuit, said input of said second amplifier being
      coupled through said first potentiometer between said current sensing
      resistor and said motor for receiving said portion of said motor drive
      signal, and said input of said first amplifier being coupled directly to
      the other motor input.
NUM  5.
PAR  5. A speed detector system as set forth in claim 3 and further comprising a
      current sensing resistor connected between one side of said motor and said
      voltage throttle circuit, said input of said first amplifier being coupled
      between said current sensing resistor and said motor for receiving said
      portion of said motor drive signal, and said input of said second
      amplifier being coupled through said first potentiometer directly to the
      other motor input.
NUM  6.
PAR  6. A speed indicator system as set forth in claim 1 wherein said first and
      second amplifiers are discrete transistor amplifiers having the emitters
      thereof coupled in common to a system ground, the base of said second
      transistor being coupled through said first resistor to the collector
      output of said first transistor, the collector of said second transistor
      being the output connected to said indicator circuit, the base of said
      first transistor being the input coupled to receive said motor driving
      signal input; and further comprising a direct current voltage source
      coupled to said transistors for providing power thereto, said first
      resistive means is a second resistor coupled between the collector and
      base of said second transistor, and said second resistive means is a third
      resistor coupled between the base of said second transistor and said motor
      throttle circuit to receive said portion of said motor drive signal for
      providing an output signal indicative of motor speed as defined by the
      equation S = K.sub.A (V.sub.T - K.sub.B I), where
PA1  S is speed,
PA1  K.sub.A is a constant in units of speed per volt provided by said second
      resistor,
PA1  K.sub.B is a constant in ohms provided by said third resistor,
PA1  V.sub.T is input terminal voltage, and
PA1  I is input terminal current.
NUM  7.
PAR  7. A speed indicator system as set forth in claim 6 wherein said indicating
      circuit is a calibrated voltmeter having one side coupled to said second
      transistor collector and the other side coupled to ground; and further
      comprising an adjustable, offset voltage compensation network coupled to
      said voltmeter for cancelling offset signals thereto.
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ABST
PAL  A pilot signal for implementing automatic frequency control in a satellite
      communications system is continuously transmitted by a designated ground
      station. Its frequency lies in the middle of the communications band so
      that it will undergo the same frequency shifts or distortions as the
      overall communications signal. A second ground station monitors the
      presence of the pilot signal, and if it is lost for a predetermined time,
      this second station then transmits the pilot signal to ensure the
      continuation of the AFC function throughout the system. If the pilot
      signal is lost at the second station, however, an uncertainty might exist
      as to whether the failure is in the designated ground station or the
      second ground station. To resolve this uncertainty a secondary pilot
      signal, having a frequency different from but in the same band as the
      primary pilot signal, is transmitted by a third ground station. If the
      second station then looses the primary pilot signal while still receiving
      the secondary pilot signal, it knows that the failure is in the designated
      ground station and therefore begins to transmit the pilot signal. A fourth
      ground station may monitor both the primary and secondary pilot signals,
      and transmit the secondary pilot signal if the latter is lost while the
      primary pilot signal is still being received, thus providing a back-up
      capability for the secondary pilot signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to a method and apparatus for
      implementing a redundant or back-up transmission capability for the
      automatic frequency control pilot signal in a satellite communications
      system.
PAR  2. Description of the Prior Art
PAR  In communications systems involving the transmission and reception of many
      messages using frequency division multiplexing, the carrier frequencies
      are often subject to frequency translations which introduce frequency
      errors in the received signals, thereby complicating the detection and
      demodulation of the desired channels. In the prior art, this problem is
      typically solved by adding a single unmodulated pilot carrier to the FDM
      spectrum at the transmitter. This pilot signal is then compared to a local
      replica of the pilot frequency at the receiver, and an error signal is
      generated. The latter is fed back to a local AFC translator in the
      receiver which acts to subtractively or otherwise compensate for said
      frequency error.
PAR  When the communications system includes a satellite relay, the carriers
      which are being multiplexed may originate from many different earth or
      ground stations. Frequency errors in the satelite relay frequency
      translation caused by uncertainties in the up converted oscillator,
      doppler shift due to satellite motion, variations in the satelite
      transponder oscillator, etc., may be compensated for at each receiving
      earth station by comparing the frequency of a pilot signal transmitted by
      one of the stations with a local replica of the pilot signal as described
      above. However, if the station transmitting the pilot signal should suffer
      a failure which results in the loss of the pilot signal transmission, the
      entire system will suffer frequency drift and become inoperative. In such
      a system it is therefore not desirable to have the reliability of the
      entire system depend on the operability of just one station in the system.
PAR  This problem is overcome in the prior art by assigning a pilot signal
      back-up function to a second earth station. This station monitors the
      presence of the AFC pilot signal in the received spectrum, and if the
      pilot signal is lost for a predetermined time the second station itself
      then transmits the pilot signal to thus maintain AFC continuity throughout
      the system. A further problem can arise, however, in that when the pilot
      signal is lost the second station may be uncertain as to whether the
      failure is in the transmitting station or in the second station itself.
PAC  SUMMARY OF THE INVENTION
PAR  The object of this invention is to provide a method and apparatus for
      implementing a redundant or back-up transmission capability for the
      automatic frequency control pilot signal in a satellite communications
      system which effectively resolves any uncertainties or ambiguities as to
      the source of the loss of the pilot signal.
PAR  In a perferred embodiment, a secondary pilot signal is transmitted by a
      third ground station. If the second station then looses the primary pilot
      signal while still receiving the secondary pilot signal, it knows that the
      failure is in the transmitting station and therefore exercises its back-up
      function by transmitting the pilot signal itself. A fourth ground station
      may monitor both the primary and secondary pilot signals, and transmit the
      secondary pilot signal if the latter is lost while the primary pilot
      signal is still being received, thus providing a back-up capability for
      the secondary pilot signal.
PAR  In order to prevent the dual or simultaneous transmission of the primary or
      secondary pilot signals from both the main and back-up stations, as might
      occur if a main station failed long enough for the back-up station to
      begin transmitting its pilot and then the main station came back on line
      again, each main or primary transmitting station monitors both pilot
      signals. If it looses its own pilot signal while continuing to receive the
      other pilot signal, then it knows that it has undergone a transmission
      failure and disables its pilot signal transmitter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawings, the single FIGURE shows a simplified block diagram of a
      satellite communications system including a plurality of earth stations
      each having a pilot signal transmitter, pilot signal detectors, and
      implementing logic in accordance with the teachings of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, reference numerals 10, 12, 14 and 16 designate
      earth or ground stations A, B, C and D, respectively, in a satellite
      communications system which includes a synchronous satellite repeater or
      relay 18. Each ground station includes appropriate transmitting and
      receiving circuitry, an up/down converter, an automatic frequency control
      circuit 20, a secondary pilot signal detector 22, a primary pilot signal
      detector 24, a logic block 26, and a pilot signal transmitting switch 28.
      The appropriate station letters have been appended to the reference
      numerals to distinguish the components between the stations. These
      components will not be described in detail since they may take any one of
      a number of forms well known in the art, and their precise structure is
      not necessary for an understanding or implementation of the present
      invention.
PAR  In the embodiment shown, station A functions as the AFC pilot station by
      continuously transmitting a primary pilot signal having a frequency
      f.sub.1. This signal is derived from an oscillator 30A, which may be a
      highly accurate crystal controlled oscillator, and coupled to the up/down
      converter through the closed switch 28A. The frequency f.sub.1 of the
      primary pilot signal is preferably chosen to lie in approximately the
      middle of the communications band so that it will suffer the same
      frequency shifts or drifts as the other communications carriers in the
      spectrum.
PAR  The primary pilot signal is used by all stations in the system to implement
      an automatic frequency control function in the receivers. The exact type
      of AFC employed is beyond the scope of this invention, although typically
      a phase or frequency locked loop using some form of feedback is employed.
      Because the reliability of the entire system depends upon the ability of
      station A to transmit this AFC pilot signal, it is necessary to monitor
      this signal and for a second station to transmit the pilot in case of a
      failure. This function is performed by station B in the embodiment shown,
      which serves as the primary pilot back-up station. The detection of the
      received pilot signal alone by station B is in itself insufficient to
      determine whether a failure has occurred at station A's up-converter
      chain, however, because a failure in station B's down-converter chain will
      also cause a loss of the received pilot at station B's primary pilot
      detector 24B. In order to resolve this uncertainty, a third station,
      station C in the embodiment shown, continuously transmits a secondary
      pilot signal at frequency f.sub.2. This secondary pilot signal is derived
      form an oscillator 32C and coupled to the up-down converter through the
      closed switch 28C.
PAR  Station B now monitors both pilot signals through its secondary pilot
      detector 22B and primary pilot detector 24B. In actual practice, the
      primary pilot signal detector may be included as an integral part of the
      AFC circuit 20B. The secondary pilot signal may be monitored in any
      convenient manner, as for example by a filter envelope detector or by a
      second phase locked loop. The detection of both pilot signals by station B
      indicates that the system is functioning properly. If the primary pilot
      signal is lost, however, while the secondary pilot signal is still being
      received, then it is known with certainty that the failure is in station
      A. In this event the logic block 26B produces an appropriate output signal
      to close switch 28B and couple the primary pilot signal output of
      oscillator 30B to the up/down converter to thereby take over the primary
      pilot signal transmission function and maintain AFC continuity throughout
      the system.
PAR  The specific circuitry of logic block 26B, as well as that of the other
      logic blocks 26, may take a number of forms well known in the art and not
      essential to an understanding or implementation of the invention. In the
      interest of simplicity, such details have therefore been omitted, and the
      output function of each logic block has been indicated on the drawing in
      conventional Boolean notation.
PAR  Each logic block or pilot signal detector also includes an appropriate form
      of signal delay means, as at 34A, 34B, etc., so that the oscillator
      switching function will not be implemented unless a pilot signal is lost
      for a predetermined time. Typically, an AFC circuit or loop is designed so
      as to be capable of tolerating a brief or momentary pilot signal loss
      without disruption or malfunction. If the AFC circuits in the system can
      tolerate a pilot signal outage for up to four seconds, for example, then
      oscillator switching function can be delayed until just under four
      seconds, say three seconds, without affecting the continuity of the AFC
      function. This slight delay prevents any extraneous and unnecessary pilot
      signal oscillator switching, as might otherwise occur during very brief
      and expected pilot signal losses due to atmospheric disturbances, cosmic
      ray influences, etc.
PAR  The specific form of oscillator switching employed is also not essential to
      this invention, and thus will not be described in detail. The pilot signal
      transmitting switches 28 could be gate controlled relay switches, for
      example, responsive to the outputs from the associated logic blocks 26.
PAR  If station B looses both the primary and secondary pilot signals the
      standby oscillator 30B is not switched on line, for in this case it is
      assumed that a local failure has occurred in the receiving portion of
      station B.
PAR  In a manner similar to that described above in connection with station B's
      primary pilot signal back-up function, station D in the disclosed
      embodiment implements a back-up function for the secondary pilot signal.
      Thus, if station D losses the secondary pilot signal f.sub.2 while still
      detecting the primary pilot signal f.sub.1, it assumes that a failure has
      occurred in station C. The output from logic block 26D in this case closes
      switch 28D to couple the secondary pilot signal output f.sub.2 from
      oscillator 32D to the up/down converter to thereby ensure the continuity
      of the secondary pilot signal throughout the system.
PAR  To avoid the possibility of either station A or station C failing long
      enough to permit the respective back-up station to begin pilot signal
      transmission, and then coming back on line again, whereby the same pilot
      signal would be simultaneously transmitted by two stations, each
      transmitting station monitors both pilot signals. If it looses its own
      pilot signal while continuing to receive the other pilot signal, then it
      knows it has experienced a transmission failure and opens its pilot signal
      transmission switch 28. Thus, if station A looses its own pilot signal
      f.sub.1 while still receiving the secondary pilot signal f.sub.2, logic
      block 26A produces an output to open switch 28A and uncouple oscillator
      30A from the up/down converter.
PAR  It is also to be noted that each earth station is provided with identical
      hardward whereby it is capable of implementing a main or back-up function
      for either the primary or secondary pilot signal. Although this is not
      shown in exact form in the drawing, it is to be understood that each
      station would have a pair of oscillators, one for each pilot frequency,
      together with appropriate converter coupling switches. The logic block 26
      at each station can easily be wired or internally connected to produce the
      desired output signal in response to the inputs from the primary and
      secondary pilot signal detectors 24 and 22.
PAR  It would also be possible to have the back-up functions of stations B and D
      both performed at a single station with very little sacrifice in system
      reliability. Thus, station B, for example, could act as the back-up
      transmission station for the primary and secondary pilot signals. All that
      would be required would be an additional output from logic block 26B
      expressed as f.sub.2 + f.sub.1, which output would close a switch to
      couple a standby oscillator at frequency f.sub.2 to the up/down converter.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a satellite communications system including a plurality of ground
      stations for transmitting and receiving signals within a designated
      communications band, a satellite repeater for receiving all transmitted
      signals and retransmitting them back to all ground stations, and means at
      a first ground station for transmitting a primary pilot signal for
      implementing an automatic frequency control function at all ground
      stations, the improvements comprising:
PA1  a. means at a third ground station for transmitting a secondary pilot
      signal,
PA1  b. means at a second ground station for monitoring the presence of the
      primary and secondary pilot signals,
PA1  c. means at the second ground station responsive to the monitoring means
      for generating an output signal in response to the loss of reception of
      the primary pilot signal for a predetermined time and the continuing
      reception of the secondary pilot signal, and
PA1  d. means at the second ground station for transmitting the primary pilot
      signal in response to said output signal.
NUM  2.
PAR  2. A system as defined in claim 1 further comprising means at a ground
      station for:
PA1  a. monitoring the presence of the primary and secondary pilot signals, and
PA1  b. transmitting the secondary pilot signal in response to the loss of
      reception thereof for a predetermined time and the continuing reception of
      the primary pilot signal
NUM  3.
PAR  3. A system as defined in claim 2 wherein the monitoring and transmitting
      means recited in sub-paragraphs (a) and (b) of claim 2, respectively, are
      located at the second ground station.
NUM  4.
PAR  4. A system as defined in claim 2 wherein the monitoring and transmitting
      means recited in sub-paragraphs (a) and (b) of claim 2, respectively, are
      located at a fourth ground station.
NUM  5.
PAR  5. A system as defined in claim 1 wherein the frequencies of the primary
      and secondary pilot signals lie near the middle of the communications
      band.
NUM  6.
PAR  6. A system as defined in claim 1 further comprising means at the first
      ground station for:
PA1  a. monitoring the presence of the primary and secondary pilot signals, and
PA1  b. disabling the transmission of the primary pilot signal in response to
      the loss of reception thereof and the continuing reception of the
      secondary pilot signal.
NUM  7.
PAR  7. In a satellite communications system including a plurality of ground
      stations for transmitting and receiving signals within a designated
      communications band, a satellite repeater for receiving all transmitted
      signals and retransmitting them back to all ground stations, and means at
      a first ground station for transmitting a primary pilot signal for
      implementing an automatic frequency control function at all ground
      stations, a method of resolving uncertainties as to the source of a
      malfunction resulting in the loss of the primary pilot signal, comprising
      the steps of:
PA1  a. transmitting a secondary pilot signal at a third ground station,
PA1  b. monitoring the presence of the primary and secondary pilot signals at a
      second ground station,
PA1  c. generating an output signal at the second ground station in response to
      the loss of reception of the primary pilot signal for a predetermined time
      and the continuing reception of the secondary pilot signal, and
PA1  d. transmitting the primary pilot signal at the second ground station in
      response to said output signal.
NUM  8.
PAR  8. A method as defined in claim 7 further comprising the steps of:
PA1  a. monitoring the presence of the primary and secondary pilot signals, and
PA1  b. transmitting the secondary pilot signal in response to the loss of
      reception thereof for a predetermined time and the continuing reception of
      the primary pilot signal.
NUM  9.
PAR  9. A method as defined in claim 8 wherein the monitoring and transmitting
      steps recited in sub-paragraphs (a) and (b) of claim 8, respectively, are
      performed at the second ground station.
NUM  10.
PAR  10. A method as recited in claim 8 wherein the monitoring and transmitting
      steps recited in sub-paragraphs (a) and (b) of claim 8, respectively, are
      performed at a fourth ground station.
NUM  11.
PAR  11. A method as defined in claim 7 further comprising the steps of:
PA1  a. monitoring the presence of the primary and secondary pilot signals at
      the first ground station, and
PA1  b. disabling the transmission of the primary pilot signal at the first
      ground station in response to the loss of reception thereof and the
      continuing reception of the secondary pilot signal.
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PAL  A transceiver comprising a transmit circuit for receiving a transmit audio
      frequency signal from a voice input transducer and including a delay line
      for delaying the transmit audio frequency signal, a modulator for
      converting the delayed transmit audio frequency signal to a transmitable
      radio frequency signal and a first switchable attenuator responsive to a
      control signal and operative to selectively couple the radio frequency
      signal to an output terminal for transmission; a receive circuit for
      receiving a responsive radio frequency transmission and including a
      demodulator for converting the received radio frequency signal to a
      received audio frequency signal, and a second switchable attenuator
      responsive to the control signal and operative to selectively couple the
      received audio frequency signal to a voice output transducer; and a
      control circuit including a transmit detector for detecting the transmit
      audio frequency signal level, a receive detector for detecting the
      received audio frequency signal level, and a comparator for comparing the
      outputs of the transmit detector and receive detector and developing the
      control signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to communications apparatus and
      more particularly to a radio frequency transceiver having an improved
      voice actuated carrier and echo suppression circuit particularly suited
      for use in earth station-to-satellite communication systems and the like.
PAR  2. Description of the Prior Art
PAR  Among the myriad problems encountered in designing communication systems
      such as are used in linking earth stations via satellites are those
      relating to transmitter power drain and echos generated in the
      transmission loop. In dealing with the first of these problems,
      transmitters have been developed having voice actuated carrier controls
      wherein the transmission of a carrier signal is inhibited in the absence
      of a voice or data input to the transmitter. This obviously reduces the
      transmission power required from the transmitter during the communication
      sequence. Such apparatus typically utilizes a fast operating detector for
      detecting an input signal and a fast operating switching means responsive
      to the detector for instantaneously actuating the transmitter. However,
      accompanying such solution is the disadvantage that there is always some
      first syllable clipping and there is typically some signal degeneration
      during the transition period required for the transmitter to settle down
      after having been actuated.
PAR  Echo in a telecommunication system typically originates at the far end of a
      communications circuit where there is frequently an impedance mismatch
      that results in a reflection of received energy back into the transmit
      path. As a result, while talking, a talker hears his own speech with a
      delay proportionate to the transmission circuit link. Such reflection can
      normally be made tolerable by providing fixed circuit loss in the return
      path appropriate to the amount of round trip delay. However, when the
      delay is greater than about 40 milliseconds, the impairment due to the
      echo becomes intolerable.
PAR  Echo suppression circuits having long time delays, such as those used in
      satellite communication systems, are normally located at both ends of the
      communications link with each operating independently to react to local
      transmit and receive levels. Such circuits usually include in the transmit
      path a unity gain amplifier and a suppression switch which, when activated
      (during receive mode operation), provides more than 50dB of loss. The
      control circuitry for the transmit function includes a break-in
      sensitivity adjustment, a transmit detector and a comparator. In the
      receive path, an amplifier is provided having the capability of being
      automatically switched from unity gain to about 6dB of loss. The receive
      circuit, like the transmit circuit, has a sensitivity adjustment and also
      includes a receive detector and hysteresis control.
PAR  Pursuant to CCITT standards, the suppression circuitry is activated (a loss
      is inserted in the transmit path) when the receive level is above -31dBmO
      and is greater than the transmit level. The suppresion switch is inhibited
      (no loss is inserted) when one of two conditions is met; either the
      receive level is less than -31dBmO or the transmit level is greater than
      the receive level. When the transmit level is greater than the receive
      level the receive path is also conditioned for 6dB loss. The comparator is
      normally also equipped with a break-in hangover feature which reduces
      transmit speech clipping. This hangover delay maintains the bi-directional
      condition during transmit level pauses of less than 200 to 300
      milliseconds to prevent loss of syllables due to unnecessary switching.
      Loss of speech at the beginning of a train of conversation (speech
      clipping) is usually further reduced by the use of a short time constant
      in the detection circuitry.
PAR  Among the disadvantages of the prior art devices are that almost all suffer
      from at least some first syllable clipping of the transmission and almost
      all experience signal degeneration due to the turning on of the carrier
      during the transmission of the first syllable and due to the use of
      duplicated components in the separate echo suppression and voice actuated
      carrier circuits.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  It is therefore a principal objective of the present invention to provide
      an improved transceiver having a single operative circuit which
      simultaneously accomplishes both echo suppression and voice actuated
      carrier control.
PAR  Another objective of the present invention is to provide a transceiver of
      the type described having circuitry which eliminates the need for a
      suppression switch in the audio portion of the transmit circuit and
      further eliminates the need for a separate voice detector in the voice
      actuated carrier control.
PAR  Briefly, the present invention comprises a transceiver including an rf
      modulator, an rf demodulator, a signal delay element coupled between the
      voice signal input terminal and the modulator, a carrier control switch
      coupled between the modulator output and the transmission output terminal,
      a transmit detector coupled to the transmit voice signal input terminal, a
      receive detector connected to the received voice signal output terminal,
      and a comparator for comparing the outputs of the two detectors and for
      generating a control signal for controlling the carrier switch. The
      comparator output also controls a switchable attenuator disposed in the
      receive circuit between the demodulator and the received voice signal
      output terminal.
PAR  One of the advantages of the present invention is that it accomplishes the
      same function accomplished in prior art systems but requires fewer
      operative components.
PAR  Another advantage of the present invention is that, since a delay line is
      interposed between the detection and control portions of the circuit, no
      initial syllable clipping occurs.
PAR  Still another advantage of the present invention is that both the echo
      suppression feature and the voice actuated carrier control feature are
      combined in a single circuit, with the result being that high signal
      integrity is preserved.
PAR  Other objects and advantages of the present invention will no doubt become
      apparent to those of ordinary skill in the art after having read the
      following detailed disclosure of the preferred embodiment illustrated in
      the several figures of the drawing.
DRWD
PAC  IN THE DRAWING
PAR  FIG. 1 is a block diagram of a transceiver having a voice actuated carrier
      and echo suppression circuit in accordance with the present invention;
PAR  FIG. 2 is a block diagram showing components of the comparator illustrated
      in FIG. 1 of the drawing; and
PAR  FIG. 3 is a block diagram showing components of the carrier control switch
      illustrated in FIG. 1 of the drawing.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 of the drawing there is shown a generalized block
      diagram of a single channel transceiver including a transmit circuit
      referred to generally by the numeral 10, a receive circuit referred to
      generally by the numeral 12, and a control circuit referred to generally
      by the numeral 14. Transmit circuit 10 includes a transmit voice signal
      input terminal 15 for receiving an audio frequency signal from an
      electromechanical voice input transducer, such as the telephone mouthpiece
      16 coupled through one branch of a two-wire to four-wire hybrid 18, a
      delay line 20, a modulator 22, a carrier control switch 24, and a
      transmitter output terminal 25. It should be noted, however, that the line
      schematically illustrated at 17 could consist of thousands of miles of
      transmission line, amplifying and switching equipment, etc., used to
      connect the telephone set 13 and the hybrid 18.
PAR  Receive circuit 12 includes a demodulator 26, a receiver input terminal 27,
      a switchable attenuator 28, and a received voice signal output terminal 29
      coupled through the other branch of hybrid 18 to a suitable
      electromechanical voice output transducer such as the telephone earpiece
      30. The control circuit 14 includes a transmit detector 32 having its
      input coupled to input terminal 15, a receive detector 34 having its input
      coupled to output terminal 29, and a comparator circuit 36 having one of
      its inputs coupled to the output of transmit detector 32 and another of
      its inputs coupled to the output of receive detector 34. The output of
      comparator 36 is coupled to switch 24 and to attenuator 28 via the lines
      38.
PAR  Delay line 20 may take the form of any suitable device capable of delaying
      an input audio frequency signal for a period of approximately 7
      milliseconds with minimal distortion of the signal. In the preferred
      embodiment delay line 20 is of the bucket brigade type.
PAR  Modulator 22 includes those components required to perform the normal
      modulation functions accomplished in standard rf communications
      transmitters. For example, it may include such components as a compressor,
      an emphasis circuit, a peak limiting circuit, an FM modulating circuit, a
      mixer, a local oscillator, etc. Switch 24 is a carrier switching device
      capable of responding to an electrical control signal to inhibit the
      transmission of the carrier signal or otherwise interrupt the transmission
      path between the modulator 22 and the transmitter output terminal 25.
      Switch 24 may also include level control circuitry for controlling the
      carrier signal level.
PAR  Demodulator 26 is likewise comprised of ordinary rf demodulator components
      capable of converting received rf signals into audio frequency signals.
      The audio frequency output of demodulator 26 is coupled to the earpiece 30
      through attenuator 28, the hybrid 18 and such other voice transmission
      equipment as may be present in the circuit.
PAR  In the preferred embodiment, attenuator 26 is a 6dB pad but may take the
      form of any attenuating mechanism capable of being switched on
      (approximately 6dB attenuation) and off (substantially 0dB attenuation) by
      the control signal generated by comparator circuit 36. In the preferred
      embodiment the modulator and demodulator components operate in the 52 to
      97 mHz frequency band but could just as well operate in any other radio
      frequency band.
PAR  Detector 32 monitors the signal level at terminal 15 and generates a DC
      signal on line 42 which is proportional to the amplitude of the audio
      frequency voice signal input thereto. Likewise, receive detector 34
      monitors the signal level at terminal 29 and develops a DC signal on line
      46 which is proportional to the amplitude of audio frequency received
      voice signals output therefrom.
PAR  Comparator circuit 36 responds to the signals developed on lines 42 and 46,
      and generates a control signal having one value when the detected transmit
      voice signal level is either less than -31dBmO (or other preset reference
      level) or is less than the detected received voice signal level; the
      control signal has another value when the detected transmit level is
      greater than the detected received level. Although -31dBmO is the CCITT
      operate level and this level is normally used in the preferred embodiment,
      the detectors are adjustable over a range of levels. As will be explained
      further below, the comparator circuit 36 also includes certain timing
      features to accommodate pauses and to expedite break-in.
PAR  In operation, with the transceiver properly biased for operation and with
      no audio input to transducer 16, the audio frequency signal level input to
      terminal 15 will be less than -31dBmO and comparator circuit 36 will
      develop a control signal on line 38 which causes switch 24 to inhibit the
      transmission of the carrier from modulator 22, and which causes switchable
      attenuator 28 to introduce no attenuation into the receiver circuit.
      Likewise, an rf signal received by demodulator 26 will be converted into a
      received audio frequency signal and will be passed through attenuator 28
      and hybrid 18 to transducer 30 to produce a voice output. If at any time,
      either before, during or after a received signal appears at terminal 29, a
      voice input having a signal level equal to or greater than the receive
      level is detected by transmit detector 32, comparator circuit 36 will be
      caused to develop a control signal on line 38 which "breaks in" on the
      receive operation by switching attenuator 28 to a 6dB attenuation mode,
      and which closes switch 24 allowing the carrier generated by modulator 22
      to reach the output terminal 25 for transmission.
PAR  During the time this detection and switching operation is taking place, the
      input voice signal propagates through the delay line 20 and eventually
      reaches modulator 22 approximately 7 milliseconds after it was detected at
      terminal 15. Since the time required for transmit detector 32 to detect an
      input voice signal and cause comparator 36 to generate a control signal on
      line 38 is less than 4 milliseconds, it will be appreciated that the delay
      afforded by delay line 20 will effectively permit switch 24 to turn on the
      modulator 22 and allow the carrier to settle down before the voice signal
      is modulated onto the carrier for transmission. The use of this same
      control signal to actuate attenuator 28 prevents any returning echos from
      reaching hybrid 18 with sufficient signal level to interfere with the
      transmission.
PAR  Referring now to FIG. 2 of the drawing, a more detailed block diagram
      showing the components of comparator circuit 36 is illustrated. In this
      embodiment, comparator circuit 36 is comprised of a first signal
      comparator 50 having its noninverting input connected to a source 52 of
      reference potential, and its inverting input connected to line 42, the
      output of transmit detector 32. The output of the comparator 50 is
      connected to the noninverting input of a second signal comparator 54. A
      third signal comparator 58 has its noninverting input connected to the
      output of transmit detector 32 and its inverting input connected to the
      output of receive detector 34 through timing circuit 48. The output of
      comparator 58 is connected to the inverting input of comparator 54. The
      output of comparator 54 is connected to the noninverting input of a fourth
      comparator 62 through a timing circuit 60. The inverting input of
      comparator 62 is connected to a reference potential of -15 volts.
PAR  In the preferred embodiment, reference source 52 generates a reference
      potential equivalent to a signal developed by detector 32 when the
      magnitude of the voice signal detected thereby is -31dBmO. Comparator 50
      develops a -20 volt output on line 51 when the input audio frequency
      signal level (transmit voice level) is less than -31dBmO, and generates a
      -7 volt potential on line 51 when the transmit voice level is greater than
      -32dBmO.
PAR  Comparator 58 develops a 0 volt output when the transmit voice level is
      less than the receive voice level, and generates a -13 volt output when
      the transmit voice level is equal to or greater than the receive voice
      level.
PAR  The timing circuits 48 and 60 may be comprised of either active or passive
      devices having nonreciprocal time constants. Timing circuit 48 has a rise
      time of less than 1 ms and a fall time of approximately 40 ms and serves
      to suppress near end echos of up to 40 ms. Timing circuit 60 has a rise
      time of less than 1 ms and a fall time greater than 200 ms. The purpose of
      timing circuit 60 is to allow speaker pauses of up to 200 ms without
      interrupting the transmission. Although the leading edge of a pulse
      passing through timing circuit 60 is not substantially affected by the
      delay, the transition characteristic of the trailing edge is of an
      exponentially decaying nature. In order to square up the trailing edge,
      the comparator 62 is utilized as a Schmitt trigger, the output of which
      changes state between 0 volts and -20 volts each time the signal applied
      to its noninverting input passes through -15 volts.
PAR  Accordingly, in response to the particular inputs applied thereto,
      comparators 54 and 62 develop -20 volt outputs when the transmit voice
      level is less than -31dBmO; -20 volt outputs when the transmit voice level
      is less than the receive voice level; and 0 volt outputs when the transmit
      voice level is greater than the receive voice level. Differences in the
      time at which these output signals are generated by comparator 54 and 62
      are controlled by timing circuit 60 as mentioned above. The 0 volt or -20
      volt output developed on line 38 serves as the control signal for
      actuating switch 24.
PAR  For the system to operate in the intended manner it is apparent that the
      switch 24 must respond to a 0 volt control signal (on line 38) by turning
      "on" the carrier, and must respond to a -20 volt control signal by turning
      "off" the carrier. Similarly, attenuator 28 must respond to the 0 volt
      control signal by introducing a 6dB loss into the receive circuit, and
      must respond to the -20 volt control signal by introducing no loss into
      the receive circuit.
PAR  In FIG. 3 a block diagram of one embodiment of switch 24 is illustrated
      which includes a diode attenuator 70, a detector 72, an error amplifier 74
      and a switch 76. Attenuator 70 is connected in series between the output
      lead 23 of modulator 22 and the output terminal 25. Detector 72 has its
      input connected to the output terminal 25 and its output connected to
      error amplifier 74. Error amplifier 74 has one input 71 connected to the
      output of detector 72, and a second input 73 connected to a reference
      source V.sub.REF. The output voltage developed on line 75 is the amplified
      difference between the two inputs. It has zero output when the two inputs
      are equal. The output of error amplifier 74 is connected to the control
      input of diode attenuator 70 through switch 76.
PAR  Switch 76 in the illustrated embodiment is a solid state device, but
      alternatively may be an electromechanical switching means for switching
      the control input 77 between the error amplifier output 75 and a bias
      voltage applied at 79. When output 38 of comparator 36 is 0 volts, switch
      76 connects output 75 of error amplifier 74 to the control input 77 of
      attenuator 70. When output 38 of comparator 36 is -20 volts, switch 76
      connects control input 77 to a bias voltage selected to cause maximum
      attenuation in attenuator 70.
PAR  With a -20 volt control signal applied to switch 76 at terminal 38, diode
      attenuator 70 will be caused to introduce a minimum of 50 dB attenuation
      into the circuit between the modulator output 23 and the output terminal
      25, thus effectively blocking the transmission of carrier energy. On the
      other hand, when comparator circuit 36 causes a 0 volt control signal to
      appear on line 38, attenuator 70 will introduce a controlled attenuation
      into the circuit thus allowing the carrier to pass through to output
      terminal 25. The feedback loop including detector 72 and amplifier 74 will
      monitor the carrier signal level at output 25 and will control attenuator
      70 in such a manner as to maintain the output signal level at terminal 25
      at a predetermined value.
PAR  Although the present invention has been described above in terms of a
      single preferred embodiment, it will be appreciated that various
      alterations and modifications thereof will become apparent to those
      skilled in the art after having read the preceding disclosure.
      Accordingly, it is intended that the following claims be interpreted as
      including all such alterations and modifications as fall within the true
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transceiver for use with a means for converting a voice input to an
      audio frequency transmit voice signal and for converting a received voice
      signal to a voice output, comprising:
PA1  a transmit circuit including,
PA2  signal delay means for delaying the transmit voice signal for a
      predetermined period of time, signal modulating means for converting the
      delayed transmit voice signal to a corresponding radio frequency signal,
      and
PA2  first means responsive to a control signal and operative to selectively
      cause said radio frequency signal to be transmitted;
PA1  a receive circuit including,
PA2  signal demodulating means for converting the received radio frequency
      signal to an audio frequency received voice signal,
PA2  second means responsive to said control signal and operative to selectively
      attenuate said received voice signal; and
PA1  a control circuit including,
PA2  first detector means responsive to said transmit voice signal and operative
      to develop a first detected signal,
PA2  second detector means responsive to said received voice signal and
      operative to develop a second detected signal, and
PA2  signal comparing means responsive to said first and second detected signals
      and operative to generate said control signal when said first and second
      detected signals have a predetermined relationship.
NUM  2.
PAR  2. A transceiver as recited in claim 1 wherein said signal comparing means
      includes,
PA1  a first comparator for comparing said first detected signal to a first
      reference signal, and for developing a first comparison signal when said
      first detected signal is less than said first reference signal, and for
      developing a second comparison signal when said first detected signal is
      greater than said first reference signal,
PA1  a second comparator for comparing said first detected signal to said second
      detected signal, and for developing a third comparison signal when said
      first detected signal is less than said second detected signal, and for
      developing a fourth comparison signal when said first detected signal is
      greater than said second detected signal, and
PA1  a third comparator for comparing one of said first and second comparison
      signals to one of said third and fourth comparison signals and for
      generating a fifth comparison signal.
NUM  3.
PAR  3. A transceiver as recited in claim 2 wherein said signal comparing means
      further includes,
PA1  a second signal delay means for time delaying said fifth comparison signal,
      and
PA1  a fourth comparator for comparing the delayed fifth comparison signal to a
      second reference signal to develop said control signal.
NUM  4.
PAR  4. A transceiver as recited in claim 2 wherein said signal comparing means
      includes a second signal delay means for time delaying said second
      detected signal before it is input to said second comparator.
NUM  5.
PAR  5. A transceiver as recited in claim 1 wherein said first means includes a
      variable attenuator serially connected in the output circuit of said
      signal modulating means, said attenuator being variable in response to
      said control signal.
NUM  6.
PAR  6. A transceiver as recited in claim 5 wherein said first means further
      includes a signal level control circuit responsive to the signal level
      appearing at said output terminal and operative in a predetermined manner
      to vary said attenuator.
NUM  7.
PAR  7. A transceiver having an improved voice actuated carrier and echo
      suppression circuit comprising:
PA1  a transmitter input terminal for receiving a transmit voice signal;
PA1  a transmitter output terminal;
PA1  signal delay means, signal modulating means and switching means serially
      connected between said transmitter input terminal and said transmitter
      output terminal, said switching means being responsive to a control signal
      and operative to selectively couple the output of said signal modulating
      means to said transmitter output terminal;
PA1  a receiver input terminal for receiving modulated signals;
PA1  a receiver output terminal;
PA1  signal demodulating means connected between said receiver input terminal
      and said receiver output terminal and operative to convert a modulated
      signal received at said receiver input terminal and to develop a receiver
      voice signal at said receiver output terminal;
PA1  a first detector responsive to a transmit voice signal input to said
      transmitter input terminal and operative to develop a first detected
      signal;
PA1  a second detector responsive to a received voice signal appearing at said
      receiver output terminal and operative to develop a second detected
      signal; and
PA1  signal comparing means responsive to said first and second detected signals
      and operative to generate said control signal when said first and second
      detected signals have a predetermined relationship.
NUM  8.
PAR  8. A transceiver as recited in claim 7 and further including signal
      attenuating means coupling the output of said signal demodulating means to
      said receiver output terminal, said attenuating means being responsive to
      said control signal and operative to switch between two values of
      attenuation.
NUM  9.
PAR  9. A transceiver as recited in claim 7 wherein said signal comparing means
      includes
PA1  a first comparator for comparing said first detected signal to a reference
      signal, and for developing a first comparison signal when said first
      detected signal is less than said reference signal, and for developing a
      second comparison signal when said first detected signal is greater than
      said reference signal,
PA1  a second comparator for comparing said first detected signal to said second
      detected signal, and for developing a third comparison signal when said
      first detected signal is less than said second detected signal, and for
      developing a fourth comparison signal when said first detected signal is
      greater than said second detected signal, and
PA1  a third comparator for comparing one of said first and second comparison
      signals to one of said third and fourth comparison signals and for
      generating a fifth comparison signal.
NUM  10.
PAR  10. A transceiver as recited in claim 9 wherein said signal comparing means
      further includes a second signal delay means for time delaying said second
      detected signal before it is input to said second comparator.
NUM  11.
PAR  11. A transceiver as recited in claim 10 wherein said signal comparing
      means further includes a third signal delay means for time delaying said
      fifth comparison signal, and
PA1  a fourth comparator for comparing the delayed fifth comparison signal to a
      second reference signal to develop said control signal.
NUM  12.
PAR  12. A transceiver as recited in claim 7 wherein said switching means
      includes a variable attenuator serially connected between the output of
      said signal modulating means and said transmitter output terminal, said
      attenuator being variable in response to said control signal.
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ABST
PAL  An all saturated switching mode solid state gate device logic element used
      as an RF amplifier transmitter in a communication system.
BSUM
PAR  This invention relates in general to RF signal transmitting systems, and in
      particular, to an RF signal transmitting system using all saturated
      switching mode solid state gate device logic elements as RF amplifier
      transmitters much like a power amplifier stage of an RF transmitter.
PAR  There are various RF communication systems having a plurality of
      transmitter locations transmitting to a common receiver or to several
      receiver locations much fewer in number than the transmitter locations.
      With many of these systems, originating RF signal sources are not suitable
      for supplying the output directly and must be connected through RF power
      amplifier staging to achieve desired RF output signal levels to the
      communications system. Such systems involve, in many instances, cable
      distribution interconnects, and with a multiplicity of RF transmitter
      inputs the RF power amplifier staging systems must be not only highly
      reliable and readily available, but must also be relatively simple and
      inexpensive. Further, it is important that adequate db isolation be
      provided through RF power amplifier staging for the operational keyed-off
      state of such RF power amplifier staging.
PAR  It is, therefore, a principal object of this invention to provide an RF
      transmitter interconnect to communication systems employing RF power
      staging elements relatively simple and inexpensive, yet highly reliable
      and readily available for installation and use.
PAR  Another object is for such RF power staging to include as the RF output
      element an all saturated switching mode solid state gate device logic
      element.
PAR  Features of this invention useful in accomplishing the above objects
      include, in an improved RF amplifier transmitter useful in an RF cable
      communication system, use of gated logic elements in the form of all
      saturated switching mode solid state gate devices as RF signal amplifier
      transmitters to the communication system. These all saturated switching
      mode solid state devices are, selectively, in the form of NAND and AND
      gate TTL, RTL, and/or DTL logic devices as appropriate for individual
      circuit needs and RF signal control desired while attaining desired db
      isolation levels individually or through cascading of the solid state
      logic devices as required. Many such devices may be arranged into a
      communication network to supply information to a single or, at most, very
      few receivers, and with a disiple such that generally only one of the many
      RF sources at any given time is supplying RF signal information into the
      communication network. It is necessary, therefore, that idle RF sources
      have a high db attenuation so as to not be a source of damaging
      interference to that RF source that is active at a given time.
DRWD
PAR  A specific embodiment representing what is presently regarded as the best
      mode of carrying out the invention is illustrated in the accompanying
      drawing that is a block schematic diagram of applicant's system using all
      saturated switching mode solid state RF amplifier logic elements.
DETD
PAR  Referring to the drawing:
PAR  The RF signal transmitting system 10, as shown by the single figure, is
      shown to have an RF signal source 11 with a digital data stream modulating
      signal source 12 supplying a modulating input signal, and an output
      connection to an input of NAND gate 13. The output of NAND gate 13 is
      connected as an input to NAND gate 14, and a keying signal source 15 is
      connected as the second input to both NAND gates 13 and 14. Thus, NAND
      gate 14 is an all saturated TTL switching mode solid state gate device
      logic element in use as an RF amplifier transmitter much like a power
      amplifier stage of an RF transmitter. NAND gates 13 and 14, that are
      inexpensive, reliable, and readily available, are TTL logic switching mode
      active devices with outputs very rich in harmonic content, so the output
      of NAND gate 14 is connected through low pass filter and impedance
      matching network 16 to a coupler 17 connection with a coax cable 18
      connected to an RF signal receiver 19. Cable 18 is shown to be part of a
      master antenna television (MATV) cable system having a conventional TV
      video receiving antenna 20, and connected, in addition to RF signal
      receiver 19, through couplers 17 and high pass filters 21 to TV receivers
      22.
PAR  The two NAND gates 13 and 14 are connected in series cascade with the
      keying signal from keying signal source 15 being half of each dual input
      to the NAND gates. In a working circuit isolation from the output circuit
      of the RF signal source 11 is provided by two stages of TTL NAND logic
      gates (four stages being provided by a single series 7400 TTL integrated
      circuit) with two stages employed to attain approximately 60 db
      attenuation rather than slightly less than 40 db attenuation when the key
      signal is OFF. This circuit is duplicated for a plurality of like
      transmitters down to NAND gates 13' and 14', their associated inputs from
      digital data stream source 12' fed modulated RF signal source 11' and
      keying signal source 15', and the output connection through low pass
      filter and impedance matching network 16' to the connective junction of
      the high pass filter 21 and cable 18 coupler 17 of that location.
PAR  In another RF signal generating and transmitting location, a single TTL
      logic switching mode all saturated solid state AND gate 23 is used in
      place of two NAND gates used in other transmitting locations. This is with
      the two input connections to AND gate 23 being from digital data stream
      source 12" fed modulated RF signal source 11" and keying signal source
      15", and the output connection to low pass filter and impedance matching
      network 16". Please note that in addition to the TTL logic devices shown,
      other all saturated switching mode solid state devices such as RTL and DTL
      devices in the form of NAND and AND gate logic elements could also be used
      as logic elements developing RF signal outputs as RF amplifier
      transmitters much like a power output amplifier stage of an RF transmitter
      in place of the NAND and AND gates in the circuit shown.
PAR  Whereas this invention is herein illustrated and described with respect to
      several embodiments hereof, it should be realized that various changes may
      be made without departing from essential contributions to the art made by
      the teachings hereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an RF signal cable communications system: an RF signal source; a
      keying signal source; all saturated switching mode solid state logic
      element means having a plurality of inputs including input connective
      means from both said RF signal source and said keying signal source; with
      output connective means from said logic element means to cable in said
      cable communication system as an RF power amplifier stage transmitting to
      the cable communication system; wherein said all saturated switching mode
      solid state logic element means includes a plurality of individual all
      saturated switching mode solid state logic element devices connected in
      series cascade at an RF transmitter location; and with keying signal being
      fed through connective means from said keying signal source as half of
      dual inputs to said logic element devices.
NUM  2.
PAR  2. The RF signal communication system of claim 1, wherein said plurality of
      individual all saturated switching mode solid state logic element devices
      are NAND gates.
NUM  3.
PAR  3. The RF signal communication system of claim 1, wherein a combination low
      pass filter and impedance matching network circuit is included in said
      output connective means.
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ABST
PAL  A delay circuit provides a flat delay versus frequency characteristic over
      a first band of frequencies by combining two delay equalizers having
      opposite signed and equal magnitude slopes of delay versus frequency over
      two different bands of frequencies. The first frequency band is translated
      to a second band which is applied to the first of two delay equalizers.
      The latter has a transfer characteristic which is a substantially constant
      slope of delay versus frequency for a band encompassing and much wider
      than said second band. The output of the latter element is translated back
      to the first frequency band. The first band, either prior to the initial
      frequency translation or subsequent to the second frequency translation,
      is applied to a second delay equalizer. The characteristic slopes of the
      two delay equalizers are of substantially equal magnitude but of opposite
      sign.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to a delay time controlling
      circuit for use in a group-delay equalizer for R. F. signals, and more
      particularly, to a delay time controlling circuit capable of minimizing
      the difference in absolute delay time between two or more broad-band
      receiver input signals so that it may be adaptable to diversity reception
      of high speed data signals or super-multiplex telephone signals.
PAR  In long distance transmission of microwaves, transmission quality is often
      deteriorated due to fading. In order to reduce the deterioration of
      transmission quality caused by the phenomenon, diversity reception has
      been employed. In a diversity reception it is important to minimize the
      phase difference between two or more received demodulation signals over a
      broad frequency band. For instance, in the case of transmitting television
      signals in an over-the-horizon microwave relay system, certain amount of
      fluctuations is inevitable in reception time of the respective received
      waves upon diversity reception because the microwave scattering layer in
      the atmosphere fluctuates from time to time. Therefore, if the two
      received waves are simply synthesized, the phase relation therebetween can
      be such that the received signals may be offset with respect to each
      other. Therefore, in the case of color television signals, a variation in
      the intensity and/or phase of the color signals results. Accordingly, a
      device for equalizing the difference between absolute values of
      transmission time of the respective diversity signals is desired.
PAR  In the conventional absolute delay time controllers, the adjustment is made
      so that the time difference between the two received signals may be
      minimized by adjusting the length of a coaxial line or by connecting fixed
      delay time equalizers in cascade. Every one of these conventional delay
      time controllers requires mechanical adjustment, which is time consuming
      and difficult to automate.
PAR  It is therefore one object of the present invention to provide a novel
      delay time controller which can regulate the delay time electronically.
PAR  Another object of the present invention is to provide a delay time
      controller which can easily and automatically bring the delay time
      difference down to zero.
PAC  SUMMARY OF THE INVENTION
PAR  The delay time controller of the present invention comprises a first
      frequency converter for converting an input signal in a first frequency
      band into a signal in a second frequency band, a second frequency
      converter for converting said signal in said second frequency band into
      another signal in said first frequency band, a variable-frequency local
      oscillator connected in common to said first and second frequency
      converters, a first delay equalizer connected between said first and
      second frequency converters whose frequency response in delay time has a
      slope over a broad range in said second frequency band, and a second delay
      equalizer inserted in the path of said signals in said first frequency
      band whose frequency response in delay time within a desired range in said
      first frequency band is of such nature as to offset said slope of said
      frequency response in said second frequency band. Due to the
      aforementioned structural feature, the present invention presents an
      advantage that the delay time of the signal in said first frequency range
      can be varied continuously by varying the frequency range where the
      above-described offset of the slope of the frequency response is achieved
      through the step of varying the frequency of an oscillation signal of said
      variable-frequency local oscillator.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above-mentioned and other features and objects of this invention will
      become more apparent by reference to the following description taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram showing one preferred embodiment of the present
      invention;
PAR  FIG. 2 is a frequency response diagram showing one example of delay time
      versus frequency characteristic curves presented by the embodiment shown
      in FIG. 1;
PAR  FIG. 3 is a detailed circuit diagram of one example of the delay equalizer
      in FIG. 1;
PAR  FIG. 4 is a frequency response diagram showing one example of delay time
      versus frequency characteristic curves presented by the circuit in FIG. 3;
      and
PAR  FIG. 5 is a block diagram of a diversity receiver incorporating the delay
      time controller shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Now the present invention will be described in more detail with reference
      to the accompanying drawings. In FIG. 1, reference numeral 1 designates an
      input terminal. A signal at a frequency f.sub.1, appearing at the input
      terminal 1 is fed to a first frequency converter 2. To the frequency
      converter 2 is also applied a local oscillation signal having a frequency
      f.sub.l supplied from a local oscillator 3. An output from the converter 2
      is applied to a filter 4, where only one frequency component such as, for
      example, a component having a frequency f.sub.2 = f.sub.l - f.sub.l is
      selected, and thus a frequency-converted signal is obtained. This
      converted signal is fed to a first delay equalizer 5 which has a
      relatively steep slope characteristic over a broad range that is broader
      than a frequency bandwidth of the input signal, for example, as shown by a
      curve in FIG. 2, where a frequency f is taken along an abscissa and a
      delay time .tau. is taken along an ordinate.
PAR  Such a delay equalizer can be composed, for example, of a cascade
      connection of a plurality of all-frequency-pass type filters as shown in
      FIG. 3. As illustrated the equalizer comprises a plurality of bridged-T
      circuits in which only the phase is varied without reducing the amplitude;
      each said circuit consisting of a parallel resonance circuit including a
      coil 7 and a series connection of capacitors 8 and 9 and a series
      resonance circuit including a capacitor 10 and a coil 11 connected across
      a junction between the capacitors 8 and 9 and a common potential point
      such as the ground. The delay equalizer 5 can be composed of a cascade
      connection of three bridged-T circuits 12, 13 and 14 as shown in FIG. 3.
      By properly selecting the resonance frequencies and Q-values of the
      respective bridged-T circuits, for example by selecting successively
      rising resonance frequencies and successively lowering Q-values in the
      order of circuits 12, 13 and 14, the frequency response characteristics of
      these bridged-T circuits 12, 13 and 14 can be chosen as shown by curves
      15, 16 and 17, respectively, in FIG. 4. A composite frequency response
      characteristic of the bridged-T circuits 12, 13 and 14 which can be
      obtained by synthesizing the curves 15, 16 and 17, is represented by curve
      18 in the same diagram. The sloped portion of said curve 18 on its right
      side can be simulated to the desired slope curve 6 as shown in FIG. 2.
PAR  Now returning to the explanation of the device shown in FIG. 1, the signal
      having a frequency f.sub.2 which has been passed through the first delay
      equalizer 5 is fed to a second signal converter 19, in which the frequency
      is converted into a frequency in the original input signal frequency band
      by means of a local oscillation signal supplied from oscillator 3. More
      particularly, an output of the converter 19 is applied to a filter 20,
      where a signal component having a frequency f.sub.1 = f.sub.l - f.sub.2 is
      selected. This filter output is applied to a second delay equalizer 21,
      which has a slope in a delay versus frequency response opposite to the
      delay versus frequency response of the first delay equalizer 5 at the
      desired frequency range, that is, in the input signal frequency band from
      f.sub.1 ' to f.sub.1 ". More particularly, the frequency response
      characteristic of delay equalizer 21 is such that its slope in the
      frequency band f.sub.1 ' to f.sub.1 " is opposite to the slope of the
      curve 6 as shown by a curve 22 in FIG. 2. The output terminal of the delay
      equalizer 21 forms an output terminal of the entire delay time controller.
      The second delay equalizer 21 can be realized by making use of a single
      stage of bridged-T circuit of all-frequency-pass type as shown in FIG. 3.
PAR  According to the aforementioned circuit construction, the frequency
      response curve 22 in FIG. 2 is transferred to a frequency band centered at
      a frequency f.sub.2, and since the overall delay frequency response
      characteristic between the input terminal 1 and the output terminal 23 is
      formed as a sum of this converted characteristic curve and the
      characteristic curve 6, said overall response characteristic becomes a
      flat characteristic having fixed delay time .tau. .sub.t in the frequency
      band f.sub.2 '.about.f.sub.2 " to which the original frequency band
      f.sub.1 '.about.f.sub.1 " is converted as shown by a curve 24, because the
      slopes of the curves 6 and 22 are offset with each other. If the
      oscillation frequency f.sub.l of the local oscillator 3 is raised, then
      the converted frequency f.sub.2 becomes also higher, so that the delay
      introduced by the first delay equalizer 5 is reduced along the slope of
      the curve 6, and therefore, the overall delay time .tau..sub.t that is
      formed by superposing the frequency response characteristic of the second
      delay equalizer 21 on the curve 6, is also reduced. Similarly, if the
      local oscillation frequency f.sub.l is lowered, then the overall delay
      time .tau..sub.t is increased. In other words, by continuously varying the
      local oscillation frequency, the overall delay time .tau..sub.t can be
      varied continuously within the frequency range where the characteristic
      curve 6 has linearity. The converted frequency f.sub.2 is selected, for
      example, about 2.5 to 4.5 times as high as the original frequency f.sub.1.
      It is well known that a variable-frequency oscillator to be used as the
      local oscillator 3 can be controlled so as to vary its oscillation
      frequency electronically, and therefore, the controller can be constructed
      in such manner that the control of the overall delay time may be achieved
      electronically. In addition, the delay time controller according to the
      present invention can be composed of generally known circuits. For
      example, instead of inserting the delay equalizer 21 between the filter 20
      and the output terminal 23 as shown in FIG. 1, it may be inserted between
      the input terminal 1 and the frequency converter 2.
PAR  An example of the application of the above-described delay time controller
      according to the present invention to a space diversity receiver, is
      illustrated in FIG. 5. More particularly, a receiver I. F. input terminal
      25 in one of the reception paths of the space diversity receiver, is
      connected to an input terminal 1 of a delay time controller 26 according
      to the present invention. An output signal emitted from an output terminal
      23 of the controller 26 is demodulated by an FM demodulator 27 and fed to
      a synthesized output terminal 28. A signal applied to a receiver I. F.
      input terminal 29 in the other reception path of the space diversity
      receiver, is fed via a fixed delay circuit 30 to an FM demodulator 31. The
      demodulated output is fed to the synthesized output terminal 28. The fixed
      delay circuit 30 serves to compensate for an average path length
      difference between the two reception paths in the space diversity
      receiver.
PAR  From the respective demodulated outputs of the FM demodulator 27 and 31 are
      extracted phase reference pilot signals through filters 32 and 33,
      respectively. These pilot signals are detected by a phase detector 34
      which controls the oscillation frequency of the local oscillator 3 (for
      instance, a voltage-controlled oscillator) in the delay time controller 26
      in dependence upon the phase difference between the inputs to detector 34.
      As a result, control is made so that the pilot signals extracted from the
      respective reception paths may be always in-phase, and thus the
      demodulated signals emitted from the FM demodulators 27 and 31 can be
      synthesized in an inphase relation to each other at the synthesized output
      28. In addition, as in the case of the conventional delay time
      controllers, generally not only the compensation for the transmission time
      difference between two received signals, but also an adjustment of the
      amplitudes of the respective received signals upon synthesizing must be
      achieved.
PAR  As described above, according to the present invention there is provided a
      delay time controller, in which an absolute delay time can be controlled
      electronically on a continuous basis, and thus it can be controlled
      quickly, and which can operate satisfactorily, when it is applied to the
      case where a relative delay time between a plurality of reception signals
      varies with time as in the case with the over-the-horizon microwave relay
      system in order to automatically compensate for the delay time variation.
PAR  While we have described above the principle of our invention in connection
      with specific apparatus, it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of the invention as set forth in the object thereof and in the
      accompanying claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A delay time controller comprising a first frequency converter for
      converting an input signal in a first frequency band into a signal in a
      second frequency band, a second frequency converter for converting said
      signal in said second frequency band into another signal in said first
      frequency band, a variable-frequency local oscillator connected in common
      to said first and second frequency converters, a first delay equalizer
      connected between said first and second frequency converters whose
      frequency response versus delay time has a slope over a broad range in
      said second frequency band, and a second delay equalizer inserted in a
      signal path of said signal in said first frequency band whose frequency
      response versus delay time within a desired range in said first frequency
      band is of such nature as to offset said slope of said frequency response
      of said first delay equalizer over said second frequency band.
NUM  2.
PAR  2. A time delay circuit having a substantially flat delay response over a
      first frequency band comprising:
PA1  a serial signal path including first frequency converter means for
      frequency converting signals in said first frequency band into signals in
      a second frequency band, second frequency converter means for converting
      signals in said second frequency band into signals in said first frequency
      band, said second frequency converter means being connected in said serial
      signal path at a point subsequent to said first frequency converter means
      whereby the sequence of conversion is from said first to said second to
      said first frequency band,
PA1  first delay means interposed between said first and second frequency
      converter means and having a frequency versus delay time characteristic
      which has a substantially constant slope .DELTA..tau..sub.2
      /.DELTA.f.sub.2 over a frequency band which encompasses and is
      substantially larger than said second frequency band, where .tau..sub.2 is
      the delay time imparted to a signal of frequency f.sub.2, and
PA1  a second delay means interposed in said signal path to receive said signals
      in said first band and having a frequency versus delay characteristic
      which has a substantially constant slope .DELTA..tau..sub.1
      /.DELTA.f.sub.1 over a band encompassing said first frequency band which
      slope is of substantially equal value but opposite in sign to said slope
      .DELTA..tau..sub.2 /.DELTA.f.sub.2, whereby the combined delay
      characteristics of the first and second delay means results in a
      substantially flat delay versus frequency for the said signals in said
      first frequency band.
NUM  3.
PAR  3. A time delay circuit as claimed in claim 2 further comprising means for
      electronically varying the center of said second frequency band.
NUM  4.
PAR  4. A time delay circuit as claimed in claim 2 wherein said first frequency
      converter means comprises:
PA1  first mixer means, having an input adapted to receive signals in said first
      frequency band f.sub.1 and a second input for receiving local oscillator
      signals at frequency f.sub.l, for providing at an output thereof the mixed
      frequencies f.sub.1 and f.sub.l, and
PA1  first filter means connected to the output of said first mixer means for
      passing one component f.sub.2 of said mixed frequencies to an output
      thereof.
NUM  5.
PAR  5. A time delay circuit as claimed in claim 4 wherein said second frequency
      convertor comprises:
PA1  second mixer means having an input adapted to receive signals in said
      second frequency band f.sub.2 and a second input for receiving local
      oscillator signals at frequency f.sub.l, for providing at an output
      thereof the mixed frequencies f.sub.2 and f.sub.l, and
PA1  second filter means connected to the output of said first mixer means for
      passing one component f.sub.1 of said mixed frequencies to an output
      thereof.
NUM  6.
PAR  6. A time delay circuit as claimed in claim 5 further comprising an
      electronically controlled frequency variable local oscillator, the output
      of said local oscillator being connected to the respective second inputs
      of said first and second mixer means.
NUM  7.
PAR  7. A time delay circuit as claimed in claim 2 wherein said second delay
      means is connected in said signal path at a point subsequent to said
      second frequency converter means.
NUM  8.
PAR  8. A time delay circuit as claimed in claim 2 wherein said second delay
      means is connected to said signal path at a point in advance of said first
      frequency converter means.
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ABST
PAL  An antenna has two output terminals and is operative for receiving
      electromagnetic radiation and converting the same into electrical signals
      appearing across the two antenna output terminals. There are provided a
      first and a second transmission channel, each having a respective input
      comprised of a pair of input terminals, and respectively operative for
      transmitting electrical signals having frequencies lying in a
      predetermined first frequency range and in a predetermined higher second
      frequency range, one of the input terminals of the first channel being
      connected to one of the two antenna output terminals. A transformer
      includes a primary winding connecting the other of the input terminals of
      the first channel to the other of the two antenna output terminals. The
      transformer further includes a secondary winding connected across the two
      input terminals of the second transmission channel. The transformer is
      operative when the frequency of the electrical signal across the antenna
      output terminals is in the aforementioned first range for stepping down
      the input impedance of the second channel as reflected into the circuit of
      the primary winding to a value lower than the value of the input impedance
      of said first transmission channel at such frequency.
BSUM
PAR  The invention relates to a dipole or unipole receiving antenna operative
      for receiving signals in two distinct frequency ranges, with a separate
      transmission channel for each of the two frequency ranges being directly
      connected to the antenna. The best known examples of receiving antennas
      adapted to receive signals in two distinct frequency ranges are the
      antennas of radio receivers adapted to receive amplitude-modulated carrier
      signals having carrier frequencies in the broad range from 150 kHz to 30
      MHz and adapted to also receive frequency-modulated carrier signals having
      carrier frequencies in a frequency range from 80 MHz to 110 MHz.
PAR  It is conventional to receive signals in these two distinct frequency
      ranges employing a single receiving antenna cooperating with two
      transmission channels, for example by providing in the receiver two
      different amplifiers. In U.S. Pat. No. 3,699,452, it was already proposed
      to connect the circuitry for the two separate transmission channels
      directly to an active antenna having a dipole characteristic. These two
      transmission channels can be connected in series as shown in FIG. 1 of the
      drawing, or in parallel as shown in FIG. 2 of the drawing. FIG. 1 depicts
      the principle according to which the two parts 1 and 2 of the dipole
      antenna are connected to terminals 3 and 4, to which in turn are connected
      two separate transmission channels 5 and 6 for the respective transmission
      of signals in the two different frequency ranges. A fundamental difficulty
      with this type of branching of the two transmission channels resides in
      the fact that each of the two transmission channels has a certain input
      impedance, which in FIG. 1 loads the input of the other transmission
      channel in series, and which in FIG. 2 loads the input of the other
      transmission channel in parallel, the loading in both cases being
      frequency-dependent.
PAR  With the example of a radio receiver antenna, at least in the range of
      lowest frequencies, the antenna is very short compared to the wavelengths
      of the received radiation, and as a result the unipole or dipole receiving
      antenna constitutes, as depicted in FIG. 3, a signal source V.sub.s having
      a high essentially capacitive internal impedance. With regard to operation
      of transmission channel 5 at low frequencies, the circuit performs as
      though there were connected directly across the terminals 3, 4 an
      impedance 6 (see FIG. 3) corresponding to the impedance of the
      transmission channel 6. With a high-ohmic internal impedance 8 of the
      source V.sub.s even a relatively small admittance of the impedance 6 can
      as a result of voltage division markedly diminish the open-circuit output
      voltage of the source and thereby reduce reception by transmission channel
      5. This is particularly the case if the input impedance of the
      transmission channel 5 is a high-ohmic impedance matched to the high-ohmic
      internal impedance of the source, and, for example, for
      amplitude-modulated radio signals as frequency-independent as possible
      over a wide range of frequencies. An example of wideband reception of
      relatively low frequencies is the field-effect-transistor active rod
      antenna disclosed in West German Pat. application P 2,115,657. In the case
      of a high-ohmic source, the series arrangement of FIG. 1 is better
      employed than the parallel arrangement of FIG. 2. It is known that filters
      can be designed having very low input impedances in the attenuation band.
      A low impedance in series with a high-ohmic source is essentially easier
      to compensate for than a high-ohmic impedance connected in parallel to a
      high-ohmic source such as shown in FIG. 3.
PAR  It is a general object of the invention, in the frequency range of the
      lower frequencies, to keep as low as possible the loading of the
      high-ohmic receiving antenna by the series-connected transmission channel
      for the higher range of frequencies, so long as the antenna is operated in
      its lower frequency range.
PAR  This object can be met, according to one advantageous concept of the
      invention, in the manner depicted in FIG. 4. In FIG. 4, the transmission
      channel 5 associated with the lower frequency range has its input circuit
      connected across the antenna connector terminals 3, 4, and connected in
      series with the input circuit of transmission channel 5 is the primary
      winding L1 of a high-frequency transformer, the secondary winding L2 of
      which is connected across the input of the transmission channel 6
      associated with the higher frequency range. As a result, the input
      impedance of the transmission channel 6, which is the transmission channel
      associated with the higher frequency range, is seen by transmission
      channel 5 as an impedance connected in series in the current path of
      primary winding L1 and having a low impedance value in the range of
      frequencies associated with transmission channel 5. This apparent
      impedance is small in the sense of the invention, if throughout the range
      of frequencies associated with transmission channel 5 it is smaller than
      the internal impedance of the receiving antenna. Of all the expedients
      known in the filtering art for this type of branching of transmission
      channels, the expedient according to the invention proves to be the one
      providing the best results.
DRWD
PAR  Further features of the invention will be explained with reference to the
      following FIGS, in which
PAR  FIGS. 1 and 2 depict arrangements of the prior art.
PAR  FIGS. 3 and 4 depict arrangements of the invention as discussed above.
PAR  FIGS. 5a and 5b depict arrangements wherein resonance circuits are provided
      in the transformer secondary circuits.
PAR  FIG. 6 depicts an arrangement having three transmission channels and two
      high-frequency coupling transformers.
PAR  FIG. 7 depicts an arrangement having three transmission channels, one
      primary winding and two secondary windings.
PAR  FIGS. 8a and 8b depict two different transformer arrangements each
      comprised of one primary winding and two secondary windings.
PAR  FIG. 9 depicts a field-effect-transistor circuit for the transmission
      channel associated with the lowest range of frequencies.
PAR  FIG. 10 depicts a transistor connected in the coupling transformer
      secondary circuit.
PAR  FIG. 11 depicts an arrangement similar to that of FIG. 10 but with an
      additional capacitor C.sub.3 in the secondary circuit.
PAR  FIG. 12 depicts an antenna having two transistorized transmission channels.
PAR  FIGS. 13 and 14 are plots in the complex impedance plane of the internal
      impedance of the antenna as reflected into the secondary winding circuit
      of FIG. 10, for example, and presented to the input terminals of
      transistor 10.
DETD
PAR  The illustrated embodiments make use of tuned or resonance transformers.
      Transformers provided with resonance circuitry in the secondary circuitry
      thereof are described in the publication "Einfuehrung in die
      Elektrotechnik hoeherer Frequenzen," Volume 1, of H. Meinke, page 80,
      published Berlin, 1965. When operating at low frequencies, if it is
      desired to keep low the influence of the transmission channel 6, it is
      first of all necessary to keep low the reactance j.omega.L.sub.1 in series
      with the input of the transmission channel 5; that is, L1 should be kept
      as small as possible. Furthermore, the coupling between L1 and L2 should
      be kept low, so that when operating at low frequencies the impedance of
      transmission channel 6, as reflected into the primary winding circuit,
      will remain low. On the other hand, when operating at high frequencies the
      signal power must be fully transmitted to the transmission channel 6. Such
      a transformer with low L.sub.1 and low coupling is possible by
      establishing a resonance effect in the secondary circuit of the
      transformer, with the resonance frequency lying in the range of
      frequencies associated with the transmission channel 6. This can be
      achieved by using a combination of a capacitor and a resistor or the
      functional equivalent thereof, with the capacitor and resistor being
      connected in parallel as shown in FIG. 5a or in series as shown in FIG.
      5b.
PAR  It is also contemplated according to the invention to provide an antenna
      for reception of carrier signals in more than two separate frequency
      ranges. By way of example FIGS. 6 and 7 depict antennas provided with
      three separate transmission channels 5, 6 and 7.
PAR  In FIG. 6 the transmission channels 6 and 7, which are the ones associated
      with the two higher ranges of frequencies, are each provided with a
      transformer, the primary windings of the two transformers being connected
      in series, and the two transformers each having tuned secondary circuits,
      with the respective resonance frequency of each of the two transformers
      lying in the respective frequency ranges of frequencies of signals to be
      transmitted.
PAR  It is possible to reduce the expense involved in the use of more than two
      transmission channels by employing only a single primary winding and a
      plurality of secondary windings inductively coupled with the single
      primary winding. The secondary windings can be arranged as shown in FIG.
      8a, wound around and over the end portions of the primary winding coil. It
      is essential with such an arrangement that the coupling between the two
      secondary windings be maintained low. It is advantageous to use for the
      transformer core a ferrite rod. If several secondary windings are to be
      employed, then it is possible to wind them all around a single ferrite
      core rod, as shown in FIG. 8b. When a ferrite core is employed, the axial
      spacing between the windings can be larger than possible with an air
      coupling, thereby maintaining low the undesired capacitive coupling
      between the various windings.
PAR  FIG. 9 depicts an advantageous embodiment of the invention in which use is
      made of a field-effect-transistor input circuit for the lowest-frequency
      transmission channel 5. Because of the high-ohmic internal impedance of
      the source, the illustrated circuit according to the invention, in the
      range of the lower frequencies, operates the better, the smaller are the
      currents which the antenna must supply; this is because the smaller the
      currents, the smaller is the voltage on L1, and the greater is the input
      voltage of the transmission channel 5. A field-effect-transistor, or a
      similar high-impedance electronic element, accordingly constitutes the
      best input for the transmission channel 5, because its input impedance in
      the range of the lower frequencies is a high-ohmic capacitive impedance.
      Such a low-loss capacitive character is the optimum form for the input of
      the low-frequency transmission channel when use is made of the series
      inductor L.sub.1. This is because, in the case of a high-ohmic capacitance
      8 of the internal impedance of the antenna (see FIG. 3) and a high-ohmic
      capacitive loading of the source by the field-effect-transistor 9, the
      series inductor L1 raises the input voltage of the transistor, as long as
      the operating frequency of the transmission channel 5 is lower than the
      resonance frequency of this input circuit. This special combination of
      reactances accordingly completely avoids the known disadvantages of
      branching transmission channels and even improves the transmission
      conditions from the antenna to the lower-frequency transmission channel.
PAR  A further improved form of the invention results by connecting the
      field-effect-transistor and the antenna to the connector terminals of the
      primary winding L.sub.1 by means of leads having the shortest possible
      length and the least capacitive character, in order to keep as low as
      possible the cable capacitance symbolically depicted in FIG. 9 as two
      capacitors C.sub.1 and C.sub.2. The voltage division established by the
      capacitance C.sub.1 and by the capacitance C.sub.2, the undesirable effect
      of which was described with respect to the parallel impedance 6 shown in
      FIG. 3, can be reduced to the greatest possible extent by using a pair of
      leads having the shortest possible length and the least capacitive
      character.
PAR  The field-effect-transistor circuit makes it possible to tune the
      transformer primary winding circuit to a resonance frequency lying in the
      range of frequencies associated with the transmission channel transmitting
      the higher frequency signals. The advantage of tuning the transformer
      primary circuit is described in the above-identified publication of H.
      Meinke, on page 79. This primary circuit resonance can be established
      according to the invention by so selecting the inductance of the primary
      winding L1 that it, together will all the capacitors of the input circuit
      depicted in FIG. 9 (antenna capacitance, cable capacitance C.sub.1, cable
      capacitance C.sub.2 and input capacitance of the field-effect-transistor),
      determine the desired resonance frequency. The advantage of the primary
      circuit resonance resides in the fact that the coupling between the
      primary and secondary windings can be made smaller than in the absence of
      such resonance, and the impedance back reaction of the secondary side on
      the primary winding outside the resonance range--i.e., in the frequency
      range of the lower frequencies--is especially small. Primary circuit
      resonance and secondary circuit resonance can be employed independently of
      each other.
PAR  Additional advantages described below can be achieved if in the circuit of
      FIG. 4 the transmission channel 6 associated with the higher range of
      frequencies is provided with a transistor in its input circuit. Such a
      circuit, modified by inclusion of such a transistor 10, is depicted in
      FIG. 10. Transistors of all known types, and transistor circuits of all
      the conventional basic configurations, can be employed. With the present
      state of the art, it is preferred to employ for the higher frequencies
      bipolar transistors, preferably in common-base or common-emitter
      configuration, with the selection of the circuit configuration depending
      upon the particular application and the known characteristics of the
      different circuit configuration being exploited.
PAR  In many of these circuits the transistor 10 acts equivalently to the
      combination of a capacitor and a resistor as shown in FIG. 5. By suitably
      selecting the inductance of the secondary winding there can be established
      the already described secondary circuit resonance between the input
      capacitance of the transistor and the inductance of the secondary winding,
      possibly with the inclusion of further capacitors in such resonant
      circuit.
PAR  In the range of frequency associated with the high-frequency transmission
      channel, the antenna considered as a voltage source is connected to the
      input terminals of transistor 10 by means of the coupling transformer
      L.sub.1, L.sub.2. By adjusting the coupling between the primary and
      secondary windings of the transformer, it is possible to set to different
      values the internal impedance of the antenna, considered as a voltage
      source, as it appears when reflected into the input circuit of transistor
      10, for example advantageously to such values that with a frequency in the
      frequency range of the higher-frequency transmission channel there is
      produced a noise matching between the voltage source (the antenna) and the
      transistor.
PAR  It is possible to use both the abovedescribed primary circuit resonance and
      also the abovedescribed secondary circuit resonance to gain advantages in
      addition to those mentioned above and characteristic of the combination of
      the two expedients. It is possible to still further reduce the coupling
      between the transformer windings, so that the reaction back of the
      transmission channel associated with the higher frequency range onto the
      transmission channel associated with the lower frequency range will be
      even further reduced, in such lower frequency range. These resonances are
      especially effective when the resonance frequencies of the two resonant
      circuits are equal or approximately equal. It is then particularly
      advantageous to so adjust the coupling between the primary and secondary
      resonant circuits to form a two-circuit critically coupled or slightly
      overcoupled broad-band filter. As a result, in known manner, the tuned
      transformer will have a broader and more uniform passband, compared to
      other forms of resonance.
PAR  It is advantageous for the selectivity and transmission effectiveness of
      the transmission channel 6 associated with the higher range of frequencies
      that the bandwidth of the bandpass filter correspond as exactly as
      possible to the just-mentioned higher range of carrier frequencies. If all
      the capacitances in the bandpass filter have values established in advance
      by the inherent characteristics of the antenna and of the transistor, and
      if furthermore the resonance frequency and consequently the inductances
      are fixed and the transformer coupling likewise is fixed by the
      requirement for critical coupling, then the bandwidth is determined and
      cannot be independently varied. In order to make adjustable the bandwidth
      and cutoff steepness of the filter bandpass curve, the circuit of FIG. 11
      makes use of an additional capacitor element C.sub.3 connected in parallel
      across the base-emitter junction of the transistor for setting the
      resonance of the secondary circuit including the additional capacitor. The
      ability to choose the capacitance value of this capacitor element will in
      many cases establish the degree of freedom necessary to meet specific
      bandwidth requirements.
PAR  In such a circuit it is also possible by suitable selection of the values
      of the electrical components to establish a noise matching between the
      antenna and the transistor 10 over a wide range of frequencies.
PAR  In this connection, reference should be had to FIGS. 13 and 14. With
      reference to FIG. 10, for example, the circles in FIGS. 13 and 14 are to
      be understood to be the lines of constant noise temperature of the
      arrangement across the base-emitter junction of transistor 10, at the
      median frequency of the frequency range associated with the respective
      transmission channel 6. Actually, the circles in FIGS. 13 and 14 are
      themselves frequency-dependent, so that for different frequencies, the
      circles would be somewhat differently located. However, as a simplifying
      assumption it can be assumed that the set of circular equal noise
      temperature lines shown in FIGS. 13 and 14 is approximately valid over the
      entire frequency range in question. These circles are associated with a
      specific transistor type, and if a different transistor type is employed,
      a different family of lines of constant noise temperature will result.
PAR  In FIGS. 13 and 14 Z.sub.A designates the complex impedance of the antenna,
      as reflected into the secondary circuit of the transformer and presented
      to the input terminals of transistor 10. The Z.sub.A curves in FIGS. 13
      and 14 are plotted in the complex impedance plane. It will be noted that
      the single Z.sub.A curve of FIG. 13 and the two Z.sub.A curves of FIG. 14
      each crosses over upon itself to form a closed loop. To achieve the best
      possible signal-to-noise ratio at the output terminals of transistor 10,
      the complex-plane impedance curve Z.sub.A should, in the first place, form
      this closed loop in the frequency range in question and, in the second
      place, the closed loop should be located in the vicinity of the impedance
      value associated with minimum noise temperature for the arrangement,
      designated Z.sub.AOpt and referred to herein as the optimal noise-matching
      impedance. In FIG. 13, the loop of the curve intersects Z.sub.AOpt at the
      peak of the loop. In FIG. 14, the crossover point of the solid-line
      Z.sub.A curve coincides with the Z.sub.AOpt point. In FIG. 14, the loop of
      the brokenline Z.sub.A curve encircles the Z.sub.AOpt curve. The
      advantages of the existance of the closed loop and of its proximity to the
      Z.sub.AOpt point are twofold. Firstly, Z.sub.A is not very frequency
      dependent along the closed loop. Since the frequencies of the closed loop
      correspond to the frequencies of the frequency range associated with
      transmission channel 6, the value Z.sub.A will be more or less
      frequency-in-dependent in the bandwidth of interest. Secondly, and
      clearly, the signal-to-noise ratio will be kept low in the frequency range
      of interest.
PAR  If for example the antenna is a unipole antenna and is not longer than a
      quarter-wavelength in the higher frequency range, then the circuit of FIG.
      11 in the range of the higher frequencies constitutes a two-circuit
      transformer-coupled bandpass filter which when overcoupled is
      characterized in known manner by a looping curve in the complex impedance
      plane. By selecting the inductive coupling, by adjusting the resonance
      frequencies, and by correctly selecting the circuit capacitances, the
      looping curve in the complex impedance plane can be so shaped that in the
      abovedescribed range of operating frequencies optimum noise matching will
      be produced.
PAR  In West German Pat. application P 2,115,657, there is a disclosure of
      additional details of the circuit of the field-effect-transistor for the
      transmission channel 5 associated with the lower range of frequencies.
      These circuits can also be used in the case of the present antenna design,
      especially the expedient of low-noise linearization of the
      field-effect-transistor and the filtering out of the frequency range of
      the higher frequencies at the output side of the field-effect-transistor.
      FIG. 12 depicts the circuitry of a complete antenna unit, in which a
      series resonance circuit comprised of inductor L.sub.4 and capacitor
      C.sub.4 block the higher frequencies from the output of the transmission
      channel associated with the lower frequency range.
PAR  If the just-mentioned linearization expedient for the
      field-effect-transistor is also employed in the antenna according to the
      invention, there results the possibility to make double use of the
      transistor 10, firstly as an amplifier for the signals in the higher
      frequency range, and simultaneously to create and stabilize the D.C.
      current of the field-effect-transistor; that is, as transistor T of the
      circuit of FIG. 5 and of FIG. 6 of West German application P 21 15 657,
      FIG. 12 shows the complete circuit diagram of a thusly designed rod
      antenna. The D.C. current flowing through transistor 9 also flows through
      transistor 10, with the choke D connected between the output current paths
      of transistors 9, 10 preventing flow of the A.C. current of one transistor
      through the other transistor. The D.C. voltage at the base of transistor
      10 is stabilized by the diode Dl. LMK in FIG. 12 designates the output for
      the amplified signal in the lower frequency range, whereas UKW designates
      the output for the amplified signal in the higher frequency range. The
      D.C. operating voltage for the circuit of FIG. 12 is applied across
      circuit junctions 4 and 15.
PAR  In the illustrated active antenna arrangement, the antenna parts connected
      to the terminals 3 and 4 contain no circuits capable of carrying currents.
      These two antenna parts can become electrostatically charged, as a result
      of electric fields in the atmosphere, or as a result of contact with
      charged bodies, or as a result of frictional electricity effects, and the
      resulting voltage build-ups may be applied to the input of the
      transmission channel for the lower range of frequencies. These voltage
      build-ups will constitute interference voltage signals in the transmission
      channel or may distort the response of sensitive transistors. To this end,
      the circuit of FIG. 12 is provided with a discharge resistor R.sub.1. The
      resistor produces an additional noise which is the smaller, the greater
      the resistance value of the resistor. If a series capacitance C.sub.5 is
      combined with this resistor in the line connecting the antenna to the
      transformer primary, the protection for the transmission channel 5 can be
      so satisfactorily designed that R.sub.1 can be made so large that its
      noise is less than the intrinsic noise of the transmission channels.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      circuits and constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in an
      active antenna, it is not intended to be limited to the details shown,
      since various modifications and structural changes may be made without
      departing in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior are, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended
NUM  1.
PAR  1. An active antenna arrangement comprising, in combination, a passive
      antenna structure having two output terminals and operative for receiving
      electromagnetic radiation and converting the same into electrical signals
      appearing across said two antenna output terminals; a first and a second
      transmission channel, each having a respective input comprised of a pair
      of input terminals and respectively operative for transmitting electrical
      signals having frequencies lying in a predetermined first frequency range
      and in a predetermined higher second frequency range, one of said input
      terminals of said first channel being connected to one of said two antenna
      output terminals; and transformer means comprising primary winding means
      connecting the other of said input terminals of said first channel to the
      other of said two antenna output terminals, secondary winding means
      connected across said two input terminals of said second transmission
      channel, and means forming a resonance at one of said frequency with one
      of said winding means said transformer means being operative when the
      frequency of the electrical signal across said antenna output terminals is
      in said first range for stepping down the input impedance of said second
      channel as reflected into the circuit of said primary winding means to a
      value lower than the value of the input impedance of said first
      transmission channel at such frequency.
NUM  2.
PAR  2. An arrangement as defined in claim 1, wherein said secondary winding
      means and the input circuit of said second transmission channel together
      form a resonant circuit having a resonant frequency lying in said second
      range.
NUM  3.
PAR  3. An arrangement as defined in claim 1; and further including a third
      transmission channel, having an input comprised of a pair of input
      terminals, and operative for transmitting electrical signals having
      frequencies lying in a predetermined third frequency range higher than
      said second range, and wherein said transformer means includes additional
      secondary winding means connected across the input terminals of said third
      transmission channel, and wherein said primary winding means comprises a
      single primary winding inductively coupled to the secondary winding means
      connected to said second channel and also inductively coupled to the
      secondary winding means connected to said third channel.
NUM  4.
PAR  4. An arrangement as defined in claim 3, wherein each of said secondary
      winding means and the input circuit of the respective one of said second
      and third transmission channels together form a resonant circuit having a
      resonant frequency lying in the respective one of said second and third
      frequency ranges.
NUM  5.
PAR  5. An arrangement as defined in claim 1; and further including a third
      transmission channel, having an input comprised of a pair of input
      terminals, and operative for transmitting electrical signals having
      frequencies lying in a predetermined third frequency range higher than
      said second range, and wherein said transformer means includes additional
      secondary winding means connected across the input terminals of said third
      transmission channel, and wherein said primary winding means comprises one
      primary winding inductively coupled to the secondary winding means
      connected to said second channel and a separate primary winding
      inductively coupled to the secondary winding means connected to said third
      channel.
NUM  6.
PAR  6. An arrangement as defined in claim 5, wherein each of said secondary
      winding means and the input circuit of the respective one of said second
      and third transmission channels together form a resonant circuit having a
      resonant frequency lying in the respective one of said second and third
      frequency ranges.
NUM  7.
PAR  7. An arrangement as defined in claim 5, wherein said transformer means
      comprises a ferrite core, both said primary windings and both said
      secondary winding means being wound around said ferrite core.
NUM  8.
PAR  8. An arrangement as defined in claim 1, wherein the input impedance of
      said second transmission channel is predominantly that of the series
      connection of a resistance and a capacitance having such resistance and
      capacitance values as to form together with said secondary winding means a
      resonant circuit having a resonant frequency lying in said second range.
NUM  9.
PAR  9. An arrangement as defined in claim 1, wherein the input impedance of
      said second transmission channel is predominantly that of the parallel
      connection of a resistance and a capacitance having such resistance and
      capacitance values as to form together with said secondary winding means a
      resonant circuit having a resonant frequency lying in said second range.
NUM  10.
PAR  10. An arrangement as defined in claim 1, wherein said first transmission
      channel is provided in the input circuit thereof with an electronic
      amplifier element of high capacitive input impedance and having input
      terminals constituting said input terminals of said first transmission
      channel.
NUM  11.
PAR  11. An arrangement as defined in claim 10, wherein said electronic
      amplifier element is a field-effecttransistor.
NUM  12.
PAR  12. An arrangement as defined in claim 10, wherein said antenna, said
      primary winding means and said electronic amplifier element are connected
      together by electrical conductors exhibiting capacitance, and wherein the
      capacitance of said conductors, the capacitance of said antenna, the input
      capacitance of said electronic amplifier element and the inductance of
      said primary winding means have such values that said antenna, said
      primary winding means, said conductors and the input of said electronic
      amplifier element together form a resonant circuit having a resonant
      frequency lying in said second frequency range.
NUM  13.
PAR  13. An arrangement as defined in claim 1, wherein said second transmission
      channel is provided in the input circuit thereof with an input transistor
      having input terminals constituting said input terminals of said second
      transmission channel.
NUM  14.
PAR  14. An arrangement as defined in claim 13, wherein said input transistor
      exhibits input capacitance across said input terminals thereof, and
      wherein the value of said capacitance and the value of the inductance of
      said secondary winding means are such that the input of said transistor
      forms together with said secondary winding means a resonant circuit having
      a resonant frequency lying in said second frequency range.
NUM  15.
PAR  15. An arrangement as defined in claim 13, wherein the coupling value
      between said primary winding means and said secondary winding means is
      such that the impedance value of said antenna when reflected by said
      transformer means into the circuit of said secondary winding means and
      presented to said input terminals of said transistor has a value equal to
      the optimum noisematching impedance value.
NUM  16.
PAR  16. An arrangement as defined in claim 12, wherein said second transmission
      channel is provided in the input circuit thereof with an input transistor
      having input terminals constituting said input terminals of said second
      transmission channel, and wherein said input transistor exhibits input
      capacitance across said input terminals thereof, and wherein the value of
      said capacitance across said input terminals of said input transistor and
      the value of the inductance of said secondary winding means are such that
      the input of said transistor forms together with said secondary winding
      means a resonant circuit having a resonant frequency lying in said second
      frequency range, and wherein the resonant frequency of the resonant
      circuit comprised of said primary winding means is substantially equal to
      the resonant frequency of the resonant circuit comprised of said secondary
      primary means.
NUM  17.
PAR  17. An arrangement as defined in claim 16, wherein the resonant circuit
      comprised of said primary winding means and the resonant circuit comprised
      of said secondary winding means together form a bandpass filter, and
      wherein the inductive coupling of said transformer means has such a value
      that the coupling between said two resonant circuits is approximately
      critical.
NUM  18.
PAR  18. An arrangement as defined in claim 16, wherein the resonant circuit
      comprised of said primary winding means and the resonant circuit comprised
      of said secondary winding means together form a bandpass filter, and
      wherein the inductive coupling of said transformer means has such a value
      that the two resonant circuits are overcoupled.
NUM  19.
PAR  19. An arrangement as defined in claim 17, wherein said second transmission
      channel is further provided at the input thereof with an input capacitor,
      whereby to permit selection of an input capacitance value of said second
      transmission channel to facilitate establishment of the resonant frequency
      of the resonant circuit comprised of said secondary winding means.
NUM  20.
PAR  20. An arrangement as defined in claim 19, wherein the impedance of said
      antenna as reflected into the circuit of said secondary winding means and
      presented to the input terminals of said transistor is such that the plot
      thereof in the complex impedance plane has the shape of a curve crossing
      over itself to form a closed loop located in the vicinity of the optimal
      noise-matching impedance value.
NUM  21.
PAR  21. An active antenna arrangement, comprising, in combination, an antenna
      having two output terminals and operative for receiving electromagnetic
      radiation and converting the same into electrical signals appearing across
      said two antenna output terminals; a first and a second transmission
      channel, each having a respective input comprised of a pair of input
      terminals, and respectively operative for transmitting electrical signals
      having frequencies lying in a predetermined first frequency range and in a
      predetermined higher second frequency range, one of said input terminals
      of said first channel being connected to one of said two antenna output
      terminals; and transformer means comprising primary winding means
      connecting the other of said input terminals of said first channel to the
      other of said two antenna output terminals, and comprising secondary
      winding means connected across said two input terminals of said second
      transmission channel, said transformer means being operative when the
      frequency of the electrical signal across said antenna output terminals is
      in said first range for stepping down the input impedance of said second
      channel as reflected into the circuit of said primary winding means to a
      value lower than the value of the input impedance of said first
      transmission channel at such frequency, wherein each of said first and
      second transmission channels is provided in the input circuit thereof with
      a respective electronic amplifier element having an output current path
      and having an input current path extending between two input terminals,
      the input terminals of the electronic amplifier element constituting the
      input terminals of the respective one of said transmission channels, and
      wherein the output current paths of the two electronic amplifier elements
      are connected in series so that substantially the same D.C. current flows
      through both of said output current paths.
NUM  22.
PAR  22. An arrangement as defined in claim 21, wherein said output current
      paths are connected in series with a choke inductor having an inductance
      value large enough to substantially prevent A.C. current flowing through
      one of said output current paths from also flowing through the other of
      said output current paths.
NUM  23.
PAR  23. An arrangement as defined in claim 1, wherein said antenna is provided
      with discharging resistor means connected across said two antenna output
      terminals.
NUM  24.
PAR  24. An arrangement as defined in claim 23, and further including a
      capacitor having one terminal connected to said other one of said two
      antenna output terminals and having another terminal connected to one
      terminal of said primary winding means and connected in series with said
      primary winding means, said capacitor having a capacitance larger than the
      capacitance of said antenna, and said discharging resistor means
      comprising a discharge resistor having a resistance value such that the
      inherent noise of the discharge resistor is lower than the inherent noise
      of said transmission channels.
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ABST
PAL  An FM tuner for feeding an IF section of a receiver circuit includes an
      antenna signal input circuit with broad band response to signals in a
      selected FM broadcast band. A mixer is connected to receive the signal
      from the input circuit and a variable local oscillator is connected to the
      mixer operating for high side injection to produce an IF signal centered
      within an RF band of minimal signal content and to produce an image
      displaced outside the response of the input circuit. An SWD filter
      connected to the output of the mixer has narrow band response at the IF
      frequency.
BSUM
PAR  This invention relates to an FM tuner, and more particularly to a high
      fidelity FM tuner that may be executed extensively in integrated circuit
      form.
PAR  Broadcast or entertainment FM receivers of high quality generally are very
      expensive because of the necessity for narrow frequency selectivity. Such
      filtering with minimum phase distortion generally involves complex filter
      circuits with the result that FM systems free of phase distortion are
      costly.
PAR  Heretofore FM receivers with minimized phase distortion have utilized
      multisection high loss filters connected in tandem. This requires signal
      amplification in order to compensate for the loss and thus raises the
      noise level. The present invention provides a good signal-to-noise factor
      while minimizing phase distortion through the use of an IF filter
      comprising a surface wave device (SWD) operated at frequencies which
      minimize passage of unwanted signals and noise.
PAR  In prior art VHF receivers, especially FM receivers, the systems generally
      include a first mixer which is preceded by multisection filters and narrow
      band preselection filter designed to track a local oscillator to produce
      an IF frequency of, for example, 10.7 mHz. The use of such a low IF
      frequency requires the IF filtering following the mixer to be performed
      with inductor-capacitor resonators or bulk mode resonators. This causes
      band shaping to become difficult and extremely expensive if phase
      linearity is to be achieved.
PAR  The present invention is directed toward minimizing the foregoing problems
      through the use of nontracking broad band preselection and through the use
      of surface wave device (SWD) IF filters to provide linear phase response
      with minimum package size and little or no manual adjustment.
PAR  More particularly in accordance with the present invention, there is
      provided an FM tuner having a broad band input signal filter to cover with
      substantially uniform response a given entertainment FM broadcast band. A
      local oscillator feeds a mixer also fed by the output of the input signal
      filter to produce an IF signal substantially free from broadcast energy
      with the local oscillator providing high side injection to place image
      signals substantially outside the response band of the input signal
      filter. An SWD filter is connected as to apply the signal output from the
      mixer to an IF strip and to establish pass band response centered at said
      IF frequency.
PAR  In a more specific aspect, an FM tuner is provided for feeding an IF
      section of a receiver circuit in which an antenna signal input circuit is
      provided with broad band input response for signals in a selected FM
      broadcast band. A mixer is connected to receive the signals from the input
      filter along with the output from a variable local oscillator which is
      connected to the mixer operating to provide high side injection to produce
      an IF signal centered within an RF band of minimum signal content and
      producing an image outside the response of the input filter. An SWD filter
      is then provided having a narrow pass band at the IF frequency.
DRWD
PAR  The novel features believed characteristic of the invention are set forth
      in the appended claims. The invention itself, however, as well as further
      objects and advantages thereof, will best be understood by reference to
      the following detailed description of an illustrative embodiment taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 illustrates in block diagram form an embodiment of the invention;
PAR  FIG. 2 illustrates operation of filters embodied in the invention; and
PAR  FIG. 3 illustrates a circuit diagram of an embodiment of the invention.
DETD
PAR  Referring now to FIG. 1, a VHF tuner is illustrated wherein the antenna 10
      is connected by way of an input filter 12 to a mixer 14. The second input
      of the mixer 14 is supplied from a local oscillator 16. The output of the
      mixer is then applied to a surface wave device filter 18 whose output is
      connected to an IF strip generally indicated by amplifier 20. This
      superheterodyne arrangement differs from prior systems in that only the
      local oscillator 16 needs to be varied. Input filter 12 may be broad band
      to cover the particular broadcast band of interest without necessity for
      variable tuning. The input filter 12 may be variable. In any event, there
      is absent the necessity for close tracking conventionally required between
      oscillator 16 and the input filter 12 to achieve narrow band preselection
      over a wide broadcast band.
PAR  System operation as compared with prior systems can be illustrated by
      reference to FIG. 2 wherein a selected broadcast band, such as the FM band
      24, occupies that portion of the spectrum lying between 88 and 108 mHz.
      Normally, prior art systems employ an IF frequency corresponding to the
      IF.sub.A frequency at 10.7 mHz. In such case with low side injection of
      the local oscillator frequency at 89.3 mHz, the IF.sub.A frequency is
      established for detection of a signal at 100 mHz. Normally, a fairly sharp
      filter which is represented by the dotted outline 22 is utilized and the
      peak frequency is varied simultaneously with variations in the frequency
      in the local oscillator to tune in different frequencies within band 24.
      The use of the local oscillator frequency of 89.3 mHz results in an image
      band at 78.6 mHz. Normally, this is not sufficiently rejectable by the
      filter having the pass band 22. Feed through of unwanted components
      represented by the LO.sub.A image frequency at 78.6 mHz cannot be readily
      avoided.
PAR  In accordance with the present invention, local oscillator 16 is selected
      for high side injection using an IF frequency IF.sub.B which leads to the
      use of a SWD filter 18 of size compatible with inexpensive packaging while
      having a controllable characteristic. It is necessary that for minimum
      phase distortion filter 18 have a gaussian attenuation characteristic to
      provide a linear phase characteristic thereby minimizing phase distortion.
      Furthermore, the IF.sub.B frequency at 73.5 mHz is in the center of a
      radio-astronomy listening band of 73to 74.6 mHz, thus assuring the absence
      in the IF of feed through interference. A broad band front end filter can
      be used if the mixer 14 is designed for high signal levels, i.e., minimum
      intermodulation distortion inferring maximum intercept point. This
      eliminates the preselect oscillator tracking problems and avoids excessive
      front end gain which heretofore has been required to compensate for loss
      in narrow band tracking filters. By the use of a local oscillator at 173.5
      mHz for detection of a signal at 100 mHz, the LO.sub.B image is at 247
      mHz, well beyond the response range of the broad band response
      characteristic 26 of filter 12.
PAR  Referring now to the circuit of FIG. 3, an oscillator circuit and a mixer
      circuit are illustrated for supplying an IF signal to a SWD filter whose
      output is applied to an IF section of a receiver system.
PAR  In the mixer circuit a VHF input signal such as derived from antenna 10 is
      applied to a low impedance tap on an inductor L2. The output signal if
      then applied to the first gate of a dual gate field effect transistor
      (DGFET) Q2. The inductor L2 is effectively tuned by capacitors C7 and
      voltage variable capacitor VVC2. Capacitors C7 and VVC2 are connected in
      series to ground to parallel inductor L2. The magnitude of capacitor VVC2
      is controlled by a voltage applied through resistor R8. Capacitor C4 is
      provided to bypass any A.C. components to ground
PAR  The source terminal of Q2 is connected to ground and to the Q2 substrate.
      The drain terminal of Q2 is connected through inductor L3 to the source
      V.sub.CC. Inductor L3 is connected in parallel with a capacitor C6. The
      low impedance tap on inductor L3 is connected to an SWD filter 18 whose
      output is then connected to an IF amplifier strip.
PAR  A variable voltage from battery B applied through resistor R8 serves to
      vary the frequency to which the input circuit is tuned.
PAR  In the oscillator circuit, a D.C. voltage from battery B is applied through
      resistor R7 to a variable tuned circuit. The oscillator is controlled in
      frequency by the LC circuit comprising inductor L1, capacitor C8 and the
      variable capacitor VVC1. Resistor R7 is connected to the terminal common
      to capacitors VVC1 and C8. The junction between inductor L1 and capacitor
      C8 is connected to the first gate of the DGFET Q1. The source terminal of
      C is supported to a low impedance tap on inductor L1 and to the Q1
      substrate. The drain terminal of Q1 is connected to the second gate of Q2
      and by way of resistor R3 to the second gate of Q1. The second gate of Q1
      is also connected through capacitor C2 to ground and to the supply
      V.sub.CC by way of resistor R4. Capacitors C2 and C3 and resistor R4
      perform bypass functions for the V.sub.CC voltage.
PAR  In practice, the control voltage applied to the mixer through resistor R8
      and to the oscillator through resistor R7 may be from the same source.
      Depending upon the construction of the voltage variable capacitors, they
      may be of the same magnitude or may be displaced one from another.
PAR  In an FM receiver it is necessary to use an IF filter which has a band pass
      of about 300 kHz. The FM broadcast band extends over a range of 20 mHz.
      SWD 18 acting as a filter may be provided at a minimal cost with a pass
      band of the order of 300 kHz. Because of the band pass characteristics of
      the SWD, it is possible to select the IF frequency such that the wide band
      filter may be employed on the front end of an FM receiver utilizing a SWD
      for an IF filter thereby permitting a simplified front end that may be
      constructed in integrated circuit form.
PAR  In the circuit of FIG. 3, for example, the oscillator components and mixer
      components may all be integrated on a single substrate except for
      inductors L1, L2 and L3. Fabrication techniques may allow excluding
      capacitor C6, resistor R4 and capacitor C3 from the circuit. The circuit
      thus meets a criterion of low cost elements desired for the consumer
      market while providing an FM receiver of high performance, particularly
      for entertainment type of reception. Over the range of from 88 to 108
      megacycles of broadcast signals, the related IF pass band is maintained at
      about 300 kHz wide. The system satisfies the requirement that any FM IF
      system needs linear phase characteristics in order to minimize phase
      distortion of the signal. At 10.7 mHz, the IF problem is very difficult to
      solve. In accordance with the present invention, it is readily solved
      through the use of SWD 18 at 73.5 mHz.
PAR  An SWD could be constructed to operate at 10.7 mHz, but in such case it is
      very large and does not lend itself to the achievement of the objectives
      set out. With the IF set at 73.5 mHz or at some frequency within the range
      of from 60 to 80 mHz, the SWD size is reduced, typically to about 1 inch
      in length, 3/8 inch wide and 0.030 inch thick. The local oscillator may
      operate at frequencies in the range of from 161.5 to 181.5 mHz to tune the
      broadcast band with high side injection. The image is then greatly
      displaced from the band of interest, i.e., in the band of from 235 to 255
      mHz. Use of 10.7 mHz IF with high side injection, the local oscillator
      would range from 98.7 to 118.7 mHz with the image in the band from 109.4
      to 121.4 which would not be readily eliminated. In contrast, the 235-255
      mHz image range can readily be eliminated. This permits the use of a broad
      band front end filter with SWD 18 as the IF filter. The front end tuner
      comprising the present invention can be executed in large part in
      integrated circuit form, selecting operating frequencies such that feed
      through of unwanted signals is minimized.
PAR  In FIG. 3, there is noted that the input filter comprising inductor L2,
      capacitors C7 and VV is variable through the use of the tuning voltage
      applied through resistor R8. Preferably the present invention involves a
      fixed broad band input filter having character 26 of FIG. 2.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art, and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An FM tuner for feeding an IF section of a receiver circuit which
      comprises:
PA1  a. an antenna signal input circuit including a broad band pass input filter
      having an essentially flat response to signals in the 88 to 108 mHz FM
      broadcast band,
PA1  b. a mixer connected to receive the signal from said input circuit,
PA1  c. a variable local oscillator connected to said mixer operating for high
      side injection to produce an IF signal centered within the radio astronomy
      listening band of 73 to 74.6 mHz and an image frequency displaced outside
      the response of said input filter, and
PA1  d. an SWD filter connected to the output of said mixer having a narrow pass
      band of 300 kHz centered at the frequency of said IF signal, the output of
      said SWD filter being the IF output of said tuner.
NUM  2.
PAR  2. The combination set forth in claim 1 in which said oscillator and said
      mixer exclusive of their inductance components are executed in integrated
      circuit form on a common substrate.
NUM  3.
PAR  3. The combination set forth in claim 1 in which said IF signal is about
      73.5 mHz.
NUM  4.
PAR  4. An FM tuner which comprises:
PA1  a. a first dual gate MOSFET,
PA1  b. a voltage tuned oscillator circuit connected at its output to the second
      gate of said MOSFET, the oscillation frequency of said oscillator being
      variable over a range of from about 161.5 to 181.5 mHz,
PA1  c. an antenna input signal circuit connected to a first gate of said MOSFET
      by way of a voltage tuned resonant circuit responsive to pass signals
      within the frequency range of from 88 to 108 mHz and to reject signals of
      the frequency of said oscillator and higher frequencies, and
PA1  d. a SWD filter connected to receive signals from said MOSFET having a
      narrow band pass of about 300 kHz centered at about 73.5 mHz.
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ABST
PAL  Digitally controlled tuning by storing a digital code representative of the
      frequency of a selected channel and generating successive digital counts,
      each proportional to the number of cycles of an oscillator signal in each
      of a plurality of successive uniform sample intervals. The digital code is
      then compared with a digital count to generate a first output when equal,
      a second output when the code exceeds the count, and a third output when
      the count exceeds the code. The frequency of the oscillator is varied in
      response to one of the second and third outputs to increase or decrease
      the frequency, respectively, and to permit the frequency of the oscillator
      to lock in response to the first output signal.
BSUM
PAR  This invention relates to digital tuning of amplitude modulation and
      exponential modulation systems, and more particularly to the automatic
      control of the frequency of a local oscillator so that the frequency
      thereof bears a predetermined relation to a selected code placed in
      storage to represent a desired frequency.
PAR  Radio and television tuning most generally encountered involves the manual
      adjustment of a frequency control element in the tuning circuit of the
      local oscillator the output of which is employed in a heterodyne
      arrangement for the selection of a desired signal from a receiving
      antenna. Heretofore, automatic tuning systems have been provided in which
      the frequency band of interest is traversed by a mechanical drive of the
      tuning element with the drive being discontinued in response to the
      development of an automatic gain control signal which depends upon the
      existence of a received broadcast signal. Still other automatic tuning
      arrangements have been provided.
PAR  There exists a need for an automatic tuner in which a keyboard input may be
      employed for the selection of a station to be tuned following which entry
      the system automatically will search for and lock onto the signal from the
      selected station.
PAR  Digital automatic tuning systems heretofore have been provided but each has
      been characterized by the requirement of the presence of highly stable
      reference oscillators. The present invention is attractive because of the
      ability to eliminate such precision oscillators. The present invention
      provides only an approximate station location following which an automatic
      frequency control system normally provided will lock onto the selected
      station.
PAR  In accordance with the present invention, a number N which represents one
      of a hundred channels allotted in the FM spectrum, for example, is stored
      and an indicia thereof is automatically displayed. This number is stored
      in a counter which repeatedly counts the frequency of the output signal
      from an electronically variable oscillator over pre-set gate intervals.
      The counter then produces an output state indicative of whether the
      oscillator frequency is greater, less, or equal to the count previously
      stored.
PAR  More particularly, in accordance with one aspect of the invention, a signal
      is processed in conjunction with a local oscillator signal by storing a
      digital code representative of the frequency of the selected channel and
      thereafter generating successive digital counts each proportional to the
      number of cycles of the oscillator signal in each of a plurality of
      successive uniform sample intervals. The digital code and the digital
      count are compared to generate a first output signal when equal, a second
      output signal when the code exceeds the count, and a third output signal
      when the count exceeds the code. The frequency of the oscillator is then
      varied in response to one of the second and third outputs to increase or
      decrease, respectively. The frequency of the oscillator is allowed to lock
      in response to the first output signal.
DRWD
PAR  The novel features believed characteristic of the invention are set forth
      in the appended claims. The invention itself, however, as well as further
      objects and advantages thereof, will best be understood by reference to
      the following detailed description of an illustrative embodiment taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a functional block diagram employed to illustrate the present
      invention in an AM/FM receiver system; and
PAR  FIGS. 2 and 3 are detailed circuit diagrams of the portions of the system
      of FIG. 1.
DETD
PAR  The present invention is directed to AM/FM digital tuning. The example here
      described is an AM/FM receiver. However, the invention may readily be
      applied to control of a transmitter as well as to the timing of a
      television receiver. It involves controlling the frequency of a variable
      frequency oscillator employed to detect received signals. The oscillators
      here described are voltage controlled oscillators (VCO) or are current
      controlled oscillators (CCO).
PAR  In the AM broadcast band, there are 107 channels in a band extending from
      540 kHz to 1600 kHz. Allocations are made every 10 kHz. In the FM band,
      there are 100 channels allocated at 200 kHz intervals over the band of
      from 88.1 MHz to 107.9 MHz. The present invention will be described in
      terms of a system wherein detection of the FM signal involves operation of
      an AFC loop in which the local oscillator supplies a mixer to produce an
      IF frequency of 73.5 MHz. In such case, the local oscillator signal (VCO)
      operates at 161.6 MHz to detect the first channel at 88.1 MHz. In the AM
      portion of the system, a phase lock loop will be employed wherein the
      local oscillator frequency is maintained equal to the frequency of the
      received signal, i.e., will be capable of being locked at each of the
      frequencies from 540 kHz to 1,600 kHz at 10 kHz intervals.
PAR  FIG. 1, in block diagram form, embodies the present invention for the
      automatic tuning of an AM or FM receiver or a combined system. A keyboard
      10 is connected by way of bus 11 to a mode selector switch 12. Output
      states on a bus 13 are applied to a frequency counter 14. In order to
      select a desired station to which the system involved is to be tuned, the
      station or channel number is selected by depressing selected keys in
      keyboard 10. An encoder then applies through bus 11, mode selector switch
      12 and bus 13 a multi bit code which represents the frequency to which the
      local oscillator must be driven in order to be tuned to the desired
      station. Thus, the keyboard 10 provides for manual station selection. A
      second mode that may be invoked through selector 12 involves the use of a
      second keyboard 15 which is connected to select from a random access
      memory (RAM) 16 a code representative of the frequency at which the local
      oscillator is to operate for receiving any one of a set of "favorite"
      stations.
PAR  In a third mode, a third keyboard 17 is provided for operation in a search
      mode wherein a clock oscillator 18 is driven at a frequency which is then
      encoded and applied through mode selector 12 and channel 13 to the counter
      14. Clock 18 produces output pulses which will shift count N either up or
      down depending upon the key depressed in the keyboard 17 until threshold
      detector 19 is keyed to produce a control signal. Detector 19, having an
      input by way of a switch 20, is responsive to encountering any received
      signal of strength as to produce an output from a discriminator or
      detector to arrest further search.
PAR  From the foregoing it will be seen that there are three selection modes
      available, (1) direct manual selection through keyboard 10; (2) favorite
      station selection through keyboard 15; and (3) up/down search through
      keyboard 17.
PAR  Consider now mode 1. A preset binary coded number is loaded into a counter
      14. The output of counter 14 is connected to a frequency comparator 30.
      Both counter 14 and comparator 30 are provided with inputs through a
      selector switch 31. Switch 31 at one input position leads from an AM
      voltage controlled oscillator 32. At a second input position, switch 31
      applies to the input of counter 14 and comparator 30 a signal derived from
      a mixer 33 by way of a frequency divider 34. One input of mixer 33 is
      supplied by way of a voltage controlled oscillator 35. The second input is
      supplied by way of a fixed frequency oscillator 36. Fixed frequency
      oscillator 36 is connected through a frequency divider 37 to the control
      input of counter 14.
PAR  The output of counter 14 comprises overflow pulses which are applied to
      comparator 30. The output of comparator 30 comprises three output channels
      41, 42 and 43. Channels 42 and 43 are connected by way of an OR gate 44 to
      the source of an FET 45 the output of which is connected by way of channel
      46 to lowpass filters 47 and 48 which serve to control oscillators 32 and
      35, respectively. Channel 41 is connected to the gate of FET 45 as well as
      to the gate of a second FET 50 and the gate of a third FET 51. The FET 50
      is included in a frequency lock loop involving oscillator 35 in which the
      output of oscillator 35 is applied by way of channel 52 to one input of a
      mixer 53. An FM input signal from an antenna is applied by way of channel
      54 to mixer 53. One output of mixer 53 is applied by way of channel 55 to
      a discriminator 56 whose output is connected to the source of FET 50 the
      drain of which is connected to the lowpass filter 48.
PAR  FET 51 is connected in a phase lock loop wherein the output of oscillator
      32 is applied by way of channel 57 to a first input of a phase detector
      58. The second input of phase detector 58 is applied by way of channel 59
      from an AM antenna. The output of the phase detector 58 is applied to the
      source of FET 51 the drain of which is connected by way of channel 60 to
      lowpass filter 47. The frequency lock loop of mixer 53 and the phase lock
      loop of phase detector 58 serve to lock the frequencies of the oscillators
      35 and 32, respectively, depending upon which one is to be employed. The
      frequency lock can be effective only when FET 50 or FET 51 is switched on.
      The AM or FM signal to be received is determined by the setting of switch
      31.
PAR  In FM operation, the code applied by way of channel 13 is compared with the
      number of cycles of the signal from the divider network 34 during each
      period of a 10 kHz pulse from divider 37. If the count exceeds the code,
      then a signal on channel 43 drives the oscillator frequency down. If the
      code exceeds the count, then a signal on channel 42 serves to drive the
      oscillator frequency up. If the count equals the code, then the frequency
      lock loop of mixer 53 is actuated. A similar sequence is followed in AM
      operations. Thus, the system shown in FIG. 1 provides for storing a
      digital code representative of the local oscillator frequency for
      receiving a selected channel. Thereafter, successive digital counts are
      generated each proportional to the number of cycles of the oscillator
      signal in each of a plurality of successive uniform sample intervals. The
      digital code and the digital count are compared to generate a first output
      signal when equal, a second output signal when the code exceeds a count,
      and a third output signal when the count exceeds the code. The oscillator
      frequency is varied in response to one of the second and third outputs to
      increase or decrease the frequency, respectively, and is locked at a given
      frequency in response to the first output signal.
PAR  The output from the oscillator 36 is employed as the time base for setting
      the count interval for counter 14. The frequency of oscillation of unit 36
      is so selected in relationship to the operation of oscillators 32 and 35
      that a relatively simple counting operation can be used for both FM and
      AM. More particularly, since the phase lock loop of oscillator 32 is such
      that the oscillator operates at the same frequency as the incoming signal,
      it will be desired to lock the frequency of oscillator 32 at each of the
      frequencies 540 kHz, 550 kHz, 560 kHz, . . . 1,600 kHz. Since the
      frequency from oscillator 36 is counted down by a factor of 16,000,
      frequency divider 37 provides output pulses at the rate of 10,000 per
      second. In operation, a code for a count of fifty-four may be applied
      through channel 13 in response to successive depression of the keys 5 and
      4 in keyboard 10. Thereafter, when the output of oscillator 32 is
      precisely at 540 kHz, the system will change to render FET 51 conductive
      and lock oscillator 32 at that frequency so that channel 1, i.e., at 540
      kHz, will be selected in the AM operation.
PAR  In FM operation, if the system is such that the IF frequency is at 73.5 MHz
      appearing at the output channel 55 of mixer 53, assume the first FM
      channel at 88.1 MHz is to be selected. Oscillator 35 will operate at 161.6
      MHz to produce a difference frequency of 73.5 MHz. If the oscillator 36
      operates at 160 MHz, the difference frequency appearing at the output of
      mixer 33 is 1.6 MHz. This frequency divided by frequency divider 34
      results in a signal applied through switch 31 of 80 kHz. Thus, there would
      be eight pulses appearing through switch 31 for each count interval
      controlled by the 10 Hz count from divider 37. If on FM the actuation in
      succession of keys 8, 8 and 1 in keyboard 10 causes the insertion into
      counter 14 of the code for the first FM channel. Thereafter, eight pulses
      through switch 31 will signal that the frequency of oscillator 35 is at
      the proper point on the frequency scale for receiving channel No. 1 at
      88.1 MHz. The transistor 50 is then actuated to render the AFC loop of
      mixer 53 operative.
PAR  With the foregoing general understanding of the operation of the invention,
      it will be seen that numbers representing the channels to be selected may
      be loaded into counter 14. Codes representing numbers 54 to 160 would be
      loaded for AM operation. The numbers 8 to 107 would be loaded in for FM
      operations. In the system now to be described in connection with FIGS. 2
      and 3, it should be kept in mind that the counter 14 in the specific
      embodiment here described is such that it has a (1) always preset therein
      so that the numbers loaded into the counter to actuation of the keyboard
      10 will start at 53 for the first AM channel and 7 for the first FM
      channel, rather than 54 and 8, respectively, as above noted.
PAR  Other than the foregoing, the units shown in the system arrangement of FIG.
      1 will be found in FIGS. 2 and 3. As shown in FIG. 2, the digitally coded
      data appearing on channel 13 to be loaded in counter 14 is represented by
      the settings of two banks of switches 13a and 13b.
PAR  Switches 13a and 13b are connected to the inputs of a synchronous up/down
      counter comprising units 14a and 14b having a preset count of (1) always
      loaded therein. The open or closed state of switches 13a and 13b serve to
      provide a preset count for the counters 14a and 14b coded to represent the
      frequency at which a voltage controlled oscillator is to operate. Switches
      13a open or closed serve to load false or true states, respectively, into
      the four bits of counter 14a. Similarly, switches 13b load the four most
      significant bits into counter 14b.
PAR  The particular count selected by actuation of keyboard 10 and represented
      by the states of the switches 13a and 13b is loaded into the counters 14a
      and 14b once every 0.0001 second.
PAR  Reset pulses for counters 14a and 14b appear on an output line 37a leading
      from the monostable multivibrator unit 37g. Divider 37 is supplied from an
      oscillator 36 of FIG. 3 by way of a first output channel 36a. Channel 36a
      leads to the input of a divide-by-sixteen unit 37b whose output is
      connected by way of a logic transition unit 37c to three tandem
      divide-by-10 units 37d, 37e and 37. The output of divider 37f is connected
      to a control unit 37g whose output channel 37a is connected to the load
      input terminals of the counters 14a and 14b.
PAR  The ripple output terminal of counter 14b is connected by way of channel
      14c to the clock input of a flip-flop 30a. The Q output of flip-flop 30a
      is connected to the D input terminal of a second flip-flop 30b. The set
      input terminals of flip-flops 30a and 30b are also connected to line 37a
      from unit 37g. The Q outputs of flip-flops 30a and 30b are connected to
      the D input terminals of flip-flops 30c and 30d, respectively. The Q
      output of flip-flop 30c represents the lines 42 and 43 of FIG. 1. The
      output of an AND gate 30e is the line 41 of FIG. 1, the inputs to AND gate
      30e being the Q output of flip-flop 30c and the Q output of flip-flop 30d.
PAR  Oscillator signals to be counted in counter 14 are supplied by the output
      of either the oscillator 32 or the oscillator 35. Oscillator 32 is
      connected to one input of a Schmitt trigger 100. The second input of
      Schmitt trigger 100 is an enable terminal which is connected to a switch
      101 which when closed grounds the enable terminal to force it false. When
      switch 101 is open, the enable input to unit 100 is true. In such case,
      the oscillator signal from oscillator 32 actuates the Schmitt trigger 100
      to apply pulses through a NOR gate 102 to the input of the counter unit
      14a as well as to the clock input terminal of flip-flop 30b.
PAR  The AM band extends from 540 kHz to 1,600 kHz with channel allocations
      occurring at 10 kHz intervals. The numbers set into the counters 14a, 14b
      by the states represented by switches 13a, 13b represents a count which is
      to be counted down by the pulses from NOR gate 102. The preset count from
      switches 13a, 13b is closed in to counter 14 once every 0.0001 second
      under the control of the pulses on channel 37a. If prior to the pulse on
      channel 37a a greater number of pulses than represented by the count from
      switches 13a, 13b have been transmitted from NOR gate 102, then there will
      be an overflow on channel 14c This will change the state of flip-flop 30a.
      Any further pulses from NOR gate 102 prior to the reset pulse on channel
      37a will change the state of flip-flop 30b. In such case, both the Q
      outputs are the same. As a result, the output Q of flip-flop 30c and the
      output Q of flip-flop 30d will be different. Thus, it will be indicated by
      a false output on line 41 that the signal from NOR gate 102 does not equal
      the frequency set in counter 14 by switches 13a, 13b. The state on the Q
      output of flip-flop 30c will be false indicating on channel 42, 43 that
      the frequency of oscillator 32 must be driven down in order to equal the
      frequency set by switches 13a, 13b.
PAR  If the number of pulses transmitted from NOR gate 102 prior to the reset
      pulse on channel 37a is less than the count represented by switches 13a,
      13b, then there will be a false output on channel 14c. As a result, both
      of the Q outputs of flip-flops 30a and 30b will be false. The Q output of
      flip-flop 30c will be false indicating that the frequency of the
      oscillator 32 must be driven down in order to equal the frequency
      indicated by the setting of switches 13a, 13b.
PAR  If the frequency of the oscillator 32 is exactly equal the frequency
      represented by the setting of switches 32a, 32b, then at the instant that
      the load pulse on channel 37a trips the flip-flops 30a and 30b, the Q
      outputs will be different, one true and one false, so that the Q output of
      flip-flop 30c and the Q output of flip-flop 30d will be true such that the
      output on line 41 will be true. In such case, the FET 45 is rendered
      nonconductive and control of the oscillator 32 is then transferred to a
      phase lock frequency control loop shown in FIG. 1.
PAR  A similar sequence of events takes place in order to lock in the frequency
      of the FM voltage controlled oscillator 35. As shown in FIG. 3, the
      voltage controlled oscillator 35 is connected by way of an amplifier 103
      to a first input of mixer 33. The second input of mixer 33 is supplied
      from oscillator 36 by way of channel 36b. The difference frequency between
      the signals in amplifier 103 and the signals from oscillator 36 then is
      applied by way of channel 33a to a divide-by-twenty unit 34 which is in
      two stages, a divide-by-ten stage 34a and a divide-by-two stage 34b. The
      output of stage 34b is applied by way of channel 105 to one input of a
      Schmitt trigger 106 the output of which is connected to a second input of
      NOR gate 102. The enable input of Schmitt trigger 106 is connected to the
      output of a NAND gate 107 both inputs of which are connected to switch
      101. When switch 101 is closed, both inputs of gate 107 are false and the
      output to the enable input of trigger 106 is true whereas the enable input
      of trigger 100 is false so that only the output of divider 34b will be
      applied through NOR gate 102 to the counter 14. In this embodiment the
      oscillator 36 is at a fixed frequency of 160 MHz. The local oscillator
      frequencies for the FM band, for example, extend from 161.6 MHz to 181.4
      MHz for an IF of 73.5 MHz. The divide-by-twenty unit 34 causes the
      frequency to appear on channel 105 over a frequency range of from 80 kHz
      to 1.07 MHz. The settings on switches 13a, 13b may then be selected
      through the keyboard 10 of FIG. 1 to select the desired FM channel.
PAR  In FIG. 3, line 41 is connected through a diode 110 to the input of an
      integrator 111. The output of integrator 111 is connected through an
      amplifier 112 and a Schmitt trigger 113 to the gate of FET 50. If the
      signal from oscillator 32 exactly equals the frequency set by the switches
      13a, 13b, then there will appear a series of pulses at the 10 kHz rate,
      i.e., at the rate of the pulses on channel 37a on channel 41. The latter
      pulses are integrated in integrator 111. When a selected threshold of the
      Schmitt trigger 113 is reached, the FET 50 is rendered conductive and, by
      way of NAND gate 114, the FET 45 is rendered nonconductive. This transfers
      control of the oscillator 32 or 35 to its appropriate local control loop.
PAR  So long as the correct frequency is not achieved, then a signal on line 42,
      43 is effective through diode 115, FIG. 3, and FET 45 to apply pulses to
      an integrator 116. Integrator 116 thus accumulates a voltage which is
      representative of the direction that the oscillator must be driven in
      order to approach the frequency set by switches 13a, 13b. This voltage is
      applied by way of channel 46 to the lowpass filter input terminal of the
      elements controlling oscillators 32 and 35. Thus, the control voltage on
      oscillators 32 or 35 will be driven up or down, depending upon the voltage
      on integrator 116.
PAR  From the foregoing it will be seen that the system of FIGS. 2 and 3
      accomplishes AM/FM digital tuning in conjunction with a receiver system.
      Upon selection of an FM station through keyboard 10, the resulting code is
      applied through bus 13 for storage in counter 14. The selected station
      number may be automatically displayed (by means not shown) but in any
      event the corresponding code number appears as a binary number in the
      counters 14a, 14b of FIG. 2. Counter 14 counts the frequency over the gate
      interval between pulses appearing on channel 37a derived from oscillator
      36. The counter then produces a signal on channel 14c if the frequency of
      oscillator 35 is proportionally greater than or equal to the count in
      counter 14. If the latter condition is true, then the state on channel 14c
      goes true. If the frequency is proportionally less than the number stored
      in counter 14, then the state of channel 14c remains false. If the
      oscillator frequency is proportionally equal to the number stored in the
      counter 14, then a signal is generated on channel 41 which transfers
      control of the frequency of oscillator 35 to a frequency lock loop such as
      shown in FIG. 1. Normal FM VCO frequencies must occur somewhere between
      161.6 MHz and 181.4 MHz for an IF operation at 73.5 MHz. Such frequencies
      are to be translated to a lower frequency usable in standard logic such as
      TTL. This is accomplished by using the reference oscillator 36 at 160 MHz
      and the mixer 33 with the output of mixer 33 occurring at frequencies over
      the range of from 1.6 MHz to 21.4 MHz. Divider 34 associated with mixer 33
      is constructed to divide the output thereof by a factor of (20) such that
      the output of divider 34 ranges from 80 kKz to 1.07 MHz. Upon entry of a
      station selection, counter 14 begins counting the FM VCO output frequency
      after it has been mixed down and divided. Counter 14 counts during known
      gate intervals controlled by the output of oscillator 36 counted down by a
      factor of 16,000 to a 10 kHz frequency. At the end of the first gate
      interval, a command is sent to increase or decrease the FM VCO oscillator
      35 with the VCO oscillator 35 until the frequency counter is satisfied
      that the VCO frequency and the number stored in counter 14 are compatible
      during the gate length. At that instant, detector 30 then sends a signal
      out of the frequency counter circuit and by way of channel 41 to switch
      the automatic frequency control circuit into the FM receiver for fine
      tuning control.
PAR  The AM digital tuning is similar to the FM tuning operation. The AM VCO 32
      operates at frequencies of received signals between 540 kHz and 1.6 MHz.
PAR  While only the manual tuning operation involving keyboard 10 has been
      described, it will be appreciated that use of the keyboard 15 and RAM 16
      and keyboard 17 may similarly be accommodated in the operations involving
      counter 14.
PAR  The FM demodulated signal that appears at the output of discriminator 55
      and may be applied by way of channel 200, FIG. 1, to the appropriate
      circuitry employed in receivers while handling the demodulated signal. In
      the AM section, a second phase detector 201 has its inputs connected to
      the output of oscillator 32 and its inputs connected to the output of a
      phase shift unit 202. The phase shift of 90.degree. permits the phase
      detector 201 to produce an output signal on channel 203 which is the
      demodulated AM signal to be used in succeeding portions of the receiver
      system.
PAR  The portions of the system involving the phase lock loop involving detector
      58 and the demodulating detector 201 may be as described in detail in
      copending application Ser. No. 498,493, filed Aug. 19, 1974, and entitled
      "A Phase Lock Loop AM/FM Receiver".
PAR  The portions of the system involving the AFC loop of mixer 53 in general
      are well known and have not been described in detail. They may be of the
      type shown in "Electronic and Radio Engineering" by Terman, McGraw-Hill,
      1955, page 953.
PAR  Thus, in accordance with the present invention, digital tuning for an RF
      system is provided. The system may be either a receiver or a transmitter
      wherein the local oscillator is employed in connection with
      modulation/demodulation operations.
PAR  A keyboard input means is provided to produce a digital code representative
      of the frequency at which the local oscillator is to operate in connection
      with transmitting or receiving on a given channel. A counter is provided
      to receive and store the code. A signal source of fixed low frequency,
      preferably a surface wave device controlled oscillator, is provided to
      apply reload pulses to reload the code in the counter as to define a train
      of fixed sample intervals. A variable frequency oscillator is connected to
      apply pulses to the counter at a rate so proportioned as to reduce the
      count in the counter to zero in any of the intervals during which the
      output frequency of the variable oscillator equals the frequency of the
      selected channel. Circuit means are provided to increase the frequency of
      the variable frequency oscillator when the code exceeds the count. The
      frequency of the variable frequency oscillator is descreased when the
      count exceeds the code.
PAR  A control loop is provided for the variable frequency oscillator. Means are
      then provided to transfer control of the variable frequency oscillator to
      the loop coincident with one of the reload pulses in response to a zero
      count in the counter at the end of any of the sample intervals.
PAR  If the fixed frequency oscillator is set to have an output of 160 MHz, it
      may then be divided down by a factor of 16,000 to provide input pulses at
      the rate of 10,000 reload pulses per second to the counter, thereby to set
      the sample intervals. Because of channel allocation at 10,000 kHz
      intervals in the AM broadcast band and of 200,000 kHz in the FM band,
      operation of the fixed frequency oscillator at 160 MHz provides a unique
      capability for tuning both in the FM and AM bands. In tuning in the FM
      band, the fixed frequency oscillator is mixed with the output of the
      variable frequency oscillator and the difference frequency output is
      divided down by a factor of 20. As a result, the channel number in the FM
      band may be coded into the counter. The pulses then applied to the counter
      will bear an integer relationship to the frequency of the selected
      channel, i.e., for channel 1 in the example earlier given herein, there
      will be 8 pulses applied to the counter during an interval of 1/10,000
      second. If the AM channel selected is at 540 kilocycles, the phase lock
      loop will cause the AM local oscillator to operate as to apply fifty-four
      pulses to the counter during 1/10,000 second. Thus, in both cases the
      oscillator outputs at the desired frequency bear an integer relationship
      to the channel code over the sample interval.
PAR  In either the AM or FM operation of a receiver, temporary failure of the
      received signal will cause loss of control in the frequency control loop.
      In the present system, there occurs immediate transfer of control of the
      local oscillator frequency back to the tuning network so that the local
      oscillator frequency will be repeatedly reset to the point in the
      frequency band dictated by the code loaded into the counter. This action
      will continue until the lock loop again becomes operative.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A digital tuning system which comprises:
PA1  a. means to store a received digital code representative of the frequency
      of a selected broadcast channel,
PA1  b. variable frequency oscillator means,
PA1  c. means receiving the output of said variable frequency oscillator and
      generating a digital count representative of the frequency of said
      variable frequency oscillator,
PA1  d. means receiving said digital code from said storage means and said
      digital count and producing a first signal when the frequency of said
      variable frequency oscillator is less than the frequency represented by
      said digital code, a second signal when the frequency of said variable
      frequency oscillator is greater than the frequency represented by said
      digital code and a third signal when the frequency of said variable
      frequency oscillator is equaled to the frequency represented by said
      digital code,
PA1  e. means receiving said first and second signals and varying the frequency
      of said variable frequency oscillator toward the frequency of said
      selected channel in response thereto, and
PA1  f. means receiving said third signal and applying to said variable
      frequency oscillator a signal independent of said digital count causing
      said variable frequency oscillator to maintain an output frequency equal
      to the frequency of said selected channel.
NUM  2.
PAR  2. The combination of claim 1 wherein said independent signal is produced
      from a lock loop including said variable frequency oscillator and a mixer
      receiving signals from said variable frequency oscillator and from an
      antenna.
NUM  3.
PAR  3. The combination of claim 2 wherein said lock loop is a frequency lock
      loop and includes a discriminator.
NUM  4.
PAR  4. The combination of claim 2 wherein said lock loop is a phase lock loop
      and includes a phase detector.
NUM  5.
PAR  5. The combination of claim 1 wherein said means to generate a digital
      count generates successive digital counts in successive uniform sample
      intervals.
NUM  6.
PAR  6. The combination of claim 1 which further comprises a fixed frequency
      oscillator the output of which is applied to said means to generate a
      digital count to cause said means to generate a plurality of successive
      digital counts over successive uniform sample intervals set by the
      frequency of said frequency oscillator.
NUM  7.
PAR  7. In tuning an RF unit having a local oscillator, the method comprising:
PA1  a. storing a digital code representative of the frequency of a selected
      channel,
PA1  b. generating successive digital counts each proportional to the number of
      cycles of said oscillator signal in each of a plurality of successive
      uniform sample intervals,
PA1  c. comparing said digital code and each of said digital counts to generate
      a first output when said count and said code are equal, a second output
      when said code exceeds said count, and a third output when said count
      exceeds said code,
PA1  d. varying the frequency of said oscillator in response to one of said
      second and third outputs to increase or decrease said oscillator frequency
      until said first output is produced, and
PA1  e. switching control of said oscillator to a signal representative of a
      received RF signal in response to the production of said first output
      signal.
NUM  8.
PAR  8. The method set forth in claim 7 in which said second and third outputs
      comprise pulses, respectively, of opposite polarities occurring at said
      sample intervals and wherein said pulses are integrated to change the
      frequency of said local oscillator signal in direction to produce said
      first output.
NUM  9.
PAR  9. The method set forth in claim 7 in which said RF unit is a radio
      receiver and in which the frequency of said local oscillator signal is
      divided down to a frequency bearing an integer relation to the assigned
      channel spacings over a given broadcast band in which said receiver
      operates.
NUM  10.
PAR  10. In tuning an RF unit having a local oscillator, the method comprising:
PA1  a. storing a digital code representative of the frequency of a selected
      channel,
PA1  b. periodically generating successive digital counts each proportional to
      the number of cycles of said local oscillator signal in successive uniform
      sample intervals,
PA1  c. controlling the frequency of said oscillator by first signals
      representative of a comparison of said digital count and said code to
      drive the frequency of said oscillator toward the frequency of said
      selected channel, and
PA1  d. switching control of said oscillator to a signal representative of a
      received frequency in said selected channel in response to a different
      signal representative of said comparison indicating the frequency of said
      oscillator is substantially equal to the frequency of said selected
      channel.
NUM  11.
PAR  11. The method of claim 7 in which the control of the frequency of said
      oscillator is returned to said first signals when the frequency of said
      oscillator deviates from the frequency of said selected channel.
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ABST
PAL  A multiband tuner control system, particularly adapted for television
      receivers, utilizes, a three-band varactor VHF tuner. The bands include
      low and high band VHF signals and a third band of signals obtained from
      the UHF signals following a first conversion to a third VHF frequency
      band. This third band is selectively switched to the tuner under the
      control of channel selection switches. The channel selection switches also
      cause the conversion of UHF signals to the VHF band to be effected by
      mixing the UHF signals with a different fixed frequency local oscillator
      signal in the first converter for each different decade of channels of the
      UHF signal. The channel selection switches automatically cause this to
      happen and also select a proper tuning potentiometer associated with the
      selected UHF or VHF band directly in accordance with the two-digit channel
      number. The switching of the bands of the tuner is effected automatically
      by the channel selection switches, as is the switching between the VHF
      input signals and the converted UHF signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  For many years, mechanical turret tuners have been commonly employed in
      television receivers to select the VHF channels and a second rotary or
      continuous tuner has been used to select the UHF channels. For most
      television receivers, this requires two different channel selection knobs;
      and the tuners themselves are relatively bulky and require a relatively
      large amount of space within the television receiver cabinet. Because of
      the nature of these tuners, it also is necessary to locate them directly
      behind the front level panel of the receiver, which imposes significant
      restrictions on the cabinet design and the arrangement of parts within the
      cabinet, reducing the flexibility of design which would be possible if
      such tuners could be eliminated.
PAR  Some mechanical tuners are equipped with programmable switches to permit
      them to be used to select either a UHF or a VHF channel at a tuner
      position by programming the tuner for the local area where the television
      receiver is to be used. The disadvantages of the cumbersome mechanical
      tuners, however, are not overcome. Instead, the tuner is made even more
      complicated by such an arrangement.
PAR  It is desirable, and in the U.S. it is becoming necessary, to effect
      selection of the UHF and VHF channels in a comparable manner. When such
      tuning compatibility is imposed, significant problems are encountered in
      providing a mechanical turret-type tuner having detented positions for all
      of the possible UHF channels which must be accommodated for television
      receivers capable of operating in any given locality in which the receiver
      is capable of receiving transmitted television signals. UHF turret tuners
      with detent tuning selection for each of the 70 possible UHF channels are
      difficult and expensive to manufacture, and even the display of all of the
      UHF channel numbers in a manner which is compatible with the display for
      the much smaller number of VHF channels is difficult to accomplish.
PAR  The introduction of voltage-variable capacitor or varactor tuners for the
      VHF and UHF bands to which a television receiver can be tuned has opened
      the way for electronic tuning of television receivers. This replaces the
      cumbersome mechanical turret tuners and allows greater flexibility in the
      design of the channel selection panel and in the location of tuner parts
      within the receiver cabinet. Even so, if the receiver is to be made
      capable of individual selection of any one of the 70 UHF channels in
      addition to the VHF channels, it has been necessary to provide a large
      number of individual tuning components. For example, in many prior art
      electronic tuner control circuits, it has been necessary to provide a
      separate tuning potentiometer for each of the 70 UHF channels if full
      capability of UHF channel selection is desired. This results in a
      relatively expensive tuner configuration requiring a large number of
      parts.
PAR  As a compromise, the number of UHF channels to which any individual
      receiver can be tuned generally is reduced to a number comparable to the
      number of VHF channels. Then, when the receiver is placed in operation in
      a given locality, the UHF channels in that locality are tuned by selected
      ones of the available UHF potentiometers. A number or some other indicia
      is placed on the display portion of the tuner control panel to indicate
      the number of the particular UHF channel which thereafter is to be
      selected at that position by the tuner control. Of course, if the receiver
      later is moved to another locality, this necessitates retuning of the UHF
      channels and also means that a change in the indicia on the tuner control
      panel must be made. This clearly is not an optimum solution to providing
      compatible tuning of UHF and VHF channels.
PAR  It is desirable to provide a television tuning control system which is
      capable of tuning to any channel which the receiver can receive with equal
      ease of selection of VHF or UHF channels. In addition, it is desirable to
      provide a tuner control system which uses a minimum number of parts and
      which does not require re-programming when the receiver is moved from one
      locality to another.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide an improved tuner
      control system.
PAR  It is another object of this invention to provide an improved electronic
      tuner control system.
PAR  It is an additional object of this invention to provide an improved tuner
      control system for a multiband receiver such as a television receiver.
PAR  It is still another object of this invention to provide a tuner control
      system for a television receiver which is capable of tuning to any channel
      in the VHF and UHF bands by directly selecting the channel number.
PAR  It is a further object of this invention to minimize the number of
      components required to provide full tuning capability for a television
      receiver having comparable channel selection for all of the VHF and UHF
      channels to which the receiver can be tuned.
PAR  In accordance with a preferred embodiment of this invention, a tuning
      control system for a multiband receiver, particularly useful with a
      television receiver, includes a first mixer circuit to which input signals
      of one of the bands are applied. A variable frequency oscillator responds
      to a control input signal to supply signals to the first mixer circuit at
      one of a number of different frequencies, each having a predetermined
      relationship with a predetermined portion of the frequencies of the
      signals in the one of the frequency bands which are applied to the first
      mixer circuit. A switching circuit is provided with first and second
      inputs which are selectively coupled with its output. One of the inputs is
      connected with the output of the first mixer and the other input of the
      switching circuit is supplied with signals in at least one of the other
      frequency bands which the receiver is capable of receiving. A tuner
      circuit controllable for tuning the receiver to different received signals
      then receives the input signals from the output of the switching circuit,
      and a selection circuit for selecting stations within any of the frequency
      bands is provided. The selection circuit has a number of settings, some of
      which are coupled with the control input of the variable frequency
      oscillator circuit to select the oscillator output frequency which
      corresponds to the predetermined portion of the frequencies in the one
      frequency band applied to the first mixer in which the desired station
      frequency is located. The selection circuit also controls the operation of
      the switching circuit to couple one or the other of the first and second
      inputs with the output; and finally, the selection circuit operates to
      control the tuner circuit in accordance with the setting of the selection
      circuit to select the particular station to which the receiver is being
      tuned.
PAR  In a more specific embodiment of the invention, the selection circuit
      comprises a pair of switch banks, one of which is used to select the tens
      digit of a television station channel number and the other of which is
      used to select the units digit. The direct selection of these two digits
      affects the necessary control of the variable frequency oscillator, the
      switching circuit, and control of the tuner circuit to tune the receiver
      to the channel selected by the two digits represented by the channel
      selection switches.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram, in block form of a preferred embodiment of
      the invention used with a television receiver;
PAR  FIGS. 2 and 3 are charts showing frequency relationships useful in
      explaining the operation of the circuit of FIG. 1;
PAR  FIG. 4 is a schematic diagram, partially in block form, showing additional
      details of a portion of the circuit of FIG. 1; and
PAR  FIG. 5 is a schematic diagram of the channel selector used in the circuits
      of FIGS. 1 and 4.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, there is shown a block diagram of a tuner control
      system which is uniquely capable of tuning to any one of the VHF and UHF
      channels transmitted by television transmitting stations by direct
      selection of the channel number in a channel selector.
PAR  VHF signals are received on an antenna 9 and are applied to a switching
      circuit or switch 10, which in one of its positions applies the received
      VHF signals from the output of the switch 10 to the input of a three-band
      varactor VHF tuner 11. The tuner 11 comprises tuning sections for handling
      the low-band VHF and high-band VHF in a conventional manner. In addition,
      the tuner 11 is modified for a third VHF band which is used to accommodate
      a UHF IF band generated for the UHF channels. The manner in which this is
      done is described subsequently in conjunction with the description of FIG.
      4.
PAR  The tuner 11 provides the properly tuned IF output signals to the signal
      processing stages 13 of a conventional black and white or color television
      receiver, which in turn applies the signals to a cathode ray tube 14 for
      reproduction of the video images. The signal processing stages of the
      television receiver 13 also include the necessary processing circuitry and
      loud speaker for reproduction of the sound which accompanies the video
      signals reproduced on the cathode ray tube 14.
PAR  UHF signals for the television receiver are received on a UHF antenna 16
      and are applied through a first bandpass filter 17 to a first input of a
      balanced mixer 19. The bandpass filter 17 has a pass band of 470 to 895
      megahertz; so that it is capable of passing all of the signals in the UHF
      frequency band. A channel selector 20 is operated to directly select any
      one of the VHF or UHF channels. When a VHF channel is selected, a control
      output is applied by the channel selector on a control lead 21 to the
      switch 10 to couple the signals received on the VHF antenna to the input
      of the tuner 11. Whenever the channel selector 20 is operated to select
      any UHF channel, the control signal on the lead 21 causes the switch 10 to
      open the circuit from the VHF antenna 9 and to connect the output of the
      switch with an input obtained over a lead 23 from the output of a UHF
      bandpass filter 24 supplied with signals from the output of the balanced
      mixer 19. The bandpass filter 24 has a pass band of  220 to 280 megahertz,
      which is capable of accommodating 10 UHF channels spaced 6 megahertz apart
      in accordance with the standard U.S. television channel frequencies.
PAR  To select a particular UHF channel, the channel selector also controls a
      switchable oscillator circuit 26, which produces one of eight different
      fixed oscillator frequencies in accordance with each setting of the
      channel selector 20 for UHF channels. These eight frequencies are selected
      to have a unique relationship with the center frequency of each decade of
      channel frequencies in the UHF frequency band. This means that there is
      one oscillator frequency from the switchable oscillator circuit 26 for the
      UHF channels up to channel 19, a second oscillator frequency for the UHF
      channels 20 through 29, a third frequency for UHF channels from 30 to 39,
      etc., with the eighth frequency from the circuit 26 selected to uniquely
      correspond with the UHF channels 80 to 83. The frequencies selected are
      such that the output of the bandpass filter 24 includes signals between
      220 and 280 megahertz corresponding to whichever one of the eight decades
      of channels in the UHF frequency band have been selected by the channel
      selector.
PAR  The channel selector 20 also supplies band switching signals, indicated as
      applied over a lead 27 to the tuner 11 to switch it for operation to the
      proper one of the low-band VHF, high-band VHF, or the new UHF IF band
      appearing on the output of the filter 24. In addition, the channel
      selector 20 operates a tuning potentiometer network 29 to cause that
      network to produce a tuning voltage uniquely selected to correspond
      directly to the VHF channel or to the particular one of the ten channels
      in the selected UHF decade, which has been selected by the channel
      selector 20. The unique tuning voltage for the selected channel is applied
      over an output lead 30 to the varactor tuner 11. This tuning voltage tunes
      the tuner 11 to the selected channel to produce the properly tuned IF
      signal to the signal processing stages 13 of the receiver.
PAR  FIGS. 2 and 3 illustrate the relationships between the oscillator output
      frequencies of the switchable oscillator 26 with the UHF frequency band
      broken down into the UHF decades, 1 through 8, corresponding respectively
      to the UHF channels 14 to 19 for decade 1, 20 to 29 for decade 2, etc. In
      FIG. 2, the frequencies produced by the switchable oscillator 26 are shown
      across the bottom of the chart. These range from a low frequency of 727
      megahertz for the tens decade of the UHF band to a high frequency of 1147
      megahertz for the 80's decade of the UHF band, corresponding to channel
      numbers 80 and above. The corresponding frequencies for the other decades
      also are shown in FIG. 2.
PAR  Each decade of the UHF band in FIG. 2 is marked with the corresponding
      number having a circle drawn around it. In addition, the division
      frequencies for the different decades also are indicated. These correspond
      to the standard U.S. television channel frequencies, for example, 506
      megahertz marks the dividing line between the upper frequency of the band
      for channel 19 and the lower frequency for channel 20. Similarly, 626
      megahertz marks the line between the upper frequency for the band for
      channel 39 and the lowest frequency for the band for channel 40. This is
      true of each of the dividing line frequencies which are illustrated in
      FIG. 2 for separating the UHF band decades from one another.
PAR  The 10 decade does not include a full 60 megahertz bandwidth since channel
      14 is the lowest UHF channel; so that there are not ten channels in this
      decade. Similarly, it is not necessary for the uppermost frequency of the
      UHF band to reach 60 megahertz above the 866 megahertz which is the
      dividing line between the seventh and eighth decades, because channel 83
      is the highest numbered channel. Thus, the UHF band extends only to 895
      megahertz. All of the other decades within the UHF band, however, are a
      full 60 megahertz wide, indicative of ten channels, each spaced 6
      megahertz apart.
PAR  An illustration of the manner in which the received UHF frequencies are
      converted to new UHF IF frequencies is best understood in conjunction with
      the frequency relationships which are shown in both FIGS. 2 and 3. Assume
      the selector 20 sets the frequency of the oscillator 26 for the 20's UHF
      channel decade. As stated previously, the oscillator frequency for the
      20's decade of the UHF band is 787 megahertz. The standard center
      frequency for channel 20 is 509 megahertz. Thus, the output of the
      balanced mixer 19 passed by the bandpass filter 24, for the condition when
      the oscillator output is 787 megahertz and a UHF station is transmitting
      on channel 20 is 278 megahertz. Similarly, for channel 29, at the high end
      of this same decade, the channel center frequency is 563 megahertz. When
      this is mixed with the 20's decade oscillator frequency of 787 megahertz,
      the output of the mixer 19, passed by the bandpass filter 24, is 224
      megahertz. A similar set of conditions exists for each of the other UHF
      channel decades.
PAR  The lowest frequency passed by the bandpass filter 24 corresponds to the
      highest channel number in each decade and the highest frequency passed by
      the filter 24 corresponds to the lowest frequency in each UHF decade. The
      frequencies for each of the ten channels in each decade are 6 megahertz
      apart and are centered within the correspondingly numbered channel
      frequency ranges within each decade as indicated in FIG. 3.
PAR  In the example given for the 20's decade for tuning to channel 20, the
      converted UHF IF frequency of 278 megahertz falls in the UHF IF band in
      the "zero" slot between 274 and 280 megahertz. A similar result is
      obtained for a selection of any of the zero channels in each decade, such
      as channels 30, 40, etc. Whenever one of those channels is selected, the
      output frequency from the filter 24 is 278 megahertz.
PAR  At the other end of the UHF IF band is the 9th channel in each of the
      decades. For example, for channel 29, the output frequency of the bandpass
      filter 24 is 224 megahertz as described previously. This falls in the
      range 220 to 226 megahertz which is illustrated in FIG. 3. This is true
      for the ninth channel in each of the decades. Corresponding relationships
      are present for each of the other channels within each of the decades. For
      example, channel 5 of each decade (such as channels 25, 35, 45, etc.),
      lies in the frequency band 244 to 250 megahertz shown in FIG. 3.
PAR  Unlike the VHF bands, the UHF IF band requires an oscillator in the tuner
      11 which is on the low side of the RF frequency at the output of the
      bandpass filter 24 to prevent double inversion of the carrier frequency.
      The UHF oscillator in the tuner section 11 covers a frequency range from
      180 megahertz to 232 megahertz and ten pre-set voltages can be switched to
      select the desired channel within each decade selected by the output
      frequency of the oscillator 26.
PAR  Referring now to FIG. 4, there is shown a more detailed circuit diagram of
      the channel selection and tuner section of the circuit shown in FIG. 1.
      The same reference numbers are used in FIGS. 1 and 4 for the same or
      similar components. The signals from the UHF IF filter 24 are applied
      through a conventional IF and FM trap filter 40 to a first input terminal
      41 of the switch circuit 10, which is illustrated as a voltage controlled
      switch. Similarly, the VHF signals appearing on the antenna 9 are applied
      through an IF and FM trap filter 43 to a second input terminal 44 of the
      voltage controlled switch 10. The switch 10 operates as a single-pole,
      single-throw switch and is shown connecting its output with the VHF input
      terminal 44. The particular one of the terminals 41 or 44 to which the
      switch output is connected, however, is effected by the channel selector
      circuit 20 in accordance with a control voltage applied over the lead 21.
      The specific configuration of the switch 10 can be any conventional
      voltage controlled analog switch. The details are not important to an
      understanding of the operation of this system.
PAR  The output of the voltage controlled switch 10 then is applied to RF signal
      processing stages 46, which comprise a part of the three-band VHF tuner 11
      described previously in conjunction with FIG. 1. The RF stages 46 of the
      tuner are tuned by a varactor diode tuning circuit in accordance with the
      tuning voltage applied on the lead 30 from the Potentiometer network 29.
      In the RF states 46, a typical varactor tuned circuit is illustrated.
      Instead of using a conventional two-section tuned circuit for covering
      only the two VHF bands, however, the tuned circuit has been modified by
      adding a third coil and switching diode to accommodate the new UHF IF band
      also. The manner in which the response of the tuned circuit is modified by
      the application of a switching voltage over an appropriate lead from the
      channel selector 20 through switching diodes to the coils is the same as
      previously employed in conventional two-band VHF tuners.
PAR  Three coils, 52, 50, and 48 are in series when the tuned circuit in the RF
      stage 46 corresponds to the lowband VHF. When a switching voltage is
      applied to the diode 49, indicative of selection of a high-band VHF
      station by the channel selector 20, the coil 48 is shorted to ground by
      the diode 49, effectively reducing the total inductance of the tuned
      circuit of the RF stage 46. Finally, if a VHF channel is selected, a
      voltage is applied to a switching diode 51 which shorts coils 50 and 48 to
      ground, effectively reducing the inductance in the tuned circuit further
      to tune for the UHF IF band. The output of the mixer 54 then is the
      desired IF output which is supplied to the receiver signal processing
      stages 13 shown in FIG. 1.
PAR  The channel selector 20, as stated previously, selects the desired
      potentiometer in the potentiometer network 29 for applying the desired
      tuning voltage on the output lead 30. In addition to being applied to the
      RF stages 46 of the tuner, the tuning voltage on the lead 30 also is
      applied to a VHF oscillator section 56 and a UHF IF band oscillator 57 to
      tune those oscillators. Whenever either a low-band VHF or a high-band VHF
      channel is selected, an input is applied over a lead 59 to the VHF
      oscillator 56 to render it operative. An isolating diode 61 prevents the
      enabling potential for the VHF oscillator when a low-band VHF channel is
      selected from being applied through the switching diode 49 in the RF stage
      46 of the tuner.
PAR  Whenever a UHF channel is selected, an enabling potential is applied to the
      UHF oscillator 57, as well as through the diode 51 to the RF stages 46, to
      enable the oscillator 57. Selection of a UHF channel is such that no
      enabling potential is applied to the oscillator 56; so that only one or
      the other of the oscillators 56 or 57 is effective at any time to apply a
      local oscillator input to the mixer 54.
PAR  Referring now to FIG. 5, there is shown a detailed schematic diagram of one
      form of a channel selector and potentiometer network which can be used in
      the circuits shown in FIGS. 1 and 4.
PAR  In FIG. 5, the channel selector is illustrated as including two
      interconnected multi-bank or multi-deck rotary wafer switches. This
      configuration of switches, however, is merely for purposes of illustration
      and other types of switching arrangements can be employed equally as well.
      For example, push-button switch configurations with multiple contacts or
      various types of electronic switching arrangements can be used. The
      multi-bank wafer switch readily lends itself to illustrating the features
      of the system, however, and for that reason it has been selected. The
      first switch 70 selects the first digit of the channel number, that is,
      the 10's digit. The second switch 80 is used to select the units digits of
      the switch. The switch 70 is a three-bank switch, while the switch 80 is
      illustrated as a five-bank switch.
PAR  Reference first is made to the first switch 70. This switch includes three
      banks, each having 9 fixed positions which are labeled in FIG. 5 as "0"
      through "8", respectively. These positions directly correspond to the
      first number (10's digit) of the selected channel. When the ganged
      moveable switch contacts of the three banks of the switch 80 are placed in
      the 0 position, this means that no UHF channels are selected, and only
      those VHF channels up to channel 9 are being selected by the channel
      selector switches.
PAR  The movable contact or wiper of the bank 71 is connected to the UHF
      oscillator 26 which, for the purposes of the discussion to follow, is a
      voltage controlled oscillator capable of being tuned to the various
      frequencies illustrated in FIG. 2. Of course, other forms of switched
      fixed frequency oscillators could be used, the most appropriate of which
      probably would comprise 8 crystal oscillators, each operating at a
      different frequency and capable of being switched into operation in
      accordance with the position of the wiper of bank 71 of the switch 70. A
      voltage controlled oscillator is presently more practical commercially
      than 8 separate crystal oscillators or a crystal oscillator frequency
      synthesizer combination.
PAR  Each of the positions of the switch bank 71, corresponding to switched
      positions 1 through 8, are connected to a different one of the taps of 8
      different potentiometers of an oscillator control potentiometer bank 73.
      Each potentiometer is set to apply a different tuning voltage to the
      corresponding fixed input of the bank 71 of the switch and this voltage in
      turn is applied through the movable contact of the switch bank 71 to the
      oscillator 26 to control its frequency. In position 0 no voltage is
      applied from the movable contact to the oscillator since this position is
      used for VHF channels 2 through 9 only. But for each of the other
      positions, a unique tuning voltage corresponding to the particular decade
      of the UHF band channels being selected is applied to the oscillator 26.
      The switch 70 is shown with the movable contact of the bank 71 at position
      1, corresponding to the UHF decade including channels 14 to 19 and also
      used to select VHF channels 10 through 13. In this position, the tap of
      the potentiometer used to tune the oscillator 26 to the lowest UHF decade
      is coupled through the switch bank 71 at position 1 to the control input
      of the UHF oscillator 26 (FIG. 1). A corresponding different output
      voltage is obtained from the bank 71 for each of the other different
      positions to which the switch 70 can be rotated.
PAR  The second bank 72, of the switch 70, is the bank which applies the tuning
      voltage from the tuning potentiometer network to the lead 30. Three
      different connections are effected between the lead 30, coupled to the
      movable contact of the bank 72, and the inputs to the fixed positions of
      the bank 72. These will be described subsequently in conjunction with the
      manner in which they interrelate with the different banks of the second
      switch 80 used to select the second digit of the desired channel number.
PAR  The third bank 73 of the switch 70 has a 20 volt DC supply applied to its
      movable contact at a terminal 74 from a suitable source (not shown). The
      bank 73 supplies the operating potentials for the oscillators 56 and 57,
      shown in FIG. 4, and applies the band switching potentials to the RF
      stages 46, also shown in FIG. 4. In addition, the output of the bank 73
      applies operating potential to the voltage controlled switch 10 to effect
      its operation between the VHF and UHF IF inputs on the terminals 41 and
      44, shown in FIG. 4. The manner in which the switch bank 73 operates is
      described subsequently in conjunction with the interconnections between it
      and corresponding banks of the switch 80.
PAR  The units digit switch 80 includes five banks 81, 82, 83, 84 and 85,
      respectively. Each of these banks is a 10-position bank, and the positions
      are numbered from 0 through 9 to correspond directly to the second digit
      of the selected channel number. It should be noted that the switches 70
      and 80 can include or be connected directly to a channel indicator of any
      suitable type. The channel number directly corresponds to the switch
      positions which are selected by the movable contacts of the switches 70
      and 80. By manipulating the switches 70 and 80 to the desired channel
      number, all of the subsequent tuning operations automatically take place
      to cause the tuner control circuit to tune the receiver to any VHF or UHF
      channel selected by the channel number. No other switches need to be
      operated, and the channel number read-out directly controls the proper
      tuning of the receiver.
PAR  The bank 81 of the units switch 80 is used primarily to select one of ten
      UHF potentiometers in a group 87 used to tune to each of the ten channels
      which are possible within each UHF decade. There is one potentiometer
      associated with the units digit 0 for all of the UHF decades, for example,
      the units digit for channels 20, 30, 40, etc. Similarly, there is one
      potentiometer in the potentiometer group 87 for each of the other units
      digits of the UHF channels in each UHF decade to which the receiver can be
      tuned. Only one potentiometer needs to be associated with each of these
      positions. For example, potentiometer 4 in the potentiometer group 87
      corresponds to the UHF units digit 4 which appears, for example, in
      channel numbers 14, 24, 34, 54, etc. up to 74. This potentiometer is
      selected to provide the tuning voltage whenever any UHF channel having a
      units digit ending in 4 is selected. This is true of each of the ten
      potentiometers in the UHF potentiometer group 87. Each of these
      potentiometers has its tap connected to a corresponding fixed input of the
      bank 81 of the switch 80. As shown in FIG. 5, the ganged movable contacts
      of the banks 81 through 85 of the switch 80 are rotated to the "3"
      position indicative of a units digit 3 in the selected channel number.
PAR  The bank 82 of the switch 80 is required since some VHF channels also are
      included in the tens decade used for UHF channels 14 to 19. These VHF
      channels are channels 10, 11, 12 and 13. This switch bank 82 has four
      potentiometers in a potentiometer group 88 for providing the tuning
      voltages for these four VHF channels. The movable contact of the bank 82
      is connected to the fixed contact at position 1 of the bank 72 in the
      switch 70. The VHF potentiometers for channels 10, 11, 12 and 13 are
      connected, respectively, to the 0, 1, 2 and 3 fixed input positions of the
      bank 82. Thus, any time one of these four VHF channels is selected when
      the switch 70 is turned to its "1" position, as shown in FIG. 5, the
      selected potentiometer tuning voltage from one of the potentiometers in
      the potentiometer group 88 is applied through the movable contact of the
      bank 82 to the fixed contact at position 1 of the bank 72. The tuning
      voltage then goes from the movable contact of the bank 72 to the lead 70.
PAR  The fixed contacts 4 through 9 of the banks 81 and 82 are interconnected.
      Thus, for channels 14 through 19 the UHF potentiometer voltage is selected
      by the bank 81 and is applied to the same numbered positions 4 through 9
      of the bank 82 as well as to the corresponding positions of the bank 81.
      If any UHF channel 14 through 19 is selected, however, the bank 81 is
      ineffective to supply the tuning voltage to the bank 72; but the tuning
      voltage is applied through the movable contact of the bank 82.
PAR  For UHF channels 20 and above, the movable contact of the bank 72 connects
      any one of the fixed positions 2 through 8 of that contact. All of these
      are interconnected to the movable contact of the bank 81 of the switch 80.
      As a result, at each position of the switch bank 81, the selected one of
      the 10 UHF potentiometer voltages is applied directly to the common
      connection of the fixed contacts 2 through 8 of the switch bank 72 and
      from there through the movable contact of that bank to the tuning voltage
      lead 30.
PAR  For VHF channels 2 through 9 the switch 70 is moved to its 0 position. In
      this position the movable contact of the bank 83 of the switch 80 is
      connected through the movable contact of the bank 72 to the tuning voltage
      lead 30. A VHF potentiometer group 89 includes 8 potentiometers "2"
      through "9" which supply the tuning voltages for channels 2 through 9
      inclusive. These potentiometers are connected to the fixed contact points
      2 through 9 on the bank 83. Contact points 0 and 1 on that bank are left
      open. Thus, any time any one of the VHF channels 2 through 9 is selected,
      the tuning voltage from the selected channel is applied through the 0
      fixed input and the movable contact of the bank 72 of the switch 70 to the
      tuning voltage output lead 30.
PAR  It can readily be seen that this combination and interconnection of the
      banks of the switches 70 and 80 with the tuning potentiometers in the
      groups 87, 88 and 89 permits tuning of the television receiver to any one
      of the VHF channels and to any of the 70 UHF channels automatically and
      directly merely by selection of the desired channel number on the two
      switches 70 and 80. Only ten UHF potentiometers are necessary to supply
      all of the tuning voltages for the UHF channels. If a voltage controlled
      oscillator is used for the oscillator 26, an additional eight
      potentiometers are required (group 73) to complete the UHF tuning of the
      receiver, making a total of 18 potentiometers for all 70 UHF channels.
      This, however, is far less than the 70 potentiometers which normally are
      required to permit factory programmed electronic tuning of a television
      receiver to any UHF channel which the receiver may be capable of
      receiving.
PAR  Banks 84 and 85 of the units switch 80 in conjunction with bank 73 of the
      10's switch 70 operate to effect the band switching operation of the tuner
      11 and also to control the switching of the voltage controlled switch 10
      shown in FIGS. 1 and 4. For the low VHF band channels, the tens switch 70
      is in its 0 position. This couples the 20 volts DC on the terminal 74
      through the movable contact of the bank 73 to the movable contact of the
      bank 84 in the switch 80. In the switch 80, the fixed contact points 0 and
      1 are open-circuited since there are no lowband VHF channels corresponding
      to these positions. Fixed positions 2 through 6, however, are
      interconnected to a common low-band VHF output lead 59 (shown also in FIG.
      4). Thus, if any of the VHF channels 2 through 6 are selected, a positive
      potential appears on the lead 59.
PAR  Similarly, fixed contact points 7, 8 and 9 on the bank 84 interconnected to
      a common output which is the VHF high-band output (also shown in FIG. 4).
      As a consequence, when any one of the VHF channels 7, 8 or 9 is selected,
      a positive potential appears on this VHF highband output.
PAR  If one of the VHF high-band channels 10, 11, 12 or 13 is selected the tens
      digit switch 70 is moved to its position 1 interconnecting the movable
      contact of the bank 73 with the movable contact of the bank 85. This then
      removes the potential applied to the movable contact of the bank 84,
      disabling that bank from any further operation. The movable contact of the
      bank 85, however, is provided with a positive potential in this position.
      The fixed contacts 0, 1, 2 and 3 are interconnected in common to the
      high-band VHF output terminal along with the outputs for fixed points 7, 8
      and 9 from the bank 84. Thus, if any one of channels 10, 11, 12 or 13 is
      selected a positive potential appears on the high-band VHF output lead
      from the switch 80.
PAR  Now assume that a UHF channel 14 through 19 is selected. The movable
      contact of the switch bank 73 remains connected to fixed contact 1 as
      shown in FIG. 5. The movable contact for the bank 85, however, makes
      connection with one of the fixed contacts 4 through 9 of the bank 85. All
      of these contacts are connected in common to an output lead 91 to apply a
      positive enabling potential to the UHF IF oscillator output to enable the
      UHF IF oscillator 57 shown in FIG. 4. At the same time, the positive
      potential is applied through an isolating diode 92 to the voltage
      controlled switch 19 to operate it to close on the UHF contact 41 (FIG.
      4).
PAR  Whenever any of the UHF channels 20 through 83 are selected, the banks 84
      and 85 of the switch 80 are disabled. The potential on the lead 74 then is
      applied through the movable contact of the bank 73 to the common-connected
      fixed contacts 2 through 8 of the bank 73, to apply the enabling potential
      to the UHF IF oscillator 57 and through the diode 92 to the voltage
      controlled switch 10.
PAR  The tuning control system which has been described is a highly effective
      control system using a minimum number of tuning potentiometers for
      permitting direct channel selection of any of the VHF and UHF channels
      which presentday television receivers are capable of receiving.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tuning control system for a wave signal receiver capable of receiving
      signals from different stations in a plurality of frequency bands
      including in combination:
PA1  first mixer circuit means with first and second inputs and an output;
PA1  means for supplying signals in one of said plurality of frequency bands to
      the first input of said first mixer circuit means;
PA1  variable frequency oscillator means responsive to control signals applied
      to a control input for supplying signals to the second input of said first
      mixer circuit means, said oscillator supplying signals at a plurality of
      requencies, each having a predetermined relationship with a predetermined
      portion of the frequencies of said one of said plurality of frequency
      bands;
PA1  switching circuit means with at least first and second inputs and an
      output, the inputs of said switching circuit means selectively coupled
      with the output thereof;
PA1  means for coupling the output of said first mixer circuit means with the
      first input of said switching circuit means;
PA1  means for supplying signals in at least a second one of said plurality of
      frequency bands to the second input of said switching circuit means;
PA1  tuner circuit means controllable for tuning the receiver to different
      received signals;
PA1  means for coupling the output of said switching circuit means with the
      input of said tuner circuit means; a selection circuit comprising first
      and second multibank switches, the first bank thereof being settable
      directly to the tens digits of a selected television channel number, and
      including a first bank of elements therein settable to different positions
      for supplying control signals to the control input of said variable
      frequency oscillator means to cause said variable frequency oscillator
      means to produce an output frequency uniquely related to the corresponding
      tens decade of the UHF television signals directly represented by the
      digit selected by the first bank of elements of said first multi-bank
      switch, said first multi-bank switch further having a second bank of
      elements for supplying a tuning voltage to said tuner circuit means and
      having a third bank of elements for controlling the operation of said
      switching circuit means; said second multi-bank switch being settable to
      the units digits of a selected television channel number and having at
      least one first bank of elements thereof settable to different positions,
      each adapted for coupling with a tuning voltage supply means and
      interconnected with the second bank of elements of said first multi-bank
      switch to supply a unique tuning voltage thereto for controlling said
      tuner circuit means, said second multi-bank switch further comprising
      second and third banks of switching elements interconnected with the third
      bank of elements of said first multi-bank switch for controlling said
      switching circuit means in accordance with the combination of settings of
      said first and second multi-bank switches.
NUM  2.
PAR  2. The combination according to claim 1 wherein first predetermined
      combinations of settings of said first and second multibank switches
      controlling said switching circuit means to couple the first input thereof
      with its output and second predetermined combinations of settings of said
      first and second multibank switches causing said second input of said
      switching circuit means to be coupled with the output thereof.
NUM  3.
PAR  3. The combination according to claim 1 wherein the wave signal receiver
      comprises a television receiver; said one of said plurality of frequency
      bands comprises the UHF frequency band of television signals and said at
      least a second one of said plurality of frequency bands comprises a VHF
      frequency band of television signals; said variable frequency oscillator
      means produces eight different discrete output frequencies, each uniquely
      corresponding to the transmitted UHF television frequencies in a different
      decade of channels, and said first and second multi-bank switches control
      said tuner means to effect tuning thereof for each different one of the
      pluralities of settings thereof to different UHF and VHF channels, the
      first settings for the UHF channels within each decade operating to supply
      a control input signal to the control input of said variable frequency
      oscillator to cause the output frequency thereof to be the one of said
      eight different frequencies uniquely corresponding to such UHF channels in
      each such decade.
NUM  4.
PAR  4. The combination according to claim 3 wherein the eight different output
      frequencies supplied by said variable frequency oscillator means for each
      of the eight different decades of UHF signals are 727 megahertz for the
      lowest decade thereof, with the frequency for each of the other seven
      decades successively being 60 herahertz higher than that for the
      immediately preceding decade.
NUM  5.
PAR  5. The combination according to claim 1 wherein the tuner circuit means
      comprises a voltage controlled tuner and said multi-bank switches supply a
      unique tuning voltage to the tuner circuit means corresponding to each
      combination of the settings thereof.
NUM  6.
PAR  6. The combination according to claim 1 wherein said second bank of
      switches is a ten position rotary switch, having three first banks, and
      further including a first group of 10 potentiometers, each having an
      output tap coupled with a different fixed position of one of said first
      banks of said second multi-bank switch, a second group of 4 potentiometers
      each having a tap connected to positions 0 through 3 of a second one of
      said first banks of said second multi-bank switch; and a third group of
      eight potentiometers each having an output tap coupled with the fixed
      positions 2 through 9 of a third one of said first banks of said second
      multi-bank switch; fixed positions 4 through 9 of the first and second
      ones of said first banks of said second multi-bank switch being
      interconnected, the movable contact of said first one of said first banks
      of said second multi-bank switch being connected in common with the 2
      through 8 fixed positions of the second one of said first banks of said
      first multi-bank switch, the movable contact of the second bank of said
      second multi-bank switch being connected with the fixed 1 position of the
      second bank of said first multi-bank switch, and the movable contact of
      the third bank of said second multi-bank switch being connected with the 0
      position of the second bank of said first multi-bank switch, and the
      movable contact of the second bank of said first multi-bank switch
      supplying said tuning voltage to said tuner circuit means.
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ABST
PAL  An electronic method and apparatus for measuring temperatures by means of a
      thermistor in one arm of an electrical bridge, bridge output being varied
      by the on and off duty cycle of a shunting impedance selectively switched
      into and out of the balancing arm of the bridge in accordance with the
      relative states of a counting display register and a cyclically scanned
      counting register, the display register state being altered by gated
      pulses, under the control of bridge output, to provide a digital
      indication of measured temperature. Bridges of both the nulling and
      non-nulling types are disclosed using either a dual ramp integrator or
      conventional detector acting upon bridge output to provide an impedance
      measurement subsystem independent of reference supply voltage and also
      enabling non-linear analog to digital conversion to compensate for a
      non-linear thermistor temperature vs. thermistor resistance
      characteristics, without sacrificing measurement sensitivity. Anticipation
      circuitry is provided for monitoring and correlating the display register
      pulses with the time vs. temperature response characteristic of the
      thermistor, to selectively alter bridge balance and display register state
      so as to provide an advance indication of the anticipated temperature at
      which the termistor will finally stabilize.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 287,341, filed Sept.
      8, 1972, now U.S. Pat. No. 3,877,307, which is a continuation-in-part of
      application Ser. No. 45,990, filed June 15, 1970 and now U.S. Pat. No.
      3,702,076. Both of the parent applications, Ser. Nos. 287,341 and 45,990
      are assigned to the same assignee as the present application, and all of
      the disclosure in the parent applications are specifically incorporated by
      reference in this application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to improvements in measurement methods and
      apparatus and, more particularly, to a new and improved electronic
      thermometer system enabling very rapid, accurate, reliable and easily read
      temperature measurements.
PAR  It is common practice in the medical arts, as in hospitals and in doctors'
      offices, to measure the body temperature of a patient by means of a glass
      bulb thermometer incorporating a heat responsive mercury column which
      expands and contracts a calibrated temperature scale. Typically, the glass
      thermometer is inserted into the patient, either orally or rectally, and
      subsequently removed after a sufficient time interval has passed to enable
      the temperature of the thermometer to stabilize at the body temperature of
      the patient. This time interval is usually of the order of two to four
      minutes. After a sufficient period of time has passed, the thermometer is
      removed from the patient and is subsequently read by appropriate medical
      personnel.
PAR  It will be apparent from the foregoing that conventional temperature
      measurement procedures using glass bulb thermometers and the like are
      prone to a number of significant deficiencies. Temperature measurement is
      rather slow and, for patients who cannot be relied upon (by virtue of age
      or infirmity) to properly retain the thermometer for the necessary period
      of insertion in the body, may necessitate the physical presence of medical
      personnel during a relatively long measurement cycle, thus wasting
      valuable time. Furthermore, glass bulb thermometers are not as quick and
      easy to read and, hence, measurements are prone to human error,
      particularly when made under poor lighting conditions or read by harried
      personnel.
PAR  Various attempts have been made by the prior art to minimize or eliminate
      the aforedescribed deficiencies of the glass bulb thermometer by using
      appropriate temperature sensing probes which are designed to operate in
      conjunction with direct reading electrical thermometer instrumentation,
      typically employing an output galvanometer having an indicator needle
      moving along a calibrated scale. However, such probes and electrical
      thermometers have typically proven to be just as slow in making
      temperature measurements as glass bulb thermometers and, at best, output
      measurements have been only slightly easier to read.
PAR  Hence, those concerned with the development and use of thermometer
      apparatus in the medical field as well as measurement systems generally,
      have long recognized the need for improved temperature measuring devices
      which result in accurate, reliable, more rapidly obtained and easily read
      measurements. An electronic thermometer satisfying all of these
      requirements is disclosed in the aforementioned co-pending application
      Ser. No. 45,990. This electronic thermometer provides a temperature
      measurement output as a direct digital display and further employs a novel
      anticipation technique to provide an advance indication of the temperature
      at which a thermistor probe will finally stabilize. The anticipation
      technique used causes the state of the digital measuring means to be
      altered during a measurement cycle by a single value representing a fixed
      temperature differential, the magnitude of the correction value and the
      duration of the temperature measurement cycle being correlated as a
      function of the rate of change of the temperature being measured.
PAR  Basically, the electronic thermometer described in parent application Ser.
      No. 45,990 includes a temperature-responsive transducer in one arm of an
      electrical bridge network, the bridge including a balancing arm having a
      variable impedance, the impedance being selectively varied under the
      control of a digital counter indicating temperature, the counter being
      continually counted up by electrical impulses so long as the transducer
      temperature exceeds the temperature represented by the bridge balance
      impedance. The time period between successive impulses to the counter,
      i.e., the pulse period or pulse rate, is correlated with the time vs.
      temperature characteristic of the temperature responsive transducer to
      selectively alter bridge balance, and, hence, the state of the counter, so
      that the counter will rapidly count up to the anticipated temperature at
      which the transducer will finally stabilize. The latter is accomplished
      substantially sooner than actual stabilization of the transducer at its
      final temperature. The final temperature registered in the counter is
      appropriately indicated by a digital display unit connected to receive the
      counter output, the digital display providing an easily read output
      indication of temperature.
PAR  An electronic thermometer embodying the various features of the invention
      set forth in patent application Ser. No. 45,990 may include a thermistor
      as a temperatureresponsive transducer in the measurement arm of a
      Wheatstone bridge, the balancing arm of the bridge having a bank of
      parallel resistances, each resistance being selectively inserted into the
      bridge balancing arm under the control of its own switch, all of these
      switches being in turn controlled by various counting states registered in
      the digital counter indicating temperature, the counter being counted up
      by clock pulses which are gated on only when the thermistor temperature
      exceeds the equivalent temperature represented by the resistance in the
      bridge balancing arm. Since the thermistor approaches its final stable
      temperature asymptotically, the last increments of temperature change
      occur very slowly, whereas the major portion of the temperature change, in
      stabilizing the thermistor at the temperature of the environment, occurs
      relatively rapidly. In this regard, the time period between clock pulses
      gated to the counter is correlated with the rate of change of the
      thermistor temperature to anticipate the remaining temperature
      differential between the actual thermistor temperature and the final
      thermistor temperature, and to alter the balancing arm of the bridge
      accordingly so that the counter registers the anticipated final
      temperature long before the thermistor would normally actually stabilize
      at such a final temperature. This results in a much more rapid, yet
      accurate and reliable temperature measurement.
PAR  Correlation of the time period between clock pulses, or pulse rate, passing
      through the counter, with the temperature vs. time characteristic of the
      thermistor, and altering the state of balance of the bridge, may be
      accomplished in any of several ways. In one embodiment of the electronic
      thermometer set forth in application Ser. No. 45,990, an additional
      resistance shunts the bridge balancing arm so that the balancing arm and
      the counter are offset by the equivalent of a predetermined temperature
      differential, i.e., the counter is driven to a higher counter state than
      would ordinarily be dictated by the actual thermistor temperature, in
      order to compensate for the additional resistance shunting the balancing
      arm. Hence, the temperature indicated by the counter display leads the
      actual temperature of the thermistor by the predetermined temperature
      differential. It is readily ascertained empirically, for any given
      thermistor probe, how the rate of change of temperature varies with time,
      and the latter is correlated with the time period between pulses passed to
      the counter to determine when the actual thermistor temperature differs
      from its final stable temperature by the aforedescribed predetermined
      temperature differential between the counter state and the temperature
      represented by the bridge balancing arm resistance. In this connection,
      the pulse period for pulses incrementing the counter is monitored and,
      when the pulse period reaches the proper magnitude, the pulses to the
      counter are gated off to freeze the counter and its associated display at
      an indication representing the anticipated final temperature of the
      thermistor.
PAR  In another embodiment described in application Ser. No. 45,990, a specified
      time of measurement is selected, e.g., 15 seconds. At that point, voltage
      which is a function of the remaining temperature differential between the
      actual thermistor temperature and its ancitipated final temperature is
      inserted into the bridge balancing arm to deliberately unbalance the
      bridge and to force the counter to rapidly count up to the state
      representing the final anticipated temperature.
PAR  The temperature anticipation method described in connection with the
      aforementioned electronic thermometer system applies a fixed correction to
      the temperature measured by the thermistor probe, under the assumption
      that the heating of the probe occurs with essentially the same temperature
      vs. time characteristic each and every time a temperature is taken.
      However, variations in personnel measurement techniques, probe time
      constants, and even the variations in thermal response characteristic of
      biological tissue from one patient to another may cause variations in the
      final temperature vs. time function which affect the accuracy of the
      temperature readings obtained. In this regard, the use of a fixed
      correction is intended for an idealized case where substantially optimum
      technique is employed in taking temperatures.
PAR  For example, the optimum measurement technique may call for insertion of
      the thermistor probe into the patient's mouth and maintaining the probe
      tip in constant contact with the tissue under the tongue while sliding the
      probe tip along the tongue for five or six seconds to that the probe tip
      is continually exposed to fresh tissue during this time interval.
      Otherwise, a "draw down" phenomenon may occur wherein the probe tip cools
      down the tissue excessively so that the time constant for arriving at the
      final temperature measurement is different from the expected time constant
      for the idealized case. In addition, since counter pulse rate is monitored
      to either vary the magnitude of the correction or determine when the
      measurement cycle should be terminated, it will be apparent that loss of
      probe contact with the tissue early in the temperature measurement cycle
      may result in an unduly long pulse period, which causes the anticipation
      circuitry to believe it has reached the searched for portion of the time
      vs. temperature characteristic and, therefore, prematurely terminate the
      measurement cycle. In this case, a low temperature reading would result.
PAR  The aforedescribed requisites for optimum technique cannot reliably be
      obtained by untrained personnel, with a consequent requirement for
      relatively time-consuming and costly training effort necessary to insure
      proper usge by appropriate medical personnel.
PAR  Accordingly, those concerned with the development and use of temperature
      measurement methods and apparatus have recognized the desirability for
      further improvement in temperature measurement systems enabling enhanced
      accuracy, with even greater reliability, and with less dependence upon the
      use of optimum technique by personnel making such measurements. In
      addition, there has been a desire for improved electronic means for
      implementing such temperature measurement systems, characterized by
      greater accuracy, reliability, economy, simplicity, enhanced linearity of
      response, stability and suitability for implementation by modern
      electronic manufacturing methods, such as MOS (metal oxide semiconductor)
      technology. The present invention fulfills all of these needs.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, and in general terms, the present invention provides a new and
      improved measurement system and electronic thermometer enabling a
      temperature measurement output as a direct digital display and, further,
      capable of providing, substantially independent of operating personnel
      technique, an accurate and reliable final temperature measurement output
      indication prior to actual stabilization of the thermometer input at the
      anticipated final temperature indicated. In addition, the present
      invention provides improvements in maximum reading analog-to-digital
      converters, utilizing either nulling or non-nulling bridges, and further
      provides means for compensating for non-linear thermistor response to
      provide an output which is a linear function of temperature even though
      the resistance of the thermistor is a non-linear function of temperature.
PAR  Basically, the present invention includes an improved electronic method and
      apparatus for measuring temperatures by means of a temperature responsive
      transducer in an electronic network having an output which controls the
      state of a digital counter indicating temperature, the counter being
      continually counted up by electrical impulses so long as the transducer
      temperature exceeds the temperature represented by a prescribed state of
      the transducer network, the latter state being under the control of the
      counter so that the temperature indicated by the counter leads the
      transducer temperature by a predetermined temperature differential. The
      rate at which the temperature being measured is changing is directly
      related to the pulse period or time between successive impulses to the
      counter and is correlated with the time vs. temperature characteristic of
      the temperature responsive transducer to control the state of the counter
      so that the counter will rapidly count up to provide an advance indication
      of the anticipated temperature at which the transducer will finally
      stabilize. The final temperature registered on the counter is
      appropriately indicated by a digital display unit connected to receive the
      counter output, the digital display providing an easily read output
      indication of temperature.
PAR  In accordance with the invention, a variable correction subsystem and a
      pulse period sequence safeguard subsystem are utilized to make temperature
      measurements less dependent on operator measurement techniques, even by
      untrained personnel. In this connection, the pulses driving the display
      counter are monitored, and the particular pulse rate searched for is
      selectively altered during a measurement cycle as a function of the
      elapsed monitoring period for the measurement cycle. Alternatively, if the
      pulse rate searched for is held constant, then the magnitude of the
      correction increment added to the display counter by the anticipation
      network is a function not only of rate of change of temperature but also
      of elapsed monitoring period for the measurement cycle.
PAR  In addition, in order to compensate for possible loss of tissue contact
      during a measurement cycle, the temperature measurement system will not
      certify the final output indication unless the indication is made after
      certain pulse sequence conditions have been met. In this regard, a
      plurality of successively increasing pulse periods, in excess of a
      prescribed pulse interval, are required before the measurement cycle is
      terminated. This prevents any error due to loss of tissue contact where
      the period of loss contact exceeds the termination pulse period interval
      searched for and would thus cause a corresponding false termination of the
      measurement cycle. Hence, the safeguard network is a resetting subsystem
      requiring a prescribed sequence of pulse periods for proper completion of
      the measurement cycle and thereby minimizes false readings which might
      otherwise be provided by poor measurement technique of operating
      personnel.
PAR  By way of example, the safeguard subsystem, in accordance with the
      invention, searches for two time periods in sequence, a first pulse period
      somewhat shorter than the pulse period normally indicating termination of
      the measurement cycle, followed by a second pulse period at least equal to
      the termination determining pulse period duration. The search for the
      second pulse period does not begin until the first pulse period has
      occurred, i.e., occurrence of the first prescribed pulse period is a
      condition precedent to the search for the second pulse period. If a pulse
      period shorter than the first pulse period occurs after the first pulse
      period has been detected, the safeguard sybsystem is reset and again
      searches for the first pulse period rather than the second pulse period,
      thereby again requiring a double pulse period sequence of prescribed
      magnitudes as though the first pulse period had never been detected at all
      during the measurement cycle.
PAR  In addition, since the magnitude of the anticipation correction is a
      function not only of rate of change of measured temperature, but also of
      elapsed time from a prescribed reference point in a given measurement
      cycle, the magnitude of the particular pulse periods searched for is
      increased with increasing elapsed time. For example, the initial pair of
      pulse periods searched for might be 1.0 seconds followed by 1.3 seconds.
      If it takes longer than 13 seconds, but less than 23 seconds to complete
      the measurement cycle, the pulse period sequence searched for is increased
      to 1.5 seconds and 2.0 seconds, respectively, If it takes longer than 23
      seconds to make a temperature measurement then the pulse period sequence
      searched for by the safeguard subsystem is 2.0 seconds and 2.6 seconds.
PAR  The first and second pulse periods are selected sufficiently close to each
      other in magnitude so that measurement errors are minimal in the event of
      the very remote possibility that tissue contact is lost at a point in time
      immediately after the first pulse period requirement has been met.
PAR  The present invention also includes a bridge network for linearlizing the
      response characteristics of the temperature responsive transducer, without
      reducing sensitivity, by proper selection of the magnitudes and ratio of
      magnitudes of the bridge impedances, in a non-linear, maximum reading
      analog-to-digital conversion system. Moreoever, the transducer input
      network, including the bridge and bridge detector, essentially provides an
      impedance measurement subsystem independent of reference supply voltage.
      The bridge may be of the nulling or non-nulling types, using either a dual
      ramp integrator or conventional detector, depending upon the speed of
      response desired in correlating transducer input changes with indicated
      output.
PAR  More specifically, and in a presently preferred embodiment, by way of
      example and not necessarily by way of limitation, an electronic
      thermometer embodying the various features of the invention may include a
      thermistor as the temperature responsive transducer in the measurement arm
      of a bridge network of essentially the Wheatstone type, the balancing arm
      of the bridge including a shunt resistance selectively switched into and
      out of the bridge so that the bridge output is varied by the on and off
      duty cycle of the latter resistance, the resistance being switched into
      and out of the balancing arm of the bridge in accordance with the relative
      states of a constantly compared counting display register and a cyclically
      scanned counting register, the display register being counted up by pulses
      which are gated on only when the thermistor temperature exceeds the
      equivalent temperature represented by the average resistance in the bridge
      balancing arm, the latter resistance average being varied by the on and
      off duty cycle of the balance arm shunt resistance.
PAR  Since the thermistor approaches its final stable temperature
      asymptotically, it will be apparent that the last increments of
      temperature change occur very slowly, whereas the major portion of the
      temperature change in stabilizing the thermistor at the temperature of the
      environment, occurs relatively rapidly. Hence, the time period between the
      pulses gated to the display register is correlated with the rate of change
      of the thermistor temperature to anticipate the remaining temperature
      differential between the actual thermistor temperature and the final
      thermistor temperature, and to alter the balancing arm of the bridge
      network accordingly so that the display register indicates the anticipated
      final temperature long before the thermistor would normally actually
      stabilize at its final temperature.
PAR  This alteration of bridge balance is accomplished by additional
      anticipation correction resistance included in the bridge balance arm so
      that the balancing arm and the display register are normally out of phase
      by the equivalent of a predetermined temperature differential, i.e., the
      display register is driven to a higher counter state than would ordinarily
      be dictated by the actual thermistor temperature, in order to compensate
      for the additional resistance of the balancing arm. Hence, the temperature
      indicated by the display register leads the actual temperature of the
      thermistor by the predetermined temperature differential or anticipation
      correction.
PAR  The time intervals between pulses passed to the display register are
      monitored and, when the time intervals reach the proper magnitudes,
      further pulses to the display register are gated off to freeze the
      register and its associated display at an indication representing the
      anticipated final temperatue of the thermistor.
PAR  Alternatively, the relationship between the compared states of the display
      register and the scanning register can be altered, thereby altering the on
      and off duty cycle of the shunting resistance and the balancing arm of the
      bridge, to provide the desired anticipation correction.
PAR  If desired, an ordinary null detector may be used with the bridge so that
      out of null conditions in a prescribed direction can be sensed and used to
      control the gating of pulses which drive the display register. In a
      presently preferred embodiment, a non-nulling bridge is utilized with
      bridge output directed to a dual ramp integrator which evaluates the
      differences between the thermistor temperature and the count in the
      display register on a cycle basis, each cycle referring to a complete
      counter scanning cycle of the continuously running scanning register. This
      arrangement also provides electrical output essentially independent of the
      reference voltage supply.
PAR  The states of the display register and the cyclical scanning register are
      constantly compared, and the on and off duty cycle of the shunting
      resistance in the balancing arm of the bridge network is varied in
      accordance with the relative states of the two registers. For example, the
      latter resistance is switched into the bridge between the time that the
      scanning register is at some selected reference state, such as zero, and
      the time that the scanning register is equal to the display register. When
      the count in the scanning register exceeds the count in the display
      register, the shunt resistance is switched out of the bridge network until
      the scanning register again arrives at the prescribed zero or other
      reference state.
PAR  An interval timer, which is reset by each pulse driving the display
      register, measures the intervals between pulses and, through appropriate
      decoding, indicates when the pulse periods required by the safeguard
      subsystem have been achieved, so that an appropriate control subsystem can
      appraise the pulse sequence and determine whether or not the measurement
      cycle should be terminated.
PAR  An elapsed timer, incremented every time the scanning register completes a
      scanning cycle, keeps track of the elapsed monitoring period from a
      prescribed reference point in a given measurement cycle. For example, the
      initial reset state of the thermometer system may be an output indication
      of 94.degree.F, and, hence, the reference point at which the elapsed timer
      would begin to keep track of the monitoring period in any given
      measurement cycle would be the first display register counting pulse
      indicating a temperature in excess of 94.degree.F, e.g., 94.1.degree.F.
      The state of the elapsed timer is decoded and either modifies the counter
      modulus of the interval timer or alters the decoding for the interval
      timer so that, when the elapsed timer reaches certain prescribed states,
      such as 13 seconds and 23 seconds, the pulse period sequences provided by
      the output of the interval timer decoding to the control subsystem are
      correspondingly altered. In this way, the anticipation correction is a
      function not only of rate of change but also of elapsed time. Of course,
      rather than changing the magnitudes of the pulse period sequences, the
      magnitudes of the anticipation correction resistance in the bridge network
      can be altered instead, to provide the compensating correction for elapsed
      time.
PAR  In accordance with the invention, means are also taught for adapting
      digital electronic thermometers, such as that set forth in copending
      patent application Ser. No. 45,990, so that they may embody the
      advantageous features of the pulse sequence safeguard subsystem and the
      variable anticipation correction as a function of elapsed time.
PAR  Hence, the electronic method and apparatus of the present invention
      supplements the improvements of the measurement systems set forth in
      copending patent application Ser. No. 45,990, in satisfying a long
      existing need in the medical arts for a measurement system and thermometer
      capable of making accurate, reliable and easily read temperature
      measurements much more rapidly than has heretofore been feasible with the
      thermometers of the prior art and, further, in a manner which is
      essentially independent of the measurement techniques employed by various
      operating personnel.
PAR  The above and other objects and advantages of this invention will be
      apparent from the following more detailed description when taken on
      conjunction with the accompanying drawings of illustrative embodiments.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of an overall system in which some of the basic
      concepts of the temperature measurement method and apparatus of the
      present invention are embodied;
PAR  FIG. 2 is a combined block diagram and electrical schematic of one
      embodiment of an electronic thermometer in accordance with the present
      invention, with particular emphasis upon the analog to digital conversion
      system;
PAR  FIG. 3 is a block diagram of the anticipation subsystem, with emphasis on
      the pulse interval timing and elapsed monitoring period timing, suitable
      for use with the system of FIG. 2;
PAR  FIG. 4 is a block diagram of a control subsystem suitable for use with the
      system of FIGS. 2 and 3;
PAR  FIGS. 5a, 5b and 5c are wave forms applicable to various portions of the
      electrical circuitry illustrated in FIG. 2, FIG. 5a being directed to
      electrical output ramps of the dual ramp integrator, while FIGS. 5b and 5c
      show the state of a switch controlling the duty cycle of a resistance
      shunting the balancing arm of a bridge under various ramp output
      conditions;
PAR  FIG. 6 is a flow chart for an algorithm describing the handling of data in
      practicing the invention with the electronic thermometer system set forth
      in FIGS. 2, 3 and 4;
PAR  FIG. 7 is a flow chart illustrating an algorithm for varying the magnitudes
      of the pulse intervals in the pulse period sequence of the safeguard
      subsystem;
PAR  FIG. 8 is a combined block diagram and electrical schematic of a portion of
      the electronic thermometer set forth in FIG. 2, but modified to introduce
      anticipation correction increments of different magnitudes, rather than
      variations in the magnitude of the pulse intervals searched for;
PAR  FIG. 9 is a flow chart illustrating an algorithm for handling temperature
      measurement data in accordance with the embodiment of the thermometer
      illustrated in FIG. 8;
PAR  FIG. 10 is a block diagram of an adapter subsystem for modifying digital
      thermometers to incorporate the pulse period sequence safeguard feature
      and variable correction with elapsed monitoring period feature of the
      present invention;
PAR  FIGS. 11a through 11d are wave forms applicable to various portions of the
      electrical subsystem illustrated in FIG. 10; and
PAR  FIG. 12 is a combined block diagram and electrical schematic from another
      embodiment of an electronic thermometer in accordance with the present
      invention and particularly suited for use with the adapter subsystem of
      FIG. 10.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawings, there is shown a new and improved
      system for temperature measurement embodying features of the present
      invention.
PAR  An appropriate signal source 20 provides a signal, representing the
      temperature being monitored, over line 21 to a suitable measurement
      subsystem 22 and simultaneously directs the signal to a subsystem 23 for
      monitoring the rate of change of the signal. The source of the signal may
      be a thermistor or other temperature responsive transducer and may include
      appropriate networks for shaping the response characteristic and
      converting the signal fron analog to digital form. While the signal may
      remain in analog form for the practice of some features of the invention,
      the presently preferred embodiments of the invention contemplate use of
      signals in primarily digital form.
PAR  The measurement subsystem 22 may include a counter, a plurality of counters
      operating in concert, or any other measurement network capable of suitably
      responding to the monitored signal representing temperature.
PAR  The measurement subsystem 22 provides an output over line 24 indicating a
      starting reference point for the monitoring period in the temperature
      measurement cycle. By way of example, in preferred embodiments of the
      invention, this temperature is selected as 94.degree.F and, accordingly,
      output is provided over line 24 only when the signal over line 21 to the
      measurement subsystem 22 indicates that the temperature has exceeded the
      referenced 94.degree.F. The latter event activates a subsystem 25 for
      monitoring elapsed time in the measurement cycle.
PAR  The figure of 94.degree.F as a starting reference point in a measurement
      cycle is not critical, but is used by way of practical example in the
      ensuing discussion. It will be apparent that other initial temperature
      settings may be selected, and that the temperature may be expressed in any
      convenient scale of temperature units, such as degrees Centigrade instead
      of degrees Fahrenheit.
PAR  The rate of change monitoring subsystem 23 provides a conditioning output
      over line 26 to an output measurement correction subsystem 27 which is
      also responsive to the state of the elapsed time monitoring subsystem 25,
      as indicated schematically by the line 28, to provide an anticipation
      correction increment over line 29 to the measurement subsystem 22 so that
      the measurement subsystem will provide an advance indication of the
      anticipated temperature at which the temperature responsive transducer
      will finally stabilize. The output of the measurement subsystem 22 is
      appropriately directed over line 30 to any suitable output display
      subsystem 31, preferably in an easily read digital format. Hence, the
      output measurement correction subsystem 27 is conditioned as a function of
      the rate of change of the monitored signal and also as a function of
      elapsed time from the occurrence of a starting reference level in any
      given measurement cycle.
PAR  Instead of effecting the output measurement correction subsystem 27
      directly, the elapsed time measurement subsystem 25 may act upon the rate
      of change monitoring subsystem 23, as indicated by the dashed line 32, so
      that the particular rate of change searched for is altered as a function
      of elapsed time, and the latter rate of change is, in turn, used to
      condition the time of insertion of the output measurement correction into
      the measurement subsystem 22 or alternatively, if the correction is
      already inserted into the measurement subsystem 22, the time when the
      measurement cycle is terminated. In this latter regard, the rate of change
      monitoring subsystem may direct an input over dashed line 33 to the
      measurement subsystem 22.
PAR  While the output measurement correction subsystem 27 is shown in FIG. 1 as
      directing an input over line 29 to the measurement subsystem 22, it will
      be appreciated that the correction subsystem can, instead, direct its
      output to the signal source subsystem 20, and this alternative approach is
      indicated schematically by the dashed line 38 in FIG. 1. The only
      difference between the two approaches shown is the point of insertion of
      the anticipation correction in the overall system.
PAR  A safeguard subsystem 37 conditions the measurement subsystem 22 over line
      34 and prevents false termination of the measurement cycle which might
      otherwise occur in the event of a detection of a rate of change calling
      for termination and induced not by the normal temperature vs. time
      characteristic of the temperature transducer but instead by a measurement
      cycle interruption. Such an interruption might occur, for example, if a
      thermometer probe loses contact with the tissue of the patient whose
      temperature is being taken. When contact is re-established with the
      tissue, the measurement cycle will normally resume, unless the hiatus in
      the measurement cycle is sufficient to cause the rate of change subsystem
      23 and measurement subsystem 22 to believe that the proper termination
      point in the measurement cycle has been reached. If this occurred, the
      output display 31 would indicate a final output represented by an
      erroneously low temperature reading. In order to prevent this type of
      error, the safeguard subsystem receives an input over line 35 from the
      rate of change subsystem 23 and prevents termination of the measurement
      cycle by the measurement subsystem 22 until certain prescribed conditions
      regarding successive signal rate of change samplings have first been met.
      In digital form, the technique employed by the safeguard subsystem 37
      requires a predetermined pulse perios sequence to occur before enabling
      the measurement subsystem 22 to terminate the measurement cycle.
PAR  In a presently preferred embodiment, the safeguard subsystem 37 requires a
      pair of sequential pulse periods (or pulse rates) detected by the rate of
      change subsystem 23, wherein the second pulse period is of a magnitude
      which would normally call for termination of the measurement cycle, and
      the first pulse period is of a magnitude somewhat shorter than the
      termination pulse period. For example, if the termination pulse period is
      1.3 seconds, the requirement for the first pulse period might be an
      interval of 1.0 seconds or more. A time interval between signal pulses
      equal to or greater than the first pulse period searched for is required
      before any search for the second pulse period is even initiated. If a
      pulse interval shorter than the required first pulse period occurs after
      the first pulse period requirement has been met, as would occur in the
      case of loss of tissue contact for some time followed by reacquisition of
      tissue contact, the safeguard subsystem 37 will be reset and again require
      a double pulse period sequence, as though the first pulse period
      requirement had never been met during the measurement cycle.
PAR  The first and second pulse periods are selected sufficiently close to each
      other in magnitude so that measurement errors are minimal in the event of
      the very remote possibility that tissue contact is lost at a point in time
      immediately after the first pulse period requirement has been met.
PAR  Since the pulse period sequence required by the safeguard subsystem 37 will
      vary as a function of elapsed time in those instances where the output
      measurement correction is a single fixed increment, an input is shown to
      the safeguard subsystem 37 over dashed line 36 from the elapsed time
      measurement subsystem 25.
PAR  Hence, it will be apparent that the temperature measurement method and
      apparatus schematically depicted by the overall system embodiment of FIG.
      1 provides an advance indication of final temperature by introducing an
      output measurement correction whose magnitude, or time of introduction, or
      whose magnitude coupled with the selected time of termination of the
      measurement cycle, is a function both of the rate of change of the
      parameter being monitored and the elapsed time from a prescribed reference
      point in the measurement cycle. The desired anticipatory output indication
      may be provided by varying the actual magnitude of the correction
      introduced, or altering the particular signal rate of change searched for
      in determining when the measurement cycle should be terminated, or a
      combination of both expedients may be employed if desired. In addition,
      premature false termination is avoided by the requirement of a required
      rate of change sequence before detected rate of change calling for
      termination will be recognized as such.
PAR  While the various monitoring, measurement, correction and safeguard
      subsystems are shown as separate entities in FIG. 1, for purposes of
      illustrating their functional inter-relationship in acting upon
      measurement data, the various subsystems may be combined wherever feasible
      or desired for purposes of specific system implementation.
PAR  By way of clarification with regard to the various digital electronic
      systems described herein, all of the apparatus systems disclosed in FIGS.
      2 through 4, for purposes of setting forth illustrative embodiments, are
      synchronous systems operating on a conventional clock system with clock
      inputs to all of the flip-flops, registers and counters, with all gates
      being set on the previous clock pulse, while flip-flops are normally set
      on the next clock pulse. For purposes of simplicity, the conventional
      clock inputs have been omitted from the drawings. It will also be
      appreciated that, while conventional synchronous logic is employed in the
      illustrated embodiments, those of ordinary skill in the art can readily
      provide equivalent logic in asynchronous form without departing from the
      invention.
PAR  Referring now to FIG. 2 of the drawings, there is shown a generalized
      system for one embodiment of an electronic thermometer incorporating the
      novel features of the present invention. The thermometer of FIG. 2
      includes a basic anticipatory measurement system incorporating an improved
      maximum reading analog to digital converter and bridge network, including
      a dual ramp integrator as the bridge network detector, for a rapid cycle
      by cycle analysis of the indicated output temperature of the thermometer
      relative to the temperature being measured.
PAR  The thermometer system shown in FIG. 2 is also capable of being operated in
      either an extended mode, wherein the indicated temperature is the same as
      the temperature of the thermistor, or in a rapid anticipation mode wherein
      the measured temperature indicated is an extrapolated higher termperature
      rather than the actual thermistor temperature.
PAR  The system of FIG. 2 includes a first counting register 40, hereinafter
      referred to as the "display register," and a second counting register 41,
      hereinafter referred to as the "scanning register."
PAR  The scanning register 41 is continuously counted on a cyclical basis by a
      high frequency clock 42 over line 43, typical clock frequency being 20,000
      Hz. The display register 40 is counted up by appropriate incrementing
      pulses received over line 44 at a frequency no greater than the complete
      cycling frequency of the scanning register 41, typically 100 Hz.
PAR  The output of the display register 40 is appropriately directed to a
      display decoding and multiplexing subsystem 45 of conventional design, the
      output of the latter subsystem being, in turn, fed to an appropriate
      output digital display unit 46 so that measured temperatures are displayed
      directly in easily read form.
PAR  Basically, the display register 40 and scanning register 41 cooperate with
      each other to modulate the state of balance of a bridge network 47,
      including a thermistor 48, to selectively increment the display register
      so that it counts up as the thermistor temperature increases.
PAR  The display register 40 and scanning register 41 may be any digital
      counters known in the art. For convenience, however, in a presently
      preferred embodiment of the invention, each of these registers 40 and 41
      comprise a pair of decades and a divide by two flip-flop to provide each
      register with a 200 count capacity. The reason for this is the desire to
      cover the temperature range between 94.degree.F and 108.degree.F in
      0.1.degree. intervals, requiring a total of 140 counts. Hence, a 200 count
      binary coded decimal register, using two decades and a single flip-flop,
      is a very simple, easy and economical digital counting means for providing
      the desired count capacity of 140 steps between 94.degree. F and
      108.degree. F. However, any other counters, such as conventional binary
      counters, with the desired count capacity may be used.
PAR  The bridge network 47 includes a bridge having resistances R.sub.A,
      R.sub.B, R.sub.T and R.sub.BAL electrically connected in a d.c. Wheatstone
      bridge configuration, with the electrical output of the bridge available
      at terminals 49, 50. Resistance R.sub.A and R.sub.B are reference
      resistances, while resistance R.sub.T is the resistance of a thermistor
      whose impedance varies with temperature. By way of example, the thermistor
      48 is presumed to have a negative temperature coefficient, so that its
      resistance R.sub.T decreases with increasing thermistor temperature.
      However, it is to be understood that the same system may be employed for
      positive temperature coefficient transducers, wherein resistance increases
      with increasing temperature, the only difference being in whether
      resistance must be added or removed to restore balance in the bridge with
      changing temperature.
PAR  R.sub.BAL is the basic resistance in the balancing arm of the bridge, the
      total resistance in the bridge balancing arm being cyclically varied by
      varying the on and off duty cycle of a shunt resistance R.sub.C which is
      electrically connected in parallel with the resistance R.sub.BAL whenever
      a switch 51 is closed. The switch 51 is typically a solid state switch in
      the form of a bi-polar or field effect transistor which is turned on or
      off by the presence or absence of an enabling input over line 52 from a
      switch flip-flop 53.
PAR  The switch flip-flop 53, switch 51 and, hence, the duty cycle of the
      resistance R.sub.C, is controlled by the constantly compared states of the
      display register 40 and scanning register 41 to modulate the state of
      balance of the bridge network 47 by varying the period of time that the
      resistance R.sub.C is connected into the balance arm of the bridge. In
      this regard, the ratio of closing to open time for the switch 51 and,
      hence, the ratio of time in to time out for the resistance R.sub.C, is
      representative of the count in the display register 40. Hence, the net
      resistance in the bridge balancing arm is selectively varied by the state
      of the display register 40, in a manner to be hereinafter described, so as
      to reduce the electrical output of the bridge network and thereby
      correlate the count in the display register with the resistance R.sub.T
      representing the temperature being measured.
PAR  In a presently preferred embodiment of the invention, the resistance
      R.sub.BAL is made of higher resistance magnitude than that normally
      required to balance the bridge, so that the balancing arm of the bridge
      and the display register 40 are out of phase by the equivalent of a
      predetermined temperature differential, i.e., the display register is
      driven to a higher counter state than would ordinarily be dictated by the
      actual thermistor temperature, in order to compensate for the additional
      resistance in the balancing arm. Hence, the temperature stored in the
      display register 40 and indicated by the digital display 46 leads the
      actual temperature of the thermistor 48 by the predetermined temperature
      differential. It can be readily ascertained empirically, for any given
      thermistor probe, how the rate of change of temperature varies with time,
      and the latter is correlated with the time period between incrementing
      pulses passed over line 44 to the display register 40 to determine when
      the actual thermistor temperature differs from its final stable
      temperature by the aforedescribed predetermined temperature differential.
      In this connection, the time interval between incrementing pulses passed
      to the display register 40 is monitored over line 52 by a suitable
      anticipation subsystem 53 and, when the pulse periods reach the proper
      magnitudes, a suitable control subsystem 54 is informed by the
      anticipation subsystem over line 55, the latter control subsystem then
      gating off further counting pulses and freezing the display register 40
      and its associated display 46 at an indication representing the
      anticipated final temperature of the thermistor 48.
PAR  As previously indicated, the on-off duty cycle of the resistance R.sub.C is
      controlled by the switch 51 which, in turn, is under the control of the
      switch flip-flop 53. The switch 51 is closed, to insert the shunt
      resistance R.sub.C into the balancing arm of the bridge whenever the
      flip-flop 53 is in its 1 state, and the switch is opened to disconnect the
      resistance R.sub.C from the bridge whenever the flip-flop is in its 0
      state. The state of the switch flip-flop 53 is, in turn, controlled by the
      states of the display register 40 and the scanning register 41. In this
      regard, the state of the scanning register 41 is decoded by a decoder 56
      which decodes out a preselected reference state of the scanning register
      for control purposes. Normally, the reference state is the "zero" count of
      each cycle of the scanning register 41 and, hence, the decoder 56 is, in
      such instances, referred to as a zero detector.
PAR  The zero detector 56 provides one enabling input over line 57 to an AND
      gate 58. The gate 58 also receives an input over line 59 from a threshold
      detector 60 which evaluates the level of output, on a cycle by cycle
      basis, from a dual ramp integrator 65 in the bridge network 47.
PAR  Assuming conditions are such that the threshold detector 60 provides an
      enabling input to the gate 58, then, each time the scanning register 41
      counts to its zero state to begin a new scanning cycle, the output of the
      zero detector 56 over line 57 will generate an output over line 61 from
      the gate 58 to set the switch flip-flop 53 to its 1 state and thereby
      connect the resistance R.sub.C into the bridge balancing arm.
PAR  A coincidence detector 62 constantly compares the states of the display
      register 40 and the scanning register 41 and, each time the two registers
      are equal, the detector 62 generates a coincidence output over line 63 to
      set the switch flip-flop 53 into its 0 state, and thereby disconnect the
      resistance R.sub.C from the balancing arm of the bridge.
PAR  Hence, the switch flip-flop 53 gets set to its 1 state every time the
      scanning register reaches zero, thus gating the switch 51 on. The
      flip-flop 53 gets reset to its 0 state every time the scanning register
      has the same count as the display register, thus gating the switch 51 off.
      The switch 51 is thereby periodically turned on and off, once for every
      full count cycle (200 counts) of the scanning register 41. The on-off duty
      cycle of the switch 51 and, hence, the ratio of time in to time out of the
      resistor R.sub.C depends on the count in the display register 40, the
      higher the count, the longer the on period and the shorter the off period.
PAR  Thus, the switch flip-flop 53, switch 51 and shunt resistance R.sub.C in
      the balancing arm of the bridge network 47 are modulated by the relative
      state of the display register 40 and scanning register 41 so that the
      resistance R.sub.C is in the bridge when the scanning register count is
      between zero and the display register count, the resistance being
      connected out of the bridge whenever the scanning register has a count
      higher than that of the display register. In this way, the electrical
      output of the bridge network 47 varies in accordance with the count in the
      display register 40.
PAR  The electrical output of the bridge at terminals 49, 50 is directed as
      input to the dual ramp integrator 65 used as a bridge detector. The dual
      ramp integrator 65 consists of a d.c. operational amplifier 66, and a
      conventional integrating capacitor 67 connected between the negative input
      of the amplifier 66 and the amplifier output. The terminal 49 of the
      bridge is connected to the positive input of the amplifier 66, while the
      terminal 50 of the bridge is connected to the negative input of the
      amplifier.
PAR  The output of the dual ramp integrator 65 is directed over line 68 to the
      threshold detector 60 which monitors the state of the ramp output from the
      integrator and thereby selectively enables the gate 58 over line 59 for
      control of the switch flip-flop 53.
PAR  The output of the threshold detector 60 is also directed over line 70 as
      input to the control subsystem 54. The latter control subsystem also
      receives input over line 71 from the zero detector 56 and, further,
      receives input from the anticipation subsystem 53 over line 55. The
      control subsystem evaluates all of these inputs, in a manner to be
      subsequently described in detail, and thereby provides an output over line
      72 which selectively enables an AND gate 73 to pass incrementing pulses
      via line 44 to the display register 40. These incrementing pulses
      essentially occur as a result of the output of the zero detector 56 which
      is also provided as input over line 74 to the AND gate 73. Each time the
      zero detector provides an output level when the scanning register 41 is in
      the 0 state, the latter decoded state, which lasts for a single clock
      pulse interval, is used to pulse the display register 40 through the AND
      gate 73. Alternatively, the output of the gate 73 can be used as an
      enabling input to a second AND gate (not shown) to selectively gate clock
      pulses into the display register 40 for counting purposes.
PAR  The control subsystem 54 not only receives information from the
      anticipation system 53 but also directs timing information to the
      anticipation subsystem 53 over line 76.
PAR  When the thermometer is initially turned on, a "reset start" subsystem 78
      generates a pulse or brief duration d.d. level over line 79 which resets
      the display register 40 to a count of 040 representing 94.degree.F.,
      resets the scanning register 41 to zero, sets the switch flip-flip 53 to
      the 0 state, and also directs appropriate resetting input to the
      anticipation subsystem 53 and control subsystem 54.
PAR  The thermometer system shown in FIG. 2 always starts initially in the
      anticipation mode of measurement and remains in the anticipation mode if
      the resistance R.sub.T of the thermistor 48 indicates a lower thermistor
      temperature at the beginning of the measurement cycle than the initial
      setting of the net resistance in the balancing arm of the bridge network
      47.
PAR  Since the reset subsystem 78 initially sets the display register 40 to
      94.degree.F., and assuming an anticipation correction temperature
      differential of 1.degree.F., the thermometer system will remain in the
      anticipation mode only if the initial temperature of the thermistor is
      less than 93.degree.F., as is usually the case. However, in the event the
      thermistor 48 is initially at a temperature in excess of 93.degree.F., at
      the beginning of a measurement cycle, then the control subsystem 54 closes
      a normally open switch 81, via line 82, to insert an additional extended
      mode resistance R.sub.D in parallel with the resistance of the balancing
      arm in the bridge network 47.
PAR  The switch 81 is typically of the same type as the switch 51 and is
      referred to as an "extended mode switch" since the insertion of shunt
      resistance R.sub.D into the balancing arm of the bridge reduces the total
      balancing arm resistance, and thereby cancels out the initial added
      resistance included in R.sub.BAL, as previously indicated, for
      anticipation purposes. Hence, the bridge network 47 and the display
      register 40 are no longer offset by the equivalent of a 1.degree.F.
      temperature differential once the resistance R.sub.D has been connected
      into the bridge. In this regard, the count registered in the display
      register 40 is 1.degree.F. lower than would ordinarily be dictated by the
      anticipation mode of operation, in order to compensate for the additional
      shunt resistance R.sub.D in parallel with the bridge balancing arm. Hence,
      the temperature indicated by the counter display 46, when the thermometer
      is in the extended mode of operation, no longer leads the thermistor
      temperature by an anticipation temperature differential, but rather
      displays the actual temperature of the thermistor 48.
PAR  The manner in which the dual ramp integrator 65 and threshold detector 60
      operate to indicate the relative states of the thermistor temperature 48
      and the count registered in the display register 40, to determine whether
      or not additional count pulses should be gated to increment the display
      register 40, is best understood by reference to the waveforms of FIG. 5.
PAR  The upper waveform in FIG. 5a represents the output voltage of the
      integrator 65 across the integrating capacitor 67. The middle waveform
      diagram in FIG. 5b indicates the state of the switch 51 which connects the
      shunt resistance R.sub.C into and out of the bridge balancing arm, as the
      switch state varies in accordance with the dashed line ramps in FIG. 5a.
      FIG. 5c is a waveform similar to FIG. 5b, but for the solid line ramps of
      FIG. 5a.
PAR  Referring to FIG. 5, with the switch 51 open and the resistor R.sub.C
      disconnected from the bridge, and with the thermistor 48 at a temperature
      in excess of 93.degree.F., the bridge network 47 is unbalanced in such a
      direction that the output of the operational amplifier 66 is at one
      defined region of saturation shown as a positive saturation level 80. The
      switch 51, together with the resistance R.sub.C always causes the bridge
      to be unbalanced in either one direction or the other in a consistent
      manner for the normal measurement range of the system. In other words,
      when the switch 51 is open, the bridge is unbalanced in such a direction
      that the output of the operational amplifier 66 always attempts to go to
      positive saturation. On the other hand, when the switch 51 is closed, and
      the resistance R.sub.C is connected into the bridge, and the output of the
      operational amplifier 66 seeks a negative saturation level. Hence, the
      switch 51 and resistance R.sub.C always introduce a known imbalance into
      the bridge, while the thermistor 48, by virtue of its changing
      temperature, introduces a variable imbalance into the bridge which
      manifests itself as a shift in the slope of the output voltage ramps from
      the integrator 65.
PAR  Thus, the switch 51 and resistance R.sub.C determine the relative durations
      of the negative going and positive going output voltage ramps from the
      integrator 65, whereas the temperature of the thermistor 48, by virtue of
      the variation in the resistance R.sub.T, varies the slope of the ramps.
PAR  When the switch 51 has been opened for some time, the operational amplifier
      65 is at its positive saturation point. When the switch 51 is closed, at
      the time when the scanning register goes through zero, the bridge is
      unbalanced in such a way that the integrator 65 generates a negative going
      ramp having a slope determined by the temperature of the thermistor 48
      which sets the actual input voltage on the positive input of the
      operational amplifier 66. The duration of the negative going ramp is
      determined by the presently displayed count in the display register 40,
      since that count determines how long the switch 51 is closed. When the
      scanning register 41 is counted up to the same count as the display
      register 40, the switch 51 is opened again, which causes the resistance
      R.sub.C to be disconnected from the bridge, and unbalances the bridge in
      the opposite direction, whereby a positive going voltage ramp is generated
      whose slope is also dependent on the temperature of the thermistor 48.
PAR  Depending upon whether or not the output voltage ramp of the integrator 65
      has returned to the positive saturation level 80, the next time that the
      scanning register goes through zero, a decision is made as to whether or
      not the count is high enough in the display register 40. If the ramp has
      returned to the positive saturation level when the scanning register is
      zero, the count in the display register is too low, i.e., the time period
      for the negative going ramp has not been long enough since, the longer the
      switch 51 is closed, the more negative the first ramp will go, and, of
      course, the longer it will take for the positive ramp to come back up to
      the positive saturation level. If the time period is shorter for the first
      ramp than it should be, so that the second positive going ramp has
      returned to the positive saturation level when the scanning register is
      zero, an appropriate signal will be generated within the control subsystem
      54 over line 72 to gate 73 to enable the output pulse from the zero
      detector 56 to add one count into the display register 40. At the same
      time, since the scanning register is passing through zero, the switch 51
      is again closed to generate a new ramp which will be on for one more clock
      pulse than the initial ramp for the previous counting cycle, and it will
      take one more clock count for the scanning register 41 to come up to
      equality with the display register 40.
PAR  As soon as the display register 40 has reached a count which is slightly
      larger than the actual temperature represented by the bridge network, the
      ramp output of the integrator 65 will not have returned to its positive
      saturation point at the time that the scanning register 41 goes through
      zero. This failure to return to the positive saturation point is
      recognized by the threshold detector 60 which advises the control
      subsystem 54 accordingly so that gate 73 blocks the zero detector pulse
      over line 74 and prevents any additional counts from being entered into
      the display regsiter 40, thus holding the display register at the last
      temperature indicated. In addition, the failure of the ramp to return to
      positive saturation as the scanning register goes through zero, causes the
      zero detector pulse over line 57 to be blocked by the gate 58, whereby the
      switch flip-flop 53 is maintained in a 0 state so that a new ramp cannot
      be generated until the next point in time where the scanning register goes
      through zero and the ramp has returned to positive saturation.
PAR  Referring now to FIG. 5a of the drawings, assume that the output of the
      integrator 65 starts out at its positive saturation level 80. At the time
      the scanning register goes through zero, the switch 51 is closed and the
      output voltage of the operational amplifier 66 goes negatively in a linear
      fashion indicated by the linear ramp 81. When the scanning register count
      equals the display register count, the switch 51 is opened again and the
      output voltage of the integrator follows the linear ramp 82 back up to the
      positive saturation level 80 before the next time that the scanning
      register goes through zero. The return to the positive saturation level
      indicates that the display register count is too low, and, hence, an
      additional count is added to the display register. At the same time, the
      switch 51 is closed again to generate another negative going ramp 83,
      which will be longer, by one clock pulse period, than the duration of the
      previous ramp 81. When the scanning register 41 equals the display
      register 40 again, a new positive ramp 84 is generated to bring the output
      voltage up to the saturation level 80. The state of the switch 51 for
      these cycles is illustrated by the waveform of FIG. 5b.
PAR  Again, referring to FIG. 5a, assume that the temperature indicated by the
      display register 40 has been higher than the actual temperature
      represented by the bridge network 47. In that case, a negative going ramp
      85 would be generated which will reach a more negative voltage level
      during the on period of the switch 51 than the ramp 81 previously
      discussed and, accordingly, the positive going ramp 86 generated when the
      switch 51 is opened, will not have reached the positive saturation level
      80 the next time the scanning register goes through zero, thereby
      preventing the display register 40 from being incremented by the system of
      FIG. 2. At the same time, referring to the lower waveform of FIG. 5c for
      the switch 51, since the ramp 86 does not bring the output of the
      integrator 65 back up to positive saturation at the time when the scanning
      register goes through zero, the switch 51 is held open and is not again
      closed until the ramp has, in fact, returned to positive saturation. After
      the latter return to positive saturation, the very next time the scanning
      register goes through zero, a new negative ramp 87, followed by its
      associated positive going ramp 88 can be generated. It will be apparent
      from FIG. 2, that the switch 51 is held open because of the failure of the
      switch flip-flop 53 to be set to the 1 state, as a result of the threshold
      detector 60 having gated off the zero detector pulse by failing to enable
      AND gate 58.
PAR  The dual ramp integration approach to evaluation of the state of balance of
      a bridge enables very rapid, cycle by cycle, analysis of the relative
      states of the display register 40 and the temperature of the thermistor
      48. In addition, since the entire evaluation by the threshold detector 60
      takes place over a single cycle of the scanning register 41, or 0.01
      seconds, the threshold detector need be stable for only one integration
      period at a time. Hence, the detector 60 can be of relatively simple
      circuit design, with freedom to shift with temperature on a long term
      basis, without effecting the accuracy of the evaluation system.
PAR  Referring again to FIG. 2, it has previously been indicated that the count
      in the display register 40 leads the actual temperature of the thermistor
      48, when the thermometer is operating in the anticipation mode, due to an
      increase in the magnitude of the R.sub.BAL resistance. However, it will be
      appreciated that other techniques may be employed in the system of FIG. 2
      to introduce the desired anticipation of temperature. For example, instead
      of decoding out the zero state of the scanning register 41, the switching
      flip-flop 53 and switch 51 can be activated at a different reference state
      of the scanning register. If the decoder 56 decodes out the 005 state of
      the scanning register 41, then a 0.5.degree.F. offset would be introduced
      into the thermometer system to cause the display register 40 to lead the
      temperature of the thermistor 48 by that temperature differential.
      Similarly, if the decoder 56 decodes out the 010 state of the scanning
      register as the reference state for switching the resistance R.sub.C into
      the bridge, then a 1.0.degree.F. anticipation temperature differential
      would be introduced into the thermometer system.
PAR  Referring now to FIG. 3 of the drawings, the anticipation subsystem 53
      includes a pair of digital timers, an elapsed timer 90 and a pulse
      interval timer 91. The elapsed timer 90 is a counting register which
      counts time elapsed during a monitoring period which starts from a
      predetermined reference point in each measurement cycle, e.g., when the
      display register 40 receives its first counting pulse to increment the
      display register above its starting point of 94.degree.F.
PAR  The electrical state of the elapsed timer 90 is directed over a plurality
      of lines 92 to a suitable decoder 93 having a pair of output lines 94, 95
      which go "true" in various combinations depending upon the elapsed
      monitoring period registered by the time 90. For example, in a preferred
      embodiment, the output of the decoder 93 over both lines 94 and 95 is
      "false" whenever the elapsed time in the monitoring period is less than 13
      seconds. When the elapsed time is 13 seconds or more, but less than 23
      seconds, line 94 will go "true," while line 95 will remain "false." When
      the elapsed time is 23 seconds or more, both lines 94 and 95 will be
      "true."
PAR  Elapsed timer 90 is clocked by the 0.01 second cycle increments of the
      scanning register 41 each time the scanning register goes through zero,
      but only if the prescribed reference point conditions have first been met,
      e.g., the conditions for feeding a first counting pulse to the display
      register 40. The latter determination is made in the control subsystem 54
      and, hence, elapsed timer 90 is shown in FIG. 3 as being incremented by
      pulses over line 96 from gate 122 of the control subsystem. Similarly, the
      control subsystem 54 counts up the pulse interval timer 91 over line 97.
PAR  Both the elapsed timer 90 and the pulse interval timer 91 are initially set
      to zero by the reset subsystem 78 over lines 98, 99, respectively.
PAR  The pulse interval timer is a counting register which counts the pulse
      interval between each pair of pulses which increment the display 40. In
      this regard, the pulse interval timer 91 is reset over line 52 each time a
      pulse adds a count to the display register.
PAR  The electrical state of the pulse interval timer 91 is directed over a
      plurality of lines 102 to a conventional decoder 103 which decodes out a
      pair of pulse periods T.sub.1 and T.sub.2, as they occur, over output
      lines 104, 105, respectively, which are directed to the control subsystem
      54 for evaluation to determine wheather or not the measurement cycle
      should be terminated. The outputs T.sub.1 and T.sub.2 are reset on each
      display register incrementing pulse, just as is the pulse interval timer
      91. In this regard, in accordance with a safeguard technique, a prescribed
      pulse period sequence, e.g., a pair of pulse periods of prescribed
      magnitudes is required for proper termination of a measurement cycle.
PAR  In accordance with the invention, a variable anticipation correction and a
      pulse period sequence safeguard technique are utilized to make the
      temperature measurement less dependent on operating techniques. In this
      connection, the pulses over line 52 are monitored by the interval timer 91
      and the particular pulse rate searched for is selectively altered during a
      measurement cycle as a function of the elapsed monitoring period for the
      measurement cycle, as measured by the elapsed timer 90. Alternatively, if
      the pulse rate searched for is held constant, then the magnitude of the
      correction increment added by the anticipation network is a function not
      only a rate of change of temperature but also of elapsed monitoring period
      for the measurement cycle. In addition, in order to compensate for
      possible loss of tissue contact during a measurement cycle, the
      temperature measurement system will not certify the final output
      indication unless the indication is made after certain pulse sequence
      conditions have been met. In this regard, a plurality of successively
      increasing pulse periods T.sub.1 and T.sub.2, in excess of a prescribed
      pulse interval, are required before the measurement cycle is terminated.
      This prevents any error due to loss of tissue contact where the period of
      loss contact exceeds the termination pulse period interval searched for
      and would thus cause a corresponding false termination of the measurement
      cycle. Hence, the safeguard network is a resetting subsystem requiring a
      prescribed sequence of pulse periods for proper completion of the
      measurement cycle and thereby minimizes false readings which might
      otherwise be provided by poor measurement technique of operating
      personnel.
PAR  The safeguard subsystem, partially illustrated in FIG. 3, searches for two
      time periods in sequence, a first pulse period T.sub.1 somewhat shorter
      than the pulse period normally indicating termination of the measurement
      cycle, followed by a second pulse period T.sub.2 at least equal to the
      termination determining pulse period duration. The search for the second
      pulse period T.sub.2 does not begin until the first pulse period T.sub.1
      has occurred. If a pulse period shorter than the first pulse period
      T.sub.1 occurs after the first pulse period has been detected, the
      safeguard subsystem is reset and again searches for the first pulse period
      T.sub.1 rather than the second pulse period T.sub.2, thereby again
      requiring a double pulse period sequence of prescribed magnitudes as
      though the first pulse period T.sub.1 had not been detected at all during
      the measurement cycle.
PAR  In addition, since the magnitude of the anticipation correction is a
      function not only of rate of change of measured temperature, but also of
      elapsed time from the prescribed reference point in a given measurement
      cycle, the magnitude of the particular pulse periods T.sub.1 and T.sub.2
      searched for is increased with increasing elapsed time.
PAR  A previously indicated, in accordance with the invention, the magnitudes of
      the particular pulse periods searched for, assuming a fixed anticipation
      correction temperature differential, are varied as a function of elapsed
      time. Hence, the pulse periods T.sub.1 and T.sub.2 decoded out of the
      decoder 103 over lines 104, 105 must change as a function of the time
      registered by the elapsed timer 90. This may be implemented in any one of
      several conventional approaches well known in the art. By way of example,
      the outputs 94 and 95 from the elapsed timer decoder 93 are directed as
      inputs to the pulse interval timer 91, which is essentially a resettable
      digital counter, to change the counter modulus at preselected times in the
      measurement cycle. For example, when the elapsed time is 13 seconds or
      less, the counter modulus for the timer 91 is 128. When the elapsed time
      is between 13 seconds and 23 seconds, the counter modulus is changed to
      192. When the elapsed time is 23 seconds or more, the counter modulus of
      the interval timer 91 is again changed from 192  to 256. Such counters
      with variable counter modulus capability are well known.
PAR  The effect of changing the counter modulus of the timer 91 is to change the
      magnitude of the pulse periods decoded out over lines 104 and 105 from the
      decoder 103. For example, when the counter modulus of the interval timer
      91 is 2, the pulse periods T.sub.1 and T.sub.2 are 1.0 and 1.3 seconds,
      respectively. When the counter modulus is changed to 3, the times T.sub.1
      and T.sub.2 are decoded out over lines 104, 105 as 1.5 and 2.0 seconds,
      respectively. When the elapsed time is 23 seconds or more, and the counter
      modulus of the timer 91 is changed to 4, the output lines 104, 105 go
      "true" at 2.0 and 2.6 seconds, respectively.
PAR  An alternative means for altering the magnitudes of the pulse periods
      T.sub.1 and T.sub.2, instead of altering the counter modulus of the timer
      91, is to utilize the output of the decoder 93 over lines 106, 107, (shown
      dashed in FIG. 3) to directly condition the decoder 103 and alter the
      decoder state as a function of elapsed time. In this regard, the decoder
      103 may be typically include three gates capable of registering six
      different states, i.e., three sets of double pulse period magnitudes for
      T.sub.1 and T.sub.2.
PAR  Referring now to FIG. 4 of the drawings, the control subsystem 54 includes
      a control register 110, a plurality of AND gates 112-122, OR gates
      124-127, inverters 129-131, and an "ADD" flip-flop 133.
PAR  The purpose of the control subsystem 54 is to coordinate the analog to
      digital converter and bridge network of FIG. 1, including the output of
      the threshold detector 60, with the anticipation subsystem 53 (FIG. 3) to
      insure timely and proper incrementing of the display register 40 and
      proper termination of the temperature measurement cycle.
PAR  The control register 110 establishes the various operating phases of each
      temperature measurement cycle, for both the anticipation and extended
      modes of operation.
PAR  The ADD flip-flop 133 always indicates the state of the ramp i.e., the
      state of the threshold detector 60 in FIG. 1, at the end of the previous
      scanning register counting cycle. If the threshold detector output is
      "true," it indicates a "ramp not busy" state. If the output of the
      threshold detector is "false," it indicates a "ramp busy" state. The
      reason for such an indication by the AND flip-flop 133 is that the ramp
      must be tested twice in succession, as the scanning register 41 goes
      through zero, in order to place the AND flip-flop in its 1 state. The
      reason for this is to make sure that a "ramp not busy" state of the
      threshold detector 60 is not merely a remainder from a previous "ramp
      busy" signal that took more than one scanning register cycle to return to
      the positive saturation level of the integrator 65 (See FIG. 5).
      Therefore, the evaluation of the ramp for determining wheather or not a
      counting pulse should be directed to the display register 40, is made in
      double cycle groupings, wherein the ramp is checked not only for its state
      as the scanning register passes through zero in a present cycle but also
      where the ramp was when the scanning register went through zero in the
      immediately preceding cycle. One complete cycle after the scanning
      register goes through zero and the AND flip-flop 133 has initially been
      set to its 1 state, the decision is made as to whether or not a true ramp
      return is in a single scanning register cycle has been accomplished, so
      that a counting pulse to the display register 40 is warranted.
PAR  The control subsystem 54 receives the following inputs:
PA1  1. The output from the zero detector 56 (FIG. 2) over line 71;
PA1  2. The output from the threshold detector 60 (FIG. 2) over line 70; and
PA1  3. The output over lines 104, 105 from the decoder 103 (FIG. 3)
      representing the pulse periods T.sub.1 and T.sub.2.
PAR  The control subsystem 54 provides the following outputs:
PA1  1. A conditioning input over line 72 to gate 73 (FIG. 2);
PA1  2. an enabling output over line 82 for the extended mode resistance switch
      81 (FIG. 2);
PA1  3. a cycle termination and read light activation signal over line 135; and
PA1  4. Incrementing input over lines 96, 97 to the elapsed timer 90 and pulse
      interval timer 91 (FIG. 3).
PAR  The control register (CR) 110 consists essentially of a plurality of
      flip-flops (not shown), of conventional design capable of providing six
      unique output states in the form of d.c. levels denoted as control
      register states 0, 1, 2, 3, 4, and 5, respectively. These d.c. level
      outputs representing the control register states are provided over lines
      140, 141, 142, 135 and 82, respectively. The control register output
      states are set by a corresponding group of pulse input lines 0, 1, 2, 3,
      4, 5, respectively, indicated in FIG. 4 as lines 150, 151, 152, 153, 154,
      155, respectively.
PAR  The operational significance of the various control register states is set
      forth as follows:
PA1  Cr = 0 indicates the reset mode for initially starting a temperature
      measurement cycle and calls for the system to wait for the scanning
      register 41 to go through zero, to determine whether or not the system
      should be placed in the extended mode or anticipation mode of operation,
      depending upon whether or not the initial temperature of the thermistor 48
      is greater or less than 93.degree.F. at the beginning of the temperature
      measurement cycle.
PAR  CR = 1 indicates the beginning of the anticipation mode of operation,
      wherein it has been determined that the initial temperature of the
      thermistor 48 is below 93.degree.F., and the measurement system is waiting
      for the first incrementing pulse to the display register 40. The purpose
      of the CR = 1 state is to ignore the time period it takes for the
      thermistor 48 to come up to the reference temperature (thermistor at
      93.degree.F. with 94.degree.F. indicated by the display register), to
      enable the measurement system to start counting.
PAR  CR = 2 represents the anticipation mode state wherein a search is being
      conducted for the first pulse period T.sub.1 of the pair of pulses
      required by the safeguard sequence.
PAR  CR = 3 represents the anticipation mode search for the second pulse period
      T.sub.2 of the pair of pulse periods required by the safeguard sequence.
PAR  CR = 4 occurs only after the T.sub.1 and T.sub.2 pulse period requirements
      of the safeguard sequence have occurred. The CR = 4 state calls for adding
      one more count to the display register 40, turning on a read light 156,
      and terminating the temperature measurement cycle.
PAR  CR = 5 represents the extended mode of temperature measurement operation
      which can be achieved only if the evaluation made during the CR = 0 state
      indicates that the starting temperature of the thermistor is above the
      93.degree.F. reference point. A CR = 5 state locks out the anticipation
      mode of operation and counts up the display register 40 without any
      anticipation correction, so that the display register count no longer
      leads the thermistor temperature by a temperature differential.
PAR  The reset subsystem 78 sets the CR = 0 state of the control register 110 by
      directing a reset input over line 150. A reset input is also directed over
      line 160 through the OR gate 124 or reset the ADD flip-flop 133, via line
      161, to the 0 state of the ADD flip-flop.
PAR  The output from the zero detector 56 and the threshold detector 60 are
      directed as inputs over lines 71 and 70, respectively, to the AND gate
      112, the "true" output of the gate 112 representing a "ramp not busy", and
      scanning register going through zero, signal. The "true" output of the
      gate 112 over line 163 sets the ADD flip-flop 133 to its 1 state, the ADD
      flip-flop being a conventional JK flip-flop. Hence, when the ADD flip-flop
      input over line 163 goes "true", the flip-flop does not get set into its 1
      state until the next clock pulse occurs.
PAR  The 1 state of the ADD flip-flop 133 is fed over line 164 as an enabling
      input to the AND gate 113 which also receives, over line 162, the output
      of the AND gate 112. Hence, a "true" output from the AND gate 113 over
      line 166 indicates that the scanning register is going through zero, the
      ramp is not busy, and the AND flip-flop 133 is in its 1 state meaning that
      the ramp was not busy on the previous cycle when the scanning register
      went through zero.
PAR  The output of the zero detector 56 is also directed as input over line 167
      to an AND gate 114. The output of the threshold detector 60 is directed
      over line 168 to an inverter 129 whose output provides a second input,
      over line 169, to the AND gate 114. The "true" output of the AND gate 114
      over line 170, representing a "ramp busy," while the scanning register is
      going through zero, condition is passed through the OR gate 124 to reset
      the ADD flip-flop 133 to its 0 state.
PAR  The output of the threshold detector 60 is also directed over line 171 as
      one input to the AND gate 121, the latter gate receiving as a second
      input, over line 172, the 1 state of the ADD flip-flop 133. A third input
      to the AND gate 121, over line 173, is the output of the inverter 131
      which receives as input the CR = 4 state on line 135. Hence, a "true"
      output, over line 175, from the AND gate 121 represents the conditions
      that the control register is not in state 4, the ramp is not busy, and the
      ramp was also not busy when the scanning register through zero in the
      preceeding scanning register cycle. The output of the AND gate 121 passes
      through the OR gate 125, over line 72, to enable a counting pulse to be
      passed by the AND gate 73 (FIG. 2) to the display register 40 when the
      zero detector 56 indicates that the scanning register 41 is going through
      zero.
PAR  The CR = 0 state on line 140 provides one input to the AND gate 115 which
      receives a second input, over line 170, from the AND gate 114. Hence, the
      "true" output of the AND gate 115 indicates CR = 0, the ramp is busy
      (meaning that the thermistor 48 is at a lower temperature than the count
      in the display register 40), and the scanning register is going through
      zero. These conditions set the control register 110 into its 1 state
      representing initiation of the anticipation mode of operation.
PAR  The CR = 1 state on line 141 provides one input to the AND gate 116, the
      latter gate receiving a second input from the AND gate 113 over line 166,
      so that a "true" output of the gate 116 represents CR = 1, the ramp is not
      busy, the ADD flip-flop 133 is in its 1 state, and the scanning register
      is going through zero. The "true" output of the AND gate 116 is passed
      through OR gate 127 to set the control register 110 into its 2 state which
      initiates the search for the first pulse period T.sub.1.
PAR  Under these conditions, incrementing pulses are not only passed to the
      display register 40 by the gate 73 in FIG. 2, but incrementing pulses are
      also passed to the elapsed timer 90 and pulse interval timer 91. In this
      regard, the CR = 2 state over line 142 is passed by the OR gate 126, as is
      the CR = 3 state over line 143, to provide one enabling input over line
      180 to the AND gate 122, the other enabling input to the gate 122 being
      provided over line 181 from the zero detector 56 each time the scanning
      register 41 goes through zero.
PAR  The CR = 2 state also provides one input to the AND gate 118 which receives
      a second input, over line 104, representing the pulse period T.sub.1 and a
      third input, over line 182, from the AND gate 113. Hence, the "true"
      output of the AND gate 118 sets the control register 110 to its 3 state
      when CR = 2, the ramp is not busy, the ADD flip-flop 133 is in its 1
      state, the scanning register is going through zero, and the last pulse
      period interval measured was at least equal to T.sub.1.
PAR  In accordance with the safeguard sequence technique of the present
      invention, if a pulse period occurs which is shorter than the pulse period
      T.sub.1, after the control register is in its 3 state, as would occur if
      tissue contact is lost and subsequently reacquired, the system should
      switch back to the CR = 2 state and again search for the pulse period
      T.sub.1. In this regard, the AND gate 117 receives an input over line 183
      representing CR = 3, an input over line 184 which is the output of the
      inverter 130 and represents a pulse interval less than T.sub.1, and an
      input over line 185 from the AND gate 113 representing ramp not busy, the
      ADD flip-flop is in its 1 state, and the scanning register is going
      through zero. The "true" output of the gate 117 is passed through OR gate
      127 to reset the control register 110 to its 2 state.
PAR  The AND gate 119 receives an input over line 87 representing CR = 3, an
      input over line 188 indicating a pulse interval has elapsed greater than
      the required pulse period T.sub.2, and a third input, over line 189, from
      the gate 114 indicating that the ramp is busy and the scanning register is
      going through zero. The "true" output of the AND gate 119 sets the control
      register 110 to its 4 state which energizes the read light 156 over line
      135. In addition, the "true" output of the gate 119 on line 154 is
      directed over line 190 through the OR gate 125 to enable the AND gate 73
      in FIG. 2 so that one last incrementing pulse is passed to the display
      register 40 for the final temperature indication. The reason for this is
      to avoid having to delay termination of the measurement cycle until the
      inevitable last counting pulse actually comes along in the conventional
      ramp evaluation system, since this might typically waste several
      additional seconds in the temperature measurement cycle.
PAR  With regard to the extended mode of operation of the thermometer system,
      the AND gate 120 receives one input over line 140 representing CR = 0, and
      receives a second input, over line 191, from the output of the AND gate
      113 indicating that the AND flip-flop is in its 1 state, the ramp is not
      busy and the scanning register is going through zero, indicating that, in
      the initial reset mode of the thermometer system, the starting temperature
      of the thermistor 48 is above the reference point of 93.degree.F. Hence,
      the "true" output of the AND gate 120 sets the control register 110 to its
      5 state which, in turn, causes the extended mode offset switch 81 (in FIG.
      2) to be energized over line 82.
PAR  Referring now to FIG. 6 of the drawings, the algorithm for data processing
      to make a temperature measurement, as embodied by way of example in the
      system and subsystems shown in FIGS. 2 thruogh 5, is diagrammed.
PAR  A start step at 200 initiates application of power and turning on of the
      reset subsystem 78 by step 201. This causes the elapsed time and pulse
      interval timers and scanning register to be set to zero, the switch
      flip-flop 53 (FIG. 2) and ADD flip-flop 133 (FIG. 4) to be set to zero,
      and the display register count to be set to 040 representing 94.degree.F.
      It also initates the next step 202 wherein the control register is set to
      0.
PAR  In the next step 203, one count is added to the scanning register and the
      question is asked at 204 whether or not this brings the scanning register
      to zero. If the answer is no, the question is asked at 205 whether or not
      the scanning register is equal to the display register. If the answer to
      the question at 205 is yes, then the switch flip-flop (FIG. 2) is first
      set to 0 before returning to step 203 and adding another count to the
      scanning register.
PAR  On each cycle of the scanning register, when the answer to the question 204
      is yes, (indicating the scanning register is at zero count), the question
      is asked at 207 whether the control register is in either of the states 2
      or 3. If the answer is no, the question is asked at 208 "is the ramp
      busy?" If the answer to question 207 is yes, the elapsed timer 90 and
      pulse interval timer 91 are first incremented by one count in step 209,
      before determining the state of the ramp at 208.
PAR  If the ramp is not busy, then the switch flip-flop 53 is set to its 1 state
      in step 210. The question is then asked at 211 "what is the state of the
      ADD flip-flop 133?" (FIG. 4). If the ADD flip-flop is in its 0 state, the
      ADD flip-flop is set to its 1 state in step 212 and return is made to step
      203 to increment the scanning register and continue with the next cycle.
PAR  If the answer to question 211 is that the ADD flip-flop is in its 1 state,
      then a question is asked at 213 regarding the state of the control
      register. If the control register is 0 the control register is set to its
      5 state in step 214 which then increments the display register by one
      count and resets the interval timer to zero by step 215 before returning
      to step 203 to begin another scanning register cycle.
PAR  If the answer to question 213 is that the control register is already in
      the 5 state, then the control register remains unchanged in step 214 and
      proceeds on through step 215 and back to step 203. If the control register
      is in the 1 state, the control register is set to its 2 state in step 216
      and then proceeds with steps 215 and 203. If the control register is in
      either the 2 or 3 state, a determination is made at 217 whether or not the
      pulse interval timer registers a period greater than the pulse period
      T.sub.1. If the answer is no, then the control register remains in its 2
      state, or is reset to the 2 state if it was already in the 3 state, by
      step 216. If the pulse interval timer does register a pulse period greater
      than T.sub.1, then the control register is set to its 3 state by step 225.
PAR  If the answer to question 208 is that the ramp is busy, meaning that the
      threshold detector 60 had not come up to the positive saturation level of
      the integrator 65 when the scanning register went through zero, then the
      ADD flip-flop 133 is set to zero by step 218. The status of the control
      register is then queried at 219. If the control register is 0, the control
      register is set to its 1 state and return is made to step 203 to continue
      with a scanning register cycle.
PAR  If the control register is in either its 1, 2 or 5 states, then return is
      made immediately to step 203 to increment the scanning register by one
      clock pulse.
PAR  If the answer to question 219 is that the control register is in its 3
      state, then a determination is made at 211 whether or not the pulse
      interval timer registers a pulse period greater than the period T.sub.2.
      If the answer is no, then return is made to step 203. If the answer is
      yes, then the control register is set to its 4 state and a single count is
      added to the display register, in step 222, followed by termination of the
      measurement cycle in step 223.
PAR  It will be apparent that, while the algorithm flow chart illustrated in
      FIG. 6 has been specifically related, for purposes of illustration, to the
      system and subsystems of FIGS. 2 through 5, it is contemplated that other
      systems, such as a programmed computer, may be utilized to manipulate
      temperature measurement data in accordance with the disclosed algorithm
      without departing from the scope of the present invention.
PAR  Referring now to FIG. 7 of the drawings, one example of a suitable
      algorithm for varying the magnitudes of the pulse periods T.sub.1 and
      T.sub.2, as a function of elapsed time in the monitoring period, is
      diagrammed. It will be apparent that, in addition to the possibility of
      implementing the algorithm by means of suitable hardware, such as by the
      subsystem illustrated in FIG. 3, all or part of the algorithm may be
      performed by conventional programming on a digital computer.
PAR  The T.sub.1 and T.sub.2 determining sequence begins with a conventional
      start step 230, followed by a step 231 wherein both the pulse interval
      timer and the elapsed timer are reset to zero. The next step 232 calls for
      waiting for a count pulse to increment the display register.
PAR  When a count pulse occurs, the question is asked at 233 whether or not the
      elapsed timer and pulse interval timer or running. If the elapsed timer
      and pulse interval timer are not running, as would be in the case when the
      measurement cycle has just begun and the first display register count
      pulse is being received, then the elapsed timer and pulse interval timer
      are started by step 235.
PAR  Once the elapsed timer and pulse interval timer are running, the question
      is asked every cycle at 236 to determine whether or not the elapsed timer
      registers a time greater than 13 seconds. If the answer is no, then
      T.sub.1 and T.sub.2 are set to appropriate values, e.g., 1.0 seconds, and
      1.3 seconds, respectively, by step 237.
PAR  An affirmative answer to question 236 results in a second question 238
      regarding whether or not the elapsed timer registers greater than 23
      seconds. If the answer is no, then T.sub.1 and T.sub.2 are set to 1.5
      seconds and 2.0 seconds, respectively, by step 239. If the answer is yes,
      then T.sub.1 and T.sub.2 are set to 2.0 seconds and 2.6 seconds,
      respectively, by step 241.
PAR  Once T.sub.1 and T.sub.2 have been set by one of the steps 237, 239 or 241,
      these values may be used for the appropriate T.sub.1 and T.sub.2
      indications in the overall system algorithm shown in FIG. 6.
PAR  By way of further example, in another data flow handling configuration,
      each of the steps 237, 239, 241 results in a question at 242 asking "is
      the interval timer registering a count greater than the pulse period
      T.sub.1 ?". This algorithm configuration assumes that, except for the
      starting count pulse to the display register (indicating that the
      thermistor temperature has just exceeded 93.degree.F.), each counting
      pulse marks the end of a pulse timing interval, which is first compared
      with the pulse period T.sub.1 before setting the pulse interval timer to
      zero. In this regard, if the answer to the question at 242 is negative,
      then the pulse interval timer is reset to zero by step 243 and a return is
      made to step 232 waiting for another count pulse to the display register.
PAR  If the pulse interval timer registers a count greater than the pulse period
      T.sub.1, then the timer is reset to zero by step 244 and a question is
      asked at 246, with the pulse interval timer running, whether an additional
      pulse interval has now elapsed which is greater than the second required
      pulse period T.sub.2. If the answer is yes, then a count pulse is
      immediately added to the display register and the measurement cycle is
      terminated, all by step 247. If the answer to the question at 246 is
      negative, then a wait step 248 is performed with the question 249
      constantly being asked regarding whether or not a count pulse has been
      received. If the answer is no, then a recomparison of the pulse interval
      timer with the pulse period T.sub.2 continues to be made at 246.
PAR  If a count pulse is received before the pulse interval timer registers a
      count greater than T.sub.2, then a return is made from the question at 249
      to the comparison at 242 which determines whether or not the pulse period
      exceeded the pulse period T.sub.1. If the last pulse period was greater
      than T.sub.1, step 244 is performed and the quest for the pulse period
      T.sub.2 is again initiated. If the pulse period was less than T.sub.1, as
      would be the case if tissue contact was lost and subsequently reacquired,
      then step 243 is performed, and the next pulse period will be re-examined
      first for compliance with the pulse period T.sub.1 before any search will
      be initiated for a successive pulse interval satisfying the T.sub.2 pulse
      period requirement.
PAR  Referring now to FIG. 8 of the drawings, an alternative method of varying
      the anticipation correction introduced as a function of elapsed time is
      indicated. In the subsystem shown in FIG. 8, the T.sub.1 and T.sub.2 pulse
      periods have constant magnitudes throughout the measurement cycle, and the
      magnitude of the anticipation correction introduced is varied by means of
      additional imbalance introduced into the bridge network 47.
PAR  Portions of the bridge network 47 shown in FIG. 2 are reproduced in FIG. 8,
      including R.sub.BAL, the duty cycle resistance R.sub.C and its associated
      switch 51, and the extended mode resistance R.sub.D and its associated
      offset switch 81 controlled by line 82 from the control subsystem 54. As
      previously indicated, the switch 81 is normally open, and, if it is
      determined that the system should go into the extended mode of operation,
      the switch 81 is then closed to insert the shunt resistance R.sub.D and
      thereby lower the net resistance in the balancing arm of the bridge so
      that the display register 40 and thermistor 48 are in phase regarding
      temperature, with no anticipatory lead in the output indication.
PAR  In order to provide varying anticipatory corrections with elapsed time, so
      that the temperature differential by which the display register leads the
      actual temperature of the thermistor increases with increasing time into
      the measurement cycle, a pair of additional shunt resistors R.sub.E and
      R.sub.F are initially included in the bridge balance arm, and their
      resistance is included in determining what the magnitude of R.sub.BAL
      should be to introduce, for example, the desired 1.degree.F temperature
      differential for the anticipation mode of operation.
PAR  Referring now to FIG. 3, as well as to FIG. 8, the output of the elapsed
      timer decoder 93 over line 251 opens a normally closed switch 250 when the
      elapsed timer 90 registers a time greater than 13 seconds. This removes
      the shunt resistance R.sub.E from the balancing arm of the bridge, thus
      increasing the net resistance in the balancing arm and causing the display
      register to lead the thermistor temperature by an even greater temperature
      differential, such as 1.5.degree.F.
PAR  Similarly, when the elapsed timer 90 in FIG. 3 registers a count greater
      than 23 seconds, the decoder 93 provides an output over line 253 which
      opens the normally closed switch 252 to remove the shunt resistance
      R.sub.F, in addition to the resistance R.sub.E already removed, from the
      bridge balancing arm. Hence, the bridge balancing arm resistance is
      further increased, with the consequent result that the display register
      leads the thermistor temperature by a still greater temperature
      differential, such as 2.0.degree.F.
PAR  Referring now to FIG. 9, an algorithm is diagrammed, similar to the
      algorithm shown in FIG. 7, but for the case where different anticipatory
      corrections are introduced by means of temperature differential changes,
      rather than changes in the magnitudes of the safeguard sequency pulse
      periods T.sub.1 and T.sub.2. In this regard, like reference numberals in
      FIG. 9 denote like or corresponding steps and questions in the algorithm
      previously discussed in connection with FIG. 7.
PAR  The difference between the algorithms of FIG. 7 and FIG. 9 resides in steps
      237a, 239a, and 241a wherein different temperature differentials of
      1.0.degree.F, 1.5.degree.F and 2.0.degree.F, respectively, are introduced
      in FIG. 9, as opposed to the changes in the values of T.sub.1 and T.sub.2
      introduced by steps 237, 239 and 241 in FIG. 7.
PAR  Referring now to FIG. 10, there is shown an adaptor subsystem for modifying
      digital thermometers to incorporate the pulse sequence safeguard and
      variable correction with elapsed monitoring period features of the present
      invention. The logic shown in FIG. 10 is, however, based on a
      non-synchronous system.
PAR  The adapter subsystem of the FIG. 10 uses a plurality of JK flip flops 261,
      262, 263, 264, a pair of controlled oscillators 265, 266, AND gates 267,
      268 OR gate 269, and an inverter 270.
PAR  The controlled oscillators 265, 266 are conventional controlled
      oscillators, well known in the art, which, when energized, generate a
      first pulse after a predetermined period of time, followed by successive
      pulses at regular intervals, the pulse periods after the initial starting
      period being of shorter duration. By way of example, one such controlled
      oscillator is a type NE55V controlled oscillator manufactured by
      Signetics, a subsidiary of Corning Glass Works, Sunnyvale, California.
PAR  The controlled oscillator 265, together with the flip-flops 261, 262,
      define an elapsed time monitoring system providing outputs over lines 272
      and 273 to the input control circuitry of the controlled oscillator 266.
      The outputs over the lines 272 and 273 represent different elapsed
      monitoring periods to selectively alter the pulse frequency output of the
      controlled oscillator 266.
PAR  The balance of the subsystem in FIG. 10, comprising the controlled
      oscillator 266, flip flops 263, 264, and gates 267, 268 and 269 define the
      pulse interval timing subsystem for evaluating counting pulses in
      accordance with the pulse period sequence safeguard technique.
PAR  The adapter subsystem of FIG. 10 requires three types of signals from a
      digital thermometer intended to embody the variable correction and
      safeguard sequence features of the adapter subsystem. One of these signals
      is an RST signal which is the brief duration signal provided by a
      thermometer when it is initially energized for a measurement cycle. Also
      required is an STT signal which is the "start timing" signal. The STT
      signal is a normally "false" d.c. level signal which becomes "true" when
      the thermometer switches into the anticipation mode and starts timing. It
      might be provided, for example, by setting a flip-flop with the display
      counter pulse. It essentially states that the starting reference point for
      elapsed time (thermistor at 93.degree.F.) has been reached. The ADP signal
      required is the "add pulse" signal and is provided by each counter pulse
      to the display register.
PAR  The RST signal is directed to the reset input of each of the flip flops
      261, 262 and 264 provided over lines 275, 276, 277, respectively, to set
      these flip-flops initially in their "false" states so that their Q outputs
      are "true" and their Q outputs are initially "false."
PAR  In addition, a constant "true" input over line 281 is provided to the J
      input of the flip-flop 262, with a constant "false" input over line 278
      being provided to the K input of that flip-flop.
PAR  Similarly, a "true" input is constantly directed over the line 279 to J
      input of the flip-flop 263, while a constantly "false" input is directed
      over line 280 to the K input of the latter flip-flop.
PAR  The STT timing signal is initially "false" and then becomes "true" at the
      prescribed reference point, e.g., when the thermistor exceeds 93.degree.F.
      and counting pulses are to begin counting up the output display register.
PAR  The "false" state of the STT signal, over line 282, disables the oscillator
      265. The "false" state of the STT signal, over line 283, is inverted by
      the inverter 270 and passed over line 284 to OR gate 269. The output of
      the OR gate 269 over line 285 is, hence, by virtue of the inverter 270,
      "true" and disables the oscillator 266.
PAR  When the STT signal goes "true," both of the controlled oscillators 265 and
      266 are enabled. The timing waveform for the STT signal is shown in FIG.
      11a.
PAR  Once enabled, the controlled oscillator 265 generates a first output pulse
      13 seconds after it has been enabled, and generates additional pulses
      every 10 seconds thereafter over the oscillator output line 287, which is
      connected to the clocking input of the flip-flop 261. The timing waveform
      for the output of the oscillator 265 is shown in FIG. 11b.
PAR  As previously indicated, the flip-flops 261 and 262 are initially set
      "false" by the RST signal. In this regard, note that the "true" Q output
      of flip-flop 262 is directed over line 288 to both the J and K inputs of
      the flip-flop 261. Hence, when the first 13 second pulse from the
      controlled oscillator 265 clocks the input of the flip-flop 261, it sets
      the latter flip-flop "true" and, hence, its Q output over line 290 will be
      "true." This, in turn, makes the input over line 272 to the controlled
      oscillator 266 "true" and represents the pulse frequency control line for
      the period between 13 seconds and 23 seconds of elapsed time.
PAR  Prior to the control input line 272 going "true," the controlled oscillator
      266 provides an output pulse frequency for the period where elapsed time
      is less than 13 seconds. With both pulse frequency control lines 272 and
      273 "false," the pulse frequency output of the controlled oscillator 266
      is a first pulse 1.0 seconds after the "disable" line 285 goes "false,"
      followed by regular pulses every 0.3 seconds thereafter.
PAR  When the 13-23 second oscillator input line 272 goes "true," the pulse
      frequency is changed so that the initial pulse is a 1.5 second pulse and
      subsequent pulses occur approximately every 0.5 seconds. When the input
      line 273 goes "true," indicating an elapsed time of 23 seconds, the
      initial and subsequent pulse periods become 2.0 seconds and 0.6 seconds,
      respectively.
PAR  It will be apparent that, until the first 13 second pulse is generated by
      the oscillator 265, both of the lines 272, 273 to the oscillator 266 are
      "false," and the oscillator 266 generates a pulse output, once enabled,
      governed by the less than 13 seconds of elapsed time in the measurement
      cycle control period.
PAR  When the second pulse is generated by the controlled oscillator 265, 10
      seconds after the occurrence of the first pulse and representing 23
      seconds of elapsed time in the monitoring period, the flip-flop 261 is
      reset by the 23 second pulse so that its Q output over line 290 is
      "false," since both the J and K inputs of flip-flop 261 were "true" by
      virtue of the Q output of the flip-flop 262. This turns off the pulse
      frequency control input over line 272 to the oscillator 266. However, the
      pulse produced by the Q output of flip-flop 261 going from "true" to
      "false" generates a pulse over line 291 to the clocking input of the
      flip-flop 262 so that the latter flip-flop is set "true." This causes the
      line 273, representing more than 13 seconds of elapsed time, to go "true,"
      and thereby set the output frequency of the oscillator 266 accordingly.
PAR  At the same time, the Q "false" output state of the flip-flop 262 is
      transferred to the J and K inputs of the flip-flop 261. Accordingly, all
      additional pulses produced by the oscillator 265, after the first two
      pulses, have no effect whatsoever upon either of the flip-flops 261 or
      262, both of these flip-flops remaining in their "false" state throughout
      the remainder of the measurement cycle. In this way, the input line 273 to
      the controlled oscillator 266 sets the output frequency of the latter
      oscillator for the balance of the measurement cycle.
PAR  The timing waveforms for the flip-flops 261 and 262 are shown in FIGS. 11c
      and 11d, respectively.
PAR  As previously indicated, the flip-flops 261 and 262 control the output
      frequency of the controlled oscillator 266. The oscillator 266 starts
      running when the STT signal goes "true," and is restarted every time an
      ADP pulse is passed by the OR gate 269 over line 285 to momentarily
      disable the oscillator. In each case, the oscillator 266 intitiates its
      output cycle by generating its first output pulse, assuming that the
      elapsed time is less than 13 seconds, 1.0 seconds after the oscillator in
      enabled and each pulse thereafter provided at 0.3 second intervals.
      However, if an ADP pulse is provided before the 1.0 second interval has
      elapsed, the output cycle is restarted anew, without the 1.0 second pulse
      of the previous output cycle ever being generated. In other words, as long
      as ADP count pulses keep coming more frequently than 1 per second, there
      is no output from the oscillator 266. However, the first time that an ADP
      pulse is produced followed by an interval of 1.0 seconds or more before
      the next ADP pulse, the oscillator 266 will produce a pulse output 1.0
      seconds after the last time it was enabled. Hence, each time the
      oscillator 266 is disabled and re-enabled, its entire output cycle is
      reset to start from the beginning.
PAR  Assume that the pulse period of 1.0 seconds between ADP pulses finally
      occurs, either because of loss of contact with patient tissue, or because
      the end of the measurement cycle is being approached. In any event, the
      lack of an ADP pulse for 1.0 seconds or more indicates that the T.sub.1
      period of the safeguard pulse period sequence has been met. The controlled
      oscillator 266 produces a 1.0 second output pulse over line 293 which
      clocks the input of the flip-flop 263 so that the latter flip-flop is set
      "true." Hence, the Q output of flip-flop 263 goes "true" while the Q
      output goes "false," and both of these output states are transferred over
      lines 295, 296, respectively, to the J and K inputs, respectively, of the
      flip-flop 264 which remains "false."
PAR  Additional output pulses every 0.3 seconds from the controlled oscillator
      266, as might occur if the thermometer probe has lost contact with the
      tissue, continue to clock the input of the flip-flop 263 with no effect
      since the latter flip-flop is already "true" and, with its J input "true"
      and K input false, will remain in the "true" state every time the
      flip-flop is clocked over line 294.
PAR  The "true" Q output of the flip-flop 263 also provides an enabling input
      over line 297 to the AND gate 267. However, the output of the gate 267
      over line 298 remains "false" since the second input to the gate over line
      299, which is the Q output of the flip-flop 264, is still "false."
PAR  When the next ADP pulse occurs, it not only restarts the oscillator 266,
      but resets the flip-flop 263 over line 301, and clocks the input of the
      flip-flop 264 over line 302. This transfers the previous state of the
      flip-flop 263 into the flip-flop 264, that is, it sets the flip-flop 264
      to its "true" state, while simultaneously resetting the flip-flop 263 to
      its "false" state. As a result, the enabling input over 297 to the AND
      gate 267 goes "false," while the enabling input to the gate over line 299
      goes "true." Therefore, flip-flop 263 being "false" and flip-flop 264
      being "true" defines a state where the T.sub.1 period requirement has been
      met and the next pulse is being checked for satisfaction of the T.sub.2
      pulse period requirement for the safeguard sequence.
PAR  After a pulse period of 1.0 seconds has elapsed, a pulse is produced by the
      oscillator 266 which clocks the input of the flip-flop 263 to set the
      latter flip-flop "true," thus enabling the gate 267, since nothing has
      happened to change the state of the flip-flop 264, and thereby providing
      an enabling input over line 298 to the AND gate 268.
PAR  If another ADP pulse has not occurred in the next 0.3 second time interval
      after the 1.0 second pulse was produced, then a second pulse is produced
      by the oscillator 266 and will pass over line 293, through the gate 268,
      and provide a "stop" pulse over line 300 which will end the measurement
      cycle in any manner desired, such as by adding one additional pulse to the
      output display register and turning on a read light, etc.
PAR  The aforedescribed timing sequence has been described for 1.0 and 1.3
      second pulse period values for T.sub.1 and T.sub.2, when the elapsed time
      in the measurement cycle is less than 13 seconds. However, the same logic
      applies for the elapsed time interval between 13 and 23 seconds, as well
      as the period over 23 seconds, the only difference being in the magnitudes
      of the pulse periods involved.
PAR  If the case occurs where the T.sub.1 pulse period requirement has been met,
      and the next pulse period is greater than T.sub.1, but less than T.sub.2,
      the situation arises where another ADP pulse is generated after the
      controlled oscillator 266 has generated its 1.0 second pulse, but before
      the latter oscillator has generated any 1.3 second pulse. Under these
      circumstances, the ADP signal over the reset input 301 to the flip-flop
      263 resets the flip-flop 263 to its "false" state. At the same time, since
      the Q output of flip-flop 263 was "true," with the Q output being "false,"
      the ADP pulse over line 302 leaves the flip-flop 264 in its "true" state.
      The controlled oscillator 266 is, of course, also reset by the ADP pulse
      over line 285.
PAR  Hence the result of a pair of pulses in succession, satisfying the T.sub.1
      pulse period requirement but not the T.sub.2 requirement, results in
      resetting of the pulse evaluation subsystem to the conditions where
      flip-flop 263 is "false" and flip-flop 264 is "true" which, as previously
      indicated, defines a state where the T.sub.1 period requirement has
      already been met and the next pulse is again being checked for
      satisfaction of the T.sub.2 pulse period requirement. As a result, the
      first pulse from the controlled oscillator 266, 1.0 seconds after the last
      ADP pulse, will set the flip-flop 263 to its "true" state and, if no ADP
      pulse occurs within the next 0.3 second time interval after the 1.0 second
      pulse, the oscillator 266 will produce a second pulse which will pass
      through the gate 268 to terminate the measurement cycle in the appropriate
      manner.
PAR  Assuming the case where the T.sub.1 pulse period requirement has been met,
      but the next pulse period is less than T.sub.1, there will be no output
      from the oscillator 266, but the ADP pulse will reset the flip-flop 264
      over line 302 to the clocking input of that flip-flop, since the flip-flop
      263 was previously "false" and provides a Q "true" output to the K input
      of the flip-flop 264. The ADP signal over the reset input 301 to the
      flip-flop 263 has no effect since the latter flip-flop was already in its
      "false" state. Hence, the result of receiving an ADP pulse defining a
      pulse period shorter than the period T.sub.1, after previously having
      satisfied the T.sub.1 period condition, is to reset the pulse evaluation
      subsystem, so that both flip-flops 263, 264 are "false," and the next
      pulse period will again be tested for T.sub.1 before any search for a
      subsequent successive T.sub.2 pulse period will be initiated.
PAR  It will be apparent that the adapter subsystem shown in FIG. 10 can be
      modified to provide corrections of varying magnitude, regarding the
      anticipatory temperature differential introduced, rather than varying the
      magnitudes of the T.sub.1 and T.sub.2 pulse periods searched for. In this
      regard, the lines 272 and 273 to the controlled oscillator 266 would be
      disconnected and would instead selectively enable appropriate switches for
      adding or removing resistance from a bridge network or the like, so that
      the magnitude of the anticipation correction would be altered, while the
      oscillator 266 would provide a pulse frequency output suitable for a
      single set of T.sub.1 and T.sub.2 pulse period requirements, as opposed to
      the three sets of T.sub.1 and T.sub.2 values presently embodied by the
      subsystem shown in FIG. 10.
PAR  Referring now to FIG. 12 of the drawings, there is shown a generalized
      system for another embodiment of an electronic thermometer incorporating
      various features of the present invention. Like reference numerals in the
      system of FIG. 12 denote like or corresponding parts in the system of FIG.
      2 previously discussed. The primary differences in the system of FIG. 12
      reside in a modified form of the analog-to-digital converter and the use
      of a system particularly suited for use with the adapter subsystem taught
      in FIG. 10.
PAR  The thermometer system shown in FIG. 12 is also capable of being operated
      in either an extended mode, wherein the indicated temperature is the same
      as the temperature of the thermistor, or in a rapid anticipation mode,
      wherein the measured temperature indicated is an extrapolated higher
      temperature rather than the actual thermistor temperature.
PAR  The system of FIG. 12 includes a display register 40 and scanning register
      41. The scanning register 41 is continuously counted up on cyclical basis
      by the clock 42 over line 43. The display register 40 is counted up by
      appropriate incrementing pulses received over line 44. The output of the
      display register 40 is directed to a display decoding and multiplexing
      subsystem 44 which, in turn, feeds an output digital display unit 46.
PAR  The display register 40 and scanning register 41 cooperate with each other
      to modulate the state of balance of a bridge network, including a
      thermistor 48, to selectively increment the display register 40 so that it
      counts up as the thermistor temperature increases. The bridge includes
      resistance R.sub.A, R.sub.B, and R.sub.BAL electrically connected in a
      d.c. Wheatstone bridge configuration, with the electrical output of the
      bridge available at terminals 49, 50, all as in the embodiment of FIG. 2.
PAR  The switch flip-flop 53, switch 51 and, hence, the duty cycle of the shunt
      resistance R.sub.C in the balancing arm of the bridge is controlled by the
      constantly compared states of the display register 40 and scanning
      register 41 to modulate the state of balance of the bridge by varying the
      time that the resistance R.sub.C is connected into the balance arm of the
      bridge. In this regard, as in the embodiment of FIG. 2, the ratio of
      closed to open time for the switch 51, and, hence, the ratio of time in to
      time out for the resistance R.sub.C is representative of the count in a
      display register 40.
PAR  The state of the scanning register 41 is decoded by the zero detector 56
      which provides an output over the line 61, each time the scanning register
      goes through zero, to switch the flip-flop 53 to its 1 state and thereby
      connect the resistance R.sub.C into the bridge balancing arm. The
      coincidence detector 62 constantly compares the states of the display
      register 40 and the scanning register 41 and, each time the two registers
      have counts of equal magnitude, the detector 62 generates a coincidence
      output over line 63 to set the switch flip-flop 53 into its 0 state and
      thereby disconnect the resistance R.sub.C from the balancing arm of the
      bridge.
PAR  Hence, the switch flip-flop 53 gets reset to its 1 state every time the
      scanning register 41 goes through zero, thus gating the switch 51 on. The
      flip-flop 53 gets set to its 0 state ever time the scanning register has
      the same count as the display register, thus gating the switch 51 off. The
      switch 51 is thereby periodically turned on and off, once for every full
      count cycle of the scanning register 41. In this way, electrical output of
      the bridge at the terminals 49, 50 varies in accordance with the count in
      the display register 40. One primary difference between the system of FIG.
      12 and the system of FIG. 2 is that the system of FIG. 2 used a dual ramp
      integrator 65 to evaluate bridge output during every cycle of the scanning
      register 41 by determining at the end of every cycle whether or not the
      bridge output justified another count being directed to the display
      register 40. This evaluation did not depend upon the bridge being in
      balance, but rather evaluated the type of imbalance existing on a cycle by
      cycle basis to determine rapidly when counts should be added to the
      display register. Hence, the system of FIG. 2 used a non-nulling bridge.
      In contrast, the system of FIG. 12 uses a nulling bridge which will
      indicate the need for additional counts in the display register 40 on an
      averaging basis over several cycles of the scanning register 41 when the
      bridge output goes off null.
PAR  Hence, the system of FIG. 12 uses a conventional operational amplifier 66
      to detect bridge output, rather than a dual ramp integrator. In addition,
      a capacitor 301 shunts the balancing arm of the bridge to average the
      pulses in the bridge and minimize ripple in the output detector. The
      average current flowing through the resistor R.sub.C is determined by the
      ratio of the on to off time of the latter resistance which, of course, is
      a measure of the count in the display register 40. While the bridge
      evaluation system of FIG. 12 is simpler in electrical circuitry than the
      system of FIG. 2, it will generally be slower in speed of response. The
      speed of response of the system in FIG. 12 can be enhanced somewhat,
      however, by using a smaller capacitor 301 and increasing the frequency of
      the clock 42.
PAR  The reset start subsystem 78 not only directs a reset signal over line 79
      to reset the display register 40 to its 94.degree.F. reference state, and
      the switch flip-flop 53 to its 0 state, but also directs a reset signal
      over line 302 to set a flip-flop 303 to its 1 state. Reset signals are
      also directed over line 305 to set a flip-flop 306 to its 0 state, over
      line 307 to set a flip-flop 308 to its 1 state, and over line 310, through
      an inverter 312, as a pulse input to an AND gate 311.
PAR  Another input to the AND gate 311 is the output level of the bridge
      detector amplifier 66, over line 68, after first being inverted by an
      inverter 313. Hence, during the reset period, if the thermistor 48 is
      initially lower than the starting reference temperature of 94.degree.F.,
      the bridge output will be negative which, as a result of the inverter 313,
      will provide an enabling input to the gate 311. Thus, the gate 311 remains
      disabled during the "reset" period, but is momentarily enabled by a
      transient pulse, generated by termination of the reset signal, the latter
      pulse being passed by the gate 311 as a "true" output over line 315 to set
      the flip-flop 303 to its 0 state. The latter state of the flip-flop 303
      opens a normally closed switch 81a, via line 82, to remove the extended
      mode resistance R.sub.D shunting the bridge balancing arm, thus placing
      the temperature measurement system in the anticipation mode and causing
      the count registered in the display register 40 to lead the actual
      temperature of the thermistor 48 by the predetermined temperature
      differential of 1.degree.F. in order to compensate for the higher net
      resistance of the bridge balancing arm.
PAR  An AND gate 317 receives as one input over line 319 the electrical output
      of the bridge detector amplifier 66. In this connection, the gate 317 is
      enabled by a "true" output from the amplifier 66, the latter occuring only
      when the thermistor temperature represented by the resistance R.sub.T
      exceeds the equivalent temperature represented by the net resistance in
      the balancing arm of the bridge. The AND gate 317 also receives an
      enabling input over line 320 from the flip-flop 308 which is in the 1
      state. In addition, pulses from the clock 42 are directed over line 318
      and are passed through the AND gate 317, over line 322, to the lower half
      of a monostable flip-flop or one-shot 323, so that each of the pulses
      passed by the gate 317 over line 322 sets the one-shot to its unstable
      state. The pulse output from the lower half of the one-shot is directed
      over line 44 as incrementing pulse input to the display register 40.
PAR  The pulse output from the one-shot 323 is also directed over line 325 as a
      pulse input to an AND gate 326, a second enabling input to the AND gate
      326 being received from the 0 state of the flip-flop 303 over line 327.
      Under these conditions, the AND gate 326 provides an output over line 328
      to set the flip-flop 306 to its 1 state.
PAR  It will be apparent that the temperature measurement system of FIG. 12 can
      be readily utilized with the adapter subsystem of FIG. 10. In this
      connection, the RST signal is readily derived from the output of the reset
      start subsystem over line 79. In addition, the STT signal, indicating the
      start of timing in the anticipation mode, can readily be obtained over
      line 300 from the 1 state of the flip-flop 306. In addition, the ADP
      signal, indicating an additional pulse to the display register, is readily
      obtained from a display register pulse line 44 at the output of the
      one-shot 323. These outputs are indicated in FIG. 12.
PAR  When the "stop" pulse provided by gate 268 (FIG. 10) over line 300 is used
      to set the flip-flop 309 of FIG. 12 to its 0 state, the AND gate 317 is
      disabled, no further counting pulses are passed to the display register
      40, and the measurement cycle is thus properly terminated.
PAR  Referring now, again to FIG. 2 of the drawings, certain additional
      advantages of the analog-to-digital conversion system of the present
      invention will now become apparent. As previously indicated, the bridge
      network 47 includes a dual ramp integrator 65 at the output terminals 49,
      50 of a conventional d.c. Wheatstone bridge. The output of the dual ramp
      integrator over line 68, when the bridge is in balance, has a negative
      ramp time to positive ramp time ratio which is a measure of the display
      register count when it corresponds with the temperature of the thermistor
      48 (ignoring any deliberate resistance changes in the balancing arm of the
      bridge to introduce the anticipation correction). Hence, since the display
      register 40 is measuring the resistance of the thermistor 48, the bridge
      network 47 can be considered a digital resistance meter. Moreover, it can
      be shown that the resulting digital resistance meter is independent of the
      voltage of the reference supply (the bridge battery). The reason for the
      latter is that the ratio of negative ramp to positive ramp times in each
      output cycle can be shown to be a function of the ratio of the unknown
      voltage (the voltage across the thermistor 48) to the reference voltage.
      However, since the unknown voltage in the system of FIG. 2 can be
      expressed as a fractional part of the reference voltage, by virtue of the
      voltage divider configuration, the reference voltage term drops out, so
      that the ratio of negative ramp time to positive ramp time is independent
      of the reference voltage.
PAR  In addition, typical thermistor resistance vs. temperature characteristics
      are non-linear. While attempts have been made in the prior art to
      linearize such response characteristics by adding series and parallel
      resistance combinations to the thermistor, such linearizing approaches
      generally also result in reduced temperature sensitivity. In contrast, the
      analog-to-digital converter of FIG. 2 provides non-linear
      analog-to-digital conversion which compensates for the non-linearity of
      the thermistor response so that the count in the display register 40 is a
      linear function of temperature, while the resistance R.sub.T of the
      thermistor 48 is a non-linear function of temperature. This compensation
      for the non-linearity of the thermistor 48 results in no substantial loss
      of temperature sensitivity. The non-linearity compensation is accomplished
      by a loaded voltage divider in the bridge network. In this regard, the
      voltage divider formed by the resistances R.sub.B and R.sub.BAL is
      selectively loaded by the resistance R.sub.C and is inherently non-linear.
      The degree of non-linearity provided by the system may be selectively
      varied by empirically tailoring the values of the various resistances in
      the loaded voltage divider to alter their resistance ratios until the
      desired compensation is achieved.
PAR  The aforedescribed electronic thermometer system of the present invention
      satisfies a need for improved thermometers capable of making more
      accurate, more reliable and easy to read temperature measurements very
      rapidly, and in a manner essentially independent of the measurement
      techniques of operating personnel.
PAR  It will be apparent from the foregoing that, while particular forms of the
      invention have been illustrated and described, various modifications can
      be made without departing from the spirit and scope of the invention.
      Accordingly, it is not intended that the invention be limited, except as
      by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Measurement apparatus, comprising:
PA1  switch means having ON and OFF states;
PA1  first counter means;
PA1  means for cyclically counting said first counter means;
PA1  second counter means;
PA1  means for comparing the output signals of said first and said second
      counter means and conditioning said switch means to one of its ON or OFF
      states in response to preselected relative states of said first counter
      means and said second counter means;
PA1  means responsive to a preselected state of said first counter means to
      condition said switch to the other of its ON or OFF states; and
PA1  a bridge network, wherein the state of balance of said bridge network is
      controlled by said switch means.
NUM  2.
PAR  2. In a measurement system wherein electrical pulses represent a changing
      condition being monitored during a measurement cycle, the combination
      comprising:
PA1  first means for monitoring said pulses;
PA1  second means responsive to a prescribed sequence of pulse conditions to
      terminate said measurement cycle;
PA1  third means for monitoring the elapsed time in the measurement cycle; and
PA1  fourth means for varying said prescribed sequence of pulse conditions as a
      function of elapsed time.
NUM  3.
PAR  3. A combination as set forth in claim 2, wherein said second means is
      responsive to a successive sequence of at least two pulse periods of
      prescribed magnitudes.
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ABST
PAL  Apparatus and method is provided to synchronize randomly occuring pulses to
      the nearest one of a train of clock-pulses. Logic circuitry is provided to
      shift the synchronization of a pulse from the nearest clock to one
      clock-pulse earlier or later if said pulse is closely followed or preceded
      by one or more other pulses to be synchronized, and optimum
      synchronization of all pulses as a group requires the synchronization of
      said pulse earlier or later respectively.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There is frequently a need to synchronize or reclock randomly occuring
      input pulses, for example to quantize radar return pulses for subsequent
      computer processing. The shortcoming of conventional synchronizers is,
      that when the leading edge of an input pulse is located in a time interval
      centered so that there is an equal probability of synchronization with an
      earlier or later clock pulse, the circuit may output two pulses, one or
      two partial (less than full amplitude, thus error inviting) pulses or none
      at all. The centered time interval will be called the ambiguity interval.
PAR  Also conventional synchronizers will lose one pulse, if the leading edges
      are separated by less than a full clock period. Therefore there is a need
      for an improved pulse synchronizing apparatus and method, which will
      correctly synchronize input pulses to clock pulses without losing or
      gaining pulses, even if input pulses are closer than clock period apart.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  The logic circuit consists of commercially available integrated circuit
      flip-flops (FF) and gates, which normally are not capable to make
      subnanosecond resolution time decisions, but by the circuitry shown, are
      able to do so. A two phased clock is utilized in effect by presenting
      delayed and undelayed input pulses, and therefore each input pulse
      triggers at least one and at most two FF-s into the set (logic 1) state.
      Thus any pattern of input pulses will generate a corresponding pattern of
      set FF-s in the logic circuit. This pattern is moved through two sets of
      FF-s by the clock like in a two channel shift register. A pair of AND
      gates monitors the pattern, and in two special cases intercepts and
      modifies the flow of set states. An output OR gate and a reclocking AND
      gate complete the circuit and provide correctly synchronized output pulses
      even for combinations of input pulses a prior art synchronizer would not
      be able to resolve.
PAR  In general, it is an object of the present invention to provide a more
      accurate pulse synchronizer apparatus and method.
PAR  Another object of the invention is a synchronizer which does not lose or
      gain pulses in the process.
PAR  Another object of the invention is a synchronizer which correctly
      sychronizes groups of pulses.
PAR  Another object of the invention is a synchronizer which can correctly
      resolve pulses even if they are somewhat closer than clock period apart.
PAR  Another object of the present invention is to provide a logic circuit with
      time-hysteresis.
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiment is set forth in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a logic diagram of the preferred embodiment of the present
      invention.
PAR  FIG. 2 is a timing diagram showing input, delayed input, clock and output
      pulses.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  On the logic diagram of the preferred embodiment, FIG. 1, the input pulses
      are fed to terminal 21. Eight type D FF-s 23 to 30 are utilized, for
      example MC 10231. This component and all subsequently referenced
      integrated circuit components are manufactured by Motorola Semiconductor
      Products Inc. P.O. Box 20912 Phoenix, Arizona 85036. JK type FF-s could
      also be used. The first two FF-s receive the input pulse direct and
      through a D.sub.1 = T/2 long delay element (22) respectively, where T is
      the clock period, for example 5 nanoseconds. All FF-s receive clock pulses
      via clock terminal 37 and buffers 38 and 39.
PAR  With the pulse relationships shown on FIG. 2 both FF 23 and 27 will be
      triggered (logic 1) at clock time in response to each input pulse. But
      slight input pulse advance will cause only 27 to be set, and about T/4
      delay will cause only 23 to be triggered. In all phase relationships at
      least one and at most two of the FF-s will be triggered in response to one
      input pulse.
PAR  FF-s in general have a tendency to teeter for a relatively long time
      between set and reset conditions if presented with just the worst timing
      between D and clock inputs. The MC 10231 is no exception, it can make a 0
      or 1 decision as late as 25 ns after a marginal trigger. As will be seen
      later, either triggering or non-triggering is acceptable in the ambiguity
      interval, but late triggering is not acceptable.
PAR  To solve this problem, a multiple reclocking scheme is used much like a
      shift register. Outputs Q.sub.0 and Q.sub.o ' are presented to flip-flops
      24 and 28 respectively as data, and one clock period later Q.sub.1 and
      Q.sub.1 ' will repeat the state of Q.sub.o and Q.sub.o ', but without
      ambiguity. It should be noted that the MC 10231 is a master slave
      flip-flop; therefore, a total of four regenerations occur before Q.sub.1
      and Q.sub.1 ' outputs appear. At each regeneration, it becomes less
      probable that the "teetering" output of one flip-flop is just the marginal
      "teeter" causing input for the next one. The measured probability of
      teetering on the MC 10231 is once in a billion after two stages. By the
      time the process is repeated once more in FF-s 25 and 29, teetering is
      eliminated beyond measurable limits.
PAR  After two stages of reclocking, for each input pulse one or two of the four
      flip-flops, 25, 26, 29 and 30, will be set to logic 1 state. Table I shows
      all the possible combinations as patterns named a to g.
PAR  It can be seen that if the pattern in Table i is a, b or c after the third
      clock pulse, d, e and f will be present after the fourth clock pulse.
      Outputs Q.sub.3 and Q.sub.3 ', OR gated (33) together, AND gated (34) for
      reclocking, would yield one synchronized output pulse four clocks later
      for every input pulse; but in case g, it would give two output pulses, one
      with the third clock and one with the fourth clock.
PAR  It is not possible to say, though, that all double output pulse situations
      are in error and one output has to be eliminated, since subsequent output
      pulses may correctly reflect two adjacent input pulses. To decide which
      are legitimate and which are false double pulse indications, it is
      necessary to look at all possible patterns in the four flip-flops in
      response to double input pulses. By applying double pulses variable in
      phase in respect to the clock pulses to a circuit built according to FIG.
      1, the patterns named h to o shown in Table II can be verified
      experimentally. As can be seen, true double pulses are indicated by three
      or four 1 -s or two 1 -s separated by a 0. The previously proposed OR gate
      would correctly provide two subsequent output pulses.
PAR  Therefore, only the pattern on line g Table I is troublesome. To avoid the
      error, gating must be provided to prevent case g from yielding an output
      pulse with one of the clocks (arbitrarily, the fourth). Stating the logic
      requirement: there should be no carry pulse from Q.sub.2 ' to Q.sub.3 ' on
      the next clock pulse, if the pattern in the FF-s is Q.sub.2 Q.sub.2
      'Q.sub.3 Q.sub.3 ' = 1, therefore Q.sub.2 Q.sub.3 Q.sub.3 ' = carry. Gates
      32, 36 and 35 implement this logic function.
PAR  A similar analysis would show, that in case of triple or higher multiple
      pulses an error could occur, unless the carry pulse is eliminated in case
      Q.sub.1 'Q.sub.2 Q.sub.2 'Q.sub.3 Q.sub.3 '  = 1, therefore Q.sub.1
      'Q.sub.2 Q.sub.3 Q.sub.3 ' = carry. Gate 31 together with the previous
      gates 36 and 35 serve to eliminate this problem. The logic can be
      implemented by other gating.
PAR  D.sub.2 (40) is a delay element to compensate for propagation delays, and
      is connected to gate 34, which will reclock the output of gate 33 in order
      to produce narrow output pulses like the clock pulses.
PAR  For the gates commercially available circuits can be used, for example MC
      10210 for 38 and 39, MC 10109 for 31 and 32, MC 10104 for 34 and 35, MC
      10102 for 33 and 36.
TBL                TABLE I                                                     
     ______________________________________                                    
             Q.sub.2                                                           
                   Q.sub.2 '                                                   
                           Q.sub.3 Q.sub.3 '                                   
     ______________________________________                                    
     a         1       0       0     0                                         
     b         0       1       0     0                                         
     c         1       1       0     0                                         
     d         0       0       1     0                                         
     e         0       0       0     1                                         
     f         0       0       1     1                                         
     g         0       1       1     0                                         
     ______________________________________                                    
TBL                TABLE II                                                    
     ______________________________________                                    
             Q.sub.2                                                           
                   Q.sub.2 '                                                   
                           Q.sub.3 Q.sub.3 '                                   
     ______________________________________                                    
     h         1       0       1     0                                         
     i         1       1       1     0                                         
     j         1       0       0     1                                         
     k         0       1       0     1                                         
     l         1       1       0     1                                         
     m         1       0       1     1                                         
     n         0       1       1     1                                         
     o         1       1       1     1                                         
     ______________________________________                                    
TBL                TABLE III                                                   
     ______________________________________                                    
     Q.sub.0                                                                   
         Q.sub.0 '                                                             
                Q.sub.1                                                        
                       Q.sub.1 '                                               
                            Q.sub.2                                            
                                 Q.sub.2 '                                     
                                      Q.sub.3                                  
                                           Q.sub.3 '                           
                                                Output                         
     ______________________________________                                    
     0   0      0      0    0    0    0    1    0   0   0   1                  
     0   0      0      0    0    0    1    0    0   0   0   1                  
     0   0      0      0    0    0    1    1    0   0   0   1                  
     0   0      0      0    0    1    1    0    0   0   0   1                  
     0   0      0      0    0    1    1    1    0   0   1   1                  
     0   0      0      0    1    1    1    0    0   0   1   1                  
     0   0      0      0    1    1    1    1    0   0   1   1                  
     0   0      0      1    1    1    1    0    0   0   1   1                  
     0   0      0      1    1    1    1    1    0   1   1   1                  
     0   0      1      1    1    1    1    0    0   1   1   1                  
     0   0      1      1    1    1    1    1    0   1   1   1                  
     0   1      1      1    1    1    1    0    0   1   1   1                  
     0   1      1      1    1    1    1    1    1   1   1   1                  
     1   1      1      1    1    1    1    0    1   1   1   1                  
     ______________________________________                                    
PAR  Table III shows all important single and multiple pulse patterns in the
      eight FF-s on the left side and the resulting output sequence starting
      with the rightmost bit on the right. All other patterns, such as pulses
      separated by gaps, can be derived from these patterns.
PAR  An important property of the circuit on FIG. 1 is, that it exhibits at
      certain times a two valued output as a function of time. This can be
      called time-hysteresis, since the output will be a function of the
      immediately preceding or following events. Specifically line g of Table I
      would output a 0 1 sequence standing alone, but if followed by another
      pulse as in i of Table 2, the output becomes 11 instead of 011. This can
      be verified experimentally. In other words, multiple pulses are considered
      as a group for determining the optimum timing of synchronization. The
      time-hysteresis also permits pulses spaced closer than clock period apart
      to be correctly resolved, since if two pulses compete for the same clock
      pulse, the one further away from the clock will be synchronized to the
      next closest clock pulse.
PAR  It should be noted, that the circuit uses commercial components to achieve
      30 picoseconds time resolution, significantly better than prior art
      circuits.
PAR  It is apparent from the foregoing, that a new and improved pulse
      synchronizing apparatus and method has been provided. There has been
      provided a synchronizer which does not lose or gain pulses, even in
      multiple groups, and which can correctly resolve pulses somewhat closer
      than clock period apart. It is also apparent that other objects and
      features of the invention herein before set forth have been met.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method for synchronizing input pulses to a train of clock pulses
      utilizing n pairs of flip-flops from first to n-th pair, where n is an
      integer greater than one, and wherein each flip-flop can assume one of the
      states of set and reset, the first step of applying said clock pulse
      signals to each of the n pairs of flip-flops and said input pulse signals
      to the first pair of flip-flops, one of the two signals of input and clock
      pulses being delayed to one of the flip-flops of the first pair, the
      second step of applying the outputs of the first pair of flip-flops to the
      inputs of the second pair of flip-flops, and the third step of repeating
      this application of outputs to inputs of the following pair until the
      inputs of the n-th pair are reached, thereby obtaining momentarily in said
      flip-flop pairs a pattern of set and reset states representing in
      quantized form the initial time relationship between said input and clock
      pulse signals.
NUM  2.
PAR  2. A method as in claim 1 together with the step of utilizing logic gating
      connected at least to the n-th flip-flop pair to obtain from the flip-flop
      pairs in synchronism with one of the clock pulses one output pulse for
      every input pulse.
NUM  3.
PAR  3. In an apparatus for synchronizing input pulses an input terminal
      connected to an input of a first flip-flop, a delay element connected
      between the input terminal and an input of a second flip-flop, said first
      and second flip-flops forming a first pair of flip-flops, additional pairs
      of flip-flops up to an n-th pair consisting of odd and even numbered
      flip-flops with odd and even numbered inputs receiving signals from
      outputs of preceding odd and even numbered flip-flops respectively, a
      clock input terminal receiving a train of clock pulses, said clock
      terminal being connected to a second input of all said flip-flops, and
      gating means connected to at least the n-th flip-flop pair serving to
      generate synchronously with one of said clock pulses exactly one output
      pulse for every input pulse received as long as the minimum time spacing
      between input pulses is substantially equal or greater than the spacing
      between the clock pulses.
NUM  4.
PAR  4. Apparatus as in claim 3 together with additional gating means connected
      at least to the outputs of the n-th and (n-1)-th flip-flop pairs, said
      additional gating means serving to control the transmission of logic
      signals from the (n-1)-th to the n-th even numbered flip-flop.
NUM  5.
PAR  5. Apparatus as in claim 4 wherein said additional gating means serves to
      prevent the transmission of said logic signals in case the following logic
      condition is true: Q.sub.n.sub.- 1. Q.sub.n.sub.-1 ' . Q.sub.n . Q.sub.n '
      = 1, wherein Q.sub.n = 1 and Q.sub.n ' = 1 mean that the n-th odd numbered
      flip-flop is set and the n-th even numbered flip-flop is reset
      respectively.
NUM  6.
PAR  6. Apparatus as in claim 5 wherein said additional gating means also serves
      to prevent the transmission of said logic signal in case the following
      logic condition is true: Q.sub.n.sub.-2 ' . Q.sub.n.sub.-1 .
      Q.sub.n.sub.-1 ' . Q.sub.n . Q.sub.n ' = 1.
NUM  7.
PAR  7. Apparatus as in claim 5 wherein said gating means and said additional
      gating means are implemented with AND and OR gates.
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ABST
PAL  A pulse repetition rate check circuit of the type which detects when the
      second of two consecutive pulses from a pulse generator is early or late
      with respect to a predetermined repetition time period includes an early
      pulse detector, first and second early pulse detector enabling means and
      first and second clocks. Each early pulse detector enabling means enables
      the early pulse detector responsive to its associated clock for a
      predetermined time so that a second pulse occurring within the
      predetermined time is detected as an early second pulse. The early pulse
      detector enabling means includes an inhibit means for preventing the
      enabling of the early pulse detector after it has been once enabled. A
      steering circuit alternately directs the clocking signals from an
      oscillator to the clocks responsive to alternate pulses and a clock reset
      means associated with each clock causes each clock to be reset responsive
      to the other clock to assure that one clock is always conditioned to act
      upon the receipt of the next pulse. The pulse repetition rate check
      circuit also includes first and second late pulse detectors which are
      coupled to the first and second clocks respectively for providing an error
      signal indicating that the second pulse is late should the second pulse
      fail to occur within the predetermined repetition time period.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is generally directed to a pulse repetition rate
      check circuit. It is particularly directed to a pulse repetition rate
      check circuit which provides an error signal in response to the second of
      two consecutive pulses provided by a pulse generator being early, late or
      never occurring with respect to a predetermined repetition time period
      following the first pulse.
PAR  There are many applications where precise timing of digital equipment is
      absolutely essential. Such equipment is usually operatively timed by a
      chain of timing pulses which must be properly spaced in time to assure
      correct operation of the equipment. To assure that such equipment is
      properly timed, pulse repetition rate circuits have been provided for
      detecting when the timing pulses are not equally spaced to indicate
      improper operation of the digital equipment.
PAR  Prior art pulse repetition check circuits have included circuits which
      provide an average repetition rate, that is to say, the timing pulses are
      counted for a preset time period and an average repetition rate
      calculated. Obviously, such circuits are inadequate when the repetition
      rate of the timing pulses must remain constant from one pulse to the next.
PAR  Circuits to monitor the repetition rate of a train of timing pulses on a
      pulse to pulse basis usually include a counter which is responsive to the
      first of two consecutive pulses for timing the occurrence of the second
      pulse. Unfortunately, such circuits have experienced difficulty in
      resetting the counter to accommodate the next pulse in the train where the
      timing pulses occur at a relatively high repetition rate. It is possible
      that a pulse may be missed if it occurs within the time required to reset
      the counter.
PAR  Among other functions the counters are generally used for the enabling of
      an early pulse detector during a predetermined time so that a second pulse
      occurring within that predetermined time may be detected as an early
      pulse. Because the counters are generally driven by a free running
      oscillator and have a finite capacity, there is a possibility that a late
      pulse may be detected as an early pulse. This could happen, for example,
      if the second pulse occurs after the counter has counted to capacity and
      back to zero.
PAR  It is therefore a general object of the present invention to provide an
      improved pulse repetition rate check circuit.
PAR  It is a further object of the present invention to provide a pulse
      repetition rate check circuit which provides an error indication when the
      second of two consecutive pulses is early, late or never occurs with
      respect to a predetermined repetition time period which is spaced apart in
      time by a predetermined time from the first pulse.
PAR  It is a still further object of the present invention to provide a pulse
      repetition rate check circuit which monitors the repetition rate of the
      pulses generated by a pulse generator on a pulse to pulse basis.
PAR  It is a still more particular object of the present invention to provide a
      pulse repetition rate check circuit which is always ready to accommodate
      each pulse of a pulse train regardless of the repetition rate of the pulse
      train.
PAR  It is a still further more particular object of the present invention to
      provide a pulse repetition rate check circuit which includes an early
      pulse detector which is enabled for a predetermined time so that a second
      pulse occurring within the predetermined time is detected as an early
      pulse and wherein the early pulse detector is prevented from being enabled
      after it has been once enabled to thereby prevent a late pulse from being
      detected as an early pulse.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a pulse repetition rate check circuit of the
      type which detects when the second of two consecutive pulses from a pulse
      generator is early or late with respect to a predetermined repetition time
      period following the first pulse. The pulse repetition rate check circuit
      of the present invention comprises an input for receiving the consecutive
      pulses, a clock coupled to the input and activated responsive to the
      receipt of the first pulse and having a finite capacity before returning
      to zero time, an early pulse detector coupled to the input for detecting
      the second pulse, and an early pulse detector enabling means coupled to
      the clock and to the detector for enabling the detector for a
      predetermined time and including an inhibit means for preventing the
      detector from being enabled after the detector has been once enabled. The
      inhibit means therefore will preclude the detector from once again being
      enabled notwithstanding a second pulse being received so late as to allow
      the clock to time up to capacity and back to zero to thereby prevent a
      late second pulse from being detected as an early pulse.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The invention,
      together with further objects and advantages thereof, may best be
      understood by reference to the following description taken in connection
      with the accompanying drawings, and the several figures of which like
      reference numerals identify like elements, and in which:
PAR  FIG. 1 is a block schematic representation of a pulse repetition rate check
      circuit embodying the present invention;
PAR  FIG. 2 is a detailed schematic circuit diagram of the pulse repetition rate
      check circuit of FIG. 1; and
PAR  FIG. 3 shows graphical representation of waveforms generated within the
      pulse repetition rate check circuit of FIGS. 1 and 2 which may be utilized
      to more fully understand the operation of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the pulse repetition rate check thereshown in
      block form comprises a steering flip-flop 10 having input 11 connected to
      the pulse generator which provides the pulses whose repetition rates will
      be monitored, oscillator 12, first and second steering gates 13a and 13b,
      first and second counters 14a and 14b, first and second early pulse
      detector enables 15a and 15b, first and second early pulse detector
      disables 16a and 16b, first and second counter resets 17a and 17b, and
      first and second late pulse indicators 18a and 18b. The pulse repetition
      rate check circuit of FIG. 1 additionally comprises early pulse detector
      latch 19 and early pulse detector 20.
PAR  Steering flip-flop 10 has an output 21 coupled to input 22 of steering gate
      13a and output 23 coupled to input 24 of steering gate 13b. Steering
      flip-flop 10 is of the type wherein one of its outputs is a logical one
      while the other output is a logical zero. The logic levels at outputs 21
      and 23 are caused to reverse upon the receipt of a pulse at input 11.
      Oscillator 12 has output 25 coupled to input 26 of steering gate 13a and
      to input 27 of steering gate 13b. Steering gate 13a has an output 28
      coupled to the clock input 29 of counter 14a and steering gate 13b has an
      output 30 coupled to the clock input 31 of counter 14b.
PAR  Upon the receipt of each input pulse at input 11, steering flip-flop 10
      causes one of the steering gates 13a or 13b to gate the clock pulses
      provided by oscillator 12 to one of the counters. Thus, each counter is
      responsive to the receipt of the input pulses at input 11 and is caused to
      be activated upon the receipt of every other input pulse. The function of
      counters 14a and 14b within the pulse repetition rate check circuit shown
      in FIG. 1 is to keep time and therefore, they may be thought of as first
      and second clocks.
PAR  As shown, early pulse detector enable 15a and early pulse detector disable
      16a are coupled between counter 14a and the early pulse detector latch 19.
      In identical manner, early pulse detector enable 15b and early pulse
      detector disable 16b are coupled between counter 14b and latch 19. Latch
      19 has an output 32 coupled to input 33 of early pulse detector 20. Input
      34 of the early pulse detector 20 is coupled to input 11. The early pulse
      detector enables and early pulse detector disables coact with latch 19 to
      cause early pulse detector 20 to be enabled for a predetermined period of
      time following the receipt of a first pulse at input 11. The predetermined
      period of time in which the early pulse detector 20 is enabled begins when
      the first pulse has passed and terminates when the next or second pulse
      should arrive if on time relative to the first pulse. Should the second
      pulse arrive during the predetermined time in which the early pulse
      detector is enabled, early pulse detector 20 will provide at its output 35
      a pulse indicating that the second pulse arrived early.
PAR  The early pulse detector enables 15a and 15b are responsive to their
      respective counters 14a and 14b to set latch 19 when the predetermined
      period of time is to begin to thus enable the early pulse detector 20. The
      early pulse detector disables 16a and 16b are responsive to their
      respective counters 14a and 14b to reset latch 19 when the predetermined
      period of time is to begin to thus enable the early pulse detector 20. The
      early pulse detector disables 16a and 16b are responsive to their
      respective counters 14a and 14b to reset latch 19 when the predetermined
      period of time is to end. In this way, the early pulse detector enables
      and early pulse detector disables together with the latch 19 cause the
      early pulse detector 20 to be enabled for the predetermined period of time
      following the first pulse.
PAR  Each of the early pulse detector enables 15a and 15b includes an inhibit
      means which inhibits the latch 19 from once again being set once it has
      been set. Thus, the early pulse detector can only be enabled once for each
      repetition rate determination. Because the counters 14a and 14b are driven
      by a free running oscillator 12 and have a finite capacity, a second pulse
      which arrives so late as to allow the counters to count up to capacity and
      back to zero will not be detected as an early pulse by the subsequent
      enabling of the early pulse detector 20. The inhibit means of the early
      pulse detector enables 15a and 15b are more fully described and shown in
      relation to FIG. 2.
PAR  Late pulse indicators 18a and 18b are coupled to their respective counters
      14a and 14b. The late pulse indicators are responsive to their respective
      counters for providing a late pulse error output at outputs 36 and 37 at
      the time in which the second pulse is considered late in arriving. The
      late pulse error output is produced after a time period of allowable
      tolerance following the time in which the early pulse detector is
      disabled. In other words, the pulse repetition rate check circuit of the
      present invention only provides an error signal when the second of two
      consecutive pulses is early or late with respect to a predetermined
      repetition time period spaced apart in time after the receipt of the first
      pulse. Should the second pulse never be received, that is, should the
      pulse generator coupled to input 11 be inoperative, the late pulse
      indicators will at periodic intervals produce a late pulse error output,
      the succession of which indicates that the pulse generator is inoperative.
      Thus, the pulse repetition rate check circuit of the present invention is
      capable of determining if the second of two consecutive pulses arrives
      early, late or never arrives at all.
PAR  Counter reset 17a is coupled to counter 14a and to counter 17b for
      resetting counter 17b during the time in which counter 14a is operatively
      keeping time. In a similar manner, counter reset 17b is coupled to counter
      14b and to counter 14a for resetting counter 14a when counter 14b is
      operatively counting time. Only one counter is operatively keeping time at
      any point in time and the other counter must be reset to accommodate the
      next occurring input pulse at input 11. To assure that the counter which
      is idle will be in condition for responding to the next pulse, each
      counter resets the other while it is operatively counting. Each counter is
      reset by the other at a point in time closely following the receipt of the
      preceding pulse to assure that the other counter is in condition for
      accommodating the next pulse upon its receipt. Having two counters which
      are each reset by the other provides a pulse repetition rate check circuit
      which has increased resolution over those pulse repetition rate check
      circuits of the prior art.
PAR  Briefly, in operation, upon the receipt of a pulse at input 11, (the first
      of two consecutive pulses) steering flip-flop 10 will be caused to change
      state at its output 21 and 23. Assuming for the moment that steering
      flip-flop 10 was in a previous state to steer the clock pulses of
      oscillator 12 to counter number 2, the pulse received by the steering
      flip-flop will cause it to change states at its outputs 21 and 23 such
      that output 21 will enable steering gate 13a. Thereupon, the clock pulses
      from oscillator 12 will be transferred to counter 14a from the output 25
      of oscillator 12 through steering gate 13a and to counter 14a. Counter 14a
      will therefore be activated to keep time in response to the pulse received
      at input 11. At this time, counter 14b will be inactive and will be
      arrested at its last count upon the receipt of the pulse at input 11.
PAR  The leading edge of the input pulse causes counter 14a to begin counting.
      After a time period equal to the maximum pulse width of the pulse received
      at input 11, the early pulse detector enable 15a will, in response to the
      counter 14a, set latch 19. Latch 19 being set will enable early pulse
      detector 20. Should the second pulse of the two consecutive pulses be
      received before the early pulse detector 20 is disabled, the early pulse
      detector will detect the second pulse at input 11 and provide an early
      pulse error output at output 35. If the second of the two consecutive
      pulses has not occurred during the time in which the early pulse detector
      has been disabled, the early pulse detector disable 16a responsive to
      counter 14a will cause the latch 19 to be reset to thus disable the early
      pulse detector 20. The early pulse detector will not be enabled again due
      to the fact that at the time it was enabled the inhibit means within the
      early pulse detector enable 15a precluded latch 19 from being set after it
      was once set.
PAR  After the early pulse detector is disabled by the early pulse detector
      disable 16a, there is a period of time referred to herein as the
      predetermined repetition time period in which, should the second pulse
      occur, the second pulse will be considered to be on time. If the pulse
      occurs within this time, the steering flip-flop will direct the clock
      pulses from oscillator 12 to counter 14b and restart the cycle for
      monitoring the repetition rate of the next pulse. Therefore, it can be
      seen that the second of two consecutive pulses is also the first pulse in
      relation to the pulse which follows it.
PAR  Should the second of the two consecutive pulses not occur within the
      predetermined repetition time period following the first pulse, late pulse
      indicator 18a at the time that the second pulse is first considered late,
      will provide responsive to counter 14a a late pulse error output in the
      form of a pulse from output 36. Should the second pulse occur so late as
      to cause counter 14a to count up to capacity and back to zero, the inhibit
      means within the early pulse detector enable 15a will preclude the early
      pulse detector from being further enabled. Should the second pulse occur
      so late that the counter 14a counts through its entire cycle, the late
      pulse indicator 18a will again produce responsive to counter 14a a late
      pulse error output. If the pulse generator coupled to input 11 is
      inoperative, thus producing no pulses, late pulse indicator 18a will
      provide at output 36 a series of pulses at periodic intervals indicating
      that the pulse generator is inoperative.
PAR  Once the pulse generator produces the second of the two consecutive pulses,
      the steering flip-flop 10 will cause counter 14b to start counting and
      counter 14a will stop. While counter 14b was sitting idle, counter 14a had
      reset counter 14b via counter reset 17a. The resetting of counter 14b
      occurred at the beginning of the predetermined time period in which the
      early pulse detector 20 was enabled to thereby assure that counter 14b was
      conditioned to act upon the second of the two consecutive pulses.
PAR  After the second of the two consecutive pulses occurred, it would be
      treated like a first pulse by counter 14b and the cycle would be repeated.
      The next pulse would therefore activate counter 14a again. As can be seen
      from the foregoing, the pulse repetition rate check circuit of the present
      invention checks the repetition rate of two consecutive pulses on a pulse
      by pulse basis. Because one counter resets the other, one counter is
      always ready to accommodate the next pulse.
PAR  Referring now to FIG. 2 and the detailed schematic circuit diagram of the
      pulse repetition rate check circuit of FIG. 1, input 11 is coupled to
      clock input 40 of steering J-K flip-flop 10 by inverter 41. Inverter 41 is
      provided to invert the polarity of the pulses received from the pulse
      generator which is coupled to input 11. Counter 14a comprises a Johnson
      counter comprising J-K flip-flops 41, 42, 43, 44 and 45, interface AND
      gate 46, 4-bit binary counter 47 and inverters 48, 49 and 50. AND gate 46
      interfaces the Johnson counter with the 4-bit binary counter 47. Inverters
      48, 49 and 50 provide inverted count information to be used by the rest of
      the pulse repetition rate check circuit. Counter 14b is shown in block
      form because it is identical in configuration to counter 14a.
PAR  Steering gates 13a and 13b have inputs 22 and 27 coupled to oscillator 12
      and inputs 26 and 24 coupled to the steering flip-flop 10 as shown and
      previously described in relation to FIG. 1. Output 28 of steering gate 13a
      is coupled to the clock inputs 51, 52, 53, 54 and 55 of flip-flops 41, 42,
      43, 44 and 45 respectively which comprise the Johnson counter of counter
      14a. The Johnson counter is provided because it provides an unambiguous
      indication of one time increment to the next.
PAR  The early pulse detector enable 15a comprises AND gate 56, AND gate 57, J-K
      flip-flop 58 and NAND gate 59. Flip-flop 58 comprises the inhibit means
      for the early pulse detector enable 15a. Early pulse detector enable 15b
      is shown in block form inasmuch as it is identical to the early pulse
      detector enable 15a except that it is associated with counter 14b instead
      of counter 14a.
PAR  As can be seen from FIG. 2, inputs 60, 61 and 62 of AND gate 56 are coupled
      to counter 14a. Inputs 63 and 64 of NAND gate 57 are also coupled to
      counter 14a and input 65 is coupled to output 66 of AND gate 56. Output 67
      of AND gate 57 is coupled to clock input 68 of flip-flop 58. The Q output
      of flip-flop 58 is coupled to input 69 of NAND gate 59 and input 70 of
      NAND gate 59 is coupled to output 67 of AND gate 57. Output 71 of NAND
      gate 59 is coupled to input 72 of latch 19. Output 32 of latch 19 is
      coupled to input 33 of the early pulse detector NAND gate 73. Inverter 74
      of early pulse detector 20 has input 34 coupled to the output of inverter
      41 which is coupled to input 11 for providing early pulse detector 20 with
      the pulses received from the pulse generator which is coupled to input 11.
PAR  Early pulse detector disable 16a comprises NAND gate 75 and NAND gate 76.
      NAND gate 75 has inputs 77, 78 and 79 coupled to clock 14a. Output 80 of
      NAND gate 75 is coupled to input 81 of NAND gate 76. Inputs 82 and 83 of
      NAND gate 76 are coupled to counter 14a. Output 84 of NAND gate 76 is
      coupled to input 85 of latch 19 for resetting the latch.
PAR  Early pulse detector disable 16b is shown in block form inasmuch as its
      configuration is identical to the configuration of early pulse detector
      disable 16a but is associated with counter 14b instead of counter 14a. Its
      output 86 is coupled to input 87 of latch 19 for resetting latch 19
      responsive to counter 14b.
PAR  Late pulse detector or indicator 18a comprises AND gate 90 and NAND gate
      91. Inputs 92, 93, and 94 of AND gate 90 are coupled to clock 14a and
      input 95 of NAND gate 91 is coupled to clock 14a. They are coupled to
      appropriate outputs of the counter 14a so as to provide an indicating
      pulse at output 36 at the time that the second of the two consecutive
      pulses is first considered late.
PAR  Late pulse detector or indicator 18b is shown in block form inasmuch as it
      is identical in configuration to late pulse indicator 18a. Late pulse
      indicator 18b is coupled to counter 14b and provides at output 37 a late
      indicative pulse when the second of the two consecutive pulses is late
      when counter 14b is being utilized.
PAR  The pulse repetition rate check circuit of FIG. 2 additionally includes a
      power on and reset circuit which is utilized to clear all of the
      flip-flops of the circuit except for the inhibit flip-flops which are
      preset in the early pulse detector enabling means when power is first
      applied to the circuit. The power on and reset circuit comprises resistor
      100, capacitor 101, Schmitt trigger 102, NOR gate 103, inverter 104, AND
      gate 105, AND-NOR gate 106, AND-NOR gate 107, AND gate 108, inverter 109,
      inverter 110, NAND gate 111, NAND gate 112, NOR gate 113, NOR gate 114,
      and NOR gate 115.
PAR  The power on circuit clears the counter flip-flops in the following manner.
      When power is first applied to terminal 116 of resistor 110, Schmitt
      trigger 102 will provide a logical one output at output 117 causing a
      logical zero at output 118 of NOR gate 103. The logical zero at output 118
      is inverted by inverter 104 and applied to inputs 119 and 120 of AND-NOR
      gate 107 for clearing the flip-flops of counter 14a. The logical ones at
      inputs 119 and 120 of AND-NOR gate 107 causes a logical zero at output 121
      which is inverted by inverter 110 and applied to the input 122 of NAND
      gate 112. This results in output 123 of NAND gate 112 being a logical
      zero. Output 123 is coupled to all of the clear inputs 51-55 of flip-flops
      41-45 respectively and to the clear input 88 of the 4-bit binary counter
      47. Logical zero at these clear inputs clears each of the flip-flops. The
      clearing of the flip-flops of counter 14b is initiated at AND-NOR gate 106
      in identical fashion to that previously described for counter 14a.
PAR  The inhibit flip-flop 58 is preset by NOR gate 114. Input 125 of NOR gate
      114 is coupled to output 126 of inverter 104. The logical one at output
      126 during power on results in a logical zero output at output 127 of NOR
      gate 114. Output 127 is coupled to preset input 128 of flip-flop 58 to
      preset it. The flip-flop of the inhibit means within the early pulse
      detector 15b is preset in identical manner by NOR gate 115.
PAR  NOR gate 113 sets latch 19 into the proper condition upon the application
      of the initial power. NOR gate 113 has inputs 130 and 131 coupled to the
      outputs of inverters 109 and 110 respectively and provides at output 132 a
      logical zero responsive to the logical ones produced at the outputs of
      inverters 109 and 110 during the initial power application. The logical
      zero at output 132 is impressed upon input 133 of NAND gate 85 of latch 19
      to preset it to the proper condition.
PAR  Inputs 135 and 136 of AND-NOR gate 106 are utilized for resetting counter
      14b responsive to counter 14a. Input 136 is coupled to output 137 of AND
      gate 105 which has its inputs 138, 139 and 140 coupled to counter 14a.
      Input 135 is coupled to output 66 of AND gate 56 which has its inputs 60,
      61 and 62 also coupled to counter 14a. When counter 14a is counting, at an
      appropriate time determined by the counter outputs to which the inputs of
      AND gates 105 and 56 are coupled will cause logical ones to appear at
      inputs 135 and 136 of AND-NOR gate 106. This produces a logical zero at
      output 141 of AND-NOR gate 106 which is inverted by inverter 109 to result
      in a logical zero at output 142 of NAND gate 111. Output 142 is coupled to
      the clear inputs of all of the flip-flops and the 4-bit binary counter
      which comprises counter 14b and the logical zero at output 142 will clear
      counter 14b. Counter 14a is cleared responsive to counter 14b in an
      identical manner by utilizing inputs 143 and 144 of AND-NOR gate 107.
PAR  In operation, and referring to FIG. 3 which shows a graphical
      representation of the various waveforms generated by the pulse repetition
      rate check circuit of FIG. 2, waveform a shows two consecutive pulses 150
      and 151 which are nominally spaced apart in time, t.sub.r, the nominal
      repetition time. The pulse width of pulse 151 as shown in FIG. 3 is the
      maximum pulse width t.sub.w, which is defined by the time period beginning
      at t.sub.1 and ending at t.sub.2.
PAR  Assuming that pulse 151 is the first of two consecutive pulses, and
      assuming that counter 14a will be activated responsive to pulse 151, the
      operation of the pulse repetition rate check circuit of FIG. 2 will be
      herein described.
PAR  When pulse 151 is first received at t.sub.1, steering flip-flop 10 will
      provide at output 21 a logical one to cause the clock signals from
      oscillator 12 to be gated by NAND gate 13a to counter 14a to cause counter
      14a to begin counting. After a predetermined period of time equal to the
      maximum pulse width (t.sub.w) of pulse 151, at t.sub.2 the early pulse
      detector enable will provide a negative going pulse (waveform b) which
      begins at t.sub.2 and terminates at t.sub.3. At t.sub.2, inputs 60, 61,
      62, 63 and 64 are all coupled to appropriate counter outputs to receive
      logical ones. Therefore a logical one will appear at output 66 of AND gate
      56 which is impressed upon input 65 of AND gate 57. Input 63 and 64 of AND
      gate 57 also being a logical one will provide a logical one at output 67
      which is impressed upon input 70 of NAND gate 59. Because flip-flop 58 has
      been preset, it will provide at input 69 of NAND gate a logical one. The
      logical one at input 69 and the logical one at inputs 70 of NAND gate 59
      will cause a logical zero at output 71 which is impressed upon input 72 of
      latch 19 causing the latch to provide at output 32 a logical one. This is
      graphically illustrated in waveform d. It enables the early pulse detector
      20 comprising inverter 74 and NAND gate 73 to detect the second of the two
      consecutive pulses should it occur early.
PAR  Output 67 of AND gate 57 is also coupled to the clock input 68 of flip-flop
      58. The trailing edge at time t.sub.3 of output 67 of AND gate 57 will
      toggle flip-flop 58 causing its output coupled to input 69 of NAND gate 59
      to change state to logical zero to thus inhibit the further setting of
      latch 19. The waveform appearing at input 69 of NAND gate 59 is shown in
      waveform f of FIG. 3.
PAR  With the early pulse detector 20 being enabled, any second pulse occuring
      before time t.sub.4 will be detected and will be indicated by an output
      pulse out of output 35 of NAND gate 73. As shown in FIG. 3, the time
      interval between t.sub.4 and t.sub.6 is referred to as the allowable
      tolerance, or in other words, the predetermined repetition time period
      following the first pulse 151. Any pulse appearing after time t.sub.4 is
      either on time or late. Therefore, at time t.sub.4 the early pulse
      detector must be disabled. This is accomplished by the early pulse disable
      16a. Inputs 77, 78, 79, 82 and 83 are all coupled to counter 14a and at
      time t.sub.4 will cause output 84 of NAND gate 76 to produce a negative
      pulse shown in waveform c to disable the early pulse detector 20. The
      negative going disable pulse occurring at time t.sub.4 resets latch 19 as
      shown in waveform d. Any pulse occurring after time t.sub.4 will therefore
      not be detected as an early pulse.
PAR  Should the second pulse following pulse 151 not occur between time t.sub.2
      and t.sub.6, at time t.sub.6 the late pulse indicator 18a will provide an
      output at output 36 indicating that the pulse is late. Inputs 92, 93 and
      94 of AND gate 90 and inputs 95 and 96 of NAND gate 91 are all coupled to
      counter 14a. At time t.sub.6 they will receive from counter 14a
      appropriate logic level inputs to provide at output 36 a positive going
      pulse indicating that the second of the two consecutive pulses is late
      (waveform e).
PAR  Should the second of the two consecutive pulses occur so late as to allow
      the counter 14a to count up to capacity and back to zero, even though the
      counter cycle has started again, the early pulse detector will not be
      enabled because of the logical zero at input 69 of NAND gate 59 provided
      by the inhibit flip-flop 58. Therefore, a second pulse which is so late as
      to cause the counter to count to capacity and back to zero will not be
      inadvertently detected as an early pulse.
PAR  When the second of the two consecutive pulses is received, the steering
      flip-flop 10 will cause counter 14b to begin counting so that the
      repetition time between the second pulse and the pulse which immediately
      comes after it can be monitored. Should a pulse be received on time,
      between times t.sub.4 and t.sub.6, there will be no early pulse indication
      nor a late pulse indication and one counter will stop counting and the
      other counter will be activated to begin counting.
PAR  Lastly, the inhibit means of one early pulse detector enabling means
      removes the inhibit from the other inhibit means. Output 67 of AND gate 57
      is also coupled to input 150 of NOR gate 115. As previously described,
      output 151 of NOR gate 115 is coupled to the preset input of the inhibit
      flip-flop of the early pulse detector enabling means 15b. When the early
      pulse detector 20 is enabled by output 67, the output at output 67
      additionally causes NOR gate 115 a negative pulse to preset the inhibit
      flip-flop of early pulse detector enabling means 15b to condition it when
      its counter 14b is once again utilized upon the receipt of the next pulse.
      Inhibit flip-flop 58 of early pulse detector enabler 15a is preset by the
      early pulse detector enable 15b in the identical manner. Therefore, each
      inhibit means is ready to act upon the next pulse upon its receipt.
PAR  The present invention therefore provides a pulse repetition rate check
      circuit which can monitor the pulse repetition rate of a train of pulses
      on a pulse to pulse basis. Because the pulse repetition rate check circuit
      of the present invention includes two counters which reset each other, and
      which are operative on alternate pulses, the repetition rate check circuit
      of the present invention has sufficient resolution to monitor the
      repetition rate of very rapidly reoccurring pulses. Additionally, because
      the pulse repetition rate check circuit of the present invention includes
      an inhibit means to inhibit the enabling of the early pulse detector after
      it has once been enabled, it is assured that a late pulse will not be
      detected as an early pulse.
PAR  While a particular embodiment of the present invention has been shown and
      described, modifications may be made, and it is intended to cover all such
      modifications in the appended claims as may fall within the true spirit
      and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pulse repetition rate check circuit of the type which detects when the
      second of two consecutive pulses from a pulse generator is early or late
      with respect to a predetermined repetition time period following the first
      pulse, said pulse repetition rate check circuit comprising:
PA1  an input for receiving the consecutive pulses;
PA1  a first clock coupled to said input and activated responsive to the receipt
      of the first pulse, said clock having a finite capacity before returning
      to zero time;
PA1  an early pulse detector coupled to said input for detecting the second
      pulse; and
PA1  a first early pulse detector enabling means coupled to said clock and to
      said detector for enabling said detector for a predetermined time and
      including an inhibit means for preventing said detector from being enabled
      after said detector has been once enabled; whereby,
PA1  said inhibit means will preclude said detector from once again being
      enabled notwithstanding a second pulse being received so late as to allow
      said first clock to time up to capacity and back to zero, to thereby
      prevent a late second pulse from being detected as an early pulse.
NUM  2.
PAR  2. A pulse repetition rate check circuit in accordance with claim 1 wherein
      said clock comprises a first counter and an oscillator for clocking said
      first counter.
NUM  3.
PAR  3. A pulse repetition rate check circuit in accordance with claim 1 further
      comprising a first late pulse indicating means coupled to said first clock
      for providing a late pulse indicative signal when the second pulse is not
      received within said predetermined repetition time period.
NUM  4.
PAR  4. A pulse repetition rate check circuit in accordance with claim 1 further
      comprising a latch coupled to said early pulse detector, wherein said
      early pulse detector enabling means comprises a gate coupled to said latch
      for setting said latch to enable said detector and wherein said inhibit
      means comprises a flip-flop, said flip-flop being coupled to said gate for
      precluding said gate from setting said latch after said latch has once
      been set.
NUM  5.
PAR  5. A pulse repetition rate check circuit in accordance with claim 1 further
      comprising a second clock activated in response to every other received
      pulse and a second early pulse detector enabling means coupled to said
      second clock and to said early pulse detector and including a second
      inhibit means, whereby said first clock and its associated first early
      pulse detector enabling means and said second clock and its associated
      second early pulse detector enabling means are alternately utilized in
      response to every other received pulse.
NUM  6.
PAR  6. A pulse repetition rate check circuit in accordance with claim 5 further
      comprising an oscillator and wherein said first clock comprises a first
      counter and said second clock comprises a second counter, said first and
      second counters being coupled to said oscillator for being clocked by said
      oscillator.
NUM  7.
PAR  7. A pulse repetition rate check circuit in accordance with claim 6 further
      comprising a steering circuit coupled to said input and to said first
      counter and to said second counter for alternately directing the clock
      signals from said oscillator to said first and second counters responsive
      to every other received pulse.
NUM  8.
PAR  8. A pulse repetition rate check circuit in accordance with claim 7 further
      comprising first counter reset means and second counter reset means, said
      first counter reset means being coupled to said second counter and to said
      first counter for resetting said first counter responsive to said second
      counter, and said second counter reset means being coupled to said first
      counter and to said second counter for resetting said second counter
      responsive to said first counter.
NUM  9.
PAR  9. A pulse repetition rate check circuit in accordance with claim 8 wherein
      said first and second counters are reset by said first and second counter
      reset means respectively during said predetermined time whereby, while one
      of said counters is being utilized for counting time the other said
      counter is in ready condition for activation upon the receipt of the next
      pulse.
NUM  10.
PAR  10. A pulse repetition rate check circuit in accordance with claim 5
      further comprising a second late pulse indicating means coupled to said
      second clock for providing a late indicative signal when the second pulse
      is not received within said predetermined repetition time period.
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ABST
PAL  A band-pass filter comprises a delay circuit comprising a plurality of unit
      delay elements connected in cascade arrangement and receiving as input a
      signal including a frequency modulated signal and a coefficient summing
      circuit for carrying out coefficient summing of the outputs of specific
      delay units of the delay circuit and producing as output the frequency
      moudlated signal which has been band-pass filtered. This band-pass filter
      has a transmission characteristic representable by
EQU  H(j.omega.) = [ 1 - a(.omega. - .omega..sub.o).sup.2] e
      .sup.-.sup.j.sup..omega..sup..tau.d ,
PAL  where:
PA1  a is a constant imparting an attenuation characteristic of the filter;
PA1  .omega..sub.o is an angular frequency of a carrier wave of a frequency
      modulated signal and a center angular frequency of the band-pass filter;
      and
PA1  .tau.d is a delay time of the band-pass filter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a band-pass filter and more particularly
      to a band-pass filter for band-pass filtering frequency modulated signals
      with good frequency response characteristic and good dely time
      characteristic.
PAR  In general, in a frequency modulated signal transmitted in a transmission
      system, when a variation occurs in a side band as a result of effects such
      as that of the amplitude characteristic and the group delay
      characteristic, distortion occurs in the demodulated output when the
      signal is demodulated. A distortion arising from such a cause becomes a
      very great problem in the case where the transmission system is a narrow
      band circuit having selectivity as in a band-pass filter and the like.
PAR  In a band-pass filter known heretofore, however, the amplitude
      characteristic cannot become symmetrical with respect to the center
      frequency of the pass band, and, moreover, the group delay characteristic
      does not become flat and has a great deviation. Consequently, in a
      frequency modulated signal which has passed through a band-pass filter of
      this known character, a large distortion is generated.
PAR  Accordingly, with the aim of minimizing the occurrence of distortion,
      various kinds of forms of band-pass filters have heretofore been proposed.
      Each of these filters, however, has required a large number of passive
      circuit elements and much time for adjustment and has been accompanied by
      other problems such as inability to attain sufficient reduction of
      distortion. Accordingly, with the aim of leveling the delay characteristic
      of the filter as much as possible, the selectivity of the filter has been
      lowered in some cases.
PAR  However, it is necessary to increase the selectivity in a band-pass filter
      wherein it is necessary to extract one signal of a band close to that of
      another signal as, for example, a band-pass filter used in a discrete
      4-channel record disc reproducing system to extract an angle-modulated
      wave signal from a multiplexed signal of a direct wave signal and an
      angle-modulated wave signal reproduced from a record disc. Furthermore, if
      the delay time characteristic is not flat, the stererophonic sensation
      imparted by the reproduced sound formed by the loudspeakers will be
      unsatisfactory.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a
      band-pass filter for frequency modulated signal transmission in which the
      above described difficulties have been overcome, and the above described
      requirements have been fulfilled.
PAR  A specific object of the invention is to provide a band-pass filter having
      high selectivity and, moreover, having a transmission characteristic which
      is symmetrical above and below with respect to a center frequency of the
      filtering band.
PAR  Another object of the invention is to provide a band-pass filter having a
      group delay time characteristic which is fully flat within the
      transmission band of the signal being transmitted.
PAR  A further object of the invention is to provide a band-pass filter capable
      of extracting, together with a band-pass filtered signal, and unfiltered
      signal having any delay time. This band-pass filter is effective
      particularly when used in a discrete multichannel record disc reproducing
      system.
PAR  Other objects and further features of the invention will be apparent from
      the following detailed description with respect to preferred embodiments
      of the invention when read in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a block diagram showing the essential organization of one example
      of a discrete 4-channel record disc reproducing system of general type;
PAR  FIG. 2 is a graph indicating the frequency-response characteristic and the
      frequency-delay time characteristic of a known band-pass filter;
PAR  FIG. 3 is a block diagram showing the essential organization of one
      embodiment of a discrete 4-channel record disc reproducing system in which
      a band-pass filter of the invention is applied;
PAR  FIG. 4 is a circuit diagram showing a first embodiment of signal processing
      circuit including the band-pass filter of the invention;
PAR  FIG. 5 is a graph indicating the frequency-response characteristic and the
      frequency-delay time characteristic both of ideal form (impossible of
      realizing) of a band-pass filter;
PAR  FIG. 6 is a graph indicating the impulse response characteristic of the
      band-pass filter having the characteristics indicated in FIG. 5;
PAR  FIGS. 7A and 7B are graphs respectively indicating a first impulse response
      characteristic resulting from a restriction of the impulse response
      characteristic indicated in FIG. 6 within a certain finite time range and
      a second impulse response characteristic which is displaced (lagged)
      relative thereto by a certain time on the time axis;
PAR  FIG. 8 is a graph indicating the frequency-response characteristic and
      frequency-delay time characteristic of a band-pass filter according to the
      invention;
PAR  FIGS. 9, 10, and 11 are graphs respectively indicating impulse response
      characteristics;
PAR  FIG. 12 is a circuit diagram showning a second embodiment of the signal
      processing circuit in the system illustrated in FIG. 3;
PAR  FIG. 13 is a graph indicating the frequency-response characteristic and the
      frequency-delay time characteristic of the band-pass filter in the circuit
      shown in FIG. 12;
PAR  FIG. 14 is a circuit diagram of an embodiment of a multistage delay circuit
      in the circuit illustrated in FIG. 12;
PAR  FIG. 15 is a circuit diagram showing a third embodiment of the signal
      processing circuit in the system illustrated in FIG. 3;
PAR  FIG. 16 is a vector diagram for a description of signal distortion
      occurring in a transmission system;
PAR  FIG. 17 is a graph indicating a transmission characteristic of a
      multiplexed band-pass filter;
PAR  FIGS. 18 and 19 are circuit diagrams respectively showing first and second
      embodiments of the band-pass filter of the invention in the case where it
      is constituted as a band-pass filter unit structure;
PAR  FIG. 20 is a graph indicating the transmission characteristic of a
      multiplexed band-pass filter;
PAR  FIG. 21 is a graph indicating an objective frequency-response
      characteristic of the band-pass filter of the invention in the case where
      a delay line circuit is used in a delay circuit;
PAR  FIG. 22 is a graph indicating the frequency response characteristic of a
      band-pass filter which has been actually organized with respect to the
      objective characteristic indicated in FIG. 21; and
PAR  FIG. 23 is a circuit diagram of an actual embodiment of the band-pass
      filter of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The band-pass filter according to the present invention will now be
      described with respect to an embodiment thereof wherein it is applied to a
      multichannel record disc.
PAR  A discrete 4-channel record disc reproducing system which has been granted
      U.S. Pat. No. 3,686,471 and is already generally in practical use will
      first be described with reference to FIG. 1 showing by block diagram the
      general essential organization of the system. A multiplexed signal of a
      direct wave sum signal and an angle-modulated difference signal of each
      pair of two channels is recorded on each side wall of the sound groove of
      a four-channel record disc 10, thereby recording the signals for a total
      of four channels. A multiplexed signal of the direct wave sum signal and
      the angle-modulated wave difference signal for the two-channel signal
      picked up from the left wall of the grooves of the disc 10 by a pickup
      cartridge 11 is fed to an equalizer 12 with a turnover RIAA characteristic
      for equalization.
PAR  The resulting signal is fed to a low-pass filter 13 for elimination of the
      angle-modulated wave component and for deriving the direct wave sum signal
      component only. The direct wave sum signal is fed to a matrix circuit 15
      via an equalizer 14 provided with a roll-off RIAA characteristic.
PAR  The output of the equalizer 12 is partly fed to a band-pass filter 16 with
      a passband in the approximate range of from 20 KHz to 45 KHz and an
      angle-modulated wave difference signal is derived from this filter. The
      angle-modulated wave difference signal is fed to a demodulator 17. The
      demodulated output from the demodulator 17 is supplied to a low-pass
      filter 18 and the unwanted components contained in the output are
      eliminated thereat. The output from the low-pass filter 18 is fed to the
      matrix circuit 15 via in succession an FM/PM equalizer 19 and an automatic
      noise reduction system (ANRS) circuit 20 comprising an expandor which
      presents a characteristic to compensate for the characteristic of a
      compressor in the recording system.
PAR  In the matrix circuit 15, the direct wave sum signal from the equalizer 14
      and the demodulated difference signal from the ANRS circuit 26 are
      matrixed and from output terminals 21a and 21b are derived, for instance,
      the left front (the first channel) and the left rear (the second channel)
      signals, respectively.
PAR  While there is shown in FIG. 1 only the circuit system for the first and
      second channel signals (the left channel system for the grooves of the
      disc 10), exactly the same circuit system is provided for the right front
      (the third) and the right rear (the fourth) channel. Detailed illustration
      and description of this same system are omitted herein.
PAR  Here, the existence of the pickup cartridge 11, the band-pass filter 16,
      the demodulator 17, and other parts gives rise to a time difference
      between the sum signal and the difference signal supplied to the matrix
      15. More specifically, the delay time .tau.t of the difference signal
      relative to the sum signal is equal to the sum of a delay time .tau.a due
      to the pickup cartridge 11, a delay time .tau.b due to the band-pass
      filter 16, and a delay time .tau.c due to the demodulator 17. That is,
      .tau.t = .tau.a + .tau.b + .tau.c. When there is a time difference between
      the two signals in this manner, the stereophonic sensation of the sounds
      being reproduced become unsatisfactory.
PAR  Accordingly, with the average value of the above mentioned delay time
      .tau.t taken at 40 .mu.sec., the sum signal is recorded beforehand with a
      delay of 40 .mu.sec. relative to the difference signal in the recording
      system of the record disc with the aim of preventing as a net result the
      occurrence of the time difference between the sum and difference signals
      in the reproducing system.
PAR  It is difficult, however, to set the delay time .tau.t accurately at 40
      .mu.sec. in the reproducing system. Since the pickup cartridge 11,
      particularly, has a mechanical resonance system constituting a principal
      part thereof, there are large irregularities in the delay time .tau.a,
      which thereby deviates greatly from 40 .mu.sec. Thus, there arises a first
      problem in that reproduction with high fidelity cannot be accomplished.
PAR  On the other hand, the signal reproduced by the pickup cartridge 11 from
      the record disc 10 is multiplexed signal of a direct wave sum signal of a
      band of from 10 Hz to 15 KHz and an angle-modulated wave difference signal
      of a band of from 20 KHz to 45 KHz. Since the bands of the direct wave sum
      signal and the angle-modulated wave signal are thus close to each other,
      it is not possible to obtain a filtration band having ample margin in the
      band-pass filter 16, and a relatively steep cut-off characteristic is
      required.
PAR  Accordingly, in the known band-pass filter 16, the delay time
      characteristic obtained by differentiating the phase characteristic with
      respect to the frequency becomes as indicated by the broken line curve II
      in FIG. 2 relative to the filtration band indicated by the full line curve
      I. Thus, as indicated in FIG. 2, the delay time characteristic becomes
      substantially flat at the central part of the filtration band, but in the
      vicinity of the upper and lower limits thereof, it fluctuates greatly. In
      the known band-pass filter 16, therefore, there exists a second problem in
      that a uniform delay time characteristic cannot be obtained, and
      distortion develops in the demodulation output of the demodulator 17.
PAR  This has given rise to another problem in that attempts to provide a
      band-pass filter of uniform delay time characteristic have resulted in
      filters of complicated circuit organization which have been accompanied by
      great difficulties in practical realization.
PAR  Accordingly, the present invention provides a novel band-pass filter in
      which the above described problems have been solved. The band-pass filter
      of the present invention will now be described with reference to FIG. 3
      with respect to an embodiment thereof used in a multichannel record disc
      reproducing system. In FIG. 3, parts which are the same as corresponding
      parts in FIG. 1 are designated by like reference numerals, and such parts
      will not be described again in detail.
PAR  In the system illustrated in FIG. 3, a multiplexed signal which has been
      reproduced from the 4-channel record disc 10 by the pickup cartridge 11
      and has passed through the equalizer 12 is supplied to a signal processing
      circuit 30 comprising a band-pass filter according to the present
      invention. The anglemodulated difference signal component filtered by this
      signal processing circuit 30 is then fed to the demodulator 17. On the
      other hand, a reproduced multiplexed signal which has been derived from a
      delay element, to be described hereinafter, in the signal processing
      circuit 30 and caused to have a desired delay time is supplied to the
      low-pass filter 13.
PAR  A specific circuit system of a first embodiment of the signal processing
      circuit 30 is shown in FIG. 4. The above mentioned reproduced multiplexed
      signal from the equalizer 12 is applied through an input terminal 40 of
      this circuit 30 and is subjected to sampling at a frequency which is at
      least twice the maximum frequency of the reproduced signal by a sampler
      41. The signal thus sampled is supplied to a multistage delay circuit 42.
      This multistage delay circuit 42 comprises a cascade connection circuit of
      a plurality of unit delay elements, whose delay times are the same as the
      sampling periods of the sampler 41.
PAR  The output signals of the unit delay elements of this multistage delay
      circuit 42 are respectively supplied, on the one hand, to fixed contact
      points 43a through 43p of a changeover switch 43 having a movable contact
      43z which is for contacting any one of the fixed contact points 43a
      through 43p and is connected to an output terminal 44. Accordingly,
      reproduced signals having different specific delay times can be selected
      by switching the movable contact 43z to respective fixed contact points
      43a through 43p and supplied by way of the output terminal 44 to the
      low-pass filter 13 of the succeeding stage.
PAR  Therefore, by switching the movable contact 43z of the changeover switch 43
      thereby to obtain as output a reproduced signal of a desired delay time
      from the multistage delay circuit 42. For example, in the case wherein the
      multistage delay circuit 43 comprises 2N unit delay elements, and the
      delay time of the unit elements is denoted by .tau.s, signals of different
      delay times can be derived in steps of .tau.s between time delay
      magnitudes from zero to .tau.s .times. 2N by changing over the movable
      contact 43z of the changeover switch 43. Thus, the above mentioned first
      problem is solved.
PAR  With regard to this multistage delay circuit 42, it is to be noted that, as
      described hereinbelow, it is used as one of the essential circuit
      components constituting the band-pass filter and is not provided merely
      for the purpose of deriving a signal of a desired delay time as described
      above. Therefore, there is no necessity whatsoever of using a variable
      delay circuit especially and exclusively for correcting the above
      described time difference, whereby a circuit of inexpensive organization
      suffices.
PAR  Next, the band-pass filter constituting an essential part of the present
      invention will now be described. The output signals of the multistage
      delay circuit 42, on the other hand, are respectively supplied to a
      coefficient summing circuit 45. The above mentioned sampler 41, multistage
      delay circuit 42, and coefficient summing circuit 45 constitute a
      band-pass filter comprising a sampling filter of non-cyclic type
      exhibiting a constant delay time characteristic within a prescribed
      transmission band as described hereinbelow.
PAR  The principle of organization of this non-cyclic type sampling filter is as
      follows. In an analog circuit, in general, there is a relationship of
      convolution as follows between the input X(t), output y(t), and the
      impulse response h(t) expressed as function of time.
      ##EQU1##
      In correspondence with this Eq.(1), the relationship of the input X(t),
      output y(t), and impulse response h(t) is expressed by the following
      equation for the reason that the input is applied dispersively as X1, X2,
      X3, ......... in time sequence with a time interval for every sampling
      period .tau.s.
      ##EQU2##
      This Eq.(2) indicates that, by suitably selecting the impulse response
      coefficients h0, h1, h2, ....... h2N in this equation, a filter
      characteristic as desired having the value of impulse response thereof can
      be obtained.
PAR  A characteristic curve of a band-pass filter having an ideal characteristic
      is shown in FIG. 5. That is, the frequency response characteristic I is an
      ideal characteristic wherein the amplitude in a pass band indicated by a
      range of .+-..omega.c with an angular frequency .omega.o as the center is
      1 (unity), and the amplitude becomes zero at other parts. Furthermore, as
      for the delay time characteristic, it is zero as indicated at II.
PAR  The impulse response hj(t) of a band-pass filter exhibiting an ideal
      characteristic as in FIG. 5 is expressed by the following equation.
      ##EQU3##
      This impulse response hj(t) becomes as indicated in FIG. 6. As is apparent
      from FIG. 6, the impulse response of a band-pass filter having the ideal
      characteristic of FIG. 5 has a symmetrical shape with respect to the time
      instant t = 0, that is, the response must exist also in negative time.
      Accordingly, it is impossible in practice to realize a filter of an
      inpulse response hj(t) of this character.
PAR  On one hand, the impulse response hj(t) exhibits the property of a Fourier
      transformation.
      ##EQU4##
      As is apparent from this Eq.(4), t exists over the range from - .infin. to
      + .infin. . For this reason, also, the realization of a band-pass filter
      exhibiting an impulse response hj(t) is impossible.
PAR  In this connection, in the case where the impulse response h(t) exhibits a
      symmetrical shape with respect to the time instant t = 0, that is, h(t) is
      an even function, the transmission function H(j.omega.) of a filter having
      this impulse response h(t) is expressed as follows.
      ##EQU5##
      As long as the impulse response h(t) is an even function in this manner
      (the transmission function H(j.omega.) becoming a real function), it can
      be said that the corresponding delay time of the filter is zero.
      Accordingly, even if an impulse response wherein t ranges from -.infin. to
      +.infin. is terminated at a suitable time instant with the condition of
      symmetry with respect to t = 0 still satisfied, the condition that the
      delay time within the transmission band is zero will still be satisfied.
      In this respect, if an original impulse response which is distributed over
      a range of from t = -.infin.to t = +.infin. is terminated after a finite
      range ending at a suitable time instant as mentioned above, the resulting
      effect will appear as a variation in the cut-off characteristic in the
      transmission characteristic.
PAR  However, even if the impulse response is limited within a certain finite
      range in the above described manner, it will still be necessary that there
      be a response also in the part of the impulse response prior to t = 0,
      that is, also in negative time. Therefore, under these circumstances, a
      filter still cannot be made.
PAR  Accordingly, by shifting the impulse response h(t) indicated in FIG. 7A,
      which has been terminated within a finite time range, in entirety along
      the time axis by .tau.o to a state as indicated in FIG. 7B, it is possible
      to realize in practice a filter having this impulse response indicated in
      FIG. 7B. Since this impulse response ho(t) indicated in FIG. 7B results
      from the shifting of the impulse response indicated in FIG. 7A along the
      time axis by .tau.o, it can be represented as follows, from Eq.(3).
      ##EQU6##
      Furthermore, the transmission function Ho(j.omega.) of a filter having the
      impulse response ho(t) of Eq.(6) becomes
EQU  Ho(j.omega.) = H(j.omega.) e.sup.-.sup..omega..sup..tau.o  (7)
PAL  Since the delay term e.sup.-.sup..omega..sup..tau.o is uniform and
      unrelated to the frequency, the delay of the signal within the
      transmission band is completely flat relative to the frequency. The
      transmission characteristic I and the delay time characteristic II
      expressed by the above Eq.(7) are shown in FIG. 8.
PAR  The coefficient hn of the coefficient summing circuit 45 shown in FIG. 4 is
      a value resulting from the sampling of the impulse response ho(t) with the
      sampling period .tau.s. By shifting the entire impulse response by .tau.o
      as described above, the value of the coefficient h(n.tau.) with respect to
      the output signal of the unit delay element positioned at exactly the
      middle of the multistage delay circuit 42 is caused to become ho(.tau.o).
      One example of the impulse response characteristic in the case where n = 9
      is shown in FIG. 9. The envelope of the impulse response is shown by full
      line in FIG. 10.
PAR  In a discrete 4-channel record disc, if the maximum frequency of the
      angle-modulated wave difference signal of a carrier wave frequency of 30
      KHz is taken at 45 KHz, it is necessary that the sampling frequency be
      higher than 90 KHz. On one hand, in the case where an impulse response
      wherein t exists from -.infin. to + .infin. is limited to a finite time
      width as described above, the organization of the coefficient summing
      circuit 45 can be made simple by so selecting the above mentioned sampling
      frequency that as many as possible of the sample values of the impulse
      response existing within this finite time width will assume the value of
      zero.
PAR  As one example, if the above mentioned sampling frequency is selected at
      120 KHz, those of the sample values of the impulse response which do not
      become zero will become only h3, h11, h15, h17, h19, h23, h27, and h31 as
      indicated in FIG. 11, and the organization of the coefficient summing
      circuit 45 will become simple.
PAR  Furthermore, in the case where the sampling frequency is selected at 120
      KHz as mentioned above, the delay times of the unit delay elements in the
      multistage delay circuit 42 become 81/3 .mu.sec., which is the same as the
      sampling period, and signals of delay time in steps of 81/3 .mu.sec. are
      obtained from the changeover switch 43.
PAR  As a second embodiment of the signal processing circuit 30, a signal
      processing circuit comprising a non-cyclic type sampling filter in which
      the sampling frequency is 120 KHz, and a sample value of the impulse
      response indicated in FIG. 11 is exhibited is shown in FIG. 12.
PAR  In the circuit illustrated in FIG. 12, there is provided a multistage delay
      circuit 50 comprising 28 unit delay elements D1 through D28 in cascade
      connection. This number "28" of these unit delay elements is derived by
      substracting from the number "33" corresponding to the number of sample
      values of impulse response indicated in FIG. 11 the number "4" of those
      sample values (h1, h2, h32, and h33) of the sample values of impulse
      response in which the values of the coefficient h at the two end parts
      assume zero value and further subtracting the number "1" which can be
      reduced by determining the manner in which t = 0 is taken, that is, 33 - 4
      - 1 = 28. These unit delay elements D1 through D28 have delay times of
      81/3 .mu.sec. which is the same as the sampling periods of 81/3 .mu.sec.
      of the sampler 41.
PAR  In the instant signal processing circuit, there is provided a changeover
      switch 43 having fixed contact points 43a through 43k, of which the fixed
      contact point 43f in the middle is connected to receive an output of the
      unit delay element D14. Accordingly, the output signals of the unit delay
      elements D9 through D19 can be suitably selected and led out with the
      delay time of the output signal of the unit delay element D14 as a
      standard reference. In the instant embodiment, it is possible by operating
      the changeover switch 43 to derive signals of suitable delay times in
      steps of 81/3 .mu.sec. with a range of 1162/3 .mu.sec. .+-. 412/3 .mu.sec.
PAR  The sample values of impulse response indicated in FIG. 11 and distributed
      symmetrically left and right with the sample value h17 as a center. Here,
      by setting the sample value of h17 as a center. Here, by setting the
      sample value of h17 at 1 (unity) and determining the ratios thereto of the
      other sample values, the following result is obtained.
EQU  h3 = h31 = 0.091
EQU  h7 = h27 = = 0.127
EQU  h11 = h23 = 0.21
EQU  h15 = h19 = - 0.65
EQU  h17 = 1
PAR  The circuit is further provided with an adding circuit 52 for adding an
      input signal to the unit delay element D1 and the output signal of the
      unit delay element D28, an adding circuit 53 for adding the output signals
      of the unit delay elements D4 and D24, an adding circuit 54 for adding the
      output signals of the unit delay elements D8 and D20, and an adding
      circuit 55 for adding the output signals of the unit delay elements D12
      and D16. The outputs of the adding circuits 52 through 55 are supplied,
      together with the output of the unit relay element D14, to a coefficient
      summing circuit 51.
PAR  In this connection, the inputs and outputs of the unit delay elements D1
      through D28 and the sample values h1 through h33 of impulse response
      indicated in FIG. 11 have relationships of correspondence wherein there is
      correspondence respectively between the input of D1 and h3, the output of
      D4 and h7, the output of D8 and h11, the output of D12 and h15, the output
      of D14 and h17, the output of D16 and h19, the output of D20 and h23, the
      output of D24 and h27, and the output of D28 and h31.
PAR  The coefficient summing circuit 51 operates to add respectively the first
      power of the coefficient 0.091 with respects to the output of the adding
      circuit 52, of the coefficient - 0.127 with respect to the output of the
      adding circuit 53, of the coefficient 0.21 with respect to the output of
      the adding circuit 54, of the coefficient - 0.65 with respect to the
      output of the adding circuit 55, and of the coefficient 1 with respect to
      the output of the unit delay element D14 and produces respective outputs
      which are sent out through an output terminal 46.
PAR  As a consequence, only an angle-modulated difference signal is obtained
      from the coefficient summing circuit 51. The output signal of this
      coefficient summing circuit 51 is delayed by 1162/3 .mu.sec. relative to
      the signal led out from the pickup cartridge 11. Therefore, the circuit is
      so adapted that, as described above, the delay times of the signals which
      can be led out from the changeover switch 43 are suitably selected in the
      range of from 1162/3 .+-. 412/3 .mu.sec.
PAR  The effect of terminating the impulse response with a finite time width
      will now be considered. When this terminated time width is denoted by
      .tau.w, the new impulse response h'(t) becomes as follows.
EQU  h'(t) = h(t) .sup.. W(t)                                   (9)
PAL  where W(t) is a time window function, and
EQU  W(t) = 1 - .tau. w .ltoreq. t .ltoreq. .tau.w = O, t &lt; - .tau. w, .tau. w &lt;
      t
PAL  By subjecting Eq.(9) to Fourier transformation to determine the
      transmission characteristic H'(j.omega.), the following expression is
      obtained.
      ##EQU7##
PAR  When, with this Eq.(10) as a basis, the transmission characteristic due to
      the impulse response of the finite time width indicated in FIG. 11 is
      sought, the curve I shown in FIG. 13 is obtained. This transmission
      characteristic curve I, while having rounded curves in contrast to the
      ideal characteristic I indicated in FIG. 5, indicates a good
      characteristic. Furthermore, the delay time characteristic II within the
      transmission band is flat. In this connection, the cut-off characteristic
      of the transmission characteristic is improved by an increase in the
      number of terms of h, and the manner in which it is set is determined in
      accordance with the purpose of use of the band-pass filter.
PAR  In each of the above described first and second embodiments, the signal
      processing circuit (band-pass filter) comprises the sampler 41 and the
      multistage delay circuit 42 or 50. In actual practice, however, a
      constituent element possessing the functions of both the sampler 41 and
      the multistage delay circuit 42 (50) as, for example, an analog shift
      register of bucket brigade device (BBD) type, may be used.
PAR  On embodiment of an arrangement of an analog shift register of BBD type is
      indicated in FIG. 14. In this arrangement, the BBDs 60a through 60n of a
      BBD-type analog shift register 60 are so set by a clock oscillator 61 that
      the unit delay quantity will become 81/3 .mu.sec. The junction points
      between adjacent BBDs 60a through 60n are respectively connected to output
      terminals 62a through 62n, from which specific delay outputs are derived.
PAR  As a third embodiment of the signal processing circuit 30, a circuit in
      which a digital shift register is used for the multistage delay circuit 42
      is illustrated in FIG. 15, in which parts which are the same as
      corresponding parts in FIG. 12 are designated by like reference numerals
      and characters.
PAR  A signal entering this circuit 30 through its input terminal 40 is supplied
      by way of an analog-digital (A -- D) converter 70 provided in place of the
      sampler 41 to a digital shift register 71 comprising digital unit delay
      elements D1 through D28. The output signals of adding circuits 52, 53, 54,
      and 55, and the unit delay element D14 are respectively supplied by way of
      digital-analog (D -- A) converters 72, 73, 74, 75, and 76 to the
      coefficient summing circuit 51. Furthermore, signals obtained through the
      changeover switch 43 are passed through a digital-analog (D -- A)
      converter 77 and conducted to the terminal 44.
PAR  In the circuit of the instant embodiment, analog signals are converted into
      digital signals, and delays and the like of the signals are digitally
      processed. By selecting the clock pulse frequency of the digital shift
      register 71 at a specific value (120 KHz in the above described
      embodiment), an operation equivalent to that of the preceding embodiment
      can be carried out.
PAR  When, as described above, the analog shift register 60 of BBD type, the
      digital shift register 71, or the like is used for the multistage delay
      circuit 42, it is possible to constitute the principal parts of the signal
      processing circuit 30 in the form of integrated circuits.
PAR  Next, a band-pass filter of even more ideal character having a group delay
      time characteristic which is flat within the transmission band and,
      moreover, having an amplitude characteristic which is symmetrical with
      respect to the center of the transmission band will be described. This
      band-pass filter to be described next is capable of effectively separating
      an angle-modulated wave signal from another signal in the vicinity thereof
      and transmitting the same without distortion, the angle-modulated wave
      signal being one wherein the modulation index of a signal of a frequency
      band in which distortion becomes a problem is not too large as in the case
      of an angle-modulated wave signal reproduced from the above mentioned
      discrete 4-channel record disc.
PAR  FIG. 16 shows a vector frequency-modulated (hereinafter abbreviated to FM)
      signal S when it passes through the transmission path of the transmission
      characteristic H and is newly subjected to an addition of an error
      component .delta. due to the effect of the transmission characteristic H,
      thereby being changed to an FM signal S'. In this vector diagram, a phase
      error .theta.(t) which has been newly produced becomes a signal distortion
      component as a result of phase detection. This phase error .theta.(t) is
      expressed as follows:
      ##EQU8##
PAR  Here, L mag indicates the specification of the imaginary part of a complex
      number.
PAR  In the case where the modulation index of the FM signal S is small, there
      is the following relationship.
      ##EQU9##
      Accordingly, the above Eq.(11) becomes
      ##EQU10##
PAR  Furthermore, the transmission characteristic H can be expressed as a
      function of the relative angular frequency X as viewed from the carrier
      wave angular frequency .omega.o of the FM signal (where X = .omega. -
      .omega.o) as follows.
EQU  H(X) = 1 + E(X)                                            (14)
PAR  when the group delay characteristic of the transmission characteristic H(X)
      is zero, and, moreover, if the amplitude characteristic thereof is
      symmetrical with respect to X = 0, it may be said that the transmission
      characteristic is a real function and an even function. Accordingly, in
      the above Eq.(14), the term E(X) representing the component which causes
      an error .delta. to be produced in the signal is also a real function and
      an even function. E(O) will be taken to be equal to zero.
PAR  At this time, the FM signal S is expressed as
      ##EQU11##
      but hereinafter Jn(m) will be abbreviated to Jn. Here, m is a modulation
      index, while n denotes the degree of a Bessel function.
PAR  The distortion .delta. is expressed as follows.
      ##EQU12##
PAR  Therefore, .theta.(t) is expressed as follows.
      ##EQU13##
      In this Eq.(17), l is a symbol used in place of the degree n of the Bessel
      function in Eq.(15). When (n - l) = S and the above Eq.(17) is modified,
      the following expression is obtained.
      ##EQU14##
      Since E(np) is a real number, the coefficients of e.sup.jSpt all become
      real numbers. Accordingly, the following expression is obtained.
      ##EQU15##
      It is apparent from this equation that .theta.(t) is made up of sin pt and
      the higher harmonic components thereof.
PAR  When the coefficient of the above mentioned higher harmonic components is
      denoted by .alpha.s, the following equations are obtained.
      ##EQU16##
EQU  .alpha.2 = o                                               (21)
EQU  .alpha.4 = 0                                               (23)
PAL  .alpha.1 is the fundamental harmonic component and is unrelated to
      distortion, while .alpha.2 and .alpha.4 are both zero and have no
      relationship with distortion. Accordingly, by causing .alpha.3 expressed
      by Eq.(22) to become zero, a distortionless state can be attained.
PAR  Then, in order to express this distortionless condition by an easily
      understandable equation, the following approximations of Bessel functions
      are applied to Eq.(22).
      ##EQU17##
EQU  J - n(m) = (-1).sup.n Jn                                   (25)
PAL  As a result, the following equation is obtained.
      ##EQU18##
      where values above J4(m) are very small and are therefore omitted. The
      distortionless condition .alpha.3 = 0 becomes as follows by equating
      Eq.(26) to zero.
EQU  3E(p) - 3E(2p) + E(3p) = 0                                 (27)
PAR  The aforementioned E(X) may be expressed as a power series as follows.
      ##EQU19##
      Therefore, it becomes necessary that the above Eq.(27), in the form of
      Eq.(28), satisfy the condition of the following equation.
      ##EQU20##
      For this Eq.(29) to become zero irrespective X, it becomes necessary that
      the condition of the following equation be satisfied.
EQU  a2 = a3 = a4 = ... = 0                                     (30)
PAL  Consequently, E(X) becomes as follows.
EQU  E(X) = a1X.sup.2                                           (31)
PAL  when this Eq.(31) is substituted in Eq.(14), the transmission
      characteristic of Eq.(14) satisfying the distortionless condition is
      expressably by the following equation.
EQU  H(X) = 1 + a1X.sup.2                                       (32)
PAR  when the transmission characteristic H(X) expressed by Eq.(32) is
      multiplied by a constant time delay operator, the following equation is
      obtained.
EQU  H'(X) = [ 1 + a1X.sup.2 ] e.sup.-.sup.j.sup..omega. t      (33)
PAL  Since this indicates merely that a time delay is produced in the detector
      output, the transmission characteristic H'(X) expressed by this Eq.(33)
      also satisfies the distortionless condition.
PAR  Therefore, the transmission characteristic H(j.omega.) of a band-pass
      filter capable of satisfying the distortionless condition is derived as
      follows by substituting (.omega. - .omega.o) for X in the above Eq.(33)
      and using the relation a1 = -a.
EQU  H(j.omega.) = [ 1 - a(.omega. - .omega.o).sup.2 ] e.sup.-.sup.j.sup..omega.
      .sup..tau.d                                               (34)
PAL  Here, a is a constant which can be selected at will in accordance with the
      conditions of the band width and cut-off quantity; .omega.c is the angular
      frequency of the carrier wave of the FM signal which is made the object of
      transmission and is the center angular frequency of the band-pass filter;
      and .tau.d denotes the delay time of the band-pass filter. The group delay
      characteristic of a band-pass filter of the transmission characteristic
      indicated by Eq.(34) is completely flat, and, moreover, the amplitude
      characteristic thereof is fully symmetrical with respect to the center
      frequency .omega.c.
PAR  Then, when a band-pass filter of the transmission characteristic
      representable by the above Eq.(34) is constituted by a noncyclic sampling
      filter as shown in FIG. 12, and the impulse response h(t) thereof is
      determined, the following is obtained by an inverse Fourier
      transformation.
      ##EQU21##
      By substituting Eq.(34) for the term H(j.omega.) in this Eq.(35), the
      following equation is obtained.
      ##EQU22##
PAR  In the case where the impulse response h(t) is sampled by the repetitive
      period .tau.s, the following equation is obtained.
      ##EQU23##
      where .delta.(t) is a delta function.
PAR  The transmission characteristic H'(j.omega.) corresponding to the impulse
      response of the above Eq.(37) can be derived in the following form.
      ##EQU24##
      where
      ##EQU25##
PAR  This Eq.(38) indicates a multiplexed band-pass filter having .omega.s as a
      period as indicated, for example, in FIG. 17.
PAR  As indicated in Eq.(38), when the integration range is from -.infin. to
      +.infin.,   no interference whatsoever occurs mutually between the pass
      bands, but when the time width is finite, side lobes are produced and give
      rise to effects on the characteristics mutually between the pass bands.
PAR  However, if all of the pass bands are disposed at equal intervals, the
      symmetry of the amplitude characteristic with respect to the center
      angular frequency will be preserved even if side lobes should be produced.
PAR  The condition for this symmetry of the amplitude characteristic with
      respect to the center angular frequency is defined by the following
      Eq.(39) as is apparent from FIG. 17.
EQU  .omega.s = 4.omega.o                                       (39)
PAL  This Eq.(39) indicates that it is necessary that the sampling angular
      frequency .omega.s of the sampler 41 in the sampling filter be 4 times the
      center angular frequency .omega.o of the band-pass filter.
PAR  Next, when the weighted coefficient .alpha. in the coefficient addition
      circuit is determined with the assumption that the impulse response h(t)
      of the above Eq.(36) is sampled with a sampling period matching the
      condition of Eq.(39), the following equations are obtained.
      ##EQU26##
      where n = 1, 2, 3, ......... It is apparent from Eq.(41) that .alpha.n
      becomes zero when n is an odd number. Therefore, the band-pass filter of
      the sampling filter becomes simple as indicated in FIG. 18.
PAR  The organization of the band-pass filter 80 shown in FIG. 18 is designed by
      putting 2n = k in the above Eq.(41) to obtain the following equations.
      ##EQU27##
      where k = 0, 1, 2, 3, ........... In the example illustrated in FIG. 18, k
      = 0.
PAR  In this band-pass filter shown in FIg. 18, a signal including the FM signal
      to be transmitted is applied to an input terminal 81, and a sampling pulse
      having a repetitive angular frequency .omega.s which is 4 times the center
      angular frequency of the band-pass filter is applied to a sampler 82. A
      delay circuit 83 comprising a plurality of unit delay elements having a
      delay time .tau. = .pi./.omega.c each and connected in cascade arrangement
      uses analog shift registers (e.g., analog shift registers of BBD type) in
      the case where the output of the sampler 82 is a pulse amplitude modulated
      (PAM) signal and uses digital shift registers in the case where the output
      signal of the sampler 82 is a pulse code modulated (PCM) signal, as is
      apparent from the preceding embodiments. In FIG. 18, the delay time of the
      band-pass filter is denoted by .tau.d.
PAR  The signals of terminals do and d8 are applied to an adder 85a; the signals
      of terminals d1 and d7 are applied to an adder 85b; the signals of
      terminals d2 and d6 are applied to an adder 85c; and the signals of
      terminals d3 and d5 are applied to an adder 85d. The outputs of the adders
      85a through 85d and the output at the terminal d4 are supplied to a
      coefficient summing circuit 84, where they are respectively multiplied by
      weighted coefficients .alpha.4 through .alpha.0 and summed. As a result,
      an FM signal which has been band-pass filtered is obtained at the output
      terminal 86 of the coefficient summing circuit 84.
PAR  Next, a band-pass filter of delay line filter form will be described with
      reference to FIG. 19, in which parts which are the same as corresponding
      parts in FIG. 18 are designated by the same reference numerals. This
      band-pass filter 90 has an input terminal 81 to which a signal is applied
      and thence supplied to an analog delay line 91. If the center of the delay
      line is taken at the time origin, t = 0, the transmission characteristic
      of this filter will be as follows.
      ##EQU28##
      where .tau. is the delay time in a unit delay element division of the
      delay line 91.
PAR  By rearranging this Eq.(44), the following equation is obtained.
      ##EQU29##
PAR  As is apparent from Eq.(45), the group delay time characteristic is
      constant over the entire band since the transmission characteristic
      H(j.omega.) is a real function. However, if the absolute magnitude of
      delay at the time origin, t = 0, is denoted by .tau.d, it can be said that
      the group delay time characteristic is .tau.d over the entire band.
PAR  Furthermore, the above mentioned transmission characteristic H(j.omega.) is
      a function with .omega.p = 2.pi./.tau. as a fundamental period, and the
      filter becomes a multiplexed band-pass filter of a characteristic as
      indicated in FIG. 17.
PAR  The weighted coefficient .alpha. is determined by subjecting this
      transmission characteristic H(j.omega.) to a Fourier series expansion, as
      follows.
      ##EQU30##
      where, k = 0, 1, 2, 3, ........
PAR  It will now be assumed that, for the transmission characteristic of the
      band-pass filter being designed, the characteristic indicated in FIG. 20
      and having a pass band fulfilling the condition of the above Eq.(34) is
      selected.
PAR  In this case, the center angular frequency in the desired pass band of the
      band-pass filter is represented by
      ##EQU31##
      Then, by substituting the transmission characteristic H(j.omega.) of
      Eq.(34) and the center angular frequency .omega.o of Eq.(47) into Eq.(46)
      and rearranging it with the use of the relationship X = .omega. -
      .omega.o, Eq.(46) becomes
      ##EQU32##
      Eq.(43) is obtained as a result of calculation with this Eq.(48).
PAR  Furthermore, with respect to k = 0, the following equation is obtained from
      .sub.k lim.sub.0 .alpha.R.
      ##EQU33##
PAR  The weighted coefficient expressed by Eqs.(43) and (49) in the band-pass
      filter of delay line filter form derived in the above described manner is
      exactly the same as that of Eqs.(43) and (42) in the band-pass filter of
      the aforedescribed sampling filter form. Therefore, the band-pass filter
      90 of delay line filter form shown in FIG. 19 is of the same circuit
      organization as the band-pass filter 80 of the non-cyclic type sampling
      filter form shown in FIG. 18 except that the band-pass filter 90 does not
      have a sampler 82 and that its delay circuit 91 is an analog delay line.
PAR  The objective frequency-response characteristic of a band-pass filter
      wherein a is so set that, with a center frequency of 30 KHz, the
      attenuation at frequencies separated by .+-. 15 KHz from this center will
      be 15 dB is indicated in FIG. 21. The frequency-response characteristic
      curve of a band-pass filter in which the objective characteristic
      indicated in FIG. 21 is actually realized in a specific form under the
      condition of k = 7 is shown in FIG. 22.
PAR  An embodiment of an actual circuit of the band-pass filter of the present
      invention reduced to practice is illustrated in FIG. 23. An input signal
      including a frequency-modulated signal and applied to an input terminal
      100 of this circuit is supplied to a delta modulator 101 in IC form
      comprising a comparator 102, NAND circuits 103a and 103b, and a flip-flop
      104 and is converted into a pulse train. This pulse train signal is
      supplied to a digital delay line 105 comprising digital shift registers
      (IC) 106a through 106j connected in cascade arrangement. On one hand, a
      clock signal is supplied through a terminal 107 to the NAND circuits 103a
      and 103b of the delta modulator 101 and to the digital shift registers
      106a through 106j of the digital delay line 105. In the period in which
      the above mentioned pulse train signal reaches the output Q from the input
      S of one digital shift register, a constant delay time .tau. determined by
      the clock signal from the terminal 107 and by the construction of the
      digital shift register is imparted to this pulse train signal.
PAR  In the instant embodiment, since the digital delay line 105 comprises ten
      digital shift registers 106a through 106j, pulse trains having delays of
      0.tau. through 10.tau. are obtained from the input side of the digital
      shift register 106a and the output sides of the digital shift registers
      106a through 106j. Here, as described above, these pulse trains are
      multiplied by coefficients determined by Eqs.(42) and (43) and summed and
      are then delta demodulated. Since the demodulation of a pulse train thus
      delta modulated can be accomplished merely by passing it through an
      integration circuit, an operational amplifier (IC) can be used and caused
      to possess the two functions of addition and integration at the same time.
      This is a very convenient feature.
PAR  The pulse trains having the above mentioned delays 0.tau. through 10.tau.
      are applied to coefficient addition resistors 109 within a block circuit
      108 for carrying out addition and integration operations, are added with
      the coefficients of the above mentioned equations, and are summed and
      integrated by an operational amplifier 110. As a result, a
      frequency-modulated signal which has been band-pass filtered is obtained
      from an output terminal 111.
PAR  Further, this invention is not limited to these embodiments but various
      variations and modifications may be made without departing from the scope
      and spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A band-pass filter for frequency-modulated signal transmission
      comprising a delay circuit comprising a plurality of unit delay elements
      connected in cascade arrangement and receiving as input a signal
      containing a frequency-modulated signal, and a coefficient summing circuit
      for carrying out coefficient summing of outputs produced by specific delay
      elements of said delay circuit and producing as output said frequency
      modulated signal in band-pass filtered state, said band-pass filter having
      a transmission characteristic represented substantially by the equation
EQU  H(j.omega.) = [ 1 - a(.omega. - .omega.o).sup.2 ]
      e.sup..sup.-j.sup..omega..sup..tau.d,
PAL  where:
PA1  a is a constant for imparting the attenuation characteristic of the filter;
PA1  .omega.o is the angular frequency of the carrier wave of the
      frequency-modulated signal and the center angular frequency of the
      band-pass filter; and
PA1  .tau. d is the delay time of the band-pass filter.
NUM  2.
PAR  2. A band-pass filter as claimed in claim 1 in which said delay circuit
      comprises unit delay elements having delay times of .pi./.omega.o in
      cascade-connected arrangement, and said coefficient addition circuit
      carries out coefficient addition with a weighted coefficient .alpha.k
      represented by
      ##EQU34##
NUM  3.
PAR  3. A band-pass filter as claimed in claim 2 which further comprises a
      sampler for sampling the input signal with a repetitive angular frequency
      4 .omega.o as a sampling angular frequency and supplying the signal thus
      sampled to said delay circuit.
NUM  4.
PAR  4. A band-pass filter as claimed in claim 1 in which said delay circuit
      comprises an analog delay line circuit.
NUM  5.
PAR  5. A band-pass filter as claimed in claim 1 in which said delay circuit
      comprises an analog shift register circuit in which bucket brigade devices
      are used.
NUM  6.
PAR  6. A band-pass filter as claimed in claim 1 in which there are further
      provided an analog-digital converter means for receiving an input signal
      and supplying an output signal thereof to said delay circuit and a
      digital-analog converter means for receiving as input the outputs of
      specific unit delay elements of said delay circuit and supplying output
      signals thereof to said coefficient summing circuit, and said delay
      circuit comprises a digital shift register circuit.
NUM  7.
PAR  7. A band-pass filter as claimed in claim 1 in which; there is further
      provided a delta modulator for delta modulating an input signal and
      supplying an output pulse train signal thereof to said delay circuit; said
      delay circuit comprises a plurality of digital shift registers in
      cascade-connected arrangement; and said coefficient summing circuit
      comprises resistors for coefficient addition of outputs of said delay
      circuit and an operational amplifier for summing and integrating signals
      which have thus passed through said resistors and delta demodulating the
      resulting signals thus summed and integrated.
NUM  8.
PAR  8. A band-pass filter as claimed in claim 1 which further comprises means
      for selectively obtaining delayed signals from any of the unit delay
      elements of said delay circuit.
NUM  9.
PAR  9. A band-pass filter as claimed in claim 8 which is provided in a
      multichannel record disc reproducing system having means for reproducing a
      multiplexed signal of a direct wave signal and an angle-modulated wave
      signal containing a frequency-modulated signal from a multichannel record
      disc, separating means for separating the direct wave signal from the
      resulting reproduced signal, and demodulating means for demodulating said
      angle-modulated wave signal, said band-pass filter filters the
      angle-modulated wave signal from said reproduced signal and supplies the
      same to said demodulating means, and said means for selectively obtaining
      delayed signals operates to supply the delayed reproduced signals to said
      separating means.
PATN
WKU  039421279
SRC  5
APN  5673399
APT  1
ART  222
APD  19750411
TTL  Aspheric cassegrain laser power amplifier system
ISD  19760302
NCL  8
ECL  1
EXA  Moskowitz; N.
EXP  Tubbesing; T. H.
NDR  2
NFG  5
INVT
NAM  Fluhr; Frederick R.
CTY  Oxon Hill
STA  MD
INVT
NAM  Hanley; Stephen T.
CTY  Temple Hill
STA  MD
INVT
NAM  Brown; R. Bernard
CTY  Upper Marlboro
STA  MD
ASSG
NAM  The United States of America as represented by the Secretary of the Navy
CTY  Washington
STA  DC
COD  06
CLAS
OCL  330  43
XCL  331 945C
EDF  2
ICL  H01S  308
FSC  331
FSS  94.5 C;94.5 D
FSC  330
FSS  4.3
UREF
PNO  3307113
ISD  19670200
NAM  Hughes
OCL  330  4.3
UREF
PNO  3585523
ISD  19710600
NAM  Glenn et al.
OCL  331 94.5C
UREF
PNO  3824487
ISD  19740700
NAM  Buczrk et al.
OCL  331 94.5C
UREF
PNO  3873942
ISD  19730800
NAM  Reilly
OCL  331 94.5C
OREF
PAL  Frieberg et al., "New Data an Unstable Resonators," 5/73, pp. 59-63, Laser
     ocus.
LREP
FR2  Sciascia; R. S.
FR2  Branning; Arthur L.
FR2  Crane; Melvin L.
ABST
PAL  An optical power amplifier system for extracting high power radiation from
      a basic active laser media. The system includes a plurality of basically
      confocal mirrors so positioned that radiation output from a laser is
      amplified, that no power is absorbed in the supporting structure and it
      has no feedback from the secondary mirror. In the system, the laser beam
      passes through the active laser media region at least four times which
      increases the output power.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to laser power amplifier systems and more
      particularly to an amplifier system for extracting high radiant power from
      a basic active laser media such as gas dynamic lasers, E-beams, chemical,
      etc.
PAR  Heretofore radiation has been amplified by reflecting the radiation back
      and forth through a laser cavity. Laser power amplifiers have used,
      straight multiple pass configurations through the active gain media. These
      may be for three, four, or more passes. In such systems, the radiation
      reflected toward the optical path would feed a portion of the beam back
      through the system.
PAR  Other systems for amplifying laser power have been set forth in the prior
      art. One such system is set forth in U.S. Pat. No. 3,706,939  which
      includes a description of a laser power amplifier with a carbon dioxide
      gas laser.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to a power amplifier system which extracts high
      power optical radiation from a laser media. Ths system includes a gas
      dynamic, E-beam, or chemical laser from which power is extracted. The
      extracted power is as near diffraction limited as can be attained from the
      active media at the highest power possible while maintaining the beam
      quality of the laser radiation. A mirror reflection system reflects a
      laser beam through a laser media four or more times by use of appropriate
      mirrors. Each time the laser beam traverses the laser media, the output
      power is amplified until the finally reflected beam is directed to a
      target. Between the first and second pass along the length of the laser
      media the beam is flipped over by the mirrors to produce the same effect
      on the laser beam especially when a gas flow type laser is used.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates a laser power amplifier made in accordance with the
      teaching of this invention.
PAR  FIG. 2 illustrates a modification of the system in FIG. 1.
PAR  FIGS. 3, 4 and 5 illustrates enlarged views of mirrors shown in FIGS. 1 and
      2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Now referring to FIG. 1 of the drawing there is illustrated a power
      amplifier system made in accordance with the teaching of this invention.
      As shown, FIG. 1 illustrates a basic active laser media 10 such as a gas
      dynamic laser, E-beam laser, or chemical laser from which a high radiant
      power is extracted by use of a mirror system in close proximity thereto.
      The high radiant power is extracted by use of a laser beam 11 which passes
      through the active laser media perpendicular to the axis thereof and is
      incident on a plane reflective mirror 12 set approximately at a 45.degree.
      angle with respect to the incident laser beam. The radiation is reflected
      in a direction nearly normal to the path of the incident beam and nearly
      parallel with the linear axis of the active laser media. The radiation is
      incident on a second plane mirror 13 which reflects the radiation back
      through the active laser media "down stream" of the laser beam on its
      first passage through the active laser media. The radiation reflected from
      plane mirror 13 is reflected through a central passage or aperture 14
      within an asperic concave primary mirror 15, through the active laser
      media nearly normal to the axis thereof and through an axial aperture 16
      within plane mirror 17 onto an aspheric convex secondary reflective mirror
      18 which is secured within the passage 16 of mirror 17 coaxial therewith.
      The radiation incident on mirror 18 is reflected back through the active
      laser media at an angle with the axis thereof onto the concave mirror 15
      outwardly of the aperture 16 therein which reflects the radiation back
      through the active laser media onto the plane mirror 17 outwardly of
      aperture 16 therein. Since the radiation is reflected by the convex mirror
      18 to the concave mirror 15, the radiation is spread outwardly in a
      conical path outside of the aperture 14 in the concave primary mirror 15.
      Since the mirror is concave and the radiation is incident at an angle
      relative thereto the radiation reflected by the concave mirror is
      reflected back through the active laser media normal to the linear axis
      between mirrors 13 and 18. The radiation passes through the active laser
      media, it is incident on plane mirror 17 and is reflected thereform as a
      collimated output beam.
PAR  Thus, it is seen that the laser radiation passes through the active laser
      media several times to extract high radiant power from the active laser
      media thereby amplifying the power of the original radiation beam.
PAR  FIG. 2 illustrates the use of an aspheric concave secondary mirror 21. The
      arrangement of the mirror reflectors is the same as that shown in FIG. 1
      except for the concave mirror 21. Mirror 17 is shown sloped in a different
      direction; however the direction of mirror 17 is not relevant.
PAR  The laser radiation passes through the active laser media the same as set
      forth for FIG. 1. The difference being in the direction of reflection of
      the amplified radiation from the concave mirror surface 21, which is as
      shown.
PAR  FIGS. 3, 4 and 5 are respectively enlarged views of the aspheric convex
      secondary mirror 18, the aspheric concave mirror 21, and the aspheric
      concave primary mirror 15. The mirror designs are such that each has a
      circular focal ring 22 as indicated by FIGS. 3, 4 and 5. The mirrors are
      symmetrical figures of rotation using a spherical radius of curvature for
      long cavity lengths which is off axis and when properly aligned any second
      order aberations will be symmetrical about the main axis. As a power
      amplifier, the system will usually have a large focal length aperture
      diameter and the cross-section curve will be spherical.
PAR  In operation, a collimated input laser beam 11 passes through the active
      laser media 10 and is directed by mirrors 12 and 13 to the input of the
      aspheric Cassegrainian power amplifier. The aspheric convex secondary
      mirror has a ring focus as shown in FIG. 3 therefore the incident
      radiation from mirror 13 reflected by mirror 18 is spread to fill the
      aspheric concave primary mirror, which also has a ring focus as shown in
      FIG. 4. The spread beam from mirror 18 incident on mirror 15 is reflected
      in collimated lines to flat mirror 17 which also reflects the amplified
      output radiation 22 in collimated lines. The radiation is collimated due
      to the fact that the focal ring of mirrors 18 and 15 are coincident
      (confocal).
PAR  It is noted that the beam passes through the gain active laser media four
      times. The beam is flipped over by the mirrors 12 and 13, this is
      important in lasers such as a gas dynamic type where the gain region is a
      flowing gas transverse to the laser beam being amplified. In operation,
      the beam diameter is large enough that the upstream side of the beam will
      have a larger gain than the downstream side, thus by flipping the beam the
      overall cross-section gain of the laser beam is more uniform. The output
      beam is controlled by position of the secondary mirror 18 with respect to
      primary mirror 15. The output beam will be collimated when the two focal
      point rings of the convex and concave mirrors are coincident. The same
      applies to the arrangement of the mirror surfaces set forth in FIGS. 1 and
      2.
PAR  The system described herein functions to extract high energy from the
      active laser media. The reflection of the laser beam from one surface to
      the other functions to prevent any unwanted feedback of radiation through
      the system. Further the system avoids unwanted power absorption in the
      support structure.
PAR  Obviously many modification and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A laser power amplifier system so positioned relative to an active laser
      media to redirect laser radiation through said active laser media, which
      comprises:
PA1  a first mirror juxtaposed said active mirror laser media which receives a
      laser beam subsequent to passing through said active laser media
      substantially perpendicular to the axis thereof and reflects said laser
      beam therefrom;
PA1  a second mirror for receiving said laser beam reflected from said first
      mirror and reflecting said laser beam back through said active laser media
      substantially perpendicular to the axis thereof;
PA1  an aspheric concave primary mirror positioned between said second mirror
      and said active laser media;
PA1  said primary mirror having an axial aperture therein through which said
      laser beam is reflected from said second mirror;
PA1  an aspheric secondary mirror positioned to receive said laser beam
      reflected from said second mirror subsequent to passing respectively
      through said primary mirror and said active laser media;
PA1  a plane mirror with an axial aperture therein positioned juxtaposed said
      secondary mirror with said secondary mirror secured opposite said aperture
      in said plane mirror coaxially therewith;
PA1  whereby said secondary mirror receives said laser beam reflected from said
      second mirror and reflects said laser beam back through said active laser
      media onto said primary mirror which reflects said laser beam back through
      said active laser media onto said plane mirror which reflects said laser
      beam as a collimated output beam.
NUM  2.
PAR  2. A laser power amplifier system as claimed in claim 1; wherein
PA1  said aspheric secondary mirror is convex.
NUM  3.
PAR  3. A laser power amplifier system as claimed in claim 1; wherein
PA1  said aspheric secondary mirror is concave.
NUM  4.
PAR  4. A laser power amplifier system as claimed in claim 1; wherein
PA1  said secondary and said primary mirrors are made with focal length rings
      which are coincident.
NUM  5.
PAR  5. A laser power amplifier system as claimed in claim 1; wherein
PA1  said mirrors are positioned with their centers on a plane through the
      linear axis of the active laser media.
NUM  6.
PAR  6. A laser power amplifier system as claimed in claim 5; wherein
PA1  said active laser media is a suitable gas.
NUM  7.
PAR  7. A laser power amplifier system as claimed in claim 6; wherein
PA1  said active laser media is a flowing gas; and
PA1  said second mirror is positioned down stream of said first mirror.
NUM  8.
PAR  8. A laser power amplifier system as claimed in claim 5; wherein
PA1  said active laser media is a suitable high power solid state material.
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ABST
PAL  A constant-voltage circuit includes a transistor, a resistance connected on
      the input side of the transistor, a compensating diode connected on the
      output side of the transistor, and a non-linear bias portion connected in
      series with the resistance, whereby fluctuations in the base-emitter
      voltage of the transistor are compensated for by the compensating diode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a constant-voltage circuit.
PAR  In, for example, the push-pull output circuit of an acoustic power
      amplifier, in order to correct for distortion due to a curve in the
      V.sub.BE - I.sub.C characteristic of a transistor, the circuit is designed
      to cause an idling current to flow so that the output transistor may be
      operated in the linear region of the V.sub.BE - I.sub.C characteristic.
PAR  The base-emitter voltage V.sub.BE of the transistor, however, changes at
      the rate of approximately - 2.3 mV/.degree.C for temperature changes. For
      this reason, the idling current is also changed largely by temperature
      changes. When the idling current decreases, a crossover distortion arises.
      Conversely, when the idling current increases, the efficiency lowers and a
      thermal runaway takes place. Thereefore, a variety of constant-voltage (or
      constant-current) circuits have been developed which normally prevent the
      idling current from changing in response to voltage fluctuations. These
      circuits have, however, demerits along with their merits. For example, a
      known circuit of a certain type provides for a gradual increase in the
      idling current as the supply voltage arises. With another circuit,
      although the idling current is held constant for supply voltages in a
      specified range, the idling current decreases for supply voltages which
      are too high.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the principal object of the present invention to provide a
      constant-voltage circuit which is extraordinarily stable with respect to
      supply voltage changes.
PAR  Another object of the present invention is to provide a constant-voltage
      circuit which provides substantially no fluctuations even for the
      dispersion in the manufacture of integrated circuits.
PAR  Still another object of the present invention is to provide a
      constant-voltage circuit which is the most suitable for rendering constant
      the idling current of the push-pull output circuit of a power amplifier.
PAR  In order to accomplish such objects, the present invention consists of a
      constant-voltage circuit in which a resistance is connected on the input
      side of a transistor, a non-linear bias portion is connected in series
      with the resistance, and a compensating diode is connected on the output
      side of the transistor, whereby fluctuations in the base-emitter voltage
      of the transistor are compensated for by the compensating diode.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram showing an embodiment of the
      constant-voltage circuit according to the present invention;
PAR  FIG. 2 is a characteristic diagram for explaining the operation of the
      embodiment in FIG. 1; and
PAR  FIGS. 3 to 7 are schematic circuit diagrams each showing another embodiment
      of the constant-voltage circuit according to the present invention.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  FIG. 1 shows an embodiment of the constant-voltage circuit according to the
      present invention, which is particularly applied to an acoustic power
      amplifier. Referring to the figure, PA designates a pre-amplifier portion,
      DA a driver circuit, MA a power amplifier portion, SP a speaker, IN an
      input terminal, V.sub.cc a power supply terminal, and C.sub.i and C.sub.o
      capacitors. In this case, the driver circuit DA is composed of N-P-N
      transistors Q.sub.1 and Q.sub.2 which are in the Darlington connection.
PAR  The power amplifier portion MA is composed of N-P-N transistors Q.sub.3 and
      Q.sub.4 and a P-N-P transistor Q.sub.5 and an N-P-N transistor Q.sub.6
      which are in the complementary push-pull connection, resistances R.sub.1
      and R.sub.2 which are respectively connected between the base and emitter
      of the N-P-N transistor Q.sub.4 and between those of the N-P-N transistor
      Q.sub.6, a constant-voltage circuit CVC for supplying an idling current,
      and a resistance R.sub.3.
PAR  Further, the constant-voltage circuit CVC is composed of N-P-N transistors
      Q.sub.9 - Q.sub.13 and a resistance R.sub.4. The collector of the
      transistor Q.sub.9 is connected to the emitter of the transistor Q.sub.10.
      The resistance R.sub.4 is connected between the base and emitter of the
      transistor Q.sub.9. The transistor Q.sub.10 has its base and collector
      short-circuited, and is used as a compensating diode. The transistors
      Q.sub.11, Q.sub.12 and Q.sub.13 are in the Darlington connection. The base
      of the transistor Q.sub.11 is connected, along with the collector of its
      own transistor and the collectors of the other transistors Q.sub.12 and
      Q.sub.13, to the collector of the transistor Q.sub.10. The emitter of the
      transistor Q.sub.13 is connected to the base of the transistor Q.sub.9.
PAR  The collector of the transistor Q.sub.10 of the constant-voltage circuit
      CVC is connected through the resistance R.sub.3 to the power supply
      terminal V.sub.cc, while the emitter of the transistor Q.sub.9 is
      connected to the base of the transistor Q.sub.5 and to the collector of
      the transistor Q.sub.2 constituting the driver circuit DA.
PAR  With such a construction for the constant-voltage circuit, the following
      equation holds:
PAR  Letting V.sub.0 be the collector-emitter voltage of the transistor Q.sub.9
      serving as the output voltage of the constant-voltage circuit CVC,
      V.sub.F1 - V.sub.F4 be the forward voltages of the transistors Q.sub.10 -
      Q.sub.13 constituting diodes, respectively, I.sub.C be the collector
      current of the transistor Q.sub.9, and V.sub.BE be the base-emitter
      voltage of the transistor Q.sub.9,
EQU  v.sub.0 = v.sub.f2 + v.sub.f3 + v.sub.f4 + v.sub.be (i.sub.c) - v.sub.f1
      (i.sub.c)
PAL  in this case, since the V.sub.BE - I.sub.C characteristic of the transistor
      Q.sub.9 is steep, the voltage V.sub.BE of this transistor is substantially
      constant. Accordingly, currents flowing through the transistors Q.sub.11 -
      Q.sub.13 are rendered substantially constant. Besides, the V.sub.F -
      I.sub.C characteristics of the transistors Q.sub.11 - Q.sub.13 are steep.
      Therefore, the forward voltages V.sub.F2, V.sub.F3 and V.sub.F4 of these
      transistors Q.sub.11, Q.sub.12 and Q.sub.13 hardly change and become
      constant in regard to fluctuations in the supply voltage.
PAR  In the constant-voltage circuit CVC, the resistance R.sub.4 functions to
      make substantially constant the currents flowing through the transistors
      Q.sub.11 - Q.sub.13. When the supply voltage increases, the collector
      current I.sub.C of the transistor Q.sub.9 increases. Therewith, the
      base-emitter voltage V.sub.BE of the transistor Q.sub.9 increases.
      Further, the forward voltage V.sub.F1 of the transistor Q.sub.10
      increases. In consequence, the output of the constant-voltage circuit is
      maintained constant. More concretely, the V.sub.BE - I.sub.C
      characteristic of the transistor Q.sub.9 and the V.sub.F - I.sub.C
      characteristic of the transistor Q.sub.10 are shown by curves a and b in
      FIG. 2, respectively. As seen in the figure, the variation .DELTA. V
      between the voltage V.sub.BE of the transistor Q.sub.9 and the voltage
      V.sub.F of the transistor Q.sub.10 is constant. For this reason, even when
      there is any fluctuation due to the V.sub.BE - I.sub.C characteristic, the
      collector-emitter voltage of the transistor Q.sub.9  or the output voltage
      V.sub.0 has the component of the fluctuation compensated for substantially
      perfectly by the V.sub.F - I.sub.C characteristic of the transistor
      Q.sub.10. Thus, it is possible to obtain the output voltage V.sub.0
      stabilized to the changes of the supply voltage.
PAR  Accordingly, if the constant voltage output V.sub.0 is used, as in the
      described embodiment, as the bias for the transistors Q.sub.3 - Q.sub.6
      arranged in the complementary push-pull connection, there can be obtained
      an idling current which is constant irrespective of changes in the supply
      voltage.
PAR  In addition, with such a construction, the non-uniformity of bias voltages
      is small as compared with that in prior-art circuits in which biases based
      on resistance ratios are exerted on transistors. Accordingly, when the
      circuit of the embodiment is applied to an integrated circuit, the
      dispersion diminishes and the yield can be enhanced.
PAR  FIGS. 3 to 5 illustrate further embodiments of the constant-voltage circuit
      according to the present invention. All these embodiments are applied to
      the acoustic power amplifier as described in FIG. 1. Referring first to
      FIG. 3, the constant-voltage circuit CVC is constructed such that the base
      of the transistor Q.sub.12 is connected to the collector thereof, and that
      the collector and emitter of a P-N-P transistor Q.sub.15 are respectively
      connected to the collector of the transistor Q.sub.12 and the collector of
      the transistor Q.sub.10. The remaining construction is similar to that in
      FIG. 1. Also with such a construction, a constant voltage output can be
      provided between the collector and the base of transistor Q.sub.9.
PAR  The collector of the transistor Q.sub.10 of the constant-voltage circuit
      CVC is connected through a resistance R.sub.6 to the power supply terminal
      V.sub.CC. The emitter of the transistor Q.sub.9 is connected to the
      juncture between the transistors Q.sub.4 and Q.sub.6. The collector of the
      transistor Q.sub.9 is connected to the emitter of the transistor Q.sub.16.
PAR  The base of the transistor Q.sub.16 is connected to the collector of the
      transistor Q.sub.2, and is also connected through a resistance R.sub.7 to
      the power supply terminal V.sub.CC. The collector of the transistor
      Q.sub.16 is connected to the base of an N-P-N transistor Q.sub.17. The
      base of the transistor Q.sub.3 is connected to the collector of the
      transistor Q.sub.2. The transistor Q.sub.17 forms a Darlington connection
      with the transistor Q.sub.6.
PAR  Also with such a construction, the forward voltages of the transistors
      Q.sub.15, Q.sub.12 and Q.sub.13 are maintained constant against changes in
      the supply voltage. Accordingly, as in the case of FIG. 1, even when the
      supply voltage fluctuates, the increase in the voltage V.sub.BE of the
      transistor Q.sub.9 as is ascribable to the fluctuation can be compensated
      for by the forward voltage of the transistor Q.sub.10.
PAR  Referring now to FIG. 4, the constant-voltage circuit CVC is constituted of
      P-N-P transistors Q.sub.19 - Q.sub.21, N-P-N transistors Q.sub.22 and
      Q.sub.23, and a resistance R.sub.8. The collector of the transistor
      Q.sub.19 is connected to the emitter of the transistor Q.sub.20. The
      resistance R.sub.8 is connected between the base and emitter of the
      transistor Q.sub.19. The transistor Q.sub.20 has its base and collector
      short-circuited and is employed as a diode. The transistors Q.sub.21,
      Q.sub.22 and Q.sub.23 are in a series diode connection. The emitter of the
      transistor Q.sub.21 is connected to the base of the transistor Q.sub.19,
      while the emitter of the transistor Q.sub.23 is connected to the collector
      of the transistor Q.sub.20.
PAR  The emitter of the transistor Q.sub.19 is connected through a resistance
      R.sub.9 to the power supply terminal V.sub.CC. The collector of the
      transistor Q.sub.20 is connected to the collector of the transistor
      Q.sub.2 constituting the driver circuit DA. The collector of the
      transistor Q.sub.19 is connected to the base of the transistor Q.sub.5.
PAR  Referring next to FIG. 5, the constant-voltage circuit CVC is constructed
      by reversing the connection of the constant-voltage circuit in FIG. 4. In
      this case, an N-P-N transistor is employed as the transistor Q.sub.20.
      Also with such a construction, similarly to the case of FIG. 1, the
      fluctuation of the base-emitter voltage of the transistor Q.sub.19 can be
      compensated for by the forward voltage of the transistor Q.sub.20, and a
      constant voltage output stable to a temperature change can be produced.
PAR  FIGS. 6 and 7 show still further embodiments of the constant-voltage
      circuit according to the present invention. These embodiments are directed
      to the biasing of the constant-current transistor of a differential
      amplifier circuit. Referring to FIG. 6, transistors Q.sub.31 and Q.sub.32
      are emitter-coupled, the collector of the transistor Q.sub.31 is directly
      connected to the power supply terminal V.sub.CC, and the collector of the
      transistor Q.sub.32 is connected through a load R.sub.10 to the power
      supply terminal V.sub.CC. The collector of a transistor Q.sub.33 is
      connected to the emitters of the transistors Q.sub.31 and Q.sub.32, while
      the emitter of the transistor Q.sub.33 is grounded through a resistance
      R.sub.13.
PAR  The constant-voltage circuit employed herein is composed of transistors
      Q.sub.35 and Q.sub.36 and transistors Q.sub.37 and Q.sub.38 respectively
      being in the Darlington connection, transistors Q.sub.39 and Q.sub.40
      being in the diode connection, and a resistance R.sub.11. The collector of
      the transistor Q.sub.38 is connected to the emitter of the transistor
      Q.sub.36, while the juncture between them is connected to the base of the
      transistor Q.sub.33. The emitter of the transistor Q.sub.38 is grounded.
      Along with the base of the transistor Q.sub.37, the emitter of the
      transistor Q.sub.40 is grounded through the resistance R.sub.11. Further,
      along with the collector of the transistor Q.sub.35, the collector of the
      transistor Q.sub.39 is connected through a resistance R.sub.12 to the
      power supply terminal V.sub.CC. In the differential amplifier, IN.sub.1
      and IN.sub.2 indicate input terminals, and OUT indicates an output
      terminal.
PAR  In the case of FIG. 7, a Zener diode ZD is employed instead of the
      transistors Q.sub.39 and Q.sub.40 in FIG. 6.
PAR  In the embodiments in FIGS. 6 and 7, the transistors Q.sub.37 and Q.sub.38
      (corresponding to the transistor Q.sub.9 in FIG. 1) are arranged in a
      Darlington connection. In the case of this construction, the transistors
      Q.sub.35 and Q.sub.36 having the function of the compensating diode are
      also arranged in a Darlington connection. The transistors Q.sub.35 and
      Q.sub.36 may be arranged in a series diode connection.
PAR  In the foregoing embodiments, the respective non-linear bias portions of
      the transistor Q.sub.9, transistor Q.sub.19 and transistors Q.sub.37 and
      Q.sub.38 are constituted of the transistors Q.sub.11, Q.sub.12 and
      Q.sub.13 (or transistors Q.sub.15, Q.sub.12 and Q.sub.13), transistors
      Q.sub.21, Q.sub.22 and Q.sub.23 and transistors Q.sub.39 and Q.sub.40 (or
      Zener diode ZD). The constituent elements, however, are not restrictive,
      but any element having a threshold voltage V.sub.T and a dynamic
      resistance R.sub.s can be employed. With such an element, a non-linear
      bias portion whose output is substantially equal to the threshold voltage
      V.sub.T and whose dynamic resistance is lower than R.sub.s can be
      obtained.
PAR  As described above, by using the constant-voltage circuit according to the
      present invention, a constant voltage output which is very stable to
      temperature changes can be produced. Besides, in accordance with the
      present invention, the constant-voltage circuit exhibits little
      fluctuations even for the dispersion of integrated circuits in the
      manufacture thereof.
PAR  While We have shown and described several embodiments in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to a person skilled in the art, and We therefore do not wish to be limited
      to the details shown and described herein but intend to cover all such
      changes and modifications as are obvious to one of ordinary skill in the
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A constant-voltage circuit comprising a first transistor having input,
      output and control electrodes, a compensating diode having one end
      connected to said output electrode of said transistor, non-linear bias
      means connected between the other end of said compensating diode and said
      control electrode of said transistor for controlling the bias of said
      transistor, and a resistance means connected between said input and
      control electrodes of said first transistor for supplying a substantially
      constant current through said non-linear bias means, a constant voltage
      output being derived across said input and output electrodes of said
      transistor, wherein said non-linear bias means includes a second
      transistor having an output electrode connected to said other end of said
      diode, an input electrode connected to said control electrode of said
      first transistor and a control electrode, at least a pair of diodes
      connected in series between the output and control electrodes of said
      second transistor, and a voltage source connected to said other end of
      said diode.
NUM  2.
PAR  2. A constant-voltage circuit as defined in claim 1, wherein three diodes
      are connected in series between the control electrode of said first
      transistor and said other end of said diode.
NUM  3.
PAR  3. A constant-voltage circuit comprising a first transistor having input,
      output and control electrodes, a compensating diode having one end
      connected to said output electrode of said transistor, non-linear bias
      means connected between the other end of said compensating diode and said
      control electrode of said transistor for controlling the bias of said
      transistor, and a resistance means connected between said input and
      control electrodes of said first transistor for supplying a substantially
      constant current through said non-linear bias means, a constant voltage
      output being derived across said input and output electrodes of said
      transistor, wherein said non-linear bias means includes a second
      transistor having an output electrode connected to said other end of said
      diode, an input electrode connected to said control electrode of said
      first transistor and a control electrode, at least a pair of diodes
      connected in series between the output and control electrodes of said
      second transistor, and a voltage source connected to the input electrode
      of said first transistor.
NUM  4.
PAR  4. A constant-voltage circuit as defined in claim 3, further including a
      second transistor interposed between one end of said resistance and the
      base of said first transistor.
NUM  5.
PAR  5. A constant-voltage circuit as defined in claim 4, wherein said
      compensating diode is formed by a pair of additional transistors in the
      Darlington connection.
NUM  6.
PAR  6. A constant-voltage circuit as defined in claim 4, wherein said
      non-linear bias means includes a pair of diodes connected in series
      between the other end of said compensating diode and the base of said
      first transistor, and a voltage source connected to said other end of said
      compensating diode.
NUM  7.
PAR  7. A constant voltage circuit comprising a first transistor having input,
      output and control electrodes, a compensating diode having one end
      connected to said output electrode of said transistor, non-linear bias
      means connected between the other end of said compensating diode and said
      control electrode of said transistor for controlling the bias of said
      transistor, a resistance means connected between said input and control
      electrodes of said first transistor for supplying a substantially constant
      current through said non-linear bias means, a constant voltage output
      being derived across said input and output electrodes of said transistor,
      and a second transistor interposed between one end of said resistance
      means and the control electrode of said first transistor, wherein said
      non-linear bias means includes a Zener diode connected between the other
      end of said compensating diode and said control electrode of said first
      transistor, and a voltage source connected to said other end of said
      compensating diode.
NUM  8.
PAR  8. In a power amplifier circuit including four transistors connected in
      first and second stages forming a complementary push-pull configuration, a
      constant voltage circuit connected to said pairs of transistors comprising
      a further transistor having input, output and control electrodes, a
      resistance element connected between said input and control electrodes of
      said further transistor, a compensating diode having one end connected to
      said output electrode of said further transistor, and non-linear bias
      means connected between the other end of said compensating diode and said
      control electrode of said further transistor for controlling the bias
      thereof, the input and output electrodes of said further transistor being
      connected to a respective one of said first and second stages to provide a
      constant voltage output thereto.
NUM  9.
PAR  9. A constant-voltage circuit as defined in claim 8, wherein said
      non-linear bias means includes a plurality of additional transistors
      connected in the Darlington manner between said other end of said diode
      and said control electrode of said further transistor, and a voltage
      source connected to said other end of said diode.
NUM  10.
PAR  10. A constant-voltage circuit as defined in claim 8, wherein said
      non-linear bias means includes an additional transistor having an output
      electrode connected to said other end of said diode, an input electrode
      connected to said control electrode of said further transistor and a
      control electrode, at least a pair of diodes connected in series between
      the output and control electrodes of said additional transistor, and a
      voltage source connected to said other end of said diode.
NUM  11.
PAR  11. A constant-voltage circuit as defined in claim 8, wherein three diodes
      are connected in series between the control electrode of said further
      transistor and the other end of said compensating diode.
NUM  12.
PAR  12. A constant-voltage circuit as defined in claim 8, wherein said
      non-linear bias means includes an additional transistor having an output
      electrode connected to said other end of said diode, an input electrode
      connected to said control electrode of said further transistor and a
      control electrode, at least a pair of diodes connected in series between
      the output and control electrodes of said additional transistor, and a
      voltage source connected to the input electrode of said further
      transistor.
NUM  13.
PAR  13. A constant-voltage circuit comprising a first transistor having a
      collector, a base and an emitter; a forward-biased compensating diode
      having one end connected to said collector; a non-linear bias means
      connected between the other end of said diode and said base for supplying
      a substantially constant voltage therebetween; and a linear resistance
      connected between said base and said emitter.
NUM  14.
PAR  14. A constant-voltage circuit as defined in claim 13, wherein said
      non-linear bias means includes a plurality of additional transistors
      connected in the Darlington manner between said other end of said diode
      and said base of said first transistor, and a voltage source connected to
      said other end of said diode.
NUM  15.
PAR  15. A constant-voltage circuit as defined in claim 2, wherein said
      compensating diode comprises a further transistor having control and
      output electrodes connected together and an input electrode connected to
      the collector of said first transistor.
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ABST
PAL  A common-emitter amplifier transistor has its gain controlled by change of
      its transconductance as a function of its quiescent emitter current. A
      first controlled current applied to a diode means develops a potential
      thereacross which is applied between the base and emitter electrodes of
      the amplifier transistor. This configuration causes the quiescent
      collector and emitter currents of the amplifier transistor to be in
      well-defined proportion to the first controlled current. This permits a
      second controlled current linearly related to the first to be used to
      counteract changes in the quiescent collector current of the common-base
      amplifier transistor, insofar as being coupled to the amplifier load.
BSUM
PAR  The present invention relates to amplifiers with electrically controlled
      gain.
PAR  It is desirable, particularly in monolithic integrated circuits, to have an
      amplifier which, though its gain is electrically controlled, exhibits no
      changes in the quiescent level of its output signal when it is controlled.
      This facilitates the direct coupling of the output circuit of the
      amplifier to succeeding circuitry. Such amplifiers are described, for
      instance, in U.S. Pat. Nos. 3,141,137; 3,678,403; 3,678,406; 3,737,796 and
      3,803,505.
PAR  The present invention is embodied in a common-emitter transistor amplifier
      having its gain controlled by change of the transconductance or g.sub.m of
      the transistor as a function of its quiescent emitter current level. A
      first controlled current applied to a diode means develops a potential
      thereacross which is applied between the base and emitter electrodes of
      the amplifier transistor. This configuration causes the quiescent
      collector and emitter currents of the amplifier transistor to be in
      well-defined proportion to the first controlled current. This permits a
      second controlled current linearly related to the first to be used to
      counteract changes in the quiescent collector current of the common-base
      amplifier transistor, insofar as being coupled to the amplifier load.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a schematic diagram of a common-emitter amplifier with
      electrically controlled gain, embodying the present invention and not
      requiring complementary conductivity transistors; and
PAR  FIGS. 2, 3 and 4 are schematic diagrams of other embodiments of the present
      invention, these using complementary conductivity transistors.
DETD
PAR  In the figures, a source 10 of input signal potential is connected between
      terminals 11 and 12. Terminal 13 is at a reference potential supplied by
      battery 14 (or 14'), which also supplies an operating potential to
      terminal 15. Transistor 16 is connected in common-emitter amplifier
      configuration to develop an output signal potential across resistor 17,
      which appears at an output terminal 18 for direct coupling to a subsequent
      circuit (not shown). The base and emitter electrodes of transistor 16 are
      connected to terminals 12 and 13, respectively. A quiescent potential
      developed across a self-biased transistor 19 appears at terminal 11 and is
      coupled through source 10 and terminal 12 to the base electrode of
      transistor 16. The self-biased transistor 19 has its base electrode
      connected to its collector electrode and functions as a diode means. An
      adjustable current source 21 (or 21' or 21") supplies a selected value of
      current as control signal to a control terminal 22 (or 22'), from which it
      is direct coupled to control the forward biasing of the diode means 19.
PAR  In FIG. 1, when the control signal current from source 21 is zero-valued,
      no potential offset responsive to current is developed across self-biased
      transistor 23. Transistors 24 and 25 have this zero-valued offset
      potential applied to their base electrodes and are therefore biased for
      non-conduction. For this condition, the forward-bias current for diode
      means 19 is developed solely in response to the operating potential at
      terminal 15 causing current flow through the series connection of resistor
      26 and self-biased transistor 19, in accordance with Ohm's Law.
PAR  Transistors 19 and 16 form the well-known current mirror amplifier
      configuration having a gain G.sub.I insofar as direct currents are
      concerned. The ratio of the transconductance of transistor 16 to that of
      transistor 19 at equal base-emitter potentials, G.sub.I, is the same as
      the ratio of the effective area of the base-emitter junction of transistor
      16 to that of the base-emitter junction of transistor 19, assuming them to
      be of the same semiconductive material and to have the same diffusion
      profiles as is the case in monolithic integrated circuit construction for
      instance. The quiescent collector current of transistor 16 is G.sub.I
      times as large as that of transistor 19, and the potential drop across
      load resistor 17 is easily calculated in accordance with Ohm's Law.
PAR  It is for this condition wherein the current from source 21 is zero-valued
      and transistor 25 is not biased into conduction, that the gain of the
      common-emitter amplifier configuration including transistor 16 is the
      greatest. As is well-known, the voltage gain, G.sub.V, of a common-emitter
      amplifier having no emitter degeneration is equal to its transconductance
      g.sub.m times its collector load resistance. The load resistance in the
      present instance is R.sub.17, the resistance of resistor 17. In equation
      form:
EQU  G.sub.V =  g.sub.m R.sub.17                                (1)
PAL  the transconductance g.sub.m of a transistor is proportional to its emitter
      current, I.sub.E, so equation 1 may be rewritten as follows where V' is a
      constant expressed in units of potential and equal to about 26 millivolts.
      ##EQU1##
      With transistor 25 being non-conductive, it demands no portion of the
      current flow through resistor 26. So, the full current flow through
      resistor 26 is applied to self-biased transistor 19, causing the largest
      possible potential drop thereacross. This forward biases the base-emitter
      junction of transistor 16 to fullest extent, causing maximum emitter
      current flow and highest transconductance. As can be seen from equation 1
      or 2, this is the condition corresponding to the highest value G.sub.V MAX
      of signal voltage gain, G.sub.V.
PAR  Transistors 24 and 25 have their respective transconductances in G.sub.I :1
      ratio as well as do transistors 16 and 19. For the condition where the
      current applied from source 21 to terminal 22 has been increased to a
      positive value, transistors 24 and 25 will have their respective
      base-emitter junctions forward biased to develop like base-emitter
      potentials, and their respective collector currents will be in G.sub.I :1
      ratio. The collector current demand of transistor 25 will be supplied from
      the current flowing in resistor 26, thereby diverting a portion of the
      current flow through resistor 26 away from self-biased transistor 19. The
      resistor 26 with substantially constant potential theracross and
      transistor 25 co-operate to function as a first controlled current source,
      the control signal for the source being supplied from adjustable current
      source 21.
PAR  In consequence of the conduction through transistor 25, the offset
      potential across self-biased transistor 19 will become smaller and the
      collector and emitter current flow of transistor 16 will be reduced.
      Because of the current mirror amplifier action of transistors 19, 16,
      brought about by the proportioning of their transconductance
      characteristics, the reduction of the emitter and collector current flows
      of transistor 16 is in the same proportion as the reduction in current
      flow through the self-biased transistor 19. So, the flow of a collector
      current I.sub.C25 of specified value in transistor 25, causing a
      like-valued reduction in the current flow through self-biased transistor
      19, will by the current mirror amplifier action of transistors 19, 16
      cause a reduction of the collector current demand of transistor 16 of a
      value G.sub.I I.sub.C25. Were transistor 24 to contribute no current flow
      through resistor 17, then, in accordance with Ohm's Law, this decrease of
      G.sub.I I.sub.C25 in the collector current demand of transistor 16, would
      lead to the potential at output terminal 18 by increasing by G.sub.I
      I.sub.C25 R.sub.17.
PAR  This is precluded, however, because transistor 24, having a
      transconductance G.sub.I times as large as transistor 25, demands a
      collector current G.sub.I times as large as the I.sub.C25 collector
      current demanded by transistor 25. This demand by transistor 24 for a
      collector current of G.sub.I I.sub.C25 is exactly equal to the reduction
      in quiescent collector current demand by transistor 16, so the quiescent
      potential across resistor 17 is not altered. This, of course, facilitates
      the direct coupling of terminal 18 to subsequent circuitry. Transistor 24
      functions as a second controlled current source, its control signal also
      being supplied from adjustable current source 21.
PAR  This condition, where positive current flows from source 21 to terminal 22
      causes transistor 25 to demand collector current and to divert current
      flow from the self-biased transistor 19. The resultant reduction of the
      potential across self-biased transistor 19 causes a reduction of gain in
      the common-emitter amplifier configuration including transistor 16 and
      resistor 17. This is because of the reduction of the emitter current
      I.sub.E of transistor 16 for this condition, which reduces the
      transconductance g.sub.m of transistor 16. The effects of these changes
      upon the voltage gain G.sub.V of the common-emitter amplifier
      configuration can be adjudged from equations 1 and 2 above.
PAR  Self-biased transistor 23 in the FIG. 1 circuit is in current mirror
      amplifier configuration with transistors 24 and 25 and serves to define
      very exactly the relationship between control current from source 21 and
      the degree of attenuation obtained in the common-emitter amplifier
      configuration comprising transistor 16 and resistor 17. This is of
      importance chiefly in open-loop control systems where uniformity of
      response between many units and independence from the common-emitter
      forward current gains of transistors 24 and 25 are sought. In a
      closed-loop control system employing degenerative feedback, such as an
      automatic gain control system, self-biased transistor 23 will often be
      found unnecessary (or even undesirable inasmuch as it reduces feedback
      loop gain and thus accuracy of control) and consequently may be omitted in
      such cases.
PAR  Certain other modifications which can be made in the FIG. 1 circuit will
      occur to one skilled in electronic circuit design. For example, resistors
      26 and 17 may be replaced by constant current sources providing currents
      in 1:G.sub.I ratio. Transistors 16 and 19 may be provided with emitter
      degeneration resistors to improve the accuracy of the proportioning
      between their transconductances at higher emitter current levels.
      Transistors 24 and 25 and, if used, 23 may be provided with emitter
      degeneration resistors to improve the accuracy of the proportions between
      their respective transcondutances. The collector electrode of transistor
      25 may be connected to a tap point in resistor 26, rather than to its end.
      The circuit will work with other types of transistors than bipolar
      junction transistors (e.g., junction field-effect transistors or
      metal-oxide-semiconductor field-effect transistors). A whole class of
      modifications exists wherein the simple current mirror amplifier
      configurations of transistors 19, 16 and of transistors 23, 24 and 25 are
      replaced by nearly any one of the well-known more complex current mirror
      amplifier configurations.
PAR  The FIG. 1 circuit is advantageous in that it requires only one
      conductivity type of transistor. It does have the problem, however, that
      as the gain V.sub.G of the common emitter amplifier configuration 16, 17
      is reduced, the gain of transistor 24 is increased. This may result in the
      level of noise internally generated in the transistors 16 and 24 remaining
      relatively constant despite signal at terminal 18 being much attenuated
      with a resultant undesirable reduction of signal-to-noise ratio at
      terminal 18. Providing transistors 23, 24 and 25 with emitter degeneration
      can help alleviate this condition. And, of course, by-passing terminal 22
      to terminal 12 with a large capacitance will help to prevent noise from
      source 21 reducing the signal-to-noise ratio at terminal 18. This
      shortcoming with regard to reduced signal-to-noise ratio at low signal
      currents is also found in many prior art attenuators which are provided
      with compensation for changes in the quiescent output signal level. If one
      can permit the use of transistors of complementary conductivity types, as
      shown in FIGS. 2, 3 and 4, however, then it is possible to overcome this
      problem.
PAR  In the FIG. 2 configuration, resistors 17 and 26 are discarded and are
      replaced by the current sources provided at the collector electrodes of
      transistors 24' and 25', respectively, of complementary conductivity type
      to that of transistors 16 and 19. The currents provided at the collector
      electrodes of transistors 24' and 25' are in G.sub.I :1 ratio,
      respectively. Battery 14' comprises two serially-connected batteries 141
      and 142. This makes an intermediate potential available at terminal 143.
      Collector load resistor 17' connects terminal 143 to terminal 18, to which
      the collector electrodes of transistors 16 and 24' are also each
      connected. The circuit is so configured that the quiescent collector
      current demand of NPN transistor 16 is always supplied in substantially
      exact measure by the collector current of PNP transistor 24'. Therefore,
      substantially no quiescent current flows in resistor 17', and the
      quiescent potential at terminal 18 is substantially equal to the
      intermediate potential. The circuit is such that the relative potentials
      of batteries 141 and 142 can be selected to place the intermediate
      potential anywhere in the range of a few tenths volts more positive than
      reference potential at terminal 13 to a few tenths less positive than
      operating potential at terminal 15.
PAR  More particularly, when source 21 supplies no current to terminal 22',
      neither of transistors 24' or 25' is biased into conduction. No current is
      applied to self-biased transistor 19, so no potential is developed across
      it. In the absence of forward bias potential between its base and emitter
      electrodes transistor 16 has very low transconductance g.sub.m and
      provided no gain for input signal from source 10. With both transistors 16
      and 24' non-conductive, there is no noise supplied from or through them to
      terminal 18.
PAR  When current source 21' does supply a relatively small current to bias
      transistors 24' and 25' to a relatively low level of conduction, the
      collector current of transistor 24' develops a potential drop across
      self-biased transistor 19 that also biases transistor 16 into a relatively
      low level of conduction. Even at these low collector current levels, the
      quiescent collector current levels of transistors 16 and 24' match. The
      transconductances of transistors 16 and 24' are low so they do not greatly
      amplify noise accompanying their base-emitter potentials, avoiding
      degradation of the signal-to-noise ratio at terminal 18 due to this cause.
      Further, at low current levels, the internally generated noise of
      transistors 16 and 24' themselves is low, which also helps maintain good
      signal to noise ratio at terminal 18 for the large signal attenuation
      condition.
PAR  When current source 21' supplies a relatively large current to bias
      transistors 24', 25' and 16, to relatively high levels of conduction, the
      gain G.sub.V of the common-emitter amplifier 16, 17' will be increased in
      similar proportion to the increase of current from source 21'. Self-biased
      transistor 23' may be included to define the ratio of control current from
      source 21' to the quiescent collector currents of transistors 16 and 24',
      if one so desires. But, because of the push-pull nature of the collector
      currents of transistors 16 and 24', there is less need for self-biased
      transistor 23' than there is for self-biased transistor 23 in the FIG. 1
      circuit.
PAR  The FIG. 2 configuration is adapted for use with an adjustable current
      source 21' that withdraws a positive current from terminal 22'. It is, for
      example, well-suited for use with a circuit in which control current is
      supplied from the collector electrode of an NPN transistor. It may,
      however, be necessary or desirable to operate with an adjustable current
      source 21 supplying a positive control current to a control terminal 22 as
      from the collector electrode of a PNP transistor, for example.
PAR  FIG. 3 shows a circuit accomodating such need or desire. The adjustable
      current source 21 supplies a current flowing through terminal 10, 11 for
      direct application to the self-biased transistor 19. An increase of this
      current from source 21 will by current mirror amplifier action of
      transistors 19 and 16 increase the emitter current I.sub.E and hence the
      transconductance g.sub.m of transistor 16. There will result a concomitant
      proportional increase in the gain G.sub.V of the common-emitter amplifier
      configuration 16, 17. A decrease of this current from source 21 will by
      current mirror amplifier action of transistors 19 and 16 cause a decrease
      of the emitter current I.sub.e and hence the transconductance g.sub.m of
      transistor 16. There will result a concomitant proportional increase in
      the gain G.sub.V of the common base amplifier configuration 16, 17. When
      no current is supplied from source 21 a condition of no gain will obtain.
PAR  Self-biased transistor 19 is in current mirror amplifier configuration with
      transistor 26, so the collector current of transistor 26 varies in linear
      proportion to the current supplied to terminal 11 by source 21 and is used
      to supply current to terminal 22". The product of the current gains of the
      current mirror amplifier configuration comprising transistors 19 and 26
      and that comprising transistors 23' and 24' should equal G.sub.I, the
      current gain of the current mirror amplifier configuration comprising
      transistors 19 and 16. Then, the quiescent potential at terminal 18 will
      remain unchanged despite change in the level of control current supplied
      from source 21.
PAR  FIG. 4 shows a variation of the FIG. 3 circuit in which an adjustable
      current source 21" is connected between terminals 11 and 22", permitting
      the elimination of transistor 26. Transistors 23' and 24' have their
      transconductance characteristics proportioned in the same ratio as those
      of transistors 19 and 16, respectively. The gain G.sub.V of the
      common-emitter amplifier configuration 16, 17 will vary in proportion to
      the level of current provided by the adjustable current source 21". The
      current source 21" may comprise, for example, a transistor having its
      emitter electrode connected by direct current conductive means to one of
      the terminals 11 and 22', having its collector electrode connected to the
      other of the terminals 11 and 22', and having a control signal applied to
      its base electrode.
PAR  Modifications discussed in connection with the FIG. 1 circuit may be made
      to the circuits of FIGS. 2, 3 and 4, where applicable. Also, in each of
      the circuits, all the transistors of each conductivity type may be
      replaced by transistors of the complementary conductivity type. The
      present invention may be implemented using field-effect transistors and
      the terms "base," "emitter" and "collector" in the claims are to be
      construed as being descriptive of the "gate," "source" and "drain"
      electrodes, respectively, of a field-effect transistor in addition to
      their conventional meaning.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An amplifier, the ratio of its output signal to its input signal being
      responsive to a control signal, said amplifier comprising:
PA1  first and second terminals having connected therebetween a source of said
      input signal with a direct current conductive path therethrough;
PA1  a third terminal for application of a reference potential;
PA1  a fourth terminal for supplying said output signal;
PA1  a load direct coupled to said fourth terminal;
PA1  a first transistor being of a first conductivity type, having a base
      electrode connected to said first terminal, having an emitter electrode
      connected to said third terminal, and having a collector electrode
      connected to said fourth terminal;
PA1  a first controlled current source responsive to said control signal to
      supply a first controlled current to said second terminal;
PA1  diode means connected between said second and said third terminal and poled
      to conduct said first controlled current, said diode means responding to
      said first controlled current to develop a substantially direct offset
      potential thereacross, which offset potential is continually applied
      without substantial attenuation as quiescent base-emitter potential to
      said first transistor to control the flow of collector current of said
      first transistor; and
PA1  a second controlled current source responsive to said control signal for
      supplying a second controlled current applied to said fourth terminal to
      counteract changes in the quiescent component of said first transistor
      collector current as supplied to said load.
NUM  2.
PAR  2. An amplifier as set forth in claim 1 having:
PA1  a fifth terminal for application of an operating potential;
PA1  first and second resistive means, said first resistive means being
      connected between said fifth and said second terminals, said second
      resistive means being connected between said fifth and said fourth
      terminals; and
PA1  second and third transistors being of said first conductivity type, having
      their base electrodes each connected to at least a portion of said control
      signal, having their emitter electrodes connected to said third terminal,
      and having their respective collector electrodes respectively connected to
      said second and said fourth terminals, said first resistive means and said
      second transistor being included in said first controlled current source
      and said third transistor being included in said second controlled current
      source.
NUM  3.
PAR  3. An amplifier as set forth in claim 2 having:
PA1  means connecting each of said second and said third transistors in a
      current mirror amplifier configuration for better defining the
      relationships of their collector currents to said control signal.
NUM  4.
PAR  4. An amplifier as set forth in claim 1 having:
PA1  a fifth terminal for application of an operating potential; and
PA1  second and third transistors being of a second conductivity type
      complementary to said first conductivity type, having their base
      electrodes each connected to receive at least a portion of said control
      signal, having their emitter electrodes connected to said fifth terminal,
      having their responsive collector electrodes respectively connected to
      said second and said fourth terminals, and being included respectively in
      said first controlled current source and in said second controlled current
      source.
NUM  5.
PAR  5. An amplifier as set forth in claim 3 having:
PA1  means connecting each of said second and said third transistors in a
      current mirror amplifier configuration for better defining the
      relationships of their collector currents to said control signals.
NUM  6.
PAR  6. An amplifier as set forth in claim 1 having:
PA1  a fifth terminal for application of an operating potential;
PA1  a second transistor being of said first conductivity type, having a base
      electrode connected to said second terminal, having an emitter electrode
      connected to said third terminal, and having a collector electrode; and
PA1  current mirror amplifier means having an input terminal to which the
      collector electrode of said second transistor is connected, having a
      common terminal connected to said fifth terminal and having an output
      terminal connected to said fourth terminal.
NUM  7.
PAR  7. An amplifier as set forth in claim 1 having:
PA1  a fifth terminal for application of an operating potential, a current
      mirror amplifier having an input terminal between which and said second
      terminal said first control current source is connected, having a common
      terminal connected to said fifth terminal and having an output terminal
      connected to said fourth terminal.
NUM  8.
PAR  8. An amplifier as set forth in claim 1 where said diode means is provided
      by:
PA1  a further transistor having an emitter electrode connected to said third
      terminal, having a collector electrode connected to said first controlled
      current source, having a base electrode connected to said second terminal
      and being self-biased by direct coupling of its collector electrode to its
      base electrode.
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ABST
PAL  A transmission line transition for coupling together a coaxial transmission
      line and a parallel plane radial transmission line, the transition
      including upper and lower circular plates having conforming inner curved
      surfaces spaced from each other to define an air dielectric transmission
      line comprising, in succession, a coaxial air line section, a transition
      air line section, and a radial air line section.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract with the United States Air Force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The background of the invention will be set forth in two parts.
PAR  1. Field of the Invention
PAR  This invention relates to transmission line systems and more particularly
      to a coax-to-radial transmission line transition.
PAR  2. Description of the Prior Art
PAR  Impedance matching structures for reducing radiation loss at junctions
      between different types of electric transmission lines have been in use
      for some time. In the past, these matching structures have been useful in
      reducing radiation losses at junctions between two-conductor transmission
      lines, such as coaxial lines and the like, and at microstrip lines, for
      example.
PAR  In the area of matching structures to match coaxial and parallel plane
      radial transmission lines, the prior art includes devices consisting of
      conical sections to match the two lines, the sections having abruptly
      changing stepped portions or geometries. This introduced discontinuities
      resulting in undesired reflections. Also, the sharp corners limited the
      power handling capability of these transitions. It should therefore be
      evident that a coax-to-radial transition that has no abrupt
      discontinuities in its geometry would constitute a significant advancement
      of the art.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing factors and conditions characteristic of the prior
      art, it is a primary object of the present invention to provide an
      improved coax-to-radial transition for coupling together a coaxial
      transmission line and a parallel plane radial transmission line.
PAR  Another object of the present invention is to provide a relatively
      simple-to-construct and efficient coax-to-radial transition having a
      smoothly curved transmission air line with no abruptly changing geometry.
PAR  Still another object of the present invention is to provide a
      coax-to-radial transition having frequency independent matching.
PAR  Yet another object of the present invention is to provide a coax-to-radial
      transition having the ability to alter its line gap without significantly
      changing the electrical characteristics of the transition.
PAR  Yet a further object of the present invention is to provide a
      coax-to-radial transition capable of handling relatively high power radio
      frequency electromagnetic fields.
PAR  Still a further object of the present invention is to provide a
      coax-to-radial transition having a zero rate of change of impedance with
      respect to electrical length at the coaxial input to eliminate reflections
      thereat.
PAR  In accordance with an embodiment of the present invention, a transmission
      line transition for coupling together a coaxial transmission line and a
      parallel plane radial transmission line includes a lower circular plate
      having an upper surface with a central curved toroidal portion, and an
      upper circular plate having a lower surface conforming to the shape of the
      upper surface of the lower circular plate. The invention also includes
      spacing means disposed between the surfaces for maintaining a desired
      spacing distance between the surfaces and thereby defining successively a
      coaxial air line section, a transition air line section, and a radial air
      line section, coextensive with the plates.
PAR  A coaxial terminal connector may also be mounted on the upper circular
      plate at the apex of the curved surfaces, the inner conductor thereof
      being electrically connected to the lower circular plate and the outer
      conductor thereof being electrically connected to the upper circular
      plate.
PAR  Preferably the curved surfaces have a constant radius and describe a
      90.degree. segment.
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The present
      invention, both as to its organization and manner of operation, together
      with further objects and advantages thereof, may best be understood by
      making reference to the following description taken in conjunction with
      the accompanying drawings in which like reference characters refer to like
      elements in the several views.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view in elevation of a coax-to-radial transition in
      accordance with the present invention;
PAR  FIG. 2 is a graphical representation of wave impedance of coax-to-radial
      line transition versus electrical length for the device of FIG. 1;
PAR  FIG. 3 is a perspective view of the inner surface of the two circular discs
      of the transition of FIG. 1, including an energy absorbing ring; and
PAR  FIG. 4 is a sectional view of a coax-to-radial line transition in
      accordance with another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and more particularly to FIG. 1, there is
      shown a transmission line transition 11 for coupling together a coaxial
      transmission line and a parallel plane radial transmission line. The
      transition 11 includes a lower circular plate 13 having a lower planar
      surface 15 and an upper surface 17 with a central curved portion 19. The
      transition 11 also includes an upper circular plate 21 having an arbitrary
      irregular upper surface 23 and a lower surface 25 conforming to the shape
      but spaced from the upper surface 17 of the lower circular plate 13.
PAR  The spacing between the upper and lower plates is maintained at the desired
      distance by an annular spacing ring 27 disposed at the outer periphery of
      the plates. The spacing ring in this embodiment is fabricated from a
      conventional power absorbing material, while the plates are of a
      conductive material such as cast or machined aluminum, for example, or the
      plates may be of a plastic material coated on their adjacent inner
      surfaces with a conductive layer.
PAR  The gap between the surfaces 17 and 25, maintained by the ring 27, define
      successively a coaxial air line section 29, a transition air line section
      31 and a radial air line 33, coextensive with the plates. It should be
      evident that the line gap may be altered by changing the height of the
      ring 27 without significantly changing the electrical characteristics of
      the transition 11.
PAR  As seen in FIG. 1, in this embodiment the transition line section 31 has a
      constant radius curvature, which section extends for 90.degree. segment.
      The radius for this particular application is about 2 inches. The central,
      uppermost portion 29 of the air line terminates in a coaxial connector 35,
      preferably a constant impedance type such as a conventional N connector,
      for example, with an outer threaded sleeve 37 and an inner terminal 39.
PAR  Referring to the impedance curve of FIG. 2, it can be seen that the
      transition 11 provides a zero rate of change of impedance with respect to
      electrical length at the coaxial input, which effectively eliminates
      undesired reflections at this point.
PAR  FIG. 3 shows in perspective the conforming inner surfaces 17 and 25, and
      also the power absorbing ring 27 is clearly illustrated. The symmetrically
      disposed absorbing ring's fingers 41 extending radially inwardly provide
      for a smooth transition, and therefore, no undesired reflections are
      produced.
PAR  Referring now to the sectional view of another embodiment of the present
      invention, there is shown a transition 51 having plates 13' and 21' with
      respective inner surfaces 17' and 25', similar to those shown in FIG. 1.
      In this embodiment, spacing ring 27' is annular and of conductive
      material, such as aluminum, for example, and a plurality of negative
      resistance diodes 53, such as IMPATT or GUNN types, are symmetrically
      disposed in a circle spaced from the spacing ring by a distance preferably
      close to approximately one-quarter wavelength. These diodes are well known
      in the art and have a reflection coefficient greater than one so that
      power incident on the diodes is amplified and reflected back toward a coax
      connector 35'. Conventional waveguide means may be employed to provide
      bias potential to the electrodes of the diodes and will therefore not be
      described in detail herein.
PAR  The transition may also include a mode filter 55 in the form of radially
      extending grooves 57 about a quarter wavelength deep disposed
      symmetrically between the diodes. The grooves are partially filled with a
      conventional lossy material 59, as is also well known in the art. Further,
      this, or any other embodiment of the invention, may be provided with an
      impedance matching structure 61. This structure may take the form of a
      circular ridge depending from the lower surface 25' of the order of
      approximately one-quarter wavelength upstream of the ring of diodes 53.
PAR  In operation of the device of FIG. 4, the coax-to-radial transition may be
      used as an amplifier by utilizing a circulator (not shown) connected to
      the transition's coaxial connector 35' in such a manner that input energy
      to be amplified is coupled to an input port of the circulator and then out
      its second port. The second port is coupled to the connector 35' so that
      the energy enters the transition device. The input signal energy is
      amplified by the diodes 53 and is then coupled back through its coaxial
      connector 35 to the same second port of the circulator, and out a third or
      output port thereof. The transition in accordance with the present
      invention provides a practical device for use with electromagnetic energy
      having frequencies between DC and approximately 28 GHz, the basic limiting
      factor being the frequency handling capability of the coax connector. The
      device shown in FIG. 1 was designed to operate at x-band (10 GHz) and has
      a plate diameter of approximately 8 inches and a 1 inch wide spacing ring,
      the height of the spacing ring being approximately 0.080 inch.
PAR  It should be understood that the materials described for constructing the
      various embodiments of the invention are not critical and any material
      generally known to be suitable for a particular application may be
      utilized. Furthermore, it should be understood that the present invention
      has been shown and described with reference to particular embodiments;
      nevertheless, various changes and modifications which are obvious to
      persons skilled in the art to which the invention pertains are deemed to
      lie within the spirit, scope and contemplation of the invention. For
      example, the transition air line section 31 may be any smooth curve and
      need not have a constant radius of curvature.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transmission line transition for coupling together a coaxial
      transmission line and a parallel plane radial transmission line,
      comprising:
PA1  a lower circular plate having an upper surface of revolution generated by a
      smooth curve segment concave with respect to an axis of revolution and
      rotated about said axis, one end of said curve segment being relatively
      closely spaced from said axis while the other end of said curve segment
      being approximately parallel to a line perpendicular to said axis;
PA1  an upper circular plate having a lower surface of revolution conforming to
      the shape of said upper surface of said lower circular plate; and
PA1  separation means disposed between said upper and lower surfaces of
      revolution for maintaining a desired uniform separation distance between
      said surfaces and thereby defining successively a coaxial air line
      section, a smooth transition air line section, and a radial air line
      section coextensive with said plates.
NUM  2.
PAR  2. The transition according to claim 1, also comprising coax coupling means
      including a coaxial terminal connector mounted on said upper circular
      plate coaxial with said axis, an inner conductor of said connector being
      electrically connected to said lower circular plate at the portion of said
      surface of revolution generated by said one end of said curve line
      segment, and an outer conductor thereof being electrically connected to
      said upper circular plate for electromagnetically coupling energy from
      said coaxial terminal connector to said coaxial air line section.
NUM  3.
PAR  3. The transition according to claim 1, wherein said curved segment has a
      constant radius.
NUM  4.
PAR  4. The transition according to claim 3, wherein said plates have a diameter
      of approximately 8 inches and said constant radius is approximately 2
      inches.
NUM  5.
PAR  5. The transition according to claim 3, wherein said curve segment is a
      circular quadrant.
NUM  6.
PAR  6. The transition according to claim 1, also comprising a power absorbing
      structure disposed symmetrically about said axis in said radial air line
      section.
NUM  7.
PAR  7. The transition according to claim 1, wherein said spacing means includes
      a conductive annular ring disposed adjacent the outer periphery of said
      circular plates.
NUM  8.
PAR  8. The transition according to claim 7, wherein said annular ring has a
      width of approximately 1 inch and has a length dimension of approximately
      0.080 inch.
NUM  9.
PAR  9. The transition according to claim 7, also comprising negative resistance
      means including a plurality of negative resistance elements disposed
      symmetrically about said axis in said radial air line section spaced from
      the inner peripheral edge of said conductive annular ring.
NUM  10.
PAR  10. The transition according to claim 9, also comprising mode filter means
      including radially extending grooves in said upper surface in said radial
      air line section symmetrically between said negative resistance elements,
      said grooves being partially filled with an energy-absorbing lossy
      material.
NUM  11.
PAR  11. The transition according to claim 10, wherein said grooves are
      approximately one-quarter wavelength deep with respect to the wavelength
      of electromagnetic energy propagating in said air line sections.
NUM  12.
PAR  12. The transition according to claim 9, also comprising impedance matching
      means including an annular ridge depending from said lower surface in said
      radial air line section upstream of said negative resistance elements for
      matching the impedance of said radial air line section to said negative
      resistance elements.
NUM  13.
PAR  13. The transition according to claim 12, wherein said ridge is spaced from
      said negative resistance elements by approximately one-quarter wavelength.
NUM  14.
PAR  14. The transition according to claim 9, wherein said negative resistance
      elements are IMPATT diodes and further comprising means associated with
      said plates for introducing to said diodes an operating bias voltage
      potential.
NUM  15.
PAR  15. The transition according to claim 9, wherein said negative resistance
      elements are GUNN diodes, and further comprising means associated with
      said plates for introducing to said diodes an operating bias voltage
      potential.
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ABST
PAL  A low frequency oscillator including a pair of novel integrator circuits
      and a resistive inverter circuit electrically connected together in
      cascade and having ganged gain control following each integrator. The
      novel integrator circuit includes an operational amplifier having first
      and second input terminals, said first input terminal being adapted for
      connection to a voltage source and including a resistor between said
      source and terminal. A first negative feedback loop including a capacitor
      is electrically connected between the output of the amplifier and the
      first terminal. A second positive frequency independent feedback loop is
      electrically connected between the output of the amplifier and the second
      input terminal. The second feedback loop preferably includes a voltage
      divider having a temperature variable resistor and a pair of independent
      heaters for varying the resistance of said resistor.
PARN
PAR  This is a continuation, division of application Ser. No. 436,279 filed Jan.
      24, 1974 and now U.S. Pat. No. 3,906,381.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a novel integrator circuit and to a low
      frequency two-phase oscillator, and, in particular, to a low frequency
      two-phase oscillator in which the operational amplifiers each include a
      frequency independent feedback loop that includes a thermistor having two
      independent, electrically isolated heaters.
PAC  BACKGROUND OF THE INVENTION
PAR  Phase shift oscillators are well known in the art. The frequency of the
      oscillator is typically stabilized by a resistance capacitance ladder
      which gives the necessary delay (phase shift) in a feedback loop. It is
      also known that the conventional phase shift oscillators require at least
      three stages in order to sustain oscillation.
PAR  Thus, in a circuit including a pair of operational amplifier integrators of
      equal gain and a sign changer electrically connected in cascade with gain
      control between stages, sustained oscillation cannot be maintained.
      Circuit analysis of such a circuit where e.sub.1 is the voltage into the
      first integrator and e.sub.2 is the voltage into the second integrator
      provides:
      ##EQU1##
      where .pi. = RC, where R is the resistance between the input voltage
      e.sub.1 or e.sub.2 and the operational amplifier, C is the capacitance of
      the negative feedback loop of each amplifier connected from the output to
      between resistance R and the amplifier input; A = operational amplifier
      gain;
      ##EQU2##
      AND .alpha. AND .beta. ARE THE TRANSMISSIONS OF ATTENUATORS IN THE OUTPUTS
      OF EACH INTEGRATOR.
PAR  Equations (1) and (2), which define a,b,c, and d, follow from the equation
      for the basic integrator circuit:
      ##EQU3##
      since an ideal integrator should have an output given by
      ##EQU4##
      the entire second term,
      ##EQU5##
      of equation (3) and the A.sup.-.sup.1 of the first term represent sources
      of error. Both of these errors, however, approach zero as A becomes
      infinite.
PAR  For a positive finite A, the constants a,b,c and d in equations (1) and (2)
      are all positive. The equations also assure that the sign changer is
      ideal, that is, e.sub.3 = -e.sub.1 which can be attained by making
      ##EQU6##
PAR  Under these conditions, the solutions of equations (1) and (2) are given
      by:
      ##EQU7##
      where m = [(b + c).sup.2  - 4ad].sup.1/2 and e.sub.10 and e.sub.20 are the
      initial values of e.sub.1 and e.sub.2 at t = 0. In order for e.sub.1 and
      e.sub.2 to be periodic it is necessary that m.sup.2 be negative and that b
      + c = 0; and, for sustained sinusoidal oscillation it is necessary that b
      = c = 0. However, for a finite A, b and c cannot be equal to zero since
      each is equala to
      ##EQU8##
      Accordingly, a circuit having a pair of integrator circuits as described
      above and a sign changer in cascade, cannot be made to give sustained
      oscillations where A is finite. Any initial value of voltages e.sub.10 and
      e.sub.20 results in a damped oscillation where the damping time constant
      is .theta. and is equal to 2/(b + c) = .pi.(1 + A). The number of cycles
      during the time constant is
      ##EQU9##
      and since .alpha. and .beta. are less than one, the number of cycles
      during the damping time constant is less than A/2.pi..
PAR  A further problem in oscillator control is that the sensor means, typically
      a thermistor, used for amplitude control is activated not by the amplitude
      of the output but rather by the instantaneous output voltage. Thus, at low
      frequencies, the sensor follows the cyclic variations of the output
      providing waveform distortions. This behavior normally limits the
      operating frequency to a value high compared to the reciprocal of the
      sensor response time.
PAR  Accordingly, it is an object of the present invention to provide an
      oscillator circuit having a pair of integrators in which the gain appears
      to be infinite in order to provide sustained oscillation in the oscillator
      circuit. A further object of the present invention is to provide amplitude
      control without waveform distortion to permit low-frequency operation at
      frequencies down to and including zero.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a low-frequency sinusoidal oscillator that
      provides a two-phase output the frequency of which can be zero. The
      present invention also provides a two-phase low-frequency oscillator which
      can be stopped in mid-cycle to hold the output at a fixed value at the
      instant the system is stopped and to begin again from these fixed values.
PAR  Generally, the present invention comprises a pair of integrator circuits
      and a sign changer, a resistive inverter amplifier, in cascade with ganged
      gain controls following each integrator. Each of the integrator circuits
      comprises a double-input operational amplifier and a frequency independent
      positive feedback loop connected to the second input terminal of the
      amplifier. The effect of the frequency independent feedback loop is to
      provide sustained sinusoidal oscillations of frequency .omega. =
      .alpha./.tau., where .alpha. is the transmission of each gain control.
      Thus, the ganged gain controls between stages control the frequency of
      output which is linearly proportional to the gain control setting.
PAR  Each of the frequency independent feedback loops includes a thermistor for
      amplitude or drift control. The thermistor, however, includes first and
      second independent and electrically isolated heaters. The first heater is
      responsive to the oscillator sine output and the second heater is
      responsive to the oscillator cosine output. Amplitude stability against
      drift of circuit parameters with time is provided by making the gain
      .beta. of the operational amplifier relative to the frequency independent
      feedback loop dependent upon the resistance of the thermistor that is
      heated by the two electrically separate heaters connected to e.sub.1 and
      e.sub.2, respectively. Thus, if the voltages deviate from their prescribed
      values, the resulting deviation will cause those voltages to return to the
      prescribed value. The utilization of two heaters connected to sinusoidal
      voltages in quadrature results in a thermistor total heat power that
      depends upon the oscillation amplitude, because sin.sup.2 + cos.sup.2 = 1,
      rather than upon the instantaneous values of e.sub.1 and e.sub.2 which
      values vary during the cycle.
PAR  First and second buffer amplifiers are preferably utilized in the
      oscillator of the present invention to isolate the integrators from the
      loading effects of the thermistor heaters and the output circuits.
PAR  Other advantages of the present invention will become apparent from a
      perusal of the following detailed description of a presently preferred
      embodiment taken in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram of the integrator circuit of the present invention;
PAR  FIG. 2 is a diagram of the integrator circuit of the present invention with
      voltage-controlled positive feedback; and
PAR  FIG. 3 is a diagram of a low-frequency two-phase oscillator circuit of the
      present invention utilizing voltage-controlled feedback integrators shown
      in FIG. 2.
DETD
PAC  PRESENTLY PREFERRED EMBODIMENTS
PAR  With reference to FIG. 1, the integrator circuit 9 of the present invention
      comprises an operational amplifier 10 having first and second input
      terminals and an output terminal. The gain from the first input terminal
      to the output terminal is -A and gain from the second input terminal to
      the output terminal is +B, where A and B are both positive.
PAR  Circuit 9 includes a conventional frequency dependent feedback loop 11
      having a capacitance C and which is connected to the first input terminal
      of amplifier 10. A positive frequency-independent feedback loop 12 is
      provided that is connected to the second input terminal. Circuit 9 also
      includes resistance R. The voltage into integrator circuit 9 is designated
      e.sub.i and voltage out is designated e.sub.o, where e.sub.o is equal to
      -Ae.sub.A + Be.sub.B.
PAR  With integrator circuit 9 of FIG. 1 it is possible to formally make A
      infinite by means of frequency independent feedback loop 12. Thus, the
      circuit is described by the equation:
      ##EQU10##
      where .delta. = 1 - B.
PAR  The effect of the additional positive feedback from loop 12 is to replace A
      in the previously described equation (3) of an integrator circuit with
      A/.delta.. Making B = 0 .delta. or 1 - B = 1 provides a conventional
      circuit with no additional feedback. The coefficients of e.sub.i and
      e.sub.o in equation (7) are smooth and continuous functions of .delta. for
      all values of .delta. from 1 to -A. In the preferred embodiment, however,
      the integrator operates at very small values of .delta., for example,
      .delta. = 0 or B = 1. When .delta. = 0 in equation (7), the result is
      formally equivalent to making A, in equation (3) infinite resulting in a
      relation identical to the ideal integrator of equation (4). Accordingly,
      by the addition of positive feedback loop 12, both error terms in equation
      (3) are eliminated.
PAR  In an oscillator circuit having a pair of integrator circuits 9 and a
      resistive inverter amplifier in cascade with ganged gain control between
      stages, it then follows that in equations (5) and (6) b = c = 0, and a
      sustained sinusoidal oscillation of frequency .omega.= .alpha./.tau.
      (where .alpha. = .beta., i.e., both integrators are the same) results. The
      amplitude of the oscillation will increase or decrease with time according
      to whether .delta. is positive or negative. It is this effect which is
      used to stabilize the circuit against drift.
PAR  With reference to FIG. 2, integrator circuit 19 includes a thermistor 21,
      the resistance R.sub.T of which is used to stabilize the amplitude of the
      circuit. Thermistor 21 is indirectly heated by first and second heaters
      H.sub.1 and H.sub.2, which are connected to voltages e.sub.1 and e.sub.2,
      respectively. Thus, if e.sub.1 and e.sub.2 deviate from a value which
      makes .delta. = 0, the resulting nonzero value of .delta. will cause
      e.sub.1 and e.sub.2 to return to the desired amplitude at which it is
      equal to zero. The use of the independent heaters H.sub.1 and H.sub.2
      which are connected in the oscillator of the present invention to
      sinusoidal voltages in quadrature results in a total heater power for
      thermistor 21 which depends on the oscillation amplitude, because
      sin.sup.2 + cos.sup.2 =  1, rather than the instantaneous values of
      e.sub.1 and e.sub.2. Heater power, therefore, stays constant during the
      cycle to avoid any waveform distortion.
PAR  Generally, the manner in which .delta. is made to vary with the output
      amplitude to stabilize it depends upon the particular integrator circuit.
      Since the signs of the first and second feedback loops 11 and 12 are
      opposite, a differential-input (two input circuits of opposite polarity)
      amplifier is typically required as shown in FIG. 2. However, to vary
      .delta. with output amplitude e, it is required that .delta. = 0 or B = 1
      at some value of e and that .delta. &gt; 0 (or B &lt; 1) e &gt; E while .delta. &gt;
      0(B &gt; 1) for e &lt; E, where E is the equilibrium value of the amplitude of
      oscillation. One means for achieving this is by using a voltage divider as
      shown in FIG. 2 which is inserted in feedback loop 12 of FIG. 1. The
      voltage divider consists of a fixed resistor R.sub.f and a
      negative-temperature coefficient thermistor 21 of resistance R.sub.T. As
      the heater power (proportional to e.sup.2 = e.sub.1.sup.2 + e.sub.2.sup.2)
      is increased, the temperature of thermistor 21 is increased and its
      resistance R.sub.T is decreased to increase .delta.. Thus a smaller
      fraction
      ##EQU11##
      of e.sub.o is returned to input terminal B of amplifier 10 to decrease
      .delta.. Conversely, as the heater power is decreased, the temperature of
      thermistor 21 is decreased with a resulting increase in resistance R.sub.T
      and a decrease in .delta..
PAR  The attenuation of the voltage divider requires an increase in B to make
      the gain of the frequency independent feedback loop 12 unity. In this
      case, therefore,
      ##EQU12##
PAR  Thus, there are values for B, R.sub.f and R.sub.T that result in a
      .delta.(e) such that for some e = E, .delta.(E) = 0, and that .delta. will
      vary with e as described.
PAR  Referring to FIG. 3, a low-frequency, two-phase oscillator circuit 20 is
      shown. Oscillator circuit 20 includes first and second integrator circuits
      29 and 39 as described with reference to FIG. 2. Circuit 20 also includes
      a resistive inverter circuit 50. The two integrators 29 and 39 each
      contribute phase shifts of 90.degree. and sign changer 50 provides a phase
      shift of 180.degree. to supply the total 360.degree. required for
      oscillation.
PAR  First integrator circuit 29 includes a frequency dependent negative
      feedback loop 31 having a capacitor C connected to input -A of operational
      amplifier 10. Circuit 29 also includes a second frequency independent
      positive feedback loop 32 connected to second input terminal B of
      operational amplifier 10 and includes a voltage divider comprising a fixed
      resistance R.sub.f and a sensing means 38. Sensing means 38 preferably
      comprises a negative temperature coefficient thermistor R.sub.T and a pair
      of independent heaters H.sub.1 and H.sub.2. Heaters H.sub.1 and H.sub.2
      are electrically connected to output voltages e.sub.1 and e.sub.2,
      respectively.
PAR  Second integrator 39 includes operational amplifier 10' connected to said
      first integrator circuit 29 through first gain control means P.sub.1 and
      through resistor R.sub.2 to input terminal -A of amplifier 10'. Second
      integrator circuit 39 also includes a first frequency dependent feedback
      loop 41 and a second frequency independent feedback loop 42. First
      feedback loop 41 includes capacitor C and second feedback loop 42 includes
      a voltage divider having fixed resistor R.sub.f ', and sensing means 48.
      Sensing means 48 comprises negative temperature coefficient thermistor
      R.sub.T ' and heaters H.sub.1 ', and H.sub.2 ' electrically connected to
      e.sub.1 and e.sub.2, respectively.
PAR  The output of second integrator circuit 39 is connected to ground through
      second gain control means P.sub.2. The output of second gain control means
      P.sub.2 is connected through resistor R.sub.3 to the input of resistive
      input amplifier 50. Feedback loop 51 is connected from the output of
      amplifier 50 to resistor R.sub.1 connected to first input terminal -A of
      operational amplifier 10. First and second buffer amplifiers 23 and 24 are
      included in oscillator circuit 20 isolate integrator circuits 29 and 39
      from the loading effect of thermistor heaters H.sub.1, H.sub.1 ' and
      H.sub.2, H.sub.2 ' of thermistors 38 and 48, respectively.
PAR  In the operation of the oscillator of the present invention, frequencies as
      low as a cycle per several minutes have been obtained with excellent
      waveform. In the higher frequency ranges, the frequency response of the
      first feedback loops, i.e., to the -A input of the operational amplifiers,
      must not be permitted to fall to a value which is low in relation to that
      of the second feedback loop, i.e., to the B input terminal. As long as the
      absolute value of A is considerably greater than the absolute value of B,
      e.g., A .gtoreq. 10B, both are affected similarly by drift, and the use of
      the second positive feedback has negligible effect on stability in the
      system against changes in gain.
PAR  Furthermore, in certain low-frequency applications, it is desirable to
      avoid the time required for the output amplitude to reach the equilibrium
      value. This can be achieved by precharging both capacitors C in integrator
      circuits 29 and 39 to voltages e.sub.1 and e.sub.2 such that e.sub.1.sup.2
      + e.sub.2.sup.2 = E.sup.2, where E is the equilibrium value of amplitude
      of oscillation. In this case, the oscillation begins with the initial
      conditions compatible with equilibrium, and no transient occurs.
PAR  While presently preferred embodiments of the invention have been shown and
      described in particularity, it may be otherwise embodied within the scope
      of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A two-phase low-frequency oscillator comprising first and second
      integrator circuits, each of said circuits including an operational
      amplifier having first and second input terminals and an output and
      including a first frequency dependent negative feedback loop connected
      between said first terminal and said output terminal, and a frequency
      independent positive feedback loop between said second input terminal and
      said output terminal; a first gain control means having an input connected
      to the output of said first operational amplifier, and an output defining
      a first oscillator output terminal; a second resistor connected to the
      output of said first gain control means, said second integrator circuit
      having a first input terminal connected to said second resistor; a second
      gain control means having an input connected to the output of said second
      amplifier; a third resistor connected to the output of said second control
      means; means for changing the phase of the output of said second control
      means 180.degree. connected to said third resistor, the ouput of said
      phase changing means defining a second oscillator output; a first resistor
      connected to the output of said phase changing means and to the first
      terminal of said first operational amplifier; and sensing means connected
      to each of said second feedback loops for stabilizing said oscillator
      against drift.
NUM  2.
PAR  2. A two-phase low-frequency oscillator as set forth in claim 1 wherein
      said sensing means for each of said second feedback loops includes a
      voltage divider having first and second resistors, said first resistor
      being of fixed resistance, and said second resistor being a temperature
      variable resistor including a first and second electrically isolated
      heater for varying the resistance of said second variable resistor, said
      first heater being electrically connected to one of said oscillator
      outputs and said second heater being electrically connected to said other
      oscillator output.
NUM  3.
PAR  3. A two-phase low-frequency oscillator as set forth in claim 1 wherein
      said sensing means include negative temperature coefficient thermistors,
      and a first and second heater means connected to said first and second
      oscillator outputs, respectively.
NUM  4.
PAR  4. A two-phase low-frequency oscillator as set forth in claim 2 wherein
      said temperature variable resistor is selected from the group consisting
      of a positive temperature coefficient thermistor and a negative
      temperature coefficient thermistor.
NUM  5.
PAR  5. A two-phase low-frequency oscillator as set forth in claim 2 wherein
      said first and second oscillator outputs are connected through first and
      second buffer amplifiers, respectively.
NUM  6.
PAR  6. A two-phase low-frequency oscillator as set forth in claim 5 wherein
      said first and second heaters are connected to the outputs of said first
      and second buffer amplifiers, respectively.
NUM  7.
PAR  7. A two-phase low-frequency oscillator as set forth in claim 6 wherein
      said phase changing means comprises a resistive inverter circuit.
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ABST
PAL  A combined pulse modulated laser in which a modulated cold cathode device
      is utilized to excite a combined electron beam bombarded semiconductor
      device grown integrally with a crystal laser to achieve modulation of the
      laser output with fast rise and fall times under low voltage and high
      current conditions.
GOVT
PAR  The Invention described herein may be manufactured and used by or for the
      Government for governmental purposes without the payment of any royalty
      thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Solid state lasers of the electron injection type using GaAs,
      Ga.sub.1.sub.-x Al.sub.x As and GaAs.sub.x P.sub.1.sub.-x have been
      available for a number of years and have been considered as possible
      transmitters of communication and data signals for line of sight usage.
      They are particularly useful in digital communication systems operating at
      high bit rates. The bit rate is limited, however, by the duty capabilities
      of the lasers which, in turn, are limited by the time of rise and fall
      that can be obtained from nanosecond pulse modulators at the low voltage,
      high current requirements of the lasers. Consideration has been given to
      utilizing electron beam bombarded semiconductors as part of the pulse
      modulator to generate the high currents at low impedances required to
      control the laser with fast rise times. However, electron beam bombarded
      semiconductor devices are difficult to utilize with a laser in that it is
      difficult to provide a low inductance, low line impedance connection from
      the output of the electron beam bombarded semiconductor pulse modulator to
      the laser diode. The diode lead out of the vacuum envelope of the electron
      beam bombarded semiconductor device together with the laser diode leads
      and the effective inductance of the annular bus in such a system limits
      the rise times achievable. The thermionic cathode in the vacuum envelope
      of the device also leads to problems. If the pulse modulator laser
      combination is used in a voice or data communications system and voice or
      data activated transmission is desired, it is necessary that the
      thermionic cathode remain on 100% of the time that the transmitter could
      be in operation. This leads to reduced lifetime and wasted power and
      prevents practical usage of the device since, in voice or data activated
      systems, it is necessary for the transmitter to be ready to be turned on
      all of the time. Thus, a solid state system would be desirable. However,
      since solid state cannot achieve the pulse modulation requirement needed,
      the alternative is to use a combination pulse modulator-laser device.
PAC  SUMMARY OF THE INVENTION
PAR  The problem of obtaining fast rise time in a pulse modulated solid state
      laser is achieved by combining an electron beam bombarded semiconductor
      device with a laser diode. This combination semiconductor device is then
      utilized within a vacuum envelope and bombarded by electron beams from a
      cold cathode pulse modulated emitter. The cold cathode emitter may be
      either the Cesiated surface negative affinity type or a non-active surface
      negative electron affinity material such as SnO-SnO.sub.2 system, or any
      other cold cathode source.
PAR  Although this invention will be described with respect to its preferred
      embodiments, it should be understood that many variations and
      modifications will be obvious to those skilled in the art, and it is
      preferred, therefore, that the scope of the invention be limited, not by
      the specific disclosure herein but only by the appended claims.
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a prior art pulse modulator with an
      internally positioned electron bombarded semiconductor and an external
      laser diode.
PAR  FIG. 2 is the equivalent circuit for the output section of the prior art
      tube of FIG. 1.
PAR  FIG. 3 is the equivalent circuit of the combined electron beam bombarded
      semiconductor and laser diode positioned internal to the tube in
      accordance with the principles of the present invention.
PAR  FIG. 4 is a cross-sectional view of a combined electron beam semiconductor
      and laser diode built in accordance with the principles of the present
      invention.
PAR  FIG. 5 is a cross-sectional view of an alternative embodiment of the
      present invention.
PAR  FIG. 6 is a cross-sectional view of a cold cathode combined electron beam
      semiconductor and laser diode built in accordance with the principles of
      the present invention.
PAR  FIG. 7 is a cross-sectional view of an optoelectronic cold cathode utilized
      in the device shown in FIG. 6.
PAR  FIG. 8 is an area non-active surface negative electron affinity cold
      cathode utilized in the device shown in FIG. 6.
DETD
PAR  In FIG. 1, there is shown prior art electron beam bombarded semiconductors
      utilizing thermionic cathodes in which a laser is externally connected and
      modulated by the electron beam bombarded semiconductor device. In FIG. 1,
      the device 10 is shown having a main body 12 which maintains a vacuum
      within the inside 14 thereof. A heated cathode 16 is heated by a suitable
      heater 18 and connected to a high voltage source (10-15 KV) 20. The
      cathode is modulated by a grid 22 from an external source. A suitable
      focusing shield 24 is provided for focusing the beam from the cathode 16
      which has been modulated by the grid 22. The beam is focused on an
      electron beam bombarded semiconductor device 26. This type of device is
      well-known in the art and ordinarily consists of a metallized contact
      mounted over a P-barrier consisting of GaAs and an N-layer of GaAs
      although it will be understood that other known electron beam bombarded
      semiconductor devices have been utilized in this type of apparatus. The
      electron beam semiconductor device 26 is suitably mounted upon a heat sink
      28. An annular bus ring 30 is connected to the metallized contact of the
      diode 26 and has connected thereto one terminal of a low voltage supply
      (50-200V) 32. The other terminal of the low voltage supply 32 is connected
      to an annular grounded conducting ring 34. Suitable capacitors are placed
      between the bus ring 30 and the conducting ring 34. The end of the device
      10 has a suitable contact 36 connected to the base of the electron beam
      bombarded semiconductor device 26 and between the contact 36 and the
      conducting ring 34 are placed in parallel, resistors 38 and semiconductor
      laser 40.
PAR  The equivalent circuit of the output section of the apparatus shown in FIG.
      1 is set forth in FIG. 2. Thus, the low voltage source 20 with its source
      impedance 42, feeds through the lead resistance 43 and lead inductance 45
      to electron beam bombarded semiconductor device 26 and thence to laser 40.
      Capacitors 44 are connected across the low voltage source 20 and resistors
      38 are connected across laser 40. The resistors 38 are placed across the
      laser 40 for matching purposes. The annular rings 30 and 34 are provided
      to achieve low inductance. However, even with this construction, it is
      very difficult to generate the high current at low impedances with fast
      rise and fall time as is required in digital communication systems
      operating at high bit rates. To meet the pulse requirements of most
      lasers, a large area diode must be used as the electron beam bombarded
      semiconductor device. The leads of this electron beam bombarded
      semiconductor device out of the vacuum envelope together with the laser
      diode leads and the effective inductance of the annular buses limit the
      rise times achievable. To increase the rise time capabilities so that the
      fundamental limits of electron beam bombarded semiconductor device itself
      could be approached, it is the purpose of the present invention to combine
      said electron beam bombarded semiconductor diode with the laser diode in a
      single structure. The circuit equivalent to that shown in FIG. 2 of such a
      single structure device is shown in FIG. 3. In FIG. 3, the vacuum envelope
      is designated in dotted lines as 10'. Within the vacuum envelope 10',
      there is provided a PNNP device 46 which is a combined electron beam
      bombarded semiconductor device and laser. In parallel with the device 46
      is capacitor 44 which is also across low voltage source 20 and resistor
      42.
PAR  While it is within the contemplation of the present invention to grow a
      GaAs or one of its variants as a laser diode on a silicon substrate, and
      such a combination is within the scope of this disclosure, the preferred
      embodiment is shown in FIG. 4.
PAR  In FIG. 4, the device 46 is shown as comprising a metallized contact 48
      which is cup-shaped, it has a circular depressed area 50. The metallized
      contact 48 rests on an annular insulator 52 and enables the contact 48 to
      be connected into the circuit. The contact 48 provides contact to an area
      doped as a P-area of GaAs designed by tne numeral 54. The P-area 54 forms
      a junction with an N.sup.- area 56. The N.sup.- area 56 is formed of GaAs
      and is grown on top of the N.sup.+ area 58 also from GaAs. The layers 54,
      56 and 58 are the electron beam bombarded semiconductor device and are
      grown on top of another N-layer 60 of Ga.sub.x Al.sub.1.sub.-x As. The
      final layer 62 is a P-area formed of Ga.sub.x Al.sub.1.sub.-x As. The
      layer 62 is bonded to an ohmic contact and heat sink 64.
PAR  Ga.sub.x Al.sub.1.sub.-x As crystals can be grown on GaAs crystals so that
      the materials shown are compatible. Although the active bombarded diode
      area shown in FIG. 4 is illustrated as being less than that of the laser
      diode area, this is not necessarily the actual condition. Indeed, the
      laser crystal may be smaller than the electron beam bombarded
      semiconductor device or electron beam bombarded active area.
PAR  If ohmic shunting of the laser diode is required for proper matching, this
      can be built in as a support of those areas not occupied by the laser
      diode leaving open only a region for the passage of the laser light
      output. This is shown in FIG. 5 wherein there is a large area of electron
      beam bombarded semiconductor and a small area laser with ohmic shunting of
      the laser. In FIG. 5, there is shown a device 46' having a metallized
      contact 48' mounted on an insulator 52'. The metallized contact 48' is
      cup-shaped and has a depressed area 50' in contact with a P-area 54' of
      GaAs semiconductor material. This forms a barrier with the N.sup.- area
      56' of GaAs.
PAR  The layer 56' is grown on a suitable N.sup.+ layer 66 formed of GaAs
      material out of which has been cut a volume 68. Within the volume 68,
      there is grown the laser crystal consisting of N-area 70 and P-area 72
      formed of Ga.sub.x Al.sub.1.sub.-x As. The N.sup.+ area 66 has posts or
      bars 74 which rest upon the ohmic contact and heat sink 64'. Thus, the
      posts or bars 74 act as ohmic shunts for the N.sup.+ area 66 with respect
      to the laser diode consisting of layer 70 and 72. Layer 70 and 72 extend
      between the ohmic contact 64' and the layer 66. The posts or bars are
      positioned so that the light emitted by the laser diode 70, 72 can exit
      from the semiconductor device.
PAR  The PNNP devices 46 and 46' shown in FIGS. 4 and 5 can be mounted in the
      device shown in FIG. 1 with the only added feature required being a
      sapphire window sealed into the envelope at an appropriate point. This
      would eliminate all the external connections which limited the rise and
      fall times of the prior art devices.
PAR  While the device discussed with respect to FIGS. 1 - 5 would make a highly
      useful device, the fact that it incorporates a thermionic cathode leads to
      a problem that the present invention is aimed at overcoming. If the pulse
      modulator-laser combination was to be used in a voice and data
      communication system and voice or data activated transmission was desired,
      it would be necessary that the thermionic cathode remain on 100% of the
      time that the transmitter could be in operation. For voice or data
      activated systems, an all solid state system is desirable. Since solid
      state devices cannot achieve the pulse modulation requirements needed, the
      alternative is to use the combination pulse modulator-laser output diode
      discussed in FIGS. 3 - 5 in a device similar to that shown in FIG. 1,
      except that a room temperature electron emitter capable of being modulated
      using low power solid state devices is substituted for the thermionic
      cathode presently in use.
PAR  The device 78 shown in FIG. 6 includes a vacuum envelope 76 within which is
      positioned a cold cathode 80 having a contact 82 and being connected to a
      metallized ring 84 at its outer periphery. A suitable accelerator and
      focus structure 86 is provided similar to the prior art device shown in
      FIG. 1 and the combined electron beam bombarded semiconductor and laser
      device of FIGS. 3 - 5 is positioned as at 88 with the heat sink 90 facing
      away from the cold cathode. A suitable window 92 is provided in the wall
      of the vacuum envelope 76 for allowing the pulse modulated light output
      from the laser to be transmitted outside of the structure of the device
      78. The cold cathode 80 is intended to receive a coaxial high data rate
      input and does not require continuous heating of the cathode as in prior
      art thermionic cathodes. No life or power wastage problems at high voltage
      can be expected with these cold cathode devices and, additionally, the
      cathodes are capable of nanosecond rise and fall times with the coaxial
      type input shown. Thus, the combined cold cathode pulse modulated laser
      combination makes an excellent component for high bit rate communication
      systems.
PAR  The cold cathode beam may be of the types shown in FIGS. 7 and 8. In FIGS.
      7 and 8, the cold cathodes 80' and 80", respectively, each have ohmic
      contact center conductors 82' and 82" at one end thereof, and ohmic
      contact making ohmic contact from the cathode, to the outer conductor 84'
      and 84", respectively.
PAR  The optoelectronic cold cathode of FIG. 7 is a multi-layer device in which
      the bottommost layer 94 is an N.sup.+ layer of GaAs and has an annular
      ring of GaAs:Zn forming a P.sup.+ layer 96 grown thereon. Thence, a layer
      98 is grown forming an N-layer of Ga.sub.x Al.sub.1.sub.-x As and a
      P-layer grown thereon formed of Ga.sub.x Al.sub.1.sub.-x As and thence an
      annular P.sup.+ layer 102 formed of GaAs:Zn. In the center of a P-layer of
      GaAs with CsO.sub.2 on the surface thereof. Thus the optoelectronic cold
      cathode is a Cesiated surface negative affinity device capable of
      controlled emission in accordance with the electrical input applied across
      contacts 82, 84'.
PAR  In FIG. 8, the outer conductor 84" consists of metallized fingers 103
      interdigitated with metallized fingers 104 connected to the ohmic contact
      82". The interdigitated fingers 103 and the fingers 104 are placed on the
      SnO--SnO.sub.2 surface 106 formed on quartz substrate 105 to achieve
      controlled emission from the cathode in accordance with the electrical
      input across the center conductor 82" and the outer conductor 84".
PAR  The optoelectronic cathode of FIG. 7 is straightforward and has been
      demonstrated to emission densities of 40mA/cm.sup.2. Only a life in a high
      voltage environment remains the problem, but this is minimized with a GaAs
      anode. The SnO--SnO.sub.2 system demonstrated in interdigital form can
      achieve up to 500ma/cm.sup.2 with 100 fingers per inch. Obviously, other
      types of cold cathode devices could be utilized within the principles of
      the present invention.
PAR  Although this invention has been described with respect to its preferred
      embodiments, it should be understood that many variations and
      modifications will now be obvious to those skilled in the art, and it is
      preferred, therefore, that the scope of the invention be limited, not by
      the specific disclosure herein, but only by the appended claims.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A pulse modulated laser comprising a semiconductor device having a
      portion thereof bombarded by an electron beam and a semiconductor laser
      diode grown on said semiconductor device to form a monolithic PNNP
      structure, said laser diode responding to current flowing within said
      semiconductor device during beam bombardment thereof.
NUM  2.
PAR  2. A pulse modulated laser according to claim 1 wherein said semiconductor
      laser is formed of Ga.sub.x Al.sub.(1.sub.-x)As.
NUM  3.
PAR  3. A pulse modulated laser according to claim 2 wherein said semiconductor
      device is formed of GaAs.
NUM  4.
PAR  4. A pulse modulated laser according to claim 1 further including an
      electrical contact means connected to said laser diode.
NUM  5.
PAR  5. A pulse modulated laser according to claim 4 wherein said laser diode
      contacts an inner region of said electrical contact means and said
      semiconductor device comprises ohmic shunting means for said laser device
      formed by a peripheral extension of said semiconductor device contacting a
      region of said electrical contact means spaced from said inner region.
NUM  6.
PAR  6. A pulse modulated laser according to claim 1 further including a pulse
      modulated cathode directly modulated by applied electrical signals for
      producing the electron beam.
NUM  7.
PAR  7. A pulse modulated laser according to claim 6 further including a vacuum
      envelope within which is disposed said cathode, said semiconductor laser
      diode and said semiconductor device.
NUM  8.
PAR  8. A pulse modulated laser according to claim 1 further including a vacuum
      envelope within which is disposed said semiconductor laser diode and said
      semiconductor device.
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ABST
PAL  Light that is initiated in a laser device includes a diffusion of scattered
      and reflected light around the laser beam. This diffusion of light occurs
      because light in the optical cavity of the laser is reflected from the
      surfaces of the bore and becomes misaligned, so that it leaves the laser
      along paths which are outside of the cone of light formed by the laser
      device. This diffusion of part of the laser light reduces the efficiency
      of the device and is objectionable in many applications. The diffused
      light is eliminated by providing a restriction in the optical cavity of
      the laser device which blocks off the stray or misaligned light. This
      restriction, or beam cleaner, may be positioned at various points along
      the axis of the optical cavity.
BSUM
PAR  This invention is directed to a laser device for generating a beam of
      coherent light. Such a device normally comprises a hermetically sealed
      envelope with a gas filling within the envelope. A tube extends within the
      envelope and has an accurately formed bore. An optical mirror closes each
      end of the bore to form a resonator cavity within the bore. The tube has
      an opening extending through into the envelope to form a passageway
      connecting the bore with the inside of the envelope. A cathode electrode
      is mounted within the envelope spaced from the tube while an anode
      electrode is fixed through the tube wall and has a portion which is
      exposed to the space within the bore. In operation a gaseous discharge is
      set up between the cathode and anode electrodes, which causes the gaseous
      filling within the bore to lase providing light within the bore which is
      reflected back and forth within the resonator cavity. A portion of the
      light passes through one of the mirrors as a beam of coherent light
      projected along the axis of the bore.
PAR  Lasers of the type described above also provide stray and unwanted light
      radiation which passes out with the laser beam to form a diffusion of
      light around the laser beam. This unwanted light is normally that which is
      reflected from surfaces within the bore and which sets up a lasing action
      providing deleterious light outside of the directed or focused light
      within the resonator cavity. This unwanted light passes out of the tube
      and forms a scattering of light, as a halo-like diffusion about the laser
      beam. This scattered light is objectionable when the laser beam is being
      observed by a detecting telescope or when used with a lens system to
      enlarge the laser beam spot. It is desirable then to reduce or minimize
      the scattered light and provide a purer laser beam required for certain
      optical systems.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with embodiments of the invention, there is provided in a
      laser device a tubular structure having a passage therethrough forming a
      coaxial portion of the tubular bore of the laser. The passage through this
      tubular structure is smaller than the bore. Various modifications of this
      tubular structure are possible with the tubular structure being either an
      integral portion of the laser tube forming the bore, or a separate
      structure mounted either within the bore of the resonator cavity or fixed
      to one end of the cavity and coaxially aligned with the bore. The tubular
      structure may be formed of a block of glass or ceramic or may be a coil
      spring-pressed within the bore and formed of a low sputtering metal or
      glass.
DRWD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a longitudinal, sectional view of a laser tube incorporating an
      embodiment of the invention.
PAR  FIG. 2 is an enlarged partial, longitudinal, sectional view of the
      embodiment of the invention incorporated in the structure of FIG. 1.
PAR  FIG. 3 is a schematic representation of the effect of applicant's invention
      when incorporated in a laser device.
PAR  FIGS. 4, 5, 6, 7 and 8 are longitudinal, sectional views of portions
      respectively of laser devices of the type shown in FIG. 1 and describing
      other embodiments of the invention.
DETD
PAR  FIG. 1 discloses a laser device comprising a hermetically sealed glass
      envelope 10 enclosing, in part, a glass tube 12 which extends through the
      envelope and to which the envelope is sealed as indicated in the figure.
      The glass tube 12 has an accurately formed bore 14 extending from one end
      of the tube to the other. The portion of bore 14 enclosed in the envelope
      has an opening 16 forming a passageway between the bore 14 and the inside
      of the glass envelope 10. One end of the bore 14 extends outside of the
      envelope 10 and is closed by a partially reflecting optical mirror 18,
      sealed to the end of the bore and hermetically closing the bore. The other
      end of tube 12 extends outside of the envelope 10 and is also closed by a
      second optical reflecting mirror 20, sealed to this end of the bore to
      hermetically close the bore.
PAR  The mirrors 18 and 20 are accurately aligned, whereby light formed within
      the bore is accurately reflected between the mirrors and substantially
      along the bore axis. A cathode electrode comprises a metal cylinder 22
      coaxially mounted within the tubular envelope portion 10 and closely
      spaced from the inner wall of the envelope 10. The cathode cylinder is
      supported within the envelope by being rigidily fixed either directly or
      by support wires to metallic leads 24 sealed through one end of the
      envelope 10. One or more of the leads 24 may be used as an electrical lead
      connecting the cathode cylinder 24 to an external circuit 26. The other
      end of the cathode cylinder 22 may be either supported by metal pin 28
      sealed to the inner glass wall of the envelope 10, or may be merely
      supported from the glass wall of envelope 10 by bulb spacers of a known
      type.
PAR  The envelope 10 is evacuated and filled with a helium-neon mixture of gas
      of the proper amount and pressure needed to provide the lasing action
      required to produce the laser beam of the device.
PAR  An anode electrode consisting of a metal pin 30 is sealed through the wall
      of that portion of tube 12 extending outside of the envelope 10. The pin
      30 extends into a space communicating with the bore 14. As is well known,
      lasing action is initiated within the bore 14 by providing a high D.C.
      potential in the order of 10,000 volts, for example, between the cathode
      cylinder 22 and the anode pin 30. This potential may be provided by the
      operating circuit 26, wherein the anode and cathode electrodes are
      connected in series with a source 32 of D.C. potential and a resistor 34
      in the order of 120,000 ohms. The potential differences between electrodes
      30 and 22 initiate a gaseous discharge within the bore 14 and in the
      region from the opening 16 to the anode region 30. The gaseous discharge
      initiates a lasing action of the helium-neon atoms within the bore,
      wherein a coherent light is emitted by the excited gas. The light is
      reflected back and forth between the mirrors 18 and 20 to form a beam
      extending substantially along the axis of the bore 14 and which will pass
      out of the bore 14 through the output mirror 20.
PAR  The light reflected back and forth through the optical resonator of bore 14
      is substantially aligned along paths parallel to each other and to the
      axis of the bore 14. This parallel light forms a substantially compact
      beam passing out of the laser device as a parallel light beam having very
      small beam divergence in the order of one milliradian for example.
      However, in addition to this parallel beam, an amount of scattered light
      passes out of the laser device. This scattered light is not confined to
      the parallel beam of light but rather escapes from the laser bore 14 at a
      slightly different angle so as to form a halo of diffusion of light around
      the parallel light beam. For example, FIG. 3A schematically indicates the
      condition that occurs around a laser beam when detected at a target
      displaced from the laser device. The scattered and unwanted light is
      represented by the shaded area 37 around the dark center 36 which
      represents the concentrated laser beam. The diffused light region 37 is in
      the form of a halo around the beam and provides light which is deleterious
      in devices and applications where a pure laser beam is required.
PAR  FIGS. 1 and 2 disclose an embodiment of the invention wherein at the anode
      end of the tube 12 and adjacent to the mirror 18 there is positioned a
      short coil of metal wire 38.
PAR  The coil 38 constitutes a tubular structure having a central passage 39
      therethrough, which is optically aligned with the axis of the bore 14. The
      mirror 20 in the laser device of FIG. 1 may be, for example, a spherical
      mirror wherein the light reflected from mirror 20 is directed toward
      mirror 18 as a cone of light 40, schematically indicated in FIG. 2. The
      coil of wire 38 should only be of a size that the passage 39 is slightly
      larger than the cone of light 40 in the region of the mirror 18. Thus, the
      reflected cone of light 40 passes through the coil of wire 38 and is not
      intercepted thereby. As explained above, however, additional light is
      either generated within the region between cone 40 and the inner wall bore
      14, or light is reflected into this region from the cone 40. This
      constitutes unwanted and scattered light which may strike the wall of bore
      14 at a glancing angle and be directed through the output mirror 20. Also,
      the light may further provide a lasing action in the region of the bore
      between the light cone 40 and the inner wall of the bore. This constitutes
      spurious light which is not aligned substantially parallel with the axis
      of bore 14 and will also pass through the output mirror 20 at a larger
      angle to the axis. It is this unwanted and unaligned light that provides
      the halo 37 around the output laser beam 36, schematically illustrated in
      FIG. 3A.
PAR  In a laser device of the type disclosed and described in FIG. 1, the cone
      of light 40 may, for example, have a diameter of 0.5 mm. in the region of
      the mirror 18. The passage 39 through the coil or wire 38 is substantially
      0.7 mm. in diameter. These values are only one example of the relative
      size of the passage 39. The coil 38 is operative as long as its passage 39
      is 10% to 15% greater in diameter than the cone of light 40 passing
      through it.
PAR  The effect of the wire coil 38 is to block the passage of this spurious
      light from one mirror to the other so that the reflective light is
      confined substantially to the inner cone 40 shown in FIG. 2. Thus, the
      coil 30 forms, in effect, a blocking diaphragm and confines the light
      striking the mirrors to those substantially parallel coaxial rays of cone
      40 extending between the mirrors.
PAR  The visual effect of the invention is disclosed schematically in FIG. 3B,
      where the laser beam 36 is shown as surrounded only with a much smaller
      halo 37' than that disclosed in FIG. 3A. The schematic showing of FIG. 3
      indicates that the coil 38 provides a much clearer laser beam and one
      confined substantially to the inner parallel light issuing from the device
      along the axis of the bore 14. The effect is to radically cut down the
      spurious light around the laser beam.
PAR  The embodiment of the invention disclosed in FIGS. 1 and 2 comprises a coil
      of metal wire having a low sputtering characteristic under bombardment by
      charged ions. Such metals are those of tungsten, molybdenum, titanium and
      zirconium, for example, or alloys of these metals. The advantage of using
      a coil of wire 38 is that it is easily formed and can be press-fitted into
      the bore 40 so that it is tightly sprung against the inner wall of the
      bore and is held in position by this spring action. Thus, no attaching
      means is required to hold the coil 38 within the bore.
PAR  Other modifications of the invention are disclosed in FIGS. 4 through 8.
      FIG. 4 shows a tubular structure consisting a block of glass, or ceramic,
      42 sealed directly to the anode end of a bore tube 14'. The block 42 has a
      passage 44 therethrough which is optically aligned with the axis of the
      bore 14'. The open end of passage 44 is hermetically closed by sealing an
      optical reflector 18' to the face of the block 42. The length of passage
      44 is not critical but its diameter should be slightly larger than the
      diameter of the cone of light 40' directed at the mirror 18'.
PAR  FIG. 5 discloses a tubular structure consisting of a short ceramic or glass
      tube 46 positioned in the anode end of the bore tube 12'. The tube 46 also
      has a central passage 48 therethrough, optically aligned with the axis of
      the bore 14'. The tube 46 may be sealed by an epoxy material within the
      end of the tube 12' or may be held in position by a split spring washer
      50. Again, the end of the bore 14' and the passage 48 aligned therewith is
      closed by the optical reflector 18' sealed to the end of the tube 14.
PAR  FIG. 6 discloses a tubular structure which is formed integral with the
      glass tube 12' and the laser device. For example, the bore 14' of FIG. 6
      is described as having a restriction 51, which is optically aligned with
      the axis of bore 14. The restriction 51 is provided by an inwardly
      extending portion of tube 12' and the passage 52 therethrough is again
      closed by an optical reflector mirror 18' hermetically sealed to the end
      of the tube 12'.
PAR  FIGS. 7 and 8 describe embodiments of the invention wherein the
      restrictions 53 and 55, respectively of the bore 14 of the laser device
      are provided within a central portion of the bore 14' and within the
      active plasma region extending between the opening 52 between bore 14 and
      the anode 54 of the device. It is possible to provide this restriction
      within the central region of bore 14 when spherical or concave optical
      reflectors 56 and 58 are used at the ends respectively of the laser bore.
      Such reflectors provide a cone of light 60 having a minimum
      cross-sectional area within the central region of the bore between and
      thus positioning the bore restriction at this point in no way blocks the
      central core of the light cone passing through the optical cavity of the
      laser device. The restriction may be formed as shown in FIG. 7 as a glass
      or ceramic tube 53 coaxially fitted into the tube 12' or an integral
      portion 55 of the tube 12, as shown in FIG. 8. A metal restrictive tubular
      structure in the device of FIG. 7 would not be feasible, since the metal
      within this plasma region of the tube would tend to be evaporated or
      sputtered away by the gaseous discharge within the bore.
PAR  The invention described above has been related to a helium-neon gas laser.
      However, beam restriction structures, of the type described, are also of
      use in any fundamental mode laser. The length of the passage through the
      restriction formed by the several modifications described is not critical
      and may be a mm. or less in length, as provided by a metal plate or
      washer. For example, such a thin metal plate may be substituted for the
      glass or ceramic block 42 in the modification of FIG. 4. The aperture
      through the metal plate forming the passageway is one which should be
      accurately formed and aligned coaxially with the axis of the bore 14'. The
      size of the passageway through such a metal plate may be of 0.25 mm. in
      length. However, the passageway through a restrictive structure may be as
      long 25 mm. or more. Long passageways through the restrictive structures
      are more critical to align with the axis of the bore. The restrictive
      tubular members formed by the glass or ceramic block, as shown in FIGS. 4,
      5 and 8, may also be formed of epoxy or plastic materials which have very
      low vapor pressure and which in no way will be distorted or destroyed by
      the low temperature bake-out of the laser device during fabrication.
PAR  The several embodiments of the invention are disclosed as providing the
      restrictive structure within the bore of the resonant optical cavity
      formed by the tubular bore member 12 or 12'. However, if the mirrors are
      not used to close the ends of the bore members, the restrictive structure
      need not be within the bore member but instead mounted closely adjacent to
      the reflecting mirror and accurately aligned, coaxially with the bore of
      the laser.
CLMS
STM  We claim:
NUM  1.
PAR  1. A laser device for generating a beam of coherent light, said device
      comprising a hermetically sealed envelope, a gas filling within said
      envelope, a tube extending within said envelope and having a bore, a
      different optical mirror adjacent to each end of said bore and aligned
      with the axis of said bore to form an optical resonator cavity within the
      bore, one of said mirrors being spherical for directing a cone of light
      along the axis of said bore toward the other one of said mirrors, an anode
      electrode fixed within the envelope and having a portion exposed to the
      space within said bore, a cathode electrode mounted within said envelope
      and spaced from said anode, and a coil spring pressed within said bore and
      having a passage therethrough positioned coaxially with said bore between
      said optical mirrors, said passage being smaller than said bore and larger
      than the cone of light directed from said spherical mirror.
NUM  2.
PAR  2. A laser device in accordance with claim 1, wherein said coil is formed
      of a metal having a low sputtering characteristic under ion bombardment.
NUM  3.
PAR  3. A laser device in accordance with claim 1, wherein said coil is formed
      of one or more of the metals tungsten, molybdenum, titanium and zirconium.
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ABST
PAL  The base of a first transistor is coupled through a first capacitor to the
      collector of a second transistor and the base of the latter is coupled
      through a second capacitor to the collector of the first transistor. The
      capacitors are alternately charged by means of first and second relatively
      constant current sources connected to the collectors of the first and
      second transistors, respectively. The charging current supplied by the
      first current source to the second capacitor flows into the base of the
      second transistor, causing it to saturate and conduct the current supplied
      by the second current source. The charging current supplied by the second
      current source to the first capacitor flows into the base of the first
      transistor, causing it to saturate and conduct the current supplied by the
      first current source.
BSUM
PAR  This invention relates to switching circuits and in particular to circuits
      having two quasi-stable states between which the circuits make periodic
      transitions. These circuits, known in the art as astable multivibrators,
      are used in many applications specifying a low cost oscillator or timing
      circuit requiring little space and consuming little power.
DRWD
PAR  In the accompanying drawings, like reference characteristics denote like
      components; and
PAR  FIG. 1 is a schematic drawing of a prior art astable multivibrator,
PAR  FIG. 2 is a schematic drawing of an astable multivibrator and starting
      circuit embodying the invention,
PAR  FIG. 3 is a diagram of idealized waveforms at two nodes of the circuit of
      FIG. 2; and
PAR  FIG. 4 is a schematic drawing of a modification to the circuit of a FIG. 2.
DETD
PAR  In many applications it is desirable to have an astable multivibrator whose
      frequency of oscillation preferably may be altered without changing the
      components of the circuit, which is easily integratable, which requires
      little space, consumes little power and has a minimum number of
      components.
PAR  The prior art circuit of FIG. 1 is used, by way of example, to illustrate
      some of the features and drawbacks of known astable multivibrators. The
      astable multivibrator shown in FIG. 1 includes a pair of transistors (T1,
      T2) where each transistor is connected at its emitter to ground potential
      and its collector through a load resistor (RL1, RL2) to +V.sub.CC volts.
      The base of each transistor is capacitively coupled by means of a timing
      capacitor (CT1, CT2) to the collector of the other transistor and a timing
      resistor (RT1, RT2) is connected between the base of each transistor and
      +V.sub.CC volts.
PAR  1. The frequency of oscillation of the multivibrator is controlled
      primarily by the time constants RT1 .times. CT1 and RT2 .times. CT2. To
      alter the frequency of the multivibrator, the value of the timing
      resistors or the timing capacitors must be changed. In totally integrated
      circuitry, for example, this is not practical.
PAR  2. In integrated circuits, for example, where only small values of
      capacitors are readily available, the value of the timing resistors (RT1,
      RT2) needed to produce low frequencies becomes prohibitively large. For
      example, where capacitances in the range of 10 picofarads are readily
      available and a frequency in the range of one kilohertz is desired, the
      value of the timing resistors must be in the order of 100 megohms. Such a
      large value of resistance cannot be practically manufactured in integrated
      circuitry.
PAR  3. In conventional circuits, there is constant power dissipation through
      the timing resistors (RT1, RT2) and through at least one of the load
      resistors (RL1 and RL2). In applications where the minimization of power
      is extremely important it is a prime goal to find ways of decreasing the
      power consumed.
PAR  The invention resides in part in the recognition that the timing resistors
      (RT1, RT2) can be eliminated. In circuits embodying the invention, the
      functions performed by the timing resistor and the load resistor are
      replaced by a single current source means, thereby decreasing power
      dissipation.
PAR  Astable multivibrators embodying the invention include first and second
      transistors with a first capacitor connected between the base of the first
      transistor and the collector of the second transistor and a second
      capacitor connected between the base of the second transistor and the
      collector of the first transistor. First and second current sources
      connected to the collectors of the first and second transistors,
      respectively, function to alternatively charge the capacitors and forward
      bias the transistor whose base is connected to the capacitor being
      charged.
PAR  Circuits embodying the invention may also include a starting circuit
      connected to one of the first and second transistors to ensure oscillation
      of the astable multvibrator.
PAR  The circuit of FIG. 2 includes an astable multivibrator section 1 and a
      starting circuit section 3. The astable multivibrator section includes NPN
      transistors Q1 and Q2 connected at their emitters to ground conductor 12.
      A timing capacitor C2 is connected between the base of transistor Q2 and
      node A. The collectors of transistor Q1 and PNP transistor Q3 are also
      connected to node A. A timing capacitor C1 is connected between the base
      of transistor Q1 and mode B. The collectors of transistor Q2 and PNP
      transistor Q4 are also connected to node B. Diodes D1 and D2 are connected
      at their anodes to conductor 12 and at their cathodes to the bases of
      transistors Q1 and Q2, respectively. Diodes D1 and D2 provide a discharge
      path for capacitors C1 and C2, respectively, and also function to clamp
      the voltage at the bases of transistors Q1 and Q2 to one V.sub.BE drop
      below the potential applied to conductor 12 when there is a negative going
      transition of the potential at nodes B and A, respectively.
PAR  Transistors Q3 and Q4, which function as current sources, have their
      emitters connected to +V.sub.CC volts via conductor 14, and have their
      bases connected to the base of transistor Q5. The amplitudes of the
      collector currents I.sub.3 and I.sub.4 of transistor Q3 and Q4,
      respectively, are controlled by transistor Q5. The latter is connected at
      its emitter to conductor 14; its base is connected in common with its
      collector and with the collector of transistor Q6. Transistor Q6, is
      connected at its emitter to conductor 12 and at its base to current level
      control network 16. The control network 16 supplies a current into the
      base of transistor Q6 which sets the collector current (I.sub.5) of
      transistor Q6 and hence that of transistor Q5. By altering or modifying
      the current level into the base of transistor Q6, the current I.sub.5 is
      altered and in turn causes a proportional change, in the currents I.sub.3
      and I.sub.4. The variations in the current produced by network 16 may be
      programmed. The amplitudes of the currents produced by transistors Q3 and
      Q4 are thus programmable and conceivably may be varied over many orders of
      magnitude from the subpicoampere range to the ampere range. Practical
      limitations are imposed by leakage currents at the low end of the current
      range and by current carrying capacity or forward current gain falloff at
      the high end of the current range.
PAR  Transistors Q3 and Q4 function as, relatively constant current sources in
      that their collector currents (I.sub.3, I.sub.4), once set, are relatively
      independent of the loads connected to their collectors. For transistors Q3
      and Q4 to function as constant current sources, they must be operated in
      the linear range; that is, in the range between cut off and saturation.
      For ease of the description to follow, it is assumed that I.sub.3 is equal
      to I.sub.4 although in practice, I.sub.3 and I.sub.4 may have different
      values depending, for example, on the geometries of transistors Q3 and Q4.
PAR  It is possible for the astable circuit 1 of FIG. 2 to assume an operating
      condition in which both capacitors C1 and C2 become fully charged with
      both transistors Q1 and Q2 being nonconducting and thereby precluding
      oscillation of the astable multivibrator. To ensure oscillation, a
      starting circuit 3 is coupled by means of a diode D3 to the astable
      multivibrator. When the astable circuit is oscillating, diode D3 is
      rendered nonconducting and the start circuit is effectively isolated from
      and does not load the astable circuit.
PAR  The starting circuit 3 includes PNP transistors Q10 and Q11 which function
      as relatively constant current sources. Transistors Q10 and Q11 are
      connected at their emitters to conductor 14 and at their bases to the base
      of transistor Q5. Diode D3 is connected at its cathode to the base of
      transistor Q1 and at its node to the collectors of transistor Q10 and NPN
      transistor Q12. Two enhancement type insulated-gate field-effect
      transistors, (IGFETs), P1 and P2 of P-conductivity type function as an OR
      gate and have their source-drain paths connected in parallel between the
      collector of transistor Q11 and the base of transistor Q12. The gates of
      transistors P1 and P2 are connected to nodes A and B, respectively, and
      the emitter of transistor Q12 is connected to conductor 12. IGFETs P1 and
      P2 are used because their extremely high input impedances ensure little
      loading on nodes A and B.
PAR  Transistors Q3, Q4, Q5, Q10 and Q11 form what is known in the art as a
      "current mirror amplifier." For purposes of the description below,
      transistor Q5 is identified as the input transistor and transistor Q3, Q4,
      Q10 and Q11 as the mirroring transistors. Substantially all of the input
      current I.sub.5 is assumed to flow through the collector-to-emitter path
      of transistor Q5 and the collector currents I.sub.3, I.sub.4, I.sub.10 and
      I.sub.11 of transistors Q3 and Q4, Q10 and Q11, respectively, are
      identified as the mirrored currents. The amplitudes of the input current
      (I.sub.5) and the mirrored currents (I.sub.3, I.sub.4, I.sub.10, and
      I.sub.11) are related as the ratio of the transconductances of the input
      transistor (Q5) to the mirroring transistors (Q3, Q4, Q10 and Q11). In an
      integrated circuit where the transistors are concurrently formed in the
      same environment, the ratio of the transconductance of each mirroring
      transistor to that of the input transistor is approximately equal to the
      ratio of the effective area of the base-to-emitter region of each
      mirroring transistor to that of the input transistor. Using presently
      known manufacturing methods and processes, the ratio of the
      transconductances of the input and mirroring transistors may be accurately
      reproduced by manufacturing them with identical diffusion (or
      implantation) profiles and scaling the effective area of their respective
      base-emitter junctions.
PAR  The input transistor Q5 is connected as a shunt regulator by means of the
      collector-to-base connection which provides feedback between its collector
      and base. Due to the relatively high forward current gain of the input
      transistor and the mirroring transistors it may be assumed that very
      little base current is drawn by these transistors. Nevertheless, some of
      the input current I.sub.5 flows through the base-to-emitter region of
      transistor Q5 and establishes the base-to-emitter potential necessary for
      substantially all of the input current I.sub.5 to flow through the
      collector to emitter path of the input transistor Q5. The base-to-emitter
      potential of transistor Q5 is applied across each one of the mirroring
      transistors and causes output currents (I.sub.3, I.sub.4, I.sub.10 and
      I.sub.11) to flow which are proportional to the input current. These
      currents are supplied by the transistors Q3, Q4, Q10, Q11, which function
      as programmable, relatively constant current sources.
PAR  The operation of the astable multivibrator of FIG. 2 is best explained by
      considering one cycle of its operation. Assume, initially, that the
      potential at node B is close to ground potential, that transistor Q2 is
      nonconducting, and that the collector current I.sub.4 of transistor Q4
      flows into capacitor C1, displacing a current into the base of transistor
      Q1 and causing it to saturate. A transistor saturates when its base
      current (I.sub.b) multiplied by its forward current gain (.beta.) is
      greater than the available collector current (I.sub.c). When a transistor
      saturates, its collector-to-emitter voltage (V.sub.CESAT) may be
      typically, 0.2 or 0.3 volts. Transistor Q1 is driven into saturation
      since: (1) its base current, I.sub.4, is substantially equal to the
      available collector current I.sub.3 ; (2) substantially all of I.sub.4
      flows into the base of transistor Q1; and (3) Q1 has a relatively high
      forward current gain (.beta.). When transistor Q1 is saturated, all of the
      current (I.sub.3) produced by current source Q3 flows through its
      collector-to-emitter path and the potential at its collector, node A, is
      equal to V.sub.CESAT above ground. Since transistor Q1 is forward biased
      by current I.sub.4, its base and the side or terminal of capacitor C1
      connected thereto are at V.sub.BE volts above ground; where V.sub.BE volts
      is, typically, 0.7 volts. As long as the amplitude of the current I.sub.4
      is constant, the potential across capacitor C1, and hence at node B, rises
      linearly as shown for the period t.sub.o to t.sub.1 in waveform B of FIG.
      3.
PAR  The potential at node B, which is common to the collector of transistor Q4,
      continues to increase until its potential becomes more positive than the
      base potential of transistor Q4. As the potential at node B becomes more
      positive, the emitter-to-collector potential of transistor Q4 decreases
      until it becomes equal to the value of V.sub.CESAT of transistor Q4 and
      transistor Q4 no longer functions as a constant current source. Its
      collector current then decreases considerably and it now supplies
      insufficient base drive to the base of transistor Q1 to maintain it in
      saturation. As a result, the current I.sub.3 which had been sunk by
      transistor Q1 now begins to flow through capacitor C2 into the base of
      transistor Q2. The current I.sub.3 initially charges the base to emitter
      capacitance to transistor Q3, raising the potential at the base of
      transistor Q2 from -V.sub.BE volts to +V.sub.BE volts. This corresponds to
      the period from time t.sub.1 to t.sub.2 in FIG. 3. During this time
      interval the potential at node B, as shown in waveform B, is +V.sub.CC
      -V.sub.CESAT volts while the potential at node A is increasing linearly.
      At time t.sub.2 the potential at the base of transistor Q2 reaches
      +V.sub.BE volts and transistor Q2 turns on, causing the potential at node
      B to drop from +V.sub.CC -V.sub.CESAT volts to within a V.sub.CESAT of
      ground potential. This large negative transition is coupled through
      capacitor C1 to the base of transistor Q.sub.1. However, with diode D1 in
      the circuit the potential at the base of transistor Q1 is held at
      -V.sub.BE volts below ground and a discharge path is provided for
      capacitor C1. As soon as the potential at node B goes sufficiently
      negative diode D1 conducts in the forward direction. Current flows from
      the cathode of diode D1, through capacitor C1 into node B and through the
      collector-to-emitter path of transistor Q2 back to conductor 12 and the
      anode of D1. The forward voltage drop (V.sub.F) of diode D1 is assumed to
      be equal to the V.sub.BE of the transistors. Thus, with diode D1 in the
      circuit, the potential at the base of transistor Q1 and at the terminal of
      capacitor C1 connected thereto is clamped at -V.sub.BE volts and the other
      terminal of C1 connected to node B is held at V.sub.CESAT volts.
PAR  Transistor Q1 is cutoff and, being cut off, cannot conduct collector
      current. Therefore, the constant current I.sub.3 produced by current
      source transistor Q3 flows through capacitor C2 into the base of
      transistor Q2. Transistor Q2 saturates since I.sub.3 is substantially
      equal to I.sub.4, and its forward current gain is considerably greater
      than one. Therefore, the potential at its collector and hence at junction
      B is held at V.sub.CESAT above ground. Since transistor Q2 conducts all
      the I.sub.4 current, it prevents current flow into C1 and maintains
      transistor Q1 in the cutoff condition. As the potential across capacitor
      C2 increases due to the flow of charging current I.sub.3, the potential at
      the collector of transistor Q3 becomes more positive than the potential at
      its base. Transistor Q3 then saturates and the base drive to transistor Q2
      becomes negligible. As the base drive to transistor Q2 decreases, it
      conducts or sinks less collector current, and the current I.sub.4 begins
      to flow through capacitor C1, charging up the base-to-emitter region of
      transistor Q1 from -V.sub.BE volts to +V.sub.BE volts. As soon (at time
      t.sub.4) as the base of transistor Q1 is charged to +V.sub.BE volts,
      transistor Q1 turns on sharply, causing the potential at node A to drop
      from V.sub.CC -V.sub.CESAT volts to within V.sub.CESAT of ground
      potential. This causes a large negative potential to be coupled through
      capacitor C2 to the base of transistor Q2, causing diode D2 to conduct in
      the forward direction and clamp the base of transistor Q2 to -V.sub.BE
      volts below ground potential. This cuts off transistor Q2 and causes all
      of the I.sub.4 current to flow through capacitor C1 into the base of
      transistor Q1. At this point, a full cycle of operation has been completed
      and a new cycle begins.
PAR  The frequency of oscillation of the multivibrator is determined by the time
      it takes the collector current source Q3 for transistor Q1 to charge the
      capacitor C2 and the time it takes the collector current source Q4 to
      charge capacitor C1, where the capacitors are charged between,
      approximately, zero volts and V.sub.CC volts.
PAR  A circuit was tested in which C1 and C2 were each made equal to 10
      picofarads. As transistors Q3 and Q4 were controlled to supply currents
      (I.sub.3 and I.sub.4) which varied between 10 picoamperes and 5
      microamperes, the frequency of the signals at nodes A and B was observed
      to vary range between 0.1Hz and 10KHz. Transistors Q3 and Q4 may be
      designed to handle currents varying from below the picoampere region into
      the high milliampere region, thereby extending the frequency range of the
      astable multivibrator.
PAR  It is important to note that in circuits embodying the invention, the
      current source in the collector circuit of one transistor provides the
      charging current for the timing capacitor connected between the collector
      of the one transistor and the base of the other transistor and the
      charging current is in a direction to forward bias the other transistor.
      Thus, each current source is alternately used to charge a capacitor to a
      given level and as a load source to a transistor. Also, in circuits
      embodying the invention the functions performed by the timing and load
      resistors of the prior art circuit of FIG. 1 are combined and performed by
      a single current source (Q3, Q4). Furthermore, in contrast to prior art
      circuits, it is the current sources in the collector loads which in
      combination with the timing capacitors determine the period of the output
      waveform.
PAR  In conventional circuits the charging path for each capacitor includes the
      timing resistor and the collector-to-emitter path of the transistor to
      whose collector the capacitor is connected. In contrast thereto, in
      circuits embodying the invention the charging path for each timing
      capacitor (C1 and C2) includes the collector current source of one
      transistor and the base-to-emitter path of the other transistor.
PAR  It should be noted that resistors are not necessary to form the astable
      multivibrator section 1 or the starting circuit 3. This makes the circuit
      of FIG. 2 easy to integrate and readily operable over a wide current
      range.
PAR  When the astable multivibrator is oscillating, the starting circuit 3 is
      isolated from the astable multivibrator and it has substantially no effect
      or control over the astable multivibrator. When the astable multivibrator
      is oscillating, the potential at node A or at node B is low. A low at node
      A or B causes transistor P1 or P2, respectively, to conduct, thereby
      providing a low impedance conduction path between the collector and base
      of transistors Q11 and Q12, respectively. The collector current of
      transistor Q11 flowing into the base of transistor Q12 saturates the
      latter. Transistor Q12 normally "sinks" the collector current of
      transistor Q10 and maintains the potential at the anode of diode D3 close
      to ground potential preventing any current flow through the latter into
      the base of transistor Q1.
PAR  If the astable multivibrator is not oscillating, the potentials at nodes A
      and B are simultaneously at or close to +V.sub.CC volts. This condition
      causes transistors P1 and P2 to be nonconducting, inhibiting the flow of
      current into the base of transistor Q12, which also then is nonconducting.
      Current source transistor Q10 then supplies current through diode D3 into
      the base of transistor Q1 causing it to turn on and the potential at point
      A to go low. The negative going transition at node A initiates oscillation
      of the multivibrator and concurrently disconnects the starting circuit.
      With either of nodes A or B at a low potential, transistors P1 or P2 are
      turned on and diode D3 is nonconducting.
PAR  During the time it takes the current source to raise the base potential of
      transistor Q1 or Q2 from -V.sub.BE volts to +V.sub.BE volts, there is a
      transition zone as illustrated by the flat portions of waveforms B and A
      from times t.sub.1 to t.sub.2 and from times t.sub.3 to t.sub.4,
      respectively. Intervals (t.sub.1 - t.sub.2) and (t.sub.3 - t.sub.4) are
      V.sub.BE dependent and hence subject to temperature variations.
PAR  The transition zone time may be decreased by returning the anodes of diodes
      D1 and D2 of FIG. 1 to a more positive potential than the one applied to
      conductor 12. This may be achieved, for example, by modifying the astable
      section 1 of FIG. 2 as shown in FIG. 4. In the circuit of FIG. 4,
      transistors Q1 and Q2 and capacitors C1 and C2 are interconnected as in
      FIG. 2. Transistors Q3 and Q4 of FIG. 1 are replaced by symbols for
      current sources.
PAR  Diodes D1 and D2 are connected at their cathodes to the bases of
      transistors Q1 and Q2, respectively, and at their anodes to conductor 20.
      Conductor 20 is connected to the anode of diode D3 whose cathode is
      returned to conductor 12. A current source 18 connected between conductor
      14 and the anode of diode D3 supplies a current I.sub.18 which flows
      through diode D3 and establishes a potential of V.sub.BE volts between
      conductors 20 and 12. When the potential at node A or B makes a negative
      going transition, diode D1 or D2 conducts in the forward direction. The
      diode D1 or D2 then clamps the base of its respective transistor to one
      V.sub.BE drop below the potential on conductor 20, that is, essentially at
      ground potential. The discharge path for capacitors C1 and C2 includes
      conduction through source 18. It should be evident that still other
      alternative means are available for holding the bases of the off
      transistor at a potential closer to its conduction level.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The combination comprising:
PA1  first and second transistors, each transistor having a base, an emitter,
      and a collector;
PA1  a first capacitor connected between the base of said first transistor and
      the collector of said second transistor; a second capacitor connected
      between the base of said second transistor and the collector of said first
      transistor;
PA1  a point of fixed potential;
PA1  means connecting the emitters of said first and second transistors to said
      point of fixed potential;
PA1  means comprised solely of first and second current sources connected to the
      collectors of said first and second transistors, respectively, for
      alternately charging said capacitors and supplying a forward bias through
      the capacitors to the bases of said transistors; and
PA1  means responsive to the potentials at the collectors of said first and
      second transistors for applying a forward bias to one of said first and
      second transistors when both of said first and second transistors are
      nonconducting and their collector potentials are at the same level.
NUM  2.
PAR  2. The combination as claimed in claim 1, wherein said first and second
      current sources are sources of relatively constant current.
NUM  3.
PAR  3. The combination as claimed in claim 2 further including current level
      setting means connected to said relatively constant current sources for
      setting their current levels at selected levels.
NUM  4.
PAR  4. The combination as claimed in claim 3, wherein each one of said first
      and second relatively constant current sources includes a transistor
      having a relatively fixed potential applied between its base and emitter
      and wherein the collector of the transistor of said first current source
      is connected to the collector of said first transistor and the collector
      of the transistor of said second current source is connected to the
      collector of said second transistor.
NUM  5.
PAR  5. The combination as claimed in claim 3 further including unidirectional
      conducting means connected to the base of each one of said first and
      second transistors to prevent excessive reverse bias potential from being
      applied between the base and emitter of the transistor to which it is
      connected, and being poled in a direction to provide a discharge path for
      the capacitor connected to the base of the transistor to which the
      unidirectional element is connected.
NUM  6.
PAR  6. The combination as claimed in claim 1, wherein said means responsive to
      the potentials at the collectors includes first and second level sensing
      transistors each having a control electrode and a main conduction path,
      wherein the control electrode of said first level sensing transistor is
      connected to the collector of said first transistor and wherein the
      control electrode of said second level sensing transistor is connected to
      the collector of said second transistor; means connecting said main
      conduction paths of said first and second level sensing transistors
      between a source of current and a current control means coupled to said
      one of said first and second transistors; and
PA1  wherein said current control means is responsive to the nonconduction
      through said main conduction paths of said first and second level sensing
      transistors for applying a forward bias to the base of one of said first
      and second transistors.
NUM  7.
PAR  7. The combination as claimed in claim 1, wherein said first and second
      transistors are of first conductivity type;
PA1  wherein each one of said first and second current sources includes a
      transistor of second conductivity type; the collector of the transistor of
      said first current source being connected to the collector of said first
      transistor and the collector of the transistor of said second current
      source being connected to the collector of said second transistor; and
PA1  wherein said current source further includes means for applying a potential
      between the base and emitter of said transistors of said current sources
      for controlling the conductivity of said transistors.
NUM  8.
PAR  8. The combination as claimed in claim 6 wherein said current control means
      includes:
PA1  1. a normally clamped transistor connected at its control electrode to one
      end of the conduction paths of said first and second level sensing
      transistors;
PA1  2. a current source connected to one end of the conduction path of said
      normally clamped transistor;
PA1  3. means connecting said one end of the conduction path of said normally
      clamped transistor to said base of one of said first and second
      transistors; and
PAR  4.  means connecting the other end of the conduction path of said normally
      clamped transistor to said point of fixed potential.
NUM  9.
PAR  9. The combination as claimed in claim 7 wherein said means for applying a
      potential between the base and emitter of said transistors of said current
      sources for controlling the conductivity of said transistors includes an
      additional transistor of said second conductivity type having its emitter
      connected to the emitter of said transistors of said current sources and
      having its base and collector connected to the bases of said transistors
      of said current sources; and
PA1  means connected to the collector and base of said additional transistor for
      varying its current level whereby the current levels in said current
      source transistors are varied.
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ABST
PAL  A concatenated surface wave device having delay line capabilities for use
      in correlating electric signals of various types and forms including
      analog signals, binary signals, and binary modulated signals, said device
      including means forming a specially constructed conductive surface pattern
      over which the signals to be correlated are propagated, said surface
      pattern including input transducer means at a location where input signals
      to be correlated are introduced for propagation over the surface, a
      plurality of tap locations on the surface at spaced locations extending
      away from the input transducer means, and means for sampling a propagated
      signal at selected surface locations including at selected ones of said
      tap locations to determine the locations of places where the signals to be
      correlated are in agreement and are and are in disagreement. The subject
      correlator also includes means by which signal components can be
      introduced at selected tap locations along the device.
BSUM
PAR  In many radar, communication, and control systems, it has been demonstrated
      that the optimum receiver means are often ones that employ some form of
      correlator. This is because correlators have particularly desirable
      characteristics in those applications where it is desired to accurately
      measure some parameter such as the range between cooperating receiver and
      transmitter units. Correlator means are also useful in pulse compression
      systems, spectrum spreading and despreading systems, applications employed
      for pattern recognition and identification, navigation systems, radar
      signaling applications and data communication applications to name a few.
      Such applications and systems can be implemented using a tapped surface
      wave delay line as taught by the present invention. The present invention
      is embodied in a unique surface wave correlator which alleviates many of
      the problems associated with prior art programmable surface wave
      correlators, and it does so in a construction that has a relatively
      simpler construction than those known in the prior art, and in a
      construction that has a reduced number of tap locations. The present
      device also reduces and simplifies the number and complexity of codes
      which satisfy particular performance criteria and is able to substantially
      increase the number of codes available, and it makes code evaluation and
      calculation much simpler, all of which are important advantages.
PAR  Various correlator devices have been used before including correlators for
      phase shift keyed (PSK) signals which are generally designed using tapped
      delay lines wherein the taps are placed at appropriate intervals to obtain
      samples of each modulation interval of the signal. For a binary PSK signal
      including a sinusoidal carrier frequency whose phase is changed according
      to some sequence of bits, the known devices would need to have their taps
      spaced according to the bit duration, and the polarity of each tap would
      be the same as its equivalent bit. In such cases, correlation is performed
      by adding together the outputs of all of the taps and when the
      characteristics of the received signal is the same as the characteristic
      signal of the device itself, the output signal is the autocorrelation
      function. Signals whose autocorrelation functions have large centrally
      located peaks and relatively low off-center values sometimes called
      "sidelobes" are then selected. The peak values of such signals is
      proportional to n which is the number of bits in a sequence. Also the peak
      to the sidelobe ratio which is a ratio of the peak lobe energy to the
      sidelobe energy is a property of the sequence. Furthermore, when
      correlation occurs, a signal processing gain which is in the nature of a
      signal-to-noise ratio equal to the peak value of the autocorrelation
      function, is realized.
PAR  The subject concatenated correlator construction has many advantages over
      the known prior art constructions including the PSK correlator, and the
      present construction is structurally simpler and is able to establish
      predetermined characteristics by several different easy to determine
      parameters including the number of fingers employed, the finger spacing,
      the number and spacing of the taps, the location of the input transducer
      means employed including its location relative to the other taps, the
      materials used in the construction of the members of the correlator, and
      the manner in which the taps are connected and used to modulate the output
      wave form. The present device is also uniquely well constructed to
      introduce weighting functions (amplitude modulation), and to perform
      filtering and other operations.
PAR  It is therefore a principal object of the present invention to provide
      signal correlator means which are relatively simple structurally,
      relatively inexpensive to make, and are versatile and able to produce
      different kinds of correlation outputs and functions.
PAR  Another object is to provide a surface wave correlator having taps spaced
      to respond to different predetermined time displaced locations of the
      signals being correlated.
PAR  Another object is to provide optimum receiver means for use in radar,
      communication, distance measuring, machine operating and in other devices.
PAR  Another object is to teach the construction of a concatenated correlator
      capable of operating with combinations of short codes to obtain large
      processing gain which is usually only attendant to devices which use long
      codes.
PAR  Another object is to provide a concatenated correlator of increased
      flexibility in which long codes occurring as a result of the concatenation
      are not restricted to maximal length feedback shift register sequences.
PAR  Another object is to provide a correlator wherein the number of bits is not
      restricted to use with a power of two but instead may be selected by the
      person designing the correlator to have other values as well.
PAR  Another object is to provide a correlator that is relatively easily
      programmed.
PAR  Another object is to simplify the introduction of signal weighting factors
      into surface wave devices.
PAR  Another object is to substantially increase the flexibility and versatility
      of signal surface wave devices.
PAR  Another object is to be able to program a surface wave correlator by coding
      which may be accomplished using fewer switches.
PAR  Another object is to provide a concatenated surface wave correlator that is
      relatively less susceptible to defects produced during manufacture because
      it requires fewer fingers than known constructions to obtain the same
      performance characteristics.
PAR  Another object is to achieve increased processing gain in a correlator
      having substantially fewer taps.
PAR  Another object is to make it much easier to find useful codes for a
      correlator.
PAR  Another object is to be able to more accurately predict the characteristics
      of relatively long codes knowing in advance only the characteristics of
      relatively shorter codes which are easier and less expensive to evaluate.
PAR  Another object is to provide a surface wave device having more nearly
      matched input and output impedance characteristics than known correlator
      devices thereby minimizing insertion losses and simplifying the
      construction and design of other devices and systems for interfacing
      therewith.
PAR  Another object is to teach the construction and operation of a signal
      processing device having improved performance when operating with phase
      coded signals and when using a quartz substrate.
PAR  Another object is to employ a concatenated code structure which increases
      the fractional bandwidth capability, reduces distortion caused by tap
      reflections and permits programmable devices of large bandwidth-time
      products to be easily fabricated.
PAR  Another object is to teach the construction of a surface wave device which
      can be programmed and operated under adverse environmental conditions and
      which has a relatively large bandwidth-time product.
PAR  Another object is to increase the fractional bandwidth capability of quartz
      by using signal processing which includes code concatenation.
PAR  Another object is to devise a signal processor which may be operated at
      significantly lower center frequencies for a given bandwidth without
      incurring the usual insertion loss penalties.
PAR  Another object is to improve the peak-to-sidelobe ratio of surface wave
      devices.
PAR  Another object is to teach the construction and operation of a relatively
      versatile surface wave device which can be used in many different
      applications and systems including data transmitting and receiving
      systems, pulse compression systems, spectrum spreading and despreading
      systems, pattern recognition systems, identification systems, navigation
      systems, radar systems, distance measuring systems, and synchronizing
      systems to mention a few.
DRWD
PAR  These and other objects and advantages of the present invention will become
      apparent after considering the following detailed description of a
      preferred embodiment thereof in conjunction with the accompanying drawings
      wherein:
PAR  FIG. 1 is a perspective view of a surface wave device constructed according
      to one embodiment of the present invention;
PAR  FIG. 2 is an enlarged fragmentary top plan view showing the details of the
      input transducer portion of the device of FIG. 1;
PAR  FIG. 3 is an enlarged view showing the construction details of a typical
      tap employed in the surface wave device of FIG. 1;
PAR  FIG. 4 is an enlarged side view of the subject surface wave device showing
      graphically a form of output signal produced at succeeding tap positions
      therealong;
PAR  FIG. 5 shows a typical output waveform representing the sum of the outputs
      of all of the taps included in the device shown in FIG. 1;
PAR  FIG. 6 is a graph of an autocorrelation function obtained by the subject
      device;
PAR  FIG. 7 is a graph of the center frequency in megaHertz as a function of the
      chip rate also in megaHertz for different substrate materials; and,
PAR  FIG. 8 is a schematic circuit diagram showing typical switching circuits
      and the connections thereto to the present surface wave device.
DETD
PAR  Referring to the drawings more particularly by reference numbers, number 10
      in FIG. 1 refers to a concatenated correlator constructed according to one
      form of the present invention. The correlator 10 includes a non-conductive
      substrate 12 formed of a material such as glass, quartz or some other
      suitable material. A pattern of a highly conductive material such as a
      highly conductive metal is formed on a surface of the substrate 12. Metals
      such as aluminum or gold can be used to form the surface layer pattern
      although it is also contemplated to use other conductive metals as well.
      The pattern forming material can be formed on the substrate 12 by being
      deposited thereon using masking or other means as desired or it can be
      formed by metal that remains on the substrate following an etching process
      similar to those used in the semi-conductor industry. The conductive
      pattern can also be formed on the substrate by an evaporation and
      condensation process or by projecting a vaporized beam or mist of the
      desired material at the substrate in some controlled manner such as for
      example by an ion beam deposition technique or the like. One such ion beam
      deposition technique is disclosed in Baker et al U.S. Pat. No. 3,245,895,
      dated Apr. 12, 1966, which is assigned to Applicants' assignee.
PAR  The selection of a specific design for the pattern of material deposited or
      otherwise formed on or attached to the substrate 12 may vary considerably
      as desired and depends upon the characteristics to be achieved. For
      example, the pattern can have different numbers and sizes of conductive
      fingers, different finger spacings, different tap spacing, different
      numbers of taps and different arrangements of the fingers and the taps.
      The physical size and shape of the substrate 12 and the pattern deposited
      or otherwise formed thereon can also be varied depending upon the purpose
      and application for which the device is to be used.
PAR  Referring again to FIG. 1, the pattern which is deposited or otherwise
      formed on the substrate 12 includes at least one input portion or
      transducer portion 14 at which input signals to be correlated are
      introduced or propagated. Only one input transducer 14 is ordinarily
      required in the operation of the subject device although the drawings show
      a construction which has a similar input transducer located adjacent each
      opposite end. This may have advantages in some applications. The input
      transducer 14 is a coded structure in the subject concatenated correlator,
      and the details of a typical input transducer construction are shown
      greatly enlarged in FIG. 2. The input transducer 14 is shown as having a
      coded physical structure whereas in the usual more conventional design of
      surface wave correlators the transducers are not so coded. This difference
      between the subject construction and the more conventional constructions
      is an important difference and one which will be more fully explained
      hereinafter.
PAR  In FIG. 2 the input transducer 14 is shown as being formed by a plurality
      of closely spaced sets of adjacent fingers which extend from adjacent
      opposite sides of the surface of the substrate in spaced relationship
      along a portion of the device. Some of the fingers such as the fingers 16
      are connected to a first conductive strip or bus 18 which extends along
      one side of the transducer 14, and other fingers such as fingers 20 are
      connected to another conductive strip or bus 22 which extends along the
      opposite side of the transducer 14, and the fingers 16 and 20 extend into
      the spaces between each other like the teeth of two oppositely directed
      combs. In the particular input transducer construction as shown, each
      group of three fingers has two fingers of which are connected to the
      conductor 18 (or 22) on one side of the device and the third is connected
      to the conductor 22 (or 18) on the opposite side of the device. However,
      as can be seen, the fingers in each group of three fingers are position
      coded in their respective groups along the transducer in some particular
      predetermined manner. This is illustrated by the distinctive finger
      pattern as shown wherein it can be seen that there is not a symmetrical or
      necessarily regular relationship between the groups which have two fingers
      connected to the conductor 18 and those which have two fingers connected
      to the conductor 22. The finger arrangement from group-to-group, can be
      varied as desired. It is apparent from FIG. 1 that some of the groups of
      three fingers have been inverted with respect to the leftmost group as
      indicated, and this inversion results in a binary encoded PSK-modulated
      waveform being launched by the input transducer 14 when activated by an
      impulse of electrical energy. The packet of waves released in such a case
      is significantly different from the wave packet usually associated with
      input transducers since it is a coded or modulated waveform. This
      modulated wave packet travels along the surface of the substrate and in so
      doing moves past each tap 24 on the surface of the device 10. As it passes
      each of the taps 24 an electrical output is generated due to the
      piezoelectric effect. The output signals at the various taps occur at
      different times due to their physical separation or spacing along the
      substrate. Generally, the adjacent taps 24 are spaced apart a distance
      that is equal to the length of the input transducer waveform which is the
      same as the length of the input transducer 14. This means that as the last
      portion or trailing edge of a wave packet leaves the first tap, the
      leading edge will just reach the second tap and so on as the wave moves
      along the device 10. Therefore, by electrically connecting the taps
      together, a continuous output signal is obtained that lasts for the period
      of time it takes for the wave packet to travel from the first tap 24 which
      is the tap nearest the input transducer 14 to the last tap 24. This is
      illustrated in FIG. 4 where the respective portions of the output signal
      produced at each of the taps 24 are shown, each portion occurring at a
      different time depending upon when the signal passes each tap. FIG. 5
      shows the sum of the individual tap outputs shown in FIG. 4, and FIG. 6 is
      a graph of a typical autocorrelation function obtainable with the present
      device.
PAR  In addition to modulation that may be impressed upon the input wave packet
      by the input transducer 14, the taps may also be controlled and used to
      modulate the output wave form. For example, the taps may be designed and
      connected to means which add a weighting function (amplitude modulation),
      a phase shift (frequency or phase modulation), or perform filtering or
      some other operation on the signal as it moves past. The weighting
      function is obtained and observed when the finger overlap is varied as
      will be explained.
PAR  The different forms of modulation are obtained in different ways. Amplitude
      modulation, for example, can be produced by placing different voltages on
      the different taps. Phase modulation is obtained by inverting or by
      shifting the taps 24 with respect to a reference tap, and frequency
      modulation is obtained by varying the finger spacings within each tap. The
      amount of filtering that is produced is controlled by the number of
      fingers that are used in each of the taps. All of these variables can be
      controlled and used depending upon the purpose and application for which
      the correlator is to be used and the type of modulation to be produced. In
      the case of a PSK correlator, all of the taps have the same number of
      fingers and the same finger spacing such as is shown in the construction
      of FIGS. 1, 2, and 3, for example. The weighting function in the PSK
      situation has values that vary from +1 to -1 where -1 corresponds to a
      phase inversion. With this construction, the tap phase sequence impresses
      a binary code upon the output signal, and this coding can be described as
      being concatenated coding inasmuch as it is a combination of the input
      transducer code and the code that is impressed by the weighting function
      applied to the signal as it moves past the taps 24.
PAR  Another way to consider the operation is to think of the code imposed by
      the input transducer as being the inner code and the modulation or coding
      applied by the tap positions 24 as being the outer code. When a signal is
      applied to the input transducer 14 and is encoded according to the inner
      code it thereafter travels down the surface of the subject device 10 past
      the various tap locations, and the taps multiply each bit of the input
      transducer code (inner code) so that the total number of bits in the
      output signal is the product of the number of bits in each code, namely,
      the product of the inner and outer codes.
PAR  Referring again to FIG. 1, each of the taps 24 includes spaced bus portions
      26 and 28 similar to the bus portions 18 and 22 associated with the input
      transducer 14 (FIG. 2) and the buses 26 and 28 are located adjacent
      opposite sides thereof or at the opposite ends of respective fingers 30
      and 32. The bus bars 26 and 28 are used as means to make external
      electrical connections to the fingers in the taps 24 and the bus bars can
      be continuous or discontinuous at each tap or between taps along the
      device depending on the weighting or other connections made thereto. The
      buses can also be used as input and as output means. In the case where
      only one inner code and one outer code is desired, these external
      connections can be made permanently. For example, connecting corresponding
      ends of all of the taps together along both sides of the device results in
      a device that is set up for one code only. To change this code, the device
      should be designed in a different way as will be explained. For a
      binary-encoded PSK device where the weighting factor of each tap is either
       +1 or -1, the -1 value can be obtained simply by physically inverting the
      tap or by interchanging the electrical connections thereto. This
      flexibility enables the device to be easily programmed for binary PSK
      signals.
PAR  The device can also be made to be used with a large number of codes by
      connecting switching circuits 34 (FIG. 8) to selected ones of the taps 24
      using connections to the associated bus bars 26 and 28 rather than by
      connecting the taps directly together using bus bar connections such as
      the bus bar connections 18 and 22. If this is done, the desired operating
      codes can be fed to and through the switching circuits 34 which operate to
      determine the value of the weighting function (+1 or -1) to be applied to
      each tap, and the switching circuits 34 therefore control the connection
      thereof to the bus bars or other connections accordingly. The switching
      circuit as shown in FIG. 8 includes a bistable switching device 36
      associated with each tap bus 26 and 28 and each switching device has two
      input connections one being connected to a source of binary one (B.sub.1)
      inputs and the other to a source of binary zero (B.sub.o) inputs. This
      type of tap programming using switches can be employed for use with the
      inner code (input transducer 14), for use with the outer code by switch
      connections to the taps 24, or for use with both the inner code and the
      outer code simultaneously.
PAR  The concatenation of two codes may be represented as the product of two
      sequences individually selectable by the switch connections to the various
      buses, and the concatenation of the two codes may be represented as the
      product of the two sequences. Furthermore, the switching means selected
      for use can be solid state switching devices or gates of various known
      types and constructions including being parts of one or more integrated
      circuits.
PAR  If the inner code designated by the symbol X is represented by the
      expression X = (X.sub.i), the outer code designated by the symbol Y is
      represented by the expression Y = (Y.sub.i), and if each of these codes is
      a sequence of length m and n respectively, then the correlation function
      (Z) can be expressed by the equation:
EQU  Z(j) = X.sup.. Y with Z.sub.rn.sub.+s = x.sub.s y.sub.r.sub.+1
PAR  where r, n and s are integers and where j = rn + s. For the same
      conditions, the non-periodic autocorrelation function (C) can be expressed
      as:
EQU  C.sub.qn.sub.+r (X.sup.. Y) = C.sub.r (X) C.sub.q (Y) + C.sub.n.sub.-r (X)
      C.sub.q.sub.+1 (Y)
PAR  where q is an integer from 0 to n, and j has a value from 1 to n.sup.2, for
      the conditions where q .gtoreq. 0 and r &lt; n, and the periodic
      autocorrelation function (a) is:
EQU  a.sub.qn.sub.+r (X.sup.. Y) = C.sub.r (X) a.sub.q (Y) + C.sub.n.sub.-r (X)
      a.sub.q.sub.+1 (Y)
PAR  where C is the complex conjugate of C.
PAR  The subject concatenated correlator has many advantages over other
      correlator constructions especially those that use only a single code.
      Some of the advantages include the fact that the subject device is able to
      make use of combinations of relatively short simple codes to obtain
      relatively large processing gains which heretofore are usually attendant
      only to longer codes. Furthermore, the longer codes occurring as a result
      of the concatenation obtained by the present device are not restricted to
      maximal feedback shift register sequences, and therefore the number of
      bits is not restricted to a power of two and may essentially be selected
      by the designer. As explained above, the total number of possible bits
      obtainable using the subject construction is the product of the number of
      bits in each of the two codes being combined and this fact is a tremendous
      advantage. Furthermore, the subject device is relatively easy to program
      since not all of the code elements have to be available for programming
      and the coding may be accomplished using a number of simple well known
      switches equal in number only to the sum of the bits in the two codes and
      not to the product of the codes as would be the case if the longer code
      were to be used in a known construction. In other known approaches, the
      number of switches required would have to be equal to the product of the
      number of bits in each of the two codes and this could involve a very
      substantial number of switching devices as compared to those required for
      the present construction. Furthermore, the present construction is easier
      to manufacture than the known devices and is less susceptible to defects
      than prior art devices that use other designs to achieve the same
      processing gain achieved by the present construction. This also means that
      fewer fingers are required in the present device to obtain the same
      performance that is obtainable by other constructions having a greater
      number of fingers. In other words, the present construction is able to
      obtain a processing gain (number of possible code positions) for a
      correlator having N taps with only approximately N taps, and this in large
      part is due to being able to use a code input transducer in the present
      construction.
PAR  Also with the present construction it is easier and less expensive to find
      useful codes and it is possible to more easily predict the characteristics
      of longer codes simply by knowing the characteristics of the shorter codes
      which are selected. This is because shorter codes are more easily and
      inexpensively determined and applied. It is also a significant advantage
      of the present construction that the input and output impedances are more
      nearly matched than in other known designs, and this is true largely
      because there are fewer fingers and therefore less interfinger
      capacitance, and this reduces the insertion losses and makes it possible
      to more easily and accurately interface the subject device to other
      systems and system components than is the case with known devices.
PAR  To increase or decrease the relative maximum output or processing gain
      achieved by the subject device is a simple matter of adding or removing
      some of the taps. Since the properties of long codes are relatively
      expensive and time consuming to determine, as stated, it is highly
      desirable to be able to use shorter codes in the manner taught while at
      the same time obtaining the large processing gains attendant to the longer
      codes and also be able to obtain good autocorrelation properties which are
      usually associated only with the shorter codes. It can therefore be seen
      that the subject construction enables short codes to be combined in such a
      manner, herein referred to as by concatenation, as to obtain large
      processing gains and good autocorrelation properties.
PAR  The subject correlator including the chip coded input transducer 14 and the
      plurality of spaced segmented coded taps 24, are arranged on a substrate
      material capable of supporting surface waves. Suitable materials for the
      substrate 12 include substances such as single crystal quartz, and the
      surface elements can be made of the substances mentioned above as well as
      other conductive materials. Other materials can also be used including for
      the substrate materials materials such as lithium niobate (LiNbO.sub.3),
      bismuth germanium oxide (Bi.sub.12 GeO.sub.20), lithium tantalate, quartz
      including ST quartz and there may be other suitable piezoelectric
      materials as well including substances such as glass and other crystal
      substances.
PAR  As explained, the subject concatenated construction enables the production
      of codes having a length of n.sup.2 which can be generated using two
      shorter codes of length n, and the peak-to-sidelobe ratio of the longer
      codes which are produced as a result of concatenation will approximate
      that of the shorter codes. Heretofore, the peak-to-sidelobe ratio for a
      specific length sequence, which is code dependent, generally had to be
      computed for each code. However, for concatenated codes this ratio is
      easily determined and one computation applies to all codes of a given
      length. Furthermore, the peak occurs when q = r = 0, and can be expressed
      by the equation:
EQU  P.sub.xy = C.sub.x (0) C.sub.y (0) = n.sup.2
PAL  In the equation n is the number of chips in each code sequence, and the
      sidelobe maximums occur at times when q = 0 and r .noteq. 0 in which case
      the equation for the sidelobes becomes:
EQU  S.sub.xy = nC.sub.x (r) + C.sub.x (n-r) C.sub.y (1)
PAL  From this equation it can be seen that the maximum sidelobes of the
      concatenated code can be determined directly from the sidelobes of the
      shorter lobes and this is an advantage. For example, consider two 25-chip
      length codes each having a peak-to-sidelobe ratio of 25/3. If r equals an
      even number, then n-r is odd. Since C.sub.x (r) is odd, C.sub.x (n-r) and
      C.sub.y (1) are even, and the maximum values are then:
EQU  C.sub.x (r) = 3
EQU  C.sub.x (n-r) = 2
EQU  C.sub.y (1) = 2
PAL  Therefore, the sidelobe energy S.sub.xy = 3N + 4 = 79 where N = 25. For
      this case the peak-to-sidelobe ratio, which is the ratio of the magnitude
      of the peak lobe to the largest side lobe, for all such codes is:
EQU  P.sub.xy /S.sub.xy = N.sup.2 /79 = 625/79 = 7.9 or 17.9 dB
PAL  from this it can be shown that the peak-to-sidelobe characteristics of
      concatenated codes using the present construction are much smaller in
      relation to the length of the code as compared to single codes.
PAR  An important consideration is selecting a coding technique is in the
      selection of the cost of building a code library. Computer searches for
      long codes having certain desired autocorrelation characteristics are
      expensive and time consuming to make. Therefore, an advantage of building
      long codes from shorter codes is that the characteristics of such codes
      can be relatively more easily determined from the short codes and a code
      library can be generated at much less expense. For example, over 1,000
      20-chip sequences exist with a sidelobe level of 3 or less, and
      approximately 1,000 25-chip sequences exist which have sidelobe levels of
      3 or less. This means that approximately 2.sup.20 or 10.sup.6 code output
      variations are possible for a code that has 400 possible combinations
      while a device that has 625 possible combinations can produce 2.sup.25 or
      about 3.36 (10.sup.6) variations using the concatenated technique, and
      this does not even include codes that are complements, reverses or
      complementary reverses of one another, or those obtained by the addition
      of a clock signal. Thus the advantages of using short codes to build code
      libraries where the library has codes that are combinations of the shorter
      codes are many and varied.
PAR  Another advantage of concatenated operation is that it permits the input
      transducer to be designed to achieve a minimum insertion loss for certain
      substrate materials such as quartz. It has been found that the optimum
      number of finger pairs for ST quartz is 22 and this limits the operating
      frequency of conventional correlator designs to that shown in FIG. 7 if
      minimum insertion loss is to be achieved. In a concatenated construction,
      on the other hand, the number of finger pairs in the transducer is
      dependent only on the intercode, and processors that have been developed
      using 20 and 25-chip intercodes are able to operate at 45 MHz center
      frequency with nearly the same insertion loss as conventional designs
      which operate at much higher frequencies. As explained above this is due
      to less interfinger capacitance. This results in operation at a fractional
      bandwidth as compared to optimum conventional designs on substrates of
      material such as lithium niobate for example. This property of the present
      construction permits for a relatively free choice of operating frequency
      and chip rate. The operating frequency dictates the design and the
      parameters of the individual finger pairs while the signal chip rate
      dictates the spacing between the finger pairs. However, the number of
      finger pairs remains constant thereby permitting wide latitude in the
      choice of both the center frequency and the chip rate while providing a
      relatively low insertion loss.
PAR  Another significant advantage obtained from this form of coding is the
      application of code programmable processors. Code programmable processors
      of conventional design require the use of a separate programming switch
      for each code element. For a conventional device having a length of
      n.sup.2 chips, n.sup.2 switching circuits and memory stages are therefore
      required. On the other hand, for a concatenated processor of the same
      length using the teachings of the present invention both the inner and
      outer codes may be programmed individually and the total number of
      switching devices required instead of being n.sup.2 is only 2n. This means
      that for a process of length 625 chips, the number of required switching
      circuits is reduced from 625 to 50 an obvious and significant advantage.
PAR  It can be shown that the use of center frequencies in the IF region is
      necessary to permit devices with a total length in the range of 20
      microseconds or more to operate while maintaining less than about 3 dB of
      degradation over the desired temperature range. A center frequency of 45
      MHz, which gives a convenient choice for a high frequency, has been shown
      to be compatible for operation with a 62.5 microsecond processor even when
      operated in a temperature range from -55.degree. to +105.degree.C.
PAR  When the subject device is used with switches such as with the switching
      circuit 34, shown in FIG. 8, the switches used can have many different
      forms including being solid state switching devices and circuits such as
      two PIN diodes in parallel and an associated biasing circuit. With this
      type of construction, the programming information which is applied to the
      associated buses can be entered in either a serial or parallel fashion. An
      actual concatenated structure programmed in this manner demonstrated that
      it could be programmed with relatively little measurable degradation as
      compared to other prior art constructions using fixed codes.
PAR  Thus it has been shown and demonstrated that the subject surface wave
      signal processor has relatively large time-bandwidth product
      characteristics and is able to operate satisfactorily over a wide range of
      temperature conditions without encountering excessive degradation.
      Furthermore, a surface wave device such as the subject device employing
      concatenated coding allows the use of quartz and other similar materials
      to be designed to have a large fractional bandwidth without incurring the
      usual insertion loss penalties normally associated with such devices.
      Also, the simplified electrode structure of the subject concatenated
      device enables a fully programmable device to be constructed with a
      considerable reduction in the number of switching circuits as indicated
      above, and with an associated reduction in distortion which results from
      the reduction in number of metalized electrodes as compared to
      conventional designs.
PAR  Thus there has been shown and described a novel surface wave device which
      fulfills all of the objects and advantages sought therefor, and which
      operates as a concatenated device with respect to the signal or signals
      applied thereby substantially enlarging the number of possible codes and
      code variations without sacrificing any of the advantages normally
      associated with devices which operate using only relatively short codes.
      It will be apparent, however, that many changes, variations, modifications
      and other applications and uses for the subject device will become
      apparent to those skilled in the art after consideration of this
      specification and the accompanying drawings. All such changes,
      alterations, modifications and other applications and uses which do not
      depart from the spirit and scope of the invention are deemed to be covered
      by the invention which is limited only by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A surface wave device comprising a dielectric substrate member having a
      surface formed thereon over which signals are propagated, conductive means
      formed on said surface including a plurality of spaced conductive fingers
      arranged in a row of finger groups extending along said surface, the
      fingers extending transversely to the direction of movement of the
      propagated signals, means forming tap connectors to selected ones of said
      fingers, said tap connectors being located adjacent at least one side of
      said row of fingers, an input transducer formed by a plurality of spaced
      conductive fingers located in spaced relationship to one end of said row
      of fingers, other tap connectors to the input transducer fingers, input
      means connected to selected ones of the tap connectors including the other
      tap connectors, said input means including a source of electric signals
      for applying to said fingers of the input transducer for propagation over
      the substrate surface and along the row of finger groups, the fingers of
      said input transducer being located and controlled to apply a first
      encoding to the input electric signals, and the fingers of said row of
      finger groups being located and controlled to apply a second encoding to
      the encoded electric signals propagated thereby, said propagated signals
      being encoded according to a product of the encoding applied thereto by
      the fingers of the input transducer and the fingers of the row of finger
      groups.
NUM  2.
PAR  2. The surface wave device defined in claim 1 wherein the fingers of the
      input transducers and the row of fingers are in alignment on said
      substrate surface.
NUM  3.
PAR  3. The surface wave device defined in claim 1 wherein the row of fingers
      are arranged in spaced finger groups along the surface, the spacing
      between adjacent finger groups in said row of fingers having a fixed
      relation to a dimension of the input transducer.
NUM  4.
PAR  4. The surface wave device defined in claim 1 wherein the input means
      includes first and second sources of encoded electric signals, means for
      applying the electric signals from the first source to selected other tap
      connectors associated with the fingers of the input transducer and means
      for applying the electric signals from said second source to selected tap
      connectors associated with fingers in the row of finger groups.
NUM  5.
PAR  5. The surface wave device defined in claim 1 including a similar input
      transducer located adjacent each opposite end of the row of fingers.
NUM  6.
PAR  6. The surface wave device defined in claim 1 including means connected to
      selected tap connectors of the row of fingers to sample the propagated
      signal thereat.
NUM  7.
PAR  7. The surface wave device defined in claim 1 including switching means
      connected to selected tap connectors, said switch means being a plurality
      of gate circuits each having a first gate input connected to a first
      source of electric signals, a second gate input connected to a second
      source of electric signals, and a gate output connected to tap connectors
      associated with the fingers of the input transducer and the fingers in the
      row of fingers.
NUM  8.
PAR  8. The surface wave device defined in claim 1 wherein the tap connectors
      are arranged in spaced rows along opposite sides of the row of fingers,
      the tap connectors along one side of the row being connected to
      preselected ones of the fingers and the tap connectors along the opposite
      side of the row being connected to the other fingers in the row.
NUM  9.
PAR  9. A surface wave device comprising a dielectric substrate member having a
      surface thereon over which signals to be modulated are propagated, means
      forming a row of spaced conductors on said surface, said conductors being
      oriented normal to the direction of signal propagation and arranged in
      said row in substantially equispaced groups, a second group of spaced
      conductors on said surface adjacent to one end of the row of spaced
      conductors, conductive means on said surface connected to selected ones of
      the conductors in said row and in said second group, a source of encoded
      electric responses and means connecting said source to selected ones of
      the conductive means, the electric responses having a modulating effect on
      signals propagated along said row of conductors, the modulation produced
      by the encoded electric responses applied to the conductive means
      associated with said second group combining with the electric responses
      applied to the conductive means associated with said row of conductors to
      produce a resultant modulating effect on the propagated signal that is a
      product of the encoding of the electric responses applied to the
      conductors of said row and of said second group.
NUM  10.
PAR  10. The surface wave device defined in claim 9 wherein the conductors in
      said row and in said second group are arranged on said substrate surface
      in alignment.
NUM  11.
PAR  11. The surface wave device defined in claim 9 including a switch circuit
      formed by a plurality of gate devices each having input and output
      connections, said source of electric responses including a source of a
      first frequency connected to selected inputs of the gate devices, the
      frequency of said electric responses having a predetermined relation to
      the frequency of the propagated signal, and means connecting the output
      connections of selected ones of the gate devices to different ones of the
      conductive means along the row of conductors.
NUM  12.
PAR  12. The surface wave device defined in claim 11 including a second switch
      circuit including at least one second gate device having input and output
      connections, said source of electric responses including a second source
      of input electric responses connected to the input connection of said
      second gate device, and means connecting the second gate output connection
      to the conductive means associated with the second group of conductors.
NUM  13.
PAR  13. A surface wave device comprising a piezoelectric substrate having a
      surface thereon, means for propagating an encoded signal to be modulated
      over said substrate surface, means forming a plurality of spaced
      conductive strips positioned in a row extending along said surface in the
      direction in which the signal to be modulated is propagated, said strips
      being oriented perpendicular to the direction of propagation and arranged
      in spaced groups along said row, means for modulating the encoded signal
      propagated along said row of strips including a first source of electric
      modulating signals of predetermined frequency, means connecting said first
      signal source to selected strips in said groups of strips and a second
      source of electric modulating signals having distinctive frequency
      characteristics, means connecting said second source to selected strips in
      one of the groups of strips, said first and said second signal sources
      modulating the propagated signal according to a product of the modulating
      frequencies of the first and second signal sources.
NUM  14.
PAR  14. A concatenated surface wave delay line comprising a piezoelectric
      substrate member having a surface over which a signal to be modulated is
      propagated, means formed on said surface extending in the direction of
      signal propagation including a plurality of spaced elongated conductive
      members arranged in spaced groups in a row on the surface with the
      individual conductive members in said row being oriented normal to the
      direction of signal propagation, an input group of spaced conductive
      members positioned on said surface in alignment with said row but spaced
      from one end thereof, the conductive members of said row of spaced groups
      including the connections thereto being arranged to distinctively modulate
      signals propagated along said row, the conductive members in the input
      group including the connections thereto being arranged to distinctively
      modulate signals propagated by said input group, said modulating means
      including first and second input signal sources each having distinct
      modulating frequency characteristics, means connecting the first signal
      source to selected conductive members in the groups which form the row,
      and means connecting the second signal source to selected conductive
      members in the input group, the propagated signal being modulated
      according to a product of the modulating characteristics of the first and
      second signal sources.
NUM  15.
PAR  15. The delay line defined in claim 14 including a source of different
      potentials representing different distinct binary conditions, a switching
      circuit connected between said binary signal source and the selected
      conductive members, said first signal source including means to control
      the switching circuit to control the binary potential applied to the
      selected conductive members in said row, the binary potentials applied to
      the respective conductive members having a first modulating effect on the
      propagated signal.
NUM  16.
PAR  16. The delay line defined in claim 15 including a second switching circuit
      connected between the binary signal source and selected conductors of said
      input group, said second signal source including means to control said
      second switching circuits to control the binary potential applied to the
      conductive members of said input group, the binary potentials applied to
      the respective conductive members of said input group having a second
      modulating effect on the propagated signal, the combined modulating effect
      on the propagated signal due to the first and second modulating effects
      being a product of said modulating effects.
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PAL  An electron beam tube for time multiplexing a plurality of signal channels
      on an extremely high frequency carrier includes an electron gun, a
      deflection system for causing the electron beam generated by the electron
      gun to sweep in a circular path past a plurality of individual electrodes
      which are excited with signals corresponding to the signals of individual
      channels, for modulating the beam with the channel signals, and a target
      for collecting the modulated beam to produce a time multiplexed output
      signal. The output signal may be amplified within the tube.
BSUM
PAC  BACKGROUND
PAR  1. Field of the Invention
PAR  This invention relates to time multiplexed systems and, more particularly,
      to an electron beam tube by which time multiplexing of an extremely high
      frequency carrier may be carried out.
PAR  2. The Prior Art
PAR  Time multiplexing of multichannel transmissions is a well known technique
      for combining the intelligence of a plurality of separate channels on a
      single carrier. Such systems are described, for example, in "Taschenbuch
      der Hochfrequenztechnik" by Meinke and Gundlach, 1956. In one method
      described therein, a plurality of individual channels are scanned by a
      revolving electronic switch or commutator, to give a train of pulses
      having amplitudes during successive time periods corresponding to
      individual channel signals. A carrier is then modulated with the pulse
      train by a modulator and transmitted to a receiver, where the signal is
      received and passed through a demodulator, and the resulting signal is
      demultiplexed into individual channels by means of a distributor which is
      synchronized with the commutator of the transmitter.
PAR  When the intelligence to be transmitted on the individual channels
      comprises binary signals, the carrier modulation employed is preferably
      phase shift keying two-phase modulation, sometimes hereinafter referred to
      as "PSK modulation." In this modulation technique, the signals are scanned
      by a commutator which revolves at a constant frequency, and a carrier wave
      is then phase modulated in such a way that signals representative of the
      binary 1 correspond to one phase and signals corresponding to a binary 0
      correspond to another phase, shifted 180.degree., for example, relative to
      the first phase.
PAR  PSK modulation has been practical heretofore only with relatively low
      frequency carriers, and it has not heretofore been possible to utilize
      such a method with an extremely high frequency carrier such as 50 GHz or
      the like. The prior art has not been able to develop a sufficiently fast
      electronic switch which can be synchronized at the transmitter and
      receiver locations. If a 50 GHz carrier could be used, it would be
      possible to multiplex 16 channels of binary information, each having a
      pulse repetition rate of 250 MHz, by using an electronic switch operating
      at 250 MHz, producing a multiplexed signal of 4 GHz for phase modulating
      the carrier.
PAR  It is therefore desirable to provide a system by which PSK modulation may
      be applied to an extremely high frequency carrier in the range of 50 GHz.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principle object of the present invention to provide a system for
      permitting the time multiplexing of a carrier having an extremely high
      frequency.
PAR  Another object of the present invention is to provide such a system
      employing an electronic beam tube used as a high speed electronic switch.
PAR  Another object of the present invention is to provide such a system
      employing an inertia-less switch by which individual channel signals are
      time multiplexed substantially without delay between successive channel
      signals.
PAR  In one embodiment of the present invention, an electron beam tube is
      employed as a switch and as a modulator and comprises particularly simple
      means by which a plurality of independent signal channels may be time
      multiplexed by modulating an electron beam at different positions within
      the electron beam tube to form a plurality of modulated beams, after which
      the modulated electron beams are collected to form a single output from
      the tube. In this way, a multichannel transmission can be carried out by
      PSK modulation employing a resistor as a load and a varactor diode in
      order to phase modulate an extremely high frequency carrier.
PAR  In another embodiment of the present invention, an electron beam tube is
      employed for amplifying the carrier wave as well as for multiplexing. This
      arrangement produces the advantage of permitting the use of a low power
      generator for the carrier wave instead of a relatively high power
      generator and, at the same time, achieving an advantageous signal-to-noise
      ratio.
PAR  One manner in which the amplifying function may take place within the
      electron beam tube is by employing two such tubes, each of which has an
      amplifier with an input from a low power carrier frequency generator, in
      operative relationship with the electron beam of the tube after it is
      collected, with the multiplexing functions of the two tubes taking place
      in push-pull fashion. The outputs of the two tubes are combined to form a
      single modulated carrier output signal, one of such outputs being passed
      through a phase inverter, so that the outputs from the two tubes are
      mutually reinforcing.
PAR  In another arrangement, the amplification is integrated into a single
      electron beam tube by employing a coupling unit juxtaposed with the
      electron gun of the tube for modulating the electron beam with the carrier
      and employing an amplifier within the tube in operative relationship with
      the collected electron beam.
PAR  These and other objects and advantages of the present invention will become
      manifest upon an examination of the following description and the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference will now be made to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic view of an exemplary embodiment of the present
      invention, incorporating an electron beam tube and illustrating a
      longitudinal cross section through the axis of the tube;
PAR  FIG. 2 is a diagrammatic illustration of an alternative embodiment of the
      present invention;
PAR  FIG. 3 is a diagrammatic view of yet another alternative embodiment of the
      present invention;
PAR  FIG. 4 is an elevation of the beam modulating assembly used in the
      apparatus of FIGS. 1 and 2; and
PAR  FIG. 5 is an elevation of the beam modulating assembly used in the
      apparatus of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, there is shown a diagrammatic illustration of an
      electron beam tube 1 incorporating an electron gun 2 for generating an
      electron beam aligned with the axis 9 of the tube 1. The axis 9 passes
      through the electron gun 2 and a target 3 disposed at the opposite end of
      the electron beam tube from the electron gun 2. A first deflection device
      4 is juxtaposed with the electron gun along the axis 9 and is provided for
      causing a deflection of the electron beam along a line 8. The function of
      the deflection device 4 is to cause the electron beam to sweep in a circle
      co-axial with the axis 9, but displaced radially outwardly therefrom. The
      circular sweeping of the electron beam is preferably carried out at a
      frequency which is synchronized with the availability of information
      supplied to the individual channels, as described in more detail
      hereinafter.
PAR  After passing through the deflection device 4, the electron beam passes
      through a coupling arrangement 5 and then through an aperture in a screen
      6. The screen 6 has apertures aligned with the electron beam as it passes
      through individual spaces of the coupling arrangement 5, which are defined
      by electrode pairs 12. The screen 6 drains off electrons which diverge
      from the main streams of electrons passing through the spaces of the
      arrangement 5. After the electron beam passes through the screen 6, a
      second deflection device 7 causes the beam to return to the axis 9 of the
      tube, and thus functions to collect into a single beam the individual
      beams which pass through the several apertures in the screen 6.
PAR  A magnetic field generator, such as a coil 43, surrounds the electron beam
      tube 1 in the region of the deflection devices 4 and 7, the coupling
      arrangement 5, and the screen 6. The field is an axial or longitudinal
      magnetic field.
PAR  The deflection devices 4 and 7 preferably each take the form of a Cuccia
      coupler, which is well known for the coupling of fast cyclotron waves.
      Such a coupler consists, in one simple case, of two oppositely disposed
      deflection plates 10 and 11 extending parallel to the beam axis 9, with
      the plates 10 and 11 having a length equal to an integral multiple of the
      cylotron wavelength. The plates 10 and 11 are connected by lines 31 and 32
      to an external high frequency source, the frequency of which is equal to
      the cyclotron frequency of the electron within the longitudinal magnetic
      field produced by the field generating means 43. The application of the RF
      frequency to the deflection plates 10 and 11 causes the beam to sweep in a
      circular pattern, as described.
PAR  An elevational view of the coupling arrangement 5 is illustrated in FIG. 4.
      It comprises a circular array of spaces defined by electrode pairs 12. One
      such pair includes plates 21 and 22, which are interconnected by lines 40
      and 41 to a source of an individual channel signal.
PAR  The electrode pairs 12 are symmetrically arranged about the circle which is
      described by the beam by operation of the deflection device 4. Since the
      circular sweep of the beam is at a constant velocity, the beam is resident
      between the two plates of each pair for the same period of time. Each of
      the pairs 12 functions as a capacitor in a resonant circuit associated
      with an individual channel signal. The precise construction of such
      resonant circuit is not critical. Adjacent plates of adjacent pairs 12 are
      insulated from each other by sheets 25 of insulating material.
PAR  The lines 40 and 41 are energized to produce a transverse electrical field
      in the space between the electrode pairs, so as to deflect the electron
      beam entering the space between the plates. The beam is deflected so that
      it no longer passes through its aperture in the screen 6, but instead
      strikes the conductive screen 6, the energy of the beam being thereby
      dissipated. When a binary 0 is represented by an individual channel
      signal, no potential difference is applied to the lines 40 and 41, and the
      beam passes through the space between the pair 12, through the aperture in
      the screen 6, and reaches the target 3.
PAR  The second deflection device or collector 7 operates in the same manner as
      the deflection unit 4. It is coupled by means of lines 35 and 36 to a
      source of a high frequency signal synchronized with the signal applied to
      the lines 31 and 32, so that the beam is collected and returned to the
      axis 9 of the tube.
PAR  The total beam current received reaching the target 3 is modulated by the
      condition of the electrode pairs 12 in the coupling arrangement 5. The
      beam current is a time multiplexed signal which includes the information
      contents of all of the individual signals which control the voltage
      applied to the pairs 12. The output available at the target 3 is
      preferably used to phase modulate a carrier by using a varactor diode or
      the like in a conventional manner. As shown in FIG. 1, a varactor diode
      modulator 48 is connected to the target 3, and modulates a carrier
      produced by a carrier generator 49. When a varactor diode has a resistance
      on the order of 10 ohms and an operating voltage of about 5 volts is
      employed, a beam current in the tube 1 of about 500 mA is required. The
      electron beam tube 1 can produce the beam current of the required
      magnitude, but relatively efficient operation is then required of the
      deflection units 4 and 7. In order to maximize the efficiency of these
      deflection units, the lengths of the plates 10, 11, 27, and 28 are
      preferably equal to a multiple of the cyclotron wavelength, rather than
      being exactly equal to such wavelength. Tubes having less beam current
      than 500 mA may also be employed when amplification means is provided for
      increasing the output current to the 500 mA range. A suitable amplifier
      might be, for example, an electron induced conductivity unit or the like.
PAR  The size of the apertures in the screen 6 is not critical, as long as they
      are aligned with the beams passing through the spaces of the coupling
      arrangement 5. It is most important that the electrons which reach the
      target 3 all arrive at approximately the same time without any substantial
      delay, so that the individual channels remain distinct. A backward wave
      oscillator or a resonance backward wave oscillator may be employed as a
      high power carrier generator, to produce a carrier for modulation with the
      output of the target 3.
PAR  The embodiments shown in FIGS. 2 and 3 incorporate amplification devices
      into the structure of the electron beam tube itself. In the arrangement of
      FIG. 2, two electron beam tubes, each identical in construction to that
      illustrated and described in connection with FIG. 1, are provided, and
      these tubes are hereinafter referred to as the "upper" and "lower" tubes
      1a and 1b. Both of these tubes are provided with an amplifier unit 13
      interposed between the second deflection unit or collector 7 and the
      target 3. The amplifier unit 13 is preferably a tuned amplifier tuned to
      the frequency of the carrier. The amplifier unit 13 may be designed as a
      section of a travelling wave tube incorporating a delay line 14 and a
      damping path 15, having input and output circuits indicated by reference
      numerals 37 and 38. The structure of such apparatus is well known and so
      need not be described here. The input line 37 of the amplifier circuit 13
      is connected to a low power carrier generator 50, and the amplifier unit
      13 functions to amplify the carrier wave and simultaneously modulate it in
      accordance with the beam current passing along the axis 9 of the tube on
      its way to the target 3.
PAR  The coupling arrangements of the upper and lower tubes are identical, but
      the signals applied to the pairs 12 of the lower tube 1b are inverted
      before being applied to the corresponding pairs 12 of the upper tube 1a.
      That is, when one of the tubes functions to deflect the electron beam into
      the screen 6 as a result of a channel signal, the other tube permits it to
      pass to the target 3. The outputs of the two tubes are therefore
      180.degree. out of phase. The two outputs from the amplifier units 13 of
      the tubes 1a and 1b are connected together at a common point 17, but the
      output of the upper tube 1a is passed through a phase shifter 16, which
      shifts the phase by 180.degree. so that the output signals are mutually
      reinforcing at the point 17. The electrical length of one or both of the
      delay lines 14 may be modified by adjustment of its electrical supply
      potential, to ensure that the two signals joined at point 17 are precisely
      in phase, thus ensuring the maximum output from the system.
PAR  The operation of the apparatus of FIG. 2 is particularly advantageous,
      since no additional phase modulator is required. Also, a carrier wave
      generator which is relatively low in power is adequate, and a very clean
      two-phase modulation of the carrier is obtained. However, it is necessary
      to undertake steps ensuring that the electron beams in each of the two
      tubes, after being collected and returned to the axis 9, are precisely
      parallel with the axis, because of the interrelationship of the collected
      beams with the delay lines 14.
PAR  One step which may be taken to ensure parallelism of the electron beam with
      each axis 9 is to employ a more intense longitudinal magnetic field in the
      area of the delay line 14, which tends to constrict the electron beam in
      this area. This also is desirable for operation of the delay line 14, so
      that no disadvantage results therefrom. The beam may also be passed
      through an aperture aligned with the delay line 14, to drain off electrons
      which are not moving in a direction parallel to the axis 9. The beam may
      also be influenced by magnetic and electric fields extending into or
      within the tube with the object of causing the beam to follow the desired
      path, by techniques which are known in the art.
PAR  The arrangement of FIG. 3 is one in which only a single tube is employed
      for housing the multiplex unit, the pulse modulator, and the amplifier.
PAR  In the arrangement of FIG. 3, an input coupling unit 18 is interposed
      between the electron gun 2 and the deflection unit 4 and functions to
      modulate the electron beam 8 with the carrier frequency. The carrier
      signal may be generated in a relatively low power generator, and a delay
      line 19 is employed, connected to the carrier generator 50 by a line 39.
      The coupling arrangement 5 incorporates a plurality of cylinders 20,
      illustrated in elevation in FIG. 5. Each of the cylinders 20 is connected
      by a line 42 to a source of potential corresponding to the signal of an
      individual channel, and adjacent cylinders are insulated from each other
      by insulating sheets 25. The presence of a voltage on one of the lines 42
      functions to speed up or slow down the electron beam as it passes through
      the cylinder associated with that line, so that the phase of the electron
      current flowing through the cylinder is modulated by the channel signal.
      The beam, after passing through one of the cylinders 20, is returned to
      the axis 9 by means of the second deflection unit or collector 7, after
      which it passes through an amplifier unit 13 on its way to the target 3.
      As in the arrangement of FIG. 2, the amplifier unit 13 may be constructed
      as a section of a travelling wave tube. The output of the amplifier unit
      13 is available on a line 38, at which is provided the amplified and
      modulated carrier.
PAR  In the arrangement of FIG. 3, the speeding up and slowing down of the
      electron beam in the cylinders 20 interferes with the collection or return
      of all of the electrons to the axis 9. It is, therefore, desirable to
      arrange the elements of the tube so that the major portion of the electron
      beam is generally parallel with the axis 9 of the tube.
PAR  In the arrangements of all of the embodiments described above, Cuccia
      couplers are employed for the deflection units 4 and 7 for deflecting the
      electron beam away from the axis 9 and for subsequently returning the beam
      to the axis 9. When a cyclotron wave is employed with such a coupler, the
      electrons revolve on spiral shaped paths, even though the beam as a whole
      describes a circular sweeping movement. For this reason, if the electrodes
      10 and 11, for example, are not short in the direction of the beam axis,
      it is preferable to form them in a twisted form. It is possible, however,
      to use a synchronous wave instead of a cyclotron wave to sweep the
      electron beam and, in such a case, the electrons move parallel with the
      beam without any spiral motion. Consequently, when a synchronous wave is
      employed, the apparatus of the present invention may be constructed more
      simply. Synchronous waves can be generated relatively easily by employing
      a cyclotron wave coupler with a subsequent jump or reversal of the
      magnetic field, as known in the art.
PAR  The Cuccia-type deflection units described herein are relatively simple and
      extremely narrow banded. Wide banded couplers may be used as an
      alternative to the Cuccia units when the electron beam tube operates with
      relatively high electron currents. Then a cyclotron wave may be
      advantageously employed with negligible dispersion. Such couplers are
      already known in the art and are described, for example, in the German
      Auslegeschrift No. 1,516,393. As such couplers require a relatively
      intense magnetic field, they result in a better focusing of the electron
      beam.
PAR  Although the present invention has been described particularly in terms of
      the transmitting end of a communications network, it will be understood
      that a demultiplexing of the multiplexed signal may be carried out at the
      receiving end by employing an electron beam tube similar to those
      illustrated and described above, in which case the presence of an electron
      current passing through the space between the electrode pairs 12 or
      through the cylinders 20 is sensed by conventional means and used to
      reconsitute each individual channel signal. The speed with which the
      electron beam is caused to move in a circular sweeping motion is the same
      in the transmitter and receiver locations and is synchronized by known
      techniques.
PAR  It will be apparent to those skilled in the art that various modifications
      and additions may be made in the apparatus described above without
      departing from the essential features of novelty thereof, which are
      intended to be defined and secured by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Multiplexing apparatus for time multiplexing a plurality of individual
      channels, comprising a pair of electron beam tubes, each of said tubes
      having an electron gun located at one end of the tube and a target
      disposed at the other end of the tube, a first deflection device for
      deflecting the electron beam and causing said electron beam to sweep in a
      circle coaxial with the line between said gun and said target, a coupling
      arrangement interposed between said deflection device and said target,
      said coupling arrangement comprising a separate electrode for each of said
      channels distributed symmetrically about said circle, each of said
      electrodes being electrically connected to receive a signal corresponding
      to one of said individual channels for modulating the electron beam in
      accordance with said individual signals at one position during the
      circular sweep of said electron beam, a second deflection device
      interposed between said coupling arrangement and said target for returning
      the beam to a path between said electron gun and said target, and an
      amplifier unit interconnected between said second deflection device and
      the target of each of said tubes, means for connecting a carrier signal to
      said amplifier for producing a carrier modulated in accordance with the
      signals of the individual channels, means for supplying a channel signal
      representative of an individual channel in push-pull to corresponding
      electrodes of the coupling arrangements of said two tubes, and means for
      connecting the outputs of said amplifiers to a common terminal, said last
      named means including a 180.degree. phase shifter interconnected between
      one of said amplifer units and said common terminal.
NUM  2.
PAR  2. Apparatus according to claim 1, including a screen interposed between
      said coupling arrangement and said second deflection means for allowing
      only unmodulated electrons of said beam to reach said target.
NUM  3.
PAR  3. An electron beam tube for time multiplexing a plurality of individual
      channels comprising an electron gun located at one end of said tube and a
      target disposed at the other end of said tube, a first deflection device
      for deflecting the electron beam and causing said electron beam to sweep
      in a circle coaxial with the line between said gun and said target, a
      coupling arrangement interposed between said deflection device and said
      target, said coupling arrangement comprising a separate electrode for each
      of said channels distributed symmetrically about said circle, each of said
      electrodes being electrically connected to receive a signal corresponding
      to one of said individual channels for modulating the electron beam in
      accordance with said individual signals at one position during the
      circular sweep of said electron beam, a second deflection device
      interposed between said coupling arrangement and said target for returning
      the beam to a path between said electron gun and said target, an input
      coupling unit interposed between said electron gun and said first
      deflection device for modulating the electron beam in accordance with a
      carrier frequency, and an amplifier interposed between said second
      deflection device and said target.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein said input coupling unit and
      said amplifier are sections of a travelling wave tube.
NUM  5.
PAR  5. Apparatus according to claim 3, wherein said coupling arrangement
      comprises a plurality of cylinders for conducting said electron beam
      between said deflection unit and said target, and means for connecting
      each of said cylinders to a potential corresponding to the signal of an
      individual channel.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein said coupling arrangement
      comprises a plurality of electrode pairs, one for each of said individual
      channels, and means for connecting the electrodes of each pair to a source
      of a potential difference corresponding to the signal of an individual
      channel.
NUM  7.
PAR  7. Apparatus according to claim 1, including an amplifier unit interposed
      between said coupling arrangement and said target, said amplifier unit
      incorporating a section of a traveling wave tube.
NUM  8.
PAR  8. Apparatus according to claim 1, wherein said deflection device comprises
      a Cuccia coupler.
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ABST
PAL  The invention relates to a device for the remote adjustment of a switchable
      network equipping an unattended station on a transmission line, by means
      of remote control frequencies emitted from a terminal station on this
      line. The device enables the remote control of a motor actuating a switch
      which operates said switchable network. The moving of the switch, and then
      the adjusting of the network, can be followed at the terminal station from
      the observing of the level of a return frequency sent back from the
      unattended station to the terminal station.
BSUM
PAR  The invention relates to a device enabling the remote adjustment of an
      inaccessible element situated on a transmission line. It concerns more
      particularly the adjustment of an inaccessible equalizer, for example an
      equalizer equipping a multiplex telephone connection by submarine cable,
      from a terminal station on land.
PAR  It is known that, on a frequency multiplex telephone connection cable
      having a great length, comprising numerous repeaters, the correction of
      the equivalent-frequency curve effected at the level of each repeater is
      imperfect; this requires the insertion of an equalizer, at intervals of k
      repeaters (for example k = 8), to overcome the imperfections accumulated
      by k repeaters.
PAR  Such an equalizer comprises, in principle, two parts:
PAR  A. A fixed part, adjusted at the factory, according to the measurements
      made at the factory on the repeaters;
PAR  B. A part which is adjustable in situ, comprising a switchable network,
      intended for compensating residual deviations due to:
PAR  The temperature effect occurring at the rhythm of seasonal variations in
      the temperature of the sea, especially at slight depths;
PAR  The pressure effect (dispersions on the pressure coefficient of the cable);
PAR  The effect known as the "lay effect";
PAR  The aging of the connection.
PAR  In the most current cases, the transmission is of the 2-wire N + N type,
      with a low-frequency band for one transmitting direction and a
      high-frequency band for transmitting in the opposite direction. The
      complete equalizer then comprises a first fixed "high-frequency"
      corrector, a second fixed "low-frequency" corrector, both adjusted at the
      factory, and a switchable network, remote controlled from a terminal
      station, covering the whole of the transmitted band.
PAR  Nevertheless, the invention has a general scope and may be applied to any
      correction element or other element with a view to the remote adjusting
      thereof by a switch having one or several sets of contacts.
PAR  The nature of the correction to be effected (direction and amplitude) may,
      to great advantage, be determined according to the method described in
      British patent application No. 9795/68 and U.S. Pat. No. 3,557,323.
PAR  The switchable network is equipped with a first switch having p contact
      elements (for example p = 16).
PAR  Before beginning the correcting operation on the equalizer whose order is
      i, the operator knows the position pO of the corresponding switch, which
      has been observed previously. The correction consists in making the switch
      of the equalizer whose order is i rotate through a certain number of
      contact elements in the required direction, the rotation of the switch
      being remote-controlled.
PAR  For that purpose, the invention provides a means for making the first
      switch of the equalizer whose order is i rotate in a required direction by
      the sending, on the line, from the terminal station, of remote control
      frequencies, in functional connection with the emitting of a return
      frequency Fri towards the terminal station, emitted by an oscillator
      located in the box of the equalizer concerned, which has a first level
      assigned to it when the first switch is on a contact element and a second
      level assigned to it when the first switch is between two contact
      elements. Said switch is operated by a direct current motor which, for
      reliability reasons, is fed from said amplified and rectified remote
      control frequencies, for rotating in one direction or in the other.
PAR  The device for the remote adjusting according to the invention, comprises a
      first access for a first remote control frequency and a second access for
      a second remote control frequency wherein the two accesses are connected
      to filters and to rectifier circuits, whose outputs are used for
      controlling the operation of said motor, the device further comprising
      means for sending back to the terminal station a return frequency, said
      return frequency crossing an attenuator comprising an electronic control
      means controlled by the level of said first or second frequency
      respectively received in said device.
PAR  In a particular embodiment of the invention, the first access is connected
      to a first terminal of said motor through a first rectifier and filtering
      circuit, and the second access is connected to a second terminal of said
      motor through a second rectifier and filtering circuit, said terminals
      being connected to two respective transistors, interconnected so as to
      form a flip-flop such that in the case of the presence of the first
      frequency on the first access, the transistor connected to the second
      terminal receives at its base a saturation voltage and the transistor
      connected to the first terminal receives at its base a virtually zero
      voltage and vice versa.
PAR  In another advantageous embodiment of the invention, the first access feeds
      a transformer having two secondary coils, one of which is connected
      between the zero potential and a first rectifier and filtering circuit,
      the latter circuit being connected to one of the terminals of the motor,
      and whose other coil is connected through a second rectifier and filtering
      circuit to the other terminal of the motor, and the second access is
      connected through a third rectifier and filtering circuit to an input for
      controlling the state of a flip-flop which, as a function of the presence
      or absence of the second frequency on the second access, connects the
      motor in parallel with said first or said second rectifier and filtering
      circuit.
PAR  In that embodiment, the two frequencies do not, therefore, control, as in
      the preceding case, the two rotating directions of the motor, but one of
      the frequencies which should be characteristic of an equalizer of the line
      supplies the rotation power for both directions of the motor, whereas the
      other frequency, which may be the same for all the equalizers of the line,
      defines the rotating direction.
PAR  The return signalling frequency, Fri, crosses an attenuator, which assumes
      two attenuation values, corresponding to the first switch respectively on
      a contact element and between contact elements, under the control of a
      second switch, fast with said first switch. The operator at the terminal
      station, observing the frequency level Fri received, may thus easily count
      the number of contact elements crossed, in the required direction, and
      position the first switch on the appropriate contact element.
PAR  Moreover, effective precautions have been taken, inasmuch as concerns the
      first embodiment, to prevent any confusion between the two remote control
      frequencies for the rotation of the first switch, F1i for rotation in a
      first direction, F2i for rotation in the opposite direction. Indeed, the
      two frequencies assigned to the same equalizer have close values, the
      difference between those two values being, for example, of the order of
      800 c/s, for absolute frequency values of the order of 11 Mc/s. To obtain
      a sufficient selectivity, the device according to the invention is
      provided with two very narrow band filters, preferably quartz filters. As
      these filters can age during the service life of the cable, it is
      necessary to prevent one of the two frequencies from being able to be
      transmitted by the filter assigned to the other frequency. For that
      purpose, the invention provides a means for finely adjusting the
      frequencies F1i and F2i emitted from the terminal station, on the
      "instantaneous" resonance of the quartz filters, consisting in adjusting
      the level of the return frequency, Fri, according to the intensity of the
      remote control frequency received by the equipment. The adjusting means
      comprises preferably a semiconductor type attenuator, whose attenuation
      level varies as a function of the level of the remote control frequency
      received by the device. The operator at the terminal station, operating a
      variable frequency oscillator, can thus adjust with great precision the
      emitted remote control frequencies.
DRWD
PAR  The invention will be described in detail with reference to the
      accompanying figures, in which:
PAR  FIG. 1 is a general block diagram of the equipment fitted, for example, to
      an equalizer;
PAR  FIG. 2 is a first diagram of a circuit for assigning one of the remote
      control frequencies to a first direction of rotation of the motor
      operating the switches and the other to the opposite direction;
PAR  FIG. 3 is a second and more perfected diagram of the same circuit;
PAR  FIG. 4 is a simplified basic circuit diagram of the above-mentioned
      semiconductor type attenuator;
PAR  FIG. 5 is a graph showing the various operating procedures of said
      attenuator; and
PAR  FIG. 6 is a circuit diagram for assigning one of the remote control
      frequencies to the supplying of the rotation energy in an equalizer and
      the other frequency to the control of the rotation direction.
PAR  In the figures, as only the equalizer whose order is i is concerned, the
      index i has been deleted, in order to simplify the referencing.
DETD
PAR  In FIG. 1, the equalizer equipment is inserted between two sections 1 and 2
      of a cable. It is assumed that the terminal station from which the
      adjustments are controlled is on side 1.
PAR  The direct current feeding the repeaters and equalizer units, and
      particularly equalizer i, is extracted from the cable by an element 3 and
      reinjected in the cable by an element 4. The presence of said direct
      current is symbolically shown by a + sign. The elements 3 and 4 are
      conventional power separation filters.
PAR  The equalizer comprises a high frequency branch for a first transmitting
      direction (from 2 towards 1) with a high frequency corrector 7 between two
      high-pass filters 5 and 9. It comprises also a low frequency branch for
      the opposite transmitting direction (from 1 towards 2) with a low
      frequency corrector 8 between two low-pass filters 6 and 10.
PAR  The equalizer further comprises a switchable network 11, covering the whole
      of the band transmitted by the cable, having p switching contact elements
      (for example p = 16). controlled by a first switch 12.
PAR  A remote control frequency, F1 or F2, emitted from the terminal station, is
      extracted at the output of corrector 8 and is applied to a first amplifier
      20. The output of amplifier 20 is connected to two band-pass filters in
      parallel, 21 for frequency F1, 22 for frequency F2. High-selectivity
      filters 21 and 22 are preferably quartz filters. They are each followed by
      an amplifier, 23 and 24, respectively.
PAR  The outputs of amplifiers 23 and 24 are connected to inputs A1 and A2 of a
      circuit K whose outputs B1, B2 are connected to the terminals of a motor
      M, which is used for operating switch 12 in one direction or the other,
      according to whether frequency F1 or frequency F2 is sent from the
      terminal station.
PAR  An oscillator 29 permanently sends out frequency Fr towards the controlling
      terminal station (on side 1), through corrector 7 and high-pass filter 5,
      a variable attenuator 28, in series at the point P with two resistors 30,
      31, being connected at the output of said oscillator. Semi-conductor type
      variable attenuator 28 is controlled by a direct current which is supplied
      by a rectifier 27, which receives either frequency F1 through a resistor
      25 connected to the output of amplifier 23, or frequency F2 through a
      resistor 26 connected to the output of amplifier 24.
PAR  Resistor 30 is short-circuited when switch 12 is on a contact element, or
      not short-circuited when switch 12 is between two contact elements. This
      operation is ensured by a second switch 32, mechanically linked to switch
      12. The structure of switch 32 functionally connected with switch 12 has
      not been described in detail, as its construction is obvious to one
      skilled in the art.
PAR  The operation of the device according to FIG. 1 will be set forth after the
      description of the figures.
PAR  FIG. 2 -- The circuit K according to FIG. 1 comprises an access A1 having a
      transformer transmitting frequency F1, an access A2 having a transformer
      transmitting frequency F2. It comprises, furthermore, two transistors T1,
      T2, whose collectors are connected to terminals B1, B2 of a motor M; the
      emitters of the two transistors are connected to the ground; a resistor R1
      connects the collector of T2 to the base of T1; a resistor R2 connects the
      collector of T1 to the base of T2.
PAR  A diode D1 in series on the A1 side and a capacitor C1 in parallel apply a
      positive direct current polarity to terminal B1 of motor M when frequency
      F1 is emitted. A diode D2 in series on the A2 side and a capacitor C2 in
      parallel apply a direct current polarity to terminal B2 when frequency F2
      is emitted.
PAR  In the first case, a positive voltage being applied by terminal B1 to the
      base of T2 through resistor R2, transistor T2 is saturated; its internal
      impedance is virtually zero; on the other hand, the collector of T2 is
      just about at the potential of the ground. That potential is applied
      through resistor R1 to the base of T1, which is hence blocked. The
      positive current therefore flows through motor M from B1 towards B2, this
      making motor M rotate in a first direction.
PAR  If, on the other hand, frequency F2 is applied to access A2, a similar
      reasoning shows that terminal B2 is at a positive potential, terminal B1
      being at a potential close to that of the ground and motor M rotates in
      the direction opposite to the first direction.
PAR  FIG. 3 -- Herein, the same references as in FIG. 2 designate the same
      components, and it has, moreover, two rectifier circuits in opposite
      directions: D3, R3, R5, C3 on the same side as access A1, D4, R4, R6, C4
      on the same side as access A2.
PAR  The result of this, in the case where the frequency F1 is applied, is a
      negative polarity applied to transistor T1, which is, due to this,
      energetically blocked, instead of approximately blocked as in the circuit
      according to FIG. 2. Conversely, if frequency F2 is applied to access A2,
      transistor T2 is energetically blocked.
PAR  The circuit according to FIG. 3 therefore ensures safety for proper
      operation better than the circuit according to FIG. 2.
PAR  FIG. 4 -- The figure shows, in a simplified form, a diagram of detector 27
      and of attenuator 28 according to FIG. 1.
PAR  Rectifier 27 is constituted preferably by a transistor T fed by a positive
      source (+) and connected up as a detector by means of a network of
      resistors, not shown.
PAR  Variable attenuator 28 is constituted essentially by a diode D, crossed by
      the direct current of the collector of transistor T. Diode D is in series
      with a resistor 43, the branch circuit (D, 43) being shunted by another
      branch circuit formed by a resistor 44 in series with a capacitor 45.
PAR  Frequency Fr supplied by oscillator 29 is applied to the input of the
      network (D, 43, 44, 45) through a capacitor 46; it emerges therefrom at
      point P, connected to resistor 30 (see FIG. 1) by a capacitor 47.
PAR  A resistor 41 in series between the collector of transistor T and diode D,
      and a capacitor 42 connected to ground, prevent the return of frequency Fr
      through transistor T.
PAR  The current of the collector of transistor T crosses diode D: the result of
      this is that for a relatively high frequency level F1 or F2, diode D has a
      relatively low internal impedance, and vice versa. Consequently, the level
      of frequency Fr which is sent in resistor 30 and thence towards the
      terminal station, is high for a high level of frequency F1 (or F2) leaving
      filter 21 (or 22), and vice versa.
PAR  Resistor 43 constitutes a residual resistor when diode D is crossed by a
      high current; the branch circuit formed by resistor 44 and capacitor 45,
      constitutes a derivation when diode D is practically blocked, so as to set
      limits to the extreme variations of the frequency Fr sent on the line.
PAR  FIG. 5 -- Herein is shown approximately the variations in the level of
      return frequency Fr received at the terminal station.
PAR  As it is not possible to re-adjust quartz filters 21 or 22 at a distance,
      to align them with frequency F1 or F2 respectively, the reverse process is
      carried out:
PAR  Before emitting required frequency (F1 or F2) at a level sufficient for
      making motor M rotate, it is emitted at a level of about 15 dB lower (No)
      to adjust its exact (frequency) value so as to observe, at the terminal
      station, a maximum of the level of the frequency Fr, when frequency
      emitted (F1 or F2) is aligned with the resonance of corresponding quartz
      (21 or 22).
PAR  To remote control the adjustment of an equalizer whose order is i, the
      following operation is carried out:
PA1  1. A frequency F1 or F2 close to rated frequency F1i (F2i) is emitted at
      level No and corresponding level Na of frequency Fr is observed. Frequency
      F1 (or F2) is adjusted so as to bring level Na to its maximum value.
PA1  2. To make motor M rotate in the required direction, frequency F1 (or F2)
      is emitted at the level N1, which brings frequency Fr to level Nb at the
      terminal station.
PA1  3. When motor M rotates, level Nb does not remain fixed; as has been set
      forth in the description of FIG. 1, this level reaches a maximum each time
      switch 12 is on a contact element. The emission of frequency F1 (or F2) is
      stopped when motor M has rotated by the predetermined number of contact
      elements.
PAR  Frequency F1 (or F2) itself, amplified and rectified, makes motor M rotate.
      That arrangement ensures the control at the terminal station by the
      observation of the level Nb of the frequency Fr, and increases, therefore,
      the reliability, by avoiding any unseasonable rotation of the motor in the
      case of a defect of one of the elements constituting the equalizer, which
      could set off a feeding of the motor supplied by an outside source.
PAR  Contrary to that first embodiment described in FIGS. 1 to 5, in which two
      characteristic frequencies of a particular equalizer of the line and,
      consequently, two quartz filters and two power amplifiers are needed, an
      embodiment of the invention in which a single control frequency Fa is
      characteristic of a particular equalizer, whereas the other control
      frequency Fb is common to all the equalizers of the line and defines, by
      its presence or absence, the rotation direction of the motor, will now be
      described with reference to FIG. 6.
PAR  In that embodiment, only one quartz filter and only one power amplifier are
      now needed for characteristic frequency Fa, frequency Fb needing only one,
      less selective, filter and no power amplifier. In the equalizer equipment
      used in that case, amplifier 24 according to FIG. 1 is dispensed with and
      filter 22 according to that same figure is replaced by a less selective
      filter.
PAR  The first access A1 therefore receives characteristic frequency Fa and thus
      feeds a double transformer having two secondary coils 51 and 52, the first
      of which is connected up between the ground and a rectifier and filtering
      circuit (diode D1, capacitor C1), the latter circuit being connected up to
      a first terminal B1 of motor M. The other terminal of motor B2 is
      connected up through another rectifier and filtering circuit (diode D2,
      capacitor C2) to one end of the other coil 52, whose other end is
      connected to a point 53 to which filtering capacitor C2 is connected.
PAR  As in the preceding embodiment, there are two transistors T1 and T2 which
      are conductive alternately and which define the rotation direction of the
      motor. Contrary to the preceding example, the emitter of the transistor T1
      is connected to point 53 and its collector is not connected so as to
      control the base current of transistor T2. The latter transistor is, on
      the other hand, controlled by frequency Fb, which is applied through the
      second access A2 and a rectifier and filtering circuit (diode 54,
      capacitor 55) to the base of that transistor.
PAR  Another transistor T3 is connected by its collector to the base of
      transistor T1, by its emitter to point 53 and by its base through a
      resistor 56 to the ground. The operation of this diagram is as follows: in
      the absence of frequency Fb and in the presence of frequency Fa,
      transistor T2 and transistor T3 are blocked, whereas transistor T1 is
      saturated. The motor rotates in one direction due to a current which is
      set up between capacitor C2 (which is fed from coil 52), transistor T1,
      terminal B1, the motor and terminal B2.
PAR  When frequency Fb is present, transistor T1 becomes blocked and the two
      transistors T2 and T3 become conductive. In this situation, the motor
      rotates in the opposite direction due to a current, which, from the
      ground, crosses transistor T2, terminal B2, the motor, terminal B1 and
      capacitor C1, which is fed from coil 51. It is evident that the power
      necessary for frequency Fb is very much lower than the power necessary for
      the rotation of the motor, supplied by frequency Fa.
PAR  The invention is in no way limited to the remote adjusting of an
      inaccessible equalizer on a transmission line, but may be applied to any
      element which is liable to be positioned by rotation in one direction or
      the other under the control of two frequencies.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for the remote adjustment of a switchable network equipping an
      unattended station on a transmission line, from a terminal station on this
      line, comprising at the unattended station:
PA1  a switch having several contact elements, connected to said switchable
      network for operating the same;
PA1  a direct current motor having two possible rotating directions, for
      actuating said switch,
PA1  a circuit having a first input for a first remote control frequency and a
      second input for a second remote control frequency, said frequencies being
      emitted from the terminal station, said circuit having two outputs
      connected respectively to a first and a second terminal of said motor,
      said circuit operating said motor according to the presence or absence of
      said remote control frequencies at said inputs,
PA1  an oscillator permanently emitting a third frequency, and
PA1  means for sending back to the terminal station said third frequency, said
      means including an attenuation network having two attenuation coefficients
      and means controlling said attenuation network and connected to said
      switch for enabling said attenuation network to present a first
      attenuation coefficient when said switch is on a contact element and a
      second attenuation coefficient when said switch is between two contact
      elements.
NUM  2.
PAR  2. A device according to claim 1, wherein said sending back means further
      includes an electronically controlled attenuator controlled by a level
      detector connected to said first and second inputs.
NUM  3.
PAR  3. A device according to claim 1, wherein, in said circuit operating said
      motor, said first input access feeds a transformer having two secondary
      coils one of which is connected between zero potential and a first
      rectifier and filtering circuit, the latter circuit being connected to one
      of the terminals of said motor, the other coil being connected through a
      second rectifier and filtering circuit to the other terminal of said
      motor, said second input being connected through a third rectifier and
      filtering circuit to an input for controlling the state of a flip-flop,
      which, as a function of the presence or absence of the second frequency at
      the second input, connects the motor in parallel with said first or said
      second rectifier and filtering circuit.
NUM  4.
PAR  4. A device according to claim 1, wherein, in said circuit operating said
      motor, said first input is connected to said first terminal of said motor
      through a first rectifier and filtering circuit and said second input
      access is connected to said second terminal of said motor through a second
      rectifier and filtering circuit, said terminals being connected to two
      respective transistors interconnected so as to form a flip-flop such that
      in the case of the presence of the first frequency at the first input, the
      transistor connected to said second terminal receives at its base a
      saturation voltage and the transistor connected to said first terminal
      receives at its base a virtually zero voltage and vice versa.
NUM  5.
PAR  5. A device according to claim 4, wherein said sending back means further
      includes an electronically controlled attenuator controlled by a level
      detector connected to said first and second inputs.
NUM  6.
PAR  6. A device according to claim 5, wherein said detector comprises a
      transistor which delivers a direct current proportional to the level of
      the first or the second frequency received, said attenuator comprising a
      diode which is traversed by said direct current.
NUM  7.
PAR  7. A device according to claim 6 in which said diode is in series with a
      first resistor and is shunted by an arm formed by a second resistor in
      series with a capacitor.
NUM  8.
PAR  8. A device according to claim 1, wherein, in said circuit operating said
      motor, said first input is connected to said first terminal of said motor
      through a first rectifier and filtering circuit and said second input is
      connected to said second terminal of said motor through a second rectifier
      and filtering circuit, said terminals being connected to two respective
      transistors interconnected so as to form a flip-flop such that in the case
      of the presence of the first frequency at the first input, the transistor
      connected to said second terminal is saturated and the transistor
      connected to said first terminal is blocked, and vice versa, the blocking
      of the transistor connected to said first terminal being reinforced by
      means of a third rectifier and filtering circuit connected in parallel to
      said first input and supplying a voltage which is the reverse of the
      voltage supplied by said first circuit, and the blocking of the transistor
      connected to said second terminal being reinforced by means of a fourth
      rectifier and filtering circuit connected in parallel to said second input
      and supplying a voltage which is the reverse of the voltage supplied by
      said second circuit.
NUM  9.
PAR  9. A device according to claim 8, wherein said sending back means further
      includes an electronically controlled attenuator controlled by a level
      detector connected to said first and second inputs.
NUM  10.
PAR  10. A device according to claim 9, wherein said detector comprises a
      transistor which delivers a direct current proportional to the level of
      the first or the second frequency received, said attenuator comprising a
      diode which is traversed by said direct current.
NUM  11.
PAR  11. A device according to claim 10, in which said diode is in series with a
      first resistor and is shunted by an arm formed by a second resistor in
      series with a capacitor.
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PAL  A waveguide launcher apparatus for coupling a coaxial transmission line to
      a waveguide array antenna element. The waveguide launcher apparatus
      utilizes its short depth to achieve the desired match between the coaxial
      connector and free space. The launcher apparatus has an L shape which
      performs as a matching element and as an adaptor between the coax
      transmission line and wave guide sections.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates broadly to an electromagnetic wave
      transmission device and in particular to a waveguide launcher apparatus
      for coupling a coaxial transmission line to a waveguide array antenna
      element.
PAR  In coupling a hollow waveguide to a coaxial transmission line, it is
      desirable to convert the waveform from one most suitable for transmission
      in a coaxial line to a form suitable for propagation in a waveguide.
      Therefore, the wave in the coaxial line requires that it be converted to a
      form compatable with the geometry of the waveguide. In the prior art, many
      techniques for accomplishing this purpose have been proposed and built,
      and usually have accomplished their basic purpose, but most of them have
      involved undesirable bulk or complicated devices which have resulted in
      inefficient transmission. The present invention provides a waveguide
      launcher apparatus which overcomes the difficulties encountered in the
      past systems and provides an extremely simple and compact system for
      coupling a coaxial transmission line to a waveguide array antenna element.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention utilizes an L-shaped coax waveguide launcher assembly
      for use in a rectangular waveguide. The waveguide launcher assembly
      utilizes its short depth to achieve a match between the coax connector and
      free space. This desired match is achieved by configuring the coax to
      waveguide launcher assembly as a matching element and as an adapter
      between the coax and waveguide sections.
PAR  It is one object of the invention, therefore, to provide an improved coax
      to waveguide launcher apparatus providing a transition between a coaxial
      transmission line and a waveguide which permits the longitudinal axis of
      the coaxial line to be aligned with the propagation axis of the waveguide.
PAR  It is another object of the invention to provide an improved coax to
      waveguide launcher apparatus utilizing simplified and compact
      construction.
PAR  It is still another object of the invention to provide an improved coax to
      waveguide launcher apparatus having short depth to achieve a desired match
      between the coax connector and free space.
DRWD
PAR  These and other advantages, features and objects of the invention will
      become more apparent from the following description taken in connection
      with the illustrative embodiment in the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plane view of the waveguide launcher apparatus in accordance
      with the present invention,
PAR  FIG. 1a is a perspective view of the waveguide launcher element of FIG. 1,
      and
PAR  FIG. 2 is a sectional view of the waveguide launcher element positioned in
      a rectangular waveguide.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown the waveguide launcher element 10
      comprising two rectangular members which are joined at one end
      respectively to have a substantially L-shape. For example purposes only,
      the waveguide launcher element 10 will be described with respect to
      typical dimensions which provide the functions herein stated. However, it
      must be clearly understood that there is no intention to limit the scope
      of the present invention to these particular dimensions. The waveguide
      launcher element 10 has a drilled tapped hole at the end of the short
      member to facilitate the mounting of the waveguide launcher element within
      a conventional waveguide assembly. This drilled hole is 0.38 inches deep
      and is tapped to accept a 6-32 stainless steel screw. The long member of
      the waveguide launcher element has a hole drilled into the end therein to
      mate with the center pin of a coaxial transmission line connector. This
      hole is 0.125 inches in diameter and is 0.38 inches deep. The long member
      of the waveguide element which is shown in FIG. 1 may have a length of
      2.485 inches overall. The short member of the waveguide L assembly has a
      length of 0.675 inches overall. The waveguide element has a square shape
      and each side is 0.250 inches long. The long member of the waveguide
      launcher element has its free end tapered and beveled to approximately
      45.degree. so as to have a 0.156 diameter circle at the end thereof. The
      drilled tapped hole in the short member is located 2.350 inches from the
      long end of the longitudinal member. The material from which the waveguide
      launcher element is fashioned in CDA copper alloy No. 863 (AMS 4862).
PAR  Turning now to FIG. 2, there is shown in section a conventional rectangular
      waveguide assembly 12 containing the waveguide element 10 of FIG. 1
      therein. There is shown beryllium oxide (BeO) window 14 at one end of the
      waveguide assembly. The BeO window 14 is fashioned from material which
      connects 99.5 percent beryllium oxide and has a thickness of 0.99 .+-.
      0.003. The flexual strength of the BeO window is 32,000 psi minimum and
      its compressive strength is 200,000 psi minimum. The average dielectric
      constant K.sub.o of the BeO window is 6.55 at 25.degree. centigrade and at
      1.3 Ghz. The BeO window is rectangular in shape and has the dimensions of
      3.720 by 1.950. A suitable sealing compound is utilized all around the
      window to maintain it in its position within the rectangular waveguide and
      to provide a seal therefor.
PAR  There is shown at the opposite end of the waveguide assembly a coaxial
      connector 16 which is a UG58A/U connector. The coaxial connector 16 is
      mounted on a guide 18 which is attached to the waveguide. An O ring is
      mounted around the guide to provide a positive seal between the guide 18
      assembly and the waveguide. The waveguide launcher element is shown
      mounted within the waveguide assembly with its longitudinal axis aligned
      with the center pin of the coaxial connector. The waveguide launcher
      element has one end soldered to the pin of the coaxial connector. The
      other end of the waveguide launcher element is fastened to the waveguide
      wall by a stainless steel hexagonal socket cap screw.
PAR  It may be seen from FIG. 2 that an antenna element is formed which
      comprises a rectangular waveguide main body, a BeO window, and a coax to
      waveguide launcher assembly. It may also be seen from FIG. 2 that the
      waveguide launcher element has a unique feature of its short depth
      intrusion into the waveguide main body to provide the desired match
      between the coax connector and free space. This match is achieved by
      configuring the coax to waveguide launcher element as a matching element
      as well as an adapter between the coaxial transmission line connector and
      waveguide section. The window and inductive iris combination at the
      aperture is tuned for match at midband and presents a significant mismatch
      at the band edges. The coax to waveguide launcher element is configured
      such that it is tuned for a match at midband and that the combination of
      the aperture and the launcher element is also matched at the band edges.
      This particular configuration of the waveguide launcher apparatus allows a
      match to be achieved over the desired bandwidth, in the present case 10
      percent about the center frequency.
PAR  The waveguide launcher element is designed to operate in the L band with a
      band width of .+-. 5 percent. The launcher element dimensions are directly
      scaled in proportion to the wavelength of the center frequency of
      operation. Therefore, if the center frequency is doubled, the launcher
      element dimensions are halved in order to maintain the desired match.
PAR  Although the invention has been described with reference to a particular
      embodiment, it will be understood to those skilled in the art that the
      invention is capable of a variety of alternative embodiments within the
      spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A short depth hardened waveguide launcher apparatus comprising in
      combination:
PA1  means forming a waveguide cavity having a first and second end, said first
      end having a coaxial connector mounted thereon, said coaxial connector
      having a center conductor extending within said waveguide cavity, said
      second end having a window mounted therein, said waveguide cavity
      comprising a first and second waveguide cavity, said first waveguide
      cavity being smaller than said second waveguide cavity, said first
      waveguide cavity being positioned at said first end, and
PA1  a waveguide launcher means mounted within said waveguide cavity, said
      waveguide launcher means being equidistantly positioned within said first
      waveguide cavity, said first waveguide cavity having a cavity length equal
      to the horizontal length of said waveguide launcher means, said waveguide
      launcher means being connected to center conductor of said coaxial
      connector said waveguide launcher means being vertically disposed within
      said first waveguide cavity, said center conductor of said waveguide
      launcher means in combination with said first cavity providing the desired
      match between said coax connector and free space.
NUM  2.
PAR  2. A short depth hardened waveguide launcher apparatus as described in
      claim 1 wherein said waveguide launcher means comprises an L-shaped
      element having a first and second member, said first member having a
      length greater than said second member, said first member being axially
      with and connected to said center conductor of said coaxial connector,
      said second member being mounted to said waveguide cavity, said first and
      second members being joined at a common end.
NUM  3.
PAR  3. A short depth hardened waveguide launcher apparatus as described in
      claim 2 wherein said L-shaped element has a short intrusion profile into
      said waveguide cavity.
NUM  4.
PAR  4. A short depth hardened waveguide launcher apparatus as described in
      claim 2 wherein said window comprises a beryllium oxide window having an
      average dielectric constant, K.sub.o, equal to 6.55 to 6.75 at 25.degree.C
      and 1.3 GHz.
NUM  5.
PAR  5. A short depth hardened waveguide launcher apparatus as described in
      claim 4 wherein said beryllium oxide window forms an aperture which is
      tuned for match at midband and presents a mismatch at the band edges.
NUM  6.
PAR  6. A short depth hardened waveguide launcher apparatus as described in
      claim 5 wherein said waveguide launcher apparatus dimensions are scaled
      proportional to the wavelength of the center frequency of operation.
NUM  7.
PAR  7. A short depth hardened waveguide launcher apparatus as described in
      claim 6 wherein said first and second members are rectangular in shape.
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PAL  A thin film piezoelectric transducer generates bulk mode ultrasonic elastic
      waves which propagate into a transmission medium, such as silicon. The
      wave is reflected back towards the first transducer by a reflecting
      surface. A second transducer is located adjacent to the first transducer
      and receives the acoustic wave from the reflected surface. The path length
      of the ultrasonic wave from the first transducer to the second transducer
      is long enough to enable the bulk wave to be in the Fraunhofer field. An
      acoustic absorbing material, such as indium, may be placed on the
      reflecting surface and on the surface containing the two transducers in
      selective areas to reduce undesired reflections. The structure is suitable
      for use in the microwave region wherein the insertion loss may be
      relatively constant over a given frequency band.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to electroacoustic apparatus, particularly to
      broadband microwave frequency delay devices.
PAR  2. Description of the Prior Art
PAR  Broadband microwave delay devices have been implemented with coaxial cable
      where the length of the cable determined the time delay. Present cables
      have resulted in about 30 db signal loss at 5.2 gigahertz for a delay of
      100 nanoseconds. To obtain a flat frequency response from a cable delay
      line from 2.6 to 5.2 gigahertz, an attenuating filter must be placed in
      series with the cable to provide an approximate 1/f dependence in
      attenuation. The attenuating filter provides maximum attenutation at 2.6
      gigahertz which diminishes as a function of 1/f to a nominal value at 5.2
      gigahertz. Consequently, the coaxial cable delay line with the attenuating
      filter exhibits an insertion loss which is slightly greater than the
      maximum coaxial cable attenuation at the upper band edge.
PAR  Microwave bulk acoustic delay devices have been developed which are
      narrowband but tunable over a broadband. One narrowband microwave bulk
      acoustic delay device consists of a resonant cavity with a transducer at
      one end coupled to an acoustic transmission medium. The cavity can be
      tuned over a broadband with a tuning stub, but at any one time, the
      resonant cavity is tuned to a narrow band. Another implementation of a
      narrowband microwave bulk acoustic delay device has been made by using a
      transmission line to connect to a thin film transducer attached to a
      transmission medium. Because of the low impedance of the thin film
      transducers, a lumped inductor was placed adjacent to the transducer to
      increase the impedance to that of the transmission line. The lumped
      inductor impedance changes with frequency and the impedance
      characteristics limited the delay device to use over a narrow band.
PAR  A further problem with microwave bulk acoustic delay devices is that the
      acoustic propagation loss is proportional to the frequency squared, and
      therefore, over a broad band the frequency response due to propagation
      loss is not constant.
PAR  Microwave bulk acoustic delay devices are required to exhibit good
      electrical isolation between the input and the output. Electromagnetic
      coupling between the input and output transducers of a delay device or
      between the input and output connectors to the microwave delay device is
      the principal cause for loss of isolation.
PAR  In some acoustic delay devices, the acoustic signal received at the second
      transducer is also reflected back into the acoustic transmission medium,
      and subsequent reflections of this acoustic signal are returned back to
      the output transducer causing unwanted output signals. One example of
      unwanted output signals which occur when the transducers are at either end
      of the transmission medium path is called the triple transit signal. In
      this case, the signal is reflected from the second transducer to the first
      transducer and then back to the second transducer. In a typical microwave
      delay device, the triple transit energy is desired to be down
      approximately 40 db from the first single transit energy. In some
      microwave delay devices, because of the high triple transit energy, the
      insertion loss is intentionally increased or additional gating is
      providing to further attenuate the triple transit signal and subsequent
      reflected signals.
PAC  SUMMARY OF THE INVENTION
PAR  Electroacoustic apparatus in the form of a broadband microwave bulk
      acoustic delay device is formed by placing a first and second transducer
      on an ultrasonic transmission medium. The first and second transducers are
      adapted to convert microwave energy into bulk mode ultrasonic elastic wave
      energy, and vice versa. The ultrasonic transmission medium includes a
      first and second surface, with the first and second transducers being
      located on a flat surface thereof. The first transducer emits bulk mode
      ultrasonic elastic wave energy into the ultrasonic transmission media, and
      a second surface of the ultrasonic transmission medium is positioned to
      reflect the ultrasonic elastic wave incident upon said second surface. The
      second transducer is located within the area incident of a first reflected
      ultrasonic elastic wave from the second surface. The first reflected
      ultrasonic elastic wave incident upon the first surface is spread over a
      larger area than the area of the initially propagated ultrasonic elastic
      wave due to propagation in the Fraunhofer field region.
PAR  The throughput isolation may be very high by providing a microwave input
      and output means in the form of a coplanar transmission line, which is of
      the characteristic impedance of the transducer. Acoustic reflections other
      than the first reflected wave, such as a double transit reflection, may be
      attenuated by providing acoustic absorbing material on the first and
      second surfaces of the transmission medium in selected areas. The
      electrode dimensions of the first transducer may be adjusted in size to
      provide the acoustic wave with a predetermined diffraction loss or
      Fraunhofer field loss at the second transducer. The Fraunhofer field loss
      and propagation loss may be chosen to provide a flat frequency response
      over a broad band. A flat response is obtained when the Fraunhofer field
      loss desired at the highest frequency is adjusted to equal the acoustic
      signal propagation loss at the lowest frequency of the broadband. The
      broadband must be within the pass band of the transducers. The insertion
      loss of the broadband microwave bulk acoustic delay device would therefore
      be flat over the broadband.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1A is an isometric view of an embodiment of the present invention;
PAR  FIG. 1B is an isometric view of an alternate embodiment of the invention;
PAR  FIG. 2 is an enlarged isometric view with a portion removed of the
      apparatus of FIG. 1A;
PAR  FIG. 3 is an enlarged sectional view of the apparatus taken along lines
      III--III of FIG. 1A;
PAR  FIG. 4 is an enlarged sectional view of an alternative embodiment of the
      invention;
PAR  FIG. 5 is an enlarged sectional view of an alternative embodiment of the
      invention;
PAR  FIG. 6 is a diagram of ultrasonic elastic wave behavior in a transmission
      medium;
PAR  FIGS. 7A-7D illustrate the path of an ultrasonic elastic wave from a first
      transducer to a second transducer arranged as in FIG. 1A and subsequent
      reflections showing beam spreading in the Fraunhofer field region; and
PAR  FIGS. 8A and 8B are graphs showing the electrical signals at the microwave
      input and output means as a function of time after an input signal is
      applied to the input means.
PAR  FIG. 9 is a graph showing typical losses in a 100 nanosecond silicon
      broadband microwave bulk acoustic delay device as a function of frequency.
PAR  FIG. 10 is a graph showing the sum of typical losses in a 100 nanosecond
      silicon broadband microwave bulk acoustic delay device as a function of
      frequency.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, in FIG. 1A a transmission medium 10 is shown
      suitable for propagating bulk mode ultrasonic elastic wave energy. The
      transmission medium 10 has a first surface 16 and a second surface 18
      spaced from the first surface 16 by the transmission medium. By way of
      example, materials that would be suitable to implement the transmission
      medium are materials that are piezoelectric, non-piezoelectric,
      insulating, semiconductor and conducting. The first surface 16 may be
      planar suitable for subsequent photolithic steps for fabricating the
      electrode patterns. The second surface 18 may be planar with all or a
      portion of the second surface 18 suitable for reflecting ultrasonic
      elastic wave energy.
PAR  A first transducer 22 located on the first surface 16 of the transmission
      medium 10 is capable of generating and propagating bulk mode ultrasonic
      elastic wave energy into the transmission medium towards the second
      surface 18. The first transducer, suitable for operation in the frequency
      range from 2.6 gigahertz to 6 gigahertz, may be fabricated using vapor
      deposition techniques. For example, in fabricating a transducer in
      electrode 12 is deposited on the transmission medium and a piezoelectric
      material 14, such as zinc oxide or cadmium sulfide or other suitable
      transducer material, may be vacuum-deposited over the electrode 12. The
      piezoelectric material is deposited to a thickness of about 1/3 to 1/2
      wavelength of the midband frequency of the transducer. An electrode 11 is
      deposited over the piezoelectric material 14 and over electrode 12 in the
      area where transducer action is desired. The electrode area of the
      transducer corresponds to the aperture from which ultrasonic elastic waves
      propagate into the transmission medium 10. The method of depositing
      piezoelectric transducers may be found in U.S. Pat. No. 3,655,429 issued
      on Apr. 11, 1972 to John deKlerk and assigned to the present assignee.
PAR  The ultrasonic elastic wave energy generated by the first transducer 22
      propagates into the transmission medium 10 towards the second surface 18
      and is reflected from the second surface 18 back towards the first surface
      16. A second transducer 24 is located adjacent to the first transducer 22
      and receives the ultrasonic elastic wave reflected from the second surface
      18. The second transducer 24 located on the first surface 16 may be
      fabricated by first depositing an electrode 20 on the first surface 16. A
      piezoelectric material 14 may be deposited over the first electrode 20,
      and a second electrode 19 is deposited over the piezoelectric material 14
      and over the first electrode 20. The area where electrode 19 coincides
      with electrode 20 with the piezoelectric material 14 in between comprises
      the second transducer 24.
PAR  FIG. 1B is an isometric view of an alternate embodiment of the invention.
      The components of FIG. 1B are similar to those of FIG. 1A and have been
      given primed reference numerals. In FIG. 1A the transducers 22 and 24 are
      in an end-to-end relationship whereas in the arrangement of FIG. 1B the
      transducers 22' and 24' are in a side-by-side relationship with electrodes
      12' and 20' interconnected. The positioning of the microwave input and
      output means is optional so long as the desired impedance levels and
      electrical  isolation is obtained.
PAR  In FIG. 2 an enlarged isometric view with a portion removed of the
      apparatus of FIG. 1A is shown. FIG. 2 illustrates in better detail the
      first transducer 22 and the second transducer 24, located on the first
      surface 16. The electrodes 11, 12, 19 and 20 may be formed with suitable
      materials, including gold and aluminum and may be vacuum-deposited.
      Electrodes 11 and 12, as shown in FIG. 1A and FIG. 2, together forrm a
      microwave input means to the first transducer 22. The electrodes 19 and
      20, as shown in FIGS. 1A and 2, together form the microwave output means
      from the second transducer 24. The electrodes 11 and 12 are geometrically
      shaped or tapered to provide a coplanar transmission line with an
      impedance based on the geometry to match the transducer impedance. The
      microwave input means may have a predetermined impedance where it connects
      to the first transducer 22 and another impedance some distance from the
      transducer 22. A suitable impedance at some distance from the transducer
      22 for electrodes 11 and 12 would be 50 ohms for connection to a 50 ohm
      coaxial input lead. The output means comprising electrodes 19 and 20
      connecting to the second transducer 24 are shown in FIGS. 1A and 2 to be
      geometrically shaped or tapered to form a coplanar transmission line to
      match the impedance of the second transducer 24. The impedance may vary
      along the coplanar transmission line and at some distance from the second
      transducer 24 the characteristic impedance of electrodes 19 and 20 may be
      50 ohms, which would be suitable for connection to a 50 ohm coaxial output
      lead. In an alternate embodiment, electrode 12 is connected to electrode
      20 as a common ground line or ground plane on the first surface 16. FIGS.
      1A and 2 show electrodes 12 and 20 as separate electrodes to decrease
      coupling and to provide more isolation between the input signal and the
      output signal. Since electrodes 12 and 20 are separate, eddy currents,
      ground currents and capacitance currents are inhibited.
PAR  FIG. 3 shows a cross-sectional view along lines III--III of the invention
      shown in FIG. 1A. An ultrasonic elastic wave from the first transducer
      travels towards the second surface 18 and is reflected by the second
      surface 18 upwards in the direction towards the first surface. The second
      transducer 24 is in the area incident of the reflected wave on the first
      surface. The aperture or sound emitting area of the first transducer 22
      corresponds with the dimensions of the coincidence of the electrode 11
      over top of electrode 12 with piezoelectric material 14 in between.
PAR  FIG. 4 shows an alternate embodiment of the invention, with a second
      surface 18' being at an acute angle b with respect to the first surface to
      direct the reflection of bulk ultrasonic elastic wave energy towards the
      area of the second transducer 24.
PAR  FIG. 5 is a cross-sectional view as in FIG. 3, and further includes
      acoustic absorbing material 26 located on the second surface 18. The
      acoustic absorbing material should be several wavelengths thick in order
      to absorb the ultrasonic elastic wave energy. The acoustic radiation
      impedance of the transmission medium should be matched by the material
      selected for the acoustic absorbing material. If the acoustic radiation
      impedance is matched fairly closely, the ultrasonic elastic wave energy
      will propagate into the acoustic absorbing material. The acoustic
      radiation impedance of the transmission medium and the acoustical
      absorbing material may be matched by selecting materials which exhibit an
      equal or near-equal .rho. V product, where .rho. is equal to the density
      of the material and V is equal to the velocity of ultrasonic elastic wave
      energy in the material. Materials that would be suitable as acoustical
      absorbing material, when the transmission medium is silicon, include
      indium and lead. Additionally, acoustical absorbing material may be
      selectively deposited on the first surface 16 on conductors 11, 12, 19 and
      20 and on the piezoelectric material 14 in the areas in close proximity to
      the first and second transducers.
PAR  The characteristics of an ultrasonic elastic wave as it propagates through
      a transmission medium are determined by the size of the aperture of the
      transducer utilized and by the velocity of ultrasonic elastic waves in the
      transmission medium.
PAR  Referring now to FIG. 6, a transducer 30 is shown on a surface of a
      transmission medium 31 for propagating an ultrasonic elastic wave 28. The
      ultrasonic elastic wave, upon entering the transmission medium, exhibits
      characteristics as determined by laws of physics wherein the initial path
      is known as the Fresnel zone. In the Fresnel zone the ultrasonic elastic
      wave continues with approximately the same cross-sectional area as the
      original aperture. At the end of the Fresnel zone, the ultrasonic elastic
      wave begins to spread, forming a larger cross-sectional area as it
      propagates through the transmission medium 31. The region where beam
      spreading begins and continues at a constant rate is called the Fraunhofer
      field region. The Fresnel zone extends from the transducer 30
      approximately out to a distance L where:
EQU  L = 2d.sup.2 /.lambda.                                     (1)
PAL  where d is the length of one side of the transducer for a rectangular
      transducer and .lambda. is the wavelength of the ultrasonic elastic wave
      in the transmission medium. .lambda. may be determined by the
      relationship:
EQU  .lambda. = v/f                                             (2)
PAL  where v is the velocity of the ultrasonic elastic wave in the transmission
      medium and f is the frequency of the ultrasonic elastic wave. For silicon
      the velocity of the ultrasonic elastic wave is 9 .times. 10.sup.5 cm/sec.
      The Fraunhofer field region is considered to begin where the Fresnel zone
      ends. The beam spreading of the ultrasonic elastic wave in the Fraunhofer
      field region is described by the angle .alpha., as shown in FIG. 6 and is
      defined by the relationship:
EQU  Sin .alpha. = .lambda./2d                                  (3)
PAR  The distance x from the beam center out to the beam edge in the Fraunhofer
      region is:
EQU  x = l tan .alpha.                                          (4)
PAL  where l is the distance from the transducer to the point of measurement in
      the Fraunhofer field region. The beam spreading in the Fraunhofer field
      region continues uniformly as the ultrasonic elastic wave travels through
      the transmission medium.
PAR  If a reflecting medium is interposed in the path of the beam in the
      Fraunhofer region, the reflected beam will also continue spreading at the
      same angle .alpha.. In the present invention the reflecting medium is the
      interface of the second surface and to this end reference is made to FIGS.
      7A-7D.
PAR  FIGS. 7A-7D illustrate a cross-sectional view as in FIG. 3 and additionally
      shows the propagation and reflection of an ultrasonic elastic wave 32.
PAR  By way of example, typical parameters may be:
TBL  Frequency of input signal                                                 
                           5.2 GHz                                             
     Transmission medium   Silicon                                             
     .lambda. in transmission medium                                           
                           1.73 .times. 10.sup.-.sup.4 cm                      
     d of transducers 22 and 24                                                
                           1.27 .times. 10.sup.-.sup.3 cm                      
     distance between transducers                                              
                           2.54 .times. 10.sup.-.sup.3 cm                      
     thickness T of transmission medium                                        
                           4.5 .times. 10.sup.-.sup.2 cm                       
PAL  With these parameters the Fraunhofer field region begins at a distance of
      approximately 1.86 .times. 10.sup.-.sup.2 cm from the first surface and
      the beam spreading angle .alpha. would be approximately 3.degree. 54 min.
PAR  The ultrasonic elastic wave 32 is generated by transducer 22 (illustrated
      simply as a block) located on the first surface 16 and propagates into the
      transmission medium 10. The propagation characteristics initially are
      those of an ultrasonic elastic wave in the Fresnel zone and the wave will
      continue propagating with the same beam width until the Fraunhofer field
      region is reached as shown in FIG. 7A, at which point beam spreading
      begins. When the ultrasonic elastic wave energy impinges upon the second
      surface 18, which for this embodiment is parallel to the first surface 16,
      the ultrasonic elastic wave is reflected back in the the opposite
      direction towards the first surface 16 as illustrated in FIG. 7B. The wave
      traveling from the second surface to the first surface is the first
      reflected ultrasonic elastic wave. This first reflected ultrasonic elastic
      wave will continue to diverge at the angle .alpha.. When the first
      reflected wave impinges upon the first surface, as shown in FIG. 7B, the
      second transducer 24 will absorb (as will the first transducer 22) some of
      the energy which will be converted into the microwave energy. The
      remaining ultrasonic elastic wave energy which is not absorbed by the
      first and second transducers will be reflected back to the second surface
      18, as shown in FIG. 7C as the second reflected ultrasonic elastic wave.
      The second reflected ultrasonic elastic wave will continue to exhibit beam
      spreading at the same angle .alpha.. When the second reflected ultrasonic
      elastic wave impinges upon the second surface 18, the wave will be
      reflected back towards the first surface 16 as the third reflected
      ultrasonic wave as illustrated in FIG. 7D and still exhibiting the same
      divergence at angle .alpha.. When the wave again impinges upon the first
      surface 16, some ultrasonic elastic wave energy will again be absorbed by
      transducer 24 (and transducer 22) and converted into microwave energy. The
      energy of the third reflected wave per unit area will be diminshed as the
      wave is absorbed by the transducers, by propagation loss and by the
      continuing spreading of the wave at the angle .alpha. over a larger area.
      The ultrasonic elastic wave will continue to be reflected between the
      first surface 16 and the second surface 18 with the beam spreading at
      angle .alpha. until it is dissipated through absorption or losses.
PAR  The electrical input and output signals for the operation as depicted in
      FIGS. 7A-7D are illustrated in FIGS. 8A and 8B. An input signal of
      microwave energy is applied to the microwave input means (FIG. 1A). Due to
      capacitive and inductive coupling, a certain amount of microwave energy
      will appear at the microwave output means. The signal at the microwave
      output means due to this coupling is termed the direct feedthrough signal.
      In an embodiment as shown in FIG. 1A, where the microwave input and output
      means are coplanar transmission lines, a typical value for the direct
      feedthrough signal is approximately 100-120 db decibel below the input
      signal. Decibels are a measure of power ratios where the power ratio in
      decibels is equal to 10 times the logarithm to the base 10 of the power
      ratio.
PAR  The microwave input energy is converted into an ultrasonic elastic wave and
      after reflection back to the first surface 16 the second transducer 24
      will provide an output signal as shown in FIG. 8B. The time delay between
      the input signal and the output signal is due to the time required for the
      ultrasonic elastic wave to propagate through the transmission medium 10
      from the first surface 16 to the second surface 18 and back to the first
      surface 16. The first transducer 22 also receives ultrasonic elastic wave
      energy and converts some of this energy into microwave energy. A typical
      output signal for the embodiment as shown in FIG. 1A with a 100 nanosecond
      time delay is in the range of 30-40 db below the input signal. The power
      ratio in decibels between the microwave input signal and the microwave
      output signal is known as the insertion loss.
PAR  The ultrasonic elastic wave impinging on the first surface 16 creating the
      output signal is reflected towards the second surface 18 and is reflected
      by surface 18 back towards surface 16, as shown in FIGS. 7C and 7D. When
      the reflected ultrasonic elastic wave again impinges on surface 16, the
      second transducer 24 again provides an electrical output indicated as the
      double transit signal shown in FIG. 8B. The amplitude of the double
      transit signal is less than that of the output signal, due to losses
      arising from the wave propagating through the transmission medium, losses
      due to the ultrasonic elastic wave spreading as it propagates through the
      transmission medium and due to absorption by acoustical absorbing material
      if it has been applied to the surface, as shown in FIG. 5.
PAR  Subsequent reflected ultrasonic elastic wave energy impinging upon the
      first surface 16 will generate a microwave output considerably smaller
      than the double transit signal due to additional absorption and losses as
      shown in FIG. 8B and may appear as a triple transit signal and quadruple
      transit signal, respectively. Each time the ultrasonic elastic wave is
      reflected from the first and second surfaces, the wave will continue to
      spread and the wave will continue to lose energy per unit area.
PAR  The invention as shown in FIG. 1A may be constructed to provide a broadband
      delay device with a flat band insertion loss from a frequency of, for
      example, 2.6 gigahertz to 5.2 gigahertz. An ultrasonic elastic wave, as it
      propagates through a transmission medium such as silicon, will exhibit a
      loss of energy (propagation loss). This loss of energy is proportional to
      the frequency squared, as represented by curve 1 of FIG. 9, and is
      determined by the material selected and the time delay required. The
      ultrasonic elastic wave, as it propagates through the transmission medium
      such as silicon in the Fraunhofer field region, will exhibit an energy per
      unit area loss (diffraction loss) inversely proportional to the frequency
      squared, as shown by curve 2 of FIG. 9 and is determined by the material
      selected and the operative dimension d. If the minimum propagation loss at
      2.6 gigahertz is used as a value to determine the minimum diffraction loss
      at 5.2 gigahertz, the resultant insertion loss as a function of frequency
      will be relatively flat from 2.6 gigahertz to 5.2 gigahertz, as
      illustrated by curve 3 of FIG. 9. In addition to acoustic losses of energy
      in the ultrasonic elastic wave in the transmission medium, additional
      electromechanical conversion losses are exhibited in the transducer and
      further, smaller electrical losses are exhibited in the microwave input
      means. The conversion and electrical losses lumped together are about 18
      db and are relatively flat over the band from 2.6 gigahertz to 5.2
      gigahertz. The resulting microwave delay device, therefore, exhibits a
      flat band characteristic from 2.6 to 5.2 gigahertz and a total insertion
      loss of less than 40 db over the flat band as shown in FIG. 10.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Electroacoustic apparatus comprising:
PA1  an ultrasonic transmission medium having a first and second surface,
PA1  first and second transducers adapted to convert microwave energy into bulk
      mode ultrasonic elastic wave energy, and vice versa, deposited on said
      first surface,
PA1  microwave input means connected to said first transducer,
PA1  microwave output means connected to said second transducer,
PA1  said first transducer and ultrasonic transmission medium adapted for
      propagation of bulk mode ultrasonic elastic wave energy in said ultrasonic
      transmission medium,
PA1  said second surface being planar and positioned to reflect ultrasonic
      elastic wave energy incident upon said second surface,
PA1  said second transducer located within the area incident of a first
      reflected ultrasonic elastic wave from said second surface,
PA1  said first transducer electrode dimensions being of such size to provide a
      predetermined diffraction loss at said second transducer for said first
      reflected ultrasonic elastic wave.
NUM  2.
PAR  2. The apparatus as defined by claim 1 wherein said first and second
      surfaces are parallel.
NUM  3.
PAR  3. The apparatus as defined by claim 1 wherein said first and second
      surface are at an acute angle.
NUM  4.
PAR  4. Electroacoustic apparatus comprising:
PA1  an ultrasonic transmission medium having a first and second surface,
PA1  first and second transducers adapted to convert microwave energy into bulk
      mode ultrasonic elastic wave energy, and vice versa, located on said first
      surface,
PA1  microwave input means connected to said first transducer,
PA1  microwave output means connected to said second transducer,
PA1  said first transducer and ultrasonic transmission medium adapted for
      propagation of bulk mode ultrasonic elastic wave energy in said ultrasonic
      transmission medium,
PA1  said second surface being positioned to reflect ultrasonic elastic wave
      energy incident upon said second surface,
PA1  said second transducer located within the area incident of a first
      reflected ultrasonic elastic wave from said second surface,
PA1  said first reflected ultrasonic elastic wave incident upon said first
      surface being spread over a larger area than the area of the initially
      propagated ultrasonic elastic wave due to propagation in the Fraunhofer
      field region wherein said microwave input means is a coplanar transmission
      line.
NUM  5.
PAR  5. The apparatus as defined by claim 4 wherein the impedance of said
      coplanar transmission line is a function of the distance from said first
      transducer.
NUM  6.
PAR  6. Electroacoustic apparatus comprising:
PA1  an ultrasonic transmission medium having a first and second surface,
PA1  first and second transducers adapted to convert microwave energy into bulk
      mode ultrasonic elastic wave energy, and vice versa, located on said first
      surface,
PA1  microwave input means connected to said first transducer,
PA1  microwave output means connected to said second transducer,
PA1  said first transducer and ultrasonic transmission medium adapted for
      propagation of bulk mode ultrasonic elastic wave energy in said ultrasonic
      transmission medium,
PA1  said second surface being positioned to reflect ultrasonic elastic wave
      energy incident upon said second surface,
PA1  said second transducer located within the area incident of a first
      reflected ultrasonic elastic wave from said second surface,
PA1  said first reflected ultrasonic elastic wave incident upon said first
      surface being spread over a larger area than the area of the initially
      propagated ultrasonic elastic wave due to propagation in the Fraunhofer
      field region wherein said microwave output means is a coplanar
      transmission line.
NUM  7.
PAR  7. The apparatus as defined by claim 6 wherein the impedance of said
      coplanar transmission line is a function of the distance from said second
      transducer.
NUM  8.
PAR  8. The apparatus as defined by clain 1 wherein said ultrasonic transmission
      medium is non-piezoelectric.
NUM  9.
PAR  9. The apparatus as defined by claim 8 wherein said ultrasonic transmission
      medium is semi-insulating silicon.
NUM  10.
PAR  10. The apparatus as defined by claim 1 wherein said ultrasonic
      transmission medium is piezoelectric.
NUM  11.
PAR  11. The apparatus as defined by claim 1 wherein said first and second
      transducers are each fabricated by a first electrode deposited onto said
      ultrasonic transmission medium, a piezoelectric material deposited to a
      desired thickness on said first electrode and a second electrode deposited
      upon said piezoelectric material above the first electrode.
NUM  12.
PAR  12. The apparatus as defined by claim 11 wherein said piezoelectric
      material is deposited simultaneously for both said first and second
      transducers.
NUM  13.
PAR  13. The apparatus as defined by claim 12 wherein said piezoelectric
      material is a continuous film between said first and second transducers.
NUM  14.
PAR  14. The apparatus as defined by claim 1 wherein a layer of acoustical
      absorbing material is selectively deposited on said second surface to
      attenuate a portion of first and subsequent reflected ultrasonic elastic
      waves.
NUM  15.
PAR  15. The apparatus as defined by claim 14 wherein said layer of acoustical
      absorbing material includes the element indium.
NUM  16.
PAR  16. The apparatus as defined by claim 1 wherein a layer of acoustic
      absorbing material is selectively deposited on said first surface to
      attenuate a portion of ultrasonic elastic waves reflected from said first
      surface.
NUM  17.
PAR  17. The apparatus as defined by claim 16 wherein said layer of acoustical
      absorbing material includes the element indium.
NUM  18.
PAR  18. Electroacoustic apparatus comprising:
PA1  an ultrasonic tranmission medium having a first and second surface,
PA1  first and second transducers adapted to convert microwave energy into bulk
      mode ultrasonic elastic wave energy, and vice versa, located on said first
      surface,
PA1  microwave input means connected to said first transducer,
PA1  microwave output means connected to said second transducer,
PA1  said first transducer and ultrasonic transmission medium adapted for
      propagation of bulk mode ultrasonic elastic wave energy in said ultrasonic
      transmission medium,
PA1  said second surface being positioned to reflect ultrasonic elastic wave
      energy incident upon said second surface,
PA1  said second transducer located within the area incident of a first
      reflected ultrasonic elastic wave from said second surface,
PA1  said first reflected ultrasonic elastic wave incident upon said first
      surface being spread over a larger area than the area of the initially
      propagated ultrasonic elastic wave due to propagation in the Fraunhofer
      field region wherein the first transducer electrode dimensions are
      adjusted in size to provide a diffraction loss at the highest frequency of
      a desired broadband which is equal to the minimum propagation loss at the
      lowest frequency of said desired broadband whereby the insertion loss of
      the apparatus is relatively constant from the said lowest frequency to the
      said highest frequency.
NUM  19.
PAR  19. The apparatus as defined by claim 1 wherein said first and second
      transducers have an electromechanical conversion loss characteristic,
PA1  said ultrasonic transmission medium has an ultrasonic elastic wave
      propagation loss characteristic, and
PA1  said diffraction loss, said electromechanical conversion loss and said
      propagation loss being combined to provide a predetermined insertion loss
      through the apparatus.
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ABST
PAL  The input transducers of a multichannel surface acoustic wave device are
      electrically connected in a series or series-parallel circuit arrangement
      and are connected to a single channel electromagnetic wave transmission
      line through an inductor. The inductance value of the inductor is chosen
      such that minimum transducer insertion loss is achieved at the center
      frequency of the midband channel. The circuit arrangement is selected
      which achieves optimum coupling to the midband channel subject to the
      constraint that the insertion losses of all the remaining channels,
      measured at their respective center frequencies, lie at or near the above
      optimum value within an acceptable prespecified margin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to multichannel surface acoustic wave devices, such
      as frequency synthesizers and multipliers and, in particular, to means for
      coupling the multiple transducers thereof to single channel
      electromagnetic wave input and output transmission lines.
PAR  The design of multiplexers, which split a single channel carrying many
      frequencies into a number of separate channels carrying narrower bands of
      frequencies, is a problem frequently encountered by design engineers.
      Similar filter groups are often required for the inverse process of
      summing a number of channels carrying different bands of frequencies so
      that all of the frequencies can be put in a single broadband channel with
      minimum loss of energy.
PAR  The inherent properties of surface acoustic wave technology which permit
      the realization of compact, low cost filter networks are well known. These
      size and cost advantages also apply to UHF and microwave frequency
      multiplexer realizations. Furthermore, it is readily possible to utilize
      their frequency selective features in multiplexer design. In most
      single-filter design procedures, only the transmission response is
      considered and little attention is given to the input impedance
      characteristics. For mulitplexer design, requiring the coupling of N
      individual filters, the performance of a given channel (filter) is
      considerably affected by the impedance levels of the remaining channels
      (filters). In order to obtain desirable low channel insertion losses the
      surface wave filter input impedances must be carefully considered.
PAR  In multiple channel frequency multiplexers and similar multichannel
      acoustic wave devices much of the loss occurs during the division of the
      source energy to the individual input transducers. An ideal solution would
      be a sophisticated matching network; however, the bulk and complexity of
      the required circuitry would to some extend nullify the inherent
      compactness and simplicity of the acoustic surface wave filterbank
      approach.
PAR  There currently exists, therefore, the need for simplified means and
      techniques for coupling mutliple acoustic surface wave transducers to a
      single channel electromagnetic transmission line. The present invention is
      directed toward satisfying this need. SUMMARY OF THE INVENTION
PAR  The invention comprehends a circuit for coupling the transducers of a
      multichannel surface acoustic wave device to a single channel
      electromagnetic wave transmission line. The circuit connects the input
      (transmitting) transducers into a series or series-parallel arrangement
      comprising m parallel branches of n series connected transducers. This
      circuit is connected to the transmission line through an inductor. The
      inductor has an inductance value that provides minimum insertion loss at
      the operating center frequency of the acoustic wave device. The transducer
      connection circuit is selected as the particular series parallel
      arrangement that provides minimum insertion loss within certain prescribed
      insertion loss variation constraints.
PAR  It is a principal object of the invention to provide a new and improved
      method for coupling multiple surface acoustic wave device transducers to a
      single channel electromagnetic wave transmission line.
PAR  It is another object of the invention to provide a new and improved
      electrical circuit for connecting multiple surface acoustic wave device
      transducers to a single channel electromagnetic wave transmission line.
PAR  It is another object of the invention to provide improved coupling means
      for connecting multiple surface acoustic wave device transducers to a
      single channel electromagnetic wave transmission line, such coupling means
      having minimum insertion loss and acceptable insertion loss variation
      characteristics with a minimum amount of external circuitry.
PAR  These, together with other objects, advantages and features of the
      invention will become more readily apparent from the following detailed
      description taken in conjunction with the illustrative embodiment in the
      accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates schematically a surface acoustic wave multichannel
      device;
PAR  FIG. 2 is a schematic diagram of the transducer model used in the
      derivation of certain equations for the invention;
PAR  FIG. 3 is a block diagram of the series-parallel transducer network
      comprehended by the invention;
PAR  FIG. 4 is a block diagram illustrating the equivalent transducer network of
      FIG. 3;
PAR  FIG. 5 is a curve illustrating filter insertion loss versus frequency for
      an example of the invention utilizing a YZ LiTaO.sub.3 substrate;
PAR  FIG. 6 is a curve illustrating peak loss versus number of parallel
      transducer branches for a given example of the invention;
PAR  FIG. 7 is a curve illustrating insertion loss uniformity versus number of
      parallel transducer branches for the sample of FIG. 6;
PAR  FIG. 8 is a curve illustrating peak loss versus number of parallel
      transducer branches for a second example of the invention;
PAR  FIG. 9 is a curve illustrating insertion loss uniformity versus number of
      parallel transducer branches for the example of FIG. 8; and
PAR  FIG. 10 illustrates schematically a four channel surface acoustic wave
      multiplexer and a typical series-parallel circuit connection of the input
      transducer.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A surface acoustic wave multiplexer of the type comprehended by the
      invention is illustrated schematically by FIG. 1. A substrate member 12 of
      appropriate piezoelectric material is divided into a multiplicity of
      channels 15. Input transducers 14 convert electromagnetic wave energy into
      surface acoustic wave energy and output transducers 16 reconvert the
      surface acoustic wave energy back into electromagnetic wave output
      signals. The device is supplied from signal generator 11 through parallel
      feed circuit 13. In accordance with the method of the present invention
      the transducer input impedance is computed based on the transducer model
      shown in FIG. 2. These computations combine the impulse model theory
      described by C. S. Hartmann, D. T. Bell, Jr., and R. C. Rosenfeld, in the
      periodical article entitled, "Impulse Model Design of Acoustic Surface
      Wave Filters," IEEE Trans. on Microwave Theory and Techniques, Vol.
      MTT-21, pp. 162-175, April 1973, with experimental volume mode loss
      measurements (R.sub.VOL). The transducer radiation conductance (G.sub.a)
      and susceptance (B.sub.a) are computed with an impulse model in which
      volume mode generation is ignored and the thinned areas are assumed
      inactive, i.e.:
      ##EQU1##
      and N.sub.i .DELTA. number of interdigital periods in a transducer tap
PA1  K .DELTA. number of N.sub.i missing interdigital periods between each pair
      of taps (K = 2.5)
PA1  n .DELTA. number of transducer taps (N = 26)
PA1  k.sup.2 .DELTA. material coupling coefficient (k.sup.2 = 0.0074 for YZ
      LiTaO.sub.3,
PA1  p .DELTA. dielectric constant (p = 47.9 for ZY LiTaO.sub.3, 10.0 for A N)
PA1  dql .DELTA. finger width to spacing ratio (DQL = 1.0)
PAL  finally
EQU  R.sub.VOL = R.sub.VOL + R.sub.C                            (5)
PAL  where
EQU  R.sub.VOL = 11 ohms for YZ LiTaO, 3 ohms for A N
PAL  and
EQU  R.sub.C = 8/3 (res)L/(N.sub.i N)(res = 0.345 / R.sub.C =  1.2). (6)
PAR  utilizing this model together with observed multiple channel impedance
      behavior, a simple insertion loss minimization technique is developed as
      hereinafter described. It is noted that given the appropriate circuit
      model, the technique is applicable to any transducer configuration.
PAR  It has been observed that a simple series or series-parallel
      interconnection of input transducers results in a combined impedance which
      approximates a constant over the desired band. This observation indicates
      that low interchannel coupling loss and adequate in band uniformity can be
      achieved with a single inductor and a series-parallel input transducer
      network as described in FIG. 3. The equivalent circuit shown in FIG. 4 is
      completely general, in that it permits the computer simulation and
      analysis of any series, parallel or series-parallel transducer network,
      with a single computer program. In analyzing this network it is of
      particular interest to determine the channel insertion loss (i.e., the
      amount of available source energy actually radiated by the input
      transducer) for each individual channel. The insertion loss associated
      with a given channel, denoted channel 1 in FIG. 3, is readily determined:
PAR  i.e., if
      ##EQU2##
      For a given transducer network an optimum inductor value (L.sub.opt) which
      yields minimum insertion loss may be determined. To facilitate this
      computation the denominator of Equation (7) is rewritten
EQU  D = (R.sub.g + j.omega.L.sub.opt) .epsilon..sub.1 + .sub..epsilon.2 (8)
PAL  where
EQU  .epsilon..sub.1 =  Y.sub.RADI Y.sub.ST + Y.sub.STOT (Y.sub.RADI +
      Y.sub.ST)) and
EQU  .epsilon..sub.2 = Y.sub.RADI + Y.sub.ST                    (9)
PAL  l.sub.opt is now determined by maximizing square magnitude of D
EQU  .vertline. d .vertline..sup.2 = .omega..sup.2 l.sub.opt.sup.2 (B.sup.2 +
      D.sup.2)-2.omega.L.sub.opt (AB-CD)+A.sup.2 +C.sup.2       (10)
PAL  where
EQU  A = R.sub.g Re[.epsilon..sub.1] + Re [.epsilon..sub.2 ], B = 1m
      [.epsilon..sub.1 ]
EQU  C = R.sub.g 1m [.epsilon..sub.1 ]+ 1m [.epsilon..sub.2 ],
EQU  and D = Re [.epsilon..sub.1 ]                              (11)
PAR  Setting .delta..vertline. D .vertline..sup.2 /.delta. L.sub.opt = 0 we
      obtain the following expression for L.sub.opt
      ##EQU3##
      In order to obtain uniformity across the desired band, the value for
      .omega. used in Equation (12) is the midband frequency (i.e., .omega. =
      (.omega..sub.high + .omega..sub.low).sup./ 2). Furthermore when possible,
      symmetrical transducer networks are used symmetry; for a series-parallel
      network is obtained when Z.sub.TI = Z.sub.T2 = . . . Z.sub.NS.sbsb.p and
      NS.sub.1 = . . . = NS.sub.p. These conditions represent an ideal situation
      and in practice are rarely satisified. Fortunately perfect symmetry is not
      required hence some mismatch can be tolerated.
PAR  In order to facilitate the formulation of a systematic insertion loss
      minimization procedure consider the following example.
PAC  EXAMPLE 1
PAR  To design a 12-channel frequency multiplexer (FIG. 1) utilizing a YZ
      LiTaO.sub.3 substrate, operating over the frequency range 520 MHz .ltoreq.
      f .ltoreq. 650 MHz. The 12 channels are separated by integer multiples of
      5.38 MHz with a typical channel response as shown in FIG. 5. Curve 21 of
      FIG. 5 indicates measurements made on 12 channel semi-parallel
      interconnection and dotted curve 22 representing measurements made on an
      individual channel. To determine appropriate coupling the transducer
      networks 23, 24, 25 shown in FIG. 6 are considered (with L.sub.opt
      determined at f.sub.mid= 585 MHz for each network). The difference between
      the individual and coupled channel peak insertion losses are plotted as
      curve 27 as shown in FIG. 6. These results indicate that optimum coupling
      is obtained with the two parallel branch series-parallel transducer
      network 23, where L.sub.opt = 43.93 nh. Examining curve 29 of FIG. 9 one
      observes that the variation in peak insertion loss over the entire band
      .ltoreq. 0.7 db for this network. Wideband uniformity within  1 db is
      considered acceptable, therefore the design is complete. Examining the
      design curves shown in FIGS. 6 and 7 reveals an interesting engineering
      tradeoff; insertion loss for wideband uniformity. The interaction of these
      two curves 27 and 29 permits the multiplexer designer to achieve the
      lowest coupling loss for the degree of uniformity required. To further
      illustrate this tradeoff consider the following example.
PAC  EXAMPLE 2
PAR  To design a 12-channel frequency multiplexer, utilizing the filter
      responses described in example 1 and a A.sub.=N-on-A.sub.=.sub.2 O.sub.3
      substrate. Due to the faster material this multiplexer operates over the
      frequency range 970 MHz .ltoreq. f .ltoreq. 1120 MHz with each channel
      separated by integer multiples of 10.6 MHz. FIGS. 8 and 9 show the peak
      insertion loss, curve 30 (L.sub.opt determined at f.sub.mid =  1045 MHz)
      and wideband uniformity curve 31. Examining FIG. 8 it appears that a
      series transducer network yields optimum coupling, however, FIG. 9
      indicates that the wideband uniformity is a very poor 6.5 db. Utilizing
      the uniformity-insertion loss tradeoff, with a desired uniformity of
      .ltoreq. 1 db, it is observed that the three parallel branch transducer
      network 24 is most appropriate.
PAR  A typical transducer electrical connection arrangement is illustrated by
      FIG. 10. In this instance four channel multiplexer substrate 12 has four
      input transducers 12 connected in two parallel branches of two series
      connected transducers by circuit 18. Circuit 18 is connected to signal
      generator 11 through inductor 17.
PAR  While the invention has been described in one presently preferred
      embodiment, it is understood that the words which have been used are words
      of description rather than words of limitation and that changes within the
      purview of the appended claims may be made without departing from the
      scope and spirit of the invention in its broader aspects.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of coupling a single channel electromagnetic wave
      transmission line to the input transducers of a surface acoustic wave
      device having a multiplicity of channels and an input transducer affixed
      to each channel thereof comprising the steps of
PA1  determining the inductance value L that provides minimum transducer
      insertion loss at the center frequency of the surface acoustic wave device
      midband channel,
PA1  initially connecting said input transducers in all possible series,
      parallel and series-parallel electrical connection arrangements,
PA1  determining as a function of said inductance value L the insertion loss
      value for each said series, parallel and series-parallel transducer
      electrical connection arrangement,
PA1  determining the channel to channel insertion loss variation for each said
      transducer electrical connection arrangement,
PA1  selecting one of said transducer electric connection arrangements that
      provides minimum insertion loss consistent with prescribed multichannel
      surface acoustic wave device channel to channel insertion loss variation
      constraints, and
PA1  connecting said input transducers in said selected electrical connection
      arrangement to said electromagnetic wave transmission line through an
      inductor of said inductance value L.
NUM  2.
PAR  2. Means for coupling a single channel electromagnetic wave transmission on
      line to the surface acoustic wave input transducers of a surface acoustic
      wave device having a discrete frequency range divided into a multiplicity
      of incremental frequency bandwidth channels and an input transducer
      affixed to each channel thereof comprising
PA1  an electrical circuit having a single input and arranged to provide m
      parallel branches of n series connected transducers, m and n being
      integers that in sum are not less than two and that have values that
      provide minimum insertion loss consistent with prescribed surface acoustic
      wave device channel to channel insertion loss variation constraints, and
PA1  an inductor connecting the input of said electrical circuit with said
      electromagnetic wave transmission line, said inductor having an inductance
      value L that provides minimum transducer insertion loss at the surface
      acoustic wave device center frequency.
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ABST
PAL  A flange adapted to be arranged on a tube. A plurality of flange parts fit
      together to define a flange having a central opening for surrounding the
      outer perimeter of a tube. Each of the flange parts defines at least a
      portion of the central opening. Each flange part is provided on its
      surface portion which defines at least a portion of the central opening
      with at least one protrusion for engaging a corresponding groove in an
      associated tube in a form-fitting relationship.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention involves a flange having an axial opening which can
      be pushed onto a pipe into a desired position.
PAR  It is known to provide flanges on the ends of pipes, such as for example
      waveguides, so that the pipes can be easily connected with other sections
      of pipes or to input or output channels of various instruments.
PAR  The use of such a flange with a waveguide having an approximately
      rectangular outer cross section is disclosed in the German Pat. No.
      1,806,361 which provides a push-on waveguide flange which is designed to
      be initially placed onto the waveguide in an oblique position and is then
      form-fittingly connected with the waveguide when it is pivoted into the
      plane of the frontal face of the waveguide. The connection of such a
      flange with the waveguide is accomplished through the use of corresponding
      grooves and strips in the respective elements. A drawback of this type of
      fastening is that the waveguide is only properly centered, which centering
      is required for electrical reasons, after it has been securely connected
      to the counterflange which occurs by fully tightening the flange
      connection bolt. With the original oblique attachment of the waveguide to
      the corresponding component to which it is to be connected, for example to
      another waveguide or instrument, the friction which is created along the
      frontal face of the waveguide may be so strong that it becomes impossible
      to properly center the waveguide and, consequently, the bottom of the
      groove in the waveguide becomes deformed by the protruding ledge in the
      axial opening of the flange. Since it is desirable to have a low
      reflection factor for the entire waveguide train, this effect becomes a
      serious drawback. Furthermore, with such an arrangement, the cutting of
      the grooves into the waveguide at the point of installation is a
      relatively complicated process since it is necessary to produce oppositely
      disposed grooves in the waveguide in two different cross-sectional planes.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a flange adapted to be
      arranged on a tube which overcomes the types of drawbacks mentioned above.
PAR  Another object of the present invention is to provide a flange which can be
      easily installed without any need for complicated tools and which
      eliminates the need for soldering or welding in order to approach a
      perfect flange connection.
PAR  A further object of the present invention is to provide a waveguide flange
      which can be easily and accurately arranged on a waveguide.
PAR  The flange according to the present invention is based upon an improved
      structure of the above-described flange. In accordance with the present
      invention, the flange is constructed of a plurality of flange parts which
      fit together to define a flange having a central opening for surrounding
      the outer perimeter of a tube. Each of the flange parts defines at least a
      portion of the central opening and each part is provided on its surface
      portion, which helps define the central opening, with at least one
      protrusion for engaging a corresponding groove in a tube in a form-fitting
      relationship.
PAR  The flange according to the present invention can be constructed to be
      utilized on either noncircular or circular tubes, which tubes, for
      example, can be waveguides.
PAR  In an embodiment of the flange according to the present invention, there
      are two flange parts each of which has an axial bore which forms at least
      a portion of the central opening and the two flange parts are arranged to
      fit together along a plane which is transverse to the longitudinal axis
      through the central opening. The flange according to this embodiment,
      while generally utilized with tubes having noncircular, for example
      rectangular, cross sections, could also be utilized with tubes having
      circular cross sections.
PAR  In another embodiment of the flange according to the present invention for
      use on circular tubes, the flange parts are arranged within the same
      cross-sectional plane and each part forms a portion of the central opening
      which has a circular cross section. Each of these flange parts are
      identical in shape. At one end of each of the flange parts, there are
      symmetrical portions defining a recess which extends within a plane
      perpendicular to the longitudinal axis through the central opening. A
      projection is located on each of the flange parts at the opposite end from
      the recess; this projection symmetrically corresponds to the recess in the
      adjacent flange part so that adjacent flange parts fit together by
      interleaving the projection and the recess on adjacent parts.
PAR  The various embodiments of the flange according to the present invention
      are especially applicable for use as waveguide flanges for use on
      waveguides.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a side elevational sectional view of a first embodiment of a
      flange according to the present invention, which is to be utilized with a
      tube having a rectangular cross section.
PAR  FIG. 2 is a side elevational sectional view of a second embodiment of a
      flange according to the present invention, which is to be utilized with a
      tube having a rectangular cross section.
PAR  FIG. 3a is a front elevational view of a third embodiment of one flange
      part of a flange according to the present invention which is to be
      utilized with a tube having a rectangular cross section.
PAR  FIG. 3b is a side elevational sectional view along lines A--A of the flange
      shown in FIG. 3a.
PAR  FIG. 4 is a side elevational sectional view of a flange consisting of two
      flange parts, one of which is shown in FIGS. 3a and 3b, which flange parts
      are shown being arranged on a tube.
PAR  FIG. 5a shows a front elevational view of the flange shown in FIG. 4
      arranged in place on a tube.
PAR  FIG. 5b shows a side elevational sectional view along lines B--B of the
      flange and corresponding tube shown in FIG. 5a.
PAR  FIG. 6 shows a top view of a fourth embodiment of a flange according to the
      present invention, which is to be utilized on a tube having a circular
      cross section.
PAR  FIG. 7a is a front elevational view of one flange part of the flange shown
      in FIG. 6.
PAR  FIG. 7b is a side elevational view along lines D--D of the flange part
      shown in FIG. 7a.
PAR  FIG. 8a is a cross-sectional view along lines C--C of the flange and the
      associated tube shown in FIG. 6.
PAR  FIG. 8b is a side elevational view along lines E--E of the flange and the
      associated tube shown in FIG. 8a.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The flange shown in FIG. 1 is divided into two flange parts 1 and 1', along
      a plane which is transverse to the longitudinal axis, z, through the
      central opening of the flange. The two flange parts 1 and 1' fit together
      along a line 4 which extends parallel to the front face of the flange. In
      the embodiment illustrated in FIG. 1, the division is made such that both
      flange parts 1 and 1' have the same width. The passages, or axial bores, 2
      or 2' of the two flange parts form the central opening of the flange which
      corresponds to the outer diameter of the associated tube. The longitudinal
      axis z, which is indicated by the dot-dash line, through the central
      opening, also represents the longitudinal axis of the associated tube.
      Each flange part has at least one protrusion, 3 or 3', which extends into
      the respective flange passage, 2 or 2'.
PAR  It should be noted that each of the passages 2 and 2' is larger than the
      outer diameter of the associated tube so that the flange parts can be
      easily pushed onto the tube and then pushed in a direction transverse to
      the tube such that the protrusion engages the corresponding groove in the
      tube. The formfitting connection of the flange parts with the associated
      tube is effected by the use of appropriately shaped corresponding grooves
      in the tube in which the protrusions 3 and 3' engage. As shown in FIG. 1,
      the protrusions 3 and 3' are in different planes perpendicular to the
      longitudinal axis z of the tube.
PAR  In a second embodiment of the present invention, as shown in FIG. 2, the
      cross section of the entire flange which forms a rectangle in the plane of
      the drawing is divided by a diagonally extending parting line 7 into two
      flange parts 5 and 5'. In this embodiment, the two protrusions 6 and 6'
      are provided in the same plane.
PAR  In a third embodiment of the present invention the two identical flange
      parts may be so designed that they are reverse images of one another with
      respect to the cross-sectional plane of the associated tube, such as shown
      in FIG. 4. One of these flange parts, 8, is shown by itself in FIGS. 3a
      and 3b for the sake of simplicity. This flange part, 8, was produced in
      that the above-mentioned rectangular cross section of the entire flange in
      the plane parallel to the longitudinal axis through the central opening
      was divided along a parting line 9 which has at least one step in it. This
      parting line 9 is shown by the heavy solid line in FIG. 3b. The
      longitudinal axis through the central opening of the flange is again
      marked z. The passage, 14, corresponding to the outer cross section of the
      associated tube, provides an opening through which the associated tube can
      be passed. The flange part 8 is divided by the parting line 9 in such a
      way that its upper half 10 is relatively wide compared to the lower half
      11, which constitutes only a relatively narrow disc. The flange part 8 has
      a protrusion 19 which extends into the passage 14. Axial bores 12, as
      shown in FIG. 3a, are arranged in both the upper and lower portions, 10
      and 11, respectively. Connecting bolts pass through the axial bores 12 of
      the adjacent portions of the flange parts which are aligned in order to
      connect the adjacent flange parts.
PAR  The connection between a flange and a counterflange and between the flange
      and the associated tube, especially for example a waveguide, must be
      electrically and/or mechanically tight. For this purpose at least one
      flange part is provided on its frontal face with a recess 13 for
      accommodating an appropriate seal, as shown in FIGS. 3a and 3b. Of course,
      the other flange part can also be provided with a recess so that a
      gastight flange connection can be realized, for example, by the insertion
      of the appropriate elastic sealing strips. This produces not only a seal
      between the flange parts and the waveguide, but also produces a seal
      between the individual waveguide trains so long as the appropriate recess
      is also provided at the counterflange. The shape of the fastening groove
      and of the corresponding recess depends in the individual case on whether
      the flange is to be rotated with respect to the waveguide or not. If a
      rotatable fastening is to be provided, the groove of a circular waveguide
      will be coaxial and a circular ring-shaped strip will be attached to the
      flange parts. By utilizing a groove whose bottom is tangential to the
      waveguide cross section and corresponding protrusions on the flange parts,
      it is possible to prevent rotation of the flange with respect to the
      waveguide. The tensile strength of the connection between the flange and
      the waveguide can be further increased by providing the cross section of
      the fastening grooves and protrusions with radial elements at the points
      of contact. The inner surface of the flange part, i.e. the surface
      defining the flange passage, in the vicinity of the flange protrusions
      also serves to increase the strength of the connection between the flange
      and the associated waveguide.
PAR  Since waveguide connections must also be electrically tight, it is possible
      to provide for this purpose appropriately dimensioned recesses in a known
      manner at the frontal faces of the flanges which are to be connected,
      which recesses act as socalled wave traps.
PAR  FIG. 4 shows a flange which has been pushed over an associated waveguide
      15. The flange includes two reverse image flange parts 8 and 8'
      corresponding to those of FIG. 3. The waveguide is provided with grooves
      16 and 16' into which the protrusions 19 and 19', respectively, of the
      flange parts engage. These two flange parts, which form the flange, are
      pushed together so that their bores 12 are aligned in order to accommodate
      the connecting bolts and the total arrangement is centered and
      formfittingly locked together when the connecting bolts are connected in
      place.
PAR  The waveguide flange shown in FIG. 4 is shown arranged in place on a
      waveguide in FIGS. 5a and 5b, with the two flange parts 8 and 8' being
      connected together by the connecting bolts 18. A sealing bead 17 is shown
      inserted into the recess 13.
PAR  A further embodiment of the flange according to the present invention for
      use with a circular tube, or waveguide as shown, for example, a circular
      waveguide 31 is shown in FIG. 6. Two flange parts 28 and 29, which are
      shown in FIG. 6 together with a further flange part 32, as shown in FIG.
      8a, form the entire flange. The flange parts are interconnected in the
      form of a joint and each of the parts has its inside surface defining a
      portion of the central opening of the flange. Each of the flange parts has
      on its surface facing the waveguide 31 at least one protrusion 23 which
      engages in a corresponding groove in the waveguide, as this is shown in
      FIG. 8b. The flange parts are held together by fastening bolts 30 which
      connect adjacent portions of the flange parts.
PAR  One of the flange parts, 28, of the flange shown in FIG. 6 is shown in
      FIGS. 7a and 7b. This flange part 28 has a symmetrically arranged
      projection 21 at one end and a fork-type recess 24 at the other end.
      Projection 21 and recess 24 are constructed so that the projection of one
      flange part will correspond with the recess in the adjacent flange part.
      With the aid of fastening bolts 30 (FIG. 8b) which are placed into bores
      27, the flange parts can be connected together in the form of a joint
      since the bores are disposed in the individual parts in such a way that
      they can be aligned with one another. A protrusion 23 is disposed on the
      inside surface of the flange part which surface defines a portion of the
      central opening, so as to engage in an annular groove disposed in parallel
      with the cross-sectional plane of the associated waveguide so as to
      produce the desired form-fitting connection. Each of the end portions 22
      and 26 of the flange part has a stepped section so that the flange parts
      can be assembled together to form a flange which has a contiguous constant
      flange thickness. This stepping configuration can be adapted to the
      respective technical requirements in various ways.
PAR  FIGS. 8a and 8b provide a cross-sectional view and side sectional view of
      the flange and associated waveguide shown in FIG. 6. As shown in FIG. 8a,
      the flange includes three flange parts 28, 29 and 32, which are identical
      to one another. The protrusions 23 of the individual flange parts engage
      in annular groove 33 of the circular waveguide 31.
PAR  The flange does not have to consist of three individual parts, as
      illustrated, but can include either two parts or more than three and
      furthermore these flange parts do not have to be completely identical. The
      number of individual parts substantially depends on the bore configuration
      of the flange. If a bore configuration is used where four aligned pairs
      of, or eight total, bores are to be uniformly distributed over the partial
      circle, then the flange will advisably be constructed of four individual
      parts. If, however, three aligned pairs of, or six total, bores are
      provided, as in the illustrated embodiment, the flange advisably consists
      of three parts.
PAR  In the above described embodiment of the flange for a circular tube, it is
      further possible to provide the flange parts with an appropriate recess
      for the insertion of an elastic strip in the same manner as previously
      discussed with respect to the other flange embodiments such as shown in
      FIG. 5b. This seal is provided so that the flange can be sealed against
      the circular tube and/or against a further connecting flange. If the
      circular tube is, for example, a microwave waveguide, the seal will be
      effected in a known manner based upon consideration of the electrical
      requirements.
PAR  The use of the flange according to the present invention is not limited to
      tubes having rectangular and circular cross sections but can also be used
      with other cross sections, for exammple for aluminum waveguides with
      elliptical inner cross sections.
PAR  A waveguide with an approximately elliptical inner cross section for a
      frequency band of 7.7 MHz-8.5 GHz has the following dimensions:
PAR  a large inner diameter 36.8 mm;
PAR  a small inner diameter 19.1 mm; and
PAR  an outer cross section formed by two parallel lines which are themselves
      parallel to the large inner diameter and circular sections whose midpoints
      lie on the waveguide axis and have radii of 22.0 mm.
PAR  The "edges" between the aforesaid circular sections and the aforesaid lines
      are formed by circular sections with radii of 7.0 mm.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A flange adapted to be arranged on the end of a tube for connecting the
      tube to a flange on the end of a further tube, said flange comprising in
      combination: two identical flange parts which fit together to define a
      single flange having a central opening whose periphery corresponds to the
      outer perimeter of a tube, each said flange part having an axial opening
      at least a portion of the periphery of which corresponds to the outer
      perimeter of the tube on which the flange is to be arranged, each said
      axial opening being larger in part than the outer perimeter of the tube on
      which said flange is to be arranged and through which the tube can pass so
      that each said flange part will surround the entire outer perimeter of the
      tube, said two flange parts fitting together in a mating arrangement along
      a plane transverse to the longitudinal axis of said central opening with
      said portion of the periphery of said axial opening of each said flange
      part defining a portion of the periphery of said central opening; at least
      one protrusion provided on the surface portion of each of said flange
      parts which defines a portion of said central opening for engaging a
      corresponding groove in a tube in a form fitting relationship; and means
      for connecting said flange parts together.
NUM  2.
PAR  2. A flange as defined in claim 1 wherein said protrusions lie in a plane
      which is perpendicular to the longitudinal axis of said central opening.
NUM  3.
PAR  3. A flange as defined in claim 1 wherein said two flange parts are reverse
      images of one another with respect to the plane along which they are
      mutually arranged.
NUM  4.
PAR  4. A flange as defined in claim 3 wherein said flange has a rectangular
      cross section in a plane parallel to the longitudinal axis through said
      central opening and said flange parts fit together along the diagonal of
      the rectangular cross section.
NUM  5.
PAR  5. A flange as defined in claim 3 wherein said flange has a rectangular
      cross section in a plane parallel to the longitudinal axis through said
      central opening and each of said flange parts has at least one step in the
      plane of the rectangular cross section.
NUM  6.
PAR  6. A flange as defined in claim 1 wherein at least one flange part has a
      recess on its frontal face adapted to accommodate a seal therein.
NUM  7.
PAR  7. A flange as defined in claim 1 wherein said flange is a waveguide flange
      for a waveguide.
NUM  8.
PAR  8. A flange as defined in claim 1 wherein said central opening is
      rectangular so that said flange can surround a tube having a rectangular
      outer shape.
NUM  9.
PAR  9. A flange as defined in claim 1 wherein said central opening is
      elliptical so that said flange can surround a tube having an elliptical
      outer shape.
NUM  10.
PAR  10. A flange as defined in claim 1 wherein at least one flange part has a
      recess on its surface portion which defines at least a portion of said
      central opening and said recess is adapted to accommodate a seal therein.
NUM  11.
PAR  11. A flange as defined in claim 1 wherein said connecting means includes
      at least two bores provided in each of said flange parts, said bores being
      arranged parallel to the longitudinal axis through said central opening
      and disposed within said flange parts such that the bores on adjacent
      portions of said flange parts are aligned; and fastening bolts passing
      through said aligned bores so as to interconnect said flange parts.
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PAL  An electromagnetic coordinate selection device comprising a plurality of
      electromagnetically operated cross point switches arranged in a matrix
      form and a plurality of magnetic cores disposed at points corresponding to
      said cross point switches for operation thereof, with any desired cross
      point switch closed only when the first and second coils wound about the
      magnetic cores are additively excited wherein the magnetic cores are each
      of the composite type to stabilize the operation of the cross point
      switches and the cross point switches are collectively sealed in a single
      container or in groups in a plurality of vessels provided in a number
      equal to or smaller than the number of the conductors arranged in the
      direction of the row or column of said matrix.
BSUM
PAR  This invention relates to an electromagnetic coordinate selection device
      wherein the cross points of row and column conductors are selectively
      closed by cross point switches arranged in a matrix form and more
      particularly to an electromagnetic coordinate selection device using
      electromagnetic cross point switches.
PAR  This electromagnetic coordinate selection device is applied to, for
      example, the speech path switch of a telephone exchange.
PAR  The known cross point switches used with an electromagnetic coordinate
      selection device to change over a speech path are of the mechanical type
      such as a cross bar switch and a magnetic reed switch. In this case, any
      cross point switch is electromagnetically operated. The electromagnetic
      cross point switches include the nonsealed type whose contact members are
      exposed to the air and the sealed type whose contact members are sealed in
      a container. The nonsealed cross point switch is not preferred due to the
      contact resistance between the contact members being affected by the
      atmospheric air, though capable of being manufactured at low cost. One
      form of reed cross point switch comprises a glass tube into which a pair
      of magnetic reeds are sealed, with a contact member provided at each of
      the mutually facing ends of said magnetic reeds; yokes connected to the
      magnetic reeds outside of the glass tube; a semipermanent magnetic core
      disposed between the yokes; and selection winding consisting of first and
      second coils wound about the magnetic core. According to this reed type
      cross point switch, a magnetic force is generated in the gap between the
      contact members only when prescribed pulse current passes through the
      first and second coils, thereby selectively closing the contact members
      and in consequence the speech path. Namely, where the pulse current
      travels through only one of the first and second coils, the contact
      members remain open, and where the pulse current flows through both coils,
      said contact members are latched in a closed state. The current
      transmitted through one of the two windings to open the closed contact
      members is hereinafter referred to as "release pulse current". With a
      single magnetic core, the magnetomotive force generated by the release
      pulse current has a peak value having a small margin. To match such small
      margin, therefore, line voltage, resistance in the coil windings and other
      wiring lines must have an extremely small margin. This fact makes it
      practically impossible to design an electromagnetic coordinate selection
      device wherein two coils are additively excited. Further where one cross
      point switch is sealed in one glass tube as is the case with the prior art
      magnetic reed switch, then difficulties will arise in rendering an
      electromagnetic coordinate selection device compact and inexpensive.
PAR  It is accordingly the object of this invention to provide an
      electromagnetic coordinate selection device capable of easily attaining
      design, protection of contact members from ambient atmosphere,
      miniaturization and cost reduction.
PAC  SUMMARY OF THE INVENTION
PAR  The electromagnetic coordinate selection device according to the present
      invention comprises a plurality of cross point switches each provided with
      a stationary contact member and a movable contact member and designed to
      carry out electrical connection and disconnection between the row and
      column conductors; a plurality of magnetic cores disposed at points
      corresponding to the cross point switches to drive the movable contacts
      thereof; first coils wound about the magnetic cores to introduce drive
      current of the row or column direction; and second coils wound about the
      magnetic cores to transmit drive current of the column or row direction,
      wherein the magnetic cores are each of the composite type consisting of a
      first magnetic core member generating a sufficient amount of coercive
      force to latch the movable contact member and a second magnetic core
      member producing a larger amount of coercive force than the first magnetic
      core member; and all the cross point switches are collectively sealed in a
      single container or in groups in a plurality of containers provided in a
      number equal to or smaller than the number of the row or column
      conductors.
PAR  The electromagnetic coordinate selection device of this invention using a
      composite magnetic core in place of the single magnetic core used with the
      prior art coordinate selection device can allow the peak value of release
      pulse current resorting the closed contact members to an open state to
      have a broad margin, facilitating the design and practical application of
      an electromagnetic coordinate selection device wherein the first and
      second coils wound about the composite magnetic core are additively
      excited. According to this invention, the contact members are sealed in a
      plurality of containers provided in a number equal at most to the number
      of the row or column conductors (or signal lines), thereby not only
      facilitating the manufacture of an electromagnetic coordinate selection
      device, but also rendering said device compact and inexpensive. Further,
      placement of a composite magnetic core outside of the contact member
      container (as in one embodiment of this invention) admits of its free
      selection. This arrangement of a magnetic core eliminates the mechanical
      drawback accompanying the prior art system of exposing part of the
      magnetic core to the interior of a metal container through glass
      insulator. According to another embodiment of the invention, all the
      magnetic cores, together with cross point switches are sealed in the same
      vessel, with the first and second coils wound about the magnetic cores
      outside of the container. According to still another embodiment, the first
      coils may be separately wound about the corresponding magnetic cores and a
      common second coil may be wound about all the magnetic cores belonging to
      the same row or column. It is also possible to wind a common first coil
      about all the magnetic cores belonging to the same row or column and wind
      a common second coil about all the magnetic cores belonging to the same
      column or row. According to a further embodiment, cross point switches
      belonging to two adjacent rows or columns are collectively sealed in a
      single container to form a speech path.
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PAC   BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 shows the arrangement of a typical reed switch used with the prior
      art electromagnetic coordinate selection device;
PAR  FIG. 2 is a curve diagram showing the relationship of the magnetization
      characteristics of the prior art single magnetic core driving the reed
      switch of FIG. 1 and the excitating current of the magnetic core;
PAR  FIG. 3 is a curve diagram showing the relationship of the magnetization
      characteriztics of a composite magnetic core of this invention to drive a
      cross point switch and the exciting current of the composite magnetic
      core;
PAR  FIG. 4 indicates the arrangement of cross point switches relative to the
      row and column conductors used in one embodiment of this invention;
PAR  FIG. 5 is a sectional view on line 5--5 of FIG. 4;
PAR  FIG. 6A is a magnified sectional view of a unit driving device of a pair of
      adjacent cross point switches of FIG. 5;
PAR  FIG. 6B is a magnified sectional view of the unit driving device of FIG. 6A
      where the paired cross point switches are closed;
PAR  FIG. 7A is a top view showing the positional relationship of one column
      conductor, contact member and movable spring associated with the cross
      point switch of FIG. 5;
PAR  FIG. 7B is a side view of FIG. 7A;
PAR  FIG. 8A is an oblique view of FIG. 4, showing the manner in which the
      magnetic cores are connected to each other;
PAR  FIG. 8B presents the matrix arrangement of coils wound about the magnetic
      cores of FIG. 8A;
PAR  FIG. 9 is a curve diagram showing the magnetization characteristics of the
      composite magnetic core of FIG. 6A;
PAR  FIG. 10 shows a modification of the first embodiment of FIGS. 4 to 9;
PAR  FIG. 11 is an oblique view of one of the column structures included in the
      second embodiment of this invention;
PAR  FIG. 12 is a sectional view on line 12--12 of FIG. 11;
PAR  FIG. 13 is a plan view showing the arrangement of row and column
      conductors, cross point switches and containers included in the
      electromagnetic coordinate selection device of this invention formed of a
      plurality of the column structures of FIG. 11;
PAR  FIG. 14 sets forth the matrix arrangement of the first and second coils
      wound about the magnetic cores corresponding to that of FIG. 13;
PAR  FIG. 15 indicates the magnetization characteristics of a composite magnetic
      core used in the second embodiment of the invention;
PAR  FIG. 16 is a sectional view of a modification of the structure of FIG. 12;
PAR  FIG. 17 is a sectional view of another modification of the structure of
      FIG. 12;
PAR  FIG. 18 is an oblique view of one of the column structures included in the
      third embodiment of the invention;
PAR  FIG. 19 is a sectional view on line 19--19 of FIG. 18;
PAR  FIG. 20 is a sectional view of a modification of the column structure of
      FIG. 18;
PAR  FIG. 21 is a sectional view of another modification of the column structure
      of FIG. 18;
PAR  FIG. 22 is an oblique view, partly in section, of the arrangement of cross
      point switches constituting the fourth embodiment of the invention which
      are sealed in a container;
PAR  FIG. 23 is a fractional sectional view on line 23--23 of FIG. 22;
PAR  FIG. 24 is a magnified oblique view of a row conductor of FIG. 22;
PAR  FIG. 25 is a magnified view of the section 72 of FIG. 23;
PAR  FIG. 26 is a plan view showing the arrangement of the structural components
      of FIG. 23 and the electrical connection thereof; and
PAR  FIG. 27 is a plan view showing a modification of the arrangement of the
      structural components of the fourth embodiment as well as of the
      electrical connection thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Prior to the detailed description of the first embodiment of this
      invention, there will now be discussed for better understanding of the
      invention the structure of one form of the prior art magnetic reed switch
      and the magnetization characteristics of the magnetic core by reference to
      FIGS. 1 and 2. In FIG. 1, the magnetic reed switch comprises a glass tube
      20 and magnetic reeds 21a, 21b sealed therein. Those end portions of the
      magnetic reeds 21a, 21b which are sealed in the glass tube 20 constitute
      contact members. Where the magnetic reed switch is open, a gap 22 is
      formed between the contact members. The magnetic reeds 21a, 21b are
      connected to yokes 23a, 23b respectively. A common semipermanent magnetic
      core 24 is connected to the free ends of the yokes 23a, 23b. Where the
      magnetic reed switch is used with an electromagnetic coordinate selection
      device, pulse current running in the row direction passes through a first
      coil 25 and pulse current traveling in the column direction flows through
      a second coil 26. FIG. 2 shows the magnetization characteristics of the
      magnetic core 24 for driving the magnetic reed switch. Namely, the
      magnetomotive force U generated in the magnetic core 24 is shown on the
      abscissa, and the magnetic flux .phi. passing through the gap 22 of the
      magnetic reed switches 21a, 21b is shown on the ordinate. Pulses of the
      current transmitted through the first coil 25 are indicated in the form of
      magnetomotive forces U.sub.1 ', U.sub.2 ' (T denotes the time sequence in
      which said pulses of current are applied). This description also applies
      to the pulses of current introduced through the second coil 26. Pulse
      U.sub.1 ' is designated as negative release pulse, and pulse U.sub.2 ' as
      positive operation pulse. Now let it be assumed that the first and second
      coils 25, 26 are supplied alike with the negative release pulse U.sub.1 '
      and positive operation pulse U.sub.2 ' in succession. Then the magnetic
      core 24 gives forth a negative magnetomotive force having a peak value
      U.sub.1 and a positive magnetomotive force having a peak value U.sub.2.
      These magnetomotive forces cause the magnetic core 24 to be magnetized
      through a route of a .fwdarw. b .fwdarw. c .fwdarw. d .fwdarw.  e .fwdarw.
      f or a route of f .fwdarw. b .fwdarw. c .fwdarw. d .fwdarw. e .fwdarw. f.
      The contact members of the magnetic reed switch are closed by a magnetic
      force generated in the gap 22 between the magnetic reeds 21a, 21b by a
      residual magnetic flux .phi..sub.r at point f. The contact members of the
      magnetic reeds 21a, 21b are latched in the closed state. Namely, the
      contact members are prevented from being opened from said latched
      condition of f. Where only one of the first coil (in the row direction)
      and the second coil (in the column direction) is impressed with a negative
      release pulse U.sub.1 ' and a positive operation pulse U.sub.2 ' in
      succession, then the magnetic core 24 is magnetized through a route of f
      .fwdarw. b .fwdarw. a .fwdarw. d .fwdarw. a or a .fwdarw. b .fwdarw. a
      .fwdarw. d .fwdarw. a, with the residual magnetic flux .phi..sub.r reduced
      to a value approximating zero, thereby causing the contact members of the
      magnetic reed switch to be opened by the righting moment of the magnetic
      reed switches acting as springs. Where the first and second coils are
      simultaneously supplied with pulse current, the magnetic reed switch is
      closed electrically to connect the row and column conductors, thereby
      selecting a desired signal channel. In this case, it may be deemed
      advisable to set the residual magnetic flux at a smaller value than an
      absolute level .phi..sub.0 to open the contact members. Since, however, a
      release pulse used to this end has a peak value having a very narrow
      margin, the line voltage, coil resistance and wiring resistance have a
      restricted margin, presenting difficulties in designing an electromagnetic
      coordinate selection device.
PAR  There will now be described by reference to FIG. 3 the magnetization
      characteristics of a composite magnetic core according to this invention
      which consists of a first semipermanent magnetic core having a sufficient
      coercive force to latch the closed switch contact members and a second
      semipermanent magnetic core having a fully larger coercive force than that
      of the first semipermanent magnetic core and being saturable at a magnetic
      flux nearly equal to the flux of the first semipermanent mmagnetic core.
      Now let it be assumed that the composite magnetic core is magnetized at
      point g denoting a negative residual magnetic flux -.phi..sub.r '. Where
      at least one of the first and second coils is impressed with positive
      current, then the magnetization condition of a magnetic core having a
      smaller coercive force is reversed at point h and shifted to point i.
      Where a larger amount of the positive current is applied, then the
      magnetization condition of said second magnetic core having said larger
      coercive force is reversed at point j  and transferred to point k. Where a
      smaller amount of the positive current is transmitted through said coils,
      then the magnetization condition of the composite magnetic core passes
      point l to point m indicating a positive residual magnetic flux
      .phi..sub.r '.
PAR  Where at least one of the first and second coils is supplied with negative
      current, then the composite magnetic core is magnetized through a route of
      m .fwdarw. n .fwdarw. o .fwdarw. p .fwdarw. q .fwdarw. r .fwdarw. s. Where
      the magnetization condition of the composite magnetic core lies at any
      point on a line extending between point o at which said magnetization
      condition is reversed and point r, and under this condition the negative
      current is shut off, then the magnetization condition of the composite
      magnetic core is moved to point t at which the residual magnetic flux is
      substantially reduced to zero. Where at least one of the first and second
      coils is supplied with negative current, then the composite magnetic core
      is magnetized through a route of v .fwdarw. o .fwdarw. p .fwdarw. q
      .fwdarw. r .fwdarw. s. Where positive current is impressed at point t,
      then the composite magnetic core is magnetized through a route of t
      .fwdarw. u .fwdarw. v .fwdarw. l .fwdarw. k.
PAR  Where the first and second coils are both supplied with negative release
      pulse current and positive operation pulse current in succession, then the
      negative magnetomotive force of the composite magnetic core will have a
      peak value U.sub.3 (=2U.sub.3 ') and the positive magnetomotive force
      thereof will have a peak value U.sub.4 (=2U.sub.4 '). Thus the composite
      magnetic core is magnetized through a route of m .fwdarw. n .fwdarw. o
      .fwdarw. p .fwdarw. o .fwdarw. t .fwdarw. u .fwdarw. v .fwdarw. l .fwdarw.
      m or t .fwdarw. o .fwdarw. p .fwdarw. o .fwdarw. t .fwdarw. u .fwdarw. v
      .fwdarw. l .fwdarw. m. As the result, the cross point switch is closed and
      latched in that state by a magnetic force resulting from a residual
      magnetic flux .phi..sub.r ' at point m. Where only one of the first and
      second coils is impressed with negative release pulse current and positive
      operation pulse current according to the time sequence T, then the
      negative magnetomotive force of the composite magnetic core has a peak
      value U.sub.3 ' and the positive magnetomotive force thereof has a peak
      value U.sub.4 '. It will be noted that U.sub.3 ' has a value equal to half
      that of U.sub.3 and U.sub.4 ' has a value equal to half that of U.sub.4.
      Where the contact members of the cross point switch are closed, namely,
      the residual magnetic flux lies at point m, then the composite magnetic
      core is magnetized through a route of m .fwdarw. n .fwdarw. o .fwdarw. t
      .fwdarw. u .fwdarw. t. And where the contact members of the cross point
      switch are opened, namely, the residual magnetic flux stands at point t,
      then the composite magnetic core is magnetized through a route of t
      .fwdarw. o .fwdarw. t .fwdarw. u .fwdarw. t, with the residual magnetic
      flux substantially reduced to zero. Thus the contact members of the cross
      point switch are opened by the righting moment of the magnetic reeds
      acting as springs. In this case, the magnetomotive force should have a
      smaller peak value U.sub.3 than that at point r. This means that the peak
      value U.sub.3 ' of a negative magnetomotive force is allowed to vary
      within the range lying between point o and point q at which a
      magnetomotive force is produced with a value equal to half that at point
      r. Namely, according to this invention, the peak value of the negative
      magnetomotive force can have a broader margin than in the case where a
      single form of magnetic core 24 is used. The larger the difference between
      the coercive forces of two magnetic core members constituting the
      composite magnetic core, the broader the range within which the peak value
      of the magnetomotive force is allowed to vary.
PAR  As mentioned above, according to this invention, an electromagnetic
      coordinate selection device can be very easily designed owing to the use
      of a composite magnetic core for driving contact members of a cross point
      switch. In this case, the cross point switches should be sealed in
      container means for protecting the contact members from being affected by
      air atmosphere. However, the number of said containers, the condition in
      which the contact members of each cross point switch are electrically
      connected, the arrangement of a plurality of composite magnetic cores and
      the arrangement of the first and second coils are decisive factors in
      designing and manufacturing an electromagnetic coordinate selection device
      as well as in rendering said device compact and inexpensive.
PAR  There will now be described by reference to FIGS. 4 to 9 the first
      embodiment of this invention which can be practised in various forms. FIG.
      4 presents an embodiment having twelve row conductors and twelve column
      conductors. As detailed later, column conductors 27a, 27b and row
      conductors 28a, 28b are provided in pairs with respect to each pair of
      cross point switches included in the respective sections of the column and
      row structures. A column conductor 27a is provided with a movable contact
      member 29a and a row conductor 28a with a stationary contact member 30a.
      These movable and stationary contact members 29a, 30a constitute a cross
      point switch 31a. Similarly, a column conductor 27b is provided with a
      movable contact member 29b and a row conductor 28b with a stationary
      contact member 30b. These movable and stationary contact members 29b, 30b
      form another cross point switch. A plurality of said cross point switches
      31a, 31b are all sealed in a single container 32. Composite magnetic cores
      corresponding to cross point switches and exciting coils thereof are not
      shown in FIG. 4. The arrangement of the cross point switches, composite
      magnetic cores and exciting coils is set forth in FIG. 5 showing a
      sectional view on line 5--5 of FIG. 4. Referring to FIG. 5, an insulation
      substrate 32a and a cover plate 32b jointly constitute the above-mentioned
      single container 32. The composite magnetic cores 33a, 33b penetrate the
      insulation substrate 32a in an airtight state. The indicated upper portion
      of each composite megnetic core is sealed in the container 32, and the
      indicated lower portion thereof is disposed outside of said container 32.
      The composite magnetic core, for example 33a, consists of a first
      semipermanent magnetic core member having a sufficient coercive force to
      latch the movable contact member 29a or an armature 35a and a second
      magnetic core member having a larger coercive force than the first
      magnetic core member. It will be noted that according to the first
      embodiment of this invention, the first and second magnetic core members
      are shown to have an equal cross sectional area and assembled in an
      integral body in an indistinguishable form. The armature 35a is disposed
      through a movable spring member 34a on the indicated right side of the
      column conductor 27a. The magnetic core member 33b, column conductor 27b,
      movable spring 34b and armature 35b have the same arrangement as those
      bearing the same numerals suffixed by the letter a. Unless particularly
      required, therefore, description is only given of the elements designated
      by numerals suffixed by the letter "a". A first common exciting coil 36 is
      only wound about every two composite magnetic cores, while a second common
      exciting coil 37 is wound about all twelve composite magnetic cores
      arranged in a direction extending at right angles to the drawing, namely,
      six composite magnetic cores indicated by 33a and six composite magnetic
      cores shown by 33b. Referential numeral 38 denotes a yoke which is
      penetrated by the composite magnetic cores 33a, 33b with a necessary space
      allowed between said magnetic cores and yoke to prevent electrical
      conduction.
PAR  A unit structure for operating the aforesaid two cross point switches 31a,
      31b (FIG. 4) is shown in magnification in FIGS. 6A and 6B. Referring to
      FIG. 6A, a stationary contact member 30a is provided by plating or welding
      a proper contact metal on the indicated upper left side of the composite
      magnetic core 33a, and a movable contact member 29a is provided by plating
      or welding a proper contact metal on the indicated right side of the
      armature 35a. One bent end of the armature 35a constitutes a yoke portion
      39a for passage of a magnetic flux. Where the cross point switch 31a is
      not closed, a gap Ga is formed, as shown in FIG. 6A, between the movable
      contact member 29a and stationary contact member 30a. Since the structure
      of the right half section of FIG. 6A is exactly the same as that of the
      left half section, description of the right half section is omitted with
      the component parts thereof simply designated by referential numerals
      bearing a suffix "b"  to be distinguished from those of the left half
      section. FIG. 6B shows the closed condition of the cross point switches
      31a, 31b of FIG. 6A.
PAR  The arrangement of the armature 35a and movable spring member 34a relative
      to the column conductor 27a is set forth in FIG. 7A, and a plan view of
      the arrangement of the movable spring member 34a and armature 39a is shown
      in FIG. 7B. According to the first embodiment, each flexible metal strip
      bearing the shape of a letter S is welded, as seen from FIG. 7B, to the
      column conductor 27a at point 40. The armature 35a is welded to the
      central or movable part of the flexible metal strip at point 41, to be
      easily displaced within a prescribed distance (in a direction
      perpendicular to the drawing). The movable spring member 34a may be formed
      into a vibratory disk or spiral shape.
PAR  Outside of the container 32 of FIG. 5, six composite magnetic cores 33a
      belonging to the same row are jointly connected to the row conductor 28a,
      and six composite magnetic cores 33b are jointly connected to another row
      conductor 28b. The electrical connections of all composite magnetic cores
      are shown in the oblique view of FIG. 8A.
PAR  As shown in FIG. 8B, the first exciting coils (or referred to as "row
      coils") 36 are connected in series for each row. These series circuits are
      connected at one end to row input terminals X.sub.l to X.sub.m
      respectively, and jointly connected at the other end. The second exciting
      coils (or referred to as "column coils") 37 are connected in series for
      each column. These series circuits are connected at one end to column
      input terminals Y.sub.l to Y.sub.n, and jointly connected at the other
      end. The common cross points of the respective groups of series connected
      row coils 36 are electrically connected to the corresponding common cross
      points of the respective groups of series connected column coils 37. It is
      noted that though a single column coil is wound, as previously described,
      about two column magnetic cores in common, said coil is indicated in a
      divided form in FIG. 8B.
PAR  The container 32 consists of an insulation member which may be formed of
      ceramics, glass, plastics or metal. Where the container 32 is made of
      metal, those portions of said container 32 which are penetrated by the
      composite magnetic cores and the column conductors 27a, 27b should be
      protected for insulation by, for example, glass.
PAR  There will now be described the operation of the first embodiment of this
      invention constructed as previously mentioned. Where the movable contact
      member 29a and stationary contact member 30a are closed by a residual
      magnetic flux at point A on a line representing the magnetization
      characteristics of FIG. 9 and, under this condition, one of the first and
      second coils 36, 37 is impressed with pulses P.sub.1, P.sub.2 (denoted by
      ampere turn) in a time sequence T, then the composite magnetic core is
      magnetized through a route of A .fwdarw. B .fwdarw. O .fwdarw. G .fwdarw.
      O'. Where the contact members 29a, 30a are opened, namely, the composite
      magnetic core is magnetized at point O', then the magnetization point is
      shifted through a route of O' .fwdarw. b .fwdarw. O .fwdarw. G .fwdarw.
      O'. In either case, the contact members 29a, 30a are opened to be latched
      in this state. Where the first and second coil windings are supplied alike
      with pulses P.sub.1, P.sub.2 in succession, then the composite magnetic
      core is additively excited and brought to a state equivalent to that in
      which pulses P.sub.1 ', P.sub.2 ' are impressed on one of the coil
      windings. In this case, the composite magnetic core is magnetized through
      a route of A .fwdarw. B .fwdarw. C .fwdarw. B .fwdarw. O .fwdarw. G
      .fwdarw. F .fwdarw. A when the contact members 29a, 30a are closed, and
      through a route of O' .fwdarw. B .fwdarw. C .fwdarw. B .fwdarw. O .fwdarw.
      G .fwdarw. F .fwdarw. A when the contact members 29a, 30a are opened. In
      either case, the contact members 29a, 30a are latched in a closed state.
      The character .phi. denotes a magnetic flux passing through the gaps Ga,
      Gb (FIG. 6A). Where a residual magnetic flux lies at point A, then the
      armatures 35a, 35b are attracted to the composite magnetic cores 33a, 33b
      respectively against the righting moment of the corresponding spring
      members 34a, 34 b. Where a residual magnetic flux decreases from that
      which appeared at point O', then the armatures 35a, 35b are displaced by
      the righting moment of the corresponding spring members 34a, 34b to render
      the cross point switches 31a, 31b nonconducting. The passageway of the
      magnetic flux .phi. in the composite magnetic core is indicated by
      referential numeral 44 in FIG. 6A. With the first embodiment of this
      invention using a composite magnetic core, the contact members 29a, 30a
      can be operated, as previously described by reference to FIG. 3, under a
      stable condition, even when the negative magnetomotive force of the
      release pulse of FIG. 9 has a peak value varying from point P.sub.1 to
      point Q.
PAR  There will now be described the manner in which any cross point of the
      coordinate is selected. Where it is desired to pick up, for example, a
      cross point (x.sub.j.y.sub.k) in FIG. 8B, positive and negative pulses of
      FIG. 9 are impressed in succession between the terminals x.sub.j and
      y.sub.k. Then a coil at the cross point (x.sub.j.y.sub.k) is brought to a
      state equivalent to that in which current generating ampere turns P.sub.1
      ', P.sub.2 ' flows through said coil. Accordingly, the switch at the cross
      point (x.sub.j.y.sub.k) is latched in a closed state. The coils at other
      cross points than that of (x.sub.j.y.sub.k) which are only supplied with
      current generating ampere turns P.sub.1, P.sub.2 are latched in an open
      state.
PAR  According to the above-mentioned first embodimemt, all the cross point
      switches were sealed in a single container 32. However, it is possible to
      seal cross point switches included in every two adjacent columns in
      separate containers 45 as in the embodiment of FIG. 10.
PAR  There will now be described by reference to FIGS. 11 to 15 the second
      embodiment of this invention. This embodiment is characterized in that all
      the composite magnetic cores are provided fully outside of the
      corresponding sections of a container and are not concurrently used as
      electric conductors, and that the cross point switches belonging to the
      same column are sealed in a single metal container.
PAR  FIG. 11 is an oblique view of the arrangement of cross point switches
      belonging to the same column and the corresponding drive units. FIG. 12
      shows a cross point switch included in the embodiment of FIG. 11 and the
      corresponding drive unit. Throughout FIGS. 11 and 12, referential numeral
      48 denotes a stationary or signal terminal, the lower end of which is
      provided with a stationary contact member 48a. The signal terminal 48
      projects above a column conductor 49 through a glass insulator 50. A
      movable contact member 51 (FIG. 11) is provided on an armature 52 so as to
      face the stationary contact member 48a. The armature 52 is flexibly
      supported by a spring member 53. This spring member 53 is punched, for
      example, out of an elastic plate 54 (FIG. 11) being fitted lengthwise of a
      column structure. Said elastic plate 54 is interposed between a metal
      plate 55 having its crosswise central portion depressed and the column
      conductor 49, thereby defining a container 57 provided with a cross point
      switch-sealing chamber 56. A composite magnetic core 58 is set in place by
      pressing that end face of the composite magnetic core which
      electromagnetically drives the armature 52 against the outer surface of
      the metal plate 55. The composite magnetic core 58 is wound with first and
      second coils 59, 60. Referential numeral 61 is a bobbin on which to wind
      said first and second coils about the composite magnetic core 58. A yoke
      62 is supported by the metal plate 55. Referential numerals 63, 64 denote
      the terminals of the first and second coils 59, 60 respectively.
      Referential numeral 65 is the outer connector of a column conductor. As
      shown in FIG. 13, the signal terminals 48 of the respective rows are
      connected to the corresponding row conductors 66 fully outside of the
      container 57. A plan view of the arrangement of the row conductors 66,
      column conductors 49, containers 57, signal terminals 48 (including the
      stationary contact member 48a) and movable contact members 51 is set forth
      in FIG. 13. The matrix arrangement of the first and second coils 59, 60 is
      shown in FIG. 14. Namely, the first coils 59 belonging to the respective
      rows are connected in series. These series circuits are connected at one
      end to the corresponding terminals X.sub.1 to X.sub.8 and jointly
      connected at the other end. The second coils 60 belonging to the
      respective columns are connected in series. These series circuits are
      connected at one end to the corresponding terminals Y.sub.1 to Y.sub.8 and
      jointly connected at the other end.
PAR  The above-mentioned common junctions are electrically connected. The second
      coil may be wound about all the composite magnetic cores belonging to the
      same column. In this case, the second coil or column coil 60 shown in FIG.
      14 should be considered a coil arranged equivalently corresponding to a
      switch.
PAR  There will now be described the operation of the second embodiment of this
      invention. Where, in FIG. 15, a residual magnetic flux .phi. appears at
      point A on a curve showing the magnetization characteristics of the
      composite magnetic core 58, then the armature 52 is electromagnetically
      attracted to said composite magnetic core 58, causing the stationary
      contact members 48a provided on the signal terminal 48 and movable contact
      member 51 to be separated, namely, the cross point switch to be latched in
      an open state. Where a residual magnetic flux .phi..sub.r lies at point O
      (in FIG. 15 the residual magnetic flux is shown to be zero), then the
      armature 52 is released by the spring member 53 to cause the movable
      contact member to contact the stationary contact member 48a, namely, to
      latch the cross point switch in a closed state. Where, under this
      condition, one of the first and second coils 59, 60 is impressed with
      pulses P.sub.2, P.sub.1 (represented by ampere turns) successively in a
      time sequence T, then the composite magnetic core 58 is magnetized through
      a route of O .fwdarw. D .fwdarw. A .fwdarw. B .fwdarw. A when said
      magnetic core was previously magnetized at point O, namely, when the cross
      point switch was closed. Where the composite magnetic core 58 was
      previously magnetized at point A, namely, the cross point switch was
      opened, then the composite magnetic core 58 is magnetized through a route
      of A .fwdarw. D .fwdarw. A .fwdarw. B .fwdarw. A. Therefore, whether the
      cross point switch was previously closed or opened, said switch is latched
      in an open state, because the armature 52 is electromagnetically attracted
      to the composite magnetic core 58 due to a residual magnetic flux at point
      A. Where the first and second coils 59, 60 are impressed alike with pulses
      P.sub.2, P.sub.1 in succession, then the composite magnetic core 58 is
      magnetized by pulse P.sub.2 ' (having a peak value twice that of pulse
      P.sub.2) and pulse P.sub.1 ' (having a peak value twice that of pulse
      P.sub.1). Where, in this case, the composite magnetic core was previously
      magnetized at point O, namely, the cross point switch was closed, then the
      composite magnetic core 58 is magnetized through a route of O .fwdarw. D
      .fwdarw. E .fwdarw. D .fwdarw. A .fwdarw. B .fwdarw. C .fwdarw. O. Where
      the composite magnetic core 58 was previously magnetized at point A,
      namely, the cross point switch was opened, then said composite magnetic
      core 58 is magnetized through a route of A .fwdarw. D .fwdarw. E .fwdarw.
      D .fwdarw. A .fwdarw. B .fwdarw. C .fwdarw. O. Accordingly, the cross
      point switch is latched in a closed state, regardless of whether said
      switch was previously opened or closed.
PAR  Where in FIG. 14, it is desired to select the cross point of the third row
      and second column, then the pulses P.sub.2, P.sub.1 of FIG. 15 are
      impressed between the terminal X.sub.3 and Y.sub.2. Then the composite
      magnetic core 58 at this cross point (X.sub.3.Y.sub.2) is brought to a
      state equivalent to that in which said magnetic core 58 is excited by
      pulses P.sub.2 ', P.sub.1 '. Accordingly, the cross point switch is
      latched in a closed state. On the other hand, composite magnetic cores 58
      at other points than the above-mentioned cross point (X.sub.3, Y.sub.2)
      are only excited by pulses P.sub.1, P.sub.2, causing the switches at said
      other cross points to be latched in an open state.
PAR  There will now be described the arrangement of FIG. 16 where each pair of
      cross point switches included in two adjacent columns are assembled in an
      integral body. This arrangement is a first modification of the second
      embodiment capable of simplifying the construction of the electromagnetic
      coordinate selection device of this invention. According to this
      modification, the container 57a of the first column and the container 57b
      of the adjacent second column are disposed in opposite directions and
      assembled in an integral body by a yoke 62a. A composite magnetic core 58a
      corresponding to the indicated upper cross point switch and a composite
      magnetic core 58b corresponding to the indicated lower cross point switch
      are linearly arranged with the switch-nondriving end faces of said
      magnetic cores positioned opposite to each other. The first and second
      coils 59a, 60a are wound about both composite magnetic cores 58a, 58b in
      common through a bobbin 61a. In this case, it is possible to wind the
      second coil 60a about all the composite magnetic cores belonging to the
      first and second columns. The parts of each cross point switch will be
      easily understood by reference to FIG. 12, description thereof being
      omitted.
PAR  FIG. 17 is a sectional view of each pair of the integrally assembled cross
      point switches belonging to two adjacent columns as in FIG. 16. This
      arrangement is a second modification of the second embodiment of this
      invention. According to this second modification, the container 57a of the
      first column and the container 57b of the adjacent second column are
      integrally assembled in opposite directions by a yoke 62b with the
      vertical central lines of said containers 57a, 57b disposed crosswise
      apart instead of being aligned as in FIG. 16. In this case, the composite
      magnetic cores 58a, 58b are so disposed as to have the side walls set face
      to face. The first and second coils 59b, 60b are wound about the composite
      magnetic cores 58a, 58b in common by means of a bobbin 61b. The second
      coil 60b may be wound about all the composite magnetic cores of the first
      and second columns in common.
PAR  The second embodiment, wherein the composite magnetic cores are provided
      fully outside of the container 57 has the advantages that the composite
      magnetic cores need not be heated as is the case with the prior art
      coordinate selection device wherein the magnetic core is partly received
      in a container through a glass insulator; the glass insulator is little
      likely to be broken by an external force; and an electromagnetic
      coordinate selection device can be made compact and inexpensive.
PAR  There will now be described by reference to FIGS. 18 and 19 a third
      embodiment of this invention. The arrangement of this third embodiment
      differs from that of FIG. 11 in that all the composite magnetic cores 68
      belonging to the same column are sealed in a container 69. Since the third
      embodiment is the same as that of FIG. 11 in other respects, the parts of
      the third embodiment are denoted by the same numerals as those of FIG. 11,
      and description thereof is omitted. Description is also omitted with
      respect to FIG. 19, with the parts thereof designated by the same numerals
      as those of FIG. 18. Referring to FIG. 18, a metal plate 55a constituting
      the indicated lower portion of a metal container 69 defines a deep cavity
      in which the composite magnetic core 68 is mostly received, with the
      electromagnetically operated surface of said core 68 disposed to face an
      armature 52. As in the second embodiment, the second coil 60 may be wound
      about all the composite magnetic cores belonging to the same column in
      common. Since FIGS. 13, 14 and 15 of the second embodiment can be applied
      intact to the third embodiment, description of the operation and effect of
      the third embodiment is omitted.
PAR  FIG. 20 shows an arrangement modified from the third embodiment by
      integrally assembling two adjacent column containers 69a, 69b. Since the
      arrangement of FIG. 20 is exactly the same as that of FIG. 16, excepting
      that the magnetic cores 68a, 68b are sealed in the containers 69a, 69b
      respectively, description of the arrangement of FIG. 20 is omitted. FIG.
      21 sets forth another modification of the third embodiment, wherein each
      pair of the cross point switches belonging to two adjacent columns is
      integrally assembled. The arrangement of FIG. 21 is exactly the same as
      that of FIG. 17, excepting that the magnetic cores 68a, 68b are sealed in
      a container.
PAR  The third embodiment, wherein the magnetic cores 68a, 68b do not penetrate
      the containers 57a, 57b respectively, is not only saved from the drawbacks
      of the prior art electromagnetic coordinate selection device, but also
      renders such device compact and inexpensive and attains its reliable
      operation.
PAR  There will now be described by reference to FIGS. 22 to 26 a fourth
      embodiment of this invention, wherein all the cross point switches
      arranged in the matrix form are sealed in a single metallic container 70.
      FIG. 22 shows the arrangement of the parts sealed in said container 70,
      with part thereof removed. A row conductor (row signal line) 71 is shown
      in detail in the magnified oblique view of FIG. 24. Part of the cross
      section of the central portion of the row conductor (along line 23--23 of
      FIG. 22) is indicated in FIG. 23. That section of FIG. 23 which is
      enclosed in a broken line is shown in magnification in FIG. 25. There will
      now be described by reference to FIGS. 22 to 25 the arrangement of the
      fourth embodiment. A row conductor 71 is, for example, soldered to a row
      terminal member 74 by means of a hole 73 (FIG. 24) bored at both ends of
      said row conductor 71. The terminal member 74 penetrates a metal plate 75
      constituting the underside of the container 70 through a glass sealing
      member 76. The row conductor 71 is made of an elastic metal strip in the
      form illustrated in FIG. 24. The row conductor 71 is punched to provide
      movable spring members 77. A movable contact member 78 is welded to the
      center of every two movable spring members 77. A stationary contact member
      79 is formed like a cap, in the cavity of which the inner end of a
      composite magnetic core 80 is received. The stationary contact member 79
      penetrates the bottom metal plate 75 by being insulated by the glass
      sealing member 76, with the effective surface of said stationary contact
      member 79 exposed to the inside of the container 70. Of course, the
      stationary contact member 79 is so disposed as to face the movable contact
      member 78. Stationary contact members 79 belonging to the same column are
      electrically connected in a body to a column signal conductor 81 (FIG. 25)
      outside of the container 70. The composite magnetic cores 80 belonging to
      the same column are wound with first coils 82 (connected in series in the
      column direction) by means of corresponding bobbins 83a (FIG. 23). The
      composite magnetic cores belonging to the same row are collectively wound
      with a second common coil 84 (row winding) by means of a bobbin 83b as
      shown in the nonexploded section of FIG. 23. Referential numeral 85
      denotes a protective tape of said second common coil 84. The metal
      container 70 consists of an upper metal plate 86 and the bottom metal
      plate 75 bonded together on the periphery. Terminals of each coil are not
      illustrated.
PAR  FIG. 26 is a plan view showing the arrangement and electrical connection of
      the row conductors 71, column conductors 81, movable contact members 78,
      stationary contact members 79, first coils 82 connected in series in the
      column direction, and second coils 84 each wound about the composite
      magnetic cores belonging to the same row in common. Referring to FIG. 26,
      one column conductor 81 and a corresponding series circuit consisting of
      first coils 82 are taken as a group. The respective groups are indicated
      by coordinate notations X.sub.1 to X.sub.8. Similarly, one row conductor
      71 and the corresponding second common coil 84 are taken as a group. The
      respective groups are shown by coordinate notations Y.sub.1 to Y.sub.8.
      Though FIG. 26 sets forth an 8 .times. 8 matrix arrangement of cross point
      switches, yet these switches may generally by assembled in an m .times. n
      matrix formation.
PAR  The description of the magnetization characteristics of a composite
      magnetic core indicated in FIG. 3 is also applicable to the operation of
      the fourth embodiment. Namely, where, in FIG. 26, one of the first and
      second coils 82, 84 is impressed with pulses U.sub.3 ', U.sub.4 '
      (represented by ampere turns) in succession, then all the cross point
      switches are latched in an open state. Where any selected first and second
      coils 82, 84 are supplied alike with said pulses U.sub.3 ', U.sub.4 ' in
      succession, then only a switch provided at the cross point of said
      selected coils is latched in a closed state. The reason for this event has
      already been given with respect to FIG. 3, description thereof being
      omitted. Where the coils denoted by the coordinate notations X.sub.2,
      Y.sub.3 are supplied alike with operation pulses, then only the cross
      point switch 87 is closed and switches at other cross oints remain open.
PAR  FIG. 27 shows the modified arrangement and electrical connection of the row
      conductor 71, column conductor 81, movable contact member 78 and
      stationary contact member 79 of the fourth embodiment. This modification
      attains the coordinate selection of a matrix circuit requiring to be
      concurrently used as forward and return speech paths. This electrical
      connection of FIG. 27 attains the abovementioned object simply by
      providing a larger number of column conductors 81 than in FIG. 26.
PAR  In the fourth embodiment of FIGS. 22 to 26, it is possible to wind the
      first coil about the composite magnetic cores belonging to the same column
      in common at the upper or lower part of cores, and wind the second coil
      about the composite magnetic cores belonging to the same row in common at
      the lower or upper part of said cores. The container 70 may be formed of
      insulating material. Further, a plurality of said containers may be
      provided for each row, or every several rows.
PAR  The fourth embodiment eliminates the necessity of insulating the composite
      magnetic core from a container, for example, by a glass sealing member,
      admitting of the free selection of a composite magnetic core without
      taking into account the critical magnetization temperature of said
      magnetic core. Further, the fourth embodiment makes it extremely easy to
      render an electromagnetic coordinate selection device compact and
      inexpensive.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An electromagnetic coordinate selection device comprising a plurality of
      cross point switches each provided with a stationary contact member and
      movable contact member and arranged in a matrix form to carry out
      electrical connection and disconnetion between the row and column
      conductors, a plurality of magnetic cores disposed at points corresponding
      to the cross point switches to drive the movable contact members, a first
      coil wound about the respective magnetic cores to introduce selection
      current of at least one of a row and column, and a second coil wound about
      said magnetic cores to transmit selection current of at least one of a
      column and row, respectively, wherein the magnetic core is of the
      composite type comprising a first magnetic core member generating a
      sufficient amount of coercive force to latch the movable contact members
      and a second magnetic core member providing a larger amount of coercive
      force than the first magnetic core member; and the cross point switches
      are all sealed in at least one container, the number of containers being
      not greater than the number of row or column conductors.
NUM  2.
PAR  2. An electromagnetic coordinate selection device according to claim 1,
      wherein the composite magnetic cores are disposed fully outside of the
      containers.
NUM  3.
PAR  3. An electromagnetic coordinate selection device according to claim 1,
      wherein the composite magnetic cores are sealed in the containers.
NUM  4.
PAR  4. An electromagnetic coordinate selection device according to claim 1,
      wherein the first coils are wound about the respective composite magnetic
      cores, and the second coils are wound about the composite magnetic cores
      belonging to the same row in common.
NUM  5.
PAR  5. An electromagnetic coordinate selection device according to claim 1,
      wherein the first coil is wound about the composite magnetic cores
      belonging to the same row in common and the second coil is wound about the
      composite magnetic cores belonging to the same column in common.
NUM  6.
PAR  6. An electromagnetic coordinate selection device according to claim 1,
      wherein the cross point switches are sealed in a single container; the
      composite magnetic cores penetrate one wall of the container in
      airtightness and in a state electrically insulated from said wall; the
      stationary contact members are formed on those parts of said composite
      magnetic cores which are sealed in the container; those parts of the
      composite magnetic cores which extend outside of the container are
      connected to the corresponding row conductors; the first and sescond coils
      are wound about those parts of the composite magnetic cores which extend
      outside of the container; the movable contact members are so positioned in
      the container as to face the corresponding stationary contact members
      formed on the composite magnetic cores; and the movable contact members
      belonging to the same column are electrically connected together within
      the container to be electrically drawn out of the container.
NUM  7.
PAR  7. An electromagnetic coordinate selection device according to claim 1,
      wherein a plurality of cross point switches belonging to one column and
      those belonging to an adjacent column are sealed together in a unit
      container; the composite magnetic cores penetrate one wall of the unit
      container in a state electrically insulated therefrom; those parts of the
      composite magnetic cores which are sealed in the unit container are fitted
      with the stationary contact members and each of said composite magnetic
      cores which extends outside of the unit container is connected to a
      corresponding row conductor respectively; the first and second coils are
      wound about those parts in common of every two magnetic cores extending in
      the row direction which are disposed outside of the unit container; the
      movable contact members are so positioned in the unit container as to face
      the corresponding stationary contact members formed on the composite
      magnetic cores; and the movable contact members belonging to the same
      column which are sealed in the unit container are electrically connected
      together within the unit container to be electrically drawn out of the
      unit container.
NUM  8.
PAR  8. An electromagnetic coordinate selection device according to claim 2,
      wherein the cross point switches are sealed in groups in a plurality of
      unit containers provided in the same number as the number of column
      conductors; each unit container holds the same number of cross point
      switches as the number of row conductors; the stationary contact members
      of the cross point switches are formed on the inner ends of the signal
      terminals penetrating one wall of the respective unit containers in a
      state electrically insulated from said wall; the movable
      contact-member-driving surface of the composite magnetic core faces the
      stationary contact members through the opposite wall of the unit
      container; the movable contact members are formed on the armatures sealed
      in the unit container between the movable contact-member-driving surface
      of the composite magnetic core and the corresponding stationary contact
      members; each armature is supported by a spring member to be provided with
      a righting moment; the spring members are so supported in the unit
      container as to cause the armatures to be electrically connected together
      in the column direction; and each of the signal terminals is connected to
      a corresponding row conductor respectively outside of the unit container.
NUM  9.
PAR  9. An electromagnetic coordinate selection device according to claim 8,
      wherein every two adjacent unit containers are coupled together by a yoke
      such that the cross point switches included in two adjacent columns and
      paired with each other in the row direction are disposed in opposite
      directions; the two adjacent composite magnetic cores for operating said
      cross point switches paired in the row direction are so positioned in the
      yoke as to have the nondriving surfaces of said composite magnetic cores
      set opposite to each other; and the first and second coils are wound about
      said two adjacent composite magnetic cores in common.
NUM  10.
PAR  10. An electromagnetic coordinate selection device according to claim 8,
      wherein every two adjacent unit containers are coupled together by a yoke
      such that the cross point switches included in two adjacent columns and
      paired with each other in the row direction are set in opposite
      directions, with the vertical central lines of said two adjacent unit
      containers disposed crosswise apart; the two adjacent composite magnetic
      cores for operating said cross point switches paired in the row direction
      are so positioned in the yoke as to have the side walls of said composite
      magnetic cores set opposite to each other; and the first and second coils
      are wound about said two adjacent composite magnetic cores in common.
NUM  11.
PAR  11. An electromagnetic coordinate selection device according to claim 3,
      wherein the cross point switches are sealed in groups in a plurality of
      unit containers provided in the same number as the number of column
      conductors; each unit containers holds the same number of cross point
      switches as the number of row conductors; the stationary contact members
      of the cross point switches are formed on the inner ends of the signal
      terminals penetrating one wall of the respective unit containers in a
      state electrically insulated from said wall; the movable
      contact-member-driving surface of each composite magnetic core sealed in
      the same unit container faces the corresponding stationary contact members
      and the nondriving surface of said composite magnetic core is pressed
      against the inside of the opposite wall of the unit container; the movable
      contact members are formed on the armatures sealed in the unit container
      between the movable contact-member-driving surface of the composite
      magnetic cores and the corresponding stationary contact members; each
      armature is supported by spring members to be provided with a righting
      moment; the spring members are so supported in the unit container as to
      cause the armatures to be electrically connected together in the column
      direction; and each of the signal terminals is connected to a
      corresponding row conductor respectively outside of the unit container.
NUM  12.
PAR  12. An electromagnetic coordinate selection device according to claim 11,
      wherein every two adjacent unit containers are coupled together by a yoke
      such that the cross point switches included in two adjacent columns and
      paired with each other in the row direction are disposed in opposite
      directions; the two adjacent composite magnetic cores for operating said
      cross point switches paired in the row direction are so positioned in the
      yoke as to have the nondriving surfaces of said composite magnetic cores
      set opposite to each other; and the first and second coils are wound about
      said two adjacent composite magnetic cores in common.
NUM  13.
PAR  13. An electromagnetic coordinate selection device according to claim 11,
      wherein every two adjacent containers are coupled together by a yoke such
      that the cross point switches included in two adjacent columns and paired
      with each other in the row direction are set in opposite directions, with
      the vertical central lines of said two adjacent unit containers disposed
      crosswise apart; the two adjacent composite magnetic cores for operating
      said cross point switches paired in the row direction are so positioned in
      the yoke as to have the side walls of said composite magnetic cores set
      opposite to each other; and the first and second coils are wound about
      said two adjacent composite magnetic cores in common.
NUM  14.
PAR  14. An electromagnetic coordinate selection device according to claim 2,
      wherein the cross point switches are all sealed in a single container; a
      plurality of stationary contact substrates having stationary contact
      members formed thereon are arranged in a matrix form on one wall of the
      container in a state insulated from said one wall by insulating material
      such that said stationary contact members protrude into the container; the
      movable contact members are supported by elastic members so as to face the
      stationary contact members; the elastic members supporting within the
      container the movable contact members belonging to the same row are
      electrically connected together in the row direction to be electrically
      drawn out of the container; the composite magnetic cores are so positioned
      as to have the movable contact-member-driving surfaces of said composite
      magnetic cores pressed against the outer surfaces of the corresponding
      stationary contact substrates; and the composite magnetic cores belonging
      to the same column are jointly connected to the corresponding column
      conductor outside of the container.
NUM  15.
PAR  15. An electromagnetic coordinate selection device according to claim 14,
      whrerin the first coil is wound about the individual composite magnetic
      cores, and the second coil is wound about the composite magnetic cores
      belonging to the same row in common.
NUM  16.
PAR  16. An electromagnetic coordinate selection device according to claim 14,
      wherein the first coil is wound about the composite magnetic cores
      belonging to the same column in common, and the second coil is wound about
      the composite magnetic cores belonging to the same row in common.
NUM  17.
PAR  17. An electromagnetic coordinate selection device according to claim 1,
      wherein the first coil is wound about the composite magnetic cores
      belonging to the same column in common and the second coil is wound about
      the composite magnetic cores belonging to the same row in common.
NUM  18.
PAR  18. An electromagnetic coordinate selection device according to claim 1,
      wherein said first coil is wound about the respective magnetic cores to
      introduce selection current of a row, and said second coil is wound about
      said magnetic cores to transmit selection current of a column.
NUM  19.
PAR  19. An electromagnetic coordinate selection device according to claim 1,
      wherein said first coil is wound about the respective magnetic cores to
      introduce selection current of a column, and said second coil is wound
      about said magnetic cores to transmit selection current of a row.
NUM  20.
PAR  20. An electromagnetic coordinate selection device according to claim 1,
      wherein said cross point switches are sealed in groups in a plurality of
      said containers, each group being contained in a respective container.
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ABST
PAL  A switching apparatus of the kind in which contact bridges held in a
      contact bridge carrier in tiers, one behind the other, as seen in the
      switching direction, can be brought into contact with fixed contact
      members fastened to a single housing part. In particular, with the number
      of the bridges in the individual tiers uneven in number, the walls of the
      housing, which form at least in part the arcing chambers for the contact
      points of the contact members, extend into slots of the contact bridge
      carrier to form labyrinths and, at least one of said walls extends over
      only one tier. Additionally, the contact points of the upper tier are
      arranged, preferably, in recesses of the contact bridge carrier.
PAL  The present switching apparatus has the advantage that it permits
      accomodating in one molded housing, for instance, three main switch poles
      and four auxiliary switch poles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention concerns electromagnetic switching apparatus, particularly a
      motor contactor, with auxiliary contacts, with a contact bridge carrier
      and contact bridges held in the contact bridge carrier in tiers, one
      behind the other, as seen in the switching direction, the latter contact
      bridges being able to be brought into contact with fixed contact members
      which are attached to a housing part, and which are flanked by walls of
      the housing part which form at least in part the arcing chambers for the
      contact points and extend into slots of the contact bridge carrier forming
      labyrinths.
PAR  2. Description of the Prior Art
PAR  In one known motor contactor (German Auslegeschrift 1,024,151), the three
      main switch poles are disposed facing the attachment plane of the
      switching apparatus, and the actuating mechanism is disposed above the
      contact arrangement for the main switch poles, as seen from the attachment
      plane. Between the actuating mechanism and the main switch poles are
      situated small auxiliary switch blocks which are placed in the housing as
      a separate switching unit.
PAR  In another known electromagnetic switching apparatus design (German
      Auslegeschrift 1,237,668), four auxiliary switch poles are installed in
      the tier adjacent to the drive and, in a further auxiliary switch tier
      placed on top thereof, another four auxiliary switch poles are installed.
      The walls between the individual switch poles, which form the arcing
      chambers, are inserted into slots, and the contact bridge carrier likewise
      takes in the wall ends by means of slots. In this apparatus, electrically
      separating the individual auxiliary switch poles, which switch poles are
      disposed on top of each other, is possible only if the potential
      difference is small, as the contact bridges lie here in a window opening
      of the contact bridge carrier and there are no partitions between the
      fixed contact members. If such switching apparatus were used for a motor
      contactor, only three auxiliary switch poles associated with the main
      switch poles could be put on, if the width of the contactor is determined
      according to the main switch poles.
PAR  It is therefore an object of the present invention to create an
      electromagnetic switching apparatus of the kind mentioned above and,
      particularly, a motor contactor with auxiliary contacts, which ensures
      good potential separation of the individual switch poles from each other
      and which, at the same time, is of simple design.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the principles of the present invention, the above and
      other objectives are accomplished in a simple manner by providing, in a
      switching apparatus of the above-described type, that the fixed contact
      members be held in one housing part and that, with the number of the
      bridges in the individual tiers being uneven, at least one wall of the
      housing extends over only one tier. Additionally, displacement of the main
      switch poles from the auxiliary poles, i.e., of the terminals relative to
      the axis of rotation of the screw elements, is achieved also in a simple
      manner by disposing the contact points of the tier facing away from the
      mounting plane in recesses of the contact bridge carrier. In the auxiliary
      switch poles, break and make contacts are advantageously provided
      alternatingly, so that the spacings between the fixed contact members
      become larger and, therefore, the potential separation better. Moreover,
      so that the potential separation can be improved further in the case of
      the center poles, where no continuous partition is provided,
      advantageously, the aforementioned wall extending over one tier is made to
      protrude, during the resetting motion of the contact bridge carrier, into
      a recess of the latter. In order to avoid flashover between the individual
      switch poles by escaping arc gases, the arcing chambers are advantageously
      closed transversely to the direction of motion of the contact bridge
      carrier and along their sides facing the terminals of the fixed contact
      members. To give the arc gases a chance to escape, in spite such
      configuration of the arcing chambers, particularly in the case of the main
      switch poles, it is further provided that the arcing chambers of the tier
      facing the mounting plane are vented by cutouts in the flanks, facing or
      extending toward the contact bridge, of constrictions in the housing which
      extend in the lengthwise direction of the contact bridge. The arc gases,
      after escaping into the open, are thereby deflected once more, so contact
      with foreign switch poles is practically impossible.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  An example of an embodiment according to the invention is described
      hereinbelow by making reference to the following drawing, in which:
PAR  FIG. 1 shows a cross section of a side view of a switching apparatus in
      accordance with the present invention;
PAR  FIG. 2 shows a lateral cross section of the apparatus of FIG. 1;
PAR  FIG. 3 illustrates a top view, partly in cross section, of the apparatus of
      FIG. 1 with the cover part thereof removed.
DETD
PAC  DETAILED DESCRIPTION
PAR  It should be noted that the same parts have been labeled in all the figures
      with the same reference symbols.
PAR  FIG. 1 shows an electromagnetic switching apparatus comprising a housing
      part 1 and a base part 2, the housing part 1 being closed off by a cover 3
      which prevents dust from entering. As indicated, the fixed contact members
      for the three main switch poles of the apparatus are designated with a 4,
      the terminal screws therefor with a 5 and the fixed contact members for
      the auxiliary switch poles with a 6 and 7, respectively. The fixed contact
      members 7 cooperate with the contact bridges 8 as make contacts, and the
      fixed contact members 6 with the contact bridges 8 as break contacts. The
      contact bridges 9 for the main switch poles are held via contact pressure
      springs 10 in window-like openings 11 of the contact bridge carrier 12.
      The contact bridges 8 are supported via springs 13 in the window-like
      openings 14 (see FIG. 2) of the contact bridge carrier 12. The contact
      bridge carrier 12 is connected with the switching part 15 of a magnet,
      which is influenced by the non-switching magnet part 16 or the actuating
      coil 17, to which voltage can be applied.
PAR  As shown more clearly in FIGS. 2 and 3, three main switch poles 18 and four
      auxiliary switch poles 19 are provided in the present illustrative
      embodiment of the switching apparatus. The arcing chambers 20 are bounded
      by the outer walls and, in addition, by walls 21 of the housing part 1,
      the latter walls 21 extending into slots 22 of the contact bridge carrier
      12. On their side adjacent to the auxiliary switch poles 19, the arcing
      chambers 20 are separated from the auxiliary switch poles by constrictions
      23 of the housing. On the flanks 24 facing or extending toward the contact
      bridge 9, the housing constrictions 23 have cutouts 25, which ensure that
      the arc gases can exit from the arcing chambers 20. The arcing chambers 26
      for the auxiliary switch poles 19 are separated by barriers 27 of the
      contact carrier 12, of which two together always form a recess 28 and
      which, together with the barriers 29 of the housing part 1, form
      labyrinths. The center barrier 29 does not extend over the entire length
      of the contact bridge carrier 12, as is shown in FIG. 2, but extends into
      a recess 30 of the contact bridge carrier, when the contact bridge carrier
      12 is in the rest position. Thereby, a lengthening of the flashover path
      between the individual poles of the switch is possible, the recess 30,
      together with the wall 29, likewise acting as a labyrinth.
PAR  It is thus possible with the switching apparatus design according to the
      invention to accommodate in one and the same housing three main switch
      poles and four auxiliary switch poles without the need for separate means
      for attaching auxiliary switch blocks or the like. The fixed contact
      members for the switch poles can be attached to the housing in the
      conventional manner. Flashover from the main switch poles is practically
      impossible.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electromagnetic switching apparatus for use as a motor contactor
      comprising:
PA1  fixed contact members;
PA1  a contact bridge carrier having slots therein;
PA1  contact bridges held in said contact bridge carrier in tiers, one behind
      the other, as seen in the switching direction, said contact bridges being
      able to be brought into contact with said fixed contact members and being
      uneven in number in said tiers;
PA1  and a housing part to which said fixed contact members are attached, said
      housing having walls which form at least a part of the arcing chambers for
      the contact points of said fixed members and which extend into said slots
      to form labyrinths, at least one of said walls being such as to extend
      over only one of said tiers.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 in which:
PA1  said contact bridge has recesses therein;
PA1  the contact bridges of a first one of said tiers are mounted so as to face
      away from a mounting plane;
PA1  and the contact points of the bridges of said first tier are disposed in
      said recesses of said contact bridge carrier.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 in which:
PA1  said contact bridge has a further recess therein; and said wall extending
      over only one of said tiers protrudes into said further recess during the
      resetting motion of said contact bridge carrier.
NUM  4.
PAR  4. Apparatus in accordance with claim 2 in which:
PA1  the contact bridges of a second one of said tiers are mounted so as to face
      toward said mounting plane;
PA1  the walls of said housing associated with the arcing chambers which
      correspond to the contact bridges of said second tier have constrictions
      therein extending in the lengthwise direction of said contact bridge
      carrier;
PA1  and the flanks of said constrictions facing said contact bridge carrier
      have cutouts for venting their respective arcing chambers.
NUM  5.
PAR  5. Apparatus in accordance with claim 1 in which the walls of said housing
      associated with the arcing chambers which correspond to said fixed members
      close said arcing chambers transversely to the direction of motion of said
      contact bridge carrier and along the sides of said chambers facing the
      terminals of said fixed members.
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ABST
PAL  The invention relates to a contact holder for an electromagnetic contactor
      or relay, the contact holder being slidably displaceable within a
      contactor housing by the contactor armature to guide the armature and
      change the contact state between movable contacts carried by the contact
      holder and fixed contacts carried by the housing. The contact holder
      comprises first and second parts formed from insulating material which are
      joined together, the first part being connected to the armature and
      provided with seatings on which movable bridge contacts are located, and
      are held in place by the second part. Elongate openings are formed in the
      first part between adjustment seatings, and isolating or anti-arcing
      partitions integral with the housing extend through the openings.
BSUM
PAR  The invention relates to a contact-holder for an electromagnetic contactor
      of the type in which the contact holder also serves to guide the movable
      armature to which it is coupled.
PAR  Contact holders are known which are formed by two electrically insulating
      parts joined together, the first of which is connected to the movable
      armature and has openings intended to hold bridge contacts and their
      pressure springs, and the second of which holds the bridge contacts in
      place while sealing the openings.
PAR  Such a device is known for example, from German Offenlegungschrift No:
      1,257,939.
PAR  In this known device, screws are used both to attach the armature and to
      join the insulating parts together, and this complicates the assembly
      process.
PAR  In addition, using screws which, because of the function they perform, have
      to be metal, makes the unit heavier and may give rise to loose connections
      due to creep of the portion of the material compressed by the screws.
PAR  Finally, the configuration of the contact holder does not allow the contact
      chambers, in which the contacts move, to be isolated from one another by
      continuous partitions.
PAR  The object of the invention, consequently, is to produce a contact holder
      which is light in weight, and the configuration of which enables the
      contact chambers to be completely mutually isolated. It is also an object
      to provide a contact holder, the construction of which best satisfies the
      requirements that such a component should possess, such as good
      temperatureresistant and anti-friction characteristics.
PAR  Finally, it is an object to make use of configurations and materials
      selected for other reasons in such a way that it is easier to fit
      auxiliary contacts, and possible readily either to identify the rating of
      the device or any other of its characteristics.
PAR  In accordance with the invention, this is achieved by providing, between
      the seatings intended to hold the contact elements, elongate openings
      formed in a first part, which is formed from a plastics material which
      will withstand arcing, into which fit insulating partitions integral with
      the housing, and by blocking or closing these openings by a sealing or
      second part formed from a plastics material having good anti-friction
      properties.
PAR  In accordance with an additional feature, the second or sealing part is
      attached to the first part at a number of points by elastic or resilient
      deformation, and has a guiding rib or groove which cooperates with a
      complementary recess or member on the housing.
PAR  This arrangement firstly ensures uniform support for the webs or limbs of
      the first part, which tends to prevent them from distorting, and secondly,
      it provides a guide point which is remote from areas exposed to thermal
      shocks.
PAR  In accordance with a further arrangement, the second or sealing part has,
      on at least one side, an extension parallel to the openings which fits
      into a corresponding extension on the first part, each of the extensions
      being fitted with the moving parts of auxiliary contacts.
PAR  This arrangement enables the contact holder to be used as a support for the
      moving parts of auxiliary contacts, the fixed parts of which are mounted
      beforehand on a horizontal insulating partition integral with the housing.
PAR  Finally, in accordance with an advantageous feature, the second or sealing
      part is accessible from the outside of the device or housing, carries a
      connecting lug for a detachable auxiliary contact, and is coloured or
      otherwise marked to indicate certain characteristics of the device.
DRWD
PAR  In order that the invention may be more readily understood, one embodiment
      thereof will now be described with reference to the accompanying drawings,
      in which:
PAR  FIG. 1 shows, in partial section along the line XX' of FIG. 2, the upper
      part of an electro-magnetic contactor;
PAR  FIG. 2 shows, in partial section along the line II' of FIG. 1, a view of
      the electro-magnetic contactor device from above; and,
PAR  FIG. 3 is a side view made up of two half-sections on the planes AA' and
      BB' of FIG. 1.
DETD
PAR  Referring to FIG. 1, there is shown in cross-section, a housing 1 of an
      electro-magnetic contactor or relay having a movable armature 2. This
      armature, the function of which is to cause movable bridge contacts 3, 4
      and 5 to move (these contacts being intended to close or complete a power
      circuit), is coupled by any suitable means to a contact holder which is
      formed in a known way by joining together two parts 6 and 7 formed from an
      electrically insulating material, and slidably displaceable within the
      housing 1 by the armature.
PAR  The first part 6, which is situated at the bottom of FIG. 1 is the one
      which will be exposed to the effects of the arcs which are struck between
      the fixed and moving contacts. At the same time this part 6 is subjected
      to the greatest mechanical stresses since, firstly, it is directly
      connected to the armature, and secondly, it is subject to the tractive
      forces arising when the pressure springs of the moving contacts are
      compressed (see also the left-hand side of FIG. 3). The nature of the
      material which is chosen for the part 6 will thus be determined by
      considerations of good mechanical and thermal resistance.
PAR  Similar considerations will apply to the choice of material for forming the
      housing 1.
PAR  The second part 7 which forms the top of the contact holder in FIG. 1 is
      required to perform a number of functions:
PAR  Firstly, it seals opnings 8, 9 and 10 in the lower part 6 in which are
      arranged the moving bridge contacts 3, 4 and 5 respectively, this being
      visible in the left-hand half of FIG. 3;
PAR  Secondly, it guides the vertical movement of the contact holder, for
      example, by means of grooves 11 which slidably cooperate with ribs 12
      provided in a cover 13 which closes off the top of arc chambers 14, 15 and
      16;
PAR  Finally, it enables the control member of an auxiliary component, such as a
      detachable contact or a pneumatic timer (not shown), to be coupled by
      means of an upper lug 17 as shown in FIG. 1. To this end, an opening or
      slot 18 is formed in the housing cover 13 through which the lug 17
      projects.
PAR  One of the problems encountered in producing a contactor is that of
      isolating the arc chambers 14, 15 and 16 from each other. It is only
      possible for the isolation to be complete if continuous partitions
      separate these chambers.
PAR  Furthermore, these partitions, which are subject to intense thermal shocks,
      will be better able to dissipate the resultant energy if they are integral
      with a housing in contact with, i.e. exposed to, the exterior. An
      advantageous solution has been found to these problems by making the
      contact holder capable of being dismantled.
PAR  In effect, the contactor housing 1 contains three partitions 19, 20 and 21
      which are formed integrally with the housing during moulding, and which
      fit into openings 22, 23 and 24 respectively in the contact holder, these
      openings being located between the seatings for the bridge contacts. This
      arrangement is obviously only possible if the upper part 7 of the contact
      holder can be removed, and also if it closes off the top of the said
      openings. It can be seen that these measures in no way prevent assembly
      from being mechanised, since the lower part 6, which is fitted beforehand
      with the elements of its moving contact assembly 5, 25 and 26 (shown in
      FIG. 3), is then fitted inside the housing 1, and finally accepts the top
      part 7 of the contact holder, which compresses the springs such as 26, and
      remains firmly connected to the lower part by means of a locking system
      formed by resilient catches such as 27.
PAR  The upper part 7 of the contact holder should therefore be made from an
      insulating material, the nature of which will not only enable the catches
      to latch or snap resiliently into place, but will also allow the groove 12
      to rub or slide against the rib 11 without causing wear.
PAR  Although it is possible to associate detachable auxiliary contacts with
      contactors of the type described by means of the lug 17, it is frequently
      desired that auxiliary, normally-open and normally-closed contacts should
      be permanently attached to the device.
PAR  This problem is rarely solved in known devices in an efficient fashion,
      since the auxiliary normally-open and normally-closed contacts, which are
      generally close together so that the wiring pattern is clear, call for the
      elements of their fixed or moving contacts to be fitted after the contact
      holder has been placed in position.
PAR  In the device just described, advantage is taken of the fact that the
      contact holder is made in two parts to associate with each of these two
      points, the moving elements of either a normally-open or a normally-closed
      contact, respectively.
PAR  To this end, the upper part 7 of the contact holder has a lateral extension
      28 which is equipped with a normally open auxiliary contact 29 (see FIGS.
      1 and 3). The extension engages with an extension 30 on the lower part 6,
      the latter being in turn equipped with a normally closed auxiliary contact
      31.
PAR  In this way, it is possible to equip the two parts 6 and 7 of the contact
      holder with their auxiliary moving contact members before assembly, and to
      arrange the fixed contact members 33 and 34 with which they are to
      cooperate on a horizontal partition 32 in the housing 1. Extensions 28 and
      30 are joined together in a similar way to that used to connect together
      parts 6 and 7 of the contact holder and the plane of the joint in a
      horizontal one which extends substantially through the centre of the arc
      chambers. The latter arrangement enables the depth of the device to be
      reduced.
PAR  Finally, advantage can be taken of the fact that the upper part 7 of the
      contact holder is visible and removable to colour it or to place markings
      on it which refer to some significant characteristic of the device.
CLMS
STM  I claim:
NUM  1.
PAR  1. A contact holder intended to move in a housing of an electro-magnetic
      contactor, the contact holder comprising two insulating parts which are
      joined together, the first part being connectable to a movable armature,
      and containing seatings intended to hold bridge contacts and their
      pressure springs, and the second part holding the bridge contacts in place
      by closing the seatings, characterised in that the first part is made of a
      material which will withstand arcing, and elongate openings are formed in
      the first part between the seatings intended to hold the contact elements,
      into which openings fit isolating partitions integral with the housing and
      in that these openings are blocked by the second part, which is formed
      from a plastics material having good antifrictional properties so as to
      serve as a guide.
NUM  2.
PAR  2. A contact holder according to claim 1, characterised in that the second
      part is fixed to the first part at a plurality of points by the resilient
      deformation of catches, and contains a guide groove which cooperates with
      complementary members integral with the housing.
NUM  3.
PAR  3. A contact holder according to claim 1, characterized in that the second
      part has, on at least one side, a lateral extension parallel to the
      openings which fits into a corresponding extension of the first part, each
      of these extensions being provided with movable members of auxiliary
      contacts.
NUM  4.
PAR  4. A contact holder according to claim 1 characterised in that the second
      part is accessible from outside the contactor housing, carries a
      connecting lug, and carries indications to signify certain characteristics
      of the contactor.
NUM  5.
PAR  5. A contact holder according to claim 2, characerised in that the second
      part is accessible from outside the contactor housing, carries a
      connecting lug, and carries indications to signify certain characteristics
      of the contactor.
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ABST
PAL  A snap-action switch moves a spring-biased, movable contact against a
      stationary contact. The switch includes a toroidal permanent magnet
      mounted loosely on a nonmagnetic, self lubricating plunger. The magnet is
      normally magnetically attracted to and adjacent to both a keeper and an
      armature, the armature being fixed to the plunger. The plunger slides
      through the keeper which also mounts the switch to a keyboard. A
      finger-engageable button is moved toward the keyboard to store sufficient
      potential energy in a spring to move the plunger and suddenly break the
      magnetic attraction, thereby providing a tactile snap-action. Plunger
      movement moves the movable contact in spring-versus-spring fashion until
      the contacts engage. Facilities are provided to minimize contact bounce,
      to maintain the magnet in a preferred position during plunger movement, to
      ensure self-aligning of the magnet with the keeper and the armature, to
      minimize contact damage and to optimize the tactile "feel" of the switch.
BSUM
PAC  INTRODUCTION AND BACKGROUND
PAR  This invention relates to an electrical switch and more particularly to a
      finger-operated, snap-action switch of the type usable in and mounted to a
      keyboard of a typewriter or a teleprinter.
PAR  The wide variety of keyboard-mounted switches found in present day printers
      and typewriters are well known. Often such switches are somewhat complex
      and are not easily assembled. Such complexity adds to the cost of the unit
      in which the switches are placed and creates problems during repair or
      replacement. Accordingly, one object of the present invention is the
      provision of an electrical switch simpler than those currently in use
      which is easy to manufacture, easy to assemble, and which exhibits high
      reliability.
PAR  A typical prior art keyboard switch often includes a plunger which slides
      in response to the application of finger force thereto. The sliding of the
      plunger ultimately affects the operation of some sort of circuit
      energization facility, such as causing the engagement of a pair of
      electrical contacts or altering the capacitance between two members by
      moving them relatively to each other. One difficulty with many types of
      prior art switches is that they lack so-called tactile feedback.
      Specifically, the plungers in many such switches slide in a smooth
      uniterrupted motion in such a manner that the operator is hard put to tell
      whether or not operation of the circuit energization (facility) has taken
      place. Usually such operation has in fact, taken place, but it has been
      found that there is a psychological need on the part of an operator to
      have some sort of tactile feedback at the fingertips indicating this
      condition. Switches for providing such tactile feedback are often referred
      to as "snap-action" switches. Accordingly, another object of this
      invention is to provide a snap-action switch which generates efficient
      tactile feedback to the operator.
PAR  In many prior art keyboard switches, it is possible that the full finger
      force applied to the plugner via a finger-engageable key may ultimately be
      applied to the electrical contacts or the capacitive members which are
      operated by the plunger. This is often damaging to the contacts or
      members, or at least increases the possibility of failure in a short time.
      Accordingly, another object of the present invention is to provide a
      snap-action electrical switch for use in a keyboard, which is designed in
      such a manner that the full application of finger force to the contacts or
      capacitive is effectively prevented.
PAR  Also, the prior art contains references to numerous electrical switches in
      which the snap-action is derived from the use of a magnet or magnets.
      Specifically, the force applied to the key and thus to the plunger must
      exceed the magnetic attraction between the magnet and a movable armature
      before the plunger will move. The sudden breaking away of the armature
      from the magnet is what provides the so-called snap-action in the
      switches. However, many prior art devices are overly complicated as to the
      relationship of the magnet to other parts of the switch. Moreover, in
      assembly and use of such switches, precise alignment and positioning
      techniques must often be utilized to render them properly operative. Thus,
      another object of the present invention is to provide a magnetic,
      snap-action, electrical switch for use in a keyboard, which is easy to
      assembly, which is reliable, and which avoids the complication of the
      prior art by providing for a convenient and efficient association of the
      parts thereof in a single, durable unit.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other objects are effected, and the difficulties of the prior
      art are avoided, by the finger-operated, snap-action switch of the present
      invention.
PAR  The switch is preferably of a type which "makes" an electrical circuit; for
      example, by moving together ("closing") two contacts, one of which is
      stationary and one of which is movable toward and away from a stationary
      contact. Usually, the movable contact is biased to a normal position
      spaced from the stationary contact by a leaf spring or similar resilient
      member. However, the present invention may also be utilized with
      facilities which affect the operation of an electrical circuit by
      techniques other than contact closure. For example, the switch may
      relatively more capacitive members. Such movement changes the capacitance
      of the members and affects an electrical circuit in some manner. In this
      latter event, the member moved by the present switch is preferably
      spring-biased similar to the contact closure scheme.
PAR  A ferromagnetic torus serving as both a switch mount and a magnetic keeper
      has facilities thereon for convenient, rapid assembly into a keyboard.
      Specifically, the torus is mounted by inserting it into a complementary
      shaped hole in the keyboard and then turning the torus, driving a flange
      thereof into the wall of the hole to positively lock the torus therein.
PAR  A non-magnetic, self-lubricating plunger extends slideably through the
      torus and extends beyond both sides thereof. The plunger is preferably
      made of graphite in a binder or of a binder containing a low friction
      polymeric material. A first end of the plunger abuts, or is closely spaced
      from, the movable electrical contact. Attached to the plunger near the
      movable contact is a toroidal ferromagnetic armature, and between the
      armature and the torus is a toroidal permanent magnet which is freely
      slideable on the plunger and which normally interfaces with both the torus
      and the armature due to the magnetic attraction therebetween. Preferably,
      the magnet is of a type that contains numerous North and South poles
      distributed over the faces thereof, although the magnet may also have a
      discrete North and a discrete South pole defined on opposing faces. Both
      the spring-bias of the leaf spring associated with the movable contact and
      the magnetic attraction between the magnet and the torus as well as the
      magnet and the armature maintain the plunger in a normally, unoperated
      position whereat the contacts are not engaged.
PAR  A hollow cylinder closed at one end on which is a finger-engagable button
      has its open end slideably fitted over the second end of the plunger. The
      cylinder is journalled for sliding movement within the keyboard, the
      extent of its travel toward the keyboard due to finger pressure thereon
      being limited by the engagement of a lower end thereof with the torus.
      Contained within the cylinder and maintained between its closed end and
      the top of the plunger are one or more coil springs.
PAR  Downward movement of the cylinder due to the application of finger force to
      the button compresses the coil spring or springs. Continued movement
      continues to compress the spring(s) until the potential energy stored
      therein is sufficient to break the interface between the magnet and either
      the torus or the armature or both. At this time the plunger moves toward
      the fixed contact, carrying with it the movable contact, until the two
      contacts engage. Continued downward movement of the plunger ultimately
      results in engagement of the lower end of the cylinder with the torus.
      Because the only mechanical coupling between the cylinder and the plunger
      is the coil spring(s), full finger-force is never exerted against the
      electrical contact, but is rather borne by the torus and the surrounding
      portion of the keyboard in which the torus is mounted.
PAR  Upon release of finger pressure from the button, the spring force of the
      leaf spring on the plunger via the movable contact and the magnetic
      attraction of the magnet for the torus and the armature coact to return
      the plunger to its normal position. Simultaneously, the cylinder and the
      button are returned to their normal positions by the coil spring(s) acting
      against the plunger and the cylinder.
PAR  Facilities may be provided at the end of the plunger which engage the
      movable contact to reduce contact bounce. Such facilities may comprise a
      resilient or foam rubber bumper.
PAR  Facilities may also be provided for maintaining the magnet in a preferred
      position during rod movement. Such facilities may comprise a non-magnetic
      washer made of plastic or the like. The washer may be interposed at either
      the magnet/torus or magnet/armature interface, preferably the latter. This
      interposition provides a "built-in" gap at the selected interface so that
      the magnetic attraction thereat is less than the magnetic attraction at
      the other interface.
PAR  Also, the central hole of the magnet may be made sufficiently larger than
      the diameter of the plunger so that the magnet will self-align itself to
      flatly engage the surfaces of the torus and the armature.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a partial sectional elevation of three electrical switches
      according to the present invention showing switches in both operated and
      unoperated positions, and showing the relationship of the switch to
      electrical contacts and a keyboard of a teleprinter or a typewriter;
PAR  FIG. 2 is an assembly-type drawing of the component parts of one of the
      electrical switches of FIG. 1, showing the spatial relationship between
      the parts and a convenient mode of assembly thereof;
PAR  FIG. 3 depicts a ferromagnetic toroid used as a magnetic keeper and for
      mounting the switch of FIG. 1 into the keyboard, wherein FIG. 3A is a top
      view of the toroid and FIG. 3B is a side elevation depicting in detail the
      features which enable easy and convenient assembly thereof with the
      keyboard;
PAR  FIG. 4 is a partial sectional view taken along the 4--4 of FIG. 1, which
      depicts the manner of assembling the torus of FIG. 3 with the keyboard of
      a teleprinter or typewriter viewed from the bottom of the torus, wherein
      FIG. 4A depicts an initial mounting step and FIG. 4B shows the manner in
      which the toroid is locked and mounted to the keyboard;
PAR  FIG. 5 depicts a portion of the switch of FIG. 1 during one possible mode
      of operation thereof.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning first to FIG. 1, there are shown three switches 10 according to the
      present invention, all mounted in a keyboard 12 of a teleprinter or
      typewriter. The facilities with which the switch 10 is usable may be other
      than a teleprinter or typewriter and such as is accordingly contemplated.
PAR  The keyboard 12 may be a thick, solid member or may, for purposes of saving
      material, take the shape shown in FIG. 1. Specifically, the keyboard 12
      includes stepped, generally horizontal portions 14 and stepped, generally
      vertical portions 16, the latter containing bores 18 therethrough for
      mounting of the switches 10 therein. In the described embodiment, the bore
      18 contains a step 20 for a purpose described below. Moreover, as best
      shown in FIGS. 1 and 4, the lower end of the bore 18 immediately adjacent
      a printed circuit board 22, or a similar wiring panel, defines a generally
      round enlarged opening 24 larger than the bore 18. A portion of the
      periphery of the opening 24 is further enlarged as shown at 26 so that a
      lip 28 is defined above the enlargement 26.
PAR  The printed circuit board 22 may include an insulative substrate 30
      containing printed circuit paths 32 thereon. The paths 32 are connected to
      an electrical circuit (not shown) for effecting logic or other electrical
      functions in a teleprinter or typewriter. Some of the paths 32 are
      terminated in a leaf spring-like manner 34 which carries on a terminus
      thereof a bump-like electrical contact 36. The contact 36 is movable upon
      movement of the spring 34. Aligned with the path of movement of the
      movable contact 36 is a stationary contact 38 which may be attached to the
      printer circuit board 22 after its usual manufacture, or which may
      comprise a printed circuit path formed at the same time as the other
      printed circuit paths 32 on the board 22. Movement of the movable contact
      36 toward the stationary contact 38 to effect engagement completes, makes,
      or affects the electrical circuit (not shown) in any well known manner.
      The switch 10 of the described embodiment is designed to effect engagement
      of the contacts 36 and 38.
PAR  As noted, devices other than the engageable contacts 36 and 38 may be used.
      For example, the contacts 36 and 38 may be replaced by the plates of a
      movable plate capacitor as shown in U.S. Pat. No. 3,671,822 issued on
      6/20/72 and assigned to the same assignee as the present invention. In
      this case, movement of the plate replacing the movable contact 36 alters
      the capacitance of the capacitor, thus affecting the operation of an
      electrical circuit (not shown). Other types of contacts may obviously be
      substituted for the contacts 36 and 38 shown, the presence of the spring
      34 on the movable member, however, being preferred.
PAR  Turning now to FIGS. 1 and 3, the switch 10 includes a mounting member 40
      which also serves as a magnetic keeper. Preferably the member 40 is made
      of a ferromagnetic material. As shown in detail in FIG. 3, the member 40
      is generally toroidal in shape and contains an interior bore 42 passing
      entirely therethrough. An intermediate portion 44 of the member 40 is
      positioned immediately above a lower portion 46, the outer periphery of
      which is hexagonal as shown in FIG. 3A. Both the apexes 48 and the sides
      50 of the portion 46 extend outwardly from the center of the bore 42
      farther than the outer side wall of the intermediate portion 44 as best
      shown in FIGS. 3A and 3B.
PAR  As viewed in FIG. 3B, at the top of the portion 44 there is formed into an
      outwardly slanting surface 52 which begins at the outer periphery of the
      portion 44 and terminates in a sharp edge 54. As best shown in FIG. 3A,
      neither the slanting surface 52 nor the edge 54 form a complete toroidal
      or circular shape. Rather, a vertical surface 56 is formed, as by
      machining, into what would otherwise be the slanting surface 52.
PAR  As best seen in FIG. 3B, the slanting surface 52 and the edge 54 on the one
      hand, and the upper surface 58 of the portion 46, define therebetween a
      gap 60, the purpose of which is described below. Surmounting the
      intermediate portion 44 and the slanted surface 52 is a tubular guide
      portion 62.
PAR  Turning now to FIG. 4, the manner in which the member 40 of FIG. 3 is
      associated with the keyboard 12 of FIG. 1 is depicted. As best seen in
      FIG. 4A, the shape of the opening 24 and of the enlargement thereof 26 is
      complementary to the shape of the intermediate portion 44 and, s viewed
      from the bottom, to the shape of the slanting surface 52 and the edge 54
      with the vertical surface 56 therein. Specifically, as viewed from the
      bottom of the keyboard 12, the tubular member 62 is inserted into the
      opening 24 until a top surface 64 of the portion 44 above the edge 54
      engages the lip 28 in the opening 24. The member 40 is now rotated to the
      position shown in FIG. 4B thus driving and staking the edge 54 into the
      side wall of the opening 24. This staking operation captures the side wall
      in the gap 60 between the staked edge 54 and the upper surface 58 of the
      portion 46 which engages the bottom of the vertical member 16. Such
      capturing may be best seen in FIG. 1. The turning of the member 40 may be
      conveniently accomplished by means of a socket tool or other type of
      driver (not shown) which engages the hexagonal portion 46.
PAR  Returning to FIG. 1 and referring also to FIG. 2, the remainder of the
      switch 10 is described.
PAR  The mounting member 40 carries, within the bore 42 thereof, an upper
      elongated shaft 66 of a non-magnetic plunger 68. Preferably, the plunger
      68 is fabricated of a self-lubricating non-magnetic material such as
      graphite, a graphite-containing binder or a low friction plastic such as
      polytetrafluoroethylene. Other materials which meet these two requirements
      may, of course, be substituted.
PAR  The diameter of the shaft 66 is such that it is freely slideable within the
      bore 42. At the bottom of the shaft 66 is an enlarged portion 70 which is
      surmounted by a slightly enlarged portion 72 having a diameter greater
      than that of the shaft 66, but smaller than that of the enlargement 70.
      The upper portion of the shaft 66 is annularly reduced as at 74.
PAR  Rigidly mounted to the toroidal enlargement 72 is a washer-like, toroidal
      armature 78 made of a ferromagnetic material. A central hole 80 of the
      armature 78 is fitted over the enlargement 72 and the armature 78 is fixed
      thereon by any convenient method, for example, by a force fit or an
      adhesive.
PAR  Carried loosely on the upper shaft 66 is a toroidal permanent magnet 82.
      The central hole 84 through the magnet 82 is sufficiently larger than the
      shaft 66 both to permit the magnet 82 to freely move on the shaft 66 and
      to permit "cocking" of the magnet 82 (i.e., where the major axes of the
      magnet 82 and the plunger 68 do not coincide) as shown in FIG. 5.
      Preferably, the top and bottom surfaces of the magnet 82 are generally
      planar and are designed for a flush fit against the lower planar surface
      of the mounting member 40 and the upper planar surface of the armature 78.
PAR  Adhesively or otherwise held in a recess 85 on the lower end of the plunger
      68 is a resilient bumper 86 which conveniently may comprise sponge rubber
      of similar material.
PAR  Preferably, but not necessarily, mounted on the shaft 66 is a non magnet
      washer 87 made of a plastic or the like material. The diameter of the hole
      in the washer 87 is about the same as that of the hole 84 in the magnet 82
      to permit free movement on the shaft 66 and "cocking" as shown in FIG. 5.
PAR  The washer 87 serves a purpose described below and may be mounted on the
      shaft 66 either above or below the magnet 82, the latter being preferred
      and depicted in FIGS. 1, 2 and 5.
PAR  In assembling the plunger 68 and the member 40, and referring to the
      right-hand side of FIG. 2, the bumper 86 is attached to the lower end of
      the plunger 68 in the recess 85. The armature 78 is force fit or clockwise
      attached to the enlargement 72 and the washer 87 and the magnet 82 are
      placed over the shaft 66. The upper end of the rod 68 is now passed
      through the bore 42 of the member 40. After passage of the reduced portion
      74 beyond the top of the tubular member 62, a retaining washer 88 is force
      fit onto the reduced portion 74. The outer diameter of the washer 88 is
      greater than the diameter of the bore 42 in the tubular member 62.
      Moreover, the diameter of the armature 78 is greater than the diameter of
      the bore 42. Accordingly, the entire assembly is retained for sliding
      motion in the member 40.
PAR  The assembly just described may be mounted by the member 40, as previously
      described, to the keyboard 12, FIG. 1. Such mounting positions the
      resilient bumper 86 of each switch 10 in line with one of the movable
      contacts 36 on the printed circuit board 22. Conveniently, this mounting
      of each switch 10 to the keyboard 12 awaits the assembly of the remainder
      of the switch 10 shown in the left-hand side of FIG. 2.
PAR  The upper portion of each switch 10 includes a generally tubular member or
      hollow cylinder 90, having a central bore 92 which is opened at the lower
      end of the cylinder 90 and closed at the upper end. The cylinder 90 is
      preferably made of a molded plastic.
PAR  The outer diameter of the cylinder 90 is such that the cylinder freely
      slides within the bore 18 in the vertical member 16 of the keyboard 12.
      Formed at diametrically opposed positions on the outer surface of the
      cylinder 90 are a pair of generally elongated guide flanges 94 which are
      parallel to the major axis of the cylinder 90. The flanges 94 are designed
      to interfit and be journalled in a pair of diametrically opposed grooves
      96 formed in the inner upper wall of the bore 18. Such journalling
      prevents rotation of and ensures longitudinal movement of the cylinder 90
      during operation of the switch 10.
PAR  The outside upper end of the cylinder 90 carries a generally cruciform
      locking member 98. The locking member 98 frictionally interfits with a
      cruciform opening 100 formed in the underside of a finger-engageable
      button or key 102 for attaching the button 102 to the top of the cylinder
      90. The button 102 contains a generally annular depression in its under
      side 104 which, as best shown in FIG. 1, is so formed that during movement
      of the button 102 toward the keyboard 12, the vertical member 16 of the
      keyboard 12 is cleared thereby. The lower outside end of the cylinder 90
      carries an annular enlargement 106 having a diameter greater than the
      diameter of the cylinder 90 and being approximately equal to the diameter
      of the enlarged opening 24 of the aperture 18 defined by and below the
      step 20.
PAR  The step 20 and an upper surface 110 of the enlargement 106 are designed to
      be engageable so that upward movement of the cylinder 90 is limited
      thereby as best shown at the left of FIG. 1. A lower surface 112 of the
      enlargement 106 is designed to engage the upper surface 64 of the mounting
      member 40. Thus, downward movement of the cylinder 90 within the bore 18
      is limited by engagement of these latter two surfaces 64 and 112.
      Specifically, such limitation is effected so that downward movement of the
      cylinder 90 is prevented before the upper surfaces of the vertical member
      16 engages the bottom side of the button 102 within the annular depression
      104. The central bore 92 of the cylinders 90 is enlarged at its lower end
      as at 116. The enlargement 116 is so formed as to permit entry thereinto
      of the tubular member 62 on the mounting member 40.
PAR  The junction of the upper central bore 92 and the enlargement 116 thereof
      defines a step 118. The step is designed to engage the top of the washer
      88 as a "fail-safe" measure in the event of improper operation of the
      switch 10, as described below. It should be noted that in the unoperated
      position (right and left sides of FIG. 1) the distance from the step 118
      to the washer 88 is less than the distance of the bottom surface 112 of
      the enlargement 106 from the top 64 of the portion 44 of the toroid 40.
PAR  Contained within the bore 92 are one or more coil springs 120 and 122. A
      lower end of the coil spring 120 is so formed as to fit about the
      angularly reduced portion 74 above the washer 88. This fit may be effected
      frictionally or by any other convenient method. The upper end of the coil
      spring 118 normally engages and lightly bears against the closed end of
      the cylinder 90.
PAR  The spring 122 is much stronger than and fits inside the spring 120.
      Moreover, the spring 122 is wound in a direction opposite that of the
      spring 120 so that the coils of each spring do not interfere with each
      other. The spring 122 is shorter than the spring 120 and normally does not
      touch the closed end of the cylinder 90, but rests on the top of the
      reduction 74.
PAR  Returning to FIG. 2, the assembly of the entire switch 10 can now be seen
      to first involve the assembly of the component parts shown at the
      right-hand side. Subsequently, the spring 120 is fitted around the
      annularly reduced portion 74 and the spring 122 is placed within the
      spring 120. The cylinder 90 is placed over both springs. The entire
      assembly is then inserted into the aperture 18 from the bottom of the
      keyboard 12 until the mounting member 40 is positioned within the lower
      portion of the bore 18 as described previously. The mounting member 40 is
      then rotated, as previously described, to lock the entire assembly within
      the keyboard surface 12. Subsequently, the button 102 is affixed to the
      locking member 98 on the cylinder 90.
PAR  In the normally unactuated position shown at the extreme left and right of
      FIG. 1, the length of the coil spring 120 is such that it pushes against
      both the closed end of the cylinder 90 and the top of the shaft 66 lightly
      biasing them apart. The annular enlargement 106 of the cylinder 90
      prevents that cylinder from being pushed out of the aperture 18.
      Furthermore, the length of the coil spring 120 is such that in the
      normally unoperated position only a slight force is exerted on the plunger
      68. Accordingly, the leaf spring 34 of the movable contact 36 maintains
      its normal position spacing the contact 36 away from the fixed contact 38.
      Preferably, in this normally unactuated position, the resilient button 86
      lightly rests on the leaf spring 34 immediately above the movable contact
      36. As previously noted, upward movement of the cylinder 90 is limited by
      the cooperation of the annular enlargement 106 and the step 20.
PAC  OPERATION
PAR  In the operation of the switch 10, a force designated by the numeral 124 in
      FIG. 1, is applied to the top surface of the button 102 by an operator.
      Application of such force moves the cylinder 90 downwardly in the aperture
      18, first compressing the coil spring 120.
PAR  Further movement of the cylinder 90 contacts the closed end thereof with
      the stronger spring 122, at which time the operator senses greater
      resistance to movement. The difference in resistance sensed by the
      operator in first compressing the washer spring 120 and then compressing
      both springs 120 and 122 gives the switch a good "feel." Specifically, the
      operator knows that unless the greater resistance is felt, the switch
      cannot have effected engagement of the contacts 36 and 38.
PAR  Further downward movement of the cylinder 90 and compression of the springs
      120 and 122 continue until such time as there is sufficient potential
      energy stored in the springs 120 and 122 to break the interfacial contact
      (due to magnetic attraction) of the magnet 82 with either the mounting
      member 40 or the armature 78. Note that in this first described embodiment
      it is not important which interface is broken. Specifically, either the
      magnet/mounting member interface of the magnet/armature interface may be
      broken. This is the reason that the central hole 84 of the magnet 82 is
      made sufficiently large to permit the magnet to slide freely on the shaft
      66.
PAR  Specifically, as shown in FIG. 5, the magnet 82 may well be attracted at
      one side to the mounting member 40 and at the other side to the armature
      78 after the interfaces are broken because the plunger 68 has moved
      downwardly. Thus, the central hole 84 of the magnet 82 is sufficiently
      large to permit this cocked or skewed orientation. A further advantage is
      realized due to the size of the hole 84 because upon return of the plunger
      68 to its normal position, as described subsequently, the magnet 82
      exhibits a self-aligning characteristic. Specifically, because of the size
      of the hole 84, the magnet 82 freely assumes its normally plane-to-plane
      contact with both the member 40 and the armature 78 as best shown at the
      left and right sides of FIG. 1.
PAR  If it is desired to maintain the magnet 82 in a given position during
      operation of the switch 10, the washer 87 may be used. Preferably, the
      washer is located on the lower side of the magnet 82 to provide a
      "built-in" gap between the top of the armature 78 and the bottom of the
      magnet 82. Because of this gap and the fact that the magnetic attraction
      decreases roughly proportionally to the square of the width of this gap,
      the magnetic attraction of the magnet 82 for the armature 78 is slightly
      less than its attraction for the mounting member 40. Thus, as shown in the
      middle of FIG. 1, downward motion of the plunger 68 leaves the magnet 82
      in a planar abutting relationship with the member 40 and the skewing of
      FIG. 5 does not usually occur. Of course, should the magnet 82 by
      happenstance remain partially or wholly attracted to the armature 78
      during downward movement of the plunger 68, the self-aligning feature of
      the magnet 82 due to the size of a central bore 84 again comes into play,
      as described above.
PAR  Similar comments apply when the washer 87 is interposed between the magnet
      82 and the member 40, except that the magnet 82 will move down with the
      armature 78 as the plunger 68 moves down.
PAR  If for some reason the potential energy in the springs 120, 122 is unable
      to break one of the interfaces 82/40 or 82/78, whether or not the washer
      87 is used, continued downward movement of the cylinder 90 causes contact
      of the washer 88 by the step 118. The direct coupling of the force 124 to
      the plunger 68 breaks one of the interfaces 82/40 or 82/78. Such inability
      is postulated to be due to temporary magnetization of the member 40 and
      the armature 78 by the magnet 82 during long periods of non use of the
      switch 10. It has been found that after several cycles of use where the
      step 118 effects movement of the plunger 68, such residual magnetization
      disappears and the more usual operation of the switch 10 obtains
      thereafter.
PAR  As noted previously, the storage of sufficient potential energy in the coil
      springs 120 and 122 causes the interface due to magnetic attraction
      between magnet 82 and either the member 40 or the armature 78 to be
      suddenly broken. It is the sudden breaking of this magnetic attraction
      which provides the snap-action and tactile feedback of the switch 10 of
      the present invention. A similar snap-action occurs when plunger movement
      is effected by the step 118, although the "feel" thereof differs slightly
      from the usual tactile feedback.
PAR  Upon the sudden breaking of the interface due to magnetic attraction, the
      potential energy stored to the springs 120 and 122 impels the plunger 68
      downwardly. Such impelling forces the resilient button 86 against the leaf
      spring 34 and moves the movable contact 36 into engagement with the
      stationary contact 38. Immediately after the breaking of one of the
      interfaces (or both of them) downward movement of the cylinder 90
      continues. Such continued downward movement continues to urge the coil
      springs 120 and 124 against the top of the plunger 68. Such movement of
      the cylinder 90 continues until the annular enlargement 106 engages the
      top of the mounting member 40. This is an important feature to note --
      finger force is prevented from ever being applied to the movable contact
      36 and the stationary contact 38. Specifically, because the annular
      enlargement 106 engages the top of the mounting member 40 and because the
      only direct coupling between the cylinder 90 and the shaft 66 are the coil
      springs 120 and 122, the maximum force that may be exerted on the contacts
      36 and 38 is that force due to the stored potential energy in the coil
      springs 120 and 122 when the cylinder 90 is fully down, as shown in the
      middle of FIG. 1.
PAR  Note that, when the plunger 68 is fully down, the step 118 is spaced from
      the washer 88.
PAR  The resilient bumper 86 is effective to prevent contact "bounce" during
      closure of the contacts 36-38. Specifically, the button 86 acts as a
      damper or shock absorber for the movable contact 36, obviating any
      tendency thereof to rebound away from the stationary contact 38.
PAR  Such bounce is also eliminated by the action of the springs 34, 120 and 122
      which lead to maintain the contacts 36 and 38 in engagement.
PAR  After the sudden break in the magnetic attraction of the magnet 82 to
      either the armature 78 or the member 40, the magnetic attraction of the
      magnet-armature-member 82-78-40 remains, albeit diminished. Such
      attraction leads to limit the velocity of the plunger 68. Moreover, after
      the break, the movement of the plunger 68 is effected by the springs 120
      and 122 acting against the spring 34, i.e., "spring-versus-spring." The
      result is a smooth switch action accompanied by an absence of contact
      bounce and good tactile feedback.
PAR  As long as the button 102 is held in the downward position, the contacts
      34-36 remain closed and the coil springs 120 and 122 are compressed.
      Subsequent removal of the force 124 effects the following sequence of
      operation.
PAR  The stored potential energy in the coil springs 120 and 122 urging against
      the closed end of the cylinder 90 moves the button 102 and the cylinder
      90, now upwardly. Simultaneously, the potential energy now stored in the
      leaf spring 34 and the magnetic attraction between the armature 78 and the
      magnet 82 cooperate to move the plunger 68 upwardly. Upward movement of
      the plunger 68 continues until the plunger 68 is in its normal position.
      The coil springs 120 and 122 return the cylinder 90 and the button 102 to
      their normal positions.
PAR  The switch 10 may be constructed so that the stored potential energy in the
      leaf spring 34 is not necessary to return the plunger 68 to its normal
      position. Specifically the thickness and maximum separation of the magnet
      82, the armature 78 and the member 40 may all be adjusted so that the
      return is due solely to magnetic attraction. Of course, any compression of
      the bumper 86 may be utilized to effect such return.
PAR  As may be appreciated, the self-lubricating feature of the plunger 68
      insures that this rod slides freely within the bore 42 and the mounting
      member 40. The non-magnetic characteristic of the plunger 68 prevents the
      magnet 82 from "sticking" thereto during operation. Such sticking would
      obviate the desirable self-aligning features of the magnet 82 and could
      adversely affect return of the switch to its normal position.
PAR  In view of the foregoing, it is apparent that various modifications may be
      made to the present illustrative embodiments of the invention, and that a
      number of alternatives may be provided without departing from the spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved snap-action driver of the type which selectively moves a
      spring-biased workpiece from a first, normal position to a second position
      against the spring-bias by the urging of one end of an elongated plunger
      thereagainst due to the plunger's moving out of its normal position in
      response to a first force applied to the other end thereof, wherein the
      improvement comprises:
PA1  a. a stationary, ferromagnetic member having a bore slideably mounting the
      plunger;
PA1  b. a ferromagnetic armature fixed to the plunger for movement therewith;
PA1  c. a permanent magnet slideably mounted on the plunger, the magnet being
      normally attracted to, and abutting at respective interfaces, the member
      and the armature in a sandwich to maintain the plunger in its normal
      position; and
PA1  d. means for storing potential energy in response to the application of a
      gradually increasing second force thereto and for applying the stored
      energy in the force of the first force to the other plunger end until the
      magnetic attraction of the magnet is exceeded, and for then moving the one
      plunger end against the workpiece to move the workpiece to the second
      position; and wherein
PA1  the plunger is non-magnetic.
NUM  2.
PAR  2. The driver of claim 1, which further includes:
PA1  e. means for rendering the magnetic attraction of the magnet for the member
      different from the attraction thereof for the armature.
NUM  3.
PAR  3. The driver of claim 2 wherein element (d) comprises:
PA1  d.sub.1. a hollow cylinder closed at one end and movable toward and away
      from the plunger along the major axes thereof; and
PA1  d.sub.2. a first coil spring contained within the cylinder and normally
      abutting and urging apart the closed cylinder and the plunger, movement of
      the cylinder toward the plunger in response to the application of the
      second force thereto storing the potential energy therein by compression
      thereof.
NUM  4.
PAR  4. The driver of claim 3 wherein element (e) comprises:
PA1  e.sub.1. a nonmagnetic member slideably mounted on the plunger between one
      of the interfaces.
NUM  5.
PAR  5. The driver of claim 4, adapted to be mounted in a surface, which further
      comprises:
PA1  f. means for locking the ferromagnetic member to the surface;
PA1  g. means for slideably mounting the cylinder for movement;
PA1  h. means for limiting the movement of the cylinder toward the plunger to
      prevent contact between the cylinder and the plunger; and
PA1  i. means for limiting the movement of the cylinder away from the plunger
      and for maintaining the coil spring within the cylinder to normally urge
      apart the closed end of the plunger.
NUM  6.
PAR  6. The driver of claim 5 wherein element (d) further comprises:
PA1  d.sub.3. a second coil spring contained within the first coil spring, the
      second spring being normally fully extended within the cylinder and being
      shorter than the first spring, a predetermined amount of movement of the
      cylinder toward the plunger effecting compression thereof, the stored
      potential energy thereafter resulting from the compression of the first
      and second springs.
NUM  7.
PAR  7. The driver of claim 6 which further comprises:
PA1  j. means for limiting movement of the plunger within the ferromagnetic
      member to prevent either plunger end from moving beyond such manner.
NUM  8.
PAR  8. The driver of claim 7 used to affect the operation of electrical circuit
      by movement of the workpiece and adapted for mounting in a keyboard
      constituting the surface, and having a hole therethrough wherein:
PA1  the locking means (f) comprises an enlargement of the ferromagnetic member
      driveable into the walls of the keyboard hole;
PA1  the magnet, the armature and the ferromagnetic member are all generally
      toroidal and have planar surfaces at which the interfaces are located;
PA1  the cylinder moves in the keyboard hole and the slideable cylinder mounting
      means (g) comprises a flange on the cylinder journalled in a groove in the
      wall of the cylinder hole;
PA1  elements (h) and (i) respectively comprise an enlargement on the cylinder
      engageable respectively with the ferromagnetic member and step within the
      keyboard hole; and
PA1  element (j) comprises a collar at the other plunger end and a planar
      surface of the armature, both being larger than the bore in the
      ferromagnetic member.
NUM  9.
PAR  9. The driver of claim 8 which further includes:
PA1  k. a resilient member interposed between the one plunger end and the
      workpiece.
NUM  10.
PAR  10. The driver of claim 9 wherein the workpiece is a first electrical
      contact, and further comprising:
PA1  l. a second electrical contact engaged by the first contact at the second
      position; and
PA1  m. a leaf spring for biasing the first contact into the first position.
NUM  11.
PAR  11. A snap-action actuator, which comprises:
PA1  a fixed support having a ferromagnetic insert;
PA1  a plunger reciprocably mounted in the support for movement from a first
      position toward a second position, the plunger having a ferromagnetic
      armature;
PA1  a magnet movably mounted in the support between the insert and the armature
      so that, absent a force applied to the plunger, the magnet attracts both
      the insert and the armature to form a sandwich, which sets the first
      plunger position; and
PA1  means for applying a gradually increasing force to one end of the plunger
      until the magnetic attractive force forming the sandwich is exceeded, to
      suddenly drive the plunger to the second position, with a snap action
      after the magnetic release point.
NUM  12.
PAR  12. The actuator of claim 11 wherein:
PA1  the plunger is nonmagnetic;
PA1  the insert, the magnet and the armature all contain a bore which receives
      the plunger, the armature being fixed to the plunger in its bore, the
      bores of the insert and the magnet being such that both are free to move
      relatively to the plunger; and
PA1  the means comprises a spring for storing potential energy therein and
      applying such energy to the one plunger end in the form of the gradually
      increasing force.
NUM  13.
PAR  13. A force-operated, snap-action switch for mounting in a keyboard
      comprising:
PA1  a. a ferromagnetic toroid
PA1  b. means for fixedly mounting the toroid to the keyboard;
PA1  c. a nonmagnetic elongated plunger slideably held by, and extending past
      both ends of, the toroid;
PA1  d. a toroidal permanent magnet loosely, slideably mounted on the plunger on
      one side of the toroid, one surface of the magnet normally abutting the
      toroid;
PA1  e. a toroidal armature mounted on the plunger, the other surface of the
      magnet normally abutting the armature;
PA1  f. means for rendering the attractive force of the magnet for the toroid
      greater than the attractive force thereof for the armature;
PA1  g. a first, stationary electrical contact, spaced from one end of the
      plunger and aligned with the plunger's major axis at the side thereof
      adjacent the armature;
PA1  h. a second electrical contact movable along the major axis of the plunger
      and located between the normally spaced from the first contact and the one
      plunger end;
PA1  i. a spring member for maintaining the second contact in the normal
      position;
PA1  j. a hollow cylinder open at only one end having its open end loosely
      slideably fitted about the other end of the plunger and normally spaced
      from the toroid;
PA1  k. a coil spring positioned between the closed cylinder end and the other
      plunger end which maintains the open cylinder end in the normal position;
      and
PA1  l. means responsive to a force applied to the cylinder for moving the open
      cylinder end toward the toroid to compress the coil spring until the
      compressive force thereon on the plunger overcomes the attractive force of
      the magnet to impact the plunger on the second contact with a force
      sufficient to deform the spring member until the contacts engage the
      spring member and the attractive force of the magnet for the armature
      returning the armature to its normal position and the coil spring
      returning the cylinder to its normal position upon removal of the force.
NUM  14.
PAR  14. A keyboard-mounted snap-action electrical switch for completing an
      electrical circuit comprising:
PA1  a. a first stationary electrical contact;
PA1  b. a second electrical contact normally spaced from and movable into
      engagement with, the first contact to complete the circuit;
PA1  c. first spring means for biasing the second contact toward its normal
      position with a first force inversely proportional to the distance between
      the contacts; and
PA1  d. means for moving the second contact into engagement with the first
      contact, which means includes:
PA2  i. a ferromagnetic toroid;
PA2  ii. means for fixedly mounting the toroid to the keyboard;
PA2  iii. a non-magnetic plunger extending slideably through, and beyond both
      sides of the toroid, a first end of the plunger abutting the second
      contact, application of a second force to the other end of the plunger
      tending to move the contacts into engagement;
PA2  iv. a toroidal, ferromagnetic armature mounted on the plunger for movement
      therewith;
PA2  v. a toroidal, permanent magnet slideably mounted on the plunger between
      the toroid and the armature, opposed surfaces thereof being normally
      respectively adjacent the toroid and the armature;
PA2  vi. means for rendering the attractive force of the magnet for the toroid
      greater than the attractive force thereof for the armature, so that
      movement of the first plunger end toward and away from the first contact
      moves the armature toward and away from the toroid and the magnet, the
      attractive force of the magnet for the armature and the first force being
      vectorially additive, the summation of such vectorial addition being
      normally greater than the second force and the attractive force of the
      magnet for the armature being inversely proportional to the distance
      between the armature and the magnet; and
PA2  vii. means responsive to a finger-applied force for momentarily increasing
      the second force to a magnitude greater than the summation to slide the
      plunger and to move the armature and the second contact toward the first
      contact until engagement thereof occurs.
NUM  15.
PAR  15. The switch of claim 14 wherein element (d) (vii) comprises:
PA2  vii.sub.1. a hollow cylinder open at only one end having its open end
      loosely, slideably fitted about the other plunger end and normally spaced
      from the toroid, the cylinder being movable toward the toroid in response
      to the application of a force in the direction of the first contact to the
      closed end thereof; and
PA2  vii.sub.2. coil spring means within the cylinder and positioned between the
      closed cylinder end and the other plunger end for (i) maintaining the open
      cylinder end in the normal position, and, (ii) applying the second force
      to the other plunger end in response to a predetermined amount of movement
      of the cylinder toward the toroid.
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PAL  Apparatus is provided for performing the purity adjustment in slotted mask
      color picture tubes of the type having in-line electron guns located in
      side-by-side relationship along a single plane. The apparatus includes
      first and second bar magnets located externally of the tube and parallel
      to the gun-containing plane. Each of the bar magnets is oriented to
      generate a magnetic field in substantially the same plane, that plane
      being perpendicular to the gun-containing plane. Means are provided for
      jointly moving the bar magnets between a first position wherein the net
      resultant field generated across the gun containing plane is zero, and
      second position wherein the net resultant field generated by the bar
      magnets across the gun-containing plane is greater than zero and has a
      substantially equal effect on each of the guns. In a first embodiment, the
      moving means comprises a support upon which each of the bar magnets is
      fixedly mounted. Means are provided for moving the support in a plane
      substantially perpendicular to the gun-containing plane. In the second
      embodiment, each of the bar magnets is independently rotatably mounted to
      the support and means are provided for jointly rotating the bar magnets
      relative to the support. In each embodiment the movement of the magnets
      causes a variation in the resultant field generated along the
      gun-containing plane, thereby causing a correction of the misregistration
      of the electron beams with the phosphor dots on the tube face.
BSUM
PAR  The present invention relates to a purity adjusting device for use in
      slotted mask in-line color picture tubes, and in particular, to a simple,
      inexpensive device utilizing a pair of bar magnets which are jointly moved
      relative to the electron guns so as to correct any misregistration of the
      beams.
PAR  A color picture tube is produced by depositing phosphor dots of three
      different colors on the face of an evacuated tube. Only the dots of a
      single color are to be illuminated when information relating to that color
      is received by the television. In order to achieve this, during
      construction of the picture tube the phosphor is coated on the face of the
      tube and a shadow mask is placed over the phosphor. An ultraviolet light
      source is then placed in the tube at the position at which the electron
      gun which will be used to produce that color will be located. The
      ultraviolet source illuminates the phosphor, thus burning in the phosphor
      at the appropriate points. This process is repeated for each of the three
      colors, moving the ultraviolet light source each time that it is located
      at the position in the tube which the electron gun for that color will be
      located. The picture tube, when it is completed, will include an electron
      gun for each of the colors. Thus, three electron guns, each corresponding
      to one of the colors, are positioned at the respective locations in the
      tube where the ultraviolet light source utilized to burn in the
      corresponding color phosphor was originally located. In this manner, the
      electrons from each electron gun will illuminate only those phosphor dots
      on the face of the picture tube which correspond to a single color.
      Obviously, the electron beams must each register precisely with the
      appropriate phosphor dots on the tube face in order to achieve the desired
      picture quality. A slight misregistration of the electron beams relative
      to the appropriate color phosphor dots must be corrected by external
      magnetic means. In order to assure proper registration throughout the
      field, this correction must take place uniformly over the entire field of
      the picture tube. This change in the registration of the electron beams
      relative to the phosphor dots is called the purity adjustment.
PAR  At present, there are two types of color picture tubes commonly available.
      In one type, the electon guns are arranged in a triangular configuration
      with each gun at one of the verticies of the triangle. The phosphor dots
      on the tube face are also arrange in groups of three in the form of a
      triangle. This type of tube is referred to as a delta gun tube. Purity
      correction apparatus used in delta gun tubes consists of two carbon steel
      or rubber magnetic rings which circumscribe the picture tube neck. By
      magnetizing these rings and rotating one ring with respect to the other, a
      radial field is generated through the guns which is variable in strength
      and direction. This radial field varies the trajectory of the beams, thus
      correcting any misregistration of the beams with the phosphor dots on the
      tube.
PAR  The second type of picture tube in common use is referred to as the in-line
      type. In this type of tube, all three electon guns are located along a
      single horizontal plane. The phosphor on the face of the tube is put down
      in vertical strips, and the shadow mask is basically a strip mask. In
      order to have adequate mechanical stability, the shadow mask is actually
      made in the form of vertical slots which cover the entire screen. In the
      in-line type of picture tube, the purity adjustment must be achieved
      through the use of a magnetic field which is limited to a single vertical
      plane perpendicular to the gun-containing plane in order to affect each of
      the electron beams equally as well as to achieve uniform horizontal
      deflection of the beams throughout the field of the tube.
PAR  When the rotating magnetized ring type of purity correction apparatus,
      designed primarily for use in delta gun tubes, is used in conjunction with
      picture tubes of the in-line variety, difficulties arise because the beams
      will move radially and thus are not constrained to a single horizontal
      plane. There are, however, designs known in which the ring magnet system
      can provide planar deflection. This is accomplished by using a gearing
      system to effect opposite relative movement of each ring. This system, is,
      however, relatively costly and complex.
PAR  It is, therefore, a prime object of the present invention to provide
      apparatus for adjusting purity in a slotted mask in-line color picture
      tube which provides a simple and inexpensive method of purity adjustment.
PAR  It is another object of the present invention to provide apparatus for
      adjusting purity in slotted mask in-line color picture tubes which utilize
      a pair of bar magnets to provide uniform horizontal deflection of the
      electron beams.
PAR  It is a further object of the present invention to provide apparatus for
      adjusting purity in slotted mask in-line color picture tubes which
      utilizes a means for jointly moving the bar magnets such that the
      appropriate variations in the resultant magnetic field may be achieved.
PAR  In accordance with the present invention, apparatus for providing purity
      adjustment in slotted mask in-line color picture tubes is provided. The
      apparatus consists of a pair of magnets located external to the picture
      tube and parallel to the gun-containing plane. Each of the magnets
      produces a field in substantially the same plane, that plane being
      perpendicular to the gun-containing plane. Means are provided for jointly
      moving the magnets between a first position wherein the net resultant
      magnetic field generated across the gun-containing plane is zero, and a
      second position wherein the net resultant magnetic field generated across
      the gun-containing plane is greater than zero and has a substantially
      equal effect on each of the guns to assure uniform horizontal deflection
      of each beam.
PAR  In the first embodiment, each of the magnets is fixedly mounted to a
      support. Means are provided for moving the support relative to the tube,
      such that the net resultant magnetic field across the gun-containing plane
      is varied. This variation in the magnetic field causes uniform deflection
      of each of the beams, thereby correcting any misregistration thereof
      relative to the phosphor strips on the face of the picture tube.
PAR  In the second embodiment, the magnets are independently rotatably mounted
      on the support. Means for jointly rotating the magnets relative to the
      support are provided such that the net resultant magnetic field across the
      gun carrying plane is varied to cause uniform deflection of the beams. As
      in the first embodiment, the variations in the magnetic field correct any
      misregistration of the beams relative to the phosphor dots on the tube.
PAR  To these and other objects as may hereinafter appear, the present invention
      relates to apparatus for adjusting defined in the appended claims and
      described in the specification taken together with the drawings, wherein
      like numerals refer to like parts and in which:
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PAR  FIG. 1 is a plan view of a first preferred embodiment of the present
      invention showing the support in the first position;
PAR  FIG. 2 is a view similar to FIG. 1 but showing the support in the second
      position;
PAR  FIG. 3 is a side partially cutaway view of the first preferred embodiment
      in FIG. 1;
PAR  FIG. 4 is a plan view of a second preferred embodiment of the present
      invention shown in the first position;
PAR  FIG. 5 is a view similar to FIG. 4 but wherein the bar magnets are in the
      second position; and
PAR  FIG. 6 is a side partially cutaway view of the embodiment illustrated in
      FIG. 4.
DETD
PAR  As shown in FIG. 1, the neck of the picture tube 10, shown here in cross
      section, has three electron guns 12, 14, and 16 which are located in
      side-by-side relationship along a horizontal plane, referred to herein as
      the gun-containing plane. A pair of magnetic field generating means,
      preferably in the form of bar magnets 18 and 20, are provided externally
      of neck 10 and one on each side thereof. It should be appreciated that
      although magnets 18 and 20 are disclosed herein as having a "bar" shape,
      magnets of other geometrical shapes may function equally as well, with the
      obvious structural modifications to the remainder of the device. However,
      since bar magnets are readily available, the present invention has been
      disclosed having these types of magnets. This structure is disclosed for
      illustrative purposes only and should not be construed as a limitation of
      the present invention. Magnets 18 and 20 are positioned with respect to
      the gun-containing plane such that they generate magnetic fields of
      opposite polarity. In this instance, magnet 18 has its north pole pole
      directed towards the top thereof. Bar magnet 20 is oppositely oriented,
      having its north pole towards the top of the drawing and the south pole
      towards the bottom of the drawing. Preferably, each of the bar magnets 18
      and 20 generate a magnetic field of equal magnitude. The magnetic fields
      are generated in substantially the same plane, that plane being
      substantially perpendicular to the gun-containing plane. In this instance,
      since the gun-containing plane is considered to be the horizontal, the
      plane of the magnetic fields will be in the vertical direction.
PAR  The first preferred embodiment of the present invention is shown in FIGS.
      1, 2, and 3. Each of the bar magnets 18 and 20 are fixedly mounted to a
      support 22 which is preferably in the form of a frame having an opening 24
      in the middle portion thereof. The neck 10 of the picture tube projects
      through opening 24 in support 22 such that the bar magnets 18 and 20 are
      situated one on either side of the neck in parallel relationship to the
      gun-containing plane. When both bar magnets are equidistant from the
      gun-containing plane, as shown in FIG. 1 and if their respective fields
      are oppositely oriented and equal in magnitude, a zero net resultant
      magnetic field results along the gun-containing plane. A zero net
      resultant field does not produce any deflection of the electron beams. Of
      course, if the magnets are of different strength, the distance of each
      from the gun-containing plane must be varied to achieve the zero net
      resultant field.
PAR  Means are provided for jointly moving the bar magnets to vary the resultant
      magnetic field along the gun-containing plane. This means is represented
      schematically by block 26 in the drawings and is operably connected to
      frame 22. The form of this operable connection will depend upon the
      particular mechanical components which go to make up means 26. It should
      be appreciated that the mechanical components which comprise means 26 do
      not, in themselves, form any portion of the present invention. Since such
      components may take a variety of different mechanical forms, they are not
      herein illustrated in any but a functional manner. However, means 26 can
      comprise any appropriate mechanical components, including but not limited
      to a gear system or a rack and pinion combination. Alternatively, a belt
      and pulley system may also be utilized. It should also be appreciated that
      support 22 will preferably be provided with the appropriate guide means
      within the receiver chassis such that it maintains the necessary vertical
      position with respect to the gun-containing plane. In addition,
      appropriate motion limiting means will preferably be provided in
      conjunction with the guide means to prevent support 22 from moving to a
      position wherein it may contact and break the neck 10 of the picture tube.
PAR  In order to achieve uniform horizontal deflection of the electron beams
      thereby correcting misregistration thereof, means 26 is utilized to move
      support 22 in a direction substantially perpendicular to the
      gun-containing plane in order to bring one or the other bar magnets 18 and
      20 closer to the gun-containing plane such that the net resultant magnetic
      field generated along the gun-containing plane is greater than zero.
      Whether the beams are deflected to the right or to the left as seen in the
      drawings depends upon the direction of movement of support 22. FIG. 3
      shows a side view of the relationship between the neck of the picture tube
      and support 22 with magnets 18 and 20 thereon.
PAR  It should be appreciated that by simply moving support 22 up and down in a
      vertical plane relative to the gun-containing plane, a net resultant
      magnetic field along the gun-containing plane is obtained which can be
      varied from a magnitude of zero to a maximum in one direction and then to
      a maximum in the other direction. Of course, the maximum net resultant
      magnetic field producible depends upon the strength of the bar magnets.
      Since the magnetic field is substantially planar and uniform along the
      gun-containing plane, the purity adjustment will take place through the
      entire field of the picture tube. In addition, since the field is equal in
      strength along the gun-containing plane, each of the electron guns 12, 14
      and 16 will be effected by the field in precisely the same manner, thereby
      producing uniform deflection of each.
PAR  Many mechanical variations are possible in the system of the present
      invention. For instance, one such variation is illustrated in FIGS. 4, 5
      and 6 and forms a second preferred embodiment of the present invention. In
      the second preferred embodiment of the present invention, the bar magnets
      18 and 22 are independently rotatably mounted to support 22 such that each
      can be rotated about an axis substantially parallel to the gun-containing
      plane. In this instance, means would be utilized to move the bar magnets
      relative to the tube in synchronized fashion by rotating the bar magnets
      18 and 22 simultanteously. The bar magnets, in the second embodiment, are
      oriented such that a fields generated thereby are in the same direction.
      Thus, when the magnets have these poles oriented in the plane
      perpendicular to the gun-containing plane, the fields reinforce each other
      (see FIG. 4) and when the poles are oriented parallel to the
      gun-containing plane (see FIG. 5), the fields oppose each other. Thus, net
      resultant field along the gun-containing plane could be varied from a
      maximum magnitude in one direction (as shown in FIG. 4) to a field having
      a zero net magnitude (as illustrated in FIG. 5) by a 90.degree. rotation.
      A second 90.degree. rotation will produce a maximum resultant field in the
      opposite direction. Therefore, a 180.degree. rotation of both magnets
      simultaneously will provide a field which varies in intensity and polarity
      but is uniform in a vertical plane. This effect is substantially the same
      effect obtaining by the first preferred embodiment of the present
      invention. Again, means 26 has not been illustrated, as the mechanical
      components thereof are standard in the art and by themselves form no
      portion of the present invention. However, it should be appreciated that
      these mechanical components can take a variety of forms such as gears,
      cams, or sliders, etc.
PAR  While only two preferred embodiments of the present invention have been
      illustrated herein, it should be appreciated that many variations and
      modifications can be made thereon. Specifically, in the first embodiment,
      for instance, magnets of geometric shapes other than the disclosed "bar"
      shape may function acceptably, with the appropriate modifications to the
      remainder of the device. It is intended to cover all of these variations
      and modifications which fall within the scope of the present invention and
      defined by the following claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a slotted mask cathode ray tube of the type having
      three electron guns located in side-by-side relationship in a plane,
      purity adjusting means comprising first and second magnetic field
      generating means, each of said means generating a magnetic field in
      substantially the same plane, said plane being substantially perpendicular
      to said gun-containing plane, and means for jointly moving said first and
      second magnetic field generating means between a first position wherein
      the net resultant field generated thereby across said gun-containing plane
      is zero and a second position wherein the net resultant field generated by
      said first and second magnetic field generating means across said
      gun-containing plane is greater than zero and has a substantially equal
      effect on each of the guns.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said first and said second magnetic
      field generating means are located externally of said tube and one on
      either side thereof.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said first and second magnetic field
      generating means are bar magnets.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said means for jointly moving said
      first and second magnetic field generating means comprises a support upon
      which each of said field generating means is mounted and means for moving
      said support relative to said gun-contaiing plane.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said support moving means moves said
      support in a plane substantially perpendicular to said gun-containing
      plane
NUM  6.
PAR  6. The apparatus of claim 1 wherein each of said first and second magnetic
      field generating means generates a field of substantially equal magnitude.
NUM  7.
PAR  7. The apparatus of claim 1 wherein each of said first and second magnetic
      field generating means is substantially equally spaced from said
      gun-containing plane in said first position.
NUM  8.
PAR  8. The apparatus of claim 6 wherein each of said first and second field
      generating means is substantially equally spaced from said gun-containing
      plane in said first position.
NUM  9.
PAR  9. The apparatus of claim 1 wherein said means for jointly moving said
      first and second magnetic field generating means comprises a support to
      which each of said magnetic field generating means are independently
      rotatably mounted and means for jointly rotating said magnetic field
      generating means relative to said support.
NUM  10.
PAR  10. The apparatus of claim 9 wherein each of said magnetic field generating
      means are rotatable about axis parallel to said gun-containing plane and
      contained within a plane substantially perpendicular thereto.
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ABST
PAL  A display device comprising a display board having an outwardly facing
      surface, said board being of a ferromagnetic material, at least one
      substrate strip, said substrate strip having permanent magnetic properties
      comprising at least one pair of parallel spaced apart north and south
      magnetic poles extending in one direction thereof, at least one display
      unit having permanent magnetic properties comprising at least one pair of
      spaced apart north and south magnetic poles, said poles of said display
      unit being spaced apart by a distance equal to a multiple of the spacing
      of the north and south magnetic poles of the magnetic substrate strip. The
      device permits the display of indicia or characters without employing
      aligning means and also permits the placement of information in any
      desired direction.
BSUM
PAR  The invention relates to a display device and more particularly, a magnetic
      board display device.
PAR  Display devices are commonly used to receive interchangeable symbols such
      as numbers or letters of the alphabet, for use in building directories,
      hotel signs, restaurant menus, sales and promotion control charts, and are
      often used to record a particular series of items of information over a
      period of time.
PAR  Initially, display devices generally comprised a board or like receiving
      surface upon which were mounted the characters to be shown or displayed.
      These boards or other receiving surfaces employed a series of parallel
      grooves adapted to receive mating lugs on the characters or indicia to be
      displayed which were held therein by friction. Generally, such display
      devices have drawbacks in that the grooves must be precision cut entailing
      substantial expense and furthermore, these devices are limited in their
      use in that the grooves ran in one direction only. Still further, the
      continual insertion and removal of the characters eventually necessitated
      replacement of the characters or display board when they became worn and
      the friction was not sufficient to maintain the proper placement of the
      indicia.
PAR  A further development on the art has provided for a display board or
      surface having cooperating indicia held thereon by magnetic means. In one
      embodiment, the display board has alternating spaced apart lines of north
      and south magnetic polarity with the characters or indicia being of a
      ferromagnetic material. In a similar embodiment, the board or other
      display surface is of a ferromagnetic material with the indicia being
      permanent magnets. In the first instance, although the display characters
      or indicia are capable of self alignment due to the alternating lines of
      magnetic polarity, they may be mounted in one direction only on the
      display or receiving surface. In the second instance wherein the board is
      of a ferromagnetic material, in order to align the characters in a
      straight line, a guiding edge or like means must be employed.
PAR  According to the present invention, there is provided a display device
      including a display board on which information in the form of various
      indicia may be mounted in any direction without the necessity of employing
      a guiding edge; for example, horizontal, vertical or diagonally.
      Furthermore, no wear is associated with the components of the display
      device thus obviating the necessity for frequent replacement of the
      components.
PAR  In one aspect of the present invention, there is provided a display device
      comprising a display board having an outwardly facing surface, said board
      being of a ferromagnetic material, at least one substrate strip, said
      substrate strip having permanent magnetic properties comprising at least
      one pair of parallel spaced apart north and south magnetic poles extending
      in one direction thereof, at least one display unit having permanent
      magnetic properties comprising at least one pair of spaced apart north and
      south magnetic poles, said poles of said display unit being spaced apart
      by a distance equal to or a multiple of the spacing of the north and south
      magnetic poles of the magnetic substrate strip.
PAR  In greater detail, the display board or surface adapted to receive the
      magnetic substrate strips may be of any suitable ferromagnetic material
      such as, for example, iron, steel, etc. The display board may, in one
      embodiment, comprise a substantially rectangular board commonly employed
      in many industries for the purpose of displaying information. Generally,
      the term display board includes any board or surface upon which the
      magnetic substrate strips of the present invention may be placed, to this
      end, any suitable configuration and design may be utilized.
PAR  The magnetic substrate strips, as aforementioned, are of a permanent
      magnetic material and may include material such as iron, steel, various
      resins -- in other words, any material capable of forming a permanent
      magnet. Generally, the magnetic substrate strips have a pair of opposed
      major planar faces, one of which has at least one longitudinally extending
      line of a north magnetic polarity and at least one longitudinally
      extending line of a south magnetic polarity. The opposed major face will
      also have spaced apart lines of north and south magnetic polarity; the
      south pole being substantially opposed to the north pole on said one face
      thereof, the south pole possessing relatively weak magnetic properties
      compared to the magnetic properties of the opposed north pole. Similarly,
      a line of north magnetic polarity will extend along the other major face
      opposed to the south pole and will be magnetically relatively weak
      compared to the strength of the south pole.
PAR  The substrate magnetic strips may comprise any number of alternating lines
      of polarity in pairs of the same -- i.e., a single substrate strip may be
      defined as comprising at least one strong longitudinally extending north
      magnetic pole and at least one strong longitudinally extending south pole
      on one major face thereof. Also, substrate strips having two or more pairs
      of magnetic lines may be employed; it is preferred that the distance
      between the spaced apart lines of magnetic polarity be substantially
      equidistant. Preferably, the magnetic substrate strips are formed of a
      material which is somewhat flexible and to this end, certain resinous
      materials known to those skilled in the art may be employed. The
      dimensions including the spacing of the lines of magnetic polarity can be
      any conventional adapted for the end use of the device.
PAR  In one embodiment of the invention, the magnetic substrate strips may have
      polarity identifying means associated therewith -- i.e. a single substrate
      strip having one line of north polarity and one line of south polarity may
      have an edge of the strip with polarity identifying means thereon which
      identify, for example, the edge proximate the strong north pole. The
      identifying means may be any suitable; in one embodiment, color may be
      employed for such purposes. The polarity identifying means comprising the
      color-coded strips may, for example, include a strip of a colored plastic
      material upon one edge of the magnetic substrate strip.
PAR  Employing the above discussed embodiment of the magnetic substrate strip, a
      plurality of such substrate strips may be juxtaposed to each other in many
      different relationships. Thus, for example, one substrate strip may be
      placed on top of a further substrate strip; the weak south pole on one
      face will "adhere" to the strong north pole on the juxtaposed face of the
      other substrate strip. In such an embodiment, the polarity identifying
      means would be juxtaposed to each other.
PAR  Furthermore, the strips may be placed opposed to each other whereby the
      strong north pole of one strip is aligned with the strong south pole of a
      further strip and the weaker poles of the strips are outwardly facing to
      receive the magnetic character units and the display surface.
PAR  Still further, the strips may be juxtaposed in a relationship such that a
      weak south pole and a weak north pole are aligned to each other with the
      strong south and north pole on the respective strips outwardly facing for
      juxtaposition to the magnetic units and the display surface. Thus, as may
      be seen, any combination of the strong and weak poles may be employed
      depending on the circumstances and results desired -- i.e. if a strong
      force is desired between the display surface and the substrate strip, the
      strong poles are juxtaposed thereto.
PAR  Even further, the magnetic substrate strips may be placed in a side by side
      relationship such that no repulsive forces are encountered. Still further,
      using the above embodiment, when one magnetic strip is placed on a display
      surface of a ferromagnetic material, a further magnetic strip may be
      abutted thereto in an end to end relationship without experiencing any
      mutually repelling forces.
PAR  It will be understood that the above embodiments have been discussed with
      respect to one or a pair of magnetic strips; any number of such strips may
      be employed.
PAR  According to one aspect of the present invention, the display device also
      includes a plurality of magnetic display units adapted to act in
      cooperation with the magnetic substrate strips. In one embodiment, the
      magnetic units may be very similar to the aforedescribed substrate strips
      in that they comprise strips of magnetic material having alternating lines
      of parallel spaced apart northsouth polarity. As such, the magnetic unit
      may have one pair of opposed poles; alternatively, any number of spaced
      apart poles may be employed with the spacing being generally equivalent to
      the spacing of the poles of the substrate strips. Likewise, the material
      forming the magnetic display units may be any suitable and which is
      capable of exhibiting permanent magnetic properties -- i.e., steel, iron,
      various resins, etc. Also, the display units may include polarity
      identifying means similar to those aforementioned with respect to the
      substrate strips and may be of a material forming a "flexible" unit.
PAR  The magnetic display units are adapted to display the desired information
      and to this end, the magnetic units may include a surface adapted to
      accept markings thereon. Alternatively, adhesive means or other means may
      be provided to place the markings on the magnetic units. Still further the
      magnetic display units may comprise "double" display units in that they
      include a pair of display units in a back to back relationship to each
      other with each face carrying a character or marking means thereon. Still
      further, the magnetic display units may carry further means for accepting
      the desired indicia.
PAR  The magnetic display units need not be identical to the substrate strips
      and thus, may include ceramic magnets or the like. Also, as
      aforementioned, the alternating magnetic lines are spaced apart and any
      one display unit may include a plurality of pairs of spaced apart magnetic
      lines.
PAR  With the display device of the present invention, the substrate strips may
      be placed on the display board or surface and adjustably moved with
      respect thereto since the display surface is not of a permanent magnetic
      nature. The display units are then held in an aligned manner by the
      magnetic forces of attraction and may be placed and slid along the
      substrate strips and easily removed.
DRWD
PAR  Having thus generally described the invention, reference will be made to
      the accompanying drawings illustrating various embodiments thereof and in
      which:
PAR  FIG. 1 is a perspective view of a magnetic strip according to the present
      invention;
PAR  FIG. 2 is an end view of the strip of FIG. 1;
PAR  FIG. 3A is an end view of a pair of magnetic strips of the present
      invention arranged in one manner;
PAR  FIGS. 3B and 3C are similar views to that of FIG. 3A but showing different
      arrangements of the magnetic strips of the present invention;
PAR  FIG. 4 is a perspective view of a pair of magnetic strips of the present
      invention aligned in an end to end relationship;
PAR  FIG. 4A is a section taken along the line 4--4 of FIG. 4;
PAR  FIG. 5 is a perspective view of an alternate arrangement similar to FIG. 4;
PAR  FIG. 5A is a section taken along the line 5--5 of FIG. 5;
PAR  FIG. 6 is a perspective view of a plurality of magnetic strips placed on
      top of one another;
PAR  FIG. 7 is a section taken along the line 6--6 of FIG. 6;
PAR  FIG. 8 is a perspective view of a magnetic assembly employing a pair of
      magnetic strips of the present invention;
PAR  FIG. 9 is a section taken along the line 8--8 of FIG. 8;
PAR  FIG. 10 is a view showing an alternate embodiment of the present invention
      utilizing a plurality of magnetic strips;
PAR  FIG. 11 is a section taken along the line 10--10 of FIG. 10;
PAR  FIG. 12 is a view similar to that of FIG. 10 but showing a different
      arrangement;
PAR  FIG. 13 is a section taken along the line 12--12 of FIG. 12;
PAR  FIG. 14 shows an alternate embodiment of the present invention using the
      "modular" concept;
PAR  FIG. 15 is a section taken along the line 14--14 of FIG. 14;
PAR  FIG. 16 is a view similar to that of FIG. 14 showing a still further
      embodiment;
PAR  FIG. 17 is a section taken along the line 16--16 of FIG. 16;
PAR  FIG. 18 shows the front and back views of a ceramic magnet unit for use in
      the present invention;
PAR  FIG. 19 is a view similar to FIG. 18 but with a different type of ceramic
      magnetic unit;
PAR  FIG. 20 is a perspective view of a further arrangement of the ceramic units
      of FIGS. 18 and 19 on a magnetic strip;
PAR  FIG. 21 is a section taken along the line 20--20 of FIG. 20;
PAR  FIG. 22 is a perspective view of an alternate embodiment of the present
      invention;
PAR  FIG. 23 is a section taken along the line 22--22 of FIG. 22;
PAR  FIG. 24 is a perspective view of a still alternate embodiment of the
      present invention;
PAR  FIG. 25 is a section taken along the line 24--24 of FIG. 24;
PAR  FIG. 26 is a perspective view of a further embodiment of the present
      invention;
PAR  FIG. 27 is a section taken along the line 26--26 of FIG. 26;
PAR  FIG. 28 is a perspective view of a further embodiment of the present
      invention; and
PAR  FIG. 29 is a section taken along the line 28--28 of FIG. 28.
DETD
PAR  Referring now to the drawings, and in specific FIG. 1, there is illustrated
      a flexible one-piece integral permanent magnetic substrate strip
      designated by reference numeral 20, which may be of a suitable material
      such as iron, steel, various resins, etc. having a pair of relatively
      strong north poles 10, and a pair of relatively strong south poles 15,
      running longitudinally in a spaced apart parallel manner along one face 11
      of the magnetic substrate strip 20. Each of these poles is separated from
      an adjacent pole of opposite polarity by a substantially equal distance.
      Each north pole 10 has, on the opposed side 13 of the magnetic substrate
      strip, a corresponding weaker south pole 16, and conversely, each strong
      south pole 15 has a corresponding weaker north pole 17 on the opposed
      side. Each of the weak poles are substantially parallel and extend
      longitudinally in the same direction as the stronger poles. There are also
      provided for, in the present invention, means for identifying one of the
      strong poles on the edge of the magnetic substrate strip, which in the
      illustrated embodiment, comprises a color code 21 painted on the plastic
      surface identifying the edge proximate the strong north pole. The magnetic
      strip may be of any desired size and shape, although generally rectangular
      shapes are preferred for most usages. Although the magnetic strip as shown
      in FIGS. 1 and 2 consists of a pair of opposed poles, it may alternatively
      consist of a single set of opposed poles or a plurality of opposed poles.
      It is also within the scope of the present invention that each set of
      opposed poles may be separated by some suitable identifying means, if
      desired -- i.e. a ridge at the time formed within the material. As will be
      seen from the drawings, each relatively strong pole is represented by
      characters (N,S) with each relatively weak pole represented by a smaller
      character (n,s). It will be understood that the terms "relatively weak"
      and "relatively strong" describe the relative strengths of their
      respective poles; the absolute values may be any suitable.
PAR  Referring now to FIGS. 3A, 3B and 3C, there is illustrated various
      arrangements of the magnetic substrate strips of the present invention as
      they may be placed on a display board (not shown). As illustrated in these
      Figures, a pair of magnetic strips designated by reference numerals 20 and
      25 may be arranged whereby, as per FIG. 3A, the relatively strong poles
      (10, 15) of each strip face outwardly with the relatively weak poles (16,
      17) being juxtaposed to each other. In this manner, each of the polarity
      identifying means 21 are located at opposed edges of the magnetic
      substrate strips. In this embodiment, the faces of the substrate strips
      having the relatively strong polarity are available for juxtaposition to
      the display board and further magnetic units as will be discussed in
      greater detail hereinafter. In other words, the pair of substrate strips
      20 and 25 are held together by relatively weak magnetic forces.
PAR  An alternate arrangement is illustrated in FIG. 3B in which the faces
      having the relatively strong poles (10, 15) are juxtaposed together. As
      may be seen, a relatively strong attractive force exists between the
      magnetic substrate strips with a relatively weak magnetic force holding
      the substrate strips to a display board and further display units (not
      shown). In this embodiment, the polarity identifying means 21 are also at
      opposed edges.
PAR  In FIG. 3C, a still further arrangement is illustrated wherein the polarity
      identifying means 21 of magnetic substrate strips 20 and 25 are at
      adjacent edges. In this embodiment, the relatively weak poles (16, 17) of
      substrate strip 20 are juxtaposed to the relatively strong poles (10, 15)
      of substrate strip 25. Thus, if substrate strip 20 is placed on a suitable
      display board or surface, the strong poles thereof will hold the same
      thereto.
PAR  In FIGS. 4 and 4A, there is illustrated an arrangement of the magnetic
      substrate strips in an abutted end to end relationship, as they may be
      located and placed on a display board or surface, such as is made of steel
      or other suitable ferromagnetic material. The display board, indicated
      generally be reference numeral 24, preferably has a substantially planar
      surface to permit the magnetic substrate strips 20 to lie in a
      substantially flat manner. As is illustrated in FIGS. 4 and 4A, abutted
      magnetic substrate strips do not repel each other when used on
      ferromagnetic surfaces, thus opening up many display possibilities.
PAR  In FIGS. 5 and 5A, a further arrangement of the magnetic substrate strips
      according to the present invention is illustrated, in which the alignment
      of the strong poles is illustrated in FIG. 5A. Similar reference numerals
      identifying similar parts to those previously described are employed; in
      this case, the display surface again is of a ferromagnetic material, and
      the use of the substrate strips of the present invention permits butted
      magnets which do not repel each other when used on such surfaces.
PAR  In FIGS. 6 and 7, there is illustrated, again according to the present
      invention, how a plurality of magnetic substrate strips indicated
      generally by reference numerals 20, 30 and 40, may be placed on top of one
      another or in juxtaposition with each other, with the color-coded edges
      always being placed in the same relative position so that a strong north
      pole is always aligned with a weak south pole. This permits symmetrical
      stacking of a plurality of magnetic substrate strips of the present
      invention on a ferromagnetic surface 24 for display or stacking purposes.
PAR  Referring now to FIGS. 8 and 9, these drawings illustrate the magnetic
      alignment in a strong/weak fashion wherein magnetic display units are
      employed on top of the magnetic substrate strips. More specifically, a
      magnetic substrate strip 20 is placed on a suitable ferromagnetic surface
      24 and a magnetic display unit 50 is placed on top thereof with the
      polarity identifying means 31 of display unit 50 being juxtaposed to the
      polarity identifying means of the substrate strip 20. In this manner,
      display unit 50 may be moved along the track formed by substrate strip 20
      and will always be aligned with the same due to the magnetic forces.
PAR  In FIGS. 10 and 11, a similar arrangement to that described with respect to
      FIGS. 8 and 9 is illustrated, but in this case, a pair of smaller magnetic
      units 50a and 50b are employed on substrate strip 20 to form and permit
      aligned motion in a "double track" manner. Thus, by arranging the magnetic
      display units to have the polar arrangement illustrated in FIG. 11, each
      of the units 50a and 50b may be moved as desired independently along
      substrate strip 20.
PAR  FIGS. 12 and 13 illustrate a similar version to that described with respect
      to FIGS. 11 and 12, but in this case, the magnetic strips have a different
      construction. More specifically, as illustrated in FIG. 13, the magnetic
      substrate strip 20 and display units 50a, 50b and 50c described with
      respect to the previous Figures include an adhesive layer of any suitable
      adhesive indicated generally by reference numeral 42, which secures to the
      front, a non-magnetic layer such as may be provided by a plastic material,
      and which is indicated generally by reference numeral 46. As shown in FIG.
      12, the plastic materials may be color-coded, or carry other indicia or
      messages, for display purposes. Thus, the arrangement of FIGS. 12 and 13
      permits displaying information while at the same time, providing for
      convering the information as desired, exposing selected information as
      desired, adding information by virtue of adding one or more magnetic
      display units as desired, and moving information on a display board. The
      arrangement of FIGS. 12 and 13, as with FIGS. 10 and 11, is preferably
      mounted on a suitable steel or other ferromagnetic surface 24. Further, as
      will be noted from this arrangement as illustrated in FIGS. 12 and 13, the
      arrangement permits aligned motion on the "double" track basis.
PAR  Referring now to FIGS. 14 and 15, there is illustrated a further embodiment
      of the present invention which provides for aligned motion using a
      "modular" build up arrangement. Thus, in this embodiment, there is
      provided a first magnetic substrate strip 20 of the type illustrated in
      FIGS. 1 et seq., and a plurality of further magnetic modular or display
      units 50a, 50b. These modular units 50 are similar in construction to
      those indicated by reference numerals 50a and 50b in FIG. 12. The magnetic
      substrate strip 20 is suitably mounted on a display surface 24.
PAR  By using the modular build up arrangement as illustrated in FIGS. 14 and
      15, each modular unit 50 may be moved as desired as indicated by the
      arrows in this Figure and they may be interchanged to illustrate various
      types of messages or displays as desired.
PAR  Referring now to FIGS. 16 and 17, there is illustrated a further
      arrangement utilizing generally the same type of magnetic strips
      illustrated in FIGS. 14 and 15. In this embodiment, however, a different
      front layer 60, carrying indicia or other symbols or the like, is mounted
      by means of the adhesive 42 to the modular magnetic display units
      indicated generally by reference numeral 50, thus giving a different
      variation from that illustrated in FIGS. 14 and 15.
PAR  Referring now to FIGS. 18 and 19, there is shown the front and rear views
      of ceramic magnets of different configurations, in which the front of the
      ceramic magnets indicated generally by reference numeral 70 has the strong
      north and south poles, while the back portion indicated generally by
      reference numeral 72 has the weak south and north poles. Such ceramic
      magnets, for use within the present invention, may have any desired shape
      and/or size. In use of the magnets of FIGS. 18 and 19, as illustrated in
      FIGS. 20 and 21, such magnets may be mounted on a magnetic substrate strip
      of the type previously described and as indicated by reference numeral 20.
      These ceramic magnets may carry indicia or other suitable
      advertising/display material, and as shown in FIGS. 20 and 21, they may be
      moved to permit aligned motion on the substrate strip 20. In turn, the
      substrate strip 20 is mounted on a display surface 24.
PAR  In FIGS. 22 and 23, a modification of the present invention is illustrated
      in which a substrate strip 20 includes a layer of adhesive 42 with the
      strong north and strong south poles being mounted as indicated.
      Preferably, in this type of embodiment, the magnetic substrate strip 20,
      is adhesively secured to a suitable substrate which may be of a
      ferromagnetic or non-magnetic material by virtue of the adhesive 42; the
      other modular magnetic unit indicated generally by reference numeral 50 is
      provided with an adhesive 42 on its outer surface securing thereto a
      further display means 80. This further display surface may have various
      different configurations and shapes; a preferred one is illustrated in
      which the display means 80 comprises a rubber or like backing material
      grooved or otherwise recessed to receive characters, or other display or
      indicia (such as letters as indicated by the dotted lines and by reference
      numeral 82) which include a projecting mating member 84 adapted to fit
      within the groove.
PAR  A modification of the above arrangement is illustrated in FIGS. 24 and 25,
      in which there is secured to the outer surface of modular magnetic unit
      50, a different type of display means which is indicated generally by
      reference numeral 88. In this case, the display unit forms a supporting
      surface adapted to receive lettering or other indicia -- the display means
      has a generally planar configuration with a pair of opposed "U-shaped"
      channels 90 adapted to receive upper and lower portions of display cards
      91, in the manner illustrated by the dotted lines in FIGS. 24 and 25. This
      particular arrangement is highly advantageous for name channel
      applications, or other similar usages.
PAR  Referring now to FIGS. 26 and 27, a further embodiment of the present
      invention is illustrated in which again, a substrate strip and display
      unit are secured to a suitable display board 24. Similar reference
      numerals are used to designate similar parts to those parts described with
      respect to previous FIGS. In this embodiment, the display unit is provided
      with a layer of adhesive 42, to which is secured any desired item such as
      may be used on occasion for various purposes. A T square 93 is illustrated
      in FIGS. 26 and 27 as being fixedly secured to the display unit and, when
      it is desired to use the same, the display unit is merely separated from
      the magnetic substrate strip whereby the T square may be used and then
      returned for storage purposes. It will be appreciated that within the
      context of this embodiment, many other articles may be similarly mounted,
      where it is required to display or store such articles when not in use.
PAR  Referring now to FIGS. 28 and 29, a modified arrangement showing a
      weak-to-weak polar relationship of a pair of magnetic display units is
      illustrated. Specifically, a display board surface, which may be
      ferromagnetic or non-magnetic, indicated generally by reference numeral
      24, is employed to which there is secured, by means of adhesive 42, a
      magnetic substrate strip indicated generally by reference numeral 20. In
      turn, there may also be included, if desired, an outer covering layer such
      as the plastic layers 46, to the other face thereof. A first modular
      display unit 50a, is provided which again may be provided with an outer
      plastic layer 46 secured by means of adhesive 42. Thus magnetic substrate
      strip 20 and unit 50a are separable. Secured to the unit 50a, by means of
      an adhesive layer 42, is a further magnetic display unit 50b, which may
      also include a surface of a plastic layer 46 or the like, secured by means
      of an adhesive. The units 50a and 50b are thus secured to each other and
      these may or may not be of the same size and shape as the magnetic
      substrate strip 20. As illustrated in FIG. 28, the modular concept has
      been employed for units 50a and 50b. FIG. 28 further illustrates an
      embodiment of the invention wherein the units 50a and 50b may be changed
      whereby the back face may become the front face by reversing the modular
      units 50a and/or 50b as desired. By virtue of the arrangement illustrated
      in FIGS. 28 and 29, there are provided double sided magnetic units
      positioned in such a manner that the color-coded edges 31 are never
      butted, thus ensuring correct placement of either face for double magnetic
      alignment for display or other similar purposes.
PAR  It will be understood that various changes and modifications may be made to
      the above-described embodiments without departing from the spirit and
      scope of the invention which is not limited to these embodiments, but
      rather by the claims appended hereto.
CLMS
STM  We claim:
NUM  1.
PAR  1. A display device comprising a display board having an outwardly facing
      surface, said board being of a ferromagnetic material and having
      non-permanent magnetic properties, at least one flexible substrate strip,
      said substrate strip having permanent magnetic properties comprising at
      least one pair of parallel spaced apart north and south magnetic poles
      extending in one direction thereof, and at least one display unit having
      permanent magnetic properties comprising at least one pair of spaced apart
      north and south magnetic poles, said poles of said display unit being
      spaced apart by a distance equal to a multiple of the spacing of the north
      and south magnetic poles of the magnetic substrate strip.
NUM  2.
PAR  2. The device of claim 1 comprising a plurality of said magnetic substrate
      strips, each of said substrate strips having at least a pair of spaced
      apart north and south magnetic poles.
NUM  3.
PAR  3. The device of claim 2 wherein each of said substrate strips comprises a
      plurality of pairs of equidistantly spaced apart north and south magnetic
      poles.
NUM  4.
PAR  4. The device of claim 1 wherein said substrate strip comprises a plurality
      of parallel equally spaced apart alternating north and south magnetic
      poles.
NUM  5.
PAR  5. The device of claim 4 wherein said substrate strip comprises a magnetic
      portion having said parallel spaced apart north and south magnetic poles
      and a surface portion of a plastics material.
NUM  6.
PAR  6. The device of claim 4 comprising a magnetic portion formed of said
      plurality of parallel spaced apart alternating north and south magnetic
      poles and a surface portion of a plastics material, each pair of north and
      south magnetic poles being adjoined to an adjacent pair of north and south
      magnetic poles by said plastics material.
NUM  7.
PAR  7. The device of claim 6 wherein said plastics material is adhesively held
      to said magnetic portion.
NUM  8.
PAR  8. The device of claim 1 including polarity identifying means on said
      magnetic substrate strip, said polarity identifying means being adapted to
      identify the polarity of one of said north and south magnetic poles.
NUM  9.
PAR  9. The device of claim 8 wherein said polarity identifying means comprises
      means on one edge of said magnetic substrate strips.
NUM  10.
PAR  10. The device of claim 9 wherein said means on the edge of said substrate
      strip comprises a color-coded portion thereon.
NUM  11.
PAR  11. A display device comprising a display board having an outwardly facing
      surface, said being of a ferro-magnetic material and having non-permanent
      magnetic properties, at least one substrate strip, said substrate strip
      having permanent magnetic properties comprising at least one pair of
      parallel spaced apart north and south magnetic poles extending in one
      direction thereof, and at least one display unit having permanent magnetic
      properties comprising at least one pair of spaced apart north and south
      magnetic poles, said poles of said display unit being spaced apart by a
      distance equal to a multiple of the spacing of said north and south
      magnetic poles of the magnetic substrate strip, said substrate strip
      comprising a strip of magnetic material having a pair of opposed major
      faces, one of said major faces having relatively strong magnetic
      properties comprising at least a pair of parallel spaced apart north and
      south magnetic poles, the other of said major faces having relatively weak
      magnetic properties comprising at least a pair of parallel spaced apart
      north and south magnetic poles, said strong north magnetic pole on the one
      major face being located substantially opposed to the relatively weak
      south magnetic pole on the other major face, said relatively strong south
      magnetic pole on the one major face being substantially opposed to the
      relatively weak north magnetic pole on the other major face.
NUM  12.
PAR  12. The device of claim 1 including a plurality of said magnetic display
      units, each of said magnetic display units having at least one indicia on
      a surface thereof.
NUM  13.
PAR  13. The device of claim 12 wherein each of said magnetic display units
      comprises a magnetic portion and a further portion of a plastics material,
      said further portion being secured to said magnetic portion by adhesive
      means, said further portion carrying at least one character thereon.
NUM  14.
PAR  14. The device of claim 11 including a plurality of said display units,
      each of said display units having a pair of opposed major faces with one
      of said major faces having relatively strong magnetic properties
      comprising at least a pair of spaced apart north and south magnetic poles,
      the other of said major faces having relatively weak magnetic properties
      comprising a pair of spaced apart noth and south magnetic poles, the
      strong north magnetic pole being substantially opposed to the weak south
      magnetic pole, and the strong south pole being substantially opposed to
      the weak north pole.
NUM  15.
PAR  15. The device of claim 14 including a plurality of pairs of said magnetic
      display units with the outwardly facing major faces of said pairs of
      display units each carrying at least one indicia thereon.
NUM  16.
PAR  16. The device of claim 15 including polarity identifying means associated
      with each of said display units.
NUM  17.
PAR  17. The device of claim 14 wherein said major face of said magnetic
      substrate strip having the relatively strong north and south magnetic
      poles is juxtaposed to the outwardly facing surface of the display board,
      the major face of the substrate strip having the relatively weak north and
      south magnetic poles being juxtaposed to the major face of the magnetic
      unit having the relatively weak north and south magnetic poles.
NUM  18.
PAR  18. The device of claim 14 wherein the major face of the magnetic substrate
      strip having the relatively weak north and south magnetic poles is
      juxtaposed to the surface of the display board, and the major face of the
      magnetic display unit having the relatively strong north and south
      magnetic poles is juxtaposed to the major face of the substrate strip
      having the relatively strong north and south magnetic poles.
NUM  19.
PAR  19. The device of claim 14 wherein the major face of the magnetic display
      unit having the relatively weak north and south magnetic poles is
      juxtaposed to the major face of the magnetic substrate strip having the
      relatively strong north and south magnetic poles.
NUM  20.
PAR  20. The device of claim 14 wherein the major face of the magnetic display
      unit having the relatively strong north and south magnetic poles is
      juxtaposed to the major face of the magnetic substrate strip having the
      relatively weak north and south magnetic poles.
NUM  21.
PAR  21. The device of claim 1 wherein each of said magnetic substrate strips is
      a longitudinally extending strip of a flexible magnetic material.
NUM  22.
PAR  22. The device of claim 11 wherein said substrate strip carries on one of
      said major faces a plurality of indicia, said display unit being adapted
      to selectively cover at least some of said indicia as desired.
NUM  23.
PAR  23. The device of claim 11 wherein each of said substrate strips and
      display units comprise one pair of spaced apart north and south magnetic
      poles.
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ABST
PAL  A bearing having a spherical bearing surface is attached to an opening
      formed at the center of the top wall of a casing. The bearing rotatably
      receives a spherical body having a control shaft which extends through the
      center of the spherical body and is securely fixed thereto. A plurality of
      rotary discs is spaced from, and juxtaposed on, the bottom wall of the
      casing. Each of the juxtaposed pairs of the rotary discs is rotatably
      coupled to one end of an elongated slidable member having an elongated
      guide slot in such a manner that the elongated member is moved
      transversely to the longitudinal axis thereof. Circular resistive elements
      are arranged on the bottom wall of the casing in opposed relation to the
      rotary discs. Each of the rotary discs has on its lower surface a
      contactor in slidable electrical contact with the corresponding resistive
      element. The lower end of the control shaft slidably extends through the
      guide slots of the elongated members which cross each other, but do not
      interfere with each other. An upright side member may be provided at each
      end of the elongated member to produce the effect of inertia for smooth
      movement of the elongated members. As the control shaft is rotated or
      inclined in any direction, the point of contact on each of two or four
      resistive elements may be simultaneously controlled.
BSUM
PAR  The present invention relates generally to variable resistors, and
      particularly to a device for simultaneously controlling a plurality of
      variable resistors for use with, such as, a 4-channel stereophonic
      phonograph.
PAR  Prior art pertinent to the present invention is disclosed in U.S. Pat. No.
      3,760,320 issued to S. Oka and M. Nishioka. In this patent, a bearing
      having a spherical bearing surface is attached to an opening formed at the
      center of the top wall of a casing having side walls. The bearing
      rotatably receives a spherical body having a control shaft which extends
      through the center of the spherical body and is securely fixed thereto.
      Variable resistors of the conventional type are attached to the side walls
      of the casing in such a manner that their rotary shafts may extend into
      the casing. Each of the opposed pairs of the variable resistors are
      interconnected with a bow-shaped elastic connecting member having an
      axially elongated slot. The lower end of the control shaft is fitted into
      the axially elongated slots of the connecting members which intersect each
      other, but do not interfere with each other.
PAR  The principal object of the invention is to provide an improved device for
      simultaneous control of variable resistors which is compact and has a flat
      configuration.
PAR  Another object of the invention is to provide an improved device for
      simultaneously controlling the variable resistors wherein two intersecting
      elongated members are slidably supported on a plurality of rotary discs
      spaced from, and juxtaposed on the bottom wall of the casing in order to
      reduce the overall thickness of the device.
PAR  A further object of the invention is to provide an improved device for
      simultaneously controlling the variable resistors wherein each of the
      intersecting members has an upright side member of a predetermined weight
      at each end of thereof to provide the inertia-producing effect for smooth
      movement of the intersecting members.
PAR  Briefly described, the present device has a pair of intersecting elongated
      members each being slidably coupled to a pair of juxtaposed rotary discs
      spaced from the bottom wall of a casing. Each of the intersecting members
      slides transversely to the longitudinal axis thereof and longitudinally of
      the other elongated member. In opposed relation to the rotary discs,
      arcuate shaped resistive elements are arranged. Each of the rotary discs
      has a contactor to provide electrical, slidable contact with the
      corresponding resistive element. As the intersecting members slide in
      directions perpendicular to each other, the rotary discs are caused to
      rotate about their axes. A bearing having a spherical inner surface and
      made of a synthetic resin by molding or the like is attached to an opening
      formed at the center of the top wall of the casing. The bearing rotatably
      receives a spherical body having a control shaft which extends through the
      center of the spherical body and is securely fixed thereto. Each of the
      intersecting members has an elongated guide slot and the lower end of the
      control shaft slidably extends through the guide slots of the intersecting
      members. As the control shaft is rotated or inclined in any direction the
      intersecting members are caused to slide transversely to their axes and
      longitudinally to each other, thus causing the rotary discs to rotate to
      vary the position of the contactor along the arcuate path of the
      corresponding resistive element. The intersecting members may be provided
      at each end thereof with an upright member of a predetermined weight to
      provide inertia to the slidable movements thereof.
DRWD
PAR  These and other features of the present invention will become apparent from
      the following description taken in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a cross-sectional view in elevation of a device for
      simultaneously controlling a plurality of variable resistors, taken along
      line I--I of FIG. 2;
PAR  FIG. 2 is a plan view of the device of FIG. 1 with a casing removed; and
PAR  FIG. 3 is a plan view illustrating the arrangement of a plurality of
      resistive elements on the bottom wall of the casing.
DETD
PAR  Referring now to the drawings wherein like parts are numbered with like
      reference numerals. A uniaxial balance control device for simultaneously
      controlling a plurality of variable resistors is generally indicated at
      reference numeral 10 and comprises a casing 11 having an opening 13 at the
      center of the top wall thereof. A pair of electrically insulative bearings
      15 with spherical inner bearing surface is attached to the opening 13 by
      means of the rivets 16. A bearing 15 rotatably receives a spherical body
      14 having a control shaft 12 which extends through the center of the
      spherical body 14 and is securely fixed thereto. The control shaft 12 is
      thus pivotally movable with respect to the center of the spherical body
      14. The lower end of the control shaft 12 extends into the interior of the
      casing 11 and has preferably a smaller diameter than that of the upper end
      thereof for the reason described hereinbelow. A plurality of electrically
      insulative rotary discs 17, 18, 19 and 20 are juxtaposed on the bottom
      wall of the casing with a spacing therefrom, with their rotary shafts 17a,
      18a, 19a and 20a rotatably supported on the bottom wall. There is provided
      a pair of intersecting electrically insulative elongated members 21 and 22
      each being preferably at right angles to the other. Each of the elongate
      members 21 and 22 has a pair of guide slots 21b and 21c (22b and 22c). The
      rotary discs or cams 17 to 20 have upright projections 17b, 18b, 19b and
      20b, respectively on the upper surface thereof and adjacent to the
      periphery thereof, which are respectively received in the guide slots 21b,
      21c, 22b and 22c of the elongated members or slides 21 and 22. The
      elongated members 21 and 22 are thus slidably movable transversely to the
      longitudinal axes thereof and longitudinally with respect to each other.
      Each of the elongated members 21 and 22 is further provided with an
      elongated guide slot 21a (22a) and a stepped shoulder portion 21d (22d)
      along the edges of the guide slots. An interlocking element 23 of circular
      configuration having annular inwardly cutaway portions 23a on the opposite
      sides thereof is slidably received in the guide slots 21a and 22a with the
      annular cutaway portions 23a engaging the stepped shoulder portions 21d
      and 22d. The interlocking element 23 is provided with an opening or bore
      23b having increasing diameters towards the opposite sides thereof forming
      a neck portion at the intermediate position thereof. The lower end of the
      control shaft 12 extends slidably through the neck portion of the opening
      23b of the interlocking element 23.
PAR  On the electrically insulative bottom wall of the casing 11 there is
      disposed a plurality of resistive elements 24, 25, 26 and 27 of generally
      arcuate configuration, each being arranged in opposed relation to the
      rotary discs 17, 18, 19 and 20, respectively. The terminal ends 24a and
      24b of the resistive element 24 are adapted for electrical connection to
      external circuitry, such as sound control circuitry associated with a
      corresponding sound channel (not shown). Similarly, the other resistive
      elements have their terminals connected to associated sound control
      circuits. The rotary discs 17 to 20 are provided on the lower surface
      thereof with contactors 28, 29, 30 and 31, respectively, such as brushes,
      so that electrical slidable contacts are maintained with the corresponding
      resistive elements. The contactor 28 of the rotary disc 17 is connected to
      a terminal 24c so that a resistance circuit is provided between the
      terminal 24a or 24b and the terminal 24c.
PAR  Each of the elongated members 21 and 22 has the opposite ends thereof
      flared outwardly as illustrated in FIG. 2 and a pair of upright side
      members 21e (22e) of a predetermined weight is provided along the edges of
      the flared portions by support members 21f (22f). The upper edge of the
      side members 21e (22e) may preferably be in slidable contact with the top
      wall of the casing 11 as illustrated in FIG. 1.
PAR  In operation, as the operator pivotally moves the upper end of the control
      shaft 12 to rotate or incline the shaft in any direction, the interlocking
      element 23 slidably moves along the guide slots 21a and 22a. The pivotal
      movement of the control shaft 12 thus results in slidable two-dimensional
      movements of the elongated members 21 and 22 in directions perpendicular
      to each other. The adjacent inner edge of each of the guide slots 21b, 21c
      of elongated member 21, for instance, pushes the upright projection 17b
      causing the rotary disc 17 to rotate about its axis. Simultaneously, the
      remainder rotary discs are caused to rotate about their axes. This in turn
      causes the position of the contactors 28 to 31 to correspondingly vary
      with respect to a reference resistance point on the corresponding
      resistive elements 24 to 27. The increasing diameters of the aperture 23b
      of the interlocking element 23 allows the control shaft 12 to incline to a
      desired angle and the annular inwardly cutaway portions 23a allows the
      interlocking element 23 to exactly keep track of the guide slots 21a and
      22a. It is however to be noted that the interlocking element 23 may be
      dispensed with if the lower end of the control shaft 12 has a sufficient
      diameter to be slidably fitted into the guide slots 21a and 22a. The
      provision of a pair of upright side members of a predetermined weight at
      the opposite ends of each of the elongated members 21 and 22 provides an
      inertia-producing effect so that smooth movements of the elongated members
      are assured. The upright side members, being in slidable contact with the
      top wall of the casing, ensure that the elongated members 21 and 22 slide
      exactly on a two-dimensional plane.
PAR  Furthermore, it is seen that the rotary discs 17 to 20 in combination with
      the corresponding resistive elements 24 to 27 serve as slidable supporting
      elements for the elongated members 21 and 22 as well as variable
      resistors. Conventional variable resistors may be employed by connecting
      their rotary shafts to the rotary shafts 17a to 20a of the rotary discs.
      However, the present invention achieves compact, flat configuration which
      is particularly useful for applications where space is limited. The
      intersecting elongated members 21 and 22 so arranged as described in the
      foregoing description also have influence in attaining the flat
      configuration.
PAR  The foregoing description shows only a preferred embodiment of the present
      invention. Various modifications are apparent to those skilled in the art
      without departing from the scope of the present invention which is only
      limited by the appended claims. Therefore, the embodiment shown and
      described is only illustrative, not restrictive.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for simultaneously controlling the settings of a plurality of
      variable resistors, comprising:
PA1  a case having a top wall with an aperture therethrough; an electrically
      insulative bottom wall, and a pair of opposed side walls;
PA1  a control shaft pivotally mounted on said top wall and extending through
      said aperture into said case;
PA1  means pivotally mounting said control shaft on said top wall;
PA1  a first and a second elongated slide each having an elongated guide slot
      extending longitudinally thereof, said slides disposed within said case
      and disposed perpendicular to each other;
PA1  an interlocking member having an axial bore and disposed extending through
      the respective guide slots of said slides with said control shaft
      extending into said bore, said interlocking member being dimensioned to
      slidably fit within said guide slots to permit said interlocking member to
      move longitudinally of said slides within said guide slots, said axial
      bore extending through said interlocking member and having a diameter
      dimensioned for receiving said control shaft and having a minimum diameter
      at an intermediate position within said bore and an increasing diameter in
      directions along said bore away from said intermediate position to permit
      movement of said interlocking member when said control shaft is pivoted
      thereby to displace said slides;
PA1  a first pair and a second pair of generally arcuate resistive elements each
      having a terminal for making electrical connection thereto, said first
      pair of resistive elements disposed on said bottom wall adjacent opposite
      ends of said first slide and said second pair of resistive elements
      disposed on said bottom wall adjacent opposite ends of said second slide;
      and
PA1  four cams each disposed between an end of one of said slides and the one of
      said resistive elements adjacent the end of one of said slides, each of
      said cams being mounted for rotation on said bottom wall and having a
      contactor for making electrical contact with an adjacent one of said
      resistive elements upon rotation, and each cam having means engaging the
      end of the respective one of said slides adjacent thereto for effecting
      rotation of said cams upon movement of said slides thereby to move said
      contactors along said resistive elements.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein each of said first and second
      elongated slides is provided at the opposite ends thereof with means for
      producing inertia.
NUM  3.
PAR  3. A device as claimed in claim 2, wherein said means for producing inertia
      is in slidable contact with said one of said opposed walls to develop
      resistance to the displacement of said slides.
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ABST
PAL  A solid state depth sounding system, for measuring depth and detecting the
      presence of underwater objects, comprises an oscillator, producing high
      frequency electrical signals, a transmitter, for intermittently amplifying
      those signals, a transducer, and a receiver. The transducer produces high
      frequency sound impulses from the intermittent amplified signals, and
      transmits those impulses through the water until they are reflected by
      some underwater object. The transducer also picks up the reflected sound
      impulses and provides a high frequency electrical signal to the receiver
      which amplifies and detects it to produce a return pulse related in analog
      value to the strength of the reflected signal. The time delay between the
      transmission and reception of the high frequency sound impulse, and
      consequently the distance to the reflecting object, is measured by
      applying either a transmit pulse or a return pulse to the serial input of
      a multibit BBD or CCD shift register with a specified number of parallel
      outputs. When the contents of the shift register are sampled, the pulse or
      pulses in the register are used to drive display elements corresponding to
      the bit or bits in which those pulses are found. A properly calibrated
      display, driven by these pulses will indicate the presence and depth of
      underwater reflecting objects. By applying the analog return pulse to the
      input of the shift register, and by sampling at predetermined intervals
      the display will indicate, by the relative intensity of the driven display
      elements, the relative strength of the reflected signals. A number of such
      solid state depth sounders may be used to provide multidirectional depth
      measuring and detection with a single coordinated display. The display
      device and signal processing equipment are designed to indicate the
      lateral distance to a reflecting object as well as its depth.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to depth sounding or depth measuring systems, and
      more particularly to a depth sounding system with variable ranges of
      measurement and a variety of possible visual displays, utilizing a shift
      register as the primary means for measuring time delay between
      transmission of a high frequency sound impulse and return of a reflected
      signal, and thereby depth.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The depth sounders which are presently known all employ basically the same
      principles. A high frequency sound impulse is transmitted into the water.
      When the impulse strikes an object, a portion of the signal is reflected.
      The reflected signal is received, and a measurement of the time delay is
      made in order to determine the distance to the reflecting object. There
      may be numerous reflecting objects and consequently numerous reflected
      signals of varying strengths. All these signals are displayed in an analog
      fashion such that, for example, a weak signal produces a dim display.
      Presently, the sound impulse is generated by means of a flywheel driven by
      a mechanically-governed DC motor. To the flywheel is attached a permanent
      magnet which, when properly adjusted relative to a pickup coil, generates
      an electrical impulse in the coil. The electrical impulse causes the local
      oscillator to be triggered for a short period of time. This burst of
      oscillations is amplified and applied to a transducer which transmits the
      sound impulse directionally through the water. The time delay measurement
      and display of depth measured are now accomplished by receiving and
      linearly amplifying the reflected signals to a level sufficient to fire a
      neon bulb attached to the aforementioned flywheel. The display is
      circular, and the position of the flywheel when the neon bulb is fired is
      calibrated to show distance to the reflecting object or objects. Since the
      reflected signals are analog values, the relative intensity of the light
      emitted by the neon bulb provides an indication of the strength of the
      reflected signal.
PAR  The present devices used for measuring depth are not entirely satisfactory
      because of mechanics involved in the depth measuring process,
      susceptibility to moisture and vibration, the environment in which the
      devices must operate, and the inherent limitations on the type of display.
      The mechanically-governed motor must operate at a very precise speed in
      order to obtain the desired accuracy. The vibrations, excessive
      temperature variations, and moisture create significant obstacles to
      obtaining accuracy with the motor and increase the likelihood of motor
      failure. The slip ring and brush arrangement for the flywheel is one more
      point of possible failure. Because the carbon brushes and slip rings are
      quite fragile and subject to corrosion, the moisture and mechanical
      vibration from the boat create serious problems with breakage and other
      damage. The flywheel is constructed from a fibrous material which can
      absorb water and cause warpage. The warpage makes it extremely difficult
      to adjust the permanent magnet spacing which provides the oscillator
      trigger signal. Warpage can render the device inoperable. Because the
      display is produced by the rotating flywheel, a circular display is
      required.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of this invention is to eliminate the mechanical
      construction of depth sounding devices by performing the mechanical
      operation electrically. Replacing the mechanical functions with electrical
      operations will improve accuracy and increase the reliability of the depth
      sounder.
PAR  Another object of this invention is to increase design flexibility thereby
      allowing variable ranges, the examining a portion of a range in greater
      detail, multibeam information display and many other possibilities.
PAR  Yet another object of this invention is to increase the types of display
      which may be used with depth sounding devices. Visible light emitting
      diode displays in a variety of configurations are possible, a heat
      sensitive strip chart driven at a rate proportional to the boat's speed
      would provide a contour of the bottom, and a liquid crystal display might
      also be used.
PAR  A still further object of this invention is to provide a means, in
      conjunction with a hard copy display device, to utilize more than one
      directional sound impulse and thereby measure depth in a number of
      directions. This would enable the device to be used for contour mapping of
      an area of the bottom wider than the mere line of travel of the boat.
PAR  In accordance with the aforementioned objects, a master oscillator
      operating at a high frequency continuously provides a signal to an
      intermittently operated transmitter which impresses short bursts of the
      high frequency signal on a transducer. The transducer transmits the burst
      through the water until it reaches a reflecting object from which a
      portion of the signal is returned to the transducer. A receiver-detector
      amplifies and detects this return signal to produce a return pulse. A
      shift register is used to measure the time delay between the transmitting
      of the sound impulse through the water and the return of the reflected
      signal. In one embodiment, a marker pulse is applied to the input of the
      shift register, and the position of the marker pulse at the time the
      return signal is detected indicates the above mentioned time delay and can
      be calibrated as the distance to the reflecting object. The shift register
      operates in a digital mode in this embodiment. The marker pulses which are
      the inputs to the shift register (and ultimately are the signals which are
      displayed) are of uniform pulse height, thus providing a display of only
      the presence or absence of a reflecting object and its depth. The relative
      strength of the reflected signal is not displayed. In another embodiment,
      the return pulse is applied to the input of the shift register when it
      appears at the output of the receiver-detector. The contents of the shift
      register are sampled at predetermined time intervals and the bit position
      of the return pulse at the time of sampling indicates the time delay (to
      which distance can be directly related). In this embodiment, the register
      operates to shift an analog pulse which eventually is used to drive the
      display. The pulse height of the return pulse corresponds to the strength
      of the reflected signal. This mode of operation allows the display to show
      the presence of a reflecting object, its depth, and the relative strength
      of the return signal. In both of these embodiments, the ranges of depth
      measurement may be varied by varying the clock frequency which is used to
      clock the shift register. Both embodiments lend themselves to a great deal
      of design flexibility in the type of display technique which may be used.
      Still another embodiment utilizes a number of solid state depth sounding
      devices so as to measure depth in a number of directions. A hard copy
      printer may be used with this device to produce a permanent display of the
      depth sounding data. An array of visible light emitting diodes provides
      another display technique for this multidirectional capability.
PAR  the novel features which are believed to be characteristic of this
      invention are set forth in the appended claims. The invention may best be
      understood, however, by reference to the following detailed description of
      illustrative embodiments, read in conjunction with the accompanying
      drawings.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a pictorial view of a solid state depth sounder embodying the
      concept of this invention.
PAR  FIG. 2 is a block diagram illustrating the major components of one
      embodiment of this invention.
PAR  FIGS. 3A and 3B are diagrams presenting the method by which clock
      frequencies may be obtained and showing the relationship of the various
      clock frequencies to the ranges of the solid state depth sounder.
PAR  FIG. 4 is a diagram illustrating typical clock signals for a bucket-brigade
      device and a charge-coupled device.
PAR  FIG. 5 is a schematic representation of an N-bit bucket-brigade device with
      N parallel outputs which is shown as it would typically be connected in an
      embodiment of this invention.
PAR  FIG. 6 is a timing diagram illustrating the operational cycle of the first
      embodiment of this invention.
PAR  FIG. 7 is a block diagram showing the major components of a second
      embodiment of this invention.
PAR  FIG. 8 is a timing diagram illustrating the operation of the second
      embodiment of this invention.
PAR  FIG. 9 is a pictorial representation of a linear visible light emitting
      diode display which might be utilized with embodiments of the present
      invention.
PAR  FIGS. 10A and 10B are a diagram showing the method by which a hard copy
      display may be produced and a drawing depicting a typical such output.
PAR  FIGS. 11A, 11B and 11C are diagrams illustrating the multidirectional depth
      sounding capability and drawings showing typical display techniques which
      might be used to present multidirectional depth sounding data.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  First Embodiment
PAR  With reference to FIG. 1, a typical depth sounder is illustrated which
      embodies the principles of the present invention. The system is shown
      transmitting high frequency sound impulses from a transducer 3. These
      signals encounter reflecting objects and are reflected back to the
      transducer 3. When applied to the depth sounder unit and processed, these
      reflected signals may be used to indicate depth to the reflecting objects
      on the linear visible light emitting diode display 9. The range of
      measurement may be varied by means of the range control device 12.
PAR  Referring to FIG. 2, the system includes a high frequency master oscillator
      1, with a high frequency output signal as shown in FIG. 3B. This output
      signal is supplied to the input of the transmitter 2 which consists of a
      power amplifier capable of amplifying the low level signal when the
      transmitter is turned on for short periods of time. The amplified high
      frequency burst is impressed on a transducer 3 which can send this signal
      through the water and receive the reflected signal in the conventional
      manner. A receiver-detector 4 is used to amplify and detect the reflected
      signal from the transducer 3. The receiver-detector 4 consists of a number
      of band pass amplifiers, a twin-T network filter centered on the
      oscillator frequency, and an envelope detector. In response to the
      reflected signal, the output of the receiver-detector 4 is a pulse which,
      like the reflected signal, is delayed in relation to the transmitted
      impulse from the transducer 3. The delay time is proportional to the
      distance the impulse traveled to the reflecting object. The components of
      this invention such as the master oscillator 1, transmitter 2, transducer
      3, and receiver-detector 4, are well known to those skilled in the RF and
      sonar fields and are therefore shown only schematically and will not be
      described in detail here. A control circuit 5 operates the transmitter 2
      and receiver-detector 4 by means of a transmit-receive control pulse
      generated at predetermined intervals. The transmitter 2 is enabled, and
      the receiver-detector 4 is disabled by this pulse. The receiver 4 is
      disabled during the time the transmitter 2 is operating in order to
      prevent the transmitted impulse from being fed into the receiver 4,
      thereby saturating the amplifiers. This scheme provides for a negligible
      receiver-recovery time. Reflected signals can be received and read
      accurately within a very short time, allowing accurate measurement at even
      very short distances. The repetition rate of the transmit-receive control
      pulse determines the repetition rate of the transmitted signal, and its
      pulse-width determines the length of time the high frequency signal is
      transmitted.
PAR  There are alternative embodiments of the time delay measurement concept
      involved in this invention. Each of these embodiments utilizes the
      components described above. The difference lies in the method in which the
      information obtained from the use of these components is processed. The
      first embodiment, referring again to FIG. 2, includes an N-bit BBD or CCD
      6 with N parallel outputs 7, which is used as a shift register-delay line;
      the variable frequency clock generator/range control circuit 8, which
      consists of standard frequency dividers used to divide the high frequency
      square wave signal; and a display device 9.
PAR  The variable clock generator/range control circuit 8 is designed to produce
      a clock frequency by division of the high frequency square wave signal
      from the master oscillator 1. This frequency is applied to clock the BBD
      or CCD shift register 6.
PAR  With reference to FIG. 3A, the clock generator circuit is of the
      conventional type; it consists of standard frequency dividers 10 used to
      lengthen the period of the signal from the master oscillator 1, and a
      number of outputs 11 along the chain of dividers 10. A particular output
      may be selected by operation of the range control switch 12 to vary the
      clock frequency thereby altering the depth measurement range. The clock
      frequency determines the amount of time that is required to shift the
      marker impulse through the N registers of the BBD or CCD device 6. Unless
      the reflected signal appears at the output of the receiver-detector 4
      within N periods of the clock signal, the marker pulse will be shifted out
      of the BBD or CCD 6 and not used. Thus, for deeper measurements, the clock
      period must be lengthened (clock frequency decreased). FIG. 3B illustrates
      the correspondence of clock frequency and maximum range.
PAR  The shift register which is involved in the operation of this invention may
      be either an N-bit BBD or an N-bit CCD with N parallel outputs. The basic
      principles of both these devices are well known. Publications which
      describe the theory of these devices are "Bucket Brigade Electronics - New
      Possibilities for Delay, Time-Access Conversion and Scanning" by Sangster
      and Teer, IEEE Journal of Solid-State Circuits, June 1969, pp. 131-136 and
      "The New Concept for Memory and Imaging: Charge Coupling" by Altman,
      Electronics, June 21, 1971, pp. 50-58. Although TTL or MOS shift register
      devices with the same general characteristics would be quite satisfactory,
      none are presently available with the required parallel outputs. The
      embodiments described herein are shown in the use of a BBD shift register;
      however, a CCD shift register might be utilized just as easily with only
      minor modifications. The basic operational difference in the two devices
      is the number and type of clock signals which must be provided.
PAR  Referring to FIG. 4, a BBD typically requires a two-phase clock signal
      while the CCD must normally have three phases or more to perform the
      serial shifting operation. Without important changes, the variable clock
      generator/range control can provide the proper clocking signals for a CCD
      shift register. The methods of input and transfer-out are the same for the
      two devices.
PAR  Referring to FIG. 5, there is shown a schematic diagram of the equivalent
      circuit of an N-bit bucket brigade shift register 6 with N parallel
      outputs 7. The equivalent circuit is shown using field effect transistors
      14 as switching elements and capacitors 15 as storage elements. The
      equivalent circuit consists of a number of FET's 14 connected in series
      with the source 16 of one connected to the drain 17 of the next
      transistor. The gates 18 of the FET's 14 are connected to the clock lines
      19 and 20, adjacent gates being connected to alternate clock lines.
      Capacitors 15 are connected between the gate 18 and the source-drain
      connection 16 and 17. The N parallel outputs 7 consist of N FET's 21
      connected as source followers to sample each of the N bits in the BBD 6;
      the gate 23 of each output transistor 21 is connected to the source-drain
      connection 16 and 17 of adjacent FET's 14 in the BBD 6. The drains 24 of
      all the parallel output transistors 21 are connected to the output of the
      transfer driver 22. The source 25 of each one of the parallel output
      transistors 21 is connected to an individual display driver 26. While the
      range of the depth sounder is determined by the clock frequency, the
      resolution of that range is determined by the number of parallel outputs
      7.
PAR  Referring to FIG. 2, the input to the transfer driver 22 is the output of
      the receiver-detector 4. When a return pulse appears at the input of the
      transfer driver 22, a transfer pulse, somewhat longer in duration than the
      return pulse, is produced at the output of the transfer driver 22. This
      transfer pulse may be applied to the clock interrupt circuit 13 to stop
      the clocking of the BBD or CCD shift register 6. If so, the depth sounder
      will provide only a display of the depth to the shallowest reflecting
      object. In the alternative, if the transfer pulse is not applied to
      interrupt clocking, more than one reflected signal may be received and
      displayed. With reference again to FIG. 5, the transfer pulse is applied
      to the common drains 24 of the parallel output transistors 21 to
      accomplish transfer of the contents of the BBD or CCD shift register 6 to
      the individual display drivers 26. The marker pulse being shifted through
      the register 6 will be stopped and transferred to the appropriate display
      driver 26 when the transfer pulse is produced. Its bit position in the
      shift register 6 indicates the time delay between the sending and the
      return of the 200 KHz sound impulse. If clocking is not stopped by the
      first transfer pulse, the first reflected signal will cause a transfer and
      display of the marker pulse; the pulse will then continue to shift until
      another reflected signal is received. The transfer pulse is of longer
      duration than the return pulse in order to eliminate flicker from a light
      emitting diode display 9 and increase the brightness. Because of the speed
      at which the operation occurs, the displays produced by each of the
      reflected signals appear to be constant and simultaneous.
PAR  There are a number of display techniques which are suited for use with this
      invention; these will be hereinafter described in detail.
PAC  Operation
PAR  Referring to FIGS. 6a, 6c and 6d, in the system's initial status, the high
      frequency signal from the master oscillator is being supplied to the
      transmitter which is not yet operating. The master oscillator signal is
      also being frequency-divided by the variable clock generator/range control
      circuit. The clock frequencies are illustrated in FIG. 6b. The clock
      frequency thus produced is being used to clock the shift register.
PAR  The typical operation of this invention would begin with a transmit-receive
      control pulse which enables the transmitter and disables the
      receiver-detector. A short burst of the high frequency signal is
      transmitted through the water. This is illustrated by FIGS. 6e and 6f.
      Once this signal has been sent, the transmitter is turned off, and the
      receiver-detector is activated once more. The same transmit-receive
      control pulse which operates the transmitter and receiver is applied to
      the input of the shift register as a logical "one" and is transferred
      serially through the bits of the register at the clock frequency. This
      pulse, which is coincident in time to the transmitting of the high
      frequency signal, is used as a marker pulse.
PAR  When the high frequency sound impulse strikes a reflecting object, a
      portion of the signal is reflected. After a time delay proportional to the
      distance traveled, the reflected signal is picked up by the transducer,
      and it is amplified and detected by the receiver-detector.
PAR  Although the invention is capable of receiving and processing two or more
      reflected signals from a number of reflecting objects at various depths,
      for the purposes of illustration, the operation of this embodiment will be
      described with respect to only one such reflected sound impulse. This
      operation will be identical to the actual operation with respect to the
      first reflected signal.
PAR  The output of the receiver-detector 4 is a pulse coincident in time to the
      reflected signal. The delayed signal and return pulse are shown in FIGS.
      6g and 6h.
PAR  With reference to FIGS. 6h and 6i, the return pulse, which appears, along
      with the reflected signal, some time after the high frequency sound
      impulse was transmitted (for example, X clock periods), is the input to
      the transfer driver which profuces a slightly longer pulse having two
      functions. This transfer pulse may be the input to the clock interrupt
      circuit which stops the shifting of the marker pulse through the BBD or
      CCD. If the clock frequencies are interrupted, the shifting of the
      register 6 will stop, and the marker pulse will be transferred out of the
      register 6 to drive a display which will indicate the depth of a
      reflecting object. Since the shifting of this pulse was stopped by the
      first reflected signal, only the distance to the first reflecting object
      will be displayed. In a slightly different mode of operation, the transfer
      pulse is not applied to interrupt clocking. Each reflected signal produces
      a transfer of the marker pulse and consequently a display of the depth to
      that particular reflecting object. In this mode, however, the marker pulse
      is allowed to continue shifting after each transfer. Thus a number of
      depths of various reflecting objects may be displayed. In either case, the
      transfer pulse is supplied to the N parallel outputs of the BBD or CCD to
      accomplish the transfer-out of the contents of the N bits of the BBD or
      CCD. The contents of the N bits are transferred to N individual display
      drivers. In the case described here, where there is only one reflecting
      object, the marker pulse which is in the Xth bit of the BBD or CCD is the
      only pulse in the shift register. Thus, the Xth display driver is the only
      one which shows an output. See FIG. 6j. The bit position of the marker
      pulse is directly proportional to the transmit-return time delay and hence
      the distance to the reflecting object. Any of a number of displays can be
      calibrated to show bit position of the marker pulse as distance. After the
      contents of the BBD or CCD have been transferred out and a calibrated
      display has been produced, the system is once again in its initial status.
      The cycle begins again with a transmit-receive control pulse generated by
      the control circuit. The control circuit generates these control pulses at
      predetermined time intervals which must be longer than the time required
      for a transmitted impulse to reach a reflecting object at the maximum
      range and return as a reflected signal.
PAC  Second Embodiment
PAR  An alternative embodiment of the principles involved in this invention is
      illustrated diagramatically in FIG. 7. The external devices, master
      oscillator 1, transmitter 2, transducer 3, receiver-detector 4 and control
      circuit 5, are the same as in the above mentioned embodiment. The basic
      difference in the embodiments lies in the scheme for measuring time delay
      between the sending of the high frequency impulse and its return as a
      reflected signal.
PAR  Referring to FIG. 7, this system also includes an N-bit BBD 6 with N
      parallel outputs 7; this device is identical to the device previously
      described. The input to the BBD shift register 6 is the amplified and
      detected return pulse at the output of the receiver-detector 4. This pulse
      is, of course, coincident in time and duration to the reflected high
      frequency signal which is the input to the receiver-detector 4. The return
      pulse is an analog value which is directly related to the strength of the
      reflected signal with which it is associated. The clock frequency, the
      output of the variable clock generator/range control 8, is supplied to the
      BBD or CCD shift register 6 through a clock interrupt circuit 13. This
      circuit interrupts the clock frequency to the shift register 6 whenever a
      pulse appears at one of its inputs. The interruption is for the duration
      of the pulse. The output of the control circuit 5 is applied to one of
      these inputs; the clock frequency is interrupted when a transmit-receive
      control pulse is produced. The transfer driver 22 also may be connected to
      an input of the clock interrupt circuit 13; the clocking of the BBD or CCD
      shift register 6 may thus be discontinued for the duration of the transfer
      pulse.
PAR  In this embodiment, the transfer driver circuit 22 generates a transfer
      pulse at predetermined time intervals; normally the repetition rate of the
      transfer pulse is the same as that of the transmit-receive control pulse,
      but the transfer pulse is producted at some given period of time, M clock
      periods, after the transmit-receive control pulse. As previously
      mentioned, the transfer pulse may be supplied to the clock interrupt
      circuit 13, and it is used to operate the parallel outputs 7 of the BBD or
      CCD shift register 6 by supplying a voltage at the common drains of the
      parallel output field effect transistors, thereby providing for transfer
      of the contents of the BBD shift register 6 to the display drivers 26. The
      appropriate linear display driver 26 will indicate the bit position of any
      return pulse which has been supplied to the input of the BBD or CCD shift
      register 6. The bit position of the return pulse when the shift register
      is sampled is related to the time delay of the return signal and thus is
      also related to the depth of the reflecting object. Since the analog
      return pulse which is being shifted through the register 6 is used to
      drive the display 9, the relative strength of the reflected signal will be
      indicated by the relative intensity of the display means 9. If the display
      9 consists of a number of VLED's representing various depths, a strong
      signal reflected from one depth will cause the associated VLED to produce
      a bright display. A weaker reflected signal will correspondingly cause the
      VLED associated with that depth to produce a dim display.
PAR  If there are, for example, M clock periods between the transmit-receive
      control pulse and the transfer pulse, there will be, correspondingly, M
      clock periods in which the clock is operating and the BBD 6 is shifting.
      When N, the number of bits and the number of parallel outputs 7 in the BBD
      shift register 6, is less than or equal to M, only the last N/M of the
      total range may be displayed at a resolution dependent on the value of M.
      When N is greater than M, however, the resolution is dependent on the
      value of N. These parameters may be specified as required by a given
      system. The value of M, the number of clock periods at which the BBD shift
      register 6 is operated, is determined by the variable clock
      generator/range control circuit 8, which determines the length of the
      clock periods. The value of M may also be determined by the preset time
      interval at which the transfer driver 22 supplies the transfer pulse. The
      value of N is a matter of selection of the BBD which is to be used. Thus,
      the values of N and M may be selected so as to provide the proper range
      and resolution. It is by an adaptation of this principle that various
      portions of a range may be examined in greater detail or with high
      resolution.
PAC  Operation
PAR  The initial status of this alternative system is the same as that found in
      the operation of the previously described embodiment. With reference to
      FIGS. 7 and 8, the master oscillator signal is being used to produce a
      clock frequency for the BBD or CCD shift register 6. The transmitter 2 has
      present at its input the high frequency signal from the oscillator but is
      disabled. The initial status is displayed in FIGS. 8a, 8b, 8c, and 8d.
PAR  A typical operation cycle begins with the production of the first of a
      series of transmit-receive control pulses which are generated at
      predetermined time intervals. This pulse activates the transmitter 2 and
      disables the receiver-detector 4; it is also supplied to the clock
      interrupt circuit 13, thereby interrupting the clock frequency to the BBD
      or CCD shift register 6. The transmitter 2 amplifies the master oscillator
      signal and transmits a high frequency impulse through the water. Once this
      signal is sent, the transmitter 2 is disabled, and the receiver 4 is again
      activated. During the short period of time the transmitter 2 is operating,
      the clock is stopped. This is illustrated by FIGS. 8c, 8d, 8e, 8f, and 8g.
PAR  In this embodiment, although operation is described with respect to only
      one reflected signal, there may be more than one reflecting object and
      hence a number of reflected signals received from various depths at
      various times within the operation cycle. Each of the reflecting objects
      will produce a return pulse to be applied to the BBD or CCD shift register
      6.
PAR  Just as in the previously described embodiment, when the high frequency
      impulse strikes a reflecting object, a portion of the signal is reflected.
      After a time delay (for example, X clock periods) proportional to the
      distance traveled, the reflected signal is picked up by the transducer 3,
      and it is amplified and detected by the receiver-detector 4. From the
      reflected signal, the receiver-detector 4 produces a detected return pulse
      at its output which, like the reflected signal, is delayed from the
      transmission of the high frequency signal by X clock periods. The
      reflected signal and return pulse are simultaneous. The delayed signal and
      return pulse are shown in FIGS. 8h and 8i. The output of the
      receiver-detector 4 is applied to the input of the BBD or CCD shift
      register 6. Until the reflected signal is received, there will be no input
      to the BBD or CCD shift register 6. When the return pulse, which, like the
      reflected signal, is delayed in time by X clock periods, appears at the
      output of the receiver-detector 4, it is applied to the BBD or CCD 6 as an
      analog value and begins to be shifted serially through the N bits. After a
      predetermined time interval, M clock periods, after the high frequency
      burst is transmitted, the transfer driver 22 generates a transfer pulse
      which may or may not be applied to the clock interrupt circuit 13, thereby
      preventing any further shifting of the return pulse or pulses through the
      BBD or CCD shift register 6. The transfer pulse is applied to the N
      parallel outputs 7 to transfer the contents of the BBD or CCD 6 to the N
      individual display drivers 26. The return pulse entered the BBD or CCD
      shift register 6 some X clock periods after the high frequency impulse was
      transmitted. The return pulse then began to be shifted serially at the
      rate of one bit per clock period. Other reflected signals that appear will
      have return pulses produced by the receiver-detector 4. These return
      pulses will also be applied to the shift register input. When the contents
      of the shift register 6 are transferred to the display drivers 26, M clock
      periods after the transmission of the impulse through the water, the
      return pulse is located in the Yth bit of the shift register (X + Y = M).
      Since the interval between transmission of the high frequency signal and
      sampling of the shift register 6, M clock periods, is known and the return
      pulse is found in the Yth bit of the register, a display 9 may be
      calibrated to show the delay time between transmission and return of the
      high frequency impulse (X clock periods) thereby displaying the distance
      traveled to the reflecting object.
PAR  The reflected signal or signals and associated return pulses will vary in
      amplitude depending on the type of reflecting object encountered. The
      return pulse is thus an analog value. Since the display drivers linearly
      amplify the contents of the shift register, the display may vary in
      brightness to match the analog value of the return pulse. This feature is
      valuable since a trained observer of a depth sounder display may be able
      to interpret such an analog type display to indicate the type of lake or
      ocean bottom terrain, as well as the presence of fish and underwater brush
      and trees.
PAR  Once the contents of the BBD or CCD 6 have been transferred out and a
      display produced, the system is in its initial status awaiting the
      beginning of a new cycle. The new cycle begins again with a
      transmit-receive control pulse and repeats the above described operation.
PAC  Display Devices
PAR  There are a variety of display devices which may be utilized in the
      embodiments of the present invention. Each of these devices would
      necessarily include logic and control subsystems used to encode the output
      of the solid state depth sounder and process that output to a form
      suitable for use with the desired display format. These logic and control
      subsystems are of the conventional type and will not be described in
      detail here.
PAR  Referring now to FIG. 9, a typical such display device is illustrated. A
      series of twenty visible light emitting diodes 27 are arranged to simulate
      visually the high frequency sound impulse sent from the transducer through
      the water. For example, in FIG. 9, there are two light emitting diodes 28
      and 29 which are shown to be lit. The lower VLED 28 would be an indication
      that the lake or ocean bottom is eighteen feet below the surface of the
      water, while the VLED 29 indicates that a fish or other reflecting object
      appears twelve feet below the surface of the water. The scale in feet of
      the VLED display 9 is determined by the range control switch 12 which
      operates to vary the clock frequency produced by the variable clock
      generator 8. Only 3 ranges are shown here but these and other ranges might
      be included within the concept of this invention. In addition, FIG. 9
      illustrates the range portion select feature which might be included
      within the concept of this invention as described in the second embodiment
      thereof. This feature may be provided by including means for varying the
      time intervals at which the transfer driver circuit 22 generates a
      transfer pulse.
PAR  When such a display device is used with a solid state depth sounding system
      as described in the second embodiment of this invention, the analog return
      pulses which are amplified and used to drive the individual VLED's will
      provide a display in which the strength of the reflected signal will
      determine the intensity of the light emitted. Using the example of FIG. 9,
      the upper VLED would be dimmer than the lower since a fish would normally
      reflect less of the transmitted sound impulse than does a lake or ocean
      bottom. Since the first embodiment of this invention operates in a digital
      on/off mode with uniform height pulses driving the VLED's, no such
      relative signal strength indication would be given in that case.
PAR  FIG. 10A depicts a display system which features a hard copy printout of
      the data received by the solid state depth sounder. This system includes
      an output encoder 32 suitable for use with a thermal printhead 33 in the
      desired format of the hard copy printout. A motion transducer 35, a motor
      speed controller 36, and a variable speed motor 34 are used to drive the
      thermally sensitive paper 37. The motion transducer 35 is used to produce
      a signal which may be calibrated to indicate the boat speed to the motor
      speed controller 36 which drives the variable speed motor 34 at a rate
      proportional to the boat speed. The motion transducer 35 may be of the
      type which is operated by the flow of water across the boat's hull or may
      be of the pressure sensitive type. The variable speed motor 34 is used to
      drive the thermally sensitive paper 37 across the thermal printhead 33. As
      described in the second embodiment of this invention, at predetermined
      time intervals the contents of the shift register of the solid state depth
      sounder are transferred to the output encoder 32 which will provide a
      signal to the thermal printer 33. This type of display device is also
      acceptable for use with the first embodiment of this invention.
PAR  The thermal printhead 33 may be of the type in which there are a number of
      elements which print numbers or characters in various positions as shown
      in FIG. 10B, or it may be of the type which consists of a single character
      such as a dot or line in each of the number of positions on the printhead
      33. In either case, by driving the thermally sensitive paper 37 at rate
      proportional to the boat's speed and printing a numeral or other character
      at specified intervals at a position of the printhead corresponding to the
      depth to the reflecting object, a hard copy printout of the data from the
      solid state depth sounder can be obtained. In this manner, a contour of
      the bottom may be produced. An example of this type of printout is shown
      in FIG. 10b.
PAC  Third Embodiment
PAR  This embodiment is substantially similar in construction and operation to
      those devices described in the first and second embodiments, except that a
      number of such devices are used in conjunction with a hard copy printer as
      previously described and illustrated in FIGS. 10A and 10B or other
      suitable display device so as to provide multidirectional depth sounding
      capability.
PAR  With reference now to FIGS. 11A and 11B, there are three transducers 3
      illustrated. Each of these transducers is part of a solid state depth
      sounder device as illustrated in FIG. 2 or FIG. 6. The three depth sounder
      systems are operating at slightly different master oscillator frequencies
      to prevent the high frequency sound impulse from one transducer
      interfering with the high frequency impulse from another. The filter in
      each receiver-detector 4 is centered on the master oscillator frequency
      for that device and operates to effectively prevent reception of signals
      from the other devices. In this manner each device is unidirectional, but
      together two or more devices yield accurate multidirectional capability.
PAR  With particular reference now to FIG. 11A, the transducers 3 are situated
      such that the left and right transducers are each pointing in a direction
      which is at a specified angle from the horizontal surface of the water.
      With the proper calibration means included in the output encoder 32, this
      angle may be varied to allow the selection of the desired lateral range.
PAR  Though there are three transducers 3 with associated individual solid state
      depth sounders illustrated in FIGS. 11A and 11B, any number of such
      devices might be used so as to cover a wider area or provide greater
      resolution of the depth data obtained. Further, in other embodiments, one
      device being moved regularly to different positions and using a number of
      different oscillator frequencies is able to scan the bottom and produce
      the same type of results.
PAR  Since the depth sounder does not literally measure depth except when the
      high frequency sound impulse is projected in a direction perpendicular to
      the surface of the water, the "left" and "right" depth sounder devices are
      measuring the distance to the reflecting objects. For example, with
      respect to the "left" system, the distances to reflecting objects are
      denoted by the reference letters F and I. These distances are measured,
      and the angle .theta. is specified; thus, the lateral ranges B and H and
      the depths E and G may be easily determined. The lateral range B is equal
      to the measured distance F multiplied by the cosine of the specified angle
      .theta.; depth E is equal to the sine of the specified angle .theta. times
      the measured distance F. The lateral range H and depth G to a shallower
      reflecting object may be similarly calculated. Since the sine and cosine
      of the specified angle .theta. are constants, they may be calibrated into
      the display. The "right" depth sounder device functions similarly.
PAR  The "center" device operates in the manner described in the first or second
      embodiments of this invention since the distance to the reflecting object
      is equal to depth in this case.
PAR  The display system illustrated in FIG. 11B includes output encoders 32 for
      each of the three depth sounding devices and a single thermal printhead
      33. The printer 33 responds to signals from the various output encoders to
      print measured depths at the appropriate lateral range on thermally
      sensitive paper 37 (driven at a rate proprotional to boat speed). The
      output encoders 32 provide signals which, according to the depth range,
      will cause the thermal printer 33 to print the measured depth in feet at
      the proper location on the strip chart.
PAR  In addition to the hard copy output described above, an array 39 of
      individual VLED's 38 may be utilized with the proper encoding means 32 to
      indicate a bottom contour as detected and measured by a multibeam depth
      sounder. Referring to FIG. 11C, such an array 39 is shown indicating the
      bottom contour of FIG. 11A. The lateral positioning and depth measurement
      is accomplished in a manner similar to that previously described. This
      type of display is also capable of indicating shallower reflecting objects
      such as fish or under water debris. This display technique has the added
      advantage of being able to present relative signal strength data by using
      analog pulses to drive the individual VLED's 38. Of course, for greater
      resolution and a more accurate picture of the under water region, a larger
      number of the unidirectional depth sounder systems may be incorporated to
      scan the depths in more detail.
PAR  Various modifications of the disclosed embodiments, as well as other
      embodiments of the invention, may become apparent to persons skilled in
      the art without departing from the spirit and scope of the invention as
      defined by the appended claims. Accordingly, it is contemplated that the
      appended claims will be interpreted to cover any such modifications or
      embodiments as fall within the true scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for measuring depth, said system comprising:
PA1  a. means for producing high frequency sound impulses and periodically
      transmitting said impulses through the water at predetermined time
      intervals;
PA1  b. means for receiving high frequency sound impulses reflected from a
      number of reflecting objects;
PA1  c. means for producing return signals which are each coincident in time to
      one of said reflected high frequency sound impulses and are analog values
      directly related to the strength of said reflected high frequency sound
      impulses;
PA1  d. means for producing desired clock frequencies;
PA1  e. means for measuring the time elapsed between transmission of the high
      frequency sound impulse and the reception of the reflected sound impulse,
      said means comprising:
PA2  i. a shift register device having a serial input and a specified number of
      bits through which an analog signal appearing at said input may be shifted
      at a rate related to the clock frequency;
PA2  ii. means for applying said analog return signal or signals to the input of
      said shift register, said analog return signal or signals being shifted
      serially through said shift register for timing reference;
PA2  iii. means to sample, upon the occurrence of a specified transfer signal,
      the individual bits of the shift register device and produce analog output
      signals corresponding to the bit or bits in which a pulse was found and
      corresponding to the analog values of said pulses, whereby said output
      signals have an analog value directly related to the strength of said
      reflected high frequency sound impulses;
PA2  iv. means for producing said transfer signal periodically at desired time
      intervals, said transfer signal having a specified duration; and
PA1  f. an analog display output means capable of producing a visual display
      from the analog output signals of the time delay measurement means, said
      display being calibrated to indicate depth to the reflecting objects, and
      said display output means being further capable of indicating the relative
      strength of the reflected high frequency sound impulses.
NUM  2.
PAR  2. A system for measuring depth as defined in claim 1 wherein said shift
      register device is further defined as a bucket brigade device with a
      serial input and a specified number of bits.
NUM  3.
PAR  3. A system for measuring depth as defined in claim 1 wherein said shift
      register device is further defined as a charge coupled device with a
      serial input and a specified number of bits.
NUM  4.
PAR  4. A depth measuring system as defined in claim 1 wherein said analog
      display output means comprises:
PA1  a. means for producing an analog display of numerals or characters when
      driven by specified analog display signals, wherein the intensity of the
      display is determined by the analog value of the signals used to drive the
      display; and
PA1  b. means for encoding said analog output signals, so as to produce said
      analog display signals which will drive said numerical and status display
      means to show numerically the depths of the various reflecting objects and
      to indicate by relative intensity of the display the relative strengths of
      the various reflected signals.
NUM  5.
PAR  5. A depth measuring system as defined in claim 1 wherein said analog
      display output means comprises a linear display means capable of
      indicating depth to the reflecting objects and relative strengths of the
      reflected signals.
NUM  6.
PAR  6. A depth measuring system as defined in claim 1 wherein said analog
      display output means comprise:
PA1  a. a specified number of analog display elements arranged linearly; and
PA1  b. means for encoding said analog output signals, corresponding to bit
      position of analog pulses in the shift register device and corresponding
      to the analog values of said pulses, so as to produce analog display
      signals which will drive the proper ones of said analog display elements,
      whereby the depths of the various reflecting objects will be shown and the
      relative strengths of the various reflected sound impulses will be
      indicated by the relative intensity of the displays produced by the driven
      elements.
NUM  7.
PAR  7. A depth measuring system as defined in claim 1 wherein said analog
      display output means comprises:
PA1  a. a specified number of analog numerical display elements, arranged
      linearly; and
PA1  b. means for encoding said analog output signals to produce analog display
      signals which will drive the proper ones of said analog numerical display
      elements to indicate numerically the depths of the various reflecting
      objects, said encoder means further including means for producing said
      encoded display signals directly related in analog value to said analog
      output signals, whereby the depths of the various reflecting objects will
      be shown numerically in a position related to the depth, and whereby the
      relative strengths of the various reflected sound impulses will be
      indicated by the relative intensity of the numerical displays produced by
      the driven elements.
NUM  8.
PAR  8. A multidirectional depth measuring system, said system comprising:
PA1  a. a specified number of depth measuring systems as defined in claim 1,
      each of said depth measuring systems further including means to indicate
      the lateral range of the various reflecting objects, said lateral range
      indication means being calibrated in realtion to the direction in which
      said high frequency sound impulses are transmitted; and
PA1  b. means for specifying the high frequency associated with each of the
      depth measuring systems, whereby each of the depth measuring systems may
      be made to operate at a different frequency.
NUM  9.
PAR  9. A multidirectional depth measuring system, said system comprising:
PA1  a. a specified number of depth measuring systems as defined in claim 1,
      wherein said display output means of each individual depth measurement
      system comprises:
PA2  i. a two dimension array of analog display elements;
PA2  ii. means to correlate the delay measured by said time delay measurement
      means and the direction of transmission of the high frequency sound
      impulse and to produce analog display signals to said array of analog
      display elements, whereby the lateral range and depth of the various
      reflecting objects will be displayed, and whereby the relative strengths
      of the various reflected signals will be indicated by the relative
      intensities of the displays produced by the analog display elements; and
PA1  b. means for specifying the high frequency associated with each of the
      depth measuring systems, whereby each of the depth measuring systems may
      be made to operate at a different frequency.
NUM  10.
PAR  10. A system for measuring depth, said system comprising:
PA1  a. means for producing sound impulses of a specified high frequency, and
      periodically transmitting said impulses directionally through the water at
      predetermined time intervals;
PA1  b. means for selectively receiving sound impulses of a specified high
      frequency, said impulses being reflected from a number of reflecting
      objects;
PA1  c. means for producing return signals which are each coincident in time to
      one of said reflected high frequency sound impulses;
PA1  d. means for producing desired clock frequencies;
PA1  e. means for measuring the time elapsed between transmission of the high
      frequency sound impulse and the reception of the reflected sound impulse,
      said means comprising:
PA2  i. a shift register device having a serial input and a specified number of
      bits through which a signal appearing at said input may be shifted at a
      rate related to the clock frequency;
PA2  ii. means for applying said return signal or signals to the input of said
      shift register, said return signal or signals being shifted serially
      through said shift register for timing reference;
PA2  iii. means to sample, upon the occurrence of a specified transfer signal,
      the individual bits of the shift register device and produce output
      signals corresponding to the bit or bits in which a pulse was found;
PA2  iv. means for producing said transfer signal periodically at desired time
      intervals, said transfer signal having a specified duration; and
PA1  f. a display output means capable of producing a visual display from the
      output signals of the time delay measurement means, said display being
      calibrated to indicate depth to the reflecting objects.
NUM  11.
PAR  11. A system for measuring depth as defined in claim 10 wherein said shift
      register device is further defined as a bucket brigade device with a
      serial input and a specified number of bits.
NUM  12.
PAR  12. A system for measuring depth as defined in claim 10 wherein said shift
      register device is further defined as a charge coupled device with a
      serial input and a specified number of bits.
NUM  13.
PAR  13. A depth measuring system as defined in claim 10 wherein said display
      output means comprises:
PA1  a. means for producing a display of numerical and status data; and
PA1  b. means for encoding said output signals, corresponding to bit position of
      pulses in the shift register device, so as to produce signals which will
      drive said numerical and status display means to show numerically the
      depths of the various reflecting objects.
NUM  14.
PAR  14. A depth measuring system as defined in claim 10 wherein said display
      output means comprises:
PA1  a. means for printing numerical and status data on paper or film adjacent
      to said printing means; and
PA1  b. means for encoding said output signals, corresponding to bit position of
      pulses in the shift register device, so as to produce signals which will
      drive said numerical and status printing means to print numerically the
      depths of the various numerically reflecting objects.
NUM  15.
PAR  15. A depth measuring system as defined in claim 14 further including:
PA1  means for driving said paper or film at a rate proportional to time or to
      motion of the depth measurement system through the water.
NUM  16.
PAR  16. A depth measuring system as defined in claim 10 wherein said display
      output means comprises a linear display means.
NUM  17.
PAR  17. A depth measuring system as defined in claim 10 wherein said display
      output means comprises:
PA1  a. a specified number of display elements arranged linearly;
PA1  b. means for encoding said output signals, corresponding to bit position of
      pulses in the shift register device, so as to produce signals which will
      drive the proper ones of said elements to be activated in a manner which
      will show the depths of the various reflecting objects.
NUM  18.
PAR  18. A depth measuring system as defined in claim 17 wherein said display
      elements comprises means for displaying numerical data and wherein said
      encoder means comprises means for producing display signals which will
      drive the proper ones of said elements to show numerically the depth
      corresponding to that element.
NUM  19.
PAR  19. A depth measuring system as defined in claim 17 wherein each of said
      display elements comprises means for printing characters on paper or film
      adjacent to said display elements, and wherein means are included, within
      said display output means, for driving said paper or film at a rate
      proportional to time or to motion of the depth measurement system through
      the water.
NUM  20.
PAR  20. A depth measuring system as defined in claim 17 wherein each of said
      display elements comprises means for printing numerical data on paper or
      film adjacent to said display elements, wherein said encoder means
      comprises means for producing signals which will drive the proper ones of
      said elements to print numerically the depth corresponding to that
      element, and wherein means are included, within said display output means,
      for driving said paper or film at a rate proportional to time or motion of
      the depth measurement system through the water.
NUM  21.
PAR  21. A multidirectional depth measuring system, said system comprising:
PA1  a. a specified number of depth measuring systems as defined in claim 10,
      each of said depth measuring systems further including means to indicate
      the lateral range of the various reflecting objects, said lateral range
      indication means being calibrated in relation to the direction in which
      said high frequency sound impulses are transmitted; and
PA1  b. means for specifying the high frequency associated with each of the
      depth measuring systems, whereby each of the depth measuring systems may
      be made to operate at a different frequency.
NUM  22.
PAR  22. A multidirectional depth measuring system, said system comprising:
PA1  a. a specified number of depth measuring systems as defined in claim 10,
      wherein said display output means of each individual depth measurement
      system comprises:
PA2  i. means for printing characters or numerals on paper or film adjacent to
      said printing means at a number of positions along a straight line;
PA2  ii. means for encoding said output signals, corresponding to bit position
      of pulses in the shift register device, to produce signals which will
      cause said numerical and character printing means to print numerically the
      depth of the various reflecting objects in a specified position along a
      straight line;
PA2  iii. means to determine the printing positions of said numerical and
      character printing means, said positions being determined according to the
      lateral range of the reflecting objects;
PA2  iv. means for driving said paper or film at a rate proportional to time or
      motion of the depth measurement system through the water; and
PA1  b. means for specifying the high frequency associated with each of the
      depth measuring systems, whereby each of the depth measuring systems may
      be made to operate at a different frequency.
NUM  23.
PAR  23. A multidirectional depth measuring system, said system comprising:
PA1  a. a specified number of depth measuring systems as defined in claim 10,
      wherein said display output means of each individual depth measurement
      system comprises:
PA2  i. a two dimension array of display elements;
PA2  ii. means to correlate the delay measured by said time delay measurement
      means and the direction of transmission of the high frequency sound
      impulse and to produce display signals to said array of display elements,
      whereby the lateral range and depth of the various reflecting objects will
      be displayed; and
PA1  b. means for specifying the high frequency associated with each of the
      depth measuring systems, whereby each of the depth measuring systems may
      be made to operate at a different frequency.
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PAC  Statement of Government Interest
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention pertains to the field of electronics. More particularly,
      this invention pertains to the field of signal processing. In still
      greater particularity, this invention pertains to the field of signal
      processing as it is used in detection systems. Finally, but without
      limitation thereto, this invention pertains to signal processing from
      electroacoustic transducers to enhance holographic imaging.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Holographic imaging techniques have proven to be a valuable adjunct to the
      electrical echo ranging arts. Particularly, in the electroacoustic ranging
      arts, commonly embracing the field of sonar, these techniques have proven
      especially valuable. However, the creation of an image having acceptable
      contrast and sharpness depends to a high degree upon the precision of
      manufacture of the electroacoustic transducer array used in obtaining the
      raw data. That is, a requirement exists that the individual transducers be
      located along a predetermined spatial relation with near-optical
      instrument precision to obtain a satisfactory image.
PAR  Because the conditions imposed by transporting electroacoustic arrays to
      the situs where electroacoustic imaging is desired and the arduous
      operational conditions found there are so severe, transducer arrays able
      to withstand such transportation and operational placement are extremely
      expensive and must be handled with great care. Despite the precision
      available in modern assembly operations, frequently such arrays produce
      disappointing imaging capabilities when deployed. Because of the attendant
      high cost of precision manufacture and the disappointing performance
      obtained from such costly units, the applications of acoustic holography
      have seldom achieved the hoped for imaging acuity.
PAC  SUMMARY OF THE INVENTION
PAR  The invention employs an electroacoustic transducer array of conventional
      manufacture and rigidity which may be more conveniently transported and
      deployed, and a signal processing system to correct the expected spatial
      nonuniformities inherent in such a system. The basis of this signal
      processing is the recordation of a corrective signal derived from the
      actual array and its response to a plain wavefront signal as a corrective
      factor for signals having nonplanar propagation wavefronts.
PAC  STATEMENT OF THE OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide an improved, electronic signal
      processing system and process.
PAR  A further object of this invention is to provide a signal processing method
      and system to correct for spatial nonuniformities.
PAR  A further object of this invention is the provision of a signal processing
      system and method of combining a plurality of sensor inputs and recorded
      correction signals therefor.
PAR  These and other objects of the invention will become more readily apparent
      from the ensuing specification when taken together with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing the invention in its operational
      environment;
PAR  FIG. 2 is a diagrammatic illustration of one form of transducer signal
      utilization system;
PAR  FIG. 3 illustrates an alternative transducer signal processor;
PAR  FIG. 4 is a diagrammatic illustration of an analog system according to the
      invention, utilizing the transducer signal arrangement of FIG. 2;
PAR  FIG. 5 is a diagrammatic illustration of the invention using an analog
      version of the transducer processor illustrated in FIG. 3;
PAR  FIG. 6 is a diagrammatic illustration of a system of the invention using a
      digital form of transducer processor shown in FIG. 2; and
PAR  FIG. 7 is a flow diagram illustrating how the method of the invention is to
      be practiced.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, an underwater object 11, which may be, for example, a
      submarine treasure, is shown being approached by an underwater vehicle 12.
      Transducer array 13 is mounted on the foreward portion of vehicle 12 which
      houses electronic circuitry indicated at 45 and 68, to be more completely
      described. Transducer array comprising individual transducers 13 and
      projector 13' are attached to vehicle 12 by a support 14. Suitable
      connection is made to the individual transducers 13 by means of an
      electrical conductor, not shown, which makes conventional connection with
      the transducers. A variety of such transducers are known in the acoustic
      arts and choice among then is based upon other operational parameters of
      the system such as frequency and power considerations. However, for
      purposes of completeness, it should be noted that the transducer
      arrangement disclosed in "An Experimental Holographic Acoustic Imaging
      System", Acoustic Holography, Vol. IV, Plenum Press, 1972, by N. Booth and
      B. Saltzer, may be used to good effect in the practice of the invention.
PAR  Similarly, the electrical conductor may be any conventional oceanographic
      cable capable of withstanding the pressures of the ocean environment and
      the other operational conditions. As an example of such a construction,
      attention is invited to the cable illustrated in FIG. 7 of U.S. Pat. No.
      3,458,855 which issued on July 29, 1969, to Albert E. Wallen for
      "Underwater Acoustic Generator with Variable Resonant Frequency".
PAR  Referring to FIG. 2, hydrophone transducer 13 is connected to a
      preamplifier 21. The output of preamplifier 21 is connected to two mixers
      22 and 23. Mixer 22 also receives an input from coherent oscillator 25.
      Oscillator 25 also is connected to amplifier 26 which, in turn, drives
      transducer 13'. The output of mixer 22 is filtered by a filter 27 to
      produce a signal corresponding to the product of the amplitude of the
      received signal on the hydrophone 13 and the cosine of the phase output of
      coherent oscillator 25.
PAR  Similarly, mixer 23 receives the output of coherent oscillator 25 via a
      90.degree. phase shifting network 24 to produce an output filtered by
      filter 28 corresponding to the amplitude of the received signal times the
      sine of the phase signal.
PAR  Referring to FIG. 3, a diagrammatic illustration of another type of
      transducer coupler is illustrated. In this arrangement, a signal
      representative of the phase of the received signal in comparison with the
      transmitted signal and of the amplitude of the received signal is
      obtained. In this arrangement, the output from preamplifier 21 is fed into
      a phase detector 29 which compares the phase of the received signal with
      the output from coherent oscillator 25 and produces a phase signal which
      is filtered by filter 31, indicated as .phi.. Second output from
      preamplifier 21 is fed to amplitude detector 32 which has its output
      filter by means of filter 33 to produce an amplitude signal indicated at
      A.
PAR  Either of the two aforedescribed detector arrangements may be used in the
      practice of the invention. However, it should be noted that in cases where
      phase differences of approximately 360.degree. are encountered,
      difficulties are experienced with the phase signal becoming unstable in
      these regions. Accordingly, system of FIG. 2 is generally more
      satisfactory in general applications, however, with appropriate phase
      detection equipment which is stable in the aforedescribed transition area,
      either circuit will perform satisfactorily.
PAR  Since both of these detection arrangements are known in the prior art,
      further detailed description thereof is not deemed warranted. For example,
      one application of the amplitude phase arrangement is disclosed by U.S.
      Pat. No. 3,246,327 issued on Apr. 12, 1966, to George J. Vogel for
      "Multiple Object Detecting Radar System Using Phased Array".
PAR  As is well understood in the ranging and imaging arts, the output of either
      of the above signals may be processed directly to produce the desired
      image display. However, the aforedescribed requirements for precision of
      mounting the various hydrophones and the necessity of obtaining
      electrically identical circuitry causes a loss of resolution and image
      contrast. For a more complete discussion of this phenomena, attention is
      invited to the article "Gain and Phase Variations in Holographic Acoustic
      Imaging Systems", by James V. Thorn, which appeared in Acoustic
      Holography, Vol. IV, edited by Glenn Wade, Plenum Press, 1972.
PAR  Although a detailed discussion may be obtained from the foregoing article,
      a semi-catechistic discussion of the two circuits is believed to be in
      order at this juncture.
PAR  Holographic data from a two dimensional array with the utilization circuit
      of FIG. 2 can be represented by:
EQU  S.sub.H (x,y) = .delta.(x,y) A(x,y) sin (.phi.(x,y) + .beta.(x,y)) (1)
EQU  C.sub.H (x,y) = .epsilon. (x,y) A(x,y) cos (.phi.(x,y) + .alpha.(x,y)) (2)
PAL  where
PA1  A(x,y) is the amplitude of the wave incident on the sensor at position x,y;
PA1  .phi.(x,y) is the phase of the wave incident on the sensor at position x,y.
PAR  .epsilon.(x,y) and .delta.(x,y) represent errors in the hydrophone
      sensitivity and errors in the gain for the electronics at position x,y.
      .alpha.(x,y) and .beta.(x,y) are phase errors introduced by nonflatness in
      the array and by phase nonuniformities in sensor and electronic responses.
PAR  These phase and gain errors severely limit the contrast in the
      reconstructed image. Their effects can be eliminated by measuring the
      errors and correcting for them. The measurement of the errors may be
      accomplished by taking holographic data from a plane wave normally
      incident to the array. This plane wave may be generated by an active point
      source in the far field of the array. The holographic data thus obtained
      is expressed as
EQU  S.sub.o (x,y) = .delta.(x,y) B sin (.theta. + .beta.(x,y)) (3)
EQU  C.sub.o (x,y) = .epsilon. (x,y) B cos (.theta. + .alpha.(x,y)) (4)
PAL  where B, the amplitude, and .theta., the phase, are uniform across the
      array. Repeating the above measurement with the reference waves (signals A
      and B) interchanged through switch 67, we obtain
EQU  S.sub.90 (x,y) = .delta. (x,y) B cos (.theta. + .beta. (x,y)) (5)
EQU  C.sub.90 (x,y) = .epsilon. (x,y) B sin (.theta. + .alpha. (x,y)) (6)
PAR  A similar result can be obtained if the phase of the plane wave is shifted
      by 90.degree.. Using Equations (3) through (6), we can theoretically solve
      for the unknown errors .epsilon.(x,y), .delta.(x,y), .alpha. (x,y) and
      .beta.(x,y), and eliminate them from Equation (1). In practice, this is
      difficult to do. If we assume that .alpha.(x,y) and .beta.(x,y) are small
      (less than 20.degree.), then the following equations for corrected cosine
      data C.sub.c (x,y) and corrected sine data S.sub.c (x,y) eliminate the
      gain errors (.epsilon. and .delta.) and, to the first order, the phase
      errors (.alpha. and .beta.).
      ##EQU1##
      where S, C, and D.sup.2 are obtained by
      ##EQU2##
EQU  D.sup.2 = S.sup.2 + C.sup.2                                (11)
PAL  and where N.sub.x and N.sub.y are the number of columns and rows of
      sensors. Equations (7) and (8) approximate the actual aperture data to
      second order in the phase errors .alpha. and .beta.. Processing S.sub.c
      and C.sub.c will generate images whose dynamic range is greater because of
      the elimination of much of the spatial noise.
PAR  The block diagram for a Phase-Amplitude configuration of detecting
      electronics is shown in FIG. 3. The holographic data from a two
      dimensional array with Phase-Amplitude signal processing can be
      represented by
EQU  A.sub.H (x,y) = .gamma. (x,y) A (x,y)                      (12)
EQU  .phi..sub.H (x,y) = .sigma.(x,y) (.phi.(x,y) + .xi.(x,y))  (13)
PAL  where .gamma.(x,y) represents the errors in sensitivity of the sensor and
      amplitude channel gain;
PAR  .xi.(x,y) represents phase errors introduced by nonflatness in the array
      and by phase nonuniformities in the hydrophones;
PAR  .sigma.(x,y) represents gain nonuniformities in the phase channel.
PAR  The effects of these errors can be eliminated by measuring the hologram of
      a plane wave under the same conditions as are described above. The data
      obtained can be represented as
EQU  A.sub.o (x,y) = .gamma.(x,y) B                             (14)
EQU  .phi..sub.O (x,y) = .sigma.(x,y) (.theta. + .xi.(x,y))     (15)
PAL  A similar measurement with either the reference wave or the signal driving
      the point source shifted by 90.degree. yields.
EQU  .phi..sub.90 (x,y) = .sigma.(x,y) (.theta. + .xi.(x,y) .+-. 90.degree.)
      (16)
PAL  If we use the following equations to calculate the corrected data, the
      errors may be eliminated.
      ##EQU3##
      where A.sub.O and .theta. are given by
      ##EQU4##
PAR  The constants A.sub.o and .theta. in Equations (17) and (18) have no effect
      on the reconstructed image since they are independent of x and y.
      Therefore, for a system application, they need not be calculated and can
      be replaced by 1 and 0, respectively.
PAR  The calculation of the corrected data according to Equations (7) and (8) or
      Equations (17) and (18) can be easily implemented by means of a digital
      computer. As a result, the method will be most useful in systems using
      digital processing of the aperture data. This may be considered the
      preferred arrangement for most contemplated uses.
PAR  For analog reconstruction, correction values may be stored digitally and
      applied in analog form through digital to analog converters as the analog
      holographic data is scanned from the array.
PAR  Referring to FIG. 4, a diagrammatic illustration of a system for performing
      the above, mathematically described corrections for analog reconstruction
      and sin cos implementation, (FIG. 2), is illustrated. A digital memory 35
      has stored therein a plurality of digital correction signals which are
      scanned by a scanning control 46 and sequentially transferred to
      digital-to-analog converters 36, 37, 38 and 39. The digital analog
      converters 36-39 are connected to multiplier circuits 41, 42, 43, and 44.
      Multiplying circuits 41 through 44 also receives the sine and cosine
      hydrophone signals from the array and processing electronics 45 which, as
      indicated, consists of a plurality of individual hydrophone and processing
      electronic combinations 20 as illustrated in FIG. 2.
PAR  Scanning control 46 is operatively connected to digital memory 35 and array
      and processing electronics 45 to sequentially sample each of the
      individual signals as discussed above. Scanning control 46 and digital
      memory 35 may, if desired, be component parts of standard state-of-the-art
      mini-computers. One such mini-computer which has proven applicability in
      the system of the invention is manufactured under the trade name 1602
      RUGIDNOVA by the ROLM Company. Of course, other standard make computer
      arrangements may be utilized, if desired.
PAR  The output from the multiplier circuits 41 and 43 are connected to a
      summing amplifier 47 which produces the corrected sine signal indicated as
      S.sub.c. Similarly, a second summing amplifier 48 receives augend and
      addend signals from multipliers 42 and 44, respectively, to produce a
      corrected cosine signal, C.sub.c.
PAR  Referring to FIG. 5, a diagrammatic illustration of a processing system for
      use with the amplitude phase type array and processing electronics
      illustrated in FIG. 3 is described. In this embodiment, digital memory 51
      and scanning control 53 may similarly comprise portions of standard
      mini-computer units. Array and processing electronics 52 similarly include
      a plurality of amplitude phase circuits 30, 30', 30", etc. Also, in a
      similar fashion, the outputs from digital memory 51 are connected to a
      plurality of digital analog converters 54, 55, and 56 which, in turn, are
      connected to multiplier 57, 58, and summing amplifier 59. Summing
      amplifier 59 is fed by multiplier 58 and digital analog converter 56 to
      implement the aforedescribed mathematical synthesis of the corrected phase
      signal indicated as .phi..sub.c. The output of digital to analog converter
      54 is fed to multiplier 57 where it is combined with the hydrophone
      amplitude signals to produce a corrected amplitude signal, A.sub.c. As
      will be obvious to those versed in the art, with only minor modification
      the aforedescribed systems could be used with sensor rays having a digital
      output as well as those having an analog output. An exemplary system
      corresponding to the system of FIG. 4 is illustrated at FIG. 6.
PAR  Referring to FIG. 6, it will be observed that the same elements are present
      as in FIG. 4, with the exception of digital-to-analog converters 36-39.
      Each of these elements, indicated by a primed number corresponds to the
      similar unprimed number illustrated in FIG. 4. For this reason, further
      explanation is considered unwarranted for the understanding of the
      circuit.
PAR  Similarly, a digital version of the system illustrated in FIG. 5, not
      shown, would simply omit digital-to-analog converters 54, 55, and 56.
PAR  The aforedescribed individual circuitry arrangements employ standard
      electronic components and circuits appropriate to the various frequency
      ranges of the electronic signals being processed, and differ little, other
      than the manner in which they are used, from similar circuits used in
      adaptive processing and electronically steerable sensor arrays. Examples
      of systems in these fields are shown by U.S. Pat. Nos. 3,503,069 to S. E.
      Lloyd issued on Mar. 24, 1970, and 3,766,559 issued on Oct. 16, 1973, to
      Wade E. Butcher, Jr. et al. The teachings of which may be considered to be
      incorporated by reference in this discussion.
PAC  METHOD OF OPERATION
PAR  Referring to FIG. 7, a flow diagram of the instant invention is
      illustrated. The first step in the practice and method of this invention
      is to impinge the constructed transducer array with a plane wave front
      signal. This impingement may occur in a laboratory condition or on
      location. A plane wave front signal may be sufficiently approximated by
      the use of a signal generator presenting an essential point source of
      radiation located at a distance from the array and centered within the
      field of view thereof. This step is indicated by block 61 in the diagram.
PAR  The output of each transducer and associated signal processor comprising
      the array in response to this plane wave is then measured, processed in
      accord with the aforedescribed equations, and recorded. This recordation
      may be made directly into the associated memory such as the illustrated
      memories 35, 51, and 35'. Alternatively, this recordation may utilize a
      separate recording means to obtain the processed response signal and
      subsequently entered in the associated memory. These steps of measuring
      and recording are illustrated, respectively, by blocks 62 and 63 in the
      diagram.
PAR  Next, the transducer array is placed in the operational environment. Of
      course, if the initial measuring and recording of the transducer signals
      occur in the operational environment, this step was performed at the
      commencement of the process and need not be repeated.
PAR  Next, in analog systems, the output of the individual hydrophone and
      associated electronic processing circuit for each transducer is
      synchronously scanned with its corresponding recorded signal in response
      to the plane wave impingement. This step is indicated at block 65 in the
      diagram and may be accomplished by use of standard electronic circuits or,
      in laboratory analysis, by manual sampling techniques.
PAR  Finally, the output signals from the hydrophones and the recorded plane
      wave front signals are combined by conventional circuitry means, as
      described above, to produce a composite and corrected signal which may be
      further processed by conventional means to produce a holographic image
      having the improved sharpness and contrast earlier alluded to.
PAR  The foregoing description taken together with the appended claims
      constitutes a disclosure such as to enable a person skilled in the signal
      processing and ranging arts and having the benefit of the teachings
      contained therein to make and use the invention. Further, the structure
      herein described and the manipulative steps meet the objects of invention,
      and generally constitute a meritorious advance in the art unobvious to
      such a person bereft of these teachings.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings, and, it is therefore
      understood that within the scope of the disclosed inventive concept, the
      invention may be practiced otherwise than specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A signal processing method for correction of spatial nonuniformities in
      a radiation holographic imaging system having a sensor array comprising,
      in combination, the strips of;
PA1  impinging said sensor array with a plane wavefront;
PA1  measuring the output of the individual sensors in the array in response to
      the plane wavefront;
PA1  processing the measured output plane wave signals of the individual
      transducers, and recording the processed output as a retrievable
      correction signal;
PA1  placing the imaging system in an operational environment;
PA1  receiving radiated signals from said operational environment to generate
      temporal signals within the sensor array;
PA1  combining individual signals generated in the sensor array by said radiated
      signals and recorded correction signals to obtain a corrected signal; and
PA1  processing the corrected signal to obtain an image.
NUM  2.
PAR  2. A signal processing method according to claim 1 in which the step of
      recording the measured output includes storing digital signals in an
      accessible memory.
NUM  3.
PAR  3. A signal processing method according to claim 1 in which said step of
      impinging said sensor array includes exposing the sensor array to
      emanation from a distant point source in the far field and at the center
      of the field of view of the sensor array.
NUM  4.
PAR  4. A signal processing method according to claim 2 in which said step of
      impinging said sensor array includes exposing the sensor array to
      emanation from a distant point source in the far field and at the center
      of the field of view of the sensor array.
NUM  5.
PAR  5. A signal processing method according to claim 1 in which the step of
      combining individual signals and recorded correction signal includes
      simultaneously scanning said signals by a programmed mini-computer to
      sample the recorded plane wavefront signals and temporal sensor array
      signals at a predetermined rate.
NUM  6.
PAR  6. A signal processing method according to claim 4 in which the step of
      combining individual signals and recorded correction signals includes
      simultaneously scanning said signals by a programmed mini-computer to
      sample the recorded plane wavefront signals and temporal sensor array
      signals at a predetermined rate.
NUM  7.
PAR  7. An enhanced hologram signal processing system comprising:
PA1  an array of individual wave energy sensors;
PA1  digital memory means for storing a correction signal associated with the
      response of said individual wave energy sensors;
PA1  scanning means connected to each of said array of wave energy sensors and
      said digital memory means for sequential and timely sampling individual
      wave energy sensors and the associated correction signal in said digital
      memory means;
PA1  signal combining means effectively connected to said digital memory means
      and said array of individual wave energy sensors for combining the scanned
      outputs therefrom whereby a corrected signal free from spatial
      nonuniformities is obtained.
NUM  8.
PAR  8. An enhanced hologram signal processing system according to claim 7 in
      which said array of individual wave energy sensors is comprised of
      electroacoustic transducers.
NUM  9.
PAR  9. An enhanced hologram signal processing system according to claim 7 in
      which said digital memory means and said scanning means are component
      parts of a minicomputer.
NUM  10.
PAR  10. An enhanced hologram signal processing system according to claim 8 in
      which said digital memory means and said scanning means are component
      parts of a mini-computer.
NUM  11.
PAR  11. An enhanced hologram signal processing system according to claim 7 in
      which said signal combining means includes a digital-to-analog signal
      converter.
NUM  12.
PAR  12. An enhanced hologram signal processing system according to claim 10 in
      which said signal combining means includes a digital-to-analog signal
      converter.
NUM  13.
PAR  13. An enhanced hologram signal processing system according to claim 7 in
      which said signal combining means includes signal multiplier means for
      generating a product signal in response to the scanned output from said
      digital memory means and said individual wave energy sensors.
NUM  14.
PAR  14. An enhanced hologram signal processing system according to claim 12 in
      which said signal combining means further includes signal multiplier means
      for generating a product signal in response to the scanned output from the
      aforesaid digital memory means and the aforesaid individual wave energy
      sensors.
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ABST
PAL  An electric circuitry tests the memory and visual capabilities of a driver
      shutting off the engine if he fails in the test. Digits are flashed one at
      a time at random on a screen for the driver to memorize. A full set of
      digits is then flashed in numerical order one at a time for the driver to
      press a button when each of the memorized digits reappears on the screen.
BSUM
PAR  This invention relates to a safety device for a vehicle, and more
      particularly to a device for preventing drunken driving of a vehicle.
PAR  Serious hazards are entailed when road vehicles or aircrafts are driven or
      piloted by persons who are drunk or overfatigued, often causing serious
      accidents.
PAR  Heretofore methods and systems have been proposed for inhibiting drunken
      operators or drivers from driving vehicles, wherein the operators or
      drivers have to take physiological tests, of, for example, memory, visual
      acuity, time and accuracy in choice decisions and others, and are
      permitted to drive their vehicles only when they have passed all these
      tests, e.g., using plural input keys for depressing when the driver
      memorizes numbers or characters previously presented.
PAR  It is an object of the present invention to provide a device for preventing
      drunken driving of a vehicle which has only one input key for indicating
      each of some random digits presented to the driver or examinee at a
      predetermined interval when the digits all reappear for recognition at an
      interval.
PAR  It is another object of the present invention to provide a device for
      preventing drunken driving of a vehicle which occupies only a small space
      in a vehicle.
PAR  In order to achieve these purposes, the present invention provides a
      control circuit for manually and electrically manipulating the intended
      device, a counting circuit for providing series of binary digits at
      random, a ring counter circuit for providing a plurality of digits for
      examining the examinee, a ring counter control circuit for controlling the
      ring counter circuit, a random memory circuit for memorizing the digits
      provided at random and generated for examining the examinee, a digit
      indicator for displaying the series of digits for the examination of the
      examinee and also for confirming correct or incorrect memorization of the
      examinee, an examining circuit for examining the examinee to energize a
      relay when the examinee passes the examination to close the relay to
      supply power from a source to the electric system of the vehicle, a signal
      holding circuit for holding the correct passage of the examination even
      after the ignition key is opened for a predetermined duration, and a
      constant voltage cut-off circuit for switching off the voltage after the
      completion of the examination by the device.
DRWD
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic block diagram of a device for preventing drunken
      driving of a vehicle in accordance with the invention;
PAR  FIG. 2 is a circuit diagram of a preferred example of a control circuit in
      a device of the present invention;
PAR  FIGS. 3(a) and 3(b) are a waveform representation of the respective
      essential parts of the circuit arrangement of a device of the present
      invention illustrating the operation thereof;
PAR  FIG. 4 is a circuit diagram of a preferred example of a counting circuit of
      a device of the invention;
PAR  FIGS. 5(a) and 5(b) are a circuit diagram of a preferred example of a ring
      counter circuit of a device of the invention;
PAR  FIG. 6 is a circuit diagram of part of the ring counter circuit shown in
      FIG. 5 illustrating the operation thereof;
PAR  FIG. 7 is a circuit diagram of a preferred example of a ring counter
      control circuit of a device of the invention;
PAR  FIG. 8 is a schematic view of a random memory circuit of a device of the
      invention;
PAR  FIGS. 9(a) and 9(b) are a detailed structural circuit diagram of a random
      memory circuit of a device of the invention;
PAR  FIG. 10 is a circuit diagram of a preferred example of a digit indicator of
      a device of the pres present invention;
PAR  FIG. 11 is a circuit diagram of preferred examples of an examining circuit
      and a signal holding circuit used in a device of the present invention;
      and
PAR  FIG. 12 is a circuit diagram of a preferred example of a constant voltage
      cut-off circuit of a device of the invention.
DETD
PAR  Reference is now made to the drawings, and particularly to FIG. 1, which
      shows a block diagram of a device for preventing drunken driving of a
      vehicle according to the present invention.
PAR  The device for preventing drunken driving of a vehicle of the present
      invention comprises a control circuit 11 for manually and electrically
      manipulating the device, a counting circuit 12, a ring counter circuit 13,
      a ring counter control circuit 14 for controlling the ring counter circuit
      13, a random memory circuit 15 for memorizing a series of random digits
      generated for examining the driver or examinee, an indicator 16 for
      displaying four digits for the examination of the driver or examinee and
      also for confirming correct or incorrect memorization of the driver or
      examinee, an examining circuit 17 for examining the driver or examinee to
      energize a relay coil R when the driver or examinee passes the examination
      by this device successfully to close a switch C of the relay R in order to
      connect a power source P of the vehicle to an electric system E of the
      vehicle, a signal holding circuit 18 for holding the signal of
      successfully passing the examination even after an ignition key is opened
      for up to a predetermined duration, and a constant voltage cut-off circuit
      19 for switching off the voltage after completion of the examination by
      the apparatus.
PAR  Referring now to FIG. 2, which shows a detailed circuit arrangement of the
      control circuit in the apparatus for preventing drunken driving of a
      vehicle of this invention, a line 31 is connected to a power source such
      as a battery or dynamotor of a vehicle and is also connected to an
      ignition switch 32. Numeral 33 indicates a relay switch, which will be
      hereinafter described in greater detail and which will close when an
      examinee operates the device of this invention successfully, and which
      connects the ignition switch 32 and the power source to a line 35 which is
      connected to the electric circuits and devices of the vehicle necessary
      for operating the engine and for driving the vehicle. Furthermore, a
      transmission position sensing switch 34 is connected in parallel with the
      relay switch 33 and is closed only when the transmission is set in the
      neutral or parking position. When the relay switch 33 and transmission
      position sensing switch 34 are thus connected, even if the driver or
      examinee does not pass the examination or test for drunkenness,
      overfatigue or drugged condition by the present device and if the
      transmission is shifted to its neutral or parking position, the vehicle
      engine can be started and can also be idled, because the transmission
      position sensing switch 34 is closed so that current flows through the
      transmission position sensing switch 34 and line 35 to the electric
      systems of the engine and vehicle even if the relay switch 33 is open
      before the driver or examinee is tested by the present device. Therefore,
      even if the driver or examiner has not passed the examination by the
      present device, the vehicle engine can be warmed up and the vehicle cabin
      can be warmed up or cooled. However, if the transmission is shifted from
      the neutral or parking position to a drive position when the driver or
      examinee has not passed the examination by the present device, the sensing
      switch 34 opens, and the vehicle engine is shut off so that the vehicle
      cannot be driven, because both the transmission position sensing switch 34
      and the relay switch 33 are open with the result that no power is supplied
      therethrough and through the line 35 to the electric systems of the engine
      and the vehicle. If the driver or examinee successfully passes the
      examination by the present invention, the relay switch 33 is closed as
      will be hereinafter described in greater detail, and, accordingly, power
      is supplied from the power source of the vehicle through the switch 33 to
      the electric systems of the engine and vehicle with the result that the
      vehicle can be driven. A test starting pushbutton STB is connected to the
      ignition switch 32 at one switch 36 thereof. This switch 36 is closed when
      the test starting pushbutton STB is manually pressed, and as will be
      hereinafter described in greater detail, the test for evaluating the
      drunken, overfatigued or drugged condition of the driver or examinee is
      started. A normally closed relay switch 38 connects the switch 36 to a
      grounded relay or relay coil 37. A switch 39 of the relay 37 is connected
      in parallel with the switch 36, and is closed when the relay coil 37 is
      energized to self-hold the relay 37. A lamp 41 is connected in parallel
      with the switch 38 and relay coil 37 to indicate that the examination of
      the apparatus has started when the lamp is lit, by closing the switch 36
      of the test starting pushbutton STB when the pushbutton STB is depressed.
      The circuit of the switch 36, relay coil 37, normally closed switch 38 and
      switch 39 of the relay 37 is thus energized, when the test starting
      pushbuttom STB is once depressed the voltage at the point c between the
      switch 39 and the switch 38 is maintained at the voltage of the power
      source.
PAR  The test starting pushbottom STB also has another switch 43 mechanically
      interconnected to the switch 36 thereof and operated in the same manner,
      i.e., to close when the pushbutton is depressed. The switch 43 is grounded
      and also connected to the input of an amplifier 44 at its other end.
PAR  In the circuit thus arranged, the voltage at a junction point d at the
      output of the amplifier 44 is low and will hereinafter be characterized by
      "0", when the test starting pushbutton STB is depressed so that the
      contact 43 thereof is closed, and is high, which will hereinafter be
      characterized by "1", when the test start pushbutton STB is not depressed
      so that the contact 43 thereof remains open.
PAR  Referring to FIGS. 3(a) and 3(b), which shows signal waveforms at the
      essential points of the circuit arrangement of the apparatus of the
      present invention in terms of time when the starting button is depressed,
      and wherein the high level illustrates the 1 state, while the low level
      shows the 0 state of the signal waveforms. The signal waveform a in FIG. 2
      becomes 1 when the ignition switch 32 is closed, the signal waveform b in
      FIG. 2 becomes 1 when the test starting switch STB is depressed, and the
      signal waveform c in FIG. 2 represents the voltage between the switch 39
      of the relay 37 and the switch 38 as has been heretofore described, and
      the signal waveform d in FIG. 2 represents the voltage at the output of
      the amplifier 44 as has been heretofore described.
PAR  Returning to FIG. 2, the output of the amplifier 44 is connected to the
      input of a first monostable multivibrator 46 which functions to generate
      an output voltage 1 fed to an output line 47 thereof for a predetermined
      period from the moment the input voltage d thereof is changed from 0 to 1.
      The output line 47 of the multivibrator 46 is connected to the input of an
      inverter 48 which operates to invert the polarity of the input voltage
      thereof and accordingly the final output voltage of the multivibrator 46
      from the high voltage 1 to the low voltage 0 and vice versa at the output
      and fed to a line 49 thereof as illustrated by r in FIG. 3(a).
PAR  Reference is now made to FIG. 4, which shows the circuit arrangement of a
      counting circuit in the device of the present invention.
PAR  Numeral 60 designates an astable or free-running multivibrator which
      generates or oscillates square signal waveforms f in FIG. 3(a) fed to its
      output line 61 when connected to the power source. The output of the
      astable multivibrator 60 is applied by way of the line 61 to the input of
      a counter 62. To this counter 62 is fed a reset input by way of the line
      49 from the output of the inverter 48 in FIG. 2 of the control circuit in
      such a manner that the counter 62 is reset to zero when the reset input to
      the counter 62 changes from 1 to 0, and accordingly the counter 62 is
      reset to zero at the time T1 in FIG. 3(a) in the signal of waveform r.
PAR  The counter 62 has five output terminals B1a,  B2a, B3a, B4a  and B5a, and
      the states of these terminals are designated by 0 and 1 in a manner that
      the terminal B1a corresponds to the first digit position of the number
      represented in a binary system of notation, B2a corresponds to the second
      digit position, B3a corresponds to the third digit position, B4a
      corresponds to the fourth digit position, and B5a corresponds to the fifth
      digit position thereof. The counter 62 counts when the input from the
      astable multivibrator 60 to the counter 62 by way of the line 61 varies
      from 1 to 0. The respective output terminals B1, B2, B3, B4 and B5 of the
      counter 62 are connected to the respective input terminals B1, B2, B3, B4
      and B5 of AND gates 64, 65, 66 and 67, respectively. The respective AND
      gates have output lines 68, 69, 70 and 71, respectively, and the signal
      waveforms m, p, q and s of the outputs of the AND gates 64, 65, 66 and 67,
      respectively, are shown in FIG. 3(a). In FIG. 4, the inputs of these AND
      gates to which marks "o" are attached illustrate that the signals are
      inverted states of 0 and 1. Therefore, the output of the AND gate 64
      becomes B1 .times. B2 .times. B3 .times. B4 .times. B5, the output of the
      AND gate 65 becomes B1 .times. B2 .times. B3 .times. B4 .times. B5, the
      output of the AND gate 66 becomes B1 .times. B2 .times. B3 .times. B4
      .times. B5, and the output of the AND gate 67 becomes B1 .times. B2
      .times. B3 .times. B4 .times. B5.
PAR  The output of the AND gate 64 is connected by way of a line 68 to the set
      (S) input of a first flip-flop 72, which operates in a manner that when
      the input changes from 1 to 0, the output Q of the flip-flop 72 becomes 1.
      Similarly, the output of the AND gate 66 is connected by way of the line
      70 to the set (S) input of a second flip-flop 73, which operates in a
      manner that when the input changes from 1 to 0, the output Q of the
      flip-flop 73 becomes 1.
PAR  The output of the inverter 48 in the signal waveform r in FIG. 3(a) is
      applied to a delay circuit 74 which delays the output signal r a very
      short predetermined time, and is applied to a respective one of the inputs
      of AND gates 75 and 76 by way of a line 77. The output of the AND gate 65
      is connected by way of a line 69 to the other input of the AND gate 75,
      and, similarly, the output of the AND gate 67 is connected by way of a
      line 71 to the other input of the AND gate 76. The output of the AND gate
      75 is connected to the reset (R) input of the flip-flop 72, which operates
      in a manner that when the reset input changes from 1 to 0, the output Q of
      the flip-flop 72 becomes 0, and, similarly, the output of the AND gate 76
      is connected to the reset (R) input of the flip-flop 73, which operates in
      a manner that when the reset input changes from 1 to 0, the output Q of
      the flip-flop 73 becomes 0. The signal waveforms at the output lines 78
      and 79 of the flip-flops 72 and 73, respectively, are shown by g and k,
      respectively, in FIG. 3(a). When the output signal of the waveform g of
      the flip-flop 72 is 1, four digits are displayed in an indicator, and when
      the output signal of waveform k of the flip-flop 73 is 1, the digits 1, 2,
      ... 9 are sequentially displayed in the indicator, as will be hereinafter
      described in greater detail.
PAR  In the circuit arrangement of the counting circuit, the delay circuit 74
      will operate as follows: Assuming that this delay circuit 74 does not
      exist, therein, in cases, for example, where the output of the AND gate 65
      connected to the input of the AND gate 75 remains 0 because the counter 62
      is not yet completely reset by the output signal of waveform r of the
      inverter 48 at the time T1 in FIG. 3(a), even if the reset signal r from
      the inverter 48 is applied to the input of the AND gate 75 by way of the
      line 77, the reset output of the AND gate 75 is not applied to the reset
      (R) input of the flip-flop 72 with the result that the flip-flop 72 is not
      reset. For this reason the delay circuit 74 is used for supplying a
      delayed reset signal r to the input of the AND gate 75, after the counter
      62 is completely reset by the reset signal r by way of the line 49 and
      accordingly the output of the AND gate 65 connected to the input of the
      AND gate 75 becomes 1.
PAR  Referring ot FIGS. 5(a), 5(b) and 6, which show a circuit arrangement of
      the ring counter circuit used in the device of the present invention for
      sequentially displaying four digits at random and at predetermined
      intervals in the indicator in such a manner that the series of four digits
      does not include the same digit twice in one series. The ring counter
      circuit 90 has nine flip-flops 91, 93, 95, 97, 99, 101, 103, 105 and 107,
      and nine by-pass circuits 92, 94, 96, 98, 100, 102, 104, 106, and 108.
PAR  Each flip-flop operates in a manner that when 1 is applied to a terminal T
      thereof as will be hereinafter described in greater detail, if 1 is once
      applied to a terminal K thereof while 1 is fed to a terminal Q or if 1 is
      once applied to a terminal J while 0 is fed to the terminal Q, the state
      at the terminal Q thereof is changed if the stage at the terminal T is
      changed from 1 to 0.
PAR  Referring to FIG. 6, which shows part of the ring counter circuit 90 for
      illustration of the operation of the by-pass circuit, the signal applied
      to the input terminal J of the flip-flop 91 is also applied by way of a
      terminal C of the by-pass circuit 92 to one input of an AND gate 124 of
      the by-pass circuit 92, and the output from a terminal Q1 of the flip-flop
      91 is applied by way of a terminal B of the by-pass circuit 92 to one
      input of an AND gate 125. A signal is also applied by way of the terminal
      A of the by-pass circuit 92 to the respective other inputs of the AND
      gates 124 and 125, as will be hereinafter described in greater detail. The
      signal input of the AND gate 125 marked by o is inverted at the output
      thereof. The outputs of the respective AND gates 124 and 125 are applied
      to an OR gate 126. The output of the OR gate 126 is connected by way of a
      terminal D of the by-pass circuit 92 to the input terminal J of the
      flip-flop 93 and is also connected to the input of an inverter 127, and
      the output of the inverter 127 is connected through a terminal E of the
      by-pass circuit 92 to the input terminal K of the flip-flop 93. The other
      by-pass circuits 94, 96, 98, 100, 102, 104, 106 and 108 are also connected
      by similar arrangements.
PAR  In the circuit arrangement of the ring counter circuit 90, the output
      signals at the terminals D and E of the by-pass circuits can be
      represented by the following formulae in terms of the input signals at the
      terminals A, B and C thereof:
EQU  D = A .times. C + A .times. B                              (1)
EQU  E = D                                                      (2)
PAR  therefore, when A = 0 and according 0 is applied by way of the terminal A
      of the by-pass circuit 92 to the respective inputs of the AND gates 124
      and 125,
EQU  D = B
EQU  E = B
PAL  and, when A = 1, and accordingly 1 is applied by way of the terminal A of
      the by-pass circuit 92 to the respective inputs of the AND gates 124 and
      125,
EQU  D = C
EQU  E = C
PAR  consequently, when A = 0 in the by-pass circuit 92, the terminal b is
      directly connected internally to the terminal D, and the terminal E is
      inversely connected to the terminal B of the by-pass circuit 92. When A =
      1, the terminal C is directly connected internally to the terminal D, and
      the terminal E is inversely connected to the terminal C of the by-pass
      circuit 92, and, accordingly, when A = 1, the flip-flop 91 is by-passed.
PAR  Turning back to FIGS. 5(a) and 5(b), in the state that 0 is applied to the
      terminals A of all the by-pass circuits 92, 94, 96, 98, 100, 102, 104, 106
      and 108, only the terminal Q1 of the flip-flop 91 is set to 1, and
      terminals Q2, Q3, . . . Q9 of the other flip-flops 91, 93, 95, 97, 99,
      101, 103, 105 and 107 are set to 0, as will be hereinafter described in
      greater detail. Then, when the input signal x to all the terminals T of
      the flip-flops 91, 93, 95, 97, 99, 101, 103, 105 and 107 is changed from 0
      through 1 to 0, as will be hereinafter described in greater detail, the
      terminal Q1 is changed from 1 to 0 at the time the terminals T are changed
      from 1 to 0, while the terminals Q2, A3, . . . Q9 become 1. Furthermore,
      when the terminals T of all the flip-flops are changed from 0 through 1,
      the 0, and then 1 to 0, the terminal Q becoming 1 is shifted rightwardly
      of the drawing to the adjacent flip-flop and when the terminal Q becoming
      1 reaches the terminal Q9, it is then transferred back to the terminal Q1.
      More particularly, if a clock signal is applied to the terminals T, only
      one state 1 at the terminals Q circulates in the ring counter circuit 90.
PAR  After only the terminal Q1 is set to 1, a square wave of 20kHz, is, for
      example, applied thereto as the clock signal for 0.5 seconds, the clock
      signal vanishes owing to the inaccuracy of the duration of 0.5 seconds and
      of oscillation frequency of 20kHz, and thereafter any one terminal Q
      becomes 1, but the sequence of which terminal Q becomes 1 is not constant
      and the sequence becomes different every time this operation is carried
      out and finally the sequence is approximately random. Thus, a digit is
      extracted at random.
PAR  The operation of the indication or display of a series of four digits to
      the driver or examinee, which digits will not be repeated in the same
      series, will now be described as follows.
PAR  In the circuit arrangement of the ring counter circuit 90 in FIGS. 5(a) and
      5(b), the flip-flop corresponding to the digit once indicated by the
      indicator, as will be hereinafter described in greater detail, is
      by-passed by the by-pass circuit, as aforementioned. That is, the
      flip-flop corresponding to the digit once indicated is removed from the
      ring counter circuit 90. Therefore, the same digit will not be thereafter
      repeated by the indicator in any series of four digits.
PAR  Then, means for setting any one of the remaining flip-flops within the ring
      counter circuit 90 to 1 is required. Such a setting of any flip-flop to 1
      is effected by a circuit including AND gates 114, 115, 116, 117 and 118.
PAR  A reset signal v is fed to a line 119, immediately after the test or
      examination is started, as will be hereinafter described in great detail.
      This reset signal v changes from 1 through 0 to 1. As was described
      heretofore, the terminal Q1 of the flip-flop 91 in the ring counter
      circuit 90 is set to 1, while the terminals Q of the flip-flops Q1, 93,
      95, 97, 99, 101, 103, 105 and 107 are set to 0. If only the terminal Q2 of
      the flip-flop 93 is, for example, set to 1 and the terminals Q1, Q3, . . .
      Q9 of the other flip-flops 91, 95, 97, 99, 101, 103, 105 and 107 are set
      to 0 when the clock signal x is applied to a line 113 for a predetermined
      period and terminated, as will be described later, a signal A2 fed to the
      inputs of the AND gates 115, 116 and 117 is changed from 0 to 1 and
      remains 1 until all four digits have been displayed in the indicator.
      Thus, the above relationship between the state at the terminal Q2 of the
      flip-flop 93 and the signal A2 is correspondingly applied to the
      relationship between a terminal Qn and a signal An. Therefore, the signal
      An corresponding to the digit once displayed in the indicator is held at
      1.
PAR  The flip-flop which is set to 1 according to the state of the four digit
      signals A1, A2, A3 and A4 together with the four AND gates 114, 115, 116
      and 117 in the circuit arrangement shown will now be described. A signal i
      is varied from 1 to 0 and applied by way of a line 206 to all of the AND
      gates 114, 115, 116 and 117. If only the digit signal A1 is supplied to
      this circuit, the AND gate 114 output is fed to the AND gate 118, and when
      the signal v is fed to the AND gate 118 its output is fed to the terminal
      S of the flip-flop 91 with the result that the terminal Q1 of the
      flip-flop 91 is set to 1.
PAR  If the digit signal A2 is fed to the AND gates 115, 116 and 116 in addition
      to the digit signal A1, the AND gate 115 generates an output connected to
      the terminal S of the flip-flop 93 with the result that the terminal Q2 of
      the flip-flop 93 is set to 1.
PAR  If the digit signal A3 is fed to the AND gates 116 and 117 in addition to
      the digit signals A1 and A2, the AND gate 116 generates an output
      connected to the terminal S of the flip-flop 95 with the result that the
      terminal Q3 of the flip-flop 95 is set to 1.
PAR  If the digit signal A4 is fed to the AND gate 117 in addition to the digit
      signals A1, A2 and A3, the AND gate 117 generates an output connected to
      the terminal S of the flip-flop 97 with the result that the terminal Q4 of
      the flip-flop 97 is set to 1.
PAR  These operations are summarized in the following Table 1:
TBL                Table 1                                                     
     ______________________________________                                    
     A.sub.4                                                                   
           A.sub.3 A.sub.2 A.sub.1                                             
                                 Q.sub.4                                       
                                       Q.sub.3                                 
                                             Q.sub.2                           
                                                   Q.sub.1                     
     ______________________________________                                    
     0     0       0       0     0     0     0     1                           
     0     0       0       1     0     0     1     0                           
     0     0       1       0     0     0     0     1                           
     0     0       1       1     0     1     0     0                           
     0     1       0       0     0     0     0     1                           
     0     1       0       1     0     0     1     0                           
     0     1       1       0     0     0     0     1                           
     0     1       1       1     1     0     0     0                           
     1     0       0       0     0     0     0     1                           
     1     0       0       1     0     0     1     0                           
     1     0       1       0     0     0     0     1                           
     1     0       1       1     0     1     0     0                           
     1     1       0       0     0     0     0     1                           
     1     1       0       1     0     0     1     0                           
     1     1       1       0     0     0     0     1                           
     1     1       1       1     0     0     0     0                           
     ______________________________________                                    
PAR  The above operations can be represented by the formulae as follows:
EQU  Q1 = A1                                                    (3)
EQU  Q2 = A1 .times. A2                                         (4)
EQU  Q3 = A1 .times. A2 .times. A3                              (5)
EQU  Q4 = A1 .times. A2 .times. A3 .times. A4                   (6)
PAR  it will now be appreciated from the Table 1 that any one flip-flop is set
      from the lower one by avoiding the flip-flop by-passed and accordingly
      where the terminal Q thereof is set to 1.
PAR  In the circuit arrangement of the ring counter circuit 90, if 1 is applied
      to any one terminal A of the by-pass circuits 92, 94, 96, 98, 100, 102,
      104, 106 and 108 from a memory circuit by way of any one of lines 132,
      134, 136, 138, 140, 142, 144, 146 and 148 connected thereto in FIGS. 8 and
      9(a) and 9(b), the corresponding flip-flop of the flip-flops 91, 93, 95,
      97, 99, 101, 103, 105 and 107 is by-passed by the by-pass circuit thus
      operated. Furthermore, any one of the terminals Q1, Q2, Q3, Q4, Q5, Q6,
      Q7, Q8 and Q9 of the respective flip-flops 91, 93, 95, 97, 99, 101, 103,
      105 and 107 thus operated applies 1 by way of the corresponding one of
      lines 132, 134, 136, 138, 140, 142, 146 and 148 to the corresponding
      memory in the memory circuit as will be hereinafter described in greater
      detail.
PAR  Reference is now made to FIG. 7, which shows the circuit arrangement of the
      ring counter control circuit in the apparatus of the present invention for
      controlling the ring counter circuit 90.
PAR  The signal of square waveform f in FIG. 3(a) is applied from the astable
      multivibrator 60 in FIG. 4 by way of the line 61 to one input of an AND
      gate 201, and the signal of waveform g in FIG. 3(a) is connected by the
      line 78 from the flip-flop 72 in the counting circuit FIG. 4 to the other
      input of the AND gate 201. Therefore, the AND gate 201 passes signals of
      waveform h as designated in FIG. 3(b) via its output line 202 to the input
      of a second monostable multivibrator 203, which operates such that when
      the input waveform h changes from 0 to 1, it generates an output 1 for a
      predetermined duration from the time the input waveform h changes from 0
      to 1. A line 204 leads from the output of the monostable multivibrator 203
      to an inverter 205 which inverts the input and its output as designated by
      i in FIG. 3(b) is fed to a line 206.
PAR  The output signal of waveform h in FIG. 3(b) from the AND gate 201 is also
      connected to one input of an AND gate 207 by the line 202, and the output
      signal of waveform i in FIG. 3(b) of the inverter 205 is fed via the line
      206 to the other input of the AND gate 207. Therefore, the AND gate 207
      passes a signal of waveform j as shown in FIG. 3(b) to its output line
      208.
PAR  The output signal of waveform j from the AND gate 207 is fed via the line
      208 to the input of a third monostable multivibrator 209, which operates
      such that when the input signal of waveform j changes from 1 to 0, it
      generates 1 at its output designated by n in FIG. 3(b) and fed to a line
      211 as for a predetermined duration from the time when the input signal of
      waveform j changes from 1 to 0.
PAR  The output signal of waveform j from the AND gate 207 is also applied via
      the line 208 to the input of a second astable or free-running
      multivibrator 210, which generates or oscillates square waveforms at its
      output fed to a line 212 only when its input becomes 1, the oscillation
      frequency of which output is preferably over 2kHz as illustrated by u in
      FIG. 3(b).
PAR  The output signal of waveform r from the inverter 48 in the control circuit
      of FIG. 2 is fed via the line 49 to one input of an AND gate 213, and the
      output signal of waveform q in FIG. 3(a) from the AND gate 66 of the
      counting circuit in FIG. 4 is connected via the line 70 to the other input
      of the AND gate 213. Therefore, the AND gate 213 passes the signal of
      waveform v as illustrated in FIG. 3(b) to its output 119 in FIG. 5(a). The
      output signal of waveform v from the AND gate 213 is fed to all reset (R)
      terminals of the flip-flops 93, 95, 97, 99, 101, 103, 105 and 107, which
      are accordingly reset at the time T2 in FIG. 3(b) and accordingly when the
      signal of waveform v goes from 1 to 0 the terminals Q2, Q3, . . . Q9 of
      the flip-flops 93, 95, 97, 99, 101, 103, 105 and 107 are reset to 0, while
      the terminal Q1 of the flip-flop 91 is set to 1. The time T3 of the
      waveform v in FIG. 3(b) will be hereinafter described in greater detail.
PAR  The output signal of waveform f in FIG. 3(a) of the monostable
      multivibrator 60 of the counting circuit of FIG. 4 is fed via the line 61
      to one input of an AND gate 214, and the output signal of waveform k from
      the flip-flop 73 of the counting circuit of FIG. 4 is fed via the line 79
      to the other input of the AND gate 214. Consequently, the AND gate 214
      passes a signal of waveform w as depicted in FIG. 3(b) to its output line
      215 in FIG. 7.
PAR  This output signal of waveform w of the AND gate 214 is fed via the line
      215 to one input of an OR gate 216, and the output signal of waveform u in
      FIG. 3(b) of the astable multivibrator 210 is fed via the line 212 to the
      other input of the OR gate 216. Therefore, the OR gate 216 passes a signal
      of waveform x as illustrated in FIG. 3(b) to its output line 113 in FIGS.
      5(a) and 7. This signal of waveform x is the clock signal coupled to all
      terminals T of the flip-flops 91, 93, 95, 97, 99, 101, 103, 105 and 107 of
      the ring counter circuit 90 in FIG. 5(a) and 5(b) as was described
      heretofore. The signal of waveform x before the time T4 in FIG. 3(b) is
      the clock signal for displaying digits in the indicator at random as was
      described heretofore. The signal of waveform x after the time T4 in FIG.
      3(b) will be hereinafter described in greater detail.
PAR  Referring now to FIGS. 8 and 9(a) and 9(b), which show the random memory
      circuit of the device of the present invention, the random memory circuit
      227 has, as illustrated schematically in FIG. 8, nine memories from first
      to ninth 231, 232, . . . 239, respectively. These memories correspond to
      the respective flip-flops 91, 93, 95, 97, 99, 101, 103, 105 and 107 of the
      ring counter circuit 90 in FIG. 5(a) and 5(b). Any different four numbers
      from 1 to 9 selected randomly as will be hereinafter described in greater
      detail are displayed by the indicator while the signal of waveform g from
      the flip-flop 72 is 1 and the signal of waveform h from the AND gate 201
      is 0. At this time, any one of the terminals Q1 to Q9 of the flip-flops
      91, 93, 95, 97, 99, 101, 103, 105, and 107 of the ring counter circuit 90
      in FIG. 5(a) and 5(b) becomes 1. This 1 state is memorized by the
      corresponding memory in such a manner that a flip-flop of the
      corresponding memory in the random memory circuit 227 is set to 1 at its
      terminal Qn'.
PAR  The respective memories 231, 232, . . . 239 have flip-flops 251, 261, 271,
      281, 291, 301, 311, 321 and 331, respectively. The output signal of
      waveform r in FIG. 3(a) of the inverter 48 of the control circuit in FIG.
      2 is fed to all reset (R) terminals of the flip-flops 251, 261, 271, 281,
      291, 301, 311, 321 and 331 via the line 49 to reset all terminals Qn' such
      as Q1', Q2', . . . Q9' of the flip-flops 251, 261, 271, 281, 291, 301,
      311, 321 and 331, respectively to 0 at the time T1 of the signal of
      waveform r in FIG. 3(a).
PAR  The operation of the random memory circuit 227 will now be described in
      cases, for example, where the state that the terminal Q1 of the flip-flop
      91 of the ring counter circuit 90 in FIG. 5(a) and 5(b) is 1 is memorized
      by the first memory 231 while any four different digits are displayed in
      the indicator.
PAR  The signal from the terminal Q1 of the flip-flop 91 is fed via the line 131
      to one input of an AND gate 253 of the first memory 231, wherein this
      signal from the terminal Q1 of the flip-flop 91 becomes 1 while any digit
      is displayed in the indicator as will be hereinafter described, and the
      signal of waveform n in FIG. 3(b) from the monostable multivibrator 209 of
      the ring counter control circuit in FIG. 7 is fed via the line 211 to the
      other input of the AND gate 253, and the output signal from the AND gate
      253 fed to the set (S) terminal of the flip-flop 251 changes from 1 to 0,
      when the signal of waveform n in FIG. 3(b) from the monostable
      multivibrator 209 of the ring counter control circuit in FIG. 7 changes
      from 1 to 0, and, at this time, the terminal Q1' of the flop-flop 251 is
      set to 1, while any digit is displayed in the indicator as will be
      described later. However, when the signal at the terminal Q1 of the
      flip-flop 91 is 0, where the digit is not displayed in the indicator even
      if the signal of waveform n in FIG. 3(b) from the monostable multivibrator
      209 of the ring counter control circuit in FIG. 7 changes from 1 to 0, the
      terminal Q1' of the flip-flop 251 of the memory 231 is not set to 1. Thus,
      the state of the ring counter circuit is memorized by the random memory
      circuit in FIG. 9(a) and 9(b).
PAR  Similarly, the signals from the respective terminals Q2, Q3, . . . Q9 of
      the ring counter circuit 90 in FIG. 5(a) and 5(b) are coupled by way of
      the lines 133, 135, 137, 139, 141, 143, 145 and 147, respectively to one
      of the respective inputs of AND gates 263, 273, 283, 293, 303, 313, 323
      and 333, respectively of the second, third, . . . ninth memories 232, 233,
      . . . 239, and the signal of the waveform n in FIG. 3(b) from the
      monostable multivibrator 209 of the ring counter control circuit in FIG. 7
      is fed via the line 211 to the other inputs of the AND gates 263, 273,
      283, 293, 303, 313, 323 and 333, respectively. Therefore, the output
      signals of the AND gates 263, 273, 283, 293, 303, 313, 323 and 333,
      respectively fed to the set (S) terminals of the flip-flops 261, 271, 281,
      291, 301, 311, 321 and 331 go from 1 to 0, when the signal of waveform n
      in FIG. 3(b) from the monostable multivibrator 209 of the ring counter
      control circuit in FIG. 7 changes from 1 to 0, and, at this time, the
      terminals Q2', Q3', . . . Q9' of the flip-flops 261, 271, 281, 291, 301,
      311, 321 and 331 are set to 1, while any digit is displayed in the
      indicator.
PAR  The output signal of waveform k in FIG. 3(a) from the flip-flop 73 of the
      counting circuit of FIG. 4 is fed via the line 79 to the input of an
      inverter 244, which inverts the input signal of waveform k to an output
      signal of waveform k which output line 243, and the waveform k therefrom
      is fed via the line 243 to one input of an AND gate 254 of the first
      memory 231, wherein this waveform becomes 1 while any four digits are
      displayed in the indicator. Further, the signal from the terminal Q1' of
      the flip-flop 251 is fed via a line 256 to the other input of the AND gate
      254 of the first memory 231, where the signal at the terminal Q1 of the
      flip-flop 251 becomes 1 while any digit is displayed in the indicator.
      Therefore, in such state, the AND gate 254 passes the signal 1 by way of
      the line 132 to the terminal A of the by-pass circuit 92 which operates to
      by-pass the flip-flop 91 of the ring counter circuit 90 as was described
      heretofore. Therefore, any four different digits can be displayed in the
      indicator to the driver or examinee as will be described later.
PAR  Similarly, the signal of waveform k from the output of the inverter 244 is
      also applied by way of the line 243 to the respective one inputs of AND
      gates 264, 274, 284, 294, 304 314, 324 and 334 of the second, third, . . .
      ninth memories 232, 233, . . . 239, wherein this waveform becomes 1 while
      any four digits are displayed in the indicator for the driver or examinee,
      and the signals from the terminals Q2', Q3', . . . Q9' of the flip-flops
      261, 271, 281, 291, 301, 311, 321 and 331, respectively are fed via lines
      266, 276, 286, 296, 306, 316, 326 and 336 to the other inputs of the AND
      gates 264, 274, 284, 294, 304, 314, 324 and 334 of the second, third, . .
      . ninth memories, respectively, wherein the signals s at the terminals
      Q2', Q3', . . . Q9' of the flip-flops 261, 271, 281, 291, 301, 311, 321
      and 331 become 1 while any digit is displayed in the indicator. Therefore,
      in the memory corresponding to the digit as dispalyed in the indicator,
      the corresponding AND gate of the AND gates 264, 274, 284, 294, 304, 314,
      324 and 334 passes the signal 1 by way of the corresponding line of the
      lines 134, 136, 138, 140, 142, 144, 146 and 148 to the terminal A of the
      corresponding by-pass circuit of the by-pass circuits 94, 96, 98, 100,
      102, 104, 106 and 108 to by-pass the corresponding flip-flop of the
      flip-flops 93, 95, 97, 99, 101, 103, 105 and 107 of the ring counter
      circuit 90 as was described heretofore.
PAR  The circuit arrangement and carrying out the examination to check whether
      the driver or examinee responds to the testing by the device of this
      invention correctly or not, will now be described.
PAR  Numeral 407 designates a push-button switch which is depressed by the
      driver or eaminee when the same digit as that displayed in the indicator
      and memorized by the driver or examinee reappears. This push-botton switch
      407 is grounded at one end and is connected at the other to the input of a
      fourth monostable multivibrator 408.
PAR  For example, when the digit 1 is displayed in the indicator, if the driver
      or examinee depresses the push-button switch 407 as designated by a
      waveform z in FIG. 3(b), where the digit 1 is depressed, the multivibrator
      408 generates the waveform as designated by .alpha. in FIG. 3(b) at its
      output line 245. When the digit 1 is displayed in the indicator, the
      terminal Q1 of the flip-flop 91 of the ring counter circuit 90 becomes 1
      as illustrated by .beta. in FIG. 3(b). The output signal of waveform k
      from the flip-flop 73 of the counting circuit in FIG. 4 is coupled by way
      of the line 79 to one input of an AND gate 252 of the first memory 231 of
      the random memory circuit 227, and the signal of waveform .beta. from the
      terminal Q1 of the flip-flop 91 of the ring counter circuit is applied by
      way of the line 131 to the other input of the AND gate 252 of the first
      memory 231. Therefore, the AND gate 252 generates a signal of a waveform
      as designated by .beta. in FIG. 3(b) after the time T3 to its output line
      258, and the signal of waveform .beta. from the output of the AND gate 252
      is fed via the line 258 to the terminal T of the flip-flop 251 as a clock
      signal. On the other hand, the terminals J and K of the flip-flop 251 are
      shortcicuited. In this state, when the signal of waveform .beta. from the
      output of the AND gate 252 to the terminal T of the flip-flop 251 is 1, if
      the output of the monostable multivibrator 408 once becomes 1, which is
      fed to the terminals J and K of the flip-flop 251 via the line 245, when
      the signal of waveform .beta. to the terminal T of the flip-flop 251 is
      changed from 1 to 0, the state at the terminal Q1' of the flip-flop 251 is
      changed and accordingly the state at the terminal Q1 of the flip-flop 91
      of the ring counter circuit 90 is changed at the time T6 in FIG. 3(b)
      while the input to the terminal T of the flip-flop 251 has the waveform as
      designated by .beta. in FIG. 3(b) and the input to the terminals J and K
      of the flip-flop 251 is in the waveform as designated by .alpha. in FIG.
      3(b). If the driver or examinee depresses the push-button switch 407
      correctly, where the terminal Q1' of the flip-flop 251 is 1 before
      depression by the driver or examinee, the state of the terminal Q1' of the
      flip-flop 251 becomes 0. If the driver or examinee does not depress the
      push-button switch 407 correctly, where the terminal Q1' of the flip-flop
      251 is 0, before the depression, the state of the terminal Q1' of the
      flip-flop 251 becomes 1.
PAR  Similarly, when any one of the digits 1 to 9 is displayed in the indicator,
      if the driver or examinee depresses the push-button switch 407, the
      corresponding terminal Qn of the corresponding flip-flop of the flip-flops
      91, 93, 95, 97, 99, 101, 103, 105 and 107 of the ring counter circuit 90
      becomes 1. The output waveform k from the flip-flop 73 of the counting
      circuit in FIG. 4 is coupled by way of the line 79 to any one input of the
      corresponding AND gate of AND gates 262, 272, 282, 292, 302, 312 and 332
      of the corresponding memory of the memories 231, 232, . . . 239 of the
      random memory circuit 227, and the waveform from the corresponding
      terminal Qn of the corresponding flip-flop of the flip-flop 91, 93, 95,
      97, 99, 101, 103, 105 and 107 of the ring counter circuit is applied by
      way of the corresponding line of the lines 131, 133, 135, 137, 139, 141,
      143, 145 and 147 to the other input of the corresponding AND gate 252,
      262, 272, 282, 292, 302, 312, 322 or 332 of the corresponding memory 231,
      232, . . . 239, respectively. Therefore, the corresponding AND gate 252,
      262, 272, 282, 292, 302, 312, 322 or 332 passes the corresponding waveform
      signal similarly, and the waveform signal from the output of the
      corresponding AND gate 252, 262, 272, 282, 292, 302, 312, 322 or 332 is
      fed via the corresponding line 258, 268, 278, 288, 298, 308, 318, 328 or
      338 to the terminal T of the corresponding flip-flop 251, 261, 271, 281,
      291, 301, 311, 321 or 331 as a clock signal. On the other hand, the
      terminals J and K of all flip-flops 251, 261, 271, 281, 291, 301, 311, 321
      and 331 are shortcircuited. In this state, when the waveform signal from
      the output of the corresponding AND gate 252, 262, 272, 282, 292, 302,
      312, 322 or 332 to the terminal T of the corresponding flip-flop 251, 261,
      271, 281, 291, 301, 311, 321 or 331 is 1, if the output of the monostable
      multivibrator 408 once becomes 1, which is fed to the terminals J and K of
      the corresponding flip-flop 251, 261, 271, 281, 291, 301, 311, 321 or 331
      via the line 245, when the waveform signal to the terminal T of the
      corresponding flip-flop 251, 261, 271, 281, 291, 301, 311, 321 or 331 is
      varied from 1 to 0, the state at the corresponding terminal Qn' of the
      corresponding flip-flop 251, 261, 271, 281, 291, 301, 311, 321 or 331 is
      varied and accordingly the state at the terminal Qn of the corresponding
      flip-flop 91, 93, 95, 97, 99, 101, 103, 105 or 107 of the ring counter
      circuit 90 is varied similarly. If the driver or examinee depresses the
      push-button switch 407 correctly, where the terminal Qn' of the
      corresponding flip-flop 251, 261, 271, 281, 291, 301, 311, 321 or 331 is 1
      before the depression by the driver or examinee, the state at the terminal
      Qn' of the corresponding flip-flop 251, 261, 271, 281, 291, 301, 311, 321
      or 331 becomes 0. If the driver or examinee does not depress the
      push-button switch 407 correctly, where the terminal Qn' of the
      corresponding flip-flop 251, 261, 271, 281, 291, 301, 311, 321 or 331 is
      0, before the depression, the state of the terminal Qn' of the
      corresponding flip-flop 251, 261, 271, 281, 291, 301, 311, 321 or 331
      becomes 1.
PAR  Consequently, if the driver or examinee depresses the push-button switch
      407 for every digit correctly, the state of all the terminals Q1'. Q2', .
      . . Q9' of the flip-flops 251, 261, 271, 281, 291, 301, 311, 321 and 331
      becomes 0. However, if the driver or examinee once depresses erroneously
      the push-button switch 407, the state of the corresponding terminal Qn' of
      the flip-flops 251, 261, 271, 281, 291, 301, 311, 321 and 331 becomes 1.
PAR  The operatiion of the monostable multivibrator 408 used herein will now be
      described as follows.
PAR  Assuming that the state at the line 245 becomes 1 when the push-button
      switch 407 is depressed without using the monostable multivibrator 408,
      the signal at the line 245 becomes as designated by z in FIG. 3(b). If
      thus operated, when the digits 1 and 2 are substantially displayed in the
      indicator, it effects to depress both digits 1 and 2 erroneously. When the
      multivibrator 408 is thus used, no such mistake takes place.
PAR  Reference is now made to FIG. 10, which shows the circuit arrangement of
      the indicator in the device of the present invention.
PAR  Numeral 401 illustrates a digit indicator, which has input terminals Q1a,
      Q2a, . . . Q9a connected to the respective terminals Q1, Q2, . . . Q9 of
      the flip-flops 91, 93, 95, 97, 99, 101, 103, 105 and 107, respectively, of
      the ring counter circuit 90. In operation of the digit indicator thus
      connected, when any one of the terminals Q1, Q2, . . . Q9 of the
      flip-flops becomes 1, for example, Q3 becomes 1, the digit 3 appears in a
      digit indicating window 402 of the digit indicator 401.
PAR  The output signal of waveform h in FIG. 3(b) of the AND gate 201 of the
      ring counter control circuit in FIG. 7 is fed via the line 202 to the
      input of an inverter 403, which inverts the input, and the output of the
      inverter 403 is applied to one input of an AND gate 404. The output signal
      of waveform g in FIG. 3(a) of the flip-flop 72 of the counting circuit in
      FIG. 4 is fed via the line 78 to the other input of the AND gate 404. The
      output signal of the AND gate 404 is connected to one input of an OR gate
      405, and the output signal of waveform k in FIG. 3(a) of the flip-flop 73
      of the counting circuit in FIG. 4 is fed the other input of the OR gate
      405. Therefore, the OR gate 405 passes a signal of waveform y shown in
      FIG. 3(b) to its output line 406 which is coupled to a terminal (no
      numeral) of the digit indicator 401. In such circuit arrangement of the
      digit indicator thus connected, in the state that the signal waveform y
      becomes 1 before the time point T5 in FIG. 3(b), four different digits are
      displayed at the digit indicating window 402 sequentially. The operation
      after the time point 5 in FIG. 3(b) will be hereinafter described in
      greater detail.
PAR  The operation of the digit indicator 401 for displaying the digits 1, 2, .
      . . 9 at predetermined intervals sequentially at the digit display window
      will now be described as follows.
PAR  In the digit indicator 401, when the signal 1 is fed to the terminal (no
      numeral) of the indicator 401, the digit is displayed at the digit
      indicating window 402, but when the signal 0 is applied to the unnumbered
      terminal of the indicator 401, even if any one of the signals from the
      terminals Q1, Q2, . . . Q9 of the flip-flops 91, 93, 95, 97, 99, 101, 103,
      105 and 107, respectively, is coupled to the corresponding terminal of the
      terminals Q1a, Q2a, . . . Q9a of the indicator 401, no digit is displayed
      in the digit window 402.
PAR  Therefore, when the signal 1 is fed to the unnumbered terminal of the digit
      indicator 401, if the signal 1 is fed sequentially to the termiinals Q1a,
      Q2a, Q3a, . . . Q0a from the terminals Q1, Q2, . . . Q9 of the flip-flops
      91, 93, 95, 97, 99, 101, 103, 105 and 107, respectively of the ring
      counter circuit in FIGS. 5(a) and (b), the digits 1, 2, . . . 9 are
      displayed in sequence by the indicator 401.
PAR  Since the signal of waveform v in FIG. 3(b) from the AND gate 213 of the
      ring counter control circuit in FIG. 7 is directly fed to the respective
      reset (R) terminals of the flip-flops 93, 95, 97, 99, 101, 103, 105 and
      107 of the ring counter circuit in FIGS. 5(a) and 5(b) but not to the
      reset (R) terminal of the flip-flop 91, these flip-flops 93, 95, 97, 99,
      101, 103, 105 and 107 are reset at the time T3 of the signal of waveform v
      in FIG. 3(b) with the result that the terminals Q2a, Q3a, . . . Q9a of the
      indicator 401 become also 0. Furthermore, since the signal of waveform v
      in FIG. 3(b) is fed from the output of the AND gate 213 of the ring
      counter control circuit in FIG. 7 through the AND gate 118 of the ring
      counter circuit in FIG. 5(a) to the set (S) terminal of the flip-flop 91
      of the ring counter circuit in FIG. 5, the terminal Q1 of the flip-flop 91
      is set to 1 at the time T3 in FIG. 3(b). As the unnumbered terminal of the
      indicator 401 becomes 1 after the time T3 as shown by y in FIG. 3(b), the
      digit 1 is indicated at the digit display window of the digit indicator
      401 between the times T3 to T6 in FIG. 3(b). Then, since the signal of
      waveform k in FIG. 3(a) becomes 1 after the time T3 in FIG. 3(b), the
      output signal of waveform k of the inverter 244 of the random memory
      circuit 227 to be fed to the respective inputs of the AND gates 254, 264,
      274, 284, 294, 304, 314, 324 and 334 of the respective memories 231, 232,
      . . . 239 becomes 0. Therefore, the outputs of the respective AND gates
      254, 264, 274, 284, 294, 304, 314, 324 and 334 coupled to the terminals A
      of the respective by-pass circuits 92, 94, 96, 98, 100, 102, 104, 106 and
      108 of the ring counter circuit 90 in FIGS. 5(a) and 5(b) become 0.
      Accordingly, the flip-flops 91, 93, 95, 97, 99, 101, 103, 105 and 107 of
      the ring counter circuit in FIGS. 5(a) and 5(b) are not by-passed by these
      by-pass circuits after the time point T3 in FIG. 3(b).
PAR  Then, since the signal of waveform x in FIG. 3(b) from the OR gate 216 of
      the ring counter control circuit in FIG. 7 is fed via the line 113 to all
      terminals T of the flip-flops 91, 93, 95, 97, 99, 101, 103, 105 and 107 of
      the ring counter circuit in FIGS. 5(a) and 5(b) every time when the signal
      waveform x changes from 1 to 0, the terminal Qn of the terminals Q1, Q2, .
      . . Q9 of the flip-flops 91, 93, 95, 97, 99, 101, 103, 105 and 107 becomes
      1 and is, in turn, transferred from one flip-flop to another one by one.
      More particularly, the signal state 1 of the terminal Q1 is transferred to
      the terminal Q2 at the time point T6 in FIG. 3(b) in the ring counter
      circuit in FIGS. 5(a) and 5(b). Similarly thereafter, the signal state 1
      is thus transferred. As the state 1 is thus transferred, the digits 1, 2,
      . . . 9 are subsequently displayed at the window 402 of the digit
      indicator 401 in sequence.
PAR  Referring now to FIG. 11, which shows the circuit arrangement of the
      examining circuit in the device of the present invention, a numeral 421
      designates an AND gate, and the terminals Q1', Q2', . . . Q9' of the
      flip-flops 251, 261, 271, 281, 291, 301, 311, 321 and 331 of the random
      memory circuit in FIGS. 9(a) and 9(b) are coupled to the respective input
      terminals Q1'a, Q2'a, . . . Q9'a of the AND gate 421. Therefore, the
      output of the AND gate 421 becomes 1, when all the inputs to the terminals
      Q1'a, Q2'a, . . . Q9'a of the AND gate 421 becomes 1. The output of the
      AND gate 421 is coupled by way of a line 422 to one input of an AND gate
      423, and the output signal of waveform d in FIG. 3(a) of the amplifier 44
      of the control circuit in FIG. 2 is fed via the line 45 to another input
      of the AND gate 423, and the output signal of waveform s of the inverter
      80 of the counting circuit in FIG. 4 is coupled by way of the line 81 to
      the third input of the AND gate 423.
PAR  When the driver or examinee depresses the pushbutton switch 407 in FIG.
      9(a) correctly so that the output of the AND gate 421 becomes 1, the AND
      gate 423 passes a signal of waveform as desingated by .gamma. in FIG. 3(b)
      to its output line 425. Accordingly, when the driver or examinee responds
      to operations of the present device correctly and accordingly passes the
      examination by this device, the output of the AND gate 423 becomes high
      voltage 1. This high voltage 1 thus generated is fed through a line 425
      and via a diode 426 to a relay coil 427 to energize the relay 427 in order
      to close its switch 428. Thus, power from a source (not shown) is applied
      by way of the switch 428 of the relay 427 and a resistor 429 connected in
      series with the switch 428 to the relay coil 427 to self-hold the relay
      427 with the result that even if the high voltage 1 at the output line 425
      of the AND gate 423 is removed, the relay coil 427 remains continuously
      energized. Therefore, the other switch 33 in the control circuit of FIG. 2
      of the relay 427 is also energized thereby with the result that power from
      the source is supplied by way of the switch 33 of the relay 427 to the
      electric system of the vehicle when the driver or examinee passes the
      examination by the present device, and the transmission can be shifted
      from the neutral or parking position to drive positions without the engine
      being shut off to enable the driver to drive the vehicle.
PAR  The operation of the AND gate 423 where the signal of waveform d from the
      amplifier 44 of the control circuit in FIG. 2 is fed to one input of the
      AND gate 423 by way of the line 45 will now be described as follows.
PAR  The state of the circuit arrangement before the time T1 in FIG. 3(a) does
      not yet complete the setting and resetting of the respective circuits of
      the device of this invention, and accordingly there is eventually a
      possibility that the state of both lines 422 and 81 become 1. Accordingly,
      until all resettings of the respective circuits of the device are
      completed, the signal of waveform d in FIG. 3(a) may become 0 and fed via
      the line 45 to one input of the AND gate 423.
PAR  Referring still to FIG. 11, which also shows a signal holding circuit for
      holding the signal that the driver or examinee passed the examination by
      this device even if he once opens the ignition switch 32 in FIG. 2 within
      a predetermined time period from the time the ignition switch 32 is opened
      without having to pass the examination by the device once more.
PAR  The output of the diode 426 is also fed via a line 465 to a diode 463 and
      also to the emitter of a transistor 461. The output of the diode 463 is
      applied to a condenser 464 and also to the base of the transistor 461 by
      way of a resistor 462. The other end of the condenser 464 is grounded. The
      collector of the transistoor 461 is connected to the power source of the
      vehicle through the ignition switch 32 in the control circuit in FIG. 2.
PAR  In operation of the circuit arrangement with the signal holding circuit, in
      the case that the driver or examinee passed the examination by this device
      or that the vehicle is running, in the line 465 from the output of the AND
      gate 423 via the diode 426 the voltage becomes a high 1, and therefore,
      the condenser 464 is charged via the diode 463. If the ignition switch 32
      of the control circuit in FIG. 2 is opened in such case, the relay coil
      427 is deenergized, with the result that the switch 428 of the relay 427
      is also opened. Then, if the ignition switch 32 in FIG. 2 is again closed
      within a predetermined time, a small current flowing between the base and
      emitter of the transistor 461 via the resistor 462 from the electric
      charge at the condenser 464, is amplified by the transistor 461 when an
      electric electric energy is applied to the collector of the transistor 461
      from the power souce of the vehicle with the result that the collector
      current of the transistor 461 flows through the relay coil 427 so as to
      energize the relay 427 and thus to close its switch 428 to self-hold the
      relay 427 and accordingly the switch 33 of the relay 427 is also closed to
      supply power to the electric system of the vehicle.
PAR  Reference is now to FIG. 12, which shows the circuit arrangement of the
      constant voltage cut-off circuit in the device of the present invention
      for shutting off the supply of the constant voltage to the device of the
      present invention after the examination.
PAR  This constant voltage cut-off circuit has a flip-flop 441, and the output
      signal of waveform r in FIG. 3(a) of the inverter 48 of the control
      circuit in FIG. 2 is coupled by way of the line 49 to the reset (R) input
      of the flip-flop 441 with the result that the flip-flop 441 is reset by
      the signal of waveform r at the time T1 in FIG. 3(a) so that the terminal
      Q of the flip-flop 441 becomes 0. And, the output signal of waveform s
      from the inverter 80 of the counting circuit in FIG. 4 is fed via the line
      81 to the set (S) input of the flip-flop 441. When the set (S) terminal
      changes from 1 to 0, the terminal Q of the flip-flop 441 is set to 1, and
      accordingly the terminal Q of the flip-flop 441 becomes 1 at the time T7
      of the signal of waveform s in FIG. 3(a). The terminal Q of the flip-flop
      441 is connected to one input of an AND gate 442, and the signal of
      waveform d in FIG. 3(a) from the amplifier 44 of the control circuit in
      FIG. 2 is fed via the line 45 to the other input of the AND gate 442. The
      AND gate 442 passes the signal 1 to its output line 444 and accordingly to
      a relay coil 443 so as to energize the relay 443 with the result that the
      normally closed switch 38 in the control circit in FIG. 2 of the relay 443
      is opened so that the relay coil 37 is deenergized so as to open its
      switch 39 and thus to cut off the power to the constant voltage circuit 40
      in the control circuit in FIG. 2 and accordingly to shut it off at the
      time T7 of the signal of waveform s in FIG. 3(a).
PAR  The operation of the AND gate 442 of this circuit arrangement will now be
      described as follows.
PAR  In cases where the terminal Q of the flip-flop 441 is accidentally set to 1
      since the flip-flop 441 is completely reset at the time point T1 in FIG.
      3(a), if the terminal Q of the flip-flop 441 is directly coupled to the
      relay coil 443, the relay 37 of the control circuit in FIG. 2 cannot be
      self-held because the normally closed switch 38 of the relay 443 is opened
      when the test starting push-button STB is depressed. Therefore, as
      designated by d in FIG. 3(a), the output of the AND gate 442 fed to the
      relay coil 443 is 0 until all the circuits in the apparatus are reset and
      accordingly 0 is applied to the AND gate 442 from the amplifier 44 of the
      control circuit in FIG. 2.
PAR  Thus, in operation of the device for preventing drunken driving of a
      vehicle of this invention, thus connected and arranged, four different
      digits are indicated in the digit indicator in random sequence one at a
      time at a predetermined interval for the driver or examinee to memorize.
      Then, the digits 1, 2, . . . 9 are one at a time indicated by the same
      digit indicator in numerical order and at a predetermined interval. The
      driver or examinee depresses the push-button 407 every time one of the
      memorized digits previously indicated at the digit indicator reappears. If
      the driver or examinee depresses the push-button 407 correctly, the
      vehicle becomes drivable.
PAR  It will be appreciated from the foregoing description that the initial
      different digits indicated by the digit indicator may not always be four,
      but may be any number, and may not always be indicated by only one
      character. It will also be appreciated that the digits 1, 2, . . . 9
      indicated subsequently thereafter may not always be indicated in such
      manner, but may be indicated in another than the aforementioned order and
      number, if the latter indication of the number if related to the previous
      indication of the four or other numbers within the scope of the present
      invention.
PAR  It should also be understood from the foregoing description that there may
      be two digit indicators instead of one as aforementioned to indicate the
      initial four digits and the subsequent sequential indication of the digits
      1, 2, . . . 9 for the driver or examinee to respond to the examination. It
      should also be understood that instead of digits, any characters or
      symbols can be used. It should also be understood that instead of
      isolating the electric system of the vehicle, a warning circuit and means
      can be used for indicating externally when the driver or examinee is not
      fit to drive.
PAR  In summary it should be understood from the afore description that the
      device for preventing drunken driving of the vehicle of the invention has
      many advantageous features such as the few digits required and that only
      one push-button is sufficient to carry out the examination to accurately
      evaluate the condition of the driver or examinee. Thus the invention
      provides a device which requires less space than prior art devices.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicle operation inhibitor control system for a vehicle having an
      engine, an electric power source and an electric system for controlling
      the engine operation when energized by said electric power source, wherein
      said inhibitor control system comprises:
PA1  connect means for connecting said electric power source to said electric
      system when said connect means is energized;
PA1  a display having a single screen for displaying a character on the single
      screen in response to a character signal applied thereto when said display
      is triggered by an external trigger signal;
PA1  control means for consecutively applying a first group of character signals
      respectively representing a first group of characters different from one
      another to said display while applying a trigger signal to said display
      during a first time period, and applying to said display a second group of
      character signals respectively representing a second group of characters
      including at least one character in addition to said first group of
      characters during a second time period later than said first period; and
PA1  detect means operable by the vehicle operator for energizing said connect
      means at each time when one character of said first group is displayed by
      said display during said second period.
NUM  2.
PAR  2. A vehicle operation inhibitor control system according to claim 1, in
      which said display includes means for receiving a plurality of input
      signals and means for receiving an external trigger signal to display a
      character on the screen according to a character signal applied thereto
      when it receives an external trigger pulse signal.
NUM  3.
PAR  3. A vehicle operation inhibitor control system according to claim 2, in
      which said control means includes a multi-stage ring counter having a
      corresponding by-pass circuit cooperative with each stage thereof for
      by-passing a stage when the corresponding by-pass circuit is energized, a
      set terminal at several stages thereof and a trigger terminal common to
      all of the stages; means for applying the output of said ring counter to
      said means for receiving input signals of said display; a high frequency
      trigger pulse generator for producing a high frequency trigger pulse
      train; a low frequency trigger pulse generator for producing a low
      frequency trigger pulse train; a first gate pulse generator for producing
      a first gate pulse having a duration of said first period; a second gate
      pulse generator for producing a second gate pulse having a duration of
      said second period; memory means for memorizing therein the characters
      displayed by said display and energizing selected ones of the by-pass
      circuits according to the memorized characters; set means for applying a
      logic 1 level signal to one of said set terminals at the beginning of each
      low frequency trigger pulse; display actuating means for applying the
      inverse of said low frequency trigger pulse train to said means for
      receiving a trigger signal of the display when the actuating means is
      energized by said first gate pulse and for applying said second gate pulse
      to said means for receiving a trigger signal of the display; ring counter
      trigger means for applying said high frequency pulse train modulated by
      said low frequency pulse train to said trigger terminal of said ring
      counter when the ring counter trigger means is energized by said first
      gate pulse and for applying said low frequency pulse train to said trigger
      terminal of the ring counter when it is energized by said second gate
      pulse.
NUM  4.
PAR  4. A vehicle operation inhibitor control system according to claim 3, in
      which said low frequency trigger pulse generator is a astable
      multi-vibrator.
NUM  5.
PAR  5. A vehicle operation inhibitor control system according to claim 3, in
      which said high frequency trigger pulse generator is a astable
      multivibrator for developing an oscillatory output signal when enegized;
      and said ring counter trigger means includes a first AND gate receptive of
      said low frequency trigger pulse train and said first gate pulse, a
      monostable multivibrator receptive of the first AND gate output for
      producing a short pulse when it is energized by each of the low frequency
      trigger pulses passed by said first AND gate; an inverter for inverting
      the output of said monostable multivibrator; a second AND gate receptive
      of the inverter output of said monostable multivibrator and the low
      frequency trigger pulse train passed through said first AND gate for
      applying an output to said astable maultivibrator; a third AND gate
      receptive of said low frequency trigger pulse train and said second gate
      pulse, and an OR gate receptive of the output signal from said third AND
      gate and said astable multivibrator for applying an output to the trigger
      terminal of the ring counter.
NUM  6.
PAR  6. A vehicle operation inhibtior control system according to claim 3, in
      which said memory means includes pulse generating means responsive to the
      low frequency trigger pulses for producing a memory pulse at the trailing
      portion of each low frequency trigger pulse; a number of flip-flop
      circuits equal to the number of stages of said ring counter; a plurality
      of AND gates each corresponding to one of said flip-flop circuits for
      connecting the output terminal of the corresponding stage of said ring
      counter to the set terminal of the corresponding flip-flop circuit when
      triggered by a memory pulse; and means for applying the memory pulses to
      the plurality of AND gates.
NUM  7.
PAR  7. A vehicle operation inhibitor control system according to claim 6, in
      which said detect means includes a plurality of AND gate each
      corresponding to one of said flip-flop circuits for connecting the trigger
      terminal of said flip-flop circuit to the output of the corresponding
      stage of said ring counter when triggered by said second gate pulse; means
      for applying said second gate pulse to said plurality of AND gates
      included in said detect means; a pulse generator manually operable for
      producing a pulse and for applying said pulse to J and K terminals of all
      of said flip-flop circuits, and means for energizing said connect means
      when said flip-flop circuits are all reset by the pulse.
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ABST
PAL  A pulse pattern detector includes a local pulse pattern generator starting
      in response to an incoming signal impulse whether or not it is included in
      the pulse pattern to be detected. There is a number of timing circuits for
      measuring the time lapsed from each of the pulses in the locally generated
      pulse pattern and memory means for storing the measured value of all but
      the last timing circuit as soon as a signal impulse is received.
      Comparators are provided to compare the contents of the memory means to
      find if all the memory circuits have recordings equal to a state of the
      timing circuit in which case a signal is generated indicating that the
      desired pulse pattern is detected in the incoming pulse sequence.
BSUM
PAR  The present invention relates to an arrangement for verification of the
      fact that a signal includes a certain pulse pattern consisting of a
      determined number of pulses distributed in a determined manner in time. It
      often happens within the telecommunication field that identification
      signals are transmitted in order to selectively call a certain receiver.
      The identification signal has the form of a certain code, for example a
      determined number of pulses with determined mutual time positions. In
      order to detect if a desired code signal is present in a certain signal,
      for example the video signal from a radar receiver, it is common practice
      to use delay lines. A number of delay lines are used, each with a delay
      time which corresponds to the time position of one of the pulses in the
      code. When all the delay lines show an output signal simultaneously as the
      last pulse in the code arrives, an indication is obtained that the code
      has been received. An arrangement of this kind is large and ungainly and
      it is, furthermore, very difficult to change the code. In such a case the
      delay lines have to be provided with terminals for all desired
      combinations. An arrangement with delay lines is, furthermore, difficult
      to adjust and sensitive to variations in temperature.
PAR  None of these drawbacks exist in an arrangement according to the invention
      which utilizes digital techniques and therefore standard integrated
      circuits.
PAR  The characteristics of the invention appear from the accompanying claims.
DRWD
PAR  The invention will be explained more in detail in connection to the
      appended claims where
PAR  FIG. 1 shows a simplified block diagram,
PAR  FIG. 2 shows a time diagram for signals in the diagram according to FIG. 1,
PAR  FIGS. 3 and 4 show diagrams of the verification process for two different
      cases,
PAR  FIG. 5 shows a detailed block diagram for an arrangement according to the
      invention,
PAR  FIG. 6 shows a signal diagram for the arrangement according to FIG. 5.
DETD
PAR  In FIG. 1 reference 11 is an input for pulse coded signals where the code
      is characterized by the position within a given time frame for a number of
      n pulses. The pulses which, for example, consist of video signals from a
      radar receiver, are normalized in a pulse shaper 12 and are fed to a
      control unit in a code pulse generator 13, which locally produces the
      desired nominal pulse pattern routine. The pattern of the pulse sequences
      is determined by a selector 14.
PAR  The code pulse generator 13 controls a correlator consisting of n cells of
      which n - 1 are identical. The n - 1 cells only consist of a counter 15,
      16, a memory 25, 26 and a comparator 35, 36. The last n:th cell has no
      memory and no comparator but has a counter 17. The counters are stepped
      forwards by pulses from a clock pulse generator 19. The counter operation
      is controlled, however, by the code pulse generator 13. The outputs 20, 21
      and 22, 23 from the counters 15, 16 are connected to the memories 25 and
      26 in such a manner that the p most significant digits determine the
      address to a memory cell, while the q least significant digits determine
      the data content in this cell. Writing and reading in the memories are
      under control of the incoming pulses from the pulse shaper or former 12
      via the conductors 27, 28. The comparators 35, 36 which are connected to
      their associated memory 25, 26 via the conductors 30, 32 and to the
      counter 17 via the conductors 31, 33, compare the content in the q less
      significant digits in a memory cell in the memory 25, 26 with the q less
      significant digits of the counter 17. The address of the memory cell is
      determined by the p most significant digits of the counter 17 which via
      the read address line 34 gives the read address to all memories. The
      outputs, for example 39, 40, from all comparators are connected to an
      AND-circuit 41 from the output 42 of which a signal indicating an accepted
      code is obtained only if all the comparators give an output signal which
      only can occur when signal from the pulse shaper 12 opens all the
      comparators via line 27 and 28.
PAR  In FIG. 2 pulse diagrams are shown for a code pulse including three
      elements. The diagram 2a shows the nominal pulse with the elements N1, N2
      and N3. The diagram 2b shows a real incoming signal pulse including
      elements V1 to V5 where the cross hatched pulses V4 and V5 denote
      interferences. The pulse element V1 starts the pulse generator 13 which,
      after that, locally generates the code N1, N2, N3 determined by the code
      selector 14 no matter if further signal pulses arrive by pulse shaper 12
      or not.
PAR  The first counter 15 is started by the incoming pulse and counts the clock
      pulses from the generator 19. When the false pulse V4 appears the counter
      15 has for example counted to T14 and at the second code pulse element V2
      it has counted to T12 and so on. When the second nominal pulse element N2
      appears, the second counter 16 starts and it has, for example when the
      signal pulse element V3 appears, counted to T23.
PAR  Each incoming signal pulse element executes the storage routine during the
      counting course operation of the position of the counters 15, 16 in the
      memory 25 and 26 respectively as described above with the most significant
      digits as address information to a certain memory cell and the least
      significant digits as data in the respective cell. Also possible false
      signal pulse elements are stored and because of that the memory has to
      contain as many cells as the number of possible addresses. If it is
      assumed that each counter consists of a 7-bits binary counter where the 3
      last bits are considered as the least significant thus each memory has to
      include a minimum of 16 cells each with at least 3 bit positions. This
      means that the incoming signal to the pulse former 12 will lie within a
      time slot of eight pulses from the clock pulse generator 19. In the case
      shown in FIG. 2 the memory thus stores the counter positions T11, T12,
      T13, T14 and T15 in the counter 15 while the memory 26 stores the counter
      positions T22, T23 and T25 in the counter 16.
PAR  As the first signal pulse V1 starts the code pulse generator 13, the memory
      25 will store 0 in the first position. As the second signal pulse V2 is
      assumed to lie in phase with the second nominal pulse N2, the memory 26
      will store the same number likewise in the first position. The third
      signal pulse V3, which is assumed to lie in phase with the nominal pulse
      N3, opens the comparators for comparison between the content in the
      memories 25 and 26 and the position of the counter 17. The p most
      significant digits of the counter 17 give the address of the memory cell
      in which comparison will occur and the q less significant digits give the
      data which will be compared with the memory content. In the example
      according to FIG. 2 the counter 17 thus gives in the first position the
      address to the first position in the memories 25 and 26 and when the
      contents thereof agree to the least significant digits in the first
      position of the counter 17 a coincidence signal is obtained on the output
      42 of the AND-circuit 41 which indicates that the desired pulse code has
      been found in the received video signal.
PAR  It can of course happen that a false video pulse, for example an
      interference starts the pulse generator 13 for the nominal pulse code.
      This is no obstacle for identification which appears from FIG. 3 showing
      the contents C of the counter as function of the time t. The first video
      pulse which starts the first counter and establish the time position of
      the first nominal pulse N1 is here false. When the first incoming signal
      pulse V1 included in the code appears the counter 15 has then reached the
      position C1 which is stored in the memory 25. At the time N2 the second
      nominal pulse, the position of which is determined by the pulse generator
      13, will start the second counter 16. At the time V2 the second video
      pulse included in the pulse code arrives. The counter 16 has then reached
      the same value C1 as the counter 15 had during the pulse V1. At the time
      N3 the counter 17 finally starts and the output signals thereof begin to
      scan the contents of the memory as described above. When the counter 17
      has reached the position C1 which corresponds to the third pulse V3 in the
      code, coincidence is obtained in the comparators 35 and 36 and an
      identification signal is obtained at the output 39.
PAR  The counters have the capacity C.sub.N and when this has been reached the
      counting stops. If a new pulse should appear when the counter 15 has
      stopped it starts again even if all other counters would be in operation.
      As the information in the memories 25, 26 remain in spite of the fact that
      the pertaining counters have started a new cycle the identification can
      continue without interruption which is illustrated in FIG. 4.
PAR  Here the pulse generator 13 has been started by an interference pulse at
      the time N1. At the time N2 the second pulse generator 16 starts but at
      this time no pulse has yet appeared from the right code. The first pulse
      appears at the time V1 causing the counter position C1 to be stored in the
      memory 25. Furthermore the position C2 of the counter 16 is of course also
      stored in the memory 26 but this information may be disregarded in this
      connection. The second pulse in the code appears at the time V2 and will
      then in the same way as usual store the position C1 of the counter 16 in
      the memory 26. But as the counter 15 at that time already has completed a
      counter cycle and stopped at the value Cn the pulse at V2 will also start
      a new cycle for the counter 15. Of course the start value of the counter
      15 is also written into the memory 25 which in this connection is of no
      meaning. When the third pulse of the incoming pulse code appears at the
      time V3 the counter 17 is in the position C1 and at the comparison
      released by the pulse V3 coincidence is again obtained.
PAR  The above examples clearly show that identification of the pulse code can
      occur at any time and it does not matter if the incoming code pulses
      arrive irregularly provided the mutual time intervals between the code
      elements agree with that of the nominal, locally produced code.
PAR  FIG. 5 shows more in detail how an arrangement according to the invention
      may be realized. This arrangement is also provided with means for
      compensating for a certain, tolerable displacement of the signal pulse
      positions in comparison with the nominal pulses. The operation of the
      arrangement in FIG. 5 is described with reference to the pulse diagram in
      FIG. 6 which shows the course of an identification operation.
PAR  The normalized pulse coded signals appear at the input 11. The input 11 is
      connected on the one hand to a trigger input S of the flip-flop circuit
      51, and on the other hand to the input V1 of a shift register 59 which
      operates as a delay element. The shift register has outputs A0 - A7 from
      different stages where the output A0 is used in order to delay the video
      pulse while the other outputs are used in order to achieve a pulse
      extension.
PAR  The first video pulse V1 (FIG. 6a) triggers the flip-flop 51 which applies
      an opening condition CE to the counter 15 which means that the clock
      pulses CP from the clock pulse generator 19 can start a counting cycle
      (FIG. 6c). The counter 15 is assumed from the beginning to be in its final
      position, i.e. corresponding to the decimal number 127 in the shown 7-bit
      binary counter.
PAR  The generator 13 for the nominal code pulses includes a presettable counter
      53 which in the example consists of a 5-bit binary counter. The preset
      inputs S in the counter 53 are connected to a five poled code selector 14
      which thus determines the number preset on the counter. The input L of the
      counter 53 which controls the preset is connected to an output CY, of the
      counter 15, which gives an output signal upon completion of a counter
      cycle. The clock input T of the counter 53 is connected to the output X of
      a comparator 55. The count outputs Q of the counter 53 are connected to
      the address inputs AD of a read-only-memory 54. This memory which suitably
      can be of a changable type, a so called programable read-only-memory has
      32 memory cells of 7 bits which all can be addressed from the counter 53.
PAR  The seven outputs W from the read-only-memory 54 are connected to one set
      of data inputs B in the comparator 55. The second set of data inputs A are
      connected to the outputs Q of the seven counter stages in the counter 15.
      The comparator thus compares the position of the counter 15 with the
      contents in the cell in the read-only-memory 54 which is addressed by the
      counter 53. The comparator 55 is provided with a strobe input ST which is
      connected to the flip-flop 51 so that the comparator 55 only is active
      when the counter 15 is operating. Each time the counter 15 has a count
      which corresponds to the data in the cell the contents of which for the
      moment is at the output W of the memory 54 the comparator 55 will
      therefore generate an output pulse which steps the counter 53 forwards one
      step whereby causing a new cell in the memory 54 to be addressed. The
      counter 15 continues to count forwards until it comes to a number which
      corresponds to the contents of this new cell whereupon a new counter pulse
      for counter 53 is generated and so on. (FIG. 6b)
PAR  In the table below an example is given of the operation when two different
      nominal pulse trains are produced.
TBL  __________________________________________________________________________
     Code selector                                                             
                  Address counter                                              
                           Addressed word                                      
                                   Clock pulse No.                             
     position     position in the memory                                       
                                   when comparator                             
     (emitted binary number)       generates the pulse                         
     __________________________________________________________________________
     1 (00000)    00000    0000000 1                                           
                  00001    0001111 16                                          
                  00010    1000000 65                                          
     2 (00011)    00011    0000000 1                                           
                  00100    0100000 33                                          
                  00101    1111110 127                                         
     __________________________________________________________________________
PAR  The first address which each selector position puts into the address
      counter 53 has to address a cell whose contents are equal to the position
      of the counter 15 after the first clock pulse i.e. in this case (0000000).
      This position gives the reference point for a pulse code. If we assume
      that the code selector is in the position 1 the counter 15 will when it
      has reached the position (0001111) after the 16th clock pulse give a
      coincidence with the contents of the cell (00001) and produce the second
      nominal pulse N2. Coincidence is obtained in the same manner after the
      65th clock pulse when the last nominal code pulse N3 is produced. The
      counter 15 then counts forwards to its end position (1111111) which is
      reached after the 128th clock pulse and stops there.
PAR  The pulses from the comparator 55 are also fed to a two-stage binary
      counter 56, 57 which is re-set by the counter 15 when it reaches its end
      position. The second pulse from the comparator 55 re-sets the flip-flop 57
      set by the first pulse. As the Q-output of this flip-flop is connected to
      the trigger-input of the flip-flop 58 the later is triggered. The Q-output
      of the flip-flop 58 is in its turn connected to the start input CE of the
      counter 16 which opens the counter input T for the clock pulses so that
      the counter 16 starts its counter cycle (FIG. 6d).
PAR  After the third pulse from the comparator 55 the two flip-flops 56 and 57
      are set and at the output of the AND-gate 61 a signal N3 is then obtained.
      This is delayed in a shift register 62 and is applied to the input T of
      the flip-flop 63 which is set and gives the counter 17 a start condition
      at the input CE. (FIG. 6e). In fact the pulse N3 has the position N3f
      according to FIG. 6b. The delay of the start of the counter 17 is
      necessary in order to allow certain tolerances between the video pulses
      and time positions of the nominal pulses. This appear clearly from the
      following.
PAR  Each video pulse V1 - V3 which is applied to the delay circuit 59 will
      appear in sequence at the outputs A0 - A7. The delay to the output A0
      corresponds to the desired negative tolerance of the video pulses, i.e.
      the time a video pulse can be allowed to appear before the nominal time
      position. In FIG. 6a and b the pulse V2 appears for example before the
      corresponding nominal pulse N2 in FIG. 6b. A possible tolerance is .+-. 2
      clock pulse times. In order to compensate for this delay at the later
      coincidence control, the start of the counter 17 is also delayed as
      earlier is described. This delay is equal to the delay of the video pulse
      + 1  clock pulse period allotted to the writing routine. The delayed video
      pulse FV1 from the output A0 (FIG. 6f) passes the gate 64 and is applied
      to one of the data inputs D1 in the memory 65 as a marking bit. The other
      three inputs D1 in the memory 65 are connected to the three least
      significant steps at the counter 15. The marking bit plus these three bits
      from the counter 15 are thus the input data to the memory. The memory 65
      has in this case room for 16 cells of 4 bits each and the cells are
      addressed through the address inputs AD which are connected to a selector
      66. This selector can alternatively connect the address input to the four
      most significant stages of the counter 15 or to corresponding stages of
      the counter 17. The selector is controlled by means of signals at the
      conductor 70, which also control the writing and reading in the memory 65.
      When the signal at the conductor 70 has a low level, the data is written
      into a memory cell whose address is determined by the position of the
      counter 15, while a high level of the signal achieves reading in a cell
      whose address is determined by the position of the counter 17. The signal
      at the conductor 70 is produced by the logic addition of the outgoing
      signals from the terminals A1 - A7 at the delay circuit 59. The delay
      between each of the terminals A0 - A7 is a clock pulse period. During the
      clock pulse period when the delayed video pulse (SP1) only appears at the
      output A0 the writing occurs therefore of the marking bit + the position
      of the counter 15. (FIG. 6g). During the 7 clock pulses (LP1) following
      thereafter the OR-circuit 69 gives the conductor 70a high level and the
      memory is switched for reading. (FIG. 6h). The extension of the delayed
      video pulse with 7 + 1 pulse periods is to prevent more than one
      registration with the same address from being stored for each address
      appears during 8 clock pulse periods.
PAR  The data outputs DU from the memory 65 are connected to the data inputs A
      of a comparator 71, the second data inputs B of which are connected on the
      one hand to the least significant stages of the counter 17 and on the
      other hand to a control potential VC which corresponds to the marking bit
      in a memory cell. The comparator is controlled by the start signal CE of
      the counter 17 so that the comparison only can occur when the counter 17
      is operating. However, the comparator is not active when only the first
      video pulse has appeared.
PAR  The second delayed signal pulse will register the three least significant
      digits of the counter 16 in the memory cell in the memory 67, the address
      of which is determined by the four most significant digits in this
      counter. As soon as the counter 16 has started the signal CE will open the
      gate 74 so that a marking bit can be written into the memory 67 together
      with the position of the counter 16. The memory 65 will of course also
      store the three least significant digits of the counter 15 + the marking
      bit but this registration can be disregarded in this connection.
PAR  The output A0 for delayed video pulses is connected on the one hand to the
      inverted reset inputs R, and on the other hand to the data inputs D in the
      flip-flops 75 and 76 the clock inputs G of which are connected to the
      outputs X of the comparators 71 and 72 respectively. The reset inputs
      reset the flip-flops 75, 76 unconditionally as soon as the delayed video
      pulse is missing. When the delayed video pulse appears the flip-flops can,
      however, be set only if the respective comparator 71, 72 indicates that
      the input A has the same data as the input B in which case a coincidence
      signal is at the output X. The outputs Q are connected to the AND-gate 77
      which has the output VK.
PAR  When the third nominal pulse N3 after delay in the circuit 62 to the pulse
      position N3f starts the counter 17 the comparators 71 and 72 obtain
      opening conditions at the input ST. As soon as the read pulse LP3 is
      received at the read pulse conductor 70 reading of the memories 65 and 67
      starts with the read address being generated by the four most significant
      bits in the counter 17.
PAR  It is assumed that the pulse V1 and N1 appear simultaneously and that the
      pulse FV1 is delayed 2 clock pulse periods. In this case the number 2 is
      written into the first cell in the memory 65. Further assume that the
      pulse V2 appears two clock pulse periods before the pulse N2. As the
      delayed pulse FV2 produces the write pulse just when the counter 16 is set
      in its first position the memory 67 will store the number 0 in its first
      cell.
PAR  Thus the counter 17 will in its first position address a cell, the first,
      in the memory 67 which has the same content 0 as the three less
      significant steps of the counter and the comparator 72 emits an output
      signal at the output X (X2 FIG. 6j) as an indication that coincidence is
      obtained and the flip-flop 76 is triggered. When the counter 17 is in its
      third position it addresses in the same way the first cell in the memory
      65 which has the same contents 2 as the three less significant steps in
      the counter and the comparator 71 emits an output signal at the output X
      (X1 FIG. 6i) as a sign of coincidence and the flip-flop 75 is triggered.
      When the two flip-flops 75, 76 have been triggered the gate 77 is opened
      and an outgoing signal Vk is obtained as a signal that a code has been
      found in the incoming video pulses which, within given tolerances, agrees
      with the locally produced nominal code. After the verification all the
      counters 15, 16, 17 continue to count until they reach their end position
      where they are stopped by the carry-signal Cy which resets the respective
      start flip-flop 51, 58, 63. The start flip-flop 51 which consists of a
      normal SR-flip-flop is reset instantaneously so that the output position
      of the counter is 1111111. The counters 16 and 17 have no time to start on
      the clock pulse which puts the counter 56, 57 in start position but not
      until a clock pulse later owing to the circuit delay. Thus, the counters
      16, 17 are given the rest position 000000 by allowing them to step one
      step after the signal CY has been received. This is achieved by the fact
      that the start flip-flops are master-slave-type JK flip-flops where the
      K-input is connected to the output CY in respective counter.
PAR  It is of course also possible within the scope of the invention as defined
      in the claims, to execute a verification arrangement in analog techniques.
      In this case the counters 15, 16, 17 are replaced for example by
      integrators (ramp generators) and the digital memory circuits are replaced
      by analog memories, i.e., suitably capacitive holding circuits of the kind
      used in analog-digital-converters.
CLMS
STM  We claim:
NUM  1.
PAR  1. Arrangement for verification that a received sequence of signal pulses
      includes a certain pulse pattern consisting of N signal pulses distributed
      in a determined manner in time comprising a code pulse source for local
      production of said pulse pattern in response to a received signal pulse, a
      group of N-1 time measuring circuits which are arranged to be started by
      each one of the N-1 first locally produced pulses and a further time
      measuring circuit which is arranged to be started by the Nth locally
      produced pulse, memory means for storing the measuring values from said
      group of time measuring circuits during an initial part of each incoming
      signal pulse, and for reading the measuring values thus stored at least
      during the later part of each signal pulse, and, means for comparing the
      measuring values thus stored with the measuring values of the further time
      measuring circuit, and means for emitting a verification signal when the
      last mentioned time measuring circuit reaches a measuring value which is
      found in all the memory means.
NUM  2.
PAR  2. Arrangement according to claim 1 wherein the time measuring circuits
      comprise a clock pulse source and a plurality of counters controlled by
      said clock pulse source, which also controls the local generation of the
      pulse pattern.
NUM  3.
PAR  3. Arrangement according to claim 2 wherein the memory means include p
      memory cells each with q bit positions, and the counters are so connected
      to the memory means that the p most significant positions of the counters
      give the address to the memory cells while their q least significant
      positions give the contents in the cells thus addressed.
NUM  4.
PAR  4. Arrangement according to claim 3 further comprising selectors for
      connecting at predetermined times the address inputs of the memory means
      allotted to the respective counters of said group of N-1 time measuring
      circuits and for connecting at a later time the address inputs to the
      counter of said further time measuring circuit.
NUM  5.
PAR  5. Arrangement according to claim 1 wherein said memory means stores the
      measuring value in response to said memory means receipt of a signal
      pulse.
NUM  6.
PAR  6. Arrangement according to claim 5 further including means for delaying
      the transmission of the signal pulses to said memory means for a
      predetermined period of time.
NUM  7.
PAR  7. Arrangement according to claim 6 further including means for delaying
      the start of said further time measuring circuit by another predetermined
      period of time.
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ABST
PAL  A document transport including an endless belt driven by a pair of logic
      controlled servo motors which precisely move a document from a feeding
      station through a scanning station and into a stacking station. As
      documents are passed through the scanning station, images of the
      characters thereon are projected by a scanner onto a single columnar
      retina. The scanner includes a single shaft which is repetitively rotated
      through a preselected arc by a logic controlled servo motor synchronized
      with the transport control system. An illumination mirror is mounted on
      one end of the shaft and an image mirror is mounted on the other so that
      illumination from a lamp is scanned across the characters to be read while
      the illuminated images are reflected from the image mirror onto the
      retina.
PARN
PAR  This is a continuation of application Ser. No. 166,736, filed July 28,
      1971, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to optical character recognition systems, and more
      particularly, to an improved document transport and character scanner for
      an optical character recognition system.
PAR  2. History of the Prior Art
PAR  In prior art optical character recognition systems, a number of different
      techniques have been used for projecting an image of a character or line
      of characters to be recognized onto a matrix of photocells forming a
      retina. Such retinas are generally large, complex and expensive to
      maintain because of the optics required to project the image onto the
      retina and the probability of one or more individual photocells producing
      an improper response. The optical character recognition system of the
      present invention overcomes these disadvantages by employing a columnar
      retina including a plurality of photocells arranged in a single linear
      array across which images are scanned. The outputs from the individual
      photocells forming the columnar array are periodically sampled to produce
      electrical indicia from which a character is recognized.
PAR  The scanning systems of prior art optical character recognition systems
      have used cathode ray flying spot scanners, rotating lens systems and
      counter rotating prisms to scan the image of a character across a retina.
      Each of these devices, however, have inherent electrical and/or mechanical
      disadvantages due to their complexity as well as certain limitations due
      to the restrictions on scanning various document formats. Further problems
      have been encountered with using prior art systems to simultaneously sweep
      an illumination beam across a character array and scan the illuminated
      image while synchronously driving the transport system of the document
      being scanned. The invention employs scanning and transporting means which
      are held in synchronism and actuated by digitally controlled logic.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention a synchronized document transport and
      scanner for an optical character recognition system includes a document
      support bed having a concave arcuate surface and a central channel. A
      document reading station on the support bed includes a scanning arc
      through which documents having characters thereon are transported. A
      plurality of guide pulleys are rotatably mounted within the bed channel. A
      document transport belt is journaled about the pulleys with its upper
      surface parallel to and lying slightly above the plane of the surface of
      said bed adjacent to the central channel. A shaft is mounted for rotation
      above the bed and extending in the direction of the linear path. An
      illumination mirror and an image mirror are mounted to the shaft. Both of
      the mirrors have a reflecting surface which is coplanar with the
      longitudinal axis of the shaft. A light source is also mounted upon the
      support to direct a beam of light upon the surface of the illumination
      mirror and reflect the beam to a point located upon the scanning arc on
      the bed plate.
PAR  The system includes a columnar photocell retina and optical means which
      projects upon the retina the image reflected by the image mirror of a
      character located at the illuminated point upon the scanning arc. A roller
      housing is supported above the bed and extends the length of the bed
      overlying the channel. A plurality of rollers are mounted within the
      housing and biased into engagement with the surface of a document
      supported by the bed to press the document into frictional engagement with
      the belt. During scanning the shaft is oscillated through a preselected
      arc to simultaneously illuminate and scan images of characters lying upon
      the scanning arc across the columnar retina. The belt is moved to
      transport documents along the surface of the bed through the scanning arc
      while simultaneously oscillating the shaft to scan the lines of characters
      on the document.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a layout of units of the system wherein the document transport
      and scanner of the present invention is embodied;
PAR  FIG. 2 is a diagrammatic representation of the mechanical portions of the
      page processor unit of FIG. 1;
PAR  FIG. 3 is a perspective view of the document transport of the present
      invention;
PAR  FIG. 4 is a perspective view of a part of the document transport of FIG. 3
      illustrating the cover latching feature;
PAR  FIG. 5 is a side diagrammatic view of the document transport of the present
      invention;
PAR  FIG. 6 is a block diagram of the control electronics for the document
      transport of the present invention;
PAR  FIG. 7 is a perspectivie view of the document scanner of the present
      invention;
PAR  FIG. 8 is a top view of the document scanner of the present invention;
PAR  FIG. 9 is a block diagram of the circuitry employed to process the data
      received from the retina of the document scanner of the present invention;
      and
PAR  FIG. 10 is a block diagram of the control electronics for the scanning
      system of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The present document transport and scanner system may be best understood by
      reference to its relation to a complete document reading system. Referring
      now to FIG. 1, a page processor 10 is employed for the feeding, scanning
      and stacking of documents. The page processor comprises a feeder unit 11,
      a transport and scanning unit 12, to which the present invention is
      directed, and a stacking unit 13. Peripheral equipment to the system
      comprises a control console 14, an I/O unit 15, a peripheral control unit
      16, a recognition unit 17 which includes logic circuitry for the
      recognition of characters of fixed fonts as well as characters of
      handprint execution, a line printer 18 and a tape transport unit 19.
PAR  The system shown in FIG. 1 has the capability of accepting a range of
      document sizes up to 9 .times. 14 inch documents with single spaced full
      coverage of the document. The system is capable of reading and completely
      transferring to storage, to line printer 18 or tape transport 19 all of
      the information on such documents at rates of the order of about 30 pages
      per minute. On the other hand, credit card type documents, wherein the
      reading is to be accomplished on one or two lines only, can be processed
      by the present system at the rate of up to 300 cards per minute. The
      system operates by placing into a hopper in feeder 11 a stack of documents
      to be read, feeding the documents one at a time into the transport and
      scanning unit 12, and then delivering the documents to the stacking unit
      13 wherein the stacking can be selectively dependent upon any coded
      information on the documents themselves.
PAR  In order to provide an understanding of the setting in which the present
      invention finds itself and the desirability for the unique capabilities of
      the document transport and scanner of the present invention, the line
      diagram of FIG. 2 will be described.
PAR  Referring now to FIG. 2, a document feeder 11 has been illustrated as
      comprising a tray 30 in which a stack D of documents may be placed with
      the documents being oriented as to stand on the bottom edge thereof. A
      paddle 31 is slidably mounted to move the documents forward against a
      shuttleplate unit 32. The paddle 31 is linked mechanically as by linkage
      33 to a chain 34 which is servo driven to maintain the documents in a
      given density in the region of the face of the shuttleplate unit 32. A
      shuttleplate 35 is reciprocated through a crank unit 36 on a shaft 37
      driven by a feeder motor 38 through a single revolution clutch 38a. The
      shuttleplate 35 has a plurality of apertures formed through it. A vacuum
      is maintained in the apertures through a vacuum system connected to an
      exhaust pipe 39. By this means, individual documents are sequentially
      removed from the stack D and are moved downwardly into engagement with a
      set of pinch rollers that are diagrammatically represented at 40.
PAR  The pinch rollers 40 direct each document into the document transport
      scanning until 12 wherein the document is advanced by a belt 50 that is
      driven by a pair of servo motors 51 and 52 in response to a position
      encoder 53 and a suitable control system. Documents are maintained in
      contact with the belt 50 by a series of rollers 54 and guided by a pair of
      parallel tubes 55 and 56 positioned above and on opposite sides of the
      belt 50. In the region of arc 60, the documents are drawn into a fixed
      position against a bedplate by a plurality of vacuum ports (not shown) Arc
      60 represents the scan location of documents traveling under the action of
      the belt 50, and the arow 59 represents the direction of travel of the
      documents.
PAR  At the scan location, light from a high intensity lamp 62 passes through a
      lens system 63 onto an oscillating mirror 64 and is projected and focused
      onto a scan point on arc 60. The mirror 64 is mounted on a shaft 65 that
      is driven by a servo motor 66, having a servo tachometer 67 associated
      therwith, and an encoder 68 and a tachometer 69 responsive to the movement
      of the shaft 65. A scanning mirror 70 is mounted on the shaft 65 for
      oscillation with the mirror 64. Light reflected from the mirror 70 passes
      through a lens system 71 onto a columnar retina 72. In one embodiment of
      the syste, the retina 72 is provided with 96 active cells and is operated
      such that characters viewed by the retina as the light beam sweeps arc 60
      actually fall on or energize 16 cells for a normal character, i.e., a
      character of usual type print height. The remainder of the cells of the
      retina are employed in the system for locating the next line to be scanned
      and for providing control signals to the servo motors 51 and 52, whereby
      the document is properly positioned for the initiation of the scan of the
      next line.
PAR  Once scanned, each document is fed to a rest station 13a at the input of
      the stacker unit 13. The movement of the document is arrested at the rest
      staation to permit the stacker unit to resond to control instruction. Then
      in accordance with such control instructions, the document is delivered,
      either to a selected one of three bins 80a, 80b, and 80c, or to a reject
      bin 80d. The movement of documents in the stacker unit 13 is under the
      control of stacker gates 81, 82 and 83, and spiral stacking wheels are
      employed to deliver documents to the selectable bins 80a, 80b, and 80c.
PAR  In order to accommodate documents of different weights, a positive control
      is provided through a stacker motor 86 operating through clutches 88a,
      88b, and 88c to maintain the top of the stack of the documents on each of
      the paddles 80a-c, respectively, in a predetermined relation to the
      periphery of the spiral stacking wheels. In each bin, the document level
      is sensed by photocells to control the respective clutches 88a-c.
PAR  Within this environment, the document stacker 13 of the present inventio is
      called upon to provide reliable feed and stacking of documents to the
      system in each of the many various conditions that may be prescribed by a
      user. The system of FIGS. 1 and 2 thus may operate in a wise variety of
      conditions and thys may be termed a universal document reader, being
      limited only by the maximum size of documents that can be accommodated in
      the document transport and stacking systems.
PAR  Photoelectric sensors 89, not shown, are disposed adjacent the paddles
      80a-c and control the operation of the stacker motor 86. The paddles 80a-c
      are respectively slidably mounted upon shafts 90a-c and are moved along
      the shafts 90a-c by operation of suitable belts or chains 92a-c. Chains
      92a-c are reaved over pulleys 94a-c and 96a-c. Each of the chains 92a-c is
      respectively coupled through negators spring 98a-c, with the end of each
      of the constant force springs being connected to a rigid frame. Operation
      of the stacker motor 86 may then move the chains 92a-c to move the paddles
      80a-c vertically along the shafts 90a-c, in order to maintain the stack of
      documents thereon in a predetermined relationship to stacking wheels
      100a-c. Wheels 100a-c serve to decelerate and stack documents fed from the
      rest station 13a. For further description of the control of deflecting
      blades for selective stacking of documents with a plurality of pockets,
      reference is made to U.S. Pat. No. 3,460,673, issued on Aug. 12, 1969, to
      the present assignee.
PAR  Within this environment, the document transport and scanner of the present
      invention is called upon to provide reliable transport of a document into
      a reading station, scanning of the document and transport to the stacker
      of documents fed to the system in each of the many various conditions that
      may be prescribed by a user. The system of FIGS. 1 and 2 thus may operate
      in a wide variety of conditions and thus may be termed a universal
      document reader, being limited only by the maximum size of documents that
      can be accommodated in the document transport and stacking systems.
PAC  PAPER TRANSPORT
PAR  In handling documents from which characters are to be optically recognized,
      a paper handling system must include means for acquiring documents from an
      input or a feeding station, moving the documents to an information
      retrieval station for optical scanning and for then releasing the scanned
      documents to a station for sorting and stacking. The manner in which
      documents are transported through the scanning station and supported
      during the scanning operation is critical to the proper operation of the
      system therefore the document transport must be very accurately controlled
      and driven during the scanning operation.
PAR  Referring to FIGS. 3 and 5, the document transport of the invention
      includes a base frame 20 which extends in the direction of document
      movement and to which is attached an arcuate bed 41 having a plurality of
      longitudinal ribs 42 extending the length of the bed. A central channel
      extending the length of the bed 41 mounts a plurality of pulleys 43 which
      serve to support a single endless guide belt 50. The belt 50 extends along
      the channel in a plane slightly above that of the surface of the bed 41. A
      transport cover 44 is hinged to the base frame 20 and mounts a roller
      housing 46 along the front edge thereof. A plurality of rollers 54 are
      journaled within downwardly extending fingers 47 which are mounted to the
      housing 46 and are spring biased toward the transport belt 50 when the
      transport cover 44 is in the down position. A plurality of limit switches
      48 are also mounted to the roller housing 46 so that in the event of a
      malfunction such as paper crumpling or doubling of sheets, the limit
      switches 48 trigger a microswitch to stop the transporting operation.
PAR  The transport cover 44 is spring biased toward an up position by a damper
      (not shown). The cover 44 is held in the downward or closed position by a
      latch member 80 and a mating catch 22, which are best shown in FIG. 4. The
      latch 80 includes a bar 81 which is attached to the roller housing 46 and
      which has a cut-out 82 to receive the pivotally mounted catch member 83.
      The catch 83 is pivoted into and out of engagement with the cut-out 82 by
      a solenoid (not shown). In the event of a malfunction, the solenoid is
      actuated in response to closure of the limit switches 46 to release the
      catch and allow the top cover to spring into the upper position and
      thereby stop the document transportation force by removing the roller
      pressure which holds the documents against the transport belt 50. When the
      cover is up, the damaged documents causing the malfunction can be easily
      removed.
PAR  Referring again to FIGS. 3 and 5, paper is delivered from a feeder
      mechanism to a set of pinch rollers (not shown) and from there passes
      between a first one of the rollers 54 which press the paper into
      frictional engagement with the drive belt 50. The paper is then carried by
      the belt along the arcuate surface of the bed 41 and is supported by the
      longitudinally extending ribs 42. Documents pass into the area of the
      optical reading station 90 upon which lies the scanning arc 60. While in
      the scanning station 90, the paper is held against a perforated bedplate
      91 by a suction force applied from a vacuum source through a plurality of
      apertures 92 in the plate 91. The paper is guided into the scanning
      station 90 by a plurality of finger like shovel guides 93 which are
      mounted to a downwardly extending support 94 by a plurality of arms 95.
PAR  As a document D passes through the read station 90, the characters lying
      along the scanning arc 60 are scanned by the optical scanning system
      described below. After passage through the character reading station 90,
      documents travel under a guide arm 96 and thence under a continuation of
      the rollers 54 which again press the paper into frictional engagement with
      the belt 50. The paper passes from the transport assembly out to a paper
      stacking operation. The rollers 54 are so spaced from one another that
      there are always at least two in contact at all times with the smallest
      size document to be transported to prevent skew. As best shown in FIG. 5,
      the belt 50 is looped around the guide pulleys 43 to extend beneath the
      document scanning station 90. The belt 50 is moved along the central
      channel by a pair of drive pulleys 96 and 97 which are rotated in response
      to a pair of servo motors 51 and 52 operated under control of a logic
      system 98.
PAR  Referring now to FIG. 6 the transport belt servo motor 51 is fixed to a
      shaft with a tachometer 101 and a rotary position encoder 53 while motor
      52 is fixed to a shaft with a tachometer 102. The transport control logic
      system 38 (FIG. 5) includes identical servo amplifiers 103 and 104 which
      drive the motors 51 and 52 respectively. Both of the amplifiers 103 and
      104 are connected in parallel to be actuated by a single digital/analog
      converter 105. The servo motors 51 and 52 are operated by a control
      computer system (not shown) which supplies a 14 bit digital signal to a
      commanded position register 106 and an 8 bit digital signal to a paper
      speed control unit 107 which is driven by a clock 108. The 8 bit digital
      word is indicative of the speed with which it is desired to move the paper
      through the paper transport and may range from zero to 15 inches per
      second. The digital speed control word stored in the unit 107 regulates a
      frequency division multiplication of the impulses from the clock 108. The
      unit 107 then supplies a preselected frequency of input pulses to the
      commanded position register 106.
PAR  The output of the commanded position register is connected to one input of
      a digital subtractor 109 which in turn drives the digital/analog converter
      105. The position encoder 53, which is attached on the same shaft with the
      motor 51, has its output connected to a present position register 111. The
      output of the present position register is connected to the other input of
      the subtractor 109 so that the difference between the commanded position
      register reading and the present position register reading is used to
      drive the digital/analog converter 105. Thus, the error signal from the
      subtractor 109 powers the servo motors 51 and 52 through the amplifiers
      103 and 104 to rotate toward the commanded position.
PAR  An interrupt position control unit 112 is used to control the functions of
      the transport servo system when the transport reaches a preselected
      position. Information fed into the interrupt register 112 is compared with
      the information contained within the present position register 111 by a
      digital comparator 113. When the information is identical, the comparator
      113 produces a position interrupt output signal for the control computer.
      In response to the interrupt signal the computer delivers the information
      required to change the paper speed control register 107 and the digital
      word stored within the commanded position register 106. Thus, it is not
      necessary to step through the entire length of the document having a
      certain character format if certain information is not present or if the
      page is only partially filled with characters to be read.
PAR  One of the principal functions of the paper speed control unit 107 is to
      regulate the speed of the transport so as to compensate for skew in the
      document being read. When a document first passes beneath the scanning
      system discussed below, the leading edge of the document is scanned and
      the information transmitted to the control computer. The amount of skew of
      the document is calculated by the computer which then loads the paper
      speed control unit with the proper digital word to regulate the speed of
      the transport as it moves the paper under the scanning system to
      compensate for the skew.
PAC  SCANNER SYSTEM
PAR  Referring now to FIGS. 7 and 8, the scanner of the present invention is
      mounted above the document transport system of FIGS. 3 and 5. The
      equipment is mounted upon a platform 151 which lies above and at an angle
      to the plane of the transport bed 41. The platform has a first opening 152
      to permit the passage of illumination from the scanner onto the document
      being read and a second opening 153 to allow illuminated character images
      to be scanned. The scanner includes a central shaft 65 rotatably mounted
      by a plurality of arms 153 which are supported upon the platform 151. An
      illumination mirror 70 is fixed to one end of the shaft 65 while an image
      scanning mirror 64 is fixed to the other end. The reflecting surfaces of
      the mirrors 64 and 70 lie in the same plane as the axis of the shaft 65 so
      that as the shaft is rotated, the distance from the characters on the
      documents to the mirror and the focal length of the optical system remains
      constant. A pulley 154 is also mounted to the shaft 65 and is connected to
      a 4:1 reduction pulley 155 by a drive belt 156. The smaller pulley 155 is
      attached to the driving shaft of a servo motor 66 which also has a
      tachometer 67 fixed to its shaft. A position encoder 68 is fixed to the
      shaft 65 so that at any given instant of time an indication is given as to
      the precise angular position of the shaft. The encoder 68 consists of a
      circular plate having a coded array of holes formed therein and an optical
      system for delivering a GRAY code output indicative of the orientation of
      the holes with respect to the optical system. A second tachometer 69 is
      mounted to the shaft 65 to indicate the angular velocity with which the
      mirrors are moving at a given instant of time.
PAR  A lamp 62 is mounted adjacent the illuminating mirror 70 and is arranged to
      project a beam of light through an anamorophic lens 63 onto the surface of
      the mirror 64. The mirror 64 reflects the beam through opening 152 in the
      platform 151 onto the surface of the document in the scanning arc 60 in
      the scanning station 90. The anamorophic lens 63 shapes the beam of light
      so that a somewhat oblong column of light extends in the direction of
      paper movement to overlie several lines of print and illuminate a
      plurality of lines of characters along the scanning arc 60 on the surface
      of the document being read.
PAR  The image mirror 70 is oriented on the shaft 61 so that an image of the
      character area being illuminated by the mirror 64 is projected through an
      objective lens system 71 onto a series of fixed mirrors 75, 161 and 162
      and then onto a columnar retina 72. The optical path 163 from the image
      mirror 70 to the retina 72 is, in one embodiment of the invention,
      arranged to be twice the distance from the lens 71 to the character on the
      document being scanned.
PAR  Referring to FIG. 9, the retina 72 comprises a single columnar array 201 of
      96 photocells across which an image 202 of successive characters lying
      along the scanning arc 60 is projected by the image mirror 64 and the
      optical system of the scanner. Retina 201 is a linear monolythic array of
      silicon photodiodes consisting of 96 elements placed on a column. In one
      embodiment, each element has an active area on the order of 0.014 inches
      wide by 0.012 inches high. The elements were spaced from one another a
      distance on the order of 0.014 inches center to center.
PAR  When an image 202 of a character to be recognized is passed across the
      column of photocells 201, a portion of the character height extends in a
      direction from top to bottom of the columnar array and exposes only a
      fraction of the number of cells in the array. The outputs of the cells in
      the array are scanned from bottom to top at such a rate that a vertical
      section of a character of 0.007 inches wide is sampled three times before
      it completes its traverse across the array. Obviously, a character having
      a nominal height of 0.112 inches will only cover half the number of
      photocells as the same character having a height of 0.224 inches. With the
      data gathered from the smaller character by scanning the photocell outputs
      different from the data gathered from a larger identical character,
      normalization is provided so that identical sets of data are ultimately
      produced for different sizes of a character, before being output to a
      recognition unit.
PAR  As afore noted, the photodiodes in the retina 201 are individually
      connected to 96 preamplifiers 203. The preamplifiers 203 are used to
      provide current gain for the photocell outputs and act as high impedence
      current sources for a system of video amplifiers 204.
PAR  The video amplifiers 204 connect the amplified photocell currents from the
      retina preamplifiers to analog voltage signals that vary from 0 to 5
      volts. Automatic gain control is used to set the gain of the amplifiers
      204 such that the highest output of each photocell in the array is
      transformed to 5 volts at each amplifier output when a given photocell
      views a white area. Thus the retina amplifiers 204 equalize background
      levels and help make the characters stand out on a white background. A
      black level set unit is provided to null the lowest light level current
      from the photocells to a zero (0) volt output. The retina amplifiers 204
      provide a digital output for use by line tracking circuitry.
PAR  The individual amplified output from each one of the 96 photocell elements
      of the columnar retina are also digitized by a differential comparator
      205; a video analog voltage greater than 3.5 volts represents a white
      logic level and a voltage less than 3.5 volts represents a black logic
      level. The digital levels are connected to line tracking circuitry which
      monitors the photocells being stimulated by a character and transmits the
      information to the process controller which controls the window position
      being scanned by the multiplexer 206.
PAR  As shown in FIG. 9, the amplified output of each of the photocell elements
      of the columnar retina 201 passes into a multiplex switch array 206. The
      function of the multiplexer is to sample the amplified analog voltages
      from the columnar photocell array and produce a serial stream of data
      corresponding to a vertical scan through the character space. The sample
      period of the multiplex switches is set to obtain 36 scans per character
      when reading at 300 document in/sec. Three character heights are sampled
      to allow for skew and character misreigistration. The number of vertical
      samples will vary from 48 for a nominal 0.112 inch character to 96 for a
      2:1 0.224 inch character. However, the data output will always be related
      to a 48 equivalent cell window height and a 16 cell character height.
PAR  Analog data is clocked into an analog/digital converter 207 at the
      multiplex clock rater under control of a multiplex sequencer 208. Holding
      circuitry is not required because the sample times are so small. The
      analog/digital converter 207 which converts each one of the analog voltage
      levels from the respective photodiode outputs to a four bit digital
      representation of that level. A completely black cell is represented by
      the digital word 0000 while a completely white cell is represented by the
      digital word 1111. The digital signals are then coupled to the input of a
      digital averager for further processing.
PAR  The four bit digital words representing cell values are then input to a
      digital averager 209 in which they are normalized into a single format of
      data regardless of the character size being scanned. The normalized data
      is output to a recognition unit for character identification.
PAR  In operation, a document having lines of characters thereon which are to be
      scanned passes through the transport system into the scanning station 90.
      The motor 66 is alternately driven in opposite directions so that the
      shaft 65 is oscillated through a preselected arc at a predetermined rate.
      Oscillation scans the illumination beam perpendicular to the direction of
      document motion along the lines of print which are to be read. At the same
      time, an image of the characters being illuminated is projected via the
      mirrors 70, 75, 161 and 162 and is scanned across the columnar retina 72.
      The photocell outputs are scanned and sampled by the electronic system,
      shown in FIG. 8, and described above to encode character information to be
      recognized.
PAR  Angular velocity information related to the motor 66 is transmitted to a
      system of control electronics 78 by the motor tachometer 67 while velocity
      information related to shaft 65 is transmitted to the scanner control
      logic, shown in FIG. 9, by the minor tachometer 69. Information related to
      the instantaneous angular position of the shaft 65 is transmitted to the
      control logic by the position encoder 68. The scanner control logic
      circuitry accepts digital inputs from the two tachometers and the rotary
      position encoder and continuously drives the servo motor 66 so that the
      mirror scanning system will be moved at the proper rate and through the
      desired positions on the lines of characters to be recognized. The scanner
      control logic and the document transport logic, shown in FIG. 6, are both
      actuated by the process control computer.
PAR  Referring now to the scanner control logic of FIG. 10, the mirror motor 66
      is driven by a servo amplifier 165 which is connected in a feed back loop
      along with the output of both of the motor tachometer 67 and mirror
      tachometer 69. The output of the position encoder 68 is connected to the
      input of a present position register to store an 8 bit digital word
      representative of the GRAY code instantaneous position output signal from
      the encoder. The control computer delivers an 8 bit digital word to a
      commanded position register 167 which is also connected to a mirror speed
      control register 168 which is in turn operated under the control of a
      clock 169. No arrangements are included for varying the constant mirror
      speed register 168 since the mirror is to continually sweep through the
      scanning arc at a constant rate on the order of 300 in/sec and then
      retrace at a faster time of 0.020 seconds.
PAR  The output of the commanded position register 167 is connected to one input
      of a subtractor 171 while the output of the present position register is
      connected to the other input. The difference in the two signals is fed as
      an error signal to a digital/analog converter 172 the output of which is
      used to drive the servo amplifier 165.
PAR  Provision is made for interrupting the norml scanning routine when the
      annular position of the shaft reaches a preselected value. A signal is
      transmitted to the control computer from a comparator 173 which indicates
      that the information in the present position register 166 corresponds to
      the information stored in an interrupt position register 174 previously
      loaded by the computer. This interrupt feature enables the scanning system
      to retract from a preselected angular position under control of the
      computer.
PAR  The document feeder and its operation are described and claimed in
      co-pending application, Ser. No. 159,141 filed July 2, 1971, by Alton H.
      Mayer and William C. Monday, and assigned to the assignee of the present
      invention.
PAR  The document stacker and its operation are described and claimed in
      co-pending application, Ser. No. 159,216 filed July 2, 1971, by William C.
      Monday, and assigned to the assignee of the present invention.
PAR  The normalizer and its operation are described and claimed in co-pending
      applicaton, Ser. No. 166,811 filed July 28, 1971, by Dale DuVall and
      Chester Borowski, and assigned to the assignee of the present invention.
PAR  The recognition unit and its operation are described and claimed in
      co-pending application, Ser. No. 166,802 filed July 28, 1971, by William
      A. Hale and Larry P. Flaherty, and assigned to the assignee of the present
      invention.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an optical character recognition system a document scanner
      comprising:
PA1  an illumination mirror and an image mirror fixed to a common shaft mounted
      for rotation about its axis;
PA1  a source of light directed onto said illumination mirror for reflection
      onto a document to be read;
PA1  a columnar retina for receiving character images reflected from said image
      mirror;
PA1  means for rotating said shaft about its axis to simultaneously scan a light
      beam across characters on said document and scan an image of the
      illuminated characters across said columnar retina;
PA1  means responsive to the angular position of said shaft for storing a
      digital signal representative of the present position;
PA1  means for storing a second digital signal representative of the commanded
      position to which it is desired to rotate said shaft;
PA1  means for comparing said first and second digital signals to produce a
      digital error signal indicative of the difference therebetween; and
PA1  means responsive to said digital error signal for producing an analog
      voltage for energizing said means for rotating said shaft to move the
      shaft toward the commanded position.
NUM  2.
PAR  2. A document scanner as set forth in claim 1 which also includes:
PA1  means for amplifying each of the individual outputs from the photocells of
      said retina;
PA1  means for constraining the amplified signals within a preselected voltage
      range;
PA1  means sequentially sampling the constrained voltage signals to form a train
      of data;
PA1  means for digitizing the voltage signals forming said train; and
PA1  means for normalizing the train of digital data into a preselected format
      to be introduced to a recognition unit for analysis.
NUM  3.
PAR  3. A document transport as set forth in claim 1 which also includes means
      for storing a third digital signal representative of a position of said
      shaft at which it is desired to interrupt the routine of said means for
      rotating said shaft;
PA1  means for comparing said first digital signal with said third digital and
      producing a position interrupt signal to change the routine of said means
      for rotating said shaft.
NUM  4.
PAR  4. In an optical character recognition system;
PA1  a document support bed having a concave arcuate surface, a central channel
      extending its length, and a document reading station including structure
      forming a scanning arc through which documents having characters thereon
      are to be transported along a linear path;
PA1  a plurality of guide pulleys rotatably mounted within said channel;
PA1  a document transport belt journaled about said pulleys to have its upper
      surface parallel to and lying slightly above the plane of the surface of
      said bed adjacent said central channel;
PA1  a shaft mounted for rotation about an axis above said bed and extending in
      the direction of said linear path;
PA1  an illumination mirror and an image mirror mounted on said shaft, both of
      said mirrors having a reflection plane lying upon the longitudinal axis of
      said shaft;
PA1  a light source mounted upon said structure and positioned to direct a beam
      of light onto the surface of said illumination mirror and reflect the beam
      to a point located upon said scanning arc on said bed;
PA1  a columnar photocell retina positioned to receive the image reflected by
      said image mirror of a character located at the illuminated point upon
      said scanning arc;
PA1  a roller housing supported above said bed and extending the length of said
      bed overlying said channel;
PA1  a plurality of rollers mounted within said housing; said rollers being
      biased into engagement with the surface of a document supported by said
      bed to press said document into frictional engagement with said belt;
PA1  means for oscillating said shaft through a preselected arc to
      simultaneously illuminate the scan images of characters lying upon said
      scanning arc across said columnar retina; and
PA1  means for moving said belt to transport said document along the surface of
      said bed through said scanning arc while simultaneously oscillating said
      shaft to scan the lines of characters on said document.
NUM  5.
PAR  5. In an optical character recognition system as set forth in claim 1,
      including:
PA1  electrical means for driving said means for moving;
PA1  means responsive to the position of said means for moving for storing a
      first digital signal representative of the present position;
PA1  means for storing a second digital signal representative of a commanded
      position to which a document is to be transported by said means for
      moving;
PA1  means for comparing said first and second digital signals to produce a
      digital error signal indicative of the difference therebetween; and
PA1  means responsive to said digital error signal for producing an analog
      voltage for energizing said means for moving to move the document toward
      the commanded position.
NUM  6.
PAR  6. A document transport as set forth in claim 5 which also includes
PA1  means connected to said means for storing the second digital signal for
      changing said second signal at a variable rate to control the speed at
      which a document is transported by said moving means.
NUM  7.
PAR  7. In an optical character recognition system having a reading station,
      comprising in combination:
PA1  a document bed having a concave arcuate support surface with the arc
      transverse of the length of said bed to form a scanning arc, and a central
      channel extending the length thereof in the direction of movement of a
      document along said bed;
PA1  a plurality of drive pulleys rotatably mounted within said channel;
PA1  a document transport belt engaging said pulleys and having an upper surface
      generally parallel to and aligned slightly above the plane of the surface
      of said bed adjacent said central channel;
PA1  a roller housing which extends the length of said bed and lies above said
      channel;
PA1  a plurality of rollers mounted within said housing;
PA1  means to urge said rollers into engagement with the surface of a document
      supported by said bed and press the document into frictional engagement
      with said belt;
PA1  means for moving said belt to transport the document along the surface of
      said bed to the reading station;
PA1  means mounted at the reading station to generate a light beam to a point
      located upon the scanning arc;
PA1  a columnar photocell retina; and
PA1  optical means mounted at the reading station and positioned to project upon
      said retina from the document a reflected image of a character located at
      the illumination point upon the scanning arc.
NUM  8.
PAR  8. In an optical character recognition system as set forth in claim 7 which
      also includes a plurality of shovel guides mounted to said roller housing
      and extending down adjacent to but spaced from the surface of said bed to
      guide documents into said reading station.
NUM  9.
PAR  9. In an optical character recognition system as set forth in claim 7
      wherein said document reading station intermediate the ends of said bed
      includes:
PA1  an arcuate bed plate having a plurality of apertures formed therein for
      supporting a document during a scanning operation, said bed plate
      receiving a document from said bed before scanning operation and
      positioned to return a scanned document to said bed; and
PA1  means for producing a reduced pressure within the apertures in said plate
      to draw a document against said plate and hold said document in a
      controlled plane during scanning.
NUM  10.
PAR  10. In an optical character recognition system as set forth in claim 9
      wherein the distance between the rollers nearest opposite edges of said
      bed plate is less than the length of the smallest document to be
      transported.
NUM  11.
PAR  11. In an optical character recognition system as set forth in claim 9
      wherein said central channel is interrupted by said bed plate and wherein
      said endless belt passes beneath the surface of said bed plate.
NUM  12.
PAR  12. In an optical recognition system as set forth in claim 7 including a
      plurality of longitudinal ribs extending the length of said document bed
      in a direction of movement of a document along said bed.
NUM  13.
PAR  13. In an optical character recognition system as set forth in claim 7
      wherein said means mounted at the reading station includes:
PA1  a shaft mounted for rotation about an axis above said document bed and
      extending in a direction of said central channel;
PA1  an illumination mirror mounted on said shaft and having a reflection plane
      lying upon a longitudinal axis of said shaft; and
PA1  a light source mounted above said document bed and positioned to direct a
      beam of light onto the surface of said illumination mirror and reflect the
      beam to the point located upon the scanning arc.
NUM  14.
PAR  14. In an optical character recognition system as set forth in claim 13
      wherein said optical means includes an image mirror mounted on said shaft
      and having a reflection plane lying upon the longitudinal axis of said
      shaft to reflect light from a character located at the illumination point
      upon the scanning arc.
NUM  15.
PAR  15. In an optical character recognition system as set forth in claim 14
      including means for oscillating said shaft through a preselected arc to
      simultaneously illuminate and scan images of characters lying upon the
      scanning arc across said columnar photocell retina.
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ABST
PAL  The colors of individual picture elements in a fabric pattern design are
      encoded by comparing the level of transmittance or reflectance of the
      picture element at preselected wavelengths with stored values representing
      a reference color to generate a multibit code indicative of the color of
      the picture element. A comparator used for this purpose incorporates an
      error either proportional to the wavelength or of constant value so that
      the output of the comparator will indicate identity with the stored value
      if the input value for the picture element is within a certain range of
      the stored value.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a formation of colored pattern on a woven fabric
      and, more particularly, to a method and apparatus for recognizing such a
      colored pattern.
PAR  In a conventional colored pattern forming system a preselected design of
      colored pattern is scanned for recognizing colors contained in individual
      picture elements. The recognized color informations are then coded into a
      predetermined format for use in the pattern forming system as a pattern
      information. For such a color recognizing operation it is desired to
      achieve an improved color recognizing ability and an increased speed of
      operation.
PAR  According to the above-mentioned conventional method, a design of colored
      pattern attached around the drum surface is first divided into a number of
      picture elements having an area predetermined by, for example, the weaving
      plan and the color of each picture element is separated by use of optical
      filters into three primary colors-red, green and blue. These primary
      colors are then converted into corresponding digital values which form the
      color informations of each picture element. These digital values, or color
      informations, are now compared with the previously memorized reference
      digital values of the three primary colors contained in the preselected
      colored pattern, so that the individual color information can be regarded
      to indicate a primary color having a closest reference digital value.
PAR  A disadvantage involved in the foregoing conventional method is that it
      cannot be effected very rapidly because of its including the step of
      comparing the digital values. Another disadvantage is that, to attain an
      improved accuracy in the color recognition of each picture element, it
      necessarily requires a memory medium of increased capacity for handling an
      additional number of color informations coming from the areas immediately
      before and after the particular picture element to be recognized,
      therefore the increased information quantity resulting in the reduction in
      the processing speed so much. This latter disadvantage seems to be caused,
      basically, by the fact that the color informations are limited only to the
      three primary colors (red, green and blue) and, theoretically, resulted
      from adoption of such a color reproduction method wherein the actual
      colors of individual picture elements are regarded as one of the three
      primary colors, which are then composed into a colored pattern
      corresponding to the preselected original colored pattern.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a method for
      recognizing colors of a preselected colored pattern by comparing the
      spectrum distribution of the light transmitted through or reflected from
      individual picture elements of the preselected picture pattern with the
      spectrum distribution of a number of reference colors.
PAR  Another object of this invention will be to minimize the risk that the
      color information is scattered, lost or deformed as in the case of
      conventional color recognizing method. For this purpose this invention
      contemplates the use of said light spectrum distribution, or a fundamental
      factor of color recognition, to thereby attain an improved ability of
      mechanical color recognition.
PAR  Still another object of this invention is to provide an apparatus which can
      process the informations for recognizing a colored pattern in a highly
      accurate and rapid manner.
PAR  According to the invention, the colors of individual picture elements in a
      fabric pattern design are encoded by comparing the level of transmittance
      or reflectance of the picture element at preselected wavelengths with
      stored values representing a reference color to generate a multibit code
      indicative of the color of the picture element. A comparator used for this
      purpose incorporates an error either proportional to the wavelength or of
      constant value so that the output of the comparator will indicate
      indentity with the stored value if the input value for the picture element
      is within a certain range of the stored value.
PAR  These and other objects and advantages of this invention will be apparent
      from the ensuing description and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1a is a diagram representing the spectrum distributions of two
      different colors;
PAR  FIG. 1b is a view for explaining the bit pattern obtained by comparing said
      two different colors;
PAR  FIG. 2 is an illustrative diagram representing the spectrum distributions
      of several adjacent similar colors;
PAR  FIG. 3 is a block diagram of the apparatus according to one embodiment of
      this invention; and
PAR  FIG. 4 is a block diagram of the apparatus according to another embodiment
      of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1a is a spectrum distribution diagram of two colors of red series (5YR
      7/14, 10YR 7/14) obtained by sampling at intervals of 10 nm. In this
      diagram, Curve 1 represents the spectrum distribution data of a reference
      color 5YR 7/14 and Curve 2 represents the spectrum distribution data of a
      color 10YR 7/14 contained in a single picture element of a preselected
      colored pattern. The spectrum distribution data of a picture element
      contained of a colored pattern is generally obtained by sampling the
      spectrum distribution of the light transmitted through or reflected from
      the picture element at suitable intervals of wavelength. For example,
      giving a constant ratio R of each spectral reflectance as an allowable
      error to the spectrum distribution Curve 1 of reference color, a fuzzy
      zone as shown by oblique lines will appear on both sides of Curve 1.
      Comparing the spectral reflectances in such a fuzzy zone with the spectral
      reflectances on Curve 2 at corresponding wavelengths, then the spectral
      reflectances within the fuzzy zone of Curve 2 may be distinguished from
      those outside of the fuzzy zone and, accordingly, a bit pattern as shown
      in FIG. 1b may be obtained. Curves 1 and 2 may be compared with each other
      to recognize the colors of individual picture elements either by
      recognizing this bit pattern in the form of binary numbers or by
      distinguishing it by the number of on or off bits. The bit pattern is
      coded into a predetermined format, which is then applied to the pattern
      forming system as a pattern information.
PAR  It will be apparent from the foregoing if the reference data for the colors
      contained in the colored pattern to be color-separated and the values in
      fuzzy zone required for attaining a precision color recognition are given,
      then the colors can be distinguished with a much higher accuracy than can
      be attained by the conventional three-primary-color separation method, by
      measuring the spectral transmittance or reflectance of each picture
      element by scanning the colored pattern in a predetermined mechanical
      manner. The range of the fuzzy zone values can be selected freely
      depending on the desired accuracy of color recognition.
PAR  The fact that the color distinguishing accuracy can be varied over a wide
      range is advantageous in view of the following points. In weaving a
      jacquard fabric, for example, a technique is known for making complicated
      patterns with weaves of fabric which are formed of yarns of a single color
      by use of a preselected design painted with different shades. To exactly
      transfer the image of the design onto the woven fabric, it is required to
      distinguish the varying shades of single color with accuracy. Whereas in
      printing, it is known that a high quality printed cloth with varying
      shades can be obtained by suitably overlapping inks of a single color
      having different shades. A high precision color distinction is required
      also for carrying out this technique properly.
PAR  On the other hand, it is almost impossible to eliminate the unevenness of
      printing when a design is hand-printed. This is especially true for each
      picture element with an area of less than 0.5 .times. 0.5 mm.sup.2. The
      ability that the fuzzy zone can be varied freely over a wide range is
      necessary also for compensating such an unevenness of painting of the
      design.
PAR  The fuzzy zone may be set either to a constant ratio R of the spectral
      transmittance or reflectance or to a constant value C. It will be
      understood that making a bit pattern similar to that shown in FIG. 1b by
      setting the fuzzy zone to the constant value C is very effective for
      distinguishing a color from quite similar colors as shown in FIG. 2.
PAR  Illustrated in FIG. 3 is an apparatus according to one embodiment of this
      invention for effecting the foregoing method. With this apparatus, a
      colored pattern 11 is attached around a drum 12 which is rotated under
      control of a control unit 13. The size of individual picture elements
      composing the colored pattern is determined by the displacement of drum 12
      relative to an optical system 14. The light from each picture element
      passes through the optical system 14 to reach a prism acting as a spectral
      apparatus 15, where the light is divided into several spectral regions to
      be sampled by a plate 16 having a required number of slits formed therein.
      Then the sampled light fractions are converted by a photoelectric
      converter 17 into electric signals corresponding to the spectral
      transmittances or reflectances which, in turn, correspond to the
      wavelengths of individual colors. Within a comparator 18, of which
      allowable error range has been set previously, the spectral transmittances
      or reflectances indicated by the photoelectric converter 17 are converted
      together with the spectral transmittances or reflectances of a number of
      reference colors previously memorized in a memory 19 into a bit pattern
      for comparison purpose. Depending on whether the spectral transmittance or
      reflectance indicated by the photoelectric converter 17 is within the
      allowable error range or not, a signal train of 1 or 0 is developed for
      distinguishing the color of individual picture element. This signal train
      is then converted into a recognized color code within a color code
      converter 20 to be applied as a pattern information from an output unit 21
      to the pattern forming system.
PAR  The control unit 13 develops a synchronizing signal for thereby operating
      the drum 12, comparator 18, color code converter 20, memory 19 and output
      unit 21 in association with each other.
PAR  The foregoing apparatus may be operative as a color recognizing apparatus
      for use in printing. In this case, the output unit 21 may operate in such
      a manner that it provides a pattern information of only a single color
      present in the memory 19 to form a single color pattern. By developing a
      color code and its run length for each scanning line, the output unit 21
      may also be operative in place of a pattern tape which is used in a
      pattern forming system. If the scanned spectral transmittances or
      reflectances are regarded as vector element, a method of comparing the
      vectors of multi-dimensional space may be employed for recognizing the
      pattern by comparing the Curve 1 with Curve 2 of FIG. 1a.
PAR  Referring to FIG. 4, here is shown an apparatus according to another
      embodiment of this invention. The drum 32 carrying a colored pattern 31
      around its outer surface is driven under control of the control unit 33.
      The size of individual picture elements of the colored pattern is
      determined by the displacement of drum 32 relative to the optical system
      34. The spectral apparatus 35 rotatable under control of the control unit
      33 divides the light transmitted through or reflected from the individual
      picture element and coming through the optical system 34 into several
      spectral regions, which are then allowed to pass through a slit formed in
      the plate 36 one by one as the spectral apparatus 35 rotates and converted
      sequentially by the photoelectric converter 37 into corresponding electric
      signals.
PAR  The electric signals corresponding to the spectrum distribution of the
      color contained in the individual picture element are applied to an
      acousto-optic light modulator (or untrasonic light modulator) 38a of an
      optical real time correlation device 38 and converted into a laser beam L
      corresponding to the spectrum of light. The laser beam L is then applied
      to a light modulation element 38c after passing through a lens 38b.
PAR  To the light modulation element 38c are also applied sequentially the
      spectrum signals which are electric signals obtained by converting the
      spectrum informations of a number of reference colors and stored in the
      memory 39. Thus, the correlation between the light informations from the
      modulation element 38a and the color informations stored in the memory 39
      is calculated in the light modulation element 38c. The result is detected
      by a photoelectric conversion element 40. The correlation image detected
      on the photoelectric conversion surface of said element 40 is then
      converted into corresponding color codes within a color code converter 41.
      When the color codes are developed from the output unit 42, the picture
      elements of the colored pattern attached around the drum 32 can be
      sequentially converted into an electric signal train for recording it in a
      recording medium such as punched tape.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. A colored pattern recognizing method for use in forming a colored
      pattern in a woven fabric, comprising the steps of storing values
      indicative of the level of light at a plurality of preselected wavelengths
      for each of a plurality of reference colors, scanning a pattern design to
      detect the spectrum of light from each picture element of the pattern,
      sampling said spectrum for each picture element at preselected wavelengths
      and generating electrical signals indicative of the level of light at each
      of said preselected wavelengths, retrieving stored values for a reference
      color, comparing the electrical signal for a given picture element at each
      preselected wavelength with the corresponding stored values for a
      reference color, generating a multibit binary output indicative of whether
      each electrical signal for the picture element is substantially identical
      to the corresponding stored value.
NUM  2.
PAR  2. The method of claim 1, wherein a signal is generated indicating
      agreement with a corresponding stored value when the electrical signal is
      within a predetermined range of said stored value.
NUM  3.
PAR  3. The method of claim 2, wherein said predetermined range is a constant
      ratio relative to the wavelength.
NUM  4.
PAR  4. The method of claim 2, wherein said predetermined range is a constant
      value.
NUM  5.
PAR  5. Colored pattern recognizing apparatus for use in forming a code pattern
      in a woven fabric corresponding to a multielement colored pattern design,
      comprising spectral means for dividing the light from an individual
      picture element of the pattern into several spectral regions, means for
      sampling the level of light from said picture element at a plurality of
      selected wavelengths, means for sensing and converting the level of light
      at each preselected wavelength into a corresponding electrical signal,
      means for storing values representing light levels at said preselected
      wavelengths for a plurality of reference colors, comparator means
      operatively connected to receive outputs from said converting means and
      said storing means for comparing each electrical signal with a stored
      value for a reference color at the corresponding wavelength, said
      comparator means including means for producing a binary output indicating
      whether said electric signal is substantially identical to the
      corresponding stored value, color code converter means for converting the
      outputs of said comparator means into a color code, and control means for
      coordinating the foregoing functions such that stored values for the
      appropriate wavelength are retrieved and read out to the comparator means
      in sequence for each picture element.
NUM  6.
PAR  6. The apparatus of claim 5, wherein said comparator means further includes
      means for determining a range about each stored value within which the
      electrical signal must fall to produce an output from said comparator.
NUM  7.
PAR  7. The apparatus of claim 6, wherein said range is a constant ratio
      relative to the wavelength.
NUM  8.
PAR  8. The apparatus of claim 5, wherein said range is a constant value.
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ABST
PAL  Provides apparatus for partitioning page frame hardware components of a
      main store into four partitions. The apparatus can pack small fixed size
      segments into each of the four partitions and can pack the first part of a
      large segment, or a varying-size segment into the last partition of a page
      frame. Hardware is disclosed for executing a create segment instruction
      which will pack its created segment into the same page frame with a
      specified existing segment. The apparatus also generates and updates a
      header for any page frame which is to contain a plurality of segments. The
      embodiment comprises comparators, registers, and their connecting gating
      hardware for generating the electrical signals which create the segments
      and page frame headers.
PAL  Other hardware modifies each address in order for it to access a required
      partition with a selected page frame. Still other apparatus checks the
      upper bound of a partition containing the pertinent segment to determine
      that the address will not access into the next partition in the page
      frame, prior to the address accessing of main store. An error condition is
      generated if the address exceeds its segment's partition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a mechanism for packing plural segments into a
      page freme within a computer main store. The computer store includes main
      store and devices external to main store which may be called input/output
      or source/sink devices. Computer store is divided into a large number of
      equal parts called page frames (e.g. 2,048 or 4,096 bytes in size).
PAR  A segment is an entity conprising a contiguous range of addressability
      which is used by the hardware of a computer system for locating data in
      the store of the system.
PAR  Segments may be created in varying sizes, while page frames are fixed in
      size. Either may have its size measured in bytes. Segments which cannot
      change their size after their creation are called "fixed" segments, but
      "varying" segments can have their size changed after their creation.
      Segment size can vary from a small fraction of a page frame to a very
      large number of page frames, for example from 0 to 2.sup.24 bytes.
PAR  A small segment may be defined as a segment which is less than a
      predetermined part of a page frame in size, and a large segment is defined
      as greater than the predetermined part of a page frame in size.
PAR  Fundamentally the wide range of segment sized is incompatible with the
      fixed page size. Yet segments, or parts of segments, must be put into page
      frames before the segments can be used by executing programs. A
      potentially high wastage of main store use can result from this
      incompatability, since a segment may be so small as to occupy only a small
      part of a page frame, with the result that most of the space in the page
      frame is unused.
PAR  If the segment is large it may occupy a large number of page frames in
      which case the segment may be divided into a number of pages each being
      transferrable into a page frame hardware unit in the main store. Large
      segments are therefore relatively compatible with page frames because only
      the last page of a segment may leave unused space in a segment; hence
      large segments result in low waste.
PAR  This invention is directed primarily at reducing the size incompatibility
      between page frames and small segments, although it consistently handles
      all sizes of segments whether they are small or large, fixed or variable.
      The invention does this by supporting the packing of plural segments into
      a singel page frame. Page frame packing includes putting only plural fixed
      small segments into a page frame, or putting into a page frame plural
      fixed small segments with a whole or part of a varying segment or a part
      of a large segment.
PAR  The invention can greatly improve the efficiency in the system use of main
      store by providing a broad solution to the basic incompatibility between
      fixed small segments and the main store's page frame size.
PAR  The invention also supports the accessing of data in a segment which may
      begin at any of plural partitions provided in a page frame. The invention
      is interfaced with a segmented virtual addressing system in a way that
      provides access to any byte in any segment in a consistent manner whether
      or not the access is to packed or unpacked page frames.
PAR  Segmented addressing conventionally uses the address format shown in FIG.
      6A to locate any byte in any segment, although the addressing format in
      FIG. 6A excludes the use of this invention. FIG. 6A shows a segment
      address which contains a SID (Segment Identifier) field which identifies
      the segment, a page field for locating a page in the segment, a
      displacement (DISP) field which is the byte offset for locating any byte
      within the page. The page and displacement fields together provide a byte
      offset in the segment to any addressed byte. Whenever any byte in any
      segment is to be accessed with this segment address, a dynamic address
      translation mechanism (DATM) in the central processing unit performs the
      task of assigning a page frame to receive the page of the segment
      containing that byte. This assignment process assigns any available page
      frame in main store to the segment identifier and page fields in the
      segment address to form the assigned page frame field in the main store
      address shown in FIG. 6B. Thereafter the assigned page frame is
      substituted by DATM for the segment identifier and page field to provide
      the main store address of the byte, as shown in FIG. 6B. DATM puts the
      same displacement field in the main store address that it is given in the
      segment address.
PAR  When the addressing shown in FIGS. 6A and 6B is used, only a single segment
      may be assigned by the system to a page frame in the main store, which can
      result in most of the space in the page frame being wasted if the segment
      is small. For example, a segment which is a few hundred bytes in size may
      be the only segment in a page frame that is 4,096 bytes in size, resulting
      in over 3,000 bytes of hardware being unused in main store; this is highly
      inefficient. Of course, the user can put his data into parts of segments
      rather than in separate segments, but this throws a segment management
      burden on the user which he is often not equipped to handle. Putting
      several small data objects into parts of a single segment which occupies
      one or more page frames, would eliminate small segments, but then the user
      would have to provide his own "look-aside" directory for these packed data
      objects to locate them in each segment and provide all of the storage
      allocation overhead and management that this directory scheme would
      entail. The result burdens the user by making the system more difficult to
      use. To simplfy his use of the system, the user would ordinarily not
      attempt to combine unrelated small data objects into the same segment, and
      he would simply put each of them in a different segment, in order to be
      able to use automatic storage allocation features and automatic segment
      protection features provided in the system.
PAR  Making the page size smaller to approximate the size of the smallest
      segments, however, is also an undesirable design approach, since small
      page frame sizes may seriously impact the system hardware performance.
      This is because the system overhead for page handling increases rapidly as
      the page frame size is decreased. In general the overhead increases by a
      power of two each time the number of page frames is doubled. This dilemma
      may be referred to as the "small segment" problem.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention provides a mechanism which supports the automatic packing
      segments into page frames. Both small and large segments can be packed.
      Small fixed-size segments are packed by putting more than one into a page
      frame. A large segment is packed when an initial part of the large segment
      is put into a page frame which has or can receive one or more fixed small
      segments. A varying size segment, whether small or large, is packed when
      it is put into a page frame which has or can receive one or more fixed
      small segments. The mechanism contains a unique addressing system that
      supports both packed and unpacked page frames in the same manner. As a
      result, the page frame size can be made relatively large, and yet be
      compatible with small segments in order to both minimize main storage
      waste and to keep down system page handling overhead by permitting any
      page frame to contain plural segments. This approach eliminates the need
      for: (1) special look-aside directories and their accompanying overhead
      for the handling of packed pages, (2) user-provided segment storage
      allocation features, and (3) user-provided protection features for data
      objects within segments. The invention permits these objectives to be
      automatically provided by the system with their supporting features,
      whereby the user can obtain their advantages without being bothered with
      them.
PAR  FIG. 7A shows a packable segment address which is used by the apparatus in
      a described embodiment of this invention. The form of the address in FIG.
      7A has much similarity to that shown in FIG. 6A. In FIG. 7A a packing
      offset (PO) field and an SGI field together comprise an SID field of the
      type shown in FIG. 6A. The PO field locates a partition in a page frame of
      the type shown in FIG. 8. A partition can contain a segment identified by
      a SID.
PAR  FIG. 7C shows the metamorphosis involved in changing the form of the
      packable segment address into a virtual address form by the apparatus in
      the described embodiment. The PO bits are summed with the two highest
      order bits in the segment displacement field, and the resultant page and
      displacement fields are summed with the content of an index register, if
      provided. The final result is the virtual address (VA) which contains a
      virtual page frame field (V. Page Frame or V.P.F.) and a virtual
      displacement field (V. DISP.). The V. page frame has boundaries which
      align with assignable page frames in main store. The V. DISP. field
      locates any byte in the V. page frame. When packing is done, the V. Page
      frames do not align with the segment pages (S. pages); their alignment
      relationship can be seen in the example shown in FIG. 7E. The VA is
      changed to a main store address shown in FIG. 7D by a dynamic address
      translation mechanism (DATM), which assigns a page frame to the SGI and
      virtual page frame fields provided by the virtual address. The page frame
      (P.F.) displacement field in FIG. 7D is the same as the virtual
      displacement field in FIG. 7C. The assigned page frame and P.F.
      displacement can then be accessed in the main store. DATM may be
      conventional and is not part of this invention; for example DATM may be of
      the type currently found in some commercial computer systems. A described
      example of a dynamic address translation mechanism (DATM) is found in
      prior U.S. Pat. No. 3,670,309.
PAR  FIG. 8 shows the different partitions used by the described embodiment in a
      page frame in which a segment may reside when a two bit PO field is used.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other/objects, features and advantages of the invention
      will be more apparent from the following more particular description of
      the preferred embodiments of the invention illustrated in the accompanying
      drawings of which:
PAR  FIGS. 1A, 1B, 1C, 1D and 1E shows apparatus for creating packed and
      unpacked segments.
PAR  FIGS. 2A, 2B and 2C illustrate simple examples of packing segments in a
      page frame.
PAR  FIG. 3 shows the operations of FIGS. 1A through 1C.
PAR  FIGS. 4A and 4B illustrate apparatus for checking addresses prior to their
      completing an access of an operand from a packed segment in a page frame.
PAR  FIG. 5 shows page frame assignment registers.
PAR  FIG. 6A shows the form of a segment address, and FIG. 6B shows the form of
      a main store address.
PAR  FIGS. 7A, 7B, 7C and 7D illustrate different address forms which are used
      by the apparatus shown in FIGS. 1A through 1C and in FIGS. 4A and 4B.
PAR  FIG. 7E shows the packing and alignment relationships between segment pages
      and virtual page frames.
PAR  FIG. 8 shows page frame partitions used in the embodiments of the
      invention.
PAR  FIG. 9 shows the operation of FIGS. 4A and 4B.
DETD
PAR  FIGS. 1A through 1C show hardware which can be installed in a central
      processing unit or storage control unit to support the creation of
      segments by a data processing system. The hardware may be actuated in
      response to the CPU execution of a create segment command, such as shown
      in FIG. 1D, which has operands that contain the inputs to the embodiment
      in FIGS. 1A through 1C. Its operands are as follows:
PA0  N: specifies a pointer register in which will be generated a pointer which
      indicates the range of addressability for the new segment being created.
PA0  Z: specifies a register which contains the size in bytes of the segment to
      be created. The segment size may be in the range from 0 to 2.sup.24 - 1
      bytes.
PA0  F/v: fixed/Variable flag which indicates whether the segment is to have a
      fixed or varying size (varying segments may have their size modified).
PA0  A: specifies a pointer register containing the specified segment identifier
      of an affinity segment, which is a previously created segment, with which
      the new segment (about to be created) is to be packed in the same page
      frame if possible. The A operand is optional, and is set to zero if no
      affinity is specified, in which case the new segment will be the only
      segment put into a page frame.
PAR  The embodiment shown in FIGS. 1A, 1B and 1C can pack up to four segments
      into a page frame, in which the last partition may receive a whole or part
      of a variable segment or the initial part of a large segment. That is, in
      this embodiment, a packed large or variable size segment must begin in the
      last partition of a page frame, regardless of whether there are one, two
      or three small segments also packed in the other partitions of the page
      frame. Unpacked segments are begun in the first partition.
PAR  A segment is delineated by a pointer which in addition to having an address
      indicating the beginning of the segment also has a field Z indicating the
      end of the segment, such as shown in FIGS. 2A, B and C. The segment
      addresses shown in FIGS. 7A or 7C have the same form as the pointer in
      FIG. 7B except they do not have the Z field; hence pointer registers can
      also accommodate segment addresses. The virtual address is translated to a
      main store address in the conventional manner for accessing any byte of a
      segment in a page frame. The SID and page fields in a packed segment
      address relate a segment to a page frame in main store, and all segments
      packed in the same page frame will have the same SGI field, but they will
      have different PO fields, such as shown in FIG. 2C. The combination of the
      PO and SGI fields provide the SID which uniquely identifies each of the
      segments packed together in the same page frame.
PAR  The operation of FIGS. 1A - 1C begins when a create segment instruction of
      the type shown in FIG. 1D is decoded during the execution of a program.
      Registers N, Z and A were previously loaded by conventional loading
      instructions. When the create segment instruction begins execution, a
      start signal is generated by the CPU in the conventional manner and is
      provided on the start signal lines which provide clock pulse CP 20 in FIG.
      1A.
PAR  The operation of the hardware in FIGS. 1A - 1C can be more easily followed
      by using the operation diagram in FIG. 3 which begins at step 10 which is
      the decoding of a create segment instruction by the CPU.
PAR  Step 20 in FIG. 3 is performed by the hardware in FIG. 1A in response to
      its receiving a start signal providing a clock pulse CP 20. CP 20 gates
      out the SGI field in affinity register 14 to the L input of a comparator
      16 and gates in a zero signal into the R input of comparator 16. Register
      14 is a pointer register which contains the pointer for an affinity
      segment, if one is specified. If no affinity is specified, it contains a
      zero setting.
PAR  The terminology 0 and 1 are used herein to represent two different
      voltage/current levels. Where a 0 or 1 input is shown as the input to a
      line, it represents a voltage/current source which provides the respective
      voltage/current source needed by that line. Likewise a 0 or 1 output on a
      line means that the respective voltage/current level is provided.
PAR  In response to CP 20 in FIG. 1A, comparator 16 provides an output pulse on
      either its output line 16A or 16B according to whether the SGI field is
      zero or not, respectively. If zero, no affinity segment is specified,
      which is signalled by a clock pulse 90 provided through an AND circuit 29
      and a delay circuit 24. However if an affinity segment is specified in
      register 14, an alternative clock pulse CP 40 is provided by activation of
      AND circuit 19 and delay circuit 23. The operation of the circuitry will
      proceed according to whether CP 40 or CP 90 is provided.
PAR  Since the SGI field is designed to be only zero or positive, there can be
      no output from comparator line 16C, and it will generate an error output
      through AND gate 22 if it should be activated during CP 20.
PAR  CP 40 will activate the circuitry which accesses the page frame header
      field of the page frame containing the affinity segment; while clock pulse
      90 will cause the new segment to be the first (and perhaps the only)
      segment in a page frame.
PAR  Thus in FIG. 1C, clock pulse CP 40 outgates the SGI field from affinity
      register 14 to a local register 76 when CP 40 passes through OR circuit
      104. The other fields in register 76 are set to 0 by CP 40. After CP 40 is
      delayed in circuit 105 to permit ingating into register 76, its content is
      outgated by CP 45 to a dynamic address translation mechanism DATM 106
      which provides a segment found signal CP 46, when it provides a page frame
      corresponding to the SGI and zero page fields. DATM outputs the page frame
      address with a zero page frame displacement to a storage address register
      (SAR) 111. This address accesses the header field of page frame 117 which
      contains the first virtual page of the affinity segment. The affinity
      segment can be a small segment occupying any partition in page frame 117
      (see FIG. 8), or it may be a varying or large segment which has its
      initial portion occupying the last partition of page frame 117.
PAR  If DATM does not find the segment, which was specified by the affinity
      register 14, it provides a segment not found signal, which is a CP 90
      signal that generates a new SGI for the segment being created. This new
      segment will be the first segment to be packed in its page frame.
PAR  The header field is used by the circuits in FIGS. 1A - 1C. In this
      embodiment the header is only put at the beginning of the first partition
      of a page frame which will contain the first virtual page of a segment.
      The partitions of a packed page frame can only contain the first virtual
      pages of their respective segments. Other information may appear as a
      header in addition to the initial header bits which this embodiment
      transfers to local register 71. Additional header information is not
      pertinent to the subject invention, except in so far as it may affect the
      size of the segment being created.
PAR  The header word is transferred to SDR (store data register) 118 and then is
      ingated into local register 71 in FIG. 1C by CP 46 after it has been
      delayed by circuit 131 to provide time for store 116 and SDR to handle the
      header field.
PAR  In FIG. 1C, clock pulse CP 50 is provided from delay circuits 131 and 133
      after they review clock pulse CP 46. In FIG. 1B, CP 50 tests the state of
      the P bit from the header word in local register 71. CP 50 outgates the P
      bit to an input of AND circuit 57 which actuates its output (t) if the P
      bit is set to one to indicate that packing is permitted. But the
      complementary output (c) is instead activated if no packing is indicated
      by bit P, and CP 90 is provided from AND 66 and delay 67. If no packing is
      indicated, then the segment to be created cannot be packed with the
      affinity segment, and the new segment will be put into another page frame
      which results from the CP 90.
PAR  If the P bit is set to one to indicate that packing is permitted then the
      (t) output of AND circuit 57 provides clock pulse CP 55 as a result of CP
      50 actuating AND circuit 63 and delay 64.
PAR  If CP 55 is provided indicating that packing is requested, the V/F register
      51 in FIG. 1B is tested to determine if the new segment is to be variable
      or fixed in size. This is initiated when CP 55 passes through OR circuit
      52 and gates out the content of register 51 to AND circuit 57, which has
      its other input receiving a 1 current level. If register 51 contains a 1
      setting, indicating a variable size, then the true (t) output of AND 57 is
      activated which generates a clock pulse CP 62 from AND circuit 56 and
      delay circuit 53. But if a fixed size segment is specified by a zero
      content in register 51, the complementary output is provided from AND
      circuit 57 which causes AND 61 and delay circuit 62 to provide a clock
      pulse CP 60.
PAR  CP 62 will activate circuitry to determine if the variable size segment is
      packable; while CP 60 will determine if the fixed size segment will fit
      into one partition.
PAR  In FIG. 1A, CP 60 activates circuitry which determines if the new segment
      can fit into a single partition of a page frame. This is done by testing
      for all zeros the high order bits in the size register Z in FIG. 1A; these
      high order bits will not be set by a segment size less than or equal to a
      single partition. Thus clock pulse 60 outgates bit positions 0 through 14
      in the Z register to the L input of comparator 16 while its R input
      receives all zeros in the corresponding positions. If these high order
      bits are all zero, a pulse is provided on line 16B which passes through
      AND 40 and OR 44 to cause the ingating of 00 into xx registr 43, which is
      used in generating the PO bits for the new segment's pointer and virtual
      address.
PAR  Also, line 16B passes through AND 31 and delay 32 to provide CP 70. If the
      high order bits are not all zero, the size specified for the new segment
      in register Z is greater than one partition, and a signal is provided
      instead on line 16A to indicate that the new segment size will not fit
      into a single partition. If this is the case, a pulse CP 62 is generated
      from line 16A through AND 47 and delay circuit 46.
PAR  If CP 62 is provided indicating that the new segment will not occupy one
      partition, it actuates circuitry to determine if the new segment can be
      packed beginning in the last partition of the page frame. A large or
      varying size segment is packable only if its requested size is not greater
      than three-fourths of a page frame less than the maximum size for any
      segment. For example if the maximum size segment is 2.sup.24 bytes, the
      maximum packable segment will be three-fourths of a page frame less than
      2.sup.24 bytes. The reason for this three-fourths restriction is to
      prevent overflow at the end of a packed maximum size segment into a
      non-addressable page, which could occur if a packed page frame were to
      extend beyond this maximum packable size (MPS). This maximum packable size
      is contained in maxpac register 11 in FIG. 1A. Thus CP 62 outgates the new
      segment size in Z register 10 into the L input of comparator 16 and
      outgates the content of maxpac register 11 into the R input of comparator
      16 (permissible segment equals 2.sup.24 less 3,072 bytes, where
      three-fourths of a 4,096 byte page frame size is 3,072).
PAR  If the segment size is larger than the maximum packable amount, it can not
      be packed, and line 16A passing through AND 21 and delay 24 provides CP 90
      which initiates a sequence of acts which will cause this segment to be
      started in another page frame.
PAR  If comparator 16 provides an equal or less than output on lines 16B and
      16C, the large segment is packable. These signals are provided through OR
      circuit 33 AND gate 42, and OR circuit 45 to ingate a 11 into the xx
      register 43. Thus the last partition in affinity page frame 117 will be
      assigned to a large packable segment if the last partition is available,
      i.e. not already allocated to some other segment. The output of OR circuit
      33 activates AND gate 34 and delay circuit 35 to provide a clock pulse CP
      70 which actuates circuitry that determines if the partition specified by
      the current xx register content can be assigned to the segment. CP 70 is
      provided to FIG. 1B.
PAR  CP 70 outgates the content of the xx register 43 through gate 91 to counter
      88, and to AND gates 81 - 84 activating that gate which receives its other
      input equal to the content of the xx register. The selected one of AND
      gates 81 - 84 outgates an availability flag (AF) bit in the header field
      found in local register 71 for the partition represented by the PO bits in
      the xx register 43. It will be recalled that xx register was set to 00 by
      CP 60 to represent the first partition if the new segment was found to fit
      in a single partition; but if the new segment was greater than one
      partition in size, the xx register was set by CP 62 to 11 to represent the
      last partition. Thus gated AF bit is tested to determine if the partition
      represented in the xx register is available in the page frame 117 for
      receiving the new segment. If the AF bit is 0, the partition is available;
      and if 1, the partition is not available. The status of this AF bit is
      tested by being provided to AND gate 73 which activates its (t) output if
      the respective partition is available, i.e. the AF bit is zero. Then the
      (t) output provides CP 80 to FIG. 1C to signal that the new segment can be
      packed in the partition indicated by the xx register of the same page
      frame as the affinity segment.
PAR  On the other hand, if the (c) output is actuated by AND 73, the partition
      is not available, and the xx register content is tested to see if it
      represents the last partition, i.e. xx is 11. This is done by gating the
      content of counter 88 (which was ingated with the content of the xx
      register by CP 70) into the L input and a 11 signal into the R input of
      comparator 16. This performs operation 74 in FIG. 3.
PAR  If xx is 11, then CP 90 is generated when line 16B activates the output of
      AND gate 91.
PAR  However, if xx is not 11 then the content of counter 88 is incremented
      through AND gate 92, and after delay 86 the counter content is gated into
      the xx register. After the gating signal is delayed through delay 87 the
      cycle is complete and the circuit is ready to check the next AF bit The
      availability of each succeeding partition is tested until one is found to
      be available, or all are found unavailable.
PAR  If the next partition is not available, the counter incrementing and
      setting of the xx register 43 is repeated until a following partition is
      found available, or until the counter and xx register are set to 11 which
      is signalled when CP 90 is generated from line 16B. CP 90 activates the
      circuitry for locating the new segment in a different page frame from the
      affinity segment.
PAR  If an AF bit was found to be off, that partition will be provided for the
      new segment. This is done in FIG. 1C by the circuitry initiated by CP 80
      which generates the pointer for new segment, and sets the header's
      validity bit and availability bit for the xx partition to valid and
      unavailable. (Previously CP 40 has transferred the affinity segment SGI
      into local register 76 from the affinity register 72, and CP 40 also
      caused zero settings in the virtual page and virtual displacement fields
      in register 76.)
PAR  To generate the pointer in register 108, CP 80 gates into the N register
      108 the PO field in xx register 43, the SGI and page and displacement
      fields in register 76, and the content of the Z register. Register 108 is
      the N register designated by the create segment instruction shown in FIG.
      1D which provides the user with the identifier and the range of
      addressability for the new segment.
PAR  CP 80 also outgated content of the xx register to actuate one of AND gates
      121 - 124 which has its other input corresponding to that PO valve and
      thereby selects the appropriate AF and VF bit positions in register 71,
      wherein those bits are set to 1 to indicate that the respective partition
      is valid and no longer available. CP 990 is provided from delay circuit
      127 after it receives CP 80. CP 990 outgates register 76 to DATM to
      address the header in main memory and outgates the updated header word
      content in local register 71 into the SDR which then inserts the updated
      header into the initial location in a page frame 117 which is provided by
      DATM in main store 116 while DATM is being gated the virtual address in
      register 76. The operation is ended when CP 999 is provided from delay
      circuit 128 in response to a pulse from CP 990.
PAR  The assigned partition is available to receive any data object not over one
      partition in size which is provided for this segment; and that data object
      can thereafter be referenced by using the pointer generated in N register
      by referencing page 0 of the segment identified by that pointer. If it is
      a large segment, any data within it can be referenced by specifing the
      segment's page containing the required data.
PAR  CP 90 is generated whenever the new segment is to be put into a page frame
      which is different from the specified affinity segment or where no
      affinity segment is specified. Thus CP 90 causes a new SGI to be generated
      for the new segment. CP 90 is generated under four circumstances: (1) if
      during CP 20 the affinity register contains a zero content indicating that
      no affinity exists, (2) if during CP 50 the P bit is found to be set to an
      unpacked state, (3) if during CP 62, the segment size in register Z is
      greater than the maximum packable segment size, (4) if during CP 70 no
      partition in the affinity page frame is available for the new segment.
PAR  Hence in FIG. 1C, CP 90 increments the SGI counter circuit to generate a
      new SGI, which represents a new virtual page frame in which to put the
      segment being created. CP 90 increments a counter circuit 101 which
      generates all SGI's in the system. Counter circuit 101 may be a
      conventional binary counter circuit. There is no other source of SGI's in
      the same data processing system, except possibly for other similar
      counters precisely synchronized with counter 101.
PAR  When the data processing system is installed, the SGI counter is set to its
      initial value, e.g. zero. The SGI counter generates a unique SGI content
      each time it is incremented.
PAR  After CP 90 is delayed slightly in delay circuit 102, it outgates the new
      SGI from counter 101 into local register 76 while ingating zeros into the
      virtual page field and virtual displacement field within local register
      76. The content of local register 76 thus contains the initial stages in
      the generation of a new pointer for the new segment being created.
PAR  A clock pulse CP 100 is formed from CP 90 being delayed through circuits
      102 and 103. In FIG. 1B, CP 100 initializes a header word in local
      register 71 for the new virtual page frame by setting to 1 the packing bit
      P, and setting to 0 all of the AF bits and VF bits. As a result of CP 100,
      the new header word is initialized to indicate that the new page frame is
      packable, and that all of its partitions are available and invalid. CP 110
      is generated after CP 100 is delayed in a delay circuit.
PAR  It may be desired to make a new segment packable when it is the first
      segment to be put into a page frame. This may occur explicitly if it is
      known that the page frame contains no other segment, or implicitly if
      there was no available partition in the page frame with a specified
      affinity segment. Explicit first segment packing can be done by initially
      loading the affinity register 14 with a pointer to a non-existent segment,
      or to a segment known to be unpackable, or to a segment known to be packed
      in a filled page frame; a dummy segment pointer may be made available for
      this purpose. Implicit first segment packing is done when the affinity
      segment's page frame has no partition available to receive the segment,
      i.e. any available partition for receiving a fixed small segment, or the
      last partition available for receiving a variable segment or a long
      segment. In all of these cases the P bit setting indicated packability
      done by CP 100 is not changed.
PAR  Thus packing is specified by any non-zero setting of register 14, and
      output line 16A is energized, which generates CP 120 through AND circuit
      49 and a delay circuit to signal that the new page frame should be
      packable.
PAR  If no affinity has been specified by having a zero content in the affinity
      register 14, the P bit is set to 0 to indicate the new page frame is not
      packable. This is done in FIG. 1A, when CP 110 tests for an affinity
      request in the same way and with the same circuits that CP 20 was
      previously explained to use to test for an affinity request, i.e. by
      testing the zero state of the SGI field in affinity register 14. If
      affinity was not specified, CP 121 is generated from AND circuit 15 and
      delay circuit 16 when comparator 16 provides a signal on its output line
      16B.
PAR  CP 121 then energizes output line 47 in FIG. 1A, which in FIG. 1B ingates a
      0 into the P bit position of register 71 so that a non-packable condition
      is thereafter indicated for the new page frame. Furthermore, line 47 in
      FIG. 1A passes through OR circuit 44 and ingates 00 into xx register 43 so
      that it indicates that the new segment is to be put in the first partition
      of the new page frame.
PAR  In FIG. 1A if affinity was specified, clock pulse CP 120 initiates
      circuitry which determines if the new segment is too large to be packed,
      in which case the new page frame is made unpackable even if affinity was
      specified. This is done by CP 120 gating the specified size of the new
      segment in register Z to the L input of comparator 16 and gating the
      maximum packing size in maxpac register 11 into the R input of comparator
      16. If the segment size is greater than the maximum packing size, line 16A
      energized AND gate 38 and line 47 to set to 0 level the P bit in the
      header field being formed in local register 71 in FIG. 1B, and in FIG. 1A
      ingating 00 into the xx register, in the same manner as was previously
      explained for CP 121. It is noted in FIG. 3 that this performs the
      sequence of operations seen as the yes exit from step 110, the step 120 no
      exit, step 121 and step 122. Also in FIG. 1A, the electrical signal on
      line 47 passes through OR circuit 56 and delay circuit to generate CP 80,
      which actuates the circuitry in FIG. 1C which operates a previously
      explained for CP 80 to cause the formation of the new segment pointer in N
      register 108 and the resulting storing in page frame 117 of the header in
      register 71, so that the data in the new segment can be stored in the
      assigned partition under the control of the new pointer by means outside
      the scope of this invention.
PAR  However if the new segment size is less than the maximum packable size, the
      segment may be packed in the new page frame. But other conditions still
      have to be considered to determine how the new segment will be packed,
      i.e. in first partition 00 or in the last partition 11. This depends on
      whether the new segment is a small fixed size segment which will be packed
      in the initial partition of the page frame, or whether it is a large
      segment or a variable length segment which will only be packed in the last
      partition of the page frame. This sequence of operations is shown in FIG.
      3 from the yes exit of step 120. These operations are actuated by the
      generation of clock pulse CP 125 in FIG. 1A when OR circuit 26 is
      energized by either line 16B or 16C while AND gate 27 is enabled by CP 120
      to provide CP 125 from the output of delay circuit 28.
PAR  CP 125 actuates circuitry in FIG. 1B which determines whether the new
      segment size is specified as variable or fixed. This is done when CP 125
      passes through OR circuit 52 to outgate content of V/F register 51 to AND
      gate 57. The (t) output of AND circuit 57 is activated if register 51
      contains a 1 bit setting indicating that the segment is variable in size.
      Then AND gate 54 signals its output line 48. In FIG. 1A, line 48 provides
      the signal through OR circuit 45 to ingate a 11 signal into xx register
      43, which is the PO for the last partition. Furthermore line 48 causes a
      signal to pass through OR circuit 56 and a delay circuit to generate CP 80
      which causes the operations previously described in FIG. 1C to cause the
      new segment to be put into the last partition (PO of 11) in the new
      segment.
PAR  On the other hand in FIG. 1B, if the V/F register specifies a fixed
      segment, its zero setting causes AND circuit 57 to energize its (c) output
      which generates CP 130 through AND circuit 68 and delay circuit 69. CP 130
      signals that the segment should be put in the initial partition of the new
      page frame if it is a small segment.
PAR  The circuitry to do this is actuated by CP 130 in FIG. 1A. CP 130 passes
      through OR circuit 12 and outgates the high order bits of size register Z
      to determine if they are all zeros in the same manner as was previously
      explained for CP 60. This involves comparator 16 comparing these bits
      against a zero field provided to its R input. If the comparator finds that
      the high order Z bits are all zero, it actuates its line 16B, and if they
      are not all zero it actuates its line 16A.
PAR  When line 16A is actuated, the new segment is not a small segment, and it
      is packed in the last partition. This is done when AND gate 39 is
      activated by line 16A and CP 130 to generate a signal that passes through
      OR circuit 45 which ingates 11 into xx register 43. Line 16A also
      activates OR circuit 56 to generate a clock pulse CP 80 which then
      operates in the manner previously explained to cause the completion of
      operations.
PAR  However if the fixed segment is found to be a small segment, it is put into
      the first partition in the new page frame, having a PO of 00. This is done
      when AND circuit 41 is energized by line 16B and CP 130 to provide a
      signal through OR circuit 44 which causes 00 to be ingated to register 43,
      and also generates CP 80 through OR circuit 56, as previously explained,
      in order to start the compeletion of operations resulting in the packing
      of the new segment in the initial partition of the page frame.
PAR  FIGS. 2A, 2B and 2C show examples of page frame packing of the type which
      may be obtained by operation of the circuitry in FIGS. 1A, 1B and 1C. In
      FIG. 2A, a single segment S1 is shown to occupy the first partition having
      a PO of 00 and containing the header field of all segments packed in this
      page frame 117 (which also share the same SGI field). The header field now
      contains the current header which indicates that the first partition is
      not available and is valid. The segment S1 is identified by the S1 pointer
      containing a segment identifier (SID) which comprises the PO field of 00
      and SGI field. The displacement and Z fields indicate the beginning and
      end of the segment. It will be noted that the beginning and end of the
      segment indicated by the DISP and Z fields in the pointer are not
      necessarily the beginning and end of a page frame partition. It will be
      noted that the initially specified segment size in register Z also
      specifies the last address of the segment in FIG. 2B, a second small fixed
      size segment is inserted into the second partition of the same page frame
      shown in FIG. 2A. The unique SID in the pointer for segment S2 has a PO of
      01 and the same SGI field as was used in the S1 pointer.
PAR  FIG. 2C further illustrates the insertion of a long segment which is
      greater in size than a single partition. The beginning part of S4 is
      assigned to the last partition in the page frame, having a PO of 11. The
      S4 pointer contains this PO and also contains the same SGI field as found
      in the S1 and S2 pointers. The S4 segment is a long segment, and hence it
      only partly fits into the last partition which includes its beginning
      identified by the DISP field in its pointer. It must overflow into one or
      more other page frames, and the end of the segment is indicated by the Z
      field which indicates the last page and the displacement of the segment.
PAR  Note that segment pages do not align with main storage page frames.
PAR  It is noted that the P, AF and VF fields in the header in FIGS. 2A, 2B and
      2C are updated in each case to reflect the state of the partitions.
PAR  It is also noted that if the S4 segment had been specified to be variable,
      whether it is a small or large segment, it would only be packed into the
      last partition. Segment variability in accommodated by varying the last
      address Z in the pointer after it is created, which does not interfere
      with packing because all variable segments are in the last partition of a
      packed page frame and can only overflow into another page frame.
PAR  The validity bits may be used at some future time in removing a packed
      segment from the page frame. In such case its validity bit is reset to an
      invalid state. This manipulation of the VF bits is not part of the subject
      invention, except in so far as the subject invention provides these bits
      for use in managing the segment.
PAR  After the segments are generated and put into page frames, whether packed
      or unpacked, the information in any segment is addressable by any program
      provided with a pointer to that segment. Note that addressability to only
      part of a segment is possible by setting the page, displacement and Z
      fields to delineate a range which is less than the full segment size. This
      however is outside the scope and concern of this invention.
PAR  FIG. 4A illustrates circuitry for generating the addresses to information
      in any segment, and checking the addresses to assure that no address
      accidentally strays beyond a partition boundary into a next following
      partition having a different segment in the same page frame. This
      circuitry will generate an addressing error interrupt signal if an address
      provided by an instruction should attempt to address into a next segment
      in the same page frame. The addressing error interrupt hardware 221 is
      shown in FIG. 4B.
PAR  The operations by the circuitry in FIGS. 4A and 4B can be followed using
      the operation diagram shown in FIG. 9.
PAR  A pointer (which contains the packed segment address) such as shown in FIG.
      7B, is initially specified by an operand in a machine instruction. The
      pointer is placed in a register 201 in FIG. 4A. The pointer may be
      modified by the content of an index register 202 in order to more
      conveniently locate data in a segment. Adder 203 ingates outputs from
      pointer register 201 and index register 202 in response to a memory access
      start signal to generate a virtual address (VA) of the type illustrated in
      FIG. 7C. Adder 203 does this by ingating the PO bits to bit positions
      corresponding to the highest order bit positions in the segment
      displacement field as illustrated in FIG. 7C. It also ingates the content
      of index register 202 to bit positions corresponding to the segment page
      and segment displacement fields as also shown in FIG. 7A. The adder output
      is a virtual address placed in a local register 204 which may be the same
      register as register 76 in FIG. 1C. Register 204 receives the same SGI
      field found in register 201, but the page and displacement fields are
      modified by the PO bits and index bits, if any. If no index register is
      specified by a current instruction, zeros are ingated to the index input
      of the adder 203.
PAR  The virtual address in register 204 is gated into a dynamic address
      translation mechanism (DATM) 106 shown in FIG. 4A in response to CP 240
      occurring after the start signal is applied to delay circuit 211. DATM
      operations are well known in the art and are only indirectly related to
      this invention, and hence are explained only in a summary fashion herein.
      For example, the commercial IBM S/370 M168 has dynamic address
      translation. The assigned page frame and the displacement provide a main
      store address having the form shown in FIG. 6B, which is a conventional
      form of address found in commercial virtual addressing systems.
PAR  In FIG. 4A DATM assigns a hardware page frame in main store 116 to the SGI
      and virtual page fields in the virtual address in register 204. DATM
      outputs the main store adress to SAR 111. The main store address comprises
      the assigned page frame and a displacement which is the same as the
      virtual displacement field in register 204. The assignment of a page frame
      is done by DATM selecting a register in the group of registers 300 shown
      in FIG. 4 which has the same SGI and virtual page fields found in register
      204. The index of that register in the group determines the assigned page
      frame in main store 116. If no register is found to contain the SGI and
      virtual page fields, then any unassigned register is picked by assigning
      any register having its availability bit (AB) set to zero indicating that
      it is available, and transferring into it the SGI and virtual page fields
      from the register 204 and setting its AB bit to 1.
PAR  The main store address is provided to the storage address register (SAR)
      111 and decoder 112 to access the page frame 117 in the conventional
      manner. Operation 204 in FIG. 9 is thereby performed.
PAR  The invention provides a partition boundary checking operation as a
      preliminary part of each operand access in main store 116. An initial
      check signal causes a zero displacement to be momentarily provided through
      the decoder 112 so that the header field in the page frame 117 is
      accessed, so that its packing bit and validity flag bits can be checked
      prior to granting the access to the address in SAR 111.
PAR  A delay circuit 212 is actuated by CP 240 and provides CP 241 as an initial
      check signal which sets a check control latch 215. When set, latch 215
      provides an output signal that ingates a zero displacement signal into
      decoder 112 whcih overrides the displacement address concurrently received
      in SAR 11 from DATM, but the page frame address in SAR 11 is passed
      through decoder 112 so that the header field at the beginning of page
      frame 117 is addressed and is accessed and put into SDR 118. The initial
      check signal also provides an input to a delay circuit 231 which outputs
      CP 242 which in FIG. 4B outgates the heater from SDR 118 into local
      register 71. Operation 245 in FIG. 9 is thereby performed.
PAR  In FIG. 4A, CP 242 also resets latch 215 so that the requested access can
      be started and will overlap the checking operating performed by the
      circuits in FIG. 4B. The accessed information is not available until
      checking is completed, which however may be completed before the
      information access into SDR 118 is completed.
PAR  In order to perform operation 260 in FIG. 9, CP 242 is also applied to line
      217 to delay circuit 233 in FIG. 4B which provides CP 250 that actuates
      the circuitry which tests the state of the P bit and validity bit field in
      the header in register 71. CP 250 outgates the PO field in pointer
      register 201; its PO part shown in FIG. 4B is the same PO part of pointer
      register 201 shown in FIG. 4A. The outgated PO field enables one of the
      AND gates 81 to 84 which has its other input equal to the PO field, so
      that the VF bit position in register 71 for the partition represented by
      the PO field is outgated and tested by AND circuit 73. If this validity
      flag bit is set to 1, it indicates that the segment in that partition is
      valid. If it is set to 0, the access is suppressed and an error condition
      is generated by a signal on the (c) output line provided from AND 73 to
      the interrupt hardware 221.
PAR  Thus, if the partition is valid, the (t) output of AND circuit 73 provides
      CP 260 which outgates the header P bit in register 71 for testing by an
      AND circuit 206, and CP 260 also outgates the PO field in register 201 for
      testing by an another AND gate 207. AND 206 provides an output if the
      header P bit is set to 0 which indicates no packing. AND 207 provides an
      output if the PO field indicates that the required segment is in the last
      partition of the page frame. The outputs of AND gates 206 and 207 are both
      provided to an OR circuit 234 which has a true (t) output and a (c)
      complementary output.
PAR  The partition boundary checking operation is bypassed if either no packing
      or the last partition is indicated by either output of gates 206 or 207.
      No checking is done for the last partition because addressing beyond it
      does not index into another partition but simply goes outside of the page
      frame and causes a page fault, which is checked by other means found in
      conventional systems. Activation of either of these conditions energizes
      the (t) output from OR circuit 234. The (t) output passes through AND 235
      after it is gated by a delayed CP 260 pulse to provide CP 261. CP 261
      activates OR circuit 240 to provide CP 299 which in FIG. 4A permits the
      outgating of the data from SAR 111, after it is accessed from the
      displacement address in the page frame 117.
PAR  However, if packing is indicated by the P bit and PO identifies one of the
      first three partitions, which has a valid segment, the address checking
      circuit performs operation 270 in FIG. 9. Then in FIG. 4B, the (c) output
      is provided from OR circuit 234. The (c) line connects to an AND circuit
      236 that receives the delayed CP 260 pulse to provide an energized output
      CP 270 which causes the address to be partition checked to determine if it
      exceeds the end of the partition identified by the PO field in the segment
      address. (It is assumed the system does not provide negative indexing, so
      that the user is unable to address into a prior partition above the
      beginning of the respective segment.)
PAR  Only a part of a virtual address in register 204 needs to be used in
      checking whether the access has exceeded the end boundary of the pertinent
      partition. The circuit in FIG. 4B checks the partition defined by the PO
      field in the pointer register 201 against the field in local register 204
      comprising its virtual page field and the two highest order bits in its
      virtual displacement field. The virtual page field will be zero for any
      small packed segment which is to be checked, since a small segment can not
      exceed one page. The highest order two bits in the virtual displacement
      field include the PO adjustment to the displacement field in the segment
      address.
PAR  Accordingly in FIG. 4B, CP 270 transfers the virtual page field with the
      two highest order bits of the displacement field in register 204 into the
      R input of comparator 16, and CP 270 also ingates into low order bit
      positions of the L input of the comparator 16 the two PO bits taken from
      register 201 and in the higher order bit positions of the L input ingates
      0 in a number of bits which corresponds to the number of bits in the
      virtual page field. The L and R ingated fields should be equal if the
      virtual address in register 201 is within the partition specified by the
      PO field in register 201.
PAR  If the comparator inputs are equal, line 16B is actuated, and when AND
      circuit 238 receives the delayed pulse CP 270, CP 299 is provided from OR
      circuit 240. CP 299 is provided to the SDR outgate in FIG. 4A to condition
      the access of the data from the correct partition.
PAR  If the comparator inputs are not equal the addressing is beyond the
      specified partition and an error condition occurs which actuates
      addressing error interrupt hardware 221. Also AND gate 238 is not
      conditioned by line 16B, and therefore no CP 299 signal is provided to
      condition the access of data from SDR 118; hence the access cannot be
      made. Other conditions not a part of this invention can also control the
      outgating of data from the SDR 118.
PAR  It will be apparent to those skilled in the art that numerous modifications
      may be made in this embodiment which are within the spirit and scope of
      this invention. For example, the initial flag bit tests for packing status
      of the affinity segment's page frame and the availability of a required
      partition can be done with flag bits in the assigned register 300 instead
      of the header field. Furthemore the number of partitions may be a number
      other than the four partitions shown in FIG. 8 used in this embodiment
      example provided by the two bit PO field. Thus a one bit PO feld would
      provide for two partitions, a three bit PO field for 8 partitions, a four
      bit PO field for 16 partitions, etc., in each page frame.
PAR  Furthermore, the embodiment packs small fixed segments into any of the four
      partitions in a page frame, but it only packs long segments and variable
      segments starting in the last partition in a page frame. It is apparent
      that long segments or variable segments could be packed starting in other
      partitions or a combination of partitions, etc. However, when packing is
      disabled, the embodiment permits variable or long segments to occupy up to
      all of a page frame.
PAR  Also, it is possible to pack segments which are bigger than one partition
      but less than the number of partitions in a page frame by using a number
      of adjacent partitions. For example, a segment greater than one partition
      but less than or equal to two partitions could be packed using partitions
      1 and 2, 2 and 3, or 3 and 4.
PAR  Any type of packing, however, which allows segments bigger than one
      partition to be packed using partitions 1, 2 or 3 complicates the segment
      packing operations described in FIG. 3, and the extent checking operations
      described in FIG. 9.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for partitioning page frame hardware components in a main
      store for packing a plurality of segments in any page frame, comprising
PA1  a first register for receiving and providing an affinity signal locating an
      existing segment with which a new segment is to be packed in a page frame,
PA1  means for accessing a flag field for an affinity page frame containing a
      first page of the existing segment located by said first register,
PA1  a second register receiving and providing a size signal for the new
      segment,
PA1  comparator means connected through gate circuits to said first register and
      to said second register and to partition size signals to provide a first
      electrical signal if the new segment size is greater than one partition in
      a page frame and to provide a second electrical signal if the new segment
      size is less than a maximum packable segment,
PA1  gating means and an AND circuit for testing a packing bit and an
      availability flag bit in said flag field for generating electrical signals
      indicating if the affinity page frame is packable and which partition in
      the page frame is available,
PA1  an offset register to provide signals for locating partitions of a page
      frame,
PA1  means for connecting said offset register to an output of said gating means
      to set the offset register to the location of a partition found available
      by said gating means, and
PA1  means for generating and storing electrical pointer signals for delineating
      and locating the new segment by actuating other gating circuits with said
      first and second electrical signals to transfer output signals from said
      second register and from said offset register to a pointer register,
PA1  whereby said pointer register contains signals for locating the new segment
      in the available partition in the page frame of the existing segment.
NUM  2.
PAR  2. Apparatus for partitioning page frame hardware components in a main
      store for packing a plurality of segments in any page frame, comprising
PA1  a first register for locating an affinity page frame which is an existing
      page frame having a partition containing the first page frame of an
      existing segment,
PA1  means for accessing a flag field for said page frame located by said first
      register and transferring it into a local register,
PA1  gating means and AND circuits for checking a packing bit and availability
      flag bits in said flag field in a local register and generating electrical
      signals indicating that said page frame is packable,
PA1  a second register for providing a new-segment-size signal,
PA1  a comparator having gating means connected between inputs of the comparator
      and the first register and the second register to provide a first output
      signal to indicate if packing is to be provided for the new segment in the
      existing page frame,
PA1  predetermined signals also being gate connected to said comparator for
      actuating said comparator to provide a fourth output signal for indicating
      if the new segment will fit into one partition, and a fifth output signal
      for indicating if the new segment is a packable large segment,
PA1  a third register for receiving and providing a variable/fixed signal for
      indicating whether the new segment is to be variable or fixed in size,
PA1  an offset register having gated connections with said comparator and with
      said third register and being set to indicate any available partition in
      said existing page frame when receiving the fourth output signal from said
      comparator and a fixed signal from the third register indicating a fixed
      size segment; but said offset register being set to indicate a last
      partition in said page frame when receiving the fifth output signal,
PA1  counter means for being incremented by said comparator receiving the fourth
      output signal and the fixed signal for testing the setting of each
      sequential availability flag bit until said counter means is stopped when
      it increments to a flag bit set to an available partition,
PA1  a gating circuit connecting said offset register with the output of said
      counter to receive its setting upon each incrementing,
PA1  means for forming and storing an electrical pointer signal in a pointer
      register by actuating gating circuits to transfer selected output signals
      from the first register and the offset register,
PA1  whereby said pointer register has a pointer formed within it for locating
      the new segment in the available partition in the existing page frame
      which also contains the existing segment.
NUM  3.
PAR  3. Apparatus as defined in claim 2, also comprising
PA1  means for sensing an input indicator that the new segment is to be a
      variable length segment and conditioning a sixth output signal,
PA1  gating circuits for connecting a signal source providing a signal for
      locating the last partition in a page frame when said fifth output signal
      or said sixth output signal indicates said new segment is a large segment
      or is a variable segment.
NUM  4.
PAR  4. Apparatus as defined in claim 3 further comprising
PA1  a generator of segment group identifier signals which partly identify
      segments connected to an output of said comparator and an output of said
      AND circuits to generate a next segment group identifier signal when the
      output of said comparator or the output of said AND circuits provide a no
      packing signal or a no-partition-available signal,
PA1  a header register for generating a header for a new page frame when said
      generator is actuated,
PA1  gating means to a header register for initially setting on a packing bit
      position and setting off availability flags in the header register,
PA1  setting a partition offset register to a location of the first partition in
      said page frame if electrical indicators sense the size of the new segment
      is less than or equal to one partition and the new segment is fixed, but
      setting said offset register to a location of the last partition if said
      new segment is variable or large,
PA1  and means for actuating said forming and storing means.
NUM  5.
PAR  5. A method for controlling the operation of page frame hardware components
      in a main store for partitioning said page frame hardware components in
      order to pack therein a plurality of segments in response to execution of
      a create segment instruction in a computer system, comprising the steps of
PA1  electrically gating to a first test circuit a content of an affinity
      operand of said create segment instruction; said test circuit conditioning
      a first line to signal a packing indication if said affinity operand
      contains a locator of a first page of an existing segment for which
      packing is indicated, but said test circuit conditioning a second line if
      no packing is indicated by said affinity operand,
PA1  if said first line is conditioned, accessing the page frame located by said
      affinity operand through a dynamic address translation mechanism,
PA1  transferring a flag word for said page frame into a local register, and
      checking the electrical state of a packing bit in said flag word in a
      checking circuit to electrically condition a third line if said packing
      bit indicates said page frame is packable, but said checking circuit
      conditioning a fourth line if said packing bit indicates said page frame
      is not packable,
PA1  then gating to a second test circuit a size-characteristic operand of said
      instruction; said test circuit conditioning a fifth line if the operand
      indicates the new segment is to be fixed, but conditioning a sixth line if
      the operand is found to indicate the new segment is to be variable,
PA1  also gating a size operand of said instruction to the first test circuit,
      which conditions a seventh line if the size operand indicates the new
      segment size is equal or less than one partition, but conditions an eighth
      line if the size operand indicates the new segment size is greater than
      one partition and has a packable length not greater than a maximum segment
      size less one page frame size less one partition size, but conditioning a
      ninth line if said size operand indicates the segment is to large to be
      packable,
PA1  If said seventh line is conditioned, scanning the electrical state of
      availability flag bits in said flag word for indicating an available
      partition in said page frame, and conditioning a tenth line if any
      available partition is indicated; but if said eighth line is conditioned,
      checking the electrical state of an availability flag bit for the last
      partition and conditioning an eleventh line; but if said scanning step
      finds the electrical state of all availability flag bits indicate no
      partition is available, conditioning a twelfth line
PA1  setting a partition offset register to a partition offset for locating said
      available partition in response to the conditioning of said seventh or
      said eighth lines,
PA1  and forming a delineator and locator for said new partition and segment in
      a sink operand of said instruction by gating into said sink operand a
      segment group identifier content from said affinity operand and the
      partition offset from said partition offset register.
NUM  6.
PAR  6. A method as defined in claim 5 further including steps of
PA1  generating a segment group identifier signal by conditioning any of said
      second, fourth, ninth or twelfth lines, the new segment group identifier
      signal being used to identify a new segment in relation to another page
      frame,
PA1  locating the new segment in the first partition of said another page frame
      by the conditioning of said second, seventh or ninth lines; but locating
      said segment in the last partition of said another page frame by the
      conditioning of the fourth or twelfth line,
PA1  providing a new flag word for said another page frame by setting off a
      packing bit position in a register in which said flag word is formed, and
      setting off an availability flag bit position in said register for the
      first partition in said another page frame by the conditioning of said
      second, seventh or ninth lines; but setting on said packing bit position
      and setting off an availability flag bit position for the last partition
      in said another page frame by the conditioning of said fourth or twelfth
      lines,
PA1  and actuating said forming step.
NUM  7.
PAR  7. Apparatus for locating a segment which may be packed with other segments
      in a page frame hardware component in a main store of a computer system,
      comprising
PA1  a pointer register for containing a segment address to locate a segment in
      the computer system, the pointer register including a partition offset
      section, a segment page section, and a segment displacement section,
PA1  an adder circuit,
PA1  first means for gating to said adder circuit a content of said segment page
      section and a content of said segment displacement section, and second
      means for gating a content of the partition offset section to said adder
      circuit in alignment with a high order end of the content of the segment
      displacement section,
PA1  and a virtual address register connected to an output of said adder circuit
      to receive page and displacement parts of a virtual address for locating
      the segment in a page frame hardware component, the virtual address
      register having a virtual page frame section and a virtual displacement
      section which receives the page and displacement parts.
NUM  8.
PAR  8. A method for locating a segment which may be packed with other segments
      in a page frame hardware component in a main store of a computer system,
      comprising the steps of
PA1  gating into an adder circuit contents of a partition offset section, a
      segment page section, and a segment displacement section of a pointer
      register, said gating step aligning the gated content from the partition
      offset section with the gated higher order end of the content of the
      segment displacement section,
PA1  connecting the output of the adder circuit to a virtual address register
      for providing in the virtual address register a virtual address for
      locating the segment in a page frame, the virtual address register having
      a virtual page frame section.
NUM  9.
PAR  9. Apparatus for locating a segment which may be packed with other segments
      in a page frame hardware component in a main store of a computer system,
      comprising
PA1  a pointer register for containing a segment address to locate a segment in
      the computer system, the pointer register including a partition offset
      section, a segment page section, and a segment displacement section,
PA1  an adder circuit,
PA1  first means for gating to said adder circuit a content of said segment page
      section and a content of said segment displacement section, and a second
      means for gating a content of the partition offset section to said adder
      circuit in alignment with a high order end of the content of the segment
      displacement section,
PA1  and a virtual address register connected to an output of said adder circuit
      to receive page and displacement parts of a virtual address for locating
      the segment in a page frame hardware component, the virtual address
      register having a virtual page frame section and a virtual displacement
      section which receives the page and displacement parts,
PA1  third means for gating into the virtual address register a content of
      segment group identifier section also included in the pointer register as
      part of the virtual address corresponding to the segment address contained
      in the pointer register,
PA1  an index register for receiving and providing an index content which is to
      modify a segment address to locate an internal part of the segment,
PA1  means for connecting the output of said index register to an input of said
      adder circuit, whereby said virtual address register receives a virtual
      address of the internal part of said segment,
PA1  a dynamic address translation mechanism for providing an output containing
      a page frame address in the main store for said segment in a page frame
      component,
PA1  gate circuit means for transferring an output of the virtual address
      register to the dynamic address translation mechanism,
PA1  a storage address register for receiving the output of said dynamic address
      translation mechanism,
PA1  a decoder circuit connected to said storage address register for accessing
      the page frame component in said main store containing the segment,
PA1  a store data register receiving a header accessed at the beginning of the
      page frame located by the store address register,
PA1  a header register, and means for gating the header in said store data
      register into said header register.
NUM  10.
PAR  10. Apparatus as defined in claim 9 further comprising
PA1  a comparing circuit for checking the virtual address in relation to a
      partition boundary,
PA1  first means for gating the content of the partition offset section of the
      pointer register into said comparing circuit,
PA1  second means for gating into the comparing circuit the content of the
      virtual page frame section and a high order part of the virtual
      displacement section of the virtual address register, the high order part
      having the same number of bit positions as the partition offset section,
PA1  a first output circuit connected to the comparing circuit for receiving an
      equal signal generation by said comparing circuit,
PA1  an access conditioning gate circuit connected between the first output
      circuit and the store data register to condition the store data register
      for outputing its content,
PA1  a second output circuit connected to the comparing circuit for receiving an
      unequal signal generated by said comparing circuit to condition interrupt
      hardware in the data processing system to signal an addressing error.
NUM  11.
PAR  11. A method for locating a segment which may be packed with other segments
      in a page frame hardware component in a main store of a computer system,
      comprising the steps of
PA1  gating into an adder circuit contents of a partition offset section, a
      segment page section, and a segment displacement section of a pointer
      register, said gating step aligning the gated content from the partition
      offset section with the gated higher order end of the content of the
      segment displacement section,
PA1  connecting the output of the adder circuit to a virtual address register
      for providing in the virtual address register a virtual address for
      locating the segment in a page frame, the virtual address register having
      a virtual page frame section,
PA1  also connecting an index register to an input of said adder circuit for
      generating a virtual address to locate an internal part of the segment,
PA1  transferring an output of said adder circuit to the virtual address
      register for providing the page and displacement parts of the virtual
      address for the internal part of said segment,
PA1  also transferring a content of a segment group identifier section of the
      pointer register into a segment group identifier section of the virtual
      address register to complete the virtual address,
PA1  gating a content of said virtual address register to a dynamic address
      translation mechanism to obtain a page frame address for the page frame
      component in said main store containing the internal part of the segment,
PA1  connecting the output of the dynamic address translation mechanism to a
      storage register and a decoder circuit in the main store,
PA1  outputting a header contained in the page frame component into a store data
      register,
PA1  and gating the header from said store data register into a header register.
NUM  12.
PAR  12. A method as defined in claim 11 further comprising the steps of
PA1  also gating into a comparing circuit the virtual page frame section and a
      high order part of a virtual displacement section of the virtual address
      register,
PA1  further gating into said comparing circuit a content of the partition
      offset section of said pointer register, the higher order part and the
      partition offset section having the same number of bit positions,
PA1  connecting an equal output signal from the comparing circuit to a first
      output circuit,
PA1  access conditioning the output of said main store with a signal from the
      first output circuit,
PA1  and actuating an input to interrupt hardware with a signal from an unequal
      output of said comparing circuit to indicate an addressing error.
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ABST
PAL  Circuits for the improved operation of microprogrammable computers are
      described. This improvement is accomplished by providing a set of
      read-only memory devices for storing the micro-code for all combinations
      of arithmetic logic unit function, carry bit and file register address
      than can be specified by an instruction word executed from Main Memory. In
      a universal microprogram designed to execute that family of Main Memory
      instructions that differ only in the functions specified above, the
      instruction word is used to address the read-only memory devices, the
      micro-code output of which is used to control the file, carry in bit and
      arithmetic logic unit. Through the use of these circuits a family of
      instructions may be executed by a single microprogram and at no increase
      in execution time over that required for the execution of a microprogram
      dedicated to a single instruction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to data processing equipment and more particularly
      to an improved circuit for indirect arithmetic control of some of the
      central processing unit functions. Use of this circuit allows a
      microprogrammable computer to execute a family of instructions in the
      number of locations required for a single microprogram.
PAR  In a typical microprogrammable computer there is a Main Memory containing
      programs and data words and a Control Memory containing microprograms.
      Using the computer described herein as an example, an application program
      stored in Main Memory is composed of words 16 bits in length which specify
      an operation and the location in Main Memory or in the File of the data to
      be operated upon. To execute a Main Memory instruction the operation code
      must be translated into a series of steps involving the operation of
      circuit elements within the computer. This translation from a Main Memory
      instruction into a series of hardware steps is accomplished through the
      execution of a microprogram in the Control Memory.
PAR  An example of a Main Memory instruction would be the "Register Exclusive OR
      And Increment" instruction which exclusive OR's the contents of source and
      destination registers, increments the result by 1 and loads the final
      result into the destination register. The single instruction obtained from
      Main Memory is translated into the eventual series of steps by using the
      original Main Memory instruction to "call" a microprogram located in the
      Control Memory which orders all of the steps necessary to implement said
      Main Memory instruction. Another instruction in the vocabulary of this
      computer is a "Register OR And Increment" instruction wherein the computer
      logically OR's the contents of a source and destination register,
      increments the result by one and loads the final result into the
      destination register. It can be seen that the difference between the two
      described instructions is that in one the basic operation is a Logical
      Exclusive OR and in the other the instruction is a Logical OR. The most
      basic method of translating these instructions into hardware steps is to
      use a separate microprogram for each instruction. Of course, this
      increases the size of the Control Memory required.
PAR  An improvement over the above system is to provide within the central
      processing unit a four bit function register to specify which particular
      logical or arithmetic operation is required of the Arithmetic Logic Unit
      (ALU). Thus, a single program can be used to implement both instructions
      by loading the function register with the four bit code of the operation
      required, running a single microprogram, and at the appropriate point in
      that microprogram use the contents of the function register to indirectly
      specify the operation of the Arithmetic Logic Unit rather than specifying
      it directly through bits of the microprogram instruction.
PAR  One problem with this system is that a separate loading step is required at
      the beginning of the microprogram which slows down instruction execution
      time. Another problem is that this system can be used for that family of
      instructions that differs only in its Arithmetic Logic Unit function. It
      would be advantageous to have a system which allows for instructions that
      differ in File locations and in the way the Carry Input is handled as
      well.
PAC  SUMMARY OF THE INVENTION
PAR  This invention allows for the provision of a single microprogram to process
      that family of instructions that differ in their Arithmetic Logic Unit
      function, their File location, and the way they handle the Carry Input
      without increasing the execution time over what it would be if each
      instruction had its own dedicated microprogram. This is accomplished by
      loading a set of read-only memory (ROM) devices with every desired
      combination of Arithmetic Logic Unit function, File address and Carry
      Input function. At the appropriate time in the execution of the Control
      Memory microprogram, the Arithmetic Logic Unit, File and Carry control
      lines are activated not by the microprogram but by the contents of a
      selected ROM.
PAR  Also, no time is lost using this technique since a ROM need not be clocked
      the way a register is clocked, the information programmed into a ROM is
      available at the output immediately upon being addressed. Therefore, one
      instruction execution cycle is saved by using ROM's as compared to a
      function register since a function register must be loaded during the
      execution cycle but a read-only memory device is pre-loaded at the time it
      is programmed.
PAR  Thus, this invention represents a significant improvement over the prior
      art in that, by the addition of this circuit, a single microprogram can
      process any one of a large set of instructions in the same time it would
      take to process a single instruction through the use of a microprogram
      written specifically for that instruction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the main elements of the computer in which
      this invention is used.
PAR  FIG. 2 shows the four data-swapping options available when loading the I
      Register.
PAR  FIG. 3 is a block diagram of the circuits required to load the FCR
      Register.
PAR  FIG. 4 is a flow chart of the microprogram used in conjunction with the
      Indirect Arithmetic Control circuits.
PAR  FIG. 5 is a simplified schematic diagram of the Indirect Arithmetic Control
      circuit.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is a simplfied block diagram of those elements of the computer which
      are used in conjunction with this invention.
PAR  The Main Memory 2 contains up to 64,000 words of 16 bits each. The MBW
      Register 4 stores words to be loaded into the Main Memory 2, and the MBR
      Register 6 contains words that have been read from Main Memory 2. The MA
      Register 8 contains the address of the next location in Main Memory 2 to
      be loaded into or read from.
PAR  The General Register File 10 is composed of nine random access memory
      devices. Since each device has a 32 by 2 bit capacity, these nine devices
      provide storage for 32 words of 16 bits each plus two parity bits, one for
      each byte. The File is controlled by six control lines, five lines for the
      address bits and one line for read-write control. Since the File acts like
      any synchronous flip-flop or register, during one CPU clock period data
      may be read out of a File location, operated on by the Central Processing
      Unit and written back into the same or a different File location at the
      end of the clock period. The File receives its data from the S Bus 22, and
      its output goes to the SA Switch 16.
PAR  The first 8 locations of the File are available to the software programmer
      and have the following specific functions. Z is a zero source. P is the
      address of the current instruction in the Main Memory program. L is the
      link address. T is for temporary storage. X is index register number 1,
      used for post-indexing. B is index register number 2, used for
      pre-indexing. E is the extension of the Accumulator and A is the
      accumulator. The remaining 24 locations are available only to the
      microprogrammer and are used by him as working File locations for any
      purpose and are referred to as File Eight through Thirty-One.
PAR  The I Register 24 is a 16 bit flip-flop register whose output is used
      within the Central Processing Unit and is available only to the
      microprogrammer. The entire sixteen bit output of the I Register may be
      transferred through the SA Switch 16 and the Arithmetic Logic Unit 14 back
      into the I Multiplexer 26 to the I Register 24. This loop is used when the
      16 bits are modified by some arithmetic or logic operation. A second path
      of data transfer is from the I Register 24 into the I Multiplexer 26 and
      back into the I Register 24. This loop is used for data manipulation as
      shown in FIG. 2. As seen in FIG. 2 the total affect of the four possible
      manipulations in the I Multiplexer is that any four bit nexidecimal in the
      I Register may be put into the least significant end of the I Register in
      one direct operation. This allows reformatting of the I Register data
      simultaneously with an ALU Operation. The least significant eight bits of
      the I Register are also used as the address inputs to the four indirect
      control ROMs as will be explained below. The I Multiplexer 26 may also
      receive information from the S Bus 22, the W Register 28 and the MBR
      Register 6. In all cases, this data may be manipulated as shown in FIG. 2.
      Two control lines are used to order one of the four possible data swaps
      shown in FIG. 2. Two more lines are used to determine which input shall be
      selected.
PAR  The W Register 28 is a 16 bit flip-flop used as a working register. It is
      loaded from the S Bus 22 or the SA Switch 16 through the W Multiplexer 30
      and is also used by the microprogrammer as a dynamic display of the next
      instruction Main Memory address on the control panel not shown.
PAR  The SB Switch 8 is a one-out-of-eight signal selector. The only input of
      interest in a discussion of this invention is the input from the MBR
      Register 6 which multiplexes the output from Main Memory 2 to the
      Arithmetic Logic Unit 14 for processing.
PAR  The SA Switch 16 is a one-out-of sixteen signal selector. Inputs to the SA
      Switch include the output from the File 10, the I Register 24, the W
      Register 28, and the Program Status Word Register 18. The Program Status
      Word Register 18 contains the Overflow and Carry bits.
PAR  The Arithmetic Logic Unit (ALU) 14 is composed of four arithmetic logic
      circuits, each of four bits capacity, and a fast carry look-ahead circuit.
      Four control lines are used to order one of the ALU's 15 arithmetic and
      logic functions. The inputs to the ALU 14 are the output of the SB Swtich
      8 which is transferred to the ALU through the 16 parallel bit B Bus 12,
      and the output of the SA Switch 16 which is transferred to the ALU through
      the A Bus 20. The output of the ALU 14 is carried by the S Bus 22 to the
      various elements of the Central Processing Unit.
PAR  A Fault Register 32 may be loaded from the S Bus 22 with fault data
      generated by the execution of a Control Memory diagnostic microprogram or
      by a Main Memory diagnostic program. The contents of the Fault Register
      are displayed at the control panel, not shown.
PAR  In FIG. 1, the File 10, the Arithmetic Logic Unit 14, the SA Switch 16 and
      the I Multiplexer 26 are representations of commercially available devices
      (or groups of identical devices in parallel), and are fully documented in
      Specification Sheets published by various vendors. The Arithmetic Logic
      Unit, for instance, which has just been described, is implemented from
      standard commercial devices sold by Texas Instruments Inc., and Signetics
      as Model No. 54181. Likewise, the SA Switch is implemented from 74151's,
      the I multiplexer from 74153's, and the File from 82521's.
PAR  Sixty lines are required to control the hardware shown in FIG. 1. For
      instance, the ALU 14 is capable of 15 different arithmetic or logic
      operations and therefore needs four control lines to specify the operation
      required by the current instruction. Three lines are required for the SB
      Switch to determine which input to apply to the B Bus 12 and the 32 word
      File 10 requires five addressing lines to specify which location is being
      accessed. These control lines emanate from the Function Control Register
      (FCR) 40 which is shown in FIG. 3. The Control Memory 42 loads all 60 bits
      of the FCR 40 but for clarity only the subfields pertaining to this
      invention are shown. Furthermore, except for some of the loading lines
      which load the OC, AU and FL fields from the Control Memory 42, the
      loading lines have also been omitted.
PAR  In the embodiment, described herein, all of the microprograms in the
      Control Memory are contained within a block of read-only memory devices.
      The total length of the control microprogram is approximately 2,000 words
      and each word is 60 bits in length. As each instruction is accessed from
      the Control Memory 42 these 60 bits are loaded into the Function Control
      Register 40. These 60 bits are divided into fields based on their function
      and the pertinent ones are described below.
PAR  The FL (File Control) six bit field in the FCR 40 controls the 32 word File
      10. During any one cycle, one word can be accessed from this File,
      operated on by the ALU 14, and written back into the File. The field is
      divided into two sub-fields, a five bit address field and a one bit
      control field which determines the operation, read or read/write.
PAR  The SA Field determines what function is to be placed on the sixteen bit
      wide A Bus 20 which is one of the two inputs to the ALU and also is an
      input to the W Register Multiplexer 30.
PAR  The SB Field of the FCR 40 determines what function is to be placed on the
      sixteen bit wide B Bus 12 which is the other input besides the A bus 20 to
      the ALU 14. This multiplexer has the capability for eight separate inputs
      including the output of the MBR Register 6.
PAR  The four bit AU field controls the operation of the ALU 14. The arguments
      for the function performed are on the A Bus 20 and the B Bus 12 in FIG. 1
      with the result appearing on the S Bus 22.
PAR  The CI Field of the FCR 40 in FIG. 3 contains one bit which is used as
      either a "zero" or "one" input to the Carry flip-flop, a part of the PSW
      Register 18.
PAR  The DT Field controls the loading of the destination register from the S
      Bus 22 at the end of the current cycle. The destination register may be
      the MA Register 8, the MBW Register 4, the PSW Register 18, the Fault
      Register 32 or the I Multiplexer 26. The File 10 and the W Multiplexer 30
      are controlled separately.
PAR  The OC field is a three bit field which is used to set or reset the
      Overflow and Carry indicators at the end of the current cycle. The
      software developed for this computer makes extensive use of these
      indicators for non-arithmetic functions, in that, these bits are used as
      flag bits by the software programmer. The Overflow and Carry flip-flops
      are part of the PSW Register 18.
PAR  The FCR 40 is also loaded from the Control Memory 42 with 16 bits of
      address information. This information is stored in the FA, FB, FC and FD
      Fields and is sent to the Address Multiplexer 44 along with the least
      significant eight bits from the I Register 24 and addressing information
      from the FCA +1 Register 46. The Address Multiplexer 44 is ordered to
      select one of several branching modes by the three bits of information in
      the AM Field of the FCR Register 40.
PAR  For direct addressing the 16 bits of addressing information are selected by
      the Address Multiplexer 44 and are used directly to specify the next
      Control Memory location to be accessed.
PAR  Alternatively, the FCA +1 Register 46, which always contains an address
      numerically equal to the current address plus one, may be selected by the
      Address Multiplexer 44 in which case the next location after the current
      location will be accessed. Use of this addressing mode will result in a
      program being executed in numerical sequence.
PAR  Another addressing mode is an indirect mode where the least significant
      eight bits of the I Register 24 are used as address bits to address a
      group of Branch ROMs 46. The Branch ROM output is used as addressing
      information, is selected by the Address Multiplexer 44 and is used as the
      address of the next word of microprogram in Control Memory 42.
PAR  The Indirect Arithmetic Control ROMs 48 receive addressing information from
      the I Register or the MBR Register 6, and the outputs from these Indirect
      Arithmetic Control ROMs are switched through nine gates 50 into the OC, AU
      and FL Fields. These NOR gates 50 are under the control of the Indirect
      Enable Line 52 which is a decode of the AM Field.
PAR  If the microprogrammer wants to control the ALU, the File and the Carry bit
      directly, he does not activate the Indirect Enable Line and loads the OC,
      ALU and FL bits of the Function Control Register 40 directly from Control
      Memory 42.
PAR  If the microprogrammer wants to exercise the Indirect Arithmetic Control
      option, he activates the Indirect Enable line and allows the outputs of
      both the Control Memory 42 and the Indirect Arithmetic Control ROMs 48 to
      be collector ORed prior to using the result to load the Function Control
      Register. When this option is exercised, all nine outputs from the Control
      Memory 42 must be high so that the information loaded into the Function
      Control Register 40 is solely dependent upon the information from the
      Indirect Arithmetic Control ROMs 48.
PAR  It can be seen that only three of the six FL Field bits may be loaded
      indirectly. This means that the software programmer has control over which
      one of eight registers will be loaded while the microprogrammer has
      control over which eight out of 32 registers will be enabled. This is
      required since the software programmer does not "know" that there are
      thirty-two locations in the file. He only knows of the eight named
      registers located in File zero through seven, and therefore in the
      translation of an operation code in the current Main Memory instruction
      only one of these eight register locations need be specified.
PAR  Two lines are needed for control of the OC Field the three Carry options
      which are zero, one and normal carry. Finally, four lines completely
      control the Arithmetic Logic Unit.
PAR  FIG. 4 is a simplified block diagram of the register copy microprogram in
      Control Memory. Because of the indirect arithmetic control circuits this
      short program implements a wide variety of register copy instructions. The
      contents of any File register may be copied into any other File register.
      The data contained in a source register may be combined in a variety of
      logic or arithmetic functions with the contents of a destination register
      and the result loaded into the destination register. Finally, the three
      carry options are available.
PAR  At the immediately preceeding step of the microprogram, a multi-way branch
      on the I Register is made. At this point in the program, the I Register
      contains the software code specifying the source register, the destination
      register, and the operation code. The program will branch to the
      appropriate location based on these contents of the I Register.
PAR  Copy instructions require either one, two, or three execution machine
      cycles in addition to this branching step. One step copy executions arise
      in cases where one register is zeroed or made all ones. The carry, if any,
      is assimilated in this one step. This is shown in logical notation in
      location 50 where the contents of the destination register may be zeroed
      or made all ones; may be incremented by one, incremented by the contents
      of the carry flip-flop or not incremented at all; and loaded into the
      destination register. For operation codes that order a test of the
      overflow and carry flip-flops, a separate path through location 40 is
      provided.
PAR  Most of the copy cases require two execution steps. At location 20 the
      content of the source register is loaded into the W Register. In location
      21 the contents of the destination register is combined with the contents
      of the W Register in any of the specified ALU arithmetic or logic
      functions, incremented as before and loaded back into the destination
      register. A test for an overflow or carry is also provided at location 21.
      The instructions in locations 30 and 31 are executed when either the
      destination or source register is logically combined with the destination
      register and incremented before being loaded into the destination
      register.
PAR  Three step copies arise from ALU hardware constraints where "AND" and
      "exclusive OR" operations require an additional step for carry
      assimilation. This is indicated in locations 10, 11, and 12 where the
      contents of the source register is loaded into the W Register,
      arithmetically or logically combined with the contents of the destination
      register, incremented and finally loaded into the destination register.
PAR  The circuit required to implement the microprogram of FIG. 4 is shown in
      schematic form in FIG. 5. There are eight sets of Indirect ROMs of which
      three are used for copy instructions, one is used to control the File
      indirectly, and four are either kept as spares or not used.
PAR  The first indirect copy ROM, Copy One 66, is enabled during step one
      (locations 10, 20, 30, 40 and 50 in FIG. 4) of copy execution and overlays
      (collector ORs) three of the FL field bits, four of the AU bits and the
      two CI bits in the FCR 78. Prior to this instruction execution the MBR
      Register 62 and the I Register 74 had been loaded with the operation code
      and contains the source register, the destination register and operation
      code information. By using the data contained within the MBR Register to
      address the Copy One Indirect ROM, and by using the output of the ROM to
      load the FCR 78, then the ALU 80, File 82 and Carry 84 function are
      indirectly determined by the operation code in the MBR Register at the
      time of execution.
PAR  The copy Two 68 (locations 11, 21 and 31 in FIG. 4) and Copy Three 70
      (location 12) Indirect ROMs are enabled during the second and third steps
      of copy. Their outputs are a function of the contents of the I Register 74
      which holds the operation code and register information during the second
      and third copy steps thus freeing the MBR Register for other uses.
PAR  As explained above, the 16 address field bits may be used directly to
      determine the next control Memory location to be accessed. If, however, a
      branch on the contents of the I Register or MBR Register is made, the FC
      Field data is not used and three of these bits are therefore available to
      enable one of the eight Indirect ROMs. This is shown in FIG. 5 as the
      input to the Three to Eight Decode 60.
PAR  Under Indirect Arithmetic control conditions, the indirect enable line is
      active, enabling up to nine bits of information to be transferred from the
      Indirect ROMs to the FCR Register 66 where they are collector ORed with
      the output of the Control Memory 64. Simultaneously, all nine outputs of
      the Control Memory 64 must be held high so that, through collector ORing,
      the inputs of the FCR Register will equal the outputs from the indirect
      ROMs.
PAR  The RWD Indirect ROM 72 is used with that family of operation codes that
      vary only in the File address and so only the three lines going to the FL
      field are implemented. The remaining ROMs are spares to be programmed in
      the future in case additional options are desired.
PAR  It is to be understood that the above described arrangement is merely
      illustrative of the principals of the invention. For example, other
      circuit implementations or other read-only memory devices could be used to
      obtain the results of this invention. While particular embodiments of the
      present invention have been described and illustrated, it will be apparent
      to those skilled in the art that changes and modifications may be made
      therein without departure from the spirit and scope of the invention as
      claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a microprogrammable computer of the type having data registers, an
      arithmetic logic unit, control lines for controlling the transfer of data
      between said data registers and said arithmetic logic unit, and a control
      memory comprising first circuit for storing microprograms and second
      circuit for executing said microprograms and for coupling the control
      information generated by said microprogram execution to said control
      lines, an improved indirect arithmetic control circuit comprising:
PA1  addressable memory means for storing indirect arithmetic control
      information,
PA1  addressing means for coupling the data from one of said data registers to
      said addressable memory means address inputs, and
PA1  gating means responsive to a microprogram indirect arithmetic control
      instruction currently being executed by said control memory second circuit
      for coupling said indirect arithmetic control information to said control
      lines.
NUM  2.
PAR  2. The apparatus as set forth in claim 1 wherein said addressable memory
      means comprises a plurality of read-only memory devices.
NUM  3.
PAR  3. The apparatus as set forth in claim 2 including selecting means coupled
      to said control memory and responsive to an indirect arithmetic control
      microprogram instruction execution by said second circuits for selecting
      one of said read-only memory devices and for coupling the output of said
      selected read-only memory device output to said control lines.
NUM  4.
PAR  4. The apparatus as set forth in claim 1 wherein said gating means further
      comprises a set of two-input OR gates, the input of said OR gates being
      coupled to said control memory and said addressable memory means, and the
      output of said gates being coupled to said control lines.
NUM  5.
PAR  5. In a microprogrammable computer of the type having control lines for
      controlling the flow of data between the data registers and the arithmetic
      logic unit of said computer, and a control memory comprising first circuit
      for storing microprograms and second circuit for executing said
      microprograms and for coupling the control information generated thereby
      to said control lines, an improved indirect arithmetic control circuit
      comprising:
PA1  a read-only memory device for storing indirect arithmetic control
      information,
PA1  addressing means for coupling the data from one of said data register
      outputs to said addressable memory means address inputs, and
PA1  gating circuit for coupling the outputs of said read-only memory device to
      said control lines, responsive to the execution of an indirect arithmetic
      control microprogram instruction being executed by said control memory
      second circuit.
NUM  6.
PAR  6. The apparatus in claim 5 wherein said gating circuits for coupling
      comprise OR gates for combining each output bit from said read-only memory
      device with each corresponding output bit from said control memory second
      circuits and for coupling the resultant signals to said control lines.
NUM  7.
PAR  7. The apparatus as set forth in claim 5 wherein said read-only memory
      device is addressable.
NUM  8.
PAR  8. The apparatus as set forth in claim 7 wherein the addressing line inputs
      to said read-only memory device are coupled to the output lines of one of
      said data registers.
NUM  9.
PAR  9. The apparatus as set forth in claim 5 wherein said read-only memory
      device comprises a plurality of read-only memory chips.
NUM  10.
PAR  10. The apparatus as set forth in claim 9 including means responsive to the
      execution of an indirect arithmetic control microprogram instruction by
      said second circuits of said control memory for selecting one of said
      plurality of read-only memory chips and for coupling the output of said
      selected read-only memory chip to said control lines.
NUM  11.
PAR  11. The apparatus as set forth in claim 10 wherein each of said plurality
      of read-only memory chips is addressable by one of said data registers.
NUM  12.
PAR  12. In a microprogrammable computer of the type having control lines for
      controlling the flow of data between the data registers and arithmetic
      logic unit of said computer, a function control register for driving said
      control lines, and a control memory for storing microprograms in a first
      circuit of said control memory and for executing said microprograms and
      for outputting the control information generated by a said microprogram
      execution by second circuit of said control memory,
PA1  an improved indirect arithmetic control circuit comprising:
PA1  a read-only memory device for storing indirect arithmetic control
      information,
PA1  gating circuits for coupling the outputs of said control memory and said
      read-only memory device to said function control register, and
PA1  means responsive to the execution of an indirect arithmetic control
      instruction by said second circuit of said control memory for coupling the
      output of said read-only memory device to said control lines.
NUM  13.
PAR  13. The apparatus as set forth in claim 12 wherein said gating circuits
      comprise an OR gate for each output bit of said read-only memory device,
      the inputs to each of said gates being the corresponding output bits of
      said read-only memory device and said second circuits of said control
      memory, and the output of each of said gates being coupled to the
      corresponding bit of said function control register.
NUM  14.
PAR  14. The apparatus as set forth in claim 13 wherein said read-only memory
      device is addressable.
NUM  15.
PAR  15. The apparatus as set forth in claim 15 wherein said read-only memory
      device comprises a plurality of read-only memory chips.
NUM  16.
PAR  16. The apparatus as set forth in claim 15 including means responsive to
      the execution of a control memory indirect arithmetic control microprogram
      instruction by said control memory second circuits for selecting one of
      said read-only memory chips, and for coupling the output of said selected
      read-only memory chip to said control lines.
NUM  17.
PAR  17. The apparatus as set forth in claim 16 wherein the addressing
      information to each of said plurality of read-only memory chips is coupled
      from one of said data registers.
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PAL  A data gathering and transmitting system includes a portable data gathering
      device having a keyboard for entering a line of data of predetermined
      maximum length, a temporary memory for storing the line of data, means for
      displaying the temporarily stored data to verify its accuracy, and means
      for transferring the line of data in the temporary memory to a main memory
      for storage. The system is also capable of calculating and displaying the
      total number of lines of data that have been transferred to main memory.
      The system further includes an interface-formatter which is located at a
      remote terminal in communication with a computer. After data has been
      collected, the portable data gathering device is connected to the
      interface-formatter where the stored data is read out and automatically
      converted and formatted into a form suitable for direct transmission to a
      computer.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a data storage and transmission system and, more
      particularly, to such a system including a hand-held portable device for
      manually entering and storing a large amount of data and which may be
      automatically read out at a remote terminal for immediate transmission to
      a control station; such a device may be characterized as an electronic
      notebook.
PAR  2. State of the Prior Art
PAR  In the prior art, the collection or gathering of data, particularly from
      remote locations for subsequent transmission to a control, presents the
      problem that the gathered data, at some point in the operation, must be
      manually translated into computer compatible form. In a typical remote
      data gathering operation of the prior art, the data first is recorded
      manually on special forms by personnel out in the field. The forms are
      then taken to a central facility where the data contained thereon must be
      converted into computer compatible form, usually by keypunching the data
      onto computer cards. Manual conversion is extremely costly, is a major
      source of error, and delays the availability of the data for subsequent
      processing.
PAR  There is thus a great need for what may be termed an electronic notebook,
      i.e., a device which has the flexibility and adaptability of receiving and
      storing the entered data but which avoids the entry of erroneous data and
      facilitates instead entry of correct data. The device moreover must be
      capable of rapid and accurate read-out of the data for subsequent storage
      and/or processing and avoiding manual conversion.
PAR  In general, any process where data is manually collected in the field and
      later entered into a computer, is a potential application for the present
      invention. The term "electronic notebook" concisely describes the range of
      applications.
PAR  Raw material inventory control, as in the forest products industry,
      requires that each log be measured and recorded, along with several
      descriptions. The speed of processing the raw materials in this and other
      industries often exceeds that of processing the collected data, with the
      result that the raw material is turned into finished products before the
      inventory reports are completed. Other applications include reordering of
      goods in grocery stores; monitor station reading for pollution control;
      meter reading in gas and electric utilities; route sales orders, such as
      for perishable goods distributors; inventory control, production reporting
      in manufacturing industries; trouble reporting, such as in the police
      work, highway construction and repair, and telephone and power industries,
      and data collection in scientific research.
PAR  Portable key-to-magnetic tape devices have gained acceptance in certain
      areas, such as the grocery retail industry for use in reordering
      inventory, replacing the order forms, mails, and keypunching where the
      operating environment permits the use of magnetic tape recorders. However,
      in most applications magnetic tape recording imposes too many constraints.
      Temperature, shock, water and dust all cause problems to tape recorders.
      But more importantly, key-to-tape machines do not have the versatility or
      ease of use to make them widely accepted as electronic notebooks. The size
      and weight of the tape recorder requires that shoulder straps and slings
      be used to carry the recorder, and an umbilical cord attaches the recorder
      to the hand-held keyboard. Further, data recall and random access to data
      in memory, a must for a true electronic notebook, are not possible with
      magnetic tape memories. A true electronic notebook, such as the present
      data collection device, must emulate a note pad in versatility, size and
      weight, else the man-machine interface problem will limit acceptance - as
      key-to-tape machines have been limited to grocery stores.
PAR  Most of the available key-to-tape units were designed several years ago
      before many advances in solid state memory technology had occurred. During
      1973, some limited feature solid state units have appeared on the market,
      designed for the grocery store application. They have not been designed as
      electronic notebooks, but as solid state equivalents to the old magnetic
      tape units.
PAR  Another prior art source data entry means is the optical reader. Herein the
      source data is marked or written on a document, from which it subsequently
      is read directly into a computer by an optical reader. Keypunch and other
      secondary operation costs associated with entering data are eliminated.
      However, optical reading is viable only where certain constraints can be
      tolerated. For example, the environmental conditions must assure that the
      document will not become wet or dirty so as to cause extraneous marks or
      damage. Operator training in marking the document must be given, and
      operator consistency must be dependable. Suitable forms must be designed
      and available. Moreover, greater time is required, since the source
      documents normally are transported to a central facility for reading and
      processing. Finally, optical mark reading presents a relatively high error
      rate, due to character or mark rejections or substitutions.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes these and other inadequacies and
      deficiencies of prior art systems, and offers an economical and accurate
      means of performing data gathering operations and entering the gathered
      data into a computer without the necessity of additional human operations.
      Particularly, the present invention provides for simplified and highly
      efficient gathering of data, even in remote locations, and includes a
      handheld, portable, keyboard-to-memory data terminal for collecting data
      in the field and electronically storing the data in computer usable form
      for later automatic conversion of the data to a format which is computer
      compatible, and suitable for transmission to a central store, or directly
      to a computer. The system also includes a formatter for direct
      transmission of data from the collection device to a further storage or,
      where desired, the formatter may be provided at a remote terminal linked
      through a data communications system to a central computer for
      transmitting of data from the collection device in a suitably formatted
      form to the central computer.
PAR  In a preferred embodiment, numeric data is entered into the collection
      device by a keyboard. A large amount of storage is provided in the
      collection device to permit its use over a desired duration, e.g. a day or
      two, whereupon the data stored in the data collection device must be
      retrieved and the device cleared for further collection purposes. A
      significant aspect of the readout from the collection device into the
      interface-formatter is that manual transcription and formatting are
      eliminated, thus avoiding such costly functions as manual compilation,
      transcription, keypunching and verification as are involved in the typical
      prior art systems. The present invention may be viewed as a general
      purpose data entry system, applicable to a broad range of industries and
      applications. The market can be categorized into two main segments: end
      users with in-house computers and time-shared computer users.
PAR  The present system satisfies a need for data collection and input in both
      segments, and for data communications in the computer industry in general
      -- i.e., speeding up data entry.
PAR  Time shared-computing is a powerful concept whereby the capabilities of a
      large general purpose computer are shared via telephone lines by hundreds
      of remote users. The concept of remote computing is valuable because of
      the ease and speed of access to computer power. The concept of the system
      of the invention enhances the time-share concept by providing fast remote
      entry of source data. The data collection device is compact in size, is
      powered by a rechargeable battery, and uses a minimum of power, making the
      device ideally suited for portable operation, and thus has application in
      both segments.
PAR  The data collection device comprises three basic subsystems: a temporary
      memory, a display system, and a main memory.
PAR  In one embodiment, the temporary memory comprises four 18 character shift
      registers operating in a recirculating mode. Data entry is effected by
      depressing the appropriate ones of numeric keys on a keyboard, a
      decimal-to-BCD decoder converting the numeric value of each depressed key
      to a 4 bit BCD word, the 4 bits of each data word being supplied to the
      inputs of the respectively associated recirculating shift registers. The
      control circuits for the input of data to the temporary memory include a
      memory address register of a corresponding number of bits as one of the
      temporary memory registers, and which recirculates in synchronism
      therewith. Additionally, there is provided a write address register which
      increments each time a numeric key of the keyboard is depressed. Control
      circuits monitor both the memory address and the write address registers
      to produce a coincidence signal which indicates that the temporary memory,
      in its recirculating cycle, currently is at the address specified by the
      write address register as being the next address into which new data is to
      be entered. Logic circuits also require that the appropriate conditions
      for entry of data be established in conjunction with the occurrence of the
      concidence signal to permit entry of each such new BCD data item into the
      temporary storage.
PAR  The display circuit is selectively enabled by the user for displaying
      either the data currently stored in the temporary memory or the number of
      lines of data which currently are stored in the main memory. The display
      correspondingly includes 18 individual numeric display positions,
      corresponding to the 18 word temporary storage, preferably implemented by
      light emitting diodes (LED's) configured for a typical seven segment font
      display. The 18 LED's are pulsed in synchronism with the recirculation of
      the temporary memory and each LED is activated to display the character in
      the corresponding position of the temporary memory. The response time of
      the LED's is sufficiently fast that, with regard to the frequency of the
      pulsing and thus the recirculation rate of the temporary memory, a
      flicker-free display of the data in the temporary memory is presented to
      the user.
PAR  The main memory comprises recirculating shift registers and in a low
      capacity device may comprise four such registers, each with a capacity of
      1,024 bits and thus a capacity of 1,024 four bit BCD numeric characters.
      In normal use of the device, after a line of data is entered into the
      temporary memory and displayed, for verification, the user depresses an
      ENTER key on the device whereupon the data is transferred from the
      temporary memory to the main memory. Where an error exists in the line of
      data in the temporary memory, as evidenced by the display, the temporary
      memory is cleared and that line is re-entered with a verification check
      for accuracy whereupon it is then entered into the main memory. Once in
      main memory, the data cannot be retrieved or corrected until transmitted.
      The transfer function from temporary to main memory again requires
      identification of the next available position in the parallel
      recirculating shift registers. This function is achieved by the provision
      of memory and write address registers and associated coincidence logic
      substantially corresponding to the control circuits for data entry into
      the temporary memory. A line counter is provided to count the number of
      lines entered into the main memory, which line count may be displayed as
      previously noted. Likewise, an alarm display is provided for the condition
      that the main memory is near overflow.
PAR  The main memory of a second embodiment of the data collection device may
      contain a multiple of the capacity of the device as aforedescribed through
      the provision of multiple sets of recirculating shift registers. One
      specific such embodiment contains 8 such shift registers thereby providing
      8 times 1,024 character storage capacity. To minimize power consumption
      where multiple sets of main memory shift registers are employed, power is
      supplied to each set of shift registers only as it is brought into use.
PAR  The interface-formatter, as above noted, retrieves data from the main
      memory store of the data collection device and transmits that data to some
      further utilization device. Although local storage on magnetic tape is one
      technique, more typically the interface-formatter supplies the data for
      transmission to a central computer, such as by driving a teletype or other
      standard terminal. whereas several output interfaces are available, as one
      example, the transmission may be in ASCII at selectable baud rates from
      110 baud to 1200 baud. The interface-formatter includes appropriate
      control circuits for interjecting SPACE's, carriage return (CR), and line
      feeds (LF), at pre-programmed positions in the output data stream. The
      interface-formatter as well provides the necessary conversion from the
      parallel character storage of main memory to a serial format for
      transmission. The formatter, in like manner, includes necessary counting
      and logic circuits for timing the bits in the output bit stream, for
      counting the characters in each line of data and determining in light of
      the accumulated count the positions in which to insert SPACE's, for
      detecting the count of each line and for counting the number of lines to
      determine the positions for inserting the CR, LF, and like characters.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1a illustrates the keyboard and the outputs therefrom responsive to
      actuation of both data and control pushbuttons thereon.
PAR  FIG. 1b is a plot of waveforms representing signals at various positions
      throughout the circuit of FIG. 1a.
PAR  FIG. 1c is a block diagram of a temporary memory employed in the device and
      illustrating the data entry and recirculating logic gating loops for the
      recirculating shift registers comprising the temporary memory.
PAR  FIG. 1d is a block diagram of various control circuits for the temporary
      memory of FIG. 1c.
PAR  FIG. 1e is a block diagram of the circuits of the device which control
      transfer of data from the temporary memory to the main memory.
PAR  FIG. 2 is a block diagram of the energization and logic selection circuits
      including counters and decoders employed for energizing the display
      elements in an illustrative seven segment character display for an 18
      character display line comprising one embodiment of a display for use with
      the data holder device of the invention.
PAR  FIG. 3a illustrates components of the main mmemory including input buffer
      stages, address counters, and logic control circuits including coincidence
      detection and full capacity warning circuits.
PAR  FIG. 3b illustrates in block diagram form the recirculating shift registers
      constituting the main memory storage and logic circuitry for controlling
      the entry and recirculation of data therein.
PAR  FIG. 3c is a plot of various waveforms illustrating clocking and logic
      gating functions of the main memory portion.
PAR  FIGS. 4a and 4b are block diagrams of various logic and control circuitry
      for readout of data from the main memory of the portable device and
      transmission thereof to a further utilization device.
PAR  FIGS. 4c and 4d are block diagrams of the interface circuits employed for
      translating the formatter output into a form suitable for transmission and
      particularly illustrate parallel to serial conversion of the data such as
      for supply to a teletype driver circuit.
PAR  FIGS. 4e and 4f are block diagrams of the programmer circuits employed for
      interjecting line feeds and spaces within the data stream.
PAR  FIGS. 5a and 5b illustrate a multiple memory bank embodiment of the
      invention affording increased memory capacity while minimizing power
      consumption.
PAR  FIGS. 6a and 6b are a top plane view and a side elevational view partially
      in cross section of the portable hand-held device, and
PAR  FIG. 7a is a top plane view of a structure located at a central and
      containing the formatter and interface circuits for receiving the portable
      dataholder device; FIG. 7b is a side view of the structure of FIG. 7a and
      FIG. 7c is an end view showing the portable dataholder device received on
      the mounting rails of the structure of FIGS. 7a and 7b.
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PAC  DATAILED DESCRIPTION OF THE INVENTION:
PAR  As used herein, zero volts is a 0 logic level, and a positive voltage,
      significantly greater than zero, is a 1 logic level.
PAR  In FIG. 1a, the keyboard 100 includes a plurality of switches, the outputs
      of the numeric switches, 0 to 9, and switch L, being connected to the
      inputs of NAND gates 101, 102 and 103, as shown. Hereinafter, the numeric
      and L pushbuttons will be referred to as "data" pushbuttons, and the other
      pushbuttons as "control" pushbuttons.
PAR  With reference to the waveforms of FIG. 1b, if any "data" pushbutton is
      pressed at t.sub.0, the output of the corresponding one of NAND gates 101,
      102 or 103 causes NOR gate 104 to output a 0 and inverter 105, in turn, to
      output a 1, the latter remaining a 1 only while a data pushbutton is
      depressed. The cathode of diode 106 rises to 1 in a relatively short time,
      due to the low output impedance of inverter 105, raising the input to
      inverter 110 to a 1. Inverter 110 thereby outputs a 0 and drives the
      output of inverter 111 to 1, the 1 output of inverter 111 being fed back
      to the input of inverter 110. This feedback, by virtue of the averaging
      effect of capacitor 107, maintains the input to inverter 110 at 1, even if
      the pushbutton switch is momentarily opened due to "switch bounce".
PAR  At t.sub.2, when the pushbutton switch is released, the output of inverter
      105 returns to 0. Since diode 106 is now back-biased, capacitor 107
      discharges through resistor 108 and resistor 109 in series with the input
      of inverter 110. At t.sub.3, the input voltage to inverter 110 has fallen
      to .nu..sub.t, and inverter 110 outputs a 1, inverter 111 then outputting
      0. The change from 1 to 0 at the output of inverter 111 immediately drops
      the input voltage to inverter 110 well below .nu..sub.t, and capacitor 107
      fully discharges. The outputs of inverters 110 and 111 are differentiated
      by RC circuits 113 to 116, the 1 to 0 transitions of inverters 110 and 111
      thereby producing short pulse outputs from NAND gate 117.
PAR  The overall function of this circuit is, then, to produce two short pulses
      whenever a "data" pushbutton is pressed, one pulse occurring when the
      pushbutton is first pressed, and the other one occurring a short time
      after the pushbutton is released. Also, if NAND gate 130 detects RST DONE,
      OVRFLOW and ENTRING, NOR gate 131 produces a DATASTROK pulse, the leading
      edge occurring when the pushbutton is first pressed and remaining at 1
      until the start of the second pulse from NAND gate 117 which occurs a
      short time after the pushbutton is released.
PAR  As will hereinafter be explained, if the CLR pushbutton is not pressed
      after data has been transferred from the dataholder to the
      interface-formatter, or after power-up, RST DONE will be 0. This will
      produce a 1 at the output of NAND gate 130, disabling NOR gate 131 and
      preventing the DATASTROK output. The keyboard thereby is "locked-up" to
      prevent the entry of new data over old data, until CLR is pressed to
      initialize the memories.
PAR  The outputs of the "data" pushbuttons are also connected to a decimal to
      binary coded decimal (BCD) converter consisting of elements 118 through
      129. The BCD word contains 4 bits designated as A, B, C, and D, with A
      being the least significant bit. Since all four bits are converted from
      decimal to BCD by identical circuits, an explanation of the circuit for
      bit A will suffice as an explanation for all 4 bits. Accordingly, the
      output of NAND gate 118, normally 0, will rise to 1 whenever pushbutton 1,
      3, 5, 7, or 9 is pressed.
PAR  NAND gates 119 and 120 form a flip-flop which is set by a 1 output from
      NAND gate 118, and reset by the pushbutton release pulse output from NAND
      gate 117. EMPTY is normally 0 during data entry. Thus, when a data
      pushbutton (1, 3, 5, 7, or 9) is pressed, the flip-flop is set and output
      (A) is 1.
PAR  The pulse output of NAND gate 117 upon pushbutton release resets the
      flip-flop and the output (A) returns to 0.
PAR  EMPTY is produced by NAND 132 in response to either CLR or ENTRING,
      inverter 133 producing the complement, EMPTY. EMPTY, at logic 1, holds the
      A bit flip-flop (119, 120) reset and EMPTY holds the B (122, 123), C (125,
      126), and D (128, 129) flip-flops in their set conditions. Thus, the BCD
      output (of bits A, B, C, and D) is 0111 whenever CLR or ENTRING is 0.
PAR  FIG. 1C illustrates the four recirculating shift registers of the temporary
      memory; since all four shift register circuits are identical, the
      operation of only the bit A register is explained. CLR is always 1 unless
      the CLR pushbutton switch is closed. WRITE.sub.1  also is 1 when the shift
      register is in its data recirculating (non-entry) mode. Therefore, the
      output of NAND gate 134 normally is 0, NAND 137 normally outputting 1
      regardless of the level of A. For this condition, inverter 135 outputs a
      1; NAND gate 136 thus inverts the A TEMP output of register 139 and
      supplies A TEMP to gate 138. Since A is 0, NAND gate 137 outputs a 1 to
      NAND gate 138 and the latter therefore recirculates A TEMP to the input of
      register 139.
PAR  In the data entry mode, assume that A is to be entered into memory.
      WRITE.sub.1 briefly falls to 0 in coincidence with the leading edge of the
      clock pulse .phi..sub.1 NAND gate 134 outputs a 1 and inverter 135 outputs
      a 0. NAND gate 136 then outputs 1 and NAND gate 137 outputs A. NAND gate
      138 thus supplies A as the input to shift register 139, and A is read into
      the input stage of shift register 139 by the leading edge of the next
      occurring clock pulse. Before the trailing edge of that clock pulse,
      WRITE.sub.1 returns to 1, disabling NAND gate 137 and enabling NAND gate
      136 to allow shift register 139 to recirculate.
PAR  Shift registers 139, 143, 147 and 151 contain 18 bit storage positions, or
      stages, and advance one stage at every clock pulse. The shift rate is
      determined by the frequency of temporary memory clock 152. The temporary
      memory control circuitry, as well as some initial reset circuitry, is
      illustrated in FIG. 1D. The function of the control circuitry is to
      monitor the location of data in the temporary memory and to generate a
      WRITE.sub.1 pulse for, among other things, incrementing the write address
      counter and reading data into temporary memory.
PAR  The DATASTROK line is normally 0, but rises to 1 when a "data" pushbutton
      switch is closed, and remains in that state for a short time after the
      switch is opened. When data is being entered into temporary memory the
      XFERCLK line is normally 0.
PAR  Prior to the occurrence of a DATASTROK pulse, the output of NOR gate 187 is
      1 and flip-flop 193 is reset. The 0 output from inverter 188 places a 1 on
      the output of NAND gate 189 thereby holding flip-flops 190 and 191 in
      their reset mode. A DATASTROK pulse causes the output of NOR gate 187 to
      fall to 0 and the output of inverter 188 to rise to 1. This produces a 0
      at the output of NAND gate 189 enabling the 1 at the output of inverter
      188 to set flip-flops 190 and 191 on the next successive clock pulse.
      After the end of the second clock pulse the Q output of flip-flop 191 will
      be 1. Thereafter, when the memory address coincides with the write address
      at some future clock pulse, the MA.sub.1 = WA.sub.1 input to NAND gate 192
      rises to 1 and WRITE.sub.1, the output of NAND gate 192, falls to 0. This
      1 to 0 transition sets flip-flop 193, placing a 0 on its Q output and
      causing the output of NAND gate 189 to rise to 1, resetting flip-flops 190
      and 191. The Q output of flip-flop 191 is now 0 and WRITE.sub.1 returns to
      1.
PAR  It can be seen, then, that after the DATASTROK pulse occurs, the
      WRITE.sub.1 pulse will occur on the leading edge of the first clock pulse
      at which the write address is equal to the memory address. When the
      DATASTROK returns to 0, the output of NOR gate 187 returns to 1, resetting
      flip-flop 193.
PAR  Memory address counter 171 counts the number of clock pulses that occur and
      produces a BCD output of bits M.sub.1, M.sub.2, M.sub.3, M.sub.4, and
      M.sub.5 respectively corresponding to 2.sup.0, 2.sup.1, 2.sup.2, 2.sup.3,
      and 2.sup.4. When both M.sub.2 and M.sub.5 are 1 (2.sup.1 + 2.sup.4 = 18)
      the output of NAND gate 172 falls to 0, setting the flip-flop formed by
      NAND gates 173 and 174. The 1 at the output of NAND gate 174 resets
      counter 171 to zero. The falling edge of the 18th clock pulse resets the
      flip-flop formed by NAND gates 173 and 174 and the next clock pulse
      resumes the count. Since the 18 character temporary memory shifts one
      character each clock pulse, the output of counter 171 designates the
      position of data in the temporary memory.
PAR  Write address counter 178 counts the number of WRITE.sub.1 pulses that
      occur at the output of inverter 177 and produces the BCD output of bits
      W.sub.1, W.sub.2, W.sub.3, W.sub.4, and W.sub.5. Since every WRITE.sub.1
      pulse reads one character into the 18 character, four bit recirculating
      memory, the output of counter 178 designates the number of characters that
      have been read into memory. A 1 at the output of NAND gate 183 resets
      counter 178 to 0. This occurs when either the output of inverter 182 or
      the output of the flip-flop formed by NAND gates 185 and 186 is 0.
      Accordingly, write address counter 178 will be reset whenever either CLR,
      ENDXFER or the falling edge of ENTR*, differentiated by capacitor 180 and
      resistor 181, is detected by NAND gate 179, or upon the 18th count
      (W.sub.2 = W.sub.5 = 1) if ENTRING is 1 as detected by NAND gate 184.
PAR  Exclusive OR gates 194 through 198 are used to detect coincidence between
      the output of memory address counter 171 and the output of write address
      counter 178. When the corresponding BCD bit position outputs for counters
      171 and 178 are either both 1 or both 0 (e.g., M.sub.n = W.sub.n = 0 or
      M.sub.n = W.sub.n = 1) the outputs of their corresponding exclusive OR
      gates, (e.g. as to M.sub.1 and W.sub.1 exclusive OR gate 194) normally at
      1, falls to 0. When all five bits of both counters (171 and 178) are
      equal, all four inputs to NOR gate 199 will be 0, and the output of
      inverter 201 will be 1. The output of NAND gate 200 will therefore be 0,
      placing a 1 at MA.sub.1 = WA.sub.1, the output of inverter 202.
PAR  In operation, the CLR pushbutton is initially pressed, resetting counter
      178 to 0. During this time counter 171 is repetitively counting clock
      pulses up to 18 and then resetting to 0. When the first "data" pushbutton
      is pressed, a WRITE.sub.1 pulse will occur when the output of counter 171
      is at 0, which allows the numeric, in BCD form, to be read into the first
      character position in temporary memory, and increments counter 178 to
      indicate that there is now a character in temporary memory. When another
      data pushbutton is pressed another WRITE.sub.1 pulse is produced, this
      time when the output of counter 171 is at 1, which increments counter 178
      to 2, and allows the numeric to be read into the second character position
      in temporary memory. For the illustrative embodiment of 18 character
      positions in temporary memory, when counter 178 is incremented to 19, the
      output of NAND gate 175 falls to 0, producing a 1 OVRFLW signal at the
      output of inverter 176.
PAR  For initial reset, as shown in FIG. 1D, when power is applied initially,
      CLR is 1. Capacitor 154 charges through resistor 153, to a level causing
      current flow through diode 155 to saturate transistors 156 and 157. The
      resulting 0 input to inverter 159 produces a 1 output. Thus, when power is
      initially applied, the output of inverter 159 is initially 0, but switches
      to 1 a short time thereafter. However, while the output of inverter 159 is
      0, the output of NAND gate 160, as well as CLR, will be 1 thereby
      producing a 0 at the output of NAND gate 161. When the output of inverter
      159 rises to 1 a short time after initial power up, the output of NAND
      gate 160 will remain at 1 due to the 0 at the output of NAND gate 161.
      However, as soon as CLR is pressed, RST DONE is set to 1 and remains at 1
      either until power is turned off, or XMIT falls to 0. When NAND gate 161
      switches from 0 to 1, inverter 162 switches from 1 to 0. This transition
      is differentiated by resistor 164 and capacitor 163 to produce a short
      positive going pulse from the normally 0 output of inverter 165 which
      quickly charges capacitor 167 through diode 166. When the output of
      inverter 165 returns to 0, diode 166 will be back biased, and capacitor
      167 will discharge through resistor 168 and the input of inverter 169.
      Therefore, the normally 1 output of inverter 169 falls to 0 and remains
      there for a period of time before returning to 1, thereby producing a
      positive going RST pulse from the output of inverter 170. As will be
      hereinafter explained, the RST pulse sets flip-flop 428, 437 to make XMIT
      1.
PAR  The circuitry for controlling the transfer of data from temporary memory to
      the main memory is illustrated in FIG. 1E. The CLR pushbutton switch is
      initially closed thereby placing a 1 on the output of NAND gate 222 and
      resetting flip-flop 212. On the first entry into temporary memory of
      "data," the accompanying DATASTROK pulse places a 0 at the output of
      inverter 208 thereby placing a 1 at the output of NAND gate 209 and
      resetting the flip-flop formed by NAND gates 207 and 209. When the
      contents of the temporary memory are to be transferred to the main memory,
      the ENTR pushbutton switch is closed, placing a 1 at the output of
      inverter 205. If CONNECT and OVRFLW are both 1, the output of NAND gate
      206 falls to 0 setting the flip-flop formed by NAND gate 207 and 209 and
      thus making ENTRHOLD 1 and ENTR* 0. CONNECT will be 1 at that time if the
      data collection device is not connected to the interface-formatter, and
      OVRFLW will be 1 if there has been no attempt to enter more than 18
      characters into temporary memory. When the output of NAND gate 209 (ENTR*)
      falls to 0, the transition will be differentiated by capacitor 210 and
      resistor 211 thereby clocking a 1 to the Q output of flip-flop 212.
      Transfer clock 215 will be activated by the 1 from flip-flop 212 and the
      output from transfer clock 215 will continue until flip-flop 212 is reset
      either by pushing the CLR pushbutton or by the occurrence of a WRITE.sub.1
      pulse when the output of temporary memory is 0 111 as detected by NOR gate
      219. Since flip-flop 212 can only be set by the 1 to 0 transition of NAND
      gate 209, the flip-flop formed by NAND gates 207 and 209 must be reset
      before ENTRING can return to 0. That is, before ENTRING can return to 0
      after flip-flop 212 has been reset, "data" must be entered into temporary
      memory to produce a DATASTROK pulse for resetting the flip-flop formed by
      NAND gates 207 and 209.
PAR  If CLR has not been pressed after transfer of data from the dataholder to
      the interface-formatter, or after initial power-up, RST DONE will be 1
      thereby disabling NOR gate 216 to prevent new data from being written on
      top of data already contained in main memory. However, if CLR has been
      pressed RST DONE will be 0 and the transfer clock pulses will thus appear
      at the output of NOR gate 216.
PAR  Referring once again to FIGS. 1C, 1D and 1E, the 40 Hz square wave XFERCLK
      is applied to the input of NOR gate 187. The other input to NOR gate 187
      is DATASTROK which is 0 whenever data is not being entered into temporary
      memory. The circuit will respond to a XFERCLK pulse in the same manner
      that it responds to a DATASTROK Pulse as discussed earlier. That is, after
      a XFERCLK leading edge a WRITE.sub.1 pulse will be produced upon the first
      clock pulse after the write address equals the memory address. The
      WRITE.sub.1 pulse thus produced will increment the write address counter
      178 by placing a 1 at the output of inverter 177, will reset the flip-flop
      formed by NAND gates 185 and 186, if it was previously set by a count of
      18 having been reached on counter 178, thereby allowing the count to
      resume, will generate a XFER DATA pulse from the output of NOR gate 204 as
      long as the IND pushbutton is not pressed or EMPTY* is 1, and will open
      the recirculation path of recirculating shift registers 139, 143, 147 and
      151 to allow the contents of the input buffer found on the output of NOR
      gates 118, 121, 124 and 127 to be read into temporary memory. Since
      ENTRING is 0 during this time, the contents of the buffer will be 0111.
      Thus, as each character is read out of temporary memory, a 0111 will take
      its place.
PAR  Let it be assumed that a number of characters are contained in temporary
      memory. The ENTR pushbutton switch is then closed causing the output of
      NAND gate 209 to fall to 0 thereby setting flip-flop 212 producing a 0 at
      its Q output. The output of NOR gate 216 now becomes a 40 Hz square wave.
      The 1 to 0 transition of ENTR* from the output of NAND gate 209 is also
      applied to the input of NAND gate 179 to reset the write address counter
      178 to 0. When the output of the memory address counter 171 is equal to 0,
      a WRITE.sub.1 pulse is produced. This WRITE.sub.1 pulse increments write
      address counter 178 to 1, resets the flip-flop formed by NAND gates 185
      and 186, generates a XFER DATA pulse which reads the contents of the first
      character position of the temporary memory into a main memory buffer, and
      places a 0111 in the first character position of the temporary memory. On
      the second and subsequent leading edges of XFER CLK, the second and
      subsequent character positions of temporary memory will be read out of the
      temporary memory and filled with 0111. If the temporary memory initially
      contained less than 18 characters, for example 8, the first "empty"
      character position will contain 0111, placed there either by previously
      pressing the CLR button or by the previous readout and consequent filling
      of the temporary memory with 0111. Therefore, after the eighth character
      is read the write address counter 178 is incremented to 9. After the next
      leading edge of XFER CLK, when the memory address counter 171 also reads
      9, a WRITE.sub.1 pulse will be produced. Since the contents of position 9
      of the temporary memory is 0111, the output of NAND gate 218 will be 0,
      and the end of the WRITE.sub.1 pulse will thereupon reset flip-flop 212,
      thereby disabling transfer clock 215 and holding the output of NOR gate
      216 at 0. Thereafter, no more XFER CLK Pulses may be produced until new
      data is entered into temporary memory to reset the flip-flop formed by
      NAND gates 207 and 209. The 0111 in the ninth position will be read into
      main memory to serve as an indication of the end of a record. The
      resetting of flip-flop 212 will also cause a negative going END XFER pulse
      to be applied to the input of NAND gate 179 in order to reset the write
      address counter 178 back to 0. The temporary memory is now ready to
      receive new data.
PAR  If, instead of there being only eight characters in temporary memory, it
      initially contained 18 characters, the 0111 placed in the first position
      when the first character was read would be detected in the same manner as
      0111 was detected in the ninth position, thereby producing the same
      result.
PAR  The circuit used for displaying the contents of the temporary memory, as
      well as the number of data entries in each header, is illustrated in FIG.
      2.
PAR  The outputs of the temporary memory are applied to the inputs of the BCD to
      seven segment diode decoder 310. The outputs of decoder 310 drive emitter
      follower transistors 311 through 317 which in turn drive the respectively
      corresponding diodes (a) to (g) of all 18 displays, shown as 326 to 343.
      However, only one of the 18 displays is enabled to emit light from one or
      more of its LED's, in accordance with the (a) to (g) outputs, by selective
      energization through the HP1 to HP18 display power enable inputs. For
      example, HP1 is shown as supplied to the Darlington transistors in display
      326.
PAR  HP1 through HP18 are outputs of BCD to decimal decoder 374. The inputs to
      the decoder are the inverse of the memory clock .phi..sub.1 and the
      outputs of the memory address counter 171. Therefore, each of the 18
      displays is enabled in succession for one clock pulse period in
      synchronism with the recirculation of temporary memory, for the
      corresponding data/display position. The frequency of the pulsing, coupled
      with the fast response of the light emitting diodes, presents a
      flicker-free display to the viewer.
PAR  In use of the device, a header L is first keyed in to indicate a header for
      a block of data to follow. Each block comprises a line, or record, each up
      to a maximum of 18 characters. After each line of data has been entered
      into temporary memory, and automatically displayed as above noted for
      check of accuracy, the operator presses the ENTER button to transfer that
      record to main memory. The system provides for automatically counting the
      number of lines, or records, of data entered for each header, which count
      can then be displayed by actuation of the indicator button. The disclosed
      system permits a display of a number of such lines, or records, of from 0
      to 99.
PAR  More specifically, each time data is transferred from temporary memory to
      the main memory, ENTR*, which is applied to counter and decoder 346, falls
      to 0. Counter and decoder circuits 346 and 366 count the number of times
      ENTR* falls to 0 and generate a code corresponding to that number which
      drives seven segment light emitting diode displays 334 and 335 in the same
      manner as the data display circuits. The counters in circuits 346 and 366
      are reset whenever NAND gate 309 detects either a RST pulse or activation
      of the L pushbutton, signifying that a new header is to begin. Thus, the
      number of lines in a given header can be displayed. L.sub.1, the header
      symbol, is placed in memory as 0011. The A and B outputs of temporary
      memory are applied directly to NOR gate 360 while the C and D outputs are
      applied through inverters 358 and 359. Thus, when the output of the
      temporary memory is 0011, all of the inputs to NOR gate 360 are 0 thereby
      producing a 1 from the output of NOR gate 360 which drives transistors
      361, 362 and 363 to apply power to the proper segments of the appropriate
      seven segment light emitting diode to display the letter L. NOR gate 320
      is also 0. The output of NOR gate 320 will be 0 whenever either ENTRHOLD,
      DATASTROK or DATADISP is 1. DATADISP will be 1 when both inputs to NOR
      gate 324 are 0 which will occur when flip-flop 322 is set and the IND
      pushbutton is not depressed (i.e., the output of inverter 321 is 0).
      Pressing the IND pushbutton will cause flip-flop 322 to toggle
      alternately, producing a 1 at the output of either NOR gate 323 or 324.
      When LINE DISP is 1, the inputs to NOR gate 320 normally are 0 and decoder
      310 thus is disabled.
PAR  Decoder 310 is also disabled whenever EMPTY* is 0 thereby producing a 1 at
      the output of inverter 318. As explained below, EMPTY* will be 0 whenever
      a memory position appears at the output of temporary memory into which
      data has not been entered. Thus, display portions that correspond to
      locations in temporary memory not containing data will be blank.
PAR  Flip-flop 322 can also be set by pressing a "data" pushbutton, thereby
      generating a DATASTROK pulse at the set input to flip-flop 322.
PAR  When Line DISP is 1 NAND gates 344 and 364 are enabled for selection by the
      HP9 and HP10 outputs of decoder 374 so that when the display position 335
      is activated (i.e. HP10 = 1) decoder 346 will be enabled through inverter
      345 and when display 334 is activated (i.e. HP9 = 1), decoder 366 will be
      enabled through inverter 365.
PAR  Whenever battery voltage is above the Zener voltage of Zener diode 301 the
      output of inverter 306 is 1 and the output of inverter 305 is 0. When
      battery voltage drops, the voltage at the junction of resistors 300 and
      302 will also drop until the transition voltage of inverter 305 is
      reached, the BATT LO output of inverter 305 rising to 1 and being enhanced
      by the feedback loop of inverter 306 and resistor 304.
PAR  When either the BATT LO line, the OVRFLW line of the FULL WARN line rises
      to 1, the output of NOR gate 307 falls to 0 and through inverter 308
      produces dP. A 1 on the dP line will turn on emitter follower transistor
      325 thereby placing a positive voltage at the P, or decimal point, inputs
      to all 18 of the seven segment light emitting diodes. Therefore, 18
      decimal points are displayed to indicate a temporary memory overflow, a
      battery low condition, or a condition where the main memory is near
      overflow.
PAR  Circuits and waveforms associated with the main memory are found in FIGS.
      3A, 3B, and 3C.
PAR  When data is read out of the temporary memory it is first stored in the
      main memory input buffer consisting of flip-flops 400, 401, 402, and 403.
      On the leading edge of the XFER DATA pulse the output of the temporary
      memory (ATEMP, BTEMP, CTEMP, DTEMP) is clocked to the outputs of the
      aformentioned flip-flops. The XFER DATA pulse is also used to initiate a
      WRITE.sub.2 pulse for the purpose of putting the contents of the buffer
      into the main memory.
PAR  A WRITE.sub.2 pulse will be produced whenever the memory address is equal
      to the write address (MA.sub.2 = WA.sub.2) and the Q output of flip-flop
      408 is 1. A READ.sub.2 pulse will also be produced at that time, but will
      only be half as wide as the WRITE.sub.2 pulse. For purposes of
      illustration, let it be assumed that the write address counter is set at
      500. It is also presumed that flip-flop 407 has previously been reset and
      the Q output is therefore 0. This 0 is clocked through flip-flop 408,
      thereby preventing the MA.sub.2 = WA.sub.2 pulse at the input of NAND gate
      410 from appearing on the output of NAND gate 410 as a WRITE.sub.2 pulse.
      When a XFER DATA pulse occurs it is inverted by NOR gate 404, FETCH
      normally being held at 0 by resistor 405 at this time. The 0 to 1
      transition, or leading edge of the XFER DATA pulse, clocks the 1 at the
      input of flip-flop 407 to its Q output. On the 1 to 0 transition following
      the next 0 to 1 transition of .phi..sub.2, the Q output of flip-flop 408
      rises from 0 to 1, thereby allowing the output of NAND gate 410 to fall to
      0 when the memory address equals 500, (MA.sub.2 = WA.sub.2) and also to
      allow the output of NAND gate 409 to fall to 0 when the memory address
      equals 500 and .sup.-.sub.2 is at 1. The READ.sub.2 pulse produced at the
      output of NAND gate 409 is applied to the input of NAND gate 406. Since
      both READ.sub.2 and RST are normally 1 the output of NAND gate 406 is
      normally 0 allowing the Q output of flip-flop 407 to be 1 when a XFER DATA
      pulse occurs. However, when the READ.sub.2 line falls to 0 the output of
      NAND gate 406 rises to 1 resetting flip-flop 407 and placing a 0 on its Q
      output. On the 0 to 1 transition following the next 1 to 0 transition of
      .phi..sub.2 the 0 on the Q output of flip-flop 407 is clocked to the Q
      output of flip-flop 408 preventing the occurrence of furture READ.sub.2 or
      WRITE.sub.2 pulses when the memory address once again equals the write
      address.
PAR  Memory address counters 415 and 416 (FIG. 3A) are incremented by each
      .phi..sub.z pulse and thus are in phase with recirculating shift registers
      457, 458, 459 and 460 (FIG. 3B) which comprise the main memory of the
      device. The BCD outputs MA.sub.1 through MA.sub.10 are therefore an
      indication of the status of main memory. Counters 412 and 413 comprise the
      write address counter which is incremented by each READ.sub.2 pulse and it
      therefore designates the amount of data that has been entered into the
      main memory. The outputs of exclusive OR gates 417 through 426 are
      connected to the inputs of NOR gates 427, 428 and 429 whose outputs are
      presented to the input of NAND gate 430. This circuit is similar to the
      coincidence detector in the temporary memory and serves the same purpose
      here - to indicate when the memory address coincides with the write
      address. At that point the output of inverter 431 (MA.sub.2 = WA.sub.2)
      will rise from 0 to 1 to allow WRITE.sub.2 and READ.sub.2 pulses to occur.
PAR  The only constraint imposed upon the design of main memory clock 435 is its
      frequency. Since data is read out of the temporary memory at the transfer
      clock frequency (XFER CLK), and the main memory must recirculate through
      1024 positions every time data is to be transferred, the frequency of the
      main memory clock must be at least 1024 times higher than the frequency of
      the transfer clock 215.
PAR  When WRITE.sub.2 falls to 0 the output of inverter 454 rises to 1. Since
      XMIT is 1 during transfer of data from temporary memory to main memory, a
      0 will appear on the output of NAND gate 455 which, since RST will be 1,
      places a 1 on the output of NAND gate 456. This opens the recirculation
      path and allows AXFER, BXFER, CXFER, and DXFER to be read into memory. If
      all of these outputs are 0, the inputs to NOR gate 450 are all 0 thereby
      placing a 1 on the output of NOR gate 450 and causing the output of NAND
      gate 451 to fall to 0 (RST being 1), thereby placing a 1 on the B and D
      inputs to the main memory through NAND gates 452 and 453. IF AXFER, BXFER,
      CXFER and DXFER are not all 0 the output of NAND gate 451 is 1 and NAND
      gates 452 and 453 act as inverters thereby placing BXFER on the B input
      and DXFER on the D input. It can be seen, then, that every number except 0
      is stored in memory in its traditional BCD form, while 0 is stored as a 10
      (0101). When RST goes to 0 the Q outputs of input buffer flip-flops 400
      through 403 (FIG. 3a) are set to 1 and, by virtue of the 1 on the output
      of NAND gate 456 (FIG. 3b) all 1's are read into memory.
PAR  When the data gathering device is connected to the formatter CONNECT is 0.
      When ENTR is pressed the output of NOR gate 436 rises to 1 thereby setting
      the flip-flop formed by NOR gates 437 and 438, thereby making XMIT 0. This
      causes the output of NAND gate 455 to remain at 1 upon the occurrence of
      furture WRITE.sub.2 pulses, thus placing a 0 at the output of NAND gate
      456. Therefore, the contents of the input buffer are prevented from being
      read into memory. The flip-flop formed by NOR gates 437 and 438 is reset
      whenever a READ.sub.2 pulse occurs and the output of the main memory is
      1111, or whenever RST rises to 1.
PAR  In operation, the data gathering device is initially reset after power-up
      by pressing the CLR pushbutton. As mentioned earlier, this produces a RST
      pulse from the output of inverter 170 (FIG. 1D). The RST pulse fills the
      entire main memory with 1's by placing 1's at the output of the main
      memory input buffer and enabling the inputs to shift registers 457 through
      460 by placing a 1 at the output of NAND gate 456. The flip-flop formed by
      NOR gates 437 and 438, as well as the write address counter and flip-flop
      407, are also reset at this time.
PAR  Data is then entered into temporary memory and its correctness verified by
      viewing the data on the light emitting diode display. When the entered
      data is to be transferred to the main memory, the ENTR pushbutton is
      pressed and successive characters are presented to the main memory input
      buffer into which the character is read by the XFER DATA pulse. The XFER
      DATA pulse also initiates a READ.sub.2 pulse which occurs when the write
      address equals the read address and is used to read the contents of the
      input buffer into memory and to increment the write address counter. The
      above procedure occurs until either the main memory is full or it is
      otherwise desired to transfer the data to the formatter.
PAR  The data gathering device then is connected to the formatter and ENTR is
      pressed once again. This causes the XMIT line to fall to 0 where it
      remains until the end of the transfer operation. The 0 XMIT causes the
      write address counter to be reset to 0, resets the initial reset circuits
      found in FIG. 1D so that a later RST pulse may be produced, prevents
      further entry of data into the main memory by placing a 1 on the output of
      NAND gate 455, and enables certain circuits in the formatter. Thereafter,
      data is read out of main memory in response to each positive going FETCH
      pulse at the input to NOR gate 404. Each FETCH pulse produces one
      READ.sub.2 and WRITE.sub.2 pulse at the appropriate time which increments
      the write address counter. When all of the data has been read from the
      main memory, the next character will be a 1111 that was placed in memory
      during initial reset. At this point NAND gate 440 falls to 0 allowing the
      next READ.sub.2 pulse to reset the flip-flop formed by NOR gates 437 and
      438 thereby returning XMIT to 1. Before data gathering can begin the CLR
      pushbutton is once again pressed, thereby producing another RST pulse to
      "unlock" the keyboard 100.
PAR  Whenever 992 characters have been entered into the main memory the output
      of NAND gate 432 and inverter 433 will fall to 0 producing a FULL WARN
      signal at the output of NOR gate 434 which will cause 18 decimals to be
      displayed to indicate that the 1,024 character capacity is almost full.
PAR  When the data is to be read from the portable device, it is mounted on the
      interface/formatter and by a suitable initiation control, or
      automatically, CONNECT is 0. ENTR, when 0 upon depressing the ENTR button,
      causes XMIT, through NOR 436 and flip-flop 437, 438, to go to 0. As long
      as data is in main memory, AOUT . . . DOUT are not all 1 and thus NAND 440
      outputs a 1. Through inverter 441, and with the first READ.sub.2 at 0
      (from FIG. 3A), through inverter 439, NAND 442 outputs 0 and through
      inverter 443 outputs a 1 to flip-flop 437, 438 to maintain it reset and
      thus to maintain XMIT at 0. The production of the remaining outputs
      XMIT*OUT, XMIT OUT and READ.sub.2 OUT are apparent.
PAR  A CONT READ.sub.2 signal is sent to the interface-formatter whenever
      MA.sub.2 = WA.sub.2 and .phi..sub.2 is detected by NAND gate 411.
PAR  XMIT OUT is connected to the reset input of flip-flops 504 and 505 through
      inverter 505 as XMITTING. Therefore, when XMIT OUT falls to 0, the reset
      inputs to flip-flops 504 and 505 are 1 (assuming either DETECT L or &gt;LINE
      is 0 and thus LOAD END at output of NAND 508 is 1) thereby allowing the
      XMIT*OUT pulse, after passing through inverter 502 and NAND gate 503, to
      clock a 1 to the output of flip-flop 504. The next succeeding XMIT CLOCK
      pulse from XMIT CLOCK 538 will then clock the 1 at the output of flip-flop
      504 to the output of flip-flop 505, thereby enabling the XMIT CLOCK pulse
      to pass through NAND gate 506 and inverter 507 to counter 510. Counter 510
      will then repetitively cycle through each of 12 stages in synchronism with
      XMIT CLOCK 538, each cycle corresponding to a character, and each stage
      corresponding to a bit time in the output data stream.
PAR  The above sequence can also be initiated by activating RESTART SW 500 if
      XMITTING is 1.
PAR  Counter 510 will continue to recycle until NAND gate 506 is disabled by
      reset of flip-flop 505. Flip-flop 505 can be reset either by sensing
      DETECT L and &gt;LINE by NAND gate 508 when a new header is to begin or by
      XMIT OUT being 1, thereby producing a 0 at the output of inverter 515,
      (i.e., XMITTING = 0) when all of the data contained in the dataholder has
      been read out.
PAR  Counter 510 produces a four bit BCD output (a, b, c, d) that is inverted by
      inverters 511 through 514. The count is then decoded by NAND gates 526
      through 536 to produce, in sequence, STP1, FETCH? B1 - B7, PAR and INCREM.
      There is also a one bit space between FETCH? and B1 which is not decoded.
PAR  Referring to FIG. 4B, the recirculating data in main memory (AOUT, BOUT,
      COUT, and DOUT) is continuously available to bistable latch 541. As
      mentioned earlier, when the appropriate memory position is present at the
      input to bistable latch 541, CONT READ after passing through inverter 530
      will trigger one shot 540 to transfer data to the output of bistable latch
      541. Thereafter, the trailing edge of the next FETCH pulse will trigger
      one shot 543 to transfer the data at the output of bistable latch 541 (A
      CONT, B CONT, C CONT, D CONT, ACONT) to the output of bistable latch 542
      to produce corresponding outputs LATCH A, LATCH B, LATCH C, and LATCH D as
      well as their inverse LATCH A, LATCH B, LATCH C and LATCH D.
PAR  FETCH will occur on the second stage of each cycle if all of the inputs to
      NAND gate 545 (i.e., FETCH? inverted by inverter 544, PROG LF, RESTART,
      PROG SP, C/R, L/F and RO.sub.1) are 1. This is to insure that data will
      now be transferred from the data holder to the formatter while special
      characters are being transmitted from the formatter. The output of NAND
      gate 545 is then inverted by inverter 546 and applied to the dataholder
      through emitter follower transistor 547. It is also inverted by inverter
      548 and used as a trigger for one shot 543 and as an input to NAND gate
      549.
PAR  The end of record sequence (C/R, L/F, RO.sub.1, RO.sub.2) occurs during
      XMITTING whenever FETCH and the "empty" code which follows each line
      (0111) is detected by NAND gate 549. The 1 to 0 transition at the output
      of NAND gate 549 is differentiated by capacitor 550 and resistor 551 to
      produce a negative going pulse that sets flip-flop 553. Diode 552 is
      provided to prevent the voltage at the set terminal of flip-flop 553 from
      rising to a damaging level upon the 0 to 1 transition of the output of
      NAND gate 549. Upon the next FETCH? stage the 1 at the output of flip-flop
      553 will be shifted to the output of flip-flop 554, and a 0 will be
      clocked to the output of flip-flop 553. Thereafter, the 1 will be shifted
      one flip-flop upon each succeeding FETCH? stage producing in sequence C/R,
      L/F, RO.sub.1, and RO.sub.2.
PAR  As mentioned previously, zero is stored in memory as 0101. NAND gate 537
      (FIG. 4A) detects this code, and if PROG SP, produces ZERO.
PAR  Indicators are also provided to display the status of the
      interfaceformatter. Whenever XMIT OUT is 0, transistor 521 is turned on
      causing current to flow through resistor 519 and light emitting diode 520
      to indicate that data is being transferred from the dataholder to the
      formatter.
PAR  Whenever DETECT L and &gt;LINE is sensed by NAND gate 516 the output of the
      flip-flop formed by NAND gates 517 and 518 will be 0. The 0 output will be
      inverted by inverter 524 to turn on transistor 525. Current will then flow
      through resistor 522 and light emitting diode 523. As mentioned earlier,
      DETECT L and &gt;LINE, as detected by NAND gate 508, also disables NAND gate
      506 to prevent XMIT CLOCK pulses from actuating counter 510. NAND gate 506
      can be re-enabled by activating RESTART SW 500. Thus, the indication
      provided by light emitting diode 523 notifies the operator that RESTART SW
      500 should be activated to resume transmission. Diode 523 will remain
      illuminated until either XMIT OUT rises to 1 or until counter 510 resumes
      its count after activation of RESTART SW 500 to produce INCREM which will
      cause the output of the flip-flop formed by NAND gates 517 and 518 to rise
      to 1.
PAR  Flip-flop 571 (FIG. 4B) is set either at the end of the transmission when
      XMITTING rises to 1 and is inverted by inverter 570, or when the output of
      NAND gate 564 is 0 and is inverted by inverters 565 and 569. The output of
      NAND gate 564 will be 1 whenever INCREM is 0, L/F LINE is 1 and the
      outputs of none of the inverters 559 through 563 are 0 (i.e.,
      RO.sub.1,RO.sub.2 and C/R are all 0). The Q output of flip-flop 571 will
      initially be 1 since just prior to transmitting, XMITTING will be 1.
      Normally, one INCREM pulse will be produced during the time that a L/F
      line signal is present. Thus, one L/F* pulse will be produced for every
      L/F LINE pulse. In addition to setting flip-flop 571, this signal will
      also make CLEAR 0 in order to reset the character counter.
PAR  A 0 will be clocked to the output of flip-flop 571 if either of the inputs
      to NAND gate 567 fall to 0, thereby producing a 1 at its output which is
      inverted by inverter 568 to give a 1 to 0 transition at the clock input of
      flip-flop 571. This transition will occur on the trailing edge of INCREM
      if L/F LINE is 0 and none of the special characters is present.
PAR  In summary, one CLK IN pulse will be produced every INCREM pulse (i.e.,
      each time a character is transmitted) and one L/F* pulse will be generated
      for every L/F LINE pulse (i.e., each time a line feed is transmitted). The
      Q output of flip-flop 571 will normally be 0, but will be 1 for the period
      that a line feed is being transmitted by the interface formatter.
PAR  If either RO.sub.1, RO.sub.2 or C/R is 1, NAND gates 564 and 567 will be
      disabled to inhibit the production of either L/F* or CLK IN pulses. Thus,
      the end of record characters are not counted by the character counter.
PAR  The Q output of flip-flop 575 will be set to 1 by FETCHEND whenever the
      header code (0011 ) is detected by NAND gate 572. A DETECT L signal is
      also produced at the output of inverter 574. Just prior to transmission
      XMITTING is 1 which, when inverted by inverter 573, places a 0 on the set
      input of flip-flop 575 to make its Q output initially 1. Whenever a L/F*
      signal is produced at the output of NAND gate 564 the 0 at the input to
      flip-flop 575 will be clocked to the Q output. Thus, the Q output of
      flip-flop 575 will normally be 0, but will be 1 during the time that a
      header code is present.
PAR  The interface circuits are found in FIGS. 4C and 4D. They are used to
      translate the formatter output into a form suitable for transmission by
      wire, and essentially consist of a parallel to serial converter and a
      teletype driver circuit.
PAR  Numerical data in parallel BCD form is presented to NAND gates 576, 577,
      578 and 579. If none of the several special characters is present the
      output of NAND gate 583 will be 0 which, when inverted by inverter 584,
      places a 1 at the input to NAND gates 576 through 582, thereby causing
      NAND gates 576 through 582 to act as inverters. Therefore, BIT 1, BIT 2,
      BIT 3, and BIT 4 will simply be the inverse of the numerical data in
      parallel BCD form while BIT 5 and BIT 6 will be 0 and BIT 7 1. Inverters
      585 through 599 will not alter the output unless their output is 0 and the
      output of NAND gates 576 through 582 would otherwise be 1.
PAR  When any of the special characters is present the output of NAND gate 583
      rises to 1 placing a 1 at the output of NAND gates 576 through 582.
      However, certain outputs, depending on which special character is present,
      will be held at 0 by one or more of inverters 585 through 599. The
      particular code for a given special character may be selected by simply
      wire wrapping the signal line for each special character to the proper
      output line. Thus, the interface formatter can be made compatible with any
      of the standard teletype or computer formats such as ASC II or EBDIC.
      Using the configuration shown, for example, if L/F is present, L/F will be
      0 making the output of NAND gate 583 1, thus placing 0's at the input of
      NAND gates 576 through 582. The output of NAND gate 601 will be 1 placing
      0's at the output of inverters 585a through 585f. The parallel BCD output
      will therefore be 1010111.
PAR  The outputs are also fed to parity circuit 600 to ascertain whether the
      parity is odd or even.
PAR  Referring to FIG. 4D, the parallel BCD output is then translated into
      serial form with 12 bits in each serial word. The switching inputs are
      normally 1. They fall to 0 for one bit rate clock pulse in the following
      order: STP1, FETCH, B1, B2, B3, B4, B5, B6, B7, PAR and INCREM. Therefore,
      the output of NAND gate 616 will be 0 except for the first, second and
      twelveth bits. The output of NOR gates 617 through 624 will normally be 0
      except that each in turn will be equal to bits 1 through 7 and the inverse
      of ODD PARITY. The serial output will then be 1, 1, 0 (Space) BIT 1, BIT
      2, BIT 3, BIT 4, BIT 5, BIT 6, BIT 7, ODD PARITY, and 1.
PAR  The SERIAL line found at the output of inverters 624 through 633 drives a
      teletype driver circuit comprising elements 605 through 615.
PAR  Element 606 consists of a light emitting diode optically coupled to a
      phototransistor. When current flows through the diode, the phototransistor
      will also conduct current if properly biased. Therefore, when SERIAL is 0
      the input to element 606, as inverted by inverter 605, will be 1. Thus, no
      current will flow through the diode, and when it is 1 current will flow
      through the diode and saturate the phototransistor. The current flowing
      through resistor 611 will flow through Darlington configured transistors
      608 and 609 when SERIAL is 0 and a lesser amount of current will flow
      through resistor 611 and Zener diode 610 when SERIAL is 1 since
      transistors 608 and 609 will be at cut-off. Diodes 612, 613, 614, and 615
      are provided to allow either TTY terminals to be biased with a positive
      voltage. Zener diode 610 is provided to maintain the output voltage
      constant when transistors 608 and 609 are in their off condition.
PAR  The circuits used for programming line feeds and spaces within the data
      stream as well as for generating a &gt;LINE signal when a predetermined
      number of lines have been counted are found in FIGS. 4E and 4F.
PAR  As mentioned earlier, a 1 is placed on the CHO input of shift register 701
      at the start of each transmission and upon the occurrence of each L/F LINE
      pulse. However, CH CNTR returns to O at the start of the first CLK IN
      pulse. Thereafter, the 1 placed in the first stage of shift register 701
      is shifted one stage for each CLK INpulse. Since one CLK IN pulse occurs
      for each character transmitted, the position of the 1 is an indication of
      the number of characters that have been transmitted. The character
      counters 701 through 704 are reset to zero when CLEAR becomes 0 which
      occurs at the end of a transmission or whenever a line feed is
      transmitted. Thus, the character counter counts the number of characters
      in a given line.
PAR  Similarly, a 1 is placed at the LINE O input to shift register 700 at the
      start of transmission and at the beginning of each header. However, LNCNTR
      returns to 0 at the start of the first L/F* pulse. Thereafter, the 1 is
      shifted one stage for each L/F* pulse. Since one L/F* pulse occurs for
      each line feed, the position of the 1 is an indication of the number of
      lines in a given header. The line counter is reset to zero at the start of
      each header when DETECT L is 0.
PAR  A &gt;LINE signal can be produced after any desired number of lines (less than
      eight) by simply connecting the appropriate outputs of shift registers 700
      through 704 to NAND gates 714 through 716, either directly or through
      inverters 705 through 713. For example, if it is desired to produce a
      &gt;LINE signal when seven lines have been counted, the LINE 7 output of
      shift register 700 would be connected directly to one input of NAND gates
      714 through 716 while the other outputs of shift register 700 would be
      connected to the other inputs of NAND gates 714 through 716 through
      inverters 705 through 713. When the proper count is reached, the output of
      NAND gate 714 will fall to 0 quickly discharging capacitor 760 and making
      &gt;LINE the output of inverter 717, a 1. After line counting is resumed,
      capacitor 760 will remain discharged long enough for a header code to be
      detected by NAND gate 572 to produce DETECT L. The fact that DETECT L and
      &gt;LINE are both 1 will be sensed by NAND gate 508 (FIG. 4A) to halt
      transmission until manual restart.
PAR  Referring to FIG. 4F, the line counter 700 and character counter 701
      through 704 can also be used to interject spaces and line feeds in
      predetermined locations. To accomplish this function, appropriate
      character counter and line counter outputs are connected by wire wrap to
      the inputs of NAND gates 720 through 743. The outputs of these NAND gates
      are connected by wire wrap to either the PROG SP terminals (the input of
      inverters 744, 746 and 748) or the PROG LF terminal. For example, if a
      space at line 2 character 10 is desired, one input of NAND gate 720 would
      be connected to the line 2 output of line counter 700 while the other
      input of NAND gate 720 would be connected to the CH 10 output of character
      counter 702. The output of NAND gate 720 would be connected by wire wrap
      to the input of inverter 744. Thus, when line 2 character 10 is reached,
      the output of NAND gate will fall to 0 and, after passing through
      inverters 744 and 745, will appear as a 0 on the PROG SP signal line.
PAR  Inverters 750 through 755 provide the capability of programming a wide
      variety of logic functions.
PAR  As before noted, increased storage capacity is provided by the invention in
      a unique manner whereby the energy requirements are minimized, consistent
      with the intended portability of the dataholder device. A system diagram
      thereof is shown in FIGS. 5A and 5B, as implemented for seven additional
      banks (935, 936, 941 in FIG. 9B) each illustratively having the same
      storage capacity as the one bank (i.e., comprising the 4 recirculating
      shift registers 457 to 460 for storing 4 bit BCD coded data inputs) of
      FIGS. 3A and 3B. In the system of FIGS. 5A and 5B, the additional seven
      individual memory banks are activated in succession, and only as needed to
      satisfy current storage requirements, as the first memory bank - - namely
      that of FIGS. 3A and 3B approaches a full condition. The first memory bank
      (FIG. 3B) is always powered; powering of the seven additional banks
      requires the power control signal ON2 to ON8 output by control 903, as now
      described.
PAR  In FIG. 5A, the outputs of memory power control 903 were initially reset to
      0 by the RST pulse through inverter 902, thereby deactivating memory banks
      935 through 941. When 992 characters have been entered into the first main
      memory bank comprising registers 457 through 460 (FIG. 3B), a FULLWARN
      condition is detected by NAND gate 432, inverter 433 and NOR gate 434
      (FIG. 3A). The FULLWARN signal, and condition XMIT enables NAND gate 900
      to act through inverter 901 to increment memory power control 903. When
      memory power control 903 is first incremented, its ON2 output will rise to
      1 causing the output of inverter 904 to fall to 0 and thereby apply power
      to memory bank 935 through transistor 955. When the memory power control
      903 is incremented again (which will occur 32 characters before memory
      bank 935 has been filled), the ON3 output will rise to 1 causing the
      output of inverter 905 to fall to 0 and thereby apply power to memory bank
      936 through transistor 956. However, the ON2 output remains at 1 and power
      will continue to be supplied to memory bank 935. This successive
      activation continues throughout the number desiderata banks until, when
      the last memory bank 941 has been activated, all of the outputs of memory
      power control 903 are 1 and the outputs of inverters 904 through 911 are
      0. At this time, all memory banks will be powered, as indicated by the ALL
      ON output.
PAR  Memory enable control 914 selects the memory bank in use by sequentially
      activating one of its eight outputs (i.e., for the illustrative eight bank
      system). It is noted that in the single memory bank embodiment of FIG. 3B,
      the memory bank is always powered and, in data input operations, normally
      is enabled to receive data. In the multiple memory bank embodiment of
      FIGS. 5A and 5B, appropriate input gating elements are provided to respond
      to the selection signals S1, S2 . . . now to be described, which seen to
      select a given bank to receive data, and to disable further data input to
      a given bank when it is full, and to select the successive bank and direct
      further data to it, for all of the banks, automatically and in succession.
      Those gates would correspond basically to the gates 944-947 as shown in
      memory bank control 928 for the second memory bank.
PAR  Initially, therefore, S1 is 1 causing the first memory bank (comprising
      recirculating registers 457 through 460 - - FIG. 3B) to be enabled. When
      the first memory bank contains 1,024 characters, memory enable control 914
      will increment, causing S1, the output of inverter 915, to go to 1 and S2,
      the output of NOR gate 916, to be 0. The next successive memory bank 935
      now is enabled, and all incoming data will be stored there. When memory
      bank 935 contains 1,024 characters, memory enable control 914 increments,
      S2 terminates, and S3 is generated for selection and enabling of memory
      bank 936.
PAR  Thus, power is applied to each successive memory bank when the next
      preceding memory bank contains 992 characters, and the said successive
      memory bank is enabled for storage when the previous memory bank contains
      1,024 characters, i.e., is full. The resulting 32 character storage time
      period (from 992 to 1,024) assures an adequate initializing interval,
      e.g., for power-up, stabilize, and clear operations for the memory bank,
      to prepare it for accepting data. For example, R2 goes to 1 during this
      interval causing the output of NOR 916, S2, to go to 0 which enables
      memory bank 935 to be cleared.
PAR  When all of the memory banks have been activated, ON6, ON7 and ON8 will be
      1. As the 992nd character is entered into memory bank 941, this condition
      will be detected by NAND gate 913 producing a FULLWARN.sub.1 signal from
      the output of inverter 913 to indicate that the capacity of the dataholder
      has been reached.
PAR  Referring to FIG. 5B, when memory bank 935 is activated during the power-up
      interval, ON2, ON3 and FULLWARN will be 1 causing the output of NAND gate
      942 to be 0 thereby disabling NAND gates 943 through 947 and making R2,
      the output of inverter 948, a 1. As mentioned earlier, the 1 R2 signal
      enables NOR gate 916 to allow S2 to enable memory bank 935. Since NAND
      gates 943 through 947 are now disabled, their respective outputs are 1
      causing a true write signal (output of 943) and 1 inputs to the memory
      (outputs of 944 through 947). This causes all 1's to be written into
      memory during the power-up interval which is the clear condition. When the
      power-up interval is completed, the gates 943 through 947 are enabled and
      W/R takes control, writing data only into the selected memory bank 935
      (selected by S2).
PAR  Each memory bank, when activated, recirculates in synchronism with the
      clock, .phi..sub.2.
PAR  It can be seen that the corresponding outputs of memory banks 935 through
      941 are tied together. The output of any memory bank that is not enabled
      normally is 1. However, a 0 at the output of an enabled memory bank causes
      the output line to be 0, while a 1 at the output of an enabled memory bank
      allows the output line to remain at 1. Thus, the output lines follow the
      output line of the enabled memory bank.
PAR  Readout of the multiple memory banks, as to each individual bank, proceeds
      as before described as to the single bank embodiment; moreover, selection
      and readout of the multiple banks individually and in succession proceeds
      similarly to the selection and addressing for the data input, or storage
      function.
PAR  Thus, decoder 914 decodes the write address outputs WA.sub.11, WA.sub.12,
      WA.sub.13 (see FIG. 9A) to 1 of 8 lines, (S1 to S8) to cause selection of
      the appropriate memory bank. When transmission is started, XMIT goes low
      disabling NAND 900, thereby causing the memory power control 903 to remain
      locked at its last position of advance and thus to continue powering of
      only those memory banks used for data input. The memory enable control 914
      is reset to S1 because the write address is reset to zero at the start of
      transmission by XMIT* (gate 414 of FIG. 3A). The memory enable control 914
      then cycles through selection of each memory bank in sequence, in the same
      manner as described for data input operations.
PAR  The FULLWARN condition from FIG. 3A has been employed in that notation in
      FIGS. 5A and 5B for convenience. As contrasted to the single memory bank
      embodiment, however, where FULLWARN produces the indicator output of FIG.
      2, in FIGS. 5A and 5B, that indication is produced only upon the last of
      the multiple banks approaching a full condition - - at which time the
      FULLWARN.sub.1 output is produced in FIG. 5A. Thus, in FIG. 2, the
      (FULLWARN.sub.1) notation corresponds to this condition of the multiple
      memory bank embodiment.
PAR  As has been emphasized, the system of the invention includes both a
      portable dataholder device which is intended for hand-held operation and
      thus must be lightweight and portable, and operable under extreme
      environmental conditions. Referring to FIG. 6A, the planar top view of the
      portable dataholder device illustrates its simple construction, including
      a basically rectangular housing 1000 having at an upper portion thereof a
      display area 1002 containing the electro-optical display. Particularly,
      the preferred embodiment herein disclosed comprises 18 character display
      positions each implemented by a seven segment front arrangement of light
      emitting diodes. With joint reference to FIG. 6B, the display area 1002 is
      seen to permit viewing of a display screen 1004 containing therebehind the
      light emitting diodes illustratively shown at 1006. It will be appreciated
      that numerous alternative types of electro-optical display elements may
      instead be employed and thus the configuration of the elements 1006 does
      not correspond necessarily to any particular display element type.
PAR  The data input pushbuttons for the numerics 1 through 9 and 0 and the
      control pushbuttons are shown, as well, in FIG. 6A, and from FIG. 6B are
      seen to be flush with the upper surface of the housing 1000. The necessary
      electronics are mounted on suitable circuit boards or other circuits, as
      suggested in FIG. 6B. A removable battery pack 1008 is carried on the
      lower or back surface of the portable dataholder. A multiple contact
      connector 1010 carrying numerous electrical connections to the memory and
      control circuits of the dataholder is mounted for convenience on the rear
      of the housing. A protective cap on the connector may be provided or other
      precautions taken to insure hermetic sealing of the dataholder unit.
PAR  Referring to FIG. 7A, the housing 1012 for the interface and formatter
      circuits is shown in the planar view and, examined simultaneously with the
      side view of FIG. 7B, is seen to include an upper planar surface 1014
      carrying 2 spaced apart vertical rails 1016 and 1018 having a connector
      1020 extending therebetween and at one end of the housing 1012. The
      connector 1020 is positioned to mate with the connector plug 1010, as seen
      in FIG. 7C when the dataholder is received on the side rails and as may be
      visualized from the side views of FIGS. 6B and 7B thereby to provide an
      automatic electrical connection between the dataholder and the formatter
      and interface circuits.
PAR  Referring now to the control pushbuttons and the switches of the formatter
      unit, it will be recalled that the CLR pushbutton is depressed to clear
      temporary memory and to clear main memory only after initial power-up or
      following transmission of data from the main memory to the formatter. CLR
      also is pushed to unlock the keyboard after an overflow condition. The
      header key is depressed to enter the header code, displayed as an L and
      also to reset the line counter. The indicator key IND, when actuated,
      displays the number of lines, or records, in a given header and, when
      actuated a second time, enables the display of the data currently stored
      in the temporary memory. For convenience, a single button having this
      alternative or toggle-type display control function is preferred, although
      obviously separate suitably interlocked buttons could be employed in the
      alternative. Finally, the ENTR key, in the data collection functions,
      serves to transmit data from temporary to main memory. When the dataholder
      is connected to the formatter, actuation of this key transmits data from
      main memory to the formatter/interface circuits and thus to the further
      utilization device. In short, the dataholder is seen to be quite compact
      and to afford maximum flexibility in the input and verification of input
      data as well as in the readout of data therefrom and transmission to the
      utilization means.
PAR  The formatter, as well, is of uncomplicated construction, the parallel rail
      arrangement greatly facilitating mounting of the dataholder thereon and
      rapid interconnect through the matching plug arrangement. Power switch
      1022 serves to turn on power to the formatter and a suitable indicator
      1024 may be provided. The local/line switch 610a is shown at 1026 and the
      transmitting indicator shown in FIG. 4A as a light emitting diode 519 is
      shown at 1028, the latter serving to indicate that data is being
      transmitted from the formatter. The restart indicator comprising LED 523
      of FIG. 4A is shown at 1030 and the restart switch 500 of FIG. 4A is shown
      at 1032, the function of the latter having been explained hereinabove.
PAR  In summary, the system of the invention achieves the desiderate of a true
      electronic notebook having greatly simplified data input operations with
      display and verification capabilities and is flexible in permitting design
      of essentially as great an amount of data storage capability as may be
      required. Connection of the dataholder to the interface/formatter circuit
      which may be at a remote station for communication to a central is of the
      utmost simplicity and the operation for reading out of the stored data
      requires actuation of essentially only a single switch, the data being
      read out in form which is both computer-compatible and suitable for
      transmission, totally avoiding the need for keypunch or other intervening
      operations.
PAR  A significant facet of the invention is that the input data, or information
      items, be they of the header lines or source data items, comprising the
      primary entries to be made by the user of the portable device, each block
      being initiated simply by depression of the header button L which stores a
      single block indication symbol, or signal, i.e., the header symbol L, in
      memory. Each line of items, by depressing IND, is readily displayed after
      entry for verification, as well as the number of the line in the block - -
      if in error, the line simply is cleared and re-entered - - if correct,
      depressing ENTR places the line in main memory and automatically enters a
      single line indication or line separation symbol, or signal. There is no
      fixed length of lines, and thus maximum use of memory is assured; since
      only a single block indication symbol and a single line symbol for each
      line of the block are employed, maximum storage of data items and minimum
      storage of control signals or symbols are accomplished. Regarding line
      lengths, note that a line is not limited to the number of characters
      capable of storage in temporary memory, and thus possible to display, but
      rather by simultaneously depressing ENTR and IND, the line indication
      symbol is inhibited and a line in excess of 18 or multiples of 18
      characters may be entered.
PAR  The number of header lines is arbitrary, but use of eight with the last
      establishing the format of ensuing data lines has been found adequate for
      most applications. Some data, of course, may be entered in line positions
      normally receiving header information, as desired and established in
      initial programming of the format in which the information items which are
      entered are to be printed out and/or supplied to other utilization means.
PAR  A significant feature is that the system performs formatting independently
      of the dataholder device per se, again simplifying its construction and
      requisite storage capacity, minimizing as well its power requirements and
      enhancing its portability. A related feature of the invention is that the
      function of the "wire-wrap" programming of the formatter may be afforded
      in the alternative by a programmed diode matrix. Plural, differently
      programmed such matrices may be provided in a given formatter/interface
      unit, to be selected in accordance with the intended formatting of the
      information items collected in any of various different dataholders.
      Greater versatility of a given formatter thus is provided.
PAR  Whereas each portable device does not require internal formatting of stored
      data, the visual display produced thereby may be made to correspond. Thus
      in FIG. 6a, the character display positions may be spaced to display the
      characters in groups corresponding to the desired grouping of the source
      data items of each line. For standardizing production however, additional
      display positions in excess of the characters of a standard line may be
      provided and selectively connected for display of corresponding characters
      in the temporary memory with the desired groupings, visually creating
      thereby the desired format of the ultimate printout.
PAR  A highly significant feature is the capability of providing a properly
      formatted hard copy printout of the dataholder contents along with
      transmission of the stored data to a further utilization, a capability
      which is essential to many practical applications of the system.
PAR  Numerous modifications, adaptations and applications of the system of the
      invention will be apparent to those skilled in the art. The system is very
      versatile, as noted, permitting lines of any desired lengths, as measured
      by numbers of characters, and blocks of any desired number of lines. Any
      number of header lines having both character space and line space control
      may be accommodated, although a practical maximum may be known and thus
      pre-established. The desired format of character groupings, and thus
      spaces between groups, may be pre-established as desired. Since the
      portable device does not itself distinguish between header and source data
      items or lines, or the characters thereof, these are generally referred to
      as information items in the claims. Where the claim context requires, each
      "item" may constitute one or plural characters, and the grouping of items
      of a given format thus refers to successive groups, each of one or more
      characters, of a given line, be it a header or a source data line. Thus,
      it is intended by the appended claims to cover all such modifications,
      adaptations and applications which fall within the true spirit and scope
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electronic data collection system for collecting and storing
      information items including items of source data for subsequent supply of
      the stored data items to separate utilization means in block organization
      of at least one line of header information common to and identifying the
      origin of the source data and at least one line containing at least one
      source data item for each such block of data, a portable source data
      collection device for use in said system comprising:
PA1  a keyboard having a control key selectively operable to enter a header
      symbol for each block of data and character keys for entering characters
      corresponding to information items of the header and source date lines;
PA1  means responsive to each said key actuation to produce a respectively
      corresponding coded electrical signal;
PA1  a solid state memory for receiving and storing the said coded electrical
      signals from said producing means responsive to key actuation and having a
      capacity of storing plural said lines of data for at least one said block
      thereof;
PA1  said memory storing said signals from said producing means for each block
      including, in a predetermined relationship, the header symbol, the
      characters of a header line and a line designation symbol for each
      successive header line, and the characters of a source data line and a
      line designation symbol for each successive data line,
PA1  means for selectively displaying the characters of at least a group of
      related characters of one of said lines as entered into said memory, and
PA1  means for associating a portable electrical energy storing means with said
      portable data collection device to supply electrical energy therefrom to
      all of the aforesaid means, keyboard and memory comprising said data
      collection device.
NUM  2.
PAR  2. A source data collection device as recited in claim 1, wherein:
PA1  said memory includes a temporary memory and a main memory, said temporary
      memory having a capacity of storing one said line of said lines of header
      information and source data, and said main memory having a capacity of
      storing plural said lines of header information and source data and
      associated header and line designation symbols for at least one said
      block;
PA1  said producing means is responsive to actuation of said control of
      character keys for entering the corresponding symbols into said temporary
      memory, and wherein
PA1  said keyboard further includes a control key for transferring a line of
      characters as currently stored in said temporary memory to said main
      memory, and
PA1  said producing means is responsive to actuation of said transfer control
      key to produce said line indication signal for storage in said main memory
      in sequence following the stored characters of the said line.
NUM  3.
PAR  3. A source data collection device as recited in claim 2, wherein:
PA1  said keyboard further includes a clearing control key operable to clear
      data from said temporary memory.
NUM  4.
PAR  4. A source data collection device as recited in claim 2, wherein:
PA1  said display means includes a number of character display positions
      corresponding to the number of character storage positions of said
      temporary memory, and
PA1  said keyboard includes means selectively actuatable to produce a display on
      said display means of the current contents of said temporary memory.
NUM  5.
PAR  5. A source data collection device as recited in claim 4, wherein there is
      further provided:
PA1  a counter for counting the number of lines entered for a given header, and
PA1  said keyboard includes means selectively actuatable to display the number
      of lines stored in memory for a given header.
NUM  6.
PAR  6. A source data collection device as recited in claim 5, wherein:
PA1  said selectively actuatable display producing means of said keyboard
      comprises a single control key having double actuation functions for
      selectively producing display of the temporary memory contents and
      alternatively of the number of lines.
NUM  7.
PAR  7. An electronic data collection system employing the portable data
      collection device as recited in claim 1, and further comprising:
PA1  a readout means with which said device is selectively connectable for
      reading out the data from the main memory thereof and supply of that data
      to utilization means;
PA1  said readout means being responsive to a signal from said portable device
      when connected thereto to interrogate said memory and read out the signals
      stored therein in the corresponding related sequence of the storage
      positions of said signals.
NUM  8.
PAR  8. A system as recited in claim 7, wherein:
PA1  said keyboard of said device further includes a transfer control key
      operable when actuated and when said device is connected to said readout
      means, to initiate transfer of the data from said memory to said readout
      means.
NUM  9.
PAR  9. A system as recited in claim 7, wherein said readout means includes:
PA1  means for responding to each header symbol to recognize the initiation of
      each new block of data in readout of said memory, and
PA1  means for formatting the character data readout from memory in accordance
      with a programmed, desired format of presentation of the data.
NUM  10.
PAR  10. A system as recited in claim 9, wherein:
PA1  said readout means further includes means operable upon said responding
      means recognizing a subsequent header symbol in readout of said memory to
      temporarily terminate further transfer of data from said memory, and
PA1  switch means operable to initiate readout following each such temporary
      termination,
PA1  whereby each stored block of data is read out individually and selectively,
      in sequence.
NUM  11.
PAR  11. A system as recited in claim 10, wherein:
PA1  said utilization means includes means for producing a printout of the data,
      the individual readout of such block of data enabling said printout
      producing means to print a separate record of each data block.
NUM  12.
PAR  12. A system as recited in claim 9, wherein:
PA1  said formatting means includes means selectively programmable to establish
      for each block of data as read out from said memory of said portable
      device a desired format for supply of the data to the utilization means,
      the format including at least the provision of character spaces at
      selected positions in each line to effect grouping of the characters of
      each given line as supplied to said utilization means, and
PA1  said readout means further includes control means for reading each
      character symbol from memory in individual, controlled succession, means
      for counting each such character symbol in each line, and means responsive
      to the character count of each line and the desired format of that line
      for inserting a space symbol in each programmed position of the line
      thereby to supply to said utilization means a sequence of character and
      inserted space signals corresponding to the programmed format of the data
      for that line.
NUM  13.
PAR  13. A system as recited in claim 12, wherein the formatting of said
      selectively programmable means includes the provision of line spaces
      between successive lines of characters as supplied to said utilization
      means and wherein said readout means further comprises:
PA1  means for responding to and counting each line symbol as read out from
      memory, and
PA1  said formatting means includes means responsive to the line count to insert
      a further signal representative of an end of line symbol for each
      programmed line space in the sequence of signals to be supplied to said
      utilization means.
NUM  14.
PAR  14. A system as recited in claim 13, wherein said formatting means includes
      means for establishing for a predetermined number of lines, individually
      programmed character and line space formats and for all lines in excess of
      said predetermined number, a common programmed format.
NUM  15.
PAR  15. A system as recited in claim 14, wherein said line counter means
      identifies attainment of a count of said predetermined number and said
      formatting means responds thereto to format each succeeding line in
      accordance with said common format.
NUM  16.
PAR  16. A system as recited in claim 12, wherein the utilization means
      comprises a printer responsive to the sequence of signals produced by said
      readout means and responsive to each character symbol signal to print the
      corresponding character and to each space symbol to leave a corresponding
      space in each such line,
PA1  said readout means further includes means for producing an end of line
      sequence in response to each line indication symbol thereby to produce in
      the sequence of output signals a carriage return signal and a line advance
      signal, and
PA1  said printer responds to the carriage return signal to return to an initial
      position for printing a subsequent line and to the line advance signal to
      advance to a successive line prior to initiating printing of characters on
      such successive line.
NUM  17.
PAR  17. A system as recited in claim 16, wherein
PA1  said readout means further includes means operable upon said responding
      means recognizing a subsequent header symbol in readout of said memory to
      temporarily terminate further transfer of data from said memory,
PA1  said printer thereby terminating further printout of data upon completition
      of printout of data for a given data block, and
PA1  said readout means further includes switch means operable to initiate
      readout following each such temporary termination,
PA1  whereby said printer is selectively controlled to print each block of data
      on individual data records for all blocks of data stored in a given data
      collection device.
NUM  18.
PAR  18. An electronic data collection system for collecting and storing items
      of information including source data items for subsequent automatic supply
      of the source data in a desired format to separate utilization means, and
      wherein a block of items includes plural lines, each of plural items,
      comprising:
PA1  a portable data collection device including: means for entering an
      indication of each new block of items to be collected and of each item of
      each line of that block, said entering means producing coded electrical
      signals representative of the block indication and the information items
      and an indication of each line of said items, means for receiving and
      storing the coded electrical signals produced by said entering means in
      accordance with a predetermined sequential organization of the signals to
      store in sequence, the block identification signal, and the items of each
      line and the related line indication signal, for each line of the block,
      and
PA1  means with which said portable device is selectively connected and operable
      for reading out the stored signals from the receiving and storing means of
      a device connected thereto, said reading means including means for
      formatting the stored signals as read out, in accordance with a
      pre-established desired format for the data signals as read from a given
      portable device, for supply of the data in the desired format to the
      utilization means, said reading means responding to each block indication
      signal to control said formatting means to format the corresponding block
      of information items in each of successive lines of the block in
      accordance with the same pre-established format for each block, said
      reading means being responsive to the stored block indication signal to
      recognize each new block of data as read from said storing means, for
      supply thereof to said utilization means.
NUM  19.
PAR  19. A portable data collection device as recited in claim 18, wherein:
PA1  said receiving and storing means comprises a plurality of successive
      storage positions of fixed sequence, and
PA1  said receiving and storing means receives and stores the signals in the
      sequence of entering thereof to indicate in sequence the block
      identification signal, the information item signals of each line and the
      related line indication signal for each line of a block in succession, and
PA1  said reading out means responds to the block and indication line signals
      thus stored by said receiving and storing means to recognize each block
      and each successive line of items of each block.
NUM  20.
PAR  20. A portable data collection device as recited in claim 19, wherein said
      entering means comprises a keyboard having key switches of predetermined
      designations corresponding to the block identification and the information
      items to be entered.
NUM  21.
PAR  21. A portable data collection device as recited in claim 18, wherein:
PA1  said entering and storing means includes a first memory of a predetermined
      number of storage positions for receiving and storing therein a
      corresponding number of information item signals from said entering means
      in the sequence in which each said item is entered, and there is further
      provided
PA1  a second memory having a storage capacity of multiples of said first
      memory, and
PA1  said entering means includes means for transferring each item stored in
      said first memory to said second memory, said transferring means
      automatically generating said line indicating signal for storing in said
      second memory in sequence with the items transferred from said first
      memory.
NUM  22.
PAR  22. A portable data collection device as recited in claim 21, wherein there
      is further provided:
PA1  display means having a number of display positions corresponding to the
      number of storage positions of said first memory for displaying each item
      in the sequence as stored in said first memory, and
PA1  means for selectively enabling display of the items stored in said first
      memory on said display.
NUM  23.
PAR  23. A portable data collection device as recited in claim 21, wherein there
      is further provided:
PA1  means for selectively inhibiting said transfer means from generating a line
      indicating signal in the transfer of items from said first to said second
      memory, thereby to permit each line of items to include a number of items
      in excess of the number of storage positions of said first memory.
NUM  24.
PAR  24. A portable data collection device as recited in claim 21 wherein said
      second memory has a predetermined maximum capacity and wherein there is
      further provided means for determining when the contents of said second
      memory are approaching the full capacity thereof for generating a warning
      signal indicating this condition.
NUM  25.
PAR  25. A portable data collection device as recited in claim 24, wherein there
      is further provided means responsive to the said warning signal to
      generate a display in said display means to indicate the condition of
      approaching the full capacity of the main memory.
NUM  26.
PAR  26. A portable data collection device as recited in claim 24, wherein there
      is further provided
PA1  means for counting the number of line indication signals and thereby
      determining the number of lines transferred to said main memory, and
PA1  means for selectively displaying the said line count on said display means.
NUM  27.
PAR  27. A portable data collection device as recited in claim 26, wherein said
      selective display means selectively controls predetermined ones of the
      character display positions of said display means for selective display of
      the line count in lieu of display of the items of information stored in
      said first memory.
NUM  28.
PAR  28. A data collection device as recited in claim 18, wherein said reading
      out means comprises means for responding to each block indication signal
      to indicate to said utilization means each successive block of items of
      source data information and means for responding to each line indicating
      signal to identify each successive line of items, thereby to control the
      formatting of the items as supplied to the utilization device.
NUM  29.
PAR  29. A portable data collection device as recited in claim 18, wherein said
      reading out means comprises:
PA1  formatting means establishing, for a predetermined number of lines of
      information items in each block, a prescribed format of the items of
      information, and
PA1  means for recognizing each line of information as read from said main
      memory in succession to identify the number of that line and thereby to
      organize the items of information of that line in accordance with the
      prescribed format for that line.
NUM  30.
PAR  30. A portable data collection device as recited in claim 29, wherein said
      reading out means further comprises means for establishing a prescribed
      format of each line of information read from said second memory in excess
      of a predetermined number of said lines thereby to establish a prescribed
      format of the individual said line and each successive line thereafter.
NUM  31.
PAR  31. An electronic data collection system as recited in claim 18 wherein
      said formatting means automatically formats the information items read
      from said storing means in accordance with grouping of the items and
      spacing of the grouped items in each of successive lines of each block,
PA1  said formatting means including means programmable to establish a desired
      format for each of successive lines of a block and means responsive to the
      block indication signal and to each successive line indication signal of
      each block to insert space signals between the information item signals
      read from said storing means thereby to establish the desired format of
      grouping and spacing of information items for each line of the block.
NUM  32.
PAR  32. An electronic data collection system as recited in claim 31, wherein:
PA1  said programmable means of said automatic formatting means includes means
      for separately programming a desired format for each line of a
      predetermined number of lines of each block, and
PA1  said means responsive to the block and line indication signals identifies
      each successive line of items thereby to select from said programmable
      means the respectively corresponding programmed format.
NUM  33.
PAR  33. An electronic data collection system as recited in claim 32, wherein:
PA1  said programmable means establishes a single, common programmable format
      for each line in excess of said predetermined number, and
PA1  said means responsive to the block and line indication signals identifies
      and programs each successive line of a block in excess of said
      predetermined number in accordance with said single, common programmed
      format.
NUM  34.
PAR  34. An electronic data collection system as recited in claim 33, wherein
      the information items include both header information items relating to
      the block in general and source data items, and wherein
PA1  said header items are contained in a number of lines no greater than said
      predetermined number, and each line of header information is individually
      programmed as to format, and
PA1  said data items are contained in lines of said block following said header
      lines and are programmed in common as to format.
NUM  35.
PAR  35. A self-contained, hand-held portable data collection device for
      receiving and storing source data and for subsequent read-out and
      transmission of the source data to a utilization means, comprising:
PA1  entry means including a keyboard having a plurality of keys selectively
      actuable for producing coded electrical signals representative of
      corresponding source data characters and controls for said device,
PA1  means including a solid state memory for receiving and storing coded
      electrical signals from said entry means, corresponding to the source data
      characters of plural lines of source data,
PA1  means for selectively displaying characters of at least one line of source
      data as stored in said memory,
PA1  means for reading out said memory for supplying the coded electrical
      signals corresponding to the characters of said at least one line of
      source data to said displaying means, and
PA1  electrical energy storing means integral with said self-contained hand-held
      portable data collection device for supplying electrical energy to the
      aforesaid means for operation of the said device.
NUM  36.
PAR  36. A portable data collection device as recited in claim 35 wherein:
PA1  said memory includes a temporary memory and a main memory, said temporary
      memory having a capacity of storing one said line of source data and said
      main memory having a capacity of storing plural said lines of source data,
PA1  said keyboard further includes a control key for transferring a line of
      source data as currently stored in said temporary memory to said main
      memory, for each of a plurality of successive, individual lines of source
      data stored in said temporary memory.
NUM  37.
PAR  37. A portable data collection device as recited in claim 35 wherein each
      said line of data includes plural said source data characters.
NUM  38.
PAR  38. A portable data collection device as recited in claim 35 for use in
      connection with an electronic data collection system, said system further
      comprising means for reading out said memory of said portable data
      collection device for transmitting the said stored source data form said
      memory of said portable device in a desired format to a utilization means.
NUM  39.
PAR  39. A system as recited in claim 38 wherein said format transmission means
      is selectively programmable to a desired format.
NUM  40.
PAR  40. An electronic data collection system for collecting and storing plural
      lines of source data, each said line including at least one source data
      item, wherein said plural lines of source data are to be subsequently
      automatically supplied in a desired format to separate utilization means,
      comprising:
PA1  a portable, self-contained, hand-held source data collection device
      including:
PA2  entry means including a keyboard having a plurality of keys selectively
      actuable for producing coded electrical signals representative of source
      data and controls,
PA2  a solid state memory for receiving and storing coded electrical signals
      form said entry means,
PA2  means for selectively displaying a line of source data as stored in said
      memory, and
PA1  means with which said portable device is selectively connected, operable
      for reading out the said source data as stored in said memory of said
      portable device and transmitting the read-out data in a desired format to
      a utilization means.
NUM  41.
PAR  41. A system as recited in claim 40 wherein said read-out and transmitting
      means includes means selectively programmable for transmitting said source
      data in said desired format.
NUM  42.
PAR  42. In an electronic data collection system for collecting and storing
      information items including items of source data for subsequent supply of
      the stored, source data items to separate utilization means in block
      organization of at least one line of header information common to and
      identifying the origin of the source data and at least one line containing
      at least one source data item for each such block of source data, a
      portable source data collection device for use in said system comprising:
PA1  a keyboard having a control key selectively operable to enter a header
      symbol for each block of data and character keys for entering characters
      corresponding to information items of the header and source data lines;
PA1  means responsive to each said key actuation to produce a respectively
      corresponding coded electrical signal;
PA1  a memory for receiving and storing the said coded electrical signals from
      said producing means responsive to key actuation, said memory including a
      temporary memory and a main memory,
PA1  said producing means being responsive to actuation of said control and
      character keys for entering the corresponding symbols and characters into
      said temporary memory,
PA1  said keyboard further includes a control key for transferring a line of
      characters as currently stored in said temporary memory to said main
      memory,
PA1  said producing means being responsive to actuation of said transfer control
      key to produce a line indication signal for storage in said main memory in
      sequence following the stored characters of the corresponding line,
PA1  said main memory storing the signals transferred thereto in a desired
      predetermined relationship of the header symbol, the characters of a
      header line and a line designation symbol for each successive header line,
      and the characters of a source data line and a line designation symbol for
      each successive data line,
PA1  means for selectively displaying the characters of at least a group of
      related characters of one of said lines as entered into said temporary
      memory, said display means including a number of character display
      positions corresponding to the number of character storage positions of
      said temporary memory, said keyboard including selectively actuable means,
      and said selective displaying means being responsive to actuation of said
      selectively actuable means to produce a display on said display means of
      the current contents of said temporary memory,
PA1  a counter for storing the number of lines entered for a given header, and
PA1  said selective displaying means is responsive to further actuation of said
      selectively actuable means of said keyboard to display the count of said
      counter thereby to indicate the number of lines stored in said main memory
      for a given header.
NUM  43.
PAR  43. A source data collection device as recited in claim 42 wherein said
      selectively actuable means of said keyboard comprises a single control key
      having double actuation functions for selectively controlling said
      selective display means to display the contents of said temporary memory
      and alternatively to display the number of lines.
NUM  44.
PAR  44. An electronic data collection system for collecting and storing
      information including items of source data for subsequent supply of the
      stored data items to separate utilization means in block organization
      including at least one line of header information common to and
      identifying the origin of the source data and at least one line containing
      at least one source data item for each such block of data, comprising:
PA1  a portable source data collection device for use in said system comprising:
PA2  a keyboard having a control key selectively operable for producing a header
      symbol for each block of data and character keys for entering characters
      corresponding to information items of the header and source data lines;
PA2  means responsive to each said key actuation to produce a respectively
      corresponding coded electrical signal;
PA2  a memory for receiving and storing the said signals from said producing
      means for each block, corresponding to said information items of the
      header and source data lines, in a predetermined relationship, and
PA2  means for selectively displaying the characters of at least a group of
      related characters of one of said lines, stored in said memory, and
PA1  read-out means with which said device is selectively connectable for
      reading out the data from said memory and supply of that data to
      utilization means, said read-out means being responsive to a signal from
      said portable device when connected thereto for interrogating said memory
      and reading out the signals stored therein.
NUM  45.
PAR  45. A system as recited in claim 44, wherein:
PA1  said keyboard of said device further includes a transfer control key
      operable when actuated to produce said signal from said portable device to
      which said read-out means is responsive, thereby to initiate the read-out
      of said memory by said read-out means for supply of the data stored
      therein to said utilization means,
NUM  46.
PAR  46. A system as recited in claim 44, wherein said read-out means includes:
PA1  means for responding to header information read out from said memory to
      recognize each new block of data being read out from said memory, and
PA1  means for formatting the character data from said memory in accordance with
      a programmed, desired format of presentation of the data.
NUM  47.
PAR  47. A system as recited in claim 46, wherein:
PA1  said read-out means further includes means operable upon said responding
      means recognizing subsequent header information during read-out of said
      memory to terminate temporarily further transfer of data from said memory,
      and
PA1  switch means operable to initiate read-out following each such temporary
      termination,
PA1  whereby each stored block of data is read out individually and selectively,
      in sequence.
NUM  48.
PAR  48. A system as recited in claim 46, wherein:
PA1  said utilization means includes means for producing a print out of the
      data, the individual read-out of each block of data enabling said print
      out producing means to print a separate record of each data block.
NUM  49.
PAR  49. A system as recited in claim 46, wherein:
PA1  said formatting means includes means selectively programmable to establish
      for each block of data as read out from said memory of said portable
      device, a desired format of said data for supply to said utilization
      means, the formatting including at least the provision of character spaces
      at selected positions in each line to effect grouping of the characters of
      each given line as supplied to said utilization means, and
PA1  said read-out means further includes control means for reading each
      character symbol from memory individual, controlled succession, means for
      counting each such character symbol in each line, and means responsive to
      the character count of each line and the desired format of that line for
      inserting a space symbol in each programmed position of the line thereby
      to supply to said utilization means a sequence of character and inserted
      space signals corresponding to the programmed format of the data for that
      line.
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ABST
PAL  A programmable controller includes a processor which executes a control
      program to alter the state of an output image table stored in a read/write
      memory in response to the state of an input image table stored in the
      memory. An input/output scanner circuit connects directly to the
      read/write memory and periodically steals a memory cycle from the
      processor to couple the status of input and output devices with
      corresponding bits in the input and output image tables. The rate at which
      the scanner circuit operates is independent of the processor speed and is
      selected to accommodate the input/output interface circuitry on the
      programmable controller.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the invention is programmable controllers such as that
      disclosed in U.S. Pat. No. 3,810,118 issued to William W. Kiffmeyer on May
      7, 1974 and entitled "Programmable Matrix Controller".
PAR  Programmable controllers are typically connected to industrial equipment
      such as assembly lines and machine tools to sequentially operate the
      system in accordance with a stored control program. In programmable
      controllers such as that disclosed in the above cited patent, for example,
      the control program is stored in a random access memory and includes sets
      of instructions which are executed in rapid sequence to examine the
      condition of selected input devices on the controlled system and
      instructions which energize or deenergize selected output devices on the
      controlled system contingent upon the status of one or more of the
      examined input devices. The response of the controlled system to changing
      conditions is directly related to the time it takes to scan the entire
      control program, and because the control program is executed at a fixed
      rate, the time necessary to cycle through it is a constraint on the
      complexity of the system which can be controlled by the programmable
      controller.
PAR  Although the time necessary to scan through a given control program can be
      decreased by increasing the rate at which the program instructions are
      executed, there is a limit to such an approach in programmable controllers
      such as that disclosed in the above cited patent. More specifically, the
      rate at which input information is received by the programmable cntroller
      processor from its input circuits and the rate at which it generates
      output information to its output circuits is limited by propagation times
      and the time delays which are associated with the noise immunity
      circuitry. Therefore, in prior programmable controllers a compromise is
      made between these conflicting objectives with the result that the program
      instruction execution rate is reduced and the noise immunizing circuits
      are kept to a minimum.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improved programmable controller in
      which the rate at which the controller program is scanned is independent
      of the rate at which the input and output circuits on the programmable
      controller are scanned. More specifically, the improved programmable
      controller includes a random access memory in which an input image table
      and an output image table are stored along with the controller program; a
      processor which executes the control program instructions to examine the
      condition of the input image table and control the condition of the output
      image table; and a scanner circuit which periodically steals a memory
      cycle from the processor to couple status data from the controller input
      circuits to the input image table, and to control the controller output
      circuits by coupling status data from the output image table. The
      processor operates on data with the random access memory, and as a result,
      the speed with which it executes the control program is maximized. On the
      other hand, the scanner circuit periodically couples status data between
      the controller input/output circuits and the image tables at a rate which
      is determined independently of the processor speed. Consequently, the
      input/output speed of the programmable controller can be optimized to meet
      the requirements of the input and output interface circuitry.
PAR  A general object of the invention is to optimize the rate at which the
      input and output circuits on a programmable controller are scanned. The
      rate at which the scanner circuit interrupts the processor to couple
      status data is substantially less than the rate at which the control
      program is executed under the direction of the processor. A further
      reduction in the scanning rate is obtained by coupling words of status
      data during each interrupt. This parallel data transfer by the scanner
      circuit insures that input/output data rates are kept to a minimum without
      reducing the response time of the programmable controller to changing
      conditions on the controlled system.
PAR  A more specific object of the invention is to increase the noise immunity
      of the input/output interface circuitry on a programmable controller. The
      low data rates in the input/output circuitry allows the use of line
      filters and drive circuits which substantially improve the noise immunity
      of the programmable controller. This in turn allows the use of longer
      lines to the input/output circuitry and a reduction in expensive and bulky
      shielding.
PAR  Another general object of the invention is to increase the rate at which
      the control program is executed. High speed logic circuits are used in the
      processor and random access memory and these are suitably shielded from
      external noise sources. State of the art data processing speeds can thus
      be accomplished to execute the control program and manipulate the status
      data in the input and output image tables.
PAR  A more specific object of the invention is to increase the length of the
      control program without compromising noise immunity requirements or system
      response time.
PAR  Another general object of the invention is to provide means for interfacing
      a programmable controller with external systems. In addition to the
      scanner circuit, other circuits may be connected to interrupt the
      processor and couple data between an external system and the randon access
      memory. Such systems may include, for example, a computer, an arithmetic
      unit, or a control program loader such as that disclosed in U.S. Pat. No.
      3,798,612 issued to Odo J. Struger et al on Mar. 19, 1974.
PAR  The foregoing and other objects and advantages of the invention will appear
      from the foregoing description. In the description reference is made to
      the accompanying drawings which form a part hereof, and in which there is
      shown by way of illustration a preferred embodiment of the invention. Such
      embodiment does not necessarily represent the full scope of the invention,
      however, and reference is made to the claims herein for interpreting the
      breadth of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the invented programmable controller,
PAR  FIG. 2 is an electrical schematic diagram of a polyphase clock which forms
      part of the programmable controller in FIG. 1.
PAR  FIG. 3 is a timing diagram for the clock of FIG. 2,
PAR  FIGS. 4A and 4B are a block diagram of the processor which forms a part of
      the programmable controller in FIG. 1,
PAR  FIG. 5 is an electrical schematic diagram of an operation decoder which
      forms part of the processor of FIG. 4,
PAR  FIG. 6 is an electrical schematic diagram of a phase counter which forms
      part of the processor in FIG. 4,
PAR  FIG. 7 is an electrical schematic diagram of a logic unit which forms part
      of the processor in FIG. 4,
PAR  FIG. 8 is a block diagram of an input/output scanner circuit which forms
      part of the programmable controller in FIG. 1,
PAR  FIG. 9 is an electrical schematic diagram of an I/O address counter which
      forms part of the scanner circuit of FIG. 8,
PAR  FIGS. 10A and 10B are an electrical schematic diagram of the I/O scanner
      control circuit which forms part of the input/output scanner circuit of
      FIG. 8,
PAR  FIG. 11 is an electrical schematic diagram of a rack adapter which forms
      part of the programmable controller in FIG. 1,
PAR  FIG. 12 is an example ladder diagram,
PAR  FIG. 13 is an electrical circuit diagram of a gate circuit and associated
      driver circuit which forms part of the input/output circuit of FIG. 8,
PAR  FIGS. 14A and 14B are timing diagrams for the input/output scanner circuit
      of FIG. 8, and
PAR  FIG. 15 is an electrical schematic diagram of a filter circuit which is
      used throughout the programmable controller of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the programmable controller of the present invention
      has a total capacity of 1024 outputs and 1024 inputs. It includes a random
      access read/write memory 1 which has an 18-bit word length and which
      includes from 2048 to 8192 separately addressable lines depending upon the
      size of the control program which it is to store. Two bits in each word
      stored in the memory 1 are used for parity checking, and thus sixteen data
      bits are stored on each line of the memory 1. An output image table 2 is
      stored on the first sixty-four lines of the memory 1 and is addressable
      with the octal addresses 000-077, an input table 3 is stored on the next
      sixty-four lines of the memory 1 and is addressable with the octal
      addresses 100-177, and preset and accumulated values of counters and
      timers are stored on the next 128 lines of the memory 1 and are
      addressable with the octal addresses 200-377. The remaining lines of the
      memory 1 contain a control program 4 in which each program instruction is
      addressable with an octal address of 400 or greater.
PAR  Selected data is read from the memory 1 by applying the octal address of
      the line containing the data to a memory bus 5 and applying a logic high
      voltage to a read/write line 6. The memory 1 is cycled by applying a logic
      high pulse to a memory cycle line 7 and the addressed word is read out on
      a memory data bus 8. A word is loaded, or written into a selected line of
      the memory 1 by applying the octal address of that line to the memory
      address bus 5, applying a logic low voltage to the read/write line 6 and
      applying a logic high voltage pulse to the memory cycle line 7. The data
      word appearing on the memory data bus 8 during the one microsecond cycle
      time of the memory 1 is written onto the selected line.
PAR  The control program 4 is executed by a processor 10 which connects to the
      memory buses 5 and 8 and to the control lines 6 and 7. The processor 10
      sequentially reads out the instructions of the control program 4 from the
      memory 1 and in response to an operation code contained within each
      program instruction, it performs the operations necessary to carry out the
      control functions. Such operations include, for example, examining a
      status bus in the input image table 3 or setting a status bit in the
      output image 2 to a desired state. Each status bit in the output image
      table 2 corresponds with an output device such as a motor starter or
      solenoid on the system being controlled, and each status bit in the input
      image table 3 corresponds with an input device such as a limit switch or
      photoelectric cell on the controlled system. As will be described
      hereinafter, a scanner circuit periodically updates each status bit in the
      input image table 3 with the status of its corresponding input device on
      the controlled system and updates the status of the output devices on the
      controlled system with the status of its corresponding status bit in the
      output image table 2.
PAR  There are three general types of program instructions executed by the
      processor 10. A program instruction which calls for an operation involving
      a selected status bit in either the output image table 2 or input image
      table 3 includes an eight-bit operand address which indicates the memory
      address of the word containing the desired status bit and a 4-bit pointer
      that identifies which of the 16 bits in the addressed word is selected.
      Such program instructions are referred to hereinafter as status bit
      instructions and they include the following:
TBL                                    TABLE I                                 
     __________________________________________________________________________
     OPERATION                                                                 
             OP CODE POINTER OPERAND ADDRESS                                   
                                       Execution                               
                                        Time                                   
     __________________________________________________________________________
     XIC/XOE 0 0 1 0                   2 usec.                                 
     XIO/XOD 0 0 1 1                                                           
     OTU     1 1 0 0                                                           
     OTL     1 1 0 1                                                           
     OTD     1 1 1 O                   3 usec.                                 
     OTE     1 1 1 1                                                           
     INSTRUCTION                                                               
     BIT NUMBER                                                                
             17 16 15 14                                                       
                     13 12 11 10                                               
                             7 6 5 4 3 2 1 0                                   
     (OCTAL)                                                                   
     __________________________________________________________________________
PAR  The mnemonic operation codes for the status bit instructions are briefly
      defined as follows:
PAR  XIC -- Examine status bit closed or, is the status bit in a logic 1 state?
PAR  XOE -- Same as XIC, but refers to a status bit in the output image table.
PAR  XIO -- Examine status bit open or, is the status bit in a logic 0 state?
PAR  XOD -- Same as XIO, but refers to a status bit in the output image table.
PAR  OTU -- If conditions are true turn status bit off, or to a logic 0 state,
      and if false do nothing.
PAR  OTL -- If conditions are true turn status bit on, or to a logic 1 state,
      and if false do nothing.
PAR  OTD -- If conditions are true turn status bit off and if conditions are
      false turn status bit on.
PAR  OTE -- If conditions are true turn status bit on and if conditions are
      false turn status bit off.
PAR  A second general type of program instruction is executed by the processor
      10 to perform either a control or logical function. Such instructions are
      referred to hereinafter as control instructions and are comprised solely
      of an operation code. They include the following:
TBL                                    TABLE II                                
     __________________________________________________________________________
     OPERATION OPERATION CODE                           Execution              
                                                        Time                   
     __________________________________________________________________________
     NOP       0  0  0  0  0  0  0  0  0  0 0 0 0 0 0 0                        
     BND       0  0  0  0  1  1  1  1  1  1 1 1 1 1 1 1                        
     BST       0  0  0  1  1  1  1  1  1  1 1 1 1 1 1 1                        
     END       0  0  1  1  1  1  1  1  1  1 1 1 1 1 1 1 1 .mu.sec.             
     NOP       1  1  1  1  1  1  1  1  1  1 1 1 1 1 1 1                        
     INSTRUCTION BIT                                                           
     NUMBER (OCTAL)                                                            
               17 16 15 14 13 12 11 10 7  6 5 4 3 2 1 0                        
     __________________________________________________________________________
PAR  The mnemonic operation codes for the control instructions are briefly
      defined as follows:
PAR  NOP -- No operation (all bits zero)
PAR  BND -- Branch end: termination of a Boolean subbranch
PAR  BST -- Branch start: opens or begins a Boolean subbranch
PAR  END -- End of the control program
PAR  NOP -- No operation (all bits one)
PAR  A third general type of control program instruction is executed by the
      processor 10 to operate on a data word stored in the memory 1. These
      instructions are referred to hereinafter as arithmetic instructions and
      are characterized by an operand address which indicates the address of a
      data word in the memory 1. They do not include a bit pointer.
TBL                                    TABLE III                               
     __________________________________________________________________________
     OPERATION OPERATION CODE          OPERAND ADDRESS                         
                                                 Execution                     
                                                 Time                          
     __________________________________________________________________________
     TOF 0.1 sec.                                                              
               1  0  0  1  0  0  0  1                                          
     TOF 1.0 sec.                                                              
               1  0  0  1  1  0  0  0                                          
     TON 0.1 sec.                                                              
               1  0  1  0  0  0  0  1                                          
     TON 1.0 sec.                                                              
               1  0  1  0  1  0  0  0            4 .mu.sec.                    
     RTO 0.1 sec.                                                              
               1  0  1  1  0  0  0  1                                          
     RTO 1.0 sec.                                                              
               1  0  1  1  1  0  0  0                                          
     CTD       0  1  1  0  X  0  0  X                                          
     CTU       0  1  1  1  X  0  0  X                                          
     PUT       0  1  0  0  X  0  1  X                                          
     RTR       0  1  0  1  X  0  1  X                                          
     CTR       0  1  1  1  X  0  1  X                                          
     GET       1  0  0  0  X  0  1  X            2 .mu.sec.                    
     EQU       1  0  1  0  X  0  1  X                                          
     LES       1  0  1  1  X  0  1  X                                          
     INSTRUCTION BIT                                                           
               17 16 15 14 13 12 11 10 7 6 5 4 3 2 1 0                         
     NUMBER (OCTAL)                                                            
     __________________________________________________________________________
PAR  The mnemonic operation codes for the above arithmetic instructions are
      briefly defined as follows:
PAR  TOF -- If conditions are true turn output on, otherwise, wait until time is
      out then turn output off.
PAR  TON -- If conditions are true wait until time is out then turn output on,
      otherwise, turn output off.
PAR  RTO -- If conditions are true wait until time is out then turn output on,
      otherwise, stop timer.
PAR  CTD -- If the conditions are true reduce the count by one.
PAR  CTU -- If the conditions are true increase the count by one.
PAR  PUT -- If conditions are true write the number in the processor data
      accumulator in the selected memory line, otherwise, do nothing.
PAR  RTR -- If the conditions are true reset the timer.
PAR  CTR -- If the conditions are true reset the counter.
PAR  GET -- Fetch the word on the selected memory line and store in the
      processor data accumulator.
PAR  EQU -- If the value stored in the processor data accumulator equal to the
      value stored on the selected memory line?
PAR  LES-- Is the value stored in the processor data accumulator less then the
      value stored on the selected memory line?
PAR  The processor 10 continuously cycles the memory 1 at a rate of 1 megahertz
      in response to clock pulses generated by a polyphase clock 11. Referring
      particularly to FIGS. 2 and 3, the polyphase clock 11 includes a 10
      megahertz clock pulse generator 100 having an output 101 which connects to
      the input of a four-bit decimal counter 102. The least significant digit
      output 103 of the counter 102 connects to a 5 megahertz clock line (5MHz)
      and through an inverter gate to the clock terminal of a 5-bit shift
      register 104. The most significant bit output 105 on the counter 102
      connects to a 1 megahertz clock line (1 MHz) and to the input terminal 106
      of the shift register 104. The shift register 104 is commercially
      available from Texas Instruments, Inc. as SN7496 and its respective
      outputs A-E connect to timing lines identified respectively to T0-T4 and
      to the inputs of logic gates which combine the T3 and T4 outputs with the
      5 MHz clock and invert the T1 and T4 outputs.
PAR  The decimal counter 102 applied a logic high voltage to the input 106 of
      the shift register 104 every microsecond and the logic high is shifted to
      successive register output terminals A-D by the 5 MHz clock applied to the
      register clock terminal. As a result, 200 nanosecond timing pulses are
      successively generated on the lines T0-T4 during each one microsecond
      cycle of the register 104. These timing signals are used in combination
      with the 1 MHz and 5 MHz clocks to coordinate the operation of the various
      elements of the programmable controller during each one microsecond cycle
      of the memory 1.
PAR  Referring again to FIG. 1, each bit in the image tables 2 and 3 of the
      memory 1 corresponds to an input or output device on the system being
      controlled. This correspondence is achieved by connecting all of the input
      and output devices on the system being controlled to separately
      addressable input and output circuits on the programmable controller. Each
      status bit of the input image table 3 is periodically updated by coupling
      the status of the corresponding input devices on the controlled system to
      the memory 1. This is performed by an input/output scanner circuit 15
      which also periodically updates the status of the output devices on the
      controlled system by coupling the current state of each status bit in the
      output image table 2 to the programmable controller output circuits. The
      scanner circuit 15 connects with the clock 11 through the timing bus 12
      and connects with the processor 10 through an interrupt line 16 and a
      grant line 17. The scanner circuit 15 connects directly to the memory data
      bus 8, the memory address bus 5, the read/write lines 6 and the memory
      cycle line 7.
PAR  As will be described in more detail hereinafter, the scanner circuit 15
      periodically couples the memory data bus 8 to an I/O data bus 18 which
      connects to one or more interface racks 19, each of which includes eight
      separately addressable slots. Each slot in turn includes sixteen
      addressable input or output circuits which connect through a cable 21 to
      the system being controlled. An I/O address bus 22 connects a rack adapter
      circuit 23 on each interface rack 19 to the scanner circuit 15, and each
      rack adapter circuit includes decoding circuitry which is responsive to
      three bits in the six-bit address code on the bus 22 to enable the
      interface rack 19 when its rack number is detected. Each rack adapter
      circuit 23 also includes decoding circuitry which enables one of the slots
      0-7 in response to the three remaining bits on the I/O address bus 22.
PAR  The scanner circuit 15 reads a sixteen-bit word in the output image table 2
      of the memory 1 and couples that word through the I/O data bus 18 to a
      selected rack and slot which is identified by a six-bit address on the I/O
      address bus 22. Also, the scanner circuit 15 periodically reads the status
      of sixteen input circuits in an addressed slot and couples the sixteen-bit
      data word to an addressed line in the input image table 3 of the memory 1.
      Thus, by periodically stealing a memory cycle from the processor 10, the
      scanner circuit 15 updates the input table 3 with the current status of
      the input devices connected to the controller interface racks 19, and
      periodically updates the state of the output devices on the controlled
      system by coupling the current status of the output image table 2 to the
      interface racks 19.
PAR  The processor 10 is constructed of commercially available high speed logic
      gates and integrated circuits. Referring to FIGS. 4A and 4B, the processor
      10 includes a program instruction counter 26 which is coupled to the
      thirteen leads in the memory address bus 5 through a set of 13 instruction
      address gates indicated collectively at 27. Each instruction address gate
      27 is a commercially available AND gate having its output terminal
      connected to one of the leads in the memory address bus 5, one of its
      input terminals connected to an output on the program instruction counter
      26, and a second input terminal connected to a common enable terminal 28.
      When a logic high voltage is applied to the enable terminal 28, the 13-bit
      binary coded address appearing at the outputs of the program instruction
      counter 26 is applied to the memory address bus 5. The program instruction
      counter 26 is a 13-bit binary counter formed by cascade connecting 3 4-bit
      commercially available up/down counters with one commercially available
      flip-flop. The binary number generated by the program instruction counter
      26 is increased by one count each time a logic high voltage pulse is
      applied to a clock terminal 29 and the generated address is reset to 400
      (octal) each time a logic high voltage pulse is applied to a load terminal
      30.
PAR  The program instruction counter 26 is rapidly incremented and the
      instruction address gates 27 are periodically enabled to sequentially read
      the program 4 out of the memory 1. The instruction address gates are
      periodically enabled by a C1 memory cycle pulse which is a logic high
      voltage of one microsecond duration. During the C1 memory cycle the
      addressed program instruction is read from the memory 1 and near the end
      of the C1 memory cycle a T3 timing pulse gates a logic high voltage
      through an AND gate 31 to the counter clock terminal 29. The program
      instruction counter is thus incremented one count and when the next C1
      memory cycle is executed the next program instruction is read from the
      memory 1. The cycle continues until an end of program instruction is read
      from the memory 1 and decoded to generate an END operation signal to the
      load terminal 30. The program instruction counter 26 is then reset to the
      octal address four hundred and the control program is rescanned.
PAR  Each program instruction read from the memory 1 is received through the
      memory data bus 8 and stored in an instruction register 33. The
      instruction register 33 is comprised of 4 4-bit bistable latch circuits
      such as that manufactured by Texas Instruments, Inc., and identified as
      SN7475. The clock inputs on each latch circuit are commonly connected to a
      clock input terminal 34 on the instruction register 33, and when a logic
      high is applied to this terminal by an AND gate 35, the program
      instruction on the memory data bus 8 is stored. The AND gate 35 is enabled
      during each C1 memory cycle by a T2 timing pulse. As shown in Tables I, II
      and III above, each program instruction includes groups of bits which
      serve to indicate the operation to be performed by the processor, the
      address of a word in the image tables 2 or 3 and the identity of a status
      bit in the addressed word. The program instruction bits stored in the
      register 33 are generated at sixteen outputs, and bit numbers 10-13 are
      coupled to a pointer bus 36, bit numbers 10-17 are coupled through a set
      of eight leads 37 to an operation decoder 38, and bit numbers 0-7 are
      coupled through a set of leads 39 to a set of eight operand address gates
      indicated collectively at 40. The operand address gates 40 are
      commercially available AND gates each having one input connected to a lead
      39 from the instruction register 33, and output connected to a lead in the
      memory address bus 5, and a second input commonly connected to an enable
      terminal 41.
PAR  The processor 10 is responsive to the operation code in each program
      instruction read from the memory 1 to perform a specified function, and
      depending upon the complexity of the function, anywhere from one to four
      one microsecond memory cycles are required to execute the program
      instruction. The operation code is decoded by the operation decoder 38
      during the C1 memory cycle and a resulting operation signal is coupled to
      a memory cycle counter 45 through a decoder bus 46. In response to timing
      signals received from the polyphase clock 11 and an operation signal
      received from the operation decoder 38, the memory cycle counter 45
      generates one microsecond memory cycle signals at a set of outputs C0, C1,
      C2, C3 and C4. The memory cycle counter 45 connects to the memory cycle
      control line 7, and at the commencement of each memory cycle signal C0,
      C1, C2, C3 or C4, the memory 1 is cycled by applying a logic high voltage
      pulse to the control line 7. The memory cycle counter 45 also connects to
      the interrupt line 16 and grant line 17, and in response to a logic high
      interrupt request on the line 16, it generates a logic high grant signal
      on the line 17. During such an interrupt it generates a C0 memory cycle
      signal, and relinquishes control of the memory cycle control line 7 to the
      requesting device.
PAR  Referring particularly to FIGS. 4A and 4B, the decoder bus 46 also connects
      to a logic unit 48 which is designed to perform Boolean functions in
      response to received operation signals. The logic unit 48 is also coupled
      to the polyphase clock 11 through the timing bus 12 and to the memory
      cycle outputs C0, C1, C2 and C4. As will be described in more detail
      hereinafter, the logic unit 48 operates the read/write memory control line
      6 to examine the status of selected bits stored in the image tables 2 and
      3 and to set or reset selected status bits in the output image table 2 as
      determined by the control program. For example, the condition, or logic
      state, of a selected status bit is examined with an XIC instruction,
      whereas a selected status bit in the output image table 2 is driven to a
      logic high state by an OTE instruction when conditions are true as
      determined by the logic unit 48. The logic state of an examined status bit
      is received by the logic unit 48 through a logic input line 49 during a C2
      memory cycle, and when the state of a status bit is to be changed, the
      logic unit 48 generates a signal on a set line 51 or a reset line 50
      during a C2 memory cycle.
PAR  Status words are read from the memory 1 by the processor 10 during each C2
      memory cycle. The operand address gates 40 are enabled by the memory cycle
      counter 45 through an OR gate 52 and the read/write control line 6 is
      driven high by the logic unit 48. The addressed operand, or status word,
      is coupled through the memory data bus 8 to the processor 10 and is gated
      through a set of sixteen NAND gates 55 and sixteen AND gates 56 to a
      processor data bus 57. One input on each of the NAND gates 55 connects to
      a lead in the memory data bus 8 and a second input on each connects
      through a cable 59 to one of 16 output terminals on a set bit selector 58.
      The set bit selector 58 is a commercially available 4-line-to-16-line
      decoder such as SN54154 available from Texas Instruments, Inc. It has a
      set of 4 input terminals 60 which connect to the pointer bus 36, a first
      strobe terminal 61 which connects to the set bus 51 through an inverter
      gate 62, and a second strobe terminal 63 which connects to the C2 output
      on the memory cycle counter 45 through an inverter gate 64.
PAR  The set bit selector 58 either enables the NAND gates 55 to gate the status
      word received from the memory 1 to the bus 65 unchanged, or it changes a
      selected bit therein to a logic high state. When the set line 51 is at a
      logic low voltage, for example, all sixteen outputs of the set bit
      selector 58 are at a logic high voltage and the status word on the memory
      data bus 8 is gated through the NAND gates 55 without change. However,
      when the set bus 51 is at a logic high voltage, one of the sixteen outputs
      of the set bit selector 58 is driven to a logic low voltage during the C2
      memory cycle. The status bit to be changed is indicated by the four-bit
      binary coded pointer on the bus 36 and the corresponding NAND gate 55 is
      disabled to generate a logic high voltage at its output terminal.
PAR  The 16 AND gates 56 are similarly connected, but operate to drive a
      selected bit in the status word to a logic low state. More specifically,
      one input on each AND gate 56 connects through the cable 65 to one of the
      NAND gate outputs and a second input on each AND gate 56 connects through
      a cable 67 to one of 16 output terminals on a reset bit selector 66. The
      reset bit selector 66 is identical to the set bit selector 58 and includes
      4 inputs 68 which connect to the pointer bus 36, a first strobe terminal
      69 which connects to the reset line 50 through an inverter gate 70, and a
      second strobe terminal 71 which connects to the C2 output of the memory
      cycle counter 45 through an inverter gate 72. When a logic high voltage is
      generated on the reset line 50, the status bit identified by the four-bit
      pointer at the inputs 68 is driven to a logic low voltage by the
      corresponding AND gate 56 during the C2 memory cycle. Otherwise, the
      sixteen-bit data word on the memory data bus 8 is coupled through the AND
      gates 56 to the processor data bus 57 without change.
PAR  When the condition of a status bit is examined with a program instruction
      such as XIO or XIC, the addressed status word is read from the input image
      table 3, is coupled through the NAND gates 55 and AND gates 56 without
      change to the processor bus 57 and is applied to sixteen input terminals
      on a status bit selector 75. The status bit selector 75 is a
      16-line-to-1-line data selector such as SN74150  commercially available
      from Texas Instruments, Inc. It includes 4 data select terminals 76 which
      connect to the pointer bus 36 and an output terminal 77 which connects to
      the logic unit 48 through the logic output line 49. When a 16-bit status
      word is coupled to the processor data bus 57, the logic state of a status
      bit selected by the 4-bit binary coded pointer on the bus 36 is coupled to
      the logic input line 49. The entire examination operation is performed
      during a C2 memory cycle.
PAR  A status word on the processor data bus 57 may also be loaded into a
      sixteen-bit data accumulator 79. The data accumulator 79 is comprised of
      three cascade connected 4-bit up/down decade counters and four flip-flops
      which have their respective inputs connected to leads in the processor
      data bus 57 and their corresponding outputs connected to leads in a
      processor output bus 80. A load terminal on each counter and flip-flop is
      commonly connected to the output of a load NAND gate 81 which is enabled
      by a T4 timing pulse during a C2 memory cycle. When enabled, the NAND gate
      81 generates a logic low voltage to the data accumulator 79 and the status
      word on the processor data bus 57 is stored. The processor output bus 80
      is coupled to the memory data bus 8 by a set of 16 output NAND gates 82.
      Each NAND gate 82 has an input commonly connected to an enable terminal
      83, and the enable terminal 83 is coupled to a write line 53 by an AND
      gate 84. The C4 output of the memory cycle counter 45 also connects to the
      AND gate 84 and when the data word stored in the data accumulator 79 is to
      be loaded into the memory 1 as determined by the logic unit 48, a logic
      high voltage is generated on the write line 53 during the C4 memory cycle.
PAR  The processor data bus 57 and the processor output bus 80 also connect to a
      twelve-bit comparator 87. The comparator 87 is comprised of three cascade
      connected four-bit magnitude comparators such as SN7485 commercially
      available from Texas Instruments, Inc. Twelve A inputs 88 on the
      comparator 87 connect to receive the octal bits 0-7 and 10-13 stored in
      the data accumulator 79, and 12 B inputs 89 connect to receive the
      corresponding bits generated on the processor data bus 57. When the
      magnitude of a data word stored in the data accumulator 79 is less than
      the magnitude of a data word on the processor data bus 57, a logic high
      voltage is generated at a comparator output terminal 90 and applied
      through a lead 91 to the logic unit 48. On the other hand, when the
      magnitude of the two data words are equal, a logic high voltage is
      generated at a comparator output terminal 92 and coupled to the logic unit
      48 through a lead 93.
PAR  The comparison operations (EQU or LES) are performed on data words read
      from the memory 1. The first data word is read out of the memory 1 by a
      GET instruction and is stored in the data accumulator 79. The comparison
      instruction (EQU or LES) is then executed and a second data word is read
      out of the memory 1 and coupled to the processor bus 57. A NOR gate 95 is
      connected to the load NAND gate 81 and receives the EQU and LES operation
      signals to inhibit the NAND gate 81. The data word previously stored in
      the data accumulator 79 is thus retained during the C2 memory cycle, and a
      comparison is made between its magnitude and that on the processor data
      bus 57 during the T4 timing pulse.
PAR  Referring to FIG. 5, the operation decoder 38 decodes the operation code in
      each program instruction stored in the instruction register 33. It
      includes a 4-line-to-16-line decoder circuit 109 which connects to receive
      bit numbers 14-17 and a 4-line-to-16-line decoder circuit 110 which
      connects to receive bit numbers 10-13 in each program instruction. The
      decoder circuits 109 and 110 are commercially available integrated
      circuits SN74154 available from Texas Instruments, Inc. The bit patterns
      for each operation code are listed in tables I-III, and when one of these
      bit patterns is applied to the decoders 109 and 110, a logic high
      operation signal is generated on a lead of the decoder bus 46. Each lead
      in the decoder bus 46 is identified hereinafter with the mnemonic
      designation of the operation signal which is generated on it. Many
      variations in the decoder circuit are possible in view of the many
      circuits which are available for decoding an eight-bit binary signal.
PAR  Referring particularly to FIG. 6, the memory cycle counter 45 initiates
      each one microsecond memory cycle by periodically generating a logic high
      voltage pulse on the memory cycle control line 7. It also determines the
      number of memory cycles which are required to execute each program
      instruction read from the memory 1 and generates signals to coordinate the
      operation of the processor elements. The memory cycle counter 45 includes
      a D-type flip-flop 114 which has a clock terminal connected to the five
      megahertz clock lead in the timing bus 12 and a D input terminal 115
      connected to receive the T0 timing pulse through an interrupt AND gate
      116. The Q output on the flip-flop 114 connects to the memory cycle
      control line 7 and is driven to a logic high voltage for 200 nanoseconds
      in synchronism with the timing signal T0. When an interrupt is granted as
      will be described in more detail hereinafter, the interrupt AND gate 116
      disables the flip-flop 114 and control of the memory cycle line 7 is
      relinquished to the scanner circuit 15.
PAR  The memory cycle counter 45 also includes a set of 4 D-type flip-flops
      117-120 which are cascade connected to form a 4-bit ring counter. The
      flip-flops 117-120 are identified hereinafter as C1-C4 respectively and
      each includes a clock terminal 121 which is connected to receive the
      timing signal T4.CL from the timing bus 12. A logic high "one" is
      circulated among the flip-flops 117-120 in response to the timing pulses
      and the path of the one is determined by the operation signal received
      from the operation decoder 38. The NOP, BND, BST and END operation signals
      are received at an OR gate 122 and are applied to one input of a NAND gate
      123. The other input on the NAND gate 123 is connected to a Q output
      terminal 124 on the C1 flip-flop 117 and its output terminal connects to
      one input on an input NAND gate 125. The operation signals XIC, XIO, GET,
      EQU, LES, PUT, RTR and CTR are received at a second OR gate 126 and
      applied to one input of a NAND gate 127. A second input terminal on the
      NAND gate 127 connects to a Q output terminal 128 on the C2 flip-flop 118
      and its output terminal connects to an input terminal on the input NAND
      gate 125. The input NAND gate 125 is coupled to a D input 129 on the C1
      flip-flop 117 through an interrupt AND gate 130. The Q terminal 124 on C1
      flip-flop 117 is coupled to a D input terminal 131 on the C2 flip-flop 118
      through a NAND gate 132 and a NOR gate 133. The Q output terminal 128 on
      C2 flip-flop 118 is coupled to a D input 134 on C3 flip-flop 119 through a
      NAND gate 135 and a NOR gate 136, and the Q output terminal 137 on C3
      flip-flop 119 couples to a D input terminal 138 on the C4 flip-flop 120
      through an inverter gate 139 and a NOR gate 140. A second input on each of
      the NOR gates 133, 136 and 140 connects to the output of the input NAND
      gate 125, and the Q output terminal 141 on C4 flip-flop 120 connects to a
      third input on the input NAND gate 125. The operation signals PUT, RTR and
      CTR are applied to an input NOR gate 142 which is connected to a second
      input on the NAND gate 132 and through an inverter gate 143 to the input
      of a NAND gate 144. A second input on the NAND gate 144 connects to the Q
      output terminal 124 on the C1 flip-flop 117 and its output terminal
      connects to the NOR gate 140. The operation signals OTU, OTL, OTD and OTE
      are applied to a second input NOR gate 145 which connects to a second
      input terminal on the NAND gate 135 and connects through an inverter gate
      146 to one input terminal on a NAND gate 147. A second input on the NAND
      gate 147 connects to the Q output terminal 128 on C2 flip-flop 118 and its
      output connects to the NOR gate 140.
PAR  The Q output terminals 150, 151 and 152 on the respective flip-flops 117,
      118 and 119 connect through respective inverter gates 153, 154 and 155 to
      the memory cycle counter outputs C1, C2 and C3. The Q output terminal 156
      on C4 flip-flop 120 connects to the C4 output terminal and to one input of
      an output OR gate 157. The outputs of each inverter gate 153, 154 and 155
      also connects to an input on the output OR gate 157 and the OR gate output
      terminal connects through an inverter gate 158 to the C0 output terminal.
      The output of the OR gate 157 also connects to an input terminal on the
      input NAND gate 125.
PAR  The memory cycle counter 45 functions in response to an applied operation
      signal to selectively cycle a logic high one through selected flip-flops
      117-120 and to thereby generate a sequence of one microsecond logic high
      voltage pulses at the outputs C0-C4. When the OR gate 122 is enabled by
      one of the applied operation signals NOP, BND, BST or END, the one at the
      Q output of the C1 flip-flop 117 is coupled through the gates 123, 125 and
      130 and clocked back into the C1 flip-flop 117 during the T4.CL timing
      pulse. A single C1 memory cycle is thus executed when a NOP, BND, BST or
      END instruction is read from the memory 1.
PAR  If the input OR gate 126 is enabled by one of the indicated operation
      signals, the logic high one at the Q output terminal 124 of C1 flip-flop
      117 is coupled through the gates 132 and 133 at the end of the C1 memory
      cycle and is clocked into the C2 flip-flop 118 by the T4.CL timing pulse.
      A C2 memory cycle is then executed. At the termination of the C2 memory
      cycle, the logic high count at Q output terminal 128 is gated back into
      the C1 flip-flop 117 through the gates 125 and 130. In other words, the
      operations XIC, XIO, GET, EQU, and LES are executed in two memory cycles
      C1 and C2.
PAR  When a PUT, RTR or CTR instruction is read from the memory 1, the NOR gate
      142 is enabled and at the completion of the C1 memory cycle, the logic
      high one at the Q output terminal 124 of C1 flip-flop 117 is gated through
      the NAND gate 144 and NOR gate 140 and clocked into the C4 flip-flop 120.
      As a result, these instructions are executed with a C1 followed by a C4
      memory cycle. At the completion of the C4 memory cycle the one is coupled
      back into the C1 flip-flop 117 through the input NAND gate 125 and the AND
      gate 130.
PAR  When the NOR gate 145 is enabled by one of the operation signals OTU, OTL,
      OTD or OTE, the C1 and C2 memory cycles are executed and at the completion
      of the C2 memory cycle the one is gated through the NAND gate 147 and NOR
      gate 140 to the C4 flip-flop 120. As a result, these instructions are
      executed with three memory cycles, C1, C2 and C4. Finally, when a TOF,
      TON, RTO, CTD or CTU instruction is read from the memory 1, the memory
      cycle counter 45 cycles the memory 1 4 times and in doing so, advances the
      one sequentially through the C1, C2, C3 and C4 flip-flops 117-120.
PAR  When an interrupt is requested by the scanner circuit 15, a logic high
      voltage is generated on the interrupt line 16 and the memory cycle counter
      45 deviates from its cyclic pattern and generates a one microsecond logic
      high voltage at the C0 output. More specifically, the interrupt line 16
      connects to an input terminal on an AND gate 160 which has a second input
      connected to the output of the AND gate 125 and an output connected to the
      D input of an interrupt flip-flop 161. The flip-flop 161 is a conventional
      D-type flip-flop which has a clock terminal 162 that connects with the
      timing bus 12 to receive the T3CL timing pulse. A Q output terminal 163 on
      the interrupt flip-flop 161 connects to a second input terminal on the
      interrupt AND gate 130, and a Q output terminal 164 connects to the input
      of an interrupt inhibit flip-flop 165. A clock terminal 166 on the
      flip-flop 165 connects to the timing bus 12 to receive the T4CL timing
      pulse, and a Q output terminal 167 connects to a third input terminal on
      the AND gate 160. The Q output terminal 163 on the interrupt flip-flop 161
      also connects through an inverter gate 168 to the grant line 17 and to a
      second input terminal on the interrupt AND gate 116.
PAR  When an interrupt is requested by the scanner circuit 15, the instruction
      then being executed by the processor 10 is completed before the interrupt
      is granted. At the completion, the logic high one in the memory cycle
      counter 45 is fed back from one of the flip-flops 117, 118, or 120, but
      before being clocked into the C1 flip-flop 117 the logic high interrupt is
      gated into the interrupt flip-flop 161 by the T3CL. timing pulse, and the
      resulting logic low voltage generated at its Q output terminal 163
      disables the AND gate 130. The logic low generated at the Q output
      terminal 163 is also coupled through the inverter gate 168 to generate a
      logic high grant signal on the line 17 and to disable the interrupt AND
      gate 116. The interrupt is thus granted to the scanner circuit 15 and the
      memory cycle control line 7 is relinquished for one microsecond. During
      the interrupt, the C1, C2, C3 and C4 flip-flops 117-120 are all reset and
      a logic low voltage is inverted to a logic high C0 memory cycle signal by
      the inverter gate 158.
PAR  The C0 memory cycle terminates when the interrupt flip-flop 161 is reset by
      the T3.CL timing pulse and a logic high at the output of the NAND gate 125
      is clocked into the C1 flip-flop 117 by the T4.CL timing pulse. Although
      the interrupt line 16 is typically driven to a logic low voltage
      immediately after each interrupt is granted, it is possible for a second
      interrupt to be requested during the C0 memory cycle. If this should
      occur, a second, consecutive C0 interrupt memory cycle would be executed
      if it were not for the interrupt inhibit flip-flop 165. The flip-flop 165
      is set by the first interrupt and the logic low generated at its Q output
      terminal 167 disables the AND gate 160 despite the presence of a second
      interrupt request. Thus, only one memory cycle is stolen by an interrupt
      and the control program will continue to execute at least one more
      instruction before granting another interrupt. Thus the execution of the
      control program cannot be stalled by continuous interrupt requests.
PAR  The logical decisions necessary to determine if selected status bits in the
      output image table 2 of the memory 1 are to be set to a logic one or reset
      to a logic zero state are made in the logic unit 48 of the processor 10.
      Although it has additional capabilities, the logic unit 48 herein is
      similar in function to the central logic unit of the programmable matrix
      controller described in the above cited U.S. Pat. No. 3,810,118. Referring
      particularly to FIG. 7, the logic unit 48 includes a set of 4 timing AND
      gates 175-178 which connect to the timing bus 12 and the memory cycle
      counter outputs C1, C2 and C4. The AND gates 175-178 generate respective
      timing pulses C2.T3.CL, C1.T3.CL, C1.T4.CL and C4.T4.CL at their output
      terminals. The basic decision making function of the logic unit is
      performed by a rung flip-flop 179 and a branch flip-flop 180. The
      flip-flops 179 and 180 are commercially available J-K flip-flops. The
      timing pulse C2.T3.CL is coupled to a clock terminal 181 on the rung
      flip-flop 179 through an AND gate 182, and the same timing pulse is
      coupled to a clock terminal 183 on the branch flip-flop 180 through an AND
      gate 184. A Q output terminal 185 on a flip-flop 186 connects to an input
      terminal on the AND gate 184, and its Q output terminal 187 connects to an
      input terminal on the AND gate 182. A J terminal 188 on the flip-flop 186
      connects to receive the BST (branch start) operation signal and K terminal
      189 connects to receive the BND (branch end) operation signal.
PAR  The J terminals 190 and 191 on the respective flip-flops 179 and 180 are
      connected to circuit ground and their K terminals 192 and 193 connect to
      the output of an input NOR gate 194. A first AND gate 195 connects to the
      comparator circuit lead 91 and its output connects to the input NOR gate
      194. When enabled by a LES operation signal, the logic signal on the lead
      91 is coupled to the NOR gate 194. A second AND gate 196 is similarly
      connected to couple the comparator circuit lead 93 to the NOR gate 194
      when enabled by an EQU operation signal. The logic input line 49 is also
      coupled to the input NOR gate 194 by an exclusive OR gate 197 to invert
      the logic state of the input line 49 when an XIO instructon is executed.
PAR  A Q output terminal 200 on the rung flip-flop 179 connects to the write
      line 53 and connects to one input on each of four output AND gates
      422-425. A second input terminal on each of the respective output AND
      gates 422-425 connects to receive the operation signals OTE, OTL, OTU and
      OTD, and the output terminals of AND gates 422 and 423 connect to inputs
      on a set OR gate 201 and the output terminals of AND gates 424 and 425
      connect to inputs on a reset OR gate 202. A Q output terminal 426 on the
      rung flip-flop connects to one input on each of two additional output AND
      gates 427 and 428. A second input terminal on each of the AND gates 427
      and 428 connects to receive the respective operation signals OTE and OTD
      and their respective output terminals connect to the reset OR gate 202 and
      set OR gate 201. If the rung flip-flop 179 is in a set state its Q output
      200 is at a logic high voltage and when an OTE or an OTL operation signal
      is present, a logic high voltage is generated on the set line 51 to set
      the state of a selected status bit to a logic high, or logic 1. On the
      other hand, if the OTU or OTD operation signal is present, a logic high is
      generated on the reset line 50 and the selected status bit is reset to a
      logic low, or logic 0. When the rung flip-flop 179 is in its reset state,
      a logic high voltage is generated at its Q output terminal 426 to enable
      the output AND gates 427 and 428. As a result, when the OTE operation
      signal is present the selected status bit is reset and when the OTD
      operation signal is present the selected status bit is set.
PAR  A NAND gate 203 has one input connected to the CO output of the memory
      cycle counter 45 through an inverter gate 204, a second input connected to
      the C4 output of the memory cycle counter 45 and an output terminal which
      connects to the read/write memory control line 6. When an OTE, OTD, OTL or
      OTU program instruction is executed, the selected bit in the addressed
      status word is driven to the indicated logic state and during the C4
      memory cycle, the read/write memory control line 6 is driven low to
      rewrite the addressed status word back into the output image table 2 of
      the memory 1.
PAR  A Q output terminal 205 on the branch flip-flop 180 connects to one input
      of an AND gate 206 and to one input of a NOR gate 207. A second input on
      the AND gate 206 connects to receive the BST operation signal and its
      outer terminal connects to a J input 208 on a branch store flip-flop 209.
      A K input 210 on the flip-flop 209 connects to circuit ground and its Q
      output connects to a second input on the NOR gate 207. The output of the
      NOR gate 207 connects to one input on an AND gate 212 and a second input
      on the AND gate 212 connects to receive the BND operation signal. A third
      input on the AND gate 212 along with a clock terminal 213 on the branch
      store flip-flop 209 and a clock terminal 214 on the flip-flop 186 connect
      to receive the C1.T3.CL timing pulse from the AND gate 176. The output of
      the AND gate 212 connects to a clear terminal 215 on the rung flip-flop
      179 which resets the flip-flop 179 when a logic high voltage is applied.
      The timing pulse C4.T4.CL generated at the output of the AND gate 178 is
      coupled directly to a preset terminal 216 on the rung flip-flop 179 and a
      clear terminal 217 on the flip-flop 186. The timing pulse is also coupled
      through an OR gate 218 to a clear terminal 219 on the branch flip-flop 180
      and to a clear terminal 220 on the branch store flip-flop 209. The timing
      pulse C1.T4.CL at the output of the timing AND gate 177 is coupled through
      a branch start AND gate 221 to a preset terminal 222 on the branch
      flip-flop 180 and through a branch end AND gate 223 to a second input on
      the OR gate 218. A second input on the branch start AND gate 221 connects
      to receive the BST operation signal and a second input on the branch end
      AND gate 223 connects to receive the BND operation signal.
PAR  The operation of the logic unit 48 is explained best with the aid of the
      ladder diagram in FIG. 12. The ladder diagram indicates that a solenoid
      SOL on the system being controlled by the programmable controller is to be
      energized when a conductive path is formed by the switches S1-S6. The
      following is a control program for making this determination and operating
      the solenoid accordingly.
PAC  XIC S1
PAC  BST
PAC  XIC S2
PAC  BST
PAC  XIC S4
PAC  XIC S5
PAC  BST
PAC  XIC S6
PAC  XIC S5
PAC  BND
PAC  XIC S3
PAC  OTE SOL
PAR  At the beginning of the above control program, the Q output terminal 200 on
      the rung flip-flop 179 is at a logic high voltage state and the Q outputs
      185, 205 and 211 on the respective flip-flops 186, 180 and 209 are at a
      logic low voltage state. In the example it will be assumed that the
      switches S1, S6, S5 and S3 have throughput at the time the program is
      scanned by the processor 10, and that the solenoid should therefore be
      energized. The XIC S1 program instruction is executed by a C1 memory cycle
      and a C2 memory cycle. During the C1 memory cycle the instruction is read
      from the memory 1, the operation code decoded and the memory cycle counter
      45 conditioned to perform a C2 memory cycle. During the C2 memory cycle,
      the status word in the image input table 3 which contains the status bit
      corresponding to S1 is read out of the memory 1 and the logic state of S1
      is coupled through the exclusive OR gate 197 and NOR gate 194 to the K
      terminal 192 of the rung flip-flop 179. The status bit indicates that the
      switch S1 is closed and a logic low voltage is, therefore, applied to the
      K terminal 192 when the flip-flop 179 is clocked by the timing pulse
      C2.T3.Cl. The Q output terminal 200 therefore remains at a logic high
      voltage. The BST program instruction is executed next and requires a
      single C1 memory cycle. It is read from the memory 1 and decoded to
      generate a BST operation signal which is applied to the J terminal 188 on
      the flip-flop 186 and is coupled through the branch AND gate 221 to the
      preset termminal 222 on the branch flip-flop 180. As a result, during the
      timing pulse C1.T3.CL flip-flop 186 is set to generate a logic high
      voltage at its Q output terminal 185 and during the timing pulse C1.T4.CL
      the branch flip-flop 180 is set to generate a logic high voltage at its Q
      output terminal 205. The branch flip-flop 180 is now conditioned to
      receive the logic state of the status bit from the logic input line 49.
PAR  The XIC S2 instruction which follows is executed in two memory cycles much
      like the XIC S1 instruction. However, the status bit which corresponds to
      S2 is at a logic low voltage state and when the branch flip-flop 180 is
      clocked by the C2.T3.CL timing pulse a logic high voltage is applied to
      its K terminal 193. The branch flip-flop 180 is thus reset and a logic low
      voltage appears at its Q terminal 205. The BST instruction which follows
      transfers the result stored in the branch flip-flop 180 to the branch
      store flip-flop 209. More specifically, the BST operation signal gates the
      logic state of Q terminal 205 to the J input 208 on the branch store
      flip-flop 209 and the C1.T3.CL timing pulse clocks the flip-flop 209.
      Because the first branch containing S2 was false, a logic low is applied
      to the J terminal 208 and the Q output 211 remains at a logic low voltage.
      The BST operation signal also gates the C1.T4.CL timing pulse to the
      preset terminal 222 on the branch flip-flop to set its output to a logic
      high voltage in preparation for testing the conductivity of the next
      branch.
PAR  The XIC S4 and XIC S5 program instructions which follow are each executed
      in two memory cycles in the manner described above. The logic state of the
      status bits corresponding to the switches S4 and S5 are each clocked into
      the branch flip-flop 180 by the timing pulse C2.T3.Cl. The S4 status bit
      is at a logic low voltage indicating that the conductive branch is open
      and the branch flip-flop 180 is, therefore, in its rest condition after
      the XIC S5 instruction is completely executed. The next BST instruction
      does not alter the state of the branch store flip-flop 209 when the timing
      pulse C1.T3.CL is applied to its clock terminal 213. The state of its Q
      output 211 remains unchanged from its logic low voltage state.
PAR  The next conductive branch is formed by the switches S6 and S5 which are
      examined by executing the XIC S6 instruction and the XIC S instruction.
      The status bits at the output of EXOR gate 197 are at a logic high voltage
      and a logic low is thus applied to the K terminal 193 on the branch
      flip-flop 180 during each timing pulse C2.T3.CL. The branch flip-flop 180
      thus remains set throughout the execution of these program instructions
      and its Q output terminal 205 is at a logic high voltage state. The BND
      instruction is then executed in a single C1 memory cycle. The BND
      operation signal enables the AND gate 212 and the timing pulse C1.T3.CL
      gates the logic state at the output of the NOR gate 207 to the clear
      terminal 215 on the rung flip-flop 179. Because the Q output 205 on the
      branch flip-flop 180 is at a logic high voltage, a conductive branch is
      indicated and a logic low is applied to the rung flip-flop 179. The Q
      outpt 200 on the rung flip-flop 179 is not changed and it remains at a
      logic high voltage to indicate that a conductive branch is thus far
      established. It should be aparent, however, that if no conductive branch
      was found among the switches S2, S4, S5 and S6, both flip-flops 180 and
      209 would be in a reset condition during the BND operation and a logic
      high voltage would be applied to the clear terminal 215. The rung
      flip-flop would thus be reset to indicate that conditions were not true.
      The BND operation is completed when the timing pulse C1.T4.CL resets the Q
      outputs 185, 205 and 211 on the flip-flops 186, 180 and 209 to a logic low
      voltage state.
PAR  The final examination instruction, XIC S3, is then executed and found to be
      true. The logic high status bit S3 is received through the logic input
      line 49, passed by EXOR 197 and inverted by the NOR gate 194 and applied
      to the K input terminal 192 on the rung flip-flop 179. When clocked by the
      timing pulse C2.T3.CL, therefore, the rung flip-flop 179 does not change
      state. Consequently, when the OTE instruction is now executed, the Q
      output terminal 200 is in a logic high, or true, state which indicates
      that the conditions have been met to energize the solenoid SOL.
PAR  The OTE SOL instruction is executed with three memory cycles (C1, C2 and
      C4). During the C1 memory cycle the OTE SOL program instruction is read
      from the memory 1 and decoded by the operation decoder 38. During the C2
      memory cycle the word in the output image table 2 which contains the
      status bit corresponding to the solenoid SOL is read from the memory 1 and
      is set to a logic high voltage state by the set bit selector 58 and NAND
      gates 55 as hereinabove described. During the C4 memory cycle the status
      word is written back into the memory 1 as described above, and the logic
      unit 48 is placed in condition to process the next program instruction.
      More specifically, during the timing pulse C4.T4.CL the rung flip-flop 179
      is set by the logic high applied to its preset terminal 216. The branch
      decision flip-flop 186, branch flip-flop 180 and branch store flip-flop
      209 are reset by the logic high applied to their clear terminals 217, 219
      and 220 during the C4.T4.CL timing pulse.
PAR  Referring to FIGS. 1 and 8, the scanner circuit 15 couples status data
      between the interface racks 19 and the memory 1 by periodically stealing a
      CO memory cycle from the processor 10. The scanner circuit 15 incudes a
      scanner control circuit 225 which connects to the timing bus 12 to
      coordinate the operation of the scanner circuit 15. The scanner control
      circuit 225 also connects to the memory cycle control line 7 to initiate a
      CO memory cycle when an interrupt is granted. During each one microsecond
      CO memory cycle a sixteen-bit status word is either coupled from the I/O
      data bus 18 to the memory data bus 8 and written into an addressed line of
      the memory 1, or a 16-bit status word is read out of the memory 1 onto the
      memory data bus 8 and coupled to the I/O data bus 18. These functions are
      controlled by the scanner control circuit 225 which connects to a set of
      16 data input NAND gates 226 through an enable line 227, which connects to
      a 16-bit data latch 228 through a data latch control line 229, and which
      connects to a set of 16 data out gates 230 through an enable line 231.
PAR  The data in gates 226 are NAND gates, each of which has an input commonly
      connected to the enable line 227 and an output connected to a lead in the
      memory data bus 8. A second input on each of the gates 226 connects to an
      output on one of 16 line filters 232. The line filters 232 will be
      described in more detail hereinafter, and each has a 6-microsecond rise
      time to the threshold voltage of the NAND gates 226. An input on each of
      the line filters 232 connects to a lead in the I/O data bus 18. When
      enabled by a logic high voltage on the enable line 227, the 16-bit status
      word on the I/O data bus 18 is coupled through the line filters 232 and
      gated onto the memory data bus 8.
PAR  The data latch 228 is comprised of four four-bit bistable latch circuits
      such as SN7475 available from Texas Instruments, Inc. The clock terminal
      on each latch circuit is commonly connected to the data latch control line
      229, the D terminals are each connected to a lead in the memory data bus
      8, and the 16 Q terminals connect to the data out gates 230. Referring
      particularly to FIGS. 8 and 13, the data out gates 230 are each associated
      with a driver circuit 233 which converts the 5-volt logic level used in
      the processor 10 and memory 1 to a 15-volt level. More specifically, each
      lead from the data latch 228 connects to an input of a NAND gate 234 and
      an input of a NOR gate 235. A second input on the NAND gate 234 connects
      to the data out enable line 231 and through an inverter gate 236 to a
      second input on the NOR gate 235. The output of the NAND gate 234 connects
      through a coupling resistor 237 to the base of a PNP transistor 238. A
      positive 15-volt supply is connected to the emitter of the PNP transistor
      238 and coupled through a bias resistor 239 to its base. The output of the
      NOR gate 235 connects through a resistor to the base of an NPN transistor
      240 and the emitter of the transistor 240 connects to signal ground. The
      collectors on each transistor 238 and 240 connect through load resistors
      241 and 242 to a lead in the I/O data bus 18. When enabled by a logic high
      voltage applied to the data out enable line 231, the 16-bit status word
      stored in the data latch 228 is coupled to the I/O data bus 18.
PAR  The scanner control circuit 225 operates to alternately couple data into an
      addressed line of the memory 1 from an addressed I/O slot and couple data
      from an addressed line in the memory 1 to an addressed I/O slot. Each of
      these operations requires a CO memory cycle which is obtained by an
      interrupt request on the line 16. The address of the line in the memory 1
      and the address of the I/O slot is generated by an I/O address counter
      245. Referring particularly to FIGS. 8 and 9, the I/O address counter 245
      includes a pair of 4-bit binary counters 246 and 247 which generate a
      seven-bit address code on a scanner address bus 248. The scanner address
      bus 248 connects to a set of 7 memory address gates 249 which have their
      output terminals connected to the 7 least significant digit leads in the
      memory address bus 5. The memory address gates 249 are AND gates each
      having an input terminal connected to one of the 7 leads in the scanner
      address bus 248 and each having a second input terminal which connects
      through an I/O memory cycle line 250 to the I/O address counter 245. When
      an interrupt is granted, the I/O memory cycle line 250 is driven to a
      logic high voltage during the CO memory cycle and the seven-bit address
      generated by the I/O address counter 245 is gated onto the memory address
      bus 5 by the memory address gates 249.
PAR  The scanner address bus 248 is also connected to a set of 6 I/O address
      gates 251. The outputs of the gates 251 in turn are coupled through a set
      of 6 driver circuits 252 to the I/O address buss 22. Each i/O address gate
      251 and associated drive circuit 252 is identical to the data out gate 230
      and associated driver circuit 233 shown in FIG. 13 and described above.
      The I/O address gates 251 gate the address on the scanner address bus 248
      to the I/O address bus 22 when a logic high voltage is applied to an
      enable line 253 which connects to the scanner control circuit 225.
PAR  The binary counter 246 in the I/O address counter 245 includes a clock
      terminal 255 which connects to the output of a first AND gate 256. It also
      includes a reset terminal 257 which connects to the output of a second AND
      gate 258. One input on the first AND gate 256 connects to a Q output 259
      on a D-type flip-flop 260 and a second input on the AND gate 258 connects
      to a Q output 261 on the flip-flp 260. A D input 262 connects to a rack
      present line 263 and a clock input 264 connects to a sync line 265. A
      second input on each of the AND gates 256 and 258 connects to an
      acknowledge line 266. The four outputs A-D on the binary counter 246
      connect to four inputs on a coupling AND gate 267 and the output of the
      AND gate 267 connects through an OR gate 268 to a clock terminal 269 on
      the binary counter 247. The output of the first AND gate 256 also connects
      to an input on the coupling AND gate 267 and the output of the second AND
      gate 258 connects to a second input on the OR gate 268. The three output
      terminals A, B and C on the binary counter 247 connect to lead numbers 3,
      4 and 5 in the scanner address bus 248 and they generate a three-bit rack
      address code. The output terminals B, C and D on the binary counter 246
      connect to lead numbers 0, 1 and 2 in the scanner address bus 248 and they
      generate a three-bit slot address code. The output terminal A on the
      binary counter 246 connects to an input/output line 270, connects to lead
      number 6 in the scanner address bus 248, and connects to one input of a
      NAND gate 272. A second input on the NAND gate 272 connects to a write
      enable line 273, a third input connects to the memory cycle line 7 and its
      output terminal connects to the read/write memory control line 6.
PAR  Referring to FIGS. 8, 9 and 14A and B, the input/output scanner circuit 15
      executes a data output sequence which couples a status word in the output
      image table 2 to a corresponding slot in the interface circuitry. This is
      followed by a data input sequence in which the status of the same I/O slot
      is coupled to the input image table 3. For example, assume that the binary
      counter 246 is in its reset, or zero, state and that a logic one is
      generated at the A output of the binary counter 247. The octal address 10
      is generated on the scanner address bus 248 and a logic low voltage is
      generated on the input/output line 270 to indicate that a data output
      sequence is to be executed. The scanner control circuit 225 generates an
      interrupt request on the line 16 and when a logic high is received on the
      grant line 17 a CO memory cycle is executed by the programmable
      controller. The read-write memory control line 6 is driven to a logic high
      (read) by the NAND gate 272, the memory address gate 249 is enabled and
      the data latch 228 is enabled to read the status word on memory line 10
      (octal) during the CO memory cycle. The status work is retained in the
      data latch 228 until the CO memory cycle i completed and the data out
      gates 230 are then enabled to apply the status word to the I/O data bus
      18. Also, immediately following the completion of the CO memory cycle, the
      scanner control circuit 225 generates a logic high data out signal to the
      interface circuitry through a data out line 275. If interface rack number
      one is present, and operative, a logic low rack present signal is
      generated on the rack present line 263 and coupled to the I/O address
      counter 245. A strobe line 277 connects the scanner control circuit 225 to
      each interface rack 19 and in response to the logic high on the data out
      line 275, the strobe line 277 is driven to a logic low voltage by the rack
      adapter circuit 23 associated with the addressed interface rack number
      one. As will be described in more detail hereinafter, a logic high voltage
      is generated on the sync line 265 in response to the logic low on the
      strobe line 277. Also, the logic low strobe signal drives the out line 275
      to a logic low voltage and this change in logic state is echoed by the
      addressed rack adapter circuit 23 which drives the strobe line 277 high
      Concurrently, the acknowledge line 266 is driven to a logic high voltage.
      The signals which are conveyed between the scanner circuit 15 and the
      interface racks 19 insure that data is properly coupled during each data
      output and data input sequence.
PAR  Referring particularly to FIG. 9, when the proper sequence of operation is
      confirmed by the logic state of the strobe line 277, the I/o address
      counter 245 is advanced one count each time the acknowledge line 266 goes
      high. The flip-flop 260 is driven to a reset state when the rack present
      line 263 is low and a logic high is generated on the sync line 265. As a
      result, at the end of the output sequence, the logic high voltage at its Q
      output 259 is gated through the AND gate 256 by the acknowledge signal on
      the line 266 and applied to the input 255 of the binary counter 246. The
      counter 246 is thus advanced one count to generate a logic high at its A
      output terminal. A data in sequence is now executed by the I/O scanner
      circuit 15. Although the octal address on the leads 0-5 remains at 10
      (octal) to address interface rack number one, a logic high voltage is now
      generated on address lead number 6 in the scanner address bus 248 to
      address line number 110 (octal) in the input image table 3 of the memory
      1.
PAR  Referring particularly to FIG. 14B, the data input sequence is commenced by
      enabling the I/O address gates 251. The scanner control circuit 225 then
      generates a logic high voltage on a data in control line 276 which is
      connected to the interface racks 19 and which results in the strobe line
      227 being driven to a logic low voltage. The scanner control circuit 225
      in response then generates a logic high voltage on the interrupt line 16
      and when the interrupt is granted, a CO memory cycle is immediately
      executed and the status of each bit in rack number one, slot zero, is
      written into memory line 110 (octal) by enabling the memory address gates
      249 and enabling the data in gates 226.
PAR  The strobe line is then driven high by the rack adaptor 23 on the addressed
      interface rack and this in turn generates a logic high voltage on the
      acknowledge line 266. A logic high is thus gated to the binary counter
      input terminal 255 in the I/O address counter 245 and it is advanced one
      count to generate a logic high voltage at its B output terminal. The data
      output sequence is then repeated followed by another data input sequence.
      The I/O address counter 245 is continuously advanced to scan all of the
      slots in the interface racks 19 and to thereby read each line of the
      output image table 2 from the memory 1 and write over each line in the
      input image table 2. The rate at which the scanner circuit 15 executes
      each sequence is determined primarily by the delays imposed by the various
      filter circuits in the lines linking the scanner circuit 15 to the
      interface racks 19. On the average, each sequence requires approximately
      42 microseconds.
PAR  In many instances the programmable controller is not operated at maximum
      capacity and some of the interface racks 19 are not occupied. When this
      occurs, the rack present line is not driven to a logic low voltage in
      response to the data in or data out signals from the scanner control
      circuit 225 and the flip-flop 260 in the I/O address counter 245 is set to
      generate a logic high voltage at its Q output terminal 261. As a
      consequence, when the acknowledge signal is generated on the line 266, it
      is gated through the AND gate 258 and applied to the input 269 of the
      binary counter 247. The counter 247 is thus advanced one count to address
      the next interface rack 19 and the binary counter 246 is reset to zero
      through its terminal 257.
PAR  The scanner control circuit 225 coordinates the various elements of the
      scanner circuit 15 to perform the data input and data output sequences.
      Referring specifically to FIG. 10A, the strobe line 277 enters the scanner
      control circuit 225 through a filter circuit 279 and couples through an
      inverter gate 281 to a clock terminal on a D-type flip-flop 280. The
      strobe line 277 also connects to a clock terminal on a second D-type
      flip-flop 282. A Q output terminal 283 on flip-flop 280 connects with a D4
      input terminal on a four-bit data latch 284 and a Q output terminal 285 on
      the flip-flop 282 connects to the D2 input of the data latch 284. The data
      latch 284 is commercially available from Texas Instruments, Inc. as
      SN74175, and it includes a Q4 output terminal which connects through a
      NAND gate 286 to a reset terminal 287 on the flip-flop 280 and a Q2 output
      terminal which connects through an OR gate 288 to a reset terminal 289 on
      the flip-flop 282. The Q4 output terminal on the data latch 284 also
      connects through an OR gate 290 to the sync line 265, and its Q2 output
      terminal also connects through an OR gate 291 to the acknowledge line 266.
      The Q4 output also connects to a true sync line 310.
PAR  As described above and shown in FIGS. 14A and 14B, the strobe line 277 is
      driven to a logic low voltage by an addressed interface rack 19 in
      response to either a data out or data in signal generated by the scanner
      control circuit 225. This logic state transition is inverted by the gate
      281 to clock the flip-flop 280. A logic high voltage is applied to the D
      input of the flip-flop 280 during the transition, and a logic high is thus
      generated at its Q output 283. The four-bit data latch 284 is clocked by a
      T4.CL timing pulse received through a NAND gate 292 and the logic high
      voltage at Q output terminal 283 is stored at the Q4 output of the data
      latch 284 and applied through the Or gate 290 to the sync line 265. On the
      other hand, when the strobe line 277 is driven to a logic high voltage at
      the end of each data input or data output sequence, the flip-flop 282 is
      clocked and the logic high at its D input terminal is generated at its Q
      output terminal 285. This is applied to the D2 input terminal on the 4-bit
      data latch 284 and is clocked into the data latch 284 by the next T4.CL
      timing pulse. A logic high voltage is thus generated at the data latch Q2
      output terminal and is applied to the acknowledge line 266 through the OR
      gate 291. The flip-flops 280 and 282 are reset when the sync or
      acknowledge signal is clocked into the data latch 284 with a T4.CL timing
      pulse, and one microsecond later the data latch 284 is reset by the T4.CL
      timing pulse. The sync and acknowledge signals are thus logic high voltage
      pulses of one microsecond duration.
PAR  If an addressed slot or rack is not present in the programmable controller,
      the logic state of the strobe line 277 is not changed during a data input
      or data output sequence. Consequently, timer circuitry is provided to
      generate logic high voltages on the sync line 265 and the acknowledge line
      266 to advance the I/O address counter 245 in the absence of a return
      signal on the strobe line 277. Referring particularly to FIG. 10A, a
      thirty-two-microsecond timer circuit 295 has an input terminnal 296 which
      connects to receive the T4 timing pulse in the timing bus 12, a Q output
      terminal 298 which connects to the input 299 of a second
      thirty-two-microsecond timer circuit 300, and a Q output terminal 297
      which connects to the D inputs on flip-flops 280 and 282. The Q output 298
      is also connected to the clock terminal on a third D-type flip-flop 301,
      and a D input terminal 302 on the flip-flop 301 connects to a logic high
      voltage source. A Q output terminal 303 on flip-flop 301 connects to the
      D3 input terminal on the four-bit data latch 284. A Q output terminal 304
      on the second timer circuit 300 connects to a clock terminal on a fourth
      D-type flip-flop 305 and through the OR gate 288 to the reset terminal 289
      on the second flip-flop 282. A D input terminal 306 on the flip-flop 305
      connects to a logic high voltage source, its Q output terminal 307
      connects to the D1 input on the data latch 284, and its Q output terminal
      308 connects through the NAND gate 286 to the reset terminal 287 on the
      first flip-flop 280. The Q1 output on the data latch 284 connects to a
      second input on the OR gate 291 and its Q3 output terminal connects to a
      second input terminal on the OR gate 290 and an artificial sync line 309.
PAR  After each data in or data out sequence is executed by the input/output
      scanner circuit 15, the first 32-microsecond timer 295 is set by a T4
      timing pulse. If the strobe line 277 does not change logic state during
      the next 32 microseconds, the timer 295 times out and generates a logic
      high voltage at its Q output terminal 298 which clocks the flip-flop 301.
      As a result, a logic high voltage is clocked into the data latch 284
      through the D3 input by the next T4.CL timing pulse and a logic high
      voltage is generated on the sync line 265 through the OR gate 290. The
      second 32-microsecond timer 300 times out 32 microseconds later and clocks
      the fourth flip-flop 305. A logic high voltage is thus generated at its Q
      output 307 and is clocked into the D1 input of the data latch 284. A logic
      high voltage is thus generated at the data latch Q1 output and is coupled
      through the OR gate 291 to the acknowledge line 266. Thus, in the absence
      of a strobe signal from the addressed interface rack, artificial sync and
      acknowledge signals are generated to advance the I/O address counter 245
      and initiate the next data in or data out sequence. The timer circuits 295
      and 300 are reset through reset terminals 311 and 312 and the flip-flops
      301 and 305 are reset through reset terminals 313 and 314.
PAR  The sequence of steps preformed by the scanner circuit 15 during each data
      input sequence and data output sequence is controlled by the scanner
      control circuit 225. Referring particularly to FIGS. 8 and 10B, whether a
      data input sequence or data output sequence is to be executed in determine
      by the logic state of the input-output line 270 which connnects through an
      inverter gate 320 to one input of an AND gate 321. The line 270 also
      connects to an input on an AND gate 322, to an input on an AND gate 323,
      through an inverter gate 324 to an AND gate 325, and to one input on an
      AND gate 326. The sync line 265 is connected to a D input terminal on a
      first D-type flip-flop 327 and to a reset terminal 328 on a first R-S
      flip-flop 329. The artificial sync line 309 connects through an AND gate
      330 to a reset terminal 321 on a second R-S flip-flop 332 and the true
      sync line 310 connects to a reset terminal 333 on a third R-S flip-flop
      334. The acknowledge line 266 connects to a D input terminal on a second
      D-type flip-flop 335. A Q output terminal 336 on the flip-flop 335
      connects to the enable line 253 which drives the I/O address gates 251,
      and it connects to second inputs on the AND gates 321 and 326. A Q output
      terminal 337 on the first D-type flip-flop 327 connects to a second input
      on the AND gate 322.
PAR  The timing bus 12 connects to the scanner control circuit 225 to coordinate
      its operation with that of the processor 10. A third input on each of the
      AND gates 321 and 322 connects to receive the T1 timing pulse, and AND
      gate 338 connects to receive the T3 timing pulse. The T4 timing pulse and
      the five megahertz clock are applied to an AND gate 339 to generate a
      T4.CL timing pulse at its output terminal 340.
PAR  The outputs of the AND gated 321 and 322 couple through an OR gate 341 to a
      set terminal 342 on an interrupt request flip-flop 343. The interrupt
      request flip-flop 343 is an R-S flip-flop having a - output terminal 344
      which connects to the interrupt request line 16 and to one input of an AND
      gate 345. A second input on the AND gate 345 connects to the processor
      grant line 17 and its output connects to a D input on a memory cycle
      flip-flop 346. A Q output terminal 347 on the flip-flop 346 connects to
      the memory cycle control line 7, and it connects to second inputs on the
      AND gates 323 and 338. The output of the AND gate 323 connects to the
      enable line 227 which operates the data in gates 226 and the output of the
      AND gate 338 connects to a reset terminal 348 on the interrupt request
      flip-flop 343. The grant line 17 from the processor 10 connects to one
      input on an AND gate 349 and a Q output terminal 350 on the interrupt
      request flip-flop 343 connects to its second input. The output of the AND
      gate 349 connects to the grant line 17 that connects to other requesting
      devices such as the program loader or computer interface shown in FIG. 1.
PAR  An interrupt is requested by the scanner control circuit 225 when the
      interrupt request flip-flop 343 is set by a logic voltage from one of the
      AND gates 321 or 322. The interrupt request line 16 is driven to a logic
      high voltage by its Q output terminal 344 and and AND gate 345 is enabled.
      In response, the processor 10 generates a logic high voltage on the grant
      line 17 which is clocked into the D terminal of the memory cycle flip-flop
      346 by a T4-CL timing pulse received at its clock terminal 351. The memory
      cycle control line 7 is thus driven to a logic high voltage and a 1
      microsecond CO memory cycle is executed. When a T3 timing pulse is
      received at the AND gate 338 near the end of the CO memory cycle, the
      interrupt request flip-flop 348 is reset to disable the AND gate 345 and
      generate a logic low voltage at the D input of the meory cycle flip-flop
      346. When the T4.CL timing pulse is subsequently reeived, therefore, the
      flip-flop 346 is reset and its Q output terminal 347 drops to a logic low
      voltage.
PAR  When the input/output line 270 is at a logic high voltage, a data input
      sequence is indicated. The sequence begins when the flip-flop 335 is set
      by a logic high acknowledge on the line 266 and a T4.CL timing pulse. As a
      result, the AND gate 326 couples a logic high voltage from the
      input/output line 270 to a set terminal 352 on the flip-flop 332 and a
      logic high voltage is generated at the Q output 353 and is applied to a
      set terminal 354 on the R-S flip-flop 334 and a D input 355 on a D-type
      flip-flop 356. The R-S flip-flop 334 is set to generate a logic low
      voltage at its Q output terminal 357 and the D-type flip-flop 356 is
      clocked by a T4-CL timing pulse received at its clock terminal 358 to
      generate a logic high voltage at its Q output 359. The Q output 359 and a
      Q output 360 on the flip-flop 356 connect to the inputs of a driver
      circuit 361 which connects to the data in control line 276 and which is
      similar to that shown in FIG. 13 and described above. A logic high voltage
      is thus generated on the data in control line 276 shortly after the logic
      high voltage is applied to the knowledge line 266.
PAR  As previously described, the addressed interface rack 19 receives the logic
      high data in signal on the control line 276 and in response drives the
      strobe line 277 to a logic low voltage. A logic high sync pulse results
      and is generated on the sync line 265 and the tru sync line 310. The R-S
      flip-flop 334 is thus reset to drive the write enable line 273 to a logic
      high voltage and the D-type flip-flop 327 is clocked by a timing pulse
      T4.CL to initiate an interrupt through the AND gate 322. When the
      interrupt is granted and the CO memory cycle commenced, the AND gate 323
      generates a logic high voltage on the enable line 227 which gates the
      status word on the I/O data bus 18 to the memory data bus 8. At the
      completion of the CO memory cycle the AND gate 338 not only resets the
      interrupt request flip-flop 343, but it also resets the flip-flop 332
      through the AND gate 330 to reset the D-type flip-flop 356. As a result,
      the data in control line 276 is driven to a logic low voltage and the data
      input sequence is completed.
PAR  The data output sequence begins when the strobe line 277 changes logic
      state in response to the logic low on the data in control line 276. The
      D-type flip-flop 335 is set by the resulting logic high pulse on the
      acknowledge line 266 and a T4.CL timing pulse. The input/output line 270
      is drivn to a logic low voltage by the I/O address counter 245 and a logic
      high voltage is generated by the AND gate 321 during the T1 timing pulse
      to set the interrupt request flip-flop 343. The request is granted by the
      processor 10 as described above, and a CO memory cycle is initiated by the
      logic high voltage on the memory cycle control line 7. The addressed word
      in the memory 1 is read out onto the memory data bus 8 and when the T3
      timing pulse is received by the AND gate 338 a logic high voltage is
      generated at its output to enable the AND gate 325. A logic high voltage
      is thus generated on the data latch control line 229 to store the status
      word in the bus 8 in the data latch 228. Concurrently, the R-S flip-flop
      329 is set to generate a logic high at its Q output terminal 362 and a
      D-type flip-flop 363 is clocked by the T4.CL timing pulse which follows. A
      Q output terminal 364 on the flip-flop 363 connects to one input of a
      driver circuit 365 and its output terminal connects to the data out
      control line 275. The Q otuput terminal 364 also connects to the enable
      line 231 and the logic high voltage thereon enables the data out gated 230
      to couple the status word stored in the data latch 228 to the I/O data bus
      18. A Q output terminal 366 on the flip-flop 363 also connects to the
      driver circuit 365 which is similar to the driver circuit 361. In response
      to the logic high on the data out control line 275, the addressed
      interface rack 19 which receives the status word on the bus 18 drives the
      strobe line 277 to a logic low voltage. A logic high voltage on the sync
      line 265 results and this is applied to the reset terminal 328 on the R-S
      flip-flop 329 to reset its Q output terminal 362 to a logic low voltage.
      The D-type flip-flop 363 is also reset when the T4.CL timing pulse is
      received and the data out control line 275 is driven to a logic low
      voltage. The next data input sequence is then initiated by the change in
      logic state which occurs on the strobe line 277 and the data input
      sequence and data output sequence are thus alternately executed to
      continuously scan all of the input/output slots in the interface racks 19.
PAR  The rack adapter circuit 23 on each interface rack 19 coordinates the data
      transfer between the I/O slots and the input/output scanner circuit 15.
      Referring particularly to FIGS. 1 and 11, the data in control line 276 is
      connected to each rack adapter 23 through a nine-microsecond filter
      circuit 370. Similarly, the data out control line 275 is connected to each
      rack adapter 23 through a nine-microsecond filter circuit 371. An output
      terminal 372 on the filter 370 connects to one input on a NAND gate 373
      and an output terminal on the filter 371 connects to one input of a second
      NAND date 375. The output of the NAND gate 373 connects to one input on a
      third NAND gate 376 and to one input of an AND gate 377. The output of the
      second NAND gate 375 connects to second inputs on each of the gates 376
      and 377. The output of the third NAND gate 376 connects through a 2
      microsecond time delay circuit 378 to the strobe line 277 and the output
      of the AND gate 377 connects to the rack present line 263.
PAR  The NAND gates 373 and 375 are enabled when the rack address is generated
      on the I/O address bus 22. The I/O address bits 0-5 are each coupled
      through one of six six-microsecond filter circuits indicated collectively
      at 379, and the three least significant bit numbers 0, 1 and 2 are
      connected to the A, B and C input terminals of a binary-to-decimal
      converter circuit 380 such as SN7442 available from Texas Instruments,
      Inc. The three most significant bit numbers 3, 4 and 5 are each coupled to
      one input of three exclusive NOR gates 381-383. A second input on each of
      the exclusive NOR gates 381-383 connects to one of three output terminals
      384-386 on a decimal-to-binary converter circuit 387. The
      decimal-to-binary converter circuit 387 is commercially available from
      Texas Instruments, Inc. as SN74147 and includes eight input terminals that
      connect through eight rack number switches 388 to a logic high voltage
      terminal 389. The converter circuit is responsive to a logic high voltage
      applied to one of its input terminals 0-7 to generate the corresponding
      binary number at its three outputs 384-386. Thus, by closing one of the
      rack number switches 388, the interface rack 19 is assigned a three-bit
      binary address, or rack number. The output of each exclusive NOR gate
      381-383 connects through an AND gate 391 to an enable terminal 392 on the
      binary-to-decimal converter 380 and to the second input of each NAND gate
      373 and 375.
PAR  When the assigned rack address corresponds to that generated on the three
      most significant bit leads of the I/O address bus 22, the outputs of each
      exclusive NOR gate 381-383 is at a logic high voltage. This is coupled
      through the AND gate 391 to enable the binary-to-decimal converter 380.
      The slot address on the three least significant bit leads O, 1 and 2 of
      the I/O address bus 22 are thus decoded to generate a logic low voltage on
      one of the eight slot enable lines 393.sub.0-7. Also, the NAND gates 373
      and 375 are enabled to couple the logic state of the data out control line
      275 and the data in control line 276 to the strobe line 277. Consequently,
      the logic state of the strobe line 277 is responsive to the logic state of
      either the data out control line 275 or the data in control line 276 to
      confirm that the addressed interface rack 19 is present and operative.
      Also, the rack present line 263 is driven to a logic low voltage when a
      logic high voltage is received at either data line 275 or 276.
PAR  The sixteen data lines in the I/O data bus 18 are received by the rack
      adapter circuit 23 at a set of 16 6 microsecond filter circuits indicated
      collectively at 395. The output of each filter circuit 395 is coupled to
      an input terminal on one of 16 data receive gates indicated collectively
      at 396. The data receive gates 396 are AND gates and a second input on
      each is commonly connected to an enable terminal 397. The enable terminal
      397 is coupled to the output of the NAND gate 375 by an inverter gate 398
      and the output on each data receive gate 396 is connected to a lead in a
      slot data bus 399. Each of the leads in the slot data bus 399 connects to
      an input or output circuit in one of the slots 0-7 and when the NAND gate
      375 is enabled by a logic high voltage on the data out control line 275,
      the status word on the I/O data bus 18 is gated through the data receive
      gates 396 to the enabled slot.
PAR  The slot data bus 399 is also coupled to the I/O data bus 18 through a set
      of sixteen data transmit gates 400 and associated driver circuits 401. The
      data transmit gates 400 and associated drivers 401 are identical to the
      data out gates 230 and associated driver circuits 233 shown in FIG. 13 and
      described above. The enable terminal on each gate 400 is commonly
      connected through an enable line 402 to the output terminal 403 of a 2
      microsecond time delay circuit 404. An input terminal 405 on the circuit
      404 couples to the output of the NAND gate 373 through an inverter gate
      406, and when a logic high voltage is generated on the data in control
      line 276, a logic high enabling signal is generated on the lead 402 to the
      data transmit gates 400. The status of each input or output device in the
      enabled slot is thus gated to the I/O data bus 18.
PAR  The filter circuit used throughout the invented programmable controller is
      shown in FIG. 15. It includes an operational amplifier 409 which has its
      output connected through a feedback resistor 410 to its noninverting
      input. Its output is also coupled through a resistor 411 and diode 412 to
      a positive 5 volt supply terminal. Its noninverting input also connects
      through a resistor 413 to a positive fifteen-volt supply terminal and its
      inverting input connects through a capacitor 414 to circuit ground and
      through a coupling resistor 415 to the circuit input terminal 416. The
      circuit input terminal 416 is coupled to the positive fifteen-volt supply
      terminal by a resistor 417 and is coupled to circuit ground by a resistor
      418. The output of the operational amplifier 409 is coupled through an
      inverter gate 419 to the output 420 of the circuit. The values of the
      capacitor 414 and resistor 415 are selected to provide the desired
      filtering.
CLMS
STM  I claim:
NUM  1.
PAR  1. A programmable controller for operating a controlled system having a
      plurality of input and output devices the combination comprising:
PA1  a random access memory which stores a set of instructions that comprise a
      control program, which stores a first set of status bits that comprise an
      input image table and that correspond to input devices on the controlled
      system, and which stores a second set of status bits that comprise an
      output image table and that correspond with output devices on the
      controlled system;
PA1  a processor connected directly to said random access memory and including
      means for continuously cycling said random access memory to execute said
      control program and to thereby update the status of said output image
      table in response to the status of said input image table;
PA1  interface circuitry connected to the input and output devices on said
      control system for converting signals from said input devices which are
      indicative of their status to corresponding logic level signals and for
      converting logic level signals to signals for driving said output devides
      to an indicated status; and
PA1  a scanner circuit connected directly to said random access memory and to
      said interface circuitry, said scanner circuit including means connected
      to said processor for interrupting the operation of said processor to
      steal a memory cycle, date input means operable during an interrupt to
      couple the status of selected input devices from said interface circuit to
      the input image table, and data output means operable during an interrupt
      to couple the status of selected bits in said output image table to the
      interface circuit for driving corresponding selected output devices on
      said controlled system, wherein the status bits which comprise said input
      and output image tables are stored in separately addressable lines in said
      random access memory, each of which lines contains a plurality of status
      bits, said scanner circuit includes an I/O address counter which addresses
      one line in said random access memory during each interrupt, and all the
      status bits in said addressed line are coupled with said interface circuit
      during the interrupt.
NUM  2.
PAR  2. The programmable controller as recited in claim 1 in which the scanner
      circuit continuously and relatively periodically interrupts the operation
      of the processor, said I/O address counter alternately addresses lines in
      said input image table and output image table, and said scanner circuit
      includes means for enabling said data input means and said data output
      means during alternate interrupts.
NUM  3.
PAR  3. In a programmable controller, the combination comprising:
PA1  means for storing an input image table which stores the status of input
      devices connected to the programmable controller;
PA1  means for storing an output image table which stores the status of output
      devices connected to the programmable controller;
PA1  means for storing a control program containing a plurality of program
      instructions;
PA1  a processor for sequentially and cyclically executing the program
      instructions, said processor including means connected to said input image
      table storage means for examining the status of selected bits stored
      therein in response to selected program instructions and including means
      connected to said output image table storage means for setting the status
      of selected bits stored therein in response to other selected program
      instructions; and
PA1  a scanner circuit connected to said input and output image table storage
      means and said processor, said scanner circuit including means for
      periodically interrupting the operation of said processor, means for
      coupling the status of selected bits stored in said input image table
      storage means with input devices connected to said programmable controller
      during an interrupt, and means for coupling the status of selected bits
      stored in said output image table storage means with output devices
      connected to said programmable controller during an interrupt.
NUM  4.
PAR  4. The programmable controller as recited in claim 3 in which said scanner
      circuit includes counter means connected to said input and output image
      table storage means for selecting a set of bits stored therein during each
      interrupt, and said scanner circuit includes means for advancing said
      counter means between interrupts to select another successive set of bits
      stored in said input and output image table storage means during the next
      interrupt.
NUM  5.
PAR  5. The programmable controller as recited in claim 4 in which an interface
      rack connects said scanner circuit coupling means to a set of said input
      devices, and said interface rack includes an adapter circuit which
      generates a strobe signal to said scanner circuit when data is coupled
      from said input devices in said set, and said means for advancing said
      counter means is responsive to said generated strobe signal to advance
      said counter means.
NUM  6.
PAR  6. The programmable controller as recited in claim 5 in which said
      interface rack also connects said scanner circuit coupling means to a set
      of said output devices, and the adapter circuit generates a strobe signal
      to said scanner circuit when data is coupled to said set of output devices
      by said scanner circuit, and said means for advancing said counter means
      is responsive to said generated strobe signal to advance said counter
      means.
NUM  7.
PAR  7. A programmable controller, the combination comprising:
PA1  a random access memory which stores a control program comprised of a
      plurality of program instructions, an input image table that contains a
      plurality of status bits which correspond to input devices connected to
      the programmable controller, and an output image table that contains a
      plurality of status bits that correspond to output devices connected to
      the programmable controller;
PA1  a processor connected to said random access memory and including a program
      instruction counter for sequentially reading said program instructions out
      of said memory, means for examining the logic state of selected status
      bits in said input image table in response to selected program
      instructions read from said memory, and means for setting the logic state
      of selected status bits in said output image table in response to other
      selected program instructions read from said memory; and
PA1  a scanner circuit connected to said random access memory and including I/O
      address counter means for selecting sets of status bits in said output
      image table and said input image table, said scanner circuit further
      including interrupt means connected to said processor for generating a
      request signal to said processor, said scanner circuit also including
      coupling means operable in response to a grant signal received from said
      processor to couple a selected set of status bits in said image tables
      with their corresponding input and output devices.
NUM  8.
PAR  8. The programmable controller as recited in claim 7 which includes an
      interface rack connected to said scanner circuit and connected to a
      plurality of sets of input and output devices connected to the
      programmable controller, said interface rack including means responsive to
      the I/O address counter means in said scanner circuit for coupling one of
      said sets of devices to said scanner circuit.
NUM  9.
PAR  9. The programmable controller as recited in claim 8 in which an I/O data
      bus couples status data between said interface rack coupling means and
      said scanner circuit coupling means and a memory data bus couples status
      data between said scanner circuit coupling means and said random access
      memory, and in which said scanner circuit coupling means includes data in
      gate means for coupling status data on said I/O data bus to said memory
      data bus and data out gate means for coupling status data on said memory
      data bus to said I/O data bus.
NUM  10.
PAR  10. The programmable controller as recited in claim 9 in which said scanner
      circuit includes control means for alternately executing a data output
      sequence and a data input sequence, said control means being connected to
      said interrupt means, connected to said data in gate means and connected
      to said data out gate means, and being operable to enable said interrupt
      means and said data out gate means during said data output sequence, and
      to enable said interrupt means and said data in gate means during said
      data input sequence.
NUM  11.
PAR  11. The programmable controller as recited in claim 10 in which said
      control means includes means connected to said interface rack for
      generating a data out signal to said interface rack during said data
      output sequence and for generating a data in signal to said interface rack
      during said data input sequence, and said interface rack includes gate
      means connected to said control means for receiving said data in and data
      out signals and generating a strobe signal to said scanner circuit which
      initiates the next data input or data output sequence.
NUM  12.
PAR  12. The programmable controller as recited in claim 11 in which said
      scanner circuit control means includes time delay means connected to the
      interface rack gate means, said time delay means being reset at the
      commencement of each data output and data input sequence and including
      means for initiating the next data transfer sequence when no strobe signal
      is received from said interface rack and a preset time interval elapses.
NUM  13.
PAR  13. The programmable controller as recited in claim 7 in which said
      processor includes memory cycle counter means for cycling the random
      access memory a predetermined number of times in response to an operation
      code in each program instruction read from said memory, and including
      enabling means for incrementing said program instruction counter after
      each program instruction is completely executed.
NUM  14.
PAR  14. The programmable controller as recited in claim 13 in which said memory
      cycle counter means connected to said scanner circuit includes means for
      receiving said request signal from said scanner circuit and generating
      said grant signal to said scanner circuit after the program instruction
      then being executed is completed.
NUM  15.
PAR  15. A programmable controller, the combination comprising:
PA1  a random access memory which stores a control program comprised of a
      plurality of program instructions, an input image table that contains a
      plurality of status bits which correspond to input devices connected to
      the programmable controller, and an output image table that contains a
      plurality of status bits that correspond to output devices connected to
      the programmable controller;
PA1  a processor connected to said random access memory and including a program
      instruction counter for sequentially reading said program instructions out
      of said memory, means for examining the logic state of a selected status
      bit in said input and output image tables in response to a selected
      program instruction read from said memory, and means for setting the logic
      state of a selected status bit in said output image table in response to
      another selected program instruction read from said memory; and
PA1  a scanner circuit connected to said random access memory and said
      processor, said scanner circuit including I/O address counter means for
      selecting a set of status bits in said input and output image tables and
      for concurrently selecting the corresponding set of devices on the
      controlled system, said scanner circuit also including means for coupling
      said selected set of status bits between said input and output image
      tables and its corresponding set of devices.
NUM  16.
PAR  16. The programmable controller as recited in claim 15 which includes a
      plurality of interface racks, each interface rack including:
PA1  means for coupling a selected one of a plurality of sets of devices on said
      controlled system to said scanner circuit coupling means; and
PA1  means responsive to said I/O address counter means for selecting said one
      set of devices for coupling to said scanner circuit,
PA1  wherein said scanner circuit includes means for periodically advancing said
      I/O address counter means to sequentially select each set of devices in
      each interface rack.
NUM  17.
PAR  17. The programmable controller as recited in claim 16 in which each
      interface rack includes means connected to said scanner circuit for
      generating a rack present signal and said scanner circuit includes means
      for receiving said rack present signal and means for advancing said I/O
      address counter in increments in one when said rack present signal is
      received and for advancing it in increments of more than one when said
      rack present signal is not received.
NUM  18.
PAR  18. A programmable controller for operating a controlled system, the
      combination comprising:
PA1  a random access memory which stores a set of instructions that comprise a
      control program, which stores an input image table that contains status
      bits that correspond to input devices on the controlled system, and which
      stores an output image table that contains status bits that correspond to
      output devices on the controlled system, said control program including
      status bit instructions which identify a selected status bit to be
      operated upon and which includes an operation code that identifies a
      selected operation to be performed on the identified status bit;
PA1  a processor connected directly to the random access memory and including
      program instruction counter means for sequentially reading out of memory
      said control program insructions, means responsive to status bit
      instructions read from said memory for reading out of memory the selected
      status bit identified by a status bit instruction, and means responsive to
      the operation code in a status bit instruction read from memory for
      performing the identified selected operation on the identified status bit
      read from said memory, said processor being operable to cyclically execute
      the control program and to thereby continuously update the status of the
      output image table in response to the status of the input image table; and
PA1  a scanner circuit connected directly to said random access memory and
      coupled to the input and output devices on the controlled system, said
      scanner circuit having I/O address counter means for addressing sets of
      status bits in said random access memory and scanner control means
      connected to said processor and said random access memory for periodically
      interrupting operation of said processor and coupling an addressed set of
      status bits between said random access memory and the controlled system.
NUM  19.
PAR  19. The programmable controller as recited in claim 18 in which said
      processor means for performing the identified selected operation in each
      status bit instruction includes means for decoding the operation code in
      each program instruction read from the random access memory and a logic
      unit which is connected to the decoding means and is connected to receive
      each selected status bit read from the random access memory, said logic
      unit comprising:
PA1  a rung flip-flop connected to receive a selected status bit at an input
      when enabled;
PA1  a branch flip-flop connected to receive a selected status bit at an input
      when enabled;
PA1  gate means connected to said operation decoder and responsive to BST and
      BND operation codes in program instructions read from the memory to enable
      said rung flip-flop and said branch flip-flop;
PA1  a branch store flip-flop having an input connected to said branch flip-flop
      and being responsive to a BST operation code in a program instruction read
      from memory to store the logic state of said branch flip-flop;
PA1  gate means connected to said branch flip-flop and said branch store
      flip-flop for coupling the logic state of each to said rung flip-flop in
      response to a BND operation code in a program instruction read from
      memory; and
PA1  gate means connected to said rung flip-flop for driving a status bit
      selected by a status bit instruction read from memory to a logic state
      determined by the state of the rung flip-flop and the operation code in
      the same status bit instruction read from memory.
NUM  20.
PAR  20. The programmable controller as recited in claim 18 in which said
      processor means for performing the identified selected operation in each
      status bit instruction includes means for decoding the operation code in
      each program instruction read from the random access memory by said
      program instruction counter means; and a memory cycle counter which
      connects to said random access memory, connects to said program
      instruction counter means and connects to said operation decoding means;
      said memory cycle counter being responsive to each selected operation code
      in a program instruction read from memory to cycle the memory a preset
      number of times to execute the instruction and including means for
      advancing said program instruction counter means after the execution of
      each instruction.
NUM  21.
PAR  21. The programmable controller as recited in claim 20 in which said memory
      cycle counter includes means connected to said scanner control means for
      receiving and storing an interrupt request signal from said scanner
      circuit and for granting a memory cycle to said scanner circuit when the
      program instruction then being executed is completed.
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PAL  An optical readout device including a gas discharge display panel with spot
      light sources each selectively energizable to illuminate the corresponding
      character pattern, a memory plate which stores the character patterns, and
      also including an image pickup device which detects the light distribution
      of the character pattern illuminated with the spot light of the said gas
      discharge display panel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an optical readout device and more particularly
      to an optical readout device of, for example, Chinese characters adapted
      to read out desired information from a memory plate stored with a large
      amount of information.
PAR  Readout of desired data, Chinese characters, for example, from a memory
      means storing a large amount of information, demands a prominently high
      degree of resolution. Therefore, the prior art readout device of such type
      had the drawback that the device as a whole was of complicated arrangement
      and consequently very expensive.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly the object of this invention to provide an optical
      readout device attaining high resolution and admitting of miniaturization
      due to a simple arrangement.
PAR  The readout device of this invention using a gas discharge display panel as
      a source of light carries out high resolution and is well adapted to read
      out desired data, for example, Chinese characters from a memory device
      stored with a large amount of information in a limited space.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram showing the arrangement of the respective
      components of an optical Chinese character readout device according to
      this invention;
PAR  FIG. 2 is a schematic oblique view of said components;
PAR  FIGS. 3 and 4 illustrate a gas discharge display panel wherein FIG. 3 is an
      oblique view of the same and FIG. 4 is a fractional sectional view
      thereof;
PAR  FIG. 5 presents a character pattern stored in a memory plate; and
PAR  FIG. 6 illustrates a character pattern treating circuit extending from a
      character-detecting means to an output terminal.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  There will now be described by reference to FIGS. 1 and 2 an optical
      Chinese character readout device according to this invention.
PAR  The address-designating output circuit 1 used in the readout device of this
      invention which consists of a type already well known to this particular
      field generates, upon receipt of a prescribed input signal, an output
      signal designating the address of data or a Chinese character being read
      out by means of a coordinate system bearing the X and Y axes. The output
      signal is transmitted to a gas discharge display panel 2 having numerous
      spot light sources arranged in the matrix form to illuminate selected one
      of said Chinese characters. Disposed near the gas discharge display panel
      2 is a first fly's eyes lens 3 so as to face said display panel 2. The
      extremely minute unit lenses of the fly's eyes lens 3 are also arranged in
      the matrix form in the same number as the spot light sources of the spot
      display tube 2 so as to be aligned with said light sources. Accordingly, a
      light beam emitted from a given spot light source is focused through the
      corresponding minute unit lens. The focused light beam illuminates the
      corresponding optical information or Chinese character stored in a memory
      plate 4 positioned adjacent to the fly' s eyes lens 3. The memory plate 4
      has many different optical information arranged in the matrix form. Each
      optical image is made to correspond to the address designated by the X-Y
      coordinate system. A second fly's eyes lens 5 is of the same type as the
      first fly's eyes lens 3, and is located on the opposite side of the memory
      plate 4 to which faces the said first fly's eyes lens 3. As the result, a
      light beam carrying the optical image information, read out by projection
      is focused through the corresponding minute unit lens of the second fly's
      eyes lens 5 and transmitted to an imaging lens 6 located behind the second
      fly's eyes lens 5. After enlarged by the imaging lens 6, the aforesaid
      optical image light is transmitted to the light detecting surface of a
      photodetector 7, for example, an image pickup tube. The gas discharge
      display panel 2 may be the type shown in FIGS. 3 and 4. This type is an
      ordinary X-Y matrix type discharge panel utilizing negative glow
      discharge. The panel is formed of an upper glass plate 10, intermediate
      glass plate 11 and lower glass plate 12, all laminated together. The
      intermediate glass plate 11 is bored with 53 .times. 53 vertical cells 13
      arranged in the matrix form. Neon gas is sealed in said cells. 53
      strip-shaped nessar films 14 acting as anodes are spatially arranged
      parallel across that side of the upper glass plate 10 which faces the
      cells 13. And 53 strip-shaped tin oxide films 15 are spatially arranged
      parallel lengthwise of that side of the lower glass plate 12 which faces
      the cells 13. Accordingly, both groups of the strip-shaped electrode films
      14, 15 intersect each other at the cells 13. The cells 13 each 0.3 mm in
      diameter are arranged with a pitch of 1.092 mm. A gas discharge display
      panel of the above-mentioned construction provides a light quantity of 2
      .times. 10.sup.4 fL, where a stabilization resistance is set at 200 KV and
      discharge current at 0.9 mA.
PAR  Where the aforesaid gas discharge display panel 2 is used, the selected
      switches on the X and Y-axes are actuated upon receipt of an address
      designating signal as in the ordinary X-Y address selecting circuit to
      impress voltage across the anode and cathode corresponding to the desired
      address, thereby giving forth an electric discharge at the cell
      corresponding to the junction of both electrodes. The time required for
      the discharge to be started after the supply of said address designating
      input signal is about 10 microseconds.
PAR  The memory plate 4 is stored with numerous 0.2 mm square character patterns
      like those indicated by the numeral 16 of FIG. 5 which are arranged
      parallel with a pitch of 1.092 mm. The characters are impressed on a
      photographic film or dry plate using a silver salt sensitizer. The
      characters are presented in the form of mosaic patterns representing 22
      .times. 24 bits in all so as to facilitate the subsequent treatment by
      logical codes or electric signals. A comb-shaped pattern 17, is provided
      opposite to each mosaic character pattern for correction of minute
      positional changes in the characters.
PAR  The fly's eyes lenses 3, 5 may consist of a commercially available MRP-110
      type made of acrylic resin manufactured by Frathom Company, for example,
      of the United States. This fly's eyes lens is formed of 53 .times. 53 unit
      lenses arranged with a pitch of 1.092 mm. The unit lens is the so-called
      convex flat lens whose focal length is 3.2 mm and whose curvature is 1.58
      mm. Though such fly's eyes lens may be used intact, it is preferred to
      cover the fly's eyes lens with a mask bored with pin holes 0.8 mm in
      diameter so formed as to face the respective unit lenses in order to
      attain the distinct optical separation of the adjacent unit lenses from
      each other and also to elevate the resolution of the optical system of the
      subject readout device.
PAR  The imaging lens 6 may consist of a type having a diameter 80 mm and a
      focal length of 100 mm. The ratio of the focal length of the focal lens 6
      to that of the unit lenses of the fly's eyes lense 5 determines the rate
      at which the original image is magnified. According to the foregoing
      embodiment of this invention, the rate of magnification is set at 30
      times.
PAR  The camera or photo-detector 7 may consist of an image pickup tube
      manufactured by Tokyo Shibaura Electric Co., Ltd. under the commercial
      name of Chalnicon E5063 in consideration of the amount and spectrum of
      light emitted from the gas discharge display panel 2.
PAR  A character pattern received by the photo-detector 7 may, if necessary, be
      recorded at the output end with a printer by a process already well known
      to this particular field. If, in this case, there is used a character
      pattern treating circuit shown in FIG. 6 and described hereinafter, then
      it will be possible to suppress any harmful effect of scars or dust which
      happen to appear on the memory plate 4.
PAR  There will now be described by reference to FIG. 6 the character pattern
      treating circuit. The output terminal of the photo-detector 7 is connected
      to a sampling circuit 18 and also to a sampling pulse generator 19, whose
      output terminal is connected to the input terminal of the sampling circuit
      18. The output terminal of the sampling circuit 18 is connected to one
      input terminal of an AND circuit 21 through a 2-bit delay circuit 20 and
      also directly to the other input terminal thereof. The output terminal of
      the sampling circuit 18 is connected to one input terminal of a 24-bit
      shift register 22. The output terminal of the AND circuit 21 is connected
      to the input terminal of a 24-bit shift register 22 which is supplied with
      a trigger pulse for commencing shifting in said register 22. The output
      terminal of the 24-bit shift register 22 is connected to one input
      terminal of an OR circuit 23, the other input terminal of which is
      connected to the input terminal of the sampling circuit 18. The output
      terminal of the OR circuit 23 is connected to end means, for example, a
      printer 25 through a 528-bit shift register 24. The 24-bit shift register
      22 delivers, when required, a reset signal to the sampling pulse generator
      19.
PAR  There will now be described the operation of the character pattern treating
      circuit of FIG. 6 by reference to the case where the character pattern of
      FIG. 5 is to be displayed. The character pattern consists of 22 bits in
      the indicated vertical direction and 24 bits in the indicated horizontal
      direction. The comb-shaped pattern 17 is formed of 22 bits in the vertical
      direction and 3 bits in the horizontal direction. Of said three bits, one
      bit represents the width of the vertical rod of the comb-shaped pattern
      17. The respective teeth have a length corresponding to two bits and a
      width corresponding to one bit. The end of the teeth is spaced one bit
      from the character pattern. Data indicating the character pattern of FIG.
      6 is horizontally scanned by the beam in the image pickup tube 7, said
      scanning being carried out by two scanning lines per one-bit width of each
      tooth. The output of scanning is subjected to sampling at a time interval
      corresponding to one bit. The timing in which the sampling is commenced is
      triggered by the vertical rod of the comb-shaped pattern 17. Upon receipt
      of a trigger signal, the sampling pulse generator 19 supplies a sampling
      pulse to the sampling circuit 18. When scanning is carried up to the end
      of the respective teeth, namely, three bits are counted, then the sampling
      circuit 18 is opened to cause the 24-bit shift register 22 to be
      temporarily stored with bit signals representing the character pattern of
      FIG. 5 in succession. These bit signals are supplied to the AND circuit 21
      directly as well as through the 2-bit delay circuit 20. An output signal
      from the AND circuit 21 causes the 24-bit shift register 22 to start
      shifting. An output signal from said shift register 22 is transmitted to
      the 528-bit memory 24 through the OR circuit 23. The 528-bit memory 24 is
      supplied with an output signal from the sampling circuit 18 through the OR
      circuit 23. The latter output signal from the sampling circuit 18 is
      delayed 24 bits from the former output signal from the shift register 22,
      namely, represents a second scanning signal applied to the same tooth of
      the comb-shaped pattern 17. This arrangement is intended to suppress any
      harmful effect of scars or dust which happen to appear on the surface of
      the image pickup tube and/or the memory plate 4. Thus the bit signals
      stored in the 528-bit memory 24 are delivered to the output terminal 25 of
      the subject readout device for actual display.
PAR  Where, as mentioned above, the comb-shaped pattern 17 is provided for each
      character pattern, then the vertical displacement of the character pattern
      is suppressed by the vertical rod of said comb-shaped pattern 17 and the
      horizontal displacement of the character pattern by the teeth of said
      comb-shaped pattern 17.
PAR  In the foregoing embodiment, a first fly's eyes lens 3 was used to focus a
      light beam emitted from the gas discharge display panel 2. However, said
      lens 3 is not always necessary. Instead, it is possible to cover the
      light-emitting surface of the gas discharge display panel 2 with a mask
      having pin holes arranged in the matrix form so as to face the minute
      light sources of said gas discharge display panel 2. Further, the
      light-emitting surface of the gas discharge display panel 2 may be covered
      with a ground glass plate so as to attain the uniform emission of light
      from said panel 2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optical readout device comprising:
PA1  a gas discharge display panel provided with a plurality of spot light
      sources selectively energized to emit light,
PA1  a memory plate having a plurality of items of information stored in
      alignment with said spot light sources,
PA1  address designating means to selectively cause the spot light sources to
      emit light to illuminate the corresponding items of information,
PA1  a fly's eyes lens having a plurality of extremely minute unit lenses
      arranged in alignment with the items of information stored in the memory
      plate and focussing a beam of light denoting an item of information
      selectively read out from the memory plate,
PA1  an image lens for imaging a beam of light passing through any fly's eyes
      lens,
PA1  a character pattern treating circuit for receiving light beams denoting the
      items of information read out from the image lens to suppress any harmful
      effect of scars or dust appearing on the memory plate comprising
PA1  a photodetector for receiving light beams denoting the items of information
      read out from the image lens,
PA1  a sampling pulse generator,
PA1  a sampling circuit,
PA1  delay means,
PA1  an AND gate,
PA1  a shift register,
PA1  an OR gate,
PA1  memory means,
PA1  a printer,
PA1  means connecting the output of the photodetector to a first input of the
      sampling circuit and to a first input of the sampling pulse generator,
PA1  means connecting the output of the sampling pulse generator to a second
      input of the sampling circuit,
PA1  means connecting the output of the sampling circuit to the input of the
      delay means, to a second input of the AND gate, to a second input of the
      shift register, and to a second input of the OR gate,
PA1  means connecting the output of the delay means to a first input of the AND
      gate,
PA1  means connecting the output of the AND gate to a first input of the shift
      register,
PA1  means connecting a first output of the shift register to a second input of
      the sampling pulse generator and means connecting a second output of the
      shift register to a first input of the OR gate,
PA1  means connecting the output of the OR gate to the input of the memory
      means,
PA1  means connecting the output of the memory means to the input of the
      printer.
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ABST
PAL  A speed-up circuit for a bit sense line of an MOS RAM includes a
      cross-coupled latch circuit having an output coupled to the bit sense
      line. When partial discharging of the bit sense line is accomplished
      through the selected storage cell, the latch circuit switches states and
      completes discharge of the bit sense line much more rapidly than could
      have been achieved by the action of the selected storage cell alone. A
      disabling circuit is connected to the gate of a pull-down MOSFET of the
      latch circuit connected to the output thereof to turn off the pull-down
      MOSFET during a write cycle or during the write portion of a
      read-modify-write cycle. The output of the disabling, or turn-off, circuit
      operates in response to a signal derived from a clock signal and a chip
      enable signal applied to the MOS RAM. A bootstrap circuit is provided
      including a bootstrap charging MOSFET having its gate coupled to V.sub.DD,
      its source coupled to the bootstrap capacitor, and its drain coupled to a
      clock signal conductor, to provide low-power dissipation and fast rise
      time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  MOS dynamic random access memories (RAMS) have provided the lowest cost
      semiconductor memory storage yet achievable. Recent research in the area
      of MOS dynamic RAMS has led to steadily increasing bit density and faster
      access times. However, as the density of storage cells of an MOS array has
      in-increased, the size of the individual cells has become progressively
      smaller and the current discharging capability of the individual storage
      cells with respect to discharging the bit sense line capacitance is
      decreased. Efforts have been made to increase the access times of dynamic
      MOS memories by providing circuits which sense small voltage changes of
      the bit sense line. Another approach has been to couple the bit sense line
      to a circuit which senses the initial discharge of the bit sense line by a
      storage cell and cuts in to rapidly complete the discharge thereof.
      Dynamic latch circuits have been used to accomplish this purpose. However,
      such dynamic latch circuits have had the disadvantage that they provide a
      rather low impedance connected to the bit sense line during a write cycle
      and do not permit a read-modifywrite cycle. This is because the output of
      the dynamic latch is disabled or set to a high impedance state by a clock
      signal used for precharging various nodes of the memory prior to the read
      clock signal. During the read or refresh portion of a memory cycle,
      however, the state of the speed-up latch may be switched, resulting in a
      low output impedance during a following write operation. Conventional
      bootstrap circuit, which could be used on the latch circuit, dissipate a
      substantial amount of power.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an improved circuit for
      speeding up the discharge of a bit sense line of a random access memory.
PAR  It is another object of the invention to provide an improved speed-up
      circuit to air the discharge of a bit sense line of an MOS RAM which does
      not interfere with a write cycle or a read-modify-write cycle.
PAR  Briefly described, the invention provides a latch type speed-up circuit
      having an output coupled to a bit sense line of a dynamic MOS RAM. The
      output MOSFET of the latch has its gate coupled to the drain of a MOSFET
      which has its source coupled to ground and its gate controlled by a signal
      derived from a chip select input applied to the MOS RAM and from a write
      phase clock signal applied to or generated within the RAM. A novel clocked
      bootstrap circuit including a bootstrap capacitor charging MOSFET having
      its drain coupled to a clock signal and its gate connected to F.sub.DD is
      provided as a load circuit for the output side of the latch circuit, and
      provides reduced power dissipation and fast rise times for the quadrant
      bit sense lines.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a - 1d are schematic drawings of four sections, respectively, of an
      MOS random access memory chip. FIG. 1a represents the upper left-hand
      section of the chip, FIG. 1b represents the upper right-hand section, FIG.
      1c represents the lower left-hand section and FIG. 1d represents the lower
      right-hand section.
PAR  FIG. 2 is a schematic diagram of .phi.1 clock signal generator according to
      an embodiment of the invention.
PAR  FIG. 3 is a shematic diagram of an address input buffer according to an
      embodiment of the invention.
PAR  FIG. 4 is a schematic diagram of a .phi.2 generator, a dummy decoder
      circuit, and a timing control delay circuit used in the embodiment of
      FIGS. 1a - 1d.
PAR  FIG. 5 is a schematic diagram of the .phi.3 clock signal generator, the
      .phi.1.sub.FF clock signal generator and the R/W signal circuits indicated
      in the partial schematic drawings of FIGS. 1a - 1d.
PAR  FIG. 6 is a schematic diagram of the .phi.1' generator of FIGS. 1a - 1d.
PAR  FIG. 7 is a schematic diagram of the .phi.1.sub.F generator of FIGS. 1a -
      1d.
PAR  FIG. 8 is a schematic diagram of the address buffer 11 circuit of FIGS. 1a
      - 1d.
PAR  FIG. 9 is a schematic diagram of the data input buffer circuit utilizable
      in the memory of FIGS. 1a - 1d.
PAR  FIG. 10 is a schematic diagram of a speed-up turnoff circuit and the data
      control inverter circuit used in the memory of FIGS. 1a - 1d.
PAR  FIG. 11 is a schematic diagram of a speed-up circuit utilized in the memory
      of FIGS. 1a - 1d.
PAR  FIG. 12 is a schematic diagram of the chip enable buffer, the write enable
      buffer, and the read enable buffer circuits utilized in the memory of
      FIGS. 1a - 1d.
PAR  FIG. 13 is a schematic diagram of the W signal generator circuit and the
      output buffer circuit utilized from the memory of FIGS. 1a - 1d.
PAR  FIG. 14 is a timing diagram depicting the external signals applied to and
      received from the memory of FIGS. 1a - 1d, and is useful in describing the
      operation of the memory.
PAR  FIG. 15 is a timing diagram illustrating the major internally generated
      clock signals and timing signals for the memory of FIGS. 1a - 1d and is
      further useful in describing the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The material in this patent application is related to U.S. Pat. No.
      3,796,893, by Charles R. Hoffman and Donald H. Kube entitled "Peripheral
      Circuitry for Dynamic MOS RAM's" and assigned to the assignee of the
      present invention.
PAR  This application is also related to the following patent applications,
      filed on even date herewith and assigned to the present assignee: "MOS
      Memory System," by Robert T. Yu (SC-73785); "Bit Sense Line Speed-up
      Circuit for MOS RAM," by Robert T. Yu (SC-74751); "External Data Control
      Preset System for Inverting Cell MOS Ramdom Access Memory," by William W.
      Lattin (SC-74752); and "External Exclusive OR Type Circuit for Inverting
      Cell MOS RAM," by Bernard D. Broeker (SC-74753).
PAR  FIGS. 1a - 1d constitute four sections of a single drawing which is a
      partial schematic representation of a 4096 bit MOS RAM. FIG. 1a is the
      upper left-hand section 10 of the MOS RAM; FIG. 1b shows the upper
      right-hand section 11; FIG. 1c is the lower left-hand section 12; and FIG.
      1d is the lower right-hand section 13. The subsequent description refers
      to FIGS. 1a - 1d. Quadrants 22, 20, 18 and 16 are each 32 .times. 32
      arrays of MOS dynamic memory cells. A representative RAM cell is
      schematically illustrated in each of the quadrants, specifically RAM cells
      24, 36, 40, and 44. Referring to RAM cell 24, it is seen that it includes
      the storage transistor 26, a read transistor 28 and a write transistor 30,
      transistors 26 and 28 being coupled in series between a ground conductor
      and bit sense line 34, write transistor 30 being coupled between sense
      line 34 and gate 32 of storage transistor 26.
PAR  Those skilled in the art will recognize that MOS transistors have three
      main electrodes, a gate electrode, a source electrode and a drain
      electrode. It is well known that MOSFETs are bilateral devices, so that
      the source and the drain are interchangeable. Hereinafter, description of
      a source or a drain as such will be understood to designate a particular
      terminal of the MOSFET, but will not necessarily designate its function as
      a source or a drain, since this will depend on the relative voltages
      thereof.
PAR  The information is stored on capacitance associated with gate 32. A row of
      32 identical storage cells shares bit sense line 34, and there are 32 such
      rows in quadrant 22. A complete description of the inverting storage cell
      is given in the abovementioned patent by Hoffman et al. The gate electrode
      of write transistor 30 is connected to a write line designated WE (Write
      Enable). Each write line is coupled to the write transistor of 32 storage
      cells forming a column of 32 devices. Similarly, gates of the read
      transistors of all storage cells in a column share a common Read Enable
      line designated RE. For convenience, each storage cell or "bit" in the
      major array (which consists of the four quadrants) is identified or
      designated by a number. For example, quadrant 16 includes bits O - 1023,
      bit O being in the lower right-hand corner of quadrant 16. Bit 4095 occurs
      diagonally opposite at the upper left-hand corner of quadrant 22.
PAR  Representative bit sense lines 38, 42 and 46 are shown coupled,
      respectively, to storage cells 36, 40, and 44 in the respective quadrants.
PAR  The twelve address inputs AO - A11 are used to select one out of the 4096
      bits. Selection of one of 4096 bits is achieved by selecting one row and
      one column in each of the left and right hand halves of the entire major
      memory array and then selecting either the right or the left half of the
      major array. Selection of the one of 32 rows of the upper half of the
      memory array is accomplished by one of 32 Y decoder and driver circuits in
      section 49, of which Y decoder/driver circuit 50 is a representative
      example. One of the 32 rows in the lower half of the memory is
      accomplished by means of one of the 32 Y decoder/driver circuits such as
      52 in the section 51.
PAR  Y decoder/driver 50 includes a load device clocked by .phi.1 conductor 68
      and includes six switching devices 54, each being connected to one of the
      64 combinations of the address inverter outputs. Devices 54 and 53 form a
      NOR gate, the output of which is coupled by two series connected MOSFETs
      56 and 58 to the gate electrodes of coupling MOSFETs 62 and 60,
      respectively. Coupling MOSFET 62 couples one of the 32 bit sense lines to
      the quadrant bit sense line designated BSIV. Similarly, MOSFET 60 couples
      its sense line 38, which is one of the rows in quadrant 20, to BSII.
      Similarly, BSI and BSIII are coupled to one of 32 bit sense lines in
      quadrants 18 and 16, respectively, by coupling devices 80 and 82 of
      decoder driver 52. To summarize, one of 64 Y decoder/driver circuits
      selects one row out of 64 rows, and couples the bit sense line for the
      left-hand side of the memory array to one of the quadrant bit sense lines
      and also couples one of the bit sense lines corresponding to the selected
      row for the right-hand side of the memory array to another of the quadrant
      bit sense lines. The A.sub.11 address buffer then selects which side,
      either the left-hand side or the right-hand side, of the memory is
      selected.
PAR  In order to select a single cell out of the 4096 bit array, one column is
      selected from each of the right and left-hand sides of the memory, and the
      cell at the intersection at the selected column and selected row of the
      selected half of the memory is then coupled by means of the bit sense line
      for that cell and the bit sense line for that quadrant to the read/write
      circuitry.
PAR  X decoder/driver sections 90 and 92, respectively, each contain 32 X
      decoder/driver circuits, including X decoder driver circuits 94 and 96.
      Referring to X decoder/driver circuit 94, it is seen that it provides the
      drive signal applied to the upper Write Enable (WE) and Read Enable (RE)
      lines 98 and 100, and also lower WE and RE lines 102 and 104. Similarly,
      the drive portion of decoder/driver 96 generates the upper and lower WE
      and RE lines. The X decoder/driver circuits in sections 90 and 92 include
      five input NOR gate sections similar to the NOR gates of the Y
      decoder/driver circuits; the inputs are connected to the 32 binary
      combinations of the address variables A0 - A4, so that one of the 32
      columns for each half of the memory are selected thereby. Output 106 of
      the NOR gate section of X decoder/driver 94 drives upper driver circuit
      110 and lower driver circuit 108. Upper X driver circuit 110 includes
      MOSFETS 112 and 114 having their gates connected to V.sub.DD ' and their
      sources connected to output 106. The source of MOSFET 112 is connected to
      one terminal of capacitor C6 and to the gate of coupling MOSFET 116, which
      has its source connected to .phi.2 and its drain connected to RE line 100,
      which is also connected to the other terminal of capacitor C6. MOSFET 118
      has its source connected to .phi.3 and its drain connected to WE line 98
      and the other terminal of C5, the first terminal of C5 being connected to
      the gate of MOSFET 118 and the source of MOSFET 114. The structure of
      lower X driver circuit 108 is entirely similar to that of upper X driver
      circuit 110. Thus, it is seen that for one of the 32 decoder/drivers in
      each of sections 90 and 92 which is selected, output 106 is high after the
      decoding delay time, turning the respective coupling MOSFETs on, so that
      the signal .phi.3 is coupled to WE lines 98 and 102 and .phi.2 is coupled
      to RE lines 100 and 104. Thus, an entire column of storage cells in each
      half of the memory is selected.
PAR  The externally applied power supply voltage is designated V.sub.DD.
      However, for the X and Y driver circuits described above, an internally
      generated voltage designated V.sub.DD ' is generated. Circuits 120, 126,
      128 and 130 generate the V.sub.DD ' voltages required by the X and Y
      decoder/driver circuits. Circuit 120 includes MOSFETs 122 and 124, each
      having their drain connected to V.sub.DD and their gate connected to
      V.sub.DD. The source of MOSFET 122 is connected to V.sub.DD ' line 132 and
      the source of MOSFET 124 is connected to V.sub.DD ' line 134.
PAR  The reason for generating the voltage V.sub.DD ', which is equal to
      V.sub.DD -V.sub.TH is a threshold voltage of MOSFETs 122 and 124, is that
      the load devices of the X and Y decoder NOR gates precharge the respective
      outputs only to V.sub.DD -V.sub.TH volts. Thus, it is desirable to have
      only V.sub.DD -v.sub.TH applied to the gates of, for example, MOSFETs 56
      and 58 (for Y decoder/driver 50) and MOSFETs 112 and 114 (for X
      decoder/driver 94), so that these MOSFETs completely isolate the NOR gate
      outputs from the coupling devices (MOSFETs 60 and 62 for Y decoder/driver
      50 and MOSFETs 116 and 118 for X decoder/driver 94). Then, the
      bootstrapping action of the driver circuits is relatively uimpaired by the
      capacitance associated with NOR gate outputs.
PAR  Sections 130, 132, 134 and 136 each contain 32 discharge devices, each
      having their source connected to V.sub.SS (also referred to herein as
      ground) and their drain connected, respectively, to one of the 32 WE lines
      for the adjacent quadrant. The gate of each of the discharge devices is
      connected to a .phi.1.sub.F conductor. The .phi.1.sub.F signal is
      generated by the clock generating system described hereinafter. In the
      partial schematic of FIGS. 1a- 1d, representative discharge devices are
      137, 138, 139, 140, 141, 142 and 143. The purpose of the discharge devices
      is to help discharge all of the WE lines to ground before the bit sense
      lines 34, 38, 42, and 46 are precharged by the .phi.1 clock signal, as is
      described hereinafter. Section 136 also includes 32 bit sense timing
      control circuits, a representative one of which is designated by reference
      numeral 146 and which includes two MOSFETs 148 and 150 connected in series
      between the ground conductor and timing bit sense line 152. The gate of
      MOSFET 150 of each of the timing bit sense cells is connected to the RE
      line (100) of the corresponding column of storage cells. The gate of
      MOSFET 148 is connected the the V.sub.REF which includes four MOSFETs
      coupled in series between V.sub.DD and V.sub.SS, the upper three of which
      are diode-connected MOSFETs 156, 158 and 159; the gate of MOSFET 160 is
      connected to CLK conductor. The voltage generated at the gate of MOSFET
      159 is designated V.sub.REF.
PAR  Section 132 includes 32 data control devices, one connected to the WE line
      and the RE line of each of the 32 columns of quadrant 18. The data control
      devices are all coupled to a data control line (DC) designated by numeral
      162. Each data control device 164 includes a storage transistor 165, a
      read transistor 166 and a write transistor 167 connected in a
      configuration similar to that of the storage cells 40, etc. It also
      includes a MOSFET 168 connected between ground and the gate of MOSFET 165.
      MOSFET 168 has its gate connected to the PS (Preset) conductor to which an
      external signal may be applied to initialize the state of the data control
      cells, to, for example, facilitate testing of the MOS RAM chip. An
      internal power on reset circuit could also be provided to generate the
      present signal.
PAR  Each of the bit sense lines, such as 34, 38, etc., is coupled to a
      precharge device having its drain connected to V.sub.DD and its gate
      connected to .phi.1 and its source connected to the respective bit sense
      line. Representative bit sense precharge devices for quadrant 22 include
      MOSFET 170 to precharge the bit sense line for the first row of that
      quadrant (172) and MOSFET 180 to precharge the bottom bit sense line 182
      for quadrant 22. The bit sense lines in the other quadrants are precharged
      by similar devices shown in FIGS. 1a - 1d.
PAR  The MOS RAM of FIGS. 1a - 1d requires a number of different clock signals
      for operation, including, CLK, .phi.1, .phi.1.sub.F, .phi.1.sub.FF,
      .phi.2, .phi.3, and .phi..sub.1 '. The latter six clock signals are
      derived from CLK; .phi.3 is additionally controlled by the R/W
      (Read/Write) input signal.
PAR  CLK is externally applied to pad 190 (FIG. 1c). The circuits generating the
      above-named signals are described hereinafter.
PAR  A .phi.1 generator is schematically depicted in FIG. 2. Referring to FIG.
      2, .phi.1 generator 198 includes a portion which is essentially a
      bootstrap NOR gate which includes MOSFETs 208 and 210 connected in
      parallel between ground and node 218. Load MOSFET 212 is connected between
      V.sub.DD and node 218. Bootstrap charging MOSFET 216 is connected between
      V.sub.DD and the gate of MOSFET 212. Bootstrap capacitor C4 (214) is
      connected between node 218 and the gate of MOSFET 212. The gate of MOSFET
      216 is connected to V.sub.DD. Disable MOSFET 224 is connected between
      ground and node 219, and has its gate coupled to CLK. .phi.1 generator 198
      also includes a push-pull inverter circuit which includes MOSFET 220
      connected between V.sub.DD and node 228 and has its gate connected to CLK
      and also includes MOSFET 222 connected between node 228 and ground and
      having its gate connected to .phi.1.sub.F conductor 232. .phi.1.sub.F is
      the complement of CLK, and is delayed by the inverter delay of the
      .phi.1.sub.F generator 230 of FIG. 7. .phi.1 generator 198 includes an
      output driver including parallel MOSFETs 200 and 202 coupled in paralled
      between ground and node 226, which is the .phi.1 conductor. MOSFET 200 has
      its gate coupled to node 228 and MOSFET 202 has its gate coupled to CLK.
      The output driver also includes load MOSFET 206 and leakage MOSFET 204
      connected in parallel between node 226 and V.sub.DD, the gate of leakage
      MOSFET 204 being also connected to V.sub.DD and the gate of MOSFET 206
      being connected to bootstrap node 219.
PAR  Referring to FIG. 7, .phi.1.sub.F generator 230 is a conventional bootstrap
      driver whch includes a bootstrap inverter state including switching MOSFET
      234 having its gate connected to CLK and its drain connected to MOSFET
      236, which has bootstrap capacitance 240 coupled between its source and
      gate and bootstrap charging diod-connected MOSFET 238 connected between
      V.sub.DD and the gate of load MOSFET 236. Output 242 of the bootstrap
      inverter is connected to the load MOSFET 248 of a push-pull output driver,
      which includes MOSFET 248 connected between V.sub.DD and output conductor
      232 at which .phi.1.sub.F is generated. Switching MOSFET 246 is connected
      between node 232 and ground and has its gate connected to CLK.
PAR  The .phi.2 clock signal is generated by the circuitry 250 in FIG. 4, which
      includes dummy decoder discharge circuit 252, timing control delay circuit
      262, and .phi.2 generator circuit 276. Dummy decoder discharge circuit 252
      is simply a dynamic two input NOR gate including parallel switching
      MOSFETs 254 and 256 coupled between ground and output node 260 and having
      their gates connected, respectively, A.sub.10 to A.sub.10 ' which are the
      outputs from the A.sub.10 address input buffer, to be described
      hereinafter. Of course, it is not necessary that the A.sub.10 address
      input buffer be used; any of the 12 input address buffer outputs could be
      used, as will become clearer in the subsequent description of the
      operation. Load MOSFET 258, clocked by .phi.1 is connected between
      V.sub.DD and node 260, which generates an output signal designated by the
      reference letter A.
PAR  In FIG. 4, timing control delay generator 262 includes a first dynamic
      inverter stage including load MOSFET 264 coupled between V.sub.DD and node
      272 and clocked by CLK and switch MOSFET 266 coupled between node 272 and
      ground having its gate connected to timing bit sense line 152 (FIG. 1a)
      which is generated by the 32 dummy sense bits, or timing control,
      associated with quadrant 22. Signal B, generated at node 272, is utilized
      in .phi.2 generator 276, and also serves as an input to the inverter
      including MOSFETs 268 and 270 which generates a signal at output 274.
      MOSFET 270 has its gate connected to node 272 and is coupled between node
      274 and ground. MOSFET 268 has its gate connected to .phi.1 and its drain
      connected to V.sub.DD and its source connected to node 274.
PAR  Referring to FIG. 4, .phi.2 generator 276 includes a bootstrap NOR-type
      input section including input MOSFETs 278 and 280 connected in parallel
      between node 281 and ground, load MOSFET 282 connected between V.sub.DD
      and 281. Bootstrap capacitor 284 is connected between node 281 and the
      gate of MOSFET 282, and bootstrap charging MOSFET 286 is connected between
      V.sub.DD and the gate of MOSFET 282 having its gate connected to CLK and
      disable MOSFET 290 is connected between node 285 and ground. Node 260 is
      coupled to the gate of MOSFET 278, and node 272 is connected to the gate
      of MOSFET 280 and also to the gate of MOSFET 290. .phi.2 generator 276
      also includes an output buffer including pull-up MOSFET 292 connected
      between output node 300 and V.sub.DD having its gate connected to the gate
      of MOSFET 282. MOSFETs 294, 296, 298 are coupled between output node 300
      and ground, MOSFET 298 having its gate connected to MOSFET 296 having its
      gate connected to node 260, and MOSFET 294 having its gate connected to
      node 272.
PAR  Referring to FIG. 5, .phi.3 is generated by circuitry in section 302 which
      includes R/W generator 304 and .phi.3 generator 308; .phi.1.sub.FF
      generator 306 is also included in section 302 for convenience. R/W
      generator 304 includes in inverter stage including MOSFET 308 connected
      between node 318 and V.sub.DD having its gate connected to CLK and MOSFET
      306 connected between node 318 and ground having its gate connected to R/W
      input conductor 316. R/W generator 304 also includes an output inverter
      including MOSFET 310 connected between output node 314 and V.sub.DD and
      having its gate connected to CLK. It also includes switch MOSFET 312
      connected between 314 and ground and having its gate connected to node
      318. Output signal R/W is generated at node 314.
PAR  .phi.1.sub.FF generator 306 is a conventional bootstrap inverter including
      switch MOSFET 320 coupled between ground and node 322 having its gate
      connected to CLK and also including MOSFET 326 connected between V.sub.DD
      and node 322 and bootstrap capacitor 323 connected between node 324 and
      322, the gate of MOSFET 326 being connected to node 324. Bootstrap
      charging MOSFET 328 has its gate and drain connected to V.sub.DD and its
      source connected to node 324.
PAR  In FIG. 5, .phi.3 generator 308 consists of a first stage which is
      essentially a four-input clocked bootstrap NOR gate and a second stage
      which is also essentially a four-input clocked bootstrap driver stage
      which produces .phi.3 at its output.
PAR  .phi.3 generator 308 includes MOSFET 332 coupled between CLK and node 333
      and has its gate coupled to V.sub.DD. MOSFET 330 is coupled between
      V.sub.DD and node 355 and has its gate coupled to node 333. Bootstrap
      capacitor 336 is coupled between nodes 333 and 355. MOSFETs 338, 340, 342,
      and 344 are coupled between node 355 and ground and have their gates
      coupled respectively, to .phi.2, .sub.TCD, R/W', and .phi.1.sub.FF. MOSFET
      334 is coupled between V.sub.DD and node 353 and has its gate coupled to
      node 333. MOSFET 346, 348, 350 and 352 are coupled between node 353 and
      ground and have their gates coupled, respectively to .phi.1.sub.FF,
      .phi.2, .sub.TCD and R/W'.
PAR  Referring to FIG. 6, .phi.1' generator 360 includes a first stage which is
      a dynamic NOR gate including MOSFETs 362 and 364 coupled in parallel
      between ground and node 376, having their respective gate electrodes
      connected to the outputs of an address buffer described hereinafter. The
      NOR gate also includes load device 368 coupled between V.sub.DD and node
      376 having its gate connected to .phi.1. .phi.1' generator 360 also
      includes a bootstrap inverter output driver including MOSFET 366 connected
      between ground and output node 378 and having its gate connected to node
      376, MOSFET 372 connected between V.sub.DD and node 278 and having its
      gate connected to node 371 and having bootstrap capacitor 374 connected
      between node 371 and node 378. MOSFET 370 is connected between CLK and the
      gate of MOSFET 372. The gate of MOSFET 370 is connected to V.sub.DD.
PAR  Address buffer 390 includes a cross-coupled latching section including
      MOSFET 392 coupled between node 430 and V.sub.DD having its gate connected
      to CLK. MOSFET 394 is connected between nodes 430 and 422 and has its gate
      connected to node 426. MOSFETs 396 and 398 are coupled in parallel between
      node 422 and ground, MOSFET 396 having its gate connected to .phi.1 and
      MOSFET 398 having its gate connected to node 428. Bootstrap capacitor 400
      is connected between CLK and node 426; bootstrap capacitor 422 is
      connected between CLK and node 428. MOSFET 404 is connected between nodes
      430 and 424 and has its gate connected to node 428. MOSFETs 406 and 408
      are connected in parallel between ground and node 424, MOSFET 406 having
      its gate connected to .phi.1 and MOSFET 408 having its gate connected to
      node 426. Address buffer 390 also includes MOSFET 410 connected between
      V.sub.DD and node 428 having its gate connected to .phi.1 and MOSFET 412
      connected between nodes 428 and 432 having its gate connected to CLK and
      the MOSFET 414 connected between node 432 and ground and having its gate
      connected to an address input conductor. Also included is MOSFET 416
      connected between V.sub.DD and node 426 having its gate connected to
      .phi.1 and MOSFET 418 connected between nodes 426 and 434 having its gate
      connected to CLK and MOSFET 420 connected between node 434 and ground
      having its gate connected to node 432.
PAR  In FIG. 8, address buffer 11 is identical in topology to address buffer 390
      which is used for the other address inputs and is designated by reference
      numeral 450, except that additional decoding circuitry is connected to
      nodes 422 and 424.
PAR  MOSFET 452 is connected between nodes 422 and 453 and has its gate
      connected to CLK. MOSFET 456 is connected between .phi.1' conductor 378
      and A.sub.11 output node 64 and has its gate connected to node 453.
      Bootstrap capacitor 454 is connected between conductor 378 and node 453.
      MOSFETs 458 and 460 are connected in parallel between node 64 and ground
      and have their gates connected, respectively, to nodes 424 and .phi.1.
      MOSFET 462 is connected between node 424 and 463 and has its gate
      connected to CLK. MOSFET 468 is connected between A.sub.11 output node 66
      and node 378 (.phi.1') and has its gate connected to node 463. Bootstrap
      capacitor 464 is connected between nodes 378 and 463. MOSFETs 470 and 472
      are connected in parallel between nodes 456 and ground and have their gate
      electrodes connected, respectively, to nodes 422 and .phi.1.
PAR  In FIG. 9, data input buffer 500 includes MOSFET 509 connected between
      V.sub.DD and node 510 having its gate connected to W conductor 508.
      MOSFETs 502 and 504 are connected in parallel between ground and node 510
      and have their gates connected, respectively, to Data In (D.sub.IN)
      conductor 506 and .phi.1. MOSFET 520 is connected between V.sub.DD and
      node 516 and has its gate connected to .phi.1. MOSFET 512 is connected
      between node 516 and ground and has its gate connected to node 510.
      MOSFETs 514 and 518 are connected in series between node 516 and ground,
      and have their gates connected, respectively, to DC (Data Control) node
      522 and W node 508. MOSFET 526 is connected between CLK and node 527 and
      has its gate connected to V.sub.DD. MOSFET 528 is connected between
      V.sub.DD and node 542 and has its gate connected to node 527. Bootstrap
      capacitor 529 is connected between nodes 542 and 527. MOSFET 524 is
      connected between node 542 and ground and has its gate connected to node
      516. MOSFETs 543 and 530 are connected in series between node 542 and
      ground and have their gates connected, respectively, to nodes 510 and 522.
      MOSFET 538 is connected between V.sub.DD and node 540 and has its gate
      connected to W conductor 508. MOSFETs 536 and 539 are connected in
      parallel between nodes 540 and ground and have their gates connected,
      respectively, to nodes 542 and .phi.1. MOSFET 544 is connected between BSI
      and V.sub.DD and has its gate coupled to node 542. MOSFET 546 is coupled
      between BSI and ground and has its gate coupled to node 540. Similarly,
      MOSFETs 548, 552, and 556 have their gates coupled to node 542 and are
      coupled between V.sub.DD and BSII, BSIII, and BSIV, respectively. MOSFETS
      550, 554 and 558 have their gates coupled to node 540 and are coupled
      between ground and BSII, BSIII and BSIV, respectively.
PAR  Section 600 in FIG. 10 includes speed-up turn-off circuit 601 and data
      control inverter 603. Speed-up turn-off circuit 601 includes a dymanic
      two-input NOR gate including load device 610 coupled between V.sub.DD and
      node 611 with gate to CLK and MOSFETs 612 and 614 coupled in parallel
      between node 611 and ground and having their gates coupled, respective, to
      W node 508 and .phi.1. The second stage of circuit 601 includes an
      inverter having diode-connected load MOSFET 616 coupled between V.sub.DD
      and output node 612 and switch MOSFET 618 coupled between node 612 and
      ground and having its gate connected to node 611. The data control
      inverter includes MOSFET 620 coupled between V.sub.DD and node 622 having
      its gate connected to CLK and switch MOSFET 624 coupled between node 622
      and ground having its gate connected to DC (data control).
PAR  Referring to FIG. 11, speed-up circuit 630 includes MOSFET 632 coupled
      between CLK and node 634 having its gate connected to V.sub.DD. MOSFET 636
      is coupled between V.sub.DD and node 638 and has its gate connected to
      node 634. Bootstrap capacitor 633 is coupled between node 634 and 638.
      MOSFETS 640 and 642 are gates connected, respectively, to node 612 and 70
      MOSFET 646 is coupled between V.sub.DD and node 70 and MOSFET 644 is
      coupled between node 70 and ground and has its gate connected to node 638.
      MOSFET 646 has its gate connected to .phi.1.
PAR  In FIG. 12, section 650 includes a chip enable buffer 672 which includes
      MOSFET 652 coupled between V.sub.DD and node 654 and having its gate
      coupled to CLK and MOSFETs 658 and 656 coupled in parallel between node
      654 and ground having their gates connected, respectively, to CE and
      .phi.1.
PAR  Write Enable buffer 674 includes MOSFET 676 coupled between V.sub.DD and
      node 679 having its gate connected to CLK. MOSFET 678 is connected between
      ground and node 679 and has its gate connected to CE. MOSFET 682 is
      connected between .phi.3 and node 508 and has its gate connected to node
      679. Bootstrap capacitor 680 is connected between nodes 679 and 508.
      MOSFET 686 is connected between node 508 and ground and has its gate
      connected to .phi.1. Read Enable buffer 690 includes a NOR gate including
      MOSFET 692 connected between V.sub.DD and 694 having its gate connected to
      CLK. MOSFETs 696 and 698 are connected between node 694 and ground and
      have their gates connected, respectively, to CE and .phi.1. MOSFET 700 has
      its gate and drain connected to V.sub.DD and its source to node 702 which
      generates R.sub.EN. MOSFET 704 is connected between node 702 and ground
      and has its gate coupled to node 694. Note that the small parallelograms
      such as 712 in the drawing indicated connections which are provided for an
      interconnection option and which are open-circuited to allow use of
      external Exclusive OR circuitry. The pairs of parallel lines such as 716
      are open-circuited in the case of Exclusive OR circuitry being provided on
      the chip, and are short-circuited for an option in which external
      Exclusive OR circuitry is used.
PAR  The term "Exclusive OR type circuit" used herein refers to either an
      Exclusive OR or and Exclusive NOR circuit. The term Exclusive OR' in has a
      similar connotation.
PAR  MOSFET 706 is connected between C.sub.01 and node 707 and has its gate
      connected to node 694, (CEA). MOSFET 708 is connected between V.sub.DD and
      node 707 and has its gate connected to node 711. MOSFET 710 has its gate
      connected to W; node 746, and is connected between node 711 and DC.
PAR  FIG. 13 shows a schematic diagram of circuit section 730 which includes W
      generator 732 and output buffer 750. W generator 732 includes MOSFET 734
      connected between V.sub.DD and node 740 with its gate connected to
      V.sub.DD and MOSFET 736 connected between node 740 and ground having its
      gate conneced to W, node 508. Bootstrap capacitor 738 is connected between
      CLK and node 740. MOSFET 742 is connected between V.sub.DD and W, node
      746, and has its gate connected to node 740. MOSFET 744 is connected
      between node 746 and ground nad has its gate connected to node 508.
PAR  Output buffer 750 accepts signals from BSI (node 639), BSII, (node 752),
      BSIII (node 754) and BSIV (node 756). Coupling MOSFETs 748, 750, 752 and
      754 couple nodes 639, 752 754 and 756, respectively, to nodes 748, 751,
      753, and 755, and each have their gates connected to W, node 746. MOSFET
      784 is connected between V.sub.DD and node 781 and has its gate connected
      to .phi.1. MOSFETs 780, 782, 786, 788 and 790 are coupled in parallel
      between node 781 and ground and have their gates connected, respectively,
      to nodes 744, 751, 753, 755 and DC. In FIG. 13, the small parallelogram
      such as 810 indicates a solid connection for on-chip Exclusive OR type
      circuitry and an open connection for the option in which the Exclusive OR
      function is performed off the chip, while the closely spaced sets of
      parallel lines indicate a short circuit connection for off-chip Exclusive
      Or'ing and an open connection for onchip Exclusive Or'ing. MOSFETs 756,
      758, 760 and 762 all have their gates connected to .phi.1 and are
      connected, respectively, between ground and nodes 744, 751, 753, and 755.
      MOSFETS 760, 766, 768 and 770 are coupled in parallel between V.sub.DD and
      nodes 757 and have their gates coupled, respectively, to nodes 744, 751,
      753 and 755. MOSFET 759 is coupled between C.sub.02 and node 757 and has
      its gate connected to node 654, designated CEB. MOSFET 792 is coupled
      between node 793 and ground and has its gate connected to node 781.
      Bootstrap capacitor 795 is coupled between node 797 and node 793. MOSFET
      796 is coupled between V.sub.DD and node 793 and has its gate connected to
      node 797. MOSFET 794 is coupled between CLK and node 797 and has its gate
      connected to V.sub.DD. MOSFET 798 is connected node 793 and node 799 and
      has its gate connected to DC.* MOSFET 800 is connected between V.sub.DD
      and node 801 and has its gate connected to CLK. MOSFET 802 has its gate
      connected between node 801 and ground and has its gate connected to node
      793. MOSFET 804 is connected between nodes 801 and ground and has its gate
      connected to R.sub.EN. MOSFET 806 is connected between V.sub.CC AND DO
      (Data Out) output node 809 and has its gate connected to node 801. MOSFET
      808 is connected between 809 and ground and has its gate connected to node
      811. MOSFET 814 is connected between V.sub.DD and note 811 and has its
      gate connected to node 793. MOSFET 816 is connected between node 811 and
      ground and has its gate connected to node 801. MOSFET 818 is connected
      between gate node 793 and ground and has its gate connected to R.sub.EN.
      MOSFET 820 is connected between node 811 and ground and has its gate
      connected to R.sub.EN.
PAR  *MOSFETS 772, 774, 776, and 778 are coupled in parallel between ground and
      node 799 having their gates connected respectively, to nodes 744, 751,
      753, and 755.
PAR  FIG. 14 is a diagram depicting the signals at the external connections of
      the MOS RAM system shown in FIGS. 1a- 1d. The waveforms in FIG. 14
      indicate a read-write cycle. A brief description of the operation of the
      4096 bit dynamic MOS RAM follows, referring to the timing diagram of FIG.
      14. the RAM uses three transistor storage cells in an inverting cell
      configuration. The single high-level clock, CLK, starts an internal three
      phase clock generator circuit which controls the read and write functions
      of the device. The .phi.1 signal, which is high when CLK is low (stand-by
      mode) preconditions the nodes in the dynamic RAM in preparation for a
      memory cycle. The .phi.2 signal, which comes on as CLK goes high is the
      read control signal and transfers data from memory cell storage onto bit
      sense lines. The .phi.3 signal, which comes after .phi.2 only during a
      write or refresh cycle, transfers data drom the bit sense lines back into
      storage. The .phi.3 signal occurs only when the R/W input is low.
PAR  To perform a read cycle, CLK is brought high to initiate a .phi.2 signal.
      The X decoders select one column in each of the four storage quadrants
      (FIGS. 1a-1d). The Y deconder selects one of the 128 bit sense lines for
      read and write operation. During the .phi.2 signal, the data on this
      selected bit sense line is Exclusive OR'ed with the state of the
      appropriate data control cell to supply the correct output data. After
      this data is received by the external system, CLK may be brought low to
      the stand-by position. This assumes that the R/W signal is being held high
      to prevent any internal .phi.3 pulse from being generated.
PAR  To perform a write or refresh operation, CLK is brought high and everything
      is identical to a read operation up to the point at which the 128 bit
      sense lines are charged by the selected storage cells in the selected
      columns. When R/W is brought low (if it is not already low) a .phi.3
      signal is generated after .phi.2 is over. The .phi.3 signal takes the data
      from the 128 bit sense lines and returns it to the 128 storage locations
      it came from. Because of the design of the memory array, this
      .phi.2-.phi.3-read-write operation inverts the data. Therefore, one extra
      row of memory cells, called data control cells, is used to keep track of
      the polarity of the stored data in each column of storage cells in order
      to correctly recover it. During the write operation, the input data is
      Exclusive OR'ed with the control cells before being stored in the array.
      The refresh cycle does not modify any of the bit sense lines, but simply
      returns the data, (now inverted) into storage. All timing signals for the
      MOS RAM are specified around these operations. The following is a brief
      description of the input signals, the output signals, and relevant timing
      requirements, referring to FIG. 14.
PAR  CLK is a single clock which initiates all memory cycles. CLK can remain
      either OK high or low as long as desired for specific operations as long
      as a minimum refresh requirement is met.
PAR  The CE signal controls only the input/output buffers. When CE is high, the
      input is disconnected and the output is in the tri-state or high impedance
      state. Therefore, a refresh cycle is essentially a write cycle with CE
      high.
PAR  R/W (read/write), when high, inhibits an internally generated .phi.3 signal
      for writing. When R/W is low, a .phi.3 pulse will occur soon after .phi.2
      goes low. If .phi.2 is already finished, as in a read-modify-wirte cycle,
      .phi.3 will start at once. For a write cycle, an overlap of CE, CLK, and
      R/W is required, an overlap of CLK and R/W is required for a refresh
      cycle.
PAR  Signals on the Data In line are ignored when either CE or R/W is high, or
      CLK is low. D.sub.IN (data in) must be held valid for sifficient time to
      override the data stored on the selected bit sense line. The preset line
      (PS) during normal use, is tied to ground. However, during device testing
      PS can be used to present the data control cell to a logical O. A two
      microsecond pulse will set all 32 cells simultaneously, and insure a good
      logic level in the data control cells after the first power up transition.
      In system use, a good logic level will come natrually after the first few
      refresh cycles, but use of the present input is very valuable in testing
      the devices.
PAR  The MOS 4096 bit RAM is refreshed by performing a refresh or a write cycle
      on each of the 32 combinations of the five least significant address bits
      A.sub.O - A.sub.4 within a 2 millisecond time period. This can be done in
      a burst mode or a distributed mode. A refresh abort can be accomplished by
      treating a refresh cycle as a read-modify-write cycle with CE high. This
      type of cycle can be aborted at any time until the R/W signal has been
      brought low to allow the .phi.3 clock to begin.
PAR  The operation of the internal clock generating circuitry is described with
      reference to the timing diagrams of FIGS. 14 and 15. The externally
      applied signal, CLK, is shown in both FIGS. 14 and 15. In one practical
      implementation of the MOS RAM in which V.sub.DD is 12 volts and V.sub.SS
      is ground or zero volts, CLK has a 12 volt logic swing. In order to
      describe the operation of the .phi.1 generator circuit in FIG. 2, the
      operation of the .phi.1.sub.F generator circuit in FIG. 2, the operation
      of the .phi.1.sub.F generator of FIG. 7 must also be described. Assume
      initially that CLK is high, that is, at approximately V.sub.DD volts.
      Then, referring to FIG. 7, .phi.1.sub.F, node 232, is approximately at
      ground because MOSFETs 234 and 246 are both on. Node 242 is also at
      ground, being held at ground by MOSFET 234, and consequently MOSFET 248 is
      off. MOSFETT 244 is an optional high impedance load device provided to
      given an added margin of safety. Since node 242 is at ground, bootstrap
      charging MOSFET 238 maintains at its source a voltage equal to V.sub.DD
      -V.sub.TH volts and causes bootstrap capacitor 240 to be charged to this
      voltage. Referring to FIG. 2, .phi.1, node 226, is approximately at ground
      because MOSFETs 200, 208, 210 and 202 are all on. MOSFET 220 maintains
      node 228 at V.sub.DD -V.sub.TH volts, holding MOSFETs 202 and 210 on.
      MOSFET 222 is off since .phi.1.sub.F is at ground. CLK also maintains
      MOSFET 224 in the on condition, so that node 219 is at ground. Then, the
      only DC path between V.sub.DD and ground is through MOSFETs 216 and 224,
      both of which may be relatively high impedance devices, so that very low
      power dissipation results for the generator 198 when CLK is high. MOSFET
      204 is an optional high impedance leakage device comparable to MOSFET 244
      in FIG. 7. MOSFETs such as 202, 200, etc., which are connected between an
      output node and ground, may be referred to as switch MOSFETs or pull-down
      MOSFETS. The portion of the circuit of FIG. 7 including switching MOSFET
      234, load MOSFET 236, bootstrap charging MOSFET 238, and bootstrap
      capacitor 240 is well known in the art and is described herein as a
      bootstrap inverter circuit. The output circuit portion thereof, including
      load MOSFET 248 and switch MOSFET 246 is referred to as a push-pull driver
      circuit and the combination of the push-pull driver circuit and the
      bootstrap inverter circuit is referred to herein as a bootstrap driver
      circuit. However, the term bootstrap driver circuit is frequently also
      used to designate other drive circuits which have an active load device
      having its gate coupled to a bootstrap capacitor.
PAR  As the leading edge 930 of CLK goes from V.sub.DD to ground, MOSFETs 202,
      208 and 224 in FIG. 2 are turned off, and node 219 is charged by MOSFET
      216 toward V.sub.DD. MOSFET 220 is also turned off, but charge
      capacitively stored on node 228 keeps MOSFET 210 in the on condition for a
      delay period generated by .phi.1.sub.F generator 230 so that bootstrap
      capacitor 214 is charged up. Referring to FIG. 7, MOSFETs 234 and 246 are
      turned off during transition 930 of CLK, and load MOSFET 236 pulls node
      242 to V.sub.DD and .phi.1.sub.F, node 232, undergoes transition 939 in
      FIG. 15 to approximately V.sub.DD -V.sub.TH edge of CLK and the leading
      edge of .phi.1.sub.F may be approximately 20 nanoseconds or so; however,
      the time to charge up bootstrap capacitor 214 may be only approximately 10
      or 15 nanoseconds, so that adequate charging of the bootstrap capacitor
      214 occurs efficiently. When .phi.1.sub.F goes positive, MOSFET 222 is
      turned on, node 228 is pulled to ground, MOSFET 210 is turned off, and
      MOSFET 212 pulls node 218 to V.sub.DD. Bootstrap capacitor 214 boosts the
      voltage at node 219 to a voltage which may be substantially more positive
      than V.sub.DD, providing a large magnitude drive voltage to MOSFET pull-up
      device 204, which generates a rapid rise time at node 226 for .phi.1,
      which undergoes transition 944, even when loaded by a substantial
      capacitance.
PAR  According to the invention, the greatly improved power dissipation of
      .phi.1 generator circuit 198 is achieved by combination of that circuit
      with the .phi.1.sub.F generator circuit 230, which generates the delay
      between CLK and .phi.1.sub.F which allows charging up bootstrap capacitor
      214. In one implementation of the invention, the delay between the
      trailing edge 930 of CLK and the leading edge 944 of .phi.1 is
      approximately 35 nanoseconds.
PAR  The level of .phi.1 during waveform section 945 in FIG. 15 is approximately
      V.sub.DD volts. During the positive transition 932 of CLK, CLK returns to
      V.sub.DD volts, turning on MOSFETs 202, 208, 224, 234, and 246 in FIGS. 2
      and 7, pulling nodes 226, 218, 219, 242, 232, respectively, to ground.
      This causes .phi.1.sub.F to undergo transition 941 and .phi.1 to undergo
      transition 946. Hence, MOSFETs 280, 290 and 294 are initially off. Node
      260 of decorder discharge circuit 252 is initially high so that MOSFETs
      278 and 296 or .phi.2 generator 276 are on. When CLK goes positive during
      transition 932, MOSFET 286 is turned on and node 285 is therefore pulled
      toward V.sub.DD and consequently bootstrap capacitor 284 is charged up. As
      described above, one of the address inputs A.sub.10 or A.sub.10 goes
      positive, discharging node 260 to indicate when the decoding process is
      complete and at that time MOSFETs 278 and 296 of .phi.2 generator 276 are
      turned off, and nodes 281 and 300 are free to rise. Node 281 is pulled
      toward V.sub.DD by MOSFET 282 and the voltage at node 285 is substantially
      boosted by bootstrap capacitor 284 which causes a large gate to source
      voltage to be applied to MOSFET 292 which in turn pulls .phi.2, node 300,
      toward V.sub.DD causing .phi.2 transition 962 in FIG. 15. Next, when the
      sensing of the selected storage cell of the RAM is complete, node 272 of
      the timing delay circuit 262 rises as the timing bit sense line 152 is
      discharged, turning on MOSFETs 280, 290, and 294 of .phi.2 generator 276,
      which pulls nodes 281, 285 and .phi.2, node 300, to ground causing .phi.2
      transition 964. .phi.2 stays at level 965, FIG. 15, until the next time
      the dummy decoder discarge circuit 252 is activated, discharging node 260
      to ground.
PAR  The subsequent discussion is made with reference to FIG. 5 and describes
      the operation of the circuitry which generates the internal .phi.3 clock
      signal. (It should be noted that the worst case storage cell sensing
      situation is simulated by providing the timing control discharge devices
      at the far end of the RE lines and by providing additional capacitive
      loading on the timing bit sense line 152.) As was mentioned earlier, a
      .phi.3 pulse is generated only during a write cycle. The circuitry
      required to generate the .phi.3 pulse is illustrated in FIG. 5. Referring
      to FIG. 5, the .phi.3 generator 308 requires input signals from the R/W
      generator 304 and the .phi.1.sub.FF generator 306.
PAR  Referring to FIG. 14, it is seen that during a read cycle R/W is at a
      logical 1 and during a write cycle R/W is at a logical O. Referring to R/W
      generator 304, it is seen that when CLK is high, the logic level at node
      316 is inverted at node 318 being designated R/W'. Thus, during a read
      cycle, R/W' is high, and MOSFETs 342 and 352 of .phi.3 generator 308 are
      one, so that .phi.3, node 353, is at ground, as is node 355.
PAR  Referring to .phi.1.sub.FF generator 306, it is seen that .phi.1.sub.FF is
      simply the inverse of CLK, a bootstrap inverter is utilized to give a fast
      rise time to .phi.1.sub.FF and a large magnitude logic swing equal to
      V.sub.DD volts. Thus, when CLK goes high, .phi.1.sub.FF goes to ground,
      and MOSFETs 344 and 346 of .phi.3 generator 308 are turned off. The signal
      .phi.1.sub.FF is designed to be faster than .phi.1, so that during
      transition 930 of CLK, .phi.1.sub.FF goes through a comparatively fast
      transition 934 which turns MOSFETs 344 and 346 on rapidly and discharges
      node 355 and .phi.3, node 353, to ground rapidly before the occurrence of
      leading edge 944 of .phi.1, eliminating the possibility of any overlap
      between the trailing edge of .phi.3 and the leading edge of .phi.1. The
      leading edge of .phi.3 is controlled by the timing control device circuit
      262 of FIG. 4, and is connected to node 274 designated TCD, which is
      discharged to ground by the signal on node 272 when sensing of the worst
      case storage cell is complete. The discharge of node 274 is somewhat
      delayed from the charging up of node 272 so that the trailing edge 964 of
      .phi.2 has reached level 965 (FIG. 15) before the leading edge 984 of
      .phi.3 is initiated. When the signal on node 274 is discharged to ground,
      MOSFETs 340 and 350 of .phi.3 generator 308 in FIG. 5 are turned off.
      Bootstrap capacitor 336 was charged up during CLK transition 932, so that
      as MOSFET 330 pulled node 355 toward V.sub.DD, bootstrap node 333 is
      boosted to a voltage which may be substantially higher than V.sub.DD, and
      MOSFET 334 is turned on hard providing a fast rise time for .phi.3, node
      353, causing transition 984, FIG. 15. As previously mentioned, the
      .phi.1.sub.FF transition 934 causes .phi.3 to go to ground; this is
      indicated if FIG. 15 by transition 962 of .phi.3.
PAR  Referring to FIG. 9, the operation of the circuitry which cooperates to
      generate .phi.2 is next described. The leading edge 957 of .phi.2 is
      controlled by the dummy decoder discharge circuit 252 in FIG. 4. Dummy
      decoder discharge circuit 252 is merely a clocked two-input NOR gate, the
      operation of which is well known. However, the configuration of waveform
      A, at node 260, is dependent on the waveforms at A.sub.10  and A.sub.10
      which may be connected to the outputs of the A.sub.10 address buffer,
      which is similar to or identical to the address buffer shown in FIG. 3.
      The operation of the address buffer of FIG. 3 is similar to the operation
      of that described in the Hoffman et al patent previously mentioned herein.
PAR  Referring to FIG. 3, the operation of the address buffer is described to
      illustrate the derivation of the signals D1 and D2 applied to the dates of
      the dummy decoder discharge circuit 252. Initially, when .phi.1 is high,
      MOSFETs 396 and 406 are turned on, so that A, node 422, and A, node 424,
      stay at ground until CLK undergoes transition 932. Referring to FIG. 14,
      it is seen that the address inputs A.sub.O - A.sub.11 undergo a transition
      854 prior to the positive edge of CLK, which in FIG. 14 is designated by
      numeral 868, which corresponds to transition 932 in FIG. 15. During
      .phi.1, MOSFETs 410 and 416 are on, so that nodes 426 and 428 are high.
      Since CLK is low, MOSFETs 412 and 418 are off. Depending on the level of
      the address input, which may be A.sub.10, MOSFET 414 may be either on or
      off. When CLK goes high, transition 932, .phi.1 goes low during transition
      946, as previously described. Nodes 426 and 428 are substantially boosted
      by bootstrap capacitors 400 and 402; due to charge sharing between the
      bootstrap capacitors 400 and 402; due to charge sharing between the
      bootstrap capacitors 400 and 402 and the capacitances associated with
      nodes 432 and 434, and also due to the fact that MOSFETs 412 and 418 are
      now on, since CLK is high at level 933, nodes 432 and 434 are charged
      toward V.sub.DD. If the address input applied to the gate of MOSFET 414 is
      high, MOSFET 414 is on, and nodes 432 and 428 are discharged toward ground
      and consequently MOSFET 420 is turned off. Nodes 434 and 426, on the other
      hand, stay high, and node 422, output A, is charged toweard V.sub.DD
      through MOSFET 432 as indicated in FIG. 15 by 954 in the A.sub.10 or
      A.sub.10 waveform of FIG. 15. MOSFET 404 is off, so that A, node 424,
      stays at ground.
PAR  Conversely, if the address input applied to the gate of MOSFET 414 is low,
      MOSFET 414 is off, so that node 432 stays high during CLK due to the above
      described charge-sharing process so that MOSFET 420 is turned on and
      discharges nodes 434 and 426. MOSFET 394 is therefore turned off while
      MOSFET 404 remains on, so that A, node 424, is charged to V.sub.DD through
      MOSFET 392 and node 422, A, stays at ground.
PAR  Referring back to FIG. 4, output 260 of dummy decoder discharge circuit 252
      is pulled to ground in response to transition 954 of either A.sub.10 or
      A.sub.10 (FIG. 15). The signal at node 260 controls the leading edge of
      .phi.2, which is produced at node 300 of .phi.2 generator 276. It should
      be noted that initailly .phi.2, node 300, is held at ground by MOSFET 298
      when .phi.1 is high. Next, it is necessary to consider the operation of
      the timing control delay circuit 262 to determine the initial voltage on
      node 272, which is connected to MOSFETs 280, 290, and 294 of .phi.2
      generator 276. Timing control delay circuit 262 has the gate of MOSFET 266
      connected to timing bit sense line 152. Timing bit sense line 152 is
      connected to timing control device 146 of FIG. 1a. The geometries of
      MOSFETs 148 and 150 and the value of reference voltage V.sub.REF are
      designed so that timing bit sense line 152 is discharged in a time
      approximately equal to or related to the discharge time for the worst case
      storage cell in the entire RAM and is therefore a reliable indicator of
      when the sensing process is complete for the selected storage cell, so
      that .phi.2 is no longer needed. This signal is used by timing control
      delay circuit 262 and .phi.2 generator 276 to initiate the trailing edge
      964 of .phi.2. Returning now to timing control delay circuit 262, it is
      clear that node 272 is initially near ground during .phi.1 until timing
      bit sense line 152 is discharged to ground.
PAR  The remaining clock signal to be described is .phi.1', which is generated
      by the .phi.1' generator 360 in FIG. 6. As mentioned previously, the
      .phi.1' signal is utilized in conjunction with address buffer 11 shown in
      FIG. 8 to select either the right or the left-hand half of the memory of
      FIGS. 1a - 1d. This selection requires a signal delayed sufficiently to
      allow complete selection of the proper rows and colums in the respective
      half arrays. Referring to FIG. 6, it is seen that a signal on node 376 is
      precharged during .phi.1 by MOSFET 368. After CLK undergoes transition
      932, FIG. 15, one of the lines A.sub.3 or A.sub.3, which are initially set
      to ground during .phi.1, as explained previously with reference to FIG. 3,
      will go high, discharging node 376 to ground. Some delay will occur
      between CLK transition 932 and the discharge of 376 to ground during which
      bootstrap capacitor 374 will be charged through MOSFET 370. When node 376
      is discharged, MOSFET 372, producing transition 989 of FIG. 15. The
      various node capacitances and MOSFET geometries are designed to produce
      the desired delay between CLK and .phi.1' in order to allow column and row
      decoding in the memory array to be completed prior to selection of the
      left-hand or right-hand side thereof. By the time that nodes 422 and 424
      of FIG. 8 have achieved their predetermined voltage values, one being high
      and the other being low. For example, node 422, A.sub.11 ', may be high
      (i.e., at a high voltage) and A.sub.11 ', node 424, may be at ground.
      Then, by virtue of MOSFETS 452 and 462, respectively, node 453 is high and
      node 463 goes low and therefore MOSFET 456 is turned on the MOSFET 468 is
      turned off. It should be noted that A.sub.11, node 64, and A.sub.11, node
      66, were present to ground during .phi.1 by MOSFETs 460 and 472,
      respectively, causing transition 987 in FIG. 15. Bootstrap capacitor 454
      is charged up when node 422 goes positive. Then, when .phi.1' goes
      positive, transition 989, A.sub.11, node 64, rises selecting the desired
      half-array of the RAM. A.sub.11, node 66, stays at ground since MOSFET 468
      is off and also since MOSFET 470 is on by virtue of node 422 being high.
      Additional gate-to-source drive voltage is provided to MOSFET 456 by
      bootstrap capacitor 454 to provide a fast rise time to A.sub.11, node 64.
      If address buffer 11, reference numeral 450 of FIG. 8, had been in the
      opposite state, then A.sub.11 would have remained at ground and A.sub.11
      would have been driven to a high level, and the circuit operation would
      have been reversed between the left and the right-hand sides of address
      buffer 11.
PAR  The operation of bit sense line speed-up circuit 630 in FIG. 11 is
      described in conjunction with the operation of speed-up turn-off circuit
      601 in FIG. 10, the operation of which is described in conjunction with
      the description of the operation of Write/Enable buffer 674 in FIG. 12.
      The purpose of the speed-up circuit 630 is to decrease the access time of
      RAM by detecting when the selected storage cell in the memory array has
      begun to discharge the bit sense line, such as bit sense line 34 in FIG.
      1a, and the quadrant bit sense line coupled thereto, such as BSIV, node
      70, and to speed up the remainder of the discharging process.
PAR  Once the potential of one of the quadrant bit lines BSI, BSII, BSIII, BSIV,
      nodes 78, 72, 74 and 70, respectively, is sufficiently discharged to
      insure that the noise margin limits are exceeded, a speed-up circuit 630,
      one for each quadrant bit sense line, cuts in and rapidly completes the
      discharge of the particular quadrant bit sense line connected thereto to
      ground, greatly reducing the access time of the RAM. The great decrease in
      access time is due to the fact that the horizontal array bit sense lines,
      such as 34, 38, 42, or 46, FIGS. 1a - 1d, and the particular quadrant bit
      sense lines coupled thereto under certain conditions have a large amount
      of capacitance and the driving capability of a selected storage cell is
      realtively low due to its small size. Speed-up circuit 630, FIG. 11, is
      essentially a modified cross-coupled latch circuit.
PAR  Referring to FIG. 1a, assume initailly, for purposes of description of the
      operation, that bit sense line 34 and quadrant bit sense line BSIV, node
      70, are precharged to V.sub.DD -V.sub.TH during .phi.1 (by MOSFET 646 of
      FIG. 11). Also assume that during the early part of .phi.2, the selected
      memory cell 24, FIG. 1a, has discharged both horizontal array bit sense
      line 34 and quadrant bit sense line BSIV, node 70, by several volts.
      Coupling MOSFET 62, FIG. 1a, will then be on since it is selected by Y
      decorder/driver 50. Referring to FIG. 11, it is noted that BSIV, node 70,
      is connected to speed-up circuit 630. (It should be noted that herein
      V.sub.TH  is the threshold voltage of the particular MOSFET under
      discussion). Referring to FIG. 10, it is seen that speedup turn-off
      circuit 601 has node 611 thereof set to ground potential during .phi.1, so
      that MOSFET 618 is off and MOSFET 616 therefore keeps node 612 at V.sub.DD
      -V.sub.TH, which in turn keeps MOSFET 640, FIG. 11, in the on condition,
      so that node 638 is at ground, and MOSFET 644 is off. Since W, node 508 of
      Write Enable buffer 674, FIG. 12, was set to ground during .phi.1 by
      MOSFET 686, MOSFET 612 of FIG. 10 is off. Therefore, node 611 is charged
      to V.sub.DD -V.sub.TH by MOSFET 610 when CLK undergoes transition 932,
      FIG. 15. This turns MOSFET 618 on, which pulls node 612 to ground, which
      in turn turns off MOSFET 640, FIG. 11. Meanwhile, during CLK transition
      932, MOSFET 632 turned on and charged up node 634, which charged up
      bootstrap capacitor 633 and also turned on MOSFET 636. As MOSFET 640 is
      turned off, the only thing then holding node 639 near ground is MOSFET
      642, the gate of which is connected to BSIV, and which is designed so that
      when BSIV, node 70, is at a desired threshold voltage below the noise
      margin limit which insures that the state of the selected storage cell is
      being sensed, node 639 begins to rise sufficiently to start turning MOSFET
      642 on, and speed-up circuit 630, which as mentioned previously is
      essentially a latch, regeneratively switches states, and BSIV, node 70, is
      rapidly discharged the rest of the way to ground and the internal sensing
      of the stored state in the selected storage cell is complete. If the state
      of the selected storage cell is such that BSIV remains at V.sub.DD
      -V.sub.TH the speed-up circuit 630 does not regeneratively switch states
      in the manner described above.
PAR  According to the invention, signal 612 is provided in FIG. 10 so that
      MOSFET 640 of speed-up of circuit 630, FIG. 11, will be in an on condition
      during a write cycle; then MOSFET 644 will be off and the data input
      circuit 500, FIG. 9, will not have to overpower MOSFET 644 of each of the
      four speed-up circuits in the RAM in order to write a high level onto any
      one of the quadrant bit sense lines. Therefore, speed-up circuit 630 in
      FIG. 10, in conjunction with the speed-up turn-off circuit 601 in FIG. 12
      and Write Enable buffer 674 in FIG. 12 accomplish the task of greatly
      speeding up sensing, yet permitting a fast, low power write cycle as well
      as a read-modify-write cycle.
PAR  Referring to FIG. 9, data input buffer 500 provides the necessary Exclusive
      OR type function on the data input signal applied to the RAM and the date
      control signal generated by the data control register of an inverting cell
      type RAM. The data control signal DC on node 162 is inverted by data
      control inverter 603 in FIG. 10, which produces DC at node 622 during CLK.
      During .phi.1 DC is precharged to V.sub.DD -V.sub.TH so that MOSFET 624 is
      on and DC, node 622, is near ground. Referring to Write Enable buffer 674,
      FIG. 12, it is seen that when CE is at ground, node 679 will be high
      during CLK and during .phi.3 W, node 508, will also be high and the RAM
      chip will be "enabled" or "selected." Conversely, if CE, node 670, is
      high, W will reamin at ground during .phi.3.
PAR  Referring to FIG. 9, the following discussion explains how data input
      buffer 500 performs an Exclusive OR type of function. The inverter
      including MOSFETs 509, 502 and 504 produces the signal D.sub.IN at node
      510 during .phi.3 if the RAM is selected, and it dissipates very little DC
      power since .phi.1 and W are never high at the same time and also because
      .phi.3 normally has a relatively narrow pulse width. The circuit including
      MOSFETs 520, 518, 512 and 514 is a dynamic two-input NOR gate, so that the
      signal DIN + DC appears at node 516. MOSFET 518 prevents node 516, which
      is precharged during .phi.1, from being discharged before .phi.3, since DC
      is precharged prior to .phi.3 by CLK. The circuit including MOSFETS 524,
      530, 543, and 527 is a combinational logic gate which produces the signal
      DC + D.sub.IN + DC .sup.. D.sub.IN at node 543, which is the Exclusive NOR
      of D.sub.IN and DC. This signal is inverted by the inverter including
      MOSFETS 534, 536 and 538 so that the Exclusive OR of D.sub.IN and DC is
      produced at node 540 during .phi.3 of a write cycle if the RAM chip is
      selected. The output buffers provide isolation of the four quadrant bit
      sense lines BSI, BSII, BSIII, BSIV and also provides a sufficient amount
      of output current drive to rapidly charge up the respective capacitances
      associated with the four quadrant bit sense lines.
PAR  Referring to FIG. 13, the output buffer circuit 750 in section 730 performs
      an Exclusive OR type function on the four quadrant complement bit sense
      lines BSI, BSII, BSIII, and BSIV (nodes 639, 752, 754 and 756,
      respectively) and DC in essentially the same manner that data input buffer
      500, FIG. 9, operates on D.sub.IN and DC. W generator 732, FIG. 13,
      produces W at node 746, which is coupled to the gates of MOSFETs 748, 750,
      752 and 754 which isolate the four quadrant complement bit sense lines
      from the remaining portions of output buffer 750 during a write cycle. W
      generator circuit 732 has as an input the signal W applied at node 684 and
      is generated by the Write Enable buffer 674, FIG. 12. W is equal to the
      logical product of CE and .phi.3 and is equal to a logical 1 during a read
      cycle and a logical 0 during a write cycle. Therefore, during a write
      cycle, MOSFETs 736 and 744 are on and W, node 746, is at ground. During a
      read cycle, W is near ground, so MOSFETs 736 and 744 off prior to the edge
      932 of CLK. Thus, node 740 is charged to V.sub.DD -V.sub.TH prior to
      transition 932, FIG. 15, of CLK. Bootstrap capacitor 738 substantially
      boosts the voltage on node 740 during transition 932 of CLK, providing a
      substantial amount of overdrive voltage to pull-up MOSFET 742, which
      charges node 746 to V.sub.DD volts.
PAR  As previously mentioned, there are a plurality of small parallelograms
      drawn across various connections in FIGS. 12 and 13, such as
      parallelograms 712 in FIG. 12 and 810 in FIG. 13. There are also a
      plurality of closely spaced pairs of parallel lines such as spaced pair
      716 in FIG. 12, in FIGS. 12 and 13 drawn across various connections. These
      parallelograms and pairs of spaced parallel lines are drawn to indicate
      the connections which may be provided or omitted by means of different
      metal masking options on a MOS RAM chip to provide the Exclusive OR
      function on the chip or to provide output signals from the chip which may
      be processed by external Exclusive OR circuitry, such as bipolar Exclusive
      OR circuits, to produce the desired data output signal representative of
      the stored state of the selected storage cell on the MOS RAM. The
      parallelograms present conenctions which are solid for the option which
      provides on-chip Exclusive OR type output circuitry and broken connections
      for external Exclusive OR type circuitry. Similarly, the pairs of spaced
      parallel lines indicate broken connections for the option which provides
      on-chip Exclusive OR type output circuitry and solid connections for the
      option which provides external Exclusive OR type output circuitry.
PAR  The operation of the option shown in FIGS. 12 and 13 which provides on-chip
      (on the MOS RAM chip, that is) Exclusive OR type output circuitry can be
      understood by recognizing that during a read cycle, MOSFETs 748, 750, 752
      and 754 are on, so that the voltages on the quadrant complement bit sense
      lines BSI, BSII, BSIII, BSIV are coupled to the gates of MOSFETs 780, 782,
      786, and 788, which act as the input MOSFETs of a clocked NOR gate
      including them and load MOSFET 744. Thus, a logical signal which appears
      at node 781, the output of the above-mentioned NOR gate, is represented by
      the Boolean expression BSI + BSII + BSIII + BSIV + DC. It will be noted
      that the circuit including load MOSFET 796, and swtiching MOSFETS 792, 798
      and 772, 774, 776 and 778 is a combinational logic gate which produces at
      its output, node 744, the signal represented by the logical expression:
      BSI + BSII + BSIII + BSIV + DC + (BSI + BSII + BSIII + BSIV .sup.. DC This
      latter expression will be recognized as the Exclusive NOR of DC and the
      four quadrant complement bit sense line signals.
PAR  The bootstrap load circuitry in output buffer 750 including MOSFETs 794 and
      796 and bootstrap capacitor 795 is described. It should be noted that this
      type of bootstrap circuit is also used in FIGS. 6 and 11. The operation is
      essentially as follows. Referring to FIG. 13, the output node 744 is held
      at ground prior to rising edge 732 of CLK, FIG. 15. In output buffer
      circuit 750, MOSFET 792 is turned on during .phi.1 to accomplish this
      purpose. During CLK transition 932, MOSFET 794 charges up bootstrap node
      797 to V.sub.DD -V.sub.TH volts, thereby charging bootstrap capacitor 795.
      When MOSFET 792 is turned off, output node 744 starts to rise and
      bootstrap capacitor 795 boosts the voltage of 797 to maintain a relatively
      constant gate to source voltage across MOSFET 796. Node 744 therefore rise
      rapidly to V.sub.DD volts. The circuit thus provides a clocked bootstrap
      load device which dissipates virtually no DC power when CLK is low.
PAR  Referring to FIG. 12, it is seen that for the option in which the Exclusive
      OR function of output buffer 750 is utilized on the MOS RAM chip, MOSFETs
      706, 708 and 710 are disconnected for a Read Enable buffer 690. Also chip
      enable buffer 672 is disconnected from V.sub.DD and V.sub.SS. In FIG. 13,
      MOSFETs 764, 766, 768, 770 and 759 are disconnected from circuit
      operation. However, when the Exclusive OR type output circuitry is
      provided external to the MOS RAM chip, the above-mentioned MOSFETs are
      operatively connected rather than disconnected, and instead MOSFETs 700
      and 704 in Read Enable buffer 690, FIG. 12, are disconnected as are the
      above-mentioned NOR gate and combinational logic gate of output buffer 750
      is also disconnected for the external Exclusive OR function. Operation of
      the connected output circuitry for this option is as follows. Referring to
      FIG. 12, during a write cycle DC is isolated from C.sub.01 (which is
      provided as an output of the MOS RAM) by MOSFET 710, which has its gate
      connected to W, node 746, and is therefore in the off condition. During a
      read cycle, MOSFET 710 is on, and a signal representative of the voltage
      on DC is produced at node C.sub.01. Referring to output buffer 750, during
      a read cycle, if one of the four quadrant complement bit sense lines BSI,
      BSII, BSIII or BSIV is high, a corresponding one of MOSFETs 764, 766, 768
      or 770 will be turned on and an output current will flow through that
      MOSFET and MOSFET 759 and out of node C.sub.02, which is an external
      connection to the MOS RAM.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A MOS RAM including a bit sense line speed-up of circuit, said bit sense
      line speed-up circuit including a first inverter circuit and a second
      inverter circuit, each of said inverter circuits having an output coupled,
      respectively, to an input of the other of said inverter circuits, said MOS
      RAM comprising MOS circuit means coupled to said bit sense line speed-up
      circuit for disabling an output MOSFET of said bit sense line speed-up
      circuit in response to a signal applied to said MOS RAM during a write
      cycle.
NUM  2.
PAR  2. A MOS RAM including a bit sense line coupled to an array of memory cells
      comprising:
PA1  a speed-up circuit including an output node coupled to said bit sense line,
      said speed-up circuit including a first inverter circuit and a second
      inverter circuit, each of said inverter circuits having an output coupled,
      respectively, to an input of the other of said inverter circuits;
PA1  a MOSFET in one of said inverter circuit coupled between voltage conductor
      means and said output node; and
PA1  Mosfet circuit means coupled between a gate of said MOSFET and said voltage
      conductor means for turning off said MOSFET in response to a signal
      applied to said MOSFET circuit means, said signal being derived in
      response to a signal applied to said MOS RAM to cause said MOS RAM to
      undergo a write cycle.
NUM  3.
PAR  3. The MOS RAM as recited in claim 2 wherein said MOSFET circuit means
      includes a MOSFET having its source coupled to said voltage conductor and
      its drain connected to a gate of said MOSFET and its gate coupled to a
      turnoff circuit responsive to said signal applied to said MOSFET circuit
      means.
NUM  4.
PAR  4. The MOS RAM as recited in claim 3 wherein said speed-up circuit includes
      first, second, third and fourth MOSFETs each having a source, a gate and a
      drain, said first MOSFET being coupled between second voltage conductor
      means and a second output node, said fourth MOSFET is coupled between said
      second output node and said voltage conductor and has its gate connected
      to said output node, said third MOSFET is coupled between said output node
      and said voltage conductor and has its gate connected to said second
      output node, and said fourth MOSFET is coupled bewteen said second output
      node and said voltage conductor and has its gate connected to said output
      node.
NUM  5.
PAR  5. The MOS RAM as recited in claim 4 further including a bootstrap MOSFET
      and a bootstrap capacitor, said bootstrap MOSFET being coupled between a
      clock signal conductor and said gate of said first MOSFET having its gate
      coupled to said second voltage conductor, said bootstrap capacitor being
      coupled between said gate and source of said first MOSFET.
NUM  6.
PAR  6. The MOS RAM as recited in claim 3 wherein said turnoff circuit includes
      first, second, third, fourth and fifth MOSFETs each having a gate, a
      source and a drain, said first MOSFET being coupled between said second
      voltage conductor and said gate of said MOSFET having its gate connected
      to said second voltage conductor, said second MOSFET being coupled between
      said gate of said MOSFET and said voltage conductor, said third MOSFET
      being coupled between said second voltage conductor and said gate of said
      second MOSFET having its gate coupled to said clock conductor, said fourth
      MOSFET being coupled between said gate of said second MOSFET and said
      voltage conductor, and said fifth MOSFET being coupled between said gate
      of said second MOSFET and said voltage conductor.
NUM  7.
PAR  7. The MOS RAM as recited in claim 6 wherein said turnoff circuit futher
      includes sixth, seventh, eighth and ninth MOSFETS each having a gate, a
      source and a drain and further includes a second bootstrap capacitor, said
      sixth MOSFET having its gate coupled to a second clock signal and being
      coupled between the gate of said fourth MOSFET and said voltage conductor,
      said seventh MOSFET being coupled between a third clock conductor and said
      gate of said fourth MOSFET, said second bootstrap capacitor being coupled
      between said gate and source of said seventh MOSFET, said eighth MOSFET
      being coupled between said second voltage conductor and said gate of said
      seventh MOSFET and having its gate coupled to said clock conductor, said
      ninth MOSFET having its gate coupled to an enable input of said MOS RAM
      and being coupled between said gate of said seventh MOSFET and said
      voltage conductor.
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ABST
PAL  There is disclosed a gas discharge display/memory device wherein the
      discharge is selectively controlled for various advantages, particularly
      increased light output and panel brightness. The device is characterized
      by an ionizable gaseous medium in a thin gas chamber between a pair of
      opposed dielectric charge storage members, each dielectric member being
      backed by an array of electrodes with each array being appropriately
      oriented relative to the other array so as to form a multiplicity of gas
      discharge cells. Both opposing dielectric charge storage surfaces of each
      cell are coated with a first layer of low electron yield material and a
      second layer of high electron yield material-- in the geometric form of
      dots, lines, etc.-- the second layer being appropriately positioned such
      that it is surrounded by the first layer of low electron yield material
      and such that two opposing surfaces of high electron yield material at or
      near a discharge cell site cause the cell discharge to occur at the pair
      of opposing surfaces of high electron yield material. The relative
      position of the high electron yield material surfaces can be utilized to
      maximize the visible light output from the panel. The Townsend's (gamma)
      second coefficient of the high electron yield material is at least 1.5
      times the Townsend's second coefficient of the low electron yield
      material.
PARN
PAC  RELATED APPLICATION
PAR  This is a continuation-in-part of copending U.S. pattent application Ser.
      No. 267,102, now Pat. No. 3,823,394 filed June 28, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to gas discharge devices, especially multiple gas
      discharge display/memory devices which have an electrical memory and which
      are capable of producing a visual display or representation of data such
      as numerals, letters, radar displays, aircraft displays, binary works,
      educational displays, etc.
PAR  Multiple gas discharge display and/or memory panels of one particular type
      with which the present invention is concerned are characterized by an
      ionizable gaseous medium, usually a mixture of at least two gases at an
      appropriate gas pressure, in a thin gas chamber or space between a pair of
      opposed dielectric charge storage members which are backed by conductor
      (electrode) members, the conductor members backing each dielectric member
      typically being appropriately oriented so as to define a plurality of
      discrete gas discharge units or cells.
PAR  In some prior art panels the discharge cells are additionally defined by
      surrounding or confining physical structure such as apertures in
      perforated glass plates and the like so as to by physically isolated
      relative to other cells. In either case, with or without the confining
      physical structure, charges (electrons, ions) produced upon ionization of
      the elemental gas volume of a selected discharge cell, when proper
      alternating operating potentials are applied to selected conductors
      thereof, are collected upon the surfaces of the dielectric at specifically
      defined locations and constitute an electrical field opposing the
      electrical field which created them so as to terminate the discharge for
      the remainder of the half cycle and aid in the initiation of a discharge
      on a succeeding opposite half cycle of applied voltage, such charges as
      are stored constituting an electrical memory.
PAR  Thus, the dielectric layers prevent the passage of substantial conductive
      current from the conductor members to the gaseous medium and also serve as
      collecting surfaces for ionized gaseous medium charges (electrons, ions)
      during the alternate half cycles of the A.C. operating potentials, such
      charges collecting first on one elemental or discrete dielectric surface
      area on alternate half cycles to constitute an electrical memory.
PAR  An example of a panel structure containing non-physically-isolated or open
      discharge cells is disclosed in U.S. Pat. No. 3,499,167 issued to Theodore
      C. Baker, et al.
PAR  An example of a panel containing physically isolated cells is disclosed in
      the article by D. L. Bitzer and H. G. Slottow entitled "The Plasma Display
      Panel -- A Digitally Addressable Display With Inherent Memory", Proceeding
      of the Fall Joint Computer Conference, IEEE, San Francisco, California,
      Nov. 1966, pp. 541-547. Also reference is made to U.S. Pat. No. 3,559,190.
PAR  In the construction of the panel, a continuous volume of ionizable gas is
      confined between a pair of dielectric surfaces backed by conductor arrays
      typically forming matrix elements. The cross conductor arrays may be
      orthogonally related (but any other configuration of conductor arrays may
      be used) to define a plurality of opposed pairs of charge storage areas on
      the surfaces of the dielectric bounding or confining the gas. Thus, for a
      conductor matrix having H rows and C columns the number of elemental or
      discrete areas will be twice the number of such elemental discharge cells.
PAR  In addition, the panel may comprise a so-called monolithic structure in
      which the conductor arrays are created on a single substrate and wherein
      two or more arrays are separated from each other and from the gaseous
      medium by at least one insulating member. In such a device the gas
      discharge takes place not between two opposing electrodes, but between two
      contiguous or adjacent electrodes on the same substrate; the gas being
      confined between the substrate and an outer retaining wall.
PAR  It is also feasible to have a gas discharge device wherein some of the
      conductive or electrode members are in direct contact with the gaseous
      medium and the remaining electrode members are appropriately insulated
      form such gas, i.e., at least one insulated electrode.
PAR  In addition to the matrix configuration, the conductor arrays may be shaped
      otherwise. Accordingly, while the preferred conductor arrangement is of
      the crossed grid type as discussed herein, it is likewise apparent that
      where a maximal variety of two dimensional display patterns is not
      necessary, as where specific standardized visual shapes (e.g., numerals,
      letters, words, etc.) are to be formed and image resolution is not
      critical, the conductors may be shaped accordingly, i.e., a segmented
      display.
PAR  The gas is one which produces visible light or invisible radiation which
      stimulates a phosphor (if visual display is an objective) and a copious
      supply of charges (ions and electrons) during discharge.
PAR  In prior art, a wide variety of gases and gas mixtures have been utilized
      as the gaseous medium in a gas discharge device. Typical of such gases
      include CO; CO.sub.2 ; halogens; nitrogen; NH.sub.3 ; oxygen; water vapor;
      hydrogen; hydrocarbons; P.sub.2 O.sub.5 ; boron fluoride, acid fumes;
      TiCl.sub.4 ; Group VIII gases; air; H.sub.2 O.sub.2 ; vapors of sodium,
      mercury, thallium, cadmium, rubidium, and cesium; carbon disulfide,
      laughing gas; H.sub.2 S; deoxygenated air; phosphorus vapors; C.sub.2
      H.sub.2 ; CH.sub.4 ; naphthalene vapor; anthracene; freon; ethyl alcohol;
      methylene bromide; heavy hydrogen; electron attaching gases; sulfur
      hexafluoride, tritium; radioactive gases; and the rare or inert gases.
PAR  In one preferred embodiment hereof the medium comprises at least one rare
      gas, more preferably at least two, selected from helium, neon, argon,
      krypton, or xenon.
PAR  In an open cell Baker, et al. type panel, the gas pressure and the electric
      field are sufficient to laterally confine charges generated on discharge
      within elemental or discrete dielectric areas within the perimeter of such
      areas, especially in a panel containing non-isolated discharge cells. As
      described in the Baker, et al. patent, the space between the dielectric
      surfaces occupied by the gas is such as to permit photons generated on
      discharge in a selected discrete or elemental volume of gas to pass freely
      through the gas space and strike surface areas of dielectric remote from
      the selected discrete volumes, such remote, photon struck dielectric
      surface areas thereby emitting electrons so as to condition at least one
      elemental volume other than the elemental volume in which the photons
      originated.
PAR  With respect to the memory function of a given discharge panel, the
      allowable distance or spacing between the dielectric surfaces depends,
      inter alia, on the frequency of the alternating current supply, the
      distance typically being greater for lower frequencies.
PAR  While the prior art does disclose gaseous discharge devices having
      externally positioned electrodes for initiating a gaseous discharge,
      sometimes called "electrodeless discharge", such prior art devices
      utilized frequencies and spacing or discharge volumes and operating
      pressures such that although discharges are initiated in the gaseous
      medium, such discharges are ineffective or not utilized for charge
      generation and storage at higher frequencies; although charge storage may
      be realized at lower frequencies, such charge storage has not been
      utilized in a display/memory device in the manner of the Bitzer-Slottow or
      Baker, et al. invention.
PAR  The term "memory margin" is defined herein as
      ##EQU1##
      where V.sub.f is the half amplitude of the smallest sustaining voltage
      signal which results in a discharge every half cycle, but at which the
      cell is not bi-stable and V.sub.E is the half amplitude of the minimum
      applied voltage sufficient to sustain discharges once initiated.
PAR  It will be understood that the basic electrical phenomenon utilized in this
      invention is the generation of charges (ions and electrons) alternately
      storable at pairs of opposed or facing discrete points or areas on a pair
      of dielectric surfaces backed by conductors connected to a source of
      operating potential. Such stored charges result in an electrical field
      opposing the field produced by the applied potential that created them and
      hence operate to terminate ionization in the elemental gas volume between
      opposed or facing discrete points or areas of dielectric surface. The term
      "sustain a discharge" means producing a sequence of momentary discharges,
      at least one discharge for each half cycle of applied alternating
      sustaining voltage, once the elemental gas volume has been fired, to
      maintain alternate storing of charges at pairs of opposed discrete areas
      on the dielectric surfaces.
PAR  As used herein, a cell is in the "on state" when a quantity of charge is
      stored in the cell such that on each half cycle of the sustaining voltage,
      a gaseous discharge is produced.
PAR  In addition to the sustaining voltage, other voltages may be utilized to
      operate the panel, such as firing, addressing, and writing voltages.
PAR  A "firing voltage" is any voltage, regardless of source, required to
      discharge a cell. Such voltage may be completely external in origin or may
      be comprised of internal cell wall voltage in combination with externally
      originated voltages.
PAR  An "addressing voltage" is a voltage produced on the panel X -- Y electrode
      coordinates such that at the selected cell or cells, the total voltage
      applied across the cell is equal to or greater than the firing voltage
      whereby the cell is discharged.
PAR  A "writing voltage" is an addressing voltage of sufficient magnitude to
      make it probable that on subsequent sustaining voltage half cycles, the
      cell will be in the on state.
PAR  In the operation of a multiple gaseous discharge device, of the type
      described hereinbefore, it is necessary to condition the discrete
      elemental gas volume of each discharge cell by supplying at least one free
      electron thereto such that a gaseous discharge can be initiated when the
      cell is addressed with an appropriate voltage signal.
PAR  The prior art has disclosed and practiced various means for conditioning
      gaseous discharge cells.
PAR  One such means of panel conditioning comprises a so-called electronic
      process whereby an electronic conditioning signal or pulse is periodically
      applied to all of the panel discharge cells, as disclosed for example in
      British patent specification No. 1,161,832, page 8, lines 56 to 76.
      Reference is also made to U.S. Pat. No. 3,559,190 and "The Device
      Characteristics of the Plasma Display Element" by Johnson, et al., IEEE
      Transactions On Electron Devices, Sept. 1971. However, electronic
      conditioning is self-conditioning and is only effective after a discharge
      cell has been previously conditioned; that is, electronic conditioning
      involves periodically discharging a cell and is therefore a way of
      maintaining the presence of free electrons. Accordingly, one cannot wait
      too long between the periodically applied conditioning pulses since there
      must be at least one free electron present in order to discharge and
      condition a cell.
PAR  Another conditioning method comprises the use of external radiation, such
      as flooding part or all of the gaseous medium of the panel with
      ultraviolet radiation. This external conditioning method has the obvious
      disadvantage that it is not always convenient or possible to provide
      external radiation to a panel, especially if the panel is in a remote
      position. Likewise, an external UV source requires auxiliary equipment.
      Accordingly, the use of internal conditioning is generally preferred.
PAR  One internal conditioning means comprises using internal radiation, such as
      by the inclusion of a radioactive material.
PAR  Another means of internal conditioning, which we call photon conditioning,
      comprises using one or more so-called pilot discharge cells in the
      on-state for the generation of photons. This is particularly effective in
      a so-called open cell construction (as described in the Baker, et al.
      patent) wherein the space betweeen the dielectric surfaces occupied by the
      gas is such as to permit photons generated on discharge in a selected
      discrete or elemental volume of gas (discharge cell) to pass freely
      through the panel gas space so as to condition other and more remote
      elemental volumes of other discharge units. In addition to or in lieu of
      the pilot cells, one may use other sources of photons internal to the
      panel.
PAR  Internal photon conditioning may be unreliable when a given discharge unit
      to be addressed is remote in distance relative to the conditioning source,
      e.g., the pilot cell. Accordingly, a multiplicity of pilot cells may be
      required for the conditioning of a panel having a large geometric area. In
      one highly convenient arrangement, the panel matrix border (perimeter) is
      comprised of a plurality of such pilot cells.
PAR  In a multiple gas discharge display/memory device utilized for visual
      display, visible light is emitted from the area of each discharge cell in
      the on state. However, a portion of this light is typically blocked from
      view by the width of the conductor electrode. Although one or both
      electrodes can be constructed out of transparent materials, such materials
      are usually low in electroconductivity.
PAR  The practice of this invention allowed the relative position of a gas
      discharge to be controlled so as to increase the visibility of light
      emitted therefrom.
PAR  In accordance with the practice of this invention, the gas discharge of a
      selected gas discharge cell is controllably positioned by providing
      opposing areas of high electron yield material on each opposing dielectric
      charge storage surface, each area being located at or near a cell site and
      surrounded by a low electron yield material.
PAR  More particularly, isolated, island-like areas of high electron yield
      material are applied as opposite area pairs to each opposing dielectric
      charge storage surface, each area being surrounded by a low electron yield
      material and each pair being positioned at or near the site of a gas
      discharge cell such that the discharge can be selectively controlled.
PAR  The low electron yield material and the high electron yield material may be
      applied to each dielectric surface by any convenient process. Typical
      processes of application include photolithography, chemical deposition,
      electron beam evaporation, sputtering, deposition through a mastic such as
      silk screening and so forth.
PAR  In one specific embodiment, a continuous or discontinuous layer of low
      electron yield material is first applied to each opposing charge storage
      surface with islands of high electron yield material then being
      selectively applied over the layer of low electron yield material.
PAR  In another embodiment, the islands are first applied and the low electron
      yield material is then applied so as to surround, without covering, the
      islands.
PAR  The islands (or spots) of high electron yield material may be of any
      suitable geometric shape such as circular, triangular, rectangular,
      square, etc. Also the geometry may include insulated lines, dots, and so
      forth.
PAR  The layer thickness of each material--low or high electron yielding--must
      be at least 100 angstrom units with a range of about 100 to about 50,000
      angstrom units.
PAR  As used herein, the term "electron yield" refers to the material's
      secondary electron emission produced by heavy particle impact and/or
      photons as determined by Townsend's second ionization (gamma) coefficient.
      Reference is made to Introduction to Electrical Discharge in Gases by
      Sanborn C. Brown, published by John Wiley and Sons, Inc., New York, 1966,
      especially pages 119 to 123.
PAR  A high electron yield material is one having a high Townsend second
      coefficient. A low electron yield material is one having a low Townsend
      second coefficient.
PAR  In the practice of this invention, the ratio of the high Townsend
      coefficient material to the low Townsend coefficient material is typically
      at least 1:5. The higher the ratio, the more the discharges will tend to
      be focused at the islands of high electron yield material.
PAR  Examples of high electron yield materials include lead oxide, bismuth
      oxide, and rare earth sesquioxides, especially ytterbium oxide, lanthanum
      oxide, erbium oxide, and samarium oxide. Some particularly preferred high
      electron yield materials include magnesium oxide, and various cesium
      compounds such as, cesium oxide and the cesium halides, such as cesium
      fluoride and cesium iodide.
PAR  Examples of low electron yield materials include aluminum oxide, silicon
      oxide, zirconium oxide, titanium oxide, and hafnium oxide. Some
      particularly preferred low electron yield materials include elemental
      carbon and silicon.
PAR  In one embodiment hereof, it is contemplated treating a high electron yield
      material so as to convert it into a low electron yield material. This may
      be accomplished by means of ion implantation, sputtering techniques, and
      so forth.
PAR  Reference is made to the accompanying drawings and the hereinafter
      discussed figures shown thereon.
DRWD
PAR  FIG. 1 is a plan view of a dielectric body comprising a circular spot 1 of
      a high electron yield material surrounded by a continuous body 2 of low
      electron yield material.
PAR  FIG. 2a is a cross-sectional view of FIG. 1 showing body 2 as a sub-layer
      to the spot 1.
PAR  FIG. 2b is a cross-sectional view of FIG. 1 showing spot 1 as being within
      the same layer of body 2.
PAR  FIG. 3 is a partially cut-away plan view of a gaseous discharge
      display/memory panel as connected to a diagrammatically illustrated source
      of operating potentials.
PAR  FIG. 4 is a cross-sectional view (enlarged, but not to proportional scale
      since the thickness of the gas volume, dielectric members and conductor
      arrays have been enlarged for purposes of illustration) taken on lines 2
      -- 2 of FIG. 1.
PAR  FIG. 5 is an explanatory partial cross-sectional view similar to FIG. 2
      (enlarged, but not to proportional scale).
PAR  FIG. 6 is an isometric view of a gaseous discharge display/memory panel.
PAR  FIG. 7 is an embodiment of the invention having two opposing high electron
      yield supports surrounded by low electron yield material.
PAR  FIG. 8 is an embodiment using a spur or cantilever electrode position.
DETD
PAR  The invention utilizes a pair of dielectric films 10 and 11 separated by a
      thin layer or volume of a gaseous discharge medium 12, the medium 12
      producing a copious supply of charges (ions and electrons) which are
      alternately collectable on the surfaces of the dielectric members at
      opposed or facing elemental or discrete areas X and Y defined by the
      conductor matrix on non-gas-contacting  sides of the dielectric members,
      each dielectric member presenting large open surface areas and a plurality
      of pairs of elemental X and Y areas. While the electrically operative
      structural members such as the dielectric members 10 and 11 and conductor
      matrixes 13 and 14 are all relatively thin (being exaggerated in thickness
      in the drawings) they are formed on and supported by rigid nonconductive
      support members 16 and 17 respectively.
PAR  Preferably, one or both of nonconductive support members 16 and 17 pass
      light produced by discharge in the elemental gas volumes. Preferably, they
      are transparent glass members and these members essentially define the
      overall thickness and strength of the panel. For example, the thickness of
      gas layer 12 as determined by spacer 15 is usually under 10 mils and
      preferably about 4 to 6 mils, dielectric layers 10 and 11 (over the
      conductors at the elemental or discrete X and Y areas) are usually between
      1 and 2 mils thick, and conductors 13 and 14 about 8,000 angstroms thick.
      However, support members 16 and 17 are much thicker (particularly in
      larger panels) so as to provide as much ruggedness as may be desired to
      compensate for stresses in the panel. Support members 16 and 17 also serve
      as heat sinks for heat generated by discharges and thus minimize the
      effect of temperature on operation of the device. If it is desired that
      only the memory function be utilied, then none of the members need be
      transparent to light.
PAR  Except for being nonconductive or good insulators the electrical properties
      of support members 16 and 17 are not critical. The main function of
      support members 16 and 17 is to provide mechanical support and strength
      for the entire panel, particularly with respect to pressure differential
      acting on the panel and thermal shock. As noted earlier, they should have
      thermal expansion characteristics substantially matching the thermal
      expansion characteristics of dielectric layers 10 and 11. Ordinary 1/4 in.
      commercial grade soda lime plate glasses have been used for this purpose.
      Other glasses such as low expansion glasses or transparent devitrified
      glasses can be used provided they can withstand processing and have
      expansion characteristics substantially matching expansion characteristics
      of the dielectric coatings 10 and 11. For given pressure differentials and
      thickness of plates, the stress and deflection of plates may be determined
      by following standard stress and strain formulas (see R. J. Roark,
      Formulas for Stress and Strain, McGraw-Hill, 1954).
PAR  Spacer 15 may be made of the same glass material as dielectric films 10 and
      11 and may be an integral rib formed on one of the dielectric members and
      fused to the other members to form a bakeable hermetic seal enclosing and
      confining the ionizable gas volume 12. However, a separate final hermetic
      seal may be effected by a high strength devitrified glass sealant 15S.
      Tubulation 18 is provided for exhausting the space between dielectric
      members 10 and 11 and filling that space with the volume of ionizable gas.
      For large panels small beadlike solder glass spacers such as shown at 15B
      may be located between conductor intersections and fused to dielectric
      member 10 and 11 to aid in withstanding stress on the panel and maintain
      uniformity of thickness of gas volume 12.
PAR  Conductor arrays 13 and 14 may be formed on support members 16 and 17 by a
      number of well-known processes, such as photoetching, vacuum deposition,
      stencil screening, etc. In the panel shown in FIG. 4, the center-to-center
      spacing of conductors in the respective arrays is about 17 mils.
      Transparent or semi-transparent conductive material such as tin oxide,
      gold or aluminum can be used to form the conductor arrays and should have
      a resistance less than 3000 ohms per line. Narrow opaque electrodes may
      alternately be used so that discharge light passes around the edges of the
      electrodes to the viewer. It is important to select a conductor material
      that is not attacked during processing by the dielectric material.
PAR  It will be appreciated that conductor arrays 13 and 14 may be wires or
      filaments of copper, gold, silver or aluminum or any other conductive
      metal or material. For example 1 mil wire filaments are commercially
      available and may be used in the invention. However, formed in situ
      conductor arrays are preferred since they may be more easily and uniformly
      placed on and adhered to the support plates 16 and 17.
PAR  Dielectric layer members 10 and 11 are formed of an inorganic material and
      are preferably formed in situ as an adherent film or coating which is not
      chemically or physically effected during bake-out of the panel. One such
      material is a solder glass such as Kimble SG-68 manufactured by and
      commercially available from the assignee of the present invention.
PAR  This glass has thermal expansion characteristics substantially matching the
      thermal expansion characteristics of certain soda-lime glasses, and can be
      used as the dielectric layer when the support members 16 and 17 are
      soda-lime glass plates. Dielectric layers 10 and 11 must be smooth and
      have a dielectric strength of about 1000 v. and be electrically
      homogeneous on a microscopic scale (e.g., no cracks, bubbles, crystals,
      dirt, surface films, etc.). In addition, the surfaces of dielectric layers
      10 and 11 should be good photoemitters of electrons in a baked out
      condition. Alternatively, dielectric layers 10 and 11 may be overcoated
      with materials designed to produce good electron emission, as in U.S. Pat.
      No. 3,634,719, issued to Roger E. Ernsthausen. Of course, for an optical
      display at least one of dielectric layers 10 and 11 should pass light
      generated on discharge and be transparent or translucent and, preferably,
      both layers are optically transparent.
PAR  The preferred spacing between surfaces of the dielectric films is about 4
      to 6 mils with conductor arrays 13 and 14 having center-to-center spacing
      of about 17 mils.
PAR  The ends of conductors 14--1 . . . 14--4 and support member 17 extend
      beyond the enclosed gas volume 12 and are exposed for the purpose of
      making electrical connection to interface and addressing circuitry 19.
      Likewise, the ends of conductors 13--1 . . . 13--4 on support member 16
      extend beyond the enclosed gas volume 12 and are exposed for the purpose
      of making electrical connection to interface and addressing circuitry 19.
PAR  As in known display systems, the interface and addressing circuitry or
      system 19 may be relatively inexpensive line scan systems or the somewhat
      more expensive high speed random access systems. In either case, it is to
      be noted that a lower amplitude of operating potentials helps to reduce
      problems associated with the interface circuitry between the addressing
      system and the display/memory panel, per se. Thus, by providing a panel
      having greater uniformity in the discharge characteristics throughout the
      panel, tolerances and operating characteristics of the panel with which
      the interfacing circuitry cooperate, are made less rigid.
PAR  In FIG. 7 there is shown a plan view of one embodiment of this invention
      wherein two opposing high electron yield material spots 1 surrounded by
      low electron yield material 2 are positioned close to the discharge cell
      formed by the intersection of electrodes R and C.
PAR  In FIG. 8 a transparent spur or cantilever electrode portion 3 is extended
      from the side of electrode C over electrode R. The spots 1 are positioned
      between the spur 3 and electrode R.
PAR  The spots 1 may be positioned at any suitable location so as to
      controllably draw the discharge to a desired location.
PAR  The spots may also be positioned directly at each discharge cell site so as
      to better define the discharge at each site. In such an embodiment, part
      of one or both electrodes at each cell site may be open or split such as
      in a ladder or window arrangement. Likewise, a portion of the electrodes
      at the cell site may be transparent. However, it is not feasible to
      construct all of the electrodes out of transparent material since such
      materials tend to have low electron conductivity which thereby increases
      the overall power requirements of the system.
PAR  It will be obvious to those skilled in the art that many other geometric
      arrangements are feasible.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a multiple gaseous discharge display/memory panel characterized by
      two opposing dielectric charge storage surfaces backed by electrode arrays
      defining gas discharge cell sites, the improvement wherein the gas
      discharge of a selected gas discharge cell is controllably positioned by
      providing opposing areas of high electron yield material selected from
      magnesium oxide, cesium oxide and cesium halides on each opposing
      dielectric charge storage surface, each area being located at or near a
      cell site and surrounded by a low electron yield material selected from
      carbon and silicon.
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ABST
PAL  An integrated circuit includes circuitry thereon which includes a sensor
      circuit which detects a change in one of the plurality of inputs to the
      integrated circuit and generates one or more pre-conditioning signals
      which control circuitry to set up voltages at various nodes in the
      integrated circuit to facilitate fast processing of data signals from
      inputs of the integrated circuit to outputs thereof. Embodiments of the
      sensor circuit include integrated memory circuits and integrated
      micro-processor circuits.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Integrated circuit memory circuits have been produced using MOS and bipolar
      technologies. The most complex memory circuits have been implemented using
      the MOS technology. The applications for MOS memory circuits, either
      random access memories (RAMs) or read only memories (ROMs) have required
      low cost and high speeds that strain capability of the MOS technology. To
      achieve the low cost, high density of memory elements on a chip is
      required. In order that such memory circuits be competitive, it has been
      necessary to minimize the amount of low density peripheral circuitry on
      the chip for address decoding, input/output circuitry and clock and timing
      signal generating circuitry. Therefore, circuits which have been
      commercially successful have required a plurality of externally generated
      clock signals and relatively simple decode input and output circuits. As a
      result, commercially successful MOS memory circuits produced to date have
      had peripheral circuitry which performed relatively simple decoding and
      input/output functions to allow interfacing with the memory array and have
      required close operating limits with respect to the timing of external
      clock signals, address signals and input/output signals. Relatively close
      tolerances of power supply voltages have been required to allow the
      circuit to operate within the timing specification ranges.
PAR  Micro-processor chips capable of receiving and executing multi-bit
      instructions and communicating with and addressing, writing in to and
      receiving data from external memory circuits have been implemented in MOS
      technologies. A considerable amount of "random logic" has been required to
      accomplish instruction decoding and execution of such micro-processor
      chips. This has been accomplished with individual combinational gates,
      shift registers and latches, all of which have a relatively low packing
      density in current MOS technology, but are the fastest means of
      accomplishing such functions. However, the low density and consequently
      large chip size required by this approach increases the cost and chip size
      of prior art micro-processor chips.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide circuitry for pre-conditioning a
      node in an integrated circuit.
PAR  Another object of the invention is to provide a look-ahead circuit for
      pre-charging a node in an MOS integrated circuit.
PAR  Another object of the invention is to provide a look-ahead pre-charge
      circuit for an instruction decoder of an MOS integrated circuit
      micro-processor chip.
PAR  Briefly described, the invention, in one embodiment thereof is a memory
      circuit having nodes therein which must be pre-conditioned or pre-charged
      at a point in the memory cycle operation. Look-ahead precharge circuitry
      is provided which detects a change in any one of the plurality of address
      inputs and generates a signal to which the look-ahead pre-charge circuit
      is responsive in that it pre-conditions or pre-charges the node. In
      another embodiment of the invention, a look-ahead pre-charge circuit is
      provided to pre-charge certain nodes in an instruction decoder for an
      integrated circuit micro-processor chip. In this embodiment a signal is
      generated during execution of the previous instruction, indicating when
      the end of the previous instruction occurs. This signal is received and
      interpreted by a look-ahead pre-charge circuitry to generate a signal
      which initiates precharging of the particular nodes of the instruction
      decoder which are required to be pre-charged at the beginning of the
      present memory cycle.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing of a preferred embodiment of the invention.
PAR  FIG. 2 is a timing diagram which is useful in describing the operation of
      the embodiment shown in FIG. 1.
PAR  FIG. 3 is a block diagram of another embodiment of the invention.
PAR  FIG. 4 is a partial schematic diagram of an Exclusive NOR circuit which may
      be used in the embodiment of FIG. 3.
PAR  FIG. 5 is a logic diagram of a generalized version of a look-ahead
      pre-conditioning circuit.
PAR  FIG. 6 is a logic diagram of a look-ahead pre-conditioning circuit which
      may be used in the embodiment of FIG. 3.
PAR  FIG. 7 is a schematic diagram of a decode circuit having several nodes
      which require precharging and which may be used in the embodiment of FIG.
      3.
PAR  FIG. 8 is a schematic diagram of a coupling circuit which may be utilized
      in the embodiment of FIG. 3.
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PAC  DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, which is a schematic diagram of a preferred embodiment
      of the invention, circuitry is depicted which anticipates the beginning of
      the subsequent cycle in an integrated circuit micro-processor. The
      micro-processor operates from two clock signals, .phi.1 and .phi.2.
      Circuitry in the micro-processor, not shown herein, generates a signal
      referred to herein as GTO during the last machine cycle during the
      execution of a particular instruction. Look-ahead precharge ROM 10
      includes several definable sections, including input buffer 151,
      instruction register 154, precharge inverter 156, read only memory array
      158, and precharge and coupling control circuit 88.
PAR  Precharge and coupling control circuit 88 includes a combinational gate
      including MOSFETs 20, 22, 24 and 26. Load MOSFET 20 is coupled between
      V.sub.DD, node 18 and node 28, the output of said combinational gate. The
      gate of MOSFET 20 is connected to high voltage supply conductor 16, also
      designated V.sub.GG. MOSFETs 22 and 24 are coupled in series between node
      28 and ground conductor 30 and have their gates coupled, respectively, to
      GTO, node 12 and .phi.2, node 48. MOSFET 26 is connected between node 28
      and ground conductor 30. This combinational gate drives the precharge
      inverter including MOSFETs 50 and 52. MOSFET 50 is connected between
      ground conductor 30 and PRECHARGE, and has its gate connected to node 28.
      Load MOSFET 52 is connected between V.sub.DD and PRECHARGE and has its
      gate connected to V.sub.GG. The gate of MOSFET 26 is connected to node 32,
      which is the output of an inverter including MOSFET 34 and MOSFET 36.
      MOSFET 34 has its gate and drain connected to V.sub.DD and its source
      connected to node 32. MOSFET 36 is connected between ground conductor 30
      and node 32 and has its gate connected to node 38. MOSFETs 44 and 46 are
      connected in series between node 38 and ground conductor 30. MOSFET 44 has
      its gate connected to node 54 and MOSFET 46 has its gate connected to
      .phi.2, node 48. Diode-connected MOSFET 40 has its source connected to
      node 38 and its gate and drain connected to node 62 which is the output of
      a NAND gate including MOSFETs 56, 58 and 60. MOSFET 56 is connected
      between V.sub.DD and node 62, and has its gate connected to V.sub.GG.
      MOSFETs 58 and 60 are connected in series between ground conductor 30 and
      node 62 and have their gates connected, respectively, to .phi.2 and GTO.
      Precharge MOSFET 64 is connected between V.sub.DD and node 62 and has its
      gate connected to .phi.1, node 66.
PAR  ROM array 158 includes a plurality of columns of MOSFETs such as MOSFETs 76
      and 78 and 80 all coupled between a respective column line, such as 74,
      and ground conductor 30. In FIG. 1 the gate electrodes of each of the
      MOSFETs in a given row are connected to the output of one of eight
      instruction register circuits, described hereinafter. Column line 74 is
      coupled by means of MOSFET 70 to control logic circuitry (not shown). The
      gate of each MOSFET 70, (and of each coupling MOSFETs, if there are a
      plurality of columns of memory devices) is connected to node 62. Each
      column line, such as 74, is also connected to a PRECHARGE MOSFET, such as
      MOSFET 84, which is connected between V.sub.DD and PRECHARGE, node 54. An
      additional pull-up MOSFET, such as MOSFET 82, having its gate and drain
      connected to V.sub.DD and its source connected to column conductor 74 is
      provided to maintain the precharged level as explained hereinafter. Each
      bit of the eight-bit instruction register includes an input latch
      including MOSFETs 136, 124, 120, 122, 114 and 116. Each bit of the
      instruction register also includes two two-input NOR gates, one input
      being connected to the conductor designated COUPLE and the other input of
      each being connected, respectively, to an output of the input latch. In
      essence, each bit of the eight-bit instruction register generates two
      output signals, one representing the logic state inputted to the circuit
      10 and the other representing the complementary signal.
PAR  Each column of MOSFETs in the ROM array 158 represents an eight-bit NOR
      gate. Therefore, the entire circuit 10 is essentially an instruction
      decode circuit with a look-ahead precharge feature obtained by decoding a
      signal generated at the end of the execution of the previous instruction.
PAR  Referring to the above-mentioned latch circuit, coupling MOSFET 136 is
      connected between node 140 and node 128 and has its gate connected to
      PRECHARGE. MOSFET 124 is connected between node 112 and node 128 and has
      its gate connected to PRECHARGE, which is generated at node 134 by
      precharge inverter 156. Precharge inverter 156 includes MOSFET 132
      connected between V.sub.DD and node 134 and having its gate connected to
      V.sub.GG and also includes MOSFET 130 connected between node 134 and
      ground conductor 30 and having its gate connected to PRECHARGE, node 54.
      MOSFET 120 is connected between node 118 and V.sub.DD and has its gate
      connected to V.sub.DD. MOSFET 122 is connected between node 118 and ground
      conductor 30 and has its gate connected to node 128. MOSFET 114 is
      connected between V.sub.DD and node 112 and has its gate connected to
      V.sub.DD. MOSFET 116 is connected between ground conductor 30 and node 112
      and has its gate connected to node 118.
PAR  The first NOR gate includes MOSFETs 106, 108 and 110. MOSFET 110 is
      connected between V.sub.DD and node 111, which is connected to the gate of
      MOSFET 80. MOSFETs 106 and 108 are connected in parallel between node 111
      and ground conductor 30. MOSFET 108 has its gate connected to node 112,
      and MOSFET 106 has its gate connected to node 96, designated COUPLE.
      COUPLE is generated by an inverter including MOSFETs 92 and 94. MOSFET 94
      is connected between V.sub.DD and COUPLE and has its gate connected to
      V.sub.GG. MOSFET 92 is connected between ground conductor 30 and node 96
      and has its gate connected to node 62. The second NOR gate of the subject
      instruction register bit includes MOSFETs 98, 100 and 104. Load MOSFET 104
      is connected between V.sub.DD and node 102 and has its gate connected to
      V.sub.GG. MOSFETs 98 and 100 are connected between node 102 and ground
      conductor 130. MOSFET 100 has its gate connected to node 118 and MOSFET 98
      has its gate connected to node 96. Input buffer 151 includes a first
      inverter having an input coupled to data input node 160 and having its
      output coupled by a .phi.2-clocked MOSFET 141 to the input of the second
      inverter including MOSFETs 138 and 142 and having an output 140 connected
      to MOSFET 136.
PAR  The operation of the embodiment of the invention described in FIG. 1 is
      best explained with reference to the timing diagram of FIG. 2. FIG. 2
      includes waveforms of GTO, .phi.1, .phi.2, DATA IN, PRECHARGE, COUPLE, AND
      COUPLE.
PAR  Referring to FIG. 2, GTO is the signal generated by the random logic
      circuitry at the end of the execution of the previous instruction. During
      the last part of GTO, .phi.2 occurs. During the concurrence of GTO and
      .phi.2, (referring to FIG. 1) MOSFETs 22 and 24 are turned on. During the
      previous .phi.1 pulse, node 62 was precharged to a high voltage level, and
      node 38 was charged to a threshold voltage below that voltage level
      through diode-connected MOSFET 40, turning MOSFET 36 on and causing node
      32 to be low. Therefore, at the beginning of .phi.2 MOSFET 26 is off, as
      are MOSFETs 22 and 24, so node 28 is held at a high voltage equal to
      V.sub.DD by MOSFET 20. Consequently, initially MOSFET 50 is on and
      PRECHARGE, node 54, is near ground (assuming that the MOSFETs in FIG. 1
      are N-channel). Thus, it is seen that during the concurrence of GTO and
      .phi.2, node 28 will be pulled close to ground as MOSFETs 22 and 24 are
      turned on. .phi.2 also turns on MOSFET 46. The voltage at node 28 turns
      MOSFET 50 off, so that load MOSFET 52 pulls PRECHARGE to V.sub.DD volts.
      Normally, the inverter including MOSFETs 52 and 50 is designed to have
      substantial drive capability, so that the rise time of PRECHARGE is fast
      in spite of substantial capacitive loading thereon. As PRECHARGE starts to
      rise, MOSFET 44 is turned on, and the charge on node 38 is discharged
      through MOSFETs 44 and 46, turning MOSFET 36 off. Then voltage on node 32
      begins to rise, turning MOSFET 26 on. This aids MOSFETs 22 and 24 in
      holding node 28 at ground. At the end of the .phi.2 pulse and/or GTO, at
      least one of MOSFETs 22 and 24 is turned off. However, MOSFET 26 is
      designed so that it continues to hold node 28 near ground, and,
      consequently, PRECHARGE remains at V.sub.DD volts. PRECHARGE remains at
      V.sub.DD volts until the concurrence of the next .phi.1 pulse, at which
      time MOSFET 64 is turned on, charging up node 62, which in turn charges
      node 38 through diode-connected MOSFET 40. MOSFET 36 is thus turned on and
      node 32 is pulled toward ground, turning off MOSFET 26 and allowing load
      MOSFET 20 to charge up node 28. This in turn causes MOSFET 50 to be turned
      on, discharging PRECHARGE to ground.
PAR  It should be noted that the delay of the NAND gate including MOSFETs 56, 58
      and 60 is much less than the delay through the combinational gate with
      MOSFET 20 as the load device and the inverter including MOSFETs 50 and 52.
      Thus, during the concurrence of GTO and .phi.2, couple MOSFET 70 and
      couple inverter MOSFET 92 are turned off before PRECHARGE starts to rise,
      thereby isolating the ROM matrix from external circuitry before the
      precharging event occurs. This also causes the NOR gate output to be
      grounded thereby turning off all the MOSFETs in the ROM matrix before
      precharging any of the column lines such as 74. Occurence of the next
      .phi.1 pulse rapidly turns on the coupling MOSFETs such as 70 and enables
      the instruction register outputs to turn on the selected MOSFETs in the
      ROM array to provide a relatively fast access time. The ROM outputs then
      rapidly reflect the decoded instruction from the data provided at the data
      input terminals, such as 160.
PAR  According to the invention, the look-ahead PRECHARGE concept may utilize
      circuitry which detects a change at an input or at one of a plurality of
      inputs to a circuit and generates signals which may precharge certain
      nodes or otherwise precondition the circuit to facilitate faster signal
      processing, instead of utilizing a signal generated at the end of a prior
      instruction as in the previously described micro-processor. FIG. 3 is a
      block diagram of a memory circuit which could be either a random access
      memory (RAM) or a read only memory (ROM) which does not have supplied
      thereto a signal generated by related circuitry which anticipates the next
      cycle of operation. Memory circuit 250 in FIG. 3 includes memory element
      array 260, X decode circuitry 252, Y decode circuitry 266, output
      circuitry 270, X address input buffers 264, Exclusive OR type circuitry
      256, sensor circuit 258, and Y address circuitry 268. Memory element array
      260 includes a matrix of memory elements such as memory element 290
      arranged in rows, each memory element in a given row being coupled to a
      row conductor 291. Each memory element in a given column is connected to
      at least one column conductor such as column conductor 294. Each row
      conductor such as 291 is also coupled to a pre-conditioning circuit 286.
      The row conductors such as 291 may be used in addressing a particular
      memory element. If there are more than one column conductor per column of
      memory elements, one of them may be used for addressing and the other may
      be used for data transmission to and from the selected memory element. The
      row conductors are connected to driver means 262, which in turn are driven
      by X decode array 252. Row driver means 262 may be buffer circuitry
      adapted to provide the desired timing and voltage magnitudes required in
      accessing a row of memory elements. The column conductors 294 are
      connected to circuitry 264 which may include column selection circuitry
      for selecting one of the column conductors which transmits data to and
      from the selected memory element. Circuitry 264 may also include driver
      circuitry for column conductors which address a memory element, to provide
      correct timing and voltage magnitude requirements to access a column of
      memory elements. The pre-conditioning circuits such as 286 are controlled
      by a signal on conductor 292 applied thereto by sensor circuit 258
      described hereinafter. Typically, both row conductors such as 291 and
      column addressing conductors and column data conductors such as 294 may
      require precharging or other pre-conditioning prior to or early in the
      sequence of a memory cycle, such as a write cycle or a read cycle. X
      decode circuitry 252 performs the function of controlling row select
      circuitry 262 to select one of the row conductors in memory element array
      260. Typically, row decode circuitry 252 includes one decode gate
      corresponding to each row of the memory element array 260, each decode
      gate including an output conductor 280, a plurality of switching devices
      or circuits 278, which in an MOS implementation may be merely MOSFETs
      coupled between conductor 280 and a ground conductor, and pre-conditioning
      devices or circuits such as 282 coupled to a preconditioning conductor 284
      driven by sensor circuit 258 and coupled between node 280 and a voltage
      conductor a plurality of voltage conductors. Preconditioning circuit 282
      may include a MOSFET coupled to a V.sub.DD voltage conductor and another
      MOSFET coupled to a ground conductor, and conductors 284 may include
      several voltage conductors, such as a precharge conductor for initially
      precharging node 280 and a clamp signal conductor for holding node 280 at
      ground voltage during a particular part of the memory cycle. Switching
      device means such as 278 are coupled to address and address complement
      lines such as 276 generated by input buffers 254 to decode one of the
      2.sup.N possible combinations of the input buffers, assuming there exist N
      input buffers. Each of the input buffers such as 254 also drives an
      Exclusive OR type circuit such as 256. By the term "Exclusive OR type
      circuit" it is meant either an Exclusive OR circuit or an Exclusive NOR
      circuit. Each of the Exclusive OR type circuits is coupled by means of a
      plurality of conductors 274 to sensor circuit 258.
PAR  As is well known, each Exclusive OR type circuit will generate an output
      signal in response to a change in the state of one of the inputs thereto.
      Each of the address input buffers 254 provides an output signal and
      typically also an output complement signal. A delay element may be
      included therein which has its input connected to one input of a
      corresponding Exclusive OR type circuit and whose output is connected to
      the other input of said Exclusive OR type circuit. The pulse width of the
      signal provided by the Exclusive OR type circuit is controlled by the
      delay of the delay circuit.
PAR  Sensor circuit 258 has as inputs the outputs of all the Exclusive OR type
      circuits and performs an OR (or a NOR) function on them so that an output
      signal is generated in response to a change in any of the address inputs
      such as 272. Of course, the width of the output signal is controlled by
      the above-mentioned delay.
PAR  Sensor circuit 258 includes various types of output circuits adapted to
      providing various preconditioning signals with the required voltages,
      pulse width, and delays required at various other points in the circuit to
      facilitate fast processing of data signals in the circuit paths between
      the selected memory element and the input/output circuit and also to
      facilitate fast decoding. For example, sensor circuit 258 may provide an
      output signal on conductor 300 which serves to control an output latch in
      output circuit 270 in response to an address change, so that output data
      remains valid even though a new memory cycle has been initiated by the
      address change.
PAR  Precharging signals may be applied to conductors 292 to precharge bit sense
      lines in memory element array 260. Conductors 284 and 304 may have
      precharging and/or preconditioning signals applied thereto by sensor
      circuit 258 derived from the output of the aforementioned OR gate to
      precharge the output nodes of the OR gates or to provide bootstrapping
      signals to generate fast, high magnitude output pulses for the selected
      decode gates. Further, signals may be generated by sensor circuit 258
      which precondition the input buffers 254 and 268.
PAR  FIG. 5 illustrates the basic function of sensor circuit 258. In FIG. 5,
      circuit 350 depicts a plurality of Exclusive OR type circuits 358, each
      having first and second inputs 352 and 354 and an output 360. The various
      outputs 360 are all inputted to OR type gate 364 (which may be either an
      OR gate or a NOR gate). The output of the OR gate 364 is the basic
      preconditioning signal from which the above-mentioned precharge signal and
      other preconditioning signals are derived, by means of logic circuits such
      as inverter 366, and delay circuits and other known circuit techniques.
PAR  FIG. 6 is a diagram of a preferred implementation of the circuit in FIG. 5,
      which includes a plurality of Exclusive NOR gates 372. The outputs are
      tied together at node 374 to provide a so-called wired OR function. A
      change at any input of any of the Exclusive NOR gates then produces the
      basic preconditioning circuit at node 374, which may be inverted as by
      inverter 376 to provide a derived preconditioning signal at node 378.
PAR  FIG. 4 depicts a diagram of one embodiment of an input buffer connected to
      an MOS implementation of a simple Exclusive NOR circuit. The input buffer
      includes inverters 324, 328 and 330, connected in cascade. Address input
      272 is connected to the input of inverter 324. Inverters 328 and 330
      provide the above-mentioned delay. Nodes 326 and 332 are the inputs of the
      Exclusive NOR circuit 322, which includes load MOSFET 334 connected
      between V.sub.DD and output node 336. MOSFET 338 is connected between node
      336 and node 326 and MOSFET 340 is connected between node 336 and node
      332. Node 326 is a junction between the output of inverter 324 and the
      input of inverter 328 and node 332 is the output of inverter 330. When the
      logic level on address input 272 changes, the voltage at node 326 also
      changes and the voltage on node 332 changes to the same logic level as
      node 326, but is delayed by the delay of inverters 328 and 330. Thus,
      MOSFETs 338 and 340 are initially in the same state, i.e., either on or
      off. The change on node 372 causes one or the other of MOSFET 340 to turn
      either on or off, thereby causing the output voltage at node 336 to
      change. Then, after the signal at 326 has propagated through inverters 328
      and 330, MOSFET 338 changes states.
PAR  FIG. 7 illustrates a decoder circuit which could be used, for example, in X
      decode circuit 252. Decoder 390 in FIG. 7 includes load MOSFET 392
      connected between V.sub.DD and output node 394, which could be the same as
      row conductor 280 in X decode circuit 252 of FIG. 3. Decode gate 390 also
      includes MOSFETs 396, 398, 400 and 402 connected between output node 394
      and a ground conductor. The gate electrodes of MOSFETs 396, 398, and 400
      may be connected to various of the address and address complement lines
      generated by the address buffers such as 254 in FIG. 3 to decode the
      various combinations of the N address inputs. MOSFET 402 may, for example,
      be used to clamp the output of gate 390 to ground during precharge, and
      has its gate connected to node 404, which may be connected to one of
      conductors 384 from circuit 258. Gate 390 also includes a bootstrap
      circuit which includes MOSFETs 410 and 412 and capacitor 408. MOSFET 412
      is connected between V.sub.DD and node 394 and has its gate connected to
      bootstrap capacitor 408 and diode-connected MOSFET 410, which is connected
      between the gate of MOSFET 412 and V.sub.DD. The other terminal of
      bootstrap capacitor 408 is connected to node 406, which may be connected
      to another of preconditioning conductors 284 so as to boost the gate drive
      voltage of MOSFET 412 at the end of the precharge signal.
PAR  FIG. 8 depicts a coupling circuit which may, for example, be used in
      input/output circuit 270 of FIG. 3, and includes a coupling MOSFET 380
      connected between conductor 296 and the input of output latch circuit 382.
      MOSFET 380 has its gate connected to conditioning conductor 300. The
      output of driver latch circuit 382 is node 384, which may be directly
      connected to data output node 298 in FIG. 3.
PAR  In the micro-processor embodiment of the invention, the data input signals
      could be Exclusive OR'ed in the same manner as the above-described memory
      circuit in FIG. 3 in order to generate the look-ahead preconditioning
      and/or precharging signal. However, the advantage to decoding the end of
      the previous instruction and generating a preconditioning signal therefrom
      provides an early preconditioning signal which normally would occur before
      any change in the data input terminals and thereby eases the design
      constraints on the preconditioning circuitry, allowing more time to
      precondition the various nodes in the instruction decoder, etch.
PAR  While the invention has been described in relation to several specific
      embodiments thereof, those skilled in the art will recognize that
      variations in placement and arrangement of elements may be made to suit
      varying requirements within the scope of the invention.
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STM  What is claimed is:
NUM  1.
PAR  1. A digital data processing circuit having therein a precharge node and
      having a plurality of inputs comprising:
PA1  circuit means coupled to said input responsive to a signal applied at said
      input;
PA1  look-ahead precharge circuit means coupled between plurality of said inputs
      to said digital data circuit and said precharge node and also coupled to
      said circuit means for detecting a change in a logic level of any of said
      inputs and precharging said precharge node in response to said change in
      said logic level; and
PA1  wherein said digital data processing circuit is a read only memory
      including address buffer circuits, row and column decode circuits, and a
      digital storage array and wherein said precharge node is a sense bus in
      said data storage array.
NUM  2.
PAR  2. The read-only memory as recited in claim 1 wherein, one of said input is
      an address input of one of said address buffers.
NUM  3.
PAR  3. The read-only memory as recited in claim 2 wherein said circuit means
      includes an Exclusive OR type circuit coupled to said input buffer and
      having its output coupled to a preconditioning circuit coupled to said
      precharge node.
NUM  4.
PAR  4. The digital data processing circuit as recited in claim 1 wherein said
      digital data processing circuit is a random access memory including
      address buffer circuits, row and column decode circuits, and a data
      storage array and said precharge node is a sense bus in said data storage
      array.
NUM  5.
PAR  5. The random access memory as recited in claim 4 wherein said input is an
      address input of one of said address buffers.
NUM  6.
PAR  6. The random access memory as recited in claim 5 wherein said circuit
      means includes an Exclusive OR type circuit coupled to said input buffer
      and having its output coupled to a precharge circuit coupled to said
      precharge node.
NUM  7.
PAR  7. The digital data processing circuit as recited in claim 1 wherein said
      digital data processing circuit is an instruction decoder including an
      instruction register and a decode array.
NUM  8.
PAR  8. The instruction register as recited in claim 7 wherein said circuit
      means includes random logic circuitry for processing an instruction in
      said instruction register and said look-ahead precharge circuit means
      includes stage generator circuit means coupled to said random logic
      circuitry and to said precharge node and to said instruction register for
      qualifying entry of a new instruction and said instruction register.
NUM  9.
PAR  9. The instruction decoder circuit as recited in claim 8 further including
      a precharge driver circuit coupled to said precharge node and coupled to
      the said stage generator circuit means.
NUM  10.
PAR  10. The instruction decoder circuit as recited in claim 9 further including
      initiating circuit means for initializing the state of the stage generator
      circuit means coupled to said stage generator circuit means and to said
      random logic circuitry.
NUM  11.
PAR  11. The instruction decoder as recited in claim 10 wherein said random
      logic circuitry is coupled to and drives a plurality of driver circuits
      which control computing circuitry, said instruction decoder and said
      computing circuitry being on an LSI semiconductor chip.
NUM  12.
PAR  12. The instruction decoder as recited in claim 11 wherein said random
      logic circuitry includes a read-only memory array for performing random
      logic functions.
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ABST
PAL  A stack memory having a last-in-first-out memory organization comprising a
      plurality of pairs of two-phase charge coupled device shift registers
      arranged into a plurality of rows, the CCD registers of each pair being
      interconnected by digital logic to provide a circular shift register cell
      and to direct data into and out of the cell. Each cell is interconnected
      through its logic to an adjacent cell within the same row, and each row of
      a plurality of circular shift register cells is interconnected between an
      input buffer register and an output buffer register. The input buffer
      register is used to write data into each one of the plurality of rows of
      cells, and the output buffer register is used to retrieve the data from
      each row of cells. A system control is included for controlling the read,
      write, and idle operations, wherein a CCD circular shift register cell
      provides a control loop for maintaining synchronization over the memory
      system, and wherein there is also provided a clock generator and switch
      means for generating clock signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to stack memory systems, and more
      specifically to a charge coupled device (CCD) stack memory organization
      for providing a last-in-first-out (LIFO) memory.
PAR  Charge coupled devices are well-known in the prior art. CCD's have found
      use in slow scan TV cameras, document reading, and other high sensitivity
      imaging applications. CCD's have also been used in memory systems, and for
      shift register applications. The CCD concept is a relatively new concept,
      yet as illustrated its application has spread into a number of areas.
PAR  Very basically, CCD's are fabricated as MOS or MIS integrated circuits,
      wherein potential wells are formed by the application of voltage pulses to
      the substrate, to activate MOS or MIS capacitors. Voltage charges may be
      inputted and shifted along various points throughout the substrate through
      the proper application of voltage pulses to the MIS/MOS capacitors.
      Refresh circuitry is required to maintain the magnitude of the voltage
      charges which would otherwise dissipate. Fabrication of the substrates and
      the means for moving the charge around the substrate are well illustrated
      in the following articles and patents.
PAR  Kosonocky U.S. Pat. Nos. 3,760,202 and 3,758,794 disclose the use of charge
      coupled devices as shift register stages. Also disclosed are signal
      regeneration circuits, methods and means for operating CCD's in plural
      phase configurations, and clocking and timing means. The above Kosonocky
      patents disclose CCD shift registers interconnected into rings in such a
      manner to provide an elongated shift register having a first-in-first-out
      data storage capability.
PAR  The application and technology of charge coupled devices have been
      discussed in a number of papers, including W.S. Boyle and G.E. Smith,
      "Charge-coupled Devices -- A New Approach To MIS Device Structures," IEEE
      Spectrum, July 1971; Altman, "The New Concept For Memory and Imaging:
      Charge Coupling," Electronics, June 21, 1971; J.E. Carnes and W.F.
      Kosonocky, "Charge-Coupled Devices and Applications," Corporate
      Engineering Services, RE-18-5-22, August 1972, page 78. These articles
      describe the physical configuration of CCD shift registers, and the
      required control and refresh circuitry necessary to operate the CCD
      registers.
PAR  It has been proposed in the prior art to use bidirectionally shifting CCD
      shift registers for use in memory stacks to obtain a LIFO memory
      operation. Bidirectional CCD shift registers are only obtainable from CCD
      integrated circuit chips fabricated for three or four phase timing or
      clock operation. A major disadvantage of three or four phase integrated
      circuit CCD shift registers is that the on-chip complexity is increased
      and the bit density per chip is decreased in comparison to two phase
      integrated circuit CCD shift registers. It has not proven possible to use
      the simpler two phase integrated circuit CCD shift registers in a
      bidirectional format to obtain the LIFO operation.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, with these prior art problems in mind, it is an object of this
      invention to improve CCD stack memories having a last-in-first-out (LIFO)
      capability.
PAR  Another object of this invention is to provide an improved stack memory
      utilizing two phase CCD integrated circuits chips.
PAR  A further object of this invention is to provide an improved stack memory
      with digital logic for interconnecting a pair of charge coupled device
      shift registers into a circular shift register configuration.
PAR  A still further object is to provide an improved stack memory with a
      plurality of CCD circular shift register cells arranged or interconnected
      to provide a LIFO computer memory system.
PAR  Yet another object is to provide an improved CCD stack memory with control
      logic to provide a LIFO memory function.
PAR  An additional object of the invention is to provide a CCD stack memory with
      improved average access time over prior art single closed loop CCD shift
      register memories.
PAR  These and other objects and advantages are accomplished in a stack memory
      including integrated circuits each having a pair of CCD shift registers
      and logic for interconnecting the shift registers into a circular
      configuration. A plurality of the CCD circular shift registers are
      interconnected into a plurality of rows between an input buffer and an
      output buffer. A CCD circular shift register cell is included with control
      logic to maintain system synchronization, and deliver clock signals from a
      clock generator to the CCD cells.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects and advantages of the invention, together with other
      advantages, which may be obtained by its use, will be apparent from the
      following detailed description of the invention when read in conjunction
      with the following drawings:
PAR  FIG. 1 is a block circuit diagram of the CCD stack memory system
      organization;
PAR  FIG. 2 is a block and logic circuit diagram of a CCD circular shift
      register or basic cell;
PAR  FIG. 3 is a block circuit diagram of the system control; and
PAR  FIG. 4 is a logic circuit schematic of the system control.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The CCD stack memory system organization of the preferred embodiment of the
      invention as shown in FIG. 1, includes a plurality of charge coupled
      device (CCD) circular shift registers or cells 11 arranged into a
      plurality of rows, adjacent cells 11 of each row being interconnected, and
      each row being interconnected between an input buffer 13 and an output
      buffer 15.
PAR  The input buffer register 13 has output lines equal in number to one
      through B, each line being connected to a data feed input A.sub.1 of the
      leftmost cell of a corresponding row of cells 11 associated with that
      line. Proceeding down any individual row of cells 11 from left to right,
      each cell 11 has a data feed output A.sub.2 connected to the A.sub.1 input
      of the adjacent cell 11 to the right; a data return input B.sub.1 of each
      cell 11 is connected to a data return output B.sub.2 of adjacent cells 11
      to the right; the exception to this interconnection scheme being that the
      leftmost cells 11 have their B.sub.2 outputs interconnected to the output
      buffer register 15, and the rightmost cells 11 of any given row have their
      A.sub.2 outputs floating.
PAR  Thus, the proposed organization of the preferred embodiment of the
      invention consists of M CCD cells 11, each comprising an N bit closed loop
      shift register. Because data input/output occurs at the leftmost cell in
      each row, the average access time for reading or writing data is N/2. If
      only one long closed loop CCD shift register having M.times.N bits were
      used, the average access time would be (M.times.N)/2. Thus, the
      organization of the preferred embodiment gives an access time improved by
      a factor of M over single loop memory organizations.
PAR  During a write operation, the B.sub.1 inputs and B.sub.2 outputs of each
      CCD circular shift register cell 11 are disabled, permitting data bits
      entered into the A.sub.1 input of each of the cells 11 to circulate
      clockwise through every bit position of the cell, and be outputted from
      the A.sub.2 output of the cells 11. Data is outputted from the input
      buffer 13 to the A.sub.1 inputs of the leftmost cells 11 of each row of
      interconnected cells 11. For a given row of the interconnected circular
      shift register cells 11, data is entered serially into the A.sub.1 input
      of the leftmost cell 11 of that row. As successive data bits are entered
      into the leftmost cell 11, preceding bits are shifted clockwise through
      all bit positions of that cell 11 and outputted from its A.sub.2 output
      into the A.sub.1 input of the adjacent cell 11 to the right, where the
      data bits are again shifted clockwise through each bit position of this
      second leftmost cell 11, and outputted therefrom to the A.sub.1 input of
      the next adjacent cell 11 to the right. The process is repeated until the
      data bits to be stored have been written or loaded into an appropriate
      number of cells 11 providing the required number of data bitspositions of
      the cells 11 have been filled. If the bit capacity of a given row of
      interconnected cells 11 is exceeded by the inputted data, the data
      overflow will spill over or be lost from the A.sub.2 output of the
      rightmost cell 11 of each row. In this manner, data is written into each
      one of the rows of interconnected cells 11, each row providing bit
      positions corresponding to like bit positions in every other row for
      accepting data words or bytes in parallel from the input buffer 13.
PAR  During a read operation, data is outputted in parallel from the rows of
      interconnected cells 11 to the output buffer 15 in a last-in-first-out
      (LIFO) mode. This is accomplished by disabling the A.sub.1 inputs and
      A.sub.2 outputs of each of the cells 11, and enabling the B.sub.1 inputs
      and B.sub.2 outputs of the cells 11. For a given row of cells 11, at the
      initiation of the read operation, the last bit of data received by the
      leftmost cell 11 from the input buffer 13 is circularly shifted clockwise
      through that cell 11 and outputted from the B.sub.2 output of the cell 11
      as the first output bit to the output buffer 15, wherein preceding data
      bits follow. The data bits contained in the rightmost cells 11 of each row
      are similarly shifted out of the B.sub.2 output of that cell 11 in a LIFO
      mode, and returned back down the row to the B.sub.1 input of the adjacent
      cell 11 to the left from whence they came. The process is repeated,
      proceeding from right to left down the row of cells 11 until all data bits
      have been shifted back down the row of CCD circular shift register cells
      11 to the leftmost cells 11, and outputted therefrom to the output buffer
      15.
PAR  Data is always shifted or circulated in the same direction within each
      circular cell 11 of the memory, eliminating the need for bidirectional
      shift registers to obtain the function of a last-in-first-out memory.
      During those periods of time when reading or writing is not being
      accomplished, i.e. idle time, the A.sub.1, B.sub.1 inputs and A.sub.2,
      B.sub.2 outputs of each cell 11 are disabled to maintain or refresh data
      stored within the cells 11, by continuously circulating the data stored in
      each cell 11 through all bit positions of their respective cells 11.
PAR  The logic 19, 21 of each of the cells 11, is included as part of the
      integrated circuitry of the cells 11. The logic 19, 21 is used, as will be
      explained below, to selectively enable and disable the A.sub.1, B.sub.1
      inputs and A.sub.2, B.sub.2 outputs of each of the cells 11, in providing
      the write, read, and idle modes of operation of the stack memory.
PAR  A basic cell or CCD circular shift register 11 is shown in FIG. 2. The
      basic cell 11 includes an upper and lower N/2 bit CCD serial shift
      registers 23, 25 interconnected by digital logic 19, 21 to provide an N
      bit circular shift register or basic cell 11. The logic 19 includes an AND
      gate 27 having an input connected to an end of the lower CCD shift
      register 25 and another input connected to a PUSH signal line. The output
      of the AND gate 27 is interconnected to an input of an OR gate 29. The OR
      gate 29 has a second input connected to the output of an AND gate 31. The
      output of the OR gate 29 is connected to an input of the upper CCD shift
      register 23. The AND gate 31 has one input connected to a data feed input
      line A.sub.1, and another input connected to a PUSH signal line.
PAR  The logic 21 interconnects the other ends of the upper and lower CCD shift
      registers 23, 25, and includes an AND gate 33 having an input connected to
      an output of the upper shift register 23, a second input connected to a
      POP signal line, and an output connected to an input of an OR gate 35; a
      second input of the OR gate 35 is connected to the output of an AND gate
      37, the output of the OR gate 35 is connected to an input of the lower
      shift register 25; one input of the AND gate 37 is connected to a POP
      signal line, and a second input to a data return input signal line
      B.sub.1. The output of the upper shift register 23 is connected to an
      input of AND gate 33 and to a data return output line B.sub.2. The end of
      the lower shift register 25 is connected to an input of AND gate 27 and
      also to a data feed output line A.sub.2.
PAR  Operation of a basic cell 11 during a write operation is such that at the
      initiation of the write operation the PUSH signal line goes high,
      permitting data to be inputted from the A.sub.1 data feed input line
      through AND gate 31 and OR gate 29 into the upper CCD shift register 23.
      The POP signal line is also high during a write operation, permitting data
      shifted clockwise through the upper shift register 23 to be passed through
      AND gate 33 and OR gate 35 into the lower CCD shift register 25. The PUSH
      signal line is low, inhibiting AND gate 27 and in turn forcing data
      shifted clockwise through the lower shift register 25 to be outputted into
      the A.sub.2 data feed output line connected to lower register 25. The POP
      signal line is also low during the write operation, inhibiting AND gate
      37, to prevent data from being inputted from the B.sub.1 data return input
      line to the lower shift register 25.
PAR  During a read operation, operation of a basic cell 11 is such that the PUSH
      signal line goes low inhibiting AND gate 31 preventing data from being
      passed through to the upper shift register 23, and the PUSH signal line
      goes high to enable AND gate 27 for passing data from the lower shift
      register 25 through AND gate 27 and OR gate 29 to the upper shift register
      23, while at the same time inhibiting the A.sub.2 data feed output line of
      the lower register 25. The POP signal line goes high to enable AND gate 37
      to pass data from the data return input line B.sub.1 through AND gate 37
      and OR gate 35 to the lower shift register 25. The POP signal line is low
      to inhibit AND gate 33 and force data to be outputted from the data return
      output line B.sub.2 of the upper shift register 23.
PAR  During idle periods, when the stack memory system is not in a read or write
      mode of operation, data is maintained within each of the basic cells 11 by
      continuously circulating or shifting the data clockwise through the bit
      positions of the cells 11. During the idle period, the PUSH and POP signal
      lines are low, to inhibit AND gates 31 and 37 to prevent data from being
      inputted into the basic cells through either A.sub.1 or B.sub.1 data input
      lines; and PUSH and POP signal lines are high to enable AND gates 27 and
      33, respectively, in order to permit data to be continuously circulated or
      shifted clockwise through all bit positions of the upper and lower shift
      registers 23, 25. The data circulation is such that data passes from the
      lower shift register 25 through AND gate 27 and OR gate 29 to the upper
      shift register 23, and from the upper shift register 23 through AND gate
      33 and OR gate 35 to the lower shift register 25.
PAR  A block diagram of the system control is shown in FIG. 3. The system
      control includes a clock generator 39, a switch 41, control logic 43, and
      a control loop 45.
PAR  The control loop 45 is an N bit CCD circular shift register into which a
      binary "one" is stored in one bit position and binary zero's are stored in
      all other bit positions. The binary "one" in control loop 45 is
      continuously circulated around the control loop 45 during idle periods,
      when no read or write operation is in process. The binary "one" bit of the
      control loop is in bit position synchronization with the last bit of data
      entered into the memory system through the input buffer 13. In other
      words, the last bit of data written into a leftmost cell 11 of any one of
      the rows of cells 11 occupies, at any given time, the same bit position
      within the leftmost cell 11 as the binary "one" bit position of the
      control loop 45, wherein the last data bits entered are circulated
      synchronously as to bit position with the binary "one" of the control loop
      45. In this manner, the system control is able to keep track of the data
      bit position of the last bit of data entered into the leftmost cells 11 of
      the rows of registers.
PAR  The control logic 43 is interconnected to and controls the switch 41 in
      providing a clock for the control loop of either s bits per second or 2s
      bits per second, as will be explained in more detail below. The control
      logic 43 also provides an individual output line for the POP, POP, PUSH,
      and PUSH signals, for interconnection to and control of the basic cells or
      circular shift registers 11 of the memory system.
PAR  The system control also provides a clock output line 47 for interconnection
      to the basic cells or circular shift registers 11 of the system. The clock
      output line 47 is interconnected to the s bits per second output line of
      the clock generator 39, to shift the basic cells 11 at a shift rate of s
      bits per second.
PAR  When READ and WRITE signal lines are both low, the control logic 43
      provides a low signal on both the POP and PUSH signal lines, and a high
      signal on the POP and PUSH signal lines. In addition, the control logic 43
      functions during an idle condition to control the switch 41 to provide a
      clock signal to the control loop 45 of s bits per second.
PAR  When a READ pulse or high signal is received by the control logic 43 on the
      READ signal line, the control logic 43 is activated to sense the shifting
      of the binary "one" of the control loop 45 into the C bit position, at
      which time the control logic 43 causes the POP signal line to go high and
      the POP signal line to go low. As substantially the same time that the POP
      signal line goes high, the last data bit written into each of the leftmost
      cells 11 will be outputted from their B.sub.2 outputs and inputted to the
      output buffer 15.
PAR  When the POP signal goes high, the control logic 43 operates the switch 41
      to change the clock signal of the control loop 45 from s bits per second
      to 2s bits per second for one normal clock period, i.e. 1/s seconds. The
      double clocking is required in order to advance the binary "one" of the
      control loop 45 one bit position ahead so that it now corresponds in bit
      position of the last bit of data entered into and now remaining in the
      system, for the previous last data bit has been read out of the system. In
      other words, upon reading out the last data bit entered into the system,
      the binary "one" bit of the control loop 45 lags one bit position behind
      the now existing last data bit position of data remaining in the leftmost
      circular shift registers 11 of the rows of shift registers and must be
      advanced one bit position ahead in order to again serve as the index point
      corresponding to the last bit of data entered into the system of the data
      remaining in the system. After being advanced one bit position, the binary
      "one"  bit of control loop 45 will again be shifted clockwise at s bits
      per second in synchronization with the last bits of data in each of the
      leftmost cells 11.
PAR  If the READ signal remains high, the control logic 43 will cause the next
      last data bit written into each of the rows of shift registers 11, to be
      read out from the leftmost cell 11 of each row upon sensing the shifting
      of the binary "one" of the control 45 into the C.sub.2 bit position of the
      control loop 45, whereupon the control loop is again shifted at twice the
      normal clock rate to advance the binary "one" bit one bit position, the
      new bit position of the binary "one" bit of the control loop 45
      representing the now last data bit position of data entered into any of
      the leftmost cells 11 of the rows of cells 11, as explained previously.
      The process is repeated until the READ signal line goes low. During the
      READ operation, the POP signal line is high, and the POP signal line is
      low only for that period of time that the binary "one" bit of the control
      loop 45 remains in the C.sub.2 bit position of the control loop 45. Thus,
      for each successive last bit or byte readout of the system, the next
      successive bit or byte cannot be readout until the binary "one" of the
      control loop 45 has circulated or shifted through all bit positions of the
      control loop 45 and has reentered the C.sub.2 bit position.
PAR  When the WRITE signal line goes high, the control logic 43 is activated to
      sense when the binary "one" bit of the control loop 45 is shifted into the
      C bit position of the control loop 45, whereupon the control logic 43
      operates to cause the PUSH and POP signal lines to go high, and the POP
      and PUSH signal lines to go low. Also, at substantially the same time, the
      control logic 43 operates switch 41 to negate or remove the clock signal
      from the control loop 45, causing the binary "one" bit to remain in the
      C.sub.1 bit position of the control loop 45 for one clock period. During
      this period of time, bits of a byte of data are written in parallel into
      the leftmost cells 11 of each of the rows of cells 11. After one clock
      period of time has passed, the control logic 43 is reset, causing the PUSH
      signal to go low and the PUSH signal to go high. If the WRITE signal line
      remains high, another byte of information may be read into the system in a
      similar manner, when the binary bit of the control loop has shifted
      through all bit positions of the control loop 45 and returned to the
      C.sub.1 bit position of the control loop 45, whereupon the new WRITE
      operation may be pursued. Of course, control logic may be provided tohhold
      the binary "one" bit of the control loop 45 in the C.sub.1 bit position
      for a period of time greater than one clock period, in order to WRITE into
      the system successive bytes of information. The circuitry for the system
      control shown in FIG. 4, provides for writing data into the system as
      described above.
PAR  The logic circuitry for and the operation of the system control will now be
      described in greater detail, with reference being made to FIG. 4. It is to
      be understood that the circuitry shown for the system control is a typical
      circuit; many other circuits may be designed to provide the system control
      function. The entire circuit shown in FIG. 4 for the system control can be
      fabricated on a single integrated circuit chip.
PAR  The control loop 45 includes an upper-shift register 49 having N/2-1 bits;
      a lower shift register 51 having N/2+1 bits; the C.sub.1 end bit position
      of the lower shift register 51 is interconnected through an AND gate 53
      and an OR gate 55 to the end bit position C.sub.1 of the upper shift
      register 49, wherein the C.sub.1 bit position of lower shift register 51
      is connected to an individual input of the AND gate 53, the output of the
      AND gate being connected to an individual input of the OR gate 55, and the
      output of the OR gate 55 connected to C.sub.1 end bit position of the
      upper shift register 49.
PAR  The other end bit position C.sub.2 of the upper shift register is
      interconnected through an AND gate 57 and an OR gate 59 to the other end
      bit position C.sub.2 of the lower shift register 51. The C.sub.1 end bit
      position of the lower shift register 51 is also connected to an individual
      input of an AND gate 61; similarly, the C.sub.2 end bit position of the
      upper shift register 49 is connected to an individual input of an AND gate
      63.
PAR  The control logic 43 includes a JK flip-flop 65 having its J input terminal
      connected both to the output of the AND gate 63 of control loop 45, and
      through an inverter 67 to its K input terminal. The Q output terminal of
      the flip-flop 65 is connected to an individual input of an AND gate 69,
      the output of AND gate 69 being connected both to the POP signal line, and
      through an inverter 71 to the POP signal line.
PAR  Other portions of the control logic 43 include a JK flip-flop 73 having its
      J input terminal connected to the output of AND gate 61 of control loop
      45, the J input terminal also being connected through an inverter 75 to
      the K input terminal of flip-flop 73. The Q output terminal of flip-flop
      73 is connected to the J input terminal of a flip-flop 77, and also to an
      individual input of an AND gate 79, the Q output of flip-flop 73 being
      connected to the K input terminal of flip-flop 77. The Q output terminal
      of flip-flop 77 is connected to an individual input of OR gate 55 of
      control loop 45.
PAR  AND gate 79 also has an individual input connected to the Q output terminal
      of a flip-flop 81; the output of AND gate 79 being connected both to the
      PUSH signal line and through an inverter 83 to the PUSH signal line.
PAR  Flip-flop 81 also has its Q.sub.w output terminal connected to an
      individual input of AND gate 61 of control loop 45, its Q.sub.w output
      terminal connected to an individual input of AND gate 53 of control loop
      34, its J input terminal connected to an output of an AND gate 85, and its
      K input terminal connected to the PUSH signal line.
PAR  AND gate 85 also has an individual input connected to the PUSH signal line,
      and another individual input connected to the WRITE signal line. A fifth
      flip-flop 87 has its J input terminal connected to the output of an AND
      gate 89, and its K input terminal connected to the POP signal line.
PAR  AND gate 89 also has an individual input connected to the POP signal line,
      and another individual input connected to the READ signal line.
PAR  Flip-flop 87 has its Q.sub.r output terminal connected to an individual
      input of AND gates 63 and 69 of control loop 45, and its Q.sub.r output
      terminal connected to an individual input of AND gate 57 of control loop
      45.
PAR  The switch 41 includes an AND gate 91 having one individual input connected
      to the PUSH signal line, a second individual input connected to the POP
      signal line, and an output connected to an individual input of an AND gate
      93. The output of the AND gate 93 is connected to an input of an OR gate
      95, OR gate 95 also having another individual input connected to an output
      of an AND gate 97. The output of OR gate 95 provides the clock signal line
      for the control loop 45. AND gate 93 has an individual input connected to
      the Q.sub.w output terminal of flip-flop 81 of control logic 43, another
      input connected to the Q.sub.r output terminal of flip-flop 87 of control
      logic 43, and yet another individual input connected to the s bits per
      second output line of the clock generator 39. AND gate 97 has one
      individual input connected to the POP signal line, a second individual
      input connected to the Q.sub.r output terminal flip-flop 87 of control
      logic 43, and a third individual input connected to the 2s bits per second
      clock output line of clock generator 39.
PAR  Operation of the system control logic circuitry follows. During idle
      operation times of the stack memory system, when neither a READ or WRITE
      operation are being performed, both READ and WRITE signal lines are low,
      causing flip-flops 81 and 87 to be in a reset mode of operation. As a
      result, AND gates 79 and 69 are inhibited, causing the PUSH and POP signal
      lines to be low. Also, AND gate 61 is inhibited, and AND gate 53 is
      enabled to permit data to flow in the control loop 45 from the C.sub.1
      digit position of the lower shift register 51 through to the C'.sub.1 bit
      position of the upper shift register 49. Similarly, AND gate 63 is
      inhibited, and AND gate 57 is enabled to permit data to flow in the
      control loop 45 from the C.sub.2 bit position of the upper-shift register
      49 to the C'.sub.2 bit position of the lower-shift register 51. Within
      switch 41, AND gate 93 is enabled and AND gate 97 is inhibited to provide
      a clock signal to the control loop of s bits per second.
PAR  Thus, in the idle mode of operation the binary "one" index bit and the
      binary zeroes stored within the control loop or CCD circular shift
      register 45 are continuously shifted around the register ring formed by
      the upper-shift register 49 and the lower-shift register 51, for
      maintaining the signal charge level of the data therein. The data
      contained in the cells or circular shift registers 11 of the stack memory
      system are also being circulated or shifted through all bit positions of
      the cells 11 at a clock rate of s bits per second, during the idle
      operation.
PAR  The WRITE mode of operation for the system control circuit will now be
      given in detail. The WRITE mode is initiated when the WRITE signal line
      goes high setting flip-flop 81, causing AND gate 53 of the control loop 45
      to be disabled, in order to open the signal path between C.sub.1 bit
      position of the lower register 51 of the control loop 45 and the C.sub.1
      bit position of the upper register 49 of the control loop 45. When the ONE
      bit of control loop 45 is shifted into the C.sub.1 bit position of the
      lower register 51, the ONE bit is outputted through AND gate 61 to set
      flip-flop 73. The setting of flip-flop 73 causes AND gate 79 to be
      enabled, wherein the PUSH signal line goes high and the PUSH signal line
      goes low, causing flip-flop 81 to be reset and AND gate 91 of switch 41 to
      be disabled. Since the POP signal line is low in the WRITE Mode of
      operation, AND gate 97 of switch 41 is disabled; therefore, AND gates 93
      and 97 of switch 41 are now both disabled, thereby preventing the clock
      signal from being outputted from switch 41 to the control loop 45. The
      setting of flip-flop 73 also causes flip-flop 77 to be set, in order to
      store the ONE bit of the control loop 45 for reentry into the control loop
      45 at the end of one clock period.
PAR  At the end of one clock period, AND gate 61 is disabled causing flip-flops
      73 and 77 to be reset, and AND gate 79 to be disabled. The disabling of
      AND gate 79 causes the PUSH signal line to go low, and the PUSH signal
      line to go high, thereby resetting flip-flop 81 and enabling AND gate 91
      causing switch 41 to output a clock signal of s bits per second to the
      control loop. At substantially the same time, the ONE bit of the control
      loop 45 is clocked back into the control loop 45 from flip-flop 77 through
      OR gate 55 into the C.sub.1 bit position of the upper register 49. The
      system control circuit is now in the idle mode of operation, and will
      remain in the idle mode until it receives a WRITE or READ input signal.
PAR  Operation of the system control circuit for a READ Operation is initiated
      by inputtting a READ signal into AND gate 89 of logic 43. The READ signal
      or pulse sets flip-flop 87, causing the Q.sub.r output of flip-flop 87 to
      go high. Accordingly, the Q.sub.r output of flip-flop 87 of logic 43 goes
      low, causing AND gate 57 of control loop to be disabled to open the signal
      path between the C.sub.2 bit position of upper register 49 and the C.sub.2
      bit position of lower register 51 of control loop 45. When the ONE bit of
      control loop 45 is shifted into the C.sub.2 bit position of upper register
      49 of the control loop 45, the ONE bit is sensed through AND gate 63 of
      the control loop to set flip-flop 65 of logic 43.
PAR  The setting of flip-flop 65 causes the POP signal line to go high and the
      POP signal line to go low. As a result, AND gate 91 of switch 41 is
      disabled, and AND gate 97 of switch 41 is enabled, thereby causing switch
      41 to output a clock signal of 2s bits per second for one normal clock
      period (1/s seconds). At the end of one normal clock period, READ
      flip-flop 87 of logic 43 and flip-flop 65 of logic 43 are reset, causing
      switch 41 to delete the 2s bit per second clock signal to control loop 45
      and now output a clock signal of s bits per second to control loop 45. The
      system control is now in the idle mode of operation.
PAR  When the system control circuit is initially turned on, a ONE bit must be
      entered into the control loop 45. The ONE bit is entered into the control
      loop 45, after energizing the system control circuit, by feeding a
      positive going pulse from the E line through OR gate 55 of control loop 45
      into the C'.sub.1 bit position of the upper shift register 49 of control
      loop 45. The ONE bit is clocked into the control loop 45 by the method of
      charge insertion that is well-known and described in the prior art
      previously noted in the "Background of the Invention."
PAR  As would be obvious to one skilled in the art, it should be noted that the
      stack memory organization is not limited to LIFO operation.
      First-in-first-out (FIFO) operation can be obtained by connecting
      appropriate logic between the C.sub.2 output of the rightmost shift
      registers 11 and the output buffer 15. The additional logic may be
      operated in conjunction with the other system logic, to permit either a
      FIFO or LIFO mode of operation.
PAR  While a particular embodiment of the present invention has been described
      and illustrated, it will be apparent to those skilled in the art that
      changes and modifications may be made therein without departing from the
      spirit and scope of the invention as claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A charge coupled device stack memory system providing last-in-first-out
      operation in response to read and write signals comprising:
PA1  an input buffer means for storing data to be inputted to said stack;
PA1  an output buffer means for storing data to be outputted from said stack;
PA1  a plurality of rows each including a plurality of loops of charge coupled
      shift register cells;
PA1  means for applying a two phase clock to circulate the data bits in said
      cells;
PA1  first logic means for gating data from said input buffer means to the first
      loop in each said row and from each loop in a said row to the next
      successive loop in that row in response to a first control signal, for
      gating data to the said output buffer means from each said first loop and
      from each loop in a said row to the next preceding loop in that row in
      response to a second control signal and for gating data around said loop
      in response to third and fourth control signals;
PA1  control means for maintaining an indication of the position of the data
      bits in said shift register cells; and
PA1  second logic means responsive to a said read signal, a said write signal
      and said indication of said control means to produce said first, second,
      third and fourth control signals.
NUM  2.
PAR  2. The CCD stack memory system of claim 7, wherein each of said loops has a
      data feed input, a data feed output, a data return input and a data return
      output and the data feed input of the leftmost register of each one of the
      said rows of two-phase CCD shift registers in connected to an individual
      output of said input buffer register; the data feed output of each
      register being connected to the data feed input of the adjacent register
      to the right for transmitting data bits between said registers, proceeding
      from left to right in any one row of said registers; the data return
      output of each register being connected to the data return input of the
      adjacent register to the left for transmitting data bits between said
      registers, proceeding from right to left in any one row of said registers;
      and the data return output of the leftmost register of each one of said
      rows of registers being connected to an individual input of said output
      buffer.
NUM  3.
PAR  3. The CCD stack memory system of claim 2, wherein each loop of two-phase
      CCD circular shift register cells further includes:
PA1  upper and lower two-phase CCD shift registers each having an input and an
      output; and wherein said first logic means comprises:
PA1  means controlled by said second logic means in a write mode of operation
      for interconnecting said data feed input to the input of said registers,
      for enabling said data feed output connected to the output of said lower
      register and for interconnecting the output of said upper register to the
      input of said lower register;
PA1  and being controlled by said second logic means in a read mode of operation
      for interconnecting the output of said lower register to the input of said
      upper register, for enabling said data return output connected to the
      output of said upper register, and for interconnecting said data return
      input to the input of said lower register;
PA1  and being controlled by said second logic means in an idle mode of
      operation for interconnecting the output of said lower register to the
      input of said upper register, for interconnecting the output of said upper
      register to the input of said lower register, and for disabling said data
      feed input, data feed output, data return input, and data return output.
NUM  4.
PAR  4. The CCD stack memory system of claim 3 wherein said means controlled by
      said second logic means includes:
PA1  an upper OR gate;
PA1  an upper AND gate enabled for interconnecting the output of said lower
      register through said OR gate to the input of said upper register, said
      AND gate adapted to be disabled for enabling said data feed output of said
      lower register;
PA1  a write AND gate enabled for interconnecting said data feed input through
      said OR gate to the input of said upper register;
PA1  a lower OR gate;
PA1  a lower AND gate enabled for interconnecting the output of said upper
      register through said lower OR gate to the input of said lower register,
      said lower AND gate adapted to be disabled for enabling said data return
      output of said upper register; and
PA1  a read AND gate enabled for interconnecting said data return input through
      said lower OR gate to the input of said lower register.
NUM  5.
PAR  5. The CCD stack memory system of claim 1 wherein said control means
      includes:
PA1  a circular shift register serving as a control loop having a binary "one"
      bit stored therein in bit synchronization with the last bit of data
      written into any one of the leftmost registers of the rows of said
      two-phase CCD circular shift registers, all other bit positions of said
      control loop being binary zeros.
NUM  6.
PAR  6. The CCD stack memory of claim 5 wherein said second logic means
      includes:
PA1  control logic means responsive to said read and write input signals, and to
      the shifting of said binary "one" bit of said control loop into a first
      bit position of the control loop during a read operation, and into a
      second bit position of the control loop during a write operation, for
      supplying control signals to said first logic means;
PA1  a clock generator providing a first clock signal of s bits per second, and
      a second clock signal of 2s bits per second, said first clock signal being
      connected to each one of said plurality of loops of charge coupled shift
      register cells; and
PA1  switching means operated by said control logic means for interconnecting
      said first clock signal to said control loop during an idle mode of
      operation of said memory system, for disconnecting said first clock signal
      from said control loop for 1/s seconds, when during a write mode of
      operation the "one" bit of said control loop is shifted into said first
      bit position of said control loop, for disconnecting said first clock
      signal and connecting said second clock signal to said control loop for
      1/s seconds, when during a read mode of operation the one bit of said
      control loop is shifted into said second bit position of said control
      loop.
NUM  7.
PAR  7. The CCD stack memory system of claim 6, wherein said circular control
      shift register of said control means further includes:
PA1  a lower CCD control shift register having said first bit position;
PA1  an upper CCD control shift register having said second bit position; and
PA1  control loop logic means for interconnecting said upper and lower CCD
      control shift registers into a circular control shift register
      configuration having bit storage positions equal in number to the bit
      storage positions of each one of said plurality of loops of charge coupled
      shift register cells, and for controlling the initial and re-entry
      inputting of said binary one bit into said upper control shift register.
NUM  8.
PAR  8. The CCD stack memory system of claim 7, wherein said control loop logic
      means of said circular control shift register includes:
PA1  a first sensing AND gate having an individual input connected to said first
      bit position of said lower CCD control shift register, said sensing AND
      gate being enabled to sense the entry of said one bit into said first bit
      position of said lower CCD control register;
PA1  an upper control OR gate having an output connected to an input of said
      upper CCD control register, and an individual input connected to an entry
      signal line for initially entering said one bit into said circular control
      shift register; an upper control AND gate being enabled for
      interconnecting said first bit position of said lower control register to
      an individual input of said upper CCD control OR gate;
PA1  a second sensing AND gate having an individual input connected to said
      second bit position of said upper CCD control shift register, said second
      sensing AND gate being enabled to sense the entry of said one bit into
      said second bit position of said upper CCD control register;
PA1  a lower control OR gate having an output connected to an input of said
      lower control register, and an individual input connected to an output of
      said second sensing AND gate; and
PA1  a lower control AND gate being enabled for interconnecting said second bit
      position of said upper CCD control register to an individual input of said
      lower control OR gate.
NUM  9.
PAR  9. The CCD stack memory system of claim 8, wherein said control logic means
      of said control means further includes:
PA1  a write flip-flop set by said write input signal, for enabling said first
      sensing AND gate of said circular control shift register, for disabling
      said upper control AND gate of said circular control shift register, and
      for operating said switching means to remove said first clock signal from
      said circular control shift register;
PA1  a read flip-flop set by said read input signal, for enabling said second
      sensing AND gate of said circular control shift register, and for
      disabling said lower control AND gate of said circular control shift
      register;
PA1  a first sensing flip-flop set by said first sensing AND gate of said
      circular control shift register;
PA1  a storage flip-flop set by and upon the setting of said first sensing
      flip-flop, said storage flip-flop adapted to be set to store said binary
      "one" bit of said circular control shift register for re-entry through
      said upper control OR gate of said circular control register into said
      upper control register of said circular control register upon the
      completion of a write operation;
PA1  a push AND gate enabled by setting of both said first sensing flip-flop and
      said write flip-flop for outputting a PUSH control signal for enabling
      said write AND gate of each one of said plurality of CCD circular shift
      registers, and for resetting said write flip-flop of said control logic
      means;
PA1  a first inverter having an input connected to an output of said PUSH AND
      gate, the output of said inverter being a PUSH signal for enabling said
      upper AND gate of each one of said plurality of two-phase CCD circular
      shift registers;
PA1  a first input AND gate enabled by said PUSH output signal of said first
      inverter for interconnecting said write signal to the set input of said
      write flip-flop;
PA1  a second sensing flip-flop set by said second sensing AND gate of said
      circular control register;
PA1  a pop AND gate enabled by the setting of both said second sensing flip-flop
      and said read flip-flop for outputting a POP control signal for resetting
      said read flip-flop, and for enabling said read AND gate of each one of
      said plurality of CCD circular shift registers;
PA1  a second inverter having an input connected to an output of said inverter
      being a POP signal for enabling said lower AND gate of each one of said
      plurality of CCD circular shift registers; and
PA1  a second input AND gate enabled by said POP output signal of said second
      inverter for interconnecting said read signal to the set input of said
      read flip-flop.
NUM  10.
PAR  10. The CCD stack memory system of claim 9, wherein said switching means
      further includes:
PA1  a first switching AND gate enabled both by said PUSH output signal of said
      first inverter, and said POP output signal of said second inverter;
PA1  a transfer OR gate;
PA1  a second switching AND gate enabled by the resetting of both of said write
      and said read flip-flops, and by the enabling of said first switching AND
      gate, for interconnecting said first clock signal of said clock generator
      through said transfer OR gate to said circular shift register; and
PA1  a third switching AND gate enabled by the POP output signal of said pop AND
      gate, and the setting of said flip-flop, for interconnecting said second
      clock through said transfer OR gate to said circular control shift
      register.
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ABST
PAL  The inductive and capacitive coupling between adjacent sense lines in a
      semi-conductor memory is minimized by periodically interchanging the
      locations of the two sense lines assigned to each column of storage cells
      in a semi-conductor memory.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to semi-conductor memories and more particularily to
      improvements therein.
PAR  In the layout of a semi-conductor memory, usually the memory cells are laid
      out in an array of columns and rows. There are usually two sense lines for
      each cell and a pair of sense lines is connected to a column of cells. As
      a result, in the memory array, the pairs of sense lines are adjacent and
      parallel to one another. In the operation of the memory, usually, one of
      the sense lines will remain at its initial voltage, usually a high
      voltage, and the other sense line of each pair will change states, usually
      going from a high to a low voltage.
PAR  As a result of the foregoing, coupling occurs between these sense lines
      which has the effect of causing transients to appear, as the result of
      which, the operation of any sensing circuits used to obtain a differential
      signal from the sense line has to slow down, in order to avoid an
      erroneous reading. This of course slows the cycle time for a memory and
      thereby slows the entire equipment which uses the memory.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an arrangement for the sense
      lines of a semi-conductor memory which minimizes the effect of coupling
      therebetween.
PAR  Yet another object of this invention is the provision of an arrangement for
      the sense lines of a semiconductor memory whereby the memory operation is
      speeded up.
PAR  Still another object of the present invention is the provision of an
      improved semi-conductor memory sense line arrangement.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will best be understood from the following
      description when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is a schematic drawing of a semi-conductor memory layout as it
      presently exists.
PAR  FIG. 2 is a block schematic drawing of a semi-conductor memory layout
      showing the disposition of the sense lines in accordance with this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 schematically represents an array of storage cells as they are
      presently disposed on a semi-conductor memory chip. In the interests of
      simplicity in the drawings, only the array of memory cells and their sense
      lines are shown. The remainder of the memory circuitry is not shown. It is
      well known, and its addition would not add to an understanding of this
      invention.
PAR  The memory basically comprises an array of memory cells 10, 12, 14, 16, for
      example, which usually are binary circuits, such as flip-flops. Each cell
      is associated with a pair of sense lines, 20, 22, 24, 26, 28, 30, 32, 34,
      for example. There is one pair of sense lines for each column of cells.
      These sense lines connect to sensing circuits 36, which usually comprise
      circuits for obtaining a differential signal from each pair of sense lines
      to determine whether or not the data in the cell, from which a read out
      occurs is a one or a zero.
PAR  Usually, in reading the data out of a semi-conductor memory, the read-out
      occurs from all of the cells in a single row to provide the binary digits
      representative of a word which has been stored. Thus, assume that cells
      10, 12, 14, 16 have been driven to provide signals on the associated pairs
      of sense lines which represent data stored in these cells. In response to
      the read-out signals applied to the cells, assume a worst case, namely
      that sense line 20 goes from a high to a low voltage, sense line 22
      remains at a high voltage, sense line 24 goes from a high to a low
      voltage, sense line 26 remains at a high voltage, sense line 28 remains at
      a high voltage, and sense line 30 goes from a high to a low voltage. Sense
      line 32 goes from a high to a low voltage and sense line 34 remains at a
      high voltage.
PAR  As a result of electrical coupling which occurs between sense lines 22 and
      24, a transient read-out signal occurs on sense line 24, due to capacitive
      loading which occurs between sense lines 22 and 24. Also, as a result of
      the coupling a transient appears on sense line 22. This slows down the
      operation of any sensing circuits 36 which may be used to obtain a
      differential signal from the first pair of sense lines.
PAR  The type of reaction just described does not occur to any noticeable degree
      between sense lines 24, 26, 28 and 30, since the two adjacent sense lines,
      26 and 28 both remain high.
PAR  It should be appreciated that slowing down of the transient read-out signal
      on a sense line, together with an appearance of an induced transient on an
      adjacent sense line, requires the provision of a longer interval of time
      for operation of the sensing circuits to enable them to accurately detect
      the information being read out of the memory. When the read-out interval
      requires a longer time, then the entire operation of the memory is also
      slowed down.
PAR  FIG. 2 shows an arrangement of the sense lines of the memory in accordance
      with this invention. The same reference numerals will be applied to the
      same structures as are used in FIG. 1.
PAR  In accordance with this invention, the sense line 20, and the sense line 22
      have their respective locations interchanged on the memory chip at the
      mid-point of their length. Sense lines 24 and 26 have their location
      interchanged one quarter way from each end. Sense lines 28 and 30 have
      their locations interchanged at their midpoint.
PAR  The indicated sense line pattern interchange is carried out throughout the
      memory. That is, alternate pairs of sense lines have their locations
      interchanged at their midpoint and the remaining alternate pairs of sense
      lines have their locations interchanged one quarter of their length inward
      from each end.
PAR  Assuming the same read-out pattern as was assumed with the connection of
      the description of FIG. 1, with the sense lines 20 and 24 having a voltage
      going from a high level to a low level, and sense lines 22 and 26
      remaining high, then the coupling sense lines 22 and 24 will exist along
      only 25% of the sense line so that the capcitive loading is reduced to 25%
      of the loading amount which occurred when the sense line configuration
      shown in FIG. 1 is used. However, coupling also exists for 25% of the
      sense line length between sense lines 20 and 24, but since the voltage on
      both of these lines are moving together from a high to a low level, the
      effective loading is zero. If the reasoning applied for the effective
      loading between the first and second pair of sense lines is carried
      through for the effective loading for the second and third pairs of sense
      lines and so on throughout the memory, it will become clear that by the
      transposition of the sense line as shown the effective loading caused by
      the electrical coupling between the sense lines is reduced by at least
      half, the induced transients are also reduced by half, enabling the
      sensing circuits to operates more quickly, in view of these transient
      reductions.
PAR  Accordingly, there has been described and shown here and above, a novel and
      useful arrangement for the placement of the sensing lines of a
      semi-conductor memory, whereby coupling between the sensing lines is
      reduced, enabling more accurate sensing of the signals which are applied
      to the sense line and a faster operation of the memory system.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a semi-conductor memory wherein the storage elements of said memory
      are arranged in an array of rows and columns and there is provided a
      parallel pair of sense lines for each column of memory elements, to which
      all the elements of a column are connected, the improvement comprising,
PA1  transposing the locations of the sense lines in each pair of sense lines
      which are alternate pairs of sense lines in said array at a first
      predetermined distance from one end along the length of said alternate
      pairs of sense lines, and
PA1  interchanging the locations of each pair of sense lines in the remaining
      pairs of sense lines at a second predetermined distance from one end of
      each said pair of remaining pairs of sense lines.
NUM  2.
PAR  2. In a memory system as recited in claim 1 wherein the first predetermined
      distance is a distance located at one half of the length of a sense lines
      pair, and
PA1  said second predetermined distance is the distance equal to one forth of
      the length of a sense line.
NUM  3.
PAR  3. In a semi-conductor memory of the type wherein a plurality of storage
      cells of the binary storage type are disposed in an array of columns and
      rows over the over the surface of a chip, and there is provided a pair of
      sense lines for each column of storage cells to which all of the storage
      cells in a column are connected, said sense lines in each column extending
      parallel to one another on said chip, the method of reducing coupling
      effects comprising,
PA1  interchanging the locations of the sense lines associated with alternate
      columns of memory cells at a first predetermined location along the length
      thereof, and
PA1  interchanging the location of the sense lines in each pair of sense lines
      in the remaining alternate columns at a second predetermined location for
      reducing the electrical coupling between sense lines in adjacent columns.
NUM  4.
PAR  4. A method as recited in claim 3 wherein said first predetermined distance
      is the length of one half of said sense line, and
PA1  said second predetermined distance is a length which is one quarter of the
      length of said sense lines from one end.
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ABST
PAL  A data processing device utilizing magnetizable media operating with the
      displacement of magnetic domain walls, in particular walls of "bubble"
      domains, which are propelled by fields which move walls with a speed which
      is as large as possible, and are operative only for a restricted time,
      preferably shorter than 20 nanoseconds.
BSUM
PAR  The invention relates to a device operating with the displacement of
      magnetic domain walls and comprising a layer of a magnetisable material
      having an easy axis of magnetisation substantially perpendicular to the
      plane of the layer, in which layer magnetic domain walls can be produced,
      maintained and moved, as well as a device to cause a magnetic propulsive
      field to influence magnetic domain walls present in the layer so as to
      move them between previously determined positions.
PAR  A field of application for devices of this type is, for example, data
      processing systems and notably devices in which magnetisable media through
      which magnetic domain walls can be moved are used for performing logic,
      display and memory functions. In this connection it is to be noted that
      both straight magnetic domain walls and, for example, circular domain
      walls which form the boundary of so-called magnetic "bubbles" are to be
      considered.
PAR  From the publication "Magnetic Bubbles a Technology in the making"
      Electronics, September, 1969, pp. 83-89, for example, devices are known in
      which thin films of a magnetisable material having an easy axis of
      magnetisation substantially perpendicular to the plane of the film are
      used, in which films single-walled magnetic domains, i.e. magnetic domains
      which are formed by a wall which is closed in itself and may assume the
      shape of a cylinder, are created. A bias magnetisation field having such a
      strength and polarity is produced that the individual domains can be
      maintained and moved as stable units. The displacement of such
      single-walled domains from one position to the other can be carried out by
      means of localized magnetic fields.
PAR  A controlled movement of the domains and the domain walls, respectively, is
      possible by means of a pattern of electric conductors to which multiphase
      currents are supplied in such manner that a domain is successively moved
      from one point to another along a previously determined track.
PAR  Another possibility of a controlled movement of magnetic domains and domain
      walls, respectively, consists of the use of a pattern of permalloy
      elements which have such a shape that, together with a rotating magnetic
      field which can be produced by means of electric windings arranged around
      the device, they force the domains to move in a given direction.
PAR  For use in data processing systems, however, it is a requirement that the
      rate of movement of the magnetic domain walls be so high that the same bit
      rates are realisable as can be achieved with electronic data processing
      systems.
PAR  In devices for the movement of domain walls as described above the domain
      wall is moved under the influence of the propulsive field by a certain
      force. It might be expected that an increase of the force on the wall
      always results in a larger speed of the domain wall during its movement to
      the next position. Upon further investigation it was found, however, that
      with low-loss materials, in particular garnets, which are suitable for use
      in data processing systems as described above just due to said property,
      the speed assumes a much lower value above a given critical force on the
      domain wall, at which force the speed of the domain wall is maximum, which
      value is substantially independent of the force exerted on the wall.
PAR  In copending application Ser. No. 463,732, filed Apr. 24, 1974 it has been
      proposed on the basis of the above to operate a domain wall device in such
      manner that the force on the domain wall is always just maintained below
      the said critical force. The speed at which the wall moves under this
      condition then is the maximum achievable speed.
PAR  Further investigations have proved, however, that also in the case in which
      the force on the domain wall is above the said critical force, the
      possibility exists to cause the wall to move at a speed which approximates
      the value of the above-mentioned maximum speed. In the first couple of
      nanoseconds after application of the driving force, the speed of the wall
      actually proves to increase rapidly to a very high value and then to
      decrease abruptly to the above-mentioned substantially constant value
      corresponding to the applied force. With high propulsive fields the
      variation of the wall speed with time thus is strongly non-linear.
PAR  The above-described effect may advantageously be used within the scope of
      the present invention the object of which is to provide a device operating
      with the displacement of magnetic domain walls and in which the domain
      walls are moved at the highest possible speed.
PAR  For that purpose the device according to the invention employs a propulsive
      field acting upon a domain wall during the which is pulsed with a pulse
      duration which is shorter than the time in which the function typical of
      the magnetisable material and representing the relation between the speed
      of the wall under the influence of the propulsive field and the time shows
      a discontinuity.
PAR  A preferred embodiment of the device according to the invention utilizes a
      pulse duration of the propulsive field shorter than 20 nanoseconds.
PAR  A further preferred embodiment of the device according to the invention
      utilizes a layer of magnetisable material which consists of a magnetisable
      material having a garnet crystal structure.
PAR  In a still further preferred embodiment of the device according to the
      invention the layer of magnetisable material consists of yttrium-iron
      garnet which contains gallium in a part of the iron sites and lanthanum in
      a part of the yttrium sites.
PAR  The invention will be described in greater detail, by way of example, with
      reference to the drawing.
PAR  FIG. 1 shows a thin film of a magnetisable material in which a domain wall
      is present.
PAR  FIG. 2 shows the variation in the y direction of the magnetic field in
      which the film of FIG. 1 is present.
PAR  FIG. 3 shows a device to displace the domain wall in the film of FIG. 1.
PAR  FIG. 4 shows the displacement of a domain wall in the time under the
      influence of propulsive fields with different amplitudes.
PAR  FIG. 5 is a graph showing the typical variation of the speed of a domain
      wall with the time under the influence of a propulsive field.
DETD
PAR  FIG. 1 shows a thin film 1 of a magnetisable material having an easy axis
      of magnetisation perpendicular to the plane of the film. In the present
      case this was a film of the composition Y.sub.2.9 La.sub.0.1 Fe.sub.3.8
      Ga.sub.1.2 O.sub.12 (yttrium-iron-garnet with gallium in a part of the
      iron sites and lanthanum in a part of the yttrium sites) with a thickness
      of 3.9 .mu.m. This is a material with very low losses. The film has been
      grown on a substrate 2 of gadolinium gallium garnet by means of epitaxy
      from the liquid phase. A domain wall 3 is present in film 1 which is
      formed by the application of a magnetic field perpendicularly to the plane
      of the film, of which field the field strength shows a gradient in the y
      direction (FIG. 2). The gradient field H(y) is produced by means of the
      permanent magnets 4 and 5 (FIG. 3). A (pulsatory) magnetic propulsive
      field H.sub.Z is produced by means of an electric winding 6 which is
      present immediately on the thin film 1 and is connected to a (pulse)
      generator 7. Under the influence of the fields H(y) and H.sub.Z the wall
      is displaced from the stable position A to the stable position B (FIG. 2).
      A static magnetic auxiliary field H.sub.y having a field direction
      perpendicular to the wall 3 is produced by means of the electric windings
      8 and 9 or by placing the thin film 1 not exactly symmetrically relative
      to the permanent magnets 4 and 5. The displacement of the wall 3 under the
      influence of the propulsive field H.sub.Z is detected magneto-optically by
      means of the Faraday effect.
PAR  FIG. 4 shows for two different propulsive fields H.sub.Z with a field
      strength of 5 Oersted and 10 Oersted, respectively, the displacement y in
      .mu.m of the wall as a function of the time t in nanoseconds. It may be
      seen from the figure that the distance which the wall covers during the
      first 20 to 25 nanoseconds under the influence of the field of 10 Oersted
      is larger than the distance which it covers under the influence of the
      field of 5 Oersted. After this "switch-on period" this is no longer the
      case. After, for example, 50 nanoseconds the wall has covered a larger
      distance under the influence of the field of 5 Oersted than under the
      influence of the 10 Oersted field. In the case of the 5 Oersted field the
      average speed thus is larger than in the case of 10 Oersted. However, the
      particular and so far not known effect which occurs in the "switch-on
      period" may advantageously be used. This will be explained with reference
      to FIG. 5.
PAR  FIG. 5 shows the typical variation which the speed of the wall shows as a
      function of the time if it is propelled by a field which exerts a force on
      the wall which is larger than the above-mentioned "critical" force. Such a
      field is, for example, the 10 Oersted field described with reference to
      FIG. 4. It is obvious that during the first 20 nanoseconds after applying
      the propulsive field the speed increases considerably to a maximum value
      of approximately 900 m/sec. When the duration of the applied field is
      longer, an abrupt decrease of the speed, that is to say a discontinuity in
      the speed curve, appears to occur. In order to avoid the occurrence of
      said slow "mode", according to the invention, the pulse duration of the
      applied field should thus be shorter than the time for which the speed
      curve shows a discontinuity. That is to say in this case shorter than 20
      nanoseconds. For comparison, in the known devices which operate with the
      displacement of magnetic domain walls the duration of the applied
      propulsive fields is in the order of microseconds, that is to say
      approximately a hundred times longer than the above-mentioned pulse
      duration. So it may be established that said devices are not operared
      optimally as regards the achievable speed of displacement of the domain
      walls.
PAR  It is to be noted that the variation of the speed with the time shown in
      FIG. 5 is typical of low-loss "bubble" materials, for example,
      ferromagnetic garnets. In principle these materials all show the same
      characteristic. However, the numerical values may differ, dependent upon
      the damping factor.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A data processing device utilizing magnetizable media operating with the
      displacement of magnetic domain walls and comprising a layer of a
      magnetisable material having an easy axis of magnetisation substantially
      perpendicular to the plane of the layer, means to produce and maintain
      magnetic domain walls in said layer, and means to produce a magnetic
      propulsive field to influence magnetic domain walls present in the layer
      so as to move them between previously determined positions, and means to
      pulse said propulsive field acting upon a domain wall during the movement
      having a pulse duration which is shorter than the time in which a function
      representing the relation between the speed at which the wall moves under
      the influence of the propulsive field and the time shows a discontinuity.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein the pulse duration of the
      propulsive field is shorter than 20 nanoseconds.
NUM  3.
PAR  3. A device as claimed in claim 1, wherein the layer consists of a
      magnetisable material having a garnet crystal structure.
NUM  4.
PAR  4. A device as claimed in claim 1, wherein the layer of magnetisable
      material consists of yttrium-iron garnet which contains gallium in a part
      of the iron sites and lanthanum in a part of the yttrium sites.
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ABST
PAL  A fault detection and signaling system is responsive to a fault detection
      to generate a first type of warning signal indicative of fault detection
      and includes means operable to indicate that a fault is "acknowledged" and
      for causing the generation of a second type of warning signal if the fault
      still exists and to cause ceasing of generation of the first type of
      warning signal if the fault no longer exists. Further provided is means
      responsive to fault detection by another fault detection and signaling
      system for causing generation of a third type of warning signal when a
      fault is indicated by the present system subsequent to a fault detection
      by another system.
BSUM
PAR  This invention relates to fault detection and signaling systems.
PAR  In automated industrial processes, highly reliable multiple-fault detection
      and signaling systems are required so as to insure proper operation of the
      automated equipment. Also, fault detection systems having a high degree of
      versatility rendering them useful in various types of applications are
      required. The present invention has been arrived at so as to provide an
      improved fault signaling system which is particularly suitable for use in
      applications where multiple fault detectors are used so as to provide high
      system reliability especially in automated applications.
PAR  An object of the present invention is to provide a system which is capable
      of detecting a fault by using either the making or breaking of a contact
      actuated by fault-occurrence, as well as by means of an electrical signal
      generated as a result of fault-occurrence. This provides a high degree of
      versatility of use.
PAR  A second object of the present invention is to provide a system which is
      isolated from the system being checked, thereby eliminating mutual
      electrical interaction between the fault detection and signaling system
      and the operating system being monitored.
PAR  A still further object of the present invention is to provide a multiple
      detection and signaling system having different types of signaling for a
      first fault occurrence relative to subsequently occurring faults.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a multiple fault detecting and
      signaling system comprises detection means, coupled to a system to be
      monitored for generating a detection signal corresponding to a fault in
      the monitored system; signaling means responsive to the detection signal
      for generating a first type of warning signal indicating presence of a
      fault; and memory means responsive to generation of the detection signal
      for storing an indication of fault detection. Further provided is means
      coupled to the memory means and operable for indicating that a fault is
      acknowledged and for causing the signaling means to (i) generate a second
      type of warning signal if the fault still exists and (ii) to cease
      generation of a warning signal if the fault no longer exists; and a
      "first-fault" memory means for indicating detection of a fault by another
      fault detection and signaling system and for causing the signaling means
      to generate a third type of warning signal when a fault is indicated by
      the detection means subsequent to fault detection by said another system.
PAR  Preferably, the detection means includes electrical isolation means (which
      may be opto-electrical device) to prevent electrical interaction between
      the detection and signaling system and the system being monitored.
      Further, additional signaling devices may be provided for remote and/or
      local signaling of an operator of the system.
PAR  Still further, the detection means preferably include switching and logic
      to enable the system to be responsive to the making or breaking of a
      contact actuated by fault-occurrence, or the presence or absence of an
      electrical signal to indicate a fault occurrence. Still further, a
      (integrator) circuit is preferably provided to eliminate effects of
      transient signal pulses.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a circuit diagram of an embodiment of the present invention; and
PAR  FIGS. 2A and 2B are illustrations of waveforms appearing in the circuit of
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENT
PAR  In detecting faults possibly appearing in machinery, instruments, or other
      industrial installations, a multiplicity of signaling circuits are used,
      each being as shown in FIG. 1. Each signaling means is provided to detect
      a pre-specified fault and transmit its presence to an alarm means or the
      like.
PAR  The input unit 3 for each system is connected to an external busbar 1,
      common or otherwise according to the circumstances, and to a
      fault-appearance data input terminal 2. The input unit 3 includes an
      opto-electronic insulating (or isolating) unit 4, making use, for example,
      either of an electrical input signal at terminal 2, or else the breaking
      or making of a contact coupled to terminal 2 as an indication of a fault
      appearance. The opto-insulator unit 4 itself additionally establishes a
      galvanic separation, thereby electrically isolating the input unit 3 from
      the remainder of the fault detection system.
PAR  Unit 4 includes a light emitting diode, or other light source, and a light
      responsive transistor, or the like.
PAR  The input unit 3 is coupled to an integrator unit 5 which includes a
      resistor 7 and capacitor 6 in parallel therewith, one end of the parallel
      connection being grounded and the other end being coupled to the output
      portion of isolating unit 4. Integrator unit 5 is to eliminate
      contact-chatter effects, interference, etc.
PAR  The fault detecting system further includes a normal operating-condition
      selection unit 8 coupled between the input units 3,4,5 and the rest of the
      system. In FIG. 1, unit 8 is connected to unit 3 via integrator unit 5 and
      isolating unit 4. By means of setting the contact 9 of unit 8 in position
      b, the output of input units 3,4,5 is coupled to the rest of the system
      such that the system operates as a consequence of "signal presence" or of
      a contact "making" as the result of a fault condition. By setting the
      contact 9 to the other position a, the connection to the rest of the
      system is established through an inverting logic operator 25, thereby
      transmitting a signal only when there is no input to the inverting circuit
      25 and therefore operating the system so that a fault is indicated as a
      result of a "no input signal" condition or the result of contact "break",
      both eventualities set up by presence of a fault.
PAR  The system also includes a fault memory 10 made up of NOR logic operators
      detecting the appearance of the fault through the effect produced, i.e., a
      signal being received or otherwise, a contact either making or breaking,
      according to the present position of switch 9. The detection of the fault
      is held in memory 10 even after the fault disappears (i.e., a fugitive
      fault).
PAR  The output of memory 10 is coupled to a selector unit 22 made up of
      conventional logic operators. Selector unit 22 is connected to two pulsed
      signal input sources 20,21 of different frequencies. Signals from sources
      20 and 21 are shown in FIGS. 2A and 2B, respectively. The selector unit 22
      provides a pulsed output, the frequency of which is a function of the
      fault detection by unit 3 and fault detection by other units of other
      fault detectors of the overall system. This is explained further below.
PAR  The output of selector unit 22 is coupled to two signaling units 19,23
      which form part of the system. The local signal unit 19 has a
      light-emitting diode 26 which produces a flicker (or intermittent
      flashing) when the signal provided by selector unit 22 as a result of
      fault detection is fed to the signaling unit 19. The other signaling unit
      23 is fed through the foregoing unit 19 to provide a warning at any
      outside point by means, for example, of flicker occurring in an external
      signal lamp (not shown) which may be connected at point 18.
PAR  Fault-appearance also causes the loading or energization of an auxiliary
      line 14 which is connected in common to all the systems which are each as
      described above and which are mounted in, or otherwise form a part of, an
      overall control system.
PAR  An information or "acknowledgement" memory unit 11 is connected to the
      memory 10 and selector unit 22 and is further connected to pushbutton 17
      operable by the system operator to indicate that the fault-warning signal
      for some defect has been acknowledged. Switch 17 may form an integral part
      of unit 11. Due to the cutoff effects of closing switch 17, the memory 10
      is caused to operate on the selector unit 22, thereby causing a change in
      its output signal which by effect of this permutation now causes the
      continuous lighting of the light element 26 of signaling unit 19 and
      continues lighting of the external lamp (not shown) connected at point 18
      to signaling unit 23 if the fault continues even at the time of pushing or
      closing of the switch 17 by the operator. The faultwarning signal is not
      cut off until the fault has been cleared. This permits the operator doing
      the appropriate fault-clearing work to check by means of the signaling
      units 19, 23 whether his work has cleared the fault or not. If the fault
      no longer continues (fugitive) at the time of depressing the switch 17,
      the system is reset and left in the "watch" position, and the indicator
      lights are extinguished.
PAR  The system also includes a first-fault memory unit 13 which is connected to
      a "no-go" or "prohibition" line 14. Memory 13 operates when, at the time a
      fault is detected, line 14 is already pre-loaded or energized, which
      denotes the prior operation of some other interconnected fault detecting
      unit of the system. Therefore, for example, when the illustrated system
      detects a fault subsequent to the detection of another fault by another
      non-illustrated fault detector of the system (which are preferably
      identical to that shown in the Figure and form a complete control system),
      the memory unit 13 will operate to cause the signals from source 21 to be
      fed to gate 27 via gates 28, and 30 to signaling units 19 and 23, thereby
      causing the signal transmitted by unit 22 of the system in question to
      generate a slow flicker of the light element 26.
PAR  The fault first signalled by the group of fault detecting systems is a
      quick flicker (or intermittent flashing) of the indicator light element 26
      or an external light element connected at point 18. A subsequent fault
      detected by any one of the fault connecting systems (each being similar to
      the one shown in FIG. 1 and interconnected therewith via line 14), is
      signalled by a slow flicker (or intermittent flashing) if the prior fault
      has not disappeared or been corrected before occurence of said subsequent
      fault. This differentiates timing priority. The signals at sources 20 and
      21 have timing priority. The signals at sources 20 and 21 have
      complementing (rates) so as to provide this effect. That is, the pulses
      are in phase and of equal width so one rate must be a multiple of the
      other. In a typical embodiment the signals at sources 20 and 21 as
      illustrated in FIGS. 2A and 2B, have respective frequencies of 2 and 1
      pulses per second.
PAR  Each one of the systems also may have a klaxon (i.e., a bell, or buzzer) 16
      controlled by a control unit 12 which excites it as a consequence of fault
      appearance. Other audible alarm devices could be used. Control unit 12 is
      triggered via line 31 upon detection of a fault. A pushbutton switch 15 is
      coupled to control unit 12 to silence the klaxon 16. Operation of switch
      15 impresses a signal on the control unit 12 which not only silences the
      klaxon 16 in question but holds it in that silenced condition until a
      further fault occurs.
CLMS
STM  We claim:
NUM  1.
PAR  1. A multiple fault detection and signaling system for monitoring an
      electrical apparatus, comprising:
PA1  sensing means (3,4,5,8) coupled to said monitored electrical apparatus,
      said sensing means sensing a first fault in the monitored electrical
      apparatus and generating a detection signal corresponding to said sensing
      of said first fault;
PA1  signaling means (10,22,20,21,19,23) including a fault memory means (10) and
      a single warning signaling element (26), said signaling means including
      means responsive to said detection signal for energizing said single
      warning signaling element to generate a first type of warning signal which
      indicates said sensing of said first fault;
PA1  memory means (11) coupled to said signaling means, said memory means (11)
      being responsive to said generation of said detection signal for storing
      an indication of said sensing of said first fault;
PA1  means (17) coupled to said memory means (11) and including: means operable
      for indicating that said first fault is "acknowledged"; and means for
      causing said signaling means to energize said single warning signaling
      element (26) to (i) generate a second type of warning signal,
      distinguishable from said first type of warning signal, if said first
      fault still exists and (ii) to cease generation of said first type of
      warning signal if said first fault no longer exists; and
PA1  a fault memory means (13) operable to store a signal indicating a second
      fault sensed by another fault detection and signaling system, and
      operatively coupled to said signaling means;
PA1  said signaling means including means responsive to said second fault
      indicating signal stored in said fault memory means (13) to energize said
      single warning signaling element (26) to generate a third type of warning
      signal, distinguishable from said first and second type warning signals,
      when said first fault is sensed by said sensing means (3,4,5,8) subsequent
      to said sensing of said second fault by said another fault detection and
      signaling system.
NUM  2.
PAR  2. A system according to claim 1 wherein said fault memory means (10)
      stores an indication of said sensing of said first fault, whereby said
      signaling means continues to generate said detection signal even after
      said first fault ceases to exist in said monitored system.
NUM  3.
PAR  3. A system according to claim 2 wherein said memory means (11) has its
      input coupled to said fault memory means (10).
NUM  4.
PAR  4. A system according to claim 2 wherein said means operable for indicating
      that said first fault is acknowledged, which means forms a part of said
      means (17), includes means for resetting said memory means (11) and said
      fault memory means (10) when said first fault no longer exists.
NUM  5.
PAR  5. A system according to claim 2 wherein said signaling means includes
      logic means (22) responsive to said fault memory means (10), memory means
      (11) and first-fault memory means (13) for causing selective generation of
      said first, second and third types of warning signals by said single
      warning signaling element.
NUM  6.
PAR  6. A system according to claim 5 wherein said signaling means includes a
      first signal source generating signals of a first frequency and a second
      signal source generating signals of a second frequency, said first and
      third types of warning signals being signals of different frequency.
NUM  7.
PAR  7. A system according to claim 6 wherein said first and third types of
      warning signals are intermittently flashing lights flashing at said
      different frequencies.
NUM  8.
PAR  8. A system according to claim 6 wherein said signaling means includes
      means for generating said second type of warning signal as a constant (or
      zero frequency) warning signal by constantly (or always) energizing said
      single warning signaling element.
NUM  9.
PAR  9. A system according to claim 8 wherein said warning signaling element is
      a light, and constant warning signal is a constantly energized light.
NUM  10.
PAR  10. A system according to claim 1 wherein said sensing means includes
      isolation means (4) electrically isolating said fault detection and
      signaling system from said monitored electrical apparatus.
NUM  11.
PAR  11. A system according to claim 10 wherein said isolation means (4)
      comprises an opto-electrical isolation means.
NUM  12.
PAR  12. A system according to claim 1 wherein said sensing means includes
      integration means for preventing transients from causing fault signaling.
NUM  13.
PAR  13. A system according to claim 1 wherein said sensing means includes
      switching means (8) for selectively rendering said sensing means
      responsive to the operating condition of a switch whereby said sensing
      means generates said detection signal as a function of the operating
      condition of said switch.
NUM  14.
PAR  14. A system according to claim 1 wherein said sensing means includes
      switching means (8) for selectively rendering said sensing means
      responsive to an electrical signal condition whereby said sensing means
      generates said detection signal responsive to said electrical signal
      condition.
NUM  15.
PAR  15. A system according to claim 1 wherein means (17) is coupled to said
      signaling means for checking operation of said signaling.
NUM  16.
PAR  16. A system according to claim 1 wherein said fault memory means (10),
      memory means (11) and first-fault memory means (13) are each responsive to
      input signals having first and second logic levels and provide digital
      output signals of first and second logic levels.
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ABST
PAL  Apparatus responsive to immersion in water to complete an electrical
      circuit through which a signalling means is energized from an electrical
      energy source includes a sensor which is salt or fresh water actuated
      depending on the sensitivity of the circuitry utilized in conjunction with
      the sensor. The sensor comprises an outer peripheral shield, such as an
      outer conductor, and an inner conductor, or pair of inner conductors,
      wherein air holes or slots are provided in the outer shield so as to
      enable the venting of air from within the interior of the outer shield at
      substantially any depth of immersion of the sensor in water less than
      total immersion while preventing the inadvertent entry of splash water
      prior to such immersion. In this manner water may enter within the outer
      shield interior to contact the conductor elements and complete the
      electrical circuit at immersion depths where the water pressure is
      normally insufficient to cause such entry without venting of the air.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to apparatus responsive to immersion in water
      to complete an electrical circuit through which a signalling means is
      energized from an electrical energy source.
PAR  2. Description of the Prior Art
PAR  Immersion responsive sensors, such as the type which are responsive to
      immersion in water to complete an electrical circuit through which a
      signalling means is energized from an electrical energy source, such as a
      battery, are well known such as disclosed in U.S. Pat. Nos. 3,602,661;
      3,686,656 and 1,327,262. Such immersion responsive sensors are normally of
      two types. One such type is where a pair of conductors are located in a
      depression in the housing for the device which conductors protrude a
      sufficient amount so that inadvertent contact by the flesh of the user
      would complete the electrical path and inadvertently activate the
      signalling device. Another type of such sensor involves the use of a
      surrounding pocket in which the conductors were recessed. However, in such
      an instance, if the device were perpendicularly dropped into the water,
      the water pressure at minimal immersion depths, such as 10 feet by way of
      example, would normally be insufficient to overcome the pressure of the
      entrapped air within the pocket and the water would be prevented from
      entering the pocket and contacting the conductors. Thus, the electrical
      circuit path would not be instantaneously completed upon immersion in
      water until after what could possibly be a critical interval had past.
      Furthermore, prior art immersion responsive sensors normally have a
      relatively low sensitivity so that the electronic circuit must have a
      correspondingly high sensitivity which makes the electronic circuit
      sensitive to atmospheric conditions such as static electricity, radio
      frequency interference, electromagnetic interference, dew etc. These
      disadvantages of the prior art are overcome by the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  Apparatus responsive to immersion in water to complete an electrical
      circuit through which a signalling means is energized from an electrical
      energy source is provided. The immersion responsive apparatus comprises a
      housing for the signalling means, such as a lamp for providing a visual
      signal when the circuit is completed, a first inner electrically
      conductive element protruding from the housing and a second outer element
      protruding from the housing and substantially peripherally surrounding the
      first inner element to form a circumferential shield therefor. The shield
      has an opening in an end thereof opposite from the housing for enabling
      water to enter therethrough upon immersion. The first and second elements
      are co-extensive, with the first element extent being less than the second
      element extent by a sufficient amount to prevent inadvertent electrically
      conductive contact with the first element prior to such immersion. The
      outer circumferential shield element has an air passageway, such as
      longitudinally extending slots or dispersed apertures, in the peripherally
      surrounding portion with the air passageway being located in the
      peripherally surrounding portion for enabling the venting of air from
      within the interior of the outer shield element at substantially any depth
      of immersion of these elements in water less than total immersion while
      preventing the inadvertent entry of splash water prior to such immersion.
      In this manner, water, such as salt water or fresh water depending on the
      sensitivity of the elctronics associated with the sensor, may enter within
      the outer shield element interior to contact the first element and
      complete the electrical circuit at immersion depths where the water
      pressure is normally insufficient to cause the entry without venting of
      the air. The outer shield may substantially enclose the inner conductor
      except for the air passageway and opening in the opposite end of the
      shield having a diameter substantially equivalent to the diameter of the
      inner conductive element. The air passageways may comprise at least two
      opposed pairs of longitudinal slots spaced about the outer shield
      peripheral portion and communicating with such an opening. In addition,
      the outer shield element may comprise an electrically conductive element,
      such as a ground element for the circuit, with the water completing the
      circuit between the electrically conductive elements in response to such
      immersion. Furthermore, the outer shield element may comprise an outermost
      non-conductive element, such as a thermoplastic, surrounding an outer
      shield conductive element, such as the previously mentioned ground
      element, with the air passageway extending through these elements which
      comprise the outer shield element. If desired, the sensor may comprise a
      pair of conductive elements within a peripherally surrounding
      non-conductive outer shield of the type previously mentioned with the
      water completing the circuit between the electrically conductive elements
      in response to such immersion.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  FIG. 1 is a front elevation diagrammatic view of a signalling apparatus
      utilizing the preferred immersion responsive sensor in accordance with the
      present invention, with the apparatus being illustrated in the inverted
      position;
PAR  FIG. 2 is a top plan view of the embodiment shown in FIG. 1;
PAR  FIG. 3 is a fragmentary diagrammatic illustration of an alternative
      embodiment of the immersion responsive sensor illustrated in FIG. 1;
PAR  FIG. 4 is a top plan view of the alternative embodiment illustrated in FIG.
      3;
PAR  FIG. 5 is a fragmentary diagrammatic illustration of another alternative
      embodiment of the immersion responsive sensor illustrated in FIG. 1;
PAR  FIG. 6 is a top plan view of the embodiment illustrated in FIG. 5;
PAR  FIG. 7 is a top plan view, similar to FIG. 2, of still another alternative
      embodiment of the immersion sensor illustrated in FIG. 1;
PAR  FIG. 8 is a fragmentary diagrammatic view, similar to FIG. 1, of still
      another alternative embodiment of the immersion responsive sensor
      illustrated in FIG. 1;
PAR  FIG. 9 is a top plan view of the immersion responsive sensor illustrated in
      FIG. 8;
PAR  FIG. 10 is a fragmentary sectional view taken along line 10--10 of FIG. 9;
PAR  FIG. 11 is a schematic diagram of a fresh water immersion responsive
      sensing apparatus in accordance with the present invention; and
PAR  FIG. 12 is a schematic diagram of a salt water immersion responsive sensing
      apparatus in accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail and initially to FIGS. 1 and 2
      thereof, a typical signalling apparatus, or immersion responsive
      apparatus, generally referred to by reference numeral 20 is shown. This
      apparatus 20, which for illustrative purposes will be described as a
      signalling lamp for providing a visual signal upon immersion of the
      apparatus 20 in water, such as salt water or fresh water, preferably
      comprises a housing 22, which preferably contains the electronic
      circuitry, such as illustrated in FIG. 11 or 12 depending on whether it is
      a fresh water or salt water responsive apparatus, respectively, a
      signalling lamp 24 which is turned on in response to the completing of an
      electrical path to be described in greater detail hereinafter, a switch 26
      overriding the operation of the device to turn it off and/or on manually,
      and a pair of electrically conductive sensing elements which, in the
      example shown in FIG. 1, preferably comprise an outer electrically
      conductive element 28 and an inner electrically conductively element 30
      which is surrounded by the outer conductive element 28. In addition, as
      illustrated in FIG. 1, by way of example, if desired the assembly may
      comprise mounting means such as loops 32 and 34 on the outside thereof for
      enabling the threading of a strap therethrough for mounting the apparatus
      20 on the user thereof. For purposes of illustration, the apparatus 20 is
      shown upside down in FIG. 1, the preferred normal manner of use being with
      the sensing elements 28 and 30 facing in a direction normally closest to
      the water and the signalling lamp 24 facing in a direction away from the
      water. As illustrated in FIG. 2, the sensing elements 28 and 30 are
      preferably arranged so as to both protrude from housing 20 with inner
      conductive element 20 protruding by a smaller longitudinal distance than
      outer conductive element 28, the length of inner conductive element 30
      being less than the length of outer conductive element 28 by a sufficient
      amount to prevent inadvertent electrically conductive contact with the
      inner conductive element 30 prior to immersion of the apparatus 20 in
      water. In addition, as shown and preferred in FIGS. 1 and 2, the outer
      conductive element or shield for the inner conductor 30, preferably
      includes a pair of longitudinally extending slots 36 and 38 which
      preferably extend the full length of the outer conductive shield 28. These
      slots enable the venting of air from within the interior of the outer
      shield element 28 at substantially any depth of immersion of the sensing
      elements 28 and 30 in water less than total immersion while preventing the
      inadvertent entry of splash water prior to such immersion. In this manner,
      water may enter within the outer shield element 28 interior to contact the
      inner conductive element 30 and complete an electrical circuit path
      between the signalling lamp 24 and the energy source therefor at immersion
      depths where the water pressure is normally insufficient to cause such
      entry without venting of the air.
PAR  Referring now to FIGS. 3 and 4, an alternative embodiment of the sensing
      element arrangement 28-30 of FIGS. 1 and 2 is shown. Specifically, instead
      of providing longitudinal slots 36 and 38 in outer conductive shield 28a
      of FIG. 3, a plurality of apertures 40 are dispersed about the
      circumferentially surrounding peripheral portion of outer conductive
      shield 28a at a plurality of longitudinal levels so as to enable the
      venting of air from within the interior of the outer shield 28a at
      substantially any depth of immersion of elements 28a-30a in water less
      than total immersion while preventing the inadvertent entry of splash
      water prior to such immersion, these apertures 40 functioning in the same
      fashion as longitudinal slots 36 and 38 of the embodiment previously
      described with reference to FIG. 1.
PAR  Referring now to FIGS. 5 and 6, still another alternative embodiment of the
      sensing element 28-30 arrangement previously described with reference to
      FIG. 1 is shown. In this arrangement, the outer shield is preferably
      formed of a non-conductive material such as a thermoplastic as opposed to
      being formed of a conductive material as in the previously described
      embodiments. This outer non-conductive shield 42 preferably includes a
      plurality of apertures 44 similar in location and purpose to apertures 40
      previously described with reference to the embodiment of FIGS. 3 and 4. As
      shown and preferred in FIG. 5 and 6, a pair of inner conductive elements
      46 and 48 are preferably located within the interior of the outer shield
      42. These inner conductive elements 46 and 48 preferably have a length or
      longitudinal extent which is less than that of the outer non-conductive
      shield 42 by a sufficient amount to prevent inadvertent electrically
      conductive contact with the inner conductive elements 46 and 48 prior to
      immersion in water. It should be noted in the embodiments illustrated in
      FIGS. 1 through 6, the outer shield 28, 28a or 42 is preferably open at
      the top thereof to enable entry of water therethrough. Furthermore,
      although not shown, if desired, outer non-conductive shield 42 may be
      slotted in a fashion similar to that previously described with reference
      to outer conductive element 28 of FIG. 1 as opposed to utilizing the
      disposed apertures 44.
PAR  Referring now to FIG. 7, another alternative embodiment of the arrangement
      illustrated in FIG. 1 is shown. Specifically, the outer shield may
      comprise two elements, with or without an air space provided between these
      two elements. These two elements preferably are an outermost
      non-conductive shield 42a, such as a thermoplastic, and an inner
      peripheral or annular conductive element 28b similar to outer element 28
      previously described with reference to FIG. 1. Within the interior of the
      outer shield formed by elements 42a and 28b, a inner conductive element
      30, such as the type previously described with reference to FIG. 1, is
      preferably located and has a longitudinal extent which is less than the
      longitudinal extent of elements 42a and 28b by a sufficient amount so as
      to prevent inadvertent electrically conductive contact therewith prior to
      immersion in water. If desired, the outer shield of FIG. 7 could have the
      conductive element and the non-conductive element reversed with the
      conductive element being on the outside and the non-conductive element
      being on the inside.
PAR  Referring now to FIGS. 8, 9 and 10, still another alternative embodiment of
      the arrangement previously described with reference to FIG. 1 is shown.
      Specifically, the outer shield preferably comprises a conductor element
      28c whose configuration is such so as to substantially enclose the inner
      conductive element 30 from the top thereof as well as circumferentially
      with the top of outer conductor element 28c preferably having an opening
      therein having a diameter substantially equivalent to the diameter of the
      inner conductive element 30 or, if desired, the diameter of this opening
      50 may be slightly less than or slightly greater than the diameter of the
      inner conductor 30. As shown and preferred in FIGS. 8, 9 and 10, outer
      conductive element 28c preferably contains two pairs of opposed
      longitudinally extending slots 52-54 and 56-58 which are similar in
      function to longitudinal slots 36 and 38 previously described with
      reference to FIGS. 1 and 2, with slots 52, 54, 56 and 58 communicating
      with opening 50 so as to enable the venting of air from within the
      interior of the outer conductive element 28c at substantially any depth of
      immersion of the conductive elements 28c-30 in water less than total
      immersion while preventing the inadvertent entry of splash water prior to
      such immersion. If desired, although not shown, any combination of
      non-conductive and conductive elements may be utilized to form the sensing
      elements. For example, outer conductive element 28c could be surrounded by
      a non-conductive outer most shield, or any other permutation and
      combination of non-conductive and conductive elements could be utilized
      provided that the outer shield element has an air passageway therein which
      enables the venting of air from within the interior of the outer shield
      element at substantially any depth of immersion of the sensing elements in
      water less than total immersion while preventing the inadvertent entry of
      splash water prior to such immersion.
PAR  Referring now to FIG. 11 a typical schematic diagram of a fresh water
      sensing circuit, generally referred to by the reference numeral 60, for
      use in accordance with the present invention is shown. Specifically, the
      sensing circuit 60 preferably comprises an SCR 62, and a transistor
      amplifier 64 with conventional associated biasing networks. The transistor
      64 preferably includes an emitter 66, a base 68 and a collector 70 with
      the base 68 being connected to the inner electrode 32 and an R-C network
      composed of a resistor 72 and a capacitor 74. The capacitor 74 is
      connected in a feed back path from base 68 to emitter 66. The collector 70
      of the transistor amplifier 64 is connected to the outer conductive
      element 28 and, in parallel, to the anode of the SCR 62 whose gate
      electrode is connected to the emitter 66. A conventional gate bias
      resistor 76 is provided for the SCR 62 and manual switch 26 is connected
      across this SCR 62. The signalling lamp 24 is electrically connected in
      series with battery source 28 and the SCR 62 and switch 26, with switch 26
      being connected in parallel with the SCR 62. A resistor 80 is connected in
      parallel between inner conductive element 30 and the cathode of the SCR 62
      and functions as a desensitizing resistor to decrease the sensitivity of
      the sensing elements 28 and 30 to environmental conditions. The operation
      of the circuit of FIG. 11 is as follows. When the responsive apparatus 20
      is immersed in water, current flows between elements 28 and 30. This
      current raises the potential of element 30 due to resistive element 80 and
      causes transistor amplifier 64 to conduct after overcomming the time lag
      provided by the RC network 72-74. The conduction of transistor 64 raises
      the level of the gate of the SCR 62, thus turning SCR 62 on and latching
      it in the on state. This completes the circuit path between the signalling
      lamp 24 and the battery source 78 therefore turning lamp 24 on. When the
      apparatus 20 is removed from water and it is desired to then turn the lamp
      24 off, switch 26 is closed. The resultant drop across switch 26 and
      resistor 82 connected in series therewith is of a sufficiently low level
      so that the SCR 62 can no longer maintain its conduction and, thus turns
      off. Switch 26 can then be opened and the lamp will then be placed in the
      off state.
PAR  Referring now to FIG. 12, a typical fresh water immersion sensing circuit
      100 is shown. Identical elements in this circuit 100 with those previously
      described with reference to fresh water sensing circuit 60, for purposes
      of explanation, have identical reference numerals. The gate of SCR 62 in
      circuit 100 is preferably connected to inner conductive element 30 while
      the anode of SCR 62 is preferably connected to outer conductive element
      28. A bypass capacitor 102 is provided directly between the gate and
      cathode of the SCR 62 and a resistor 104 is connected between the gate and
      cathode of SCR 62. Resistor 104 provides both bias for the gate of the SCR
      62 and the loading or desensitizing of the sensing elements 28 and 30.
      Operation of this circuit is as follows. When the sensing elements 28 and
      30 are immersed in water, current flows from element 28 to element 30 and
      through resistor 104 thus raising the potential of the gate of the SCR 62
      until the SCR 62 conducts. When the device 20 is removed from the salt
      water and it is desired to turn the lamp 24 off, switch 26 is closed and
      then reopened with the operation of the circuit being similar to that
      previously described with reference to circuit 60 of FIG. 11. It should be
      noted that capacitor 102 of circuit 100 and capacitor 74 of circuit 60
      provide transient supression to desensitize the sensing circuit 60 and 100
      to environmental conditions.
PAR  It is to be understood that the above described embodiments of the
      invention are merely illustrative of the principles thereof and numerous
      modifications and embodiments of the invention may be derived within the
      spirit and scope thereof.
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STM  What is claimed is:
NUM  1.
PAR  1. Apparatus responsive to immersion in water in an open environment to
      complete an electrical circuit through which a signalling means is
      energized from an electrical energy source, said immersion responsive
      apparatus comprising latchable means responsive to completion of said
      circuit for latching said signalling means in an energized condition, a
      housing for said signalling means, a first inner electrically conductive
      element protruding from said housing and a second outer element protruding
      from said housing and substantially peripherally surrounding said first
      inner element to form a circumferential electrical shield for said first
      inner element to prevent said latchable means from latching in response to
      interference transients, said electrical shield having an opening at an
      end thereof opposite from said housing for enabling water to enter
      therethrough upon immersion, said outer electrical shield comprising an
      electrically conductive element which comprises a ground element for said
      circuit and an outermost non-conductive element surrounding said outer
      shield conductive element, said water completing said circuit between said
      electrically conductive elements in response to said immersion, said first
      and second elements being coextensive with said first element extent being
      less than said second element extent by a sufficient amount to prevent
      inadvertent electrically conductive contact with said first element prior
      to said immersion, said outer circumferential electrical shield having an
      air passageway in said peripherally surrounding portion for enabling the
      venting of air from within the interior of said outer electrical shield
      element at substantially any depth of immersion of said first and second
      elements in water less than total immersion while preventing the
      inadvertent entry of splash water prior to said immersion, said air
      passageway extending substantially the full longitudinal extent of said
      outer electrical shield and extending through said elements comprising
      said outer shield element, whereby water may enter within said outer
      electrical shield element interior to contact said first element and
      complete said electrical circuit at immersion depths where the water
      pressure is normally insufficient to cause said entry without venting of
      air and false signalling due to interference transients is prevented.
NUM  2.
PAR  2. An apparatus in accordance with claim 1 wherein said air passageway
      comprises at least one longitudinal slot extending at least substantially
      the full longitudinal extent of said outer electrical shield.
NUM  3.
PAR  3. An apparatus in accordance with claim 1 wherein said air passageway
      comprises at least a pair of substantially opposed longitudinal slots
      extending at least substantially the full longitudinal extent of said
      outer electrical shield.
NUM  4.
PAR  4. An apparatus in accordance with claim 1 wherein said air passageway
      comprises a plurality of apertures dispersed at a plurality of
      longitudinal levels about said peripherally surrounding portion.
NUM  5.
PAR  5. An apparatus in accordance with claim 1 wherein said outer electrical
      shield substantially encloses said inner first element except for said air
      passageway and said opening in said opposite end, said opening having a
      diameter substantially equivalent to the diameter of said first inner
      element.
NUM  6.
PAR  6. An apparatus in accordance with claim 5 wherein said air passageway
      comprises at least one substantially longitudinal slot extending
      substantially the full longitudinal extent of said outer electrical shield
      to communicate with said opening.
NUM  7.
PAR  7. An apparatus in accordance with claim 6 wherein said air passageway
      comprises at least two opposed pairs of said slots spaced about said outer
      electrical shield peripheral portion.
NUM  8.
PAR  8. An apparatus in accordance with claim 1 wherein said signalling means
      comprises a lamp for providing a visual signal when said circuit is
      completed.
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PAL  A distribution network power line communication system including a central
      communication terminal at a distribution substation in signal
      communication with a plurality of remote communication terminals via the
      electrical distribution power lines. The central communication terminal
      uniquely addresses a selected remote communication terminal with an
      interrogation signal which requests the performance of a selected
      distribution automation function. The selected remote communication
      terminal performs the requested function and sends a response signal back
      to the central communication terminal. Signal amplifying repeaters are
      disposed in signal communication with the electrical distribution power
      lines, which ensure that the interrogation and response signals are at
      usable signal levels when they reach their intended destinations. The
      signal amplifying repeaters include delay devices which provide a signal
      delay time interval selected such that a repeater will not apply a signal
      to the electrical distribution power lines at the same time a signal is to
      be received by the repeater. In one embodiment, the message elements or
      bits of a signal word are spaced such that each bit of the word is delayed
      and transmitted by a repeater before the repeater receives the next bit of
      the word; and, in another embodiment the complete signal word is received
      by a repeater before the transmitter portion of the repeater is operated.
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PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  Certain of the apparatus disclosed but not claimed in the present
      application may be claimed in one or more of the following co-pending
      patent applications, which are assigned to the same assignee as the
      present application:
PA1  1. Application Ser. No. 546,069, filed Jan. 31, 1975, in the names of I. A.
      Whyte, L. G. Ottobre, and J. T. McGivern.
PA1  2. Application Ser. No. 546,068, filed Jan. 31, 1975, in the name of I. A.
      Whyte.
PA1  3. Application Ser. No. 425,759, filed Dec. 18, 1973, in the name of I. A.
      Whyte and now abandoned.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates in general to power line carrier communication
      systems, and more specifically to distribution network power line carrier
      systems for performing distribution automation functions.
PAR  2. Description of the Prior Art
PAR  Power line carrier communication has been used for many years over high
      voltage transmission lines between the power generating site and power
      transmission switching site or distribution substation sites, for
      supervisory control purposes. Less common is communication over the power
      line conductors of a distribution network, from the distribution
      substation through the distribution transformers to the electrical load.
      Communicating over the distribution network power lines is more difficult
      than over the high voltage transmission lines, as the distribution lines,
      along with the large number of distribution transformers, present
      relatively poor signal transmission characteristics, and they introduce
      electrical noise and signal interference.
PAR  The recent increase in the desirability of performing certain distribution
      automation functions, such as automatic reading of utility meters,
      selective load control, performing load continuity checks, and the like,
      has made it attractive to use the distribution power line conductors for
      communications, but the problems connected therewith will have to be
      economically dealt with in order to provide a practical system.
PAR  U.S. Pat. Nos. 3,656,112; 3,702,460 and 3,815,119 and co-pending
      application Ser. No. 425,759, filed Dec. 18, 1973, all disclose some form
      of communication via the distribution network of an electrical utility.
      U.S. Pat. No. 3,656,112 discloses a communications system which uses a
      combination of an electric power line and a wireless link. The wireless
      link is used to bypass distribution transformers and other obstructions
      located in the transmission path. U.S. Pat. No. 3,702,460 discloses making
      the neutral conductor of the distribution power line available as a
      communication link by inserting a parallel resonant circuit between the
      neutral and ground, at each ground point in the system. The neutralground
      communication circuit bypasses distribution transformers. U.S. Pat. No.
      3,815,119 uses the power line conductors on the secondary side of a
      distribution transformer to transfer meter readings associated with the
      secondary circuits to a common receiver point, where the readings are
      stored until they can be read, such as by a mobile unit which periodically
      travels near the receiver site and interrogates the site by a wireless
      link. The co-pending application Ser. No. 425,759, which is assigned to
      the same assignee as the present application, provides communication zones
      by using repeaters as frequency translators, isolating various sections of
      the distribution power line system by using different frequency bands.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention is a new and improved distribution network
      power line communication system for performing distribution automation
      functions, such as automatically reading utility meters, making service
      continuity checks, and selectively controlling electrical loads. The
      electrical distribution network includes a substation, primary power line
      conductors from the substation to a plurality of distribution
      transformers, and secondary power line conductors from the distribution
      transformer to a plurality of electrical loads.
PAR  Interrogation and response communication links are provided which extend
      between a communication terminal located at the substation and remote
      communication terminals located at the electrical loads. These
      communication links utilize the primary and secondary power line
      conductors of the electrical distribution system.
PAR  The communication terminal at the substation receives an interrogation
      signal from a central control location by conventional means, such as via
      a telephone line, and using this signal as a modulating wave, sends the
      interrogation signal to the remote communication terminals over the
      primary and secondary power line conductors. The interrogation signal
      includes an address of a selected remote communication terminal, and if
      more than one automation function may be selected, the interrogation
      signal also includes a function identifier.
PAR  A remote communication terminal which is uniquely addressed by an
      interrogation signal decodes the function identifier, it performs the
      requested function, and it provides a response signal on its associated
      secondary power line conductors, which response signal includes an
      identification portion, such as the address of the responding remote
      communication terminal, and if the requested function was to read a
      utility meter, the signal also includes data representing the reading.
PAR  The communication terminal at the substation, upon receiving a response
      signal sends the response signal to the central control location by
      conventional means, such as via a telephone link.
PAR  Signal amplifying repeaters are disposed in signal communication with the
      electrical power line conductors where necessary to boost the signal
      strength of the interrogation and/or response signals. They may be
      associated only with the primary line conductors, to boost the signal
      strength of a signal on a long run of a primary conductor, and/or they may
      be associated with both the primary and secondary power line conductors of
      a distribution network at a distribution transformer. In the latter
      application the repeater, in addition to amplifying a signal, provides a
      bypass circuit for interrogation and/or response signals around the
      associated distribution transformer. Distribution transformers present a
      significant attenuation to communication frequencies, especially in the
      direction from their primary to their secondary windings.
PAR  To prevent a repeater from re-amplifying a signal it has just amplified,
      and thus allow the repeater gain to be selected without regard to unwanted
      feedback and oscillation, the repeater includes means for delaying a
      received signal, with the delay time interval selected such that the
      amplified signal is not applied to the power line at the same time the
      repeater is to receive a signal. Thus, when the repeater output is
      applying a signal to the power line, the repeater input may be effectively
      disconnected from the power line, preventing the output signal of a
      repeater from becoming an input signal thereto.
PAR  In one embodiment of the invention, the input signal has a mark-space
      format, with the time interval of a space being at least as long as the
      time interval of a mark. The repeater transmits each bit of the input
      signal during a space, before receiving the next signal element or bit,
      with the receiving portion of the repeater being effectively disconnected
      or rendered inoperative during the time the transmitting portion of the
      repeater is operative.
PAR  In another embodiment of the invention, the repeater stores the complete
      signal word before its transmitting portion is operated, and the signal
      words are spaced such that the receiving portion of the repeater may be
      rendered inoperative while the complete signal word is being transmitted
      by the repeater.
PAR  Each repeater may include a single channel, for handling a selected one way
      communication, or two channels for handling both interrogation and
      response signals. The interrogation and response signals may be
      transmitted in non-overlapping frequency bands, permitting simultaneous
      operation of the two channels, or, if the interrogation and response
      signals are in the same frequency band, the operation of the two channels
      may be coordinated such that they are not operative at the same times.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may be better understood, and further advantages and uses
      thereof more readily apparent, when considered in view of the following
      detailed description of exemplary embodiments, taken with the accompanying
      drawings, in which:
PAR  FIGS. 1A and 1B is a block diagram of a distribution power line carrier
      communication system constructed according to an embodiment of the
      invention;
PAR  FIGS. 2A and 2B illustrate delay devices and arrangements which may be used
      in the repeaters shown in FIG. 1;
PAR  FIG. 3 is a graph which illustrates waveforms of signals useful in
      explaining the operation of the power line carrier communication system
      shown in FIG. 1;
PAR  FIGS. 4A and 4B is a block diagram of a distribution power line carrier
      communication system constructed according to another embodiment of the
      invention;
PAR  FIG. 5 is a graph which illustrates waveforms of signals useful in
      explaining the operation of the power line carrier communication system
      shown in FIG. 4;
PAR  FIG. 6 is a block schematic diagram of a remote communication terminal
      which may be used for the remote communication terminals shown in FIGS. 1
      and 4; and
PAR  FIG. 7 is a graph which illustrates the format of the various interrogation
      and response signals used in the power line communication systems shown in
      FIGS. 1 and 4.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and FIG. 1 in particular, there is shown a
      block diagram of a new and improved distribution power line carrier
      communication system 10 constructed according to a first embodiment of the
      invention. Certain of the remaining figures will also be referred to when
      describing FIG. 1. For example, FIG. 3 which illustrates signal formats
      and waveforms useful in the understanding of FIG. 1 will be referred to
      when appropriate.
PAR  The distribution power line carrier communication system 10 includes a
      source 12 of interrogation signals. Source 12 includes interrogation and
      response control 14, such as a digital computer located at the main
      control location, such as the central business office of an electrical
      utility. The computer may be programmed, for example, to interrogate
      remote communication terminals associated with loads connected to the
      distribution power lines of the electrical utility, to obtain data
      relative to the readings of utility meters, such as electrical, gas and
      water meters, and/or it may request the performance of other functions
      such as controlling loads. Electrical loads, such as electrically operated
      hot water heaters, may be selectively turned off and enabled, in order to
      provide a more constant overall demand for electrical power. Load
      continuity checks and service disconnect functions may also be provided.
PAR  The interrogation signals which are prepared by control 14 are sent by any
      conventional means such as via a telephone system, to a selected
      distribution substation. Each of the substations to be communicated with
      include a communication terminal for receiving interrogation signals from,
      and for sending response signals to, the source 12 of interrogation
      signals located at the central or main location. For purposes of example,
      FIG. 1 illustrates a single central communication terminal/distribution
      substation combined 16, as each such combination would be of like
      construction.
PAR  A convenient medium for communicating between the source 12 at the main
      control location and the plurality of distribution substations is by a
      telephone system. The address of each distribution substation would be a
      telephone number, with the interrogation and reponse control 14 gaining
      access to a selected substation by automatically dialing its number. A
      telephone link is an economical and convenient method of communicating
      between source 12 and the plurality of substations, and for purposes of
      example, it will be assumed that this portion of the interrogation and
      response communication link is a telephone system. However, it is to be
      understood that this specific link may be wireless, such as radio or
      microwave, or any other suitable form of communication.
PAR  Each distribution substation includes one or more step-down power
      transformers, such as transformer 18, which includes primary windings 20
      connected to the high voltage transmission line 21, and secondary windings
      22 connected to the primary distribution network. The primary distribution
      network will be referred to as the first distribution power line
      conductors 23.
PAR  The primary distribution network voltage level is stepped down to the
      secondary voltage distribution level near the connected loads by a
      plurality of distribution transformers, such as distribution transformers
      24 and 26. Distribution transformer 24 includes primary windings 28
      connected to the first power line conductors 23, and secondary windings 30
      connected to a secondary distribution network 31 which will be referred to
      as the second distribution power line conductors. A plurality of remote
      locations, broadly termed electrical loads, such as residential customers,
      are connected to the second power line conductors 31, with two remote
      locations or electrical loads 32 and 34, being illustrated. Each
      electrical load 32 and 34 represents all of the individual electrical
      loads associated with the remote location. Each remote location or
      electrical load 32 and 34 has an addressable remote communication terminal
      associated therewith, with electrical loads 32 and 34 having addressable
      communication terminals 40 and 42, respectively. The remote communication
      terminals are each connected to the second distribution power line
      conductors 31.
PAR  In like manner, distribution transformer 26 includes primary windings 48
      connected to the first power line conductors 23, and secondary windings 50
      connected to a secondary distribution network 51, which will be referred
      to as the second distribution power line conductors. Electrical loads,
      such as loads 49 and 52, are connected to the power line conductors 51.
      Electrical loads 49 and 52 have addressable remote communication terminals
      53 and 54, respectively, associated therewith, which are connected to the
      second power line conductors 51, such as for reading a meter 56 associated
      with the load 52, and/or for performing other distribution automation
      functions at load 52.
PAR  Signal amplifying repeaters 60 and 62 are provided for amplifying certain
      of the communication signals. Signal amplifying repeaters may be disposed
      in signal communication with only the first power line conductors 23 for
      amplifying communication signals on long runs between the distribution
      substation 16 and certain distribution transformers, and/or they may be
      disposed in signal communication with both the first power line conductors
      23 and selected second power line conductors, such as second power line
      conductors 31 or second power line conductors 51, in order to bypass a
      distribution transformer. For purposes of example, repeaters 60 and 62 are
      illustrated as bypassing distribution transformers 24 and 26,
      respectively, with repeater 60 being in signal communication with the
      first and second power line conductors 23 and 31, respectively, and with
      repeater 62 being in signal communication with first and second power line
      conductors 23 and 51, respectively. Repeater 60 is illustrated as being a
      single channel repeater for receiving interrogation signals from the first
      power line conductors 23 and applying them to the second power line
      conductors 31, and repeater 62 is illustrated as being a dual channel
      repeater, with one channel receiving interrogation signals from the first
      power line conductors 23 and applying them to the second power line
      conductors 51, and the other channel receiving response signals from the
      second power line conductors 51 and applying them to the first power line
      conductors 23.
PAR  When observing the complete communication system 10 from an interrogation
      and response signal viewpoint, the interrogation communication link
      includes the source 12 of interrogation signals the communication link
      between the source 12 and the central communication terminal 16, such as a
      telephone link, the central communication terminal 16, the first power
      line conductors 23, a plurality of signal coupler-repeater-signal coupler
      combinations, such as the combination which includes signal coupler 64,
      repeater 60 and signal coupler 66, and the combination which includes
      signal coupler 68, repeater 62, and signal coupler 70, second power line
      conductors, such as power line conductors 31 and 51, and a plurality of
      addressable remote communication terminals associated with each second
      power line conductor network.
PAR  A response communication link extends from each addressable remote
      communication terminal associated with distribution transformer 24, such
      as remote communication terminal 40, the second power line conductors 31,
      through the associated distribution transformer 24 from the secondary
      windings 30 to the primary windings 28 thereof, over the first power line
      conductors 23 to the central communication terminal 16 located at the
      substation, and then through the telephone link to the interrogation and
      response control 14 located at the central control location. A response
      communication link also extends from each addressable remote communication
      terminal associated with distribution transformer 26, such as remote
      terminal 54, the second power line conductors 51, via coupler 70, repeater
      62 and coupler 68 to the first power line conductors 23, to the central
      communication terminal 16, and then through the telephone link to the
      control 14.
PAR  When a distribution transformer is relatively close to the substation 16,
      the communication arrangement relative to transformer 24 may be
      successfully utilized, with the repeater 60 bypassing the distribution
      transformer 24 in the interrogation link, but not in the response link.
      This arrangement is made possible by the fact that the signal attenuation
      presented by a distribution transformer is usually less in the direction
      from the secondary windings to the primary windings, then is in the
      opposite direction, and the receiver at the substation 16 may be made more
      sensitive than the receivers at the remote terminals without suffering the
      economic penalty which would be associated with constructing the receivers
      at the remote terminals with this sensitivity. In the communication system
      of the present invention, it is advantageous to have less sensitive
      receivers at the remote terminals, for reasons other than initial cost, as
      it eliminates the need to discriminate between an original interrogation
      signal and the subsequently repeated, higher strength interrogation signal
      provided by a repeater.
PAR  When a distribution transformer is located relative to the substation such
      that its response signal from its associated remote communication
      terminals will be unreliably weak by the time the signals reach the
      substation 16, the communication arrangement shown relative to 26 may be
      used, which arrangement amplifies both the interrogation and response
      signals, as well as bypassing the distribution transformer in both the
      interrogation and response links.
PAR  The present invention includes two embodiments, with FIG. 1 illustrating a
      first embodiment which includes repeaters which operate bit-by-bit,
      receiving a bit, and sending the bit after a time delay, before receiving
      the next bit of the signal word. A second embodiment, wherein a repeater
      receives a complete signal word before repeating any part of it will be
      hereinafter described relative to FIG. 4.
PAR  Returning now to the source 12 of interrogation signals shown in FIG. 1,
      the interrogation and response control 14 prepares the interrogation
      signal with a markspace format. This signal is indicated in the graph of
      FIG. 3 adjacent the legend "Base Band Signal". In order to conserve space
      in the drawings, the base band signal is indicated in FIG. 3 with only
      three bits of intelligence, but it is to be understood that the
      interrogation signal word may have any number of bits, such as a leading
      synchronizing bit which is always at the logic one level, to identify the
      start of an interrogation word, a plurality of bits which identify a
      specific function to be performed, a plurality of bits which set forth the
      unique address of a selected remote communication terminal, and a parity
      bit. As illustrated in FIG. 3, the base band signal includes a space
      between each mark having a time interval, indicated by reference 35, which
      is at least as long as the time interval of the mark of intelligence
      containing interval, which is indicated by reference 37. The three bits of
      the interrogation signal shown in FIG. 3 are indicated as being logic
      zero, logic one and logic one.
PAR  The interrogation and response control 14 converts the bits of the base
      band signal to a form such that the start of a bit is readily
      identifiable. This means may include a pulse width modulator which also
      provides the base band binary signal with a self-clocking format as
      illustrated in FIG. 3 adjacent the legend "P.W.M. Signal". In the pulse
      width modulated format shown in FIG. 3 for purposes of example, each mark
      or bit cell of intelligence is divided into three equal parts. The
      three-part bit cell always starts with a positive going transition which
      remains at the logic one level for the first one-third of the bit; the
      middle portion of the bit cell is at the logic level which corresponds to
      the logic level of the original base band bit; and, the last one-third of
      the bit cell is at the logic zero level. FIG. 7 illustrates a suitable
      format for a serial interrogation word I.sub.1, which is prepared by
      control 14. The spaces between the bits are not illustrated in FIG. 7. It
      will be noted that signal I.sub.1 includes a 10 bit remote communication
      terminal address and a 3 bit function identifier, but any suitable number
      of bits may be used depending upon the number of remote terminals, and the
      number of functions, respectively.
PAR  FIG. 3 also indicates clock pulses and sync pulses, adjacent these legends,
      which are generated by the control 14 in the process of converting the
      base band signal to a pulse width modulated signal. The resulting
      serialized pulse width modulated signal has a format which makes it
      unnecessary to provide synchronizing and clocking pulses from the computer
      for the receiver of the signal. This signal is applied to a data set
      interface 74, such as Texas Instrument's SN 75150, and then to a modem 76.
PAR  Modem 76 establishes a telephone link with a modem 90 which is part of the
      central communication terminal located at the selected distribution
      substation. The serial pulse width modulated signal shown in FIG. 3 is
      used as the modulating wave for a modulator 92. A modulated radio
      frequency signal, which appears in FIG. 3 adjacent the legend "Modulated
      Carrier", is at a frequency F2, such as 102 KHz, when the pulse width
      modulated signal is at the logic one level, and at a frequency F1, such as
      100 KHz when the pulse width modulated signal is at the logic zero level.
      While the modulator 92 preferably includes the form of modulation known as
      frequency shift keying (FSK), which is the form of modulation illustrated
      in FIG. 3, any suitable modulation may be used such as phase or frequency
      modulation.
PAR  The output of modulator 92 is amplified in a transmitter 96 and coupled to
      one of the first power line conductors 23 of the primary distribution
      network via a bidirectional coupler 97 which includes a 60 Hz blocking
      capacitor 98 and a matching transformer 100. The signal is usually coupled
      between one of the line conductors and the common neutral return or ground
      wire. The matching transformer 100 includes a primary winding 102 and a
      secondary winding 104. The signal from transmitter 96 is applied between a
      predetermined tap on the primary winding 102 and ground. The capacitor 98
      and the secondary winding 104 are serially connected from one of the first
      power line conductors 23 to ground.
PAR  The modulated carrier is picked up by a suitable signal coupler associated
      with each repeater, such as signal couplers 64 and 68. The signal couplers
      64 and 68 may be of the direct contact type, as illustrated, or if the
      coupler is only used to pick up a signal from the power line, it may be of
      the magnetic field type. A suitable unidirectional coupler of the magnetic
      field type is disclosed in co-pending application Ser. No. 546,068, filed
      Jan. 31, 1975, which is assigned to the same assignee as the present
      application.
PAR  Each of the signal couplers 64 and 68, in addition to the blocking
      capacitor and matching transformer, include an amplifier, such as
      amplifiers 69 and 71, respectively. The amplified interrogation signal
      provided by each of the signal couplers is applied to the interrogation
      channel of its repeater, such as repeaters 60 and 62.
PAR  Repeater 60 includes only an interrogation channel, which channel includes
      switch means 78, receiver and demodulator 79, delay means 80, amplifier
      means 82, and switch means 84, all serially connected in the recited order
      between the output of coupler amplifier 69 and the input of a signal
      coupler 66. Coupler 66 applies the interrogation signal to the second
      power line conductors 31. Repeater 60 also includes a bit detector 86.
PAR  Switch means 78 is normally closed, while switch means 84 is normally open.
      Thus, an incoming bit is received by the receiver and demodulator 79,
      which reconstitutes the bit into a pulse width modulated signal, as
      illustrated in FIG. 3. The bit detector 86 is responsive to the output of
      the receiver and demodulator 79. When the positive going transition of a
      bit takes place, indicating the start of a bit, the bit detector starts to
      time a time interval T1, as illustrated in FIG. 3 adjacent the legend "bit
      detector", with the time interval T1 being equal to the duration of a mark
      in the base band signal. At the end of the time interval T1, the bit
      detector provides a pulse 105 having a time duration T2 equal to the
      duration of a space in the base band signal. Thus, the bit detector 86 may
      be a one-shot or monostable multivibrator which provides a time delayed
      pulse triggered by the positive going waveform of a pulse width modulated
      bit. Bit detector 86 has no affect on the switches 78 and 84 for the
      duration of the initiating bit, allowing the receiver and demodulator 79
      to output the complete bit to the delay means 80.
PAR  When the time interval T1 expires and pulse 105 is generated, pulse 105
      opens switch 78 and closes switch 84. Switches 78 and 84 may be any
      suitable switch capable of operating at the data rate involved, such as a
      transistor, or thyristor.
PAR  The output of the receiver and demodulator 79 is applied to a delay device
      80, which delays the bit output by the receiver and demodulator 79. The
      delay time interval is selected such that the delayed bit will appear in
      one of the spaces of the base band signal, such as the space which follows
      the original position of the bit in the base band signal. Delay means 80
      may be any suitable delay device. A simple delay device which effectively
      demonstrates the principle is a magnetic recorder, such as the recorder
      88, referenced generally with the reference 80' in FIG. 2A. Recorder 88
      may include a driven magnetic belt 89, with the output of the receiver and
      demodulator 79 being applied to the belt with a record head 91, and with a
      pick-up 93 spaced from the record head 91 to receive the recorded signal
      from the magnetic belt a predetermined time delay later. The pick-up 93 is
      connected to the amplifier 82. An erase head 94 erases the recorded signal
      before the recorded portion of the belt again reaches the record head 91.
      This type of delay preserves the pulse width modulated format of the base
      band signal.
PAR  FIG. 2B illustrates a delay arrangement 80" which uses the pulse width
      modulated format of the bit to clock the logic one or logic zero into a
      shift register 99, which bit is clocked out after a selected time delay.
      The shift register 99 may be a one-bit shift register, if desired. A first
      one shot 101 is triggered by the positive going edge of a pulse width
      modulated bit, which waveform is shown in FIG. 5 adjacent the legend "1st
      One Shot". The graph of FIG. 5 is specifically for the embodiment of the
      invention shown in FIG. 4, and thus does not include a space between each
      bit, but the graph of FIG. 5 is useful in describing the operation of the
      circuit shown in FIG. 2B. A shaper 103 squares the one shot signal, which
      signal has a duration which terminates at the midpoint of the bit. The
      negative going termination of the signal from the first one shot 101
      triggers a second one shot 105 which provides a pulse which shifts the
      logic signal appearing at the midpoint of the bit into the shift register
      99. The shift pulse provided by the one shot 105 is illustrated in FIG. 5
      adjacent the legend "2nd One Shot". The output of the one shot 105 is also
      applied to a third one shot 107, which operates after a predetermined time
      delay to provide a shift pulse for the shift register 99 which shifts the
      stored pulse to the output of the shift register. The predetermined time
      delay of the one shot 107 may be equal to one-half of a bit duration, to
      shift the stored bit to the output of the shift register 99 at the start
      of the next space. The shift register 99 removes the pulse width
      modulation and restores the original base band signal shown in FIG. 3. If
      pulse width modulation is required by the addressed remote communication
      terminal, this function may be provided as a part of amplifier 82.
PAR  The delay means 80 may operate directly on a modulated carrier, if desired,
      instead of demodulating the carrier signal, such as by utilizing a delay
      line provided by a coaxial cable selected to have a lumped capacitance and
      inductance required to provide the desired delay interval. The coaxial
      cable is usually terminated with an impedance selected to eliminate or
      reduce signal reflection. If the delay arrangement does not require
      demodulation of the signal, the bit detector would be arranged to detect
      the start of a bit from the modulated carrier, such as detecting the
      change from frequency F1 to frequency F2, or by detecting the start of
      frequency F2.
PAR  The delayed bit is amplified and transmitted by the amplifier and
      transmitter 82 through the now closed switch 84, and applied to the second
      power line conductors 31 via signal coupler 66. Signal coupler 66 may
      include a capacitor and matching transformer, similar to the signal
      couplers used on the first power line conductors, but its components are
      selected to withstand the relatively low secondary voltages involved, and
      thus they need not be as costly as the components of the higher voltage
      signal coupler. Each remote communication terminal associated with
      distribution transformer 24 will receive the delayed bit of the
      interrogation signal and store it in a shift register. When the complete
      interrogation word is received, the uniquely addressed remote
      communication terminal will decode the function identifier, perform the
      requested function, such as automatically reading an electric meter, and
      send back a response signal which includes an identification portion
      identifying the remote communication terminal which is responding, as well
      as identifying the function performed, along with the data representing
      the meter reading. This signal is received by a receiver and demodulator
      280 at the substation 16 via signal coupler 97. The signal is then applied
      to an interface 282, which is similar to interface 74, and it is then sent
      back to the source 12 via modem 90. A suitable remote communication
      terminal is shown in FIG. 6, which will be described in detail relative to
      the second embodiment of the invention shown in FIG. 4.
PAR  Repeater 62 includes two channels, i.e., an interrogation channel and a
      response channel. The interrogation channel, which is tuned to the
      frequency band used by the interrogation signal, includes a switch 106, a
      receiver and demodulator 108, delay means 110, an amplifier and
      transmitter 112, and a switch 114, all serially connected in the recited
      order between amplifier 71 of signal coupler 68 and signal coupler 70.
      Thus, an interrogation signal on the first power line conductors 23 is
      picked up by the signal coupler 68, amplified and applied to the second
      power line conductors 51, with the application of the amplified
      interrogation signal to the second power line conductors 51 being delayed
      by a time interval controlled by delay means 110, which operates in
      cooperation with a bit detector 116 to ensure that the signal is
      transmitted during a time the receiver portion of the channel is
      inoperative. The operation of the interrogation channel of repeater 62 is
      the same as described relative to the interrogation channel of repeater
      60, and therefore need not be described in detail.
PAR  The response channel of repeater 62, which is tuned to the frequency band
      used by the response signal, includes a switch 118, a receiver and
      demodulator 120, delay means 122, an amplifier and transmitter 124, and a
      switch 126, all serially connected in the recited order between signal
      coupler 70 and signal coupler 68. A response signal on the second power
      line conductors 51 is picked up by the signal coupler 70, amplified and
      applied to the first power line conductors 23, with the application of the
      amplified response signal to the first power line conductors 23 being
      delayed to ensure that the response signal is transmitted by the repeater
      62 during a time that the receiving portion of the repeater channel is
      inoperative. The operation of the response channel is similar to that of
      the interrogation channel described relative to repeater 60, and therefore
      need not be described in detail.
PAR  FIG. 7 illustrates a suitable format for the response signal, except the
      mark and space format used in the first embodiment of the invention is not
      illustrated. The original response signal prepared by one of the remote
      terminals, such as remote communication terminal 54, is referenced R1, and
      includes an identification portion, such as the function performed and the
      unique remote address of the responding communication terminal, and a data
      portion, if the function performed includes sending data back to the
      central control point 12. The delayed, repeated response signal is
      referenced R2. Since a weak signal R1 may be received by the receiver and
      demodulator 280 at the substation 16, receiver 280 may include a level
      detector, which rejects response signals having a signal strength below a
      predetermined magnitude.
PAR  FIG. 4 is a block diagram of a new and improved distribution power line
      carrier communication system 10' constructed according to a second
      embodiment of the invention. In the second embodiment, a complete signal
      word is delayed by a repeater, before it is amplified and applied to the
      power lines, unlike the FIG. 1 embodiment which operates on a bit-by-bit
      basis. Like reference numerals in FIGS. 1 and 4 indicate like components
      and will not be described again in detail. The source of interrogation
      signals 12' shown in FIG. 4 prepares interrogation signals which are
      similar to those described relative to FIG. 1, except the signals need not
      be in the mark-space format required by the FIG. 1 embodiment. FIG. 5 is a
      graph which illustrates waveforms useful in understanding the embodiment
      of the invention shown in FIG. 4, with a suitable format for the
      interrogation signal being illustrated in FIG. 5. A suitable base band
      interrogation signal, shortened to four bits for convenience, is
      illustrated adjacent the legend Base Band Signal. The four bits are
      illustrated as being at the logic one, logic zero, logic one and logic one
      levels, and as illustrated in FIG. 5, each bit may immediately follow the
      preceding bit. Clock pulses and synchronizing pulses are generated by
      control 14 at the source 12, with suitable waveforms therefor being shown
      in FIG. 5 adjacent these legends. These clock and sync pulses are used to
      provide a signal responsive to the base band signal in which the start of
      each bit is readily identifiable, such as providing a pulse width
      modulated signal as described relative to FIGS. 1 and 2B. The pulse width
      modulated signal is used as the modulating wave for a radio frequency
      carrier providing, for example, a modulated carrier using FSK to provide a
      signal such as shown in FIG. 5 adjacent the legend Modulated Carrier.
PAR  A repeater 62' which may have a single channel, or two channels, as
      desired, receives an interrogation signal I.sub.1 from the first power
      line conductors 23, which signal was prepared by source 12. FIG. 7
      illustrates a suitable format for the interrogation signal I.sub.1. For
      purposes of example, repeater 62' is illustrated as having an
      interrogation channel 129 and a response channel 131. Since the
      interrogation and response channels are similar, only the interrogation
      channel 129 will be described in detail.
PAR  The interrogation channel 129 includes a normally closed switch 130 which
      receives an interrogation signal I.sub.1 from the first power line
      conductors 23 via signal coupler 68. The interrogation signal I.sub.1 is
      applied by switch 130 to a receiver and demodulator 132. The demodulated
      interrogation signal returns the signal to the pulse width modulated
      format illustrated in FIG. 5 adjacent the legend "P.W.M. Signal". The bits
      of the interrogation signal I.sub.1 are clocked from the receiver and
      demodulator 132 into a delay device 140, such as a shift register, by a
      one shot 134, a shaper 136 and a one shot 138, which use the pulse width
      modulated format of the demodulated interrogation signal to clock the
      logic level appearing at the midpoint of a pulse width modulated bit into
      the shift register 140, as hereinbefore described relative to FIGS. 1 and
      2B. The waveforms of the first and second one shots 134 and 138 are
      illustrated in FIG. 5.
PAR  The first bit of an interrogation word is always at the logic one level,
      and when this logic one bit is clocked to the last stage of shift register
      140, this leading one is detected by means 142. Means 142, for example,
      may be a flip-flop which is set by the leading one. Upon detecting the
      leading one, the detector 142 changes its output, such as illustrated in
      FIG. 5 adjacent the legend "Leading 1 Detector". The output of detector
      142 is connected to switch 130, to a clock 144, to a counter 150, and to a
      switch 152. When the detector 142 changes its output state after detecting
      the leading one, which may occur as soon as the leading one is detected,
      as illustrated in FIG. 5, or after a selected delay period, the change in
      the output level starts clock 144, which provides spaced pulses for
      serially clocking the information stored in shift register 140 to a pulse
      width modulator circuit 146. The clock may be preset to provide only the
      required number of pulses, or as illustrated in FIG. 4, the counter 150
      may be used to count the bits clocked out of the shift register 140 and to
      provide a reset pulse when a predetermined number of bits have been
      counted. As illustrated in FIG. 5 adjacent the legend "Clock 144 Pulses",
      the clock pulses are spaced to provide the desired serial data rate, which
      will usually be the same rate as the data rate of the interrogation signal
      received from source 12.
PAR  The output of the pulse width modulator 146 is connected to a modulator and
      transmitter 148, and the output of transmitter 148 is connected to signal
      coupler 70 via a normally open switch 152.
PAR  In the operation of the interrogation channel 129 of repeater 62', the
      normally closed switch 130 applies an interrogation signal I.sub.1
      received from the first power line conductors 23 via the signal coupler 68
      to the receiver and demodulator 132. The pulse width modulated format of
      the demodulated interrogation signal serially clocks the bits of the
      serial interrogation signal word into shift register 140. When the leading
      bit of the interrogation signal word, which is always a logic one, reaches
      a stage of the shift register 140 which indicates the interrogation signal
      word has been clocked into shift register 140, the detector 142 changes
      its output state. This change in the output state renders switch 130
      non-conductive, it changes switch 152 from its normally open state to a
      closed or conductive state, it starts clock 144, and it sets counter 150
      such that it will count to a predetermined number and then provide a reset
      pulse.
PAR  The output of clock 144 is connected to the shift input of shift register
      140, and the interrogation word is serially clocked out to a pulse width
      modulator 146 which converts the binary or logic bits to a self-clocking
      format, as shown in FIG. 5 adjacent the legend P.W.M. Signal. The positive
      going transitions of the pulse width modulated signal are counted by
      counter 150, and a predetermined time interval after the count reaches a
      selected number, which number is selected to ensure that the interrogation
      signal word is completely clocked from shift register 140, the counter 150
      provides a reset pulse to the clock 144, to stop the clock, and to the
      detector 142, to reset detector 142 and return its output state to that
      which existed prior to the detection of the leading one bit.
PAR  Before counter 150 provides the reset pulse, the output of the pulse width
      modulator 146 is used as a modulating wave for a modulator and transmitter
      148, which may be of the FSK type, and the output of transmitter 148 is
      applied to the second power line conductors 51 via the now closed switch
      152 and signal coupler 70. The transmitted interrogation signal, which is
      referred to as signal I.sub.2 in FIG. 7 to indicate that it is delayed,
      compared with the original interrogation signal I.sub.1, cannot become an
      input to receiver 132 by feedback through the distribution transformer,
      since switch 130 renders the receiving portion of the interrogation
      channel ineffective while the transmitter 148 is applying the stored
      interrogation signal to the second power line conductors 51.
PAR  The remote communication terminal 54 for receiving and responding to
      response signals addressed thereto may be of any suitable construction,
      with FIG. 6 illustrating, for purposes of example, a remote communication
      terminal which may be used.
PAR  Remote communication terminal 54 includes a bidirectional coupler and
      protector 162 connected to the second power line conductors 51. A suitable
      coupler for remote communication terminals is disclosed in co-pending
      application Ser. No. 444,587 filed Feb. 21, 1974, which is assigned to the
      same assignee as the present application. The interrogation signal picked
      up by coupler 162 is applied to a receiver 164, which may be similar to
      receiver 132 of the repeater 62'. Receiver 164 demodulates the signal and
      applies it through a normally closed switch 165 to a serial to parallel
      converter and decoder circuit 166. If the interrogation signal received is
      addressed to this remote communication terminal, the function identifier
      is decoded and the requested function is performed. Optional functions,
      such as controlling the on and off time of an electrical load, are
      illustrated generally at 168. If the requested function is to read a
      meter, such as an electric, gas or water meter, an encoder 170 is enabled
      which applies the meter reading data, such as provided by meter 56, to a
      parallel to serial converter, pulse width modulator, FSK modulator, and an
      amplifying transmitter, all shown generally at 172. The serialized
      response signal from the transmitter portion of the function, shown
      generally at 172, is applied to the coupler and detector 162, which in
      turn places the response signal on one of the second power line conductors
      51.
PAR  More specifically, the delayed interrogation signal I.sub.2 is demodulated
      in receiver 164. Receiver 164 may have a level detector to reject a weak
      interrogation signal I.sub.1 which may pass through the distribution
      transformer, or, preferably, it is constructed with a sensitivity which
      will inherently reject such weak signals, which thus enables the remote
      receivers to be inexpensively constructed. The delayed interrogation
      signal is directed to a low pass filter and shaper circuit 180 and then to
      a serial to parallel shift register 182. The shift register 182 is clocked
      by the self-clocking format of the demodulated interrogation signal
      I.sub.2, by utilizing a one shot circuit 184, a shaper circuit 186 and a
      one shot circuit 188, as hereinbefore described relative to the clocking
      of shift register 99 shown in the delay means 80" (FIG. 2B). When the sync
      bit (a leading one) is clocked to the last stage of shift register 182, a
      data ready detector 190 provides a true output, and if the parity checks,
      a parity check circuit 192 provides a true output. The parallel output of
      shift register 182 is applied to inverter gates 194, and the proper
      combination of outputs of the shift register 182 and the inverter gates
      194, which correspond to the remote terminal address portion of the
      interrogation signal I.sub.2, are applied to remote address comparator
      196. If remote communication terminal 54 is uniquely addressed by signal
      I.sub.2, comparator 196 provides a true output.
PAR  A plurality of comparators corresponding to the number of automatic
      functions which may be performed are provided for decoding the function
      identifier portion of the interrogation signal I.sub.2. For purposes of
      example, it will be assumed that a comparator 198 identifies an automatic
      meter reading function, a comparator 200 identifies a load control
      function, such as control of an electric hot water heater, and a
      comparator 202 identifies an auxiliary control function, such as control
      of an electric air conditioner. A gate 204 and flip-flop 206 are
      associated with the automatic meter reading function, a gate 208 and
      flip-flop 210 are associated with the hot water heater control function,
      and a gate 212 and flip-flop 214 are associated with the auxiliary
      function.
PAR  The outputs of the data ready detector 190, the parity check circuit 192
      and the remote address comparator 196 are all applied to gates 204, 208
      and 212. The outputs of function comparators 198, 200, 202 are applied to
      gates 204, 208 and 212, respectively.
PAR  If the input signals to gate 204 are all true, flip-flop 206 will be set,
      providing a read signal for encoder 170 and "enable" signals for the
      transmitter function illustrated generally at 172. The encoder 170 may be
      of the type described in U.S. Pat. No. 3,820,073 entitled "Solid State
      Remote Meter Reading System Having Non-Volatile Data Accumulation" which
      is assigned to the same assignee as the present application; or, any other
      suitable encoder may be used.
PAR  The encoder 170, when enabled by a read signal from flip-flop 206 applies
      its count to a parallel to serial shift register 216. The unique address
      of the remote communication terminal along with the function identifier
      are also applied to the shift register 216.
PAR  The parallel input data to shift register 216 is clocked out, and a self
      clocking pulse width modulated format is provided by a 180 Hz clock 218, a
      divide-by-three counter 220 and gates 222. A parity calculator 224
      provides a parity bit when necessary, and a transmitter 226 provides a
      modulated carrier signal. The modulated carrier is the response signal R1,
      the format of which is illustrated in FIG. 7. Transmitter 226 preferably
      provides the response signal R1 in a frequency band which is
      non-over-lapping with the frequency band of the interrogation signals
      I.sub.1 and I.sub.2. The setting of flip-flop 206 may initiate a timer
      which provides an "end AMR" signal to reset the flip-flop 206 after a
      period of time sufficient to carry out the meter reading function.
PAR  If the function identifier requested a load control function, the inputs to
      gate 208 would all be true and flip-flop 210 would be set to the state
      opposite to its previous state, to turn off the water heater, or to enable
      it to turn on in response to its temperature control.
PAR  If the function identifier requested the auxiliary function, the inputs to
      gate 212 would all be true and flip-flop 214 would be set to the state
      opposite to its previous state, to provide the desired control signals for
      the auxiliary function.
PAR  The setting of flip-flop 210 or flip-flop 214 may initiate a response
      signal which is similar to response signal R1, except it would not include
      meter reading data. This response signal would indicate that the function
      requested has been performed.
PAR  Referring again to FIG. 4, the response signal R1 applied to the second
      distribution power line conductors 51 is picked up by the bidirectional
      coupler 70 and applied to the response channel 131 of repeater 62'. This
      response signal R1 is delayed and then sent back to the central
      communication terminal as R2, bypassing the distribution transformer 26,
      through the first power line conductors 23.
PAR  The delayed response signal R2 is picked up from the power line conductors
      23 by the bidirectional coupler 97 and applied to a receiver and
      demodulator circuit 280. The receiver 280 demodulates the response signal
      and applies it to a data set interface 282, which is similar to the data
      set interface 74. Modem 90 sends the signal to the central control station
      over the telephone link, where it is received by modem 76 and applied to
      the interrogation and response control 14. This completes the
      interrogation and response cycle initiated by the interrogation signal
      I.sub.1 prepared by control 14.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A distribution network power line carrier communication system including
      electrical power lines extending from a distribution substation to a
      plurality of electrical loads, comprising:
PA1  first terminal means at the distribution substation in
PA1  signal communication with the electrical power lines,
PA1  said first terminal means applying an interrogation signal to the
      electrical power lines,
PA1  and repeater means remote from the distribution substation in signal
      communication with the electrical power lines,
PA1  said repeater means repeating said interrogation signal,
PA1  said repeater means including means for receiving
PA1  the interrogation signal from the electrical power lines, delay means for
      delaying the interrogation signal for a predetermined time interval, means
      applying the delayed interrogation signal to the electrical power lines,
      and means preventing the repeater means from repeating said delayed
      interrogation signal.
NUM  2.
PAR  2. The distribution network power line carrier communication system of
      claim 1 wherein the repeater means includes means amplifying the
      interrogation signal.
NUM  3.
PAR  3. The distribution network power line carrier communication system of
      claim 1 including second terminal means at one of the electrical loads in
      signal communication with the electrical power line conductors, said
      second terminal means including means for receiving the delayed
      interrogation signal, and means responsive to at least certain of the
      delayed interrogation signals for providing a response signal on the
      electrical power line conductors.
NUM  4.
PAR  4. The distribution network power line carrier communication system of
      claim 3 including means at the first terminal for receiving the response
      signal.
NUM  5.
PAR  5. The distribution network power line carrier communication system of
      claim 3 wherein the repeater means includes means for repeating the
      response signal, including means for receiving the response signal, means
      delaying the response signal for a predetermined time interval, means
      applying the delayed response signal to the electrical power lines, and
      means preventing the repeater means from repeating the delayed response
      signal, and wherein the first terminal means includes means for receiving
      said delayed response signal.
NUM  6.
PAR  6. The distribution network power line carrier communication system of
      claim 1 wherein the interrogation signal is a serial word having a
      plurality of bits in a mark-space format, with the time duration of a
      space being at least as long as the time duration of a mark, and wherein
      the repeater means alternately receives and transmits the bits of the
      interrogation signal until the complete signal word is repeated, with the
      means applying the delayed interrogation signal to the electrical power
      lines being operative during the spaces of the interrogatioon signal.
NUM  7.
PAR  7. The distribution network power line carrier communication system of
      claim 1 wherein the interrogation signal is a serial word having a
      plurality of bits, and wherein the repeater means receives the complete
      word before the means for applying the delayed interrogation signal to the
      electrical power lines is operated.
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ABST
PAL  A character pattern recognition system is disclosed in which an unknown
      input pattern of character and a standard pattern of character are
      described and maintained in the form of a sequence of Freeman direction
      codes. One-to-multiple and multiple-to-one correspondence is permitted
      between the codes, to obtain a specific correspondence between them in
      which the sum of the difference between direction codes is minimum, so
      that the minimum value of code difference is used as a measure of
      determining the similarity between the two patterns.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a pattern recognition system or more in
      particular to a pattern recognition system in which patterns of unknown
      and standard characters are described in the form of Freeman direction
      codes so that a minimum value of the sum of the differences between the
      two types of codes is used as a measure for determining the similarity
      between the two types of patterns thereby to recognize the unknown
      pattern.
PAR  2. Description of the Prior Art
PAR  The recognition of characters of a font of fixed shape such as
      machine-printed characters is comparatively easily effected by a matching
      process such as a correlation between an input pattern of character and a
      standard pattern of character. In the event that a plurality of fonts of
      machine-printed characters are involved, however, there are as many
      different shapes as fonts for a character to be recognized. Further, the
      shape of a hand-printed character is quite different depending on who
      wrote it or on the frame of mind at the time of writing it. In a
      conventional system for recognition of hand-printed characters, such
      variations of the shape of characters are absorbed by extracting very
      rough features of certain points of the character. This system, even
      though capable of recognizing hand-printed numerals, encounters a very
      great difficulty in recognizing hand-printed alphanumerics or hand-printed
      Japanese katakanas which involve a considerable number of characters.
PAR  Another system for recognition of hand-printed characters is such that line
      components of a hand-printed character are approximated by small straight
      lines and the result of such approximation is described in the form of
      Freeman direction codes thereby to recognize the character. In this
      particular system, the variations in the shape of hand-printed characters
      are absorbed by the sequential logic with direction codes as an input.
      This system has the disadvantage of a great amount of internal state of
      the sequential logic required for absorbing the variations in character
      shape in a satisfactory manner. Also, since the last-mentioned system
      relates to a deterministic decision as to "yes" or "no", it is difficult
      to accomplish recognition in the presence of a character variation which
      had not been taken into consideration in forming the sequential logic.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a
      character pattern recognition system capable of stable recognition against
      variations in character by describing the similarity between character
      patterns by a measure to indicate a difference in shape without being
      affected by the length of line components of a character pattern.
PAR  Another object of the invention is to provide a character pattern
      recognition system which is capable of easily rejecting characters other
      than the standard character pattern to be read.
PAR  Still another object of the invention is to provide a character pattern
      recognition system with a memory much smaller in capacity than the
      conventional memory for storing standard patterns.
PAR  A further object of the invention is to provide a character pattern
      recognition system for which standard patterns are capable of being added,
      removed or corrected easily to improve the reading accuracy.
PAR  In order to achieve the above-described objects, the present invention is
      characterized in that an input character pattern and a standard character
      pattern are described each in the form of a sequence of Freeman direction
      codes, the sequential relation of each direction code group is maintained,
      a one-to-multiple and multiple-to-one correspondence is allowed between
      the code groups to obtain a specific correspondence in which the sum of
      the difference between the direction codes is minimum, so that the minimum
      value of the sum of the differences of the direction codes under such a
      condition is used as a measure to detect a similarity between the two
      types of patterns.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram showing small straight lines for use in approximation
      of component lines of a character pattern.
PAR  FIG. 2 is a diagram showing variations in the shape of a character.
PAR  FIG. 3 is a diagram showing variations in the shape of a character due to
      the difference of the length of component line elements of the character.
PAR  FIG. 4 shows an example in which component line elements of a character
      pattern are approximated by small straight lines.
PAR  FIG. 5 is a diagram showing the correspondence between direction codes to
      absorb the difference in length of each line element between the two
      character patterns of FIG. 4.
PAR  FIG. 6 is a diagram showing the tolerable range of correspondence.
PAR  FIG. 7 is a diagram showing an example of calculation of distance for
      indicating the similarity between direction codes.
PAR  FIG. 8 shows steps for character recognition.
PAR  FIG. 9 is a diagram showing an example of classification.
PAR  FIGS. 10 and 11 show the construction of a device for calculating the
      distance indicating the similarity between component line elements in the
      form of the direction codes.
PAR  FIG. 12 is a diagram showing the construction of a circuit for calculating
      the value of g(i,j) in equation (3) and for determining the conditions of
      equations (5) and (6).
PAR  FIG. 13 is a diagram showing the construction of a minimum value detector
      circuit.
PAR  FIG. 14 is a diagram showing the construction of a circuit for calculating
      the difference between the direction codes in equation (1).
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In the description of the invention, it is assumed that character
      information is contained in lines as each character is made up of lines.
      Therefore, the character recognitions system according to the invention is
      based on the prerequisite that lines making up a character are
      approximated by a plurality of directional small straight lines. In this
      way, a variation in the shape of a character can be divided into a change
      in shape and a change in the length of line components. A variation in
      shape is due to variations of direction components of small straight lines
      making up the character and variations in the way they are connected.
      Numeral "2", for example, is considered to have variations in shape as
      shown in FIG. 2, if approximated by a plurality of small straight lines
      with eight directions as shown in FIG. 1. When the length of each
      component line of a character undergoes a change, the direction components
      of small straight lines and the way of connection thereof may remain
      substantially unchanged as shown in FIG. 3.
PAR  In the character pattern recognitions system according to the present
      invention, great changes in shape are absorbed by provision of a plurality
      of standard patterns representing the great changes as shown in FIG. 2,
      whereas relatively small changes in shape and changes in shape due to
      changes in length of the component lines are absorbed by the use of a
      measure representing the similarity between a couple of character
      patterns. The above-mentioned measure representing the similarity is such
      that component lines making up a character pattern are approximated by a
      plurality of small straight lines with directions, the results of the
      approximation are described in the form of a plurality of codes
      representing the directions of the small straight lines, the sequential
      relation of the codes is maintained for the two character patterns
      represented by the codes, and the one-to-multiple and multiple-to-one
      correspondence are allowed between the codes, so that a specific
      correspondence between the direction codes with a minimum sum of the
      differences between the direction codes subject to the correspondence is
      obtained and the measure of similarity is defined by the use of the
      minimum value of the differences between the direction codes under such a
      condition.
PAR  For example, in the case of the two character patterns A and B shown in
      FIG. 4 approximated by small straight lines with 8 directions of FIG. 1,
      the direction codes for them are as shown in FIG. 5. While maintaining the
      sequential relation of these codes, the correspondence of one-to-multiple
      and multiple-to-one is effected thereby to achieve a specific
      correspondence in which the sum of the differences between the codes is
      minimum. As will be understood from this example, the partial differences
      of length of the component lines can be absorbed by the one-to-multiple
      and multiple-to-one correspondence, while the variation in shape can be
      expressed as the sum of the differences between the direction codes. If
      the sum of the difference between the direction codes is small, it means
      that the two patterns are very similar in shape. If such a value is large,
      on the other hand, it indicates that the character patterns are different
      in shape.
PAR  As will be noted from the above description, the problem in determining the
      measure for the similarity is how to effect the correspondence in which
      the sum of the differences between direction codes is minimum and how to
      obtain such a minimum value. This is comparatively easily achieved by a
      dynamic program. Therefore, as a measure to indicate the similarity
      between character patterns, the distance between the character patterns
      may be employed in the form of dynamic program.
PAR  An example of the measure for indicating the similarity between character
      patterns based on the foregoing description will be explained below.
PAR  First, as a prerequisite, the lines making up a character pattern are
      divided into a plurality of line segments called "branches" at terminal
      points and branch points. Each of the character patterns A and B is
      considered to comprise K branches, so that the codes of the branches are
      expressed as
PA1  A.sub.k = a.sub.k (0), a.sub.k (1) . . . a.sub.k (i) . . . a.sub.k (Ik)
PA1  B.sub.k = b.sub.k (0), b.sub.k (1) . . . b.sub.k (j) . . . b.sub.k (Jk)
PAL  It is also assumed that each of the direction codes a.sub.k (i) and b.sub.k
      (j) is expressed by Freeman codes 0 to 7 as shown in FIG. 1 and the
      differences between the direction codes by the equations below, as an
      example.
PA1  d(a.sub.k (i), b.sub.k (j))= .vertline.a.sub.k (i)-b.sub.k (j).vertline. if
      .vertline.a.sub.k (i)-b.sub.k (j).vertline..ltoreq.4
PA1  or 8 -.vertline.a.sub.k (i)-b.sub.k (j).vertline. if .vertline.a.sub.k
      (i)-b.sub.k (j).vertline.&gt;4                               (1)
PAR  With this as a prerequisite, the distance d(A.sub.k, B.sub.k) representing
      the similarity between branches is defined in the form of a dynamic
      program as shown below.
PA1  g(0,0)=d(a.sub.k (0), b.sub.k (0))
PA1  g(i,j)=d(a.sub.k (i), b.sub.k (j))+Min {g(i,j,-1)+.sigma.,
      g(i-1,j)+.sigma.[g(i-l, l,j-l)]}                          (3)
PAL  where [ ] shows Gauss' notation.
PA1  0.ltoreq.i.ltoreq.I.sub.k, 0.ltoreq.j .ltoreq.J.sub.k      (4)
PA1  J.sub.k .times. i.ltoreq..delta.(I.sub.k +J.sub.k)+ I.sub.k .times. j (5)
PA1  J.sub.k .times. i + .delta.(I.sub.k + J.sub.k) .gtoreq.I.sub.k .times. j
      (6)
PA1  d(A.sub.k, B.sub.k) = 1/N.sub.k g(I.sub.k, J.sub.k)        (7)
PAL  In the equations above, .sigma. and Gauss' notation are provided for the
      purpose of enlarging the distance d(A.sub.k, B.sub.k) between branches in
      the event that the change in the length of component lines is greater than
      a tolerable value. When the change in the length of component lines to n
      times or 1/n (n being an integer) is tolerable, .sigma.=(1/n-1) -.epsilon.
      (.epsilon. is a very small positive number). N.sub.k is a variable for
      normalizing g(I.sub.k, J.sub.k) by means of the length of direction codes
      and may take such a value as N.sub.k = (I.sub.k + J.sub.k 2)/2 or N.sub.k
      max (I.sub.k 1,  J.sub.k +1) depending on the object involved. In
      equations (4), (5) and (6) showing the tolerable ranges of i and j for
      correspondence, .delta. represents the width of a region parallel to the
      diagonal line connecting the coordinates (0,0 ) and (I.sub.k, J.sub.k) as
      shown in FIG. 6. In the drawing under consideration, the tolerable range
      for correspondence is shown by symbol O, even though symbol O for the
      coordinate (i, j) indicates the correspondence between a.sub.k (i) and
      b.sub.k (j). The tolerable range for correspondence defined above may also
      be determined as desired according to the object involved.
PAR  Next, the distance representing the similarity between character patterns
      is defined by the equation below
      ##EQU1##
      wherein L.sub.k is a weight against branches and may be selected for
      example as L.sub.k = (I.sub.k +J.sub.k +2)/2,L.sub.k =max(I.sub.k
      +1,J.sub.k 1) or other value according to the object involved.
PAR  An example of calculation of the distance d(A.sub.k, B.sub.k) associated
      with the two character patterns shown in FIG. 4 is shown in FIG. 7. In
      this example, it has been assumed that .sigma. = 0.9, .delta. = 2 and
      N.sub.k = (I.sub.k +J.sub.k 2)/2.
PAR  By tracing back from g(I.sub.k, J.sub.k) to g(i, j) which gives the minimum
      value of equation (3) following arrows in FIG. 7, the result of
      correspondence between the two types of direction codes is known, the
      correspondence of FIG. 5 being obtained from the result of calculation as
      shown in FIG. 7.
PAR  Explanation will be made in detail below of an embodiment of the present
      invention in which characters are recognized by the use of the
      above-mentioned distance representing the similarity between character
      patterns.
PAR  Processes for recognizing a character are shown in FIG. 8. Reference
      numeral 101 shows means for converting a character pattern into an
      electrical signal by a photo-electric transducer with a scanning device
      and stores it in the state ready for subsequent processes. In the event
      that a plurality of characters are input at the same time, a cutting
      process is required to separate character patterns one by one. Numeral 102
      shows a means for thinning the original pattern for facilitating
      approximation which is effected by means of small straight lines in the
      next step 103. In other words, the line of the original pattern has the
      width containing a plurality of picture elements which it is difficult
      approximate directly by means of small straight lines. Therefore, it is
      converted by the thinning process into a line pattern with the width
      comprising a single picture element as shown in FIG. 4. It is of course
      possible to eliminate this process of thinning if there is a method
      available for direct approximation of the original pattern by means of
      small straight lines. Reference numerals 103 shows means for approximating
      the thinned character patterns by means of the small straight lines of
      FIG. 1 and converting the directions of the approximated small straight
      lines into direction codes along each branch, while at the same time
      extracting terminal points and branch points and connections between
      branches. Numeral 104 shows means for extracting from the results of
      process in 103 the topological characteristics of each character pattern
      such as the number of branches, number of loops and number of components
      or the number of sets of the branches connected so as to classify the
      input character patterns, as shown typically by the example in FIG. 9.
      Numeral 105 shows means for taking out one by one the standard character
      patterns of the same class as that of the input character patterns
      determined by the means 104 so that correspondence is accomplished between
      the branches of the input character pattern and the standard character
      pattern on the basis of information on the positions of terminal points
      and branch points and connection of the branches. Reference numeral 106
      shows means for calculating the distance representing the similarity
      between the input character pattern and the standard character pattern by
      the use of the correspondence established between the branches by the
      means 105 and the equations (1) to (8) as well as by the use of the
      standard patterns stored in the means 107 in the form of direction codes.
      In view of the fact that the standard patterns stored in the means 107
      take the form of direction codes, the capacity of the memory required for
      storage thereof may be small enough to facilitate the restoring of the
      shape of the standard patterns and hence the correction thereof. Numeral
      108 shows means for deciding whether or not the distance calculation has
      been completed for all the standard patterns of the same class as the
      input character patterns. In the event that the distance calculation has
      not been completed for all the standard pattern of the same class as the
      input character patterns, the means 105 is returned to, whereas a transfer
      is made to the next means 109 if it is completed. Numeral 109 shows means
      for obtaining the minimum distance and the next minimum distance from the
      distance calculated by the means 105 to 108. It is assumed here that the
      category of the standard character pattern giving the next minimum
      distance is different from that of the standard character pattern giving
      the minimum distance. Numeral 110 shows means for producing a "reject"
      from the means 113 when the minimum distance is larger than a certain
      constant .epsilon..sub.1. This indicates that the input character pattern
      is not included in the characters to be read on the basis of the standard
      character patterns provided. By the way, the value of .epsilon..sub.1 is
      determined statistically by the results of experiments on reject. Numeral
      111 shows means for determining the difference between the next minimum
      distance and the minimum distance and making a reject decision of means
      114 or making the second stage decision by another recognition process
      when the difference is smaller than .epsilon..sub.2 . When the difference
      between the next minimum distance and the minimum distance is smaller than
      .epsilon..sub.2, it indicates there are a plurality of standard character
      patterns of different categories similar to the input character pattern,
      which requires that the input character pattern be rejected as
      unidentifiable or subjected to the second-stage decision on the basis of
      more detailed information, the value of .epsilon..sub.2 being also
      determined by the statistical data obtained from experiments on errors and
      reject. Reference numeral 112 shows means for deciding that the category
      of the standard character pattern giving the minimum distance is identical
      with the category of the input character pattern when the results of
      operation by the means 110 and 111 show that the minimum distance is
      smaller than .epsilon..sub.1 and the difference between next minimum
      distance and minimum distance is larger than .epsilon..sub.2.
PAR  In the above-described process for character recognition accomplished by
      the use of the distance representing the similarity between patterns
      according to the invention, the processes other than that of the means 106
      are easily realized by the prior art. Therefore, the detailed description
      below will be concentrated on the process of the means 106 which forms a
      core of the present invention.
PAR  The process effected by the means 106 is based on equations (1) to (8).
      Since the device for effecting the calculation of equation (8) is easily
      realized by the well known prior art by means of an adder, multiplier and
      divider, detailed explanation will be made here of the devices for
      effecting the calculations from equations (1) to (7), that is, the devices
      for calculating the distance d(A.sub.k, B.sub.k) representing the
      similarity between branches forming character patterns. For the sake of
      simplicity, however, the description will be limited to the case in which
      the maximum length of codes is 6, that is, I.sub.k .ltoreq.5 and J.sub.k
      .ltoreq.5.
PAR  First, the general construction of the devices will be explained with
      reference to FIG. 10 and FIG. 11. In FIG. 10, operation circuits 200 to
      205, 210 to 215, 220 to 225, 230 to 235, 240 to 245 and 250 to 255 are for
      effecting the calculation of both the equation (3) and the restrictive
      conditions of equations (5) and (6), an actual construction of which is
      shown in FIG. 12. As the input to the operation circuit corresponding to
      g(i, j), the output of the operation circuit corresponding to g(i-1, j),
      g(i, j-1) and g(i-1, j-1) and signals corresponding to a.sub.k (i),
      b.sub.k (j), I.sub.k and J.sub.k are impressed as shown in FIG. 12. It is
      assumed here that the output of the operation circuit (not shown)
      corresponding to g(-1, j), j being 0 . . . , 5 and g(i, -1),  i being 0 .
      . . , 5 is infinite or the greatest available value and that the output of
      the operation circuit (not shown) corresponding to g(-1, -1) zero. Also,
      the output of the operation circuit (not shown) corresponding to g(i, j)
      is connected to the input to the operation circuit corresponding to g(i,
      j+1), g(i+1, j) and g(i+1, j+1). Reference numerals 260 to 265 show
      registers for storing signals corresponding to the direction codes for
      A.sub.k including a.sub.k (0) . . . , a.sub.k (5). The output of the
      register, say, 265 for storing a.sub.k (i) is connected to the input to
      the operation circuits, say, 200 to 205, corresponding to g(i, j), j being
      0 . . . , 5. Numerals 270 to 275 show registers for storing signals
      corresponding to direction codes for B.sub.k including b.sub.k (0),
      b.sub.k (1) . . . , b.sub.k (5), and the output of the register, say, 270
      for storing b.sub.k (j) is connected to the input of the operation
      circuits, say 200, 210, 220, 230, 240 and 250 corresponding to g(i, j), i
      being 0, 1 . . . , 5. Reference numeral 281 shows a register for storing a
      signal corresponding to the length of the direction codes for A.sub.k, and
      the output thereof is connected to all the inputs to the operation
      circuits corresponding to g(i, j), i or j being 0, 1 . . . 5. Reference
      numeral 282 shows a register for storing a signal corresponding to the
      length of the direction codes for B.sub.k, and the output thereof is
      connected to all the inputs to the operation circuit corresponding to g(i,
      j), i or j being 0, 1 . . . , 5.
PAR  A device for selecting the value of g(I.sub.k, J.sub.k) from the result of
      calculation made by the device of FIG. 10 and for making the calculation
      of equation (7) is shown in FIG. 11. Reference numeral 360 shows a decoder
      to which the output I.sub.k of the register as shown in FIG. 10 is
      applied. Numeral 361 shows another decoder the input of which is connected
      with the output of J.sub.k of the register 282 shown in FIG. 10. Numerals
      300 to 305, 310 t0 315, 320 to 325, 330 to 335, 340 to 345, and 350 to 355
      show AND gates for selecting the output g(I.sub.k, J.sub.k) from the
      output g(i, j) of the operation circuits 200 to 205, 210 to 215, 220 to
      225, 230 to 235, 240 to 245 and 250 to 255 shown in FIG. 10. The output of
      the operation circuit corresponding to g(i, j), the i-th output of the
      decoder 360 and the j-th output of the decoder 361 are applied to the
      input of each of the AND gates, the output of which go through a wired OR
      operation and is applied to the input of the divider 364 in the form of
      signal g(I.sub.k, J.sub.k). Reference numeral 362 shows an adder to which
      the outputs from the registers 280 and 282, that is, I.sub.k and J.sub.k
      and the constant 2, as shown in FIG. 10 are applied and which produces an
      output (I.sub.k + J.sub.k +2)/2. The output of the adder and the constant
      2 are applied to the divider 363, and as a result the divider produces an
      output (I.sub.k + J.sub.k +2)/2. Numeral 364 shows another divider to
      which the output of the divider 363 and the above-mentioned signal
      corresponding to g(I.sub.k, J.sub.k) are applied and which produces an
      output in the form of d(A.sub.k, B.sub.k) of equation (7).
PAR  Apart from the general construction of the apparatus according to the
      invention, description will be made below of the detail of the operation
      circuits 200 to 205, 210 to 215, 220 to 225, 230 to 235, 240 to 245 and
      250 to 255 for calculating the value of g(i, j) of FIG. 10.
PAR  With reference to FIG. 12 showing the construction of the operation
      circuits, the input to the operation circuits comprises signals
      corresponding to g(i-1, j), g(i, j-1), g(i-1, j-1), a.sub.k (i), b.sub.k
      (j), I.sub.k and J.sub.k, while the output thereof are made up of a signal
      corresponding to g(i, j). Numeral 401 shows a circuit for discarding
      fractions below the decimal point and calculating the value g(i -1, j-1),
      this circuit being easily realizable by placing zero as digits below the
      decimal point. Numerals 402 and 403 show adders for calculating g(-1, j) +
      .sigma. and g(i, j-1) + .sigma. respectively. Numeral 404 shows a minimum
      value detector circuit for calculating min{g(i-1, j) + .sigma., g(i, j-1)
      +.sigma., [g(-1, j-1)]}which can be realized easily by the prior art as
      shown in FIG. 13. The minimum value detector circuit as shown in FIG. 13
      is such that signals A, B and C are applied to it and the minimum value
      min(A, B, C) is produced therefrom. This minimum value detector circuit
      comprises comparators 501 to 503, AND gates 504 to 509 and OR gate 510. If
      A&gt;B&gt;C, as an example, an output 1 is obtained from each of the output
      lines 501a, 502b and 503b of the comparators 501, 502 and 503
      respectively, so that 0 signals are produced at the output lines 501b,
      502a and 503a. As a result, the AND gates 504 and 506 are closed whereas
      the AND gate 508 is opened to produce a 1 signal. The signal C is thus
      produced through the AND gate 509 and the OR gate 510. In other words,
      when A&gt;B&gt;C, the minimum signal C is obtained as an output.
PAR  Turning back to FIG. 12, reference numeral 405 shows a direction difference
      calculating circuit for calculating d(a.sub.k (i), b.sub.k (j)) of
      equation (1), which can be realized by the device with the construction
      shown in FIG. 14. Assume that the direction of a.sub.i is 1 in Freeman
      code of FIG. 1 and the direction of b.sub.i 7. The direction code of
      a.sub.i is 001 and that of b.sub.i 111The direction code 001 of a.sub.i is
      applied directly to the adder 604, while the direction code of b.sub.i is
      applied to the adder 604 after being reduced to 000 by inversion at the
      inverters 601, 602 and 603. Therefore, the output of the adder 604 becomes
      001 which forms an input to the adder 605 in the next stage. At the same
      time, the signal 0 of the order 2.sup.2 of the output of the adder 604 is
      inverted by the inverter 619 thereby to change its state to 1, thus
      constituting a signal of the order 2.sup.0 as the other input to the adder
      605, the input signals of the orders 2.sup.1 and 2.sup.2 being grounded.
      As a result, one of the inputs to the adder 605 becomes 001 and the other
      input 001, so that the output of 010 is produced. The output signal 0 of
      the order 2.sup.2, on the other hand, is inverted by the inverter 606 into
      1 and applied to the AND gates 611, 613 and 615 to open the same. The
      output signal 010 from the adder 605 is passed through the AND gates 611,
      613 and 615, and further through the AND gates 616, 617 and 618, produced
      as an output satisfying equation (i) as it indicates 2 or the direction
      difference between 1 and 7 of Freeman code in FIG. 1.
PAR  Reference numeral 406 in FIG. 12 shows an adder to which the outputs from
      the direction difference calculating circuit 405 and the minimum value
      detector circuit 404 are applied for calculating d(a.sub.k (i), b.sub.k
      (j)) + min{g(i-1, j) + .sigma., g(i, j-1) +.sigma., [g(-1, j-1)]}.
      Reference numerals 407 to 415 show circuits for deciding whether or not
      the restrictive conditions expressed by the equations (5) and (6) are met
      against the coordinate (i, j) where the circuit for calculating g(i, j) is
      disposed. Numeral 407 shows an adder the inputs to which are connected to
      I.sub.k and J.sub.k for calculation of I.sub.k + J.sub.k. Reference
      numerals 408 and 410 show multipliers to which J.sub.k and i, and I.sub.k
      and j are applied for calculation of J.sub.k .times. i and I.sub.k .times.
      j respectively. Numeral 409 shows a multiplier for the adder 407 which
      calculates .delta. (I.sub.k + J.sub.k) in response to the output of the
      adder 407 and the constant .delta.. Numerals 411 and 412 show adders to
      which the outputs from the multiplier 408 and the multiplier 409 and the
      outputs from the multiplier 409 and the multiplier 410 are applied for
      calculation of i .times. J.sub.k + .delta. (I.sub.k + J.sub.k) and j
      .times. I.sub.k + .delta.(I.sub.k + J.sub.k) respectively. Numeral 413
      shows a comparator which compares the outputs from the multiplier 408 and
      the adder 412 and produces a 1 signal when the condition J.sub.k .times. i
      .ltoreq..delta. (I.sub.k + J.sub.k) + I.sub.k .times. j of equation (5) is
      met, whereas a 0 signal is produced when it is not satisfied. Numeral 414
      shows another comparator which compares the outputs from the multiplier
      410 and the adder 411 and produces a 1 signal when the condition J.sub.k
      .times. i + .delta.(I.sub.k + J.sub.k) .gtoreq.I.sub.k .times. j of
      equation (6) is met, a 0 signal being produced when it is not satisfied.
      Numeral 415 shows an AND circuit to which the outputs from the comparators
      413 and 414 are applied and which produces a 1 output only when the
      conditions of equations (5) and (6) are met, a 0 output being produced
      when the conditions are not met. Numeral 416 shows a NOT circuit for
      inverting the output of the AND gate 415. Numeral 417 shows an AND gate to
      which the outputs from the AND gate 415 and from the adder 406 are applied
      and which allows the output of the adder 406 to pass therethrough only
      when the conditions of equations (5) and (6) are satisfied at the same
      time. Numeral 418 shows an AND gate to which the output from the inverter
      416 and the constant .infin. (the available maximum value) are applied and
      which allows the constant .infin. to pass therethrough only when the
      conditions of equation (5) and/or equation (6) is not met. Numeral 419
      shows an OR gate which produces a logical sum of the outputs of the AND
      gates 417 and 418.
PAR  The above-mentioned device for calculating the distance representing the
      similarity between branches by means of equations (1) to (7), the
      constuction of which has been described above, operates so asynchronously
      that if I.sub.k, J.sub.k, a.sub.k (0) to a.sub.k (I.sub.1) and b.sub.k (0)
      to b.sub.k (J.sub.k) are set in the registers 281, 282, 260 to 265 and 270
      to 275, d(A.sub.k, B.sub.k) is obtained as the output from the divider 364
      shown in FIG. 11.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained, and
      since certain changes may be made in the above descriptions without
      departing from the spirit and the scope of the invention, it is intended
      that all matter contained in the above description or shown in the
      accompanying drawings shall be interpreted as illustrative and not in a
      limiting sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a character recognition system in which line components making up an
      unknown character pattern and a standard character pattern are
      approximated by means of a plurality of directional small straight lines
      in the number of n, each of the patterns being described in the form of a
      plurality of codes representing the directions of said small straight
      lines along said component lines, said two code groups A.sub.k = a.sub.k
      (0), a.sub.k (1), a.sub.k (2) . . . a.sub.k (I.sub.k), and B.sub.k =
      b.sub.k (0), b.sub.k (1), b.sub.k (2) . . . b.sub.k (J.sub.k) being used
      to effect a character recognition; the improvement comprising first and
      second registers for respectively storing said direction codes A.sub.k and
      B.sub.k, a direction difference calculator circuit for calculating the
      difference between the direction codes, that is,
PA1  d(a.sub.k (i), b.sub.k (j))
PA1  =.vertline.a.sub.k (i) - b.sub.k (j) .vertline. if .vertline.a.sub.k (i) -
      b.sub.k (j).vertline..ltoreq.(n/2)
PA1  = n - .vertline.a.sub.k (i) - b.sub.k (j).vertline. if .vertline.a.sub.k
      (i)-b.sub.k (j) .vertline.&gt;(n/2),
PAL  in response to the direction codes a.sub.k (i) and b.sub.k (j) sequentially
      applied thereto from said first and second registers, a minimum value
      detector circuit for obtaining the minimum value of g(i, j-1) +.sigma.,
      g(i-1, j) + .sigma., and [g(-1)], .sigma.being constant, when d(a.sub.k
      (0), b.sub.k (0)) is defined as g(0, 0), an adder for obtaining a sum g(i,
      j) of the output d(a.sub.k (i), b.sub.k (j)) of said direction difference
      calculator circuit and the output min{g(i, j-1) +.sigma., g(i-1, j)
      +.sigma., [g(i-1, j-1)]}of said minimum value detector circuit, and a
      circuit means for taking out the output g(I.sub.k, J.sub.k) from the
      output g(i, j) of said adder.
NUM  2.
PAR  2. A character recognition system according to claim 1, further comprising
      an adder for obtaining the sum of I.sub.k and J.sub.k and the constant 2
      representing the length of said codes, and dividing means for producing
      2g(I.sub.k, J.sub.k)/(I.sub.k + J.sub.k +2) in response to the application
      thereto of the output g(I.sub.k, J.sub.k) of said circuit means and the
      output (I.sub.k + J.sub.k +2) of said adder.
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ABST
PAL  A distribution powerline carrier communication system for providing
      distribution automation functions. The communication system includes a
      distribution powerline, with inductive couplers and frequency translating
      repeaters cooperating to circumvent signal obstructions, such as
      distribution transformers, and to increase the signal strength. The
      inductive couplers pick up the communication signals without metallic
      contact to the primary distribution lines, and the repeaters change the
      frequency band of the communication signals, enabling the amplifier gain
      of the repeaters to be selected without limitation due to undesirable
      feedback and oscillation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates in general to powerline carrier communication
      systems, and more specifically to powerline carrier systems for performing
      distribution automation functions such as the automatic reading of utility
      meters, and selective load control.
PAR  2. Description of the Prior Art
PAR  The electrical utilities have used their transmission powerlines for many
      years for communication with remote switching and substation sites, for
      supervisory control purposes. The transmission lines are ideal for
      communication as they extend from the power generation site to the
      switching and substation sites without intervening obstacles to
      communication frequencies.
PAR  Communication over the distribution powerlines is much more difficult, and
      thus it is not a commonly used mode of communication for the electrical
      utilities. The distribution powerlines are susceptible to electrical noise
      and interference, and they have large numbers of distribution
      transformers, electrical loads, sectionalizing switches, capacitor banks,
      and the like, all of which provide some degree of attenuation for
      communication frequencies.
PAR  It is becoming increasingly more important to selectively and remotely
      control electrical loads, in order to reduce the magnitude of power demand
      peaks. Also, the availability of low cost non-volatile encoders due to the
      advances in large scale integration has made the automatic reading of
      utility meters attractive. Selective load control, automatic meter
      reading, and other distribution automation functions require some form of
      communication. Since the electrical utilities already have distribution
      powerlines which extend to each site to be communicated with, it would be
      desirable to use distribution powerline carrier for the communication
      mode, if the problems associated therewith can be economically dealt with.
PAR  U.S. Pat. Nos. 3,656,112; 3,702,460 and 3,815,119, all disclose some form
      of communication via the distribution network of an electrical utility.
      U.S. Pat. No. 3,656,112 discloses a communication system which uses a
      combination of electrical powerline and wireless. The wireless link is
      used to by pass distribution transformers and other obstructions located
      in the transmission path. U.S. Pat. No. 3,702,460 discloses making the
      neutral conductor of the distribution powerline available as a
      communication link by inserting a parallel resonant circuit between the
      neutral and ground, at each ground point in the system. The neutral-ground
      communication circuit bypasses distribution transformers. U.S. Pat. No.
      3,815,119 uses the powerline conductor on the secondary side of a
      distribution transformer to transfer the various meter readings associated
      with the secondary to a common receiver point, where the readings are
      stored until they can be read, such as by a mobile unit which periodically
      travels near the receiver site and interrogates the site by a wireless
      link.
PAR  My co-pending application Ser. No. 425,759, filed Dec. 18, 1973, entitled
      "A Distribution Network Powerline Carrier Communication System", which is
      assigned to the same assignee as the present application, sets forth a new
      and improved arrangement for communicating over distribution powerlines.
      In this co-pending application, a substation area is divided into zones,
      and the zones, when interrogated by signals from an interrogation source,
      respond at different frequencies. Frequency changing or translating
      repeaters interface the zones to maintain zone isolation while boosting
      the strength of the signals within the zone. This multifrequency
      arrangement reduces the possibility of a response signal acting as an
      interrogation signal.
PAR  The present application is an improvement upon the communication system of
      my hereinbefore mentioned co-pending application, with the improvement
      allowing obstructions, such as distribution transformers, to be easily
      circumvented without direct metallic connection with the high voltage
      primary side of the transformer.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention is a new and improved distribution powerline
      carrier communication system which utilizes magnetic field or inductive
      couplers and frequency translating or changing repeaters for increasing
      signal strength and circumventing signal obstructions, such as
      distribution transformers. The only metallic contact to the high voltage
      primary side of the distribution network is the interrogation signal
      insertion point at a substation. All interrogation signals are transferred
      from the primary side of the distribution network to the secondary side,
      circumventing each distribution transformer, via the inductive coupler and
      a frequency changing repeater. The response signal is picked up from the
      primary side of the distribution network via an inductive coupler.
PAR  The inductive coupler for picking up communication signals from the primary
      side of the distribution network substantially reduces installation time
      and cost, compared with a metallic contact capacitive type coupler. The
      inductive coupler may be used with any primary voltage distribution level,
      and thus need not be changed in the event the primary distribution voltage
      level is changed. Further, the inductive coupler does not have to be
      insulated to withstand the primary distribution voltage to ground, and
      thus its manufacturing cost is very low, compared with the direct contact,
      capacitive coupler.
PAR  The frequency changing repeater enables the signal picked up by the
      magnetic field coupler to be amplified without limiting the gain due to
      feedback. Thus, the signal strength at the remotely located receivers may
      be made high enough such that sensitive and therefore high cost receivers
      are not required.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may be better understood, and further advantages and uses
      thereof more readily apparent, when considered in view of the following
      detailed description of exemplary embodiments, taken with the accompanying
      drawings in which:
PAR  FIG. 1 is a partially block and partially schematic diagram of a
      distribution powerline carrier communication system constructed according
      to the teachings of the invention, utilizing magnetic field couplers and
      frequency changing repeaters;
PAR  FIG. 2 is a schematic diagram of a magnetic field coupler which may be used
      in the distribution powerline carrier system system shown in FIG. 1;
PAR  FIG. 3 is a partially block and partially schematic diagram of frequency
      changing repeaters which may be used in the distribution powerline carrier
      system shown in FIG. 1, and
PAR  FIG. 4 is a graph which illustrates suitable formats for the interrogation
      and response signals, as well as indicating that the signals are in
      non-overlapping frequency bands.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In order to reduce the length and complexity of the present application,
      the following applications and U.S. Patents, all of which are assigned to
      the same assignee of the present application, are hereby incorporated into
      this application by reference.
PAR  1. Application Ser. No. 425,759 filed Dec. 18, 1973 in the name of I. A.
      Whyte, entitled "A Distribution Network Powerline Carrier Communication
      System"; and now abandoned
PAR  2. Application Ser. No. 444,587, filed Feb. 21, 1974 in the names of I. A.
      Whyte and L. C. Vercellotti, entitled "A Powerline Communication System
      Having A Protective Terminating Impedance Arrangement";
PAR  3. Application Ser. No. 546,069 filed Jan. 31, 1975 in the names of I. A.
      Whyte, L. G. Ottobre, and J. P. McGivern, entitled "A Distribution Network
      Powerline Carrier Communication System".
PAR  4. U.S. Pat. No. 3,820,073 issued June 25, 1974 in the names of L. C.
      Vercellotti, J. S. Britton, L. G. Ottobre, and J. R. Cricchi, entitled
      "Solid State Remote Meter Reading System Having Non-Volatile Data
      Accumulation".
PAR  Referring now to the drawings, and FIG. 1 in particular, there is shown a
      block diagram of a new and improved distribution powerline carrier
      communication system 10 constructed according to the teachings of the
      invention. The distribution Powerline carrier communication system 10
      includes a source 12 of interrogation signals. Source 12 includes
      interrogation and response control 14, such as a digital computer located
      at the main control location, such as the central business office of an
      electrical utility. The computer may be programmed, for example, to
      interrogate remote communication terminals associated with loads connected
      to the distribution powerlines of the electrical utility, to obtain data
      relative to the readings of utility meters, such as electrical, gas and
      water meters, and/or it may request a performance of other functions such
      as controlling noncritical loads. Electrical loads, such as electrically
      operated hot water heaters may be selectively turned off and enabled, in
      order to provide a more constant overall demand for electrical power. Load
      continuity checks and service disconnect functions may also be provided.
PAR  The interrogation signals which are prepared by control 14 are sent by any
      conventional means to a selected distribution substation. Each of the
      substations to be communicated with includes a central communication
      terminal for receiving interrogation signals from, and for sending
      response signals to, the source 12 of interrogation signals located at the
      central or main control location. For purposes of example, FIG. 1
      illustrates a single central communication terminal/distribution
      substation combination 16, as each such combination would be of like
      construction.
PAR  A convenient medium for communicating between the source 12 at the main
      location and the plurality of distribution substations, is by telephone.
      The address of each distribution substation would be a telephone number,
      with the interrogation and response control 14 gaining access to a
      selected substation by automatically dialing its number. In like manner,
      when a communication terminal at a substation has a response signal for
      source 12, it would gain access to the source 12 by automatically dialing
      the telephone number of the source. A telephone link is an economical and
      convenient method of communicating between source 12 and the plurality of
      substations, and for purposes of example it will be assumed that this
      portion of the interrogation and response communication link is the
      telephone. However, it is to be understood that this specific link may be
      wireless, such as radio or microwave, or any other suitable form of
      communication.
PAR  Each distribution substation includes one or more step-down power
      transformers, such as transformer 18, which includes primary windings 20
      connected to the high voltage transmission lines 21, and secondary
      windings 22 connected to the primary distribution network. The primary
      distribution network will be referred to as the first distribution
      powerline conductors 23.
PAR  The primary distribution network voltage level is stepped down to the
      secondary voltage distribution level near the connected loads by a
      plurality of distribution transformers, such as distribution transformers
      24 and 26. Distribution transformer 24 includes primary windings 28
      connected to the first powerline conductors 23, and secondary windings 30
      connected to a secondary distribution network 31 which will be referred to
      as the second distribution powerline conductors. Electrical loads, such as
      residential customers, are connected to the second powerline conductors
      31, such as electrical load 32 which is connected to the second powerline
      conductors 31, via an electrical meter 33. Each electrical load has an
      addressable remote communication terminal associated therewith, with
      electrical load 32 having an addressable communication terminal 40. The
      remote communication terminals are each connected the second distribution
      powerline conductors 31.
PAR  In like manner, distribution transformer 26 includes primary windings 48
      connected to the first powerline conductors 23, and secondary windings 50
      connected to a secondary distribution network 51, which will be refferred
      to as the second distribution powerline conductors. Electrical loads, such
      as load 52, are connected to the powerline conductors 51. Electrical load
      52 has an addressable remote communication terminal 54 associated
      therewith, which is connected to the second powerline conductors 51, such
      as for reading a meter 56 associated with the load 52, and/or for
      performing other distribution automation functions.
PAR  Each distribution transformer has a frequency translating repeater
      associated therewith, with repeaters 60 and 62 being associated with
      distribution transformers 24 and 26, respectively. The frequency
      translating repeaters are coupled to the powerline conductors with
      unidirectional couplers on the primary and secondary sides of a
      distribution transformer, with the unidirectional coupler on the primary
      side being an inductive or magnetic field coupler, and the unidirectional
      coupler on the secondary side being a capacitive type coupler which
      directly contacts one of the second distribution powerline conductors with
      a metallic contact. More specifically, distribution transformer 24 has a
      unidirectional coupler 64 magnetically coupled to one or more of the first
      distribution powerline conductor 23 and a unidirectional coupler 66
      connected to one or more of the second powerline conductors 31.
      Distribution transformer 26 has a unidirectional coupler 68 magnetically
      coupled to one or more of the first powerline conductors 23, and a
      unidirectional coupler 70 connected to one or more of the second powerline
      conductors 51.
PAR  When observing the complete communication system from an interrogation and
      response signal viewpoint, the interrogation communication link includes
      the source 12 of interrogation signals, the communication link between the
      source 12 and the central communication terminal 16, such as a telephone
      link, the central communication terminal 16, the first powerline
      conductors 23, a plurality of unidirectional couplers, frequency
      translating repeaters, and unidirectional couplers, one for each
      distribution transformer, such as unidirectional coupler 64, frequency
      translating repeater 60, and unidirectional coupler 66, second powerline
      conductors, such as powerline conductors 31, and a plurality of
      addressable remote communication terminals associated with each second
      powerline conductor network, such as remote communication terminal 40. It
      will be noted that the distribution transformers are not part of the
      interrogation communication link.
PAR  A response communication link extends from each addressable remote
      communication terminal, such as remote terminal 40, over the second
      powerline conductors, such as conductors 31, through the associated
      distribution transformer from the secondary windings to the primary
      windings thereof, such as from the secondary windings 30 to the primary
      windings 28 of distribution transformer 24, over the first powerline
      conductors 23 to the central communication terminal 16 via a
      unidirectional magnetic field coupler 69 located at the substation, and
      then through the telephone link to the interrogation and response control
      14 located at the central control location.
PAR  The disclosed arrangement provides an economical approach to the use of the
      distribution powerlines for communication purposes, while eliminating
      certain of the problems associated therewith. For example, if the
      interrogation communication signals were to be sent from the substation 16
      to the remote communication terminals through the distribution
      transformers, from their primary to their secondary sides, the signal
      strengths at the remote communication terminals would be weak and
      unreliable, and even by supplying high cost, sensitive receivers at every
      remote communication terminal it would not insure that all interrogation
      signals would be properly received. On the other hand, by providing
      frequency translating repeaters at each distribution transformer, the
      desired system reliability is assured by providing strong interrogation
      signals at the remote communication terminals, signals which may be
      reliably received without the necessity of utilizing sensitive high cost
      receivers. The magnetic couplers on the primary side of the distribution
      transformers may be constructed at a very low cost, since they do not
      directly contact the high voltage primary distribution lines. The direct
      contact couplers on the low voltage or secondary side of the distribution
      transformers may be constructed at a relatively low cost, since the
      secondary distribution voltage to ground is normally only 120 or 240
      volts. The receiver in the frequency translating repeater need not be
      highly sensitive, since it is picking up the interrogation signal before
      it is subjected to the attenuation of the associated distribution
      transformer.
PAR  When considering the response signal, the present invention takes advantage
      of the fact that while the attenuation impedance presented by a
      distribution transformer to a communication signal depends upon the
      specific design of the distribution transformer, the attenuation from the
      secondary to the primary side of a distribution transformer is usually
      only about one-half the attenuation from the primary to the secondary
      side. Thus, the signal strength of a response signal is not attenuated to
      the same extent as the interrogation signal, and since there is only one
      receiver at the substation, it more economical to provide a highly
      sensitive receiver at this location than to use a repeater for the
      response signal at each distribution transformer, which would also require
      a high cost direct contact capacitive type coupler connected to the
      primary side of the distribution network.
PAR  Returning now to the source 12 of interrogation signals, in addition to the
      digital computer for preparing the interrogation signal and receiving the
      response signal, indicated by the interrogation and response control 14,
      the central control location also provides a parallel to serial converter
      72, which provides a base band binary signal in serial format, and this
      serial base band binary signal is applied to a data set interface 74, such
      as Texas Instruments SN75150, and then to a modem 76.
PAR  The interrogation and response control 14 prepares the interrogation signal
      in parallel form, which signal includes the address of the remote
      communication terminal which is to be accessed. A function identifier is
      also included in the interrogation signal when a plurality of automation
      functions are to be selectively performed.
PAR  The modem 76 establishes a telephone link with a modem 90 which is part of
      the central communication terminal located at the selected distribution
      substation. The serial base band binary signal is used to modulate a
      carrier in a modulator 92. The modulator 92 is preferably the form of
      modulation known at frequency shift keying, in which the modulating wave
      shifts the output frequency between predetermined values, but any suitable
      form of modulation may be used.
PAR  The output of the modulator 92 is amplified in a transmitter 96, providing
      an interrogation signal in a first frequency band, which signal will be
      referred to as I.sub.f1. A suitable format for signal I.sub.f1 is shown in
      FIG. 4, which illustrates that the carrier frequency is within a frequency
      band F1-F2, and is modulated by a base band binary signal which includes
      the unique address of the remote terminal to be accessed, and a function
      identifier, if more than one function may be selected. Signal I.sub.f1 is
      coupled to one of the first powerline conductors 23 of the primary
      distribution network via a unidirectional coupler 97 which includes a 60
      Hz blocking capacitor 98 and an autotransformer 100. The signal is usually
      coupled between one of the line conductors and the common neutral return
      or ground wire. The capacitor 98 and the autotransformer 100 are serially
      connected from one of the first powerline conductors 23 to ground, and the
      signal from the transmitter 96 is applied between the capacitor and
      autotransformer, or to a predetermined tap thereon, and ground. Instead of
      using an autotransformer, it would also be suitable to use a two winding
      matching transformer.
PAR  The modulated carrier is picked up by a unidirectional magnetic field
      coupler associated with each repeater; such as unidirectional couplers 64
      and 68. The unidirectional couplers, as illustrated relative to coupler
      68, each include a ferrite rod antenna 110 having a coil 112 tuned by a
      capacitor 114 to the frequency band of the interrogation signal I.sub.f1,
      and an amplifier 116.
PAR  FIG. 2 is a schematic diagram of a magnetic field coupler which may be used
      for the couplers 64 and 68, as well as for the coupler 69, with the latter
      coupler being the coupler which accepts the response signal from the first
      powerline conductors 23. For purposes of example, it will be assumed that
      the magnetic field coupler shown in FIG. 2 is the magnetic field coupler
      68 shown in FIG. 1.
PAR  Magnetic field coupler 68 includes an antenna 110 which may be similar to a
      ferrite rod radio antenna. Antenna 110 includes a ferrite rod 111 and a
      tapped coil 112, with the antenna 110 being tuned to the frequency band of
      the carrier signal I.sub.f1 by a capacitor 114, which is connected across
      the ends of the coil 112. A ferrite rod having a length of about 100 mm
      and a diameter of about 13 mm, wrapped with about 200 turns of fine wire,
      tapped at about 20 turns, has been found to provide an excellent universal
      antenna. The junction 115 between capacitor 114 and one end of the coil
      112 is connected to ground 116 via capacitor 118.
PAR  The tap on the coil 112, which is selected for impedance matching, is
      connected to a first transistor amplifier 120 which includes an NPN
      transistor 121. The coil tap is connected to the base of transistor 121.
      Amplifier 120 also includes a voltage divider having resistors 122 and 124
      serially connected from a source of unidirectional potential, with the
      source being represented by terminal 126, to ground 116, a resistor 126
      connected from the emitter of transistor 121 to ground 116, and an
      interstage coupling transformer 128 which includes a primary winding 130
      connected from source 126 to the collector of transistor 121, and a tapped
      secondary winding 132. A capacitor 134 is connected across the primary
      winding 130. Capacitor 134 and coupling transformer 128 provide a band
      pass filter for the frequency band of the carrier signal I.sub.f1. The
      junction 136 between resistors 122 and 124 is connected to junction 115.
PAR  The interstage band pass filter is completed on the secondary side of
      transformer 128 by capacitors 138 and 140 which are serially connected
      from one side of winding 132 to ground 116. A voltage divider which
      includes resistors 142 and 144 serially connected from source 126 to
      ground 116, has the junction 146 between the resistors connected to the
      junction between capacitors 138 and 140.
PAR  The tap on the secondary winding 132, which is selected for impedance
      matching, is connected to a second transistor amplifier, which includes an
      NPN transistor 152 and resistors 154 and 156. The tap on the secondary 132
      is connected to the base of transistor 152, resistor 154 is connected from
      source 126 to the collector of transistor 152, and resistor 156 is
      connected from the emitter of transistor 152 to ground 116. Resistor 156
      is a load resistor, with the signal for the receiver portion of repeater
      62 being taken across resistor 156.
PAR  While the description of the magnetic field coupler states that it is tuned
      to the carrier frequency, it has been found that it may be beneficial to
      detune the magnetic field coupler, to a frequency slightly removed from
      the carrier frequency, especially when the primary distribution line is
      subject to relatively large amplitude transients. The detuning of the
      magnetic field coupler ensures that objectionable ringing or oscillation
      does not occur at the frequency of the interrogation signal.
PAR  A specific example of the use of the magnetic field coupler 68 in an
      overhead distribution network having a powerline communication system in
      which the carrier borne interrogation signal I.sub.f1 is at a nominal
      frequency of 100 kHz, will now be described. The primary distribution line
      conductors 23 shown in FIG. 2 include a high voltage conductor 170 which
      is carrying an interrogation signal current, indicated by arrow 172, which
      is assumed to be 10 mA, RMS. A return signal, which is assumed to be 8 mA
      RMS, is indicated by arrow 174 in a common neutral or ground line 176. The
      difference current of 2 mA is assumed to return by other routes.
PAR  It is further assumed that the common neutral return or ground line 176 is
      mounted directly above the high voltage line 170, with their spacing,
      indicated at 180, being one meter, and that the antenna 110 is spaced two
      meters below the high voltage line 160, as indicated by spacing 182.
PAR  With this geometry, the magnetic field intensity, H in mA per meter and the
      voltage in mV RMS developed across the coil 112 may be calculated. For
      example, the resulting magnetic field intensity H.sub.r due to the signal
      current in the high voltage and return lines is:
      ##EQU1##
PAR  The voltage developed across the terminals of an untuned, air core coil of
      "n" turns and having an area of A sq. meters is given by the expression:
EQU  E.sub.T = BAn 2 .pi. f volts
PAL  where
EQU  B = .mu.H
EQU  u = 4.pi. .times. 10.sup.-.sup.7
EQU  f =  10.sup.5 Hz
PAL  thus:
EQU  E.sub.T = 1.1 mV RMS
PAR  with the coil 112 tuned by capacitor 114, and assuming a working Q of 20,
      the terminal voltage of the tuned circuit will be given by:
EQU  E.sub.TT = Q.sub.w E.sub.T
EQU  = 22 mV RMS
PAR  in terms of receiver design, 20 mV RMS is a relatively large signal.
      Consequently, the filtering and limiting required, to remove the unwanted
      60 Hz component, can be achieved with simple low cost circuits.
PAR  The frequency translating repeater 62 amplifies the 22 mV interrogation
      signal I.sub.f1 while changing the frequency thereof, to provide an
      interrogation signal I.sub.f2 which is in a frequency band which is
      non-overlapping with a frequency band of the signal I.sub.f1. An output
      signal of only 1 volt RMS has been found to be sufficient, even over long
      secondary lines, to provide a signal of 100 mV RMS at the remote
      communication terminals. This relatively large interrogation signal,
      available at the remote communication terminals, permits simple and low
      cost receivers to be used.
PAR  The amplified interrogation signal I.sub.f1 provided by each of the
      unidirectional couplers is applied to its associated frequency translating
      repeater, such as repeaters 60 and 62. Since each of the repeaters are of
      like construction, only repeater 62 will be described in detail.
PAR  Repeater 62 includes a receiver 111, which may be conventional, typically
      including a limiter for removing noise from and amplifying the carrier
      signal I.sub.f1, and a demodulator circuit for producing the base band
      logic signal. The output of receiver 111 is applied to a frequency
      translating, amplifying transmitter 113 which provides a modulated carrier
      interrogation signal I.sub.f2. The output of the transmitter 113 is
      applied to the second powerline conductors 51 via the unidirectional
      coupler 70. As illustrated in FIG. 4, the frequency band F3-F4 occupied by
      the interrogation signal I.sub.f2 provided by the transmitter 113 is
      non-overlapping with the frequency band F1-F2 of the signal I.sub.f1
      received by the receiver 111. The change in frequency prevents the
      transmitted signal I.sub.f2 from feeding back through the transformer 26
      and acting as an input to receiver 111, and thus the gain of the
      transmitter 113 may be selected without limitation due to feedback and
      oscillation problems.
PAR  FIG. 3 illustrates repeaters 60 and 62 in greater detail, with each being
      illustrated with slightly different arrangements in order to set forth two
      suitable types of frequency changing repeaters which may be used. Repeater
      60 includes a limiter 190, which reduces distortion and noise in the
      received interrogation signal I.sub.f1, and the interrogation signal is
      then applied to a detector 192 which demodulates the signal and processes
      it to recondition and reconstitute the original base band binary logic
      information prepared by the interrogation and response control 14. This
      base band logic signal is then applied to a modulator and oscillator
      circuit 194, in which the base band signal is used as a modulator wave for
      modulating a transmitter frequency which is in a frequency band outside of
      the frequency band of the received signal I.sub.f1. The modulated
      transmitter carrier signal is passed through a band pass filter 196 tuned
      to the frequency band of the carrier signal, and the resulting signal,
      referred to as signal I.sub.f2, is amplified in an amplifier 198 and
      applied to the second powerline conductors 31 via capacitive coupler 66.
      The modulation may be of the frequency shift key type (FSK); or, any other
      suitable type of frequency or phase modulation may be used.
PAR  Repeater 62 is illustrated as being of the type which changes the
      interrogation signal to a new frequency band by the heterodyne action. For
      example, the signals from the magnetic field coupler 68 may be applied to
      a limiter 200, and then mixed with a signal from a local oscillator 202 in
      a mixer 204. The output of the mixer 204 is applied to band pass filter
      206 to select the desired sum and/or difference frequency such that the
      interrogation signal is in a frequency band F.sub.3 to F.sub.4, which is
      non-overlapping with the frequency band F.sub.1 to F.sub.2 of the original
      interrogation signal I.sub.f1. The signal I.sub.f2 from the band pass
      filter 206 is amplified in an amplifier 208 and applied to the secondary
      distribution powerline conductor 51 via capacitive coupler 70.
PAR  Remote communication terminal 54 includes a bi-directional coupler and
      protector 162 connected to one or more of the second powerline conductors
      51. A suitable coupler for remote communication terminals is disclosed in
      the hereinbefore mentioned co-pending application Ser. No. 444,587. The
      interrogation signal I.sub.f2 picked up by the coupler 162 is applied to
      the receiver. The receiver demodulates the signal and applies it to a
      serial parallel converter and decoder circuit, such as described in the
      hereinbefore mentioned co-pending application Ser. No. 546,069. If the
      interrogation signal received is addressed to this remote communication
      terminal, as noted in a suitable comparator, the function identifier is
      decoded and the requested function is performed. The receiver,
      demodulator, serial to parallel converter, comparator, and decoding
      functions are illustrated generally at 164. Functions such as the reading
      of utility meters and controlling the on and off times of electrical loads
      may be performed. If the requested function is to read a meter, such as an
      electric, gas or water meter, an encoder 170 is enabled which applies the
      meter reading data, such as provided by meter 56, to a parallel to serial
      converter, modulator, and an amplifying transmitter, all shown generally
      at 172. The serialized response signal, which is referred to as R.sub.f3,
      from the transmitter portion of the function shown at block 172, which
      signal occupies a frequency band F.sub.5 -F.sub.6 which is non-overlapping
      with the frequency bands of signals I.sub.f1 and I.sub.f2, is applied to
      the coupler and protector 162, which in turn places the response signal
      R.sub.f3 on one of the second powerline conductors 51. FIG. 4 illustrates
      a suitable format for signal R.sub.f3. The signal contains any data to be
      sent back to the interrogation source, such as a meter reading, as well as
      some identification as to source of the response signal. For purposes of
      example, the identification is indicated as being the unique address used
      in the interrogation signal, but any suitable identifying signal may be
      used. The encoder 170 may be of the type described in the hereinbefore
      mentioned U.S. Pat. No. 3,820,073  entitled "Solid State Remove Meter
      Reading System Having Non-Volatile Data Accumulation"; or, any other
      suitable encoder may be used.
PAR  The response signal R.sub.f3 which is applied to the second powerline
      conductors 51, via the coupler 162 proceeds through the distribution
      transformer 26 to the first powerline conductors 23. The response signal
      R.sub.f3 is picked up from the powerline conductors 23 by the
      unidirectional coupler 69 and applied to a receiver and demodulator
      circuit 280. The receiver 280 demodulates the response signal and applies
      it to a data set interface 282, which is similar to the data set interface
      74. Modem 90 sends the signal to the central control station over the
      communication link, where it is received by modem 76 and applied to the
      interrogation and response control 14. This completes the interrogation
      and response cycle initiated by the interrogation signal I.sub.f1 prepared
      by the control 14.
PAR  In summary, there has been disclosed a new and improved distribution
      network powerline communication system which circumvents distribution
      transformers in the interrogation communication link by a combination of
      magnetic field couplers and frequency changing repeaters. This combination
      provides a relatively simple and low cost means for communicating past
      obstructions such as distribution transformers, voltage regulators and the
      like, and provides other advantages such as making it possible to provide
      the desired amplifier gain, since the output frequency from a repeater is
      different than its input frequency. Thus, oscillation due to feedback is
      not a problem. Further, there is no need for an expensive high voltage
      coupling capacitor, since the interrogation signal is picked up from the
      high voltage primary side of the distribution network with a magnetic
      field coupler, which is not directly connected to the powerline. Since the
      coupler is not directly connected to the powerline, installation is
      inexpensive and fast, and the couplers are universal, making it
      unnecessary to change them in the event the primary distribution voltage
      level is changed. The fact that the output level of the transmitter
      section of the repeater may be made reasonably high, allows relatively low
      gain and therefore inexpensive receivers to be used at the remote
      communication terminals. The output impedance of the transmitter section
      of the frequency changing repeater may be made sufficiently low, so that
      matching of the transmitter to the secondary distribution network is not
      critical. Therefore, the transmitter voltage is relatively independent of
      the secondary line impedance. Also, the invention discloses the use of a
      magnetic field coupler at the substation receiver, which allows a single
      matching transformer to be used to couple the substation transmitter to
      the primary distribution line.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A powerline communication system, comprising:
PA1  frequency translating repeater means,
PA1  uniquely addressable remote communication terminals,
PA1  means providing an interrogation signal in a first frequency band which
      includes an address of a selected remote communication terminal,
PA1  a first communication link including powerline conductors and magnetic
      field coupler means interconnecting said means which provides said
      interrogation signal and said repeater means,
PA1  a second communication link including powerline conductors interconnecting
      each repeater means with certain of said remote communication terminals,
PA1  each of said repeater means including means for changing the frequency of
      said interrogation signal to a second frequency band which is
      non-overlapping with said first frequency band, and means for applying the
      resulting interrogation signal to its associated second communication
      link,
PA1  each of said remote communication terminals, when uniquely addressed by an
      interrogation signal over its associated second communication link,
      providing a response signal on said second communication link, with said
      response signal being in a third frequency band which is non-overlapping
      with the first and second frequency bands,
PA1  and response receiving means associated with said first communication link
      for receiving the response signal provided by an addressed remote
      communication terminal.
NUM  2.
PAR  2. The powerline communication system of claim 1 including a utility meter
      associated with each remote communication terminal, and encoder means for
      translating the reading of said utility meter to a signal which is
      incorporated into the response signal provided by the remote communication
      terminal when it is uniquely addressed by an interrogation signal.
NUM  3.
PAR  3. The powerline communication system of claim 1 wherein the responding
      remote communication terminal adds its unique address to the response
      signal.
NUM  4.
PAR  4. The powerline communication system of claim 1 including a distribution
      transformer associated with each frequency translating means, with each
      distribution transformer interconnecting a powerline conductor of the
      first communication link with a powerline conductor of a second
      communication link.
NUM  5.
PAR  5. The powerline communication system of claim 4 wherein each frequency
      translating repeater means receives the interrogation signal from the
      first communication link and applies the modified interrogation signal to
      a second communication link, by-passing the associated distribution
      transformer.
NUM  6.
PAR  6. A powerline communication system, comprising:
PA1  first powerline conductor means,
PA1  second powerline conductor means,
PA1  distribution transformer means interconnecting said first and second
      powerline conductor means,
PA1  electrical loads connected to said second powerline conductor means,
PA1  frequency translating repeater means associated with certain of said
      distribution transformer means,
PA1  uniquely addressable remote communication terminals associated with certain
      of said electrical loads,
PA1  a source of interrogation signals which provides an interrogation signal in
      a first frequency band having an address of a selected remote
      communication terminal,
PA1  response receiving means,
PA1  means providing an interrogation communication link between said source of
      interrogation signals and said remote communication terminals, including
      said primary electrical distribution powerline conductor means, magnetic
      field coupling means coupling said first powerline conductor means to said
      repeater means, coupling means coupling said repeater means to said second
      powerline conductor means, and means coupling each remote communication
      terminal to said second powerline conductor means, whereby said repeater
      means changes the frequency band of the interrogation signal applied to
      the second powerline conductor means to a second band which is
      non-overlapping with the first band,
PA1  means providing a response communication link between said remote
      communication terminal and said response receiving means, including said
      second powerline conductor means, said distribution transformer means,
      said first powerline conductor means, and means coupling said response
      receiving means to said first powerline conductor means, whereby each
      remote communication terminal provides a response signal for said response
      receiving means when it is addressed by an interrogation signal with said
      response signal being in a third frequency band, which is non-overlapping
      with said first and second frequency bands.
NUM  7.
PAR  7. The powerline communication system of claim 6 including a utility meter
      associated with each remote communication terminal, and encoder means for
      translating the reading of said utility meter to a signal which is
      incorporated in the response signal provided by the remote communication
      terminal when it is uniquely addressed by the interrogation signal.
NUM  8.
PAR  8. The powerline communication system of claim 6 wherein the responding
      remote communication terminal adds its unique address to the response
      signal.
NUM  9.
PAR  9. A powerline communication system for transmitting carrier signals over
      first and second distribution network powerline conductor means connected
      between a distribution network substation and a plurality of distribution
      transformers, and between the distribution transformers and a plurality of
      electrical loads, respectively, comprising:
PA1  frequency translating repeater means at certain of the distribution
      transformers,
PA1  first and second coupling means coupling each of said repeater means to the
      first and second powerline conductor means, respectively, connected to the
      associated distribution transformer, with said first coupling means being
      a magnetic field coupler,
PA1  uniquely addressable remote communication terminals at certain of the
      electrical loads,
PA1  means coupling each of said remote communication terminals to the second
      powerline conductor means connected to the associated electrical load,
PA1  means providing an interrogation signal which includes an address for
      addressing a selected remote communication terminal,
PA1  a central communication terminal at the substation providing a first
      modulated carrier signal on the first powerline conductor means responsive
      to said interrogation signal, which is in a first frequency band,
PA1  said repeater means each including means for receiving said first modulated
      carrier signal, and for transmitting a second modulated carrier signal
      responsive to said modified interrogation signal over the second powerline
      conductor means it is coupled to, which is in a second frequency band,
      non-overlapping with said first frequency band,
PA1  said remote communication terminals each including means for receiving and
      processing the second modulated carrier signal, and when uniquely
      addressed by the second modulated carrier signal providing a response
      signal on the associated second powerline conductor means which is in a
      third frequency band, non-overlapping with said first and second frequency
      bands,
PA1  and coupling means coupled to the first powerline conductor means for
      receiving the response signal.
NUM  10.
PAR  10. The powerline communication system of claim 9 including a utility meter
      associated with each remote communication terminal, and encoder means for
      translating the reading of said utility meter to a signal which is
      incorporated into the response signal provided by the remote communication
      terminal when it is uniquely addressed by the second modulated carrier
      signal.
NUM  11.
PAR  11. A distribution network powerline carrier communication system for
      automatically and remotely reading a utility meter, comprising:
PA1  a distribution substation,
PA1  a plurality of distribution transformers,
PA1  a plurality of electrical loads,
PA1  first powerline conductors interconnecting said distribution substation
      with said plurality of distribution transformers,
PA1  second powerline conductors interconnecting each of said distribution
      transformers with certain of said electrical loads,
PA1  utility meter means associated with certain of said electrical loads,
PA1  encoder means for coverting the reading of said utility meter means to an
      electrical signal,
PA1  frequency translating repeater means associated with certain of said
      distribution transformers,
PA1  addressable remote communication terminal means associated with certain of
      said electrical loads, for providing a response signal when addressed
      which includes the signal from an associated encoder means,
PA1  a central communication terminal including means for providing an
      interrogation signal in a first frequency band which includes the address
      of a selected remote terminal means, and means for receiving signals from
      said remote communication terminal means,
PA1  means providing an interrogation communication link, including said first
      powerline conductors, a magnetic field coupler coupling said first
      powerline conductors to said repeater, means coupling said repeater to
      said second powerline conductors, and means coupling said second powerline
      conductors to said remote communication terminal means,
PA1  said repeater means, when receiving an interrogation signal, providing a
      modified interrogation signal for its associated remote communication
      terminals which is in a second frequency band, non-overlapping with said
      first frequency band,
PA1  said remote communication terminal, when uniquely addressed by the modified
      interrogation signal providing a response signal which includes a signal
      provided by its associated encoder means, with said response signal being
      in a third frequency band, non-overlapping with said first and second
      frequency bands,
PA1  and means providing a response communication link which extends from each
      remote communication terminal means to the central communication terminal,
      via its associated distribution transformer means.
NUM  12.
PAR  12. A powerline communication system, comprising:
PA1  first and second powerline conductor means,
PA1  impedance means associated with said first and second powerline conductor
      means,
PA1  first communication terminal means providing a first communication signal
      on said first powerline conductor means which has a carrier frequency
      within a first frequency band,
PA1  repeater means,
PA1  first coupling means, said first coupling means inductively coupling the
      first communication signal from said first powerline conductor means into
      said repeater means,
PA1  said repeater means including means for modifying said first communication
      signal by changing the carrier frequency such that it is within a second
      frequency band, which is non-overlapping with said first frequency band,
PA1  second coupling means applying the modified first communication signal to
      said second conductor means,
PA1  and second communication terminal means associated with said conductor
      means for receiving the modified first communication signal.
NUM  13.
PAR  13. The powerline communication system of claim 12 wherein the repeater
      means includes means for amplifying the modified first communication
      signal.
NUM  14.
PAR  14. The powerline communication system of claim 12 wherein the second
      communication terminal means includes means providing a second
      communication signal and means for applying said second communication
      signal to the second powerline conductor means, said second communication
      signal having a carrier frequency within a third frequency band which is
      non-overlapping with the first and second frequency bands, and the first
      communication terminal means includes means for receiving the second
      communication signal over the first and second conductors.
NUM  15.
PAR  15. The powerline communication system of claim 12 wherein the impedance
      means is a transformer which interconnects the first and second powerline
      conductors, with the repeater means providing a unidirectional by-pass
      circuit about said transformer for communication signals.
NUM  16.
PAR  16. The powerline communication system of claim 15 wherein the second
      communication terminal means includes means providing a second
      communication signal and means for applying it to the second powerline
      conductor means, said second communication signal having a carrier
      frequency within a third frequency band which is non-overlapping with the
      first and second frequency bands, and the first communication terminal
      means includes means for receiving the second communication signal.
NUM  17.
PAR  17. The powerline communication system of claim 12 wherein the first
      coupling means is a magnetic field coupler including a ferrite rod antenna
      disposed in the magnetic field adjacent the first conductor means, a band
      pass filter tuned to the first frequency band, and an amplifier.
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ABST
PAL  A digital scanning system for a digital to analog converter. The scanning
      system includes an information counter for storing a plurality of digital
      bits I1, I2, I3....IN, with bit I1 being the most significant bit and bit
      IN being the least significant bit. Logic gates are connected between the
      information and interconnected shift registers. A clock applies clock
      frequency signals to the shift registers such that the digital bits are
      output in the periodic sequence I1, I2, I1, I3, I1, I2, I1, I4, I1, I2,
      I1, I3, I1...I1, I2, I1, IN. The periodic sequence of digital bits is
      applied to an integrator which outputs a voltage level representative of
      the periodic sequence.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a digital scanning system, and more particularly
      relates to a digital scanning system for a digital to analog converter
      which is operable at a high frequency.
PAC  THE PRIOR ART
PAR  Systems have been heretofore developed to provide electronic tuning of
      multichannel devices such as radio, television and the like. In such prior
      systems, a plurality of binary coded digital words are stored in a memory.
      Upon actuation of a switch, a selected one of the binary coded digital
      words is applied to a digital to analog converter and converted to a D.C.
      voltage. This voltage is utilized to control a selected varactor tuner to
      provide band selection and the like.
PAR  Several different types of digital to analog converters have been
      previously utilized in such electronic tuning systems. For example, one
      prior system utilized a free running counter, with magnitude comparison
      being performed against a predetermined voltage in order to generate a
      modulated pulse waveform. The modulated pulse waveform was then integrated
      to provide a desired D.C. voltage for varactor tuner control.
PAR  In another prior digital to analog system, a scanning counter including a
      plurality of discrete synchronous binary counter cells was interconnected
      through logic gates to an information counter including a plurality of
      up/down binary counters. A memory was operable to store any of several
      digital words in the information counter. The scanning counter was driven
      from an external clock pulse and controlled the logic gates to transfer
      the digital data from the information counter to an output in a
      predetermined output sequence. The output sequence was then applied to a
      filter which transformed the duty cycle of the output signal to a D.C.
      voltage for the varactor tuner control. In this prior system, the input of
      the scanning counter was required to be driven synchronously with other
      portions of the system with the same oscillator. This requirement that the
      scanning circuit include synchronous binary counters resulted in slow
      operating frequencies for the system. Moreover, the requirement of
      synchronous binary counters required a plurality of logic gates which
      resulted in high power dissipation and a large semiconductor chip area,
      thus rendering this prior circuit uneconomical for high production
      manufacture and use.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a scanning system is provided for
      use with a digital to analog converter and which is operable at high
      frequencies, has low power dissipation and is suitable for large scale
      integration to substantially reduce the semiconductor chip area required
      for manufacture.
PAR  In accordance with a more specific aspect of the invention, a scanning
      system for a digital to analog converter includes an information counter
      for storing a plurality of digital bits I1, I2, I3...IN, with bit I1 being
      the most significant bit and bit IN being the least significant bit. A
      shift register is connected through gates to the information counter. A
      clock applies high frequency clock signals to the gates and the shift
      register such that the digital bits are output from the system in the
      periodic sequence, I1, I2, I1, I3, I1, I2, I1, I4, I1, I2, I1, I3,
      I1...I1, I2, I1, IN.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference may now be made to the following
      description taken in conjunction with the accompanying Drawings, in which:
PAR  FIG. 1 is a block diagram of a digital to analog converter for controlling
      varactor tuners;
PAR  FIG. 2 illustrates a prior art scanning circuit;
PAR  FIG. 3 is a schematic diagram of the preferred improved scanning circuit of
      the invention;
PAR  FIG. 4 is a timing diagram of the clock pulses utilized in the scanning
      circuit shown in FIG. 3;
PAR  FIG. 5 is a flow diagram of the station memories of the scanning circuit
      shown in FIG. 3 during operation;
PAR  FIG. 6 is a schematic diagram of a second embodiment of the scanning
      circuit of the invention;
PAR  FIG. 7 is a schematic diagram of a third embodiment of a scanning circuit
      according to the present invention; and
PAR  FIG. 8 is a schematic diagram of a fourth embodiment of a scanning circuit
      according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a block diagram of a digital to analog converter which is useful
      to control varactor tuners in a multichannel radio or television system.
      The converter includes a scanning circuit 10 which in the preferred
      embodiment comprises a 12 stage shift register. The scanning circuit 10 is
      connected to logic gating 12 which operates to gate digital information
      stored in an information counter 14. A clock CO drives the scanning
      circuit 10 and gating 12 at a high frequency, which in the preferred
      embodiment is 1MHz. The output of the gating circuit 12 is a digital pulse
      train applied as the AN output to a flipflop 16 which operates to store
      the digital output for application to an integrating filter 18. Filter 18
      transforms the duty cycle of the AN output digital pulse train to a D.C.
      voltage for control of varactor tuners.
PAR  It may thus be seen that the function of the scanning circuit 10 is to
      transform the parallel digital word stored in the information counter 14
      into a digital pulse train having a time relationship to enable time
      averaging by the integrating filter 18. In addition, as will be later
      described, it is important that the pulse train have a high ripple
      frequency such that the integrating capaciter in the filter may be as
      small and therefore as inexpensive as possible.
PAR  Control logic 20 is interconnected between the information counter 14 and
      an N x M bit memory 22. The control logic 20 is also connected to receive
      Band Control Signals and search activation inputs.
PAR  Address inputs and a search mode control output are applied to the control
      logic 20.
PAR  In operation of the system shown in FIG. 1, the memory 22 enables the user
      to store a plurality of N different binary coded 12-bit words which
      contain D.C. voltage information and controls for the supply of the
      different varactor tuners to be controlled. Any one of the N words may be
      selected by the Address Inputs and inserted from memory 22 into the
      information counter 14. Additional bits may be input as Band Control
      Signals to logic 20 to provide information for band selection.
PAR  For the initial setup of the memory 22, and for further reprogramming, a
      search mode function is incorporated into the system. By external
      activation of the Band Selection Signals, the search mode is activated. In
      the search mode, the count of the information counter 14 is increased with
      a speed faster than the AFC function in which a specific band is
      operating. During the search mode, an output SM will be activated to
      switch the integration time constant of the filter 18. During the search
      mode, a short time constant of the filter is needed for fast response of
      the tuner control voltage. However, in normal operation a long time
      constant will reduce the ripple of the integrated pulse train.
PAR  When the selected word from memory 22 has been loaded by the control logic
      20 into the information counter 14, the 12-bit scanning circuit 10
      operates in conjunction with the gating circuit 12 to generate an output
      pulse stream AN which comprises a periodic sequence of the data stored in
      the information counter 14. An important aspect of the periodic sequence
      is that the recurrence of the digital bits in the sequence is dependent
      upon the significance of the bits. In the preferred sequence, assuming
      that 4-bits A, B, C and D are stored in the counter 14, and bit A is the
      most significant bit and bit D is the least significant bit, the output
      sequence AN would comprise A, B, A, C, A, B, A, D, A, B, A, C, A, B, A in
      each scanning cycle. This distribution of the digital data stored in the
      information counter 14 provides the highest possible ripple frequency for
      each bit by splitting the data stored in the information counter 14 into
      individual bits evenly spread over a total scanning cycle in dependence
      upon the significances of the bits. For example, the most significant bit
      A appears evenly throughout the sequence eight times, bit B appears
      symmetrially four times, bit C appears evenly two times and the least
      significant bit D appears only once. Of course, it will be understood that
      other periodic sequences, wherein the recurrence of the bits is also
      dependent upon the bit significance, may be output using the present
      inventive concept.
PAR  The output pulse stream AN is applied to the flip-flop 16 and to the
      integrating filter 18 which integrates the particular pulse stream into a
      voltage for control of the varactor tuners. The present system thus
      provides a very accurate digital to analog conversion.
PAR  A very important portion of the system shown in FIG. 1 is the scanning
      circuit 10. In particular, it is important that the scanning circuit be
      operable at a high frequency, yet require a minimum of gates to provide
      low power dissipation and enable large scale integration during
      manufacture.
PAR  FIG. 2 illustrates a Prior Art device utilized to provide the scanning
      function in the circuit of FIG. 1. While in the preferred embodiment the
      scanning circuitry of the invention must operate upon twelve digital bits,
      for simplicity of illustration FIG. 2 illustrates 4-bit operation. The
      Prior Art system shown in FIG. 2 includes four synchronous binary counters
      40, 42, 44 and 46. These counters are driven by a clock pulse SO. The
      resulting outputs from the binary counters, S1-S4 and S1-S4, are applied
      to drive AND gates 48, 50, 52 and 54 which operate as comparator logic.
      The information counter comprises four up/down binary counters 56, 58, 60
      and 62, with the most significant bit being stored in the counter 56 and
      the least significant bit being stored in counter 62. Count up CU and
      count down CD signals are applied to the counter 62. The outputs from the
      counters 56-62 are applied to inputs of the gates 48-54. The outputs of
      gates 48-54 are applied to a multi-input NAND gate 64 which provides the
      AN output.
PAR  The system shown in FIG. 2 operates to generate a periodic sequence of the
      bits stored in the information counter. This sequence is illustrated in
      the following truthtable for operation of the system shown in FIG. 2.
TBL                TABLE I                                                     
     ______________________________________                                    
     Truthtable                                                                
     ______________________________________                                    
     t   S.sub.0                                                               
               S.sub.1                                                         
                     S.sub.2                                                   
                          S.sub.3                                              
                               S.sub.4                                         
                                    G.sub.1                                    
                                         G.sub.2                               
                                              G.sub.3                          
                                                   G.sub.4                     
                                                        AN                     
     ______________________________________                                    
     1   0     0     0    0    0    0    0    0    0    0                      
     2   1     0     0    0    0    0    0    0    0    0                      
     3   0     1     0    0    0    1    0    0    0    I1                     
     4   1     1     0    0    0    1    0    0    0    I1                     
     5   0     0     1    0    0    0    1    0    0    I2                     
     6   1     0     1    0    0    0    1    0    0    I2                     
     7   0     1     1    0    0    1    0    0    0    I1                     
     8   1     1     1    0    0    1    0    0    0    I1                     
     9   0     0     0    1    0    0    0    1    0    I3                     
     10  1     0     0    1    0    0    0    1    0    I3                     
     11  0     1     0    1    0    1    0    0    0    I1                     
     12  1     1     0    1    0    1    0    0    0    I1                     
     13  0     0     1    1    0    0    1    0    0    I2                     
     14  1     0     1    1    0    0    1    0    0    I2                     
     15  0     1     1    1    0    1    0    0    0    I1                     
     16  1     1     1    1    0    1    0    0    0    I1                     
     17  0     0     0    0    1    0    0    0    1    I4                     
     18  1     0     0    0    1    0    0    0    1    I4                     
     19  0     1     0    0    1    1    0    0    0    I1                     
     20  1     1     0    0    1    1    0    0    0    I1                     
     21  0     0     1    0    1    0    1    0    0    I2                     
     22  1     0     1    0    1    0    1    0    0    I2                     
     23  0     1     1    0    1    1    0    0    0    I1                     
     24  1     1     1    0    1    1    0    0    0    I1                     
     25  0     0     0    1    1    0    0    1    0    I3                     
     26  1     0     0    1    1    0    0    1    0    I3                     
     27  0     1     0    1    1    1    0    0    0    I1                     
     28  1     1     0    1    1    1    0    0    0    I1                     
     29  0     0     1    1    1    0    1    0    0    I2                     
     30  1     0     1    1    1    0    1    0    0    I2                     
     31  0     1     1    1    1    1    0    0    0    I1                     
     32  1     1     1    1    1    1    0    0    0    I1                     
     33  0     0     0    0    0    0    0    0    0    0                      
     34  1     0     0    0    0    0    0    0    0    0                      
     35  0     1     0    0    0    1    0    0    0    0                      
     ______________________________________                                    
PAR  The Boolean equations for the transfer gate function of a 12-bit system in
      accordance with the prior system of FIG. 2 are:
EQU  G.sub.1 = S.sub.1                                          1
EQU  G.sub.2 = S.sub.2 * S.sub.1                                2
EQU  G.sub.3 = S.sub.3 * S.sub.2 * S.sub.1                      3
EQU  G.sub.12 = S.sub.12 *S.sub.11 *S.sub.10...*S.sub.2 *S.sub.1 4
PAL  A logical one at G.sub.1 passes the information of the most significant bit
      (I1) of the information counter to the output AN, a logical one at G.sub.2
      passes the second MSB I2 to AN and so forth to the least significant bit
      I12. Thus,
PAC  AN = G.sub.1 *I.sub.1 + G.sub.2 *I.sub.2 + ....G11*I11+G12*I12 (5)
PAR  Problems, however, arise when the prior art circuit shown in FIG. 2 is
      attempted to be utilized in a production system. The input of the binary
      counters shown in FIG. 2 and the clock input of the flipflop 16 (FIG. 1)
      are driven synchronously from the same oscillator. This requirement of
      synchronous binary counters in the prior art system of FIG. 2, in addition
      to the large number of logic gates and gate inputs required, results in a
      slow operational frequency or to large bar size. Moreover, the circuitry
      required for the synchronous binary counters results in a high power
      dissipation and a relatively large semiconductor chip area. Such
      synchronous binary counters and the required logic circuitry are not
      adapted to large scale integration and particularly are not adapted to MOS
      circuit manufacture techniques.
PAR  FIG. 3 illustrates in schematic detail the preferred embodiment of a
      scanning circuit according to the invention. Instead of synchronous binary
      counters and instead of the gating 12, the present scanning circuit
      utilizes three four-stage shift registers 70, 72 and 74 and a minimum
      number of simple logic gates. The output of each shift register is
      connected to the input of that shift register by feedback loops 76, 78 and
      80 to form ring configurations. A first clock frequency C1, which in the
      preferred embodiment is 1MHz, is applied to the stages of shift register
      70 and a second clock frequency C4 having one-fourth the frequency of
      clock C1 is applied to the stages of shift register 72. A clock frequency
      C16 which has one-sixteenth the frequency of frequency C1 is applied to
      the stages of shift register 74.
PAR  An information counter 82, which comprises up/down binary counters counting
      cells in the manner as shown in FIG. 1, has stored therein six digital
      bits I1-I6, with I1 being the most significant bit and bit I6 being the
      least significant bit. Only six bits are utilized in FIG. 3 for simplicity
      of illustration. Bits I1 and I2 are applied to inputs of AND gates 84 and
      86, the outputs of the gates being applied to the first two stages of the
      shift register 70. The output of gate 84 is also applied to the third
      stage of shift register 70. Clock pulses C4 are applied to the second
      inputs of gates 84 and 86 and are also applied to an input of an AND gate
      88. The output of gate 88 is applied to the fourth stage of the shift
      register 70. The second input of gate 88 is applied from the output of
      shift register 72 via lead 90. AND gates 92 and 94 receive data bits I3
      and I4 from the information counter 82 and also receive clock pulses C16.
      The output of gate 92 is applied to the first and third stages of shift
      register 72, while the output of the gate 94 is applied to the second
      stage of the shift register 72. Clock pulses C16 are also applied to an
      input of an AND gate 96, the output of which is applied to the fourth
      stage of the shift register 72. The second input of gate 96 is applied
      from the output of shift register 74. In a similar manner, AND gates 98
      and 100 receive inputs from the data bits I5 and I6 and from the clock
      frequency C64. The output of gates 98 and 100 are applied to the first
      three stages of the shift register 74. Clock C64 is also applied to an
      input of an AND gate 102, the output of which is applied to the fourth
      stage of the shift register 74. The second input of gate 102 is connected
      to subsequent stages of the circuit.
PAR  FIG. 4 illustrates a timing diagram for the clock pulses utilized with the
      scanning circuit shown in FIG. 3. As may be seen, clock pulse C8 has twice
      the frequency of clock pulse C16. Clock pulse C4 has twice the frequency
      of clock pulse C8, and clock pulse C1 has four times the frequency of
      clock pulse C4. In the preferred embodiment, C1 has a nominal frequency of
      1MHz.
PAR  FIG. 5 is a flow diagram which assists in understanding of the operation of
      the scanning circuit shown in FIG. 3. The information bits stored in the
      information counter are illustrated in the flow diagram with the circles
      illustrating the stable stages of the data within the system. In operation
      of the scanning circuit, the information data is moved in the direction of
      the arrows, such that the shift frequency for the first four bits I1, I2,
      I1 and I3 (illustrated by the dotted line 110) moves four times faster
      than the second four bit group I3, I4, I3 and I5 (illustrated by the
      dotted line 112). Similarly, the second group of data (dotted line 112)
      moves four times as fast as the shift frequency of the third group of bits
      I5, I6, I5 and I7 (illustrated by the dotted line I14). At each fourth
      shift, data is shifted from each group to the adjacent faster four bit
      group.
PAR  At the output AN, after the bit I1 first appears, after the first shift
      pulse, the bit I2 will appear. After the second shift pulse, the bit I1
      will appear and after the third shift pulse the bit I3 will appear. After
      the fourth shift pulse, the bit I1 will again appear and at the fifth
      shift pulse the bit I2 will again appear, and so on.
PAR  In operation of the circuitry shown in FIG. 3, the data bits I1-I6 are
      transferred to the information counter 14 from the memory. The clock
      pulses cause the data within the information counter 82 to be shifted
      through the logic AND gates into the shift register 70. At the first clock
      pulse, the bit I1 appears at the output AN. Subsequent clocking of the
      system results in the sequence I2, I1, I3, I1, I2, I1, I4, I1, I2, I1, I3,
      I1...I1, I2, I1, I6 to appear at the output AN. This sequence is periodic
      and occurs during each scanning cycle in a periodic manner. As noted
      above, the provision of the output sequence by the present scanning
      circuit provides the highest possible ripple frequency for each bit stored
      in the information counter by splitting the information into the
      individual pulses which are evenly spread over the total scanning cycle in
      dependence upon the significance of the information.
PAR  For example, as may be seen from the sequence, the most significant bit I1
      appears with the most frequency in the sequence, with the least
      significant bit I6 appearing with the least frequency. It has been found
      that provision of such a periodic sequence having a high ripple frequency
      for all bits provides a very accurate resulting voltage level after
      integration to provide accurate tuner control. Moreover, the high ripple
      frequency enables the use of a small and inexpensive integrating
      capacitor. The shift registers 70, 72 and 74, and the limited number of
      gates, may be very easily fabricated by present MOS techniques, thereby
      resulting in relatively low heat dissipation and enabling large scale
      integration. In addition, the present scanning circuit is operable at a
      higher frequency than the prior art scanning circuits.
PAR  FIG. 6 illustrates a second embodiment of a scanning circuit for use in
      accordance with the invention. This circuit is advantageous in that it
      requires only a single clock frequency, as each shift register group is
      clocked by the previous shift register group. Referring to FIG. 6, a pair
      of four stage shift registers 120 and 122 are illustrated, with the output
      of the registers being connected with the input of the registers in a ring
      configuration by feedback loops 124 and 126. A single clock frequency C1
      (FIG. 4) is applied to all stages of shift register 120. The output of
      shift register 120 is applied via lead 128 to provide clocking for the
      stages of the shift register 122. In a similar manner, the output of shift
      register 122 is applied to the subsequent stage via lead 130 to provide
      clocking.
PAR  Each stage of shift register 120 is respectively connected to one of AND
      gates 132-138. In addition, inputs of gates 132 and 136 are interconnected
      and receive digital bit I1 from the information counter 140. Gate 134
      receives digital bit I2 from the information counter. The output of gates
      132-138 are connected to a multi-input OR gate 144, the output of which is
      the AN output of the system.
PAR  The stages of the shift register 122 are respectively connected to inputs
      of AND gates 146, 148, 150 and 152. The digital bit I3 is applied to
      inputs of gates 146 and 150 from the information counter 140. The data bit
      I4 is applied to an input of gate 148. The outputs of the gates 146-152
      are applied to a four input OR gate 154, the output of which is applied to
      an input of gate 138. Outputs from additional stages are received by an
      input 152.
PAR  In operation of the circuit shown in FIG. 6, a logic one is initially input
      into the first stage of each of the shift registers 120 and 122. As the
      logic one is circulated through each shift register, it operates to open
      the AND gate connected to the associated stage of the shift register. The
      opening of the AND gate causes the digital data from the information
      counter 140 to be applied to the AN output. The periodic sequence which
      appears at the output AN of the circuit of FIG. 6 is identical to the
      sequence appearing at the output of the circuit shown in FIG. 3. In other
      words, for bits I1-I4 stored in the information counter, with bit I4 being
      the most significant bit, the periodic output sequence appearing at AN
      would be I1, I2, I1, I3, I1, I2, I1, I4....
PAR  FIG. 7 illustrates a third embodiment of a scanning circuit in accordance
      with the present invention which utilizes a series shift register 160
      without feedback as in the circuits shown in FIGS. 3 and 6. While the
      circuit shown in FIG. 7 requires more clock phases than the circuits shown
      in FIG. 6, the illustrated circuit of FIG. 7 requires fewer shift register
      stages.
PAR  Shift register 160 is illustrated in FIG. 7 as including ten shift register
      stages, with a clock C1 being applied to the first four stages, a clock C4
      being applied to the stages 5-7 and a clock frequency C16 being applied to
      stages 8-10. FIG. 4 illustrates clocks C1, C4 and C16. The output of the
      shift register 160 comprises an AN output previously noted. The
      information counter 162 comprises up/down counter cells, as previously
      described. Data bits I1-I6 are stored in counter 162, with bit I1 being
      the most significant bit. Bits I1 and I2 are applied to inputs of AND
      gates 164 and 166, the outputs of which are connected to the first three
      stages of the shift register. Clock frequency C4 clocks gates 164 and 166.
      AND gates 168 and 170 receive data bits I3 and I4 and the outputs of the
      gates are applied to the second three stages of the shift register. Clock
      frequency C16 clocks the gates 168 and 170. In a similar manner, AND gates
      172 and 174 receive data bits 15 and 16 from the information counter 162.
      Gates 172 and 174 are clocked by clock frequency C64 and their outputs are
      interconnected to the third set of three shift register stages. The
      remainder of the scanning circuit shown in FIG. 7 is identical to that
      illustrated to operate upon the remaining digital bits stored in the
      information counter 162.
PAR  In operation of the scanning circuit shown in FIG. 7, data bits stored
      within the information counter 162 are clocked through the gates 164-174
      by the clock pulses into the shift register 160. Due to the varying rates
      of clocking applied to the gates and to the shift register stages, the
      resulting AN output of the shift register comprises the periodic sequence
      previously denoted to provide the highest possible ripple frequency for
      the bits stored in the information counter in dependence upon the
      significance of the bits.
PAR  FIG. 8 illustrates a fourth embodiment of a scanning circuit according to
      the invention. In this embodiment, three two-stage shift registers 180,
      182 and 184 are respectively interconnected through AND gates 186, 188 and
      190. Digital bits I1 and I2 from the information counter 192 are applied
      through AND gate 194 and inhibited AND gate 196 to two stages of the shift
      register 180. Clock frequency two drives the gates 194 and 196. Clock
      frequency C1 drives the two stages of the shift register 180. An input
      from gate 196 is connected to an input of gate 186 and to receive the
      clock pulse C4. AND gate 198 and inhibited AND gate 200 receive digital
      data bits I3 and I4 from the information counter and apply the data bits
      to the two stages of the shift register 182. Gates 198 and 200 are driven
      by clock frequency C8, while the two stages of the shift register 182 are
      driven by the clock frequency C4. An output of gate 200 is connected to an
      input of gate 188 and to receive clock frequency C16. AND gate 202 and
      inhibited AND gate 204 are connected to receive data bits I5 and I6 from
      the information counter. Gates 202 and 204 are driven by the clock
      frequency C32. The two stages of the shift register 184 are driven by
      clock frequency C16. An input of gate 204 and an input of gate 190 are
      connected to subsequent stages of the scanning circuit.
PAR  In operation of the circuitry shown in FIG. 8, data is clocked from the
      information counter 192 through the logic gates to the shift register
      stages. Data is then circulated through the shift register stages to
      provide an AN output comprising the periodic sequence previously noted in
      order to provide the desired high ripple frequency of the individual bits
      in accordance with their significance.
PAR  It will be seen that the present invention provides a plurality of scanning
      circuits which tend to reduce and eliminate problems resulting from prior
      scanning circuits utilized in digital to analog converters. In particular,
      the present scanning circuits of the invention do not require synchronous
      binary counters and associated logic gates, and thus may be constructed in
      accordance with conventional MOS or biopolar techniques to provide low
      power dissipation requirements and to enable large scale integration to
      reduce chip size. In addition, the present scanning circuits may be
      operated at much higher frequencies than previously developed scanning
      circuits requiring synchronous binary circuits.
PAR  Whereas the present invention has been described with respect to specific
      embodiments thereof, it will be understood that various changes and
      modifications will be suggested to one skilled in the art, and it is
      intended to encompass such changes and modifications as fall within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A scanning system for a digital to analog converter comprising:
PA1  a. information register means for storing a plurality of digital bits I1,
      I2, I3...IN representative of a magnitude of a desired DC voltage with bit
      I1 being the most significant bit and IN being the least significant bit;
PA1  b. a plurality of four stage circulating shift registers each associated
      with a different odd numbered one of the bits stored in said information
      register and with the next lower bit, said shift register associated with
      said most significant bit being clocked at a clock frequency of f.sub.c
      and each other shift register being clocked at a frequency of one-fourth
      the clocking frequency of the shift register associated with the next more
      significant bit;
PA1  c. four gates associated with each shift register each being responsive to
      a different output of said shift register and to a second input, the
      second input of the first and third of said four gates being connected
      with the output of said information register representing said odd
      numbered bit associated with said shift register, the second input of the
      second of said four gates being connected to the output of said
      information register representing said next lower bit associated with said
      shift register, the second input of the fourth of said four gates being
      connected to the output from the shift register-gate combination
      associated with the next lower significant bits of said information
      register; and
PA1  d. a fifth gate responsive to the outputs of said four gates to produce an
      output from the shift register gate combination with which it is
      associated.
NUM  2.
PAR  2. A scanning system for a digital to analog converter as defined in claim
      1 wherein said four gates are AND gates and said fifth gate is an OR gate.
NUM  3.
PAR  3. A scanning system for a digital to analog converter as defined in claim
      1 wherein said each other shift register is clocked by an output of the
      shift register associated with the next most significant bit.
NUM  4.
PAR  4. A scanning system for a digital to analog converter as defined in claim
      3 wherein said four gates are AND gates and said fifth gate is an OR gate.
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ABST
PAL  The analogue to digital converter is of the bipolar mark-space type and
      includes an integrator for integrating the analogue input signal to be
      converted. A square wave generator is connected to the input of the
      integrator so as to superimpose a triangular periodic signal on the output
      signal produced by the integrator.
PAL  First and second level detectors are connected to compare the output signal
      from the integrator with first and second detector levels respectively to
      produce first and second control signals respectively when the magnitude
      of the output signal from the integrator exceeds the first level and falls
      below the second level respectively. Switch means responsive to the first
      and second control signals are provided to respectively apply first and
      second reference signals. The conversion interval is set equal in duration
      to the duration of an integral number of cycles of the periodic triangular
      signal. A counter is provided for counting clock pulses during the
      application of either of the reference signal sources to the integrator.
BSUM
PAR  This invention relates to analogue-to-digital converters, and is more
      particularly concerned with bipolar analogue-to-digital converters adapted
      to operate on the mark-space conversion principle.
PAR  In a known form of bipolar mark-space analogue-to-digital converter, as
      described for example in U.S. Pat. No. 3,500,109, the analogue input
      signal to be converted is continuously applied to an integrator, whose
      output is applied to one input of a single two-input level detector. The
      level detector compares the output of the integrator with a detector level
      applied to its other input, and a periodic signal is superimposed either
      on the output of the integrator or on the detector level. Whenever the
      magnitude of the signal at one input of the level detector exceeds the
      magnitude of the signal at its other input, the output of the level
      detector changes from a first state to a second state. The output of the
      level detector controls the application of two reference signals, equal in
      magnitude but opposite in polarity, to the input of the integrator, the
      positive reference signal being applied during the first state and the
      negative reference signal being applied during the second state.
      Equilibrium is reached when the mean input to the integrator, due to the
      analogue signal and the two reference signals, is zero. At this point it
      can be shown that the magnitude of a steady D.C. input current I.sub.in is
      given by
EQU  I.sub.in + I.sub.ref 1 t.sub.1 /T -- I.sub.ref 2 t.sub.2 /T=  0,
PAL  where I.sub.ref 1 and I.sub.ref 2 are the aforementioned equal magnitude,
      opposite polarity, reference signals, T is the period of the periodic
      signal, t.sub.1 and t.sub.2 are the respective durations of the
      application of the two reference signals, and t.sub.1 + t.sub.2 = T.
      Since the magnitudes of the two reference signals are supposed to be
      equal, this simplifies to
EQU  I.sub.in = t.sub.2 - t.sub.1 /T I.sub.ref = (t.sub.2 - t.sub.1) x a
      constant
PAL  It is then possible to measure digitally the difference t.sub.2 - t.sub.1,
      to provide a digital representation of the magnitude of the analogue input
      signal.
PAR  This known form of bipolar mark-space analogue-to-digital converter suffers
      from the disadvantage that it is difficult to ensure that the two
      reference signals are precisely equal in magnitude. But if the respective
      magnitudes of the two reference signals are not precisely equal, the
      converter will suffer from a zero-offset problem. This is due to the fact
      that the two reference signals should be alternately applied to the
      integrator for precisely equal durations in response to a zero-magnitude
      analogue input signal, in order that the aforementioned difference between
      the durations should be zero. However, when the respective magnitudes of
      the two reference signals are slightly different, it is necessary for the
      smaller one to be applied to the integrator for a slightly longer duration
      than the larger one, in order that their mean, and therefore the mean
      input to the integrator, should be zero; thus when equilibrium is
      attained, the converter does not produce a correct zero reading.
PAR  It is an object of the present invention to provide a bipolar mark-space
      analogue-to-digital converter in which this zero-offset problem is
      substantially eliminated.
PAR  According to the present invention, therefore, a bipolar mark-space
      analogue-to-digital converter comprises:
PA1  integrating means for receiving an analogue input signal to be converted;
PA1  means for including a periodic signal in the output signal produced by the
      integrating means;
PA1  first and second level detectors connected to compare the output signal
      from the integrating means with first and second detector levels
      respectively, whereby analogue input signals of one polarity cause the
      magnitude of the output signal from the integrating means to exceed the
      first level by crossing it in a direction away from the second level,
      while analogue input signals of the other polarity cause the magnitude of
      the output signal from the integrating means to fall below the second
      level by crossing it in a direction away from the first level, the first
      and second level detectors being arranged to produce first and second
      control signals respectively when the magnitude of the output signal from
      the integrating means exceeds the first level and falls below the second
      level respectively;
PA1  first and second reference signal sources of opposite polarity;
PA1  switch means responsive to the first control signal to apply one of said
      reference signal sources, opposite in polarity to said one polarity of the
      analogue input signal, to the integrating means, said switch means being
      also responsive to the second control signal to apply the other of said
      reference signal sources to the integrating means;
PA1  means for defining a conversion interval equal in duration to the duration
      of an integral number of cycles of said periodic signal;
PA1  a source of clock pulses; and
PA1  counter means for counting the clock pulses during the application of
      either of the reference signal sources to the integrating means, whereby
      the count in the counter means at the end of the conversion interval is a
      digital representation of the magnitude of the integral of the analogue
      input signal over the conversion interval.
DRWD
PAR  The invention will now be described, by way of non-limitative example only,
      with reference to the accompanying drawings, of which:
PAR  FIG. 1 is a simplified block circuit diagram of a bipolar mark-space
      analogue-to-digital converter in accordance with the present invention;
PAR  FIG. 2 is an explanatory diagram showing the signal waveforms at various
      points in the circuit of the converter of FIG. 1;
PAR  FIGS. 3 and 4 are respective circuit diagrams of alternative embodiments of
      two different parts of the converter of FIG. 1; and
PAR  FIG. 5 is an explanatory diagram showing the signal waveforms at various
      points in the circuit of FIG. 4.
DETD
PAR  The converter shown in FIG. 1 is indicated generally at 10, and comprises a
      pair of input terminals 12, 13 to which an analogue-input signal to be
      converted is applied. The input terminal 12 constitutes the input of an
      integrating amplifier 14, which comprises a high gain differential
      amplifier 16 having inverting and non-inverting inputs 18, 20
      respectively. An input resistor R1 is connected between the input terminal
      12 and the inverting input 18, and an integrating capacitor C1 is
      feedback-connected from the output of the amplifier 16 to the inverting
      input 18. The input terminal 13 and the non-inverting input 20 of the
      amplifier 16 are both grounded.
PAR  The inverting input 18 of the amplifier 16 constitutes a summing junction,
      and the output of a square wave generator 22 is A.C. coupled thereto via
      the series combination of a capacitor C2 and a resistor R2. The square
      wave generator produces a square wave output at a typical frequency of
      10kHz, and is connected to be driven via a divide-by-1000 frequency
      divider 24 by a clock pulse generator 26 having a typical operating
      frequency of 10MHz.
PAR  Also connected to the inverting input 18 of the amplifier 16 is one end of
      a resistor R3, whose other end is selectively connectable, via three
      transistor switches FET1, FET2 and FET3 in parallel, to a positive
      reference voltage source 28, ground, and a negative reference voltage
      source 30 respectively. Although the sources 28, 30 are opposite in
      polarity, their respective magnitudes, .+-. V.sub.REF, are substantially
      equal: typically they may be + 10 volts and -10 volts respectively.
      Normally, one of the sources 28, 30 comprises a highly stable
      temperature-controlled zener diode (not shown), and the other is derived
      therefrom by inversion.
PAR  The output of the amplifier 16, which also constitutes the output of the
      integrating amplifier 14, is connected to the non-inverting input 32 of a
      differential amplifier 34 and to the inverting input 36 of a differential
      amplifier 38. The differential amplfiers 34, 38 both operate as level
      detectors, and for this purpose the inverting input 40 of the amplifier 34
      is connected to receive a positive detector level voltage V1 while the
      non-inverting input 42 of the amplifier 38 is connected to receive a
      negative detector level voltage V2. The voltages V1 and V2, while opposite
      in polarity, are equal in magnitude (typically .+-. 4 volts) and are
      derived from the sources 28, 30 respectively by means of respective
      similar potential dividers 44, 46.
PAR  The outputs of the level detectors 34, 38 are respectively connected to the
      respective D inputs of two D-type bistable circuits 48, 50, whose
      respective clock inputs are both connected to the output of the clock
      pulse generator 26. The Q output of the bistable circuit 48 is connected
      to the control input (gate) of the switch FET1, and the Q output of the
      bistable circuit 50 is connected to the control input of the switch FET3.
      The Q outputs of both bistable circuits 48, 50 are connected to respective
      inputs of a two-input AND gate 51, whose output is connected to the
      control input of the switch FET2. Additionally, the Q output of the
      bistable circuit 48 is connected to one input 52 of a two-input AND gate
      54, while Q output of the bistable circuit 50 is connected to one input 56
      of a two-input AND gate 58. The other input 60 of each of the AND gates
      54, 58 is connected to the output of the clock pulse generator 26, while
      the output of the AND gates 54, 58 are respectively connected to the
      forward and reverse count inputs 62, 64 respectively of a reversible
      multi-decade BCD counter 66.
PAR  The counter 66 has a count output 68 connected via a set of transfer gates
      69 to a staticiser 70. The staticiser 70 in turn is connected via a
      decoder 72 to a display unit 74, which may be of the known 7-segment
      light-emitting diode or liquid crystal type.
PAR  A sequence controller 76 has three control inputs 78-80 respectively
      connected to receive control input signals from the clock pulse generator
      26, the square wave generator 22, and a detect zero output of the counter
      66. The sequence controller 76 comprises a counter 75, which has a typical
      full house count of eleven and which is connected to be driven by the
      square wave applied to the control input 79 of the sequence controller 76,
      a bistable circuit 77 connected to be alternately set and reset by the
      signal applied to the control input 80 of the sequence controller 76, and
      further logic circuitry (not shown) such as gates and bistable circuits
      arranged in a conventional manner. Additionally, the sequence controller
      76 has three control outputs 83-85, respectively constituted by the count
      one and count eleven outputs of the counter 75 and the set output of the
      bistable circuit 77, at which control outputs it produces respective
      control signals, as will hereinafter be described, for application to a
      reset input of the counter 66, the transfer gates 69 and the decoder 72
      respectively. The control output 85 of the sequence controller 76 is also
      connected to a polarity display input of the display unit 74, while the
      control output 83 is internally connected to reset the bistable circuit
      77.
PAR  In operation, and assuming the Q output of the bistable circuits 48, 50 are
      initially in their logic 0 states, the switches FET1 and FET3 are open
      (non-conducting) and the switch FET2 is held closed (conducting) via the
      AND gate 51. The square wave produced by the square wave generator 26 is
      integrated by the integrating amplifier 14. Since the square wave is A.C.
      couplied to the integrating amplifier 14 via the capacitor C2, its mean
      D.C. level at the input of the resistor R2 is zero, and its waveform is as
      shown in FIG. 2(a). In the absence of an analogue input signal at the
      input terminals 12, 13, and ignoring the effects of any drift at the input
      of the amplifier 16, the integrating amplifier 14 therefore produces an
      output signal of triangular waveform, symmetrically disposed between the
      voltages V1 and V2, as shown in FIG. 2(b). The separation of the voltages
      V1 and V2 is preferably chosen to be just greater than the peak-to-peak
      amplitude of this triangular waveform.
PAR  When an analogue input signal in the form of a negative input voltage
      -V.sub.IN is applied to the input terminals 12, 13, the integrating
      amplifier 14 integrates it to produce a positive component in the
      triangular waveform output signal produced thereby. This positive
      component increases the slope of the positive-going flanks of the
      triangular waveform output signal and decreases the slope of the
      negative-going flanks, thus causing the positive peaks in the triangular
      waveform output signal to exceed the voltage V1, as shown in FIG. 2(c).
      Each time the voltage V1 is exceeded, the level detector 34 produces a
      logic 1 output signal, which is applied to the D input of the bistable
      circuit 48, so that the first clock pulse to occur after the voltage V1 is
      crossed in the positive direction sets the Q output of this bistable
      circuit to its logic 1 state. Similarly, when the output voltage produced
      by the integrating amplifier 14 falls below the voltage V1 (i.e. during
      each negative-going flank of the triangular waveform), the output signal
      produced by the level detector 34 and applied to the D input of the
      bistable circuit 48 reverts to its logic 0 state, so that the first clock
      pulse to occur thereafter sets the Q output of the bistable circuit back
      to its logic 0 state.
PAR  The logic 1 state at the Q output of the bistable circuit 48 is effective
      to close the switch FET1, thus applying the positive reference voltage
      source 28 to the integrating amplifier 14 in opposition to the input
      voltage at the terminals 12, 13. At the same time, the logic 1 state at
      the Q output of the bistable circuit 48 is also effective to enable the
      AND gate 54, thereby permitting clock pulses to be applied to, and
      forwardly counted in, the counter 66 throughout the duration of the
      application of the voltage source 28 to the integrating amplifier 14.
PAR  Equilibrium is reached, typically after a few cycles of the square wave
      from the square wave generator 26, when the mean input current to the
      integrating amplifier 14 is zero. Each cycle of the output signal from the
      integrating amplifier 14 can be divided into four successive periods,
      indicated by Roman numerals I to IV in FIG. 2(c), during which the input
      current I.sub.total to the integrating amplifier 14 is as follows:
      ##EQU1##
      where 2V.sub.S is the peak-to-peak amplitude of the square wave from the
      square wave generator 26. The mean value of the components of current due
      to the square wave is zero, while the components due to V.sub.IN are
      present for the whole period T, where T is the period of the square wave.
      Thus, at equilibrium and assuming -V.sub.IN is constant,
EQU  V.sub.IN = R1./R3 V.sub.REF . t/t = constant x t
PAL  where t is the duration of the application of the source 28 to the
      integrating amplifier 14.
PAR  Thus in order to measure the magnitude of the input voltage -V.sub.IN, the
      sequence controller 76 produces a start signal at its output 83, which
      start signal is constituted by a count one output signal from the counter
      75 and is therefore co-incident with a predetermined point in a cycle of
      the square wave from the square wave generator 26. In the embodiment of
      the invention shown in FIG. 1, this predetermined point is the beginning
      of a cycle: however this is not essential. This start signal resets the
      count in the counter 66 to zero, and resets the bistable circuit 77 if
      necessary. The counter 66 then counts clock pulses from the AND gate 54
      throughout the duration of each application of the source 28, over a
      conversion (or measurement) interval whose duration is determined by the
      counter 75 in the sequence controller 76. The end of the conversion
      interval is indicated when the count eleven output of the counter 75
      produces an output signal, which appears at the control output 84 of the
      sequence controller 76. Since this output signal is also co-incident with
      said predetermined point in, i.e. the beginning of, a cycle of the square
      wave, the duration of the conversion interval is equal to an integral
      number of cycles, ten in the described embodiment, of the square wave.
      This output signal enables the transfer gates 69, and is therefore
      effective to strobe the count in the counter 66 into the staticiser 70.
PAR  During the conversion interval, the sequence controller 76 receives no
      signal from the detect zero output of the counter 66, since this detect
      zero output is adapted to produce an output signal when the count in the
      counter 66 either goes from all zeroes to all nines in the reverse count
      direction or from all nines to all zeroes in the forward count direction.
      The bistable circuit 77 in the sequence controller 76 therefore remains in
      its reset state, which is arranged to set the decoder 72 to operate as a
      BCD to seven segment decimal decoder. The decoder 72 thus decodes the
      count held in the staticiser 70, and the decoded count is displayed by the
      display unit 74. The signal at control output 85 of the sequence
      controller 76 additionally causes the display unit 74 to display a
      negative polarity indication.
PAR  The next count one output signal from the counter 75 in the sequence
      controller 76 constitutes a further start signal, which causes the whole
      measurement cycle described above to be repeated. However, the display
      unit 74 continues to display the decoded value of the count held in the
      staticiser 70 until the end of the next conversion interval, when the new
      value of the count in the counter 66 is strobed into the staticiser.
PAR  When an analogue input signal in the form of a positive input voltage
      +V.sub.IN is applied to the input terminal 12, a negative component is
      introduced into the triangular waveform output signal produced by the
      integrating amplifier 14. This negative component increases the slope of
      the negative-going flanks of the triangular waveform output signal, and
      decreases the slope of the positive-going flanks, thus causing the
      negative peaks of the triangular waveform output signal to fall below
      (i.e. become more negative than) the voltage V2, as shown in FIG. 2(e). In
      a manner analogous to that already described with reference to negative
      analogue input voltages, the level detector 38 is tripped, thus causing
      the bistable circuit 50 to produce a logic 1 output signal at its Q output
      in response to an immediately subsequent clock pulse. The bistable circuit
      50 in turn closes the switch FET3 to apply the negative reference voltage
      source 30 to the integrating amplifier 14 in opposition to the input
      voltage at the terminals 12, 13, and enables the AND gate 58 to permit
      clock pulses to be applied to the counter 66: the clock pulses are,
      however, counted in the reverse direction.
PAR  Equilibrium is reached, as already described, when the mean input current
      to the integrating amplifier 14 is zero, and the measurement is performed
      during the conversion interval, also as already described. However, this
      time the final count in the counter 66 is in nines complement form. But
      when the count in the counter 66 goes from all zeroes to all nines, the
      sequence controller 76 receives a signal from the detect zero output of
      the counter. This signal sets the bistable circuit 77 in the sequence
      controller 76, which in turn sets the decoder 72 to operate as a nines
      complement BCD to seven segment decimal decoder. This can be accomplished,
      for example, merely by complementing the signal at the input of the
      decoder 72 by means of switching circuitry, before its application to the
      main decoding circuitry. The correctly decoded output from the decoder is
      then displayed by the display unit 74, which additionally displays a
      positive polarity indication in response to the set signal from the
      bistable circuit 77, which appears at the control output 85 of the
      sequence controller 76.
PAR  The reason for employing a reversible counter as the counter 66 is as
      follows. Consider the case of a very small input voltage having a noise
      signal superimposed thereon. This noise signal may cause occasional
      reversal of the polarity of the input voltage during the conversion
      interval, so that the triangular waveform output signal produced by the
      integrating amplifier effectively moves up and down with respect to the
      voltages V1 and V2 and successively trips both of the level detectors 34,
      38. Each time the level detector 34 is tripped, the counter 66 counts
      forwardly, each time the level detector 38 is tripped the counter 66
      counts in reverse, and each time the count in the counter 66 goes from all
      zeroes to all nines or vice versa, a signal is produced at its detect zero
      output. The signals at the detect zero output of the counter 66
      alternately set and reset the bistable circuit 77 in the sequence
      controller 76, so the state of the bistable circuit 77 indicates whether
      the net count in the counter 66 at any instant during the conversion
      interval is above zero, and therefore representative of an analogue input
      voltage having a mean negative value up to that instant, or below zero,
      and therefore representative of an analogue input voltage having a mean
      positive value up to that instant. It will be appreciated that the state
      of the bistable circuit 77 at the end of the conversion interval provides
      the signal at the control output 85 of the sequence controller 76.
PAR  FIG. 3 shows an alternative embodiment of part of the converter 10, which
      embodiment avoids the necessity of providing the decoder 72 with the
      capability of operating in the nines complement BCD decoding mode.
      Elements similar to those described with reference to FIG. 1 are given the
      same reference numerals, and only the points of difference will be
      described. Thus the respective outputs of the AND gates 54, 58 are
      connected to the counter 66 via a switching circuit 86, which comprises
      two change-over switches 87 and 88 each having a first fixed contact 89
      connected to the output of the AND gate 54 and a second fixed contact 90
      connected to the output of the AND gate 58. Each of the switches 87, 88
      has a movable wiper 91, the wipers 91 being ganged together. The wiper 91
      of the switch 87 is normally in contact with the fixed contact 89 thereof,
      and is connected to the forward count input 62 of the counter 66, while
      the wiper 91 of the switch 88 is normally in contact with the fixed
      contact 90 thereof and is connected to the reverse count input 64 of the
      counter 66. Joint movement of the wipers 91 therefore interchanges the
      connection of the AND gates 54, 58 to the inputs 62, 64 of the counter 66.
PAR  The switches 87, 88 are shown as mechanical switches merely for simplicity:
      in practice they would be implemented as solid state switches.
PAR  The position of the wipers 91 is controlled by the control signal at the
      control output 85 of the sequence controller 76, which control signal is
      determined, as already described, by the signal from the detect zero
      output of the counter 66. However, in the FIG. 3 embodiment, the counter
      66 is adapted to produce an output signal at its detect zero output when
      the count in the counter changes from a count of one to a count of zero.
PAR  Thus when the count in the counter 66 has initially increased from zero in
      response to clock pulses from the AND gate 54, due to a small negative
      input voltage, and then decreases again to zero in response clock pulses
      from the AND gate 58, due to a change in polarity of the input voltage, as
      the count reaches zero the output of the AND gate 58 is switched by the
      switching circuit 86 from the reverse count input 64 of the counter 66 to
      the forward count input 62, and the output of the AND gate 54 is
      correspondingly switched to the reverse count input 64. The counter 66
      continues counting, but now counts forwardly, either until the end of the
      conversion interval, or until another polarity reversal of the input
      voltage causes the count in the counter 66 to again decrease to zero and
      again operate the switching circuit 86. The count in the counter 66
      therefore cannot fall below zero, i.e. to a nines complement form. As
      before, the state of the bistable circuit 77 at any instant is
      representative of the polarity of the mean value of the analogue input
      voltage up to that instant.
PAR  Turning now to FIG. 4, there is shown a modification to the circuitry of
      FIG. 1 for driving the bistable circuits 48, 50 from the level detectors
      34, 38, which modification ensures that the switches FET1 and FET3 are
      each closed for a short digitally-defined time once per cycle of the
      square wave from the square wave generator 22, even when a zero amplitude
      analogue input signal is applied to the input terminals 12, 13 of the
      converter 10, so that neither of the level detectors 34, 38 is tripped.
      This modification improves the settling time of the converter 10 in
      response to very small analogue input signals. As before, elements similar
      to those described with reference to FIG. 1 are given the same reference
      numerals, and only the points of difference will be described.
PAR  Thus the output of the level detector 34 is connected to one input of a
      four-input NAND gate 100, and is also connected via an inverter 102 to one
      input of a two-input NAND gate 104. The other inputs of the NAND gate 100
      are respectively connected to receive logic signals designated F, N1 and
      P2, while the other input of the NAND gate 104 is connected to receive a
      logic signal designated F. The respective outputs of the NAND gates 100,
      104 are connected to respective inputs of two further NAND gates 106, 108
      respectively, whose respective outputs are cross-coupled to another input
      of each of the gates 108, 106, to form a latch. The NAND gate 108 has a
      further input connected to receive the logic signal designated P2, while
      the NAND gate 106 has a further input connected to receive a logic signal
      designated P1, and its output is connected to the D input of the bistable
      circuit 48.
PAR  Similarly, the output of the level detector 34 is connected to one input of
      a four-input NAND gate 100a and is also connected via an inverter 102a to
      one input of a two-input NAND gate 104a. The other inputs of the NAND gate
      100a are respectively connected to receive the logic signals designated F
      and P1, and a logic signal designated N2, while the other input of the
      NAND gate 104a is connected to receive the logic signal designated F. The
      outputs of the NAND gates 100a, 104a are connected to respective inputs of
      two further NAND gates 106a, 108a respectively, whose respective outputs
      are cross-coupled to another input of each of the gates 108a, 106a to form
      another latch. The NAND gate 108a has a further input connected to receive
      the logic signal designated N2, while the NAND gate 106a has a further
      input connected to receive a logic signal designated N1, and its output is
      connected to the D input of the bistable circuit 50.
PAR  Additionally, the respective outputs of the NAND gates 108, 108a are
      cross-coupled to yet further inputs of the NAND gates 108a, 108
      respectively.
PAR  Each NAND gate is arranged to produce a logic level 0 output signal if and
      only if all its inputs receive a logic level 1 signal.
PAR  The waveforms of the logic signals designated F, P1, P2, N1, N2, and their
      timing relationship with the square wave produced by the square wave
      generator 22, are shown in FIG. 5, the square wave from the generator 22
      being shown at (a), and the waveforms of the logic signals F, P1, P2, N1,
      N2 being shown at (b), (c), (d), (e) and (f) respectively. These logic
      signals are derived from the square wave produced by the generator 22 in
      sequence controller 76. Thus the signal F is directly derived from the
      square wave, while the signal F is derived from the signal F by inversion.
      The signals P1, P2, N1, N2 are typically derived by appropriately decoding
      the outputs of a counter (not shown) which counts the high frequency clock
      pulses at the input 78 of the sequence controller 76 throughout each cycle
      of the square wave. For example, this counter is typically preceded by a
      divide-by-ten frequency divider (not shown) so that it receives pulses at
      1MHz, and has a full house count of one hundred achieved over precisely
      one cycle of the square wave. The count outputs of the counter are then
      decoded in conventional manner to set and reset latches to produce the
      signals P1, P2, N1, N2 in accordance with the following table:
TBL                     COUNT IN COUNTER                                       
                          From      To                                         
     Signal P1 is at logic level 0                                             
                           0        01                                         
     Signal P2 is at logic level 0                                             
                          49        50                                         
     Signal N1 is at logic level 0                                             
                          50        51                                         
     Signal N2 is at logic level 0                                             
                          99         0                                         
PAR  For the remainder of the time these signals are at logic level 1.
PAR  In operation, if the level detector 34 is tripped during a positive-going
      flank of the triangular waveform at the output of the integrating
      amplifier 14, i.e. while the signal F is at logic level 1, then the output
      signal of the NAND gate 100 goes to logic level 0. This forces the output
      signal of the NAND gate 106 to logic level 1, thus setting the Q output of
      the bistable circuit 48 to its logic level 1 state as described with
      reference to FIG. 1. At the same time the output signal of the NAND gate
      108, which had been enabled via the inverter 102 and NAND gate 104, is
      forced to logic level 0, thus latching the NAND gate 106.
PAR  At the end of the positive-going flank, the signal F applied to the NAND
      gate 100 goes to logic level 0, and the signal P1 applied to the NAND gate
      106 also goes to logic level 0 simultaneously therewith. The output signal
      of the NAND gate 106 therefore remains at logic level 1, until both the
      signal P1 and the output of the level detector 34 revert to their logic
      level 0 states, since it will be appreciated that the reversion of the
      output of the level detector 34 to its logic level 0 state is operative
      via the inverter 102 and NAND gate 104 to force the output signal of the
      NAND gate 108 to logic level 1.
PAR  If the level detector 34 is not tripped by the end of a positive-going
      flank of the triangular waveform, then the output signals of the NAND
      gates 100 and 108 are both at logic level 1. The output signal of the NAND
      gate 106 is therefore forced to logic level 1 during the brief interval
      when the signal P1 goes to logic level 0, and operates the bistable
      circuit 48 for this interval as already described.
PAR  It can clearly be seen in FIG. 4 that the arrangement and connection of the
      NAND gates 100a, 104a, 106a, and 108a and the inverter 102a between the
      level detector 38 and bistable circuit 50 is symmetrical with respect to
      the arrangement and connection of the NAND gates 100, 104, 106 and 108 and
      the inverter 102 between the level detector 34 and bistable circuit 48.
      Further, it can be seen in FIG. 5 that the time relationship of the
      signals N1, N2 to negative-going flanks of the triangular waveform is
      identical to the time relationship of the signals P1, P2 to the
      positive-going flanks of the triangular waveform. It will therefore be
      appreciated that the operation of the bistable circuit 50 by the level
      detector 38 or the signal N1, in relation to negative-going flanks, is
      exactly analogous to the operation of the bistable circuit 48 as already
      described.
PAR  The use of the signals P2, N2 forces a timing gap between the resetting of
      one of the bistable circuits 48, 50 and the setting of the other of these
      bistable circuits. Additionally, the cross-coupling between the NAND gates
      108, 108a serves to prevent lock-up of the logic circuitry of FIG. 4 in
      response to certain transient operating conditions of the converter 10.
PAR  To summarise the effect of the logic circuitry of FIG. 4 on the operation
      of the converter 10, this circuitry ensures that the switches FET1 and
      FET3 are each successively closed once per cycle of the square wave from
      the square wave generator 22 for equal minimum periods, typically 1% of
      the duration of one cycle of the square wave, even if one or both of the
      level detectors 34 or 38 is not tripped: thus, if one of the level
      detectors 34, 38 is tripped but not the other, the switch FET1 or FET3
      corresponding to the non-tripped level detector will still be closed for
      the aforementioned minimum period. Since minimum periods for which the
      positive and negative reference signal sources are applied to the
      integrating amplifier 14 are equal, the net DC current supplied to the
      integrating amplifier 14 during these minimum periods is zero, and the
      accuracy of the measurements is unaffected.
PAR  The operation of the logic circuitry of FIG. 4 leads to a very important
      advantage. Regardless of the magnitude of the analogue input signal
      applied to the converter 10, each of the reference voltage sources 28, 30
      is applied to the integrating amplifier 14 the same equal number of times
      during the measurement interval. Thus any errors attributable to the time
      taken for the switches FET1 and FET3 to switch on and off are constant
      irrespective of the input signal magnitude, and can be calibrated out. We
      have found that a conversion linearity of a few parts per million over a
      very wide dynamic range of input signal magnitude can be achieved as a
      result of employing the logic circuitry of FIG. 4.
PAR  It can be shown that, in general, the duration of the period t is
      proportional to the integral of the input voltage V.sub.IN over any
      integral number of periods T of the square wave. It will be appreciated
      that the magnitude of the input current to the integrating amplifier 14
      due to V.sub.S should be larger than that of the respective currents due
      to full scale negative input voltages.
PAR  If desired, the output of the square wave generator 22 can be phase-locked
      to a line-frequency signal, typically at 50 or 60 Hz. The duration of the
      conversion interval can then be made very closely equal to the duration of
      an integral number of cycles e.g. one, of the line-frequency signal, so as
      to provide excellent rejection of any series mode interference at the line
      frequency which may be superimposed on the input voltage.
PAR  It will be appreciated that by virtue of the use of separate reference
      voltage sources such as the sources 28, 30 for the measurement of negative
      and positive analogue input voltages respectively, the bipolar
      analogue-to-digital converter of the present invention avoids the zero
      offset problem mentioned hereinbefore. In practice, the result of any
      slight difference between the respective reference current applied to the
      integrating amplifier 14 from the sources 28, 30 is merely a slight
      difference in scale factor between measurements of positive and negative
      input voltages. This is much more acceptable to a user of the converter
      than is a zero offset, which is particularly objectionable when it is
      desired to use the converter in a measurement procedure requiring
      adjustment of some parameter to produce a null output signal measured by
      the converter.
PAR  Many modifications can be made to the described embodiment of the
      invention. In particular, a non-reversible counter may be used in place of
      the counter 66 in the basic embodiment described with reference to FIG. 1,
      for measurements where the expected noise content of the analogue input
      signal to be measured is low compared to the desired resolution of the
      measurements. Also, instead of connecting the square wave generator 22 to
      the input of the integrating amplifier 14, a summing circuit may be
      connected to receive the output of the integrating amplifier 14 and
      arranged to sum this output with a triangular waveform signal from a
      suitable waveform generator, the output of the summing circuit being
      applied to the level detectors 34, 38. Further, the switch FET2 may be
      omitted if desired, in view of the fact that the input 20 of the amplifier
      16 is grounded. It will be understood that the expression "grounded" in
      this specification merely means connected to a signal low line, or zero
      volt line, since it is possible for the main circuitry of the converter 10
      to be fully floating. Additionally, if desired, the separation of the
      voltages V1 and V2 may be chosen to be smaller than the peak-to-peak
      amplitude of the triangular waveform at the output of the integrating
      amplifier 14. Thus the level detectors 34, 38 are each tripped once per
      cycle of the triangular waveform, so that the logic circuitry of FIG. 4
      can be omitted. Finally, since the conversion interval may be made as long
      as desired, the counter 66 may be arranged to operate in the floating
      point mode.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bipolar mark-space analogue-to-digital converter comprising:
PA1  integrating means for receiving an analogue input signal to be converted;
PA1  means for including a periodic signal component in the output signal
      produced by the integrating means in addition to the output signal
      component of the integrating means due to the analog input signal;
PA1  first and second level detectors connected to compare the output signal
      from the integrating means with first and second detector levels
      respectively, whereby analogue input signals of one polarity cause the
      magnitude of the output signal from the integrating means to exceed the
      first level by crossing it in a direction away from the second level,
      while analogue input signals of the other polarity cause the magnitude of
      the output signal from the integrating means to fall below the second
      level by crossing it in a direction away from the first level, the first
      and second level detectors being arranged to produce first and second
      control signals respectively when the magnitude of the output signal from
      the integrating means exceeds the first level and falls below the second
      level respectively;
PA1  first and second reference signal sources of opposite polarity;
PA1  switch means responsive to the first control signal to apply one of said
      reference signal sources, opposite in polarity to said one polarity of the
      analogue input signal, to the integrating means, said switch means being
      also responsive to the second control signal to apply the other of said
      reference signal sources to the integrating means;
PA1  means for defining a conversion interval equal in duration to the duration
      of an integral number of cycles of said periodic signal;
PA1  a source of clock pulses; and
PA1  counter means for counting the clock pulses during the application of
      either of the reference signal sources to the integrating means, whereby
      the count in the counter means at the end of the conversion interval is a
      digital representation of the magnitude of the integral of the analogue
      signal over the conversion interval.
NUM  2.
PAR  2. A converter as claimed in claim 1, wherein the first and second
      reference signal sources are equal in magnitude.
NUM  3.
PAR  3. A converter as claimed in claim 2, further including logic circuit means
      for operating the switch means, independently of the first and second
      control signals, to successively apply the positive and negative reference
      signal sources to the integrating means once per cycle of the periodic
      signal for equal short durations.
NUM  4.
PAR  4. A converter as claimed in claim 2 wherein the first and second detector
      levels are also equal in magnitude but opposite in polarity.
NUM  5.
PAR  5. A converter as claimed in claim 4, wherein the first and second detector
      levels are derived from the first and second reference signal sources.
NUM  6.
PAR  6. A converter as claimed in claim 1, wherein the separation of the first
      and second detector levels is such that the peak-to-peak excursions of
      said periodic signal, in the absence of an analogue input signal, lie
      substantially wholly between the levels.
NUM  7.
PAR  7. A converter as claimed in claim 1, wherein the periodic signal is of
      triangular waveform.
NUM  8.
PAR  8. A converter as claimed in claim 7, wherein said means for including a
      periodic signal component comprises a square wave generator, and means for
      applying the square wave produced by the square wave generator to the
      integrating means to be integrated thereby, whereby to produce said
      triangular waveform at the output of the integrating means.
NUM  9.
PAR  9. A converter as claimed in claim 8, wherein the means for applying the
      square wave to the integrating means includes an A.C. coupling.
NUM  10.
PAR  10. A converter as claimed in claim 1, wherein the integrating means
      comprises a high gain inverting amplifier having an input and an output,
      an input resistance for receiving the analogue input signal connected to
      said input, and a feedback capacitor connected between said output and
      said input.
NUM  11.
PAR  11. A converter as claimed in claim 10, wherein said means for including a
      periodic signal component comprises a square wave generator connected to
      the integrating means via an A.C. coupling and a second resistance
      connected to said input, and wherein the output of the switching means is
      connected to said input via a third resistance.
NUM  12.
PAR  12. A converter as claimed in claim 1, wherein the counter means comprises
      a reversible counter, and means for causing the counter to initially count
      in one direction during the application of the first reference signal
      source and in the other direction during the application of the second
      reference signal source.
NUM  13.
PAR  13. A converter as claimed in claim 12, wherein there is provided means for
      reversing the direction of counting of the counter, irrespective of which
      reference source is currently being applied to the integrating means,
      whenever the count in the counter reaches zero while counting in one
      direction.
NUM  14.
PAR  14. A converter as claimed in claim 13, wherein said one direction is the
      reverse direction.
NUM  15.
PAR  15. A converter as claimed in claim 1, wherein the switch means includes a
      further switch arranged to connect the input of the integrating means to
      ground when the signal at the output of the integrating means lies between
      said first and second detector levels.
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ABST
PAL  An analog-to-digital converter of the ramp-integrator type utilizing a
      special technique to reduce errors due to offset voltages. In a
      pre-conversion cycle, the integrator first is ramped away from a datum
      level and then back to that level, by sequential application of
      opposite-polarity reference signals. A digital net offset error is thereby
      determined as the difference in clock time between (a) the total time of
      ramp-up-and-back and (b) a fixed time period set by a clock generator.
      During the subsequent conversion cycle, the integrator is ramped up by the
      unknown analog signal and then is ramped back by a reference signal. The
      time of ramp-up is controlled in accordance with the amount of
      previously-determined net offset error so as to provide error correction.
PAL  In the embodiment disclosed, the ramp-up time during the pre-conversion
      cycle is set at k/2 clock pulses, and the digital offset error is the
      difference in clock pulse time between the return to datum level and a
      fixed time of k clock pulses. The ramp-up time during the conversion cycle
      is terminated at 2k clock pulses following start of the pre-conversion
      cycle, so that the integration time is set at k-n clock pulses where n is
      the digital error in clock pulses determined in the pre-conversion cycle.
      The digital output signal is defined as the number of clock pulses between
      the final return to datum level and the time of 2k of clock pulses
      following the start of the conversion cycle.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 380,690 filed by the present inventor on July 19, 1973 now U.S. Pat.
      No. 3,872,466.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to analog-to-digital converters of the type
      comprising a linear integrator which functions together with clock-pulse
      timing controls to convert an unknown analog signal into a corresponding
      digital number.
PAR  2. Description of the Prior Art
PAR  The above-identified copending application, Ser. No. 380,690 discloses a
      new converter concept representing a significant advance over the well
      known prior-art converters which have been in general use now for some
      time. In that new converter, a linear integrator is operated through two
      successive cycles to effect the analog-to-digital conversion. In the first
      of these two cycles, an error signal is derived representing the total
      error-producing offset voltage present in the system. In the second cycle,
      the unknown analog signal is converted to a corresponding digital output
      signal by a unique arrangement which corrects the digital output for the
      error component previously determined in the first cycle to provide a
      highly accurate conversion.
PAR  To develop the offset error signal during the first (or "pre-conversion")
      cycle, fixed-voltage reference signals of effectively opposite polarity
      are successively applied to the integrator so that its output first ramps
      away from a datum level for a first fixed period of time (as measured by a
      clock-pulse timing control), and then ramps back to the datum level. The
      error signal is represented by the time difference (in number of clock
      pulses) between (1) the time the integrator output returns to the datum
      level, and (2) the end of a second fixed period of time beyond the first
      fixed period of time and equal in duration to that time period.
PAR  During the subsequent conversion cycle, which commences immediately upon
      the return of the integrator output to datum level in the pre-conversion
      cycle, the unknown analog signal is applied to the integrator to make its
      output ramp away from the datum level during a third period of time, and
      then the integrator output is ramped back to its datum level by applying
      to the integrator an opposite-polarity reference signal. The magnitude of
      the unknown signal then is defined digitally by the time difference (in
      number of clock pulses) between (1) the time the integrator output returns
      to the datum level and (2) a reference clock time. The polarity of the
      unknown signal is indicated by whether the final return to the datum level
      occurred before or after the reference clock time.
PAR  In one embodiment of the invention disclosed in that earlier application,
      the third time period (i.e. the period of integration of the unknown input
      signal) was controlled by stopping the integration at a pre-set time
      period after the end of the second time period; this pre-set time period
      was made equal in duration to the preceding second time period (which in
      turn was equal in duration to the first time period). For developing the
      digital output signal at the completion of the conversion cycle, the
      reference clock time was set as the end of a pre-fixed time period beyond
      the third time period, with this pre-fixed time period being equal in
      duration to the immediately preceding pre-set time period.
PAR  In the above-described embodiment, the end of the third time period (i.e.
      the period during which the unknown signal was integrated) always occurred
      at a fixed time beyond the start of the pre-conversion cycle, whereas the
      start time of the third period varied, depending upon the magnitdue of the
      previously defined offset error signal. Thus the digital error signal was
      automatically introduced into the conversion cycle by correspondingly
      altering the amount of integration time to which the unknown signal was
      subjected, compensating for offset error so as to achieve markedly
      improved accuracy.
PAR  In another embodiment of the invention disclosed in the above-identified
      copending application, a still further improvement in accuracy was
      obtained by using the digital error signal to control not only the start
      time of the integration of the unknown signal, but also to control (1) the
      ending time of that integration, and (2) the reference clock time used as
      a base for developing the digital output signal. This more precise
      arrangement did require somewhat more complex equipment, and the circuitry
      for effecting the needed time controls introduced some unwanted design
      characteristics. For example, means had to be provided to store the
      digital error signal developed during the pre-conversion cycle, and means
      had to be provided to divide the stored digital error signal by a factor
      of two prior to using that signal for controlling the conversion
      operation. The present invention is aimed at achieving the desired high
      accuracy with a considerably simpler circuit arrangement which does not
      introduce undesirable design characteristics. The present invention also
      permits a more rapid conversion operation.
PAC  SUMMARY OF THE INVENTION
PAR  In an embodiment of the present invention, described in detail hereinbelow,
      there is provided an analog-to-digital converter comprising a linear
      integrator together with switch-control timing means arranged to operate
      the integrator through two successive cycles. During the first cycle,
      referred to herein as the "pre-conversion" cycle, the integrator is ramped
      away from a datum level for a fixed time interval by a reference signal of
      one polarity, and then is ramped back to datum level by a second reference
      signal of magnitude equal to the first reference signal but of opposite
      effective polarity. The ramp-up time is set at k/2 clock pulses (where k
      is an arbitrary even integer of relatively large magnitude). This
      pre-conversion cycle in effect measures the total offset voltage then
      existing in the electronic circuitry, with the magnitude of offset being
      defined digitally as the time difference (in number of clock pulses n)
      between (1) the return of the integrator output to the datum level, and
      (2) a fixed time preset at k clock pulses following the start of the
      pre-conversion cycle.
PAR  Immediately upon return to the datum level, the integrator is operated
      through its conversion cycle wherein the unknown analog signal first is
      applied to the integrator input to cause it to ramp away from the datum
      level. This integration continues for a period of time ending at 2k clock
      pulses following the start of the pre-conversion cycle. Thus, the net time
      of integration of the unknown analog signal is k-n clock pulses. After
      this ramp-up operation, the integrator is ramped back to the datum level
      by the same reference signal used to ramp back to datum in the preceding
      pre-conversion cycle. When the integrator output has returned to datum,
      the digital output signal is determined by measuring the time difference
      (in number of clock pulses N) between (1) the time of return to datum
      level and (2) a time set at 2k clock pulses following the start of the
      conversion cycle, i.e. at a time of k+n clock pulses after the end of the
      preceding integration of the analog signal.
PAR  Since k is a constant, it will be apparent that the time of integration
      (k-n) of the unknown analog signal is effectively controlled by the
      variable n representing the measured offset error. The net integration
      time is determined by a simple add-or-subtract function, in accordance
      with the sign of n. Such control over the integration time can readily be
      effected merely by terminating the analog signal integration at a fixed
      time after initiating the pre-conversion cycle. That is, the start time of
      the integration of the analog signal is a linear add/subtract function of
      the offset error n, so that the integration period can be made equal to
      k-n clock pulses merely by ending the integration at a fixed time.
PAR  Accordingly, in accordance with the present invention it is not necessary
      to store the number n to control the integration time. Moreover, by
      developing the digital output signal as the number of clock pulses between
      the time of return to datum level and a clock time of 2k pulses following
      the start of the conversion cycle, it is not necessary to perform any
      arithmetic operations (such as division) on the number n in order to
      control the conversion cycle. This permits the equipment to be of
      relatively simple design, and yet provides highly accurate performance. In
      accordance with still another aspect of the invention, the time required
      for the pre-conversion cycle is substantially reduced relative to the time
      required for the conversion cycle, thereby providing for a more rapid
      conversion than previously possible with a converter of this type.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a circuit diagram of a presently preferred embodiment of the
      invention; and
PAR  FIG. 2 is a time-graph illustrating the operation of the converter of FIG.
      1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the lower left-hand corner of FIG. 1, the presently
      preferred embodiment of the new converter comprises a linear integrator
      generally indicated at 10 and including an operational amplifier A2 with a
      feedback capacitor C1 and an input resistor R1 connected between the
      negative amplifier input terminal 12 and the output of a buffer amplifier
      A1. The positive input terminal 14 is supplied with a positive reference
      voltage E (approximately) from a voltage-divider circuit having two equal
      series resistors R2, R3 connected between ground and a reference supply of
      2E volts.
PAR  Prior to the start of a conversion operation, a switch HS is held closed by
      the HIGH output of a gate G2 (to be referred to in more detail
      hereinafter) to force the output of integrator 10 to the reference voltage
      E. This preliminary condition is indicated at 20 on the time graph of FIG.
      2, showing the magnitude of the integrator output as a function of time.
PAR  To initiate a conversion operation, a start pulse is applied by any
      conventional means to a Start terminal 22. This pulse will reset flip-flop
      FF3, turning off gate G2, and thereby opening switch HS. The output of
      flip-flop FF1 is already LOW at this time, and therefore the outputs of G1
      and G3 are low, along with the output of G2. Consequently, the output of
      G9 will go HIGH, turning on a switch RS to apply the reference voltage 2E
      to buffer amplifier A1 and thereby to the input resistor R1. The negative
      input terminal 12 thus receives 2E volts and the positive input terminal
      14 receives E volts. The integrator output will therefore ramp negatively,
      as indicated at 24 in FIG. 2.
PAR  The output of integrator 10 is connected to a comparator 26 which produces
      a positive logic signal when the integrator output reaches 0 (ground).
      This logic signal clocks the output of FF1 HIGH, causing the output of G1
      to go HIGH and the output of G9 to go LOW. Switch RS is thereby opened to
      remove the 2E reference voltage from the buffer amplifier A1, and a switch
      ZS is closed to connect ground to the buffer amplifier. This ground
      signal, when repeated through to input resistor R1, causes the integrator
      10 to start a positive up-ramp, indicated at 30 in FIG. 2 and also
      referred to as phase I.
PAR  Simultaneously with closure of switch ZS the output of G7 goes LOW to
      enable a gated oscillator 32 to produce clock pulses, and the output of G6
      goes LOW to remove the Reset of a counter CC1 which thus commences to
      count the clock pulses applied through G5, now enabled. The up-ramp (phase
      I) continues until the counter output k/2 goes HIGH to clock FF2 and
      produce a HIGH on its output B. This will cause the output of G1 to go LOW
      and the output of G9 to go HIGH, turning off switch ZS to terminate the
      up-ramp, and turning switch RS back on to initiate another down-ramp as
      indicated at 36 in FIG. 2 (phase II).
PAR  During this up-and-down-ramp action of integrator 10, the net input signal
      to the integrator includes not only the reference voltages referred to
      above, but also various offset voltages in the system. Thus, the buffer
      amplifier A1 and the integrator amplifier A2 have total offset voltages of
      e1 and e2, respectively, with e2 including the voltage developed by the
      integrator bias current flowing through the input resistor R1. Also, an
      offset voltage e3 is produced because resistors R2, R3 cannot be made
      exactly equal, with a further small error caused by the integrator
      positive bias current flowing into those resistors. All of these error
      voltages can be lumped conceptually together into a single error voltage
      designated e.
PAR  The up-ramp 30 is at a slope proportional to E+e and the down-ramp 36 is at
      a slope proportional to -E+e. It can be shown (see the Appendix forming a
      part of this application) that under these circumstances the net error
      voltage e of the system is represented by the number of clock pulses n
      between (1) the time the integrator output returns to the datum level (at
      t = k+n) and (2) the time k, i.e. when the counter CC1 reaches k clock
      pulses.
PAR  After the integrator output reaches datum at the end of phase II, the
      comparator 26 produces another positive logic signal, thereby clocking FF3
      so that its output C goes HIGH (because the output B of FF2 is HIGH at
      this time). This causes the Reset to be removed from a second counter CC2
      which thus begins to count clock pulses. Simultaneously, the output of G3
      will go HIGH and produce a LOW at the output of G9. Switch RS therefore
      opens and switch XS closes, causing the integrator 10 to ramp positively
      as indicated at 40 (phase III, FIG. 2), at a rate determined by the
      applied unknown analog voltage X. (It will be apparent that the slope of
      the ramp is determined not only by the magnitude of X, but also by its
      polarity. The ramp always will be positive providing the voltage X does
      not exceed E.)
PAR  This up-ramp 40 continues until the output 2k of CC1 goes HIGH, resetting
      FF1 so that its output A goes HIGH. This causes the output of G6 to go
      HIGH, resetting CC1 to 0. Simultaneously, the output of G3 goes LOW to
      open switch XS, and the output of G9 goes HIGH to close switch RS. Thus,
      the integrator 10 commences to ramp negatively as indicated at 42 (phase
      IV, FIG. 2) at the same rate as during the negative ramp 36. The counter
      CC2 is held in readiness to count clock pulses to indicate the magnitude
      of X.
PAR  If the input voltage X is positive, the output of integrator 10 will reach
      datum before the output 2k of CC2 goes HIGH. FF4 is provided to
      synchronize the output 2k of CC2 with a clock if CC2 is implemented as a
      ripple counter. (Note: If CC2 is a synchronous counter, FF4 is not
      needed.) When the output of comparator 26 goes HIGH, G8 produces an
      inverted signal which causes the output of G4 to go HIGH, directly
      resetting FF2 to a LOW output B and producing a HIGH output from G2. This
      closes HS, and, through G9, opens RS.
PAR  With HS closed, the integrator 10 is reset back to its initial state prior
      to the Start pulse. The HIGH output of G2 is synchronized to the clock by
      FF5, and the HIGH output of FF5 (HS') causes the output of G6 to go LOW.
      This removes the Reset from CC1 which thereupon starts counting clock
      pulses until the synchronized output of FF4 (2k') goes HIGH. At this
      instant, the output of G10 goes HIGH, disabling gate G5 and turning off
      the clock pulses at the input of CC1. The number N contained in CC1 is a
      direct measure of the input voltage X. (For a mathematical analysis,
      please refer to the Appendix.)
PAR  If the input voltage X had been negative, the output of CC2 (i.e. signal
      2k) will go HIGH before the output of the integrator 10 reaches datum.
      When the synchronized output of FF4 (2k') goes HIGH, the output of G6 will
      go LOW, removing the Reset from CC1 which thus begins to count clock
      pulses. This will continue until the input of comparator 26 reaches zero,
      at which time the synchronized output of FF5 (HS') goes HIGH. This causes
      the output of G10 to go HIGH, disabling gate G5 and stopping the clock
      pulses at the input of CC1. The number N contained in CC1 will corrrespond
      to the magnitude of the analog voltage X (see Appendix). The output of G10
      will be LOW during the entire conversion until the count N has been
      reached, and therefore serves as a circuit status or ready indicator.
PAR  The polarity of the analog signal X is detected by FF6 which is clocked by
      the output of FF4 (2k') to sample the state of the output of G2. If G2 is
      HIGH at the instant of FF4 output going HIGH, the output of FF6 will be
      HIGH to indicate negative polarity. Conversely, if X is positive, the
      output of FF6 will be LOW following a conversion, to indicate positive
      polarity.
PAR  Accordingly, it will be seen from the above description that the new
      converter is well suited to the attainment of the objects of the present
      invention. The error-responsive correction of the time of integration
      (phase III) is accomplished as a simple add/subtract function of the
      number n, and does not require the number n to be stored in order to
      effect control over the integration time. The total conversion cycle
      (phases III and IV) is of constant time duration, and thus is relatively
      simple to implement. There particularly is no need to perform any
      arithmetic operations on the number n in order to control the time
      durations of phase III and IV. And the new converter provides a conversion
      cycle (phase I and II) having a time duration approximately half as long
      as in the previous versions of this type of converter, thereby speeding up
      the overall conversion operation.
PAR  Although one specific preferred embodiment of the invention has been
      described hereinabove in detail, it is to be understood that this is for
      the purpose of illustrating the principles of the invention and is not to
      be construed as necessarily limiting of the invention except as required
      by the prior art.
PAC  APPENDIX
PAR  The Integral over Phases I and II is zero:
      ##EQU1##
      Differentiating, we get:
      ##EQU2##
      and hence, we get:
      ##EQU3##
      The Integral over Phases III and IV is also zero:
      ##EQU4##
      Differentiating, we get: (k-n) (E-x+e) + (k+n-N) (-E+e) = 0
PA1  kE=kX+ke-n (E-X+e) -kE+ke =n (-E+e) -N (-E+e)
PA1  2ke - kX - nE+nX -ne - nE + ne + N (E-e)
PA1  2ke - kX -2nE + NX + N (E-e)
PA1  N (e-e) = 2ke - kX +n (X-2E)
PAL  From (2) we substitute for n:
PA1  -N (E-e) = 2ke - kX + ke/E-e (X-2E)
PA1  -n (e-e).sup.2 = k (2e-X) (E-e) +ke (X-2E)
PA1  -n (e-e).sup.2 = k 2eE -2e.sup.2 - XE + Xe - 2eE
PA1  -n (e-e).sup.2 = k X (2e-E) - 2e.sup.2
      ##EQU5##
      or, writing a = e/E:
      ##EQU6##
      By series expansion:
      ##EQU7##
      By design, we can ensure that e/E is small (less than 0.001, say)
      therefore we can write as a very good approximation
      ##EQU8##
      Thus, we have achieved a linear transformation of the input signal from
      VOLTS to TIME (count) with a gain error, due to e of
PAC  Gain error: ka.sup.2
PAL  and an offset error, due to e of
PAC  Offset error = 2ka.sup.2
PAL  Note: for a = 0.001, a.sup.2 = 0.000001 which for e/E = 0.001 gives errors
      in gain and offset of 0.000001 FSD and 0.000002, respectively.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an analog-to-digital converter having an integrator which is first
      operated under control of reference signal means through a pre-conversion
      cycle wherein the integrator is ramped away from a datum level for a
      predetermined clock-pulse time and then is ramped back to the datum level,
      whereby the difference between the clock-pulse time of return to said
      datum level and a first predetermined clock-pulse time after the start of
      said pre-conversion cycle defines a digital offset error signal; the
      integrator thereafter being operated, under control of an unknown input
      signal and reference signal means, through a conversion cycle wherein the
      integrator is ramped away from datum level for a first time period and
      then is ramped back to datum level to develop a digital output signal
      corresponding to the clockpulse time difference between the second return
      to said datum level and the end of a second time period following said
      first time period, said digital output signal indicating the magnitude of
      the unknown signal applied to the integrator during at least part of said
      conversion cycle;
PA1  that improvement in said converter comprising:
PA1  first time-control means arranged to terminate said first time period at a
      time which is a second predetermined number of clock pulses after said
      first predetermined clock pulse time, whereby the length of said first
      time period is a simple add/subtract function of said offset error time
      difference; and
PA1  second time-control means arranged to terminate said second time period at
      a time which is a third predetermined number of clock pulses after the
      start of said first time period.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said first time-control means
      comprises means to control said first time period to a time duration equal
      to a predetermined number of clock pulses k less a number n corresponding
      to the number of clock pulses of said digital error signal.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, wherein said second time-control means
      comprises means to control said second time period to a time duration
      equal to k plus n, whereby the total time duration of said first and
      second time periods is 2k as measured in said clock pulses.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, wherein the time duration of said first
      ramp away from said datum level, during said pre-conversion cycle, is made
      equal to k/2 clock pulses.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, wherein said digital error signal is
      defined by the time difference between said first return to datum level
      and a time of k clock pulses following the start of said pre-conversion
      cycle.
NUM  6.
PAR  6. In an analog-to-digital converter of the type comprising an integrator
      arranged to produce a linear ramp signal at a ramp rate corresponding to
      an applied input signal;
PA1  first means for operating the integrator through a pre-conversion cycle in
      which it is (1) ramped by a reference signal away from a datum level for a
      first clockpulse time period comprising k/2 clock pulses (where k is a
      predetermined even integer) and then is (2) ramped back to the datum level
      to produce a digital indication of offset error represented by a clock
      pulse count of (k+n) at the time of return to the datum level where n is
      an integer reflecting the magnitude of said error;
PA1  second means for operating the converter through a conversion cycle in
      which it is (1) ramped by an applied unknown signal away from a datum
      level for a time terminating at the end of a second clock-pulse time
      period comprising a total of 2k clock pulses following the start of said
      preconversion cycle, and then is (2) ramped back to said datum level; and
PA1  third means for producing a digital signal responsive to the time
      difference, measured in clock pulses, between the second return to said
      datum level and a time which is 2k clock pulses after the start of said
      conversion cycle.
NUM  7.
PAR  7. In an analog-to-digital converter of the type comprising an integrator
      arranged to produce a linear ramp signal at a ramp rate corresponding to
      an applied input signal, and wherein the integrator first is operated
      through a pre-conversion cycle in which it is ramped by reference signal
      means away from a datum level for a predetermined first clock-pulse time
      period and then is ramped back to the datum level to produce a digital
      indication of offset error; and wherein the integrator thereafter is
      operated through a conversion cycle in which it is ramped by an applied
      unknown signal away from the datum level for a time terminating at the end
      of a second predetermined clock-pulse time period beyond said first time
      period, and then is ramped back to the datum level, the said time periods
      being so arranged that the clock-pulse time of return to the datum level
      in said conversion cycle provides information serving to produce a digital
      signal reflecting the magnitude of the unknown signal;
PA1  that improvement in such analog-to-digital converter wherein said first
      time period is a predetermined fraction of said second time period smaller
      than one-half.
NUM  8.
PAR  8. Apparatus as claimed in claim 7, wherein said first time period is
      exactly one-third of said second time period.
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PAL  Electronic analogue to digital converters of the integrating type wherein a
      capacitor is successively charged by an input signal and discharged by a
      reference signal, the time required for discharge serving as a measure of
      the amplitude of the input signal.
BSUM
PAR  The invention provides a converter wherein the integrator has differential
      inputs and control means applies the input signal to the same one of the
      inputs of the integrator, irrespective of polarity, and applies the
      reference signal to the same input as the signal if the signal is of
      opposite polarity to the reference signal, and applies the reference
      signal to the other input if the signal is of the same polarity as the
      reference signal.
PAR  The invention has application in measuring positive or negative input
      signals whilst employing a single principal reference signal and may be
      used advantageously in digital voltmeters for making d.c. measurements in
      the presence of interference.
PAR  This invention relates to analogue to digital converters of the integrating
      type and is particularly, but not exclusively, concerned with the use of
      such analogue to digital converters in digital voltmeters.
PAR  This class of converters includes "dual ramp" converters which are now
      widely known and used and whereof a description in the context of current
      state of the art is to be found, for example, at page 227 et seq of
      "Electronic Measurements and Instrumentation" published by the McGraw Hill
      book company. It also includes "triple ramp" voltmeters such as are
      described in our U.S. Pat. Specification No. 3678506 and it will be
      understood that in principle a larger number of ramps might be employed.
PAR  Known converters of this class typically provide, for the measurement of
      signals of either polarity, dual reference sources of equal voltage but
      opposite polarity; it is an object of the invention to avoid the need for
      such dual equal reference sources and the expense associated therewith.
PAR  According to the invention, an analogue to digital converter of the
      integrating type for providing a digital output signal representative of
      the magnitude of an analogue input signal comprises
PAR  AN INPUT TERMINAL FOR RECEIVING AN INPUT SIGNAL,
PAR  AN INTEGRATING CAPACITOR,
PAR  A CHARGING CIRCUIT HAVING FIRST AND SECOND INPUTS AND ARRANGED TO SUPPLY A
      CHARGING CURRENT TO THE INTEGRATING CAPACITOR, THE POLARITY OF THE
      CHARGING CURRENT BEING THE SAME AS THAT OF A SIGNAL APPLIED TO SAID FIRST
      INPUT AND OPPOSITE TO THAT OF A SIGNAL APPLIED TO SAID SECOND INPUT,
PAR  POLARITY TESTING MEANS ARRANGED TO RECEIVE A SIGNAL REPRESENTATIVE OF THE
      INPUT SIGNAL FOR TESTING THE POLARITY OF THE INPUT SIGNAL AND PROVIDING AN
      OUTPUT SIGNAL REPRESENTATIVE OF SAID POLARITY,
PAR  A SOURCE OF AT LEAST ONE REFERENCE SIGNAL,
PAR  FIRST SWITCH MEANS FOR ESTABLISHING A SIGNAL PATH BETWEEN THE INPUT
      TERMINAL AND A PREDETERMINED ONE OF SAID INPUTS OF THE CHARGING CIRCUIT,
PAR  SECOND SWITCH MEANS RESPONSIVE TO THE SIGNAL REPRESENTATIVE OF POLARITY FOR
      ESTABLISHING A SIGNAL PATH BETWEEN THE SOURCE OF REFERENCE VOLTAGE AND
      SAID PREDETERMINED INPUT OF THE CHARGING CIRCUIT IF THE INPUT SIGNAL AND
      THE REFERENCE SIGNAL ARE OF DIFFERENT POLARITY AND FOR ESTABLISHING A
      SIGNAL PATH BETWEEN THE SOURCE OF REFERENCE VOLTAGE AND THE OTHER INPUT OF
      THE CHARGING CIRCUIT IF THE INPUT SIGNAL AND THE REFERENCE SIGNAL ARE OF
      THE SAME POLARITY, SO THAT THE CHARGE ACQUIRED BY THE CAPACITOR FROM THE
      CHARGING CIRCUIT DURING APPLICATION OF THE INPUT SIGNAL IS DEPENDENT UPON
      THE MAGNITUDE OF THE INPUT SIGNAL AND IS DISCHARGED BY THE APPLICATION OF
      THE REFERENCE SIGNAL,
PAR  CLOCK PULSE GENERATOR MEANS AND,
PAR  PULSE COUNTING MEANS FOR COUNTING CLOCK PULSES DURING THE APPLICATION OF
      THE REFERENCE SIGNAL SO AS TO PROVIDE DIGITAL OUTPUT SIGNAL REPRESENTATIVE
      OF THE MAGNITUDE OF THE INPUT SIGNAL.
DRWD
PAR  The invention will now be described by way of non-limitative example with
      reference to the accompanying drawings in which
PAR  FIG. 1 is a block circuit diagram of a digital voltmeter in accordance with
      the invention.
PAR  FIGS. 2(a) and 2(b) show the voltage waveform at a point in the circuit of
      FIG. 1 under different operating conditions of the circuit.
DETD
PAR  Referring now to FIG. 1, an input point 1 is connected through a solid
      state switch 2 to a circuit point 3 which in turn is connected to switches
      5, 6, 7 and 8 and to an integrating amplifier comprising resistor 4
      connected to the inverting input 10 of a differential amplifier 11 having
      an output 12 and a non-inverting input 13 with a capacitor 14 connected
      between the output 12 and the inverting input 10.
PAR  The output 12 is connected through a resistance 15 to the inverting input
      16 of a differential amplifier 17 which has an output terminal 20 and a
      non-inverting input 21. A resistance 22 and two oppositely directed diodes
      23 and 24 are connected in parallel with each other between the output 20
      and the inverting input 16, so that amplifier 17 acts as a limiting
      amplifier.
PAR  The output 20 is connected through resistance 25 to the inverting input 26
      of differential amplifier 27 which has an output 30 and a non-inverting
      input 31.
PAR  The output 30 is connected through a feedback resistance 32 to the
      inverting input 26 so that the amplifier 27 provides further gain. The
      output 30 is also connected through a resistance 33 to the base of
      transistor 34 which is connected with transistor 35 in long-tailed pair
      configuration.
PAR  The non-inverting inputs 21 and 31 of amplifiers 17 and 27 respectively are
      connected through resistances 40 and 41 to a common circuit point 42.
      Resistance 36 is connected between circuit point 42 and the base of
      transistor 35.
PAR  Circuit point 42 is connected to the non-inverting input 43 of amplifier 44
      which has an output 45 and an inverting input 46 connected through
      resistance 47 to output 45 in voltage-follower configuration. The output
      45 of amplifier 44 is connected via switch 5 to circuit point 3.
PAR  The output 30 of amplifier 27 is also connected through resistance 50 to
      the inverting input 51 of an amplifier 52 the non-inverting input 53 of
      which is connected to ground. The output 54 of amplifier 52 is connected
      through switch 56 and a resistance 55 to the non-inverting input 57 of an
      amplifier 60. The output 61 of amplifier 60 is connected to a potential
      divider formed by resistances 62 and 63 in series, the common junction of
      these resistances being connected to the non-inverting input 13 of
      amplifier 11 and the other terminal of resistance 63 being connected to
      circuit point 42. A capacitor 64 is connected between point 42 and the
      input 57 of amplifier 60 and another capacitor 65 is connected between
      circuit point 42 and ground.
PAR  A resistance 66 is connected between point 42 and a common junction 67 of
      three switches 70, 71 and 72.
PAR  The collector of transistor 34 is connected to a load resistance 73 and to
      the base of transistor 74. Transistor 74 has a collector 75 to which is
      connected a load resistance 76.
PAR  It will be appreciated that the amplifier 11 together with its input
      resistor 4 and capacitor 14 constitutes an integrator which will integrate
      signals appearing between circuit point 3 and the non-inverting input 13.
      Amplifiers 17 and 27 and the transistor pair 34 and 35 constitute a
      comparator responsive to differences of potential between the output 12 of
      the integrator 11 and the common circuit point 42.
PAR  Amplifiers 52 and 60 and their associated components and switches provide a
      feedback loop for correction of drift. Amplifier 44 with switch 5 provides
      a means of impressing on circuit point 3 any voltage change at circuit
      point 42.
PAR  The collector 75 of transistor 74 is connected to one input of an AND-gate
      80, another input 81 of which is connected to a sequence controller 82.
      The output of the AND-gate 80 is connected to the set input of bistable
      83, the reset input 84 of which is connected to the sequence controller
      82. Signals from the set and reset outputs of bistable 83 at circuit
      points 85 and 86 respectively are also connected to the sequence
      controller 82 to provide, as will be seen, signals representative of the
      polarity of the input signal for control of the measurement cycle.
PAR  The collector 75 is also connected to the respective inputs of an inverter
      87, and a delay 90, and to one input of a 3 input AND-gate 91. The output
      of delay 90 is connected to inverter 92 and to one input of a 3-input
      AND-gate 93, another input of which is connected to the output of inverter
      87. The output of a clock pulse generator 94 is connected to inputs of
      gates 91 and 93; the third gate of gate 91 is connected to the output of
      inverter 92. The delay introduced by delay 90 is longer than the period
      between successive pulses from clock pulse generator 94, so it will be
      seen that when the level at the output of the comparator, that is to say
      at collector 75, changes from 0 to 1 or from 1 to 0 a signal will appear
      at the output of gate 91 or gate 93 respectively, with the occurrence of
      the first clock pulse after the change.
PAR  The outputs of AND-gates 91 and 93 are connected respectively to two inputs
      of a 3-input OR-gate 97 the output of which is connected to the set input
      of bistable 95. The reset input 96 of bistable 95 is connected to the
      sequence controller 82. The set output of bistable 95 is connected to the
      sequence controller at point 132 and the reset output is connected to one
      input of a 3-input AND-gate 100 and also to one input of 3-input AND-gate
      101. A second input of gate 100 and a second input of gate 101 are
      connected to receive pulses from clock pulse generator 94 and the third
      inputs of gates 100 and 101 are connected respectively to the set and
      reset outputs of a bistable 102. Bistable 102 is set and reset by signals
      on control lines 104 and 103 respectively from sequence controller 82.
PAR  The output of gate 101 is connected to a terminal 105 of a counter 106.
      Counter 106 is a bi-directional counter having four decade stages in
      cascade and arranged to count up by increments of 10 in response to pulses
      at a terminal 105 of least-significant-but-one decade and to count down
      units in response to pulses at a terminal 107 of the least significant
      decade. When the counter 106 has reached its full complement, 9999, the
      next pulse at terminal 105 causes a carry pulse to appear at a "carry"
      terminal 108 and the contents of the counter are re-set to 0000. The
      counter may also be reset to 0000 by a pulse from the sequence controller
      82 on a control line 109.
PAR  The carry output at terminal 108 is connected to the third input of three
      input OR-gate 97. Individual decade stages within the counter are
      connected in known fashion through AND-gates 110 (not all shown, in
      interests of clarity) to a staticiser register decoder and display unit
      111. The gates 110 are also all connected to receive a signal from the
      sequence controller 82 on control line 112 so that a signal on 112 opens
      the gate to allow parallel transfer of the contents of counter 106 into
      the staticiser register 111.
PAR  A polarity staticiser and display 113, for displaying the polarity of the
      input signal, is connected to the output 114 of a two input AND-gate 115,
      the inputs whereof are respectively connected to control line 112 and the
      reset output 86 of bistable 83.
PAR  It will be appreciated that sequence controller 82 not only holds the logic
      for progressing from one phase of the measurement cycle to the next, as
      will be described, but also for providing signals to open and close gates
      and to set and reset bistables etc. during these various phases of the
      cycle. Accordingly, control signals are provided by the sequence
      controller 82 to the various switches as follows:
PA1  to switch 2 on control line 121
PA1  to switch 8 on 122
PA1  to switch 7 on 123
PA1  to switch 6 on 124
PA1  to switch 5 on 125
PA1  to switch 72 on 126
PA1  to switch 71 on 127
PA1  to switch 70 on 128
PA1  to switch 56 on 129
PAL  One pole of each of switches 6, 7 and 8 is connected to the common point 3;
      the other poles are connected respectively to a first source of negative
      reference voltage V.sub.1 at point 130, to a second source of negative
      reference voltage V.sub.2 at point 131, and to ground. The magnitude of
      V.sub.1 is ten times that of V.sub.2.
PAR  Switches 70, 71 and 72 similarly each have one pole connected to common
      point 67 and their other poles connected respectively to ground, to the
      second reference voltage at point 131 and to the first reference voltage
      at point 130.
PAR  It will be appreciated that although the symbol for a junction transistor
      is shown for switches 2, 6, 7 etc., insulated gate or bipolar transistors
      or other suitable switches, not excluding mechanical switches, may be
      selected for each application according to the performance required and
      the preferred manufacturing technology.
PAR  The operation of the voltmeter will now be described with reference to both
      FIGS. 1 and 2. In the interests of clarity the horizontal axis or time
      base of the FIG. 2 is highly non-linear and has been expanded in respect
      of the intervals shown as t.sub.2, t.sub.3 in relation to periods t.sub.1,
      t.sub.4 and t.sub.6.
PAR  The measurement cycle comprises 8 well defined phases each marked by
      signals from the sequence controller 82. Immediately before the beginning
      of the measurement cycle switches 8 and 70 are closed by means of
      potentials applied by the sequence controller on lines 122 and 128
      respectively but all other switches are open. Bistables 102 and 83 have
      been re-set by means of signals at 103 and 84, bistable 95 has been set at
      the end of the previous cycle.
PAR  At the beginning of the first phase the sequence controller 82 provides a
      signal on line 96 to re-set bistable 95 and, at point 121, to close switch
      2. Simultaneously the enabling signal on line 122 holding switch 8 closed
      is removed so the point 3 is now connected to the input signal. Pulses
      from clock pulse generator 94 pass through gate 101, enabled by the
      re-setting of bistables 102 and 95, into terminal 105 of counter 106.
PAR  This state will continue until a carry bit at terminal 108 passing through
      OR gate 97 sets bistable 95 thereby removing one of the enabling signals
      at gate 101. At the same time the change at point 132 passes to the
      sequence controller marking the end of phase 1. The enabling signal is
      removed from point 121 and restored to point 122, thereby opening switch 2
      and closing switch 8 to connect the input point 3 to ground.
PAR  By a suitable choice of frequency of clock pulse generator 94 and the `full
      house` count of counter 106, phase 1 may be made a convenient period, for
      example 100 milliseconds.
PAR  During the first phase an input signal applied to terminal 1 is integrated
      for a fixed period of time to charge capacitor 14. At the end of the first
      phase the polarity of this charge is tested in order to determine the
      polarity of the input signal; thereafter the way in which reference
      potentials are applied to the integrator to discharge the capacitor 14
      depends upon the polarity of the input signal. Consider first the
      measurement of a positive signal applied to point 1 and refer to FIG. 2(a)
      where phase 1 is marked by the time interval t.sub.1 during which the
      output of the integrator ramps negatively in response to the positive
      input signal at point 1.
PAR  The second phase is a short time interval, t.sub.2, to allow any transients
      to settle. At the end of period t.sub.2 the polarity at the output of the
      comparator, point 75, is tested by an enabling signal from the sequence
      controller at point 81 so that if the output of gate 80 is 1 the bistable
      83 will be set, but if it was 0 the bistable 83 will remain re-set. It
      will be seen that a positive input signal at point 1 will provide a 0 at
      point 75 and so leave the bistable 83 re-set.
PAR  A third timed interval t.sub.3, is provided immediately after t.sub.2 but
      in the case of a positive input signal, no further switching takes place
      until the beginning of the next phase t.sub.4.
PAR  At the beginning of interval t.sub.4 the enabling voltage is removed by the
      sequence controller from point 122 and applied instead to point 124
      thereby opening switch 8 and closing switch 6. At the same time enabling
      voltage is restored to point 96 to re-set bistable 95 and once again admit
      clock pulses from clock pulse generator 94 through gate 101 and terminal
      105 into the counter 106.
PAR  The application of the negative voltage V.sub.1 at point 130 to the input 3
      causes the output of the integrator at point 12 to start to ramp back
      towards zero as shown in FIG. 2(a). As the output of the integrator passes
      through zero the voltage at point 75 changes from 0 to 1. The signal at
      the output of delay 90, inverted by inverter 92, will remain positive for
      a short time after the change so that, with the next pulse from clock
      pulse generator 94, all three inputs to gate 91 are enabled and an output
      signal sets bistable 95. This removes the enabling signal from gate 101,
      and a signal from the set output of bistable 95 to the sequence controller
      at 132 disables the signal at point 124 to open switch 6, and provides
      signals at points 125, to close switch 5, to point 127, to close switch 71
      and to point 103 to set bistable 102. A further time delay t.sub.5, equal
      in length to delay t.sub.3, is initiated.
PAR  Application of the second negative reference voltage V.sub.2 through the
      switch 71 to point 67 causes the potential at point 42 to approach
      exponentially the value V.sub.2 as a result of the filtering action of
      resistance 66 and capacitor 65. Further, the voltage change at point 42 is
      impressed on the input circuit point 3 by means of the voltage follower 44
      through the switch 5. As a result of this filtering action, the rate of
      change of voltage applied to the two differential inputs of amplifier 11
      is reduced so that there is no change in the charge on the capacitor 14 as
      a result of the change in level of the input point 13 from ground to that
      of the negative reference voltage. The period t.sub.5 must be much longer
      than the time constant of the filter formed by resistance 66 and
      capacitance 65 to allow the potential at point 13 substantially to reach
      that of point 131. Because the change in potential has been applied to the
      non-inverting input 13 of amplifier 11 as well as to common point 3 there
      will be a change in the output of the integrator 11 at point 12 following
      that applied to point 13; this is illustrated in FIG. 2(a). At the time it
      will be noted that the non-inverting input of the comparator at point 21
      has also been changed by the same amount equal to the second negative
      reference voltage so that the comparator will still change state when the
      voltage across capacitor 14 passes through zero.
PAR  During the sixth phase of the measurement cycle the enabling voltage is
      removed by the sequence controller from the point 125 and applied to point
      122, thereby connecting point 3 to ground. At the same time a signal to
      point 96 re-sets bistable 95. Since bistable 102 has been set, clock
      pulses will pass through gate 100 into the `units` stage of counter 106
      for subtraction from the number, an integral count of tens, counted up
      during the fourth phase. It will be appreciated that the relative
      significance accorded to clock pulses during the fourth and sixth phases
      corresponds to the relative magnitude of V.sub.1 and V.sub.2. Because the
      circuit point 3 is now positive with respect to the non-inverting input 13
      of amplifier 11, the output of the integrator at point 12 will now ramp
      negatively until it reaches a value -V.sub.2 at which point the comparator
      will signal a voltage change from positive to negative. This will provide
      a 1 at the output of inverter 87, a delayed 1 at the output of delay 90
      and accordingly gate 93 will open on the next clock pulse from clock pulse
      generator 94 passing through AND gate 97 to set bistable 95. This removes
      the enabling voltage from gate 100 and so stops the flow of clock pulses
      to counter 106.
PAR  The number in counter 106 is dependent upon the time taken to discharge
      completely the charge acquired by capacitor 14 from the input signal to be
      measured at point 1 during the timed period of phase 1.
PAR  A signal from the set output 132 of bistable 95 into the sequence
      controller marks the transition from period t.sub.6 to t.sub.7. The
      enabling voltage is removed from point 127 and applied to point 128 so
      that point 67 is now grounded and point 42 returns at a rate limited by
      resistance 66 and capacitor 65 towards ground. At the same time the
      enabling voltage on point 122 is removed and transferred to point 125
      thereby impressing the change of voltage at circuit point 42 on the
      circuit point 3 so as to avoid a potential between the inverting and
      non-inverting inputs of amplifier 11 during the transition.
PAR  During the interval of t.sub.7 the contents of counter 106 are transferred
      into a staticiser register 111 by means of an enabling signal at point 112
      applied to gates 110. The same signal at 112 opens gate 115 if bistable 83
      was re-set, thereby entering a plus sign in staticiser 113 if the input
      signal was positive.
PAR  At the end of period t.sub.7, which is of the same duration as t.sub.3 and
      t.sub.5, the counter 106 is restored to zero by signal from the sequence
      controller on line 109.
PAR  The final stage in the cycle is phase 8, drift correction, wherein the
      enabling voltage is removed from point 125 and transferred to point 122,
      thereby grounding circuit point 3; at the same time an enabling voltage is
      applied to point 129 to close switch 56 so that any voltage at the input
      of amplifier 52 is amplified, inverted and applied through resistance 55
      to capacitor 64. Amplifier 60 presents a high input impedance to capacitor
      64 so that its output remains constant during the following cycle. A
      proportion of the output voltage from amplifier 60 appears across
      resistance 63 and is applied to the non-inverting input of amplifier 11.
      It will be seen that the action of the drift correction loop is to sample
      the voltage at point 30 during each cycle and to charge the capacitor 64
      so as to counteract the drift at point 30.
PAR  The operation of the embodiment of FIG. 1 in measuring a negative voltage
      will now be explained with reference to FIG. 2(b). During phase 1, for
      period t.sub.1 the input signal is applied, as already described, to
      circuit point 3 by closing switch 2 so that the output of the integrator
      ramps positively in response to the negative input signal. A brief period
      t.sub.2 follows t.sub.1 during which circuit point 3 is connected to
      ground through switch 8. After t.sub.2 the polarity at the output of the
      integrator is tested by applying an enabling voltage from a sequence
      controller to gate 80 at point 81. Since the output of the comparator at
      point 75 is also 1, the bistable 83 will be set and a signal from the set
      output 85 to the sequence controller will dictate the switching operation
      during periods t.sub.3, t.sub.4, t.sub.5, t.sub.6 and t.sub.7 which differ
      from those in measuring a positive input signal.
PAR  At the beginning of period t.sub.3 enabling signals are applied on lines
      126 and 125 by the sequence controller to close switches 72 and 5 and
      removed from lines 128 and 122 to open switches 70 and 8. The first
      negative reference voltage V.sub.1 at point 130 is impressed through the
      filter formed by resistance 66 and capacitor 65 onto circuit point 42 and
      thence through amplifier 44 and switch 5 onto circuit point 3; both the
      inverting input 10 and non-inverting input 13 of amplifier 11 slew towards
      -V.sub.1, substantially reaching this potential before the end of period
      t.sub.3. This imposes a corresponding change on the output voltage at
      point 12 of integrator 11 as shown in FIG. 2(b).
PAR  At the beginning of period t.sub.4 the circuit point 3 is disconnected from
      the output of amplifier 44, and connected to ground by removal of the
      enabling voltage from point 125 and applying it instead to point 122 to
      close switch 8. The circuit point 3 is now positive with respect to the
      non-inverting input 13 of amplifier 11 by an amount equal to the first
      reference voltage so that the output of the integrator starts to ramp
      negatively at point 12. As the voltage at point 12 passes through a level
      equal to -V.sub.1 the comparator, the non-inverting input of which is also
      connected at point 42 to -V.sub.1 changes over and a signal appears at the
      output of gate 93 coincident with the first clock pulse after the
      comparator changes. The signal appearing at the output of gate 93 passes
      through gate 97 to set bistable 95 and close gate 101.
PAR  Unless the changeover of the comparator at point 75 was exactly coincident
      with a clock pulse from clock pulse generator 94, the negative-going ramp
      at the output of integrator 12 will slightly have overshot the point of
      zero potential across capacitor 14 and must now be restored to its
      starting point by application of a reference signal in the opposite sense.
PAR  The end of phase 4 is marked by the signal from bistable 95 at point 132 to
      sequence controller 82, whereupon the enabling signal is transferred from
      line 126 to line 128 to connect circuit point 67 to ground via switch 70
      from line 122 to line 125, closing switch 5 so that circuit point 3
      follows circuit point 42 in returning to ground potential. At the end of
      period t.sub.5 circuit point 42 is at ground potential and the output of
      the integrator at point 12 represents the "overshoot." This is removed
      during phase 6 by the application of the second reference potential
      V.sub.2 through gate 7 to circuit point 3; sequence controller transfers
      the enabling signal from point 125 to point 123 to close gate 7. At the
      same time, during phase 6, the bistables 102 and 95 are set thereby
      directing clock pulses through gate 100, into the units count-down
      terminal 107 of counter 106. The end of phase 6 is marked by transition at
      the output of comparator, point 75, from 0 to 1 thereby opening gate 91 on
      the first clock pulse thereafter and setting bistable 95 to close gate
      100.
PAR  At this point the contents of the counter are again dependent on the time
      required to discharge completely the charge acquired from the input signal
      by capacitor 14 and this number will be transferred to the staticiser and
      display 111 during the next stage as previously described. The resetting
      and drift correction follow the same course already described as those
      following application of a positive input voltage.
CLMS
STM  We claim:
NUM  1.
PAR  1. An integrating analogue-to-digital converter for producing a digital
      output signal representative of the magnitude of an analogue input signal,
      the converter comprising:
PA1  an input terminal for receiving the analogue input signal;
PA1  integrating means comprising a differential amplifier having an inverting
      input, a non-inverting input and an output, and an integrating capacitance
      negative-feedback connected between said output and said inverting input;
PA1  first switch means for coupling the input terminal to a predetermined input
      of the differential amplifier during a first time interval, whereby the
      capacitance is charged to a voltage whose magnitude and polarity are
      dependent upon the magnitude and polarity of the analogue input signal;
PA1  polarity testing means arranged to receive a signal representative of the
      voltage across said capacitance and responsive thereto to produce an
      output signal having a first level representative of one polarity of the
      voltage across the capacitance and a second level representative of the
      other polarity of the voltage across the capacitance;
PA1  a source of at least one reference voltage;
PA1  second switch means responsive to the output signal produced by the
      polarity testing means at the end of the first time interval to couple the
      reference voltage source to said predetermined input of the differential
      amplifier if the analogue input signal and the reference voltage are of
      different polarity, whereby to discharge the capacitance, and to couple
      the reference voltage source to the other input of the differential
      amplifier and temporarily to said predetermined input if the analogue
      input signal and the reference voltage are of the same polarity, whereby
      to slew the respective voltages at both inputs and the output of the
      differential amplifier by an amount equal to the reference voltage, while
      preserving the voltage across the capacitance substantially unchanged, and
      to subsequently discharge the capacitance, the discharging of the
      capacitance taking place, in either case, during a second time interval
      whose end is indicated by a change in the output signal produced by the
      polarity testing means from one level to the other;
PA1  a source of clock pulses; and
PA1  pulse counter means arranged to count clock pulses during the second time
      interval, whereby to produce a digital output signal representative of the
      magnitude of the analogue input signal.
NUM  2.
PAR  2. A converter as claimed in claim 1, wherein the integrating means further
      comprises an input resistance connected to the inverting input of the
      differential amplifier, and wherein the first switch means is arranged to
      couple the analogue input signal to said inverting input via said input
      resistance, whereby said inverting input constitutes said predetermined
      input.
NUM  3.
PAR  3. A converter as claimed in claim 2, wherein the second switch means
      includes a voltage follower amplifier for effecting said temporary
      coupling of the reference voltage source to the inverting input of the
      differential amplifier, said temporary coupling being effected via said
      input resistance.
NUM  4.
PAR  4. A converter as claimed in claim 3, further comprising a low pass filter
      connected in series between the reference voltage source and both the
      non-inverting input of the differential amplifier and the voltage follower
      amplifier, whereby the rate of change of voltage at the respective inputs
      of the differential amplifier in response to a step voltage change at the
      input of the filter does not exceed the maximum slew rate of the
      differential amplifier.
NUM  5.
PAR  5. A converter as claimed in claim 1, further comprising timing means
      connected to control the first switch means so as to couple the input
      terminal to said predetermined input of the differential amplifier for a
      time interval of substantially predetermined duration.
NUM  6.
PAR  6. A converter as claimed in claim 2, wherein the polarity testing means
      comprises a voltage comparator having first and second inputs respectively
      coupled to the non-inverting input and the output of the differential
      amplifier.
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ABST
PAL  A system for varying the function of a keyboard using a plurality of status
      keys to select a function. The status keys form a binary which are decoded
      in a first word decoder forming a single word which are fed to a plurality
      of binary decoders one each associated with one of the information keys on
      the keyboard for controlling the readout thereof. The information keys are
      also switches that activate a word encoder for producing a final output. A
      comparator gate can be interposed between the word encoder and the
      selection switches of the information keys, the gate being enabled by the
      first word decoder. The decoded word originating from the status keys also
      feed a segment decoder which activates segments surrounding selected
      information key elements.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes without the payment of any royalty
      thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to processing, coding, and/or interpretation of
      manually initiated commands, and more particularly to a multi-keyed
      input/output device.
PAR  The function to be performed is to provide a category-, function-, or
      purpose-oriented keyboard system that serves as the man-machine interface
      to a complex data information-handling system. Further, it is to provide a
      selectable input/output organization peculiar to the category, function,
      purpose, etc.
PAR  The prior art consists of very limited display repertoires associated with
      the keyboard selectors. The system of selector configurations is also very
      limited. E.g., typical keyboards, for computers, and the like, consist of
      alphanumeric character selectors that can be depressed (or otherwise
      actuated). These keyboards provide full capability but it requires a
      number of selections before anything meaningful or readable has been
      selected.
PAR  A second major limitation is that the numbers of distinct selections is
      limited to the total number of selectors in the keyboard matrix. E.g.,
      most keyboards include the alphabetical selectors A through Z (26
      selectors), the numeric selectors 0 through 9 (10 selectors), and a few
      special selectors (varying from 4 to 8 usually).
PAR  This invention provides the uniqueness of multiple display messages for
      each keyboard selector/readout, thereby providing N times the total number
      of actual selectors/readouts as the total number of functional
      selectors/readouts; where N is the number of readout messages available
      for a given selector/readout.
PAR  Another feature is that this invention provides a mass readout selection
      capability for all (or part) of the selector/readouts based on some other
      singular selection. That is, a staging button can be selected, thereby
      setting up each selector/readout in the keyboard for a function related to
      the staging button.
PAR  Still another feature is that this invention reduces the error normally
      associated with the readout and selection of functions not directly
      associated with a task. The reduction of error is attributed to three
      things: (1) built-in logic to inhibit or prohibit actuations not
      associated with preselected requirements; (2) provision of readout
      messages not requiring interpretation to understand their functional
      relationship to the task at hand; and (3) sequential illumination feature
      provides the means whereby the initial staging of the keyboard
      illuminates/activates a small group of selectors/readouts and subsequent
      selection of one of them, then illuminates/activates a second group, and
      so on, until all selections in a sequence have been completed.)
PAC  SUMMARY OF THE INVENTION
PAR  The invention, as herein embodied, includes a keyboard (or keys) with
      integrated readouts incorporated as part of the keys; staging keys with
      integrated readouts as part of the keys (optional), encoding and decoding
      electronics for the readouts and key inputs; power supplies for the
      electronics, and a mechanical assembly for housing the keyboard (keys),
      readouts, electronics, and power supplies. An alternate to this invention
      can exclude the power supply and use an external electronic power source.
      Another alternate to this invention is the addition of segmented
      electroluminescent materials around each key of the keyboard to enable
      staging and subsequent lighting of these sections to "set off" groups of
      the keys of the keyboard. There is also an electrical interface for
      providing a coded or direct output to another device that uses electrical
      signals from this invention. In addition, this invention can receive
      primary or secondary commands from external devices via an electrical
      interface.
PAR  For standardization, the invention uses (but is not necessarily limited to)
      binary (two-state) mechanically actuated push-to-actuate buttons
      (normally) momentary pushbutton switches) to provide a manually selected
      output upon actuation. The buttons (switches) are an integral unit with a
      selectable multi-state readout device (alphanumeric/character readout
      device) such that a button is illuminated or lighted to inform the
      operator (user) as to the specific interpretation of the button being
      actuated at a particular time. The keyboard button indicators are staged
      (programmed) for a specific meaning by the actuation (or selection) of a
      separate set of manually actuated (selected) actuators (switches). The
      actuators that stage the keyboard buttons (indicators) are decoded (or
      encoded) to interface with the multi-state readout device (keyboard button
      indicators). The same staging process can stage the electroluminescent
      sections that surround the keyboard buttons (optional capability). The
      staging actuators are normally part of the invention but can be remote and
      interfaced with the invention. The output of the keyboard button is an
      electronic binary signal (binary level output) that is provided as an
      output of the invention for use as an input to other devices. The output
      is normally coded with the staging button to indicate which readout state
      it is associated with, but it can be provided as a distinct output by
      itself and can be interpreted by the device using the signal. Driver and
      decoder/encoder electronics are used with the readouts, keyboard buttons,
      and staging buttons to provide signal conditioning and buffering for
      proper operation. A power supply (or power supplies) is either provided
      internally to the invention or externally to furnish power to the
      electronics. The mechanical assembly provides a chassis for housing the
      mechanical and electrical units and a guide for guaranteeing proper
      mechanical actuation of the keyboard and staging buttons.
PAR  One object of this invention is to provide a multipurpose keyboard as an
      input or input/output device for on-line or off-line man-machine systems.
PAR  Another object of this invention is to provide sets of alphanumeric and
      special characters for different modes of operation, thereby reducing
      error rates associated with limited alphanumeric keyboards.
PAR  Other objects and features of this invention will become apparent from the
      following description when read in conjunction with the accompanying
      drawings in which:
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PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a panel layout for the multipurpose keyboard;
PAR  FIG. 2 is an isometric view of one of the keyboard pushbutton indicators
      shown in FIG. 1;
PAR  FIG. 3 is a block diagram of the total system electronics;
PAR  FIG. 4 is an isometric view of one of the staging buttons;
PAR  FIG. 5 is an isometric view of one of the status indicators;
PAR  FIGS. 6a - 6e are pictorials of the keyboard selectors/readouts showing
      five conditions of staged readouts; and
PAR  FIGS. 7a - 7c are pictorials of the keyboard selectors/readouts showing
      three conditions of sequenced readouts.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the general layout of the invention is shown.
      Selectors/readouts 3 are arranged in a predetermined fashion, generally a
      meaningful format, depending upon the users specific requirements. The
      format is independent of the operation (i.e., in computer applications it
      would be likely that the format would be a 4 .times. 10 matrix as shown).
      Selectors/readouts 3 are equivalent to the standard alphanumeric keyboard
      but are not necessarily designated as such here. Staging selectors 1
      provide a staging function in that their selection programs (sets)
      selectors/readouts 3 for a specific category, function, or purpose. Status
      readouts 5 provide status information regarding the overall operation of
      this unit (or possibly of the entire system). Switch A provides for normal
      ON-OFF (or STANDBY-OPERATE) functions. Electroluminescent segments 2
      provide partitioning of selectors/readouts 3 by functional groupings.
PAR  FIG. 2 shows the details of a selector/readout 3. The selector/readout 3
      incorporates selector B (momentary pushbutton, alternate action, light
      beam interruptor, etc., switch) with a readout 6 and 7 to provide an
      integrated selector/readout. Readout 6 and 7 pictured is a rear-projected
      readout using selectable lamp array 7 that projects through an area of a
      film chip 6. The film chip is provided with a matrix of messages enabling
      (functional) selection of any one of the N messages, where N is the total
      number of messages on the film chip. The readout could be mechanized as EL
      (electroluminescent), liquid crystal, or any other suitable device. Here
      it is shown as a lighted rear-projected readout assembly.
PAR  FIG. 4 shows the details of the staging selectors 1 which include ON-OFF
      switches E of the type described in FIG. 2. The selector also incorporates
      readout D (ON-OFF) that illuminates fixed (nonprogrammable) message C. As
      an option, this selector could be of the type described in FIG. 1 above,
      which would allow even greater flexibility.
PAR  FIG. 5 shows the details of status readouts 5 which include indicators F
      with fixed messages G. As an option, this readout could be of the type
      described in FIG. 1 which would allow even greater flexibility.
PAR  FIG. 3 shows the details of the functional block diagram of an embodiment
      of the invention. Lamp drivers 9, 16, and 17 provide buffering and power
      for the associated readouts. Buffer 11 provides buffering and/or FF memory
      for selector switch B. Comparator 12 provides a gated control of the
      output to the word encoder 13 (preventing false signal inputs). Binary
      decoder 10 provides decoding of word decoder 13 into a singular command
      for illuminating single readouts of readouts/selectors 3 (e.g., a BCD to
      10 line decoder -- decodes BCD inputs into 10 line outputs). Word encoder
      13 takes all inputs from the readout/selector 3 sources and converts them
      into one or more binary words depending upon the size of the keyboard.
      Word decoder 14 takes all the inputs from the staging selectors 1 and/or
      external inputs and decodes them into coded inputs for readouts/selectors
      3 (e.g., word decoder 14 may convert the total of the inputs into various
      BCD output lines). Interface driver 15 provides for a buffered output of
      the binary words for the interface (to the computer or peripheral
      equipment). Segment decoder 23 decodes the word decoder 14 to provide
      logic controls for electroluminescent readouts 2. The EL driver 22
      provides high voltage signal conditioning for the electroluminescent
      readouts. Sequencer logic 8 enables sequential gating to enable sequential
      illumination and activation of groups of selectors/readouts 3 on the
      keyboard.
PAR  Referring to FIGS. 1 and 3, the operation of the invention is shown. Power
      switch A is turned on providing low and high voltage power from sources 20
      and 21 to all logic and driver circuits. Staging switch 1 is selected and
      actuated staging the keyboard for a particular function, category, or
      purpose, as well as illuminating the staging switch indicator D. Staging
      switches can be provided externally to the panel as remote selectors.
      Actuation of staging switch 1 provides commands to keyboard
      readouts/selectors 3 turning on the appropriate indicators as well as
      selecting appropriate E-L segments 2 for illumination. The particular
      readout of a set of available readouts for each readout/selector unit 3 is
      keyed to one or more staging buttons 1 and is selected accordingly. Also,
      the E-L segments are selected in a similar manner to provide blocking off
      of readouts/selectors per some predetermined scheme of grouping. Actuation
      of readouts/selectors 3, when gate 12 is ON, provides stored entry of
      commands to the word encoder 13. Subsequent actuation of an enter (one of
      the keyboard readouts/selectors) dumps the word through interface 15 and
      resets the keyboard and this completes the cycle.
PAR  An additional design feature includes sequencer logic that provides control
      such that higher level of readouts/selectors are illuminated (and
      comparator enabled) and subsequent selection provides control such that
      the next level of readouts/selectors are illuminated and comparators
      enables, etc. This sequencer logic is peculiar to each designed
      configuration.
PAR  Certain features are optional, e.g., it is not necessary to provide a
      comparator 12, sequencer logic 26, electroluminescent readout segments 23,
      high voltage power 25, auxiliary input 19, interface and status indicators
      20. In addition, the driver circuits may or may not be included as an
      integral part of the readouts (or decoders) in the case of readout
      circuits or as part of the switches (or comparators) in the case of the
      switch circuits.
PAR  FIGS. 5a - 6e provide pictorials of the operation of staging the keyboard
      for different functions. FIG. 6a shows one set of selected readouts, FIG.
      6b another set, and so on through FIGS. 6c, 6d and 6e. For any condition,
      it is impossible that any combinations of readouts can be illuminated.
PAR  FIGS. 7a - 7c provide pictorials of the sequential operation of the
      keyboard. FIG. 7a shows four indicators illuminated as the initial
      condition (the E-L segments around them have been turned on to accentuate
      this condition). FIG. 7b shows the original four indicators illuminated
      plus eight additional ones. Again, the E-L segments have been turned on to
      accentuate this condition. FIG. 7c shows the original four indicators
      illuminated but with eight new ones. Again, the E-L segments have been
      illuminated to accentuate this condition. This display from condition 1 to
      2 and 3 has exemplified staging of indicators. In FIG. 1a a group of
      selectors were illuminated and depressing one of these has staged the next
      set of selectors. This process continues until all selections have been
      completed and a selector/readout is illuminated. Depressing this initiates
      the data transfer and resets the keyboard.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for varying the function of a keyboard comprising:
PA1  a. a plurality of means for selecting a keyboard function, each of the
      keyboard function selecting means including an activating switch and an
      indicator with the collective outputs of the function selecting means
      forming a coded binary word;
PA1  b. means for decoding the coded binary word formed by the outputs of the
      function selecting means;
PA1  c. a plurality of binary decoders fed by the word decoding means to form a
      plurality of single commands;
PA1  d. a plurality of information keys each including a selector switch and an
      indicator with the indicators being fed by one each of the plurality of
      binary decoders; and
PA1  e. a word encoder fed by the selector switches of the plurality of
      information keys for converting the outputs thereof into a single binary
      word representing the output of the keyboard system.
NUM  2.
PAR  2. A system for varying the function of a keyboard according to claim 1
      which further comprises a plurality of comparator circuits interposed
      between the word encoder and one each of the selector switches of the
      plurality of information keys and gated by the output of the word decoding
      means.
NUM  3.
PAR  3. A system for varying the function of a keyboard according to claim 2
      which further comprises:
PA1  a. a plurality of electroluminescent segments surrounding preselected
      information keys; and
PA1  b. a segment decoder interposed between the binary decoder means and the
      plurality of electroluminescent segments.
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PAL  An ultrasonic alarm system comprising a transmitter having an oscillator
      which produces an ultrasonic carrier frequency signal. An audio signal
      generator produces a signal which modulates the carrier signal. The
      modulated signal is applied to a crystal through a tuned circuit. The
      transmitter is energized by operating a pushbutton which remains latched
      in operative position and which is unlatched only by the use of special
      devices. A plurality of receivers are provided and individual receivers
      are positioned at different locations throughout the premises to be
      protected. Each receiver includes a demodulator that demodulates the
      received signal and applies the same to a phase locked loop type phase
      detector which actuates an alarm when the demodulated signal is present.
      The alarm indicates the particular receiver that has been activated so
      that help may be dispatched immediately to the correct location.
BSUM
PAR  This invention relates generally to an ultasonic alarm system and, more
      particularly, pertains to a personnel alarm system including a transmitter
      that, when operated, is automatically locked in the transmit state to
      continuously broadcast an alarm signal.
PAR  The alarming increasing incidence of criminal acts perpetrated agains
      persons working alone or in small groups has given rise to the need for
      alarm systems that are simple and foolproof in their operation. Moreover,
      where the premises to be protected are large and contain many rooms such
      as schools or the like, it is necessary that the alarm system also
      pinpoint the origination of the alarm signal so that aid may be dispatched
      immediately to the correct location.
PAR  At present, there are many types of so-called security alarm systems which
      transmit an alarm signal to a receiver when activated by a person under
      attack. However, for the most part, many of these systems lack the ability
      to indicate the location of the transmitter broadcasting the alarm signal.
      Additionally, many of these systems operate in the radio frequency (RF)
      spectrum and therefore have a number of disadvantages associated with
      their use. For example, the Federal Communications Commission requires
      security alarm systems using RF signals to have a duty cycle such that the
      transmitter broadcasts for one second followed by a thirty second off
      interval. As a result, transmission of the alarm signal is discontinuous.
      Hence, if the alarm signal is not immediately detected on the first
      transmission, precious time will pass until the second transmission.
      Moreover, the RF signal penetrates walls and other obstacles thereby
      increasing the difficulty for pinpointing the location of the source of
      the signals. Additionally, RF systems require antennas thereby increasing
      the necessary volume required for the transmitter. Another major
      disadvantage associated with prior art systems is the fact that the
      attacker can easily turn off the alarm system transmitter.
PAR  Accordingly, an object of the present invention is to provide an improved
      security or personnel alarm system.
PAR  A more specific object of one aspect of this invention is to provide an
      alarm system employing ultrasonic signals which are continuously broadcast
      to facilitate quickly locating the source of the alarm signals.
PAR  A further object of this invention is to provide an alarm system which
      includes a transmitter that latches or locks in the operated state once it
      is activated thereby preventing unauthorized personnel from deactivating
      the transmitter.
PAR  Another object of the invention is to provide an alarm system that
      indicates at a central location the source of the alarm signals.
PAR  A further object of the present invention resides in the novel details of
      construction that provide an alarm system of the type described wherein
      the alarm signal transmitter occupies a minimum volume and can be carried
      unobtrusively on the person.
PAR  Another problem associated with prior art systems is the insensitivity of
      the system to false signals such as noise. Thus, another object of the
      present invention is the provision of an alarm system having a receiver
      that includes a sensitive detecting arrangement to increase reliability of
      the system.
PAR  Accordingly, an alarm system constructed according to the present invention
      comprises a transmitter wherein the transmitter comprises an ultrasonic
      carrier frequency signal generator. Modulation means is provided for
      modulating the carrier signal with a modulation signal and transmission
      means transmits the modulated ultrasonic carrier signal to at least one
      receiver. The receiver comprises receiving means for receiving the
      transmitted modulated ultrasonic carrier signal and demodulating means for
      demodulating the carrier signal to obtain the modulation signal. Detector
      means is connected to the demodulating means and is responsive to a
      predetermined characteristic of the modulation signal for producing an
      alarm actuation signal which, in turn, may operate an alarm to indicate
      the necessity for aid at a particular location.
PAR  As noted above, the present system utilizes a transmitter which transmits
      ultrasonic signals to a receiver when the transmitter is energized by the
      operator. However, it has been found that external sources of ultrasonic
      signal can cause false triggering of such alarm systems. For example,
      jangling keys or air conditioners have been found to produce flase alarm
      signals. Moreover, it has been found that multipath distortion may
      completely mask the transmitted alarm signal so that an alarm condition
      will not be detected.
PAR  Accordingly, a feature of the present invention is to provide an ultrasonic
      alarm system which transmits a modulated carrier frequency signal to a
      receiver where the frequencies of the carrier signal and the modulating
      signal are selected to produce freedom from false triggering and from
      multipath distortion.
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PAR  Other features and advantages of the present invention will become more
      apparent from a consideration of the following detailed description when
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a circuit diagram in block form of the alarm system of the
      present invention;
PAR  FIG. 2 is a schematic circuit wiring diagram of the transmitter portion of
      the alarm system shown in FIG. 1;
PAR  FIG. 3 is a sectional view, with parts broken away in the interest of
      clarity, of the actuating switch portion of the transmitter;
PAR  FIG. 4 is a detailed view, to an enlarged scale, of the switch shown in
      FIG. 3;
PAR  FIG. 5 is a detailed view, to an enlarged scale, of the latch portion of
      the switch arrangement shown in FIG. 4; and
PAR  FIG. 6 is a schematic circuit wiring diagram of the receiver and alarm
      portion of the alarm system shown in FIG. 1.
DETD
PAR  The basic ultrasonic alarm system of the present invention is designated
      generally by the reference number 10 in FIG. 1 and includes a transmitter
      12 and a plurality of receivers 14, one of which is shown in FIG. 2,
      although if the premises to be protected is relatively small only one
      receiver need be used. The transmitter 12 may be miniaturized so that it
      can easily be carried on the person or may even be included in a piece of
      jewelry such as a locket or the like. If the personnel to be protected are
      within a large building such as a school or the like having individual
      classrooms, a separate receiver 14 may be located in each such classroom.
      Since the present invention utilizes the transmission of ultrasonic
      signals to signify an alarm condition, the signals will not pass through
      walls or similar barriers. As a result, only the receiver located within a
      specific confined area such as a room will detect the signals originating
      within that room. Hence, it is contemplated that each such receiver will
      be connected to an individual indicator on an indicating board at a
      central location, as noted in greater detail below, so that upon detection
      of an alarm condition help may immediately be dispatched to the receiver
      that has been activated. Additionally, movement of the person attached
      from one location to another will similarly be indicated since different
      receivers will be actuated successively.
PAR  More specifically, the transmitter 12 includes an oscillator 16 that
      generates an ultrasonic carrier frequency signal. An audio signal
      generator 18 is coupled to the oscillator 16 and modulates the carrier
      signal with the audio signal to produce an amplitude modulated (AM) signal
      that is applied to a transducer 20. The transducer 20 comprises a
      piezoelectric device or crystal that converts the AM carrier electric
      signal into ultrasonic waves.
PAR  Power for the transmitter 12 is derived from a power supply 22. As noted in
      greater detail below, the power supply 22 includes a latchable switch so
      that when the switch is operated it becomes locked in the operated
      position. As a result, power is continuously supplied to the transmitter
      circuit thereby causing the transmitter to continuously transmit an alarm
      signal. Moreover, special tools or devices are required to unlock the
      switch and deenergize the transmitter so that unauthorized personnel
      cannot stop the alarm signal once the transmitter has been triggered or
      actuated.
PAR  In prior ultrasonic alarm systems, it has been found that if the frequency
      of the modulation signal is too low, false alarm signals may be generated
      simply by jangling keys or the like. Also, devices such as
      air-conditioning systems and the like have caused erroneous alarm signals.
      On the other hand, if the frequency of the modulation signal is too high
      multipath distortion of a true alarm signal may mask the signal so that
      the signal will not be detected. Accordingly, as noted in greater detail
      below, the frequencies of the modulation signal and the carrier signal are
      chosen to minimize or substantially eliminate false triggering or masking
      of the alarm signal.
PAR  The ultrasonic signal transmitted by the transducer 20 is reflected from
      the various surfaces defining the protected premises such as a wall 24,
      and is received by the receiver 14. The receiver 14 includes a transducer
      26 which may comprise a piezoelectric device or crystal that converts the
      ultrasonic signal into a modulated carrier electric signal which is
      applied to a buffer stage 28. The output terminals of the buffer stage 28
      are connected to the input terminals of an amplifier 30 that amplifies the
      signal and applies the modulated carrier signal to a demodulator 32. The
      demodulator 32 demodulates the AM carrier signal to retrieve the modulated
      signal therefrom and applies the same to a phase detector 34. The phase
      detector 34 utilizes a phase locked loop so that the receiver is provided
      with a high degree of selectivity to an alarm signal.
PAR  More specifically, the phase detector 34 includes a phase comparitor 36
      having a first set of input terminals which receive the demodulated signal
      from the demodulator 32 and a second set of input terminals which receive
      the output signal from a voltage controlled oscillator or VCO 38. The
      center frequency of the VCO 38 is chosen to be the same as the frequency
      of the modulating signal. If the frequency of the signal received at the
      first set of input terminals to the comparitor 36 is different from the
      frequency of the signal produced by VCO 38 an error signal is produced by
      the comparitor on a lead 40 that is applied to the VCO 38 through an
      amplifier 42. As is conventional, the error signal changes the frequency
      at the output terminals of the VCO 38 until it is equal to the frequency
      of the input signal. When the frequency of the two input signals are
      equal, the error signal on the lead 40 will become substantially zero. The
      output signal of the amplifier 42, which corresponds to the output signal
      of phase detector 34, is connected to the input terminals of a control
      amplifier 44. The control amplifier 44, in turn, is connected to and
      controls the operation of an alarm 46.
PAR  In the absence of an alarm signal, the phase comparitor 36 receives an
      input signal only at the second set of terminals which are connected to
      the VCO 38. Accordingly, an error signal will always be present at the
      output of the amplifier 42 in the absence of the alarm signal. The
      operation of the control amplifier 44 is such that when the amplifier is
      receiving a signal from the phase detector 34, the alarm 46 will not be
      actuated. When the alarm signal is actually received by receiver 14, the
      error signal produced by the detector 34 decreases to substantially zero
      potential thereby rendering the control amplifier 44 inoperative and
      causing an alarm actuation signal to be applied to the alarm 46. As a
      result, the system provides a fail-safe condition wherein if the control
      amplifier 44 ceases to operate either by the absence of the error signal
      (due to reception of the alarm signal) or by a loss of power (as when the
      power leads to the amplifier are cut) an alarm actuation signal is applied
      to the alarm 46 to indicate an alarm condition.
PAR  A schematic circuit wiring diagram of transmitter 12 is shown in FIG. 2.
      The transmitter 12 includes a pair of input terminals 48 and 50 that are
      adapted to be connected to the respective positive and negative terminals
      of a DC source of potential (not shown). Connected to the terminal 48 is a
      lead 52 and a lead 54 is connected to the terminal 50 through a
      normally-open latchable pushbutton switch 56. The construction of the
      switch 56 is described in detail below in conjunction with FIGS. 3, 4 and
      5. Briefly, the switch 56 includes contacts 58 and 60 which are connected
      together when the switch is depressed or operated thereby to cause
      energization of the elements comprising the transmitter 12. Moreover, once
      operated from the open position to the closed position, the switch is
      locked in the closed position so that the transmitter 12 continuously
      broadcasts an alarm signal.
PAR  Connected to the leads 52 and 54 is the audio signal generator 18. The
      audio signal generator comprises a square wave generator 62 and, for
      purposes of illustration the square wave generator 62 may comprise a
      Signetics Corporation (811 E. Arques Avenue, Sunnyvale, California 94086)
      NE555 monolithic timing circuit or timer. The connections to the specific
      terminals of the Signetics Corporation integrated circuit will therefore
      be used in the following discussion and details on the circuit may be had
      by reference to the application notes published by the manufacturer.
      However, it is specifically emphasized that this is for illustrative
      purposes only and is not to be interpreted as being a limitation on the
      present invention. That is, any audio signal generator which generates an
      audio wave of the proper frequency may be used.
PAR  Terminal 1 of the circuit 62 is connected to the lead 54 by a lead 64.
      Terminals 4 and 8 are connected to the lead 52 by respective leads 66 and
      68. Terminals 2 and 6 of the integrated circuit 62 are connected together
      and to the lead 54 through a capacitor 70. Connected between terminals 2
      and 7 is a series circuit comprising a potentiomter 72 and a resistor 74.
      The sliding arm of the potentiometer is connected to the junction of the
      potentiometer and the resistor. Additionally, a resistor 76 is connected
      between terminals 7 and 8. As set forth in the notes published by the
      Signetics Corporation with regard to their 555-timer, the frequency of
      oscillator of the generator is given by the relationship
PAR  f = 1.46 /(R.sub.A + 2R.sub.B)C
PAL  where:
PAR  R.sub.A is the resistance of resistor 76;
PAR  R.sub.B is the resistance between terminals 6 and 7 of circuit 62; and
PAR  C is the value of capacitor 70.
PAL  Hence, by properly choosing the values of the aforementioned elements, the
      frequency of oscillation of the output signal of circuit 62 appearing at
      terminal 3 can be set to a desired value. A capacitor 78 is connected
      between the leads 52 and 54 in parallel with the series circuit comprising
      the input terminals 48 and 50 in the switch 56 and serves as a by-pass for
      the audio frequency signals.
PAR  Output terminal 3 of the audio signal generator 18 is connected to the
      oscillator 16 through a low pass filter designated generally by the
      reference character 80. More particularly, the coupling capacitor 82 is
      connected to one end of a resistor 84, the other end of which is connected
      to the lead 54 through a capacitor 86. The resistor 84 and the capacitor
      86 form a low pass filter which passes only the low frequencies comprising
      the square wave generated by the signal generator 18. Accordingly, the
      signal appearing at the junction of the capacitor 86 and the resistor 84
      is almost a sine wave. This signal modulates the signal generated by
      oscillator 16 to produce the modulated carrier frequency signal.
PAR  The junction of capacitor 86 and resistor 84 is connected to the base
      electrode of a transistor 88 through a resistor 90. The emitter electrode
      of the transistor 88 is connected to the lead 54 and the collector
      electrode thereof is connected to one side of the primary winding 92A of a
      transformer 92. The other end of the transformer 92A is connected to the
      base electrode of the transistor 88 through a series circuit comprising a
      capacitor 94 and a resistor 96. Additionally, a capacitor 98 is connected
      between the base and emitter electrodes. The lead 52 is connected to a
      center tap of the transformer winding 92A and the base electrode of the
      transistor 88 is also connected thereto through a resistor 100.
PAR  The secondary winding 92B of the transformer 92 forms a tuned circuit with
      a capacitor 102 connected in parallel therewith. One side of the tuned
      circuit is connected to the transducer 20 through a resistor 104. The
      other side of the tuned circuit is similarly connected to the transducer
      20 and via a lead 106 to the center tap of the primary winding 92A.
PAR  The oscillator 16 is a Hartley type oscillator with feedback between the
      collector and base electrodes obtained inductively through each half of
      the primary winding 92A. A movable slug 108 is provided in the transducer
      for fine tuning purposes. The capacitor 98 is provided to sustain
      oscillations at all frequencies of interest. Additionally, the resistor
      104 isolates the crystal and tuned circuit so that a smooth frequency
      response is obtained. In other words, frequency pulling due to abrupt
      impedance changes in the crystal 20 as the signal across the tuned circuit
      passes through the resonant frequency of the crystal is eliminated.
PAR  As noted hereinabove, if the frequency of the modulating signal is too low,
      alarm systems of the type under consideration may be falsely triggered by
      air-conditioners, jangling keys and the like. On the other hand, if the
      modulating signal is too high the ultrasonic signal transmitted by the
      transducer 20 may be masked by multipath distortion. Accordingly, the
      modulating signal and the carrier signal are selected to eliminate or
      minimize these two conditions. The frequency of the carrier signal is
      selected to be 40KHz and the frequency of the modulating signal is
      selected to be 300Hz.
PAR  When the switch 56 is operated to the closed position, the audio signal
      generator 18 is energized to produce a square wave at terminal 3.
      Additionally, the oscillator 16 is also energized to produce the carrier
      signal. The audio signal from the generator 18 is filtered by the low pass
      filter 80 to produce substantially a sine wave at the base electrode of
      the transistor 16 which, in effect, amplitude modulates the carrier
      signal. This modulated signal is coupled to the tuned circuit through the
      transformer 92 and applied to the piezoelectric device or ceramic crystal
      20 which converts the electrical signals into an ultrasonic signal. The
      resistor 104, as noted above, prevents the crystal from jumping from one
      frequency mode of oscillation to the next frequency mode of oscillation.
PAR  The switch 56 is shown in greater detail in FIGS. 3-5. More specifically,
      the transmitter 12 includes a housing 110, a portion of which is shown in
      FIG. 3, which encloses the circuit elements. The housing includes a top
      wall 112 and a bottom wall 114. The transducer 20 is positioned between
      the walls 114 and 112 and extends outwardly at the side of the housing to
      permit transmission of the ultrasonic signals. Mounted between the top and
      bottom walls by a stud and screw arrangement 116 is a circuit board 118 on
      which the components comprising the transmitter circuit are mounted.
      Provided in the board 118 is a through bore 120 which slidingly receives
      an operating member or pushbutton 122 of the switch 56.
PAR  The member 122 includes an enlarged diameter portion 124 and a depending
      reduced diameter shaft 126 which define an annular shoulder 128
      therebetween. Provided on the shaft 126 are vertically spaced open ended
      grooves 130 and 132 (FIG. 4) which are connected by a cam surface 134 that
      tapers upwardly and outwardly from the inner wall of the groove 130.
      Moreover, the bottom wall 136 of the groove 132 tapers downwardly and
      outwardly from the inner wall thereof for reasons which will become
      apparent from a description of the latching arrangement below. Depending
      from the bottom surface of the board 118 adjacent the bore 120 is a boss
      138 (FIG. 5) that supports a bent spring member 140. The spring member 140
      is provided with an upstanding end portion 142 that extends through an
      elongate slot 144 in the board 118. The member 140 is provided with an
      intermediate curved portion 146 that normally bears against and is
      received within the groove 130.
PAR  Contact 60 of the switch 56 is a stationary contact that is mounted on the
      board 118 adjacent the member 122. On the other hand, the contact 58 is a
      movable contact having one end 148 affixed to the board 118. The contact
      58 is bifurcated at the other end and the shaft 126 extends between the
      arms 150 (one of which is shown in FIG. 4) defining the bifurcated end.
      The end 152 of the arms 150 is turned upwardly and is adapted to engage
      the contact 60 which it normally overlies. The bifurcated arms are concave
      upwardly and normally engage the shoulder 128 of the member 122.
      Additionally, the contact 58 is fabricated from a spring steel or other
      type of resilient and flexible conducting material so that the contact
      normally biases the member 122 to the position shown in FIG. 4.
PAR  When it is desired to actuate the transmitter 12, the member or pushbutton
      122 is depressed whereupon the intermediate portion 146 of the spring 140
      rides upwardly on the cam surface 134 of the shaft 126 until it snaps back
      and is received within the groove 136. The downward movement of the member
      122 effects concomitant movement of the arms 150 of the contact 58 thereby
      moving the upturned end 152 into contact with the contact 60 (as shown in
      phantom lines in FIG. 4) to effect actuation of the transmitter. Moreover,
      the engagement of the spring member 140 in the slot 132 maintains or
      latches the member 122 in the operated position.
PAR  FIG. 3 illustrates the position of the pushbutton or member 122 in its
      operated position by the phantom line drawing. It is emphasized that the
      enlarged portion 124 is sized and positioned relative to the housing 110
      so that the uppermost surface of the enlarged portion 124 lies below the
      surface of the top wall 122 of the housing. As a result, the member 122 is
      completely inaccessible to parties once the transmitter has been activated
      by depression of the member. As a result, the transmitter 12 cannot be
      disabled by unauthorized personnel.
PAR  To return the member 122 to its normal position and thereby the deactivate
      the transmitter, a threaded opening 154 is provided in the top surface of
      the enlarged portion 124. A threaded member such as a screw is adapted to
      be threadedly engaged within the opening 154. An upward force exerted on
      the threaded member (not shown) will cause the spring member 140 to ride
      downwardly on the sloping lower wall 136 of the groove 132 to release the
      member 122 and permit it to return to the normal position.
PAR  Alternatively, a through bore 156 is provided in the bottom wall 114 of the
      housing 112. The opening 156 is aligned with the bottom wall of the shaft
      126 of the member 122. A slot 158 is provided in the bottom wall of the
      shaft. In order to release the member 122 and permit it to return to its
      normal operating position, a thin bladed device such as a screw driver may
      be inserted into the opening 156 and into the slot 158 after the member
      has been moved to the operating position. Rotation of the shaft will cause
      the peripheral wall defining the shaft to move the member 140 to the
      right, as taken in FIG. 5, and out of the groove 136 thereby permitting
      the member 122 to move upwardly under the normal spring bias of the
      contact 58. The member may then be rotated back to its normal position
      whereby the spring member 140 is again engaged in the groove 130.
PAR  The receiver 14 is shown in FIG. 6 and comprises a transducer 160 which may
      comprise a piezoelectric device or ceramic crystal tuned to the frequency
      under consideration. The transducer 160 is connected to the buffer 28
      which in the embodiment under consideration comprises an emitter follower
      stage designated generally by the reference numeral 162. More
      specifically, the emitter follower comprises a transistor 164 the base
      electrode of which is connected directly to the transducer by a lead 166.
      The collector electrode of the transistor 164 is connected to a lead 168
      and the emitter electrode is connected to a lead 170 through a
      potentiometer 172. The lead 170 is also connected to the transducer 160
      and to the emitter electrode through a capacitor 174. The base electrode
      is also connected to the lead 168 through a resistor 176. The emitter
      follower stage 164 provides a high input impedance for the ceramic crystal
      transducer and a low output impedance across the potentiometer 172.
PAR  The sliding arm of the potentiometer 172 is connected to an input terminal
      of an amplifier 178 through a capacitor 180. The sliding arm of the
      potentiometer 172 may be adjusted so that a desired level of signal is fed
      into the amplifier 178. The amplifier 178 may comprise an RCA CA3011
      integrated circuit amplifier. Accordingly, the terminal designations for
      the aforementioned amplifier will be disclosed herein. However, it is
      emphasized that this amplifier is for illustrative purposes only and is
      not to be interpreted as being a limitation on the present invention as
      any such amplifier may be used thus, the capacitor 180 is connected to
      terminal 1 of the amplifier.
PAR  Connected between terminal 1 of the amplifier 178 and lead 170 is a series
      circuit comprising a resistor 182 and a capacitor 184. The other input
      terminal 2 of the amplifier is connected to the junction of the resistor
      182 and the capacitor 184 by a lead 186. Terminal 10 of the amplifier 178
      is connected to the lead 168 through a resistor 188. Additionally,
      terminal 10 is connected to the lead 168 through a series circuit
      comprising capacitors 190 and 192. The junction of capacitors 190 and 192
      is connected to the lead 170. Terminal 3 of the amplifier 178 is connected
      directly to the lead 170 through a capacitor 194. Connected to terminal 5
      of the amplifier is one end of a resistor 196, the other end of which is
      connected to lead 168. Connected between terminals 5 and 8 of the
      amplifier is a capacitor 198. Additionally, terminal of the amplifier is
      connected to the lead 170 through a lead 200. The lead 170 is connected to
      ground.
PAR  Power for the receiver 14 is obtained from an AC source 210 connected
      between input terminals 212 and 214. The source 210 may comprise a 12 volt
      AC source. The terminal 212 is connected to the lead 170 by a lead 215. On
      the other hand, the terminal 214 is connected to the lead 168 through a
      series circuit comprising a diode 216, resistor 218 and another resistor
      220. The diode 216 is polarized so that the anode electrode thereof is
      connected to the terminal 214. Accordingly, a half-wave recified signal
      will be applied to the lead 168. Voltage regulation is obtained by a zener
      diode 222 connected between the lead 215 and the junction of resistors 218
      and 220. Additionally, filtering is obtained by a capacitor 224 that is
      connected between the junction of the diode 216 and the resistor 218 and
      the lead 215.
PAR  The output signal from the amplifier 178 which appears between the
      terminals 5 and 8 is connected to the diode demodulator stage designated
      generally by the reference number 226 which corresponds to the demodulator
      32 of FIG. 1. More specifically, the stage 226 comprises a blocking
      capacitor 228 one end of which is connected to the terminal 5 of the
      amplifier 178. The other end of the capacitor 228 is connected to the
      junction of diodes 230 and 232. The diode 232 is polarized so that the
      cathode electrode thereof is connected to the anode electrode of the diode
      230 and the anode electrode thereof is connected to the lead 170. The
      cathode electrode of the diode 230 is connected by a lead 234 to one side
      of a parallel circuit comprising a resistor 236 and a capacitor 238; the
      other side of the parallel circuit being connected to the lead 170. A
      coupling capacitor 240 connects the lead 234 to the phase detector 34.
PAR  As noted hereinabove, the phase detector 34 comprises a conventional phase
      locked loop device. In the example under consideration, a Signetics
      Corporation phase locked loop linear integrated circuit designated NE567V
      may be utilized and the terminal connections for such device will be
      disclosed herein in conjunction with the present disclosure. Details on
      the circuit may be obtained from the application notes published by the
      manufacturer. However, it is emphasized that this particular phase locked
      loop device is for illustrative purposes only and is not to be interpreted
      as being a limitation on the present invention. That is, any phase locked
      loop of similar construction may be utilized.
PAR  The capacitor 240 is connected to the input terminal 3 of the phase
      detector 34. Terminal 7 thereof is connected to the grounded lead 170 by a
      lead 242. Power input terminal 4 is connected to the junction of resistors
      218 and 220 by a lead 244. Terminal 2 of the circuit is connected to the
      lead 170 through a capacitor 246. Additionally, terminal 1 is also
      connected to the lead 170 through a capacitor 248. The components
      connected to terminals 5 and 6 of the phase detector determine the band of
      operative frequencies of the internal oscillator. Accordingly, terminal 6
      is connected to the grounded lead 170 through a capacitor 250. Terminal 5
      is connected to one end of a potentiometer 252, the other end of which is
      unconnected. Terminal 6 is connected to the sliding arm of potentiometer
      252 through a resistor 254. The output signal appearing at terminal 8 of
      the phase detector 34 is applied to the control amplifier 44.
PAR  The signal appearing at the output terminal 8 of the phase detector 34 is
      essentially the error signal of the phase locked loop as described above.
      Therefore, under normal conditions when no alarm signal is received by the
      receiver, an error signal appears at the terminal 8. However, when an
      alarm signal is detected by the receiver 14, the level of the error signal
      appearing at the terminal 8 becomes approximately zero volts. As noted in
      greater detail below, when the output signal at the terminal 8 becomes
      approximately zero volts in response to the reception of the alarm signal,
      an alarm is energized to indicate an alarm condition. Accordingly, in the
      discussion which follows, the signal of zero volts appearing at the output
      terminal 8 of the phase detector 34 of FIG. 6 will be termed an alarm
      actuation signal which, in effect, actuates the alarm to signify the alarm
      condition. However, this is not to be interpreted as a limitation of the
      present invention since the invention also contemplates a circuit that
      produces a high amplitude signal in response to reception of an alarm
      signal. In other words, the present invention is directed to a device
      wherein there is a change of state of the of the signal at terminal 8, the
      specific values of the changes being unimportant.
PAR  The terminal 8 is connected to the base electrode of a transistor 256
      through a resistor 258. The emitter electrode of the transistor 256 is
      connected to the grounded lead 170 by a lead 260. Additionally, a
      capacitor 262 is connected between the terminal 8 of the phase detector 34
      and the emitter electrode of the transistor. Connected between the
      collector electrode of the transistor 256 and the junction of the diode
      216, the capacitor 224, and the resistor 218 is a series circuit
      comprising relay winding 264 and resistor 266. Also connected between the
      aforementioned junction and the terminal 8 of the phase detector 34 is a
      series circuit comprising a resistor 268 and a lamp 270.
PAR  Under normal circumstances, in the absence of an alarm signal, the error
      signal appearing at the output terminal 8 of the phase detector 34 will
      cause the transistor 256 to conduct thereby energizing the relay winding
      264. Hence, under normal circumstances the relay is energized to close
      normally-open relay contacts 264A. The contacts 264A are connected in
      circuit with an indicator board 272 positioned at a central location. The
      indicator board 272 is provided with a plurality of indicating devices
      such as lamps 274, each of which is connected in circuit with the relay
      contacts of a different receiver and each of which indicates the position
      of the associated receiver. The indicating devices are connected so that
      when the contacts 264A open the associated indicating device will be
      illuminated thereby to indicate the operation and the location of the
      associated receiver. For example, each one of the lamps 274 may be
      connected in parallel with the normally-open contacts of a relay, the
      winding of which is connected in circuit with the contacts 264A and the
      power source. Hence, when the contacts 264A are closed the associated lamp
      is normally shorted by the operated contacts of the relay winding in
      circuit with the contacts 264A. However, when the contacts 264A open the
      lamp relay winding is deenergized thereby causing the shorting contacts to
      open to permit the lamp to be illuminated. This feature produces a
      fail-safe condition for each receiver. In other words, if power is
      disconnected from any one of the receivers, the relay winding 264 will be
      deenergized which, in turn, will produce an indication at the board 272.
PAR  In operation, assuming that an alarm signal is transmitted by a transmitter
      12, the modulated ultrasonic carrier signal will impinge on the crystal
      160 which converts the ultrasonic signals into appropriate electrical
      signals. These signals are passed by the emitter follower 162 to the
      amplifier 178 which amplifies the modulated carrier frequency signal and
      applies the same to the demodulator 226. The demodulator stage 226
      demodulates the received signal to extract the audio modulation signal
      therefrom and applies the same to the phase locked loop or phase detector
      34. If the demodulated audio signal is of the correct frequency, the
      signal at the output terminal 8 of the phase detector 34 will become
      approximately zero thereby cutting off the transistor 256. Accordingly,
      the relay winding 264 will be deenergized and relay contacts 264A will
      open. As a result, an alarm condition will be indicated on the board 272.
      In addition, current will now flow through the lamp 270 to illuminate the
      lamp. The lamp 270 is located at the receiver so that the party
      transmitting the alarm signal from the transmitter 12 will obtain a visual
      indication that the receiver 14 has detected the alarm signal and has
      produced an alarm indication at the central station. The capacitor 262 is
      provided to introduce a slight delay before the transistor 256 is rendered
      nonconducting to eliminate false triggering of the circuit due to
      transient signals and the like.
PAR  In an actual working embodiment of the present alarm system, the following
      components were utilized in addition to the Signetics Corporation and RCA
      integrated circuits already identified:
TBL  RESISTORS:                                                                
     ______________________________________                                    
     72                    50Kohms                                             
     74                    120Kohms                                            
     76                    150Kohms                                            
     84                    1.8Kohms                                            
     90                    560ohms                                             
     96,172,182,258,266    1Kohm                                               
     100                   22Kohms                                             
     104,196               3.9Kohms                                            
     176                   100Kohms                                            
     188,218               100ohms                                             
     220                   56ohms                                              
     236                   47Kohms                                             
     252                   25Kohms                                             
     254                   12Kohms                                             
     268                   220ohms                                             
     CAPACITORS:                                                               
     70,98,174,238         0.01.mu.f                                           
     78,192,248            10.mu.f                                             
     82,190,194            1.mu.f                                              
     86,94,180,184,228,240 0.1.mu.f                                            
     102                   0.0068.mu.f                                         
     198                   120 pf                                              
     224                   1,000.mu.f                                          
     246                   0.47.mu.f                                           
     250                   0.22.mu.f                                           
     262                   100.mu.f                                            
     DIODES AND TRANSISTORS:                                                   
     88,164,256            2N5088                                              
     216                   1N4002                                              
     222                   6.8volts, 1 watt                                    
     230,232               1N34                                                
     ______________________________________                                    
PAR  Accordingly, an ultrasonic alarm system has been disclosed which is
      efficient in operation and which includes a transmitter that latches in
      the transmit mode after it has been actuated to prevent unauthorized
      personnel from deactivating the unit.
PAR  While a preferred embodiment of the invention has been shown and disclosed
      herein, it will become obvious that numerous omissions, changes and
      additions may be made in such embodiment without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ultrasonic alarm system comprising a transmitter, said transmitter
      comprising an ultrasonic carrier frequency signal generator, modulation
      means for modulating said carrier signal with a modulation signal, and
      transmission means for transmitting said modulated ultrasonic carrier
      signal; and at least one receiver, said receiver comprising receiving
      means for receiving said transmitted modulated ultrasonic carrier signal,
      demodulating means for demodulating said modulated carrier signal to
      obtain said modulation signal, and detector means connected to said
      demodulating means and responsive to a predetermined characteristic of the
      demodulated signal for producing an alarm actuation signal, said switch
      means comprising a pushbutton having an enlarged diameter portion and a
      reduced diameter depending shaft, a button support having a through bore
      slidingly receiving said shaft for movement of said button from a first
      position to a second position, said latching means comprises first and
      second spaced grooves on said shaft connected by a cam surface, and a
      member on said board normally biased into engagement with one of said
      grooves when said button is in said first position, said member being
      operable to ride on said cam surface and into engagement with said second
      groove when said button is moved to the second position to latch said
      button in said second position, said switch means further comprising a
      fixed contact and a movable contact spaced from said fixed contact and
      abutting said enlarged portion and positioned to be moved into contact
      with said stationary contact when said button is moved from said first to
      said second position whereby said switch means is moved from the open to
      the closed position.
NUM  2.
PAR  2. An ultrasonic alarm system as in claim 1, and a threaded opening in said
      button adapted to engage a threaded member therein, whereby an outwardly
      directed force applied to said threaded member effects movement of said
      button to the first position, said second groove being a downwardly
      sloping wall to facilitate movement of said member out of engagement with
      said second groove when said button is moved outwardly.
NUM  3.
PAR  3. An ultrasonic alarm system as in claim 1, and a slot in the bottom wall
      of said reduced diameter shaft adapted to receive a complementary formed
      device therein, said shaft having a rounded peripheral wall whereby
      rotation of said device received in said slot causes said peripheral wall
      to engage and move said member outwardly of said second groove to permit
      said pushbutton to return to said first position.
NUM  4.
PAR  4. An ultrasonic alarm system as in claim 1, in which said detector means
      comprises a phase locked loop having a phase comparitor that produces a
      control signal at output terminals proportional to the difference in
      frequencies between signals applied to a first and a second set of input
      terminals, a lead connecting said demodulating means to said first set of
      input terminals, a variable frequency oscillator for producing a signal
      the frequency of which is dependent on said control signal, a lead
      connecting said variable frequency oscillator to said second set of input
      terminals, a lead connecting said phase comparitor output terminals to
      said variable frequency oscillator to apply said control signal thereto,
      said control signal corresponding to said alarm actuation signal when said
      control signal reaches a preselected level.
NUM  5.
PAR  5. An ultrasonic alarm system as in claim 1, in which said transmission
      means comprises a ceramic crystal, a tuned circuit connecting said crystal
      with said carrier frequency signal generator, and a resistor serially
      connected between said tuned circuit and said crystal.
NUM  6.
PAR  6. An ultrasonic alarm system as in claim 1, in which said detector means
      comprises a phase detector having an output lead for changing the signal
      on said output lead from a first to a second state in response to
      reception of said demodulated signal, a relay, means connected in series
      with said relay and to said output lead for connecting said relay with a
      source of potential when said output signal from said phase detector is in
      said first state and for disconnecting said relay from the source of
      potential when said output signal is in said second state, an alarm
      indicator, and a pair of relay normally-open contacts connected to said
      alarm indicator and controlled by said relay, whereupon said alarm
      indicator indicates an alarm condition in response to the open condition
      of said relay contacts.
NUM  7.
PAR  7. A transmitter for an ultrasonic alarm system comprising a plurality of
      electrically-operated elements for producing and transmitting an
      ultrasonic alarm system, a pair of input terminals adapted to be connected
      to a source of power for energizing said electrically-operated elements, a
      switch movable from an open to a closed state to connect said pair of
      input terminals in circuit with said plurality of electrically-operated
      elements, latching means for latching said switch in said closed state,
      said switch means comprising a pushbutton having an enlarged diameter
      portion and a reduced diameter depending shaft, a button support having a
      through bore slidingly receiving said shaft for movement of said button
      from a first position to a second position, said latch comprising first
      and second spaced grooves on said shaft connected by a cam surface, and a
      member on said board normally biased into engagement with one of said
      grooves when said button is in said first position, said member being
      operable to ride on said cam surface and into engagement with said second
      groove when said button is moved to the second position to latch said
      button in said second position, said switch further comprising a fixed
      contact on said board, and a movable contact spaced from said fixed
      contact and abutting said enlarged portion and positioned to be moved from
      said first to said second position whereby said switch is moved from the
      open to the closed state.
NUM  8.
PAR  8. A transmitter as in claim 7, and a threaded opening in said button
      adapted to engage a threaded member therein, whereby an outwardly directed
      force applied to said threaded member effects movement of said button to
      the first position, said second groove having a downwardly sloping wall to
      facilitate movement of said member out of engagement with said second
      groove when said button is moved outwardly.
NUM  9.
PAR  9. A transmitter as in claim 7, and a slot in the bottom wall of said
      reduced diameter shaft adapted to receive a complementary formed device
      therein, said shaft having a rounded peripheral wall whereby rotation of
      said device received in said slot causes said peripheral wall to engage
      and move said member outwardly of said second groove to permit said
      pushbutton to return to said first position.
NUM  10.
PAR  10. A transmitter as in claim 7, in which one of said plurality of elements
      comprises a 40KH.sub.z carrier frequency oscillator and another of said
      elements comprises a 300H.sub.z modulator for amplitude modulating the
      carrier signal.
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ABST
PAL  In the measurement of the phase difference (proportional to the elevation
      angle of a target) provided by the radar target signals that are received
      by each antenna of an antenna array, a comparison of the responses of the
      signal processing circuitry to the radar target signals and to two signals
      with an adjustable known phase difference, causes the known phase
      difference to change until the result of the comparison is a null. The
      known phase difference, at the time that the comparison provides a null,
      is equal to the phase difference provided by the radar target signals and
      is independent of phase errors introduced by the processing circuitry.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to radar systems and more particularly to improving
      the accuracy of the determination of the elevation angle of a target.
PAR  2. Description of the Prior Art
PAR  Phase interferometer radar, because of its high degree of versatility, is
      particularly suited for use in airborne radar systems. The phase
      interferometer radar can simultaneously provide angular elevation and
      azimuth target coverage, and a large span of range coverage at a data rate
      of less than one second for all of the aforementioned data.
PAR  The elevation angle that is subtended by a target is obtained by receiving
      a target return signal on a dual antenna array and is proportional to the
      phase difference between the target signals received by each antenna. The
      dual antenna array provides the target's elevation angle because the
      antennas are geometrically arranged so that only a target return signal at
      an elevation angle of zero arrives at both antennas simultaneously, and
      the time differential of the incidence of the target signals at each
      antenna is a known function of the elevation angle of the target.
PAR  Radar signals are typically in the microwave frequency spectrum, where
      signal amplification and the determination of phase difference is
      difficult. For this reason, the target signal received at each antenna of
      the array is heterodyned with a local oscillator, thereby providing two
      intermediate frequency signals which still maintain the same phase
      difference as the originally received target signals. The intermediate
      frequency signals (on the order of 30 megahertz) are each amplified and
      applied to the inputs of a phase detector which provides a signal
      proportional to the phase difference of the target signals and therefore
      to target elevation angle. However, the circuitry that is used for
      heterodyning, amplifying and phase detecting may cause an unequal phase
      shift of each intermediate frequency signal and thereby cause an error in
      the measurement of the elevation angle of a target.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide improved radar apparatus
      for accurately measuring a target's elevation angle.
PAR  According to the present invention, in response to two target signals with
      a parametric difference proportional to the elevation angle of a target, a
      comparison of said parametric difference with an adjustable known
      parametric difference between two pseudo target signals causes a change of
      said known difference so that the result of said comparison is a null,
      thereby causing the difference of said target signals to be known and
      equal to the difference of said pseudo target signals.
PAR  In accordance with the invention of one form, in response to two target
      signals with a phase difference proportional to the elevation angle of a
      target, a comparision of said phase difference with an adjustable known
      phase difference between two pseudo target signals causes a change of said
      known phase difference so that the result of said comparison is a null,
      thereby causing the phase difference of said target signals to be known
      and equal to the phase difference of said pseudo target signals.
PAR  For a phase interferometer radar, where the parametric difference is a
      phase difference, the present invention eliminates target elevation
      measurement errors, which are the result of unwanted phase shift
      introduced by circuitry that is used for processing target signals.
PAR  Other objects, features and advantages of the present invention will become
      more apparent in the light of the following detailed description of a
      preferred embodiment thereof as illustrated in the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE herein is a schematic block diagram of a preferred
      embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, a radar target return signal received by a
      dual antenna array 10 generates a target signal on each antenna. The phase
      difference of the two target signals is proportional to the elevation
      angle of the target because of the disposition of the antennae in the
      array 10. In response to the target signals, a dual gate 12, in series
      with a signal processing apparatus 13, provides a signal level
      proportional to the target's elevation angle which is applied to the input
      of a first sample and hold circuit 14. The signal is stored and provided
      as an output by the first sample and hold circuit 14 until the dual gate
      12 provides a signal associated with a succeeding radar target return
      signal.
PAR  A radar processor 16 provides a range gate pulse on a signal line 18, which
      is connected to a delay unit 20 and the dual gate 12. In response to a
      pulse on the signal line 18, the delay unit 20 provides a delayed range
      gate pulse on a signal line 22 a short time after the occurrence of the
      range gate pulse. In response to a pulse on the signal line 22, a pulse
      generator 24 provides a pseudo radar target return signals to a variable
      phase shifter 26, which simulates a dual antenna array by providing a pair
      of phase shifted pseudo target signals at its output. The phase difference
      of the pseudo signal provided by the variable phase shifter 26, is in
      response and in proportion to an input signal provided on a signal line
      28. A signal level proportional to the phase difference of the pseudo
      signals is provided by the dual gate 12 to a second sample and hold
      circuit 30, which in turn provides the signal level as an output, storing
      and continuing to provide as an output the signal level present at the end
      of the pseudo return signal; each succeeding pseudo return signal causes
      an iteration of the aforementioned sample and hold sequence. The outputs
      of the sample and hold circuits 14, 30, which are signal levels
      proportional to the phase differences of the target signals and the pseudo
      signals respectively, are connected to the inputs of a difference
      amplifier 32. The amplifier 32 is a high gain device which compares the
      two signal levels and amplifies their difference. The variable phase
      shifter 28 responds to the signal provided by the difference amplifier 32
      by changing the phase difference of the pseudo signals in a direction to
      cause the difference between the outputs of the sample and hold circuits
      14, 30 to be a null.
PAR  Since the pseudo signals and the target signals are both processed by the
      signal processing apparatus 13, erroneous phase shifts that are introduced
      by the processing apparatus 13 result in identical errors being provided
      to the sample and hold circuits 14, 30. However, errors that are common to
      the outputs of the sample and hold circuits 14, 30 are subtracted one from
      the other by the amplifier 32. Therefore, a differential null at the
      outputs of the sample and hold circuits 14, 30 only occurs because the
      phase difference of the pseudo signals and the phase difference of the
      target signals are equal and the error is cancelled.
PAR  The phase shifter 26 is a device with a known transfer characteristic so
      that the phase difference of the pseudo signals is in a known relationship
      to the input signal on the line 28. Since the pseudo signals and the
      target signals have equal phase differences, the input signal has the same
      known relationship to the phase difference of the target signals. This
      input signal, representative of a target's elevation angle, is provided to
      the radar processor 16 on a signal line 27, where it may be further
      utilized as fire control or navigational information, or for any other
      suitable purpose.
PAR  The variable phase shifter 26 may comprise a variable length delay line
      wherein an array of diodes causes the length of the delay line to vary in
      response to an input signal. This type of variable phase shifter is well
      known in the prior art. Other known variable shifters may also be adapted
      for use in the embodiment of the invention.
PAR  Couplers 34, 36 couple the target signals from the antenna 10 and the
      pseudo signals from the variable phase shifter 26, into the signal
      processing apparatus 13. The couplers 34, 36 are well known microwave
      devices, often of a cavity construction or constructed from a ferrite
      material, which provide unidirectional transmission paths at microwave
      frequencies.
PAR  The elements included in the signal processing apparatus 13 are well known
      to those skilled in the art, as is the application of those elements in
      this embodiment. Heterodyne mixers 38, 40 heterodyne the target and pseudo
      signals, which are typically in the Ku microwave band, with a signal from
      a local oscillator 42. Heterodyning is a nonlinear technique for obtaining
      a signal having an intermediate frequency (called the I.F. frequency,
      typically on the order of 30 megahertz) equal to the difference of the
      frequencies of an input signal and a local oscillator, thereby providing a
      signal in a lower frequency spectrum, which simplifies further processing.
      The phase difference between the output signals and the input signals of
      the mixers 38, 40 remain substantially the same, and a pair of I.F.
      amplifiers 44, 46 amplify the signals provided by the mixers 38, 40 and
      apply the amplified signals to inputs of a phase detector 48. The phase
      detector 48 is a well known device, such as a synchronous demodulator,
      which provides a signal level proportional to the phase difference of two
      applied signals. The output of the phase detector 48 is one of the three
      inputs that are applied to the dual gate 12; other inputs are the range
      gate pulse provided on the line 18 and the delayed range gate pulse on the
      line 22.
PAR  The dual gate 12, upon the application of the range gate pulse on the line
      18, connects the output of the phase detector 48 to the input of the first
      sample and hold circuit 14. The time that a range gate pulses is initiated
      on the line 44 is associated, in the usual well-known manner, with the
      range of a radar target. The target's azimuth is associated with the
      orientation of the antenna 10 (performed mechanically) at the time that
      the radar target signal is received.
PAR  Upon the application of the delayed range gate pulse on the line 22, the
      dual gate 12 connects the output of the phase detector 48 to the input of
      the second sample and hold circuit 30. The output of the phase detector
      48, for the duration of the pulse on the line 22, is proportional to the
      phase difference of the pseudo signals, since the same pulse also causes
      the pulse generator 24 to generate the pseudo return signal.
PAR  The embodiment of the present invention just described is particularly
      suited (though not limited) to the "lock-on" mode of operation of a radar
      system. In the lock-on mode, target signals are received from a single
      target so that the rate of change of a target's elevation angle is
      relatively low and there is a correspondingly low slewing rate of the
      variable phase shifter 26. In a "search" mode of operation, a plurality of
      targets may provide target signals at different elevation angles thereby
      requiring a much higher slewing rate. In the search mode of operation, it
      may be desirable to obtain the target's elevation angle directly from the
      dual gate 12 via a signal line 50.
PAR  It should be understood that the invention may be used in radar systems
      employing other parameters, such as an amplitude difference of the target
      return signal, for measuring the angle of elevation of the target. The
      important aspect is in the use of a known pseudo signal in the
      differential processing to derive an angle indication free of error in the
      parameter being measured.
PAR  Although the invention has been shown and described with respect to a
      preferred embodiment thereof, it should be understood by those skilled in
      the art that the foregoing and various other changes and omissions in the
      form and detail thereof may be made therein without departing from the
      spirit and the scope of the invention.
CLMS
STM  Having thus described a typical embodiment of our invention, that which we
      claim as new and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. Apparatus for providing a signal proportional to the elevation angle of
      a target in response to target signals from a dual antenna array of a
      range gated radar apparatus, said radar apparatus including processing
      means for generating first signals representative of a signal parameter
      difference between the target return signal at each antenna of said array,
      said parameter difference relating to the elevation angle of the target
      with respect to the array, and including means for providing a time
      shifted pair of pulses for each range gate, comprising:
PA1  means responsive to one of said pair of pulses for generating pseudo target
      signals having a controlled simulated variable parameter difference, as an
      alternative input to said processing means, said processing means
      additionally providing a second signal representative of said parameter
      difference of said pseudo signals;
PA1  gating means, concurrently responsive to said time shifted pair of pulses
      and signals provided by said processing means, for coincidently providing
      third and fourth signals, each proportional to related ones of said first
      and second signals, respectively; and
PA1  means comparing said third and fourth signals for providing a fifth signal,
      representative of said parameter difference of said pseudo signals,
      causing said parameter difference to vary, in response to said fifth
      signal, in a manner tending to cause said third and fourth signals to be
      substantially equal.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said gating means comprises:
PA1  means, including a dual gate, concurrently responsive to one of said pair
      of pulses and said first signal for providing a target elevation signal,
      and concurrently responsive to the other of said pair of pulses and said
      second signal for providing a pseudo target elevation signal; and
PA1  storage means responsive to said elevation signals for coincidently
      providing said third and fourth signals.
NUM  3.
PAR  3. Apparatus for providing a signal proportional to the elevation angle of
      a target in response to target signals from a dual antenna array of a
      range gated radar apparatus, said radar apparatus including processing
      means for generating first signals representative of a phase difference
      between the target return signal at each antenna of said array, said phase
      difference relating to the elevation angle of the target with respect to
      the array, and including means for providing a time shifted pair of pulses
      for each range gate, comprising:
PA1  generating means responsive to one of said pair of pulses for generating
      pseudo target signals having a controllable simulated variable phase
      difference, as an alternative input to said processing means, said
      processing means additionally providing a second signal representative of
      said phase difference of said pseudo signals;
PA1  gating and storage means, concurrently responsive to said time shifted pair
      of pulses and signals provided by said processing means, for coincidently
      providing third and fourth signals, each proportional to related ones of
      said first and second signals, respectively; and
PA1  means comparing said third and fourth signals for providing a fifth signal,
      representative of said phase difference of said pseudo signals and
      connected to said generating means, for causing said phase difference to
      vary in response to said fifth signal, in a manner tending to cause said
      third and fourth signals to be equal.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said generating means comprises:
PA1  a differential amplifier which amplifies the difference between said third
      and fourth signals; and
PA1  means including a variable phase shifter, which provides pseudo signals
      having a phase difference responsive to the output of said amplifier, the
      phase difference of the pseudo signals changing in a direction which
      causes the difference between said third and fourth signals to tend
      towards a null, in response to a change in the output of said amplifier.
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PAL  An ultrasonic or microwave intrusion detection system uses a transmitter
      having one or more transducers or antennas for maintaining wave fields in
      the area to be protected and fed by one or more transducers or antennas
      which detects echo reflections of the energy from within the area. The
      receiver employs two mixers energized to be mixed with the echo signals
      and a portion of the energy from the transmitter, one of the mixers
      receiving such transmitter energy with 90.degree. phase shift relative to
      the other mixer. The outputs of the two mixers thus are in quadrature
      phase relative to each other and define a rotating vector which contains
      the information relating to the echo signals. The product of these
      quadrature signals obtained by multiplying them together is processed
      continuously to obtain target information in the presence of substantially
      larger clutter return signals and other interference. The multiplication
      of the two quadrature signals to obtain cancellation of the clutter return
      signals and enhancement of the target signals is achieved without further
      phase shift requirements by differentiating one of the quadrature signals
      before it is multiplied with the other quadrature signal. In the preferred
      embodiment the differentiated quadrature signal is normalized to enhance
      the dynamic range of the equipment and eliminate the requirement for
      balanced channels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The detection of echo signals in CW systems where the echo return is deeply
      immersed in noise by the use of quadrature detection techniques is
      disclosed by Kalmus U.S. Pat. Nos. 3,432,855 and 3,733,581. In the basic
      embodiments therein shown, the outputs of quadrature mixer-detectors are
      correlated after one of the mixer outputs is subjected to a further
      90.degree. phase shift. Since the signals encountered in an ultrasonic
      intrusion detector alarm system cover a range of about 3 octaves in the
      doppler detected signal, the additional phase shifter required by Kalmus
      must provide this range with relatively constant amplitude response. Phase
      shifters of this type at the relatively low frequencies encountered in an
      intrusion detection alarm system are expensive and difficult to provide.
      Furthermore, these prior art circuits require good balance in the two
      channels to maintain the signals substantially equal, and when they are
      multiplied or correlated or otherwise compared to cancel the noise
      components the desired target components are proportional to the square of
      the signal amplitudes since the two equal amplitude signals are multiplied
      together. In systems which do not employ signal correlation to produce an
      output proportional to the product of the two inputs some form of signal
      summing is employed and the requirements for channel balance to maintain
      the quadrature channel signals equal in amplitude presents a more severe
      requirement. Systems which operate by sampling the peak amplitude of one
      of the channels based on sampling pulses derived from the quadrature
      timing points available in the other channel discard a substantial portion
      of the useful information and substitute the sample values with the result
      that such systems can be readily jammed or desensitized with high
      frequency noise components which have symmetrical frequency spectrum when
      translated through the mixers. Such jamming can exceed the dynamic range
      of the system with such symmetrical signals and mask the statistically
      deficient sampled target information to prevent an alarm being given.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention employs quadrature detection in a CW intrusion
      detection alarm system and processes the quadrature outputs of the two
      mixers directly without further phase shift and on a continuous basis,
      using signal processing which essentially responds to the rotation of the
      phasor representing the quadrature signals. By multiplying each of these
      signals by the derivative of the other signal and combining the products a
      quantity directly proportional to the torque causing phase rotation is
      obtained without the requirement for a wide band constant amplitude phase
      shift circuit. By normalizing these derivatives which are used as products
      in obtaining this quantity the requirement for a balanced channel system
      is greatly eased. Finally, since the products each contain a continuous
      signal information signal packet containing the entire target and clutter
      signal information products, one complete channel can be eliminated and
      the alarm indication obtained by integrating the response of a single
      product channel. Thus circuit requirements and balance considerations
      between dual channels are reduced to an absolute minimum while maintaining
      a continuous full information content signal processing system capable of
      high sensitivity and detection of target signals in the presence of noise
      of much greater amplitude than the target echo signals and which is not
      limited by the phase response over several octaves of doppler frequency
      information nor saturated by the squared products of amplitude in two
      channels limiting dynamic amplitude range.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a complete CW intrusion detector alarm system.
PAR  FIG. 2 is a schematic representation of an electro-mechanical phase
      rotation responsive device.
PAR  FIG. 3 is a phasor diagram showing the signal components involved in phase
      rotation.
PAR  FIG. 4 is a block diagram of an electronic analog of the electro-mechanical
      signal processor of FIG. 2.
PAR  FIG. 5 is a block diagram of a simplified phase rotation signal processor.
PAR  FIG. 6 is a block diagram of a phase rotation signal processor using
      normalized factors to obtain the signal products.
PAR  FIG. 7 is a simplified version of a normalized signal product processor.
PAR  FIGS. 8A and 8B are wave form diagrams showing signal processing for
      targets moving toward and away from the transmitter with normalized
      differentiated signals.
PAR  FIG. 9 is a set of wave form diagrams showing the operation of the system
      of FIG. 7 with both moving targets and interfering signal phenomena
      occurring simultaneously.
PAR  FIG. 10 is a schematic wiring diagram for a simplified fourquadrant
      multiplier with one factor normalized.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, the general arrangement of a quadrature detection
      CW radar system is shown as comprising an oscillator 1 which may be either
      ultrasonic or microwave to transmit energy from a transducer into the
      space to be protected. Energy reflected from the space and objects within
      the space is received at a receiver input 2 and applied to identical
      signal mixers 3 and 4. The mixers 3 and 4 heterodyne the incoming received
      signals with a sample of the frequency from oscillator 1 which is applied,
      as shown in FIG. 1, directly to mixer 4 and with a leading 90.degree.
      phase shift through phase shifter 5 to mixer 3. Any well-known coupling
      device may be employed to select a small sample of signal from the
      oscillator 1 for use as the heterodyning signal. The outputs of the mixers
      3 and 4 are selected by band pass filters 6 and 7 to select the difference
      frequency which difference frequency will be the result of the doppler
      effect derived from targets reflecting energy to the receiver input 2
      which targets are in motion with respect to the transmitter and receiver
      transducers. Thus the band pass of filters 6 and 7 will normally
      correspond to the base band doppler frequency shift expected from targets
      of interest. The portion of FIG. 1 thus far described will readily be
      understood by those skilled in the art and correspond generally with the
      disclosure of the previously referenced patents to Kalmus.
PAR  In accordance with the present invention the direct outputs of the mixers 3
      and 4 with higher frequency mixer components removed by filters 6 and 7
      are processed directly by a phase rotation processor 10 which produces an
      output signal representing the net or resultant phase rotation forces
      produced by the concerted action of the quadrature detected signals from
      mixers 3 and 4. The output of the processor 10 is a bipolar signal 9 which
      is applied to an integrator 10, the integrated output 11 of which is
      applied to a threshold circuit 12 which when actuated operates an alarm
      13. The integrator 10 operates on the bipolar signal 9 and cooperates with
      the preceding signal processing system to cancel the energy components of
      the spectrum which are derived from clutter and other noise components.
      According to Kalmus, this energy is distributed on both sides of the
      transmitter frequency when observed over a period of time as in
      integration while the energy containing the doppler shift from a moving
      target produces a signal component on one or the other side of the
      transmitter frequency and thus integrates cumulatively to a value which
      will exceed the threshold established by circuit 12 and thus actuate the
      alarm 13.
PAR  The outputs from the filters 6 and 7 representing the doppler frequencies
      are derived from the mixers 3 and 4 and designated X and Y as the inputs
      to phase rotation processor 10. In FIG. 2 these signals are applied to the
      space quadrature windings of a fixed rotor two-phase induction motor. Thus
      stator windings 14 and 15 in series are energized with the X signal and
      windings 16 and 17 in series are energized with the Y signal. The
      resultant flux caused by current flow in these respective sets of coils is
      indicated by the vectors b.sub.y and b.sub.x in FIG. 2. Rotor 18 of the
      motor is constrained and the force acting on the rotor is operative to
      generate a signal in a strain gauge 19 which produces an output signal on
      line 21 representative of the torque on the rotor 18. This torque is the
      result of the rotating vector field b having an angular velocity .omega..
      The signal on line 21 can be applied as the input 9 to integrator 10 and
      will contain the full signal output information from the mixers 3 and 4
      processed for integration without the requirement of electrical phase
      shift to bring the X and Y signals into phase or phase opposition
      conditions as required in the prior art.
PAR  Electro-mechanical processor such as shown in FIG. 2 have certain
      advantages including inertia and other mechanical parameters for
      performing useful operational functions. However, they do generally have
      disadvantages and represent relatively costly components and thus an all
      electronic system may sometimes be preferred. In order to obtain the
      electrical analog of the electro-mechanical system shown in FIG. 2 an
      analysis of the relation between the electric signals and the forces
      involved will be made with reference to FIG. 3.
PAR  In FIG. 3 the phasor .rho. is rotating at an angular velocity .omega. which
      can be positive or negative as indicated. The tangential velocity v.sub.T
      can be resolved in terms of the positive velocity v.sub.x, in the x
      direction and the positive velocity v.sub.y in the y direction as shown.
      The torque, m, on rotor 18 is related to the resultant magnetic vector
      field, .rho. having components x corresponding to b.sub.x and y
      corresponding to b.sub.y, and its angular velocity, .omega. as follows:
EQU  m = K.omega..rho..sup.2                                    (1)
PAL  where K represents the motor transfer characteristics for the units of
      measurement used and m is determined by the dynamics of signals x and y.
      Rewriting equation (1) the torque can be expressed as follows:
EQU  m = K(.omega..rho.).rho.                                   (2)
PAL  where .omega..rho. is the tangential velocity v.sub.T, at the tip of phasor
      .rho., in FIG. 3. Thus:
EQU  m = K.sub.V.sbsb.t .rho.                                   (3)
PAL  v.sub.T consists of two components:
EQU  v.sub.T = v.sub.T .sbsb.2 - v.sub.T .sbsb.1                (4)
PAL  v.sub.T.sbsb.1 is the tangential velocity component due to v.sub.x (the
      first derivative of x). v.sub.T .sbsb.2 is the tangential velocity
      component due to v.sub.y, (the first derivative of y).
PAR  Because of the geometrical relationship shown in FIG. 3, the following
      proportions exist:
      ##EQU1##
      solving for v.sub.T.sbsb.1 and v.sub.T.sbsb.2 :
      ##EQU2##
      From equation (4):
      ##EQU3##
      where x' and y' (i.e., v.sub.x and v.sub.y ) are the first derivatives of
      x and y.
PAL  Substituting (7) into (3):
EQU  m = K(xy' = yx')                                           (8)
PAL  the .rho. term disappears. The torque is epxressed in terms of x and y.
PAR  Since the torque which is a measure of the net phase rotation signal can be
      readily derived from the x and y signals and their derivatives, a quantity
      proportional to torque can be derived electrically as shown in FIG. 4. As
      indicated, the x and y inputs are applied as direct inputs to respective
      multipliers 22 and 23 and these input quantities after differentiation in
      differentiators 24 and 25 are applied as the factor input to the
      multiplier for the opposite signal as indicated. Thus the output of
      multiplier 22 is
      ##EQU4##
      or xy' and the output of multiplier 23 is   or yx'. Taking the difference
      of these two quantities in subtractor 26 gives the desired output quantity
      xy '  -yx'. It should be noted that the outputs of the multipliers 22 and
      23 are continuously present for both moving target and clutter
      interference signal returns. As stated by Kalmus, the clutter energy is
      distributed on both sides of the transmitter frequency and thus cancels in
      the output of the multipliers after these components have been intergrated
      over a sufficient period of time. The continuous frequency waves of a
      moving target, however, when processed according to FIG. 4 implementation
      produces a constant amplitude continuous signal (DC) the polarity of which
      indicates the direction of rotation and thus whether or not the target is
      approaching or receding from the transmitter. Taking the quadrature x and
      y signals as sine and cosine terms at the doppler angular frequency
      .omega. we have:
EQU  x = A cos .omega.t x' = -A .omega.sin .omega.t y = A sin .omega.t y'= A
      .omega.cos .omega.t from (8)
EQU  m = K[A cos .omega.t(A .omega.cos .omega.t) - A sin .omega.t(-A .omega.sin
      .omega.t)] which reduces to:
EQU  m = KA.sup.2.omega.                                        (9)
PAL  for constant target velocity all the factors on the right in (9) are
      constant; hence, m is constant. The sign of m is a function of the sign of
      107 . +.omega. represents a counter-clockwise phase rotation. -.omega.
      represents a clockwise rotation.
PAR  Referring to FIG. 5 a simplified version of the electronic phase rotation
      processor will be seen to constitute one-half of the symmetrical system
      shown in FIG. 4. Thus the x input is applied directly to a multiplier 28
      and the y input is applied to a differentiator 29, the output of which, y
      ', is applied as the other input to multiplier 28. The resulting output on
      line 30 is the quantity xu' and corresponds precisely with the output of
      multiplier 22 in FIG. 4. It will be noted that the quadrature mixers 3 and
      4 of FIG. 1 provide output doppler signals which contain the full
      information content both as to real targets and clutter or noise
      information, the only difference therebetween being the phase relation.
      Thus each signal bears the same relation to the other signal and the
      quantities xy'  and xx'  provide redundancy as to their information
      content. Accordingly, selecting one or the other of the quantities xy' or
      yx' will provide the full information content but is statistically less
      effective in accumulating moving target signal energy and likewise in
      averaging or cancelling clutter return energy. For sufficient period of
      integration, either xy'  or xx'  will average clutter signals to zero and
      accumulate a signal of increasing magnitude for a moving target return.
      Thus the circuit of FIG. 5 can be directly substituted for the phase
      rotation processor 10 of FIG. 1 and the improved performance of
      applicant's invention obtained with simplified and economical apparatus.
      There is in fact a further advantage to the processor of FIG. 5 in that it
      does not require balancing with respect to a channel purported to be
      identical thereto but which may when malfunctioning introduce an
      unbalanced condition.
PAR  A further improvement and simplification is shown in the modified phase
      rotation processor shown in FIG. 6. It will be recalled from the
      description of the previous embodiment and equations (9) and (10) that the
      quantity being measured both as the useful signal and clutter signal is
      proportional to the square of the amplitude of the various signal
      components. In echo signal systems generally and intrusion alarm systems
      in particular the dynamic range of signals encountered is extremely large
      and the presence of large signals results at times in exceeding the
      dynamic range of electronic channels which include amplifiers,
      differentiators and multipliers and similar components. The processing of
      signals which are squared accentuates this problem and can result in a
      system which is capable of handling only signals within a limited
      amplitude range. Conversely, if the signal information could be processed
      with only the first power of the amplitude quantities requiring
      operational conversion, such as differentiation and multiplication,
      improved results can be obtained in that wider dynamic signal range can be
      accommodated and the system is not susceptible to being disabled by high
      amplitude signals. At the same time it is important that the improved
      processing be obtained with full utilization of the formation content of
      the signals since the difficult discrimination between the true signal and
      clutter return must nevertheless be achieved with signals deeply buried in
      the clutter signals.
PAR  The systems of FIGS. 6 and 7 achieve the operation and advantages just
      described by processing signals as previously described for the systems of
      FIGS. 4 and 5 respectively but with the amplitude information removed from
      the differentiated signal component. Thus in FIG. 6 multiplier 35 produces
      the product of input signal x and a quantity Py'  which is the quantity y'
      having the polarity of the y' signal but with normalized or unit amplitude
      constant throughout the period during which y' remains at each polarity.
      multiplier 36 produces a product yPx'  by multiplying the quantities y
      applied thereto and Px'  derived from x' by removing the amplitude
      information therefrom. Thus the system of FIG. 6 differentiates the x
      input in differentiator 32 and passes x' to a zero slicer 34 which
      produces the signal Px'  having polarity the same as x' but constant
      amplitude. Similarly the y input signal is differentiated in a
      differentiator 31 and the signal  y' is applied to a zero slicer 33 to
      produce the unit amplitude bipolar signal Py'  having the same polarity as
      y'. The outputs of the multipliers 35 and 36 are applied to a subtractor
      37 to produce on output line 38 the signal xPy'- yPx' . The system of FIG.
      7 is identical to one-half of the FIG. 6 system and applies the x input to
      a multiplier 39 while the y input is differentiated in differentiator 41
      to apply y' to a zero slicer 40 which applies Py'  to the multiplier 39.
      The output line 42 thus has the quantity xPy'  thereon.
PAR  Referring now to FIGS. 8A and 8B typical target wave forms are displayed
      for the operation of this system with multiplication of those waves shown
      for the normalized or constant value derivatives employed as one factor in
      obtaining the product. Thus lines (a) and (b) show the cosine and sine
      signals obtained from the quadrature detectors 3 and 4 of FIG. 1. As is
      apparent from Kalmus the relative phase of these signals changes between
      90.degree. lead and lag as the target motion changes direction. The
      waveforms shown on lines (c) and (d) represent x' and y' differentiated
      values of x and y respectively. As can be seen by observing the
      instantaneous values thus obtained, the products xy' and yx' when
      multiplied through a four-quadrant multiplier produce continuous signal
      components of opposite polarity. When both of these components are used by
      application to subtractor 26 or 37, all components are additive to
      accumulate the maximum signal response from the moving target returned
      components. Thus output 38 for the system of FIG. 6 is indicated in line
      (i). This signal on line (i) is the result of direct addition of the
      signals indicated at line (g) and (h) which represent xPy'  and -yPx' . In
      the single channel systems the signal output 42 is as indicated on line
      (g). In all of the responses (g), (h) and (i), the product obtained by
      signal multiplication with the normalized derivative shown in lines (e)
      and (f) are obtained. Thus no products proportional to the amplitude
      squared are depicted in FIG. 8.
PAR  It will be noted that the normalized derivatives Px'  and Py'  shown on
      lines (e) and (f) of FIG. 8 precisely correspond to the half cycles of the
      derivatives x' and y' from which they were derived. Thus the polarity
      information of the derivatives is preserved while its amplitude
      information is removed in obtaining the quantities Px'  and Py' . Since
      all of the amplitude information is available in the x and y input signals
      no essential information is lost in obtaining the products xPy'  and yPx'
      . On the contrary, the advantages of processing the amplitude of the
      signal as the first power thereof while maintaining the polarity as
      obtained with four quadrant multiplication is achieved by the simple
      expedient of differentiating the x and y waves and limiting their
      amplitude value. Although the limiting function is shown as it would
      appear with infinite gain amplification, "soft" limiting may be employed
      to provide some dynamic response to the product xy' for low level signals
      with the zero slicers providing a hard limiting polarity-only signal for
      larger magnitude echo returns.
PAR  Referring now to FIG. 9 a representation of the operation of the system of
      FIG. 7 in the presence of both moving targets and interfering signal
      phenomena will be described. In FIGS. 9(a) and (b) the dotted curve
      represents the substantially sinusoidal signal component produced by a
      good target reflector moving at approximately constant velocity. The
      clutter signal components which are uniformly distributed in the spectrum
      on opposite sides of the transmitter frequency will result in components
      which are distributed relative to the signal return from the moving
      target. The combination of these distributed signals with the sinusoidal
      return from the moving target will produce typically an x signal as shown
      in line (a) as the solid curve. A similar signal displaced 90.degree. in
      phase is obtained as the y signal from the other mixer and after
      differentiation this signal would appear relative to the x signal as shown
      in line (b) of FIG. 9. By zero slicing or limiting the signal on line (b)
      the normalized or constant amplitude of line (c) is obtained having the
      same polarity information as contained in the y' signal of line (b). The
      multiplication of lines (a) and (c) produces the signal indicated on line
      (d). As can be seen the four-quadrant multiplication has rectified target
      signal components to be of a single (positive) polarity with the clutter
      component signals distributed above and below the dotted rectified
      sinusoidal waveform. During integration, of course, the plus and minus
      clutter error relative to the dotted line curve will cancel and the true
      target signal is recovered despite the presence of the clutter return
      signals.
PAR  FIG. 10 is a schematic wiring diagram for a solid state or integrated
      circuit implementation of a simplified system generally corresponding to
      that described and shown by FIG. 7. In this implementation the
      four-quadrant multiplier has one linear channel for faithfully introducing
      the amplitude function of one signal channel while the other factor is
      processed as polarity information only as described in FIG. 7 and thus
      this channel is simplified and combined as part of the slicing or limiting
      function. Referring to FIG. 10 the circuit will be seen to operate from a
      DC supply such as 12 volts applied to terminal 51 and ground 52. Across
      this voltage supply a voltage divider is connected consisting of the
      series connection of resistors 53 50, 54 and the intermediate balancing
      resistor combination 55. This voltage divider provides appropriate
      operating potentials for the circuit as hereinafter described.
PAR  The polarity-only factor for the multiplication is obtained by applying the
      y input signal corresponding to that shown in FIG. 7 to a terminal 56
      which is capacitor couplied to the negative input of an operational
      amplifier 57 which has its positive input referenced on line 58 to the
      junction between voltage divider resistors 53 and 50. A pair of
      back-to-back diodes 59 is connected from the output to the negative input
      of op amp 57 and the combination with the coupling capacitor thus operates
      to differentiate the y input signal on terminal 56 and switch the output
      signal between a maximum positive and negative value as the polarity of
      the differentiated wave varies above and below the reference potential
      supplied as an input on line 58. Thus the output on line 61 corresponds to
      the Py' signal of the differentiated but polarity-only y input signal.
PAR  The linear factor for the multiplication is introduced on a terminal 62
      where it is applied to a balanced series cascade of transistors comprising
      switching pairs Q.sub.5, Q.sub.6, and Q.sub.7, Q.sub.8, which pairs have
      their emitters joined and respectively connected to the collectors of
      transistors Q.sub.9, Q.sub.10, which in turn have their emitters bridged
      by a resistor 63 and connected respectively to the collectors of
      transistors Q.sub.11, Q.sub.12, the emitters of which are returned through
      500 ohms resistors 64 and 65 to ground. The collectors of Q.sub.5 and
      Q.sub.7 are joined and connected through a 4.7 Kohm resistor 66 and a
      balancing potentiometer 67 to the positive supply. The collectors of
      Q.sub.6 and Q.sub.8 are joined and returned through a 4.7 Kohm resistor 68
      and the balancing potentiometer 67 to the positive supply. The joined
      collector pairs of Q.sub.5, Q.sub.7, and Q.sub.6, Q.sub.8, are bridged by
      a capacitor 69 and a pair of back-to-back diodes 71. The output of the
      multiplier is derived from these same joined collector pairs on lines 72,
      73.
PAR  The bases of Q.sub.5 and Q.sub.8 are joined and connected to the reference
      potential of line 58. The bases of Q.sub.6, Q.sub.7, are joined and
      connected to the polarity switching factor for the multiplication on lines
      61. Thus the transistor pairs Q.sub.5, Q.sub.6, and Q.sub.7, Q.sub.8,
      switch the polarity of their output on the joined collectors connected to
      output lines 72, 73 in accordance with the polarity of the signal on line
      61 referenced to the potential on line 58 and the polarity of the x input
      on line 62 relative to the biase in Q.sub.9, Q.sub.10, to provide four
      quadrant product polarity from these two factors.
PAR  The transistors Q.sub.9, Q.sub.10 provide a current balance for the
      multiplier system and an appropriate bias level for the introduction of
      the linear x input signal from line 62. For this purpose the base of
      Q.sub.9 is connected through a 10Kohm resistor 75 to a mid-point on the
      balancing resistor grouping 55 while the base of Q.sub.10 is connected to
      the adjustable tap on a potentiometer 74. The base of Q.sub.9 is connected
      through coupling capacitor 76 to the input terminal 62.
PAR  The operating current point for the balanced cascade is provided by
      transistors Q.sub.11 and Q.sub.12 which have their bases connected
      together and returned to the positive supply through a resistor 77. A
      current mirror comprising diode 78 and resistor 79 is connected from the
      joined bases of Q.sub.11, Q.sub.12 to ground.
PAR  In the operation of the circuit of FIG. 10 as thus far described, the tap
      on potentiometer 74 is adjusted for current balance through the series
      cascade transistors and the tap on potentiometer 67 is adjusted to provide
      a voltage balance on output lines 72, 73, such that the voltage between
      lines 72 and 73 is zero whenever either of the input factors x or y is
      zero. The potential between output lines 72, 73, will thus be an amplitude
      analog of the linear x input signal at terminal 72 with polarity
      controlled by four-quadrant multiplication with the signal on line 61.
      Thus the potential across lines 72 and 73 will be positive (arbitrary
      polarity) for x and y input signals in the first and third quadrants and
      of negative polarity for input signals in the second and fourth quadrants.
      These signals are integrated by capacitor 69 and limited by diode 71 to
      prevent overloading of subsequent circuits.
PAR  The integrated xPy' signal on lines 72 and 73 will remain at substantially
      zero level for absence of moving reflectors in the energy field between
      the transmitting and receiving transducers and will show a positive or
      negative polarity signal for an approaching or receding target. To utilize
      a signal which integrates with either positive or negative polarity
      preponderance, a balanced threshold circuit comprising transistors
      Q.sub.13, Q.sub.14 is used. The signal across lines 72, 73 is applied
      between the bases of Q.sub.13, Q.sub.14 and a balanced output signal is
      developed in the symmetrical resistor network 81 connected to the
      collectors of Q.sub.13 and Q.sub.14. Test points 82 and 83 may be provided
      to connect a meter for bipolar indication of approaching and receding
      targets.
PAR  A threshold biased transistor Q.sub.15 is provided to operate an alarm
      system connected to output lead 85 upon the occurrence of a signal of
      either polarity of sufficient magnitude at the collectors of transistors
      Q.sub.13, Q.sub.14. For this purpose, these collectors are connected
      through diodes 86 and 87 to a point returned to the positive potential
      through a resistor 88 and connected through a diode 89 to the base of
      transistor Q.sub.15. The base of Q.sub.15 is biased by a resistor 91 which
      is returned to ground and bypassed by capacitor 92 which provides
      additional integration. The operating point for transistor Q.sub.15 is
      obtained by referencing the emitter through diode 93 to a mid-tap on the
      resistor network 81 and returning the emitter through a resistor 94 to the
      positive supply. Thus in the operation of the circuit of FIG. 10 an
      actuating output signal will appear at output line 85 whenever the bias of
      transistor Q.sub.15 is overcome by the magnitude of a signal on the base
      thereof derived from either polarity of the output from transistors
      Q.sub.13, Q.sub.14, corresponding to the bipolar moving target signal
      inputs thereto on lines 72, 73. As previously described, this bipolar
      signal on lines 72, 73 is the four-quadrant multiplication of the x and y
      input signals with one channel normalized or containing polarity
      information only but otherwise containing the full information content of
      the signal and noise components. Furthermore, since the threshold bias for
      Q.sub.15 is referenced to a point on the balanced network 81 and direct
      coupled through Q.sub.13, Q.sub.14, to the reference level of the bipolar
      signal on lines 72, 73, the alarm actuation will occur for a percentage
      change in signal level and relatively independent of changes in supply
      voltage.
PAR  It will be appreciated that the present invention by operating continuously
      on the return signals provices the maximum available statistical base over
      which to accumulate the like polarity signal components contributed by
      returns from a true moving target. Similarly, all of the noise and clutter
      components which are distributed throughout the signal spectrum within the
      normal doppler signal range relative to the transmitter frequency are
      translated respectively into opposite polarity components and thus cancel.
      Thus maximum discrimination between these two types of signal returns is
      possible together with the other explicit and inherent advantages of the
      invention as disclosed.
PAR  Many modifications of the invention will be apparent to those skilled in
      the art, particularly in relation to achieving the operational functions
      desired. Thus various forms of differentiators and four-quadrant
      multipliers may be employed to achieve the functions required for the
      operations specified herein. The invention, accordingly, is not to be
      limited to the specific embodiments disclosed but only by the scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of detecting moving target echos in the presence of
      interference comprising the steps of radiating energy and receiving echo
      return energy, hetrodyning radiated and received energy signals to produce
      separate quadrature beat frequency signals, differentiating and amplitude
      limiting one of said beat frequency signals, multiplying the
      differentiated and limited signal and the other beat frequency signal to
      obtain the four quadrant product of the signals multiplied, and
      integrating said product.
NUM  2.
PAR  2. In an echo signal intrusion alarm system having enhanced detection
      capability for moving objects in the presence of interference and clutter
      return echos wherein a signal is transmitted into a protected zone and
      reflected signals are received from said zone, said system including first
      and second quadrature mixing means for mixing signals corresponding to the
      transmitted and received signals to produce direction sensitive quadrature
      output signals in accordance with the beat frequency between said
      transmitted and received signals, the improvement comprising phase
      rotation processor means responsive to the full information content of a
      predetermined bandwidth of said quadrature output signals for producing a
      bipolar signal in accordance with the product of the magnitudes of said
      quadrature output signals multiplied by said beat frequency, means for
      integrating said bipolar signal, and threshold means responsive to the
      magnitude of the integrated bipolar signal exceeding a predetermined value
      for providing an alarm signal.
NUM  3.
PAR  3. Apparatus according to claim 2 in which said phase rotation processor
      means comprises a two-phase induction motor having two sets of
      orthogonally positioned stator windings and a locked rotor, said
      quadrature output signals being applied to energize the respective
      windings of said sets, and means coupled to said rotor and responsive to
      the magnitude and sense of the torque exerted on said rotor by the
      energized said windings for producing said bipolar signal.
NUM  4.
PAR  4. In an echo signal intrusion alarm system having enhanced detection
      capability for return echos from a moving object in the presence of
      interference and clutter return wherein a signal is transmitted into a
      protected zone and reflected signals are received from said zone, said
      system including first and second quadrature mixing means for mixing
      signals corresponding to the transmitted and received signals to produce
      direction sensitive quadrature output signals in accordance with the beat
      frequency between said transmitted and received signals, the improvement
      comprising:
PA1  means for multiplying each of said quadrature output signals by a factor
      obtained from the time derivative of the other quadrature output signal to
      obtain two four-quadrant products of the signal and factor multiplied;
PA1  means for subtracting said products to obtain a difference signal;
PA1  integrating means responsive to said difference signal for cancelling
      opposite polarity signal components corresponding to said interference and
      clutter return and accumulating an integrated signal magnitude from signal
      components of the same polarity corresponding to a given direction of
      motion for said moving object; and
PA1  means responsive to a predetermined accumulated level of said integrated
      signal magnitude for producing an alarm signal.
NUM  5.
PAR  5. Apparatus according to claim 4 in which said factor is proportional to
      the time derivative of said other quadrature output signal and said
      four-quadrant products are proportional respectively to the product of the
      amplitudes of both of said quadrature output signals.
NUM  6.
PAR  6. Apparatus according to claim 4 and including zero-slicer means operative
      on each said time derivative to obtain said factor for making said
      four-quadrant products proportional to the amplitude of only one of said
      quadrature output signals.
NUM  7.
PAR  7. Apparatus according to claim 4 and including zero-slicer means operative
      on one of the inputs to said means for multiplying for making said
      four-quadrant products proportional to the amplitude of only one of said
      quadrature output signals.
NUM  8.
PAR  8. In an echo signal intrusion alarm system having enhanced detection
      capability for return echos from a moving object in the presence of
      interference and clutter return wherein a signal is transmitted into a
      protected zone and reflected signals are received from said zone, said
      system including first and second quadrature mixing means for mixing
      signals corresponding to the transmitted and received signals to produce
      direction sensitive quadrature output signals in accordance with the beat
      frequency between said transmitted and received signals, the improvement
      comprising:
PA1  means for multiplying one of said quadrature output signals by a factor
      obtained from the time derivative of the other quadrature output signal to
      obtain the four-quadrant product of the signal and factor multiplied;
PA1  zero-slicer means operative on said time derivative to obtain said factor
      for making said four-quadrant product proportional to the amplitude of
      only said one of said quadrature output signals;
PA1  integrating means responsive to said product for cancelling opposite
      polarity signal components corresponding to said interference and clutter
      return and accumulating an integrated signal magnitude from signal
      components of the same polarity corresponding to a given direction of
      motion for said moving object; and
PA1  means responsive to a predetermined accumulated level of said integrated
      signal magnitude for producing an alarm signal.
NUM  9.
PAR  9. In an echo signal intrusion alarm system having enhanced detection
      capability for return echos from a moving object in the presence of
      interference and clutter return wherein a signal is transmitted into a
      protected zone and reflected signals are received from said zone, said
      system including first and second quadrature mixing means for mixing
      signals corresponding to the transmitted and received signals to produce
      direction sensitive quadrature output signals in accordance with the beat
      frequency between said transmitted and received signals, the improvement
      comprising:
PA1  a four quadrant multiplier having a bipolar product output;
PA1  a time differentiator coupled to differentiate one of said quadrature
      output signals;
PA1  means for coupling the other of said quadrature output signals and the
      output of said differentiator as input factors to said multiplier;
PA1  zero-slicer means coupled to the output of said time differentiator
      operative to remove amplitude information from the one of said input
      factors derived from said time differentiator;
PA1  an integrator for said bipolar output product of said multiplier; and
PA1  threshold means responsive to a predetermined value of the output of said
      integrator for indicating a signal condition.
NUM  10.
PAR  10. In an echo signal intrusion alarm system having enhanced detection
      capability for return echos from a moving object in the presence of
      interference and clutter return wherein a signal is transmitted into a
      protected zone and reflected signals are received from said zone, said
      system including first and second quadrature mixing means for mixing
      signals corresponding to the transmitted and received signals to produce
      direction sensitive quadrature output signals in accordance with the beat
      frequency between said transmitted and received signals, the improvement
      comprising:
PA1  a balanced modulator having signal and switching input terminals;
PA1  means coupling one of said quadrature output signals to said signal input
      terminals;
PA1  differentiating, zero-slicing operational amplifier means operating on the
      other of said quadrature output signals and having the output thereof
      coupled to said switching input terminals;
PA1  integrating and signal limiting means operative on the output of said
      balanced modulator;
PA1  a balanced bias circuit coupled to the output of said balanced modulator;
      and
PA1  a threshold circuit biased from a reference point in said bias circuit and
      responsive to signal excursions of either polarity relative to said
      reference point for producing an output actuation signal for said
      excursions which exceed a predetermined percentage change relative to said
      bias point.
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ABST
PAL  A device for generating spot or barrage noise to jam communication
      equipment, missiles or radar employing a modulating noise that has the
      high frequencies removed. Said device comprises a filter means and an
      amplifier in circuit with the noise source, modulator and transmitter of a
      basic noise jamming device. The filtered output of said device has a
      non-uniform R.F. spectrum with a random noise density.
GOVT
PAR  The invention herein described may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAR  The present invention relates to a device for generating spot or barrage
      noise for jamming communication equipment, missiles or radar by the use of
      a modulating noise that has the high frequencies removed. More
      particularly, it relates to an improved filtered noise jamming device
      which radar will be unable to angle track either actively or passively and
      which a missile will be unable to home on either actively, semi-actively,
      or passively.
PAR  Prior art noise jamming devices consist essentially of a noise source, a
      modulator and a transmitter. Devices of this type produce a radio
      frequency (RF) spectrum of almost uniform density by employing a broad
      band of video noise, ranging in frequency from direct current to 5 MHz,
      for modulating the frequency of an RF transmitter. Such a uniform density
      RF spectrum is easily tracked by radar or homed on by a missile using
      passive homing and tracking techniques.
PAR  An object of the present invention is to provide an improved noise jamming
      device which produces a non-uniform RF spectrum with a random density
      pattern.
PAR  Another object of the present invention is to provide a filtered noise
      jamming device comprising a low-pass filter means for restricting the
      bandwidth of the modulating frequencies from the noise source in order to
      use this filtered noise to modulate the jamming device in order to produce
      spot or barrage-noise jamming.
PAR  A further object of the present invention is to provide a filtered noise
      jamming device which can be used against any type of equipment that a spot
      or barrage-noise jammer can be used against.
PAR  These objectives are accomplished in the present invention by employing a
      filtered noise jamming device comprising a low pass filter and an
      amplifier in circuit with the noise source, modulator and transmitter of a
      standard jamming device. The noise source generates a continuous spectrum
      of noise frequencies ranging from direct current to 5 MHz. Frequencies
      above a cut-off frequency, which may be between 500 Hz and 5 KHz, are
      filtered out by the low pass filter, allowing only those frequencies below
      the cut-off frequency to reach the output thus resulting in an output
      having a non-uniform density RF spectrum with a random density pattern.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      become readily appreciated as the same becomes better understood by
      reference to the following detailed description when considered in
      connection with the accompanying drawings wherein:
PAR  FIG. 1 is a block diagram showing the filtered jamming device of the
      present invention;
PAR  FIG. 2 is a circuit diagram showing one embodiment of the amplifier-filter
      means set out by the dashed line in FIG. 1.
DETD
PAR  Referring to FIG. 1, the filtered jamming device of the present invention
      comprises, in circuit, a noise source 1, filter means 2, an amplifier 3,
      modulating means 4, and a transmitter 5. The noise source 1, which can be
      of Type 8890-0024 manufactured by Elgenco Inc., Santa Monica, Ca., is
      coupled to a filter means 2 which in turn is in circuit with an amplifier
      3. The amplifier 3 and filter means 2 can comprise a single, combined
      amplifier-filter circuit as shown in FIG. 2. Referring again to FIG. 1,
      the amplifier 3 is in circuit with modulating means 4 which can be of the
      type described by Sims and Stephenson, "Microwave Tubes and Semiconductor
      Devices," Interscience Publishers, 1963. Said modulating means 4 is in
      turn coupled to a transmitter 5 which can be of the "Backward-Wave
      Oscillator Type WJ-2017," manufactured by Watkins-Johnson, Palo Alto,
      California.
PAR  In operation, the noise source 1 generates a continuous spectrum of noise
      frequencies ranging from direct current to about 5 MHz. The filter means 2
      serves as a low pass filter and attenuates all frequencies above a
      selected cut-off frequency within the range of from 500 Hz to 5 KHz. It is
      required that said filter means 2 provide a minimum attenuation of 20 db
      at frequencies above 8 KHz. The amplifier 3 amplifies the output of the
      filter means 2 in order to obtain the same rms voltage at input terminal 7
      of the modulator 4 that was present when the output terminal 6 of the
      noise source 1 was directly coupled to the input terminal 7 of the
      modulator 4. If a different value of gain is desired, the amplifier 3 can
      be set accordingly. The noise jamming output of the present device has an
      RF spectrum having a non-uniform density with a random density pattern.
      Thus when the RF signal is received, the resultant video signal in the
      receiver, to be jammed, will appear as a series of varying amplitude
      spikes periodically saturating the subject receiver. During the time when
      the subject receiver is not saturated the varying amplitude signal
      interferes with any use of amplitude modulation as a means of tracking.
PAR  FIG. 2 is a circuit diagram of an embodiment of an amplifier-filter
      combination which has been found satisfactory in practice. Higher
      frequencies are blocked by the T-filter network comprising the resistor
      10, capacitor 11 and resistor 12. The remaining direct current and lower
      frequencies pass to the operational amplifier 13. A feedback network
      comprising a capacitor 16 in parallel with a T-filter network consisting
      of a resistor 14, capacitor 17 and resistor 15 straddles the operational
      amplifier and serves to further reduce the high frequency components from
      the input signal. The capacitor 18 blocks the direct current component of
      the signal, thus permitting only low frequency components of the signal to
      reach the drive circuit which comprises a transistor 24 and resistors 8,
      19, 20, 22. Said drive circuit serves as a power amplifier. Blocking
      capacitor 23 further eliminates any remaining direct current so that the
      output signal consists only of low frequency components.
PAR  The filter characteristics can be varied so that the RF source is modulated
      by various bands of frequency resulting in the jamming noise containing
      different frequency components.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved noise jamming device for producing a non-uniform RF spectrum
      with a random density pattern comprising:
PA1  a. a noise source generating a continuous spectrum of noise frequencies
      from direct current to about 5 MHz,
PA1  b. a low pass filter means in circuit with said noise source attenuating
      all frequencies above a selected cut-off frequency within the range of
      from 500 Hz to 5 KHz,
PA1  c. an amplifier in circuit with said low pass filter means for amplifying
      the output of said low pass filter means,
PA1  d. said low pass filter means and said amplifier in circuit therewith
      forming a single integrated circuit comprising:
PAR  1.  a first T-filter network for filtering high frequencies which allow
      direct current and lower frequencies to pass,
PA2  2. an operational amplifier having a feedback network and a second T-filter
      both in parallel therewith, said operational amplifier connected to
      amplifier of said first T-filter for further reducing high frequency
      components from input signals thereto,
PA2  3. a drive circuit connected to the output of said operational amplifier,
      said drive circuit serving as a power amplifier, and
PA2  4. a blocking capacitor for eliminating any remaining direct current
      leaving an output of only low frequency components,
PA1  e. a modulator in circuit with said amplifier and being responsive to the
      noise spectrum passed by said low pass filter means to produce a spot or
      barrage noise signal output having a non-uniform density RF spectrum with
      a random density pattern, and
PA1  f. a transmitter in circuit with said modulator for transmitting the output
      signal from said modulator circuit.
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ABST
PAL  An omnidirectional wide-band antenna which operates with simultaneous
      horizontal and vertical polarisation consists of two truncated conductive
      cones which operate as a bi-conical antenna and each truncated cone is
      associated with a conductor array perpendicular to the axis of the cones.
      The conductors are in the form of logarithmic spirals.
BSUM
PAR  The present invention relates to wide-band omnidirectional antennas and in
      particular those which operate with simultaneous horizontal and vertical
      polarisation.
PAR  By a wide-band antenna is meant an antenna which is able to operate in a
      frequency range of one to three octaves.
PAR  Equiangular spiral antennas wound onto a cone of revolution are known, but
      at very high frequencies the radius of the first turns at the apex of the
      cone is very small. It is therefore difficult to produce an arrangement to
      feed such an antenna. At the low frequencies in the band the size of the
      antenna becomes considerable. Moreover, its polar diagram is not
      absolutely uniform. It contains discontinuities, which are always a source
      of trouble. Finally, because of its special shape, such an antenna is
      difficult to manufacturer.
PAR  Also known is the bi-conical antenna, this being described on pages 217-229
      of "Antennas" by Kraus, published by McGraw Hill, for example. This
      antenna is better from the omnidirectional point of view and is small in
      size, but it is not capable of operating with simultaneous vertical and
      horizontal polarisation.
PAR  The antenna according to the invention does not have these drawbacks.
      According to a feature of the invention, an omnidirectional wide-band
      antenna comprises two co-axial truncated conductive cones for forming a
      bi-conical antenna, and at least one array of conductors which is situated
      in a plane perpendicular to the said axis and which is connected
      electrically to each of the truncated cones.
PAR  Other features will become apparent from the following description which is
      given as an example and which is illustrated by the Figures, which show:
PAR  FIG. 1, a simplified version of an antenna according to the invention;
PAR  FIG. 2, a cross-section of a very-wide-band version, and
PAR  FIGS. 3 and 4, the conductor array used with the version in FIG. 2.
DETD
PAR  FIG. 1 shows a simplified version of an antenna according to the invention.
PAR  The antenna comprises two truncated cones 1 and 2 connected to a co-axial
      cable. The cones are hollow and are made either of a conductive substance,
      or of a dielectric substance the surface of which has been metallised. The
      outer conductor 3 of the co-axial cable is connected to the minor base of
      cone 1, while the centre conductor is connected to the minor base of cone
      2. A first array 5 of conductor wires arranged in a plane perpendicular to
      the axis of the cones is applied against the major base of cone 1. A
      second array 6 of conductors is applied against the major base of cone 2.
      Conductor arrays 5 and 6 are identical. They are formed by a series of
      metal strands which at one end are connected electrically to the cone to
      which they are attached and which lie within a disc. A cylindrical
      protective casing 7, which is permeable to the waves, may be used as a
      mechanical support for the parts of the antenna as a whole.
PAR  The radiating strands may be in the form of logarithmic spirals, for
      example, and the direction of rotation of the strands forming array 5 is
      the reverse of that of the strands forming array 6.
PAR  The two cones 1 and 2 and the co-axial cable 3, 4 which feeds them together
      form a wide-band bi-conical antenna. This antenna only operates with
      vertically polarised waves. The conductive strands, which are laid out in
      horizontal planes, are able to transmit and receive horizontally polarised
      waves.
PAR  The configuration of the conductive strands in each array is certainly not
      the only possible one. It is designed to give a polar diagram in azimuth,
      which is as nearly circular as possible. Two consecutive conductive
      strands in each array subtract from each other as a result of rotation
      about the axis of the cones. Two diametrically opposed strands in one of
      the arrays form a very undirectional antenna. The fact of there being
      multiple pairs of strands gives a circular radiation diagram. The
      direction of rotation of the strands in array 6 is the reverse of that of
      the strands in array 5 so as to make allowance for the opposed phases of
      the currents supplying the two arrays.
PAR  FIG. 2 is a cross-sectional view of a very wide-band version of the antenna
      according to the invention.
PAR  The bi-conical member is once again formed by two metal cones 10 and 20
      which are fed by a co-axial cable 30, 40 which terminates in a choke. This
      choke provides a connection between the end of the co-axial cable and the
      two cones which are fed in phase opposition.
PAR  The outer conductor of the cable is connected to cone 10. The end of the
      centre conductor 32 projects into a cylindrical recess 31.
PAR  A first conductor array 50 is laid out on a dielectric disc and is
      connected to the major base of cone 10 through an absorbent disc 52. Cone
      10 then extends into a cylindrical section 11.
PAR  A second conductor array 60 is laid out on a disc 61 which is joined to the
      major base of cone 20 via an absorbent disc 62. Cone 20 extends into a
      cylindrical section 21 to which is applied a third disc 80 carrying a
      third conductor array 81.
PAR  Conductor arrays 50 and 60 are identical and are shown in FIG. 3. Each of
      the conductive strands is in the form of a logarithmic spiral of which the
      tangent is inclined at 45.degree. with respect to the radius. The ends of
      the strands are modified so as to become progressively tangent to a circle
      concentric with the circle formed by the base of the cone.
PAR  In addition the strands are splayed for substantially half their length.
      They could equally well be simply increased in width. At the centre the
      strands are connected together electrically by a ring which is in contact
      with the associated absorbent disc. After assembly, since arrays 50 and 60
      are facing one another, the directions of rotation of the strands are in
      fact opposite.
PAR  FIG. 4 shows conductor array 81. The shape of the strands is the same as
      that in FIG. 3 except for the splaying. The direction of rotation of the
      strands is the same as in array 60.
PAR  These circuits are advantageously produced on a polytetrafluor-ethylene
      substrate by a photo-etching process.
PAR  The shape and number of the strands making up the conductor arrays are not,
      of course, limiting.
PAR  The antenna operates in the same way as that in FIG. 1. The effect of the
      various additional arrangements such as the absorbers and the extra disc
      is to widen the operating frequency band by, on the one hand, avoiding
      resonance caused by the length of the horizontal strands and, on the other
      hand, by apportioning the energy involved between the cones and the
      horizontal strands.
PAR  The antenna described has the advantage of being easy to construct and
      small in size.
PAR  It may be applied to any radar station. Also, by embedding the assembly in
      a dielectric, it is possible to obtain a sealed antenna which can be used
      in a marine environment or any corrosive environment.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A wide-band omnidirectional antenna comprising two co-axial truncated
      conductive cones for forming a bi-conical antenna, at least one array of
      conductors which are situated in a plane perpendicular to the said axis
      and which each has one of its ends in electrical contact with the major
      base of the cone with which it is associated, a cylindrical conductive
      section extending beyond the major base of one of said cones and a second
      conductor array placed in electrical contact with the cross-sectional face
      at the end of said cylindrical section.
NUM  2.
PAR  2. An antenna according to claim 1, wherein an absorbent disc is inserted
      between the major base of the cone and the conductor array.
NUM  3.
PAR  3. An antenna according to claim 1, wherein each conductor array is formed
      by an assembly of metal strands of logarithmic spiral form, which subtract
      from one another as a result of rotation about the axis of the cones.
NUM  4.
PAR  4. An antenna according to claim 3, wherein the conductor array is formed
      by a photo-etching process on a dielectric substrate.
NUM  5.
PAR  5. In a wide-band omnidirectional antenna comprising a truncated conductive
      cone and a disc shaped element mounted adjacent to but spaced from the
      minor base of said cone having a normal single polarization effect, said
      disc shaped element comprising a plurality of spiral conductors arranged
      to provide a substantially circularly polarization effect, so as to
      provide improved bandwidth and omnidirectional characteristics and the
      substantial equality of the two polarization effects of the antenna,
      comprising a further truncated conductive cone and at least one further
      disc shaped element, said further cone having the same axis as the
      previous one and being introduced between the previous cone and disc, said
      previous disc being in electrical connection with the major base of said
      further cone, and said further disc being in electrical connection with
      the major base of said previous cone and comprising a plurality of spiral
      conductors, the direction of rotation of which is the reverse of that of
      the conductors of the previous disc.
NUM  6.
PAR  6. An antenna according to claim 5, wherein an absorbent disc is introduced
      between the major base of each cone and the associated disc element.
NUM  7.
PAR  7. An antenna according to claim 5, wherein each of said spiral coductors
      is increased in width from the associated cone to the edge of the disc.
NUM  8.
PAR  8. An antenna according to claim 5, wherein at least one of the cones is
      extended beyond its major base by a cylindrical conductive section and a
      further conductor array is placed in electrical connection with the
      cross-sectional face at the end of said cylindrical section.
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ABST
PAL  A variable-gain amplifier comprises a transistor with an emitter connected
      in a degenerative emitter-follower circuit which includes a PIN diode
      traversed by a current injector in the form of an operational amplifier,
      the PIN diode forming part of a negative-feedback path extending from the
      output to the inverting input of the operational amplifier. To achieve a
      gain characteristic whose logarithm varies linearly with a control
      voltage, this control voltage is fed to the same inverting input through
      an amplifier circuit with an exponential characteristic, including another
      operational amplifier provided with an input transistor. A
      temperature-compensating circuit, preceding that input transistor,
      comprises still another operational amplifier having a further transistor
      inserted in its negative-feedback path. The variable-gain amplifier may be
      included in one of two conjugate (sum and difference) channels of a
      monopulse radar.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in variable-gain amplifiers
      requiring gain control varying in accordance with a well defined law,
      e.g., linearly, over a wide dynamic range.
PAR  Prior attempts at solving this problem have not turned out satisfactory.
      Thus, a gain control has been proposed including an attenuator consisting
      of a fixed impedance and a nonlinear element such as a diode, whose
      dynamic impedance varies as a function of the direct current flowing
      through it. Another device utilizes field-effect transistors whose gate
      voltage is varied. Yet another device of this type comprises a
      variable-resistance element of the diode type, arranged in a
      negative-feedback path of the variable-gain amplifier to be controlled.
PAR  However, these devices have drawbacks. In particular, the gain varies as a
      function of the temperature and this militates against good
      reproducibility. Moreover, the law governing the variation of the
      logarithm of the gain as a function of the control voltage is not linear
      and the dynamic range is relatively narrow, thereby severely limiting the
      usefulness of the controlled amplifier stage.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to overcome these drawbacks and to
      provide a gain control of wide dynamic range for an amplifier stage, the
      gain varying in accordance with a readily reproducible characteristic.
      More specifically, our invention aims at providing a gain characteristic
      whose logarithm varies linearly with the control voltage.
PAR  In accordance with the present invention, a variable-impedance element
      constituted by a PIN diode is connected in a degenerative or
      negative-feedback circuit connected to a reference electrode (e.g.,
      emitter) of a transistor, or pair of transistors, included in the
      controlled amplifier stage, the PIN diode being biased by a current
      flowing in a negative-feedback path of an operational amplifier supplied
      at an input thereof with the gain-controlling voltage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of our invention will now be described in
      detail with reference to the accompanying drawing wherein:
PAR  FIG. 1 is a circuit diagram of a variable-gain amplifier embodying our
      invention;
PAR  FIG. 2 is a circuit diagram of another embodiment;
PAR  FIG. 3 illustrates additional components of a system including the
      variable-gain amplifier of FIG. 2;
PAR  FIG. 4 is a block diagram illustrating the application of our improved
      variable-gain amplifier to a monopulse radar system; and
PAR  FIG. 5 is a graph showing the variation of the gain G of the amplifier of
      FIG. 4 as a function of the applied control voltage.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates schematically an amplifier, or amplifier stage,
      comprising an element 3 whose impedance varies as a function of the
      current flowing through it, connected in a negative-feedback circuit in
      the amplifier stage. This stage, in a manner known per se, comprises a
      transistor with an emitter-follower connection. The collector of the
      transistor 1 is connected to a load impedance 2 across the terminals of
      which the output signal is picked up at 6 in response to an input signal e
      applied to the base. The emitter of the transistor 1 is grounded for high
      frequencies through a capacitor in series with the variable-impedance
      element 3 which is connected, through a surge coil 4, to a current
      injector 5 which supplies the biasing current Ic for the element 3.
PAR  The element 3, whose resistance varies with the current flowing through it,
      is a PIN (positive/intrinsic/negative diode.
PAR  The characteristics of these diodes are well known, and need only be
      outlined briefly here. A PIN diode consists of two heavily doped regions,
      p+ and n+, known as the end regions, separated by a lightly doped
      intermediate region. When the intermediate region has a substantial
      thickness (on the order of 10 to 100 microns), the diode acts as a
      high-voltage rectifier having a low direct-voltage drop for high currents
      because of the modulation of the conductivity of the intermediate region
      by the high number of charge carriers injected through the end regions.
      However, in the very-high-frequency range, a PIN diode of this kind can
      function as a variable resistor because the frequencies are then too high
      for the rectification to take place on account of the relatively long
      recovery time of the intermediate layer.
PAR  For zero or reverse bias, the intermediate layer creates a high resistance.
      Under the effect of forward bias, the injection and storage of charge
      carriers reduces this resistance in the intermediate region in accordance
      with the formula
      ##EQU1##
      where R is expressed in ohms and I is the forward biasing current
      expressed in milliamps.
PAR  It is in this latter state that the PIN diode is utilized in the system
      embodying our present invention, where it affords numerous advantages.
PAR  The insertion of the variable element in a feedback circuit makes it
      possible, first of all, to achieve a dynamic range in the variable-gain
      stage which increases with the input level. In the negative-feedback
      amplifier, the dynamic-gain variation is limited by the impedance of the
      electrode to which the variable element is coupled, the electrode in this
      case being the emitter of the transistor, on the one hand, and by the
      parasitic capacitances of the circuit, on the other.
PAR  For a PIN diode, the charge-carrier life greatly exceeds the cycle length
      corresponding to the frequency of the signals applied to the amplifier.
      Thus, by using the PIN diode as a variable element, complete separation
      between the dynamic and static characteristics of the diode is achieved,
      that is to say between the dynamic impedance of the diode and its
      low-frequency impedance. Consequently, with a charge-carrier life on the
      order of 1.3 microsecond, there is a lower limit on the order of 1
      megahertz for the frequency at which the diode will operate as a variable
      resistor. Likewise, there is an upper limit for the frequency of the
      diode-biasing current. This makes it possible to achieve very
      low-distortion amplification since the permissible dynamic current becomes
      independent of the control current.
PAR  Moreover, by connecting the PIN diode in a negative-feedback circuit
      including a current injector 5, we are able to insure that the current
      flowing through the diode depends only upon the input voltage of the
      current injector and this improves the gain control of the amplifier,
      making it possible to effect better utilization of the wide control range
      afforded by the emitter-follower connection.
PAR  FIG. 2 illustrates another embodiment of the invention, in which the
      controlled amplifier comprises a differential circuit.
PAR  This two-stage amplifier, constructed as an integrated circuit, comprises
      two transistors 7 and 8 of like conductivity type (NPN) in
      emitter-follower connection with their emitters interconnected. The
      element whose resistance varies with the current flowing through it, i.e.,
      the PIN diode 9 is connected in the link between the emitters of the
      transistors 7 and 8, through the intermediary of respective capacitors 10
      and 11; each emitter, moreover, is connected to ground through a surge
      coil and a decoupling capacitor. It will be observed, too, that the
      signals processed in this amplifier stage are applied to the base of the
      transistor 7, the output signals from the amplifier stage being picked up
      at the collector of the transistor 8 across the terminals of the load Z.
      The PIN diode 9, connected in a coupling network included in the
      degenerative emitter-follower circuit of input transistor 7 and inserted
      between the emitters of the amplifiers 7, 8 also forms part of a
      negative-feedback circuit associated with an operational amplifier 12
      included in the gain control circuit of the amplifier.
PAR  The operational amplifier 12 converts a control voltage Vs, applied to its
      inverting input through a resistor 20, into a biasing current Ic acting
      directly on the PIN diode 9.
PAR  The system of FIG. 2 has the advantage, in relation to one with a simple
      amplifier of the kind shown in FIG. 1, of still further increasing the
      dynamic range of the signal which the amplifier will be able to handle.
PAR  Accordingly, the amplitude of the permissible signal at the amplifier
      input, that is to say at the base of the transistor 7, increases as the
      impedance of the diode 9 increases, that is to say as the gain decreases.
      The variation in gain which it is thus possible to achieve has no effect
      upon the pass-band characteristics of the amplifier stage, which is
      determined by the load Z separated from the PIN diode 9 by the transistor
      8. As already mentioned, this gain variation is independent of active
      elements other than the PIN diode 9, the stage gain being given by the
      ratio of the load resistance Z connected to the collector of the
      transistor 8, to the dynamic resistance of the PIN diode.
PAR  Still better conditions of operation of the controlled amplifier can be
      obtained in accordance with the invention by modifying the control voltage
      applied to the input of the operational amplifier 12 which directly
      controls the current Ic flowing through the PIN diode.
PAR  In the introduction to the present specification we have pointed out that
      the logarithm of the gain of the amplifier stage should vary as a linear
      function of the control voltage.
PAR  This condition is met in accordance with the invention by connecting
      between a terminal 13 (FIG. 3), receiving the control voltage Vc which
      determines the gain of the amplifier 7, 8 of FIG. 2, and the operational
      amplifier 12, acting directly upon the variable-resistance element, an
      amplifier circuit 14 with an exponential response.
PAR  The control voltage Vc appearing at 13 is applied to the exponential
      amplifier circuit 14 through a compensation circuit 15 comprising a
      transistor 16 connected in a feedback path between the inverting input and
      the output of an operational amplifier 17. This latter amplifier, which is
      of a type well known per se, requires no detailed description, any more
      than does the operational amplifier 12. The circuit 15 is designed to
      compensate for the variation in the base-emitter voltage of the transistor
      16 as a function of temperature. The current flowing through a
      grounded-base input transistor 18 of circuit 14, whose collector is
      connected to inverting input of an operational amplifier 19 thereof, thus
      varies exponentially with the base-emitter voltage of input transistor 18
      which is connected in series-opposed relationship with feedback transistor
      16. Consequently, the voltage Vs appearing at the input of the resistor 20
      (FIG. 2), connected to the operational amplifier 12, is exponentially
      related to the voltage Vc ; the current Ic flowing through the PIN diode
      9, which is equal to the quotient of the value Vs divided by the magnitude
      Rd of resistor 20, varies exponentially with the voltage Vc so that the
      logarithm of the gain is a linear function of Vc. voltage
PAR  Thus, we have disclosed a variable-gain amplifier controlled by a PIN diode
      connected to an emitter of a transistor amplifier. Alternatively, the
      diode could be connected in the collector circuit, without sacrificing the
      advantages of our invention.
PAR  The variable-gain amplifier in accordance with the invention has numerous
      applications, for example in any controlled-gain amplifier system
      operating within a frequency range extending from 1MHz to 1GHz, with this
      both closed-loop operation, where an automatic gain control (AGC) is
      created, and open-loop operation, using for example time-variable gain
      (TVG). A particularly significant application, however, is in a
      three-amplifier system for automatic gain control as applied to the sum
      and difference channels of a monopulse radar receiver using amplitude
      processing, in which the quality of exploration depends primarily upon the
      gains of the three amplifiers being identical throughout the gain-control
      range.
PAR  FIG. 4 schematically illustrates this kind of automatic-gain-control loop,
      in accordance with the invention, as applied to one of the conjugate (sum
      and difference) channels comprising two controlled-gain amplifier stages.
PAR  The channel in question, which may be the sum channel of a monopulse radar,
      thus comprises two controlled-gain amplifiers 23 and 24, followed by an
      amplifier 25 delivering the output of the channel. The output signals are
      also applied to the gain-control loop of the amplifiers 23 and 24 through
      an amplifier 26 supplying a detector stage 27 connected to a threshold
      amplifier or limiter 28 in a circuit whose time constant determines the
      pass band of the control system. The amplifier circuit 28 is connected to
      the amplifier circuit 14 of FIG. 3, having an exponential response
      characteristic, which in turn is connected to two current injectors 12 and
      120, that is to say operational amplifiers controlling PIN diodes (not
      shown here) arranged in a negative-feedback circuit of the controlled
      variable-gain amplifiers 23 and 24. Identical injectors control the
      variable-gain amplifiers of the other channel, i.e., of the difference
      channel.
PAR  FIG. 5 illustrates by way of example the attenuation law of the channel
      described with reference to FIG. 4, i.e., the variation in gain G as a
      linear function of the control voltage Vs.
PAR  By way of example, in closed-loop operation, the level may be regulated
      between 10 and 65 dB per mW in continuous-wave operation or in
      intermittent operation with pulses on the order of 0.25 microsecond.
PAR  It is clear, in the view of the excellent linearity of the impedance
      variation in the Pin diode as a function of the current flowing through
      it, that in accordance with the intended applications other laws of
      variation of the gain control are conceivable. Thus, a sin.sup.2 x/x.sup.2
      law may be required if the amplifier is associated for example with a
      simulator.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A variable-gain amplifier comprising:
PA1  semiconductor means provided with an input electrode connected to a source
      of high-frequency signals and with two further electrodes including a
      reference electrode whose potential relative to that of said input
      electrode determines the conductivity of said semiconductor means, one of
      said further electrodes being connected to a load;
PA1  degenerative circuitry connected to said reference electrode for applying
      thereto a negative-feedback voltage;
PA1  a PIN diode in said degenerative circuitry;
PA1  biasing means for said PIN diode including an operational amplifier
      provided with an inverting input, a non-inverting input, an output, and a
      negative-feedback path connected between said output and inverting input
      thereof, said PIN diode being inserted in said negative-feedback path; and
PA1  a source of gain-controlling voltage connected to one of the inputs of said
      operational amplifier.
NUM  2.
PAR  2. A variable-gain amplifier as defined in claim 1 wherein said
      semiconductor means comprises a first and a second transistor stage each
      having a base, an emitter and a collector, said input electrode being the
      base of said first transistor stage, said reference electrode being the
      emitter of said first transistor stage, said degenerative circuitry
      forming part of an emitter-follower connection for said first transistor
      stage and being coupled to the emitter of said second transistor stage,
      the emitter of said first transistor stage being connected to the load via
      the emitter and collector of said second transistor stage.
NUM  3.
PAR  3. A variable-gain amplifier as defined in claim 2 wherein said transistor
      stages are of the same conductivity type.
NUM  4.
PAR  4. A variable-gain amplifier as defined in claim 1 wherein said source of
      gain-controlling voltage comprises an amplifier circuit with an
      exponential characteristic.
NUM  5.
PAR  5. A variable-gain amplfier as defined in claim 4 wherein said source of
      gain-controlling voltage further comprises a temperature-compensating
      circuit preceding said amplifier circuit.
NUM  6.
PAR  6. A variable-gain amplifier as defined in claim 5 wherein said amplifier
      circuit and said temperature-compensating circuit comprise a second and a
      third operational amplifier, respectively.
NUM  7.
PAR  7. A variable-gain amplifier as defined in claim 6 wherein said amplifier
      circuit includes an input transistor connected to said second operational
      amplifier, said temperature-compensating circuit including a further
      transistor inserted in a negative-feedback connection of said third
      operational amplifier, said further transistor being provided with a
      control-voltage input.
NUM  8.
PAR  8. A variable-gain amplifier as defined in claim 7 wherein said input
      transistor and said further transistor are connected in series-opposed
      relationship.
NUM  9.
PAR  9. In a monopulse radar having two conjugate channels, the improvement
      wherein one of said channels includes a variable-gain amplifier
      comprising:
PA1  semiconductor means provided with an input electrode connected to a source
      of high-frequency signal and with two further electrodes including a
      reference electrode whose potential relative to that of said input
      electrode determines the conductivity of said semiconductor means, one of
      said further electrodes being connected to a load;
PA1  degenerative circuitry connected to said reference electrode for applying
      thereto a negative-feedback voltage;
PA1  a PIN diode in said degenerative circuitry;
PA1  biasing means for said PIN diode including an operational amplifier
      provided with an inverting input, a noninverting input, and output, and a
      negative-feedback path connected between said output and inverting input
      thereof, said PIN diode being inserted in said negative-feedback path; and
PA1  a source of gain-controlling voltage connected to one of the inputs of said
      operational amplifier.
NUM  10.
PAR  10. The programmable controller as recited in claim 9 in which said scanner
      circuit includes control means for alternately executing a data output
      sequence and a data input sequence, said control means being connected to
      said interrupt means, connected to said data in gate means and connected
      to said data out gate means, and being operable to enable said interrupt
      means and said data out gate means during said data output sequence, and
      to enable said interrupt means and said data in gate means during said
      data input sequence.
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ABST
PAL  A recording time clock whose housing has an orifice for insertion of a time
      card and another orifice in which a punched coding plate may be inserted.
      A reading device reads the code of perforations in the coding plate and
      sets a code printing wheel in the printing mechanism of the clock for
      printing a code symbol simultaneously with the hour and minute on an
      inserted time card.
BSUM
PAC  SUMMARY OF INVENTION
PAR  This invention relates to recording time clocks, and particularly to a time
      clock in which a code symbol indicative of overtime or other special
      working conditions is recorded on an inserted time card.
PAR  It was known heretofore to indicate overtime and like special working hours
      on a time card by printing indicia in special colors or in special columns
      of the card. The known methods, however, readily lead to abuse unless a
      guard is stationed at the recording time clock to prevent workers from
      recording special working time for regular time. The problem is
      particularly severe when workers are free to elect their starting and
      leaving times.
PAR  It is an object of the invention to identify the time recorded on a time
      card by a special symbol and to prevent abuse of this symbol.
PAR  According to the invention, a recording time clock is provided with a
      photoelectric reading device. It reads perforations on a plate member
      inserted in a receptacle of the recording time clock which is equipped
      with a printing device responsive to the presentation of a time card for
      printing an indication of time on the card. A recording device records the
      reading signal of the reading device on a time card presented to the
      printing device while the perforated plate member is inserted in the
      receptacle.
PAR  The invention will be understood more fully from the following description
      of a preferred embodiment when considered in connection with the attached
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  In the drawing:
PAR  FIG. 1 shows a recording clock of the invention in a perspective view;
PAR  FIG. 2A shows the clock of FIG. 1 in a plan view without its casing;
PAR  FIG. 2B shows the clock and its casing in section on the line Z -- Z in
      FIG. 2A;
PAR  FIG. 3 shows elements of the clock in fragmentary side elevation and partly
      in section;
PAR  FIG. 4 illustrates further elements of the clock in partly sectional side
      elevation;
PAR  FIG. 5 shows the apparatus of FIG. 4 in partly sectional front elevation;
PAR  FIG. 6A is a front view of a coding plate for use in the clock;
PAR  FIG. 6B shows the plate of FIG. 6A in rear view;
PAR  FIG. 6C shows the plate of FIG. 6B in section on the line X -- X;
PAR  FIGS. 7A and 7B illustrate another coding plate in views respectively
      corresponding to those of FIGS. 6A and 6C; and
PAR  FIG. 8 is a diagram of the electric circuit in the clock.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  FIG. 1 shows the housing 10 of a time clock of the invention. Raised rims
      11, 15 projecting from the housing 10 bound orifices for insertion of time
      cards and coding plates respectively. As is seen in FIGS. 2A and 2B, the
      rim 11 is the enlarged top portion of a guide 12 suspended in the housing
      10 between a printing wheel 23 and a printing hammer 13.
PAR  The hammer 13 is mounted on an operating shaft 13a and may be pivoted by
      the shaft into the printing position shown in FIG. 2B adjacent the wheel
      23. The wheel 23 is one of a group of printing wheels mounted on a common
      shaft 14.
PAR  The rim 15 leads into a vertical passage 16' in a reading device 16, the
      passage being aligned with the top opening 17a of a vertical chute 17. The
      chute leads into a storage space in a cabinet 10a on which the clock is
      mounted.
PAR  The long arm of an L-shaped stop 18 is secured to the hammer 13 by a pin
      18a. The short arm 18b of the stop is located between the bottom orifice
      of the passage 16' and the opening 17a of the chute 17 when the hammer 13
      is returned to its inoperative position by a return spring 55, thereby
      forming the bottom of a receptacle for an inserted coding plate.
PAR  The reading device 16, best seen in FIG. 3, has a guide pin 16a projecting
      into the passage 16'. One side of the passage 16' is defined by a block
      16b formed with two vertical rows of four horizontal bores 16c, each bore
      receiving a light-emitting diode 16d as a light source. The bores of the
      second row, not shown, are horizontally aligned with the illustrated bores
      16c. A block 16e separated from the block 16b by the passage 16' is formed
      with eight bores 16f respectively aligned with the bores 16c and
      containing phototransistors 16g.
PAR  The elongated coding plate 19 shown in FIGS. 6A to 6C fits the passage 16'
      when a groove 19a in the back of the plate faces the guide pin 16a. The
      plate may be inserted to such a depth that the pin 16a abuts against a
      transverse end wall 19a' of the groove 19a. In this position,
      approximately one third of the plate still projects upward from the rim
      15, and the plate is prevented from dropping into the chute 17 even when
      the stop 18 is moved into the releasing position shown in FIG. 2B.
      Perforations 19b in the plate permit the light of selected diodes 16d to
      reach the aligned phototransistors, whereby the latter emit a code signal.
      A shield 19c on the plate 19 may display the meaning of the code.
PAR  Another coding plate 20, about one half of the length of the plate 19, is
      shown in FIGS. 7A and 7B. A groove 20a adapted movably to receive the pin
      16a extends over the entire length of the plate 20. The plate 20, when
      inserted in the rim 15, rests on the short arm 18b of the stop 18 and
      drops into the chute 17 after the stop moves into the position seen in
      FIG. 2B during the printing stroke of the hammer 13. No part of the plate
      20 projects from the clock after insertion. The plate is provided with
      perforations 20b and a shield 20c for transmitting and for displaying a
      code, as described above.
PAR  As is best seen in FIGS. 4 and 5, the shaft 14 is journaled in a frame 21
      mounted in the housing 10 and is turned in uniform steps by a motor 14a
      once every minute. A minute wheel 22 mounted on the shaft 14 has a
      circumferential face 22a carrying raised type numerals 00 to 59, not
      specifically illustrated. The wheel 23 correspondingly carries a
      circumferential row of type numerals 0 to 23 and is advanced one step
      after each full revolution of the minute wheel 22 which takes 1 hour. A
      code printing wheel 24 is rotatably mounted on the shaft 14, and its
      circumference is divided by radial notches into four segments. One segment
      24a carries a row of ten capital code letter types on its circumference. A
      second segment 24c is toothed and meshes with a pinion 25a on a gear wheel
      25c which in turn is driven by a pinion 25b  on the output shaft of a
      pulse motor 25 mounted on the frame 21. Rotation of the segment 24c by the
      motor 25 is limited to a quarter of a turn.
PAR  The motor 25 turns the wheel 24 to a position in which the code letter on
      the segment 24a corresponding to the perforations 19b, 20b of a plate in
      the reading device 16 faces the hammer 13, as will presently be described.
PAR  A third segment of the wheel 24 carries a cam 26 whose face is generally
      circular about the axis of rotation and has a notch 26a at one end. A
      microswitch 27 in the energizing circuit of the motor 25 has an actuating
      member 27a which travels over the cam 26. The switch 27 shuts the motor 25
      off when the member 27a drops into the notch 26a.
PAR  The apparatus described so far is operated by means of an electric circuit
      shown in FIG. 8 and by additional elements shown in FIGS. 2A and 2B.
PAR  A long coding plate 19 is inserted in the reading device 16 when a group of
      workers, such as an entire shift, works overtime or performs other unusual
      work, and the plate remains in the recorder until all workers of the group
      have printed the time and the appropriate code on their time cards
      inserted into the guide 12. Individual workers are given short coding
      plates 20 for indicating a code on their time card, and such coding plates
      20 can be used only once by the worker and are retained in the storage
      space of the clock.
PAR  A microswitch 30 near the rim 11 energizes the diodes 16d in the reading
      device 16 when a time card (TC) is inserted in the rim 11. The signals
      thereafter emitted by the phototransistors 16g are fed as a numerical
      value to the input of a counter 31. The count is detected by a counting
      value detector 32 and transmitted to a drive pulse generator 33. The pulse
      signal from the generator 33 is fed to the pulse motor 25 for positioning
      the wheel 24 in accordance with the code represented by the perforations
      of the inserted coding plate 19, 20.
PAR  As described in more detail in my copending application Ser. No. 429,405,
      filed on Dec. 28, 1973, now U.S. Pat. No. 3,878,516, the microswitch 30
      also energizes a motor 40 which drives a card feeding roller 41
      cooperating with a pressure roller 41a for drawing an inserted time card
      downward into the guide 12. The card then strikes a second microswitch 42
      mounted on a rack 44 which may be raised along a guide rod 43 by a gear 45
      on a shaft 45' to position the proper line of the time card between the
      hammer 13 and the printing wheels of which only the hour wheel 23 is seen
      in FIG. 2B.
PAR  The actuated microswitch 42 reverses the motor 40 and energizes the drive
      for the hammer 13. Upon completion of the printing step, the pulse motor
      25 is reversed by a signal from a start position detector 34 (FIG. 8)
      mainly consisting of the microswitch 27 (FIG. 4) to the drive pulse
      generator 35 when the microswitch 30 is released by the time card being
      withdrawn from the clock. The wheel 24 is moved back toward the starting
      position until the actuator 27a drops into the notch 26a, and the motor 25
      is stopped.
PAR  The timing pulses for the circuit shown in FIG. 8 are derived from a clock
      pulse generator 36 and introduced into the circuit through AND gates 37a,
      37b.
PAR  The operating elements and the housing 10 of the recording time clock are
      carried by a supporting structure including a base plate 50a, two side
      plates 50b, and a back plate 50c, the side plates being connected by
      mounting rods 51a, 51b, 52a, 52b, 58a, 58b.
PAR  The supporting structure also carries the solenoid 53 which turns the shaft
      13a of the hammer 13, and the solenoid 54 which advances the gear 45 by
      the one tooth per day. Brackets 57a, 57b on the side plates 50b carry the
      spools 56a, 56b for the inked ribbon 56 of the printing mechanism.
PAR  A dial 60 is visible in the front of the clock housing 10 behind a glass
      window 10b. It is mounted between the rods 58a, 58b on brackets 59a, 59b,
      and its back carries a clockwork drive 61.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A recording device comprising:
PA1  a. a support carrying a first receptacle and a second receptacle;
PA1  b. printing means mounted on said support and responsive to insertion of a
      time card in said first receptacle for printing an indication of time on
      the inserted time card;
PA1  c. reading means mounted on said support and responsive to insertion into
      said second receptacle of a plate member formed with a perforation for
      reading said perforation and for generating a reading signal in response
      to the reading of said perforation; and
PA1  d. recording means mounted on said support and operatively connected to
      said reading means for recording said reading signal on said inserted time
      card while said plate member is inserted in said receptacle.
NUM  2.
PAR  2. A device as set forth in claim 1, further comprising means in said
      second receptacle for limiting the depth of insertion of said plate member
      to a predetermined value, whereby a plate member shorter than said
      predetermined value is entirely received in said receptacle, and a plate
      member longer than said predetermined value projects from said receptacle
      when inserted, and means responsive to said recording of said reading
      signal for selectively storing said shorter plate member.
NUM  3.
PAR  3. A device as set forth in claim 1, further comprising a housing mounted
      on said support and enclosing said printing means, said receptacles, and
      said recording means, said housing being formed with two openings for
      insertion of said time card and of said plate member into said printing
      means and receptacles respectively, said printing means including a first
      type carrier carrying a plurality of types indicative of a time, and said
      recording means including a second type carrier carrying a type indicative
      of said read perforation and juxtaposed to said first carrier, said
      printing and recording means further including hammer means for
      simultaneously printing an impression of respective types of said first
      and second carriers on an inserted time card.
NUM  4.
PAR  4. A device as set forth in claim 3, wherein said type carriers are mounted
      for angular displacement relative to a common axis in axially juxtaposed
      relationship, the types of said first carrier being arranged in a circular
      arc about said axis.
NUM  5.
PAR  5. A device as set forth in claim 4, wherein said reading signal is
      indicative of the position of said perforation on said plate member, said
      type on said second carrier is one of a plurality of types carried by said
      second carrier and respectively associated with different positions of
      said perforation on said plate member, the types on said second carrier
      being arranged in a circular arc about said axis, said printing means
      further including a clock pulse generator and actuating means for
      angularly moving said first carrier in response to a time signal generated
      by said clock pulse generator, and said recording means further including
      means for angularly moving said second carrier in response to said reading
      signal.
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ABST
PAL  A pivoting exposure control system is provided for a photographic apparatus
      wherein the exposure control system includes a shutter blade apparatus for
      respectively blocking and unblocking the passage of light through a light
      entry exposure opening in a camera housing. The shutter blade mechanism
      includes two shutter blade elements which are disposed for both pivoting
      and translational motion about a first fixed pivot point spaced laterally
      apart from the light entering opening in the camera housing. Rotating
      means pivotally connect at two spaced-apart locations to the respective
      shutter blade elements so that the shutter blade elements may be
      simultaneously rotated about a second pivot point spaced laterally apart
      from the light entering opening and the first pivot point. In this manner,
      the shutter blade elements may be simultaneously moved over the light
      entering exposure opening to define a progressive variation of effective
      apertures.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to photography and, more particularly, to a pivoting
      exposure control system for photographic apparatus.
PAR  2. Description of the Prior Art
PAR  Thin and compact photographic cameras of the reflex type have been
      developed wherein the exposure of the film unit is electronically
      controlled and the film unit may be rapidly processed at a processing
      station within the photographic camera. A version of such a camera having
      a compactness and thinness suited to permit convenient carrying in the
      pocket of a garment is described in a U.S. Patent entitled Reflex Camera
      by E. H. Land, U.S. Pat. No. 3,672,281. Such cameras are of the single
      lens reflex variety and require a complex exposure control system in order
      to accommodate a requisite viewing and focusing mode during which time the
      single lens reflex camera is in a normally open status to unblock the
      passage of light through the exposure opening to a viewfinder. At the
      commencement of an exposure cycle, the shutter mechanism of the camera
      exposure control system is driven into a closed or light blocking
      orientation whereupon the photographic camera is automatically operated to
      change from the viewing and focusing mode to an exposure mode in which
      photosensitive film is made accessible to the optical path of the taking
      lens of the camera. When the camera has assumed the exposure mode of
      operation, the exposure control system operates to release a shutter
      mechanism from its light blocking orientation wherein such exposure
      control parameters as exposure interval and aperture size are controlled
      as a function of scene brightness as evaluated with respect to the
      sensitometric characteristics of the film being exposed. At the
      termination of the electronically determined exposure interval, the
      shutter is again driven to a fully closed or light blocking position to
      terminate exposure until such time as the camera reassumes the viewing or
      focusing mode.
PAR  The exposure mechanisms for such photographic cameras generally include two
      cooperately moving shutter blades which ride transversely within
      supporting tracks. The blades are formed with selectively shaped aperture
      openings which, depending upon the position of the blades, symmetrically
      overlap over a light entering exposure opening within the camera housing.
      Such blades may be connected to define a progression of apertures over the
      light entering opening in the camera as a result of their connection with
      a so-called "walking beam" or actuator which is rotatively mounted with
      respect to the camera housing. Elongate slots are generally formed in the
      outward tip portions of the beam for the purpose of providing connections
      with pins extending respectively from the blades. Thus interconnected, the
      blades will move simultaneously and in correspondence with each other to
      define a symmetrically configured and variable aperture opening over the
      camera light entering opening.
PAR  Single reflex photographic cameras embodying the above-described exposure
      control system are suitable for use with film units described in detail in
      U.S. Patent to E. H. Land, U.S. Pat. No. 3,415,644 entitled Novel
      Photographic Products and Processes. Such film units include all the
      materials necessary to produce a positive photographic print by an image
      forming process which is now well known in the art and involves the
      formation of transverse image forming substances in an exposed
      photosensitive element by their diffusion in a manner forming a visual
      positive image.
PAR  Shutter blade mechanisms of the above-described type, although satisfactory
      for their intended purpose, have proven costly due to the use of
      supporting tracks which must be precisely dimensioned. In addition, the
      use of a supporting track to slidably engage a blade element along a
      substantial portion of the length thereof, may require the use of a high
      actuating force to overcome the mechanical friction between the blade and
      track.
PAR  Therefore, it is a primary object for this invention to provide a simple
      and economical exposure control system for a photographic camera which
      utilizes film units of the type having all materials included therein
      necessary to produce a positive photographic print.
PAR  It is also an object of this invention to provide a simple and economical
      exposure control system for a photographic camera of the reflex type
      capable of utilizing film units of the type described in detail in U.S.
      Pat. No. 3,415,646 supra.
PAR  It is a further object of this invention to provide an exposure control
      system for a photographic camera wherein the exposure control system
      includes a simple and economical shutter blade mechanism for varying both
      exposure interval and aperture size.
PAR  It is an even further object of this invention to provide an exposure
      control system for a camera of either the reflex or non-reflex type
      wherein the exposure control system includes a shutter mechanism which
      functions in a reliable manner without the use of tracked elements to
      slidably retain a pair of shutter blades.
PAR  It is also an object of this invention to provide an exposure control
      system for a photographic camera wherein the exposure control system
      includes a shutter mechanism having low coefficients of friction such that
      the percentage of the overall actuating force devoted to overcoming
      mechanical friction is substantially reduced in comparison with
      conventional systems.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a pivoting exposure control system for a
      photographic apparatus wherein the exposure control system includes a
      shutter blade apparatus for respectively blocking and unblocking the
      passage of light through a light entering exposure opening in a camera
      housing. The shutter blade mechanism may include two shutter blade
      elements having respective apertures therethrough wherein the apertures
      may be simultaneously moved over the light entering opening by a rotating
      means in order to define a progressive variation of effective apertures
      over the light entering exposure opening. The respective shutter blade
      elements are both pivotally and translatively disposed about a first fixed
      pivot point spaced laterally apart from the light entering opening in the
      camera housing wherein the rotating means includes a walking beam
      pivotally connected at two spaced apart locations to the respective
      shutter blade elements. The walking beam in turn is pivotally connected at
      a point spaced apart from the points of blade and beam pivot to rotate
      about a second pivot point spaced laterally apart from the light entering
      exposure opening and the first pivot point. Rotation of the walking beam
      about the second pivot point operates to simultaneously move the blade
      elements over the light entering exposure opening thus defining a
      progressive variation of effective apertures.
PAR  The rotating means may additionally include an electromagnetic drive
      apparatus pivotally connecting to the walking beam at a point spaced apart
      from the second pivot point so as to be able to selectively rotate the
      walking beam about the second pivot point. In the preferred mode of
      operation energization of the electromagnetic drive apparatus operates to
      move the shutter blade elements into the light blocking mode and bias
      means are provided for yieldably urging the shutter blade elements into
      the light unblocking mode. There may also be provided control means for
      causing selective energization of the electromagnetic drive apparatus
      wherein the control means include a light detecting and integrating means
      which receives scene light through a pair of secondary apertures in the
      respective shutter blade elements. The secondary apertures may be
      simultaneously moved over the light detecting means in correspondence with
      the primary apertures to define a progressive variation of effective
      secondary apertures on the light detecting means such that when an
      appropriate amount of light is received by the detecting means there is
      provided a signal by the integrating means to energize the electromagnetic
      drive apparatus to return the blades to the light blocking position.
PAR  In another embodiment, the blades are pivotally connected to the walking
      beam by respective pin members that are substantially circular in
      cross-section. The pin members fixedly connect to the walking beam and
      extend through respective openings of substantially circular cross-section
      in the shutter blade elements. The pin members from the walking beam
      preferably extend through the openings in respective shutter blade
      elements into sliding engagement with respective arcuate tracks or slots
      which operate to prohibit disengagement of the blade elements from their
      respective pin members during actuation of the exposure control system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features that are considered characteristic of the invention are
      set forth with particularity in the appended claims. The invention itself,
      however, both as to its organization and its method of operation together
      with other objects and advantages thereof will be best understood from the
      following description of the illustrated embodiment when read in
      connection with the accompanying drawings wherein:
PAR  FIG. 1 is a cross-sectional view diagrammatically depicting a photographic
      camera housing incorporating the pivoting exposure control system of this
      invention as shown at one instant of time during operation.
PAR  FIG. 2 is a cross-sectional view of the exposure control system of FIG. 1
      diagrammatically depicting the exposure control system in another instant
      of time during camera operation.
PAR  FIG. 3 is a cross-sectional view of the exposure control system of FIG. 1
      diagrammatically depicting the exposure control system at still another
      instant in time during camera operation.
PAR  FIG. 4 is a cross-sectional view across the lines 4--4 of FIG. 1.
PAR  FIG. 5 is a cross-sectional view diagrammatically depicting an alternate
      embodiment of the exposure control system of FIG. 1.
PAR  FIG. 6 is a cross-sectional view diagrammatically depicting still another
      embodiment of the exposure control system of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, it can be seen that the pivoting exposure control
      system is disposed within a housing 10 which comprises a rear casting 12,
      selectively machined to support the components of the mechanism.
      Surrounding the front and top of the casting 12, there may be provided a
      cover 14, which includes openings (not shown), through which protrude
      manually adjustable trim and focus wheels partially shown in phantom at 18
      and 20 respectively. Centrally disposed within the back wall of casting 12
      is light entering exposure opening 22, which defines the maximum available
      exposure aperture for the system.
PAR  An objective or taking lens 24 is provided in overlying relation to the
      light entering opening 22, wherein the objective lens 24 may comprise a
      plurality of elements retained in predetermined spaced relation by a
      cylindrical lens mount 28, which is externally threaded for toothed
      engagement within an internally threaded bezel 26. Bezel 26 is made
      rotatable with respect to the housing 10 to provide translational movement
      of the elements of lens 24 along the center axis 30 of the optical path of
      the housing 10. As is readily apparent the center axis 30 of the optical
      path is illustrated in FIGS. 1-3 as being normal to the plane of the
      drawing. The rotation of bezel 26 may be carried out by manual rotation of
      the focus wheel 20 which is externally threaded to drive the externally
      exposed teeth of bezel 26 through an idler gear 32. Rotation of the focus
      wheel 20 provides displacement of the elements of objective lens 24 for
      focusing of image carrying rays through the light entering exposure
      opening 22 to a rearwardly positioned film plane 33 by way of reflecting
      mirror 31 when the system of FIG. 1 is employed in conjunction with a
      suitable film exposure chamber 35. Immediately behind the objective lens
      24 and light entering exposure opening 22 there are supported two
      overlapping shutter blade elements 34, 36 which will be subsequently
      described in greater detail herein. Extending from one side of the housing
      12 is a shutter release button (not shown), the depression of which causes
      the commencement of an exposure cycle.
PAR  A pair of scene light admitting primary apertures 38 and 40 are provided
      respectively in the blade elements 34 and 36 to collectively define a
      progressive variation of effective aperture openings in accordance with
      longitudinal and lateral displacement of one blade element with respect to
      the other blade element. The apertures 38 and 40 are selectively shaped so
      as to overlap over the light entering exposure opening 22 thereby defining
      a gradually varying effective aperture size as a function of the position
      of blades 34 and 36. Each of the blades, 34 and 36 may additionally be
      configured to have corresponding photocell sweep secondary apertures shown
      respectively at 42 and 44. Secondary apertures 42 and 44 may be configured
      in correspondence with the shapes of scene light admitting primary
      apertures 38 and 40. As is readily apparent, the secondary apertures 42
      and 44 also move in correspondence with the primary apertures 38 and 40 to
      define a small secondary effective aperture for admitting the passage of
      light from the scene being photographed to a light detecting station shown
      generally at 46. The light detecting station 46 includes a photoelectric
      or light integrating unit 48 having both a photocell 45 and control
      circuit 47 which collectively operate to terminate an exposure interval as
      a function of the amount of light received through the secondary effective
      aperture, as defined by the overlapping photocell sweep apertures 42, 44,
      in a manner to be subsequently described in greater detail. An exposure
      control mechanism embodying the above-described light detecting station is
      described in more detail and claimed in a U.S. Patent entitled Exposure
      Control System by V. K. Eloranta, U.S. Pat. No. 3,641,889.
PAR  Projecting from the rear casting 12 at a location spaced laterally apart
      from the light entering exposure opening 22 is a pivot pin or stud 54
      which pivotally and translatively engages elongate slots 50 and 52 formed
      in shutter blade elements 34 and 36 respectively. Pin 54 may be integrally
      formed to the rear casting 12 and blade elements 34, 36 may be retained in
      engaging relation with respect to pin 54 by any suitable means such as
      peening over the outside end of pin 54.
PAR  The opposite ends of the blade elements 34 and 36 respectively include
      extended portions which pivotally connect to a walking beam 56. The
      walking beam 56 in turn is disposed for rotation relative to the housing
      10 by pivotal connection to a projecting pivot pin or stud 58 which may
      also be integrally formed to the rear casting 12 at a location spaced
      laterally apart from the light entering exposure opening 22. The walking
      beam 56 may be pivotally retained relative to the pin 58 by conventional
      means such as an E ring 60. In the preferred mode, the walking beam 56 is
      pivotally connected at its distal ends to the shutter blade elements 34
      and 36 by respective pin members 66 and 68 which extend from the walking
      beam 56. Pin members 66 and 68 are preferably circular in cross-section
      and extend through respective circular openings 62 and 64 in respective
      blade elements 34 and 36 so as to slidably engage respective arcuate slots
      or tracks 70 and 72 which may be integrally formed with the rear casting
      12. The arcuate tracks 70 and 72 operate to prohibit disengagement of the
      blades 34 and 36 from their respective pin members 66 and 68 during
      exposure control system operation.
PAR  A tractive electromagnetic device in the form of a solenoid 74 is employed
      to displace the shutter blades 34, 36 with respect to each other and the
      casting 12. The solenoid 74 is of conventional design having an internally
      disposed cylindrical plunger unit 76 which retracts inwardly into the body
      of the solenoid upon energization thereof. The solenoid plunger 76 is
      affixed to the walking beam 56 by means of a pivot pin or stud 78 such
      that longitudinal displacement of the plunger 76 will operate to rotate
      the walking beam around the pivot pin 58 so as to appropriately displace
      the shutter blades 34 and 36.
PAR  Housing 10 supports the solenoid 74 in a position just above a biasing
      tension spring 80 which operates to continuously urge the blades 34 and 36
      into positions defining their largest effective aperture over the light
      entry exposure opening 22. The movable end of spring 80 is attached to
      beam 56 at a pin 82 while its stationary end is affixed to a pin 84
      extending from the casting 12. With the spring connection herein described
      the exposure control system of this invention is biased into a normally
      open orientation. In the present arrangement, the shutter blades 34, 36
      are drawn to their closed position as shown in FIG. 1 only while the
      solenoid 74 is energized. Consequently, energization of the solenoid 74
      prevents the shutter blades 34, 36 from moving toward their maximum
      aperture opening under the urging of spring 80. However, as should be
      readily understood, the exposure control system of this invention would be
      equally applicable to photographic systems where the blades 34, 36 are
      spring biased in a normally closed position.
PAR  The exposure control system has been herein described in relation to a
      photographic camera of the non-reflex type although the intended scope of
      the invention is by no means so limited and cameras of the well-known
      reflex type as described in U.S. Pat. No. 3,672,281 entitled Reflex Camera
      by E. H. Land, may be equally suitable for embodying the exposure control
      system of this invention.
PAR  The following photographic cycle of operation will be described in regard
      to a camera of the non-reflex type wherein the viewfinder 37 does not have
      a through-the-lens viewing capability. Such a photographic cycle may be
      commenced with a depression of a start button (not shown). Tension spring
      80 thereafter operates to rotate walking beam 56 in a clockwise direction
      thus moving shutter blade elements 34 and 36 in directions which operate
      to progressively enlarge the effective aperture over the light entering
      exposure opening 22. As will be readily appreciated, rotation of walking
      beam 56 about pivot point 58 effects simultaneous linear and angular
      displacement of shutter blade elements 34, 36 about pivot pin 54.
PAR  By following the progressive rotation of walking beam 56 from the fully
      closed terminal position of FIG. 1 to the fully open terminal position of
      FIG. 3, it can be seen that the optical center axis 30 traces curvilinear
      paths of travel 86A and 86B on respective shutter blade elements 34 and
      36. The apertures 38 and 40 are configured about the respective
      curvilinear paths of travel 86A and 86B to provide a gradually increasing
      effective aperture between the fully closed terminal position of FIG. 1
      and the fully open terminal position of FIG. 3. It is not necessary that
      the aperture openings 38 and 40 overlap in a manner so as to define a
      symmetrical effective aperture as is suggested by the conventional tracked
      shutter blades described in U.S. Pat. No. 3,641,889 by V. K. Eloranta
      entitled Exposure Control System. The effective aperture may in fact be
      continuously asymmetrical about the optical center axis 30 with the sole
      criteria being that the actual area of the effective aperture change in a
      preselected manner in accordance with the positions of the walking beam
      and shutter blades. In the preferred mode, the aperture openings 38 and 40
      are configured in a symmetrical manner about their respective curvilinear
      paths of travel 86A and 86B such that any line drawn normal to one of the
      curvilinear paths will intersect the edges of a respective aperture
      opening at points spaced equidistant from the curvilinear path. Although
      in the preferred mode of operation the effective aperture would
      progressively increase from the closed terminal position of FIG. 1 to the
      open terminal position of FIG. 3, it is not necessary that the scene light
      admitting apertures 38 and 40 be so configured and may instead by shaped
      to provide intermediate periods of either non-changing effective aperture
      size or decreasing effective aperture size.
PAR  Simultaneously the secondary photocell sweep openings 42 and 44 define a
      corresponding progressively enlarging secondary effective aperture opening
      over the light detecting station 46. When an appropriate amount of light
      is received by the photocell of the light detecting station 46, the
      control circuit is triggered to energize solenoid 74 thus effecting a
      retraction of plunger 76 together with a counter clockwise rotation of
      walking beam 56 against the bias of spring 80 to block the optical path of
      the camera. The exposure interval is thus terminated with the shutter
      blade elements 34 and 36 returning to the fully closed terminal position
      of FIG. 1. In this manner, the size of the effective aperture as well as
      the exposure interval are selectively weighted for any given level of
      scene brightness in order to optimize the quality of a resultant
      photograph.
PAR  As will be readily appreciated, the actuation system for the shutter blade
      elements 34 and 36 must be sufficient to overcome the slight inertia of
      the blade elements as well as the mechanical friction between the moving
      components of the exposure control system. Ideally the system components
      are designed to minimize the frictional forces, so that mechanical
      friction becomes as small a part of the total actuating force as possible.
      The coefficient of friction between the moving components, however, may
      not remain static and can increase with time due to dirt, corrosion, or
      other contaminates lodging between the moving surfaces thereof. The
      pivoting exposure control system of this invention has been designed to
      reduce that portion of the total actuating force required to overcome
      mechanical friction so that even if the coefficient of friction increases
      slightly with time, mechanical friction will still comprise a relatively
      small percentage of the total force required to actuate the shutter
      blades. In this manner, the risk of the shutter blades "hanging up" due to
      increases in the coefficient of friction with time becomes substantially
      reduced.
PAR  In one embodiment of the pivoting exposure control system herein described,
      the pins 66 and 68 may be integrally molded with the walking beam 56. By
      fixedly connecting the pins 66 and 68 directly to the walking beam 56
      there is minimized the risk of breakage, to the shutter blade elements for
      the following reasons. Shutter blade elements 34 and 36 are generally made
      as thin as possible in order to reduce both weight and mechanical friction
      wherein typical shutter blade materials may include Mylar in the order of
      1/3000 of an inch thick. Such shutter blade structures are relatively
      inflexible and cannot be repetively flexed to any great extent without
      substantial risk of fracture. By fixedly connecting the pins 66 and 68 to
      the walking beam, it is assured that only the edge surfaces of the shutter
      blade elements are engaged by the pins thus minimizing the risk of any
      force being applied normal to the plane of the shutter blades since the
      pins are free to slide relative to the blade surfaces. In this manner, the
      pins 66 and 68 may shift slightly with respect to the plane of the shutter
      blades without adversely flexing the shutter blades.
PAR  As is readily apparent, the above-described exposure control system
      eliminates the need for precisely dimensioned track elements to slidably
      retain the respective blade elements. Therefore, the overall complexity of
      the shutter mechanism can be substantially reduced with a corresponding
      reduction in the required cost. It will be further appreciated that a
      straight line intersecting the pivot pins 54 and 58 does not necessarily
      have to intersect the optical axis 30. In this manner, a great deal of
      latitude is provided as to where the pivot pins 54,58 may be located with
      respect to the opening 22. The longitudinal edges of the blade elements
      34, 36 may also be arranged in skewed relation relative to the
      longitudinal edges of the casting 12 as shown in the drawing, thus
      accommodating the inclusion of other components (not shown) within areas
      of the housing that might otherwise be blocked by conventional blade
      mechanisms.
PAR  Referring now to FIG. 5 where like numerals designate previously described
      elements, there is shown an alternate embodiment for the pivoting exposure
      control system of this invention including a triangularly configured
      walking beam 88. As is readily apparent, lines intersecting the points of
      blade and beam pivot together with the point of plunger and beam pivot at
      78 define a triangle wherein the pivot pin 58 is located inside the
      triangle. In this manner, the longitudinal axis of the solenoid 74' and
      spring 80 may be aligned normal to the blade longitudinal axis in order to
      facillitate a dimensional reconstruction of the housing 10 whereby the
      length of the housing 10 can be decreased.
PAR  Referring now to FIG. 6 where like numerals again designate previously
      described elements, there is shown still another embodiment for the
      pivoting exposure control system of this invention. The shutter blade
      elements 34 and 36 are retained for simultaneous pivotal and translational
      motion relative to the housing 12 by spaced apart rollers or pins 90, 92
      which may be formed integral to the rear casting 12. The pins 90, 92 may
      be either grooved or peened over at the outside ends thereof in order to
      retain the blade elements for simultaneous sliding and pivotal motion.
PAR  This invention may be practiced or embodied in still other ways without
      departing from the spirit or central character thereof. The embodiments
      herein described are therefore illustrative and not restrictive, the scope
      of the invention being indicated by the appended claims in all variations
      which come within the meaning of the claims are intended to be embraced
      therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pivoting exposure control system for photographic apparatus
      comprising:
PA1  means defining a light entering exposure opening having an optical axis
      therethrough;
PA1  at least one blade element having an aperture therethrough disposed about a
      curvilinear centerline for respectively blocking and unblocking the
      passage of light through said light entering exposure opening;
PA1  means for mounting said blade element in a manner whereby both linear and
      angular displacement of said blade element with respect to a first
      reference point spaced laterally apart from said light entering opening
      can be accommodate; and
PA1  means for selectively rotating at least one point on said shutter blade
      element about a second fixed reference point spaced laterally apart from
      said light entering exposure opening and first reference point so as to
      cause said shutter blade element to pivot with respect to said first
      reference point while simultaneously moving linearly across said first
      reference point in a manner whereby the curvilinear centerline
      continuously intersects said optical axis.
NUM  2.
PAR  2. The exposure control system of claim 1 including two blade elements
      having respective apertures therethrough disposed about respective
      curvilinear centerlines wherein said apertures may be simultaneously moved
      over said light entering opening by the rotating means to define a
      progressive variation of effective apertures over said light entering
      exposure opening in a manner whereby respective curvilinear centerlines of
      the blade apertures continuously intersect the optical axis.
NUM  3.
PAR  3. The exposure control system of claim 1 including two overlapping blade
      elements having respective primary apertures therethrough disposed about
      respective curvilinear centerlines wherein the blades are disposed in a
      manner whereby both linear and angular displacement of each blade member
      with respect to said first reference point, can be accommodated and said
      rotating means includes a rigid beam means pivotally connected at two
      spaced apart locations to respective blade elements wherein the beam means
      is pivotally connected at a point spaced apart from said points of blade
      and beam pivot to rotate about the second reference point such that
      rotation of the beam means about the second reference point operates to
      cause each shutter blade element to pivot with respect to said second
      reference point while simultaneously moving linearly across said first
      reference point thereby moving the blade apertures over the light entering
      opening to define a progressive variation of effective apertures in a
      manner whereby the optical axis continuously intersects a respective
      curvilinear centerline of the blade apertures.
NUM  4.
PAR  4. The exposure control system of claim 3 wherein said rotating means
      includes: an electromagnetic drive means pivotally connecting to said beam
      means at a point spaced apart from said second reference point so as to
      selectively rotate said beam means about said second reference point
      whereby energization of said electromagnetic drive means operates to move
      said blade elements into the light blocking mode;
PA1  bias means for yieldably urging the blade elements into the light
      unblocking mode; and
PA1  control means for causing selective energization of said electromagnetic
      drive means.
NUM  5.
PAR  5. The exposure control system of claim 4 wherein the control means for
      causing said selective energization includes a light-detecting and
      integrating means, and said blade elements additionally include secondary
      apertues therethrough which may be simultaneously moved over said
      light-detecting means in correspondence with said primary apertures to
      define a progressive variation of effective secondary apertures on said
      lightdetecting means such that when an appropriate amount of light is
      received by the detecting means there is provided a signal by the
      integrating means to energize the electromagnetic drive means to return
      the blade elements to the light-blocking position.
NUM  6.
PAR  6. The exposure control system of claim 3 including a pair of spaced apart
      pin members of substantially circular cross-section which fixedly connect
      to the beam means, and an opening of substantially circular cross-section
      in each blade element for receipt of a respective pin member.
NUM  7.
PAR  7. The exposure control system of claim 6 including a pair of arcuate
      tracks wherein the pin members from the beam means extend through the
      openings in respective blades into sliding engagement with said respective
      arcuate tracks which operate to prohibit disengagement of the blade
      elements from their respective pin members during exposure control system
      operation.
NUM  8.
PAR  8. The exposure control system of claim 2 in which said apertures are
      configured respectively in a symmetrical manner about said curvilinear
      centerlines such that any line drawn normal to one of the curvilinear
      centerlines will intersect the edges of a respective aperture opening at
      points spaced equidistant from said curvilinear centerlines.
NUM  9.
PAR  9. The exposure control system of claim 2 including a pin having a center
      axis coincident with said first reference point wherein:
PA1  said blade elements include respective elongated slots for engaging said
      pin, in a manner accommodating both linear and angular displacement of
      said blade elements with respect to said pin; and wherein said rotating
      means includes a rigid beam pivotally connected at two spaced-apart
      locations to respective blade elements; said rigid beam also being
      pivotally connected with respect to said second reference point at a
      location along the beam spaced apart from said points of blade and beam
      pivot such that rotation of the beam about the second reference point
      operates to simultaneously move said blade elements between said closed
      and open terminal positions through respective curvilinear paths of travel
      coincident to said curvilinear centerlines to define a progressive
      variation of effective apertures on said light entering exposure opening.
NUM  10.
PAR  10. The exposure control system of claim 9 including an electromagnetic
      drive means pivotally connection to said beam at a point spaced apart from
      said second reference point so as to selectively rotate said beam means
      about said second reference point whereby energization of said
      electromagnetic drive means operates to move said blade elements into the
      light blocking mode;
PA1  bias means for yieldably urging the blade elements into the light
      unblocking mode; and
PA1  control means for causing said selective energization including a
      light-detecting and integrating means wherein said blade elements include
      respective primary apertures therethrough disposed about respective
      curvilinear centerlines wherein the primary apertures may be
      simultaneously moved over said light entry exposure opening to define a
      progressive variation of effective apertures on said light entering
      exposure opening in a manner whereby the optical axis continuously
      intersects a respective curvilinear centerline of said primary apertures
      together with respective secondary apertures therethrough which may be
      simultaneously moved over said light-detecting means in correspondence
      with said primary apertures to define a progressive variation of effective
      secondary apertures over said light-detecting means such that when an
      appropriate amount of light is received by the deetecting means there is
      provided a single by the integrating means to energize the electromagnetic
      drive means to return the blades to the light-blocking position.
NUM  11.
PAR  11. The exposure control system of claim 10 including: a pair of spaced
      apart pin members of substantially circular cross-section which fixedly
      connect to the beam means, and an opening of substantially circular cross
      section in each blade element for receipt of a respective pin member and a
      pair of arcuate tracks which remain in fixed relation relative to said
      housing while slidably engaging respective pin members to prohibit
      disengagement of the blades from their respective pin members during
      exposure control system operation.
NUM  12.
PAR  12. A blade element for use in an exposure control system for photographic
      apparatus of the type having a light entering exposure opening wherein the
      element has means for accommodating simultaneous linear and angular
      displacement through a curvilinear path between positions blocking and
      unblocking the passage of light through said light entering exposure
      opening, said element comprising: a blade having an aperture therethrough
      wherein said aperture is configured in a symmetrical manner about said
      curvilinear path of travel such that any line drawn normal to the
      curvilinear path will intersect the edges of a respective aperture opening
      at points spaced equidistant from said curvilinear path.
NUM  13.
PAR  13. A pivoting exposure control system for photographic apparatus
      comprising:
PA1  housing means defining a light entering exposure opening having an optical
      axis therethrough;
PA1  two overlapping blade elements having respective apertures therethrough
      disposed about respective curvilinear centerlines for respectively
      blocking and unblocking the passage of light through said light entering
      exposure opening;
PA1  means for mounting said blade elements for simultaneous linear and angular
      motion with respect to said housing; and
PA1  means for selectively moving said blade elements through said simultaneous
      sliding and pivoting motion between the light blocking and unblocking
      positions in a manner whereby said curvilinear centerline of one of the
      blade apertures is maintained in continuous intersection with said optical
      axis.
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PAL  A light attenuating filter is provided for a light responsive exposure
      control system in order to facilitate calibration of the exposure control
      system so that the amount of scene light admitted by the exposure control
      system during an exposure interval will substantially correspond to a
      particular film speed. The exposure control system is of the type having a
      light detector wherein the light attenuating filter is movable into
      intercepting relation with a select portion of the scene light directed
      toward the light detecting means. The select intercepted portion of the
      scene light is determined and fixed during the manufacture of the exposure
      control system in order to provide the requisite output response from the
      light detecting means to terminate an exposure interval in time to insure
      that the amount of scene light admitted during the photographic cycle
      substantially corresponds to the select film speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a means for calibrating the
      light-sensitive exposure control system and more particularly to a means
      for calibrating a light-sensitive exposure control system to insure that
      the amount of light actually passed by the camera shutter during a
      photographic exposure interval corresponds to the amount of light required
      by a select film of a given speed to achieve a satisfactory exposure.
PAR  2. Description of the Prior Art
PAR  Exposure control systems of the light-responsive type are well known in the
      art and have been widely used in cameras of all types including those
      adapted for use with film of the self-developing type. Such exposure
      control systems generally incorporate a photosensitive transducer to which
      scene light is directed through a shutter apparatus in correspondence with
      the scene light directed to the film plane. There is additionally provided
      a light integrating and control circuit which integrates the signal
      received from the phototransducer until the signal reaches a predetermined
      exposure value at which point the control circuit operates to terminate
      the exposure interval.
PAR  Exposure systems of the same design, however, generally operate to provide
      different exposures resulting from the cumulative effect of variations
      within prescribed tolerances of the individual electronic components which
      make up the photocell transducer, and light integrating and control
      circuitry. Additional variations in the exposure control between
      identically designed exposure control systems may result from differences
      between the actual shutter blade dynamics associated with each exposure
      control system.
PAR  In order to eliminate such exposure differences between identically
      designed exposure control systems, it is often necessary that each
      exposure control system be individually calibrated to admit precisely that
      amount of light to the film plane which is required by a particular film
      of predetermined speed to achieve a correct exposure. Exposure control
      systems of the light responsive type have been calibrated in the above
      manner by inserting different neutral density filters, one at a time, into
      scene light intercepting relation with respect to the scene light directed
      to the phototransducer. After each filter is inserted, a photographic
      exposure cycle is completed until the best filter is found which operates
      to most closely correlate the exposure to a selected film speed. One
      commercially available camera calibrated in the above described manner is
      Polaroid Corporation's SX-70 Camera. Calibrating an exposure control
      system through the use of discrete filters, however, can be a time
      consuming and expensive operation due to the difficulty associated with
      physically removing and replacing each discrete filter element subsequent
      to each exposure calibration cycle. In addition, the variations in light
      attenuation to the phototransducer depend upon the number of different
      filters maintained in stock, thus precise calibration may not be possible
      unless a substantial number of discrete filters having different light
      attenuating characteristics are kept in stock.
PAR  Therefore it is a primary object of this invention to provide a simple and
      economical means for calibrating a ligh responsive exposure control system
      for a photographic apparatus.
PAR  It is also an object of this invention to provide a simple and economical
      means for calibrating a light responsive exposure control system so that
      the light actually admitted by the exposure control system corresponds to
      the amount of light required by a film of selected speed to achieve
      correct exposure.
PAR  It is a further object of this invention to provide a unitary calibration
      filter disposed for movement with respect to a light sensitive exposure
      control system in a manner permitting calibration of the exposure control
      system without the use of a plurality of individual discrete filter
      elements as heretofore required.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter. The invention accordingly comprises the mechanism and
      system possessing the construction, combination of elements and
      arrangement of parts which are exemplified in the following detailed
      disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  The calibrated exposure control means of this invention admits a select
      amount of light corresponding to a select film speed scene light a
      photographic exposure interval. The exposure control means is adapted for
      use with a camera of the type having a housing and an objective lens
      mounted on the housing and defining a film plane. The exposure control
      apparatus comprises a wall member together with means for detecting scene
      light incident thereon for providing an output response indicative of the
      scene light intensity so detected. Means are also provided for varying the
      amount of scene light incident on the film plane and on the light
      detecting means wherein the scene light varying means is selectively
      actuable to change from a scene blocking mode to a scene light unblocking
      mode upon the commencement of an exposure interval. Control circuit means
      are provided to respond to the output response of the light detecting
      means during an exposure interval in order to actuate the scene light
      varying means to change from the scene light unblocking mode back to the
      scene light blocking mode thereby terminating an exposure interval. A
      light attenuating filter is also provided together with means for movably
      connecting the filer with respect to the wall member in order to
      facilitate the positioning of the filter in intercepting relation with a
      select portion of the scene light directed toward the light detecting
      means. The select intercepted portion of the scene light is determined
      during the manufacture of the exposure control system to provide the
      requisite output response from the light detecting means for the control
      circuit to actuate the scene light varying means to terminate an exposure
      interval in time to insure that the amount of scene light incident to the
      film plane substantially corresponds to the select film speed. There are
      also provided means for permanently fixing the position of said light
      alternating filter with respect to the wall member subsequent to the
      determination of the select intercepted portion of the scene light.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features that are considered characteristic of the invention are
      set forth with particularity in the appended claims. The invention itself,
      however, both as to its organization and its method of operation, together
      with other objects and advantages thereof, will be best understood from
      the following description of the illustrated embodiment or when read in
      connection with the accompanying drawings or when like members have been
      employed in the different figures to note the same parts and wherein:
PAR  FIG. 1 is a perspective view of a photograhic apparatus embodying the
      calibration means of this invention;
PAR  FIG. 2 is a front cutaway view of the exposure control system of the
      photographic apparatus of FIG. 1 embodying the calibration means of this
      invention;
PAR  FIG. 3 is a side view of the photographic apparatus of FIG. 1 as stationed
      with respect to part of the calibration apparatus utilized to calibrate
      the photographic apparatus of FIG. 1;
PAR  FIG. 4 is a cross-sectional view taken across the lines 4--4 of FIG. 3;
PAR  FIG. 5A is a diagrammatic view of another part of the calibration apparatus
      utilized to calibrate the photographic apparatus of FIG. 1; and
PAR  FIG. 5B is a photographic view representative of a changing light intensity
      during a photograhic interval.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a photographic apparatus 10 having
      an exposure control section 12 which includes a baseblock casting 14
      selectively machined to support the components of the exposure control
      mechanism. Surrounding the baseblock casting 14, there may be provided a
      housing 16 having a front cover 17 which includes an opening through which
      protrudes a manually adjustable focus bezel 18. Intermediate the baseblock
      casting 14 and front cover 17, there is provided a lens housing casting
      15, the central portion of which defines a light entering exposure opening
      20 which provides the maximum available exposure aperture for the system.
PAR  An objective or taking lens 22 is provided in overlying relation to the
      light entering opening 20 wherein the objective lens 22 may comprise a
      plurality of elements retained in predetermined spaced relation by a
      cylindrical lens mount assembly 24 which is externally threaded for
      toothed engagement with the internally threaded focus bezel 18. Bezel 18
      is made rotatable with respect to the lens housing casting 15 to provide
      translational movement of the elements of lens 22 along a central optical
      axis 26 of the optical path of the housing 16. As is readily apparent, the
      center optical axis 26 of the optical path is illustrated as being normal
      to the plane of the drawings in FIG. 2. The rotation of focus bezel 18 may
      be carried out by manual rotation to provide displacement of the elements
      of objective lens 22 for focusing of image-carrying rays through the light
      entering exposure opening 20. The focused image-carrying rays are directed
      by way of a reflecting mirror 30 to a horizontally positioned film plane
      28 when the system is utilized in conjunction with a suitable film
      exposure chamber 32. Underlying the film plane 28, there is provided a
      film assemblage or cassette receiving chamber 33 to which access is
      provided by a film loading access door 34. The film loading door 34 is
      pivotally connected with respect to the housing 16 by means of two spaced
      apart hinges 36 and 38 and thus may be pivoted downwardly with respect to
      the housing 16 as shown in FIG. 1 to permit insertion of a film cassette
      or pack into the chamber 33. The loading door is provided with an opening
      35 through which each member of a film assemblage is at least partially
      advanced. Camera alignment with a particular scene about to be
      photographed is facilitated by a viewfinder shown generally at 40 which
      may be of any conventional type. Extending from the front cover 17 is a
      shutter release button 39, the depression of which causes the commencement
      of an exposure cycle.
PAR  Immediately behind the objective lens 22 and light entering exposure
      opening 20, there are supported two overlapping shutter blade elements 42
      and 44 which will be subsequently described in greater detail herein. A
      pair of scene light admitting primary apertures 43 and 45 are provided
      respectively in the blade elements 42 and 44 to collectively define a
      progressive variation of effective aperture openings in accordance with
      longitudinal and lateral displacement of one blade element with respect to
      the other blade element in a manner fully described in a U.S. pat.
      application entitled "Camera with Pivoting Blades", Ser. No. 485,128, by
      George D. Whiteside, filed July 2, 1974, and assigned in common herewith.
      The apertures 43 and 45 are selectively shaped so as to overlap the light
      entering exposure opening 20 thereby defining a gradually varying
      effective aperture size as a function of the position of blades 42 and 44.
      Each of the blades 42 and 44 are additionally configured to have
      corresponding photocell sweep secondary apertures shown respectively at 46
      and 48. The secondary apertures 46 and 48 may be configured in
      correspondence with the shapes of scene lighting primary apertures 43 and
      45. As is readily apparent, the secondary apertures 46 and 48 also move in
      correspondence with the primary apertures 42 and 44 to define a small
      secondary effective aperture of admitting the passage of light from the
      scene being photographed to a light detecting station shown generally at
      50. The light detecting station 50 includes a photosensitive transducer or
      photocell 90 which may be either of the photo-voltaic or photoconductive
      type. The output response of the transducer 90 is directed to a light
      integrating and control circuit 92 which operates to terminate an exposure
      interval as a function of the amount of light received through the
      secondary effective aperture as defined by the overlapping photocell sweep
      apertures 46 and 48. An exposure control mechanism embodying a light
      detecting and integrating means of the above described type is shown in
      more detail and claimed in a U.S. Patent entitled "An Exposure Control
      System" by V. K. Eloranta, U.S. Pat. No. 3,641,889.
PAR  Projecting from the baseblock casting 14 at a location spaced laterally
      apart from the light entering opening 20 is a pivot point or stud 52 which
      pivotally and slidingly engates elongate slots 54 and 56 formed in
      respective shutter blade elements 42 and 44. Pin 52 may be integrally
      formed with the baseblock casting 14, and blade elements 43 and 45 may be
      retained in engaging relation with respect to the pin 52 by any suitable
      means such as peening over the outside end of pin 52.
PAR  The opposite ends of the blade elements 43 and 45 respectively include
      extended portions which pivotally connect to a walking beam 58. The
      walking beam 58 in turn is disposed for rotation about a laterally
      extending pin or stud 60 which may also be integrally formed to the
      baseblock casting 14 at a location spaced laterally apart from the light
      entering exposure opening 20. The walking beam 58 may be pivotally
      retained relative to the pin 60 by conventional means such as an E ring
      62. The walking beam 58 is also pivotally connected at its distal ends to
      the shutter blade elements 43 and 45 by respective pin members 66 and 68
      which extend from the walking beam 58. Pin members 66 and 68 are
      preferably circular in cross-section and extend through respective
      circular openings in respective blade elements 43 and 45 so as to slidably
      engage respective arcuate slots or tracks 74 and 76 which may be
      integrally formed within the baseblock casting 14. The arcuate tracks 74
      and 76 operate to prohibit disengagement of the blades 43 and 45 from
      their respective pin members 66 and 68 during exposure control system
      operation.
PAR  A tractive electromagnetic device in the form of a solenoid 78 is employed
      to displace the shutter blades 43 and 45 with respect to each other and
      the baseblock casting 14. The solenoid 78 may be of conventional design
      having an internally disposed cylindrical plunger unit 80 which retracts
      inwardly into the body of the solenoid upon energization thereof. The
      solenoid plunger 80 may be affixed to the walking beam 58 by means of a
      pivot pin or stud 82 such that longitudinal displacement of the plunger 80
      will operate to rotate the walking beam around the pivot pin 60 so as to
      appropriately displace the shutter blades 43 and 45.
PAR  The solenoid 78 may be stationed in a position just above a biasing tension
      spring 84 which operates to continuously urge the shutter blades 43 and 45
      into positions defining their largest effective aperture over the light
      entry exposure opening 20. The movable end of spring 84 is attached to
      beam 58 at a pin 86 while its stationary end is grounded with respect to
      the baseblock casting 14. With the spring connection herein described, the
      exposure control system is biased into a normally open orientation. In the
      present arrangement, the shutter blades 43 and 45 are drawn to their
      closed position as shown in FIG. 2 only while the solenoid 78 is
      energized. Consequently, energization of the solenoid 78 prevents the
      shutter blades 43 and 45 from moving toward their maximum aperture opening
      under the urging of spring 84. However, as should be readily understood,
      the calibration means of this invention would be equally applicable to
      photographic cameras where the blades 43 and 45 are spring biased in a
      normally closed position. The calibration means of this invention is also
      described in relation to a photographic camera of the non-reflex type
      although the intended scope of the invention is by no means so limited and
      cameras of the well-known reflex type as described in U.S. Pat. No.
      3,672,281 entitled "Reflex Camera" by  E. H. Land may be equally suitable
      for embodying the exposure control system of this invention.
PAR  As previously discussed, different cameras of the above described type
      embodying identical light-sensitive exposure control systems for
      automatically terminating an exposure interval incur difficulties with
      regard to correlating the automatic exposure cycle of each camera to the
      speed of a particular film intended for use with the cameras. The
      difficulties arise first as a result of the variations in the values of
      the numerous electronic components which make up the photosensitive
      transducer 90 and light integrating and control circuit 92, albeit such
      variations remain within prescribed tolerance limitations. Another source
      of error results from variations in the shutter blade and walking beam
      dynamics from one camera to another. Thus, it becomes almost impossible to
      manufacture a plurality of light-sensitive exposure control systems of
      identical design which provide the exact exposures required for a
      particular film speed without, in some manner, individually calibrating
      each exposure control system. This problem has been solved in the past by
      inserting a plurality of discrete light attenuating filters, one at a
      time, in front of the photosensitive transducer 90 and making a
      calibration exposure cycle for each filter until a particular filter is
      found which can provide the required exposure. Such discrete filters,
      however, must be individually removed and replaced prior to each
      calibration exposure cycle.
PAR  Referring now to FIGS. 1 and 2, there is shown a calibration filter 96
      comprising a neutral density filter disposed for rotation with respect to
      the lens housing casting 15 by means of an interconnecting pivot pin
      member 98. As is readily apparent, the calibration filter 96 may be
      selectively rotated into that portion of the scene light admitted through
      the effective aperture as defined by the overlapping photocell sweep
      apertures 46 and 48 thereby varying the intensity of the scene light
      incident upon the light detecting means 50. One side of the calibration
      filter 96 is defined by a raised arcuate edge wall 102 from which extend a
      plurality of spaced apart teeth 100, the purpose of which will be made
      apparent from the following discussion. The lens housing casting 15
      additionally includes an integral raised elongated finger portion 104
      which can overlap the calibration filter 96 during filter rotation. The
      outer end of the finger portion 104 remains on or in close proximity to
      the raised arcuate edged wall 102 during filter 96 rotation for reasons
      which will be made apparent from the following discussion.
PAR  Referring now to FIGS. 3-5, there is seen a calibration apparatus used in
      conjunction with the camera 10 to calibrate the exposure control section
      12. The calibration apparatus includes a source of uniform illumination
      110 comprising an integrating sphere 114, the interior of which is
      illuminated by a lamp 112. Light rays of substantially uniform intensity
      emanate from the source 110 through an opal glass opening 116 which is
      stationed at a predetermined distance forward of the taking lens 22.
PAR  The film loading door 34 must be opened to admit a phototransducer array
      118 comprising a plurality of circumferentially spaced apart
      phototransducers 120 stationed in fixed relation with respect to each
      other by means of a housing 122 which approximates the size of a
      conventional film cassette. Thus as is readily apparent, the
      phototransducers 120 are arranged to lie in the film plane 28 upon
      insertion of the phototransducers array 118 into the film cassette
      receiving chamber 33. Phototransducers 120 are connected in parallel
      relation to provide an output response which may be directed to a light
      integrating circuit as shown generally at 124 in FIG. 5.
PAR  The light integrating circuit 124 is of a conventional type embodying an
      operational amplifier 126 connected in parallel relation with respect to a
      feedback capacitor 128. The output signal from the operational amplifier
      126 may be connected to a voltmeter 130 having a scale calibrated in a
      manner to be subsequently described.
PAR  The exposure control system may be calibrated to provide an exposure
      compatible to a particular film speed in the following manner. The speed
      of the film intended for use for the subject camera apparatus must first
      be determined. The speed of a film quite simply is an expression of its
      sensitivity to light and may be measured by giving samples of the film a
      range of exposures under standard conditions of illumination. The amount
      of blackening produced after carefully controlled development is measured
      and plotted (usually logarithmically) against the exposure to provide a
      characteristic curve. The data obtained from the characteristic curve is
      then translated into a speed figure to provide the speed of the film
      tested. This is done by means of a speed formula which defines the speed
      as a function of the exposure at a specific point of the characteristic
      curve.
PAR  Once a point has been chosen on the characteristic curve for speed
      determination, there are two basic ways of stating the speed. The simplest
      of formula is: Speed = Constant Exposure. The exposure is in this case the
      sensitometric exposure (time .times. light intensity) corresponding to the
      selected reference point on the characteristic curve. Such a speed figure
      is known as an arithmetic speed, because it is inversely proportional to
      the exposure. Thus under a given set of circumstances a material of twice
      the speed of another material needs half the exposure of the latter to
      produce the same image density. The constant in the speed formula is an
      arbitrary one, chosen to yield speed figures that are convenient to
      handle. The most easily understood speed formula uses a constant of 1,
      with the exposure measured in meter-candle-seconds. Thus, for our
      purposes, the film intended for use for the above described camera
      apparatus will be considered to have a speed of 0.0725
      meter-candle-seconds.
PAR  The film speed is thus indicative of the amount of light actually required
      by the film to achieve a correct exposure. An exposure error results when
      the actual amount of light passed by the shutter blade elements 43 and 45
      to the film plane 28 during an exposure cycle differs from the film speed.
      Therefore, for our purposes, the term exposure error will relate to the
      ratio of the amount of light actually passed to the film plane during a
      photograhic exposure cycle to the amount of light required by a particular
      film speed to achieve a correct exposure.
PAR  Prior to the initiation of a calibrating exposure cycle in accordance with
      the means of this invention, it may be preferable to rotate the
      calibration filter 96 to a terminal position of either maximum light
      attenuation to the photosensitive transducer 90 as shown in FIGS. 1 and 2
      or minimum light attenuation wherein the filter 96 is rotated entirely out
      of light intercepting relation with respect to the transducer 90. Rotation
      of the calibration filter 96 may be easily accomplished through insertion
      of a calibration tool as shown generally at 134 wherein the calibration
      tool 134 comprises a handle 136 from which extends an elongated portion
      138 terminating in a circumferentially toothed portion 140. The
      circumferentially toothed portion 140 is adapted for ready engagement with
      the arcuately toothed portion 100 so that rotation of the handle 136 about
      its longitudinal axis operates to rotate the calibration filter 96 about
      its associated pin member 98.
PAR  The lamp 112 is first lighted to provide a source of illumination having
      substantially uniform intensity about the area of the opal glass 116.
      Shutter release button 39 may thereafter be depressed to commence an
      exposure interval during which time the shutter blade elements 43 and 45
      initially move in the direction defining a progressively increasing
      effective aperture so as to progressively increase the amount of light
      incident to the film plane 28 and the photosensitive transducer 90. The
      exposure interval is ultimately terminated by the photosensitive
      transducer 90 receiving a predetermined amount of light upon which the
      light integrating and control circuit 92 operates to actuate the solenoid
      78 to return the shutter blade element 43 and 45 to the light blocking
      position.
PAR  As will be now readily appreciated, the phototransducers 120 also detect
      the light incident upon the film plane 28 and provide an output signal as
      shown in FIG. 5B wherein the axis of abscissas is calibrated in terms of
      seconds with the axis of ordinates calibrated in terms of meter-candles.
PAR  The light integrating circuit 124 operates to integrate the output response
      of the phototransducers 120 and to provide an output response indicative
      of the total amount of light incident upon the film plane 28. The volt
      meter 130 may be calibrated to display the amount of light incident upon
      the film plane in terms of meter-candle-seconds which reading may
      thereafter be compared with the actual film speed to determine exposure
      error.
PAR  Should the exposure error prove unsatisfactory, the calibration filter 96
      may be incrementally rotated a predetermined number of degrees about the
      pivot pin 98 by the calibration tool 134, after which another calibration
      cycle may be commenced. The calibration exposure cycle is repeated for
      each incremental pivotal adjustment of the calibration filter 96 until an
      acceptable level of exposure error is achieved. It should be readily
      appreciated that during the calibration procedure, the front cover 17 is
      not attached in order to permit ready access to the filter teeth 100 by
      the calibration tool 134. It should additionally be appreciated that each
      incremental adjustment of the filter 96 operates to change that portion of
      the scene light intercepted thereby. The volt meter scale 132 may
      alternatively be calibrated to read out the exposure error directly in
      terms of "stops" which is the logarithm to the base 2 of the ratio of the
      amount of light actually passed by the shutter blades to the film plane,
      to the amount of light required for a particular film speed. Exposure
      errors expressed in terms of "stops" will be positive for overexposure, 0
      for correct exposure, and negative for underexposure. Once the correct
      position of the calibration filter 96 has been determined, it may be
      permanently fixed in position by inserting a heating element into
      proximity with the tip of the elongated finger portion 104 so as to fuse
      the finger portion directly to the raised arcuate edge wall 102. Of
      course, it will be appreciated that many alternate means may be used to
      permanently fix the calibration filter in position.
PAR  Thus, the calibration filter herein described provides a simple and
      economical means for varying the intensity of the scene light incident
      upon the phototransducer 90 in order to calibrate the output response of
      the transducer to correspond with a predetermined film speed. That portion
      of the scene light intercepted by the calibration filter 96 is therefore
      determined in a manner which provides the requisite output response from
      the photosensitive transducer 90 for the light integrating and control
      circuit 92 to terminate an exposure interval in time to insure that the
      amount of scene light incident to the film plane 28 substantially
      corresponds to the selected film speed, which for our purposes was set at
      0.0725 meter-candle-seconds.
PAR  Since certain changes may be made in the above described system and
      apparatus without departing from the scope of the invention herein
      involved, it is intended that all the matter contained in the description
      thereof or shown in the accompanying drawings shall be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. Exposure control apparatus together with support means therefor for
      admitting a select amount of light corresponding to a select film speed
      during a photographic exposure interval wherein the exposure control
      apparatus may be utilized with a camera of the type having a housing and
      an objective lens mounted on the housing and defining a film plane, said
      exposure control apparatus and support means comprising:
PA1  a wall member;
PA1  means for detecting scene light incident thereon and for providing an
      output response indicative of the scene light intensity so detected;
PA1  scene light varying means for varying the amount of scene light incident on
      the film plane and on said light detecting means, said scene light varying
      means being selectively actuable to change from a scene light blocking
      mode to a scene light unblocking mode upon the commencement of an exposure
      interval;
PA1  control circuit means responsive to the output response of said light
      detecting means during an exposure interval for actuating said scene light
      varying means to change from the scene light unblocking mode back to the
      scene light blocking mode thereby terminating an exposure interval;
PA1  a light attenuating filter;
PA1  means fo movably connecting said light attenuating filter with respect to
      said wall member thereby facilitating the positioning of said light
      attenuating filter in intercepting relation with a select portion of the
      scene light directed toward said light detecting means, said select
      intercepted portion of the scene light being determined during the
      manufacture of said exposure control system to provide the requisite
      output response from said light detecting means for the control circuit to
      actuate said scene light varying means to terminate an exposure interval
      in time to insure that the amount of scene light incident to the film
      plane substantially corresponds to the select film speed; and
PA1  means for permanently fixing the position of said light attenuating filter
      in immovable relation with respect to said wall member subsequent to the
      determination of said select intercepted portion of the scene light.
NUM  2.
PAR  2. The exposure control apparatus of claim 1 wherein said permanent fixing
      means comprises one elongated member extending from said wall member in
      spaced apart relation thereto, the outward tip of said elongated member
      being permanently fused to said light attenuating filter.
NUM  3.
PAR  3. The exposure control apparatus of claim 1 wherein said light attenuating
      filter is pivotally connected to said wall member and includes a toothed
      arcuate portion adapted for ready engagement with a toothed calibration
      tool such that rotation of the calibration tool operates to pivot the
      light attenuating filter into interception with the scene light directed
      toward the light detecting means.
NUM  4.
PAR  4. Exposure control apparatus together with support means for admitting a
      select amount of light corresponding to a select film speed during a
      photographic exposure interval wherein the exposure control apparatus may
      be utilized with a camera of the type having a housing and an objective
      lens mounted on the housing and defining a film plane, said exposure
      control apparatus and support means comprising:
PA1  a wall member;
PA1  means for detecting scene light incident thereon and for providing an
      output response;
PA1  a wall member;
PA1  means for detecting scene light incident thereon and for providing an
      output response;
PA1  a blade assembly movable along a predetermined path between a first
      position wherein it precludes scene light from reaching the film plane and
      light detecting means and a second position wherein it defines at least
      one maximum sized aperture which permits a maximum amount of scene light
      to impinge upon the film plane and light detecting means, said blade
      assembly serving to define at least one range of progressively increasing
      sized apertures as it moves from said first position toward said second
      position upon the commencement of an exposure interval;
PA1  selectively actuable means for moving said blade assembly between said
      first and second positions;
PA1  control circuit means for actuating said moving means into moving said
      blade assembly toward said first position to terminate an exposure
      interval as a result of the time integration of said output response from
      said light detecting means reaching a select value;
PA1  a light attenuating filter;
PA1  means for movably connecting said light attenuating filter with respect to
      said wall member thereby facilitating the positioning of said light
      attenuating filter in intercepting relation with a select portion of the
      scene light directed toward said light detecting means, said select
      intercepted portion of the scene light being determined during the
      manufacture of said exposure control system to provide the requisite
      output response from the light detecting means for the control circuit to
      actuate said scene light varying means to terminate an exposure interval
      in time to insure that the amount of scene light incident to the film
      plane substantially corresponds to the select film speed; and
PA1  means for permanently fixing the position of said light attenuating filter
      in immovable relation with respect to said wall member subsequent to the
      determination of said select intercepted portion of the scene light.
NUM  5.
PAR  5. The exposure control apparatus of claim 4 wherein said permanent fixing
      means comprises an elongated member extening from said wall member in
      spaced apart relation thereto, the outward tip of said elongated member
      being permanently fused to said light attenuating filter.
NUM  6.
PAR  6. The exposure control apparatus of claim 5 wherein said light attenuating
      filter is pivotally connected to said wall member and includes a toothed
      arcuate portion adapted for ready engagement by a toothed calibration tool
      such that rotation of the calibration tool operates to pivot the light
      attenuating filter into interception with that portion of the scene light
      directed toward the light detecting means.
NUM  7.
PAR  7. The exposure control apparatus of claim 4 wherein said blade assembly
      includes at least two blade elements disposed in overlapping sliding
      relation, said blade elements having respective primary apertures
      therethrough which cooperatively define a first range of progressively
      increasing sized apertures upon blade movement from said first position
      toward said second position thereby varying the amount of scene light
      incident upon the film plane, together with respective secondary apertures
      therethrough which cooperatively define a second range of progressively
      increasing sized apertures in substantial correspondence with said first
      range thereby varying the amount of scene light incident upon the light
      detecting means.
NUM  8.
PAR  8. The exposure control apparatus of claim 7 wherein said blade assembly is
      movable connected to said wall member and the light attenuating filter is
      pivotally connected to said wall member and wherein said permanent fixing
      means comprises an elongated member extending from said wall member in
      spaced relation thereto to accommodate pivotal movement of said light
      attenuating filter between said wall member and said spaced apart
      elongated member, the outward tip of said elongated member being
      permanently fused to said light attenuating filter.
NUM  9.
PAR  9. The exposure control apparatus of claim 8 wherein said light attenuating
      filter is pivotally connected to said wall member and includes a toothed
      arcuate portion adapted for ready engagement by a toothed calibration tool
      such that rotation of the calibration tool operates to pivot the light
      attenuating filter into interception with that portion of the scene light
      directed toward the light detecting means.
NUM  10.
PAR  10. A method for calibrating an exposure control system to provide a select
      amount of light corresponding to a select film speed during a photograhic
      cycle for a camera of the type including: a housing, an objective lens
      mounted on the housing, means for defining a film plane within the
      housing, means for detecting light, selectively actuable means for varying
      the amount of scene light incident on the film plane and light detecting
      means during an exposure cycle, control circuit means responsive to the
      light detecting means for selectively actuating the scene light varying
      means to terminate an exposure cycle, and a light attenuating calibration
      filter selectively movable into scene light intercepting relation with
      respect to the scene light directed toward the light detecting means; said
      method comprising the steps of:
PA1  providing a light source of select illuminationg to illuminate the film
      plane and light detecting means as a function of the scene light varying
      means operation during an exposure cycle;
PA1  actuating the scene light varying means into an exposure cycle to allow
      light from the light source to impinge upon the film plane and light
      detecting means whereupon the control circuit means thereafter actuates
      the scene light varying means to terminate the exposure cycle as a
      function of the exposure time and light intensity incident upon the light
      detecting means;
PA1  measuring the light intensity upon the film plane during the exposure
      cycle;
PA1  integrating the measured light intensity at the film plane during the
      exposure cycle to provide an exposure value;
PA1  correlating said exposure value to the speed of a select film; and
PA1  moving said calibration filter to alter the portion of scene light
      intercepted by said filter if the exposure value does not correlate to the
      speed of the select film and then repeating the steps of said calibrating
      method until said exposure value correlates to the speed of the select
      film.
NUM  11.
PAR  11. The method of claim 10 wherein said calibration filter is permanently
      fixed in position subsequent to the correlation of said exposure value
      with said select film speed.
NUM  12.
PAR  12. The method of claim 10 wherein said calibration filter is incrementally
      moved by way of rotation about a pivot point fixed with respect to said
      camera housing.
NUM  13.
PAR  13. The method of claim 12 wherein said calibration filter is incrementally
      rotated by inserting a calibration too having a circumferentially toothed
      portion into engagement with an arcuately toothed portion of said
      calibration filter and thereafter rotating the calibrating tool in a
      manner operating to rotate said calibrating filter about said pivot point.
NUM  14.
PAR  14. The method of claim 12 wherein said calbration filter is permanently
      fixed in position with respect to said pivot point subsequent to the
      correlation of said exposure value with said select film speed by
      inserting a heating member adjacent to said calibrating filter and fusing
      a portion of said calibration filter to a structural portion of said
      camera.
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ABST
PAL  A method of energizing an electroluminescent device including several in
      series connected elementary light sources at least two of which emit
      radiations of different wavelengths, comprising the steps of supplying the
      light sources with current pulses of different intensities and controlling
      the duration of the pulses so that each intensity is inversely
      proportional to the emitted light flux.
PARN
PAR  This is a division of application Ser. No. 423,701, filed Dec. 11, 1973,
      now U.S. Pat. No. 3,875,473.
BSUM
PAR  The present invention relates to a method of energizing an
      electroluminescent device formed by several interconnected elementary
      light sources which are simultaneously energized and emit light rays of
      different wavelengths.
PAR  Electroluminescent devices, for example semiconductor diodes, emit light of
      a certain wavelength when an electric current is injected into them. In
      order to obtained a display in successively different colours, it has been
      endeavoured to realize electroluminescent devices for different colours as
      a function of a parameter the variations of which can be controlled.
PAR  If it suffices to place several electroluminescent sources of different
      colour beside each other and to supply them selectively, it is necessary
      to provide a circuit or a supply per source, as a result of which the
      device becomes more complicated and occupies more space; in the case of
      mosaics of light dots of the XY matrix type, for example, the increase in
      supply conductors is a major drawback.
PAR  Polychromatic units have been proposed which have several separate sources
      the colour of which is controlled from a common supply. An example is
      described in the U.S. Pat. No. 3,499,158, according to which several
      diodes in the same space are supplied simultaneously and in parallel, each
      of the said diodes being in series with a resistor of a specific value
      which determines the voltage at its terminals as a function of the common
      supply voltage. However, said resistors cause a non-negligible loss of
      energy which is undesired in particular in the case of mobile apparatus.
      Said resistors also require extra space which is particularly annoying in
      the case of mosaics of polychromatic light dots arranged according to XY
      directions. The device described furthermore requires a supply source the
      voltage of which must be accurately defined, while the distribution of the
      current between the various diodes remains inaccurate and as a result of
      this the mutual light powers are poorly defined.
PAR  One of the objects of the present invention is to mitigate the said
      drawbacks and to provide an electroluminescent device which can
      successively display different colours, of which the various light sources
      are supplied by the channel of a common conductor, and of which the supply
      source permits of efficaciously controlling the light power of each
      source.
PAR  The invention takes into consideration the differences of the
      characteristics of the known monochromatic electroluminescent sources of
      which the curves of the emitted light flux as a function of the excitation
      level are not all identical.
PAR  It is known that the sensitivity of the eye is not the same for the various
      wavelengths of the visible spectrum. The sensitivity curve of the eye
      should be taken into account when comparing light sources of different
      colours. The light flux F of an electroluminescent source is thus equal to
      the product of the emitted power P by a factor V expressing the relative
      sensitivity of the eye at the emitted wavelength and by the factor K
      representing the equivalent in light flux per power unit, which factor is
      to an approximation equal to 680 lumen per watt. It is the light flux F
      which will be considered hereinafter. It is also to be noted that the
      curves for the mutually connected light sources mentioned hereinafter will
      be considered as being plotted with the same scale and the same units so
      as to be comparable in an acceptable manner when the diagrams comprising
      said curves are superimposed.
PAR  According to the invention, an electroluminescent device which is formed by
      several inter-connected elementary electroluminescent sources which are
      energized simultaneously and at least two of which emit light rays of
      different wavelengths is characterized in that the light sources of the
      device are connected in series and that the light flux which is emitted by
      a first source of the device which emits a radiation of a first colour is
      larger than that of a second source when the same current of intensity
      I.sub.1 is injected into each of the said sources and the light flux which
      is emitted by the second source of the said device which emits a radiation
      of a different colour is larger than that of the first source when the
      same current of intensity I.sub.2 which differs from I.sub.1 is injected
      into each of the sources.
PAR  The various light sources arranged in groups and supplied in series are
      traversed simultaneously by a current of intensity I. When said intensity
      is given a value I.sub.1 for which the light flux which is emitted by the
      sources the radiation of which has a first wavelength .lambda..sub.1 is
      larger than that of all the other sources, the colour which corresponds to
      said first wavelength is dominant. When said intensity is given a value
      I.sub.2 for which the light flux which is emitted by the sources the
      radiation of which has a second wavelength .lambda..sub.2 is larger than
      that of all the other sources, the colour corresponding to said second
      wavelength is dominant. By giving the intensity of the current I different
      values, the colour of other sources may also be caused to be dominant. The
      device requires only one supply and enables to obtain successively
      displays in different colours by varying only the values of the intensity
      of the injected current.
PAR  The curves 1, 2 and 3 of FIG. 1 in the accompanying drawings represent in
      logarithmic coordinates the variations of the light fluxes F which are
      emitted by the elementary light sources S1, S2 and S3, respectively, of a
      device according to the invention as a function of the intensity I of the
      current which traverses same. Since the sources S1, S2 and S3 are arranged
      in series, the light fluxes of the three sources at a given instant are
      represented by the various coordinates corresponding to the same current
      intensity I; it may be seen that at a current intensity I.sub.A, the light
      flux F.sub.A1 of the source S1 is dominant, at a current intensity I.sub.B
      the light flux F.sub.B2 of the source S2 is dominant and at a current
      intensity I.sub.C, the light flux S.sub.C3 of the source S3 is dominant.
      Instead of elementary light sources an assembly of identical series
      arranged sources may also be considered the light fluxes of which are
      added to each other.
PAR  The device requires no extra resistors which involve loss of energy and
      require more space. The device displays various colours by the channel of
      a single supply and avoids the addition of an extra conductor per extra
      colour. The colour in each of the said elementary sources which is the
      same for all is defined and adjusted at the supply source.
PAR  The number of sources arranged in groups in the device according to the
      invention is not restricted. The device preferably comprises a single
      source for each of the desired colours or at least one source of each of
      the desired colours which may be considered as primary colours which
      enable other desired colours to be obtained by the additive mixing of the
      emitted light fluxes.
PAR  It is generally desirable that the light impression caused on the eye of
      the observer by a polychromatic device be substantially of the same level
      for the various colours which it can display. For that purpose the device
      is preferably supplied by pulses and the duration of a pulse is reduced
      when the current intensity during the pulse is higher. Actually it is
      known that the persistence of light impressions makes it possible to
      obtain equivalent effects with different light fluxes by acting upon the
      duration of the stimulant. It is favourable when for each value of the
      energization strength the duration of the pulse is inversely proportional
      to the emitted light flux, Of course, said ratio rule may be subject to
      corrections so as to take into account possible particular contrast
      conditions of the ambient light or other factors which influence the
      visibility of the assembly of sources associated in the device.
PAR  In the most frequent case in which an apparenrly continuous light
      impression is endeavoured, the device is supplied by successive pulses
      having a frequency which is higher than the flicker frequency. In this
      case the cycle ratio or ratio of the duration of a pulse to the overall
      duration of the recurrence frequency is reduced when the current intensity
      is higher.  It is favourable when for any value of the energization
      current said ratio is inversely proportional to the emitted light flux in
      which said rule may be subject to corrections, as described above, as a
      function of the particular conditions of frequency, of contrast or other
      factors which influence the visibility.
PAR  In a first embodiment of the device according to the invention, several
      light sources are placed beside each other and sufficiently closely
      together in such manner that at the minimum observation distance
      substantially a single source appears whose colour is the resultant of the
      additive mixing of the colours of the various energized sources taking
      into consideration their respective light flux.
PAR  The light sources and the energization current intensities are preferably
      so that the light flux emitted in a dominant colour for at least one value
      of the intensity of the current which traverses the various sources is up
      to ten times larger than the light flux emitted by all the other
      non-dominant sources. The device then appears substantially with the
      colour of the sources the light flux of which is dominant.
PAR  In FIG. 1, if the point of intersection of the curves 1 and 2 is
      considered, it is found that for the corresponding current I.sub.P the two
      sources S1 and S2 have the same light flux F.sub.P. If the emitted light
      beams can be mixed by the observer, the apparent colour of the device is
      that which results from the addition of the colours of S1 and S2, the
      light flux of the source S3 having substantially no influence.
PAR  When in nearly all the cases the curve of the current of a source as a
      function of the intensity of the current which traverses it shows no
      discontinuity nor a sudden steepness variation it is possible, by choice
      of the current intensity corresponding to the point of intersection of the
      two curves when the diagrams are superimposed, to obtain a composite
      colour which results from the mixing to an equal extent of at least the
      two colours of the two sources or groups of sources the curves of which
      intersect each other and it is also possible by adjustment of the
      intensity of the current to obtain a full range of intermediate colours
      which result from the mixing of said colours in variable proportions in
      accordance with the mutual light fluxes of the various sources. The device
      thus enables the display of a colour which results from the additive
      mixing of other colours by injecting a current the intensity value of
      which lies between those of the currents for which the said other colours
      are dominant.
PAR  All the intermediate colours which result from said additive mixing may
      also be obtained by mixing in time by means of pulses of various
      intensities which succeed each other rapidly, each of said intensities
      making a certain colour dominant and the persistence of the light
      impressions permitting the eye of the observer to realize the sum of the
      received impressions. The duration of the pulses, in this case is a
      function of the light flux emitted in each dominant colour and of the
      necessary proportion of said dominant colour in the composition of the
      desired additive mixture.
PAR  All these combinations are also possible in another embodiment of the
      invention according to which the device comprises an optical system which
      tends to superimpose the light beams originating from different sources of
      the device. For example, the various sources are placed beside each other
      on a base plate and covered with a cap enveloping all said sources.
PAR  In another embodiment, several sources arranged in groups are superimposed
      in a device, each source placed on another source passing at least partly
      the radiation emitted by the latter. For example, the device consists
      mainly of a stack of sources having a planar structure as a result of
      which the series arrangement is obtained and in which the stacking is
      carried out so that the wavelength of the emitted radiation decreases.
PAR  In the embodiment mentioned hereinafter, the various light sources of a
      device are chosen as a function of the colours to be obtained among the
      electroluminescent elements of the known type the curves of the light flux
      of which as a function of the injected current show the suitable profile.
PAR  According to a possible choice, the device comprises at least an
      electroluminescent elementary source of a first colour the light flux of
      which is restricted to a substantially constant value at least for a range
      of current intensities of the current injected above a particular value,
      for example, under the influence of the saturation phenomenon, and at
      least an electroluminescent elementary light source of another colour the
      light flux of which various in the same range of current intensities of
      the injected current.
PAR  An example of an electroluminescent current having a light flux which
      varies little in the current intensity range consists of a semiconductor
      diode having a p-n junction of gallium phosphide doped with zinc and
      oxygen, which emits a radiation of red colour and which, from a certain
      current density, shows the saturation phenomenon of the radiation
      recombination centres. These diodes may be connected to a diode which does
      not show a saturation phenomenon.
PAR  According to a likewise possible choice the device comprises at least one
      electroluminescent elementary light source of a first colour the light
      flux of which, at least for a range of current intensities of the injected
      current, is substantially proportional to said intensity, and at least one
      electroluminescent source of another colour the light flux of which for
      the same intensity range follows a different rule.
PAR  An example of electroluminescent source having a light flux which is
      substantially proportional to the intensity of the injected current, at
      least for a given range of injected current, consists of a semiconductor
      diode having a p-n junction which is manufactured from a material having a
      direct band structure, for example a ternary compound, for example gallium
      arsenide phosphide, gallium aluminium arsenide, gallium indium phosphide,
      indium aluminium phosphide, of desired composition, or a binary compound,
      for example, gallium nitride. Certain materials having an indirect band
      structure also show said property, for example, nitrogen-doped gallium
      phosphide, for example, that which emits a radiation of green colour, or
      silicon carbide.
PAR  According to a likewise possible choice the device comprises at least one
      electroluminescent elementary light source of a first colour the light
      flux of which at least in a range of the injected current is substantially
      proportional to a power n of the current intensities, n being a number
      higher than 1, and at least one electroluminescent elementary source of a
      different colour the light flux of which follows a different rule in the
      same current intensity range.
PAR  An electroluminescent source having a light flux which is substantially
      proportional to the power n of the current intensity of the injected
      current is that of a semiconductor diode which emits an infrared radiation
      the emitting surface of which is covered with a photoluminescent converter
      for wavelengths. Such converter coverings are well known in the field of
      optoelectronics, certain of them relate to a sequential transition
      phenomenon having two photons and their light flux varies substantially
      with the square of the incident light flux, others relate to a sequential
      transition phenomenon having three photons and their light flux varies
      substantially with the third power of the incident light flux. These
      sources are, for example, diode of gallium arsenide which has been treated
      so as to emit infrared radiation of 0.97 .mu. wavelength and which are
      covered with a transparent synthetic material in which grains of
      photoluminescent material are embedded, such as sodium and yttrium
      fluoride NaYF.sub.4 which is doped with ytterbium and erbium and emits a
      green radiation.
PAR  According to a likewise possible choice the device comprises at least two
      electroluminescent elementary sources of different colours the former of
      which is manufactured from a semiconductor material having a strong
      concentration of impurities in which a current of a low strength causes
      only recombinations which do not emit radiation and the latter of which is
      manufactured from a semiconductor material having a weaker concentration
      of impurities the forbidden band width of which is smaller than the
      material of the first source, which has a small efficiency for strong
      currents, but in which a current of small intensity causes radiation
      recombinations,
PAR  An example of an electroluminescent source of the type of the first
      above-mentioned source consists of a diode having a p-n junction which is
      manufactured from a III-V compound, for example, gallium and indium
      phosphide, having a direct band structure, which emits a yellow radiation
      having a concentration of impurities which exceeds 10.sup.16 per cm.sup.3
      and the luminous efficiency of which is very weak at a low injection
      level. An example of an electroluminescent source of the type of the
      above-mentioned second source consists of a diode having a p-n junction
      which is manufactured from doped gallium arsenide phosphide so as to emit
      a radiation of red colour and a concentration of impurities which is lower
      than 10.sup.15 per cm.sup.3.
PAR  The different elementary sources of a device may have different shapes
      and/or different active surfaces. Among the light source of the same
      colour and the same structure and manufactured from the same material, the
      active surface forms a parameter which makes it possible to determine a
      source the curve of the light flux of which as a function of the current
      intersects the curves of the other sources considered when the diagrams
      are superimposed. In all the cases in which the light flux which is
      emitted by a source is not exactly proportional to the current, a
      difference of active surface corresponds to a difference in light flux
      emitted at the same current and thus to a shift of the curve of the light
      flux as a function of the intensity of the energization current. If, for
      example, a diode having an electroluminescent junction with an area of 0.1
      mm.sup.2 of gallium phosphide which emits a red radiation is energized
      with a current of 0.1 A, the same diode whose area is ten times larger and
      which is energized by the same current and thus with a 10 times weaker
      current density has a relative efficacity which is only two times weaker
      and thus an overall light flux which is five times larger.
PAR  For that purpose, a shift of the curve is obtained, if desired, by means of
      an attenuation absorption filter with which the source having too high a
      light flux may be provided.
PAR  In the case in which the device is to form a polychromatic elementary dot
      of a matrix which comprises a large number of dots so as to form a display
      screen, for example, it is desirable that the brightnesses of the various
      sources of a device be comparable and that the areas of the various
      sources are of the same order and smaller than the resolving power of the
      observer's eye.
PAR  The present invention may be used to manufacture polychromatic display
      device, in particular light signals for supplying colour information. The
      invention may preferably be used for the manufacture of polychromatic
      display mosaics and in particular according to XY directions which
      according to the invention requires only one conductor per line and per
      column. Display screens can be manufactured by means of devices according
      to the invention which are energized by scanning.
DRWD
PAR  The invention will be described in greater detail with reference to the
      accompanying drawings, in which
PAR  FIG. 1 is a logarithmic graph showing the variation of light flux with
      current intensity.
PAR  FIG. 2 is a diagrammatic cross-section view of three electroluminescent
      sources juxtaposed in a polylithic device according to the invention.
PAR  FIG. 3 is a diagrammatic cross-sectional view of a device according to the
      invention comprising two superimposed elementary sources.
DETD
PAR  The diagrammatic cross-sectional view of FIG. 2 shows three elementary
      light sources of a device according to the invention which are juxtaposed
      on a common base plate 4 of insulating material Of course said three
      sources are placed as closely together as possible in which the necessary
      insulation and the practical manufacturing possibilities are taken into
      account. The first source I is a planar electroluminescent diode which is
      manufactured on a substrate 5 by epitaxial deposition of a layer 6, then
      of a layer 7 of the opposite conductivity type; the p-n junction thus
      formed emits a radiation having a wavelength .lambda..sub.4 when a current
      is injected into it via metal deposits 8 and 9 on which the conductive
      wires 10 and 11 are soldered.
PAR  The second source II is also a planar electroluminescent diode which is
      realized on a substrate 12 by epitaxial deposition of a layer 13 in which
      a layer 14 of the opposite conductivity type is diffused; the p-n junction
      thus formed emits a radiation having a wavelength .lambda..sub.5 differing
      clearly from .lambda..sub.4, when a current is injected via the metal
      deposits 15 and 16 on which conductive wires 11 and 17 are soldered.
PAR  The third source III is an electroluminescent diode which comprises a p-n
      junction between two regions 18 and 19 which emits an infrared radiation
      when a current is injected via the metal deposits 20 and 21 on which the
      conductors 23 and 17 are soldered. Said diode is covered with an envelope
      22 of a transparent synthetic material in which a photoluminescent
      material is embedded which emits a visible radiation having a wavelength
      .lambda..sub.6 which differs clearly from .lambda..sub.4 and
      .lambda..sub.5, by absorption of infrared radiation which is emitted by
      the diode 18-19.
PAR  The connections between the diodes 11 and 17 are such that the three
      elementary sources described are in series and are all in the forward
      direction when the conductor 10 is connected to the negative terminal of a
      supply source and the conductor 23 is connected to the positive terminal
      of the same source. The current supplied by said supply source is
      adjustable. The source I emits, for example, a radiation having a
      wavelength of 0.69 .mu.m and has a light flux which as a function of the
      intensity of the injected current varies according to curve 1 of the
      diagram of FIG. 1. The source II emits a radiation having a wavelength
      0.58 .mu. and the light flux thereof varies as a function of the intensity
      of the injected current according to curve 2 of the diagram of FIG. 1. The
      source III emits a radiation having a wavelength of 0.47 .mu. and the
      light flux thereof varies as a function of the intensity of the injected
      current according to curve 3 of the diagram of FIG. 1. When via the three
      sources of the device a current of intensity I.sub.A is conveyed through
      the conductors 10 and 23, the light flux which is emitted by the source I
      is significantly higher than that emitted by the sources II and III and
      the device displays red. For a current of intensity I.sub.B, the yellow
      colour of source II is dominant, the fluxes emitted by the sources I and
      III being significantly weaker. For a current I.sub.C the greem of the
      source III is dominant.
PAR  In order to bring at the same level the light impression which is produced
      on an observer by the device of FIG. 2 and excited by several currents of
      intensities I.sub.1, I.sub.B or I.sub.C, said excitation is obtained by
      means of pulses which are repeated with a frequency which is higher than
      the flicker frequency, the duration of the pulses being inversely
      proportional to the value of the emitted light flux.
PAR  The diagrammatic cross-sectional view of FIG. 3 shows a device having two
      superimposed sources. A first source consists of a diode having a p-n
      junction 42 which comprises a region 31 of the p type and a region 32 of
      the n type, metal deposits 33 and 34, the deposit 33 constituting a
      transparennt grid, and a connection 35. Said first source is soldered to a
      second light source which consists of a diode having a p-n junction 38
      which comprises a region 36 of the p type and a region 37 of the n type,
      the junction 38 emitting an infrared radiation which is converted into
      visible radiation by a cap 39 of photoluminescent material. The second
      source is connected to a support 40 which is covered with a conducting
      material 41. The layer 41 is connected to a positive terminal of a current
      supply, the conductor 35 is connected to the negative terminal. For
      example, the junction 42 emits a radiation having a wavelength of 0.97
      .mu.m and the phosphorescent material 39 emits a radiation having a
      wavelength of 0.47 .mu.m. When the current supplied by the supply source
      has an intensity I.sub.4, the light flux emitted by the cap 39 is
      negligible and the light flux which is emitted by the junction 42 is only
      visible via the cap 39 which is transparent to the emitted radiation. The
      luminous efficiency of the cap 39 increases with the square of the
      intensity of the light flux emitted by the junction 38. The luminous
      efficiency of the junction 42 decreases with the intensity of the current
      which is injected into it due to a saturation phenomenon of the radiation
      recombination centres. For a current of intensity I.sub.5 which is higher
      than I.sub.4, the light flux is dominant which is emitted by the cap 39.
      Between the two values I.sub.4 and I.sub.5 any desired proportion of the
      light flux of both sources can be obtained and, besides the colours
      emitted by each of them, the resultant colours of the combination of these
      two colours may be displayed and that in any proportion.
PAR  An example of the manufacture of the device according to the invention of
      which the sources have light fluxes according to the curves of FIG. 1 will
      now be described.
PAR  The first source consists of a diode of gallium phosphide doped with zinc
      and oxygen and obtained by liquid epitaxy according to the conventional
      processes. The emissive surface of said diode is, for example, equal to
      0.1 mm.sup.2. The emitted light flux at 0.69 .mu.m is 9 millilumen with a
      current of 20 mA, 15 millilumen at 100 mA and 20 millilumen at 700 mA.
PAR  The second source consists of a diode of gallium arsenide phosphide
      GaAs.sub.1.sub.-x P.sub.x, in which x is between 0.80 and 0.85 which is
      obtained by epitaxy according to the conventional processes and is doped
      with nitrogen. The emissive surface of said diode is five to 20 times
      larger than that of the first source and is preferably equal to 1
      mm.sup.2. The emitted light flux at 0.58 .mu.m is 2 millilumen with a
      current of 20 mA, 30 millilumen with 100 mA and 120 millilumen at 700 mA.
PAR  The third source consists of a diode of silicondoped gallium arsenide which
      emits a radiation at 0.97 .mu.m and which is covered with an epoxy resin
      in which grains of sodium yttrium fluoride NaYF.sub.4 which is doped with
      ytterbium and erbium are embedded. The emissive surface of said source is
      two to 10 times larger than that of the first source and is preferably
      equal to 0.5 mm.sup.2. The light flux emitted at 0.54 .mu.m is 0.1
      millilumen at a current of 20 mA, 10 millilumen at 100 mA and 800
      millilumen at 700 mA.
PAR  For displaying the red, a current of 20 mA is continuously injected into
      the device. The light flux of the first source is dominant.
PAR  For displaying the yellow a current of 100 mA is injected into the device
      by pulses of 0.3 msec. at a frequency of 1000 Hz. The light flux of the
      second source is dominant and added to this is possibly, if the light
      beams which originate from the three sources can be mixed for the eye of
      the observer, the light fluxes of the first and third sources of which the
      mixture gives a yellow impression.
PAR  For displaying the green a current of 700 mA is injected into the device.
      The light flux of the third source is dominant. The current is injected by
      pulses of 0.01 msec. at a frequency of 1000 Hz.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of energizing a polychromatic electroluminescent device
      including series connected at least a diode of gallium phosphide doped
      with zinc and oxygen and having an emissive surface of about 0.1 mm.sup.2,
      a diode of gallium arsenide phosphide GaAs.sub.1.sub.-x P.sub.x,X being
      between 0.80 and 0.85, which is doped with nitrogen and having an emissive
      surface about 1 mm.sup.2, and a diode of silicon-doped gallium arsenide
      which is covered with an epoxy resin in which grains of soidum yttrium
      fluoride which is doped with ytterbium and erbium are embedded, and whose
      emissive surface is about 0.5 mm.sup.2, characterized in that a current of
      20 mA is continuously injected for displaying red, a current of 100 mA is
      injected by pulses of 0.3 msec. with a frequency of 1000 Hz for displaying
      yellow and a current of 700 mA is injected by pulses of 0.1 msec at a
      frequency of 1000 Hz for displaying green.
NUM  2.
PAR  2. A method of energizing a polychromatic electroluminescent device having
      series connected and equally biased diode light sources at least two of
      which emit radiations at different wavelengths and wherein the light flux
      emitted by a first source is larger than that of a second source when the
      same current intensity I.sub.1 is injected into each source, and the light
      flux which is emitted by the second source is larger than that of the
      first source when the same current intensity I.sub.2 which differs from
      I.sub.1 is injected into each source, said light sources being supplied
      with direct current pulses of different intensities and controllable
      durations, the said duration for each intensity being inversely
      proportional to the emitted light flux.
NUM  3.
PAR  3. A method as claimed in claim 2, characterized in that the current pulses
      have a frequency which exceeds the flicker frequency and have a cycle
      proportion which is inversely proportional to the emitted light flux.
NUM  4.
PAR  4. A method as claimed in claim 2, characterized in that a colour is
      displayed which results from the additive mixing of other colours by
      injecting into the device a current whose intensity has a value between
      the values of the current intensity for which said other colours are
      dominant.
NUM  5.
PAR  5. A method as claimed in claim 2, characterized in that a colour is
      displayed which results from the additive mixing of other colours by
      injecting into the device pulses of different intensities each of which
      makes a certain colour dominant, said pulses succeeding each other in a
      time which is lower than the duration of the persistence of the light
      impressions, the relative duration of said various pulses being function
      of the emitted light flux in each dominant colour and of the composition
      of the desired additive mixture.
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PAL  A high frequency, Schottky barrier gate, field-effect transistor is
      provided with a substantially constant impedance over a broadband of
      frequencies. The transistor is comprised of a thin dielectric layer
      providing an effective dielectric constant at gate and drain contacts
      greater than .sqroot.2. The dielectric layer is supported on the major
      surface of a conductor substrate, and is preferably 5 microns in thickness
      and has a dielectric constant greater than about 5. The transistor is also
      comprised of a thin semiconductor layer of less than about 2 microns in
      thickness at least at gate portions with an N-type concentration of
      between about 5 .times. 10.sup.14 and 5 .times. 10.sup.17
      carriers/cm.sup.3. The gate contact of the transistor is an elongated
      Schottky barrier contact adjoining the semiconductor layer spaced between
      elongated source and drain contacts which make ohmic contact with the
      semiconductor layer. Means are also provided to maintain the source
      contact at substantially the same RF potential as the conductor substrate.
PARN
PAR  This is a continuation of application Ser. No. 404,577 filed Oct. 9, 1973
      and now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to field-effect transistors and particularly
      high frequency, Schottky barrier gate, field-effect transistors.
PAC  BACKGROUND OF THE INVENTION
PAR  Field-effect transistors with high frequency capability, i.e. in the 1 to
      20 GHz range, have been known. And the upper frequency and power output
      capability of RF power transistors has been steadily increasing. Schottky
      barrier gate, field-effect transistors are particularly compatible with
      high frequency operation because their geometry and gate response permits
      minimization of parasitic reactance and impedance. However, these
      transistors have typically been high-Q, narrow band amplifiers, see U.S.
      Pat. No. 3,516,021. Broadband operations, i.e. greater than one octave in
      width, of such transistor have not been made possible without the use of
      complicated supporting circuitry, see "GHz Amplifiers-How They Are
      Practical", EDN July 15, 1970, p. 41.
PAR  Specifically, broadband capabilities are complicated by device
      characteristics such as low input resistance, gain-frequency variations,
      and package parasitics and particularly base lead inductance. Broadbanding
      of RF power transistors has thus required impedance matching of both input
      and output, together with provisions for gain-frequency compensation.
      Input and output transformers have been used to match the impedance of the
      device to the external circuit impedance, which is generally between 25
      and 100 ohms and typically 50 ohms, without power loss. Gain-frequency
      compensation has been accomplished by (1) the use of frequency selective
      dissipative matching networks, (2) use of frequency selective load
      mismatching, and (3) use of frequency selective input mismatching. And
      lead parasitics have been eliminated by the use of coaxial cables and
      microstrips, see Electronics Design 1, Jan. 4, 1970, p. 100.
PAR  The present invention overcomes these difficulties and complications of the
      prior devices. It provides a high frequency, Schottky barrier gate,
      field-effect transistor capable of maintaining a substantially constant
      impedance over at least an octave of frequency variation. Further, it
      provides a field-effect transistor which can match the impedance of
      generally used circuits, i.e. 25 to 100 ohms, and which is readily
      adaptable for use with microstrip leads.
PAC  SUMMARY OF THE INVENTION
PAR  A high frequency, Schottky barrier gate, field-effect transistor is
      comprised of a thin dielectric layer, preferably with a dielectric
      constant greater than about 5, positioned adjoining and supported on a
      major surface of a conductor substrate. The conductor is typically a good
      metal conductor such as copper, gold, silver and platinum, or a highly
      doped semiconductor such as silicon or gallium arsenide. And the
      dielectric layer is preferably a single-crystal body, most desirably
      silicon, gallium arsenide or indium phosphide, or of an insulator
      material, most desirably quartz or sapphire, on which a semiconductor
      layer with a high carrier velocity capability can be epitaxially grown.
      The thickness of the dielectric layer is important to controlling the
      impedance of the transistor for high frequency, broadband operation, and
      is less than about 5 microns and typically greater than about 0.2 micron
      and most desirably greater than about 1 micron.
PAR  The transistor is also comprised of a semiconductor layer adjoining the
      dielectric layer typically epitaxially grown on the dielectric layer by
      one of the standard techniques. The semiconductor layer used is a
      semiconductor material such as gallium arsenide, indium phosphide or
      silicon which has a high carrier velocity, which is needed for high
      frequency operations. For the same reason, the semiconductor is doped with
      N-type impurity -- electrons being about an order of magnitude greater in
      carrier velocity than hole carriers -- to a concentration between about 5
      .times. 10.sup.14 and 5 .times. 10.sup.17 carriers/cm.sup.3. The thickness
      of the semiconductor layer at the gate portion is also important to
      controlling the impedance and the high frequency, broadband operation of
      the device. The thickness is thus less than about 2 microns, typically
      greater than 0.2 micron and preferably between 0.5 and 1 micron at least
      at the transistor channel.
PAR  Over the semiconductor layer are provided spaced away, elongated source and
      drain contacts which make ohmic contact to the semiconductor layer.
      Between the source and drain contacts are provided an elongated Schottky
      barrier gate contact adjoining the semiconductor layer. Means such as a
      distributed capacitance shunt is also provided to maintain the source
      contact at substantially the same RF potential as the conductor substrate.
PAR  The impedance and gain-frequency shape of the resulting high frequency
      transistor is substantially constant over at least one octave and is
      readily matched to the external circuit impedance. The impedance of the
      device is controlled by the selection of the dielectric constant for the
      dielectric layer, the thicknesses of the dielectric and semiconductor
      layers at the gate contact (h) and drain contact (H), and the widths of
      the gate contact (l) and drain contact (L). For balanced input and output
      impedances, the ratios of l/h and L/H are substantially equal. The ratios
      of l/h and L/H can also be varied relative to each other to match
      unbalanced or different input and output impedances and in turn give the
      transistor added flexibility for circuit design.
PAR  It should also be noted that the transistor is not limited to small signal
      and low power for high frequency, broadband operations. The power handling
      capacity as well as heat dissipation capacity of the device can be
      increased simply by increasing the length of the transistor without
      degradation of high frequency performance. Further, the transistor is
      preferably linear or reflectively cornered as hereinafter described to
      avoid impedance discontinuities along the length of the device.
PAR  Other details and advantages of the invention will become apparent as the
      following description of the presently preferred embodiments and present
      preferred method of practicing the same proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings, the present preferred embodiments of the
      invention and the present preferred methods of practicing the invention
      are illustrated, in which:
PAR  FIG. 1 is a perspective view of a high frequency, Schottky barrier gate
      field-effect transistor embodying the present invention;
PAR  FIG. 2 is cross-sectional view taken along line II--II of FIG. 1; and
PAR  FIG. 3 is a top view of an alternative high frequency Schottky barrier gate
      field-effect transistor embodying the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, a high frequency, Schottky barrier gate
      field-effect transistor is shown having high broadband, impedance matching
      capabilities adapted with microstrip input and output leads. The
      embodiment is fabricated by utilizing the self-aligning gate method
      described and claimed in U.S. Pat. No. 3,678,573, granted July 25, 1972
      and assigned to the assignee of the present application. Alternatively,
      self-aligning gate methods described and claimed in U.S. patent
      applications Ser. No. 317,992, filed Dec. 26, 1972 and Ser. No. 395,319,
      filed Sept. 7, 1973, both of which are assigned to the assignee of the
      present application, may be utilized to fabricate similar embodiments
      without etching of the semiconductor layer. The latter methods are more
      desirable the higher the frequencies of operation because of the
      capability to better control the thickness of the semiconductor layer at
      the channel; however, any of the self-aligning methods are preferred over
      other fabrication techniques because of transistor geometry of the present
      invention.
PAR  Referring specifically to FIGS. 1 and 2, conductor substrate 10 having
      preferably planar major surface 11 is provided of a suitable high
      conductive material such as a metal such as iron, copper, silver, gold or
      platinum or a highly doped semiconductor such as silicon, gallium arsenide
      or indium phosphide. Where a semiconductor is used, the substrate is
      preferably a single-crystal body substantially uniformly doped to between
      about 1 .times. 10.sup.18 and 1 .times. 10.sup.21 carriers/cm.sup.3. Where
      metal is used, the major surface 11 of substrate 10 is preferably
      metalized by standard vapor or sputter deposition techniques with a metal
      to provide good ohmic and thermal contact between the conductor substrate
      and the dielectric layer subsequently formed thereon. The composition of
      such metalization will vary with the composition of the dielectric layer.
      For example, for a silicon dielectric layer, the metalization is
      preferably accomplished with chromium-gold, chromium-aluminum or
      titanium-gold alloy; and for a gallium arsenide or indium phosphide
      dielectric layer, the metalization is preferably accomplished with
      gallium-gold, germanium-gold or silver-tin alloy.
PAR  Over major surface 11 of conductor substrate 10 is applied thin dielectric
      layer 12 preferably of less than about 5 microns and of dielectric
      constant greater than 5. Dielectric layer 12 can be made greater than 5
      microns in thickness with material with lower dielectric constants to make
      suitable for use materials with lower dielectric constants; however, such
      embodiments are not as good in performance and are considered imperfect
      embodiments of the invention. However, the dielectric and thickness of the
      dielectric layer must be selected to provide an effective dielectric
      constant of at least greater than .sqroot.2. The effective dielectric
      constant is determined by how much of the electric field of the input and
      output signals in the subsequently described gate and drain contacts "see"
      the dielectric, and depends on the composition and thickness of the
      subsequently described semiconductor layer and the dielectric of the
      surrounding, as well as the dielectric and thickness of the dielectric
      layer.
PAR  In any case, dielectric layer 12 may be an insulator such as quartz or
      sapphire or a highly resistive semiconductor layer such as silicon,
      gallium arsenide or indium phosphide. These materials generally have
      dielectric constants between 6 and 12, although materials with higher and
      lower dielectric constants may be used as will occur to one skilled in the
      art. The composition of the dielectric layer is selected for compatibility
      with the desired semiconductor layer which is subsequently epitaxially
      grown on dielectric layer 12. For this reason, the dielectric layer is
      formed of a single crystal. Where the dielectric layer is composed of an
      insulator such as quartz or sapphire, the dielectric may be separately
      formed and applied to major surface 11 by pressure bonding or an adhesive
      such as an epoxy-silicon compound.
PAR  Preferably, however, the dielectric layer is an epitaxially grown
      semiconductor which is, in some instances, preferably compensation doped.
      The dopant and the concentration will vary with the composition of the
      dielectric layer and its thickness. For example, chromium is typically
      used to compensation dope gallium arsenide or indium phosphide of a
      concentration of, for example, 1 .times. 10.sup.16 atoms/cm.sup.3 to make
      it semi-insulating. Typically intrinsic silicon of an impurity
      concentration of less than 1 .times. 10.sup.12 atoms/cm.sup.3 is used to
      make it high resistive and semiinsulating. Alternatively, the dielectric
      layer may be formed by proton bombardment of an epitaxially grown
      semiconductor layer, see IEEE Transactions on Electron Devices, ED-19, No.
      5, p. 672 (May, 1972).
PAR  Semiconductor layer 13 is applied to adjoin dielectric layer at the area
      desired for the transistor. Typically, layer 13 is grown by indiscriminate
      epitaxy to dielectric layer 12 by one of standard techniques, i.e.
      pyrolysis, evaporation, RF sputtering, or RF discharge, and the layer
      removed by standard photolithographic and etch techniques from the areas
      of layer 12 where the transistor is not desired. For example, the growth
      can be performed using a vapor transport system described in "The
      Preparation of High Purity Gallium Arsenide by Vapour Phase Epitaxial
      Growth" by J. R. Knight, D. Effer, and P. R. Evans, Solid-State
      Electronics, Vol. 8 , pp. 178-180 (1965). Alternatively, layer 13 can be
      grown directly in the limited area desired for the transistor by selective
      epitaxy as described in Rai-Choudbury and Schroder, J. Electrochem. Soc.:
      Solid State Science, 118, 107 (1961). Variations of these techniques to
      epitaxially grow whatever semiconductor that is desired is readily within
      the knowledge of those skilled in the art.
PAR  To provide for high frequency operation, semiconductor layer 13 is
      preferably composed of gallium arsenide, silicon or indium phosphide to
      provide high carrier velocity properties in the layer. Further, the
      semiconductor is doped either during epitaxial growth or by diffusion
      thereafter with concentrations between about 5 .times. 10.sup.14 and 5
      .times. 10.sup.17 carriers/cm.sup.3 and preferably between about 1 .times.
      10.sup.15 and 1 .times. 10.sup.17 carriers/cm.sup.3 of N-type impurities
      such as silicon for gallium arsenide, phosphorus for silicon, and silicon
      for indium phosphide. In addition, the thickness of the semiconductor
      layer during the epitaxial growth is usually limited to less than about 4
      microns so that the thickness of the semiconductor layer at least at the
      gate contact is less than about 2 microns, typically greater than 0.20
      micron, and preferably between about 0.5 and 1 micron for high frequency
      operation.
PAR  Thereafter, spaced apart, elongated metal contacts 14 and 15 thus are
      applied to adjoin and make ohmic contact with semiconductor layer 13 and
      form source and drain contacts, respectively. The contacts are composed of
      any metal which is relatively resistant to an etchant suitable for etching
      the semiconductor layer. For example, for silicon, gold, chromium, lead,
      molybdenum, tungsten or tantalum, with gold preferred; and for gallium
      arsenide or indium phosphide, gold-germanium and silver-tin with
      gold-germanium preferred. The contacts are typically formed by vapor
      depositing a metal layer over the exposed surfaces of layers 12 and 13 and
      subsequently selectively removing the metal from where it is not desired
      by standard photolithographic and etching techniques. A suitable etchant
      for this purpose is an aqueous solution of HCN. In this connection, it is
      preferred that the vapor deposition be done through an approximating
      overlaid mask so that the amount of metal which must be removed during
      etching is reduced. The thickness of contacts 14 and 15 may vary from a
      minimum of about 300 to 2,000 A or more, with 500 A being the preferred
      thickness.
PAR  The part of the formation of contacts 14 and 15 which is most important is
      the spacing between the elongated contacts. Such spacing determines the
      width of the subsequently formed gate contact and is preferably
      substantially constant along the lengths of the source and drain contacts.
      The spacing between the source and drain contacts is crucial to a
      determination of the electrical characteristics of the transistor, and for
      high frequency operation in the GHz range, is on the order of 2 microns
      and less. The minimum spacing is limited by the resolution of the
      photolithographic technique. Therefore, for very small spacings and high
      resolution, it may be appropriate to use an electroresist and the electron
      image projection system described in U.S. Pat. Nos. 3,679,497 and
      3,710,101, granted July 25, 1972 and Jan. 9, 1973, respectively, both
      assigned to the assignee of this application, to make the contacts and the
      spacing between them.
PAR  Aperture 16 is then formed in semiconductor layer 13 by etching through the
      space between contacts 14 and 15 to a depth such that the thickness of the
      semiconductor layer at the space between the contacts is about one-half
      the thickness of layer 13. Simultaneously, the etchant undercuts the
      contacts 14 and 15 adjacent the space therebetween so that the edges of
      contacts overhand etched portions of the semiconductor layer. Etchants
      suitable for this purpose will vary with the semiconductor composition.
      For example, a suitable etchant for this purpose for gallium arsenide or
      indium phosphide is 50 parts sulfuric acid, 1 part water and 2 parts
      hydrogen peroxide by volume; a suitable etchant for such purpose for
      silicon is 1 part nitric acid, 3 parts hydrochloric acid and 4 parts water
      by volume.
PAR  The thickness of the remaining semiconductor layer at aperture 16 is
      important to the electrical characteristics. For high frequency operation,
      the semiconductor layer at least at the aperture (where the gate contact
      is subsequently formed) is of a thickness of less than 2.0 microns,
      typically greater than 0.2 micron, and preferably between 0.5 and 1.0
      micron. The optimum thickness will depend on the impurity concentration
      which as above stated varies between 5 .times. 10.sup.14 and 5 .times.
      10.sup.17 carriers/cm.sup.3. Specifically, the doping concentration and
      the thickness of the semiconductor layer determines the gate pinch-off
      voltage. The thinner the semiconductor layer and the lower the doping
      concentration, the lower the pinch-off voltage of the transistor. A
      silicon layer of 2 microns in thickness doped to an N-type concentration
      of 1 .times. 10.sup.15 atoms/cm.sup.3 has a gate pinch-off voltage of 3.2
      volts.
PAR  After formation of aperture 16, elongated Schottky barrier gate contact 17
      is applied preferably substantially uniform in width along the length, and
      is automatically aligned by vapor deposition through the space between the
      overhanging portions of contacts 14 and 15 onto exposed, unshielded
      portions of semiconductor layer 13 at aperture 16. The metal may also be
      deposited on contacts 14 and 15 as well as other exposed portions of
      layers 12 and 13, although preferably the deposition is selectively done
      through an overlaid mask to reduce the amount of metal which must be
      subsequently removed by photolithographic and etching techniques. The
      formed gate contact 17 may have a thickness of from about 300 to 5000 A or
      more, with about 2000 A being the preferred thickness. To form the
      Schottky barrier, the metal for gate contact 17 must be selected according
      to the composition of the semiconductor layer. For example, gold,
      aluminum, chromium, molybdenum, nickel or platinum are suitable where
      contact 17 is gallium arsenide and indium phosphide; and gold, chromium,
      molybdenum, nickel or platinum are suitable where contact 17 is silicon.
PAR  Means are also provided for maintaining the conductor substrate 10 and
      source contact 14 at the same RF potential. Preferably this means is
      provided by forming layer 18 across side surfaces 19 of layers 12 and 13
      during deposition of the source and drain contacts 14 and 15. Layer 18
      thus shorts the source contact 14 to the substrate 10. Alternatively, such
      means may be provided by connecting an external capacitance circuit
      between substrate 10 and contact 14 or by simply externally grounding
      substrate 10 and contact to the same reference potential.
PAR  Preferably microstrip input and output leads 20 and 21, respectively, are
      also formed simultaneously with the transistor. Leads 20 and 21 are
      typically formed by vapor deposition simultaneously with contacts 14 and
      15 to make ohmic contact with dielectric layer 12. The length of leads 20
      and 21 are adjusted or tapered apart from the widths of drain and gate
      contacts 15 and 17 to maintain or match an impedance to the external
      circuit as desired.
PAR  A high frequency, broadband transistor is thus provided having an active
      region equal to the length (W) of source contact 14. The power capability
      of the device can be adjusted simply by lengthening and shortening the
      length of the source without compromising the high frequency performance
      of the device.
PAR  The matching of the input and output impedance of the transistor to the
      external circuit is determined by the width of the gate contact 17 (l) and
      the thickness of dielectric layer 12 plus semiconductor layer 13 at the
      gate contact (h), and by the width of the drain contact 15 (L) and the
      thickness of the dielectric layer 12 plus semiconductor layer 13 at the
      drain contact (H)), respectively. Where the input and output impedances
      are balanced, the dimensions are adjusted so that the ratio of l/h is made
      substantially equal to the ratio of L/H. On the other hand, where the
      input and output impedances are desired to be out of balance for some
      reason of circuit design the dimensions can be adjusted with consideration
      to the difference in the ratios l/h and L/H.
PAR  Thus, the input and output impedances of the transistor can be
      independently matched to the impedance of external circuit by use of the
      formula:
      ##EQU1##
      where: Z.sub.o is the external input or output impedance of the circuit to
      which the transistor is to be connected at gate contact 17 or drain
      contact 15;
PA1  .epsilon. is the corresponding effective dielectric constant provided by
      the dielectric layer to an electric field at gate or drain contact, and
PA1  L'/h' is either L/H or l/h for the input or output impedance as above
      defined.
PAR  As shown by FIGS. 1 and 2, the transistor is preferably linear to avoid
      impedance variations along the length of the device. Where for space
      requirements or the like, the transistor must be bent, preferably the
      transistor is reflectively cornered as shown in FIG. 3.
PAR  Referring to FIG. 3, the transistor is similar to that described in
      connection with FIGS. 1 and 2. All the elements are the same and related
      in the same way except that the device makes a sharp corner along its
      length. To provide for this cornering, drain contact 15' has angular
      outside side surface 23 at approximately 45.degree. so that a microwave
      propagating along the drain contact is reflected off surface 23 at
      substantially 90.degree. to the axis of incidence. Similarly, gate contact
      17' has angular outside side surface 22 so that a microwave propagating
      along the gate contact is reflected off surface 22 at approximately
      90.degree. to the axis of incidence.
PAR  While the presently preferred embodiments of the invention and methods for
      performing them have been specifically described, it is distinctly
      understood that the invention may be otherwise variously embodied and used
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high frequency, Schottky barrier gate field-effect transistor
      comprised of:
PA1  A. an epitaxial semiconductor layer having an N-type impurity concentration
      of between about 5 .times. 10.sup.14 and 5 .times. 10.sup.17
      carriers/cm.sup.3 and a thickness less than about 2 microns at least at
      portions adapted to support a gate contact;
PA1  B. elongated source and drain contacts spaced apart adjoining said
      semiconductor layer and making ohmic contact therewith;
PA1  C. an elongated gate contact spaced between the source and drain contacts
      and making Schottky barrier contact with the semiconductor layer at said
      portions adapted to support a gate contact;
PA1  D. a dielectric layer adjoining and supporting said semiconductor layer and
      having parameters adapted to provide effective dielectric constants at the
      gate and drain contacts greater than .sqroot.2;
PA1  E. a conductor substrate having a major surface layer adjoining and
      supporting said dielectric layer; and
PA1  F. means for maintaining the conductor substrate and the source contact at
      substantially the same RF potential.
NUM  2.
PAR  2. A high frequency Schottky barrier gate field-effect transistor as set
      forth in claim 1 wherein:
PA1  the semiconductor layer is composed of a material selected from the group
      consisting of silicon, gallium arsenide and indium phosphide and is doped
      to an N-type impurity concentration between about 1 .times. 10.sup.15 and
      1 .times. 10.sup.17 carriers/cm.sup.3.
NUM  3.
PAR  3. A high frequency, Schottky barrier gate field-effect transistor as set
      forth in claim 1 wherein:
PA1  the gate and drain contacts are substantially constant in widths along
      their lengths.
NUM  4.
PAR  4. A high frequency, Schottky barrier gate field-effect transistor as set
      forth in claim 3 wherein: the ratio of L/H is substantially equal to the
      ratio l/h where:
PA1  L is the width of the drain contact;
PA1  H is the average thickness of the dielectric layer plus the semiconductor
      layer at the drain contact;
PA1  l is the width of the gate contact; and h is the average thickness of the
      dielectric layer plus the semiconductor layer at the gate contact.
NUM  5.
PAR  5. A high frequency, Schottky barrier gate field-effect transistor as set
      forth in claim 4 wherein: the ratios L/H and l/h are selected by the
      equation
      ##EQU2##
      where: z.sub.o is, respectively, the input and output impedances of a
      circuit to which the transistor is to be connected at the gate and drain
      contacts; and
PA1  .epsilon. is, respectively, an effective dielectric constant at said active
      gate or drain contact.
NUM  6.
PAR  6. A high frequency, Schottky barrier gate field-effect transistor is
      comprised of:
PA1  A. conductor substrate having a major surface;
PA1  B. a dielectric layer adjoining said major surface and supported by the
      conductor substrate, said dielectric layer having a thickness less than
      about 5 microns and a dielectric constant greater than about 5;
PA1  C. an epitaxial semiconductor layer adjoining said dielectric layer, said
      semiconductor layer having a thickness less than about 2 microns and an
      N-type impurity concentration of between about 5 .times. 10.sup.14 and 5
      .times. 10.sup.17 carriers/cm.sup.3 ;
PA1  D. elongated source and drain contacts spaced apart adjoining said
      semiconductor layer and making ohmic contact therewith;
PA1  E. an elongated gate contact spaced between the source and drain contacts
      and making Schottky barrier contact with the semiconductor layer; and
PA1  F. means for maintaining the conductor substrate and source contact at
      substantially the same RF potential.
NUM  7.
PAR  7. A high frequency, Schottky barrier gate field-effect transistor as set
      forth in claim 6 wherein:
PA1  the semiconductor layer is composed of a material selected from the group
      consisting of silicon, gallium arsenide and indium phosphide and is doped
      in an N-type impurity concentration between about 1 .times. 10.sup.15 and
      1 .times. 10.sup.17 carriers/cm.sup.3.
NUM  8.
PAR  8. A high frequency, Schottky barrier gate field-effect transistor as set
      forth in claim 6 wherein:
PA1  the gate and drain contacts are substantially constant in widths along
      their lengths.
NUM  9.
PAR  9. A high frequency, Schottky barrier gate field-effect transistor as set
      forth in claim 8 wherein: the ratio of L/H is substantially equal to the
      ratio l/h where:
PA1  L is the width of the drain contact;
PA1  H is the average thickness of the dielectric layer plus the semiconductor
      layer at the drain contact;
PA1  l is the width of the gate contact; and
PA1  h is the average thickness of the dielectric layer plus the semiconductor
      layer at the gate contact.
NUM  10.
PAR  10. A high frequency, Schottky barrier gate field-effect transistor as set
      forth in claim 9 wherein: the ratios L/H and l/h are selected by the
      equation
      ##EQU3##
      where: z.sub.o is the input and output impedances of a circuit to which
      the transistor is to be connected;
PA1  .epsilon. is, respectively, an effective dielectric constant at the active
      gate or drain contact.
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ABST
PAL  Improved metal interconnections for a semiconductor device is described.
      The interconnections comprise a first metal layer, eg. aluminum, connected
      to the semiconductor, a second metal layer, eg. gold, for external
      connection, and a third metal layer interconnecting the first and second
      metal layers such that the junction areas of interconnection are laterally
      spaced from one another.
BSUM
PAR  The invention relates to a semiconductor device comprising a semiconductor
      body on one surface of which a conductive track extends which is connected
      to and insulated from the semiconductor body over at least part of its
      length by means of an insulated material, said conductive track comprising
      a first and a second metal layer which are connected together locally with
      the interposition of a third metal layer, the material of the third metal
      layer differing from that of the first and that of the second metal layer
      and forming with said layers a stable low-ohmic junction.
PAR  As is known, conductive tracks are frequently used in semiconductor devices
      for contacting purposes, which tracks extend over a protective insulating
      layer in which the conductive tracks can be connected, via apertures in
      the insulating layer, to zones of circuit elements provided in thee
      semiconductor body. The materials of which the conductive tracks consist
      must show particular properties. For example, the contacts between the
      conductive track and the semiconductor body usually must be non-rectifying
      and must show a low series resistance. Furthermore, the insulating layer
      must readily adhere to the semiconductor surface while a good adherence
      between the conductive track and the insulating layer also is an important
      requirement. Moreover, the material of the conductive track must have a
      great conductivity while furthermore, for example, the etchability and the
      suitability for adhering connection conductors, as well as the temperature
      stability both in connection with the operations to be performed after
      providing the conductive track and the operating temperatures occurring
      are of great importance.
PAR  In practice the multiplicity of requirements which are imposed upon the
      material and of which a number have been mentioned above by way of example
      has resulted in the use of conductive tracks of which various parts are
      manufactured from different materials. Known is, for example, the
      construction in which the part of the conductive track which contacts the
      semiconductor body consists of aluminium, while the contact surfaces for
      adhering the connection conductors, which often consist of gold, are of
      gold.
PAR  In the case of a conductive track which is constructed in a similar manner
      from different metals, the additional important requiremeent must be
      imposed that the junction between the various metals of the conductive
      track is stable and low-ohmic.
PAR  When the various metals of such a composite conductive track contact each
      other directly, the stability of the junction usually leaves much to be
      desired. A known example hereof is the junction between aluminum and gold,
      in which intermetallic compounds are easily formed at the junction and
      adversely influence the quality of the junction seriously.
PAR  In "E.E.E. The Magazine of Circuit Design Engineering" 16, No. 5, P. 36, it
      has already been proposed to increase the stability by means of an
      intermediate layer. In this case the conductive track mainly consists of
      aluminum which is particularly suitable for the purpose and is furthermore
      covered with an insulating layer. At the region of the contact surfaces
      windows are provided in the insulating layer, so that at said region the
      aluminum is not covered. In these windows first a layer of titanium and
      then a layer of gold are provided. On these gold contact surfaces gold
      connection conductors can easily be provided while the gold and the
      aluminum are separated from each other by the interposition of the
      titanium, so that the formation of gold-aluminum compounds is
      counteracted.
PAR  It is the object of the invention to provide a semiconductor device having
      such a composite semiconductor track, in which the two metals of the track
      are interconnected with the interposition of a third metal. It is based
      inter alia on the recognition of the fact that the quality of the
      connection between the first and the second metal in the known composite
      conductive tracks is not sufficient for all applications and that it can
      be improved by using, at the area of the connection, a horizontal
      separation of the two parts of the semiconductor track instead of a
      vertical separation.
PAR  A semiconductor device of the type mentioned in the preamble according to
      the invention is characterized in that the projection on the semiconductor
      surface of the junction between the first and the third metal layer and
      that of the junction between the second and the third metal layer are
      situated beside each other.
PAR  In this manner it is prevented that the first and the second metal layer
      contact each other directly through pin-holes in the third metal layer. It
      has been found that particularly stable and low-ohmic junctions are
      obtained with said lateral separation.
PAR  Especially in semiconductor devices in which, for example, one or more
      semiconductor zones of a circuit element present in the semiconductor body
      are to be connected to parts of an envelope via connection conductors, the
      use of composite conductive tracks is often very desirable. The parts in
      question of the envelope often are of gold or at least are gold-plated,
      while gold as a material for the conductive track is less suitable inter
      alia owing to the required ohmic and stable contact with the semiconductor
      zones. It will be obvious that it is extremely important in this case that
      a stable junction in a composite semiconductor track can be used which can
      be obtained in a simple manner. An important embodiment of the
      semiconductor device according to the invention therefore is characterized
      in that the semiconductor body comprises two or more regions of opposite
      conductivity types associated with a circuit element, at least one of the
      said regions being connected to the first metal layer via an aperture in
      the insulating material, the second metal layer being provided with a
      connection conductor.
PAR  The surface area of the junction between the second and the third metal
      layer preferably is small as compared with the overall surface area of the
      second metal layer.
PAR  The invention can furthermore be used advantageously in semiconductor
      devices having a conductive track which is provided in several layers one
      above the other, for example, in integrated circuits which have a large
      number of circuit elements.
PAR  A further important embodiment of the semiconductor device according to the
      invention is characterized in that the surface of the semiconductor body
      comprises a number of layers of an insulating material, the second metal
      layer extending substantially entirely on the free surface of the
      uppermost insulating layer and being connected, via at least one aperture
      in the uppermost insulating layer, to the third metal layer which is
      situated substantially entirely between two of the said insulating layers.
PAR  In this manner the material of the part of the conductive track which is
      situated on the uppermost layer can be chosen with a view to the necessary
      connections to parts of an envelope or to parts of other semiconductor
      devices, which is of particular importance because the number of
      connections in semiconductor devices of this type can be very large so
      that extra high requirements must be imposed upon the reliability of said
      connections. The metal of the second metal layer can be adapted to the
      methods to be used for making said connections, for which purpose is to be
      considered, for example, the use of parts which are reinforced usually by
      electrodeposition and project above the insulating layer in a direction
      perpendicular to the semiconductor surface.
PAR  In a preferred embodiment of the semiconductor device according to the
      invention, the conductive track comprises at least one part which is
      associated with the second metal layer and is thicker than the first metal
      layer and which projects laterally, i.e. substantially parallel to the
      semiconductor surface to beyond the semiconductor body.
PAR  By such thickened parts it becomes possible, for example, to produce the
      above-mentioned necessary connections simultaneously in one operation
      which is of importance from a point of view of manufacture.
PAR  The junction between the first and the third metal layer and that between
      the second and the third metal layer are preferably situated at least for
      the greater part on the same side of the third metal layer, while in
      particular stable junctions can be obtained in a simple manner in the case
      in which the two junctions are situated at least for the greater part on
      the side of the third metal layer remote from the semiconductor body, the
      third metal layer extending entirely on an insulating layer situated
      between the semiconductor surface and the uppermost insulating layer.
PAR  As metals for the various metal layers can be used both substantially pure
      metals and alloys. Aluminum is particularly suitable for the first metal
      layer, while for the second metal layer are to be considered inter alia
      copper and in particular gold.
PAR  As a material for the third metal layer which preferably is substantially
      impermeable to the materials of the first and the second metal layer are
      to be considered especially molybdenum, platinum, nickel, tungsten, and
      rhodium.
PAR  It is to be noted that the properties of the contact between semiconductor
      zones and the firsst metal layer can be improved, if desirable, by using a
      suitably chosen surface concentration in the semiconductor zone to be
      connected, which concentration can be obtained, if desirable, by means of
      an extra diffusion treatment. The said contact can also be improved by
      using special materials such as cobalt- and platinum silicide in the
      contact window.
PAR  The adherence between one or more of the metal layers and the adjoining
      insulating material can be improved if desirable, by using thin adhering
      layers. For these adhering layers are to be considered, in addition to,
      for example, aluminium and platinum silicide, in particular the materials
      titanium, chromium, molybdenum, niobium, cobalt and nickel.
DRWD
PAR  In order that the invention may be readily carried into effect, a few
      examples thereof will now be described in greater detail, by way of
      example, with reference to the accompanying drawing in which:
PAR  FIG. 1 is a diagrammatic cross-sectional view of a first embodiment of the
      semiconductor device according to the invention.
PAR  FIG. 2 is a diagrammatic cross-sectional view of a part of a second
      embodiment of the semiconductor device according to the invention, and
PAR  FIG. 3 is a diagrammatic cross-sectional view of a part of a third
      embodiment of the semiconductor device according to the invention.
DETD
PAR  As a first embodiment of a semiconductor device according to the invention
      a transistor will be described. This transistor comprises a semiconductor
      body 1 (see FIG. 1) which is formed by a substrate 2, on which an
      epitaxial layer 3 of the same conductivity type as, and having a higher
      resistivity than, the substrate is provided. The substrate 2 and the layer
      3 together constitute the collector of the transistor, a diffused base
      zone 4 and a diffused emitter zone 5 being provided in the layer 3.
PAR  On one surface 6 of the semiconductor body 1 a conductive track (7, 8)
      extends which for the greater part of its length is secured to and
      insulated from the semiconductor body 1 by means of insulating material 9.
      The conductive track consists of two parts 7 and 8 which, via windows in
      the insulating material 9, serve for the connection of the base zone 4 and
      the emitter zone 5, respectively, of the transistor. Each of these parts
      shows a first and a second metal layer which are denoted by 7a, 8a and 7b,
      8b, respectively, and which are connected together locally with the
      interposition of a third metal layer 7c, 8c, the metal of the third metal
      layer differing from that of the first and that of the second layer and
      forming with the layers a stable low-ohmic junction.
PAR  According to the invention, the projection on the semiconductor surface 6
      of the junction between the first metal layer 7a, 8a and the third metal
      layer 7c, 8c and that of the junction between the second metal layer 7b,
      8b and the third metal layer 7c, 8c are situated beside each other.
PAR  In this manner a horizontal separation between the first and the second
      metal layer is obtained as a result of which the metal of the second metal
      layer 7b, 8b, cannot contact directly the metal of the first metal layer
      7a, 8a, not even through pinholes in the third metal layer 7c, 8c and
      particularly stable low-ohmic junctions are obtained. The junction between
      the first 7a, 8a and the third 7c, 8c and that between the second 7b, 8b
      and the third metal layer 7c 8c are situated at least for the greater part
      on the same side of the third metal layer 7c, 8c.
PAR  The second metal layer forms contact surfaces 7b and 8b, to which
      connection conductors 10 and 11, for example, of gold, can be connected
      for connecting the base and the emitter of the transistor to, for example,
      the gold-plated connection pins of a conventional envelope. The collector
      can be contacted via the substrate.
PAR  The transistor shown in FIG. 1 can be manufactured entirely in a manner
      conventionally used in semiconductor technology. After providing the base
      and emitter zones a layer of tungsten and then a layer of gold can be
      provided on the insulating layer 9, which is then closed, by the
      successive vapour deposition in the same vacuum. By means of conventional
      photoresist methods, a pattern can then be obtained from said layers to
      form the second metal layer 7b, 8b of gold and the third metal layer 7c,
      8c of tungsten. Finally, windows can be provided in the insulating layer
      at the area of the emitter and the base zones, after which the first metal
      layer of, for example aluminum can be provided, from which a pattern can
      be obtained by etching to form the part 7a and 8a of the conductive track.
PAR  The transistor can be mounted in any conventional envelope in which the
      connection conductors 10 and 11 can be connected to the second metal layer
      7b, 8b.
PAR  In the second embodiment (FIG. 2) the conductive track which is connected
      to the semiconductor body 20 via the insulating layer 21, comprises a
      first metal layer 22 which is connected to a second metal layer 25 with
      the interposition of a third metal layer 24. The first metal layer 22 and
      a part of the third metal layer 24 are covered with a second insulating
      layer 26. The second metal layer extends fully on the free surface of the
      uppermost insulating layer 26 and is connected, via an aperture 27 in said
      layer 26, to the first metal layer which is situated substantially
      entirely between the two insulating layers 21 and 26.
PAR  The insulating layer 21 consists, for example, of thermal silicon dioxide,
      or another suitable insulator. On this layer can be provided, for example,
      a first metal layer 22 of aluminum from which a pattern is obtained by
      etching and the device can then be provided with a third metal layer of
      nickel. In order to obtain a good low-ohmic junction between the aluminum
      and the nickel, it may be necessary to use an after-treatment at a
      slightly elevated temperature and/or to provide a thin layer of, for
      example, titanium, aluminum or chromium between the aluminum and the
      nickel in order to reduce the oxide skin which is usually present on the
      aluminium.
PAR  The assembly may then be covered with the second insulating layer 26, for
      example, of silicon dioxide, provided via the vapour phase. In this layer
      a window 27 situated above the nickel may be provided after which the
      layer 28 of, for example, also nickel can be vapour-deposited. This layer
      can be locally reinforced by means of a mask consisting of a layer of
      photo-lacquer by electrodeposition, a second metal layer 25, for example,
      of copper being provided. The nickel layer 28 can be used as the electrode
      during the reinforcement by electrodeposition and then a pattern may be
      obtained from said layer. Furthermore, the adherence of the copper layer
      to the insulating layer 26 is considerably improved by using the nickel
      layer 28.
PAR  The reinforced parts 25 projecting above the insulating layer 26 enable the
      provision of the device on an insulating substrate which comprises
      conductive tracks, the surface 29 of the semiconductor body on which
      insulating material is present facing the said substrate. The parts 25 can
      be tin-plated and soldered in any conventional manner.
PAR  It is to be noted that, although the reinforced second metal layer 25 in
      the present example is provided at the area of the window 27, it may also
      extend further over the insulating layer 26, in which case the layer 25
      preferably shows only local reinforcements for mounting the device.
PAR  A third example, a part of which is shown in FIG. 3, comprises a
      semiconductor body 30 having an insulating layer 31 on which the first
      metal layer 32 of, for example, aluminum is present. The part 32 of the
      conductive track 32 to 34 serves for contacting and possible
      throughconnection of semiconductor zones of circuit elements arranged in
      the semiconductor body 30, of which zones only one is shown for reasons of
      clarity, namely the zone 35.
PAR  The metal layer 32 adjoins, and forms a junction with, a third metal layer
      33 which can have comparatively small dimensions.
PAR  The metal layers 32 and 33 are covered with a second insulating layer 36,
      in which a window is present at the area of the metal layer 33, so that
      the second metal layer 34 situated substantially entirely on the free
      surface is connected to the third metal layer 33.
PAR  The two junctions between the first and the second metal layer on the one
      hand and the third metal layer on the other hand are situated at least for
      the greater part on the side of the third metal layer 33, remote from the
      semiconductor body 30, said layer 33 extending entirely on the insulating
      layer 31 situated between the semiconductor surface 37 and the uppermost
      insulating layer 36. In this manner the fact may be used that the third
      metal layer 33 often is less apt to form an oxide skin than the first
      metal layer 32. If in that case the third metal layer is first provided
      and then the first metal layer, substantially no oxide will be present on
      the junction between said layers so that the formation of a low-ohmic
      junction is facilitated.
PAR  Furthermore, the surface area of the junction between the second metal
      layer 34a, b and the third metal layer 33 is small relative to the overall
      surface area of the second metal layer, while the second metal layer 34 is
      at least locally thicker, namely at 34b than the first metal layer 32 and
      projects laterally to beyond the semiconductor body 30.
PAR  Both substantially pure metals and alloys may be used for the metal layers.
      In the present embodiment the first metal layer consists substantially
      entirely of aluminum and is, for example, approximately 1 .mu.m thick. The
      second metal layer consists, for example, substantially entirely of gold
      in which at least the projecting reinforced parts 34b may have a thickness
      of approximately 10 .mu.m. In so far as the second metal layer is not
      reinforced, as the part 34a, and is used also, for example, for the
      interconnection of circuit elements, the thickness is, for example,
      approximately 1 .mu.m.
PAR  The third metal layer which preferably is substantially impermeable to the
      materials of the first and the second metal layer preferably consists of
      one of the metals platinum, nickel, tungsten, and rhodium, or, as in the
      present embodiment, of molybdenum. The thickness is, for example,
      approximately 0.4 .mu.m and the lateral dimensions are, for example,
      approximately 35 .mu.m .times. 35 .mu.m.
PAR  In order to improve the ohmic contact between the first metal layer 32 and
      the semiconductor 34, materials may be used in the window, for example,
      platinum silicide, and cobalt silicide, which materials provide a very
      stable and low-ohmic contact, for example, after alloying. A contact
      diffusion may also be performed.
PAR  The adherence between the metal layers and the insulating material may be
      improved, if desirable, by using a thin layer of preferably titanium,
      chromium, molybdenum, niobium, cobalt or nickel. In the present
      embodiment, for example, a thin layer 39 of titanium having a thickness of
      approximately 0.05 .mu.m is used between the gold layer 34a, b and the
      insulating layer 36.
PAR  The above-described embodiment can also be manufactured entirely in a
      manner conventionally used in semiconductor technology. The aluminum layer
      32 can be vapour-deposited, for example, or be obtained by RF sputtering,
      after which the excessive aluminum can be removed with conventional
      photoresist methods. The molybdenum layer 33 can be provided in a
      corresponding manner, for example, by means of RF or triode sputtering.
      The titanium layer 39 can be vapour-deposited and the gold layer 34 can be
      provided, for example, by vapour deposition and/or by electrodeposition.
      The second insulating layer 36 can be provided, for example, by
      sputtering, the thickness preferably lying between 1 and 2 a.mu.m.
PAR  The semiconductor material below the projecting parts 34 b can then be
      removed in any conventional manner in which, for example, a large number
      of devices which are manufactured in the same semiconductor wafer, can be
      severed simultenaously from each other by dividing said semiconductor
      plate.
PAR  It will be obvious that the invention is not restricted to the embodiments
      described but that many variations are possible to those skilled in the
      art without departing from the scope of the present invention. For
      example, the semiconductor body which usually consists of silicon, but may
      be also, for example, of germanium or an A.sub.III B.sub.V compound, may
      comprise, in addition to bipolar transistors, other circuit elements, for
      example, field effect transistors, diodes, resistors and capacitances. The
      invention furthermore relates both to single circuit elements and to more
      complex devices, for example, integrated circuits. In particular, the last
      two examples may be used both in devices in which the conductive track is
      provided at least mainly at one level, the level of the first metal layer,
      and in devices in which the conductive track is divided over two or more
      levels, for example, in connection with the complexity and the number of
      circuit elements of the device. Due to the presence of the second
      insulating layer 26, 36, for example, a second level for the conductive
      track is already present in which the conductive track on said second or
      uppermost level may consist fully or partly of the same material as the
      second metal layer.
PAR  As an insulating material may be used, in addition to silicon dioxide, for
      example, also silicon nitride, aluminum oxide, or combinations of
      insulating materials, in which in the latter case the semiconductor track
      can, for example, be oxidized partly.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor device comprising a semiconductor body having a surface,
      plural layers of insulating material over the surface of the semiconductor
      body and including a first insulating layer on said semiconductor surface,
      a first metal layer on said first insulating layer over at least part of
      its length and connected to a region of said semiconductor body at the
      surface, a second metal layer over said first insulating layer and
      laterally extending with respect to said first metal layer, and a third
      metal layer over said first insulating layer and connected to both said
      first and second metal layers, the second metal layer extending
      substantially entirely on the free surface of the uppermost insulating
      layer and being connected via at least one aperture in the uppermost
      insulating layer to the third metal layer, the third metal layer being
      situated substantially entirely between two of said insulating layers, the
      metal of the third metal layer being different from the metal of the first
      and second metal layers and forming with the latter where connected stable
      low-ohmic junction areas, the third metal layer being located relative to
      the first and second metal layers such that the projections onto the body
      surface of the junction areas where the third metal layer connects to the
      first and second metal layers are laterally spaced from one another
      whereby said junction areas are in non-overlying relationship.
NUM  2.
PAR  2. A semiconductor device as claimed in claim 1 wherein the two junction
      areas are situated at least for the greater part on the side of the third
      metal layer remote from the semiconductor body, and the third metal layer
      extends entirely on an insulating layer situated between the semiconductor
      surface and the uppermost insulating layer.
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PAL  A magnetic tape reproducing system for providing a still picture of a slow
      motion picture. A magnetic tape is provided on which video signals are
      recorded in successive fields of a unit length in the longitudinal
      direction of the tape and a plurality of rotary magnetic reproducing heads
      are placed on the periphery of a rotating disc at equal angular intervals
      from each other so as to reproduce one complete field of the video
      signals. The magnetic reproducing heads are arranged so that the distance
      between the two gaps of two adjacent heads is equal to an integral
      multiple of the distance along the tape corresponding to a period of
      horizontal synchronizing signals contained in the video signals.
PARN
PAR  This application is a continuation of application Ser. No. 367,185 filed
      June 5, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a magnetic tape reproducing system, and more
      particularly to a magnetic tape reproducing system for reproducing
      television signals which are recorded longitudinally on a magnetic tape in
      successive fields.
PAR  Heretofore there have been proposed several methods for presenting a still
      picture or a slow motion picture, for example by reproducing the same
      field of television signals, which are recorded on a magnetic tape in the
      longitudinal direction thereof, a plurality of times successively by a
      plurality of rotary reproducing heads.
PAR  However, in a conventional magnetic recording and reproducing apparatus for
      providing such a still picture by reproducing the same field of the video
      signals repeatedly, there is a problem that owing to deviation of the
      horizontal synchronizing signal of the video signal there is caused a skew
      distortion and it results in poor picture quality.
PAR  Therefore, an object of the present invention is to provide a novel and
      improved magnetic recording and reproducing apparatus for presenting a
      still picture or a slow motion picture having a better picture quality.
PAR  Another object of the invention is to provide a novel magnetic tape
      reproducing system for reproducing a still picture, which is stable and
      has no skew distortion, from the video signals recorded in the
      longitudinal direction on a magnetic tape in successive fields.
PAR  A further object of the invention is to provide a novel magnetic tape
      reproducing system for presenting a stable still picture by using a
      plurality of rotary reproducing heads.
PAR  These objects are achieved by providing a magnetic tape reproducing system
      according to the present invention, which comprises a magnetic tape on
      which video signals are recorded in successive fields of a unit length in
      the longitudinal direction of said magnetic tape, each field of said video
      signals containing horizontal synchronizing signals, a rotating disc, a
      driving means for rotating said rotating disc, and a plurality of
      reproducing magnetic heads which are placed on the periphery of said
      rotating disc at equal angular intervals relative to each other, each of
      said plurality of reproducing heads being arranged so as to reproduce a
      quasi-complete one field of said video signals and being arranged so that
      the distance between two gaps of two adjacent heads is equal to an
      integral multiple of the distance along the tape corresponding to a period
      of a horizontal line period.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and features and advantages of the invention will
      be apparent from a consideration of the following detailed description
      with reference to the accompanied drawings, wherein:
PAR  FIG. 1 shows the head assembly of three rotary magnetic heads and the
      magnetic tape for explaining an embodiment of the invention;
PAR  FIG. 2 shows a part of the magnetic tape used in the apparatus according to
      the invention showing the track pattern of the tape, on which the signals
      of fields extracted intermittently from the video signals are recorded
      successively in the longitudinal direction of the tape by the assembly of
      three rotary heads shown in FIG. 1; and
PAR  FIGS. 3a to 3c show the patterns of the video signals reproduced from the
      magnetic tape shown in FIG. 2 by the three rotary magnetic heads,
      respectively, and FIG. 3d shows the pattern of the video signal
      synthesized from the effective parts of the reproduced video signals 3a to
      3c.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 to 3, an embodiment of the invention will be described
      in detail which uses three rotary magnetic heads.
PAR  FIG. 1 shows the relation between the head assembly having three rotary
      magnetic heads and a magnetic tape, wherein the magnetic tape designated
      by a reference numeral 1 is moved in the direction of arrow V by fixed
      guide rollers 2 and 3. The rotary head assembly 5 comprises a rotary disc
      6 and three magnetic heads 4a, 4b and 4c arranged at equal angular
      intervals of 120.degree. along the periphery of the rotary disc 6, and the
      disc 6 is rotated in the direction of arrow .omega..
PAR  The driving means for rotating the rotary disc 6 is a motor M. The moving
      means for moving the magnetic tape 1 is omitted herewith for simplifying
      the description. Further, although the direction of rotation is optional
      in the system according to the invention, the following description is for
      rotation in the direction of the arrow .omega..
PAR  Referring to FIG. 2, there is shown a track pattern of each of the fields
      7a, 7b, 7c and 7d of the video signals which are for one field and which
      are extracted intermittently from the video signals and recorded
      successively in the longitudinal direction of the magnetic tape 1 by the
      three rotary magnetic heads of FIG. 1. In case of FIG. 2, there exists
      between the two adjacent recorded field patterns a narrow portion where
      the signal is not recorded. However, if the period for sampling one field
      of the video signal is shortened a little during recording, there exists a
      portion where parts of the two adjacent fields overlap instead of the
      portion where no signal exists, as described above. However, as will be
      obvious from the description presented hereinafter, the fundamental
      operation of the system of the invention is substantially the same for
      both cases described above, i.e. where there is a portion having no signal
      or where there is an overlapping portion, and so the following description
      is presented for the case shown in FIG. 2.
PAR  Further, in order to provide the recorded track pattern as shown in FIG. 2,
      it is not necessary to use three rotary magnetic heads. It is of course
      possible to use a system having one rotary head, two rotary heads or a
      fixed head.
PAR  FIGS. 3a to 3c show the output signals reproduced by the rotary magnetic
      heads 4a, 4b and 4c, respectively during movement of the magnetic tape on
      which the video signals are recorded as shown in FIG. 2 around the disc 6
      having the three rotary magnetic heads thereon. FIG. 3d shows the output
      signal which is synthesized from the effective parts of each of the
      reproduced signals 3a to 3c.
PAR  As shown in FIG. 1, the length of the magnetic tape 1 wound around the
      rotary disc 6 is at least as long as the length of the two fields of the
      recorded video signals shown in FIG. 2. Therefore, each of the signals of
      FIGS. 3a, 3b and 3c reproduced by the magnetic heads 4a, 4b and 4c,
      respectively contains video signal information for a quasi-complete one
      field. In FIGS. 3a to 3b, such a quasi-complete one field, the field 7b as
      an example, is indicated by hatching.
PAR  FIG. 3d shows a train of successive such quasi-complete one fields 7b, one
      of the fields of the recorded video signal, which is continuously
      synthesized for providing a still picture signal. The signal 3d is
      provided by switching the reproduced signals from the magnetic heads 4a,
      4b and 4c in turn at the times A.sub.1, A.sub.2, A.sub.3, . . . , as shown
      in FIG. 3. As a practical means for obtaining the synthesized signal of
      FIG. 3d, for example, the reproduced signals from the rotary magnetic
      heads 4a, 4b and 4c are taken out of the heads by a conventional slip-ring
      brush or rotary transformers, and on detecting a control signal such as a
      vertical synchronizing signal contained in each field of the signals, the
      signals from each of the magnetic heads are synthesized by driving a
      well-known suitable switching circuit by that detected control signal.
      Such a circuit can be a ring counter made up of flip-flops as discussed in
      Source Book of Electronic Circuits, John Markus, McGraw-Hill, 1968, pages
      161 and 165. For example, a vertical sync pulse obtained by passing,
      through a vertical sync separator circuit, the signals reproduced from the
      head or such a vertical sync pulse modified so as to have a time delay can
      be used as the control signal. By using the control signal as a clock
      pulse for a 3-stage ring counter, i.e. by using the control signal as a
      driving signal for driving each of the gate circuits which control the
      outputs of the three heads in accordance with the outputs of the three
      flip-flops which are the fundamental elements, and by mixing the three
      outputs of the gate circuits, the outputs of the three heads can be used
      as a one-field TV signal which has the outputs of the three heads
      connected in the correct time relationship.
PAR  The signal of FIG. 3d is a signal for a still picture from the
      quasi-complete one fields, and if the horizontal synchronizing periods of
      each field are not related correctly and continuously at the times
      A.sub.1, A.sub.2, A.sub.3, . . . when the output signals from each of the
      magnetic heads are switched, there is caused, as well known, so-called
      skew distortion which usually results in a poor picture which is distorted
      to the right or left at the upper part of the picture on a monitor TV
      receiver.
PAR  According to the magnetic tape reproducing system of the invention, such a
      skew distortion can be eliminated by arranging the distance l along the
      periphery of the disc 6 between the two adjacent heads of the plurality of
      reproducing magnetic heads to be n (n is an integer around 262, for
      example 262 or 263) times the length corresponding to the period of the
      horizontal synchronizing signal to produce a quasi-complete one field.
      This relation of lengths is accomplished by adjusting the speed of
      movement of the magnetic tape during recording, the rotating speed of the
      recording magnetic heads and the radial distance thereof from the center
      of rotation, and the radial distance of the reproducing magnetic heads
      from the center of rotation thereof, and by relating these values to each
      other. This aspect of the invention is described in more detail in the
      following.
PAR  There will first be considered what occurs around the switching time
      A.sub.3 in FIG. 3, that is the junction point A.sub.3 between the still
      picture signals provided by synthesizing the reproduced signals from each
      of the rotary magnetic heads 4a, 4b and 4c. At a portion a little before
      the point A.sub.3, the signal of FIG. 3d is the output signal from the
      head 4b, and at a portion a little after the point A.sub.3, the signal of
      FIG. 3d is the output signal from the head 4c. As for the signal of FIG.
      3d indicated at the point A.sub.3, the reproduced signal from the head 4c
      has a phase delayed with respect to that of the signal reproduced from the
      head 4b, and the amount of the phase delay corresponds to the distance on
      the magnetic tape between two points where the air gaps of the head tips
      of the heads 4b and 4c contact the tape, respectively while reproducing.
      The distance between these two points is designated by l in FIG. 1. That
      is, the signal of FIG. 3d represents the condition that the signal for the
      same field is always provided at a phase delayed by an amount
      corresponding to the distance between the respective control points of the
      heads.
PAR  Accordingly, when the length l coincides with integral multiple of the
      length corresponding to the period of the horizontal synchronizing
      signals, the horizontal synchronizing periods are correctly and
      continuously related at each of the junction points of the still picture
      signal 3d. Therefore, skew distortion is never caused. The same is true
      for the other junction points A.sub.1, A.sub.2, A.sub.4, . . . besides
      A.sub.3.
PAR  When, during reproducing, the three rotary magnetic heads 4a, 4, and 4c in
      FIG. 1 are arranged correctly at the equal intervals of 120.degree., the
      above mentioned length l between the two points where the air gaps of the
      head tips of each two adjacent magnetic heads contact with the magnetic
      tape is expressed as follows:
EQU  l = 2.pi..gamma.p/3                                        (1)
PAL  wherein .gamma.p is the radial distance of the reproducing rotary magnetic
      heads from the center of rotation. On the other hand, the relative speed
      of the magnetic tape and the rotary magnetic heads is expressed as
      (.omega..sub.R .gamma..sub.R + V.sub.R), in which V.sub.R is the speed of
      movement of the magnetic tape during recording, .omega..sub.R is the speed
      of rotation of the recording rotary magnetic heads and .gamma..sub.R is
      the radial distance thereof from the center of rotation. Therefore, in the
      time interval of T.sub.H, which is the period of horizontal synchronizing
      pulse, the composite video signal is recorded on a length of tape
      corresponding to (.omega..sub.R .gamma..sub.R + V.sub.R)T.sub.H which
      relates to the horizontal one line.
PAR  For the condition for removing skew distortion, that is for making the
      length l equal to an integral multiple of the length corresponding to the
      period of the horizontal synchronizing signals, the following equation
      must be satisfied:
EQU  2.pi..gamma.p/3 = n(.omega..sub.R.gamma..sub.R + V.sub.R)T.sub.H (2)
PAL  in which n is an arbitary integer for satisfying the continuity of the
      horizontal synchronizing pulse (to avoid skew distortion). However, for
      reproducing a quasi-complete one field, it is desirable to select the
      integer n around 262 (e.g. 261, 262, 263) because one complete field
      (according to the conventional definition) contains 262.5 horizontal
      lines.
PAR  The above equation (2) is of course also applicable for the case in which
      the speed V.sub.R of the magnetic tape during recording is zero and for a
      fixed head system where .gamma..sub.R is zero.
PAR  Further, although in the above embodiment the description has been for the
      case in which the switching of the reproduced signals from each of the
      magnetic heads is carried out, as will be obvious from FIG. 3d, in the
      same field of the reproduced signal, other ways are also possible for
      satisfying the above condition. For example, when recording the signals a
      quasi-complete one field extracted by sampling on the magnetic tape a
      signal a little longer than a conventional complete one field may be
      recorded, or it is also of course possible that during reproducing the
      value of n in the equation (2) may be set to a value smaller than 262.
      Although the still picture signal provided in such a way is not a signal
      of the normal standard TV system used in Japan or the U.S.A., it does not
      cause any trouble during the display of the signal on a conventional
      monitor TV receiver.
PAR  Further, although the system has been described hereinbefore for three
      rotary magnetic heads, the subject of the invention can be used with other
      optional numbers of rotary heads.
PAR  There has been described hereinbefore a preferred embodiment of the
      invention, and it is apparent that various modifications may be made
      without departing from the spirit and scope of the invention which is
      defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic tape reproducing system comprising a magnetic tape on which
      video signals are recorded in successive fields of a unit length in the
      longitudinal direction of said magnetic tape, each field of said video
      signals containing horizontal synchronizing signals, a rotating disc, a
      driving means coupled to said disc for rotating said rotating disc, a
      plurality of reproducing magnetic heads on the periphery of said rotating
      disc at equal angular intervals from each other, each of said plurality of
      reproducing heads being for reproducing a quasi-complete one field of said
      video signals, and means for moving said tape around said disc past said
      heads, all the distances on the periphery of said disc between the gaps of
      two adjacent heads at the relative speed of the tape and the disc being
      equal to each other and equal to an integral multiple of the distance
      (.omega..sub.R r.sub.R +V.sub.R)T.sub.H along said tape corresponding to
      the length on the tape of said horizontal synchronizing signals, said
      integral multiple being around 262, .omega..sub.R being the speed of
      rotation of the recording heads for recording the signals,  r.sub.R being
      the radial distance of each recording head from the center of rotation
      thereof during recording, V.sub.R being the speed of the magnetic tape
      during recording, and T.sub.H being the period of said horizontal
      synchronizing signals.
NUM  2.
PAR  2. A magnetic tape reproducing system as claimed in claim 1, wherein there
      are three of said reproducing rotary magnetic heads and the length of said
      magnetic tape which is wound around said rotating disc extends more than
      240.degree. around said disc.
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ABST
PAL  In a magnetic tape reproducer, tape lifer bars are rectilinearly movable in
      one direction by activation of a solenoid to engage the tape and lift it
      from the heads. The bars are movable in the opposite direction by a
      biasing spring, when the solenoid is deenergized, so the tape can contact
      the heads. A cover gate is mechanically connected to the bars and acts as
      a handle to cause the bars to move the tape back and forth toward the
      heads.
PAL  A control circuit includes a normally closed play switch and a resistor
      connected in series with the solenoid. A bypass conductor parallels the
      resistor and has normally open fast forward and rewind switches in
      parallel with one another and in series with a normally closed edit
      switch. The play switch automatically opens and deenergizes the solenoid,
      the biasing spring moves the bars out of engagement with the tape which
      runs forward at play speed while the signal on the tape is reproduced
      through audio output means. The fast forward or rewind switch
      automatically closes which fully energizes the solenoid through the bypass
      conductor and causes it to override the bias of the spring and move the
      bars to lift the tape off the heads while the tape runs at fast speed with
      the audio deactivated and the tape can be scanned at fast speed by
      concurrently opening the edit switch and activating the audio output
      means. This partially activates the solenoid through the resistor
      sufficiently to offset but not override the pull of the spring and enables
      the operator to adjust the listening volume of the audio output signal by
      manually moving the cover gate to adjust the proximity of the tape
      relative to the reproduce head.
BSUM
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  Reference is made to the following copending, related patent applications,
      assigned to the same assignee:
PA1  Jenkins Application Ser. No. 344,180, filed Mar. 23, 1973 now U.S. Pat. No.
      3,869,719 on AUTOMATIC SEQUENCE CONTROL FOR REPRODUCING APPARATUS; and
PA1  Jenkins U.S. Pat. No. 3,800,323, issued Mar. 26, 1974 on CASSETTE TAPE
      TRANSPORT WITH PIVOTALLY SUPPORTED UNIVERSALLY ADJUSTABLE HEAD AND UPRIGHT
      FRONT-MOUNTED CASSETTE.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to tape recording and playback apparatus in which a
      magnetic tape is wound at opposite ends on a pair of motor driven reels
      for forward and rewind movement past recording and reproducing heads.
PAR  In commercial radio broadcasting, it is well established practice to
      pre-record a wide variety of programs, from short time announcements and
      commercials to entire hour long entertainment and educational packages.
      Some radio stations are 100 per cent automated, using pre-recorded
      material exclusively.
PAR  In preparing pre-recorded material for later transmission, or for editing
      raw transcriptions for broadcast, it is often necessary to locate certain
      recorded material, or to cut certain versions out to meet a time
      requirement. For this purpose it is desirable to scan or monitor the tape
      by listening to it at fast speed before listening to it at play speed.
PAR  Furthermore, to minimize head wear it is desirable to completely disengage
      the tape from the heads when the tape runs at fast speed in either forward
      or rewind directions without scanning or monitoring the tape.
PAR  In conventional tape handling equipment for broadcast purposes, many of
      these monitoring, playback, and scanning procedures have to be carried out
      manually with considerable time consumption and pressure on the operator
      or engineer, especially when the schedule calls for a series of short,
      tightly-cued cuts of news or special interest items which have to be
      prepared in a hurry.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  A general object of this invention is to provide magnetic tape reproducing
      apparatus which automatically disengages the tape from the heads when the
      apparatus is placed in fast forward or fast rewind mode.
PAR  Another object is to provide magnetic tape reproducing apparatus which can
      be placed in edit mode to scan the content of the tape at fast speed while
      listening to an audio output reproduction of the signal on the tape, and
      while manually adjusting the spacing of the tape relative to the
      reproducing head to adjust the output volume.
PAR  An important feature of the invention is that a tape lifter in the head
      assembly is movable in one direction by a solenoid against a biasing
      spring, and control means is provided to automatically energize the
      solenoid fully, partially, or not at all. The housing compartment for the
      head assembly has a manually operable cover gate mechanically connected to
      the tape lifter. The cover gate automatically closes and the solenoid
      automatically deenergizes during the play mode. The cover gate
      automatically opens and the solenoid automatically fully energizes during
      the fast forward or fast rewind mode any time the edit mode is not being
      utilized. When placed in the edit mode during one of the fast forward or
      fast rewind modes, or during each, the solenoid is automatically partially
      energized and offsets and balances without overcoming the bias of the
      spring, so that the proximity of the tape to the reproducing head, and
      therefore the amplitude of the audio output means, is adjustable by
      manually moving the cover gate through a range of stable adjusted
      positions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages will be apparent from the following
      description taken in connection with the drawings in which:
PAR  FIG. 1 is a plan view of a magnetic tape recording and reproducing
      apparatus illustrating one form of the present invention;
PAR  FIG. 2 is an enlarged fragmentary view of FIG. 1 showing the transducer
      head housing compartment;
PAR  FIG. 3 is a vertical cross-sectional view of FIG. 2 taken along the line
      3--3;
PAR  FIG. 4 is a view similar to FIG. 2 showing the cover gate wide open and
      with the tape lifter bars fully lifted disengaging the tape from the
      heads;
PAR  FIG. 5 is a vertical cross-sectional view of FIG. 4 taken along the line
      5--5;
PAR  FIG. 6 is a view similar to FIGS. 2 and 4 illustrating the edit position in
      which the spacing of the tape relative to the reproducing head is
      adjustable by manually moving the cover gate to thereby adjust the audio
      output volume;
PAR  FIG. 7 is a vertical cross section of FIG. 6 taken along the line 7--7
      further illustrating the edit position in which the audio output volume is
      adjustable by manually moving the cover gate;
PAR  FIG. 8 is a circuit diagram illustrating one form of control circuit for
      the embodiment shown in FIGS. 1-7, the circuit being shown in off
      condition with the spring biasing means overriding the solenoid which is
      deenergized at this time;
PAR  FIG. 9 is a fragmentary view of FIG. 8 showing the solenoid when it is
      fully energized through a bypass conductor causing the tape lifters to
      lift the tape out of contact with the heads, overriding the spring biasing
      means;
PAR  FIG. 10 is a view similar to FIG. 9 showing the solenoid when partially
      energized through a control resistor in FIG. 8 to offset but not override
      the biasing spring, and further illustrating the edit mode in which the
      spacing of the tape relative to the reproduce head is adjustable by
      manually moving the cover gate;
PAR  FIG. 11 is a simplified circuit diagrammatically illustrating a basic form
      of the present invention without provision for an edit mode, the circuit
      being shown in off mode;
PAR  FIG. 12 is the circuit of FIG. 11 in play mode;
PAR  FIG. 13 is the circuit of FIG. 11 in either of the fast forward or fast
      rewind modes;
PAR  FIG. 14 is a view similar to FIG. 11 with the control circuit being
      diagrammatically shown but adding provision for an edit condition, the
      circuit being shown in off mode;
PAR  FIG. 15 is the circuit of FIG. 14 in play mode;
PAR  FIG. 16 is the circuit of FIG. 14 in either of the fast forward or fast
      rewind modes;
PAR  FIG. 17 is the circuit of FIG. 14 in either of the fast forward or fast
      rewind edit modes; and
PAR  FIG. 18 is a fragmentary view illustrating a basic combination of control
      elements in the invention common to the embodiments illustrated.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Preferred embodiments of the invention shown in the drawings will now be
      described.
PAR  Referring first to the embodiment in FIGS. 1-10, recording and reproducing
      apparatus 20 comprises a known form of housing 22 with forward and rewind
      reels 24 and 26 rotatably driven by forward and rewind motors 28 and 30. A
      magnetic recording tape 32 is trained for forward and rewind movement past
      transducer head means 34 located in a head compartment 36. The tape is
      pulled taut by tensioning assemblies 38, 40 and is held at constant linear
      speed in play mode in the usual manner by frictional engagement between
      constant speed capstan 42 and pinch roller 44 while driven by forward
      motor 28. The pinch roller is mounted on the end of a lever 46 pivoted at
      48 to the housing 22. A play solenoid 50 has an armature-actuated plunger
      52 pivoted at 54 to the other end of lever 46. A return spring 56 is
      tensioned between the movable pivot pin 54 and a fixed post 58 on the
      housing. When the solenoid 50 is energized it pulls the lever 46 and
      presses the pinch roller 44 to the play position shown in FIG. 1. When the
      solenoid 50 is deenergized, the return spring 56 pulls the lever 46 in
      direction to disengage the pinch roller from the capstan, this being the
      position assumed in either fast forward or fast rewind modes, and in
      either edit mode.
PAR  As best shown in the enlarged views of FIGS. 2-7, the transducer head
      compartment 36 completely encloses and shields the head means 34. The head
      compartment comprises a bottom plate 60 suitably mounted on base plate 62
      of housing 22. There are two upstanding side plates 64, 66 and a cover
      plate 68 shown only in broken lines in FIG. 3. The cover plate shown may
      be formed by bending a metal sheet at right angles and includes top and
      back wall portions. These portions comprising the head compartment 36 may
      be assembled in any suitable way, as by welding or by screws or by a
      combination thereof.
PAR  A cover or closure gate 74 is provided for the front of the head
      compartment. It has a pair of lower arm extensions 76, 78 pivoted on pins
      80 extending from opposite edges of the bottom plate 60. Note that the
      forward portion of the bottom plate 60 extends somewhat forwardly from the
      front edges of the side plates 64, 66 to accommodate the thickness of the
      cover gate. As best shown in FIGS. 3-7, the front edge of bottom plate 60
      and the bottom edge of the cover gate are provided with matching diagonal
      edge surfaces 82 and 84, respectively. The top edge of the cover gate is
      narrowed by means of an incurvation 86 to provide a relatively thin
      portion above the level of the top wall portion 70 to facilitate manual
      grasping and manipulation as will be described.
PAR  The transducer head means 34 in the head compartment 36 includes an erase
      head 88, a record head 90, and a reproduce head 92. The present invention
      is primarily concerned with the latter. Each is supported by a cross bar
      94 and screws 96 to a mounting block 98 which is adjustably mounted to the
      bottom plate 60 by height and zenith adjustment screws 100 and 102, an
      azimuth adjustment screw 104 and a lock screw 106. This arrangement for
      mounting and adjusting the heads is described in applicant's U.S. Pat. No.
      3,800,323 issued Mar. 26, 1974 to which reference may be had for details.
      Tape guides 108 are provided on both sides of each head. Each includes a
      forward, vertically C-shaped, horizontally curved strip with upper and
      lower limbs 112, 114 retaining the tape in vertically centered position on
      the heads. Each strip is held by screws 116 to a mounting block 118
      suitably fastened to the bottom plate 60.
PAR  An important part of the invention is a pair of tape lifter bars 120, 120
      which are rectilinearly movable to lift the tape away from the heads and
      lower it onto the heads. These tape lifter bars are mechanically connected
      to the closure gate 74 and are movable through a range of adjusted
      positions, all parallel to the tape in response to manual manipulation of
      the gate as will be described. They are also movable in response to
      electrical energization and deenergization of a solenoid which will also
      be described.
PAR  Referring to FIGS. 2-7, each tape lifter bar extends upright from a
      corresponding one of two parallel rods 124 fitted for longitudinal
      movement within a pair of parallel horizontal bores in the front portion
      of the bottom plate 60. The upper floor surface of bottom plate 60 has a
      pair of upwardly open slots 126 for the bars 120 to run in. Each rod 124
      has a clevis portion at its front end pivoted as by a pin 128 to a link
      130. Both links are pivoted at their upper or outer ends to a horizontal
      draw bar 132 retained in a conforming horizontal recess in the cover gate
      74 by a centrally located screw 134. With this arrangement the cover gate
      can be moved to the fully open position shown in FIGS. 4 and 5 to thereby
      move the tape lifter bars 120 in one direction, outward, to lift the tape
      out of engagement with the heads for fast traverse in fast forward or fast
      rewind modes. By moving the cover gate to the vertical position shown in
      FIGS. 2 and 3, the tape lifter bars are moved in the opposite direction,
      inward, disengaged from the tape, and enabling it to be in full operative
      engagement with the heads as for example during recording or play mode.
PAR  As best shown in FIGS. 2 and 3, forwardly open slots 136 are provided in
      the side plates 66 and 64 to clear the tape. Rubber bumper pads 138 are
      fitted within bores in the side plates to engage the gate 74 and prevent
      noise when it closes.
PAR  A gate actuating solenoid 140 is mounted on the underside of the housing
      base plate 62. Its armature or plunger 142 is pivotally connected at 144
      to a link 146. This, in turn, is pivotally connected at 148 to a lever 150
      having an upper angularly offset end portion retained in a bore 152 in the
      gate 74 by a set screw 154. A notch 151 at the front edge of plate 60
      provides clearance for the lever 150. A biasing spring 156 is tensioned
      between the end of lever 150 and a bracket 158 on the underside of the
      housing base plate 62.
PAR  When the solenoid 140 is fully energized, it overrides spring 156 and fully
      opens the cover gate 74 to the position shown in FIGS. 4 and 5. When the
      solenoid 140 is deenergized, the spring 156 pulls the gate to the fully
      closed position shown in FIGS. 2 and 3. When the solenoid is partially
      energized through a properly sized resistor as will be described, the
      solenoid offsets the bias of the spring without overriding it and does not
      change its position; however, the gate 74 and the lifter bars 120 may be
      manually moved as shown in FIG. 7 throughout a range of stable positions,
      all parallel to the tape, to adjust the proximity of the tape to the heads
      and each such manually-adjusted position will be retained until the
      solenoid 140 is either fully energized or deenergized.
PAR  One control circuit for carrying out the above aims is shown in FIG. 8.
      There is a fast rewind relay K2, a fast forward relay K3, and a play relay
      K4. The relays are energized through various control switches to be
      described by a direct current electrical power source indicated by the
      ground and positive voltage symbols in FIG. 8. In actual practice, the
      electrical power source for the components shown in FIG. 8 may be a
      24-volt supply. For other components now shown because they are not
      essential to description of the present invention, such as transistors,
      solid-state devices and other electronic components, a 5-volt supply may
      be adequate. For a more complete and detailed description of a control
      circuit for reproducing apparatus, reference may be had to the applicant's
      U.S. patent application Ser. No. 344,180 filed Mar. 23, 1973 on AUTOMATIC
      SEQUENCE CONTROL FOR REPRODUCING APPARATUS.
PAR  The control circuitry utilizes ground switching. A ground is supplied
      through a main switch SW1. Relay K2, relay K3, relay K4, solenoids 50 and
      140, audio amplifier 160, and forward and rewind motors 28 and 30 are
      connected to the positive side of a suitable electrical power source.
PAC  OFF MODE
PAR  When the circuit shown in FIG. 8 is energized by the closing of SW1, the
      gate actuating solenoid 140 is energized at reduced voltage through
      resistor 162 which is sized to offset but not override the bias of spring
      156. Thus, in the off mode, the solenoid 140 balances the spring 156 and
      whether the gate 74 is closed as shown in FIGS. 2, 3 and 8 or fully open
      as shown in FIGS. 4, 5 and 9 or at an intermediate position as shown in
      FIGS. 6, 7 and 10, it stays as is unless it is manually moved as will be
      described in connection with the off and edit modes.
PAC  PLAY MODE
PAR  Play mode is initiated by momentarily closing switch SW4. This energizes
      play relay K4 and locks it energized through a holding circuit including
      contacts 1, 2 and 4, 5 of K4 and contacts 2, 3 each of K2 and K3. The
      audio amplifier 160 is energized through contacts 7, 8 of K4 and generates
      audio output through suitable means here shown as speaker 164.
      Simultaneously, the forward motor 28 and pinch roller solenoid 50 are
      energized through contacts 7, 8 of K4 and conductors 166 and 168,
      respectively.
PAR  Thus, in play mode the tape 32 is driven forward at play speed determined
      by the capstan 42. Audio is on. Solenoid 140 is deactivated enabling
      spring 156 to close the gate 74 and move the tape lifter bars 120 to a
      position where the tape contacts the reproducing head 92.
PAC  FAST FORWARD MODE
PAR  Fast forward mode is initiated by momentarily closing switch SW3. This
      energizes fast forward relay K3 and locks it energized through a holding
      circuit including contacts 2, 3 of K2; contacts 4, 5 of K3; contacts 5, 6
      and 2, 3 of K4; and contacts 1, 2 of K3. The audio amplifier 160 is not
      energized. The forward motor 28 is energized through contacts 7, 8 of K3.
      The solenoid 140 is fully energized through normally closed contacts 1, 2
      of edit switch SW5 and contacts 10, 11 of K3; this bypasses the resistor
      162, fully and directly energizing the solenoid 140, overcoming the bias
      of spring 156, opening the gate 74 and moving the tape lifters 120 to lift
      the tape 32 off the heads.
PAR  Thus, in fast forward mode the tape 32 is driven forward at fast speed with
      no hold back by the constant speed capstan 42. Audio is off. Solenoid 140
      is fully energized through a circuit bypassing the resistor 162. Tape is
      lifted off the heads and runs at fast speed in a forward direction while
      held away from the heads by the tape lifter bars.
PAC  REWIND MODE
PAR  This is the same as the fast forward mode just described except that it is
      initiated by energizing fast rewind relay K2, and the tape runs in a
      rewind direction. Specifically, fast rewind mode is initiated by closing
      switch SW2. This energizes fast rewind relay K2 and locks it energized
      through a holding circuit including contacts 1, 2 and 4, 5 of K2 and 2, 3
      and 5, 6 of each of K3 and K4. The audio amplifier 160 is not energized.
      Rewind motor 30 is energized through contacts 7, 8 of K2. The gate
      actuating solenoid 140 is fully and directly energized, bypassing the
      resistor 162, through a bypass circuit including contacts 1, 2 of edit
      switch SW5 and contacts 10, 11 of K2.
PAR  Thus, in rewind mode the tape 32 is driven in rewind direction at fast
      speed without limitation imposed by the constant speed capstan 42. Audio
      is off. Solenoid 140 is fully activated, overcoming spring 156 and opening
      gate 74 and moving the tape lifter bars 120 in a direction to lift the
      tape 32 from the reproducing head 92. Tape rewinds at fast speed, sliding
      across the tape lifter bars 140 out of contact with the heads.
PAC  EDIT MODE
PAR  An important feature of the present invention is that while the apparatus
      is in either the fast forward or fast rewind mode above described, the
      tape may be scanned at high speed to monitor it to locate a particular
      cut, simply by depressing the edit switch SW5.
PAR  If the edit switch is depressed while the apparatus is in fast forward
      mode, the following two changes will occur over that already described for
      the fast forward mode: (a) contacts 1 and 2 of edit switch SW5 will open
      thereby removing the bypass circuit through which the solenoid 140 was
      fully energized, and causing that solenoid to be energized partially
      through the resistor 162; and (b) contacts 3 and 4 of edit switch SW5 will
      close, energizing the audio amplifier 160 to generate audio output through
      the speaker 164.
PAR  Similarly, when the apparatus is in rewind mode, it may be converted to
      edit mode simply by depressing the edit switch SW5. This opens the direct
      bypass circuit for solenoid 140 which had been established through
      contacts 10, 11 of K2 and energizes it only partially through the resistor
      162 as described in the above paragraph. In addition, contacts 3, 4 of the
      edit switch close, energizing the audio amplifier 160 to produce audio
      output through the speaker 164 as described.
PAR  In either of the edit modes described, the tape will be driven at fast
      speed in one direction or the other and the partial energization of the
      solenoid 140 will be sufficient to offset without overriding the biasing
      spring 156. This balances the tape lifter bars 120 and the gate 74 between
      the solenoid 140 and the spring 156 so that the tape lifter bars may be
      moved in one direction or another throughout a range of stable, parallel
      positions by manually manipulating the gate 74 as shown in FIGS. 7, 10 and
      17. Thus, as the tape is driven at fast speed in forward or rewind
      direction, depending on the edit mode selected, the contents of the tape
      can be monitored at fast speed by listening to the audio output and the
      volume of the audio output can be adjusted to suit the operator by moving
      the gate 74 back and forth to vary the proximity of the tape relative to
      the reproducing head 92. Such manual manipulation of the gate 74 during
      either edit mode is illustrated in FIG. 10 and is illustrated on a larger
      scale in FIGS. 6 and 7. Note in FIG. 6 that the tape 32 is illustrated as
      barely touching the reproducing head 92 and this may be varied slightly
      one way or the other to increase or decrease the audio volume as required.
PAR  Refer now to the embodiment shown in FIGS. 11, 12 and 13. This is a
      somewhat more simplified version of the embodiment previously described,
      to more clearly illustrate the invention, although where possible the same
      components have been illustrated for consistency with the previous
      description.
PAR  Briefly, contacts 1, 2 of play relay K4' illustrate normally closed play
      switch means which is in series with the resistor 162 and the solenoid 140
      between terminals of an electrical power source indicated by the ground
      and positive symbols. There is a bypass conductor 170, bypassing the
      resistor 162. The bypass conductor has a normally open fast switch means
      including contacts 1, 2 of relay K3'. The latter is a single relay,
      combining the functions of contacts 10 and 11 of both relays K2 and K3
      described in FIG. 8. Applicant wishes to emphasize that a single bypass
      conductor 170 as illustrated in FIGS. 11-13 may be utilized instead of the
      two separate bypass conductors shown in FIG. 8. Furthermore, instead of
      having the edit mode operable in both the fast forward and fast rewind
      conditions, it may be operable in either of those conditions. As a
      practical matter, it is generally satisfactory for the edit mode to be
      operable only in the fast forward direction, but it can be operable in
      either direction if desired.
PAR  FIG. 11 illustrates the simplified circuit in off mode. The solenoid 140 is
      partially energized through the resistor 162 to offset but not override
      the biasing spring 156, thereby enabling the tape lifter to be moved
      through a wide range of stable positions simply by manually manipulating
      the gate 74. FIG. 12 illustrates the play mode in which play relay K4' is
      energized. This deenergizes the solenoid 140 completely by opening
      contacts 1, 2 of K4' enabling the spring 156 to move the tape lifter bars
      to lowered position so the tape contacts the reproducing head directly. At
      the same time, contacts 3, 4 of K4' are closed, energizing the audio
      amplifier 160 and producing audio output through the speaker 164.
PAR  FIG. 13 illustrates either fast forward or fast rewind mode. The fast relay
      K3' is energized, thereby closing its contacts 1 and 2 establishing direct
      and full energization for the solenoid 140 through the bypass conductor
      170 and the contacts 1, 2 of K4'. This causes the solenoid 140 to override
      the biasing spring 156 and lift the tape completely off the reproducing
      head 92 while completely opening the gate 74.
PAR  Refer now to the embodiment shown in FIGS. 14-17. This is the same
      embodiment as shown in FIGS. 11-13, with a minimal change to add the
      feature of an edit mode using the edit switch SW5 previously described in
      connection with FIG. 8. In FIG. 14, by contrast with FIG. 11, normally
      closed contacts 1, 2 of edit switch SW5 are in the previously described
      bypass conductor 170, in series with the normally open contacts 1, 2 of
      K3'. In addition, FIG. 14 shows the input side of audio amplifier 160
      grounded through contacts 3, 4 of edit switch SW5 when the latter is
      depressed. FIG. 14 shows the circuit in off mode with exactly the same
      condition as FIG. 11, namely that solenoid 140 is partially energized
      through resistor 162.
PAR  FIG. 15 is the play mode similar to FIG. 12.
PAR  FIG. 16 is either fast mode similar to FIG. 13.
PAR  FIG. 17 is either edit mode resulting from depressing the edit switch SW5
      when the circuit is in either fast mode as shown in FIG. 16. The bypass
      conductor 170 is opened at contacts 1, 2 of SW5, thereby partially
      energizing solenoid 140 through the resistor 162. At the same time,
      closing contacts 3, 4 of SW5 energizes the audio amplifier 160 enabling
      audio output through the speaker 164. During either edit mode of FIG. 17,
      the gate 74 may be manually manipulated to change the spacing of the tape
      relative to the reproducing head 92 to vary the volume of the audio output
      through the speaker.
PAR  A basic feature characterizing that part of the present invention embodied
      in the electrical control circuit is shown by way of summary and emphasis
      in FIG. 18 where a normally closed play switch and resistor 162 are
      connected in series with the solenoid 140, and a normally open fast switch
      is connected in the bypass conductor 170 paralleling the resistor. And,
      optionally, a normally closed edit switch (in broken lines) is provided in
      the bypass conductor in series with the fast switch.
PAR  While one basic form of the present invention has been shown and described,
      together with optional schematic diagrams with and without edit mode
      capabilities, it will be understood that various modifications and
      variations thereof may be effected without departing from the spirit and
      scope of the invention as defined by the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In reproducing apparatus, means selective to place said apparatus in
      play and fast modes in which tape is driven at play and fast speeds
      respectively past transducer head means;
PA1  tape lifter means movable to and from a lifted position disengaging the
      tape from the head means;
PA1  tape lifter moving means including biasing means and electrically
      energizable solenoid means connected to move said tape lifter means in
      opposite directions;
PA1  means automatically operable in response to placing said apparatus in play
      mode for changing the electrical energization state of said solenoid means
      to move said tape lifter means to a lowered position;
PA1  means automatically operable in response to placing said apparatus in fast
      mode for further changing the electrical energization state of said
      solenoid means to move said tape lifter means to said lifted position; and
PA1  means selective to place said apparatus in edit mode; the improvement
      comprising:
PA2  a resistor; and
PA2  means automatically operable in response to placing said apparatus in said
      edit mode for energizing said solenoid means through said resistor and
      balancing said solenoid means with said biasing means to enable said
      lifter means to be adjusted manually through a range of stable positions
      between said lowered and lifted positions.
NUM  2.
PAR  2. In reproducing apparatus, means selective to place said apparatus in
      play and fast modes in which tape is driven at play and fast speeds
      respectively past transducer head means, and tape lifter means;
PA1  first automatic means operable in response to placing said apparatus in
      play mode for moving said lifter means to a lowered position out of
      engagement with said tape to enable said tape to engage said head means;
PA1  second automatic means operable in response to placing said apparatus in
      fast mode for moving said lifter means to a lifted position into
      engagement with said tape to disengage said tape from said head means; and
PA1  means selective to place said apparatus in edit mode; the improvement
      comprising:
PA2  means automatically operable in response to placing said apparatus in said
      edit mode for balancing both of said first and second automatic means
      against one another to enable said lifter means to be adjusted manually
      through a range of stable positions between said lowered and lifted
      positions.
NUM  3.
PAR  3. In reproducing apparatus, the combination of claim 2 in which said
      transducer head means and tape lifter means are housed in a compartment
      having a hinged cover gate, and means connecting said tape lifter means
      with said cover gate enabling movement of said tape lifter means by
      manually manipulating said cover gate in said edit mode.
NUM  4.
PAR  4. In reproducing apparatus, the combination of claim 2 in which said tape
      lifter means comprises a rectilinearly movable support member and at least
      one tape lifter bar carried thereby and movable through a range of
      positions parallel to said tape.
NUM  5.
PAR  5. In reproducing apparatus, tape drive means, play and fast mode circuits
      selectively activatable to place said apparatus in play and fast modes in
      which said tape drive means is actuated to drive magnetic tape at play and
      fast speeds, respectively, past transducer head means, and audio output
      means for converting signals transmitted between said tape and head means
      to audio output signals; the improvement comprising:
PA1  tape lifter means movable in opposite directions between a lifted position
      in which it lifts said tape out of engagement with said head means, and a
      lowered position in which the tape is disengaged from the tape lifter
      means and engages the head means;
PA1  biasing means urging said lifter means in one of said opposite directions;
PA1  solenoid means effective when activated to move said tape lifter means in
      the other of said opposite directions against the urgence of said biasing
      means;
PA1  control means including:
PA2  a. means automatically operable in response to activation of said play mode
      circuit to activate said audio output means and to deactivate said
      solenoid means sufficiently to enable said biasing means to move said tape
      lifter means to said lowered position; and
PA2  b. means automatically operable in response to activation of said fast mode
      circuit to activate said solenoid means sufficiently to overcome said
      biasing means and move said tape lifter means to said lowered position.
NUM  6.
PAR  6. In reproducing apparatus, the combination of claim 5 in which said
      control means includes edit means selectively operable to place the
      apparatus in edit mode, when said apparatus is in fast mode, to
      simultaneously activate said audio output means and said solenoid means to
      a degree which substantially balances said biasing means through an edit
      range of movement of said tape lifter means, said edit range of movement
      being intermediate said lifted and lowered positions;
PA1  whereby, within said edit range of movement, the proximity of said tape to
      said head means is adjustable to vary the amplitude of the audio output
      signals by manual adjustment of the tape lifter means to scan signals
      recorded on said tape at fast speed.
NUM  7.
PAR  7. In reproducing apparatus, tape drive means, play and fast mode circuits
      selectively activatable to place said apparatus in play and fast modes in
      which said tape drive means is actuated to drive magnetic tape at play and
      fast speeds, respectively, past transducer head means, and audio output
      means for converting signals transmitted between said tape and head means
      to audio output signals; the improvement comprising:
PA1  tape lifter means movable in one direction to a lifted position in which it
      lifts said tape out of engagement with said head means, and movable in the
      opposite direction to a lowered position in which the tape is disengaged
      from the tape lifter means and engages the head means;
PA1  spring biasing means urging said lifter means in said opposite direction;
PA1  solenoid means effective when activated to move said tape lifter means in
      said one direction against the urgence of said spring biasing means;
PA1  a control circuit including:
PA2  a normally-closed play switch and a resistor connected in series with said
      solenoid means between terminals of an electrical power source, and at
      least one normally-open fast switch in a bypass conductor paralleling said
      resistor;
PA2  means responsive to activation of said play mode circuit to activate said
      audio output means and to open said play switch thereby deenergizing said
      solenoid means enabling said biasing means to move said tape lifter means
      to its said lowered position and enabling said tape to engage said head
      means and play the signal on the tape; and
PA2  means responsive to activation of said fast mode circuit to close said fast
      switch thereby fully energizing said solenoid means through a path
      including said play and fast switches and bypassing said resistor to move
      said tape lifter means to its said lifted position and disengage said tape
      from said head means for fast tape movement past said head means.
NUM  8.
PAR  8. In reproducing apparatus, the combination of claim 7 including a
      normally-closed edit switch in series with said fast switch in said bypass
      conductor thereby limiting energization of said solenoid means to current
      passing through said resistor when the edit switch is opened.
NUM  9.
PAR  9. In reproducing apparatus, the combination of claim 8 in which said
      resistor is sized to substantially balance the pull of the solenoid means
      with the pull of the spring biasing means on the tape lifter means to
      enable the latter to be moved manually through a range of stable positions
      to vary the proximity of said tape to said head means when the edit switch
      is opened.
NUM  10.
PAR  10. In reproducing apparatus, tape drive means; play, fast forward and fast
      rewind mode circuits selectively activatable to place said apparatus,
      respectively, in play, fast forward and fast rewind modes; said tape drive
      means being effective in play mode to drive magnetic tape at play speed in
      forward direction past transducer head means, and being effective in fast
      forward and fast rewind modes to drive said magnetic tape at fast speeds,
      respectively, in forward and rewind directions past said transducer head
      means; and audio output means for converting signals transmitted between
      said tape and head means to audio output signals; the improvement
      comprising:
PA1  tape lifter means movable in one direction to a raised position in which it
      lifts said tape out of engagement with said head means, and movable in the
      opposite direction to a lowered position in which the tape is disengaged
      from the tape lifter means and engages the head means;
PA1  spring biasing means urging said lifter means in said opposite direction;
PA1  solenoid means effective when activated to move said tape lifter means in
      said one direction against the urgence of said spring biasing means;
PA1  a control circuit including:
PA2  a. normally-closed play switch means and a resistor connected in series
      with said solenoid means between terminals of an electrical power source,
      and normally-open fast switch means connected in bypass conductor means
      paralleling said resistor;
PA2  b. means operable with activation of said play mode circuit for
      simultaneously activating said audio output means and opening said play
      switch means to deactivate said solenoid means enabling said spring
      biasing means to move said tape lifter means to its said lowered position
      and enabling said tape to engage said head means, to play said tape;
PA2  c. means operable with activation of either of said fast mode circuits to
      close said fast switch means to fully and directly activate said solenoid
      means through a path including said play and fast switch means and
      bypassing said resistor to move said tape lifter means to its said raised
      position and disengage said tape from said head means, for moving the tape
      selectively at fast speed in either direction while it is held out of
      engagement with the head means by the tape lifter means.
NUM  11.
PAR  11. In reproducing apparatus, the combination of claim 10 including
      normally-closed edit switch means in series with said first switch means
      in said bypass conductor means; and means operable with opening of said
      edit switch to activate said audio output means;
PA1  whereby upon operation of said edit switch means, said solenoid means is
      partially energized through said resistor sufficiently to oppose and
      offset the spring biasing means without moving said tape lifter means,
      thereby enabling said tape lifter means to be moved manually through a
      range of stable edit positions intermediate its raised and lowered
      positions to adjust the proximity of the tape to the head means and the
      output amplitude of the audio output signals, to scan the tape at fast
      speed.
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ABST
PAL  A tape information playback and recording system operating in a
      multichannel mode is arranged to provide uninterrupted recording or
      reproduction of information from a tape recorded in a multichannel track
      configuration mode. The system includes a pair of tape reels, a pair of
      spaced-apart tape drives for pulling the tape in opposite directions
      through the system, a pair of tape head systems positioned in spaced-apart
      relation each tape head system being associated with a tape drive, and a
      tape accumulator positioned between the tape heads and tape drives. The
      tape accumulator stores tape when the tape moves through the system in a
      forward direction. During reversal of the direction of tape travel, the
      tape accumulator supplies tape in both the forward and reverse directions
      simultaneously while tape is depleted from the accumulator to permit
      reversal of the direction of tape travel without loss of information.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to tape recording and reproducing systems
      and in particular to systems for recording and reproducing information
      from a multichannel tape without interrupting the flow of information.
PAR  In multichannel tape recording and reproducing systems, information is
      generally recorded on or reproduced from one or more tape channels while
      the tape is run in a forward direction, the direction of tape motion is
      reversed and information is recorded or reproduced from different channels
      of the tape as the tape is run in the reverse direction. Reversing systems
      for automatically reversing the direction of tape motion have been
      developed. An example of one of these systems can be found in U.S. Pat.
      No. 2,213,631 issued to Heller et al., on Sept. 3, 1940. In this system,
      tape is driven first in one direction and then in the reverse direction
      with recording or reproducing of information occurring in each direction
      of tape travel on adjacent channels of the tape and reversal of direction
      occurring automatically as the end of the tape is approached. The reversal
      of direction however is not instantaneous but requires a finite transition
      time, including the time required for the tape to stop, to change
      direction of motion, and to return to proper operating speed in the new
      direction of motion.
PAR  There are many instances when it is necessary to record or reproduce
      information which continues for an indefinite period of time without
      interruption. Thus, in data acquisition systems, a data source furnishes
      data to a multichannel recording system for an uncertain time period which
      may exceed the storage capacity of one of the channels of the tape. Since
      it is undesirable to stop the flow of data to the tape system, it is
      necessary that the tape system be capable of recording the data on another
      channel of the tape without losing any of the information. Similarly, it
      is necessary to reproduce the information without losing any of the
      recorded information. The automatic reversing system described above will
      not meet this need since it requires a finite transition time to reverse
      the direction of travel during which portions of the continuous flow of
      information will be lost. To overcome this problem, relatively complex
      systems have been devised. One such system is disclosed in U.S. Pat. No.
      3,445,832 issued to Leeke et al. on May 20, 1969. This relatively complex
      system utilizes two independent tape recording and reproducing systems and
      achieves uninterrupted information flow by recording the same information
      at the end of one tape in one system and the beginning of another tape in
      the second system. A control signal is recorded on special channels on
      both tapes concurrently with recording the information. During
      reproduction of the recorded information, the tape in the second tape
      system is started as the end of tape in the first tape system is
      approached. The control signals on both tapes are compared and when the
      tapes are running in phase synchronization, reproduction of information is
      switched to the second tape system without interrupting the flow of
      information. This system requires two complete tape systems and a
      relatively complex synchronization between the systems.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, uninterrupted recording and reproduction
      of information is provided in a tape system in a multichannel mode which
      includes a tape accumulator positioned in the path of tape travel, a pair
      of tape drives positioned on opposite sides of the accumulator and adapted
      to pull the tape in reverse directions, a pair of tape head systems are
      positioned on opposite sides of the tape accumulator and adapted to
      provide a flow of information relative to the tape and a pair of tape
      storage reels for storing tape at opposite ends of the path of tape
      travel. Both tape head systems may consist of any number of heads or may
      consist of a multiple head for stereo, quadraphonic or any other
      multichannel purpose.
PAR  The operation of the tape system can be divided into three phases. During
      the first operating phase, tape is moved in a first direction of motion
      past one of the tape heads which reads or records information on one of
      the channels of the tape. When reversal of the direction of tape travel is
      desired, a second or transition operating phase is initiated. During the
      transition phase, a portion of the tape moves in a reverse direction
      adjacent to the second tape head system which is positioned to read or
      record information on a second channel of the tape, the direction of tape
      movement at the first tape head system remaining unchanged while tape
      being supplied in both directions of tape travel from the tape
      accumulator. When the tape movement relative to the second tape head
      system fully reaches its proper speed, the first tape head system is
      deactivated and simultaneously the second tape head system is activated to
      cause information to be read or recorded on a second channel of tape.
      Finally, the direction of motion of the tape adjacent to the first tape
      head system is reversed and the system enters the third phase of operation
      where the entire tape moves in the reverse direction and information is
      recorded or reproduced by a second tape head on a second channel of the
      tape. This reversal of direction of tape movement occurs without
      interrupting the flow of information for recording onto or reproduction
      from the tape. In a similar manner, the direction of tape travel can be
      reversed any number of times until the entire storage capacity of all
      channels on the tape has been utilized.
PAR  The above brief description, as well as further objects, features and
      advantages of the present invention will be more fully appreciated by
      reference to the following detailed description of presently preferred,
      but nonetheless illustrative, embodiments of the present invention when
      taken in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan, partially broken away, of a portion of a recording
      system showing the tape accumulator.
PAR  FIG. 2 is a sectional view taken along the lines 2--2 of FIG. 1 and looking
      in the direction of the arrows.
PAR  FIG. 3 is a sectional view taken along the lines 3--3 of FIG. 1 and looking
      in the direction of the arrows.
PAR  FIG. 4 is a diagrammatic and schematic representation illustrative of
      features of the invention.
PAR  FIG. 5 is a diagrammatic representation showing a shortened multichannel
      tape and the relative positions of sensors and tape heads.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Tape systems for recording and/or playback of information generally utilize
      a multichannel tape which may be any flexible supporting material of fixed
      nominal width covered with a medium, such as, but not limited to, an oxide
      having magnetic retentivity or a photographic emulsion, which can be used
      for producing or recording information, such as, but not limited to, audio
      or video signals or computer data. The tape is guided to travel along a
      path between two tape reels which store tape at the opposite ends of the
      path of tape travel and function either to supply or takeup tape,
      dependent on which direction the tape is travelling through the system at
      a given time. Of course other means may be used to store tape at the
      opposite ends of the path of tape travel and as used herein, tape reel
      shall be taken to encompass any such device for tape storage.
PAR  The system is arranged with the supply or feed reel at the rearward end of
      the path of tape travel supplying tape into the tape system and the
      take-up reel at the forward end of the path of tape travel to store tape
      after it moves through the system. Thus tape moves away from the reel
      designated the feed reel and toward the reel designated the take-up reel.
      It will be understood that each reel can be operated as either a feed reel
      or a take-up reel and that when reversal of direction of tape movement
      occurs, the reel which initially was the feed reel becomes the take-up
      reel and the reel which initially was the take-up reel becomes the feed
      reel. Therefore the designation feed reel and take-up reel is used herein
      for convenience in describing the system operation and to designate the
      tape reels at their initial operation.
PAR  The reel functioning as the supply reel rotates freely except for necessary
      back tension as may be required, which allows tape to be pulled from the
      supply reel at a constant speed, as will be described below. The take-up
      reel, however, must be capable of winding up the tape after it has been
      pulled through the system and since the tape is wound from a small
      diameter at the beginning of the reel to a larger diameter at the end of
      the reel, while the speed of the tape moving onto the reel remains
      constant, the rotational speed of the reel must be changed as the amount
      of tape on the reel changes. Thus, a variable speed take-up drive is
      associated with each reel to drive the reel at a variable speed when in
      the take-up mode. One common take-up drive utilizes a slipping clutch
      which produces a change in the rotational speed of the take-up reel
      because of slippage between two discs. Other take-up drives accomplishing
      the same result can also be used.
PAR  Tape systems also include tape drives which pull the tape, at constant
      speed, through the system. The tape drive for magnetic tape generally has
      a metallic shaft, or capstan, rotating at a constant speed, and a pressure
      roller commonly made of elastic material which presses the tape against
      the rotating capstan. Magnetic tape devices further include magnetic tape
      heads for recording and playback of information on tape and for erasing
      information which has been previously recorded on the tape. Record and
      playback heads are essentially similar in basic design and therefore many
      tape systems utilize only one head for accomplishing both functions. In a
      magnetic tape system, the record or playback head has a coil of wire wound
      on a gapped ring of laminated ferro-magnetic material, having a small gap
      at one point. An electrical signal is applied to the coil during recording
      to change the local magnetic particle-orientation of the tape, while
      during playback, the spatial variation of local magnetic
      particle-orientation of the pre-recorded tape are sensed and converted
      into varying electrical signals in the coil. The erase head, similarly
      includes a ring of magnetic material, however, the erase head has a
      relatively wide gap. A source of high frequency current called bias causes
      a series of polarity reversals of the magnetic orientation of the portion
      of the tape which is between the gap. When the tape leaves the gap, it may
      be considered as in an essentially magnetically neutral condition.
PAR  What has just been described are the basic elements in a tape system. These
      elements together with others are shown arranged in FIG. 4 to carry out
      the objects of this invention. Thus a tape to be used in a multichannel
      mode, generally designated as 10, is guided to travel along a path of
      travel between the left and right tape units, LTU and RTU respectively.
      The variable speed take-up drive is shown for each tape reel. These tape
      units are shown as conventional tape reels, but it will be understood that
      the system would operate equally as well with any device which stores and
      supplies tape at the opposite ends of the path of tape travel.
PAR  The system also includes left and right tape drives, LD and RD
      respectively, each having a capstan, CAP, and pressure roller P for
      pulling the tape respectively toward the left or right, tape heads
      designated H' and H. Pressure pads or gates 12 may be used in certain
      transport embodiments for maintaining the tape contact with the heads. In
      other embodiments, vacuum, tension or other means may be used. As shown,
      each head system includes separate record, playback and erase head,
      however as described above, the record and playback heads can be the same.
      The tape drive also includes sensors A', B' and A, B, whose function will
      be discussed below.
PAR  Positioned in the path of tape travel between the left and right tape
      drives, is a tape accumulator, or storage and supply assembly, generally
      designated by reference numeral 11, which stores tape along a path of tape
      travel which is greater than the distance between the left and right tape
      drives. As will be explained in greater detail below, the tape accumulator
      stores tape while the tape is pulled either toward the left or right
      during the normal record or playback function of the system and supplies
      tape in both the left and right directions simultaneously during reversal
      of movement of the tape so that the reversal can occur without loss of any
      information.
PAR  Referring now to FIGS. 1-3, tape accumulator 11 is shown in greater detail.
      The accumulator has transverse plates 16 disposed on opposite sides of
      transverse axis 17, (partially shown) and supported in longitudinal
      channels 18 by wheels 20. Mounted on plate 16 are stops 22 which extend
      through channels 24 formed in the rearward portions of spring-biased idler
      arms 26 and which are successively positioned transversly on opposite
      sides of the axis. Arranged proximate to the forward ends of idler arms 26
      are guide rollers 28 for guiding the tape through the tape accumulator.
      Mounted below plate 16 are threaded blocks 29 adapted to receive rod 30
      threaded in opposite senses at its opposite ends and which has one end
      coupled by a suitable gear arrangement to motor 32 and the opposite end
      rotatably supported in bracket 34. The entire tape accumulator is attached
      to support plate 36, partially shown, in cooperative relation with the
      remainder of the tape system. Plate 36 also has upwardly extending idlers
      38 mounted thereon for accurately guiding the tape into and out of the
      tape accumulator.
PAR  Prior to using the tape system, the tape must be positioned between the
      left and right tape units as shown in FIG. 4. To this end, motor 32 is
      activated causing rotation of threaded rod 30 which moves plates 16
      inwardly until guides 28 are in the position shown by the dotted lines in
      FIG. 1, at which point the plates activate a microswitch, not shown, to
      automatically stop the motor. With the idlers in this position, the tape
      can be threaded straight through the tape accumulator or can be contained
      in a cassette which, when positioned on the tape drive, automatically
      places the tape in a straight path through the accumulator. After the tape
      has been threaded, motor 32 is reactivated to move the plates and tape
      outwardly until another microswitch, not shown, is activated to stop the
      motor when plates 16 are in their outward operating position. In the case
      of a cassette, appropriate openings could be provided to accomodate the
      tape accumulator idlers for access to the tape. In the outward operating
      position, the tape thus becomes threaded through the tape storage and
      supply assembly in a zig-zag fashion with the length of tape stored being
      greater than the distance between guides 38.
PAR  There will now be described in detail a typical operation of the tape
      system operating to record information in a continuous manner on magnetic
      tape. It is understood that the system can also be used to reproduce
      prerecorded information and is described here by way of example only,
      without intent to limit the scope of the invention in any way. A brief
      description of the operation of an information reproducing system is
      provided below. With reference to FIGS. 4 and 5, the multichannel tape
      typically has any even number of contiguous channels, eight channels, T1
      through T8, being used in FIG. 5 for illustration only, extending
      transversly along the width of tape. Tape head H is positioned to record
      information on channel T1 while the tape moves in the direction of arrow
      I. When the storage capacity of channel T1 is fully used, the direction of
      tape travel is automatically reversed so that tape travels in the
      direction indicated by arrow II and information is recorded on channel T2
      by tape head H'. In a similar manner information can be recorded on any
      number of channels by appropriately translating the tape heads across the
      tape, as indicated by the dotted positions of tape head H and H' in FIG.
      5, or by providing multiple tape heads which extend across the width of
      the tape and which can be activated to record information on alternate
      tape channels.
PAR  The operation of the system can be divided into three phases; phase I
      wherein the tape moves in the direction of arrows I; a second or
      transition phase, indicated by arrows Ia; and a third phase wherein the
      direction of movement is reversed and the tape moves in the direction of
      arrows II.
PAR  To record information on channel T during phase I of operation, the right
      tape drive is positioned proximate the tape with tape head H in
      cooperative relation with channel T1, and the left tape drive is in an
      inoperative position with respect to the tape. With the tape pressed
      against the capstan by pressure roller P, the capstan pulls the tape at a
      constant speed from the left tape reel which acts as a tape supply around
      the guides 28 in the tape accumulator and past tape head H. The right tape
      reel is driven by the take-up drive to wind the tape.
PAR  For recording, head switchover circuit, 42, activates the record head of
      the tape head H. As the tape passes the record head, information signals
      fed into the tape system, as from a data source or as an audio signal,
      pass through the tape system amplifiers, as shown schematically in FIG. 4,
      to the head switchover circuit 42 and then to the record head of tone head
      H. The signal on the record head causes a change in the properties of the
      coating on the tape in accordance with the input information to the tape
      system thereby permanently recording the input information. Information is
      recorded on channel T of the tape in this manner until the entire storage
      capacity of this channel is utilized.
PAR  When the entire storage capacity of channel T has been utilized, the
      direction of tape motion is automatically reversed, and information
      recorded on channel T2 without stopping the flow of information and
      without the loss of any information. To this end, two signals, represented
      by S1 and S2 are prepositioned near the end of the tape. These signals can
      be non-audible signals pre-recorded on the tape, or strips of foil mounted
      on the tape. As the tape is pulled past the tape head and wound on the
      right take-up reel, signal S1 passes sensors A and B which are
      conventional sensors arranged to sense the signal on the tape. For a
      pre-recorded inaudible signal on the tape, the sensor could be a
      conventional electromagnetic playback head. A foil signal can be sensed by
      a conventional double contact post-type head, with the foil acting to
      complete the circuit. The signals and sensors are cooperatively arranged,
      corresponding to the appropriate channel on the tape, so that signal S1 is
      detected only by sensor A.
PAR  When signal S1 passes sensor A, the transition phase, Ia, is initiated. The
      sensor produces an output signal which is coupled to the mechanical
      functions switching circuit 40. In response to this signal, the mechanical
      function switching circuit produces a signal which causes the left tape
      drive to be moved to its operative position approximate the tape with pads
      or gates 12 or other device pressing the tape into contact with the
      inoperative record head of tape heads H' which is in cooperative relation
      with channel T2. With the left tape drive in this position, pressure
      roller presses the tape into contact with the rotating capstan which
      begins to pull the tape past tone head H' in the direction of arrow Ia.
      Thus, the tape is being pulled in the opposite direction by the capstans
      of the right and left tape drives and the left take-up.
PAR  Tape is supplied for both directions of tape travel by the tape accumulator
      11. Upon receiving a signal from sensor A, the mechanical functions
      switching circuit activates motor 32 which causes rotation of threaded rod
      30 to move guides 28 inwardly, as previously explained. As the guides
      move, tape becomes available and is pulled from accumulator 11 by the
      capstans. The rate of inward motion of the guide wheels is coordinated
      with the rate at which the tape is pulled by the capstans to insure proper
      tension on the tape during the transition phase so that information
      recording can occur. In response to the signal from sensor A, the
      mechanical function switch circuit also activates the take-up drive
      associated with the left tape reel which reverses the direction of
      rotation of the reel causing it to act as a storage reel to wind the tape
      being pulled past tone head H' by the left tape drive.
PAR  In summary, during this portion of the transition phase, information is
      recorded on channel T1 by the record head of tape head H while tape is
      pulled past tape heads H and H' in opposite directions from the tape
      accumulator by the left and right tape drives. Both left and right tape
      reels function as take-up reels and are driven by their respective take-up
      drives.
PAR  After a pre-determined time interval, which is sufficient to allow the tape
      to reach its proper operating speed in relation to tone head H' in the
      direction of arrow II, a second pre-positioned signal S2 passes sensor B.
      Sensor B produces an output signal in response to signal S2 which is
      coupled to the head switchover circuit. Upon receiving this signal, the
      head switchover circuit simultaneously activates the record head of tape
      head H', and deactivates the record head of tape head H. Since tape head
      H' is cooperatively positioned with channel T2, information recording is
      switched from channel T1 to channel T2 without interruption of the flow of
      information or loss of any information. It should be noted, that at this
      time, the tape is being pulled in the direction of arrows Ia and tape is
      still being supplied from the tape accumulator in both left and right
      directions.
PAR  After another time interval, signal S2 passes sensor A which produces an
      output signal which is coupled to the mechanical functions switching
      circuit. Upon receiving the second signal from sensor A, the mechanical
      functions switching circuit causes the right tape drive to move to its
      inoperative position and deactivate the take-up drive associated with the
      right tape reel. The system now operates in the third phase with the
      entire tape now pulled in the direction of arrows II, and the right tape
      reel rotates to supply tape to the system and now functions as the feed
      reel. The mechanical functions switching circuit also causes the direction
      of rotation of motor 32 to reverse, causing guides 28 to move outwardly
      until they reach a normal operating position to replenish the supply of
      tape in the accumulator for use during subsequent reversal operations.
      Thus, the direction of motion of tape travel has been reversed during a
      period when a continuous flow of information is coming into the tape
      system and this information has been recorded without the necessity of
      interrupting the flow of information and without the loss of any
      information or the necessity of recording the same information on two
      separate channels.
PAR  Information continues to be recorded on channel T2 until the storage
      capacity of that channel T2 is fully used except for a relatively short
      amount of tape used for maintaining mechanical connection to the feed
      reel. If more information is to be recorded in the system without
      interruption, the direction of motion of tape travel is again
      automatically reversed in a manner similar to that described above and the
      information continued to be recorded on channel T3 of the tape. This
      second reversal will now be briefly described.
PAR  With the left tape drive in its operative position, sensors A' and B' are
      operative to detect signals S1' and S2' positioned near the left end of
      the tape. As described above, when the end of the storage capacity of
      channel T2 is approached, signal S1' passes sensor A' which produces a
      signal coupled to mechanical functions switching circuit 40. The
      mechanical functions switching circuit causes the right tape drive to be
      operatively positioned proximate the tape, causing the tape to be pulled
      past tape head H in the direction of arrow Ia. Motor 32 is activated and
      the tape accumulator supplies tape in both directions of tape travel. As
      this time, tape head H is cooperatively positioned with channel T3 of the
      tape either by having been previously translated along the width of the
      tape as would be required in a tape system utilizing two tape heads, or by
      use of a separate tape head associate with each tape channel. After a
      predetermined time, during which the tape moving past tape head H reaches
      its operating speed, signal S2' is detected by sensor B' which produces
      signal to cause the head switchover circuit to activate the record head in
      tape head H, and deactivate the record head in tape head H'. Information
      is now recorded on channel T3. Finally, sensor S2' passes sensor A' which
      produces a signal coupled to the mechanical functions switch circuit 40 to
      disengage the left tape drive. Thus, the direction of movement of the tape
      is again reversed without interrupting the flow of information or losing
      any of the continuous information.
PAR  The same tape system can also be used, in the manner described above, to
      reproduce information which has been previously recorded on a tape. Since
      the operation of the tape system in the reproduction mode of operation is
      almost identical to the record mode of operation, the use of the system to
      reproduce information will only be briefly described with emphasis on the
      differences between the two modes of operation. Assume that continuous
      information, pre-recorded on a number of contiguous channels of a tape
      along with the appropriate sensor-activation signals, has been properly
      threaded through the tape system. The right tape drive is in its operative
      position and tape is being pulled in the direction of arrows I, from the
      left tape reel, through the tape accumulator and past the playback head of
      tape head H, which is cooperatively aligned with channel T1. The playback
      head of tape head H is operative to sense the signals on channel T1 of the
      tape and couple then through the head switchover circuit to the amplifiers
      and output of the tape system. Near the end of the tape, sensor A detects
      signal S1 and produces an output signal which is coupled to the mechanical
      functions switching circuit 40. As described above, the left tape drive is
      brought into operative position causing the tape to be pulled past tape
      head H' in the direction of arrows Ia, and engaging the take-up drive of
      the tape reel so that the reel winds up the tape which is being pulled to
      the left. Also, motor 32 is activated to move guides 28 inwardly to supply
      tape in both directions of tape travel.
PAR  After a predetermined time, signal S2 is sensed by sensor B which produces
      an output signal to activate the playback head of tape head H' and
      deactivate the playback head of tape head H. Information now is reproduced
      from channel T2 of the tape. Since the relationship between the sensors
      and signals is the same during the recording and reproducing process,
      switching the playback from channel T1 to channel T2 occurs at the same
      time relative to the information flow as during the recording process and
      the information is therefore reproduced without interruption or loss.
      Finally, signal S2 is sensed by sensor A which produces an output signal
      coupled to the mechanical functions switching circuit 40 to disengage the
      right tape drive, and reverse the direction of motor 32 to return the tape
      storage and supply assembly to its outward operating position wherein tape
      is stored for the next reversal cycle. In this manner, the direction of
      tape travel is reversed without interruption of the flow of recorded
      information from the tape. When all the information on channel T2 has been
      reproduced, the tape can again be reversed in a similar manner to
      reproduce the information recorded on channel T3, and so on, until all the
      information on the tape has been reproduced.
PAR  Stated in still another way, a continuous flow of information is provided
      relative to a multichannel recording medium which is movable between first
      and second locations at opposite ends of a path of tape travel which
      alternately act as take-up and feed for the recording medium. An inline
      tape accumulator is provided and tape moves from the first to the second
      location through the accumulator in a first direction while information is
      transferred relative to the recording medium between the accumulator and
      the second location. When a reversing signal is sensed, the recording
      medium continues to move in the first direction between the accumulator
      and the second location while simultaneously, the movement of the
      recording medium is initiated in the opposite direction between the
      accumulator and the first location with portions of the recording medium
      being drawn from the accumulator in both directions. After a convenient
      interval, transfer of information between the accumulator and the first
      location is terminated, and information transfer is initiated between the
      accumulator and the second location. Finally, movement of the recording
      medium in the first direction between the accumulator and the second
      location is terminated and the supply of tape is replenished in the
      accumulator and the entire recording medium moves in the opposite
      direction toward the second location.
PAR  It will be understood that the specific embodiment herein given is for
      illustrative purposes only, and that various changes in design, structure
      and in arrangement of the system may be made without departing from the
      spirit and scope of the invention. For example, it may be desirable to
      have fast access to information on the tape. In such a situation, the
      information can be recorded on only a portion of an entire tape channel.
      When that portion of the channel is used, the tape can be automatically
      reversed and the information recorded on the next channel. Also, it may be
      desirable to initiate the reversal of tape motion manually rather than
      automatically
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STM  What I claim is:
NUM  1.
PAR  1. A multichannel tape information recording and playback system comprising
      a tape accumulator positioned along a path of tape travel through the
      system, a pair of tape drives positioned in spaced-apart relationship on
      opposite sides of said tape accumulator and adapted to pull said tape in
      reverse directions along the path of tape travel, a pair of tape head
      systems positioned on opposite sides of said tape accumulator and adapted
      to provide a flow of information relative to said tape, and a pair of tape
      storage reels for storing tape at the opposite ends of the path of tape
      travel, said tape accumulator being adapted to store tape in motion while
      said tape is moving in a forward or reverse direction and for supplying
      tape in both the forward direction and reverse direction simultaneously
      while said tape is depleted from said accumulator so that the direction of
      motion of said tape is reversed without interrupting the flow of
      information relative to the tape.
NUM  2.
PAR  2. A multichannel tape information recording and playback system having a
      first operating phase wherein said tape travels in a first direction and
      information flows relative to one of the channels of said tape, a
      transition operating phase, and a third operating phase wherein said tape
      travels in a reverse direction of motion and information flows relative to
      a second channel of said tape, the direction of tape travel being reversed
      without interrupting the flow of information relative to said tape,
      comprising, a tape accumulator for storing said tape during said first and
      third operating phases and for supplying tape simultaneously in both
      directions of tape travel during said transition operating phase, a pair
      of tape drives positioned on opposite sides of said tape accumulator and
      adapted to pull said tape in opposite directions from said tape
      accumulator, a pair of tape head systems positioned on opposite sides of
      said tape accumulator and adapted to provide a flow of information
      relative to separate channels on said tape, a pair of tape reels for
      storing tape at the opposite ends of the path of tape travel, and control
      means operative during said transition operating phase for reversing the
      direction of motion of tape relative to one of the tape heads while the
      tape moves in a forward direction past the other head, hed, for
      controlling said tape accumulator to supply tape simultaneously in both
      directions of tape travel while the supply of tape is depleted from the
      assembly, for simultaneously deactivating one of said tape heads and
      activating the other of said tape heads after a delay sufficient to allow
      said tape to reach its proper operating speed in said reverse direction of
      tape motion and for reversing the direction of motion of the remaining
      portion of said tape so that the entire tape moves in the reverse
      direction, and for replenishing the supply of tape in said tape
      accumulator so that the reversal of direction of tape movement occurs
      without interruption of the flow of information relative to the tape.
NUM  3.
PAR  3. The system of claim 2 wherein said tape information and playback system
      includes means for sensing the depletion of tape from at least one of said
      tape reels to automatically initiate said transition operating phase.
NUM  4.
PAR  4. The system of claim 2 wherein said tape accumulator includes means for
      guiding said tape through said tape accumulator along a path of tape
      travel which is greater than the distance between said tape heads.
NUM  5.
PAR  5. The system of claim 3 wherein said means for sensing the depletion of
      tape includes a pair of sensors positioned on opposite sides of said tape
      accumulator and adapted to detect prepositioned signals located near the
      end of said tape.
NUM  6.
PAR  6. In a tape system having take-up and feed reels, the method of reversing
      the direction of tape motion between said take-up and feed reels without
      interrupting the flow of information relative to the tape comprising the
      steps of storing the tape at a position intermediate said take-up and feed
      reels, providing a flow of information relative to the tape at a position
      of tape travel between the position of tape storage and said take-up reel,
      reversing the direction of motion of the tape between the position of tape
      storage and the feed reel while the direction of motion of tape between
      the position of the tape storage and the take-up reel remains the same,
      switching the position along the path of tape travel at which information
      flows relative to the tape from a point between the position of tape
      storage and the take-up reel to a position between the position of tape
      storage and the feed reel, and reversing the direction of movement of the
      tape between the take-up reel and the position of tape storage so as to
      reverse the direction of motion of tape travel without interrupting the
      flow of information relative to the tape.
NUM  7.
PAR  7. The method of claim 6 further including the step of replenishing the
      tape at the position of tape storage intermediate the take-up and feed
      reels after the direction of tape motion is reversed.
NUM  8.
PAR  8. The method of claim 7 wherein said tape is a multichannel tape and the
      information flows relative to different channels on said tape when the
      direction of tape movement is reversed.
NUM  9.
PAR  9. A method of continuously providing a flow of information relative to a
      multi-channel recording medium movable between first and second locations
      at opposite ends of a path of tape travel serving alternately as take-ups
      and feed for said recording medium comprising providing an in-line tape
      accumulator for said recording medium between said first and second
      locations, moving said recording medium from said first location through
      said accumulator in a first direction to said second location,
      transferring information relative to said recording medium between said
      accumulator and said second location, sensing a reversing signal,
      continuing the movement of said recording medium in said first direction
      between said accumulator and said second location by drawing portions of
      the recording medium stored in said accumulator in said first direction
      while simultaneously initiating the movement of said recording medium in
      the opposite direction between said accumulator and said first location by
      drawing portions of said recording medium stored in said accumulator in
      said opposite direction and after an interval transferring information to
      said recording medium between said accumulator and said second location
      and terminating transfer of information between said accumulator and said
      first location, terminating the movement of said recording medium in said
      first direction between said accumulator and said second location so that
      said recording medium moves in said second direction from said second
      location to said first location to provide a continuous flow of
      information relative to the recording medium.
NUM  10.
PAR  10. The method of claim 9 wherein the information is transferred to a first
      channel of said multichannel tape between said accumulator and said second
      location and the information is transferred relative to a second channel
      of said tape between said accumulator and said first location.
NUM  11.
PAR  11. The method of claim 9 wherein said reversing signal occurs when the
      runout of tape from said first location acting as a feed, is imminent.
NUM  12.
PAR  12. An apparatus for continuously providing a flow of information relative
      to a multichannel recording medium movable between first and second
      locations at opposite ends of a path of tape travel serving alternately as
      pick-up and feed for said recording medium comprising an inline
      accumulator for said recording medium between said first and second
      locations, means for moving said recording medium from said first location
      through said accumulator in a first direction to said second location,
      means for transferring information relative to said recording medium
      between said accumulator and said second location, means for sensing a
      reversing signal, means for continuing the movement of said recording
      medium in said first direction between said accumulator and said second
      location and for simultaneously initiating the movement of said recording
      medium in the opposite direction between said accumulator and said first
      location with portions of said recording medium being drawn from said
      accumulator in both directions, means for simultaneously transferring
      information after an interval to said recording medium between said
      accumulator and said second location and for terminating transfer of
      information between said accumulator and said first location, means for
      terminating the movement of said recording medium in said first direction,
      means for terminating the movement of said recording medium in said first
      direction between said accumulator and said second location so that said
      recording medium moves in said second direction from said second location
      to said first location to provide a continuous flow of information
      relative to the recording medium.
NUM  13.
PAR  13. The apparatus in claim 12 wherein information is transferred to a first
      channel of said multichannel tape between said accumulator and said second
      location and the information is transferred relative to a second channel
      of said tape between said accumulator and said first location.
NUM  14.
PAR  14. The apparatus of claim 12 wherein said reversing signal occurs when the
      runout of tape from said first location acting as a feed is imminent.
NUM  15.
PAR  15. A tape handling system for use in the recording of information on
      recording tape comprising; a pair of tape reels adapted to store said tape
      at opposite ends of a path of tape movement, a pair of tape heads spaced
      apart along the path of tape movement, said tape heads being alternately
      operative such that only one of said tape heads is operative at any given
      time, the one of said tape reels located rearwardly of the path of tape
      travel at any given time with respect to the direction of travel of said
      tape being designated the feed reel and the other reel being designated
      the take-up reel, the tape head nearest said feed reel along said path of
      tape movement being designated the feed head and the tape head nearest
      said take-up reel along said path of tape movement being designated the
      take-up head, feed and take-up drives for moving tape past its associated
      tape head at a desired rate, said take-up and feed drives each being
      adapted when operative to drive said tape in a direction toward its
      associated reel, tape accumulator means intermediate said tape heads, said
      tape accumulator means being adjustable between a storing mode, wherein a
      length of said tape is stored in motion in said tape accumulator means and
      a feeding mode wherein opposite ends of said stored length of tape are fed
      simultaneously from storage in opposite directions along said path of tape
      travel, and tape reversing control means for activating said feed drive to
      reverse the direction of movement of the tape adjacent said feed head and
      rotation of said feed reel while said take-up drive is activated to move
      tape past said take-up head in the forward direction, substantially
      simultaneously adjusting said tape accumulator means from said storage
      mode to said feeding mode, wherein tape is fed simultaneously toward both
      tape reels, thereafter activating said feed head and deactivating said
      take-up head, disengaging said take-up drive and reversing the direction
      of said take-up reel to complete reversal of said tape, and subsequently
      reaccumulating a length of tape in said tape accumulator means.
NUM  16.
PAR  16. The apparatus in accordance with claim 15 including means for sensing
      the approach of the end of said tape and for activating said tape
      reversing control means upon sensing the approach of the end of said tape.
NUM  17.
PAR  17. The apparatus in accordance with claim 16 wherein said tape is a
      multichannel tape and said feed head and said take-up heads are adapted to
      operate with respect to different channels of said tape.
NUM  18.
PAR  18. The apparatus in accordance with claim 17 wherein said means for
      sensing the approach of the end of said tape comprises indicia on said
      tape at a selected distance from the end of said tape and means for
      sensing said indicia.
